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« REMLERFRIBEZEELU TR LU TWLET
—Ubuntu 22.04 LTS
— Quartus Prime 20.1 Standard Edition
—ModelSim Intel FPGA Starter Edition
« ZBEDPCIRIZE CIEE I DS (IEEH:AE R T
o0
—ERKFIRESLLEDSRRAWNITTT
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FPGALI(L?

 Field Programmable Gate Array

— B 7% N RIRE/RLSI I0B I0B
(PLD: Programmable Logic Device) ' '
~\=ROTFZDEDD RS ARLIRE
RA3FLW\WZZEZS5ND IOB-—cB & - LB - cB - IOB
~BEDOT )L AR S = i
EHCAETERETES b Bl i
— FPGAZANRA - IOB~-€5 — LB — CB co—10B
AMD(IBXilinx) , Intel(IBAltera) (10t .1l
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FPGADHIE

« ASIC (Application-specific integrated circuit)

uRn_l_ *ﬁuﬂz LSI(:;E
— ASICOHEEZ BUSHICIRAE CE D
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KRR : FPGARK— R

« PowerMedusa MU500-RX/RK

—FPGA : AlterattCyclone IV
EP4CE30F2317N (28,840LE)

— 20w : 20MHzFIR2s
- Athd1—Yv14>25T1x—XR

v 7w 31SW x20, O—%'JSW x2,
8bit DIP SW x2, Z0O0wZSW x1

v 7SEG LED x8, LED x8, JH— x1
—HL3Rk/h— B MU500-7SEG
v 7SEG LED x64, LED x64
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CADY—)L

« Computer-Aided Design

O
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T

—

— EDA(Electronic Design Automation)*Y —)L & BIE(L

v

ST

g0
Compilation Report - SIMPLEQ

W A

x

Q 64-8It - /home/takase/lecture/le3hw/RefDesign/Cycloned/TOP/SIMPLED
Fle Edt View project Assignments Processing Tools Window Help
MG d@ SMPLED ey s @
Project Navigator sew ToP bat
e 3 (5] % A
 Cycione IV €: EPACE3OF231T
+@Tor A
Werarchy | | Files |/ Design Units | ' 1P Cor - [»
Tasks som
Flow: [Compiation 2 [Customize,
Task °
v | & » Analysis & Synth
® Program Device (Open Programmer)

3

\\ 0\ xro10 g aran /A,
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00:00:40

3505, 1373 100%

Epmjecg - [Ds/research/xilinx/2yna_example/project_1/project_1.xpr] - Vivado 2015. - .
File Edit Fow Tools Windon Lawut View Help Search commands
> B | ¢ X|@ P > X H K T G5 et Layout - ® K| © Ready
Flow Navieator </ | Block Design - bass 2yn desien X
axs Desien =LY &= Diagram x| B Address Editor X o x
- A Z|EE= (] 4 base_rynq desien >
4 Project Manager :
 base_2ynq desien o
5 Project Settines © External Interfaces. "
] %
¥ kd Sourees &5 periss Comnections &
@ Laneuage Templates F axibram et 0 (431 BRAM Controllert 0) L& Example Zyng Design and Bus Functional Simulation
A axiepio 0 (AM GPI0:0 1) I
LF 1P Gatalog - blk mem gen 0 (Block Ms mory Generator3) g
I pracessing system? 0 (27107 Frocessing System5) o
4 IP Integrator [ processing system? 0 axi periph %
B Create Block Design £F rst processing_system?_0_50M (Processor System Reset50) Q
5% Open Block Design & Sowrces', H Design | @ Signals | 8 Board >
E Generate Block Desien s _ouex |&
; 3
4 Simulstion Ll ?
&5 Simulation Settines = ;
@ Fun Simulaton Select an shiect to see properties 2
4 RTL Analysis 3
5 Elaboration Settines
3 Oren Elorated D Tel Gonsole _Dex
(57 Open Elsborsted DS | | ucing conponent. I nstance black == i linx.com: ptaxi bran_otrl:d.0 = axi_bran strl 0 B
4 Synihesic ;| Adding coonent nstance blosk -~ i lin.cont p!pros_svs_reset 1.1 - rst_processing systend 0 5IH
Adding conponent Instance block -~ i linx.cons ipiaxi_crassbari2. 1 - xbar
B synthesis settires Adding conponent instance black - xi linx.com: ipaxi_protosol_comverteri2.1 - auto po
$ Run Synthesic Acding conponent instance block - i linx.cons ip:axi_protocol_comerter:2.1 - auto pe
» B Open Synthes zed Desie Suscessfully resd disgran <base_2vna_desien> fram BD file <Dtfresearchixi |ine/Zuna_svanple/praject I project I.sres/sol
open_bd_designt Tine (s): cpu = 00:00:09 ¢ elapsed = 00:00:08 . Nenory (NB): peak = 529.344 7 gain = H2.655
4 Inplementation instant late_exanple_desien: Tine {s): cpu = 00:00:44 5 elopsed = 0030040 . Memory (MB): peak = $20.344 5 saln = 1918
update_conpile_order -fileset sources_1 =
@5 Implementation Settines
[> Run Inplementation . - .
> ¥ Open Implemented Desil | - nd hore
4 Program and Debug = 5 Tcl Gonsole | © Messages | B Loe | 5 Reports | 3 Desien Runs




EERIRES : CADY—J)L (E5R2&FU)

o Intel Quartus Prime 20.1%
— BERATAR CIE7RL |

AR

— GooglescE ([CELKKFICIZ/ (=23 > ES(TER |
VAR ZA )L RFI A RERII—=23 2 (E77F(C UIR0Y

« ZBDPCICHL1 > A M—)LE]EE

— BEEEHIPEB D D Lite Edition I 5 ##

{EFIFHe]hE

v = =1L —%#(EModelSim-Intel FPGA Starter EditionZz A113d
o Starterf& UIntel FPGA Edition(3dBES 1> AN E

vV IRR—ZDOHEEESE

— Windows/Linux®@d+ (macOSI(EA~a])
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R : Quartus Prime®1>X =)L

o ZEHPCADQuartus PrimeD&E A
— BEEEFIPER D D Lite Edition IR SEEFHBIRE T
— < =1L —% ModelSim-Intel Starter Edition (FEEF|HOIEETY
v Starterf& L® ModelSim-Intel Edition(3BES 1 tZ> AHmE
e T4 32 MEWNCDT
— Standard Edition7Z E30BRIBEE(CIRDET
— Pro Edition(3fERATEEFEA (h— REE&EDCyclone VIHERXTIE)
o BREEECRIEULIERN T T 2 3> TERIRD T BAJgEENSHDET
— LiR— REEEDBRIC (IfERA U7z Edition ZEAEE L TLZ&0L)
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R : Quartus Prime®1>X =)L

« Quartus Prime 20.1 Lite EditiondD-1 > X b—JL3E

—Quartus Prime®45 o> 0— RY1 ~
https://www.intel.co.jp/content/www/jp/ja/products/details/fpg

a/development-tools/quartus-prime/resource.html

v “Legal Disclaimer” TEHTRU wA<TRLD ? DESH
KB ENHBIN, BELUT “I Agree” FHUIKLN

v [T 71)L] DiFE(E 5.9GB (Linuxik 6.4GB)
v MEABID7)L] OBEEFTFEZEESGRICYD>O0—R
o Quartus Prime (includes Nios II EDS)
o ModelSim-Intel FPGA Edition (includes Starter Edition)
o Cyclone IV device support
=t 3.2GB (Linuxi® 3.7GB)
— (RR—== (<)
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R : Quartus Prime®1>X =)L

. Quartus Prime®45>0—R
1. QuartusPrime®5 > 00— RR—=(CT7 IR,
2. Versionh5"20.1"7%Z &R

3. [Multiple Download] ZOMWS5—RXT7I)IL&2SFo>0O0— R, F£&
[Individual Files] ZM0S@RI T 7L (BIR—ER) 250> 00—
|<0
e MEBRYVIMNITITZDAAM=I
— Quartush'@E I B EHICA A M=ILTBRENHDYVI NI T T7HHD. U
FICT7OERA LT, ALD"Download”hSPDF R¥+1 A> hEEUS,

v https://www.intel.com/content/www/us/en/docs/programma
ble/683472/20-1/introduction.html
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R : Quartus Prime®1>X =)L

« Quartus Prime 20.1 Lite Edition®1 > X b—JLGE
- MEABI D 7AIL] DFEE, 3T7AILZRMNECEEL TZEL)
~ A AN=ZZEEFL, BEEFTYVIZANTEITLTIZEL)
v Installation directory (AL b TRWTU&L D
(RENEFETODRAET IAI MIEZEEELU TLET)
v’ Select Components Tl&, TEDFITVINKETTY
o Quartus Prime (includes Nios II EDS)
o Devices > Cyclone IV
o ModelSim - Intel FPGA Starter Edition

WindowsDiz&(d, QuartusAEdD 1> A h—=)LiR TRRICRRE=ND
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QuartusikcE)

« S—=F)LLET
$ /opt/intelFPGA/20.1/quartus/bin/quartus &
- BRREICRZANDE/\V OISO RTJOTREUTET
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PATHZIBEY 757k

o IRIBZZZN ($PATH) DECihZZEE
JINAZEMT D
« —=TFIJLET

2L,

N> FORER

$ export PATH="$PATH:/opt/intelFPGA/20.1/quartus/bin”
e D9 DL, HCquartus&EFI DT TEFTE AKX

D(IRD

e ~/.bashrclC EDIN > FZENTHLK E, =T
(Bash) Zi&Ed DEICEITNDDT, BEIESTET

DHNENTELIED
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asAE (DHEER

e ST AR (EFR2EIER IS ETS5KAE)
—#)OkcEEF, If you have a valid license file, specify
the location of your license file([CF T w2 L TCOK%Z
AVNEY
—“License file: “ (C "27003@is-fpg-10" Z# A1 I BDH
“LM_LICENSE_FILE variable:” (CFTw 2O UTAZ]
— f2#h4&, Tools -> License Setup.. S EB&ERIEE
e WebJ SO DETE
—Tools -> Options... @ Internet Connectivity C,
“Web browser:” (CIFHDT S IYND) R ZHTE

— Al BEFHNIRTNIE " /export/share/bin/firefox”
v TS —sABRICEFTT
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V{ég/ﬂ KYOTO UNIVERSITY




JEODEE I

» QuartusHSmodelsim-asezZMFEUH I /=D
FXIEZ T D
—Tools -> Options... -> EDA Tool Options:
ModelSim-Altera: /opt/inteIFPGA/ZO.1/mode|sim_ase/|inuxaloem

V' s' MRITCTWB S ENRSDDTEFRE
v WD TEAZERICLTHE XL

Category:

v General EDA Tool Options

EDA Tool Options
Fonts
Headers & Footers Settings
¥ Internet Connectivity
Notifications

Specify the directory that contains the tool executable for each third-party EDA tool:

Directory Containing Tool Executable

Synplify

Libraries

¥ IP Settings Synplify Pro
IP Catalog Search Location: | | active-HDL

Design Templates

; Riviera-PRO
License Setup
Preferred Text Editor ModelSim
Processing QuestaSim
Tooltip Settings ModelSim-Alt... | fhome/quartus/intelFPGA/17.1/modelsim_ase/linuxaloem
¥ Messages
Colors Sim

NTY, ) BN %IS j( % Fonts VCS
'5‘ VCS MX
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a. ioO>T oD ssiE (1/4)

« File -> New Project Wizard...

jalC8 Edit View Project Assignments Proces

] New... Ctri+N
[ Open... Ctrl+0 s
Introduction “Next” ' =
°
% Open Project... Ctri+)
. (=]
Introduction &

The New Project Wizard helps you create a new project and preliminary project settings, including the following:

. Project name and directory Create / Update L
* Name of the top-level design entity
* Project files and libraries - ;
. Target device family and device S Rl Ty 1
* EDA tool settings m
You can change the settings for an existing project and specify additional project-wide settings with the Settings x
command (Assignments menu). You can use the various pages of the Settings dialog box to add functionality to =
the project. =
I Recent Files ‘B
Recent Projects 4
; Exit Alt+F4 N
Task

Don't show me this introduction again

| Help < Back Finish Cancel

AR K 2
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a. iMoo O> 1O FOFEMRESETE (2/4)

o Directory, Name, Top-Level Entity

B New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

at IS the Working directory for this project?

I /homejflab3/takase/le3a/adderd

I adder4

= ect?
match the entity name in the design file.

e is case sensitive and must exactly

l adderd

Igse Existing Projecj\Settings...

J -]

VEZES« LU KU

MR—LTA L IORNJZOEDOEIBEET,
WIBHDODT AL OKNIZIEDRZE. 7D
URRWEY— LI EZE > ZEDESIEND TS
[RER (1B,

xre, OO NBICTaL O %E
e TZ(FDHM KLY (ZETEER) )

-]
\ “
7D>IOF%]

b~

W LAR)LDEIERL :
RICBRICLRITNETO> O & E
BE— (BE8AHDIND)

b <o

k H gexk ] Finish H Cancel

HFEHSInE D,
FEF-O\ADT2)ea80
J0O> 10 hEa0EIEE

FEFFC IS —h DD THET D,

Directory "/homeflab3/takase/le3a/adderdbit" does not exist.
Do you want to create it?

[

VEEES « L BUNTFTE LR
BEEBEFEKRLTIND

/\Omwvé},:p N oa e
Yy .. %

S aBPd S

& W)

o %
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a. iMoo O> 1O FOFERRESETE (3/4)

 Project Type : Empty projectzi®&iR
 Add Files : fEREADEIEEZ IO T U MIBENMT D
— SEFFETTAEHNDTEADFEF"Next” [ ERAEEMEA S
_ _ _ 1 I RREFHE
« Family & Device Settings

T Fa mi |y ' Family & Device Settings [page 3 of 5]

n n
CYCI O n e IV E Select the family and device you want to target for compilation.

You can install additional device support with the Install Devices command on the Tools menu.

_ Ava i |a b | e d evices : Device family Show in 'Available devices' list /

Mew Project Wizard

I 1/ Family: | Cyclone IV E S Package: [ Any ’I - l
E P4C E 3 O F2 3 I 7 Devices: B Pin count: [Any I - ]
Target device Speed grade: [Any [ - ]

) Auto device selected by the Fitter Name filter: [EP4CE30F ]

@ Specific device selected in 'Available devices' list | Show advanced devices HardCopy compatible only

) Other: n/a

Available devices:

L
oo

Available devices: h'5 EEY 28848 1329 608256
EP4CE30F2317%1&1R « ~ — — )

HardCopy: -

Limit DSP & RAM to HardCopy device resources

- K 2 o] <t o | e o | 21
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a. #MIO> 1T bOVERL LEGE

(4/4)

« EDA Tool Settings

—NERDERETY — )V {ER
EEIDH(CIEET D

New Project Wizard

EDA Tool Settings [page 4 of 5]

Specify the other EDA tools used with the Quartus Il software to develop your project.

EDA tools:
11 - - I’ | — Tool Type Tool Name Format(s}) Run Tool Automatically
S I I I l u atl O n (& C 5 ign Ento None B Bl this tool automatically to synthesize the current
Simulation [Mndelsim-mtera - ”g’\.v'erllog HDL v Rin gate-level simulation automatically after compil
(=l i
E E VEFTE =
Boars-Level  Timing
symbol
Ll S u I I l I I la I y Signal Integrity __<N0ne> =
Boundary Scan <None> B
EZHER U CFi h”
DR At C INis
Summary [page 5 of 5]
When you click Finish, the project will be created with the following settings:
Project directory: /home/lab3/takase/le3a/adderdbit
Project name: adder4bit
Top-level design entity: adder4bit ol I [v]
Number of files added: 1]
Number of user libraries added: 0
Device assignments: < Back ] [ Next > ] [ Finish ] [ Cancel
Family name: Cyclone IV E
Device: EPACE30F2317
EDA tools:

Design entry/synthesis: <None> (<None>)
ModelSim-Altera (Verilog HDL)

Timing analysis: 0

Simulation:

Operating conditions:
VCCINT voltage: 1.2v

Junction temperature range: -40-100 °C

Next Cancel

,'i{ l" N 3
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b. HDLJ— RODVERK (1/3)

AREB&(dVerilog-HDLAE
4’@0).:..:.:.7' EHE - TAEDD“DT&M_J'H‘E'IEKJ _
« HDLT5 « 5 ZfEAT 3

Block Diagram/Schematic File
EDIF File

—File -> New -> Verilog HDL File &F7z(& S e i

SystemVerilog HDL File

File -> New -> VHDL File  oce

- Verilog HDLkFiIe

Memory Files

- AN AN Hexadecimall ('Inte'I—For‘mat)
v BRDOEWZVHDLICEDTE GEIRT S v il e
In-System Sources and Prob...

—EER3TI(X/\— R T V75 EE(C K DEET = Lok prabyer rocerie.

University Program VWF

EDICEUATLSIEE0 i oserue

Chain Description File

v [HiEK EDHEEEE0KTY Spi psn o

v MY ITLARILZEIREER, SP&mEHDLET D & e e ]
PLARORBUNRIRDET _

el v 5 /home/lab3/takase/le3a/adderabit Q0 C & .
. FFECUBHIC)HDLI 7 AILERE s o .

7 takase

—File -> Save As... iﬂl?b‘Bﬂﬁ%% ]
_”adder4.V” J7A)L5EEE TS

v VHDLDIZE(E "adderd.vhd”
o 1 . . 7 — File name:  [adderd.v ]
® Ta S kS,JS\OD F | OW : % CO m pl | atl O n (L a_ 5 Save as type: | Verilog HDL Files (v *.vig * verilog) :

| Add file to current project

éoumv%/ N a %IS A )
- K 5 24
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b. HDLOd— FDERk (2/3)

o (FIRR)DA > RODIEK

—fENDPTNVKSCLA 7D MBS A XEZEERAZE L TR
View -> Utility Windows 12 &

- T« IHEEFETERDOT, TOHFHDIST 1 FZEALELS

(MY —ILED T 7 1 )LEEEE S EETT)

SSO T

J71)LDO—E&E>
IO U Bz

)

DR INAILE)D
HEITIRTLDIRIRAD
L7R— b Di&EIR

Flow: “Compilation” &9 3%

VG — A A )
& N0
- Bk oK 2
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b. HDLO— FDERL (3/3)

« Verilog HDL®DA « VHDLOHI

A p—

|sﬁe adderd.v xL | o adder4.vhd X
H aA%T = of om0 S ! H o#% 0 == o om0 S

|
%

m
(o]
[

1 [Hlmodule adderd ( 1 library IEEE;
2 input [3:0] a, b, 2 use IEEE.std logic 1164.all;
= input cin, 3 use IEEE.std logic unsigned.all;,
4 coutput [3:0] sum, 4
z output cout ); 5 [Hentity adderd is
7 assign {ecout, sum} = a + b + cin; ¢ H port {
i ’ 7 a, b : in =std logic wvector (3 downte 0);
& endmodule . . .
& cin : in std logicy
5 sum ¢ eout std logic vector (3 downto 0);
1o cout : out std legic };
11 end adderd;
12

13 [Harchitecture adderd body of adderd is
14 L signal tsum : std logic wvector (d downto 0);
15 [Hbegin

16 tsum <= ('0' & a) + ('0' & b) + cin;
17
18 cout <= tsum({d);
] 19 sum <= tsum(3 dewnte 0);
4 20 end adderd body;
21




c. A>)\ALJ)L (1/4)

« FPGARIDGRIET Ow I DIBRKIBHRICEHRT D
— BNz L X YERX LN VCEIRT D
—#wiEak, >0./0>YvE>D, BEERREZITD
v RTLTE R SNzl Z FPGA L DiwIET Oy T (CEI D 11T,
smiEJ 0w JDEEEHREITD

-Ev hRANJ—-LZEKT D
v BB/ BLHRODIERE /) A U STk DRERIEIR T 7 1L (CEER T B

« 1>2)\AJLFE

— Processing -> Start Compilation 7z
W — ) UARED7+ > DStart Compilation ZFE/z(d Ctrl+L

v’ Start Analysis & Synthesis TANF T WV IDHET]HEE

D..D r ) adder4 = :9¢@ ’f’.o ei!ﬁ»#’
Project Navigator # Hierarchy clazen ¢ adder4.v | @ Compilation Report - adder4
Entity:Instance __. m {_§ :;E :;E D m- |3) L[_|] : ’D ;g; =
# Cyclone IV E: EPACE30F2317 Bmodule adder4 (
&2 adder4 ® 2 | input [3:0] a, b,
154 mq\
o DN PN 27

O%D‘?a/y KYOTO UNIVERSITY



c. A2\ (2/4)

« TasksZED"Compilation”Hall greenv (CIRD e SIERE(CT> ) A JLEIH
—-8BF (deo7O—-—THI2)\AILInEBIRC EZKT
—REXFEDTIO—TIS—MREELTVNDZEZRT

o IEERTUIRNMDIES, TEIDAYVE—T42 R T2
“Compilation Report -> Flow Messages” "R E&MER L,
Avt—"EE(CT/I\WIZEITS
—H2w 7 Help TAYTZ—=DWebt&3RBIgE
— Critical Waning / Warning &3 1T w7

v CADY—)LTEFESENS EVICHEDESNMAEREN, BRI IGEEEED
BEXRZIBEFELUTHL<ZE EHETZRICTDLZEESZLY)

® o @
All| 9] &) A A #8Find.. | @ Find Next
I

= |Type ID Message
© 204019 Generated file adder4.vo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool

204019 Generated file adder4_7_1200mv_100c_v_slow.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool
204019 Generated file adder4_7_1200mv_-40c_v_slow.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool
204019 Generated file adder4_min_12eemv_-4@c_v_fast.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool
204019 Generated file adder4_v.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool

Quartus Prime EDA Netlist Writer was successful. ® errors, 1 warning
293000 Quartus Prime Full Compilation was successful. © errors, 13 warnings

v
eoooee

[
ap
g

a
>\ | S | System | Processing (127)

100%  00:00:21 2 8

7 KYOTO UNIVERSITY



c. A>J)\1JL (3/4)

Compilation Report TERFERZHEER T D
—Processing -> Compilation Report E7/z(& Ctrl+R
- RIBEHOFHIZE CTHEI DL

L] adderd.v

Table of Contents
E= Flow Summary
- E8 Flow Settings
- B8 Flow Non-Default Global Settings
--EH Flow Elapsed Time
- 8 Flow OS5 Summary
| Flow Log
+ (1 Analysis & Synthesis
+- (1 Fitter
+ ] Assembler
#- 1 TimeQuest Timing Analyzer
+ 1 EDA Netlist Writer
i) Flow Messages
- i) Flow Suppressed Messages

Tn I e B e B e B

Flow Status

Quartus Il 32-bit Version
Revision Name

Top-level Entity Name

Family

Device

Timing Models

Total logic elements

- Total combinational functions
- Dedicated logic registers
Total registers

Total pins

Total virtual pins

Total memory bits

Embedded Multiplier 9-bit elements
Total PLLs

X | 4 Compilation Report - adder4bit X I
=

Successful - Wed Apr 12 16:20:56 2017
13.0.1 Build 232 06/12/2013 SP 1 SJ Full Vers
adder4bit

adder4

Cyclone IV E

EP4CE30F2317

Final

6/28848(<1%)
6/28848(<1%)

0/28848(0% )

0

14/329(4%)

0

0/608,256 (0 % )

0/132(0%)

0/4(0%)

29



c. A>2INAIL (4/4)

o [Oi&Y—+ X : Fitter -> Summary
—~FPGALDOET OV IODERE
—100%%#BX BIEEN D B EFPGAT ) (1 XICURE 5730
o BERE SIBIE : Timing Analyzer
—SDCTset_max_delay, set _min_delayZ:i&E I NIEENEN
DA D ImRF NS DimF\DGHGEERE (BEfL(Ens) Z2FRRT
=% (FAQEHE)
— B RIEEDE%ET CANOOYIZIBE I NIL, BMERIKRESIRES
RRCEDLDICIRD
- IRFDIEENSD DIHGEFT 1 Z Iz L TULVRLY
v Unconstrained Paths(& set._max_delay, set._ min_delay%z
B CEREINUITTER D
B EIEEESET CEHF(CRICT DEND D

P
‘\i ’2\ ,'i{

Q{ég/y KYOTO UNIVERSITY
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d. 91 =2V HINDERE(SE)

. REBDNNELSIHAEHOEREISIRD TEHEDHE(T/ZRV, 0w
D% BT DIEFFLIEE TIEh I =ET Do

« JOVIDIEENDYAZ2THE) (LEZRIAIANDEY hF7vT
B REIO/R—)L RESfE, miBERE) DEZITD

— BN OOy DDIEEDHER, sFHllIZBETREI D L.
« Timing Analyzerz{£EF9 3%

—Tools -> Timing Analyzer X/z(J,
W —)UARE7A 1> D “Timing Analyzer

Em e 5 SEAre s W File  View yeuu Constraints Reports  Script  Tools
|FEy » ¢ % @ o :E»*ewaua%
dfftest.bdf X TlmeQuest T|m|ng Analyzer 17

[N L e . L T S S B e |

/\OJNFD% N a A )
© >
1S I
™
«e’b VA
pes >

=~/ KYOTO UNIVERSITY




d. 591=>

BRI DESTE

—

« Timing Analyzer

—TasksZE®d “Netlist Setup -> Create Timing Netlist” =317

—TasksZE®d “Netlist Setup -> Read SDC File” =317
— Constraints -> Create Clock... WS 20w % E%E

E

TimeQuest Timing Analyzer - fhome/lalj

ile View Netlist Constraints Reports Scr

Report 7 -

- 4 TimeQuest Timing Analyzer Sur sD¢

== SDC File List 1 dfftes

[l

Ta

sks fam

L4

i Open Project... -

4

P
i Create Timing Netlist
Read SDC File

» Reset Design
] Set Operating Conditions...
[Z7 Reports

B & Slack =
. 57 Report Setup Summary
=3 Report Hold Summary
57 Report Recovery Summary
57 Report Removal Summary

- B0 Report Minimum Pulse Wi

' 59 Report Max Skew Summa

|7 Datasheet

51 Report Fmax Summary
59 Report Datasheet

£+ & Device Specific

. -5 Report TCCS

-

\ DI

TimeQuest Timing Analyzer - /fnome/lab3/takase

File View

(S hSIEel Reports  Script

Create Clock..,.*

(]

Tasks

+ [& Open Project...
[= Netlist Setup
o

= Reset Design

] Set Operating Co
[ Reports

Slack

57 Report Set
57 Report Hol
57 Report Rec
57 Report Ren

-~ 3 Report Min

le Path
Set Clock Latency... ic
Set Clock Uncertainty...
Set Clock Groups...

Remove Clock...

Set Input Delay...
Set Qutput Delay...

Derive PLL Clocks...
Derive Clock Uncertainty...

Set False Path...

Set Multicycle Path...

Set Maximum Delay...
Set Minimum Delay...
Set Max Skew...

Read SDC File...
Write SDC File...

Reset Design

AR K S

KYOTO UNIVERSITY

- Type "help <package name>" to vie
available for the specified Quart
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d. 91 =2V FINDEEE(SE)

« Timing Analyzer
—Constraints -> Create Clock... 5200w J%Z&E
v Clock name: 0wV J%DEE KRKieATHBA (I : clock)
v Period: 20w JEHEAIDRTE
v Waveform edges: I15 EMND /IIBETFH D RFEIDERTE
v Targets: s%5TOIIE_EDOOW D72 1ER
o “List"MSFRRL T >"TR -
v SDC command(CERKETNSD

Case-insensitive

IR RSND

Compatibility mode
o Create Clock
Matches
Clock name:

Period: 10.000 ns ound 1 selected name
W fi d Q1[3] = lock
aveform edges | Q2i0] |
— Q2[1]

No duplicates

W
W

. <
Faling: [ [ns 0.00 5.00 10.00 d
data[1]
Targets: [ ] m i =
SDC command: [create_clock -period 10.000 l SDC command: IIGEt,DOITS {clock}] I
Run l l Cancel l [ Help l — ok || cancel |[ Help |
[¥

éouva%@/ N a %IS A )

Y/ KYOTO UNIVERSITY




d. 714 =20 HIDRE(SE)

« Timing Analyzer

—Reports/ L FTHA=Z2TICEAT BELADLIR— MY

RESNDEDICIRD
v i U CTOBWEDH S NIEHEIKIDEBNR E T T D

v Compilation Report b\bEﬁEE TEDBLDICIRD
v  Fmax Summary: BI{ERJgelR e AERKE (5XDFHIFICLKD TEND)
v Clocks: IRTE Eﬁﬁﬂﬁf‘@%ﬁ"%f@ﬂ&@gﬂ‘) B ER

—TasksZED “Write SDC File...” THIFID 7 1 ILZARTF
v’ <module>.sdc &?ZotjEI/I’J I\(LQE)JMD"&E_‘TTLZD

(oUtEERS fZ(ES L)
v '|§?n_cg7:—_‘57—‘:‘:'x |\/\\—Xt“ sDC file name:[[dfﬁ:est.sdc ] E]

4D 7 )VEVER U TIREL TH L v oo

Tcl command: | write_sdc -expand "dfftest.sdc"”

| OK h” Cancel || Help |

:
% JNT;%@ —Ea N

- 5 34
s
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e.>=Za1lb—>3> (1/11)

£ (3T A MIUFI7AILZVERR T D
- FRAMMIFI7AILES, %ETUZEIENEREFED OEMER I B
ﬁﬁa?érw®774w@;&

— J\— RO 78k E5EVerilog HDLTE R 9D (EER3 TIISCEDIRHRE
gBE)

o MIFICEEDANZEX, >=1L —~ModelSImTH
ﬂ%ﬁﬂ?%

°
ou

4 Jfulladder_vlg_tst/s |0
4 ffulladder_vlg_tst/B |1

4 fulladder_vig_tst/... |1
4 fulladder_vlg_tst/... |St1
4 fulladder_vlg_tst... |St0

oSN —Ma Ny
/9 ) lil
X < , \
«\o vor0 oy AP /A,
< DED

=~/ KYOTO UNIVERSITY
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e.>>=a2Lb—>3> (2/11)

o TAMMIFIF7AIVEVERRT DFIE
— Processing -> Start -> Start Test Bench Template Writer
— ./simulation/modelsim/*.vt hMEKE=ND

e *Vt ZiRE BULLIE IE-LUTHFHRLWI 71ILZ/ED

v VICTBEIT o HICK>TldverilogE— RHEXS
v BEBEUZTZEET D

“timescale 1 ns / 1ps

o 15914 ALARXTY T 1ns, IHOBEE (R/NEAD) HlpsEL\DEK

v BUTFDEERDIE T (CHIHAER EZ 5cih 9 D

// code that executes only once

// insert code here --> begin
v LITFOFERRDE T (CFREDIE (KRHZ) Z5cihd D

// code that executes for every event on sensitivity list

// insert code here --> begin

o eachvecES (I EDRVLVDOT@eachvec; (FOXA> M7 MHHIBRT D
s BNTE=5Template WriterzZfEHRX< TERL)

&Oﬁm}x N a A ) )
)] AN

59 KYOTO UNIVERSITY
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e.>>=a1L—>3> (3/11)

o TAMIFIT77A)LDEEIEH! — L :
—fAA : #1000
A<=0; —1EDIRL :
B<=B+ 1; always begin
Cin <= ~Cin; //¥x #100
As <= 4'b10 01; // 4Ew clock <= ~clock:
ND2:3EZL (binary) end
v GEZEHVEFAUL)AEF (C v 0w 7R D IR (C{EF]
RAEND v initial begin - end 1>

always begin - end M4t
fll, module - endmodule
D

AEICEEATDCE

v alwaysJ O DRI T (&
Verilog-HDLTEMN TLE T, WHCRITENSD

5 oo N R EE L L . v eachvecl3IKERDIZSH
AIBIEE UIRWEEF (I HEIRERDET Geachvec Hmz & B NiR

PSP NS SHURLY 37
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e.>=Za1lb—>3> (4/11)

)s
initial
FR MR F T 7 A LD s
d I\/\/ j J ) I/O)I:I ll_lj' I /{ code that executes only once
// insert code here --» begin

i VASESE =T Pipiees
“timescale 1 ns / 1ps o
“i i \ —_ $display("Running testbench");
—HDOEEIXLLSEZRD e

/{ optional sensitivity list

\/ @as D (:/J\éb \ & ? ? éég;@;geventi or event2 or .... eventn)

// code executes for every event on sensitivity list
// insert code here --» begin

#1lee

a <= 4'bl18a;

b <= 4'bBala;

cin <= 8;

#1080

a <= 4'b08118;
b <= 4'b1618;
cin <= 8;

#1060

a <= 4'b@11e;
b <= 4'b8ell;
cin <= 1;

#1060
a <= 4'bleel;

@eachvec; (& b <- 4°60100;

cin <= 1;

:I>(> '\le I\ /{@eachvec;

Sl --» end
end
endmodule

LD K 2

KYOTO UNIVERSITY
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=2l —>3> (5/11)

« Quartush*Smodelsim-asezZFNH I T=ODETEE T D
—Assignment -> Settings -> EDA Tool Settings -> Simulation
v Tool name: ModelSim-Altera
v Format for output netlist:
Verilog HDL T

Category:

H T H [Simutation ———
— — Files
V D L G) DR [m] \ V D L .. Libraries Specify options for generating output files for use with other EDA tools.
- Operating Settings and Conditii [ = a
- Voltage Tool name:l ModelSim-Altera I s ]
[ b = - Temperature N - - - w— -4
at I Ve I n S ett I n S L} Compilation Process Settings Run gate-level simulation automatically after compilation
u .- Early Timing Estimate N . .
- Incremental Compilation EDA Netlist Writer settings
- *- Physical Synthesis Optimizat N - N
O m p I e te St e n C EDA Tool Settings Format for output nptlist: | Verilog HDL ] Time scale: _
-~ Design Entry/Synthesis A - -
ﬁMh Qutput directory: | simulation/modelsim E]
Formal Verificatian Map illegal HDL characters Enable glitch filtering
I ' Board-Level
es e n C eS \\J Analysis & Synthesis Settings Options for Power Estimation
LI | - VHDL Input
+ Verilog HDL Input Generate Value Change Dump (VCD) file script | Script Settings...
- Default Parameters
- Fitter Settings Design instance name:
- TimeQuest Timing Analyzer
Assembler
Design Assistant More EDA Netlist Writer Settings...
SignalTap Il Logic Analyzer - .
Logic Analyzer Interface NativeLink settings
PowerPlay Power Analyzer Sett
SSN Analyzer None
Use script to set up simulation:
Script to compile test bench:
e D) OK l [ Cancel H Apply H Help

AR K 2 39

KYOTO UNIVERSITY



e.>=Za1lb—>3> (6/11)

— Test Benches
v New... Zz0Uwo

—New Test Bench Settings
v Test bench name: 2 D%&EI

v Top level module in test bench: Z

EERDTAMIUFED 1 —I)LRAICTD
(Template writerz{> fziz5, *_vig_tst
([CIRDTUL\B)

v’ Test bench and simulation files:
simulation/modelsim/*.vt
(..SFIR—TYERR UTE T 7 1 )L 72 3#E3R)

v Add =0 Uw D

—Test Benches(C&E> CTOK, ApplyzZ w2

™ Edit Test Bench Settings

Edit test bench settings for the selected test bench.

Test bench name:l[ testl I l

Top level module in test bench: [testl l

Use test bench to perform YHDL timing simulation

Design instance name in test bench: I l

Simulation period

@ Run simulation until all vector stimuli are used

Test bench and simulation files

o }
filename[[simuIationimodelsim,radder47test1.vt E]]l 5du

File Name Library HODL Version Remove
Up
Down
Properties...
OK H Cancel H Help

Name p Level Modu lesign Instanc Run For Test Bench File(s)

Edit...
tttttttttt NA simulation/modelsimy/adder...
elet
x|
.

ung% N a N

Y/ KYOTO UNIVERSITY
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e.>=Zalb—>3> (7/11)

e i METZEBIO> )\ AILT D (DRIEN 7 (CIRDTLBIFT)

e =L —A%ZEENITD
—Tools -> Run Simulation Tool -> Gate Level Simulation...

3/training/fulladder/fulladder - fulladder

Window Help =

Run Simulation Tool iz RTL Simulation

v " Gate Lewl Simulation...
—

== &, Launch Simulation Library Compiler
[
—— "8 Launch Design Space Explorer

~ |ty TimeQuest Timing Analyzer ' Status successf

Advi rtus Il 32-bit Version 13.0.1 B1

eI sion Name fulladder

& Chip Planner !euel Entity Name fulladder

. " ily Cyclone

4 Design Partition Planner ce EP1C6Q:2
Netlist Viewers ' ng Models Final

i ) | logic elements 2 /5,980

1 SignalTap Il Logic Analyzer | pins 57185 (

# In-System Memory Content Editor | virtual pins 0
= Logic Analyzer Interface Editor | memory bits 0/92,16
| PLLs 0/2(0¢

|| In-System Sources and Probes Editor

Cinnalbrahea Binc

AR K 2
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\ll

=1b—

Sy

g

OW&GU%)FU
Wave(L |\7‘J7

B ] B DI TE

Help

@&f

100 ns 3|

t s sl

JH G-3-2

EXES

& sim - Default

! Search s
- H | X jects —————

*|Instance

=gl adderd_vig_tst
BRI
@ #ALWAYSHED
22 #vsim_capacity#

Library
4> KD
N

\

§ 1001
E d 0100
1

Sto
1110

nﬂ- Frocesses (Active) —m——
*|Mame

1|
_Jﬁ Library

h | o
& sin [ <2l g

Wave -1 > R

ZoomZ & O]

y100 0110
0000

o010 yo10

10011 jo1oo

f-y Transcript

# Time: 0 ps

Jd wave -position end
wawe -position end
—position end
-position end
wave -position end
Wi IM{paused)s run -all
# Jiunning testhench

Transcript
42K

Qoo

o

WEIM{paused)s Tan

VEIM{paused)=

Iteration: 0 Instance:

Jadderd_vlg_tst File:
sim: fadderd wlg_tst/a

sim: fadderd vlg tst/h

sim: fadderd vlg tst/ocin

sim: fadderd_vlg_tst/cout

sim: fadderd wlg tst/sum

VaIMipaused)> run -continue

Jhone flabetakasE/le3a,-’adde rdhit/simulation/modelsin/adderd_testl. wt

LA AS
> THELLD

[Now: 503,593 ps  Delta: 0

sitn:/acderd_vig_tst

[ 0 ps to 535073 ps

AR K 2

KYOTO UNIVERSITY
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e.>=Za1lb—>3> (9/11)

o MR RSNIZWIGE
~FAMIUFIF7AILEEZDZHOEIIAILLEDS

v “Library” 41 > R2O®d gate_work -> <module>_vlg_tst =
H2Uw LT “Recompile”

—Transcription™> -« > RJ(C# Error loading design”h't
TULDOMEER

v BOY)\AILULTERETVWDIREE, TAMIFIT7AILICZAN D
2N, T7AILDIEBEMNEED TLWDIREDAREEMN DD

) ModelSim ALTERA STARTER EDITION 10.1d

File Edit ¥iew Compile Simulate A o Library Tools La yout Bookmarks  Window Help
H-3H2E I BE D M;ﬁ|@ ﬁ@\ [t 11201
Layoul[imalate ) || Columnayo 1|u oLunns J| .- ”qﬁ :g;“ el || A B &b e @ F
Bew oo B | o hliJﬁwﬁ*H 5 a6 w| ﬁﬁi 7]

Library —:: ——

JJJl 8] Wave - Defaul + @ x|

------

NIV, N a
< =
2
< <) 2IN d
B /N
O(//VDED\

</ KYOTO UNIVERSIT
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e.>=Za1lL—>3> (10/11)

o BEHNFRRESNIRWNGES (ZD2)
—Simulate -> Start Simulation...
—Design 5 @ "Design Unit(s)” (CT

gate_work.<module>_vlg_tst Z#EiR

— Libraries 7@ “Search Libraries” (CT Add... UTC
MBEINS A TS =BT S ("cycloneive_ver'MF+ERTLLY)

v’ "altera_ver”, "gate”, “gate_work” i"B&IHICAD TR ER
HBDN, EE55TEXL

SiocEls] TERIEDITIGN 1S @ Start Simulation @ Start Simulation
File Edit WYiew Compile d Library Tools Layol
- D d ~ Design] WHDL ] Werilog ] Libraries ] SDF] others] o) Design] WHDL ] verilog  Libraries ] SDF] others] o)
Layout |Sim unns -
*|Mame Type Fath i) Search Libraries (-L )
e | [Typ | - P
" = ﬂ--m wiark, Likrary gate_wark l add. b| ]
(lName  Restar ;l--m gate_wark, Likrary fhomesdlabdftakasesleZhwedirainim
il work Aok = Module fhomedlab3Aakases e hwastraining rodify
kil gate_work = I fulladder vlg tst IModuIe ‘homedlabitakasesdeZhwistrainin
¥ End Simulation g
L =4l zzomodel Library  $MODEL_TEWH/. /alterarvhaliz2l M
ﬂ--m zz0model_ver Library $MODEL_TECH/ falterafverilogs:
ﬂ--m altera Library $MODEL_TECH/ falterarvhdlfalte B
-4l atera_insim Library  $MODEL_TECH/. /alterasvhdl/alte Select Library
+|--J|'l altrra Insim wer I ibrarnd KACINFIL TRECHS falteraivariln’ ol
ET ] = Select Library
esign Onis) Resalution cycloneive_wer |A Browse...
|gate_work. fulladder wlg tst ‘ lrllps ﬂ ‘ cyclonelv wer B
' cycloneive
; cycloneive wer Df Ik Cancel
[~ Enable optimization Optimization Options... cl:ylc:lonev J B
N oa » ¥ | |
IE\

KYOTO UNIVERSITY ok | cencel ok | cancel



e.>>=Za1L—>3> (11/11)

o TOMBDIEIE
—“Objects” D1 > ROMNSEFHIUELMESHRZE
"Wave” J14 > RIICRSYIT S
—"“Run Length” ZFREEDOKRETE(CI D (5 : 100ns)
V REFTEDES=ZaL—2 3> BEFREINEND
—“Run” ¥2 “Run - All” R EZ DIV w0 TF B
v “Transcript” O > ROTEEADEOEE
(BN TEE5Z2BDIEDOHNREVNE)
—REDOFRRIGO IV IXREIEF—ANADT
Zoom In/Out/Fullix EHZEETJEE
— BRI A MIFTIEEBRHTTN, EFIEEBRIEE
v E858ROET VW T "Force..."Tx &E
— T AMIUFZEEUIEIGEL,
“Library” 21 > RIOM5Recompile LT “Restart”

Nk NS 45
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f. AAE>DEAET (1/3)

o EIERDIESHRZFPGAD AL AIEZ(CEIDHTS
—BHTOEELCLCT, R—REDAAYFNSANZERT
0,
LED(CESZHNDUIEDTEDLDICIED
~ EDEZIIVN EDABNEZ(CHIL L THDDNE
A—T-—RXAYZaATVIVEED T AR s rossmmmsonmosmes

#> TW3BFPGAIZAlteratt dCyclone IV7 7 = 1) ®EP4CE30F23I7NTY,

o« N _ (RX210% AvbEHINTVET, AKRBRTEEVWETAD, BHEOHZARBATHTIEZW,)
v EVTH A URFED HIESICEF

#HFEHE PandA ICIERS M TWET.

PowerMedus: ‘I“'—FMUSOO RX/RKOEIR A E.

MUS00-RX E P4 ikxls

PowerMedusaii— KMUS00-RX/RKD E > 74 5k

MUB00-7SEGY = 1 7)LVer2 pdf

PowerMedusalc :E;!Iﬂ?‘é TtG'X/FLEDT‘—I*UJHﬂ&;%Eqi

PowerMedusalZiBiy 3, TtO’XJ%LED'r‘—hU)I:‘/?*J“(/% (%)
EyFHAvREED
EYPHAUREDLMDPTILIEHLLD

« FFGADAHHE> L&TERE c‘:@ﬁh’ﬁ(i
HGRIAE S LU E> 7Y 2 RZFR I

—~SEIDOHITIE, 2DDANEET W 7°SW0>A,B,
FrU—A2Z72F—DT v 1SW SW4,

L1 Tr'-llh__jillzr\l,l —Z— L\ Z

> xe ;Eyé:“ og—J77 CCoOC T CUry |

Y/ KYOTO UNIVERSITY




f. AAE>DEIAET (2/3)

e Pin Plannerzi£# 9 5
—*“Assignments” -> “Pin Planner” &E/z(& Ctrl+Shift+N

Quartus 1l 32-bit - fhome/lab3/takasefle3afadderabit fadder4bit - adder4bit

File Edit View Project Processing Tools Window Help 5 Search altera.com | @

D d @ & &g ooV ¢V OO P O EE QP A O D

_" Settings... Ctri+Shift+E — -
Project Navigator v X 4 Compilation Report - adder4bit X
[ Files TimeQuest Timing Analyzer Wizard... PP Flow Summary

i-Assignment-Editor ol ebifk A ‘Flow Status :Successful - Wed Apr 12 16:57:56 2017
- » . Quartus Il 32-bit Version 13.0.1 Build 232 06/12/2013 SP 1 S Full Vers
Global Settings | | Revision Name adder4bit

ACToTCASSIgrTICTIeS & Top-level Entity Name adder4
i% Back-Annotate Assignments... y Family Cyclone IVE

Import Assignments... Device EP4CE30F2317

- ) ssis Timing Models Final

Export Assignments... Total logic elements 6/28,848(<1%)

Assignment Groups... - Total combinational functions 6/28,848(<1%)
5 LogicLock Regions Window Alt+L ?Analyzer Totgfi;?:fedrsloglc registers 3!28'848 el
& Design Partitions Window Alt+D Total pins 14/329(4%)

[T 22070 Flaw Siinnrecsed Messanes Total virtual pins 0
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« AHBE>ZEIDHTTLL
—Node Name & LocationZE X it D
- EORZBBINH T IRWNGSE&ESTEEBI>/\1ILT S
—RlDE>ZHHDHE(E, Top-levellC/E D> TLDHVERT D

Pin Planner - /fhome/lab3/takase/fle3a/adder4bit/adderabit - adder4bit

File Edit View Processing Tools Window Help & Search altera.com | @

—, Report "a® . .

A Top View - Wire Bond —_

= Cyclone IV E - EPACE30F23I7 / \/r/- ’\% % ﬁEnlb‘
\::.. —
e SBAERTERET
5 O00eeellle0

2y OACOBOeIeC

DOV A

7 AC ;

. QOO Q@

I OO0\ R OLRADREE)

e AL OLONORLEE DAY
7 T = oag
I @@@'@'@

# Run Analysis and =]

=& Early Pin Planning

1 Early Pin Plann

- Run I/O Assigni—|

1 Export Pin Assi
-7 Change View

= Show I/O Bank:

LocationﬁU‘C‘ FPGAODE >;5:}EE©“5
(“PIN_"Z&E U ) EEAN BE]8E
fhaDFEBEEB AT ETND

/‘’J“"nuu.s.zn,s,ﬁmz,ZZ

E>&EAR AR |
—EBRSBNLVNEEF

:I >} f’l’) bqk\;ﬂvb : 2:2: \éggE;ser

TO p Ievel %EEI:I:L.\ " = £ Show DQ/DQS

ZOPITIFE (AT
FDHTBENTLND??

L] i A
.~ | PIN_B8 y. Filter:
EL Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/O Standard Reserved urrent Strengt Slew Rate )iffere ‘
o in_a[3] Input PIN_D10 8 B8_NO PIN_C8 2.5V ...fault) 8mA (default)
o al2] Input PIN_C10 8 BB_NO PIN_H11 25V ..fault) 8mA (default) )
73 in_a[1] Input PIN_B10 8 B8_NO PIN_B6 2.5V ...fault) 8mA (default)
n_a[0] Input PIN_A10 8 BB_NO PIN_B5 25V ..fault) 8mA (default)
Bz in_p[3] Input PIN_B13 7 B7 N3 PIN_A5 2.5V ...fault) 8mA (default)
n_ b[2] Input PIN_A13 7 B7_N3 PIN_C7 25V ..fault) 8mA (default)
in_p[1] Input PIN_F11 7 B7 N3 PIN_A4 2.5V ...fault) 8mA (default)
n_ b[0] Input PIN_E11 7 B7_N3 PIN_E9 25V ..fault) 8mA (default)
in_ cin Input PIN_E15 7 B7_N1 PIN_G10 2.5V ...fault) 8mA (default)
24 cout Output PIN_A8 8 B8_NO PIN_F10 2.5V ..fault) 8mA (default) 2 (default)
24 sum[3] Output PIN_A9 8 B8_NO PIN_H10 2.5V ...fault) 8maA (default) 2 (default)
24 sum[2] Output PIN_F8 8 B8_N3 PIN_C6 2.5V ..fault) 8mA (default) 2 (default)
24 sum[1] Output PIN_C8 8 B8_N1 PIN_B8 2.5V ...fault) 8maA (default) 2 (default)
— N a » w |24 sum[0] Output pm Ba defau\t) 2 (default)
? %IS l ? & | <<new node>> 5 O DIFFIO T20p DA
ya A =z ] PIN_| BB IOBANKﬁB Column I/O DIFFIO_T24p, PADD17, DQS5T/CQS5T#, DPCLKID )

PIN_B14 IOBANK_7 Column IfO DIFFIO_T31p, PADD10
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o S[EIDEZTHI
- TAVIRAAYVFTANZERD
~ ERELED TR RS E S
e ETVHARFED ZRIGNS S ‘
WO THELD BT R

> ‘u i FAL = ;5
FPGAR— K : & ' :H
SEWWTOUWEY T b Y T PR A OFPGATR— K T 3PowerMedusa MUS00-RX/RK DB 3. gve Loooc: 5
# > T\ 3FPGAIZAlteratt dCyclone V7 7 3 U OEPACE3OF23I7N TS, 5 = T
(RX21074 IV 6EMENTVET FARBRTREVECAS, EROBZABBATHTEEL) e 1=

FERIE PandA ICBB S TVWETY. H

MUS00-RXt v b 1—H—Z¥ =1 7)LVerl.l.pdf
PowerMedusaiRi— KMU500-RX/RK D EXESHEEE .
MUSB00-RX E'y 74 & xls >
PowerMedusa/i— KMUB00-RX/RKD E'> 7 H vk LED ’D RN i S
MU500-7SEGY = 1 7 JLVer2.pdf S gl b JEE - s
PowerMedusalTiBild %, 74X~ LEDR— K ORRGEAE. . )
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PowerMedusalligiNg %, 744> MLEDIR—ROEY 74 V& (8%5) ' ‘ sl
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g. FPGANDEIIRDEE;

« FPGAZEEAHY —)lZikcEd D

—“Tools” -> “Programmer” EJz(&
Tasks&E®D"Program Device (Open Programmer)”

Quartus Il 32-bit - fhome/lab3/takase/le3afadderdbit/adderdbit - adder4bit

File Edit View Project Assignments Processing Window Help

D E & @ # Ha @ | 9 o | adderdbit
Project Navigator B=lE
[ Files

Run Simulation Tool
#. Launch Simulation Library Compiler
& Launch Design Space Explorer

i1y TimeQuest Timing Analyzer
Advisors

« Chip Planner

4& Design Partition Planner
Netlist Viewers

1 SignalTap Il Logic Analyzer

== In-System Memory Content Editor

= Logic Analyzer Interface Editor
f] In-System Sources and Probes Editor

LR I L

Search altera.com | @

o % A e 9

l| i@ Compilation Report - adder4bit X

Flow Status
Quartus Il 32-bit Version
Revision Name
Top-level Entity Name
Family
Device
Timing Models
Total logic elements
- Total combinational functions
" Dedicated logic registers
Total registers
Total pins
Total virtual pins

SignalProbe Bing
<% Programmer 3

Tqtal memeory bits
Embedded Multiplier 9-bit elements
Total PLLs

Jrigily

KYOTO UN

/2y Hierarchy ‘ E| Files | & Design Units ] "L IP Col

Tasks =

Flow: Icompilation H I [Customize..

Task

=- B Compile Design

- B Analysis & Synthesis
 Fitter (Place & Route)

- B Assembler (Generate programming files)
# TimeQuest Timing Analysis

AYANANENEN
R RCAT)

=i E=CleireBel
42 Transceiver Toolkit
I External Memory Interface Toolkit

%, MegaWizard Plug-In Manager

Nios Il Software Build Tools for Eclipse
A Qsys
£ Tcl Scripts...

Customize...

TP CDA NGt verner

Program Device (Open Programmer)

[+

Options...
License Setup...

€4 Install Devices...

Successful - Wed Apr 12 17:51:01 2017
13.0.1 Build 232 06/12/2013 SP 1 S| Full Vers
adder4bit

adder4

Cyclone IV E

EP4CE30F2317

Final

6/28848(<1%)

6/28,848 (<1%)

0/28,848(0% )

0

14/329(4% )

0

0/608,256 (0% )

0/132(0%)

0/4(0%)
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g — — 9 (SIBIE(C
e Programmer®:xEZ1TD | pEerty |
—Hardware Setupz/2Uw 2o ULT,

Currently selected hardware: Z “USB-Blaster [X-X]" &9 35

v’ Available hardware items(CUSB-Blasterf* i TR U\BF(E,
PCEUSBIEHUIET. TN THEHTIRWEEET/IRSD

Bl BZ X B5NDDTTAXT.
—ModeZz"]JTAG"(CT D
— U BT 7AILMRFTRRENT
LIRS, Add File... M5
SEZAD T 7A)LZ&ERTD
v’ ./output_files/

<proj_name>.sof

— X k_E®dDProgram/Configure(C
FILVIZAND

.
éOJNTvg% _ N oa »o

- 5t 53
OODED

=~/ KYOTO UNIVERSITY
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« Programmer®s&EZ1TD

USB-Blaster %=
IEIR

JTAGIZTEDTLD
Z & HERR

Programmer - fhome/lab3/takasefle3afadder4bitfadderabit - adderabit/ [output Filesfadderdbit.

\;’L&:\gdit View Processing Tools Window Help =

[Search altera.com l )

[ SOFESBINT S

——
lmetup... “USB—BIaster [3-1] ] Mode: [jTAG y :l Progress: D

Enable real-time ISP to allow background programming (for MAX Il and MAX V devices)
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dihStop

¥ Delete

[ Add File...

by
T

Change File.

[ save File

Add Device..
thup

IsDown

output_files/adder4bit.sof

File

=T IAHIRD
FPGAAA—==T 7 A1)

Device
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Checksum Usercode Program/ Verify Blank- Ex
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001FC551 001FC551
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d
%

it /NOER
DI ::
—
EP4CE30F23
TDO

Adds the programming files to the programming list

EUWTF I\ AN TWDBC & & TER
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HDLMS EARBIRMNERESNDIMNFID 20
—“Tools” -> “Netlist Viewers” -> “RTL Viewer” C
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— B OHDLM ED KX SIREIEICERKRSNDDN, HWEEETE (&
IRATED RN DDICERIREEEETT
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(= ] RTL Viewer - fhome/lab3/takase/le3a/adder4bit/adderabit - adder4bit
File Edit View Tools Window Help = Search altera.com | @

Page Title: Page: E a9 & o 3 Q9 & ﬁ T
|

Properties lEE | & adder4bit:1

Selected block:

out
um[3..0]

NIV,
0, £,
s )
e

AR K 2

%5 KYOTO UNIVERSITY

58



TIPS

e >=alL—>3~>
—modelsim-ase® Transcript Y7 D« > RO(CEE IV R%E
ABDUTETTED. BNTCESEHAZ2 20U IFTBLD
Bu. OV REXNJBFERS.
— 4TFERE(Z “./simulation/modelsim/msim_transcript” (C5%25
DT, MEUTHBTHRFLTH EKL,
Transcripths do (I 7 1)) TEITCED.
o E2a—)LICDUITC
—[OAEREATERS—FEZIZzE/kLIEDEI =L —2 3> LTzl
%&1&, Project Navigator OETIT 7 (I)Lz2zH0 w2 LT
"Set as Top-Level Entity” Zi8E I D E KL
« /\—=3> Quartus Prime 20.1 / ModelSim ASE 10.5b

—GooglefcE (CEIKF XY —ILD/I\—3 2 (TEEIT DI L.
HUOFTUWESHITER UTIRWTIPSYEEREN 5 B.

%\io/y KYOTO UNIVERSITY

59



	Slide 1: 計算機科学実験及演習3 ハードウェア  「CADツールを用いた設計フロー」
	Slide 2: 本講義の概要
	Slide 3: 演習室環境
	Slide 4: FPGAとは？
	Slide 5: FPGAの用途
	Slide 6: 実験環境：FPGAボード
	Slide 7: CADツール
	Slide 8: 実験環境：CADツール（実験2と同じ）
	Slide 9: 補足：Quartus Primeのインストール
	Slide 10: 補足：Quartus Primeのインストール
	Slide 11: 補足：Quartus Primeのインストール
	Slide 12: 補足：Quartus Primeのインストール
	Slide 13: Quartusの起動
	Slide 14: PATHを通す方法
	Slide 15: 設定の確認
	Slide 16: 設定の確認
	Slide 17: ツール利用と設計の流れ
	Slide 18: 練習：4bit加算機の設計
	Slide 19: a. 新規プロジェクトの作成と設定（1/4）
	Slide 20: a. 新規プロジェクトの作成と設定（2/4）
	Slide 21: a. 新規プロジェクトの作成と設定（3/4）
	Slide 22: a. 新規プロジェクトの作成と設定（4/4）
	Slide 23: 実験2では…
	Slide 24: b. HDLコードの作成（1/3）
	Slide 25: b. HDLコードの作成（2/3）
	Slide 26: b. HDLコードの作成（3/3）
	Slide 27: c. コンパイル（1/4）
	Slide 28: c. コンパイル（2/4）
	Slide 29: c. コンパイル（3/4）
	Slide 30: c. コンパイル（4/4）
	Slide 31: d. タイミング制約の設定(参考)
	Slide 32: d. タイミング制約の設定(参考)
	Slide 33: d. タイミング制約の設定(参考)
	Slide 34: d. タイミング制約の設定(参考)
	Slide 35: e. シミュレーション（1/11）
	Slide 36: e. シミュレーション（2/11）
	Slide 37: e. シミュレーション（3/11）
	Slide 38: e. シミュレーション（4/11）
	Slide 39: e. シミュレーション（5/11）
	Slide 40: e. シミュレーション（6/11）
	Slide 41: e. シミュレーション（7/11）
	Slide 42: e. シミュレーション（8/11）
	Slide 43: e. シミュレーション（9/11）
	Slide 44: e. シミュレーション（10/11）
	Slide 45: e. シミュレーション（11/11）
	Slide 46: f. 入出力ピンの割当て（1/3）
	Slide 47: f. 入出力ピンの割当て（2/3）
	Slide 48: f. 入出力ピンの割当て（3/3）
	Slide 49: f. 入出力ピンの割当て（3/3）
	Slide 50: g. FPGAへの回路の書き込み
	Slide 51: g. FPGAへの回路の書き込み
	Slide 52: g. FPGAへの回路の書き込み
	Slide 53: g. FPGAへの回路の書き込み
	Slide 54: g. FPGAへの回路の書き込み
	Slide 55: g. FPGAへの回路の書き込み
	Slide 56: TIPS
	Slide 57: TIPS
	Slide 58: TIPS
	Slide 59: TIPS

