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

— Quartus Prime®45 D> 0O0— RYA1 ~
https://www.intel.co.ijp/content/www/ip/ja/products/details/fpg

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

v “Legal Disclaimer” TERHTRU RS TRLD ? DESH
D ENHDDH, BE LT “I Agree” LR

v [—RT 7)) DIFE(E 5.9GB (LinuxhR 6.4GB)
v AR D 7-1IL] OB&EEETFEZEEBPRICYD>O—R
o Quartus Prime (includes Nios II EDS)
o ModelSim-Intel FPGA Edition (includes Starter Edition)
o Cyclone IV device support
5t 3.2GB (Linuxhk 3.7GB)
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[Individual Files] WS ERIT 7 1)L (BIR—TER) 250> 0— R,
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« Quartus Prime 20.1 Lite EditiondD-1> X b—J)LAE
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FXIEZ T D
— Tools -> Options... -> EDA Tool Options:
ModelSim-Altera: /opt/intelFPGA/20.1/modelsim_ase/linuxaloem

V'S MRITTVWD CENHDDTER
v WD TZAZARICLTELRL

Category:

v General EDA Tool Options

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

Lite EditionDiZE(E 5L
(Windows) C:¥intelFPGA_lite¥20.1¥modelsim_ase¥win32aloem

(Ubuntu) /home/<user>/intelFPGA_lite/20.1/modelsim_ase/linuxaloem

TRIVIETa=FRUO r
License Setup
Preferred Text Editor ModelSim
Processing QuestaSim

Tooltip Settings
v Messages
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a. I O>T O DR EER

o File -> New Project Wizard...

Edit View Project Assignments Proces
] New... Ctrl+N
& Open... Ctrl+0

o Introduction “Next”

B New Pypject Wizard...

[z Open Project... Ctrl+)
. |
Introduction 4

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

Project name and directory Create / Update G
Name of the top-level design entity

Project files and libraries

Target device family and device

EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the Settings

command (Assignments menu). You can use the various pages of the Settings dialog box to add functionality to o
the project.

Convert Programming Files...

L % 5 XEC W

Recent Files » ’\'T
Recent Projects »
o Exit Alt+F4 Custc
Task
AR RN AN A AL

Don't show me this introduction again

Help I < Back Finish || Cancel

AR K 5

KYOTO UNIVERSITY




a. MMM O> T D FOVERL EEETE

o Directory, Name, Top-Level Entity

What is the working directory for this project?

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

B L KU

R—L51 LT NJZOEORIEERT,
BIBRADT LI RNIEESCE. 25
LRVNEY ILDBEESEDESEDNTS

[RAICTRS.

e, JO>TOMBICTALO K=

EoZE DMK (ZFEIEER)

J

7m§10hz]

by T LARLDEIREE @
RICBTICLRITNEZTO> O & E
B— (BE#ANETNDB)

| /home/lab3/takase/le3a/addera [
[adders | ]
WHATIS.The Name orthe ton-level gesian entiiv.y glect e is case sensitive and must exactly
match the entity name in the design file.
| addera [
[l_.lse Existing Projecj\Settings...

< Back [ Nex[? ] Finish l [ Cancel

BFENSIBED.

FrEF-(\AIT2) 80
7O 10 hEEIEE S
BEFTC IS —M DD TEET D,

™ Quartusll

Directory "/home/lab3/takase/le3a/adder4bit" does not exist.

Do you want to create it?

VE¥ES < L MUNFEIE LR

Yes

BEEBEEER L T<ND

6\0"“”&)@ __Na »
L PRTER ,'i{

8 w/n,

\ £
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a. I O>T O bDERES

 Project Type : Empty project%i&iR
« Add Files : fERBEAHDEIEEZT O T O MIENT S
— SOlFIFIRZMAECEONDTZERDFIEF"Next” [E}Rb“ﬁﬁmi%’a\(i
_ _ _ 71 ILIIRZEEEIEE
« Family & Device Settings

Fa m i I . New Project Wizard
y . Family & Device Settings [page 3 of 5]
"Cyc | 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 Ia b | e d eVi Ces . Device family Show in 'Available devices' list

Family: | Cyclone IV E Package: |Any

"EPACE30F2317" o

i
fil

4 4

Pin count: | Any
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

O Other: n/a

Available devices:

Available devices: h*>
EP4CE30F23177%3E1R | — — — R

HardCopy: s

Limit DSP & RAM to HardCopy device resources

| G X l “é
e :: ,E{%IS | Help < Back ‘ Next > ‘ Finish H Cancel ‘ 21
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a. iR O> T FOERL ESTE

« EDA Tool Settings
~ SAEBODERETY — LR fEA

EDA Tool Settings [page 4 of 5]

%= E 5 17;5_1_ ( (G } E 5 Specify the other EDA tools used with the Quartus Il software to develop your project.

EDA tools:

y7i - - nr|— Tool Type Tool Name Format(s) Run Tool Automatically
S I I I I u | a tl O n ( L_ Z 5 i al = Bun this tool automatically to synthesize the current
Simulation ModelSim-Altera % | Verilog HDL 3 R]n ate-level simulation automatically after compil
I I D L E }b — l 5 [ ” 9 ‘r>J g y p

mc... v

Board-Level Timing | <None> 2
Symbol | <None> ¢
e Summary sty o e
Boundary Scan | <None> 2]
— EREZH C"Fi h”
as JE AW, 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/adder4bit
Project name: adder4bit
Top-level design entity: adder4bit (i [ D)
Number of files added: 0
Number of user libraries added: 0 — —
Device assignments: ‘ Help < Back ‘ [ N ] | Finish J ‘ Cancel
Family name: Cyclone IV E
Device: EP4CE30F2317
EDA tools:
Design entry/synthesis: <None> (<None>)
Simulation: ModelSim-Altera (Verilog HDL)
Timing analysis: (4}
Operating conditions:
VCCINT voltage: 1.2v
Junction temperature range: -40-100 °C

Help ‘ < Back Next Fi sh Cancel
,'i{ l' Ve I | 2 2
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o« sETUTCLimIB Ol E XD
— INEMIAR ¢ ATD&ihTT, BEEE
— NEMIAR : [CIESAERK

v BEIMER, DL/ —K, REERK, , , — #EIRER
— HDLESET CEZ CEHTHIN K PODIME(SIRULDY,
EAPHDLO— FZEECVLNRSKERD L

X9 (FEETZBZEX CHhBY—ILZfENE T L !

« 4E v MNEZIDOINEREAR
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C. HDL:I FOD{’FEJZ

AEE%(FVerilog HDLEI#Z

VHDL7‘ EHE - TABbb\bnm_Jﬁ‘é'Iiij O i —
+ HDLIZ ¢ 52 AT 35

Block Diagram/Schematic File
EDIF File

— File -> New -> Verilog HDL File E7z(& 6 vune

SystemVerilog HDL File

File -> New -> VHDL File et

Verilog HDL{iIe

=-Memory Files

v BROEVZVHDLICED R GERT D e

=1 Verificatiol /Dbgg gFl
In-System Sou and Prob...

— RER3T(I/\— RO T 7R EFE(IC L DET = i

FALELAC TS E,
v BN EDEEEE0KTY
v by TLA)VSERER, SmEHDLET D& ===

ERORBEUNRLADET T

Lookin: [f5/home/lab3/takase/le3a/adderdbit 000 A[EE
o« FI(FCULKHI)HDLI 7 1M ILEARTF = o[
— File -> Save As... iﬂl?b‘%ﬂ'ﬁ‘\i% J
_ ”addel’4.V" J7AIV&ILE TS
v VHDLO#E & “adderd.vhd” o |
« TasksEDFlow: 7z “Compilation”(CF 2D sewr e

v Add file to current project
&Oul\ﬂv% __N a A )
O, e
< PR ,i\
) )
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c. HDL— RD{ERY

o (FHA) D> RODIERK
— NP TVKDICLAT7 D MDA XEZEEREL TR
View -> Utility Windows 2 &

- I5 1 IHBIEESEROT, BIFHFDOTT 1 FZEALTHLL
SMEBY—ILED T 7 A IVAHIRESEET)

ome/L:

Y —JURE7 A >

J7 ,( JLOO—&EAD
PFONE UBR

ARO(A)NAIVE)D
ﬁ?ﬂﬁiﬂgﬁgﬁb
LR— bos& R w7 —< S~ R
Flow: “Compilation”& 93 xyﬁéx gg/_l’ ;\»I?j
TS—#ERE

PO OAOE O

] TEERNRMB OCN NS

11?4@ﬁ¢74:>

‘4541?49@E]

)
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c. HDL— RD{ERY

 Verilog HDLOHl « VHDLODHI

— | on—
‘ & adder4.v X L ] e adder4.vhd aF L
H #%0 =€ a0 hocm 0 8 ¢ B AM%MT == af om0 8 9
1 [lmodule adderd ( 1 library IEEE;
2 input [3:0] a, b, 2 use IEEE.std logic 1164.all;
3 input cin, 3 use IEEE.std logic_unsigned.all;
4 output [3:0] sum, 4
': output cout ); 5 [lentity adderd is
7 assign {cout, sum} = a + b + cin; ¢ o PoEe X
’ ’ 7 a, b : in std _logic vector (3 downto 0);
8 endmodule d
8 cin : in std _logic;
9 sum : out std logic_vector (3 downto 0);
10 cout : out std logic );
11 end adderd;
12
23 Earchitecture adderd body of adderd is
14 L signal tsum :@: std logic vector (4 downto 0);
15 [Clbegin
16 tsum <= ('0' & a) + ('0' & b) + cin;
17
18 cout <= tsum(4);
] 19 sum <= tsum(3 downto 0);
20 end adderd body;
21
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o FPGANDFHIET O U DFERRIGIRICEMR T D (CoT>/ (A ILICIEY)
— Bz L A FERELN)VICEIRT D
- WIBSRk, >7./0>XvE>YD, RERFEZITD
v RTLtnEﬂénr [Ef&%ZFPGA Lt DwIBI Ow (2 DT,
HIET O W I DB EREETD

—EthhU—A%E&?%
v BiiE /BeiRDIBEZ )\ U SEih DIERIBIR T 7 1) LICERT B

« 2 )\AJLFE

— Processing -> Start Compilation F7z(&
W — ) LIRET7 1 1> dDStart Compilation /=& Ctrl+L

v’ Start Analysis & Synthesis TAAF TV IODHET]EE

Nall= n» adder4 ) /L S >>»v@ﬁ»#9
Project Navigator| & Hierarchy e ¢ adder4.v @ Compilation Report - adder4
Entity:Instance 60 { :E ::E ol lE- ") L[ﬂ ._ %) 52; ;

i Cyclon VE EP4CE30F23I17 1 @modu 1 dd 4 (

8 adder 2 | inpu [o-O] a, b,

A\
: %{; BB K 7 27
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« TasksZE®D"Compilation”h"
all greenv (Cix D TEBIERE(CO>/\A)LAIH
- ®\F (FoTJO—TaI/\AMILHEBRCERERT
- RFEX(EZDIO—TCTIS—MREREL VDI EEZRT

o EERTURNMDIES, TEIDAYE—20102 RO F2lE

“Compilation Report -> Flow Messages” 7@ E =R L
Avt—EE(CT/I\VIZTS

-~ HB2Uw T Help TAvt—=0DWebJ)7 21 X B &E
— Critical Waning / Warning 6&F 1w /J

v CADWY—/LTEFESENS EZICHATNNAEIED, ZEE0OEKE
@mptttmﬁﬁégt(ﬂﬁ Xtﬁ(w3<;t6ym)

® o ®

B (Al O A 4 A 88Find..  @8Find Next

2

= |Type ID Message

204019 Generated file adder4.vo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool

(-]

0 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
0 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
0 204019 Generated file adder4_min_1200mv_-40c_v_fast.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool
0 204019 Generated file adder4_v.sdo in folder "/export/home/lab3/le3a/TA/yano/le3atest/simulation/modelsim/" for EDA simulation tool
>0 Quartus Prime EDA Netlist Writer was successful. © errors, 1 warning

4| © 293000 Quartus Prime Full Compilation was successful. © errors, 13 warnings

g

g System  Processing (127)

KYOTO UNIVERSITY

100%  00:00:21
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« Compilation Report TERIERZHRT D
— Processing -> Compilation Report &7/z(3 Ctrl+R
- ZIEEHOFHEZRB CTHRHEI DL

AR K 5
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K adderd.v

Table of Contents

e

®

£= Flow Summary

= Flow Settings

B2 Flow Non-Default Global Settings
= Flow Elapsed Time

E= Flow OS Summary

E| Flow Log

[ Analysis & Synthesis

(] Fitter

21 Assembler

(23 TimeQuest Timing Analyzer
(1 EDA Netlist Writer

) Flow Messages

) Flow Suppressed Messages

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 ‘
WCRFlow summary |

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

6/28,848(<1%)
6/28,848(<1%)

0/28,848(0%)

0

14/329(4%)

0

0/608,256 (0 % )

0/132(0%)

0/4(0%)

29



d. A>J/)\AJL

o« [EE&H X : Fitter -> Summary
—- FPGALDO& T OV ODFERHE
— 100%Z B X DIEENH D EFPGAT /1 X (CURE SR
o BIERE &EIE : TimeQuest Timing Analyzer
— SDCTset_max_delay, set_min_delay%®:i&E I 1NLZNEN
DA D ImRF NS BN ImFANDGHGEERE (Bfiildns) ZFR R T
=5 (FAQ=HE)
— IEFEEDFEET T AN OIOY IJZIBEI NUL, EMFEREBIRES
FRCEDLDICIRD (SIEIHEAE R OIERIRO TEHFMIRZEE)
- RFOEBMRSDHE (FY 1 = THIfZmz U TUVER0
v'Unconstrained Paths(d set.__max_delay, set._min_delayZz
B (CERE I NULBERD
B EIEgERET ClEF ICRICT DHENSDD

- T K 2

Ea/‘} KYOTO UNIVERSITY



e. 1 =0 HNDEE(SE)

. HEBDONEETHASHOEEIIBRD TREDKE (SR, J0Ov
D% ERT DERFEIIETENI RET Do

e JOVIDIBEDLAA =T8I0 (LSXIAINANDTEY 8PV T
BFfEIvorR—)L REFR, EIREETRE) DREZITD

- BEARNROOY DDIEEDHEER, sFHIIZBTREIT D L.
« TimeQuest Timing Analyzerz{EfHd9 3

— Tools -> TimeQuest Timing Analyzer E7z(&,
W —)UIRIET7 1 > D “TimeQuest Timing Analyzer”

TimeQuest Timing Analyzer - /home/lab3/takase/lezhw3/training/dfftest/dfftest - dfftest

wvee Lo v JTaiui ancia.wuil

File View Netlist Constraints Reports Script Tools Window Help &

|G » ¢ % @ LA TI;?'X @ P L e O Report ot avaiable S e S
L ‘ Welcome to the TimeQuest Timing Analyzer
dfftest.bdf X | |TimeQuest T|m|ng Analyzer L i
L

Ia i 2 ~ i e o= = oa oA TS

v

v

e® (4

Y=Y=Yare

KYOTO UNIVERSITY



e. 91 =2V HNDEE(SE)

o TimeQuest Timing Analyzer
— TasksZ®d “Netlist Setup -> Create Timing Netlist” #3417
— TasksZE®D “Netlist Setup -> Read SDC File” =317
— Constraints -> Create Clock... 520w O %:&%E

TimeQuest Timing Analyzer - /home/lal

TimeQuest Timing Analyzer - /home/lab3/takase

File View Netlist Constraints Reports Scr

Report 1 -

File View Netligt NeGhSdcilhicl Reports Script
Create C|ock...‘

| 3 TimeQuest Timing Analyzer Sur SD( Report
L diftes [ - TimeQuestTiy  Croate venerated Clock-- g parp
Set Clock Latency... ic
Set Clock Uncertainty...
Set Clock Groups...
‘[“ I ) Remove Clock...
| Tasks 18® | Set Input Delay...
il - ?pﬁ" P'°'er°t"‘ g fl Set Output Delay...
3 5 remg — ; = Derive PLL Clocks
— — < | « 3 Open Project... ) .
» Reset Design [ Netlist Setup Derive Clock Uncertainty...
] Set Operating Conditions... v 4 » Create Timin
[ Reports W " Read SDC Fi Set False Path...
=& Slack =l —t =
=79 Report Setup Summary > Updatg Timir  Set Mult‘lcycle Path...
=7 Report Hold Summary 5 ge:%t Design . Set Maximum Delay...
59 Report Recovery Summary et Operating Co -
=7 Report Removal Summary [ Reports Set Minimum Delay...
&9 Report Minimum Pulse Wi B2 Slack Set Max Skew...
59 Report Max Skew Summar| =9 Report Sety
=- [y Datasheet H
=9 Report Fmax Summary &9 Report Hol¢ Read SDC File...
I Report Datasheet 50 Report Rec{  write SDC File...
[ Device Specific 57 Report Ren
5 Report TCCS = @ Report Min Reset Design

[« »
|

J) - Type "help <package name>" to vie
\i) available for the specified Quart

HeE]

AR K 5
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e. 91 =2V HNDEE(SE)

« TimeQuest Timing Analyzer

— Constraints -> Create Clock... h"520w % %5E

v Clock name: 270w J&DFEE
v’ Period: 20w JEHEIDETE

s ATHER (5 : clock)

v Waveform edges: i75 MWD /IIETFH D EEDRTE
v Targets: %5t _ DO O D7%Z1ER

o “List"SFR U T">"TiEIR
v SDC command(c&EEcnNsd
Bl RREND

Clock name:

Period: 10.000 | ns

Waveform edges

Rising:

Falling:

Targets: \ }

SDC command: \ create_clock -period 10.000

:
of\ouNW%m/ . N »
o e B ,'i{

Y KYOTO UNIVERSITY

Run H Cancel H Help ‘_

Collection: ‘get_ports s ‘ Filter: | *

Options

Compatibility mode
No duplicates

Matches

=

matches found

Q1[3]
Q2[0]
Q2[1]
Q2[2]

|

ol
data[1]
data[2]

SDC command: | [get_ports {clock}]

| ok H cancel || Help

33
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o TimeQuest Timing Analyzer
— Reports/ L FTHAZJICEATBELDLNR— MY
RESNDLDICIRD

v ilE U TWLRWEDHHBNUSHIFIDEINNRETHULT D
v Compilation Report WS EBHERTETDLDICRD
v Fmax Summary: B{ErJgE/REmKEIRE (BEADFRIICKD TEND)
v Clocks: IRTEEEME TDRETEIIRD OO D EIRKEL

— TasksZED “Write SDC File...” THI¥I T 7 1)L =R F
v <module>.sdc &93&ET0O2 T MMCEEERHEINDS

(UL TZESH &L
v '|;é.int =5 j_—q:x l\/\‘—xt“ SDC file name | dfftest.sdc | fiad

4T 7 1 JLEVER U TIREEL TH KL v oo

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

| OK [}H Cancel H Help l

\ \
SOONW&/”U’, __N a »
- 7t 34
-
< DED

</ KYOTO UNIVERSITY



f.>=a3Lb—>

= %

o« TAMIFIF7AIN KT D

— Processing -> Start -> Start Test Bench Template Writer
— ./simulation/modelsim/<module>.vt HMERK =S

./simulation/modelsim/<module>_testl.vt R ECTE—
e QuartushSmodelsim-aseZFUME 9 2O DRTEZE T D
— Assignment -> Settings -> EDA Tool Settings -> Simulation

v Tool name: ModelSim-Altera

v' Format for output netlist:
Verilog HDL
(VHDL T %51 HF(EVHDL)

v NativelLink settings:
Compile test bench

v’ Test Benches... #21w/2

Settings - Fulladder

\
O&Ouer%m/ __N a A )
-
) y

¥/ KYOTO UNIVERSITY

Operating Settings and Conditit
Voltage

essS tt' ngs

stim
ntal Co mp\ t
Sy nthes| Optm

= Analysis &Sy nthesis Settings
VHDL Input
Verilog HDL In pt
Df ItP amet

Specify options for generating output files for use

with other EDA tools.

r
Tool name:l\ ModelSim-Altera
[ <

Run gate-level simulation automatically after compilation

EDA Netlist Writer settings

G Format for output r{ tlist [ rilog HI
i

] Time scale: :‘

Output directory: | simulation/modelsim

Map illegal HDL characters
Options for Power Estimation

Generate Value Change Dump (VCD) file script

Design instance name:

More EDA Netlist Writer Settings...

NativeLink settings

Use script to set up simulation:

Script to compile test bench:

I More NativeLink Settings...

Enable glitch filtering

Script Settings.

| Reset | 5

OK H Cancel H Apply H Help ‘




f. >

— Test Benches
v New... Zz0Uw D
— New Test Bench Settings

v’ Test bench name: {EFED%HI

v Top level module in test bench: Z=
EKERDT A MIFED 1 —)L4% (Template
Writer Z{F 5725 <module>_vlg_tst) (C
LTHL &, ModelSimEEFID—FBT
Error loading design "7 < 23

v Test bench and simulation files:
simulation/modelsim/<module>_ testl.vt

(...BBIR—TYER U T2 D 7 1)L 72 3#EIR)
(VHDLOEA(F .vht)

v Add =20 Uw D
— Test Benches(CED> COK=Z=o w2

Delete

Edit Test Bench Settings

Edit test bench settings for the selected test bench.

Test bench name:n testl J

Top level module in test bench: \ testl

Use test bench to perform VHDL timing simulation

Design instance name in test bench: ‘
Simulation period
@ Run simulation until all vector stimuli are used

End simulation at: | |

Test bench and simulation files

filename[\ simulation/modelsim/adder4_test1.vt |:|II Adi l

File Name Library HDL Version Remove
Up
Down

Properties...

oK ]| cancel || Help

Specify settings for each test bench.

Existing test bench settings:
Name )p Level Modu jesign Instanc Run For Test Bench File(s) Edit
testl testl NA simulation/modelsim/adder... e
Delet:

S _Ea >
& N0 Ii[ j( fj:,!_:
o e B pa S %IS

S

Y/ KYOTO UNIVERSITY




f.>=ab—>3>

e TAMIFI7AILDIRE
— FREEDASTRIENESNBLDIC <module>_ testl.vt ZiRE

v BEEBEEZEITD (T IAI NI ps IOTRHRIE D)
“timescale 1 ns / 1ps

v UITFTOEROE FICE N zEDE1EEITEITESND
// code that executes only once
// insert code here --> begin
v ITFOEERDE T ICEWVCEDIFHEDRUEITEIND
// code that executes for every event on sensitivity list
// insert code here --> begin
v A )L RTEIRENTLD"@eachvec;”(FOA> NI KT B

(BB ES=ZaL -3 WEITIEFDOTUED)

EBncsreshsns
T2 — MESIRSTHELLN

-~ Rk 37
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f.>=ab—>3>

o« TAMIFIF7AILDECEH

~ 8 : - BT
A<= 0: v BB — D THRIE LI HAI(ns)
B<=B+1; — EDIRL :
/] Ev NEE always begin
Cin <= ~Cin: #100
/] 4Ew hD2iES clock <= ~clock;
As <= 4p10_01; end
/] 4Ew b2 v 0w RO ER (C{EF
As <= 4'p10_01; v module - endmodule @
v GEENVE(FN)AEE(C AEICEEATDCE
RAEND v alwaysJOwvoRET (&
: LA (CEITEIND
verlog HDL- v @) TRADTRE A
VHDL (357 BAA B

-

&O\mws/’l“, __N a %IS N
‘ N I j( ‘:T5

Gt KYOTO UNIVERSITY
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o TANFT7A)LDEEkA
— BRI BEEFH
"timescale 1 ns/ 1ps
— BEIOEIE(ILSERD
vV BFEDICINENE??

@eachvec; (&
X RN7DI

);

initial

begin

// code that executes only once
// insert code here --> begin

a <= 4'b000o;

b <= 4'b0000;

cin <= 0;

// --> end

$display("Running testbench");

end

always

// optional sensitivity list

// @(eventl or event2 or .... eventn)
begin

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

#100

a <= 4'bl10ee;

b <= 4'b0010;

cin <= 0;

#100

a <= 4'bol1e;
b <= 4'bl010;
cin <= 0@;

#100

a <= 4'bo11e;
b <= 4'b0011;
cin <= 1;

#100

a <= 4'blee1;
b <= 4'b0100;
cin <= 1;

//@eachvec;
// --> end
end
endmodule

AR K 5

KYOTO UNIVERSITY
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=1L —>3>

e ETZBI/\AILTD (DRIEBN 7 (CIRD>TLBIET)

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

3/training/fulladder/fulladder - fulladder

Window Help &
Run Simulation Tool id =& RTL Simulation

*" Gate Leypl Simulation...
I

== 2, Launch Simulation Library Compiler
e S\ Launch Design Space Explorer

~ |73 TimeQuest Timing Analyzer Status Successf

Advi R rtus 1l 32-bit Version  13.0.1 Bt

i sion Name fulladder

& Chip Planner !evel Entity Name fulladder

. . ily Cyclone

4 Design Partition Planner = EP1C6Q2
Netlist Viewers * ng Models Final

. . | 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¢

|of] In-System Sources and Probes Editor
j: QinnalPrahe Pinc

AR K 5
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f.>=ab—>3>

e =1L —H%ZiEITD
— 5%5T Uzl Library @ gate_work KL F(CH D
v work NI& gate_work DU > D

o« TANIFIF7AINZZDIZHBEIZ )AL

— “Library” 21> R2® gate_work -> <module>_vlg_tst Z
H2'Jw 2L T “Recompile”

v EBNERI(X"# Error loading design””ME23MNBEI>/\AILT
FEHSNBDDTRICUIRLSTEKLY

v 7-7\ I\/\/?%E%}ﬁazéﬂr THI)\AILDREERD

Eile Edit View Compile Simulate Add Library Tools Layout Bookmarks Window Help
[(B-sE2g ib@no| o AT N SERE|
J Layot,liJH ColumnLayout [A11G0Tumns JH ,j.,:g.qj@.@‘J nEaEEEr

ExESS ]7J gm,««H & B *&»,H T} ‘
|1l" Library B _]W _ Default o ==

' .
NIV
5 D
N 2
< A 2PN
@ /N
Lies

& IIL h_lib
¥ KYOTO UNIVERSH il =l ngb

I Type ffiltered)



f.>=a210L—>3

e =2l —>3a> kA rcmi;c,%( =[ES 7;\32\
i : : N> CcIT=o— A
— Simulate ->‘ Start Simulation... B0 WEAHES
— Design ZJ @ "Design Unit(s)” (CT ‘Cb\éiﬂlj—x\y
gate_work.<module>_vlg_tst Z#iR =7 bR

— Libraries 7@ “Search Libraries” (CT Add... LT
WMEBRSATSUZEBINMNT D
v "cycloneive_ver” & “altera_ver” (HERLTH
v ERNICIEST T AIL BT DDZ:'TJH_CL\ZDO

(X ModelSim ALTERA STARTER EDITION 10.1d -~

J

Start Simulation Start Simulation
Eile Edit View Compile §& Add Library Tools Layol
Y Te— - 5§ Design | VHOL | Verilog | Libraries | SOF | Others | O Design | VHDL | Verilog " Libraries | SDF | Otners | a5
Layout |Simulate Runtime ttions... um o
’ S - ic ‘ *|Name [Type [Path E Search Libraries (-L ) |
A e 2 search g
1 Lbrar o — FT g:;'; : = = fll work Library gate_waork altera_ver
(viName  Restart. va =k gate_work Library  /home/lab3/takase/le3a/adderdbit cycloneive_ver
ngme : gate_work adify
=i work Break — {maddont Module  /homerlab3stakase/le3a/adderdhit ok Modify...
=il gate_work End Simulation ] adderd_vig_tst Module fhome/lab3/takase/ledasadderdhit
L foedder w4l 2z0model Library  $MODEL_TECH/. falterasvhal/22(
=+l 220model_ver Library $MODEL_TECH/. faltera/verilog/:
=4l attera Library $MODEL_TECH/. faltera/vhdl/alte )
w4l attera_insim Library  $MODEL_TECH/. /altera/vhdl/alte Select Library
w1l altera Insim ver I ibrary SMODFI TFCH/ falterafverilnnss |4
|« I = Select Library
) ) ) ) f - }
Design Unit(s) Resolution vcloneive_ver ] |i Browse... ‘
"‘gate_work. adderd_vlg_tst ‘ ’VIIPS ﬂ ‘ cyclonelv_pcle hip =
> cycloneiv_pcie_hip_ wver
ptimization cycloneiv_ver K Cancel
’7 [~ Enable optimization Optimization Options. | cycloneive

_xa »n | » I

oK Cancel 4 2
KYOTO UNIVERSITY



f.>=ab—>3>

e =L —>23>DFEIT
— “Objects” D1 > ROMNSEDHI Uz MESHRZE
"Wave” D14 RIICRSYITB
— “Run Length” ZFREEDARKE=(CF D ({5l : 100ns)
V REFTEBESZaL—2 3> BEFREINEND
— “Run” > “Run - All”" RE=ZDT IV IT 3B
v “Transcript” O > RO TEZRAADEBOEE (f#] : run 100ns)
(BN TETES5Z2BEDIESIHNEVDE)
— RIEOFRIGIOVYVIOXEEF—ADT
Zoom In/Out/Full’i EHZEE ] EE
— B ET A MR FTEEBHCH, BEEIEESOIEE
v E8HROGHE0 W I T "Force..." IR E
- T AMIFZEZEUZE(E,
“Library” -1 > RIOM5SRecompile LT “Restart”

UK
9 )
A

O%?a/‘y KYOTO UNIVERSITY
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Objects 1> K
gFHUWMESZ
WavelC I\j\JO

Help

Ny e i
— “a-a-ga 4

tat sl

e ] Waver-f > R

ZoOMmZE O]
ﬂg@@ﬁ“@@Q RICLM W
W e ————— 1 1|7]X]

& sim - Default
*|Instance
=14 adderd_vig_tst {
+- o i i
@ #ALWAYS#E0 i
|£ #vsim_capacity#

fadderd_vlg_tst/a 00 1001
fadderd_vlg_tsth —'\'MHH—W@@W
fadderd_vlg_tst/cin |0

fadderd_vig_tstic...

fadderd_vig_tst/s... {0000 {1110 { {1010 {1110

Net

48 Processes (Active) —— z—— + & X|
*|Name | Type (ilter /=

A

509.599 ns
p— 2] P Cursor 1 .
W Dbrary ) a3 sim <[ <[>l e i = [ = =l
f-] Transcript +

# Time: 0 ps Iteration: 0 Instance: fadderd_vlg_tst File: /home/lab3/tskase/le3a/adderdbit/simulation/modelsim/adderd_testl. vt
d wave -position end sim:/adderd vlg tst/a

wave -position end sim:/adderd vlg_tst/b

-position end sim:/adderd_vlg_tst/cin

Tra n Scrl pt -position end sim:/adderd_vlg tst/cout

|j/r ~ '{|j -position end sim:/adderd_vlg_tst/sum
/ v§IMipaused)> run -all l/ \_7) l/ \_7)

# JRunning testhench

VSIM(paused)> run -continue —
¥SIM(paused)> run ﬁmj taj.gs Lj J: D

VEIM(paused)>

[

@

[Now: 509,599 ps Delta: 0 sim:/adderd_vlg_tst | 0 ps to 535079 ps

AR K 5 44
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g. AMHE>DEIYT

o EIRDESEEZFPGADALANE(CEINDHTS
~ BYTOERELCIGUT, R—REDXAVFNSADZSXTZD,
LEDICESZHRAUIEDTEBRLDICIRD
— EOEZI1—ILDAEDARNETHIEL TV NE
1—Y-XXXZ217I)ILEEDTFHA R 2#SBIBE
« FPFGAOAXHE> EREEE EDOWIGIE,
BGRIAE R LU0 E> P12 REZHBx I D
— SEIDOHITIE, 2DDANEZT 1w TSWDA,B,
T )—A>2%F>2F—DT v a1SW SW4,
MEFv -7 MZLEDELTULD
— FERESEISTHMEOEBFECIGUTEBRICEZITHELLD

| «OJN?W@ N »
- LK

OO\NDTDQ KYOTO UNIVERSITY



g. A E>DEIZT

e Pin Plannerzic&id 3
— “Assignments” -> “Pin Planner” X7z (& Ctrl+Shift+N

Quartus Il 32-bit - /home/lab3/takase/le3afadder4bit/adder4bit - adder4bit

File Edit View Project Processing Tools Window Help

QE d

Project Navigator

&b

|

Fe

[ Files

| Search altera.com ‘ @

%’ Device...
_" Settings... Ctrl+Shift+E

TimeQuest Timing Analyzer Wizard...

~

-fssignmant-Edicon

% Pin Planneg Ctrl+Shift+N

YO O rw B0 M @ P LA e

v X | 4 Compilation Report - adder4bit X
h

‘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

RETTOVEASSIgITTeTsS™

i'» Back-Annotate Assignments...
Import Assignments...
Export Assignments...
Assignment Groups...

Alt+L
Alt+D

5 LogicLock Regions Window
gz Design Partitions Window

T

(i) Flow Sunnrecced

GloHal Settings | | Revision Name adder4bit
e Top-level Entity Name adder4
y Family Cyclone IV E
Device EP4CE30F2317
ssis Timing Models Final
Total logic elements 6/28,848(<1%)
Total combinational functions 6/28,848(<1%)
j Analyzer Dedicated logic registers 0/28,848(0%)
r Total registers 0
Total pins 14/329(4%)
Mescanes Total virtual pins 0

AR K 5
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g. A E>DEIZT

« AP E>ZEIDHTTULL
—- ESOZEINMETCRVGEIISETZ2BIO> /1T 3
— /”JUODC/%D HB5E(E, Top-levellCIR> TLWBIHERET D

Pin Planner - /home/lab3/takase/le3a/adder4dbit/adder4bit - adder4bit

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

T} \’I’Z% %Eﬁu:u
EOBEEREZRET

R
o Report e® Top View - Wire Bond

Cyclone IV E - EP4CE30F2317

7 8 9 01 1213K 78 w22

VAO@é@@ oommo@o@é@@@A )
QAOO QOO

&[] @]
i

QOO

~O®OO @ OV‘VOVOO@@C
@A‘ﬂ‘AO Q) °

EOOOOOOO @0@ .

| Groups | Report == ~8§§@@@88 L0 CAVAV. 030 (?_)8 8@ =

c

™ Tasks fam ng 0888 ' /\Y 89 08 t
L =

Location®| TFPGADE > % I8E T D
(“PIN_"Z=&IE L) B A B0
DS EEEANETND

178 9222

3

» Run Analysis and [4]
=& Early Pin Planning
] Early Pin Plann
#» Run I/O Assigni—|
] Export Pin Assi
=7 Change View
# Show 1/0 Bank:
# Show VREF Gr
» Show Edges
=% Show DQ/DQS

E> % EARHFARE
—EBAENLWVEEEF,
2 ) KA )UK
Top-levelZiE:R2 9 D

COHITFE Z (TTH
DHTBENTLDR?

. v | < |Edit: % | »~ [PINB8 Filter:| Pins: all
i )
# 2 Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/O Standard Reserved urrent Strengt Slew Rate )igen
o a[3] Input PIN_D10 8 B8_NO PIN_CB 2.5V ..fault) 8maA (default)
n_ a[2] Input PIN_C10 8 B8_NO PIN_H11 2.5V ...fault) 8mA (default) °
@ ‘3 a[1] Input PIN_B10 8 B8_NO PIN_B6 2.5V ...fault) 8mA (default)
| in_a[0] Input PIN_A10 8 B8_NO PIN_B5 2.5V ...fault) 8mA (default)
pio in_p[3] Input PIN_B13 7 B7_N3 PIN_A5 2.5V ..fault) 8mA (default)
in_ b[2] Input PIN_A13 7 B7_N3 PIN_C7 2.5V ...fault) 8mA (default)
in_b[1] Input PIN_F11 7 B7_N3 PIN_A4 2.5V ..fault) 8mA (default)
in_ b[0] Input PIN_E11 7 B7_N3 PIN_E9 2.5V ...fault) 8mA (default)
‘% cin Input PIN_E15 i B7_N1 PIN_G10 2.5V ...fault) 8maA (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) 8mA (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) 8mA (default) 2 (default)
N a N |24 sum[0] Output p|N Bﬂ default) 2 (default)
'i' £ | <<new node>> O DIFFIO_T20p, DA 47
Vs A =z (4] PIN_| B9 IOBANK S Column 1/0 DIFFIO_T24p, PADD17, DQS5T/CQ5T#, DPCLKID D)

PIN_B14 IOBANK_7 Column I/O DIFFIO_T31p, PADD10 i —
KYOTO UNIVERSITY _PIN R15 I0RANK 7 Column I/0 DIFFIO T36n PADDG 0%  00:00:00
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e GRUTIZEIIEA A —EFPGAICESTIAH, EHE L TEMFZIREET D
- S TEMFL CHIOH TaRETDE T !

— TasksEBH'&EF » OizaFEI>/\1JL,
IRFEXDBEEIEIS—RROTHDLO— REEFT)\WI T3

\
o&OUNW&)ﬂ’, __N a A )
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h. FPGANDMOIIEDZZIA

« FPGAEEAHY—I)LZETT D

— “Tools” -> “Programmer” E7z(&
Tasks&EdD"”Program Device (Open Programmer)”

Quartus Il 32-bit - /home/lab3/takase/le3a/adderdbit/adder4bit - adder4bit

Window Help

Run Simulation Tool »
2, Launch Simulation Library Compiler

File Edit View Project Assignments Processing
D E Hd @ & 53 @ 9 o adderdbit
Project Navigator 1R
[z Files

4y Hierarchy | | Files | o Design Units | “3 IP Col

Tasks

pCLE!

'S, Launch Design Space Explorer
i TimeQuest Timing Analyzer
Advisors »

& Chip Planner
4 Design Partition Planner
Netlist Viewers »

1 SignalTap Il Logic Analyzer

«= In-System Memory Content Editor

|s] Logic Analyzer Interface Editor

|od] In-System Sources and Probes Editor

SignalProhe Pins

AR

[search altera.com | @

ok @ A e ®

J & Compilation Report - adderdbit 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

< Programmer A

Fqtal memory bits
E]:bedded Multiplier 9-bit elements
Jotal PLLs

rrTTAG T DeTTggeT

#z Transceiver Toolkit

Jrgiiy

KYOTO UN

I External Memory Interface Toolkit

Flow: [Compilation

S | [Customize..

Task

1
CERCER J

Compile Design

P Analysis & Synthesis

» Fitter (Place & Route)

P Assembler (Generate programming files)
» TimeQuest Timing Analysis

 ENLNLNENIN
@

“{, MegaWizard Plug-In Manager

Nios Il Software Build Tools for Eclipse
A Qsys
/2 Tcl Scripts...

Customize...

+

etlist Writer
Program Device (Open Programmer)

-

Options...
License Setup...

l{; 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

6/28,848(<1%)
6/28,848(<1%)

0/28,848(0%)

0

14/329(4%)

0

0/608,256 (0 % )

0/132(0%)

0/4(0%)

49



h. FPGAND[EIIEDEE A
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g — — 7 (SIBIE(C
e Programmer®DsEZITD | o TELS I
— Hardware Setupz=2UJw 2o LT,

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

v’ Available hardware items(CUSB-Blaster/* T /2 U\RF(E,
PCEUSBIESIUIEY. ENTHHRTCRVWNEEIFET/IRSD
BIREEEXSNDDTTAZET.

— ModeZz"JTAG"[C T D
— UANMZCT7AILERRESNT

LVIRULSE(E, Add File... 'S
EZADT7-1) I/%':bTRﬁ'ZD

v ./output_files/
<proj_name>.sof

— U X b_EdProgram/ConfigurelZ
FIwvIZAND

: :
D&Oul\ﬂve% N A )
-~ 5 51
O(/ DED

</ KYOTO UNIVERSITY
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S — —

« ProgrammerDiREZITD

USB-Blaster %z

JTAGICTED TULD
C E R

Programmer - /home/lab3/takase/le3a/adder4bit/adder4bit - adder4bit/~ [output_files/adder4bit.

@}R \ﬂkgdit View Processing Tools Window Help &
L~

[Search altera.com | @

I —
‘m&tupm ‘|USB-BIaster[3-1] | Mode: [jTAG

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

/ s ] Progress: :]

[ SofEiBhl T3 ]>

pStart

@i Stop
2 Auto Detec
X Delete

v Add File...

Change File.

i

[ save File

~#Add Device..

i

fhup

JuDpown

output_files/adder4bit.sof EP4CE30F23 001FC551 001FC551

File Device Checksum Usercode Program/ Verify Blank- Ex

ETAHHRD
FPGAAA—==2T 7 1)1

Configure Check

FIVvI9ID

[ [*)

&4
<

TDO

EP4CE30F23

FUWTFINA AN TWD C & =R
##(F1(L"Auto Detect”HMUSBHEEET

Adds the programming files to the programming list

AR K 5
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e FPGA(CEIIEZEZTIAD
— StartzoUw o
— Process: hY%&d”100% (Success)”([CRDTEBSEETIAHTT

— FPGA/R— RGN TULDDIC, EBESIAHNMN DI F S LINHR0N
(Failed(C/2d)imE, UTDINY> RZXE1T (jtagdZHEics) U
TE>—ERT
v killall -9 jtagd
v Jopt/intelFPGA/20.1/quartus/bin/jtagconfig

o IT5—MHRNC C2hEss R = o |
o WL THEZIRIET D

— IEULSPREDEMENTET
LWUESE T |

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

File

Checksum Usercode Progra Verify Blank- Ex
fi

:
D&Oul\ﬂve% N A )
-~ 5
) y
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TIPS

o DELVNMRVGEFFIFAQZEHESR
— BECHDOIARAIZER EZNICH T DEIEN T EHSNTUNET,
o EHTROTTED (CEIHRLY

- FI9(F>=ZaL—2 3> TmEBNICIEULSEETTETLBALY,
SBEAEHERLUELELD

— =L —23a3>hhEFL<VWOTVWTCEETEIHNRWLWC ES
KL< PHNFT. ZLEFIAMZ2TFNE/BETETTCLVRWNC &I
ERUZET. FAQZE&EZ(CLTLIEEL),

o ALNFEEMNE D@D (CENHVRLN

- EEA3AETMELLWDNEERE LT, ABAEREIC(E
TNTNIEREEEREND DT

— 7SEG LED(FE LU ESDREEHETT

— REIDHTOLED(E> )W DDFERL THEVEEA
vV SEAEERITDONERETIN, |,

- FUKEEITD(CHIRERAEZEZ: L T IZT0)

-~ K
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TIPS

o« Et T TBARBEHRZEZ—ECHDULIZL
— ¥isR/h— RMUS00-7SEGZEFEWVVEL £ S
v BEWSOFEHFEIREGRIAZE ZER LT <L)
— YisRR— RZEEVNCRREIE, OV HoOPCIREELZ > 2D %
E TR TEDRLSICTRO>TT/I\WINIERE(CH DET
e HDLODEIFEZ[EIIRX T« A SHUH LTz

— WRIT 7 1)L EIRUTz LT “Files” -> “Create / Update” ->
“Create Symbol Files for Current File” Z1#iR9 3

v BRI TS INSEmA AT AEUTCERETED
vV EETEEI (AEKZHDLMNS FMuEZ 1 —)LEUTHUH L)
- JOtvYiEEt T, 2RO 7—F570F v 7 —F )X (T
LRI+ Y Ti%ET L, BZBPGR(FHDLTERET I BDERWLWTUL LD
vV 2AERDRBUNAKSRRDET

- 5K P 55
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TIPS

o HDLMD'S EARBIEMNERRETNDINFIDZ0N
— “Tools” -> “Netlist Viewers” -> “RTL Viewer” C
SREEZRAETRLKBIHRIETEZT
— B OHDLA ED K SREEE (CEKRSNDIDN, H
TRATED WV ERDDICERIRHEEET T
v SEORFIREIZ EFE>TE<EBLIRVLTIN,

nRu-l_Cl:_(i

oo RTL Viewer - /home/lab3/takase/le3a/adder4bit/adder4bit - adder4bit

File Edit View Tools Window Help Search altera.com
Page Title: Page:| 10f1 (2|:EF @ » & li‘ 5 Q @ ‘EHE‘ Y
Properties il | & adder4bit:1 |

Selected block:

C;OuNWg% N N »
S e\ '}'
< < I
S /S
Lies
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TIPS

e >l —>3>
— modelsim-ase® Transcript BT D« > RICEEIY> R
ABDUTEITTED. BNTEEHAZ2 20UV ITDED
B, ON>REXMJUBEZRS.
— EITRERR(Z “./simulation/modelsim/msim_transcript” (C¥% 3
DT, MELUTHIZTEREFLTHES &KL,
Transcript/is do (7 -1I)L%) TEITCES.
e E2a—J)LICDUTC
— EEEART(FIRS —BEIZzEakLIzZD> =L —2 32 UL
Z5(&, Project Navigator OB 71 )LzH/0 w2 ULT
"Set as Top-Level Entity” Z5&TE I D E KL
« /\—=3> Quartus Prime 20.1 / ModelSim ASE 10.5b

— GooglefeE[CR<KE XY —ILD/I\ =3 > (SFET D L.
EUV UV ISER UIRWTIPSYERERR N B D.
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