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Integrating FPGAs into the Datacenter

« Microsoft Catapult

This looks easy - Plug into the network and go!

sLasan ¥
-

Distributed
3 ‘ Math Acceleration y w
3 il A0 ISE d B L 2 Servi ___Ph -
CERC R < ! ¥ i ervice I Englsr::s ﬁ(:/4:.)mp
Z 1 I Z1
Figure 1: (a) A block diagram of the FPGA board. (b) A picture 4—( H—
of the manufactured board. (c) A diagram of the 1 U, half-width Web Search Pipeline

——— PCle (8.0 GB/s)

——— SLIII (2.0 GB/s)
400 ns latency/hop

server that hosts the FPGA board. The air flows from the left
to the right, leaving the FPGA in the exhaust of both CPUs.

. Putnam, et al. A Reconfigurable Fabric for Accelerating Large-Scale Datacenter Services, ISCA, 2014.
. Putnam, Large-Scale Reconfigurable Computing in a Microsoft Datacenter, HotChips26, 2014.
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Controller Data re-distribution ;( ~ B
oumut| [Output Output Output Output Buffer Set0
Layer Cpnfig feature feature | Y feature feature H
Layer - opots T - oty : 1
. npu npu eee npu npu
Controller |/ kernel kernel kernel kernel
F----- 7 weight [7 weight [ weight [} weight [}
. Address| 0 1 M-2 M-1 Programmable
! generation I I Scan chain | Controller
A N
Input . H
2 A Volume PE H— PE PE H—> PE off-chip
7 " |[Segment0 data
Input Volume /.- Broad-cast | I | | o e } transfer
x Input e
.......... o Volume PE H— PE PE H—>| PE o g
Segment 1 .
E . .o [
H n.o | | | |
| |
| |
| I | I FIFO
Input | | | |
~a  Volume PE H— PE PE H—> PE I I | I
Segment N-2 | InputBufferSeto | | InputBufferSetl |
, ) i e R
] nput
4 Volume PE — PE PE —» PE
Segment N-1

H 8 : K. Ovtcharoy, et al. Toward Accelerating Deep Learning at Scale Using Specialized Hardware in the Datacenter,
HotChips27, 2015.

C. Zhang, et al. Optimizing FPGA-based Accelerator Design for Deep Convolutional Neural Networks, FPGA 2014.
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2016FN CRET23115185E8E (CFPGANMEE FIE
— Altera : Auditt "B &SRS X5 /szFAS(CCyclone V& H

Viewable System Processing Function Auxiliary Info Proc. Vehicle
(Video Processing) (e.g. Steering Angle) Data Bus

c image Image Manipulation Graphic Display
apture & . : . A
Decode (e.g. Distortion Correction) Overlay Drive

Vision / Sensor Sensor

Xilinx Zynq-7000 All Programmable SoC Solution

IR Data Tracking System

Processing Algorithms Tracking : Threat Counter-
Algorithms Object RS Saasmant measure
(incl. Sensor Classification Decision

Sensor Sensor Stitching Algorithms Algorithms
Data Tracking & Fusion)
Processing Algorithms

-Avoidance

Non-Viewable System Processing Functions | igston
(Image Processing Analytics) ey

AWareness

Sensing Domain Characterization of Environment Decision Making

Image Capture

& Transform
Image Warp
N & Stitch
Object Motion Object
Classification Estimation Detection

Programmable Logic (PL) HW Acceleration

Camera

H B : https://japan.xilinx.com/applications/automotive.html
http://techon.nikkeibp.co.jp/atcl/news/16/062702771/
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— EDA(Electronic Design Automation)'Y —JL & B
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Quartus Il it - /home takase/lecture/le3hw/RefDesign/Cycloned/TOP/SIMPLEO - SIMPLEO
File Edit View Project Assignments Processing Tools Window Help alte )
DS H@ & SIMPLEQ Dy 2> ¢ %@ PO B ER Y A ®
Project Navigator tem @ TOP bdf X | @ Compllation Report - SIMPLEO X
Entity FRavAcE-01 7 INNND RE N ST 5 »
b Cyclone IV E: EPACE30F231T
+ 5 TP

i
7 esign units | < pcor ]

A Hierarchy | 5 Files
Tosks )
Flow: [Compiltion < [custo
Task
v 1& > Compie Design
¢ | © b Analysis & Synthesis
¥ o b fiter (Piace & Route) 00
& & b Assembler (Generate programming ies) 00:q
¢ | @ » TmeQuest Timing Anaiysis 004
¢ o > EvANeustw o0
@ Program Device (Open Programmer)
@ DEC

for EDA simulation tool

" for EDA simulation €
" for EDA simulation ¢

i

0 errors, o warnings

51 warnings

1 299000 uareus 1 Puin ConpiTacion was successrut. o ecrors,

\System /\ Processing (245) /

Messages
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4 e
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3 Project Settings @ Extenal Interfaces =
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@ Languace Templates o axw bram et 0 h,] BRAM Controllr:4 0 = Example Zyna Design and Bus Functional Simulation
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4 IP Integrator 3] processing_system?_0,axi periph I
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3 Simulation Settings = N
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4 RTL Analysis E
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4 Synthesis = N
Adding component instance block xilinx.com: axi_crossbar:2.1 - xbar
® Symthesis Settines U adding component instance block -~ xi linx.con: ip:axi pratocol converter:2.1 - auto_pe

& Run Synthesis

B¥ Open Synthesized Desiel

4 Implementation
&3 Implementation Settings
D> Run Implementation
¥ Open Implemented Desir

=]

Program and Debug

Adding conponent instance block -~ xil

inx.con: ip:axi_protocol_converter:2.1 - auto_pe

Successfully read disgran <base_zvna_desizn> from BD file <D:/researchfxilinx/Zynq_exauple/project_I/project I.sres/sot

open_bd_desien: Tine (): cpu = 00;
instant iate_exanple_desien: Tine (s):

o

update_conpi le_order -fileset sources_|

108 ; elapsed = 00:0

+ Menory (MB): peak = 923.344 ; gain = 62.855
cpu = 00:00:44 5 elapsed = 00:00:40 . Memory (MB): peak = 928.344 ; gain = 191.6} ‘

1

£ Tel Gonsole | © Messages | [ Log | &)
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Quartus Prime Standard Edition
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* & Installed 1P
+ Project Directory
o Selection Available
+ Library
» Basic Functions
> DsP
» Interface Protocols
» Memory Interfaces and Controllers
> Processors and Perlpherals
» University Program
@ search for Partner IP
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e Design
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—Tools -> License Setup... C,
“Not found” EEDONTULVIRWC &ZHEER

- TDEDPNTULDIGET?, EEfF(CLicense Setup
Required c‘:b\Hj_C<ZoiaE'z (&,
“License file: “ (C "27000@is-fpg-00" Z# A9 BDH
“LM_LICENSE_FILE variable:” (CFTwZ - AJ]

« WebJ S OH DEE
—Tools -> Options... @ Internet Connectivity C,
“Web browser:"” (C{HFHDT T ITHAD) (’X%EE&“E

—AIBIFHHIRTINE "/export/share/bin/firefox”
v To—RABEICENTY
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« QuartushSmodelsim-asezZ U 9 /=8 D
FNIEZE I D
— Tools -> Options... -> EDA Tool Options:

ModelSim-Altera:
/home/quartus/intelFPGA/17. 1/mode|sim_ase/linuxaloem

vV's' TMRITTWS Z ENBDDTER

vV LD TEAZERICULTELW

Category:

v General EDA Tool Options

EDA Tool Options
Fonts

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

Headers & Footers Settings EDA Tool Directory Containing Tool Executable
v Internet Connectivity Precision Synt...
Notifications )
Libraries Synplify
v 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... | /home/quartus/intelFPGA/17.1/modelsim_ase/linuxaloem
v Messages
Colors NCSIm
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a. I O>T O DR EER

i i?(ifﬁbﬂ %E%}EH(/\T 15‘/ F@)Jl] %ﬁ%uﬂn-l_g_é
— File -> New Project Wizard... T

& Open... Ctrl+0

B New Pypject Wizard...

. & Open Project... Ctri+)
o Introduction “Next”
:
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 »
* Name of the top-level design entity
* Project files and libraries : i
* Target device family and device e ) (L
* EDA tool settings i
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. =Y
- Recent Files » 7%\ P
Recent Projects »
o Exit Alt+F4 Custc
Task

Don't show me this introduction again

| Help | < Back

Finish Cancel

AR K 5
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« Directory, Name, Top-Level Entity [page 1 of 6]

: T LUK . ‘
Directory, Name, Top-Level Entity [page 1 of 5] /—I_\_Ag_ ’l/ l/g '\ U %@E@%*EEH? /
What is the working directory for this project? . %\?gﬁﬁ @5_\ /], DO l\ IJ %{’Fé : & . % 5
| /export/home/lab3/takase/le2hw3/training/fulladder 1 [...] L/j-d: b \ t \y _) l/b\‘lﬁl g ) 7:—_—_ D %57:—: D 3_5

at Is the name of this projec }ﬁ(:fd:%_
Flz, JOTOKBICTALOKNIZ
Eo IZ(EDH KL (&RIIFER) )

[fulladder

+ +h f b o+ )
match the entity name in the design file.

fulladder

[gse Existing Project Settings...

FOSTY R ]

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

<Back ||[ Nexty || Finish || cancel Directory "/export/home/lab3/takase/le2hw3/training/fulladder"

does not exist. Do you want to create it?
Yes \ No

EEES « LD MUBEIE LR
SEXEBER LTINS

D\ L »n
>«ﬁ£ﬂ%ﬂﬁ?? 31
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o Project Type [page 2 of 6]
- JO> U hDEFEZIEIRT B
-2l —baTJOZ T MNZERTDCEETEDS
— S[EI(F"Empty project”ZiEiR
e Add Files [page 3 of 6]
— ERBAHDEIEZTO> 0 MMIENT D
— SEFFRZAEENDTERDEE"Next”

\
N = N
-~

D
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« Family & Device Settings [page 4 of 6]

— Family:
"Cyclone IV E”

— Available devices:
"EPACE30F2317"

New Project Wizard

Family & Device Settings [page 3 of 5]

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.

Device family

<

Family: | Cyclone IV E

4

Devices:

Target device
) Auto device selected by the Fitter

@ Specific device sel

EBIRNEAIIRISEE(E
T4 )LIHRZRE 0]

\

J

Available devices:

EP4CE30F2317 |1.2V

225,

Show in 'Available devices' list

Package: [Any s ]
Pin count: |Any s ]
Speed grade: |Any ¢

|

Name filter: | EP4CE30

¥| Show advanced devices HardCopy compatible only

Embedded multiplier 9-bit (*!

GRBREE 132

20048

hﬁ%ﬁaﬂ%ﬂ‘

HardCopy:
Limit DSP & RAM to HardCopy device resources

4

[ < Back | Nextﬁ [ Finish H Cancel

KYOTO UNIVERSITY
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ol
xd

fil

« EDA Tool Settings [page 5 of 6]

- SMEPDEETY — IV ER / BE T Diga

(CIEET D

_ FAERT(HF(CER/TELURLDTTDOEE " Next”

« Summary [page 6 of 6]
— RTEZHESR L T Finish”

New Project Wizard

Summary [page 5 of 5]

When you click Finish, the project will be created with the following settings:

Project directory:
Project name:
Top-level design entity:
Number of files added:
Number of user libraries added:
Device assignments:
Family name:
Device:
EDA tools:
Design entry/synthesis:
Simulation:
Timing analysis:
Operating conditions:
VCCINT voltage:

Junction temperature range:

Help

/home/lab3/takase/le2hw3/training/fulladder
fulladder

fulladder

0

0

Cyclone IV E
EP4CE30F2317

<None> (<None>)
ModelSim-Altera (Verilog HDL)
0

1.2v
-40-100 °C

< Back Next >

Cancel

) 5B K 2
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o ixaT UTCUiRIEOIRZEZ X D

— M8l ER - A3 - B, HEEE

— NEBMLHR © [OIESAERk

v BIRfER, DL/ —K, REERK, , , — H#IEXFRR
L9 (dEET L Th Y =)Lzt s !

OII

o FNNBZRDINERIAK A | B | Carry | Sum.
AN 1EY kOB —45A,B 8 X 8 X
—-d  1Ew hFSum, TG )

1Ew batr ElFCarry e I =

smIET\RIG (SO XTI LA, ,

G\ s »n
O, -
™ 35
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b. 'Aﬂ@ﬂgﬂ)nnﬁ

« ENNBZzDIEMLIR

- AN 1EvY ~OINET—45A,B,
1EwY bOT IS DHT EIFCin
-7 1 1Ew bDFISum, A | B | Cin | Cout | Sum
1Ew hOHT_EIFCout 0 0 0
- FNNESRZFHITDI &

IR \RIG (SO XTI LA, ,

H = = O = O
H O O O +» = O

1
0
1
0
1
0
1

R R, O O - = O O

0
0
0
1
1
1
1

)O&OUN'VS%/ — B a A) )
- it 36
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c. [EIEEEIDIERY

® IEl Eg Ig_‘\ "/ g %1%% a_ 5 L g::lig%usirl‘s;s Il Project

AHDL Flle

— File -> New -> Block Diagram/Schematic File orre S

State Machine File
SystemVerilog HDL File

— EER2 T IOV IO T AT EUERETE TS

I\— RO TV EEB(ICKDIEETIIERHETEEA ! Tt st o

Memory Initialization File
= Verification/Debugging Files

vV SEEIRFZHBAFENECREBZEK I D EZE ISy sources and prb..

SignalTap Il Logic Analyzer F...

> ( W -: é L \ University Program VWF
— - Other Files

AHDL Include File

Block Symbol File

Chain Description File
Synopsys Design Constraint...
Text File

o« £I(IGILHEIID) @ft&.77’r)l/7@_:'f%7_ 5 [ cancer | e
_ F||e -> Sagve As...

Look in: [ /home/takase/lectur.../training/fulladder 3| @ © @ F [ E)

- “halfadder.bdf” == 7

e TasksZEDFlow: %z
“Compilation”(C 95

File name: [ halfadder.bdf |

Save as type: \ Block Diagram/Schematic Files (*.bdf) S \ ‘ Cancel ’

BNV N a » v Add file to current project
9 o) lil ,ﬁ f?
e ) 24 %IS

Y KYOTO UNIVERSITY




c. [EIEEEIDIERY

o (FIER) DA > RODIER

— NP TVKDICLAT7 D MDA XEZEEREL TR
View -> Ut|||ty Wlndows Tokc‘:

Y —JURET A |

EREEDT 7 A )LD | Frmeaanaaena
—EPIFOH URIGR L

Project Navigator : — er.bdf A
[ i B R NN e U {’FT/I’ZI/]

) W—

@%EE]

BAZ(AIAILED -
L'fT’Ik/R@i%/_R 3:2 ros e
LAR— bR - P

HE o) : QI A v 72— A0

=il I HER

)

[

382,261 0% _00:00:00 ‘
I\OUN'Vg% %IS %
S 2 l | k
/< Z)
/iy ] 3 8
n /-
£

Y/ KYOTO UNIVERSITY




c. [EIEEEIDIERY

. HERT/EEIOY IORE mssssssisuseasaey

- BERE EOITNTIv Y, T, = pees e
— EZIKEI’J(L”Prlmltlves”d)qﬂd);??T [TZEWNWFELLD

v MegafunctionFZ{EWZWMGEFZHRFIAZRL TS0

Symbol

Libraries:

=& /home/takase/research/al4|
#-E megafunctions
#- & others
=& primitives
- & buffer
=& logic
£t and12

SBIRDEAIRIES (Z T e D
T+ )LIRRE A e .

Repeat-insert mode

Insert symbol as block

Launch MegaWizard Plug-In

‘ MegaWizard Plug-In Manager...

S\ DN »n o] Cancel |

Y KYOTO UNIVERSITY




c. [EIEEEIDIERY

. imiEZRT /ORI Ow JDECE
- BBIGHERFZAEL TS
- ELEEEFETF4
— = FD"instX"DEFD (F1 > A5 2R
V ZRIZEBIDILENTED (BFNCESRESZIRD TI<ND)
\/EFEEFE(J?D\Db@“b\%ﬁu%ﬁﬁfﬁb\f (&DD\TJK\J’JD\%

\
ooNVEN  —Ea »
5 %
S aab V4 AY
\ s g o/
L]
Lies

wses~”  KYOTO UNIVERSITY

40



c. [EIEEEIDIERY

) llljjjjﬁﬁdﬁ?d)@al% ic| == =-‘halfadder.bdf* £t X\

- Symbol D+ > KO® Primitives -> pin, =
F/=(E, EEEEEI7 3> DPin Tool SHEE T = T P

— MBI AR N mF=ECE L TS

— EADpin_nameX " DEFR EA VAT ZREG wm

create multiple pins, enter a name in AHDL bus notation
(For example: "name[3..0]"), or enter a comma-seperated list of names.

v 2553w BRDDDERIZFTINE

v ATILO )Y OFREEETY YD “Properties”
CHERAIZEETED

— ANimFAaTFTDOVCCIEWIEAE (GNDICEEER])

1 —— ancel el
B KAQAD®R-OTTINNNDOON B 4 <& @8 b@ 9 » Lo [ coen J|_ e
N N X

SISO o N Y [FEEE e 2 2fd B % B3| e
e -+ .. AND2 e
iR amel T i ‘
C_——vec v.....:D_....QMIL:pm_nam%

L Lt T

- o Z121%‘121121’121ZZZZZZZZZZZZZZZZZZ. o
Co o R b -
.. . . ipin_name2 ———weur ... L ]

inst6

&Oum% N oa e ... .iB D—I%%%J—
§ ... % L D D DSt

Y KYOTO UNIVERSITY




C. BlEEEIDIFRE

halfadder.bdf*

|

X .
?;*J@%JADE» D\jgl_j"lﬁ\\\[l«:)\ S B

-+ - - - {Orthogonal Node Tool].

o MIEXRT - In /R EDREIDHECHR nnnnn
— @E&.T EJ7- 1> DO0rthogonal Node TooI
Z C ClI1bitaDECHRD A TOK

v 1@@@3@(:9%1@35( LAMRIF ST
6o CHIFRVBAIE2E EICHFCRIETD  ©

_MECEU TR CcsZaiEMMT Ty
v 5o wo “Properties”
v i3 LEinFaE—HSEDIBETHE)

| — halfadder.bdf* X \
B rauoAadse-gf1asNNODoNY B aaead @ xan 9

oK ‘ CCCCCC ‘ Help ‘

Y D S (U1 sl LN L L
vee . . LQUTPUT  —— Carry
- ;

‘ % ‘
D&oumv%m Lo o anste

*"" e 42
O(/DED
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c. [EIEEEIDIERY

gbmft (=2 7JUE)
— fDEIEER D 7 1 )L SSIRAJREIRS 2RIV T 7 A )VE LS 5
v JO0SZ20CHEF25ATSVEICHEET D 0D TR

v Bl D 7 1)Lz 3E - EE(LTESD

— File -> Create / Update ->
Create Symbol Files for Current Files

— “Symbol File (*.bsf)"& U TIRIFT D
v IEERMETNEERES EE (Y 2 e —— i) @ © O # @

\E/h ome/lab3/takase/le...3/tra

Look in:

v “Can’t open read-only file

<module>.bsf" EEMONBIHFEIL,

sxstT - L2 kU (gpf > bdf A

HdDECA) T, UT=ZHETITD
$ touch <module>.bsf

$ chmod o+w <module>.bsf
R
‘ p— Nif)‘ lcl::zee/?aﬁgil;lfaysz‘/?:zl:\io:;/training/fuIIadder/haIfadder.bsf L= hame: [ l Lo
JooNT __ N oa » —_—
o %’: ,'i{ #IS ,k ? iles of type: \Symbol File (*.bsf) : H Cancel |

e/ KYOTO UNIVERSITY



c. [EIEEEIDIERY

. fDEPGE (S >MNJL) ZFAE U ZEIIEEIOER
- <JOvIOXT7)L ("fulladder.bdf”) Z{ER9 D

— Symbol Tool®D"Project” A FIC5E(E E4RL UT="halfadder”HY
BTN TLD

— TDEIRNZZEE UITHE(E, bsf Z&RFLT, S 2HNILD

A2 w 7 “Update Symbol or Block...” 93 EEENRIREND

MegaWizard Plug-In Manager...

‘ ‘
D&OUN"% —Ea A Y

A 44
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c. [EIEEEIDIERY

« EINE2s"fulladder.bdf”DYERK
- SECTOFIELFEEK

) [ halfadder.bdf X ‘ 5 fulladder.bdf X |

A Carny
B Sum

AR K 5

KYOTO UNIVERSITY




d. A>J/)\AJL

o FPGANDFHIET O U DFERRIGIRICEMR T D (CoT>/ (A ILICIEY)
— Bz L A FERELN)VICEIRT D
- WIBERK - 7./ 0O0>XvE>YD - RERHREZEITD
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

o« 1> )\AJLFE
— Processing -> Start Compilation F7z(&
W — ) LIRET7 1 1> dDStart Compilation /=& Ctrl+L
v’ Start Analysis & Synthesis TAAF TV IODHET]EE

File Edit View Project Assignments Processing Tools Window Help &

®
DE d@ 4 9@ 9 o fulladder ey > ¢ %@ k]o B0 M2 @ ®» 4 09
Project Navigator e® | 4 halfadder.bdf e IIadder.bdf X l
_J;s‘a]hlfdd bdf @‘E‘JAng@jjﬁ\\\D\zHE"“:ﬁgq—
A AT 46
e :1 S A 1 L S
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d. A>J/)\AJL

o Xwtz—=T04 > ROJ(C"Quartus Prime Full Compilation was
successful" MFRENESIERE(C T/ A LRI

— ARDBEMNETHERF V ICIRDTWVDIET
- &\8F (FEoTJO-—TBI2)\1ILHWmEBIRCEEZKRT
- REXFEDTIO—TIS—MRELTCVNDIEZRT

o IEEIRT UM DIES, FTEIDAYVT—2T042 RO K2
“Compilation Report -> Flow Messages” I2 EZ=MERL,
Avt—7EE(CT/I\YIEITD
— Xyt —DEK(E, 5G7YUwD -> Help TWebi&XRoJgE
— Critical Waning / Warning 6&F 1w/

v CADWY—JLTEFESENS EZICHATINNAEIED, ZEE0OEKE
@%bft?ﬁﬁ?égt(ﬂﬁ Xtﬁiw3<;&E%M)

® o ®
All| O & A A 8Find.. @8Find Next
Q

= |Type ID Message

0 204019 Generated file fulladder_7_1200mv_-40c_v_slow.sdo in folder "/export/home/lab3/le3a/TA/yano/fulladder/simulation/modelsim/" for EDA

204019 Generated file fulladder_min_1200mv_-40c_v_fast.sdo in folder "/export/home/lab3/le3a/TA/yano/fulladder/simulation/modelsim/" foOr E[ s
204019 Generated file fulladder_v.sdo in folder "/export/home/lab3/le3a/TA/yano/fulladder/simulation/modelsim/" for EDA simulation tool
Quartus Prime EDA Netlist Writer was successful. @ errors, 1 warning 47

o
o
o
© 293000Quartus Prime Full Compilation was successful. @ errors, 13 warnings




d. A>J/)\AJL

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

e |
4 halfadder.bdf X | ) fulladder.bdf X | 4 Compilation Report - fulladder X

Table of Contents QcRFlow Summary
Flow Status Successful - Mon Dec 19 17:48:26 2016
=2 Flow Settings Quartus Il 32-bit Version  13.0.1 Build 232 06/12/2013 SP 1 S| Full Vert
=9 Flow Non-Default Global Sett| Revision Name fulladder
=9 Flow Elapsed Time Top-level Entity Name fulladder
&4 Flow OS Summary Family Cyclone
E| Flow Log Device EP1C6Q240C8
(1 Analysis & Synthesis Timing Models Final
&[] Fitter Total logic elements 2/5980(<1%)
(1 Assembler Total pins 5/185(3%)
(1 TimeQuest Timing Analyzer | | Total virtual pins 0
(1 EDA Netlist Writer Total memory bits 0/92,160 (0 %)
i) Flow Messages Total PLLs 0/2(0%)
i) Flow Suppressed Messages

AR K 5
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d. A>J/)\AJL

o« [EE&H X : Fitter -> Summary

- FPGALDOETOY UDFERE

— 100% %=X DIEEN DD LZEDFPGAT /) (A X (CURF 5780
o BERE - BI : TimeQuest Timing Analyzer

— Datasheet Report(CZNENDANIHFH S DimF\D
CHGEIERFfE (BEfZ(Ens) HFRREND

- lEFEEETIE, ANDoOvO=IBEINL, B8WEERERES
RRCTEDBLDICRD
vV SRS B EIRROTEHEMFRZ(ZFE

- RFDIEBNSDHEITA I THIEIZ I U TULVRL)

v Unconstrained Paths(3Z=EE&2 TIEEHE L THLL
(FPGAT /)\A X EDAE N E > Z#HfH UL EWLTRRLY, EER3ICT)

- K
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e.>=alb—>3>

o %5t UTZERIELIEHIE U< BE S DWNVERA. LT« F CHEER T
— ModelSim-Altera Starter Edition (modelsim-ase) %‘:ﬁ%b\é
v modelsim-ae EHDDTIER (ST ABTINTWLTEINRW)
e F9 (IQuartush*S5modelsim-aseZMFONH I I=HDRTEZ T D
— Assignment -> Settings -> EDA Tool Settings -> Simulation
v Tool name: ModelSim-Altera

Settings - fulladder

v' Format for output —
n etl i St : Ve ri | Og H D L ?“e:ser-al Specify options for generati tput files for use with other EDA tools.

erating outpu

ries
=I- Operating Settings and Conditit

A\ Voltage
o VHDLTEERWA
7 =-Compilation Process Settings

Early Timing Estimate

n n automatically after compilation
= » . . .
/, = | N \ 7_ N En_, [ e | \ Incremental Compilation EDA Netlist Writer settings
d\ ’:l Physical Synthesis Optimizal .

Tool name: | ModelSim-Altera

= EDA Tool Settings [ Format for output netlist: | Verilog HDL s ] Time scale: \ 1ps o
l 'i Z 5 d) Z _gesnlfm Output directory: | simulation/modelsim :
Formal Verification : - -
Board-Level Map illegal HDL characters Enable glitch filtering
/ \ I\gi\ =l Analysis & Synthesis Settings Options for Power Estimation
U | VHDL Input
Verilog HDL Input Generate Value Change Dump (VCD) file script | Script Settings..

D fa ItP amet

v NativelLink settings: Timeauet Tiing s
Design Assistant More EDA Netlist Writer Settings... ‘

Compile test bench S e e | AN

PowerPlay Power Analyzer Sett

Design instance name:

SSN Analyzer None

v Test Benches... Zi&iR (= s

\
oSN M )Y ) ;
(o O\ Script to compile test bench: .
PRI N
) /N

& KYOTO UN |VERS|TY More NativeLink Settings... Reset |

cript to set up simulation: . —



~y

e.>=1b—>3>

&9 (FQuartusHhSmodelsim- ase’iﬂ}UHﬂ'T HDERTEZ T D
— Test Benches :

New Test Bench Settings

/ N eW [ %hj:R Create new test bench settings.

Test bench name:[ testl ]

- N eW Te St Be n C h Setti n g S Top level module in test bench: | testl

Use test bench to perform VHDL timing simulation

‘/ TeSt benCh Name. %ﬁﬁ%{cht{lﬁ}ﬁ Design instance name in test bench: |

Simulation period

/ Top |eve| mOdU|e in teSt benCh: % -RunsimulationuntilallyectorstimuliareusedA

o "~ —_ End simulation at: ‘
%B/_.I_\O)TZ I\/\/a::E\/j— _) I/% (Tem plate Test bench and simulation files
W rl te r €1§ 5 Td: 15 < m Od u | e > _Vl g_tst) (: File ;\ame[ simuIatit'):/modelsim/fulladder_test.Lvt |:\“ Add ll

LTHLK &, ModelSimicgd—FB T L
Error loading design B/ <723

Properties...

v’ Test bench and simulation files: o[ o | o
simulation/modelsim/<module>_testl.vt

o ~d—=F)LWSZEIT7A)L=ZVERK L/_CEFS <
v Add Z3&EiR

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

‘ — Test Benches(CE > CTOKZEIR o

Y/ KYOTO UNIVERSITY o Y concel | e |




e.>=1b—>3>

o TAMIFIF7A)IZIERRT D
— Processing -> Start -> Start Test Bench Template Writer

— ./simulation/modelsim/<module>.vt H"ERR =N D

— ./simulation/modelsim/<module> testl.vt I&&(CIE—
$ cp ./simulation/modelsim/fulladder.vt ¥
./simulation/modelsim/fulladder testl.vt ¥

— IREDATTREHMESND X S(C <module>_testl.vt ZimEE
v BEBEMZEEITD (T IAIL KL ps ROTRHRITED)
“timescale 1 ns / 1ps

v LITF O DIE T (CHIEAER EZ sCih 9D
// code that executes only once
// insert code here --> begin

v IFOEERDE T ICAREEDE (KR2) Z=icikd B
// code that executes for every event on sensitivity list
// insert code here --> begin

-~ 5K 5

// KYOTO UNIVERSITY

52



e.>=1b—>3>

o TAMKFT7AILODEEEH!
- KA
// 1Ewv bk
A <= 0;
B<=B+1;
/] Ev NEE
Cin <= ~Cin;
/] 4Ew hMD2iES
As <= 4b10 01;
/] 4Ew hMD2iEES
As <= 4b10 01;
v CEIERE TN ALF (C

— JEIE
#1000
— #EDIRL
always begin
#100
clock <= ~clock;
end
v o0 RO E R (CEF
v  initial begin - end >
always begin - end MD%Mal,
module - endmodule @
NEICEEATD L

RASEND v always7Ov OBt (&
5 (CEITEND
v @) TERMHDEIREBRIFEE
PR 53
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e.>=1L,—3

o TAMIFT7A)LDE kA
— BB EEERH
"timescale 1 ns/ 1ps

— ZEHIRXEIMEROEFEIRDT,
THRUTHTL Z=0

— BEDELEFILSERD
V EDCNhE=hE? ?

ONI
9,

KYOTO UNIVERSITY

fulladder_test1.vt (/home/lab3/takase/le2hw3/training/full
BB - B ees

fulladder_test1.vt %

B & TERT

)s

initial

begin

// code that executes only once

// insert code here
A <= 0;

B <= 0;

Cin <= 0;

--> begin

// --> end

S$display("Running testbench");
end

always

// optional sensitivity list
// @(eventl or event2 or ...
begin

/] code executes for every event on sensitivity list

. eventn)

// insert code here --> begin
#100

Cin <= 1;
#100

B <= 1;
Cin <= 0;
#100

Cin <= 1;
#100

A<= 1;

B <= 0;
Cin <= 0;
#100

Cin <= 1;
#100

B <= 1;
Cin <= 0;
#100

Cin <= 1;
@eachvec;
// --> end
end
endmodule
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e.>=1b—>3>

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

e =L —A%ZEETD
— Tools -> Run Simulation Tool -> Gate Level Simulation...
— Timing model: “Slow -7 1.2V 100 Model” C Run

Window Help &

@  Run Simulation Tool 4 =& RTL Simulation
=== 2. Launch Simulation Library Compiler v' Gate Leygl Simulation... s
‘@ . — - - f
—— "8, Launch Design Space Explorer M
|ty TimeQuest Timing Analyzer | Status Successf
Advi , [tus Il 32-bit Version  13.0.1 Bt X EDA Gate Level Simulation
R sion Name fulladder
@ Chip Planner !Ie:vel Entity Name fcullf:dder Timing model: | "Slow -7 1.2V 100 Model” ¢ |[  Run |
. N ily yclone F
4@ Design Partition Planner = EP1C6Q2
Netlist Viewers * hg Models Final
. . | logic elements 2 /5,980
1 SignalTap Il Logic Analyzer I pins 5/185 (
«= 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
:E QinnalPrahe Pinc

AR K 5 55
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e.>=1b—>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 EEBE&(L"# Error loading design"MHd Z ERVH DM
BO/\AILTEHENDDTSICULRLS TR

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
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e.>=1b—>3>

e =1L —>3>0A
— Simulate -> Start Simulation...
— Design 7@ "Design Unit(s)” (CT
gate_work.<module>_vig_tst %&&EiR

— Libraries @ “Search Libraries” (CT Add... LTC
MEIRS A TS UZEBNMT D (“cycloneive_ver'@FHEIRTLLY)

v "altera_ver”, "gate”, “gate_work” ""BEIMCAD> TWLWDZEN
HDN, EE5TEXL

X Start Simulation X Start Simulation
2 — Design] YHDL ] Verilog ] Libraries ] SDF] omers] < Design] WHDL ] verilog  Libraries ] SDF] others] <)
*|Name |Type [Path E Search Libraries (-L )
£
= fl) work Library gate_wark l Add“.%‘ ]
= M gate_work Library fhomedlab3ftakaseslezhwidraining
i ™ Module fhomedlah3fakaseslezhwiitrainini Modify
=il gate_viork End Simulation I ] fulladder_vlg_tst lModule /home/lab3itakasesleZhwadtraining L
e e -l 220model Library  SMODEL_TEHY. /alterasvheliz2t DoIETD
) ,{m 220model_ver Library $MODEL_TECH/. /alterasverilogst
Y] M altera Library $MODEL_TECH/. falteras/vhdl/alte R
-4l attera_insim Library  $MODEL_TECHY. /altera/vhdl/alte Select Library
w1 altera Insim ver | ibrary SMONFI TECH/ falterasvariins il
KT | = Select Library
esign Unit(s) Resolution cycloneive ver F Browse...
|gate_work. fulladder_vlg_tst ‘ [1ps v ‘ _cycloneiv_ver e ——— |
‘cycloneive
Erre cycloneive_ver § IK Cancel
[~ Enahle optimization Optimization Options JC.Y.Clonev J . fr—

| |
OK Cancel OK Cancel 5 7



Ny Ty
—

e.>=1Lb—>3>

e =L —>3>DFET
— “Objects” D1 > ROMNSEDHI Uz MESHRZ
"Wave” 14> RIICRSYITSD
— “Run Length” ZFREEDARKE=(CF D ({5l : 100ns)
V REFTEBESZaL—2 3> BEFREINEND
— “Run” 2 “Run - All" I EZ DU I T 3B
v “Transcript” O > ROTEERANEO]EE
(BN TETEES5Z2BEDIESIHNEVDE)
— REDOFRRIHIVYIXREFF—ANT
Zoom In/Out/Full’d ENEET]RE
— BEFT A MU FTIEEBHTH, BEEIEEGAEE
v E85#ROAET VYUY T "Force..."Id &
- T AMIUFZEZEUEIHE(E,
“Library” -1 > RIOM5SRecompileLT “Restart”

UK
9 )
A

O%?a/‘y KYOTO UNIVERSITY
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Objects™ -1 > kD

gRAILZWMESZ |

WavelC RSwo |

&) sim - Default |

\<

eachvec
A
B

|g #vsim_capacity# Cin
Cout

Sum

|ET |

P

— H

[Type (itterec |

LibraryD -1 > B

% Processes (Active) ——
¥ Name
T :
Library » sim e i

P

x|

v ;

=

Transcript

EE L

YSIM(paused)> vlog -vlogllcompat -work work +incdir+/home/lah3/takase/leZhw3/training/fullas

delsim/fulladder_testl vt
-~ Compiling module fulladder_vlg_tst

Top level modules
fulladder_vlg_tst

D142 RD J

W

I restart

Loading gate_work. fulladder_vlg_tst

Loading instances from fulladder v.sdo

Loading timing data from fulladder_v.sdo
Time: 0 ps Iteration: 0

VSIM(paused)> run

# Running testhench

VSIM(paused)> run -continue
run -continue
VEIM(paused)> run
VSIM(paused)> run -all

VSIM(paused)>

*+ Note: (veim-3587) SDF Backannotation Successfully Completed.
Instance: /fulladder_vlg_tst File

Model Technology ModelSim ALTERA vlog 10.1d Compiler 2012.11 Nov 2 2012

dder/simulation/modelsim -00 /home/lah3/takase/leZhv

w’ave Editor

Zoom In
Zoom Out
Zoom Full
Zoom Cursor
Zoom Last
Zoom Others
Zoom Range.

Expanded Time

Annotate Diff.
nore Diff

ect Related

Transaction Properties.
Transaction View

View A

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help
EB& | = AT Bea e an|vtes B ooEEBRNs DEe et tas]

Layout FTmTate ] || Columntayout [iTGotuns da-aca-a|[frus|| N admip||esereis

Sew o€ o vegmz|eeen| [ LN M.

— Clear Selected

Y Y YN

> ]
=FEr
lation/mo

Wave 1> R
ZoOomZEE ]

/home /1ab3/takase/le2hwld/training/fulladder /simulation/modelsin/fulladder_testl. vt

LALYA
> THFELLD

7]

[Now: 710,754 ps  Delta: 1

sim:/fulladder_vlg_tst

0 ps to 746292 ps
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a. s2aTDii 3

e JO>T O MBS IED TENT D
— T I7AILEY T UIRLK IR
- TNTEVLWEEHDIN, 70T M TCHESHEZTBELES? ?

o O MEREED New Project Wizard TENIT D
- JOT O RTEIMILI 71 bsf Z/ER L TH <
— “Add Files [page 2 of 5]" [CC
V BT 7 A)ILIRED TLBRIREE
vV MEBRYTI DI 7AILEEINTD
« Project Navigator 71> ROMNSIENT D
— Files #4852 w2® “Add/Remove Files in Project...” ([CT
— Project -> Add/Remove Files in Project... M5 THOK
vV EDHBATHRTOZS T MO THSEITES

| «OJN?W@ N »
- LK
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. a2aT it

. O 1 MERBED New Project Wizard TENYT B
— “Add Files [page 2 of 5] (CC

o New Project Wizard

Add Files [page 2 of 5]

Select the design files you want to include in the project. Click Add All to add all design files in the project
directory to the project.

Note: you can always add design files to the project later.

File name:

o5 New Project Wizard

Add Files [page 2 of 5]

File Name Type Library Design Entry/Synthesis Tool HDL Version Add All

Remove
Select the design files you want to include in the project. Click Add All to add all design files in the project
Up directory to the project.
Bt Note: you can always add design files to the project later.
Properties File name: |:J Add
File Name Type Library | Design Entry/Synthegis Tool HDL Version Add All
- ../fulladder/halfadder.bdf Block Dia...
-/fulladderffulladder.bdf  Block Dia... Remove
Look in: E] kase/I ini :‘QOO@@ Up
E Computer | | ¥ db Pop—
9 takase 9 greybox_tmp =
9 incremental_db Properties
9 output_files Kl

Specify the pat

‘Wl halfadder.bdf :‘ m

i D

Fil ;[ ful bdf* *half: bdf* . P cremr—
AP ulladder.bdf” *halfadder. b ‘ Specify the path names of any non-default libraries. | User Libraries...

Files of type: | Design Files (*.tdf *.vhd *.vhdl *.v *.vlg *.verilog *.sv *.vqm *.. $ ] Cancel

I Help | | <Back H uexta_” Finish H Cancel

AR K 5 63
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SILE
oo

T8

Project Navigator: Files 1> ROMNSIENT D

— Files 52U w2®d “Add/Remove Files in Project...” [CT
— Project -> Add/Remove Files in Project... ™5 THOK

FilesZ 2R
HOUv D

Files
EA test.bdf

Tasks

Project Naviga

ew Project P

Assignments

T

EFiles ezem®

Compilation

=1e®

o

Settings - paralleladder

Category:

o

o

=

General

Libraries
Operating Settings and Conditit
Voltage
Temperature
Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Optimizaf
EDA Tool Settings
Design Entry/Synthesis
simulation
Formal Verification
Board-Level
Analysis & Synthesis Settings
VHDL Input
Verilog HDL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
signalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Sett
SSN Analyzer

File Edit

View Assignments

Processing Tools

DEdda

Project Navigator

| = Filac

Add/Remove

S

7 Revisions...

iles in Projec

Add Current File to Project

Quartus Il 32-bit - /home/lab3/takase/lezhw3/training/paralleladder/parallelag
Window Help

Select File

AR K 5
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Verilog HDL Input

Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap Il Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Sett
SSN Analyzer

. " 1 - C
Select the design files you want to include in the project. Click Add Al to add all design files in the Look in: ‘ 5 /hon i J 0 ‘) 0 a
project directory to the project. —
B computer || 79 db
File name: | | p—
P — takase 9 greybox_tmp
File Name Type Library _ Design Entry/Sy e 9 incremental_db
Remove 9 output_files
] i i
Down
Properties
Settings - paralleladder
Category:
K File name: | "fulladder.bdf" "halfadder.bdf" ‘
Libraries Select the design f 0 ¢ type: | Design Files (*.tdf *.vhd *.vhdl *.v *.vlg *.verilog *.sv *.vqm *.. $ ‘ Cancel
= Operating Settings and Conditi | Project directory t ‘
Voltage y —
Temperature Eile name: [ add
=-Compilation Process Settings . .
2 Early Timing Estimate 7 ¥ 7 Add Al
Incremental Compilation ../fulladder/halfadder.bdf Block Diagram/Schematic File <None>
Physical Synthesis Optimizal ..[fulladder/fulladder.bdf Block Diagram/Schematic File <None> Remove
& EDA Tool Settings
Design Entr Up
Simulation
Formal Verification Down
Board-Level
= Analysis & Synthesis Settings Properties
VHDL Input




SILE
oo

Tt

e Symbol D> ROMNSEEFD .bsf ZIFHE S
- OO DT L2 KUMNS bsf ZHEH<

- symbol f o.utput ﬁles

Libraries:

#- & /opt/altera/13.0spl/quartus

(o [

[»)

Name:

Open File

Look in: ‘E/home/lab3/takase/le...3/training/fu||adder :] O O 0 @ @

g Computer | | ™™ db
9 takase 9 incremental_db

| fulladder

¥ Repeat-insert mode

Insert symbol as block

|G

Launch MegaWizard Plug-In

MegaWizard Plug-In Manager...

File name: | fulladder.bsf \
Files of type: | Symbol Files (*.bsf *.sym) :] Cancel I
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b. ] \Z@*‘JFH

—
EREN A W W T L

)| paralleladder.bdf X

FLlavaoe-gapasNsooN HEa »

o EBHE YW MEEIEFD)\XAHEE|L T fomete

— [EIF&EIEAE D7 O > DOrthogonal Bus Tool
v KEEHYKR #lER(E1E Y hODESHR
— ZaIEE2TJ w2 "Properties -> General -> Name” T{3l+3
v JNRIE(E [x..y] TEEih 9D AHNDImRFICHE/\REZERTED
o [x..y]&[y. x](EERD  $FICIEEREITNERFIET
o mFaE/IR/EEEENT UE—HETEINE(TEL)
v Ev hDIEET/\AARD—EBDEHR/ I\ R Z5|EHIT ZENTES
v BENTZECRR ) \RICE AR ZfH T D EEN D TVD EHREND
0 BEDZLAHIBZET/I\VWITEFITDIDT, SHERNICFES
v 28/ )\ RfdzEahcEdcENnTED (Bl a[3..1],b[2])
v wire CHARBZIEFTNSEEITDICENTED
vV imIERF(CE)  RZEHR TETDEDHHD
o AN T) Rz d 2 EICER

-~ 5K 5
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b. J\ADFIF

JNAD&ETENE

r

- BHA-oTWLWD ]

Kﬁﬁ?@ﬁi@i\
input[3. 0]
12w hDH L
5|9
by B ADER ]

2Ew b
xa[3.0] yyge xbxc[4.2] N%

%I%Hﬂ“
|n‘st2 inst3

bus[O]
I

JNR ¥R

wireZe FDHH’T
A& =]

67
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c. MFIHNEE M DS

o [O]ESHERL
- EINEREBES (CHERT D
- &> —4 (3WH ([T D

o SPEB LR
— AN 4Ewv bONEBEST—4A,B
— 0 4Ew bOFISum, 1EwW bOHI_ElFCarry
— (B < RRDT)s%ETHIFY -
v BICEETUIEENESR EFINBRmZF AT &
o £NNEZRDH THENDIRUN
v AN, EANmFEBIC/INRABEZIEEI DL

N =1 #IS A Y
o K 68
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c. MBS MIRDESE

DU CHELLD

Compilation Report®t
WEELUCHELELD

m Wave - Default e — L
B3B8 i8]0 AL S RN|| Wtes B 1elEAEBRAS | D

[t t 283003 3||NaHD B|| &L D 8|36 B seaen[ v @
e ean| [LLN W1 |

Msgs

84 /paralleladder_vl... (0010 0011 [ 10100 1000 1001 Al
8“4 /paralleladder_vl.. |0100 0110 0111 11000 1001 1010 1011 1100 1101 [1110 1111 [0000 0001 0010 [

4 fparalleladder_vl... |St0 \
8“4 /paralleladder_vl.. |0110 [1001 Y1010 11100 1101 1111 10000 10101 {0110 \

0011

1000 1011 Il

[1]

>

AL =232 R TIEUSEINWTWS ZEEBMERLELLD




RERM(2) : DY >I DS

- 2w T J0Ow TOFIFE
—-3Ew REEHDDT > AHDENE
—oOav o EFA = THEINOETE




a. JuUuwvIJJ0OvIJ0F A

« T—AZE—BNCRIFCEDRRERT
— lEFF Ol Z B 9 DEAER
- BEARN(C(ED-FFEERT DN KLY

v oOw D - JULAMIIE LR TZKFIC, ABDMEDZEDIAG,
ROoOYYD « JULATERSNDIETQLDEN UHKEITSD

v ERICIE, Ty b7y TR ER—)L REFEIORI TDOEZ —E(C
RIZIBWEIEUWMBZFERF TSR0V (B(EY1 = THIK9)

v Ql&, CLRNICOZ AN TBEOIC, PRNICOZANTDELICEEETND
o CLRNGPRNGEHIE I I I

L H X X H

H L X X L

L L X X L

H H T L L

(=) CLRN
ssssssssssssssssssss St3 H H T H H
N e _ H H L x Qo
[ CCCCCC _—

i H H H X 0
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a. JuUuwvIJJ0OvIJ0F A

o« K<IOMSIRVAIE, AT ED-FFDOHDRFEREIR “dfftest” &
st UC, D-FFOEEZE> =1L —> 3> THEREULTHEFLLD

- | .reset(reset)
2l dfftest.bdf X { «g» Compilation Report - dfftest X ‘ )s

FraQUAadz-OOATINNNOO N |

dh » = |z »| [begin

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

X clock <= 0;

o : reset <= 0;

““““ ‘i data <= 4'b0000O;

// --> 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

#120
reset <= 1;
#50
data <= 4'b0110;
#100
data <= 4'b0011;
#100
data <= 4'b1001;
#360
reset <= 0;
| @eachvec;
i // --> end
o0 | Joiio fea Jager || [ end
fdfitest_vlg_tstire... l J I I always begin
Jdfftest_vg_tst'Q1 o0 | | 10 joon jiodl [ | jooool | | #50 clock <= ~clock;
fdfftest_vlg_tst'G2 (0000 000 [ [ Joif0 Jooii Jiodi | o000 end
endmodule
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b. 3EwY R5EHDD > HD5ENE

o [OIERFERK

mmmmmm

- FEAREFEER T3 5 -

v JEEIEAT(C 9B &CADY —)LD o 0 1 0 1 O

iE(L EDORENEL XD EHNZEO o 1 0 0 1 1

— OV OESDOIMLE ENDE(IC o 1 1 1 0 ©

Bz >2OUX> ~ULTULIL 1 0 0 0 0 O

vO0->1->2->..->4-> 1 0 1 x x X

0->1->2->... 1 1 0 x x X

1 1 1 X X X

- Uty MEEN0DEEFF0EH ST D
o SMEBIAR
- AB:1Evw bdoOvw {E3clock
1Ev bDUtwY MESTreset
- 7 3Ew hDHT > F{Ecount

‘
N =2 A2
e i DI
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b. 3EY N5:EHD > DEsE

e counter3bit5dec.bdf X I sg¢ Compilation Report - counter3bit5dec X ‘

FMaoAaos-0171N\\O00\ N [

[T wave - Default

I
4 fcounter3bitSdec... !
|

4 jcounter3bitSdec...
B4 /counter3bitSdec... 000 1001 1010 1011 o0 Jooo  JYood 1010 1011 1100 000 joo
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c. 20vY 0 L9414 =2V FINDERTE

-7DW7@TE@94\/7ﬁﬁ(DwzglﬂﬁwﬁVF )7
BFfEI Yo/ R—)L REFRE, EIREETRE) DREZITD

- EARNRRO0OY ODIEEDH R, sFHFZBTHEAEID L
« TimeQuest Timing Analyzerz{EfHd9 3

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

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

il

W @ P A

TlmeQuest Timing Analyzer

I = R .. T Sy T [ s | | -

File View Netlist Constraints Reports Script Tools Window Help

[ Getting Started|

Report
Report not available

Welcome to the TimeQuest Timing Analyzer

Tasks e
« (& Open Project... -
[ Netlist Setup
» Create Timing Netlist
» Read SDC File
» Update Timing Netlist
» Reset Design
[ Set Operating Conditions...

=9 Report Setup Summary
=9 Report Hold Summary
=3 Report Recovery Summary
=3 Report Removal Summary!
=3 Report Minimum Pulse Wi
=3 Report Max Skew Summar
= [ Datasheet
=9 Report Fmax Summary
= Report Datasheet
= [ Device Specific
9 Report TCCS

) assumed to be external and are run using Tcl's "exec” 3

)

vy
o
8
g
H
H
i

ERSAASISISS

- Type "exit” to exit.

- Type "help” to view a list of Quartus II Tcl packages

- Type "help <package name>" to view a list of Tcl commands
available for the specified Quartus II Tcl package

- Type "help -tcl” to get an overview on Quartus II Tcl usages.

tch project_open -force "/home/lab3/takase/le2hw3/training/dfftest/dfftest qpf" ~revision dfftest

D

5K 7 75
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c. 20vY 0 L9412V HINDERTE

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 Netlist NeehSdcilhiel Reports Script
Create Clock...‘

| 3 TimeQuest Timing Analyzer Sur SD( Report
L dittes |3 TimeQuestTin _ Create Generated CIock- o by
Set Clock Latency... ic
Set Clock Uncertainty...
Set Clock Groups...
al I ) Remove Clock...
Tasks r@® Set Input Delay...
v - ?"ﬁ" P'°’°r°t"‘ g (4] Set Output Delay...
« - Create Timing Netlist ‘ .
v Read SDC File Tasik;s - Derive PLL Clocks...
Spue 5 T « [ Open Project... . lock .
» Reset Design [z Netlist Setup Derive Clock Uncertainty...
[T Set Operating Conditions... « - I Create Timin
[ Reports M " Read SDC Fi Set False Path...
=z Slack | r— :
=79 Report Setup Summary > Updatg Timir  Set Multicycle Path...
=9 Report Hold Summary » Reset De5|gn Set Maximum Delay...
57 Report Recovery Summary ] Set Operating Co .
=3 Report Removal Summary [ Reports Set Minimum Delay...
59 Report Minimum Pulse Wi B2 Slack Set Max Skew...
57 Report Max Skew Summar|
= [z Datasheet @ Report Sety .
=9 Report Fmax Summary 50 Report Holg ~ Read SDC File...
I Report Datasheet 50 Report Rec{  write SDC File...
[ Device Specific 57 Report Ren
5 Report TCCS = 57 Report Min Reset Design
4 » _
— N a h) ) ® J) - Type "help <package name>" to vie
,'i{ %IS ﬁ ? \I) available for the specified Quart
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c. 70V ILIA=Z>2DHND

JL

SIE

o TimeQuest Timing Analyzer
— Constraints -> Create Clock... 520w O %:&%E
v Clock name: 0w O%DEE (Hl : clock, R ATEH])
v Period: 0w JERADRTE
v Waveform edges: i75 MWD /IIETFH D EEDRTE
v Targets: %5t _ DO O D7%Z1ER
o “List"5FRUT">"Ti#ER
v SDC command(CERETNSD

HRNTERENS

Collection: ‘get_ports s ‘ Filter: | *
Options

Case-insensitive

Hierarchical

Compatibility mode

No duplicates

Matches
Clock namel clock I ——
List |
Period:

1 selected name

matches tound

[10.000

3

Waveform edges

count[1]

Rising: ns >>|
count[2] —
L reset <
sl NS 000 5.00 10.0¢ —:
<<
Targets: [get_ports {clock}] U -
(] Don't overwrite existing clocks on target nodes SDC command: | [get_ports {clock}]
T SDC command: |create_clock -name clock -period 10.000 [get_ports {clock}] — [ Oﬁ H Cancel H Help
15& ] e
Run Cancel Help
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c. /O0v I &AL Z D HIRIDETE

o TimeQuest Timing Analyzer
— Reports/ L FTHAZJICEATBELDLNR— MY
RESNDLDICIRD
v e U TWLRRWEDHIBNIEHEIFIOIBIIR E TG B

v Compilation Report WS EHEERTETDLD(CIRD
v Fmax Summary: B{ERJgeIRERAREIEEL (FlFIC K> TEDD)
v Clocks: IRTEERTEME COEETREED IO Y D EIRKER

— TasksZE®d “Write SDC File...” THI¥I D 7 1)L ZRF
v <module>.sdc t@“étjﬂ/lfj I\(;Qibubu‘ékéhé

(LoUtZER D 72[FSA'RLY)
v %EE}JT“E}J[”I PrOjeCt NavigatOr —>Fi|es SDC file name: | counter3bit5dec.sdc ]:|
M5 Add/Remove Files in Project... ¢ Expand
| ntgj— ‘57__4:1 I\/\ Xt Tcl command: rite_sdc -expanq "counter3tb)i’t5dec.sdc"
B D 7 1 )L EAERL - HREL THLL L_g¢ || concel || ver |

&Ouﬁ% N A )

S 2

- /8
OO’VE;:D
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c. 20vY 0 L9412V HINDERTE

. MEREDHEER (Compilation Reporth'5)

Quartus Il 32-bit - /home/lab3/takase/lezhw3/training/counter3bit5dec/counter3bit5dec - counter3bit5dec

File Edit View Project Assignments Processing Tools Window Help & \Search altera.com |©

e > ¢ © P v OO 2 @ P 4 0 @
Project Navigator lem ‘ {4 counter...dec.bdf X ‘ & Compilation Rep...counter3bitsdec X | & counter...dec.sdc X

D & & 2B 9 [counter3bit5dec s

[ Files Table of Contents Lfol Slow 1200mV 100C Model Fmax Summary
T i =
2 ' = Flow OS Summary = Fmax Restricted Fmax Clock Name
: El Flow Log 1 854.7MHz 250.0 MHz clock limi’
(1 Analysis & Synthesis
(11 Fitter B

1 Assembler
& TimeQuest Timing Analyzer

= ~ i W
S summary HA=ZOFTFTD
arallel Compilation = 1 b
28 SDC File List Hﬁj(};_l /&9
2 Clocks
4y Hierarchy | ] Files | 4 Design Units ] 3, IP Components E = [z Slow 1200mV 100C Model
— ==: Fmax Summary e
Tasks fe® E] Timing Closure Recommen 4@0)];5 E Ojlﬁ\u*(j:
Flow: | Compilation 4 | | customize... &3 Setup Summary w EE]AS
[ : H l =9 Hold Summary %gtumﬁa_é
. 3 recon ey (LaR— MERR(CEF)
« |2 » Compile Design 00:00:31 E| Removal Summary | |
v » Analysis & Synthesis 00:00:04 = Minimum Pulse Width Sumy
v » Fitter (Place & Route) 00:00:13 £ @ Worst-Case Timing Paths N
7 » Assembler (Generate programming files)  00:00:05 B Datashee‘t‘Report
v » TimeQuest Timing Analysis 00:00:05 | Metastability Report Kl [ [»]
v » EDA Netlist Writer 00:00:04 il Elovtv llzzgé)m\\,/ zté)ghl;no:ell This panel reports FMAX for every clock in the design, |«
4 Program Device (Open Programmer) 8- Fas . m o ode .|| | regardless of the user-specified clock periods. FMAX is
£8 Multicorner Timing Analysis S{v] | only computed for paths where the source and
[« [ DEE [ [»] dectinatian reaisters ar narts are driven hv the came b’
{0 o [aaTLa] [ - -
q
Message -

\) 204019 Generated file counter3bit5dec_min 1200mv_-40c_fast.vo in folder "/home/lab3/takase/leZhw3/training/counter3bit5dec/simulation/modi
(i) 204019 Generated file counter3bit5dec.vo in folder "/home/lab3/takase/le2hw3/training/counter3bit5dec/simulation/modelsim/" for EDA simul
\l) 204019 Generated file counter3bit5dec_7_1200mv_100c_v_slow.sdo in folder "/home/lab3/takase/leZhw3/training/counter3bit5dec/simulation/mo
\l) 204019 Generated file counter3bit5dec 7 _1200mv_-40c_v_slow.sdo in folder "/home/lab3/takase/le2hw3/training/counter3bit5dec/simulation/mo
\l) 204019 Generated file counter3bit5dec min 1200mv_-40c_v_fast.sdo in folder "/home/lab3/takase/leZhw3/ttaining/counter3bit5dec/simulation/
w (1) 204019 Cenerated file counter3bitsSdec v sdo in folder "/home/lab3/takase/le?hw3/trainina’/counter3bitsSdec/simulatrion/modelsim/” for EDA <il
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e ERXTF«&F(CDLT
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BB/ TBADEERDT, #HIFZEFEIANAKINTLLD.

o 53 ER K

;i// KYOTO UNIVERSITY



TIPS

o iIEXRTF(CDULNT
— EARM(C(ZPrimitivesdDH = {E o ‘C T2,

— $5(CDFFCLRNY>PRN/2 &, B THDIEDNHDFT.

— RFEO>IMEZ AN UIEWEE(EVCCEGNDIMEZR FE T .

— Td(c_:Efl:H%}bL/_CL\TdL\C‘_'_L_?D(iOC%Td\E?né ((E@"C@')

—- ZimERTOEF(BEIRER)DS LUSAZRICWVLGES(E,
Help -> Help Topics RDIRREE =L,

Using HDL with the Quartus Prime Software
-> List of Primitives O FMSEL TS ZEL).

v PrimitivesX—=D U 2 D EIRANIZNEKDTY
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TIPS

e E2a—)LICDUNTC
— EIEEARTIFRLS —BEITZEa/K - > =1L —>32> UL
ZAalE, Project Navigator D= T 71 )LZ2z52oJUw /o ULT
"Set as Top-Level Entity” Z5&EIDEKLNTTI.
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