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1.1 PYNQ &1k

1.17.1 PYNQ Z1

PYNQ Z1 &2 3£ E 1 218 A 8] (Digilent) $# H B — 3 2 FF PYNQ HEZE (PYNQ HEZ24%
F 13PN FPGA A V6. HFF AfwmE 1-1 Fras.,

o = o o= Y
el . e e

E 1-1 PYNQ Z1 H &t

PYNQ Z1 By HAKECE G0 F

(1) s s Zyng XC7Z020-1CLG400C,

(2) f74i -

A 16 1 2k @1050Mbps BY 512MB DDR3.,

* 16MB Quad-SPI N7, B T e ny 23K —FrilfF G2 48 i EUL-48/64™),
e MicroSD i .

(3) fitH . i USB S {E{n] 7~15V HLJEfEr .

(4) USB LK M .

« TJRLIRM PHY.,
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e USBJTAG %i#fe ey i .

« USB-UART #f.

« USB OTG PHYUX % FEHL) .
(5) & AFNAL A .

o HA bk b %% 5 ) (PDMD % HH 1 3 b 4R 2 78 KL
e 3.5mm B A A AE AL .

« HDMI £ Wsm H G AD .

« HDMI ¥ M (i i)

(6) JF& 4Z2H M LED.

o 4 A

« 2 EBIIFR,

« 44 LED.

« 2/ RGB LED,

(7) ¥ iR A

o M FRE Pmod ¥ I,

* 16 1~ FPGA 1/O £ 10 (5 & k2 025 8 15 fE) .
(8) Arduino/chipKIT B ki s -
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W Flow Tonis  Wwsow Help | Ol QuickAccess

VIVADO! £ XILINX.

HLx Editions

ﬂﬂﬂﬂﬂﬂﬂﬂ

& 4-1 Vivado |3 3h FL i

\

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '
Projectname: |project_1 [
Project location: |F/RISCV ]
| Create project subdirectory
Project will be created at F/RISCViproject_1

@ < Back Cancel

A 42 TR SR

AR . R e, WPRE IR ORI A e B 2 G sh R 3| TEEY ZF . AT
B 2wy S AT {a] SC AR ], B LLOxX B % £E Do not specify sources at this time, £ RTL T.
e af Z fa . Al LA @ i 0 I S0 LB 2 Block Design AE B IP #% 1547 RTL 701 255
SEEE AT R A £
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¢ New Project u
Project Type
Specify the type of project to create. ‘

. RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis.

+| Do not specify sources at this time

 Post-synthesis Project You will be able to add sources, view device resources, run design analysis, planning and
implementation.

Do not specify sources at this time

1 1O Planning Project
Do not specify design sources. You will be able to view part/package resources.

. Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

y  Example Project
Create a new Vivado project from a predefined template.

@ < Hack

Finish Cancel

A 4-3 T FEZEmedE Rm

4. IEEFTAK FPGA S HHF LR

TEE 4-3 Fros Y 5 E L Next 728 BIE A 4-4 B s B9 54T L 78 I AR 847 A T2 Py
| FPGA 5 Fm k3. Fr sk B9 8% 10 J5 28 ] DLt 47 ek,

ALY Parts 38 By 8L /& FPGA & . 8% T Vivado 2018. 2 Fi > Ff iy s i B 5. 1M
Boards 38 )72 Vivado 2018. 2 Fr XX FF YT & Al . @ PYNQ Z1/72 FF & A Fir H 8y ies v B 5
N ZYNQ XC7Z020-1CLG400C, fr LA Al LA H 42 ## R xc72020c1g400-1 #5000 a5 4. @5
Parts #l Boards B Xl 52 : HEEHR I Parts G H AT @0 PYNQ 5| i 59 Be & SCH- . T &
N Boards Je A . by R UL, X B F 8206 4 Boards,

i 2 F B W A2 . T Vivado IR A RE A k£ 3 PYNQ, it 2 #F Boards 1t #
PYNQ Z1/Z2 Wfih w5 2 H AT %0 PYNQ W 32 5F 1 Boardfiles, M Github: https://
github. com/ xupsh/pyng-supported-board-file &L 7] L1 F X Boardfiles. f## JE /5% PYNQ Z1/
72 B3] Vivado IF 2RI T 10 D\ Xilinx\ Vivado\2018. 2\ data\boards\board files
(A Vivado Z37E D #)h, HE )3 Vivado.7E Boards | R Vil &SF 2 PYNQ Z1/72 iR
AR WA 45 .

5. TR LiEEIE

M 4-5 hb i 4 pynq-22, Bifi Next 28 EA K 4-6, Bon 1 Ar@) 2 /Y TR A9 AHGMR B .
B Finish #4241 BI 5 A TR R,

6. HFANTREFRME

TR ESN ), EFmaE 4-7 Fras, Aok o vz b e #2095 38, TR A9 I8 SCHFas
1] R = N T T N ) W o s b e 2 (o M R v i a1 = = S S TR Ry S I =2
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(4 New Project S |

Defauit Part

Choose a default Xilinx part or board for your project. This can be changed later. ‘

Parts | Boards

Reset All Filters

Category.  All W Package: ‘ All W Temperature: | All v
Family. | Al v  Speed ‘ Al v
Search: | Q- xc7z020clg400-1 v | (1 match)
Part /O Pin Count Available I0Bs LUTElements FlipFlops BlockRAMs UltraRAMs DSPs Gl
xc7z020clg400-1 400 125 53200 106400 140 ] 220 0
{ G »
@ = Back Next = ‘ Finish Cancel

& 4-4 Parts/Boards [ 1% $£ %L

4§ New Project ﬁ-\
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ¢
FParis | Boards

Reset All Filters

vandnrl All w | Name: | All
Search: | Q- ~
Display Name Preview Vendor
ZedBoard Zynqg Evaluation and Development Kit i
Add Daughter Card Connections -
em.awnetcom |
pyng-z2
tul.com.tw
{ S »
@ = Back Finish Cancel

& 4-5 Boards YEFEH %
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# New Project

New Project Summary

VIVADO'

HLx Editions

o Anew RTL project named ‘project_1"will be created.

@ The default part and product family for the new project:

Default Board: pyng-z2

Default Part xc7z020clg400-1

Product Zyng-7000
Family: Zyng-7000
Package: clg400
Speed Grade: -1

& XILINX.

To create the project, click Finish

@ =< Back MNext = Finish Cancel
— “— ¥
i T
A 4-6 B0 E A TR 15 B v
File Edi Flow Tools Repods Window Layoul Yiew  Help Q- Quick Access Ready
a2 - - B X r B 8 E X 7 N &= Detault Layout v
Flow Navigator - 7 M
P 2 _D0O x Project Summeary 200 %
Saffings ~
Q = & + ®o &
Add Sources Settings Ed
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Language Templates Cansiraints Progec narmeg project_2
T pCatalog w @ Simulaiion Sources Project lncation: EVRSICViprojec_2
gim_1 Product family Zyng-7000
* P INTEGRATOR Projed part pymeg-22 (acTz020clg400-1)
Creale Block Design Hierarchy Librasies Compile Order Top module nanme: Mat defined
YEri
Open Block Design Targel language erilog
Properties Simulaior language: Mix=d
Generale Block Design ?-00KX
= = I3
v SIMULATION Board Port
Run Simulaion EHEH-EII'IE.ITIE: p'rnqﬂﬂ
Select an abjectio see propemies Board m"“‘: 1u|mmmmq_ﬂ m 1.0
* RTL AMALYSIS Cionnectors: Ma connaclions
* Open Elaborated Design P T T VT PSP P LI TH T BU S P SO TP
TciComsole | Messages | Log | Reports | DesignRuns  x 2 _ 00O
¥ SBYMTHESIS
B Run Synthesis Q T & KWK »r » |+ | %
) ) ) Mame Consfraints ~ Status WHS TMS WHS THS TPWS Tolal Power FailedRoutes LUT FF  BRAMs URAM D8P Startr  Elapsed Run Sirategy
* Dpen Synthesized Design
w [ gymih_1 constrs_1 Mot started Vivado Synthaszis Defaults |
v IMPLEMENTATION [= impl_1 oconsbrs_1 Mo siarded Viwado Implementation Def
P Run Implementation
# (Open implemenied Dasign
* PROGRAM AMD DEBUG F 3

& 4-7 Vivado T 5w

A L AL AR TR SO S A RSO 5 E
FPGA %% 5 A

ETREEER,
ILH * Eﬁgﬁi%

wEthR1EE .
AR R SR
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4.2 1wt
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4.2.1 REBALI

v V8 S B & O =0, 0 2 am o i g g (R O SXAE R B e i — P I REAR IR B R GE . 7E
Vivado B n] IfEHE 4-7 TR A H A A IP Integrator F B Block Design i A J5 3 £
wit. RHEHE 0 AR o LA & IP Z (A BT P . Mt T iE S il &
i R IEAL R TIT & 5 2L 88 7E FPGA F#EBAR—FEJEH B 5 #

THELL Vivado HH ) TP i i 25 (Adder/Subtracter 1P) J il . 428 Vivado #Y )5 FE
& % 5 =

& Vivado T FE#r £
Fir 7~ 1 5 T

B project 2 - [B/RSICV/project 2/project 2uprl - Vivado 20182 s ! B e SR — Pewo s on o O )
ACCRES

Eile EM1 Flow Toalz Repods  Window  Layood  Wew  Halp Q-0

5 WA, B

{1

G A2 Create Block Design #7 £ J5 B &, iF A 20 & 4-8

=l

Raady
EJ - +» B B X b‘ B o ¥ x v ¥ = Default Layout -
B PROJECT MAHAGER - project_2 T X
Sources 7 _D0O0G X Project Summary TOOE X
Qa = & + - o
Add Sources LSeltngs EM

Dezign Sources
Language Templates 3 Constraints Project narme projed_2

LF P Catalog e Simulalion Sources Froject locatson: EdRSICYpraject_2
sim_1 Product family Zyna-7000
= !
¥ I INTEGRATOR 4 Create Block Design " R (0cig400-1)
=reale Flock Lesian Hierarchy | Libraries  Compila Order Please specify name of block design.
Open Block Design y
Properties
Generate Block Design
Diesign name design_1
 BINMULATION Direchary & =Local 1o Project= W
Run Simulaion Specily source st | = Desigh Sources v

-
-
%
—k
=

Select an abjactio = BT
.
v RTL ANALYSIS ©) “ Cancel |

* Dpen Elaborated Design

WD i adabaasdesfhaard Rlas

Icl Comsole Meszages  Log | Heports | Deswgn Runs 5 _ 0O
¥ SYMTHESES
P Run Symthesis a = = "= » + %
} Open Smihesized Desian Mame Consfraints ~ Status WHE TMS WHS THS TPWS  Total Power FalledRoutes LUT FF BRAMs URAM DOSP  Stat  Elapsed  Run Sirategy
i r symih_1 constrs_1 Mot staried Vivado Synthaszis Defaults |
v IMPLEMENTATION impl_1  constrs_1 Mof staried Vivado Implementation Def

P Run Implementation

¥ Dpen Implemenied Design

= PROGRAM AMD DEBUG

FIEE 2 hn—1-IP+ i

B 4-8 [ P B 2 9

MizE I E a4 R B OK it AK 4-9, TEE 4-9 1 i Diagram 7y iy, 4
Add TP #590 IP % 2 R RIS EY TP B2 7 Adder/Subtracter, Bl JEAT 86 IA . BTN
e /L A 1P A% BRI ES I 1 ndeiis s 19 1P %, Wi 4-10 B s,

Wity Adder/Subtracter IP #8#& F i » £t Customize Block, A] LLX 1P 4% it 17 B & .
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Diagram  x Address Editor x 7?7 00
v o O = =+ ;2 o2 C o
Search: Q. hdderiSubvader | (4 maten)
This design is er] ¥ AdderfSubtracter
A 4-9  #@sim 1P i 5t i
Diagram  x Address Editor ?200
@ @ ¥ B o a = = + ;) oA C Y &
* Designer Assistance available. Run Connection Automation
¢ addsub 0D
j Al14:0]
| E[::ﬂ] S[14:0] =
Q CE
hAdderfSublraclerJ
A 4-10 [JFEFEFF & Fm
}JT@ Jf?@lﬁl_‘l‘uﬁ?l\iﬁ IX() ){;Hl—_l:j_ﬁalfug’ljj‘:ﬁi‘bl%] Ill o ﬁ[—] ’I’l‘j"lﬁfl AAE}IH&
v A L 5648 Make External, \JULFHE B E 4-12 i A A SV B 1 5 Ay ar Sk Bl s, %

AN H AT LB s A T o KRR S, £t

7. 1EHE Make External ¥f H.5| Hy . 048

TR A] —Hm A= 2 0 m A .0 A Bym O APEER R —dHim A A 0014.0], 7] L)
FeRF A GIH G AREHRE B RS A B 0, ISR X 5 PR AR, R iFiE R

IR E IR g S| B R Z e . 7] LLFE Diagram 5 7, 94 Validate Design 5
H1E Diagram Tl |23 B8 h B Validate Design %81 5 & 1% F6 &8 . X 5 38 & 47 5630k , 5
R TCIR .

7 R R E O R TR TP WREFE S H Verilog/ VHDL J5 3 JF & i 9 8 H . 7T DLt

J B E 352 i HDL & =X Je 22 n] DL it i)
HAA$REIT . A

112 HDL 3} %% 34
7. 175 4E Design Source 7 2 HDL %6 1Y JRHR [ SCHF .40 . design 1. bd.

J 2068 Nz iy I A TP,

1 #E Creat HDL Wrapper, 38 H & 4-13 Fras %m . H i Copy generated wrapper to allow
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& L HFE—FPGALFE L

) Reasomzp L e A . e W N =
(|
Adder/Subtracter (12.0) ‘
l ) Documentation 5 IP Location
IP Symbol  Information Component Name ¢_addsub_0
Show disabled ports
Basic Conirol |
Implement using Fabric W
S = A +- B
Input Type # Signed w LA | Signed " |
Input Width ® 15 p2ss] M 15 | 2sE
Add Mode Add e
! Y Dutput Width 15 ) [15 - 16]
- A[’]-ﬂ-jﬂ] Latency Configuration Manual e
- 5[14'-]] 5[14[.] - Latency 1 ﬁ [0-15]
—_— LK
| Constant Input
— CE
A f Constant Value (Bin) |000000000000000
DK Cancel
& 4-11 1P fic B A
¢_addsub_0 c_addsub_0
™ i )
A_0[14:0] Al14:0) A_0[14:0] D_D Al14:0)
B[14:0] B[14:0]
140] = 140 .
EE S[14:0) CLK 0 LK S[140] m—"» S_0[14:0]
CE  Connect from 'B' port to 'A_0_1' net CE_O 3:1 CE
\ J
Adder/Subtracter Adder/Subtracter
A 4-12 JRFRE g AR5 7
~ B - Sou Desi Signal Board o]
g Create HDL Wrapper I e X TEE T r feonE
Q = & + [ @ o

Options

@

0 Copy generated wrapper to allow user edits

‘@) LetVivado manage wrapper and auto-update

You can either add or copy the HDL wrapper file lo the project. Use copy oplion if
you would like to modify this file.

g

Cancel

v = Design Sources (1)
v @5 design_1_wrapper (design_1_wrappery) (1)
w =W design_1_i. design_1 (design_1.bd) (1)
« @ design_1(dasign_1.¥) (1)

3 = Constraints

¥ = Simulation Sources (1)

Hierarchy IP Sources Librariezs  Compile Order

TE ¢_addsub_0:design_1_c_addsub 0 1 (ds

4-13

H i HDL £ 2%
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wrapper and auto-update, & &

AR ARE R AT L.

zr H A3 B8 %
50 ado KE H

H Viv

4.2.2 Verilog/VHDL A3

Vivado 7& 3 £ 5 ¥ K]

& .

ETEUEZENZ . AT
. anlE 4-14 Pras . %48 Create File,

SRR 2844 M. vhd,

7 A [R] B o A S7 3R 0 4 A
. X HHE UL A LED 42 i A 1, 5 B 40 ] {6 )

$£4%F  VivadoFF &z ||p 23

wrapper AL AH|, 1M 1% #: Let Vivado manage
- H B 3 38 5% wrapper . i 8840 #b {f F

5 Verilog/VHDL B & J7
J B8 4 iR 1 Verilog/ VHDL i 47

. 15 FE Design Source 7545 Add Sources I MNELE) 2 52 11
B E 24N led. v B Verilog HDL #E 1. VHDL &

¢ Add Sources y

Add or Create Design Sources

disk and add it to your project

Copy sources into project

/| Add sources from subdirectories

©

Specify HDL, netlist, Block Design, and IP files

Scan and add RTL include files into project

EN)
— M
| # Create Source File s« w0 u reate a new source file on i
Create a new source file and add it to your
project '
File type: @& Verilog v
File name: Iecl.».{ £
. File location: W =Local t-;-l it v
@
T
Add Files Add Directories Create File
=< Back Mext = Finish Cancel
B 4-14 @ HDL 3¢
1E#& Finish J5, Vivado 28 H a0 & 4-15 By s BY Define Module XF i35 HE . FH P n] 76 I 2

NAEHAFRA 1/O 5] B, -t w] LG S8 Hh k5ot J5 2278 U5 SCF b B B8 A o e X
Wi € Z Ja BP Rl 3F A% led. v I8 SO Y 2 38 -1, a0 &l 4-16 P . 78 52 B IR ACHS 1Y

I’

TRz A B HoAb 1 1 v AR 3R B Y O =Xk
GBS, n] LR 2R Bk Verilog 485 BUBE IR AT G AL 1P,

IP ¥T6) IP % . ML Z A ZORF led. v 52 &N T

. v 3.

O 4T 4 1P B, AT & 36 5

A3 H 2

A

(W 4-17) AR G5 AXT4 By 21,

» BYCFE B H A I T

| 5 A 2 5

i 1:f £ £ Create and Package New
Ej[{tl:a ﬁ”ﬁﬂt/l“'rfuzlg} }JJ_‘I‘[/J--FE]‘} Elllﬂ*ﬁ

ij ) Block Design 555 & 19 H sk #1747 11
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¢ Define Module

i O - = =

Define a module and specify /0 Ports to add to your source file

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. ‘
FPorts with blank names will not be written.

Module Definition

Module name: |led X

/O Port Definitions
+ =13

Port Name Direction Bus MSB LSB

input W

@ OK Cancel

e

Bl 4-15 BEHE X HE
//Verilog 1t % 73 {6l
module led(input [3:0] sw, output [3:0] led);
assign led = sw; [/ swim O HiES led HHiE

endmodule

[#l 4-16  Verilog 7r 1] 7 £CH5

|E project_2 - [E/RSICV/project_2/project 2.xpr] - Vivado 20182 . ‘

File Edit Flow Tools Reports Window  Layout View  Help Q

=.. Btk [ Validate Design = K 4
Create and Package New IP...

I. Create Interface Definition... I B
¥ RTL ANALYSIS Enable Pariial Reconfiguration...

> Open Elaborated Di Run Tdl Script.. po

Property Editor Crl+)

5 Jesign |
SYNTHESIS Associate ELF Files...

P Run Synthesis Generate Memory Configuration File...

> Open Synthesized L Compile Simulation Libraries._

Xilinx Tcl Store...

¥ IMPLEMENTATION
Custom Commands b

» Run Implementatiol
Q  Language Templates
v Open implemented|

£ Settings...
Constraints WiZaro I |
& 4-17 1P T8

TeE [P &y B e/ 4-18 e EE~.

TER TP R A 1E S . Al LA

1 A XA SO W SR 1P .
MR Include IP generated files” W 241 & Fr A 1P

J& . B Finish 1% #l 7€ W A £
Review and Package.Package

1P . R W R B E 1T
IP SE Bl IP W2 54T 4.

R H SO

xel” A, 3X 2 € il TP S B Ay SO, iz SOl &

Next % £

L—“ IP *}‘EEE:{H PN

% o ok
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Create and Package New [P
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Package Your Current Project

Select the directory where the IP Definition will be created and the associated options for packaging the current project.

IP location: | efrsicwproject_3_packip/project_3_packip.srcsisources_1/new

Packaging IP in the project

e Include xci files

) Include IP generated files

< Pack

Finish

]
4
(X
"
Cancel

N T RENS FEAH )
A, E4E IP Setting, 1 &
B8 1] 7 Block Design W& 1% )

JiNgl )

3

13 Ek =2
4-19 flr 7R ik

& 4-18

1P F7 0, Bt 1) 3% T

S Y IP, T ZRE TP R s i 2
1 Repository. i F & 1P &)
1P E CHY TP 4%, T B E B A 0 TP AP U A2

72 1

1 7F Block Design

1k, Z e A

¢ Sty g N

FN

—=x=)

@ |

Project Settings
General

Simulation
Elaboration
synthesis
Implementation
Bitstream
v IP
Repository
Packager

Tool Settings
Project
IP Defaulis
source File
Display
WebTalk
Help
» Text Editor
3rd Party Simulators
» Colors
Selection Rules
Shortcuts v

IP > Repository

Add directories to the list of repositories. You may then add additional IP to a

selected repository. If an IP is disabled then a tool-tip will alert you to the reason.

-+

3}

e:frsicwiproject_3_packip/project_3_packip.srcsisources_1/new (Project)

Refresh All

Cancel

Appl

Restore. ..

& 4-19 &0 IP Repository
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4.3 1HE

AR T el G AN [R5 BT — A T RERR B, 78 58 B T 22 T TR 5 iR i
ﬁy&%ﬁliﬁ %JT&Hﬂ"ﬁéﬁﬂﬁ“iﬁﬁiﬁﬂ‘E’*Jﬁikﬂﬁfﬁfﬁ‘li WETE P Z AN e =X RS
AT H . UHZTIREDT B, A& A R B S 56 vh 22 F H 3R B

TG AT 05 5B 38 H A E T — ”“fﬂf]ﬁtﬁﬁﬁ: i 1z S e A
AfE T I MR P i o 20 SO Y Testbench,

A1 M{M-@L 2.2 1 led BEH R B, A28 Testbench @04 G & | 45 5 L K 40 {a] 3 1 fin
#, Testbench XA HJEAT 15 H. .

1. €] Testbench

= AR HR T 1 T

FT.# % m 1 Design Source W' #s Il Testbench, £ Source ' f 7. % £ Add
Source. SR J5 WA 4-20 Fr7n B9 Add or create simulation sources, &£ Create File 1] &2
Testbench 3CHF ., B AT A Testbench %% 71 .

4 Add Sources . — - a &5 “
v v D p Add Sources
I {?_} Ed,mg This guides you through the process of adding and creating sources for your
project
) Add or create constraints
. Add or create design sources ‘I
') Add or create simulation sources
w
& XILINX.
"
@ < Bac \ Finish Cancel

& 4-20 %7 Testbench X {4
2. 485 Testbench

485 Testbench B H B BE 2 M 505 B AR B 42 b4 A JF 3 s . 7 Testbench Hm]
DL A a5 A S i 2 AN R A AE . m BonT DA Ay B e Bf[a] .

2B . KRG A led B Testbench 7 BCAS T .

module sim(

//Testbench #i bt 44 , AT JZ A5 e H 3% A i A /%
i

reg [3:0] sw; //Testbench N i 72F &
wire [3:0] led; //Testbench N i 2F &

initial begin
sw = 4'b0000;

end

[/ BipZ] 0, 04 swig B AMH : 4 29 — 2t 0000

initial begin
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# 20 //3ER} 20 A4~ Bt [A] B A7

sw=4'b0001; [ /AR BB Z] 20 B, &3 sw 195 A {E A 0001
# 20 //FERF 20 /B[R] Ffar

sw=4'b0010; /e BBFZ 40 B, B2 sw )% A {E A 0010
# 20 //3ERT 20 /B[R] F Az

sw=4'b0100; //HEDT R Z) 60 B, 1224 sw 114 A {H & 0100
# 20 //3ER} 20 A4~ Bt [A] B A7

sw=4'b1000; /A B BT Z) 80 B, B2 sw 1% A {H A 1000
end

led led 1(.sw(sw), .led(led)); [/} Testbench YN TR B S5 IEN led BLHL [

/ /% A/ OFE
Endmodule

3. BITIHE

Testbench %w’5E 5 W Jm » 76 AN T #2945 PR P £ 4 Simulation—>Run Simulation A] # 17
{7 H 565k

Run Simulation A T F {5 E A=, 7] #9875 22 ot ’fT:LﬁiFL

(1) Run behavioral simulation: 17 A 245 & . il & W a7 oD ae i &, 2 X1t
a A B EHEE .

(2) Post-synthesis function simulation: Zi& 5B INREDT H. .

(3) Post-synthesis timing simulation: ZE& 55 B {5 B 07 H.

(4) Post-implementation function simulation: X HARX FPGA o> i 228 22 J5 BY T GE
i H. .

(5) Post-implementation timing simulation: X%} AKX FPGA & i 228 2 J5 BY B e 4
H 1z H i JOL R R e .

TELH AR BRSCIG vh ol 28 5 B SR B e BT RED HED AT . 7E Miz 1747 M U5 H (run
behavioral simulation) J5 7] & F I JE , A0 & 4-21 Py~ . 0] DL o A G O R 985 A/ f H
A6 56 IR AR B 1Y T RE .

-'I

Scope x Sources . Ob » 00O X ed.y w | d.Xd % simyv  x  Untitled 1
Q = € & Q ¢ |Q W @ q I = J4
Mame Design L Block Type MName Value -
«~ I} sim sim Verilog M... > Bsw. B Value
| led Verilog M... > Biled. 8
& glbl qlibd Verilog M...

# 4-21  led BRI L HEDT H 45 R
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SR HFE——FPGAITFZ LGS

Scope T e i BEHEZ 5 R B R D B A/ B &

mE 4-22 s,

£ Objects AL, AT iE . Add to Wave Window Ul 2 B 5 = B B &
&l 4-23 fr s . D H P /% ] DL o

Scope

q - il
e -

W isim

¥ Sources

&l 4-22 (G EEH L FE

{5 ELA, ] AR 8 5
Relaunch Simulation ZE#4E 32 il 47 B 89 B [E] .

4.4 &RE

y N

Ff‘ﬂ‘ﬂﬁh?ﬁﬁuﬁﬁl,ﬁ%ﬂ% PR &ia . 2

ORIy

PN

CES

HFELZE Objects [t ,

M, a0
e BN 9HE 1T 4 i
? _0O0C X
. Q o
Value i Name Value Data Type i
8 v B swi... q Areau
8 UL 1 Add to Wave Window
WL, Log to Wave Database
UL, ¢ Show in Wave Window
. Go to Source Code
v Biled.. & Radix b
e 1 I S Ent ation
BIL. G
Repor | |
BIL. &
KL, ¢ Force Constant...
Force Clock...
Remove Force
Default Radix 3
} i T’
El 4-23 WEAFZHEIE I
17 Restart,Run All(— Hiz47) .Run for 10us(PE B} 1= 47) . Step.,

J2JE B I 7 B A Verilog/ VHDL J5 5 B3 A L #8022 200 25 45 )7 A BE AT

H, g Jir B PR B B A o A A SO
PRI FRE . ZEE MR ER TALE ST AR S5 A & % 38 a7 A7 o <5 B

T2 2

b b0l 5 FPGA 574 B9 25 7 5 1 (Primitive) s 7l 40 LUT.BRAM.DSP48,# & PowerPC,
PCle SFAZ B, DL S X Se R ) Tl HE A2 R A5 B .

& € —

PERRIETERS

Synthesis 117255 .

MR ZES H AR . W
Wit UL RS i
Zi 5 Ja Wl 7E Reports ﬁ*ﬂz'l'ﬂ?
1E synthesis_report WA 7525 G 1 7
TR H S BT,

BERa

e SR B B O TR AR, a0 SR A
'H_v]’l‘rfugifﬂ ’TT;.I:T@ 1EH‘ #’fTE:ET‘

. iR led

nlfﬁT——TH%é

| B O SN AT i

JANE 4-24 Fros . PR )5 2E4E Flow Navigator P Y Run

RAE SR AT AN R BETHE M. 288 T e ) AR s 2 78 £
R ZE 5 R B R BRI, Gn ] 4-25 P,
- report_utilization £ 7 if 41 /%) %% J5 A
R R, EEME R W EEZES
A=Y Synthesis P ] AR BIFHZES

IRFEE UK

)

I H-
M o



VivadoFF & iiite || 29
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Aol
54

Sources x Design Signals Board 2 _ 01
Q - =
- v Source Node Properties. .. Cirl+E
v Design Sol = OpenFile Alt+0
S .I.I dESH__
Create HDL Wrapper...
v oo ml g
. . View Instantiation Template
y Constraint Generate Output Produdts...
Hierarchy = IP e File [ IP Hierarchy »
~0py File Into Project  ow SetasTop
Source File P
-0py All Files Into Frojec Set Global Include
design_1.bd | y¢ Remove File from Project... Delete i ~lear Global Include
&JL.L.-.- -
B 4-24  ZESHIHER
Schamates o vy x T OO
& == 8 g W & 4 = (™ BCells SUDPorts 12 MNels L+ ]
sw _IBLIF[O)_inst lad_DBUF[]_insi
aw[3:0] D—b-':' '—I:::;-—G I—[::;»—D ul—D- lad[3:0]
IBEUF CHELIF
sw_IBUF[1]_inst led_OBUF[1]_inst
Lr1~_o | [~ O 1d
L L
IBEUF COBLF
ew IBLF|2] inst led DYBUF[Z] ins
._? | ::__D I—I:::::'_D 2‘
IBUF CEUF
sw _IBLIF[H] inst led DBUF[] insi
31 0 | [~ © 3
b > :
IBUF OBUF

Fl 4-25 led BBZES J5 ) 5 # E

4.5 SIHIYE (/0 &KIE)

Zeadk s ARG S Z R CHP SN T — DI m i it. BRI DI efE R
FEA BB AT PUE BY Testbench 28 & &4 A {5 5 3F i i Testbench EEHE W & 5 5. H
Y E T EF FPGA SH N, Eib 2 —NRA SR EREERMINI BRI, HIL, & T
B, e Oy AT g IR e e, T 4-26 Fras . 5| ISR e A0 = R FH Pk
THEY T RERL B 09 22 B A /% 8 A FPGA &S R B9 3 1/0 518 (A PL ¥ 5 LDO~LD3 i%
RS D BUE R (S PYNQ B PS v % £ 0938 18) 89 5 A/ 2 B2 ok, DL E i 1T
FPGA 14 3 5| 3% 82 i) A i 5l W PR A B (n] DLl i Python 2 F5) % H P B9 Bt 175 A/
it AT 52 B P AR R B 32 A7 AR Ik

PYNQJF% i D3

Lo . ZYNQ LDo
XC77020-1CLG400C

PS PL /. LDI1
Python <> Al -O LDO

fry ) LR

K 4-26 5| E 7~ 2 A
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LI PYNQ JF

)

e 57 2 7 D 2 o S
HATYE . TR

AR ] =4y 2 AL
Vivado X FF HH¥HmE 2 = L4, xde i

HYGRE

S|

PR 1/0 5 PL 384 094 38 5| B 3F 17 48 2 B
Tl 29 . Al 7 Design Source H1HY Constraints

fF. xde IFMRETEHIT RS . R FFLE /5 7 1/0 Ports AR X 1/0
ZEa sl E . mEAM SYNTHESIS i) Open Synthesized Design, £

- . sH A= — Lhr S 4O ~ FE
Wil 'O Ple 1g TS A8 € BRAE N 4-27 Fra
A A TFHeeHE 1 1/0 Planning j 7 5 A [ BT 7 .
Flk Edi Flow Teos Repgis findow Layjou  Yiew  Help |
~ E 6 X @b WHEAa O I
m SYNTHE SIZED DE SIG8 - 5nin_1 | scTZ02003464-1 |acihe
PROJECT NAMBGER i
Lo ge Bll=l -
¥ Sedng:
= !'_I
Sl S
design_1_wrapper
uag clafs B0
Qe
TELG
Cragls Blno Casign
Cagan AT
LILAT
R Soi resd Fila Propemas
TL &N o
¥ Opan Blaboraled Desigr )
Loc P L
Tips il
L b |_dalaashib | —
I
Lo Firmn g Cansiramls
TTTTT sk i
& Sed Up Db
z B E
& ResonTims a [ . |
I: [Preject I ing ErlpLE I tand @ Wk ool il m
Rapon Clacl Matwans IO [Ope 3i-038) Fobed 0 iresrtee 0 te O 1o
. [= | mn Troad
Regor Gl
wid
EI iapai bl et
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Rapail DR

Kl 4-27 ZiE R mnigit

o] DL 33 a0 B 4-28 Firzs Bt & B Vivado 3¢ B T ———
Layout—>1/0 Planning Xf 5|l #1714 7€ . o - = |

W 4-29 A% 1€ 1/0 Ports BB Al x5 5051 180,10 |4 ﬁ’::”““;”‘ r
PR A A TR, SR BERESE | e rewems
PYNQ J 2 &R 6 Nz 5| i 98 47 1% B2, PYNQ J7 3 & F1 H ] = D i
fit PYNQ #H % X #4 7] # http://www. tul. com. tw/ | == Timing Analysis
ProductsPYNQ-Z2. html H F % Sign‘ save Layouths..

4.5.2 SEBERPS)HNIERE .

T 5 PL I LA AT S0 A/ O E T [l resetzoa e
PYNQ 9 7F % i1, (0 7T LB 50 BB B 55 PS 35013 o WA T —
it PS 852 £ 19 Python B 52 ik PL F I RS B i 65 A/ & 4-28  EFFEE A/ i AR
i i

1. PS/PL E#ZBE N4

AT HIE , 78 2 PYNQ Y 2H BN e FE S G v, P RS RE A R R AE PL thastT Ry,
HEAHAE PS f“ﬁ“ﬁ’f’ﬁ‘)’*ff#ﬁﬂ&? £ PS Fiz471 Python 5 PL w9 FH P #3817 38 5., 30 75 2 0
PL A PR 1/0 5 PS i HE ok .

PYNQ BJ#Z0ts B Zyng SoC s A PL 5 PS Z Bl RA W F JLFP 9 ¥ 818 . 4l
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& led (e
> IP-XALCT |°

3 bnnalralnls (1)
y Simulation Sources (1

Hierarchy | Libraries

Device Lonstraints

? OO

Campile Order

haurce File Properties

axdc

Encrypted: Mo

General Froperies

[cl Console Messages Log
Q = & @ + H
lame Direction

4 led[3] OUT

4 led[2] OUT

{ led[1] OUT

] led[0] OUT

» B swid I
Scalar ports (0

w Clock Regions

Reports

Design Runs

Package Pins

pﬂEHﬂﬂE w  Levice b SChematic
LW Lo |
E’l o Ly

&

w | A.Xdc W

? 00

I Ports

x

Board PartPin  Board Par Interface  Meg Diff Pair  Package Pin

Fised Bank

¢ < £ A«

10 Std

default LVCMO318)
default (LVCMOS518)
default (LVCMOS18)
default (LVCMOS18)

default (LVCMOS1E)

L] L] i 1 i

Veoo Vraf

1.800
1.800
1.800
1.800
1.800

? _ 006
|
Drive Strength
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12
12
12
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1/0O Ports 1 4p J5

. Yo
Zynq PS Zynq PL
p
GP Port E(,t::> S
(3211)  [MK==Ys]|
SK—— M
S KM
HP Port | S K=— )M
(64010) |[S K=—DIM|
S KM
SK—— M
:: ACP Port |
ort
(64fip) S fAM
GPIO -
(2X32{i1) [~
\ ~ A

A 4-30 PS#HI PL M%) EHE 0

) Zyng 78 PS #1 PL Z A A& 1 AXTI # 0. Zynqg SoC o> Y PL 5 PS Z[af
4 1~ 32 i i GP(General Purpose)ifiig .4 14~ 64 {ii ) HP(High Performance)#iig .1 /|~ 64
(i i) ACP(Accelerator Coherency Port)i#i8 UL K& 2 4~ 32 i iY GPIO i . PS #1 PL 7] L)
73 LA 3 (M, Master) B (S, Slave) B 77 3O AT
MAREX, Eic gl . W EEE N IIE T .
(1) GP Port g REEEEAEGEE N 32 L. ASCHFF AXT YR B, HHGE & /b & A9 £

T

(2) HP Port 1

SONEECE S E i

i, AR PS 36 A9 DDR A1 OCM(On-Chip Memory) ,

| FakaiE , Mz HAE#

S A P

0N 64 fii. CFF AXT RY R AR, 0 5 KB 20 1%
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(3) ACP Port A] H 21
vi ) Cache, il H. Cache — 24

17 4 R HR2— FPOARR R 7 6 5% 5 R

n] PS 3511 Cache, 1idiZ 4% 0 PL 3wy 22 35 0] UL H 3150 PS
SCU FEde ik, Witk PL &% n] L) H 4 M Cache 5 3|

CPU BT RS2 . [A) iy o T DLSS — i (8] RF 2 38 I 45 R 38 2 CPU Cache w7, [H IHCH SE B AR

NGEEER
(4) GPIO /&

TR INER B BT,

MNEF R BEAED AT EE 25, M PS 3| PL A £k 64 4

GPIO(EMIO) ,.PS 5 PL n] 478 B R 5, 7] FHAE— L4565 5 & A,

Wr S5 . PL oA 2 TP wial LAfE

1E1].

HABJLF AT VA T Zyng PS f1 PL £ 0 8] 48 7 3h 1) 5 =X .
(1) MMIO(Memory Mapped 10) . {22 AXIT GP MmO/ TP #RRF i 5f 2] R 48
NAF IS v, T DA MMITO 3280/ 5 A WAFBR S B . MMIO BEEE a5 2 2 B IR AL Hp 32

DL %03 B N AT

PE BN BB AR . BT AR ZTRES . MMIO &G & 1 1P %

B3 AXI GP Mg 0 22 8325 2 EdE . MMIO #2434 Python Xt 4215 ] B 5 3 & 58 N 77
1 Hb bE 4 2 nT LA [n) PL A5 B 25 147 o A0 b bl 25 8] .
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| Bl iE 2 N A7, E#3 AXT HP 3 ¥ 1 5Y

ACP T3 OB IP 7] LA ] PS DRAM, {fF PL 1Ay IP 35 [0] DRAM ZZ i . % 251 5 43 B (1%

) —LE PN A7 TP fi

LR AR 2 TP B INAE B R/ At bk . Python 5% Numpy " Y Z2H
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a] DL e N AT . A
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NIEAR

VFH N DRAM 2 s A% .
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(4) AXI14: HT &P N A5 5 Xl {5 W oK, e iF i ok 256 BYEHE R & 4% b,
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i DMA 5 Zynq AXI HP ¥ —

e fi A
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System [P Z 24 BARLE | —1 AXI Master 42 1 (M_AXI_GP0) , X X B o/ &2 5 Al & .

s Be B AR Z 2, v X A 3-34 Y ZYNQT7 Processing System 1P 4%, BT I & 4-36
Pr7s BT . AR AT PLiEAT PS-PL Ay 207 ANBC & CHL P &  H e GPLOHP 055 (P 1/
O 5| A& MIO BCE B 80 A & SMC B35 e 55

Ve 4-36 ZoMHY PS-PL Configuration A #E 17 PS-PL %% J7 ZUAY BC & (W 4-37)
M_AXI_GPO interface #2) ¥ . Ut B 24 Hif PS #l PL Z 8] Al @ i M_AXI_GPo #F17 % #.
E 4-35 L XF i /n T ZYNQT7 Processing System FEH: Y M AXI GPO 18 & 1] FHI .
A ajﬁﬂﬂlﬁfﬁjﬁﬁl 4-35 TR B XTI R R

PEFEE 4-36 22 #Y Clock Configuration ] #E47T B $pix & . WA 4-38 v, il i 2 #E 1%

H FCLK_CLKO 2y PL vy D BERE B Fir £ FH A9 B 3, AH Rz 3t 7E 8] 4-35 TPl & B8 ZYNQ7
Processing System ¥ FCLK CLKO BB #f % . AL nT DLz & B I8 Az 5 2, 4l
PLL/100MHz,

£ Run Connection Automation, A7 iy » # H 20 & 4-39 s XTIEHE . Kf GPIO e rp
S AXI By =4 afh 0 # % P FCLK_CLKO E. H FZAiE & T PyngZ2
Boardfiles, AXT GPIO #Ei#y GP10O 5| IBR 1 7] 3% £ FH 7 BBk, 7l 3% 452 PYNQ # < BY4E
fo] GP1O %E¥8 ., 4N, iX Bk Leds 4bits.GPIO £ HBECE M 4 ik . AJF T OK
Tl 04T H 3l 42




36 || THENEMERIEA L IR HIE—FPGAZFE XK

- o—

[~1

o>
o
&
A
)i
55

- - . ]
e — — Al e — =Y s
ZYNQT Processing System (5.5) '
" @ Documentation £ Presets [ IP Location & Import XPS Seltings
Page Havigator = Zyng Block Design Summarny Repart
Zyng Block Design
—B VO Peripheras rrr—
PS-PL Configuration SP10 Setiinge Application Processor Unit (APU)
- SPI11 L[]
2C0 Ic___
Peripheral 10 Pins (15:0) e ] |+— ARM Cortax A8 ARM Cortex 8
_ %- : Systam Lavel cPU cPU
i MO Configuration E. — Control Regs el
. _ - LART 1 ' ' | e
Clock Configuration 'ﬁ.ﬁ %nu £ | - — iy oic || l Snoop Contral unit i :::
DOR Gonfiguration m n g EECE - Caraill 512 KB L2 Cache and Controbar |
USB 1 acM 256 KB
SMC Timing Calculalion EMET O - CeraSig Intarconnect SRAM
ENET 1 Ceniral
Bank1 Interconnect
Interrupts MIO FLASH Mamary - 1
{53:16) Interfaces et — | CIAP
0 I | | o Momory wiortacas | |
— GUADBPT_ W | e | BEVE DOR2/3,LPDDRZ
— Logic to Mamory
SMC Timing Interconnect |
Caleulation ] I
DIk, Eyrie [T [14 [ 14 [35 |
— —= | l - Clock E 5 : Processing System(PS)
CTETJETFT 1 126 GP a2h GP u,n.,“"_h contig  |R@ | High Peformamce RADC
MIO (EMIO) _ PS-PL AXI AX| el -
== =S H e =
Programmable Logic(PL)
M 0K Cancel
# 4-36 ZYNQT7 Processing System ¢ & 7~ [
§ RecustomizelP o o B B -
ZYNQ7 Processing System (5.5) ‘
@ Documentation £ Presets [ IP Location &% Import XPS Settings
Page Navigator - PS-PL Configuration Summary Report
Zynq Block Design « Q = =
PS-PL Configuration Search: | Q-
Name Select Description
Fenpheral /O Pins
» General
MIO Configuration v AXI Non Secure Enablement 0 +~ | Enable AXI Non Secure Transaction
v GP Master AXl Interface ﬂ
Clock Configuration _ _
» M AX]I GPO interface |z Enables General purpose AXl master interface 0 )
DDR Configuration » M AX]I GP1 interface || Enables General purpose AXI master interface 1
» GP Slave AXl Interface "
SMC Timing Calculati
Iming Lafeuiate » HP Slave AXl Interface Il
Interrupts »  ACP Slave AX] Interface
» DMA Controller
» PS-PL Cross Trigger interface [] Enables PL cross trigger signals to PS and vice-versa

OK

Cancel

& 4-37

PS-PL %% Jy 2UfC #
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| ZYNQ7 Processing System (5.5) #
@ Documentation £ Presets . IP Location £# Import XPS Settings
Page Navigator - Clock Configuration summary Report
Zynq Block Design Basic Clocking  Advanced Clocking |
PS-PL Configuration  Input Frequency [MHz}|5n e:g‘ CPU Clock Ratio| 6:2:1 v
Peripheral I/0 Pins - E z & .
MIO Configuration Search: ‘q,
Component Clock Source  Requested Frequ.. Actual Frequency(.. Range(MHz) |||
Clock Configuration -
» Processor/Memory Clocks |
DDR Configuration > 10 F"E'riﬂhﬂrﬂl Clocks
v PL Fabric Clocks '
SMC Timing Calculatic
| FCLK_CLKOD 10 PLL » ||100 @ 100.000000 0.100000 : 250 000000 |||
Interrupts | FCLK_CLK1 10 PLL 50 10.000000 0.100000 : 250.000000
| | FCLK_CLK2 1O PLL 50 10.000000 0.100000 : 250.000000
"
| | FCLK_CLK3 1O PLL a0 10.000000 0.100000 : 250.000000 L

> System Debug Clocks
¢

>

Ok Cancel
A 4-38 BHEpiRE
# Run Connection Automation S % 2 @ & » . »
Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the leftto display its
configuration options on the right '
- .
Q = = »
Description

w | All Automation (2 out of 2 selected)
v || ¥ axi_gpio_0
v {4} GPIO Options

/| B_AXI

Connect Slave interface (faxi_gpio_0/S_AXI) to a selected Master address space.

Master lprocessing_system7_0M_AXI_GP0D ‘ I:l

Bridge IP New AXl Interconnect

Clock source for driving Interconnect IP | /processing_system/y/_O0FCLK_CLKO (100 M

Clock source for Master interface lprocessing_system/_0/FCLK_CLKO (100 M

Clock source for Slave interface fprocessing_system? _O/FCLK_CLKD (100 M

<

Cancel

# 4-39 Run Connection Automation fic &
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.1E#E Regenerate Layout Xf Block Design

SR RTNE 440 PRI ERE LR,

=y

Sy

AT

53

17 H sh i Jay . A Jm) 58 1

Diagram  x Address Editor x ? # G
QA Q X B O Q = | + B oA C a9 0 1 *
rst_ps7_0_100M
ps/ 0 axi periph
[ ] slowest sync ok mo_rased ’u
ﬂm_reau_n bus_atruct_resetj0:0] =l S00_AXI
s _reasd in penpheral resey 0.0] ' ACLK - axi_gpio_0
= mb_debug ays_rat nterconnet_ares ein|0:0] ARESETN vl
= dom_lodked penpheral_aresein|0:10) | 200 ACLK IEI MO0_AX) o | | S A
S00_ARESETN m-m s_an_ack P10 + ||jeed™ gpio_rtl
Processor System Reset MOD ACLK _Is_m_m
MOO ARESETN
AX| GPIO
processing_system? 0 AX| Interconnect
.
|
DDR || 3 ™ DDR
FIXED_I0 +|| — ™ FIXED IO
- useiND o 4+ ||| I
M_AXI GPO ACLK Z‘T’NO M_AX| GPO i
FOLK_CLKO
FCLE_RESETO N p—
ZYNQT Processing System
Kl 4-40 PS5 PL Y& XF

ME 4-40 A] Hl.Run Connection Automation i< B 2 Il 2834 £ 2 fr 75 89 H A 2 2 1)
R EL, 41 Processor System Reset,AXI Interconnect £t ,

AXI GPIO FH g S AXT 3 15 PS #4221 H GP1O 5™ LIS PL % 1Y
2. iz177 PS Y Python ACASEE AT DL o 2 8 GP1O 5| lI5E il 5 )

| P B 3%

| P AR R A2 |,

FHA . GPIO 5| It ] DL B %R < RN . i34 PS E A Python fCHS 5L AT LA ad 3o
il GPIO 5l B 5¢ iitie R b 7h s iy 2 il fl A2 B,

4.6 3=
93 B B SE U ST

A Jay A 2 AN e 24 HE A T /Y 4
— 2 M 5 R E R FPGA & i KBRS
S B I P AR S B (] DU G 22 )5 15 3 30 BE IR A Y I

‘ﬁi %u—ﬂfﬁ
ok, F e i iZ FPGA B oA 1Y % 5 IF

i e Y M &
HE AT L5,

£ #E Flow Navigator 'y IMPLEMENTATION >Run Implementation 1] #1715 Ja)

e SF L B AR
TR DL A HE S50 R 150 S X — 20 TRl W 2 |
ANis B 5 bR AR R b 2 A

‘\[fﬁizj‘_
215 IF

- Ifit 155 H—J‘ lI’rJ

R 8 5 7~ E AT AH L7

] M Reports 145 FH Opt Design, Place Design., Route Design 3 2 5.
Vivado H 258 1, 1 2 W &6 1Y

RE

Flow Navigator ") IMPLEMENTATION-—>Open Implementation Design 1] £ 7 5C
BLZ 5 1Al

MR mE 3 FPGA | |, @ &L
e FE Flow Navigator 1Y PROGRAM AND DEBUG—>Generate Bitstream {# A] 4
Python fURY Y J5 2 i 2% 54
1Y Python A 7~ ] vhr 2 41

e 38

1t

K X

I

= PYNQ AY2H pl R B S
X Bt A HA

I rh 3l R

MR AR SO P Bl . R SRR

BV R S D o S

= G R B SO AR Tl B,

- A% .
F 11T FE AR I
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VivadoFF & A2 [P 39

1l

Al
54

TCL(Tool Command Language) 7&—# H John Ouster
M T HmA2ETF". TCL 525 H B Diaem K, &% g H TP JZ AU & A 46 72 . GUI

A 38 =5 T

hout €Y & W I A & 5 . i R

7E Vivado P44t T TCL w74, #H TCL &4t briEE Y. FH P i ki35 4 7

Vivado H1, 7] A

|

E—M55%, Halh g ILA IR 555
T PYNQ H Overlay 8705 PL #E47 58 B, 75 % T fi# 3 £ Block Design HI 15

B B LAy 224 pliA7 2K Bl

WA 4-41 py
. tel S,

ock Design {5 B8y TCL (4.

H TCL @& FTHF R TR R 1088 BUFG S & 28 5 M BT R

7~ FT 7 Block Design 01 . 7E £ File—>Export—>Export Block Design /=

File Edit Flow Tools Reports Window

Layout View  Help Q- Quick Access

Project b = F‘ G O ¥ ¥ & ¥
Add Sources... Alt+A FK DESIGN - design_1
Close Project i
IPCatalog x ProjectSumng » = 2 F [5
Save Block Desigr
Cores | Interfaces
Save Block Design As...
- - 3 o »»
Close Block Design a | * E '{:.- » | O
W F MName
| traint
. Vivado Repository -
SR e > = Alliance Partners
Checkpoint » b Audio Connectivity & Processing
IP " > Automotive & Industrial
> AXl Infrastructure
. Text Editor 3
> AXIS Infrastructure "
porn L1 »
Export 3 Export Hardware ..
™ Launch SDK Export Block Design...
Print _ Ctr|+P Export Bitstream File... Repositoryto see
Export Simulation...
Exit
v ..:,J
» Run Synthesis TclConsole | Messages | Log Reports
> Open Synthesized Design Q 2 e - & | P
Report
TATION . e

Diagram  x Address Editor x

Q@ Q L x O Q =

rst_ps7_0_100M
aloweat_gync_ ok i
ext_reset n bus_stnct |
aux_resed_m perpheral_
mb_ debwey aya sl “M'§
R m_kocked penphacal_

Processor System Reset

processing_system?_0

M_AXI GPD ACLK Z\r’m‘ v

FOLK |

R I =

LZYNQT Processing System

Design Runs

Repor

. tel SCHFb A] H 38 J5 B 4 TORE , hE i E

Kl 4-42 Fi s .

F 4-41 AR tel 3CHF

HFERESENMERh &S,

J RNl o A ] B Dt 3 5

15 T A, ik 4+ Tool>Run Tel Script, 4

Tt 20 R A Y S B I R

=4
N5 A B TF FEAT B BR8] 3 e B Y . A 1k R KR A Y AR, AT LURE X aR Ao 5

P 4 5

LA A tel SCHF. 2R — Y BT DL B i Vivado B 1l
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E: project_2 - [E/RSICV/project_2/project_2xpr] - Vivado 2018.2 s .- -

- wmas |

File  Edit Flow

Tools Reports Window  Layout View  Help Q.- Quick Access

~,

1
@ & & < |'® validateDesign
Create and Package New IP._..

i Run Simulation Create Interface Definition...
Enable Partial Reconfiguration...
> RTL ANALYSIS Run Tcl Script...
Property Editor
v SYNTHESIS

P Run Synthesis

Associate ELF Files. .

Generate Memory Configuration File...

> Open Synthesized C Compile Simulation Libraries...

¥ IMPLEMENTATION

» Run Implementatiol
~ QOpen Implemented

Constraints Wizaro I

Xilinx Tcl Store...

Custom Commands

¢ Language Templates

£} Settings..

b= 2590 Diagram x Ad
@ Q 323
e »
ctn+) F | @ | R
N

>

essing

tiay

console TH 4T HFH I HY
YE. tcl console F& Ul &

Q =

#1]

A»

create_bd_cell: Time

, update_compile_order

TclConsole x Messages @ Log

I B E @

i
Iype a lel command here

]

K 4-42 151

> Basic Elements

B o G
4: exl reset
aux_reset |
= mb_dabug

= dCm_kook

cl

cl SO JE R 22 1 3% 12 0 1 B 40 I B A A T o H

4-43 P~ a8 i 7E T HE AR 5 AT T el Ao 1R /a] , ofe S5 P s 38 (&) A 8 H

Design Runs

# create root design "
(s): epu = 00:00:04 ; elapsed = 00:00:05 . Memory (MB): peak = 890 992 ;. gain = 54 543
Wrote : <D:/FPGA/bocl/project 1/project 1. sres/sources 1/bdf/design 1/design 1. bd>

(<) Wrote : <D:/FPGA/bool/project_1/project_1. sres/sources_1/bd/design_1/ui/bhd_1f5defdd ni>

-fileset sources_l1

K 4-43  tel console FLm

1 1 source M2 FTIF tel CHF Hi A tel SO AR

v FH R R A L

& 4-44 P 7S

L

£ #
Lk #
¥

F,

©# ] else {
£ % USE CASFS:

B) No opened design, design_name mot in project.

89) Current cpened design, has components, but diff names, design _name not in project.

source d:/ e203

[e203/decode/TF T /1Bl / inter face. te1|

E 4-44 R A EE A E )

4.8 ZRBIHEITR

T Ok # i — R B R ] 7 (S= AB) Ok

i # PYNQ FIF#E4T Python Z2 B MR /0¥ S TESS 5 TE40 4.

B FiRBISERE Vivado TF &, AL L 4r
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JE PR A FE O TR B A T E S PS YR (LR E VB A R UL

1. B#E

Ty
%

HE

PR

[ 12
4.1 T FE boards | R P IELE PYNQ_Z2.5E W T.#2 (project_1) A A1 &

2. ZitE AN

B
AT

CANE 4-45 s,

File Edit Flow Tools

Flow Navigator

¥ PROJECT MANAGER

o Settings
Add Sources
Language Templates

LF IP Catalog

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS

> Dpen Elaborated Design

SYNTHESIS

» Run Synthesis

> 0Open Synthesized Design

IMPLEMENTATION

» Run Implementation

> Open Implemented Design

PROGRAM AND DEBUG

}: Generate Bitstream

» Open Hardware Manager

Reporis Window

@ b « » B B X X > W & 2 X & X

Layout View Help Q.- Quick Access
BLOCK DESIGN - design_1
Sources Design x Signals Board ? _ 0O 6
Q = H o
= design_1
- = O
Select an object to see properties
Tcl Console x Messages Log Reports Design Runs
Q = s I B B @
|é| INFO: [IP_Flow 19-2313] Loaded Vivado IP repository “E:fXill
: set_property board part tul. com. tw.pyng-z2 partD: 1.0 [currd
=] create_bd_design “design_1"
' Wrote : <F:[/project/project_l/project_l. srecs/sources_1/bd/
|_%_| create_bd design: Time (5): cpu = 00:00:09 ; elapsed = 00:0)
. update_compile_order -fileset sources_|
£
Iype a Tel command here

& 4-45

I 3 E i

AL

i project 1 FLEIZMA) IP INTEGRATOR F i) Creat Block Design, it A 7 3 & 1%
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A LS H

7Y TP B P 30 AR Uy TP ok 5€ iz it FH P ] =30 A i A 18] 5119 1P,

AND 1 NOT., BHICHEHOE — 1 T.5E (project 2) . A iy » £ £ Design Source 77%£ £ Add
Sources, HEFE Create File, 20 E1 2 24 7 AND. v #1 NOT. v # Verilog HDL 5 314 .

AND. v S5 F . NOT. vt F .

module AND( module NOT(
input A, input A,
input B, output S
output S ); );
assign S = A & B; assign S = —A;
endmodule endmodule

project_zZ\project_z. srcs\sources_ |l \new 3l ] _ Al 1
7E project 2\pro; 2 \ 1\ TAaIEmA S IP AND #1 IP NOT

(UL IR 4-46) , BfF AND. v f1 NOT. v 4-51 % #1%] IP. AND 1 IP._ NOT 132,

. B L BB B BEE"]
@N‘ Lo HEHL » RS (F) » project » project.2 » project 2srcs b sources 1l ¢ new -|i._... ||| #Enew P
\iR v  AxEEe v  HE- @R #FEzds =
S =% i e =% Ko '
L 23458 L IP_AND 2019/4,/9 19:25 it | |
b T L 1P NOT 2015/4/9 19:25 it
i | AND.wv 2019/4/9 19:16 vV i 1 KB
G BESERE L NOT.¥ 2019/4/9 19:15 V 3¢ 1 KE

& 4-46 O]

£ TR FEF R AND. v %8 8 T2 O, By Tools, %4 Create and Package New
[P, 7 Packaging Options T 5E4E Package a specified directory. i BLANE 4-47 Py X3

4 Create and Package NewI®? .

=x=)

Create Peripheral, Package IP or Package a Block Design

FPleaze select one of the following tasks.

Packaging Options

) Package your current project
’ Use the project as the source for creating a new |P Definition.

Package a block design from the current project

Choose a block design as the source for creating a new IP Definition.

@ Packageasp ECIﬁEd{irEdDry

- Choose a directory.as the source for creating a new IP Definition

Create AXI4 Peripheral
v Create a new AXI4 peripheral
Create an AXI4 IP, driver, software test application, IP Integrator AXI4 VIP simulation and debug demonstration design.
)
@ < Back Finish Cancel

F 4-47 76— 4 30k
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7E 1P A= s bk op g 86 W A A @ i TP_AND SCfF3e (LI 4-48) AT 1P £

4 Create and Package Newl? = H
Package a Specified Directory
Select the directory where sources to be packaged are located. ’
Directory: F:fpr-:rject.fprcrjel:t_ﬂpmjeci_i-".ﬁrmfscrurce5_1a’newﬂF'_ﬁND| 3| -

&l 4-48 FTHELHE 1P

A3 LK NOT. v i 8 R T2 05 78 TIP_NOT 3CJe B it NOT. v #Y 1P,
1F project_1 HYJ Project Settings 1B IP Repository @il 1P BYAF AL B4 (UL E] 4-49)
i Apply #2418 TP gL ma) T.#

- - - = Drajost Summang .
§ Settings “

Q-
IP > Repository
Project Settings Add directories to the list of repositories. You may then add additional IP to a selected ’
General repository. If an IP is disabled then a tool-ip will alert you to the reason.
Simulation

Elaboration IP Repositories

Synthesis + — f 1
filprojectiproject_2iproject_2 srcs/sources_1/newlP_AND (Project)
f/project/project_2/project_2.srcs/sources_1/new/P_NOT (Project)

Implementation
Bitstream
v IP
Repository
Packager

Refresh All

Tool Settings
Project
IP Defaults

Source File

Display
WebTalk
Help
> Text Editor
3rd Party Simulators
» Colors
Selection Rules
Shortcuts
Y > Strategies

% Window Behavior

@ OK Cancel Appl Restore...

e —

B 4-49 #5351 IR )E

£ project_1 Y Block Design FEsinX M4~ 1P, Z 8 3. 2. 1 W5 i g| il 5] H A1 HDL
B4 A 4-50 s,

3. hE

X+ HDL &3 1 HDL wrapper A] L4705 H . 7E project 1 F F-M A 5. £
Simulation Source. & £ Add Source (W E 4-51). %k J5 £ ¥ Add or create simulation
sources, £ $E Create File, iz 5%y Testbench fy4% . @& 4-52 Frs .
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Fia E& Fow Teols Reggis  Windew Legowt  Yiew  Hilp O Gk Aocss E—
B b~ + B B X & 2 r B O F X & X £ Dttt Layou v
o E
= ER HAGER
ECT A fowcen  « Design  Sigsale  foand 7 _ OO Mg ram w IPCalakeg 00
£ Zabings
Q z &+ B @ 8| & a4/ X K o/a = s+ | FEF QO d o
Add BowTes
w [vecsi o S0ANTE 7]
Lasngui g Tamipkales w s dasign_1_wrapper (desion_1_wrapgary (1
F 1p Catalog s« ZW desipn_1_| - design_1 [design_1 =dbiT)
w i deign_1 [assgn_ Ty |2
TG RATOR T AMD G- design 1 AND 0 1 (desige 1Al
Coranta Gl ek Diaion 0 MOT_G: design_1_MOT_0_0 desige_1_HN
¥ Consrants
Open Black O
pen mean * = Sl sion Sounes (1] HOT_D
Cemsarale Bloci Casign
e e — L Al e
= SULATION Hwtrmrchy  |F Gounces Lbranes  Comple Deder -
MNOT_wi1_0 AMD O
Hum 5i mwl s on i
Soumce Fike Progaries F_ O K S . 55
-
B |
' FTL AMALYSE 2 dasgn_t bd L - 80 D
R
4 Open Elaborsbed Design - AND _wi_0
+ [naded
T e Loscabion Fiprojecioraject_1iperogeo_1 srosisaunces_1i
B Ris Siehesa Tioe Hock Desipns
4 Open Syrthesioad Desgn Part ACTAPDcg A0
. ] ]
T e R
rneeral Propaias
F Fun imgiesmaniaion
¥ Dpenimpkmentsd Desig ToiComsple Mesmsges | Loy | Reports | Desipe Russ = _ OO
qQ = = I = E &
¥ PROGARSW 8HND DEBUG
Wrais ! fpragectfpregect_prajsci_L. arcsfucresn_ | bl denegn | e 1 BdS ~
B consrale Erseam Wrats ¥ fprageesfprejert_Liprajeei_|. oreefoaress_ |l dent g Liel Bl Mdafl wd
VEIL Chatpui mraiten ia : F:fprejsstfprajeci_Lipraject_|. erocdcoorase 13Nl decl gn_ 10 oonib’ Seci g 1. w
¥ Upen Hardeare Hanager WL Guepoi wroiien is 0 Fofgrajescdpraieci_|fprajees_| croc/comresc_ 10l decl gr_ i feimldacsgu Il v -
) WHBL Danput meettes ba 0 B fpreestd e el L prajeet_ | eresl s e Nl e gn LT e el _seapjen w
ald_FEilad =ssreciras FoOpospuetfpragest _Lipraiest_L. arcafions can_L B e o LML didi Il _srappir. v l
L
L4 3
Ei!'i@*ﬂ: 'IEI
— E— — — _— —

A 4-50 5 A B

l"li I
Eile Edit Flow Tools Reports Window  Layout View  Help Q- Quick Access

B W« » BB X ® B r WO X % 7 X

Flow Navigator T " BLOCK DESIGN - design_1

v PROJECT MANAGER

Sources x Design | Signals | Board ? _ 00O Diaq
£ Settings - . - _
Q = £ 4+ B @0 g @
Add Sources
v (= Design Sources (1)
Language Templates v @2 design_1_wrapper (design_1_wrapperv) (1)
T p Catalog v - [H design_1_i:design_1 (design_1.bd) (2)
L@ design_1_AND 0 1 (design_1_AND_0_1.xci)
~ IPINTEGRATOR 1FE design_1_NOT_0_0 (design_1_NOT_0_0.xci)

> Constraints
" ﬁm'ﬂg{lm 44

Create Block Design

Open Block Design , Propertie:
. g > sim_1 |
Generate Block Design Hierarchy Update b
______________ C Refresh Hierarchy _—
¥ SIMULATION Herarchy | IF IP Hierarchy b
—
Run Simulation Edit Consirainis Sets -
Source File it Constraints Sets.. %
_ Edit Simulation Sets...
¥ RTL ANALY SIS @ design_1_wrs3 ﬁ»
Add Sources. Alt+A
? Open Elaborated Design - + | -
+| Enabled
Report IP Status \
v ayNTHESIS Location: ; - 1. s_1
P Run Synthesis Type: Verilog
2 Open Synthesized Design Library: 6l defaultip | --
W
g >
¥ IMPLEMENTATION | oo s m s m e
General Properiies
> Run Implementation
?> OpenImplemented Design TciConsole x Messages |l_ug Reports @ Design Runs

Q = Il E E @
I,?, open_bd design {F:/project/project 1/project 1. sresfsources 1/bd/d
¥5 Generate Bitstream | Adding cell -- xilinx. com user:AND:1.0 - AND O

¥ PROGRAM AND DEBUG

El 4-51 414 Testbench
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r.l Create Source File u\
Create a new source file and add it to your
project. '
File type: @ Verilog v
File name: |test
File location: e« <Local to Project> 4
Ol - N
& 4-52 Testbench #i 24
Testbench /n #ACAS A0 T .
module test( ); //Testbench BBt 24, T JZ B, H %A Hi A /5 i
reqg A,
reqg B,
wire S;
design 1 wrapper ul ( //ti4k design 1 wrapper
. H_D[H} ,
. E_D(E} ,
.S _0(S)
) ;
initial
begin
# 20 //FER} 20 A~ 8] B A7
A=1"'bl;
B=1'b0;
20 / /3BT 20 A~ 8] L Afaf
A=1'b0;
B=1'b0;
# 20 / /3B 20 B [A] {3
A=1'b0;
B=1"'bl;
# 20 //3EBT 20 A4~ B [A] H A7
A=1"'bl;
B=1"'bl;
end
endmodule

Testbench 48’5 5E G A M) T F2 4 B A P £ £ Simulation—>Run Simulation—>run
behavioral simulation A] #4747 MG B UE .S 2 WA 4-53 fr s,

lesly w design_1_wrapper s Lindiiked 4 ’ 3 &

U4 W 4 8§ ;5 = |4 M o

& 4-53 fFHEIEIE
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%

4. 5 PSHEE

BT project 2 LA A A IP Integrator | A Creat Block Design ., Gl £
Design, ZM 4.5, 2 7 5E A PS 3w BV BEC & . A [ g2 X B Z i w4~ AXI_GPIO f# 3.

anE 4-54 Fras. MBS GPIO B arduino a0 a5 £,

5

53

4

Diagram w Mddress Editor %

@ a x/k O0 Q = & + &

rst_ps7_0_100M

b B HC U o

ps7_0_axi_periph

axi_gpio_0

TO0O

_:: 4+ 5 AXl

s_axi_aclk

GPIO +]II—D arduino_a0_a5

slowest_syne_clk mb_resel "ﬂ . -
- i} = H¥I AMEEE8
exd_reset_in bus_struct_reset[0:0] H4 800_AXI -
aux_reset_in peripheral_resat[0:0] —= ACLK AXI GPIO
mb_debug sys rat interconnec] aresein(0] ARESETN )
dem_locked peripheral_aresain[010] S00_ACLK IEI e axi_gpio_1
l 500 ARESETN .E. Wi + e ol B
Processor System Reset e MO0 ACLK nm - — =
. i_aclk GPIO i
- MOD ARESETN * :_z_nmm + |l arduino_a0_a5_0
MO1_ACLK T ==
hd1_ARESETHN X1 GRIO
AXl Interconnect
pr i |
F 3 ||,
DOR < j {> DDR
FIXED KD FIXED 10
. . Y USBIND 0 <
K AX] ACLE ZYNQ., M AX] GPO _l_ —
FCLK_CLKD
FCLK_RESETD Hr—
L 2 | I ng Sysker B

Wi axi gpio 0.7 Board P Board Interface ¥ & N Custom.#1[& 4-55 fro~., £ 1P

& 4-54 R FE E R

Configuration 1% & 4-56 #E4712 & . & GPIO BB WA~ 1 5 da H v 1 .

# Re-customize IP . _ e

AXI GPIO (2.0)
0 Documentation IP Location
Show disabled ports
+ S A
s_axi_aclk GPIO ||

s_axi_aresetn

Component Name axi_gpio_0

Board IP Configuration

Associate |P interface with board interface

IP Interface Board Interface

GPIO Custom -

GPIO2 Custom -
Clear Board Parameters

Enable Interrupt

] Cancel

& 4-55

FC ' 1P 4% 1

E— /> Block
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%

AXI GPIO (2.0)

@ Documentation [ IP Location

| Show disabled ports

4 S_AX

s _a¥i_aclk GPIO 4+ II

s_ax¥l_zresetn GPIOZ + ll

o

%4% VivadO,«

oAz [P 47

e eedld T

Component Name axi_gpio_0
Board  IP Configuration
GPID A
| All Inputs
/| All Outputs
GPIO Width 1 & [1-32)
Default Output Value | 0x00000000 @ [0x00000000,05FFFFFFFF]
Default Tri State Value 0xFFFFFFFF n| [0x00000000,0xFFFFFFFF]
+| Enable Dual Channel Default tri-state values
GPIO 2
| All Inputs
¥ All Qutputs
GPI0 Width |1 9 1-32
Default Output Value |um~uuuwuﬂ @ [0x00000000,0XFFFFFFFF]
Enable Interrupt
Cancel

& 4-56 FECE IP# 2

4-57 FATIE O GPIO W& —A> 1 i f A v H .

(| tecmoninn W W

AXI GPIO (2.0)

@ Documentation [Z IP Location

| Show disabled ports

4 5 A%
s_axi_zclk GPIO +|||

s_axi_aresetn

Component Name ax_gplo_1

G axi_gpio 1.7E Board H¥f Board Interface i% & & Custom., fE IP Configuration

¢

Board  IP Configuration

GPIO

All Inputs

All Qutputs

Set this checkbox if only inputs are present

GP1O Width 1

£ [1-32

Default Output Value

@ [0x00000000,0xFFFFFFFF)

Default Tri State Value

& [0x00000000.0xFFFFFFFF]

| Enable Dual Channel

GPIO 2

All Inputs

All Dutputs

GP10 Width 32

[1-32]

Ciafl M rbea d Walne |l'ivl'H'H"LI'H"H'l.I'H"i

Enable Interrupt

ﬁl P AR - rrrri

Cancel

& 4-57 FCE IP# 3
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AT Block Design 40 4-58 s .

F

processing_system7_0 AXI Interconnect

=

FCLK_RESETO_N

P

ZYNQT Processing Syslem

Diagram  x Address Editor x 7?00
Q @ ¥ m 0 QI &+ pE »C YD &
# Designer Assistance available. Run Connedlion Aulomation
l axi_gpio 0
.
st ps7 0 100M 8 AX
ps7_0_axi_periph D GPIo + |||
. slowest_sync_clk mb_resel o | i . OF102 + I
——— £xl_resel_in bus_struct_reset[0:0] i+ S00_AXI -7
€O aux_reset_in peripheral_reset[D:0] - ACLE X1 GPIO
= mb_debug_sys_rst interconnect_aresein|D:0] ARESETN L
= dem_locked peripharal_aresetn(0] ' S00_ACLK L el . r x_gpio_| -1
- - 'I_ - X Mmoo Ax) + [ ‘
i —+—— S00_ARESETN H-—N M1 AX) + I 4+ 5 AX
Processor System Resat » MOD ACLK .x'. - i Sl
- 5 4 { =0
! MOD_ARESETN i L 2
8 & aresem
. MO1_ACLK
et MO1_ARESETN L TET |

DOR + || DDR
FIXED_IO + || FIXED 10
wan ek ZYNQY  waorn +f
FCLK_CLKD

B 4-58 IMA T GPIO G E&EEE

WMz Al AND vl 0 f1 NOT vl 0 B4 IP.F

-5 P GPIO % 5] 4-59 iF

HEE L SE R PS 1 PL B4 B2

-

~

T

1

Diagram = Address Editor T0O06
g Q ;2 & © Q = £ <+ ) B A C U T o
axi_gpio_0 :
|4+ s aa oPO = _ANDO
~, . gpio_io_o[0:0] »
s——== 5 axi_aclk
GPIO2 = A
s_axi_aresetn S p——
gpio2_io_of0:0] I NOT_v1_0 e
) AXI GPIO ’ AND v1 0
B axi_gpio_1
| s ario = |||
s _axi_ack
gpio_io_i[0:0] o ==
s_axi_aresetn
|/ ; AXI GPIO ’
Kl 4-59 SHPEDERE
5. &H{
XM A B /) design_1. bd #E 47 HDL %% . 358 £ 2% J5 B design_1_wrapper & &N
=3, By project 2 EH M A SYNTHESIS—>run synthesis, & H 3 Lauch Runs %

ax

& O, OK #74lt
6. X
MZEE SE 2 H B Synthesis Completed 58

A= hare
1TZE 6

¥

)
=
.1

il
i

e

=

1.7 £ Run Implement #7758 .
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7. H R EE4F R
Y SE L ET 2 H B Implement Completed 38 Hj
B bE A i
1% £ Files > Export > Export Block Design. U1 ¥l 4-60 Fr~. £ 7 s 12, 5 H
design 1. tel. W& 4-61 Fr7~,
. project_2 - [F/pr fproject 2xpr] - Vivado 20182 [

File Edit Flow Tools Reports Window  Layout View  Help Q.- Quick Access

1,5 $E Generate Bitstream € 4

e}

Project ,EE.""& 8 2 X & ¥
Add Sources... Alt+A *ﬂﬂ{ DESIGN - design_1
W Close Project i
sources x Design Signals | Board 2?2 _ 006G Diagrarn
i:.: Block Design
_ Q = 2|+ 0O 0 & @ ¢
Save Block Design As...
- Design Sources (5)
| k i
Llose Block Uesign > @ design_1_wrapper (design_1_wrapperv) (1)
Constraints @ AND (AND.V) E—
Simulation Waveform @ NOT (NOTY -
» @® (ANDWV)
Checkpoint 2 ® (NOTY) -
P » p = Constraints
Text Editor , > Simulation Sources (5)
Import
v Export d Export Hardware... Eraries Compile Order
Launch SDK Export Block Design... e
= ::._
Print .. Ctrl+P Export Bitstream File... ? 00 X =
- o -
w . Export Simulation... . =» ﬂ. L
Exit
T UpPEN Eranoratea Uesign T =
¥/ Enabled [
Bl 4-60 Fif TCL
j— _
g: Export Block Design ﬁ

Generate and export Tcl script that can be used to recreate this block design.

’

Tclfile: |F:/project/project_2/design_1.tcl || -

¥ | Automatically create top design

K 14-61 S TCL

1E project 2/project 2. runs/impl 1 H3g FF# F| design 1 wrapper. bit, 315 H & i 2]
project_2 H T . HFN design_1. tel [ — H T . B design 1 _wrapper. bit B fiy 4
>} design_1. bit, ffi A tel SCHFR 4, IR 4-62 FF s .

4.8.2 Verilog B3\
Verilog J7 sUALFG BN 2 T7E (it A DT H .5 PS 82 585 V2B A nld HE A L 55
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B IE——FPGAILFZ LG

Ef L
e . B -
G &+ ) » #HEM » TEE () » project » project 2 » ~[4 || 22 poroe.. 2]

= ol E__ 8 — - —
HiS - RS - nE - - FrRTitE = [ B

b 2345 REE L. project_2.cache 200974710 11:50 v [ )

B T ). project_2.hw 2019/4/10 11:50 3=

M =E L project_2ip_user_files 201974710 11:50 prig =

Ul BiEsERE L project_2.runs 2019/4710 14:56 T

ki project 2sim 2019/4/10 11550 Tt |
o g ). project_2.srcs 201974710 11:50 prg b
, project_2tmp 2019/4/9 19:53 I

. __ design_L.bit 2019410 15:00 BIT 3745 3,851 KB
-l B | design_Lacl 2019/4/10 1505 TCL 3065 45 KB

B e 4. project 2 2019/4/10 1459  Vivado Project Fi.. 26 KB

I .

- 5 - 3. l‘- -
& 1-62  bit i X
= T F2

1. gIZETERE

ZM 4.1 TAE boards ¥ F ik PYNQ Z2.5E K T,

2. iZITEAN
TR ESENZE,

AL

‘it (project 3) WA £

A i . £ Design Source 764 Add Sources I MNEL R 2 52 11 X

4, H- 1% £ Create File, ) £
S an T

module example(

input A,

input B,

output S

);

assign S= (~A)&B;
Endmodule

3. hE
£ A AT

simulation sources, ik £ Create File, il £

Testbench 7/~ U1 T .

module test( );
reg A,
reg B;
wire S;
example ul(
.A 0(R),
.B 0(B),
.5 0(S)
);
initial
begin
i 20
A=1'bl;
B=1'b0;
i 20

= Simulation Source, 1t -

E 2 h example. v BY Verilog HDL & 4.

% Add Source, 2R J5 £ £ Add or create
t A4 test. v 14 B SO,

//Testbench #Ht 24 , KT JZE B, H 3% A & A/

// 14k, example. v

//FEB 20 A~ B [A] B f

//FERT 20 A~ B [E] B {7
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1l

Aol
54

A=1'b0;
B=1'b0;
#20 //IER] 20 /B [8] FLf3f
A=1'b0;
B=1"bl;
# 20 //IER] 20 /B [8] FL {7
A=1"bl;
B=1"bl;
end
endmodule

Testbench w5 5E W5 - & A2 | T 72 5 PR vp £ £5 Simulation—>Run Simulation—>run
behavioral simulation F] #4747 M 05 HEGUE . 05 G R 5 )R B K )5 =0 —#+F .

4. 5 pPSiE#E

A Tools, %€ & Create and Package New IP, £ Packaging Options {11 £ Package

your current project,ff example. v T A 1P,

TR mAMWA IP Integrator | BY Creat Block Design, @] 2 — > 1 #Y Block
Design, ZM 4.5. 2 77 5¢ WX PS ¥ B BC &, A [A] 49 2 75 2 m w4~ AXT_GPIO AR, 1
Bl 4-53 P . MBRPIAS GPIO Y arduino_a0_ab 1,

Wit axi_gpio 0.7F Board ¥ Board Interface & 8 N custom., W& 4-54 fy7~., 1E IP
Configuration 4% & 4-55 #4171 & . 8 GPIO & WA 1 2% H s .

Wity axi_gpio_ 1, 7F Board "% Board Interface iZ & & custom, £ IP Configuration
bz F 4-56 i E L. N GPIO B — 1 1 % Avm ., A Block Design 2 Bl 4-57
Fir7s .

AN Z /i A BEHY example_v1_0 XA~ 1P, JF 5 M4~ GPIO % &l 4-63 #E17ZEH, 56 il PS
M PL Ay .

Diagram x exampley x| testy x| Address Editor 2 0O
@ Q¥ ¥ o QI & 4+ FEFHCYE o
l axi_gpio_0
example 0
— . GPIO -] R
ps7_0_axi_periph [+ 5.AX gpio_io_of0:0] B ”
sel + —= 5 _mi_aclk A
0] -|.-sa:m AXI g s_axi_aresemn GPIG2 ~ ] g °
& - - gpio2_io of00] b je—
0] ACLK - )
: R example v1 0
0] ARESETH X1 GPIO pre_vi_
0] SOLAGLE .?. MDD AXI <+ |3 i gpio 1
u 2 ax io
| S00_ARESETN Wi m  ~ _gpio_
+ |
MO0_ACLK .K. - & .
4 5 AXI
MOO_ARESETN & GPio —|||
s axi aclk
MO1_ACLK == gplo_jo_i[00] «
) 5 Axi aresetn
M01_ARESETN -
AXI GPIO
/463 i B[
= D
51 =K A

XFHIA G /Y design_1. bd #4171 HDL 3 % . 378 £ 2= J5 BY design_1_wrapper X & N
W=, By project 3 EH M A SYNTHESIS>run synthesis, HH ¥l Lauch Runs 5§ Hj
=0, Bmd OK 248l 17255 .




52 || TTENARMFIEA LN HE—FPCARBELR T 6 HF 5 LK

6. XY
BEEE STERET 2 B Synthesis Completed 3 H & 1, %€ £& run Implement #4732 81,
7. HERCEEHFRITR
B SE R E 2 H B Implement Completed # H & 1, % £ Generate Bitstream ¥ 4
B B i

e Files>Export—>Export Block Design. i B a0 & 4-64 By 75 510 . P08 £ 47 B2

S design_ 1. tel, W& 4-65 Frz~ .
@Wl -vivado 20122 [

Edit Flow Tools Reports Window  Layout View  Help CQ,~ Quick Access

Project b » & " oo X x 7 X
Add Sources... “it+£  LOCK DESIGN - design_1
" Close Project 1
Sources v Design Signals Board 2 _ 0O Diagram w examplev | testv
o Je Bl o "'|_5|
| Q= & |+ B 0 8] @ Q < x © Q = #H
Save Block Design As ..
o Design Sources (3)
Llose Block Design > @2 design_1_wrapper (design_1_wrappery) (1 "
sonstraints @ example (examplev) ps7_0_4
o > [ IP-XACT (1) .
5 avefo <= S00 AXI
. Constraints
Checkpoint 3 ’ simulation S 2 st
Y imulation Sources (2) ARESETN
IP b v sim_1(2) (0:0] S00_ACLK
- - \ S00 ARESETN
Text Editor , > @ test (testv) (1 -
> @ design_1_wrapper (design_1_wrapperv) (1) MOO_ACLK
mport MOO_ARESETN
---------------------------- MO1 ACLK
3 Export Hardware... L - ; -
Export poriQ raries Compile Order M01 ARESETN
» Launch SDK Export Block Design...
| — Export Bitstream File.. o b e e AXl Inte
Print... Ctri+P L o
Export Simulation...
Exit e « % 8 R4
v "RTL ANALYSS v ~ ED_I0 +||
v+ Enabled 3IND 0 + |
> Open Elaborated Design A GPO + i
Location: F.project/project_3/project_3.srcs/sources_1/l - s
LK CLKO
¥ SYNTHESIS Type: Verilog ESETO_N E—

Kl 4-64 S TCL(—)

P Expm'tBlm:kDesign-' - I - -

i ——
— ——

Generate and export Tcl script that can be used to recreate this block design.

Tclfile: |F./project/project_3/design_1.tcl (%)

"
' Automatically create top design |‘
BzhtEEThdh= vt

.L o El

K 4-65 S TCL(—)

£ project_3/project_3. runs/impl_1 H g F# 2 design_1_wrapper. bit, 31 H & il 2
project_3 HX F 8 H A design_1. tel ZE[F]— H & F ., BFf design_1_wrapper. bit 5§ fiy 4
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LA, tel XA 24 . a0 E 4-66 Fraw

A design_1. bit, {# ]

- =
FREY e[ » HER » ZBEE () » project » project3 » -4 |
g~ mAEER- 2E-  NE FEIus =~ 0 @
s ¥ ’ F4 E E ey o
b 2385 ) project_3.cache 2019/4/10 19:59  rifsc
" & project_3.hw 2019/4/10 18:50  Soipsr
m EE ) project_3.ip_user _files 2019/4/10 18:50 iz
| W mEsEncE & project 3.runs 2019/4/10 20:05 it
& project_3.sim 2018/4/10 18:50 i
o A project_3.srcs 2019/4/10 19:08 i
- | ] design_1.bit 2019/4/10 20:08  BIT Xi& 3,951 KB
. L] design_Licl 2019/4/10 20:12  TCL 30i% 45 KB
aF # project_3 2019/4/10 20:07  Vivado Project Fi... 24 KB
o ws
==l .13

A 4-66 LA SO
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CHAPTER 5

AR T2 T e H Vivado it H C BB, DL A 2l a8 o AxiGPIO ¥ H
CIITH RS PSiERENR., AT EEBNHIET Jupyter Notebook, 18 #1f Python fCH 1Y
A HEAE AxXiGPIO 5 H Pz itmy il 4 1738 .

5.1 Jupyter Notebook 7+ 48

Jupyter Notebook 4& Fernando Perez & i 1) IPython 31 H, IPython & — #3¢ H =
shell, 5 /) Python shell fHL20 BAG — S840 4 09 TH RE , WiH & 52 s FACAS &b 42 55 .
Jupyter Notebook # T.AE Jr xU 2 iF Web M % 2% 47 77 3 46 4 Python JEACHS O f HE B &
% 25 IPython W%, I N AZ TRATACHS , SR J5 R 45 3R & 0% ] 0] %3 2% 1) Notebook, IPython W%
e fE i T IPython W HRF . A1 IPython NW# 2= 1T7# Zyng-7000 1 PS
EHY,

Jupyter B 0> & Notebook kR 55 #r . 18 1o W W8 w5 ZE 2 212k 5 %5 . 1 Notebook £
A Web W H . T#1F Notebook I, ERFAE N JSON X (CCHY FE2A M. ipynb) B A 2% ik
55 i

K H Jupyter Notebook ZE#4 1) — ML B2 : WA LAz 1T Python, BT Notebook
NAZ AR B ST B AT DL W 3 22 ) A i AT ] i 5 AR . Bl 4o, B A9 P4~ JE Python Y
ol RIES M Juliait s . H R WEZRLH R 45 B9 R & 2% K720 ) R
N . iX 57F Python W% iz 1T Python U4 5€ 4 —#F . IPython Notebook 4> #% ¥ 24
A1 Jupyter Notebook, K & Notebook 8 5 i 5 L . Hr Y24 #K Jupyter 1 Julia,
Python #1 R 4 &1 h% .

o G A T PAZE AL {a] #5147 Notebook R % %5 - 1 H 0] 18 1 B 5% [ 17 [n] AR 55 %% .
1 H 2 TR A7 B A 20U A1 Notebook XY H A AN Eizt7 Ik 55 % . (HAZ, 0] DLAE T
I HEILE = EH (AR BN ARN PYNQ =7 s) FixERFar. Za .80 DIAEH S B
{a] $b 77738 22 0] %8 7% 17 7] Notebook,

=LA R T ENK IDE & H B2 54, Wi e #k ) H T35 5 .

5.1.1 Jupyter ZBF
Jupyter ZH 41 N2 .




(1) Web {585 : 32 530 Web

CH
(2) W
R IR [

Notebook Web )/
7& Notebook Web L )

fil

%5

ETFPython®II/OZ%ZE || 55

i FE Jed 50 B BT 0 R 2 L 4 AR AT

|

1F2F. X F PYNQ ki, &2

B H T a5 Miz T A UL e m s il A

I P ACHS IF

| Python 8 5 /Y , 4&

Jupyter Notebook M) #KIA N #% . W& PYNQ & 17 W' A Jupyter Notebook % % 1Y) ME —

N .

(3) Notebook X #Y4. f14 Notebook Web N FHFEFE I N A a0 B A8 R,

5.1.2 Notebook Eitf
Notebook IR F#x1E PYNQ | PS ¥ ARM Ab ¥ as Fizdr. HAHLH g LI 5 L5

PYNQ 7 e 3% 2 i, fif

Al 5-1 & Jupyter Notebook ¥ .

(1) )28 1Y Notebook Y. 15 B 1

LA 5-2 Fr s .

14 E W %8 25 U5 0] pynq: 9090 B A 3% $2 2| Jupyter Notebook.,

7 R TR HY New 2 8, 28 J5 AR 141 3% P ik

— Jupyter

Files Running Clusters
Select items to perform actions on them.

(Jo0 - =

B [ base

[ common

o
B [ getting_started
]

(3 lagictools

& 5-1

(2) PR EdR yax{h, H 8R4k 4 Running SCAS B SCAF & 1

| Logout Upload | New =
Notebook: |
Python 3 :

| Upload | New | |
Name & | Last Modified Other:

17HM Text File

1R Folder

1/ B8

- Terminal

Jupyter Notebook %[ F 5-2  FrEE kY

Fios . H R OCH N 1k X 88 0= — His 1T .

- TE iz 1 ) SO . an i 5-3

& Untitled.ipynb
& untitled1.ipynb

& Untitled2.ipynb

2 8 8 a

& Untitled3.ipynb am=—""

== Running 6 $3#bAi

21 /N 28.7 kB
9 XA 838 B

17 XAl 1.32 kB
3558

(3) BEEEFEA I

A 5-3  IEAEIEfT I SCfF

S AT ) SO N H H 5L A] PLEE Running £, 21 E 5-4 Fras,

Files Running

Terminals =

MNotebooks «

& Untitled3.ipynb

Clusters

Currently running Jupyter processes

There are no terminals running.
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5.1.3 Notebook BFP #RE

a2 SO BT IR B AT SO IR - Rf aE A Notebook
352X

(1) Notebook HJ 24 ¥R,

(2) FTHEREME 7 IRA .S HE Notebook, UL A H 5 A% S5 158 1t .

| P %L1 . Notebook H P % HA L

1t

(3) PREEHE.

(4) Notebook FZ[X 1,175 T Notebook BN 4wt X . AL man & 5-5 Fr s .

': Jjupyter Untitled3 Last Checkpoint: /LES%I (unsaved changes) ~  Logout

File Edit View Insert Cell Kemel Widgels Help Kemnel starting, please wait... Trusled |P},rthnn3 @
B+ EEI_E "‘I'.l*l'iHRun_.lﬂ" » | Code =]

| In [ ]:i

F 55 HPRm

Jupyter Notebook 7 W FiAs = . 4 545 X Al A & A2 5

1. i

B i U R O ITHE N HETE /8 o M HLITHS b T 4 B A U], ] DUAR S 58 SOAS 9 B 4

— R A LI . % Enter 8 BCER 7 BLIOUHS 19 2 i A X I8 R] 8 A i BB =0, 1] 5-6 Faws

In [ ]: def study():
study=1
print (study)

K 5-6 iRk
2. RN
AR A T A W B A A R R K LB U I HE R R, AN 5-7 Bl
In [1]:  def study():
study=1
print (study)
study ()

1

Kl 5-7 an Rk

1 pTaz B, () I SR B SO . B Ak

Notebook A] DLl 518 2 22 B BY B2 JT A% , X H. B

T R BT

A 5-7 Y print(study) 2~ print("love™) , 2R 5% T Shift+Enter 215 # E

f5 A HH 45 2R B BB AL T "love".

1H 3 X i ] LA —

B AT 25 WM 3 TR0 AP TF 2 5 90 B ]
Notebook H1i£ 47 Header BLITHE Fl Markdown B JGAE F Ff Markdown
R[] 9 B 5T A 1T AR e A e PO 4T 31k A 5-8 Bz Raw NBConvert
Heading T LA E R 7 J2 28 07 R0 R 46 2 5 IRASAHIK 4, Lo
& 5-8 HAth H gAY
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RS E R EMFEW . Markdown A] DA B SCAR JEATEE 22 (1 i 4y 72 A 26 U0 Y 7 %

CERIE 5-9 Fiw .

My first title in Jupyter

A very simple operation

Lei's add two numbers:

In [1]: 1 + 2
outfl]: 3

Counter

Let's count from O to 4:

In [2]): for i1 in range(5):
print(i)

s W ko= @D

In [ ]:

& 5-9 Heading fl Markdown i B %

R

5.2 TEH PYNQ Overlay hn#k it 3 %

PP By B 4 i S n] Ll of Vivado T. H B #

Notebook W' HE:{H H Python fCiS#E47 F &, PYNQ & £

N'E | Jupyter Notebook.,

B9k Vivado WA B AY * . bit F1 * | tel X P9 A48 1o Name | | LastModified
Jupyter Notebook § A % PYNQ #tF F. wWE 510 s, #F 4 B8

] PL H. tn] PLFE Jupyter

Upload f New-= 2

Jupyter Notebook W B} Upload , 376 £ 30 #§A2 R ik ™4~ 3C &’ 5-10 Ao

4 & Jupyter Notebook AJ 5[] fY) SC {4 3Je v,

A Python AURS T 2 Ho A i SCPFRT . BB E ST A PYNQ B HY Overlay X, R A
i3 Overlay SR R 2] PYNQ 1. WK base. bit it A M2 E] PYNQ R

W FPGA R R h . BRERCE H /Y F A i SO Ay 24

S, plan

from pyng import Overlay

- A 4 AR % . bit 5 % . tel

overlay = Overlay("base.bit") # N # 5K 0 "base. bit", Tcl Wt BT 20, 2 HT @

5.3 Python S| Bl 4B

AxiGPIO # MR PE Bt T AP AR IE F A% (A Ted #2583 AxiGPIO faiil 2% 1P %
3 PL AT O BB A MW P iy 7 % . AxiGPIO FEE 24 PL th AxiGPIO 4% il
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v By . AxiGPIO fEE & 5-11 Frzs - 8 AxiGPIO 528 WM~ H 18 . B 8 18 0 T
% R 32 1.

e

axi_gpio 0
i# if Python | read O 1 write O H T 78 B [ )
| o S _AXI
G b ario + |||
- 5 axi_aclk
setdirection() #l setlengthO) n] T+t & 1P A 3 =l sesetr GPIOZ <= "
AxiGPIO B 4 8] 7] DL & in,out #l inout; AxiGPIO \ /

AXI GPIO

SRIA Y 7 0] 42 inout, WE [ in B out J5 H SLiIF X 1P 43
AT AN S #AE R out "5 E A in "B 25 .
B TS T eyl AxiGPIO B, ZESZe b, 7] DL A LED,
F 4 JF O RGBLED 253k 9 B AxiGPIO, i% 26 4 [l 1% 4 55 2 {d B Overlay 3 h1 2% bit 3
. 1E 2. Overlay 22 J5 ., 38 i1 ¥ AxiGPIO % #il 28 19 & A% 36 45 =5 ) 1k 1) AxiGPIO
S
% bit SO A OBl sl 0T .

K 5-11 AxiGPIO #£[H

from pyng import Overlay
from pyng.lib import AxiGPIO
ol = Overlay(“base.bit"™)

led ip = ol.ip _dict['gpio_leds']
switches_ip = o0l.ip _dict['gpio_switches']
leds = AxiGPIO(led_ip).channell
switches = Ax1GPIO(switches_ip).channell

B 76HRF bit X ik Overlay BREIAE 252 & ol . Hil 1) led ip = ol. ip_dict[ 'gpio_
leds' ['Bf& H Vivado & 118f iy 25 4 "gpio leds'HY AxiGPIO #2 H i (g 2| Jupyter Notebook
) led ip ¥ L 52 % Jupyter 5 AxiGPIO By . § ] leds = AxiGPIO (led _ip).
channell 1] % AxiGPIO #8181 #H47%E X,

i) B Y R FRAE R R A0 F

mask = OxfFfFffff
leds.write(8xf, mask)

switches.read()

AxiGPIO T ol S it 5 #4E . mioe X —HME ., B0 2 58 /Y v 1 i
write ) Fl read O P17 8046 1O 525 $81E .

5.4 ETF Python ifIiRESiZ5E

i 1 Python 8140 5 12 8 J7 B AH X BE B8] B2 A 5 90 K iy 4 5 3% i o 56 Ak A A
FHTA] B S0 . SO F 2 read O T write O PIASELEE . B A9 13k H 55 8 Bk
7 S0 Y Python F27 .

Zi 4t Python UM B 77 20 FHAR 22 Y 2 pREL. £ PYNQ -5 BN E 1R 2 1Y 1 pR &, AT
Al DL R .
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from pynq import Overlay # 8 FH Overlay J&E

from pyng. 1ib import AxiGPIO # 8 B AxiGPIO &

overlay = Overlay("/home/xilinx/jupyter notebooks/--.bit")  #bit W {fifte
overlay? # W bit Xy R 1P fF B

X 2 i 11 47007 44

gpio 0 = overlay. ip dict['axi gpio 0']  # }§{d FH Y AxiGPIO
gpio 1 = overlay. ip dict['axi gpio 1']

gpio 2 = overlay. ip dict['axi gpio 2']

P Bt Jupyter Notebook H #1724

a = AxiGPIO(gpio 0).channell # X AxiGPIO |- ¥ 45 ™18 i 17 44

b = AxiGPIO(gpio 0).channel2
cin = AxiGPIO(gpio 1).channell
s = AxiGPIO(gpio 1).channel2
cout = AxiGPIO(gpio 2).channell

X AxiGPIO B4 H w8 writeO $E47 E , R 281X 2] PL smibf7 A0 3 . 7F PL ¥
REFRZE R 5 K45 SR 15 Bl AxiGPIO B % A ¥, FF 8 1 read O R AR 5 v 45 582,
AxiGPIO %4y B B i 7 S A gefm . — A S48 1., Python " 4 i 75

HEH TS A 0xf, P AT DLAR 488 S+ 2500 %) 1 50k 28 s 15 1Y)
47 98 52 H P TE Vivado Wil H AxiGPIO B3 B 4 1Y

mask = 0Oxf # AxiGPIO it it

PNEEC, W 4 5544 .Channel

a.write(8, mask) # 1% AxiGPIO 19 %y i ¥ 1 WC{H N 8

b.write(9, mask)

cin.write(0, mask)

GPIO $ Wi 75 B BUE 5 A 2 B8R Ok, Ry 248
x .

3

| print O) ¥R Z0K .78 15 3 /Y

print(cout. read()) # 1% AxiGPIO W vm 45 3 25 R B ok

print(s. read())

5.5 ETF Python iR B & iZ 58

i) i 2% 55 3l 3 Python #4728 B AU BHEE , th T PL i 04T B S, 25008 Ak 3 & e, 1
PYNQ -5 B/ AxiGPIO FEBe A SERY . 4 204 40 PR 7 5 ORI A B 21 il AxiGPIO 32 82
sk 7 f, B 254 B S IR 2N R 15 U . 1 B AN SE 8 . T 1 R DR IX — [n) 8 ORE BSE R R R 1) S

A ¥ 138 12t Python P38 3CHF dE 17 4w . PR 1IE Python ] i 72

7B S PL dmAH — 2, ik

g B P ] 0 Y B AR BE G C s ROk . T H AL R EL Y T 2U#R Python 1 R BR

-

HIT I

12 WG R S XS 25 i F1E 4T i 243X P9 B 70 45 32 3 HA 6

) e AR [R] L 2 IE AN - BEA
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o

from pyng import Overlay

from pyng. 1ib import AxiGPIO

R L HIE—FPGARRE LR L Ea#HF 5L

overlay = Overlay("/home/xilinx/jupyter notebooks/ . bit")

overlay?

gpio 0 = overlay. ip dict[ 'axi gpio 0"
gpio 1 = overlay. ip dict['axi gpio 1']

gpio 2 = overlay. ip dict[ 'axi gpio 2']

clk = AxiGPIO(gpio 0).channell
rst n = AxiGPIO(gpio 0).channel2
= AxiGPIO(gpio 1).channell

out0

TE I}

k. E AL FAKE

12 i

import time
mask = 0bl
timedelay = 0.1

rst n.write(0b0, mask)
rst n.write(0bl, mask)

I b 1Y 22N o
PSR AR ATy o) 4 3 B2 1

H X s B A 38 T8 AT A 44
5 0 AN Fir 7 8 E AT A 44

VIR [E] PR BSOR JE A7 SE B R UE RO A A2 W8 BB IE] S A2 L B Lk S B
1A 80 AN AL Zom P

2 1 FH B[R] pR %KL
# AxiGPIO it 4
& 1 B [A] A B
& A7 AT

= (I HE - A2 &, Al ik Python 18358 S o B ) 80 i) 28 #2358 3 For 1/

Python ' for JE 6L 5 =28/, 56 — N N R A YR G 7, 58 DL W R 3P A9 I8, 56 =
WONTEH R, SHA RN 1R —IXIG AR E0m 1, iR 25K N AR 6 3 5 6 26
K N

T BEA b e B BUE AR Wy 2 e s, B B 2R R AR Ok S AR AN 5 8 3l i i

ELAS I 2 20 AR AR oK

import time
N = 30
timedelay = 0.1

S1zZes

tmp =

al

= range(0,N, 1)
mask = Obl
for size in sizes:

clk.write(0b0, mask)
clk.write(0bl, mask)

[]

out0. read()
tmp. append(al)

print(tmp)

| 20 AT DLk g I P g9 45 SR AR B R AF . BEIRIG R Al & 57— H R, I o
append PRECKE £

B A R I AL

# ) i B g

F Ol B RS R

B ITER R , 1 h B A B b e A ) 45 R
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5.6 ZEBIHET®

EZ M A48 AR bit M. tel XA IFER S 2 T M PYNQ LR FERHES . Z )5

LT RSN IE T PYNQ By Python ¥,
5.6.1 L& .bit f.tcl X¥&

il 1 e & New—>Folder Hr 8 —~ A3, d b X A4S SOk Ko g 24 8 Example,
K 4.8 1A W HY design 1. bit 1 design 1. tcl 1% #| Jupyter Notebook #r & HY

Example X3 T E 5-12 s,

Files HLINnInG Llusters

0 - Wm /! Example Name &
|
— EZ:HH”II 1 bl

) [ design 1 tcl

Salact items fo pedorm actions on them Upload New - || &

lLas

s

i Modified
JTLErE)
Ik ]
JLErEl

A 5-12 AL AH RSO

5.6.2 ETF Python8Y1/0 R2H

3T Python B 1/O ZZ B a5 #2400 F .
1. €% Notebook
1 St o £ New>Python 3 £ —> Notebook, [ 5-13 Fr/~ .

: ju p'}"tEf Untitled Last Checkpoint 2 5388 (unsaved changes) F

B + =G B 4+ 4+ HRun B C Code r E

Lo

File Edit Wiew Insert Cell Keme Widgets Help Trusted | # |Python3 O

& 5-13 414 Python {4

2. {& A pynq Overlay JnZ Lk 4%

from pyng import Overlay
from pyng. 1ib import AxiGPIO

overlay = Overlay("/home/xilinx/jupyter notebooks/Example/design 1.bit")
overlay?

i id “ Overlay?” 0] LA & overlay W15 B . 71X B a] L& 3] i i) il
AxiGPIO. W& 5-14 Fr7w.

3. Xfum O RS 5 )

X F v 1 A8 1 ) 22 0 R B R B RS,

1 2] 19 7 A
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Tvpe: Overlay

String form: {pynq. overlay. Overlay object at Oxb431cad(>

File: /usr/local/lib/pvython3. 6/dist—packages/pyna/overlay. py
Docstring:

Default documentation for overlay /home/xilinx/ jupvter notebooks/Example/design 1.bit. The following
attributes are available on this overlay:

IP Blocks
axi_gpic 0 : pvng. lib. axigpio. AxiGPIO
axi gpio 1 * pyna. 1lib. axigpio. AxiGPIO0
& 5-14  Overlay {5 B
gpio 0 = overlay. ip dict[ 'axi gpio 0']
gpio A = AxiGPIO(gpio 0).channell
gpio B = AxiGPIO(gpio 0).channel2
gpio 1 = overlay. ip dict[ 'axi gpio 1']
gpio S = AxiGPIO(gpio 1).channell

4. GPIO OWiETS
XF gpio A Fl gpio BN um I E A 0 #1 1,38 o8 Z2 0 gpio S H R HI W& & 5 M 5y 45
R (S=AB)—3, gbmA Wit 2 S Em., [T,

mask = 0bl

gpio A.write(0b0,mask)
gpio B.write(0bl, mask)
S = gpio S.read()
print(S)
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CHAPTER 6

i 44 A 15 5 (Hardware Description Language, HDL) 2 UL 48 5 AL 65 5 5 22k Hi A i
PR M HDIHERY IR 5 . AHECR B E B R 1 5 TE A KBV A - RGN R
# H Eﬁﬁﬁ@ﬁﬁiﬁiﬁﬁﬁ Verilog HDL #1 VHDL. Verilog HDL B & 2 EE2E C. i T it
BHLER A B A CEFSH LR, KT IR %48 Verilog HDL %85 . {H 5k
Em%wﬂﬂﬁ%iﬂ% Clra . AER o 5850 %% IR . Ao B oz ik /Y B8 4E ok gt 17
Verilog HDL %' E , X FEA A 285891, m VHDL AH B, Hoof i 3™ 4 5+ 7%
SE 1Y HHT 5 A o B L H A0 A B R e A Y i SR ALK — T R 2 A it DR 4 1 REL 48 Sk 1T
Vo BB R A S A B E R 0 I A B A B R B 438, N K Verilog HDL A1 VHDL #
i EESFO Y. BVAOR UL AR — R S A2 T LAY 7 R — A TR X PR B
s ATPURES M, HE R — PG E —Frat ol LA, Al 76 8 55 ) ol 5 R X W R i 5
Y42 BE [ 55 15

AT S 0 B2 B SO AL ) ?@;&%ETHUEE’JEZ&?IKE’J HDL F18 . J7 22 4
P AT, BT M A REATFH HDL ., 5 R4 i 498 A 17 25 MH %8,
FZIERNA R B A B X BLZ5 T Verilog #1 VHDL X i# E’Jfﬁ?li 7 B A -
12 B HDL S B 4 40 3 1Y A Jo

l

l I.

6.1 "HRIR"BIHE A

“BLH” & Verilog HDL Fl VHDL i i #) fir 22 A 800, & 2% 19 22 G2 W AT DA o 2ok 5 B )
JZIR AR B HRE., WE 6-1 2 WA S S X RS R A . 78 VHDL B3R A 59 ¢
Fia] i Entity, k2 55K, Entity &85 HOCH Z AL B 1Y S 7E R I AL He 24 Bk 4 A/ S S s
1, T A B P 3 I BE Y E 40 4R = i Entity %F B A9 Architecture #5433 5€ W HY .
Architecture B A M ER 43 . £ Architecture 1 Begin 2Z [8] 72 X iZ # B pir H 7Y 2%
MG AT B . Begin ZJa 77 72 HE BYBE R DI RE B9 74 4 1A .

Verilog HDL B 5 W2 ] jf — 26, Verilog A B g% ¢ 8 52 5 72 Module, [ X Fi%
REHR S A/ e L AR BT Ry A2 DL S B B ) BE Y TF 4 4 A AR fE Module
Endmodule 2Z [8] {¥ X 38 N 5¢ B .

ST
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VHDL Verilog HDL
entity SE{K 44 is module & H 24 (5 1 )
portCHa A /% it o 1 U ) i A/ v 5 RA

end

Architecture ***is

NHE 522 & ; PN P U A &R 4 5
begin

AT ATIE A FATATIE A
end 451 1K 44 ; endmodule

[ 6-1 B4 ik Y 4 HE B

6.1.1 ®WA/HiLDiwOi76A

I T4 5] i B A A /g S i Y B
1. VHDL

Entity mux4 1is
Port (s: in std logic vector(1l downto 0);
a,b,c,d: in std_logic_vector(7 downto 0);
y: out std logic vector( 7 downto 0));
End mux4 ;

£ VHDL v B8 A/ i H v 1A 75 B2 76 Entity v, 78 1158 BH 5 7S A/ S g
B A FR A e R 2SR e S B . il 0 s: in std_logic vector(1 downto 0), HHp s 4& ¥ [
MR in 22 A 5 1) . 1d B e Ab 4 AU 5 std logic vector F= ¥ H A ZE A, I Ab 2 i T
)& ] 258, (1 downto 0) & H Y % B, oAb 2 2 Al 2% 0 i,

2. Verilog HDL

module kmux4 1(s, a, b, ¢, d, vy);
input[1:0] s;
input [7:0] a, b, ¢, d;
output[7:0] y

1F Verilog PR AREEAFE S B o LR Him A /B om DR A FR. W0 (s, a, b,
co ds y) o MIAE T 1 FE— 25 U BH 35 Y 5 ] JZCHE 98 BE . 4 input[ 1:0 ] s, input s %5 H B9 5
ML, s 25 Avm s ESCE 2 2 M ImAHES 0 fi.

6.1.2 FIEBXRRFMEIEEEY

VHDL B a % 247 8 & A5 5 AR, o0 01 223K A [A] 59 B8 4 % DA 2. B v X 4 40
Wuﬁﬁﬁmﬂ%ﬁﬁﬁﬂTUﬁ%% 7 A BAR B 2 0 Bl . ZoUE S I b it Ay
ISRV iz A o S A R — BT

Verilog HDL B ZUH#E X R A F & M AR 5, H AR 5 5 % 26 A (wire) M35 17 7 Al




Bl TF2a, HEEAE 1 5 Her iR
£ VHDL 5 2Z X W iy /2 signal (5 wire X ) #l variable(5 reg X[ W) .

Favay

F 0

B IR

EIT [ 65

I:l

(reg), wire BIZEPIFE 5., 1M reg Y
A wire %Y,
6.1.3 IMEBOYSHITIED

PIAR L = B H ) AR L B IR AT R R AR o A
TR R IFAT AT HY .

HY LR AR AT B9 R JE G B A 1Y 511
J o SAT LR AT B H B AH G

aniE 6-2 fras , VHDL H | process:«:
ZEFR I T m e, EEEZ A process, 2 always QR AU E m) B2

I AT ) 7E 3 R o
i W 5 ) 1

end process Z[8] L f Verilog 1Y a

lways®*

(FL. &0 A e #KA

1o FLACAS B
HEFE T 45 14 rh (i

end

52 IF T IATHY .

FICH: H B IR 6K ﬁﬁ%l’ﬂ%ﬁ%iﬁ’ﬂ%mﬁﬁziﬁ’lﬂ,%Tf%%ﬁfﬂ%?ﬁﬁﬂﬁf‘?i&ﬁﬁm

VHDL
FFATIE A B
process (HUEFR)
begin

it P 1 ] 5
end process;

Verilog HDL
I A7 A B
always @ (BB FR)
begin
it ¥ 1 ] 5

end

A 6-2 FHATiE

I

n] 5 B iTiE

T 0K A A B — > process/always i&/m] B N ED .

6.2 BRREFXH KB

T A TR RE AR HDL #i8 h] , d BH A B 1 JE AR FH %,
6.2.1 J\3R)AZE
] VHDL #1 Verilog HDL fCHS§ A )\ e ik 25 .
1. VHDL #§i&
LIBRARY IEEE; —— 5| A IEEE J&
USE IEEE. STD LOGIC 1164.ALL; ——g| A 1164 f1

ENTITY mul IS
port(

a, b: IN integer range 0 to 255;

q: OUT integer range 0 to 65535);

END mul;
ARCHITECTURE one of mul is
BEGIN
g<=a * b;
END one;

-— I Ak O K

NS A L 2 1E m) 15 B S e Y R

AL, SR AR B 2 AN i e 15 2 TR AT AT . S0RF KA B £ ) process/always H (LT
iz &y, B A B CHb H BE process/always Y CHEF) ;
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2. Verilog HDL #§iA

module mul8v (a, b, q);

input[7:0]a, b; /i 1 5 A3 2 7 A — 1 IX 3 52 B
output[15:0] g
assigngq = a ¥ b; / /R 1R s

endmodule

M AR BAC A s ] v nT LB S b PR A HDL 2 0608 44 B 4 AR
— RS, AR RKEEHAEER.

ANE B HDL 1] DU 4 A [A]

M BRI F ok mT DR 2 HDL 72 il ik 088 4 B 59 00 0 it =4 30— A ik we il 0 A

—E i L5 AR Ay BN AR AR U AN Y M2 a x b Rox. i EDA T
Jﬁi:ﬁ‘iﬁ@%%ﬁ%ﬂﬂiﬁﬂﬁﬁﬂ?@ﬂ A —ERE AT TR )Z 0 AR T X H P B R =

Ho o>

p et |

Z- hi

PR BE A oK . 3 R Al 3R B R A DR i A 2 R A 5L A 2R A0 B9 O R0 M AR AT Dl A

k", ‘ﬁZi’ﬂ“f“EﬂJ!ﬁ’ﬁu_ I )7 209 28R 1Y O UM SR R ik ™ . FEIEAT R GU i il H R A

i)

e EARPITRP A T ARG . B2 FmE”H‘%H&%‘ m 18 9 38 I 43 W22 A T AR B Y 3%

2 0 T IO RE R B AR B R AT A . X R IROTT RS T E IR S

6.2.2 1¥tE3%

= )\ IFEeE A EERUNE 6-3 Fraa. ENA 2FEE a9 geds il & A . 24 ENA=1

Bf RSB R TAE AT Y[ 7:01=11111111 (5528 1) &5

— A
ﬁlﬁ EEJlILiLj»fE&E%J’i)U ﬁ ENA:O HT‘I‘ !ﬁﬂ%‘%Tﬁa CWB*‘A _B Y[?.O]_
J2 3 000 96 BE RO B A . RS AR AL F T AR S AL Y I
CBA=000,Y[7:0]=11111110CEf Y[0]=0); 4 CBA=
-. \ 3 ~y . h .I. r w_%fa
001.Y[7:0]=11111101CEF Y[ 1]=0); LA, 6 dudai ot l
1. =—/Vi¥55s 1 VHDL #id
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY Decoder IS
PORT(a, b, ¢, ena: IN BIT;
y: OUT BIT VECTOR(7 DOWNTO 0));
END Decoder;
ARCHITECTURE one OF Decoder IS
BEGIN
PROCESS{E: bf C, EHE.) __iz%—ﬁhm;:??%iﬁfﬂﬂrar bf C, €Na ﬂ:%ﬁiﬁﬁ%f

—— YR TZALET, 23 process H G ] $RAT
—— cba Z&7F i HHETE process N #f = BY

VARIABLE cba: BIT VECTOR(Z2 DOWNTO 0);

—— MM H, & 2N O R E 7 B &2 A 22

BEGIN
cba: = (c &b & a); —— 8 c.b.a PFEE R KA AL 3 A7 192 &
IF (ena='1"') THEN y <= "11111111"; —— 5 ena B 1, B TAE
ELSE

CASE (cba) IS



WHEN "000" =>y<= "11111110";
WHEN "001" =>y<= "11111101";
WHEN "010" =>y<= "11111011";
WHEN "011" =>y<= "11110111";
WHEN "100" =>y<= "11101111";
WHEN "101" =>y <= "11011111";
WHEN "110" =>y <= "10111111";
WHEN "111" =>y<= "01111111";

WHEN OTHERS = > NULL;
END CASE;
END IF;
END PROCESS;
END one;

2. =—/ViFHEEH Verilog HDL # i g9 € 55 7= 61

module decoder(a, b, ¢, ena, vy);
input a, b, c, ena;
output[7:0] v;
reg[7:0]  y;
always
begin
if (ena==1) y = 'bl1111111;
else begin
case ({c,b, a}l)
'b000: y= 'b11111110;
'b001: y= 'b11111101;
'b010: y= 'b11111011;
'b011: y= 'b11110111;
'b100: y= 'b11101111;
'b101: y= 'b11011111;
'b110: y= 'b10111111;
'b111: y= 'b01111111;
default : y= 'b11111111;
endcase
end
end
endmodule

6.2.3 J\I__#HFIELIR2E

B N k) ZE FE AR L ALT:0 AT BL7:0

__EHEC

oL FB 2N T8 ik FE B T s, X4 A

Al7.0/NF B[ 7:0]18.FB=1; 4 A[7.0 %]

1. J\{L i3 $ b B35 89 VHDL # & 894X 83 7= 6

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;

fte A
HO0E

A RIRTES BT || 67

—— T X JL A& vE ) Y S04 T

—— WRAE R (E, W% i NULL

.b.a H{}¥

7:0 K

i R W 3

& W 2008 i A v . FA = KT

- Bl 7.0 B, FA=1; 24

= BL7:0 |1}

LFE=1,
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ENTITY comp8 IS
PORT (a,b : IN STD LOGIC VECTOR(7 DOWNTO 0) ;
fa, fb, fe : OUT STD_LOGIC);

END comp8;
ARCHITECTURE one OF comp8 IS
BEGIN
PROCESS(a, b)
BEGIN =~y iE ), B o T A dmid
IFa>bTHEN fa<= '1";
fb<= '0"';
fe<= '0";
ELSIF a<bTHEN fa<= '0';
fb<= '1';
fe<= '0";
ELSTF a = bTHEN fa<= '0';
fb<= '0';
fe<= "1";
END IF,;
END PROCESS;
END one;

2.\ it &l Eb B 25 B9 Verilog HDL #iA

module comp8v(a, b, fa, fb, fe);

input[7:0] a, b;

output fa, fb, fe;

reg[7:0] fa, fb, fe;

always( * )

begin

if (a>b) begin fa =1; fb = 0; fe = 0; end
else if (a<b) begin fa
else if (a == b) begin fa = 0; fb = 0; fe = 1; end

Il
o
H'
o

I
o
|—h
(D

Il
o
(D
-
o

end
endmodule

T P B A 7S B AR = AT D Ak BT — e 2 R 2L Al ) 132 AR 7 Sy B A L D HE .

6.2.4 JK fhAZ 281811 —
_K Q_
TK fih % 88 2 —Fh i 5 o B B TR E A0 A 6-4 R, Moo

— CLR OQON—
J VK 22 4 A v CLR 2 B A 2550 f A v . = CLR=0 Bl g
Rar PR BE 0 &, CLK 20 A, Q A1 QN A2 fil & 2%
Y R 1~ b i i

1. JK it & 8 VHDL %3 i& 594X 88 7= 61

e |

P 6-4  JK fioh % 25 s 3 ]

LIBERARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY myjkff IS
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PORT(j, k, clr: IN STD LOGIC;
clk: IN STD LOGIC;
g, qn: BUFFER STD LOGIC) ; —— 7 G P ) g e
END myjkff;
ARCHITECTURE one OF myjkff IS
BEGIN
PROCESS(3, k, clr, clk)
VARIABLE jk: STD LOGIC VECTOR(1 DOWNTO 0); -—- jk B E

—— H ¥ process NHEA R

—

BEGIN
jk:= (5 &K);
IF clr="0"THEN g<="0"; gn<="1";
ELSIF clk'EVENT AND clk = '0' THEN —— clk B 9P =09 FFEG
CASE 1k IS
WHEN "00" =>q <=gq; gn <= gn;
WHEN "01" =>qg <= '0'; gn<= 'l"';
WHEN "10" =>q <= '1'; gn<= '0";
WHEN "11" =>q <= NOT q; gn <= NOT gn;
WHEN OTHERS => NULL;
END CASE ;
END IF;
END PROCESS;
END one;

2. JK fih % 8§ Verilog HDL 3 i& 894X 83 7= 6

module myjkff(j, k, clr, clk, g, gn);

input j, k, clr, clk;

output d, dn;

reg q, dn;

always (@ (negedge clr or negedge clk) // T BETE ik A
begin

if (—~clr) beging = 0; gn = 1; end
else
case ({J,k})
2'b00: beging = q; gn = gn; end
2'b0l: beging = 0; gn = 1; end
2'bl0: beging = 1; qgn = 0; end
2'bll: beging = ~q; gn = ~qgn,; end
default beging = 0; qgn = 1; end
endcase
end
endmodule

6.3 EXxitiZit
6.3.1 HWRARAOI

e RN T2 0 B %A 20— F HDL #5897 5%, #E2 % 1 HDL 0 i 34 —
AELPRBIBECE, HR T R BTG SR AT R HA S HA R R A A
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1.
17

K 6-5 it s 22 X iZ A By A ik, B
My, XA 7 AR R 2 XT%FF%F@??MEE i E

B 1+ 2

JI (] E;J

%ﬂﬁ}}ﬁ'ﬁﬂ:)rﬁﬂ

17 A fi ik

TR EE

¥z

‘I—}

N il 3 T 18 AR R ) )\/%’&ILHE’\'JHIHJ Ffﬁdi%fﬁrﬁ ﬁﬁT?“mﬁLizliE’JﬁEFF‘?*ﬁ

| P LJr ﬁ{%ﬂﬂlﬁﬂ&ﬁﬁ%ﬂéﬁﬁ

e, HHEHERMEZ.ARFHAS TEMNASE . WRMAEL TE RN RGE S ENAGE
fae . Wil 2 EDA T.HIGEMR K P BT N ik B 3 4 oo b g 250 e 4. Fir L
T A E R HTTE N TFARE Z4aE , hn] DI FZE5 .

input 1, **+, input n IF input | THE N

shft(j):=shft(j);
END LOOP;
output 1<=shft AFTER 5ns

> FOR j IN high DOWNTO low LOOP

output I, =+, output

)

A 6-5 f1 Mk

. Eiaik

» S5 FR A1 38 O T 1Y 22 AR B Y 25 44 5 B an{e] FH BB IR 9 1Y 1 B Rl i R E

HY 25 I hlioie ZE YRR . 8] 6-6 Pz TR BLIR B T REA IR LA S8 1, 78 2 4

I:leJﬁa

Y1 HE .

EHMMAEEHR TAS THA M. EDA T H 8 g B k728 & Al Bk A i
4, Bk S 2, T2 AR R 2E 4 R B R E . B e K2, S 3
I % BRI , 1i HOA 08 {4 35 B A B A5 Sl A A FH P, ol ok ) 32 A A AR v B A 0 1R 52 R Y

>

>

fARER2

)

—  FER1 —

A 6-6  ZhfdE AR

3. BEEHIE

e
) i A

aMmiAE LA A TN GESHH., X

PRI R R G, B e =K H &

1) A T ER TR R 0 M AR IR X . B i oaem ik . 52k H1T

AR A] DL 58 R ZEAS T HE L R A AT i il ik 5

. B

S =BT EE — 4> D) RE AR BR

BN E R BN A T R X s )= kb iz i,
6.3.2 BERLRITHNEA
ATl 2 — R T e M E 24w TR CE TR IR E— 2
PRECR it Ak, WE 6-6 Fras it el 7 T 2 A B i FH AR B 1 fl 8 de 2 AY1%
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1. EXx4& TR VHDL #id

LIBRARY IEEE,;

USE IEEE. STD LOGIC 1164.ALL;

ENTITY Topmodule IS

a, b: IN integer range 0 to 255;
0 to 65535);

port(
gq: OUT integer range
END Topmodule ;

ARCHITECTURE one of Topmodule 1is

w6 WHHRESHN (P 71

signal nea : integer range 0 to 255; —— M AR S5 B R T H AR =
signal nec : integer range 0 to 255;
signal ¢ : integer range 0 to 255;
signal d : integer range 0 to 255;
component Submodulel —— B a1
port ( inl : in integer range 0 to 255;
outl : out 1integer range 0 to 255;
outZ2 : out 1integer range 0 to 255

1

end component ;

component Submodule?

inl : in

port (

inZ : 1in

integer range 0 to 255;
in3 : 1n

outl

integer range 0 to 255;
: out 1integer range 0 to 255
)i

end component;

BEGIN
nea < = not a;
nec <= not c;
submodl : Submodulel
port map ( inl => a,
outl => ¢,

out2 =>d);

Submod? : SubmoduleZ2

port map ( inl => nea,
in2 => nec,
in3 =>d,
outl => q);
END one;

an b ik . VHDL AU iy 22 H 215 152 i
R, 10 BH HL R A/ e T
NI

integer range 0 to 255;

—— AL B 2

—— AT R T WRAE, 2 H 176 )

—— A 1, % H Sk

—— FHM R AR = iE &

—— AR 2

i 22 F Architecture-++Begin Z [a] 7 B

I BB W BAE Begine«-End Z [BPRf 7 B 5 7 BB SE B 4E . AT DUAR 418 Wy 22 55 B

24, FFR Hom A/ th S 1 ATAR G B9 AR 5 SR BGE >R o LI 1 B B A & — 4 I S7 19 A
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2. Bx4Li%itHI Verilog HDL #iA

module Topmodule (a, b, q);
input [7:0] a, b;
output [15:0] q;

wire [7: 0] nea, nec, c, d;

assign nea = not a; [/ AE 5 R AE, 2 IR TiE N
assign nec = not c;
submodl Submodulel [/ 1, 8 s 4l 4k
( .inl(a), /13 M KRR T B
.outl(c),
.out2(d));
submod?2 Submodule2
( .1inl(nea),
.1n2(nec),
.in3(d),
.outl(q));
Endmodule

n _EFrig . Verilog HDL G5 rpfy 2 FH 2 L He B, Jozn /= B 542 8 FH BRI R] , HAARE H

FAE e, Xk H 3t mfﬂﬂsaiﬁﬁ% A/ s O A SC S 5 OGBS B AT

b A4 AR SE BCSESS BT s R DL A R SR R &R G R o AR R i

%ﬁﬂﬁ?ﬁtﬂ@ﬁi‘ixﬁﬁ%ﬂ%wﬂ

Fugr4 7 HDL By DD RERE B AY B A g5 0 Mz F 5 ik, DL ROH 2 ik e i ki it

HEF YW A5, FHIAEIZE — F VHDL # Verilog HDL A& 5 2E b

6.4 VHDL &= £l

6.4.1 FRIRFT

_.I_
=

IR E NER AR G5 w0 .. FEFREZSEN AT . HFEH(A~Z,a~2) . 5

F(O~PDH FHEZ () FAHAMN. VHDL L€
ANARVFHIANEZEZR T RIZ . X4 KD
PR AR IR AT A R K ] L2 32 N F4F

6.4.2 FHIBEWNR

W H BRI A E R AR
(1) g R 25— w24 T — A4 [ 5 1Y

{E . M H R REMAE — K. i W {72 72

H 7T 7 i R P AREN B M2,

5. VHDL & a8 7 O T) A e HAF

T
-

BT FHEAT 221 9 5000 28 28 000 7 38 B i ) vl 4 BF
Constant HE(#: BaIEAR: = RikK

. HIEW .

Constant Vecc: real: =5.0; —— BN Vee WEIEZER L%, W{E M 5. 0V

R A, AR R RE S J 4R JF
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WY, s BCZs AR m A E L BP RO HAiH . AR A RE R IR 2 s oo i . AR BAR
iy FIE
Variable 7ZAFH#4: BHEZER . =WIH1H;
Variable count: integer 0 to 255: =20; —— 5 ¥ count FEE &, T L HE 0—255, ¥ {H N 20
R BRERE : - RIS
x:=10.0; —— ST EW{E N 10.0

() (FoRAEZET A5 A B L 2B dEEL., Wl IRBFWTHrRE. [/
Tl W A A R R SR R R

Signal {5545 : BHEER : = WlH{H

Signal clock: bit : ='0"; —— & B =258, P ia{E o 0
aoBEE: BHinfo48 <= K&K,

x<=9;

Z<=x after 5 ns; —— {E5ns |5 x {EHRK T =z

6.4.3 FUIEXRE
B AR LR 9 b

1. 57%k: (Boolean)

TYPE BOOLEAN IS (FALSE, TRUE); —— HU{H ¥ FALSE fil TRUE, N 2¥{l, AEEizE, R T X RizB LT

2, fiL. (Bit)
TYPE BIT IS ('0','1"); ——H{ENOMIL HTEHREZRE

3. itk =. (Bit Vector)

TYPE BIT VECTOR IS ARRAY (Natural range< >) OF BIT; - T BitZEXRMEHH, HTEBHEzH
SIGNAL a: Bit Vector(0 TO 7); -— 5 0 NfER AN
SIGNAL a: Bit Vector ( 7 DOWNTO 0); —— 55 0 i fE R A ik

4. . (Character)

TYPE CHERHCTER IS (HULF SUH, STX_, Tt ’ Ir.r ” ’.r ); - iﬁﬁﬁq$‘%l%nglﬁ%r E{"-’Jj}:’tdxf—‘%ﬁ

5. FHF

5 ;. (String)

an

VARIABLE string var: STRING (1 TO 7);
string_var: ="ABCD" ; GBS R, KA KNG

6. EH. (Integer)
WAL R — (2 —1) ~@" — 1.l 32 A5 ikl B 3kn . .

e
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variable a: integer range — 63 to 63

7. %Eﬁ (REHU
BB N —1.0E38~+1. 0E38. MY H Fi EA T 254 .

1.0 —— il P A
8H43.6¢% e+ 4 —— NP 77 A%
43.6E - 4 —— T

8. BJiE]: (Time)

%@Eﬁﬂﬁ SCE LR BN AL H 2 — =8 b AU 105 B AR
o A R fs 2R ps ARD ns P ps Z R ms P sec. s min B} hr.

9. SHIZELR . (Severity Level)

BN RGEREAHT I EA L5

TYPE severity level IS (NOTE,WARNING,ERROR,FAILURE);

6.4.4 FIBERIEHR

PR A A 55 LT JLA
1. KBFRIZE

Variable A: integer; Variable B: real;
A = integer (B); B = real (A);
oK ik
Conv interger (A); —— i std logic ¥4 & integer MY, ¥F std logic unsigned fi,

3. RERRK/FEERMIE

Type conv table is array(std logic) of bit; —— % ¥ cony table fYZELHEE HEH
Constant table:conv table: = ('0'|'L'=>'0",'1'|'H'=>'1",others=>'0");

—— Constant table Jiy H. 43 ¢ i 38 14 it 1) # %X

Signal a: bit; signal b: std logic; —E X a bR
A< = table(b); —— J% std logic BI%Eh oy bit &
4. B

B PER MR R TR 5 RASER TR E S TE, — s AW =& .

(1) 'event: #7J&@ PEX A S & A WA pliAi 7R {H true, B R A & B3 il in = & A
. KA At E EFHE . Clock' EVENT AND Clock="1",

(2) 'range: TR — P REIEZAXN 200 FE . EZIELE: 'range."0 to n";
'reverse_range. n downto 0",

(3) 'left, A REPEREA S M T2 A FE; 'right. A R EE 28 R B 208 12

s
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R A8 s thigh: A lEHE 2R sl 24 22 80 1) FFR{E ;s 'low . A= pl & dis 25 A 5l £ 8
TR FPR{E; 'length: A2 B EUHE ZE MR B 204 2 U K EE(H

6.4.5 BEFF

gt =R SR DB A=W NG vl = I U o< (A

1. EREZEF

(D) ) =) T (%) &),

(2) ks (MOD) , Ht4: (REM) .

W4z (a REM OIS 5 a fHE], H43HE /T b B 48 % {H .

. (—5)REM 2=(—1) 5 REM 2=(1)

B8 (a MOD AT 55 b AHE] . H 48 XH{E/NT b Y48 X5HE .

{4
(3) SLL. J%LL

(—5)MOD 2=1 5 MOD (— 2)=(—1)
IR Wk A SRR T VA
VM RGR . AR,

H

(5) SLA . RFfim s e il s — A W EE R 5 IR EA L,

(6) SRA: i BAR, 22— EBUE R FFIREAZ .,

(7) ROL #1 ROR: BIE¥W ARG AL,

{1 .

"1100"SLL1 ="1000" -—- AEBZE{it=ZE "1100"SRL1 ="0110" —— fHiBZEMif=E
"1100"SLAl ="1000" -—- ABEA{HAZE "1100"SRAl ="1110" - {iBEAMHE AL
"1100"ROL1 ="1001" -—-1EHAR "1100"ROR1 ="0110" ——-{E¥MHE
(8) e Jy ( ** ), 45 X{H (ABS),

2. XRIZEF

HFT(=) AFT(U=)/PhFE,RFCHDITFHFETFE=), KRTFHFETF (=),
3. BRIZEEH

(1) 5(CAND) .5 (OR),

(2) 53E(NAND), T IE(NOR) .,

(3) FEIE(XNOR) ,JE(NOT) , F 5 (XOR),

4. MEEER

(D MNEZHE<=

(2) NZEWE: =

5. XEKIZEF

—>jt35é1_;%§?“3 PRFF R A fan A/ v 1 S B E RSP R (E S OCEGE K
6. HEBRIEH

&J—J—Ehf‘ﬁﬁ PRFHE 7 5 IF B K8 G =

SIGNAL a : STD LOGIC VECTOR (3 DOWNTO 0) ;

SIGNAL d : STD LOGIC VECTOR (1 DOWNTO 0) ;

a<= '1'&'0'&d(1)&'1"; —— TR SGTILEREFE, FERNEHKE N 4
IFas&d = "101011" THEN .- —— FF TF 2 {4/ ob u] DL 3 2
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7. HMSIEEF
IE{+)aﬁ(_)u

6.4.6 ZTEFFIELR

R L HIE—FPGARRE LR L Ea#HF 5L

VHDL #iz BAFILE 2N = 2K 5 51 & (] — A7 A2 = A D

EHIEH A NOT,

BWARIEE . ABS. ** .REM.MOD./., * .—(fa%5) .+ (IEF5).
HEIBEMF: &,

BARBERM. — G, +0mE),

W IEH A . ROR.ROL.SRA.SLLA.SRL.SLL.

XRIBEF. >=.>,<=,<,/=.,=,

EHIEE S . XNOR,XOR.NOR.NAND,OR.AND,

6.4.7 VHDL ® &%

VHDL ‘& HiEZE T .
1. B REWEIER
Hirfsg 58 <=L 26T .

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL Clk:Std Logic;
BEGIN

PROCESS(Clock)
BEGIN

IF rising edge(Clock) THEN

Clk < = NOT Clk;

END IF,;
END PROCESS;
Clkout < = Clk;

2. EFEFESHERER

WITH % £f #¢ 15 7. SELECT

EHiRES <= Fik#=1  WHEN
ik 2
#iAH n

([HWME R ARG F M EE N EZTIENL.

LIBRARY IEEE;
USE IEEE. Std Logic_1164.ALL;
ENTITY MUX IS

PORT

EFEH 1,

WHEN 3EF£1{H 1,
WHEN OTHERS;

OTHERS & H A 4gF M &4~ H 15 ik
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( Data0, Datal, Data2,Data3: IN Std Logic VECTOR(7 DOWNTO 0);
Sel: IN Std Logic Vector(1 DOWNTO 0);
DOUT: OUT Std Logic Vector(7 DOWNTO 0)
¥
END;
ARCHITECTURE DataFlow OF MUX IS
BEGIN
WITH Sel SELECT
DOUT <= Data0 WHEN "00",
Datal WHEN "01",
Data?2 WHEN "10",
Data3 WHEN "11",
"00000000" WHEN OTHERS;

END;

F

3. ZEFESHEER

WE Hirfs> <= FEANX1 wHEN W{EAFAF 1 ELSE
ik 2 WHEN WE{H 5% 2 ELSE
ik n WHEN WE{HS{F n ELSE
P LW

AR Z R 1% B 5 IF A& 2EHES s S RESRG T ESR, 2504

e

2 T,
T .

LIBRARY IEEE,;

USE IEEE. Std Logic_1164.ALL;

ENTITY Priority Encoder IS

PORT

( I: IN Std Logic VECTOR(7 DOWNTO 0);
A: OUT Std Logic Vector(2 DOWNTO 0O)

¥

END;

ARCHITECTURE DataFlow OF Priority Encoder IS

BEGIN

A<="111" WHEN I(7)="'l1" ELSE

"110" WHEN I(6)="'1' ELSE
"101" WHEN I(5)="'1' ELSE
"100" WHEN I(4)="'1l' ELSE
"011" WHEN I(3)="'l' ELSE
"010" WHEN I(2) ='1l' ELSE
"001" WHEN I(1)="'1' ELSE
"000" WHEN I(0)="'1' ELSE
"111";

END;

4. #7E (PROCESS)iE q]
RE 1R ) e SO 8 )L, FH TR AR R 3R 48 AR 518 3 N 3 B 1z B 254 1a) EL A 1Y

ol

it
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i&éii?ﬁﬁ%t&—FPGAﬁimﬁﬁé*%fi;%'—ﬁ S

AT RE ., 27 Z IR H IR N ER E 0 iEA) . JERE AT 7E R 1Y B 2
(HUBAG 7 A B AL A S8 3T

[ FE455 : ] PROCESS (flR(E = S5 3#)
[FHX];
BEGIN
I )y 1 )
END PROCESS [#F#E#n51;

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL Clk:Std Logic;
BEGIN

PROCESS(Clock)
BEGIN

IF rising edge(Clock) THEN

Clk < = NOT Clk;

END IF,;
END PROCESS;
Clkout < = Clk;

5. i FFiE A

i i a B R TR, MR AL e fE WS S PR TS . R 5 —

H LT T B OG T4, H B nT SC 82 B | Yy i

(1) TR A) 25 a0 .

ENTITY TEST Signal IS
PORT
( Reset, Clock: IN Std logic;
NumA, NumB: OUT Integer RANGE 0 TO 255
),
END;
ARCHITECTURE TEST OF TEST Signal IS
SIGNAL A, B: Integer RANGE 0 TO 255;
BEGIN
PROCESS (RESET, Clock)
VARIABLE C: Integer RANGE 0 TO 255;
BEGIN
IF RESET = '1' THEN
A<=0; B<=2;C: =0;
ELSEIF rising edge(Clock) THEN
C:=C+1,A<=C+1;B<=A+2;
END IF;
END PROCESS;
Num A<=A; NumB< = B;

AT S bE E AT 1] B O

1 TAERY .
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(2) IF i /A) 25 .

IF {4} THEN IF {4} THEN
i Fy> i ) JIvi Jy> i )
END IF; ELSEIF {5t 2
THEN
IF 55143 THEN
B Mt Py 1 41
"ﬂﬁ. 1 1)
ELSE
ELSE "
1y 15
W ¥ 5 1 P
END IF;
END IF;

ENTITY COMP GOOD IS

PORT(al : 1IN BIT;

bl : INBIT;
gl : OUT BIT );

END ;

ARCHITECTURE one OF COMP GOOD IS

BEGIN
PROCESS (al, bl)
BEGIN

IF al>bl THEN ql<= '1';
ELSE qgl<= '0';
END IF;

END PROCESS ;

END ;

(3) Case ifia] =0k .

CASE £ AR IS
WHEN YE#{8 [ | 2B 1 = >0 )¥ 18 &) ;
WHEN PEFE{E[ | B FEAE 1 = >IP il n);
WHEN OTHERS = >JIii J§: 18 41 ;

END CASE;

EHEEANEE RN ES; Y CASE oM LB & A 00 M 6, 2
OTHERS 38 %€ A R H By HAth By A 15 O B fa H (.

LIBRARY IEEE;

USE IEEE. Std Logic 1164.ALL;

ENTITY MUX IS

PORT

( Data0, Datal, Data2,Data3: IN Std Logic VECTOR(7 DOWNTO 0);
Sel: IN Std Logic Vector(1 DOWNTO 0);
DOUT: OUT Std Logic_ Vector(7 DOWNTO 0)

¥

END;

ARCHITECTURE DataFlow OF MUX IS
BEGIN



00 |l EH ARG LR BE— FPGATE LR 6 K 55X

CASE Sel IS
WHEN "00" => DOUT<= Data0;
WHEN "01" => DOUT<= Datal;
WHEN "10" => DOUT<= Data2;
WHEN "11" => DOUT<= Data3;
WHEN OTHERS => DOUT<="00000000";

END CASE;

END PROCESS;
END;

(4) LOOP i&4], 255 an'F .

[LOOP #5*5 : ] FOR ¥ 25 & IN 1/§ ¥ X 230 [ LOOP

j|rJT |55} ”
END LOOP [LOOP #55 1;
Sum: = 0;

FOR 1 1IN 0 TO 9 LOOP
Sum: = Sum + 1i;
END LOOP;

(5) NEXT i5a] . 240 F .
NEXT if5h] £ HAE LOOP i 7] o A7 A3 S 80 & 4 5% 1 424 . Bk ) LOOP 1 4]
I M, .
NEXT [fa¥t55 | [ WHEN &% J;
o NEXT; — &2k 2 98 5, Bk 0] 2] A R 4§ 2 LOOP 15 a4k, FF iR T —
B2
« NEXT LOOP#:5; —XHF L &E LOOP Al Enf, Bk 238 €45 LOOP &
A4 O T IR AT A B AE
« NEXT LOOP #5%5 WHEN 5381550 — F 43R0 TRUE, #4471 NEXT i
a) A BRFEFRAE A5 W ) T AT .
(6) EXIT i&EA) . EXIT i54) F2 HLE LOOP & ) $h AT i A5 4544 35 0 45 14 9 3 i 1) 4
il @k m] LOOP i a) i & . FH TR 5. MR F W E4FE A, 0 A AE 5 RS,
EXIT /) fig $2 it — > P ) 8 1y O
EXIT [ 13457 | [ WHEN &4 |;
o EXIT; — &M ML Hi 053 il H .
« EXIT LOOP #3555 ; — FFATIR BTG #14F MNTE I b5 5 b B B 95 26 rhaR i
« EXIT LOOP #r5 WHEN FFEiLL; — FHF LB TRUE, £ F M 24 [ 1§
W
(7) NULL #54],
NULL A= AR, — M H T CASE ", R B F 205 80 T %) 4 1 AVEAR e 222 L 2
AT, ARRHTAHEGZEE ., 2 mT .

PROCESS (Clock)
BEGIN



IF rising edge (Clock) THEN

CASE Sel IS
WHEN OTHERS = > NULL;
END CASE;
END IF;
END PROCESS;

®oxZ  EERGA

El]=H

Ol

>.
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6.5 Verilog HDL &= &t

6.5.1 HIBERE

wire B Z 48 & H ok 28 H T UL assign REEFIRENH G ZEG S,

Verilog #YJ module

i A/ RS o 2R EAES H 3 € XN wire B, wire BUF 5 a] DL FHAEAE {7 22 35 =0 19 Fi
AW A] P HAE assign i&a) 5 s2 il ooiF ) i . FHiES VHDL H iy signal XF 7,
AT A B R A T I 2 . AT A e B B A 1) S 5 2 reg., 8 o W 15 1) ] LA

B A AE B B 0 0 P 5 o 5 98 0 1 00 M4 regs 80 U B JH 0K 26

always R ERINI TR EfG 5 . FACERM Loy . HE Eiﬁ'i‘l““g always Bt {8 .’[T)‘JJL#I
WIEAPR R IRZEH LR, 7 always BN AE B B — DG T AP A1 E LA reg Y, reg 26
AU BRI IR (E N A EE ' X, HiES VHDL iy varlahle X N

reg [width—-1 : 0] RAE&E 1, R i 2;

wire [width—1 : Ol WZF i 1, WAE & 2;

) .

reg [31:0] out; /17 LT —4 32 fii1 44 4 out Y reg B E I

reg rega, [T — 41— fi 4 N rega i) reg B E R

wire ifu2biu icb cmd valid; //E X | — 4 —{L1] wire #5

wire ifuZ2biu icb cmd ready;

wire [31:0] ifu2biu icb cmd addr; [/ LT —A 32 fii 1Y wire ¥

6.5.2 HFFRII

MFRETTALT =,

(1) < B> <k il > <BUF>, X 78 F 3 4 i 1 4 ik 7 =X .

(2) <#Ei> <B 5>, Eﬂﬁ*ﬁiﬁﬁf‘lhﬁ?%fﬁﬁ% | BRIAAL B .

(3) <BF>, FE X Pk Jr b, 2k FH A 38 ] - 8 ) .

XFF<dbfi>a R s . IERIFEEOH b 5 B FRon . T aE i B EOH d 30 D Eon, oS ot |

3 ,hiHi'%ﬂ,,f\ﬂﬁ%'J%ﬁ loE O E~.

8'b10101111 /LT 8 & — i d Fean, b FRam
4'ha //0E5E R 4 B 7S 3Ed, 'h /o 75 3E 6
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2 (underscore) 7] UL H 3 73 B 2oy 238 LR & B2 1 vl et . (H AN a] DL #E v

e AL, R ag HAE R KR ECZE . WLF 4

16'b1010 1011 1111 1010 /]G
8'b 0011 1010 E 273 3N

6.5.3 parameter ENXNE S

parameter A] 2K € W 7, B parameter K E X —PHRiIRMF K —DH & BN A

S B AR IR SR 0 SR AR AR AR — A 0 2 0 00 T 5 T 4

parameter £ 208 & — M E 20O 9 20E LU BHAR a0 .
parameter (4% 1= RiEX, S8 H 2= £i&LK, -
HARHEROWT .

parameter DW = 32; //7E L ZH DA N H 32
parameter e = 25, £ = 29; /EX =AW
parameter r=5.7; [ ¢ D — RIS %

6.5.4 ZRTE X 'define
A48 58 BIAR IR (D4 ) AR 2 — A 70
'define PRI (ZA) FATHE(ZNE)

FCAE PR R 45 5 10 25 4 R 10 RS U5 T B0 2 I 7 0 4 — A K B A L IX s R
B .

R LR BOE AU

'rlrr

'define E203 ADDR SIZE 16 //H E203 ADDR SIZE ¥ {t% 16
'define E203 PC SIZE 16 //H E203 PC SIZE ¥ fL# 16

5 H B E X IR 2 0 R AR I B RN ix A 7 — T Al % E

X5, B,

output [ 'E203 PC SIZE- 1:0] inspect pc

6.5.5 BEEFHFNREIRI

Verilog HDL & 5 Wiz BRI FEAR T, iz B A LD gEn] 73 DL B JLZE.,
1. EREEF s %5 /s %)

(1) + UnEiz %ﬁﬁ o IE{H1z B A7 . W rega+tregbh. +3);

(2) — (WiLisFJAF, N {Eiz B4, W rega—3,—3);

(3) * (EILIBFHAF U rega * 3);

(4) / (BRILIEFEAF, 40 5/3);




wiRAEE B Hiz B A
(B0 25 0 18, HPFEECY

0

F0E WHERIBESEIT || 83

(5) Yo (BB FAT . 8UPR N oK AR s B4 ZoR Vo Wi 1 Jy s RUBCHE . 4 723 BN D

2. MEEEF(=. <=)
55 A PRI E =

(1) JdEFH2E (Non Blocking) B {H 77 = (<=) .

O REHR G A 56 BRAE R 1E .

@ b BWE I A 2L 2B /Y

D X & — LB H F A AR i (48 K 2801 B0 T 35 FH JE B ZE TRAED .
(2) FHZE (Blocking) W{E H=(=).

O MAE B APIT R AR,

@ b W8 7E BB T m) T T 58 J 52 20 e 22 1Y

Q@ "R BEEARMER,

W 6-7 25 H 7~ 1 s BH .

BxBREaFTO
always@ ( * ) always(@ ( * )
begin begin
a<= a-+ 1; a=a-+ 1;
b<=a+ 1; b=a++ 1;
end end
HAT/R al 1,b A 1 HAT/R al 1,b A 2

P 6-7  BH 2E A1k BH 2E W E LE %

3. XREBEEF(=, <, >=, <<=)

a<_b:a/pbF b

a >b.aRThb
a<=b: a/hFEFET Db
a >=b:a RTHFT Db
4. BHIEE/F (& &, ||,
(1) && B

(2) | [ %55

(3) ! 2k

1)

“CETHIY TR CHBEACEERAMNEEELS W (a>b) & & (b= (a<<b) | |
(b<<c¢),

“VEBAHBEM, HER - EAESW. ) (a>b), 28 & MZH| EWHBEA,
TSR ERAEROR 2010 DR A BOE 1 K E B R B0h B — A AR 2

5. FHEEBEE/F)

assignA = B? C : D

b 1L, N0NEE 1 H.

/7R B 1 MK R4S A, a2k BACH 1% D4y A



84 || T ENVAEMRFIEE L LW HE—FPGARTELTF &8 HF 53K

‘I—}

6. fIIEHEHF(~. [.", &, "~)

(D) “WR7is8FA~: ~— TR HIEFA, HRN — PR T iR A U 2 5

(2) “BS"ZEBMF & MU SER 2B E N RERMHEN T Sis8 .

(3) “$ZPLE B HAT |« $% 47 550z B2 K P R E B ny A N A7 AT 5 5

(4) “AFE7EEM4(WFRZ N XOR 855 . $#47 7 5taz 57500 2 B - 8 4E 20r)
FH A P47 S 5l0E -

(5) “YE QL[ B "B JAF" ~ ¢ % A7 W) 532 5750 2 R PO A AR 200y A R A e AT ¢ s
AT dEIE R

(6) AR KEMEREATAZER . MADRKEANNP T A 230, R4 H 3kt
(R T SR D0 a i VA A OF o K (e e i DIVA S =R VA & OIS = T B D R TR N e (2 i VAR i
PRAE

7. BUERHF(K,>>)

<< (EBAL2BM>>CHBALETMA) . HAAH T EW T .

a}}nﬁ,lza-i-in

a AR TR B OB B 0 TR JLA . K TR RS (055 5T 400 0 SR BURMES th 1 23

)fjn ﬂm:
4'b1001 << 2 = 6'bl100100;
4'b1011 << 2 = 6'b101100;

4'b1101 >> 1 = 4'b0110;

8. MIEEBEERF( )
XAz AR DR A 5 5 R e B R ki i B HEE . 0.

qout r <= {16{1'bl}}; // X} qout r 1) 16 {if B W 1

6.5.6 BEGMTR
& 6-8 & Verilog HDL " {1z B AL o2 .

ek
 ~ =
* 1%
+ —
<< ==
< = T e
— = === ==
&
AN A
|
&&
| '
7 [E§

A 6-8 mELFIL Rk



6.5.7 Verilog HDL & BEkA

1. if else iEf]

i o) FH R A B BT 45 7€ 1Y 25 4 2 45 Bl A2 o AR 9 P E Y &5

PR e b ROEE— A4 F ARS8 = Fh .

(D if(FRIEHD F e R Al 1
(2) if(RIEFD) SICID AN E:
else B FA 2
(3) if (&1L D FERCINS ]I
else if(FiRh= 2) AR 2
else if (A= n) 5 a4 n;
else e A n+1;
2B BH AN T .
1) always(@ ( * ) begin
if (1clk in)
en = (clock en | test mode);
end

assign clk out = enb & clk in;

2) if(DEEP == 0) o vld = 1 vldil;
else if(DEEP == 1) o vld = i vld2;
else o vld = 0;

2. case & f]

case Wy/m) e — M 2 Lk vh a) A i) A AN S el ek e, 250
o SCIREERY , AT H ] case iR HAZAL TR 2 7 R HE .

case( #iAI)
H 1: BRI 1
B 2: wa Iyl 2;
‘[ﬁ In: lrl l‘iJ JT ?IJ
default: 1&55]F%| n+1;
endcase
case( type)

1'bl: out<= a + b;
1'b0: out <= a — b;
default: out <= 0;

endcase

3. for & q]

for & m] 2/ ER], —IE XN .

A

S6=  REUEHAR

D]=H
il
J
=

> || 85

f ok CHLBO B E TRAT 45 Hh

P ] et v g 25



36 | i ENAREEEL SRR FPGARRE LN T & Hy 5L

for(Fik 1, FiErK 2; LK 3)
Hig R BN HIW T s

Ty

| -

for (M B MW (H,; THIHLE R &MU, HHEENE)

for (1=0; i<10; i=1i+1) begin
assign fifo rf en[i] = wen & wptr vec r[i];
sirv gnrl dffl fifo rf dffl(fifo rf en[i], i dat, fifo rf r[i], clk);

end
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CHAPTER 7

EFHIE CPU &

28 py, iR 32 50 0w

B2 S T TR ML R G A B F T B MR R R 2 e 0 L 2L 5

54 1 IF

43LF FPGA %

MeE e KL T T o
SR . AT N Z B/ 3, [k
HDL % iHab FR#s ), 61 & = A -

_..r—irjaL

] Verilog/ VHDL #4147, I 9% J) &8 HBE0% 17
G2y MIPS 8¢ ARM 8 5-4Emab i . R 2RO ES FH B O WBIER S, XL
A GBI O R R 2R G Y FR A

N A5 i 2 A 1Y PR . H R A = R R A

gl
T8 2 WY 204 18 fe i i)
wit. iX
=
H i b 5 I

fif 7 N T2 R 3

GhFREE . A~ A X6 KB TR 1 T

i KR 20 FR AT I Az 27
1R AR FE a0 2

A I, A 5] ATF

HTRIMATAAREE, % iRt EAfMEAE, B —ymaik
PRt XA DTk . 2

AW TAE , H 3 ad ok b I

%

FRRITE H R 2 1 BT T A R T T

8354 RISC-V gy & & R &+ 1ol A+ 7
IR H W ge LLa b ny o 251G
R SEPR TRERE A KBy B . [RIE  JF
SoR NVRZ ARSIk R I IR St 5

b 1] FH

b

SR, T BE i B AN

1 AT RISC-V 38 2 WAL H 25 1912 2R ST T4

7.1 RISC-V <

RISC-V 5§44 {# )

(i

Z BB 385 1 4E

I H Ak w9y 5 1T AH 21, B A B il A
RISC-V g A th, 2 il — g ) 225K S B A 48 2 46

=Tk B T4

T

g H 5E sl T
G s T

IR RISC-V /b ¥ s H , — ikt Al =

5 4T

AT

Ak

- FPGA

£ AT
5820 Y R R S
=

S ann

—_—

.r—irf—

E_

Wil

%

e, BAMRFEHEOBAFE M/A/F/D/C, 0% 7-1 i,

wh e 15 HE
B RENS S B S B RV S v A . H LAY 7R

S

A W F B
2% 1) FE AR

LT

ji HII -"’J'{ j_

A6 T4 A FE S E’J%{Ef*fﬁdﬁﬁiﬂwﬁ&ﬂﬂ
FANFEZF AR S TR A S &N R aE e —4%
T 27 232 A MU B I 48 4 Kz HGE A 4508 G % L 5E Rl #E A Ak TR 2 Y
2 40 3 28 10 1 1 3 IS A TR T A Y
J5i RISC-V
i
SE N

|

KRR,
1281 GRS
#7115 Oh ] ik Y A

FHkH Tk
He P50 H Aot —
A) 1Y W5 2K . A4S b 2 Ta) B



o8 || T EH ARG LR BIE— FPGARE LR 6 K 55X

x7-1 BEXESTFE
FEARFE A 4R
RV321 47 32 f Hb bt 75 [A] 5 B EHE 4, S HF 32 Nl RS G 4n
RV32E 47 RV321 [19F 4 A2+ 16 /> H BB & F 4%
RV641 59 64 i Hb bt =5 18] 5 B EFE 4 o — 4 32 AEnY R FE S
RV11281 71 128 {i Hb bt 75 18] 5 3845 4 S — T 45 64 i fl 32 i 48 4
P s A 4R
M 8 AR S FEERAS
A 11 Fig s RT3 /EF5 2l Load-Reserved/Store-Conditional 3§ 4>
I 26 RS BE (32 ) TR S48 S
D 26 BOKG BE (64 P TR EIES A FF F Y EIE4S
C 46 FE4its 4,8 5K E N 16 fif

T FEE X RV321 IS 1T 4.
%ﬂﬁwm#ﬂ?ﬁﬁﬁTﬁwgﬁﬁﬂﬁf;mhz +

M7 AL ARG S TR LA F RISC-V F
Fafrar — afranie BB R 3

L ﬂfl"

H 5 A %%iwﬁﬁmrmmaﬁﬁnin ,fmﬁuwHMHﬁSﬂ#?uﬁ
%HHJEEH‘AVE ) B 25 A 45 I TR SLETE R U B MH T I RA Bk ] B4 4.
W?léﬁﬁmW#ﬁW?zﬁhTEwm%%Mﬁﬁﬂﬂ
31 30 2524 21 20 19 1514 12 11 8 7 6 0
funct? rs2 rsl funct3 rd opcode | R-type
imm[11:0] rsl funct3 rd opcode | I-type
imm[11:5] rs2 rsl funct3 imm[4:0] opcode | S-type
imm|12] imm|10:5] rs2 rsl funct3 imm[4:1] | imm[11] | opcode | B-type
imm[31:12] rd opcode | U-type
imm|[20] imm|[10:1] imm|11] imm|19:12] rd opcode | J-type
B 7-1 RV321 41K

RV321 64 R A 6 fitg = .3+ H A /Y48

g Abe 32 MK X TR L 1 9E R .

717 RISC-V $52 fefit 3 A 7 an BRAE R0 M A2 R x86-32 —#F . iE TR AF ZA H /Y

BEROLE — 17 B

PRAE R G v A B4 1L 2 B2

i E .

£ RISC-V X

T Z 00 Al LA ST

1VE MR B /Y Hb.
1E B By 48 2>

ey

&
o TR

M A RAEAR T EAT 3 AT [ 4 1 5 foE ISA Hiefle 1 24
P AR 0 e 2 22l — 45 move(Wiz ) 358 4 Sk (3 47 H B 25 17

T2 EiEE BT F e AR IRAT SR E N — 0 B, B KA 7E 0
BRI A A e . TEVFZ HAh Y ISA v, FE 2648 & F B A FR 4038 4
A HAbdE A g AE 8 B i 3RAE & (@l an, ARM-32 #H1 MIPS-32) , A
- B T B AE I PR AS B0 AT AR K 5K 0O A B A b S N Ah 1Y) i A 02 B




&t — =r
5 /&

5T 7 ECPUB AR Sk

|| gk

2524 20 19 1514 1211 76
imm|31:12] rd 0110111
imm|31:12] rd 0010111
imm([20[10:1]11]19:12] rd 1101111
imm|11:0] rsl 000 rd 1100111
imm[12[10:3] rs2 rsl 000 imm[4:1]11] 1100011
imm([12[10:5] rs2 rsl 001 imm[4:1]11] 1100011
imm[12[10:5 rs2 rs] 100 imm[4:1[11] 1100011
imm[12[10:5] rs2 rsl 101 imm([4:1]11] 1100011
imm[12[10:5 rs2 rsl 110 imm[4:1[11] 1100011
imm[1210:5] rs2 rsl 111 imm[4:1]11] 1100011
imm[11:0] rsl 000 rd 0000011
imm[11:0] rs| 001 rd 0000011
imm[11:0 rsl 010 rd 0000011
imm[11:0] rsl 100 rd 0000011
imm{[11:0] rsl 101 rd 0000011
imm([11:5] rs2 rs| 000 imm{[4:0] 0100011
imm([11:5] rs2 rsl 001 imm[4:0] 0100011
imm/[11:5] rs2 rsl 010 imm{[4:0] 0100011
imm[11:0] rs] 000 rd 0010011
imm[11:0] rsl 010 rd 0010011
imm[11:0 rsl 011 rd 0010011
imm[11:0] rs] 100 rd 0010011
imm([11:0] rsl 110 rd 0010011
imm[11:0] rsl 111 rd 0010011
0000000 shamt rs 001 rd 0010011
0000000 shamt rsl 101 rd 0010011
0100000 shamt rsl 101 rd 0010011
0000000 rs2 rs| 000 rd 0110011
0100000 rs2 rsl 000 rd 0110011
0000000 rs2 rsl 001 rd 0110011
0000000 rs2 rs| 010 rd 0110011
0000000 rs2 rsl 011 rd 0110011
0000000 rs2 rsl 100 rd 0110011
0000000 rs2 rs| 101 rd 0110011
0100000 rs2 rs| 101 rd 0110011
0000000 rs2 rsl 110 rd 0110011
0000000 rs2 rs| 111 rd 0110011
0000 pred succ 00000 000 00000 0001111
0000 0000 0000 00000 001 00000 0001111
000000000000 00000 00 00000 1110011
000000000000 00000 000 00000 1110011
csr rsl 001 rd 1110011
CSr rsl 010 rd 1110011
CSr rs] 011 rd 1110011
CSrr zimm 101 rd 1110011
CSr Zimm 110 rd 1110011
CSr Zimm 111 rd 1110011

A 7-2 RV321354

U lui

U auipc
J jal

[ jalr

B beq
B bne
B blt

B bge
B bltu
B bgeu
I 1b

[ Th

[ 1w

| 1bu

[ Thu

S sb

S sh

S sw

[ addi

[ slti

[ sltiu

[ xori

| ori

| andi

[ slli

I srli

[ srai

R add
R sub
R sll

R slt

R sltu
R xor
R srl

R sra

R or

R and

| fence
| fence.i
[ ecall

| ebreak
| csrrw
| csrrs

| ¢csrre
| csrrwi
[ cssrrsi

| ¢csrrei
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(i 15 1 B A2 ) ) e BE R Bk
£ RISC-V p B FE A EFEMN Y B. MM S S 2ERE S PI &S AL, X
B E X T Al G i CEE R A i BP AT 59 e . vl DATEFE & M Z i 6 17,

-—

7.2 ETFRISC-VHIERFEMESHKEIE

B AT RISC-V 38 2 0] UL A T TS B B 4% . T 248 a0 e] 38 22 328 2% 38 i 48
S R A — A 10 FIRSWEN IR KL RISC-V 4b ¥ 2F . X B H 3k & RISC-V 5
LR 1Y 32 384 L il ik aX LU L ATE ST L E PR AR AL PR AR UL K B G . ARSI Y R
RO SEREFRMAREAX N EHRT. HPUEFiZAES -2 P RIES . EELH
HIThEE . Zon P AL RS AT EAE S 2 T OpenMIPS 4b 38 £8 1% 11, BB EEE 7T LS
FZ(HCOZFE CPU)— BRI L 5E 35 sk RISC-V ARF AR .

iR BPECE 2 18 2B N5k 7-2 Fr s

*7-2 BED#E$E<SinhE

5% 17} HH

ADDI imm| 11:0 | rsl 000 rd 0010011
SLLI 0000000 shamt rsl 001 rd 0010011
XORI imm| 11:0 | rsl 100 rd 0010011
ORI imm| 11:0 | rsl 110 rd 0010011
ANDI imm/[ 11:0 | rsl 111 rd 0010011

PR 5 FIEL A —=B,EANT1ERE T 1288909 32 384 K 7 V4R M 77b0010011 . H|
Wi 5 < i) HAR PR AE 2SR 38 L 38 S 56 12~14 7,

52 FHE
addi rd rsl immediate [/ EBP RN 2
slli rd rsl shamt [/ EVE AR IEE
xorli rd rsl immediate [/ Bl ¢ 5lis R/
ori rd rsl 1mmediate [/ BB iz B
andi rd rsl immediate [/ B iz &

B 1 slli 382 LAAh . Hgp iy 4 #1842 2 W8 2P ey L BIEC S rsl 38 HH % A7 4 vh i 203 it
(RS PVAISBENCN g o L g = R %ﬁiﬁiu rd FFAFAr . 37 BPZCTE {07 FH i 75 2200 oA /75 9
B 32 {7 BPEUS FE AT AR B9 is . sl 38 S ISl 5 1 AR EHITY R .

i R ZBERIFE L URH AR 7-3 Frs .

F7-3 RERIEFESIHH

52 e i

ADD 0000000 rs2 rsl 000 rd 0110011
SLL 0000000 rs2 rsl 001 rd 0110011

XOR 0000000 rs2 rsl 100 rd 0110011
OR 0000000 rs2 rsl 110 rd 0110011

AND 0000000 rs2 rsl 111 rd 0110011




78 EFECPUMEREESS (P o1

=

RKT7T-3H5 FI_L AR —FRENMAET REAAR 32 452 .5 FI8 LMK 7 LA
A T7bO1T1001T, HI W45 < By HAR AR R R [ AR L 38 2 156 12~14 i,

82

add rd rsl immediate [/ Nz &
sll rd rsl immediate /I ERizE
xor rd rsl immediate [/ 7z H
or rd rsl immediate [/ im B
and rd rsl immediate //5iz8E

5 kAR R AP 2 B rs1 18 HH A5 A7 A P Y EUE 5 rs2 18 H A AT AR P Y 00E IE AT A D Y a2
AR ERRAAE] rd AT

7.2.1 5 EFIKTE

5 i /K 2 th BUEs 10 AT UiAFE S X 5 N A . 5 I K TP & A B By
HARTAEWF .

(1) I8 . B P RYFE 2 - [RIBT B € T — a5 98 2 Ay sk

(2) PER . XU BYFE 2 T VRS 3R 15 958 2 TP Z SR R &7 A7 s {5 . PR AE S AU Bl 57 /)
BEER PP BV EGET A M 5808 B 59 ESFRAE, WRAUTHBHE LS HM LR
b sgs B bk .

(3) TAAT : REPERS B B ik MR B AR R R E R Rt T2 B IF A E Hia R4 R .
FIATHIFE 2 N Load(33) 8¢ Store(B) R L . MATHr Bt th =11 J iS5 ny b bk,

(4) Viff: WRA Load(2) 5( Store(’5) T84  Kf 2 7 e b B2 U5 [ A7 fif w1 » 75 W) 1L By B
Al L Zmg L IRAT B B B BUE R = HEE R B Bl 5 Br B, B B[R] B AT LA R A R T
TR I, W RA e E W R T A

(5) M5 K AE AF e iz T4 RS [mlAHN A H #3547 45 .

7.2.2 EBEIESHIRISC-V L IEIRIRIT

RE PR A BT — A 2 00 T AR R AT 38 2 MDD HE — IK T 2 af 5 B2 A — e e
B, ARSI —R 382 AT AR £ e A B ar e, AR N E S22 /Y ori 38 2
AT TJF iR RISC-V AR FRER 9B, AR 1) 58 AU 77 B BC B IRACAS 9 X B H 5% F 18
I 5 1R K5 RCRE B Rl AR =5 DT T 2K

ori T8 2 FF R AE B AT A7 4% rsl PR EE S 12 757 BIE GEAT /7 52 97 ) #4758 Cor)
P51 E Ml A e vd

ORI imm| 11.0 ] rsl 110 rd 0010011

1. BB AYE it

W R E 2 T 2 et as P U 8 2 . JF s 1 PCH. 4 i T — 5598 2 AU Huhik
WG BB Y SCH 24 N pe_reg. v HOHE R SACHS an &l 7-3 B

MEAGESHUN R NE.PCHEHFEZ: &N HREE S 1. PC {6 84> 1 5 H51 fin
4, AR T 32 M52k UL, —FIE XN 4 F35 ., PCEM 4 BERERT —F1EL.
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if id. v 3O b BUFE A By B 2 (8] 1) 35 77 s 1 B

K LS5 B} — P R R HEE By B 45

2. Eh
5 B Bt 2 HUFE B & 05 1 R B B

RIAE A H B A fF ar B AE S5 (5 B 2 £ 3 F —

pc_reg0

clk ce

rst_n ;::c|31 :ﬂl

pc_reg

(a) pc_regfil HE 4]

module pc_regl

input clk,
input rst_n,
output reg [31:0] pc,
output reg ce
),
always @ (posedge clk or negedge rst_n) begin
if ("rst_n)
ce <= 1°b0;
else
ce <= 1"b1;
end
always @ (posedge clk) begin
if ("ce)
pc <= 32°b0;
else
pc <= pc + 4'hd.
end

endmodule
(b) pc_reghi L L nt
& 7-3 pc_reg L e

R ER B TT

b o AR E T

i?fiii%#$§%FPGAﬁ$iﬁﬁiiéiﬁ%'—ﬁ S

©OKF HFE B B Y 18 4 B T
T by B, HAAEE AR A&l 7-4 Fr s .

if_id0
clk
if_inst[31:0] id_inst[31:0]
if pc[31:0] d_pc[31:0]
rstn |

i id
(a) if_id LR AE ]

module 1if _aid(

input clk,
input r=t_n,
input [31:0] if_pe,
input [31:0] 1f_inst,

output reg [31:0] id pc,
output reg [31:0] id_inst

);

always @ (posedge clk or negedge rst_n) begin
if (rst_n) begin
id_pec <= 32°b0;
id_inst <= 32°b0:
end
else begin
id pe <= if pec;
1d_inst <= if_inst;
end

end

endmodule
(b) if_idfER A
& 7-4  if id Bl

T

AT EN B HRIE ST EERRIEN., B8R K

K IRATBr B, S

BT A E

i1 752 id. v.regfile. v.id_ex. v. TR EREFEACMHIINMHE .
regfile. vBIE T — 1 32 132 VM AHFHFwH. A% — 1"BimOMHE N EmO, 5A

A AF A A Y 1 1 A9 HE B BB oA an &l 7-5
HOFC A
id. v UK 2 R AE S

FT 7R o 13

Fim 2 PACHS 53 O 1 AHL, £ LA

SHY FRAER 1 BRAEEL 2 H B % A7 ar ik 557 45 BB I A0k )

AT BB, i 3 i E AL R R ! 9 2 28 A ATz B 20, HAHE B B AR an 1 7-6 B

B ICHIWT e < A RS A,
RIS B HIWE S L ERED. X T 1 RAURES

LN

1, FF IEEHRVER 2 ] 0, FF X ST BN BT R S0

7 Ab B A% 1Y P 7K £ v T i 280 AH O [

Wi EFRAEZRA S5, o opl #F— 2 i BAK KN o] Ff iz

Driv FI:[ ] ,—“«. My glﬁ&lﬁﬁrﬂf/ﬁﬁ

W BHEA TSR TAHAP R e £ K155 {d
17 AER] A9 BobE s ki & A B9 O, X B T i Y Z0 4 3 bk 60 55 7E A B oo H bk AN Y 7 g b
HE, Bl AT 3 5384 MWK A AR B i K e .




clk

Jty

\pr

regfile0

raddri[4:0]

raddr2[4:0]

rel

re2

rdata1[31:0]

rdata2[31:0]

rst n

waddr[4:ﬂ|

wdata[31:0]

we

module regfilel
input rst_n,
clk,
waddr,
wdata,
We,
raddrl,
rel,
rdatal,
raddr 2,

rel,

rdatad

input
[4:0]
[31:0]

input
input
input
input [4:0]
input
output reg [31:0]
input [4:0]
input
output reg [31:0]
),
TEE [31:0] mem_Y [D:Sl];

always @ (posedge clk or negedge rst_n) begin

if(rst_n) begin

regfile
(a) FFTFar PR AE

=
—_
' .'-.

WETN 22

1f ((waddr != 5'b0) && (we))
mem_x [waddr] <= wdata;

end

end

always @ (%) begin
if ("rst_n)
rdatal <= 32" b0;
else if (raddrl 5’ b0)
rdatal <= 32°b0;

else if((raddrl == waddr) && rel && we)

rdatal <=
else if(rel)
rdatal <=

wdata;

else
rdatal <= 32°b0;

end

il
=l = L &=

L

/AR E AR
[/ E &

=

[ —2
—a R
= o

mem_t [raddri] ;

(b) T A7 e iR A
Pl 7-5  aF A A R

RCPUBYZE AY SR 3

7

HEE

ir
mar=

LS

=

-

% [P 93




0r || VHENAREEAL LRI FPGATR LK T & % 5L

id0
ex_wd i[4:0] aluop_o[6:0]
ex_wdata_i[31:0] alusal=n [2:0]
ex_wreg_| reg1_addr_o[4:0]
inst_i[31:0] _| reg1_o[31:0]
mem_wd i[4:0] regl read o
mem_wdata_i[31:0] reg2_addr_o[4:0]
mem_wreg_i reg2_o[31:0]
pc_i[31 :{]]_ reg2_read o
reg1_data_i[31:0] wd_o[4:0]
reg2_data_i[31:0] wreg o
rst_n
id

(@) RS AELAE ]

wire [6:0] op = inst_i[6:0];

= EEL
wire [2:0] opl = inst_i[14:12]; SIRBIEFESTH
case (op)
7' b0010011: begin T BOFER(E
case (opl)
3 bl10: begin "faddi, xori, ori
wreg_o <= 1" bl; T E B FFEE
aluop_o <= op; /SIEE R
alusel_o <= opl; /SIEE R
regl read_o <= 1'bl: /T ERIE
reg2_read_o <= 1'b0; /T EERERZ
imm <= {{20{inst_i[31]}} , inst_i[31:20]}; //ILBE T fE
end
default: begin
end
endcase
end
(b) PERSIR RS
K 7-6 PR EL R

ADD R1,R2,R3; (R2)+(R3)—>R1
SUB R1,R3,R2; (R3)—(R2)—>RI
AND R2.R1.R3; (R1)& (R3)>R2
fln ik = 2% 384 R = RIE S S AT AR TR L Z A E R T arff 47 Rl B9IES J5 &

(RAW)HZUIEAR G . o — 2838 2 W B2 U R o5

ZESERE RI R B H T KL

PR A S = RIS M R B e 2 WA R A %A ME 2] R1 b, N & et

BAEIR.

F T R B FH G L iZ RISC-V 4bF 28 fdi H
b B D S 238 A s B AN B N e oK 5. B 7-7 B8 THESO

| TR F ik sl 2R it a g R M-

B L 2504k AH O i 0 B AR S0 2R T A Z5Ca0E A S D DA I A7 52 BB s B 00 & 5 U 4 5
WA PR GS T —BrBr. #REE 2 s LU SE L, 2 A i A B RLE RN TP Y

FHIL SO




always @ (%) begin
if ("rst_n)

regl o <= 0;

else if ((regl_read_o) &k (ex_wreg i) && (ex_wd_ i == regl_addr_o)) /AR

regl_o <= ex_wdata_1i;

else if((regl_read o) && (mem_wreg i) && (mem_wd i == regl_addr_o)) S/ R

regl_o <= mem_wdata_i;

else if (regl_read_o)
regl_o <= regl_data_1;

else if( regl_read_o)
regl o <= imm;

else
regl o <= 0:

end

\[ P
Jy
~
i

BT RECPURZH AR IE LIS

B 7-7  BAE B SE A

id_ex. v SCHF A PERS 5 PRAT B BB 37 A7 A » BORE R0 B B Y 45 SR AR K . 16 F — 4~ B

PR AR R AT . HL A5 1) 5 B AR R ) A7 435 143

3. FUITERAIZIT
AT B R

id_ex0

-+

clk

SR, HHE B S AR an & 7-8 P s .

|| gk

id_aluop[6:0]

id_alusel[2:0]

id_reg1[31:0]

id_reg2[31:0]

ex_aluop[6:0]
ex_alusel[2:0]

ex_reg1[31:0]

ex_reg2(31:0]

id_wd[4:0] ex_wd[4:0]
id_wreg ax_wreg
rst_n
id_ex

() id_extRIRHEX]

always @ (posedge clk or negedge rst_n) begin

end

if("rst_n) begin
ex_aluop <= 0;
ex_alusel <= 0;
ex_regl <= 0;
ex_regl2 <= 0;
ex_wd <= 0,
ex_wreg <= 0;
end
else begin
ex_aluop <= i1d_aluop;
ex_alusel <= id_alusel;
ex_regl <= 1d_regl;
1d regd;
ex_wd <= 1d_wd;

ex_Tegld <=

ex wreg <= 1d wreg:

end

(b) id_extE L h5
H 7-8  id ex fREH:

R Z A AR e i 45 5 X5 i A SR B PR E BT M N SR B s B, By



06 || it ENLAR R 4N HTE—— FPGATAZ I & 5% 5 508

Bt AldE ex. v Fll ex mem. v P 3044,
ex, v AR PR RS B & a6 Y 1 SCHF R AT AH N 3z - HOHE B SRS aniE 7-9 B,

ex0
aluop_i[6:0]
alusel i[2:0]
reg1_i[31:0] wd_ o[4:0]
reg2 i[31:0] wdata_0[31:0]
rst_ n wreg_o
wd_i[4:0]
wreg_|
ex
(a) P THLERAE A
always @ (*) begin /BTN B R IR T KRS B E R IERiZ ERE
if("rst_n)
result <= 0;

else begin
case (aluop_i)
7'b0010011: begin
case (alusel 1)
3 bl10: result <= regl_i | reg2_i; //RAFTHELEFEZE
default: begin
result <= 0;

end

endcase

erncd
endcase
end

end

(b) T HEE D
A 7-9 $hATH
KizB e RAGER . NERENF el T . 5 HN G A0t G B Zi£38 T
— BBz, HaB AR an & 7-10 Fras

always @ (%) begin SSEIEEERERIEET —E

wd_o <= wd_1;

wreg_o <= wreg_1,;
case (aluop_1i)
7 b0010011: begin
case(alusel i)
3 b110: wdata o <= result:
default: begin
end
endcase
end
default: begin
wdata_o <= 0;
end
endcase

end
endmodul e

F 7-10  HIBrE [m] 3o e



#7% ETIRCPUMARRESL [P 97

ex_mem. v F N AT 5 VT Br B Z 18] B By 7 4 ERFPATPr Bt S RAE A ER . IE T
— I R B R aR gn R HLZ5 A S HEE PR R A B 1Y A A A 45 A 2R 0L, L AE B R AR 4
E 7-11 s,

4. FEERBIEIT

i T Al B a9 38 2 I B 7 K U5 IR A7 A4 g B9 958 2 BT LA 78 R B v A4S SR01T A 4T 952
VE . 2 9a il ad Vi FF iR HAR R B ISR, fEANFE48 2 58 h RISC-V AbFRES I, 40 M 2H
A A B0 TP 5 8 IR S X DT AR R AT A BB . DT AR B AL mem. v Fll mem_
wh. v B30, mem. v B AT R TF— N4 & % 5 3R 5 A RO B B, L HE
ARSI 7-12 pros .

ex_mem0(
clk
ex_wd[4:0] mem_wd[4:0]
ex_wdata[31:0] mem_wdata[31:0]
ex_wreg mem_wreg
rst_n
ex_mem mem0
(a) ex_memfEHLE ]
rst n wd_o[4:0]
_ wd i[4:0] wdata 0[31:0]
1nput clk, wdata_i[31:0] wreg_o
input rst_n, wreg_|
. mem
input [4:0] ex_wd, N
. (a) V{7 HEE
input ex_wreg,
_ module mem(
input [31:0] ex_wdata, input st n,
output reg [4:0] mem_wd, input [4:0] wd_i,
output reg mem_wreg, input vreg_1i,
- input [31:0] wdata_1,
output reg [31:0] mem_wdata
) output reg [4:0] wd_o,
I'J'U.'tp ut ITEE WIeg_o,
always @ (posedge clk or negedge rst_n) begin output reg [31:0] wdata_o

if("rst_n) begin
mem_wd <= 0:
mem_wreg <= 0;
mem_wdata <= 0

end

else begin

mem_wd <= ex_wd:

mem_wreg <= ex_wreg;

mem wdata <= ex_wdata:

)

always @ (%) begin
if("rst_n) begin
wd_o <= 0,
wreg o <= 0:
wdata o <= 0;
end
else begin
wd_o <= wd_1;
Wreg_o “= wreg_1;

wdata_o <= wdata_i;

end
end
end end
endmodule endmodule
(b) ex_memfELER{TAY WOREEREEISAR
K 7-11 ex mem Fiih K 7-12 ifFee



98 || T ENHEMRER L LR ER—FPCARBELE FEHF5

it

53

mem_wh. v 35 Z AT 215 BB 75 17w SCH 2 1L A 2 K5 AS B Be B9 B0 #E T — 1~ B

5. Bl 5 RRAYIZIT

WK 2R EidiE S GRS

1)

JEl B &R B F — A B, HAAE & S A an & 7-13 P 7is

A7 ar - WaP o R AETE regfile FEHE L BF mem wh.

v B %5 th % B 3 regfile. v A ER BB A SE RURUIE RS 0] 25 A/ oh B9 7R 20 3% B T LU S

% regfile. v N0 JZ A B
6. TN ERREIZIT

DZ A BRY 28 H 82855 E b SO i A/ S v VR4 T 32 B ABIAE ORF Bk 2% AR
kN — TR ARG . TR rise. v 3CHF . T 00 T0Z A H 5 A/ 4 e

wh o fa o om B HAE B S AChS & 7-14 Fos .

mem_whb0

clk
mem_wd[4:0]
mem_wdata[31:0]

mem_wreg

wb wd[4:0]

wb_wdata[31:0]

wb_wreg

rst_n

mem_wb
(a) mem_wbisLERfiE %]

module mem_ wh (

input rst n,
input clk,
input [4:0] mem_wd,
input mem_wreg,
input [31:0] men_wdata,
output reg [4:0] wb_wd,
output reg wh_wreg,
output reg [31:0] wb_wdata

),

lalways @ (posedge clk or negedge rst_n) begin
1f ("rst_n) begin
wb_wd <= 0;
wb_wreg <= 0,
wb_wdata <= 0;
end
else begin
wb_wd <= mem_wd;
wbh_wreg <= mem_wreg:
wb_wdata <= mem_wdata;
end

end

endmodule
(b) mem_wbiRE (LAY
E 7-13 mem whb BLH:

riscv0
clk rom addr n|31:ﬂ|
rom data i!31:ﬂ| rom ce o

rst n

riscv
(a) Tl R iz ]
module riscvl(
input rst_n,
input clk,

input [31:0]
output [31:0]

rom_data_1,

rom_addr o,

output Yom_ce_o
),
wire [31:0] pc;
wire [31:0] 1d_pec_1;
wire [31:0] 1d_inst_1,

wire [6:0]
wire [2:0]

1d_aluop_o;

1d_zalusel o;

wire [31:0] 1d regl o;
wire [31:0] 1id_reg?2 o
wire id_wreg_o;
wire [4:0] id_wd_o;

wire [6:0]

wire [2:0]

ex_aluop_1i;

ex_alusel _i;

wire [31:0] ex_regl_1;
wire [31:0] ex_regd_1i;
wire eX_Wreg_1i,
wire [4:0] ex_wd_1;
_.-Jr_.-"lr ......
(b) THJZ PR ACRY

/| 7-14 T5 R A B

X2 ARG R EATTH G RS, i E 7-15 B,
NBEER X ori 38 HY 5 WP KLWITE AN T R EZEN TR T LN LR E

Z W HE .

N



7. 5L F6EEE ROM #YiZ it
H1 T4 4b 7 25 % FH

ROM #yis i1, HHE & A an & 7-16 B s .

pc_reg pc_reghl
.clk (clk),
.rst_n(rst_n),
.pelpe),
.celrom_ce_o)
).

agssign rom_addr_o = pc;

if _id if id0(
.clk(clk),
.rst_nlrst_n),
.if_pc(pc),
.if inst(rom data i),
.id_pc(id_pc_i),
.id_inst(id_inst i)

);

regfile regfile0(
. clk (clk),
.rst_n(rst_n),
.we (wh_wreg_i),
.waddr (wb_wd_1),
.wdata(wh_wdata_i),
crellregl_read),
.raddrl(regl_addr),
.rdatal(regl_data),
.rel(reg2_read),
.raddr2(reg2_addr),
.rdataZ(reg?_data)

),

F 7-15 FEERHik

$FTE= AT FHECPUS ZH pi JER 3¢

A 2%

I 245 0 BV 4 5 5 B 7 0 SR A8 b TR 850 7 90 0 A
AR IR B (45 4 77 0 25  CPU 44 A 35 4 77 55 28 v BiCH 95 4

=8 2 AT A

inst_rom0

addr[31:0] inst[31:0]

ce

inst_rom
(@) 171 i L ERAEE %]

module inst _romf
input Ce,
input [31:0] addr,
output reg [31:0] inst
),

reg [31:0] inst_mem [0:255];

initial $readmemh (“inst_rom. data”, inst_mem);

always @ (¥) begin
if (Tce)
inst <= 0:
else
inst <= inst_mem[addr[9:2]];
end

endmodul e
(b) frfiff At R ACHY
Kl 7-16 {7 fiEarts b

Wit H 3 1 initial 4], initial i8] iy — . — i B H T 15 &,
| o 32 B SO fﬂ%ﬂgﬁlﬁﬁi o R E =Rty B VAN i §

PREY $ readmemh ;&2 —FZ RGRE. & Al LU
il . inst_rom. data X P fAE & i CPU pr 2

A PR SO aY 78 2 bjf—lﬁiﬂ inst_mem Z{ZH .

Wik

Tk, Br DURE— 4% 32 (0482 ik AP 2 H 4 4 Hbhik

AP R 4 WS EL, | u%#ﬂﬂhtzﬁéﬁvﬂi%ﬁﬁﬂﬂm A TF i P

8. m/INRGEHIEIT

Tﬁﬁﬁﬁfﬂ‘ =

13/ 32 P82 . 1T $ readmemh PRZL

{7, 95 2 Hihik

ZAR B R 18 2 A ffiar ROM 5 Z a5 Frise it a9 CPU #4738 &4 hii— 14~ CPU By h/h &

%, Hgit kS 20 CPU T 2 88 6915 11 77 2 A5 L, 226 PO A4S 455 B i3
T CPU #5 B 228 Hb 1k

% CPU I/p &R Guiz

9. MXIEFH®E
MR E N CPU &/ R 4 i

data JE4T %8 A4S CPU Wi SC . % -
A 8 5 o SO AT 0 s T LR 42 RISC-V 454

17 3% 2 Fn il 1k .

KIEFNIE A LRGSR ROM v, 38 2 1E 4 2 ¥4 il
ﬁ@lﬁ{ﬁé“ S EEEE] CPU Wit CPU /K #t AT, HAAE & S AR an & 7-17 Pz

’fT{]—E-QJ&L[E!LHugz‘]‘#ﬁﬂﬁﬁ%%ﬁill%@Jﬁg inst._mm.
=~ H RN A48 2 B kEE 2 . 5 v DU H &=
LHAOH5MRTEL. Tm

S || 99
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riscv0 inst_romO
clk } ck | rom_addr_o[31:0] addr[31:0] inst[31:0]
rom_data_i[31:0] rom_ce_ o ce

rst_n ] reLn inst_rom

riscv
(a) m/N AR GUEE]
module RISCVtopl
input clk,

input rst n
);
wire [31:0] inst_addr;
wire [31:0] inst;

wire YOm_Ce;

riscv riscvl(
. clk (elk),
.rst_nlrst_n),
.rom_addr_o(inst_addr),
.rom_data_ilinst),

.rom_ce_olrom_ce)

) ;

inst_rom inst_rom0 |
.celrom_ce),
. addr (inst_addr),
.inst (inst)

);

endmodul e

(b) /N ARGH S
& 7-17 F/NINERES

] BLA 20— P I ATE 2 S S 1 TR AR 74 PR
£74 KEWKES

45 2 ORI S1,S0,0x2
imm[11:0] rsl 110 rd 0010011
000000000010 00000 110 00001 0010011
inst_rom. data 00206093

P e R R A TE 38 2 i 4R RISC-V 45 4 45 1Y g %% K8 DU)RE 1 4 45 2 % 46 i AH
W) RISC-V 38 2B 20, I Jm R 32 Ni4a 2 e 40 i 1 /N2 X5 A inst_rom. data SCHFH
A5 Bif oy B9 I R e O A0 R LAk TE 2, HA SO nT FE BCE RACAS AN, H 5 P&

ORI S1,S0,0x2 002060893
ORI S2,S0,0x3 00306113
ORI S3,50,0x5 00506193

A SO e s - I R T R I A R AR S e it 4 CPU L Hf i/ R 4t -5 il AR
BRPEAT ¥ i, P AR I A R A PP R B AT & Z I BB 2K, B 7-18 AR IR test. v




#78 HETFFBECPUNAREESL P 101

B ALY
i1t Vivado 8 A iy 5 T H 705 B OWER OB Uk 2 & 5ii B E -3, HF

1H ori 848, I LLIRATn] UL H WS 0] 47 17 e B BUE 2 & 5 215 2
AR, E 7-19 i,

o S H
25 SR — 2RI A] D7 B S AS I mem_r {7 5 2R ML

module testl(
) ;
regp clk:

reg rst_n;

1initial begin
clk = O;
rst n = 0;
#100 :
rst n = 1'bl:

end

always #20 clk = clk;

RISCVtop RISCVtopO(
.clk(clk),

.rst_nlrst_n)

300, 000 n=

= l:'-l |"-
rst_n
a lal |
. - P e e T T T aTs
r.’ mMeam r I_I | ] [_‘ 1 I_I] AR AR LT TR TR ETS VWV EWEYY  Oqn0an
— d U . Siddid i, WLV,

W [0)[31:0]

W [2]31:0]
¥ [2]31:0]

) ;

& [131:0] 00000002

end]“gdul = s [‘4:_-": 1 l-:l]

F 7-18 A A i K 7-19 PRI EGR

ME 7-19 Rl DL & Bk 3 SR FE S iz B a1 ewP e o] LI B K& R E R
a5 NS S8 r K ThEE. ®IHB N IE. 2T ori T84 HY RISC-V b B &5 10 1T
MO R T, EZETUMARE RISC-V 845 F 5 1%k CPU it Harfl & Ly ThE.

7.2.3 2 FEBSHIRISC-V A IBIRIZIT

SERL T BATE A WAL BRI ITE . P Z B 2ERE Bl in— &84 .V R KL 1
g, FPHAAATEIS: FRN addi 384 . addi S8 K IRIEERCH T 4r rs]1 MR EES 12 i
SEHD R AT RS ALY R AT IR RAE S RS M AR od

AT CRIFE S AR LR B .addi 5 ori 384 88 E T 1 28 8YAY 32 584
% 7 2 #R 8 770010011, HAFE 2RI 12~ 14 i AHA AW a5k 7-5 Fizs .

x7-5 24%iESLHA

THRTESHY

5% 17} ]
ADDI imm| 11.0 | rsl 000 rd 0010011
ORI imm| 11.0 | rsl 110 rd 0010011

AR 22 BB e AN T B8 . B BB i T B S AT P B B R X S B R rp s
I addi 35 2 AH AL B PERS A PRAT AR BV ] 52 B addi 382 Y THRE .

1. FHERAEN

H T addi 38 2 ori F&8 2 B opl &7 AH[A] . I 548 2 AP 25 0] H 1) A7 77 7 » BEHL R E 2L
1 Jf HART: 27 BpE O A e AT Aoy 2. P 2548 2 192805 7 s 58 & — 30, Fr LLES I addi
eI 12~14 (L3 ori 382 AU Jr 20, HoAtb o 7 Ao 22 A8 s Wil 7-20 Frow
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case (op)
7' b0010011: begin //Ir BIFEfE
case (opl)
3" b000, 3’ b110: begin //addi, ori
wreg_o <= 1 bl; //BEE Y EFFaE
aluop_o <= op: SR E =R
alusel_o <= opl; SSEE FE
regl read o <= 1" bl; /T EEIER
reg2 read o <= 1 b0; /BT fEF 2
imm <= {{20{inst_1[31]}} , inst_i[31:20]}; ITEE B
end
default: begin
end
endcase
end

default: bezin
end

endcase
B 7-20  PRAGEL B L
2. HUITERIIIEK

AT RGN addi F8 42T TiER] . H TEYS ori 84 Wiz B RIAL b1 B £z 5
Fr LAEE ori 384 B T ZE A rp 50 addi By dRATiEA) . 01 7-21 B,

always @ (*) begin S/BT R  ER RIE T R BB ERE AR EEE(E
if( rst_n)
result <= 0:

else begin
case (aluop_1i)
7°b0010011: begin
case (alusel _i)
3’ b000: result <= regl i + reg2 i: //FAfTHEEZE
3 b110: result <= regl_i | reg2 i:
default: begin
result <= 0;

end

endcase

end

default: begin
end

endcase
end

end

A 7-21  BindATiE A

R addi 38 2 Bz T 45 R M N5 ori 382 HH 5] 59 2048 $a Hi v 1, W01 7-22 Bl

3. MiXEFH&ES

B ORI MBATE G O 2 T addi THRERYES N, F m & ool i S04 L) 56 iE 1%
THIEE . L S P I — 2% addi #8412 & AT LI HECE R T8 € B &P i)
A el DR E SR B IS R E 1 AR BT e S KT 2 . AR B HH 1
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always @ (*) begin MBS L2 R1EE F—0ret

wd o <= wd_1;
Wreg o <= wreg 1i:
case (aluop_i)
7 b0010011: begin
case (alusel_i)
3 b000, 3" b110:
default: begin

wdata o <= result:

end
endcase
end
default; begin

wdata o <= 0

end
endcase
end
& 7-22 BN
SR SO T FERCE RS HE N H sk P& F . addi 35 2 59 I TS

A RE MU 45 2 . 7

=1 ori T8 2 MLACAS Y IE 8l a7 — 5% addi F8 2 2R 4wk I RE

ORI S1,S0,0x2
ORI S2,S0,0x3
ORI S3,50,0x5

ADDI S4,S1,0x1

ME 7-23 tha] DL &I iR Fs S B 5 R 2E 1

¥

it e
Y1 HE

i, 2 4
7% 5E gk

T

s ClK
s st n

W mem_r[0:31)[31:0]

WA PG SEE T K B DI RE . 2 H iy 1k AL
W BEA AL

00206093
00306113
00506193
00108213

R NGICERIE W SR
S 4535 A RISC-V 4b H 28 1)
RPE RISC-V 84 £ £ 5 iZ i CPU il a2 #H £ i

T AT

AWV WWTEE  qonn
i T O LR R

L

XOOOOOCCL 00000002 XK
W [0)[31:0]

W [1]131:0]

W [2][31:0]

W [3)[31:0]

W [4][31:0]

% [5][31:0]

7.2.4 3 FIBSHIRISC-V L IBEEIRIT
SO T 24 B T 1 2650 32 B A L A0SR VR I Al K Y F0 4K 4 b FRB% 5 4

e We? FrEAFEA G PRI — 2 R A 32 fidg 2, iz Mg 2k 7 fL# N

7°b0110011,.R F§ 2 #p =&

VA Br =

e R B 55 R RAF 3 r

1 e PRIEIE S rs2 18 HH 3 A7 75 0 B9 B0 317 4
FiEe . # 76 3 ADDI 5 ADD 352415 BH .

EE B rs] H
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& 7-6 ADDI 5 ADD —$ < /Y% AA

ihea Ut AH
ADDI imm/[ 11:0 | rsl 000 rd 0010011
ADD 0000000 rs2 rsl 000 rd 0110011

W R B R A add $8 41 T A addi 8 24 He HAK 7 2R [A L I By & W
PR AAr 2 MR . BARAHLEL 7. 2.3 IR AR S 1 E T A Py 8 K H G & O S AR
e A0 PAT 4 B[R] 4 AT DL SE BRI 59 T BE

1. FEWNERAE

H T add 3§82 WUIK 7 A2 5 Z B 538 2 WUAIK 7 A2 A 6] . By DA AR 305 By B 3 n 1 xF R 48

L RBBYVERS 30, AN 7-24 P
case (op)
7 b0010011: begin //F B 2R {E
case (opl)

3" b000, 3’ bl10: begin addi, ori
wreg_o <= 1 bl; TGS HEFFa
aluop_o <= op; iEEET
alusel_o <= opl; EE TR
regl_read o <= 1'bl; TR EE
reg2_read_o <= 1’ b0; /& T IERRIERZ
imm <= {{20{inst_i[31]1}} , inst_i[31:20]}; /IO FE

end

default: begin

end

endcase

end

7 b0110011: begin z EiE(E
case (opl)

3 b000: begin add
wreg o <= 1 bl:
aluop_o <= op;
alusel_o <= opl;
regl_read o <= 1'bl;
reg? read_o <= 1'bl:

end

default: begin

end

endcase
end

E 7-24  BENEERS AR

add T84 501 CAIPI S 1 2R3 A i KA X ) R s B R R & 2, FIr LLEFRE S 2 1)
(B0 1.3F BAT 257 B %K.

2. HUITERBIEK

5 addi I8 W MATIER BB ELL B HE THAC 7 05 TS AF . Fr L sl hn R
BRIy PRAT i A) , A 7-25 B .

R add F5 4 1912 545 5 03 00 20 25008 Sy e L, AR 7-26 s




3. Mk i=F.

B7E ETHECPUBAARE

SCEE || 105

always @ (¥) begin /B L E B B R iE T R R s B E AR
if("rst n)
result <= 0;

else begin
case(aluop_i)
T b0010011: begin

case (alusel i)

3 b000: result <= regl i + reg2 i: //FAITHNFIZE

3’ bl10: result <= regl_i | reg2 i:
default: begin
result <= 0;
end
endcase
end
7 b0110011: begin
case(alusel_i)
3 b000: result <= regl_i + reg2_i;
endcase
end
default: begin
end
endcase
end

e11d

7-25 WA AT IE )

always @ (*¥) begin /G EEERRIZIT—ME
wd_o <= wd_1i;
wreg_o <= wreg_i;
case (aluop_i)
7 b0010011: begin
case (alusel _1)
3 b000,3 bl10;: wdata o <= result:
default: begin
end
endcase
end
7 b0110011: begin
case (alusel _i)
3 b000: wdata_o <= result;
default: begin
end
endcase
end
default: begin
wdata_o <= 0:
end
endcase

end

B 7-26 14 hn gk 5 A

F %45

ol

SR

I8

I B PR AT R B 28 RIS T addl 07 B R0 8 A1 T A6 0 5 S 6 i i
VRO TE B . 0 BRSO PE TR 4% add $5 4 5 T LUGE DS VR AR W i e G S
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%é' add ?E'Aj_'rt%f IEE%IJJ ﬁléu

ETEZ I 2538 A AT rS py 256 B st 1

ORI S1,S0,0x2 00206093
ORI S2,S0,0x3 00306113
ORI  S3,S0,0%5 00506193
ADDI S4,S1,0x1 00108213
ADD S5,S1,S2 002082b3

M 7-27 vl DL & R AR T 2 s g R e IE
RZFE R A4 08 T K Thag, 2 H A 1k 2t
HHIE AT 2GR 1 58 1] LIRYE RISC-V 528+ H iz CPU iEHEY

L EHF SR

s ISt N
W mem_r0:31)31:0]
W [0][31:0]
M [1][31:0] 00000002
W [2][31:0]
W [2][31:0]
W [4][31:0]

W [5][31:0]

W [6][31:0]

B 7-27 =R EER

7.2.5 10 %35

Wi R ZEBRIFEASHHBR FERITY .
10 X382 3R 7-7 7,

£ 7-7 10%3ES B

SHY RISC-V AN 191T

IS 1 PR TSNS 2 B T 4R A A X
SCEE 10 5484 RISC-V A 25 iit . FiX 10 x4
LTS I 4 i T B AR PR AR R A PR AT BB B AT, X

=18 2 1Y B

LT E

- H A

KA B354

| AT LU H D K s 45
1) RISC-V 4k J# 25 /Y 1%
2 B Z2 1Y DT HE

ENAT T —ER T . TR
SHRR 1 AR R KA TS5 4
Bt AT LU

el e i
ADDI imm| 11:0 | rsl 000 rd 0010011
SLLI 0000000 shamt rsl 001 rd 0010011
XORI imm/[ 11:0 | rsl 100 rd 0010011
ORI imm/[ 11:0 | rsl 110 rd 0010011
ANDI imm/[ 11:0 | rsl 111 rd 0010011
ADD 0000000 rs2 rsl 000 rd 0110011
SLL 0000000 rs2 rsl 001 rd 0110011
XOR 0000000 rs2 rsl 100 rd 0110011
OR 0000000 rs2 rsl 110 rd 0110011
AND 0000000 rsz rsl 111 rd 0110011
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AR 10 A8 A TEES I AR 225 22 w7 3 B FE A us om0 ME — T EIEE RN sl 18
%, sl 8 X RAE B AT A7 v rs] PR BUE T2 AR . KB A &2 5 7 7 BIE 245 5%
5B A od b, e sl 382 0L BB T BT /S A0 R L 7 8 0o A A5 B
E:iiz“tﬁm AT AN,

1. FMERAEK

R H: fLJL%‘—*T““""H’J% 12~ 14 {78 B R 8 42 R rp . i+ slli 384 ) 57 BPEOA 7
TR S AL AP R By DL B e B A R, i 7-28 B .

case (op)
7°b0010011: begin //ILENEIERIE
case (opl)

3" b000, 3 b100,3 bl10,3 blll: begin //addi, xori, ori, andi
wreg_o <= 1°bl; [/ BB E BERFEE
aluop_o <= op; /e E L
alusel_o <= opl; //IEEHE
regl_read_o <= 1’ bl; ST IEERIES]
reg? read o <= 1°b0: S/ R IER2
imm <= {{20{inst_i[31]}} , inst_i[31:20]}; //ZrEM&# &

end

3" b001: begin //s1li
wreg_o <= 1'bl; /TS HRIFFE
aluop_o <= op; /EE RN
alusel o <= opl: S/IEEFR
regl_read o <= 1'bl; /T ERIER
reg? read o <= 1’ b0: Ve - 05%: 213 ¥
imm <= inst_i[24:20]; /B E

end

default: begin

end

endcase
end

& 7-28 & sl $58 4

NP5 45 T ZRBMAFE SNl G k2 i R BR3E A, T R BRI A)38 4 A —3,
Al DL E B, mE 7-29 Faw

7 b0110011: begin /BRI
case (opl)
3’ b000, 3°b001, 3" b100, 3 b110, 3 blll: begin //add, s1l, xor, or, and
wreg_o <= 1°bl;
aluop_o <= op;
alusel_o <= opl,
regl_read_o <= 1'bl;
reg2_read o <= 1 bl;
end
default: begin
end
endcase
end
default: begin

end

E 7-29 ¥n RZERIES
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2. HUITHERAIIEEL
PATE SN S E W
IR AR T 7-30 B

case (aluop_i)

7 b0010011: begin
case(alusel i)

3" b000:

3 b001:

3" b100:

3 bl10:

3 blll:

default: begin

result <= 0;

end
endcase
end
7' b0110011: begin
case (alusel i)
3 b000: result
3’ b001:
3 b100:
3 bl10:
3 blll:

endcase

resul t
result
resul t
result

end

default: begin
end

endcase

result <=
result <=
result <=

result <= regl 1 + regl 1
result <=

regl 1 << reg2 1:

regl 1

regl 1 | reg2 i:

regl 1 & regld 1:

regl 1 + reg? 1

-

regd 1

regl 1 << reg2 1:

regl_1

regl i | reg? i:

regl 1 & reg2 1:

-

rega_1;
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XOR S6,S2,S3 00314333
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2) Python 32 H 54y
(1) nzk 45 (— A2 ik a5 i) Python 32 B8O B94LHS .

from pynq import Overlay
from pwng. 1ib import AxiGPIO

overlay = Overlay(”/home/xilinx/ jupyter notebooks/....bit") #bit X1LEEEE

(2) GP1IO Oy 2 5 n M E A& 3. LT,

gpio 0 = overlay. ip_dict[’ axi_gpio 0’]
gpio_Ci = AxiGPIO(gpio_0). channell
gpio_Al = AxiGPIO(gpio_0). channel2
gpio_l = overlay. ip_dict[’ axi_gpio_1’]
epio_Bi = AxiGPIO(gpio_1). channell
gpio 5 = overlay. ip_dict[ axi_gpio_ 5]
gpio Cil = AxiGPIO(gpio_5). channell
gpio Si = AxiGPIO(gpio_5). channel2

(3) LR IEELIE (GPIO OIS i .

¥ BCPIOFZ ZEFIR (v Il REA77%63, #epio CiZITH], H4 ERT7EIEIH /#0001
mask = 0Obl

gpio_Ci.write(0Obl, mask)

gpio_Ai. write(0bl, mask)
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gpio Bi.write(0bl, mask)

Cil=gpio_Cil.read()
Si=gpio_ Si.read()
print(bin(Cil))
print(bin(Si))

3) JEACHS,

ABEEFRACH VLG RAE T A

(1) “FERRFIH SCH . 2z 30 e T PR AR pY 2 50 90 50 Py W i ZE R B He, v R S0 7
K HH e 38 ] O e A SE 8 sk, B P AT DR L AR R TP 25 H

(2) “test. v”: X H P SE it #1707 BB P d 1Y Testbench /n IR, HH P Al H
Bl DAARER E A AITER.

(3) “xxx.1pynb” 2 A “Python 2 B A " #851 Fr 144 B Python 8 14

4. XBWHR

(1) g A= 52 86 %68 7 PR A v B2 1 ) SE AR BB Y. v SO R ER A
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(3) I/O Wb H ¥ RGN Z 5 1/0 5 PS MR, UMAE 75,

(4) HFT G V90 B A Al F AR L SR 7R b AR L S B X R 1Y tel SO B AR 3] By
PYNQ 77 5. .

(5) T 3256, fd A 3256 6 1 JE AR AS b A9 Python 18R SCHF, MR HH LT /R M R 5t
=M IEHE TAE,
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2) Python A& H % fiz

(D) nzk LR (. — DU iS 28 iy Python 28 B 4D UGS .

from pyng 1mport Overlay
from pyna. 1ib import AxiGPIO

overlay = Overlav(”/home/xilinx/ jupyter notebooks/....bit")

(2) GP1O O A4 E S E M E A E -2 BT .

gpio 0 = overlayv.ip dictl axi gpio 0]
ospio_E = AxiGPI0(gpio_0).chamnell
gpio A = AxiGPIO(gpio 0).chanmnel?2
gpio_l = overlay. ip_dict[ axi_gpio_1"]
gpio B = AxiGPIO(gpio_1).chamnell
gpio_5 = overlay.ip_dictl axi_gpio_5 ]
gpio_Y0 = AxiGPIO(gpio_3). channell
gpio_Y1 = AxiGPIO(gpio_5). channel?2
apio_6 = overlay.ip dict[ axi gpio 6 ]
gpio_Y2 = AxiGPIO(gpio_6). channell
gpio_Y3 = AxiGPIO(gpio_6). channel2

(3) ——PUiFhs a8 iy Dh BE 58 R A S .

mask = 0xbl

gpio_E. write (0, mask)
gpio_A. write (0, mask)
spio_B. write (0, mask)

Y0=gpio_ YO0. read()
Yl=gpio_Y1. read()
Y2=gpio_Y2. read ()
Y3=gpio_ Y3. read()
print (Y0, Y1, Y2, Y3)
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from pyng import Overlay

from pyng. lib import AxiGPIO
overlay = Overlav(” /home/xilinx/ jupyvter_ notebooks/wzg/....bit")
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(2) GPIO M4 5 MK A %2 — AU T .

gpio 0 = overlay.ip_dict[’ axi_gpio 0’ ]
gpio D0 = AxiGPIO(gpio_0). channell
gpio_S = AxiGPIO(gpio 0).chamnel?2
gpio_l = overlay.ip_dict[ axi_gpio_1']
gpio D1 = AxiGPI0Q(gpio_1). channell
gpio D = overlayv.ip_diect[ axi_gpio 5]
gpio_Y = AxiGPIO(gpio_5).chamnell

(3) 3k — 25 By e £ 4w 1Y D) HE 56Uk 1Y 22 F ACAY

mask = Obl

gpio_DO. write(0, mask)
gpio_D1.write(l, mask)
gpio_S. write(l, mask)

Y=gpio Y.read()
print Y
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A, 7 o 68 S Y i 2 A Z0 W& B, O 355 RO R 2 | 2 A SR 7 SE s B v TS 2 P A B B T
A — B 5 BE v Y ik 2 AR SR BT .

TR AEANA LATE AR (R A _LEh) B A T A A48 B AP &R B SF 5 2R AR

(5) A B IBER ik & ax: W WA E A TWRER Ml A R85 in 7 — 1% & RESET 1
BiA. RESET & — MMEHEVFARMEZ. BN HHN o iTE A TEE. 2 RESET=0 i},
i [F] 20 52 AL T RE BY Al A& 4 Z g S A D IRFERT AP E iR s Q Z 428 05 X RESET=1
B, [A) 20 2 AN T BE I il & % 588 D il &z g —

(6) iy 197 {E 3w 1 [A] 25 52 457 Th E 1Y i 2 4 .
7 [f1 BE v A1 [ A0 =2 AL D RE A9 b A g BShn T P4 A EN A1 RESET. EN 640 b
RESET &, Bl EN b 1 i ,RESET Jo&L.

2) Python %2 H #54g

(1) In#E 4 (2 £2 27 7 25 B Python 32 B A0 )2 GRS

2

—

from pvna 1mport Overlay
from pyna. 1ib import AxiGPIO
overlay = Overlav(” /home/xilinx/jupyvter notebooks/....bit")
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(2) GPIO W4 E 5 )8 E & 230 HEFAH W T .

gpio 0 = overlay. ip_dict[ axi_gpio 0’]

gpio CLK =

AxiGPIO(gpio 0). channell

gpio_EN = AxiGPIO(gpio_0). channel?
gpio_l = overlay. ip_dict[’ axi_gpio_1’]
gpio RESET = AxiGPIO(gpio_1).channell
apio D = AxiGPI0(gpio_1).channel?
gpio 5 = overlayv. ip_dict[ axi gpio 5]
gpio @ = AxiGPIO(gpio_5).channell

(3) 55k 2y A7 #w T HE 1Y 7 10 -

maskl = Obl

maske = Obll

# ¥ —ppfEE L ARG, EV=1, FESET=1, D=2'b10 BFEQE T2 b10
gpio CLE. write(Ob0, maskl)

epio EN.write(Obl,maskl)

gnio RESET.write Obl,maskl

apio D.write(0b10, mask2)

gpio CLE, write(Obl, maskl)

Q=gpio_0Q. read()

print (bin(@))

¢ EFBoEEELARE, EV=0, RESET=0, D=2"b10 BFQE T35 b10
gpio CLE. write(Ob0, maskl)

gpio EN.write Ob0,maskl

gpio RESET.write(Ob(, maskl)

gpio D.write{0bl0, mask2)

gpio CLE. write(Obl, maskl)

C=gpio Q. read()

print (bin(@))
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B 8-11 Bl FfFan

#1157 Load, &’ Al PA5E i AR AT B I AT iU S 48 . vl LLSE T AT BB R 55 . 24 Load f1
SN Lt TN DI A o )| = 5 | 7 VA 2 A % VAR €\ a1 B G D = o
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2) Python 22 B Fi

(1) Iz b % it Cris A7 I 2089 #8523 /7 4 B Python 28 BAHD AT U0 F -

from pvna import Overlay
from pvng. 1ib import AxiGPIO
overlay = Overlay(”/home/xilinx/ jupvter notebooks/....bit")

(2) GPIO W4 & 5 i i) % 3 — 2L 0BT .

gpio_0 = overlay. ip_dict[ axi_gpio_0']
gpio_Load = AxiGPIO(gpio_0). channell
gpio_CLK = AxiGPIO(gpio_0). channel?2
gpio_1 = overlay. ip_dict[ axi_gpio_1’]
gpio_Sin = AxiGPIO(gpio_1). channell
gpio D = AxiGPIO(gpio 1).chamnel?2
gpio_ 5 = overlay.ip_dict[’ axi_gpio 5’]
gpio_Sout = AxiGPI0(gpio_5). channell
gpio_Q = AxiGPIO(gpio_5).chamnel?

(3) KiER L a7 o IR AT R BB AT ¥ 2 AR5 0T .

# BCPIOE ZERIR [T EEAT7E63, Wepio DEMTH], H4 EHifErS —##/#0b11
mask = 0Obl

maskl = 0bl1l

# E—NERLMEAFTEAED, Bt Sout
gpio_CLK. write (0b0, mask)
gpio_Load. write (Obl, mask)
gpio_Sin.write (0b0, mask)

gpio D.write (0b110, maskl)

gpio CLK.write (0Obl, mask)
Sout=gpio_Sout. read()

print (bin(Sout))

# F =R, BiiSout
gpio CLK. write (0b0, mask)
gpio Load. write (0b0, mask)
gpio_Sin.write (0b0, mask)
gpio_D. write (0b000, maskl)
gpio CLK.write (0Obl, mask)
Sout=gpio_Sout. read()
print (bin(Sout))

¥ E=ABH, #HiSout, BiF =KL NETHII0
gpio_CLK. write (0b0, mask)
gpio_Load. write (0b0, mask)
gpio_Sin. write (Ob0, mask)
gpio_D. write (0b000, maskl)
gpio_CLK.write (0Obl, mask)
Sout=gpio_Sout. read()
print (bin(Sout))
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(c) FE R
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2) Python A8 H 14y
(1) Iz e Fr A .
from pyng import Overlay 2l Py thon/%
from pyng. 1ib import AxiGPIO
overlay = Overlay (" /home/xilinx/jupyter notebooks/..... .bit”) #bit X A1FEE 17
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(2) GPIO OBy .

gpio_0 = overlay.ip_dict[ axi_gpio 0" ]
epio 1 = overlay.ip dict[ axi gpio 1°]
gpio_2 = owverlay.ip dict[ axi gpio 27 ]
gpio_3 = overlay.ip_dict[’ axi_gpio_3°]

set n = AxiGPIO(gpio_1). chanmel?

jk= AxiGPIO (gpio_0). channel2

a0 = AxiGPIO (gpio_2). channell
ql = &xiGPIO(gpio_2). channel?2
Q2 = AxiGPIO (gpio_3). channell

clk = AxiGPIO(gpio O).channell

rst n = AxiGPIO(gpio_1). channell

(3) GPIO OWiEs T .

impoxrt time

mask=0bl

timedelay = 0.1
rst_n.write (Ob0O, mask)
rst_n.write (Obl, mask)

import time
N =20
timedelay = 0.1
sizes = range (0, N, 1)
mask=0b1
jk.write (Obl, mask)
set_n.write(Obl, mask)
tahles = []
for size 1m zizes:
clk. write (ObO, mask)
clk.write (Obl, mask)
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tmp=[]

a2 =q2.read()
tmp. append (a2)

al =ql.read()
tmp. append (al)

a0 =q0.readl)
tmp. append (a0)

print(tmp]
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2) Python 32 B % fiz
(1) ik He A i 9 AR -
from pyng import Overlay #il Py thon/&
from pyng. 1ib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupyter notebooks/..... .bit™) #hit W AEFEE

overlay?

(2) GPIO Oy 2 e .

gpio 0 = owerlay.ip dict[’ axi_gpio 0]
gpio_1 = owverlay.ip dict[ axi_gpio 17 ]
gpio_2 = owverlay.ip dict[ axi_gpio 2]
gapio_5 = overlay.ip dict[’ axi_ zpio 5]
gapio_4 = overlay.ip dict[’ axi_gzpio 47]

A1 = AxiGPIOigpio_0).channell
40 = AxiGPIO(gpio 0).channel?

¥ = AxiGPID(gpio_1). channell

clk = AxiGPIO(gpio_2).channell
rst_n = AxiGPI0(gpio_2). channel?

(3) GPIO M5 /B0 .

import time

mazk=0bl

timedelay = 0.1
rst_n.write (ObO, mask)
rst_n.write (Obl, mask)

import time
timedelay = 1
mask = 0bl

N =10
gizes = rangelD, N, 1)
for size 1n sizes:
if(size == 2):
Al.write(Ob0, mask)
A0, write (ObO, mask)
elif(size == 3):
A1, write(Obl, mask)
A0, write (ObO, mask)
elifisize == B):
Al.write(Obl, mask)
A0, write(Obl, mask)
elif(size == 6):
Al.write(Ob0, mask)
A0, write(Obl, mask)

tmp=[]

clk. write (Ob0, mask)
clk. write (Obl, mask)

ad = Y.read()
tmp. append (ad)

print (tmp)
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4, KT R
S A TETE 8. 1.1 Y,

3.1.8
1. LI HEHY

LR ALU By 2 59 B AS Iy e A R 34 132 bl 52 #
fil, ASEH) ALU #rkH T

2. SLIHER
PR K )
& i 7 = i)

3. SEIGi%RA
1) S5 P

=zH28/ALU

5 RISC-V 4b PR .

T4 L HFE—FPGAILFE LIS & H%

JIRACHS X R H s T AY“ Be At AR B B SR P a9 . v PR SR AE WG TP, JF K
VAT A By TP B0 Fr 2R R 50, K
g5 Je 2B BT SO S 91 T Bl 58 i e

L) ALU, B ALU B HER T AEDL

] )5 3
| Vivado #4705 & . - #E47 1/0 WY& £,

ALU gy EEER W ZE 8-1 a1 ALU pa 4 ERGH 1 12 FigiETe 52 . 81 info
A [A] i) 8 2 25 8 3 A KR E 1Y info W] DL SC LAY E Y 48 2 14 . 8 o 18 20 R e T LA

SRS TR A R T RE

*81 ALUHEMEZR
g &L Infol 31:0 ] i AH
LUIL 0xc008 Imm<-—12(AE# 12 fii)
SUB 0x28 rsl —rs2
ADD 0x18 rsl-+rs2
ADDI 0x8018 rsl+imm
SLT 0x1008 if(rs1<Zrs2) return 1;else return 0
SLLTI 0x9008 f(rsl1<“imm) return 1;else return 0
XOR 0x48 rsl”rs2( R ak)
OR 0x408 rsl | rs2(ak)
AND 0x808 rsl &rs2(5)
SLL 0x88 rsl A rs2 fi
SRL 0x108 rsl WG rs2 i
SRA 0x208 rsl BEAREE rs2 fif

S A A R ALU BB G S5 B A3 43 H 3 AL U KBS i A

KB info 38 H| W72 {] Ff 52 F 2

2) Python 32 B % fi

(1) fnzk He 4 i m9 A4S

from pynqg import Overlay

from pyng. lib import AxiGPIO

overlay = Overlay(”/home/xilinx/jupyter notebooks/..... .bit”)

overlay?

-

ya Sl ALU b,

2l Py thon/%

#bit X 1FEFF

S AL, I RS S A PR R 1Y $58AE ZOR 15324 28 B & 0K 4 e Tl AR
B iz B0 R BORE IR Y SR AE BGIEAT M N B 32 L ORE 45 R R
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(2) GPIO M 474 AL .

gpio_0 = overlay. ip dict[’ axi_gpio 0’ ]

gpio_rsl = AxiGPIO(gpio_0).chamnell A B w4
gpio_rs2 = AxiGPIO(gpio_0).chanmnel?2

gpio_1 = overlay. ip dict[ axi gpio 17 ]

gpio_imm = AxiGPIO(gpio_l).channell

gpio_info = AxiGPI0(gpio_1). channel?

gpio_2 = overlay. ip dict[ axi_gpio 2’ ]

gpio_wdat = AxiGPIO(gpio_2). channell

(3) GPIO OEE B .

mask = Oxffffffff HGPIO7E 4
gpio_rsl. write (8, mask) 25 A 27
gpio_rs2. write (3, mask)

gpio_imm. write (0, mask)

gpio_info. write(0x18, mask)

wdat = gpio_wdat. read()

print (wdat) 2FTEIEHE

3) PR

A5G PEACAS o P & SO ] 8. 1.1
4. EWHER

SR A PRI 8.1.1 1

8.1.9 =figzs

1. EWEHH

JE o 0 B A A it A B B L Bt 250 A i o 15 B A 8 B R Y A7 it A AR 8 B A AN
AR A7t A Y JEAS i TR ORT FH s

2. LIEK
R P L 1Y A7 G e AR, DU e (Hbhl 97 ) 19 5 A8 2 b i e i B L i B
KBt fr R G0, 5E T 5 IF B AR SE Bk .

3. LIS AR

1) 540 7 3

LR B TP A0 5 A0 ST B A A BT, 20 0O mem2 Fl mem2_1,5 A FIEE H ZCE
Ay E PR AN . ok e A LA S E T A R N — A A kR T RE N
info B 0 A1 1 A2, [ H mem2 B, info K # P AL Z2 0 FHEUE 01 A n] LLIEH #5 A F1
BEH s M mem2_1 W sinfo SAKBI PN 10, 40238l i {7 5 55 U= . W A7 w RF A HE IR
5 A FEE 2 .

2) Python 22 H f5#y

(1) oz be 4 gt 1 A GRS -

from pyng import Overlay B Py thon/%
from pyng. lib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupyter notebooks/...... bit”) #bit XAFEE 7

overlay?
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(2) GPIO 04 B .

gpio 0 = overlay. ip dict[ axi epio 0]
gpio 1 = overlay.ip dict[ axi gpio 1']
gpio 2 = overlay.ip_dictl axi epio 27 ]

infol = AxiGPIO(gpio_0). channell
wdatal = AxiGPIO(gpio_0).channel?2
info2 = AxiGPIO(gpio_l). channell
wdata2 = AxiGPIO(gpio_1).channel2

rdatal = AxiGPIQ(gpio 2).channell
rdata2 = AxiGPIOQ(gpio 2).chamel?

(3) GPIO OEE T,

mask = Qxffffffff

infol. write (0x15, mask)
wdatal. write (0x99999999, mask)
infol. write(0Ox11, mask)

outl = hex(rdatal. read())
print (" outl =, outl)

info2. write (0x26, mask)
wdata2. write (0x88888888, mask)
info2. write (0x22, mask)

out2 = hex(rdata2. read())
print (" out2 =, out2)
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1, & s DR A S E AR DL B 35 77 o . 3 OB 2008 1Y 77 77 4 6 208 B 77, IR R &L
fiis 2 3% B H Wi LA L P B S B X00R

2) Python 32 B % fiy
(1) i Zk Fe A7t A CAs .

from pyng import Overlay 2l Py thon/&
from pyng. 1ib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupyter notebooks/..... .bit”) #bit X A1FEE 7

overlay?
(2) GPIO My 25 AGHS .

= overlay.ip dict[’ axi spio 0"
spio_1 = overlay.ip dict[’ axi gpio 1"
= overlay.ip dict[’ axi spio 2"
epio_3 = overlav.ip dict[’ axi_ gpio 5"

read_idsl = AxiGPIO(gpio_0).channell
read idx2 = AxiGPIO(gpio 0). channel?
w_1dx = AxiGPIO(gpio_1).channell
w_data = AxiGPIO(gpio_1).channel2

read_datal = AxiGPIO(gpio_2).chammell
read_data? = AxiGPIO(gpio_2).channel?2

(3) GPIO OEE B0 .

mask = Oxffffffff

w_idx. write (0=z00000001, mask)
w_data. write (0xfOfOfOf0, mask)
read_idx2.write (0x00000001, mask)

out = hex(read data2.read())
pIint(Dutj

3) AL

FEA RO S

FEPTOMEEY
EZAEHE

¥ EEAE 15T
¥ T EDET 5

AR AR o B 7 SCHE AR 8.1 13
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SEG LIRS, 1.1 .

8.1.11 R&
1. L EB
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2. SLIHEK

LR FHTRACHS Fhoxk i B s B RS SR A A B SR (A9 . v PR SO AR WG TP, I 5Kk H i 3
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| Fi& S £203 AhHE2Sh, HigE A AXIT 2 f1 AHB a2k i &5, 3 A
Eﬁﬁ L;n*@ﬁ”@l 8-16 P~ .

5 PR I

EEP

\

ALF] | MBEAD | MAERD | AR
AU E SN A Y SR 2T T ESY R AL EYS!
+ M
B s
] 1[5 38 i H
1R[] 1R [1] R [1] R[]
gER 5 R A
[ 8-16  FLZkiH i 451
% 8-2 fIian i ICB R S 4.
*82 ICBRZES
EBIE] 1] B R it 7
Output 1 Icb emd wvalid FiEmMMNIZSEEAEIEZETIHRES
Input 1 Icb emd ready MIZ 25 0] 1% 6518 P EH #F UG =
Output 8 Icb emd addr 525 Hb bt
Output 1 Icbh emd read 5515~
Output 16 Icb emd wdata B #EAEm Bl
Output 16 Iecb emd wmask B PR AR I B o 1 Y
Input 1 Iecb rsp valid M 5 ] Fix a5 KX S R BE KI5 5
Output 1 lchb rsp ready FiZ s m Mz sk bl iEE & WE 5
1% [P 3 1
Input 16 Ichb rsp rdata YR iVE Y&
Input 1 Ich_rsp_err B R RN DR ROy

= . 488 (Command ChanneD) FEH T FixF M N & AR IESIHK; & [0]H
i (Response Channel) FE2 H T MNix &b FixF IR BT 4R,

ICB BB A TR0, B 8-17 v S BU RS Fe vy Horp — . E & ) Mz el o ICB
1) Command Channel %% 5 #4/E15°K (icb_cemd _read M) - M 25 57 Bl 20115 K Cicb
cmd_ready ). MBCETE R — 4~ R 3 0] 52 25 23R H 55 R 1E 8 Gicb_rsp_err N, Eix &
B OZ 45 SR (icb_rsp_ready N &) .

PRACAHS P AL & B BT ram BRCER AN 0, Horp PYNQ #Y PS ¥y LB, ram A%
oy DA ER , H P i I PS s A2 105 B0 L S5 A BR B2 WO I 85 B8 8 A ram BB, 52 AR
A S A AT IR 22 I 15 AR B8 1ICB S i B AT 0 — S BB I 3647 56 HIE .

2) Python A& B #i

(1) Jimze b o i 9 AR




clk [__

icb emd valid

icb cmd ready !

ich_cmd_addr

ieb_omd_read |
icb cmd wdata
icb_cmd_wmask
ich_rsp_valid
ich_rsp_ready |
v //// ///// G / & / s //// Z

icb_rsp rdata

icb rsp err |
i

i
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from pynqg import Overlay
from pyng. 1ib import AxiGPIO

overlay = Overlay(”/home/xilinx/jupyter notebooks/..... .bit")
overlay?

K 8-17

(2) GPIO M54 e,

gpio_0
gpio 1
gplio 2
gpio 3
gpio 4
gpio D

over lay.
overlav.
over lay.
overlav.
overlay.
overlayv.

ip_dict[’
ip diet[’
ip dict[’
ip diet[’
ip_dictl’
ip_dict[’

axi gpio 0
axi gpio 1]
axi gpio 2
axi gpio 3’ ]
axi_gpio 4
axi _gpio 5 |

i Y [ 7

2l Py thon /%
#bit X 1Fis1F

ifu2biu_cmd_valid = AxiGPIO(gpio_0).channell 10 B T i 5
ifuZbiu emd addr = AxiGPIO(gpio 0). channel?2
1fu2biu cmd read = AxiGPIO(gpio 1). channell
ifuZbiu cmd wdata = AxiGPIO(gpio 1).channel?
1fuZbiu _cmd wmask = AxiGPIO(gpio 2).channell
ifu2biu rsp readv = AxiGPIO(gpio 2).channel?
mem_icb enable = AxiGPIO(gpio 3). channell
icb2biu_cmd ready = AxiGPIO(gpio 3).channel?2
ifuZbiu rsp valid = AxiGPIO(gpio 4). channell
ifu2biu rsp err = AxiGPIO(gpio 4).channel?2
ifuZbiu rsp rdata = AxiGPIO(gpio D). channell

(3) GPIO H3E5 iACHS .

HGPIOBIA 755
w0 B A TR E

mask = Oxffff
ifu2biu_cmd _valid. write (Obl, mask)
ifu2biu emd addr. write (0x01, mask)
ifuZbiu cmd read. write (Ob0, mask)
ifu2biu rsp readv.write (Obl, mask)
ifuZbiu cmd wdata.write (Oxeeee, mask)
ifuZbiu_cmd_wmask. write (0xffff, mask)

mem icb enable. write (0Obl, mask)
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mask = Oxffff

=

ifu2biu cmd read. write (Obl, mask) BISE HI B H 201
ifu2biu cmd addr. write (0x01, mask)

print (ifu2biu rsp err.read()) 21T E1Z
rdata = hex(ifu2biu rsp rdata.read())

print (rdata)

3) PEACHS

AR AR o B 7 SCHE AR 8.1 195

4. LIS R
SCEG A IR [A] 8. 1.
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R HA IR T

IR TAT

(2) 84T mBEMYLIZIT T 3 FHEEHEIETIES (MOV., MOVI, LAD. LADI,

STO),7 skizH FEF5

A (ADD, SUB, INC,DEC, AND, OR,NOT) ,7 % Bk#: 45 4 (JEQ,

JNE.JHI.JHS,JLO.JLS,JMP) VI & tb B 48 & (CMP) #f{5=HL 38 4 (HLT) . 3 21 {5 % .
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HEDBUS
|
ALU_en - K17 %ﬂ—[)mem_en =r ﬁ
D EH | (] Aoe HLAE | opTid | HUHET
: ALU
B en J 70 !
L 6 100 |
) 7 66 e |
— —| B 10 77 S |
R, : : |
R, 30 40 |
R, 31 |
R; ﬁ ﬁ *PC_SEI
ﬁ IRd_used - AR en — o
OR AR | HiLhEZE A7 PC FEFF LA d
i i
DR | iBBfiss |1 il il
ﬂl
ﬁ MPC *MPC_SEI
s
PR LR g | Rl
CF en U ﬁ [ERTE
PSW | fhs e [JZF en D il
I x HELO = JAEEE iR
- 55
COmem — H%% 1% |

& 8-18 CPU # ¥ % A
BEAKTE A1 111 el 32 PR AT A5 B R4 vp AR S 56 S04 e v i “Fff 5% 27,
(3) HUFETFE S my SE B
56— R FE 2

ZF en PC_en PC sel | Imem en | MPC en | MPC_sel cs we
0 0 0 1 1 10 0 0
ALU en B_en Dmem_en | IR data_en| CF _en Rd_used | RsA _used | RsB_used
0 0 0 0 0 0 0 0
AR en outenab M S(4 i) Next addr(16 fif)
0 0 0 0000 0000 0000 0000 0001

O —JH . PC g HbaE£ A 38 2 A7 fF i (Imem) « 38 1 & 3% ¥ il {5 5 Imem_en,
foi iz HbhE X5F 0 B 8 2 EAE S (Opcode) M Imem Z8 53F 8126 DBUS i A8 21505 25 , 281 #H
7 TR 21 A Ui BB 2 A T X 5598 2 CUmem W HY A T HLHE , A T HE HE #5 Fa A
2R 7 1T Bas MPC B MPC_in v, [RI B} & 3% 1 #2065 5 MPC_sel =107 UK T — 2%
fds 2 ke N CU_mem 1 [0 1Y next_addr AR B (AL next_addr B A BUFE #2 7 19 56
FAs 2 Hihb) .
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o ARMAE R

ZF en PC en PC sel Imem en MPC en MPC sel cs we
0 1 0 0 1 11 0 0

ALU en B en Dmem en | IR data en CF en Rd used RsA used RsB used

0 0 0 0 0 0 0 0

AR en outenab M S(4 {if) Next addr(16 {if)
0 0 0 0000 00 0000 0000 0000

@ B A T ES BT &R F 8RS (MPCO) B # 15 5 MPC_sel =
“117(E ¥ MPC_in i i) .58 2 A B HhE 826 A CUmem, CUmem 18 iz 4842 A H
HhE TR, B S5 R IR AR 2 X N BRI . R AT LIFEE SRR PR SE Z47.PC_en # &
7417, H PC_sel="00"(E N PC=PC+ 1), AMiflf PCH5M F —FKFf2, N —IKHFE i
o1 25

(4) RS EREMIMT .

| —— tinycpu. v

—— ALU. v

—— DBUS. v

—— Regsfile. v

—— Dmemn. v

—— Imem. v

—— Program Counter. v
—— Decoder. v

—— MPC. v

—— ClUmemn. v

—— PSW.V

FLARAR RS 18 ] 132 5k a4 B S5k
2) Python 2& B F
(1) 28 b 4 Ui A A

from pynqg import Overlay
from pyng. 1ib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupvter_notebooks/...|bit”)

(2) GPIO M4 ey .

gpio 5 = overlay. ip dict[’ axi gpio 5]
gpio_m0 = AxiGPIO(gpio_5). channell
gpio_ml = AxiGPIO(gpio_5). channel?2
gpio_ 6 = overlay. ip_dict[ axi_gpio 6]
gpio m2 = AxiGPIO(gpio_6). channell
gpio m3 = AxiGPIO(gpio_6). channel?2
gpio 7 = overlay. ip dict[’ axi_gpio 7 ]
gpio_md = AxiGPIO(gpio_T7). channell
gpio_mb = AxiGPI0(gpio_T7). channel?
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(3) Foik CPU s& & hi2h HE e B9 FCHY .

import time 2T (6] 5K #¢
timedelay = 0. 0001 HiZ B ALY
time. sleep (timedelay ) HEENE
tmp="[]

m) = gpio m0.read()

tmp. append (m0)
ml = gpio ml.read()

tmp. append (m1)
m2 = gpio m2.read()

tmp. append (m2)

m3 = gpio m3.read()
tmp. append (m3)

m = gpio m4.read()
tmp. append (m4)

md = gpio_md.read()
tmp. append (md)
print(tmp)

0, 1, 4, 5, 6, 10]

3) PRACHY

ARPECEFRACHS P, L5 24t 7 4 g

(1) “FERMBIH” SO . iz SO T AR i 52 B A 52 56 B s 1Y R Rl B B, v IR S04
X ,,?I_B';F*‘Iﬁf AT SZ G E, H P AT K A i TP & H

(2) “test. v7: =X P 52 CHY B iH 847 05 BB BT 5 B Testbench 7n IR . H P Al &
2 ﬂi_fU\?FEﬂ%:m HATIE L.

(3) “cpu. ipynb” &4~ “Python 22 B 4z " #F7 Fr 41 248 1 Python 5 3CH4F .

) “Hffs 17 AIU =55,

(5) “Bffsx 27 BEAIHLAY 382 UL A .

4. IWHRE

(1) CUmem HEYFE 2 W iH 25,

(2) {3 A5G0 W IR ACAS T Y simu_cpu 05 B SO0 H WSS mO~mb B{H =7
HHEF R H{E (0, 1.4,5,6,10), [y 5 H wf [8] 48 i BKIA W 8], fir A5 % 78 simulation
setting 1 Bf simulation runtime & N 40us,

(3) K5 B 5 B3 2E il R E S in 8] TPrepository.,

(4) FZREE 8-19 Bl s M O BE R AH 3% 42

(5) B ZEa 3 B LA pld b e B SR S I R B A DL S BT By tel ST E A% 2 Fir B Y
PYNQ 7 5.

(6) T A S5, o FH AR 52 56 X L PR ACAS P Y Python 8130 S0 M58 B 32 17 )7 /Y CPU
RN IR H TAE,

5. KIWEW

FAET LA A 3 R 20 B9 HDL JF i B - 5 43 K5 A 92 50 X 7 P8 AC R v = ik iy 454
B 3o e H AR B IR SCAR A TN 2] T AR T JC 20 ERRE R R A B R B P R O R
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AXT GPIO
ax i_gpiﬂ_i

1S _AXI

5 axi aclk

5_axl_aresetn

GP10 5|
cP1oz -3 ||

tinycpu O

axi_gpio 5

-, GPI0 <= |
== io_io i[15:0
Bt i gpio_io i[15:0] - I

r'l]'.l';|:

M0 out [15:0]
M1_out [15:0]

st M2 out[15:0]
—Elk M3 out[15:0]
W1 _out [15:0]
M5 out [15:0]

u vl 0

GF IO2 =

gpic2 io i[15:0] -

ALl GPLO
axi_gpio b

»

B
=
i

1o =|f|

gpio io i[15:0] -

GPIOZ - |
gpio2_io i[15:0] -

axi_gpio 7

| -pS_AXT

8.2 EF Verilog HDL BJ 3R 5&

8.2.1 =N02&
1. LG HB

5 axi_aclk
'—s_uiu*eutn
1%
Las

GPIO _-)|
[15:0] -

Epio 1o 1
GPIoz = |f|

gpio2_io i[15:0] «

P 10

8-19  FERIPL S 42 R B B2 5 3

F g 5T Verilog HDL J530H) 4 7 &0 s 2 57 i it 5 i il it Vivado B A A PYNQ

-6 AT T R LI T
2. SLEGEK

TEROK FHIRACHS Thoxd B H s T AY“ S il BB B 52 15 59 .
U5 5 . A H5 56 e A2 i 1P, IF 98 H B 2

HC e gy i 3 SCAF IR AT R AR

4% DI RE . 1l 1 4 57 40 4%

VAR

= A AY T

=R A i SO IF T M SE R IE

B M B R G . mIGA
3. LI i%AH
1) SC5G A B

w::H'

7t
it

P SE A 8 4 N e HY SR

O T R L

i1 1/0 WY&

N 1Y e B A 2 5 2 A 20 O 1 EAAE R W E 8-20 Fras, il Verilog HDL &
NPl H¥EwE N 5 450 00 5 30 & 1) D 8 - HAK 4 0n 25 a9 1SS n] DL 225 JEACAS Xt
GRS, v IR SO, i FRARACAS IR 52 AL 8 L AR it

N H ST B« IR AR B By 42
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A b
Ai | Bi | G| S | G
0|0 0| 0
Cin S, olo|1|1] o0
ol1]o0]|1] 0
o1 |1]0] 1
’l* Ifofo|1] 0
Q | Q 1o 107 1
S=A,®B,®C, I f1]o]o] 1
ﬂ Cin=ABi+ACi+BC R l
C. A,B, =ABiHA®B;)C;
(a) [P [ (b) P& KA (c) FL{H &

K 8-20 —frefmgs

2) Python %2 H 15 #iy
(1) I ZR 4 i AC S .

from pyng import Overlay Bl Py thon/&
from pyng. 1ib import AxiGPIO

overlay = Overlay (" /home/xilinx/jupyter notebooks/...... bit”™) #bit W 1FEE 77
overlay?

(2) GPIO 428 B4 .

gpio 0 = overlay. ip dict[ axi gpio 0]
gpio 1 = overlay. ip dict[ axi gpio 1’]
gpio 2 = overlay. ip dict[ axi gpio 2’ ]

a = AxiGPIO(gpio 0).channell BHEgA Fi H 5 O i %7
b = AxiGPIO(gpio_0). channel?2
cin = AxiGPIO(gpio 1). channell
= AxiGPIO(gpio 1).channel?2
cout = AxiGPIO(gpio 2).channell

(3) hnik s Th e 5% uk gy

mask = 0 #GPIOFERS

a. write(8, mask) 25 A HE
b. write(9, mask)
cin. write (0, mask)

print (cout. read()) 2FT I8
print (s. read())

3) PEALHY

ABECEFAHS D, L4t 7t e

(1) “FERMBE 7 SCHFJE . Z SO T 42 R 1y 52 B 4> 52 56 Fir g 1Y) 3 Al A5 B v U8 S
FE AT I G i, B OP AT DOKE H A B TP B 44 A

(2) 165[ V . EEll:zﬂ‘ JF‘%'HETE ’I'T’[T‘EH—J‘EH‘HU E{J TCSleI’]Ch ﬁmﬁ"%ﬁ'—, iF‘ﬁJ‘ELi[%
i r] IR #5752 H 1Bk,
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(3) “xxx. ipynb” AT “Python 38 B4k " #855 Fr 7 44 1 Python I8 S

4, TWHEH
(1) FAZEIEAREI Y ) ACAS T §E . Al 0T JE Al A e F 47 55 o4 . A& A {5 FH AR 52 56 6) o 44 8t b
P 5O T A

(2) KF A 255 0F W A4 ek v $& A it LA B B i v SO AE R TP #%
(3) VH IP #%,#t17 1/O &b ¥ RERE R 1/0O 5 PS MH&E8: . DI #1708 1K .
(4) HEFrZi 6 9280 A R HE e Ui SO 30 85 B BRI ST M X g tel SCF AL B B

PYNQ 77 5.,

(5) TS5 d FH A 5256 55 W A4 8 P Y Python W81 SCHF . AR B 52 s 1T ] B R G o2
HIEE TAE.

8.2.2 1F¥iE3E

1. X HBY

¥ & 3L T Verilog HDL F 0By —— DS 85 B 5 it ik, ik Vivado 34
PYNQ F&#t a7 2, 508 —— DU PR e By Dh e, FE M B il B S0 B = — /g8

2, LIGER

SCHEH TR f
AT 1/0 /Y%

PR K HIEACAS Thoxt i B s T A9 LR A Ar dE AR pg <L v IR SO ST 5
JHL gt ] 32 S e T B AR DT H L 5 HJ 58 R A R TP, IF 0 BT AR GRS TP
B NGB RS . e AR i SO L I B AosE B HIE

3. RIERAA

1) SE5G R

VU A Y S R P R B HAAE R W 8-21 Pran ., il it Verilog HDL i 5l L)
HiERSE —— Tt ay B2 50007 3 & 1y Th ae , BAK PR = iy ACHS ] DL 225 IR A A v X L
H sk Y SE RS H 7 e 2 AL A9 . v I8 SCHF 8l oo A ACAS I 58 il = — /s as i 11t

a0 A Wi
YOY1|Y2|Y3

YO0

¥

Y1

F
I

>O ®
S0

Y2

lm l:h- e

L
|
T

B
X
0
]

0

Y3

T

o | o ||| — | M

|
(a) [ E] (b) HA{H %
& 8-21 — - PUiFi S

1|1
011
1 [0
1|1
1] 1

2) Python 28 H 2 fit
(1) 2% e s i AL A

from pyng import Overlay 2l Py thon /%
from pyng. lib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupyter notebooks/...... bit”) #bit XAFES 7

overlay?
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(2) GPIO ARy E X5 53 K w34 3 — 30, HACHE T .

gpio 0

gpio_1
gpio_ 2

a = Axil
v = Axi

= overlay. ip dict[’ axi gpio 0’ ] A T O 5
= overlay. ip dict[’ axi_gpio 1" ]
= overlay. ip_dict[ axi_gpio 2]

GPI0(gpio_0). channell
GPI0(gpio_0). channel?2

(3) GPIO OiEE WL,

mask = 0xf HCPIOE#9
a. write(3, mask)

out = bin(y. read()) T EHIE#E
print (out) HFT EIE 18
3) AT

ABECEBH A P, ysC 248 7 a0 # .

(1) “FEmMiEe” e . o0 d T #EAEp) 2 B 4

E AT S0

iF . P AT DORE H AR B TP B B H

SIZ UG T T Y 3 A A B

v IR S

(2) “test. v7. X P 8K T £ TT{T{J‘EHTEEHU 1) Testbench /x| #F . FH P o] H £
i, ] DAAR P W 2 A 1T 18 0.
(3) “xxx. ipynb” &AW “Python 3 B A M "#847 B4+ 28 HY Python I8 4.

4., EIGHE
(1) PRI ARBEH ST EE , n] XF JE AR AR He E 17 B8 o0 A& I 0 FH AR 52 56 % N #4 KL
5 5 SR T 5 H

(2) W5 A S 56 XF A4 R b 3R A il JEAS BT B i v SO B TP #%

(3)

1 IP #%, 747 1/0 4L B R R GV 5 1/0 5 PS Mk, LEEAT L.
(4) B ZRa IS MG SCHF TR Uit SCHF B E el SCPF EAL 2 BT H

(5) AR S5, (o FH AR 52 40 X6z A1 8 Y Python 813 SO 58 LS55 17 A B & Gt 2
IEHE TAE.

8.2.3 ZIBEESS
1. L EHB

R I T
T I

AV, S DUk — 2 BRI aw 1 D RE . TE L A S

2. LIHEXR

PR K
| HL gy

JIEACHS O RE H s T 3« B Al AR B B 52 25 /Y .
SO AT B AR 5 5 5 5E iR 2B Bl TP, I 3

B M STE R R GE . e R AR IR SO, I Al 5E RS E
3. 5235 RH
1) 5255 R B

H ) Verilog HDL &S5l Dl H¥%m 5 DU ik —

| fr A

T Verilog HDL J5 3CHY PU % — 25 Bk £ an A2 7 11 5 dl i Vivado AT PYNQ

CHR 3 — S Ay B T HE .

v IR SO EE ST SE RN T

T, i

-G Ey 1P #E 4T 1/0

1Y 3%

25 [k 10 5 A O S B A0 Jt 3 ] S 6 AH [R) Y
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“BL B AR R B Bl 1A Y

B R B AL DUk — 2 B B 2 o B

2) Python 28 B 14t

(1) Iz b i O A

from pyng import Overlay
from pyng. 1ib import AxiGP

overlay = Overlay (" /home/xilinx/jupyter notebooks/......

overlay?

(2) GP1O Hay% Ay .

gpio_0 = overlay. ip_dict[’ axi_gpio 0]
gpio_1 = overlay. ip dict[ axi_gpio 1’ ]
gpio 2 = overlay. ip dict[ axi_gpio 2’ ]

select0 = AxiGPI0Q(gpio _0). channell

out0 = AxiGPIQ(gpio 0).chamel?2

(3) GPIO O E5 S,

mask = 0xf
selectQ. write (3, mask)
data = hex(out0. read())

LT & B 5TR
T . DUE — 2 % 1k 6 B8 00 AR B T L2 2 AR A o xd 1 5% R S/
v IR SO, a8 o PR A AR I N — 2 Dy T3 2
—
SWE 822 fimn., D,—o1 | |,
D_';_]D
D;— 11
K 8-22 PUik— Z 1%
—
438/ Py thonfE i
10
bit”) #hit XA1FFE7F
EEA B O i
£GPIO#EED
25 A E
LEB 167818
#IT 1SS

print (data)

3) JEALHS

A S A P B 3 SO ] 8.2.2

4. LWL R
SIS TRIE] 8. 2.2 T

8.2.4 fABEEFF3S

1. LW HBY
4
AR PYNQ &

T I

1 8 i A7 A7 # 1Y 5K
2. LIHER
PR K

3. SE35i% RH
1) S5 5 P
(1) D fih %k #2.

{8 I T Verilog HDL A 2CHY 1 47 D fih & 25 F1 8 37 25 17 i A
SCER 1 D il K AR AN 8 AL A AR A
T {57 BE v A1 W] 25 52 A T BE 1Y ik /&2 7 AN

&I
fih %2 55 1 SL Tl E— i 1

JIRACAS Thxs Nz H 5 /Y JE Al AR B By 4 1L 9 .
JHEC v Y S AT AR L 5 L 5E R 2B R TP, I )
NS R R G . Ien A B I SO

—A~ D i & #w Al D

1 D B4 #s44 hl , H i L B E

1 AT

%ﬁ”lgl 8_23 Eﬁﬂ_&a

s

M 5E RS E

F A B pp g ) B AN SR
D fal % 2 7EB8p & s-23

T it .l Vivado
¥ 1Y T RE . BEWE 7E D
T {5 {E v A1 [W] 20 52 52 T RE

VIR SO ST SE R TR L
| Bt A= B Yy TP 47 1/0 /Y %

D fiil % %%
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FTHIE R AL S HAB AT R] D fil A& g% R EOR RS

AR P — A H R B[R] 2 D il A A il PASE . 8 ) A ar e H 1 8 ANW A D
fih % 25 H4 Bl

(2) 5 (o BE Y BY M & A« 7 (97 BB v B9 Ak 2 2 355 0 — S FR 8 EN B 5 A iz 5 A T €
AP iE 2 ARG . 29 EN=1 I, 77 0 G v 1Y fil 2 4% 558 D il & 88 —4+F; 2 EN=0
) 7 o B i Y i 2 A Z0 W I L DR 55 IR RS s 24 A B2 7 L B I B 75 T AN 2 Bl A B B TR
AN — A FE I S (5 RE v B il 2 s BUUR B T .

FE: R AN EMATES (R4 LB S, B A X AT A8 A48 i AP A a5 5 Ao
5%

(3) W [F A E A TIRE RV ik & 2% . 5 [ 2B E AL DR R ik & 25 35 T — 1 Fk 4 RESET 19
WA . RESET & — MR- FA GBI Ky 0 B AT E AL ThRE. % RESET=0 i},
7 [\] 20 52 A D RE Y Mk A A Z s S A D IRFERT P E iR s Q A0 05 % RESET=1
N 7 [] 20 &2 2 D RE A i & &% 5518 D il A& 2% — 1

(4) 5 {01 RE v A1 W) 20 52 A2 T g 1Y) i 2 2%« 3 58 s A (W) 25 52 62 D R 1Y) Mok & & 35 00 17
N EN fil RESET, EN L2kt RESET & . B EN 24 1 B, RESET Jt&% .

2) Python 32 H % fiy

(1) 08 b e i B9 A LAY

2

-

from pyng import Overlay Bk Py thon/&
from pyng. 1ib import AxiGPIO

overlay = Overlay(”/home/xilinx/jupyter notebooks/..... .bit”) #hit W AF 517
overlay?

(2) GPIO My % e,

gpio_0 = overlay. ip_dict| axi_gpio 0 ]
gpio_1 = overlay. ip dict[’ axi gpio 1’ ]
gpio_2 = overlay. ip dict[’ axi gpio 2’ ]

din = AxiGPIO(gpio 0). channell HIA I O i
dout = AxiGPIQ(gpio 0).chamnel?

(3) GPIO OEEE 0,

mask = Oxff ZCPIOESS
din. write (Oxaa, mask) EEAFIE
data = hex(dout. read()) LEEBR L] 61T 8B
print (data) #ITEI &
3) PEALHY
ARG PRACHS TP B & SO A TR) 8. 2.2
4. XBWHR

UG TREE] 8. 2.2 T

8.2.5 BAUFFIE

1. L HBY
FEILT PYNQ V15 & Vivado T. H AU 7 2 35 B 3% 09 - &2 i #2 S Ik 7 =X, 1 AR




144 || TTEAHMRIEAE LI ERE —FPGAZRBELRF EHF 5SS

N w7 e 1Y Verilog 17 MR ,

A AF A o
2, SLIGER

ZORMH Verilog 17 ik 56 i H A% R 45 10831, R

REWS7E ML AL ail B A9 H Verilog

HY 3% 5 - I e A8 B HC e Dt SO I B A e g I

3. LI/ EXR

(1) BT Fae: BT Fasiy 2 E A 8-24 s, &
P fFar LA B R AT A S, W5

RAT R T S AN AL IFAT Fa o

il
5%

| Vivado #1715 H , 3F it

T3k 8 LAY AT INERHY S A

41 1/0

N A~ il A s 8 BRI AL . #%
Qu-1.00 FERBRAY B —

TR N S A=A RIAL I SR S22 A m B A 2, B8 AL 37 A7 4w 1T DL SE R AR AT 2

AT R, S A H S, LLS

H AT O AR N SRR T B9 N DG A AT RLE Q I

Tifn . 78RR BB — MK H

FRE” By shift_reg. v {4,

CLK

(2) HIAT IR YRS L 21725 . # 5
155 Load ., T BE AT LL5E A &

RS il A& # M A D A I

S E A5 5 reset, Verilog AT MR 152

Suut

Qo Q Q> OQn-g

&l 8-24 BALEFFAx

FAT N E I A A A as BE N T F
ST B IR AT B A e, nT DLSE R T AT B R AT B B

70 2 B A WS AL A5 A7 Am 1

Dyo1,0 AT 7 AUk o 7 BE AR B3I — MR- = 4

2) Python 22 B #14y

%LSEEL

_..I_

FATH A Dy, AIE

M Load
FE AL, N B R R

ELL{L reset,

(1) InzL e FF i Gis FEAT N B A7 a5 Y python 2 B A M) . HATHS WD T .

from pyvng import Overlay

from pwma. 1ib import AxiGPIO
overlay = Overlay( /home/xilinx/jupvter notebooks/. bit")

(2) GPIO M54 e,

gpio 0 = overlay. ip_dict[

io CLK = AxiGPIO(gpio 0).
gpio reset = AxiGPIO(gpio_

gpio_1 = overlay. ip_dict(’
gpio_load = AxiGPIO(gpio_1

gpio_Sin = AxiGPIO(gpio_1).

gpio_2 = overlay. ip_dict[’
gpio D = AxiGPIO(gpio 2).c
gpio_b = overlay. ip_dict[’
gpio_Q = AxiGPIO(gpio_3).c

gpio Sout = AxiGPIO(gpio 5

axi_gpio 0]
channel 1
0).chamnel?
axi_gpio_1"]
). channell
channel 2
axi_gpio 2']
hanmnell
axi_gpio_ 5]
hannell

). channel?2
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(3) B UERS A & fF as AT 2DFAT RO ZhRE A 0 F

¥ BCPIOFEMR (& fEIL L7843, #gpio SinZElrd), A4 ERIAEF2:2F/E0b1

mask = Obl
Z B UFE fTE AT E
ER AT

gpio_CLEK. write (0b0, mask)
gpio_reset. write (0b0, mask)
gpio_load. write (0b0, mask)
gpio CLK. write (0bl, mask)
# E—NEESin=1

gpio CLK. write (0b0, mask)
gpio_reset. write (0bl, mask)
gpio_Sin. write (0bl, mask)
gpio_CLK. write(0bl, mask)

¢ BN BFSin=1

gpio_CLE, write (0b0, mask)
gpio_Sin. write (Obl, mask)
spio CLE. write (Obl, maslk)

& Blo £ T 5001210
Q=gpio Q.readl)
print (bin (Q))

(4) BSUE R ZF e AT H BB AT D BE ARSI T

# BEGPIOZ BEMAE & IGITEFI78S, #epio SinElfi#], FHZ BEHZEIGIE#HE0b]
mask = 0Obl

maskl = Oxff

% BHFFFTRI ST

Sout=[]

= —§in4
gpio_CLK. write (0b0, mask)
gpio_reset. write (0b0, mask)
gpio_load. write (0b0, mask)
gpio_CLK.write (0bl, mask)
z E—1EH
gpio_CLK. write (0b0, mask)
gpio_reset. write (Obl, mask)
gpio_load. write (Obl, mask)
gpio D. write(0b10100111, maskl)
gpio CLK. write (0Obl, mask)
tmp=gpio_Sout. read()

Sout. append (tmp)

z E N EE
gpio_CLK. write (0b0, mask)
gpio_load. write (0b0, mask)
gpio_CLK. write (0bl, mask)
tmp=gpio_Sout. read ()
Sout. append (tmp)

& FN AL
gpio_CLE. write (Ob0, mask)
gpio CLE. write (Obl, mask)
tmp=gpio_Sout.read(]
Sout. append (tmp)

print (Sout)

3) FEACHS
AR P & SN AR 8. 2.2 1.
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4, RXLHR

SIEG A IRE 8. 2.2
8.2.6 1T

L LR B R —FPGAZRRRLRFEHEE

1. SR EH/
¥z ILT Verilog HDL Wit EASs BT % 1L Vivado B4 PYNQ -
9T AR, SE R ZE Y DAL TR 250, IF i — AT 8 A Ear , IR0 & S A2 A ) ﬁ'é.a
2. EWEK
FERK FHIEACAS i Bz H SR iy SR Al AR Air SR AR 0y . v IR SO 8 ST 2 R R TR L A
JH v g I 3 SR R AT B AT L, O 558 R AR B TP, IO FH B AR ey TP g AT 1/0 1Y%

B NSRBI RARG, &aA
3. SE35 % RH

1) S5 7 P

TH & 32 208 X0 K i B9 TR AT TR, N gk T Ae B 5

R SCAF I T B 5E G IE

Oz BB PP R G . AR R B R IR Lo 0. 2R )R L 1T B 1E 4
AN A BT R g 1, DL g R e BT 2T R RTRE(E . AT LA
Z 2 PRACHS XS N H s T Y SRR AL B B SR R B L v IR SO Gl i
PACIS I SE L 8 A& S+ A Z AL D Re T B ar RO BL T, 11 & an HE

B

i) 37 20 E AT B AN 1T AN

SE 8-25 /s .

A RAMSFEEEMAARET 2 EZ AT IFERZ A AN 0

2) Python 3¢ H % fiy
(1) fmzk B 4 i By A S

from pyng import Overlay
from pyng. lib import AxiGPIO

14 3T o L TR AT 10

21 Py t hon i

overlay = Overlay(”/home/xilinx/jupyter notebooks/...... bhit™) Ehit W fFEEE

overlay?
(2) GPIO M1y 4 mAGHS .

gpio 0 = overlay. ip dict[ axi egpio 0]
gpio_1 = overlay. ip_dict[’ axi_gpio_1"]
gpio_2 = overlay.ip_dict[ axi_gpio 2']

clk = AxiGPIO(gpio_0). channell
rst_n = AxiGPIO(gpio_0). channel?
out0 = AxiGPIO(gpio_1). channell

(3) A E .

import time

mask=0bl

timedelay = 0.1
rst_n write (0b0, mask)
rst_n write(Obl, mask)

HEA By g O 4

#18 FHET 6] % £
SCPIOFERS
#1g BB (8] BT
PR ER

A RPN E A A LN

CLK
v
N
Q-
Reset

|
A 8-25 1 &as %
5
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(4) TG B8 45 R B9 CHS -

import time
N =30
timedelay = 0.1
sizes = range(O, N, 1) PR BB 8
mask=0bl
for size in sizes:
clk. write (0b0, mask) ZEYIEHT £F
clk. write(0Obl, mask)
tmp=[] EEIER R FEE
al = out0. read()
tmp. append (al)
print (tmp) HFT g 15

3) PEACHY

A S B PR AAS v Py & SO A ] 8. 2.2
4. KWIHIR

SEEG A BR[A] 8. 2.2 1,

8.2.7 BRI

1. XA/

o] = B SRS WL A ZEAS AL Bl AN T A IR 3, 52 30— B SO SV Hom DLk 2t # e fe .

2. LEWEK

TR K HIEACHS X R H 58 T By« IER A E” By $2 4L 5y <. v7 IR SO S e B T2 L
FH v g 5 SO R A 38 AR 4 1L 4 158 al e AR B TP I HH Bir A= sl iy TP #E 47 1/0 B9 3%
P A SE R R G . a4 BEE AR U SO L IF B M sE B IE

3. SLIE i AH

1) L5 R

& 8-26 (a) i /R REWLE A = ARE 512 S0.S1#1 S2., REVLERINALFE SO RE,
MER 0, MR en=1 B REVAEAKRE 18NSR 1, SWPREAZZ; RS 1 AR
en=1, REVHENRE 2.5 HBER 2. 3F Hagk M3 SO RE., ATAEZEN FARSLR G, H%
1B 0L SE R 8-26 (b) BT T35 55 .

i

count=6

count=4

(a) (b)
& 8-26 REVIH
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2) Python 32 H. 1% 4t
(1) R b e g A A

(2) GPIO Oy ALy .

(3) & A5 B A .

(4) 38 6 3 2o 45 R A9 A -

3) PEACHY

ARSI BEACAS T i 5 SO 4 TR 8. 2.2 T




8.2.8 I=EZE/ALU

1. LI EHHY

i 15 Verilog HDL A =0528 ALU 7

KA AT || 149

S it il it Vivado B PR PYNQ - £ i 47 FF

KV, ALU By I e, a8 ook 5 2l ik S ok S B AN [R] 1Y iz - T R . S 56 b e fil FH /Y
ALU #3400k B IR RISC-V AbFE 2%,

2. SEIGEK

LEORCK FHTRACHS TR R B s T AU “ SRRl AR ™ By 2 5 5 . v IR SCH £
JHEC v R I SCE AT AR L 5 L 5E WA 2B R TP I 8 FH B A2 i RY T
=R HG R I SO I AR SE RS IE

3. SLIGi% AR
1) S5 P

SEECH) TR L
AT 1/0 /Y 3%

<o K

ALU By EAH R W 8-3 P~ .88 ALU halfh3& 8-3 25 H Ay 12 Fp#EfETE 2 . 51> info
Xf A [A) ) 58 2 288 5 A E Y info 1] DL 2 R4 € WU 38 2 #4188 18 oo i 2 7 v] LA

SEELAS TR Y TR T RE

83 ALUEfEE

RS Info[ 31:0] 1) BH
LUI 0xc008 Imm<-—12(AE % 12 fi)
SUB 0x28 rsl —rs?2
ADD 0x18 rsl+rs?2
ADDI 0x8018 rsl+imm
SLT 0x1008 if (rs1<Crs2) return 1;else return 0
SLTI 0x9008 if (rs1<“imm) return 1;else return 0
XOR 0x48 rsl1” rs2(F )
OR 0x408 rsl|rs2(ak)
AND 0x808 rsl&rs2(5)
SLL 0x88 rsl WA rs2 i
SRL 0x108 rsl WG rs2 L
SRA 0x208 rsl ARG R rs2 fif

AL S EWia B ar LA R Z A O AR S50l ad Verilog HDL AUHS #Y J7 20K 12 5
FEEEER S5l ALU BRBRIEAT 17 2B i AR BB SCAEFRZ O ALU T2 A B, 3 3o Tt

2) Python 22 H 14

J2 SCAF AT DL H R e B Ry ALU B,

(1) Iz e 4 A3 A .

from pyng import Overlay B Py thon
from pyng. lib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupyter notebooks/...... bit") #hit WFE

overlay?
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i&ii?@%iﬂi—FPGAiﬁ“

(2) GPIO 04 Bem .

gpio_0 = overlay. ip_dict[ axi_gpio_0"]
gpio_rsl = AxiGPIO(gpio 0).channell
gpio_rs2 = AxiGPI0(gpio_0).channel2
gpio_1 = overlay. ip _dict[ axi_gpio 1" ]
gpio imm = AxiGPI0(gpio 1).channell
gpio_info = AxiGPIO(gpio_1). channel?
gpio 2 = overlay. ip dict[  axi_gpio 2" ]
gpio wdat = AxiGPIO(gpio_2). channell

(3) GPIO H3EZES LS .

mask = Oxffffffff
gpio_rsl. write (8, mask)
epio_rs2. write(3, mask)
gpio imm. write (0, mask)
gpio_info. write(0x18, mask)
wdat = gpio _wdat. read()
print (wdat)

3) JEACHS

AR AR o B SCHE AR 8. 2.2 %5

4, XWH R
SEUG A TRE] 8. 2.2 1

8.2.9 TFfigz2s
1. L HEHB

i1 Verilog HDL 0SB fE g e B2 7 i 1 8 H

KB EHF S5

A w5

HGPIOEES
45 A §1E

4T ENEHE

Vivado 4 PYNQ - & #:47

KR, S PR BE AT A A AR 9 A H L A 24 A7 Al A BB 35 i BRI A7 filf 4 R ¢

2. SLEGEK

TR FHEACHS rhoxf bz B s R AU SR AR BB By s R R . v IR SO 22
HC g SR AT AR E L A HL 5 R A

'“P

SEHCA T2

= TP IF 8 A A= e 8 TP AT 1/0 /Y %

AW R G . e A R SO L I T ARSE RS EE .

3. LI % AH

JL AR B rp g 5 S Al ST 8 A7 e ERT %E‘rﬂﬂj mem?2 Fl mem2_1.5 A FI{E H 2 s B
HATHEAE ik (5 5 nl DA 225 A A 80 R — 1~ 77

7P i J’:F X BB 17 i e 2

P IE S /\%ﬂlﬁﬁH ; X
¥ A BE IE &

b

figigm . W i%(5 5 N info IS5 0 A1 1 i [ H mem?2 H]L info H I A P A E {8 FHZUE 01 A4 1]
| mem2_1 B} ,info S fIKA I AL N 10, WR B %215 7 5 IR A7 1l 7
i B N FNEE H 2 .

A0 5 AR SR 2 b KA S0l i Verilog HDL fR75 A9 7 46 B A 77
AR P0 07 G B K O BB LR 9 6

JEEEJ:LE%%EW LI45 &

FIT 15 D0 25 2 B — A4~ F ke

fifi i A B IR REPAT IEB B S A S .

55N 11 Bt s 3 K 10 77




2) Python A2 H 5 4ly
(1) I #L e s i AL S

#8E LBARET [P 151

from pyng import Overlay 2 Py t hon S
from pyng. 1ib import AxiGPIO
overlay = Overlay(”/home/xilinx/jupvter notebooks/...... hit”) #hit W FEE

overlay?

(2) GPIO M52 B0,

opio 0 = overlav. ip_dict[ axi_gpio 0]
gpio 1 = overlayv. ip dictl axi gpio 1" ]
gpio_2 = overlay.ip_dict[ axi_gpio_2']

info = AxiGPIO(gpio_0). channell HEIA T L i &

wdata = AxiGPIO(gpio_0). channel?
rdatal = AxiGPIO(gpio_1).channell
rdata = AxiGPIO(gpio_1). channel?

(3) GPIO O#E B .

mask = Oxffffffff

info.write (0x15, mask)

wdata. write (0x99999999, mask)
info.write(0xl11l, mask)

outl = hex (rdatal. read())
print(’ outl =, outl)

info. write (0x26, mask)
wdata. write (0x88880000, mask)
info.write (0x22, mask)

out2 = hex(rdata. read())
print(’ out2 =, out2)

3) ALY

ECPIOFEES
v 5.8
2B BB

2FT I

AR SR AR Th B & SO AR TR 8. 2.2 9

4. LT R
SEG ARG 8. 2.2 1.

8.2.10 SIS
1. R HBY

il i Verilog HDL J5 ACSE B a7 A7 an B2 7 1231 . f FH Vivado B4 AT PYNQ -5
A 5 3 3 0 B A B A7 AR AR B R S H L RES 7 B W AT e AR Al B R B AT A Aw A, 5K

5 A A A w BY B4
2, EIGEXR

SR SR TR ok B 5 0 SRR B B B AR v S R S
JH e 0 S AT 8 7 L 7 2 52 U A R TP IF 98 BT AR LB TP AT 1/0 B3

NSRRI RS, R AR SO T

79
.zﬁﬁ

= 5
=

e
<f

%) T AR Al

F T i 5E S IE

3. SEIGi% AA
1) S5 P

mE 8-27 Frs  BUHES AR EOANE 17 2 % 7 #% DR 1, DR @9 %0 ) n] DL RO~R4
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WAL B — 1A A7 an » AR F 20— > A7 25 e SN AT B REAS T € , N
?ﬁ%&%ﬂﬂf%ﬁ%DRﬂ%ﬁ% Amr%%ﬁﬁﬁﬁﬁjAﬁEﬁﬂﬁ EEINHE .,
i AR S ENT T DL AT AT A RS PR A7 S .

il
ERER s
A-port >
) w1 a2
i > s
asDR
3
AT o
B-port :,l>
F A4

Kl 8-27 W AF dw Al 2

LA B 25 1T DRIUROLVRY = A>3 A a A B4 5 A CAS . 5256 1f ] DLSE 4T 56 ik iX —
PRI IZITEE R B S IEWY FEA 5 A7 17 A BY 20308 18 7

2) Python 32 H 54l

(1) 33 be A i 9 A G A -

from pyng import Overlay 2 Py t hon i
from pyng. 1ib import AxiGPIO

overlay = Overlay(”/home/xilinx/ jupvter notebooks/...... hit”) 2hit X FER 7
overlay?

(2) GPIO 04 Bems .

gpio_0 = owerlay.ip_dict[’ axi_gpio_0"]
gpio_1 = overlay.ip_dict[ axi_gpiac_1"]
gpio_2 = overlay.ip dict[’ axi_gpio 2°]
spio_3 = owerlay.ip_dict[ axi_gpio 5]

a_sel = AxiGPIO(gpio_0). channell EEARSE RO E
b_sel = AxiGPIO(gpio_0). chammel2
DE_en = AxiGPIO (gpio_1). channell
DR_in = AxiGPIO(gpio_1).chammel2
RO_en = AxiGPIO (gpio_2). channell
Rl_en = AxiGPIO(gpio_2). channel2
a_port = AxiGPIO(gpio_3). channell
b_port = AxiGPIO(gpio_3). channel2

(3) GPIO O#E B .

mask = Oxffff FEPTOE S
DE_en.write(l, mask) rE A
DR_in. write (Oxffff, mask)

RO en.write(l, mask)

a_port. write (0000, mask)

data = hex(a_port.read()) M 15
print (data) £ 7R

3) AL

A S5 PEAC AT v Bl 5 SO A ] 8. 2.2 T,
4. KT R

SEE AP IRN] 8.2, 2 1,
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8.2.11 BR&

1. XWHEB
TS I AR BN T AE R PR, 08 i Verilog HDL 7 =055 80 & 26 2 e it {1
Vivado 41 PYNQ V-5 #5475 I A& 35, 52 308 12 8 2 A B 7k 17 19 B9 1% i .
2. RIGEK
FERR HIEACHS bl B B s F iy SERR AL H” By 52 1 59 <. v IR SO 5T 57 EI{IT@*@
JH v g I 3 S AR AR AT B AT L, 5 558 R AR B TP, IF O H B AR Y TP 4T 1/0 W 3%
N RS, e A AR i SO I T Al SE AR IE
3. L3R
IDEEN 3L
?ﬂﬂzﬁﬁtﬁﬁﬁ%%M%T%ﬁﬁ%Aﬁ&M ARSI K S E203 4bH 4%
g E X2 P ICB(Internal Chip Bus) iz 82k W H TS E203 AR5, H5 & AXI
BN AHB B Z4nuti sl e sl A . H lﬂiﬁ HZE WA 8-28 fiw,

b . |

S i
HiBERD | HEHERD | HREERD | HEhERD
e BEE | 2GS #255HE B
+ T M
b bz
[ 3 [ i 1 u
i 1] R [i] R 1] S 1]
sE 4t 4 4

& 8-28 B2k il i 45y

ICB B s 58 R aFE 84 frn . 28 iE (Command Channel) 3 2 H F 1% & 1 M
W AEIES 1K, &[] 18 (Response Channel) 2 H T M % & M £ lﬁ%ﬂ | 32 'H
o p

%84 ICBREZEE

i i J7 ] B JE SR i) 7
Output 1 Icb emd valid Fix g MR ETSIEKES
Input 1 Icb emd ready MiZ 4 ] Fix R i EZIUE 5
Output 8 Icb emd addr 25 Hb bl
A mil —= T
Output 1 Icb emd read 5515~
Output 16 Icb emd wdata SR NNEET
Output 16 Icb emd wmask B AR 52 Y
Input 1 Iecb rsp valid MiZ & ] Fix @& AR S g K{E 5
X . Output 1 Icb rsp ready iz iz &R Pl T i EWE 5
12 7] 18 1
Input 16 Ich _rsp rdata 2 J o 1) B
Input 1 Ich rsp err B o 5 R YR TR A
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ICB S 2 FF i T/, B 8-29 Jy BRIy e vpr gy Horp—Fp . i &5 W) iz &5 1 ICB
1) Command Channel %1% %5 #:1/E 18 2K Gicb_ cmd read MK « M1 & 57 B2 iz 15 2K Gieb

emd_ready N5 . MIZETE R — AR 345 R H 45 58 IE#i Gieb_rsp_err ML), Fix &
~7 B Etﬁlli‘i}i,u%(mh_mp_rcady MNED .

e [ L L LA L L L
| . f
]
eb_omd adar 777 Yuddr Y77 777777 777777 7777 7777 7
icb cmd read : : E ' E i : : i i //

icb cmd wdata ///Jdatalp///////// ///jﬁ///// /////
ot sk NN 7070 T T T T

icb emd valid

5

!

|
! !
icb emd ready ! !

I I
I |
I |
| |
I |
| ]

I
| |
I

|
| |
I |
L

i

icb rsp valid

5

icb rsp ready | | | ! | | |

o ion 7777777 7772227777 777 777 77777
icb rsp err | | | | | | : | : |

& 8-29 i 7 B I

JEACS TP A BB ram BN ER 0, Hop PYNQ /Y PS ¥ o8 EALHL, ram £52
Py DA B, F P a3 PS B A& 38 20 . B S B 22 WO B 9 I RF Bl 8 A ram B E P, 58
AL Ja Al LAAR 4 5= 20 5 S0 1 ICB B Ze il A A7 i it — > M B IT 35 47 56 ik

2) Python 22 H 2 fly

(1) Szl b AF Ui i AC A

5

from pynq import Overlay R Py thon
from pyng. lib import AxiGPIO

overlay = Overlay (" /home/xilinx/jupyvter noteboocks/...... bit”™) #bit XA ES 17
overlay?

(2) GP1O Han% ey .

gpio 0 = overlay. ip dict| axi gpio O ]
gpio 1 = overlay. ip dict[’ axi gpio T’

gpio 2 = uverlav.1p_d1ct:’axl_gp1ﬂ_2’:
gpio 3 = overlay. ip dict[ axi gpioc 3]
gpio 4 = overlay. ip dict[ axi gpio 4 ]
gpio 5 = overlay. ip dict[ axi gpio 5 ]

ifu2biu_emd_valid = AxiGPIO(gpio 0).channell 2 O frer4s
ifu2biu ecmd addr = AxiGPIO(gpio 0). channel?
1fu2biu_cmd_read = AxiGPIO(gpio_1). channell
ifu2biu cmd wdata = AxiGPIO(gpio 1).channel?
ifu2biu cmd wmask = AxiGPIO(gpio 2).channell
ifu2biu rsp ready = AxiGPIO(gpio 2).channel?2
mem_icb_enable = AxiGPIO(gpio_3). channell
icb2biu_cmd_ready = AxiGPIO (gpio_3).channel?2
ifuZbiu rsp valid = AxiGPIO(gpio 4).channell
ifu2biu_rsp_err = AxiGPIO(gpio_4).channel?2
ifu2biu rsp rdata = AxiGPIO(gpio 5).channell



(3) GPIO OEES Y,

mask = Oxffff

1fu2biu emd valid. write (Obl, mask)
ifu2biu cmd addr. write(0x01, mask)
1fu2biu_cmd_read. write(0b0, mask)
ifu2biu rsp ready.write (0Obl, mask)
1fuZbiu cmd wdata. write (Oxeeee, mask)
ifu2biu cmd wmask.write (Oxffff, mask)
mem icb enable. write(Obl, mask)

mask = Oxffff
ifu2biu cmd read. write (0bl, mask)
ifuZbiu cmd addr. write (0x01, mask)

print (ifu2biu rsp err.read())
rdata = hex(ifu2biu rsp rdata.read())
print (rdata)

3)

DEACHS

ARSI PRACHS T R & ST A A) 8.2.2 1

4.

LI 5 IR

ST AL IRIE 8. 2.2 .

8.

1.
i
fefit 7 —
R
2.

TRK

2.12 HIEERHIZE
LI HBY

[
JU%
Q0
il
\J#/]

LI RFKLT || 155

HGPIOBIA 7815
Nl & T E T B

B H Fy H B

21T EI U

E 5T PYNQ -5 M Vivado T. H 0B 2 8 B B8 A & i A S il =, AR 525G

AR B CPU BB L B3R 2% 4 )12 3L Verilog HDL , 3 i 5L T 4E 5 38, I %b 7652

A 45 il P ORE e 0T 3 AT LA JLOF

ST

THEAT

JIRACAS RO N H ST B9 JE R AL Fir d2 e g9 . vV IR SO B ST SR R TR L
J L e g 0 3k S AT R AR 5 O B 5E R AR B TP, IR U R B AR R TP AT 1/ 0 1Y 3%

jﬁ!ﬁﬂﬁiﬁ%&ﬁﬂxaan %Jﬁi_ﬁitﬁfﬁmuj{{ﬁh% Hm?ﬁﬁﬁ;%ﬁn

3.
1)

(1) CPU %58 . a0E 8-30 Fr 7w, &
Heds BBt
T it 8 (PO 2 — S8 2 W & I LA EREE Br B, 1 Y i PC i R 23T iy DL AS
AEH TR A AT (Imem) K 5 H ik XF 02 I HLES 15 2 B 238 2 F fe#% IR, [A)

i

F5 4 1 Hb b

sk 56 15 AR
S5 1 Ji PR

MPAT B Et .

— R Ml A 38 2 B PRAT L B2 AR AT o3 S WA B B

i PC #8510 F —FEHATHIFE S . 8 T IR IS S0 &

EE IR B84 R E IS 6 A T8 2 15505 88 (Decoder) . 115 #% T G5 A 5 2 %) i BY 1 72
JF R O hE R H kA B RO T T EEF (MPC)
HE B Z S AE S Wi FE S I AE 68 28 (CUmem) i i B X se s il (5 5 k£ £ 3] CPU
&, 58 2 I R AT.

2L MPC i € B 22 047 1Y il 38 2 i




156 || T EH AR BEAEL LR HIE—FPGARR LM T &My 5XH
B DBUS
ALU_en - R 17 %ﬂ—[)mem_en fETF ﬁ
- iz T Ho b1k [ opfih 1 b 3kAD
: ALU
- B_En 5 70 !
t__ 6 100 |
) 7 66 e |
—All —=||B 10 77 S |
R, : : |
R, 30 40 !
RE 31 :
R; ﬁ ﬁ *PC_SEI
ﬁ *Rd_used — AR_en — o
AR | HEWEZRfFas PC FEF i £ds
— DR en
DR | R i i
ﬂl
ﬁ MPC *MPC_SEI
e
PR RS g4 | [Roenl,
CF en U ﬁ [ERTE
PSW | kA fras [J2F-en -—f il
- T 11O = KEEW R
- 55
COmem . H4% 1% [
& 8-30 CPU ¥z % &
(2) L2t mBERIYLI T 1 3 FJEIEHE B LTS (MOV.LAD,.STO) .7 FKZizH 3L
$%4 (ADD, SUB, INC, DEC, AND, OR,NOT).7 %4 ¥ ¥ 2545 4 (JEQ. JNE, JHI, JHS,
JLOLJLS,JMP) L K b3 484 (CMP) AEHLIE A (HLT) . 3 19 44854, H U LAD

5 STO a] LAvs A7 fig 4% - K238 2 K H

%ﬁ%ﬁﬁﬂt LAD #1 STO g4y 341k H = k8] 4

K F S B4k =0

Tk B 1R 2 Kol oo AR KON ST RV 48 2
BT 2800 WA BoR a1 Zliﬁ&%ﬁifiliﬁfé B oR 27

(3) WFefIE 2 s

N

55— kIR A W E 8-31 Fiias
ZF en PC_en PC_sel Imem_en MPC_en MPC _sel cs we
0 0 0 1 10 0 0
ALU en B_en Dmem_en | IR _data_en CF _en Rd_used RsA_used | RsB_used
0 0 0 0 0 0 0
AR en outenab M S(4 ) Next addr(16 {ii)
0 0 0 0000 0000 0000 0000 0001
K 8-31 % —RKMIe%
O H—1MH . PC p gk k A$8 2 25 7 #% Imem , 38 o & X £ {5 5 Imem_en, fif

Z i HE XS N 48 2 FEE S (Opeode) )N Imem 283+ 2k DBUS i A48 2130 75 . 28 o #H3%
MFE LA i B R ZHE 2 1 X 55382 FE CUmem Hpy A B HE . A T 3 3E 85 S A 3] i

2 1&gy MPC gy MPC in .
fg 2 kR N CU_mem 1%

M ML)

n

] i) 2k T HlE 5 MPC_sel ="10" AR & F —
1Y next_addr AR (AL next _addr B by HUFE 2 7 1Y 56

i
e <



of 5 tFE 2K 8-32 s .

SNSRI || 157

A =~ rey
$8&E 501

ZF_en PC_en PC_sel Imem_en MPC_en MPC_sel cs we
0 1 0 0 1 11 0 0
ALU en B en Dmem en | IR data_en CF en Rd_used | RsA_used | RsB used
0 0 0 0 0 0 0 0
AR _en outenab M S(4 f51) Next_addr(16 {ii)
0 0 0 0000 01 0000 0000 0000

l 8-32 AR %

@ 5 AR . B PR BT & R AR P RS MPC £ (5 5 MPC_sel="11"
(B ¥ MPC _in i ) .38 2 B A O HBHEE 8 22 A CUmem, CUmem {8 M izdg 4 A H Hi ik
Ff B R R RIZIE S X N A S, RN, TLEERRPEE 17, PC_en B E N
“17, H PC_sel="00"(E} PC=PC+ 1), N fl§ PC 3§ a] F — ¥4 . T — WKHIE M 4
A .

(4) RRIBZ KRG .

| —— tinycpu. v

—— ALU. v

—— DBUS. v

—— Regsfile. v

—— Dmem. v

—— Imem. v

—— Program_Counter. v
—— Decoder. v

—— MPC. v

—— ClUmemnm. v

—— PSW.V

FLARAC S 18 58] 132 25 il A5 b Sk 3k
2) Python 22 B 14t
(1) 28 He 4 0 A S A .

= — _ .
* Load overiay

= - e —
from pyng import Overlay

from pyng. 1ib import AxiGPIO

overlay = Overlay( /home/xilinx/ jupyter_notebooks/wzg/cpu/design 3. bit")

(2) GPIO O W40 .

# GPIOT 8 & &

gpio 5 = overlay. ip_dict[ axi_gpic 5 ]
gpio_m0 = AxiGPIO(gpio_5). channell
gpio ml = AxIGPIO(gpic 5). charnel?2
gpio B = overlay. ip dict[’ axi_gpio A ]
gpio m2 = AxiCGPIO(gpic_6). charnell
gpio m3 = AxiGPIO(gpic_6). channel 2
gpio 7 = overlay. ip dict[  axi_gpioc 7]
gpic md = AxiGPIO(gpic_7). charnell
gpio_m5 = AxiGPIO(gpio_T7). channel?
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(3) %k CPU 22 & e 2 HER  HACAS 2 F

~ R _
# CRIOO & 5

~ P _
import time

timedelay = 0. 0001

time. sleep (timedelay )

tnp=[]

n0 = gpio_mo. read()

tnp. append (mo)

ml = gpio_ml.read()

tmp. append (ml1)

nZ2 = gpio_m2. read()

tnp. append (m2)

n3 = gpio_m3. read()

tmp. append (m3)

nd = gpio_md.read()

tnp. append (md )

15 = gpio mS. read()

tmp. append (n5)

rrint (tmp)

[0, 1, 4, 5 & 10]

3) JRACHY

A5G AR R Py & S A ) 8. 2.1 T

4. LW HE

(D) R CUmem "y 21158 8 R AR rh B r Ay . v IR SCHRas i ) T A2 v

(2) i A 525603 b JEACAS Hh B simu_cpu J5 B SCHEAT 5 B W5 mO~mb HIEHZE R
MHEF R HIME (0.1.4,5,6,10), B 4 H 6 (8] 48 5 KA ) (6], fr LG 22 7E simulation
setting FBf simulation runtime X & N 40us,

(3) P05 B Jm iz it 2B il R B E @ i 8 [Prepository,

(4) % MR 8-33 Fir7n A4 DAL R AH 1 12

axi gpio 4

: »S A1

tinycpu 0
'

M0 out [15:0]
M1_out [15:0]

—Eit M2 out [15:0]
m— 1k N3 out [15:0]
W _out [15:0]
M5_out [15:0]

axi_gpio o

ol 15 -:‘.Pm_.]|
-1 " ool gpio_io_i[15:0] -
i cp1oz ||

axi aresstn
By gpic2 ic i[15:0] 4

axi_gpio b

-:.Pm_.h
a|-LS AXT - .
gpio io i[15:0] -«

}ﬁ-“i-mm f.F[GIE-'I
_axi_aresetn

gpio?_io_i[15:0] -

AT GPIO
axi gpio 7
. c.Pm_-]|
nl.pS AXT
. 5 gpio io i[15:0] -

axi aclk
E | ap1oz |||
_axi_aresetn 4
gpio? io 1[15:0] -
1

w1 GPID

F 8-33 HERIHLE O HE =
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