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JTAG-US B Comnect: [1aa-so Cate =

Product:  Jtag-UISE Cable

Config | Settings I

PROM I
HCFO45
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Xilinx ISE WebPACK 514t RAT7M1ILDEEE

+ ISE WebPACKZEEILTSMEVRIT7MIERET B.
Help — Manage License
Copy LicenseRZ2 &) w9
Z¥Emb¥Doc¥Xilinx.lic &R
* FAEVRITFANDZFSATITAE—SNT, FIAETREIZAHD.

'_bx)(ilinx License Gonfigur. =loix|

fcguire a License Manage Xilinx Licenses

Instructlnns Kilinz applications automatically detect valid, node-locked licenses & lich reziding in the local Xilinx
ke Copy License button to copy a license file into this directory.

enwronment variables below. (Llnux ugers will need to make these settings outside of this appllcatlon)
Examples: 1234@=erver:G¥licenses¥Hilinelic (Windows) or 1234@=zerver:/usr/local/flexim {Linux)

HILINXD_LICENSE FILE | Set
LM_LIGENSE_FILE | Set
Feature S/ or | Version |Expiration | License Count Licenses | Information ﬂ
IP Core | Limit Date Tvpe Ih Use

Web_Package S 201209 |Permanent  |Modelocked | Uncounted emb@arch.cs titech.ac
xps_usb_host P 201012 |30-jan—2016 | Modelocked | Uncounted License_Tvpe:Hardwa
xps_usb2_device w2 |IP 10 30-jan-2016 | Modelocked | Uncounted License_Tvpe:Hardwa
xps_usbZ_device w1 |IP 10 30-jan-2016 | Modelocked | Uncounted Licenze_Tvpe:Hardwa
xps_usbZ_device IF 201012 |30-jan-2014 | Modelocked | Uncounted Licenze_Tvpe:Hardwa
wn uArt] ARAN w1 P 1n Rﬂ—ianl—?mﬁ Mndrlncked | Incnanted | imRn=R Tvnﬁ:Harrim;

— Local System Ihformation

Hosthame: firearch
Metwork Interface Card (MIC) ID:  005056-00008,005056200001,001 37235fb60
G Drive Serial Number: 34e2elce

FLEXID Dongle ID:

About | Befrezh I Cloze

RRIXKE FRIZH BFHREREMMEAAH AT L
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ISE Project Navigator Mi#EEl, T7OT VD HRIER
\__, V-\__7 e

+ New Project "R Z0)v%

EZISE Project Mavigator (M.81d) — = E.Z[
Eile Edit Miew Project Source Process Tools Window Lavout Help

ID3E@ b Ex[wal»lr@pR 2RIAIEEDcl2R]lr & LlIQ

Start —+0 & x

Welcome to the ISE® Design Suite
Project commands ———————————

Project Brovser.. |

ﬂ_éw Prgject..:.l an Examp_le... |
o

— Recent projects

Double click on a praject in the list below to

open
2
FFGA
FFGA &l

—fdditional resources

ISE Deszign Suite InfoCenter :

Key Mew Features in Project Mavieator
utorialzs on the Web

Design Resources

Application Motes

Consale +0OF x
Conzole @ Errors | ‘_ﬁ Warnings | o8 Find in Files Results
|

HETEAS ERTER BRERENMEAAHS 2T L 47



AV O RETHTALINIZIERE

« FSATIIZFZATE#RWNADT,
Location [Z, Z:¥Emb¥ise #3157, Name IZ, main01 ZiEE 9 5.
+ Next /REZ%ED1)wD

E Mew Project Wizard x|

Create New Project
Specify project location and tvpe.

— Enter a name, locatio t for the project

AN

[ N¥Emb¥iselmaintl )

Mame: I main0l

Location:

Wiorking Difgtory: IN:¥Emb¥ise¥mainD1/

Description: ~—Y__—

aa

—oelect the tvpe of top-level source for the project

Top-level zource tvpe:

{HDL =l

—~
49‘
~ Mare Info | Mext > Cancel |
Al
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=

AT HFPCAZENERTE

- FIFAJTAHFPCANTRELGEZXIEFEICIETET 5.

- LEHn, All, Spartan3E, XC3S500E, VQ100, -4, XST, ISim,
Verilog, Store all values, VHDL-93

- NextihA2z&0')vY, HEZEBEIET Finishik2&91)v9

== Mew Project Wizard _ x|

Project Settings
Specify device and project properties.

S New Project Wizard x|

—aoelect the device and deszign flow for the project Project Summary
Project Navigator will create a new project with the followine specifications.

Property Hame o~ Halue

Product Catesory / all \
Farmily / Spartan3E \

Device / H35500E \
Package / WE100 \

Speed / -4 \

Project:
Project Name: maindl
Project Path: MN:%Emb)iseimainOl
Working Directory: N:%Ewb) isehwainOl
Descriprcion:
Top Lewel Source Type: HDL

Leflediedledle

Device:
Device Family: SpartaniE

Device: ®e3sS500e
Package: w100
Top-Level Source Twpe HEL | Speed: _a
Svnthesis Toal HST (WHDLA Verilog) - ) )
Synthesis Tool: ST (VHDL/Verilog)
Simulatar ISim OSHDLA Yerilog) "I Simulator: Ifim (VHDL/Verilog)
= Preferred Language: Verilog
Preferred Laneuage Werilog E= | Property Specification in Project File: Store all values
E55 3 % 5 i Manual Compile Order: false
-
Property Specification |n\ru:-]ec:t File Store all values / | VHDL Source inalvsis Stamdard: VADL-93
Manual Compile Order \ — /
= Message Filtering: dissbled
WHDL Source Analvsis StancM WHDOL-93 / -

N\ /

Enable Mezzaze Filtering \ I /
\./ 4|M0re Infa —q< Bach >—|Can:e|

More Info | < Back (ﬂext » I Cancel I
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VerilogV—Xa—F DB/

+ Project -> New Source #:EiR

- New Source Wizard IZT, Verilog Module %#ERL, 771/L% main.v &
BT D)9y

A 7L, Next7

BEEISE Projer . Mavieator ~M.81d} — N:¥Emb¥ise¥main01¥main01.xise

=loix|

Eile Edit Pree Process Tools Mindow  Layout
e an DD X |w | s '@% PR AIEE T Slleele =19
Design ~+08 %
[ | Miews & {5 Implementation ] Simulation
& Hlererchy -
) E] main01
== a E3 xcasBO0e-dvql 00
& : - [E Unassigned User Library Mo
Qf Empty Yiew
E  The wiew currertly contains no
i Flles. You can add files to the
[& ¢ project using the toolbar at left,
— | commands fram the Project meny,
m | and by using the Design, Files, and

i Libraries panels,

e =

£ Mo Processes Running

No single design module is selected. |
S Desien Utilities

FEIEERD

b= Start =13 Design | U] Files | D) Li <]

Consale

<08 X

1

=

T —
Gonsole [ @ Errars | I\ Wamings | 12 Find in Files Results |

RRIXKE FRIZH BFHREREMMEAAH AT L

EE New Source Wizard

Select Source Type

Select source tvpe, file name and itz location.

[ IP {CORE Generator & Architecture \Wizard)
[©] Schematic

[E] Lser Documems
IU" Verilog Maodule »
ml_ Verllog Test Fj
wodule
VHDL Library
WHDL Package

o] WHDL Test Bench
| Embedded Processor

File name:

Logation:

MN¥E mb¥ize¥maindl

v &dd to project

More Info |

—
Mext > 3 Cancel

e
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VerilogV—Xa—F DB

- Define Module TI&, RIHE ARDETIZ, NextihaAET1) w5
« BTYMNRKRTRENSD. FinishiRALEHwH

x| x|
Define Module Summary
Specify portz for module. Project Mavigator will create a new skeleton source with the following specifications.
Module name | main Add to Project: Yes
Source Directory: M¥Emb¥ize¥maindl
Port Mame Diirection Busz MSE LsB ;l Source Type: Weriloe Module
it LI O Source Mame: mainw
input =IO Maodule name: main
gt ;l O Port Definitions:
input =llO
inpurt =llO
it ~llO
(=01 3 O
input 3 (|
input =IO
input =llO
input ;l (|
input ;l O
[

More Info |

< Back mext ﬁl Cancel |
N

\

More Info | < Back ﬂnisﬁl Cancel

~N S

RRIXKE FRIZH BFHREREMMEAAH AT L
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Verilog HDLD#R5

- module main Z#RET 5.

EISE Project Navigator (M.81d) - N:¥Emb¥ise¥main01¥main01_xise - [mainv] o ] ]
File  Edit View Project Souwrce Process Tools Window Layout Help ;Iglil
eI PR - BRI K
Design “= 1  “timescales 1ns / 1ps
View: (v {3} Implementatit™ »= 2 SEASSERS RS TSR RRES PR TS EE SIS ARSI SRR
FE v i 3 // Company:
- 4 // Engineer:
=] main01 - 5 /f
= E:-E "“3?,5””5'_4"“109 6 // Create Date: 15:54:06 07/24/2011
m} main (main.v) = /¢ Design Neme:
- g // Module MName: main
— g // Project MName:
A i0 /¢ Targer Devices:
% 11 // Tool wersions:
1z /¢ Description:
Gd e
% 14 // Dependencies:
Ll | ml 15/
@ | 2 Mo Processes Running 16 F/ REV}S}DH: )
R 17 // Rewvision 0.01 - File Created
e Frocesses: main I 15 // Additional Comwents:
- Design Summary/Feports 19
Desien Utilities 20 SAASLSESASIS SRS SRS SRS
User Constraints 21 module maini
Synthesize - ¥ST 22 ):
Implement Design 23 |
Generate Programming File 24
Configure Target Device 25 endmodules
Analyze Design Using Ghis- 26
1 i
"E Start B3 Desien | ] Files 4| » main.y %] | b Desien Summary
Console +04& X
i INFO:; HDLCowpiler: 1677 — Analyzing Verilog file \"N:/Ewb/isefmain0l/main.vh" into likrary work -
i INFO:ProjectMomt: 656 — Parsing design hierarchy completed successfully.

Started :

"Launching ISE Text Editor to edit main.wv"™.
Launching Design Swanary/Report Viewer. ..

Gonsole [@ Evors | 1\ Warnings | 9§ Find in Files Results |

Ln 23 Gol 1 [Verile 2

RRIXKZ FHRIFH FHREERED

M ARAA S AT L]

"

a0
21
s
43
24
&5
&6
a7

FERIIE IR I id I Eiiidiiiiiids

module main (UOLED
1;
output [3:0] ULED:
as=zign ULED = 5;

endmodunle
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UCF(User Constraints File)® &N

» Project -> New Source #EiR

*  New Source Wizard IZT, Implementation Constraints File Z:#iRL, 7
74)L% main.ucf ZA AL, NextRa &) vs

« YIUMNRIRIEND. FinishiRa2o%=01)v9

EE Mew Source Wizard x| EE New Source Wizard

Summary
Project Mavigator will create a new skeleton source with the following specifications.

Select Source Type
Select zource tvpe, file name and itz location.

BMM File Add to Project: Yes
SMbocope Definition and Gonnection File Source Directory: M¥Emb¥ize¥mainil
B iImplementation Constraints File > Source Type: Implementation Constraints File
- (GORE Generator & frchitecture Wizard) mource Name: mainuct
MEM File Azzociation: main

Schematic

Eil :
=| Uszer Document i
Werilog Module Imain.ucf
Werilog Test Fixture
Location:

iy WHDL Module
WHDL Library IN:¥Emb¥ise¥mainD1 _I
WHDL Fackage

] WHOL Test Bench

Embedded Proceszor

¥ Add to project

More Info | G&xt > ) Cancel More Ihfo < Back (‘Einigh w—l Cancel

e
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UCFM BN EHRE D # i

+ Hierarchy @ main £® + #7')v%

- main.ucf HNIENS.
- main.ucf ® ETF D

:Ebl Eile Edit “iew FProject Source Procesz Tools  Window  Lawou

102 H | |J_|db X @ @ | »

Dezign +0&8x =

J_| P

1|

[a] Wigw: & Iﬁ; Implementatit™ FE Simulati =
L5 Hierarchy —
I 15 main E

== E}-- A c2sB00e—4wq100

sihr ﬂnﬂ mait (mainy

= ]
A
G “
— %

ﬂEiIe Edit Wiew Project Source Procesz  Tools

2 H o Il & X |o o |

EZIEN —+ 05 X

Nl

i View: = J5F Implementatit™ fE Simulati
g Hierarchy -
i-= : "ﬂ main —

E} EE wedeb00e— 4vq1EIEI

RRIFEKRZ FRIFH FHRERFEOMAARAHD AT L]

TILDV)w9, mainucf NRERIEEETES.

EZISE Project Mavigator (M.81d) - N:¥Emb¥ize¥main01¥main01 xise — [main.ucf]

N (=1
File Edit Aiew Project Source Procesz Toole MWindow Lawvout Help ;IEIEI
D2 s b oxwallrrar R lmsnalseler=L£]1Q
Design —+ 08 x e 5 |
] | Miew: & {8 Implementatic™ 8 Simulati 5=
cEl Hlerarchy —
=1 =] maindl
S 5 3 xeassone-svatn =
st B .3:&3:& main {main.)
E ----- B mainuct -
A
& A
= A
| | Il
p= | €2 Mo Processes Running
% Processes: mainuct I
= B User Gonstraints
£
=
-
K] — o i3
'H'E Start =2 Desien I I Files 1| bl l mair.y ] = Design Summary | mainuct J
Conzole v ~+08 %
Preparing to edit main.uct... ;I
Started : "Launching ISE Text Editor to edit main.uctf™.
K] I—| ;Ij
Caonzole @ Errors I_& ‘Warnings I 3% Find in Files Results
Ln1 Cal1 [UGF 2
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UCFDimE

AT

- UCFEERDORIZIREL TERTE
REFEIX TCtrl + S1DLa—bkAvlk, E£1=1F, File -> Save ZEIR

EZISE Project Navieator {M.81d} — N:¥Emb¥ise¥main01¥main01.xise — [main.ucfl

=0l =]
|2 Eile Edit View Frojsct Source Frocess Tools Windgg Help = x|
IO aerl= xlmwyﬂwﬁn R EE A = 001 WIROOW  LaYouT  Help
Desien = T
View: & {85 Implementatic g Simulati gl - . [
c% Hierarchy — 5 o | > J_| i*-b a'r*"'l E‘ A = a "
'ELJ r;| gg ?;ézg;na 4vg100 s
| 5 D e oae 3 < 1 NET ULED<O> LOC="F32";
&
b= z MNET ULED<1> LOC="F33";
;’: — 7z NET ULED«<Z> LOC="F34;
g i 4 NET ULED<3> LOC="F357";
| B2 Mo Processes Running =
% Provesses: mainuct
= 8 User Constraints
A
a Ca)
| | i A
E’ Start  E3 Design | [ Files le [ mainy ] = Design Summary | mainucf | x]
Sonsole w08 x
Preparing to edit main.ucf... -]
Started : "Launching ISE Text Editor to edit main.ucf".
T — ;Iz‘
Gonsale | @ Errors | 1y Wamines | g6 Find in Files Results
[TnCol T [LGF
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MBS R

»  main (main.v) 91)w29 5L, Processes [CIHEMRTRINS.

» Processes: main M5, Generate Programming File %7 )L7')v), iwEBEEMZEIRO
%.

- LIEn<F 5L, Generate Programming File D EIZIEDF oy MTRRESNNILELDI.

i
i

----- E main.uct -

=| ClE DU diews CIUEUL OULICE  CRUCESS  TUUEE  swinuue Ldyt

=] .

ID3HF ||l B D X|[wa]| )b o] “

Jezien +08x | 1 MNET ULE [l A

] View: (¢ {5f Implementatic™ 58 Simulati 2z MNET ULE — .

& Hlerarchy — g EE? EEE - 4
E! 1| | H

H'J ----- ma|nEI1 -

#2 Mo Processes Running

Processes: main I

= Dezign Summary/Reports
+ Design Utilities

Uszer Oonstralnts

R
;||;E|§:‘?;’H'|i-\
- £
W

< | _'I - - Oonfigure Target Device
o Analyze Dezign Using Chis=-

| 2 Mo Processes Running
? Proceszes: main I
=t ----- = Deszign Summary/Reports _‘I—I
| . Desien Ltilities 5!5 Start = Desien I U Files 4| }l I thain.y I . Design Summ:
='t‘ User Constraints
- I [} Synthemze - ><“ST Console
- E} = Running bitogen. ..
E} Cormand Line: bitgen -—-intstyle ise -f wain.ut main.neod
- 8

Process "Generate Programmoing File®™ completed successfully

4] |
E_Start = Desien I e | "l I - [E] Console @ Errors | 1, ‘Warnines | (34 Find in Files Results
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FPGA/PROMNDEZFIAH

- Digilent Adept Z#£Ei, FPGAE D Browseh322%0')v ).
- Z:¥Emb¥ise¥mainO1¥main.bit %:ER
- ProgramR A& 91 w99 %E, FPGAIZEIBIBEHRMNEZAFEND.
- FPGAIZEF ML DT, EBRZUSLEIRIBEHRAIHATLED.

- FEHRMOPROMIZEZTAT L, EREREABICEETZEDEREFEHRN
FPGAIZO—KEh 3.

A\ Disilent Adept
m ORIGINAL Connect: |ITAG-USE Cable =l

Product: Jtag-UISE Cable
Config | Settings I

main01l.bit [Z1E D2, DAN R LTI HEIRIFEHRAEIASN TS,

RRIXKE FRIZH BFHREREMMEAAH AT L
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Verilog HDLDEIE

+ 244TE®D ULED =5; MIEZZEREL T, EDLIBEENEETHINHLTHS.

"

50 SIS
21 module mwain (ULED

22 (=

=3 Dutyut [3:0] ULED:; o M TR B

o 4 assign ULED = 5; assigh ULED = 4'b101; &%:%.
25

25 endmodule

27
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7L E R (AND[EIEREOR[E

SEDFHIERIFRIZ,

) DB

Z:¥Emb¥ise¥main02 O7Aa< I E1ERR

main.v & main.ucf Z.r9IFRICA AL, ®/IEBERL, FPGAIZE

+ RAYFEHLT, LEDAEDKIITEILT 2RI 5.

module main(3W, UTLED
1
input [2:0] 3T;
output [3:0] ULED;

wire swld = ~3W[0O]:
wire swl = ~3W[1]:
wire swa2 = ~3W[Z] !

assign ULED[O] swd & =wl;

0 -1 o o LM

aszign ULED[1] = =swld | swl | =swd:
assign ULED[Z] = 0O:
a==sign ULED[3] = 1:

ehnclinodule

Axea‘

RRIXKE FRIZH BFHREREMMEAAH AT L

NET
NET
NET
NET
NET
MNET
NET

OLED<=0O=
OLED<=1>
ULED<Z >
OLED<3 >
Al<0x=
= 1 el e
) || R

1AL,

LOC="F32";
LOC="F33";
LOC="P34";
LOC="F35";
LOC="FEE";
LOC="P70";
LOC="p71;
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H ER 0) EE AIG

+ Synthesis -XST 5, View RTL Schematic 57 )LY")vY
+ JAYIED main X T ILD) v
+  AND[EIEE, OREIFE (BAN)DNERIN TSI LZMHERTES.

Proceszes: main

'|: = Dezign Summary,/Feports main:1
+ Dezien Utilities and ?b2
O] E User Constraints ;: ‘_'-‘:._ )
- PAC) Swnthesize - X5T _, Va
| View RTL Schematic ULED_0_and0000_imp_ULED_0_and00001
Wienw Techrnology Schema
Check Swhtax
Generate Post-Svnthesis . r3b3
= P31 Implement Design _'"{_,':._'"--\_1__:_
+ f_}o Translate I__L_;; v
+- €d 1Yy Map . - _
ULED 1 _orQ000 _imp ULED 1_or00001

+- PACD Place & Route
E}D Gienerate Programming File

gnd
L

XST_GND

ULED(3:0)

main

~ =
) N

RRIZXKY FHRIFH FREBREOIMEAMAHDRT L]
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LEDZ miR=& S Elis (IEF = 451

- FHRIZ, Z:¥Emb¥ise¥main03 7O U ME1ERL
- AHND CLK &, 40MHZz o awvsH

- main.v & main.ucf ZR9IHRICAAL,

module main(CLE, ST,
1:
input CLE:
input [2:0] 2W;

TLED

output [3:0] ULED:

reg [25:0] cnt:

always B (posedge
cnt <= cnt +
erd

as=1ign ULED[O]
as=zign ULED[1]
assign ULED[Z]
as=zign ULED[3]
endmodule

Axea‘

RRIXKE FRIZH BFHREREMMEAAH AT L

CLE) hegin
1:

cnt[22] :
cnt[23]
cnt[24] :
cnt[25] :

mIE AR, FPGAICES AT,

NET
NET
NET
NET
NET
NET
MET
NET

OLED<=0O>
OLED<1>
OLED<Z =
OLED<3 >
= W< 0=
al<1=
S]] R
CLE

LOC="pPa3z™";
LOZC="pPa3357";
LOC="pa4mr;
LOC="pa357";
LOC="Pas™;
LOC="p70r:
LOC="pylmr:
LOC="Pa3a™;

63
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BRBED1—ILOYLTILTAD YL IcdO]
- File — Open Project
- Z:¥Emb¥ISE¥lcdO1¥fpga¥main.xise

- BREEBLT, FPGAIZEZAH.

= £ xc3s500e—4vq100
=[]t MisruEME (MisruEmb.y)
= clkeen - clockeen (MieruEmbows
retgen - resetgen (MieruEmb.)
=} lcdzon — miniled_con tminilod.s)
: mlcdmem — minilcd_initmem tniniled s

vram — minilcd vram tminilod.sd

E MieruE mbouct

L.

<f
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TEEDA—ILOHUTILTAS Ok Icd0l

- minilcd_con ®F|FAAE
-  VRAM_ADDR IZ H4EYrDTRLRAZIETE
- VRAM_DATA IZ 3EYrDBT—A2%FIETE
=1L, 4E v METHS
- VRAM_WE # 11294%C2&T, TDF7RLRIZEE
ERBEFEEAD.

- fald Red, Green, Blue TN ZFNIEYVFDIEYFTE
. 8BERTOTHE

- #HIZIE, 3'blll (FBE, 3'b100 [EFHRE, 3'b000
2B

- Verilog HDLO#{a—k
wire red, green, blue;
wire [2:0] color;
assign color = {reg, green, blue};

- TFRLRIFAEYLTRE
- 128 x 1284 +tJL
- REDELZE (0,0), A% (127,127) &L T,
(x,y) DEYVILOFRLX ADDR &, AT T
E=H
- ADDR =y*128 + x
- Verilog HDL O#la—Fk
wire [6:0] x, y;
wire [13:0] addr;
= assig£1 add]r' = {y, x};

RRIXKE FRIZH BFHREREMMEAAH AT L

l

II."WWWWW?TWWWW?TWWWW?TWWWW?TWWWWW?TWWWW?TWWWW?TWWW?T?TWwﬁﬁﬁﬁwﬁﬁﬁﬁwﬁﬁﬁﬁwﬁﬁﬁWﬁwﬁﬁﬁﬁwﬁﬁﬁﬁwﬁﬁﬁﬁw1

% MieruEmb Top Module
II."********1:**1:****1:**1:***1‘*1:*******1:**********************************************1
hndule MieruEME (CLE, W, ULED, LcD C30, LCD _CD, LoD WR, LCD _RSTE, LCD D) :

input CLE:

input [2:0] =10

output [3F:0] ULED;

output LCDh <30, LCD <D, LoD WR, LCD _R3TE:

output [7:0] LCD Dy

assign ULED = 0O

wire FCLE, R3T ¥, LOCKED; clockgen [&, 40MHz @By hvie,
30MHz ™% Bvy% FCLK Z4RK.

clockgen clkgen (CLE, FCLE, LOCEED) :

resetgen ratgen (FCLE, ((3W[0O] | SW[1] | SW[z]) & LOCKED), R3T_X):

reg [14:0] cnt:

always [ (posedge FCLE or negedge R3T_X) begin
if (!'R3T_X) cnt <= 0O;
else cnt <= cnt + 1:;

end

reg [13:0] adre:

always [ (pogedge cnt[14] or negedge R3T _X) begin
if {'RST ¥} adr <= 0O; cnt[14] %_'—bl:l‘ybti’c
else adr <= adr + 1: FIALTWARITEE.

end

wire [2:0] color = adr[1l2:10]:
miniled con ledeon(.CLE(FCLE), .REST EX(R3T X,
-WRAM ADDR{adr), .VRAM DATA{{1'b0O, color}), .VRAM WE(1),
LCD CS0(LCD <50), .LCD CD{LCD CD),
LCD ESTE(LCD _R3TE), .LCD_D(LCD D), LCD_WR{LCD _WR)):
endimodule

MieruEMB.v 66



BEREDA—ILOYLT)ILTAS TSk IcdOl

MieruEMB:1

, @3 dockgen COUMTER 1

and2
2 ] - . ap

Snd0000_or0000_imp_and0000_or00ppq | —2nd0000_imp__and00001

COUNTER:2 miniled _con

T

resetgen ang

XST_GND

MieruEMB
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TEEDA—ILOHUTILTAS Ok 1cd02

- File — Open Project
- Z¥Emb¥ISE¥lcdO2¥fpga¥main.xise

- WEARLT, FPGAIZEEIAHA.

WoKYLEALRA NN T

= £ xc3s500e—4vq100
=[]t MisruEME (MisruEmb.y)
= clkeen - clockeen (MieruEmbows
retgen - resetgen (MieruEmb.)
=} lcdzon — miniled_con tminilod.s)
: mlcdmem — minilcd_initmem tniniled s
]

Y| wram — minilcd vram tminilods)

E MieruE mbouct

L.

<f

RRIXKE FRIZH BFHREREMMEAAH AT L
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BEEDA—ILOHTLTAO Ik 1ed02

. CEEOBBO—F

int x = 0;
inty=33;
int color =7

while(1) {

X++!

¢

draw_dot(x, y, color);

}

RRIXKE FRIZH BFHREREMMEAAH AT L

.

mwodule MieruEHME (CLE, 3W, TULED, LCD_CS0, LCD _CDh, LCD_WR, LCD_ESTE, LCD_Dj:

input CLE:;

input [2:0] =11

output [3:0] ULED:

output Lcp ¢s0, LCD CDh, LCD WE, LCD RSTE:
output [7:0] LCD D:

assign ULED = 0O; - .
wire FCLE, RST X, LOCEED; resetgen X, U YMES RST_X #4HHK.

SEDRMyFHEEhEE)EyhELTLNS.
clockgen clkgen (CLE, FCLE, LOCEED):
resetgen rstgen (FCLE, ((3W[0] | SWL1] | 3W[Z]) & LOCKEED), R3T _X):

l,.-'wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
reg [22:0] cnt:
always [ (posedge FCLE or negedge R3T _X) begin
if ('RST_X) cnt <= 0;
el=se ont <= cnt + 1;
end

reg [6:0] x: // = location

always [ (posedge cnt[Z22] or negedge B3T_X) begin
if ['R3T X begin cnt[22] =08y ELT

x <= 0; FALTLWSRITEE.

end else hbegin
o= x4+ 1
end
end

wire [2:0] color = 3'h111;
wire [6:0] v = 33:

miniled con ledeon(.CLE(FCLE), .RST X(RST X,
.WRAM ADDR({¥, x}), .VRAM DATA{{1'bO, color}], .VRAM WE(1],
.LCD_C30(LCD_CS0), .LCD CD(LCD _CD),
.LCD_RSTE(LCD RSTE), .LCD D(LCD D}, .LCD WR{LCD WR]]:

endmodule
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FTASA 5 —[E1%
-+ File — Open Project x
- Z:¥Emb¥ISE¥lcdO3¥fpga¥main.xise

lcdO3 (&, £DIcdO2ERILAR. INEA—XRITIRET 5.

MieruEMB.v ##REL T, BELEIZ, Ry ERICRE LG SFEEIY B [E]E]
1ERT S,

FA T4 F —RIERDENEREED (CP8)
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MieruEMB System V1.1

FPGA XC3S500E-4VQG100C
- JAtyYa7
+ MIPS32#EMCEFB)/ M FERGL, Fruyialil)
« TILFH A7), MieruPC-20100 7Oty Ha7ER—X
- 35MHz 70Ov&
- SRAMa hO—3
- I/0arvta—3
- Mini-LCDaYFA—5
Mini-LCD ZY-FGD1442701V1
- 128 x 128 pixel, 88 H15—, Video RAM (8KB)
SRAM CY7C1049DV33-10ZSXI
- H512KB (152 x 8)
MieruEMB System Board V1.1
SEDRAAMyFORFLT YR

LED
- DAF—ERRTRE, DIFRIVFDENMAMENTBFITRLT, D2ESDDFARAAMTET T HE TR

Xal—=

~

HETEAS EHTEH BREREMMEAAAS 2T L 72



MieruEMB System V1.1 %‘

Copyright (c) 2008-2011 Arch Lab. Tokyo Institute of Technology,
MieruPC Inc. All rights reserved.

The configuration(.bit) file and the source codes of MieruPC/MieruEMB are
provided to the users for academic, educational or training use. You may modify
and/or redistribute the files within a class, a laboratory, or a training section.
Redistribution beyond such an area and commercial use of the files are strongly
prohibited.

OV 74FaLb—23>Dbit I 74 )L OMieruPC/MieruEMB®D Y —RXa—k(F, B R%EE
ALF=A—HIZXLT, HECTHHEEMTORADEHIZIREITEEDTT. V75X
R=E, HESMDIEEAICRY, ChoDI77/ILZaHREL, BEMTETFI. CnoDE
HZEEA=77MLBEOBREMCEAMARREZELEIATNET.

49‘
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MieruEMB System V1.1

File — Open Project
- Z:¥Emb¥ISE¥embOl1¥fpga¥fpga.xise

RIS LT, PROMIZES AL
TAND SDH—F & SDA—KF7H T4 £2(+E5.
- MieruEMBS R 7 AIZSDA—REIEA L TEEE) (CP9) &)

SDH—KETFTHTA

<f

RRIXKYE FHRIPH FREBREEMEAAH D RT L]



AR TEAS BHETEH ERERENAAAL T L 75



76

RRIXKE FRIZH BFHREREMMEAAH AT L



RERAY—/\FEH (MIPSODORRAFEIRE)

- B —/\FtE# serv.arch.cs.titech.ac.jp

- THIOURR, NRAT—FRETANGZITE-TLZELN.

+ MIPSYORHHEIRE

BEAFEIXIES http://www.arch.cs.titech.ac.jp/mcore/buildroot.html
- /home/share/cad/mipsel-emb/usr/bin/

mipsel-linux-gcc
mipsel-linux-as
mipsel-linux-Id

* mipsel-linux-objdump 7&&

« H—[ZAT A2 putty EREED
- Z:¥Emb¥Exe¥putty¥putty.exe

« J7AIVEREIZIE WInSCP &{E5
- Z:¥Emb¥Exe¥winscp¥WinSCP.exe
~@9‘

RRIXKE FRIZH BFHREREMMEAAH AT L

Categary
[=]- Sessian | Basiz options for your PuTT s&ssion |
L_DEEinE —Specify the dastination you want to connect to
& Terrznal 4 Host Mame (or IP address) Fort
EF: ;,Iubnar |5e rvarch.cstitech.acip |22
...Features Connection type:
] Window " Raw (" Telnet {C Rlogin + 55H {7 Serial
- Appearan ce —Load, sawe or delete a stored session
... Behaviour .
. Sawed Sessions
... Tran slation =
... Belaction I
... Colours Load |
[=]- Connection
... Crata |
... Prosoy Delete
. Telnet _I
... Rlogin
[#-55H
. Serial Close window on ext:
i Always " Mewar % Onlyon clean axt

About |

Open Cancel
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SDA—FDEWG EMEAETTIE

MieruEMBL X7 L (MieruPC-2010)
- SRAMZDBI2KBD AL AEELTHIA.
- 8MBDOSDA—FZFIA. oo
- BERABBEUULYMEC, SDA—EAB512KBOT—4% AV AEYIZaE—LT, £fT%

159 5.

- SDA—FDTOvOHAX%EB12BELT, 81~1104FEH DT Oy IE AL AE(ZOE—.
- SDA—FM5IESPI(Serial Peripheral Interface)E—RIZTHAHL.

Windows 8 / 7 / XP

- SDH—FZ#T74—TYLT, I7MILZFOE—T 5L,
REEE PDIT7AILDOT—ARIE SIFEDTOAVIMNSKEMESNDEIENH SN TS,

- T=1ZL, 25 TRHWESLHSH. CDEEIZIE, TAIZSDA—FDOMELLEBEU G T —2EEAA%

IKRET 5 (). ROAFET, SDA—FZHHALTH(TRTOTAYIIZE Y GT —2%4EEA
) TELARERED, SR TLBIRFLED=HICHIDDFENBETHS.

WindowsIZH 7 5SDA—F DAL (2T AV I~NDEZAH)

- SDA—FM DRSA47T &95L, AU RTAVTRTUTOARUREES. FSATREREEZDE

VAT LDNEIESNSDT, #HILDIFEZ.

- cd Z:¥Emb¥Exe¥dd  (http://www.chrysocome.net/dd M54 O—KL1z3 M)

- $ dd if=master.dat of=¥¥.¥d:

- D&, Windows TRERBYI+—T Vb7 5.

HET RS HRTEH EREREM AR 2T A 78
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g Instruction Set Architecture (I1SA)

L MIPS I (MIPS R3000)
1

- 1
= Instruction Categories Registers
= Computational
= Load / Store RO-R31
= Jump and Branch
= Floating Point
= COprocessor PC
= Memory Management HI
= Special LO
3 Instruction Formats: all 32 bits wide
OP rs rt rd sa funct R format
OP rs rt immediate | format
OP jump target J format

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
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.

:

MIPS Arithmetic Instructions

= MIPS assembly language arithwgetic statement

add $t0, $s1, $s2
sub $t0, $s1, $s2

Each arithmetic instrugtion performs only one operation

Each arithmetic instruction fits [n 32 bits and specifies
exactly three operands

destination <« soufcel Of source2

Operand order is fixed (destination first)

Those operands are contained in the
register file ($t0,%$s1,$s2) — indicated by $

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
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L MIPS Memory Access Instructions
_
.

1
= MIPS has two basic data transfer instructions for accessing
memory

Iw $t0, 4($s3) # load word from memory
sw $tO, 8($s3) # store word to memory

= The data is loaded into (lw) or stored from (sw) a register in
the reqister file

= The memory address — a 32 bit address — is formed by adding
the contents of the base address register to the offset value

= A 16-bit field is limited to memory locations within a region of £213 or
8,192 words (+2%° or 32,768 bytes) of the address in the base register

82
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L . MIPS Control Flow Instructions
=

= MIPS conditional branch instructions:
bne $s0, $s1, Lbl #go to Lbl
beq $s0, $s1, Lbl #go to Lbl
=J) h =1+ J;
bne $s0, $s1, Lbl1l

. EX: if (i

add $s3, $sO0, $s1

Lbl1:

= Instruction Format (I format):

-h =h

$s0+$s1
$s0=%s1

op s

It

16 bit offset

= How is the branch destination address specified?

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
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AEYTYIFRI/O

MieruEmb System Tl&, A€ YT FI/O(Memory Mapped I/0) %%
- AEYD—F, SAD=H DT (load, store)d A AkzsIZHFI

- 0x00000 ~ Ox7ffff M512KB I£ SRAMDPEAE)IZEIYEZT
- 0x80000 ~ Ox7fffff [XFRE=E

- 0x800000 LAZE(E, AEY< YT RI/OIZEIUET
0x80010C : 1KHz 24~
- Ox8001fO.GPIO[O] ARAH 7

- 0Ox8001f1 : GPIOI[1] JLAAH 7
+ 0Ox8001fc : SWIO] AAIF

- 0x8001fd : SW[1] AALIF

+ 0x8001fe : SW[2] AAIF

- Ox8001ff : GPIN MNEAAAR

- 0x900000 ~ 0x903fff : LCDAETH AE! 16KB (1byte/1lpixel)
- BRERITH=OIZIE, COEBICARNTTRIELL.

- RBDEL%E (0,0), BETZ (127,127) £ELT, (x,y) DEVEILDFTEL X ADDR [, RXTEE

- ADDR = 0x900000 + y*128 +
Ny - NAREETEERR, ELBIF3E VR TIRET 510 FH3E Y FOA D EHERD.
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MIPSH S EYRNT—XTHF %

MIPS Reference Card ZENF
- Z:¥Emb¥Doc¥mipsref.pdf

TEUIJYEEIZEIAHEEDEE
- Z:¥Emb¥SDK/asm OAHRBH
H—/\FtE D /home/username/Emb/SDK/asm [ZaE—

Putty ICTH—/\FHE#ICOT 1>
- ¢d ~/Emb/SDK/asm/001_dot/

- emacs, Vi HETI7AMILERwRE, OV /\A()L
(Windows L THRELT, —/\FE#IZaE—LTHOK)

49‘
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001_dot: FyhHE<T OIS L

- H—/N\FE#IZT
- c¢d ~/Emb/asm/001_dot/

- make aATUKRIZT, init.bin NERENS.
-  WIiInSCP T init.bin #SDA—KIZaE—

- MieruEMBIZ T2 &)

- H—/\FE#IZT

- make dump T, 7T HY T T

- make clean TERLI=771ILZHIR
- make image [EMIPSOETI7AIL%E

MieruEMBODSDL =X AL AT
— xR KT A.

- make read (& ELF OE#HEZRD

memgen (XM BRAFEOTOT S L, O—FIELUT

Z ¥Emb¥SDK¥etc¥memgen¥

;‘9‘

RRIXKE FRIZH BFHREREMMEAAH AT L

Makefile

R R R R R R A
# MieruEME System V1,0 2011-10-01 Arch Lakb, TORYO TECH
R R R R R

TARGET = init
0BJS = startup.o mailn.o
CMOPREF = /home/share/cad/mip=el/usr/bin/

MIPSCC = $(CMOPREF)mip=el-linux-goc
MIPSAS = F{CHIPREF)mip=el-linux-as
MIPSLD = $(CMOPREF)mipzsel-1inus-1d

OBJOUMP = ${CMOPREF}mip=el-linu<—ohjdunp
MEMGEM = memgen

AFLAGS =

LFLAGS = -=static

LUFFTHES s

LSUFFIMES: .o L5
R R R R R R

all:
F{MAKEY ${TARGET
F(MAKEY image

$(TARGET) : $(0BJS)
F(MIPSLD) $(LFLAGS) -T stdld.script $(0BJS) -o $(TARGET)

.3.00
’ F(MIPSAS) FOAFLAGG) F(@D)/F(<F) -o $(@0)/F(@F)

image:
F(MEMGEN) -b $(TARGET) 512 > $({TARGET) .hin

clump:

F{OBJOUMPY -5 $(TARGET)
resd

readelf —a F{TARGET)
clean:

rm —f *,0 ¥ log,twxt $(TARGET) $(TARGET) .bin
s R R A R AR R A
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001_dot: Fybhz$E<Tay 3L

~/Emb/SDK/asm/001_dot/main.S

[:] kterm

AR AR A AR A A A R S R e A e A
# Sample Program for MieruEMB System 1.0
AR AR AR A A R R R R R R A

Lemt
Align 2
Le2lobl iz i
.ent main
main:
AEYADRARTIZLEY .zet noreorder
AN li 33, 0=200000 # 33 = vram address
sw TlE7g< sb &> 1i 32,7 # 32 =T (uhite)
HE Gl T R 32, 4288 {330 # vram[4288] = T;
A (33 * 128 + B64) = 4288
e I
J IL1 # while{l);
jgials #
Lend m=in
main.S

Kk

49‘
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E| kterm

A A A A A A A A R R A
# Sample Program for MisruEME System 1,0
FEdER R R AR R A A A A A R R A A R A A A

LText

L2lobl  _start

.ent _=tart
_=tart:

.=et rareorder

Lzt rnoat

(glu]s]

Moy e 31, 30

move 32, 30
move 33, 30
oy & 34, 30

move 35, 30
move 35, 0
move 37, F0
moye 32, 30
move 39, 30
fil O 2 310, 30
il O 2 311, IO
oy e 312, 30
oy & 313, 30
oy & 314, 30
il O 2 315, IO
Moy e 315, 30
oy & 317, 30
oy & 318, 30
il O 2 319, 30
Moy e 320, 30
oy & 321, 30
oy & 322, 30
il O 2 323, 30
moy e 324, 0
oy & 325, 30
oy & 326, 30
fil O 2 327, 30
moy e 328, $0
oy e 329, 30
oy & 330, 30
fil O 2 331, 0
li &=p, C=TFFO0
J main

nop

Lend _start

start.S

TRTOLIREI%E
fEOTHHALT 5.

RAAYIIRAZDIE
FEYIEREL, OvrT

# stack pointer 512KER
# jump to the main
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001_dot: FyhHE<T OIS L

[:] kterm

EMTRY {_=tart)

SECT IOMS
Shtartup 00000 3§ startup.ol,text) 1
. = D=02000;
Linit + [ KEEP (*¥{,init)) 1 =0
.plt ] ¥(,plt) ]
Jext : ¥ text Lstub Ltext.® gru, linkonce,t.*®)
FEEP (*#{,text)) 1 =0
Jind : [ KEEP (*(.fini)) } =0
Jodats ¥, rodata ,rodata.¥ ,gnu, linkonce,r,*) 1
Jtdata : | *¥(,tdata .tdata.* .gru.linkonce.td,*) }
thss [ #(,thss .thss.* ,gnu,linkonce,th,®) #*{,tcommon) }
ctors t { start_ctors = .
KEEP {*({SORT{,.ctors, %))
KEEP (*{,ctors))
end_ctors = ,; }
Ldtors + I start_dtors = 3
KEEP {*(SORT{.dtors,*)))
KEEP (*(,dtors))
end dtors = ,; 1
.data : { *{.data .data.* ,gnu,linkonce.d,#®)
SORT (COMSTRUCTORSY 1
.got.plt : § #0 got.plt) }
_gp = ALIGHC1EY + OxTFF0;
.zot [ *C,got) ]
J=s I ®(  dynb==)

i

#( b=z .bs=s.*
# (COMMOMY 3

.gnu, linkonce b, )

stdld.script

YRR TRETARATEVTILE A

make dump

aAYURIZKYTARATEVTIL

RRIXKE FRIZH BFHREREMMEAAH AT L

init:

Disa=z=embly of =section .startup:

file format elf3iZ—tradlittlemips

lDOODODDD <_start>: l

43
21
3
10
143
151
1c:
20z
241
283
2ot
a0
341
aE
o
401
443
451
4
a0
54z
o
S
B0y
643
BE 1
BCy
T3
Tds
TH1
o
B0y
841
BE1
Ao

Diza=z=embly of =ection ,text:

QO00CE21
Q001021
QO001E21
Q002021
QO002EZ1
Q003021
QO00FE21
Q004021
Q0004321
QOO0E021
Q0005221
QO00E02 1
QO00EE21
QOCOF02L
QO0OTEZL
QO00E02L
QO00EE21
Q00021
QOO0SE21
Q000021
O000=z321
QO00R021
QO00RE21
Q000021
oOo0CEZ 1
Q00021
QO00dE2 1
Q0002021
Q000321
QO0OFO2L
QO0OFEZL
o 1d0oT
FrhdF o0
1000005
QG000

| 00000200 <mair:

)

2L
204
2051
PN (a3
2101

S LaLILEILT
24020007
acHZ210c0
1000F FFF
Q00000

+

(gluls]
Mo e
Moy e
Mo e
Moy e
[Tal=
Moy e
[Taly=!
Moy e
[Taly=!
Mo 2
[Taly=!
[Taly=
[Taly=!
[Taly=
[Tal=!
Mo e
Moy e
Mo e
Moy e
[Tal=
Moy e
[Tal=
Moy e
[Taly=!
Mo 2
[Taly=!
Mo 2
[Taly=!
[Taly=
[Tal=!
Mo e
lui
ar-i
4]

(gul4]

lui
li
=)
b

(glu]s]

at,zero
v, zero
w1, zero
all, zero
al, zero
aZ, zero
a3, zero
10, zero
t1, zero
12, zero
t3, zero
t4, zero
t5, zero
16, zero
17, zero
=0, zero
=1, zero
=2, Fero
=3, zero
=1, Fero
=0, zero
=0, zero
=T, zero
13, zero
19, zero
kO, zero
k1, zero
=p, Zero
S, TErO
=5, 7ero
ra, Zero
=, 0T
=, S, DxfFO0
200 <main:

wl, 0=

Wi T

w0, 4288 (v 1)
20c <maintOmc:
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002_bar: h5—/N\—%#<TOT S L
T e S

~/Emb/SDK/asm/002_bar/main.S

1 3L 57 IR D

Lest
align
L2lobl
Lent

main:
Lset

1i
1i
1i
L1z
=rl
=)
add i
add i
bine

33,
33,
36,

37,
37,
33,
35,
o

B2 %8R
T

2
main
main

nioreotrder

DR00000
16354
0

36, 10
0(E

33, 1
36, 1
35, L1

[ Fop

FL1:

FL1

[nup

Lend

<f

main

#
#
#
#
#
#
#
#
#

+H =

EHERRT BT, RFEED YT DIEIZIE nop ZHEATHIL.

AEF AR AR AR AR AR A AR AR AR R A R A A A R A A
# Sample Program for MieruEMB System 1.0
AEF AR AR AR AR AR A AR AR AR R A R A A A R A A

33 = vram address

main.S

RRIXKE FRIZH BFHREREMMEAAH AT L




FANSAE— (P TS ER) %‘

Z¥Emb¥SDK¥asm¥003_night¥main.S
- 002_bar LRILAE. INZTZR—XIZHRET 5.

TEUTJYEEICT BELIS, FyMEGICRFLGEACEEN T HEEEE
Y B,

- KA ADHERITIEIET B.

7T A—FDT /NI HEIZDWTIE, UTOERESE.
- Z:¥Emb¥Doc¥ Emb-ASMDebug.ppt

TANSAF—DENMERESR (CP10)

49‘

RRIFKZ FRIFH FRERFEOMAAAHDRT L] 90



o1

RRIXKE FRIZH BFHREREMMEAAH AT L



101_dot: Fyb#<7 045 S5 L (CEEEMR)

Z:¥Emb¥SDK¥app¥101_dot¥main.c

SEEEEE Sanple Program for MieruEMB System w1,0

*****f

f**********************************************************************f

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile

char
int

char
char
char
char
char
char

*o_vram
*o_time
*z_gpl
*o_gpd
¥z _=wl
¥o_=nd
¥z =l
¥z oin

{char®) 0wxS00000 5
(int *)0xB0010c;
{char®) 0xE001F0;
{char®) 0xE001F1;
{char®) 0xE001fc;
{char®) 0xE001fd;
{char®) 0uE001fe;
{char®) QuBE001ff 5

A EYTYTRI/ON
=ODEHDESZ

SRR R R R R R R R R R R
int main{void){

int =
int y

e_vran[=+ty¥128] = T;

while

(1) ;

B3;
B3;

xy THELERYMEBRIZT S,

f**********************************************************************f

RRIXKE FRIZH BFHREREMMEAAH AT L

main.c
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102_bar: h5—/\—%:

<TI0 S5 L (CEEERR)

Z:¥Emb¥SDK¥app¥102_bar¥main.c

JEEEREE Sanmple Program for MieruEME Sustem 1,0 FHARE S
SRR R R R R R R R N R R R R R R R
volatile char *e_vram = (char#)0=300000;
volatile int  *e_time = (int #*)0=E0010c;
volatile char *e_gpl = (char#)0wE001F0;
volatile char *e_op? = (char#)0=8001F1;
volatile char *e_swl = (char*)0xE001fc;
volatile char *e_sw? = (char#)0=E001fd;
volatile char *e_swd = (char*)(0=E001fe;
volatile char *e_gin = (char#)0xE001ff;

f*#**##*##**#**##*##**#**#**##**#**#**#**##**#**#**##**#**#**##*##**#**f

int main{vaid) {
int =, u;

for{«=0; «“<127; «2++)
for{y=0; y{127; yt+)

e_vranm [x+y*128] = (yexd) & T;

while{l);

f*******#*********#**********************#************#*********#***#**f

main.c
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103_aba: XFZ#RTY ST AT 5L (CEFER)

ll.-"‘#lt'xi*»'******X******lﬁ*3#3*:?#3#*‘«t’**X*lﬁ***xlﬁxiﬁ****ﬁx******:

static const unsigned char fonts[2][16][8] = | Z-¥Emb¥SDK¥Gpp¥103_ab0¥m0|nC

{10,0,0,0,0,0,0,0}, /A
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