i EiE & Verilog-HDL

NEEAN

(yamaki@uec.ac.jp)
m105EE-519



CHRBFEEFMICONT

- X7 Aa— FHA URL
- http://www.hpc.is.uec.ac.ip/yamaki lab/teaching-jp.html
c BRlEH(Csample 7 7 A ILABWTH Y £,
WETHTLBV I 7AMILIZZZICA->TWBDTESZEICLTL
20y, (f~sc WS R YT MEFEITT S Liveriloga /X
AILDLEITETC—RIT>TLNET)

- EBREERAED [2BERERRAT7A K] BR—X
c EBBEER A DA ) S JL— http://satoh.cs.uec.ac.ip/ja

[8) &<RB~—= [ Facebook ¥ Yahoo! JAPAN [} EREI-1> NS M Gmail F] 7)1 v ERBEAT | .. [ SAKURA »

BRBEAT WRETFHRN HRARE 3

. The University of
SA'OH st Conmunctions “——-_---‘--~__-_—'4’-——
-
EIETITE > i > ERE— 288
[ semasn— soimm
E] O EERRBEI. J2 OFFECDONT
.
0 FRIBE@ERE Verilog: -HDL
| wrse
0 J2RRBARH RS A
W e
( sy —trorem (LA
T i
=
IAtvoT R

BB



http://www.hpc.is.uec.ac.jp/yamaki_lab/teaching-jp.html
http://www.hpc.is.uec.ac.jp/yamaki_lab/teaching-jp.html
http://www.hpc.is.uec.ac.jp/yamaki_lab/teaching-jp.html
http://www.hpc.is.uec.ac.jp/yamaki_lab/teaching-jp.html
http://satoh.cs.uec.ac.jp/ja

+ Verilog-HDL o %his A

s BULA
+ V= ILDEWNTT DR

Advanced Simulation and Debugging

Modelsm ALTERA Starter Edltlon 10.1d
Copyri

dentor Graphics Cor 1991-2011

%‘\Wﬁ Inou10of uﬂ1 0007 ‘W”"" ”'”l"‘"” \

.!‘r; \ I
‘\

0/ stSn%’\

(CD-ROM{33)

HDLEEY I
CQEndeavo

VerilogHBL.

BALYRYART .08
HDLOR 01-75%?1&_

@) —————t

G -l—ﬁ-—@ e *-——J

r r e
S —ﬁ#
s s =




J2ERENDH

- SEE[E] B DFFIE / ERETEAN = B1S

Untitled 1*

Q W

60 ns

&|clk
b rst

> W hit_way{1:0]
™ hash[7:0]

# hit_flag
& miss_flag
> ™4 state_updated[7:0]
™ state_now(7:0]
> ™4 hit_priority[1:0]
™ neighbor_way[1:0]

¥ top_flag
W WAY_WIDTH[31:0] 00000002 00000002
™ STATE_WIDTH[31:0] 00000008 00000008
> ™ ADDR_WIDTH[31:0] 00000008 00000008
4 din[7:0] @2 o 93
> M addr{7:0] 00 00
" dout[7:0] d2 ed el d

> N mem[255:0)[7:0] edededededededed ed,ed, ed, ed, ed, ed, ed, ed, ed, e, ed, ed, e, ed, ed, ed, ed, ed, pd, ed, ed, ed, ed, ed, ed, e, ed, e, ed, ed, ed, ed, ed, ed, ed, ed, ed,led, ed, ed, ed, ed, ed, ed, ed, ed, efl, ed, ed, ed, ed, ed, ed, ed, ed, edjed, ed, ¢

93 d2

" hit_way[1:0] 0 0 3 ¥ 0

> ™ state[7:0] d2
a miss_flag 0
> ™ hit_priority{1:0] 0

» top_flag 1
™ split_wire[1:0] 3
> ™ WAY_WIDTH[31:0] 00000002 00000002
W STATE_WIDTH[31:0] 00000008 00000008
> ™ hit_priority[1:0]
" state[7:0]

" cmp_way[1:0]
> ™ cmp_way0[1:0]

™ cmp_way1[1:0]
> ™ cmp_way2[1:0]

™ cmp_way3[1:0]
> ™ WAY_WIDTH[31:0] 00000002 00000002
™ STATE_WIDTH[31:0] 00000008 00000008
> ™ hit_way{1:0] 0
u top_flag 1
> " neichbor wavi1-0l 2




J2EREDEIETT &

- SFERPFWEEREE LY FT.
RIS BB AR H > TV ET
-z IRS, Mok FZELITDOY v 7 ICKERup L £ 9.
http://www.hpc.is.uec.ac.jp/yamaki_lab/teaching-jp.html

- oW EDRBHST-XWINT BDTHICA—ILLFZET W

- \#% (yamaki@uec.ac.jp)



mailto:yamaki@uec.ac.jp

KERDHEN

- BEUIH (~p43)
HAXR
BEGEAEHO TR DS
FE1~3

- E£EB2HB (~p60)
B[Rl BE D ERE
84

. 9—3%@3 HH ('_Vp_71)
IR [E] & D EXET
FRES~7



" el

HERE tf“—.ag%
- ZOEROBRBEL~TZ227TIiTL, TORRBRICERZMALER—FET 5
-HEB1~T7T2TREZETETWBE I EMBTORKE
-BICHFALAIIFEES < & Na

-G, PIET £ TRUTICEMAEL TANSEEONET
Db AE NS EENFERL TS

= i%
- LFE—FPDF 77 4 JL% WebClass & TIEH.
- RTHRIAN A o METH BIgH A,

2fiHE
- IBERT A S 3BBED23:00£ T
- BIEME - 7/30(07k) @ 23:00% T
- %4 - 8/11(8) @ 23:00% T



=P

- REBRONREZDEE GRERIEE/N—F7 o 7T
- verilogD{EWTT

- BELEAGHEEE (ME1~3)

- BRI (FE4)

- JUREEE (FELS~7)



ZERDE & CDEER
EEEREE/\— RO PEET




5 LE 3] 3% & (3

« T RIVAIEOMENTETIL

FORNAER: 1L 0DT P RIETODHRERWTHRABIEER T 5EEK
(—RZA9IZ | iE@,}:T:ODnghc‘:Low% 1&0ICT¥8IL4L)

-

b ORE(=RL1YF)

- PFOJEIR ERT ST F AT ESERAVWTRA LEEZ T 5 [REIEK

EX A

arh b IRE




7rasmEE

2 IIVEIROFIR T

- HAEEAER L-WEE, 7FAZ/TPRIILEERESL S THREN

/ <lZIEINE2E> \
M\ M\ — 1 |AND
W\ >_
%
7>rasmEeg Fo2)vEIER

+ BIREHRBEIIHBRICTES © — NI VI XAXTHEMRT B1-08EM
- %%ﬁ'ﬂﬁ [Z LiC< L < + %%ﬁi'ﬂﬁfg 51 —1C (Integrated Circuit)

( AALICCW (EREE) < + fA{fkTts% ! —CPU /




N—K9IF2I)TRIIT?

« XIRICKY ZNENHLIETERIEIZLELDS

—igEICIS
- N—FU T PENERZFOEBEm.
Bl. CPU, xEY, VX, ¥—R—=F, T4R7LA

- VY7 77  YBHNEFREFC-AVERER. EIC7ATSLDOZ L,
. 0S, 77U4sr—>av700 5L, FZ4A4N

- WIBICHEWVTEDNBE (/N—Fox708, )77 08 ) D
- N—FT 7 I ERORERKIC K 5 UE
- V777 :CPUILLD (FRT T LTOD) LE

~ ARBOXIRIZSES -




N=RK2ITF7E)7b2xT7 MHESD?

~J)27 b2 x7 (CPU) DIFTE~

. CPUMMAKIFATH (FOs T LcEkdInid) EBTE 3 = AEHN
S AIHYDUIEBIZELL TWLWBAhITTIEA L
Gz -
c ROLHIBEAEACPUTEITT 255
= (ax10 + 20) + (bx100—-50)
e CPUTIEUTDO LS ICETICH A% (A7) #ET 3
FEHGS — NES H%Eﬁﬁ — BEGS - NESS



N=RK2ITF7E)7b2xT7 MHESD?

~N—=K9TT7DBEE~

« ZTOUEEFERADOREE (ASIC) ZENIEERICAIETE

Gz
« LIFEDH |

x = (@ax10 + 20) + (b x100-50)

« N=F7zT7TIE1IYA 7L THEDNTTIT S

a ——

AND b S
b D AND

=

x= (ax10 + 20) + (bX100-50) #:H$ ZEHF

(ZOEFIFEL )

e Tips ™
V- hBEEZTHDL
LYW ENDNY PT L,

v — MLEIZFCPUDIZE,
EORNTANER ZHRY
BY DTHREEBY A 7%
295
—HATN=F7 2T DHE,
V— hERICEEZAND L

19 A 7 L THERIEONS
B
N /




N—=RK9xIFPEI)7 22T [MHES?
~FEHBE~
e N—F7 7B IFESE

« I/, (BEVICHEMLWEBETRIINIE) CPUPXEY ZEEKT B LY
HRmERE T EE LT D H/NERE

\ 4

MEEHBERZERTINERICENVTHA

Bl & (&

- EhE{RNIE

- HAAHERTE (BERH AT, loTE Y ED) DR
=20 TY R



N—F 785 (ZDELR)

e N—FKr7 (EAHBERK) ZE50->THESB?

4 )
O & FHHE BT RBERORAREERT S
- RS SREBBE - BBEREHE, AHHORERERD S
- HURERED & ICEBEEER
N RIEERERHOBRTY O
N

-
@ TRAMRYyFEBWTERS L 7ZEROEE % IREE

- EBRERICIIERGEEEAI D ZDTERBITTE A

- YIal—Yav itk Y ERBRATREDENEZ T 5 A BUERIICIREE
N N—KOIPRBEE verilog 7

@ WEEE (YY) Z1FX
EXGsEZ2MTTHNETS




: s s -
N—F2xT7FZEHDAICDNT
« EYOREEE-TELSICIFEIIHLSBENYD D EHEAA~)
« % Z THEiTlZ FPGA (Field Programmable Gate Array) H*H T & 7=

« FPGAIZ:---

- WEEEE NEETEed)
BETEA/NN—FTUxT

- FPGAD BIEERIZH A~

- EREEIERIIZX

- L bEEr L 7-mmiERK %
B9 CPCLTHEITS

- WETHHREBELAREE LD
Z0LI5BTNAR




FPGA (D1 X—2)

Field Programmable Gate Array

¢ F=b(FFVYPRE)HPTLA BF)RICEBESNTLS

« Verilog TER L 7z[EE& & %25 & 5 ICFPGAD T — k % ECHR
— FEOREBRIEAZEHRTES (EELAFIT I EHAEE

FPGA (£ X—2)
4 ___0__ 28

& _0/0
I\ /
1@ & ! 4 o—— & ZS5LNSEIKESE

fE>TL=2&




N=RD T PREREFHE
verilog




Verilog-HDL )l : ANDERIBRDE S 2 — N
(sample1.v)

- FT UL T Dverilog7 AT 7 LEBRDTIE>THEL &£ 9
O K74 T $visamplel.y £7-1% $ emacs samplel.v& L
LUT % 1E Rk,

module samplel(s, a, b);
input a, b;
output s;
assign s = a & b;
endmodule

samplel

| :: S
b




Verilog-HDL O fll : wireD{ELVG
(sample2.v)

c B2 —IILNTREICR IR IIwire TEE
« assignITH N PECHRICEEF T 2 7= DX ($B1R T DregliassighxEH 74 LY)

module sample2(s, a, b);
input a, b;
output s;
wire wl, w2;
assign wl = a & b;
assign w2 = a | b;

assign s = wl & w2;
endmodule

sample2

— D
: )
—> w2
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Verilog-HDL Ofll : € 2 —IVDARNTF
(sample3.v)

c B2 —IILRATRIEY 2 — LA OHET Z & § A8

module sample3(s, a, b);
input a, b;
output s;
wire wl, w2;

samplel mi(wl, a, b);
samplel m2(s, wl, w2);
assign w2 = a | b;

endmodule
sample3 sample2Mand[E] (&%
a wi samplelE>a—/JLIZ
> g samelel EZTHI=
m samplel | | S ;

b m2
s )
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c B a—IIATERLTED, ZFOEEEDRHNANE

c LUTDOEEG S, albllT X MMeEZ2R L, IELWLWsHAE NS HHESE

a, b7%(0,0), (0,1), (1,0), (1,1) o, sH°0,0,0, 1 (T BHESIH

cAE ST 2 —VICFEENZA CEERER T H5DIE LA L < AW
ZZ CEMFERFAODT A MRV FED 2 —IILEED
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R
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Verilog-HDL @@l : sample1DF A AN F
(sample1_test.v)

module samplel_test;
wire Z;
reg X5 Y5
samplel gi(z, x, y);
initial
begin
$monitor(" %b %b %b", x, y, z, $stime);
$display(" x y time");
x=0; y=0;
#50 y=1; FARRUE
#50 x=1; y=0; — SEIE50H 1V ILEIC
#50  y=1; ANEZZEE
#50 $finish;
end
endmodule

samplel_test (TAMIFED 21—)L)

X samplel

a
1 s

25




iverilog % i > 7= El{ETER

i A Y
iverilog -0 BT 7 7AWV E -s by TEDa—ILZG avRXA L LW T 7 A ILEE

@blue99 sample]$ iverilog -o samplel -s samplel_test samplel_test.v samplel.v I

— I Z—AHAETNIEsamplelé WD 7 7 A IILHERRE NS

eI 2L —3vDOFET
wp BT 7 7A4)0Z FlE ETT7 7 AV BEEIETE /samplel

@blue99 sample]$ vvp samplel
abs time
0080 0

010 50
100 100
111 150

— B9V EXL-BY OFREL > TWABHEESE




—HIRHEE (eq.v)

module eq(s, a, b); /* —HBRHEK */
input a, b;
output s,
wire na, nb s1, s2;
assign na = "a, nb = "b;
assign sl =a &b, s2 =na & nb;
assign s = sl | s2;
endmodule
=EEENTEES EEEE
a | b | s [N @31
O O 1
0 1 0 R pelic
1 1 1 |
b g2 5
AF1a, bht—B LT B H hshe 1 n

KBS DERK
e ~: NOTSHRE
- & ANDIEE
. |: OREH




—HREEERODFTF A AN F (eqSim.v)

module eqgSim; /¥ —BIRHEIED */
wire s; /¥ Sab—3> %/
reg X, Y « LSZEES eqSim
0 IgI (5, X, ¥)! «u eq
initia ,
begin @ (RS X a
$monitor (” %b %b %b”, x, y, s, $stime); St— 8
$display(”" x vy s time”) ; b b
x=0; y=0; T
#50 y=1; T .
#50 x=1; y=0; | @SZR[NAH [2alb— 3 AEEE ]
#50 vy=1;
ﬁ50 $finish;
en
endmodul e EAL
B
02 | ................................................................
| o —
.l — | o |
| ' ' ' » time
0 50 100 150 200 )

[ TRAMANDOFRRHZEIL )



ModelSim®DEELYI5

FTAETA, SEEIICEDDRIFELZFIZMHEL\ModelSimAMFERA T A
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ModelSimDiEEEi&E 70 7 ME

1. 3> —I)LT"mkdir ~/mics_J2" & AJ]

2. v/ —I)LT"vsim" (5FE(X"vsim2"?) AN

3. File—=New—Proeject... T“Create Project” 7 1 >~ F 7 H'F <
4. Project Name : eq

5. Project Location @ /path_to_homedir/mics_J2

= il r — h
il odesm AT AL, (BLRETER i M Create Project s
Ei View Compile Simulate Add Library Tools Layout Bookmarks Window Help
P o H & @@“ Tl —Project Name
A% a-2@ 3] led
Hd x|
[Type [ ]| 2] —Project Location
Library  $MODEL_TECH/../altera/vhdl/220model o] IC‘ /32 Browse...
=+l 220model_ver Library $MODEL_TECH/../altera/verilog/220m...
+-l, altera Library $MODEL_TECH/../altera/vhdl/altera ——Default Library Name
y—m altera_Insim Library $MODEL _TECH/../altera/vhdl/altera_l...
1)—“ altera_Insim_ver Library $MODEL_TECH}/.. faltera/verilog/altera... Iwork
(il altera_mf Library $MODEL_TECH/../altera/vhdl/altera_mf
=+l altera_mf_ver Library $MODEL_TECH/../altera/verilog/altera. .. )
:)—m altera_ver Library $MODEL_TECH}/.. faltera/verilog/altera CODY Settngs From
il altaxb Library ~ $MODEL_TECH/../altera/vhdl/altgxb I " " e
sl atoxd i Lbrary  SMODEL TECH/. falterajvhdl/altgxb 0/modelsim ase/modelsim.ini Browse...
4l altaxb_ver Library $MODEL_TECH/../altera/verilog/altaxb Iy Copy Library Mappinas e Reference Library Mappinas
:)—m arriagx Library $MODEL _TECH/... faltera/vhdl/arriagx Py ¥ ppIng Y ppINg |
:)—M arriagx_hssi Library $MODEL _TECH]/.. faltera/vhd|farriagx_...
y—m arriagx_hssi_ver Library SMODEL_TECH/.. /alterajverilog/arriag... | | |
M arriznv ver Vihrary EMONFI_TECH/ _faltera hverilnn farriany. > OK Cancel
~S_
f} Transcript Hd %

# Loading project eq
# reading C:\altera\l3.0\modelsim ase\win32alcem/../modelsim.ini

ModelSim >

<No Design Loaded> <No Context>

30



Verilog-HDL7 7 1 JLDENN

1. “Add items to the Project”” 4« > 7 © Add Existing File
F-EAA 74> b n Project—Add to Project—Existing File---

2. “Add file to Project”7 1« > K7 : Browse

3. “Select files to add to project”" 7 4 > K7 :

4. eq.v & eqSim.v ZEIR L THL.

5. “Add file to Project”7 1« > k77 : OK

6. “Add items to the Project”7 4 > K77 : Close

- r B
¥4 Add items to the Project 3w | [ 75 Add file to iject- i [
—Click on the icon to add items of that type: — ~—File Name
|
] :
~—Add file as type Folder
Create New File Adhd gPle
I |de:’ault ﬁ] |Iop Level !I
ME‘ *} I (¢ Reference from current location " Copy to project directory
‘:!' |
Create Simulation Create New Folder b %’
‘ Close I\

31



AINT I

s XA 74> K7 Compile—~Compile All
» Verilog-HDL 7 7 4 )LD StatusHh ? H 5 L IZEH Y . “Compile of
eqSim.v was successful.” “Compile of eq.v was successful” & H 3.

™ ModelSim ALTERA STARTER EDITION 10.4d

- X
Eile Edit @ew Compile SimYylate Add Project Tools Layout Bookmarks Window Help
. \_( P — e R ~ 1 :
[§ S [RB0R2 (0 MEN || CHERE|| @t D el AEEEC Wy tatiias

J . vl J Columniayout 211Columns - J B-B-GR-F || [ [o[w|m g J & o o &

e Type |Orde{Modified
Compile Order... f Verlog 1 06/01/201603:43:42...
y r an.
Compile Report... Verlog 0 06/03/2016 06:40:05 ...
Compile Summary...

f} Transcript HE Hdlx
# Start time: 16:24:26 on Jun 03,2016 ;l
# Loading work.egSim

# Loading work.eq

VSIM 4>

Project : eq [Now: 0ps Delta: 0 |sim: /eqSim




ANAIVI T —

« T7—hBH 5 &Transcript7 4 > F 7 ICHREEFRREI NS DT,

ERTINI Yy 7§BHETT—DFEEARRIND

< Z

- = bC
AW TIT

_“F* Error:

“OFWTHR 7Y w33y —Xa—K7 4 F
— DI AFL P TERREIND

— —— -_—
| --Un I
...2/Verilog-HDL/eq.v - U successﬂ Comg . 5
vlog -work work C:/J2/Verilog-HDL/eq.v = Version E@u
Model Technology ModelSim ALTERA vlog 10.1d Compiler 2012.11 Nov 2
2012 Layout Bookmarks Window Help
-- Compiling module eq — - — - :
** Error: C:/J2 W=r11~a HDL/eq.v (5) (vlog-2730) Undefined variable — (B B & A J b4 I R A N A
P o 7 , —
- Compiling module eqSim j
LI Close || "
¥ Project - C:/12/eq EE H & X =S v - Default i H ),
ViName IStatuJType IOrdeiModiﬁed Ln# | I
| ]eq.v ¥ Verilog 0 05/18/14 11:36:383 PM 1 module eq(s, a, b): /* é&vonH I
~ o 2 input a, b;
: /} \4}[’*& 3 output s;
4 wire na, nb, =1, s2; I
5 | assign #5 na = a, nb = ~b;
| - 6 assion #10 s1 = a & b, 32 = ~|
i project x| KE <~vaht_alciRoTINVD

Q Transcript

-~
(P8

# Compile
ModelSim >

eq.v failed with 1 errors.

12D AIITS5—

ILn:

5Cl: 0 |

|Project : eq |<No Design Loaded >

<No Context> A




YXalb—4iEH
- Simulate—Start Simulation
- Start Simulation™” 1 > F 7 Twork/eqSim % 1R

M Start Simulation - —

[

Design l VHDL ] Verilog ] Libraries ] SDF ] Others ] <3

Library work
eq Module C:/12/Verilog-HDL feq.v
| 1 egSim Module C:/32/Verilog-HDL feq.v
+-{k 220model Library $MODEL_TECH)/.. /altera/vhdl/220model
+lf} 220model_ver Library ~ $MODEL_TECH/../altera/verilog/220m...
! ﬂ—m altera Library SMODEL_TECH/.. /altera/vhd|/altera
-+, altera_lnsim Library $MODEL_TECH)/.. /alterajvhdl/altera_l...
-+l altera_lnsim_ver Library ~ $MODEL_TECH/../alterajverilog/altera...
+-lj altera_mf Library $MODEL_TECH)/.. altera/vhdl/altera_mf J
. An . - N smemems  m———= ¥ & B . - . o
K i
~Design Unit(s) Resolution
|work .eqgS5Sim (ldefault ﬂ
—Optimization
I~ Enable optimization Optimization Options... |

Cancel |

34



Xab—YavERE
vavq4 v RIAFEL

v al—

- Add—add to wave—all items in region T2

14> FIHFHEL

“All items in region and below” & "All items in design” | Tz L N
LY —ZADETDESHEIRRIND

File Edit View Compile Simulate | Add| Structure

Tools Layout Bookmarks Window Help

|
= 2, § B XL e 100ps:|llll&[§& LR EIREEEEE 7
ToLis 4 All items in region and below
tayout |Simulate v J € Tolog | Alitemsin design v| [1 [o [w[m sl @ J [ %8 % ﬁ]|
To Dataflow  * x| |§a Objects T Hdl x| || |::/32/\Verilog-HDL/eq.v (/eqSim) - Default :::::: H &Y X|
ToWatch * Total coverage Ln# Tl riow £ 3]
® 7 eqSim egsSim Moc| Wit bow Pare Net Internal 1 module eq(s, a, b); /*
[ _E‘ al eq Moc = Regs...Internal 2 input a, b;
& #INITIAL#14 egSim Process Regis...Internal 3 output s; “
| #vsim_capacity# Capadity +acc=<... 4 wire na, nb, sl, s2; J
5 assign #5 na = ~a, nb
&% Processes (Active) B +d x| g SaB100 F10 51 < a® by
N 7 assign #10 s = sl | s:
¥|Name Type (ﬁlhered) State Or¢ ; 8 endmodule
Gl SSi Re 9
G SS N 10 module egSim; /% & |
« | » Gl Ssi oY 1 wire s; /* D=
| Library  [[#¥] Project | &} sim | <3| il | 5] 7 | o
f-} Transcript i Hdl X "
ModelSim> cls 2
$0
# Compile of eq.v failed with 1 errors.
# Compile of eq.v was successful.
ModelSim> vsim -qui work.egSim il
Project : eq |Now: 0ps Delta: 0 lsim:/eqSim v

35



2alb—-23aviE
4 R ANX DT ﬂ R WL TR

BERHe Dottt
EREEEERIETET]
|eceaaa| L ymims .

£&| Wave - Default i

» /eqSim/s
& [eaSim/x X
P /easimfy

=hen X

| Wave
File Edit View Add Format Tools Bookmarks Window Help

2 ._._]\ | Wave - Default ] H e x|
|B-sE-28 i DBO2 [ 0-AF ||SERH|| @/t ww T wel LBBES | 9D

"\ [tatitas]a-a-9a 3% o/¢/nB|| &L H

[3e-s€-t[sen [ viphe[Qaaan| [T A |

» /eaSim/s
\ P /easim/x
< [easimjy

|| 0ps to 13780 ps |




Xab—23a ET

c XA 4 NTJT,

Simulate—Run—All

- Finsh Vsim™7 4 > Ko TLWW 2 (N)| %R

- T1irW(Y)] ZBIRT 3 &ModelSImAPKRTLTLE S D TEE

File Edit View Compi!e |Simulate| Add Source Tools Layout Bookmark
@ - gwg @ Design Optimization... J @ lf.fl @ [g J |
- Start Simulation... —
Layout |Simulate Runtime Options... =
JK&I&I% J D Run100 F9
: T
@ sim - Default Step < x|
| Yilnstance ]Desiq Restart... Continue F10 :l
; - - Run -Next
=2 eqSim eqsir Break Break -
"E‘ g1 &q ) End Simulation
& #INITIAL#14 eqsin .
| #vsim_capadity# Capadity +acc=<...
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Q Transcript
I # Loading work.eq
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Instance: /eqSim

R

i H & X

|Project : eq [Now: 200 ps Delta: 0

|sim: /feqSim/#INITIAL #14




BXalb—Yay
e XA 74 v KT Simulate—Restart
-Restart7 4 > F D EBZDTOKZ T ) v 7

T2l —

>3 v DEIT]IC

RmHo CHYI 1l —

V=4

-2Toa~vy FldTranscript7 4 ' K7 TEITEN TS DT,
CFANLIZALREL

% ModelSim ALTERA

STARTER EDITION 10.1d

~_o—--

BT

Eile Edit View Complle Simulate Add Transcript Tools Layout Bookmarks Window Help

L&

PmBOOIO-AEW

B Restart

—

—Keep:
[V List Format
[V Wave Format
[V Breakpoints

J ColumnLayout I_E_ﬂulc XI J v Logged Signals
S [V virtual Definitions
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.
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& #ASSIGN=5 eq2 Process 7 endmodule
& #ASSIGN#S...eq2 Process g
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=8 a2 eq2 Module 10 wire s1, s2, s;
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—& FINITIALZ14  eqSim2 Process 16 Smonitor (" b b b b b a", |
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New File...
o EE
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module eqg2(s, a, b):
input a, b;
output s,
wire sl, s2;
assign s1 = "(a &b), s2=a | b;
assign s “(s1 & s2);
endmodul e
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module eqSim2;

wire s;
reg X, Y,
ed2 g(s, x, y);
initial
begin

$monitor ( “ %b %b”, g.s1, g.s2, $stime);

$display (“g.s1 g.s2 time”);
x=0; y=0;

#50 x=1;

#50 vy=1;

#50 x=0;

#50 $finish;

end
endmodul e
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D7y 7708w 7 (Delay Frip Frop )

PRV IESERED A —IL clk D7Y)w 770y 7 dffn

module clk(ck); module dffn(Q, D, ck);
Reg DfE%E output  ck; input D, ck;
output LTzU B reg ck; output Q; LI X2D#HR1E
FILZAICTESR . s 1 4. .
LTh L initial ck = 0; reg Q;

initial Q =
always #50 ck = ~ck; always @(negedge ck) Q =
endmodule endmodule

500 A4 IR BT BEIZ ck DIEERER

CkIN T o =ERE D A DA F1Q
4 LFv—bh

CKINTRBEICFDREODFQLIZERE

dffn

Register

—» Q >
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module dffnSim;
reg i
wire o;
clk clkli(ck);
dffn dffnl(o, i, ck);
initial
begin
$monitor(“ %b %b %b”,
ck,i,o,$stime);
$display(“ck i o time”);
i=0;
#100 i = 1;
#200 i = 0;
#100 $finish;
end

endmodule

dffnSim

dffnl

Register

D
» Q

clk1

ck
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module r1(q,]l, d, ck);

input |, d, ck;

output q;

wire nl, s1,s2,d1;

dffn  f(q, d1, ck);

assign nl="l;

assign s1=nl&q, s2=1&d;

assign dl1=s1 | s2;
endmodule

| = 0 DEE q &BIRF

D Q
>ck
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| ®
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|=10DESEF d ZBZEIAH
D Q
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s1’ =51£O+513_O

sQ’=a-s0 +Hsl1-s0

b=s1+s0

45\ LK REs1s0T
2bit DFFHIHE

2{EDFFZERILNZ
b, s1’, sO'Z{EE T
IR

b

module m1( b, a, ck);
input a, ck;
output b;
wire nsl, nsO, s1, sO, d1, dO, c1, c2,
dffn  f1(s1, d1, ck), f2( s0, dO, ck );
assign nsl = ~sl, nsO = ~s0;
assign ¢l = s1 & ns0, c2 =nsl1 & sO,

c3 = a & nsO;

assigh d1 =cl1|c2,d0O=cl | c3,
b = s1]|s0;

endmodule

c3;

A tE =5
verilog C
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c ZEy bOTFT—%1%, x[3:0]0 LD ICEHTERT (=x[3]x[2]x[1]1x[0] D 4bit{E)
- Parameter E=E%2{FH) 2 ¢ TE Y MARBICEETZ 5

module eord( z, x, vy ),

input  [3: 0] X, v, X[3:0] :
output [3: 0] z; y[3:0] +O 4
wire [3: 0] nx, ny, z1, z2; L_ z[3:0]
assign nx = "x, ny = "y, o
assign z1 =x & ny, z2 = nx &y,
z =z1 | z2;
endmodul e
module eorn( z, X, y ). x[n-1:0]—
parameter n = 8; yn 1.0]Jl-
input  [n-1: 0] x, v; -l Y oin-1:0
output [n-1: 0] z; _[? 2ln ]
wirg [n—1:~0] nx, ny, z1, z2; L0
asslgn nx = X, ny = Yy, eorn #4 e(g, a, b)
assign z1 =x & ny, z2 = nx &y, - 2L
Vi — Z-I | 22’ &WUHZI'T;(‘_"C

N=4ICHEEZEAS - ELARE

endmodule
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A ITCEFEZRHC I TERDESTZF L HD I & A]EE
- Bz 1L, x[3:0]& LD oix{x[3:2], x[1:01} {x[3], x[2], x[1], x[0]} &EL
s By PRI MLEES E T MREEENFEIRTE S
7 b o {x[2:0], I'b0} AXK[ET 7 b 1 {x[2:0], x[3]}
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module Ishift(y, x);

input  [3:0] x;

output [3:0] v;

assign y = {x[2:0], 1’ bO};
endmodul e

E1bito ThDED 2 —)LHI
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HiElT cu=a&b|b&c|c&a

M s=a&~b&~c|~a&b&~c|~a&~b&c|a&b&c
=abA"c
SPNELF(Full Adder) ElﬂJz‘ﬁﬁ‘%% %;@Rﬁzcﬁﬁé’fmﬁﬁ
BUIIADOMEE /N[N —) >-s
O 0 00O —
O 01 0 1 "—} 7 cu
0100 1 = il
01110 s
1 0 0 0 1
1 0110 .
1 1010 D oL
11 1 1 1 a— .
cu=a-b+a-c+b-c A=pl 2: e
s=a-b-c+a'b-c cu
+a-b-c+a-b-C
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-1y FENERZEDEE (FIEESE(D)

module fa( cu, a, b, ci);

S, A=
input a, b, ci; L
. a — — S
output cu, s; b ia
assign s =a b ci; Ci— —Cu
assigh cu=a&b | b&ci| a&ci;
endmodul e
0o 1 1 1 0
A i TR O o s B O
module add4( cu, s, X, y, ci ); cu s cu s cu s cu s
input [3: 0] x, v; fa fa fa fa
input ci: abec abec abec abc
output U | | | 1]
output [3: 0] s; ?3%303 é?ézcz Myr o XoYoo
wire [3: 0] c;
fe et s 2 v Sl oo
a2(cl[3], s[2], x[2], y[2], ¢ , 1
Al 0l x0l v o, EoL
a0 (c[1], s[0], x[0], y[O], ci); O’.H.*I(*) )

endmodule
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By bR ML AESTn Ey FINESRAERE L.

c ZDEY 21— I)Faddd D L H T, FEAIOHTIElfcu & RTAIIC
INZ 5ci #8 DT &,

- I BIZ, YT alb—varIlLVFHEE L,

(v b)

AR IFICR 2 DlE, adddd™fa a3(~), a2(~)---a0(~);"DERD %
WANMZE Y PR MILZBWTEZEBEIHNTH D, RR—T%aSE|C
EZTHTLIZE 0,
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AN x[3:0], 1% y[3:0], = FRIOHKTLELS ci

H o
INEER s[3:0], mEAMDOHT LIS cu

BRI EF c[3:0]
. of3l IR DML, of2)-2178 » LN £
AR L DOHTE, c[0]---0TE A L DHT EIF (=ci)

- E?:] x[3] & y[3] | x[3] & c[3] | y[3] &
o ste Xﬂ & yﬁ | xﬂ & CF% | yﬁ &
oo x[1] & y[1] | x[1] & c[1] | y[1] &
x2]+yle] +el2f =1 11 «[0] & y[0] | x[0] & c[0] | y[o] &
c[3]s[2] »
x[1] + y[1] +c[1] =1 &} «[3] 7 y[3] A o[3] = s3]
’ c[2]s[1] x[2] ~y[2] ~ e[2] = s[2]
______ x[1]~y[1]~e[1] = s[1]
[0] +y[0] +c[0] = it ! x[0] A y[0] ~ ¢cl0] = s[0]

"ADDHZEVIRIMLTFREDDE?
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ST =2 assignX

assigh Z#= £ FHNLUE) DEZDIE:
EHDo(1R) DEZDE;

P RHFIFCEFRLRAL ><, >=<=, ===, <=M, &
7= % DB E (&) *° fiﬂl(ll)?&tﬁﬂﬁﬁ’(%%

assign z = c? x: O; assignz = c? x:y, assign z = c? x:
d?y: w;




RYEBLUIEDER (SHER)

for (Hll{E1ZE 2 D #) HAZ

module sel( z, x, ¢ );

parameter n = 4;
input [n-1: 0] x;
input c;

output [n-1: 0] z;

assign z = ¢? x: 0;

endmodul e

%3 MRS
FIEZEZDEE) X;

module selSim;
reg [3:0] x;
reg C;
wire [3:0] z;
sel sel1(z, x, ¢);
initial
begin
$monitor ("%b %b %b”, X, ¢, z);
c =0;
for (x=0; x<8; x=x+1) #50 c="c;
#50 $finish;
end
endmodul e
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N E XY S 4 Component Description Component Description

Power select jumper and battery header FPGA configuration reset button
2 Shared UART/ JTAG USB port 14 CPU reset button (for soft cores)
3 External configuration jumper (SD / USB) 15 Analog signal Pmod port (XADC)
4 Pmod port(s) 16 Programming mode jumper
5 Microphone 17 Audio connector
6 Power supply test point(s) 18 VGA connector
23) 22 20 19 18 7 LF:Ds (15.) 19 FPGA programming done LED

i : N K : 7 8 Slide switches 20 Ethernet connector
9 Eight digit 7-seg display 21 USB host connector
10 JTAG port for (optional) external cable 22 PIC24 programming port (factory use)

-
[

Five pushbuttons 23 Power switch

L °

[
N

Temperature sensor 24 Power jack

1) [t L _| — G ¢ : £ MN : @
o Y ’° 0 ,Q‘L Z »[606000 mN 16
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Figure 1. Nexys 4 board features
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- FPGA

- Field Programmable Gate Array
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#LED vivado EtEHEREZH NI HLED(11=& 2T, 07 & £ AT)

set property PACKAGE_ PIN R18 [get_ports {cu}]

set property IOSTANDARD LVCMOS33 [get_ports {cu}]
set property PACKAGE_PIN N14 [get_ports {s[3]}]

set property IOSTANDARD LVCMOS33 [get_ports {s[3]}]
set property PACKAGE_PIN J13 [get ports {s[2]}]

set property IOSTANDARD LVCMOS33 [get_ports {s[2]}]
set property PACKAGE_PIN K15 [get_ports {s[1]}]

set property IOSTANDARD LVCMOS33 [get_ports {s[1]}]
set property PACKAGE_PIN H17 [get_ports {s[0]}]

set property IOSTANDARD LVCMOS33 [get_ports {s[0]}]

#PUSH BUTTON
set property PACKAGE_PIN N17 [get ports {ci}]
set_property IOSTANDARD LVCMOS33 [get_ports {ci}]
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#SWITCH vivado 4Ew FDIEZANT BERA Y F

set_property PACKAGE_PIN R13 [get_ports {x[3]}]
set property IOSTANDARD LVCMOS33 [get_ports {x[3]}]
set property PACKAGE_PIN U18 [get ports {x[2]}]
set property IOSTANDARD LVCMOS33 [get_ports {x[2]}]
set property PACKAGE_PIN T18 [get_ports {x[1]}]
set property IOSTANDARD LVCMOS33 [get_ports {x[1]}]
set_property PACKAGE_PIN R17 [get_ports {x[0]}]
set property IOSTANDARD LVCMOS33 [get_ports {x[0]}]
set property PACKAGE_PIN R15 [get ports {y[3]}]
set property IOSTANDARD LVCMOS33 [get_ports {y[3]}]
set property PACKAGE_PIN M13 [get_ports {y[2]}]
set property IOSTANDARD LVCMOS33 [get_ports {y[2]}]
set _property PACKAGE_PIN L16 [get ports {y[1]}]
set _property IOSTANDARD LVCMOS33 [get_ports {y[1]}]
set property PACKAGE_PIN J15 [get_ports {y[0]}]
set property IOSTANDARD LVCMOS33 [get_ports {y[0]}]
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« Terminal T vivado & A A1
« Create New Projectzx 2 ') v %

VIVADO'

HLx Editions

Quick Start

Create Project
Open Project

Open Example Project

IENS

Manage IP >
Open Hardware Manager >

Xilinx Tcl Store >

Learning Center

Documentation and Tutorials >

Quick Take Videos »

Release Notes Guide >




JAvx T4 LY M) EIEE

Project name: add4

Project location: EFED T« L7 Y
Create project SubdirectorylZF = v &

Project Name
Enter a name for your project and specify adirectory where the project data files will be stored. '

Project name: add4

Project location: | /home3/staff/sa002394/.ced_centos/mics_J2/ IIZ]

v Create project subdirectory

Project will be created at: /home3/staff/sa002394/.ced_centos/mics_J2/add4

Cancel
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RTLZAV T IMZFTvY

Project Type
Specify the type of project to create. '

o 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.

1/0 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.

Example Project
Create a new Vivado project from a predefined template.
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Add filesTRD T 74 )LZ BN
add4.v, fa.v

+

-
'y HOL Sowrce For Location
o gefauitlib - Synihesis ASimulation *  MoseS /90l 17500023947 co0_cemos/mics_J2 /sample
o defauithib Synthesis & Simulation - fMosw S/ tat 1 a000 3947 cod_centos/mics )2 Msampie
A Files Add Direc tones Lreate File

L

SCan and a3 RTL inchudie files nto project

Copry 3ources mto project

Target language Verilog v Simulator nguage: Mised ~

Carced
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Add filesTRDIT7AILZENM add4_nexysd.xdc

+




7N R DI
XC7A100T-CSG324% & 1R
Family: Artix-7 BIPackage: csg324 BSpeed grade: -3

Select: @ Parts ) Bowds

« Filter

Product category: Al v Speed gracde ' v

[,nl‘ A7 ~ :nv‘. ¥ 2 Al Revnge e v

Pk age tygil4e v

Reset A Filtery
‘-vf'(h ~
VOPn  Available LUT Bloch Uitra Gb GTPE2
= FlopF i 7

Part Count 06 Elements PHIOR  pams  RAMs 05 Tramaceivers  Tramacel,
® 7015108245 524 210 10400 20800 % 0 a5 0 0
@ e Tal51cg824.3 124 210 20800 41600 50 0 %0 0 0
® 7250188248 4 210 $ 2600 65200 7S 0 120 0 0
@ Ta751cg524.3 124 210 47200 04400 105 0 180 O 0
® x7a100tcsg524-5 4 210 63400 126800 155 0 40 0O 0
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VlVADO 4 New Project Summary

HLx Editions
© A new RTL project named "add4’ will be created.
© 2 source files will be added.
© 1 constraints file will be added.

© Thedefault part and product family for the new project:
Default Part: xc7a100tcsg324-3
Product: Artix-7
Family: Artix-7
Package: csg324
Speed Grade: -3

v
i‘ XI LI NX To create the project, click Finish

ALL PROGRAMMABLE.

® ] oo | (EE




Vivado 7

O

P

7 bk Fk

Eile Edit Flow

= B

4

Tools

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

£ IP Catalog

<

IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

<

SIMULATION

Run Simulation

<

RTL ANALYSIS
> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

<

IMPLEMENTATION
P Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG
i Generate Bitstream

> Open Hardware Manager

Layout  View  Help Q~ Quick Ready
o X ) 4 29 Default Layout v
?
Sources (2 e 1N Project Summary ?200X
Qa T 2 + ) o
Settings Edit
v Design Sources (4)
> @a pdda (addd.v) (4) Project name: add4
@ eord (o Project location: /home3/staff/sa002394/.ced_centos/mics_J2/add4
@ eorn (: Product family: Artix-7
@ notn (add4.v) Project part: xc7a100tcsg324-3
> Constraints (1) Top module name: add4
> Simulation Sources (4) Target language: Verilog
Simulator language: Mixed
Synthesis Implementation
Status: Not started Status: Not started
Hierarchy  Libraries Compile Order Messages: No errors or warnings Messages: No errors or warnings
Part: xc7a100tcsg324-3 Part: xc7a100tcsg324-3
Source File Properties ?2 00 X Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
@ siidy o Report Strategy:  Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reports
Incremental compile: None
-~
V| Enabled
Location: /home3/staff/sa002394/.ced_centos/mics_J DRC Violations Timing
Type: Verilog B Run Implementation to see DRC results Run Implementation to see timing results
Library: xil_defaultlib B
Size: 0.8 KB Utilization Power
Modified: Wednesday 16/06/01 03:46:22 PM Run Synthesis to see utilization results Run Implementation to see power results
¢ D .. v i
General | Properties
Tcl Console | Messages Log Reports | Design Runs  x 2 OO
Q = 2 + %
Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAMs URAM DSP Start Elapsed Run Strategy Report Strategy
v > synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2017) Vivado Synthesis Default Reports (Viva
> impl_1  constrs_1 Not started Vivado Implementation Defaults (Vivado Implementation 2017)  Vivado Implementation Default Reports
< >

AVTIRIF—I3VRCTOTSL D71 IVEER



AN ILDZELT
Sources V4K T add4 Z31E A T Generate Bitstream ZZE1TL
Yes Z&1)w9

Flow Navigator c B S PROJECT MANAGER - add4
v PROJECT MANAGER )
Sources 2NN EIN IR Project Summary
£ Settings
= & ) Q )
Add Sources Settings Edit
L Temolat Design Sources (4)
anguage Templates i q
guag P > @a addd (addd.v) (4) Project name: add4
£LF IP Catalog - Project location: /home3/staff/sa002394/.ced_centos/mics_J2/add4
@ eorn (add4.v Product family: Artix-7
v IPINTEGRATOR @ notn (addd.v Project part: xc7a100tcsg324-3
Create Block Design > [ Constraints (1 Top module name: add4
TSI > Simulation Sources (4) Target language: Verilog
Simulator language: Mixed
nerate Block Design
v SIMULATION Synthesis Img
Run Simulation Status: Not started Sta
Hierarchy Libraries Compile Or der No Implementatlon Results Available X Me:
v RTL ANALYSIS Par
> Open Elaborated Design Source File Properties ) = L] [w] There are no implementation results available, OK to launch synthesis and implementation? Str
'Generate Bitstream' will automatically start when synthesis and implementation completes. Rep
@ addd.v 1
v SYNTHESIS [] Don't show this dialog again Inc
P Run Synthesis /| Enabled
> Open Synthesized Design Location: /home3/staff/sa002394/.ced_centos/mics_| Tin
Type: Verilog III v Run Implementation to see DR(
v IMPLEMENTATION
YA Library: xil_defaultlib B
> Open Implemented Design Size: 0.8 KB Utilization Pov
Modified: Wednesday 16/06/01 03:46:22 PM Run Synthesis to see utilization results
v PROGRAM AND DEBUG v
< >
J5 Generate Bitstream I General 2l -F;I‘-U-[)»‘:’-I‘il-‘c'-b """"""""""""""""""""""
> Open Hardware Manager
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Launch Runs

Launch the selected synthesis or implementation runs.

Launch directory: @) <Default Launch Directory>
Options
e Launch runs on local host: Number of jobs: 4 v

Launch runs on remote hosts

Launch rung using LSF

Generate scripts only

Don't show this dialog again

Cancel




a2 /N1 LRI
Bitstream Generation successfully completed A%
Tl

Bitstream Generation Completed X

o Bitstream Generation successfully completed.

Next
(®) Qpen Implemented Design
View Reports
Open Hardware Manager

Generate Memory Configuration File

Don't show this dialog again
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FPGANZE Z A

Eile Edit Flow Tools Window Layout View Help Q- Q
&= LR IR - I >
HARDWARE MANAGER - u

L+ IP Catalog -~

© No hardware target is opdll. Open target

v IPINTEGRATOR Hardware

Create Block Design =

Open target #49') v

v SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design
Source File Properties ? —-00GC X
v IMPLEMENTATION o

P Run Implementation
v Open Implemented Design
Constraints Wizard
Edit Timing Constraints
™ Report Timing Summary
Report Clock Networks
Report Clock Interaction
Report Methodology
Report DRC
Report Utilization

& Report Power

Open Hardware Manager &
299

*4 Schematic

elapsed = 00:00:00.02 . Memory (MB):

v PROGRAM AND DEBUG

Memory (MB): peak = 6633.996 ; gain =

open_hw




FPGANEZTIAH

HARDWARE MANAGER - localhost/xilinx_tcf/Digilent/210292A6E555A

© There are no debug cores Refresh device

Hardware 1 Program device #%9')v%
Q = € &
Name Status
v B localhost (1 Connected
v @@ xilinx_tcf/Digilent/210292... Open
v {8 xc7a100t_0 (1 Programmed

38 XADC (System Monitor



FPGANEZTIAH

Program Device

Select a bitstream programming file and download it to your hardware device. You can optionally
select adebug probes file that corresponds to the debug cores contained in the bitstream '
programming file,

Bitstream file: aff/sa002394/.ced_centos/mics_J2/add4/add4 .runs/impl_1/add4.)¢ 9

Debug probes file:

V| Enable end of startup check

Program &91)v9

@

Cancel
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