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HDL — Hardware Description Language

e Dva hlavni HDL:

 VHDL (VHSIC Hardware Description Language,;
VHSIC = Very High Speed Integrated Circuits)

* Verilog

e Oba obsahuji prikazy nesyntetizovatelné do
hardvéru, ale uzitecné pri simulaci...

* Popis:
e Behavioralni (jak se to bude chovat)

 Strukturalni (jak to bude vypadat / z Ceho je
sestaven)
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Verilog — behavioralni popis

—> Logicky obvod |
, | kombina €ni i

nodul e nazev ( i nput seznam_vstup 1,
out put seznam_vystup 1);

wire deklarace_vnit rnich_prom é&nnych;
assign pri razeni_vystupu;

assign pri razeni_vystupu;
endmodule

Modul — blok HW s vstupy a vystupy
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Verilog —

module inv (input X,
output v);
assigny = ~X;
endmodule

module and (input a, b,
output v);
assigny = a&b;
endmodule
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Verilog — priklad €.2

[30] .
55 S e R —
M_ :
y3[3:0]
T B [3:0] [B0] m
a[3:0] : B0 . [3:0]
b0 —Lalieal ) DO y4[3:0]
y1[3:0] y4{3:0]
S T —
== T“} 3o :a o [3:0) —
[3:0] | 2 y5[3:0] —

y2[3:0] y5[3:0]

N —
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Verilog — pfiklad — behavioralni popis

module gates (input [3:0] a, b,
output [3:0] y1, y2,y3, y4, y5);

assignyl = a&b; I/ AND
assigny2 = a| b; /Il OR
assign y3=a” b; //XOR

. . ) S B
assign y4=~(@é&b); // NAND B ) I ==
. y3[3:0]
assignys5 = ~(a|b); //NOR
(@30 L HBA M~ [ B
: —_ [3:0] []3:0] ya4[3:0] =
endmodule bi3:0] — - L- —
y1[3:0] y4[3:0]
TR —
[3:0] T : ; )
BY | 0 E;“‘/c R e
y2[3:0] y5[3:0]
e T —
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SE Project Navigator

'Fileﬁdit Wiew  Project  Source  Process  Tools  Window  Help

PDPEHL ¥ DO X 0o ML LXX2RAC

| Getting Started T~—_ B x|

No projectis open

Select one of the buttans below ta get started. Also,
check out the "what's New" help page, available from
the "Help" menu.

|| Console 08 X
| 2 E—— &
Consale | Errors || Warnings |




Zalozenl noveno projektu v prostredi Xilinx ID

2 ISE Project Navigator
File Edit  Vigw Froject  Source  Frocess  Tools  window  Help

DPEHP L UDEXwa|APEXX 2R N B el

| Getting Started

Z New Project Wizard

No project is open Create New Project

Specify project location and tvpe,
Select one of the buttons below to get started
check out the "what's Mew" help page, awvailab
the "Help" menu.

Enter a name, locations, and comment for the project

o . |
Open Project,.. Locatian: |C:". ¥\ | E]
AN

Open Example. ., Description:

Project Browser. .,

Pojmenujeme a vybereme
adresar pro ukladani
projektu

-Select the tvpe of top-level source for the project

Top-level source type:

HOL |
| Console 08 %
] i | =
Consale | Etrars ” Warnings |




P ——
Zalozeni novéeho groiektu \Y; Erostfedi Xilinx IDE

2 IS_E Pro jec}_ﬁa_ﬁgfu T

Fie Edit Wew Project Source. Frocess  Tools  Windmw  Help
DPEDP L XDEX|ve 22X PRIARE NG E £

| Getting Started &= New Project Wizard

No project is open Device Properties ]

Specify device and project properties,
Select one of the buttans below ko get started

check out the "what's Mew" help page, awvailab
the "Help" meny. Select the device and design Flow For the project /
{
sl y <
Meww Project. .. _Eroperty Marme e T
Product Categary all
Open Project... Family | utomative 9500:L
Open Example. . E_)evice Automatic xa9500:x]
Package [
Project Browser. ., Speed e )
Top-Level Source Type HDL
Sy_nthesis Tool #3T (WHOLMerilog)
Simulatar 15im (¥HOLVerilog) N
Preferred Language |werilog \
Manu@l Compile Crder ] ~
Vybereme simulat
Enable Enhanced Design Summarsy y e re e SI u a
Enable Message Filkering | b It t' ~ |
F Display Incremental Massages ] n e O a e rn a Ivn e |
| Consale . ++ [ 5 %
[ < Back J [ Mexk = j [ Cancel ]
]l I [ = .




£ ISE Project Navigator - Wisclient\DMmp2Xxilinxprvni_cvicenilprvni_cviceni.xise

File:

B fn Ee ) G0 b0

Edit

Wie

DD

urces For: |In

I

Hierarchy

- B wc3sS

£Z] Add Source...
add Copy of Source, .

Toals

Source  Process Windomw  Help

i APEX PRI

Mew THBLbrary. .
taral Compile Order

Zleanup Project Files., ..

Archive, ..

Take Snapshot...

Zpen Existing Snapshat, .,
Generate Tol Script. ..

H 28| 28 8E |«

Mo single desic

g

e

Design Goals & Strateqies. ..

Source Conkral 3

i Design Summary/Feparts
Diesign Properties. .

| Design [ Files " Libraries

|C0nsu:ule —

=2

& | o
Consols | Errors ” Warnings |

Add a new source to the project
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Al AL FAYTATATEANATAA\Y/IATA I YE AT'EA 'Y I YT ED I IV

== ISE Project Navigator - Wtsclient\D\tmp 2\xilinx\prvni_cyiceni\pryni_cviceni.xise

File Edit ‘“iew Project Sowrce Process  Tools Window  Help
DPHP i DDX o 2l2XKX~F2R
|Design +04 Xl

Sources For: |Implementation

Hierarchy

- a [:rvni_cviceni
o BT wc3s50-5pa20s

£ New Source Wizard

Select Source Type
Select source bvpe, file naple and its location,

/
IP (CORE @enerator 3 Architeckure Wizard)
Schernatic

User Document;

B M Ee R 00 E

Mo single design module is selected, gotiog et R

— . — WHOL Module il
= ﬁ Design Ukilities WHDL Library Eile name: ‘
YHOL Package |pwni_.;.bwd K |
WHOL Test Bench
Locakion:

B | 28| 8 &8 |«

| esclienth Dikrmp 2 «iline: pryni_cviceni

/

3. Umisténi

Design Files ” Libraries

|C0nsole +0O& X|
] Add to project
i Mexk = i [ Cancel ]
< Il | ¥
.EE_I!'IS.E!!F':_ Etrars " \Warnings |
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ISE Project Navigator - \isclient\DMmp 2\xilinx\prvni_cviceni\prvni_cviceni.xise

File Edit ‘“iew Project Sowrce Process  Tools Window  Help

ODPHG G DB X v o M

|Design +04 Xl
Bj‘ Sources For: |Implementation .
£ Hietarichy - .
REw- [ = Mew Source Wizard
A : ﬂ prwni_cyiceni
o+ i
""" £3 xc3s50-5pq208 Define Module
| ;;;ni;g Specify porks For module,
Module name | prvni_obwod
-
Paort Mame | Direckion Bus MSE L5E N
L a input » |3 o
o Mo single design module is selected_ b input 3 o |
Et e ﬁ Diesign Utilities }fl oukput | 3 o i
= v oukput |» v 3 o
S5 iz |
k bS] output - 3 o |
m v oukput v 3 o |
w5 output v i3 o
i T 1
: input ~|C |
Design Files ” Libraries | input .7 g |
1C0nsule Mas O | +0O& X|
inpuk |=lC] |-
[ < Back, J i Mexk = i [ Cancel ]
< i | e
.EE_I!'I.S.E!!!?:_ | Errors " \Warnings |
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File  Edit

View  Project Source

Process  Taols  wWindow  Help

D2EH& -

DD X v #:

|Design

Sources For: |Implementation

B 5B

]

Hierarchy
@ Prvni_cviceni

#£3550-5pg208

£ New Source Wizard

Summary

Project Mavigator will create a new skeleton source with the Follmwing specifications,

Add ta Project: ves

Source Type: Yerilog Module
Source Mame: pryni_obwod. v

088 28 |«

Design Ukilities

Mo single design module is selected, Maodule name: pryni_obeyod

=

Port Definitions:

Design Files ” Libraries

Bus:
Bus:
Bus:
Bus:
Bus:
Bus:
Bus:

Source Directory: YikbsclienthDitrmp2hudlineg proeni_cviceni

input

input

oukpuk
oukpuk
outpuk
oukpuk
outpuk

Finish

1C0nsule +0O& X|
y -
[ < Back, J [ Finish [ Cancel ]
= i | B
Console | Errors | Warnings |
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Popis tohoto obvodu v prostiedi Xilinx IDE

&= ISE Project Navigator, - C:\Documents and Settings\XPMUser\projects_xilimd\pryni_cviceni\pryni_cviceni.xise - [pryni_obvod.v]

File Edit Wiew Projeck  Source  Process  Toaols  Window  Help -8 X
DPEHG G s DEX wa i AARKXLPRIANZEODDLR BT L]
| Design - <08 X = 1 timescale 1ns / 1lps ~
i Sources for: |Implementation = R I
‘:@ Hierarchy E ¢ Soupany:
= 3 4 /¢ Engi :
Hﬂ 'F'j Prvni_cviceni - 5 i/ R
— | B & xc3sS0-Spa208 = & // Create Date: 00:00:00 0070070000
i wni_obvod (prvni_ob = 2 // Design Name:
] g J/ Module Name: prvni obvod
El 9 // Project Name:
g A 10 // Target Devices:
#
.-. % 11 // Tool wversions: ObraZOVka po
@ 12 // Description: Vg a4 7 v ’
= , | 13 uspesnem VytVOf'enl
e | ¥ % 14 // Dependencies: , .
?3: Processes: pryni_obwod 15 :’;; % noveho prOJektu L
2 " i 7 1A evision:
=L e o g:z:g: Z:im‘:rmepms 17 /¢ Revision 0.01 - File Created
Ut ::+| g Userch'nstraints 18 J/ hdditional Comments:
| : 19 i/
- :: E;}i f;“f:;:ﬁf[):fn 20 FESEIEIEEIIE I I IR BRI
N by P g i 21 module prvni okbwod|
fJ)  Generate Programming File ; =
& ‘:’% Confiqure Target Device &z Hmank G A
ol Z3 input [3:0] L,
24 output [3:0] w1, B
< | o ) ¥ o
!. Design !_!:_i.l?§ I Libraties | = Design Summary (out of dake) ' prvni_obevod,y
Console - 08 %

£ |

Console | Errors || ‘Warnings |

Ln & Col 38 Werilog




Popis tohoto obvodu v prostiedi Xilinx IDE

22 ISE Project Navigator - Wisclient\DXxtmp 2\xilinx\prvni_cviceni\pryni_cviceni.xise - [prvni_obvod.v*]

File Edit Wiew Projeck  Source  Process  Toaols  Window  Help -8 X
DAEF L 4oEXwae LA EXX PR ZEDaisei@c L9
Design _ «o8x & 115 s/ ~
B Saources for: |Implementation Ll = 16 /¢ Revision:
llHierarch = 17 J/ Rewision 0.01 - File Created

& : = 16 // hdditional Comments:

1. =] i i 1

HEJ 'tj prwni_cviceni = 1a 4

= EF =c3s50-5pg20a

- ; ) H0E e e 0 e S S 0 0 e e o 0 O e e e U
m:l prvni_obwod {prvni_obwod, )

21 module prvni_obwod|

o
o
W

50

% 2a input [3:0] =&,
23 input [3:0] b, , , .
g A 24 tput [3:0] vi, D b d .
= il opSani popIisu obvodau.
[« » . [3:0] ?3 : :
26 output : w3, 1 —_ & b .
— A 2 cutput [3:0] w4, aSSIQn y - a y
B 28 output 301 s .
P | Processes: prvni_obvod 29 b aSS I g n y2 —_ a | b y
i . Wi : 30
'\_I: E Design Summary iR eporks a1 assign vl = a ¢ by /7 AND . A
[ Design Utilities i _ ’ g y3 - b "
2= % User Constraints 3z ASSIONLYE = & 1 b; /4 OR aSSI n a ,
i s 33 ass:I.gn ¥3i = a jaH] f4 EOR . _ .
|Edit Process Properties E"‘t Design 34 ass:.Lgn v j wlace Bl gf HAND aSS I g n y4 - ~(a &. b) y
[ f2)  Generate Programming File 22 assllgn ve £ omlen] Bl ER DER .
=] ‘:‘% Configure Target Device G —— aSS I g n y5 - ~ (a | b) ;
a3 %
< 5
i_ Design :_F_”!E? I Libraties | | preni_obyod, v | = Design Summary |
Console +0&F X

Launching Design SummaryyBeport YViewer. .. ==

2 =T
‘ Ztarted : "Launching ISE Text Editor to edit prvni_obwvod.w™. =
|

t

|

L& s
Console Errors || ‘Warnings

Edit the properties for the highlighted process Ln 36 Col 7 Werilog
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Verilog — simulace — Obecne

o Krok prvni — ,zapouzdrit* simulovany obvod do modulu
bez vstupu a vystupu

o Krok druhy - vytvorit vnitfni promenné tohoto modulu
(reg, wire) pro nastavovani vstupu (reg) a sledovani
vystupu (wire) simulovaného obvodu

* Krokt reti — prifazeni vytvofenych vnitfrnich promennych
vstupum a vystupum simulovaného obvodu

» Krok étvrty — specifikace ¢asové posloupnosti stimulu
obvodu
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timescale 1ns / 1ps Verilog — simulace — Obecné
/‘module test(); «—— Zadné vstupy ani vystupy \

p
reg a, b; //vstu . . v - .
_g j by vytvoreni vnitfnich proménnych
wire c;  // vystupy _
- vytvoreni instance
( . . o 2 || simulovaného
nazev_simulovaneho obvodu pojmenovani _instance( obvodu a pirazeni
.a(a), — Z ST ; iteni
() Signaly s teckou pred jménem jsou | | 4 antrnlch ;
.b(b), *——____| ndzvy signdll uvnitt simulovaného promennych, o
.c(c), obvodu, zatimco v zavorkach jsou vstupum a vystupum
) nazvy vnitfnich proménnych simulovaného
\ J
— . obvodu
(initial begin =~ )
a=0: . inicializace vstupu
b=0; - - = -
end ) VSechny always bloky (vicero prikazu pro

Calways #40 a = ~a; jeden always se ohraniCuje mezi begin a
‘ : end) jsou vykonavany soucasne...

[ always #80 b = ~b; |

\.endmodule invertuj b kazdych 80 ns
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Simulace tohoto obvodu v prostfedi Xilinx IDE

1 [2]X]
-

- |5

e x- :';';;f',:.g;{,m B 2emalseiac L9
e ———.1..Project -> New Source, nebo pouzit ikoriu..

Hierarchy = :
S — == New Source Wizard
'F'j prvni_cviceni
=] EE XCSSED'SDQ?DB ) Select Source Type 0 e e e
m:e prvni_obvad (prvni_ob Select source bype, file name and its location,

BMM File
[ IP (CORE Generator & Architecturs Wizard)
Implementation Constrainks File
MEM File

Schematic

N
5
S,
o
(@)
‘4
wn
—
T
@
=
D

AoehH&EEEE SR

User Document ’
?3: Processes: pryni_obwod Yerilog Module LIS
—-\{: b Design Summary/Reports Yerilog Test Fixture |test |

YHOL Module ;
WHOL Library Locatign:

= Design Ukilities

e User Constraints

WHOL Package }'l,'l,tscﬁent'l,D'l,tmp2'|,xilin><1,|:urvni_cviceni | E
|

= #2  Synthesize - ®5T

4 m
s

0 @ #2  Implement Design YHDL Test Bench
fJ)  Generate Programming Fils e
| E’% Configure Target Device 3 . N aZ eV SO u b 0 ru p ro

- . ° o
definici stimulu pro obvod 5

!. Design |_F_||es ,. L|btar|es | E F2n [u ) ful o] fu] [=Tul o
Console +0&F X

: [ Mexk = ] [ Cancel

s
Started : "Launching ISE = =

Launching Design SummaryyBeport YViewer. .. 3

£ |

Console | Errors || ‘Warnings |

Ln 36 Col 7 Werilog




Simulace tohoto obvodu v Erostfedi Xilinx IDE

= ISE Project Navigator - \\isclient\D\imp 2\xilinx\prvni_cviceni\pryni_cviceni.xise - [prvni_obyod.v*]

File Edit Mew Project  Sowrce Process  Tools  Window  Help -8 X
DPEF L DX vwe WA XEX 2R(A2EOa,sei@c L)@
iDesign +0048 X.]I e 15 // o

Sources for: |Implementation vl = 16 /¢ Revision:

Hierarchy - :

— T = Mew Source Wizard

prvni_cviceni

=8 ﬂ XCSfD'SDQ?DB ) Associate Source fffffffffff,’ff’ffffff

e Eu prvni_obvad (prvni_ob Select a source with which to associate the new source,

0 EE W& i E

Processes: pryni_obwod
; Design Summary iR eporks

Cosen Ut Nastaveni asociace (ktery obvod

User Constraints .
Synthesize - 3T h I t )
chceme simulovat..

Generate Programming File
Configure Target Device

EIEIEE:

Lisiatal y d e

N ext ¥ s.z
Design | Fies | Libraries | \

\

|C0nsole +0&F X
[ < Back ] [ Mexk = [ Cancel

~
Started : "Launching ISE - £z T
Launching Design SummaryyBeport YViewer. .. =
W
£ Il | >
Consale | Errors "_Warnings |

Ln 36 Col 7 Werilog
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Simulace tohoto obvodu v Erostfedi Xilinx IDE

= ISE Project Navigator - \\isclient\D\imp 2\xilinx\prvni_cviceni\pryni_cviceni.xise - [prvni_obyod.v*]

File Edit Mew Project  Sowrce Process  Tools  Window  Help -8 X
DAEP L XDEX v B 2APHEX 2PRI[ABRED2FRBEL):Q
|Design +0048 Xi e 15 // o

Sources for: |Implementation vl = 16 /¢ Revision:

Hierarchy - SR S S

’ 2 T = New Source Wizard

prvni_cviceni

B EJ xc3s5i0-5pa208 _ Summary R PR R PR SN

e Ba prvni_obvad (prvni_ob Project Mavigator will create a new skeleton source with the Following specifications.

Add ta Project: ves

Source Directory: YikbsclienthDitrmp2hdlineg proeni_cviceni
Source Twpe: Yerilog Test Fixture

Source Mame: kesk,y

Association: pryni_obvod

Processes: pryni_obwod

; Design Summary iR eporks
Design Ukilities

User Constraints
Synthesize - 3T
Implement Design
Generate Programming File
Configure Target Device

A8 8E 0 o0e Wi )=

Finish ..
Design _Fili” Libraries | \\
|C0nsole

[ < Back ][ Finish [ Cancel =

Started : "Launching ISE =
Launching Design SummaryyBeport YViewer. ..

< Il | ¥l

Console | Etrars " \Warnings |
Ln 36 Col 7 Werilog
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Simulace tohoto obvodu v prostfedi Xilinx IDE

2 IsE Project Navigator - C:\Documents and Settings\XPMUser\projects_xilinx\prvni_cvicenil\prvni_cviceni.xise - [test.v]

File Edit Wiew Projeck  Source  Process  Toaols  Window  Help . .
D2EB $DDEX|(we BALPEXPR(AIBRE I RGBT L)Q
S | TEa = - = =
i T 8 swmeeew K| Pedpfipravené.. (Netfeba menit)
]2 @ s |
£ R 53 s s v i . o
e 2| s /v 0 e ser siofer | DOPSA@NT VNEJSich stimulu

= 5 \ #100; ) . .
fE T e ¥ ObvOdu (Ize to i 1épe.. Viz str.17):
= I b - aimitia; a = 4'b0000; /I binarné

W
o

Edit Source Properties|

- &0

{: : P.rcucesses: prvni_obvnci . :;' #10015: b - 4l b 1 1 l 1 ;

{: E Design Summary iR eporks

& Design Ultilities & h oz b
2= User Constraints &
- = : A5 #100;
—|&@ P2 Synthesize - X5T . " OO' t e 1 . t k
€2 Inplement Desr = gem 2 o #100; // pozastaveni na jednote
)  Generate Programming File - \ ‘ J .
i W Eonfours ThostDe = 15; /I dekadick
+ ..@ onfigure Target Device o a f— . e a IC y
Ta end
|l : b=0;
: Design | Files || Libraries | £ Design Summary {ouk of date) | prvni_obvod.w
Console
Started : "Launching IZE Text Editor to edit test.w™. #1001

a=4'nF; /I hexadecimalne
:"(E;:uns_nle Errors“ [ Warnings b — 'hF;

Edit the properties for the highlighted source
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Simulace tohoto obvodu v prostfedi Xilinx IDE

22 ISE Project Navigator - C:\Documents and Settings\XPMUser\projects_xilinx\pryni_cviceni\pryni_cviceni.xise - [test.v]

File Edit Wiew Projeck  Source  Process  Toaols  Window  Help
DPED L XDDX we R AARXAPRNBE DI SR BEL]Q
| Design 08 x = i 47 1 A

B Sources for; [Behavioral Simulation <« M p=| 198
49 initial begin

=] | Hierarch
£| : — 50 /4 Initialize Inputs
HEJ _ 'E':j prvni_cviceni a 51 ——

= £ %c3s50-5pgR0s s2 b = O:

9.|" O @ o | = ' 1. Vybér: Behavioral Simulation

b : <}
= WA= prevni_ob-ad fpevhd obv G /4 Wait 100 ns Ior global Lefet Lo Linich
él 55 i00;
# A 56 N
% 57 A4 hdd stimlug gr_e Vyber SOUboru: teSt
g f 58 a = 4'b0000;
- : | =9 b = 4'b1111;
= e 2l 3| 0
?t Processes; test 61 #1?0; . . R
|o P sn s e e 15 3. Simulate Behavioral Model
= i PAED Behavioral Check Syntax :i =i .
E I = cimate cehavioal odel B S pue — (Behavioral Check Syntax se provede
m 66 a = 4'hF; :
- il automaticky)
(1= ] |
==}
Ta end v
< | 5 st
i_Design :_!:_”!3§ I Libraties | | E  Design Summary {ouk of date) ‘ prvni_obrod, | kest.y
Console - - t - : . ; I
Started : "Launching IZE Text Editor to edit test.w™.
< |

! Console Errars | ‘Warnings |

LnlColl Werilog
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Simulace tohoto obvodu v prostredi Xilinx IDE

ma 15im - [Default.wcfg®]
@ File Edit  Wew Simulation  Window  Help = hE X

N E & X X® wao M BTEM: AN @A ~ < @ b %1000 v Gz
Instances and Proce... + O & X| Objects +08 x| & --
glal@lcls | = » Sirnulation Objects For besk 2 e
i [ I 1 -é oo oI Mame || Yalue | LN I L
Instance and Process Mame _‘i‘ _‘}q‘ @.& @ = = L, i " poon
ﬁ test Ohject Mame Yalue Daka Tvpe = i
41 gl &g vl 1111 Array
&g vz 1111 Array
@ v3 0000 Array
9 ve 0ooo array l
95 v ] Array o] 1111
& a 1111 Array _ T
Bjb 1111 Array i
0000
0000
1111
1111 1111
£ > £ b
Inskances and Pro... Saur.. 4 2| Defaulk wefg* |
Console +O0&F X

W ARMIMG: A WEBPACK license was found,
W ARMING: Please use xilinx License Configuration Manager to check out a Full ISim license,

W ARMING: ISim will run in Lite mode. Please refer to the ISim documentation For more information on the differences between the Lite and the Full version,
This is a Lite wersion of ISim,

Time resolution is 1 ps

Sirnulatar is doing circuit initialization process.,

E'i_;i;s:id circuit initialization process. Vys I ed e k SI m U |aCe L]

Console Breakpoints Search Results

Sim Time ¢ 1000 ns
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Verilog — behavioralni popis — pokracovani v uvodu do jazyka

Verilog operator precedence

Op Meaning
H. - NOT
; N | MUL, DIV, MOD
h 4 — PLUS, MINUS
<<, >> Logical Left/Right Shift
L <<< >>> Arithmetic Left/Right Shift
<, <=, >, >=  Relative Comparison
= Equality Comparison
L &, ~& AND, NAND
'2’ AT XOR, XNOR
: i, ] OR, NOR
t

Conditional
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Verilog — behavioralni popis

e ternarni operator ,?“
module mux2 (input [3:0] dO, d1,
input s,
output [3:0] y);
assigny = s ?dl:do;
endmodule

* redukce
module and5(input [4:0] a, output y);
assign y = &a;
misto
assign y = a[4] & a[3] & a[2] & a[1] & a[0];
podobné pro operatory: |, #, ~&, a ~| (or, xor, nand, a nor)
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Verilog — behavioralni popis

e (Cisla
N'ZakladHodnota // N: po cetbit 1; Zaklad: b,o,d,h
b — binarni, o — octal, d — decimal, h - hexa
3'0101// 101
'b11l //p rip ti razeni do 6-bitove prom énné 000011
3'd5 //101

e plovouci hodnota ,z*
module tristateBuffer (input [3:0] a,
input en,
output [3:0] y);
assigny = en?a: 4bz
endmodule
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Verilog — behavioralni popis

* neplatna hodnota ,x“

X" vznika kdyz se snazime pfifadit O a 1 najednou, pfi
neinicializovaném vystupu, nebo pokud hradlo nedokaze urcit svuj
vystup (na vstupu ,z“; 1 and ,z*=,x“ ale 0and ,z“=0)

« konkatenace (spajeni) {}

y = C,C,d,d,d,Cy101 se zisk&d pomoci:
assign y = {c[2:1],{3{d[0]}},c[0],3'b101};

na = ~a; hb = ~b; nc = ~c; se ziska pomoci:
{na, nb, nb} =~{a, b, c};
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Verilog — behavioralni popis

o zpozdéni
‘timescale 1ns/1ps /Il jednotka/p resnost
module example (input a, b,
output vy);

assign #3y=a&b; //3jednotky =3 ns
endmodule

Zpozdéni se pouziva pro ucely simulace, pfi syntéze se ignoruje.
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Verilog — strukturalni popis

—>

—> Logicky obvod |
, | kombina €ni i

o

nodul e nazev ( I nput seznam vstup T,
out put seznam_vystup 1);

wire deklarace_ vnit rnich_prom &nnych;
nazev_modulu pojmenovani(mapovani_port 1);

nadzev_modulu pojmenovani(mapovani_port a);
endmodule
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Verilog - priklad

=t o o " o |, ™
(GO0~ {0[3:0] y[3:0] mameed28le 0[3:0] y[3:0] b J[0] >
(G0~ — d1[3:0] — B3| 41(3:0]
lowmux finalmux
9 muxz2
S
[G2[E:0] =l (0[3:0]  [3:0] et

[d3[E0] — B2 41[3:0]
highmux
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Verilog — strukturalni popis

module mux4 (input [3:0] dO, d1, d2, d3,
iInput [1:0] s,
output [3:0]y);

wire [3:0] low, high;
mux2 lowmux (dO, d1, s[0], low);
mux2 highmux (d2, d3, s[0], high);

mux2 finalmux (low, high, s[1], y);

endmodule
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Verilog — strukturalni popis

module mux2 (input [3:0] dO, d1,
input s,
output [3:0] y);

tristateBuffer tO (dO, ~s, y); /I vyraz ~s povolen
tristateBuffer t1 (d1, s, y);

endmodule

module tristateBuffer (input [3:0] a,
iInput en,
output [3:0] y);
assigny = en?a: 4'bz
endmodule
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Verilog

_—

—> Logicky obvod —
, . Sekven €ni >

e PFifazeni vystupu pomoci assign je vyhodnoceno vzdy kdyz se
zmeéni prava strana vyrazu

* PFifazeni vystupu pomoci always @() je vyhodnoceno jen za
urcitych podminek (leva strana vyrazu si muze uchovat svou
hodnotu i kdyz se prava strana méni)

« Blokujici pfifazeni ,=" jsou postupné vyhodnocovany v poradi jak
jsou zapsany

* Neblokujici pfifazeni ,,<=" jsou vyhodnoceny soucasne; leva strana
vSech vyrazu je aktualizovana az po vyhodnoceni pravych stran
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Verilog — always

* Doporucent:
Pouzivat blokujici p Firazeni pro kombina €ni obvody,
neblokujici pro sekven ¢ni.

* PFifazeni vystupu pomoci always:

always @ (sensitivity list)
statement ;

« statement  je vyhodnocen jenom v pfipadé kdyz
nastane udalost uvedena v sensitivity list

 Pokud je uvedeno always @(*) , pak se reaguje na
jakoukoliv zménu

* VSechny signaly na leve strané prifazeni (=, <=)
museji byt deklarovany jako reg
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Verilog — blokujici vs. neblokujici prifazeni

module obvod (input a, b, module obvod (input a, b,
output reg Vy); output reg v);
reg X; reg Xx;
always @(*) always @(*)
begin begin
x =a”b; //blokujici x <= a”"b; /Ineblokujici
y =X & a; //blokujici y <=x & a; //neblokujici
end end
endmodule endmodule

Uvazujme, ze a=b=0. Pak y=0. V néjakem Case se zméni a na 1l (a=1), ¢imz se
spusti always blok. Blokujici pfikazy se vykonaji v poradi, v jakém jsou zapsany, Cili
X nadobude novou hodnotu pfed tim, nez je vyhodnoceno y. V pfipadé uziti
neblokujicich pfirazeni, se vSechny vyrazy vyhodnoti najednou, az pak se aktualizuji
levé strany. To ma za dusledek, ze y zlstane rovno 0. OvSem zména x z0O na 1l ma
za dusledek opétovné spusténi always bloku, a nasledné spravné vyhodnoceni y.
Kdybychom vsak psali vycCet: always @(a,b) misto always @(*) jednalo by se o dva
rozdilné obvody...
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module abc(
input a,
input b,
outputreg y
);

always @(*)
y=4a

always @(*)
y=Db;

endmodule

Verilog

module abc(
input a,
input b,
output reg vy
)i

always @(*)
y<=4a

always @(*)
y <=Db;

endmodule
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module abc(
input a,
input b,
outputreg y
);

always @(*)
assign y = a;

always @ (*)
y=Db;

endmodule




Verilog

Deklarace proménné jako:
e reg X, znamena, ze se jedna o 1-bitovou proménnou
(signal), ktera bude pouzita na leve strané pfirazeni uvnitf

always
e reg [7:0] x; znamena, ze x je 8-bitova proménna...
e reg X[7:0]; znamena, ze x je kolekce osmi

jednobitovych proménnych, ke kterym lze pfistupovat
pres index (x[0], x[1],...)
e reg [7:0] x[15:0]; znamena...
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Verilog — always

Klopny obvod D spoustény nabéznou hranou clk (positive edge):

module D _flip_flop (input clk,
input [3:0] d,
output reg [3:0]Q);
always @ ( posedge clk)
q<=d,
endmodule

Asynchronné resetovatelny klopny obvod D:

module D_flip_flop_r (input clk, reset,
input [3:0] d,
output reg [3:0]Q);
always @ ( posedge clk ,posedge reset)
If (reset) g <=4'b0;
else q<=d;
endmodule
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Verilog — always

V pripade, ze sensitivity list reaguje na zmeny na
vSech vstupech, a vystupni hodnota je pfedepsana pro
vSechny mozné kombinace vstupu, pak always @ () muze

predepisovat chovani kombinacniho obvodu. Priklad:

module comb (inputa, b
output reg v);
always @ (a,b)
y =~a&b;
endmodule

lepsi je vSak psat:
module comb (inputa, b
output reg Vv);
always @ (*) Il <--
y =~a&b;
endmodule
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Verilog — if-else

Konstrukce if, if-else, case, casez museji byt psany
uvnitf always . Priklady:

module D _flip_flop_en_r (input clk, reset, enable,
input [3:0] d,
output reg [3:0] 9);
always @ (posedge clk, posedge reset)
If (reset) g <= 4’b0;
else if (en) g <= d;
endmodule
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Verilog — case

module seven_segment_display decoder (input [3:0] da

always @ (*)
case (data)

0:

segments
segments
segments
segments
segments
segments
segments
segments
segments
segments

output reg [6:0] segments);

= 7b111 1110;
= 7'b011_0000;
= 7'b110 1101
= 7’b111 1001
= 7’011 0011
= 7’0101 1011
= 7’0101 1111
= 7'b111_0000:
= 7b111 1111;
= 7b111 1011;

default: segments  7’b000_0000;
endcase

endmodule
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Verilog — casez

casez: V misté ? muze byt 0 nebo 1, tj. na hodnoté nezalezi.

module priority_circuit(input [3:0] a,
output reg [3:0]y);
always @ (*)
casez (a)
4'b1?7??:y = 4’b1000;
4'b017??:y = 4’b0100;
4'b0017?: y = 4’b0010;
4’b0001: y = 4’b0001;
default: y = 4’b0000;
endcase
endmodule
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Verilog — kone¢ny automat Mealy/Moore

module FSM (input x, clk, reset,
output vy);
reg [1:0] state, nextstate;
parameter SO0 = 2’b00; /I parameter — definice konstanty
parameter S1 = 2'b01;
parameter S2 = 2'b10;

always @ (posedge clk, posedge reset)
if (reset) state <= SO0;
else state <= nextstate ;

always @ (*)
case (state) /l next state logic
SO: if (X) nextstate = S1;
else nextstate = SO;
S1: nextstate = S2;
S2: nextstate = SO;
default: nextstate = SO;
endcase
assign y=(x &state ==S0)? 1'bl : 1'bO; // output lo gic
endmodule
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Verilog — jiny konecny automat Moore

1 Tabulka vystupu
Stav Vystup y
SO 0010
S1 0110
S2 1010
module FSMz (input X, clk , reset,
output reg [3:0]y);

reg [1:0] state, nextstate;

parameter SO = 2'b00;

parameter S1 = 2'b01;

parameter S2 = 2'b10;

always @(posedge clk, posedge reset) // state regis ter

if (reset) state <= SO;
else state <= nextstate;
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Verilog — konecny automat Moore

always @(*)
case (state) /I next state logic
SO: nextstate =x ? S1: S2; 1
S1: nextstate = x? S1: S2,
S2: nextstate = x? S1: S0O;
default: nextstate = SO; //!!
endcase
always @(*)
case (state) I/ output logic
SO: y = 4'b0010; ;
S1:y = 4'b0110; Stav. Vystupy
S2:y=4'pn1010; SO 0010
default: y = 4'b0010; //! s1 0110
endcase
S2 1010
endmodule
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Verilog — konecny automat Moore - Simulace

" timescale 1ns/ 1ps

initial begin
module test moore; X = 0;
reg Xx; Il Inputs clk =0;
reg clk; reset = 0;
reg reset;
wire [3:0]y; // Output #230 x = 1;
#80 x = 0;
FSM2 uut ( #100;
X(X), end
.clk(clk),
.reset(reset), always #20 clk = ~clk;

Y(y)
endmodule
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Verilog — konecny automat Moore

predstih a presah !!

| Modul FSM3 se od FSM2 [igi
jenom dopsanim tohoto fadku...

TS v
5 *

| m |'||-=:
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Verilog — parametrizované moduly

# (parameter ...) hned po nazvu modulu

module mux2
# (parameter width = 8)
(input [width:0] dO, d1,
input s,
output [ width :0]vy);
assigny = s ?dl:do;
endmodule

A4M36PAP Pokro €ilé architektury po €itacu




Verilog — parametrizované moduly

Pak je mozne psat:
module mux4_12(input [11:0] dO, d1, d2, d3,
input [1:0] s,
output [11:0]y);

wire [7:0] low, hi;

mux2 #(12) lowmux(d0,d1,s[0],low); //[pfepsani 8 na 12
mux2 himux (d2,d3,s[1],hi); //lzde zustava width=8; chyba!
mux2 #(12) outmux (low, hi, s[1], y);

endmodule

Lepsi je vSak i nadale vytvaret parametrizovany modul..
Pozor: #(...) znamena prepsani parametru; #... zase zpozdéni.
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Verilog — zavérecné poznamky

« Jazyk Verilog slouzi na popis hardvéru. Pfi navrhu hardveéru
se vyuziva zejména princip ,shora dolu*, pfi kterem se
jednotlivé subsystémy postupné zpresnuji, pficemz funkcnost
systému jako celku muze byt simulovana jiz v navrhove etapé
urovni. Stejny HDL kdd popisujici behavioralni chovani
obvodu muze byt ruzné implementovan v zavislosti na
pouzitém syntetizaCnim nastroji, jeho nastaveni a mire
optimalizace. Prikladem budiz:

module adder (input [7:0] a, b,
output [7:0]y);
assign y=a + b; // jak bude soucet implementovan?
endmodule
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Kontrolni otazka ¢€.1 — Co je Spatné???

Klopny obvod D spoustény nabéznou hranou clk (positive edge):

module D _flip_flop (input clk,
input d,
output q);
always @ (posedge clk )
q<=d,
endmodule
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Kontrolni otazka ¢€.1 — Co je Spatné???

Klopny obvod D spoustény nabéznou hranou clk (positive edge):

module D _flip_flop (input clk,
input d,
output q);
always @ (posedge clk )
q<=d,
endmodule

VSechny signaly (pouzité uvnitf always) na levé strané
pfifazeni (=, <=) museji byt deklarovany jako reg
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Kontrolni otazka ¢€.2 — Co je Spatné???
Multiplexor

module mux2 (input select, dO, d1,
output reg v);
always @ (select)
if(select) y <= d1,;
else y<=dO;
endmodule
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Multiplexor

module mux2 (input select, dO, d1,
output reg v);
always @ (select)
if(select) y <= d1;
else y<=dO;
endmodule
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Verilog

Literatura:

e Harris D.M. — Harris S.L.: Digital design and computer
architecture, ed. Morgan—Kaufmann, 2007, chapter 4.
Hardware description languages

Zdroje na internetu:

e http://www.aldec.com/Products/Product.aspx?producti
d=0380ca74-7c15-4a01-b727-2f7caab53730
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e http://www.verilogtutorial.info/
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