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Code Structure

= I a a o aa o <) 1
madouldsunsunisn VHDL  1Jumsiliguusssnawg@nssanmsiniuaasasasianes suiuaig
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1.1 Tassassdasawvasnisn VHDL

las9a$19m89mw1 VHDL azliasdisznaufisagniesenininedoion 3 dufo

0 ®Wuad LIBRARY

0 ®WUad ENTITY

0 ®Wuad ARCHITECTURE
o ~ - o & ' ' ' o A A o
mgﬂ‘n 1.1 usnuuzaddlsznaurainiw VHDL lagudazdinaziandnany $981u13nasuny e

(2

o A
A

LIBRARY Declaration

ENTITY

ARCHITECTURE

UM 1.1 asdihsznaudugiuvesns VHDL

1.1.1 TassasrwnsiBannusn VHDL luwdusas LIBRARY

Tugauas LIBRARY flasvmiifilfiv package e991y Tagluudas package azdsznav’ly
delusunsudas (subprogram) snsquas package wsnimunsarialuldlusuas ENTITY
uaz ARCHITECTURE wia package ‘ng@%:ue] @‘i’auamiugﬂﬁ 1.2

LIBRARY

PACKAGE

FUNCT IONS
PROCEDURES
COMPONENTS
CONSTANTS
TYPES

Eﬂ‘ﬁ' 1.2 9361sznauwad LIBRARY
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lunstszmanisldau LIBRARY azliagaasursfiadionufe
o miﬁ'@mﬂanﬂumsuaﬂ%a LIBRARY ﬁa:ﬁaamﬂ% 1544
o miﬁ'@ﬁaamzLﬂumﬁzq%amﬂfﬁ package “?'igmﬁuvlﬂu LIBRARY #uq laglddnas
USE Uil 1.3

1 LIBRARY library name;
2 USE library name.package name.package parts;

gﬂﬁ 1.3 EﬂLLuumiwﬁﬂuluﬁhwum LIBRARY

f&s USE Lﬂuq@ﬁw%’dﬁﬁmﬁwﬁszqmﬂﬁmwaaaaﬁﬂsznaw’aﬂﬁgﬂﬂi:mﬂvl’fmﬂu package
1ng F9oneazilusiia TYPES CONSTANT SIGNAL FUNCTION w3a PROCEDURE il iife
’%yuq@]mﬂ%ﬁ']é'@ USE azdasllaradiainiasmansdama ;) é’ma@ﬂugﬂﬁ 1.3

mudoulUsunu VHDL w%u package fignilulfinudien gazlagdnnusasga fe

%a package Nuzidea
standard anifinl3lu LIBRARY o std
std_logic_1164 anifililu LIBRARY %o ieee

910 package nirasgaRiliathundouluzuuuradiasves LIBRARY azmuninilouldasgud
1.4

1 LIBRARY std; 1 LIBRARY ieee;
2 USE std.standard.all; 2 USE ieee.std logic 1164.all;
Q) (2)

gﬂﬁ' 1.4 (n) mSanld package %a standard a0 LIBRARY std
() m3sunls package %o std _logic 1164 3an LIBRARY ieee

msldnu package 7iTa std ausaSenlfnuasddsznavtasnslule laglidasdaulszna

17 iesaniilu package s

1.1.2 lassasrenisidawnisn VHDL Tudmsas ENTITY

& U an o A o ol ) a ' ' 6 A A v J o 6
dusuliliiedwivszygenslunifade sewinsguninivionsashazaiedunvgunanlnnauen
fwediie g Afewaiadadanuies JUuuunMadouses ENTITY fyduvudusasliluzdn 1.5

1 ENTITY entity _name IS

2 PORT (

3 port _name : signal_mode signal_type ;
4 port_name : signal_mode signal_type ;
5 .-

6 );

7 END entity name;

sUn 1.5 luuunsdisugadiasvad ENTITY

MI0BNLLLINTAIARALAZMTUTEgNd 1FUA2901171 VHDL
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9
U

We signal_mode aziiudriwnafiansvassygios dezlagaionu 4 zieds IN OUT

U

INOUT usz BUFFER ea3ufl 1.6

- &) ] =3 s A a v
signal_type azflutiuanivdszinnvassuas Sdnannaisdszinn uvsdssinnaansals

Nuhunuld tedsaanflianunsaldsunnld 1iu signal_type  dszian BIT  BOOLEAN

STD_LOGI

qﬂﬁm MIAIT entity name W&z port_name azﬁadLﬂuvlﬂ@nuﬂg]miéfo%alumm VHDL

C INTEGER fudu Uszinnuassugnmiazadinemoazidoaliluuni 2

asuaas i lwnnanuwan n.

IN —»

ouT IN Lﬂu@l’liﬂﬁfyfuy’]mﬁl’mﬂ”lU%ﬂﬂL“ll’]ﬂﬂ

a

W le——»1NOUT | OUT udrsssygnmeanlunisuen
noanuuy :|—>BUFFER INOUT 1TuanJuuas s maadnianiy
BUFFER 1Junwnuaysyy m

Eﬂﬁ 1.6 anwmzlassainsvedain ENTITY

nn3Uf 1.7(n) Dwnauuud Wahaniowdunim VHDL Tuduzas ENTITY azdasnmuing

a I3 o : a eL Aa a '
auw“ﬂLL@:LE]']V]‘V!V]?]']%'J%LV]']I@]LLE‘]Z’EQazvlﬁ fﬂ']ﬂz‘]_]LﬂﬂLLuu@]u%Na%w‘ﬂ 2 21 70 a uaz b 8

iwndadsTe y asmwniaansndouludiusas ENTITY lddagua 1.7(2)

ENTITY nand_gate IS

1
& x 2 PORT( a,b : IN BIT ;
b — 3 X : OUT BIT );
4

END nand_gate;

(M) (V)
P o o & & a
E‘]J'Y] 1.7 (ﬂ) afyaﬂ‘]ﬂ'mu%u@]laﬂ@] 2 auw‘"ﬂ
(“U) ﬂqiﬁqﬂu@ﬁﬂ'ﬂ’]\‘]L“IT']LLazaaﬂi%’mwfqumaﬂLLuuﬁLﬂ@

1.1.3 Tassaseniadanni1s VHDL luarwaas ARCHITECTURE

lug1u ARCHITECTURE azifuaiudifl s wsuidouussonsvwiamauannfnIsumsinauwedisns

aa a0 o d a d & v o o ga a
mmaamaamiaammulmm I(ﬂ U“ﬁWf]@]ﬂ?iﬁJﬂl?J\‘l’Nﬂi“ﬁ DU UIZE amuwuﬁ‘nuwamagmmw Al

Fynno (signal_mode) firwualiludusas ENTITY Salusdruvas ARCHITECTURE fisduuy

Tumsdon é’auam"li’lugﬂﬁ 1.8

1
2
3
4
5

ARCHITECTURE architecture_name OF entity name IS
[declarations option]

BEGIN
[ code ]

END architecture name;

gﬂﬁ' 1.8 gmmumw’fmulumwuaa ARCHITURE

MI0BNLLLINTAIARALAZMTUTEgNd 1FUA2901171 VHDL
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91n3UM 1.8 @uflagszning ARCHITECTURE uaz BEGIN fa declarations option iiu
sauiflaiienfivszmely smsuiwuadidn giiezinlldanelu ARCHITURE  (lagladlérinnualy
luguves ENTITY) a1t SIGNAL CONSTANT COMPONENT  iludu mezmuﬁagszwjn
BEGIN uaz END fida code ﬁ%amﬁwéﬁﬁm’?ﬁm%’mﬁuumsmw‘%aﬁmu@wqamiwmiﬁnm

P993997A3NeaNFaINTeankuL M

anzdh 1.7(n) LINRINITOLT B UUITEIEWRANTTUAITR IR IuBUGLNa TludIused
ARCHITECTURE 'léiagu 1.9

1 ARCHITECTURE behav OF nand_gate 1S
2 BEGIN

3 y <= a nand b;

4 END behav;

3UN 1.9 nMadlouusTsnawg@nTsumsiusaILuuding

ngUn 1.9 luusian 3 AygmBunn a  wazdygmdunn b aznszvinsluansuzuuy
WUUETH udInaawTvaInIusudazgnasudn (laoldiaasmany <<=>) lufdyarmeaninn y
s dudnduazdandulssinndayaiduans (ngUn 1.7(2)wu dunwna  Buwnb  uaz

€ I ¥ A a o & ' ' R °
LW y urayslszinn BIT wlauny AIUBMIFIHIBANTIEN TN TEYN 16

1.2 @radrwmsdawldsunsunisn VHDL

Y oA = a a > y ¥ a [
§I8819n 1.1 "ﬂ']ﬂﬁﬂJﬂ'ﬁW’ﬁﬂm@]‘]ﬁla% y = ab’c + ac @a\‘m’linmul%a%ﬂugﬂLL‘.U‘.LI“Uadmm
VHDL

fdnaduny foududaIRNTONINENIIRTATA ﬁﬁuvgm‘hmu 3 ¢fedwdsa b uazc
fwaiWndansfeduly y Fsmunsadoulusiuaas ENTITY ldasudussia
fi4 97 uszlugruvos ARCHITECTURE fuﬁa:@wmwaumsﬁmﬂwﬁu B9
arldaoudusiian 9 f9 12 smusivian 1 usz 2 lumsenls package e
std_logic_1164 31n LIBRARY i@ ieee

1 LIBRARY ieee;

2 USE ieee.std logic 1164.all;

B oo e e e e e e e e e e e e
4 ENTITY ex1 IS

5 PORT ( a,b,c : IN BIT ;

6 y : OUT BIT );

7 END ex1;

S
9 ARCHITECTURE behav OF exl 1S

10 BEGIN

11 y <= (a and not(b) and c) or (a and not(c));

12 END behav;

MI0BNLLLINTAIARALAZMTUTEgNd 1FUA2901171 VHDL
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9 A
HUIN :

e auldsunsun U s wgansTaugaLase ﬁaaﬁwmsﬂuﬁﬂ%aLLﬁuiaymﬂu%Lamﬁu%a
entity_name eusswiwanaiis .vhd Feazldiiun exl.vhd  wasensiu swnsadisih
wilydayaldimsdaesgraygalaslslusunutiodnsgisu Quartus-11  %3a ModelSim
luﬁﬁgﬁwvlﬁﬂﬂmﬂw Quartus-11 vnlildzFyaadunnuaziarinn duaasluguil 1.10

\Weduwn a ludagige (MSB) uazbuwn c iludadiga(LSB)

MNarme: Value QDD.IDns 4DD.IDnS EDD.IDnS BDD.IDns 1.Dlus 1.2|u5 1 fllus W.E‘US
A
c o NN S [ v N S
b 0
. o | | |
y o [ I

31N 1.10 wansdnaaszUadusygne edwhn 1.1

Madwn 1.2 anaunsisediayfny = ab” + a’b  usz z = (ab+bc)” liiduuaglu
gﬂLLuwmmm VHDL
A1aduNY AMNANTUNNNFUNINTAUANT 2 FNAT ﬁ'ﬁwgm‘hmus Afoa b war c §u

wvinndzesimfediuds y uaz z swnsnidowdulusunsunim VHDL leidu

1 LIBRARY ieee;

2 USE ieee.std logic_1164.all;

) T

4 ENTITY ex2a IS

5 PORT ( a,b,c == IN BIT ;

6 Y,Z : OUT BIT );

7 END ex2a;

I T T T

9 ARCHITECTURE behav OF ex2a IS

10 BEGIN

11 y <= (a and not(b)) or (not(a) and b);
12 z <= not ((a and b) or (b and c));

13 END behav;

A & A = ~ a o -
‘Viial%‘u’mﬂi\‘iLi’]a’]“’]in‘ﬂQZLmﬂ%auﬂ’]iwaﬁﬂm@]“ﬂad@]’“lfﬂi Yy sl‘ﬁil Lﬂ%

1 LIBRARY ieee;

2 USE ieee.std logic 1164.all;

R e T e
4 ENTITY ex2b 1S

5 PORT ( a,b,c : IN BIT ;

6 Y,Z : OUT BIT );

7 END ex2b;

S e
9 ARCHITECTURE behav OF ex2b IS

10 BEGIN

11 y <= a xor b;

12 z <= not ((a and b) or (b and c));

13 END behav;

MI0BNLLLINTAIARALAZMTUTEgNd 1FUA2901171 VHDL
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Wehududayaluvinsdnesgaldygio wwhldldnldygmdunnuazionrivn diuaasluglf

(] Q

1.11 Bun

| MNarme: Value 8.2|us 8.4|us B.QUS E.Blus 9.D|us 9.2|us 9.4‘us 9.8|us 9.8lus
¢ o)L [ 7 7 I © I [ 1/
: o L 1 o L [ 1 ]
a 0 | | I—
y 0 | \ |
z f [ [ [

3UN 1.11 wansdnsaszUadusngIn aatnen 1.2

1.3 Tensdilam
1. snsumsiondiase Uil adsuliagluziuuuvasnim VHDL
1.1) Z =A+BC
1.2) Y = AAGR +A)

1.3) OUT = AB + BC + AC + ABC
1.4). S =W + W)W, + Wa)
2. mﬂgmwmaﬁﬂﬁﬁmulﬁagji’[ugﬂLLuumaonwww VHDL

2.1).
B X
C

2.2). AC

A2—|—

Ay —>0 [

3. thinuald
AMNNNATINALEIABUNANNIY UaanIn <07 duaawnasAniaadn <1°
mon Wadduan Sa03n <17 wandelufdu@ulian) faasn <07
sofazUnngliiiu wialiaein <1” oflasanfiadmausuazduaniiodwrintiu
Wdsuussmemahnusesmsisaglugduunvasns VHDL
4.9 Z = f(A,B,C) = > mQ, 2,6, 7) Widuuagluzduusasnim VHDL
5.9n X = f(A,B,C,D) = > m(1, 5,8, 10)l¥iduuaglugiuuuvasnim VHDL
6.9nY = f(A,B,C) = [ MO, 1, 3,9 TWidsuaglutuuvvasnim VHDL
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Uszinnassvaya

Data Types

a a 6 = % 2 o o & ai U =1
TunadsullsunIunEnautiLees #ananNENTIUAIIATIRI IV INIHILED fedndunazedasing
Uszianvasdayadis  A1wn VHDL ﬁLﬁuﬁuﬁgﬁmujﬁnﬂm:ﬁmL%quﬁoﬂi:mmaﬁa%mﬁgﬂ

o v v s Y o t&l v g: Qld a { v Qs
ﬂ’]'ﬁu@vl,’) LLRIIINAIVBINTIN LLazQ'L“ﬁm%umumLm wsaumﬁar‘ﬁmwLﬂuﬁﬁmwsaﬂummm

o & X : & v & @ = o o f
mumuam@lavlﬂuazvl@ﬂmmdﬂs:mﬂmawa;&aﬂgﬂmmlmmuaﬂ6]

2.1 dszanzasdayangniuualiual (Pre-Defined Data Type)
ngudszinndayatidulminnvesdeyaruiugruiignirnualiud dauaaslunanuwin v, douu
Wadasmah ld1duasdasiinnsueniisevas package uazfiiiuues package #3a LIBRARY

@MIAN519N 2.1

P a P o LY
fMTNN 2.1 FYITLDUAVDI package ‘V]E}ﬂﬂ']‘lﬁu@vhl,l,afl

LIBRARY | Package Nuazdea

ieee std_logic_1164 \ilu package ¥1@33 UENTUN®) VHDL 78

ﬂizm‘nﬁaga
o STD_LOGIC
o STD_LOGIC_VECTOR

std_logic_arith \Ju package fifldsziandoyn
o SIGNED
0 UNSIGNED

o WarlFumIudasdndaya 1w

e conv_integer(p)

e conv_unsinged(p,b)

e conv_signed(p,b)

e conv_std logic_vector(p,b)
o minEinsadiamaasiazmadIoufioy

f%3
e SIGNED
e UNSIGNED

std_logic_unsigned | fjy, package ﬁam&mumiﬁ’l,%ﬂimﬂﬁaga
o STD_LOGIC_VECTOR
ﬁ'lmﬂﬁﬂ'ﬁﬁ'mu@ﬂs:mmaaﬁagaLﬂu UNSIGNED

std_logic_signed 1% package ﬁam&mumiﬁ’l,%ﬂimﬂﬁaga
o STD_LOGIC_VECTOR
ﬁwmﬂﬁmiﬁmu@ﬂizmwﬂaaia;ilmflu SIGNED
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17197 2.1 MuaziBuaved package Anninualiudl(de)

LIBRARY | Package SRHEHGIEL

reee numeric_std 1w package AlTswsuMINTEINIAGiAMaas

fnsy  Aamsdeislunans package L1
std _logic_arith std logic_unsigned
std_logic_signed

o v { o g v
work fnuaangld \lu package fitwuatulasls

ﬁdaﬂwauazswUa:LSﬂ@maaﬂ§umaaﬂs:uvn%aaaﬁgﬂﬁﬁwumqiuéd
1. BOOLEAN Lﬂuﬂinnﬂmaaiaaaﬁlﬁﬁﬂiht FALSE uaz TRUE

A0E1INIT I LT

ARCHITECTURE behav OF ex_boolean IS
BEGIN
PROCESS(...)
BEGIN
IF resetn = “0” THEN
ELSE
END IF;
0 END PROCESS;
1 END behav;

RPPRPOO~NOUDRWNER

& ~ P o A o a L v a o o
(0] Lﬂuﬂ’]i@i’;ﬁ]Ldauvl&l’J’Wl’JLLﬂi resetn yaninu O 'ﬁiavlu ﬂ’]Lﬂu"ﬂid?ﬂfﬂq@]’]Nﬂ’]ﬁd

Tuusman 6 wat lalawdaidudia azvinanudasluusmen 8

1 ARCHITECTURE behav OF ex boolean2 IS
2 .-

3 BEGIN

4 PROCESS(--.)

5 BEGIN

6 IF a >= b THEN
7 .-

8 ELSE

9 .-

10 END IF;

11 END PROCESS;

12 END behav;

& a ' o v o A A >

(0] Lﬂuﬂ’]i@i’;ﬁ]mauvl,“llizﬂ’n\‘i@]’.]uﬂi a usazb ﬂ’]@]’JLLﬂi a 4A1NINNIAINRKRIANINL b
&) a o o 0‘/ a dl v 1 1 A g >3 o o Qlf a l!l
Lﬂuﬁljx‘]"ﬂz'ﬂ’]@]’]Nﬂ’]ﬁ\iluui?ﬂ@'ﬂ 7 LL@ﬂ’]vLNEL"D‘MiaLﬂuLV]Q ﬁlzﬂﬂﬁl’]&lﬂ’lﬁdlulﬁiﬂ@ﬂ 9

Tasnadmds a waz b a:ﬁbdﬂsunwmaaiaganéwLﬁsaﬁﬁ
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2. BIT Lﬂuﬂszmmaa%yamﬁmﬂu €07 WAy <17 ¥

A20819N T LTI LTI

1 ARCHITECTURE behav OF ex_bit 1S

2  SIGNAL a,b : BIT;
3 BEGIN

4 PROCESS(. . .)

5 BEGIN

6 IF a >= b THEN
7 .-

8 ELSE

9 .-

10 END IF;

11 END PROCESS;

12 END behav;

o wWuwmsiualieinls a uaz b Lﬂué’mﬂiﬂi:mwiwmmu BIT Nlawa 1 Oa

. 5 o I
3. BIT_VECTOR \flunduvastszinndoyauuy BIT Afdwinnimiladaiuld

A0E1INITIFIN LT
1 ARCHITECTURE behav OF ex bit vector 1S
2 SIGNAL a : BIT VECTOR(3 DOWNTO 0);
3 SIGNAL b : BIT VECTOR(O TO 7);
4 BEGIN
5 a <= “0110’;
6 b <= “011100007’;
7 .-
8 END behav;

o unmiwualdaauds a ludiudsdsmiandaysuny BIT_VECTOR  flawa 4
fia lanfagegaagnisdudinde wazkmualdaauds b iudaudsszinndayauuy
BIT_VECTOR fmw1a 8 uddagegaagniedusnie luussian 5 dudsa 9:d
AnvinAy 0110, UsINan 6 @wis b azi@dvinny 00001110,

@ daduna madioutayasuwia 1 Ja azldieemusanylemeansey (¢ 7))  dwunadon
o oA o A o o w
ayafinweannnii 1 fa azlfiaeminednylzmasadiasey ¢ )

4. INTEGER Lfluﬂizmmaa“ﬁ”agujaﬁlﬁmé’uamaﬁwmuﬁmmﬂ 32 {a ﬁ@hag}ii:mw
-2,147,483,647 o9 +2,147 ,483,647

208195 LTI LT
1 ARCHITECTURE behav OF ex_integer IS
2 SIGNAL a,b : INTEGER;
3 BEGIN
4 a <= 200;
5 b <= -100;
6 .
7 END behav;
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= 9 ¥ A
N 2 szinvesdoya MU0 :

o dumytmuadiuls a wHdwnnny 200 wazdauds b lwdnvinnu -100 lasfiad

wdsya uaz b mman%’umﬁagﬂwﬁaaszmw -2,147,483,647 04
+2,147,483,647

o vasslunsiwnadr linuaindsnusuisasmualdiduisagiuges gnunde g1udunn
wazguFLA ld asenagvda i

1 a_vect <= “1100_0011_0011_11007;  --32ULAUIHHD] %o
2 a_vect <= “1100001100111100; ——RYRVZIUFDI wig
3 a_vect <= X“C33C”; —-32ULAUPIUFUNN WID
4  a_vect <= 49980; SR NCY R AVCHTRYER

5 a_vect <= X*“1414747; -—aagnulae

5. NATURAL Lﬂuﬂi:mmaoﬁa;&aﬁlﬁmﬁaLamﬁhmuﬁumm"fhffu fidnagszwing
0 94 2,147,483,647

c <= 1234;

o ewilsc azgﬂﬁmu@iﬁﬁmwhﬁ'u 1234 lasdils c Lﬂuﬂizmmj”aymmu
NATURAL %38 INTEGER e

6. REAL Lﬂuﬂszmmaa“ﬁ’agaﬁlﬁmﬁagji:mw -1.0E38 79 +1.0E38

y <= 1.25E-5;

o duiy azgniwualdfiduviny 1.256-5  wdddszinnitldaunnin’y

AR MW le

7. STD_LOGIC uaz STD_LOGIC_VECTOR Lﬂuﬂiunﬂmadiayaﬁ1ﬁﬁ1ﬁdﬂﬁui3 @ Ao
(‘X’ ‘01 ‘11 ‘Z’ ‘W’ ‘L’ ‘H’ ‘_1)

208195 LTI LT
1 ARCHITECTURE behav OF ex_std logic IS
2 SIGNAL x : STD_LOGIC;
3 SIGNAL y - STD_LOGIC_VECTOR(3 DOWNTO 0):= “0101”;
4 BEGIN
5 R
6 END behav;

a o Vi ld a | v 1 L

o @l x a:gnm%ml%ﬁmmwmum udszinnvaysuuy STD_LOGIC  &71a7
wiyy a:gﬂﬁmumlﬁﬁmm@ 4 o lasfieSudurinny <0101 uaidulszian
fayauuy STD_LOGIC_VECTOR lasfiagegaatmidudiodio
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8. STD ULOGIC uaz STD_ULOGIC_VECTOR Lﬂuﬂsuﬂﬂmadﬁagaﬁlﬁﬁﬂﬁdﬂﬁﬂb9 i
aa (‘U’ ‘X’ ‘0’ ‘1’ ‘Z’ ‘W’ ‘L’ ‘H’ ‘_’)

A20819N T LTI LT
1 ARCHITECTURE behav OF ex_std logic IS
2 SIGNAL x : STD_ULOGIC;
3 SIGNAL y : STD_ULOGIC_VECTOR(3 DOWNTO 0):= “0101";
4 BEGIN
5 R
6 END behav;

o o v té a | v 1 L=

o @y x ﬁlzgﬂmﬂuﬂlﬁﬂmmwmm Lﬂuﬂszm‘n*’nagmmu STD_ULOGIC &Iue2
wils y ﬁ]:gnﬁmmlﬁﬁmm@ 4 da Lﬂuﬂszmﬂﬁagmmu STD_ULOGIC Tasdien
IFuAwLYINNLY “0101”

9. TIME dwlszinnastayanlidudunipnnndidugiu

081INIT I LT
1 ARCHITECTURE behav OF ex_time IS
2 I
3 BEGIN
4 Cc <= a AFTER 10 ns WHEN sel 0 = “0” ELSE
5 b AFTER 10 ns;
6 END behav;

o ulsc wwihnuauds a Weanaduld 10 wlwiws wasannaluds sel 0 &
AWHNAY <07 wazvinuends b Wanansinly 10 wluIuni wasannawls

sel_0 f{duviny <1°

10.CHARACTER flutlszinnvastayanilianiu wiyouzanys ia3esninofiay uazdnms

WLE T

2.2 dszanzasdayaiid laivuates (User-Defined Data Type)
Uinnvastoyanglitnuaesazliagdionu 2 uuude integer usz enumerated misldnu

azﬁadl‘*ﬁiwﬁ’umﬁwﬁa TYPE isznavaisiaya

2.2.1 dszanzasdayaiidliivnaies wuy integer

Foyafidliimualunguis andunduvasdiisvflidndudwindu nlidaglugas -2147483647
f9 +2147483647 BIFNNIMNARATITIUNTIFINUAINANUANIZEN LTY

ARCHITECTURE behav OF ex_integer 1S
TYPE my_integer IS RANGE O to 255;
SIGNAL g : my_integer;

BEGIN

END behav;

OO WNE
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d' 9 =
N 2 szinvesdoya MU0 :

o dwminnvesdayae my_integer imydmuadilinuagiznite 0 61255 Taen

dg‘ &) v 1 - a = d!
uly g Wilutaystas( subtype) 289 my_integer annni

2.2.2 Uszanzasdayaiid laivuwates wuy enumerated

'
A

U

'
=

2
iagaﬂ°1%°1%u@1uﬂ§uﬁ %zLﬂuﬁhhnu:maaﬂguﬁﬂﬁ%aﬁﬂﬂﬁlﬁﬁﬂﬂwsuanu%aiﬁ LB

U

OO WNEF

ARCHITECTURE behav OF ex_enum IS
TYPE state 1S (idle,forward,backward,start,stop);
SIGNAL id : state;

BEGIN

END behav;

v glﬂl &) Q/ ' (3 dl =3 d!
(0] ﬂ?:LﬂY]‘IlE]{]“UE]%}ﬂ%"HE] state Lﬂuams}mzﬂuaamgum‘nLLammamuzmamam SN

sansauanuasanuelaiilu idle forward backward start ILae stop

2.3 dayadas (Subtypes)

1 v d‘ o v v Y o J ldl 1 &) ' [
1%8"3%“1]8\'1 ﬂ?ZLﬂ‘Yl‘ll?JG‘IJ?J%JJGV]T]"I%%G]VL’]LLG’JLLQZ gﬁj’l%m%u@“nmad mmmm:umaamﬁunqwﬂamm

uld8n AFendh Toyadasnia Subtype

~NOoO O WNERE

ARCHITECTURE behav OF ex_sub IS
TYPE color IS (red,green,blue,white);
SUBTYPE my_color IS color RANGE red TO blue;
SIGNAL shirt_id : my_color;

BEGIN

END behav;

v [ dl o v a 1 v s ndlddl d! a &)
(e} mayaﬂawa my_color WNINTIBNBINIIN magamn‘nmmﬂ color dNaln

- " v ] A U v ndl
red green blue uaz white ueavayatasy my_color uuﬂﬁinyﬂ$hm1uﬂaﬂ

v
'

U

luz19 red green uaz blue i

2.4  dayaensd (Array)

&

v G J o ¥ = ‘l/ ' v lﬂl
°nagaaummmumﬂmsmmea;gaﬂizmm@mnu NW?'J&JL‘].]%T’IQ&J‘UBG‘U@%J@ LW@ﬂiZIU‘Dﬂ%ﬂ"Ii

i llfnu Sedaysezidazinsnidungudayaozisdnielid misuniwianiionan) deyaozisd

#a98@ (AaINwikiunIgmdIsnikanan

&) U
Lﬂumayascalar

) K38019inas 9TAA LG Nz 2.1 azdwigun)
° P2 & @ A aa R @ Aa
Fuanaiian 3U(D) utaysrwmaniidd 3u(e) Wuveyaruwiesaile uas

v & 3 6 Aaa A . =) ' ' o a = o v
q@'ﬂ']tl E'ﬂ(\‘]) Lllwnagaa:wmwuaawm%uauﬂu LWUOLL@LL@]T](?’HGT]%@]?G'Y]Lﬂuﬂ’]ﬁu?Lﬂ’]“ﬂaaﬁlﬁ

scalar wag 91913890
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[0 1000] [0][1][o][o][o]
(0] 01000 [1 001 0] [1][0][o][1]]o]
[ 100 1] [ lo] o] [1]

(M) () (f) ()

gﬂﬂ 2.1 ﬂs:mmaw‘]’ayaamﬁ

'
a

nnwate 2.1 dayafiuamand (scalar) azldundayatlziny

e BIT
e STD_LOGIC
e STD _ULOGIC
o BOOLEAN

sudayaniduezisdwianniaai(vector) ldun

e BIT_VECTOR

e STD_LOGIC_VECTOR
e STD_ULOGIC

e SIGNED

e UNSIGNED

o INTEGER

o @ @ ' @ Aan o @ % o & Yo o
1uﬂﬂsu1ma§aa:nﬁﬂﬂ1mawuLmumaaaaaau@uu@iﬁa:@auﬂﬂﬂu@mmuyuaaIﬂylmﬂwaaTYPE v
AmRua LLazslumtﬁﬁéTmsL"ﬁ"ﬁa%lanmmaﬂmj ﬁﬁadﬁmu@ﬂszmmaa"ﬁ”agaw%amhyﬂizmmadﬁ’s
wssmnnm awlaun SIGNAL  uwaz VARIABLE wutad (a5uneliluwaden 5.2) anwusaating

A 6
milddayaaziad

ARCHITECTURE behav OF ex_array IS
TYPE row IS ARRAY (7 DOWNTO 0) OF STD_LOGIC;
TYPE matrix IS ARRAY (0O TO 3) OF row;
SIGNAL x: matrix;
BEGIN

OO~ WNER

a Id v 6 & aa
o ey row Lﬂuﬂszm‘nmagaamwmwmm
Auds matrix Lﬂuﬂizmwﬁagaamﬁmmmaaﬁa

a &) v 6 A aa A aa v ar
auy x uraysezisduua nidaguniaia lagldaudssyanmlszinn
SIGNAL

1 ARCHITECTURE behav OF ex_array2 1S

2 TYPE mat IS ARRAY (O TO 3) OF STD_LOGIC_VECTOR
(7 DOWNTO 0);

3 BEGIN

4 S
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d' 9 =
N 2 szinvesdoya MU0 :

o @5 mat Lﬂuiayaauiﬁmm@ %ﬁaﬁaﬂmﬂﬁaﬁa I@Uﬁﬂnﬁs:qﬁaﬁmmmmﬂ

ﬂi:mmaﬁayaﬁgﬂﬁmuﬂvﬁ Tuwadan 2.1

= miﬁ'mu@@i'}L’%u@Tumﬂ%\i'}mTagaa:LszT gursnnserinlalans e n1sgssnal laald

WWIDIRNNY 1= NaIANAILLT
1 ARCHITECTURE behav OF ex_array3 1S
2 TYPE rowl IS ARRAY(3 DOWNTO O)OF STD LOGIC := “0001”;
3 TYPE row2 IS ARRAY(3 DOWNTO O)OF STD LOGIC :=
(‘os s sos s sos s ,1,);
4 BEGIN
5 ..

=
=D
=
.
=
aAD.
=
S
=
=

Y @ 2 a
o @y rowl uaz row2 Lfluﬂizm‘ﬂmagaazmﬁmmwmw

“0001” WANaWNY LANANHIALANTLIUNLANAIINY

L% 6
2.5 Yayarsmaia (Record)
v [ I v AA o v . v 6 ] 6 A =
YBYALINDIN Lﬂwuagawmﬂwmmmmma%mamﬂ uaneluadisaasamunsanaziitszinnuas
4y
U

U dl 1 Qs U s Qs 1 1 &/
Tayanuane1Inwlaasalatnasaluh

ARCHITECTURE behav OF ex_rec 1S
TYPE birthday 1S RECORD
day: INTEGER RANGE 1 TO 31;
month: month_name;
END RECORD;
BEGIN

NoOo ok~ WNPRE

o s birthday ulinndayaisneia Ssmulutznaudisdiuds day i
ﬂizm'ﬂﬁaga INTEGER uaz@auds month Lﬂuﬂizmﬂﬁaga month_name

(Uszinnaasiayai ;ﬂ‘*ﬁﬁwumm)

k3 9 - ) { -
2.6  Uszandeyaiidnia3amany (signed) uaz Lidaia3asmana (unsigned)
Uminnvasfayanfainissnanousz lifainissnany udsinndaysnazldivgadasninszyiiu
niadlamand  ansozvadlszinndoyanfaiatasmananu azfarsandayadinnga sniiudae
£y A A g o o ' o v a ' <

gagavaidaya vdagagatiazidudvanansnzdrvesdiay dagegadandu <17 duiuaas
1 ' Qs g: a | = £ v I < > 1 Qs g; a &) " Y )
Inguanaznnglandusy wazlunwasinudwdudu <0” ngudnsvnugfidnduuin wdduiu

ﬂszmﬂmagaﬂmmmawu’m ﬁ]$Wﬁ]’]§m’]°ﬂaaﬁlanﬂU(ﬂ mmmma'ﬁmﬂﬂmu fa

v @ Ay . . @ g4 a E \a A ] e oA | @

1Tayaua 0101 magauma@mmammmLmzvl,ammmammmzmmwnu A8 LNNY S50y
o a v @ A . oo g4 a 2 A e 1% o

sl,umuaol,@ﬂ’m'ma%lam’l 1101 YBURULUBAALATDIRULIENANTIINY -3@oy (9aINnInInad
a 6 1 v dyd' a d' A 1 s

WRLNUNTDINDU) RS °1Ja%laumavLuﬂ@]Lmawu’mawﬂ'm’lﬂu 130y
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é’ﬂwm:f’naamsﬁﬂﬂ“ﬁmummﬂi:m‘ﬂ"naaﬂﬁaaaﬁ?mLﬂ%ammmm:vl,sjﬁmﬂ%ammﬂ Wadasnsieny
o & A o @ P’ & v A a o A - -
TAANTINNILNNNUN N AUAAIRAT azdaaiimasunls package T8 std_logic_arith 310

LIBRARY ieee Laua SILgAdIbua10819

1 LIBRARY ieee;

2 USE ieee.std_logic_1164.all;

3 USE ieee.std logic arith.all;

4 -

5 ARCHITECTURE behav OF ex_sigl IS
6 SIGNAL a: SIGNED (7 DOWNTO 0);

7 SIGNAL b: SIGNED (7 DOWNTO 0);

8 SIGNAL x: SIGNED (7 DOWNTO 0);

9 -

10 BEGIN

11 vV <= a + b; —— lduld
12 w <= a AND b; -- Ligansaldanule

13 END behav;

(0] mﬂﬁagaﬁmﬂs a wae b L‘ﬂ%ﬂi&ﬂﬂ“ﬂadﬁ/a%laﬁa@]l,ﬂ%adﬁll']EJ RINNINNTEHINNW

NIAUAFIATAAFIFAS bG e LURINTAN TN UNIAUaTINE ber

1 LIBRARY ieee;

2 USE ieee.std logic 1164.all;

3 .-

4 ARCHITECTURE behav OF ex sig2 IS

5  SIGNAL a: STD_LOGIC_VECTOR (7 DOWNTO 0);
6  SIGNAL b: STD_LOGIC_VECTOR (7 DOWNTO 0);
7 SIGNAL x: STD _LOGIC_VECTOR (7 DOWNTO 0);
8 .-

9 BEGIN

10 Vv <= a + b; —— ldsansaldoule
11 w <= a AND b; - lduld

12 END behav;

v o & @ & v = o/ @ a9 1a a '
(e} ﬁ]”m“lja%lmn a waz b Lﬂuma%lﬂazl,iﬂ uuﬂLLa@\j'J’]Lﬂu"ﬂa;ﬁla'ﬂvluﬂ@Lﬂiad%N']ﬂ VL;N

01T NTZHINUNIIA T WA 790 haen ﬁ@lﬂﬁ Lﬁaamﬂvl,sjﬁmwzqmﬂﬁ"mum 24

package n9e% AGAMEATLARINNTINIEYNABNAUATING

1 LIBRARY ieee;

2 USE ieee.std logic 1164.all;

3 USE ieee.std logic _arith.all;

4 .-

5 ARCHITECTURE behav OF ex_sig3 IS

6 SIGNAL a: STD LOGIC _VECTOR (7 DOWNTO 0);
7 SIGNAL b: STD_LOGIC_VECTOR (7 DOWNTO 0);
8 SIGNAL x: STD_LOGIC_VECTOR (7 DOWNTO 0);
9 .-

10 BEGIN

11 vV <= a + b; = el

12 w <= a AND b; —— ldwle

13 END behav;
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@ o R @ & v & VR A a o
(6] ﬂ’]ﬂ“ﬂ@;&a@l’mﬂi a uazb Lﬂu‘ﬂa%lﬂazlﬁﬂ uuﬂLLa@ﬂ'J']Lﬂumaaﬁlﬂ'ﬂvlauﬂ@l,ﬂiﬂﬂﬂujﬂ

manInnIzihiumiduisadiamandla hasaninisszynsldiues package

NWA%  ATAANRAS LAZENNIIONITYINNWNNIeIRATING Laa8

2.7 nnsudaserdaya (data conversion)
= 4{' a o s Il I o 3 a [ £
FaaueNN1302a9 VHDL tiadinnsnszyinnuliinaziiu msnseinnmaduadiansas n9euasing
o @ N w o a L & . & & o v & o . A A v A

azmzmﬂu‘l@mwwzmagaﬂizmm@mmmu asuuwsigunMulasdndoyadsiniuadeiisnazdasd
LLazﬁdﬁ"ﬁ'uﬂﬁLLﬂadm“ﬁagaﬁuﬁa%i%mﬂﬂmwﬁm”mﬁ'u W leur

e conv_integer(p)

e conv_unsigned(p,b)

e conv_signed(p,b)
e conv_std logic vector(p,b)

ANT19n 2.2 ﬂaﬁ%’madmmﬂamﬁaga

Warou AMURNNY

Lﬂ%ﬁdﬁ%’%‘lummﬂm“ﬁaga p %mﬂuﬂs:mwﬁaga
conv_integer(p) SIGNED UNSIGNED uaz STD_ULOGIC Tidn
Uszinndaya INTEGER

Wariou Lﬂuﬂoﬁ%’ﬂummﬂaﬁaga p Galulszan
_ Jaun INTEGER SIGNED SIGNED uac

conv_unsigned(p,b) h e .
STD_ULOGIC I%Lﬂuﬂszmma%m UNSIGNED any

PUIRUIK b Ja

Lﬂuﬂaﬁfu’lummﬂm%ya P %aLﬂuﬂi:mwﬂ'aga
conv_signed(p,b) INTEGER UNSIGNED uaz STD_ULOGIC l#iilu

ﬂizmwﬂ”aga SIGNED ¢nuuuas uiw b da

Lﬂuﬁdﬁfﬂummﬂaﬁa;&a P Gfidl,fluﬂizmwﬁaga
conv_std_logic_vector(p,b) | INTEGER UNSIGNED uas SIGNED l#ifuilszinn
Poya STD_LOGIC_VECTOR ¢um1ad 1w bile

art19m s U lsn

1 LIBRARY ieee;

2 USE ieee.std_logic_1164.all;

3 .-

4 ARCHITECTURE behav OF ex_conv IS

5 TYPE long IS INTEGER RANGE -100 TO 100;
6 TYPE short IS INTEGER RANGE -10 TO 10;
7 SIGNAL x : short;

8 SIGNAL y : long;

9 BEGIN

10 ...

11 y <= 2*X + 5; -— laigansaldawle
12 ...

13 END behav;
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o ndayadiuds x wary lleanIndwadwives 2*x  + 5 srud sy

a : & )
LWaJINANTDI X RS Y Wnawazdszianni

1 LIBRARY ieee;

2 USE ieee.std logic_1164.all;

3 USE i1eee.std logic_arith.all;

4 .-

5 ARCHITECTURE behav OF ex_conv2 IS

6 SIGNAL a: UNSIGNED (7 DOWNTO 0);

7 SIGNAL b: UNSIGNED (7 DOWNTO 0);

8 SIGNAL y: STD _LOGIC_VECTOR (7 DOWNTO 0);
9 BEGIN

10 ...

11 y <= CONV_STD_LOGIC_VECTOR ((atb), 8);
12 ...

13 END behav;

12 ...

13 END behav;

0 awniagaﬁﬁuﬂia_ua:b Lﬂuﬂsnnﬂﬂbya UNSIGNED 2u1e 8 da wlasihuinse
o @ a & @ ] ' [ Yoy &
nszinundadamaasuin wasrduallds y laslaweriou
CONV_STD_LOGIC_VECTORﬁ?U

2.8 gmageniadanldsunsunien VHDL

fr0819N 2.1 1HuN1T08NLULNITLINTIIUGSY VU0 4 ﬁ@\I@ﬂiﬁﬂszuvnﬁagauuu SIGNED
A1aduNY nMsuaneIwIa 4 Je a:ﬁﬁﬁuﬂlﬁﬁﬁuwﬂ 2 daudshe a waz b Fwwe 4 da
& & o = a s o & o &
LLa:meg"n"naawammﬂumuﬂi X Jw1a 4 Ja dyeudinisnuazaasitwlszinn
ﬂéaauUIJSIGNED AR AUNY

1 LIBRARY ieee;
2 USE ieee.std_logic_1164_all;
3 USE ieee.std logic arith.all;

5 ENTITY adderl IS

6 PORT ( a, b : IN SIGNED (3 DOWNTO 0);
7 X - OUT SIGNED (3 DOWNTO 0));
8 END adderl;

O
10 ARCHITECTURE behav OF adderl IS

11 BEGIN

12 X <= a + b;

13 END behav;

Wehuiludayaluvnsdnesgaldygno wwhldldsygmdunnuazionrivn diuaasluglf
2.2 \unu

MIDOAULLNTAIADALALMITUT2YNA 1FUA WAL VHDL



uni 2 Uszinuesdoya

9 A
UUIN :

18

Ha
Hb
H x

54
5-2
5-8

A B % 5 a2 X 1 X
A4 n 8 4 B X b X
) S X5k ¥

1 H

7

| { el { e
| [l {4+

b A b b
b A0 % 2 % 4
L S G { X

3UN 2.2 wamsdassgdedudnyaim Medwh 2.1

fadin 2.2 unesenuuuisasuinaeuaed 1a 4 Ja lasldlssinndoyauuy SIGNED

d1aduns

INTEGER Famsnuwaritunisulasdoys CONV_INTEGER
MIVINRVIUIA 4 16 a:ﬁmmlﬁﬁﬁuwﬂ 2 awdshea wazb Fwue 4 da
Lfluﬂszmm]”agmmu SIGNED LLaszﬁ‘vgmmwammﬂué‘huﬂs sum Fawa 4 da

Lwhﬂuﬂiunwﬁégauuu INTEGER

LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_arith.all;
ENTITY adder2 IS
PORT ( a, b : IN SIGNED (3 DOWNTO 0);
sum : OUT INTEGER RANGE -16 TO 15);
END adder2;
ARCHITECTURE behav OF adder2 1S
BEGIN
sum <= CONV_INTEGER(a + b);
END behav;

Wathuiadayaluvnsdnesgdyan asvhldlazdaygradunnuazionrinn auaadlugdf

2.2 IuN
M a 50 Ty Y 5 Y 7 %Y 4 ¥ 1 ¥ 7 ¥ 5 ¥ B3 ¥ y
Eb 53 I VD D O D N - D 4 )
sum | 53 Y5 ¥ 2 ¥ 0 ¥ 1 ¥ 3 ¥ =2 ¥ 7 ¥ 7 ¥

3UN 2.2 wamyiaeszUaRnE M et 2.2
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2.9 Tlandilagm
fnuals ﬂi:mmaﬁa%m@iavlﬂf: fnTusaudavluda 1 uazda 2
TYPE arrayl 1S ARRAY (7 DOWNTO 0O) OF STD_LOGIC;

TYPE array? IS ARRAY (3 DOWNTO O, 7 DOWNTO 0) OF STD_LOGIC;
TYPE array3 IS ARRAY (3 DOWNTO 0) OF arrayl;

SIGNAL a : BIT;

SIGNAL b : STD_LOGIC;:

SIGNAL x : arrayl;

SIGNAL y : array2;

SIGNAL w : array3;

SIGNAL z : STD_LOGIC_VECTOR (7 DOWNTO 0);

1. léwwwevesdays mndzinnvastoyafidnuald CGullu amard vinmesuwe 156 24@
%30 1Wa 1x18@)
2. NN A9 uveIalLlIadi ua:ﬁaﬁinnﬁdﬂaﬁugﬂﬁbamaoﬂﬂidoﬂwuﬁwiﬁgnﬁad

vy bal
NIIRINIHAN AnouUeIRILYT
ua:rnidadﬂuﬁwgﬂéha%%aqﬂ
a <= x(2);
b <= x(2);
b <= y(3,5);
b <= w(®)(3);

y(1)(0) <= z(7);

x(0) <= y(0,0);

X <= "1110000";

a <= "'0000000";

y(1l) <= x;

w(0) <=y;

w(l) <= (7=>"1", OTHERS=>"0");
y(1) <= (0=>"0", OTHERS=>"1");
w(2) (7 DOWNTO 0) <= Xx;

w(0) (7 DOWNTO 6) <= z(5 DOWNTO 4);
X(3) <= x(5 DOWNTO 5);

b <= x(5 DOWNTO 5);

y <= ((OTHERS=>"0%"), (OTHERS=>"0%),
(OTHERS=>"0"), ''10000001'");

z(6) <= x(5);

z(6 DOWNTO 4) <= x(5 DOWNTO 3);
z(6 DOWNTO 4) <= y(5 DOWNTO 3);
y(6 DOWNTO 4) <= z(3 TO 5);

y(0, 7 DOWNTO 0) <= z;

w(2,2) <= "1%;
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UsznnvaInInIznILas

ﬁamsaaqmé’numxﬁ’aa&a

Opertor and Attribute

lunsldnunim VHDL - wenannazdaadhlassainuazdszinndayauda dadasdnlafsanumzen
o v Qs Q/ v & 1 I A’ { o s 1 Qs Qs g; ¥ a

nazfdoys uazdraTagmansmzdays Sifladududindayiduniu ainuluuniazasuiois

UszlnNu89eInTzyinaIaTI98e A AN BTN 1IATIIROUA AN BILUDIRY YD LAZNIANAUA

AW AteasuaIalnys

3.1 dszanvasaainszin(Operators)

é‘hﬂi:ﬁﬂLﬂuﬂi:mmaﬁagaﬁgﬂﬁmm"ﬁuﬁﬂumm VHDL snansnusiveanidn 5 dszinnlngy g

fa
0 dnyiThanTsInIwan
0  INEINIEIUREIN
0  @nEIMIMuatiamans
o anwEimsawmalseuiiey
0 @nIMIEuMINUTaYA

[

AInTerinuaaUssianazinslFnuiuandany a9it

3.1.1 a@nEmrnanisaidiwal(assignment)

aliquansaenlfszywiamnuamliududsdygin Seldundyyradszian

e SIGNAL
e VARIABLE
e  CONSTANT

[

@Tan‘szﬁwﬁ@m‘sdamumﬁﬁlzﬁQmé‘ﬂwmwadmiﬁmuﬂmmuL@ﬁawmUﬁl“if A9%h

LAIBIRANE ANNURUY

<= lgwsurwuadliaiulssyanmoia SIGNAL

lgwsurwuadliaulssyanmoiie VARIABLE
wazlFiudulsdty e CONSTANT wda GENERIC ialdfidlueh

SUAT

Yo @ o ' (3 6a o P
=> lﬁﬁqﬂiﬂﬂ’]‘lﬁ%ﬂﬂﬂﬂx‘]ﬂﬂizﬂE]U“IJE]\‘]L’)ﬂL@]E]iY]ﬂx(ﬂ’)%'iE]@I’)E]u5]

AINTENTRANIRIHUANIFINAN B Ladin i bl Tazuand1anyu asdagsda bl
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9 A
UUMN

021

1 ARCHITECTURE behav OF ex_41 1S

2 SIGNAL x : STD_LOGIC;

3 VARIABLE y : STD_LOGIC_VECTOR(3 DOWNTO 0);
4 SIGNAL w: STD_LOGIC_VECTOR(O TO 7);
5 .-

6 X <= "1°%;

7 y 5= "0000";

8 w <= "10000000";

9 w <= (0 =>"17", OTHERS =>"07);

10 .-

11 END behav;

ANE28819 FIU1INBTLN EIVL@Tﬁ 3]

X <= "17;

Lﬂumsﬁmuﬂiﬁ"ﬁagaﬁﬁm <17 gorwlusssuds x Millududssiia SIGNAL
wiswadiw9nfafuls x Ideysdvinny <1” nuLag

y -= "0000";

Lﬂum‘sﬁmu@lﬁﬁagaﬁﬁ@hwhﬁ’u »0000" derwlussdauds y odludsznn
Jeyariia STD_LOGIC_VECTOR Imﬁﬁmgdq@ag’masﬁwﬁa

w <= ""10000000";

Lﬂumiﬁmmlﬁﬁa;&aﬁﬁm *10000000" ssrwlusssuds w Seiludlsznn
Jeyaziia STD_LOGIC_VECTOR I@Uﬁ@]gdq@agmamwﬁa

w <= (0 =>"1", OTHERS =>"0");

Lﬂumsﬁmuﬂiﬁ"ﬁagaﬁﬁm 17 gorwllSadauds w Aduntisdia 0 uaz

] v dAa o v o  a A a A a =2
SIHBTBYANNAT “0 lﬂﬂu@mmmmauﬂmma a1l a37)

3.1.2 anszinnenuwaadn (Logic)

04 o a A n‘l’ v o 6 A A & = & . o o & =3 o a
AINITVIINNADINAIBAIINCH %ZI%NQGWﬁ"ﬂidﬁiﬂLﬂﬁJ satduainIzvintanig mumﬂﬂmaww:ﬂu

ﬂszmﬂmaa“ﬁayaﬁlﬂu

e BIT

e STD_LOGIC
e STD_ULOGIC

e BIT_VECTOR

e STD_LOGIC_VECTOR
e STD_ULOGIC_VECTOR

AINTTVINITUAINLALAIIZNANRUIIURZA2 089 1TINUA I

FaNITRIMT ANURANL GRRHAN

AND NMINILYRUULOUG Z <= (A AND B)

OR mMInsEyiuuueas Z <= (A OR B)

NOT NINIEHLUL%aN Z <= NOT(A)

NAND MINTEAUDL UGG Z <= (A NAND B)
NOR MINITBULUES Z <= (A NOR B)
XOR msmzﬁmumﬁnﬂg}%waa% Z <= (A XOR B)
XNOR msns:ﬁmumﬁnﬂggﬁwuai’ Z <= (A XNOR B)
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o lumsldudanszyin AND OR NAND NOR XOR lwamn VHDL Aainflueansevinfisian

ANUEALINGL waaINIz¥in NOT DadndudinszinisauiayuInnIn wuinIeaw

FraznTevinfien sniudsndnazinualinseinlueTosnungraiunan

A0819INT LTI LT
1 ARCHITECTURE behav OF ex bit vector IS
2 SIGNAL a,b,z : BIT;
3 SIGNAL va,vb,vx : BIT_VECTOR(O TO 2);
4 BEGIN
5 z <= NOT a AND b; -- waneisa’.b
6 vX <= va NOR vb; -— waneid (vatvb)”
7 .-
8 END behav;

3.1.3 @nTEineawamadans (Arithmetic)

MIlTuaInIzinsiad ﬁ]:mminﬁﬂﬂlﬁﬁuﬂs:mmaoﬂﬁagavlﬁ%mmerm laun
e INTEGER

e SIGNED
e UNSIGNED

e STD_LOGIC_VECTOR

L)

= *daudl wesnsld STD_LOGIC_VECTOR #avzdasinisld package o

std _logic_singed uaz std_logic_unsinged 37n LIBRARY Ho ieee 1Hadduls

Uszinnuasdeyaidn STD_LOGIC_VECTOR Jzmansaninszinmsuanuazayldlagase

(aanlaatuneliualuiade 2.6)

anUUaIAINITEINTiatazlsznau e

AnNTering ANRNNE Aae9
+ NTUAN Z <= A+B
- nIay Z <= A-B
* N3N Z <= A*B
/ NIRT Z <= A/B
ol UNHNNY Z <= 4**2
MOD NTATT AALAN LA Z <= A MOD B
REM NIWIT AALRIZEIB Z <= A REM B
ABS ANIUIULAY Z <= ABS(A)
A0E1INITIFIN LT
1 ARCHITECTURE behav OF ex bit vector 1S
2 SIGNAL a,b : INTEGER RANGE 0O TO 7;
3 SIGNAL z - INTEGER RANGE O TO 15;
4 BEGIN
5 Z <= a + b;
6 END behav;
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3.1.4 aanszinmenwdSeutiisy (Comparison)

s o a J v 2 v s 6 Aa A =3 A Yo et
(ﬂ']ﬂ?Z‘Y]’]"Hu(ﬂ%ﬁ']Nqiﬂl"lﬂ@lﬂﬂﬂinﬂﬂmE]Hﬂ“qﬂlhxl.ﬂ‘ﬂ axlwwaawmiamama ‘Hx‘il‘ﬁﬁ']ﬂiﬂ@l'i')‘ﬂﬁﬂﬂ

A o o o a & Y
L\‘IE]%VL“IJ aﬂwmzmaammzmmuﬂm:ﬂs:ﬂa‘uvl,ﬂmsl

ANz AMNRNY A28819
= Wi IF (a = b) THEN
/= lairinnn IF (a /= b) THEN
< wasnin IF (a < b) THEN
> UsTalalel IF (a > b) THEN
<= VINNINIBLYINN IF (a <= b) THEN
>= HOENINNIBLYINNG IF (a >= b) THEN

88N Iz
1 ARCHITECTURE behav OF ex _comp 1S
2 SIGNAL a,b,z : BIT;
3 BEGIN
4 S
5 IF A = B THEN
6 z <= “07;
7 ELSE
8 z <= “17;
9 END IF;
10 S
11 END behav;

3.1.5 @IN9EiIN9AIwNIIIINTaya (Concatenation)

o o o o : A & Ve oA o v A
Lﬂu@l’m’i:‘ﬂ’m?I’]&J’]‘iﬂuﬁam‘,mﬂmzlaﬂ IRIDCLIUYUBLNIADNURIDIINNK I@Ul%lgﬂiaﬂ%u’]ﬂ &

AnTerinng

ANRNNE A8

&

Lﬂtﬁﬂiiauﬁaaadﬁﬁdmﬁﬁ Z<=A&B

dagranmsi lulsn

O ~N O ar~rWNPE

ARCHITECTURE behav OF ex _conc 1S

SIGNAL a,b,c : BIT;
SIGNAL a_bus,b_bus : BIT_VECTOR(2 DOWNTO 0):
SIGNAL t_bus - BIT_VECTOR(5 DOWNTO 0):
BEGIN
a_bus <= a &b & c; -— IWRYIN
t_bus <= a_bus & b_bus; -— PNFYYIH
END behav;---
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ay9n 3.1 a@ﬂﬂszmmaoé’hm:ﬁq

siaaInTzyi @anvzvin(operator) Uszinnuasieya(data type)
AURDIN BIT BIT_VECTOR  STD_LOGIC,
)“28; o N OR  NOR STD_LOGIC_VECTOR  STD_ULOGIC
STD_ULOGIC_VECTOR
ATAAFEAS (nod, rem. abs) INTEGER  SIGNED  UNSIGNED
= = <
maSouiioy RN nnUsznn
o e G adunudnIzinmMIsuuasneTNlune
TR
‘" SIGNED W&z UNSIGNED

3.2 @amvseuqmanwmzdaya (Data Attributes)

s a v &) a 1 l& { o &) v { o Y o o
mm’maauqmanwmwaga Lﬂuqmaﬂﬂm:ammmﬁmmumadmm Lﬁau'lvl,‘]ﬂ’ﬁﬂ’m%@]ﬂ’ﬁ‘ﬂ'l\‘i’]%

[

{ v ld v ﬂ/ el Y
28921993 99INT00NULL ma:ﬂs:naumﬂmmwaauqmaﬂﬂm:mﬁ

o dLOW
e d’High

o d’LEFT

e d’RIGHT
e d’LENGTH
e  d”RANGE

° d”REVERSE_RANGE
é’ammaauqmﬁﬂwmzﬂj”a%lalumia:gﬂLLUU wlanurvuasi

AR
d’Low Husaraiiaddnumis @ﬁﬂqwaﬁa;&a
d”HIGH Husaraiiadenunis GAEGRRAVEHE
d’LEFT Husaraiadenumis miduiiagaaidaya
d’RIGHT Husaraiiadenumis mMarnilegavesdaya
d”LENGTH Hudaasaiem PINANNNINVBITDYS
d”RANGE Hudaariatiem TR UIBITRYS
d”REVERSE_RANGE | 1flusasiatiam TR UIBITRYS fl#erassduny d”RANGE

@A20819MTFINULTY

ARCHITECTURE behav OF ex_att IS
SIGNAL d : STD_LOGIC_VECTOR (7 DOWNTO 0);

END behav;

A WONPRF

= anmad Mlddarareugmansmztaya
= Ml d Low azlddnin o

= T d HIGH azlddnin 7

T d LEFT azlddnin 7

= T d"RIGHT azlddiin 0

» T d"LENGTH azlaeiln 8
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uni 3 Uszanvesdinsziuazdnsnqudnyuzdeya Wi ;

» i d"RANGE azlaanin 7 DOWNTO O
* 4 d"REVERSE_RANGE azldeilu 0 TO 7

I@Uﬁ";"[ﬂLLf,ﬁ”’Jé’ammaauqméﬁMm:i@Ha a:gnﬁﬂﬂlﬂumﬁwé’a LOOP a3@agndsialus

1 ARCHITECTURE behav OF ex_att2 1S

2 SIGNAL x : STD_LOGIC _VECTOR (7 DOWNTO 0);

3 A

4 FOR i IN RANGE(O TO 7) LOOP ...

5 FOR i IN Xx”’RANGE LOOP ...

6 FOR i IN RANGE (x”LOW TO x”HIGH) LOOP ...
7 FOR i IN RANGE (0O TO x’LENGTH-1) LOOP ...
8 -

9 END behav;

0 3NAIaLN9

UIINaN 4 Lﬂumﬂ%muﬂn?mmmﬁﬁa LOOP

ussnan 5 89 7 umsln 7AARI LOOP T10NUAATIIREUAMANHIATBNA

3.3  mamedauamansmzuadsyaIs (Signal Attributes)

o [

[

2

& o ' = o o Y
W'Jﬂiqﬂaaﬂﬂlmaﬂ‘]ﬁmxmaﬂafyfyﬂmmaﬁa Lﬂuqmaﬂﬂm:a EJ'N%TNL%ﬁauﬂu@]aﬂi?ﬁ]ﬁaUﬂqmaﬂH’mz

@ =

Teyanindudasnau et Il nuanisvinenueeisasndesiniseanwuy S99z senauday

e S’EVENT
e S’STABLE
e S’ACTIVE

e S’QUIET<time>

e STLAST_EVENT

e S’LAST_ACTIVE

e S’LAST_VALUE

MaTARaUA N BT TuudazzUuuy axlinnuninyealt

o

ANANY
> v & a P v A 6 s a &
S”EVENT Tanuiuaie LAAIIROUUNINLAANITRVIN YU S LNATH
v & a a v (=) 6 o a &

Tauiluede Waamaseuudr limanmsolvessygios s thedn

S”STABLE L L 3 “
MIDAANNNLEDLININYDIFY I S

S”ACTIVE Taniluedy Waamaseuuds sygim s Jendu <1”

s’QUIET<time> Ianuduade Weamaseuudd lifmemanilugrunafidmue

S”LAST_EVENT

v & a ¢ & \ o
SL‘Wﬂ’]LﬂuL')ﬂ'] LUDAINAIRDY mqm’ﬁuﬂ’i{lmqﬂmuwuvlﬂ

S”LAST_ACTIVE

v o P 1% A« > & . o
Tdauiwne e syanm s Jauis <1 mqu@muwuvlﬂ

S”LAST_VALUE

IWdasdyam s fawwgnisaiaidige

laamldusdmenaseugmansuzayyim azgnin lulslugadas IF waz WAIT asdradnsdalud
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126

3.4

ARCHITECTURE behav OF ex att3 1S
IF (clk’EVENT AND clk = “1” THEN ...
IF (NOT clk’STABLE AND clk = “1” THEN ...
WAIT UNTIL (clk’EVENT AND clk = “17) ;

END behav;

NoO O WNE

0  NGI8EN9
o A & A & @ a & a '
usieh 3 1unsaseseuinliiwansaluessym clk LinYunIa L
o A < | A A A A '
ussaf 4 1umsamasauiniisyaim clk Sisfasninnialal

o A & a & Y a &
YIINean 5 Lﬂuﬂ']i@i'lﬁ]iﬂﬁ]%&lww‘]ﬂ'ﬁmma\'iﬁfyfyl']m clk \naau

nsdszniely Generic

[ v Aav v e A o ' A 6 a P " v o v
L'ﬂuﬁ’)%'ﬂQJVL'Jﬁ'Wﬁ‘]_Iﬂi$ﬂ']ﬂ‘lﬁ§ﬂﬂ"]ﬁ%(ﬂﬂ’]W']T]3JL(ﬂaﬁ"ﬂad@]ﬂ]LL'ﬂi Imﬂvl,mladmmmﬁﬂlumwnad

ARCHITECTURE  ¢asimsnuiimydszmely GENERIC ﬁuﬂudauﬁ@anuﬁ@%qﬁsﬁawuﬁiﬂuﬁﬂm1ﬁ

viudnlanionas lasdanwmzngnindouasi

ENTITY ...

GENERIC (parameter_name : parameter_type := parameter_value;
PORT ...

END ... ;

3.5

aragren1sdanldsunsunisn VHDL

@19819N 3.1 N308NWUL933 Decoder awawtn 3 aan 8

RebinTel] mﬂgmﬂmam Decoder ﬁmm@’éuwﬂ sel 1u1a 3 ia LLGZLE]’]YTW‘Y] X 1U19 8

fia @uduwn ena awa 1fa (Judundlimiveungraliinns decoder

niold

Xin-1)
sel (m-1:0) = r I‘ f.l
mxn [T B
DECODER e
—e X1

cna —m > x(0)

gﬂﬁ 3.1 la3si1920972993 Decoder 1A 3 aan 8

A WON PP

5
6
7
8
9
1

LIBRARY ieee;
USE ieee.std logic 1164.all;
ENTITY decoder IS
PORT ( ena : IN STD LOGIC;
sel : IN STD_LOGIC_VECTOR (2 DOWNTO 0);
X : OUT STD_LOGIC_VECTOR (7 DOWNTO 0));
END decoder;

11 ARCHITECTURE generic_decoder OF decoder IS
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12 BEGIN

13 PROCESS (ena, sel)

14 VARIABLE templ : STD_LOGIC_VECTOR (X"HIGH DOWNTO 0);
15 VARIABLE temp2 : INTEGER RANGE O TO x"HIGH;

16 BEGIN

17 templ := (OTHERS => "1%);

18 temp2 = 0;

19 IF (ena="1") THEN

20 FOR 1 IN sel"RANGE LOOP -- sel range is 2 downto O
21 IF (sel(i)="1") THEN -- Bin-to-Integer conv.
22 temp2:=2*temp2+1;

23 ELSE

24 temp2 = 2*temp2;

25 END IF;

26 END LOOP;

27 templ(temp2):="0"~;

28 END IF;

29 X <= templ;

30 END PROCESS;
31 END generic_decoder;
32

o nnalUsunsnandnindinmafenld

e ¢anvEn
i lnyssriad 22
wx luiisevian 22 uaz 24

o GIEIHIUAN
o= 1uu33ﬁhﬁll7 18 22 24 uaz 27
“c= uyssrian 29
“=> lyussvian 17

o IANIFDUN AN TDYS

"X’HlGH"l%ﬂiiﬁ@ﬁ 14 uwaz 15

100.0ns 200.0ns 300.0ns 400.0ns 500.0n:
= ena 0
=sel (DO 0 ¥ 1 Yo ¥ 1 ¥ 2 Y3 Y a4 ¥ 5 ¥ Y7 Yo
S»x (D255 255 (254 Y 283 Y 251 ¥ 247 f 239 f 23 191 ) 127 i

Eﬂﬁ 3.2 WANNIINR8IVRINIBENIN 3.1

ludednefiiiolowmdunm VHDL udthlddraesguarzldasgun 3.2 aswuididunn sel =
“000” (HdurAu 0 gwmdy) eld x = 11111110  (féwvinu 254 3uFL)  uas
\iwdeariu fduwn sel = <0107 (ldwriin 2 3wmfy) ald x = “11111011” (Hen

Wiy 251 3IUEY)
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@2a814Nn 3.2

N3aaNLULIAIIA UG parity

RabinTel] nnghilwgas parity faweduwn n-1 ﬁmLm:mﬂﬁﬂ71n i Jald
GENERIC s wsafinziinue n fivinlafle Gsazvilweneda n lunnauves
IﬂiuniuLﬂﬁyuﬂﬂédil%aﬁﬂlﬁ51ﬂdaﬂ13ﬂ§ﬂﬂ§a

. PARITY

INPUL (N-1:0) m—t GENERATOR = OUtpUL (1:0)

gﬂﬁIS.S 1a59a3192092995 parity

Il oo e e e e e e e e e e e e e e e e e e e e e e e e
2 ENTITY parity gen IS
3 GENERIC (n : INTEGER := 7);
4 PORT ( input: IN BIT_VECTOR (n-1 DOWNTO 0);
5 output: OUT BIT_VECTOR (n DOWNTO 0));
6 END parity _gen;
/2
8 ARCHITECTURE Behavior OF parity gen IS
9 BEGIN
10 PROCESS (input)
11 VARIABLE templ: BIT;
12 VARIABLE temp2: BIT_VECTOR (output®RANGE);
13 BEGIN
14 templ = "0°;
15 FOR i1 IN input®"RANGE LOOP
16 templ = templ XOR input(i);
17 temp2(i) = input(i);
18 END LOOP;
19 temp2(output®"HIGH) := templ;
20 output <= temp2;
21 END PROCESS;
22 END Behavior;

| Marne: Walue 1DD.IDnS ZDD.IDnS SDD.IDnS 4DD.IDnS SDD.IDnS EDD.IDnS ?DD.IDHS BDD.IDnS

= input H 04 o ¥ o ¥ o2 ¥ o3 ¥ ma ¥ s Y s Y o7 m

output H 03 ooy s ¥ s W o3 s X s ¥ ms W s F =

gﬂﬁ 3.4 NANIINRBIVBIAIBENIN 3.2

Tudageiiiladowdunsn VHDL LLéTaﬁwvthﬁﬁaadgwaﬁ)ﬂﬁéﬁgﬂﬁ 3.4 azwuiniawwn
input = “0000000” (Hewvinu O guduwnn) azle output = “00000000” (HdLrinAy
0 FIWRUMN) uaziTwdeaniu duwn input = *0000001” (Hduviiy 1 31udw) azld
output = ““10000001” (HeAwyinAy 81 FIuFUWN)
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3.6 Tandilgm

fnnals Mraludsasdaluih smsueaudionyludas 1 89 3

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

a:> BIT := "1%;

b - BIT_VECTOR (3
c : BIT_VECTOR (3
d - BIT_VECTOR (7
e : INTEGER RANGE
f : INTEGER RANGE

DOWNTO 0) := *"1100";
DOWNTO 0) := *"0010";
DOWNTO 0);

0 TO 255;

-128 TO 127;

1. IWwdaeuvesdudiasda Uil ilamuaInIzyinns

x1l <=
X2 <=
X3 <=

X4 <=
x5 <=

aé& c;: dmaufa
c & b; dnmaufa
b XOR c: dnaufe

a NOR b(3); dwauda
a AND NOT b(0) AND
faaufe

x1
X2
X3

X4
NOT c(1);
x5

d <= (5=>"0", OTHERS=>"1"); @1aaufe

2. limdasurasimanaseuguinsuzasdyamdoyn aisalilil

c"LOwW

d"HIGH
C"LEFT
d"RIGH
C"RANG
d"LENG
C"REVE

dnaufe
) =)
dnaufa
) =)
dnaufa
T dnaufa
E dnavfa
TH dnmaufa
RSE_RANGE  ¢haaufa

3. Mngadasdudda iUl sansnldnuldnial

b(0) A
a + d(
NOT b
c +d
e - F
IF (b<
IF (b>
IF (¥/
IF (e>
e*3
5**5
/74
e/3

d <=c¢c
d(6 DO
e <=d
f:=1

ND a

),
XNOR ¢

c) ...
=a) ...
=e) ...

d ...

WNTO 3) := b

00

4. 97ne108790 3.1 d1da9m It GENERIC Suvgmﬂu m da LLaszﬁ‘vgmﬂu n = 2" ia

v a ]
fﬂz@lﬂdL“Dﬂ%ﬂﬂdeh
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WU : 30

qﬂﬁﬂé’fwﬁmtﬁamm%

Concurrent Codes

gafasriiaussauin (concurrent code) lunim VHDOLH illugaddanignilulsluussenada
wqﬁﬂiimmawmaia%maaﬂiﬁﬂﬂﬂaw%uu%u(combination logic) %&maiﬂsunﬂﬁﬁﬁnﬁwﬂ
wWasuulasaudunnassanim danuniseanuusiliredisawuuh alansusinunian g

AULATBRIZADNY NIDTNANTZNUDINWIIRNALING

Tagraludn qwﬁwéﬁmﬁmuﬂomuwuﬂunwrn VHDL.%:ﬁnﬂiiﬁﬁauﬁﬂn@uﬁw%ﬁaaaﬁﬂwuﬂ aulaun
o ﬂéuﬁwﬁaWHEN
0 nguAFs GENERATE
mﬂﬁmuﬂg:uﬁwé"aﬁ”’mawﬁﬂf: sxdaslfuniudnsyinmsiane  ssmuniteziauafionsls

& i A o \ L o &
mumaaanqmgnlmmnaﬂma @amavl,ﬂu

4.1 nanends WHEN

9
& L e o oAa o ' @ ' A Vo o A A P~ % '
Lﬂuﬂauﬂﬂaqﬂuﬂwalmawuﬂaumwaawmﬂ FlfanTuiNanasaTIagoULIawla a:uﬂ131mqﬁua§ 2
suluuy Ao
. 3ﬂuu11WHEN/ELSE

. EﬂuulJWITH/SELECT/WHEN

4.1.1 3wy WHEN/ELSE

ugtuunansaemsld WHEN lasfinginueimudouash

assignment WHEN condition ELSE
assignment WHEN condition ELSE

) laof assignment HuarnszvinmsuuussEnuan (<=) WakieauliNamnasey

1JuaSe asuaasliminluaiatnde Uit

ARCHITECTURE behav OF ex whenl IS
BEGIN
outp <= 000" WHEN (inp="0" OR resetn="1") ELSE
001" WHEN ctl ="1" ELSE
"010";

END behav;

NOoO O WNER
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) NNE8L @udT outp A rinAL <0007 aldanluved dauls inp A0
WAy “0” Wil resetn Aavinnu <17 wwduads cudwna Aezamagey
Wawlunean fa @uds outp aziidvinny <001 Walaulywas dauds ctl ddn

1 Q- a v Q/ 1 [ W ‘é { v
Wiy <17 10uaSs wazduwie dauls outp azlidyinny <0107 Taduiseugaring

= Faguna lwnsldends WITH/ELSE wascondition ELSE a:lifindasmany ;

Mag1Nn 4.1  nIvanuuuNT Multiplexer

A1adUNY

a —— sl sO y

b — y

c 0 0 a

q 0 1 b
1 0 c
1 1 d

sl sO
) (1)

U 4.1 (n) dyanuoiuasans Multiplexer (2) MINANNIT

1u3ﬂ°’?‘i 4.1 Jusysanwairasisas Multiplexer 14 aan 1 wiauagaang
AN wBUuNNn 4 M faa b c uaz d wiswdwuden (select) i 2
@ fa sl uaz SO dwaviwnil 1 éada y soriuluguas ENITY fazaunsa
Fouldeiusmasi 5 598 g awariunazdesdoulfidusunmsfivadianan oz
¢ y = a.s17.507+ b.s1”.s0 + c.s1.s07+ d.s1.s0 @ouuwn@AnIsw
MI9Ue9993 multiplexer Age sumsizadia y sswisadowlde

UsTiaf 10 89 16

2 LIBRARY ieee€e;

3 USE 1ieee.std logic 1164.all;

4 -
5 ENTITY mux41l IS

6 PORT (a,b,c,d,s0,s1 - [IN STD LOGIC;
7 y - OUT STD LOGIC);

8 END mux41;
e
10 ARCHITECTURE behave OF mux41 IS

11 BEGIN

12 y <=(a AND NOT s1 AND NOT s0) OR
13 (b AND NOT s1 AND sO0) OR
14 (c AND s1 AND NOT sO0) OR
15 (d AND s1 AND sO0);

16 END behave;

17 ——— e
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125.|Dns QSD.IDnS 3?5.|Dns

- sl 1 | | %
1 1
o> | 0 | T ] 1
B~ b 0 [ ] [ ]
= C 0 |_|
= d 0 [

s lo T LT L T L T L T L[ T

Eﬂﬁ 4.2 WaNIINRIV8IN0819N 4.1

A18819N 4.2 M3eanuuul9as Multiplexer a3sn2 lagld WHEN/ELSE
maddsuudlasnndufenludyansoiuednsss Multiplexer anjunl 4.1
(m Widuzd  714.3(n) unu

a s[1..0] y
b —
c y 00 a
g 01 b
10 o]
11 d
S[1..0]
(n) (2)
gﬂﬁ 4.3 (n) ”tyé'nmi‘*naawﬁ Multiplexer (o) @13190210939
fadue N3N 4.3 :liduwn 5 dfaa b ¢ usz d wisudiwruian(select)

Fwamu 2 dafe s[1..0] &wowiwni 1 ddey darlusinues ENITY fia
usadswldeiuTsran 5 799 & mq@TwuLawﬁvgm]ﬂ%q@@‘héﬁ WHEN
UITENENOANTINMITNUTBIIITUNURINIRTAda y Feaausnidowldes
ussian 11 (Juduly

1 - with WHEN/ELSE --—-—-——————————-
2 LIBRARY ieee;
3 USE ieee.std logic _1164.all;

4 -
5 ENTITY mux41 IS

6 PORT ( a, b, ¢, d: IN STD_LOGIC;

7 sel: IN STD LOGIC_VECTOR (1 DOWNTO 0);
8 y: OUT STD _LOGIC);

9 END mux41;

10 -—\—————
11 ARCHITECTURE behavel OF mux41 IS

12 BEGIN

13 y <= a WHEN sel="00" ELSE

14 b WHEN sel="01" ELSE

15 c WHEN sel=""10" ELSE

16 d;

17 END behavel;

8 -\ -—-———— - -
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4.1.2 gﬂunleITH/SELECT/WHEN

\udnanwuenitaveanisld WHEN $aufingad1as WITH/SELECT lasfinguinueimadouasi

WITH identifier SELECT
assignment WHEN value,
assignment WHEN value,

) Taan identifier Judulinltassasagauiionly add1assany value

wrlh  assignment ¥inmsassiud asuaasliiiulualatndalu

ARCHITECTURE behav OF ex_when2 1S
BEGIN
WITH cont SELECT
outp <= *000" WHEN “00”,
“111" WHEN “01”,
777" WHEN OTHERS;

END behav;

O~NO OB~ WNPE

o) MNA0¢19 AUy outp zdAYinAL “000” e dauils cont Feavinnu
“00” 1Jua39 %38 AUy outp ANy <1117 e @uls cont Adwvinu
<011 Hua%s e ey outp wlaviny “zzz” e @auds cont Aanldivinuaes

ad a A A @
NIUWNHIUNT RIDNITUNELARD WL

)
Tumslfugadias WHEN dnzas ... WHEN value™ fnnldnueg 3 anwusda
=  WHEN value l6nu  value Ninien
=  WHEN valuel to value2 18lus29 valuel 99 value2
= WHEN valuel | value2 ¥y valuel #3a value2

=

Fagune  IwmIn1se&s WITH/SELECT wad WHEN value a:lgiaSasnang , unw ;

anindunis value q@ﬁﬁy
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ghogsfi 4.3 msoenuuua9es Multiplexer asifi 3 lagld WITH/SELECT/WHEN

1 - with WITH/SELECT/WHEN -—---

2 LIBRARY ieee;

3 USE ieee.std logic _1164.all;
S

5 ENTITY mux41 1S

6 PORT ( a, b, c, d: IN STD _LOGIC;

7 sel: IN STD_LOGIC_VECTOR (1 DOWNTO 0);

8 y: OUT STD_LOGIC);

9 END mux41;

10 -~ ===

11 ARCHITECTURE beahve2 OF mux4l1l 1S

12 BEGIN

13 WITH sel SELECT

14 y <= a WHEN 00", -- notice "," instead of ;"
15 b WHEN 01",

16 c WHEN '"10",

17 d WHEN OTHERS; -- cannot be "d WHEN "11' *
18 END behave2;

19 - -

NuIITian 7 fva sel Lﬂuﬁégaﬂs:uw1 STD_LOGIC_VECTOR 2@ 2 iia o1
Qﬂuwuﬁdmﬁhgaﬂinnv1INTEGER wazld WHEN/ZELSE azvihlwisnd@onlysunss VHDL

o ¥ . o
REAINUATIIASIVY adnaaslilualratnasaluii

LIBRARY ieee;

USE ieee.std logic 1164.all;

5 ENTITY mux41 1S

6 PORT ( a, b, c, d: IN STD _LOGIC;
he

8

A WONPRF

sel: IN INTEGER RANGE O TO 3;
y: OUT STD_LOGIC);
9 END mux41;

10 ---- Solution 1: with WHEN/ELSE --—————————————
11 ARCHITECTURE behavel OF mux41 1S

12 BEGIN

13 y <= a WHEN sel=0 ELSE

14 b WHEN sel=1 ELSE

15 c WHEN sel=2 ELSE

16 d;

17 END behavel:

aaswan WHEN/ELSE Sl WITH/SELECT/WHEN fazdielwnmsideulusunsy

LIBRARY ieee;

USE ieee.std logic 1164.all;

ENTITY mux4l IS

PORT ( a, b, ¢, d: IN STD _LOGIC;

sel: IN INTEGER RANGE O TO 3;
y: OUT STD_LOGIC);

END mux41;

0 --—- Solution 2: with WITH/SELECT/WHEN —--—-———————————

POOO~NOUTAWNE
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9 A
Humn .

11 ARCHITECTURE behave2 OF mux4l 1S

12 BEGIN

13 y <= a WHEN O,

14 b WHEN 1,

15 c WHEN 2,

16 d WHEN 3; -- here, 3 or OTHERS are equivalent,
17 END behave2; -- for all options are tested anyway

@20819N 4.4 n13panwuul93s Tri-state Buffer

cna

input (7:0) output (7:0)

3ﬂ?§4_4 sanwoiigas Tri-state Buffer

faduny %Wﬂgﬂﬁl4-4-Lﬂuﬁdﬂi Tri-state Buffer 2w 8 fa Gefianwmznisvhamu
ébﬁenrn:&ymwnﬁuwwi%aﬁnﬂﬂﬂhmﬂﬁwﬂLﬁﬂ&@@ﬁnwnuqumﬁena NEnIUL
duaein <07 lumsasnnudaddygrmniuguin ena Ganwmnduasin <1° fi
Laﬁﬁwwa:ﬁanwauﬁ@noa3ﬁ1ﬁﬁ1ﬂawuﬁﬁuwwago(high impedance) lummn
VHDL 2:l461 Z unudn andnsnienivneusesnsas imamaniafiandoulluny
VHDL usstnawn@nssy msvhnusassaseinanaldaail

1 LIBRARY ieee;
2 USE ieee.std logic 1164.all;
I e
4 ENTITY tri_state IS
5 PORT ( ena: IN STD _LOGIC;
6 input: IN STD _LOGIC_VECTOR (7 DOWNTO 0);
7 output: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));
8 END tri_state;
Q) e e e e e e e e e e e e e e e e e e e e e
10 ARCHITECTURE behave OF tri_state IS
11 BEGIN
12 output <= input WHEN (ena="0") ELSE
13 (OTHERS => "Z%);
14 END behave;
15 ———— -
Marne: ,__\-’aluei 1DD.IDHS QDD.IDns SDD.IDnS fiDD.IDns SDD.IDnS BDD.IDns ?DD.IDnS
ena 0 | |
= input HO2 oo W o ¥ o3 ¥ m ¥ oms ¥ oo W s YW o4
output HO3 7z 4y m f m ¥ o X Iz

gﬂﬁ 4.5 HanN3I1aIane819n 4.4
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A8819N 4.5 N1J8anLUL93T Encoder

x[7..0] y[2-.0]
% (0) — 00000001 000
x (1) —» —» v (0) 00000010 001
| ENCODER  [— y(1) 00000100 010
! .~ ,(3) | 00001000 011
f (7] 00010000 100
00100000 101
01000000 110
D) 10000000 111
€))
gﬂﬁ 4.6 (n) suanuoigas Encoder (1) M3 19ANI3Y
fadune AMaNLA1842997 Encoder aiifwiundunn 2" uazianviun m 21 angul
Nﬁ]imﬂgﬂﬁ 4.6 \Jusysnwairesisas Encoder ﬁaﬁwuauﬁuwﬂ 8 21 uaz
LW 3 91 ANMAUENNINIUIEINT Encoder i fN1309 LN TeR Y
339 MINNDANTINMITNNY Amansafazinmanasnnuasidow i
ldsunsunnsn VHDL qﬁhaagﬂuuuéhﬁ
o yuununslE WHEN/ELSE
1 ---- Solution 1: with WHEN/ELSE -—--—————————-

2 LIBRARY ieee;
3 USE ieee.std logic _1164.all;

4 -
5 ENTITY encoder IS

6 PORT ( x: IN STD_LOGIC VECTOR (7 DOWNTO 0);

7 y: OUT STD LOGIC VECTOR (2 DOWNTO 0));
8 END encoder;

9 _____________________________________________

10 ARCHITECTURE encoderl OF encoder 1S

11 BEGIN

12 y <= "000" WHEN x="00000001" ELSE

13 001" WHEN x=""00000010" ELSE

14 010" WHEN x=""00000100"" ELSE

15 011" WHEN x=""00001000"" ELSE

16 100" WHEN x=""00010000" ELSE

17 101" WHEN x=""00100000" ELSE

18 110" WHEN x="'01000000"" ELSE

19 111" WHEN x=""10000000"" ELSE

20 "“Z2727';

21 END encoderl;

22
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137

o gﬂuuurniPﬁWITH/SELECT/WHEN

1 --—- Solution 2: with WITH/SELECT/WHEN —----—-—-
2 LIBRARY ieee;

3 USE i1eee.std logic_1164._all;

A
5 ENTITY encoder IS

6 PORT ( x: IN STD_LOGIC VECTOR (7 DOWNTO 0);
7 y: OUT STD_LOGIC_VECTOR (2 DOWNTO 0));
8 END encoder;

9 _____________________________________________
10 ARCHITECTURE encoder2 OF encoder 1S

11 BEGIN

12 WITH x SELECT

13 y <= "000" WHEN '00000001",

14 001" WHEN *'00000010",

15 010" WHEN *'00000100",

16 011" WHEN *"'00001000",

17 100" WHEN *'00010000",

18 101" WHEN *'00100000",

19 110" WHEN *'01000000",

20 111" WHEN *10000000",

21 "ZZZ'" WHEN OTHERS;

22 END encoder?;

23 —

Ae81en 4.5 mMIsanuuunhslszananiamamaasiazaain (ALU)

A1adUNY

ai7:0) -
) I Logic

b (7:00 Unit

- Arithmetic .
Unit sel (3)

cin ——

sel (3:0) I |

gﬂ‘ﬁ 4.8 (ﬂﬂmm%amsﬁwmmm ALU

{ & ' a a P S
awngﬂﬁ 4.8(n) \unihodszananmsadiamansiazasinama 8 Ja T9azdsenay
MENUFINUNIBRIRUILNILIN N UATAMEAS LazRUINENTZYNNI9ewaaIN N3
o ' ] Qd =) =) d! Q o ldl

nizirasudazniIBIzgnAILgNIINaLRanfinis diaenahaulugns . 8(v)
uwassaandianvinn lunsnsziiunsduadienaat azdunsziuulifainias
nue aanuIz¥inmsenls package Te std_logic_unsigned a1 LIBRARY
icee QIBWINATINTINTBUWEANTINNITNNUVEY winedszulanadiamans

o Wae
WRZRAN bAAI%
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el Ciperation Function Unit
0000 V<=4 Transfer a
(00 y <= g+ [ncrement a
0o1o y==a-| Decrement a
0011 ye=h Transfer b Arithmetic
0100 y == b+l [ncrement b
0101 y <= b-1 Decrement b
0110 y <= a+b Addaand b
0111 ¥ <= a+h+cin Add a and b with carry
[ D00 y==NOTa Complement a
001 y<=NOThb Complement b
1010 | y<=a ANDbD AND
[oL] y==aORb OR Logic
100 | v ==aNAND b NAND
1101 | y<=aNORD NOR
[110 | y<=aXOEDb XOR
[111 | v <=a XNOE. b XNOR

3ﬂ?i4_8 (1) A1I9INIAN®

(¥)

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std logic _unsigned.all;

ENTITY ALU 1S

PORT (a, b:

sel:
cin:

IN STD_LOGIC_VECTOR (7 DOWNTO 0);
IN STD_LOGIC_VECTOR (3 DOWNTO 0);
IN STD_LOGIC;

y: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));

11 END ALU;

13 ARCHITECTURE dataflow OF ALU IS

SIGNAL arith,
BEGIN

————— Arithmetic unit:

logic: STD_LOGIC_VECTOR (7 DOWNTO

WITH sel (2 DOWNTO 0) SELECT

arith <= a

————— Logic unit:

WHEN
at+l WHEN
a-1 WHEN
b  WHEN
b+1 WHEN
b-1 WHEN
a+b WHEN

a+b+cin WHEN OTHERS;

"'000",
001",
"'010",
011",
100",
101",
110",

WITH sel (2 DOWNTO 0O) SELECT

logic <= NOT a WHEN 000",
NOT b WHEN *'001',
a AND b WHEN 010",
a OR b WHEN '011',
a NAND b WHEN ""100",
a NOR b WHEN 101",
a XOR b WHEN 110",

NOT (a XOR b) WHEN OTHERS;

0)
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36 ———————- MUX: -—-——————————————

37 WITH sel(3) SELECT

38 y <= arith WHEN "0",

39 logic WHEN OTHERS;

40 END dataflow;

Il mmmcmmmcmmmcssmessessssssseessss s s s e s es s s o s
Marme: ,__\f’aluej_ 1DD.IDnS EDD.IDnS SDD.IDnS 4DD.IDnS :SDD.IDnS EDD.IDnS ?DD.IDI’]S BDD.IDnS 900
=2 [HO3] oo ¥ o0 ¥ o2 ¥ 03 ¥ o4 ¥ s ¥ o o7 ¥ o )
&b [Ho2| oo ¥ o ¥ o3 ¥ o2 W e % o7 ¥ o5 ¥ o4 f o )
m=cin | 0 |
i sel | H2 oy 1 ¥ 3 ¥ 2z ¥ s ¥ 7 ¥y s ¥ 4 ¥ c

y | HO3 oo m ¥ oz ¥ w2 W oa B oo K m W w5 ¥ F7

gﬂﬁ 4.9 Nanm3iNaadflasen 5.5

'
]

4.2 zaends GENERATE

& o & Aa o ° S oA o A o & a , & A o a
ugadsnlanymenMIinuuuLInIaud 9 moldidenlumnuandaaduasarinnu  sanaed
ﬂwﬂﬁhﬁuag 2 gﬂuuuﬁdﬂﬁﬁﬁa

e FOR/GENERATE
e IF/GENERATE

4.2.1 zﬂuﬂllFOR/GENERATE

[

Wuanwoaznslosiwnudas FOR laafinguinmsinsdiouasi

[label] : FOR identifier IN range GENERATE
(concurrent assignment)
END GENERATE;

) We identifier \Judiudsnldhesamasevd aglugrndmua(range)

wiald 1939 wnevihludiuvesnIseIuALULWYITI lasd identifier flas

o A a = o oA Qg & K ' A

nainfisznieluizes gauniitenlvaziduiiaiaznge duihote label azuan
o ' o {a = A v

fadunibinasTadi® FOR/GENERATE (lundinfagnauga) Seaziinialuiifle

A1a8IaN ML 8% FOR/GENERATE 134

1 ARCHITECTURE behav OF ex U IS

2 SIGNAL x: BIT_VECTOR (7 DOWNTO 0);
3 SIGNAL y: BIT _VECTOR (15 DOWNTO 0);
4 SIGNAL z: BIT_VECTOR (7 DOWNTO 0);
5 .-

6 G1l: FOR i IN x"RANGE GENERATE

7 z(i) <= x(i) AND y(i+8);

8 END GENERATE;

9 A

10 OK: FOR i IN O TO 7 GENERATE

11 output(i)<="1" WHEN (z(i) AND y(i+1))="1" ELSE "0";
12 END GENERATE;

13 ...

14 END behave;
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9 A
HUIMN

140

4.2.2 zﬂuﬂlllF/GENERATE
WuanBmenIT 3NN U IF %oﬂﬂsiﬁhwuﬁnﬁfu:uuUﬁm:ﬁbanszﬁﬂagnwﬂludaumaa

FOR/GENERATE 8niindta lasfinginmsimaidioudai

[label 1] : FOR identifier IN range GENERATE
[label 2] : IF condition GENERATE
(concurrent assignment)
END GENERATE label_2;

END GENERATE label_1;

G188191 4.6 nIsanuuuITReudays (vector shifter) lavliyad1as GENERATE

oLy dasnseanuuusaiendayarwia 4 Ja lasdeuwldmetrofiazdansaunadiy
<0 vhlludagarienngarsniinaien sundiddoyafidndu 11117 dwiu
ansmzdnuMReudeyalnuazidsaasi
row(0) = 00001111~
row(1l) = 00011110~
row(2) = “00111100”
row(3) = “01111000"
row(4) = “11110000”
Wanmuwgdnssumvinanuua dsansafesdisuldsunsy VHDL lagfnua
Buwniawia 4 da srweviundawa 8 da wazdrmugumadeudayadiuim 5
A39 (0 §9 4) eslineazdsemadouldsuninasde Ui
Marne: ,__\f'aluej_ 1DD.IDns QDD.IDns SDD.IDns 4DD.IDns SDD.IDns EDD.IDns ?DD.IDns
= inp H7 7
= sel HO oW 1w o2 Y s w4 Y s Y s W7
outp HO7 W w DE ¥ 1 ¥ wm Wy o0

gﬂﬁ 4_10 Han1331889038819Nn 4.5

LIBRARY ieee;

USE ieee.std_logic_1164._all;

ENTITY shifter 1S

PORT ( inp: IN STD_LOGIC VECTOR (3 DOWNTO 0);

sel: IN INTEGER RANGE O TO 4;
outp: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));

END shifter;

ARCHITECTURE shifter OF shifter IS

10 SUBTYPE vector IS STD_LOGIC VECTOR (7 DOWNTO 0);

11 TYPE matrix IS ARRAY (4 DOWNTO 0) OF vector;

12 SIGNAL row: matrix;

OCoO~NOOOITAWNE

13 BEGIN

13 row(0) <= "0000" & inp;

14 G1l: FOR i IN 1 TO 4 GENERATE

15 row(i) <= row(i-1)(6 DOWNTO 0) & "0%;
16 END GENERATE;

17 outp <= row(sel);

18 END shifter;
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4.3 Tandilam
1. WWdsuldsunsuassas Multiplexer 111 8 aan 1 I@U’Luu@ia:?}uwwﬁmm@ 2 ia

2. Widsuldsunsuieas Priority Encoder Afimsvianuasanssalali

A[7..0] W[3..0]
0000000 XXX0
00000001 0001
0000001X 0011
000001XX 0101
00001XXX 0111
000LXXXX 1001
00LXXXXX 1011
OLXXXXXX 1101
IXXXXXXX 1111

X=don’t care

3. 1¥i3oulusunsnnees Binary decoder asaneadaa’lilih

A[2..0] Y[7..0]
000 00000001
001 00000010
010 00000100
011 00001000
100 00010000
101 00100000
110 01000000
111 10000000

o A o @ . g
4. Tdsnlysunsuuinay S39mMInIzvinaseaneee tUh

cin szl operation
+ 00 add unsigned
J— 01 add signed
a7y g
e Lo sub unsigned
b (7:0) === + p LT (70 11 sub signed
sel (1:0) =
v
cout
5. Widsuldsunsulioufiey dsgddmanadt
a (707 azb » x1
a=h —» x2
b (7:0) wp a<h —» x3
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AAAITITHALILIA1AY
Sequential Codes

PAANFITHALTHISAL (Sequential code) ugadamngninlldmniunseanuuuisaes

9
A

TiaduwToa (sequential circuit) 2995UEIANRITUANAI99INITTABY LULUT W (NHBIN
& R & A & & a &
wananissesdszianinimue) nanfaioniwnsessesdeianiazilfouudssaumaniso
vasdunnluafafiinuuuazaniznsvhauigiuvanei(present state)@iuuiiaslsznn

¥ e ; o o v & o o~ ! <& vy
1‘1711391a\‘]ﬁ‘ﬁu')Elﬂ'l']llﬁ]']ﬁ']‘ﬁﬁ.lLﬂ‘]Jaﬂ']'JZﬂ'ﬁ‘ﬂ'](]']u@laa@]nN'] ‘ﬁxﬂuﬁﬂluﬂlaﬂ?ﬂﬁ]iﬂauvLUL%T%fﬂvaNﬁﬁ'Ju

(2
S o

% mua@ﬂugﬂﬁ 5.1

. L INpUt m—ppl L e OUEPUE
iNput mgp{ Combinational |y, output Combinational
Logic Logic
(m present next
state Storage state

Elements

(¥)
37U 5.1(n) 2avnavluindi uaz () 1WasHalowdun

A o o T A A o @ A o o a t4 o & A o o o A '
Luamq@mamumsmm@um:mmmmwslumm VHDL #u mammmimmadmyuagmﬂu
qaﬁwé’a audszinn

o PROCESS
0 FUNCTION
o PROCEDURE

sanmulugeadiauniiimnmuniniFonlddasdwan IF WAIT CASE uaz LOOP ¢ udluuniiaz

°11aﬁnLﬁuam{bﬁmul,awwz“q@ﬁﬁ'a PROCESS it %atﬂu‘g@ﬁﬁ'ﬁﬁgmmﬂaﬂ

5.1 %@A"d9 PROCESS

] ] (2 ] '

dsszinniuduredissdugungnlddmivdasiaGoshauiiazdias  laslngunusinudou
9%k

[label:] PROCESS (sensitivity list)

[VARIABLE variable name : type [range] [:= initial_value;]]
BEGIN

(sequential code)

END PROCESS [label];
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7afas PROCESS  # naihluldinuazdasszydinszduniviiou (sensitivity  list) law
) o ° o @ £ ' a & { o o {
mm:@!umsmmuawﬁ%mmmvﬁamL(?ﬁ'm PuagWnANTINYLINITUKY Lﬁamﬂi:@;uﬁmsmﬁﬂu
& A A o o o A A o = ' ° o @
wasinanivalnloldRouszauRYYIM(B190ALINTaNABAD) Aazginanilwdrzesnielu

PROCESS #hiu enudauusmezasdresfidisulilusuves sequential code

gafddiziani anvzlinzyihete label 17 lunvdinfnnsldnugadas PROCESS wanuza

LLﬂzﬂﬂﬂlﬁ?ﬂﬁﬂﬁdﬂizmﬂﬁ a1vazliaudstszian VARIABLE ¢1e (vasnldatuneluiida 5.3)

L’smauq@mﬂ%\ﬂuq@ﬁﬁa PROCESS 2:@24ilfni1 END PROCESS anweioilhede label (lu
aaay A o o @

nsdinfiihegamnu’ld)

luuﬂﬁa:mandnﬁm@ﬁﬁh PROCESS #iaansnisonlddds IF WAIT CASE uaz LOOP ﬁa&i
321319 BEGIN uaz END PROCESS #3a sequential code

5.2 @auis1l9znn VARIABLE uaz SIGNAL

daudstszinn SIGNAL ududsdndszsnnnitavesdygim fsansniwua WauRusiunm
(Fgnmwin) nandedulnlsnnimansaiua ldifsedndolusmznaiug wazd1vasn
LLUiﬂi:mﬂffmmmL%ﬂﬂl‘ﬁvﬁagﬂﬁﬂﬂl‘ﬁ”lﬁﬁy'aﬁﬂﬂmmu faunssiua1asfulTlszianilaz
IFie3aamany <= lanfingunaainadoudsil

[SIGNAL signal _name : type [range] [:= initial_value;]]

o '

fudsilszian VARIABLE Allududssnuszinnwitefianansnimuadnlile uadniianaunsaaom
I¢asaaian nanaamItivavesdaulsdszinnit "l&i"léT%uagiﬁ’mam‘Lumm:ifu sulyriiafiasdos
ﬂi:mﬁvl'ﬂﬁ"g@ﬁ'}%'a PROCESS ﬂ’]‘iL%Elﬂi‘ﬁ{l’]%@T’JLLﬂiﬂizLﬂY}ﬁ?ﬂza’m’]iﬂL%ﬂﬂl“ﬂﬁmW’]ﬂuﬁ’Juﬁgﬂ
Uszmeliiviniu siufiaeldldianslugiunas sequential code it sawmssornuanuads

wlsiszinniiagldiedosnang = lesfinginasimadiouesil

[VARIABLE variable name : type [range] [:= initial_value;]]

NN IoundlugIuses VARIABLE  uaz SIGNAL  d1  variable_name %38
signal_name dusasauilsdszinn VARIABLE uaz SIGNAL enwsau & type 1fu
ﬂizmw’nad‘*ﬁagaﬁé"sLLﬁJﬁ:qm{lfﬁmu wae initial_value Jumifhuuaasudnlunsldnu

asugaslumagransldudalun
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1 - EXAMPLE SIGNAL---—————-——-————— - ———
2 SIGNAL sel : BIT_VECTOR (2 DOWNTO 0) := “000”;

3 SIGNAL count,temp : INTEGER RANGE O TO 59;

4 ..

5 count <= count + 1 AFTER 5 ns;

6 temp <= temp — 1 AFTER 10 ns;

7 --

8 - EXAMPLE VARIABLE---—--—-————— o~
9 VARIABLE opcode : BIT_VECTOR (3 DOWNTO 0) := “0000";
10 VARIABLE freq,direction : INTEGER;

11 ...

12 freq := clk + direction;

13

4 -

5.3 m3ld@ds IF luaad1ds PROCESS
fae IF (Duiasniilnasasiazeubenly (nlaudias WHEN) iNanasdalanseyinunsdsunsacing

A A & A a & a o &
Waya w1y I@ﬂuﬂglﬂm‘nﬂ'ﬁl’mﬁuﬂ\‘l%

IF conditions THEN assignments;
ELSIF conditions THEN assignments;
ELSE assignments;

END IF;

Walmsladas IF ndGanlumidasuls 2 mg azliinsld ELSIF asaratnadalui

R IF/THEN/ELSE-———————————————
2 VARIABLE countl,count2 : STD LOGIC_VECTOR( 3 DOWNTO 0);
3 - PROCESS(clk)

4 R

5 IF (clk = “1”) then

6 countl := countl + 1;

7 ELSE

8 count?2 := count2 — 1;

9 END IF;

10

11 -

Walnmslddgs IF ndGenlumidagulaninnii 2 e 2:8m 3l ELSIF asaatnasaluh

1 - IF/THEN/ELSIF/ELSE-———————————————

2 VARIABLE cntl,cnt2 : STD LOGIC VECTOR( 3 DOWNTO 0);
3 VARIABLE sel : STD _LOGIC VECTOR( 1 DOWNTO 0);
4 . PROCESS(clk,sel)

5 ...

6 IF sel = “00” then countl := countl + 1;

7 ELSIF sel = “01” then countl := countl — 1;
8 ELSIF sel = “10” then count2 := count2 + 1;
9 ELSE count2 := count2 — 1;

10 END IF;

11 ...

12 -----—-—
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o oA A 1a Py = o ' o a
MABVEWN 5.1 NITADNLLUIIAT (ﬂ‘v\la‘i_l‘v\laau LNQ%W?LT@]V]’]\T]%I@ﬂvl,uaui"ﬂafyfquu']Wﬂ’]

foTuny nnyUilusyansaiuessesiniunaey fdsinsldrSisaresauraeuiiinu
nna%y’dl,ﬁaﬁm‘sﬂi:@jud@leaiauiﬁ)é'ngrgﬁmuﬁﬁnw) maansafideuusseny
WOANTTNNITINH I@U’Lﬁﬂﬁ'}é’{l PROCESS 37ue7e IF Iﬂﬂﬁéf’;ﬂi:ﬁuﬁ’[ﬂu
d’mmao‘g@ﬁﬁ'ﬁ PROCESS asulsznauds clk uas rst aoit
d q
DFF
clk—>
rst
gﬂﬁ' 5.1 syanwoivadsasanaunaay
] S e
2 LIBRARY ieee;
3 USE ieee.std logic 1164.all;
A m e ___
5 ENTITY dff IS
6 PORT (d, clk, rst: IN STD LOGIC;
7 q: OUT STD_LOGIC);
8 END dff;
R e
10 ARCHITECTURE behavior OF dff 1S
11 BEGIN
12 PROCESS (clk, rst)
13 BEGIN
14 IF (rst="1") THEN
15 q <= "0%;
16 ELSIF (clk"EVENT AND clk="1") THEN
17 g <= d;
18 END IF;
19 END PRGCESS;
20 END behavior;
2] ———
Mare: “Walue 1DD.‘Dns QDU.‘UHS 3DU.‘UHS ADDIDns SDDIDns BDDIDns ?DDIDns BDDIDns BDDIDns
o= clk 17
Ed 1
rst 0
=0 0 u]

gﬂﬁ 5.2 Wan133Naed Mesn9n 5.1
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UUIN :

@29819N 5.2 NIBBNLULIGAITHU O D9 9 2w1@ 1 %an

d1adunsy

Wun1900nuuu9aTiy 1 Wan JIURU SIENITHuad 0 199 udadounaunnviy
Ind dartw tenviwnzensanzliawe 4 e (90 = 1001 dudunniliawiz
o a 7 o o A 2 [ A & o o
Sy RN (QusadluuTiian 5 G 8)lasdyamwinazidudinazdu
lugad1as PROCESS  vhanu  wisunsdszmiedauds temp  iudaudsisznm
VARIABLE #filigmiufindnmsiuilasyanamAnminsiasundas ussvad 20
WJunsasriwaranauds temp aanwwﬁhnwauaﬂqﬂﬁwﬁaPROCESSI@ﬂﬁﬁﬁﬁuﬂi
viwn digit AasseTuaT YT

clk —>

=» digit (3:0)

AmMmEZE SO0

3UN 5.3 JuUdyanaiueI il 1wa 1 wan

LIBRARY 1ieee;

USE ieee.std_logic_1164.all;

5 ENTITY counter IS

6 PORT (clk : IN STD_LOGIC;

7 digit : OUT INTEGER RANGE O TO 9);
8 END counter;

A WN PP

10 ARCHITECTURE counter OF counter IS

11 BEGIN

12 count: PROCESS(clk)

13 VARIABLE temp : INTEGER RANGE O TO 10;

14 BEGIN

15 IF (clk"EVENT AND clk="1%") THEN
16 temp = temp + 1;

17 IF (temp=10) THEN temp := O;
18 END IF;

19 END IF;

20 digit <= temp;

21 END PROCESS count;
22 END counter;
23 ——
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5.4 m3ldd1d WAIT Tuaad1ss PROCESS
ﬁﬂﬁaWAITLﬁaﬁwuﬁnﬁﬂlﬁgﬂﬁwﬁaPROCESS azﬁﬂmﬁhﬁﬂaﬂﬂauquﬂﬁiﬁwuwuﬁhﬂszﬁurmﬁaﬁa
1u§@ﬁ1§thROCESS witaza awuwsnﬁa:ﬁﬁﬁns:@ﬂﬂﬁﬂawUﬁd ﬁﬁéﬁnﬁzﬁuéhlﬂﬁd%ﬁaﬁﬂWS
{ a & o @ ° d ] v o ° o @
LﬂﬁﬂuuﬂaaLﬂ@mtbﬂwadw%aﬂizuatuﬂﬁsﬂﬁawuﬁagl@q@ﬂwaa PROCESS 3:ims¥inanuuuusnaud
v = @ " v A s A WM v a o % y A
ATUTINAIUIL mﬂluuwaussﬂﬂawaaziu@aaﬂwsujaﬁuuﬂaaﬂwLuaaawnﬂuqmLﬂ@%ﬁﬂmaﬂi:quluﬁauﬂ
éEJHWiq@ﬁ%mﬂuﬁbLﬁﬂmadq@ﬁw§aPROCESS ﬁﬁéﬁﬂizﬁuﬁawﬁﬁbuﬁqﬁawaawuwsnﬂauquiﬁ
AIBUAIRI WAIT 50QnﬁwM11%5:§unﬂiﬁﬂaﬂu%§ansxuanwniﬁﬁdﬂuauﬂdwazﬁéﬁnixﬁuﬁﬁbaﬂﬂif

{ a & o o .
mMaURewulaaiodn ﬂ?iﬂ?d?%ﬁd"ﬂtﬂﬂﬂ’]d']%ﬂaiﬂ
UG

U o QI’ dq/ o o 1 v o ] tg/ 1 v v A
mildnudas WAIT - dmansadmuadunisldna gdunis Juagiuanudamasdidon
Ao o ' o g
I@ﬂwarnﬂQWﬂ7§1mowuagaﬂugﬂuuu R RYSIMS

5.4.1 3ﬂuu1|WAIT ON

duddaningase aundazlidanszduindasnis lasfingmaliouuszdadniasii

WAIT ON signall,[signal2,...];

1
2 PROCESS (clk,rst,sel)
3 BEGIN
4  WAIT ON clk, rst;
5 IF (rst="1") THEN
6 output <= 00000000 ;
7 ELSIF (clk®"EVENT AND clk="1") THEN
8 output <= input;
9 END IF;
10 END PROCESS;
117 -

5.4.2 juUuuu WAIT UNTIL
\dudasnngata wniSewluduais laslingnisdouasii

WAIT UNTIL condition;

5.4.3 gﬂu,uu WAIT FOR

& o o A ' % a o a a o &
Lﬂuﬂ’]m‘ﬂ‘lﬁﬂq@ﬁa ﬂuﬂ’J’]ﬁ]vaﬂL’Ja']@r]N‘ﬂ(ﬂaﬂﬂqi I@]UNﬂQﬂ’]iL“ﬂﬂu@\m

WAIT FOR time;
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PROCESS -- no sensitivity list
BEGIN
WAIT UNTIL (clk"EVENT AND clk="1%);
IF (rst="1") THEN
WAIT FOR 10 ns;
output <= ""00000000";
ELSIF (clk"EVENT AND clk="1") THEN
WAIT FOR 10 ns;
output <= input;
END IF;
END PROCESS;

@20819N 5. 4

A |a a a o ) o a & A
NI anNtuyINT @W\lm_l“Naa‘Ll LNQ“II’]?HJ@W]’]OTLLI@EIVLNﬁulﬁ]mytyﬁmu’]Wﬂ’] AIN2

dnasune NA889N 5.1 az¥imIaaldsunsy I@ﬂﬁﬁﬁhg@ﬁﬁéﬁ WAIT ON " ldiden
LNUAI
1 ______________________________________
2 LIBRARY ieee;
3 USE ieee.std_logic_1164.all;
A m el __
5 ENTITY dff IS
6 PORT (d, clk, rst: IN STD LOGIC;
7 q: OUT STD_LOGIC);
8 END dff;
9 ______________________________________
10 ARCHITECTURE dff OF dff IS
11 BEGIN
12 PROCESS
13 BEGIN
14 WAIT ON rst, clk;
15 IF (rst="1") THEN
16 q <= "0":
17 ELSIF (clk®"EVENT AND clk="1") THEN
18 q <= d;
19 END IF;
20 END PROCESS;
21 END dff;
22 ————

@20819N 5.5

A1adUNY

ANTANLULISITHU 0 D9 9 U1 1 %an A39n 2
NA8L9N 5.2 azvinsaawdadldsunsy IﬂﬁﬁﬂLaﬂq@ﬁﬂéh WAIT UTIL
U@ anunuasi

©CoO~NOUOUIAWNPE

LIBRARY ieee;
USE ieee.std logic 1164.all;

ENTITY counter 1S

PORT (clk : IN STD_LOGIC;
digit - OUT INTEGER RANGE O TO 9);

END counter;
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10 ARCHITECTURE counter OF counter IS

11 BEGIN

12 PROCESS -- no sensitivity list

13 VARIABLE temp : INTEGER RANGE O TO 10;

14 BEGIN

15 WAIT UNTIL (clk"EVENT AND clk="1%);
16 temp = temp + 1;

17 IF (temp=10) THEN temp := O;

18 END IF;

19 digit <= temp;

20 END PROCESS;
21 END counter;
22 ————

MNANBUAIRS WAIT ﬁhawugﬂunuﬁa ON WAIT uaz FOR nﬂaﬁuwinﬁa:ﬁﬂﬁhawugﬂuuuww

ey A Aea | A oa . Y ve ¥
Naunwbe i lwAalseanTAwdan T lEaw taaad

o n3kEF ON s7unufss UTIL Lﬂ%ﬂﬁiuqﬂia auﬂdwa:ﬁﬁﬁﬂi:ﬁuﬁﬁéaﬂws Waz L%k
1nase Feasvinenudall

0 M3 ON 3aWnudIEs FOR Lﬂuquma auﬂ’jwzﬁﬁaﬂiwfjuﬁﬁaami %30 ldtanany
::l' v = o 1
AFaINs F99srinnusa bl

0 MIMNUAFI UTIL SauAud1&s FOR Lﬂ%ﬂﬂi%g@iaauniwﬁauﬂm&hm%a w30 laiam

d’ v = o 1

MuNGaINIT 9919 ude 1

5.5 N13l7A1§9 CASE lun@1ss PROCESS

ANBUZANTINNUVIANTI CASE  2zAnIlEnuiiunudas WHEN  @esuansuensrinauas
% s s o Qs a v ‘é o 0‘/ & & o Qlf { o v

Infifssnunudas WITH/SELECT/WHEN (#ada 4.3) @9énas CASE Aifludnasfivinniniden

gasnmelfianassamuitenlanimuald Tasiingnisdiouasi

CASE identifier IS
WHEN value => assignmentl, assignment2;
WHEN value => assignmentl, assignment2;

END CASE;

INNGNITuuvaId1ad CASE e identifier (JudiuiiNaopasagaud fasInunuen
value dladnimsald Aeznszvimsludinvasmissnnwassignment) vy laslugiuves
midgiuia1aazlinIssud o gaanld  uazdas CASE dmansnSunldnumuldgadia

PROCESS Lignnnleanasgaid  asuaadluaratnstasaalu

1 --- sequential code -—---———-
2 ———-CASE/WHEN---———————————-
3 CASE control 1S

4 WHEN 00" => x<=a; y<=b;
5 WHEN "'01" => x<=b; y<=c;
6 WHEN OTHERS => x<=""0000";
7 y<="'72777"';
8 END CASE;
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WITH control SELECT

X <= a WHEN '00",
b WHEN "'01',
"'0000"" WHEN OTHERS;

v

Tyl uAda9z1ing  CASE/WHEN Ay WITH/SELECT/WHEN a:iidauandnens eaansneh

5.1 WWTNasnndsdadrinanutnlatstanansrsnanin lulrmn

797 5.1 ANULANGEN9TZAIN9 CASE/WHEN 15U WITH/SELECT/WHEN

WITH/SELECT/WHEN CASE/WHEN
SnE Iz Lﬂu@@ﬁﬁ&h%ﬁ@uﬂamuﬂu Lﬂug@ﬁﬂ%ﬁ%ﬁ@Suaéwﬁﬂﬁazﬁwéh
-m3ldnu lﬁﬁwuuany@ﬁwﬁaPROCEss I%hﬁunWUluqﬂﬁwiaPROCEss
FUNCTION ae PROCEDURE L“fhii;% FUNCTION 8 PROCEDURE LV]I'VI?E%
—MAEIHIUEN faruan ldaudaden garuen ldannniwitesauds
—ﬁwuauﬂéﬁﬁgﬂiﬁ 516 Rsnsaiiion I#lelismasmanass

@20819N 5. 6

#1aduNY

f

e

MIDONULLNIITURIBLIAINANRaALIasIW (7-segment display)
asfivnmi vl inseausasuaiiagiurinem iuaasnadudaauaud 0 f9 9
13138N31729393 BCD to seven segment display é’agﬂﬁ 5.4 5380
AT NHMLINITREa IR (Decoder) saudnsasnaagini Worhanldnu
AINTMULUIZLANTBIVITIN(COmMMON) Iﬂﬂﬁ"a"l,ﬂuﬁaa:ﬁagjﬂinnﬂﬁa P1IINUUL
LLaIu@(common anode) LLa:qn‘s'wLL‘UULLﬂIm(common cathode)#alian
189797 PITIVBUVLIN BRZVIIINLUUAY Tudedneftazveldunsiunuusy o
asdasdsdyunafiduuindessin <17 Wifuduuaainaiadin aouddiu
(segment)a {9d1% g %aa:ﬁﬂﬁﬁmﬂmmLflué’ummaaﬂlugﬂﬁ 5.4 n19
Weoulusunsy VHDL ﬁﬂdauauwﬂazﬁ 4 nfa uazianviwniiadnu 7 a1 (lav'la
HUTINDN dot)éhua@dludaumad ENTITY daquaﬂsiuﬂWiﬁWJWumaaaaaiﬁ
ardaanmudnaTudfiuaas thannsutagu duues 0 fecileudyanm
aadn <17 Twiusuuaasnaiasiuddin a o F deezldiin 111 1210 Ju
fu Sarmfmansafasinsdsumiuaasnadusundazdald asluusimad 16
fiv 26

3.0 123456783

tﬂl a 1 = 1 | a
3']_]“(] 5.4 AaNBMHUNFIBLIFAINALIARIH LAZ NIILRAILTWAILAY
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1l
2 LIBRARY 1ieee;
3 USE ieee.std_logic_1164.all;
4
5 ENTITY bcd_ssd IS
6 PORT (bcd_data : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
7 digitl : OUT STD_LOGIC VECTOR (6 DOWNTO 0));
8 END bcd_ssd;
Q
10 ARCHITECTURE behave OF bcd_sssd IS
11 BEGIN
12 PROCESS(bcd_data)
13 BEGIN
14 ---- BCD to seven segment display conversion: --—--—-——-—-
15 CASE bcd_data IS
16 WHEN *'0000" => digitl <= ""1111110"; --7E
17 WHEN ""0001" => digitl <= "0110000"; --30
18 WHEN 0010 => digitl <= ''1101101"; --6D
19 WHEN *'0011" => digitl <= ""1111001"; --79
20 WHEN *'0100" => digitl <= ''0110011"; --33
21 WHEN *'0101" => digitl <= ''1011011"; --5B
22 WHEN ""0110" => digitl <= "1011111"; --5F
23 WHEN *'0111" => digitl <= ''1110000'; --70
24 WHEN *'1000" => digitl <= ""1111111"; --7F
25 WHEN *'1001" => digitl <= "1111011"; --7B
26 WHEN OTHERS => NULL;
27 END CASE;
28 END PROCESS;
29 END behave;
30 -\ -\ -\ - -\ - -\ - -~ -~ -~ "~~~ —~—~\—~—~\—~—~\—~—~\—~—~ "\~~~ —————————
Marne “alue 1DDIDns QDDIDns SDDIDns tiDDIDns EDDIDns EDDIDns ?DDIDns BDDIDns BDDIDns
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10
11
12
13
14
15

Solution 1: With a VARIABLE
ENTITY counter 1S
PORT ( clk, rst: IN BIT;
count: OUT INTEGER RANGE O TO 7);
END counter;

ARCHITECTURE counter OF counter IS

BEGIN
PROCESS (clk, rst)
VARIABLE temp:
BEGIN
IF (rst="1") THEN
temp:=0;
ELSIF (clk"EVENT AND clk="1") THEN
temp = temp+l;

INTEGER RANGE O TO 7;
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16 END IF;

17 count <= temp;
18 END PROCESS;

19 END counter;

20 —\————
1 -———— Solution 2: With SIGNALS only --————-
2 ENTITY counter IS

3 PORT ( clk, rst: IN BIT;

4 count: BUFFER INTEGER RANGE O TO 7);
5 END counter;

6 ____________________________________________
7 ARCHITECTURE counter OF counter IS

8 BEGIN

9 PROCESS (clk, rst)

10 BEGIN

11 IF (rst="1") THEN

12 count <= 0;

13 ELSIF (clk"EVENT AND clk="1") THEN
14 count <= count + 1;

15 END IF;

16 END PROCESS;
17 END counter;

18 —==—===—----——--——-—— - —————————
Mamea: ,__Valuei
rst 0 T
clk 0
count H1
@y temp H1

gﬂﬁ 5.6 WANIIIN88928IA20819N 5.7

faHN 5.8 MIsanuuUIRAawAUTaysuUY hawueanaynsy (P1SO)

AaDUNY

wWIslRewAudeya uuuhwweanaynsy swa 8 da Iwndnssumarinauda
TuaaniInfadairinnisin(load)hdayauiivlinen wasanuutoyaszlinig
Woulunedrofiazdafenlunsdagega) wiaunaudn <07 asludadrgadae

s g; =3 a & o < v dg‘
AIRWLITNRINTIINGY sml,ﬂu‘*g@mmvl,@mu

2 LIBRARY ieee;
3 USE iee.std logic_1164.all;

5 ENTITY piso IS
6 PORT(clk,resetn,ld shf : in std logic; --
clock, resetn, load/shift

7 data_in : In std_logic_vector(4 downto 1); --Data
input

8 data_out : out std logic --Data
output

9 );

10 END piso;

1] -
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12 ARCHITECTURE behavioral of piso IS

13 CONSTANT reset_active : std logic := "07;

14 BEGIN

15 PROCESS( clk, resetn)

16 VARIABLE temp_a,temp b : std logic vector(4 downto 1);

17 BEGIN

18 - ————-—- clear output register---—-———————————————————
19 IF(resetn = reset_active) THEN

20 temp_a := (OTHERS => "0");

21 —————- On rising edge of clock, load/shift in data
22 ELSIF (clk"EVENT and clk = "1") THEN

23 ——————- load data -~----——————-———— -
24 IF(ld_shf = "1") THEN

25 temp_a := data_in;

26 —————————- shift data---——--———————————
27 ELSE

28 temp_ b := temp_a;

29 temp_a (4) := temp_ b (3);

30 temp_a (3) := temp_ b (2);

31 temp_a (2) := temp_ b (1);

32 temp_a (1) = "07;

33 END IF;

34 END IF;

35 data_out <= temp_a(4);

36 END PROCESS;
37 END behavioral;

S S e R
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d1adunsy

MILENULULNITMIIANND (Frequency divider)an 1Mhz 1fu 100 khz
243311302700 Dadudursasnianudaganedny thesanauINNEaaINan

fudiaanad (Osillator) ldldanauanudaivaagls

PANNIIVOIIIIRIIANND NAB9ITULTULEY tapfidrwasnmIiuni ldan
n = 1,000,000/100,000 = 10
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18
19
20
21
22
23
24
25
26
27
28

LIBRARY ieee;
USE ieee.std_logic_1164_All;
USE ieee.std logic _unsigned.All;

ENTITY freg_div IS

PORT(clk,resetn : IN STD LOGIC;

clk out : OUT STD LOGIC;

q : OUT INTEGER RANGE O TO (10-1) );
END freqg_div;

ARCHITECTURE Behav OF freqg_div 1S
SIGNAL count : INTEGER RANGE O TO (10-1) := O;
SIGNAL temp : STD_LOGIC;
BEGIN
PROCESS (clk,resetn)
BEGIN
IF (resetn = "0" OR count > (10-1)) THEN
count <= 0O;
ELSIF (clk'EVENT AND clk = "1") THEN
count <= count + 1;
IF count > ((10/2)-1) THEN
temp <= "1°%;
ELSE temp <= "0%;
END IF;
END IF;
g <= count;
clk out <= temp;
END PROCESS;

29 END Behav;

L= resetnh
= clk
= cll_out]
=

@l count

Marne: Walue: J_ SDD.IDns 'I.Dlus 1.5|us 2.E!us 2.E:us 3.Dlus 3.E:us fi.Dlus 11.5|us Al
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state machine)
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—————————— part 1 : combinational --——————-———————
PROCESS (pr_state)
BEGIN
CASE pr_state 1S
WHEN state0 => output <= <value>;
WHEN statel => output <= <value>;
END CASE;
END PROCESS;
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—————————— part 2 : sequential --————-———————————
PROCESS(input,pr_state)
BEGIN
CASE pr_state 1S
WHEN stateO =>

IF (input = _..) THEN
nx_state <= statel;

END IF;

WHEN statel =>

IF (input = __.) THEN
nx_state <= state?;

END IF;

END CASE;
END IF;

END PROCESS;
———————————— Update state -—-—————————————————————
PROCESS(reset,clock)
BEGIN
IF (reset="1") THEN
pr_state <= stateO;
ELSIF (clock®"EVENT AND clock="1") THEN
pr_state <= nx_state;
END 1F;
END PROCESS;

Warudsuunmadowldsunsulugiun 1 uaz 2 wwnuazld lassssas W ludsaanusdn

f§1Iun11 VHDL lugﬂuuuuﬁammm%u Aot

O©CoO~NOOOITAWNPE

LIBRARY ieee;

USE ieee.std_logic_1164._all;

ENTITY <entity name> 1S

PORT ( input: IN <data type>;
reset, clock: IN STD LOGIC;
output: OUT <data_ type>);

END <entity_name>;

ARCHITECTURE <arch_name> OF <entity name> IS

TYPE state IS (stateO, statel, state2, state3, ...);
SIGNAL pr_state,nx_state : state;
BEGIN

—————————— part 2 section: ---—————————————————————
PROCESS(input,pr_state)
BEGIN
CASE pr_state IS
WHEN stateO =>

IF (input = ...) THEN
nx_state <= statel;

END IF;

WHEN statel =>

IF (input = _..) THEN
nx_state <= state2;

END IF;

END CASE;
END IF;
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29 END PROCESS;

30 - Update state -—-———————————————————
31 PROCESS(reset,clock)

32 BEGIN

33 IF (reset="1") THEN

34 pr_state <= stateO;

35 ELSIF (clock®"EVENT AND clock="1") THEN

36 pr_state <= nx_state;

37 END IF;

38 END PROCESS;

39 - part 1 section: -—-——————————————————————
40 PROCESS (pr_state)

41 BEGIN

42 CASE pr_state 1S

43 WHEN state0 => output <= <value>;

44 WHEN statel => output <= <value>;

45 .-

46 END CASE;

47 END PROCESS;
48 END <arch_name>;

@20819N 6.1 N179aNLUL293T W A RLAALNT DO ENI918 a93UN 6.2
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1 LIBRARY ieee;

2 USE ieee.std logic 1164.all;

S e
4  ENTITY exam_fsm_moorel IS

5 PORT ( x: IN STD_LOGIC;

6 reset, clock: IN STD LOGIC;

7 z: OUT STD_LOGIC_VECTOR (3 DOWNTO 0) );

8 END exam_fsm_moorel;

10 ARCHITECTURE fsm OF exam_fsm_moorel IS
11 TYPE state IS (SO, S1, S2, S3);
12 SIGNAL pr_state,nx_state : state;

13 BEGIN

14 -——————-— part 2 section: -—-—-—————————————————————
15 PROCESS (reset, clock)

16 BEGIN

17 IF (reset="1") THEN

18 pr_state <= SO;

19 ELSIF (clock®"EVENT AND clock="1") THEN
20 pr_state <= nx_state;

21 END IF;

22 END PROCESS;

23 \———————
24 PROCESS (x,pr_state)

25 BEGIN

26 CASE pr_state 1S

27 WHEN SO =>
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28 IF (x = "1") THEN

29 nx_state <= S1;
30 END IF;

31 WHEN S1 =>

32 IF (x = "1") THEN

33 nx_state <= S2;
34 END IF;

35 WHEN S2 =>

36 IF (x = "1%) THEN

37 nx_state <= S3;
38 END IF;

39 WHEN S3 =>

40 IF (x = "1") THEN

41 nx_state <= SO;
42 END IF;

43 END CASE;

44 END PROCESS;

45 ———————— part 1 section: -—-—-—————————————————————
46 PROCESS (pr_state)

47 BEGIN

48 CASE pr_state 1S

49 WHEN SO => z <= "0000";

50 WHEN S1 => z <= "1011";

51 WHEN S2 => z <= "1100";

52 WHEN S3 => =z <= "1010";

53 END CASE;

54 END PROCESS;

55 END fsm;

56 -----———----———.— ——————————————————
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clock

reset
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LIBRARY 1ieee;

1
2 USE ieee.std_logic_1164.all;
3

ENTITY exam_fsm moore 13140 IS
PORT ( x: IN STD_LOGIC;

z: OUT INTEGER RANGE O TO 9 );

4
5
6 reset, clock: IN STD LOGIC;
he
8

END exam_fsm moore_ 13140;

10 ARCHITECTURE fsm OF exam_fsm _moore 13140 IS
11 TYPE state IS (SO, S1, S2, S3, S4);
12 SIGNAL pr_state,nx_state : state;

13 BEGIN

14 - part 2 section: -—-——————————————————————
15 PROCESS (reset, clock)

16 BEGIN

17 IF (reset="1") THEN

18 pr_state <= SO;

19 ELSIF (clock®"EVENT AND clock="1%") THEN
20 pr_state <= nx_state;

21 END IF;

22 END PROCESS;

23 m
24 PROCESS (Xx,pr_state)

25 BEGIN

26 CASE pr_state IS

27 WHEN SO =>

28 IF (x = "1") THEN

29 nx_state <= S1;
30 END IF;

31 WHEN S1 =>

32 IF (x = "1") THEN

33 nx_state <= S2;
34 END IF;

35 WHEN S2 =>

36 IF (x = "1") THEN

37 nx_state <= S3;
38 END IF;

39 WHEN S3 =>

40 IF (x = "1") THEN

41 nx_state <= 54;
42 END IF;

43 WHEN S4 =>

MIDOAULLNTAIADALALMITUT2YNA 1FUA WAL VHDL



NN 6 W IuaRLaaunuTTN

44 IF (x = "1") THEN
45 nx_state <= SO;
46 END IF;
47 END CASE;
48 END PROCESS;
49 ———————— part 1 section: -—-——————————————————————
50 PROCESS (pr_state)
51 BEGIN
52 CASE pr_state 1S
53 WHEN SO => z <= 1;
54 WHEN S1 => z <= 3;
55 WHEN S2 => 2z <= 1;
56 WHEN S3 => z <= 4;
57 WHEN S4 => z <= 0;
58 END CASE;
59 END PROCESS;
60 END fsm;
pr_state
nx_state.S0_160 —
D pREC nx state.S0_160 £
X ENA X state.S1 147 3l
D CR nx:stae.zz:m 2‘2 z~0
nx state.S3 121 S = P 1'ho--
nx_state.S1_141 o stete.S4 108 A —_D— I 23.0]
e oot (_J—D .
, }
nx_state.S2_134
o F’REC
ENA
nx_state.S3_121
o F’REC
nx_state.S4_109
PRE
D Q
resetIID>
clock D>
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LIBRARY ieee;

USE ieee.std_logic_1164._all;

ENTITY <entity name> 1S

PORT ( input: IN <data type>;
reset, clock: IN STD LOGIC;
output: OUT <data_ type>);

END <entity name>;

ARCHITECTURE <arch_name> OF <entity name> IS

TYPE state IS (stateO, statel, state2, state3, ...);
SIGNAL pr_state,nx_state : state;
BEGIN

—————————— part 2 section: ---—————————————————————
PROCESS(input,pr_state)
BEGIN
CASE pr_state IS
WHEN stateO =>

IF (input = ...) THEN
nx_state <= statel;

END IF;

WHEN statel =>

IF (input = ...) THEN
nx_state <= state2;

END IF;

END CASE;

END 1F;
END PROCESS;
—————————————— Update state -—-——————————————————
PROCESS(reset,clock)
BEGIN
IF (reset="1") THEN
pr_state <= stateO;
ELSIF (clock"EVENT AND clock="1") THEN
pr_state <= nx_state;
END IF;
END PROCESS;
—————————— part 1 section: —-—-————————————————————
PROCESS (input,pr_state)
BEGIN
CASE pr_state 1S
WHEN stateO =>

IF (input = _...) THEN
output <= <value>;
ELSE
output <= <value>;
END IF;
WHEN statel =>
IF (input = _...) THEN
output <= <value>;
ELSE
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53 output <= <value>;
54 END IF;

55 .-

56 END CASE;

57 END PROCESS;
58 END <arch_name>;

(1881971 6.3 MIPENUULLUAAFAAUNTT é’ogﬂﬁ 6.8
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LIBRARY ieee;
USE ieee.std_logic_1164.all;
ENTITY exam_fsm mealy 1 1S
PORT ( x: IN STD_LOGIC;
reset, clock: IN STD LOGIC;
z: OUT STD_LOGIC_VECTOR(3 DOWNTO 0) );
END exam_fsm_mealy_ 1;
10 ARCHITECTURE fsm OF exam fsm _mealy 1 IS
11 TYPE state 1S (SO, S1, S2, S3);
12 SIGNAL pr_state,nx_state : state;

O©CoO~NOOOUTAWNPE

13 BEGIN

14 —————————- part 2 section: -———————————————————————
15 PROCESS (reset, clock)

16 BEGIN

17 IF (reset="1") THEN

18 pr_state <= SO;

19 ELSIF (clock®"EVENT AND clock="1") THEN
20 pr_state <= nx_state;

21 END IF;

22 END PROCESS;

23 — -
24 PROCESS (Xx,pr_state)

25 BEGIN

26 CASE pr_state 1S
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27 WHEN SO =>

28 IF (x = "1") THEN

29 nx_state <= S1;
30 END IF;

31 WHEN S1 =>

32 IF (x = "1") THEN

33 nx_state <= S2;
34 END IF;

35 WHEN S2 =>

36 IF (x = "1") THEN

37 nx_state <= S3;
38 END IF;

39 WHEN S3 =>

40 IF (x = "1%) THEN

41 nx_state <= SO;
42 END IF;

43 WHEN S4 =>

44 IF (x = "1%) THEN

45 nx_state <= SO;
46 END IF;

47 END CASE;

48 END PROCESS;

49 —————————— part 1 section: --—-—-——————————————————
50 PROCESS (x,pr_state)

51 BEGIN

52 CASE pr_state 1S

53 WHEN SO =>

54 IF (x="1") THEN

55 Z <= "1011";

56 ELSE

57 Z <= "1111";

58 END IF;

59 WHEN S1 =>

60 IF (x="1") THEN

61 Z <= "1100";

62 ELSE

63 Z <= "1111";

64 END IF;

65 WHEN S2 =>

66 IF (x="1") THEN

67 Z <= "1010™";

68 ELSE

69 Z <= "1111";

70 END IF;

71 WHEN S3 =>

72 IF (x="1") THEN

73 Z <= '"0000";

74 ELSE

75 Z <= "1111";

76 END IF;

77 END CASE;

78 END PROCESS;

79 END fsm;
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From VHDL 87: ENTITY OPEN WAIT

EXIT OR WHEN
ABS FILE OTHERS WHILE
ACCESS FOR ouT WITH
AFTER FUNCTION PACKAGE XOR
ALIAS GENERATE PORT
ALL GENERIC PROCEDURE
AND GUARDED PROCESS From VHDL 93:
ARCHITECTURE IF RANGE GROUP
ARRAY IN RECORD IMPURE
ASSERT INOUT REGISTER INERTIAL
ATTRIBUTE 1S REM LITERAL
BEGIN LABEL REPORT POSTPONED
BLOCK LIBRARY RETURN PURE
BODY L INKAGE SELECT REJECT
BUFFER LOOP SEVERITY ROL
BUS MAP SIGNAL ROR
CASE MOD SUBTYPE SHARED
COMPONENT NAND THEN SLA
CONFIGURATION NEW TO SLL
CONSTANT NEXT TRANSPORT SRA
DISCONNECT NOR TYPE SRL
DOWNTO NOT UNITS UNAFFECTED
ELSE NULL UNTIL XNOR
ELSIF OF USE
END ON VARIABLE
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Standard Package ¥o STD LOGIC 1164

-- This package shall be compiled into a design library
-- symbolically named IEEE.

package STD_LOGIC 1164 is

-- logic State System (unresolved)

type STD_LOGICis ( ‘U, -- Uninitialized
‘X, -- Forcing Unknown
‘0, --Forcing 0
‘17, -- Forcing 1
‘Z -- High Impedance
‘W, -- Weak Unknown
‘L, -- Weak 0
‘H’, -- Weak 1
-- don’t care
);

-- Unconstrained array of std_ulogic for use with the
-- resolution function

type STD_ULOGIC_VECTOR is array ( NATURAL range <>) of STD-ULOGIC;

-- resolution function

-- function RESOLVED (S : STD_ULOGIC_VECTOR ) return STD_ULOGIC;

-- *** industry standard logic type ***

subtype STD-LOGIC is RESOLVED STD_ULOGIC;

-- Unconstrained array of std_logic for use in declaring
-- signal arrays

type STD_LOGIC_VECTOR is array (NATURAL range <> )of STD_LOGIC;

-- common subtypes

subtype X01 is RESOLVED STD_ULOGIC range ‘X’ to ‘1’; - (X, 07, 1)
subtype X01Z is RESOLVED STD_ULOGIC range ‘X’ to ‘Z’;  -- (*X’, ‘07, ‘1°, ‘Z;)
subtype UX01 is RESOLVED STD_ULOGIC range ‘U’ to ‘1’;  -- (‘U’, “X’, ‘0°, ‘17)

subtype UX01Z is RESOLVED STD_ULOGIC range ‘U’ to ‘Z”; -- (‘U’, *X’, ‘0", 1’, *Z")

-- overloaded logical operators
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function “and” (L : STD_ULOGIC; R : STD_ULOGIC) return UX01;
function “nand” (L : STD_ULOGIC; R : STD_ULOGIC)) return UX01;
function “or” (L : STD_ULOGIC; R : STD_ULOGIC) return UX01;
function “xor” (L : STD_ULOGIC; R: STD_ULOGIC) return UX01;
function “xnor” (L : STD_ULOGIC; R : STD_ULOGIC)) return UX01;
function “not” (L : STD_ULOGIC) return UX01,;

-- vectorized overloaded logical operators

function “and” (L, R : STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR,;
function “and” (L, R : STD_ULOGIC_VECTOR ) return STD_ULOGIC_VECTOR;
function “nand” (L, R : STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR;
function “nand” (L, R : STD_ULOGIC_VECTOR ) return STD_ULOGIC_VECTOR;
function “or” (L, R : STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR,;
function “or” (L, R : STD_ULOGIC_VECTOR ) return STD_ULOGIC_VECTOR,;
function “nor” (L, R : STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR,;
function “nor” (L, R : STD_ULOGIC_VECTOR ) return STD_ULOGIC_VECTOR;
function “xor” (L, R: STD_LOGIC_VECTOR ) return STD_LOGIC_VECTOR;
function “xor” (L, R: STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR,;
function “xnor” (L, R : STD_LOGIC_VECTOR ) return STD_LOGIC_VECTOR;
function “xnor” (L, R : STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR,;
function “not” (L : STD_LOGIC_VECTOR ) return STD_LOGIC_VECTOR,;
function “not” (L : STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR,;

-- conversion functions

function TO_BIT (S: STD_ULOGIC; XMAP : BIT :=°0’) return BIT,;

function TO_BITVECTOR (S : STD_LOGIC_VECTOR; XMAP : BIT :=*0") return BIT_VECTOR
function TO_BITVECTOR (S : STD_ULOGIC_VECTOR;XMAP : BIT :=‘0’) return BIT_VECTOR
function TO_STDULOGIC( B : BIT) return STD_ULOGIC;

function TO_STDLOGICVECTOR(B : BIT_VECTOR) return STD_LOGIC_VECTOR;

function TO_STDLOGICVECTOR(S : STD_ULOGIC_VECTOR) return STD_LOGIC_VECTOR;
function TO_STDULOGICVECTOR(B : BIT_VECTOR) return STD_ULOGIC_VECTOR;
function TO_STDULOGICVECTOR(S : STD_LOGIC_VECTOR) return STD_ULOGIC_VECTOR;

-- strength strippers and type converters

function TO_X01 (S:STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR;
function TO_X01 (S:STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR,;
function TO_XO01 (S:STD_ULOGIC) return X01;

function TO_X01 (B :BIT_VECTOR) return STD_LOGIC_VECTOR,;

function TO_X01 (B:BIT_VECTOR) return STD_ULOGIC_VECTOR,;

function TO_XO01 (B : BIT) return X01;

function TO_X01Z (S:STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR;
function TO_X01Z (S: STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR;
function TO_X01Z (S:STD_ULOGIC ) return X01Z;

function TO_X01Z (B :BIT_VECTOR ) return STD_LOGIC_VECTOR;

function TO_X01Z (B :BIT_VECTOR ) return STD_ULOGIC_VECTOR;
function TO_X01Z (B : BIT) return X01Z;

function TO_UXO01 (S:STD_LOGIC_VECTOR ) return STD_LOGIC_VECTOR;
function TO_UXO01 (S:STD_ULOGIC_VECTOR) return STD_ULOGIC_VECTOR;
function TO_UXO01 (S:STD_ULOGIC ) return UX01;

function TO_UXO01 (B :BIT_VECTOR )return STD_LOGIC VECTOR,;
function TO_UXO01 (B :BIT_VECTOR ) return STD_ULOGIC_VECTOR;
function TO_UXO01 (B :BIT ) return UXO01,;

-- edge detection

function RISING_EDGE (signal S : STD_ULOGIC) return BOOLEAN,;
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function FALLING_EDGE (signal S : STD_ULOGIC) return BOOLEAN;

-- object contains an unknown

function IS_X (S : STD_ULOGIC_VECTOR ) return BOOLEAN;
function IS_X (S : STD_LOGIC_VECTOR ) return BOOLEAN;
function IS_ X (S: STD_ULOGIC ) return BOOLEAN;

end STD_LOGIC 1164;
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(4) Directory N9zt 11)5190 Avamsnazasranse i

New Project Wizard: Add Files [page 2 of 5]

File name Type

Specify the path names of any non-default iraries.

User Libraries..

< Back Finish

E3

Selsct the desian files you want ta includs i the project. Click Add Al ta add all desian files in the
project diector ta the praject. ote: you can always add design files to the project later,

File name; [l

Add All

Pl

Cancel

Farnily: MAX30004

Target device
" futo device selected by the Fitter

@+ Specific device selected in Available devices' list

Available devices:

Show in ‘Available device' list

Package Any -
Pin count: Ay A
Speed giade:  |Any -

Corevokags: 33V
¥ Show Advanced Devicss

EPM3NE4ALC44-7 £4

EPhi3 441 E:
EPM30B44T Cdd- B4

Name [ Maco... [
EPM303ZATCA44 %
EPM3032ATC44-7 2
EPM30324TC44-10 32
EPM3N3ZATI44-10 @
EPM30E4ALCA4-4 64

< Back Nest > Finish Cancel

Ia
(6) Lﬁanngammmaww

o A ]
(7) asnuIBRvvIeIUes NN Idau
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Mew Project Wizard: EDA Tool Settings [page 4 of 5] Mew Project Wizard: Summary [page 5 of 5] &l

Specify the ather EDA tools -- in addition to the Quartus || software -- used with the proj “Wwhien you click Finish, the project will be created with the fallowing settings:
. X Project directary:
™ £DA design eny/syrithesiz took; | D:/digial lab/lab?
Project name: lab1
r Top-level design entity: lab1
Nurnber of files added: 0
Mumber of user libranies added: 0
[~ ED& simulation tool | Bioritee e
8 Family name: MAX30004
= Device: EPM30644LCA4-10
ED tools:
Design entry/spnthesis: <None>
I EDA timing analysis taok | Simulation: <Nanes
,—4| Timing analysis: <MNone>»
-
< Back Mest > Finish < Back Cancal
a A a A
(8) AaNN Next (9) AanNN Finish

o A S 9 A A . [ c?./l A a d
3. mﬂmaaﬂﬂszmmaﬂWamﬂﬂmu Taonanii File / New ﬂmmnumaaﬂ%umaﬂm 1lu VHDL

File

¥, Quartus Il - D:/digiti New

®[=W Edit Wiew Project D evics Design Fies l e Files]

AHDL File

Block Diagram/Schematic File
EDIF File

SOPC Builder Spgtem

W enilog HOL File

k. Cancel

(1) Aani New (2) pan@en VHDL File

(3) nan OK

P
=3 v A

o H H ' s &£ o ;g { o
WA IMILINIuz)51ngN11A19es VHDLLvhd madudwaaslugy Failuiundmsudouusson

ﬂﬁﬁNTL!’N%ia%ﬂ@a‘ﬁ@g{ﬂﬁﬂﬁﬂ@ﬂlmﬂ
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@ Vhdl1.vhd EEX
N
B
dy Lﬂ' o 3 =
NUNF WSV WeUA YT VHDL
A
=y
b}
Sop | ab
4l >

9 & = Y = a o a v dA
4, Gl.umiﬂl“]fﬂu‘uuuiﬂui]ﬂ%ﬁumiﬂ%ﬂm@]ﬂﬂ‘] ﬂigﬂ’t’)‘uﬂ']ﬂﬁl]']ﬂ HUNAD

F=abT+btT+ad
Z;’ai’:iowd s d
unundmsuReu 11sunsuniy1 VEDL sz@ewily

@

library ieee;
use ieee.std logic 1164 ._all;

entity labl is
port ( a,b,c,d : in std_logic;
L : out std_logic);
end labl;

architecture behavior of labl is
begin
f <= (a and b and not c¢) or (b and not c¢)
or (not a and d);
end behavior;

Y ' ¥4 v )
nmiuldiinsiuiin Tsunsun@eudy Tasnani File/Saveas 11 1a%0 1111y 1ab1.vhd

(agnauds dTisunsuasgimatiuiinseudludeyailufemortuie I sidaaue)

Blaptve  [EFEx
.Y

library ieee;

IE use ieee.std logic_1164.all; T
AN =

# %50 entity labl is
iZ i= port | a,b,c,d @ in scd logic:
B £ : out std_logic):
A end labl;
'E lm E} architecture hehavior of lakhl i=s
@ begin

f <= [(a and b and not 2) or (b and not o)
267 or (not & and d);
265 | b ;

end hehavior;

b/
Gl >
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o J A A dg’ a A . . 0’1’ a A A
5. msaenlid Tusunsun@euiuan Tasnani Processing / Complier Tool 11nTUAGNTN Start 1o
=

¢ 3 a9 o s L e Ay a a &
ﬂ@llhh'\laLﬁi%%guWu']ﬁ']\ii']ﬂ\ﬂuwaﬂ'ﬁﬂﬂllllwa error L@ warning ﬂ\izﬂ HINUUDHANAIAUNAVUISU

Foanuduaauendi eror iileeninaungla

AEE

Azzembler——— — Timing Analyzer ——

— Analysis & Synthesis — ———— Fitter———— |

00:00: 04 00:00:02 00:00:02 00:00:02

wlelglal  wlelale Beose re|%| & &

Full Compilation

000010

B Start |

Quartus Il

-
. } Full Compilation was successful (1 warnings)

o ° . a ) P P
6. ‘1/'|'lﬂ'l§"l]'lﬁ'f]\1ﬂa1’i§ﬂ simulate ‘l]'Iﬂﬂ?ﬁl%ﬂuﬂﬁﬁﬂ'lﬂWQﬁﬂiﬁN'Ni]ﬁ Lill@lu%z(ﬂ’f]ﬁﬁi'lﬁﬂ%ﬂﬂﬂu

4
1

dyanundesmslieesnoulasnani  File / New agilsnguiiiaialmiiuanlsiidon Other Files 1da

A

AGNIABN Vector Waveform File 92 ladagalauans

4 Quartus Il - D:/digital labflab1/lab1 - lab1 - [Waveform1.vwi]
iA] Fils Edit View Projsct Assigrments Processing Tools Window Help

[D=@ (&0 e o o k2 |fam AR s@9® Olr v b &0 8]

Project Navigator ————————+Ix| [ A | MastorTineBar| 13425 ns o| o[ Poirter | 1850 Interval | A178ns  Start: | End
Entity

By MAXI0U0A EPMA0BAALCTD [ | 38 & S ps 100 200ns

- g 161 13.43ns iE) 4215 e

ISEN

i
Status ————————————————————— 2| x| =
Module Progiess % | 1| | /-
Full Compilation

Analysis & Synthesis
- Fitter
- Agzembler

Timing Analyzer

I
152

[~

|

7. #1115 11an Node 197911 Taoaand Edit / Insert / Insert Node or Bus vz151nguiiiaig

4 9 v v
el nasoninliaani Node Fider 921/51ngn111819909 Node Finder N811M1a%04 Filter : 1%

'
a a

A . q’: Y U .
1aen Pins : all 1INulNAaNNIy List
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Node Finder @

Mamed: ]" L] Filter: ]F'ins: all LJ Customize. .. I List I ¢ J
Look in: J[LElAl] j_J W Include subertities ] | Cancel J
MNodes Found: Selected Nodes:
M ame J Assignments | Type | Creator M arne J Azgighments J T
3 Unazzigned  Input Uger et
1 ) Unassigned  Input Usger et
e Unassigned  Input Uszer et
e d Unazsigned  Input User et
£ | Unazzigned  Output Usger er
2l
b
< |

]
~

a A 4 1 d? 1 9 A ui: A Y
‘ﬂ%‘W'UGUWEJNV!‘VWTﬁE)LE]'WI‘V!VW]E)QGLH’Ni]iﬂi'lﬂ;]"lluh'](slu‘]fﬂiﬂN“IHEIIJE]) NNUULADN Node NINEY

' Y Y
NAvINs Simulate 111 3%09n19d10iio (ludredniildidoniaiua) niounaniju >>

Y
@

Y a g Aa v o 9 '
ﬂgﬂi’]ﬂaﬁu’]ﬂ’mmaq El‘LW!‘V]LLﬂ%L@TVW!‘V] Iﬂﬂﬂ@uwmuuﬂg lj’lﬂgﬁ@\iﬂ'ﬂu ﬂ]umu’]mal,ﬁlf‘)\j qaIu

dnnitould dsgildua

¢ I { o
wrinnziumai 1An1nns Simulate 91nd

[ ]

I Waveform1.vwf* Q@|E|
tdaster Time Bar: | 1055 nz 1| v| Pointer: | 2984 ns Interval: | 28785 nz -Start:: End: |
[%A ey @ . Value ot 0 ps 4D.ID ns SD.IDns 12Di0 ng ‘IBDiEI ng 2IZIDiEI ng 24Di0 ns 280i0 ng 32Di0 ng SBEIiD ns|
- Bie 1055 he | [10.55 ns
& 2] 4
= 0 a o
w1 b un
2 c un
LY WE ([ops d uo
gnn ] =4 f U
£ | &
o ay o a cs' . . qs;‘ Y (B cisl
8. Mruanadugalumsiiasina Tagaani Edit / End Time 31niulldawiaindesms u
o 1 Aa
#20813914a90 1.0 us
v Y
9. MUUAVUINUDINTA 1AAANN Edit / Grid size 1110619111800 VHIANTANINY 100 ns

o o o Yo a v 7 a da o 4
Mmssmuagluuvvesdyaialiny Node dunn Taoldwndadniduyn b wie a Azl deaziling

a o ' £ o @

= dgl ni: o @ Yo A o ﬂ A A .
paudfhium nmiudmuagduoudygaldiusunndinan Felidnsuziiuiag Tasaanh Edit /
9 1 2
Value / Clock 921510 111@ 19911 43920909 Period 19 1d 100 1Az 200 (dw5umsldai Period # 18

Tehiud1mau 2" e Grid size iFo901n dadgaiiudu )
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I Waveform1.vwf* l’._]@|[z|
taster Time Bar:| 1055 ns 4| v Painter: | 2984 ns Interval:| 28785 ns ] Start: | Ops End:' 10Uz
% A 0 @\ Val 0 ps -'1D.ID ns BD.IDns 12DiD nz 'IBDiD nz 2DDiD ng 24DiD ns 2BDiD ns 32DiD nz SBDiD ns|
- . Name 10, | [10.55 ns
O ¢4 _ I
- (1 il a ua
(Ll b ua | | | | I | | |
[ [ puo | ] | L]
Ol =1y ity Nyipipipininigipginigiginipininigingigiy
3 4] |24 f | ux

& A 9 ' g
MaANEIBaNMsLaaInaiitn ledeiy

a e =

DUNNUAZIDINNWNN

A

i Group

A o = v o Y o
DUFYUUIU Hunna 1 aa 1dh

1

MIVANGUNTO Group YA IUAINGII NOUTING Group name: |input_|a|:u'|

Y o ¥ A o A
Group %mmﬁmamum\mmﬁq‘liywm NNUAGPIFA P adic:

Unzigned Decimal

v FA
ﬂuaﬂﬁﬁﬁﬁ‘fﬂ ﬂ1ﬂﬁuﬁ1ﬂ1iﬂ1ﬂL1ﬂf’fﬂﬁ@‘1Jﬂﬂ§Jﬁ/iUiU1m . .
s T et [ Display gray code count as binam count

o]

{ < o
NA0IM392 Group (dzlsngiunavdih Asgil) —
ANCE

Fa v '
nmiulinaniiy Edit/ Grouping / Group 1di®

Group name 1aziaen Radix

I Waveform1.vwf*

EBEX

taster Time Bar:| 1055 ns 4| v Paointer: | 452 hs Interval: 34B5 e .Slart:: End:'
% A ¥ @\ Val 0 ps 2D.ID ns 4D.|Dns ED.IDns BD.IDns 1DDiD n3 12DiD ns 14DiD ns ‘IEDiD ns ‘IBDiD ns |
3 Name 10 || 1055 ns
[
= w0 input_lab1 | U1
5 f (1

o s A A 4 s o 3 q o A 3
10. 1uinn1Wd Waveform Iasnani File / Save as ¥0 ldnaziiunndluvoidernuiyelisidn
=\
A9 Labl.vwf
v Fd v
11. MNMI1809HaNIIMNUVDI90I N9 TasAanh Process / Simulator Tool 11AIAAN Start

4 o o < ' o &
- iemmssiaeswaldse %xﬂiwngwﬁwmqmu

€ Simulation Report - Simulation Waveforms

Simulation Waveforms

% Simulation |

&S B Legal M | Simulation made: Timing
===l
ESHEE Flow 5
|- &&H 2 Simulat
SHEE sur
@% Set [% Magzter Time Bar: 10.55 nz 4| +| Painter: 2177 ng Interyal: M.22ns Start: End:
S 5
oL 5 | A e apns anpns E00ns  s0pns 1000 1200ns  1400ms ||
SEm |5 Mame 10| 1088 ne
5w
& [l input_lab1
fo 4] f
dh
L,
< 2l Ingl 3 >
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o o . . o <3 o a §
- 1 IHAN1359120991N Simulation Report 1iU7ina3lu Waveform vo4T1/519nilagiin Taendni
Processing / Simulation Debug / Overwrite Vector Inputs with Simulation Outputs wldd 33 Uduans ¥

4 o 2 aa v a o v
HJu@uﬁuqﬂiuﬂ']iﬂﬂﬂll‘ﬂﬂﬂl\?%iﬂ‘ﬂﬁﬂﬁﬂ?ﬂﬂ'ﬁ‘ﬂﬁ3EJ'IEJWQiﬂﬂﬁ311ﬂ']ﬁﬂ']\?']ullagiﬂﬁ'Jﬂﬂ'ﬁ'f]'f]ﬂ!L‘UUllﬂﬁnﬂWfI

1591904

taster Time Bar:| 1055 ns 4| v Paointer: |  388nhs Interval: 28.28 ne ] Start: | End:'
k A w0 @\ Val Ops 200ns 400ns 60.0ns 800ns 1000ns 1200ns 140.0ns 160.0ns 180,0ns |
Narme 10 || 1055 ns

O & _
o, | input_lab1 | U1
po f uao
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