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1- library ieee;
2- use ieee.std logic 1164.all;

3- useieee.std logic unsigned.all;

4- —-eqcomp4 is a four bit equality comparator
5- entity eqcomp4 is
6- port(a,b :in bit_vector(3 downto 0);
7- equals :out bit); --equals is active high
8- end eqcompd ;
9- architecture dataflow of eqcomp4 is
10- begin

equals <='1"when (a=b ) else'0' ;
11-
12- end dataflow;
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Entity

Entity declaration

interface declaration

architecture body
architecture declaratipn

o> b do 51 Architecture 454 4 entity G =S g 4ol 2-1 JSUb

Entity 4o =5 -1-3-1
Sloo o e o0 gk ylae sla 29,5 o La sogy entity cowd o
) 09 s ol g> Adder 4 5! Entity o w3 sl VHDL us O JUe
4 ab .oowl ouwd ool glis 3-1 JS Ho ol SOl g lE g o dd ASlbg
daSo Oyse LT sy &F Jes Lol 508 00 o sl dae g (ol sie
a2y o glds 1y &f ol Sum oL Wbl o sdgyg cATy dde (ol gie 4o Ci
wly o 2 Carry (ol gie 4 a2 Co g
entity add4 is
port(a,b : in std_logic_vector(3 downto 0) ;
ci:in std _logic ;
sum:out std logic vector(3 downto 0) ;
co :out std logic );

end add4;
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pido 1y T 0ol a5 wolo oS pakdie Oy Lo 4S5l H1 das
oud pal s IEEE1076/93 o>, asUiw! bwgd 45 soyl OUw! gla g5 . paaiS
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i Lo
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slyo 4S entity JU ol ol . ausS gaxdn 1 of Library ¢45 aolo

Tl ol ) Oyge 4o 4SSl 380 0o g ow Jold oud 45 aS add4

library ieee ;
use ieee.std logic 1164.all ;
entity add4 is port(
a,b : in std_logic_vector(3 downto 0);
ci:in std logic;
sum:out std logic_vector(3 downto 0) ;
co : out std_logic) ;

end add4 ;

Architecture -3-3-1
Sebh o gluo Hlae oySdae Ly gl 35 Architecture clawd o

0=l o8 Oy iz sla ogadh 4 >l gb 4SS was o o) l>IVHDL
Lidly o gy lw 5 o00lo gloys ¢ sylidy gloy slgols 4o La 04
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45 dad o olas 1y oLy gl 4o o>lab 51 JUL do 2-1 cwodd
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Lo o b sl gy
ool Baf sy JSuE 4o sl S0y Wl Yo ahw Loy 4 >l b 53
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Dlde gilw eoluy bsF 4o 40 doplo 4z 03 sla odnl sHle oolay
ok o) s

library ieee;

use ieee.std logic 1164.all ;

entity eqcomp4 is port(

a,b :in std_logic_vector(3 downto 0);
equals: out std logic) ;
end eqcomp4 ;

architecture behavioral of eqcomp4 is

begin
Comp : process (a,b)
begin
if a=b then

equals <='1";
else
equals <='0';
end if ;
end process comp ;

end behavioral ;

2-1 cuwod

Suwd o 4SS (types ) sla go0 olwlid sl 2 5 1 bahs
do sl oentity cawsd ¢ 6 L5 3 bahs . Llwe )Y 50,85 o alas>dentity
Architecture 1545 17 LS5 7 bghs . S 0 dyrs |y s 4 50558 4w lis
= Oban Ty olae LSy el oSl Ay wlel po 4SS 0ad 0 Jold 1)
L2y JSb sl 4SS cw! VHDL >1 b jLisle doy Process cuws ) . uis
S wbly plo Wy Jold a5 a5 o Process cn . N0 I BN G P O
alo ool (. awl Comp pls Ly JU ol 5o ) v owl sy Lssl sl ool
sdol  Process pls sl> 5o 4S8 cowluws Gwod o 0345 0 I oode Lo
— ol LU ool wlw! 3 Process 45 cwl ol dubaes oLES Gw!
Sowlws cwn ) ab s lLdliSow JUCe ol o 48 L (bl 0 wles L) 2543
po Jw oy sl cwo ) Jold 16 L5 12 bihs . o o JuSds 1y Process

9 Guwl 0039 ilw Juw 1y s Hlex> 305 S dwslis olulae 45 Wialy o
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Dl amh byb 48 ogd o (do ) Jlad 2P Sle) LSS 0 gl
>e>g VHDL o 45 5155wy glesdl 31 ole3 o Process ;o . Wbl
LSyl 544 uuil g3 0 Ol ygiws ol daS 4 L& Lo S soladiwl a5yl
Jold 45145 o Architecture . .5 S 5y 1y Lgodgyy Lo Lgasgus
Architecture ceowd . a5 S 0 HLS pa s)lee S 4SS wblo  Process i
S addeS o) Cwad Oygan WSS o 21 cund 4y bao e
architecture behavioral of eqcomp4 is
begin
comp :process (a,b)
begin
equals <='0"
if a=b then
equals <='1"';
end if ;
end process comp ;
end behavioral ;
3-1 cuwnd
Dl e syl oyd gy Oysas equals [>g,5 45 WS o olao Process (o

cosd o 1 e ool Oygail y0 o Iy Byy asb bybh 4S5 cw!l 0

(DataFlow) osls gloye oL
Olose 5 S o 4l s 8 sl enly glose oo 101 cwn
Lilo o Loy g0 olaiol Lo el
--eqcomp4 is a four bit equality comparator
library ieee ;
use ieee.std logic 1164.all ;
entity eqcomp4 is port(
a,b :in std_logic vector(3 downto 0);
equals :out std logic );
end eqcomp4 ;
architecture dataflow of eqcomp4 is

begin
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equals <='1" when ( a=b ) else'0';--equals is active high

end dataflow ;

eqcomp4d sl eolo gloyes HUS e glas 4-1 cwn )

LS e Ol Sl gl cwl enly gl Gl o H LS L
G840 2903 4 o909 s 0500 JBSow do H1 ealy 45585 4S
S e laay JLasst ( Sequential Statements ) syw Of ysSws HI 00 LiSw!
doy=3 Process HUislw (ol Ho 45 aw!l ol Wb 0 odd 45 @Wis! gl
( When —else ) _bys ode 31 Lo data flow JU ool 5o o Gw!l  odds
ode Sl epin Sl shle eoblay sloo OS5 o gl 0SS e Lidwl
35S oo ladw! 3o (with—Select—when) il
Jlae oled o LgSuaY H1 ool dbiwl Ly 45385 45 dad o olas 5-1 cwo)
S-S b
library ieee ;
use ieee.std logic 1164.all ;
entity eqcomp4 is
port(a,b :in std_logic vector(3 downto 0);
equals :out std_logic ) ;
end eqcomp4 ;

architecture bool of eqcomp4 is

begin
equals <= not(a(0) xor b(0))
and not(a(1) xor b(1))
and not(a(2) xor b(2))
and not(a(3) xor b(3));

end bool ;

Gdss O¥olzra 31 colisw! Ly eqecomp !y dataFlow [ Uisle :5-1 cuwod

ol 51 L 4-1 5 2-1 G o @s il WuiS Lo 4 4S5 ekl
Jo 245 o Oyso (Sequential ) 535 O)ean Olodae 2-1 cuwod yo 45 Swl
245 o plEI (Canurency) (laojsl® O g oladae 4-1 cwad o
(Structural ) ¢ yLUislw oLl
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soUisle gLy b 40sSy 45 kS swalie 5 aasle® 15 6-1 cun)
library ieee
use ieee.std_logic 1164.all
entity eqcomp4 is
port(a,b :in std_logic_vector(3 downto 0);
equals :out std_logic);
end eqcomp4;
use work.gatespkg.all;
architecture struct of eqcomp4 is
signal x : std logic_vector(0 to 3);
begin
u0 : xnor2 port map (a(0),b(0),x(0));
ul : xnor2 port map (a(1),b(1),x(1));
u2 : xnor2 port map (a(2),b(2),x(2));
u3 : xnor2 port map (a(3),b(3),x(3));
u4 : and4 port map (x(0),x(1),x(2),x(3),equals);

end struct;

eqcompd sy LS le gl @ 6-1 cu)

and4 , xnor2 sL . Component + S o wl Gl wieilas > b ool
9 ss>gnlibrary yo 5 WLlblo oud iz (Package) _—la iws O guan
gatespkg oS, 31 Component ;I JUio ool 4o 45 ..dbly o Compile
Library o Package + » by 530 odlha) .owl oud 51 o5 45 Work library 1
(.« b dal g5 4588 sury slglnd o

oo netlist o 51 Los b o VHDL 31 metlist JolL & sy Usle §loo
LA w Ly oud dioy=s sla component . .lws <5l netlist Ly b lLisie
1 0o,S Tusy Jlas! jE a4y

b LS ol Y Lowl o5 ae ddwdw Oy ny gy LS le >l b
Lo w!l 455585 Oy40 and 4, xnor2 sla  component I oo liSw! Lo eqcomp4
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Data Object -2-4-1

0 455 2 o olLbogs 3ub gekdie g4 31 oo Lie Data Object
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Architecture,entity , olxaog s yo abdl o5 0 Lgiold cubed o gakdie 4ol
oS e Hlade HI sl 45efd 30y JUe . a5sd @yxwe Process Lo Package
Ll oo La

Constant width : integer : = 8§ ;

DIETIw
Component o oY lasl Ly bliSyl bghs ol 45 0 LgLSaw bwgs
sleTaS 295 Lo goss Ll ed 0 ) LS w0, S paRde 1) L
Wlo o JUSaw Ay dore H1 gl 40l jo) JU cdly S
Signal count : bit — vector ( 3 downto ) ;
Leb oy ju 4aadel Hlabde glyly 1Sl es o Lglifaw
Signal Conut : bit- vector ( 3 downto o ) : ="0101"

<= ol 1 peds Hlude JUSOw 4 paal p® 4SS0 Sle) 4l Jab o

Syl e g Al o duwls JUS L Guewd 0 dad 0 00 LSl

Varibles : s y2io

00— eolibwl Gled o La 4wliys ;) o Process o Layiio

90 Y RS U 31 Wed @y wolo 4wl yo) Lo Process sogus Ho
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9 pw sloly LgUS w IS Layirie .08 oolidwl ol g3 < Process
Slusl gl g Yeamn o ab)ylad x5 ool i 5 Ldens gl dhdls sl i
OT 4= Ol 03 0 epido dumae plSia o L4508 o oo lifwl Sliwls
JUo yglay 0gd 0010 Jod daudgl Hluade
variable result : std logic:  '0';
Oles o g ol o a8 gla) do 5o 1) ol ade hid Layoiios
o0 ol gl 4wl Jab y c0S oda i 15T 2505 zee JSD

Coad o ool w! 1= oLS 31 yriio

(Files) LgloLs
Lol 1 L adds o gere 1) padae gos o J1 o lie Lelolo

2008 o ool bw!l cwS sle 4ol yo Yaaxo

Aliases
9 03,5 o ooliiwl ,>)lLs Object do lwlis sl Aliase do
ol J—o! Object JolL_=» Aliase < .widly < woas Object do ol 35z of
Ay 3 F) 00S e gl cwlin gy do o) i Ysans gL dbly o
3o b Field o, paxie Ho ¢ JUo sl o o ded 0 oo Lliliwl Arraytype
wod T o
signal address : std_logic_vector(31 downto 0);
alias tp_ad: std _logic_vector(3 downto 0) is address (31 downto 28);
alias bank : std logic_vector(3 downto 0) is address (27 downto 24);

alias row_ad : std_logic vector(11 downto 0) is address (23 downto 12);

Data Types Lo 031> go3 -3-4-1
Scalar type

OLS pr Lo S g sws slayesl gl 48 aas e oy lsal ges (ol
Ploysical , flouting ,  enumeration ..Swae 4Swd 4w gl ylo IS 45 WLLSo
integer
Enumeration type

ol® 51 s Object 45 owl yoolis 3! swsd ¢ Enumeration type <o
State ! > odi ! Enumeration type . o,lo 485 o043 o 4Dl g5 0 1y g

2038 0 diojyRS Machine
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type states is (idle, preamble, data, nosfd, error);
dioyxSe o4 gakdie enumerationtype g5 1 45l o5 0 JUSow o

>

NI
Signal Current_State : States :

0o eolwiw!l gl IEEE 1076 5,1 usl5w! lwes 45 Enumeration type

o0 RS 3y Oyean 45 owl  Bit 5 Boolean Jold cwl oud duxe iow

Type boolean is (FALSE , TRUE);

Type bitis( '0', '1') ;

05,—S d,—=o Std —ulogic L 3lol type Jdo IEEE 1164 5,1 a5 Ui

Db g b d)se g3 s sl g owl bz sla Sub type syl A4S ol
Std_ulogice 55 . 25, o LS ) lw

Wl ) Oygay 45 o)yl Gz a9

type std_ulogic is ( 'u' ,--uninitialized

'x' ,--forcing unknown
'0',--forcing 0
'1',-- forcing 1

'Z' ,--high impedance

'W' --weak unknown

Lo 0

TH - "

' ' ,——Donot care);

wily o Std—ulogic L glusSs joolis slyls o Std_Logic g5
std- 5 Std _ulogic  Std Logic dicgas2 1,1 IEEE 1164 5,1 5Uiw!

Lily - ulogic_vector

integer type
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slayl il Low!l oud doyyx3 VHDL lwges integer o qws slaygsl yl
a0y 50 1y Integer 4oLy WSS o @yloyny 1y VHDL a5 syl 381 sy
UioS o bocsiayy 2,147,483,687 (2731-1) L - 2,147,483,687-(2731-1)

pidie £ do Ly aoly awlointeger ge5 1 48 paie Ly JUSw oo
JUw glom v 20,5

Variable a :integer range - 255 to 255;

Flooating type

o5 olael sl 54y o yLSo Floating Point ¢4 51 45 s o0lioe
Ligd sguasx Wil o5 o Flouting g1 31 integer 4od L osdh o 00 Lidiwl
LSO sl Wedh £ bty Jow slay !yl lwe s wdel  Floating ¢ g5
s=2oldie 4o 4S8 oyl Jhd LT Ly Shwlr gladySlas silew 0oy ¢l o

LS Ty wiwd sode

Physical types
o ooLliiwl xS o3lusl slaasly oyeay Physical g5 31 4oL
Dol gla) o digyal 45 Sojnb pes Lgil Lol
Type time is rang - 2147483647 to 2147483647
Unit
Fs;
Ps =1000fs ;
ns = 1000ps ;
us = 1000ns ;
ms = 1000us ;
Sec = 1000ms ;
min = 60sec ;
Hr = 60min ;
End units ;
oo L iiwl testbenche Lo cws sla 4ol ol sl Sojad ga5 )l
9 Sed o puS o Jloophl o aoly xS o)l W sladsl s 3800 ¢l LSS e

Composite type
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Jlwdie dy hidd sHlw 4aad oley Jsb o Scalar ¢45 31 Data object
record type @ .Ulwas 4w g0 S  Composite Object (5 oS 1uay will g5 o
., array type

eo0 L s> gouwis Jels  array g 3! Object do @ Array type

1164, o, 5wl lwes 45gd o ooliiwl 45 arraytype ode! .ow! §lwSo
Doowl ol o Lidw!l 1079

Type bit_vector is array (natural range <> ) of bit;

Type std ulogic vector is array (natural range <> ) of std_ulogic;

Type std logic vector is array (natural range <> ) of std_logic;

Go Dl uxS tul ol oy 039U (Jedo AMAY Oygwoy La g (ol

natural bwg s Lis La array . a5l oud ekde LgT o Std ulogic L.Std logic

Sl 2038 0 ool bw! Lgwly ¢l adel gad ol 1 cu5l odd sz

)
Signal a: std logic_vector (3 downto 0);
Sed GRS odd parde Type Lo a5l s5 0 it wlo do
Type word is array (16 downto 0 ) of bit ;
Signal b:word;
el wl sz 90 Jadz> o (oS oLBD sl suxo 9> gle array I
S35

Type table 8*%4 is array (0 to 7, 0 to 3 ) of bit ;
Constant exclusive or : table 8%4 : = (
"000_0"

"001 1"

"010 1"

"011_0"

"100 1"

"101_0"

"110 0"

"1 1"

slgcss Ly s3> goads Jold record g5 51 Object ¢y : record type

Lol ool
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Ol g2y Il als bwges Wl g5 L record do 31 Lolasis! sla field

iocell ¢!, 45 45 uan o olas 1y record type o o) d4wliys . o080

GHas gl gooolie 5 GopsS cggd o O)san Object ¢ awl o GioyxS
Doow! 48848

Type iocell is record .

Buffer inp :bit vector ( 7 downto 0 )

Enable : bit ;

Buffer out: bit vector ( 7 downto 0 )

End record ;

Signal busa ,busb, busc:iocell ;

Signal rec : bit_vector ( 7 downto 0 );

Bus a , buffer inp <=vec;

Bus b , buffer inp <=busa , buffer inp;

Busb , enable <='1";

Busc <=busb;

—os0e sla error -5-1
0 \_3T Lo Lowl o error ol Joola ool 7-1 Guwad yo 4SS suS

Lo gasdas | L@T L5l g S

Library ieee ; --line 1
Use ieee. Std_logic 1164.all ; --line 2

Use work.std_arith.all --line 3
Entity terminal count is port ( --line 4
clolk , reset, enable : in bit; --line 5

data :in std_logic vector (7 downto 0); --line 6

equals , term_cnt :out std logic) ; --line 7

end terminal count ; --line 8
architecture terminal _count of terminal count is --line 9
signal count : std logic_vector (7 downto 0); --line 10
begin --line 11
compare = process --line 12
begin --line 13

if data = count then --line 14
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equals = '1'; --line 15

End if ; --line 16

End process ; --line 17

--line 18

counter = process (clk) --line 19

begin --line 20

ifreset = '1' then --line 21
count<= “111111111" --line 22

elsif rising edge ( clolk ) then --line 23

count <=count + 1 ; --line 24

End if ; --line 25

End process ; --line 26

Term_cnt <= 'z’ when enable = '0' else --line 27
'l" when count = "l------- " Else --line 28

'0'; --line 29

--line 30

end terminal count ;

hle o> Gl Ly ¢! 4wl :7-1owo

ol L cuwlws cwad d 4 Process Lowl 11 s o error gl !
iy count gdata Jold aoly 4

cew g < Oygeway doly He Syl cdwl 14 L o $ 4=y CITor

equalse 2> Hluadio gl o else do ol wid cwl ,oggio CITOr U sd=o CITOT
Lb o b p) Opgan guwly 45 Dad 0 0ud
if data = count then
equals = "1';
else
equals = '0';
end if ;

=) Oysmasy when—else jgoiws 31 solibiwl Ly 4wlsysy 1 Grawd (ol

Doodies ol 55 L

equals <='1" when data=count else '0';
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bl o counter qwgyy cuwlw> Swad yo g I8 Lz o saxo error
reset JUZuw clock ;5 oode Lisls 5 aoly yuss clock 4 ek wsly Yl
array o @ cwloerror Joobld o 21 s L0848 cow bl Swocd 5o o
awl dlal 1 sae o
JUSw rising_edge ol oo lidiw! o .ow! 22 ks j5 sd4xo €rror
Iy clock JLEw g45 1ol Ly ool pobio cably std logic g5 31wl
Sed eo LSl ol 31 4SSl Lo ol s ks std logic 4o
std_logic vector g !y + a5l 0l Loyl sem>g error do s 23 ks
s 1, std_arith <0 Wl Lo ol jo Lo cwl owds Goyxs integer Lo
suoly Leis 2 Gy Lowl gdxo error Jold 27 b LS 4blol 4aliys
daaS 45 Db b SHi0 ) gay
bs yo error ol Lasly std_logic g 31 4SS oS o =S sebject 4 z
slo awl e NI11I11117 L count sglws 45 .owl 458,85 I 45 28
adls ool oo Luably oud oo latiw! std match xol5 uoly Oy g0 GUbes
Sod AdweS y) D) 4ol
term_cnt <= 'z' when enable = "0’ else
'1' when count > “10000000” else -- or count > 127
0"
Swl S s 8-1 cwad o aoowe 4SS
Library ieee ;
Use ieee. Std_logic 1164.all ;
Use work.std_arith.all

Entity terminal count is port (

clolk , reset, enable : in std logic;
data :in std_logic_vector (7 downto 0 ) ;
equals , term_cnt :out std_logic) ;

end terminal count ;
architecture terminal count of terminal count is
signal count : std logic vector (7 downto 0);
begin
compare = process ( clock,reset )
begin

if data = count then
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equals = '1';
else

equals = '0';
end if ;

end process ;

counter = process (clk)
begin
ifreset = '1' then
count<= “11111111”
elsif rising edge ( clolk ) then
count <=count + 1 ;
End if ;
End process ;
term_cnt <= 'z' when enable = '0' else
'l' when std match ( count, ”1------- ") else
; *0”
end terminal count ;
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L5 ool o Architectar 454

g.f“)")

plas s Loy ol o i gldyey D

doddo -1-2

entity 4 bgyjyo Olxasgs Jud Sawd o

Sswo ) Jold  entity 4




28 | VHDL () 54l 555

Swl S Architectar 454y 45 cus b 5 A0 40 exde mode o type o
b Lo behavioral , dataflow , structural sls )y Lislw 31 oS35 Lo do Oy g

9 eSS Ololae S5 Ol ylde doyrd S0e8e ¢ Sl (0l o
Lo g 20d o gloo 04d o ool wl iz glaylUsle o 45 o SSw
LS o e ey Gz o b el oole sl
oS3 Oyl ae =2-2

Lgs b LS eSS e S glgdsy o oSS Ol d
9 LSgd o oolaiw! structural ,  dataflow (Lo o gleil slaygiws

S o oL aiwl behavioral L. ;o pe yw Ody sla ygiwd

Oloid slaysiwd HI odlidwl -1-2-2
Il Olojs® Oysany 5 458,58 51,8 Process dy j1 2z L5 glojsd sla)siw
L3S

slajysiwy 1 >yl dg >y oloid Haiwd g5 4w dataflow Lo o
s With—seled —when giws L LSOl slea)ygbiwy oden yo Lo oloid

when —else b b ) giws

DT oYolza
Sl e e iy L Gleie® Hedwd geS e )0 den OYolre
Oloid® yadwd o 1y gden aY¥olroe 00l w!l Gewd Gl Ho Load 03 L 0wl
o doprd p) Gwad LpedS 0 Ol S5 Ol Tue Ho o eoLidwl G
Wily o WS e Sdy sdbloe 1y s 4 slewly as 1 4 4 jusdy sl
Library ieee ;
Use ieee std_logic 1164.all ;
Entity mux is port (
A,b,c,d :instd logic vector (3 downto 0) ;
S :in std_logic_vector ( 1 downto 0 ) ;
X  :instd logic vector (3 downto0);
End mux ;
Architecture archmux of mux is
Begin
X(3) <=(a(3) and not (s(1) and not (s(0)))
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Or (b(3) and not (s(1) and  (s(0)))
Or(c(3)and s(1) andnot (s(0)))
Or(d(3)and s(1) and s(0));

X(2) <=(a(2) and not (s(1) and not (s(0)))
Or (b(2) and not (s(1) and  (s(0)))
Or (c(2)and s(1) andnot (s(0)))
Or (d(2)and s(1) and s(0));

X(1) <= (a(1) and not (s(1) and not (s(0)))
Or (b(1) and not (s(1) and  (s(0)))
Or (c(1)and s(1) andnot (s(0)))
Or(d(1)and s(1) and s(0));

X(0) <=(a(0) and not (s(1) and not (s(0)))
Or (b(0) and not (s(1) and  (s(0)))
Or(c(0)and s(1) andnot (s(0)))
Or(d(0)and s(1) and s(0));

End archmux ;

a[3..0] —— 00
b [3..0] ——] 01 x [3..0]
¢[3.0] —— 10
d[3.0] —| 11
S(1) —
S(0)

Sy sle ol xSlus Jedy 122 U<

1S Swl gy abhw olo)y o (OB ) Lwyd olblb doyxs do 2-1 cwn
Lody 0y LSO Wb 0 solidw! PAL o1 4S5biS o L.o}.o.c
diosad 5 ool H Ly e s SYolre Lo ol s pdxinl ol so

Swod 5o cJU gl o Lowl Hyloyesasy 51 e5 gl 51 VHDL § W5sd
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00 LA e oy ldde ey e 1 colidwl Ly JULSow Godds 2-2
bl o lwyd ablb  if then else  jasws H1 oo libw! ool 40 b 3Ils
03> 4wl ol o Wilhwe cwlie ey OYolro H 45 ool sldlio Lo
08T paal g3

Entity my _dedign is port (

Men op,io_ op:inbit;

Reud , write :in bit ;

Memr, memw : out bit ;

Io rd ,io_ wr :outbit);
End my design ;
Architecture control of my design is
Begin

Memw <= mem-op and write ;

Memr <= mem-op  and read ;

lIo-wr <= io0-o0p and write ;

Io-rd <= io-op and read ;

End control ;

Gdeo O¥olze Ly LILSow doyxS: 2-2 S

Sy (slaysdl ) s See

—SaxY slayeSl ol L aSe e oVolrae wlw! SaY slaygsl iyl
array !, L boolean L, bit slL» type <! o not,xnor, xor,nand, or, and
S oo LS wl yo La S o diogrS guy Hogdes s bit 1 suaxo U5 sl
90 ¢ de— Lo o 5l ol ammay Lo ( mot 32 ) LeyeSl ol o
o—1 IEEE 1164 s, 5wl ol 45l o solwe aoy slig woly Wiglas
31 sa=y d sla array, std logic, std ulogic sla type sl o |y Lajyssl yl
awl 05,8 pal g LgT

= Lo Jlbe gl 0o o Ldwe Soadal lylo (SoY sle Sl 4yl
iyl A+(BC) 0ygms 48 wyls s 1y ATB.C e W e
sloly S syl o2y —Sa>Y sl ayesl oyl « VHDL o JL > g .od

Lo ool py ol adas gHilw 12 Ho Jl b0 ¢l b0 Dbl gydoy aogly!



31 | VHDL () 54l 555

X<=A or : cwl ) Oygan add> yo (ATB).C e . USwe jLidoyew
B and C;

with — Select - when
wrde 1y o ylade gl oudh olxisl JUSuw with—select—when | giws
LS
PS5 0
With selection_signal select
Signal name <=value a when value 1 of selection_signal,
value b when value 2 of selection_signal,
value ¢ when value 3 of selection_ signal,...
value  x when last value of selection_signal;
ool & Logd o 2> laids selection signal Il .i. 4 4>45 Lo signal name
Sl die g 45 bl >4 > When sls byd o aoly  Selection signal o Lis
Sy Sl yetwy gl S so LSl Lo 2-3 cwadyy L Ul sy Lafl
oS o dipeS Ty 2-1 S 4 by
library ieee ;
use ieee . std logic 1164 . all;
entity mux is port (
A,b,c,d :instd logic vector (3 downto 0 ) ;
S :in std_logic_vector ( 1 downto0);
X :instd logic vector (3 downto 0 ) ;
End mux ;
Architecture archmux of mux is
Begin
With s select
X <= awhen "00"
b when "O1"
¢ when "10"
d when others ;
end archmux ;

SRS Oy say JUSOw 2 lade —2-3 Swn
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d L c,b,a Hlude jlezr I S0 X JUSw 8 Hlade 49 4255 Ly
39 w0 VLSO oy oy lse sl o 11 sLs others LS e a1y
o sl oS slade 9 5 wbly  std logic_vector )1 sla type o) gas S
5y1> 24>y Std_Logic ¢45 5! dataobject
210 =0 Ly yladsS had 11 ¢ 300w slayljol o L1338 SGw sl o
1T ylade austes o L& Lably ,0iy oS!l VHDL ! 4 uoly code Lol
Others a Jl> JL > 4 o dy Loy HJLSO s joolie jI S0 Oygan Wy 1)
awl )Y s Vs wlE oS axdo ol 4o
Architecture archmux of mux is
Begin
With s select
X <= awhen "00"
b when "01"
¢ when "10"
d when others ;
end archmux ;
Xyl ade oS gakdie Gg> 451 g5 0 iz metalogical 1 wie
G yeny ded eolaiwl don't care

Architecture archmux of mux is
Begin

With s select

X <= awhen "00"

b when "01"
¢ when "10"
d when "11",

" "when others ;
end archmux ;
cow ! olwSs Architecture (5,5 4w )1 plaS o sl g0 aolis ¢ Slw
SoaY e S sl 481 4S WiShe pakdie ) bl cse 4SS0l ol o
e iR S X ed Sl
when — else
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LdUiSow 2o Hldde sl 45 awl gysiws when—else L5 lw
0 G plade o JUSGw 48 sre Ol o 29 o DS hod ) sa
Swl ) Sysen S HUS e cadly ol oF byd 4SS Syg0 53 couS
signal name <= value a when condition 1 else
value b when condition 2 else
value ¢ when condition 3 else ...
value x ;
—0 G253 3yl 3y >y Lgbyd OY¥olrays 45 syl Lie 4 signal name
o—20 G—l=3 signal name 4+ T ylade wdloy i g8y 45 byd gdel Laoloy
when_else ;o5 wo L a4 jlegs jwSdy sJle oL@ 2-4 cuwod jo L oxS
Sl o dd b g
library ieee ;
use ieee . std logic 1164 . all;
entity mux is port (
A,b,c,d :instd logic vector (3 downto 0 ) ;
S :in std_logic_vector (1 downto 0 ) ;
X :outstd logic vector (3 downtoO);
End mux ;
Architecture archmux of mux is
Begin
With s select
X <= awhen (S="00") else
b when ( S="01") else
¢ when ( S="10" ) else
d;
end archmux ;

b Oy eas JUSow a0 ol i @ 2-4 cuol)

syl afl o say when—else , Statement ;o Lgbyd 4P §sd 4ol ;o

O 0D S
sl Lo oosdsl oYL Wbl o lefl O san Lgbyd  when else 5o S|
¢ os b ool wl syl wafl Ohemy LIli&hw 3o lis 481 Lawl aums bk

Sodb 0 5 Y¥eb  with select_ when ULislw 31 _Sa51  when else ) Uislw
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O30S ez L@ 4 WSS H UGl ool Lel ( pwSdy s dle 4ud )
Doaw! odl 2-5 cwod o 4SS JUe dauodh aiS JaS angdgl o sla o8I gl
library ieee ;
use ieee . std logic 1164 . all;
entity priority is port (

A.b,c,d,w.x,y,z :instd logic;

J  :out std logic);

End priority ;
Architecture priority of priority is
Begin

J<= w when a="1" else

x when b="1" else
y when c¢="l' else
z when d="1" else
0 -

end priority ;

b Oygay JUSow adylade Ly 1o aogdgl y0eSo 1ot 2-5 G

Lhis gloy <y 5o 581 LUifws o8y yaxio Iybliied sc,b,a 45!
Doow! wolaisl sdel 256 cwod Ho 4S8 olauS L uWed sl S lwg s
library ieee ;
use ieee . std_logic 1164 .all ;
entity no_priority is port (
a,b,c,d,w,x,y,z :in std-logic ;
J : out std logic);
End no_priority ;
Architecture no_priority of no_priority is
Begin
J<= (aand w)or(b and x)or(c and y)or(d and z) ;
end no_priority ;

oS oYolra) !l coldibw!l Lo angdgl el olasol o 2-6 cwn !
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2-6 c_wn ) Jwls Wy b sl sylafl d 4 c,b,a slglisow sS|
2-7T cwn ) 5o S ladaS Jols o oawl S gleadsns Ly ralsS Jolee
oyl oolas Jud cwnd Ly Swl sawl
library ieee ;
use ieee . std logic 1164 .all ;
entity compares is port (
a,b,c,d,wx,y,z :in std-logic ;
J : out std logic);
End compares ;
Architecture compares of compares is
Signal tmp : std_logic vector ( 3 downto 0 ) ;
Begin
Tmp <= (ab,cd);
With tmp select
J<= w when "1000",
x when "0100",
y when "0010",
z when "0001",
'0'" when others ;
end compares ;
d,c,b,a joolis S35 31 coliswl Ly oL @ 2-7 cwn
sl gLu) 4 by
S sl eolw Glu) Oysan a5l g3 o when else od& o La b
& Ly byd ga5 ol L a0edh bed owl odal o) 30 4S5 4SS Oy guan
Dl Lebyd 4S50 ¢l g cwos yody LSl Ygaxse with select when
Lplo olbaail JUSaw H1 guo i
Signal stream , instrm , oldstrm : std logic vector ( 3 downto 0 ) ;
Signal state : states ;
Signal we : std logic;
Signal id : std logic vector ( 15 downto 0 ) ;
stream <= "0000" when ( state =idle and sturt="0" ) else

"0001" when ( state =idle and sturt="1" ) else
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instrm when ( state = incoming ) else
oldstrm ;

we <='l1'" when ( state =wirte and id <x "1FFF" ) else '0' ;

wuwd sl Tl 9l
O Al T g gl oS o gl 0o SwS gl g e slay Sl gl
(/= 5 =) somlml g sl slaysSlal o Wb o 0o Lidwl Lgl
) Dl Aol y slaye Syl LuSed 0 duxe La type olS sl
Gyl Dwey a5y do Ly oarmray Ly oscalar gla type sl o ((>=,<=,>,<
Oled o idue ol po dob gl lo 5 Hyl pr 4S5 le  ammay cA e e
Swys Lo o 0l ) Gwl sy el slayedl gl 45 L abed 0 Lidw!
(owyols Lo
bile o) e cuidly pe S woly w5l do 5o Le oprand type
cw ! integer Jo 123 5 cw! Std_logic _vector o 4SSl sy Gwl
signal a: std logic vector ( 7 downto 0 )
if a=123 then...
syl Syl slayssl )
LSl syl IS L sl oS s slaye Syl s o ola y g5l
type ootz Lo glasesdi ol 1 ealidwl ohlal gyldsyly slaysil gl
o duy=s IEEE 1076 o, asUiw! bweld a3l )l ja sl o cddad o 1)
Ll syldsS) Ly function Gioyxs 1 eolibw! Ly cwl oS yeSl ol Lowl
1076.3 5 IEEE 1164 5,1 a5Uwl y gyl dSyly ye3l 4ol solaxs Lal
sl o 2ol IEEE10763 5,1l olwl JU ¢l g« Gwl odd diyyzrs
S
Library ieee ;
Use ieee. Std _logic 1164.all ;
Use work .numeric_std.all ;
Entity compare is port (
A

in unsigned (3 downto 0);
X = out std logic ;
End add vec ;

Architecture compare of compare is
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Begin
X <='1" when a=123 else '0' ;
End ;
numeric _stdys oud Gy = syl A5y Ly yeSl ol 2-8 G
syl Lsw! 31 numeric_std package o syl diSH) Loyl ) zol S
oole dy Ly >l b entity ;o aolo Package (0! 5 w51 oud =5 10763
slayodl yol sl 35 ,ola package . osdh Jl=d of 31 (gl 4uad ) s
Swl oud 4dlol std_logic sl o syl i8S, Ly
slayedl ol 5 aous gl s ¢l o codd s lw  Std arith package
JUL wowl oud doyxs std logic vector il asl ol ) yo aodle (ado oloy
Guwl oyse ol 3 gl dSed )
Library ieee ;
Use ieee. Std _logic 1164.all ;
Use work . std_arith.all ; __std _arith , rather than numeric _std
Entity compare is port (
A = instd logic vector (3downto0);  typestd logic vector
X =out std logic ;
End add vec;
Architecture compare of compare is
Begin
X <="1'" when a=123 else '0'
End ;
std_arith jo5 oud Goy=d = syl iSH L Hedl ¢ 2-9 cwodd
ol > numeric std package Lo « g4 5 o0l 31 oL dlie sl
std_arith (o xf Lo posS 0 oolabiwl LayeSl oyl o gl gSe type sy LSO
d 31 eolaiwl SSs S gl o S0 sl gl 5 I, package
oo LS wl w2 gl I, overhead .51 45 ,» 45 std logic_rector , array type
pS
S5 pgo gl 5 Juld oz std_arith , numeric_std sLa Package

bl o std_match sl
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L don’tcare 4y o) sms std_logic g5 51 Hladie g0 o gl ol
T Lo 0 oy g5 e T Hlade cog b o oo liSwl witd — card
LSOl sl gy bl i W51 g oyl WUl @l gl . oed oladyl
D138 GGy g cwl TI1" Gz o lEe 48 Gl o o) o) Lo
Owo (true) cwy s 15y

Ifa="1_ 1"then  always evaluates false in synthesis

LS am S i do Sy ean ol ghle sl o e slayl il
L Lo do 4SS ow!l Gwyy Slo) hid dwslie ool jo i
mlwlid yo Wl g5 6= ya50 5,1 ¢ don’tcare Loyl 45,5
.o9db oolLiswl don’tcare slgills
std_logic_vector (3 51 “1—1“awoliestd match zoL5 31 oo libiwl Lo
bl Jo 3T g Jol o slgsu 48 owl cwys Glw)y donwto 0)
If std mutch (a,"1 1" )then..  trueif a(3)=a(0)="Il'

L» component _Lwlid
oY Lol 48 wily o gloid® sl Ho s component ol lid
DS dwlie 4wl do Glbes A0S o oparde 1) >l gb ol Ho LU
4S Statement lwlid oloo ol dos owl 4¥size xe 2-10 cwod 50 4
Oogo o=l e LS o 09y H LS S5 LeSaaY gl ool Ho Sl s S e
A1 o Aidgs
library ieee ;
use work . std_logic_1164. all ;
entity compare is port (
a,b : instd logic vector (3 donwto 0 ) ;
aegb : out std_logic ) ;
end compare ;
architecture archcompare of compare is
signal c: std logic_vector (3 donwto 0 ) ;
begin
X0 :xor2 port map (a(0),b(0),c(0)) ;
X1 :xor2 port map (a(1),b(1),c(1)) ;
X2 :xor2 port map (a(2),b(2),c(2)) ;
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X3 :xor2 port map(a(3),b(3),c(3)) ;
N1 :nord port map (¢ (0),c(1),c(2),c(3),aeqb);
End ;
structural oy 40 So 4 0S5 S dwolie Jdy gLuo ¢ 2-10 cw

Ol a5l sud Guyxs VHDL syl usUiw! lhwgss Ls data Component
Seb wyy=s Package j 855 o nor2,xor2 slegsiasS 45 oyl Hlbs >l b
feS o 1 eoladwl Ly —2-2-2

gy o HLSo procedur 4 La g0l ¢ La Process o Sy ON&
O f S wd Gl > LA b 0 dyxo sdxo Juwad o Procedure 5zl 43
Lie b o oolitiwl 4S5 Oyl o>l yb 43 4548> 45  Process 5o gy
piS o ol T

If _then_else
9 bl 0 ONE a0 e Ly obxis! sl if then else ;) LisLw
0 cowl byd dy 31 (bl Lo cwys ) e Ll wlel o o sl !
=0 oSl
if ( condition ) then
do something ;
else
do something different ;

end if ;

do something i _J& | >1 31 d=xy oed lojyl true O)gay bydh 43|
e else 31 =y 20,8 oloyyl false ©yeas 481 5 20,8 0 olaill
Sob o o endif L HUSLe 35,5 o olxisl something different
Lias o alfl 1y LS do o eal 403 Ho 4SS la Process
Signal step : std_logic ;
Signal addr : std logic_vector ( 7 downto 0 ) ;
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similar 1 = process (addr)
begin
step <='0" ;
if addr > x "OF" then
step <="1" ;
end if ;

end process ;

similar 2 = process (addr)

begin
if addr >x "OF" then
step<="'1" ;
else
step <='0" ;
end if ;

end process similar 2 ;

o' ylus, step wsly ofhex I 8,3 addr 45 %I process 55 a0
JY ) pwg sy s Sae Ty 1y 0" ylade Wbl soluaoly S S
Dl 80 a2 a by & ol S oy 4SOl gl LS 6 by Ty s s lus

not_similar = process ( addr)

begin
if addr > x "OF" then
step<="'1" ;
end if ;

end process ;

addr 4+ < 5Ly 4 lo step 45 5yl ool o od¥s  not similar qewg yy

Do A Ohgan Gl Loyl 485 sy gyl ade cw!l of heX sglwe Ly S

g ook Jlad Hlo b ol ol o WS o dae ahdle G Ly sty 480

olds 2-2 JSlh Ho 4SS Sygwey dSle 0 Bl oud Jlxd 45 ax T o4 step
Gl oud dioyrS 403 ddolxe bwgd g odd oal

step = addr (3) * addr (2) * addr (1) * addr (0) + step
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addr3

addr?
addrl

addr0 J

2-2 I

Guo ol ddie do slols Llahs duads i Lis Step 4o 45 aual g% L& 45|
LS Juass oelse do Lo 1y if—then HaSws 45 il g3 0 Lo Gl gayd
O sdu sle oelsif oluxs 5 aoly d4rws s a5l g5 o if—then—else [ giwo
Guwl ) Dygan IS ppd Wbl bl so0dy ansdel s 20 ol i
if (condition 1) then
do something ;
elsif (condition 2 ) then
do something different ;
else
do something completely different ;

end if ;

0350 byd wle! jo UL FHxI Hlade do 4 X JUS0w e sl o
o) S JUe sl owl adolas do dibe Jwls o ol
if (condition 1) then
x <= value 1 ;
elsif (condition 2 ) then
X <= value 2 ;
else
X <= value 3 ;
end if ;
Sw!l adolxo ol Ho 4
X = condition 1 * value 1
+/ condition 1 * condition 2 * value 2
+ / condition 1 * condition 2 * condition 3 * value 3

+



42 | VHDL 554l 5552

abes if—then —else (Lo Oygmy ol s5 o 1) When—else ;Lsle b

if—then— HJUSL W Lo W51e3 0y 4o ylegs cxnn 4 jwsS)y sJlo

Swl odel 2-11 cwad o 45 [ Sysean 2ebh ol elsif—else

Architecture arch mux of mux is
Begin
Mux 4-1 : process (a, b, ¢, d, s)
Begin
If s="00" then
X<=a;
elsIf s="01" then
X<=b;
elsIf s="10" then
X<=c;
Else
X <=d;
End if ;
End process mux 4-1 ;
End arch mux ;

if then Lo do L jwSdy Sl db Gy @ 2-11 cwd

Guwl ) GHgay >l gb ol sl 30w 3 edd daxail 4adolxoe

x=s1 s0 a + s1 s0O b + s1 s0 ¢ + s1 s0 d

e T s sl A4S b Lowl gyl HoeSo do sl 2-12 cwn

Jlas aobly ool slad 31 zewd sl 45 4SS o paxdis codd 00l su |
ook ool e Lowl 45l plaisl Jlad @2 4o shle Jlad ool g5 o« ded
if HJUsLe 31 of cwys sldbiSow gile Jlesd 5 dbidls> glad doyss ¢l
sla asy SO0 sl o owl oud eolidwl sws slayesl yyl 4 — then — else

Syl o A i o b 48 Wb we —wolaisl :){_gLi_L,a(LAJo)JJ)Uu).)T
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Syg a5 odd 4o OYolre Ly 4S8 ledSe awl L 2 JUSw
- Qw5
Library ieee ;
Use ieee .std_logic 1164.all ;
Entity decode is port (
Address = in std logic vector ( 15 downto 0 ) ;
Valid ,boot up = in std logic ;
Sram , prom , eeprom , shadow , periph 1, periph 2, :out std_logic ) ;
End decode ;
Architecture mem_decode of decode is
begin
mapper = process (address ,valid , boot up )
begin
shadow <='0';
prom <='0";
periph 1 <='0';
periph 2 <='0';
eeprom <='0';
Sram <='0';
If valid ="1" then
If address >= X "0000" and address < X "4000" then
If boot up ="1" then

Shadow <='1" ;
Else

prom <='l";
end if ;

elsif address >= X "4000" and address < X "4008" then
periph 1 <="1" ;
elsif address >= X "4008" and address < X "4010" then
periph 2 <="1" ;
elsif address >= X "8000" and address < X "C000" then
sram 2 <='l" ;
elsif address >= X "C000" then

eeprom <='1";
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end if ;
end if ;
end process ;
end mem_decode ;

..GMJJT 3oeSy 1 2-12 ol

Iy odw 45388 45 sl daliyy sl ahdl> @bz slgbiawd ) JSib

cda Y 0 O Llas

FFFF
EEPROM
c000
SRAM
8000
4010
PERIPH2 4008
PERIPHI1
4000
PROM
Shadow ram
0000

adhsls b @ 3-2 Jsl

Case — when
S Case s>l Ly 5 ow!l j800 gl goads Jold o5 case (Lo
ol e wlw! 5o o sl g 04d 0 Ladylads Ly Jled Ll of )i
ol S s sy s U le o ocw!l osael case oylue yo 4S8 cwl L LiSow
03,80 |1 selection_signal il aie wlw! 4o 45 da> o oL |, case
Case selection_signal is
When value 1 of selection signal =>
(do something )  set of statement 1
When value 2 of selection_signal =>
( do something )  set of statement 2
When value 3 of selection_signal =>

(do something ) _ set of statement 3
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When last_value of selection signal =>

( do something ) __ set of statements X

Swl ol Sbgs case—when ol jlae Lo 45 o) cwad JUL sl o

Swl iy H LSO gyl yoeSoy W b slo

Library ieee ;

Use ieee. Std_logic 1164.all

Entity test case is port (
Address

in std logic vector ( 2 downto 0) ;

Decode out std logic vector (7 downto 0) ;
End test case ;
Architecture design of test case is
Bagin
Process ( address )
Begin
Case address is
When "001" => decode <= X "11"
When "111" => decode <= X "42"
When "010" => decode <= X "44"
When "101" => decode <= X "88"
When others => decode <= X "00"
End case ;
End process ;

End design ;

case —when s5ws 1 solaswl Loy 3480 Q_M)J.)T Aoy oy 2-13 ol

Dlaie 4 address 1 uio 4y a>45 Ly 45 u5Suo gakdio a0l iy ol
Swl YL 4® Jold whenothers o lLie .o,8 o =35 decode JLSw 4
Coowl owds 38y s sla when o 4

e lade aldir JUSLw ouds 4o when bbb g o wl a5 e L
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0955w dhis of yldo -3-2

ok ewlio g9 pStw glad)y LS 5o iy ol Jold sleyl Sl
CuSy H1 48 Wids LoleSely Lol gb Le gyl gl gl s Ll L a5l ol
by Jodo do Shsan ¢ O ol Juwy QI8 ol s Ay o 4o 4SS LeSd
Ozl o9 Lul oud 4isle FPGA Jw du>Y oy &by CPLD JuwsySLloe &y 4o
Lo s VHDL ¢Lo) Lo ol sd o 4582 48 piad 0 olbs Lo Gawd
) A4S Lasle 1y oSt du>Y ol 1 ae Structural 3 behaviral s la ) Lis Lw

wd o oglds Ty D ogss 31 ol o ol o

Library ieee ;
Use ieee. Std logic 1164.all ;
Entity dff logic is port (
d,clk = in std logic ;
q =outstd logic);
End dff logic ;
Architecture example of dff logic is
Begin
Process (clk ) begin
If ( clk'event and clk= 'l" ) then
q<=d;
End if ;
End process ;
End example ;

Jlad oS y¥ Lo 4t Ly aS D g5 31 o oods dy gl @ 2-14 cwn

I
d —— D Q}l—— g
clk — clk

DFF ol ,SLos Jely @ 4-2 i
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VHDL jlw b Jo ool ol cow!l gwles DS yuz5 4 hid guwg yo

by b S 0 Tyl 1y gy g2 oyl 1i8 odls CLK 45 Slao) his

Lol Lais Clk ool Gy aw!l o7 Hlabds 5o gaurd g 4S5 L 5la) his

Lo oYl d Lo ol 1) BB o8y 5l )38 gy Sowles Swad o

s Se¥ o ) o ples waly ck=l ST L 0,9 Gy cads) gl

—0 A ded ) Sy o 4o oy Gwl sudey gy 4wt 4y wle> Clk=0 LS
If (clk' event and clk= "1")

Ly If (clk' event and clk="'0" )

LSS GopeS j0) Oygen ahe 4o wle> latch 4o 515 o LS
Process (clk,d)
Begin
Q<=d;
End if ;

End process ;

Clk——— En

D latch d af 3L Il @ 5-2 <

Soo o Ty i W o gu b e sl g o) Lides 2
If (clk' event and clk="1' ) then
q<=d;
end if ;

If (clk'event and clk="1" ) then
q<=d;

else
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q<=q,;
end if ;

teod 51 @b ol doyrd ¢l po S Jols JUe g0 j0) 9
IS BuaSgy Yo Lt ao wlue> g0 g 48 odel s 8 ) o S0y
Library ieee ;
Use ieee. Std_logic 1164.all ;
Entity tff logic is port (
t,clk = in std logic ;
q = buffer std logic);
End tff logic ;
Architecture t-example of dff logic is
Begin
Process (clk ) begin
If ( clk'event and clk= 'l' ) then
If(t="1") then

q <= not (q);
else
q<=q;
end if ;
end if ;

end process ;
end t example ;

T es 1 @ quld dy Gy 0 215w

Library ieee ;
Use ieee. Std_logic 1164.all ;
Entity reg logic is port (
d= in std logic vector (0to7) ;
clk= in std logic;
q =out std logic vector (0to7));
End reg logic ;

Architecture r-example of reg logic is
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Begin
Process (clk ) begin
If ( clk'event and clk= "l" ) then
q<=d;
end if ;
end process ;
end r_example ;

= 8 sy do dosxs o 2-16 cw )

wait untit Lo
ol O eolidel Lo 1) Juoey plae HUS) SleS e gl LS
LS G =3 If( clk' event and clk= '1" ) then oL ¢ Lswait until
Architecture example of dff logic is
Begin
Process begin
Waituntil ( clk="1")
q<=d;
end process ;
end t_example ;
Obam Lo dy Swl ol odldiwl Cuwlus Gwad do 1 ey 2! )2
oo liiw!l ol ool O A4S gy do Ho ol oo cwl oead jLeT  wait

dylas vy duwlus Gl 4 sHLad odd

oldgy by 5 o gyY Ly Lt 4y bgyye gl gl
Yo Ld gible HLSAT 5o oubsy goby o cabgy¥lo Ll gl o5
JUSw 581 ol e ool 51 S v awl 008 doyrS 1) LPgLSw o)
sod doyxsclk'event and clk="1" o say w5145 o wblo std_logic g45 I
oo Lisw! rising_edge (clk) 1 clk'event and clk="1'" sl sl o5 o Lo
o o oSy D o ol s 51 gl o 5L 2017 cun L piS
Library ieee ;
Use ieee. Std logic 1164.all ;
Entity dff logic is port (



50 | VHDL (554l 252

d.clk = in std logic ;
q =outstd logic);
End dff logic ;
Architecture example of dff logic is
Begin
Process (clk ) begin
If rising_edge ( clk ) then
q<=d;
End if ;
End process ;
End example ;
=5 5 eolidwl Ly Dogas Q38 qudd Ay doyrS r 2517 cw
rising_edge
0955w Ol yldwe yo reset 1-3-2
L ogibw Jlad byd 31 oud 4588 JLr LS 45 2ldlin J1 pl dSoe
o5 Lo 1y preset o reset a5l a5 o L& . o oudd oo Lalwl reset
505 Gy Gl edel o) Cwn )y 4S Sysan oole
Architecture rexample of dff logic is
Begin
Process (clk , reset ) begin
If reset="1" then
q<="0
elsif rising_edge ( clk ) then
q<=d;
End if ;
End process ;
End example ;

Oo St reset by Giyyxs o 2-18 G
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clk —

reset

OssSSwl  reset Ly DFF ol jSLos Jgly :16-2 [

RS e Ldl o 3= reset,clk JLSLw g0 s o lus Gwo )
0=l 00 L weleS gy oSS sl el de o LWLSw ool 51 sl
o Ty Ty e dy ylade ok o4y ase S el 0edh Jlxd reset 4 SI H1aw
I a0 0 31 OIS o5 Ly Oygaio!l yo 09 Jlsd ye reset 431 4 . a5S
S48 o xS q oo d JUSw I e

plEl 1y 40y yorS o aaSl g5 o L reset sl preset GisyxS sl

If (preset ="1") then
q <: VlV ;
elsif rising _edge (clk) then ---

GRS OgSSw |y L ool d preset Ly reset woSl g5 o L o o
JUo 248 0 8 I0S byd (eyo preset Lo reset byd LSOl ¢ j o LS
sy o ogldo 1y geSSw reset Ly DFF 31 o1 4,6 405
Architecture sync rexample of dff logic is
Begin
Process (clk, ) begin
if rising _edge ( clk ) then
If (reset ="1") then
q<="0
else
q<=d;
End if ;
End if ;

End process ;
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End example ;

O9SSw  reset oy o= 2-19 cuwo

sl pwlow> 25 4 b 534S Swl 008 dogrS ) gy Swo
A4S lo) g owl oreset Ly (oSS 4S5 aw!l Dogss oM oudd 3w Juls
J—we TEsEt o L 85T wislay LaS! IS oadgy Yl ) 4 wbly Jlss reset
U
oo preset Ly reset Lo osxSCwl /o osSOu Hldw dy aul a5 0 g L
LS ey o olas Ty s 8 Jlue) do ) JUe uuis o= SVHDL
Lo Jled reset 81 Lublo o Init Lo Gy Sdw g4 reset Lo oSSl
pa S odgy Yo aud g oogn Jled init 81 5 0ed o pholgiy olS
10055 ol Ledan eLE 0ad 005
Library ieee ;
Use ieee. Std_logic 1164.all ;
Entity reg logic is port (
d = in std logic vector (0 to 7) ;
reset , init , clk = in std logic
q =outstd logic vector (0to 7)) ;
End reg_logic ;
Architecture fancy example of reg logic is
Begin
Process (clk,reset ) begin
If (reset ="1") then
q<=b “00000000™ ;
If ( clk'event and clk= '1" ) then
If (init="1") then
q<=b “1111111%;
else
q<=d;
End if ;
End if ;
End process ;

End fancy example ;
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oosSpreset Lo gyuSdwg  reset Lo (o Stwl s 8 oy do 2-20 cuan

Slwls gyl 2l
o ode concatention Gy iSe & @ Jol b Sl wls sL_gdo5l 4l
bl o yladie Gldae ya3 g oaLan Bl modulus ¢ puwiSe oyl A3
GRS 9o A4S dedae oo Ladwl Goyds g @F Slewls glaye Sl S odeld
L odins galS 5 Les oudmd gl bl « La olidS Gouyide La odilS &f
, integer ¢ o 51 sl Sl wls slayesl yyl Lol L0058 o 00 LiSwl
g 31 s Hlgx cUS @& W s eolw JUe Low! oah = Sfloation
a2y o olés 1, integer
Entity myadd is port (
a,b= in integer range 0 to 3 ;
sum = out integer range 0to 6) ;
End myadd ;
Architecture archmyadd of myadd is
Begin
Sum<=a-+b;
End archmyadd ;
oo liSwl dyee Layiils o wblas a3Y of  overflowas [ S5y50 yo 40y &
oS e o) B

Count <=count + 1 ;

O9SSwl preset ¢ reset —2-3-2

JUSw d o Lo 48 wiS o diypyrd 1) g 8 JOLS dy o) Su )
enable ¢ (o JOLS L a0S o Taoy Ty "00L11010™ 51 s 2905 (g S
numeric_std zaS g3 + 500l >0 b G0l 5o . oyl GeSSw  load G

LAl oud dioyxs unsigned g5 51 data , out sLlgyen cowl ds>g0
Library ieee ;
Use ieee. Std_logic 1164.all ;
Use work.numeric _std . all ;
Entity cnt8 is port (

Txclk , grst = in std logic ;
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Enable , load = in std logic ;

Data = in unsignded ( 7 downto 0) ;
Cnt = buffer unsignded (7 downto 0) ;
End cnt8 ;

Architecture archent8  of cnt8 is
begin
Count = process ( grst , txclk )
begin
If (grst ='1') then
cnt<= “00111010" ;
If ( txclk' event and txclk = 'l' ) then
If load="1" then
Cnt <= data ;
Elsif enable = 'l' then
Cnt<cnt+1;
End if ;
End process count ;

End archent8

0SS U o o ol oo eSS JUSow do b8 U LS W 2-21cun )

JOLS o=l sledd ol

grst 4SO ley . owblo o txclk 5 ogrst Jold pwg iy dowles Swod

o 018 eSSl Oy b guy ol e do 4 cent ubly odd Jlxd
Syeail yy e bly Jlxs load ;81 txclk  oa_Sgy YL 4w o .08
enable , Wil Jlxs load 451 5 o548 o 1,35 cnt Ho sog9y data I uis

Seb e ablol T an Hlade oy ont adls gol o ably Jlas

preset L reset oo 3

preset 5 reset JLiZw 0 45 aw!l LS >k oy o oldgl e LS
I Lo pehie g 8 JUL S gL sl 0 48 ;) cw ] adly gy Sdw]
whlaao txclk 5 gpst 5 grst Jold cuwlws Swoad cadS o 0340 4o

Library ieee ;
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Use ieee. Std_logic 1164.all ;
Use work.numeric _std . all ;
Entity cnt8 is port (
gpst, txclk , grst = in std logic ;
Enable , load = in std logic ;
Data = in unsignded ( 7 downto 0) ;

Cnt = buffer unsignded (7 downto 0) ;
End cnt8 ;

Architecture archent8  of cnt8 is
begin
Count = process ( grst, gpst, txclk )
begin
If (grst ='1') then
cnt <= (others=> '0");
elsif gpst="1' then
cnt <= (others => '1") then
elsif ( txclk' event and txclk = 'l' ) then
If load="1" then
Cnt <= data ;
Elsif enable = 'l' then
Cnt<cnt+1;
End if ;
End if ;
End process count ;

End archent8
O9Stwl  preset 4 reset Lo ;LS 2-22 o)
oo LE A4S oed 0 &ely (others=>"'1") L, (others=>"0") ol ) Lic
olaxs bid olgd o gy o=! Lo caSss 1 Lo 0 absoyn JUSw g lgian
S e Lo e 1)

JU»
Signal a: std logic_vector ( 7 downto 0 ) ;

a <=('1,'0", others =>"1") ;

Sod o “O0ITI1117” j o1 5 a Hlade Oy gainl 4o
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DSl 4w gla iy o 4dyb g0 sl Lisuw -3-3-2
Wl e 7,0 Jleld SShe 1 iy sl 4w JLShw 45 g Lo
OL® Sl 4S5 s0) 4S50 Labed o SlaoSay ostd logic e bweS S8 4S
b s Il e JUS e ) Olsie 4 2 cwl s 8 LS JU
P std_qrith xS 31 gu =@ JL S50 g0 o0l ) Lo wl od b 4 55yS
gl 05,8 oolisw! data s, std logic vector
Library ieee ;
Use ieee. Std_logic 1164.all ;
Use work . std_arith . all ;
Entity cnt8 is port (
txclk, grst = in std logic;

Enable , load = in std logic ;

Oe = in std logic; -- out put enable

Data = in unsignded ( 7 downto 0) ;

Cnt_out = buffer unsignded (7 downto 0); -- cntout put
End cnt8 ;

Architecture archent8  of cnt8 is
Signal cnt : std_logic_vector (7 downto 0); -- cnt signal for counting
begin
Count = process ( grst, txclk)
begin

If grst ='1" then
cnt <= “00111010" ;
elsif rising edge ( txclk ) then
ifload = 'l' then
Cnt <= data ;
Elsif enable = 'l' then
Cnt<cnt+1;
End if ;
End if ;
End process count ;

Oes : process ( oe, cnt )
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begin
ifoe = '0' then
cnt _out <= (others => '7');
else
cnt  out <= cnt;
end if ;
end process oes ;

End archent8

4 S awl ool sl awl sl oLl JS ol yo 48 0 JL S
JS Olsde 4o 2l mlia cey Hl 8 Yo ol el aldls 4 1) 295
9 G—wl oud oolitiwl gy g0 ) 4wlSys ol 4o Ladlo o three state
Gl o ST 5 Ol e o ey g 00 1) 2P do S LET
ent 1l 8o Jol gwgyy Hd Lo w!l cu b dopysident aliy JUSw do Jadd
cnt out >, 4 ent JLSS w Hlu 80 pgd guwg iy )OO g ded o 4wl
Lo o gldsly sl 4w pL) Ao g0y JSh Lo xS 0 3T

oe

end 1 2 end out

Dl 4w 48l 72 Jsi

s when —else o ws L w515 0 il s3> 4w sla sl
09 Lo wl e d edliSw!l yaiwd ol 1 gl 4dec el JU e Ho Lo4d
o JULSow 45 Sla) 5 ow!l ouad odliswl collision JUSw Jdo JUL oo
>ed o enabe,load slgLiSow and 4z ol 4 wbly =1
Library ieee ;
Use ieee. Std logic 1164.all ;
Use work . std_arith . all ;
Entity cnt8 is port (
txclk , grst  : in std logic ;
Enable , load : in std logic ;
Oe : in std logic;

Data :1in std_logic_vector (7 downto 0 ) ;
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Collision : out std_logic ; -- 3 state out put
Cnt_out : buffer std logic_vector (7 downto 0 ) ;
End cnt8 ;

Architecture archent8 of cnt8 s
Signal cnt : std logic_vector (7 downto 0);
begin
Count = process ( grst, txclk)
begin
If grst ='1" then
cnt <= “00111010” ;
elsif rising edge ( txclk ) then
ifload = 'l' then
Cnt <= data ;
Elsif enable = '1' then
Cnt<cnt+1;
End if ;
End if ;
End process count ;
-- three - state out puts described here :
cnt_out <= (other =>'z' ) when oe ='0' else cnt ;
collision <= (' enable and load ) when oe = 'l"' else 'Z';
End archent8
odh Gyy=3 when else jUsle Ly 48 Ul 4w sla 29,5 2 =31 cw !

N

La 4_9).b 99

JUSow ol a3 0 s>l oo 2731 5 2-30 slads o S5 xSl
Suwl ol dmwe ddybay JUSow b 2-32 0 cwold yo L04S dogrS d4dgbgo
O JUSow ol wsly Jled Load 5 00y UWS 5agsy Yo aad 4S8 Sl
Wy 3 s - oS o ol B JUSw 5o T s lie 5035 o9y O s
29X Olede 4o Lol Ho 4S5 ) JUSw Wbl pie wlls 4S5 g5y pgo

Coad o 001 Hlude ( Cwl
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Library ieee ;
Use ieee. Std_logic 1164.all ;
Use work . std_arith . all ;
Entity cnt8 is port (
txclk, grst  : in std logic ;
Enable , load : in std logic ;
Oe : in std logic;
Cnt_out :inout std logic vector (7 downto 0)) ;
End cnt8 ;
Architecture archent8  of ent8 is
Signal cnt : std_logic_vector (7 downto 0);
begin
Count = process ( grst, txclk)
begin
If grst ='1" then
cnt <= “00111010" ;
elsif ( txclk' event and txclk= '1" ) then
ifload = 'l' then

Cnt<=cnt out; --cntnow loaded from the cnt_out port

Elsif enable = '1' then
Cnt<cnt+1;
End if ;
End if ;
End process count ;
Oes : process ( oe, cnt )
begin
ifoe = '0' then
cnt _out <= (others => '7');
else
cnt  out <= cnt;
end if ;
end process oes ;

End archent8

-- inout reg,d
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wiyh 2 Oygan ol oolidwl gle /O 1 2 32 o
2905 by g9 sla oSS Jlzd

9 b o Sosan 48 Il 4w bl do 5 2 2233 cwnd o
col ;1 4y Present state 1 uaio 81 .ow! oud % Jlxd odd diyysS byd
L address,res assent ,row_address
— Jl=d dram JUEow ¢l o Ol 4w sla bl o LSST wbly Cas_assert
£ Jl=s present state ool iaoe jolw s!H!l 40 s> 4w slaydly .50, ¥%

>

208
multiplexer : process ( row_addr, col addr, present_state )
begin
if ( present_state =row_address or present state =ras_assert ) then
dram <=row_addr ;
elsif ( present_state = col address or present state = cas_assert ) thene
dram <= col addr ;
else
dram <= ( others =>'7") ;
end if ;
end process ;

Implicit >33 cu5S Jled JyoS @ 2 — 33 cwn !

la 4Jl> 4w g La 4db g5 yLisle -4-3-2

dw bl Jo sl componet J uaSleS 0 L La j LS Le j80y Lo
cJUe sl g 4y € 158 2-33 w48 sdS LuuiSolal Lidls
Lé 481 .awl 05,5 >lLg! output enable du>Y 1,0 sl UIls 4w sla bl
Goyss ((amaly ) Wyw |y o295 800S Jles Component bl 4wl o5
) o S Gopes 1y Component ) O gan daSleS e gl g WP aiS
( ow! threestate , Component pl5 ¢ Lxil

UO : threestate port map ( cnt(0) , oe , cnt_out(0) ) ;

For — Genarate
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dw 4l dy sHlw ooluy agsly threestate ; Component L& 3|
45L81a> Component 32 .ol L& ¢uusS Goy=s oo 32 wlo do ¢l s>
oJl> gl o For_generate oiws .owl £, HLS ool 45 LS Goyrs
LS e el

gen_label :
forI in 0 to 31 generate
inst_label : threestate port map ( vaalue(i) , read , value out(i) ) ;

end generate ;

Jd eu— architecture < , (concurrent ) lojd Gowd g0 Hgiwd (ol

O—l 00 S oylo S plo 4 pedwd gl Loed o sl 0o lay puwg

b slgslas 1 Hedws ol o Ll e e g L Low! gen label (L
LS ey Lbw! o)

FIFO 4o > b -4-2

1o eS0T 5 Ot ol hlde olgl S8y pal 83 o0 Gawd ol o
8 50— 9 FIFO d oS sl oz o Lo pes gL oole M ooude Lo
poe | o3 0 wb e (1d) 001 e JUSow 4SaSle) L pdS Ik 1) LS
ol 4y >y cowns Jlxd 4Su Sl o FIOF 51 dataout >4 ,5 4
—0 b Jl=d (Wr) Gbes JUSow 4Sole) g Lo xS 18 Yo gl agal
wrinc , rdinc s Lg LS w . ogd Ulbes s 9 slip L juus)y do 45 aual s
Cogh o 0 Lddwl (b g 045! o3 slajuna) @yl gl 331 agx

FIFO j_uwo>y sl say wysT go,—S reset s! o Wrptrelr 5 Rdptrelr
ool wl lajiwi>y o data oy laod 1, Datain 31 . 548 o I 8
ey o olas 1y FIFO af 3 80Los Ul =8-2 JSb . s4d o0

O wdad o glis Ty >,k ool sl VHDL a5 2-33 -1 o
8 Jold .aw! owds ooliliwl uus> sla pogin 31 5 0040 oo0lw oluy o4#
sl FIFO JULS,w .ow!  Std logic_vector ¢35 31 4 oo 9 Jeb Lo jwasy
— Lo ( std_logic_vector I suxy d5array Jdo ) Low! odad ol gad oo
fifo(1) , fifo(2) , w3 index oS paxde Lo |y La std logic vector sl g5

pocd Lo by L jw fifo(3)
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30 S aw! loop ausS eolidiw! auSlgS 0 4SS 800 dod> pog o

Dol o 04> Juad Gl 4wl

rd
8 bit ist
data_in [8..0] _bit registers
b o
1
2 2 En fifo[7]
int *>
R
Decoder
J . |
*
- . . _
counter - B}

. * —
rdinc el o (- . _
_— - * 1 2
wrinc En -

[ — fifoll
> R o o el data_out[8..0]
1
2 En
2
R> =
b o
n 3
E
. > " fifo[0]
R
counter
rdptrclr D o
En rdptr[2..0]
wrptrclr —> R
res J
clk

FIFO ol ,5Ls Jel, :8-2 Jsi

L» looP -5-2
—> ooblaswl Loop of yesiws 51 wdly jls 41,85 45 slals o
,forLoop JU» . 54
Lidbly o L» While Loop
white o5 wo L0545 0 |yl La adls> jI gakde olaxS sl For ygswo
doy L bl aame byd 4S5 Sle) L3 uas e 4wl ol 1y 5ySdae oy gl gl
cowl 3L while Hgtiws o slagriie 4o aadgl eyl ade sl 4>y
—) Oye—ay Loop 31 osolaiwl Ly array FIFO (4 ,S5wT resete assc sl o
S |
fori in 7 downto 0 loop
fifo(i) <= (others =>"0" );

end loop ;
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Lol Jg e b odlibw! uwSlge5 o ForLoop sls while loop ) siws

Wl bl 1y yxs o waoly Loop 5o g on8 @dx andgl Hluie yiie 4o Yl

55

reg_array : process (rst, clk )
variable 1i: integer ='0';
begin
if rst ='1" then
while 1 < 7 loop
fifo(i) <= (others=>'0" );

end loop ;

Conditional Iteratiors
S o oLl ols bbb sg) Jes o s)lagS ag> next giw
Fifo sla jwa>)y 4@ ol Wb Jlxd 18t aSoSlae) dusS oy JULe sl 4o
Ligd o cwsy Fifo(d) juas) 32
reg_array : process (rst, clk )
variable 1i: integer ='0";
begin
if rst ='1"' then
fori in 7 downto 0 loop
if i =4 then
next ;
else
fifo(i) <= (others=>'0" );
end loop ;

Sod o b ) Oygan WhileLoop ahiws do Lo Lo
reg_array : process (rst, clk )

variable 1i: integer ;
begin
1:=0;

ifrst ='1"' then
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while 1 < 8 loop
if i =4 then
next ;
else
fifo(i) <= (others=>'0" );
end loop ;
Lo loop jI gL zyls
o—20 5 process (g0 |y La yris Lo ab 45835 4S5 _ola loop ;o
Ol o35 0 g e o oolibiwl loop )1 gud zyLs gl o eXit Hglws .gal0
compile_time o ol by b .ogd ooliSw! Lz yé byd do oS ds ogs
o yo 4S owl s component J fifo 45 WS s JULe sl a2 oadh (=
s bwes fifo Gae 4S5 wiS b o> Low! o @u=e hierarchical _»1 b
fifo Goe 45 Sla) el g% cwl S L owl oud gaxdie el y Ly Lo generic
Gl o oe b gyl loop H1I bl ed b gusS gy 1Ll ade I S, 00
tJ U
reg_array : process (rst, clk )
begin
ifrst ='1" then
loopl fori in deep downto 0 loop
if i > 20 then
exit loopl ;
else
fifo(i) <= (others=>"'0" );
end loop ;
S Adbgs A5l a5 0 ) D) gay W LS (0
reg_array : process (rst, clk )
begin
ifrst ='1"' then
loopl fori in deep downto 0 loop
exit loopl when i >20;
else
fifo(i) <= (others=>'0" );
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end loop ;
ooylogy 1y Fifo 4oL,y aous palie 31 oolibiwl Ly (aiS!

S S o
Library ieee ;

Use ieee. Std_logic 1164.all ;
Use work . std_arith . all ;

Entity fifoxbyy is generic ( wide : integer : =32 ); -- width is 31+1

Port (

clk , rst, oe : in std logic;

rd,wr, rdinc ,wrinc : in std_logic;

rdptrelr , wrptrelr : in std_logic ;

data_in : in std logic vector ( wide downto 0 ) ;
data_out :out std logic_vector ( wide downto 0)) ;
End fifoxbyy ;

Architecture archfifoxbyy of fifoxbyy is
Constant deep : integer : =20 : --depth is 20 + 1
Type fifo_array is array( deep downto 0 ) of std_logic vector (wide downto 0 ) ;

Signal fifo : fifo array ;
Signal rdptr , wrptr : integer range 0 to deep ;
Signal en : std_logic_vector (deep downto 0);

Signal dmuxout : std_logic vector ( wide downto 0);

begin
--fifo register array :
reg_array : process (rst, clk )
begin
If rst ='1" then
fori in fifo, range loop

fifo(i) <= (others=>"'0" );
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end loop :
elsif rising edge (clk ) then
ifwr = 'l' then
fifo( wrptr ) <= data in;
End if ;
End if ;
End process ;
-- read pointer
read_count : process ( rst, clk )
begin
if rst ='1"' then
rdptr <=0 ;
elsif rising_edge ( clk) then
if rdptrclr = '1' then
rdptr <= 0;
elsif rdinc ='1" then
rdptr <= rdptr +1 ;
end if ;
end if ;

end process ;

-- write pointer
write _count : process ( rst, clk )
begin
ifrst ='1"' then
wrptr <=0 ;
elsif rising_edge ( clk) then
if wrptrclr = '1' then
wrptr <= 0 ;
elsif rdinc ='1" then
wrptr <= wrptr +1 ;
end if ;
end if ;

end process ;
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-- data output multiplexer

dmuxout <= fifo ( wrptr) ;

-- three_state control of outputs
three_state : process ( oe, dmuxout )
begin
ifoe = '1' then
data _out <= dmuxout ;
else
data out <= (others => '7');
end if ;
end process ;

end archfifoxbyy ;
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read write .
- read_write

ready

o> Lw State machine :1-3 i

Jlrd Lo glbes Lo glbdss JLEST do 45 daoo olas al S350 ool

=5 decision 4 idle 3! State machine aJl> 45 s>, 5,0 jLeT ready .
JL8551 ¢ sd=o IS Ho read-write Hlua o 4 4 >¢5 Ly LabS, e |y
Aol W s 4 besyo o Jl> 4 State machine 4 ocu_ & JL =38 ligsd Ly Gusl o5
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ahw olas o Ly WSl abae gl oad 0ol glas 45 sl al 480y
sleodls w e Jdod o Lgidls gad Jl=d JSb gl g9 VHDL oYL
¢ 20 slgdlio b g slinn jo suxn sleddle (oo parde Ly 1,48
case-when ;L5 w o daS 4y 4S5l g5,0 s> 5 VHDL o .054d Goy=s
Coe b gk e df-else-then ol Hoii wo Ly a3 5,0 Lesdls o5 L 0gd dioyrS
99 5 Gwleidle elwl Jeld 45 glooyS doprs gtype o Lo cJlw ¢l
g1 05,8 duae type ool 51 JLifaw
type statetype is (idle , decision , read , write);
signal present_state , next_state : statetype;
O el o w5 next state . a3 S0 SLE! ey o Lo guow
Ol ool S Lo w!l oud =5 read-write ;5 ready slgoog,s o present state
tow!l LU w ol Joold anw lus> Suwo
state_comb : process (present_state , read write , ready)
begin
end process state_comb;
case- LUl w by Lo o glooyS oluo |1y ddie slesidls wwgyy o
Ol sl vgltoats yi 5 idle state | aldl> gdsl 5 glodyS oLzl when
S, gaxdie |y Wb, Jlxd idle state Lo 4SS olgusg s odls
state_comb : process (present_state , read write , ready)
begin
case present_state is
when idle =>
oe <=0 ; we<="0’;
if ready="1" then

next_state <= decision;

else -- else not necessary
next state <= idle; -- include for readability
end if;

idle « present state + S S5Lo) S dl ) o)1 5 se>g ol y g0 adls gl o
( ow!

o o0 odl> ks decision 4 widl 3Lasl ready S -1
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dle o> o guole 3Ly -2

b sl 58 8 JelS w4l ol o 1 yd8 slgidls
Od—S gu—=3 « (when state name =>) Sl 4 a sl case ol
if-then-else olbao Lo 1Hd8 sl guxrs  adls oF slgusg s

Awl ouel Lgu>gys 4 1 ydf sledidl> 31 JolS 4ol e y) o

State comb : process(present_state , read write , ready) begin
Case present_state is
When idle =>  0e<=‘0" ; we<="0’;
If ready="1" then
Next_state <= decision;
Else
Next_state <= idle;
End if;
When decision =>  0e<=‘0’" ; we<="0’;
If (read_write="1") then
Next state <= read;
Else
Next_state <= write;
End if;
When read =>  oe<=‘1" ; we<="0’;
If ready="1" then
Next_state <= idle;
Else
Next state <= read;
End if;
When write =>  0e<=‘0" ; we<="1";
If ready="1" then
Next_state <= idle;
Else
Next state <= write;
End if;
End case;

End process state_comb;
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A Jls 43485 45 oyl oy ldl ol 4 Gad w1 opwyy 95 FSM

Gl coe b0 guxS Lgodgns o dod odls 4o 45 Lo (next state) saeo
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celoa ol g wgyy g0 FSM 15T Lo cwl odd Gyjy=S wwy s 9> Ly FSM

Owl ) Sy g 90 Ol

State clocked : process(clk) begin

If (clk’ event and clk="1") then
Present_state <= next_state;
End if;
End process state clocked;
The complete code for this two-process FSM follows.
Entity example is port(
Read write , ready , clk : in bit;
Oe , we : out bit );
End example;
Architecture state_machine of example is
Type statetype is (idle , decision , read , write);
Signal present_state , next_state : state_type;
Begin
State comb : process(present state , read write , ready) begin
Case present_state is
When idle =>  0e<=‘0" ; we<="0’;
If ready="1" then
Next_state <= decision;
Else
Next_state <= idle;
End if;
When decision =>  0e<=‘0’" ; we<="0’;
If (read_write="1") then

Next state <= read;
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Else
Next_state <= write;
End if;
When read =>  oe<=‘1" ; we<="0’;
If ready="1" then
Next_state <= idle;
Else
Next state <= read;
End if;
When write =>  0e<=‘0" ; we<="1";
If ready="1" then
Next_state <= idle;
Else
Next_state <= write;
End if;
End case;

End process state _comb;

State clocked : process(clk) begin
If (clk’event and clk="1") then
Present_state <= next state;
End if;
End process state_clocked;
End architecture state machine;

“architecture” is optional ; for clarity

oolw ahidl> 3 I50S d >l gb 1 3-1 cwn )

dhils 4 I5US oy -3-3
9 S—due T Lol cawl ahidls 4508 do jlo saxo >0k JU
JU el Sy dedo dn 253 4 Loty pdod U 4 dos giba ol e
Iy 00, oolidiwl 4 hdl> 5 7S dy sl State machine ¢l 45 S w

cda o0 olass
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B SUS Jl=d 1 Ji5S Lag b wyws ready 1 gie gub Jlxd Lo U1 gSe
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VHDL 4 cJl> al pSos Jows -1-3-3
00 bl Sl H e w oy Ly a5, 0 o Solwy adls al J 8L

O9 050w reset il o ) 94 @ Goyyx3 3 ) Oysay case — when ) LS L

(owl oub 4538 oudl

case present_state is
when idle => 0e<="0"; we<="0" ; addr<="00";
if (bus_id =“11110011") then
next_state <= decision;
else
next_state <= idle;
end if;
when decision => 0e<="0"; we<=’0" ; addr<="00";
if (read_write="1") then
next state <=readl;
else
next state <= write;
end if}
when readl => 0e<="1"; we<="0" ; addr<="00";
if (ready="0") then
next_state <= readl;
elsif (burst="0") then
next_state <= idle;
else
next_state <= read2;
end if;
when read2 => 0e<="1"; we<="0’ ; addr<="01";
if (ready="1") then
next state <= read3;
else
next state <=read?2;
end if;
when read3 => 0e<="1"; we<="0" ; addr<="10";

if (ready="1") then
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next_state <= read4;
else
next state <= read3;
end if;
when read4 => 0e<="1"; we<="0’ ; addr<="11";
if (ready="1") then
next state <= idle;
else
next_state <= read4;
end if;
when write => 0e<="0"; we<="1" ; addr<="00";
if (ready="1") then
next_state <= idle;
else
next_state <= write;
end if;

end case;

doyrS a5y 5 ol yeiws Lo machine state slga>g s csdls ja sl o a0l

Lowl o G y= if-then-else ol jasws yo 1HA8 slgdidls AP g cuSed 0

G 9 )= 9 FSM&I_)“J.) 095w reset
ol resert Jlas! Lo o oylo s>l Gy uStw reset <y 4 machine state (!
L pasSly S,0 Lo caad adls x5 idle odls 4 cw! Jlxd 45 s> o
Jlxzd reset 451 45 johie Godo gy g o if-then-else [ oiws d lLas
bl Jlo=d reset ;S| 5 L pauSS dioyrS cded anlaae ddle ol 4y ao S
3 08 slguz>g s dolo reset Ho guzxd® e alEl 1y 053 sole HLS 4aliyy
) Oyga reset Glbss bef Lpanad g8 pyd guy odls o |y addr 4 wr

tOw |

state_comb : process (reset , present_state , burst , read_write , ready)

begin
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if (reset="1") then
oe<="-‘; we="-‘; addr="—";
next_state <= idle;

else

case present_state is
end case;
end if;

end process state_comb;

ooty olds 3-2 o wad yo 4 hils> ,4iS State machine 31 JolS .S

LOwl oo

library ieee;
use ieee.std logic 1164.all;
entity memory_controller is port (

reset , read_write, ready ,

burst , clk :in std_logic;

bus_id :in std_logic_vector(7 downto 0);
oe , we : out std_logic;

addr : out std_logic_vector(1 downto 0));

end memory_controller;

architecture state_machine of memory_controller is
type state_type is (idle , decision , readl , read2 , read3 , read4 , write);
signal present_state , next_state : statetype;

begin

state_comb : process(reset , bus_id , present_state , burst , read_write , ready)

begin

if (reset="1") then
oe <= ‘-7 ; we <= ‘-‘; addr <="“—;
next_state <= idle;

else
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case present_state is
when idle =>

if (bus id = 11110011") then

0e<="0"; we<="0’

next_state <= decision,;
else
next state <= idle;
end if;
when decision => 0e<="0"; we<="(’
if (read_write="1") then
next state <= readl;
else
next_state <= write;
end if;
when readl =>

if (ready="0’") then

0e<="1"; we<="0’

next_state <=readl;
elsif (burst="0") then
next_state <= idle;
else
next state <= read2;
end if;
when read2 => 0e<="1"; we<="(’
if (ready="1") then
next state <= read3;
else
next_state <= read2;
end if;
when read3 =>

if (ready="1") then

0e<="1"; we<="0’

next_state <= read4;
else

next state <= read3;
end if;

when read4 => 0e<="1"; we<="()’

; addr<="007;

; addr<="00";

; addr<="00";

; addr<="01";

; addr<="107;

; addr<="117;
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if (ready="1") then
next_state <= idle;
else
next_state <= read4;
end if;
when write => 0e<="0"; we<=’1" ; addr<="00";

if (ready="1") then

next_state <= idle;
else
next_state <= write;
end if;
end case;
end if;

end process state_comb;

state_clocked : process(clk) begin
if rising_edge(clk) then
present state <= next state;
end if;

end process state clocked;

end state_machine;

wwy iy 30 FSM 0y 0my ahdls> 31505 doy=s @ 3-2 cwn !

oS s lgSoY gy do Lowl pwgyn 90 FSM gl do 3-2 cwn

Lo wlad Jols uS UG Le ool cdade glis |y IS L Ledls yukrs g
cowl ooud ooy CPLD HUislw do Ho 48 Wblo,» 3-3 S

Oyguany LeSely dux>Y S5 Gewd yo Lgodgyg g present_state s laas

Wwy ) O (9 SSw next stat alls Logd e |l oud GyyrS LelSh o axslT

o o Ladwy ) Sle whs Lajwas>y 31 SOLo 45 oud xS state clocked

S0 gl Ty oY e
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combinalorial logic

flip-flop

next current
state2 state2

.

current
next 1 statel
in puts ““\\ 1 . state
) z D 0
D/L/ >
current
next state0l
___\\ 1 statel
) ) : D 0

clk

current
state

PLD 4o o Statemachine s)lw ooluy @ 0-3-3 J<i

wwgyy 95 FSM d yo gaSCwl (oS reset
Wwg A4S 50 dgy H LS euSdw reset sl (4 SSwl reset oy S|
Togdh b o) Gwal Oy ews aoly state clocked
state_clocked : process(clk , reset) begin
if reset="1" then
present state <= idle;
elsif rising_edge(clk) then

present state <= next state;
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end if;
end process state clocked;
ol Sl Lo pdwow sHlw Jlsd gl 3 hias reset JLiSow S|
OS5 GooSdw T Teset (oS colibw! Oygainl > cogdh oo lLiSwl 4iS . hang

Ll goSdw reset do H I e Swl

2500 WS Uil do 2-3-3
Yol =e bL A 51 ciwl ounl 3 Swad yo 4S5 suS pwgym Jo FSM
Gewl oa ol 2 Giwod yo A4S Siwl 4SS Jolza 295 aolis g odd alS
Sl 3-3 awnl Log b ool wl eSO wl O)gan o reset S a5 ]l
A 3 h8s Bl s Ly Leddle gl ghle geStw g 1HdS sled s doges

celowu ol gy Jdo FSM 15T Lo ol polis cwl 0055 oo Lidw! guwg yy

architecture state_machine of memory_controller is
type state_type is (idle , decision , readl , read2 , read3 , read4 , write);

signal present_state , next_state : statetype;

begin
state_tr : process(reset , clk) begin  -- one process fsm
if (reset="1") then -- asynchronous reset

state <= idle;
elsif rising_edge(clk) then -- synchronization to clk

case state is -- state transitions defined
when idle =>

if (bus_id=°11110011") then
state <= decision;

else -- not req'd; for clarity
state <= idle;

end if;

when decision =>

if (read_write="1") then
state <= readl;

else -- read_write='0"
state <= write;

end if;
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when readl =>
if (ready="0") then
state <= readl;
elsif (burst="0") then
state <= idle;
else
state <= read2;
end if;
when read2 =>
if (ready="1") then
state <= read3;
else
state <=read2;
end if;
when read3 =>
if (ready="1") then
state <= read4;
else
state <= read3;
end if;
when read4 =>
if (ready="1") then
state <= idle;
else
state <= read4;
end if;
when write =>

if (ready="1") then

state <= idle;
else

state <= write;
end if;

end case;
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end if;
end process state_tr;
--combinatorially decoded outputs
With state select
Oe<='1' when eadl | read2 | read3 | read4,
'0' when others;

We <="1' when state=write else '0';

With state select
Addr <="01" when read2,
"10" when read3,
"11" when read4,
"00" when others;
End state_machine;
wwy sy 95 FSM d 0y pny abidls H 0508 Wb dopes 0 373 cwn )
d>Y sl ostate tr g wg oy sl IS slei Il >l gb o gla ol o
o b dd . o wl ouad ooliSwl La state register (o) NS sl o o next state
cod—ol 4y o 4SS obay Lowl jla oyee state type 45 31 state JLSow
IS by Yo A sy w0 S LS A8 e i
SN R Jp U S
elsif rising_edge (clk) then
w488 Oyaw (a3 S0w Oyean State a0 I Ase o) dega2 0
state tr : process(reset , clk) begin
Elsif rising_edge(clk) then
Case state is
When idle =>
If (bus_id="11110011" then
State<=decision;
Else -- not reg’d ; for clarity
State <= idle;
End if;
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wb— o idle yla i, ,—l=s state 31 HUSlw ool 51 eolidwl Lo

d_ decision sax IS L) o o LS5T cubly addlo 1y F3(hex) L1 ais
fU S RS 30y Gyguay 45l a 5,0 Yo uS dxrhd L a0 S0 Ty dous ylads
Ssls 1y 11110011 ;1 u_de bus_id 4 81 o w!l idle —Jxd odls> 4So5Lla)
wh b else Ly 45 oYls jolw 4o .owl decision uous> aldls o LEST cably

ooty glis 3-3awa ] o 45 2 slLdLiSow b dal oS state <=idle o us

Sl oS35 Ol Hlae 5o 3PSdw Jold of ol jlde a5 glaojd ol yeiwd Ly o

Sl oud eyl uds
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pL 1) Jou S 2ol 5 g o 41 o) L (@ 4 (Js) bI2bit

u.)r.o

function b12bit (a : boolean) return bit is
begin
if a then
return ‘1’;
else
return ‘0’;
end if}
end b12bit;

EENE TS P SRR S R L

+ ) boolean ¢4 5 31 JUSLw do Jous sl g aS 2xolS d 4-1 cwn )
3> 9> = bit 4 boolean .. S, o i 3RS I, os b oolai_wl bit g4
Syl a4 1y bl2bit zul5 1 s a5l oud doyxs IEEE 1076 o1 asUiw!
bit o5 4 4l 5 o b &y boolean g 5 Oy a5 owl o0
Iy el 3 sledsl o Tadigl 8 5 2 s .ubS,0 du=o |y 24d od5l 0,8,
S WS, 0 gakdia

gs— Ol Ll g0 DL @l dogrd gl g A4S Sy sdwy el
a JUSow g LUbwe a5y 5 Ol ysiws 7 L5 3 bahs L ubdbly 4535 Oy ghiwd
bl awys @ S Lal o8 ey cowl boolean g 45 dy T Hlade 45 |
P gl g3 480 Ladly wales 1y 0 Hlade Wbl ble 381 4 1yl i
4+ bit_vector , std logic 4 bit . boolean 4+ bit «ogd 0 oo litiwl odel 4S
. liws std logic vector

30 Ol a5, bit 4, boolean L, boolean 4+ bit ¢, Jous 2ol dy I
Gl colo )3 eoldd wl oyg0 bayd oloyyl Lo dey OVolrao (bgs
4 g8l w Sl g5, 0 L w bl boolean g4 5 31 clk JULSLw 451 JUe
Pl g

wait until clk ;

rather than
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wait until clk="1"

L
if (clk’evevnt and clk) then ....
Rather than
If (clk’ event and clk="1") then .....
0 s

if ((A and B) xor (C and D)) then ......
slF o il Wl s S
if (((A and B) xor ((C and D)="1") then ......
sload o by gLo>lyb ol b cowas 38500 H1 Ag Legid ol 5 o

Cogdo 051> au>y5 ostd logic g5 ¢ 35w !, VHDL

&L sl

Loyl yly o2l mlbia s bl o909 1 sd0 il ol slajl H Ly
B Lo cowl sogny o hid 1 oaws ) joa Jllyly L aSeh adae L) 5«
Lo oS oo syl ool oo cudwain ae HI Lajiel Hj Ly o lf aShl
0385 GlaegSyT Wl 4 Wil g5, s gl o5 L aSed ASbeS Lfyw LT
(oS GlesSyT o 4o Ll g5, Le procedure S Il )

do edse b duy=d w5l g5,¢ function zol5 5o suods JUSow gaas o

LopS sl o7 a4 so—=oblie g g b3 LS Ho Swl oS variable o

2 el S g e 24
oS 858> 9 dul g% 1y 4-2 cwod . ( integer 4o bit vector ) bv2l

oy Ty golsS

-- bv2I

-- bit_vector to integer.

—1in : bit_vector.

— return ; integer.

function bv2I (bv : bit_vector) return integer is
variable result , abit : integer := 0;

variable count : integer = 0;
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begin -- bv2l
bits : for I in bv’ low to bv’ high loop
abit := 0;

if (bv(I) = “17)) then
abit ;= 2**(I — bv’ low);
end if}
result := result + abit; --add in bit if ‘1" .
count := count + 1;
exit bits when count=32;
end loop bits;
return (result);

end bv2lI;

AR Ry S i A -

pl D dubad Sl 40 45 Llwa Sleawss 4-2 cwad 1 5 LS5 1 bahs
S a0 5 908 Sl gy BSOS gardie 5 o Joun S gl g dyrS cealS
9 Og b, o5l bit vector @ s5gy9 Jo gl ol 4 Lablo,e ST oS 00
— o= nteger Hluade o g 008 Jlasl 1y Jleaws 4o sl Jows oy
odd sgds T bit_vector slig 45 5,00 o5y sl yly do 6 s a5l oS
i dolo dobiels Gle) oo @S STl oo ol gl Lol Lowl
00 pwgym 4 4o b 4 S S wae olavariable G235 8 4 7 bahs Lo4d
integer o, avariable 4w« bV2I 2ol ool o L Ssbe DSl of wbls
LA oud a0 il ddie yis Ly 45 odd GRS
S Ll e glolyend U Ly Ly s ogaud begin Wy Ly oS aals
o 1y loop db sl Wil 10 s Ll 0 20 4 9 bahs 4l ool o
high 5 low slgii o .ogb 0 g90 bit vector bv 1 ais eSS Ly 45 1S
G250 30— 8 eSS ¢l s el )0 48 b duxe VHDL o
ol oo laiwl ¢ 2gd o 00y jalyly do Oysan golS 4 4S5 bit vector
y—(yto L (xdowntoy)—bit vector bv Jole 4 4543 odo ! gl cowl
s Lw bit_vector !, 45 integer Hldabsie o odd U3Lidh oo Goid)y !l aS X)

bl o MSBX,LSBy o4d
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1008 xS 40 Oysan owl oSe b g a ¢ bit vector 4o JU sl o

signal a : bit_vector(13 downto 6);

signal b : bit_vector(6 to 13);

LSB ls e 4 b(6) 5 a(6) « L bit vector I 31 ala_S ya ;>
Gz O )l i Ao 45 s e SHean ol golS L0038 0 4o
4 S sz Ly MSB 4 LSB 31 bit vector loop .os>sd arie MSB (ol sie 4
a>45 Ly abit Lowl 45dly gl 381 coud oo liiwl bit vector index ol gie 4
Soede 00l plassl T 4o 515 bit vector cuxsy 4o
abit oL 35T « . sl ‘17 a8 L35I :a(l3 downto 6) bit_vector .S o 4o
¢ cwl 6bVIow  cw!l 8 1 4SSl sl g S e Tuy |y 4 integer Ll uioe
bl 0 4 2%*¥2 5 21-bv low
31 sl 0SS e sl result xe cuiS 0 a5y 1y 100 syl wde o
bit_vector L S 54_55S pakdie odd ooliiwl 45 count .ow! abit 51 ais loop
ooliiwl VHDL 45 45 integer z5,) .ow! oud Jodus integer do 4 45 Swl
ol Lo ol glboly loop «So 5ol wow!l oad sgasx 2732 4 24b o
4+ bit vector Jou 5 4 ¢ (19 s ) sg be ouSloyS iy result (o053

.ol 0 gloly integer

( bit_vector 4 integer ) 12bv
Iy 4-3 cwod aao,0 pl#l |, bit vector 4 integer Jou S i2bv zo LS
TS Jyo T alS 8585 g da il g®
--12bv
--integer to Bit-vector.
--In: Integer,value and width.
--Return: bit- vector, with right Bit the most significant.
functon i12bv (val , widht : integer ) return bit_vector is
variable result : bit_vector(0 to width-1) := (others=>’0’);
variable bits : integer := width;
begin

if ( bits > 32 ) then -- avoid overflow errors.
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Bits := 32;
Else
Assert 2**bits > VAL report
“Value too big for bit_vector width”

severity warning;

end if;

for I in O to bits-1 loop
if ((val/(2**I)) mod 2 = 1) then
result(l) :=“1’;
end if;

end loop;

return (result);

end 12bv;

bit_vector 4 integer ¢, Jow S 2ol @ 4-3 cwod

slg L o)lasl s 8o o integer I aie S0 sd90 50 gols ol

4 Jlaowo Jase d oy 2ol 5 LoxS 0 Iy oeb alfl uuly 4S bit vector
L4051 548, 0y bit vector 4 | integer Il ade 5 cwl s bl

dioy=S bit vector g4 31 yxie d O)ean result coad oy LS o

Ol obe 4 width goye owl odd i Width 1 ude Loy T 551 a51 45 ould

LS5l gS £ 5 0o In W 31wl o 5 Wilo,e golS ool 5o e do

Low ! odd dgax au 32 4 bit vector oyl S Loedh g

digd o 0dliiwl La component sjilw odlw > 45 =yl o3 -3-4
oo L wl syls sla component I L slgiewd yo OL3gl alS gl g3
S0 pal b wg S HLlads !l sl g ey o LgT o asial sl g Lo o
Lol owl ou b dgu—=2  >4,5 Jdo Ly component ! i8l> sl gol o3
oo L wl Sy 5 Ol yeiwy 31 88 WSS g S5 e g A5yl as walt ol jgtiws

LS
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( bit_vector gl 331 ) inv_bv
L o QLo Tyl 81 aals dy plEl [S0s8e 44 cwn ) ot
--inc_bv
--increment Bit-vector.
-In: bit_vector.
--Return: bit- vector.
functon inc_bv (a: bit_vector ) return bit_vector is
variable s : bit_vector(a’range);
variable carry : bit;
begin
carry := ‘1’
for I in a’low to a’high loop
s(D) == a(I) xor carry;
carry := a(I) and carry;
end loop;
return (s);
end inc_bv;
bit_vector gyl 381 ol golS do @ 44 cwo
0T ylade 4 458,85 |, bit vector ¢45 31 a sd5,4 & NV bv zoL5
Qo LAl 0y S0y 3999 byl aSl GLf 4o bit_vector d g < da oo gasl b
RS e LAl oS ey Ly array do x5y 9 odd dy=s VHDL 5 J8 31 rang
L — (ytox) L (xdowntoy) — sslws a5y Lo bit vector & &)y S

COwl el patdis Gy U Oy gy CAITY Jow! odd Jlxd A s09)9 oy 4o

C:._’“)_Ul
69909 Ll w o A8 4 S Wil oS 0y 1y o do guxy gzl

LS 0 pario |y galS
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function majority (a,b, c : bit) return bit is.
Begin

Return ((a and b) or (a and ¢) or (b and ¢));
End majority;

S99 4w sl a3 iS zolS ot 4-5 cwn ]

LS glao 1) aolsd ool eSSyl S5e8s pyw

podaols aul o3 olay —4-4
Dl o= 0wl (S padrals gl eSS S S Gl xS Lol
O3S gl 5 A 46 cuwo ) L dedh sl AS ol A0 gdS Le o diS 1w
o bit vector sl g 4SS ou b dioyxS gaxdie slig do Lo bit vector d sl o
4 S 0045 soblaswl loop do 1 golS ol L3585 0 pexiie g LS 51 g1 8
2003 8,0 4S5 bit_vector yo La U ol axS 4y
g caw! oud oo Liiwl LeSl ol usS olaoy sl LeS g i JULS
Jlade 581 o0y 8,0 4wolis bit vector Guas lade Lo piSie ol Ll Ao
e o o D sue zol 3 o EOT cubly ylade ol 1 58550 JOLS pxie
ca oS, eas 1y 07 sue Oy suaisy!
function maj(vec : bit_vector) return bit is
variable tmp : integer;
begin
temp := 0;
for I in vec’range loop
if vec(I) = ‘1’ then
tmp :=tmp + 1;
end if;
end loop;
if tmp > (vec'high)/2 then return('1");
else return('0");
end if;

end maj;
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n_bits sLig Lo bit vector ¢ sl s an )5S zols @ 4-6 cwn !

&l oS 008 ooladwl -5-4

O— o «og b dyy=5 architecture o 4ubls o cwl oS golS do
Gewl oS WP L aS e Tdoy g ol digrS @S U0 O e golS odLs
Ledu o s L acomponent suiil> sl a5 o gladl 1 sl dcgaz oy wual g%
Jdy o |y package T 5 4w I 438 package J yoly LeT 4 S o L#l
do oo 1y Ll gl Sl W9 ol i o dS JolyelS library
xS O ol b

Ol b owe3 b dd ou_>,8 =5 architecture d ;o0 4S5 =ol5 b
package J_ o ou b Gy golS W L2038 oolaSw! 4l o5, architecture
5035 oo libwl a2l b 3800 Ho byd doy Lo Wl a5

—0 1y o ed ol 5 G o 4S5 Ao i o golS il Lol o
cp5S eoblaSwl oael 4-7 cwad o 4S full adder U 1 b sl paal oS
00 el bR e S HL S cary out L wls Ho 1y aalS ol Lo
JLSo suwd doyrS gl WL Oy e GOz g 455,35 Oy 9w architecture s .l

e D9 )0

entity full add is port (
a,b,carry in: in bit;
sum , carry_out : out bit);
end full add;
architecture full add of full add is
function majority (a, b, ¢ : bit ) return bit is
begin
return ((a and b) or (a and c) or (b and c));
end majority;
begin
sum <= a xor b xor carry_in;
carry_out <= majority(a, b, carry in);

end ;
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oSS kol 31 e lisw! Lo fulladder uy >0 yb o 4-T cwan

9 oo gluo « package o= UL yo WSl g0 kol ¢ 8y 5 san
% 1y majority zol5 Lo aldls ol Ho Laoly pladis! package iouas o

. piS,e ol package o 12vb 5 inc bv gzl o3

package my package is
function majority (a, b, c : bit) return bit;
function inc_bv (a : bit_vector) return bit_vector;
function i2bv (val , width : integer) return bit_vector;

end my_package;

package body my package is
function majority (a, b, ¢ : bit ) return bit is
begin
return ((a and b) or (a and c) or (b and c));
end majority;
--inc_bv
-- increment bit_vector.
-- in : bit_vector.
-- return : bit_vector.
function inc_bv (a: bit_vector) return bit_vector is
variable s : bit_vector (a'range);

variable carry  : bit;

begin
carry :="'1";
for i in a'low to a'high loop
s(i)  :=a(i) xor carry;
carry :=a(i) and carry;
end loop;
return (s);

end loop;
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--12bv

-- integer to bit_vector.

-- in : integer , value and width.

-- return : bit_vector , with right bit the most significant.

function i2bv (val , width , : integer) return bit_vector is
variable result : bit_vector(0 to width-1) := (others =>'0");

variable bits : integer := width;

begin

if (bits > 32) then
bits := 32;

else

assert 2**bits > VAL report
"value too big for bit_vector width"
severity warning;
end if;
for i in O to bits-1 loop
if ((val/(2**1)) mod 2 = 1) then
result(i) :="'1";
end if;
end loop;
return (result);

end i2bv;

end my_package;

Swl Jows golS g4 ylex Jold 45 gpackage @ 4-8 cw ]
do ol dpd ol Ll @l doyrS Lo ks package digyxs
LSS, e o Ty gl 5 gl 4S8 cwl ola>l yb sl o template law! g
package ! 9 ciw) Lol w!l 405,85 oy package i5un o kol Gyes
30 5 odd Jlyels package S cw! (ol g ppad cow! Sl |y de>g0

Lowl 48,8 41 43 work 4slglis
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entity full add is port(
a,b,carry in: in bit;
sum , carry_out : out bit);
end full add;

use work.my package.majority -- could specify .all , but not needed
architecture full add of full add is
begin

sum <= a xor b xor carry_in;

carry_out <= majority(a, b, carry in);

end;

package < yo oud dioyrS ol e Gouo LSO 49 cwodd
1551 4b sle el -6-4

ol e 3y slayeSl gl 5o gl 5 solatiwl sloa,olslgs jI S
9 IBEE1164 slaoylasUw!l Ho gdxd 513l 38 2ol o5 51 Sy o ablo o
ool el y s slaye Sl ol doyrSd 858> pualgs,o Lo a5l oud 3z 10763
CaiS olay 1
) sod—e gl say 4SS oud woyxs IEEE1I076 5,1 W Uiw! lwg s + 551 oyl
= gledl Ly Lol ¢usS,o Jas ( physical . floating point . integer ¢! oI
o LS integer < && Jue yo . iS¢ Jae bit vector Lo std logic s sodae
cowl Sl Sl S 5 Sl do «ostd_logic g0 31 JUSow do Lo
Llad 0 Lés |y bit vector d Lo integer do (oS && 4ol 4-10 cwod
d o L bit vector o oS && das LayeSl oyl ol j8 0 eolaSwl oyl g
L ¢ integer ¢ L std logic vector ¢, ¢ bit L bit vector ¢ . integer

. Lb Lo std_logic 4 Lo std logic vector

entity counter is port(
clk , rst, pst, load , counten : in bit;
data : in bit_vector(3 downto 0);
count: buffer bit_vector(3 downto 0));

end counter;
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use work.myops.all;
architecture archcounter of counter is
begin
upcount : process(clk , rst, pst)
begin
if rst="1" then
count <= "0000";
elsif pst="1" then
count <="1111";
elsif (clk' event and clk="1") then
if load='1" then
count <= data;
elsif counten='1' then
count <= count +1;
end if;
end if;
end process upcount;

end archcounter;

g bit vector g5 1 oladldglac 45 + j8dae Ly syl Wy @ 4-10 cwn

2, |5 integer

S badSedae 4 SUol sl aay £ plEl 1y && ol Jw! VHDL
package ol @ o Lo 5lg S1 438 slayesl ol Lawl integer 4 bit vector g g
LS I - R
Ul Latype gl a5l ol o saluwe go3Sdae 4SS 2ol5 dowhis> il g5 L
Sdal 2 sl VHDL jL w 40 b 5 30w slayl ol LadsS szl bl
L S e R e L S e N
95 4SS o wl package i 54 4 ou—b 4oy =5 package o Jold 4-11 cw

Owl 00y S parde g oS 1y + oJas sl O e p 3 a5l il

package myops is

function "+" (a, b : bit_vector) return bit_vector
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function "+" (a : bit_vector ; b : integer) return bit_vector

end myops;
use work.my package .all;
package body myops is
R
-- add overload for;
-- in : two bit_vector.
-- return : bit_vector.
function "+" (a, b : bit_vector) return bit_vector is
variable s : bit_vector (a'range);
variable carry : bit;
variable bi  :integer; -- indexes b;
begin
carry :='0";
for i in a'low to a'high loop
bi :=b'low + (i - a'low);

s(i) := (a(i) xor b(bi)) xor carry;

carry := ((a(i) or b(bi)) and carry or (a(i) and b(bi))

end loop;

return (s);

end "+"; -- two bit_vector.

_— H_‘,_H
-- overload "+" for bit_vector plus integer.
--in: bit vector and integer.

-- return : bit_vector;

function "+" (a : bit_vector ; b : integer) return bit_vector is

begin
return (a + i2bv(b , a'length));
end "+";

end myops;
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o 5l eFl 38 gzl g5 slayesl ol oy ot 4-11 cwld

O— 03 Ss>s0 my package G lw o clause oo Lidiw! (il Sy ool
awl adY gl egd sl 12bv gl cowl Jold a1y ol g uslg
ol e o puw Ldolde Joaus bit_vector 4 | integer joolie LS ol 4S
bhowgs cwl oS + Ol g3l gb 55yl gl . a5l oad & aa Lo bit_vector
3> Uie—w package o Olxasogs 4@ aSUol sl sed oo libwl > b ol
. lwe 09> 0 package 4y
G 00T Gwd Gy 4S8 Whloge S e3l pb 2ol gdgl 31 guS s ks
LOw !l ool ol adw! sy loy o Ho @yl oS Lo

bi: b’ low + (I-a’low);

bl sud eoliiwl 4-10 cwn ) JULS JUe Oyean o 4Sula)
sl sl operand g4 5 (o0 Siald Ly &f ol ¢l o doly Jdolyals
. LS gxSws count <=counttl; 4l&
Clbgd S odliSw! Iy Inc bv gzl LS 45 ,Sysay a5l g5,0 4-10 cw ]

count <= inc_bv(count); tod (o8s30 O, sws count <= counttl; ks Lo ed

82 3d gl o5 -T7-4
—0 L& Sy Sl dbgye g0l g5 L0l gl g 4 dgas Layg Sl gl
00 S awl =oled (Il sl jo s S S g Sy 1y =2l ja w5

Lowl ooad oluy 4-12 cw ) 5 package majority

package majorities is
-- majority for 3 single bit/std_logic inputs
function majority (a, b, ¢ : bit) return bit;
function majority (a, b, c : std_logic) return std_logic;
-- majority for 4 single bit/std_logic inputs
function majority (a, b, c, d : bit) return bit;
function majority (a, b, c, d : std_logic) return std_logic;
-- majority for 2 , 3 or 4 inputs bit_vector/std_logic vector

function majority (vec : bit) return bit;
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function majority (vec : std_logic) return std_logic;

end majorities;

package body majorities is
-- majority for 3 single bit/std logic inputs
-- function #1
function majority for 3 single bit/std_logic inputs
begin
return ((a and b) or (a and ¢) or (b and c));
end majority;
-- function #2
function majority (a, b, c : std_logic) return std_logic;
begin
return ((a and b) or (a and ¢) or (b and c));

end majority;

-- majority for 4 single bit/std logic inputs
-- function #3
function majority (a, b, ¢, d : bit) return bit is
begin
return ((a and b and c) or (a and b and d) or
(aand ¢ and d) or (b and ¢ and d));

end majority;

-- function #4
function majority (a, b, c, d: std _logic) return std logic is
begin

return ((a and b and ¢) or (a and b and d) or

(aand ¢ and d) or (b and ¢ and d));

end majority;
-- majority for 2 , 3 or 4 inputs bit_vector/std logic vector
-- function #5
function majority (vec : std_logic) return bit is

variable a : bit_vector (vec'length -1 downto 0);
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begin
a := vec;
if a'length = 2 then
return (a(0) or a(1));
elsif a'length = 3 then -- a'length mut exc1 ; no priority
return ((a(0) and a(1) and a(2)) or (a(0) and a(1) and a(3)) or
(a(0) and a(2) and a(3)) or (a(1) and a(2) and a(3)));
else
assert (false)
report "majority function only support 2 , 3 or 4 inputs."
severity warning;
return('0");
end if;

end majority;

-- function #6
function majority (a : std_logic_vector) return std_logic;
variable a : bit_vector (vec'length -1 downto 0);
begin
a := Vvec;
if a'length = 2 then
return (a(0) or a(1));
elsif a'length = 3 then -- a'length mut excl ; no priority
return ((a(0) and a(1) and a(2)) or (a(0) and a(1) and a(3)) or
(a(0) and a(2) and a(3)) or (a(1) and a(2) and a(3)));
else
assert (false)
report "majority function only support 2 , 3 or 4 inputs."
severity warning;
return('0");
end if;

end majority;

end mygates;
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eladl g yaie olael sl majority ol 5150 35 1 4-12 cwu
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library ieee;
use ieee.std logic_1164.all;
entity find majority is port(
a,b,c,d:inbit;
e : in bit_vector(1 downto 0);
f: in bit_vector(2 downto 0);
g : in bit_vector(3 downto 0);
h,i,j,k:instd logic;
1:in std_logic vector(1l downto 0);
m : in std_logic_vector(2 downto 0);
n:instd logic vector(3 downto 0);
o0 : in bit_vector(4 downto 0);
p :instd logic vector(7 downto 0);
x1,x3,x5,x6,x7,x11:bit;
x2,x4,x8,x9,x10,x12 : std_logic;
end find_majority;
architecture find majority of find majority is
begin
-- requires function #1;
x1 <=majority(a, b, c);
-- requires function #2;
x2 <=majority(h , i, j);
-- requires function #3;
x3 <= majority(a, b, ¢, d);
-- requires function #4;

x4 <= majority(h , 1, j, k);
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-- requires function #5;

X5 <= majority(e);

x6 <= majority(f);

X7 <= majority(g);

-- requires function #6;

x8 <= majority(l);

x9 <= majority(m);

x10 <= majority(n);

-- require function #5 or function #6 , but result in compile
-- time warning and function always returning '0';
x11 <= majority(o);

x12 <= majority(p);

end;

majority s.b 51 o3 48 2ol g5 o lisw! @ 4-13 o]

o alternative < o) gny Wil g S,0 @S 4S5 LS, oSl 4-13 cwn )
LS gl W cwad ol Loed oo lidwl sy l> component gaxiie s latype
slajol yLy gl g3l 5 yxio yoolioe GLiyody Ho 4! 55,0 majoirity gol5 4s

ol et 3 d gl Sy joolsie xxio gl gl g 5099

Syl A5 Liel aal o5 -8-4

[ P Y Y S GRS SV U I €5 IOV U ) IOV I W R SPY P SRS § I S
b a5y 1987 Jlw 5o ( IEEE1076 o,1usUw! ) VHDL glLo) &> o500
o Oz ¢l Gwl a3l s 55t Jols 45 o)l iilbiel sle s
Ul w oyludlicwl slagsSy 1 osolaiwl Ly VHDL us (a5 oud iz
JU gl oo cawl 800 ool do H1 JJSex> paS 5 500w jlawy Swl odd
4 S o> S, 4y data oyl Ul g plwow Jo std_logic 1164 i
Lo L sla ol 515 owl odd SlaaSdy ol )l 5aidy b (i bugs
wx e library following o clause lows s 4w ol o data gl o501 51 oo Lidiwl
1O gd 0

library ieee;

use ieee.std logic_1164.all;



106 | VHDL (554l 252

— s ay package g1 31 4SS Jle b Lo S il se sl o

il g aae sl 1) ey sledS 45 o wual g Hols LY WS
gloa—l o Loyl gl 4o olodwd g 45 ¢yl ol 51 L dsS oo Lidwl
4 L oyeail o a bl 45 bly wblaisl o aasSy do 4o jbas Laeolo

S0 Al w4y alw oy HE T Jp%s!_a..\jd.\_é_ﬂ_g_"sg_fq_)l_uﬂ

{

o JLSS

e do slaosly gl g5l doyrS sl kis « IEEE 1164 5,1 a5 Uil
R VT O S S W B S O e v L S T S | U} S S W W
Ov—d ) wadloe 3o X01Z 4 XO01 g5 55 Jold (dxd >yl O Uw! ool
31 ar g 35S Slesly s (gl wisle g or,and ) SasY slayg sl
towl 00y S pal g8 o Ty Jearse JuS gl oS

function to_bit (s : std_logic; 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 : std logic_vector)

return std_ulogic_vector;

sl ol eS,—» Iy 5 to-stdulogicvector , to-stdlogicvector , to-bitvector

lo— 520 psge 2Tl wl oS Sl eSlpd g0y glajlel Hly gl o
4S package o5 7 WS, 0 paxie oyl Ul ool Lowl IEEEI076.3 (oS bw
—lwls Jool g0 ol olds ¢l o awl 0538 GoyjyrS Iy Hlosy slatype
celesl ool sey LaoySdae JousS glgsl g shift code Goun o Lo oledle

o Lgloesly b 1y Lgl Lo 45 4SSwa numeric bit , numeric_std s La zaSy
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type unsigned is array (natural range <>) of bit;

type signed is array (natural range <>) of bit;

--id: A.3;
function "+" (L , R : unsigned) return unsigned ;
-- result subtype : unsigned(max(I'length , r'length) - 1 downto 0).

-- result : adds two unsigned vectors that may be of different lengths.

--id : A 4;
function "+" (L , R : signed) return signed ;
-- result subtype : signed(max(1'length , r'length) - 1 downto 0).

-- result : adds two signed vectors that may be of different lengths.

--id : A.5;
function "+" (L : unsigned; R : nutural) return unsigned ;
-- result subtype : unsigned(l'length - 1 downto 0).

-- result : adds a signed vectors , | , with a non_negative integer , r.

--id : A.6;
function "+" (L :nutural; R : unsigned) return unsigned ;
-- result subtype : unsigned(r'length - 1 downto 0).

-- result : adds a non_negative integer , | , with an unsigned vector , r.

-id: A7,
function "+" (L : integer ; R : signed) return signed ;
-- result subtype : signed(r'length - 1 downto 0).

-- result : adds an integer , [(may be positive or negative) , to a signed vector , r.

--id: A.8;
function "+" (L :signed ; R : integer) return signed ;

-- result subtype : unsigned(l'length - 1 downto 0).
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-- result : adds a signed vector, 1, to an integer, r.

numeric_std o> 51 951 38 slayg Sl ol Sy

sl std match .

ob Gyy=5 numeric std o 4SS s 80

-- support constant for std match;

type boolean_table is array(std ulogic, std ulogic) of boolean;

D dw!

constant match _table : boolean_table := (

4-15 )

peo &=l

oAl S B8 type (i ¢l &S

—-u X 0 1 z 1 h -

(false, false, false, false, false, false, false, false,
(false, false, false, false, false, false, false, false,
(false, false, true, false, false, false, true, false,
(false, false, false, true, false, false, true, false,
(false, false, false, false, false, false, false, false,
(false, false, false, false, false, false, false, false,
(false, false, true, false, false, false, true, false,
(false, false, false, true, false, false, false, true,
(true, true, true, true, true, true, true, true,

)
-id: M.1

function std_match (L, R : std ulogic) return boolean is

variable value : std_ulogic;

begin

return match_table(L , R);

end std_match;

-id: M.2

function std_match (L, R : unsigned) return boolean is

true), --u
true), -- X
true), -- 0
true), -- 1
true), -- Z
true), -- w
true), -- L
true), -- H
true), -- -
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alias LV : unsigned (1 to L'Length) is L;
alias RV : unsigned (1 to R'Length) is R;
begin
if ((I'length < 1) or ( r'length < 1) then
assert no_warning
report "numeric_std.std match : null detected, returning false"
severity warning;
return false;
end if;
if LV'length /= RV' length then
assert no_warning
report "numeric_std.std match : L'length /= R'length , returning false"
severity warning;
else
for i in LV'high loop
if not (match_table(LV(i) , RV(i))) then
return false;
end if;
end loop;
return true;
end if}
end std_match;

std match = L5 50 (oS Slesl b @ 4-16 cwn !



