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1. VHDL] 7/N&

1.1 HDL(Hardware Description Language)? H QA
n QI 2E HAA 7]Ee] AA Y B E&d(A/HE F7h
n 545 st E fAA VIsstr] flste] dolE ARk W AT
- Programming €10} : 3|29 AAA7, A So FAH
- HDL : VHDL, Verilog HDL, AHPL, IDL, ISPS, UDL/I &°] 9, A&

1.2 VHDL9 &
m Very High Speed Integrated Circuit Hardware Description Language.
n v A A JAI R BE JAE gt S Sl BRuE 2 A
stE 98l MEGEI=dole] $2E Aoz2 1d 2 7]E)
m 19871 IEEE 1076-1987% &¢]+= [EEE 3 HDL gAY,
m 1993 IEEE 1076-19932. % E2+= IEEE 3% HDL new version B4,

1.3 VHDL9 $8& Hof
® Documentation : 3] 22 &3}
® Simulation : Al E# oS B3 AF

= Synthesis : G Sl Al st=dojz Az}

14 VHDLY £#A
XT st=So] AA Ao

- AAFH
- AAAX K tool 74 &o
n 53 F=glo] V& T Y

= dojzAe faX
IEEEREE
. 243

VHDL A= st=gloj7h otymz st=glo] AAl A F23 ungraed 7
A&, AAAZE 5] ALke] oyt
4 & FF (& VHDL 7% /W= ¥ad +

rr
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1.5 VHDL vs Traditional Design Methods
n HA
= Traditional Design Methods : Symbols, Schematics
= VHDL : Entities, Architectures

* Entity : symbol#} o] 3]&2] 1/O°l thal 2]



end

entity rs_ff is

port(set, reset : in std_logic ;
a, gb : out std_logic);
rs_ff;

e Architecture : Schematic®} o] 3 &9 |7

architecture logic of rs_ff is

begin
process(set,reset)
begin
if set="1" then
a<="1"
ab<="0";
elsif reset="1" then
a<='0"
ab<="1"
end if;
end process;
end logic;

® Symbol

set ——

reset

® Schematic

set

reset

rsff

gb

ul

u2

Symbol & Schematic
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1.6 VHDL xd W
m Behavioral description
g we Ao F4A9
T 7€ (V£ Zrade] 2~

gtol Azdle e

m Data flow description
oS A B (data)d] BE = 235 W Aoje zEoRE UEIWY 7%
(RTL= fAH

m Structural description

D EE PEF SEdolel g e o9l dwe) BdomM AELUES
45 AABAE Uehilo] sEdlol: EA.
Ad A Holy

% Behavioral description®. 2 5 & 3|2 &
AAE A S 329 37]9} ERE
A ‘j“‘?% structural B

o] VOE< d4ste] s AAsE 3

= behavioral leveloll 4] A A3}aL, structural level
Aol HT} §-§40]



2. VHDL AA 7]x

4ol

4 22 (optional)

# & notedll A AR EHE A 2 557
[1:Za0] wep F7H/2H4
{}: o g} g -
| :or
* bold face : VHDL reserved word(&2] 2 oot &)
=g X : VHDL +&
ftalic : VHDL - & AAA7F A ojslo]oF sl ol &

@ ol

o

] 2 (repeatable)

x

2 A,

‘—= B B3 Z(‘Enter’)7HA FA o2 A ¥

m 2] 2} (Identifier)
» VHDLo| A A}8 %+ variable, signal, label ™
O/ A o] glom xR Al &Elfof gkt

Faol E5EAE 45T & gl

o)

- gupE g
carry_OUT
Dim_Sum

Count7SUB_2_goX
- AR Az
7AB(start with a digit)
A@B(special character@)
SUM_(end with an underline)
PI__A(two underline characters)
¥ VHDL &9 74

Library inclusion
Declare Packages to be used

Entity Declaration

Architecture Statements




2.2 Entity

= 9

entity entity_name is

[generic(generic_list);]
[port(port_list);]

entity_declarative_part
[begin

entity_statement_part]
end| entity_name);

® Entity part : 3292 [/Oo| s 7]& o)
» generict- generic_listE S84 27| parameterg 3] 2ol dEFo R
A, 382 F3o] EAHI EAS

9e Z2AY EE S4F 27 Sol F9A
714 %

i Buh duksia7]7] ffelA] ARE-

o)) entity example is
generic(delay : time);
port(input :in  bit;

output:out bit);
end example;

architecture logic of example is
signal y1, y2 : bit;

begin
y1<=input after delay;
y2<=input after delay/2;
output<=y1 and y2;

end logic;
% 919} Zo] AAst & 99 oAE componentZ AL&dF= thE A A 9
A delay#ks 543 o= A

ol

L portF ol thall 7] gt
» I/O port &% : IN, OUT, INOUT, BUFFER
IN 239 99

OUT : X159 =¥

» porti-ol A= 3|2 A AFE-E port

INOUT : 2% 1%
A B

BUFFER : 239 9g 4 S5 32 el A
AHE-7FE)
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o
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LINKAGE : &%}o| d&&
entity_declarative_partol] A =

FA &gaL
architecture©l A
At o7]A AAst= ol F &

T

port=A AAH 7§
ALg3t  object 2
subprogram %< sk 7) ] entity 7}
ol 789 architecture® 7Hd F de=d o714 Add W&
architecture|ol Al AFE 715 3H7] ol wEkA oIl
A8 7§ architecture® AH&E winprh Addsjol 3}
=9 < At} entity_declarative_partoll A Ho)E 4 = A

AR
el =
- data type

=
—J—U R

architecture &

oo (U[o

m e

==
=
3}

it rlr
rlo

- subtype

* constant

- signal

- subprogram

- attribute

- disconnection
- use clause

- file

alias

noteol| A= Wo] AFE3}A] &= disconnection, file, aliasol] A=

2
—11]3 ]_x] o) O

ol

= L= =]

)
entity example is

type three_level_logic is ('0',
end example;

|.1|’ IXI);

« entity_statement_parto| A= 32 oA ALEEHE Az o AA 2 7

2.3 Architecture
. 92

A 5 A ALgwT

of) : RSEHEFAA r} s Al 10] 5= A5 A
entity RSFF is
port(S, R iin bit;
Q,Q_bar  :buffer bit);
begin
assert not (S='1' and R='1")

report 'S & R are '1"



24

architecture /dentifier of entity_name is
{architecture_declarative_part}

begin

{concurrent statement}
end [/dentifier];

3|29 Yisa 9 329
?] 789 architectureE 7}2

o] architectureE At
* begin® & A2 end® E(begin ¥ end Atolol] 3] 2ol thall 7<)

architecture_declarative_partol 4] &= architecturel ol A A& & signal,

data type, components =

- data type
- subtype
+ constant
- signal
* component
- configuration
- subprogram
- attribute
- disconnection
- use clause
- file
- alias
2
J

A

4 ke

=

el

architecturetj ol A =

process ol A 7] 3k

o

EEEAcH

concurrent statement= A A 3 ZE e
-8

A5 g g9 AA(Types and Objects.)
. object_namef, name} : typel:=initial_valuel;
= Object

R

- EA
* Class(Z object?]
+ Signal
+ Variable

+ Constant

o

e AT

o

==

]

AA
=
ST

AEMT, H45..)

=

= By

o T W —
" & (concurrent) 2] . &
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UERATHE 719] entity: o]
. BHAIRE Al EH ol Aol A A
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® Type

» B object oW FHES HAFT FAJAVLE AASH] 98 data type°l
=

A Eofol st} dE = st
ar bit F& std_logico. 2 AolHolok &n, HAFES A et
integer= g o] ¥ ofof &},

* VHDLO| A &= o] 2] F729 data types A 3ste] A3t 4 ).

s AgE = 9 data types EHHEE BRI oSy Zrh

« A3 (Integer type)
of A)
type byte is range —-128 to 127

« 243 (Real type)
of| A])
type norm is range 0.0 to 1.0;

+ 4718 (Enumeration type)
o #])
type day is (sun, mon, tue, wed, thu, fri, sat);

+ 223 (Physical type)
of A)
type length is range 0 to 1E10;

« 53-8 (Composite type) : 9& 714 3= 7R}
o ZHZ3 (Access Type) : &4 vW&g T2 98] AFE
+ 9} & (File type) D 9ot &S Hd ALE

» QukzA o 7 wo] AFRE = data typed IEEE libraryW 9] std_logic_1164

package ol Aol o] low F2 wWo] AL83}i= data types U
Fdg=
« std_logic ©0, 1 ¥ oy unknown, high-impedance%s
AA SEdo] Az ke xd€S x3
« std_logic_vector : multi-bit std_logicS Z & uw A}&3k}
multi-bite] Z71E FHa= W= toE AHEEHY
= W downtoE A}
43Fo] WH < (descending) &2 FHIE o] 9l
t}.
1) std_logic_vector(0 to 3);

d]2) std_logic_vector(3 downto 0);



¥ 9le] dA EF 4 HEE gdAR 41 WsTt
US55 weight7t =tk 5, dDelAE 0 bit7}
MSBe|w o2)e] 9= 3H bit7} MSBo]t}.
)3) a:std_logic_vector(0 to 3)
b:std_logic_vector(3 downto 0)

o @

a<="1100"
b<="1100";
& Udsd a b BEF AAFR 128 4
B, a(0) ‘T, b(0)2 ‘0& vEbdiT
* hit 20, 18 4

* bit_vector : HE| bitE FTAT u A&

m Subtype
s typel 2 Gol¥l W8S o] &3] A ZE date types AA
o)
type integer is range -2147483648 to 21474833647;
subtype natural is integer range 0 to integer'high
subtype positive is integer range 1 to integer'high

m Attributes @ AR WY, =7 T AEYHY F71HA ARE FEsH] Yl
Abg-gheh, (Al o thE attributest 2.9F A A1)
« A& 1 name of data type attribute (¢: a’event, a’high, a’low....)
s
+HIGH : 3|9 data type2| upper bound
+LOW  : &Y data type2| lower bound
+ LEFT : 39 data type? left bound
+ RIGHT : &3 data type9 right bound

o) OolA 7T7kA 9] FhS ZE= Ustate’ gt WS9] data types T}
w3 o] A ejstd,
type state is (0 to 7)
o] data type®] %4+,
state'high=7
state'low=0
state'left=0
state'right=7
o] ¥t}
ukek  type state is (7 downto 0)= A <&@
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state'high=7

state'low=0
state'left=7
state'right=0
o] Ft},
+ POS(x) D XS data typeo HHA <1712
+ VAL(x) CxHA e ol
+ LEFTOF(x) D xe] AF Fhe?
+ RIGHTOF(x) : x9¢ &2 ze?
« SUCC(x) D xo o fh2?
« PRED(x) D xe] o] gh&?

d)) type day is (sun, mon, tue, wed, thu, fri, sat);

day'pos(tue) D tuet dayzol HWA? = 2
(position= ‘0¥ count)
day'val(3) Sday9] Al WA G = wed
day'leftof(tue) : tue®] €% 3t = mon
day'rightof(tue) : tue®l 2% 3t =wed

day'succ(thu)  : thuth&3t = fri
day'pred(thu)  : thuo]l Azt = wed

o] 9o oj2] 7}A] attributeE©] Stk

2.5 Library$} Package A&
m Package : A& & (data type), ¥<=(function), procedure, component %< A}l&
g wupo} MAskx] @ar, packageol 71E3% ¥ packageE UhHA
AbEgFo A FE&AQ AAIE syl flE ARE. C-9do] 9] header

filew} e 93,

oflt
1>

package identifier is
package_declarative_part;
end [/dentifier];

package body /gentifier is
package_body_declarative_part
end [/dentifier]
¥ package body7} @7 Z 3% AL oYt (componenti®

7% package body7} Z& g8

_11_



* AE  usew AHE-8Fo] packages AHE-

% o A= library el Aol A oF&.

m Library : PackageE3¥ A5 Al&3l= 3 ZES VHDLS AFEste] AA% &
A8 AAste] oAl vAl AAEHA i ol &Y AHEEY]
3 libraryS AF-g&3kt)
» Library &+
+ Working library
CEA IRE HAAG JdE WEERE FAE library. wEkA
sl2dAE AYstel uwel working library®  S7FshH
working library+= 1709 S48 4 )tk
+ Resource library
D OE 3 2o A AMgo] hEEtEE oln] A o] E4 library.

[¢]
Resource librarye= 18 7| EA18 4 Ut}

+ Library A&
library /ibrary_name;
+ Libraryoll 9+ package A&
use /ibrary_name.package_name.all;

= ol A])
library ieee; . ieee library S Al-&
use ieee.std_logic_1164.all; : ieee library®] std_logic_1164

packageE A&

2.6 <9A2AH(Operator)

m [ogical and or nand nor XOr

= Relational = /= < <= > >=
®m Adding and Concatenation + - &

= Sign + -

= Multiplying * / mod rem

m Exponent, absolute, complement abs not

2.7 AZAX(FTF)

m ‘<= PO¢} signalell Al&
» A AA go] A $ s A
= o A)
y<=a,
y<="14

_12_



m =" variableo] AR
« A AAIZE glo]l s A
= o A)
temp:=a;
temp:="1"

2.8 Delta time
mojm AS(x)e] Wstel] oA thE AS(y)7F W o o] ®ista}
A3 e A x7F W & yrb Wk Aol
mxo] oJejA] y7F W& w dAg AlZ(delta time)o] A A¥ = WA Hrh
m o A])

A ZA R

rr

= VHDL coding
architecture DELTA of NANDXOR is

signal T : bit;
begin

T<=A and B;

D<=not(T xor C);
end DELTA;

= SimulationZ 3}

A T
B _ |
T ]
C R
D —
Delta

«B7} WAgtol] wigl T7F HE u w2 WEX] @3l delta timeo] A F
T7F W}y, T wWslo] 93] D7F Wk W% delta timeo] A4 & W
SHA w

2.9 Concurrent and Sequential statements

_13_



® Architecture W 9] it(statement)E-> =LAl W @ (concurrent)& 2} 4}
(sequentia)¥#=2.&2 Y& 4 9t}

m Sequential ¥-& high level programming language$} #Zo] F-EEo] £x8 o7
TRt e FEES A7 F8Ek

® Concurrent > 752 Aol Fagle] 54 259 Wl

=

o3 3%

=3
m VHDL ZYA F83 F3E
« & ko] arhitecturetoll E4) & 4 A}
« £2FS procedure, function, process¥ ¢koll 7t A8 = v}
s HHEY AKX WIS signalE $TH(variabled E7}%).
» variable2 procedure, function, processi ¢roll 4wk A}83 4= it}
m oA
architecture logic of test is
begin
tempi1<=a and b; -®
temp2<=c and d; -@
end logic;
A Dol @, @& wHEolth F a, b, ¢, dA5 Wstol] wepr @7}
QR WA 3 °d 5
= 9 A]2)
architecture logic of test is
begin
process(a,b,c,d)
temp1<=a and b; -®
temp2<=c and d; -®
end process;

end logic;

A 2914 @, @ wALolt F Wb @ o FHE F @7 5A¢
.

2.10 Signal-Valued Attribute®} Signal-Related Attributes
mdata type9] attribute®}+= ©2] signale] AA 7FA 2 & Frol W3 AHE

- =33
dst=| AFE-gtt
* Transaction®} ¥ ¥ attributes
- SIG'active . Transaction
- SIG'quiet . Transaction®] €ojyA o™  true
- SIG'quiet(T) : TA 7S¢ Als o transactiono] Lojufx] &

_14_



o™ true

- SIG'transaction . Tansaction®] ¥AEH o] A Fke] signale A
2 (o)A kel R4S FHeko
- SIG'last_active : Transaction®] ¥ =™ 3.

* Evente} #H W attributes

- SIG'event D Event7} Doy true
- SIG'stable : Event7} dojub#] @80 true.
- SIG'stable(T) D TAIZEESE Al eventZt Yojupx] gkow
true
- SIG'last_event D FEe eventZt doldt F AE AHS UE
ATk,
- SIG'last_value tevent7b dojyr] el

= 7€} attributes
- SIG'delayed(T) C TAIZE 9 A A AR

¥ QoA SIGE signal, T+ A7+ 22 el

m o A1)

if clk="1" and clk'event then
y<=i;
end if;
— clock9] rising edge°l A igte] yol thd o}

m o] 4|2)

if clk="1" then
y<=i;
end if;
— clock®] 191 &9t igte] yol ddE ok

m o] 7| 3)

SIGNAL_X

SIGNAL_X’DELAYED(3 SEC)

v

1 2 3 4 5 6 7 8 (sec)

_15_



2.11 Configuration
m 17]9] entityi= 18] 709 architectureE 7} = d=dl, FA oy Al Ed ol A
= 7L 49 oW architecture® AHEE AJZIE AAdF &v, ofHf

configurationi-< A& 3k},
=
=

m o Jf¢ architectures AHE3tE A5 dE E9, 3 WA architecture™ Al
EHolAdE 98t AAANARE X3 F WA architecture™ FES 9
g ks AbEsteE Aok

n 32

configuration Jdentifier of entity_name is
{use_clause]attribute_specification}
{block_configuration}
end Jdentifier;
o] 7)ol A8 =
{use_clause]|attribute_specification}
{block_configuration}¢] &2} t}&3} 2t}
= block_configuration::=
for block_sepcification
{use_clause}
{block_configuration|component_configuration)
end for;
% Y noteoll A= block_specification, component_configuration,
binding_indication, component_specification®] ™3 2 A
3
m o)

DFF&l& o] &5 714 entityol 37019 architectures(RTL1, RTL2, RTL3)

of £AE W RTL2E A&alnA o tgv) 2e &8 Ariar
configuration CFG_RTL_DFF of DFF is
for RTL2

end for;
end CFG_RTL_DFF;

_16_



3.

_]_ I
FLE

M

3.1 process
® Architecture ol /] £35S processi ol &4 3k}
m process?tolE= A2 concurrent(B @433 A AS A3},
R
[process_label-]process|(sensitivity_list) ]
process_declaration_part
begin
sequence of sequential statements
end process|[process_labell;

®m sensitivity list

= sensitivity listi= QA process7t T =AE ZAASrl 5 sensitivity
listel 7]&¥ 4137} W3}t process7t 3 €t
* sensitivity liste process HFZ tSoll 71EF AU begind endA}o]
ANA wait & ©]&3t] V=T F Yt
= sensitivity list®] T4 Q46 wet A7 depd F Jorng F
olgfof &t} =, AA| process WE statement’} 3 E =7} 3
ahofaf of 5&‘:}.

o) O 7 odE e &9 vErdn

@ : process(a,b)

begin

end

® : process
begin
wait on a,b;
end
¥ wait woll tigh AHAIEE W& SRl vA] A
® process_label
* processE THoL7] 918 AF&shH, A AR
m process_declaration_part
» processtoll A AF8-E WH4=(local variable)S A%k},

3.2 wvariable
R

target variable:=expression;

_17_



« o) temp:="1"
temp:=a;
® variableS process®} subprogram(procedure, function)®] A Fo A A ¢ Eojof
3}, process®}t subprogramujoll A7k ALgg 4= Qlt)
m AAAZE glo] AfZE Fhol FA| A
m olA])
process(a,b)
variable y1,y2:bit;
begin
yli=a;
y2:=b;
end process;

3.3 Signal
n 32
target variable<=value_expression;
® signale architecture®] A AF-oA MAF ook &3l architecturef ol A= ot
<A AHE 7he skt
m AE A after® S AFEE £ Utk AfteritS 543 A|gko] A & AT
7F () HE =S ot
» o A]) y<=a after 10ns;
© 10ns A%k $ yoll a7} ti €.
» afteri-< simulation toolol| A= A QU= ¥ oif-iE2] 3Hdtool
ANA AL A &=
m o A)
architecture logic of test is
signal A, B : bit;

begin
y1<=a;
y2<=b;
end logic;

34 IF

Al

- —1

ot

if condition then

sequence of sequential statements
{elsif condition then

sequence of sequential statements }
[else

sequence of sequential statements ]
end if;

_18_



= oA
if a='1" then
y<=i;
end if;

m A A2)
if b="1" then
y<=it;
else
y<=i2;
end if;

m o] #]3)
if sel="00" then
y<=il;
elsif sel="01" then
y<=i2;
elsif sel="11" then
y<=i3;
else
y<=i4;
end if;

¥ g4 &34 single bite] A ¢, multi-bite] A= “ 7 AF

3.5 CASE
E
case expression is
when choice(s)=>
sequence of seqguential statements
{when choice(s)=>
sequence of sequential statements }

end case;
m of A])
case sel
when "00" =>
y<=i1;
when "01" =>
y<=i2;

when "10" =>

_19_



y<=i3;

when "11" =>
y<=i4;
when others =>
null;
end case;

m CASE#S AH83 ] ‘when others’s 23] Alg3tojof st} 9]2] o Aol A
sel= 00, 01, 10, 115 o]A& <l zk ¥ 7 olyel Ao weld XX, ZZ, 1X,
1Z.. 5 B & #ES 7HE & Atk gahA ol #HES 7 A5 o9
A aof st=A AolHA gevhd I27F dshA ¢
ol 7% when othersitS AF&3lA YA 2+
Zhefjof t=AlE VedorA 3w ARE A4S AU 9

= IF ¢} CASE®] #e]#

. IFE priorityS 7FA 3L Q131 casets 7FAlal A o) wpebA IFe] 72 $-
statementit =AYl wel AlEdolAd 9 AT Db = REH CASEE
AlEdolAd 2 A AF7) statementit A LF AT

oA s e Aye AR UE

oM.

if a='1" then
y<='1%

elsif b="1" then
y<='0"

end if;

if b="1" then
y<='0"

elsif a='1" then
y<="1"

end if;

3.6 LOOP
m 32
[/oop_label:] [while condition | for identifier in discrete_range] loop
seguence of sequential statements
end loop [/oop_labell;
m Loop label& A €lA}3}

®m while : 271& W53F= 59 loopH e statements 53
1 lo

m for : €A 3FTE loopH e statements 3y

_20_



m oA 1 : whiled
while (check=1) loop
sum:=sum+1;

end loop;

m oA 2: for®
for iin 1 to 10 loop
i_squared(i) = ixi;
end loop;

3.7 NEXT
LR
next[/oop_labell [when condition];
m Loopst 4 Ate¥H, 2AS w5 H9 AT loope] next °o]F = FHHA
23l 1 loop9 S EWTH
m of A
loop_a:for j in 1 to 10 loop
sequential statements
loop_b:for i in 1 to 10 loop
sequential statements
next when (i=j);
end loop;
end loop;
# o] dANAM 5A jgklex: M loop_bZ E°1zkS wl igtol jatzt 2
oA |, nextitoll A loop_b®l W™ Al F2Hi=5e1A 107hA) S S35k
23l loop_bE WAL} j=49] loop_as 33T}

3.8 EXIT
n 32
exit [/oop_label/l [when condition];
or if condition then exit [loop_labell;
m Loopst &7 A&5Y alF loopE HAE Ewpz uf AL&3)

m A1)

test1:

loop
ai=at+l;
bi=b+1;
if a>10 then

exit testl;

end if;

end loop;
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o A12)

testl:

loop
ar=at+l;
b:=b+1;
exit when a>10;

end loop;

3.9 NULL
ool S A F
" o)
case sel

when "00" =>
y<=il;

when "01" =>
y<=i2;

when "10" =>
y<=i3;

when "11" =>
y<=i4;

when others =>
null;

end case;

3.10 ASSERTION

AAAZY =gk dZ AA7E HAe=A g7 Hall AFEA] messageEs
st = Q= 7lsold. & EA variable 32 signal #ES FRAMSe] #HE

=
wEol A7IHS uf s 574 messageE =9 g}

|

assert condition [report expression] [severity expression]
condition®] A A1 A$- report thol 7]& % expression®} severity tholl 7|
=% expressione] 3tHAo] Zg H},
report™ SHol| 54 EAEAE)E 9T o AHEsiH, AFHE A5
default#tQ! ”Assertion violation”¢] sl &= %
severity¥ error® #2855 UERAY severity expression(level)% vl A eje
(NOTE, WARNING, ERROR, FAILURE)% 3 71& Al&3loF st} Ao slx] &
S 79 defaultzt< ERRORT}.
severity level =, NOTE, WARNING, ERROR, FAILUREe] w& %3
% fF> VHDL trAel 235 A = 5, 919 level o W& 35
S A gl tool 52 AAA A @ 2
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m A EH o)l ATS €3 statemento] ™ A H X

m o A])
entity rs_ff is
port(s,r :in
g :out
end rs_ff;

bit;
bit);

architecture logic of rs_ff is

begin

assert not(s='1" and r='1") report "Both s and r are '1

end rs_ff;

# RS F/Fol A= 13} s7F 10] 5o A

&
fr
v}

otelt), ulela] assert HOo & s9f

ro] Aol 19A 5 A 8taL vheF g ophd AlEdolE e ‘Both s and

rare 1’o]g}a A3}

3.11 WAIT

. g

= wait on sensitivity_list

= wait for time_expression

= wait until boolean_expression :

. sensitivity_list2]

: EAZ A 759 processit S

RETIN L P

processi TH S FA| g,

ofN

] gk},
Z7e] o]l & w7kA] processi T

Fe TAI

® processitoll A sensitivity listE processi® WollA AF&staxt & uw] waitdS

Ab-g- %t

® processit WolAl o waitwo] AFEE 5 o, A toolo] A & 5

e 497 B
m o A])
wait on a,b,c;
wait for 10ns;
wait until enable="1";

_23_



4. ¥4

e

4.1 process

=
=

rlo

® processi el H# e o7 FE v processE 7 2] T processi
ool HHELS WER AyHrh

m U5 2ol 370¢] processito]
sensitivity list ¥ 3}ol] ¢ 24w}

o

74%- processi T 7 processiE 9

process 1

process 2

process 3

4.2 Assertion

n AR Zo] AR E assertion®S AMEE 4 )

4.3 Conditional Signal Assignment Statement
n 54 208 U5 o dgdto] s, A ifet 2ol priorityE 7H

n 32
[guarded] [transport]{waveform when condition else} waveform;
m oA)
architecture RTL of cnd_stm is
begin
Y<=A when SEL="00" else
B when SEL="01" else
C when SEL="10" else
D;
end RTL;

» guarded @ blocki-¥} o] AR&3lH, guardedE A& TFE2 block
o Zo] el Aot o] Pt

d)
architecture logic of example is
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begin
b1:block(enable="'1")
begin
c<=guarded '1' after 2 ns when a='1" or b="1" else
'0' after 2 ns;
end block b1;
end logic;

% 219l o Ao A blockzz1o] #<0 A9 =, enable='1" 91 A%
gt a9l be] ZHol wel col ‘1 F& ‘0o dHHE T whe

» transport © AZAHR AAA S T)Eshd AR
- VHDLOl M= 5 T2 Ads Ag 3ok

- A4 A A(nertial delay) : 2AF9] A AA R 2L ¢]Y
13_]__

H
AAEe FABY F axe] AAAL w2 Q4

A3kt VHDLO A 7] 2 (default) A & o] t}.
d) a<='1" after 5ns;
- A Z X (transport delay) : ¥ A A 7Fol| dF#§lo]

a2 AEdiv
o) b<=transport '1' after 7ns;
WA A AdgA Ao nla
Dokgle] QIHE e A AAAgro] 20nsekal 7
AZz7F 10ns St F27F A7id A QM= dES
Alstol &9l Ws7E gle W deEAdddA s dEe
How dEd

A
B(ZAXIH)
B(MLXIH)

10ns 20ns 30ns 40ns
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4.4 Selected Signal Assignment Statement

» 54 20 WEG 0 Y Y] SN, A caseRH FAST

= 92

= o A)

with expression select
target variable<=[guarded] [transport]{waveform when choices,}

waveform choices

architecture RTL of sel_stm is

with SEL select
Y<=A when "00",
B when "01",
C when "10",
D when others;

end RTL;

45 Component

. 2

instantiation_label component_name [port_map_aspect]

* instantiation_label= A &o] o} FS=o|t},

* port_map_aspectol 4] component”] 2] A9 A AZAHE=7ME 7|Es o]

o A2 S

et BAdE 27447} 9

* positional association

componentoll 7€ ¥ /O AN E AZAA 7= WY

* name

o)

association
componentl ol 71&%¥ I/O A
goto] AAA T = W (=>"E

= Aol oluet AddEE e

S
S

>
£ e

=

entity example is
port(i1,i2,i3:in
y -out

std_logic;
std_logic):
end example;

architecture logic of example is

component and3
port(a,b,c :

_26_
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z : outstd_loigc);
end component;
begin

-— (O position association2 AIEdl= &<

al:and3 port map (i1, i2, i3, y);
-— (@ name associationS AIZols &2

al:and3 port map (y=>z, il=>a, i3=>c, i2=>b);
end logic;

# @O dANAM £=A7F S dEY S
i1, i2, i3)& 71&Eshd &9 y7b a9t AZAEZE error
s g
@9 B '=>'&e 25 zF W
opel rolsfof It F, y>=zol
oM y2 ZET

ojlu] A7 32E EHoA &Y A5 dAS AYste s AT 4
L Al-g3t}l. Schematicd Aol A hierarchy 7% ¢} -AFslt).

architecture®] AAF-o A Eejx AL&3tH, AFE-3staial sh= 329 entity ©]
F(MFE A9 entityol =8t el F)3 VOE Adslof gt

m 5P 32 AAL ‘port map TS AMEEH A4S L3 o
instantiation_label . component_name [port_map_aspect];

m ol A)
A
— D
B
—— INT2

C INT3

1A —

91l oAle] -9 AND2¢} OR3AICIEE WA AA gt} AA
Z} AlolEE 3 INOUT A5 el d24& Aoslmenn 3es

it
)
o
|m
it
tjo
it
v
R

le]

entity comp is
port(a,b,c :in  bit;

y :out bit);
end comp;

architecture structure of comp is
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component and2

port(a,b:in bit; y:out bit);
end component;
component or3

port(a,b,c :in bit; y:out bit);
end component;

signal INT1, INT2, INT3 : bit;
al:and2 port map (A, B, INT1);

a2:and2 port map (A, C, INT2);
a3:and2 port map (B, C, INT3);
ol:and2 port map (INT1, INT2, INT3, Y);

end structure;

® gene ® generic & AE3S 49 generic mapS AHE3H, F241 S port map¥ %
th ol & 9] entity dANA AWEIAE ol dAE Farstd,
o) entity example is
generic(delay : time);
port(input :in  bit;
output:out bit);
end example;
architecture logic of example is
signal y1, y2 : bit;

begin
y1<=input after delay;
y2<=input after delay/2;
output<=y1 and y2;
end logic;

2

O
o
-
©
e

¥ 919 AgAE vE AANA component® E#] AFET W $
o] component A1¢1& &}
component example
generic(delay:time);
port(input:in bit; output:out bit);
end component;

AA % port map ¥ generic maps AF&3A] ofefj 9} o] A A gt}
u2: example generic map(delay=>2)

port map (x=>input, y=>output);

% delay®l 2ns7} tids o] A&l ok
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46 Generatei
. P
generate_label : for generate_parameter_specification generate
concurrent statements
end generate[generate_labell;

generate_Jlabel . if condition generate
concurrent statements
end generate[generate_labell;

= st=dolE AAStE A$+-*9H componentE Hh
- generatexto A&t HA ZEES & &
generatexr< componentE < Aoz AAsIe] Ful

m oA : D-F/FE o]&3% shift register

entity shifter is
port(si, cp :in bit;
so  :out bit);

end shifter;

« Component® %+ AFg8 7-¢-
architecture logic of shifter is
signal p : bit_vector(0 to 4);
component dff
port(d, cp:in bit; g:out bit);
end component;

begin
df1:dff port map (si, cp, p(1));
df2:dff port map (p(1), cp, p(2));
df3:dff port map (p(2), cp, p(3));
df4:dff port map (p(3), cp, so);
end logic;

» generate®™=3 A}83F 9
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architecture logic2 of shifter is

begin
p(0)<=si;
gl:for i in O to 3 generate
dfx : dff port map(p(i), cp, p(i+1));
end generate gi;
so<=p(4);
end logic2;

5157 AHSTE generate &= AH&H Fdo] Hrh

e

® componenti-2] 4

47 Block

LR
block_label : block[(guard_expression)]
block_header
block_declarative_part
begin
concurrent statements

end block[block_labell;

® Block® WolA Ad¥ A= (type), Al (signal), components < A& 715
H 9] (scope) 7} block® W2 A d-g o),
® guardeditS AHEstW 54 1S WSS A9 vk block ¢Fe] Wl&Eo] 3
Hies & vk
m o A])
architecture logic of or is
begin
b1:block(enable="'1")
begin
S1<=guarded
1" after 2ns when A='1" or B='1" else

'0' after 2ns;
end block b1;
end logic;
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5. Subprogram 2 Package

5.1 Subprogram

m HEEE 228 J)%slE A9 subprograml® WE & B A ALgE o7 H
9 By fA & 4 Advk(Structural descriptionel A o]n] HAAH IEE
component® & A 3| 2E A= A FAFSE ).

m 3|2 HAA subprogrme WA 7]Ed $ AR&SHAY v packageW ol Al 7]
=3 & Y packageEs Ee]A A3 U (packageE AFEE 79 subprogram<
Age wutel 7)Esfof b EHol glth).

®m Subprogram- function <& procedure® T4 ¥ U}

ol

= Procedure
olg] e s WhEE w AL
uj 7§ ¥ 4== in, out, inout®] 7} 3t}
= Function
171e] Zkuks REgkel of ALg
v 7§ == in%t 7He sk
® Subprogrami] 2] BE statementES ¢xA o2 A H)
®m  Subprogram-< architecture, process, block, package, subprogram%olA A<l
(71s)= ™ 1o wel A8 AAE T S architecture A AFoll A A E
™ architecturet] ol A= ot ol A EX] AF&-o] 7}53kH, process A Aol Al A
A=W processtoll A RE Ab8-o] 7hg it
m Subprogram T4
» 1 91(declaration)
+ subprogram®] ©°]& % v/ S, wi/HE FF 52 7
+ PackageW ol A subprogram< 7]<3 2-$ AF&3)

= 7lEskA weh

£

- 2
procedure procedure_name [(formal_parameter_list)]
function function_namel (formal_parameter_list)] return type

= 3 Al (body)
+ subprogram] &< 7|3k},
« 2
procedure proceaure_name (1/O list) is
declarative_part
begin
sequential statements
end [proceaure_namel;

function function_name (input list) return fvpe is
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declarative_part
begin
sequential statements
end [function_namel;
f Ab g
subprogram_name(variables);
+ variablesE matchingA 7]+ W= componentol] A AF-&3}+=

W 2 8 name assignment$} position assignment’F 1

m oA)
= function
architecture logic of fnt is

function rising_edge(signal S : std_logic)
return boolean is

begin
if(s'event) and (s='1") and (s'last_value='0") then

return true;

else
return false;
end if;
end rising_edge;
begin
process(clock)
begin
if rising_edge(clock) then
y<=a;
end if;
end process;
end fnt;

= procedure
architecture logic of proc is
procedure andor (
signal A, B, C, D ! in bit;

signal Y1,Y2 : out bit) is
begin
Y1<=(A and B) or (C and D);
Y2<=A and C;
end andor;
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begin
process(i1,i2,i3,i4)
begin
andor(i1,i2,i3,i4,a,b)
end process;
end andor;

5.2 Package
® package®] H#& 25 A}-§3}= data type, component, subprogram’ g 3t
o] package3tA]zl ¥ HAQ 3t wjult} packages EejA AMES o RN IAHYES H
ok g sH7] AAsiAl ol Clol 9] header file¥} Bls=gh &S gtk
. 7
« A
package /dentifier is
package_declarative_part
end [identifier];
« = A

package body /gentifier is
package_body_declarative_part
end [/dentifier];

® Package 24 ¢l A E':“ﬂ}g} 2ol AdFet JAl(body) = Ao Atk
n AR = e Ao R sk AL = =
o] & AAdA packageoﬂ AE HE
ol AHH access’t I3 U

&8 7|<3tt). packageE Wt
S AFEEH7] flElAolERE AR

fof o3 7]s3gttl. F= data type,
constant, subprogram A 1F & o] XA 7|&3T)
® bodydl A= &FolA 23 HoR A i GA AJAFE BFeAY dete

1

=2 A S 7)%3th o & 59 packageo] ¢ subprogramS 2 F-o A
A ARgslaxt gk 98] subprogram ol 3 wi/|WHSEE ARgE)A
subprogram< ©] &gttt wekA AAIRE Aol A= subprogrameo] &2 w7
&, aga AFE o] g8 49k QoW Hr} subprogram WH7F AAEA VEH
o] AE7ME FRIA o subprogram WHE & FolA AH accessT &
7} Utk ol9} o] bodyoll M= @)F-ol M AH access7t B REHA gron] A
FAA 7led AES B5T 2oVl e WEES 7|8y, =2 subprogram
bodyE ©] 39 7|& 3kt

m packageE compiledtd 7|E A 02 work libraryWol] AEFo® 7j&Hc) uwt
A package 94 F package o] WE&S AEE A FohH use S AMEE
t}. =, “use work.package_name.all's VHDL Z= o] H7}3sbd wc).

=
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o) wrek packageo] &o] test#}® test packageE AME3E7] 93 EHE e
21,

use work.test.all;

= A1)
D component®] AAFw HQ s 74-
package logic_ops is
component and?
port (a, b :in bit; z : out bit);
end component;
component or3
port(a, b, ¢ : in bit; z : out bit);
end component;
end logic_ops;

@ 54 A9 HMAF F typed L AS
package var_pack is
type bus_stat_vec is array(0 to 7) of integer:

type day is (mon, tue, thu, wed, thu, fri, sat);
end var_pack;

m o A|2)
@D package A5 2 body®F H Q3 H5-
package basic_utilities is

function fgl(w, x, gl : bit) return bit;
end basic_utilities;

package body basic_utilities is

begin
function fgl(w, x, gl @ bit) return bit is
begin
return (w and gl) or (not x and gl) or (w and not x);
end fgl;

end basic_utilities;
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6. X332
6.1 AND2 gate

®m truth table

a b v
0 0 0
0 1 0
1 0 0
1 1 1
s VHDL A4
= Entity

entity and? is
port (a,b :in  std_logic;
y ‘out std_logic);
end and?;

= Architecture 1

architecture logic of 2and is

begin
process(a,b)
if a='1" and b="1' then
y<="1%
else
y<='0"
end if;
end process;
end logic2;

= Architecture 2
architecture logic2 of and?2 is
begin
y<=a and b;
end logic2;
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6.2 OR2 gate
= truth table

a b y
0 0 0
0 1 1
1 0 1
1 1 1
= VHDL A7
= Entity
entity or2 is

port(a,b:in  std_logic;
y out std_logic);
end or2;

= Architecture 1
architecture logic of or2 is

begin
process(a,b)
begin
if a="1' or b="1" then
y<="1%
else
y<='0"
end if;
end process;
end logic;

= Architecture 2
architecture logic2 of or2 is
begin
y<=a or b;
end logic2;

_36_



6.3 Multiplexer

m truth table

sel
00
01
10
11

oo (oo =

= VHDL A7
= Entity
entity mux4_1 is

port(sel :in std_logic(1 downto 0);

a,b,c,d:in std_logic;
y out std_logic);
end mux4_1;

= Architecture 1
architecture typel of mux4_1 is

begin
process(sel, a, b, ¢, d)
begin
if(sel="00") then
y<=a;
elsif(sel="01") then
y<=b;
elsif(sel="10") then
y<=¢C;
else
y<=d,
end if;
end process;
end typel;

= Architecture 2
architecture type2 of mux4_1 is

begin
process(sel, a, b, ¢, d)
begin
case sel is
when "00"
when "01"
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when "10" => y <=c;
when "11" => y <=d;
when others => y <=g;
end case;
end process;
end type2;

= Architecture 3

architecture type3 of mux4_1 is

begin
y<=a when sel="00" else
b when sel="01" else
¢ when sel="10" else
d;
end type2;
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6.4 encoder

m truth table

A7 | A6 | Ab| Ad| AS| A2 [ A1 | A0 | Y
0 0 0 0 0 0 0 1 | 000
0 0 0 0 0 0 1 0 001
0 0 0 0 0 1 0 0 010
0 0 0 0 1 0 0 0 | 011
0 0 0 1 0 0 0 0 100
0 0 1 0 0 0 0 0 101
0 1 0 0 0 0 0 0 | 110
1 0 0 0 0 0 0 0 111
= VHDL AA
* Entity
entity encode is
port(a :in std_logic_vector(7 downto 0);
y out std_logic_vector(2 downto 0));
end encode;

= Architecture 1
architecture typel of encode is
begin
process(a)
begin
if a="00000001" then y<="000";
elsif a="00000010" then y<="001";
elsif a="00000100" then y<="010";
elsif a="00001000" then y<="011";
elsif a="00010000" then y<="100";
elsif a="00100000" then y<="101";
elsif a="01000000" then y<="110";
elsif a="10000000" then y<="111";
else y<="XXX";
end if;
end process;
end typel;

= Architecture 2
architecture type2 of encode is
begin
process(a)
begin
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case a is

when "00000001"=> y<="000"
when "00000010"=> y<="001"
when "00000100"=> y<="010"
when "00001000"=> y<="011"
when "00010000"=> y<="100"
when "00100000"=> y<="101"
when "01000000"=> y<="110"
when "10000000"=> y<="111"
when others => y <="XXX";

end case;
end process;

end type?2;

= Architecture 3

architecture type3 of encode is

begin
y<="000"
y<="001"
y<="010"
y<="011"
y<="100"
y<="101"
y<="110"
y<="111"
XXX

end type3;

when
when
when
when
when
when
when
when

40 -

a="00000001" else
a="00000010" else
a="00000100" else
a="00001000" else
a="00010000" else
a="00100000" else
a="01000000" else
a="10000000" else



6.5 decoder

m truth table

A YT Y6 [YS [ Y4[Y3[Y2]Y1l] YO
000 | O 0 0 0 0 0 0 1
001 0 0 0 0 0 0 1 0
010 0 0 0 0 0 1 0 0
011 0 0 0 0 1 0 0 0
100 0 0 0 1 0 0 0 0
101 0 0 1 0 0 0 0 0
110 | O 1 0 0 0 0 0 0
111 1 0 0 0 0 0 0 0
= VHDL A7
= Entity
entity decode is
port(a :in std_logic_vector(2 downto 0);
y out std_logic_vector(7 downto 0));
end decode;

= Architecture 1
architecture typel of decode is
begin
process(a)
begin
if a="000" then y<="00000001";
elsif a="001" then y<="00000010";
elsif a="010" then y<="00000100";
elsif a="011" then y<="00001000";
elsif a="100" then y<="00010000";
elsif a="101" then y<="00100000";
elsif a="110" then y<="01000000";
elsif a="111" then y<="10000000";
else y<="100000000";
end if;
end process;
end typel;

= Architecture 2
architecture type2 of decode is
begin
process(a)
begin
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case a is

when "000" => y <= "00000000";
when "001" => y <= "00000010";
when "010" => y <= "00000100";
when "011" => y <= "00001000";
when "100" => y <= "00010000";
when "101" =>y <= "00100000";
when "110" =>y <= "01000000";

when "111" => y <= "10000000";
when others y<="10000000";
end case;
end process;
end type2;

= Architecture 3

architecture type3 of decode is
begin
y<="00000001" when a="000" else

"00000010" when a="001" else
"00000100" when a="010" else
"00001000" when a="011" else
"00010000" when a="100" else
"00100000" when a="101" else
"01000000" when a="110" else
"10000000"

end type3;
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7. 23] =

7.1 D flip—flop

= Entity
entity dff is
port(d, ck :in std_logic;
q ‘out std_logic);
end dff;

m  Architecture 1
architecture typel of dff is

begin
process(d, ck)
begin
wait until ck'event and ck='1";
a<=d;
end process;
end typel;

m  Architecture 2
architecture type?2 of dff is

begin
process(d, ck)
begin
if ck'event and ck='1" then
a<=d;
end if;
end process;
end type2;
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7.2 Latch

m Entity
entity latch is
port(d, en fin std_logic;
q ‘out std_logic);
end latch;

®  Architecture 1
architecture type?2 of latch is

begin
process(d, en)
begin
if en='1" then
a<=d;
end if;
end process;
end type?2;

®  Architecture 2

architecture type2 of latch is
signal temp:std_logic;

begin
process(d, en)
begin

temp<=(d and en) or (not(en) and temp);

end process;

process(temp)
begin
g<=temp;
end process;
end type2;
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7.3 Asynchronous ResetS 7} 163 Binary Counter

m Entity
entity counter is
port(ck, rst :in std_logic;

a buffer std_logic_vector(3 downto 0));
end counter;

®  Architecture

architecture logic of counter is

begin
process(ck, rst)
begin
if rst='0" then
g<="0000";
else
if ck'event and ck='1' then
a<=qg+1;
end if;
end if;
end process;
end logic;

w919 AT WeF HAN AWAEES A

AR NA =

ok
o

e dagel 4oy
o] 9l std_logic_arith 37| #] ¢} std_logic_unsigned #|71 A& AF&3sfof ghoh
= entitys A7) Holl thF3 o] 7| A] AMES AAsfof &

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

o
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7.4 Synchronous ResetS 7}% 163 Binary Counter

m Entity
entity counter is
port(ck, rst lin std_logic;
q ‘buffer std_logic_vector(3 downto 0));
end counter;

®  Architecture
architecture logic of counter is

begin
process(ck. rst)
begin
if ck'event and ck='1" then
if rst='0" then
ag<="0000";
else
a<=qg+1;
end if;
end if;
end process;
end logic;
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8. Finite State Machine(FSM)

8.1 Background

® Finite-state machines(FSM)<> control 3|2 A7o] F= A&} ofehA 32
NA Fog FES AAsta Jdow FSMe Agsk 522 w9 FQasir)

m F=glo] FHAA FSM2 F FiE, 5 dA stateE 7193171 938l flip-flop L
2 FAE #2329 o2 state F outputd T HAS 93 I 2R FA Y
o] Atk

s VHDLES o]&3jA FSMS AAE 7 =
olyel A st=golE aefste] AAsoF Fge $2S T FSMe A
AT + AT

8.2 FSM AAE ¢3 VHDL =Y
m state AR
VHDLS o] &3te] FSM AA A FSMolA Alg5E o8 stateES

AA 2887 YAA typel E states5S AAdto] A Z-& data types
WS T stateE Y EFWE signal®l date types 7|E] A3 data type
o2 oy,

o) wkek A AAE 1A = FSMelA AlgE = state?} reset,
ready, sl, s2 2 3}H, th53} o] types ©]&3to] AL&Y = states
S AN E$ data type states® 3o},

type states is (reset, ready, si, s2);

Al Fo= A state9t next stateE UEIHE AEE9 data types
states® o] strh(d Alo A= A stateS c_state, Uh stateS
n_state#}ti 7}A ).

signal c_state, n_state:states;

= FSM 27
Ao FeEE 78] A e R g 2 26S A
Agk 23] E F FEow vro] AAskH 7247 1719 processE Al
&3to] A gt
2gsz R
o IR FRAAE A dEHek dEs st oS A
S Aot weld Z%3E processe sensitivity
listoll = AAGelet d=lo] Ege|ofof ot
HS Aostr] 9= dA o' FEjel Q=

Ol



A shotg slokalnl case B& Alatol WAl AEE vorgn)
@A FEsE shebEw ol o8] T gElst 2ol Hod
ofof a1u case® Ul 71&H 72 Aeult if B8 A8l
A,
LR
C EAE BRAAE dockel AN ZFIHZ HEAN Ao
@ e AHE AAREE 7)ol (o)) w

m o) Read/Write Controller

= olgfo] 1¥-& read/write controller(RWCNTL)2] FSM state transition
diagram< YERA T

START=0’

LAST=1" LAST=1

&2 RWCNTLY VHDL codeE vheRT,

library ieee;
use ieee.std_logic_1164.all;
entity rwentl is

port(
clock :in std_logic;
start ‘in std_logic;
rw ‘in std_logic;
last in std_logic;
rdsig  :out std_logic;
wrsig  :out std_logic;
done  :out std_logic);
end rwentl;

architecture rtl of rwentl is
type state_type is (idle, reading, writing, waiting);
signal current_state, next_state: state_type;

begin
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comb:process(current_state, start, rw, last)
begin
done<='0";
rdsig<='0";
wrsig<='0";
case current_state is
when idle=>
if start='0' then
next_state<=idle;
elsif rw="1" then
next_state<=reading;

else
next_state<=writing;
end if;
when reading=>
rdsig <='1%
if last='0" then
next_state<=reading;
else
next_state<=waiting;
end if;
when writing=>
wrsig  <='14
if last="'0" then
next_state<=writing;
else
next_state<=waiting;
end if;
when waiting=>
done<="'1"

next_state<=idle;
end case;
end process;

seq:process
begin
wait until clock'event and clock='1";
current_state<=next_state;
end process;
end rtl;
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o 23R BELS comb processol A 71Eda Qi A3 2
REO geq processol A 71<slar )

« AR FEE seq processol Al 7138k Tk clocke] A
zats 2o A AAS o AE s &4 AE s S

8.3 FSM %73}

m VHDL A Edo]EE= 712 A o2 objecte] %7132 A AW data typed left
most#t o= AA 3 (912 o Aloll A current_state®} next_statei:= Z7]Fo=
idle state® zt=th) 28} AA FEdofo A= ojH state® 27|sHE A &
T 9tk kAl stateo] Wd %78ty gdo] H Qs

m x7]38}(reset) W

= Asynchronous reset
. Asynchronous resets F33t7] f3A] T2 FiEs FAS
o} clock®] Heolg A7l Hell WA resetdl &E HARNA
reset2l &7} active®H S 7 A stateel ¥k 7] state®
A gk

« o) rwentl ol A9l A asynchronous resets F7}38l#1™ seq processE

gt o] A s,

seq : process (clock, reset)
begin
if(reset='0") then
current_state<=idle;
elsif (clock'event and clock='1") then
current_state<=next_state;
end if;
end process;

= Synchronous reset
: Synchronous& F33t7] 93] 2§32 FiES FAH ) Reset
A& E  sensitivity listol F7F8Fal reseto] activedH S uj
next_state]l %713} 3tazl &= states A A3TE clocke] #H
o]3l¥ seq processollA %7]38}3F state’} current_state®Z A2 7A
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A},

o) rwentl Aol 4] synchronous resetS F7}3te] ™ comp processE
g3t ol FATh
comb:process(reset, current_state, start, rw, last)
begin
done<='0";
rdsig<='0";
wrsig<='0";
if reset="0" then
next_state<=idle;

else
case current_state is
when idel=>
if start="0" then
next_state<=idle;
elsif rw="1" then
next_state<=reading;
else
next_state<=writing;
end if;
when reading=>
rdsig <='1%
if last="0" then
next_state<=reading;
else
next_state<=waiting;
end if;
when writing=>
wrsig  <='1%
if last="0" then
next_state<=writing;
else
next_state<=waiting;
end if;
when waiting=>
done<="'1"
next_state<=idle;
end case;
end if;

end process;
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9. 71€}

9.1 A5 BHAHE Errors

® multiple assignment

& ANzE

o 2]

assignment error’} A3t} Architecture Woll Al process

process9l Al assigndt® A W]  multiple

A2

A=

= -

concurrent 3tA] A& EE o] processHolA] EA A ST E assignd}

17he] Al o

Al error7} TAgtE adER 1719 2S5 E FAlol assign
coding o] oF ght},

=

a5

m multiple wait

<

g AsE0] FA assign® F

stk ateba] g

SHERE

7d9-ol welA process WolA waitiS o] 7)) /\}Q—é}tﬂ sz =2

2o GA 7e
Zﬂ Stedo] 2=

® signal’event

AdbA o 2 if FoA else & elsif Fo] A}
9} latch® T3 1
SR

signal’evnet -

[oig

2~ 0]

AL IRE ERE R
SRk ofel gl e gy e

=

7

[¢]

=]
L

2 flip—flop
AL A A 0}51101 ?L?EO] o] &

ST

signal’evnet
o else o] &

1 FAAHBAHANA errorgE FEeth WA signal’eventit Tl =
else &2 Y& ifE 7|EstA ¢il end if2 EvpAof ghr)
of)
if a="1" and a'evnet then
y<="1%
else
y<='0"
z<="0"
end if;
919 oAl a’evnet thaol else’t 7EHAcERE AT A
- errorg et}

9.2 Reserved Worlds

= VHDL® ool )

abs access
and architecture
begin block

¥ #ZtH(VHDL 87).

after

alias all
array assert attribute
body buffer bus
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case component configuration constant

disconnect
downto else elsif end entity
exit file for function generate
generic guarded if in inout
is label library linkage loop
map mod nand new next
open or others out package
port procedure process range record
severity rem report return select
transport type units until use
variable wait when while with
xor

VHDL 934 F7+¢ W&

group impure inertial literal postponed
pure reject rol ror shared

= sll sra sl unaffected
xnor
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