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VHDL = VHSIC Hardware Description Language
WHSIC = Very High Speed Integrated Circuit
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Entity VHDL_COMPOMENT is
pord{ A in std_lagic —af

B: out =td lagic);
end VHOL_COMPONENT,

Architecture VHDL_CODE of VHDL_COMPOMENT is _M S
begin S S i
B <= not A e e e
EHH-VHDL_CD;\
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Syntax:
entily < identifier_name> is
port([signal] <identifier>: [<mode>]< type_indication=;
|signal] <identifier>: [<mode>]<type_indication=);
end [<identifier_name>];

<mode> = in, out, inout, buffer, linkage

in =  Component only read the signal

out = Component only write to the signal

inout =  Component read or write to the signal (bidirectional signals)

buffer =  Component write and read back the signal (no bidirectional
signals, the signal is going out from the component)

linkage =  Used only in the documentation
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entity vhdl_component is

port(signal a_in: in std_logic; --input
signal b_out: out std_logic); --output

end vhdl_component;
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Entity exl is

port (signal a,b: in std_logic;
signal c: out std_logic);

end exl:

Entity exl is

port(a,b: in std_logic;
¢ outstd_logic):

end;

2,080 352 S g8 5 I By > o Sakis VHDL o a8 ol g jalal 4 a3Y
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Entity uPS080A is

port (clkl.clk2: in std_logic; -- Clock inputs inputs
RESET: in std_logic: -- Initiazes processor
HOLD: in std_logic; -- Suspends processor
INT: in std_logic; -- Interrupts processor
READY: in std_logic; -- Data bus
D: inout byte; —- Data bus
A out word; — Adress bus
INT: inout std logic; - Interrupt enable
DBIN: out  std_logic; -- Data bus in
WR_N: out std_logic; - Data bus out :
SYNC:; out std_logic; -- Start of processor cycle

|- Ineernal Dummy Sigoal
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HLDA: out std logic; -- Hold acknowledee
WAITs: out  std_logic); -- Wait output
end;

does b ilsa) end (sl> 4 ol o |, end entity Sl VHDL-93 » Lokl ases 1o
5 5 4 (VHDL-87
Syntax (VHDL-93):
entity < identifier name> is
port ([signal] <identifier>: [<mode>]< type_indication>;
[signal| <identifier>: [<mode>]<type_indication=);
end [entity] [<identifier_name=>]:
 (VHDL-93) Jlea
Entity ex is
port{ab:in std logic;
c:  out std logic);
end entity ex;
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Syntax:
architecture <architecture_name> of <entity_identifiers is
|<architecture_declarative_pari=]
begin

<architecture_statement_part>

end [<architecture: name>|;
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Architecture vhd]_ architecture of vhdl_component is
begin

b out<=not a_in;
end vhdl_ architecture;
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Syntax (VHDL-93):
architecture <architecture_name> of <entity_identifier> is
[<architecture_declarative_part>]
begin

<architecture_statement_part=
end [architecture| [architecture_name>|;

pcial Bl ‘”..:-57: b3 el e 5 leae 4 NAND e Pt

ke s ok b e st s s ol ok i ok sl ol e e g ok okok e

--* Filename NAND.VHD

--* File type ‘VHDL for design (RTL)

--* Date :14/11-96

—* Description :NAND gate

—-* Author Mr X

--¥ State ‘Verified

—* Error :None (I hope)

—* History :A) started with the design 12/10

Entity nand_comp is
port (a_in, b_in: in std_logic;  — inputs
a_out out std_logic); -- output

end;
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Architecture nand_behv of nand_comp is
signal int: std_logic; -- Internal signal declaration
begin
int<=a_in and b_in;
a_ouf <=not nt;
end;

iy b Jle gl aed e wall ) T - Cle gl e Dle o B 4 sl w
oS Bly VHDL of oS 328 oilel agile aama o plis |y daed ol L 5l solizal | SiaS
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Ul: nand_comp port map {(a_in => givar_in_a,
b_in => givar_in_b
a_out ==out_lamp);

BpeSica das [T alig 005 o Jles] @ nand_comp | oS 5 ey s ol olp= L
{4z, el VHDL»
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NOT
AND
NAND
OR
NOR

XOR
XNOR —~VHDL-93

Architecture rtl of ex is

signal int: std_logic;

begin
int<=not (({a nand b) nor (¢ or d)) xor e):
A OUT<=intand f;

end;
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d_out <= (a_in and b_in) and c_in;
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Syntax:
signal assignment:
<target_identifier> '<=' <selected_expression>';'
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Entity NAND_comp is
port (a.b: in std_logic;
¢: outstd_logic).
end:

Architecture rtl of NAND_comp is
begin

c<=4 nand b;
end;

@l Jsome oy S onl jlaip g0 83 it sl ) 650 45 g G SR
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Architecture NAND_ beh of NAND _comp is

begin
c<=a nand b after 5 ns; -- Component delay= 35 ns
end: -- inertial delay.

ow (Kb lejlaia pemay b5 S 4y | lads e 45 305 dgmg 5o ol ol
f s glye a0 a7 e o e s g i e S 5500

et
'0)" after 10 ns,
b after 20 ns;
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C<=2"
‘1' after 10 ns,
0'after 5ns; - 5nslessthan 10 ns-> Error

Py delyd KD ol b e JEs
=l
'0' after 5 ns,
‘1" after 10 ns;
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ql <= a after 5 ns; — Syd sl
q2 <= a transport after 5 ns; — Juzl =b
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1- Inertial Dalay

2- Transport Delay
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(VHDL-93)  Jls

g3 <= reject 4ns inertial a after 10ns;
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bi==inerial a after 10 ns;

b2<=transport a after 10 ns;
b3==rejact 4 ns inertial a after 10 ns;
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B3 I_
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Architecture example of ex is
begin
a<=Dh;
b<=c:
end example;
ST S
Architecture example2 of ex is
begin
b<=c;
H{:b:
end exampleZ;
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1- Delta Time
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q <=not q;
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q <= not q after 10ns;
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Syntax:
<target> <= <expression> [after < expression>] when <condition>
<expressionz [after < expression>]. . .;

b s <targets JLefl ol 3525 whenelse das 3l 6 bacs salizll oL
Sobe b dnly e a8 cailine slas ol 29 5 e laie a0l 42 <expression> lad.
ubidails else <expressions
il
Entity ex is
port (a,b,c: in std_Jogic;
data: in std_logic;
q: out std_logic):
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end:

Architecture rtl of ex is
begin
g<= a when data="00" else
b when data="11" else
.,
end;

az J,f‘l]- Agd Ids ,;..;!3:.“5.;, else <expression:= C.aJL_._r_. u’f"'-l VHDRL-93 .:JIJLT..HI 43 Lal
(358 ai Calaz i slaylpl St lawgd Lo
: (VHDL-93) _Jts
Architecture rt] of ex is
hegin
g<= a when data= "00" else
b when data= "11"; --No else < expression>, only
end; —valid in VHDL-93

bl Wl ws il o eS8y Lagame il godde Jhes j5ies when e
el oaian g1 V=¥ IS0 o o] s el o 57 4 Lo jamesd ol pasS e

dhus <= data when enable = '1' else 'Z";
ENAEBLE

DATA rl\ DBUS

228
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il oy plo epa0 .8 o iy o5 o | LT dita g dbus gla Jilows i pai plSan & 51

pagd Jlael Sl @l i o] a8 (gilana 3l bl g adlle e 3L G s (mgpm a
dbus <= data when enable = “1” else (others => “Z’);
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<= a when en= 0" else
b when data= "11" else
¢ when enable="1" else
d;
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(data="117) ¥ las w5 bo,d Bl a8 conline sl ol 05l 8L groms bo o oSG I 2is 5
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JFIs g0 g e coanl adls LS S a5 Cuil plajes 5 gilse Slyeius ples j2 dagd A5 dales
el e g 5 when-else jemws o ipleien g $iles 52 S
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sig <= "Z"; S
SHre= i = A
with o )le Y'-7
Syntax:

with <expression> select
<targel> <= < expression> when <chose>;
slean i€ el sl Floaisd 53 Cp 4 g o 0wl pRee glealF ples

E250e iz 33 i lad oalanll when others jgas 3 Ol e S e pa L 2 ]y saila sl
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Entity ex is
port (a,b,c: in std_logic;
data: in std_logic_vector(l downto 0);
q: outstd_logic);
end;

Architecture rtl of ex is
begin
with data select
gq<=a when "00" ,
b when "11",
¢ when others;
end;

ailgg e L o4l (678 (s nduiillail whenelse jgmws b anslis o with-select ;520
5 ooilat d Sad e (T 4y mSie jens cpl oSt asl ansls <expression> b oile oS Lads
5 e B PR REIE S 1P

sl il S5 (5 L8 ) Jds il SIls Y-V

o aites Joles g ol pe b Sl sadiosgl py s &8 8L e 5 (o) Jaa g0
s e g2 e Ced ead salinul with o jle il aga Jaa jo o when Sl 3l Jol e (5)lens

2855 asles oausli |y byl ) e b jman Il Ll wnily e 5iin 8

Entity mux2 is
port (sel_0.a,b: in std_logic;
o out std_logic):
end mux2;

Architecture mux2_beh of mux?2 is
begin
c<= a after 10 ns when sel 0='0' else
b after 10 ns;
end mux2 beh;
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Architecture mux?_beh2 of mux2 is
begin
with sel 0 select
c<= a after 10 ns when '0',
b after 10 ns when others;
end mux2_beh?2;

":'..i'll':'l._f“ a2 tulia JL':jJ Eoi ._5.; u'l._n_..-sj.? ljl‘u_ l,l .,_-:,-’jsuli"‘}j: ,;_g“Lﬂ:JL'.j-Lu: VHIDL ___‘.11_:,.1L_|
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0ol & dagspe el Loy e S5 51 15 LMLl Ly (ol cager csla 2l L |
o g pOlel POTE j52ead 51 L g entity Sy (Bpme fm 0 Wb el )l cl i3s3 e ealinl
P sla gl Sl daled Gl bz ogdone 50 03 15 2o 4y closls £y e Wil o asas sl sl
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Entity generic_ex is
generic (delay: time:=10 ns);
port (a,b: in std_logic;
¢: out std_logic):
end generic_ex:

Architecture generic_beh of generic_ex is
begin

c<=a and b after delay;
end generic_beh;

ailiqgil 4- _‘.._}:J-[I ol gl adbal delay ojlal a4 | asec _‘.:_-;‘E LERN TIPSl g i
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|, e ey by g 38kee Gl e o G b las el e Jley Bl 5 assert
_ s 13 Gaabejl 3550 VHDL o5 a3 5o Johs 0
el plos 3ats Cule, VHDL 45 (55 g ilostnd e 2 8SSETL j52ud & ooy e Ly 1
3ylae (il o Assert s 55 4 L ad dalss Jloyl Gladenty 8 sl severity g5 S
ST e RS
Lo JiSos ggmna g comyoli Sloa? 7 ®
o L ol cley g o Shs bl o
saldigss @
S 5 elbsngy oo e @
Syntax:
Assert <condition=>

Report <message>
Severity <error_level>

b Bim A5 (esgp) So-ly alieode & assert sl wadl aati Zule, assert Lo 3

: .:-_l:.!-‘."- A4 L I"'L;'-"é njl_..'J. u;b; E_L'I.u.l _.'I-'?,-@' "ﬁ‘k.‘fl._;‘ q_]L.,.u__| '.-J___:E a4y ]

(NOWE) d=3 @
(Warning) a=l e
(Error) Uas  ®
(Failure) \__]'L'a._ul ]

@il oy 53 esbe (e Sjge 4 Ypane 5 0ok GBI luact 4 et plaw 5 ply

|, glbs e ola¥ a,ls ss2g Gl cn) lejas jale ar 200 o Sells VHDL gslua b jeiws

251 el p adgl Sl 2eai s 028 BBgne |y (g jlad 8 L ol Fads L VHDL jloa b a5

Sl i b s 2ls el i anl g bl sl e assert i
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gebiie w508 ful ¥ el e VHDL (o5lud. s e s ik llas ]S a8

Al dzl gz
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Behavioural
code
—_— ] Error _—
management

(o (58 (4130 Ls (o018 5 £ 50 Y2 b

:_:..._,..-l Sndiial E_"n}j-l _.."'.'._.-l }JUEI:;-JJ:_.:_TJ.F-El \;:,..-l

assertin_0/=X'and in_| /='X'
report "in is not connected”
severity Error;

3 4b e b 4L i 0 (ol JLiw 4 Sl il 0,8 S e 5 55
plie g oo cifaa fludd il Late a4y 51 anily o (slosis G s iolia (ghlo a5l
S e LS «in is not connected»
sl glee ley egle ara ) clil sad L VHDL ajlastisl ja now Laess
L 5 Lo iess S 1y jlea s nlag aF des e beas |, 860 -] assert g el Al
ol S a e LT AT s
Process (clk)
begin
assert now < 900 ns

report "stopping simulator (Max simulation time 900 ng)”
severity Failure;
end process;

dalem 12l Gloy daas Aol sul azi F IS 0, VHDL a8 53lee jioo o assert e 5
GRS S 4 Ladd assert jeman B asl esls Fi Tl Sd (gay pocedlage; LKL A5 Wl
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40 Ll as olf zom assert jsiws g sl aslefi 7y callg, ged 35k NOW aze Seed b by
g bty cela Wb ad m LaS s So 2 Y Jla o assert jatws g5 ol gl sl sy
-._-n-n-n-f .l_s_:,_'._..'.._:Jl Siledils| '3:"_,_.“5:-_& VHDL» ¥ h_‘!l-ﬂj i :II.E...........:E_;,;:! l}_':ll-l__:-:n O PR W o _:,II‘:,_;,I *"“1_1;__5'“

38 Aol

5 |55, 0 2l azdy 15 4 VHDL 05 (53les (A jo BSSETL j5tmo 4§ salaa 42

J Ja_'.:ll._'J

paa Ll g5 ks sillas entity 0 g ala 1E Jled e deg 5y

Entity ex is

port (a.brin std_logic;

g: outstd_logic):

begin

assert a/='1'or b/='1

report "a='l"and b='l" at the same time”

severity waming;
end;

Architecture

anlys tubei] daama R lae 3 280 anli g byl (gly ol j5ias assert
| B né;il ﬁL,-"'_'"iL‘JI ..I|,:|,¢..'-‘L¢:ﬂ A I_JLa!-l g ':'_.IL.' |_-J-1| e L 15 g

axd, 5 4 VHDL o5 Jlsze  So 33 TEPOCE jalod S VHDL-93 5 lulia] et s
g wade |, USSEIT jelias Glaf e Ll

(VADL-87) e

process (a,b)
hegin
if a='1" and b="l" then
report " a='1' and b="1" ";
end if;

eitd [Iracess;
. (VHDL-93) Jlts
process (i,b)
begin
if a="1" and b="l" then
report " a="1"and b="1' "
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end if;

end process;

Glodld Hbya b L) Fauw )3 LAl -
ks sy b iay WAl ok gy 9% Olsiee VHDL oF 2lai alfis o
claals Gl

bl i elaals ok =kl
g<=c3 and ¢2 and cl or c0:
cl<= not c0;

: sl A A "-7'"1}:._50 nj;t-'j_: ‘-"’-:"ﬂﬂ-' S

if sign='0' then
qO<=q0+1;
else
ql<=q0-1;
end if;
a5 39k e diti Bl w (o i, JL_JL.:: ol iyl ly o ey Go Ll aad e g0 4n
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o35 oz o3le g
signal a: Std_logic

095
i (a5UgS S A (lls Lesgse
ks

g o ™

wshls Sled o g dged Biea Adw a3 oled ca |y €oulid oS el psT b jluda €OGER
 Jles 3l esi
constant a : a_lype : = “10017;

agis el delipy s b sy S 50 il e g dd pn i | 295 e g ) €
F e sl ey 2 5l g
a : = John;
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b <= nputl;
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ex John_type
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Boolean [E_q.;
; Jﬁf-_l dgs=da l, "Lald" Ty elpd | LEa dilg3, o boolean gai 5l L3

Architecture rt] of ex is
begin
process(. . .)
variable John: boolean:
begin
John:=a<h;
if John then . . .

end process:
end:
My glps syl del S et 51 4 ) Seys Jlza 707wy ) Lde Jlade e cla )yl

Aol eas ealan ] bad aolef o) s ale coisid_logic pai gl e So |, hale™ L

Integer £ 53
JAS L=l e integer Jaba 0S| S cis a5 | integer sl VHDL-87 o il ]
Crl i e 5 50 0y S TT Ll 2y 50 ol solinul 500 1l w0 disly 2o 1395 0
Sgm s | TATYTAVERY 5 “VAFYFAYSTA o (2 0lEs wilys Lo integer 55 a8 Coolies ol

constant loop_number : integer ; = 345;

signal my_int : integer range 0 to 255;
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{(YHDL-87) Character & 3.:

type character 1s (
NUL, SOH, STX, ETX, EOT, ENQ, ACK, BEL,
BS. HT. LF, VT, FB, CR, S0, S,
DLE; DC1, DC2, DC3, DC4, NAK, SYN, ETBE,
CAN, EM, SUB, ESC, FSP, GSP, RoE, LISE,
O L L S SRRE R
I{I: |j'1 l*r‘ l+I’ I. . I'1'| I rJrII
A RS e g R e O i
IR TR (B e s | B
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(VHDI.-93) Character £ g4

type character is (
nul, soh, stx, etx, eot, eng, ack, bel,
bs: ht: If. wr, ff, cr, so, =i,
dle, decl, de2, de3, dcd, nak, syn, eth,
can, em, suob, esc, {sp, gsp, 1sp, usp,
L] F, I!I|I II'|'|I| I#Fl r$lll I%I:' I&I.' IlllI
el Rl AL UL
R BT R R B e
O R

H AR R

S 5 R W ) L R | e W 0
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. S AL VR S S
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o R LR ) A | R e b
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cl28, €129, cl30, c131, c132, c133, cl134, cl135,
cl36, cl37, cl38, cl39, cl40, cl41, cl42, cl43,
cld4, cl45, cldb, cl47, cl48, c149 cl150, cl51,
cl52, cl53, cl54, cl55, cl156, cl157, cl58. cla9,

-- the character code for 160 is there (NBSP),
-- but prints as no char

The last 64 characters are special characters
(example national characters)...

culam |, VHDL-87 4 4 b o character go his s glaJol 2o ol |l s
s i | VHDLA93 5 o0 Saewg asd g 2235 e

Bit £ 42
lelaie Wil ca badd g Sl il g pes VHDL o Jasbiu] amis o 45 Sl oo con
Au s L, 17 L0

Vibit ¢ 93
£ ol iy aded 588 s 13 salizuf ase ViewLogic s 45 Sl 208 Vbl
wgibadd o ol o 17 g 07 2T XY Lalie glls Vibit ool VHDL o lailis) (o BIT

oS o daz 5 #don't care® 4y |, XY 55 ) o Sl KRS poghe 4 X

C.-__,L,.E- - I_ILL-:

if John (6 downto 0)= "1 XXXX0X" then ...
) P ] P S SRR

if (John (6) ="1" and John (1) ="0’) then ...

250 azml Bls b ke ol i o s g il D 0 e L lael pogie 47

Iy J5its ool iaztly s wtlls a3l slls s FPGA 3l ohe See wadil 008 o )13 e
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std_logic £ _3.|
ailas e std logie Sl sdls | 3 e icee ailseliS Sl std logic 1164 aty ;3 50 £45 ol
sy oyl e 50 4 st logic aF ol sl jo Ll gles s Szl 1, std_ulogic polie le
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subtype std_logie is resolved std_ulogic:
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Entity ex is E]
portf d.g,eni.end: In std_logic; DEUS
[T

dbus: out std_logic); D
end;
Architectura il of &x |5

begin EME
dhus<= d when enablai="1" alse 'Z; i
dbus<= ¢ when enable2='1' sisa 'Z;|
foeriy

and ;

std_logic ¥—F s

Entity ex is
port{ d.c.enl,en2: In std_ulogic:
dbus: aut std_ulogla);

end — ERROR

Architectura il of ex s
begin
dbus<= d when enable='1" else 2}
dhus<= ¢ when enablaZ="1" elsa ",
and :

std_ulogic *-Y Js

gd eals s 2 std_logic sals g a8 il suS Ziels std_ulogic Sosgase cul

i ol e Joe ol bl 0g3 aslind sals gad G 3l bl pal s 0 AT J'IS'C,{_,I;JLJ

iR S sl ypal s g2 oliill jalo @y ST 45 ol ol std_logic e 25 Sl lpgg Las

ol @ X Glais giluand les po il salemi pdlel las paily daiSls VHDL a8 5 asly
2% ans 1y s olets B 0sd o safs | fUS
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Array £g3
std_ulogic_vector is defined as:
type std_ulogic_vector is array (natural range<>) of std_ulogic;

std_logic_vector 1s defined as:
type std_logic_vector is array (natural range<>) of std_logic;

bit_vector is defined as:
type bit_vector is array (natural range <) of bit;

vibit_vector 1s defined as:
type vibit_vector is array (natural range <=>) of vibit;

i LS5 vibit_Ld 5 vibit_vector sles:

£33 pilel g o8 y2e

ek Bazmg 4 daliy g lens ya g ool slee g wilys ca

type <identifier> is <type_definition>;

type_definition = array <index_value> of clement_type;
Example:

type A_type is array (3 downto 0) of std_logic;

type my_int is integer range () to 15;

signal d: A_type;

signal q: my_int;

e

USSR | SL S, | U TR beiiien Olad oo by INLEREL £oi
signal q ; integer range 0 to 15;
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a8 akie JUS LMl Sz 3 sl el el b

Entity cx is

port (a: in std_lome vector (3 downto 0);
b: in bit_vector (0 to 3);
c: out std_ulogic_vector (4 downto 0));
end;

Architecture rtl of ex is

signal i1: std_logic_vector (3 downto 0);
signal 12; vibit_vector (3 downto 0);
signal i3; std_ulogic_vector (3 downto 0);
begin

end;
Oto3 1524 0l oy 3pd ealen o 5l 5la 5 Saadowmto btoLl, lals, sl e
ol 'h‘_;um Sl i 3 downto 0 s 5 4wl s g 2 3 sslet ol downto sl 51 oel G el
3, L downto jeius egde 4355 aalizal sy (s o 1 aiasn 4 coal Gl s 2Lk o
G e O I R A P 1 oy L O < oy ([P P
ples sowiload allg Sl ek a8l Lo bdol 5 s as im g o ol el el e S5l 2t
el aali szlizil downto | J5258 51 e lo g sleds 5

Constant delay: time:=0 ns;
a<=h after delay;
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Enumerated £ 5.1|
ol o doel ol ay 008 & a5 VHDL o |y ag aalaipai Ll a5 ala agmg lRal pul
ol gl eatal gl Jolase Joioma clle slprisle a8 JLaal o lads s :._-_:Igzlja sala glacal
ol

{ype state_type is {start, idle, waiting, run};
signal state: state_type:

J|.:_‘._—.'v-| l L::i wglp sal il Glie jles 3 S VHDL o PO R S| S0
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s i eols gleegi Yo=Y

NMiewLogic ;o adla s (13908) ol = o oliesi 4 &5 dao e ol T2 g
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Data types Fully Partly Typically not | No meaning
supported supported supported with support
Boalean Vo ALS
boolean_1d VA S
boolean 2d A5 W
String VoA S
Integer
integer_1d
integer-_id
Std_logie

gt _dagic ld
std_logic_2d
std_ulogic
std_ulogic_ld
std_ulogic_2d
Vibit

wibit 1d
vibit_2d
Character
character_1d
character 2d
Time
time_1d

time 2d
enumeration
EMUM._ALEay
Record

record array
Text VD
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Architecture rtl of ex is
signal 1,b: std_logic_vector (3 downto 0);
sienal c:  std_logic_vector (3 downto 0);
begin

a<="0110";

be="1101";

g<=a and b;
end;
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2 aalys L2511, 701007 ke ¢ s,y
"0110”
and "1101”
"0100”
3 35l sglos Jib gl b I 0 8 8 ol ) Glaze (ls Slae (gl Y B3

Sl e oo (sl sl 55008 e 13 ] o s laie us e

e 1 glacd; a4 23 jlake 33 "Wl sae 1Y)
RIT A pie Gul B0 355 gloalh B0 (L5 1 e Bit_vector 4 oas luz. ol

1 'bﬁ:\_f' 31_?5 aalez .'."_::,.l

i
Binary B “11000"
Clctal O 456"
Hex X “FFA5S”
Decimal 239 (lacub (s, Le3)
Real 4.0E-4 (235 i Sulas 22 dly)

e (b Jlaite S sl Sl K 4 VEIDL 88 (5 3148 el inl by, cul Ll
I P g s S b ] S0 308 e Solal BT Gl 1008 eals JlassliSa
e Lo BT X PR - R JE PO LT s d et sl Jlie by S 4 ol A
At Gl A ke 03 pal il
a_vector <="10011";
a_vector <= B “10011";

o laieal ViewLogic (50 s ls 2 bit_veetor glaghen o baib YU e 3 ol sac
jpl o VIbit_vector ela oy 555 o 538 4l slic) oF Lias ool om0 a5 Sl
s oy i 35 ViewLogic

o2 a5 osliial oy Jog 3 aaliyy Sbles (38 Sy sln Gliga () TS

- Number Base
2+ Underline
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st gt 4S5 JalS jalo s 00 s yul B g e b 0 1A solicd 3y oS 5
3,8 aslazul bit_veetar jl & 4 Sy glaall ;o das— i} 3 led o

JL‘.:
a_vect <=B"1100.0011_0011_1100"; —Good
a_vect <="1100001100111100% -- ldentical to first
-- assignment
a_vect <=X"C33C"; -- ldentical Lo first
-- assignment
a vect <=X"C3_3C"; -- Identical to first

— assignment
a_vect <="1100_0011_0011_1100% -- Error, B missing
a_vect <= "C33C%; — Error, X missing

Sl ppl el sols puiay anly L o8 Geul by VHDL (A8 azaf 4S5 9l (los

w2 std_logic_vector Sy & 1, bil_vecior S olaie 535 Lo jlors a¥ Cosline
pil b J A Ay pedie
(s gy 43 MIEEE (slaace® 4 aulad aazt ) petf salid bas abs S 3l asS

Library iecc:
Use iece.std_logic_1164.ALL;

Entity ex is
port (2: in  std logic_vector (2 downto 0);
b: out bit_vector (2 downto 0));
end;

Architecture rtl of ex is
begin

b<=to_bitvector{a.0);
end;

ek SIS ol b a8 4 std_ulogic oy L std_logic by palizl a5 jubs olas

s JEs

Library ieec;
Use ieee.std_logic_1 164 ALL;
Use ieee.std_logic_unsigned. ALL;
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Entity ex is
port (a: out std_logic_vector (15 downto 0);
b: out bit_vector (15 downto 0));
end:

Architecture rtl of ex is

begin
a<=to_stdlogjcvector(X"F6"); -- Conversion function must
— be used
be=X"Eq - - Bit_vector
end;

to_stdlogicvector  Las ab S5 b X "F6” ais waes o ples Yl Jlis a5 b slen
et g oo XOFEY a5 ol Ls pul @ Lo ool il Lo sid_logic vector s, 4
Ol ool pgi @ il Tauad o8 ol by VHDL a8 il 5l 5 5,6] s 3325 4 (bit_vector)
SR ds i 4S5] S als std_logic_vector slep K 4 el i | bt vector gy oo lads
45 gl 8, F o L8 salinal 0pee has ol ol w8l sns LS std logic vector
5 Wy LD S e Bt a) o jfs S wil sas p3lel VADL o5 gl s
A 4o 4T e to_sudlogiovector ealiill 5ya e a1l Jlite sl 8 (wleaeling g
Azti ouy e sl ealazl Spge bt ol ol ans 3 we o pdlel iceestd Jogic_unsigned
Salez 1y &l plas o 10l a8 39 sales ol ol o LT s el o lad son b gploan
5L
KA plRis 5 00 0a)8 Losl L | X F6” ko Gob e o a JLS 3
Jl.:-ﬁ S ﬂ.:ili,;d.; VHDL-93 s,luleu] ases jo bl s edel e VHDL of e
2l 4 s Al o ey Jale paitis ol a4 std_logic vector o S g std_logic vector

A o P 5 Bl 5 ] il Bl 511, VHDL o5 sl ol ol ansls s

signal a: std_logic_vector (7 downto ();
a<=to_stdlogicvector {(X"F4"); — VHDL-87
a<=X"F6": —- VHDL-93

lEger S 4 paelye  S8s 45 S pdsclhaa] alal gles loy S a4 ceid | i
kL Lt laie 4l sse e b owlys L (integer 5 o) sals ga oo e L J. SRS
lo aslsas 1808 amial g # cudle 33 5 |y edie e integer S5 4 ole e
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Architecture rtl of ex is
constant myint: integer: =16#FF#: -- myint=255
signal intl, int2,int3; integer range 0 to 1023
begin
intl<=16#FE#,; — 16#FE# = 254
int2<=2#1001 10#; — 2#100110# = 38
int3<=84#17#, - B#lTH =15
end;

alyl SO 51 ol Y-IY-Y

£
>
Fsy

Architecture ril of ex is
signal a_vect: std_logic_vector(4 downto 0);
signal b_vect: std_logic_vector (0 to 4);

begin
a vect(d4) <="l";
a_vect(3 downto 0)<="0110";
b_vect(4)<="0"
b_vect(0 to 3)<="1001";
end;

e plen 45 B S b a5 e A0 fuie Wbl Kl B Ay & e 42
3 e op S A gl ga e downto b 0 Ja oeul sdl 53 el Ao s a8 adl
85 omdlada |y Sa glan Sy

o L

b

Architecture rtl of ex is
signal a_vect: std_logic_vector(4 downto 0);
signal b_vect: std_logic_vector(() to 4);

|« Slice
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signal c: std_logic;
begin

a_vect<="01101";

b_vect(d)<=c:

b_vect(0 to 3)<=a_vect(3 downto 0);
end;

Jabos plso wl es lGe e (80 o s s s sl Ea Al d2af “Ls a5 sl ilas
ey -.'Lr-&l_-;:- Lls i Jl_-u l._-."'ﬁl_r“.'l"-": n.'l....-.-l.uLu .;EBLua-ﬂ ..LL: Bos Li:\_-,"-};,.la

Architecture bad of ex is
signal a: std_logic_vector (2 downto 0);
signal b: std_logic_vector (3 downto 0);
hegin
a<=b: --Left side =3 bits , right side = 4 bits -> error
end,;

i Jabs sl o lie Coedle Gk g a8 0l ceeiib g ade wali YL e luEs
oA as sl
a<=b (2 downto (); ;
(s jge mbayan ) T gle Lo
a<=Db (3 downto 1);

dy h_ﬂ.l_g__ll:a __-:.J h.'l-q:.lln:l e |...:|.|JJ|_T n-:lelll._-.q _.J_‘EJ'J s JI-.'SJ..:u gt o |,_E:|_;I":' LI::JIJ;_I I,...l""“i"b‘:'l 'T"'—'":_r"l'l }f:|
W08 el |y s as ol slS a8 Sed S Cas 4wl o sl Ko b i Jlap

e
Architecture ril of ex is
signal a,b,c:  std_logic_vector (2 downto 0);
signal  d:  std_logic_vector (0 to 2);
a<=d;
b<=c;
end;
Pl sa aala b g it slagla g w g sled l o gad sla o e s i (3
a(2)<=d(0); b(2)<=c(2);
a(l)==d(l); b{)<=c(l)
a{<=d(2); b(0)<=c/(0);
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Architecture rtl of ex is
signal a: std_lagic_vector (3 downto 0y;
signal b,e,d:  std_logic_vector (2 downto 0);
hegin
he="0" & c(1) & d(2);
end;

0 &L &Y a4 axil bl |, TIOL s d jls 5 017 Jsdac oy S
Syt ga aale MOITIOTY o G & MO Jadea Jo 4 s NI lake A8l o
: J.f.j domgi o) L_Jl..f..-:- A bga oo 00 _}15' A _,'l.) if LSL::I-dJ.,u.? 55_;,.3 i) L e

if ¢ & d = 001100 then

A ol glls sl omalids Eodle Bl 3 s 0 e jloy il wiAS W3 48 sk gles
ke abmil b (ol i g oaylade Sl it 0 R30Iy 4 aolanal b paslsd cad g a2l
: {E_._.::._ﬂh} ,_JL‘...:»
Architecture bad of ex is
signal a: std_logic_vector(2 downto U);
signal b: std_logic_vector(3 downto 0):
begin
'O & a<=b: --Error
end;

Toa; l-;,ﬂj.n.n Y-\W-¥
dopphlad |y SlSy jlada duslad o g doiS o2 (b G0 609 oo by 5

sy al=al ol Ay S [ e e
= =ty ek pril e T e e
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Architecture rtl of ex is
signal a: std_logic_vector(4 downto 0):
begin
a==(others=>'0";
end:

ol 2 A= (others = 07 Aa; sblse 3l ool a &= 000007 axils L.....-_ st
ke oSl Soo g el gl a8 cnig 4 Sop sl leg A e lads sise o a8 o
L e laiie Bollasl others auls b B T R ) U [N = P L 0 T Sals
wglddia e g gl S5 Gl el Lo W qala PO S T L O G S ORI Lo
el s Sl others 4adS 5l salanal b ssiledl slec

a<=(1=>'1l",3=>"1", others => ‘0"):

(_._:'L.:..:...H _:,.glL.- 3 ﬂ; l|_| 13 _||...'.\.F.,uu _=,|-l'l__|._n L L) 3 i ,Lgl.ni‘.'-n.;:_- A5 eakie ‘;-J_l < 1‘."JILI L'_,__EJJr-'n-TI.-ﬂ

,"iL"" ';.ln.-‘l.l;.,a 45 JJIJ dazg ,L:Jlinl l._-..":’-l LEJLHPFI'J:J |_.':J3_.: i.{- Jg.ra et ...'L-lllf.:_‘i—..f |'| o Jl._'LE_: 4;,!."-_':.{
sola plap an ly s LS

a<=(1=>¢(2), 3 => ¢ (1), others => d (0));

saliial o 50 e gy plie o R Sgm gy 3l gles e n la g b Be8 e lass g

II..J._LLU:..‘_.f} .ilJ|.:|‘_l.._|:l.f-'..'.n_.;fu';-.é-}¢..‘-‘

a<=d(0)&ec(1)&d (0)&c(2) & d (0);

A stime 0 s dstioe o sl dnly 28 ke o8 coil pul oy g ol e
o s dalet lale asmss 5 Goli s s 135 alads A8 e bl ata ey ol
Mg pe culoz 322 glaylol 251 dawgd cioo st ) 90

o sy s e vy
s s by Zabl ea sl ML S o Leiie sl O eals Fei Silfgl aa,

Sged | pigy J.JiL.nLi- L5|_;,._. |‘_: saly Ea l_J|‘-3..._| assl {_51_'..! e AL PES Sy A Uas s B J,l.iu.n]
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data type’ expression or value
s Jes

ROM_type’ (017, 7107, "00");

0313 433 puibusy Sleegs P-1Y

el s el (e e s atd iy cliosd & o jiwo iaid s gl >l plowl sl
e 5T elizg 5 samiie slaea o8 el Slesgl 4y S o0 (B

adls’ =48 slysg V-1V )

Citu e b anl e e S anth 5 Y a8 sl gol Syl S s ST
oS eslizul subtype culS 415 5l Loz wiel

icen | Lod £ 0atiS jatia gl Zably 41 Sgumea sals 28 £lail

s S aib g 238 asde wloas lasl Wlg e o )8 Fal 4T (5 olia
e ol it aly pai ) Ssdoee J5bo oS5 @SSl )l g5b (slalaka

subtype my_int is integer range 0 to 3215: - Good
subtype byte is std_logic_vector (7 downto 0): -- Good
tvpe hyte2 is array (7 downte 0) of std logic; -- 0K

type byte3 is std_logic_vector (7 downto 0); -- Error

subtype byted is array (7 downto 0) of std_logic; -- Error

slesi o8 iy sl LS Slgi e oy 25500 sualie G3 Jla o &5 Glges

i gy eilel (gl ailed i Std_logic_vector (7 downio 0) .29, JF 4 3 glacai & g 2ol

£ 3 aslizal e (byte 2) sy polel by oz g5 S glaie & Wil e jo 9k 0y, U

L ] & odse AU B £ S Nl et pdlel £o 45 el pul o8 B8 sl 4 n

ol w5l & MR @ cag buo lol poi ) &5 (B S e il s oo &
g dlgmd S JuSn 28 LA Geds

|- Suhiype
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Architecture bad of ex is
type byte is array (7 downto 0) of std_logic; — So far so good
signal a: byte;
signal c: std_logic_vector (7 downto 0);
begin

RT=0r — Error, a and ¢ do not have the same data type
end;

Abal Jlas @Mel oty Yl Je 0o 00l i o) £ol Sy lsie 4 (byle) 2ol S
BT s VHDL
P0gla Samg et chs el LS sl aals e £s 30 VHDL o

subtype natural is integer range 0 to impl.defined - typical 2147483647
subtype positive is integer range 1 to impl.defined — typical 2147483647

s kel alhir 3 b 605 S L e 20l 0 b Bud G AT e s i a3 4l

._1.,-.--1: Bl .._n__,_:,JL'

FURNCIRCESU NOPIPW-PUR o ) o ¢

L.'. g jl e I_},-u.l‘- o I_'.-Jf‘ !.E-JS' e T LT wtlas i eala 53".' "j‘-‘.‘l lej.J_ l.'_:ll-jﬂ'.'u,q I_;;_:’_‘:n o
gids dals 3l b sals o ais lieg i T alfis 4 A8 s (L3 sslazal 0jpe e A
e Slaie 4y 505 eslizl oMl oy 4o armay

type data4x8§ is array (0 to 3) of std_logic_vector (7 downto 0);
type data3x4x8 is array (0 to 2) of datadx§;
Bos fealdas o o0l o (o B A} cde s esls S data 4 % 8 £ 3l aals
i wlei e data d % 8 gos a¥el toy ol (S ¥ % FROA) com aw el S duta 3 x 4 x §
§ RS il 2 Lt e
type byte is array (7 downto 0) std_logic;
type datad4x8 is array (integer range 0 to 3) of byte;

1= Multidimensional
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Architecture rtl of ex ix
type datadx8 is array (0 to 3) of std_logic_vector (7 downto 0);

signal d.e.f,g,h.t: datadx8;
signal b1.b2,b3.b4:  sid_logic_vector (7 downto 0);
hegin

d{0)=="01010110";
d(1)=="10101000"
d(2)=="01110110"%
d(3)<="10111011%
g<=(others=> (others=>'0")); -- Clear the whole 2-dim. signal

f{0) (0)=="11
f(0) (l)y<="0%

g-c::{bl, b2, b3, bd);

h<=(others=>bl):
process (h)
begin
I; for nin () to 3 loop
i(n)}<=h{n);
end loop:
end process;
end;
gl 281 o gls | Soey 3l 94ee bl g 38 ga8 as el 35 (a2 laka B,
b o e |y Vb e eal S5 gl el a8 o Culem |} (g g3 sals cleey A
sl sl 2 Jataledi sl asd o LS 2y
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type<identifier> is record
record definition
end record;
lia

e

Architecture beh of ex is
type data_data is record

year: integer range 1996 to 2099,
month: integer range 1 to 12;
date: integer range 1 to 31;
hour: integer range 0 to 23;

minute:  integer range 0 to 59;

second:  integer range 0 to 59;

data; std_logic_vector(31 downto 0},
end record:

signal d:data_date;

begin
d.year<=1997%;
d.month<=4;
d.date<=8;
d.hour<==11:
d.minute<=57:
d.second<=22;
d.data<=data_in:

end;

plosl 5 a8 W31 2 e ilSle a s IS G L alat e | 598 5 1E sals 4 Lelads w |
: ol

d <= (1997, 4, 8. 11, 57, 22, data_in);

wly VHDL (glfue ol L g ASIC glo 2lle 5l ol ols o 2lle 51 aw o

1= Fogeord
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Cpilgs 48 sul e el g Say s 5 4 calimee gla 2alyl A o slgel oyolo (gl Ahas
L B L
alias data : std logic_vector (7 downto 0) is data_in (15 downto &);

cpb Ll gy pmma Lo malil e ol WS VHDL-BT s luglil s 5o alias pan 5 &
JE:_ll_I:_i l..l.-"."’_."s ‘—"l_;l"'l'l I._'-CIJ" ;1-1 jll ;;1335:: g ) b ¥t |_SIJJ..‘.'J=I YVHIDL-43 J-}I_'IJI_'L-.J A s 1:.-!' I:r'q.lll.}jhlh:""-d
2,5 salitl f et g 80l gliss

'slakal) sl y3ec Y'-10
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9= & alo= (False) Lale L g (Ture) s pslis La,ailal ol Jlasl 3l Lol aze
el lesl La std_logic_vector g Ls bil_vector .L» integer g3, o asiler oo is8 (glajail

Sy ol8 A oals aloest plas gl lsioe ), 12" 3= gla Kloe
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Architecture rtl of ex is
type my_type is (on, off, idle, start),
signal statel, state2:  my_type;

gsignal a,bc; bit_vector (2 downto 0);
signal d.ef.g: std_logic_vector (2 downto 0);
signal my_int; integer range 0 to 15;

begin

a<=b when c="010" else b;

d<=e when d/="111" else "000";
e<=f when my_int<=12 else "001";
f<="101" when e>=d ¢lso"110";
g<=f when statel=state2 else "000";

end:
ja ook pelaslol ate o culas 3t gla ol A5 dalis lalaly sle Flae o ls
sl erlidgioms Wi o8 S a4y sl e 1y anle ghisas LS rlag b blod dcad =S

-J-SI__;a los sala E.]f""l plad 3j0e ol l_;|dJa._|1_;, ceba Blae el azaiiy ola bl ey il

il 5l )Flhoc P15

b dilodd iy af | Sl yail ol fo i VHDL ol a0
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— --l? *
preseid /
crllaa i3 abs
sssla 3l reIm
g mod
olg 3

1 - Arithmatic Opesitor
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gl Af

o MOd = @) real dnteger £48 5l olapata oy o O

aib gl sle ate Slisloee o layail al sl il ealis

ieee.std_logic_unsigned a0 3G 15 ol s jele a4

Library ieee;
Use jcee.std logic 1164.A11;
Use ieee.std_logic_unsigned. ALL;

Entity ex is

o std_logic_vector goi 3l aleats gl lagilal ppl S0 5o jlatlealy (i 3 time 4 (rem

ol gl adleals cas g std_ulogic_vector

5
ot

,‘5- salnal anid iy i 5[::'1{._..._; jll

il e FL:_-H

Needed for "+" with
std_logic_vectors

port ( a.b: in std logic_vector (2 downto 0);
¢, d: in integer range 2 to 15;
ql: out std_logic_vector (2 downto 0);
q2: oul integer range () to 30);

end;

Architecture rtl of ex is
begin

ql <=a + b;

gl <=c +d,
end:

L e oley
Aty gt LB time greal Be sols oo clicsi (g
3

o
3

einteger gl |y, ' iomen g
celo |l ol lasa. std logic vector g 5l o
et A jeen Sl e il puBl o D s
B et ) ogd ciynd Sl sl Sl ol V

,SIJ_LI 3l eolazal il ela gty 5T
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[
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type bit is (0, '1);
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bit ‘left =0
std_logic ‘left="UU"
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Entity ex is
port (a: in std logic:='0"
b,c:in std_logic;
q: out bit);
end;

Architecture behv of ex is
signal 11: std_logic:="1"

I- [mitial Valee

2- Adlribute
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sigrral 12: std_logic:= 'H;
signal i_vect: std_logic_vector(3 dewnto 0):= "00LL";
hegin

il<=a or b:

end;
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signal ab: std_logic_vector(2 downto 0):=5 "001",
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E

cl <= a and b after 10 ns;
¢2 <= transport a and b after 10 ns;
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Architecture rtl of ex is
begin
b<=a;

0 10 | 10+ Idelta | 10+2dela | 20 | 20+ Ldelta | 20+2delta |
(1] 1 | | | O ] o

Architecture rtl of ex is
hegin

Gty

b<=a;
end:
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Architecture rtl of ex is
signal a: std_logic_vector(2 downto (0);
begin I
a<=cand b:
end:
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Architecture rtl of ex is
signal a:std_logic_vector(31 downto 0);
begin

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

end:

oz i cle bea i plail 5l o a lay Jlaie Y

Architecture rtl of ex is
signal a.b: std_logic_vector(4 downto 0);
signal ¢:  std_logic_vector (0 to 1);
begin
a<=(1=> "0, 3=>"l', others=> b(2)); |
b<=(1=>"1", 3=> "0, others=>c(1));
Ca—an
end;

sliren iR olp sladyl Jlaie e pg oS oilband I 4 gepd pliis 4 (1) -F

type mytypeis (T'. R','0", '1");
signal a: mytype;
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Process stutement
When else statement
With select statement
Signal declaration
Block statement
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VHDL Jlsta (gl 25l

e [f-then-else statement
s Case stalement

e Variable declaration
e  Variable assignment
=  Loop statement

L Eeturn statement

. Mull statement

o Wait statcment
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Signal assignment

Declaration of types and constants
Function and procedure calls
Assert statement

After delay

Signal attributes
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Archilecture 1tl of ex s
concurrent declaration pn!!.r‘.[‘
bepin

cotcitrrent VDL

processi...)

sequential declaration part

bewin Process, one conourrent statement
sequential VHDOL

end process;

cancirrent VHDL
end;
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<larget_identifier>:= <sclected_expression>;
<sclected_expression>=

<identifier> [(and ! or ..! xor and ! nor ..)
<identifier >] ;'

e =" 5 M= elilas sl sl L ls JLE L e it o e e i aglis

K bl asS eap IS &y 3.0 VHDL e o K o LR Ll e e G 305 s
20y 20 8 4 gjlee g e 00 a0y (e il (25 S 0 il R
r".'. g ala i l_]!t-:-i.-:.n.l LY !J __r_-ll:-l- _.-l-.'l-..E.q Llil.na:u‘ l.-.k.'-..-.:ll.l B "';".'._..":'— :E_E.'J i_ j,l| _J..L':.:_i 3 ;.:_'L-I-I.d

Il_i J--

3w E.F l._.H.l j1 = d..-u-:.f 'J’_F'L.i" I:.?-l _:,Jﬂ_.r L¥) ‘|.1..‘.|_|. L d”!..'..a h:.lJ}-c."- do CPUT I ul.j:l_ i,.._

variable temp_a, diff: integer_type;
temp_a:=in_lI;
diff:=temp_a - 2;
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I- Variable
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signal temp_a, diff : integer_type:
temp_a <= in_l;
diff <= temp_a - 2;
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temp_a(t) <= in_1(L - AT);
diff(t) <= temp_a(t - AT) - 2;
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process
variable c: std_logic_vector (1 downto (0);
begin
if a=12 then -- Line |

e=="1"%" =Tine?2

if b<=10 then - Line 876

c:i="10% -- Line 2876

end process;

laj o 59 sy 59 gl plas 13 b VYIS 4 el dind 3 Vb o 51 |
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sum! and sum2 are sirnals:
pl:process
begin

wait for 10 ns:

suml<=suml+l;

sum2<=suml+1:
end process;

suml and sum?2 are variables:
pl:process
variable suml, sum2: integer;
begin
wait for 10 ns;
suml:i=suml+I;
sum2:=suml+1:
end process;
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| suml, sum2 = Signals suml., sum2 = Variables
Time Sum 1 | sum 2 I'ime Sum 1 | Sum 2
B 0 0 o 0 0

10 0 0 10 1 2

10 + 1 Jelta 1 1 10 + 1 delta 1 2

20 1 1 20 2 3

20 + 1 delta 2 2 20 + 1 delta 2 &

30 2 2 30 3 4

3 +1della 3 3 30+ 1delta |3 4
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Entity cx is
port (suml_sig, sum2_sig: out integer);
end:

Architecture behv of ril is
hegin
pl: process
variable suml, sum2: integer,
begin
wait for 10 ns;
sum L:=suml+1;
sum2:=suml+1:
sum|_sig<=suml;
sum2_sig<=suma2;
end process:
end:
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Architecture behv of ex is
shared variable v: std_logic_vector (3 downto 0);
begin
pO:process (a.h)
hegin
vi=a & b;
end process;

pl: process (d.v)

begin

if v="0110" then
c<=d;

else
c<=(others=>'0');

end if;

end process;

end;
Job e dazd goamis onos bl VHDL oF gilse fou o ceger (glaise
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The syntax for the process is:
[<process_name=>:] process [(<sensitivity_
[<process_declarative_part=]
hegin
<process_statement_part=
end process [<process_name>],

Syntax (VHDL-93):
[<process_name>:] process [(<sensitivity_

begin

end process [<progess_name>|.

|- Process

A e F

[
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list>)]

list=_] [is]
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begin

wait until clk="0",

c out <=not (a_inand b_in);

d out <= not b_in:
end process sviic_process:
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c_oul <= not (a_in and b_in) after 20 ns;
d out <=not b in after 10 ns;

il Ve olul wod_oul pize ¢ adbali Yo o5lul e out i ad aliy Lt
-:.':'!-**-"l'-"':'.ﬁ,r I.i-;n:l; 3 'IJ, c_out 5 C_Oul dee s ;L-—'I-'..:..I.L """-'_,"_’.‘E";'u"’ J._:._';L'l' (e \_-A.:-u!ln_'lj- ;Ll.-'-T _;l

L = R

8 R S IV SR E B R S P




ullﬁju|;LﬁbﬁHuﬁ-ﬂ)&M§ﬁf\fﬂuLJjﬁi B
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B.in=0
C_out =1 fime=X +20ns
D out =1 time=x +10ns
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I- Combipational Process

2- Clocked Process
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FROCESS
A_in C_out
R e o L 1
E in 0 out
e N D =
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comb_process: process (a_in.b_in)

begin
c_out<=not (a_in and b_in) after 20 ns:
d_outl <= not b_in after 10 ns:

end process comb_process;
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comb_process: process (b_in)

begin
¢ _out <= not (a_in and b_in) after 20 ns;
d_out <=not b_in after 10 ns;

end process comb_process:
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process (a.b,c)
begin

d<=(aand b) orc
end process;
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2- Incomplete Combinational Process
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A_process:process
begin
wait until clk='0";
¢_out <= not (a_in and b_in);
d_out == not b_in after 10 ns:
end process A_process;

B_process:process

begin
wait until clk= '0";
e_out <= not (d_out and ¢_in);
f out <=notc in;

end process B_process;

1= Synchionos
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Entity comp_ex is
port (clk, a_in, b_in, c_in: in  std_logic;
d_out : out sLd_!::Ei::;
¢_out, e_out: out std_logic):

end;

Architecture 11l of comp_ex is

--* internal signal declaration -

begin

I- Componenl
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A_process:process
begin

end process A_process:

B_process:process

besin
end process B_process;
end; i
Mg oo 8 bt ol 4 e ol elo g ol o el plowl cla e laa
el g S0l s
example:process
hegin

wail until clk="1"
dout <= din;
end process example;
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process
variable count: std_logic_vector (1 downto 0):
hegin
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wait until clk="1";
count:=count + 1;
if count="11" then

q="13
else

g<="0"
end il

end process;
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process
begin

waif until clk="L";

il en="l" then

q<=d:

end il

end process:
clk D—{}F helk g q
L=
s JEMar— g
salecy
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clk2<=clk and en;
process
begin
wait until clk2="1"
q==d;
end process;

I
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process (clk resetn)
begin
if reset ='1' then
(<=(others==>'0";
elsif clk'event and clk="'1" then
if en="1' then
Q<=4+ b;
end if;
end il’;
end process:
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Architeeture rif of ex is

signal q: std_logic;
begin

FD1_Bl:process (clk.reset)

hegin

il reset='1' then

q{= Inl:

elsif cllk'event and clk="1"then
if en="1"'then

Q<= . .
end if;
end if;
end process;
gl<=qand...
end;

l.:"_"l'ﬁ' Llya b by 5

-- some boolean expression (B1)

-~ som boolean expression (B2]
e g b oS T ey D 0 Bl o B2 ke Tl
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Syntax:

if <condition> then <sequence_of_statements>

[elsif <condition> then <sequence_of_statements>] . .
[else <sequence_of statements>]

end if;

<conditionz=

<expression> [<relational_operator> <expression=] . . .
<relational_operator==

= = = o= -~ e

i
if sel ='1" then
g <=5
clse
Co= 0}
end if;
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if sel ='l" then

Cic= ey
elsif John = "1001" then

oY
elsif David = John then

Qs e
else

o
end if*
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Entity ex_if is

port (ssel: in std_loge;
a,b,syn: in std_logic:
sout: out std_logic);
end;

Architecture rtl of ex_1f is
begin
process (sscl.syn, a.b)
begin
if ssel='0" and syn="1" then
SoUt==4a;
¢lse
if ssel="1" and syn="0' then
sout<=b;
else
sout<= 0';
end if:
end if;
end process:
end;

Entity ex_if2 is

port {(a.b: in integer;
c: out boolean):

end;

Architeeture rtl of ex_if2 is
begin
pl: process {(a.b)
begin
if a=b then
ge=tre:
¢lse

LES
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c<=false;
end if;
end process;
end;

Case «u)le £-0

scase Sobe Gl ealaml S Ul VHDL (giles 2o o with select jooas 5)lan jaias oyl
LS s S5 VHDL o5 2 ogd 4 35l el

Syntax:
case <exXpression is

when <choice> => <sequence_of_statements>;

when <choice> => <séquence_of_statements:;

[when others => [<sequence_of_statements>] ;]
end case;
<choice> = <choice> [| <choice>[. . .]]
|=or

tJle

Entity case_mux is
port (a,b,sel: in bit;

c: ot bit);
end;

Architecture rtl of case_mux is
begin
pl: process (sel,a.b)
begin
case sel is
when '0' => c<=a;
when 'l' => c<=h;
end case;
end process;
end;
Ss gend pad 33 N,T oma case Shbe o b i cllle 5 Ll 4l
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Entity case_ex2 is
port (a; in integer range 0 to 30;
c: out integer range O to 6);
end;

Architecture rtl of case_ex2 is

hegin
pl: process (a)
begin
cnse i is
when O == b<=3;
when 1| 2=> bh<=2;
when others => b<=0,
end case;

end process:
end:

% gl std_logic &5, ‘_#-L?L;] et e oalz=id Lﬂ‘f-ll_’..la -
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Entity case_e¢x31is

port ( a,bsel: in std_logic;
c out std_logic);

end;

Architecture ril of case_ex3 is
begin
pl: process (sel,a,b)
begin
ase scl is
when '0'=> c<=4;
when others => c¢<=h;
end case;
end process;
end:

s
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Entity case_exd is
port(a: in integer range 0 to 30;
q: out integer range (0 to 6},
end;

Architecture rtl of case_ex4 is
begin
pl: process (a)
begin
case 2 is
when () == q==3;
when | to 17=> qe=i
when 23 downto 18 => g<=06;
when others == q==0;
end case;
end process.
end:

el 8 28 535"ty 8l calpley 858 it 02 F st s gl a8 il
a,lai age gl e
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Entity case_ex5 is
port (a: in sitd_logic_vector(4 downto 0);
q: out std_logic_vector(2 downto {)):
end;

Architecture rtl of case_ex5 is
hegin
pl: process (a)
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hegin
case a is
when "00000" => g<="011";
when "00001" to "11110"=> g<="010"; --Error
when others == g=<="000";
end case;

end process;
end;

integer 2o 5 esle S5 s std_logic vector ol lazl ail (133 5 aa 0 28 cay ad us slis
b glealanll s g waap o integer gaf 5l pale S5 owm e LS agl 0l has
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Entity case_cx0 is
port { a: in std_logic vector (4 downto (0);
q: out std_logic_vector (2 downto 0));
end;

Architecture rtl of case_ex6 is
begin
pl: process (a)
variable int: integer range 0 to 31;
begin
int:=conv_integer(a);
case int is
when ( == gqe= DL
witen 1 ta 30 == g<="010";
when others => q<= "000";
end case;
end process;
end;
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Entity case_ex7 is
port( a,b: in  std_logic_vector (2 downto 0);
q: out std logme_vector (2 downto 0));
end:

Architecture rt] of case_ex7 is
begin
pl: process (a,b)
begin
case a & b is -- Error
when "000000" == g<="011";
when "001110" == g=="010"
when others  => gq<="000";
end case;
end process;
end;
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Architecture rtl of case_ex8 is
begin
pl: process (a,b)
variable int: std_logic_vector(5 downto 0);
hegin
int: =a_& b:
case int is
when "000000" => g<="011";
when "001110" == g<="010";
when others  =>qg<="000";
end case;
end process:
end;

Sl case gl ol 5l estazal g subtype S oS ch e Sas s ol
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Architecture rtl of case_ex9 is
begin
pl: process (a.b)
subtype mytype is std_logic_vector (5 downto 0);
begin
case mytvpe '(a & blis
when "000000" =>q<="011",
when "001110" => g<="010";
when others  => g<="000";
end case:
end process;
end;
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Architecture rtl of ex1 is
begin
pl:process(a)
begin
case a is
when "00"=> ql<="l}
q2==0
q3<=40%
when "10"=> ql<="0}
q2<="1%
q3=="1%
when others => ql<="0
q2=="0;

qSe=il"
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end case;
end process;

end;
Y
Architecture rtl of ex2 is
begin
pl:process(a)
begin
ql<="0"
g2<= 1"
q3=="0"
case a is
when "00"=> qgl<="1}
when "10"=> g2<='1;
g3=="'1%
when others => q3<="1%
end case;
end process;
end;
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Architecture rtl of ex2 is
begin

pl:processiu)

hegin
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ql<="0"

q2<= 0’

q3<= 0

case a is
when "00" => gl<="1"
when "01" => q2<="1";

g3<="l}
when others => null;
end case;
end process;

end;
bl a3 eop I8 @ geian ol 1 Ll o S0 sslind null jmcs 3l als s WUl o
S dalas i dalin
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1. process (a,b)
2. wait until a=1;
3. wail on a.b;
4, wait for 10 ns;

sislas Lok paw g J3l 8550 305 a3 3] emap sl ja wait on ab oole 4zl
; ..LJ_JL"- E&"L;*“ Aol ) o B L’.JJJ.:-L.J WD

Example 1:
Process(a,b)
begin
if a=b then
q=="1};
else
q=="0"
end if;

end process;

Example 2:
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Process
begin
i a=b then
q<="1';
clse
== ‘0"
end if:
wait on a,b;
end process;
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constant period: time := 10 ns;
wait for 2 * penod;

i eSS pa bl e fa adly o T T il
wait on a until b =1 for 10ns:
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wait until & =1’ for 1Dns;
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Example |

process (a)

begin

1- Type left

-
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cl<=nol a;
end process;

Example 2
process
begin
c2<=not a;
wait on a;
end process;

Example 3
process
begin
wait on a;
c3<=nol a;
end process:

Example 4
process
begin
wait until a="'1";
cd<=not a:
end process;

Example 5
process
begin
ch<=not a;
wait until a= 'l' for 10 ns;
end process;
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process
hegin
wait until clk="1";

wait until clk="1"
wait until clk= 1"

end process;
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WL Sl et 2l oS Jlad el b O (wait unnl elk = 1% o Jod | JlE sl
Cradal | day Dl jem os dpgemme dS L35 ol 4w S ol il aglal s i e aalys
Creead jl s WAL 5l frrass i St degemes wmel L ol Sl 5l e wait & le
Bgdomall dil 5 Djpeo & ey iljezio J5 a5 el 5l itied sl g el oudls 4
ol elazl w (end process:) e enge 4 [EESY o e B 1@&}}{,&!.4@ ales |

..3;5' .:u:‘a-|3:- IJ'.‘.‘.'JT

Ijlll_:..: 3 ] .j‘”f.':"" Bt "—E‘.'l Wit ;3;.4.}

ralazol Laprocedure ; laprocess s ] e

et Lafunction s 1 5teslial @ jloa Ll 55

Loop s )le -9

29,3352 VHDL (8 a8l o \le 245 0
e For loop
= While loop

For loop ail> ¥-9-)
Syntax;
[loop_label:] for <identifier= in <discrele_range> loop
sequence_of statement
end loop [loop_label];

L

Entity ex is

port (a,b.c: in  std_logic_vector (4 downto 0);

q: out std_logic_vecior (4 downto 0)):

end;
Architecture ril of cx is
begin

process (a.b,c)

begin

foriinOto 4loop  -- Not allowed to declare the loop index 7',

1= Program Pointer
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if a(i) ="1" then
qi)<=h(i);
else
qli)<=c(i);
end if;
end loop:
end process;
end;

I e q:'j_?";"-": .__i;L:l_n_:_--;-.-.-: e .é‘:,l-JJ- Sadea | et pl 4 Al '._J_n_'n.l'pl .J'-"'i';q Jl..'l..;:.o _‘.......t.a___l_ h:LS:-:l
sl 428 s wile o 28 og ool Ly b e for loop

aeitles calii o 1S5 L dils (S g opl 238 0 sles oo | for loop 42l e i
Bt .:-JS- aalas P e I_Jll.:'l-'i.h I exit &J!l_:..l.'- JI' I_:,l_ILTl_cﬂ- [masl= -L:E.f Ll,J_II B }I'JS_\_ I._l::':-'j-.:* 151_:,.. it o]
] B -C.'Il'ﬁ;':' :_:;'I_:,"."- ""'-'.'331.5'“ ails jgiad B e
: ke
A rchitecture rtl ol ex is
begin
process
hegin
resel loop: loop
q==(others=>"'0").
wait until clk="1";
exit reset loop when resetn="0,

main_loop: loop

wait until clk="1"

exit reset loop when resetn = 0
q<=a+b;

wait until clk="1"

exil reset_loop when resetn = '0°

while en="10" loop
exit reset_loop when resein =0
end loop:

wait until clk="1"%
exit reset_loop when rescin = '0';
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%

g<=b+c;
end loop;
end loop;
end process;
end:

PRt der s Wi hat a) SISl e ledi il 8 ma L a8y Gl
g,k

While loop &l F-3-Y

Synlax:
[loop_label:| while <condition> loop
sequence ol statement
end loop [loop_lable];
bl
process(a.b.resetn)
variable i: integer range 0 to 3 1;
begin
if resent = '0" then
12 =(};
g<=(others=>0"):
else
while g<12 loop
if i=31 then
exit;
else
:=1+1;
q=<=a(i)+b(iHq;
end if;
end loop;
end if;
end process:

ailg?, o bea3 a3 fie a8 olee- ) while loop <3l AleT e w28 s clpaia s Tand

..J-."-"_Jl: ;l..:\_q_._l _'l.-llj.ll'._:,-nJ = _"_:_u _JL“J i Ij}'—l-l-l'd—l-l-':. ;,-\:l
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R T S
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A

i35 & g iz ST gt e ol Aliod T slas a3 Glste gy & (ne 2%
aily oS laf aF 0§ a7 ailgd e WHDL-S3 & faital i, 8 eslanl 3)pa el FLESNY
55,F a g’ o az i 31505 4y g <50 5l e 02 sy 53 ol )

a5 ol 1 asn b colas gt Il gob davsy Bllas b ymsyy g9 (ol 2o
Ha glare 4 VHDL-93 Loy adyl m il ol io)lld 3925 wait for Ons; =34 5%l VHDL
a8 ke 7 e ead il Grgad 4 slesy Lol e Sme gilesdels (glp dnis
05 e gl o5 gledie Linosi g (b sln | b S

ol

Architecture behv of ex is
begin

process

begin

end process;

postponed process(a.b)
begin
if a=b then
q<="1" after 5 ns;
else
q=="1)" after 5 ns;
end if;
erid process;
end;

1- Postpaneid Process
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3 o8 alowil a3l OS5l e il et S e s g 0 LB 80 luie alS

SasS 5 Jpons g 4 s ke s VEIDL (sledun (ol o JUfi sloglts
e i elaglal | w el e ealital b G4l g sl fevent pli ) VHDL
oles sl Mentor Graphies Autologic 1
.-..'-.ZAFG.#

sles by S bl lacsel 5l Gl e a8 ool gledbl edde o plis S,

sotizal |l ad sanS s olaie 4 ‘last_value

3ya] o ay oals o SLaF

Syntax:
<pame> 'attmibuie 1dentfier

258 oLl 150 ylse 4 i en S Jglate sl |

30 adaliod 5 galas, a4 ey el aaly: el b cosge 35) ¢ <signal> “event
A5 L ams e, AL ol

o ladabised (a mlad afnl 4 Az s aled ces ol b e 05 - <signal> “active
AL ams eq, Al oL

Obay asle (1) jo a8 pol 4 azis el ales ooy sl b ocas s A5] 2 <signal> “stable (1)
A boadl salzel Gt ol

siles azly (1) o 4% ol db any wcosls amla ool b e ys byl ¢ <signal> ‘quict (t)
PO R S

pkel | o pad alasl slan g8 305 ploil Ui £g;  SJlad dx -l @ <signal> “transaction
S

sl e sloul plag asly (1) w5l b LS : <signal> ‘delay (1)

8 e pdel slug; a5l Sleg Jlade @ <signal> ‘last_event

delas o pdlel clled oy 2T 1 oLy laze s <signal> ‘last_active

|- Attribuie
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S e pilel L5 STl sl sl <signal> ‘last_value

b yab s slad oo el ) Jlifs 028 : <signal> range

signal a:std_logic_vector(3 downto 0);
for & 'range loop -- range = 3 downto 0

end loop:
R ,._SL;‘,_FE.I '._i;l’l._! sl \_[ILIIJ.F-'!' Lﬂ-l.Q.IL:.J' ::l u.-!tud
S e piel | al ] el s o s oa s <type name> left
auled oo el by anlT o lad 3ol ) Coawn : <type mames> ‘right
S e pilel | ol )T e pleds o) 5.5 5 1 <type name> “high
led e pdlel ] asl | e le Jn ASeaS f<type name> ‘Tow
A e plel 1 eals gliesi gl o Jalo s <type mames ‘length
. i
subtype my_typel is integer range 15 downto U;
subtype my_type? is integer range 0 to 15;

my_typel 'left =15 my._type2 left =0
my_typel ‘right =0 my_type2 'right = 15
my_typel ‘high = 15 my_type2 'high = 15
my_typel Tow =0 my_type2 low =10
my_typel length = 16 my_type2 leneth = 16

oS e kel | aols g5 18 (g jlais ¢ <type name> “suce (data value)
slad, o pilel |y oale £oi 4o A3 laGa S <type name> * pred (data value)
S ea pilel |y eals mgd ol y e L3l t <lype name> ‘rightof (data value)

dglad co p¥el | eals goi vz Zeas 4 s <type name> leftof (data value)

s
type my_typed is (John, Tom, Petra);
type my_type4 is my_type3 range Tom downto John;
my_type3'succ(John) = Tom my_typed'suce(John) = Error

my_typed'pred(John) = Error my_lyped'pred(John) = Tom
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my_type3'rightof{John) = Tom my_typed'rightof(John) = Error
my_type3'leftof(John) = Error my_typed'leftof(John) = Tom

b sl puang 3 )3 el yull yeSLgS (shsuogi E-1Y
S 352y ol i S 0 S S Gl sl b cheg B nir

et ien e 2000 L el et gles
Alt 1: process{clk)
begin
if clk 'event and clk="l" then
q<=d;
end if;
end process;
Alt 2: process (clk) -- Alt 2 is not valid for asynchronous reset
begin
if clk="1"then
g==d:
end if;
end process;
Alt 3: process (clk)
begin
if clk 'event and clk="'1" and clk "last_value= "0 then
q<=d;
end if;
end process;
Alt 4: process
begin
wail until clk="1"
q<=d;
end process:
AlL 5: process
begin
wait until prising (clk); — "prising" is a function
q<=d;
end process:
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SYNUPsys ! Autplogic | | Autologic 2 view logic
Vo aly | = aly aly
Ty als P L -
sy = al il e
T L8y 4L als e aly
B i) i L , al,
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o 1w Kl enigy ad 3 e s SiEe o cplpls el aemy jiles 0 X0 )l

gl semg caele wll aoig Wl ad laie
g, acls ant wites Sely Il dheow ety iz T 5 T ) sl

LFNE ) ags weales SLSH amsd sl yls

FD
clk

—-——> CLK

..'l""'lJl'T.‘ IJ“‘"‘""&J',' 'f—‘l'f JS.J.:I

Sawe a4y JSEa 3o elaglpl Clel aocele Pl ciioai plice 40 g VA0 A chelel 4o

 3ah s e s Sigges e S 33 Yl (ol el
wait until clk’event and ¢clk ="1"; - Not good

ol Jolan 55 i b et

wait until clk =17, -- good
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il o s (clkevent) sas &, JUSes 30 (5 ad b Wait until b5 qal a8l s gl s
Gaaro et Jole i sles a ol Joe jlesbinal ppl gl 00 ST Ly W dgan jlade
LpliS o el db ciy pad Co gl ey nl Gl Alaet wait until ,eion 8 45 Ceud

| EJ; ] Elg_’

= I i - . i

U St 9 0y ) ') E-NT
sl b g S Sy sl pmp Sgline (B 50 OB Gl S oS e sl
als gz il ebs il s el wdl Laegs | ey fodde S o) LA SIS S
83 Ou dales OB L1 5 s Teset o 5les Sogle sonS oS WS A SUis aog

| Ay "‘_.:'3.1 My \}.2-3...:“5& !:-l._-l.:l_':?- e .5'.{:\;_:,.:' \__AJ.I:'-I .Icl.....l_e_..' A¥ -.LIELL'._: __li'fl_]

ugﬁw' and -7
reset SMS posS iy o g il ds (e STl Sl areset oS ek e a
sl ,_5])'-..5 3 ;.Jb ._:35_,5-%--& resel as L'_‘__..J._. oA LRI U] L e 5 QJI-"'." ._:_n-il Bl oa
4y’ il cbhsralaaieal (alt 1y asl s sreset | RIS sl pol sl GBS s el caalae
G e o LSRN DR | R S SR e B T SR e PRS- LR VR PR, &1
il l;ﬂ]i;_q..T resel celylo ol | gy o g 5l s Teset ,5) Sgd ga pleil Coslis S
Synopsys  Jra 2t sla il 2y 28] Sules 5,40 48 Sl G sl Jigas S

e 20 00 ) w50 Sl Altologic 2 o

Alt L:process (clk, reset)
begin
if reset="1' then
data<= "00":
elsif clk 'event and clk="l"then
data<=in data;
end if;
end process;

|- Reset
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it
Alt 2:process
begin
wait until (prising (clk) or resetn="0'");
if resetn="0' then
data<= "00";
else
data<=in_data;
end if,

end process;

i e \_Ji.:.-»] . | ._j.ﬁ_:-L:__q s .;"_‘_—1'-—-— |5!_:|=3 resel gai ou Liisa) ""-"B‘f g3 R

clk >cm q data(1:0)
in_data(1:0) d
resat
reset ]
—> clk g
d
reset
|

(9 Sl Sy Y10 IS

sylyreset b S plate 4 Wil e JuSs S S (ol 0556sT (slih Sl 4l )

dp i Colas g G o | cele G s wsily el i ghelnl el Al S
ozl VY b ) 30t plodl g ) ol b cele (U b 5 S 5 S e agde
e 1 5By n resel aoeal s padas iea (€ Mla] clids; L Ll (s
Ll o oS T b Yl o 5l eatiml gl 25, I8 & O Cld S5 8 STresel gl JUSs

g ol ool ip i 2l
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098 55 Coanng y AT
b ad o ciele Wl o sad reset wls e Jlej i L8 Cnls 8o s S D 50
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falt 1} o pF 8 ol il ans §
LJ.“..a} Sl e '._'FL'h,III}'?l )..5-| ._'.._;Ln._-';- 3y 45 ,;:JLi;.nl lmmnd '“'-"""23: et ._.:""BJ
P 1 G m;_.fl # s tAutologic 2 ¢ Synopsys
Alt 1:process(clk)
hegin
if clk 'event and clk="1' then
il reset="1"'then
data<="00"
clse
data<=not 1n_data;
end il
end if;
end process;

Sl pyitges wooet s culas ViewLogic lawgs a5 pg e Sy ciiagd S s,

Alt 2:process
begin
wait until prising (clk);
if reset="1" then

data<= "00";
else

data<=not in_data;
end if;

end process;

LI e

el GNP It e figaa ) ks dsud
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clk }ulk q data{1:0)
d

In_data{1:0

reset

'zl £-1€

& Jlay gl s ey 5 & gy Sybe VHDL 35 begd ciosd (gl Ysas

; ; : N ey
L .5 o )3 qoutput (g5, » d_input Jaie enable JuS. al Jlad | ssa a € oy
o gy Lug VHDL 5 lagd ob aslys Las g out jads enable JUSw o Jlad 2

.-:':' Jn._ml_l_ """‘jl'_ﬂ:"'-;j“ "c_'n.zl_lLT;'-- (el 2 _,I‘} LY LF_-L-!::JL'.;.I:.-H ey d,}'.‘ﬂ'}l‘i 'd‘.' Pj‘}r "hf"ijlj"n L_llf.uﬂj._l 1._5"':5-_?:
(o slais Sl Il enable 45 e o wl bedl @l g = FOVIOL S [ SN LT B S

..3-3...1
, s
process (enable, d_in)
hegin
if enable="1" then
g<=d_in;
end if’;
end process;
d_in q
Latch
enable
Een
PV e

I- Latch

2 Transparent Latch
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[a)

Architecture rtl of ex is
signal a,b: std_logic_vector (3 downto 0);
begin
process (clk)
begin
if clk="1"and clk'event then
if g(3)/="1" then
(q<=a+b;
end if;
end if;
end process;
end;

(b)

Architecture rtl of ex is
signal a.b: std_logic_vector (3 downto 0);
begin
process (clk)
variable int: std_logic_vector (3 downto 0);
begin
if clk="1"'and clk'event then
if int{3)/="1" then
int:=a+h;
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g<=int;
end if;
end if;
end process:
end;
gt M Cudi sy 13,8 i il oty g (1) —F

s reser Jufw aas asbiial sl s S el el Sl 13 (i)
Tl eeiax ol Coalis cud

reset (glp slaad d ¢ e So reset glp WA alaei de o VHDL o5 o -=Y
¢  Fae] B |
; "I"—"Lfl._.-"d' !-‘a""a"“‘-'"l i !
process (clk , resetn)

hegin
if resetn= '0)' then
ql<="0%
q2<= 04

elsif clk'event and clk="1"then
gl<=aand b;
g2<=c;
end if:
end process;
process (clk)
begin
if clk="1" then
if resetn="0' then
q3=="0}
else
q3<=q2;
end if;
end if;
end process;
T 28 ool 2l olas a3 VHDL 25 —A

Architecture ril of cx is
signal a.b,c.d,e: std_logic_vector (1 downto 0};
begin

process (clk)

V¥ ¥
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%

variable int: std_logic_vector (3 downto 0):

begin
if en="1" then
=0
b<=d;
else
==,
end if;
end process:
end;
A5 =l g Gl s sy b S8 e -1
a:0)
b(1:0) o1 g(1:0)
sal(1:0)
il axla 1y e Sles b oS 5 es
5 v
a0 @ XOR b
i1 a0ORb
L0y a NOR b
I a AND b
others TR
L s Sy o8 lE 4 L)
cise Jamad 5 o FIS s L (1)
when else je=oa S5 o 515 4 L)
LT

FLECE P 5 B S o el o aldf el il el 000 du i ST(iV)

-+

Ddel o ilasalo Wil E L'_Er.ra_._- S ué}j IE

A —
d D | anl:!r'—-l-l—ﬂ o= o<

arl

FD FD

clk P CLE Ji} CL

4]

®og amles 150 Soled gl 3w LB s VIIDL o 5 sladsy 35 51 055 plas (i)
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(1) Architecture rtl of ex is (2) Architecture rtl of ex is

signal il:std_logic:
begin
process
begin
wait until clk="1";
i]1<=d and a;
q2<=il and b;
end process;
end;

(3) Architecture rtl of ex is
signal ql.11,12:std_logic;

begin
Process
hegin
wait until clk="1":
ql<=d;
il<=aand ql;
i2<=il;

q2<=i2 and b;
end process;
end;

(5) Architecture rtl of ex is
signal gql,11,12:s1d_logic;
hegin

Process
begin
wait until clk="1",
ql==d;
12<=11;
end process;
q2<=i2 and b:
i1==ql and a;
end;

signal i1.i2:std_logie;
begin
pProcess
hegin
wait until clk="1";
11<=d and u;
12<=1l;
end process;
q2<=i2 and b;
end;

(4) Architecture rtl of ex is

signal ql,12:std_logic;
begin
Process
begin
wait until clk="1";
ql<=d;
i2<=q] and a;
end process:
q2<=i2 and b;
end;

(6) Architecture rtl of cx is

signal q1.i2:std_logic:
begin
process(clk)
begin
if clk'event and clk='l' then
ql<=d,
i2<=ql and u;
end if;
end process:
q2<=12 and b;
end;

ity ol Tl Shal Caja | (558 slaaS Sy g e (1)
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|- Library
2- Work Library

A= Dhrectory




St ol Sl g 5id S8 33 dunwho | VDL (53gal V-
ﬁ

Aiad oo LS 8 S apgn Jos 4z 2 VHDL LL oS aSal 4 atay 5 sladibsls
dilgi o aoey S gD e 8D dlmlS s lndos 2l 5 s bbas glagladl @l
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Library <library_name=>;
Use <library_name>.<package_name> A LL:

15 ojlaan 5 bt 5 TSHAGRGS 45 cod 0dd faet (slasS s VEIDL o jlat
.Jl_;ln.'l..: J}:_I":-. YVHIDL. ..'l.".:- _I-L' dl.ll.:-;ﬂ_;‘l;j. 5-": |_,""l| -._.!'}'.4"5. '_‘..L'ﬁ.h:-.rﬁ I_Fl_?".’ ﬁTJEJ‘é {.‘..IJIII_:,.;LL! i l® l.__"'JJ':'"'I':‘
& glazoy s wleas aid VHDL LLeS sle (28 (7 Olaie 45 a8 sals glieqd o alg a5
hit gai 5l alwesls s jals s o ls l o std ailoles jo Al fpl ST fe )2 sl pls
«VHDL gladii 4 ol o) Slead ay ol 4o ol o integer o time wcharacter bit_vector
ul'fli:.‘ ‘,LL_J I._LZI,I'." .:\_:lg_u._m :JI,.'-.-:L'._II Alend NI J}I-}JL_-.:—J CVREE L {..'n.:_._".- ﬂ..u.'.':_-lfq ) L
iatllty 23,05 3oy VIDL 35 gl jo 5 iy onl 0557 eoetie sl (s g ol 20,
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Library work;

Library std;

Use std standard. ALL:

a5 ¥l o oal s ans ¥ I 4 g sledi g laailsls ol a3 ax L=
4 std_ulogie std_logic_vector std_logic gai 3l olesals A5el fyae entity 3t 8 VHDL
ot TEEE oot at cul et Loy a5 std_logic 1164 ab a (glatoy ja std_ulngic_vector
Bl ol gyl e dgee jazs 3 o3 gl jastd_logic 1164 e 45 celiilsulss pl g sl ool
entity 3 L3, p3 balas Wb Bz (Ba, o= Awmed A5) gy 15 4 sl (o pul ol 3l alaesla
AULLEL
Library iccc,
Use icee.std_logic 1164 ALL;
entity . . .

- Type

2- Standard Library
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Library project;
Use project.proj _ pack.ALL;

32 Oleteea by ol o w5 3 aS bl g esly elasai dadslipg; als
g o8 4 VHDL o5 clal o Use (s aalaiil b gt cla = b

g Ll wals gleess o o5 5 eli=t s producer JAs function calsh Al aany
Dl ol LSS 2y oo et At S sl «'..nT‘_:,f.u.f..l'

Mrf}ﬂif L

oy iy .

Ly component g liesi ezl s procedure. s fuction cetme ol anaslel sy
Lol oo i oS4 5l 22y cpl ailazd S 1 aalinal 8 jne wien 5] 08 &8 ol (5 T clsh)
L F S o e ool o 1) el Me pn Alie S5 e S entity ik,
entity 45 ol ol 5o Sgls ams e aledl entity 45 ol5 adles Cawys LS e paial 395
T - N | | TR g S St JBas plaS WS ekt

2o azales SRR T Iz A A ol _In.ﬁ':..:‘n P __IG |Lﬂ!u1.n‘q.:-,.: yooazas =
- 3 el e s 23 e HR [l
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- Decliration
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Syntax for a package:

package <package name> is
[exported_subprogram_declarations]
[exported_constant_declarations]
[exported_components|
[exported_type_declarations]
[attribut_declarations]
[attribut_specifications)]

end [<package name>];

package body <package namez> is
lexported_subprogram_bodies]
[internal_subprogram_declarations]
[internal_subprogram_bodies]
[internal_constant_declarations]
[internal_type_declarations]
end [<package name>|;
2 e
Example:
package mypack is
function minimum (a.b:in std_logic_vector)
return std_logic_vector;
- declarations of exported constant and types:
constant maxint: integer := 16#FFFF.
type arithmetic_mode_type is (signed, unsigned):
end mypack;

package body mypack is
function minimum {a,b:in std_logic_vector)
return std_logic_vector is
begin
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if a<b then
return a;
else
return b;
end if;
end minimum:
end mypack:

Syntax for a package (VHDL-93):
package <package name> is

end [package] [<package name>]|;
package body <package name> is

end [package bodv] [<package name=];

-.'1."..'.&] l.l.l_;,g..:.r A L_- 3 ﬂu.:.....lg.-l J.J.JEF a5 k;l.hd:-.-.....! _:-,l eabam .l I_..“:l_:H L']I:_TJ.\& 1_;, Ise 1.5"1':']5- daals
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_'I_!L‘.“_,a
Library ieee;
Library mylib;

Use ieee.std_logic_1164.ALL:
Use mylib.mypack. ALL;

Entity <name> is
port (a: in std_logic;
q: out std_logic;

Sl 0D 0pamd g hLelS mylib GRS o LS 5ipe doy a5 el 28 YL . o

s 3 dS et | mylib wilslS g )08 s ilens B oail azils (S kil 0 sl s

colmdalin gy a IS nag W Zan g0 amsbeas ALL W lond o lil mypack ALL 4 focoeen a8

mimmum b Laas Ve iy gl dabp sy wis LS LS ol o ls sazg At (o AT ol
paS Jleml 8 | ] g e i led e wSl Sl s jee

Use mylib.mypack minimum;
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Library mylib, ieee;
Use mylib.mypack.minimum, ieee.std_logic_I 164 ALL:

Library mylib;

Library ieee;

Use mylib.mypack.minimum;
Use icee.std_logic_1164. ALL;
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In the declaration part of the package:

procedure <procedurc_name>
[ {[object_class] arg_name {, arg_name}:
[mode] type [(index _range [, index_range])];
[ [object_class] arg name {, arg_naje}:
[mode] type [(index_range [, index_range])] })]:

In the package body:

procedure <procedure_name>
[(object_class] arg _name {, arg_name};
[mode] type [(index_range [, index_range])];
{[object_class] arg _name {, arg name}:
[mode] type |(index_range [, index_range])]11)] is
[constant_declarations]
[variable_declarations)
[type_declarations]

hegin

sequence_of_statements
end [<procedure_name>];
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Syntax for procedures (VHDL-93):
procedure <procedure_name> is

end [procedure]| [<procedure_name>|;

L ST Uiy |

procedure ff (signal clk, data :in std_logic:
signal q: out std_logic) is
begin
loop
wait until clk="1";
q <= data;
end loop;
end ff;
: (alzali) ¥ s
Architecture rtl of ex2 is
procedure calc (a,b: in integer;
ave, max: out integer) is -- Default variables
begin
avg=(a+h)/2;
if a=b then
max:=a;
else
max:=b;
end if
end calc;

hegin
cale(dl, d2 . ql. q2); --Error, ql,q2 are not variables
--Concurrent procedure call
process (d3.d4)
variable a,b: integer;
begin
cale(d3, d4 , a, b); -- Good, a and b are variables
- Sequential procedure call
q3<=a;
qd==D;
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end process;
end;

Architecture rtl of ex3 is
procedure calc (a,b:

signal avg

begin
avg<=(a+b)/2;
if a=b then
mMax=-=4;
else
max<=h:
end if:
end calc;

begin
cale(dl,d2,q1,92);
process (d3.d4)
begin
calc(d3.d4,q3,q94);

end process;

end,

in integer;

., max: out integer) is

-~ Concurrent procedure call

-- Sequential procedure call

la function H-Y -Y

Lol e £ 5l ole 2l diles e Lss g eals i |y 0 olad T ails o0 il Ss
do g2 el 00l amia Je g celil £a dz= il 3l (in) (sog,5 Ae )2 SETTH ] St

g dales Sl lais £a0 g (5045

In the declaration part of the package:
function <function_name>
[([object_class] arg_name {, arg_name}:
[IN] type [(index_range [, index_rame])]
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([object_class] arg_name {, arg_name}:
IN] type [(index_range [, index_range|}}})]
return tvpe;

In the package body:

function <function_name>
[([object_class] arg_name {, arg_name|:
[IN] type [(index_range [, index_rame])]
I[object_class] arg_name {, arg_name}:
[IN] type [(index_range [, index_range])] })]

return type is
[constant_declarations]
[varialbe_declarations]
[type_declarations]

hegin
:e;::qucn{:c_uf_staicmems
relurn (cxpression ).

end [<lunction_name>|;

Syntax for functions (VHDL-93):
function <function_name:> 18
end [function | [<function_name>];
._n!.nf.: L3 8 L‘;-:‘..l_-u_u iy ._L._l_.:_T‘_.__.:- L.‘w.,u'l..:-’,.;_,,a._', ({-T -:-f.l-_;ll ,"'-—' :_’:4.-5 4 JE‘J‘_" U.Lm.b
A et oy ol 53 (gla a2 Lwl St A i Sigie gl olllis 1 0 el
ey L
package mypack is
function mux (ab: in std_logic_vector) return
std_logic_veclor;
eni:
package body mypack is
funection max (a, b: in std_logme_veclor] return
std_logic_vector is
begin
il a=b then
return @
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else
return b;
end if;
end;
end;

b ol bsa sl Sn ol asa S s a ly s _amypack At s max il s
2ot oane TS W ] glanl o Use work.mypack ALL

Use work.mypack.ALL;
Entity ex is
port(. . .

end:

Architecture rt] ol ex is

begin
q<=max (d1,d2); -- Concurrent function call
process (data,g)
begin
data_out<=max(data,z); -- Sequential function call

end process;
end;
Syleae i Y Jlis
Architecture rt] of ex2 is
function max (a.b: in std_logic_vector) return
std_logie_vector is
begin
if a>b then
return a.
clse
return b;
end if;
end max;

begin
q<=max(dl.d2}); -- Coneurrent function call
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process{data,g)
begin
data_out<=max(data,g); - Sequential function call
end process;
end;
w1 e
Architecture rt] of ¢x3 is
begin
process(data,g)
function max (a,b: in std_logic_vector) return
std_logic_vector is
begin
if a=b then
return a;
else
return b;
end if;
end max;
begin -- Start of process
data_out<=max(data,g):
end process;

end:

L g3y lon Jabo Wl o a8 4505 o azsgd (clased w ls producer 5 s function 4.5 ‘rh'g.q,:_n

T
S el sl bglog o bl delip s S5 ol oo ol ply ol 0dld fane g
1 s

Library icee;
Use ieee.std_logic 1164.ALL;
Use work.mypack. ALL;

Entity ex is

Port (a.b: in std_logic vector (3 downto 0);
¢,d: in std_logic_vector (5 downto 0);
ql: outstd_logic_vector (3 downto 0);
q2: out std_logic_vector (5 downto 0));
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end;

Architecture rtl of ex is
begin

ql<=max(a,b); - Vector length = 4 bits

q2<=max(c.d); - Vector length = 6 bits
end;
azils return Sbe ppdie Wlad e 25l S0 ol e LS WL sl a8 b cles
wolin bl 281 Lo s ool il cnl sl 50 Laid el ol all a o 0 0ae a0l a5 elazs Lo il
ol cola Il 5l zolaaT lei o 020 e Culas |, (procedure g function) aebug g6 65 2 2o
syl ol isil elgsil o gl return S jle S daid Sl b bl s Siagasee i
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s W seailiase il abea I Tl gas S apdd cdgs gbiag bo iz o
2le 3 return
S e
function max (a,b: in integer) return integer is
variable int: integer,;

begiit
if a=b then
nt:=a; — Store return value
else
int:=b; -- Store return value
end if;
return mnt; — Return value

end max:
a8 o Colaz | return Ole cpoce il gla gl el as
555 st NHIOD se sl ST Lo Bl Loy (lir i pasilaies sl %
o Jae g aillan 3l 5 ol el
<library= . <pakage> . <function=>
e
q <= work. mypack.max (a, b);

(Use library.package ALL) a3 e a (g5ld wil odd ot L5 ool 4zl

W

W Al 2lazyl (2
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L8y pa Yo Cmead’ £ jf slooafs 4 std logic vector s std_logic go 5l glaesls
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Subtype std_logic is resolved std_ulogic;
ot s jlagd ssls coistd logre g 5l R S w JaRe fpans 45 slila

std_logic_1164 axy o abi sl Wl F ap |y polia o] 51 S 20 Tl BETO R L TS
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function resolved (s : std_ulogic vector) return std_ulogic is
variable result : std_ulogic 1= "Z", — wedakest state delault
begin
if (length = 1) then
return s(s'low);
else
for 1 in s'range loop
result ‘= resolution_table (result, s{i));
end loop:
end if;
return result:
end resolved;
constant resolution_table : stdlogic_table :=(

e e L s e i . i I . g ki e e e e i s S e e S W O B [ S I -
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Architecture rtl of ex is

signal a,b: std_logic;
begin -
qeetH's resolution
sl function
a<='d’;
end;

n-.;.'nﬁii,f._u.'i E_.:il.'i g1 aaldieyl O\ e
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Library icee:
Use icee.std_logic_1164 ALL;

Package ex_pack is
function max(a.b: in std_logic_vector) return
std_fogre_vector;
function max(a,b: in vlbit_vector) return vibit_vector;
funection max(a,b: in integer) return integer;
end;

Package body ex_pack is
function max(a.b: in std_logic_vector) return
std_logic_vector is

begin
if a=b then
return a;
else
return b;

end il
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end;
function max(a.b: in vlbit_vector) return vibit_vector is
begin
if a=b then
return a;
else
return b;
end if;
end;
function max(a,b: in integer) return integer is
hegin
il a=b then
return i;
else
return b;
end if’;
end;
end;
s Sl st a35a! gy ga (cus e bl Ly max A P PES B AR (LU ¥
Library icee;
Use ieee.std_logic_ 1164 ALL;
Use work.ex_pack.ALL;

Entity ex is

port (al bl: in std_logic_vector(3 downto 0);
a2 b2: in  vlbit_vector(4 downto O};

a3,b3: in integer;
1: out std logic vector(3 downto 0);
¢2: opul vlbit vector(4 downto 0);
3: oul integer):
end;

Architecture ex_beh of ex is

hegin
cl<=max{al,bl); — Function max (a,b:std_logic_vector)
c2<=max(a2.b2); __ Function max (a,b:vlbit_vector)
c3<=max({ad.b3); -~ Function max (a,b:integer)

end;
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0 [
function "=" (L:std_logic_vector; R:integer) return boolean;
function “>" (L:std_logic_vector; R:integer) return hoolean:
Th LA
Architecture rtl of ex is
signal a,b,c: std_logic_vector(15 downto 0);
begin
process(a.b,c.dl,d2,d3)
begin
if a=12 or c=11 then — Overloaded lunction "=". left side
- std_logic_vector, right side integer
g<=dl;
elsil b=5 then
g<=d2;
else
q<=d3;
end if;
end process;
end;

std_logic_vector 45 | std_logic_unsigned . std_logic signed ai, jo (oql= teee alsbls
plaf a8l @ azei b adles 5 o, 2d L el R ple a wsnls oaals gai SO laze
L signed goi 3l sid_logic_vector (sla,zel L o5l sus  asis VHDL of AT g ] S0
Mgl cedns 3 5 s unsigned
P
Library iece;
Use ieee.std_logic_1164.ALL;
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Use jece.std_logic_unsigned ALL:

Architecture rtl of ex 18
begin

q<=ath; -- unsigned add
end;

Library icee:
Use ieee.std_logic_1164.ALL;

Use ieee.std loeic_signed. ALL;

Architecture rtl of ex is

hegin
qe=a+h; --signed add
end:
) Pey A b sall calizl 5 ea unsigned 4 signed el )b 5o VHDL Ay o e S

ta,8 fes
Library iecee:
Use ieee.std_logic_ 1164, ALL;
Use ieee.std_logic_arith. ALL:

Architecture ril of ex is

begin
ql<=unsigned(a) + unsigned(b), -- unsigned add
q2<=signed(a) + signed(b): —- signed add
end;

std_logic_signed ol sa (Autologicl ¢ SYnopsys =) i ) - [ S
azd iy Lal il gl std_logic arith <y oz § S b Soles 1) std_logic_unsigned
iyt BT

az oyl il sad ealit ] <td_lopic_umsigned 4.y il SbS velpdlia gl a2
auled fafle cudl ligle i a8 550e il L1y aiy oniiTae pal

aals oty Al b o gylop ek il daa caliz.! std_logic_arith 4wy 31 S
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signal a, b : std_logic_vector (3 downto 0):

ql <= unsigned (a) + unsigned (b,

q2 <= unsigned (a} + signed (b);
q3 <= signed (a) + signed (b);

e gl s dogy e oy g

unsigned | signed
unsigned i T S B
signed S e

Ao g ags aalan | iecestd logic_unsigned azo lap s mes el as o lis
%;lu‘ ‘1:_7.4.:.: -.'_.n_:J_ j"l ’+r -:-?lj ,__ELIH-L’:,LJJ.' .Ill kEf'l -_'n._an u}l...q.':'.-l.._l -1_'-1-5,.'1' ""_Jj'-“’ _JJ.E.‘ l.:_ul._:- nh.#.__-u._"e- 1__"'f| ‘JI .J"‘El:'
wdml 2l L] s 5 Lala by Apagleen b ass sy ol (07 ail
e

Use ieee std_logic_unsigned ALL:

signal 4,b,q2:  std_logic_vector(7 downto 0},

signal gl: std_logic_vector(8 downto 0);
ql<=('0" & a) + b — carry (9 bits)
q2<=u+h; -- no carry bit (8 bits)

1 - -
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std_logic <-—-> bit
std_logic_vector <----> bit_vector
std_ulogic <-—---> bit

std_ulogic_vector<----2 bit_wvector
Cieee.std_logic_1164 afes 4o =

function lo_stdlogicvector (s:bit_vector) return
std_logic_vector;

Library icee;
Use icee.std_logic_1164. ALL;

Entity ex is
port ( a.b: in hit_vector (3 downto 0},

q: out std_logic_vector (3 downto 0)):
End;

Architecture rtl of ex is
hegin

g<=to_stdlogicvector(a and b);
end;

ol wgSas Lo ginteger o b std_logic_vector goi 5 s o Jslae cleliows sh So

R ERR AR iece.std_logic_unsigned e hos 20 Sl ozl

function conv_integer (arg: std_logic_vector) return mteger:
funetion conv_std_logic_vector (arg: integer, size of integer)
return std_logic_vector;,
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Entity ex is
- port (a,b,c: in integer range 0 to 15;

q: outstd_logic_vector(3 downto 0));
end;

Architecture rtl of ex is
begin
q<=conv_std_logic_vector(a, 4) when conv_integer (c) = & else

conv_std_logic_vector(b, 4);

end,;

|y a8 ples e pal by ce dales Slls aab g ail std_logic so 3l ls LS. 405 A

P gl 3.0y 5

Entity ex is

port (a,b,c: in  std_logic_vector(3 downto 0);
q:  outstd logic_vector(3 downto 0));

end;

Architecture rtl of ex is
begin

g<=a when conv_integer (¢) = 8 else b;
end;

Eo 3l olweals gl |y =" snd solo cdy b Sl ALy sl il a sl

b g LSl SLles |, VHDL o8 sl e 08 colas inteper o std_logic vector

Entity ex is

port (a,b.c: in std logic_vector(3 downto 0);
q:  outstd_logic_vector(3 downto 0));

end;

Architecture rtl of ex is
begin

g==a when c=8 else b;
end;
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Architecture behv of ex is
begin
a<="01101";
ql<=asll 1: - ql="11010"
g2<=asrl 3; -- 2= "00001"
q3<=arol 2; --q3="10101"
qd<=aror |; — gd="10110"
gy<=asla 2, ~q3="10111"
qb<=asra |, -- gfh="00110"
end;

4= 5 (Autologic? f=u) i o Culami ]y CAS elagailyl i elaglil 290 jaie
S Ca s iy Gl e pley ST B Ll i | bsyailal ol gags il i o Ll 2,
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function shl (arg: std_logic_vector, count: std_logic_vector)
return std_logic vector;
Tunction shr (arg: std_logic_vector, count: std_logic_vector)
return std_logic_ vector;
- shl = Shift left
-- shr = Shift right

iz

:I_'_.I'-.i.-:
ql<=shl (data, "1"); -- Shift on step lefl
q2<= shr (data, "101"); — Shift five step right
q3<= shr (data, count); -- Shift count step right

1
1

Anla s el sl sl solinil 4y o3l a8 Sles slusf 4 | VHDL oS la e 4o

: i albs 4y
Architecture rtl of ex is
signal data: std_logic_vector(7 downto 0);
begin
process (clk, resetn)
hegin
if resetn="0' then
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ql<=(others=>'1");
q2<=(others=>'1"),
elsif clk'event and clk='1" then
-- Shift one step right
ql(6 downto ()<=ql(7 downto 1);
ql(7)==d_in;
— Shift one step left
q2(7 downto 1)<=q2(6 downto 0},
q2(0)<=d_in;
end if;
end process.
end;
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(1)
function f(a,b: in std_logic) return std_logic is
begin
if a'event then
return b;
else




alstd ol lus 5 pha S5 3 s | VHDL (55! W
ﬁ

return a;
end if;
end;
(2) X
function f (signal a,b: std_logic) return sid_logic is
begin
if a'event then
return b:
else
return a:
end il
end,
(3)

function f (constant a,b; in std_logic) return std_logic is
begin
if a'event then

return b;
else
return a;
end if;
end:
(4)
function f (a.b: in std_logic) return std_logic is
begin
wait on a:
return a;
end;
(3)
function f (signal a: in std_logic) return std_logic is
begin
wait on a;
return a;
end:
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Entity mux is

port (d0,dl.sel: in  std_logic;
q: out std_logic);

end;

Architecture struct_mux of mux is
— Component declaration.
component and_copm

port (a,b: in std_logic:
c: out std_logic):
end component;
component or_comp
port (ab: in std_logic;
¢: out std_logic);
end component;
component inv_comp
port (a: in std_logic;
b: out std_logic);
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end component;
signal i1,i2,sel_n: std_logic;

-- Component specification.

for Ul: inv_comp Use Entity work.inv_comp(rtl);

for U2,U3: and_comp Use Entity work.and_comp(rtl);
for U4: or_comp Use Entity work.or_comp(rtl);

begin

- Component instantiation.

Ul i inv_comp port map (sel,sel_n);
U2 : and_comp port map (d0,sel.il);
U3 : and_comp port map (sel_n.d1.i2):
U4 : or_comp port map (i1,12,q);

end;

U2
do— - I
salc— and ua
M
U3 ! or —q
P I sslini e o [ LAl
L= | and

di—

il dauil £ S5

1 = " 2
SIS £33 SO)we 7Y
o=l sl ol al ses wolerld g bl VHDL 2wl 5 5 25 oSl sl
gas o5 pae (£4,2) begin g (g lexs 5 4iny) architecture oole o b5 L0 VHDLL el

I- Component




il

N8 ol Fld 571 (b5 duamaia | VHDL 9ol YA
Syntax:

component <entily_name=>

[generic (<generic_associal ion-=list=):]
port (<port_association-list>);

end component;

Syntax (VHDL-93):

component <enlity_name=

end component [<entity name>];

&

(e P cntity ;s a5 a5k 4] s :L.E._..Ea.h Al I-J“SJ; gl gl S g Port-list

sl a¥el i s entity 538 5 4250 el skl gz oly oo Sl 0ds 23,3
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Entity ex is

port ( a.b: in std_logic_vector(2 downto 0Y;

q: out std_logic vector(2 downto 0)):
end:

Architecture ril of ex is
begin

end:

Entity top_level is
Port (...

ey
end;

Architecture rtl of top_level is
component ¢x -- Component declaration
port (a,b: in std_logic_vector(2 downto (0);
q: out std_logic_vector(2 downto 0));

|- Gencrie Parnmeters
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end component;
begin
end;

araddly llas aaal (entity ex) ex glazd o5 asul L port st e il 55 T
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Architecture bad of top_level is

component ex -- Component declaration
port (b.a: in std_logic_vector(2 downto 0): — Error
q: out std_logic_vector(2 downto 0));

end component;

ot 4 B 1 3 {1 sl
Ao ot u_.':.':-!-_—._, L = = _ff_-u;:.:d.ff;cL_L,_j;h:a;.:Ju‘_:qu 3
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Architecture rtl of top_level is
component ¢l
port (a.b:  in std_logic_vector(2 downto 0);
q: out std_logic_vector(2 downto 0)):

end component;

component ¢2
port (a.b: in std_logic_vector(4 downto 0);
q:  outstd_logic_vector(l downto ()));
end component;

S 2 5a O obaciie £-Y
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Syntax:

For <lable>: <component_name> Use entity
<library> . <entity_name> (<architecture_namec>);

a5 sl ), o LB -nl VHDL J._.J—JJ e Sy KT g soliz ] 22l lb5_,1.....-4!.:._'"- L g lana alas’
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Entity ex2 is -- Component ex2

Port (. ..
iR R
end:

Architecture behv of ex2 is  -- Architecture behv of ex2
hegin

end:
Architecture rtl of ex2 is - Architecture rtl of ex2
hegin

En-:l:l

Entity top_level is

component e¢x2
port (s

A v

end component;

For Ul: ex2 Use entity work.ex2(rtl};

--Use architecture 11l of ex2

begin

end:
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Synlix:
port map (<port_association_list>);

a3 Sle>l 2 top_level oF ;¥ pealas ol (ex3) 43 __f.__.‘.‘_‘.: 3 SR LRRVEL g

Entity ex3 is

port (ab: in std_logic:
q: outstd_logic);

end;

Architecture rtl of ex3 is
begin

end;
Sad Gly=lgtop Jevel S St o il 4 s L (exd) TS sl

Entity top_level is

port (d1,d2 in std_logic;
ql:  outstd_logic);

end;

Architecture rtl of top_level is
component ex3

port (a,b: in std_logic;

q: out std_logic);
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end component:
For Ul: ex3 Use entity work.ex3 (rtl);
begin

LI1: ex3 port map (d1.d2, ql):

end;

Silse sy 935 cn A o5 izl G 0 S ol (o Yy oty e
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Ul : ex3 port map (a =>dl, b=>d2.q=> ql)
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Architecture rtl of top_level is

component ex4

port (ab:  in std_logic;

ql,q2: out sid_logic);

end component;
For Ul: ex4 Use entity work.ex4 (rtl):
begin

Ul: ex4 port map (a=>a, b=>b, ql=>dout, g2=>open);
end;

pl d s B3> PORLMAP ;e 1 edds Lame oy > 45 2y pettlas jloe fpaiomans
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Ul : ex4 port map (a=>a, b=> b, ql => dont);
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Ul : ex4 port map (a. b, d2);
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UL : ex4 port map (a=>a, b=> b, ql => open, 2 => d2);
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Architecture rtl of top_level is
component ex |
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port (a,b: in std_logic;
ql,q2: outstd_logic);
end component;
For Ul: ex] Use entity work.ex4 (rtl);
signal gnd: std_logic:
begin
gnd<='0";
Ul: ex!| port map (a=>gnd, b=>b, gl=>dout, gZ=>d2);
end;

 (pmeall) T Jlie
Architecture bad of top_level is
component ¢x|
port (a,b: in std_logic;
ql.q2: out std_logic);
end component,
For Ul: ex] Use entity work.exd (rth);
hegin
Ul: ex] port map (2=> open, b=>b, ql=dout. q2=>d2);
— Error
end;

- (VHDL-93) ¥

Architecture bad of top_level is
component ex |
port (a,b: in std_logc:
ql.g2: outstd_logic):
end component;
For Ul: ex1 Use entity work.cx4 (rtl);
begin
Ul: ex] port map (2=>'0', b=>b, gl=>dout, q2=>d2);
—- Error (VHDL-87), valid in VHDL-93
end;

wliy ol n cplplis 3yl 29 17 3 0" W e Ll (sl VHDLD3 5 lailesl
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Syntax:

generic map (<generic_values>);
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Entity and_comp is
generic (Tdelay:time:=10 ns;
n:positive:=2);
port (a: in bit_vector(n-1 downto ();
c: out bit);
end;

Architecture and_beh of and_comp is
begin
. pl: process(a)
variable int:bit;
begin
mnt="1"
foriin a'length-1 downto 0 loop
if a(1) =0 then
int=: 0%
end if;
end loop,
c<=int after Tdelay;
end process;
end;

90 bR S e Sy Vs o3b g eagyg Ao band oS 5 g5 S axplis
23,5 Jok pj Sy g gn 1Bl 53 50 b Ans 5 (535
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Entity ex is

port (d1, d2, d3, d4. d5: in bit;
ql.q2: oul bit);

end;

Architecture ex_beh of ex is
component and_comp
generic (Tdelay:time;
n: positive);
port (a: in bit_vector(n-1 downto O}
c: outbit);
end component,
For UL, U2 : and_comp Use entity work.and_comp (and_beh);
begin
Ul: and_comp generic map(n=>2, Tdelay=>8 ns)
port map (a(0)=>dl, a(l)=> d2, c=>ql);
U2: and_comp generic map(n==3, Tdelay=> 12 ns)
port map (a(0)=d3, a(l)=> d4, a(3)==>d5, c=>q2);

end;
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Syntax:
[label:] For <loop_index> <iteration scheme> generate
<lable>: <entity> port map (<port_association_list>);
end generate [lable];
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Sed oa aloxil generate je2ao

: .__JLJ
Entity top is
port (a,b: in std_logic_vector(4 downto 0);
g: out std_logic. vector(4 downto 0));
end;

Architecture ril of top is
component c|
port (a.b: in sid_logic:
q: oul std_logic).
end copmonent;
For Ul: ¢l Use entity work.cl (ril);
begin
c_gen: Foriin 0 to 4 generate
U: ¢l port map (a(i), b(i), g(i)):
end generate ¢_gen;
end;
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Entity mux is
port (ab.cd: in sud_logic_vector(3 downto 0);
sel: in std_logic_vector(l downto 0),
q: out std_logic_vector(3 downto 00));
end.

Architecture behv of mux is
begin
process(a,b.c.d,sel)
variable int: 5td_logic_vector(3 downto 0);
begin
case scl is
when "00" => inl<=a:
when "01" => int<=b;
when "10" => int<=c;
when "11" => int<=d;
when others => int<=(olers=> 'X');
end case;
g<=int after 10 ns;
end process;
end:

|« Configumtion
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Architecture rt] of mux is
begin
process(a,b,c.d,sel)
begin
case sel is
when "0U" => q<=a;
when "01" => gq<=b;
when "10" => g<=¢;
when others => g<=d;
end case;
end process;
end:

- Default configuration for architecture behv
Configuration mux_behv of mux is

For behv

end for;
end mux_behv;

-- Default configuration for architecture rtl
Configuration mux_til of mux is

For rtl

end for:
end mux_rtl;
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Entity ex is

port (a.b: in std_logic:
c: out std_logic);

end;

Architecture behv of ex is
hegin

end:

Entity top_level is
component cl
port (a,b: in std_logic;
c:  out std_logic);
end component;

For U1: ex Use entity work.ex(rnl),

begin
end;

Entity cl is

port (w.b: in std_logic;
c: out std_logic);

end;

Architecture behv of ¢l is
begin

c<=a nor b after 10 ns:
end:

Configuration c!_conf is
For behy
end for;

end;

Entity c2 is
port (a,b: in std_logic;

R g L

- Simple form of
-- configuration

il
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c: out std logic):
end:

Architecture behv of ¢2 is
hegin

c<=q Xor b after 12 ns;
end;

Configuration ¢2_conf is
FFor behv
end for:

end;

Entity top_level is

port (d1,d2,d3; in std_logic:
ql,q2: out std_logic)

end:

Architecture top_behv of top_level is
component cl
port (a, b: in sid_logic;
¢:  out std_logic);
end copmonent;
component ¢2
port (a,b: in std_logic;
c: out std_logic);
end component:
signal il: std_logic:
begin
Ul: ¢l port map (d1, d2, 11);
LU2: ¢2 port map (d3, i1, g2);
ql<=il;
end;

Configuration top_conf is
For top_behv
For Ul: ¢l Use configuration work.cl_conl;
end for;
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For U2: c2 Use configuration work.c2_conf;
end for;
end for;
end top_conf:

gioue S sly w55 45 €2 conf 5 cl_conf 45 15 .. asis top conf gutie So
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Architecture ril of top_level is
component cl
port (a, b: in std_logic;
q: out std_logic),
end component;
For Ul: cl Use entity work.cl(rtl);
begin
Ul: ¢l port map (a,b.q);
end;
: (VHDL-93) s
Architecture il of top_level is
begin
U1: entity work.cl (rtl) port map (a.b,q);
end;
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package mypack is
function minimum (a,b:in std_logic_vector)
return std_logic_vector;
component mycomp!
port (clkresetn,din: in  sid_logic;
ql.q2: out std_logic);
end component;
component mycomp2
port (a,b:in sid_logic:
q:  out std_logic);
end component;
end mypack;

package body mypack is
function minimum (a,b: in std_logic_vector)
return std_logic_vector is
begin
il a<b then
return 4,
else
return b;
end if;
end minimum;
end mypack;

VHDL of slac! > mypack i 0,8 (eaa Lmycomp2 5 mycompl | ¥ 5 2l
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Library icee:

Use icee.std_logic_1 164.ALL:
Use work.mvpack. ALL:
Entity ex is

porl (clk resetn: in std_logic:
dl,d2: out std_logic;
a,b: in std_logic_vector(3 downto 0):
ql.92.93: out std_logic;
qék: out std_logic_vector(3 downto ()
end;

Architecture rtl of ex is

begin
1I1: mvcomnl port map (c¢lk resetn dl.gla?):

12: mycomp 2 dl.d2.q3).
qd<=minimum (a.b);
end;
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Entity cl is
port (ab:in std_logic:
q: out std_logic):
end:
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Entity top is
port (a,b: in std_logic_vector(9 downto 0);
q:  out std_logic_vector(Y downto 0));

end:
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Library iecc;
Use ieee.std_logic_1164. ALL;

Package rom is
constant rom_width:integer:=§,
constant rom_length:integer:=4:
subfyvpe rom_word is std_logic_vector
(rom_width - 1 downte 0);
type rom_table is array (0 to rom_length - 1) of rom_word:
constant rom: rom _table:=rom_table'("00101111",
' "11010000",
011010107,
"TL101101");
end;
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Library icee:

Use icee.std_logic_ 1164 ALL:
Use iece.std_fogic_unsigned ALL:
Use work.rom.ALL:

Entity waveform is

port (addr: in std_logic_vector(l downto 0);
q. oul rom_word):

end;

Architecture testbench of wavelorm is
begin

qe:.—_1'nm{c0nv_imf:gf:r{addrj}: —- Read data from ROM
end:
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Architecture testbench of waveform is
hegin

g<=rom(2); - Read data from ROM
end;
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Process (clk,resetn)
begin
if resetn="0" then
g<=(others=>'0");
elsif clk'event and clk="1" then
if wr="1" then
(<=data;
end il
end if;
end process;
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Architecture ril of RAM4 is
component RAM4x1
port (d,a0,al,we: in std_logic;
q: out std_logic):

end component;
. for Ul: RAM4x1 use Entity work RAM4xI1 (rtl):
-~ Only used for simulation

begin
foriin 0 to 3 generate
RAM_b: RAM4x1 port map (d_ in(i),a0.al,wnite.d_out(1}):

end generate:
end;
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Entity RAM4x1 is

port (d.a0al,we:in std_logic;
q: out std_logic);

end:
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in_model<= '1' after 5 ns,
‘0" after 100 ns,
‘1" after 200 ns,
') after 300 ns + 4 ns;
clk<= not clk after 50 ns:
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signal clk : std_logic :=07;
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Process
begin
in_signall<="1", — Input signals value at reset
in_signal2<="0"
wait until resetn="1";

wait until clk="1";
in_signall<="1";
in_signal2<='0";

wait until clk="1";

in_sienall<="1";

in_signal2<="0";
end process:

shiie S plass d L pal gl e a0 e el L ad (gl e Sas 2, S
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constant period : time := 50ns;
wait for period;

|- State Machine
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constant peniod : time = 50ns:
constant period 2 : time := 2 * perniod;

wait for period 2;
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Processiclk)
begin
assert now < 900 ns
report "stopping simulator (max simulation time 900 ns)"
severity Failure;
end process,
Dol po iiyia V=008 I oy jlua
Process(out_model, in_model)
begin
if out_model=1 and in_model=1 then
assert false
report "The signals out and in are 'l' at the same time”
severily Error;
end process;
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process(out_model, in_model)
begin
if out_model = 1 and in_model = 1 then
test_ok<="0";
end process;
end process;
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Behavioural level: For Ul: Use entity work.my_comp(behv);
RTLVHDL model: For Ul: Use entity work.my_comp(rtl).
Gate level: For Ul: Use entity work.my_comp(gate);
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Library icce;
Use ieee.std_logic_1164.ALL;
Use iece.std_logic_unsigned. ALL;
Lntity my_comp is
port (clk,resetn, d_in: in std_logic;
a,b: in std_logic_vector(2 downto 0);
d_out,en,overflow: out std_logic;
q: out std_logic_vector(2 downto 0));
end;

Architecture rtl of my_comp is
begin
Controller: Block
type state_Lype is (s0.51,52);
signal state:state_type;




ol oS0 (5358 (S8 5 dmwia | VHDL 5391

begin
process(clk.resetn)
begin
if resetn= "0’ then
slate<= s0;
d_out<= "0
cen<="0";
elsif clk'event and clk="1" then
case state is
when s0 == if d_in="1"then
slate<=s51;
end if;
d out<="1%
en<="0";
when s1 => if d_in="0' then
stale<=s2;
end if;
d out<="1";
en<="1";
when 52 => state <= s0;
d_out=="0";
en<="0";
when others => state <= s0;
d_out<="1"
en<="0";
end case;
end il
end process;
end block;

check: Block
signal q_b: std_logic_vector (2 downto 0);
begin
q<=¢q_b:
qb<=a+h
overflow <='1"when ¢_b > 2 else '07
end block;
end;
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Library icee;
Use icce.std_logic_ 1164, ALL;

Entity test_my_comp is
port (d_out.en,overflow: out std_logic;

{: out std_logic_vector(2 downto 0));
end;

Architecture testbench of test_my_comp is
component my_comp
port ( clkresetn,d_in: in std_logic;

a,b: in std_logic_vector(2 downto 0);
d_out.en: out std_logic;
overflow: out std_logic;
q: out std_logic_vector(2 downto 0));
end component;
signal clk: std_logic:="0";
signal resetn; std_logic:="0';
signal d_in: std_logic:
signal a.b: std_logic_vector(2 downto 0);
For Ul:my_comp Use Entity work.my_comp(rtl);

begin
Ul:my_comp port map (clk. resetn, d_in,ab,d_out.en,overflow,q);
clk <= not clk after 50 ns;
resetn <= 'l" after 125 ns;

a .{:= I1”Oﬂll,
"010" after 125 ns,
"100" after 175 ns:

he= 000",
"100" after 125 ns,
"011" after 175 ns:
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process
begin
d_in <=0}
wait until resetn="1"
d_in<="1%
wait until clk="1"
d_in <=0 after 10 ns;
wait; -- Wail for end of simulation
end process;
end:
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Library icce;
Use icee.std_logic_1164.ALL;
Entity test2_my_comp is

port (test_ok: out std_logic:="H’):
end:

Architecture testbench of test2_my_comp is
component my_comp

port (clk.resetn,d_in: in std_logic:
a,b: in std_logic_vector(2 downto 0);
d_out,en,overflow: outstd_logic;
q: out std_logic_vector(2 downto 0));

end component;
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signal clk: sid_logic:= 0"

signal resetn: std_logic:= 0",

signal d_in; std_logic;

signal ab: std_logic_vector(2 downto 0);
signal d_out,en,overflow: std_logic:

signal q: std_logic_vector(2 downto 0);

For Ul:my_comp Use Entity work.my_comp(rtl);

begin
Ul:my_comp port map (clk, resetn,d_in,a,b,d_out.en.averflow,q);
clk <= not clk after 50 ns;
resetn <="l"after 125 ns;

e 000",
"010" after 125 ns,
"100" after 175 ns:

e 000",
"100" after 125 ns,
"011" after 175 ns:

p0: process
begin
wait for 125 ns;
if g/="000" or overflow/="0' then
test_ok<='0"
end if;

wail for 50 ns;

if g/="110" or overflow/='1" then
test_ok<="0"

end if:

wait for 50 ns;
ifg/="111" or overflow/='l" then
test_ok<='0";
end if;
wait;
end process;
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end:

process

begin
d in<='0';
wait until resetn="1";
d in<="l";

wail until clk="1".
d_in<= "0 after 10 ns;
wait;

end process:

pl: process
begin
wait for 30 ns:
if en/= "0 or d_out/="1" then
test_ok<="0"
end if;

wait until resetn="1";

wait until clk="1";

il en/="0" or d_out/="1" then
test_ok<="0";

end if;

wait until clk="1"

wait until clk="1";

if en/="'1" or d_out/="0" then
test_ok<='0;

end if;

wait until clk="1";
if en/="0' or d_out/="0' then
test_ok<="'0"
end if’
wail;
end process;

Y\F
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if en/="0" or d_out/="0" then
test_ok<="0";
assert [alse
report "en/="'0"or d_out/="0""
severity warning;
end il
Y u.ujﬁ
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Library icee;
Use icee.std_logic_1164.ALL;

Entity test3_my_comp is
port (test_ok: out std_logic:= H');
end;

Architecture testbench of test3_my_comp is
component my_comp

port (clk,resetn,d_in: in std_logic;
a.b: in std_logic_vector(2 downto 0);
d_out,en,overflow: out std_logic;
q: out std_logic_vector(2 downto U));

end component;
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signal clk: std_logic:="'0";

signal resetn: std_logic:='0';

signal d_in: std_logic;

signal a,b: std_logic_vector(2 downto 0);
signal d_out,en,overflow: std_logic:

signal std_logic_vector(2 downto 0);

For Ul:my_comp Use Entity work.my_comp(rtl);

begin
Ul:my_comp port map (clk, resetn,d_in,a,b.d_out,en,overflow.q);
clk <= not clk after 50 ns;
resetn <= 'l after 125 ns:

e 000",
"010%after 125 ns,
"100"after 175 ns:

b<= "000",
“100"after 125 ns,
"O11"after 175 ns;

process
begin

wail for 125 ns;

if g/="000" or not g'stable(15 ns) then

test_ok<="0)"

elsif overflow/= "0 or not overflow'stable(15 ns) then
test ok<="0"

end il;

wait for 50 ns;

if g/="110" or not q'stable(15 ns) then
lest ok<="0"

elsifl overflow/="1" or not overflow'stable( 15 ns) then
test_ok<="0"

end if;

wait for 50 ns;
if g/="111" or not q'stable(15 ns) then
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test_ok<='0";
elsif overflow/="1" or not overflow'stable(15 ns) then
test ok<="0";

end if;
wail;
end process;
process
bhegin
d_in<="'0
wait until resetn="1";
d in<="1";

wail until clk="1";
d_in<="0" after 10 ns;

wail;
end process:

process
begin
wait for 30 ns;
if en/="0" or d_out/="1" then
test_ok<="0";
end if;
wait until resetn="1";
wait until clk="1";
if en/="0" or d_out/="1" then
test_ok<="0";
elsil not en’stable(80 ns) or not d_out'stable(80 ns) then
lest_ok<='0";
end if;

wait until clk="1"

wait until clk="1";

if en/="1"or d_out/="0" then
test_ok<="'0"

elsil not en'stable(80 ns) or not d_out'stable(80 ns) then
test_ok<="0";

end il;

YyY.
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wait until clk="1";

if en/="'0)' or d_out/="0" then
test_ok<="0"

elsif not en'stable(80 ns) or not d_out’stable(80 ns) then
test_ok<="0";

end if,

wait,
end process;
end;
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Library icce;
Use ieee.std_logic_1164.ALL;

Entity my_comp is
port(ab: in  std_logic;
10: inoul std_logic;
q: out std_logic);
end;
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Architecture rtl of my_comp is

begin

g<=a and io;

i0<="1'when a="1" and b="0" else 'Z’;
end:
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Architecture ril of my_comp is

begin

io<="H'";

q<=a and io;

io<="1"'when a="1" and b="0" else "Z’;
end;
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Library iece;
Use ieee.std_logic_1164. ALL;

Entity my_comp is
port (a.b: in std_logic;
io: inout  std_logic:='H';
q: out std_logic);
end:
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Library icee;
Use icee.std_logic_I 164.ALL;

Entity th is

port ( io: inout std_logic:
q: out std_logic);

end;

Architecture testbench of th is
begin
i0<="H" - Pull up
a<="0,
'1' after 100 ns,
()" after 50 ns;

he="0),
'1"after 150 ns,
'0" after 50 ns;

10<= "0,
'Z" after 100 ns, — 1o internally driven
‘0 after 50 ns:
end,
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Library icee;
Use icee.std_logic_1164. ALL;

Entity tb2comp is
port { ql,g2: out std_logic),
end;

Architecture testbench of tbZcomp is
component ¢l
port (a.b,dl: in  std_logic,
ql, outl, out2: out std_logic),
end component;

component c2
port (d.e,f: in std_logic;
g2.0ut2: out std_logic);

end component:

For Ul:cl Use entity work.cl(rtl).
For Ul:c2 Use entity work.c2(rtl):

signal ab,c,il,i2,i3: std_logic;
begin
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Ul:cl port map (a,b,i1,q1,12,i3);
UZ2:c2 port map (i2,i3,c,q2,i1);

a<= B
() after 50 ns,
‘1" after 125 ns;
he= 0,

‘1" after 70 ns,
')’ after 125 ns,
‘1" after 225 ns;
G o i
') after 50 ns,
‘1" after 150 ns,
0" after 250 ns;
end;
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Library ieee;
Use ieee.std_logic 1146 ALL;

Package rom is
constant rom_width:integer:=3;
constant rom_length:integer:=10;
subtype rom_word is std_logic_vector(rom_width-1 downto 0);
type rom_table is array (0 to rom_length-1) of rom_word;
constant rom; rom_table:= rom_table'("001",
43 1 U
"011",
"111",
101
"000",
2101°
"001",
"101"%,
"010");
end;

Library icee;

Use icee.std_logic_1146.ALL;
Use iece.std_logic_unsigned. ALL;
Use work.rom. ALL:

Entity waveform is
port ( ql.g2: out std_logic);
end;

Architecture testbench of waveform is
component c3
port (clkresetnab.c: in sid_logic;
ql.g2: out std_logic);
end component,

For Ul:c3 Use entity work.c3(rl);
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signal clk: std_logic:="0";

signal resetn: std_logic;

signal step:std_logic_vector(3 dewnto 0):
signal waves:rom_word;

begin

resein<= '0',
'1' after 25 ns:
clk<=not clk after 50 ns:

process(clk.resetn)
begin
if resetn="0" then
step<=(others=>'0"); -~ Restart the waveform
elsif clk'event and clk="1' then
if step/=rom_length-1 then

step<=step+l; — Increment the waveform
else
step<=(others=>'0"); — Restart the waveform
end if;
end if;
énd process;
waves<=srom{conv_integer (step)): -- Read waveform value from
- ROM

Ul:c3 port map (clk resetn,waves (2), waves (1), waves(0), ql,q2),

end;
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Library ieec:
Use ieee.std_logic_1146.ALL:

Package rom is
constant rom_width:integer:=2,
constant rom_length:integer:=16;
subtype rom_word is stLl_logiu_vecmr{t'om_width—'I downto U);
type rom_table is array (0 to rom_length-1) of rom_word;
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constant rom: rom_table:= rom_table (01",

01",
i) B
o) i
0%
"10",
II]‘:’II1
"01",
012,
01",
noI%,
01,
0] b
I
SO

ad i)

end:

Library iecc;

Use icee.std_logic_1164.ALL:
Use ieec.std_logic_unsigned. ALL;
Use work.rom. ALL:

Entity waveform is

port (clkresetn: in  std_logic;
wiaves: out rom_word):

end:

Architecture testbench of waveform is
signal start_up:std_logic;
signal step:std_logic_vector(3 downto 0);
begin
process(clk, resetn)
begin
il resetn="'0' then

step<=(others=>'0"); -- Restart the waveform

start_up<="'1"
elsif clk'event and clk="1" then
start_up<="0"
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if start_up="0" then -- Delay one clock cycle after reset
if step/=rom_length-1 then
slep<=step+1; — Increment the waveform
else
step<=(others=>'0"); -- Restart the waveform
end if; '
end if;
end if:
end process;
waves<=rom(conv_integer(step)); -- Read waveform from ROM

end:
103,8 jalaia dalip 4o auli pg 5 laa cagd solinal g 5o Sulgd s Syl 51
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e

Library iecec:
Use ieee.std_logic_1146.ALL;

Package rom is
constant rom_width:integer:=2;
constant rom_length:integer:=4;
subtype rom_word is std_logic_vector(rom_width-1 downto O};
type rom_table is array (0 to rom_length-1) of rom_word;
constant rom: rom_table:= rom_table ' ("017,
1] 1‘]“!
01",
L OME
subtype max_cycle is integer range 0 to 15;
type cycle_length_table is array (0 to rom_length-1)
of max_cycle:
constant cycle length: c:ﬁ.’:I:_lcnglh__t:lhle:zx::fc]f:_]cngth_,t:lblﬂ'H.?nS.] )i
end:

Library icee,;
Use icee.std_logic_1164.ALL:
Use icee.std_logic_unsigned. ALL;
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Use work.rom. ALL;

Entity wave_adyv is

port (clkresetn: in std_logic;
WAVES: out rom_word);

end:

Architecture testbench of wave_adv is
signal step:std_logic_vector(3 downto 0);
hegin
process(clk resetn)
variable count:max_cycle;
begin
if resetn="0" then
step<=(0=>"I', others=>'0"); -- step=|
count:=cycle_length(0);
elsif clk'event and clk="'l' then
if count=0 then
count:=cycle_length(conv_integer(step)):
if step/=rom_length-1 then
step<=step+1; -- Increment the waveform
else
step<={others=>'0"); -- Restart the waveform
end if:
end if;
count:=count-1;
end if;
end process;
waves<=rom(conv_integer(step)); -- Read waveform from ROM
end;
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constant rom: rom_table:= rom_table' {("01",
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cycle_length:cycle_length_table:=cycle_lengl h_table'(4,3,8,1);
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read (...)

readline (...)

write (...)

wrteline (...)
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Use std.textio. ALL;
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Library icee;

Use iece.sid_logic_1164. ALL;

Use ieee.sid_logic_arith. ALL;
Jse std.textio.ALL:

Entily text_io is
port ( ql,g2: out sid_logic_vector(2 downto 0));
end;

Architecture testbench of text_io is
component c4
port (clk.resetn: in std_logic;
dl.d2,d3:in std_logic_veclor(3 downto 0);
ql,g2:  out std_logic_vector(2 downto 0));
end component;
signal clk: std_logic:= "0
signal resetn: std_logic:= "0,
signal d1.d2,d3: std_logic_vector(3 downto 0);

For Ul:c4 Use Entity work.c4 (rtl);

begin
Ul:c4 port map (clk,resetn,dl.d2,d3.q1.q2);

clk<=not clk after 30 ns;
resetn<="l"after 125 ns:

process

variable text_line:line:  -- Stores a complete line

variable il:integer; — Used for instimuli for signal dl
variable i2:integer; — Used for instimuli for signal d2
variable i3:integer; — Used for instimuli for signal d3

file my_file: text is in "my_inputs.vec”;  -- File where the input
begin -- stimuli are stored

while not endfile(my_file) loop
readline(my_file text_line); -- Read one line from file
-- my_inputs.vee into text_line
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read (text_line,il); -- Read the first value into 11
dl<=conv_std_logic_vector(il, d1'length);

read(text_line,i2): —- Read the second value into 12
d2<=conv_std_logic_vector(i2,d2'length);

read(text_line,13);
d3<=conv_std_logic_vector(i3,d3length);

wait until clk="1";
end loop:
wail,
end process;
end:

L Al jsj polia cl)lo my_inputs.vec Ll a5 425 o8
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file my_file : textis in “my_inputs.vec”; -- VHDL-87
file my_file : text open read mode is “my_inputs.vec ”; -- VHDL-93

Gl gl wisls g il ens gl el Slee & read-mode o le VHDL-93 o
P8P ehd b e ) a5 b ASME e 4 Gl e s it el e s ol

file my_file : text is “my_inputs.vec”; -- VHDL-93
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Library 1ece;
Use icee.std_logic_1164. ALL;
Use ieee.std_logic_unsigned. ALL:

Entity my_comp is
port (clkresctn,ab:  in std_logic;

c,d: in std_logic_vector(2 downto 0),
ql.q2: out std_logic;
q3: out std_logic_vector(5 downto 0));

end;

Architecture rtl of my_comp is
type state_type is (s0,51,52);
signal state:state_type:
signal g3_b: std_logic_vector(5 downto 0);
q3<=q_b;
q3_b<=c * d;
process (clk.resetn)
begin
if resetn="0" then
state<=s0);
ql<='0";
q2<="1%
elsif clk'event and clk="l" then
case state is
when s0 => il a="1" then
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state<=sl;
end if;
gle="1%
g2<="0;
when sl => if b="0' then
state <=52;
end if;
ql<="0";
fgee=1L":
when s2=> state<=s0;

ql<="0";
q2<="0";
when others=> stute<=s0,
ql=="1"%
q2<="0"
end case;
end if;
end process;

end;
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il a>37 and c<7 then

state <= alarm;

out a<= 0"

out b <="0";

out_analog <= a+b:
else

state <= running;
end if;

1- State Machine
2= Viom INermann
3- Fech
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Entity demo is

port (clk.inl,reset: in std_logic;
putl: . outstd_logic);
end demo;

Architecture moore of demo is
type state_type is (s0,81,52,53): -~ State declaration
signal state: state_type:

begin
demo_process: process(clk,reset) -- Clocked process
begin
if reset = '0' then

state<=sll; - Reset state
elsif clk'event and clk="1" then
case state is
when s0==if inl="1" then
state<=sl;
end if;
when sl== if inl="0 then
state<=s2;
end il
when s2=> if in1="l' then
state<=s3;

end if;
when s3=> if inl= "0’ then
state<=s{);
end if;
end case;
end il:
end process:
ULLLlet_p:p[‘ﬂCEES{M -- Combinational process

begin
case state is
when s0=> outl <= "0000";
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when sl=> outl <="1001":
when §2=> outl <="1100":
when s3=>outl <="1111":
end case;
end process;
end moore;
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g [
lype state_type is (start_state run_state.error_state);
signal state: state_type;
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Entity demo is

port (clk,inl reset: in std_logic:
outl: out std_logzic).

end demo;

Architecture moore of demo is
type state_type is (s0,s1,82,s3); - State declaration
signal current_state, next_state: statc_type:
begin
PO: prucs;ﬁs{smtc.inl]
hegin
case stale is -- Combinational process
when s0==> if in1="l" then
next_state<=sl,
end il
when sl=> if inl="0" then
next_state<=s2;
end if;
when s2=> il inl="l' then
next_state<=s3;
end il’;
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when s3=>if inl= "0 then
next state<=s():

end if:
end case;
end process;
Pl:processiclk.seset) -- Clocked process
begin
if reset ='1" then
state<=s(); -- Reset state

elsif clk'event and clk="1' then
current_state<=next_state;
end il
end process:

P2: process (current_state) -- Combinational process
hegin
case state is
when s0=> outl <= "0000";
when sl=>outl <="1001";

when s2=> out] <="1100";
when s3=> outl <="1111":
end case:

end process;
end moore;

process P1
___f i I_._._
N1 Process | neaxi_ptats process| OUTH
PO P2
Reset ]
current_state
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Entity demo is

by ) g o ) € jaged

port {clk,inl reset: in vlbit;
outl: out vibit_vector(3 downto 0));
end demo;

Architecture moore of demo is
type state_type is array (1 downto 0) of vibit;

constant sO: state_type := "00"; -- State encoding

constant sl; state_type = "01";
constant s2: state_type = "10";
constant s3: state_type :="11"

begin
demo_process: process
begin
wait until prising(clk);
il reset = 'L then
state<=s();
else
if state = s0 then
if inl="1"then
state<=s1;
end if;
elsif state=s1 then
if inl="0" then
state<=s2;
end il’;
elsif state=s2 then
if inl="1l"' then

state <=s3;
end if’;
clse
if inl="0"' then
state<=s0:

end il;
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end if;
end if:
end process;

oulput_p:process(state)
begin
if state=s0 then
outl<="0000";
elsil state=s1 then
outl<="1001":
elsil state=s2 then
outl<="1100";
clse
outl<="1111";
end if;
end process;
end moore;
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Entity demo is
port (clk,inl reset: in std_logic;
outl: out std_logic_vector (3 downto 0)},

end demo;

A rchitecture mealy of demo is
type state_type is (s0,51,52,83);
signal state: state_type;
begin

demo_process: process(clk,reset)
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begin
if reset = '1' then
stale<=s();
else clk'event and clk="1" then
case state is
when sO0==if inl="'1' then

state <= 51
end if;
when s1==>if inl= 0 then
state <= s2:
end if’;
when s2=> if inl='1' then
state <=53:
end if:
when s3=>if inl="0" then
state <= s0;
end if:;
end case;
end if;
end process;

output_p:process(state.inl)
begin
case state is
when s0=> if inl="1' then

outl<="1001";
else

outl<="0000";
end if;

when s1=> if inl="0' then
outl<="1100":

else
outl<="1001";
end if;
when s2=> if inl="1" then
outl==""1111";
else
outl<="1001";

end if;
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when s3==if inl="0" then

outl<="0000";

else
outl<="1111%;

end if;

end case;
end process:
end mealy:
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Architecture mealy of demo is
type state_type is array (1 downto 0) of vibit;
constant s0: state_type = "00";
constant s1: state_type == "01";
constant s2: state_type ;= "10%;
constant s3: state_Lype :="11"
begin
demo_process: process
begin
waitl until prising (clk);
if reset = 'l' then
state<=s0;
else
if state=s0 then
if in1="1" then
state<=sl;
end if;
elsif state=s] then
if inl='0' then
state<=s2;
end if;
elsif state=s2 then
ifin1="1"then
state<= s3;
end if;
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clse
if inl="0' then
state<=sl);
end ifl;
end if:
end if’;

end process:

output_p:process(siate, inl)
hegin
if state=s() then
ifinl="1' then
outl=="1001":
else
outl<= "0000":
end il
elsil state=s1 then
if inl="'0' then
outl<="1100";
else
outl=="1001";
end if;
elsif state=s2 then
ifinl="1' then
outl<="1111";
else
outl=="1100";
end if;
else
if inl="0' then
outl=="0000":
else
outl<="1111":
end if;
end if;
end process:
engd;
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Entity demo is
port (clk.inl,reset: -in std_logic;
outl: out std_logic_vector (1 downto 00));
end demo:
Architecture moore of demo is
type state_type is array (1 downto 0) of std_logic; -- State encoding
constant s(: state_type := "00";
constant s1: state_type := "10";
constant s2: state_type :="11";
constant s3: state_type := "01";
begin
demo_process: processiclk,reset)
begin
if reset = '1' then
state<=sl};
elsif clk'event and clk="1"' then
case state is

i
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when s0=> il inl="l' then
state<=s1;
end if;
when sl=> if inl= "0’ then
state<=52;
end if’
when s2==if inl="1" then
state<=s3;

end if;
when s3==if inl="0" then
state<=s0;
end if;
end case;
end il
end process:
outl<=state: -- Assign state veclor Lo output

end;
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Entity demo is
port (clk,inl reset: in std_logic;
outl: out std_logic);
end demo;

Architecture moore of demo is
type state_type is (s0,51,52,53);
signal state: state type;

begin
demo_process: processiclk,reset)
begin
if reset ='1' then
state<=s0;
outl<=(others=="0");
elsif clk'event and clk='1" then
case state is
when s0=>if inl="1" then
state <= sl;
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end if;
outl<="0000";
when sl=> il inl="0' then
state <= s52;
end if’;
outl<="1001";
when s2=> if inl="1" then
state <= §3;
end if;
outl<="1100";
when s3=> if in1="0' then
state <= s(;

end if;
outl<="1111"
end case;
end if;
end process;

end;
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Entity demo is
port (clk,inl reset: in std_logic;
outl: out std_logic_vector(3 downto 0));
end demo;
Architecture mealy of demo is
type state_type is (s0,51,52,53);
signal state: state_type;

begin
demo_process: process(clk, reset)
begin
if reset ='1" then

state<=s0;
outl<=(others== '0");
elsif clk'event and clk="1" then
case state is
when s0=> if inl="'1' then

state <=sl:
outl<="1001";
else
outl<="0000";
end if;
when sl=> if inl="0' then
state <= §2:

outl<="1100";
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else
outl<="1001%;
end if;
when s2=>if inl="1' then
state <= 53;
outl<="1111";
else
outl<="1100";
end il
when s3=> if in1= 0" then
state <= sl
outl<= "0000";

else
outl<="1111";
end if;
end case:
end il
end process:

end;
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type state_type is (sl, s2. s3);
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Sequential _ Gray One-hot

S0 ="00"; S0="00" S0="0001%;
S1="01": SE="01% sl ="0010"
S2="107; S2="11% 82 ="0100";
o3 =[] S3 =10 S3=""1000":
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Library ieee;
Use iece.std_logic_1164 ALL:

Entity ex is
port (clk,resetn,a: in std_logic;

q: out std_logic),
end,

t el J= el

Architecture altl of ex is
type state_type is (s0,51,52);
signal state: state_type;
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begin
process(clk,resetn)
begin
if reset = '0' then
state<=s();
q<="0";
elsif clk="1"'and clk'event then
case state is
when s0=> state<=sl;
q<="0%
when sl=>if a='l' then
state<=s2;
end il;
q<="1%
when s2=> state<=s0);
q<=0';
end ¢case;
end if:
end process;
end:

Fpgd e el

Architecture alt2 of ex is
type state_type is (s0,51 52);
signal state: state_type;
begin
proess(clk,resetn)
begin
if reset ='0" then
state<=s0,
g<="0";
elsif clk="1" and clk'event then
case state is
when s0=> state<=sl;
ge= 0
when s1=> if a="1' then
state<=s2:
end if;




oilatd oyl (6 rh8 (S8 3 dnsto [ VEIDL (394

===l
when s2=> state<=s();
q<="0"
when others == state<=s();
q=="0%

end case;
end if’
end process;
end;

A rchitecture alt3 of ex is
type state_Lype is (s0,51.82,53);
signal state: statc_type,
begin
proess(cik, reset}
begin
if reset = 0 then
state<=sl);
q=<= 1}
elsif clk="1" and clk'event then
case state is
when s0=> state<=sl;

g<="07;

when sl==if a="l" then

state<=s52:

end if:
g<="1%

when s2=> state<=s0;
q== 0%

when s3 => state<=s0;
g=<="0";

end case;
end if

end process.
end;
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Library ieee;
Use ieee.std_logic_1164 ALL;

Entity mix is
port (clk.resetn,a,b: in std_logic;
ql: out std_logic; -- Mealy output
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g2: out std_logic; -- Moore output
g3: out std_logic; -- S. Mealy output
qd: out std_logic); -- S. Moore output

Architecture trl of mix is
type state_type is (s0,51);
signal state: state_Lype;

begin
process(clk,resetn)
begin
if resetn="0" then
state<=s0);
q3=="0’;
qd=="0"
elsif clk'event and clk="'1' then
case state is
when sO=> if a="1" then
state <= sl;
q3<="0;
else
gq3<="1"
end if;
qd<="1";
when s1=> if b="'l" then
state <=s2:
q3<="1";
else
q3{= ')
end if;
gd=="0",
end case:
end if"

end process;

process(state,a,b)
begin
case stale is
when s0==if a="'1' then
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gl<="03

else
ql="1;

end it
q2<="0";

when sl=>if b="1' then

ql<="1";

¢lsif a= 0 then
ql=="0%

else
gl

end if
q2=="1

end case;
end process:
end;
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Architecture rtl of ex is
constant s0: std_logic_vector(2 downto 0):= "000";
constant s1: std_logic_vector(2 downto 0):="001";
constant s2: sid_logic_vector(2 downto 0):="101";
constant s3: std_logic_vector(2 downto 0):="011";
constant state: std_logic_vector(2 downto 0);
begin
processiclk,resetn)
begin
if resetn= "0 then
state<=s0);
elsif clk'event and clk='1' then
case state is
when s0==>if a="1' then
state<=s1;
end if;
when sl=>if b="1" then
state<=52;
end if;
when s2== if a= '0' then
state<=s3:
end if:

when others => state <= s0:
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end case;
end if;
end process;
a out <= state(1 downto 0}:
end;
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Architecture bad of ex is
type state_type is (s0,51,52,53);
signal state: state_type;
begin
process(clk,resetn)
hegin
if resetn='0' then
state<=s0;
q<=(others=>'0);
elsif clk'event and clk='1" then
case state is
when s0=> if a="l' then
state<=s1;
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q<="1001";
end if;
when s1=> il a="'0' then
state<=s2:
g<="1100";
end if:
when s2=> if a= '0' then
slale<=s3;
q<="1111"
end if;
when s3 => if a="0' then
state<= s0;
q<= "0000";
end if;
end case;
end if?
end process;
end;
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Architecture good of ex is
type state_type is (s0,51,52,83),
signal state: state_type;
begin
process(clk,resetn)
begin
if resetn="0' then
state<=s();
g<=(others=>"0");
elsif clk'event and clk="l" then
case state is
when s0=> if a="l" then
sliule<=sl;
g<="1001";
else
a<= "0000";
end if;
when sl=> if a='0' then
state<=s2:
g<="11007;
else

g<="100"
end if;
when s2=> if a= "0’ then
slale<=s3;
ge<="1111%
else

g<="1100";
end if;
when s3 => if a='0' then
state<=s0;
q<= "0000";

ge=tErlE
end if;
end case;
end if;
end process;
end:
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Library jeee:
Use ieee.std_logic_1164.ALL;

Entity mix is
port (aresetn:  in std_logic;

q: out std_logic_vector (1 downto 0));
end;
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Architecture trl of test is
type state_type is array (1 downto 0) of std_logic;
constant s: state_type:= "00";
constant s1: state_type:i="01";
constant s2: state_type:="11";
constant s3: state_type:="10";
signal state: srate_Lype:
begin
process(resetn,state.a)
begin
if resetn="0' then
state<= sl;
q=="10%
else
case state is
when s0 == il a="l" then
state<=s1;
=10
else
state<=s(;
g=="00%
end if;
when sl == if a="'0' then
state<=s2;
e 11
else
state<=s1;
q<="10";
end if;
when s2 == i a="1' then
state<=53;
q= 101
else
state<=s2;
=111
end if;
when others => if a='0' then
state<=sl);
g<="11%
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else
state<=53:
q<="11"
end if;
end case;
end if;
end process;

end:
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type state_type is (80, S§1, 52, 53, 84});
signal state : state_type;
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Library icee;
Use ieee.std_logic_1164.ALL;
Use ieee.std_logic_unsigned. ALL;

Entity syn is

port (a.b: in std_logic_vector (4 downto 0);
ql.g2: out std_logic),

end; '

Architecture altl of syn is
signal i1,12:std_logic:
begin
il<="'l' when a+b<12 else '0';
i2<="l' when a=10 else '0’;
q2<=il ori;
process(ab)
variable int:integer range 0 to 63;
begin
int:=conv_integer(a);
case int is

when 2|5 => gl<=a(0) and b{0);
when 34 => gl<=a(l) and b(1);
when 1|6 => gl<=a(0)and b(2);
when 8 to 10 => gql<=a(0) and b(3);
when 11 to 24 == ql<=a(0) and b(4);
when others => l<=a(0) xor b(0};
end case;
end process;

end;
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Set_operating_condition BCCOM (best case commerical)
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Sel_max_clock_skew -uncertainty (.6
Set_fix_hold clk |
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Library ieee;
Use icee.std_logic 1164.ALL;

Entity No_pipe is

port (clk.d: in std_logic;
q: out std_logic);

end;

Architecture rtl of No_pipe is
signal a,11,12:std_logic;
begin
process(clk)
begin
if clk'event and clk="1' then

I- Pipeline
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a<=d;
g<=i2;
end if;
end process;
il<='1"when d_in= "[ 100" else '0";
i2<="'1"whenil="'l'and e_in="0101" else '0';
end;
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Architecture rtl of pipe is
signal a.bil.i2:std_logic;
hegin
process(clk)
begin
if clk'event and clk="1" then
a<=d:
be=11
q<=i2;
end if:
end process;
il<='1'when d_in="1100" else '0';
i2<="'1' when b="1'and e_in="0101" else '0';
end;
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Architecture behv of watchdog is
begin
time_out<="'0' when (trig="1' or resetn="0") else
'1' after 10000 ns;
end;
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Architecture il of watchdog is
signal count:std_logic_vector(6t downto 0};
begin
process
begin
if resetn="0' then
count<= (others==>"0");
time out<='0"
elsif clk'event and clk="1" then
if trige="1" then
count<= (others=> '0');
time_out<='0";
elsif count/=100 then
count<=count+l;
ume_out<="0"
else
ume_out<='1";
end if;
end if;
end process;
end;
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Architecture rtl of ex Is
begin
pO:process(clk,resetn)
begin

gl<=. ..
end process;

pd:processiclk.resetn)
begin

qd<=. ..

end process;
end;
VHDL 5 45 58 o Sl g S0 L 68518 0 bty (L3 e pilas jf solain
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Architecture rtl of ex is
begin

p0:process(clk resetn)

begin

gql==...

gd<=...

end process;
end;
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wait for 2*period;
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constant period2 : time := 2*period;

D390 didg dad oyl wiled e VIHDL o8 pol il
wait for period2;
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process(clk resetn,d)
begin
if resetn= U’ then
q{= IDI‘;
elsif clk'event and clk="1"' then
q<=d:
end if;
end process;
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process(clk. resetn)
begin
if resetn= "0 then
g<="0;
elsif clk'event and clk="l' then
q<=d;
end if;
end process;
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6wty s s std_ulogic_vector ¢ std_ulogic & Z |, std_logic_vector ¢ std_logic
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~ process(a,b) \

begin
if a>12 and b<11 then - The most common condition

EEE |

elsif a=13 and b=2 then -- The second commonest condition

end if;
end process;
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Library icce:
Use ieec.std_logic_ 1164 . ALL;

Entity mux is
port (d0,dl.sel: in std_logic;
q: out std_[ogic);
end;
Architecture struct_mux of mux is
component and_comp
port (a,b: in std logic;
c: outstd_logic);
end component;

component or_comp
port (ab: in sid lomc;
¢:  outstd logic):
end component;

component inv_comp

port (a: in std_logic;

b:  out std_logic);

end component;
signal 11,i2,sel_n:std_logic;
For Ul: inv_comp Use Entity work.inv_comp(inv_beh};
For U2,U3: and_comp Use Entity work.and_comp(and_beh):
For U4: or_comp Use Entity work.or_comp(or_beh);
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begin
[J1: inv_comp port map (sel.sel_n);
U2: and_comp port map (d0,selil);
U3: and_comp port map (sel_n,dli2);
U4: or_comp port map (i1.12.q);

end;
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Library icee;
Use ieee.std_logic_1164.ALL;

Entity good is

port(d0.dl sel: in std_logic:
q: out std_logic);

end;

Architecture rtl of good is
begin

q<=(d0 and sel) or (not scl and dl);
end;
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zal and U4
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Architecture ril of ex is

<Declarative part> = Visible in whale architecture
beprin

=[lock name=:Block

<Declarative part> — Visible only within the block
begin

Parallel VHDL commands

end biock <Block_names;

| <Block_name=EBlock

<Declarative part> - Visible only within the block
begin

Farallel VHDL commarnds

I end block =Block_names

end;
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Entity ex is

port (a: in  integer;
clk,resetn,c: in  std_logic;
outl.out?,sell sel2: out std_logic);
end;

Architecture small_ex of ex is
signal bl:std_logic;

begin
addr_dec: Block
begin
process(a)
case a is
when 123=> sell<="1"%
sel2<="0";
bl<="0"
when 130=> sell<="0";
sel2<="1"
bl<="'0":
when others=> sell<="0";
selia= e

Bl<z13
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end case;
end process;
end Block;

State. M:Block
type states is (s0,51); - Internal signal declaration for block State_M
signal state:states;
begin
process(clk.resetn)
begin
if resetn="0" then
state<=s0;
elsif clk'event and clk="1' then
case stale is
when s0 == if bl="l"then

state<=sl,
end if;
when sl => if c="1" then
state<=s0;
end if;
end case;
end if;
end process;
process(state)
begin
case state is
when s0 => outl<="0"
out2<="0";
when sl => outl<="0";
out2<="1";
end case;
end process;
end block;

end;
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2. 1 FAST and time deterministic CPLU and HAsdwar-hased Real-Time kemel
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process
begin
wait until clk ="1";
if push_task_id ="l' then
temp := addum(last_p,onej;
last_p(2 downto 0) <= temp(2 downto 0);
elsif pop_task_id ="1" then
temp := addum(next_p,one);
end if;
next_p(2 downto 0) <= temp(2 downto 0);
end process;
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process(last_pointer, nexi_pointer)

hegin
if last_pointer = next_poiner then
empty <="l"
else
empty <= '0';
end if;

end process;
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- Description of the test program (assembler) --

begin INIT_TASK
ACTIVATE(TASK_1,PR_0);
STARTADDRESS(20H);
ACTIVATE(TASK_2,PR_1};
STARTADDRESS(40H);
ACTIVATE(TASK_3, PR_0);
STARTADDRESS{G0H);
TERMINATE;

end INIT TASK;

begin TASK_|1

start: DELAY (16 cpu_clocks);
IMP start;

end TASK _1;
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begin TASK_2

start: DELAY (16 cpu_clocks);
JMP start;

end TASK 2;

begin TASK_3

start: DELAY (16 cpu_clocks):
JMP start:

end TASK_3;

-
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The following references describe FASTCHART:

|
Lindh, L. and F. Stanischewski (1991) ‘FASTCHART - a fast time deterministic CPU and
hardware based real-time-kemel', JEEE Real-Time Warkshap, Paris, 12-14 June.

Lindh, L. and F. Stanischewski {1991) 'A design of a real-time unil in hardware’, Svemska
Nationella Arbetsgruppen i Realiid - SNART, Uppsala, 19-20 August.

Lindh, L. and F. Stanischewski (1991) 'FASTCHART - idea and implementation’, JEEE
International Conference on Computer Design (ICCD), Cambridge, Mass., 14-16 October.

Maore information on rapid prototyping can be found in the following article:

Lindh, L., K.D. Mtller-Glaser and H. Rauch (1993) 'Rapid prototyping with YHDL and
FPGAS', Lecture Notes in Computer Science no. 703, Springer-Verlag.
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int <=aand b and ¢;
q <= int or d;
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Library icee;
Use ieee.std_logic [164.ALL;

Entity ex| is

port (abec,d:  in  std_logic:
a: out  sid logic);

end;

LS S lee aing A5l Zalb o iF e L aeliy g jlesa

Architecture sig of ex1 is
signal int:std_logic:
begin
process(a,b,c.d.int)
begin
int<=a and b and c;
g<= int and d;
end process;
end;
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Architecture var of ex1 is
begin
process(a,b,c,d)
variable int:std_logic;
begin
int:=a and b and c;

g<=int and d;
end process;
end;
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Library ieee;
Use icee.std_logic_1 164 ALL:

Entity ex2 is

port (clkl, clkZ, resetn, din,en: in std_logic;
q: out sud_logic):

end;

Architecture bad of ex2 is
begin
process(clkl, resetn)
begin
if resetn= "0’ then
gq<="0%
elsif and clk2="1' then
if en="1" then
g<=din:
end if;
end if;
end process;
end;
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: (i) Jl
Library icee;
Use iece.std_logic_1164.ALL;

Entity ex3 is

port (clkl, resetn, dinl: in std_logic;
ql: buffer std_logic;
qQ2: out std_logic);

end;

Architecture buf of ex3a is
begin
process(clk, resetn)
begin
il resetn="0' then
gl=="0"
q2<="0";
elsif clk'event and clk="1l" then
ql<=dinl;
q2<=ql; — Reading signal ql
end if’
end process;
end;
: (ks Sadly JUSy i
Library icee;
Use ieee.std_logic_1164 ALL;

Entity ex3bis
port (clk, resetn, dinl: in std_logic;
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ql: out std_logic;
q2: out std_logic);

end;

Architecture buf of ex3b is
signal g1_b: std_logic: -- The "dummy signal”
begin
ql<=gl_b;
process (clk, resetn)
begin
if resetn="0" then
ql_b<="0};
q2<= "0
elsif clk'event and clk="l1" then
ql_b<=dinl;
q2<=gl b;
end if;
end process;
end;
: (driving_value 4 VHDL-93)  Jlta
Library ieee;
Use ieee.std_logic_1164.ALL;

Entity ex3c is
port (clk, resetn, dinl: in  std_logic;

gl: out std_logic;
q2: out std_logic);

end;

Architecture bufl of ex3c¢ is
begin
process (clk, resetn)
begin
if resetn="0' then
ql<="0%
q2<="'0%
elsif clk'event and clk="1" then
ql<=dinl:

TYA
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g2<= ql'driving_value;
end if:
end process;
end;
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Library icce;

Use ieee.std_logic_1164.ALL;
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Entity top_level is

port (clk resetn.dinl, din2; in std_logic;
1, dout: out std_logic);

end;

Architecture bad of top_level is
component ex3a

port ( clkresetndinl: in std_logic;
al: buffer std_logic;
q2: out std_logic);

end component;
component cl

porti...

end component;

signal i1: std_logic;

For Ul: ex3a Use entity work.ex3a(buf);

For U2: ¢l Use entity work.cL(rtl);

begin
Ul: ex3a port map (clkresten.dinl,gl.il); - Error
U2: ¢l port map (il.din2.dout);

end,
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signal a : std_logic_vector (0 to 3);
signal a : std_logic_vector (3 downto 0); --Recommended
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Architecture bad is
begin
process(a,b)
begin
if a=b then
q<="04
elsif a<b then
q{= Ill:_
end if;
end process;
end;
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Architecture good is
begin
process(a,b)
begin
if a>b then
g<="0%
elsk
g<="14
end if;
end process;
end;
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Library icece;
Use icee.std_logic_1164.ALL;
Use icee.std_logic_unsigned ALL;

Entity addl is

port (a,b.cin; in std_logic;
ql, dout: out std_logic);

end;

Architecture rtl of add] is
signal s: std_logic_vector (1 downto 0);
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begin
s<=("0" & a)+b+cin;
sum<=s(0);
cout<=s(1);

end:
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s <= unsigned (0" & a) + unsigned (b) + cin;
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Library ieee;
Use ieee.sid_logic_1164.ALL;
Use ieee.std_logic_unsigned ALL;

Entity adds is

port (ab: in  std_logic_vector(7 downto 0);
cin: in  std_logic;
sum: out std_logic_vector(7 downto 0);
cout: out  std_logic):

end;
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Architecture rtl of adds is
signal s: std_logic_vector(8 downto 0);
begin
s<=('0" & a)+b+cin;
sum<=s(7 downto 0);
cout<=s(8);
end;
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Library icee;
Use icee.std_logic_1164.ALL;
Use icee.std_logic_unsigned. ALL;

Entity g_dd is

generic (N: positive:=4),

port (a,b: in  std_logic_vector (N-1 downto 0):
cin: in  std_logic;
sum: out std_logic_vector (N-1 downto 0);
cout: out std_logic);

end;

Architecture rtl of g dd is
signal s:std_logic_vector (N-1 downto 0);
begin
s<=("0" & a)}+b+cin;
sum<=s(N-1 downto 0);
cout<=s(N);
end;
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Library iece,

Use icce.std_logic_1164.ALL;
Use ieee.std_logic_unsigned. ALL;

Entity add_sub is
port (add_subn: in  std_logic;
a.b: in  std_logic_vector(3 downto 0);
q: out std_logic_vector(4 downto 0));
end;

Architecture rtl of add_sub is
begin
process(a,b,add_subn)
begin
if add_subn="1" then
q<=('0' & a) + b;
else
q<=('0' & a) - b;
end il
end process;
end;
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Library icce;
Use icee.std_logic_1164.ALL;
Use iece.std_logic_unsigned ALL;
Entity v_mult is
port (a,b: in  std_logic_vector(3 downto 0);
O out std_logic_vector(7 downto 0));

end;

Architecture rtl of v_mult is
begin

c<=a*b;
end:




YAl Ln.'-.nl_, ﬁﬂiﬁfljbﬂ u.;LQJLi.n.,,,.M_,:L;Ju.a

T‘x
i
S
E
C
-
5
L

il RO

el oS 5 101 et
Kb ST il 1OV

g3 el Rme O wlio S1ndl o 50 45 o 51 o 18T
af eiliaa flay el s s YL e ol sl s 25y Lt A8 i slalsl
|, VHDL 45 &l 025 salic oYk gl Gl pealemy S1ws S e ], als Silai e o Ll
o Saan 5l abicd S o L baslo a8 Sl pal ales 5] 2 Syl S gl st e ol 4

| PR SRR TRL S L

Library icee;
Use ieee.std_logic 1164 ALL:
Use ieee.std_logic_unsigned ALL:
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Entity share is

port (a,b,cd: in std logic_vector(4 downto 0);
sel: in std_logic;
a: out. std_logic_vector(4 downto 0));
end;

Architecture rtl of share is
begin
process(a.b,c.d,sel)
begin
if sel="'0)' then
q~r:::13.+b;
else
q<=c+d;
end if;
end process:
end;
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Library icee;
Use ieee.std_logic_1164.ALL;
Use ieec.std_| ngic“unﬂignﬁd-ALL;

Entity share is

port (a,b.c.d: in  std_logic_vector(4 downto 0);
ql.g2: out std_logic_vector(4 downto 0));

end;

Architecture rtl of share is
begin
ql<=a+b;
q2<=c+d;
end;
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Library icee;
Use iece.std_logic_ 1164 ALL;
Use i¢ee.std_logic_unsigned ALL;

Entity comp is

port (a,b: in  std_logic_vector(2 downto 0);
sel_f: in  std_logic_vector(1 downto 0);
q: out boolean);

end;

Architecture rtl of comp is
begin
process(sel_f,a,b)
begin
case sel fis
when "00" => q <= a=h;
when "01" => (] <= a<b;
when "10" =>q<=a>h;
when others =>q <= false;
end case;
end process;
end;

w015 aala L TA T A L R B e

i

e : : -‘.,J_' L
o R —Heor—
N N g | B D
= OEe P
5% _E_Ilili:?ﬁ =T

ouiSdiuilia V8-V Jsub




OV ol Sl (550 Sy dusowa | VHIDL Pl ¥aF

Ly ) 053 9 Loy puassly, Lo 1O~

5y 495 Sy lla 18-0-)

sy ilitee (Slamugyy 3 S 93 Sl Al S ooy sl SFLS sled)

a8 L L g with-select =l b L g case jatws g if-then-else ;g 3 salinal L alea- 5l als

oS3 L a wi! when-else JLala 5l aslinal S e algaday Lo as g o5 ksle VHDL

L iz 3l o 5 Jlagi ol dr g dpr o8 o glall S0 oSy 4 g0 Sy

irey when-clse Jala b las S5 43 il il e ol oed e Leli 1, VEADL e
e sl il gl (T pailss g et g 0

Library icee;
Use iece.std_logic_1164.ALL;

Entity mux2 is

port (a,bsel: in std_logic;
q: out std_logic);

end;

Architecture ril of mux2 is
begin

c<=a when sel="0" else b;
end;
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Library ieee;
Use icee.std_logic_1104. ALL;
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Entity mux8 is

port (a,bc,def,gh: in sid _logic;
sel: in  std_logic_vector(2 downto 0);
q: out std_logic);

end;

Architecture rtl of mux8 is

begin
process(a,b.c.d.e.f,g h.sel)
begin
case sel is
when "000" => q<=4a;
when "001" => q<=b;
when "010" => q<=C;
when "011" => q<=d,
when "100" = g<=e;
when "101" => q<=f;
when "110" = <=g;
when others => gq<=h;
end case;
end process;
end;
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Library iccc,
Use ieee.std_logic_1164.ALL;
Use iece.std_logic_unsigned. ALL;

Entity decoder is
port (a,b,c,gl.g2 n: in std_logic;

tn; out std_logic_vector (7 downto 0));
end;

Architecture rtl of decoder is
begin
process (a,b,c,gl,g2_n)
begin
y_n<=(others=>"1");
if g1="1"and g2_n="0" then
y_n(conv_iateger (c & b & a))<="0'
end if:
end process;
end:
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Library iece;
Use icee.std_logic_1164.ALL.;

Entity d_mem is

port (clk,resetin,d_in: in std_logic;
d_out: out std_logic),

end;

Architecture rtl of d_mem is

begin
process (clk, resetn)
begin
if resetn= 0" then
d_out<="0"
elsif clk'event and clk='1' then
d_out<=d in:
end il
end process;
end;
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Library ieee;
Use icee.std_logic_1164.ALL:
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Entity d_mem is

port (clkresetin,d_in: in std_logic;
d_out: out std_logic);

end;

Architecture rtl of d_mem is
begin
process (clk)
hegin
if clk'event and clk="1" then
if resetn="0' then
d_out<="0;
else
d_out<=d_in;
end if’;
end if;
end process;
end;
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Library iece;
Use icee.std_logic_1164.ALL;

Entity d_mem 15

port (clk,resetin,presetn.d_in: in std_logic:
d_out: oul std_logic);

end;

Architecture rtl of d_mem is
begin
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process (clk,resetn,presetn)
begin
if resen='0' then
d_out<="0";
elsif clk'event and clk="1' then
d_out<=d_in;
end if;
end process;
end;
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Library ieee;
Use iece.std_logic_1164.ALL;

Entity d_mem is
port (clk,resetinen:  in  std_logic;
d_in: in std_logic_vector (7 downto 0);
d_out: out std_logic_vector (7 downto 0));
end;

Architecture rtl of d mem is
begin
process (clk,resetn)
begin
il resen='0' then
d_out<=(others=>'0");
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elsif clk'event and clk="1" then
if en="1" then
d_out<=d_in;
end if;
end if’;
end process,
end;
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Entity puls_g is
port (din,pos_negn.clk,resetin: in std_logic;

puls: out std_logic);
end;

Architecture ril of puls_g is
signal din2:std_logic;

begin
process (clk,resetn)
begin
if resen="0" then
din2<="0";
puls<='0',
elsif clk'event and clk='1" then
din2<=din;
if din=pos_negn and din2=not pos_negn then
puls<="1";
else
puls<='0";
end if;
end if;
end process;
end;
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Library ieee;

Use iece.std_logic_1164.ALL;
Use ieee.std_logic_unsigned. ALL;

Entity count3 is

port (clk,resetin,count_en: in std_logic;
Sums: out std_logic_vector(2 downto 0);
cout: out std_logic);

end;

Architecture rtl of count3 is
signal count:std_logic_vector(2 downto 0);
begin
process (clk.resetn)
begin
if resetn="0' then
count<=(others=>'0");
elsif clk'event and clk="l' then
if count_en="1" then
count<=count+l:
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end if; s
end if:
end process;
SUMmM==count;
cout<='1" when count=7 and count_en='l" else 0)';
end;

Architecture rtl of count3 is
signal count:std_logic_vector(2 downto 0);

begin
process (clk resetn)
begin
if resetn="0" then
count<=(others=>'0'");
elsif clk'event and clk="1" then
if count_en="1"then
if count/=7 then
count<=count+1;
else
count==(others=="0"):
end if;
end if;
end if;
end process;
sum==count;
cout<='l"' when count=7 and count_en='1" else '0":
end;
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Library icee;
Use ieec.std_logic_1164. ALL;
Use iece.std_logic_unsigned ALL;

Entity up_down is

port (clk resetn: in std_logic;
count_en,up; in std_logic:
SUM: out std_logic_ vector(2 downto 0);
cout: out std_logic);

end,

Architecture rtl of up_down is
signal count:std_logic_vector(2 downto 0);
begin
process (clk resetn)
hegin
if resetn="0' then
count<=(others=='0');
elsif clk'event and clk="1" then
if count_en='l' then

case up is
when '’ == count<=count+1;
when others == count<=count-1;
end case;
end if;
end if;

end process;
sum<=count;
cout<='1" when count_en='1"and ({up="1"' and count=7} or
(up="0' and count=0)) else '0’;
end:
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Library icce;
Use ieee.std_logic_1164.ALL;
Use icee.std_logic_unsigned ALL;

Entity count_par is

generic (N:positive:=3);

port (clkresetin: in sid_logic;
count_en: in std_logic;
load,up: in std_logic;
data_in;  in std_logic_vector(N-1 downto 0);
sum: out std_logic_vector(N-1 downto 0);
cout: out std_logic),

end,;

Architecture rtl of count_par is
signal count:std_logic_vector(N-1 downto 0);
begin
process(clk,resetn)
begin
if reset_n="0' then
count<=({others<="0");
elsif clk'event and clk='1" then
if load="1" then
count<=data_in;
elsif count_en='1' then
case up is
when 'I” => count<=count+1;
when others => count<=count-1;
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end case;
end if:
end if;
end process;

sum<=count;
cout<="1' when count_cn='1' and ((up="1' and -:nunt-{'?‘*h} 1) or
(up="0' and count=0)) else 07
end:
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Library ieee;
Use ieee.std_logic_1 164 ALL;
Use ieee.std_logic_unsigned ALL;

Entity shift_ris
port (clk,resetn: in std_logic;

d_in: in std_logic;

shift_en: in std_logic;

shift_out: out std_logic_vector(3 downto 0);
end;

Architecture rtl of shift_r is
signal shift_reg:std_logic_vector(3 downto U):
begin
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process (clk,resetn)
begin
if resetn='0" then
shift_reg<=(others=>"0");
elsif clk'event and clk='1' then
il shift_en="1" then
shift_reg<=shl(shift_reg, '1');
shift_reg(0)<=d_in;
end if;
end if;
end process;
shift_out<=shift_reg;
end:
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Library icee;
Use icee.std_logic 1164.ALL;
Use ieee.std_logic_unsigned. ALL;

Entity shift_p is

port (clk,resetin: in std_logic;
shift_en,Joad: in std_logic;
d_in: in std_logic_vector (3 downto 0);
shift_out: out std_logic);

end;
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Architecture rtl of shift_p is
signal shift_reg:std_logic_vector(3 downto 0);
begin j
process (clk,resetn)
begin
if resetn="'0' then
shift_reg<=(others=>'0");
elsif ¢lk'event and clk='l" then
if load="1" then
shift_reg<=d_in;
elsif shift_en='l' then
shift_reg<=shl(shift_reg, '1');
shift_reg(0)<="0';
end if;,
end if;
end process;
shift_out<=shift_reg(3);
end;
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if (d_in(N-2) + d_in(N-1) + d_in(N)) > =2 then
d filter="1"
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Library icee;
Use icee.std_logic_1164.ALL:
Use iece.std_logic_unsigned ALL;

Entity majority is
port (clk,resetin: in std_logic;
d_in: in std_logic_vector (3 downto 0);
d_filter:  outstd_logic_vector (3 downto 0));
end;

Architecture rtl of majority is
Lype array_4 is array (3 downto 0) of std_logic_vector(2 downto 0);
signal shift_data: array_4;
signal d_filter_i:std_logic_vector(3 downto 0);
begin
process (clk,resein)
begin
if resetn="0' then
foriin0to 3 loop
shift_data(i)<=shl(shift_data(i),'1");
shift_dara(i)(0)==d_in(i);
end loop;
end if;
end process;

process(shift_data)
tvpe array_42 is array (3 downto 0) of std_logic_vector (1downto 0);
variable count: array_42;
begin
fori inOto 3 loop
count(i):=shift_data(i)(2) + ('0' & shift_data(i)( 1))+
shift_data(1)(0);
if cont(i)>=2 then
d_filter_i(i)<="1";
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else
d_filter_i(i)<='0";
end if;
end loop;
end process;

process(clk,resetn)
begin
if resetn="0" then
d_filter<=(others=>'0");
elsif clk'event and clk='1' then
d_filtre=d_filter_i:

end il
end process;
end;
] Bl 2 ul.._"u 14-Y- Jf_"a 39 Azl
!TID‘—[— - 2 ; |_
T - : 1 I'L A LA
i I i . D‘ [ —Tieri
=] =] : &l
] ] | 1,
e |
[=a v i
1~ |-
P = _PJH
“Plavar Plenir "
L . = TR
I I 2
" T &
(st || =T
D_ @ L_.:.:_"" =
=T e [ 15 [ ] | |
ok e ] 1 3

CHEREL P

$3938 342 ooniSdualis Jhuasy LS S Fikes 4355 10T JS




i lecal, OlS 3 =15k 5l olls: paoil | Lad
W

60939 4 Srez Jluzmd yild 10-)e-Y
a2 B LYL Ob 4V oone b I3 sdjlet o Jly b o5 2L6 yo lnsos e
g pez Jeceilat albd in ="1" aF ey g anS e pas a3boea, 0 Ales oL Gb
a3 ga plmil |, &8 lac albd in="0" & Sl
Library icce;
Use iece.std_logic_1 164.ALL;
Use ieee.std_logic_unsigned ALL;

Entity add_filter is
port (clkresetin: in  std_logic;
d_in: in std_logic_vector (3 downto 0);
d_filtr; out std_logic_vector (3 downto 0));
end;

Architecture rtl of add_filter is
type array_4 is array (3 downto 0) of std_logic_vector(1 downto 0);
signal count: array_4;
begin
process (clk,resetn)
begin
if resetn="0' then
foriin 0 to 3 loop
count(i)<=(others=>'0");
end loop;
elsif clk'event and clk="1" then
foriin 0 to 3 loop
if d_in(i)="1"'and count(i)/=3 then
count<=couni+|;
elsif d_in(1) ='0' and count(i)/=() then
count<=count-1;
end if’;
end loop;
end if:
end process;

processiclk,resetn)
begin
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if resetn="0' then

d_filtre=(others=>'0");

elsif clk'event and clk="1" then
fori in0Oto 3 loop

if cont(i}=3 then

d_fltr()=="1";

elsif count(i)=0 then

end if;
end loop;

end if;
end process;

end if;

d_filtr(i)<= 0"
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Library ieee;
Use iece.std_logic_1164.ALL;
Use ieee.std_logic_unsigned ALL;

Entity div3 is

port (clk,resetin: in std_logic;
clk3: out std_logic);

end;

Architecture rtl of dav3 is
signal count:std_logic_vector(l downto 0);

begin
process (clk,resetn)
begin
if resetn= "' then

count<=(others=>'0");
elsif clk'event and clk="1" then
if count<2 then
counl<=counl+l;
else
count<=(others=>10'");
end if;
end il’;
end process.
clk3<=count(1)
end;
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e Clock frequency

e Multi clock cycles

* Clock skew and clock uncertainty
e Maximum input delay

o  Maximum output delay
Maximum delay

Minimum delay

Point to point timing

Maximum power (ECL designs)
Maximum transition time
Maximum fan-out

Maximum area

Driving strength

Load

Wire load

Operating conditions

False paths
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Design Compiler
FPGA Compiler
Test Compiler
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Design Ware
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Library icee;
Use ieee.std_logic_1164. ALL;
Use iece.std_logic_unsigned. ALL;

Entity add is

port (a,b: in std_logic_vector (4 downto 0);
clk3: out sid_logic_vector (4 downto 0));

end;

Architecture il of add is
hegin

g<=a+b;
end:
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Set_max_area 200
Set_operating_conditions "WCCOM" - library HDCM
Set_wired_load "1k" - library HDCM - mode segmented
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process
begin

foriin 0 to 7 loop
wait until clk="1";
while ready_for data='0" loop;
wait until clk="1";
end loop;
wait until clk='1";

data<=data_out(i);
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wait until clk="1";
end loop;
end process;
‘a3 ;b gs handshake 559 5 YY-Y-Y
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process
begin
main: loop
wait until clk="1";
ready_for_data<='1%
while data_valid='0" loop;
wait until clk="1",

end loop;
wait until clk="1";
ready_for_data<='0';
data_in<=data;
wait until clk="1";
q:=dada_in * b;

end process;

1- Two-Way Handshake Protocol
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 desgly
Library ieee;
Use iece.std_logic_1164.ALL;
Package types is
Constant L_in: positive:=12; -- Number of bits in input data.
Constant L_mult: positive:=8; -- Number of bit in mult,
Constant L_ch: positive:=14: -- Number of channels,

Constant L_reg: positive:=L_IN+L_mult:  -- Number of bits in register
-- after mult.
Constant L_data: positive:=L._reg+2; -- Number of bits in output.

subtype data is std_logic_vector(L_data-1 downto 0); -- data out
type data_array is array (integer range 0 to L._ch-1) of data;
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subtype reg is std_logic_vector(L._reg-1 downto 0); -- reg after mult
type data_reg is array (integer range U to L_ch-1) of reg;
subtype reg_in is std_logic_vector(L_in-1 downto 0); -- input reg

type data_reg in is array (integer range 0 to L _ch-1) of reg_in;
end;

Library icee;
Use icee.std_logic_1164.ALL;
Use icee.std_logic_unsigned ALL;

Use work.types.ALL;
Entity fir is
port (d_in: in reg_im
c0.cl.c2.c3: in std_Jogic_vector(L_mult-1 downto 0);
clkresetnen: in  std_logic;
done: out std_logic,
d_out: out data_array);
end;
Architecture behv of firis
begin
pl: process
variable d_in_i: reg_in;
variable d1,d2,d3: data_reg_in;
variable b0,b1,b2.b3: reg;
variable i1.12: std_logic_vector(L-reg downto 0);
variable d_out_i: data;
variable ch: std_logic_vector(1 downto 0);
variable ch_nr: integer range 0 to L_ch;
begin
res_loop:loop
done<="0;

d_out_i;=(others==>10’);
ch:=(others=>'0");
d_out<=(others=> (others=>'0'));
main:loop
wait until clk="1l";
exit res_loop when resetn="0",
ch_nr:=conv_integer(ch):
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done<="0"
wait until clk='1"
exit res_loop when resetn="0"

while ¢n="0" loop

wait until clk="1";

exit res_loop when resetn='0";
end loop;

d_in_i:=d in;

3= d3(ch_nr) * c3;
2:= d2(ch nr) *c2;
I:== dl{ch_nr) *cl;
bO:= d_in_i * c0;

b
b
b

i1:=("0" & b0) + bl;
i2:=('0" & b2) + b3;

wait until clk='1';
exit res_loop when resetn="0";

d out_i:=('0" & il) +i2;
done<="1";
b3(ch_nr):=d2(ch_nr);
b2(ch_nr):=d1(ch_nr);
bl(ch_nr):=d_in_i;

wait until clk="1";
exit res_loop when resetn="0";

d_out(ch_nr)<=d_out_i;
ch:=ch+1;

wait until clk="1";
exit res_|oop when resetn="0";

end loop,

end loop;
end process,
end;

Sola8) 3ot pasin Laid
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Library icce,
Use icee.std_logic_1164.ALL;

Package types is

Constant L_in: positive:=12; -- Number of bits in input data.
Constant L._mult: positive:=8; -- Number of bit in mult.
Constant L_ch: positive:=14; -- Number of channels.
Constant L_reg: positive:=L. IN+L_mult; -- Number of bits in reg.

- afler mult.

Constant L_reg: positiver=L_IN+L_mult; -- Number of bits in output.
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subtype data is std_logic_vector(L_data-1 downto 0);  — data out

subtype reg is std_logic_vector(L_reg-1 downto 0); -- reg after mult
subtype reg_in is std_logic_vector(L_in-1 downto 0);  -- inpul reg
end;
Library ieee;

Use ieee.std_logic_1164. ALL;
Use ieee.std_logic_unsigned. ALL;

Use work.types.ALL;

Entity fir_rtl is

port (d_in: in reg_in;
cl,cl;c2,c3: in std_logic_vector(L._mult-1 downto 0);
clk,resent.en: in std_logic;
q: out data);

end;

Architecture rtl of fir_ril is
signal d1,d2,d3: reg_in;
signal b0,b1,b2,b3; reg;
signal d_out_i: data;
signal 11,12: std_logic_vector(L_reg downto 0);
begin
pl: process(clk.resetn)
begin
if resetn='0" then
dl<=(others=>'0");
d2<=(others=>0");
d3<=(others=>'0");
bl<=(others=>'0)");
bl<=(others=>'0");
b2<=(others=>'0");
b3<=(others=>'0");
(<=(others=>'0');
elsif clk’event and clk='1" then

if en="1" then
bO<=d _in * c0; -- Register bank
bl<=dl *cl; — Register bank

b2<=d2 * c2: -- Register bank
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b3<=d3 * c3; -- Register bank
d3<=d2; - Shift data
d2<=dl;
dl<=d_in;

end if:
i1<=("0' & b0) + bl; — Register bank
i2<=("0" & b2) + b3; -- Register bank
ge=(0"' & il) +i2;
end if;
end process;
end;
Library iece;

Use ieee.std_logic_1164.ALL:
Use ieee.std_logic_unsigned ALL;
Use work.types.ALL;

Entity fir_4_rtl is

port (d_inl,d_in2: in  reg_in;
d_in3,d_ind: in reg_in;
c0,cl,c2,c3: in sld_lngin:__vacmrﬂ,_mu]t-l downto 0);
cl,resetn,en: in std_logic;

ql.q2.93.g4 out data);
end;

Architecture rtl of fir_4_rtl is
component fir_rtl

port( d_in: in reg_in,
c0.cl,c2.c3: in std_logic_vector(L_mult-1 downto 0);
ckl,resetn,en: in  std_logic;
q: out data);
end component;
For ALL:fir_rtl Use entity work.fir_rti(rtl);
begin

CH1:fir_rtl port map (d_inl,c0, cl, c2, c3.clkresetn.en.ql);

CH2:fir_rtl port map (d_in2,c0, cl, ¢2, ¢3,clk,resetn,en.q2);

CH3:fir_rtl port map (d_in3,c0, cl. c2. c3,clk.resetn,en,q3);

CH4:fir_rtl port map (d_in4,c0, cl, ¢Z, c3,clk,resetn,en,gd);
end,
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* Summary report for process pl:

b T L L LT

----------------------------------------------------------------------

Timdng Summary

Clock period 40.00
Loop timing |aformanon:

el ) B il - B e - AR I

pl 10 cycies (cycles O - 10)
fes_loop 10 cycles {cycles O - 10)
min 10 eyeles (eycles 0 - 10)

Ly 1 eyele (eyeles 2 - 3)

 (eit) EXTT_LS&4 {eycle 3)

......................................................................

----------------------------------------------------------------------

Estimated combimational srea 2231
Estimated sequential arca Jaa0
TOTAL 691

11 eomirol stajes

12 baiiz iramiitioas
2 coniral inpuis

13 control ouiputs
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Begister Types

I-bit  regiater
2-bit  regisier
B-bil . register
{2:bit repister
20-bit  register
21-bit register
48-bit register

g o) o B Bl o —

Cperator Types

(2_2-»2)-bit DWOI_zdd

I {Chanael couanber)
(12_8-320)-bit DWO2_mull |
1
|

(21 -=20)-bie DWOT_add
(22 22.>27)-bit DWOI_sddsub

O Pons

1-bit inpul pari I
I-bit 'registered outpat pont |
E-bit nputl port 4
12-bit input porl 1
BR-hit output pant 1
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* Operation schedule of process pl: *
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Resource  types

ol B-bit input. porl

el B-bit inpul port

ol 8-bit Input port

e3 B-bit input port

d_in 12-bit inpul port

done I-bit registered ootput poet
an 1-bit input port

loop loop boundaries

1) BB-bit oulput port d_out
rt (12_8-»20)-bit DWD2_mult
r52 (22_22-522)-bit DWOI_addsub
rai (21_21->21)-bit DWO1_add

il (2_2->2)-bit DWOI_2dd
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Operation name abbreviations
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LD loop boundaries pl_design_loop_begin

L1 loop boundaries pl_design_loop_end

L2 loop boundaries pl_design_loop_cont

L3 loop boundaries res_loop/res_loop_d esign_loop_begin

L4 loop boundaries res_loop/res_loop_design_loop_e nd

L5 loop boundaries res_loo pfres_loop_design_loop_cont

L& loop boundaries rcs_qupfmninrmain_dcsign_Iun p_begin
L7 loop boundaries res_loop/main/main_design_loop_end

L8 loop boundaries res_loop/ main/main_design_loop_cont

LS loop boundaries res_loop/main/_LO/_LO_design_loop_begin
LiD loop boundaries res_loop/m ain/_L0/_LO_design_loop_end
L11 loop boundarics res_loop/main/_L0O/_L0_design_loop_cont
Li2 loop boundaries res_loop/main/_LOJ/EXIT_L64
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* Register usage of process pl: *
RN EREREEEF RN RN RN TR I TR

r2l 48-bit register
rid6 [-bil reglster
eld5 2-bit register
r292 21-bit register
319 | 2-bit  register
radl |2-bit register
429 B-bit register
r430 21-hit. register
s 8.bit register
444 48-bit register
145 20-bit  register
446 dB-bit register

cyclel rddd' | 21 | wddE | 293 | £430 | pddS5 | 21310 FE1D 0 28 | pd34 | rlds lrliE
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Data waloe name abbreviations

= C— e =t
vQ 48-bit data value ves_loop/main/d2
vl 48-bit data wvalue res_loopmain/d]
V2 48-bit date value res_loop/main/U1fnet
v #8-bit dotw valoe red loop/main/U2inel
vil 48-bit data value res_loop/main/ii2fnsl
¥5 21-bit datz value res_loop/main/add_78/plusiplus/Z
¥h 21-bit data wvalue res_loop/mainfadd_79/plus/plus/Z
W7 20-bit data value res_loop/maln/mul T3 muli/mulyZ
vE 20-bit datz value res_leop/main/mul_75/multfmultiZ
¥ 20-bit data wvalpe res_loop/mainimol 74/ multimultliZ
] 20-hit data  valve res_loep/malndmul _Tofmult/mulids
vil 12-bit data value res_loop/mainid_in_72/net
vi2 12-bit duta wvalpe res_loop/main/mul_Ti/mult/mulu/A
v]3 12-bit data  walue res_loopfmain/mul 75 /mult/mult/A
v14 [2-hit  data  wvalue res_loop/maindmal_T4imult mualt! A
w3 8-bit data vilve res_looapfmainfel _T5/Mmel
¥16 B-bit datn walue res_loop/mainfci_73/nct
vi7 2-bit data value res_loop/mainich
vi9 |-bit dats wvalua res_loop/maln/_LO/UZ/Z
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constant my RAM : resource :=0;
attribute variable of my_RAM : constant is "d1 d2 d3™;
attribute map to module of my_RAM : cosntant is <name_of RAM>;
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Appendix A

VHDL syntax

Al.  Library units
Architecture body Library uni
Scveral architectures can be linked 1o an entity.

Architecture architecrure_name of entity_nome
architecture_declaration
begin
architectiore_statemert
end architecture_nome;

Architecture il of sdder is

canstant Sv_const: std_logic:="1";

type stale_type is (s0,51,52,53);

signal state:siate_type:

signal n_int: std_logic_vecton(4 downto 0);

E;m;linn sdd_[ {a.bin sid_logic_wvector) retumn sid_Jogic_veclor is
gin
return (70" & a)+ b),
end;
begin
a_int<=not a:
g<=add_[{a_inLb)
£nc;

Conliguration declaration Library wuriir

Configuration configuration_name of entity_name is
end confipuration_name;

Configuration config of ent is
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for rtl
for all:comp
use entity work.dff{rnd);
end for;
end for;
end config;

Ya-

Entity declaration

Entity Entity_name s

entiry_declararion

begin
entiry_statement

end Entiry_name;

Only passive processes are permitied in the entity declaration.

Entity enl i3

pori{ clicresetnd_in  in sid_logic:

5 d_out: out  std_logic),
end;

Entity ent2 is
generic(N:positive:=4);
port( ab: in std_lozic;
q: out sid_logic)
begin
assert not {a="1" and b="0")
report (ERROR a=1 and b=0 al the same time !}
severity ERROR;
end;

Library unit

Package body
Packape body my_pack is

function add_f (a,b: std_logic_vector) return std_logic_vector is

begin
return (("0" & a) +b);
end;
end;

Library unit

Package declaration

Package package_namte is
end package_narme;

Package my_pack is

function ndd_f (a.b: std_logic_vector) return std_logie_vecton,
type my_nrray is array 4 downto 0 of std_logic_vectar(1 downto 0},

Library unit
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constant my_Jv:std_logic_vector(7 downto 0):={others=>"1");

end,
A2 Declarations
Alias declaration Declararion

signal v:std_logic_vector{7 downio 0);
alias vect] : std_logic_vector(® downto 1) js v:

Altribute declaration Declaration
Attnbute anribute_narmie: rype;

Attribute version: version_number:

Component declaration Declaration

component companen!_name
generic_clause
pori_cluuse

end component;

compunenl my_comp
genenc (N:positive);
port(a,biin std_logic;
q:out std_logic);
end component;

Constant declaration Declarasion

constant my_Svistd_logic_vector(7 downto 0):={others=>"1");
. consiant s(kstd_logic_vector(] downto 0)="0]1";
constant max_dalay:time:=12 ns:

File declaration Declararion
file file_name : file_type is mode file_logiske_name;

file prom: prom_file_type is in "prom_file.xr™;

Signal declaration Declaration

Ivis not allowed 10 declare signals inside a process, subprogram or in the package body.
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signal signal_namsitype;

signal a.b: std_logic;
signal 8_bus,b_bus: std_logic_vector(7 downto 0}

signal ab_bus: bit_vector(7 downto 0);
signal viewl_bus: vibit_vecior(7 downto 0);

Subprogram body Declaration

function add_f (ab: std_logic_veclor) retum std_logic_vector is

begin
return (00" & a) 4 b
end:

function reg (signal clk resetn,d_inzin std_logic) return sid_loglc is
begin
if clk’event and elk="1" then
if resetn="0" then
retum "0
else
retumn d_in;
end ifs
end if;
end;

procedure add_p{a,biin std_logic_vector; sum:oul std_logic_vector) 15
begin

sume={"0" & a) +b;
end;

Subprogram declaration Declaration

function add_f (a bein std_logic_vector) reliam std_logic_vecior;
function reg (signal elk.resetn.d_in; std_logic) return sid_logic:

procedure add_p(a.bin std_logic_vector,
suntiout g1d_logic_veotor)]

Subtype declaration Declaranon

subtype my_int is integes range 0 to 63;
subtype byte is std_logic_vector(7 downto 0);

Type declarntion Deeclaranion

sype colour is (red,green.blue).
type state_type is (s0.s1.s2,83);
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Iype amay, 4 is ammy (3 downto 0) of std_logic_vector(d dovnto 0);
type bitis ("0°, "1");
type my_hit is ("X", 7', 0", 'I');

Variable declaration Declararion

vartable asicl_logic:
variable a_bus:sud_logic_vector{? dewnto Ok=(others=="0"),
variable my_int is integer range 0 1o 255;

A3, Sequential statements

The sequential VHDL staiements can be used in the sequenual pan of VHDL, i.c.
processes, functions and procedures. Nole that some statements can be used in both the
sequential and the concurrent part of VHDL. Such statements are included in both this
seclion and the section for concurrent statements.

Assert statement Sequential

Asscnt condifion
[EpOTT eXpression
severity severity fevel

Azsert a="1"
II:FIUTI ||.11|=| !-u
Seventy noie;

Asgert dalw'=0
report "data=0"
severily warning;

Assert boolean_sign
repost ~boalean=lalse™
fieventy error;

Asgeit sinte/=sd
report "illegal state (s4)
severity failore;

Case stalemenl Sequential

CAsE Expresiion is
cafe_allemative
end cesc;

processiab)
varinbic a_mntinleger range 010 12;
begin
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p_int<=a+b:

case a_lnl is
when 0 > eanc="0]";
when2to0 5 => ene="0107,
when 719 => =n<n” |00
when others = en<="000"

end case;

¢nd process;

FoF

Exit sintemenl

exit loop_label when eondition;

oap
gxit when b=3:
me=h-ct

end loop;

:forfin 0o 3 loop
12:for | in O 1o 5 loop
a=b+l:
exit 12 when a=12;
end joop 12;
end loop 11:

loop
il i>=c-d then
exit;
glse
g=c+1:

end foop;

Sequental

Il statement

process{clk,reszin)
begin
il res=tne"0" then
data<=(athars==>"0"};
elsif clkevent and clk="1" then
data<=dala_n;
end il
end process;

function my_f {a,biin std_logic_vector) return std_logic_vector is
begin
if a-b=>12 then
retiern SO0
elzif-a-bml2 then
retn 00
elsif a= 12 then

Sequential




Fab

relum 117
elsec
if 2<2 then
return 00",
clse
requm 10
end il
end if;
end;

Loop stalement

loop
exit when b=3;
ne=h-c;

end loop;

foriin 3 downto 0 loop
qliy<=a(i)-b;
end loop,

while 2<12 loop
ai=a+l;
datafa)<=c(a+]);
end loop;

Sequential

Next statement

Sequential

The next statement interrupts the current loop and jumps straight back to the next loop

ilcration,

next loop_fabel when condition;

while 2<12 loop
next when a=4
sum:=a-h;
a=a+cin(a);
end Joop;

Null stalement

process{a)
bepin
datic=(others=>"'1");
case ais
when 2 |4 =» dape=dl:
when S'to 7 => datae=d2;
when others => null;
end case;
eni process;

Sequential
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Return stalement Sequensial

function my_f (a,b:in std_logic_vector(2 downio ) return std logic_vector is

begin
if a-b>12 then
retum “00™
elsif a-b=12 then
refum “01%;
elzif a=12 then
return 11"
clse
if 82 then
refum 00"
clse
return * 107
end il;
end if;

end;

Signal assignment Sequential
rm_:::s{ a.b.c)

gin
ql<=nnnd b afier 10 ns;
q2<=a & b(3 downto 0);
g3<=c after Tdelay, b afier Tdelay + 4 ns:
gd<=my_func(a.b);

end process,

Variable assignment Sequential

Emg:x.u[:_b_:}
cRin
ql:=a and b afier 10 ns;
qZ:=a & b(3 downio 0);
q3:=c after Tdelay, b after Tdelay + 4 ns;
gd:=my_func(a,b);
end process;

Wait statement Seguenrial
Wit on n:

wail until elk="1";

Wait for 10 ns;

wait on o until b='1" for 10 ns;
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Generate slatement Concitrrent

11: fori in 0 to 3 generate
Ul: compl port map (clk, resetn din(i),qi+1))
end generale:

Process statement Concurrent

process_label : process{sensitiviry_list)
jrrocess_declaration

begin
end process process_label;

Process{a,b.c)
variable intstd_logic:
begin
inti=a and b
g<=inl nor c;
end process;

processiclk, resetn)
begin
ifresetn="0" then
d_out<="0";
eisif clk’event and clk="1" then
d_out<=d_in;’
end if;
end process;

[::Emcr.ss
EIn
wait until clk="1";
a==nol b;
end process;

Signal assignment Cortcurrent

t|1<=a and b after 10 ns;

g2<=a & b{3 downio 0);

q3<=c after Tdelay, b afier Tdelay + 4 ns;
nd<=my_fune(n,b); ;
f3<=5 after 2 ns, 3 afierd ns, @ afier 10 ns:
qb<=guarded d_out after 12 ns;
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When else siatemenl

q<=a when "00" else

b when "01” else
¢ when 107 else
di

Concurren!

With select statement

with sel sclect
g<=a when "007,
b when 01",
c when "10%,
d when others;
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Appendix B

VHDL-package

B.1. Std-package

— This is Package STANDARD as defined in the VHDL 1987 Language
- Reference Manual,

package standard is

- predefined enumcration tvpes:
type boolean is (FALSE, TRUE);
type bit is (0", '1I'y;
type character is |
NUL, SOH., STX. ETX, EOT, ENQD, ACK, BEL,
BS, HI. LF, ¥VT..FF CR, 50, sl
DLE, DCl, DCl, DC3, DC4, NAK, SYN, ETB.
CAN, EM, SUB, ESC, FSP, GSP. RSP, USP.
e ML ea ) Rty ety SRl
Ffl-. l}i. |.-I. l++‘ !.r. .l-.l l.l' lr.
1ﬂ_ll I-: II iE-II I3|1 r4|1 -jlr rEr' |-i||l
.H., .g.‘ ..:... I:I. I':I. r=||. .}-.. --j,-F
‘@, A, B, C. D, E. F, ‘G
4 R IR bl e oy SRR RS T o T
B i, RS TN U Y, W
2,y e e S T O RS
FF- -al* I-hI. L] |'| IdI1 I:r' prl IE1.
1 G0 By W et Bl bR A
R I e
X e N T DELY:
1ype severity_level is (NOTE, WARNING. ERROR, FAILURE):

-« predefined numeric types:
type integer is mnge implementation_defined
type real 15 range implententmiion_defined

=-predefined type time
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type time is range implementation_defined
units

fs; -- femtosecond
ps = 1000 fs; -- picosecond
ns = 1000 ps — nanosecond
us = 1000 ns -- microsecond
ms = 1000 us -- millisecond
e = 1000 ms - second
min = 60 sec — minule
hy | = 60 min - hour

end units;

— function that retims the ewrent simulation time!
function now reium time;

— predefined numeric subtypes:
subtype natural is integer range 0 to integer'high;
subtype positive is integer range 1 10 integerigh;

-~ predefined array types:
type siring is amray (positive mnge <) of character;
type bil_vector is amay {natural range <) of bit;

end standard:

B.2. IEEE-package

B.2.1. 5td_logic_1164

' _:I-'Illr. :osed ]ng:c 1 164 multi-value logic system
- Library : Tlm p ?c shall be compiled into a library
bolically named IEEE.

ds Dcuulnp«:rs IEEE mr:rddl standards group (par 1 164)

-- Purpose : This packages defines a standard for designers

- : to use in describing the inlerconnection data types
- + used in vhd] modeling.

-- Limitation : The logic sysiem defined in this package may

- : be insufficient for modeling switched transistors,

- : since such a requirement is out of the of this

- : effort, Furthermore, mathematics, primitives,

-- : 1iming staadards, etc, are considered orthogonal

- : issues as il relaies 1o this package and are therefore

- : beyond the scope of this effort.

- Note : No declarations or definitions shall be included in,

- : or excluded from this package. The "package declaration”

.- : defines the types, subtypes and declarations of

-- : std_logic_1164. The std_logic_1164 package body shall be
- '. considered the formal definition of the semantics of

- : this package. Tool developers may choose to implement

- : the package body in the most efficient manner available
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PACKAGE std_logic_1164 IS

-- logic stale system (unresalved)

TYPEstd vlogicIS( ',  — Unintiaized
'X'y = Foreing Unknown
o', = Forcing 0
‘', «~Foring ]
T — High Impedance
"W, - Weak Unknown

T = Weak 0
H, - Weak 1
Lt - Don't care

%

-- unconsirained ammay of $1d_ulogic for use with the resolution function

TYPE std_ulogic_vector IS ARRAY ( NATURAL RANGE <> ) OF
sid_ulogic;

-- resclotion function

FUNCTION resolved (s : std_ulogic_vector ) RE‘]‘URI‘;I sid_ulogic:

amaa I -

= ®"* indusiry standard logic type ==*

SUBTYPE std_logic IS resolved sid_ulogic:

R i

e

-- upconstrained amay of std_logic for use in declaring signat arravs

et S S - i

TYPE std_logic_veetor IS ARRAY { NATURAL RANGE <») OF sid_logic;

— common subiypes

SUBTYPE X01 IS resolved ﬂd_ul-:!;;: RANGE ‘X' TO'1% - X0,
SUBTYPE X012 IS resolved sid_ulogic RANGE X' TO 7
o {lln‘lﬂ_lll]-i-'z.rl
sunTﬁu%{m 1S resolved s1d_ulogic RANGE U TO '
i !r .. l. |r-||]
SUBTYPE UX0D1Z 1S resolved sid_ulogic RANGE 'L TO 2"
-, Elulllxlli-n'lllltlbzl}

R W s R 5 i e

- overloaded logical operntors

B B e B B S e R S E & e

FUNCTION “and” (| :sul_uwlogic; r:sid_ulogic ) RETURN UIX01:
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FUNCTION "nand" { | : std_ulogic; r : sid_ulogic ) RETURN LIX01;

FUNCTION “or (| : std_ulogics r ; std_ulogic ) RETURN UXO0I;

FUNCTION “nar® (1:std_uvlogic; r: std_viogic ) RETURN UXon;

FUNCTION "xor" (1 :std_ulogic: r : std_ulogic ) RETURN UX01,
- function "snoe™ ( 14 std_ulegic: r: std_vlogic ) retum ux01;

finction xnor (1 : std_ulogic; r : sid_vlogic ) retum ux(l;

BUNCTION "not™ (1:std ulogie 1 RETURN UXO01,

= ..

- vectorized overloaded logical operators

FUNCTION "and® (1, : std_Jogic_veetor ) RETURN std_logic_vector;
FUNCTION "and” ( I, r: std_ulogic_vecior ) RETURN std_ulogic_vection

FUNCTION "nand” ( L. r: std_logic_veetor ) RETURN std_logic_vecior;
FUNCTION “nand” (1. r : std_ulogic_vector ) RETURN sid_ ogic_vector;

FUNCTION "oe* (1. r: std_logie_vector ) RETURN std_logic_veetor;
FUNCTION “or™ (I, r: std_ulogic_vectar ) RETURN sid ujogic_vector;

EUNCTION "nor” (1, £ 2 std_logic_vector ) RETURN std_logic_vector;
FUNCTION "nor® (1, r : sid_ulogic_vector ) RETURN std_ulogic_vecior;

FUNCTION “xor” (1, r: s1d_logic_vector } RETURN 5td_£nt|;.|t__--=cmr:
FUNCTION "xar” (1, r: std_uvlogic_vector ) RETURN sid_u pic_vector,

.. Noie : The declaration and implementation of the “xnor” function is
- specifically commented until at which time the VHDL language bas been
-- officially adopicd &5 containing such a function. Al such a point,
- the follewing comments may be removed alang with this notice withoul
- further "official” balloting of this sid_logic_1 164 package. Itis -
.- the intent of this effont 1o provide such a function once it becomes

- availnbiz in the VIHDL standard,

S KR B e ——

- function "xnor™ { L, r: sid_logic_vector ) reium std_logic_vector,
- [unction “xnor™ (1, r 2 std_ulogic_vector ) return std_ulogic_yector,
function xnor (), r: std_logic_vector ) retum std_logic_vector;
function xnor (L, 1 sid_ologic_vector ) return std_ulogic_vector;

FUNCTION "not™ ( 1:std_logic_vector ) RETURN std_logic_veclor;
EUNCTION "not” { |- std_ulogic_vector ) RETURN std_ulogic_vecior:

-- gonversion funclions
EUNCTION To_bit (5 std_ulogic
cxmpp : BIT 1= 0
} RETURN BIT;
FUINCTION Tao_bitvecior {5 : std_logic_veclor
:xmap 2 BIT =100
} RETLIRN BIT_VECTOR:

FLIMCTION Te bitvecior { 5 2 std_ulogic_veclor
cxmap : BIT =0
1 RETURN BIT_VECTOR:

FUNCTION To_StwULogie  (bL:BIT Y RETURMN sid_ulogic:
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FUNCTION To_StdLogicVector {b: BIT_VECTOR ) RETURN
std_logic_vector;
FUNCTION To_SwdLogicVector (5 : std_ulogic_vector ) RETURN sud_logic_vector;
FUNCTION To_StdULogicVector ( b: BIT_VECTOR ) RETURN
sid ulogic vecior;

FUNCTION To_StdULogieVector { 5 std_logic_vector ) RETURN
std_ulogie veclor;

e

-- strength strippers and type converiors

FUNCTION To_X01 (s:swd_logic_vector ) RETURN sid_logic_vector;
FUNCTION To_X01 (s ! std_ulogic_vecior ) RETURN std_ulogic_vectar;

FUNCTION To_XO01 (s :std_uvlogic JRETURN X01;
FUNCTION Te_X0I {b; BIT_VECTOR ) RETURN std_logic_vector;
FUNCTION To_X01 { b:BIT_VECTOR 1 RETURN std_ulagic_veetor;

FUNCTION To_X01 (b:BIT JRETURN XO0I:

FUNCTION To_X01Z ( 5 : std_logic_vector ) RETURN sid_logic_vecior:
FUNCTION To_X01Z ( s : std_ulogic_vector ) RETURN std_ulogic_vector;

FUNCTION To_XOIZ (s : &td_ulogic ) RETURN X01Z;
FUNCTION To_X0IZ ( b: BIT_VECTOR ) RETURN s_logic_vector;

FUNCTION To_X0IZ{b: BIT_VECTOR ) RETURN std_ulogic_vector;
FUNCTION To_X01Z (b: BIT VRETURN X0DIZ:

FUNCTION To_UX01 (s:std_logic_vestor ) RETURN sid_logic_vector,
FUNCTION To_UX01 (s : std_ulopgic_veetor ) RETURN std_ulogic_vector;

FUNCTION To_UX01 ( s : std_uvlogic JRETURN UX0I:
FUNCTICON To_UX01 (b: BIT_VECTOR ) RETURN std_logic_vector;

FUNCTION To_UX01 {b:BIT_VECTOR Y RETURN s1d_ulogic_vecion
FUMNCTION To _UX01 (b :BIT YRETURM UXo0I;

-

FUNCTION rising_edge (SIGNAL s : std_ulogic) RETURN BOOLEAN:
FUNCTION falling_edge (SIGNAL s : std_ulogic) RETURN BOOLEAN;

- gliject contains an unknown

FUMCTION Is_X ( 5 : std_ulogic_vectar ) RETURN BOOLEAN:

FUNCTION Is_X ( s : std_logic_vector Y RETURN BODLEAN;

FUNCTION Is_X ( s:std_uvlogic ) RETURN BOOLEAN:
END std_lagie_1164;
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B.2.2. Std_logic_unsigned

-

- Copyright (¢) 1990, 1991, 1992 by Synopsys, Inc.

— All rights reserved. ¥ ,
-- This source file may be used and distributed without restriction

- provided that this copyright statement is not removed from the file
-- and that any derivative work contains this copyright notice.

- Puckage name; STD_LOGIC_UNSIGNED

- Date: 09/11/m92 KN

as 10/08/92 MAMT

2 Purpose: A sct of unsigned arithemlic, conversion,

- and comparision functions for STD_LOGIC_VECTOR. -
2 Note: comparision of same length discreic arrays is defined

- by the LRM. This package will “overload” those

. delinitions

library IEEE;

use 1IEEE. std_logic_ 1 164.all;
use [EEE std_logic_arith.all;

package STD_LOGIC_UNSIGNED is

function "+"{L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) retum
STD_LOGIC_VECTOR;

function "+(L: STD_LOGIC_VECTOR; R: INTEGER) return
STD_LOGIC_VECTOR;

Tunetion "+"(L: INTEGER;: R: STD_LOGIC_VECTOR) return
ETD LOGIC _VECTOR:

function "+"(L: STD_LOGIC_VECTOR; R: STD_LOGIC) retum
STD_LOGIC_VECTOR,

function "+7{l: STD_LOGIC; R: 5STD_LOGIC_VECTOR) retum
ETD LOGIC_VECTOR!

function ™-"(L: STD_LOGIC_VECTOR: R: STD_LOGIC_VECTOR) retum
STD LOGIC VECTOR;

function "-"(L; STD_LOGIC_VECTOR: R: INTEGER) retum
STD_LOGIC_VECTOR;

function “-"{L: INTEGER; R: STD_LOGIC_VECTOR) return
STD_LOGIC. VECTOR:

function ~-~(L; STD_LOGIC_VECTOR; R: 5TD_LOGIC) relum
ST _LOGIC VECTOR:




%

funetion "-"(L; STD_LOGIC; R: STD_LOGIC_VECTOR) refum
STD LOGIC_ VECTOR:

function "+"(L: STD_LOGIC_VECTOR) return STD_LOGIC_VECTOR:

function "*"(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) relum
STD_LOGIC_VECTOR;

function "<"(L: STD,_LOGIC_VECTOR: R: $TD_LOGIC_VECTOR) returm
BOOLEAN:

funclion "<”(L: STD_LOGIC_VECTOR: R: INTEGER) return BODLEAN:

function "<*(L: INTEGER; R: STD_LOGIC_VECTOR) return BOOLEAN:

function "<="(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) return
BOOLEAN;

function “<="(L: STD_LOGIC_VECTOR; R: INTEGER) reiurn BOOLEAN:
function "<="(L: INTEGER; R: STD_LOGIC_VECTOR) return BOOLEAN:

function “>"(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR}) return
BOOLEAN:

function ">"(L: STD_LOGIC_VECTOR: R: INTEGER} return BOOLEAN;

function “>"(L: INTEGER: R: STD_LOGIC_VECTOR) retum BOOLEAN:

function ">="(L: STD_LOGIC_VECTOR: R: $TD_LOGIC_VECTOR) retum
BOOLEAN:

function “>="(L: STD_LOGIC_VECTOR; R: INTEGER) return BOOLEAN:
function ">="(L: INTEGER; R: 5TD_LOGIC_VECTOR) return BOOLEAN:

function “="(L: STD_LOGIC_VECTOR: R: STD_LOGIC VECTOR) return
BOOLEAN:

function "="(L: STD_LOGIC_VECTOR: R: INTEGER) return BOOLEAN:

function "="(L: INTEGER; R: STD_LOGIC_VECTOR) return BOOLEAN;

function "/="(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) return
BOOLEAN;

function */="(L: STD_LOGIC_VECTOR: R: INTEGER] retum BOOLEAN:
function “/="(L: INTEGER: R: STD_LOGIC_VECTOR) return BOOLEAN:

function SHLIARG:STD_LOGIC_VECTOR:COUNT:
STD_LOGIC_VECTOR) retum STD_LOGIC VECTOR:
function SHR{ARG:STD. LOGIC VECTOR COUNT:
STD_LOGIC_VECTOR)  retum STD_LOGIC_VECTOR:
function CONV_INTEGERIARG: STD_LOGIC_VECTOR) 1=tumn
INTEGER:
-+ remngve Lhis since it is already in std_logic_arith
function CONY_STD_LOGIC_VECTORIARG: INTEGER: 5IZE: INTEGER)
< relum STDLLOGIC, VECTOR:

end STD_LOGIC_UNSIGNED:
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B.2.3. Std_logic_signed

5 A SRR

.- Copyright (c) 1990, 1991, 1992 by Synopsys, Inc.

- All rights reserved.

.. This source file may be used and distributed without restriction

- provided that this copyright statement is not removed from the file
—- and that any derivative work contains this copyright notice,

.- Package name; STD_LOGIC_SIGNED

o Date: 09/11/21 KN

- 10/08/92 AMT change std_ulogie to signed std_logic
i 102892 AMT added signed functions, -, ABS

- Purpose: A eet of signed arithemtie, conversion,

and comparision function for STD_LCGIC_VECTOR.

- Note: Comparision of same length sid_logic_veclor is defined -
in the LRM. The interpretation is for unsigned vectors
.s This package will “overfoad” that definition.

ra

P ———— Y T T Eramsam

libeary IEEE;
nse IEEE std_loglc_ 116401k
use IEEE.std_logic_arith.all;
package STD_LOGIC_SIGNED i+
funetion "+(L: STD_LOGIC_VECTOR: R: STD_LOGIC_VECTOR) return
STD . LOGIC_VECTOR;
function "+"(L: STD_LOGIC_VECTOR; R: INTEGER) retum
STD_LOGIC VECTOR:
function "+7(L: INTEGER; R: STD_LOGIC_VECTOR) return
ST LOGIC_YECTOR:
funetion “+7L: STD.LOGIC_VECTOR; R: STD_LOGIC) retum
STD LOGIC_VECTOR;
funetion “+"(L: STD_LOGIC; K: STD_LOGIC_VECTOR) retum
STD LOGIC VECTOR:
funetion "-"(L: STD_LOGIC_VECTOR, R: STD_LOGIC_WVECTOR) retumn
5TD LOGIC VECTCOR;
function "="(L:; STD_LOGIC_VECTOR; R: INTEGER ) return
S§TD LOGIC_VECTOR:
function "-~(L: INTEGER: R: STD_LOGIC_VECTOR) return
STD_LOGIC_VECTOR;
function *-=(L: STD_LOGIC_VECTOR: R: STD_LOGIC) retum
STD LOGIC_VECTOR;
function "="(L: 5TD_LOGIC; R STR_LOGIC_VECTOR} retum
STD LOGIC VECTOR:
funclion “+*(L; STD_LOGIC_VECTOR) retum STD_LOGIC_VECTOR:
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function =-"(L; STD_LOGIC_VECTOR) retum STD_LOGIC_VECTOR:

function “ABS"(L: STD_LOGIC_VECTOR) retum STD_LOGIC _VECTOR:

funztion "*(L: STD_LOGIC_VECTOR; R: 5TD_LOGIC_VECTOR) retum
STD_LOGIC_VECTOR:

function “<"(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) return
BOOLEAN:

function “<7({L: STD_LOGIC_VECTOR: R; INTEGER) retum BOOLEAN:-

function “<"{L: INTEGER; R: STD_LOGIC VECTOR) return BOOLEAN:

function "<="(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) retum
BOOLEAN;

function "<="(L: STD_LOGIC_VECTOR; R: INTEGER) return BOOLEAN;

function "<="{L: INTEGER; : STD_LOGIC_VECTOR) return BOOLEAN;

function “=={L: STD_LOGIC_VECTOR; R: 5TD LOGIC VECTOR) retum
BOOLEAM:

function “>7(L: STD_LOGIC_VECTOR; R: INTEGER) retum BOOLEAN:

Tunction “="(L: INTEGER; Ri STD_LOGIC_VECTOR) return DOOLEAN:

function ">="(L: STD_LOGIC VECTOR;: R: 5TD_LOGIC_ VECTOR) retum
BOOLEAN;

function ">="(L: STD_LOGIC_VECTOR; R: INTEGER) return BOOLEAN:

function "=="(L; MGER; R:ETD LOGIC VECTOR) return BOOLEAN:

[unction "="(L: STD_LOGIC_VECTOR; R: STD_LOGIC_VECTOR) retum
BOOLEAN;

function "="(L; STD_LOGIC_VECTOR; R: INTEGER ) retum BOOLEAN:

function "="(L: INTEGER: R: STD_LOGIC_VECTOR) return BOOLEAMN:

funciion "/="(: STD_LOGIC_VECTOR: R: 8TD_LOGIC VECTOR)
retitrn BOOLEAN:

function “/="(L: STD_LOGIC_VECTOR: R: INTEGER) return BOQLEAN:

lunction "/="(L: INTEGER; R: STD_LOGIC_VECTOR) reium BOOLEAN:

function SHL{ARG:STD_LOGIC_VECTOR:COUNT:
STD_LOGIC_VECTOR) retum STD_LOGIC_VECTOR:

funetion SHR(ARG:STD_LOGIC_VECTOR:COUNT:
STD_LOGIC_VECTOR) retum STD_LOGIC_VECTOR:

function CONV_INTEGER{ARG: STD_LOGIC_VECTOR) reiwrmn INTEGER:
== remove this since it is already in sid_logic_arith
-~ function CONV_STD_LOGIC_VECTOR(ARG: INTEGER; SIZE: INTEGER)
- return STD_LOGIC_VECTOR:
end STD_LOGIC_SIGNED;
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Appendix C

Keywords in VHDL-87

abs generale range
ACCOSE generic record
after guarded register
alias if rem

all in report
and inoul return
archilecture is select
arzay label severily
assart library signal
attribute linkage subtype
begin loop then
block map to

body mod transport
buffer nand type

bus new units
case next until
component nar use
configuration not vanable
constant null wail
disconnect of when
downlo on while
else npen with
elsif or x0T

end athers

entity oul

exit jpackage

file porl

for procedure

function Process

FFA
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Appendix D

Additional keywords in VHDL-93

group
l1|i'|]"|| e
inertial
litteral
poslponed
pure
reject

rol

ror
thared

sla

sfl

sra

szl
unalfected
yioj
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