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[5] 10-1] s/Test Bench ¥{¥:E.: CNT10_TE. vhd
LIEFAEY IEEE:
1TSE IEEE.STD LOGIC 1164 .ALL;
1TSE IEEE.STD LOGIC UNSIGNED . ALL:
ENTITY CHNTlO _TE IS
END CNT10_TE:
ABCHITECTURE ONE OF CHNT10 _TE IS
COMPONENT CHTLO
PORT (CLE, BST, EN,LOAD : IN STD LOGIC;
DATA : IN STD LOGIC WECTOR(Z DOWNTO 0} ;
DOUT : OOT ST0 LOGIC VECTOR(3 DOWNTO 03 ;
COUT : OOT STD LOGIC):

END' COMPONENT
SIGHMAL CLE : STD _LOGIC :-='0'; --FE3A CHNT10 FH#sE0% A 8rtefE s

SIGHAL BST : ST LOGIC :='l'; ——f& ¥A CHNT10 R o8 A ERES
SIGHMAL EN : STD LOGIC :='0'; —-7E ¥A CHNT10 FHeHEREG O A FIFREE 5
SIGMAL LOAD : STD _LOGIC :='l'; ——& 3 FH CNT10 Mefis=
SICHAL DATA : STD LOGIC WECTOR(Z DOWNTO O} ;
SICHAL DOUT : STD LOGIC WECTOR(Z DOWNTO 0} ;
SICHAL COUT : STD LOGIC:
COMSTANT CLE P : TIME := 20 ns ;
—— FEHEEH A M R CLE P=230 n=,{¥E 20 5 ns PR EH 64|
EEGIN
Tl: CHNT10 PORT MAP(CLKE==CLEK, PST==RST, EN=>EN, LOAD==LOAD,
DATA==DATA, DOUT=-DOUT, COUT==COUT); ——{A{LFFRHT4EE
PROCESS EBEGIN ——-7/~%Fe{S SEHE. EZ2-T-mal s Sedos a8t &
CLE=='0"; WATT FOR CLK P; ——CLE&%EE 0. ,3ns F #d 1.
CLE=='1";: WATT FOR CLE P:; ——fBit 30ns EEIE.
ENDI PROCESS;
BST == '1', '0' AFTER 110 ns, 'l' AFTER 114 ns; —-RST 18 -FFEH

EM == 'O', 'l' AFTEER 40 n=s; ——EM &
LOAD == '1', '0O' AFTER 910 n=s, 'l' AFTER 940 n=s;
DATA == "OlO00", "0Ollo" AFTER 400 ns, — - #6018 Ehd

"O1ll1" AFTER 700 rn=, "OlOO" AFTEER 1000 n=:
EMD» OME ;-
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2. ATest Bench{f E&E S

Edit Test Bench Settings
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10.4 VHDLFFEF

10.4.1 EF#

FUNCTION BR#l& (B3 RETURN iR —-FE
FUNCTION BRE% (H##E)RETURN #HiE#E4 13 —-FE
[ ¥iBAEES
BEEGIN
I 8 a] ;
END FUNCTION HR¥%E;




[ 10-2]
L IERARY IEEE;
USE IEEE.STD LOGIC 1154 ALL;

FACHARE packexp I3 --E X AR
FUNCTION max( a.b : IN 3TD LOGIC TYECTOR) --& 5 EEH
BETUEN STD LOEIC VECTOR ,-_ -
FUHCT I0F furcl [ a,b,c : BEAL ] --EHEEY
EETUEREN REAL ;
FUNCT ION "*" [ a .,k : INTEGEE ) --EXEEY
REETUEN INTEGEER
FUMCTION a=Z [(SIGMAL inl ,inZ : BEaAL 1 --E5EEYH
RETUERN REAL ;
ENWD
FACEAGE EODY packexp IS
FUNCT ION max( a,b : IN STD LOGIC TECTOR] --% 5 8
BEETUEN STD LOGIC WECTOR IS
EEGIN - -
IF a > b THEH RETURH a;
ELSE EETUEN L
EWMD IF;
END FUNCT I0ON masx --54 3 FITHCT 10N tBH]
END ; --i 3 FACKAGE EODYTEH]

r

LIERARY IEEE; -- &85 HE{R
TSE IEEE.STD _LOGIC _1154.ALL;
TSE TEREE.pachexp . ALL

ENT ITY asamp IS
FPORT(datl,daw: : IN STD_LOZIC UECTOR(Z: DOTHTO 017

dat2,dat3 : IN ETD _LOxIC ECTOR(Z DOTIHTO O]
cutzl,cutz : 0T STD LOFIC VECTOR(Z DOTITO O3]

EHD ;
ARCHITECTUEE bhw OF axamp IS
EEGIN
outl €= max(datl,datf); - —H e miH e o ) 4 5T O U )
FEOCESS (dat3, dat )
EEGIN
owEE <= maxidat?, datd] ; —— WL 3 3 WP )

END PEOCESS;
END ;




10.4 VHDLFRERF

10.4.1 ¥
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10.4 VHDLF#EF

10.4.1 R

[ 10-3]

LTEBRAEY TEEE:
USE IEEE.STD_LDGIC_1164.HLL ;
EMNTITY func IS
POET (a : IN 3TD LOGIC WECTOR (0 to 27
m : O0OT E5TD LOGIC WVECTOR (0 to 210;
END ENTITY func ;
ARCHITECTURE demo COF func IS
FUNCTICON sami(x ,¥ .2 : S8TD LOGIC)RETURN STD LOGIC IS
EEGTH
RETURN (2 AND y)OR v
END FUNCTICON =am
EEGTH
PROCESS (a) BEGTH
mil)<= gsami{a{l), aili, aiz2));
mi(lyl<= zam(al2), a(l)l, a(l));
mi2i<= gsamia(l), ai2), af(l));
END PEOCEZZ ;
END ARCHITECTURE demo ;




10.4 VHDLFREF

10.4.2 EHFH
[ 10-4] -

LTERARY TEEE ;
USE IEEE.3TD LOGIC 1l64.ALL ;

PACEAGE packexp IS

FUMCTION maxi a,b : IN STD LOGIC WECTOR)
REETUEM &STD LOGIC VECTOR ;

FUNCTION max( a,b : IN BIT WVECTOR)
REETURN BIT WECTOR ;

FUNCTICON maxi a,b : IN INTEZEE )
RETURMN INTEGEER ;

ENTy;

PACEAGE BODY packexp IS

FUNCTICN max( a,b : IN 3TD LOGIC WVECTOR)
REETUEN STD LOEIC WVECTOR IS

AR
N EHE

- -TESEETE

—-TESREE

—- TS R HE

A



BECGIN
IF a = b THEN PETUORN a:

ELSE EETUEN b; END IF;
END' FUNCTION max:; —— &k FUNCTION &5
FUNCTION max{ a,b : IN INTEGER) ——FE N M
EETURN INTEGER IS
BEGIN
IF a = b THEN BETUBN a;
ELSE EETUREN b; END IF;
END FUMCTION max; ——&kH FIMNCTION 55l
FUMCTION msx{ a,b : IN BIT WECTOR) ——FE XEH
LETURN EIT VECTOL IS
EBEGIN
IF a = b THEN BEETUEN a;
ELSE EETUEN b; END IF;
EMND FUORMCTION m=xx;

——gb i FUNCT ION 55

END ; ——ikdf PACEAGE EBODY &S

—— BUF R A 4 3 ma BURF
LIBRARY IEEE ;
T2E IEEE.2TD LOGIC 11e4 ALL :
TUSE WORE.packexp  ALL:

ENTITY axamp IS
PORT (al,bl : IN 3TD_LOGIC WECTOR(Z DOTIMTO 0O);
az bz : IN BIT VECTOR{4 DOUWTNTO 0O} ;
az bz : IN INTEZER BANGE O TO 15;
cl - 0OUT STD LOGIC _WECTOR(:Z DOWNTO 0O) ;
cZ - O0OT BIT WECTOR(4 DOTMTO O) ;
o3 - OOJT INTEGEER BANGE O TO 15 ;

ENI»
APCHITECTURE blw OF axaup IS
EEGIN

el == maxial bl); —-SHE# maxia kb . IN STD LOGIC VECTOR) H1EA
o2 == maxiar bz); —-IfHH wax{a b . IN EIT VECTOR)H)EH

o3 <= maxi{al, b3); ——-ZEHEM wax (a,b . IN INTEGER) §1iEA
HhT -




L7 10-5]
LIEPARY IEEE : -- EFEYE
TUSE IEEE.=std _logic 1164 _all
TTSE TEEE.=std logic _arith. all ;
PACFAGE 2TD LOGIC UNSIGHED i=s
fimiction "+" (L @ 2TD_LOGIC WECTOR ; B : IMNTEGER)
return STD LOGIC WECTOR
funiction "+" (L - INTEGER; FE : 3TD _LOGIC WECTOR)
return STD _LOGIC WECTOR -
functicon "+" (L : STD_LOGIC WECTOR ; B :@ 3TD LOGIC )
retwrn STD LOGIC WECTOR -
function SHE (ARG @ STD LOGIC WECTOR -
COUNT : STD LOGIC WECTOR ) return 2TD LOGIC _WECTOR
ernd AT LOGIC UM3STIGHELD -
-- BTREFEE
LTERARY IEEE -
use IEEE.=td loghic 1led_all ;
use IEEE.=std logic _arith.all ;
packaoge body S3TD LOGIC TM3IGHED is

firction maxwimam (L, P : INTEGER) retwrn INTEGER i=
begin
if L » B then returmn L;
el=ze return B
erud if;
erud ;

function "+" (L - STD_LOGIC WECTOR ; PR - INTECGER)
return STD LOGIC WECTOR is
Variable result : 32TD _LOGIC WECTOR (L range):

Begin
result o= THEIGHED (L1+ B -
return std logic _wector(result);
end ;

end STD LOGIC TNSICGHNED .




10.4 VHDLFRERF

10.4.3 P¥rRE

10.4.4 TFE
DROCEDURE 1H2E (27 -- HHER

PROCEDURE 1125 (S8F5) 18
(1B AR
ETEIN —— HFEE
IRFFER] ;

END DROCEDURE 197242 ;

PROCEDUREE prol (WVARTABLE a, b : INOUT REAL) ;

PROCEDUREE proz (CONSTANT al : IN INTEGER ;
VARTAELE bl : OUT INTEGER };

FPROCEDURE pro? (SIGHNAL =ig : INOUT BIT):



10.4 VHDLF&EF

=

10.4.4 IF&

[ 10-6]

PROCEDURE prgl (WVARTABLE wvalue

BEGSTHM
CASE wvalus IS

WHEM "0000™ = walus:
WHEN "0101"™ = walus:
WHEN OTHEES = walus:

END CASE ;
END FROCEDURE prgl ;

"DlD 1"
"I:IDI:II:I"
r 1111"

:INOUT BIT WVECTOR(O TO 7))I3



—
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10.4 VHDLF&EF

10.4.4 T2
[# 10-7]

PROCEDURE comp ( a, r : IN REAL;
m : IN INTESEE ;

vl, wZ: OUT EEAL)TIS
WARTIABLE cont @ INTEGEER ;

BEGIN
vl := 1.6 * a ; v2 := 1.0 ; -— WE¥T9E{E
0l : FOR cnt IN 1 TO m LOOE
ve = w2 * vl o ;
EXIT 01 WHEN w2 > vl; —— Byosvl, BEHIER Loor

END LOOP QL
ASSERT (v2 < vl )
REPORT "OUT OF RANGE" - - HiEETRE
SEVERITY ERROR ;
END DROCEDURE comp ;



[# 10-8]
LIERARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
PACKAGE axamp I3 - EEEN
PROCEDURE nandds (SIGNAL a,b,c,d : IN STD LOGIC ;
SIGNAL vy : OUT STD LOGIC )
END axamp;
PACKAGE BODY axamp IS - T FEATES
PROCEDURE nandds (SIGNAL a,b,c,d : IN STD LOGIC ;

SIGHNAL v : OUT 3TD LoOGIC ) I3

EEGIN

y<= NOT(a AND b AND c AND d);
EETUEN;
END axatmp;
LIBERARY IEEE; --FiEFF
UZE IEEE.3TD LOGIC 1164.ALL;
T3E WOREK.axamp.ALL;
ENTITY EX I=

PORT( e, f,g,h : IN 3TD LOGIC ;

¥ ¢ OUT 3TD LOGIC );

END;
ARCHITECTURE bhwv OF EX IS
EEGIN
nanddale,f, g, h, x) ; --FHiTERITE
END;




10.4 VHDLFREF

10.4.5 EHITRE

[#] 10-9]

FREOCEDURE calcu [ wl, w2 : IN REAL ;
SIGNAL outl : INOUT INTEGER) ;

FROCEDURE calcu [ wl, w2 : IN INTEGER ;
SIGHNAL outl : INOUT REAL) ;

calcu [20.15, 1.4Z2, =signl); - BHE—TE2#1TfE calcu
calou (23, 320, =2igni ) - WHEZ--EE13FE calcou




10.4 VHDL T2

10.4.6 TP AMHESR]
1. IR H

TEE [ (BEE= 1ZEFEFEA
1y [(BEE= 135FFEA) 1




[ 10-10]
PACEAGE data types IS -- EXETFH
SUBTYPE darta element IS INTEGER BANGE 0 TO 3 . -- Mg
TYPE data array IS ABRRAY (1 TO 3) OF data elemert;
END data types:
USE WORK. data types. ALL; -——§TF B B ¥ Sa] TIFERFEFE data types
ENTITY sort IS
PORT { in array - IN data array ;
oat array @ OUT data array) !
EMD sort;
ADCHITECTURE exmp OF sort IS
BEGIN
PROCESS (in array) — HERWB & daca types HEEES
PROCEDURE swapidata - INOUT data array:
-— zwap FEREN data. low. high
low, high : IN INTEGER) IZ
VAPTAELE temp : data element ;

EECIN -- FiGE FE B S AL
IF {(data{low) = datalhich)) THEN -- $5831iE
tenp = data{low) ; datallow) = datathigh);
dataibich) := tewp ; END IF .
END swap ; —— 1 swap KL H
VAPTAELE wy array - data array ; -- FEHFPTEXF B uy array
EECIN -- #HEHRH
Wy array [ = in array ; —— 15 A=k AT
swap (wy_array,l,2);—— wy array. 1. 2 BAFET data. low. high F1%E
swap (my_array, 2, 3); - fEXBEERA. Bz Fr:rnETH
swap (wy_array, 1, 2); - fExBEERA. ®1. FzaoEEETER

out_array <= Ly _array ;
ENI» PROCESE ;
EMD exmp -




[ 10-11]

EMNTITY sortd is
ZENERIC (top : INTEGER :=3):
FORT f(a, b, <, d : IN BIT VECTOR (0 TO top);
ra, rkb, rc, rd ¢ OUT BIT VECTOR (0 TO top))li:
END gortd;
ARCHITECTURE muxes OF sortd IS
PROCEDURE sortZ(x, v : INOUT BIT VECTOR (0 TO top)) 1s
VARTAELE tmp : BIT VECTOR (0 TO top):
BEGIN
IF x>v THEN twp = x; H 1= ¥; ¥ = tmp; END TIF;
END sorti;
BEGIN
PROCESS (a, b, <, d)
VARTABLE wva, vk, vo, vd @ BIT VECTOR(O TO top);
EEGIN

va = a; vb 1= b vo = o owd 1= d;

sorts (va, wvo
sorts (v, wd)
sorts (va, vh);
sorts (ve, wd)
sorts (vk, v
ra <= wva; rh <= vb; rc <= wvc; rd <= vd;
EMND PEOCEELS;

END muxes:




10.4 VHDLFREF

10.4.6 FHERFIEHEHR]
2. REOHHA
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10.4.7 RETURNiEH]

EETUEN ;
RETURN FobtT.s
[#] 10-12]
PROCEDURE r= (8IGNAL = , © 1M
SIENAL o , g
BEGIH
TF ( = ="1" AND r ='1") THEN
REPORT "Forbidden state = and
EETUEN
ELZE

q <= = AND ng AFTEE 5 ns ;
ng <= = AND g AFTEE 5 ns
END IF :

EMNDY PEOCEDUEREE r=

.
,

.
r

INOUT STD LoGEIC)

BT
- BIMIEARR

STD LOGIC ;
I=

r are quual teo T1T";



10.4 VHDLFREF

10.4.7 RETURNiEH]

[ 10-13]

FUNCTICHN opt (a, b, opr :STD_LDGIC]I RETURN &TD LOGIC I3
BEGIN

IF (opr ='1T") THEMN RETURN (a AND k) :

ELSE EETURN (a OR k) : END TIF ;
END FUNCTION opt ;




10.4 VHDLFFEF

10.4.8 IHATEFEHHEAR]

[ 10-14]
PROCEDURE adder (SIGNAL a, b :IN STD LOGIC ; ——HEE W adder
SIGNAL sum : OUT STD LOGIC ) ;
adder (al, bl, suml) ; -- FITE A A
— ik, al. bl. suml PSR ET a0 b sun BICEESEE
PROCESS ( cl, <2 ; —— HIEERAT
BEGIN
Adder (c1, 2, =1) ; —— IRFAERIR A, Tk c1. ez, =1 B RIAT

END PROCESS ; — FFa. b. scum WEHEEE
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—
e N

10.4.8 IHATEFEHHEAR]

[#] 10-15]
PROCEDURE check (SIGNAL a : IN 8TD LOGIC VECTOR; -- FEiFAeT
SIGNAL error : OUT BOOLEAN ) IS - BEMN®
VARIABLE found one : BOOLEAN := FALSE ; —— EEEE
BEGIN
FOR 1 TN a'RANGE LOOE — HFE a BIETE A TR ETIE M|
IF aii) = '1' THEN — RElatpy r1r
IF found one THEN -- & found one N TRUE, MIFREAEI T — Ll ERIT 17
ERROR <= TRIUE; — BB T—ALLER 1", % found one J TRUE
RETURN; —- R
END IF;
Found one := TRUE; -- ffa H2EIT—{r1
End IF:;
End LOOD; —— B & R HE M

error <= NOT found one; -- ﬁ[ﬁ'ﬂﬁﬁ&ﬁ'l' %ﬁﬁi—]ﬂ, Srror %E TRUE

END PROCEDURE check;



10.4 VHDLF1E%

10.4.8 IHATEFEHHEAR]

CHELE: BLOCE

SIEAL =1: STD LOGIC WECTOR |
SIGENAL =2: STD LOGIC WECTOR (0 TO 1
SIGNAL =3: STD LOGIC WVECTOR |
SIGNAL =4: STD LOGIC WECTOR (0 TO 3
STIENAL =1, =2, &3, &4: Boolean:

;o - iR AT AR RS

BEZIN

Check (=1, e1); —— HTOTER A, RESHE N1, el
Check (2, e2); - FTEERA, AESHEaN e, ez
Checlk (=3, 3); —— HTER A, BB N =3, e3
Check (=4, ed); —— HTEERA, AESHEN 4. 4

END BLOCE;



=)

10.5 VHDLFE

PACKAGE TRFFEIE Iz - EFER
FEFel g 1 B

END T2/FEl4E;

PACKAGE BODY fefFHE IS -- EFEE

2 FFEld iR BRER L 2 allE
END IEFEE;




@

10.5 VHDLFE

[#] 10-16]

PACKAGE pacl IS -- EFEEHE
TYPE byte IS RANGE 0 TO 255 ; —— BN EEEET pyvte
SUBTYPE nibble IS byte RANGE 0 To 15 ; —- EXTFER nibble

CONSTANT byte ff : byte := 255 ; —— EXEH byte ff

STEMNAL addend : nibble ; —— E¥A 55T addend

COMPOMENT byte adder -- ETTH

PORT( a, b : IN byte; < : OUT byte; overflow : OUT BOOLEAN) ;
END COMPONENT
FUNCTICH my function (a : IN bytelReturn byte ; —-— TEN E#

END pacl ; - EFEEE




10.5 VHDLtEF

@

[#] 10-17]
PACEACE s=ewven IS
SUBTYPE segments iz BIT VECTOR(OD TO &) ;
TYPE bcd IS RANMNGE 0 TO 2 ;
END seven ;
USE WORK.seven.ALL ; -- WORE EEER)EFTITRY,
ENTITY decoder IS
PORT (input: becd; drive : out segments);
END decoder ;
ARCHITECTURE =imple OF decoder IS
BEGZTH
WITH input SELECT
drive <= "1111110" TWHEN
"0110000"™ TWHEN
"1101101" TWHEN
"1111001" WHEN
"0110011" TWHEN
"1011011" TWHEN
"1011111" TWHEN
"1110000" TWHEN
"1111111" TWHEN
"1111011" TWHEN .
"goooooo™ WHEM OTHERS ;

r

WM =] oy ol Wop e O

END simple ;



