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[ ] 10-1] Test Bench 3 {445 : CNT10 _TB.vhd

LIBRARY IEEE;
USE IEEE.STD LOGIC 11&4.ALL;
USE IEEE.STD LOGIC UNSIGHNED.ALL;
ENTITY CNT10 TE IS
END CNT10_TE;
ARCHITECTURE ONE OF CNT10_TE IS
COMPONENT CNT10
DORT (CLE,RST,EN,LOAD : IN STD LOGIC;
DATA - IN STD LOGIC_VECICR(3 DOWNTIO 0} ;
DOUT - OUT STD LOGIC VECTOR(3 DOWNTO 0) ;
COUT - OUT STD LOGIC);
END COMPONENT;

SIGNAL CLE : STD_LOGIC :='0"; --fE{ECNT106#&EOHANHTES
SIGHNAL RST : STD_LOGIC :="1"; --EXECRNTI0REfHOMAHNELRES
SIGHNAL EN : S5TD LOGIC :="0"; --EXECNTI0M#{CESOSANEEES
SIGNAL LOAD : STD LOGIC -="1'; --FE{E#lcNTionHERHEE

SIGNAL DATA : STD LOGIC_VECTOR (3 DOWNTO 0} ;
SIGNAL DOUT : STD LOGIC_VECTOR (3 DOWNIO 0} ;
SIGNAL COUT : STD LOGIC;
CONSTANT CLE_P : TIME := 30 ns;
——EAHEAREEHRCIE P=30 ns, FEI0EnFHZETE !

EEGIN.
Ul: CNT10 PORT MAP(CLE=>CLE, RST=>RST, EN=>EN, LOAD=>LOAD,
DATA=>DATR, DOUT=>DOUT, COUT=>COUT}; --Fl{HRZiEt
PROCESS BEGIN --FEH#ESHEE. EEMEESFESHRA8s83EE
CLE<="0"; WAIT FOR CLE D; --CLEEXEH0. 30nsEEHL
CLE<="1"; WAIT FOR CLE B; --BifionsFEE.
END PROCESS;
BEST <= "1", "0" AFTER 110 ns, "1" AFTER 114 ns; --RETEIEF#E#|
EN <= "0", "1" AFTER 40 ns; --ENZ F##|
LORD <= 1", "0" AFTER 510 ns, "1' AFTER 940 ns;
DALTA <= "0100™, "0110" AFTER 400 ns, -- IS EIEEE

"0111™ AFTER 700 n=, "0100™ AFTER 1000 n=;
ENLD ONE;




10.3 VHDL Test BenchJl iR i &

1. Z3IEModelSim
2. NTest Benchfi EiX B S

& Settings - CNT10 =T
Category:
General Simulation
Files
Libraries Specify options for generating output files for use with other EDA tools.,

4 Operating Settngs and Condtions -
vitage Tootname: [ModeiSe-fltera )
Tempearature =3 - . .

4 Compiation Process Settings | Run gatedevel simulation automatically after compilation
Early Timing Estimate
tncremental Compiation EDA Metict Writer settngs
Phyysical Syihesis Optindcations Format for output nethst: [VHOL . Time scale: [ 1ps -

4 EDA Tool Settmgs —
Design Entry/Synthesis Output drectory:  D:[TESTE fsimulation fqsm/ |z
Formal Verification || Map ilegal HDL characters | Enable ghtch filtering
EoardLevel Options for Power Estimation

4 Anahysic & Synthess Satings
VHDL Ingut || Generate Value Change Dump (VCD) fie soipt | Sapt Setiings
Verilog HOL Input
Default Parameters Design instance name:

Fitter Settings

TimeQuest Timing Analyzer = =

Assemisier More EDA Netst Viriter Settings.. |

Dresign Assistant

SignalTap I Lagic Analyzer Mativelink settngs

Logic Analyzer Interface ™ Mone

PowerPlay Power Analyzer Settings : . :
55N Analyzer & Compile test bench: |CNMT10_TB ¥ | |Test Benches...|
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10.3 VHDL Test BenchJliX 2

2. ATest Bench{i Ei&ES#

+" New Test Bench Settings = |

Create new test bench settings.

Test bench name: CNT10_TB

Top level module in test bench:  CNT10_TB

[¥] Use test bench to perform YHOL timing simulation
Design instance name in test bench: U1

Simulation period
Run simulation until all vector stimull are used
@ End simulation at: 2 IE]
Test bench and simulation files
L prp—— i
File Name Library HDL Version | Remove

10-5 3 Test Bench (hE R E &



10.3 VHDL Test BenchJliX 2

2. ATest Bench{i Ei&ES#

Edit Test Bench Settings

Edit test bench settings for the selected test bench

Test bench name: ||:|"'|"|"I 0_Te

Top level module in test bench: [CNT10_TE

Design instance name in test bench: |U1

Sirruilation period

" Bun simulation unbl all vector stimuli are used
I £ Ered sinistion st |2 .

Test bench fles

File name: iENH[I_TB.vhd

Fibe name Librany HOL Version
CHT10_TE. vhd Drefault

B 10-6 A Test Bench THEHREBE &4
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3. JB3)Test Benchfi &

4. HrTest Bench{i B4R

# fentl0_hCLK
4 fent10_thRST
4 fentin_thiEN
4 fenti0_thAOAD
4 fent10_th/DATA

4 fenik10_th/DOUT




10.4 VHDLF&EF

10.4.1 F3¥

FUNCTION BR¥l& (¥ F)RETURN #HE2E4 ——FHE
FUNCTION ER¥l% (ZHF)RETURN HiELER I3 - FHE
[ HBAEES ]
BEGIN
=& E ;
END FUNCTION Hi¥ia;




[ 10-2]

LIBRARY IEEE:
USE IEEE.STD LOGIC 1164.ALL;
PACFAGE packexp I3 —ENEEE
FONCTION max( a,b : IN 5TD LOGIC VECTCOR} —EXEME
RETURN 5TD LOGIC VECICR;
FONCTION funcl [ a,b,c : REAL } ——ELEEE
RETTURN REAL: .
FONCTION "4" [ a ,b : INTEGER } —E N EEE
RETTURN INTEGER;
FONCTION a=2 (SIGHMAL inl ,inf - REAL } --TYH&EE
RETURN REAL;
ERD;
PACRACE BODY packexp I3
FONCIION max( a,b : IN 5TD LOGIC VECTOR) —%F X E#E
RETURN STD_LOGIC_VECTCR IS

EEGIN
IF = > b THEN RETURN a;
ELSE RETUEN b;
END IF;..
END FUNCTION max; — & FEUNCT IONR &)
END; --ZE ECACFAGE EBODYEE
LIERARY IEEE; —@AEEE R

T3E IEEE.3TD LOGEIC 1164 ALL;
T3E WORE .packexp_ ALL;
ENTITY amamp I3
PORT [datl,dat? : IN 3TD LOGEIC VECTOR (2 DOWNTO 0] 0
datd,datd : IN 3TD LOGEIC VECTOR (3 DOWHIO O] ;
cutl,outi : OUL I3TD LOEIC VECICOR (3 DOWHIO 01 ;

ERD;
ARCHITECTURE bhv OF axamp I3
BEGIN
outl <= max{datl,datZ}; —EEEERYCHHTESESEY
EROCESS (datd, datd}
BEGIN
outZ «= max (datd,datd] ; —IIEESEEEY

END FROCE33;
ENRD;

r
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10.4.1 F¥K
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10.4 VHDLFIER

10.4.1 F3¥

[ 10-3]

LIBRARY TEEE;
UsSE IEEE.STD_LOGIC_llﬁd.ALL;
ENTITY func IS
PORT (a : IN STD LOGIC VECTOR (200 i o T B
m : OOUT STD_LOGIC_VECTOR.{D oo % 1
END ENTITY func :
ARCHITECTURE demo OF func IS
FUNCTION sam(x ,V ,Z : STD_LOGIC}RETURN’STD_LOGIC 5
BEGIN
RETURN (x AND y)OR ¥y;
END FUNCTION sam;
BEGIN
PROCESS (a) BEGIN
m(0)<= sam(a(0), a(l), a(2));
m(l)<= sam(a(2), a(0), a(l));
m(2)<= sam(a(l), a(2), a(0d));
END PROCESS;
END ARCHITECTURE demo;




10.4 VHDLFIER

10.4.2 EH
[ 10-4]

LTBEARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

PACEAGE packexp IS

FUNCTION max{ a,b : IN STD LOGIC VECTOR)
REETUEN STD LOGIC VECTOR;

FUNCTION max({ a,b : IN BIT VECTOR)
EETUEN BIT VECTOE;

FUNCTION max({ a,b : IN INTEGER )
REETURN INTEGEE;

END;

PACEAGE BODY packexp IS

FUNCTION max{ a,b : IN STD LOGIC VECTOR)
RETURN STD LOGIC VECTOR IS

BEGIN
IF a > b THEN EETURN a;
ELSE RETURN b; END IF;

END FUNCTICON max:;
FUNCTION max( a,b : IN INTEGER)
EETUEN THNTEGER IS5

——EXIEFE
——EXRHE
EXEHE

e

\..v'I
R

&
I

~—TE X HEE

- HFUNCTIONIET]

——TE X HEE



BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b; END IF;
END FUNCTION max; -—EZFFUNCT IONES
FUNCTION max( a,b: IN INTEGER) --FE M EEE
RETURN INTEGER IS
BEGIN
IF & > b THEN RETURN a;
ELSE RETURN b; END IF;

END FUNCTION max; - - EWFUNCT IONE 5]
FUNCTION max( a,b: INBIT VECTOR) -—-EX R

EETURN BIT VECTOR IS
EEGIN
IF &8 * b THEN RETURN a;

ELSE RETUERN b; END IF;
END FUNCTION max;
END;
-- L TRASRESESnaxfIZF
LIERLRY TEEE;
USE IEEE._STD IOGIC 1164.ALL;
USE WORE _packexp. AL
ENTITY axamp IS,
PORT (al,bl : IN STD LOGIC VECTOR(3 DOWNTIOQ O} ;
aZz,bZ - IN BIT VECTOR(4 DOWNIO 0} ;
23,b3 - IN INTEGEER RRNEZE 0 TD 15;
cl - QUT STD _LOGIC VECTOR (3 DOWHTO 0} ;
cZ - QUT BIT VECTOR (4 DOWNIO O} ;

—--ZHEFUNCTIONE S
--#Z ¥ PACKAGE BODYE4T

c3d : OUT INTEGER RANGE 0 TO 15);
EHD;
LRCHITECTURE bhv OF axamp IS
EEGIN
el <= max({al,bl); —-3@#maxia,b: IN STD LOGIC VECTOR) BHAE

cd ¥= maxiaZ,bZ);
c3 = max(a3d b3);
END;

--FtE#max(a,b: IN BIT VECTOR)BJ@E
——-#tE#max(a,b: IN INTEGER) B5iEE




[ &110-5]

LIBRARY IEEE; --BFgE

USE IEEE._=std logic 1164_all;

USE IEEE._std logic_arith.all;

PACKAGE STD LOGIC UNSIGHNED is

function "+" (L - ETD LOGIC VECTOR; R - INTEGER)
return STD LOGIC VECTOR;

function "+" (L : INTEGER; R : 5TD_LOGIC_VECTOR]
return STD LOGIC VECTOR;

function "+" (L - 5TD LOGIC VECTOR; R - STD LOGIC )

return STD LOGIC VECTOR;

function SHR (ARG - STD LOGIC VECTOR;

COUNT : 5TD LOGIC VECTOR ) return STD LOGIC VECTOR;

end STD LOGIC UNSIGHED;
- TFREFaE
LIERLRY TEEE;
use IEEE_std logic_ll&4.all;
use IEEE._std logic _arith.all;
package body S5TD LOGIC UNSIGHED is
functionmaximum (L, R ; INTEGER}returnm INIEGER is
begin
if L » B then returnlL;
else return RB;
end 1E£;
end;
function "+" (L - 5TD LOGIC VECTOR; R : INTEGER)
return STD LOGIC VECTOR is
Variable result - STD LOGIC VECTOR (L' range) ;
Begin
result o= THSIGHED(L) + R;
return std_logic_wvectoriresult);

end;

end S5TD LOGIC UNSIGHNED;




10.4 VHDLFERF

10.4.3 BT

10.4.4 TFE
DROCEDURE 124 (B -- HER

PROCEDURE 141245 (B¥I7) 18
[ EARE ]
BIGIN -- JHiEE
IR EF1EA] ;

END PROCEDURE 117245 ;

PROCEDURE prol (VARTABLE a, b : INOUT REAL):

PROCEDURE proZd (CONSTANT al : IN INTEGER ;
VARTABLE bl : OUT INTEGER );

PROCEDURE pro3 (SIGHNAL =zig : INOUT BIT):



10.4 VHDLFIER

10.4.4 378

[{7) 10-6]

PROCEDURE prgl (VARTIABLE wvalue:INCUT BIT_T.F‘ECTGR{D TO 7) )15
BEGIN
CASE wvalue IS
WHEN "0000"™ => walue: "0101"™;
WHEN "0101" => walue: "0000";
WHEN OTHERS => wvalue: "1111";
END CASE;
END PROCEDURE prgl;




10.4 VHDLFIER

10.4.4 378

(5] 10-7]

PFROCEDURE comp ( a, r : IN REAL;
m : IN INTEGER;
vl, vZ: OUT REAL)IS
VARIABLE cnt - INTEGER;

BEGIN
w1l z= 1u6 F*oag w7 o= Laflz —— NN 1518
Ol : FOR cnt IN 1 TOm LOOP
vZ = w2 * vl;

EXIT Ql WHEN v2 > vl; ——Hv2>vl, Hkd{EFLoor

END LOOP Q1
BASSERT (v2 < vl )
REPORT "OUT OF RANGE" W EERS
SEVERITY ERROR;
END PROCEDURE comp;




[ 51 10-8]

LTERARY TEEE;

USE IEEE.STD LOGIC 1l64.ALL;

FACKAGE axamp IS ——HEHEX
FROCEDURE nand4a (SIGNAL a,b,c,d : IN S5TD LOGIC;

oy o

SIGHMAL y : OUT STD LOGIC );

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

END axamp;
PACEAGE BODY axamp IS —HFEEE X,
PROCEDURE nand4a  (SIGHMAL a,b,c,d : IN 5TD LOGIC;
SIGNAL y : OUT STD LOGIC ) IS

BEGIN

y«= NOT(a AND b AND c AND d);
RETURN ;
EMND nand4a;
END axamp;
LIBRARY IFEE; e ] =
USE IEEE.STD LOGIC 1164.ALL;
USE WORE.axamp.ALL;
ENTITY EX IS5

PCRT{ e,f,g,h : IN S5ID LOGIC;

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

x : OUT STD LOGIC );

END;
ARCHITECTURE bhv OF EX IS5
BEGIH
nandda{e,f,g,h, x); ——;:’Fﬁ"lﬁfﬁﬂ$§_
END;
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10.4.5 EHIE

[ 1 10-9]

PROCEDURE calcu ( wvwl, w2 : IN EEAL;
SIGHAL outl : INOUT INTEGER) ;

PROCEDURE calcu ( wl, w2 : IN INTEGER;
SIGHMAL, outl : INOUT REAL);

calcu (20.15, 1.42, signl); 1B s — -E#iidiEcalcu
calecua (23, 320, signi ); —ifRE " ~EH A calcu
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10.4.6 TREFHAMHES
1. A

HIER [(HER= 1ZT&FRAT
{ ,BER= 13E&F/AH)) 1;




[& 10-10]
PACKRGE data types IS -—E¥IEER
SUBTYPE data element IS INTEGER RANGE 0 TO 3; - FriEe Al
TYPE data array IS5 ABRAY (1 TO 3) OF data element;
END data types;
USE WORK.data types.ALL; ——fIHL FB I SR T {EERREFldata_types
ENTITY scrt 15
PORT ( in array : IN data array;
out array : OUT data array):
END sort;
ARCHITECTUERE exmp OF sort 15
BEGIN
PROCESS (in array) —HiFHig, imdata_typesBIELNES
PROCEDUEE awapf(data : INOUT data array:
—— swapIf &5 Adata~ low. high
low, high : IN INTEGER) I35
VARIABLE temp : data element;

BEGIN -—FigfEid 2R A EE T
IF {(data{low) > data{high)) THEN --$sllZiiE

temp := data(low): data({low) := data(high):

data{high) := temp: END IF:
END aswap; -—J33% swapiE iR
VARIAELIE my array : data array; —— A HEPEY T8y array
BEGIN - H g
my array i= in areay: A SRS
gwap (my_array,l,2);-—— my array. 1. 23w Fdata. low. highflzhE
swap (my_array, 2, 3); —uBFEEAA. F2. BinEm
swap (my_array, 1, 2); —uBxFEEA, Bl F2aERR

out array <= my array:
END PROCESS;

END exmp:




[ & 10-11] o

ENTITY sort4 1is
GENERIC (top : INTEGER :=3);
PORT (a, b, c, d : IN BIT VECTOR (0 TO top);
ra, rb, re, rd : OUT BIT VECTOR (0 TO top}):
END sort4;
ARCHITECTURE muxes OF sort4 IS5
PROCEDURE gortZ(z, ¥ : INOUT BIT VECTOR (0 TO top)) is
VARIABLE tmp : BIT VECTOR (0 TO top)-:
BEGIN
IF x>y THEN TtTmhp = E; X 1= ¥:; ¥ = tmp; END IF:
END sort?;
BEGIN
PROCESS (a, b, c, d)
VARIABLE va, vb, vec, vd : BIT VECTOR(O TO top):
BEGIN

TR =08y vh 1= Db; - 4 gL < E vd = d;

sortd(va, vc): gsortZ (vbh, wvd):

gortz2{va, vb): gort2{vc, wvd): gort2(vb, wvc);
In <= va; rb <= vbh; rc <= wvgc; rd <= vd;

END PROCESS:;
END muxes=s:



10.4 VHDLFIER

10.4.6 FEFAHREH
2. REAH




10.4 VHDLFIER

10.4.7 RETURNiEA]

RETTRN ; -- B—MERTER,
RETURN Fok7; ~- B IIFEHE,

[ 7l 10-12]

FROCEDURE r= (SIGNAL 3 , r : IN S5TD LOGIC:
SIGHNAL g , ng : INOUI STD LOGIC) IS5
BEGIN
IF ( s ='1'" AND r ='"1'") THEN
REPORT "Forbidden state : 3 and r are guual to '1'™;
EETURN;
ELSE
g <= 3 AND ng AFTER 5 n=; ng <= 3 AND g AFTER 5 n=;
END IF;
END PROCEDURE r=;




10.4 VHDLFIER

10.4.7 RETURNiEA]

[ 7 10-13]

FUNCTION opt (a, b, opr :STD LOGIC) RETURN STD LOGIC IS
BEGIN
IF {opr ='1') THEN RETURN (a AND b):
ELSE RETURN (a OR b); END IF;
END FUNCTION opt:




10.4 VHDLF&EF

10.4.8 FITEE R IEA]

[ 5] 10-14]

PROCEDURE adder (SIGNAL a, b :IN STD LOGIC; —-J23E B\ Hadder
SIGNAL sum : OUT STD LOGIC ):
adder {als bl: suml) : --FiT1432 1 A
o — TEHEs 21 b1l sumlBIAS R E Tz b sumPIEREEE S
PROCESS( cl: c2): - ¥ 1F BT

BEGIN
adder (cl: c2: =1); —— i 232 EA . Fitke1 « o2« =1E1A 9 AR

END PROCESS: —EFa+b sumfIEESBE



10.4 VHDLFIER

10.4.8 FITEE R IEA]

[ 5 10-15]

PEOCEDURE check(SIGNAL a :
SIGHAL error

VARTABLE fuund_une

BEGIN
FOR i IN a'RANGE LOOP
IF a{i} = '1' THEN

IF found one THEN
EBRROR <= TRUE;
RETURN
END IF:
Found one
End IF:
End LOOP;
error <= NOT found omne;
END PROCEDURE check:

:= TRUE;

IN STD LOGIC VECTOR; --TrifAHAT
. OUT BOOLEAN ) IS = - =
- BOOLEAN := FALSE: ——1= {1518

-y R B aRuTEH#HTE
—-EWarpy r1v

—-FHfound one ATRUE MFMAEIM T—7LL £/ 1
——EMT—1ELER 1 Hfound oneJTRUE
--HHEERE

A EEMT— 41

——BllahHIE
—-MNRERIEA 1 WEM: error HIHETRUE



10.4 VHDL &

10.4.8 FITEE R IEA]

CHELE: EBLOCE

SIGNAL sl: STD LOGIC WVECTOR |
SIGNAL s2: STD LOGIC VECTOR (0 To 1
SIENAL =3: S TD LOEIC WECTOR ([
SIGNAL s4: STD LOGIC WVECTOR (0 To 3
STIENAL 1, =2, 23, 24: Boolean;

;o - W ER AR E R RS

BEGIHN
Check (=1, el); —— HTAERA, REEHEEN 1 =1
Check (=22, =2); -— AR, ESEEE N2, ez
Check (=23, =3); —— TR A, KBS EE N s3. -3
Checlk (=d, =4); —— HTTIEREH, XESEE N4, 24

END BLOCE:;



10.5 VHDLIEFH

DACKAGE TEFEE IS -- EFEAE
FEFErE 1 BR AR

END i2fFElE;

PACKAGE BODY TRFEE Is -- EFEE

2 FEFRBRER Bl aliE
END I2FES;




10.5 VHDLFEFH,

[ 7 10-16]

PACKAGE pacl IS -- EFEEEHE
TYPE byte IS RANGE 0 TO 255: —— EXFRHEAL e
SUBTYPE nibble IS byte RANGE 0 TO 15: — EXFHHnirble

CONSTANT byte ff : byte := 255; -- EXFR#ibyte ff

SIGNAL addend : nibble; —- EX{ESaddend

COMPONENT byte adder -- ExXmH

PORT{ a, b : IN byte: c : OO byte; overflow : OUT BOOLEAN) ;
END COMPONENT;
FUNCTION my function (a : IN byte)BReturn byte; —— FEX RS

END pacl; - EFEEEHEE




10.5 VHDLFEFH,

[ 10-17]

PACKAGE seven IS5
SUBTYPE segments is BIT VECTOR (D TO &) ;
TYPE bcd IS BANGE O TO E:
END seven;
USE WORK.seven.ALL; -- WORKEELIAZH FAY
ENTITY decoder IS
PORT (input: bhcd; drive @ out segments);
END decoder:
ARCHITECTUBE =imple OF decoder IS5
BEGIN
WITH input SELECT
drive «= ™1111110" WHEN
"0110000™ WHEHN
"1101101" WHEHN
T1111001" WHEHN
"0110011" WHEHNH
"1011011" WHEHN
"1011111" WHEH
"1110000" WHEN
"1111111" WHEHN
"1111011" WHEH ;
"0000000™ WHEN OTHERS:

r

r

[T=J = B (I Y O L

END szimple;



10.5 VHDLFEFH,

(1) STD _LOGIC_1164F2FH..

(2) STD_LOGIC_ARITHREFA.

(3) STD_LOGIC_UNSIGNEDFISTD LOGIC_SIGNED#EFAL.

(4) STANDARDFMITEXTIORE/FH.




