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4.1 % EEIEFESS IVHDLAEIA

4.1.1 21%1Z Bk FEA I VHDLI#IE

[ 54-1])
ENTITY mux2la IS
PORT ( a, b - IN BIT,;
s - IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
BEGIN
y <=a WHEN s = "0" ELSE D
END ARCHITECTURE one ;

KX/%/Z%%?



4.1 % EEIEFESS IVHDLAEIA

4.1.1 2&%1%&%%%%%E@VHDL%52S

[ #i4-2]
ENTITY mux2la IS
PORT ( a, b - IN BIT,;
s - IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
SIGNAL d,e : BIT,;
BEGIN
d <= a AND (NOT S) ;
e <= b AND s ;
y <=dOR e ;
END ARCHITECTURE one; '
I(Xﬁﬁﬁ%ﬁ
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4.1.1 2&%1%&%%%%%E@VHDL%52S

[ %14-3]
ENTITY mux2la IS
PORT ( a, b, s: IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
BEGIN
PROCESS (a,b,s)
BEGIN
IF s = "0 THEN
y <= a ; ELSE
y <=b;
END IF;
END PROCESS;

END ARCHITECTURE one ; "
KX/»%/ WELEE
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4.1.2 FHIRTER) G M FNE 2

1. £k kik

[]4-4]
ENTITY e name IS
PORT ( p_name : port m data_ type;

p_namei : port_mi data_type );
END ENTITY e_name,

2. EA%
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w
JE

Q& & fesgalz 548
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4.1 % EEIEFESS IVHDLAEIA

4.1.2 AHFVE R 25 M) FNTE V1 B
4. 5% a # X
[0 WA, S 2 R At

[Cour  Wimm, & SIS ¥
[PVNOUT s it e i Ay 0L
[BUFFER Zprin, Hohfe 5 INOUTZEML
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4.1 % EEIEFESS IVHDLAEIA

4.1.2 FHI1ER) 45 K FN B v B
5. # # £ A

6. M4k K ik

[ #i4-5]
ARCHITECTURE arch_name OF e name IS
[t AiEA)]
BEGIN
(ThEeRER])
END ARCHITECTURE arch_name ;
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4.1 % EEIEFESS IVHDLAEIA

4.1.2 FHITE R 45 M FITEE Ui A
7. RAA 4 T Ao B BB I T
MR <=
KT T ="EHARERNS X, A& —FhEdE st .

IF a THEN ... —— FE, addERBYgiREboolean
IF (s1="0")AND(s2="1")0OR(c<b+1) THEN ..
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4.1 % EEIEFESS IVHDLAEIA

4.1.2 FHITE D) 45 M FITEE U
8. 1% 48 48 1k 44

AND., OR. NOT

9. 4445 4

IF. THEN_ELSE

IFE R L AER) “END IF; 45K
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4.1 ZHixnFEss I VHDLARIR

4.1.2 FHITE D) 45 M FITEE U
10. WHEN_ELSE -4 12 % & 44 1% &

AR Hbr <= RIEA WHEN WH{E41F ELSE
K&\ WHEN W{H %1 ELSE

RIEN
Z <= a WHEN pl = "1" ELSE
b WHEN p2 = "1" ELSE

C
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4.1.2 FHITE D) 45 M FITEE U
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REBRIFATIESR), TWHAE—HFEPROCESSS| S 1iEA) (B
HRER]) SR TITFES] .

12. X#HRE Fo B &

KX/%/Z%%?



4.2 FA7#stnid A HVHDLE
4.2.1 Dfix#%FIVHDLHEIAR

SR

D Q=

[ %4-6]
LIBRARY IEEE : =
USE IEEE.STD LOGIC 1164.ALL ; -

ENTITY DFF1 IS
PORT (CLK : IN STD LOGIC :
D : IN STD LOGIC :
Q - OUT STD LOGIC );
END ;
ARCHITECTURE bhv OF DFF1 IS

=
DFFT

l4-4 Dfit/< 4%

SIGNAL Q1 : STD_LOGIC ; --RMUTEDHFWHE X — MR 71

BEGIN
PROCESS (CLK,Q1)
BEGIN
IF CLK"EVENT AND CLK = *"1°F
THEN Q1 <= D ;
END 1F;
END PROCESS ;

Q <= 0Q1 ; —— 45 N BB B A B R v L B (U - - R 5

END bhv;



4.2 ZifFestiid N IHVHDLIE SIS

4.2.2 VHDLH#IA WI1E = IS v B
1. 47 1% 45 45 # 42 £ % STD_LOGIC

BITZ KR4 € X
TYPE BIT IS('0,'1"); - WM EUE

STD_LOGICH KA & X:

TYPE STD_LOGIC IS ("U',"X",'0",'1","Z""W","L","H","-");

KX/%Z%[&



4.2 FAFAe iR LHVHDLIE S A

4.2.2 VHDLH#IA WI1E = IS v B
2. & vt & Fodz B A2 5 A
LIBRARY WORK ;

LIBRARY STD ;
USE STD.STANDARD.ALL ;

R ERFE PR — B e XR L
LIBRARY <i&itFE4L>:
USE < #itFELZ>.<ERE4L>.ALL ;

l(xﬁﬁﬁ%§



4.2 ZifFestiid N IHVHDLIE SIS

4.2.2 VHDLH#IA WI1E = IS v B
3.5 2l otk Bt %

“SIGNAL Q1: STD_LOGIC; ~”

4. L 4 & o & X Fefs 5 5 H & HKEVENT

“CLK"EVENT AND CLK="1°%"

{55 &> EVENT
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5. F R X AMiE G bt s &%

[ %14-7]
ENTITY COMP_BAD IS
PORT( al, bl : IN BIT;
ql : OUT BIT );
END ;
ARCHITECTURE one OF COMP_BAD 1S
BEGIN
PROCESS (al,bl)
BEGIN
IF al > bl THEN gl <= "1" ;
ELSIF al < bl THEN ql <= "0" ;--K#EKkHal=blif, qliEM#EE
END IF;
END PROCESS ;
END ;

KX/%Z%[&



4.2 FAFesthid L HVHDLIE S L%
4.2.2 VHDLH#iAH)7E S IS il
5 Rz %4454 5045 %

b1

latrs
Al = ;u_[]
q . g Q . [:;myh————jz::}
S q1
q1_1
a;_1

Kl4a-5 Fl4-7H g E (SynplifyZi&) '
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4.2.2 VHDI__J’%ﬁEﬁJ%‘E%%FE%

5. R 244 4E 555 €%
[ 14-8]

IF al > bl THEN ql <= "1° ;
ELSE gl <= "0" ; END IF;

R

HT>——{ >0 P
al ; ‘

A

Kl4-6 #4-8HIHEEE (SynplifyZia) KX/%/Z%%?
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4.2.3 SCHLE P H I VHDLA [F 3Rk

[ 14-9]
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND (CLK="1") AND (CLK"LAST VALUE="0")
THEN Q <= D ; — - RCLK AR AL 2 — IR S kAR
END IF:

END PROCESS ;

KX/%/Z%%?



4.2 ZifFestiid N IHVHDLIE SIS

4.2.3 SCHLE P H I VHDLA [F 3Rk

[ #14-10]

PROCESS (CLK)
BEGIN
IF CLK="1" AND CLK"LAST VALUE="0" --[F#I3-9
THEN Q <= D ;
END IF;
END PROCESS ;

KX/%/W#&



[ $14-11]
LIBRARY IEEE ;
USE IEEE.STD_LOGIC 1164 .ALL ;
ENTITY DFF3 IS
PORT (CLK, D : IN STD_LOGIC ;
Q : OUT STD LOGIC );
END ;
ARCHITECTURE bhv OF DFF3 1S
SIGNAL Q1 : STD LOGIC;
BEGIN
PROCESS (CLK)
BEGIN
IF rising_edge(CLK) -- AZI$TFFSTD_LOGIC_ 11642711
THEN Q1 <= D ;
END IF;
END PROCESS ;
Q <= Q1 ; --7it, W{EEN] CURLEHRES, 1EAFATIREIER]
END ;

KX/%/Z%%?



4.2 ZifFestiid N IHVHDLIE SIS

4.2.3 SCHLE P H I VHDLA [F 3Rk

[ #1]4-12]
PROCESS
BEGIN
wait until CLK = "1 : ——FlHwai tiEf)
Q <=D ;
END PROCESS;

KX/%/W#&



4.2.3 LU P HE I VHDLA [F 3Rk

[ %14-13]

PROCESS (CLK)
BEGIN
IF CLK = "1°"
THEN Q <= D ; —-F|HBFER)S B4R = A0 CLK B3 v 6
END IF;
END PROCESS ;

CLK ] B ] [

I IR ] s
: IR [

K4-7 514-1301 B F T

KX/%Z%[&



4.2.3 LU P HE I VHDLA [F 3Rk

[ #14-14]

PROCESS

IF CLK = "1°

(CLK, D) BEGIN

THEN Q <= D ;

END

IF;

END PROCESS ;

—— FLP A B B A A%

CLE ] ] ] [
D | BN ] L
] IEENS P I D N ]

K|4-8 1514-141 B U T

KX/%Z%[&



4.2.4 B FEBERTE
[ %14-15]

ARCHITECTURE bhv OF MULTI_DFF IS
SIGNAL Q1,02 : STD LOGIC:
BEGIN
PRO1: PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK="1"
THEN Q1 <= NOT (Q2 OR A):
END IF;
END PROCESS :
PRO2: PROCESS (Q1)
BEGIN
IF Q1"EVENT AND Q1="1"
THEN Q2 <= D;
END IF;
END PROCESS :

QQ <= Q2 ;



4.2 ZifFestiid N IHVHDLIE SIS

4.2.4 B e LB iCTT
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4.3 17 3

4.3.1 FInasflak

}D a b SO o{0)
coO

a 5 and?2 0 0 0 0

0 1 1 0

W jD%@ 1 0 1 0

not Xnor2 1 1 0 1
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4.3.1 FIn#sHiR
h_a%%er
ain A co®
bin ——B so¢
cin

4.3 17 3

D

h_adder
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B SO

il 40 4% K VHDL 38
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4.3 147 g4 ines B VHDLHR IR
4.3.1 ¥ ngsfid

[ 514-16)

LIBRARY IEEE; — PSR (1) TR A FERR T

USE IEEE.STD LOGIC 1164_.ALL;
ENTITY h_adder 1S

PORT (a, b - IN STD LOGIC;

co, SO - OUT STD LOGIC);

END ENTITY h_adder;
ARCHITECTURE fhl OF h_adder 1s
BEGIN

so <= NOT(a XOR (NOT b)) ; co <= a AND b ;
END ARCHITECTURE fhil,;

I(X%%ﬁ%§



[ $14-17]

LIBRARY 1EEE; --Phi#sHiiR(2): HAERMBITL

USE IEEE.STD LOGIC 1164 _ALL;

ENTITY h_adder 1S

PORT (a, b : IN STD LOGIC;
co, so : OUT STD LOGIC);

END ENTITY h_adder;

ARCHITECTURE fhl OF h_adder is

SIGNAL abc : STD LOGIC_VECTOR(1 DOWNTO 0) ; --i& XFrHEZHEfRE

HiERA
BEGIN
abc <= a &b ; --afiftb, Bla5biEEE
PROCESS(abc)
BEGIN
CASE abc IS - - R T EHERKHKICASETER]

WHEN "00" => so<="0"; co<="0" ;
WHEN ""01" => so<="1"; co<="0" ;
WHEN ""10"" => so<="1"; co<="0" ;
WHEN ""11"" => so<="0"; co<="1" ;
WHEN OTHERS => NULL ;
END CASE;

END PROCESS;

END ARCHITECTURE fh1l ;



D

il 40 4% K VHDL 38

4.3 1/} —i3f

4.3.1 FInasflak

[ %14-18]
LIBRARY 1EEE ; --E{| 1 Z#H#HR
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY or2a 1S

PORT (a, b :IN STD LOGIC;

c : OUT STD LOGIC );

END ENTITY or2a;
ARCHITECTURE one OF or2a IS

BEGIN

c <=aOR b ;
END ARCHITECTURE one ;

I(X%%ﬁ%§



[ %14-19]
LIBRARY 1EEE; — -1 —JE il a8 T = e vk
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY ¥ adder IS
PORT (ain, bin, cin - IN STD LOGIC;
cout, sum - OUT STD _LOGIC );
END ENTITY ¥ _adder;
ARCHITECTURE fd1l OF T _adder IS
COMPONENT h_adder —— T F ¥ N 28 7= R A)
PORT ( a, b - IN STD LOGIC;
COo, SO - OUT STD LOGIC);
END COMPONENT ;
COMPONENT or2a
PORT (a, b - IN STD LOGIC;
c - OUT STD LOGIC);
END COMPONENT;
SIGNAL d, e, ¥ : STD LOGIC; --EX3M5E5/EANIBRIEELZL.
BEGIN
ul : h_adder PORT MAP(a=>ain, b=>bin, co=>d, so=>e);--ffl{LiEH]
u2 : h_adder PORT MAP(a=>e, b=>cin, co=>F, so=>sum);
u3 : or2a  PORT MAP(a=>d, b=>t, c=>cout);
END ARCHITECTURE fd1;



il 4 N4 B VHD L F 3k

—rl‘r

4.3 1,7 —3H

4.3.2 CASEiEA]

1. CASE+% 4
CASE <FRi&Ei> IS
When <EFEEBARRFF> => <JMFEA>; ... ; <JWFiE[)> ;
When <EFEEBARRFF> => <JMFEA>; ... ; <WFiE[)> ;

WHEN OTHERS => <JifFiEA]>;
END CASE ;

K)(/%ﬁﬂﬁf
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il 4 N4 B VHD L F 3k

4.3 1N

4.3.2 CASEiEf]
2. 172328 £ T HE LA
STD LOGIC VECTOR STD LOGIC
ZE{FFHSTD LOGIC VECTOR®Y, WAZRyERHHEEAAHE, BT, 1.

B : OUT STD_LOGIC_VECTOR(7 DOWNTO 0) ;
. SIGNAL A : STD _LOGIC _VECTOR(1 TO 4)

B <= "01100010" ; —— B(7)A "0
B(4 DOWNTO 1) <= "1101" ; -- B(4)HK "1-
B(7 DOWNTO 4) <= A ; -- B(B)FT A(2)

KX/%Z%[&
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il 4 N4 B VHD L F 3k

4.3 1,7 —3H

4.3.2 CASEiEA]

3.AE/RMER &
SIGNAL a : STD_LOGIC_VECTOR (3 DOWNTO 0O) ;
SIGNAL d : STD_LOGIC_VECTOR (1 DOWNTO 0O) ;

<= "1" & "0" & d(1) & "1 ; -- GLE5CEHE, HEH
Fmﬁ@ﬁﬁﬁ4

IFa&d="101011" THEN ... — ZEIF&4a)FA] DA B/

K)(/%ﬁﬂﬁf
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4.3.3 EMmasiaid ek E A

COMPONENT Jufy4 1S

PORT (mH&ZEK) ;

END COMPONENT 3Cf:4
COMPONENT h_adder

PORT ( ¢, d - IN STD LOGIC;
e, ¥ - OUT STD _LOGIC);

W4 : T4 PORT MAP( [ 14 =>] EEeum 1 4,...);

I(X@%%%§
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[ 1514-20]
ENTITY CNT4 IS
PORT ( CLK : IN BIT ;
Q : BUFFER INTEGER RANGE 15 DOWNTO O ) ;
END ;
ARCHITECTURE bhv OF CNT4 IS
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = *"1" THEN
Q<=0+ 1;
END IF;
END PROCESS ;

END bhv;
K X/% P /fvlfé



4.4 THEER LT

4.4.1 AR HERUNEE A R

=H_ L, BUFFEREB N [9im OINOUTHIIThEE, 1B
SEPR EHMAIGERA T2, EREBECHmERY
ESBREREIEK, HASE INEIDIEE.

FNQ <= Q + 1AM S AEWFHIFL TR IS ZIA,
TR, BRTEBERN, mESREIT
SRR EIEE: BE, BIEAMZEREIMAQ+1, &
FF T I HEH.
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4.4 THEER LT

4.4.2 BEERAY
Q : BUFFER INTEGER RANGE 15 DOWNTO 0;

i <é%§%§Mﬁgﬁﬁ%@>>
it

35 it R

10E3 TR, STFHEHIER1000
16#D9# T NSRS, ST N HEEHDIH
8HT20# JURBIRY, FT)UtHIRH 7200

2#11010010# —ibileed, &F —dk4¥3110100108
Q : BUFFER NATURAL RANGE 15 DOWNTO 0;
KX/%/L&\?@'[&
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[ 151]4-21]
LIBRARY IEEE ;
USE 1EEE.STD LOGIC 1164.ALL ;
USE 1EEE.STD LOGIC _UNSIGNED.ALL ;
ENTITY CNT4 1S
PORT ( CLK : IN STD LOGIC ;
Q : OUT STD LOGIC VECTOR(3 DOWNTO 0) ) ;
END ;
ARCHITECTURE bhv OF CNT4 1S
SIGNAL Q1 : STD LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = ®"1" THEN
Ql <= Q1 + 1 ;
END IF;
END PROCESS :
Q <= Q1 ;
END bhv;
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L A7 U N 4 g > N
4.5 —hnETHags it

[ ]4-22]
L1BRARY IEEE;
USE TEEE.STD LOGIC 1164 _ALL;
USE ITEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT10 IS

PORT (CLK,RST,EN - IN STD LOGIC;

CQ : OUT STD LOGIC VECTOR(3 DOWNTO 0);

COUT : OUT STD LOGIC );:
END CNT10;
ARCHITECTURE behav OF CNT10 IS
BEGIN

PROCESS(CLK, RST, EN)

VARIABLE CQI : STD LOGIC VECTOR(3 DOWNTO 0);
BEGIN

IF RST = ‘1" THEN CQl := (OTHERS =>‘0") ; --it#
feor b BAL
ELSIF CLK‘EVENT AND CLK=’1‘ THEN e AU LR M e

2N



4.5 —REImiE M B

IF EN = "1" THEN ~Kr A R vE g (E2BAd R

IF CQI < 9 THEN CQI := CQI + 1; --Aa¥it#,
25N T9

ELSE CQl := (OTHERS =>‘0"); --K7F9,
THEEES

END IF;
END IF;
END IF;

IF CQlI = 9 THEN COUT <= "1%; —--##KT9, #lBi#HiifES
ELSE COUT <= "0";
END IF;
&Y == als —— Y VB 0 s 1
END PROCESS;
END behav;

K X/% LRI



4.5 R A

4.5.1 FHF<TEVELH
1, A&

VARIABLE CQI - STD_LOGIC_VECTOR(3 DOWNTO 0)

2. B TREEA/ERF(OTHERS=>X)
SIGNAL dl : STD LOGIC VECTOR(4 DOWNTO 0);
VARIABLE al : STD LOGIC_VECTOR(15 DOWNTO 0);

dl <= (OTHERS=>"0"); al = (OTHERS=>"0") ;
dl <= (1=>e(3),3=>e(5), OTHERS=>e(1) );
f<=e(@) &e®) &e@) &e@) &e( ;
K X/% 4 /fvlfé
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[ $51]4-23]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY SHFRT 1S - 8N EBEF A
PORT ( CLK, LOAD : IN STD LOGIC;
DIN : IN STD _LOGIC_VECTOR(7 DOWNTO 0);
QB : OUT STD LOGIC );

END SHFRT:
ARCHITECTURE behav OF SHFRT IS

BEGIN

PROCESS (CLK, LOAD)

VARIABLE REG8 : STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF CLK"EVENT AND CLK = "1" THEN
IF LOAD = "1" THEN REGS8 := DIN; --ff (LOAD="1") 3

B

END IF;

ELSE REG8(6 DOWNTO O) := REG8(7 DOWNTO 1);

END IF;
QB <= REG8(0); -- HimI&Aiz
END PROCESS;
END behav;



4.5 — NI EEs i

4.5.3 FIFATEMBIBAL F AT

Mame: vafoDons  1.0us  15pus  2.0ps  25us  3.0us 3.5us  4.0us  4.5ps

cK 1] ]
LoAD | O || ]

DIN | - 94, i 55
6 |0 o) 1[0 ]1 1 [0 0 |1 1t | 0| 1[0 0 |1

REGS |HOO ) 9A § oD ¥ BB J F3 ¥ F9 J FC ¥ FE J FF {85 ¥ 32 ¥ 19 Joc f 06 ¥ 03 JoO

Kl4-16 14-231 TR R
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@ 4

4-1. 1 5B SRR X Y. [ JR 2 B R e

ENTITY buf3s 1S —— K1, =R
PORT (input : IN STD LOGIC ; —-— BN
enable : IN STD LOGIC ; -— fHHE
output : OUT STD LOGIC ) ; -- HrHiig
END buf3x ;
ENTITY mux21 1S —-SEAK2: 281 Ik

PORT (inO, 1nl, sel - IN STD LOGIC;
output : OUT STD LOGIC);

I(x@ﬁﬁ%§
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4-2. E4-1TF 7~ H) 2418155 BRIEFE

2 R4 BIFIF_ THENE A R[50

CASEERI M RIZ T E B I ST

IVHDLIE T, - JiSD
WRE R SUISOREERS

3STD_LOGIC_VECTOR; a0 D™

w10, s0="0"; s1="0, sO="1'; %( g Y >
s1="1", s0="0"fls1="1", sO="1'%}% - P

HATy<=a. y<=b. y<=c. y<=d. = =

Kl4-17 43%1% PR
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4-3. B4-18FT7nHI 2 X218 1 25 BE IR A3 M B FLESMUXK, X6 F-FH AMUX21A,
Ys= 0 MUK, AREy<E & My<= b o RE—AFREH A ERE
KRFEIBICHEE, AR FICASEE f)fiid — 21 1 22 Bk £E4sMUX2 1A
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1K 2 T A, [Al_LH 2 T A,

a7 = =
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4-4. BE4-192 —DEF LI A KDl 25 KU 7 B, X5 M IE H g%

FIVHDL ¥ 1 344 o

CL ;jjo

-

CLKD >
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4-5. A 1A ey FIVHDLiE R . oK.
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