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5.1 EARF R VHDLER

5.1.1 Dfix 25K IVHDLH#IA
[ ) 5-1]

LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFF1 IS T

_ _ D> S —
PORT (CLK,D : IN STD LOGIC ; CLKC— >
O : QUT STD LOGIC ); ENA
END : - CLR
ARCHITECTURE bhv OF DFF1 IS B s5-1 DA SEEEE
SIGMAL @l : STD LOGIC ;
EEGIN
PROCESS (CLE, QL) EEGTH
IF CLK'EVENT AND CLE = '1°T
THEN ©1 <= D ; ax | ML LT LI L1
i | |
END TIF; q _|—| |_|
END PROCESS ] .
o <= ol : 52 Dl aRetFi

END bhw;
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5.1 EARF R VHDLER

5.1.1 Dfix 25K IVHDLH#IA
[ 5-2]

ENTITY COMP BAD IS
PORT{ a, b : IN BIT: g  oUTl BIT i

END ;
ARCHITECTURE one OF COMP BAD IS
BEGIN
-- CMP E2LEHBEKIRS G, T &8558

CMP: PROCESS {a,b) BEGIN

IF a>b THEN g<='1" ;
ELSIF a<b THEN q<="0" ; END IF;-- {¥EFREEZ a=b T, qEfRE

END PROCEIZI ;
CHE~0
END comb—1
r A = ™y .
o= D, —
n N = -0
- II_““\ cormb-0
- >—== B
_._l I B
odo el [>q
P [
ar
]

B 5-3 8 5-2 SEEfE R RTL =S EEFE
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5.1.1 Dfix 25K IVHDLH#IA

[i55-31

IF a>b THEN g <= '1"; ELSE g<='0' ; END IF;

CMP-0
N S—
aI:}—-—-—D >

B 5-4 #]5-3 § RTL HEEE
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5.1.2 &35 AL B fE 8Dt 28 L HVHDLR IR

PRE CLE I I I l |
D= D o [ >a
CLKC DoO——— . L1 1
ENC—>———]e - |
CLR EST |
RSTC > ? 1
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5.1 EARF R VHDLER

5.1.2 &P EAIE B 58 DA A K VHDLER R
(#154)

LIBREARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DEFZ IS
PORT (CLK,R3T,EN,D : IN 3TD LOGIC;
@ @ OUT 3TD LOGIC j;
END ;
ARCHITECTURE bhv OF DFFZ IS
SIGNAL @1 : 3TD LOGIC ;
BETH
PROCESS (CLK,Ql,RST,EN) BETIN
IF RET="1" THEN Ql«<="0"; ELSIF CLK'EVENT AND CLK = "1" THEN
IF EN="1" THEN ©l<=D;
END TIF;
END IF;
END FROCEZS ;
o <= 0l ;
END bhwv;
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5.1.3 &P EAEFIH DA 48 X VHDLERA

RST al

n] 0 o —>a CLE [ | [

ot > i | | I
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CLKC > o o« U/
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5.1 EARF R VHDLER

5.1.3 &P EAEFIH DA 48 X VHDLERA

[{7)] 5-5]
LIBRARY TEEE
U5E IEEE.STD_LOGIC_llﬁQ.RLL ;
ENTITY DFF3 IS
POET (CLE,EST,D : IN STD_LOGIC;
o o QT STD_LOGIC 1
END ;
AECHITECTUEE bhv OF DFF3 IS
SIGHNAL 91 : STD_LOGIC ;

BE=TIN
PROCESS (CLK,Ql,R3T) BE=TIN
IF CLETEVENT AND CLK = "1" THEN
IF E3T="1" THEN Ql<="0"; EL3E Q1 <= D; END IF;
END TIF;
END PROCEZS ;
o <= 1 ;

END bhwv;
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5.1.4 FEAGfFE MIHVHDLER
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5.1 EARF R VHDLER

5.1.4 EAXAPHFNKIHLVHDLER
[{7] 5-6)

LIBEARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL
ENTITY LTCHZ I3
PORT (CLK,D : IN 3TD LOGIC; @ ¢ OUT 5TD LOGICH;

END ;

ARCHITECTURE bhv OF LTCHZ IS
BEGTH
PREOCESS (CLK, D) BETH

IF CLE=T"1" THEN ¢ «= D; END IF:;
END PREOCESS ;
END  bhwv;
[ 5-7]
PEOCESS {(CLE) BEGIN
IF CLE=T1" THEN ¢ <= D; END IF;
END PROCESS ;
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5.1 EARF R VHDLER

5.1.5 10 HIR8ifEas M HVHDLEIR

[{7] 5-8]
LTIBRARY TEEE
U5E IEEE.STD_LOGIC_llEﬂ.ALL ;
ENTITY LTCH3 IS
PORT (CLE,D,EST : IN STD_LOGIC;
Qo OUT STD_LOGIC |
END ;
ARCHITECTURE bhv ©F LTCH3 IS
BEGZIN
PECCESS (CLE,D,EST) BEEGIN
IF RST="1" THEN Q<="0T7;
ELSIF CLK = '1" THEN ¢ <= D; END IF;
END PROCEEE
END bhvwv;
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5.1.6 VHDLSZHLF 7 H A RRIA

CLKE'EVENT AND (CLE="1"}) AND (CLE'LA3T VALUE='0")

[ {7 5-9]
IF (CLK'EVENT AND CLK="1"') AND (CLK'LAST VALUE='0")
THEN ¢ <= D ; ——FB{% CLK K134k B — i b A SR BEEE
END IF;
[ 5-10]

IF CLK='1" AND CLKTLAST VALUE ='0" THEN ¢ <= D; END IF;

[{F] 5-11]

IF rising edge (CLK) -- EEEHANEHLMITI STD_LocIc 1164 BFE
THEN @l <= D ;

END IF;



5.1 EARF R VHDLER

5.1.6 VHDLSZHLF 7 H A RRIA

[ 5-12]
WEEG: PREOCESS BEGIHN
wait until CLE = 1% ——FH wait &4
O <= D ;
END PROCEZSS;

Gl : BLOCK (CLK'EVENT AND clk='1")
begin g<=GUARDED d; END BLOCK G1;



5.1 EARF R VHDLER

5.1.7 XA #sfl s i Fr B B i v itie

FE[F]—H B PE—F SHITUA G E TEAFHEPFE—F S GERE
PROCESS (CLE) BEGIHN PROCESS (CLE) BEGIN

IF RISING_EDGE{CLK} THEN IF RISING_EDGE{CLK]I THEN
ol <= 0l + 1 ; ol <= 0l + 1 ; END IF;
ELSTF FALLING_EDGE{CLK} THEN END PROCEIS
ol <= 0l + 1 ; PROCESS (CLE) BEGIN

END TIF; IF E‘ALLING_EDGE{CLI{} THEN
END PROCESS ; 0l <= ¢l + 1 ; END IF;

END PROCESS




5.2 W EEFKVHDL

5.2.1 ARLHHIIMIE SO R

[ 5-13]

ENTITY CHNT4 IS

PORET  CLE : IN BIT :
3 : BUFFEE INTEGEERE RANGE 15 DOWNTOS 0O 1 ;

END ;

ARCHITECTUEE bhv ©F CNT4 IS
BEGTN
PROCESS (CLK) BEGTN

IF CLE'EVENT AND CLE

END PROCESS ;

END bhvwv;

"l THEN Q<=Q+l ; END IF;



5.2 W EESFIVHDLX

5.2.2 AR H AR VHDLRERIE

[ 5-14]
LTEEARY TEEE ;
USE IEEE.STD LosIC 1184 . ALL
USE TEEE.STD LOGIC UNSIGNED .ALL
ENTITY CHNT4 IS
PORT (CLE : IN STD LoOsIC ;
o 1 OUT S8TD LOGIC WECTOR (S DOWNTO 0) )
END ;
AECHITECTUEE bhv OF CHT4 IS
SIGNAL <1 : S3TD LOGIC VECTCR({Z DOWNTOC 0 ;

BEGIN
PRECCESS (CLE) BEGIN
IF CLETEVENT AND CLK = '1" THEN ol<=01+1; END IF;
END PROCESS ;
o o<= 9l ;

END bhw;
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5.2.2 AR H AR VHDLRERIE

LN [3:0]

[14] P DI3:0] Q[3:0]

[j:n]:{}ll:l}l

Q[3:0]
FE5-13 4 friniE ot #88 RTL =i

un2_gql[1:4]

Name:  Valu 500.0ns 1 0us 1 ftm. 2 “}lﬁ 2 5}-5 3 ﬂllp.s 3 5.“5
o UUU U U U U U U]
PO |HO|OR1 R2§3 K4 K5 K6 K7 }8 K9 XARBRC KD JEXF YO K1 A:
=g U3 0 l—l—
wo o T 1 1
w0 |0 [ 1 [ 1. [ 1. [ 1 [
o0 (o || | [ || L J L LJ J L1 L1 L

B 5-14 4 frhniof #88 TN



5.2.3 SEAVFEEEVHDL VT
[ 5-15]

LIERARY IEEE:
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGHED.ALLL:
ENTITY CHNT10 IS
PORT (CLE,RST,EN,LOAD : IN STD LOGIC;

DATAL : IN STD LOGIC VECTOR(3 DOWNTO 0); --4{ufim#:
DOUT : OUT STD LOGIC VECTOR(3 DOWNTO 0): --H#EHid
COUT : OUT STD LOGIC); ——1H SR

END CNT10;
ARCHITECTURE behav OF CHNT10 IS
BEGIN
PROCESS (CLE, EST, EN, LOAD)
VARTABLE Q : STD LOGIC VECTOR(3 DOWNTO 0j:

BEGIN
IF RST='0' THEW ©Q := (OTHERS=>'0'}; —--B{{kEFat. HEHEFEE 0
EL3IF CLE'EVENT AND CLE='1' THEN —— ik At b _E A
IF EN='1' THEM ——7HEERER BT, T
IF (LOAD='Dl'] THEMN © := DATA; EL3E -—-TaEfEdlEeT, miFhnE:
IF <9 THEN Q := 0 + 1; — 1T 2. HEERE
ELSE ¢ := (OTHERS=:>'0'}; ——FNiHEE o
END IF;:
END IF;
END IF:
END IF:
IF Q="1001" THEN COUT<='1'; ——HitErh o at. AL 1
ELZE COUT<='0'; END IF;: —-FH AT 0
DOUT <= Q: -1 IFEE R ER H ¥R O

END FROCESS:
END heharw:
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5.2 W EESFIVHDLX

5.2.3 SEHVFEES R VHDL U
3. H—MHEid 7

[ 5-16]

SICGNAL Q : 8TD LOGIC WECTOR(3 DOWNTC 0O);

REG: FPROCESS(CLK, RST, EN,Q,LOAD) BEGIN
IF RST="0" THEN Q <= (OTHERS=>"0") ;
ELSIF CLK'EVENT AND CLE='1' THEN
IF EN='1' THEN
IF (LOAD='0'] THEMN Q<=DATA; ELSE
IF Q<9 THEN Q<=0+1; ELSE Q<= (OTHERS=>'0'); END IF;
END IF; END IF: END IF:
END FROCESS ;
DOUT <= 0Q;
coM: FPROCESS (Q) EBEGIN
IF Q="1001" THEN COUT<='1'; ELSE COUT<="0'; END IF;
END FROCESS;



5.3 BALaFFasFIVHDLXT

[5 5-171

LTERARY TEEE;

USE IEEE. STD LOGIC 1164.ALL:

ENTITY SHET IZ

PORT ( CLE, LOAD : IN 2TD LOGIC; QE : QOUT STD LOGIC

DIN : IN 3TD LOGTC WVECTOR (V7 DOWNTO 0 ;
DOUT : OUT STD LOGIC VECTOR(Y DOWNTO O) ) ;

END EHFT:

ARCHITECTURE behawv OF SHET IS

SIGMAL REGS : 3TD LOGIC WECTOR(V DCOWNTC 0);

BEGIN
PROCESS (CLK, LOAD) BEGIN
IF CLK'EVENT AND CLK = '1'" THEN
IF LOAD = '1" THEN REGE <= DIN;--H (LOAD="1") ZFFHE
ELSE REGE (6 DOWNTO 0) <= REGS(7 DOWNTO 1) ; END IF;
END IF;
END PROCESS ;
QB <= REGS (0} ; DOUT<=REGH;

EMD behavwv;



is.s AL & s FIVHDL T

ck |\ L 04 LI s rrrrur
DIN i 10011011 b 11100010

LOAD M Tl 1

9B I— | I — L T
REGS  f_ 00000000 (10011011 311001101 ¥ 11100110 11110011 ¥ 11111001 ¥ 11811100 ¥ 11111100 Y T1111111 (11100010 )
DOVT | 00000000 § 10011011 §f 11001101 § 11100110 § 11110011 11111000 § 11111100 ¥ 11111110 ¥ 11111111 § 11100010 §
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5.4 EBHfRS e XiE

1. 5 5REH

NOT

(clock 3TARBLE AMND clock =T17)

(clock"EVENT AND clock =717

2. FEX ERE M

SIGMAL rangel : IN STD LOGIC WECTOR

FOR i IN rangelTRANGE LOOF

(0 TO 7)o



¥

$5.4 JBrERR S g X iEnR]

3. FEREM

PROCESS (clock, a, bl:

IS ARRAY (0 TO 15) OF BIT ; —-—E.5 obj A BIT #iAER

TYPE ob]

SIGHAL =lel, =leZd, =le3d, =le4 : INTEGER ;

BEGIMN

elel <= obj’RIGHT ; —-jIHFEARER op) NEEMIAEE 1547
eleZ <= obj’LEFT ; —-{MHFHERER ob RRAMALES 0 f2

eled <= obi'HIGH ; —-{IHFEEEER obi NRSES 15 F

eled <= obj oW ; -——{IFEAEER b NEEAMES 0 2
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[ 5-18 20]

LIBEEAEY TIEEE;
USE IEEE.STD LOGIC 1le64.ALL;
ENTITY parity IS
GENERIC (buz =ize : INTEGER := § );
PORT (input bus : IN 8TD LOGIC VECTOR (bus size-1 DOWNTO
even numbits, odd numbits : OUT &TD LOGIC ) ;
END parity ;
ARCHITECTURE behawve OF parity IS
BEGIN
PROCESS (input bus)
VARIABLE temp: 3TD LOGLIC;

BEEGTH

temp = '07;

FOR 1 IN input bus'LOW TO input bus"HIGH LOOP
temp := temp XOR input bus (i) ;

EMND LOOP ;

odd numbits <= temp ; even numbits <= NOT temp;

EMND PEOZCESS ;
END hehave;

0y ;
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5.4 EMHiRSE g X iER]

4. BABH'LENGTH

TYPE arryl ARRAY (0 TO 7) OF BIT ;
VARTARLE wthl : INTEGER;

wthl: =arry 1’ LENGTH; —- wthl = 8

5. /e X et

ATTRIEUTE JEI4E : ¥AEER;
ATTRIEUTE Bi4E oF MEE : #HEER 1 E;

LIERARY synplify;
UZE synplicity.attributes.all;
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use ieee.std logic 1164.all;

[i7s-15 213

library ieece;

use lees.std logic unsigned.all;
entity DIV1E is
port (CLE : in std logic: A, B @ in std logic vector (15 downte 0);
QU, RE : out =td logic vector(l5 downto 0));
end DIV1G;
architecture rtl of DIV1A is
begin
process (CLE)
variable AT, BT,P,Q : std logic vector(l5 downto 0);
begin
if rising edge (CLK) then AT:=A; ET:=E:
E:="0000000000000000" ; Q:="g0o00oooonoooooont;
for 1 in QU'range loop
P o= P14 downto 0) & AT (15);
AT:=AT {14 downto 0)&'0"; FP:=P-BT;
if Pi{l5)="1" then Qii):="0%; P:=P4BT ;
else Q(1):="1"; end if;
end loop: end if ;
QU <= Q; RE <= P ;
end process;
end rtl ;
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[ 5-206-2] Stk s0%fEE Sy 5 A HBE
LIERARY TIEEE :
TSE IEEE.STD_LGGIC_llE%.ALL H
T3E IEEE.STD_LGGIC_UNSIGNED.ALL :
EMTITY DIV I3
FOET [(CLE : IN STD_LDGIC : K_DR;Kl,KE v OUT STD_LCGICJ H
END :
AERCHITECTURE bhwv OF DIV I3
SIGMAL C1,C2 : 3TD LOGIC VECTOR (2 DOWNTO 0O
SIGMNAL M1,Mz : 3TD LOGIC :
BEEGIMN
FROCESS (CLE,C1) EEGIMN
IF ERISING EDGE(CLE) THEN
IF (Ci1="100") THEN Cl<=rgoor; EL3E Cl<=C1+1; EMND IF:
IF (C1="001"™) THEN Mi<=NOT M1:; ELIIF (C1="011") THEN M1<=NOT M1:
END IF: END IF:
END PROCEZS:
FPREOCESZ (CLE,CZ2) BEGIM
IF FALLING EDGE (CLE) THEN
IF (C2=m"1007) THEN CZ<=rgoor: EL3E CZ2<=CZ2+1; END IF:
IF [(C2=m"ao1r™) THEN MZ<=NOT MZ: ELIIF [(C2="011") THEN M2<=NOT HM2:
EMND IF: END IF:
END FPROCESS:
Kl <= M1; EZ <= M2; E OR <= M1 OR Mz;
END bhvr:
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