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HDL----Hardware Description Language
—MATRRBFHEBRIIREITAKES. BRNRRABBRITRE, %
Mt A, w/hRTHEE, AIES R RIERT AT A B B Rl .

W=E

HDL ¥ i+ B BB Be IR B IEE MR AR . WETRTL(Register Transfer
Leve)#RRIC, TTHFARBPILZ.

HDL ¥ TR BB, FEBCTTRIRTHA, BUAT A58 Ak B B R Th BE 4R B ek o

HDL ¥ T H FE B SR T T B R AR -

EHAMHDLIES: VHDL ., Verilog HDL



VHDL #EiR:

VHDL — VHSIC Hardwarter Description Language

VHSIC — Very High speed integrated circuit

> VHDL &3 E E B #7220 1H Z2 80E W) A SE B H E i £ Al FE B
BEAEVHSICTHH IR B RI#RIES;

> |IEEEM 19865 1 FVHDLIRHEML TR, Bi& THE
ASICHE: F#li&E R R GHRES A, TISERRT I
WRRA (IEEE.std_1164) .

> 1995, WHEERDARER#EREVHDLENE T EITE3I
RE IR 5 B E R b



VHDLARL &

> BEHE) , RGEAHBEIR, B—IZRXIEHHRIES,

> VHDLIES B RIFHN e, BRrligiitErEss, A SN
PR,

> VHDLIEE 0 A5 T2 BRHmE;
> VHDLiEE O —FIEEER TIbbr#E, ETEH. TR .

VHDLIE S A 2 ZAb:

BB A SSHEUR T4 B frsdfr I miE4s, TRKNAFRSIEE
EREA .



3.1 VHDLiE S Z:A Egg:

3.1.1 #iEFF (dentifiers)

WRRTHREXFR. ZE. 5. mH. TEFRSANET,
HFE (A~Z, a~2) . #F (0~9) FMTFXIL (O FHAK.

B3R

® HFFFLFRF B

® RFFABEATRIL

® RAVFHIMBMELK TRIL

® AX 3 KR/NE

® VHDLE X KRBT CREF) , FeeAERRRFF
® IR IRFFFRRACT] AR 2N FFF

EREHWNMEZKESZ (——) 5=



xEgr (REF -

Xggr (keyword) RVHDLH EERERE X F#AFE, R
ReMCAE e S, AP AR EBCR R

#ilin: ABS, ACCESS, AFTER, ALL, AND, ARCHITECTURE,
ARRAY, ATTRIBUTE, BEGIN, BODY, BUFFER, BUS, CASE,
COMPONENT, CONSTANT, DISCONNECT, DOWNTO, ELSE,
ELSIF, END, ENTITY, EXIT, FILE, FOR, FUNCTION, GENERIC,
GROUP, IF, INPURE, IN, INOUT, IS, LABEL, LIBRARY,
LINKAGE, LOOP, MAP, MOD, NAND, NEW, NEXT, NOR, NOT,
NULL, OF, ON, OPEN, OR, OTHERS, OUT, PACKAGE, POUT,
PROCEDURE , PROCESS, PURE, RANGE , RECODE, REM,
REPORT, RETURN, ROL, ROR, SELECT, SHARED, SIGNAL,
SLA, SLL, SRA, SUBTYPE, THEN, TRANSPORT, TO, TYPE,
UNAFFECTED, UNITS, UNTIL, USE, VARIABLE, WAIT, WHEN,
WHILE, WITH, XOR, XNOR




3.1.2 XS (Date Objects)
BENZAFEEE. TE. B5ACHUMRE,

Constant

B
HERME-HEEZR T —TEENE, MARRRE—KX. BFE
EERFITIARTEAT, % E FIBE SRR M7 U B G F 98 B

Constant E#%: HIERE: =REA
Constant Vcc: real:=5.0; --EXVcclEiERBZLH, BEAN5.0V
Constant bus_width: integer :=8; --7&NEZR%ENHES

H BT HE R A E B BERE — B

EEAEEFE. i, WEABERERNHHEX SN DIMASRH. & XERFE
W E B AR & AR Sk, MiEARTSI M, e CESSE AR B R E %
SAANTTR, B AR RAEXEFREERBEZEEATR.

> H
nis,
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000
0000
> & Variable 9032
BB N s . RGBS REASHRER. & | °
ENREREEN, EFREK, SRATENMESTEENSEE,

RENRRE “EL” BFMETl, AR EARTEER.

BB XA
Variable Z2E&4: HIERE =HIHME;
Variable count: integer 0 to 255:=20 ; -- & XcountBH &, ik

JuE0~255, FIER{E N20.
B EER:

HIrZRESY = REX;

x:=10.0; -- SEFBERE~10.0
Y:=15+x; - BEREABRE, EEREAADME BT ERNEIEREMEE
A(3 to 6):=(“11017); A REMIE
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高亮

Administrator
高亮
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> {55 Signal

FEERFEENNMASS Y, RUTERL, HITUREHF
EIRARRE. FE5EFENEGERE. BFEMEET 3.

{55 € Li5H]:
Signal 554 BIERE =H¥thE

Signal clock: bit:=0" ; --&XK8M55RE, WIHEANO
Signal count: BIT VECTOR(3 DOWNTO 0); --%&XcountR4hifrrE

55 REIE:
HiFES 4 <= AR
X<=9;

Z<=x after 5ns; -- FE5ns)ERxFI{ER Tz
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cocs
3.1.2 HiERE 1T
» VHDLHIHE X HHE KA -
FEVHDLAZHERRFF A STANDARDH & Ui, SEhnfEAERES, B

Ha & #VHDLIE XY, AEEETUSEEFEN AR,

® 7i/R: (Boolean)

TYPE BOOLEAN IS (FALSE, TRUE); -- BUMENFALSEMITRUE, ARHIE, &
RiEE, —KHATXRREER

® fI: (Bit)

TYPE BIT IS (‘0’,’1’); --BUENOML, A TFEH=H

® fI&E: (Bit \ector)
TYPE BIT_VECTOR IS ARRAY (Natural range<>) OF BIT; -- ZFBitZSEI )%
H, ATEBEHE

SIGNAL a: Bit Vector(0 TO 7); SIGNAL a: Bit Vector (7 DOWNTO 0)



000
0000
X XX J
® FZfF: (Character) -4
TYPE CHARACTER IS (NUL, SOH,STX, ..., ‘7, ‘I',...); —-@¥H < 5l o
ﬂé’ B:é:}'j(d\g?

® FfFER . (String)
VARIABLE string_var: STRING (1 TO 7);
string_var:=“A B C D”; - BEHR “” 5k, Ko9KNMNE;

® EH. (Integer)
BUETERE -(2%1-1) ~(231-1), FTH326H fF5 1 i Hl R R
variable a: integer range -63 to 63

ESLBRM AT, VHDLiGF E&RIntegerfBN AR5 HUEHE,
VHDLZE & 284 Integer N B/ S Hib 7

ZORARANGETRIARTE HIBIRETE R, LAEMRIETEER R e Rm ik
5 S ERRRR BRI BRI %



000
® SE#: (Real) EEE:
BVETERE -1.0E38 ~+1.0E38, A TFHERTLES oo

1.0 TR R

8#43.6He+d --)\HEHIZEHE

43.6E-4 3 S R
® HfE]: (Time)

MEEHE, TENEHBENEMANTD, HED—ITKRE
7+, AT HEARTLERE;

fs,ps,ns,us,ms,sec,min,nr

® HHiIRZER (Severity Level)
RARRGERES, NATHEDTLERE:

TYPE severity_level IS (NOTE. WARNING., ERROR. FAILURE);



000
> IEEEBUE U B AL 5 R & sece
® FriEZEN (Std_Logic) T

U: Uninitialized; X: Forcing Unkown; 0: Forcing 0
1: Forcing 1 Z: High Impedance W: Weak Unknown

L: Weak0 H: Weak 1l —: Don’t care

® IMEZHEAIAE (Std_Logic_vector)
HTStd_LogicKRI %A,

I Std_LogicHl Std_Logic_VectorZFHIEEEEF HStd_Logic_1164
BEFA; REGams, BRERFEHFPEIANR “—. 0. 1. Z’IUMIRE.

EX&MEAT, DHABELEERESI_LogicHFTA FTRREVER M, BN
i BEEBAANRERBFS.



> AP EEX 13

® TYPE $iERAIAZ IS HIERA E X OF X HERA
3. TYPE #iEKAEI4 1S FIEREIE X

#4H: type value type is array (127 downto 0) of integer;
type matrix_type is array (0 to 15, 0 to 31) of std_logic;

F&s: type states is (idle, decision, read, write);
type boolean is (false, true);

type bitis (‘0’°, ‘1’);

® SUBTYPE FRA4L IS EAHHRAE X RANGE 4R 5

subtype digit is integer range 0 to 9;
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[ X X ]
o000
3.1.3 HiERMEEH §§:‘
VHDL NI KRB S, 7RI 8RR AL AT 12 B B R

® RAFRILTE
Variable A: integer; Variable B: real;

A= integer (B); B=real (A);
® K%
Conv_interger (A); --Hstd logic¥#t Ainteger®!, fEstd logic_unsigned.

® HHIHIE | HEBHIE

BARREROEH |

Type conv_table is array(s ' It;
Constant table: conv_table:=(‘0’|’'L’=>'0’, ‘“1’|’H’=>’1’, others=>’0’);
Signal a: bit; signal b: std_logic;

A<=table(b); - ¥std_logicBEH AbitHY



00
00
7 “STD_LOGIC_1164”. “STD_LOGIC_ARITH”#I oo
“STD_LOGIC_UNSIGNED” 2 P H iR L I BB R B R e R 4L
£ F A i Ee I BEo
. TO_ STD_LOGIC VECTOR | B Bit Vector F5Hifl
STD_LOGIC 1164e (A) Std Lozic Vectore
. TO_ BIT VECTOR (&) « | B Std Logic Vector 3548A% Bit
E TO_ STD_LOGIC (A) « | Vectore
TO_ BIT (&) ¢ H Bit $4Ak Std Logice
B Std Logic $HaAk Bite
STD_LOGIC ARITHe | CONV_ B Integer Unsigned Signed ¥
E STD_LOGIC VECTOR (4, | A% Std Logic Vectore
fEE=) o M Unsizned 5igned $5HERY
CONV_INTEGE (&) Integers
STD_LOGIC_UNSIGNED CONV_INTEGE (&) « . 5td Logic Vector ¥HRAL
Intezers




> Bk -4+
BHRANREETEE. KBS EISHE.

‘event: HRUENREEMHKE, WEBA/RE “true”, HHRMEER B
LERBE

EFH#: Clock’ EVENT AND Clock=1’

‘range: A R— PR Hil B LN &R T

’

’range: “Oton”; reverse_range: “n downto 0”

left: Az BREIERE BB T RBIM A2 34 FHH s

‘right , ’high, ’low, ’length



- ) :...
> BHFF 33
| X
o
o ﬁ* ﬁﬁ +, T *, /, MOD, REM ) SLL ’ SRL ’ SLA9

SRA, ROL, ROR, *, ABS

.%gﬁﬁﬁz —> /=, <, >, <=, >=

o BiFEE%. AND, OR, NAND, NOR, XNOR, NOT, XOR

® WEIEHER: <= =

® XEKIEHEFF: =>

o HMEHEA: +, —, &



FHERIER &

SIGNALa:STD_LOGIC_VECTOR (3DOWNTO 0) ;
SIGNALd: STD_LOGIC_VECTOR (1 DOWNTO0) ;

2 <= T&O&IN&'T : - TEETEHE, HEE MK E N
IFa&d="101011" THEN .. — FEIF% 4] sl DUE F 3 B A




> BERFIERA

P, EREESF (NOT, **, ABS)
REZEH (/, MOD, REM, *)
Eﬁﬁﬁﬁ: +’ T

}JDW\ #Eﬁﬁﬁ: +’ ) &
9%/?\ ﬁﬁ =, [=, <, >, <=, >=

BHIEES. AND, OR, NAND, NOR, XNOR, NOT, XOR



BALBERF AN — 4R, HBRUTMABITE,BOOLEAN,
10 DR BB RS AL IR BN BB I 48 5B

—— -— g () -
SLL SRL

= e =
SLA SRA

o —
g > o
ROL ROR
BALEERRIERAEE

SLL: B mELE, AUBTEMINE;

SRL: B MEALA®, LUBTMHE;

SLA: BAimELE®R, AUE —MEEERFEREIE;
SRA: ¥ REA®, EAE—MHEERFRERID;
ROLFIROR: HEAALHFEN .

“1100”SLL1 =“1000”  “1100”SRL1 =*0110” “1100”SLA1 =*1000”
“1100”SRA1 =“1110”  “1100”ROL1 =*1001  “1100”ROR1 =*0110”


Administrator
高亮


B4&iEE (aREMb) KIS 5atiF, HEXHME/NTbRIZXHE.
Fltm: (-5) REM2= (-1) 5REM 2= (1)

BBLEHE (aMOD b) S 50MRE, HANENTbIIZNE.
fim: (-5) MOD2=1  5MOD (- 2)= (-1)
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3.2 VHDLEALZH

> £k (Entity) : SWRATRTRIARASGRIMNBROGS, &SRB
BT/ B A\ Ay H 3 1 5

> S5F4E (Architecture): IR RGN E KIS HIITN;

> BESE (Package): AR ERNEIERE., FHENTFEFE;
> BLE (Configuration): 8% SEARRTI R RIS 14;

> FE (Library): FHCLMmFEREE. 4k, BESNEEE.



VHDLHJEA R THRITRE M : B EU . S M MR 3 =585 .

LIBRARY IEEE;
USE IEEE.Std_Logic_1164.ALL;

- . BEFRREEN

ENTITY FreDevider IS

PORT

(Clock: IN Std_logic;
Clkout: OUT Std_logic

);

END;

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL CIk:Std_Logic;
BEGIN

PROCESS(Clock)
BEGIN

IF rising_edge(Clock) THEN

Clk<=NOT CIk;

END IF;
END PROCESS;
Clkout<=ClIk;
END;

- Gith i X
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3.2.1 4% (Entity)

SEfAfER T B BT AR OESEGIR, itk
ZESEIPuP N e TR AT

ENTITY 524445 IS

[ GENERIC (¥#i4. BIERA. HEfd) ]
PORT

(w41 Y J5R 5 HRE,
¥ H442: Y E 7R S 0 2RE

WA Zn: B OISO
)s
END [S443];
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o
> SEEAERIEE B, FRERRR RS ET, | 8e0e
(R U HI 5 VHDLRER SO 2R . B30 46— 22

TN

FreDevider

Clock Clokout s

ENTITY FreDevider IS

PORT

b (Clock: IN|Std logig;
-\Clokout: OUT| Std_

);
END:

¥ 175 [7

logic

| #E—smoEmEaxs s |
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Administrator
矩形

Administrator
矩形

Administrator
矩形


coes
> RIE v ecee
KBNS G BENBSEBREE, Ak | °
e HIR/N S SeAd R 7 oA 3 B SR I R B AR SR

S W
GENERIC (¥#4: BIERE. & Ed;

EML . BERY, REE) ;

#itn: GENERIC (wide: integer:=32) ; - B 32
GENERIC (tmp: integer:=1ns) ; - PRBAZERT 1 ns
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000
000
> BOHR: IN, OUT, INOUT, BUFFER oo
W g X
IN A | BEHATENE, ATESAeENZEDHEE. - > IN
OUT () » | BEAEEAIGEY, Az D ELEN T RR
. -
INOUT (L) - rg%wﬁfwﬁw\ﬂmm%&mw}\mmmﬁm, N LT out
W IFHT A R IR.
BUFFER (M) . | £ ﬁﬁ*tlﬁu;w]&%ﬁﬂ HHJHETJE it T 2E SC A% Py 2R
“OUT” 1 “BUFFER”#8W] & X ¥ O ; I~ BUFFER
—d  a— iR AR B R R
OUT & —d g S (B, JUMHIR O
o1k BN “BUFFER”, Tif
—lclk BN “OUT”.
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> F7E. FIRE R IR O R BE F — B E A .

a | T Sum
Full_adder |

-

ENTITY Full_adder IS
PORT(a, b, c: IN BIT;
sum, carry: OUT BIT
);
END Full_adder;




3.2.2 ZE5ME (Architecture)

graik e T ot BT RARRITIRE, iR T B AR TR
T8 TN SRERRR.

ARCHITECTURE &#J/64 OF 52464 1S
[ B iS4 ﬁ R AR M AR EIES. SR, . TR

BEGIN FRuHESE. EIHRAE LR
R BRI AR ThRERIT N
END [k 4]; - A

> — SRR EANEEE, BNEWERRIZELATIEERA RS REAF
SEM AR BE—HZRE - NEaelEl, #BidCONFIGURATION B E AN 4514
AT B BLE A o

> EEmAHERT, BAGHTaA. MHESZRREEKRR.
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000
0000
O::.
ARCHITECTURE Behavior OF FreDevider IS -- ,nmﬁiﬁl:’)?,o
SIGNAL Clk:Std_Logic; 55 HH
BEGIN
PROCESS(Clock) )
BEGIN
IF rising_edge(Clock) THEN )
CIk<=NOT Clk: mE pEB | piakise
B
END IF; )
END PROCESS; )
Clkout<=ClIk;
END;



3.2.3 E. EFEREH

LIBRARY JE4;

USE 4 EFE4 THE 4

LIBRARY IEEE;
USE IEEE.Std_Logic 1164.ALL;

LIBRARY IEEE;
USE IEEE.Std_Logic_1164.ALL

USE IEEE.Std_Logic_ Arith.ALL 3
USE IEEE.Std_Logic_Unsigned.ALL

%m%ﬁ$@¢mﬁ%ﬁﬁ}
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Gl
4]

.
=

.‘L

A7

3.3 VHDL

F

3.3.1

PATIBF 5 BEIRFLER.

5 B HAT BRI 21T

ARCHITECTURE

END ARCHITECTURE

Ty LA
e

= .
-




> TR S BEER

o HHEBMEET [ girEewioers SEURBAH

HiFEE4 <= B —

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL Clk:Std_Logic;
BEGIN

PROCESS(Clock)
BEGIN

IF rising_edge(Clock) THEN

Clk<=NOT ClIk;

END IF;
END PROCESS;
Clkout<=CIk;
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o EFE[ESHEER

WITH #&#F#R1E SELECT
REBRES <= FEN1 WHEN EFE(EI,
Fikx2 WHEN %E#{E1,

FiERn WHEN OTHERS;

BREHEBRIE A REN, HEAR——E, AOTHERSAHEARE
LA HO;

EREBRES, PRRHAFGEERESHFBIL.
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LIBRARY IEEE;

USE IEEE.Std_Logic_1164.ALL;
ENTITY MUX IS

PORT

( DataO, Datal, Data2, Data3: IN Std Logic VECTOR(7 DOWNTO 0);

Sel: IN Std_Logic_Vector(1 DOWNTO 0);

DOUT: OUT Std_Logic_Vector(7 DOWNTO 0)

)s
END;

ARCHITECTURE DataFlow OF MUX IS
BEGIN

WITH Sel SELECT
DOUT<= Data0 WHEN *“00”,

Datal WHEN “01”,

Data2 WHEN “10”,

Data3 WHEN “117,

AX1% BE I FEAR
Hi k% £k Sel BHDOUT
00 DataO
01 Datal
10 Data2
11 Data3

“00000000” WHEN OTHERS;
END;


Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮


000
0000
o000
| X X
[ X |
[ ]
ﬂ ? [ [ 1 }

= Data0 B 00000011 00000011

= Datal B 00001100 00001100

= Data2 B 00110000 00110000

= Data3 B 11000000 11000000

= Sel B 00 oo X o X 10 X u X

= DOUT B 00000011 00000011 X 00001100 X 00110000 X 11000000 X:




o X e TEER

BB ES <= ®ixR1 WHEN BE%ME1 ELSE
i%iiitg WHEN TR{& %2 ELSE

i%iiitﬁ WHEN WR{E%#n ELSE
FRIEN;

HEREERFNELNER, EHEIRFNEEULHES;
SWEFXGATUES.
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(YY)
LIBRARY IEEE; 0000
e000
USE IEEE.Std_Logic_1164.ALL; °oe
ENTITY Priority_Encoder IS o
PORT
(I: INStd Logic VECTOR(7 DOWNTO 0);
A: OUT Std _Logic_Vector(2 DOWNTO 0) 8Ei AL FCImIG 2%
) " 77
END; A |6
ARCHITECTURE DataFlow OF Priority _Encoder IS
L 15 A2 |—
BEGIN 2
— 11 bR -k ) |4 Al r—
A<=%111” WHEN I(7)=*1" ELSE 2%
“110” WHEN 1(6)=*1" ELSE 13 AQ —
“101” WHEN I(5)=1" ELSE 12
“100” WHEN 1(4)=‘1" ELSE 11
“011” WHEN I(3)=1’ ELSE 0

“010” WHEN 1(2)=*1" ELSE (i
“001” WHEN I(1)=“1" ELSE

«“000” WHEN 1(0)=*1" ELSE

“111”;

END;



Name: Value: 50.0 ns 1000ns  150.0ms  200.0ns
= B 00000000 | 10000001 X 00110000 X 00001111 X 00000001 X
T A B 111 i X 101 X ot X o000 X

17 510 8 X 18,

7% %H, Bk
WA

ISR &, Hitk
frih 101

I5514FR A 1R,

AN

BMERMASR £ (2) RN
A1, W iR L
R A\ BEAT D




> HEREIEA] 13

BEREE A SURFIE RS, HTRMIMBIREBRESHE,
B A BT S S 1R A S S AT REL

o HEATRIIFTER, HARRIMFEH;
o HERFERENRZ (HBMESRKERN) F2HHEE.

[3tfEF52: ] PROCESS (R {EESHE)
i

[FERX ] CMETUE S RREE, £
BEGIN k — BB B REBB LW

i P -4 EHEFEREANRTEE
END PROCESS [##E#H5S] ;




® RN TiE R
&)
-

AFRNMEURME SHERE
AR, A EREERILL
B 52 RRGEERE P3P 48 7 BT
& X HITIREAT A o

R 3 ) BT e LRI B
REAT NHIEE R URE S
59, HELE S
R ZEAE SR AN BRRE




® 2 55
FEEAN EFB B — R GUTHRE A FTE Ea) .
HREI1RED, R EIREsh
brid o aanll s gc]) Vigcassl s -2 ET)
WBAT B3R AT

RE LR

 |[msmakmE,
RS
BT

N N _
\7 =

RS A 5D,
B A ]
BT PEBAT

EFABHIGAR: Clock’ EVENT AND Clock=*1’
TREEHIAR: Clock’ EVENT AND Clock=:0’

EFEHER: rising_edge (Clock)
TEEBH#ER: falling_edge (Clock)
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LIBRARY IEEE;

[
USE IEEE.Std _Logic 1164.ALL,; EE..
ENTITY FreDevider IS °°
PORT
( Clock: IN Std_logic;
Clkout: OUT Std_logic);
END;

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL Clk: Std_Logic;
BEGIN
PROCESS (Clock) — — R HEAHENERES
BEGIN
IF rising_edge (Clock) THEN
Clk<=NOT CIKk; — — N8 EFAHEIITCIk<=NOT CIK
END IF;
END PROCESS;

Name:  Value: 20.0 ng 36.0 60.0
Clkout<=CIk: we:  Valoer | 20 | s s
a-ces 0 T T T 1

END; @ Cliout | O i i
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LIBRARY IEEE;
USE IEEE.Std_Logic_1164.ALL,;

ENTITY Counter IS

PORT
(RESET: IN Std_Logic; ——RPEANES

Clock: IN Std_logic; ——BBES

NUM: BUFFER Integer RANGE 0 TO 3); ——3 8% /8
END: ,
ARCHITECTURE Benavior OF Counter 1S
BEGIN

PROCESS (RESET, Clock) ——BEAL. BERNFENERES

BEGIN

IF RESET=1" THEN

Num<=0; — — B AR NumiEo

ELSIF rising_edge (Clock) THEN
IF Num=3 THEN

Num<=0; — — R Num=35iE0
ELSE
Num<=Num+1; —— BN EMm
END IF;
END IF;

END PROCESS;
END;
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Y
000
0000
s ees
15 BRI« -
Name: 2 Value: 250.0ns 500.0 ns 750.0 ns l.l?: us
= Reset 0
iii#— Clock 0 r1 1
& Num | po [oX 1 X2 X3 Xo X 1 X2X o Xui)z2X3)




ADDER AO
A1
QSDER“ A2 outi[0))
S0 A3
(oD NOT ¢  AND4 8 Z —fouttIiDy
. | S2 0 Z1
[iniiD—= D._ gg S3 —B1 22 outi2)
[nf2D—8— >0 e S
. 9 OR2 B3 fouti 3y
||n1i3i> VCC 1
o ST 0
clr ' 450
50-0 : => Z[3..0] = A[3..0)
S0=1: =>Z[3..0] = B[3..0] MUX42
BEGIN
PROCESS (clr, inl) — —HENRRES
BEGIN
IF (clr=*1’ or inl=*1001") THEN
ELgllEltK:“OOOO”; HERFS, E£EIEEE.Std_Logic_unsigned Fist = BH
outl<=inl+1;—
END IF;

END PROCESS;
END;



mccr

(4

f

N

W > M

B

0 O(]-—1 {out1i0¥>
ADDER A0 |
1 FO11
ADDER41 i
A0 o 3 0 Q0 outi[i]
NOT Al
f_, AND4 5 8 Za— X
| as 82 Bo Zi— |
EC _—_}-— Bo 53 Bt Z L FD11
L2 % D0 Q0——=2+—foutl[2]>
‘ OR2 B3
VCC 1 0 ,
@ 1350 FD11
S0=0: =>2[3..0] = A[3..0)
S0=1: =>2(3.0] = B3.0] M2 0 Qd——s—{outiB)
Bo— .

FON

Wait until clk’event and clk=°1’;

IF (cIr=‘1’ or cnt=9) THEN
cnt<=“0000";
ELSE
cnt<=cnt+1;

END IF;
END PROCESS;
END;

l

WaitigH), (8 5BIER TFIN6E, IR PR




® AN 3]

HprocessHBURE SSHREERFF|HEMBRGESH, #
EiEdwatiBEa B ah.

ARCHITECTURE Behavior OF state IS

BEGIN
PROCESS ——BRESIR AT
BEGIN
wait until Clock; — —&fEclock BuE R

IF (drive=‘1’) THEN
CASE output IS
WHEN s1 => output <= s2;
WHEN s2 => output <=s3;
WHEN s3 => output <= s4;
WHEN s4 => output <=s1;
END CASE;

END IF;

END PROCESS;
END;



® HHIEERFM:
® BHREA 5 R IHFATIER, [HATNIBFIE;

o HEABBE S RERIN RS, EFH THRRNHESR A6
AwaitigEa];

® R —HBEFNE—FSZRME, RARE—REN:

® EEARBRESN, ARXFE—ESHITRE
SIGNAL A,B: Integer RANGE 0 TO
o — BT RMME G L. TS, |

o HEH %E%M{EMEﬁE@ PROCESS (Clock)
PROCESS (Clock) | BEGIN
BEGIN E, B2 IFrlsmg_edge(CIock) THEN
IF rising_edge (Clock) THEN B<—.A+1
ELSIF falling_edge (Clock) B SISEIEL
THEN; ‘ .
: Al 3L END IF;
END IF; END PROCESS;

END PROCESS;



> o B ER] YN

B G —FER KRR VT Se RIS ONTT
fr, R TTA S SRR S P R CAERE, AT S ETR
THRE I SERE—RB BT E K.

EAETE B R AR LIS A

FEL SRR b 7R 5200 A O

Component Jof44% \

port (B 4%);—— FIERMMERIEROS | b ape
iR

End component JTo/4:44 ; )
Bltksa: JofF4 port map ([Joffim 04 =>1E&ERH%4 ,...); TeH B
.

WIEA]

(gBHR: port map BT ETIMER:
RERBR: WOLREBRESRE TS E, &
20 11 2 T HE A7 2R 5 7 08 AL 0 R0 2 3o
\@%nzmwmo ;

A\ B TTA0 Db EAHE

SRR SHEEE
38 5 ¥ ]




TetF B

LIBRARY IEEE;
USE IEEE.Std _Logic_1164.ALL;
ENTITY ord4l1 IS
PORT(al, bl,c1,dl: IN Std_Logic;
z1: out std_logic);
END;
ARCHITECTURE ord41behv OF ord41 IS
BEGIN
COMPONENT nd2
PORT(a, b: IN Std_Logic;
c: out std_logic);
End COMPONENT;
SIGNAL x,y: STD_LOGIC;
BEGIN
ul:nd2 PORT MAP( al, bl, x);
u2:nd2 PORT MAP( a=>cl, c=>y, b=>d1);
u3:nd2 PORT MAP( x, y, c=>z1);
END;

al
b

:\ uz
e »+

agwe PNSE SNE

LIBRARY IEEE;

USE IEEE.Std_Logic_1164.ALLS

ENTITY nd2 IS

PORT

(a, b: IN Std_Logic;
c: out std_logic);

END;

ARCHITECTURE nd2behv OF nd2 IS

BEGIN
y<=a NAND Db;
END;

ui

Y x

u3

—— AL ERETT 3
—— BRI
— —JRAISKRETT 2
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LIEEARY IEEE ;

ARCHITECTUIREE ful 0OF orz IS

| u2 a F ADDER
USE IEEE.STD_LOGIC_1164.ALL; ! 3 - = = odan
ENTITY orz IS H_ADDER H ADDER]| | h—:,g’ N hin coutl—s
PORT (a,b : IN STD_LOGIC; an —1a o e co T Sl Ty
c : OUT STD_LOGIC j; ‘:—? o4 50 = faum’y )
END ENTITY orZ: /f

EEGIN
c <= a 0R b :
END ARCHITECTUORE ful:
—— = INEE fwih
LIERARY TIEEE:
T3E IEEE.3TD LOGIC 1164.ALL
ENTITY h_adder I3
POET (a, b : IN 3TD_LOGI
co, 30 @ 00T 3TD_LOEIC)
END ENTITY h_adder:
ARCHITECTUOEE fhl OF h_agder
EEGIN
20 == [a O0FR bl1AND(a MNAND/h]:
co <<= NOT({ a NAND hjf:
END ARCHITECTUERE fhl

—. / do
@ h_adde/ 1 adder or] [_adder

——1-Er = = 0 EE TN = = v i if
LIERARTY IEEE ;
O3E IEEE.3TD LOGIC 1164.4LL:
ENTITY £ adder IS
PORT (ain, bin, cinn ¢ IN 3TD LOGIC:
Cout, Sum : O0Tr 3TD LOGIC ) :
END ENTITY £ adder:
ARCHITECTOEE £dl OF £ _adder I3
COMPORENT hh adder
PORT { a, b IN 3TD LOGIC:
Co, =0 oor STD LOGIC) :
END COMPONENT -
COMPONENT ors
PORT {a, b - IN 3TD LOGIC:

I c : O00OT STD _LOGIC) :
A0 i ] END COMPONENT :

SIGHNAL d, =, E : 3TD LazIC:
EE=IN

Vﬂ%ﬂ%“[] 1l : h adder PORT MAP( a =>ain,
b =>hin, co=>xd, sa =>xes] !
<z ¢ h adder PORT MaAP( a =Fxe, b =>Fcin,

%m[jigg% co ==f, So =>=sum] :

115 = or= FPORT MaPia =>d, b ==L,

Cc =IxCcout) ;
ENMND LRPRCHITECTORE f£d41 :
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PORT

);
END:

ENTITY TEST _Signal IS

( Reset, Clock: IN Std_logic;
NumA, NumB: OUT Integer RANGE 0 TO 255

ARCHITECTURE TEST OF TEST _Signal IS
SIGNAL A, B: Integer RANGE 0 TO 255;
BEGIN
PROCESS (RESET,Clock)
VARIABLE C: Integer RANGE 0 TO 255;

BEGIN
IF RESET=‘1’ THEN
A<=0:; B<=2:C:=0;

ELSEIF rising_edge(Clock) THEN
C:=C+1;A<=C+1;B<=A+2,;

END IF;
END PROCESS;
Num A<=A; NumB<=B;
END;

Name: Value: L 40.0 ns 80.0 ns 120.0 ns 160.0 ns
a" | )
E Reset 0
Clock 1
@ A HOS 00 X 02 X 03 ) 04
a» B HO06 02 Y 04 X 05
@ C HO4 00 ) ol X o2 X 0B
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> MIEEHE ]

® IFiEH]:

IF %= THEN
G P78 £
END IF;

IF %3 THEN
N FE A
ELSE
N5 )
END IF;

0000
o000
X X )
[ X |
[ ]
Bk %
IF &4 THEN
JIii g A]
ELSEIF &2
THEN
FF )
ELSE
I 718 )
END IF;
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P IF AR 4 & B R, SRS B AT, B ess.
e R ANBIFRE! ::o
[ )

ENTITY Encoder IS ELSIF IF I(4)=*1’ THFN

PORT A<=“100”; Idle<=‘0’;

( En: IN Std_logic;
I: IN Std_logic_Vetor(7 DOWNTO 0);
A: OUT Std_logic_Vetor(2 DOWNTO 0);

ELSIF IF I(3)=1’ THEN
A<=%0117; Idle<=*0’;
ELSIF IF [(2)=1’ THEN

Idle: OUT Std_logic A<=4010"; Idle<=0’;
) ELSIF IF I(1)=1’ THEN

A<=“001"; Idle<=‘0’;

END; ELSIF IF 1(0)=1" THEN
ARCHITECTURE Behavior OF Encoder IS A<=4000”; Tdle<=0";
BEGIN ELSE
PROCESS (En, I) A<=%00 ‘1%;
BEGIN END IF; 5] AELSE,
IF En=1°’ THEN END PROCESS; @ﬁ!ﬂ%ﬁ%ﬁ
IF [(7)="1" THEN END; B ANBIFF
A<=“1117; Idle<=*0’; L o
ELSIF IF 1(6)=*1’ THEN

A<=“110"; Idle<=‘0’;
ELSIF IF 1(5)=1" THEN
A<=“101"; Idle<=‘0’;




TR B 2 A S5 e LR sees

ENTITY COMP_BAD IS
PORT(al : INBIT;
bl : INBIT;
gl : OUTBIT );
END ;
ARCHITECTURE one OF COMP_BAD IS
BEGIN
PROCESS (al,b1)
BEGIN
IF al>bl THEN gl<='1";
ELSIF al <bl THEN ql <=°0’; -- £#£& Hal=b1F}, qlLfEfT#/E
END IF;
END PROCESS ;
END ;
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SERKAFTER

ENTITY COMP_GOOD IS
PORT(al : IN BIT;

bl : INBIT:
gl : OUT BIT );
END ;

ARCHITECTURE one OF COMP_GOOD IS
BEGIN
PROCESS (al,b1)

BEGIN

IF al>bl THEN ql<='1";
ELSE gql<='0";

END IF;

END PROCESS ;
END ; @_4|>C
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0000
> CASE%’:TJ oo’
:0
CASE £ IS

WHEN E#E[ i FE |=>IFI1ER);
WHEN E#E[ i FE |=>IFI1ER);

WHEN OTHERS=>JBifFiE4):
END CASE:

® EREANERENESR,

® MCASEEAMGRFEELEEEZMERNERN, ZHOTHERSHEE
ARSI H B FEAR A L B AE
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000

0000
LIBRARY IEEE; 0090
USE IEEE.Std_Logic_1164.ALL; P
ENTITY MUX IS °
PORT

( Data0O, Datal, Data2, Data3: IN Std Logic VECTOR(7 DOWNTO 0);
Sel: IN Std_Logic_Vector(1 DOWNTO 0);
DOUT: OUT Std_Logic_Vector(7 DOWNTO 0)

)s

END;

ARCHITECTURE DataFlow OF MUX IS
BEGIN
CASE Sel IS
WHEN “00”=> DOUT<= Data0;
WHEN “01”=> DOUT<= Datal;
WHEN “10”=> DOUT<= Data2;
WHEN “11”=> DOUT<= Data3;
WHEN OTHERS => DOUT<=*“00000000" ;
END CASE;
END PROCESS;
END:;



000
0000
> LOOPiEH] 13T
[LOOP #35:] FOR fE#ZER IN M RETERE LOOP
]
. .. 70... )
[LOOP #+51;\_ ....DOWNTO.....

[llﬁﬂﬂ%!, X FEHLOOPH

AR THHEREN. MHMETT G, BPITE—IK

Eﬁi@ (&), EIEXEN

/

Sum:=0;

TR IR B R B8 A H A4 ik, Il g
FORi INOTO 9 LOOP PEEA BOR R R SUERRIE, BAAT LR

VARIABLE Length: Integer RANGE 0 TO 15;

Sum:=Sum-+i;

END LOOP;

FOR 1IN O TO Length LOOP

END LOOP;
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> NEXTiEAf]

NEXTiER) FEEHELOOPIEAPATHE KA LR 4R HIE
%), BkmLOOPEAJHIAE & .

NEXT [J&¥ 455 [WHEN 2544];

@ NEXT ; —— T HRIER, BEZAREFLOOPEAL,
T4 T —UKARFF

@ NEXT LOOP #535; ——HBELELOOPIERIIRER, BtFEITEE
5 LOOPIER) AL, EFHBPATIEIARLE

@ NEXT LOOP #5%5 WHEN FAREN; ——FKHFREXNTRUE,
PATNEXTER], BEABRFBRIE, BWETHAT,
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>EXITiEA]

EXITIER) FEHELOOPIERPATH A KM T K MNP
#mEd, BkRLOOPEAIMAL A, AT RHBEN. YEFFE
MEARY . BEEESREEH, BaRERMEAE—RE. FERS

EXIT [#E¥##55] [WHEN 2&44];

@O EXIT; ——FHFHEMNZARITEFFRE.

@ EXIT LOOP #35; ——EF#AT1E Hah1ETT &M NTEFF5-5 Fiks i
FITEFA IR H

® EXIT LOOP #35 WHEN &H4RiEHN; ——&HREANTRUE, &
N ETEA B H .
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> NULLIEA]

NULLAZ#IEIES, —KFHTCASEdR, FTREFLEFM T
B ANMEESE, BEYFAES. Al TAHASZEHE.

PROCESS (Clock)
BEGIN
IF rising_edge (Clock) THEN

CAéE Sel IS

WHEN...

WHEN OTHERS=>NULL;
END CASE;

END IF;
END PROCESS;



Administrator
矩形

Administrator
高亮


> WAITiEA]

EHEREREFPITEIWAITIEAN, B, R
BB RPATHIZR

WAIT [ON 1§ 5 R][UNTIL %R ER][FOR A} EIRIER];

O WAIT ; ——RBEEEILERKZS, RyeKZHEE.

@ WAIT ON 5 5%; ——BRESFHFIER, BRESTHRMRER
H=ig, BRESER.

® WAIT UNTIL &fRIER; ——FHREINTFIHITHNES RERN,
HiEWAITIER TR FMA, NERER, BREZIHE.

@ WAIT FOR BEIZRIA; ——BNERER], NPUTHETRIWAITIE
B)FGE, EHREERRN, #ELTHERS, BIX—HERE, &
FF B3R E AT .
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3.3.3 BEBiEF

EEENNE R SEEIRE S E, BNZ5FMLRIT
s e TR B G , URIRIT 2R3 o Bl s 1
E.

Configuration Bc & 4% of S££43 is
Fic B Ui BA
End BEE 4




> NTE BT SEAR TR E 45 A

Entity nand is

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

End entity nand,;

Architecture one of nand is

begin

c<=not (a and b);

End architecture one;

Architecture two of nand is

begin

c<=1"when (a=‘0’) and (b='0’) else
‘1’ when (a=‘0’) and (b=‘1’) else
‘1’ when (a=‘1’) and (b=‘0’) else
‘0’ when (a=‘1’) and (b=1’) else
50!;

End architecture two;

Configuration B E4% of L4428 is
Pic B 1 BH
End BLE 4

Configuration second of nand is

for two

end for;

End second,;

Configuration first of nand is
for one

end for;
End first:
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> NZ5FRT e e i ERsEmaE , DUBRITER 00co
XT B S B B b

O

LIBRARY IEEE;
USE IEEE.Std_Logic_1164.ALL; _ . :

_ _ Configuration sel of rs is
Entity rsis

port (r,s: in std_logic; for rst

q,9f: out std_logic ): forul,u2:nand
End entity rs; use entity work.nand (two);
Architecture rsf of rs is end for:
Component nand end for-:
PORT(a, b: IN Std_Logic; End sel:
c: out std_logic);

End Component; F s2Aknand R B = B IR
SEGIN Btk L, HRREE

ul:nand PORT MAP (a=>s, b=>f, ¢=>0) 14 o 52 9z hnand 3 F AR A
u2:nand PORT MAP (a=>q, b=>r, c=>qf);  pepp i
A~ | o

END rsf:
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o000
0000

LIBRARY IEEE; oo

USE IEEE.Std_ Logic 1164.ALL; °

ENTITY Moore IS

PORT

( Reset, Clock, DIN : IN Std_Logic;
DOUT: OUT Std_Logic_Vetor(2 DOWNTO 0));

END:;

ARCHITECTURE Mooremachine OF Moore IS

TYPE State_type IS (S0, S1, S2, S3); — —5E Y State_type AAES B HE IR

SIGNAL State: State type;

BEGIN

Change_State: PROCESS (Reset, Clock) — — B P2 EIHTE

BEGIN

IF Reset=‘1’ THEN
State<=S0;



ELSEIF rising_edge(Clock) THEN
CASE State IS
WHEN S0=) IF DIN=‘1’ THEN State<=S1; END IF;
WHEN S1=) IF DIN=‘1’ THEN State<=S2; END IF;
WHEN S2=) IF DIN=‘1’ THEN State<=S3; END IF;
WHEN S3=) IF DIN=‘1’ THEN State<=S0;
ELSE State<=S1;
END IF;
END CASE;
END IF;
END PROCESS;
——E e, A28
Output_Process: PROCESS (State)
BEGIN
CASE State IS
WHEN S0=>DOUT <=%001";
WHEN S1=>DOUT <=“011";
WHEN S2=>DOUT <=“101";
WHEN S3=>DOUT <=“111";
END CASE;
END PROCESS;
END;
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0000
0000
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Name: Value: o 250.0 ns 500.0 ns 750.0 ns
= Reset 0
i~ Clock 0 |—
i~ DIN 0
AV State S 2 so X st X s2 Xs3X  sI
S DOUT B 101 oor X o1 X 101 Xu1X o1l
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LIBRARY IEEE;

USE IEEE.Std_ Logic 1164.ALL;

ENTITY Moore IS

PORT

( Reset,Clock, DIN : in Std_Logic;

DOUT: out Std_Logic_Vetor(2 DOWNTO 0) );

END;

ARCHITECTURE Mooremachine OF Moore IS
TYPE State type IS (S0, S1, S2, S3);

SIGNAL PresentState, NextState : State type; —— & SURSHBES
BEGIN
State_Reg: PROCESS (Reset, Clock) — —REFER
BEGIN
IF Reset=*1’ THEN ——RPEM

PresentState<=S0;
ELSEIF rising_edge(Clock) THEN
PresentState<=NextState; —— B8 EAEE, BBETRE
END IF;
END PROCESS;



Change_State:PROCESS (PresentState, DIN) ——H &2 #E#E
BEGIN
CASE Present State IS
WHEN S0=) if DIN=‘1" then NextState<=S1;
else NextState<=S0; end if;
DOUT <=%001";
WHEN S1=) if DIN=‘1’ then NextState<=S2;
else NextState<=S1; endif;
DOUT <=“011";
WHEN S2=) if DIN=*1’ then NextState<=S3;
else NextState<=S2; endif ;
DOUT <=“101";

WHEN S3=) if DIN=‘1’ then NextState<=S0;
else NextState<=S1; end if ;
DOUT <=%“111”;
END CASE;
END PROCESS;
END;




o
0000
X XX
) S X X )
i EFEEHE: oo
I Name: ﬁvalue: il 100[.0 ns 200;0 ns 300.10 ns 4004.0 ns 5001.0 ns 6001.0 ns

Reset 0

@~ Clock 0 I

DIN 0 |
@) PresentState B 00 0o Y 01 X 10  u X
5 DOUT B 001 01 X 011 X 101 X e X




3.4.2 Mealy IRESHLEIVHDLEER 555:
G AR EPR S B A LR R E . oo
DO 000)

DIN=1
(DOUT=111) (DOUT=001)

DIN=0
(DOUT=110)

DIN=1

o (DOUT=011)

(DOUT=101)

DIN=0
(DOUT=100)



LIBRARY IEEE;
USE IEEE.Std_ Logic 1164.ALL;
ENTITY MealyMachine IS
PORT

( Reset ,Clock,DIN: IN Std_Logic;

DOUT: OUT Std_Logic_Vetor(2 DOWNTO 0));

END;
ARCHITECTURE Statemachine OF MealyMachine IS
TYPE State type IS (S0, S1, S2, S3);
SIGNAL State: State type;
BEGIN
Change_State: PROCESS (Reset, Clock)
BEGIN
IF Reset=‘1’ THEN
State<=S0;




ELSIF rising_edge(Clock) THEN (X X )
CASE State IS ool
WHEN S0=) IF DIN=‘1’ THEN State<=S1; END IF; ®

WHEN S1=) IF DIN=‘1’ THEN State<=S2; END IF;
WHEN S2=) IF DIN=‘1’ THEN State<=S3; END IF;
WHEN S3=) IF DIN=‘1’ THEN State<=S0;
ELSE State<=S1; END IF;
END CASE;
END IF; DIN=0
END PROCESS;
Output_Process: PROCESS (State, DIN)
BEGIN
CASE State IS DIN=1
WHEN S0=>IF DIN=0’ THEN DOUT <=%000”; = )
ELSE DOUT<=%“001”; END IF;
WHEN S1=>IF DIN=‘0’ THEN DOUT <=“010";
ELSE DOUT<=“011”; END IF;
WHEN S2=> IF DIN=‘0’ THEN DOUT <=*100”; _—
ELSE DOUT<=*101"”; END IF; (DOUT=101)
WHEN S3=> IF DIN=°0’ THEN DOUT <=*110”;
ELSE DOUT<=“111”; END IF;

DIN=1

(DOUT=110)

END CASE;
END PROCESS; , (DOUT=100)
END;
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Value: J, 1000ns  2000ns  300.0ns  4000ns  500.0ns  600.0ns
T o
0 T
1
B 101 000 Xoo1 Xo11 X o010 )oiur X101 X 100 X101 X111 X110 X
S 2 SO X S1 X S2 X s3 X
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o Rt —AMRA(ERROR), FALERAHLHAE I,
F WHEN OTHERS=>State<=Error;
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——4-bit synchronous counter with count enable,
——azynchronous reszet and syvnchronouz load
CLE: in 5TD LOGTC;
FESET: in STD LoGIC;
CE, LoaD, DIR: in STD LOGIC;
DIN: in STD LOGIC WVECTOR(3 downto 0 ;
COUNT: inout STD LOGIC VECTOE(I downto 0
process (CLE, RESET)
begin
if RESET="1" then
COUNT <= "“0000";
elzif CLE="1" and CLK event then
if CE="1" then
if LOAD="1" then
COONT <= DIN;
elae
if DIE="1" then
COUNT <= COUNT + 1;
elze
COUNT <= COUNT - 1;
end 1f;
end if;
end if;
end 1if;
end process;




B SE

——N-bit Comparator, =svhnchronous with reset
——Pleaze define the walue of N for & and B
CLE, EESET: in 5TD _LOGIC;

4, B: in STD _LOGIC VECTOR(N downtao 00
ALE, AGE: out 5TD LOGTIC;

ALER, AGEE: out 5TD LOGIC;

AER, ANER: out 5TD LOGIC

process (CLE, RESET)
begin
if (RESET = 1) then
AL <= "0°: AGE <= "0°: ALER <=
LGEE <= "0°; AEE <= "0°; RNEE <=
elzif (CLE ewent and CLE ="17) then
if (& < B ) then ALB <= "17
elzse ALE <= "0°:
end 1f;

if (& > B ) then AGE <= "17:
elze AGE <= "0°:
end 1f;

if {4 <=5 ) then ALEER <= "17;
elze ALER <= "0 :
end 1f;

if (4 > B ) then AGER <= 17 :
elze AGEE <= "0°;
end if;

if ( A =8 ) then AEF <= 17
else AER <= 07 ;
end 1f;

if (4 /=B ) then ANEE <= "17:
elze ANEE <= "0 :
end 1if;

end if;
end proceszs;

L I
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| 90O
librarv IEEE; 0000
nze IEEE. 5TD _LOGIC 1164, ALL; 000606
. : o000
entity fre d 1= P
Port § clk : in =td _logic; ®

clkout : out std logic):
end fre_d;

architecture HBehawioral of fre d 1=
zignal couter:integer range 0 to &2
zighnal templ, tempd:=ztd logic;
bezin
process lclk)
begin
if rising edgefclk) then
1f couter=¢ then
couter<=0; templ<=not templ;
gelze conter<=couter+];
end 1t ;
end 1f;

if falling edgeiclk) then
1t couter=1 then
temp?<=rot temp;
end 1t ;
end 1f;
end process;
clkout<= templ wor tempd;

end Behavioral ;
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o000

o000
LIBRARY IEEE; ::o
USE IEEE.STD LOGIC 1164.ALL; O
ENTITY p_check IS

PORT (a: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
y: OUT STD_LOGIC);
END p_check;

ARCHITECTURE opt OF p_check IS
SIGNAL tmp: STD_LOGIC;
BEGIN
PROCESS (a)
BEGIN
tmp<='0";
FORNINOTO 7 LOOP --IAEHE A)/EABEiE1E ) 5 B I8 546 H
tmp <=tmp XOR a(n);
END LOOP;
y <=tmp
END..PROCESS;
END opt;
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LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164 JALL;
ENTITY h adder IS
PORT (a, b : IN STD LOGIC;
co, so : OUT STD LOGIC) ;
END ENTITY h adder;
ARCHITECTURE fhl OF h adder I
BEGIN
so <= (a OR b)AND (a NAND Db) ;
co <= NOT( a NAND Db) ;
END ARCHITECTURE fhl;

Lo

——— b 50

Bao

a2 InasiF e R IE E

h_adder
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL:
ENTITY CNT4B IS
PORT (CLK : IN STD_LOGIC; RST: IN
STD_LOGIC;
ENA : IN STD_LOGIC:;
OUTY : OUT STD_LOGIC_VECTOR(3
DOWNTO 0);
COUT : OUT STD_LOGIC );
END CNT4B;
ARCHITECTURE behav OF CNT4B IS
SIGNAL CQI : STD_LOGIC_VECTOR(3
DOWNTO 0);
SIGNAL CQI : STD_LOGIC_VECTOR(3
DOWNTO 0);
BEGIN
P _REG: PROCESS(CLK, RST, ENA)
BEGIN

P_REG: PROCESS(CLK, RST, ENA)
BEGIN
IF RST ='1' THEN CQI <= "0000";
ELSIF CLK'EVENT AND CLK ="'1'
THEN
IF ENA ='1' THEN CQI <= CQI + 1;
ELSE CQI <= "0000";
END IF;
END IF;
OUTY <= CQI ;
END PROCESS P_REG ;
COUT <= CQI(0) AND CQI(1) AND
CQI(2) AND CQI(3); --3hrin
END behav;



RIRER:

LIBEARY TEEE;
U5E IEEE. 3TD_LOGIC 1164, ALL;
ENTITY maj IS
PORT(a,b,c: IN bit; m : OUT bit);
END maj;
—Dataflow ztvle architecture
ARCHITECTUEE concurrent OF maj IS
BEGIN
WITH abbhc SELECT
m <= "1" WHEN “110"|"101"|"011"|" 111",
0" WHEN OTHERS;
END' concurrent ;

1350000 ps |3
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librarv IEEE; o060
nze IEEE. 3TD LOGIC 1164, ALL; 0000
ertity buffer 1= 00060
Port [ OE : in =td logic; ::.
DATATN : in =td logic; pe
DATAOUT : in =td logic):
end buffer;
architecture Behawioral of buffer is
bezin
FROCESS(OE, DATATN)
if OE="0" then
DATAOUT<="Z" :
ELSE DATAOUT<=DATATIN;
END TF;
end process;
end Behawvioral;
LIBEARY IEEE;
U5E 1eee.ztd logic 1164, ALL;
ENTITY prebu= I3
FORT |
my_in o IN STD LOGIC WECTOR(T DOWNTO 0)
ze] : IN STD LoOGIC;
my_out : OUT STD LOGIC VECTORCT DOWNTO 073 ;
END prebus;
ARCHITECTUREE cpld OF prebus IS
BEGIN
my_out <= "IITIITIT"
WHEN (el = "17)
ELSE my_in;
END cpld;




JNBLB A A

0000

(X X X
librarwv IEEE; o
nze IEEE. ztd_logic_1164.all; [

entity £fd 1=
port |
CLE : 1n =td logic;
SET @ in =td logic;
CE : in =ztd logic;
LOAD @ in =ztd_logic;
CLE @ in =td_logic;
DATE IN : in =td logic wector 47 downtao 07
} DATE OUT : ot =td logic wector (T downto 0)
end entityv;

architecture ffd_arch of ffd iz
sigrnial TEMP_DATA OUT: =td logic wector (7 downtao 00
begin

procesz (CLE)

begzin

if rising edge(CLE) then
if CE = 1" then
if CLE = 17 then
TENP_DATA OUT <= {othersz => "0°);
elsif SET = "1° then
TENP_DATA OUT <= {otherz => "17);
elzif LOAD = " 17 then
TEMP DATS OUT <= DATA IN;
end if;
end if;
end 1if;
end process;
DaTa OUT <= TEMP_DATA QUT;

end architecture;
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library IEEE;
uze IEEE. =ztd_logic_1164, all;

entity zhft_reg iz
port |
DIE : in =td_logic;
CLE : in =td_lozic;
CLE : in =ztd_logic;
SET : in =ztd_logic;
CE : in =td logic;
LOAD @ in =td logic;
SI & in =td logic;
DATL @ in =td logic wector(d deownto 0
} data out : out std logic wector (3 downto 0)
end entity;

architecture shft_reg_arch of shft _reg i=
signal TENP data out : std logic wector (3 downto 03
begin
process (CLE)
begin
if rizing edge(CLE) then
if CE = '1" then
if CLE = "1° then
TEMP data out <= "0000":
glzif SET = 17 then
TEMP data out <= "11117;
elzif LOAD = *17 then
TEMP _data out <= DATA;
elze
if DIE = "1 then
TEMP_data out <= 5I & TENMP_data out (3 downto 17

el=ze
TEMP_data_out <= TEMP_data out (2 downto 0) & 5I;
end if;
end if;
end 1f;
end 1if;

end proceszs;

data out <= TEMP_data_out;
end architecture; |
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librarv IEEE;
nze IEEE. STD _LOGIC 1164, ALL;

entity Antiwitter iz
FPort { clock : in =td logic;
numin : 1n integer range 0 to 15;
rumout : out integer range 0 to 15);
end Antiwitter;

architecture Behawioral of fntiwitter 1=
gighal tempram: integer range O to 15;
gighal counter: integer range 0 to 31;
zighal start:=td logic;
begin

process (clock)
bezin
if rizing_edgelclock) then

if start="0" then temprum<=15; rmout<=15;

elze

if numin/=temprum then temprum<=numin;

elze
1f counter=31 then numout<=numin;
glze counter<=counter+] ;
end 1f;
end if;
end 1if;
end 1f;
end procesz;
end Behawioral;

start<="1":

counter<=0;

counter<=0;
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3.6.1 fFEBUNESHIFE

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY ADDER4 IS
PORT (a,b: ININTEGER RANGE 0 TO 15;
c: OUT INTEGER RANGEO0TO 15);
END ADDERA4;
ARCHITECTURE one OF ADDER4 IS
BEGIN
c<=a+b;
END one;
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ENTITY SIGGEN IS
PORT (sigl : OUT INTEGER RANGE 0 TO 15;
sig2 : OUT INTEGER RANGE 0 TO 15);

END;
ARCHITECTURE Sim OF SIGGEN IS
BEGIN
sigl <= 10, 5 AFTER 200 ns, 8 AFTER 400 ns;
sig2 <=3, 4 AFTER 100 ns, 6 AFTER 300 ns;
END;
fsig 10 € X8 )
fsig2 [3 0 \b |
"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-I.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII“IIIIIIIIII
0 250 500
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ENTITY BENCH IS
END;
ARCHITECTURE one OF BENCH IS
COMPONENT ADDER4
PORT ( a, b : integer range 0 to 15;
c: OUT INTEGER RANGE 0 TO 15);
END COMPONENT;
COMPONENT SIGGEN
PORT (sigl : OUT INTEGER RANGE 0 TO 15;
sig2 : OUT INTEGER RANGE 0 TO 15);
END COMPONENT,;
SIGNAL a, b, c: INTEGER RANGE 0 TO 15;

BEGIN
Ul : ADDER4 PORT MAP (a, b, ¢);

U2 : SIGGEN PORT MAP (sigl=>a, sig2=>b); \
END; | BENCHfi K EE
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XX
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force <f§ 543> <{E> [<BFE]>][, <{E> <B[a]> ...] [-repeat <A HH>]
forcea 0 GGRHFIE S HIZHETENO)
forceb 00,110 (GEHESOIERZI0KME N0, FERZ|10ME A1)
force clk 00, 1 15 —repeat 20 (clkAARAES, FAEAN20)
Xt ADDERARI G A AT B«
O MBI GTESRERE, EmdiThEmAiad:
force a 10 0, 5 200, 8 400 BENCH{ R 7 &
forceb 30,4 100,6 300 pjw G 7 X8
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3.6.2 VHDLMRAF:HE (Test Bench)

SO T BARIRE T -

Library IEEE;
use IEEE.std logic_1164.all;
entity counter8 is
port (CLK, CE, LOAD, DIR, RESET: in STD_LOGIC,;
DIN: in INTEGER range 0 to 255;
COUNT: out INTEGER range 0 to 255);
end counter8;
architecture counter8_arch of counter8 is
begin
process (CLK, RESET)
variable COUNTER: INTEGER range 0 to 255;
begin
if RESET="1" then COUNTER :=0;
elsif CLK="1" and CLK"event then
if LOAD="1"then COUNTER := DIN;




Else
if CE="1" then
if DIR="1" then
if COUNTER =255 then COUNTER :=0;
else COUNTER := COUNTER + 1;
end if;
else

if COUNTER =0 then COUNTER := 255;
else COUNTER := COUNTER-1;
end if;
end if;
end if;
end if;
end if;
COUNT <= COUNTER;
end process;
end counter8_arch;



WREE AL (Test Bench) -

Entity testbench is end testbench;
Architecture testbench_arch of testbench is
File RESULTS: TEXT open WRITE_MODE is "results.txt";
Component counter8
port (CLK: in STD_LOGIC;
RESET: in STD_LOGIC;
CE, LOAD, DIR: in STD_LOGIC;
DIN: in INTEGER range 0 to 255;
COUNT: out INTEGER range 0 to 255 );
end component;
shared variable end_sim : BOOLEAN := false;
signal CLK, RESET, CE, LOAD, DIR: STD_LOGIC;
signal DIN: INTEGER range 0 to 255;
signal COUNT: INTEGER range 0 to 255;
procedure WRITE_RESULTS (
CLK, CE, LOAD, LOAD, RESET :STD LOGIC;
DIN, COUNT : INTEGER) is
Variable V_OUT : LINE;




Begin

begin

write(V_OUT, now, right, 16, ps);
write(V_OUT, CLK, right, 2);
write(V_OUT, RESET, right, 2);
write(V_OUT, CE, right, 2);
write(V_OUT, LOAD, right, 2);
write(V_OUT, DIR, right, 2);
write(V_OUT, DIN, right, 257);
--write outputs

write(V_OUT, COUNT, right, 257);
writeline(RESULTS,V_OUT);
end WRITE_RESULTS;

—— B A\

UUT: COUNTERS

port map (CLK => CLK,RESET => RESET,
CE => CE, LOAD => LOAD,
DIR => DIR, DIN => DIN,
COUNT => COUNT);




CLK _IN: process
Begin
if end_sim = false then CLK <="0";
Wait for 15 ns;
CLk <="1"
Wait for 15 ns;
Else
Wait;
end if;
end process;
STIMULUS: process

Begin
RESET <="1";
CE <= ‘1’; —— TR
DIR <= ‘1’; — — T
DIN <= 250: —— WA
LOAD <= “0’; — — &5 b nE A\ R R
wait for 15 ns;
RESET <="0";
wait for 1 us;
CE <= “0’; — = bk ESHEA
wait for 200 ns;
CE<="1"

wait for 200 ns;




DIR <="0";
wait for 500 ns;

LOAD <="1";
walit for 60 ns;

LOAD <="0";
wait for 500 ns;

DIN <= 60;

DIR<="1";

LOAD <="1";
walit for 60 ns;

LOAD <="0";
wait for 1 us;

CE <="0";
wait for 500 ns;

CE<="1"
wait for 500 ns;

end_sim :=true;

walit;

end process;
WRITE_TO FILE: WRITE_RESULTS(CLK,RESET,CE,LOAD,DIR,DIN,COUNT);
End testbench_arch;
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(1) NERESEHRIVIDLIESHERR, WERIESES:

2) MEERFNELRDFHEBEEH (Register Transport Level,
RTL) , BUMATARBIGHWERIS S, BITREGE:

(3) RILZXRFHHIFZE]] (BiEMARE) NER, BEBEES;

(4) NZEIIRIFFHIIRERR (ASICEKTH) , BEE#2IFPGARECE
MR, TTHRARBSGEERSGHEE. B TREE BT RS F
AFEERT . BT NMAEE S, BA] MEXN M EFPGAZR AR &
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