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HDL ----Hardwar e Description Language
— AT RS BENINENTHINES. BNRRNBEIZITNER, 4
AIZTHERA, BUIVRTTAE, A aliGRE TR E B RN,

m:

HDLig i+ BVEBIREEIR T SR KR, WETRTL (Register Transfer
Leve)#R8NIC, JRETAANILS.

HDLiZUTANERES, EiiteVERe, mOSEaREBISENINaE BRI
HDLIZ TR LT+ BRIz,

FHMHDLIES: VHDL . Verilog HDL



VHDL A : o

VHDL — VHSIC Hardwarter Description Language

VHSIC — Very High speed integrated circuit

@ VHDL 2 =EEHH BB 20t - 80F 4]y KM K RIR A EB RS
BB VHSICTH IR ERNERES;

@ |EEEM1986F I I FVHDLINEHTIE, RIS SHE
ASICIS A hliEET AR BB SR, FTI3FEK SR
RN (IEEE.std_1164) ,

@ 1995F, REEREAREFHEVHDLBOVEIIRITBEIM
BB ESHERINE.




VHDLIE & ~
O BEB , ARABEHARENR, 22— T 2ERNEHHRMES;

g VHDLiESEGRENTRM, BT ENES, ISR A]
FIRfR;

@ VHDLIBSOUST &KXz,
@ VHDLIBSEN—FIEEERN T WWHnE, BFFEA. RFO%EE

VHDLIESHIAREZ &b

IR IRASIENVR T XY BinesHtmizes, TRENATSTE R
GREAN—H
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3.1 VHDL 2= EMH ss:-
3.1.1 FRIRRT (Identifiers) °

MRTAKENEH. T8, 55, m0. TEFFISHNZ,
BFE (A~Z, a~z) . HF (0~9) A X% (L) FRFEHEM.

K :

1 BRVIRSTH

I RSRAREN R

I RAVFEIMAMESE M RIZ,

| ARXDKNE

I VHDLEXBIRBS (XET) , FERFRRR
I R SRREKIURI2TF

ARBEMTESNESL (- -) SIS



XRF (RBD) 3T

X#ES (keyword) RVHDLPEBRAISXET, R
BEMNEENARE, APAEREBNIMRRT.

Blt0: 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 HIEXER (Date Objects) b

HENREBEE. T8, BSSU4ITiPEL,

@ E&Constant
PERNE—FEEIMWTF—TEENE, MEREEE—R. BEH
BEEERTRRIHT, ZENMERINEREIETPEH,
Constant B#(: #IEXRE: =FRERN
Constant Vcc: real:=5.0; --ENXVccBIHIEXRIZLE, ME{EIN5.0V
Constant bus_width: integer :=8; --ENXRETEBENTEHS
= E PR EVERFIE X BIEHE 2 B —3Y ;

mEEERE. KK, WEAUHENRAMKIFANITIIIREE. EXEERS
ANEETHMSHEATIE. WSEFTSIAE, EXEXRREANEEREEX
SKERTN, EXEHERPEXHPHNEEREEIZHEAT W,



@ L &EVariable oo’
o0
TEREAHESTY. RMBOUNIEBOEHPER. £

SENEEREREN, LN, HELTEMEIIRIANNZA!
B, TEAERAELIGMETH, FEREFRTRE.,

TEENXED:
Variable T892 : ¥IBRXKA : =B(E:
Variable count: integer 0to 255:=20 ; -- ENXcountBH#HTE, T,
SBEIO 255, #I8{EIN20,
LEWEED:

BinE8% = KA,

x:=10.0; -- SE¥TEME{E)y10.0
Y:=1.5+x; - IZERANBE, FRFAEAAVINSERTENEEXTEGE
A(3t0 6):=(“1101"); - KEMRE



@ {55 Signal
ESHRMZEMNNAASRL, XOUTEREL, HOURASE
METTHBIRTS. ESBEEMGER. BRSSP IRA,
ESENED:
Signal 555 #HERE . =¥6{E
Signal clock: bit:=0"; --EMXNIMSSER, FHBENO

Signal count: BIT_VECTOR(3 DOWNTO 0); --TENXcountNANI\IKE

ESEEED:
BirfeS83 <= F&ER;
X<=9;

Z<=x after 5ns; -- &E5SNSERXBNENEFz



3.1.2 ¥R R §§§:
[ X )
@ VHDLIFIE W MR A -
0

HEVHDLIREIZEFRBRSTANDARDPENE, LPMEANESP, 2
B8 3 VHDLIRN D, AEERNUSEE9EINER.

1 fA/R: (Boolean)

TYPE BOOLEAN IS (FALSE, TRUE); -- BMERFALSEFITRUE, REHE, K

BEzE, MRATXRAREER
I i (Bit)

TYPEBITIS (0°'1); -BUENOML, ATE8EIEE

1 \/5<&: (Bit_Vector)

TYPE BIT_VECTOR IS ARRAY (Natural range<>) OF BIT; -- EFBitztRIg%)
B, ATEEcE

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



000
X X K
(X XX
I S2/F: (Character) 000
o
TYPE CHARACTER IS (NUL, SOH,STX, ..., 7, ‘I’ ,...); --i@f%"ﬁﬁ"g|@
X, XoOXKNG;

1 Z2RF&: (String)
VARIABLE string_var: STRING (1 TO 7);
string_var:=“A B CD” ; - BEA SRR, XKoXNIE;

I X (Integer)
NESEE -(2-1) ~(2*-1), OAE3ERTSH T HBIERT
variable a: integer range -63 to 63

FE3LbRN D, VHDL{GEZRRIntegerfi BRI SELAMNE, M
VHDL4RGE 88t Integer i N TTRI-SERME ;

RKARANGEZTORFTENX VHRESEE, UBREETERRERTIL
ESNEEN HHIHEINIE.



I ST¥: (Real) gg;:
BWESBE -10E38 —+1.0E38, NATFHERTRSE oo
1.0 - R
8H43.6Hetd --/\iHMHIF R
43.6E-4 A

1 [Y8: (Time)

VIEEHIE, STENBREBEHNRNUM T ED, BED—T=BRE
7, MRTFIhEATRE;

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

1 ERFLN (Severity Level)

RIOARFANRT, XATHEATRSE;
TYPE severity_level IS (NOTE, WARNING, ERROR, FAILURE);,



@ |EEERE IR BB S A8 secs
o0
I FRESIEAT (Std_Logic) °
U: Uninitialized; X: Forcing Unkown; 0: ForcingO
1: Forcing1l Z: High Impedance W: Weak Unknown

L: Weak 0 H: Weak 1 —: Don’t care

1 fEZE{UKE (Std _Logic_vector)
ET-Std_LogicZRIRHA ;

[EMAStd_Logick] Std_Logic_VectorBiBMIEEEEDHIStd Logic 1164
EFRE; MEEms, EREHSTSEEHPRUNZE -, 0. 1. Z”0FPRT.

HEXRHBEOP, WABREEZ/EStd_LogiclIFTETEEER, SNLEK
G URETIBANBENBIFES.



Q@ HFPBERENX oo

I TYPE #EREIR IS HIFEREEN OF EAHHFRE
g TYPE #Ekilsa IS HIEREENX

2B : type value_typeis array (127 downto 0) of integer;
type matrix_type is array (0 to 15, O to 31) of std_logic;

W& type states is (idle, decision, read, write);

type boolean is (false, true);

type bitis (‘*0°’, ‘1’);

I SUBTYPE 58I IS EXKIEXRTEN RANGE AFREH

subtype digit is integer range Oto 9;




3.1.3 FEALRIEEIR -4

VHDLYSRE X KENES, AAREINEEANS ST IR B RS .
1 RAWRICA

Variable A: integer; Variable B: real;

A= integer (B); B=real (A);

1 REOE
Conv_interger (A); --f3std_logicksirNinteger®!, #std logic_unsignedf,

| SEERIA | BEFIRA

EEGBRMENEY |

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

A<=table(b); -- Wstd_logicElFR NbitHl



000
3
#£“STD _LOGIC 1164”, “STD _LOGIC_ARITH”#0 o
“STD_L OGIC_UNSIGNED”HiEF 8 PRHIEIBL BT IR R H,
B F 8. i ¥ Ee Ih BE-
. TO_ STD_LOGIC_VECTOR | B Bit Vector ¥5HEAY,
STD_LOGIC 1164« (A« Std Logic Vectors
N TO_ BIT _VECTOR (A) « | B Std Logic Vector ¥5HaAL Bit
E TO_ STD LOGIC (&) « | Vectars
TO_ BIT (&) B Bit $¥#iA% Std_Logice
M Std Logic ¥HaAY Bite
STD_LOGIC ARITHe | CONV_ B Integer Unsigned Signed 5
E STD_LOGIC VECTOR (A&, | A% Std Losic Vectore
fE o A Unsigned Signed $4LAY
CONV_INTEGE (A) » Integers
STD_LOGIC_UNSIGNED« CONV_INTEGE (A) » A.5td Logic Vector FHEAL
Intezers




o B
BURHHNEXTIES. REUSHERNL.

‘event: ERMEXNRBBHRE, WEM/RE rue”, BRFNERY

DEREB.
FFB: Clock’ EVENT AND Clock=‘1’

range: ER—MREIMEEHENRESEE

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

left: SERNEHER RSB S LA NAINTE;

‘right , ’high, ’low, ’length



|

@ LER

| SREER: +, —, *, |/, MOD, REM, SLL, SRL, [SLA,
SRA, ROL, ROR, *, ABS

1 XARTGER: =, /=, <, >, <=, >=

1 BIEsERF: AND, OR, NAND, NOR, XNOR, NOT, XOR
1 BEEER: <=, =

1 XENGER: =

1 EMG8E/RF: +, —, &



ERMER & oo

SIGNAL a: STD_LOGIC_VECTOR (3DOWNTO 0) ;
SIGNAL d: STD_LOGIC_VECTOR (1 DOWNTO 0) ;

a <='T&'0&IN&'] : - TESTEHE, HEEHBAKE N
IFa& d="101011" THEN .. — I F&HE O TSR EER



@ LERHLTTERA

B, ERABER (NOT, **, ABS)
FECER (/, MOD, REM, *)

EC&RF: +, -,

neE. HETERK: +, -, &
*XRTEF: =, /=, <, >, <=, >=

BHEEERT: AND, OR, NAND, NOR, XNOR, NOT, XOR



BADTERFNAN N —4848, HERVFZEBITSKBOOLEAN, | eee
LI BEBBAREN BB BXIE,

—~—— - g g -
SLL SRL
= 1< =
SLA SRA
- —
e -
ROL ROR

BUGCENRIEARE
SLL: RUOELR, BB E;
SRL: RH{UQEBER, ZABTEAIE;
SLA: R{UQELR, GHF NBHERERERNT;
SRA: BAIO86%, ZTiOFE UNHEREREAE;
ROLFIROR: BEAZLERNL.

“1100”SLL1=*1000"  “1100”SRL1 =*“0110” “1100”SL A1 =*“1000”
“1100°SRA1 =*1110” “1100”ROL1 =*1001” “1100”ROR1 =*0110”



ERIGE (aREM b) HRFSSatf@, HEXE/\TFhREIE,
Blt0: (-5) REM 2= (-1) 5REM 2= (1)

BURIZE (aMOD b) BIRFSSbMEE, RLXME/NTbEEXIE,
BIg: (-5) MOD2=1  5MOD (- 2)= (-1)




3.2 VHDLEAXZE o3

@ AR (Entity) : HRPMZITHNAFNIINIEOESS, EXBEIZITE
FrElEmANRY RO ;

@ 51K (Architecture): ERRFRBNSENTIN;

@ BE&ES (Package): BINBILTHERERSOEIBRE., BHNIER
F;

@ BLE (Configuration): ¥EESMRFTXYNBVGSIEIK;

@ fE (Library): SRESmZENKA, SA, BEEHEE.



VHDLIWE ARG ST 2FREMHE. SUNRBRISEINHE=HD. | 2002

o000
LIBRARY |EEE; - FE. EFR8eNRERAR oo
USE IEEE.Std_Logic_1164.ALL
ENTITY FreDevider 1S -- SUKFHA B
PORT

(Clock: IN Std_logic;
Clkout: OUT Std_logic
);
END;
ARCHITECTURE Behavior OF FreDevider IS -- SR TEN.
SIGNAL Clk:Std_Logic;
BEGIN
PROCESS(Clock)
BEGIN
|F rising_edge(Clock) THEN
Clk<=NOT CIk;
END IF;
END PROCESS;
Clkout<=CIk;
END;




$ie
3.2.1 34K (Entity) o0ceo

SRR ST RITRARDEOESSISIE, IS
ZNEBNIMI—TBISTE.

ENTITY SHAR 1S

[ GENERIC (H#: #iEXE: WEEH) ]
PORT

(ImWOR1: WOS[ IkOREE;

imOR2: WODO WO,

mO|]n: mOAE kO
);
END [3K{&2];




000

0000
0 FUSHWHEDEHS, MRETHLHBBETHNS eos:
B, BRVASVHOLRFPEXHSIMEE. BSXHS—B; | o

FreDevider

TN Clock Clokout st

5=

ENTITY FreDevider IS

o gy

" (Clock: IN Std_logic;
Inl]%

Clokout: OUT Std logic
) m 85— RO FBETENS

END;




@ KA '+

o0
KBNS BENRTETREEE, BFRM
FEImOBA/N, SHRP ST BB SURNE N FFIES.

BN
GENERIC (B2 HUEHR: 8TEE;

MM WIRNT. BRI ;

Blt0: GENERIC (wide: integer:=32) ; BBARREE 32
GENERIC (tmp: integer:=1ns) ; -1 88%ER 1 ns



000
( X X )
@ wO7A@: IN, OUT, INOUT, BUFFER et
B 1
IN (i A) « | BEHATEARE, ATNESARAZEDREE. > IN
OUT (&) - | fBoAEAEE Y, AeEE T Zik DL RIR
FH. -
INOUT (SR « | S AMEA LA T Se ok A2, 3B AT LN TR R — | ouT
AT TFATRR. -
BUFFER () - | 55 % HBISTE40ET, FR @ Zig D& L AR
RAEEHE. . «—— [INOUT

“OUT"#1“BUFFER" BT XL IKO:

OUT
—clk

clk

BUFFER

I BUFFER

EXEANTTRER HELE
ES, NRBIHKOMIE
B ER“BUFFER”, MR

%\Ejg “OUT”o




@ @H0. AERENROTEED—MRBFIEDP,

a | +Sum

b Full_adder I
c I - (arry

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




3.2.2 Z5¥0K (Architecture)

SIRTEN W RTTRENIIRE, B S ZEANRITRITTH
T8, TTHAIRNERRIER X Ro

ARCHITECTURE Zf&:2 OF SR{K IS
(855G ﬁ ATFFRRAERRAANGES. JBXD. HM. 31

BEGIN FRHTES. FHNASEEE8.
DEEHRIED
END [Z5F04K33];

RIKHER SHABNINRERITT N,

@ —PRETNNZNEBE, FTEERNRIZSUEIRENAESIID RXAE
KON A—NARB—NEHINREIER, BYCONFIGURATIONRERIR NS
MIEHTIHERRSG.

QO ELSBEEARP, RELsE SHA. REES2ZENEEXR.



0eeo
o000
ARCHITECTURE Behavior OF FreDevider IS  -- zgmﬁ:ﬁgg(:'
SIGNAL Clk:Std_Logic; -ESS5EH
BEGIN
PROCESS(Clock) A
BEGIN
|F rising_edge(Clock) THEN )
Clk<=NOT CIk: | IR ) DREERiEg
END IF; | i
END PROCESS; )
Clkout<=CIk;

END;



sa:
3.2.3 . BRaMER 44
[ ]
LIBRARY [EZR:
USE FER 2R3 MBS
LIBRARY |EEE: BALEFEOMENER |

USE IEEE.Std_Logic 1164.ALL :

LIBRARY I|EEE;

USE IEEE.Std_L ogic_1164.ALL §
USE IEEE.Std_Logic_Arith.ALL ,
USE IEEE.Std_L ogic_Unsigned ALL §




s)

p1s)
SR DEIHT RANIET,

B
O

.L

3.3 VHDL

3.3.1

S5HBINFPTX.

AT

-

ARCHITECTURE

END ARCHITECTURE

Y T
SRS
rPRAT Y




O HTESHEED

| RRWEEY | greswmErasensin— 5

giFEeg <=®i—

ARCHITECTURE Behavior OF FreDevider IS
SIGNAL Clk:Std_Logic;
BEGIN

PROCESS(Clock)
BEGIN

|F rising_edge(Clock) THEN

Clk<=NOT CIk;

END IF;
END PROCESS,
Clkout<=Clk;



| BEESEEEBT oo

WITH Y8R RIAT, SELECT
BEBINMES <= ®RIATN1 WHEN 3ER{E1,
R®IATN2 WHEN %ER¥EL,

TIAT\n WHEN OTHERS;

R ERBEMBOESRN, EARE—IBE, FHOTHERSNEMIB
O ;

EREWNER, FEEHIRHESNEERET



LIBRARY IEEE; :::o
: o000
USE IEEE.Std_Logic_1164.ALL; 00
o0
ENTITY MUX IS O
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)

);

END; AX 125 EEEs

ARCHITECTURE DataFlow OF MUX IS Moht YE2 Sel HHDOUT

BEGIN

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

Datal WHEN “01”, 01 batal
Data2 WHEN 107, 10 Data2
Data3 WHEN “11”, 11 Data3

“00000000” WHEN OTHERS;
END;

b



0000
(X X X}
XX )
[ X )
[
Name: Value: 50.0 ns 100.0 ns 150.0 ns 200.0 ns
ﬁ [ [ 1 i
i Data0 B 00000011 00000011
= Datal B 00001100 00001100
= Data2 B 00110000 00110000
= Data3 B 11000000 11000000
> Scl B 00 oo X oo X 10 ¥ u X
I DOUT B 00000011 00000011 }( 00001100 anm )( 11000000 X:




1 XIEESSTE

BEBRES <=

SBEBIEILLELENER, LHSINRMREUEHD];

B850

RKIAI1 WHEN MBESAEL ELSE
FLR2 WHEN ERMA2 ELSE

?&;zﬁn WHEN MR{E%&KMHn ELSE
TIAT;

SHEFRFIUEE,




LIBRARY IEEE;

USE IEEE.Std_Logic_1164.ALL;

ENTITY Priority_Encoder IS

PORT

(I: IN Std _Logic_ VECTOR(7 DOWNTO 0);
A: OUT Std_Logic_Vector(2 DOWNTO 0)

)s
END:

b

ARCHITECTURE DataFlow OF Priority Encoder IS

BEGIN
A<=“111” WHEN I(7)=*1" ELSE
“110” WHEN 1(6)=‘1" ELSE
“101” WHEN 1(5)=‘1" ELSE
“100” WHEN 1(4)=1" ELSE
“011” WHEN 1(3)=‘1" ELSE
“010” WHEN 1(2)=1" ELSE
“001” WHEN I(1)=‘1" ELSE
“000” WHEN I(0)=*1’ ELSE
“111”;
END

gl

3 off &

(38

X X
0000
0000
o000
o0
o
St AL Tcombees
17
— 16
— 15 A2 —
—14 AL
—13 A0 —
— 12
—n
—{ 10




Name: Value: 50.(? ns 10010 ns 150..0 ns 200.{? ns

= B 00000000 T 10000001 X 00110000 X 00001111 X 00000001 X

T A B 111 1 X 101 X ort X o000
17510 0 4 18, 15514 B 4 16, BT £ (>2)RIET
MRS, Bt IstRscgim, Bt A1, SWHERRRE
A1 k101 2 M A BT dR 1




~0

D ¥

B0

HIEBOENINPEOER, BTRMINBREHESIE,

S BRI B IE O R ANBE SHITIEE,

| HEASEHTIED, BABRINFED;
| HERBAERENRZ (BUIRMESKREZN) ITHREE.

[ IRAF=YE)

[##EfRS: ] PROCESS (RURMESSHR)

[FEK] ; —NERTUSS MRS, £
BEGIN k —HRESRETHRDREERE

EHEPREANEHREE

END PROCESS

[EERS] ;




| 720 T AEIRE $33e
C mmrn > oo
HE |

SEMRRESWHERE
THE, 8NHEBUII
RISERHERIRAE RN
JE X BNLDREFT N0

5B QIFTRE X BIT)
RET NS RYIEIES
B3, FEYESHREM
B RENIE S,




AN

1 HESHN
EZT BB —RHEE (RTHEAMBIED) .

HEEIRES, HEREINES,
iz L gl vigeieo) e g )
BT 3BT

N O\ _
w NG 2 N

- |[mmakE, MRS A5,
B HR U ]
BT FnIHAT

FFHSB#EAR . Clock’ EVENT AND Clock=¢1’
NEEBHAR : Clock’ EVENT AND Clock=*0’

FFBIEAR: rising _edge (Clock)
NEB#R : falling_edge (Clock)




LIBRARY |EEE;
USE IEEE.Std _Logic 1164.ALL;
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) - — RTMENHEZNEURES
BEGIN
|F rising_edge (Clock) THEN
Clk<=NOT CIk; — — RN _EFHERITClk<=NOT Clk
END IF;

END PROCESS; —

END; & Clkout | © j |




LI BRARY |EEE:;
USE IEEE.Std_Logic 1164.ALL;
ENTITY Counter IS

PORT
(RESET: IN Std_Logic; - -BPENES

Clock: IN Std_logic; - -NiES

NUM: BUFFER Integer RANGE 0 TO 3); — — ¥ 2RmdE
END;
ARCHITECTURE Behavior OF Counter IS
BEGIN

PROCESS (RESET, Clock) - - REN. NENEENGRES

BEGIN

|F RESET=*1’ THEN

Num<=0; — — SR NumjB0

ELSIF rising_edge (Clock) THEN
IF Num=3 THEN

Num<=0: — —YENum = 3gf50
ELSE
Num<=Num+1; - — BNEN1
END IF;
END IF;

END PROCESS;
END;




0000
0000
2 oo
hERIE o
Name: = Value: 250.(! ns 500.:3 ns TSO.P ns 1.0I us
i~ Reset 0
i@ Clock 0 |_| 1
& Num | po [oX 1 X2 X3 Xo X 1 X2X o Xui)z2)X3)




ADDER A
A1
igDEHM J AD
NOT NI i85
(in1[0D> ¢, AND4 np S Z
'[ A3 S2 0 Z1
""*_i‘} gp 53 : 1 22 outi[2
]‘ni 2] )—= | B2 Z3
l_‘__Lq]:i r OR2 B3 L—_outﬂai}
3 VCC 1 0
clr -
500 = ZB.0]=AB.0)] T°
S0=1: => Z[3..0] = B[3..0] MUX42
T T CuUtrmer 19
BEGIN
PROCESS (clr, inl) - - ENERES
BEGIN
I|F (clr=*¢1’ or inl=*1001”) THEN
outl<=*0000"; FH[FS, EEIEEE.Std_Logic_unsigned @ ¥i5t 78R
EL SE
outl<=inl+1;—
END IF;
END PROCESS,

END;



L - - S —— - E— o0
L — A — - R X X
o000
U 0 Qul fouti0> po @
U ®
E I— ADDER A0
] | FDN |
ADDER41 . :
P ’ AO ¢ ig | 0 Qr—= | fout1[11>
(¢ NOT__ ¢ AnD4 S 20— i
i D— A3 gg— EEE gé FD11
); 1M 82 2 b0 Qf——=-
’ OR2 3
E L— VCC 1 >
Vo
A @_ v L350 FO11
S0=0: => Z[3..0] = A[3..0) —[J
B S0=1: => 7(3..0] = B[3..0] MUz 0 Q -
o 1
B FD11

Wait until clk’event and clk:‘l’;j

|F (clr=*1’ or cnt=9) THEN
cnt<=“0000”;
ELSE
cnt<=cnt+1,
END IF;
END PROCESS;
END;

Waitidtd), ESBEBTHEIIE, SIANFEH




1 HEHNER) '+

o0
HprocessHNPRMESSSHRERBIILTAPRESSH, #H

EENwaitiE R 5.

ARCHITECTURE Behavior OF state | S

BEGIN

PROCESS - —BRHESSIRAR
BEGIN

wait until Clock: — —E&clockBEEHHE

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;



1 HEERZBI: ooe

1 HEAGRHTIED, BREBNINFBIED;
| HEERES RESHEERIE, T&FEA THRRNEEPAE
SwaitiEg);

| ZA—HEPNA—ESIREE, RAERE—RER;

| £RENHED, AINE—ESHTEE SIGNAL A,B: Integer RANGE 0
| —MEEATANXINE L. TR8UR. | 1O

1 iH#%dﬂBﬁ%%ﬂE{EMEweﬁ PROCESS (Clock)
PROCESS (Clock) _| BEGIN
BEGIN "B IF rising_edge (Clock) THEN
IF rising edge (Clock) THEN :
9_ 9e { ) B<=A+1;
ELSIF falling_edge (Clock) g SISl
THEN;; -
; =T END IF;
END IF; END PROCESS;

END PROCESS:




D TTEPIHED HANBBRA -4

THEPUHGBIA—FEREX R, e meeR B ISR N T
t, FERULTH S SANGH SR PIROIBIER, M 4ANR
HRASIA— FHE—REHER.

RIBEBBARR EBNTH

BRI DES RIS BiEE

Component TG4
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End component JG4%3 ; )
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LIBRARY IEEE;
USE IEEE.Std_Logic 1164.ALL;
ENTITY ord411S
PORT(al, bl,cl,dl: IN Std Logic;
z1: out std_logic);
END;
ARCHITECTURE ord4lbehv OF ord41 1S
BEGIN
COMPONENT nd2
PORT( a, b: IN Std_L ogic;
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=>dl);
u3:nd2 PORT MAP( X, Yy, c=>z1);
END;

IRTr2BA S ]:

LIBRARY I|IEEE;

USE |EEE.Std_Logic 1164.ALLS "

ENTITY nd21S

PORT

(a, b: INStd_Logic;
c. out std_logic);

END;

ARCHITECTURE nd2behv OF nd2 1S

BEGIN
y<=a NAND b;
END:

u2

u3

- —{UBXEHI
- —JBFKBDOI
— —BHXEH I

&




1 W ENNeEiEiEF I E

JheBiim ]
PR

uz EI

d 1) cout
H ADDER H_ADDER| 4+~ 1
E:-—aﬁ O o2 mﬁ = ’

bin ,— b so— b 50 - sum

T h_adder n_adder or2

Lo P10

i

F_ADDER

colt
SLIM

bin

oo

fadder



LIEEARY IEEE ;
T3E IEEE.3TD _LOGIC 1led.ALL:
ENTITY ors IA

PORT (a,b IN 3TD_LOGIC;

c @ OOl 3TD_LOGIC ) »

END ENTITY orZ:
ARCHITECTURE ful OF orZ IS
EEGIN
c <<= a 0R b ;
END ARCHITECTURE ful:
—— 3= hn RE e i
LIBERARY IEEE:
T3E IEEE.STD LOGIC 1l64.ALL
ENTITY h_ adder I3
PORT (a, b IN 3TD LOGIT
cCo, S0 oUT 3TD LOEIC)
END ENTITY h adder:
ARCHITECTUORE fhl OF h adder
EEGIN
30 <= [a OR b)AND(a NAND /L) :
co <= NOT( a NAND bjf:
END ARCHITECTURE fhl

SSBiim ]

P9 BB
Im 3L

2 L
ul - T

d

t——? ﬁm;frfgh 50 EE&

—./
[E/ h_adde/ n_adder or2

H_ADDER H ADDER| ,+——__ C
an —a cop 3 mﬁ

F_ADOER

"
a cout

!

SUMp—e

f adder

——1Er =Wl nRETLE = T
LIERARY  TEEE::

U3E IEEE.STD LOGIC 1164.4LL:
ENTITY £ adder IS
PORT (ain, bin,

cout, Sum :
END ENTITY £ adder:
ARCHITECTIORE £dl 0OF £ _adder IS
COMFPONENT hh adder
PORT { a, b = IN S3TD LOGIC:
cCo, =0 & oor STD LOGIC) :
END COMPORNENT -
COMPONENT orz
PORT (A, b =
C o=
END COMPORMENT -
SIGHNAL d, e, £
EEGIMN
1l : h adder FPORT MAF( a
b =>=bhin, co=>d, =ao =>=e]:
M= : h adder PORT MAF( a ==e, b
co =>xf, 3o
PORT M4FPia =>=d, b
C =>Foout)
END ARCHITECTIORE £d41 -

cin :

IN STD LOGIC:
ooT 3TD _LOGIC) :

STD LOGIC:

=>=ait,

113 oY 2

IN 3TD LOGIC:

oor aTD LOGIC ) :

=>=Citi,
=>=311m] ;
==,
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ENTITY TEST Signal IS
PORT
( Reset, Clock: IN Std_logic;
NumA, NumB: OUT Integer RANGE 0 TO 255
);
END;
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
|F 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: Va}ue: A i{ﬂ ns 80.0 ns 12?.0 ns 160.0 ns
Reset 0 *
Clock 1 .
@ A HOS5 00 { 02 X 03 X 04
@ B HO6 02 \ o4 Y 05
a» C HO4 00 Y 0 Y o2 X 03




@ iz mhiEg

1 IREG:

IF &4} THEN
A=)
END IF;

IF &3 THEN
IRFED
ELSE
IRFED
END IF;

000
0000
X X X
XX
o0
[ ]
Lf%%ﬁ
IE &4 THEN
I SAEs)
ELSEIF &M 2
THEN
W50
ELSE
I SAEs)
END IF;
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ENTITY Encoder 1S

ELSIFIF1(4)=‘1 THEN

PORT A<=%100”; ldle<=*0’;
(En: IN Std_logic; ELSIF IF I(3)=1’ THEN
I: IN Std_logic Vetor (7 DOWNTO 0); A<=%011"; Idle<=¢0’;
A: OUT Std_logic Vetor (2 DOWNTO 0); ELSIFIF1(2=1 THEN
Idle: OUT Std_logic A<=0107; Idle<=‘0’;

ELSIFIF1(1)=‘1 THEN

) A<=“001”; Ildle<=0’;

END; ELSIF IF 1(0)=*1’ THEN
ARCHITECTURE Behavior OF Encoder 1S A<=000™ | dle<=40"
BEGIN ELSE
PROCESS (En, I) A<=*00 dle<=1’;
BEGIN ENDIF; S| A\ELSE, h
IE En=1’ THEN END PROCESS, BNES R
IF 1(7)=*1> THEN END; WSIABIE
A<=%111"; |dle<=*0"; L 280 P

ELSIF IF I(6)=*1" THEN
A<=110"; Idle<=*0’;

ELSIF IF I(5)="1" THEN
A<=101"; Idle<=*0’;




5%

ARERERXFBOSENFE
ENTITY COMP BAD IS -
PORT(al : INBIT:
bl : INBIT:
gl : OUTBIT ):
END :
ARCHITECTURE one OF COMP BAD IS
BEGIN
PROCESS (al,b)
BEGIN
IF al>bl THEN ql<='1":
ELSIFal<blTHEN ql<=‘0’; --kiEN¥Mal=blfy, qL/EfTiR{E
END IF:
END PROCESS:

END ;




SR :

LI

latrs

(I3 R I

ql 1
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ENTITY COMP_GOOQOD 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 gql<="'1":
ELSE gl1<='0":
END IF:

END PROCESS ;
END : @_ ‘ :2 .
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CASE FRIEZT\ IS
WHEN E2E[E=RE 1=>INFRE0),
WHEN E2E[E=RE 1=>INFRE0),

WHEN OTHERS=>|lifi&0);
END CASE:

1 EREATESRES;

I HCASERONGRELABEMENBRN 2FOTHERSIERE
ReEIB N EAETEIEAVRILIE;



LIBRARY IEEE;

USE IEEE.Std _Logic_1164.ALL;

ENTITY MUX IS

PORT

( Data0, Datal, Data2, Data3: IN Std Logic VECTOR(7 DOWNT
Sel: IN Std_Logic_Vector(1 DOWNTO 0);
DOUT: OUT Std_Logic_Vector(7 DOWNTO 0)

);

END;

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

0 0);



000
o000
@ LOOPiET 11T
o
[LOOP #xS:] FOR fBAZE IN fBIRAREGEE LOOP
=1
55 o ™

[LOOP #rS];\. ... DOWNTO.....

MEHEHIE, BNITR—
‘/jﬂjfﬁ EIB(EE), BRRE
) .U:o

IcIEE, XELLOOP
PEY, THRBILEN.

7
Sum:=0;
“OR i INOTO9LOOP BARYAEARSRERE, SURTRS
Sum:=Sum-i: VARIABL:E Length: Integer RANGE 0 TO 15;
END LOOP;

FOR i INOTO Length LOOP

END LOOP;




@ NEXTiEG

NEXTIEQEZAELOOPEORTIERERT RO | ©
#l, BkEILOOPIBEEINIES.

NEXT [f8iAnS] [WHEN R4 ;

O NEXT ; —-LGRERIELR1EA, BKORRREBIALOOPIED
ﬂ\’ J:F;Z%—F_\/R’ﬂéﬂ{o

@ NEXT LOOPiRS; — —HHBEPELOOPIFOREN, BKiRIEIERE
fRSLOOPIEQRY, EFIEMITEINEIE,

@ NEXT LOOP #rS WHEN RHARIATN; — - RHRIATNVAITRUE,
MITNEXTIED), HABKFHRIE, SNE NIT.



BEXITiEG) secs

EXITIE9FEAELOOPIETRITIERUERTRHAAI | ©
EOEH, BKALOOPIBONAR, AT RERBIR. HiEPRR
MBI, HEESREN, BOEIRE—MRE. SENS
7

EXIT [fBAMRS] [WHEN R4 ;

O EXIT; — —-FFREMNSEHEAPRE.

@ EXIT LOOP 175; — - ERHITRUEIMELRMHMBEIAMRS FTHntA
BB PR o

@ EXIT LOOP #xS WHEN RMEFRIAT; — —FRMHRAINATRUE, 12
PN ERITEA PR,



@ NULLiEG 11

o0
NULLAZREIED), —MRATCASED, RMEFELIBER MY
RLENMEEAHNE, RIVGEES. FERTALEGEESBR.

PROCESS (Clock)
BEGIN
IF rising_edge (Clock) THEN

CAéE Sel IS

WHEN...

WHEN OTHERS=>NULL;
END CASE;

END IF;
END PROCESS;



@ WAITiEG)

EHEFIERPRMTEIWAITIEON, BRREER, Hig
EBBRNTERM

WAIT [ON fESR][UNTIL RHFRIATV[FOR NEKRAL];

O WAIT ; — —RIRBFIHERNRY, ROAKTER,

@ WAIT ON 55%; - -BUMSSER/FED, FRESHENHNRER

Eike, BREMERE.

@ WAIT UNTIL RHERIAT; — - RURETNANTHSHESRESR

t, BREWAITIBQMERM, NERER, BREMHE.

@ WAIT FOR WBIFRIAT; — -BRE/FED, MRTHRIBNWAITE
e, AtNBERRA, HEATEERT, BUIX—NERGE, =2

B IRERIT.
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BCEF RNINRIRITRIMER SR, NS SEHTT
HSAMIERFIBENGIE , URRD IR TTHAIIREGHS
=

Configuration B2E&33 of SEKXR is
Ac 15767
End BeER;



@ NIRRT SHAFEE SIIHK

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
‘O’ when (a=‘1’) and (b=‘1’) else
‘O,;
End architecture two;

Configuration B2E&33 of SEKXR is
Ac 15767
End BeER;

Configuration second of nand is

for two

end for;

End second,

Configuration first of nand is
for one

end for;
End first:



000
@ NS SPHITTHSSRBEMBENGIER, UERARNK | ccee
XYTCHF PR G RECE. ooo

LIBRARY IEEE;
USE IEEE.Std_Logic_1164.ALL;
Entity rsis

Configuration sel of rs is

port (r,s:in std_logic; for rsf

q,9f: out std_logic ); for ul,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; ASAnandIg B S EWR
BEGIN ISR BT, HEES

ul:nand PORT MAP (a=>s, b=>qf, c=>q); BRI STAnandiE A
u2:nand PORT MAP ( a=>q, b=>r, c=>gf); FERRYA
Za o

END rsf;
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' XXX
' XXX
T

LIBRARY IEEE; o0

USE |IEEE.Std_ Logic 1164.ALL ; o

ENTITY MoorelS

PORT

( Resgt, Clock, DIN : IN Std _Logic;
DOUT: OUT Std_Logic Vetor(2 DOWNTO 0));

END;

ARCHITECTURE Mooremachine OF MoorelS

TYPE State typelS (S0, S1, S2, S3); — —TEN State typeyINEETVE B R

SIGNAL State: State type;

BEGIN

Change _State: PROCESS (Reset, Clock) — —[NFRBEHE

BEGIN

|F Reset=1" THEN
State<=S0;



ELSEIF rising_edge(Clock) THEN 00
CASE StatelS et

WHEN S0=) IF DIN=*1" THEN State<=S1; END IF;
WHEN S1=) IF DIN=*12" 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<=3S1;
END IF ;
END CASE;
END IF;
END PROCESS;
- —ENXRHHE, A6%5E
Output_Process: PROCESS (State)
BEGIN
CASE Statel S
WHEN S0=>DOUT <=%001";
WHEN S1=>DOUT <=%011";
WHEN S2=>DOUT <=%101";
WHEN S3=>DOUT <=%111";
END CASE;
END PROCESS;
END:

b




000
0000
o000
o= 000
HEREA: oo
Name: Value: i 250-9 ns 500;0 ns TSO.IO ns
@~ Reset 0 i
i Clock 0 [ ] [
= DIN 0
@V State s 2 so X s1 X s2 )fs3) S1
S DOUT B 101 000 X o1l X 101 Xur)X ol
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LIBRARY |IEEE; 00

: o00
USE IEEE.Std_ Logic 1164 ALL ; :o
ENTITY MoorelS
PORT

( Reset,Clock, DIN : in Std_Logic;
DOUT : out Std_Logic Vetor(2 DOWNTO 0) );
END;
ARCHITECTURE M ooremachine OF MoorelS
TYPE State typelS (S0, S1, S2, S3);

SIGNAL PresentState, NextState : State type; — —ENMKRTEHIRES
BEGIN
State Reg: PROCESS (Reset, Clock) - -5 ER
BEGIN
|F Reset=*1" THEN - —RPEN

PresentState<=30;
ELSEIF rising_edge(Clock) THEN
PresentState<=NextState; — — N EFHE, HBRE NIRRT
END IF;
END PROCESS;



Change_State:PROCESS (PresentState, DIN) — — A& B iEHIE 29
BEGIN [ ]

CASE Present Statel S
WHEN S0=) if DIN=*1" then NextState<=S1;
else NextState<=30; endif;
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; endif ;
DOUT <=%111";
END CASE;
END PROCESS;
END;

b




hERPE: oo

| Name: o Velue: | 1000ms 2000ns 3000ns 4000ms 500,0ms 6000us
Reset 0
Clock 0
i@~ DIN 0 |
@) PresentState B 00 0 Y 01 Y 10 X 1 X
S DOUT B 001 o1 X 011 X 101 e Y
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[ X )
B B LRSS B ERE. o
DIN=0
(DOUT=000)

DIN=t
(DOUT=111) (DOUT=001)

DIN=0
(DOUT=110)

DIN-1
(DOUT=011)

DIN=1
(DOUT=101)

(DOUT=100)



LIBRARY IEEE;
USE IEEE.Std_ Logic 1164 ALL ;
ENTITY MealyMachinelS
PORT

( Reset ,Clock,DIN: IN Std_Logic;

DOUT: OUT Std_Logic Vetor(2 DOWNTO 0));

END;
ARCHITECTURE Statemachine OF MealyM achine S
TYPE State typelS (S0, S1, S2, S3);
SIGNAL State: State type;
BEGIN
Change Statee PROCESS (Reset, Clock)
BEGIN
|F Reset=*1" THEN
State<=S0;




ELSIF rising_edge(Clock) THEN 00
CASE StatelS ces
WHEN S0=) IF DIN=1’ THEN State<=Sl; END IF; ®
WHEN S1=) IF DIN=*1" THEN State<=S2; END IF;
WHEN S2=) |F DIN=*1" THEN State<=S3; END IF;
WHEN S3=) IF DIN=‘1> THEN State<=S0;
ELSE State<=Sl1; ENDIF ;
END CASE;
END IF; DIN=0
END PROCESS;
Output_Process: PROCESS (State, DIN)
BEGIN
CASE Statel S mg{;l:m DOUT-001)
WHEN SO0=>IF DIN=*0’ THEN DOUT <=“000”;
ELSE DOUT<=%001”; END IF;
WHEN S1=>IF DIN=*0’ THEN DOUT <=“0107;
ELSE DOUT<=%011”; END IF;
WHEN S2=> |F DIN=‘0’ THEN DOUT <=“1007; DINet
ELSE DOUT<=%101"; END IF; (DOUT-101)
WHEN S3=>|F DIN=‘0’ THEN DOUT <=%1107;
ELSE DOUT<=%111"; END IF;

DIN=0
{(DOUT=110)

DIN=1
(DOUT=011)

END CASE;

DIN=0

END PROCESS; (DOUT=100)

END;

’



gvalue: I 1000ns  2000ns  3000ns  4000ns  500.0ns  600.0 ns

I | ] |
B 101 000 X001 Xo11 X 010 Yo1rr Y101 X 100 X101 X111 X110 X
S 2 S0 X S1 X S2 X__s3 X

[ R
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FRHUIREINRS (FIFRS

1 2IRGTT—IRER(ERROR), AHLMERTSHIHEESE ),
A WHEN OTHERS=>State<=Error;

EATVIMERTE X BORSB R RI MBI 81BN BIA TS ;

I ERO0S3HEHMEIEBNRT.
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| X J
——4-bit synchronous counter with count enable,
——asvnchronous rezet and svnchronous load
CLE: in 5TD LOGTC;
EESET: in STD LOGIC;
CE, LoAD, DIRE: in 5TD LOGIC;
DIN: in STD LOGIC WECTOR(3 downto 0 ;
COUNT: ineout STD LOGIC VECTORE (3 downto 0
process (CLE, RESET)
bezin
if EESET="1" then
COUNT <= "0000";
elsif CLE="1" and CLK event then
if CE="1" then
if LOAD="1" then
COUNT <= DIN;
elze
if DIE="1" then
COUNT <= COUNT + 1;
elze
COUNT <= COUNT - 1;
end 1if;
end 1f;
end 1if;
end 1if;
end process;




LLEEs :

——M-bit Comparator, synchronous with reset
——FPleaze define the walue of N for A and B
CLE, RESET: in STD_LOGIC;

4, B: in STD _LOGIC VECTOR(N downto 0);
ALE, AGEH: out STD _LOGIC,

ALEE, AGEB: out STD_LOGIC;

AEE, ANEB: out STD _LOGIC

process (CLE, EESET)
begzin
if (RESET = 1) then
4L <= "0"; AGE <= "0°; ALEB <=

uou
=
(A

AGEE <= "0°; LEE <= "0 ; BNEE <= 0°

elzif (CLE ewvent and CLE ="17) then
if {4 < B ) then LB <= " 17 ;

elze ALE <= "0°;

end 1f;

if (4 % B ) then AGE <= "17:
else AGE <= "0 ;
end if:

if ( &4 <= B ) then ALER <= "1°:
el=e ALER <= "0°;
end 1f;

if ( 4 »>= B ) then AGEB <= "17:
else AGEE <= "0 :
end 1if;

if ( A =58 ) then AEE <= " 17
elze AER <= '0°;
end 1if;

if {4 /=58 ) then ANEB <= "17;
elze ANEE <= "0 :
end 1f;

end 1f;
end procezs;




FEUSOM:

librarv IEEE; 0000

uze IEEE. 5TD_LOGIC_ 1164, ALL; 000606
' : o000

entity fre d i= -
Fort  clk : in =td logic; °

clkout : ot =std logic):
end fre d;

architecture Behavioral of fre d 1=
zighial couter:integer range 0 to 2;
zignal templ, tempZiztd logic;
bezin
proceszsiclk)
begin
if rising edgelclk) then
1t couter=2 then
couter<=0; templ<=not templ;
elze couter<=couter+];
end 1if;
end 1if;

if falling edzeiclk) then
1t couter=1 then
temp?<=not tempZ;
end 1if;
end 1if;
end process;
clkout<= templ =or temp:;

enid Behawvioral ;
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0000
LIBRARY I|EEE; ::0
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 - |[1fEIAE GHE NHZEQPRINFEDER
tmp <=tmp XOR a(n);
END LOORP,
y <=tmp
END..PROCESS,
END opt;
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LI BRARY | EEE;
USE | EEE. STD LOG C 1164. ALL;
ENTI TY h_adder 1S
PORT (a, b : IN STD LCd C;
co, so : QUT STD LO4d O);
END ENTI TY h_adder ;
ARCHI TECTURE fhl OF h_adder |
BEA N
S0 <= (a OR b) AND(a NAND b);
co <= NOT( a NAND b);
END ARCHI TECTURE f h1;

H ALDDER
] 3 co> o—|a co—s
—— a—{b S0—=
P
h_adder

1 i 2 N asi e [F 15 E
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000
LIBRART IEEE; eee°
FRR88:  USE IEEE. STD. LOGIC 116d. ALL: -4
ENTITY maj IS o0
PORT(a,b,c: IN bit: m : OUT bit); °
END maj;
——Dataflow =ztwvle architecture

ARCHITECTUEE concurrent OF maj IS
BEGIN
WITH atb&c SELECT
m <= "1 WHEN “110"|"101"|"011"|"111",
"0° WHEN OTHEES;
END concurrent ;

m wave - default

)
el d

400 ki 1200 nz

1350000 pz 3



—o<v. |librarv IEEE;
=il J: | ze TEEE. STD. LOGIC 1164, ALL: -4
entity buffer 1i= 0000
FPort { OE : in =td logic; ::.
DATATN : in =td logic; ®
DATAOUT : in =td logic);
end buffer;
architecture Behawioral of buffer i=s
bezin
PROCESS (OE, DATATN)
if CE="0" then
DATAOUT="7" :
ELZE DATAOUT<=DATATN;
END TIF:

end process;
end Behavioral;

LIERARYT IEEE;
T5E 1eee.ztd logic 1164, ALL;
ENTITY prebuz IS

_ X PORT (
=B my_in : IN STD_LOGIC VECTOR (T DOWHTO 03 -
sel ¢ IN STD LOGIC:
my ot : OUT ST0 LOGIC VECTOR (T DOWNTO 01)
END prebus;
ARCHITECTURE cpld OF prebusz I35
EEG IN

my_out <= "IZTITITIT"
WHEN i(zel = "17)
ELSE myv_in;

END cpld;
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000

(X XX}
librarv IEEE; (X
nze IEEE. std logic 1164. all; [

entity £fd 1=
port |
CLE : in =td_logic;
SET : in =td logic;
CE : in =ztd logic;
LOAD @ in =td logic;
CLE : in =td logic;

DaTs IN @ in std logic wector (7 downtao 0

DATA QUT : out =td_logic_wector
i
end entity;

architecture ffd_arch of ffd i=

signal TEMP DATA OUT: =td logic wector 7
bezin

process (CLE)

begin

if rising edge(CLE) then
if CE = 17 then
if CLE = 17 then
TEMP_DATS OUT <=
elzif SET = 17 then
TEMP _DAT4 OUT <=
elzif LOAD = " 17 then
TEMP _DATA OUT <=
end 1f;
end 1if;
end 1if;
end process;
DAaTa OUT <= TEMF _DATA OUT;
ernd architecture;

(T downto 0)

dovwrto 0)

{otherz =» "07);

{otherz =» "17);
DAaTa TN,
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BT es:

librarw IEEE;
unze JEEE. =td_logic_1164.all1;

entity zhft _reg iz
port |
DIE : in =td logic;
CLE : in =td_logic:
CLE : in =td_logic:
SET : in =td_logic:
CE : in =ztd_logic;
LOAD & in =td_logic;
SI @ in =td_logic;
DATA : in std_logic_wector (3 downto 00
; data_out : out =td_logic_wector(d downto 0]
end entity;

architecture shft_reg_arch of shft_reg i=
gignal TEMP_data_out : =td_logic_wector(3 downtao 0);
begin
process (CLE)
begin
if rising edze (CLE) then
if CE = ' 1" then
if CLE = 1" then
TEMF data ocut <= "00007;
elsif SET = "1° then
TEMF data out <= "1111%;
elsif LOAD = 17 then
TEMF_data_out <= DATA;
el=ze
if DIE = " 1" then
TEMF data out <= 5T & TEMP data out (3 downto 1)

el=ze
TEMF data out <= TEMP data out(? downto 0) & S5I:
end 1if;
end if;
end if;
end if;

end procesz;

data out <= TEMP_data out;
end architecture; |
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BRI :

librarv IEEE;
nze IEEE. STD_LGIC_1164. ALL;

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

architecture BEehavioral of Antiwitter i=
zighal temprnum: integer range 0 to 15;
zignal counter: integer range 0 to 31;
gignal start:ztd logic;
bezin

procesz lclock)
begin
if rizing edgeflclock) then

if start="0" then temprom<=15; rmmout<=15;

gl=se

if numin/=temprom then temprum<=numin;

glze
1f counter=31 then numout<=numin;
elze counter<=counter+];
end 1if;
end 1f;
end 1tf;
end 1f;
end process;
end Behawiaoral;

start<="1";

counter<=0;

counter<=0;
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3.6 VHDL{hE
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3.6.1 (DERMESHTE

LIBRARY |IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY ADDER4 1S
PORT (a,b: ININTEGER RANGE 0TO 15;
c: OUT INTEGER RANGEOTO 15);
END ADDERA4;
ARCHITECTURE one OF ADDER4 1S
BEGIN
c<=a+b;
END one;




@ FE— §§§:
O FVHDLE—]MERIESKRESR oo

ENTITY SIGGEN IS
PORT (sigl: OUT INTEGER RANGE 0 TO 15;
sig2: OUT INTEGER RANGEOTO 15);

END;
ARCHITECTURE Sim OF SIGGEN IS
BEGIN
sigl <=10,5AFTER 200 ns, 8 AFTER 400 ns;
sig2 <= 3,4 AFTER 100 ns, 6 AFTER 300 ns,
END;
fsig1 0 A5 X8 i
fsig2 3 € T |
"III||||||||||||||||||||||I||||||IIII|IIIIIIIIIIIII-IIIIIIIIIIIIIIIII||||IIII||||||||||||||||||||||||||"||||||||||
0 250 500

SIGGENBYhERHRE



@ RRSS RERSADDERAAR N — MNVHDLFE MR &R eceo
ENTITY BENCH IS aoo’
END:; (X )
ARCHITECTURE one OF BENCH IS
COMPONENT ADDER4
PORT (a, b: integer rangeOto 15;
c: OUT INTEGER RANGE 0 TO 15);
END COMPONENT:
COMPONENT SIGGEN
PORT (sigl: OUT INTEGER RANGE 0 TO 15;
sg2: 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=>h): y
END: | BENCH{DEKEH

A0 i€ \8 T

b i G

fc-llﬂ A 1 X il

-IIIIIII|II|||||I|IIIIII|III|IIIII||II|I|IIII|I|I|ITIIIIIIIII||I||I|IIII|I|I|||II|IIIII||I||I|IIII|I|I“I|IIIIII|II|

0 250 500




RE SSRGS S 5

o N AR{hEZ0URTF

XX )
for cef SHMSRA T - oo
force <5S%> <E> [<NE@>][, <E> <f¥/8> ...] [-repeat <FHA>]

\\

forcea0 (RESSBIZHRIEINO)
forceb 00,110 (SBHISSbENZIOBMENO, AHNZII0BHUENL)
forceclk 00,115 -repeat 20 (ck NEHIES, BEHAN20)

XYADDERABGSIRNHITINR :
O #BHHEIERS, EmITPRAND:

forceal100, 5200, 8400 | BENCHIRHIER
forceb 30,4100,6300 ;T - Vi i
@ HITRUNGS, b3 i %
fc-'IE il 0 T 1
-IIIIIII|II|||||I|IIIIII|III|IIIII||II|I|IIII|I|I||“II|IIIII||I||I|IIII|I|I|||II|IIIII||I||I|IIII|I|I-II|IIIIII|II|

0 250 500



3.6.2 VHDLMIAE)E (Test Bench)

ST EEHRIER? :

Library |EEE;
use |EEE.std logic 1164.all;
entity counter8is
port (CLK, CE, LOAD, DIR, RESET: in STD_LOGIC;
DIN: in INTEGER range 0 to 255;
COUNT: out INTEGER rangeOto 255);
end counter §;
architecture counter8 arch of counter8is
begin
process (CLK, RESET)
variable COUNTER: INTEGER range 0 to 255;
begin
if RESET="1' then COUNTER :=0;
elsf CLK="1" and CLK'event then
if LOAD="1" then COUNTER :=DIN;




o000
o0
O
Else
if CE="'1" then
if DIR="1" then
If COUNTER =255then COUNTER :=0;
else COUNTER := COUNTER + 1;
end if;
else
if COUNTER =0then COUNTER := 255;
else COUNTER := COUNTER-1;
end if;
end if;
end if;
end if;
end if;
COUNT <= COUNTER;
end process,

end counter8 arch;



MHEEE (Test Bench) eee

Entity testbench is end testbench;
Architecturetestbench_arch of testbenchis
FileRESULTS: TEXT open WRITE_MODE is" results.txt";
Component counter8
port (CLK: inSTD_LOGIC;
RESET: in STD_LOGIC;
CE, LOAD, DIR: inSTD_LOGIC;
DIN: in INTEGER range 0 to 255;
COUNT: out INTEGER rangeOto 255);
end component;
shared variableend sim : BOOLEAN :=falsg;
signal CLK, RESET, CE, LOAD, DIR: STD_LOGIC,;
signal DIN: INTEGER range 0 to 255;
signal COUNT: INTEGER range O to 255;
procedure WRITE _RESULTS(
CLK, CE, LOAD, LOAD, RESET :STD_LOGIC;
DIN, COUNT : INTEGER) is
VariableV_OUT : LINE;




Begin

begin

write(V_OUT, now, right, 16, ps): - - BMANE
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);
writeling(RESULTS,V_OUT);

end WRITE_RESULTS;

UUT: COUNTERS

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




CLK _IN: process
Begin
if end sm =falsethen 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’; — —TT&UERE
DIR <= “1’; — — MATTE
DIN <= 250:; - — BWAHIE
LOAD <= ‘0; — — B FIFHRABEE
wait for 15 ns;
RESET <='0'";
wait for 1 us
CE <= ‘0’; — — 2 TP ESHEA
wait for 200 ns;
CE<="1";
wait for 200 ns;




DIR <="0'; CY )
wait for 500 ns; o

LOAD <="'1";
wait for 60 ns;

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

DIN <= 60;

DIR<="1";

LOAD <="'1";
wait for 60 ns;

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

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

CE<="1";
wait for 500 ns;

end_sim :=true;

wait;

end process,
WRITE_TO FILE: WRITE RESULTS(CLK,RESET,CE,LOAD,DIR,DIN,COUNT);
End testbench_arch;
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