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CuHmakcuc obbseneHus obbekma Ha s3bIKe
VHDL

entity entity-name is

port (signal-names : mode signal-type;
signal-names : mode signal-type;
signal-names : mode signal-type);

end entity-name;




Kpome kntoyeBbIX CnoB entity, is, port M end, 00ObsBNeHME oObekTa coOepXWUT criedyroline
3NEeMEHTbI:

BBIOMpPaEMOe MOIH30BaTENEM UM OOBEKTA;
entity-name

signal-names CIIUCOK BBIOMpAEMBIX TOJB30BATENIEM HWMEH CHUTHAJIIOB BHEIIHETO
uHTepdeiica, cCOCTOANMI W3 OJHOTO MMEHU WM W3 OOJBIIEro YhCIiia
HMMEH, Pa3AeICHHbIX 3aITON;

mode OJHO U3 4YEThIPEX 3ape3cpBUPOBAHHBIX  CJIOB, ONPEICISAIONIMX
HalpaBJIeHHE [IEpPeAayy CUTHaIa:

in CHTHAJI Ha BXOI€E 00bEKTA;

out CUTHAJl Ha BBIXOJAE OOBEKTa, 3aMeTHTE, YTO 3HAYCHUE
TAKOTO CHTHAja HEJIb3Sl «IPOYUTATh» BHYTPH CTPYKTYPBI
00BEKTa; OH JIOCTYNEH TOJBKO OOBEKTaM, MCTOJIB3YIONUM
JTAaHHBIA OOBEKT;

buffer CHTHAJI Ha BBIXOJIE O0BEKTA; B OTINYME OT CUTHAIA out ero
3HAYCHUC MOXXHO 4YMTaThb TaKXE BHYTPU CTPYKTYpPHI
JIAHHOTO O0BEKTA;

inout CHUIrHaJI, KOTOpBIfI MOXET OBITh BXOAHBIM HJIM BBIXOJHBIM
JJIsL JaHHOI'O O6’LCKTa; OOBIYHO 3TOT PCKUM HCIIOJIb3YCTCA
INPUMCHHUTCIIBHO K BXO,Z[aM/BBIXO,[[aM CXeM C TpEeMA
COCTOAHUAMMU,

si gna 1- type BCTpOGHHHﬁ NN OHpeI[eJ'IeHHHﬁ IIOJB30BAaTCJICM THUII CUI'HAJIA.




[MpedonpedernieHHbIe cuHmMe3upyemble murlbl 0aHHbIX s3blKa

VHDL
bit boolean character
bit vector integer

BcTpoeHHble onepatopbl ANs TUNOB integer U bit NpMBEAEHbI B

Tabn. 1.3.
Tabnuua 1.3
[NpedonpedeneHHbIe orniepamopkl 0711 MUMNo8 integer U bit 8 A3bIKe
VHDL
Onepamopsbi 0515 muna integer Onepamope! 07151 muna bit
+ CIIOKCHUE not HHBEpPCUs
- BBIYMTAHUE and 7l
* YMHOXKEHHUE or nJIn
/ JETICHUE nand N-HE
mod JeJIEHUE 110 MOIYJIIO nor WJIN-HE
rem OCTAaTOK OT AEJIEHUS 10 MOAYIIIO XOr NCKJIIOYAIOUIEE WUJIN
abs a0COJIFOTHOE 3HAUCHHE XIIOT NCKIIIOYAKOUIEE WUJIN-HE
* % BO3BCJICHHUC B CTCIICHb




ObwbseneHue obbekma

entity MUU 125 is
port (
R, CLK, KOP, SNO: in BIT;
F: in BIT VECTOR (1 to 3);
Y: out BIT VECTOR (1 to 10);
P: out BIT VECTOR (3 downto 0);
CS: out INTEGER range 0O to 3;
SKO, TPO: out BIT
)
end MUU 125;




O npaBunax 3anucu nporpaMmmbl

Kak n B apyrux siablkax nporpammmpoBaHusi, B a3bike VHDL npobens! 1
nepexoabl C OAHOM CTPOKM Ha ApYyryto B oBLEM cryYyae UTHOPUPYHOTCS, U
Ona ynobcTea YTeHUSA UX MOXHO BCTaBMNSATb KaK YroaHo.

KOMMeHmapUU Ha4YNHaAKTCA C ABYX D,erVICOB (--) N 3aKaH4YMBakOTCAH
KOHLIOM CTPOKMW.

B asbike VHDL onpeneneHo MHOro cneymarnbHbIX CTPOK CUMBOJSIOB,
Ha3bIBAEMbIX 3ape3ep8upo8aHHbIMU C/108aMU UNW KITHOYEBbLIMU criogamul.
B npuBegeHHOM npumepe NMMeeTCsl HECKOSMbKO KNoYyeBbIX cros: entity,
port, is, in, out, to, downto, range, end.

Onpepensiemble nornb3oBaTenemM UoeHmMuUUKamopbl HAYMHAOTCS C
OyKBbI U cogepxaT OyKkBbl, LMdPbI U noadYepkmBaHusi. Cumsorn
NoaYepKMBaHNSA He MOXET creaoBaTh 3a APYrMM CUMBOMOM
NoaYepKnBaHNA U He MOXET ObITb NOCNeaHUM CUMBOJSIOM
naeHTudukartopa. B naHHoM npumepe naeHtTudurkaTopamm SBns0TCS
MUU 125, R, CLK, KOP, SNO, F, Y, P, CS, SKO, TPO.
3apesepBupoBaHHbIE CNoBa U MOEHTUDMKATOPLI HE YYBCTBUTEMbHbI K
PErncTpy.



CuHmakcuc onpedeneHusi
apxumeKkmypabl

architecture architecture-name of entity-name is
type declarations

signal declarations

constant declarations

function definitions

procedure definitions

component declarations

begin

concurrent-statement

concurrent-statement
end architecture—-name;

ObnbsiernieHue cuesHarna coobLlaeT Ty e caMmyo MHdopMauunio o
CUrHane, Kakyt cogepXut obbsBrieHne nopra, 3a UCKIToYEHNEM TOrO,
4yTO BMA curHana (in, out, buffer, inout) He 3agaeTcs:
signal signal-names : signal-type;



BbigenatoTt cneayrowme CTUNmM nNPoeEKTUPOBaHUSA U ONMMCaHUSA
CXEM:
CMPYKMypHbIU,
[MOMOKO8bIU,
rnosedeHYyeckul,
CMeWaHHbIU.

3nemeHTbl NOTOKOBOIO NMPOEKTUPOBaHUS
B noTOKOBbIX NpoeKTax UCMoNb3YT rnapasniesnbHoe npuceausaHue.
MapannenbHoe npucBanBaHWe OMNpPeaeneHo B TPeX pasfnnyHbIX dopMax:
6e3ycrnoBHOe napannenbHoe npuceanBaHue,
YyCIOBHOE napannensHoe npuceanBaHue,
napannenbHoe npuceanBaHue no Bbidbopy.



CuHmakcuc naparnnenbHbiX CUgHabHbIX 0rNepamopos
npuceausaHusi

signal-name <= expression;
signal-name <= expression when boolean-expression else
expression when boolean-expression else

expression when boolean-expression else
expression;
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Puc. 1.3. YcnosHoe epapudeckoe obo3HaqyeHue (a) u nocudeckasi cxema (6)
Oewugpamopa



JlucmuHe 1.2. [lomokoeasi apxumekmypa 071si

Oewupamopa

entity DECODER is
port (
AQ,Al,E: in BIT;

DO,D1,D2,D3: out BIT

) &
end DECODER;

architecture DECODER arch
begin
DO <= not A0 and not Al
D1 <= A0 and not Al
D2 <= not A0 and Al
D3 <= A0 and Al

end DECODER arch;

of DECODER

and E;
and E;
and E;
and E;

is




JlucmuHe 1.3. [Nlomokoeasi apxumekmypa 0rsi
Oewugpamopa

entity decoder is
port (
A: in BIT VECTOR (1 downto 0);
E: in BIT;
D: out BIT VECTOR (0 to 3)
) ;
end decoder;
architecture decoder arch of decoder is

begin
D(0) <= not A(0) and not A(l) and E;
D(1) <= A(0) and not A(l) and E;
D(2) <= not A(0) and A(l) and E;
D(3) <= A(0) and A(l) and E;
end decoder arch;




JlucmuHe 1.4. Apxumekmypa dewugpamopa, 8 Komopou UCrosb308aHbl YCI108HbIE
npuceausaHusi

entity DECODER is
port (
A: in BIT VECTOR (1 downto 0);
E: in BIT;
D: out BIT VECTOR (3 downto O0)
) ;
end DECODER;
architecture DECODER arch of DECODER is

begin
d(0) <= '1l' when A="00" and E='1"' else '0';
D(1) <= '"1l' when A="01" and E='1l"' else '0';
d(2) <= 'l' when A="10" and e='1l"' else '0';
D(3) <= '"1l' when A="11" and e='1l"' else '0';

end DECODER arch;




JlucmuHe 1.5. Apxumekmypa Myrnbmurisiekcopa, 8 Komopou UCrosib308aHO yCI108HOE
rnpuceausaHue

entity MUX is
port (
D: in BIT VECTOR (3 downto O0);
A: in BIT VECTOR (1 downto 0);
F: out BIT
) ;

end MUX;
architecture MUX arch of MUX is
begin

F <= D when A="00" else

(0)
D(1) when A="01" else
D(2) when A="10" else
D(3);
end MUX arch;




CuHmakcuc usbupamesibHO20 CU2HaIbHO20 orepamopa
rpuceausaHusi

with expression select

signal-name <= signal-value when choices,
signal-value when choices,

signal-value when choices;,




JlucmuHe 1.6. Apxumekmypa dewughpamopa, 8 KOmopoU UCOonbL3yemcs
npuceausaHue
cuzHarly e20 3Ha4yeHus o ebibopy

entity DECODER is
port (
A: in BIT VECTOR (1 downto 0);
E: in BIT;
D: out BIT VECTOR (3 downto 0)
)
end DECODER;
architecture DECODER arch of DECODER is
signal D i: BIT VECTOR (3 downto 0);
begin
with A select D_i <= "0001" when "00",
"0010" when "O1",
"0100" when "10",
"1000" when "11";
D<=D i when E = 'l' else "0000";
end DECODER arch;




JlucmuHe 1.7. Apxumekmypa ycmpoticmea 0risi OGHapy»XeHUSs rpocmbiX
yucern,

8 KOmopoU UCrob3yemcs rpuceaugaHue cuzHarsly e20 3Ha4eHusl ro
8bIbopy

entity KC is
port (
N: in BIT VECTOR (2 downto O0);
F: out BIT
) ;

end KC;
architecture KC arch of KC is
begin
with N select
F <= '1l'" when "001" | "010™ | ™O11™ | "101™ | ™"I111"

'0'" when others;
end KC arch;




JlucmuHe 1.8. OnucaHue ycmpodlcmea 01151 06HapyXeHUs1 MpocmabiX
qucer,
Hocswee rnogedeHYecKul xapakmep

entity KC is
port (
N: in INTEGER range 0 to 7;
F: out BIT
)i
end KC;
architecture KC arch of KC is
begin
with N select
F<="'1'" when 1 | 2 | 3 | 5 | 7,
'0' when others;
end KC arch;




CuHmakcuc onepamopa
process

process (signal-name, signal-name,
type declarations

variable declarations

constant declarations

function definitions

procedure definitions

begin

sequential-statement - —-—-—-—--

..., Signal-name) — CHMCOK YYyBCTBUTEJBEHOCTEM MNPOIIeCCa

sequential-statement - —-—-—-—--
end process;

IlociiegoBaTesIbHO BEBIIOJIHAEMEIE orrepaTopsl



entity DECODER is
port (A: in BIT VECTOR (1 downto O);
E: in BIT;
D: out BIT VECTOR (0 to 3));
end DECODER;
architecture DECODER arch of DECODER is

begin
process (A,E)
variable V: BIT VECTOR (0 to 3); --- Jpyrue HOpoOLECCH 3Ty IIePEeMEeHHYI He BUOAT
begin
V(0) not A(0) and not A(l) and E; --
V(1) := A(0) and not A(1l) and E; —-- BHNOJHSAKNTCH [IOCJEOOBATEJIbBHO, MNIPAMO Ha BEIXOI
V(2) := not A(0) and A(l) and E; -- npucBauBaTb HeJb34a! JHaue Ha BHXOINE pPe3yJibTaTH
V(3) := A(0) and A(l) and E; -- O6ynyT NOABJIATbLCS NocJemoBaTeyibHO! !!
D <= V; -— TyT yXe OOBUHOE IpMCBaMBaHUE

end process;
end DECODER arch;

Ecnu paboTaeM BHYyTPM IIpollecCa C IIepeMeHHOM, OOBABJIEHHOM B BTOM IIpollecCe, TO MCIOJIb3yeEM
ornepaTop NPUCBOEHuUA ( = )



CuHmakcuc onepamopa if

if boolean-expression then sequential-statement
end if;

if boolean-expression then sequential-statement
else sequential-statement

end if

if boolean-expression then sequential-statement
elsif boolean-expression then sequential-statement

elsif boolean-expression then sequential-statement
end if;

if boolean-expression then sequential-statement
elsif boolean-expression then sequential-statement

eisif boolean-expression then sequential-statement

else sequential-statement
end if;

if NnpnMeHsieTCs TONMbKO BHYTPM npoueccal



entity decoder is
port (

A: in BIT VECTOR (1 downto O0);

E: in BIT;

D: out BIT VECTOR

) ;

end decoder;

architecture decoder arch

begin
process (A,E)
begin
if E='0"
elsif A="00"
elsif A="01"
elsif A="10"
elsif A="11"
end if;
end process;
end decoder arch;

then
then
then
then
then

O 0O 0O 0o

(3 downto 0)

of

decoder 1is

= "0000";
= "0001";
= "0010";
= "0100";
= "1000";



CuHmakcuc onepamopa case

case expression 1S
when choices => sequential-statements
when choices => sequential-statements
end case;

[l[puMeHsIeTCcsa BHYTPM Opolecca!



Apxumekmypa ycmpoticmea 05151 06Hapy»XeHUs MpocmbIxX 4ucer,
8 KomopoU Ucrosib308aH orepamop case

entity KC 1is
port (

N: in INTEGER range 0 to 7;

F': out BIT
) ;
end KC;
architecture KC arch of KC 1is
begin
process (N)
begin
case N 1is
when 1 |2 |3 | 5 | 7 => F <=
when others => F <= '0"';
end case;
end process;
end KC arch;

'1';



entity DECODER 1is
port (
A: in BIT VECTOR (1 downto 0);
E: in BIT;
D: out BIT VECTOR (3 downto 0));
end DECODER;
architecture DECODER arch of DECODER 1is
begin
process (A,E)
variable V: BIT VECTOR (0 to 3);
begin
case A 1is

when "00" => V := "0001";
when "01" => V := "0010";
when "10" => VvV := "0100";
when "11" => V := "1000";

end case;
if E='1"'" then D <= V;
else D <= "0000";
end if;
end process;
end DECODER arch;



signal_name'attribute _name

Hanpumep, npegonpeneneHHsin atpndyT event
acCoLMNPYETCHA C KaKUM-NMDO cUrHasriom,
gonycTtum, ¢ curHanom CLOCK. Torga aTtpumbyTr
zanmuwetca CLOCK'event. OToT atpndyT nmeet
TN boolean co 3Ha4yeHnem true, Korga
3Ha4vyeHne CLOCK mn3ameHunoco, n 3Ha4yeHue
false - B npoTuBHOM crnyyae.



entity D ff is
port (
clock, reset, D: in BIT;
Q, ON: out BIT
) ;

end D ff;
architecture D ff arch of D ff is
begin
process (reset, clock)
begin
if reset='1l' then Q <= '0' ; ON <= "'1"'";
elsif clock'event and clock='1l' then Q <= D; ON <= not D;
end if;

end process;
end D ff arch;
D-Ttpurrep!!!



entity RG 1is
port (
clk, R: in BIT;
Q: out BIT VECTOR (3 downto O0)
) ;
end RG;
architecture RG arch of RG 1is
signal 1Q: BIT VECTOR (3 downto 0);

begin
process (R,clk, IQ)

begin
if R='1'" then IQ <= "0001";
elsif CLK'event and CLK='1l' then

IQ0 <= IQ(2 downto 0) & IQ(3);

end if;

Q <= I0Q;

end process;
end RG arch;



KoHkameHauusi (06beduHeHUe cmpok). K ogHOMeEpPHbIM MaccuBamMm MOXHO
NPUMEHATb KOHKaTeHauuto, B pesyrnbraTte KOTOPOUW 3reMeHTbI MpaBoro

onepaHga nobasnarTcs B KOHew, nesoro. Hanpumep: "abc" & "df" = "abcdf"

entity counter 1is
port (
clk, r: in BIT;
Q: buffer INTEGER range 0 to 7/
) ;
end counter;
architecture counter arch of counter is
begin
process (r,clk)
begin
if r='1' then Q <= 0;
elsif CLK'event and CLK='1l' then Q <= Q + 1;
end 1if;
end process;
end counter arch;



