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YepTtbl A3biKa VHDL

* [oaneprKKka Mepapxnm — NPOEKTUPYEMbIe YCTPOMCTBa pa3bumBatoTca Ha
nepapxmyeckme 610Ku.

* OnucaHue anemMeHTa pasaeneHo Ha MHTepdenc n apxuTeKTypHoe Teno. X,y y = F(x)

* OAMH 06BEKT NPOEKTUPOBAHMA MOMKET UMETb OAHOBPEMEHHO

HECKOJ/IbKO apXUTEKTYPHbIX Ten. - if(X = 1) then b
Y <= '0";
*  @yHKUMOHMPOBaHUE MOXKeT bbITb 3a4aHO MO0 C NOMOLWbIO aATOPUTMA, else i
6 ~ 6 Y <= '1";
B0 € NOMOLLbIO N0rnYecKkmnx GyHKUMIA, AMBO C NOMOLLbIO YKa3aHUA )
. end if; i
nepeyvyHA KOMMOHEHTOB N UX CBA3EN MeXAY HUMM.
*  BO3MOXHOCTb MOAE/IMPOBAHMA NapanaesibHO NPOTEeKaLWKMX NPOoL,Eeccos.
*  BO3MOKHOCTb NpOBEeAEHNA BPEMEHHOIO U PYHKLMOHA/IbHOIO
moagennpoBaHuMA. mEmEmEmE
N U I I

* [loapep»KKa N0Nb30BaTE/IbCKUX TUMOB AAHHbIX.
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OnucaHue cxem Ha A3biKe VHDL: nHtepdeic

N X,y gu Y= F(x)
Uma ycTpouncrtea

Bxoapbl, , : Bbixoapbl,
T™MN J I 1 — TUMN

se e I
CUrHana | : CUrHana

Nmsa ycTponcTBa

MopTbl yCTPOWCTBA, C yKa3aHWem
entity 1inv is / HanpasieHUi 1 nepesaBaembix

port(x: in bit; TUMNOB AaHHbIX
y: out bit);
end inv;
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OnuncaHune cxem Ha a3bike VHDL: apxuteKtypHoe teno

PYHKUNOHNPOBAHME
Nma apxXMTEKTYPHOro Tena KQKoro U3 aNemMeHTOB

\ / onucbiBaeT

architecture RTL of inv 1is

begin
y <= not X;
end RTL; ‘\\

Kak pyHKUMOHUpPYET
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HanucaHue TectoBOro OKpPYHKeHUuA

entity tb _inv is
end tb_inv;

architecture test of tb_inv is

X

in

inv
X Y

tb_inv

y_out
—

component inv
port(x: in bit; y: out bit);
end component;

signal x _in, y out: bit;

begin
pl : inv port map(x_in, y out);

p2 : X _in <= '@' after @ ns, '1' after 10 ns, '0@' after 20 ns;
end test;
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OnucaHue noptoB ycTpoucrea: VHDL

entity <uma_uHTepdenca> is

[ generic(<cnucok_napameTpoB>); ]
[ port(<cnucok _noptoB>); ]

[ begin
<Tunbl OAHHbIX, entlty NAND2 iS
SHAUEHUA KOHCTaHT>; port(xl: in bit; -- nepBbiii BXOA
] X1 — & P y x2: in bit; -- BTOpon BXOA
y: out bit - - BbIXO[,
end [entity] [<uma_uHTepdeiica>]; X2 — )5
end NAND2;

|

entity NAND2 is
port(x1l, x2: in bit;
y: out bit);
end NAND2;
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HanpaBneHua nopTtos

Verilog VHDL

—>
portB . — out
output
—>
— tA 3
. . POt 1nout
1nput
inout -
buffer
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TUnbl AaHHbIX nopToB U CUrHanos

Verilog VHDL
Tun pgaHHbIX bit Tun pgaHHbIX std_logic
logic {
@, -- nlorudeckumun 0 BIT - {'0', lll}; STD_LOGIC . {
1, -- noruyeckas 1 'U', -- HeMHULMaNU3UPOBAHHOE 3HayeHue
X, -- Hen3BeCcTHOe COCTOAHMue 'X', -- Hem3BeCTHOe 3Ha4yeHue
Z, -- BbICOKMI umnepaHc ‘@', -- norudeckmii @
} 'l', -- noruyveckas 1
'Z', -- BbICOKWA uMMeaaHc
'"W', =-- cnabbi® curHan, HEMNoOHATHO, OH © wan 1
‘L', -- cnabbii curHan, NOATAHYTbIA K O
'H', -- cnabbit curHan, NOATAHYTbIM K 1

- - - 6e3pa3nw-|Hoe COCTOAHMNE

}

R e
00— 1+—'L R {1}

R |x1 I_II_I = IWI Rz 'w
11! : ; |H| '1r

Tun std_logic TpebyeT noakntoueHna bubanotekn std_logic_1164
library ieee;
use ieee.std logic 1164.all;
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OnuncaHue cxem ¢ Pa3HbIMU TUNAMU AaAHHDbIX

entity and2 is
port(xl, x2: in bit;
y: out bit);
end and2;

architecture RTL of and2 is
begin

y <= X1 and x2;
end RTL;

library ieee;
use ieee.std logic 1164.all;

entity and2 is
port(xl, x2: in std logic;
y: out std logic);
end and2;

architecture RTL of and2 is

begin
y <= X1 and x2;
end RTL;
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OTobparkeHue 3HaUYE€HU CUrHaN0B B NocTnpoLeccopax

test <='X" after 10 ns, test <='U" after 0 ns,
'9' after 20 ns, 'X' after 10 ns,
"1' after 30 ns, '9' after 20 ns,
'Z' after 40 ns, "1' after 30 ns,
'"W' after 50 ns, 'Z' after 40 ns,
L' after 60 ns, '"W' after 50 ns,
'H' after 70 ns, "L' after 60 ns,
'-' after 80 ns; 'H' after 70 ns,
'-' after 80 ns;
wtest - — — I = N
| Y J \ Y J\ Y J \ Y J | Y J \ Y J1 Y J \ J \ Y
U X 0 1 Z WL H -
. _ 10 ns 20 ns 30 ns 40 ns 50 ns G0 ns Tons 80

th_dinv.test

Signals
Time
test

Waves
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CMHTaAKCUC ONUCAaHUA apPXUTEKTYpPblI

architecture <uma_apxutekTpypbl> of <uma_uHTepdenca> is
[<cnncok_obbAaBneHnin>; |

begin
<CNMUCOK_NapanienbHblX_onepaTopoB>;

end [architecture] [<umAa_apxutekTypbi>];
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OnucaHue apxmuTeKTypHoro tena tuna RTL

Register Transfer, Dataflow

X1 = ®_y

/ \
- ~g - B B
ck | 1 )

entity xor2 is
port(xl, x2: in std logic;
y: out std logic);

end xor2;

architecture RTL of xor2 1is

begin
y <= x1 xor x2; architecture RTL of xor2 1is
end RTL; begin

y <= (x1 and (not x2)) or (not x1 and x2);
end RTL;
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9tan 1. MpoeKTtnpoBaHmne 6Mbnnorekn anemeHToB

libr\ar\y ieee; R L :
use ieee.std logic 1164.all; : :
x1 Y
entity inv is : :
port(x: in std logic; X2 i > :
y: out std logic); 51/// :
end inv; : :
architecture RTL of inv is
begin entity and2 is
y <= not X; port(xl, x2: in std logic;
end RTL; y: out std logic);
end and2;
+ TECTOBOE OKpyXeHME architecture RTL of and2 is
begin
mJ“‘" — y <= x1 and x2;
end RTL;

900 ns + TeCTOoBOE OKpyXeHue
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9tan 2. OnucaHue nHtepdemnca ycTtpomcrea

Y —

«1 —| DEVICE

entity DEVICE 1is

X2 — port(xl: in std logic;
x2: 1in std logic;
y: out std logic);

end DEVICE;
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9T1an 3-a. PacctaHOBKa HegocTalowmnx o6 beKkTos

3alaéM METKMU
(MmeHa)
KOMMOHEHTOB

UmeHa nopTtoB
N3BECTHbI M3
nHTepdenca

[obasnsaem B cxemy
NPOMEXKYTOYHbIE CUTHA/bI
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9Ttan 3-6. OnucaHMe B3aMMOCBA3U KOMMOHEHTOB

architecture STR of DEVICE 1is

component inv
port(x: in std logic;
y: out std logic);
end component;
component and2
port(xl, x2: in std logic;
y: out std logic);
end component;

Kakue 13 onncaHHbIX paHee
— 3/1emeHTOoB byayT
MCMNO/b30BaHbI?

signal a, b: std logic; | [epeyeHb HeaocCTaOWMX
CUTrHanoB
begin
pl : inv port map(x2, a); CBA3b 3/IEMEHTOB
p2 : and2 port map(x1l, a, b); L MocpeACcTBOM CUTHANOB U
p3 : inv port map(b, y); nopTos

end STR;




bynax A.A. JInHrBncTnyeckme cpeacTsa NPOEKTUPOBaAHUA
UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL
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Mo3uuMoHHOEe 1 accoumaTMBHOE Ha3HaYeHue NopToB

A3bik Verilog

inv il1(x2, a);
and2 i2(x1, a, b);
inv i3(b, y);

A3bik VHDL

il : inv port map(x2, a);
i2 : and2 port map(x1, a, b);
i3 : inv port map(b, y);

inv

and2

inv

il :

i2

i3 :

11(.x(x2), .y(a));

i2(.x1(x1), .x2(a), .y(b));

i3(.x(b), .y(y));

inv port map(x=>x2, y=>a);
and2 port map(x1=>x1, x2=>a,

inv port map(y=>y, x=>b);

y=>b);
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NoBepeH4yeckoe onucaHune cxembl Ha VHDL

k= OO

R O L O

, O R

entity DEVICE is

port(xl, x2: in std logic;
y: out std logic);
end DEVICE;

architecture BEH of DEVICE is

begin
process(x1l, x2)
begin
if (x1="1" and x2="'0"') then
y <= '0°;
else
y <= '1°;
end if;

end process;

end BEH;
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TpeboBaHuaA K onucaHuio npoueccos/npoueaypHbix 610KoB

B npouecce 06a3aHa bbiTb 04HA N3 ABYX KOHCTPYKLMIA:

1. CNNCOK YyBCTBUTE/NIbHOCTY; [<meTKa>:] process [(<curHanbi>)] [is]
[06bsABneHUA ]
begin
bes3 cnucka 4yBCTBUTEJ/IbHOCTU NpoLuecc pa60TaeT 6eckoHe4yHo
nepexoas oT 04HOW UTepauun K ApYrou. [nocnepgoBaTesibHble onepaTopb]
wait .. ;

2. ornepaTop OXuaaHuA. @/[nocnenosaTeanble onepaTopsi]

end [process] [<meTKa>];

Ecnamn npouecc He COAEPKUT HU CMUCKA YYBCTBUTENBbHOCTU, HU
onepaTopa OXKUAaHUA, OH BXOAUT B 3aUUKNINBAHUE, MO4ENINPOBAHUE
CTAaHOBMUTCA HEBO3MOXHbIM.
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dopmbl 3anucu onepatopa wait

wait — onepatop oxnaanHms.
4 popmbl 3anncu onepaTopa:

1. oXupgaHue B TeyeHMe onpenesEHHOro BpemMeHu;
wait for <Bpema>;

2. OXKUAaHNE N3MEHEHNA CUTHANa;
wait on <cnncok_curHanos>;

3. OXKnZaHue BbIMOJIHEHMA TOTUYECKOrO YC0BUA,
wait until <normuyeckoe_ycnoBue>;

4. 0CTaHOBKa rnpouecca.
wait;
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dopmbl 3anucu onepartopa wait: wait for

S B B B

pl: x <= "1"' after @ ns, '0@' after 20 ns, '1l' after 40 ns,

AHanor B A3bike Verilog:

1 : S
P proces pl : process always

beilz_ ERE begin #20 X = ~X;
= ; ) |
wait for 20 ns; ‘ \);a; 28: )2(é .
X <= '0°; : ;
wait for 20 ns; end process;
end process;
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Mpumep Ha wait on

X2

AND2
X2| X1 |y
000
010
1101]0
1 (1)1

pl :

process
begin
x1 <= not x1;
wait for 20 ns;
end process;

. process

begin
X2 <= not x2;
wait for 40 ns;
end process;

L

always
#20 X = ~X;
always
#40 X = ~X; pl

p2

process
begin
X1 <= not x1;
wait for 20 ns;
end process;

process
begin

-  wait on x1;
- Walt on x1;

X2 <= not x2;
end process;
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Mpumep Ha wait until

AND2 pl : process
begin
x1 <= not x1;
X1 x2 |y wait for 20 ns;

end process;

0 p2 : process

0 begin

0 X2 <= not x2;

1 wait for 40 ns;
end process;

OO
Ok O

pl : process
begin
x1 <= not x1;

\ _I wait for 20 ns;
x1 —I I—I | end process;
tt1 1
p2 : process

begin
\ 4 —— wait until (x1 = '0');

X2 I X2 <= not x2;

end process;
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OcTaHOBKa npouecca: npumep Ha wait;

pl : disable <= '0', "1' after 150 ns, '0' after 160 ns;

p2 : process

begin
X <= not X;
wait for 5 ns;
if (disable = '1') then

wait;

end if;

end process;

Ell Signals % ¥alues
& i}
& disable i}

]
B0 —
I ) R
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Atpunbyrtbl curHanos B VHDL

Nma aTpmbyTa Ha3sHauyeHune aTpmbyTa, 4TO BO3BpPALLAET
S'stable,
S'stable(T) true, ecnm curHan He meHANcA (B TeyeHme sBpemeHun T)
S'event true, echm nponcxoamnT N3MEHEHUEe CUrHana
S'active true, ecnm 6bina 3anncb, HO 3HAYEHME eLLE HE MOMEHSNOCH
S'quiet(T) true, ecnn He 6bIn10 ObpaLLeHN B TedeHne BpemeHun T
S'last value npeablayliee 3Ha4YeHne CUrHana process
— variable al, a2: Boolean;
' begin
S'last _event BpemaA npeablayuero nsmeHeHmA CUurHana Q0 <= '1' after 10 ns;
al := Q'active; -- true

a2 := Q'event; -- false
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Knaccbl o6bvekToB B VHDL

Knaccbl 06beKToB

KOHCTaHTDI CUrHaNb

\ 4
[lepemeHHble

constant LOGIC ONE : std logic := "1";
variable TEMP_VAR : std logic := "1°;

signal CONNECT : std logic := "1';
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Tunbl paHHbIX A3bliKa VHDL

ObecneyeHns [oCTyna dannosble
(yKasaTenu)
Tunbl AaHHDbIX
CKanapHble CocrtaBHble
AUNCKpeTHble OpobHble dPusnyeckne MaccuBhbi 3anucu

Llenbie

[Nepeyncammeble

OrpaHWYeHHble

HeorpaHuyeHHble
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BeKTopHbIle TUnbl AaHHbIX (1)

BekTop ¢ TMNom gaHHbIX bit:

signal x: bit_vector(1l to 8);

BekTop ¢ Tunom gaHHbix std _logic:

library ieee;
use ieee.std logic 1164.all;

signal x: std logic vector(1l to 8);
signal x: std_logic_vector(8 downto 1);

signal x: std logic vector(10 downto 6);
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BeKTopHbIe TUnbl AaHHbIX (2)

signal x: std_logic_vector(l to 8);

x(1)

"10110101";

9"

('1', others => '0');
x(5 to 8) & x(1 to 4);
x(1) & "001100" & '1';

(others => '1");

X : "10110101";
X : "90110101";
X : "10000000";
X : "00001000";
X : "0001l1001";

x ¢ "11111111°";
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ATpunbyTbl gna pabotbl ¢ maccuBamu

signal x: std logic vector(1l to 4) := "0000";
Ums atpubyta HasHaueHue aTpubyTa signal y: std logic vector(4 downto 1) := "0000";
A'left NleBan rpaHMLLA maccmBea Nma aTtpmbyTa YT1o BepHET Nma atpmnbyTa YT1o BepHET
A'right npaBadA rpaHULa MaccuBa X' left 1 y'left 4
x'right 4 y'right 1
A'high MaKCMMasibHOe 3HaYyeHune
AMana3oHa x'high 4 y'high A
A'low MMWHUMAJIbHOE 3HaYeHne
AnanasoHa x'low 1 y'low X
A'range ANanasoH MaccuBa
X'range y'range
1 to 4 4 downto 1
A'length  AnanHa maccusa ' .
x'length y'length

4 4



W bynax A.A. JINHrBUCTUYECKUNE CpecTBa NPOEKTUPOBAHUA

_ Cnanp 32 n3 40
UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL

ObbvaBAeHMe cBOMX TUNOB U NoATMNOB AaHHbIX B VHDL

INTEGER  oT -(2731 - 1) mo +(2731 - 1)
NATURAL  oT @ go +(2731 - 1)

POSITIVE ot 1 mpo +(2”731 - 1)

type small int is range -1023 to 1024;

nnm

subtype small int is Integer range -1023 to +1024;
nnm

variable small int: Integer is range -1023 to +1024;
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Cnanp 33 13 40

Ob6bvaBneHne nepeyncammoix gaHHbiX 8 VHDL

Mepeyncanmbie TUMbI:
type BIT is ('@', '1');

type severity level is (note, warning, error, failure);

type status is (unknown, idle, work);

Ncnonb3oBaHMe nepevyncimmblX TUMNOB:

signal A: bit; signal S1: status;
variable B: bit; variable S2: status;
A<= "1"; A <= idle;
B := '90'; B := work;



bynax A.A.

UHctutyT UHIN, MUIT.
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Cnanp 34 n3 40

dusnyeckme Tnnobl gaHHbIX B VHDL

units
nm;
um
mm
cm
dm
m
km =

Nma

dunsnyeckoro

MuHuMmanbHoe
3HayYeHune

/””a AAHHbIX l MaKkcumanbHoe
/ 3HayYeHue

type DISTANCE is range @ to 20e+12

<€
le+3 nm;
le+3 um;
10 mm;
10 cm;
10 dm;
le+3 m;

Nma MUHUMANIbHOTO
FOHUTA

] \
OnpepneneHune nocnegyrowmx
MMEH IOHUTOB Ha OCHOBE

end units DISTANCE; npeasiay X
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' UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL

OnepaTtop reHepauuu NoACTaHOBKM KOMMOHEHTA

architecture STR of DEVICE is

a(l)i (1) component and2
O & port(xl, x2: in bit;
i i y: out bit);
a(2)—r- | end component;
a(3) i L p(2) component inv
5 & port(x: in bit;
a(4)-L i y: out bit);

end component;

a(5) i &ﬁf_ b(3)

; ; signal a: bit vector(l to 9);
a(6)— i signal b: bit vector(l to 5);
i ’ begin

a7 L

; b(4)
a(S)%—

gl: for 1 in 1 to 4 generate

pl: and2 port map(a(i*2-1), a(i*2), b(i));

a(9) _1>X*‘ b(5) end generate;

p2: inv port map(a(9), b(5));

end STR;
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UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL

KoHdurypauum B asbike VHDL

entity tb device is architecture TEST of tb_device is
end tb_device; component DEVICE
begin

pl : DEVICE port map ...

p2 : DEVICE port map ...

p3 : DEVICE port map ...
end TEST;

configuration configl of tb_device is
for TEST
for pl : DEVICE use entity work.DEVICE(STR); end for;
for p2 : DEVICE use entity work.DEVICE(RTL); end for;
for p3 : DEVICE use entity work.DEVICE(BEH); end for;
end for;
end configuration;
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' NHctutyT MHIA, MUIT. Nekuma 6. A3bIKKM onucaHua annapatypbl. A3bik VHDL

ApXxuteKtypa ausamHa B A3bike VHDL

ENTITY

generic

> ARCHITECTURE STR
v v
ARCHITECTURE RTL < —> ARCHITECTURE RTL
v v
ARCHITECTURE BEH - - ARCHITECTURE BEH

ARCHITECTURE STR
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' NHctutyT MHIA, MUIT. Nekuma 6. A3bIkKM onucaHua annapatypbl. A3bik VHDL

3anycKk cumynatopa GHDL

ghdl -a adder.vhd

ghdl -a tb_adder.vhd

ghdl -r tb_adder --vcd=adder.vcd --stop-time=100ns
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' UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL

bubnuoreka SystemC gna C++

entity inv is module inv(x, y); SC_MODULE(inv) {
port(x: in bit;
y: out bit); input x; sc_in <bool> x;
end inv; output y; sc_out<bool> vy;
architecture BEH of inv is always@(x) void operate() {
begin y = ~X; y.write(!x.read());
process(x) }
begin endmodule
y <= not Xx; SC _CTOR(inv) {
end process; SC_METHOD(operate);
end RTL; sensitive << Xx;
}

s
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Cnanp 40 n3 40
UHctutyT UHIN, MUIT. Nekuusa 6. A3bikKKM onucaHua annapartypbl. A3bik VHDL

Moaynb MyHDL ana Python

@block
def inv(x, vy):
@always(x)
def logic(): @block
y.next = not x def dff(qg, d, clk):

return logic @always(clk.posedge)

def logic():
@block q.next = d

def and2(x1, x2, y): " Lo
return logic

@always(x1l, x2)
def logic():
y.next = x1 & x2

return logic
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