Jlekuusa 4

MOAOEJINPOBAHUE
CUTHAJIOB B VHDL



MexaHun3am npoueccoB 1 KoHuenuusa curHana B VHDL

[Tpn nporpammmpoBaHnm Ha VHDL HY>XHO y4nTbiBaTb
nBe 0CcobeHHOCTH:

* MoaesimpoBaHuUe napasriiesibHbiX npoueccos,
* MoAdernnmpoBaHMeE 3aepxKeK CUrHarax.



[Mpumep. Cxema coctodias ns Tpex anemeHTos: 2 U, 2 AJIN n 2 Ucknovarowee UTA.
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[Mpouecchl p1,p2,p3 onuckiBatotca B VHDL cnegyowmnm obpasom:

P1: process (x1,x2)

begin

. . . (PYHKUMOHMpPOBaHMNE aremeHTa 21

end process p1;

P2: process (z1,z2)

begin

. . . — (pyHKUMOHUMpPOBaHMe anemeHTa 2UJTA
end process p2;

P3: process (y1,y2)

begin

. . . — (pyHKUMOHUMpPOBaHMe anemeHTa 2UcknrovaroweeJ1N
end process p3;



B VHDL ecTb ABa TMNa CUrHanos:

ports - NopThl - 3TO BHeLWHWE BXxoabl U Bbixogbl OfT:
signals - BHyTpeHHWe ( loKarnbHbl€) CUrHarsbl - BbIXOA4bl JIOrMYECKNX
9JIEMEHTOB.



[TopTbl oNUCbIBaOT B MHTEPdencHom YacTu (entity) npoekTa.

port_declaration ::=

port (port_list);

port_list ::= identifier{,...}: [mode] subtype_indication
[:= expression]

mode::= in | out | inout | buffer | linkage
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inout




Oeknapauusi BHyTPeHHero curHana

signal_declaration ::=

signal identifier{,...}: subtype_indication [:= expression]
architecture arch_name of entity_name is

{ signal_declaration}

{other_declarative_item}

begin

{concurrent_statement}

end [architecture] [arch_name];
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entity D_flipflop is
port ( clk, d : in bit; q : buffer bit );
end entity D _flipflop;

architecture behavioral of D _flipflop is
begin

g <= d when clk'event and clk = '1;
end architecture behavioral,;

entity inverter is
port (a:in bit; y: out bit );
end entity inverter;

architecture behavioral of inverter is
begin

y <= not a;
end architecture behavioral;
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entity count2 is
port ( clk : in bit; q0, q1 : buffer bit );
end entity count2;

architecture buffered outputs of count2 is

component D_flipflop is
port ( clk, d : in bit; g : buffer bit );
end component D flipflop;

component inverter is
port (a:in bit; y: out bit);
end component inverter;

signal q0_n, g1 _n: bit;
begin

bit0 : component D_flipflop
port map (clk =>clk,d=>q0_n,q=>q0);

invO : component inverter
port map (a=>q0,y=>q90 _n);

bit1 : component D_flipflop
port map (clk=>q0 n,d=>qg1 n,q=>q1);

inv1 : component inverter
portmap (a=>ql1,y=>q1 n);

end architecture buffered outputs;



NMpocTton onepatop Ha3Ha4vyeHUa curHanoB ( Simple SA)

Simple SA - simple_signal _assignment( Simple SA)-
NPOCTOMN ornepaTop HasHavYeHUsa curHana;

simple_SA::=
name<=[transport] waveform_element;
waveform_element::=
[label:] value_expression [after time_expression]
|null [after time_expression];



Pa3sHoBugHoctu (Simple SA):

- concurrent Simple SA (CSA) — napannensHbIX NPOCTON onepaTop

Ha3Ha4YeHUsa curHana;
- siquential Simple SA (SSA) — nocnenoBaTesibHbIN MPOCTOW oneparTop

Ha3Ha4YeHNAd CUrHarna.

CSA 1 SSA cnHTakCcu4eckn Hepasnmuinmbl — NX BN onpegenseTcs
obnacTbio AENCTBUN



O6bnactb gencteumn CSA:

- apxuTekTypa
- Onok



architecture arch_name of entity name is
{ signal_declaration}
{other_declarative item}
begin
{CSA} -- CSA e apxumekmype
{other_concurrent_statement}

{ block [(...)]
{ signal_declaration}
{other_declarative _item}
begin
{CSA} -- CSA s brioke
{other_concurrent_statement}
end block}
end [architecture] [arch_name];



OobnacTtb gencteum SSA:
- npoLecc

- npoueanypa

- PYHKLUMSA



architecture arch_name of entity name is
{ signal_declaration}
{other_declarative_item}
{ function function_name(parameters) return type mark is
{declarative_item}
begin
{SSA} -- SSA e gpyHKUUU
{other _siquential _statement}
end function function_name;
{ procedure procedure_name(parameters) is
{declarative_item}
begin
{SSA} -- SSA e npouedype
{other__siquential _statement}
end procedure procedure _name;
begin
{CSA} -- CSA s architecture
{other_concurrent_statement}
{ block [(...)]
{ signal_declaration}
{other_declarative_item}
begin
{CSA}-- CSA 8 block
{other_concurrent_statement}
end block}
end [architecture] [arch_name];



MNpumep onncaHus paboTbl MynLTUMNINEKCOPa NOTOKOM CUrHaroB.
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entity mux4 is
generic(delay:time:=20ps);
port(D:in std_logic_vector(3 downto 0);
A:in std_logic_vector(1 downto 0);
Y:out std_logic);
end mux4;
architecture data flow_simple_ SA of mux4 is
signal nAQ, nA1, y0, y1, y2, y3, z :std_logic;
begin -- first level of signal flow
nAO<=not A(0);
nA1<=not A(1);
-- second level of signal flow
y0<=nA0 and nA1 and D(0);
y1<=A(0) and nA1 and D(1);
y2<=nA0 and A(1) and D(2);
y3<=A(0) and A(1) and D(3);
-- third level of signal flow
z<=y0 or y1 or y2 or y3;
Y<=z after delay
end data_flow_simple SA;



[panBep curHana

Kaxabl curHan MMeeT oguH U HECKOSIbKO TakK
Ha3blBaeMbIX OpanBepoB. [lpanBep CoOaepXNT TeKyLlee
3Ha4YeHune curHana n Habop nnaHupyemblix 3Ha4eHNn. Ero
MOXHO onucaTb nocnegoBaTteribHOCTLIO nap {time/value -

BpeMsl/3Ha4YeHNE}, KOTOpPble YCTaHaBNNBAKOTCA B MOMEHT
Ha3Ha4YeHns curHana.



Hanpumep, Ha 0 ns gpansep curHana y (Dr_y) Tuna integer nocne BbINOIHEHUS onepaTopa

y<= 0 after O fs, 1 after 1 ps, 2 after 2 ps, 3 after 3 ns, 4 after 4 us,
5 after 5 ms, 6 after 6 sec, 7 after 7 min, 8 after 8 hour;

MOXXHO npencrtasnTb TEKYLLMUM COCTOAHNEM

time

value

O fs

0

N CNUCKOM nocneayowmx (nnaHvpyembix, oxumaaemblx (scheduling, pending) cneayowmm

time

value

4 us

CMNCKOM:
time value time value
0 fs 0 1ps 1
time value time value
5 ms 5 6 sec 6

time value time value
2 ps 2 3ns 3
time value time value
7 min 7 8 hour 8




CurHan mMmeeT HECKOSIbKO [panBepoB, €CNU KOSIMYECTBO WUCTOYHMKOB CUrHana
npesbIWaeT 1, HAaNpUMep Npu 2-HanpasfeHHbIX U TPEXCTAOUNBbHbLIX Lenemn
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MeTtanorndyeckum (metalogical) 6a3nc u MHOrosHa4yHas forumka

Pa3HOBMAHOCTN MeTanorn4ecknx 6as3ncos:

{01} — 2-x 3Ha4HbIN Da3uc

{01X} — 3-x 3Ha4HbIN Basnc

{01XZ} — 4-x 3Ha4HbIN Ba3nc
{UX01ZWLH-} — 9-11 3Ha4yHbIN Basnc



9-Tn 3Ha4HbIN 6a3uc — ctanaapT IEEE standart 1164:

PACKAGE std logic_ 1164 IS

’ -- Forcing 1
'2Z', -- High Impedance
'W', -- Weak Unknown
‘LY, -- FWeak 0
"H', -- Fezak 1
-t -- Don't care

TYPE std ulogic vector IS ARRAY ( NATURAL RANGE <> ) OF std umlogic:;

FUNCTION resolved ( s : std ulogic vector ) RETURN std umlogic:
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TYPE std logic _vector IS5 ARRAY ( NATURAL RANGE <>) OF std logic;



PyHKUUA paspelueHna ana 9-tn 3HadHoro 6asnca B nakete std _logic 1164
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FUNCTION resolved ( s : std ulogic wvector ) RETURN std ulogic IS
VARIABLE result : std ulogic := 'Z'; -- weakest state default
BEGIN
—- the test for & single driver 1s essential otherwise the
-— loop would return 'X' for a single driver of '-' and that
-- would conflict with the value of a single driver unresolved
-- signal.
IF (s'LENGTH = 1) THEN RETURN s (s'LONW)

FOR i IN s'RANGE LOOP
result := resolution table(result, s(i)):
ENC LOOP:;
ENLD IEF;
RETURN result;



[pyrvne 6asucel B nakete std_logic_1164:

SUBTYPE XO01 IS resolved std ulogic RANGE
SUBTYPE X01Z IS resolved std ulogic RANGE
SUBTYPE UXO01 IS resolved std ulogic RANGE
SUBTYPE UX01Z IS resolved std ulogic RANGE
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MHoOrosHa4Has fioruka — 310 fiormyeckme onepaunmn Hag onepaHgamu,
nverLwmnmmn donee 2-x 3Ha4YeHuN.

B nakete std_logic 1164

FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
function
FUNCTION

N N N e

RETURN
RETURN
RETURN
RETURN
RETURN
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RETURN

UX01;
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UX01;
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UX01;
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std ulogic_vector )
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std ulogic; r std ulogic )
std ulogic; r std ulogic )
std ulogic; r std ulogic )
std mlogic; x std umlogic )
std ulogic; r std ulogic )
std ulogic; r std ulogic )
std ulogic )
operators
std logic_vwvector ) RETURN
std ulogic vector ) RETURN
std logic wvector ) RETURN
std ulogic vector ) RETURN
std logic vector ) RETURN
std ulogic vector ) RETURN
std logic vector ) RETURN
std ulogic_vector ) RETURN
std logic vector ) RETURN
std ulogic _vector ) RETURN
std logic vector ) return
std ulogic_wvector ) return

URN st
URN st

std_logic_vwvector;
std ulogic vector;

std logic vector;
std ulogic vector;

std logic vector;
std ulogic vector;

std logic vector;
std ulogic vector;

std logic vector;
std ulogic vector;

std logic vector;
std ulogic_vector;

d logic_vector;
d ulogic_vector;



Peanunsauma nornyeckux pyHkumm B 9-tm 3Ha4HOM 6a3uce B nakete std_logic _1164:

-—- truth table for "and" function
CONSTANT and table : stdlogic table := |

£ A0V B 2t BV MU MV e YUY VBN ) == | T |
{ "'y ‘X' 0%y X'y XV X'y 200y XV XY )y s e
£ e TEhE MEhE M@V RER Mgt RehE ReNE Ve ) == -1 9
( ‘o', 'X*, '0°¢, *1i*, 'X*, 'X*, '0*, '1i*, 'X' ), = ra g
{ 'U*,. X', 'O, X', X', X', YO, XYy XV ). ~ | & ]
( ‘v*, 'X*, ‘0, 'X*, *'X*, 'X*, '0', 'X*, 'X' ), o N
{ra, g, TR, tp SO, A oN, MY A0V )y — | E |
RO NEGy 2ONGe SOEGy SEVGy TRy NGy QNG SERGy Y )G == |
{ 'O X' 'O XV XV XV ety XV XY ) e = 0
)

(+] -—- truth table for "or" function

(+ -—- truth table for "xor" function

(+ -— truth table for "not" function



Peanusauma norndecknx dyHkunm B gpyrnx 6asmcax B nakerte std _logic_1164:

FUNCTION "and" ( 1 : std ulogic; r : std ulogic ) RETURN UX01l IS
BEGIN

RETURN (and table(l, x)):
ENL "and";

+ FUNCTION "nand" ( 1 : std ulogic; r : std ulogic ) RETURN UX01l IS5
+ FUNCTION "ox" ( 1 : std nlogic; r : std ulogic ) RETURN UX01l IS
+ FUNCTION "nor"™ ( 1 : std ulogic; r : std ulogic ) RETURN UX01l IS
+ FUNCTION "xox"™ ( 1 : std nmlogic; r : std uwlogic ) RETURN UX01l IS5
+ function "xnoxr" ( 1 : std mlogic; r : std uwlogic ) return ux01l is

+ FUNCTION "not"™ ( 1 : std ulogic ) RETURN UX01l IS



MO,EI,eJ'IVIpOBaHI/Ie 3aepKeK CNMrHasioB

NMpocTon onepaTtop Ha3Ha4YeHUs1 CUrHaNoB

simple_SA::=
[Label:] signal_name <= [delay_mechanism] waveform;

waveform ::= {transaction} {,transaction}

transaction::= value_expression [after time_expression]
| null [after time_expression];

delay_mechanism::= transport
| [reject reiect_time_expression ] inertial



Pa3HoBugHOCTHU 3ajepKeK CUrHaJ1oB.

- transport - mpaHcrnopmHas
- inertial - uHepyuUOHHas
- reject inertial — uHepuyuoHHas ¢ punbmpauueu



TpaHcriopmHasi 3adep)Ka — OnucbiBaeT Oe3MHEePLMOHHYI0 3aOep)KKy CUrHamnos,
BbI3BaHHYIO HanMuMeM eMKOCTEN U MHOYKTUBHOCTEN W XapaKTepHyl AONA Lenen
nepegadn AaHHbIX.

—— Lt LS )

line_out <= transport line_in after 500 ps;

. . 1’
line_in
— ’0!
)1 !
fi t
ine_ou | 0’
A b \\u ]
200 400 | 600 800 1000 ps
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l1l ) ; l1 ) ! !0,
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!ol r




lpumep:

asymmetric _delay : process (a) is
constant Tpd 01 : time := 800 ps;
constant Tpd 10 : time := 500 ps;

begin
ifa="1" then
z <= transport a after Tpd 01;
else
z <= transport a after Tpd_10;
end if;
end process asymmetric_delay;
a -
Z T
0
fl I\ | i * |
/ 200 400\ 600 800 | 1000 ps
1000 ps 900 ps transaction

applied, but

149 1Y 2]
1 0 no event

108008
TS




MHepuUOHHaﬂ 3adep)KKa — OMNncCbIBa€T 3adepPXKKN JTIOTMYECKUX 3J1IEMEHTOB

inv : process (a) is
begin

y <= inertial not a after 3 ns;
end process inv;

'1'
a I | | o
'
'0’
o D o
2 4 6 8 10 ns




UHepunoHHaa 3agepXka ¢ ounbTpaumen — onucbisaem 3a0epXxKKu 5102U4eCKUX
3M1eMEHMOo8 C 803MOXHOCMbIO OM@UIIbMPO8bI8aMb KOPOMKUE UMIY/IbChbI

inv : process (a) is
begin

y <= reject 2 ns inertial not a after 3 ns;
end process inv;

a 1

0’

!

Yy 0’
| | I | | | ! L I I I

2 4 6 8 10 12 14 16 18 20 22 ns



Mpumep. lNpegnonoxum, 4YTO ApamBep ANS CUrHana S COOEPXUT cneayloline
OXugaemble TpaH3aKUnK:

11ns| |12ns| |14ns| [15ns| [16ns| [17ns| [20ns| |{25ns
9 4 1’ 0 1 "' '1* 0’
T — I N e, T

retained retained deleted
A A N e ————————

pulse rejection interval (13 ns to 18 ns)

N npouecc, cogepxawmn gpamsep BbINOMHAET crieayrolee HasHa4yeHnsa curHasna Bo
Bpemsa 10 ns:

s <= reject 5 ns inertial '1' after 8 ns;



Torga oxxngaemble TpaH3aKuunn rnocrie aTtoro HadHa4yeHu4d 6y,El,yT TaKNMW.

11 ns

12 ns

16 ns

17 ns

18 ns

!‘.

'x.

'1'

'1.

’1’

- New ransaction



[lenbTta 3agepxkka

Delta delay - A
Bce npoueccel B VHDL genatcsa Ha Tpu BuAaa:
- active - akTUBHbIN MPOLECC;
- executed - BbINOMHAEMbIN MPOLECC;
- postponed - NpnoCcTaHOBIEHHbIN NPOLLECC.



NTepauunoHHbin anropntm pabotel VHDL-nporpammei:

C Havano uukna VHDL-nporpammebl >

KonunyecTBo Wwaros
A=0

A

AHarnm3 Cnm1cKoB YyBCTBUTENBHOCTM
npoLeccoB U hopMMpoBaHuE ovepeam
akTuBHbIX npoueccos( OAIN)

OAI1=0

Y

Bbi6op 1 BbINONHEHME OYepenHbIX NPOLECCOoB HapawmwmsaHne gpusndeckoro sBpemeHn NOW
n3 OAI1 n npuceoeHne A=A+1

M3meHeHne 3Ha4yeHuI curHanos no nx KoHey umkna VHDL-nporpaMmbl
ApanBeepam

( KoHew ntepauun )




Hanpumep, ona cxembl
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y1 <=x1 and
X2;

y2 <=z1 or
z2;

y <=y1 xor
y2;

NTepaunoHHaa BpemMeHHad
avarpaMmma n3mMeHeHusi CUrHarnos:
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z2

A

A
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PaccMoTpyM KOMOMHALMOHHYO fiorMyeckyto cxemy u coorsetcteyowmn VHDL kop;:

i M}ﬂ
In2 D"?DO;

D




library IEEE;
use |IEEE.std logic 1164.all;
entity combinational is
port (in1, in2: in std_logic,
Zz ! out std logic);
end entity combinational,
architecture dataflow of combinational is
signal s1, s2, s3, s4: std_logic:= 0/,
begin
s1 <= not in1;
s2 <= not in2;
s3 <= not (s1 and in2);
s4 <= not (s2 and in1);
z <= not (s3 and s4);
end architecture dataflow :

Mopgenb oTobpakaeT NOTOKOBOE ONuUcCaHUeE CXeMbl 6e3 crieumdukaumn 3ageprek
BEHTUNEN.



Pe3yanaTb| MoAdennpoBaHnNA KOMOWHALMOHHON CXEMbI
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o4YepeOHocmb Oeribma-cobbimud (a)
u omobpaxxeHue deribma-3aoepxek (6)
cu2Harsos rpu mooenuposaHuu;
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Ordering of delta events by the simulator
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PGSyHbTaTbI NTepPaLMOHHOINo MmoaesinpoBaHNA KOMOWHALMOHHOWN CXeMbl
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Mpumep mogenupoBanua RS-Tpurrep 6e3 3agepxek B J19:

.......... nandz




BpemeHHasa guarpamma onsa Tpurrepa UMeeT BuA;

Name Value |Sti...| o200 . 0 . 40 . &g ns -
o R 1 For
D95 1 For..
© 1 =
© nl 1 . |

Ha 50 ns, korga curHanel ‘R’ n’S’ nocne 3anpeweHHon komonHauum ‘00" nepenayt
B COCTOSIHME XpaHeHus ‘11’ mogennpoBaHue npekpaTuTcd, Tak Kak npu padote
cxembl RS-Tpurrepa 6e3 3agepxek BO3HUKaOT DECKOHEYHbIE UTepauMn U LUK HE

3aBepLuaeTcs.
Pepaktop AHDL npu aTom BblgacT criegyrouliee coobuieHmne ob owmnbke:

o Simulation has been initialized
selected Top-Level: rsn (R3)
KERMEL: stopped at time: 50 ns

: Delta count overflow - stopped. Try to increase the iterations
limit in simulator preferences.
Fatal error occurred during sSimulation. |

Console | Find ; Compilation ; Simulation




Tenepb npomoaenupyem RS-Tpurrep ¢ paBHbIMKU 3aaepxxkamu J19 B 3 ns.

Name YValue Shi... o200 . 0 . 40 . 53‘ ;13 80 . 4 . 100 .
o- S 1 For.. | ik
- R 1 For...
© 0 0 --=-= |||||||||||||||
© nl 0 --- |||||||||||||||
3000 ps |53

50




BpemerHas duaspamma RS-mpuazepa ¢ pasHbIMU 3a0epxkamu

_51ns :

N

Name Value Sti... 120 . 0 . 40 .
- G 1 For.. | ‘
o- R 1 For...
© 1 Eaiar
© nl) 0 ]

1000 ps |57

a0




[TpeponpeneneHHble aTpubyTbl CUrHAsIOB

Ampu6ym - 9TO 3Ha4YeHune, npeanonpeanereHHoe CUCTEMOW UMM Nnonb3oBaTereM..
B nepBoM CJly4vae anM6yT Ha3blBa€TCA npeagonpegereHHbim, BO BTOPOM-
NoJib30BaTEJIbCKUM.

B VHDL ecTb psg npegonpeneneHHbix aTpudyToB Anst Taknx 06beKTOB, Kak
MaccuBbl, ONIOKU, CUrHanbI, TUMbI.

[Tonb3oBaTenbckue atpubyTbl MOXHO co3aaTb ANs:
- YCTPOWUCTB,;

- APXUTEKTYPHbIX Ten,
- KOHpUrypauuu;

- npouenyp,

- (OYHKUMIA;

- MaKeToB.;

- TUNOB;

- NO4TUMNOB;

- KOHCTaHT;

- CUrHarsnos;

- MEePEMEHHbIX;

- KOMMOHEHT;

- METOK.



attribute ::= prefix’ attribute _name[( expression )]

Nwms atpulbyta Pon Bo3sBpaiaembrit ITpumeuanue
arpubyTa THUI TaHHBIX
'active Function Boolean IlepeBbluniciieHNE CUTHANA:
Attr = true, eClli CUTHAJI IEPEBBIUNCIISIETCS B TAHHBI MOMEHT
Attr = false, unaue.
'delayed(t) Signal Tun npegpurca 3ajeprKka curHaa:
Attr = S(Now-t)
’event Function Boolean W3meHeHue curxana:
Attr = true, eciiu S(Now) Ne S(Now-At)
'quiet(t) Signal Boolean CriokoiicTBHE CUTHAA:
Attr = true, eciii S He TIEPEBBIUNCIISIICS B TEUEHHUE TOCIEIHETO BPEMEHH t.
'stable(t) Signal Boolean CraOuapHOCTh CUTHAJA:
Attr = true, €Cy CUTHAJI HE U3MEHSIICS B TEUEHHUE MOCIIEHEr0 BpEMEHH t.
'transaction Signal Bit AKTHUBHOCTb TPaH3aKIUU:
Attr = not Attr, xorga S'active = true
'last_active Function Time Bpems akTuBanuu cursana:
Attr = Bpems, TpoUIeAIIee IMOCie MOCHeAHeH aKTUBAIUK (IePEeBBIYUCICHHE)
CUTHANA.
‘last_event Function Time Bpems usmeneHus cursana:
Attr = Bpemsl, IpolILe/lee ¢ MOMEHTa OCIIeTHEr0 U3MEHEHUsI CUTHAIA.
'last_value Function Tun npegpuxca Attr = npeapiTyliee 3HaUeHue S




Mcnonb3oBaHne aTpubyToB ANt CUrHANoOB NpMBEAEM Ha npumepe T-Tpurrepa

T-trigger



VHDL-koa onga gaHHoro npumMmepa oyaet crneayowmm

entity T FF is
port( clk: in std logic;
Q: out std logic);
end T FF;
architecture arch T FF of T FF 1is
begin
process ( clk)
variable x: bit :='0"';
begin
if clk='1l' then x:= not x; end if;
Q<=x;
end process;
end T FF;
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