[poekTpoBaHMe UNPPOBbLIX YCTPOUCTB
Ha A3bike VHDL

OnuncaHmne KOMOMHALUMOHHBLIX CXEM



KoMOMHaUNOHHbIE CXeMbl

« COBWroBble * ApudmeTunyeckue
 CoBwr BneBo / BNpaBso o CrnoxeHue, BbluMTaAHNE
* BpalueHue Bneso / Bnpaso * YMHOXeHuWe, AeneHne
* Jlornyeckue » CxemMoTexHnyeckue
* Peanusauusi 6ynesbix e MynbTunnekcopsl,
DYHKUMK 0EeMYNbTUMINEKCOPbI

e WndppaTtopsl, gelmndpaTopsl

Knaccumukaumsa ycnoBHas



CtpykTypa uucpoBoOro ycTtpoucTBa
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KomburHaLmoHHas
NornKa



Ctunu onucaHua Ha VHDL
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ApucmetTuyeckume U nornyeckue
onepaTopbl, ornepaTopbl OTHOLEHUN



OcHOBHbIe onepaTopbl
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ApucmeTnyeckue onepartopsbl

* YMHOXeHMe (*)
* [lenexue (/)

» CrnoxeHve (+)
* BblyutaHue (-)

* [lpnoputeT onepaummn obbIYHBIN (apUdPMETNYECKINI)
 PesynbTaT CMHTE3a — KOMOMHALMOHHAA CXeMa



[Maketnb! IEEE

 std_logic_1164
 CtaHgapT IEEE

 Onpepensert tunbl std_logic 1 std_logic_vector
* [Tpumep: std_logic_vector(7 downto 0)
 OnucbIBaeT normyeckne onepawum
* std_logic_arith
* He aBnsieTcs ctaHaapTom (pa3paboTaH Synopsys)

 Onpepenset Tunbl signed (3HakoBOE Lienoe) 1 unsigned
(be33HakoBOE Liesoe)
* [Tpumep: unsigned(7 downto 0)

 OnucbIBaeT apudmeTmyeckme onepawmm



[Maketnb! IEEE

* std_logic_unsigned
* He gBnseTca cTaHaapToMm (pa3pabotaH Synopsys)

e 3acTaBnsgeT KOMMUIATOP UHTEPNPETMPOBATL
std_logic_vector kak unsigned

 std_logic_signed
* He gBnaeTca cTaHaapToMm (pa3paboTtaH Synopsys)

e 3acTaBnseT KOMMUIATOP UHTEPNPETMPOBATL
std_logic_vector kak signed

 He ncnonb3ynte ogHoBpeMeHHO std_logic_unsigned u
std_logic_signed
* [TIpeobpa3oBaHMs TUMOB MOXHO BbIMOMHATh SBHO



[Maketnb! IEEE

* humeric_std
 CtaHpapt IEEE
 Onpegenset tunbl signed 1 unsigned
» OnucbIBaeT apumeTUYeCKME onepaLmm
» HecoBmecTum ¢ naketom std_logic_arith
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[NoaknoyeHune apudpmetnyecknx naketon IEEE

» PaboTa ¢ be33HakoBbIMK LieNbIMK Ynucnamm (unsigned)

library ieee;

use ieee.std logic_1164.all;

use ieee.std_logic_arith.all; -- onpegeneHne apndoMeTnyYeckmnx
onepauum

 PaboTa co 3HakoBbIMY LiefbiMK Yncnamu (signed)

libraryieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all; -- onpegeneHne apndpmMeTnyeckmnx
onepauum
co lnop +r~| |r\n|r rlnhr\fl —\" 'I-rl | nnnnnnnn tAr =S ¢ inhn
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e PaboTa Kak ¢ 6633HaKOBbIMI/I Tak U CO 3HAKOBbIMM
LenbIMi Yncnamu

libraryiees;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all; -- onpegeneHne apndomMeTU4eCKmX
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[peobpa3oBaHne TUMNOB AaHHbIX

numeric std | std logic arith
std logic_vector -> unsigned unsigned (8rQ) unsigned (alrg)
std logic vector -» gigned signed (4lg) signed (8IQ)
unsigned -» std_logic_vector std logic_vector (alQ) std logic_vector (alQ)
signed -> std_logic_vector std logic_vector (8lQ) std logic vector(arg)
integer -> unsigned to_unsigned(arg, size) conv_unsigned (arg, size)
integer -» gigned to_signed(arg, size) conv_signed (alg, size)
unsigned -» integer to_integer (arg) conv_integer (aIQ)
signed -> integer to_integer (aIQ) conv_integer (aIQ)
integer -» std logic vector integer -> unsigned/signed-*std logic vector
std logic vector -» integer std logic vector -* unsigned/signed -~integer

unsigned + unsigned-> std_logic_vector std logic vector(argf + arg2) argf + arg2

signed + signed -> std_logic_vector std_logic_vector (argf + arg2) argt + arg2
unsigned resize (arg, Size) conv_unsigned (arg, Size)
signed resize (a@rg, Size) conv_signed (arg, Size)
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[fpucBanBaHue
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[lpucBanBaHue

* [IpocToe npuceamBaHue
* YcnoBHoe npuceaneaHue (when-else)
* BbibopoyHoe npucBanBaHue (with-select-when)
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[lpocToe npucBanBaHue

* Oneparop <=
* [IpcBanBaET 3HAYEHME BbIPAXKEHUS CUTHANY

Sig_name <= expression;
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[lpocToe npucBanBaHue — npumep

 CABUr BNEBO (JOMOMHeHWe Hynem)

a3) a2 a(1) a0 O
W/X
a@) a2 a(1) a(0)

a_shl <=a(2 downto 0) & ‘0’;
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[lpocToe npucBanBaHue — npumep

* BpallieHne BnpaBo

a(3) a(2) a(1) a0
—O
a@) a(2) a(1) a0

a_ror <=a(0) & a(3 downto 1);
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YcnoBHoOe npucBanBaHue

* Onepatop <= C KOHCTPYyKLUMen when-else
 AHanor — oneparop if-else
* [lpucBamBaeTca nepsoe 3Ha4yeHne, Ans KOToporo yCroBue
NCTUHHO

* Ecnu Bce ycrnoBust NOXHbI, MCnonb3yeTcs 6e3ycrnoBHast BETBb
else

« Ecnu Bce ycnoBus NoxHbl 1 6e3ycrnosBHas BETBb else
OTCYTCTBYET, CUHTE3UPYETCA TPUITep-3aLlenKa

sig_name <=expression, when condition,_ else

expression, , when condition

else
<-----; 0e3yCcrnoBHas BeTBb else
expression;
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YcnoBHoOe npucBanBaHue

sig_name <=expression, when condition_ else

expression, , when condition
else

expression;

expressionn

— 0
— 1 0
expressiony.1 ¥ :
——1 sig_name

expression;

> 1
expression

[

conditionn-1 conditiony condition



YcnoBHOe npucBanBaHue — npumep

library ieee; ena

use ieee.std logic_1164.all;
input output

entity tri_state is
port ( ena: in std_logic;
input: in std_logic_vector(7 downto 0);
output: outstd logic_vector(7 downto 0));
end tri_state;

BCE 9BHO He yKa3aHHble
architecture dataflow of tri_state is -\ \inouenTy —
begin
output <= input when ena = ‘0’ else

“ (others => ‘Z');
end architecture;




YnpaBnsemoe npucBanBaHue

» OnepaTtop <= ¢ KOHCTPYKUMen with-select-when
 AHanor — onepartop switch-case

* [lpucBanBaeMoe 3Ha4YeHne 3aBUCUT OT YMPaBMSIOLLErO

BbIPXKEHUS

with choise_expression select “pa3genstorcs
Sig_name <=expression, when choisel»;' 3anATbIMU

expression whenrchoise ,
expression when others;
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YnpaBnsemoe npucBanBaHue

with choise_expression select
sig_name <=expression, when choise_,

expression, , when choise_ ,
expression, when others;

expression D—k

expression, [——=>—— choise
— > sig_name
expressiony.; [—>—— choise

expressionn —> choise

choise_expression



Onucanue BapuaHToB Bbibopa (choise)

YKka3aHue 0OUHOYHOro 3HaYeHUS
lepeymncrneHmne HeCKOMbKNX 3HAYEHWUN

... when choise, | choise_ | ... | choise,,

3agaHue ananasoHa 3HayeHun

... when choise, to choise._,

KroyeBoe cnoso others — Bce ocTanbHble crnyyan

* Bcerga ncnonb3ymnte others — BO3MOXHbIX BapnaHToB bonblue, Yyem ‘0’

n‘1

with sel select
result <= a when “000”,
b when “011” to “1107,
c when “001” | “1117,
d when others;
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[lpocTble npaBuna

o [Ina onncaHna Y1CTo KOMOMHALMOHHOW NOTUKK UCMONb3YNTe
TOJIbKO NapannenbHble onepaTopb|

[TpocToe npuceamBaHme [TpocTble fornyeckue onepauuu (1, Unu, He,
HEeCNnoXHble dyHKLMK)
[TpocTble apupmeTHUYECKIE OnepaLIny
(CrnoxeHue, BblYMTaHWE, YMHOXEHME)
Casurun / BpaLLeHNS Ha NOCTOSIHHOE YKCIO
pa3ps00B

YCnoBHOe npuceaviBaHne MynbTunnekcops! / 4emynbTUMNeKcopb!
Ynpasnsemoe npuceavieaHne Lndpatops! / gelumndpartopsl
TpuctabuneHble bydeps!
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[eHepaLumsa BbipaXKeHUn
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[eHepaLuusa BblpaXeHUH

 KoHcTpykuus for-generate

label: for var in range generate
concurrent statements
end generate;

 KoHcTpykuus if-generate

label: if condition generate
concurrent statements
end generate;




[eHepaLusa BbipaXeHUU — npumep

* [logcyeT YeTHOCTK BEKTOPA

* IHTEpPENC 0bbeKTa:
 Bxop — 8-pa3psaaHbIv BekTop data
* Bbixog — OUT YeTHOCTY parity
 QYHKLMOHANbLHOCTL 06BEKTA:

parity = (27: data(i)]

mod 2
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[eHepaLusa BbipaXeHUU — npumep

library ieee;
use ieee.std_logic_1164.all;

entity par_count is
port ( data: in std_logic_vector(7 downto 0);
parity:  out std_logic);
end par_count;

architecture dataflow of par_count is

signal temp: std_logic_vector(7 downto 0);
begin

temp(0) <= data(0);

gen: foriin 1 to 7 generate
temp(i) <= temp(i-1) xor data(i);
end generate;

parity <= temp(7);
end architecture;




