[na npumepa paccMmoTpuM norndeckyto GyHKumio (1), B KOTOpol apryMeHT 3aBUCUT OT 5
rnepemMeHHbIX. PaccmoTprm anropuTm npakTUYecKom peanmsaunm (co3gaHunsa) KOHEYHOro YCTPOKCTBa
OT 3Tana aHaNn3a IorM4Yeckoin GyHKUMM A0 MOLENNPOBAHUA YCTPONCTBA, peanmnsyowero AaHHyo

dYHKUMLO.
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MoAroToBUTENbHBIM 3TANOM ABASAETCA aHa/IM3 3a4aHHOM IorMyeckol GyHKLMM, B KOTOPOM
HeobXoAMMO NOCTPOUTL ee TabanLy UCTUHHOCTU. [01A NPOCTOTbI M TOYHOCTU pe3y/ibTaTa pacyeT
nposeaem B cpege MathCad, ncnosnbsys cTaHAAPTHbIE NOTMYECKME ONEePaLMN YMHOKEHNA,
CNOXEeHUA U MHBepcuu. Ha pucyHKe 1 npueeaeHa Tabanua UCTUHHOCTU gna GyHKLMKM 1,

< n
coaepxaulen 2 = 32 3Ha4yeHuA, rge N — Konnuectso nepemeHHbIX (BXOAOB).

Ha cnepytouiem sTane HeobxoAMMo NpPoBecTy MUHUMK3aLMIO (1). 34ecb MOXKHO BOCMO/1b30BaTbCA
HECKO/NIbKUMW MEeTOAaMMU: METOA0M ypaBHeHUM [e-MopraHa unm ucnosb3ya metog KapT KapHo. B
uTore 6yaeT HallieHa AN3bIOKTUBHO-HOPMabHan popma (AHD), ceegEéHHAA K MUHUMYMY BXOAHbIX
3HAYEeHUI 1 He coaeprKallan B 3anncn ckobok. Metog [le-MopraHa sBASETCA NPOCTbIM, HO A5
HaxoxaeHns AHD cnoxHbix (coaeprawmx 601bloe KONIMYECTBO Y/IEHOB U BXOAHbIX 3HAYEHUI),
3TOT MEeToZ, UCMO/Ib30BaTb HE pauMoHanbHO. [osToMy BOCMO/b3yeMCA METOAO0M KapT KapHo.
CocTtaBum KapTty KapHo ans ¢dyHKumm (1), ncnonb3ya Tabamupl MICTMHHOCTM Ha pPUCYHKe 1.

Tabnunua 1 — KapTta KapHo.
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BTa numue LUTpMXOBKOVI NMOKa3aHbl O0ObEANHEHHbIE TEPMBbI. Bcero TPW TEepMa. Ll,anee 3anuem

MUHUMU3UPOBAHHYIO IOMMYECKYIO GYHKLMIO, NCNOIb3ya Tabanuy 1.

F=—CA-DVAABV-BACA-D (2

AHannsupys BbipaxkeHue (2) MOXKHO CKa3aTb, YTO GYHKLUMA He 3aBUCUT OT NATOrO BXOLHOTO 3HaYeHUs
(nepemeHHasn E). MpoBepKa € MCNONb30BaHMEM TabaULLbl UICTUHHOCTU NOATBEPNKAAET NPABUALHOCTb
BblparkeHusa (2).

Janee nepexogum K 3Tany cXeMOTEXHUYECKOro NMPOEKTUPOBAHMA C UCMOJIb30BAHNEM NIOMMYECKUX
6nokoB. [ns 3Toro ucnonb3dyem naket AltiumDesigner. Cosgaaum npoekt FPGA, coctaBum
JIOTUYECKYIO CXeMmy, COCToALLy U3 Tpex anemeHToB AND, peanunsyowmx NOrmyeckyo KOHbIOHKLMIO,
OJIHOTO TPEX-BXO40BOr0 AN3bIOHKTOPA (31emeHT OR) 1 ogHoro nHsepTopa (anemeHT INV).
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Mpucsomm Kaxgomy BXOAHOMY CMTHANy CBOe COCTOAHME, NepekatoyaloLmeca no ucredexmto 10 ns.
3T0 peannsyeTca ¢ ucnosb3osaHuem Asbika VHDL. na sxona A:

A<="0"
wait for 20 ns;

AHANOMMYHO ANA OCTaNbHbIX BXO40B.

[Janee 3anycTum npouecc CUMyaAUbl M MPOBEPUMM MPABUIBHOCTL PaboTbl MPOEKTUPYEMOro
ycTpoictea. [ns 3TOro BOCMOAb3yemcA ... (4e-To Tam cuHee ¢uUr 3HaeT Kak HasbiBaetca). B
pesy/abTaTe NMoJiyYMM BPEMEHHbIE AMarpaMmbl COCTOAHMA CUIHAIOB HA BXOAE M BbIXOZE YCTPOWCTBA
(pycyHoK ).
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PucyHoK 1 — Tabnanua UCTUHHOCTU ana GyHKumm (1).

[nA co3gaHnaA 0rMyeckoi cxembl (MPOBELEHUA CXEMOTEXHNYECKOTO NPOEKTUPOBAHUSA) UCXOLHYIO
Nornyeckyto GyHKLMI0 Heo6X0AMMO YyNpPOCTUTb (MUHUMU3UPOBATDL). 34eCb HEOBXOAMMO YYUTLIBAThL
cnepytolLee: NCnosib3oBaHMe CTaHAAPTHbIX byeBbIX onepauuin ABAAETCA AOMYCTUMbIM, HO He
pauyoHanbHbIM. Mo3TOMY CieayeT BblIbpaTh ApYroin MeTos MMHUMM3ALLMM, MO3BOIAIOLWMNIA BbICTPO U
HarnagHoO NokasaTtb YNpoLLEeHNe NoTYecknx GyHKLMI. U3 Kypca OCHOB ANCKPETHON MaTeMaTUKK
WN3BECTHO HECKO/IbKO NOAO0OHbIX METOLOB: . Hanbonee onTMmanbHbIM U NPOCTbIM ABAAETCH
MeTOZ MUHUMM3ALMM TIoTNYecKMX GYHKLMI C UCnonb30BaHWeM KapT KapHo. ®aKkTUYecku, AaHHas
KapTa npeAacTaBafet coboi reomeTpmyeckoe Teso, rpaHM KOTOPOro 3aMblKaloTCA Mo Kpasm U
BBeAEeHHble 3HaYeHNA MOryT 6biTb 06beaeHEHbI B .....



Mocne MUHUMM3ALLMKN NOTUYECKON PYHKLIMK M NPOBEPKUN €€ Ha COOTBETCTBME UCXOAHOM Tabaunubl
WCTUHHOCTU, MOKHO NPUCTYNaTb K 3Tany CXeMOTEXHUYECKOTO NPOEKTUPOBaHNA. Ha gaHHOM aTane
CTAHOBUTCA aKTya/IbHbIM BbIGOP Cpeabl, B KOTOPOW ByaeT NpoBeaeHO MoAennpoBaHue. B gaHHoM
paboTe nposoauTca cpasHeHue Asyx CAIP, Nno3BosAKOWMX NPOBOAUTL AaHHbIA BUA aHanM3a
(mogenuposaHus). Mepsbliii aTo Altium Designer, upmbl....
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-- VHDL Testbench for fpga projectl

-- 2014 3 4 19 21 45

-- Created by "EdJitVHDL"

-- "Copyright (c) 2002 Altium Limited"

Library IEEE;

Use IEEE.std logic_1164.all;
Use IEEE.std logic_textio.all;
Use STD. textio.all;

entity Testfpga projectl is
end Testfpga projectl;

architecture stimulus of Testfpga projectl is
file RESULTS: TEXT open WRITE MODE is "results.txt";
procedure WRITE RESULTS (
A: std _logic;

B: std_logic;

C: std_logic;

D: std_logic;

F: std _logic
) is

variable 1 out : line;
begin

write(l out, now, right,
write(l out, A, right, 2
write(l out, B, right, 2
write(l out, C, right, 2
write(l out, D, right, 2

write(l out, F, right, 2

writeline (RESULTS, 1 out
end procedure;

component fpga projectl
port (

A: in std logic;
in std logic;
in std logic;
in std logic;
out std logic
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);

end component;
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signal
signal
signal
signal
signal

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
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begin
DUT: fpga projectl port map (
L o=> A,
=> B,
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STIMULUSO :process
begin

A<= '0"';

wait for 20 ns;



A<= "'0";
wait for 20 ns;
A<= "'0";
wait for 20 ns;
A<= "'0";
wait for 20 ns;
A<= "'1l";
wait for 20 ns;
A<= "'1l";
wait for 20 ns;
A<= "'1l";
wait for 20 ns;
A<= "'1l";
wait for 20 ns;
wait;
end process;

WRITE RESULTS (
A,
By,
c,
Dy

F
);

STIMULUSI :process
begin
B <= "'0";
wait for 20 ns;
B <= "'0";
wait for 20 ns;
B <= "'0";
wait for 20 ns;
B <= "'0";
wait for 20 ns;
B <= "'1l"';
wait for 20 ns;
B <= "'1l"';
wait for 20 ns;
B <= "'1";
wait for 20 ns;
B <= "'1";
wait for 20 ns;
wait;
end process;

STIMULUSZ :process

begin
C <= "'0";
wait for 20 ns;
C <= "'0";
wait for 20 ns;
C <= "'0";
wait for 20 ns;
C <= "'0";
wait for 20 ns;
C<="'1";
wait for 20 ns;
C<="11";

wait for 20 ns;



C <= "'1"';
wait for 20 ns;
C <= "1'1";
wait for 20 ns;
wait;
end process;

WRITE RESULTS (
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);

STIMULUS3 :process
begin
) <= '0";
wait for 20 ns;
) <= '1"';
wait for 20 ns;
) <= '0";
wait for 20 ns;
) <= '0";
wait for 20 ns;
) <= '1"';
wait for 20 ns;
) <= '1"';
wait for 20 ns;
) <= '1"';
wait for 20 ns;
) <= '1"';
wait for 20 ns;
wait;
end process;

WRITE RESULTS (
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end architecture;



