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NMocTtaHoBKa 3apauyi

[Mpn anapaTHin peanisaudii YacoBMX KepyluuX aBTOMaTIiB BWHMWKAE
npobrnema o0O6pOOKM 30BHIWHIX BXiAHWX CUrHaniB i noain, sKki
3'ABMNATLCS B AOBINbHI MOMEHTU Yacy.

[nsa BupilLeHHs 3aBaaHHsA HeobXigHO:

BBECTU Knacudikauito moaernen 4yacoBux aBToMmariB y BiANOBIQHOCTI 3i
cnocobom o0bpobku BXiAHMX curHanis (Mogin) i cnocobom opMyBaHHS
BUXIQHWUX CUTHaNIB;

BBECTW Knacudikauito BXigHMX cMrHanie i nogin Ta cnocobiB ix 06pobku;

ONA  KOXHOro  Tuny mogenen pospobutm wabnoH (pattern)
CuHTEe3oBaHoi nigMHOXMHM VHDL-mogeni gaHoro aBTomaTta B CTUNI
aBTOMAaTHOro nporpaMyBaHHs i niaTBepanTm KOPEKTHICTb
3aNpONOHOBaHMX MOENEN LWAXOM iX MOOENoBaHHSA, CUHTE3y Ta
imnnemenTaudii B FPGA iHcTpymeHTanbHumMu 3acobamm CAD XILINX
ISE.

Kharkov National University of Radioelectronics 2

79



Marictepcbka poboTta 2021

CucteMm norivyHoro ynpasniHHS

Of' KT yTIpABITiHHA

D

JaTIHKH, CEHCOPH

Ta IepeTEOpIBati

10,1} i‘

OpgHuM 3 KnaciB cMCTEM aBTOMATUYHOrO YMNpaBliHHSA € CUCTEeMMU
norivHoro ynpaeniHug (CITY). Cneundika CJ1Y nonarae B Tomy, WO Y
HUX BXigHI curHanu X | BUXIgHI curHanM Y MOXyTb NpuAMaTtu TifbKu
OBa 3HadeHHs - 0 Ta 1. [na peanisadii cuctemu ynpaeniHHS
BMKOPMCTOBYIOTbCA Kepytodi aBTomatn (KA)

s

Bukonae4i
TIpHCTpol

i0.1}
CrHcTeMa JIOriYHOT 0
VIIpAB I HHA
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ABTOMaTHa Mogenb CUCTEMMU yrnpaBhiHHA

Z — MHOXWHA Kepyloumnx cTaHiB; Btn — MHOXMHa 30BHiLLHIX noAin;
X — MHOXWHa onosilyBanbHMX curHanis; Clk — cMHXpPONOCniAoBHICTb

ABTOMaTHa Mofaenb cUCTEMU YNPaBRiHHA

A

Kepyounin asTomat

/ Mnoiuu a\.

ol

c

OB ekT kepyBaHHA

KomaHau _—/ v "‘\
BUKCHaHHa| | _ MHOXuHa !
‘_ﬁﬁ‘lﬂcﬂ HEBanNbHHUX

cTaHiB /
= i

f - oyHKUia
nepexonis

to

\ Kepyroumx
— Btn— l_‘ cTaHis

g - GyHKUis
BUXOAIB

1
I

ty

CnesiwyBankHi |

CHUrdHanu

T 1
&

Xe

Clk
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tC — yacosi (BxigHi) o6mexeHHs; tO - TaiimayTu; td - BUXiOHI 3aTPUMKN.
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YacoBun CTPYKTYpHMM aBTOMAT

[Ona peanisauii cuctemMu ynpaeniHHA peanbHOro Yacy BMKOPUCTOBYETLCS
Mogenb Yacosoro asTomata (timed FSM), aka nossonse BpaxoByBaTV BMMvB
METPUYHOIO Yacy Ha Mepexoaun MK TeXHIYHUMK CTaHaMy CUCTEMU YNpPaBMiHHA
3a paxyHOK BBeEHHS y3araribHeHoi 4acoBol 3MiHHOT T.

Yacosuii aBToMat W:(X,Y,Z,f,g,zD,T)

o omikailiaul B PyHKUiA BUXOAiB Y(t)=g(X(@), Z(@1))
);(:)4’ ? 42(;'(3 ¢yHKL}iﬂ nepexogis Z@t+1) = £(X (1), Z(1))
Hoswuin cTaH Z(t+1)= Z(t)
EnemeHmu nam ami Hacmyntiuii
A " Yacosuit cTpyktyp- Z(t+1) = f(X (), Z(t), T)
Wﬁ‘ HUA aBTOMaT Y(1)=g(X (@), Z(t),T)

Yacosa 3MmiHHa T cknagaeTbCcs 3 TPbOX NapameTpis: YacoBi obMexeHHs t,

(timing constraints), BxigHi TanmayTu t,, (timeouts) i BuxigHi 3aTpumkm t, (output
delays), ki iHoAi Ha3uBalOTLCA BUXIAHUMU TaMayTaMu.

Kharkov National University of Radioelectronics 5
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Knacudikauis moaenen kepyroumx aBTtomartiB

BxigHi curHanu — BxigHi gii (input action) Ta 3oBHiwHi nogii (events).
BuxigHi curianm — BxigHi gii (output action) Ta gianeHocTi (activities).

| BxiaHi curHany (actions) | | BuxiaHi curdanu |
ONUTYBaHHA ouikyBaHHA cTaH nepexia
AKTUBHI MacueHi Mypa Mini
—
¥ v vy
AKTUBHI FlacueHi AKTUBHI MacueHi
Mypa Mypa Mini Mini
3miwani 3miwai 3miwani
AkTusHi Mypa AxTusHi Mini MacusHi Mini
T
3oBHilWHI noaii (events) |

Kharkov National University of Radioelectronics 6
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Knacudikauis Ta cnocobu o6pobku nogin

BxigHi curHanu — BxigHi aii (input action) Ta 3oBHiWwHi nogii (events).
BuxigHi curHanu — BxigHi gii (output action) Ta gianeHocTi (activities).
Mopia - ue abCcTpakTHE MOHATTSA, WO NPUMYCKAe Taky 3MiHYy YMOB
30BHiLUHbOrO CepefoBulla, sike NMOPOLKYE MEBHY peakuild cucTemu.
MMopji MOXyTb reHepyBaTMCS K 30BHIWHIM cepegoBULLEM, TakK i
BCEPEOUHI caMoi CMCTEMM YNpaBniHHA ii KOMMIOHEHTaMMU.

Jxxepeno nogiit »| +
Avcnetvep ™
O6pobka nogin, AK npaeuno,

_— T~ nos'sa3aHa 3 cuctemamm

- peanbHoro yacy, AKi
BU3HAYalOTbCH, BUXOAAYM 3
OVHaMIYHMX  XapakTepuCTUK
KOHTPONbOBaHWX NpoueciB i

,,,,,,,,,,,,, Cramcucremn | ,OGI’DG““’: noaji

A . o
) \ ] /// NoB'A3aHMX 3 HUM MOAIN.
3mina cTany ///
Aia ™ " flia
OB'ekT KepyBaHHA
Kharkov National University of Radioelectronics 7
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Peanisauis yacoBux napameTpiB Ta 30BHiLLHIX
noain B YacoBux aBtomaTtax Mypa

'padosi mogeni Ta yacosi giarpamun Yacosux asTomartis Mypa

Peanizauia 3atpumok B rpadosii

. Waveform yacosoro aBTtomata Mypa
mMogeni aBTomaTta Mypa

3 ypaxyBaHHAM T 30BHiLLHiX noAin Btn

count < T; -1

\:\,?@ Cli S g
nt=T,-1 [

X1

Xz

Peanisauis 4yacoBux napameTpis B
rpacdosin mogeni astomata Mypa Bin ] ]

(yi()yo}y o {Vebalda)l B0 4 53 state

Y1

"
Ly

XiX2 XiXa
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AxktTnBHMM aBTOMAT Mypa

AKTVBHMI 4acoBMI aBTOMaT PYHKLIOHYE B 3aMNeXHOCTI Big 3HAaYEHHS BXiAHOTO
CuUrHany B NEeBHUA MOMEHT 4acy.). 3miHa BxigHoro 6e3nocepenHbLO He iHiLjtoe
3MiHM cTaHy aBTOoMaTa. ABTOMaT ONUTYE BXiQHI CUrHanM B MOMEHTU Yacy, siKi
BM3HAYalOTbLCS1 anropuTMOM MOro poboTM i, TaKUM YMHOM, peanisye (OyHKLto

nepexosis.

Yiltar) Yoltap) = Clkllll ||||||| |||H_ t

m X /B}‘l -|
tO2 S, Rst t

Y
X | t
Count I:D>® %‘ @ 31 & C Nt
Mogenb akTvBHOro asTomarta Mypa npu State a, >< az { ;
to = 1it, = 0 36iraeTbca 3 mogennio I | ”
TpaauuiiHoro MiKponporpamMHoro yq [l i
aBTomMaTa. |
yo etz |
Kharkov National University of Radioelectronics L_TO1 TO— 9
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VHDL-mopenb aktmuBHoro astomaty Mypa

prg gg IS ns (Clk, Rst) Mopgenb cknagaeTbes

if Rst ='1"then state <= a1; 3 ABOX NPOLIECIB:
count <= (others =>'0"); KOMBiHaLiAHOT YacTuHN,

elsif rising_edge(CIk) then ik OBUMCTIIOE HACTYMHWIA
state <= next_state; count <= next_count;

end if: CTaH Ta KOHTPOIoE
end process; NiYUNbHYK, SKUA peanisye
process (state, count) YacoBi NapameTpu Ta
begin " @
NocnifgOBHOCTHOI
next_count <= (others =>'0"); A .
-l 4aCTUHN, KA Ha OCHOBI
when at => CMHXPOMNOCHMiAOBHOCTI
if count <TO1 -1 then peanisye nepexis 40

next_state <=a1t;

HaCTynHoro crtaH
next_count <= count + 1; Y! y

elsif x1 = ‘1’ then next_state <= a2; BuxigHi curHanm
else next_state <= a3; aBTomaty Mypa
end if; peanisyroTbcn 3a paxyHoK
er;(i ;:ase; BVIKOpMCT&.IHHFl YMOBHUX
end process; onepartopiB
y1 <="1" when ( state = a1 and count >=td1 ) else '0"; napanensHoro
y2 <='1" when ( state = a2 and count >=td2 ) else '0"; MPU3HAYEHHS CUrHaniB

y3 <='1" when ( state = a3 and count >=td3 ) else '0";

Kharkov National University of Radioelectronics 10
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Waveform aktmBHoro aBtomaty Mypa

Name Value |, MEONS L RORS, L RS MR0ORS
1 ax 0

:_Iﬁrst 0

:.Iﬁsﬂ 1 I

B countl2:0] 1 N W T e Yo T
B next_countlz0] || 2 N s o o s o
L';'; state az? :X al X a2 X:
L'& next_state a2 al ¥ a2 ¥

I v 0 T

& 0 .
Iy 0 i

NopiBHAHHA OTPUMaHMX PE3yNnbTaTiB MOAENoBaHHA NiCns CMHTE3y Ta
iMnneMeHTauii nokasye noBHe cniBnagiHHA 3i cneuyumdikauieto, Lo
niATBEPAXYE NpaLe3aaTHiCTb 3anponoHoBaHol Moaeri

Kharkov National University of Radioelectronics
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AKTMBHUM 3MmiaHun aBTomat Mypa

Axkwo y akTMBHIA Mogeni kepytodoro astomarta Mypa kpim BXxigHWX
CUrHaniB, WO ONUTYIOTbLCS, BUKOPUCTOBYHOTLCS 30BHILLHI noaii Btn, ski
nepepuBalTb 3HAXOMXKEHHSA Y MOTOYHOMY CTaHi, TO Taky MoAenb

NPUNHATO Ha3MBaTU 3MiLLAHOL0.

Yiltan) Yoltaz) =«

dy -

t02 “
Btn

% Y40)

3oBHilWwWHA nogia  Btn nepepuBae
TaMayT 3Haxo4XeHHs aBTomaTty Yy
NMOTOYHOMY CTaHi Ta iHiujtoe nepexia go
HOBOIO CTaHy.

Kharkov National University of Radioelectronics
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Count

Btn
State

M|
y2

Y4

I

L,

y

t

t
2060440664
I
EDCIEYs
:d“‘
e

T —kTOz
! “lro—
‘713

12

84



Marictepcbka po6oTa 2021

VHDL-mopenb 3amiwwaHoro aBtomaty Mypa

process (CIk, Rst)
begin

elsif rising_edge(Clk) then
state <= next_state;

end if;
end process;
process (state, count, Btn, x1)
begin

case state is

when a1 =>
if count < TO1 - 1 then
next_state <=af;

else next_state <= a3;
end if;

if Rst="1"then state <=af;
count <= ( others =>"'0");

count <= next_count;

next_count <= (others =>'0");

next_count <= count + 1;
elsif x1 = ‘1’ then next_state <= a2;

_when a2 =>
if Btn = '1' then next_state <= a4;
elsif count < TO2 - 1 then
next_state <= a2,
next_count <= count + 1;
else next_state <=...;
end if;

when others => next_state <= a1,
next_count <= (others =>'0");
end case;
end process;

y1<="1" when ( state = a1 and count >=
td1 ) else '0';

y2 <='1" when ( state = a2 and count >=
td2 ) else '0';

y3 <="1" when ( state = a3 and count >=
td3 ) else '0';

Y4 <="'1" when ( state = a4 ) else '0";

Kharkov National University of Radioelectronics 13
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Waveform aktmBHoro amiwaHoro asrtomaty Mypa

Name Value |[°°S, 1000, [209ns, POOMNS ., [ROOMS, PROTS
1§ clk 1
16 rst 0 T
1& x1 1 S S |
B countl2:0] |0 0 S S & &
1§ btn 1 1
1} state as { al X a2 ) at X al
I'$% 0 - | I
1% y2 0 =
1% y3 0
Wy | I

[MopiBHAHHA OTpUMaHWX pesynbTaTiB MOAEeNtoBaHHA MNiCNs CUHTE3Y Ta
iMAnemeHTauil nokasye NOBHE CniBMagiHHA 3i cneundgikauieto, WO
nigTBEepaXye npauesfaTHICTb 3anponoHOBaHOI Mogen

Kharkov National University of Radioelectronics 14
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AKTUBHMK aBTOMaT Mini

Y yvacoBoro aBTomata Mini 4yac nosiBM BUXiOHWUX CUrHaniB BU3HA4YalOTbCA
YacoM MOSIBM BXiAHMX CWUrHaniB (3 ypaxyBaHHAM 3aTpUMOK). Yac iCHyBaHHs
BMXiAHUX curHanis asTomaTta Mini BM3HaA4aeTbCA TpMBanicTio mepexody B
HOBUI CTaH i B MOMEHT BXOAY B HOBUW CTaH BUXiOHI CUrHanu AaHoro cTaHy

Clk

OBHynATLCS.
UL
Reset-l t
D

Count R
Ii— t
Mopgenb aktuBHoro asTtomata Mini Xi
gocutb 6nmsbka OO0 TpaguuinHoro a a3 t
(MikponporpamHomMy) aBTomaTy, a State
nputo =1 it, =0 36iraeTbca 3 Helo. y, [tz !
2 _
101 t
Kharkov National University of Radioelectronics 15
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VHDL-mogenb aktuBHoro astomaty Mini

-- register input signals and events
process (Clk, Reset)
begin
if Reset ="1"then x1_stored <='0";
elsif rising_edge(Clk) then

Mopenb cknagaetbes
3 ABOX NpoLeciB:
KOMGiHaLiNHOT YaCcTUHK,
if state /= next_state then .
x1 stored <= x1: —x1=0° sika 064MCTIIOE HACTYMHUIA
end if; CTaH Ta KOHTPOIoE

NiYUNbHYK, SKUA peanisye
combinational logic for next_state and Y YacoBi napameTpu Ta
process (state, x1_stored, count) . -

begin nocniaoBHOCTHOI

<=0 <=0 .
lee S?éte i)é,z Y5 YaCTUHW, sika Ha OCHOBI
CUHXPOMNOCHiAOBHOCTI

end if;
end process;

when a1 =>
if x1_stored ="1" then --transition a1 —> a2

if count < TO1 - 1 then next_state <= a1;
else next_state <= a2;

end if;
if count >=Td1 then y1 <="1";
end if;
else -- transition a1 —> a3

if count < TO1 - 1 then next_state <= a1;
else next_state <= a3;

end if;
if count >= Td2 then y2 <="'1";
end if;

end if;

end case;
end process;

peani3dye nepexig Ao
HaCTYMHOro CTaHy
BuxigHi curHanm
asTomaty Mini
opMyIOTLCS B
KombGiHauinHoMy npoLieci

16




Marictepcbka p

o6oTa 2021

Waveform aktuBHoro aBtomaty Mini

Name Vabe| 170, L MO MRS OO
1 e 1| i
%reset 0
%ﬂ 1 |
l&state al X al X a3
L& next_state || a1 al X a3
% ¥1_stored |1 I__
B countlz) | o o T s s e T o i
L&;ﬂ 0
g n o ] [ I

lNopiBHAHHA OTPMMaHMX PEe3ynbTaTiB MOAENOBAHHSA MICMA CMHTE3y Ta
iMnnemeHTauii nokadye MoBHe cniBnadiHHA 3i cneundikauieo, Wwo
niaTBEpAXYE NpaLesaaTHiCTb 3anponoHoBaHoi Moaeni

Kharkov National University of Radioelectronics
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3milmaHmm akTuBHUM astomat Mini

I'padhoBa mogens 3milwaHoro asTomata Mini mae ogHy ocobnusicte O6pobka
nepepuBalTs nogiv nepeabavae, Wo Ans nepexony e; Mae Oyt 3apaHun
nepexig e, SKAN iHILiIOETbCA SAK peakuin Ha nepepuslody nopjto. Ane
TpaauuiiHa rpacdoBas Mofenb He nepepbayae HasBHOCTI Oyrv, BignoBigHOT

nepexoay e,, Tak sk Ayru rpacposorn mofeni He peg

Clk

UL

Reset

Bin(top) -]
X(toy) ag Yy(tar)
a a
1 ° Count M 3 @@

QX101

Xi |

Xi(t0g)1Ys(tds)

- Btn [—|

“ ay
il State

MogudikoBaHa rpadoBa Mogesb 3MillaHOro Yy [l

top+

YyacoBoro aBTomata Muni

Y2

e —

toq

Kharkov National University of Radioelectronics
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VHDL-mopenb 3miwaHoro aktuBHoro asrtomaty Mini

1

.

.

---register-input-signals- and-events|
prucess (Clk, Reset)y]
~begin-{
—oif Reset ="1"then

--x1_stored-<=-"0"1
Btn_stored <=0

elsifrising_edgg(Clk)- then]
|f state-/=-next_state-then

- —x1 stored ==x19
- <=0
- @Jﬁiﬁ'

- red-<=-'1
- end-if,y

—--endif

end process: || - end-if;q
-+ --if-count-==Td1 then-y1-<="1"1
---combination-logic- for- all - end it
process-(-state, x1_stored,-Bipn,-count-){ - end if.q
---beginy] - elsef
- -=='019 -+ ifcount = TO1-1then next_state <=-al;y
-+ if-Bfp="1"theny] -+ --else---next_state- <=-ab
-+ --if-state-=-al-and-x1_stored-="'1"-and-q - --endifq]
- count->=-TCO0---1-and-count-<-TC 1] -+ --if-count->=-Td5-then-y5-<="1"9
- ----theﬂ&ms:@;.ggﬂﬁn@ukﬁ- =14 - coendif]
- —endif,y - endif]
- endify X |
end processy | end-casej

combinational-logic- for-next  state- and-Yq|
process-(-state,- x1_stored,- Bin_stored, count-)f
-~-begin
YT S0 y2 <=0y <= 0]
""" case- State-isf]
-------- when-at-==1

. |f x1_stored-=-"1"thenf

- =-'1"thenf] e y2<="1

efl
-+ ---if-count-<-TO1---1-then-+-next_state-<=-a1y
-+ else —next state <=-a3

end-process;{

Kharkov National University of Radioelectronics 19
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Waveform 3miwaHoro aktuBHoro astomaty Mini

1o vs

Name Value | | 0N OO RO L OO L PO L RO
Uy ax 0 A I Y A e Y Y N o Y N N e N e B
i_&] reset 1]

1 T M

1 btn 0 )

1',‘3 state az :X al b4 a2

'_'b next_state al al a2 E

8§ countza A G G S G G S G G S

1} count_should_be_reset | 1 T 1 [

1§ x1_stored 0 _ L.

;_L“ btn_stored Q I_—l_

1} btn_meet_constraints | o 1

I o _ | |

2 ° e . —
[

[MopiBHAHHA OTpUMaHUX pesynbTaTiB MOAEMI0BaHHA MiCNs CUHTEe3y Ta
iMnneMeHTauil mokasye noBHe cniBnadiHHA 3i cneumdikauieto, WO
nigTBEpAXKY€E Npaue3aaTHICTb 3anponoHOBaHOI Moaeni

Kharkov National University of Radioelectronics 20
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MacuBHun aBTomaT Mini

[MacuBHUn asTomat Mini B NOTOMHOMY CTaHi OuYiKye MOSIBM BXiAHOrO cuUrHany
MPOTATOM NPOMiXKY Yacy, sikuii BU3HaYa€ETbCs TanMayToMm to; Ans AaHoro i-ro
CTaHy, i nicna npuxogy BXiAHOro curHany iHiuiloe nepexig HOBUWA CTaH 3
BMAayer BuxigHoro curHany Tpueanictio At. [pu ubomy npuiMaeTbes, Lo

ty = 0. Axwo 3a nepion 4acy o4vikyBaHHSA

BXiQHUA CUrHam He BUHUKAE, TO

aBTomart 663yMOBHO nepexoanTb y HOBMI cTaH 6e3 Buaayi BUXigHOro curHany

MacuBHu astomat Mini gocutb
Onun3bkun no TpaguuinHoro
(MikponporpamHoro) aBTomaTy, a npwu
to=1ity=1 3biracTbcsa 3 HAM.

% Kharkov National University of Radioelectronics

o

t
Reset -l

t

Count| DDLODROEOI
X i l
t
State o z
1
Y, Aty ____
ﬁ—t[!‘]Tr 1
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VHDL-mopnenb nacuBHoro asromaty Mini

-- comb. logic for next_state, Y, next_transition

process ( state, x1_stored, x1, transition, count )
begin
y1<="0,
x1_stored_t <= '0",
next_transition <= '0",
case State is
when al =>
if transition = '1" then
if x1_stored = '1" then
if count<DLT1-1 then

next_state <= af; end if;

next_transition <= '1'; end if;
else next_state <= a2, end case;
end if; end process;

if count < DLT1 then y1 <="1"
end if;

else next_state <= a3;

end if;

eglse -- timeout

next state <= af;

if x1_stored = '0' and x1 = '"1' then
next_transition <='1";
x1_stored_t <="1",

elsif count>= TO1 - 1 then
next_transition <="'1";
x1_stored_t <="0",

Kharkov National University of Radioelectronics
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Waveform nacuBHoro astomaty Mini

Name Value| | | [W008 L, (SRR L O PODONE L L PO RO
1 o |
1& reset a
1&1 x1 1 _ 1 |
1& state 2z X al a2
1& next_state al al ¥ a2
B countiz:0] 0 0 1 X W 0 X Y2 W3 X4 o 1 3|
1& x1_stored 0 —_ I
1& x1_stored_t a r
1& reset_count 1 -l r I_
1& transition 1 -l_ [
1& next_transition || 0 _ 1 | |
&y LR -
&t

lMopiBHSAAHHSA OTPUMaHUX pe3ynbTaTiB MOAENOBaHHSA MiCns CUHTE3y Ta
iMOnemMeHTauil nokasye MNOBHE CcniBNagiHHA 3i cneuudikauieto, LWwo
nigTBEpAXKY€E Npaue3aaTHICTb 3anponoHOBaHOI Moaeni

Kharkov National University of Radioelectronics 23
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3miwaHnn nacuBHmn asTomat Mini

Akwo B Mogeni nacuBHOro kepyroyoro asTomaTta Muni, okpim BXigHUX
CUTHariB, WO L0 OYiKYIOTbCS NPOTArOM TamayTy, BUKOPUCTOBYIOTLCS
nepepuBatodi 30BHILWHi NOAT, TO Taky MoAenb NPUNHATO Ha3uBaTu
3MiLLAHOI0.

Btn(top)

Clk muu“.[mﬂ.ﬂ.ﬂ.ﬂ.ﬂ-ﬂ_

t
Reset -| ,
Count %@@@@

Xi
— t

Btn [ ]

[na nacuBHOro 4acosoro astomata Mwuni 3 t

nepepriBaloyol0 NOAIEID TAKOX MPOMOHYETLCS || State & @

BMKOPUCTOBYBaTU  Moaudikauito  rpadosoi

Mogeni y opmi pgBogonbHoro rpady 3 % o :

BEpLUMHAMM OBOX TUMIB. A At
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Marictepcbka poboTta 2021

VHDL-mopenb 3miwwaHoro nacmBHoro asromaty Mini

process ( state, x1_stored, Bin_stored, x1, transition, count )
begin
y1<="04
x1_stored_t <="0";
next_transition <='0";
case State is
when a1 =>
if transition = '1' then
if x1_stored ='1' then
if Btn_stored ='1" then
if count < output_delay_Y2 - 1 then
next state <= a1; next_transition <="'1";
else next state <= a2;

end if;
if count < output_delay_Y2 then Y2 <="'1";
end if;
else next state <=a3; --eignosigae nepexopy 6es nogji
end if;
else

next_state <= at;
if x1_stored ='0' and x1 ="1"then
next_transition <="1"; x1_stored_t <="1";
elsif count >=T1 - 1 then
next_transition <='1"; x1_stored_t <="0";
end if;
end if;

Kharkov National University of Radioelectronics 25

Marictepcbka poboTta 2021

Waveform 3miwaHoro nacuBHoro asromaty Mini

MName Value G,D?D nls 6,5?0 nls | I-",DDID nsI L
1 ke o T
1&, reset a
1&, ®1 a | |
1 btn o 1
1 v 1 1
1w 0 [ 1
1& state al y al b d a2
1& next_state al al W a?
2§ countzo R 6 606000060000
-L& x1 stored 1} — 1
1 bin_stored o 1

MopiBHAHHA OTPUMaHUX pesynbTaTiB MOAENIOBaHHSA Micnsa CUHTE3y Ta
iMNemMeHTauil nokasye MOBHE CcniBNagiHHA 3i cneuudikauieto, LWo
niaTBepAXy€e npauesfaTHICTb 3anponoHOBaHOi Mogeni
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Marictepcbka po6oTa 2021

PesynbTaTtun

CuHTes i imnnemeHTauis oTpumannx dparmentisB VHDL-mogenen Ha
FPGA  XC3S500E-5fg320 nigTeepauMnM  iX  KOPEKTHiCTb i
npauesgaTHicTb. PesynmbTatu  4acoBOoro  MOAENIOBaHHA  nicns
iMNneMeHTauil B Winomy cniBnanu 3 pesynbTatamu NOBEAiHKOBOro

MoaerntoBaHHA m
acToTa Pozpa-
Tun asToMata Mmogemo- | xyHkose | Flip- | Latche BELS Slices/
BaHMs, YHCIIO Flops s LUTs
MHz TpHUTepiB
Mypa aktusauii | 320,513 5 5 0 11 | 6/11
Mypa akTUBHUI 3
[IPEPUBAOYOI0 256.430 5 5 0 21 [ 9/18
MOMIi€F0
Mini axTuBHUIH 287,650 6 6 0 15 | 7/13
Mini akTHBHHUH 3
HPEpPUBAIOYOIO0 165,307 9 9 0 30 6/30
MOII€0
Mini nacusrnit | 232,626 7 7 0 15 | 8/15
MiJi nacuBHUIA 3
MPEPUBAIOYOIO 141,898 11 11 0 42 9/45
TOMI€F0
Kharkov National University of Radioelectronics 27
Maricrepcbka poboTta 2021
BUCHOBKUA

Y poboTi 3anponoHoBaHa knacudikauis Kepylumx — aBTOMaTiB 3a
cnocobom OTpMMaHHSA BUXIOHWX curHaniB Ha mogeni Mypa i Muni, 3a
cnocobom 06poOOKM BXiZHMX CUrHAMIB Ha aKTWUBHI i NMacuMBHI Mogeni i
Knacudikauist nogiv 3a cnocobom ix 06pobkM Ha Ti, WO iHiLioTL, Ta Ti,
wo nepepwuBatoTb. [aHa knacudikauis gossonuna nobygysatn VHDL-
WwabnoHn mogenen 4acoBMX KepyluMx aBTOMATIB AN BUPILLEHHS
Pi3HOMaHITHUX 3aBgaHb B CUCTEMax NOriYHOro ynpasniHHS.

MogentoBaHHs, cuHTe3 | imnnemeHTauia B FPGA nigTBepavnu
NpUHanexHictb po3pobneHnx wabnoHie Ao nigMHoxuHn VHDL, wo
CUHTE3YeTbCA, Ta [OTPMMAaHHA 4YacoBMX MapameTpiB, 3ajaHux
cneyundikauigmun.

Peanizauis 3anponoHoBaHux VHDL-mogenen BukoHaHa Ha FPGA
XC3S500E-5fg320. PesynbTaTM  [LiarHOCTUYHOrO  €KCMEPUMEHTY
NigTBEPOUN KOPEKTHICTb i Npaue3aaTHICTb 3anponoHOBaHUX MoAENen.
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Pe3ynpraTu cunTe3y Ta immiemenTanii VHDL-Mozen1 3MilIaHoro 4acoBoro

asToMara Mypa

[ToBHUI TTPOTOKOJN MOJENIOBAHHSA, CUHTE3Y Ta IMIUIEMEHTAlll 3MIIIAHOrO

aTomara Mypa

Jlictuar b.1 — VHDL-monens 3Mimanoro aBromara Mypa

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use ileee.std logic unsigned.all;

entity Moor Btn is
port (Clk, Rst, x1, Btn: in std logic;

vl,
end Moor Btn;

vy2, y3, y4 : out std logic);

architecture Behavioral of Moor Btn is

constant count length : integer := 3;
constant TOl1 std logic vector ( count length - 1 downto "100";
-- 4
constant TO2 std logic vector ( count length - 1 downto "100";
-- 4
constant TO3 std logic vector ( count length - 1 downto "110";
-- 6
constant TO4 std logic vector ( count length - 1 downto "100";
-- 4
constant tdl: std logic vector ( count length - 1 downto "o1o";
-= 2
constant td2: std logic vector ( count length - 1 downto "010";
-= 2
constant td3: std logic vector ( count length - 1 downto "o11";
-- 3
constant td4: std logic vector ( count length - 1 downto "000";
-- 0
type state type is ( al, a2, a3, a4);
signal state, next state : state type;
signal count, next count : std logic vector (count length-1 downto 0 );

begin

-- state and timer synchronization
process (Clk, Rst)

begin

if Rst =
count <=

'l1' then state <= al;
( others => '0"' );

elsif rising edge (Clk) then
state <= next state;
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count <= next count;
end if;
end process;
-- combinational logic for transition

process (state, count, Btn, xl1) -- process (state, count, Btn) was here
- error;
begin
next count <= (others => '0"');

case state is
when al =>
if count < TOl - 1 then
next state <=al;
next count <= count + 1;

elsif x1 = 'l' then next state <= a2;
else next state <= a3;
end if;
when a2 =>
if Btn = 'l' then next state <= a4;

elsif count < TO2 - 1 then

next state <= a2;

next count <= count + 1;

else next state <= a3; -- the ftransition a2-a3 was added with condition

not(Btn)

end 1if;
when a3 => if count < TO3 - 1 then
next state <=a3;

next count <= count + 1;

else next state <= al;

end if;

when a4 => if count < TO4 - 1 then

next state <=a4;

next count <= count + 1;

else next state <= al;

end 1f;

Il
4

when others
next state <= al;
next count <= ( others => '0' );

end case;

end process;

yl <= '1'" when ( state = al and count >= tdl ) else '0';
y2 <= 'l' when ( state = a2 and count >= td2 ) else '0';
y3 <= 'l' when ( state = a3 and count >= td3 ) else '0';
Y4 <= '1l' when ( state = a4 ) else '0';

end Behavioral;

Jlictunr b.2 — Bepudikanis moaeni

LIBRARY ieee;
USE ieee.std logic 1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned wvalues
--USE ieee.numeric_ std.ALL;

ENTITY test Moor Btn IS
END test Moor Btn;

ARCHITECTURE behavior OF test Moor Btn IS



-—- Component Declaration for the Unit Under Test (UUT)

COMPONENT Moor Btn

PORT (
Clk : IN std logic;
Rst : IN std logic;
x1l : IN std logic;
Btn : IN std logic;
yl : OUT std logic;
y2 : OUT std logic;
y3 : OUT std logic;

y4 : OUT std logic

);

END COMPONENT;

-—-Inputs

signal Clk : std logic := '0';

signal Rst : std logic := 'l';

signal x1 : std logic := '0';

signal Btn : std logic := '0';
--Output

signal yl : std logic;
signal y2 : std logic;
signal y3 : std logic;
signal y4 : std logic;

-— Clock period definitions
constant Clk period : time := 40 ns;

BEGIN

-- Instantiate the Unit Under Test (UUT)
uut: Moor Btn PORT MAP (
Clk => Clk,
Rst => Rst,
x1l => x1,
Btn => Btn,

vyl => yl,
y2 => yz2,
y3 => y3,
yv4d => y4

)7

-- Clock process definitions
Clk process :process
begin
Clk <= '0"';
wait for Clk period/2;
Clk <= '1"';
wait for Clk period/2;
end process;

-- Stimulus process
stim proc: process
begin
-- insert stimulus here

Rst <='1', '0' after Clk period;
xl <='0"', 'l' after Clk period*4;

Btn <='0', 'l' after Clk period*7, '0' after Clk period*8;
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wait;
end process;

END;

Name value (%", ), .

‘IEII] ns ) |2I]EI ns )
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Pucynok b.1 — Pe3ynbratu MoJientoBaHHS

Jlictuar b.3 — IIpoTokoi cuHTe3y

Minimum period:

3.900ns

(Maximum Frequency: 256.430MHz)

Analyzing FSM <FSM 0> for best encoding.
Optimizing FSM <state/FSM> on signal <state[l:2]> with user encoding.



a2 | 01

a3 | 10

a4 | 11

Device Utilization Summary

Logic Utilization Used Available Utilization Note(s)
Number of Slice Flip Flops 5 9,312 1%
Number of 4 input LUTs 18 9,312 1%
Number of occupied Slices 9 4,656 1%

Number of Slices containing only related logic 9 9 100%

Number of Slices containing unrelated logic 0 9 0%
Total Number of 4 input LUTs 18 9,312 1%
Number of bonded IOBs 8 232 3%
Number of BUFGMUXs 1 24 4%
Average Fanout of Non-Clock Nets 4.00

Synthesis Report (OTuert no cuHTe3y)

Release 14.7 - xst P.20131013 (nto4)

Copyright (c) 1995-2013 Xilinx, Inc. All rights reserved.

--> Parameter TMPDIR set to xst/projnav.tmp
Total REAL time to Xst completion: 1.00 secs
Total CPU time to Xst completion: 0.49 secs
--> Parameter xsthdpdir set to xst

Total REAL time to Xst completion: 1.00 secs
Total CPU time to Xst completion: 0.49 secs
--> Reading design: Moor Btn.prj

TABLE OF CONTENTS
1) Synthesis Options Summary

2) HDL Compilation

3) Design Hierarchy Analysis
4) HDL Analysis

5) HDL Synthesis

5.1) HDL Synthesis Report
6) Advanced HDL Synthesis
6.1) Advanced HDL Synthesis Report
7) Low Level Synthesis
8) Partition Report
9) Final Report
9.1) Device utilization summary
9.2) Partition Resource Summary
9.3) TIMING REPORT

* Synthesis Options Summary
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—-—-——- Source Parameters
Input File Name
Input Format

Ignore Synthesis Constraint File

—-—-—-—- Target Parameters
Output File Name
Output Format

Target Device

-—-——- Source Options

Top Module Name

Automatic FSM Extraction
FSM Encoding Algorithm

Safe Implementation

FSM Style

RAM Extraction

RAM Style

ROM Extraction

Mux Style

Decoder Extraction

Priority Encoder Extraction
Shift Register Extraction
Logical Shifter Extraction
XOR Collapsing

ROM Style

Mux Extraction

Resource Sharing
Asynchronous To Synchronous
Multiplier Style

Automatic Register Balancing

---- Target Options
Add IO Buffers
Global Maximum Fanout

Add Generic Clock Buffer (BUFG)

Register Duplication
Slice Packing

Optimize Instantiated Primitives

Use Clock Enable

Use Synchronous Set

Use Synchronous Reset

Pack IO Registers into IOBs
Equivalent register Removal

-—--- General Options
Optimization Goal
Optimization Effort
Keep Hierarchy

Netlist Hierarchy

RTL Output

Global Optimization
Read Cores

Write Timing Constraints
Cross Clock Analysis
Hierarchy Separator

Bus Delimiter

Case Specifier

Slice Utilization Ratio
BRAM Utilization Ratio
Verilog 2001

Auto BRAM Packing

Slice Utilization Ratio Delta

"Moor Btn.prj"
mixed
NO

"Moor Btn"
NGC
xc3s500e-5-£g320

Moor Btn
YES
Auto
No
LUT
Yes
Auto
Yes
Auto
YES
Yes
YES
YES
YES
Auto
Yes
YES
NO
Auto
No

YES
500
24
YES
YES
NO
Yes
Yes
Yes
Auto
YES

Speed

1

No

As Optimized
Yes
AllClockNets
YES

NO

NO

/

<>

Maintain

100

100

YES

NO

5



HDL Compilation

Compiling vhdl file
"D:/MyDesigns/Moor ¢ Btn for artical RIA Mealy/Moor Btn.vhd" in Library work.
Entity <moor btn> compiled.

Entity <moor btn> (Architecture <behavioral>) compiled.

Design Hierarchy Analysis

Analyzing hierarchy for entity <Moor Btn> in library <work> (architecture

<behavioral>) .

HDL Analysis *

Analyzing Entity <Moor Btn> in library <work> (Architecture <behavioral>)
Entity <Moor Btn> analyzed. Unit <Moor Btn> generated.

HDL Synthesis *

Performing bidirectional port resolution...

Synthesizing Unit <Moor Btn>.
Related source file is
"D:/MyDesigns/Moor ¢ Btn for artical RIA Mealy/Moor Btn.vhd".
Found finite state machine <FSM 0> for signal <state>.

| States | 4

| Transitions | 10

| Inputs | 4

| Outputs | 4

| Clock | Clk (rising edge)
| Reset | Rst (positive)
| Reset type | asynchronous

| Reset State | al

| Power Up State | al

| Encoding | automatic

| Implementation | LUT

99

Found 3-bit
Found 3-bit
Found 3-bit
67.
Found 4-bit
80.
Found 3-bit
line 98.
Found 3-bit
line 99.
Summary:
inferred
inferred
inferred
inferred
Unit <Moor Btn>

register for signal <count>.
adder for signal <next count$add0000> created at line 77.
comparator less for signal <stateScmp 1t0000> created at

comparator less for signal <stateScmp 1t0001> created at
comparator greatequal for signal <y2Scmp ge0000> created
comparator greatequal for signal <y3Scmp ge0000> created
1 Finite State Machine(s).

3 D-type flip-flop(s).

1 Adder/Subtractor (s).

4 Comparator (s) .
synthesized.



100

HDL Synthesis Report

Macro Statistics
# Adders/Subtractors
3-bit adder
# Registers
3-bit register
# Comparators
3-bit comparator greatequal
3-bit comparator less
4-bit comparator less

B RN R R

* Advanced HDL Synthesis *

Analyzing FSM <FSM 0> for best encoding.
Optimizing FSM <state/FSM> on signal <state[l1:2]> with user encoding.

al | 00
a2 | 01
a3 | 10
a4 | 11

Advanced HDL Synthesis Report

Macro Statistics
# FSMs
# Adders/Subtractors
3-bit adder
# Registers
Flip-Flops
# Comparators
3-bit comparator greatequal
3-bit comparator less
4-bit comparator less

RN WWRE P

* Low Level Synthesis *

Optimizing unit <Moor Btn>

Mapping all equations...

Building and optimizing final netlist

Found area constraint ratio of 100 (+ 5) on block Moor Btn, actual ratio is
0.

Final Macro Processing

Final Register Report

Macro Statistics
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# Registers : 5
Flip-Flops : 5

* Partition Report *

Partition Implementation Status

* Final Report *

Final Results

RTL Top Level Output File Name : Moor Btn.ngr
Top Level Output File Name : Moor Btn
Output Format : NGC
Optimization Goal : Speed

Keep Hierarchy : No

Design Statistics
# IOs : 8

Cell Usage
# BELS

=

GND
LUT2
LUT3
LUT3 L
LUT4
LUT4 L
MUXES

FlipFlops/Latches
FDC

Clock Buffers
BUFGP

IO Buffers
IBUF
OBUF

(@)

S o S SR SR e e SR S SR SR e 3E oE
DWdPRP PO WRERNDNDN RN

Device utilization summary:

Selected Device : 3s500efg320-5

Number of Slices: 9 out of 4656 0%
Number of Slice Flip Flops: 5 out of 9312 0%
Number of 4 input LUTs: 17 out of 9312 0%
Number of IOs: 8

Number of bonded IOBs: 8 out of 232 3%
Number of GCLKs: 1 out of 24 1%

No Partitions were found in this design.
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TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.

FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT

GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

——————————————————————————————————— e natat e e &
Clock Signal | Clock buffer (FF name) Load \
——————————————————————————————————— -
Clk | BUFGP 5 \
——————————————————————————————————— -1
Asynchronous Control Signals Information:
——————————————————————————————————— -1
Control Signal | Buffer (FF name) Load \
——————————————————————————————————— e it A
Rst | IBUF 5 |
——————————————————————————————————— - —— ¢}
Timing Summary:
Speed Grade: -5
Minimum period: 3.900ns (Maximum Frequency: 256.430MHz)
Minimum input arrival time before clock: 4.324ns
Maximum output required time after clock: 5.832ns
Maximum combinational path delay: No path found
Timing Detail:
All values displayed in nanoseconds (ns)
Timing constraint: Default period analysis for Clock 'Clk'
Clock period: 3.900ns (frequency: 256.430MHz)
Total number of paths / destination ports: 36 / 5
Delay: 3.900ns (Levels of Logic = 3)
Source: state FSM FFdl (FF)
Destination: state FSM FFd2 (FF)
Source Clock: Clk rising
Destination Clock: Clk rising
Data Path: state FSM FFdl to state FSM FFd2
Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
FDC:C->0Q 10 0.514 0.819 state FSM FFdl (state FSM FFdl)
LUT2:I1->0 1 0.612 0.360 state FSM FFd2-In SW1 SWO (N20)
LUT4 L:I3->LO 1 0.612 0.103 state FSM FFd2-In SW1 (N18)
LUT4:I3->0 1 0.612 0.000 state FSM FFd2-In
(state FSM FFd2-In)
FDC:D 0.268 state FSM FFd2
Total 3.900ns (2.618ns logic, 1.282ns route)

(67.1% logic,

route)
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Timing constraint: Default OFFSET IN BEFORE for

Clock 'Clk'

Total number of paths / destination ports: 6 / 4

Offset: 4.324ns (Levels of Logic = 4)
Source: Btn (PAD)
Destination: state FSM FFd2 (FF)
Destination Clock: Clk rising
Data Path: Btn to state FSM FFd2
Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 4 1.106 0.651 Btn IBUF (Btn_IBUF)
LUT2:10->0 1 0.612 0.360 state FSM FFd2-In SW1 SWO (N20)
LUT4 L:I3->LO 1 0.612 0.103 state FSM FFd2-In SWl (N18)
LUT4:1I3->0 1 0.612 0.000 state FSM FFd2-In
(state FSM FFd2-In)
FDC:D 0.268 state FSM FFd2
Total 4.324ns (3.210ns logic, 1.114ns route)

(74.2% logic, 25.8% route)

Timing constraint: Default OFFSET OUT AFTER for Clock 'Clk'
Total number of paths / destination ports: 15 / 4
Offset: 5.832ns (Levels of Logic = 3)
Source: state FSM FFdl (FF)
Destination: y3 (PAD)
Source Clock: Clk rising
Data Path: state FSM FFdl to y3
Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
FDC:C->Q 10 0.514 0.902 state FSM FFdl (state FSM FFdl)
LUT4:10->0 1 0.612 0.000 y3 and000011 (y3 _and00001)
MUXF5:I0->0 1 0.278 0.357 y3 and00001 f5 (y3 OBUF)
OBUF:I->0 3.169 y3 OBUF (y3)
Total 5.832ns (4.573ns logic, 1.259ns route)

(78.4% logic, 21.6% route)

Total REAL time to Xst completion: 6.00 secs
Total CPU time to Xst completion: 5.90 secs

-—>
Total memory usage is 4521488 kilobytes
Number of errors ( 0 filtered)

0
Number of warnings : 0 ( 0 filtered)
Number of infos 0 « 0 filtered)



