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Verification of Digital Units with the Petri Nets

Talis CelminsRiga Technical University,

Abgtract - Digital units are synthesized with different
methods using formals as the final automata theoryor empiric,
which are based on the experience of designer. Inll acases
implementing connection on specific industrial elemnts
indetermination indications, which were existing atthe drafting
of the tasks theoretical part are turning into detemination. In
the function process of digital unit determinationsare becoming
into specific process, what sometimes can cause wpected
results hazard. Elimination of indeterminations arechanged by
passing from the specific solution back to automatdehaviors
defining, what is comparatively complicated, causeof few
available appropriate programs. For the elimination of the listed
mistakes, logical equipment on chosen elements cae checked
with the Petri net simulation programs.
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|. INTRODUCTION

For synthesizing of simple digital devices uspalte used
manual or empirical methods. Applying those methiogsan
inexperienced designer may cause system malfunciion
avoid this, it is suggested formalizing the taskefe exist
several methods for problem solution; the more popease is
illustrated in Fig. 1.

Step. 1 Step. 2 Step. 3 Step. 4 Step. 5
Input Finite state Desing Realization | Finite
-timing automata |- expressions,| -integrated state
diagram, nondeterm | -encoding, circuits. automata
-truth table, inistic. -characterstic determini
-state transition equation. stic.
table,
- state diagram.

Fig. 1. Traditional steps for synthesis of digdalices.

Completing all sequential steps of digital syst® we can
get principle scheme of device, which may contalditonal
logic states not mentioned in the task. Proceedipstem
analyses using any of well known methods, in resdtget
fully functioning device, as seen in the most comraoalysis
process consecution on Fig. 2.

Step.1 Step. 2 Step. 3 Step. 4
Finite state Analyses Repair Sequential
automata -testing, -testing, Circuit
deterministic. -characterstic | -characterstic
equation, equation,
-truth table. -truth table.

Fig. 2. Traditional steps of digital analysis.

There is some of simulation programs used for dligit
analysis. 2 ways of solution include: circuit siatidn or Petri
nets [1, 2]. Probably the second way is simpler ibuis
necessary to transform the principal scheme intd Retwork
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model. For better understanding let's have a laok tertain
solution.

[I. SYNTHESIS OFFINITE AUTOMATA

We should synthesis the principal scheme, whirh leen
described by timing diagrams from Fig. 3.
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Fig. 3. The timing diagrams of digital device.

According to timing diagrams we have to fill teimary
table of transitions-outputs in Tab.l and reducddle and the
graph in Tab. Il and Fig. 4.

TABLE |
PRIMITIVE STATE TABLE OF TRANSITIONS-OUTPUTS
r I P I3 4
U
1 1,1 2
2 2,1 3
3 3,2 4
4 43
5 5 6
6 51 6,2 7
7 7.4 8
8 9 8,1
9 10 9,2
10 11 10,4
11 11,1 2
TABLE 1l
REDUCED TABLE OF TRANSITIONS-OUTPUTS
X 00 10 11 01
Y
00 00,00 00,00 00,10 01,01
01 01,00 01,10 11,11 01,01
11 ? ? 11,11 10,00
10 00,00 10,11 10,10 10,00
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I1l. DIGITAL EQUIPMENT ONPETRI NET APPROACH

There are different types of Petri networks [3]r Bpalysis we
choose the simplest form. The logical elements mhest
replaced with transitions, while inputs, outputsl dinks with
positions.  Simplified model of Petri net without
implementation of output signals is illustrated-ig.6.

Fig. 4. The graph.

Using transitions-outputs table we derive Boolegpressions
for specific logic base which can be determinedndyprocess
of analysis. For simple solution the principal stieeis built
from logical elements such as NOT, OR, AND, alsofR®
flops. See in Fig. 5.

X1 O & Yol — Y1
| s 0 —9
X2 O P Y1l Fig. 6. Simplified model of principal scheme ofjitil device.
G3 e LY ? O
- The inverse values of logical elements in Petts raze noted
.,l I } o adding the index ,i". R-S flip-flops model is vesimplified
3] 9 Y, and replaced with transitions G71, G72 and G81,.G82
G4 Here network represented as an incidence matrix:
[ 5 e
G2
ot &« Y2 — 2 1 0 0 0 0 0 0
iR > | [ v 0 -1 -1-10 0 0
G5  BY ? O
G¥ -1 0 -1 -1 O 0 0
L 0O -1 O 0 0 0 0
o9 Y2
o 1 0 0 0O -1 O 0
<1 z, | 0 1 0 0 0O -1 0
0 0 1 0 0 0 -
@ 0O -1 0 1 O 0
& le L] >=! Z1
‘..--t= - 0 0O -1 0 -1 1 -1 0O
G10 GI5 -1 0 -1 0 -1 1 0
LA -1 0 0O -1 O 0 1 -
[ SRR =
o 0O -1 -1 O 0 0O -1 -
& Z,
] e Roves represent positions and columns- transitions.
Theoretically any state of network is definite b following
a1z relevance:
& 7, U > 22
- O Mi=M;+IxT, Q)
G13 Gl16
=1 2 where: T-transition of column matrix,
—] - | - incidence matrix,
— M — marking matrix.

Fig. 5. Principal scheme of digital device. By iteration (1) is possible to define the real uesd for

undefined states and fulfill in Tab. 2 the emptgifions with
11,11. Analysis can be provided by means of progréon
determination.
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IV. CONCLUSION

For analysis of digital devices it is gainful toeuBetri nets and
its simulating software.

Process of execution:

-the principal scheme of connections first musttriamslated
into simple Petri net model.

-analysis can be provided mathematically by ushey ttates
of networks or by programming means.
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Ciparu ieltu sintez izmanto fornalos vai emfriskos paémienus, kas pamatojas uz propkju pieredzi. Projektajiem, izstadajot iekartu principialas
shemas, izveidojas datbas sivokli, kurus neizmanto jeli tsauktie nenoteiktie. Visos gaumos iekirtu segumu principilas sltmas realigjot uz konkgtiem
rapnieciskajiem elementiem izd paimes par nenoteitiu, kas pagvéja pie uzdevumu sastiSanas teatiskas izstades. kas dadkt var izsaukt neparedas
darlibas. Lai nogrtetu pilnigu ielartas darlbu, laziskas iekartas uz izéletajiem elementiem varapbaudt ar simugjoSam programmam. Ja izmanto ciparu
iekartu simukjo&as programmas, lai noskaidrotu nenotiiltpatiesiskumu aparbauda visi iesgjamie gagumi, kas ir saréra saregiti un ne viennar praktiski
iesggjams. Uzdevuma risi$anai ieteicams izmantot Petklt simukjo%as programmas.afia gadjuma iekartas principiila stema aparveido Petriikla modei.
Lai to vagtu izdaft, vispirms fiatrod vai fiizveido elementu lgiskajiem atbilstoSieiklu modédi. Pec tam izmantojot Petriklu simukjo3s programmas, kas
nodroSina givoklu sasniedzathas noteik3anu aparliecinas par iekrtas pilngu darfibas droSumu. Pigdatais paémiens ieteicams grja dotas iekrtu
principialas stemas, neatkagi no ipnieciskajiem izéletajiem. Sasniedzaita ir nosakma teogtiski ar Petri tklu paidzibu, uzdodot punktu miagumu, pie

dofas incindentu matricas. Dotais uzdevuma piagims formaliZjams.

Tamuc Heamunm, Apmanac Ilynaype. McciaengoBanue unposbix yerpoiicTs ceramu Ilerpu.
Lindpossie ycTpoicTBa CHHTE3UPYIOTCS ¢ (HOPMAIBHBIMU MITH SMITMPHYECKUMH METOJaMH, KOTOPBIC SIBJISIOTCS OCHOBAHHBIMH HA OMbITE MPOCKTHpOBIIMKa. [Ipn
pa3paboTke, NPOEKTHPOBIIMKAMH, TPUHIMIMAILHBIE CXEMBI YCTPOICTB, yacTo 00pa3yloTcs Tak Ha3bIBAaEMble HEONpENEIEHHBIE COCTOsHUA. Bo Beex ciydasx,

OCYILECTBIISIA Pean3alMIo
mpeBpamaercs B ompenenéHHble. B mpomecce (GyHKIMOHHPOBAaHUH LU(POBBIX
KOTOpBIE HHOTIa MOJKET BBI3BATh HEOXKHIAHHBIC PE3yIbTaThl KaK HEYCTOHUHBBIC.

Ha OHNpPEACJIICHHBIX HWHAYCTPHUAJIBHBIX OJJICMCHTAaX HEONPEACICHHOCTH, KOTOPBIC CYIICCTBOBAJIIM IPpU COCTaBJICHUU 3aj1adv,

YCTPOICTB, HEONPENEIeHHOCTH MPEBPANIAIOTCs B OMNpPEASICHHBIH IpoIecc,
OmnpezencHue HEONPEIEICHHOCTH BO3MOXHO € IOMOIIBIO CHMYIHPYIOIIMHI

IIporpaMMaMi IE(GPOBBIX YCTPOHCTB, B 3TOM CIydae HEOOXOAUMO IIPOBEPUTH BCE BO3MOXKHBIC INArH (PyHKIMOHHPOBAHUS, KOTOPBIE M3-32 CIOXKHOCTH HIH
00BEeMHOCTH He Bcernaa ymaéres. [l obnerdeHus JaHHOW 3a[add LeIecoo0pa3sHO HCHONB30BaTh CHUMYIUPYIOIIHE porpaMmMsl cetei Ilerpu. B atom cioydae
IIPUHIWUIHAIBHBIE CXEMBI YCTPOMCTB HEOOXOOMMO IIpEeBpamaTh B COOTBETCTByIomuXx Mozensx cereil Ilerpu. CHauana 3mech NODKHBI OBITh HAWACHBI HIN
CO3MaHBl DJIEMEHTHI, COOTBEeTCTByromme MonemsiMm ceredl I[lerpu. llemecooOpa3sHO HCHONB30BaTh CHMYNUPYIONME IporpaMmbl cereil IleTpu, mMerommx
BO3MOXKHOCTEH ONpeJeNnsiTh JOCTHKMMOCTh U TEM ONPEAEIATh HEONPEJCICHHOCTH U UMETh MOJHOE MpPEeJICTaBlIcHNE O JeiicTBUM ycTpoiicTB. [laHHBI crocod
HO3BOJIACT MPOBEPSTh (PYHKIMOHUPOBAHHUE YCTPOWCTB HE3aBUCHMO OT HCIIOJB30BAHHOM 31eMeHTHOH 0a3bl. C momousio ceteil IleTpn DOCTHRUMOCTh MOXKHO
OIPEENATh TCOPETUUCCKH, 3a1aBasi COOTBETCTBYIOILYIO MAPKUPOBKY TOYEK M UMesl MaTPHUIly HHIIUACHTHOCTEH. JlaHHBIi crioco0 dopmanusyercs.
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