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Ïðåäëàãàåòñÿ êëàññèôèêàöèîííîå îïèñàíèå äèíàìè-
÷åñêèõ îáúåêòîâ. Ïðèâîäÿòñÿ äîêàçàòåëüñòâà ðÿäà óò-
âåðæäåíèé, íà êîòîðûõ áàçèðóåòñÿ àëãîðèòì ñîñòàâëå-
íèÿ êëàññèôèêàöèîííîãî îïèñàíèÿ, à òàêæå îñíîâ-
íûå ýòàïû åãî âûïîëíåíèÿ. Òàêîå îïèñàíèå ïîçâîëÿåò
óìåíüøèòü âðåìÿ ñèíòåçà èçîáðàæåíèÿ äèíàìè÷åñêèõ
îáúåêòîâ ìåòîäîì îáðàòíîãî òðàññèðîâàíèÿ.

Ïðè ïîäãîòîâêå áàçû äàííûõ äëÿ ñèíòåçà èçîáðà-
æåíèé äèíàìè÷åñêèõ îáúåêòîâ (ÄÎ) ìåòîäîì îá-
ðàòíîãî òðàññèðîâàíèÿ îáû÷íî èñïîëüçóåòñÿ ñòàí-
äàðòíûé ïåðå÷åíü òèïîâ îïèñàíèé: ãåîìåòðè÷åñ-
êîå, êèíåìàòè÷åñêîå, äèíàìè÷åñêîå è òåêñòóðíîå.
Òèïû è ñïîñîáû îïèñàíèÿ ÄÎ ÿâëÿþòñÿ íåîòúåì-
ëåìîé ñîñòàâíîé ÷àñòüþ îáùåãî ïðîöåññà îòîáðàæå-
íèÿ è â çíà÷èòåëüíîé ìåðå îïðåäåëÿþò ïðîèçâîäè-
òåëüíîñòü àëãîðèòìà ñèíòåçà èçîáðàæåíèé (ÀÑÈ)
[1]. Ïîýòîìó ðàçðàáîòêà íîâûõ òèïîâ è ñïîñîáîâ
îïèñàíèÿ ÄÎ, êîòîðûå ïîâûøàþò ïðîèçâîäèòåëü-
íîñòü àëãîðèòìà ñèíòåçà èçîáðàæåíèÿ, ÿâëÿåòñÿ
àêòóàëüíîé çàäà÷åé.

1. Ïîñòàíîâêà çàäà÷è

Îáû÷íî ÄÎ ñîñòàâëÿþòñÿ (“êîíñòðóèðóþòñÿ”) èç
ãðàôè÷åñêèõ ïðèìèòèâîâ (ÃÏ), ïðè÷åì ÷åì ñëîæ-
íåå ôîðìà è ñòåïåíü äåòàëèçàöèè îáúåêòà, òåì
áîëüøå ÃÏ òðåáóåòñÿ äëÿ ðåàëèñòè÷íîãî îòîáðàæå-
íèÿ. Â ïðîöåññå ñèíòåçà èçîáðàæåíèé ìåòîäîì
îáðàòíîãî òðàññèðîâàíèÿ ïðîåêöèîííûõ ëó÷åé (ÏË)
ìíîãî âðåìåíè çàòðà÷èâàåòñÿ íà ÃÏ (íàçîâåì èõ
“ëèøíèå” ïðèìèòèâû), ñ êîòîðûìè íå ïåðåñåêàþò-
ñÿ ÏË, ÷òî ñíèæàåò ïðîèçâîäèòåëüíîñòü ÀÑÈ. Ïðè
âèçóàëèçàöèè äîñòàòî÷íî ñëîæíûõ ÄÎ, ñîñòîÿùèõ
èç ñîòåí è áîëåå ÃÏ, óìåíüøåíèå êîëè÷åñòâà
“ëèøíèõ” ïðèìèòèâîâ, ïîïàâøèõ â îáðàáîòêó â
ïðîöåññå îòîáðàæåíèÿ ÄÎ, ïîçâîëÿåò ñóùåñòâåííî
ïîâûñèòü ïðîèçâîäèòåëüíîñòü ÀÑÈ.

Ïðîñòðàíñòâî, çàíèìàåìîå ÄÎ è îãðàíè÷åííîå åãî
îáîëî÷êîé [1], ïðåäëàãàåòñÿ ðàçäåëèòü íà ïîäïðî-
ñòðàíñòâà–äîìåíû, êîòîðûå íóìåðóþòñÿ (ðèñ.1).
Ãåîìåòðè÷åñêàÿ ôîðìà äîìåíîâ è îáîëî÷êè îïðå-
äåëÿåòñÿ â îñíîâíîì ôîðìîé ÄÎ. Íà ýòàïå ñîñòàâ-
ëåíèÿ îïèñàíèÿ ÄÎ ôîðìèðóåòñÿ ñïèñîê, ãäå äëÿ
êàæäîãî íîìåðà äîìåíà ïåðå÷èñëåíû ÃÏ, ïîâåðõ-
íîñòü êîòîðûõ íàõîäèòñÿ â äàííîì äîìåíå. Ýòîò
ñïèñîê îïðåäåëèì êàê êëàññèôèêàöèîííîå îïèñà-
íèå. Çäåñü âàæíî îòìåòèòü, ÷òî îíî äîëæíî áûòü
èíâàðèàíòíî â ñëó÷àå èçìåíåíèÿ ïîëîæåíèÿ è
îðèåíòàöèè ÄÎ â ïðîñòðàíñòâå.

Ðèñ. 1

Ðàññìîòðèì ñëó÷àé, êîãäà ïîäâèæíûé îáúåêò ñî-
ñòîèò èç ÃÏ, êîòîðûå ÿâëÿþòñÿ ïîâåðõíîñòÿìè
âòîðîãî ïîðÿäêà èëè ïëîñêîñòÿìè. Êàæäûé i-é ÃÏ

çàäàí óðàâíåíèåì â íåÿâíîé ôîðìå 0z)y,(x,Fi ,
ïðè÷åì òàêèì îáðàçîì, ÷òî äëÿ âñåõ òî÷åê, ïðèíàä-
ëåæàùèõ îáúåìó ÄÎ, âûïîëíÿåòñÿ óñëîâèå

0z)y,(x,Fi .                    (1)

 Â îáùåì ñëó÷àå êàæäûé i-é ÃÏ ìîæåò áûòü
îãðàíè÷åí â ïðîñòðàíñòâå n ïëîñêîñòÿìè, òàêæå
çàäàííûìè óðàâíåíèÿìè â íåÿâíîé ôîðìå

0z)y,(x,Fпj , ãäå n1,j  – íîìåð îãðàíè÷èâàþùåé

ïëîñêîñòè пF . Óñëîâèìñÿ, ÷òî îòîáðàæàåòñÿ òà ÷àñòü
ïîâåðõíîñòè i-ãî ÃÏ, êîòîðàÿ íàõîäèòñÿ â îòðèöà-
òåëüíîì ïîëóïðîñòðàíñòâå êàæäîé îãðàíè÷èâàþ-
ùåé ïëîñêîñòè. Òîãäà äëÿ êàæäîé òî÷êè Ð(x,y,z)
îòîáðàæàåìîé ïîâåðõíîñòè i-ãî ÃÏ ñïðàâåäëèâà
ñèñòåìà îòíîøåíèé

0z)y,(x,Fi ,                     (2)

0z)]y,(x,[F iпj  äëÿ âñåõ n1,j .

Îãðàíè÷èìñÿ ñëó÷àåì îðòîãîíàëüíîé êëàññèôèêà-
öèè, êîãäà îáîëî÷êîé ÄÎ ÿâëÿåòñÿ êóá èëè ïàðàë-
ëåëåïèïåä [1]. Ïîëàãàåì, ÷òî äîìåíû, íà êîòîðûå
ïîäðàçäåëÿåòñÿ ïðîñòðàíñòâî îáîëî÷êè, åñòü êóáû
ñ äëèíîé ðåáðà l. Áóäåì òàêæå èñõîäèòü èç òîãî, ÷òî
â îáùåì ñëó÷àå â ïðîöåññå êëàññèôèêàöèè âñåãäà
ìîæåò ñóùåñòâîâàòü ñèòóàöèÿ, ïðè êîòîðîé äëèíà
ðåáðà êóáà ñîîòíîñèòñÿ ñ íàèáîëüøèì ðàçìåðîì
ñå÷åíèÿ êëàññèôèöèðóåìîé ïîâåðõíîñòè êàêîé-
ëèáî ãðàíüþ êóáà ñëåäóþùèì îáðàçîì:

sll ,                        (3)

ãäå sl – íàèáîëüøèé ðàçìåð ñå÷åíèÿ.

2. Àëãîðèòì ñîñòàâëåíèÿ êëàññèôèêàöèîííîãî
îïèñàíèÿ

Ñ ó÷åòîì (1), (2) è (3) ðàññìîòðèì óñëîâèÿ ïðèíàä-
ëåæíîñòè i-ãî ÃÏ k-ìó äîìåíó, ãäå K,1k . Âîç-
ìîæíû ñëåäóþùèå ñëó÷àè, ïðè êîòîðûõ ýòî óñëî-
âèå ìîæåò âûïîëíÿòüñÿ.
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Ñëó÷àé 1. Ïîâåðõíîñòü i-ãî ÃÏ íå îòñå÷åíà îãðàíè-
÷èâàþùèìè ïëîñêîñòÿìè è ïîëíîñòüþ (ëèáî íåêî-
òîðàÿ åå ÷àñòü) íàõîäèòñÿ âíóòðè îáúåìà k-ãî
äîìåíà.

Ñëó÷àé 2. Ïîâåðõíîñòü i-ãî ÃÏ îòñå÷åíà îãðàíè÷è-
âàþùèìè ïëîñêîñòÿìè è íåêîòîðàÿ åå ÷àñòü, ëèáî
âñÿ ïîâåðõíîñòü, íàõîäèòñÿ âíóòðè îáúåìà k-ãî
äîìåíà.

Ââåäåì ïðåäèêàòíîå îïèñàíèå ñëó÷àåâ 1, 2. Îáîçíà-

÷èì ïðåäèêàò cP , ãäå ...}3,2,1{с  ñîîòâåòñòâåííî
äëÿ êàæäîãî ñëó÷àÿ. Ïðè ýòîì

случаепротивномв
,явыполняетсслучаяданного
дляостипринадлежнусловиеесли

c
0

1,
P   (4)

Ââåäåì òàêæå äâîè÷íóþ ïåðåìåííóþ à. Åñëè i-é ÃÏ
èìååò îãðàíè÷èâàþùèå ïëîñêîñòè, òî à=1, â ïðî-
òèâíîì ñëó÷àå à=0. Èñïîëüçóÿ (4), çàïèøåì óðàâ-
íåíèå ïåðåêëþ÷àòåëüíîé ôóíêöèè, ïîçâîëÿþùåå
âû÷èñëèòü óñëîâèå ïðèíàäëåæíîñòè:

21 PaPaf .                  (5)

Èç (4) è (5) ñëåäóåò, ÷òî f=1, åñëè óñëîâèå ïðèíàä-
ëåæíîñòè âûïîëíÿåòñÿ, è f=0 – â ïðîòèâíîì ñëó÷àå.

Âû÷èñëåíèå ïðåäèêàòîâ 1P , 2P  áóäåì âûïîëíÿòü ñ
ïîìîùüþ èòåðàöèîííîãî àëãîðèòìà ITA, èçëîæåí-
íîãî â [2]. Íèæå ïîêàæåì ïðèìåíèìîñòü ITA äëÿ
ðåøåíèÿ ïîäîáíûõ çàäà÷. Äëÿ ýòîãî îòìåòèì ðÿä
ñâîéñòâ ITA.

Ñâîéñòâî 1. Åñëè ñóùåñòâóåò òî÷êà ïåðåñå÷åíèÿ
íåêîòîðîé ïðÿìîé, â îáùåì ñëó÷àå âåêòîðíîé,

)z,y,x(pr  (p – òî÷êà ïåðåñå÷åíèÿ) ñ ïîâåðõíîñòüþ

0z)y,F(x, , òî ITA ïîçâîëÿåò íà êàæäîì øàãå
èòåðàöèé óñòàíîâèòü âûïîëíåíèå óñëîâèÿ (1) äëÿ
òî÷êè, íàõîäÿùåéñÿ íà ýòîé ïðÿìîé è ñîîòâåòñòâó-
þùåé ýòîìó øàãó èòåðàöèé.

Ñâîéñòâî 2. Åñëè îòñóòñòâóåò òî÷êà ïåðåñå÷åíèÿ

íåêîòîðîé ïðÿìîé Pr  ñ ïîâåðõíîñòüþ 0z)y,F(x, ,
òî ITA ïî çàâåðøåíèè èòåðàöèîííîãî ïðîöåññà
ïîçâîëÿåò íàéòè íà ýòîé ïðÿìîé òî÷êó, íàèáîëåå
áëèçêî ðàñïîëîæåííóþ ê ýòîé ïîâåðõíîñòè.

Ñëåäóåò ïîä÷åðêíóòü, ÷òî ðàññìîòðåííûå ñâîéñòâà
ITA, åñòåñòâåííî, èìåþò ìåñòî è äëÿ ñëó÷àÿ äâóõ-

ìåðíîãî ïðîñòðàíñòâà, ò.å. äëÿ )y,x(pr  è 0y)F(x, .

Â äàëüíåéøåì, äëÿ óïðîùåíèÿ èçëîæåíèÿ àëãîðèò-
ìà ñîñòàâëåíèÿ êëàññèôèêàöèîííîãî îïèñàíèÿ,
îïðåäåëèì èòåðàöèîííûé ïðîöåññ ITA êàê ïðîõîä
ñ óêàçàíèåì íóìåðàöèè è ââåäåì îáîçíà÷åíèÿ:
ïðîõîä 1 – ITA1 è ò.ä. Èñïîëüçóÿ ñâîéñòâà (1) è (2),
äîêàæåì ðÿä óòâåðæäåíèé, ïîçâîëÿþùèõ âû÷èñ-

ëèòü ïðåäèêàòû 1P , 2P  ñ ïîìîùüþ ïðîõîäîâ ITA.

Óòâåðæäåíèå 1. Åñëè â ïðîöåññå êëàññèôèêàöèè
âñòðå÷àåòñÿ ñèòóàöèÿ, êîãäà i-é ÃÏ è k-é äîìåí
íàõîäÿòñÿ â òàêîì âçàèìíîì ïðîñòðàíñòâåííîì
ïîëîæåíèè, êîòîðîå ñîîòâåòñòâóåò ñëó÷àþ 1, òî

íåîáõîäèìî è äîñòàòî÷íî íå áîëåå òðåõ ïðîõîäîâ
ITA äëÿ óñòàíîâëåíèÿ ïðèíàäëåæíîñòè i-ãî ÃÏ k-
ìó äîìåíó.

Äîêàçàòåëüñòâî. Íà ðèñ.2 ïðåäñòàâëåíî âîçìîæ-
íîå âçàèìíîå ïîëîæåíèå i-ãî ÃÏ è k-ãî äîìåíà,
ñîîòâåòñòâóþùåå ñëó÷àþ 1. Ïîñêîëüêó ïðåäïîëàãà-
åòñÿ ïðîèçâîëüíûé âûáîð ðåáðà, ïî êîòîðîìó
âûïîëíÿåòñÿ ïåðâûé ïðîõîä èòåðàöèîííîãî àëãî-
ðèòìà – ITA1, òî ðàññìîòðèì âñå âîçìîæíûå
âàðèàíòû. Ïóñòü ýòî áóäåò ðåáðî DE (âàðèàíò 1).
Òîãäà ïîñëå âûïîëíåíèÿ ITA1 áóäåò íàéäåíà òî÷êà
M, íàèáîëåå áëèçêî ðàñïîëîæåííàÿ ê ïîâåðõíîñòè

0z)y,(x,Fi  (ñâîéñòâî 2).

Ðèñ. 2

Âòîðîé ïðîõîä-ITA2 âûïîëíÿåòñÿ ïî ïðÿìîé MN,
ëåæàùåé íà ãðàíè DBHE è ïåðïåíäèêóëÿðíîé ê
ðåáðó DE. Â ñîîòâåòñòâèè ñî ñâîéñòâîì 2 íà ïðÿìîé
MN íàõîäèì òî÷êó K. Òðåòèé ïðîõîä-ITA3 âûïîë-
íÿåòñÿ ïî ïðÿìîé KL, ïåðïåíäèêóëÿðíîé ê ãðàíÿì
DBHE è ACFG, íà êîòîðîé ðàñïîëîæåíà òî÷êà L.
Ïðÿìàÿ KL, êàê âèäíî èç ãåîìåòðè÷åñêèõ ïîñòðî-
åíèé, îáÿçàòåëüíî ïåðåñåêàåò ïîâåðõíîñòü

0z)y,(x,Fi  è, ñëåäîâàòåëüíî, ITA3 ïîçâîëÿåò (ñâîé-
ñòâî 1) ïðîâåðèòü âûïîëíåíèå óñëîâèÿ (1), ò.å.
íàéòè õîòÿ áû îäíó òî÷êó, ïðèíàäëåæàùóþ ïðÿìîé
KL è îáúåìó ëèáî ïîâåðõíîñòè ÃÏ 0z)y,(x,Fi . Èç
ýòîãî ñëåäóåò, ÷òî ïîâåðõíîñòü 0z)y,(x,Fi  ïðèíàä-
ëåæèò äîìåíó.

Ðàññìîòðèì âàðèàíò 2, êîãäà ïåðâûé ïðîõîä ITA1
íà÷èíàåò ñ ðåáðà CD. Òîãäà íà ýòîé ïðÿìîé áóäåò
íàéäåíà òî÷êà C – íàèáîëåå áëèçêàÿ ê ïîâåðõíîñòè

0z)y,(x,Fi  (ñâîéñòâî 2). Äàëåå ITA2 íà ðåáðàõ CF
èëè AC íàéäåò ñîîòâåòñòâåííî òî÷êó K’ èëè K’’
(ñâîéñòâî 2). Çàòåì ITA3 íà ïðÿìîé K’L’ èëè K’’L’’,
êîòîðûå ëåæàò íà ãðàíè ACFG è ïåðïåíäèêóëÿðíû
ñîîòâåòñòâåííî ê ðåáðàì CF è AC, íàéäåò òî÷êè
(ñâîéñòâî 1), óäîâëåòâîðÿþùèå óñëîâèþ (1). Òàê

êàê ýòè òî÷êè ïðèíàäëåæàò ÃÏ 0z)y,(x,Fi  è
îäíîâðåìåííî ãðàíè ACFG, òî, ñëåäîâàòåëüíî,

ïîâåðõíîñòü 0z)y,(x,Fi  ïðèíàäëåæèò äîìåíó.

Âàðèàíò 3, â êîòîðîì ITA1 íà÷èíàåò ñ ðåáðà AC,
òðåáóåò âñåãî 2 ïðîõîäà ITA (ITA2 è ITA3 èç
âàðèàíòà 2). Èç ðèñ.1 ñëåäóåò, ÷òî âûïîëíåíèå ITA1
ïî äðóãèì ðåáðàì ôàêòè÷åñêè ïîâòîðÿåò ðàññìîò-
ðåííûå âàðèàíòû 1-3. Ïðè ýòîì ITA ïîçâîëÿåò
íàéòè òî÷êó â ïðîñòðàíñòâå (â äàëüíåéøåì – îáùàÿ
òî÷êà), êîòîðàÿ îäíîâðåìåííî ïðèíàäëåæèò i-ìó

.
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ÃÏ è k-ìó äîìåíó. Òàêèì îáðàçîì, ìàêñèìàëüíîå
÷èñëî ïðîõîäîâ ITA, êîòîðîå íåîáõîäèìî âûïîë-
íèòü äëÿ óñòàíîâëåíèÿ ôàêòà ïðèíàäëåæíîñòè i-ãî
ÃÏ k-ìó äîìåíó ïðè âçàèìíîì ïðîñòðàíñòâåííîì
ïîëîæåíèè, ñîîòâåòñòâóþùåìó ñëó÷àþ 1, ðàâíî
òðåì, ÷òî è òðåáîâàëîñü äîêàçàòü. Àíàëîãè÷íî
äîêàçûâàåòñÿ ñëó÷àé, êîãäà ïîâåðõíîñòü i-ãî ÃÏ
ïîëíîñòüþ íàõîäèòñÿ âíóòðè k-ãî äîìåíà.

Óòâåðæäåíèå 2. Åñëè â ïðîöåññå êëàññèôèêàöèè
èìååì ñëó÷àé 2, òî äëÿ íåãî âûïîëíèìîñòü óòâåð-
æäåíèÿ 1 (íàõîæäåíèå îáùåé òî÷êè) ÿâëÿåòñÿ
íåîáõîäèìûì óñëîâèåì ïðèíàäëåæíîñòè i-ãî ÃÏ k-
ìó äîìåíó, à äîñòàòî÷íûì – óäîâëåòâîðåíèå ñèñòå-
ìû íåðàâåíñòâ (2) äëÿ íàéäåííîé îáùåé òî÷êè.

Äîêàçàòåëüñòâî. Íà ðèñ.2 ïðåäñòàâëåíû äâà âà-
ðèàíòà âòîðîãî ñëó÷àÿ. Ïî ïåðâîìó âàðèàíòó îãðà-
íè÷èâàþùèå ïëîñêîñòè (â äàííîì ñëó÷àå 1П  è 2П )
íå ïðîõîäÿò ÷åðåç îáúåì k-ãî äîìåíà. Ïî âòîðîìó
âàðèàíòó õîòÿ áû îäíà îãðàíè÷èâàþùàÿ ïëîñêîñòü
ïðîõîäèò ÷åðåç îáúåì k-ãî äîìåíà. Íà ðèñ.3 îãðà-
íè÷èâàþùàÿ ïëîñêîñòü 2П  ïðîõîäèò ÷åðåç îáúåì
(k+1)-ãî äîìåíà. Ðàññìîòðèì îáà âàðèàíòà.

k-й домен

(k+1)-й домен

П

П

Ðèñ. 3

Âàðèàíò 1. Â êà÷åñòâå i-ãî ÃÏ ïðåäñòàâëåí öèëèíäð,
÷òî íå ñíèæàåò îáùíîñòü äîêàçàòåëüñòâà. Öèëèíäð

îòñå÷åí îãðàíè÷èâàþùèìè ïëîñêîñòÿìè 1П  è 2П .
Ïîëàãàåì, ÷òî k-é äîìåí íàõîäèòñÿ â îòðèöàòåëü-
íîì ïîëóïðîñòðàíñòâå ýòèõ ïëîñêîñòåé, ò.å. äëÿ
âñåõ âåðøèí äîìåíà âûïîëíÿåòñÿ ñèñòåìà íåðà-
âåíñòâ (2). Òàêèì îáðàçîì, ëþáàÿ îáùàÿ òî÷êà,
íàéäåííàÿ ITA â ýòîì äîìåíå, áóäåò òàêæå óäîâëåò-
âîðÿòü ñèñòåìå íåðàâåíñòâ (2). Èç ãåîìåòðè÷åñêèõ
ïîñòðîåíèé ñëåäóåò, ÷òî öèëèíäð, ÿâëÿÿñü íåçàìê-
íóòîé ôèãóðîé, êðîìå k-ãî äîìåíà ïåðåñåêàåò è
äðóãèå äîìåíû, êîòîðûå ìîãóò íàõîäèòüñÿ â ïîëî-
æèòåëüíîì ïîëóïðîñòðàíñòâå ïëîñêîñòåé 1П  è 2П .
Îäíàêî îáùèå òî÷êè, íàéäåííûå ITA äëÿ òàêèõ
äîìåíîâ è i-ãî ÃÏ, íå áóäóò óäîâëåòâîðÿòü ñèñòåìå
íåðàâåíñòâ (2) è, ñëåäîâàòåëüíî, ïîâåðõíîñòü i-ãî
ÃÏ íå ïðèíàäëåæèò òàêèì äîìåíàì, ÷òî è òðåáîâà-
ëîñü äîêàçàòü.

Çàïèøåì â âèäå ïðåäèêàòà 3P  óñëîâèå âûïîëíåíèÿ
ñèñòåìû íåðàâåíñòâ (2) äëÿ îáùåé òî÷êè, íàéäåí-
íîé â k-ì äîìåíå. Çäåñü 1P3 , åñëè ñèñòåìà
íåðàâåíñòâ âûïîëíÿåòñÿ, è 0P3 , åñëè (2) íå
âûïîëíÿåòñÿ äëÿ íàéäåííîé îáùåé òî÷êè. Òîãäà â
ñîîòâåòñòâèè ñ óòâåðæäåíèÿìè 1 è 2 èìååì:

312 PPP .                      (6)

Âàðèàíò 2. Íà ðèñ.3 â êà÷åñòâå ïðèìåðà îãðàíè÷è-

âàþùàÿ ïëîñêîñòü 2П  ïðîõîäèò ÷åðåç (k+1)-é äî-
ìåí, ò.å. ïåðåñåêàåò åãî. Òîãäà îäíè âåðøèíû ýòîãî
äîìåíà íàõîäÿòñÿ â îòðèöàòåëüíîì ïîëóïðîñòðàí-
ñòâå ýòîé ïëîñêîñòè, à äðóãèå – â ïîëîæèòåëüíîì.
Îáîçíà÷èì êîîðäèíàòû d-é âåðøèíû k-ãî äîìåíà

)z,y,(x ddd , ãäå 8,1d . Óñëîâèå ïåðåñå÷åíèÿ çàïè-
øåì â âèäå ñèñòåìû íåðàâåíñòâ:

0)z,y,x(F dddпj                (7)

äëÿ âñåõ 8,1d  è âñåõ n,1j .

Óñëîâèå (7) ñëåäóåò ïîíèìàòü òàê, ÷òî ñðåäè âñåõ
íåðàâåíñòâ åñòü õîòÿ áû îäíî ïðîòèâîïîëîæíîãî
çíàêà. Çäåñü âàæíî îòìåòèòü, ÷òî îãðàíè÷èâàþùàÿ
ïëîñêîñòü ìîæåò ïðîéòè ÷åðåç îáúåì k-ãî äîìåíà
ðàçëè÷íûì îáðàçîì. Ïðè ýòîì ñå÷åíèå i-ãî ÃÏ j-é
ïëîñêîñòüþ èëè õîòÿ áû íåêîòîðàÿ åãî ÷àñòü ìîãóò
áûòü â ýòîì äîìåíå ëèáî íåò. Î÷åâèäíî, ÷òî â
ïåðâîì ñëó÷àå i-é ÃÏ ïðèíàäëåæèò k-ìó äîìåíó, à
âî âòîðîì – íå ïðèíàäëåæèò. Òî÷íûé àíàëèç ýòîãî
âàðèàíòà ïðèâîäèò ê óñëîæíåíèþ àëãîðèòìà êëàñ-
ñèôèêàöèè. Åñëè âîîáùå íå àíàëèçèðîâàòü âàðèàíò
2, òî ìîæíî ïðîïóñòèòü ôàêò ïðèíàäëåæíîñòè i-ãî
ÃÏ k-ìó äîìåíó, ÷òî íåäîïóñòèìî. Ïîýòîìó áóäåì
ñ÷èòàòü, ÷òî åñëè âûïîëíÿåòñÿ óñëîâèå (7) è îáùàÿ
òî÷êà ñóùåñòâóåò, òî i-é ÃÏ ïðèíàäëåæèò k-ìó
äîìåíó. Ïðè òàêîì ïîäõîäå ê ñîñòàâëåíèþ ñïèñêà
â êëàññèôèêàöèîííîì îïèñàíèè ìîãóò ïîÿâèòüñÿ
íåêîòîðûå k-å äîìåíû, íàçîâåì èõ - èçáûòî÷íûå,
êîòîðûì íå ïðèíàäëåæèò i-é ÃÏ, íî ïðè ýòîì íå
áóäóò ïîòåðÿíû ÃÏ â ïðîöåññå êëàññèôèêàöèè.
Çàïèøåì â âèäå ïðåäèêàòà 4P  óñëîâèå (7). Ïðè ýòîì

1P4 , åñëè óñëîâèå (7) âûïîëíÿåòñÿ, è 0P4 , åñëè
íå âûïîëíÿåòñÿ. Òîãäà, ñ ó÷åòîì âòîðîãî âàðèàíòà,
ñêîððåêòèðóåì óðàâíåíèå (6):

)PP(PPPPPP 43141312 .         (8)

Îêîí÷àòåëüíî, ñ ó÷åòîì (5) è (8), èìååì óñëîâèå
ïðèíàäëåæíîñòè â âèäå

21 PaPaf )PP(PaPa 4311

)]4P3P(aa[1P .               (9)

Äëÿ äàëüíåéøåãî óïðîùåíèÿ àëãîðèòìà êëàññèôè-
êàöèè ðàññìîòðèì óñëîâèå îòñóòñòâèÿ ïðèíàäëåæ-
íîñòè i-ãî ÃÏ k-ìó äîìåíó. Ñôîðìóëèðóåì óòâåð-
æäåíèå.

Óòâåðæäåíèå 3. Åñëè i-é ÃÏ èìååò îãðàíè÷èâàþùèå

ïëîñêîñòè 0z)y,(x,Fпj  è ïðè ýòîì äëÿ âñåõ âåðøèí

(ò.å. âñåõ 8,1d ) k-ãî äîìåíà âûïîëíÿåòñÿ õîòÿ áû
îäíà ñèñòåìà íåðàâåíñòâ

0)]z,y,x(F[ idddпj ,             (10)

ò.å. õîòÿ áû äëÿ îäíîé j-é ïëîñêîñòè, ãäå n,1j , òî

ïîâåðõíîñòü i-ãî ÃÏ íå ïðèíàäëåæèò k-ìó äîìåíó.

Äîêàçàòåëüñòâî. Äåéñòâèòåëüíî, åñëè âñå âåð-
øèíû k-ãî äîìåíà íå óäîâëåòâîðÿþò ñèñòåìå íåðà-
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âåíñòâ (2), òî è îáùàÿ òî÷êà, íàéäåííàÿ â ýòîì
äîìåíå, íå áóäåò óäîâëåòâîðÿòü (2) è, ñëåäîâàòåëü-
íî, âñå òî÷êè îòîáðàæàåìîé ïîâåðõíîñòè i-ãî ÃÏ íå
ïðèíàäëåæàò k-ìó äîìåíó, ÷òî è òðåáîâàëîñü äîêà-
çàòü.

Çàïèøåì â âèäå ïðåäèêàòà 5P  óñëîâèå (10), ïðè÷åì
1P5 , åñëè óñëîâèå (7) âûïîëíÿåòñÿ, è 0P5 , åñëè

íå âûïîëíÿåòñÿ. Òîãäà, ñ ó÷åòîì óòâåðæäåíèÿ 3,
îêîí÷àòåëüíî ôóíêöèÿ ïðèíàäëåæíîñòè принf  áó-
äåò èìåòü âèä

)]PP(aa[PPPff 43515прин .   (11)

Óòâåðæäåíèÿ 1, 2, 3 è ñîîòíîøåíèå (11) ÿâëÿþòñÿ
îñíîâîé äëÿ ïîñòðîåíèÿ àëãîðèòìà êëàññèôèêà-
öèè, ñîñòîÿùåãî èç ñëåäóþùèõ ýòàïîâ.

Ýòàï 1. Èç èñõîäíîãî êîëè÷åñòâà äîìåíîâ dN
âûáèðàåòñÿ k-é äîìåí.

Ýòàï 2. Äëÿ i-ãî ÃÏ âû÷èñëÿåòñÿ ñîîòíîøåíèå (11)
è óñòàíàâëèâàåòñÿ ïðèíàäëåæíîñòü ÃÏ k-ìó äîìå-
íó. Ñîîòíîøåíèå (11) ðåêîìåíäóåòñÿ âû÷èñëÿòü â
ñëåäóþùåì ïîðÿäêå. Óñòàíàâëèâàåòñÿ çíà÷åíèå
äâîè÷íîé ïåðåìåííîé à. Åñëè à=1, òî âû÷èñëÿåòñÿ

5P , çàòåì 1P  è äàëåå 3P  èëè 4P . Åñëè à=0, òî
âû÷èñëÿåòñÿ òîëüêî 1P . Ýòàï 2 ïîâòîðÿåòñÿ äëÿ âñåõ
ÃÏ.

Ýòàïû 1 è 2 âûïîëíÿþòñÿ ïîî÷åðåäíî äëÿ âñåõ Ê
äîìåíîâ, è â ïðîöåññå âû÷èñëåíèé çàïîëíÿåòñÿ
ñïèñîê – êëàññèôèêàöèîííîå îïèñàíèå. Íà ýòîì
ðàáîòà àëãîðèòìà çàâåðøàåòñÿ.

3. Ðåçóëüòàòû è ðåêîìåíäàöèè

Âûïîëíåíî ìîäåëèðîâàíèå ïðåäëîæåííîãî àëãî-
ðèòìà ïðè ñîñòàâëåíèè êëàññèôèêàöèîííîãî îïè-
ñàíèÿ ÄÎ, ïðåäñòàâëåííîãî íà ðèñ.1. Äàííûé
îáúåêò èìååò ãðàôè÷åñêèõ ïðèìèòèâîâ 85NГП ,
äîìåíîâ 3840Nd . Êëàññèôèêàöèÿ âñåõ ÃÏ âû-
ïîëíåíà áåç èõ ïîòåðü.

Ïðåäëàãàåìûé àëãîðèòì öåëåñîîáðàçíî èñïîëüçî-
âàòü ïðè ñîñòàâëåíèè îïèñàíèÿ äèíàìè÷åñêèõ îáúåê-
òîâ äëÿ ñèíòåçà èçîáðàæåíèÿ ìåòîäîì îáðàòíîãî
òðàññèðîâàíèÿ â ñèñòåìàõ âèçóàëèçàöèè.
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CONCURRENT CONTROLLER

DESIGN BY MEANS OF HIGH-LEVEL

PETRI NETS

WEGRZYN AGNIESZKA

Concurrent controllers can be modelled using Petri net.
Petri net is a graphical and mathematical modelling tool.
It can describe processing systems, characterized as being
concurrent, asynchronous, distributed, nondeterministic
[5]. Wide theory of Petri nets is a powerful tool for
modelling and analysis of the behaviour of logic controllers.
In the paper, a system for modelling, simulation and
analysis of logic controllers described by Petri nets is
presented. The new tool (XML language) for modelling
Petri net and new possibility connected with it is presented,
too.

1. Introduction

Design of concurrent controllers consists of a few steps.
The first step is modelling. A large majority of logic
controllers perform parallel actions. By reason of it, very
useful tools for modelling of such circuits are the Petri
nets. Petri nets are the mathematical objects that exist
independently of any physical representation. The nets
can effectively describe parallelism.

The most important design stage is analysis. In the
paper, two methods of formal analysis and one method
of simulation are described.

In presented design system PeNCAD (section 3), Petri
nets are modelled using XML. Because of this fact, it
is possible to simulate using SVG graphics. For large
Petri net models, such method of analysis is very
inconvenient.

As Petri nets have well-defined semantics, their formal
analysis is possible. The analysis of Petri net is based
on checking some properties of Petri net called liveness
and boundedness. Liveness is one of the most important
properties in Petri net analysis.

In section 3.3, two methods of analysis are presented.
Both methods use special expressions called Horn
formulae as the representation of Petri nets. In the first
case, Horn formulae are solved using Thelen’s tree and
the second algorithm is based on ROBDD diagram.
These methods are suitable for Extended Free Choice
(EFC) Petri net.

Analysis techniques can be grouped into three classes:

1) analysis of interpreted Petri net;

2) analysis based on testing a net depending on initial
marking;

3) structural analysis based on testing a net independent
on initial marking.


