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ÏÐÎÑÒÐÀÍÑÒÂÀÕ ÏËÀÒÔÎÐÌÛ SMART-M3

Ëîìîâ À.À., Êîðçóí Ä.Æ. Îïåðàöèÿ ïîäïèñêè äëÿ ïðèëîæåíèé â èí-

òåëëåêòóàëüíûõ ïðîñòðàíñòâàõ ïëàòôîðìû Smart-M3.

Àííîòàöèÿ. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ îïåðàöèÿ ïîäïèñêè, èñïîëü-
çóåìàÿ ïðè ðàçðàáîòêå ìíîãîàãåíòíûõ ïðèëîæåíèé èíòåëëåêòóàëüíûõ ïðî-
ñòðàíñòâ íà ïëàòôîðìå Smart-M3. Ñèñòåìàòèçèðóþòñÿ àëãîðèòìû áàçîâîé îïå-
ðàöèè ïîäïèñêè, âûïîëíÿåìûå íà ñòîðîíå àãåíòà. Áàçîâàÿ îïåðàöèÿ ïîäïèñêè
ðàáîòàåò íà óðîâíå RDF-ìîäåëè ïðåäñòàâëåíèÿ äàííûõ. Íà îñíîâå âûïîëíåí-
íîé ñèñòåìàòèçàöèè è ñ ó÷åòîì ìîäåëüíî-îðèåíòèðîâàííîãî ïîäõîäà ê ðàçðà-
áîòêå ïðîãðàìì ïðåäëàãàþòñÿ íîâûå òèïû ïîäïèñêè, îïåðèðóþùèå íà óðîâíå
OWL-ìîäåëè. Ïðåäëàãàåìûå òèïû ïîäïèñêè ðåàëèçîâàíû â èíñòðóìåíòàðèè
SmartSlog, ÷òî ïîçâîëÿåò ïðîãðàììèðîâàòü àãåíòîâ â âûñîêîóðîâíåâûõ îíòî-
ëîãè÷åñêèõ òåðìèíàõ (êëàññ, ñâîéñòâî, èíäèâèä).
Êëþ÷åâûå ñëîâà: èíòåëëåêòóàëüíûå ïðîñòðàíñòâà, Smart-M3, ïîäïèñêà, îí-
òîëîãèè, RDF, OWL, SmartSlog.

Lomov A.A., Korzun D.G. Subscription operation for applications in smart
spaces of Smart-M3 platform.
Abstract. The paper considers the subscription operation for multi-agent appli-
cation development on Smart-M3 platform. We systematize the algorithms of the
basic subscription operation that Smart-M3 agents implement. The basic subscrip-
tion operation uses the RDF representation model. Based on the systematization
and taking into account the model-driven approach, we propose new subscription
types that apply the OWL representation model. The proposed subscription types
are implemented in SmartSlog SDK, resulting in compact application code that
operates with high-level ontological terms (class, property, individual). Keywords:
smart spaces, Smart-M3, subscription, ontology, RDF, OWL, SmartSlog.

1. Ââåäåíèå. Ïëàòôîðìà Smart-M31 ïðåäíàçíà÷åíà äëÿ ñîçäà-
íèÿ ìíîãîàãåíòíûõ ðàñïðåäåëåííûõ ïðèëîæåíèé, âçàèìîäåéñòâóþ-
ùèõ â îáùåì �èíòåëëåêòóàëüíîì ïðîñòðàíñòâå� (ÈÏ, îò àíãë. �smart
space�) [1, 2]. Ñîçäàåòñÿ ðàçäåëÿåìîå õðàíèëèùå äèíàìè÷åñêîé èí-
ôîðìàöèè [3], ðåàëèçóþùåå ñðåäó �ïîâñåìåñòíûõ âû÷èñëåíèé� (îò
àíãë. �ubiquitous computing�). Èíôîðìàöèÿ ïðåäñòàâëåíà ïî ìîäå-
ëè RDF [4] (îò àíãë. �resource description framework�), è äîñòóï
óïðàâëÿåòñÿ ñåìàíòè÷åñêèì èíôîðìàöèîííûì áðîêåðîì (îò àíãë.
�semantic information broker�, äàëåå � SIB).

1Îòêðûòûé êîä äîñòóïåí íà http://sourceforge.net/projects/smart-m3/
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Ïðèëîæåíèå ñòðîèòñÿ êàê íàáîð ïðîöåññîðîâ çíàíèé (îò àíãë.
�knowledge processor�, äàëåå � KP), êàæäûé èç êîòîðûõ ðåàëèçóåò
ïðîãðàììíîãî àãåíòà. Àãåíòû ìîãóò ðàáîòàòü íà ðàçíîðîäíûõ âû-
÷èñëèòåëüíûõ óñòðîéñòâàõ (ñåíñîðû, áûòîâàÿ òåõíèêà, ìîáèëüíûå
óñòðîéñòâà, ñåðâåðíûå ÝÂÌ è ïð.), âçàèìîäåéñòâóÿ ïîñðåäñòâîì
ðàçäåëåíèÿ äàííûõ â ÈÏ. Äîñòóï KP ê ÈÏ ïðîèñõîäèò ÷åðåç SIB
ïî ïðîòîêîëó SSAP (îò àíãë. �smart space access protocol�) èñïîëüçóÿ
òàêèå áàçîâûå îïåðàöèè, êàê �âñòàâêà�, �óäàëåíèå�, �îáíîâëåíèå� è
�ïîäïèñêà�, àðãóìåíòàìè êîòîðûõ âûñòóïàþò RDF-òðèïëåòû. Ïîä-
ïèñêà îïðåäåëÿåò ñïåöèàëüíûé âèä çàïðîñà �� ïîñòîÿííûé çàïðîñ.
Ïðè èçìåíåíèè â ÈÏ äàííûõ, îïðåäåëÿåìûõ òàêèì çàïðîñîì, KP-
ïîäïèñ÷èê ïîëó÷àåò óâåäîìëåíèå îò SIB.

Äëÿ Smart-M3-ïðèëîæåíèé ìîæíî èñïîëüçîâàòü ìåòîäû àâ-
òîìàòèçèðîâàííîé ìîäåëüíî-îðèåíòèðîâàííîé ðàçðàáîòêè, åñëè
ñòðóêòóðà ïðåäìåòíîé îáëàñòè çàäàåòñÿ îíòîëîãèåé [5]. Òàêîé
ïîäõîä ðåàëèçóåòñÿ â èíñòðóìåíòàðèè SmartSlog2. Ïðè ðàáîòå ñ
îíòîëîãèÿìè èñïîëüçóåòñÿ ÿçûê OWL (îò àíãë. �web ontology langu-
age�) �� ñòàíäàðò ïðåäñòàâëåíèÿ çíàíèé â ñåìàíòè÷åñêîì âåá [4,6].
Ñîîòâåòñòâóþùèå âîçìîæíîñòè äîñòóïíû ïðîãðàììèñòó ÷åðåç
èíòåðôåéñ ïðèêëàäíîãî ïðîãðàììèðîâàíèÿ (API) îíòîëîãè÷åñêîé
KP-áèáëèîòåêè, ãåíåðèðóåìîé ïî OWL-îíòîëîãèè.

Öåëü íàñòîÿùåé ðàáîòû ñîñòîèò â ñèñòåìàòèçàöèè àëãîðèòìîâ
áàçîâîé îïåðàöèè ïîäïèñêè ïëàòôîðìû Smart-M3 (íà óðîâíå RDF)
è ðàçðàáîòêå âûñîêîóðîâíåâûõ òèïîâ ïîäïèñêè (íà óðîâíå OWL).
Ïîñëåäíèå ðàáîòàþò ñ îíòîëîãè÷åñêèìè êëàññàìè è ñî ñâîéñòâà-
ìè èíäèâèäîâ. Íà ñòîðîíå KP-ïîäïèñ÷èêà ïðîâåðêà óâåäîìëåíèé
ïðîâîäèòñÿ êàê ñèíõðîííî, òàê è àñèíõðîííî. Ïðåäëàãàåìûå òè-
ïû ïîäïèñêè ðåàëèçóþòñÿ â èíñòðóìåíòàðèè SmartSlog ñâåä�åíèåì
ê àëãîðèòìàì áàçîâîé îïåðàöèè ïîäïèñêè. Íèçêîóðîâíåâûå äåòàëè
òàêîãî ñâåä�åíèÿ ñêðûòû îò ïðîãðàììèñòà, ïîçâîëÿÿ îïåðèðîâàòü â
êîäå ïðîãðàììû òåðìèíàìè ïðåäìåòíîé îáëàñòè èç çàäàííîé OWL-
îíòîëîãèè. Ðàáîòà ÿâëÿåòñÿ ðàçâèòèåì [7].

2. Áàçîâàÿ îïåðàöèÿ ïîäïèñêè. Ïëàòôîðìà Smart-M3 ðå-
àëèçóåò øàáëîí ïðîåêòèðîâàíèÿ �èçäàòåëü-ïîäïèñ÷èê�, îïðåäåëÿ-
þùèé çàâèñèìîñòü �îäèí êî ìíîãèì� ìåæäó âçàèìîäåéñòâóþùè-
ìè îáúåêòàìè. Ïðè èçìåíåíèè ñîñòîÿíèÿ îáúåêòà âñå çàâèñÿùèå îò
íåãî îáúåêòû îïîâåùàþòñÿ [8]. Øàáëîí ïðèìåíÿåòñÿ â ñëàáîñâÿçàí-

2Îòêðûòûé êîä äîñòóïåí íà http://sourceforge.net/projects/smartslog/
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íûõ ðàñïðåäåëåííûõ ñèñòåìàõ [9]. Èñïîëüçóþòñÿ òðè ãðóïïû îáú-
åêòîâ: 1) ïîäïèñ÷èêè, çàèíòåðåñîâàííûå â ïîëó÷åíèè èíôîðìàöèè,
2) èçäàòåëè, ïóáëèêóþùèå èíôîðìàöèþ è 3) ñåðâèñ-ïîñðåäíèêè,
óâåäîìëÿþùèå î ñîáûòèÿõ. Òàêîé ïîäõîä ïîçâîëÿåò ñîçäàâàòü ïðî-
àêòèâíûå è êîíòåêñòíî-îðèåíòèðîâàííûå ïðèëîæåíèÿ [10�12].

Â ïëàòôîðìå Smart-M3 ïîäïèñ÷èêàìè è èçäàòåëÿìè ÿâëÿþòñÿ
KP, à ñåðâèñ-ïîñðåäíèêàìè � áðîêåðû SIB. Áàçîâàÿ îïåðàöèÿ èñ-
ïîëüçóåò íàáîð Ò-øàáëîíîâ äëÿ îïðåäåëåíèÿ ïîäïèñûâàåìûõ äàí-
íûõ. Êàæäûé Ò-øàáëîí � ýòî òðèïëåò, ãäå äîïóñêàþòñÿ ìàñêè äëÿ
ñóáúåêòà, ïðåäèêàòà èëè îáúåêòà. Íàáîð Ò-øàáëîíîâ õðàíèò SIB
äëÿ êàæäîé ïîäïèñêè. Åñëè ñîîòâåòñòâóþùèå øàáëîíó äàííûå êåì-
ëèáî èçìåíÿþòñÿ â ÈÏ, òî ïîäïèñ÷èêè ïîëó÷àþò óâåäîìëåíèÿ.

Ïîäïèñêà ïîçâîëÿåò ñèíõðîíèçèðîâàòü ëîêàëüíûå äàííûå KP ñ
ñîäåðæèìûì ÈÏ. Âûäåëèì äâå ñòàäèè ñèíõðîíèçàöèè: 1) íà÷àëü-
íàÿ � ïðè ïîäïèñàíèè KP ïîëó÷àåò âñå òðèïëåòû èç ÈÏ, óäîâëå-
òâîðÿþùèå çàäàííûì Ò-øàáëîíàì è 2) âî âðåìÿ óâåäîìëåíèÿ �
KP ïîëó÷àåò òå òðèïëåòû, êîòîðûå áûëè èçìåíåíû â ÈÏ.

Ïðèìåð Ò-øàáëîíîâ è ñîîòâåòñòâóþùåå èì ñîäåðæèìîå ÈÏ ïðè-
âåäåíû íà ðèñ. 1. Ò-øàáëîí a îïðåäåëÿåò êîíêðåòíûé òðèïëåò. Â
íåì íå èñïîëüçóåòñÿ ìàñêà, è óâåäîìëåíèÿ áóäóò ïðèõîäèòü ïðè
ïîìåùåíèè â èëè óäàëåíèè èç ÈÏ ñîîòâåòñòâóþùåãî òðèïëåòà. Ò-
øàáëîíû b, c è d èñïîëüçóþò ìàñêó, ïîçâîëÿÿ îòñëåæèâàòü èçìåíå-
íèÿ íàáîðà òðèïëåòîâ. Òàê, Ò-øàáëîíû c è d ñîîòâåòñòâóþò ëþáûì
òðèïëåòàì ñ ïðåäèêàòîì surname èëè ñóáúåêòîì Person2.

Áàçîâàÿ îïåðàöèÿ ïîäïèñêè ñîñòîèò èç ÷åòûðåõ îñíîâíûõ øàãîâ,
âûïîëíÿåìûõ íà ñòîðîíå KP (ñì. áëîê-ñõåìó íà ðèñ. 2).

Ðèñ. 1: Îòîáðàæåíèå T-øàáëîíîâ â RDF-õðàíèëèùå. Ò-øàáëîí a
îïðåäåëÿåò òðèïëåò 1; b � 2; c � íàáîð {3, 4}; d � {1, 3}.
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Ðèñ. 2. Áëîê-ñõåìà áàçîâîé ïîäïèñêè ïëàòôîðìû Smart-M3.

1. Ôîðìèðîâàíèå Ò-øàáëîíîâ.

2. Ïîäïèñêà íà âûáðàííûå äàííûå, íà÷àëüíàÿ ñèíõðîíèçàöèÿ,
íà÷èíàåòñÿ ñåññèÿ ïîäïèñêè.

3. Îòñëåæèâàíèå óâåäîìëåíèé îò ÈÏ, ñèíõðîíèçàöèÿ äàííûõ.

4. Çàâåðøåíèå ïîäïèñêè (îòïèñêà), çàêðûòèå ñåññèè ïîäïèñêè
(SIB âûñûëàåò KP óâåäîìëåíèå îá îòïèñêå).
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Ðèñ. 3. Ïðèìåð ðàáîòû áàçîâîé ïîäïèñêè (óðîâåíü RDF).

Ïðèìåð ðàáîòû áàçîâîé ïîäïèñêè ïîêàçàí íà ðèñ. 3. Ñôîðìè-
ðîâàííûå äâà Ò-øàáëîíà îòñëåæèâàþò ìåñòîïîëîæåíèå ÷åëîâåêà
Person1 è èçìåíåíèå äàííûõ î Person2. Ïðè íà÷àëüíîé ñèíõðî-
íèçàöèè KP ïîëó÷àåò âñå òðèïëåòû èç ÈÏ, óäîâëåòâîðÿþùèå T-
øàáëîíàì. Â õîäå ïîäïèñêè ïîñòóïàþò óâåäîìëåíèÿ îá èçìåíåíèÿõ,
ñîâåðøàåìûõ äðóãèìè ÊÐ. Êàæäîå óâåäîìëåíèå ñîäåðæèò ñïèñêè ñ
óäàëåííûìè è äîáàâëåííûìè â ÈÏ òðèïëåòàìè, èñïîëüçóÿ êîòîðûå
KP ïðîâîäèò ëîêàëüíóþ ñèíõðîíèçàöèþ.

Îáíîâëåíèå â ÈÏ � ýòî çàìåíà ñòàðîãî òðèïëåòà íà íîâûé. Â
ïðèìåðå íà ðèñ. 3 ïðè èçìåíåíèè ìåñòîïîëîæåíèÿ ÷åëîâåêà òðèïëåò
Person1�location�loc1 óäàëÿåòñÿ, à òðèïëåò Person1�location�loc2 äî-
áàâëÿåòñÿ. Òåì ñàìûì, KP äîëæåí íàõîäèòü ñîîòâåòñòâèå ìåæäó
ëîêàëüíûìè òðèïëåòàìè è òðèïëåòàìè èç óâåäîìëåíèÿ.

Ïðîâåðêà ïîñòóïëåíèÿ óâåäîìëåíèé è îáðàáîòêà ìîãóò ïðîâî-
äèòüñÿ ìíîãîêðàòíî â òå÷åíèè ñåññèè ïîäïèñêè. Â çàâèñèìîñòè îò
ðåàëèçàöèè øàãà 3 (ðèñ. 2) ïîÿâëÿþòñÿ ðàçíûå òèïû ïîäïèñêè. Ðàñ-
ñìîòðèì ñèíõðîííóþ è àñèíõðîííóþ ïðîâåðêó óâåäîìëåíèé.

3. Ñèíõðîííàÿ ïîäïèñêà. Ïðè ñèíõðîííîé ïðîâåðêå òåêóùèé
ïîòîê âûïîëíåíèÿ ïðîãðàììû íà ñòîðîíå KP áëîêèðóåòñÿ 1) äî
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ïîëó÷åíèÿ óâåäîìëåíèÿ èëè 2) ïî òàéìåðó. Â ïåðâîì ñëó÷àå, KP
îæèäàåò èçìåíåíèÿ äàííûõ â ÈÏ. Âî âòîðîì ñëó÷àå, áëîêèðîâêà
ïðåêðàùàåòñÿ, åñëè çà óêàçàííîå âðåìÿ íå ïîëó÷åíî óâåäîìëåíèÿ.

Íà ñòîðîíå KP ñèíõðîííàÿ ïîäïèñêà äîñòóïíà ÷åðåç èíòåðôåéñ
KPI (îò àíãë. �KP interface�), ñì. ñïèñîê KPI â [5]. Ïðîãðàììà KP
âûçûâàåò ñîîòâåòñòâóþùóþ KPI-ôóíêöèþ. Ïðè ïîëó÷åíèè óâåäîì-
ëåíèÿ â KP ïåðåäàþòñÿ òîëüêî ñïèñêè èçìåíåííûõ òðèïëåòîâ, áåç
ñèíõðîíèçàöèè äàííûõ. Êîä KP äëÿ ïîäïèñêè ïîêàçàí íà ëèñòèí-
ãå 1 (íà îñíîâå èíòåðôåéñà Ñ_KPI3).

Îáîçíà÷èì ÷åðåç ∆t èíòåðâàë ïîâòîðíîé ïðîâåðêè ïîäïèñêè �
âðåìÿ îò îêîí÷àíèÿ ðàáîòû (**) äî íîâîãî âûçîâà KPI-ôóíêöèè (*),
êàê ïîêàçàíî íà ðèñ. 4. Íà ∆t ïðîâåðêà ïîñòóïëåíèÿ óâåäîìëåíèé
ïðîãðàììîé KP íå âûïîëíÿåòñÿ. Â òî æå âðåìÿ SIB íà ∆t ìîæåò îò-
ïðàâëÿòü óâåäîìëåíèÿ. Ýòè óâåäîìëåíèÿ íàêàïëèâàþòñÿ â áóôåðå
ñåòåâîãî ñîêåòà, ðåàëèçóåìîãî ÎÑ óñòðîéñòâà, íà êîòîðîì çàïóùåí
KP. Òàêèå óâåäîìëåíèÿ KP ñìîæåò îáðàáîòàòü ïðè î÷åðåäíîì âû-
çîâå KPI-ôóíêöèè ñèíõðîííîé ïîäïèñêè. Ðàçìåð ñåòåâîãî áóôåðà
îãðàíè÷åí, ïîýòîìó âîçìîæíà ïîòåðÿ óâåäîìëåíèé, ïîñòóïèâøèõ
íà ∆t. Äëèíà ∆t îïðåäåëÿåòñÿ ïðîãðàììíîé ëîãèêîé KP � óâåëè-
÷åíèå ÷àñòîòû âûçûâîâ KPI-ôóíêöèè óìåíüøàåò ∆t.

Ðèñ. 4. Áëîêèðîâêà ïðè ñèíõðîííîé ïîäïèñêå.

4. Àñèíõðîííàÿ ïîäïèñêà. Îòñëåæèâàíèå óâåäîìëåíèé âû-
ïîëíÿåòñÿ â ôîíîâîì ðåæèìå, ÷òî òðåáóåò ñîçäàíèÿ äîïîëíèòåëü-
íûõ ïîòîêîâ (ïîìèìî ïîòîêà ïðîãðàììû KP) è ïðèìåíåíèÿ ôóíê-
öèé îáðàòíîãî âûçîâà (callback).

4.1. Àñèíõðîííàÿ ïîäïèñêà ñ îäíèì ïîòîêîì. Âûäåëÿåòñÿ
îäèí ôîíîâûé ïîòîê äëÿ îáñëóæèâàíèÿ âñåõ ïîäïèñîê i = 1, 2, . . . , n
íà ñòîðîíå KP. Ïîòîê ïðîâåðÿåò ïîäïèñêè ïî êðóãîâîìó öèêëó
(round robin). Ïðîâåðêà îòäåëüíîé ïîäïèñêè ðåàëèçóåòñÿ êàê ñèí-

3Îòêðûòûé êîä äîñòóïåí íà http://sourceforge.net/projects/smartslog/
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1: // Ò-øàáëîí äëÿ ìåñòîïîëîæåíèÿ: Person1�location�*
2: ss_triple_t triple_rqst = NULL;

3: ss_add_triple(&triple_rqst, "Person1", "location",

SS_RDF_SIB_ANY, SS_RDF_TYPE_URI, SS_RDF_TYPE_URI);

4: // Ïîäïèñûâàåìñÿ
5: ss_triple_t *triple = NULL;

6: ss_subs_info_t subs_info;

7: if (ss_subscribe(ss_info, &subs_info, triple_rqst,

&triple) != 0) {

8: printf("Failed to subscribe.");

9: . . .
10: }

11: ss_delete_triples(triple_rqst);

12: // Ïîñòóïëåíèå óâåäîìëåíèé è ñèíõðîíèçàöèÿ äàííûõ
13: ss_triple_t *n_val = NULL;

14: ss_triple_t *o_val = NULL;

15: int status;

16: while(1) {

17: status = ss_subscribe_indication(

18: ss_info, &subs_info, &n_val, &o_val, 1000);

19: if (status == 1) { // Ïîëó÷åíî óâåäîìëåíèå
20: // Ðàáîòà ñ òðèïëåòàìè è èõ óäàëåíèå, åñëè íå íóæíû
21: ss_delete_triples(n_val);

22: ss_delete_triples(o_val);

23: n_val = NULL; o_val = NULL;

24: }

25: . . .
26: }

27: // Çàâåðøåíèå ïîäïèñêè
28: ss_unsubscribe(ss_info, &subs_info);

Ëèñòèíã 1. Ïðèìåð êîäà íà ÿçûêå C äëÿ ñèíõðîííîé ïîäïèñêè íà òðè-

ïëåòû (èñïîëüçóåòñÿ èíòåðôåéñ C_KPI).

õðîííàÿ ïðîâåðêà ñ òàéìåðîì. Ïðè ïîñòóïëåíèè óâåäîìëåíèÿ ïðî-
öåññ ïðîâåðêè ïðåðûâàåòñÿ è ïîëó÷åííûå äàííûå îáðàáàòûâàþòñÿ.
Çàòåì ïðîâåðêà ïðîäîëæàåòñÿ, íà÷èíàÿ ñî ñëåäóþùåé ïîäïèñêè.
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Òàêîé âàðèàíò îðèåíòèðîâàí íà âû÷èñëèòåëüíûå óñòðîéñòâà, ãäå
ìîæíî èñïîëüçîâàòü ëèøü îãðàíè÷åííîå ÷èñëî ïîòîêîâ.

Íà ðèñ. 5 ïîêàçàí ïðèìåð ðàáîòû ôîíîâîãî ïîòîêà äëÿ n = 5
ïîäïèñîê. Ïðè ïðîâåðêå ïîäïèñîê i = 1, 2 óâåäîìëåíèé íå îáíàðó-
æåíî. Ïðè ïðîâåðêå ïîäïèñîê i = 3, 4 óâåäîìëåíèÿ ïîñòóïèëè.

Èíòåðâàë ïîâòîðíîé ïðîâåðêè äëÿ ïîäïèñêè j îïðåäåëÿåòñÿ êàê

∆tj =
n∑

i=1,i6=j

(
tchi + tpri

)
+ tprj , (1)

ãäå n � ÷èñëî ïîäïèñîê, tchi � âðåìÿ íà ïðîâåðêó ïîäïèñêè i, tpri
� âðåìÿ îáðàáîòêè óâåäîìëåíèÿ äëÿ ïîäïèñêè i. Ïðèìåð äëÿ (1)
ïîêàçàí íà ðèñ. 6.

Ïàðàìåòðû â (1) äîïóñêàþò óïðàâëåíèå íà ñòîðîíå KP. Îáúåäè-
íåíèå íåñêîëüêèõ ïîäïèñîê â îäíó óìåíüøàåò n. Óìåíüøåíèå òàé-
ìàóòà ïðîâåðêè îòäåëüíîé ïîäïèñêè óìåíüøàåò tchi . Çíà÷åíèÿ tpri
îïðåäåëÿþòñÿ ðåàëèçàöèåé îáðàáîòêè óâåäîìëåíèé â èñïîëüçóå-
ìîì èíòåðôåéñå KPI èëè KP-áèáëèîòåêå (íàïð., òðàíñëÿöèÿ XML-
ïðåäñòàâëåíèÿ óâåäîìëåíèÿ, ïðèøåäøåãî ïî ïðîòîêîëó SSAP).

Ðèñ. 5. Àñèíõðîííàÿ ïîäïèñêà ñ îäíèì ïîòîêîì ïðîâåðêè.

Ðèñ. 6. Àñèíõðîííàÿ ïîäïèñêà: èíòåðâàë ïîâòîðíîé ïðîâåðêè
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4.2. Àñèíõðîííàÿ ïîäïèñêà ñ ìíîæåñòâîì ïîòîêîâ. Äëÿ
êàæäîé ïîäïèñêè íà ñòîðîíå KP âûäåëÿåòñÿ îòäåëüíûé ïîòîê.
Äëÿ ïðîâåðêè è îáðàáîòêè óâåäîìëåíèé ñóùåñòâåííûì ñòàíîâèò-
ñÿ ïðåäîñòàâëÿåìûé ÎÑ ìåõàíèçì óïðàâëåíèÿ ïîòîêàìè. Ïðèìåð
äëÿ n = 4 ïîêàçàí íà ðèñ. 7.

Ðèñ. 7. Àñèíõðîííàÿ ïîäïèñêà: ìíîæåñòâî ïîòîêîâ.

Çäåñü ∆t = tpr, ÷òî ýôôåêòèâíåå, ÷åì (1). Â òî æå âðåìÿ, óâåëè-
÷èâàåòñÿ ïîòðåáíîñòü â ðåñóðñàõ äëÿ óïðàâëåíèÿ ìíîæåñòâîì ïîòî-
êîâ, ÷òî äåëàåò íåâîçìîæíûì èñïîëüçîâàíèå òàêîãî òèïà ïîäïèñêè
íà ðÿäå íèçêîïðîèçâîäèòåëüíûõ óñòðîéñòâ.

4.3. Îáðàòíûå âûçîâû. Ôóíêöèè îáðàòíîãî âûçîâà âûïîëíÿ-
þòñÿ íà ñòîðîíå KP ïîñëå ïîëó÷åíèÿ óâåäîìëåíèÿ. Ìîãóò ïðèìå-
íÿòüñÿ êàê â àñèíõðîííîé, òàê è ñèíõðîííîé ïîäïèñêå. Â ïîñëåäíåì
ñëó÷àå ýòî ïîçâîëÿåò óäîáíûì îáðàçîì âûíåñòè êîä äëÿ îáðàáîòêè
äàííûõ â îòäåëüíóþ ôóíêöèþ, êîòîðàÿ âûçûâàåòñÿ àâòîìàòè÷åñêè
ïåðåä çàâåðøåíèåì KPI-ôóíêöèè ïîäïèñêè (ðèñ. 8, ââåðõó).

Â àñèíõðîííîé ïîäïèñêå ñ îäíèì ïîòîêîì (ðèñ. 8, âíèçó) âû-
çîâ ïðîèñõîäèò èç ïîòîêà ïîñëå îáðàáîòêè óâåäîìëåíèÿ ïåðåä ïðî-
âåðêîé ñëåäóþùåé ïîäïèñêè. Ôóíêöèè îáðàòíîãî âûçîâà äîëæíû
áûòü íåáîëüøèìè, ò.ê. îíè ïðèîñòàíàâëèâàþò ïðîâåðêó óâåäîìëå-
íèé, óâåëè÷èâàÿ èíòåðâàë ïîâòîðíîé ïðîâåðêè äëÿ ïîäïèñêè j:

∆tj =

n∑
i=1,i6=j

(
tchi + tpri + tcbi

)
+ tprj , (2)

ãäå tcbi � âðåìÿ ðàáîòû ôóíêöèè îáðàòíîãî âûçîâà äëÿ ïîäïèñêè i.
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Ðèñ. 8: Ôóíêöèè îáðàòíîãî âûçîâà äëÿ ñèíõðîííîé (ââåðõó) è àñèí-
õðîííîé (âíèçó) ïîäïèñêè.

Â îòëè÷èå îò tpri ýòî âðåìÿ îïðåäåëÿåòñÿ ïðîãðàììîé KP, ò.å. íåïî-
ñðåäñòâåííî êîíòðîëèðóåòñÿ ïðîãðàììèñòîì.

Äëÿ àñèíõðîííîé ïîäïèñêè ñ ìíîæåñòâîì ïîòîêîâ îáðàòíûå âû-
çîâû âûïîëíÿþòñÿ èç ðàçíûõ ïîòîêîâ. Ïðîâåðêà óâåäîìëåíèé äëÿ
äðóãèõ ïîäïèñîê íå ïðåêðàùàåòñÿ. Â òî æå âðåìÿ ýòîò âàðèàíò ñî-
çäàåò äëÿ ïðîãðàììèñòà äîïîëíèòåëüíûå òðóäíîñòè, ò.ê. ôóíêöèÿ
îáðàòíîãî âûçîâà äîëæíà áûòü ðååíòåðàáåëüíà, åñëè èñïîëüçóåòñÿ
â íåñêîëüêèõ ïîäïèñêàõ.

5. Ïîäïèñêà íà îñíîâå îíòîëîãè÷åñêèõ îáúåêòîâ. Ðàñìîò-
ðåííàÿ áàçîâàÿ îïåðàöèÿ ïîäïèñêè ðàáîòàåò íà óðîâíå RDF, îò-
ñëåæèâàÿ èçìåíåíèå òðèïëåòîâ â ÈÏ. Ìîäåëüíî-îðèåíòèðîâàííàÿ
ðàçðàáîòêà KP òðåáóåò ïåðåõîäà íà óðîâåíü îíòîëîãèé, êîãäà ïîä-
ïèñêà ïîçâîëÿåò îòñëåæèâàòü èçìåíåíèÿ èíäèâèäîâ è èõ ñâîéñòâ â
ÈÏ. Âûñîêîóðîâíåâûå òèïû ïîäïèñêè äëÿ OWL-îáúåêòîâ ðåàëèçó-
þòñÿ â èíñòðóìåíòàðèè SmartSlog [5] íà îñíîâå áàçîâîé ïîäïèñêè,
íî íèçêîóðîâíåâûå äåòàëè îáðàáîòêè RDF-òðèïëåòîâ è îïåðàöèè
ïî ñèíõðîíèçàöèè äàííûõ ñêðûòû îò ïðîãðàììèñòà.

5.1. Øàãè ïîäïèñêè. Ñîâïàäàþò ñ áàçîâîé ïîäïèñêîé (ñì.
ðèñ. 2). Èçìåíåíèÿ êàñàþòñÿ ñïîñîáà îïðåäåëåíèÿ ïîäïèñûâàåìûõ
äàííûõ � èñïîëüçóþòñÿ OWL-îáúåêòû, ëîêàëüíî õðàíèìûå íà ñòî-
ðîíå KP. OWL-îáúåêò îïðåäåëÿåòñÿ êàê RDF-ãðàô [6], ò.å. âñåãäà
âîçìîæíî ïðåîáðàçîâàíèå â íàáîð òðèïëåòîâ è ïîñòðîåíèå ñîîòâåò-
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Ðèñ. 9. Ïðèìåð ðàáîòû ïîäïèñêè íà îñíîâå OWL-îáúåêòîâ.

ñòâóþùèõ Ò-øàáëîíîâ. Ýòî ñâîéñòâî ïîçâîëÿåò ñâåñòè ïîäïèñêó ê
áàçîâîé. Ïðè ïîëó÷åíèè óâåäîìëåíèé íàõîäèòñÿ ñîîòâåòñòâèå ìåæ-
äó òðèïëåòàìè, ïîëó÷àåìûìè èç ÈÏ, è òðèïëåòàìè, ñîñòàâëÿþùè-
ìè ëîêàëüíóþ êîïèþ OWL-îáúåêòà. Òàêèì îáðàçîì, ñèíõðîíèçàöèÿ
ñ ñîäåðæèìûì ÈÏ ïðîèñõîäèò àâòîìàòè÷åñêè ïðè îáðàáîòêå óâå-
äîìëåíèÿ, ïîçâîëÿÿ KP ðàáîòàòü ñ àêòóàëüíûìè OWL-îáúåêòàìè.

Â ïðèìåðå íà ðèñ. 9 ïîêàçàíî, ÷òî KP ïîäïèñûâàåòñÿ íà ñâîéñòâà
�rstName, surname è location êëàññà Person. Âûïîëíÿåòñÿ íà÷àëüíàÿ
ñèíõðîíèçàöèÿ ëîêàëüíîãî îáúåêòà: äëÿ èíäèâèäà êëàññà Person çà-
ïîëíÿþòñÿ ñâîéñòâà íà îñíîâå ïîëó÷åííûõ èç ÈÏ òðèïëåòîâ. Äàëåå,
ïðè ïîñòóïëåíèè óâåäîìëåíèé îò SIB âûïîëíÿåòñÿ ñèíõðîíèçàöèÿ
ëîêàëüíîãî îáúåêòà. Ïðè ïåðâîì óâåäîìëåíèè îáíîâëÿåòñÿ ìåñòî-
íàõîæäåíèå (ñâîéñòâî location). Çàòåì ñâîéñòâî óäàëÿåòñÿ (íàïð.,
÷åëîâåê âûøåë çà ãðàíèöû îòñëåæèâàåìîé ìåñòíîñòè).

Èñïîëüçîâàíèå îíòîëîãè÷åñêèõ îáúåêòîâ ïîðîæäàåò íîâûå òèïû
âûñîêîóðîâíåâûõ ïîäïèñîê, âêëþ÷àÿ ñèíõðîííóþ è àñèíõðîííóþ
ïîäïèñêó íà OWL-êëàññû è ñâîéñòâà èíäèâèäà.

5.2. Ïîäïèñêà íà ñâîéñòâà. Îòñëåæèâàþòñÿ èçìåíåíèÿ
ñâîéñòâ èíäèâèäîâ. Â êà÷åñòâå OWL-îáúåêòà çàäàåòñÿ íàáîð ïàð
�èíäèâèä � ñïèñîê ñâîéñòâ�, ïðèòîì êàæäàÿ îïðåäåëÿåò, êàêèå
ñâîéñòâà êàêîãî èíäèâèäà íóæíî îòñëåæèâàòü.
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Ñèíõðîíèçàöèè ëîêàëüíûõ ñâîéñòâ âûïîëíÿåòñÿ àâòîìàòè÷å-
ñêè. Îíà îòñëåæèâàåò òðè âèäà èçìåíåíèé: óñòàíîâêà, îáíîâëåíèå
è óäàëåíèå. Ïðè íà÷àëüíîé ñèíõðîíèçàöèè çàäàííûå ñâîéñòâà âñå-
ãäà óñòàíàâëèâàþòñÿ íà îñíîâå äàííûõ èõ ÈÏ. Ïðè ñèíõðîíèçàöèè
âûïîëíÿþòñÿ ñëåäóþùèå øàãè.

1. Îïðåäåëåíèå èçìåíåííûõ ñâîéñòâ íà îñíîâå ïîëó÷åííûõ â óâå-
äîìëåíèè òðèïëåòîâ èç ÈÏ.

2. Äëÿ êàæäîãî ñâîéñòâà îïðåäåëÿåòñÿ íåîáõîäèìîå äåéñòâèå
(óñòàíîâèòü, óäàëèòü, èçìåíèòü).

3. Âûïîëíåíèå äåéñòâèé ïî ïðèâåäåíèþ ëîêàëüíûõ èíäèâèäîâ â
àêòóàëüíîå ñîñòîÿíèå.

Íà òðåòüåì øàãå îáðàáîòêà ñâîéñòâ äàííûõ è îáúåêòíûõ ñâîéñòâ
ðàçëè÷àåòñÿ. Äëÿ ñâîéñòâà äàííûõ åãî çíà÷åíèå áåðåòñÿ íåïîñðåä-
ñòâåííî èç òðèïëåòà. Äëÿ îáúåêòíûõ ñâîéñòâ èç òðèïëåòà áåðåòñÿ
èäåíòèôèêàòîð èíäèâèäà, èñïîëüçóÿ êîòîðûé ïðîâåðÿåòñÿ íàëè÷èå
ëîêàëüíîé êîïèè èíäèâèäà. Åñëè åå íåò, òî îíà ñîçäàåòñÿ.

5.3. Ïîäïèñêà íà êëàññû. OWL-êëàññ èíäèâèäà îïðåäåëÿåòñÿ
òðèïëåòîì rdf:type. Ïîäïèñêà íà íåãî îòñëåæèâàåò ïîÿâëåíèå èëè
óäàëåíèå èíäèâèäîâ çàäàííîãî êëàññà â ÈÏ.

Íà ðèñ. 10 ïîêàçàí ïðèìåð, ãäå KP A îòñëåæèâàåò ïðèñóòñòâèå

Ðèñ. 10. Ïîäïèñêà íà OWL-êëàññ.
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1: // Ñîçäàåì îáúåêò óïðàâëåíèÿ ïîäïèñêîé.
2: subscription_t subscription =

sslog_new_subscription(false);

3: // Ôîðìèðîâàíèå OWL-îáúåêòà äëÿ ïîäïèñêè íà êëàññ Person

4: sslog_sbcr_add_class(subscription, CLASS_PERSON);

5: // Ïîäïèñûâàåìñÿ íà ïîÿâëåíèå è óäàëåíèå èíäèâèäîâ
6: if (sslog_sbcr_subscribe(subscription) != ERROR_NO) {

7: ...

8: }

9: // Ïðîâåðÿåì íàëè÷èå óâåäîìëåíèé
10: while (true) {

11: // Ñèíõðîííàÿ ïðîâåðêà äî ïîëó÷åíèÿ äàííûõ.
12: if (sslog_sbcr_wait(subscription) != ERROR_NO) {

13: ...

14: }

15: // Ïîëó÷åíèå íîâûõ îáúåêòîâ
16: ...

17: }

18: // Îòìåíà ïîäïèñêè.
19: sslog_sbcr_unsubscribe(subscription);

Ëèñòèíã 2. Ïðèìåð êîäà íà ÿçûêå C äëÿ ñèíõðîííîé ïîäïèñêè íà êëàññ

(îíòîëîãè÷åñêàÿ KP-áèáëèîòåêà SmartSlog).

�ëþäåé� â ÈÏ. Äëÿ ýòîãî A ïîäïèñûâàåòñÿ íà êëàññ Person. Ïåð-
ñîíàëüíûå àãåíòû (KP B, C, D) ïóáëèêóþò â ÈÏ èíôîðìàöèþ î
êîíêðåòíîì ÷åëîâåêå (â âèäå èíäèâèäà). Óâåäîìëåíèÿ, ïîñòóïàþ-
ùèå ê A, ñîäåðæàò (âìåñòå ñ èíôîðìàöèåé î êëàññå) èäåíòèôèêà-
òîð èíäèâèäà. Èäåíòèôèêàòîð çàòåì èñïîëüçóåòñÿ äëÿ ïîëó÷åíèÿ
ñâîéñòâ ýòîãî èíäèâèäà èëè äëÿ óäàëåíèÿ åãî ëîêàëüíîé êîïèè â A,
åñëè èíäèâèä áûë óäàëåí èç ÈÏ.

Ïðèìåð êîäà KP äëÿ ïîäïèñêè íà êëàññ ïðèâåäåí â ëèñòèíãå 2.
Äëÿ óïðàâëåíèÿ ïîäïèñêîé ñîçäàåòñÿ ñïåöèàëüíûé îáúåêò, êîòîðûé
äàëåå èñïîëüçóåòñÿ êàê ïàðàìåòð â ôóíêöèÿõ îíòîëîãè÷åñêîé KP-
áèáëèîòåêè (ãåíåðèðóåòñÿ èíñòðóìåíòàðèåì SmartSlog).

5.4. Êîëëèçèè ïðè îäíîâðåìåííîì èçìåíåíèè ñâîéñòâ.

Â îòëè÷èå îò òðàäèöèîííîé ìîäåëè ïóáëèêàöèè/ïîäïèñêè [9] ïëàò-
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ôîðìà Smart-M3 äîïóñêàåò, ÷òîáû KP-ïîäïèñ÷èê âûñòóïàë è èçäà-
òåëåì [2]. Òàêîé KP ìîæåò èçìåíÿòü äàííûå, íà êîòîðûå ïîäïèñàí.

Ïðè ðàáîòå ñ èíäèâèäîì KP õðàíèò ëîêàëüíóþ êîïèþ. Äðóãèå
KP ìîãóò èçìåíÿòü â ÈÏ çíà÷åíèÿ ñâîéñòâ ýòîãî èíäèâèäà. Îáíîâ-
ëåííûå çíà÷åíèÿ äëÿ ó÷åòà â ëîêàëüíîé êîïèè ìîæíî ïîëó÷èòü ñ
ïîìîùüþ ðàçîâûõ çàïðîñîâ ê ÈÏ. Åñëè èíäèâèä ó÷àñòâóåò â ïîä-
ïèñêå, òî èçìåíåíèÿ ñèíõðîíèçèðóþòñÿ àâòîìàòè÷åñêè íà îñíîâå
çíà÷åíèé, ñîäåðæàùèõñÿ â óâåäîìëåíèÿõ.

Åñëè æå KP âíîñèò ñâîè èçìåíåíèÿ â ëîêàëüíóþ êîïèþ, òî ñèí-
õðîíèçàöèÿ ìîæåò áûòü íåâîçìîæíà èç-çà íàðóøåíèÿ ñîîòâåòñòâèÿ
ìåæäó äàííûìè èç óâåäîìëåíèÿ è ëîêàëüíûìè äàííûìè. Íà ðèñ. 11
ïîêàçàíà ïîñëåäîâàòåëüíîñòü øàãîâ ïðè èçìåíåíèè ïîäïèñàííûõ
ñâîéñòâ èíäèâèäà. KP âûïîëíÿåò ëîêàëüíîå èçìåíåíèå (øàã 1) è
íàïðàâëÿåò â ÈÏ çàïðîñ íà èçìåíåíèå (øàã 2). Â ðåçóëüòàòå, SIB
ðàçîøëåò óâåäîìëåíèÿ âñåì KP, ïîäïèñàííûì íà ýòî ñâîéñòâî. Òå-
êóùèé KP òàêæå åãî ïîëó÷èò (øàã 3), íî â ýòîì ñëó÷àå ëîêàëü-
íûå äàííûå óæå ñèíõðîíèçèðîâàíû. Åñëè äàííûå â ÈÏ èçìåíÿþòñÿ
ìåæäó øàãàìè 1 è 2, òî ïåðâûì ïðèäåò óâåäîìëåíèå, èíèöèèðîâàí-
íîå äðóãèì ÊÐ. Äëÿ èçáåæàíèÿ òàêîé êîëëèçèè KP ìîæåò èñïîëü-
çîâàòü ìåõàíèçì áëîêèðîâêè äàííûõ â ÈÏ [13]. Òîãäà KP äîëæåí
çàáëîêèðîâàòü â ÈÏ ñâîéñòâà ïåðåä èõ ëîêàëüíûì èçìåíåíèåì.

Äðóãîé âàðèàíò, ïîçâîëÿþùèé èçáåæàòü êîëëèçèè, ïîêàçàí íà
ðèñ. 12. Êîãäà KP íóæíî ëîêàëüíî èçìåíèòü ïîäïèñàííûå ñâîé-
ñòâà, îí âíà÷àëå îòïðàâëÿåò çàïðîñ íà èõ èçìåíåíèå â ÈÏ (øàã 1).
Ëîêàëüíàÿ êîïèÿ áóäåò ñèíõðîíèçèðîâàíà ïðè ïîëó÷åíèè óâåäîì-

Ðèñ. 11. Îäíîâðåìåííîå èçìåíåíèå ïîäïèñàííûõ ñâîéñòâ.
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Ðèñ. 12. Êîððåêòíîå èçìåíåíèå ïîäïèñàííûõ ñâîéñòâ.

ëåíèÿ (øàã 2). Îòìåòèì, ÷òî ïðîèçâîäèòåëüíîñòü ñíèæàåòñÿ, ò.ê.
òðàòèòñÿ âðåìÿ íà îæèäàíèå óâåäîìëåíèÿ.

6. Çàêëþ÷åíèå. Ðàçðàáîòêà ìíîãîàãåíòíûõ ïðèëîæåíèé äëÿ
èíòåëëåêòóàëüíûõ ïðîñòðàíñòâ òðåáóåò èñïîëüçîâàíèÿ ìîäåëè ïóá-
ëèêàöèè/ïîäïèñêè. Ìîäåëü ÿâëÿåòñÿ îñíîâîïîëàãàþùåé ïðè ïðî-
ãðàììèðîâàíèè âçàèìîäåéñòâèÿ àãåíòîâ â òàêîé ñëàáîñâÿçàííîé
ðàñïðåäåëåííîé ñðåäå êàê ÈÏ, ðåàëèçóåìîå íà ïëàòôîðìå Smart-
M3. Îïåðàöèÿ ïîäïèñêè ïîçâîëÿåò èçáåæàòü èçëèøíåé ïåðåäà÷è
è îáðàáîòêè äàííûõ è âîñòðåáîâàíà â ïðîàêòèâíûõ ñåðâèñàõ. Ïî-
ñëåäíèå õàðàêòåðíû äëÿ èíòåëëåêóòàëüíûõ ïðîñòðàíñòâ, êîòîðûå
îõâàòûâàò øèðîêèé ñïåêòð âû÷èñëèòåëüíûõ óñòðîéñòâ èç ðàçíî-
îáðàçíîãî îêðóæåíèÿ (àóäèòîðèè, îôèñû, äîìà, îáùåñòâåííûå ìå-
ñòà, òðàíñïîðò è ò.ï.). Íåñìîòðÿ íà òî, ÷òî ïëàòôîðìà Smart-M3
ïîääåðæèâàåò áàçîâóþ îïåðàöèþ ïîäïèñêè êàê êîììóíèêàöèîííûé
ïðèìèòèâ, åãî èñïîëüçîâàíèå òðåáóåò íèçêîóðîâíåâîãî ïðîãðàììè-
ðîâàíèÿ â òåðìèíàõ RDF-òðèïëåòîâ.

Ïðîâåäåííàÿ â ñòàòüå ñèñòåìàòèçàöèÿ àëãîðèòìîâ áàçîâîé ïîä-
ïèñêè ïîêàçûâàåò, ñ êàêèìè òðóäíîñòÿìè îáðàáîòêè è ñèíõðîíè-
çàöèè äàííûõ ñòàëêèâàåòñÿ ïðîãðàììèñò ïðè ðàáîòå íà óðîâíå
RDF. Ðàcñìîòðåííûå ñïîñîáû îáðàáîòêè óâåäîìëåíèé ïî ïîäïèñ-
êå ñâåäåíû â òàáë. 1. Ðàññìîòðåííûå òèïû ïîäïèñêè ïåðå÷èñëåíû
â òàáë. 2. Ïðåäëàãàåìûå âûñîêîóðîâíåâûå òèïû ïîäïèñêè îïåðè-
ðóþò íà îíòîëîãè÷åñêîì óðîâíå (OWL). Â ÷àñòíîñòè, ïîääåðæèâà-
åòñÿ àâòîìàòè÷åñêàÿ ñèíõðîíèçàöèÿ ëîêàëüíûõ äàííûõ íà ñòîðîíå
KP ñ ñîäåðæèìûì ÈÏ. Òàêîé ïîäõîä ñëåäóåò ïðèíöèïàì àâòîìàòè-
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Òàáëèöà 1. Ñïîñîáû îáðàáîòêè óâåäîìëåíèé ïî ïîäïèñêå

� Ñïîñîá Äîï.

ïîòîêè

Îïèñàíèå

1 Ñèíõðîííàÿ Íåò Âûïîëíÿåòñÿ â îñíîâíîì ïîòîêå.
Ïðîñòîòà îáðàáîòêè.

2 Ñèíõðîííàÿ, îá-
ðàòíûé âûçîâ

Íåò Âûïîëíÿåòñÿ â îñíîâíîì ïîòîêå.
Îáðàáîòêà âûíåñåíà â ôóíêöèþ îá-
ðàòíîãî âûçîâà äëÿ óäîáñòâà.

3 Àñèíõðîííàÿ,
îäèí ïîòîê

Îäèí Êàæäàÿ ïîäïèñêà îæèäàåò îáðà-
áîòêè äðóãèõ ïîäïèñîê, îáðàáîòêà
ïîäïèñîê ïî êðóãó.

4 Àñèíõðîííàÿ,
îäèí ïîòîê, îáðàò-
íûé âûçîâ

Îäèí Îáðàòíûé âûçîâ îïðåäåëÿåò çà-
äåðæêó îáðàáîòêè ïîäïèñêè.

5 Àñèíõðîííàÿ, ìíî-
æåñòâî ïîòîêîâ

Ðàâíî
÷èñëó
ïîäïèñîê

Äëÿ êàæäîé ïîäïèñêè ñîçäàåòñÿ îò-
äåëüíûé ïîòîê. Íåò îæèäàíèÿ äðó-
ãèõ ïîäïèñîê.

6 Àñèíõðîííàÿ, ìíî-
æåñòâî ïîòîêîâ,
îáðàòíûé âûçîâ

Ðàâíî
÷èñëó
ïîäïèñîê

Îáðàòíûé âûçîâ ÿâëÿåòñÿ ñèíõðîí-
íûì ïî îòíîøåíèþ ê ïîòîêó îáðà-
áîòêè ïîäïèñêè.

Òàáëèöà 2. Òèïû ïîäïèñîê

� Òèï Îïèñàíèå

1 Ïîäïèñêà íà RDF-òðèï-
ëåòû

Íàáîð Ò-øàáëîíîâ îïðåäåëÿåò ìíîæåñò-
âî ïîäïèñûâàìûõ òðèïëåòîâ.

2.1 Ïîäïèñêà íà ñâîéñòâà
äàííûõ

Îòñëåæèâàþòñÿ èçìåíåíèÿ çíà÷åíèé
ñâîéñòâ äàííûõ.

2.2 Ïîäïèñêà íà îáúåêòíûå
ñâîéñòâà

Îòñëåæèâàþòñÿ èçìåíåíèÿ ññûëîê èí-
äèâèäîâ íà äðóãèõ èíäèâèäîâ, âêëþ÷àÿ
óäàëåíèå è ïîÿâëåíèå ññûëêè.

2.3 Ïîäïèñêà íà ïðîèçâîëü-
íûé íàáîð ñâîéñòâ

Êîìáèíàöèÿ 2.1 è 2.2.

3 Ïîäïèñêà íà êëàññ Îòñëåæèâàþòñÿ ïîÿâëåíèå è óäàëåíèå
èíäèâèäîâ çàäàííîãî êëàññà.

çèðîâàííîé ìîäåëüíî-îðèåíòèðîâàííîé ðàçðàáîòêè è ðåàëèçóåòñÿ
íàìè â èíñòðóìåíòàðèè SmartSlog. Ñêðûòèå íèçêîóðîâíåâûõ îïå-
ðàöèé ìàøèííî-îðèåíòèðîâàííîé îáðàáîòêè RDF-òðèïëåòîâ è âîç-
ìîæíîñòü èñïîëüçîâàíèÿ îíòîëîãè÷åñêèõ îáúåêòîâ â ïðîãðàììíîì
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êîäå ñíèæàþò ñëîæíîñòü ðàçðàáîòêè è ñíèæàþò çàòðàòû ïðè ïðî-
ãðàììèðîâàíèè âçàèìîäåéñòâèÿ àãåíòîâ â ÈÏ, âêëþ÷àÿ îòñëåæè-
âàíèå ïîÿâëåíèÿ/âûõîäà îáúåêòîâ â/èç ÈÏ.
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ÐÅÔÅÐÀÒ

Ëîìîâ À.À., Êîðçóí Ä.Æ. Îïåðàöèÿ ïîäïèñêè äëÿ ïðèëîæå-

íèé â èíòåëëåêòóàëüíûõ ïðîñòðàíñòâàõ ïëàòôîðìû Smart-

M3
Ïëàòôîðìà Smart-M3 ïðåäíàçíà÷åíà äëÿ ñîçäàíèÿ ìíîãîàãåíòíûõ

ðàñïðåäåëåííûõ ïðèëîæåíèé, âçàèìîäåéñòâóþùèõ â îáùåì �èíòåëëåê-
òóàëüíîì ïðîñòðàíñòâå� (ÈÏ). Ñîçäàåòñÿ ðàçäåëÿåìîå õðàíèëèùå äèíà-
ìè÷åñêîé èíôîðìàöèè, ðåàëèçóþùåå ñðåäó �ïîâñåìåñòíûõ âû÷èñëåíèé�.
Ïðîãðàììíûå àãåíòû ðàáîòàþò íà ðàçíîîáðàçíûõ óñòðîéñòâàõ, ïðåä-
ñòàâëåííûõ â òåêóùåì ôèçè÷åñêîì îêðóæåíèè (ñåíñîðû, êàìåðû è ò.ï.)
è ñåòè (ïåðñîíàëüíûå êîìïüþòåðû, íîóòáóêè è ò.ï.). Ïîìèìî òðàäèöèîí-
íûõ ðàçîâûõ çàïðîñîâ ê ÈÏ âçàèìîäåéñòâèå àãåíòîâ ìîæåò ïðèìåíÿòü
îïåðàöèþ ïîäïèñêè � ïîñòîÿííûé çàïðîñ íà îïðåäåëåííîå ïîäìíîæåñòâî
äàííûõ â ÈÏ. Ïðè èçìåíåíèè êàêèì-ëèáî ó÷àñòíèêîì ýòèõ äàííûõ àãåí-
òó äîñòàâëÿåòñÿ óâåäîìëåíèå. Áàçîâàÿ îïåðàöèÿ ïîäïèñêè ïëàòôîðìû
Smart-M3 ðàáîòàåò íà óðîâíå RDF-ìîäåëè ïðåäñòàâëåíèÿ äàííûõ, ãäå áà-
çîâûì ýëåìåíòîì âûñòóïàþò òðèïëåòû (ñóáúåêò�ïðåäèêàò�îáúåêò). Òà-
êàÿ ìîäåëü ÿâëÿåòñÿ íèçêîóðîâíåâîé, îðèåíòèðóÿñü íà ìàøèííóþ îáðà-
áîòêó áîëüøèõ ìàññèâîâ èíôîðìàöèè.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ïîñòðîåíèå è ðåàëèçàöèÿ âûñîêîóðîâíåâûõ
òèïîâ ïîäïèñêè äëÿ àâòîìàòèçèðîâàííîé ìîäåëüíî-îðèåíòèðîâàííîé
ðàçðàáîòêè ïðîãðàììíûõ àãåíòîâ äëÿ èíòåëëåêòóàëüíûõ ïðîñòðàíñòâ
ïëàòôîðìû Smart-M3. Âûñîêîóðîâíåâàÿ ïîäïèñêà ðàáîòàåò ñ OWL-
îáúåêòàìè, êàæäûé ïðåäñòàâëåí â ÈÏ êàê RDF-ãðàô, à àãåíò õðàíèò
ëîêàëüíóþ êîïèþ. Ðàçðàáîòêà ïðîãðàììíîãî êîäà àãåíòà âûïîëíÿåòñÿ â
òåðìèíàõ îíòîëîãè÷åñêèõ êëàññîâ, ñâîéñòâ è èíäèâèäîâ. Òàêîé ïîäõîä
ðåàëèçóåòñÿ â èíñòðóìåíòàðèè SmartSlog.

Â ñòàòüå, âî-ïåðâûõ, ñèñòåìàòèçèðóþòñÿ àëãîðèòìû áàçîâîé îïåðà-
öèè ïîäïèñêè äëÿ óðîâíÿ RDF. Ðàññìàòðèâàåòñÿ êëàññèôèêàöèÿ ñïîñî-
áîâ îáðàáîòêè óâåäîìëåíèé íà ñòîðîíå àãåíòà, âêëþ÷àÿ ñèíõðîííûå è
àñèíõðîííûå âàðèàíòû. Âî-âòîðûõ, ïðåäëàãàþòñÿ âûñîêîóðîâíåâûå òè-
ïû ïîäïèñêè: ïîäïèñêà íà ñâîéñòâà èíäèâèäà (âêëþ÷àÿ ñâîéñòâà äàííûõ
è îáúåêòíûå ñâîéñòâà) è ïîäïèñêà íà êëàññ (îòñëåæèâàíèå ïîÿâëåíèÿ è
óäàëåíèÿ èíäèâèäà â ÈÏ). Âûñîêîóðîâíåâûå òèïû ïîäïèñêè ñâîäÿòñÿ ê
áàçîâîé ïîäïèñêå. Â èíñòðóìåíòàðèè SmartSlog ýòî ñâåä�åíèå âûïîëíÿ-
åòñÿ àâòîìàòè÷åñêè, ñêðûâàÿ îò ïðîãðàììèñòà íèçêîóðîâíåâûå äåòàëè.
Ïîñëåäíèå âêëþ÷àþò ïðåîáðàçîâàíèå OWL-îáúåêòîâ â RDF-òðèïëåòû è
îáðàòíî, âûçîâû áàçîâîé ïîäïèñêè è ñèíõðîíèçàöèþ ëîêàëüíûõ êîïèé
OWL-îáúåêòîâ ñ ñîäåðæèìûì ÈÏ.
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SUMMARY

Lomov A.A., Korzun D.G. Subscription operation for applica-
tions in smart spaces of Smart-M3 platform.

The Smart-M3 platform aims at constructing distributed multi-agent ap-
plications that operate in a common smart space. It creates a shared storage
of dynamic information, implementing a ubiquitous computing environment.
Agents run on various devices available in the surrounding physical envi-
ronment (sensors, cameras, etc.) and in the network (personal computers,
laptops, etc.). In addition to instant queries to smart space, agents can use
the subscription operation. It is a persistent query to a given data set in
the smart space. Whenever the data are changed by other participants the
agent receives the notification. Basic Smart-M3 subscription operation oper-
ates on the level of RDF representation model. Elementary units are triples
(subject–predicate–object). The model is low-level, being oriented to machine
processing of large data sets.

The goal of this paper is the construction and implementation of high-
level subscription types; they are needed in automated model-driven develop-
ment of Smart-M3 application agents. High-level subscription operates with
OWL-objects, each is represented as an RDF-graph in the smart space, and
the agent keeps a local copy. Programming is held out in terms of ontological
classes, properties and individuals. This approach is realized in SmartSlog
SDK.

This paper, first of all, systematizes the algorithms of the basic Smart-
M3 subscription operation on the RDF level. We consider classification of
subscription notification processing at the agent side, including synchronous
and asynchronous variants. Secondly, we contribute high-level subscription
types: subscription to properties of individuals (data and object properties)
and subscription to class (tracking appearance and departure of individuals).
The high-level subscription is reduced to the basic one. In SmartSlog SDK,
this reduction is automated, hiding low-level details from the programmer.
The details include bidirectional transformation between OWL and RDF
representations, calling the basic subscription and synchronization of local
copies of OWL objects.
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