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Îá èñïîëüçîâàíèè èíòåëëåêòóàëüíîé ãèáðèäíîé ìîäåëè MapReduce-MPI

äëÿ ðåøåíèÿ ïðîáëåì ×Ñ ñ ïðèìåíåíèåì ìîáèëüíûõ óñòðîéñòâ

Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà, â õîäå êîòîðîãî ðàçðà-
áîòàííàÿ ðàíåå MapReduce ïëàòôîðìà äëÿ ðàñïðåäåëåííûõ âûñîêîïðîèçâîäèòåëüíûõ âû-
÷èñëåíèé áûëà âïåðâûå ïðèìåíåíà äëÿ ðåøåíèÿ çàäà÷è íå îòíîñÿùåéñÿ ê ÷èñëåííûì. Â
÷àñòíîñòè áûëè ñìîäåëèðîâàíû óñëîâèÿ ÷ðåçâû÷àéíîé ñèòóàöèè, ñïðîåêòèðîâàí è ôîðìàëè-
çîâàí àëãîðèòì ðåøåíèÿ, ðàçðàáîòàíà ðåàëèçàöèÿ ïðîãðàììíîãî îáåñïå÷åíèÿ ñ ïðèìåíåíè-
åì ìíîãîàãåíòíûõ-òåõíîëîãèé è ìîáèëüíûõ óñòðîéñòâ. Ìîáèëüíûìè óñòðîéñòâàìè â äàííîì
ñëó÷àå ÿâëÿþòñÿ ñìàðòôîíû è ïëàíøåòíûå êîìïüþòåðû èìåþùèå ìîäóëü äîñòóïà ê áåñïðî-
âîäíûì ñåòÿì è îáëàäàþùèå ôóíêöèîíàëîì îïðåäåëåíèÿ êîîðäèíàò ñîáñòâåííîãî ïîëîæåíèÿ.
ßäðîì äàííîãî ïðèëîæåíèÿ ÿâëÿåòñÿ ôóíêöèîíàë, ñïîñîáíûé èñïîëüçîâàòü èíäèâèäóàëüíîå
ïðîãðàììíîå îáåñïå÷åíèå îòäåëüíî âçÿòûõ âû÷èñëèòåëüíûõ óçëîâ äëÿ ðåøåíèÿ îáùèõ çàäà÷,
à èìåííî âîçìîæíîñòü èñïîëüçîâàíèÿ ãåîëîêàöèîííûõ ñèñòåì îòäåëüíûõ óñòðîéñòâ çà ñ÷åò
âûçîâà êîìïîíåíòîâ ìîáèëüíûõ ñèñòåì. Ïîëó÷åííûå òàêèì îáðàçîì äàííûå äàëåå èñïîëüçó-
þòñÿ äëÿ ðàñ÷åòà îïòèìàëüíûõ òî÷åê ýâàêóàöèè, ôîðìèðîâàíèÿ è èíòåðàêòèâíîé ïðåïîäà÷è
ìàðøðóòà äî îïðåäåëåííûõ òî÷åê ýâàêóàöèè êàæäîìó óñòðîéñòâó, à òàê æå ðàñ÷åòà îïòè-
ìàëüíîãî ïóòè ñëåäîâàíèÿ òðàíñïîðòà ýâàêóàöèè ñëóæá ×Ñ. Ê ïîëó÷åííûì íîâøåñòâàì òàê
æå îòíîñÿòñÿ ìîäèôèêàöèÿ àëãîðèòìà êëàñòåðèçàöèè ê-âåðøèí, à òàê æå ýìïèðè÷åñêèå äàí-
íûå î ðàáîòå ïëàòôîðìû ïðè ðåøåíèè çàäà÷ íå îòíîñÿùèõñÿ ê êëàññó ÷èñëåííûõ.
Êëþ÷åâûå ñëîâà: ìíîãîàãåíòíûå ñèñòåìû, ìîáèëüíûå óñòðîéñòâà, çàäà÷è ×Ñ.

B.A. Kumalakov
About using intellectual hybrid MapReduce-MPI model to solve disaster problems using

mobile devices

This article presents a case study on applying novel MapReduce platform to solve a disaster
management assistance problem. It was initially designed to solve numeric problems in a
distributed fashion, making use of parallel computing capabilities of individual nodes. In this
case we apply the platform as a distributed computing environment that collects user location
data, computes optimal evacuation points, guides mobile device users to them and, �nally,
computes the optimal pick up route. Throughout this process it makes extensive use of vendor
provided geolocation, wireless networking and peer-to-peer communication capabilities. Presented
research novelties include advanced clustering k-means algorithm modi�cation and real data
on the working extension of the previously designed framework. Conducted studies also prove
that agent self-organization phenomena is not only helpful when organizing infrastructure level
workload distribution, but is e�ciently used and has positive impact on application performance as
individual device (computing node) capabilities are used as building block to achieve general system
goal. The problem solved proves the platform to be of relevance to multi-functional needs and
demonstrates its ability to incorporate independent (device speci�c) functions of the infrastructure
nodes. Moreover, it is proven for the �rst time that the platform can be treated a multi-functional
(general propose) programming environment, given that application algorithm requires distributed
and parallel computing e�orts.
Key words: multi-agent systems, mobile devices, disaster management.
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Á.À. Êóìàëàêîâ
MapReduce-MPI èíòåëëåêòóàëäû ãèáðèäòi ìîäåëií ïàéäàëàíûï àïàòòû æà¡äàé åñåïòåðií

øåøó ³øií ©îëäàíó

Á´ë ìà©àëàäà ³ëåñòiðiëãåí ïàðàëëåëüäi åñåïòåóãå àðíàë¡àí MapReduce áà¡äàëàìàëàó ïëàò-
ôîðìàñûíû ê°ìåãiìåí ñàíäû© åñåïòåð ©àòàðûíà æàòïàéòûí, àïàòòû æà¡äàéäà àäàìäàðäû
©´ò©àðó ³øií ïàéäàëûíàòûí áà¡äàðëàìàëû© êåøåíäi àëäûìåí æîáàëàï, ñîäàí ñî ©´ðàñòû-
ðûï òåñòiëåó íºòèäåëåði ´ñûíûë¡àí. Àòàï àéòàòûí áîëñà©, áà¡äàðëàìàëû© ©îñûìøà ïàéäàëà-
íóøûëàðäû ìîáèëüäi ©´ðûë¡ûëàðûí ïàéäàëàíûï êîîðäèíàòàëàðûí àíû©òàéäû äà, îëàðäû
ýâàêóàöèÿëàó ³øií îïòèìàëäû æåðäi ñàíàï òàáàäû. Ñîäàí ñî, ºð ìîáèëüäi ©´ðûë¡û °çiíå
æà©ûí æåðãå àïàðàòûí æîë òàóûï, ïàéäàëàíóøû¡à øû¡àðàäû äà, æ³éå àíû©òàë¡àí æåð-
ëåðäi àðàëàï °òó æîëûí ñàíàéäû. Çåðòòåó áàðûñûíäà êåëåñiäåé æààëû©òàð¡à ©îë æåòêiçië-
äi: ê-ò°áåëåð àëãîðèòiìi àïàòòû æà¡äàéäà àäàìäàðäû ©´ò©àðó ³øií ©àæåòòi ôóíêöèîíàë¡à
áåéiìäåëãåí; ñàíäû ºäiñòåðäi ©îëäàíûï åñåïòåðäi øåøó ³øií ©´ðàñòûðûë¡àí ïëàòôîðìà ìî-
áèëüäi ©´ðûë¡ûëàðäû ïàéäàëàíûï æåêå-äàðà ò³éí ðåñóðñòàðûí (iøêi áà¡äàðëàìàëàðûí) áið-
áiðiðìåí èíòåãðàöèÿëàó àð©ûëû îðòà© åñåïòi øåøó; æºíå îñû ©´ðàñòûðûë¡àí áà¡äàðëàìàëû©
êåøåííi æ´ìûñ iñòåó ñòàòèñòèêàñû æèíàëäû. Ñîíû iøiíäå ò³éiíäåðäi æåêå ðåñóðñòàðûí
èíòåãðàöèÿëàó ê°ï-àãåíòòi æ³éåëåðäi òåê ©àíà ò°ìåíãi àðõèòåêòóðà äåãåéiíäå ¡àíà åìåñ,
áà¡äàðëàìàëû© äåãåéäå äå àãåíòòåðäi °ç-°çäåðií ´éûìäàñòûðà àëó ©àáiëåòií äºëåëäåéäi.
ß¡íè, àë¡àø©û ©´ðàñòûðûë¡àí ïëàôîðìàíû ©àñåòòòåði î¡àí àðíàëûï æàçûë¡àí ©îñûìøà-
ëàð¡à äà òºí áîëàäû.
Ò³éií ñ°çäåð: ê°ï-àãåíòòi æ³éåëåð, ìîáèëüäi ©´ðûë¡ûëàð, àïàòòû æà¡äàé.

Ââåäåíèå

Â èñòî÷íèêàõ [1-3] àâòîðû ïðåäëàãàþò ìîäåëè ðàñïðåäåëåíèÿ âû÷èñëèòåëüíîé íà-
ãðóçêè, ïîçâîëÿþùèå íàèáîëåå ïîëíî èñïîëüçîâàòü ðåñóðñû âûñîêîïðîèçâîäèòåëüíûõ
êëàñòåðîâ. Îñîáåííîñòüþ äàííûõ ïîõîäîâ ÿâëÿåòñÿ èñïîëüçîâàíèå èíñòðóìåíòîâ âèð-
òóàëèçàöèè äëÿ èíòåãðàöèè ðàçíîðîäíûõ íå ãåòåðîãåííûõ ðåñóðñîâ äëÿ îðãàíèçàöèè
ðàñïðåäåëåííûõ âû÷èñëåíèé. Îäíàêî, íåñìîòðÿ íà èííîâàöèîííóþ íîâèçíó, èññëåäîâà-
íèÿ, îïèñàííûå â [4, 5], óêàçûâàþò íà ðÿä ôàêòîðîâ è ñâîéñòâ, ñíèæàþùèõ óðîâåíü
íàäåæíîñòè âû÷èñëåíèé â ðàìêàõ ïðåäëàãàåìûõ ìîäåëåé. Èñõîäÿ èç ýòîãî áûëè ðàçðà-
áîòàíû ðåøåíèÿ [6-8]. Â íèõ àâòîðû îáîñíîâûâàþò è çàòåì ýêñïåðèìåíòàëüíî äîêàçûâà-
þò ïðåèìóùåñòâà ñâîèõ îáëà÷íûõ ðåøåíèé äëÿ ïàðàëëåëüíûõ è â òîæå âðåìÿ ðàñïðå-
äåëåííûõ ïëàòôîðì. Îäíàêî, èõ îñíîâíûì íåäîñòàòêîì ÿâëÿåòñÿ ñëîæíûé ìåõàíèçì
óïðàâëåíèÿ âû÷èñëåíèÿìè, êîòîðûé êîíòðîëèðóåò êàæäûé øàã çàäàííûõ îïåðàöèé. Ñ
òî÷êè çðåíèÿ ðàçðàáîòêè ïðîãðàììíîãî îáåñïå÷åíèÿ ýòî îçíà÷àåò òî, ÷òî ðàçðàáîò÷èêè
äîëæíû äåòàëüíî ïîíèìàòü ìåõàíèçìû óïðàâëåíèÿ è çàêëàäûâàòü èõ õàðàêòåðèñòèêè â
êîä ïðîãðàìì. Ïîòåíöèàëüíî äàííàÿ ïðîáëåìà âëå÷åò íàëè÷èå îøèáîê â êîäå, êîòîðûå
ïîÿâëÿþòñÿ â ñëåäñòâèå íå çíàíèÿ êàêèõ-ëèáî ýëåìåíòîâ ïëàòôîðìû.

Â êà÷åñòâå àëüòåðíàòèâû â [9] ìû ïðåäëîæèëè íîâóþ àðõèòåêòóðó äëÿ êîìïîçèòíûõ
îáëà÷íûõ âû÷èñëåíèé íàïðàâëåííûõ íà ðåøåíèå áîëüøèõ ÷èñëåííûõ çàäà÷. Å¼ ÿäðîì
ÿâëÿåòñÿ ìíîãîàãåíòíàÿ ñèñòåìà, ñïîñîáíàÿ ïåðåíàñòðîèòüñÿ äèíàìè÷åñêèé ïðè ïàäåíèè
óçëîâ, òåì ñàìûì îáåñïå÷èâàÿ âûñîêèé óðîâåíü îòêàçîóñòîé÷èâîñòè âû÷èñëåíèé. Çàòåì
èíòåëëåêòóàëüíàÿ ñîñòàâëÿþùàÿ ïëàòôîðìû áûëà ðàñøèðåíà çà ñ÷¼ò ïðèìåíåíèÿ àë-
ãîðèòìîâ îáó÷åíèÿ, íà áàçå êîòîðûõ èç ðàçëè÷íûõ ñîåäèíåíèé âû÷èñëèòåëüíûõ ìàøèí
ôîðìèðóåòñÿ êîìïîçèòíîå îáëàêî [10]. Ïðè ýòîì â õîäå âûïîëíåíèÿ ñàìèõ âû÷èñëåíèé è
ôîðìèðîâàíèÿ êîìïîçèòíûõ îáëàêîâ ïîëíîñòüþ ñîáëþäàþòñÿ ïðèíöèïû àâòîíîìíîñòè
àãåíòîâ è ñîõðàíÿþòñÿ ñâîéñòâà ñëîæíûõ ñèñòåì.
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Ðèñóíîê 1� Âû÷èñëèòåëüíûå çîíû â êîìïîçèòíîé îáëà÷íîé ñðåäå

Â îòëè÷èå îò èçâåñòíûõ àíàëîãîâ â íàøåé ðàáîòå ðàñïðåäåëåíèå íàãðóçêè îñíîâûâà-
åòñÿ íà èñïîëüçîâàíèè ôåíîìåíà ñàìîîðãàíèçàöèè àãåíòîâ, ÷òî â ñâîþ î÷åðåäü âåäåò ê
áîëåå âûñîêîé ñòåïåíè îòêàçîóñòîé÷èâîñòè âñåé ñèñòåìû. Êîíöåïòóàëüíî îðãàíèçàöèÿ
âû÷èñëåíèé èçîáðàæåíà íà ðèñóíêå 1. Ðèñóíîê èçîáðàæàåò êëàñòåðíóþ ñðåäó, îñíî-
âàííóþ íà íåîäíîðîäíûõ ðåñóðñàõ (â òîì ÷èñëå ìîáèëüíûå, ïåðñîíàëüíûå è ñåðâåðíûå
óñòðîéñòâà). Âíóòðè äàííîé ñðåäû àãåíòû ñàìîîðãàíèçîâûâàþòñÿ â âû÷èñëèòåëüíûå
çîíû. Âû÷èñëèòåëüíîé çîíîé íàçîâåì ìíîæåñòâî àãåíòîâ, çàäåéñòâîâàííûõ â ðåøåíèè
çàäà÷è, çàïóùåííîé â îïðåäåëåííûé ìîìåíò âðåìåíè. Êàê òîëüêî àãåíò ïåðåñòàåò âû-
ïîëíÿòü ÷àñòü çàäà÷è îí âûáûâàåò èç âû÷èñëèòåëüíîé çîíû è íàîáîðîò. Òàêèì îáðàçîì
ðåñóðñû êîìïîçèòíîãî îáëàêà äèíàìè÷åñêè âûñâîáîæäàþòñÿ ïî ìåðå âûïîëíåíèÿ îò-
äåëüíûõ øàãîâ çàäà÷ è ìîãóò ïðèìûêàòü ê òåì âû÷èñëèòåëüíûì çîíàì, êîòîðûå íóæ-
äàþòñÿ â ðåñóðñàõ íå îæèäàÿ ïîëíîãî îêîí÷àíèÿ ïðåäûäóùåé êîëëåêòèâíîé ðàáîòû.

Âàæíî îòìåòèòü, ÷òî êëàñòåð ïðåäñòàâëÿåò ñîáîé ôèçè÷åñêóþ àðõèòåêòóðó, â òî
âðåìÿ êàê êîìïîçèòíîå îáëàêî ÿâëÿåòñÿ ðåçóëüòàòîì âçàèìîäåéñòâèÿ àãåíòîâ è ïîòî-
ìó äîëæíî ïîíèìàòüñÿ êàê ëîãè÷åñêàÿ îðãàíèçàöèÿ ñèñòåìû ðàñïðåäåëåíèÿ íàãðóçêè
íà âû÷èñëèòåëüíûå óçëû. Èíûìè ñëîâàìè, âû÷èñëèòåëüíûé êëàñòåð (êàê ìíîæåñòâî
ìàøèí) ìîæåò ïðåäñòàâëÿòü ñîáîé êàê ìíîæåñòâî âû÷èñëèòåëüíûõ óçëîâ, òàê è îäèí
ìîùíûé óçåë â çàâèñèìîñòè îò îíòîëîãèè, ïðèíÿòîé òåì èëè èíûì ñîîáùåñòâîì àãåí-
òîâ. Òàêèì îáðàçîì îáåñïå÷èâàåòñÿ êîëëåêòèâíîå èñïîëüçîâàíèå âñåõ ðåñóðñîâ ïî ìåðå
íåîáõîäèìîñòè è òîé ôîðìå, êîòîðàÿ íåîáõîäèìà â ìîìåíò âû÷èñëåíèé.

Íàêîíåö â [11] âû÷èñëèòåëüíûå óçëû êîìïîçèòíîé îáëà÷íîé ïëàòôîðìû ïîëó÷èëè
âîçìîæíîñòü çàäåéñòâîâàòü ìíîãîÿäåðíûé ïîòåíöèàë êàæäîãî âû÷èñëèòåëüíîãî óçëà â
ïîëíîé ìåðå ïîñðåäñòâàì èíòåãðàöèè òåõíîëîãèè MPI â ìîäåëü âû÷èñëåíèé. Òàêèì îá-
ðàçîì áûëà ñôîðìèðîâàíà âû÷èñëèòåëüíàÿ ïëàòôîðìà, îñíîâàííàÿ íà ïðèíöèïàõ ôóíê-
öèîíèðîâàíèÿ ñëîæíûõ ñèñòåì, ñïîñîáíàÿ:

1. äèíàìè÷åñêèé ñàìî-ðåêîíôèãóðèðîâàòüñÿ âî âðåìÿ âûïîëíåíèÿ çàäà÷ ïðè âîçíèê-
íîâåíèè ñáîåâ íà âû÷èñëèòåëüíûõ óçëàõ;
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Ðèñóíîê 2� Âèçóàëüíîå ïðåäñòàâëåíèå ó÷àñòêà ëåñà ñ îáîçíà÷åíèåì î÷àãîâ ïîæàðà

2. äèíàìè÷åñêè íàðàùèâàòü è âûñâîáîæäàòü ðåñóðñû îòäåëüíûõ ïðîöåññîâ;

3. ôîðìèðîâàòü êîìïîçèòíûå îáëà÷íûå ñòðóêòóðû â ñëó÷àå îñòðîé íåõâàòêè ðåñóð-
ñîâ â ïðåäåëàõ îäíîãî îáúåäèíåíèÿ âû÷èñëèòåëüíûõ ìàøèí;

4. íàèáîëåå ïîëíî èñïîëüçîâàòü ðåñóðñû êàæäîãî âû÷èñëèòåëüíîãî óçëà â ñîñòàâå
àðõèòåêòóðû.

Îäíàêî, â õîäå ïðîâåäåííûõ èññëåäîâàíèé ôóíêöèîíàëüíîñòü ïëàòôîðìû ïðîâåðÿ-
ëàñü ëèøü íà ïðèìåðàõ ïðîñòåéøèõ ÷èñëåííûõ çàäà÷. Ïîòîìó íå ïðåäñòàâëÿåòå âîç-
ìîæíûì óòâåðæäàòü, ÷òî âûÿâëåííûå êà÷åñòâà ïëàòôîðìû ñïðàâåäëèâû ïðè ðåøåíèè
ïðèêëàäíûõ çàäà÷, â òîì ÷èñëå íå ÷èñëåííîãî õàðàêòåðà.

Â äàííîé ñòàòüå ïðåäñòàâëåíà ïîïûòêà ïðèìåíèòü ðàçðàáîòàííîå òåõíîëîãè÷åñêîå
ðåøåíèå äëÿ ðåøåíèÿ çàäà÷è îïåðàòèâíîãî ïëàíèðîâàíèÿ ýâàêóàöèè ëþäåé èç ëåñà, â
êîòîðîì áóøóåò ïîæàð.

Ïîñòàíîâêà çàäà÷è

Îïðåäåëèì çàäà÷ó ñëåäóþùèì îáðàçîì: â ñëåäñòâèå çàñóõè íà ó÷àñòêå ëåñà ðàçâèëèñü
íåñêîëüêî î÷àãîâ ïîæàðà (Ðèñóíîê 2).

Ãðóïïà ñëóæá ðåàãèðîâàíèÿ ìèíèñòåðñòâà ïî ÷ðåçâû÷àéíûì ñèòóàöèÿì ïðèáûâàåò
íà ìåñòî è ïåðåä íåé ñòîèò ðÿä çàäà÷, ñðåäè êîòîðûõ è ýâàêóàöèÿ ëèö, íàõîäÿùèõñÿ â
ðàéîíå ïîæàðà. Ïðåäïîëîæèì, ÷òî ëþäè ãóëÿþò ãðóïïàìè èëè â îäèíî÷êó, è ó êàæäîé
ãðóïïû (èëè ëèöà åñëè îí îäèí) åñòü ïðè ñåáå ìîáèëüíîå óñòðîéñòâî. Îäíîçíà÷íî òî, ÷òî
â ðåàëüíîé ñèòóàöèè íåêîòîðûå òóðèñòû îñòàâëÿþò ìîáèëüíûå óñòðîéñòâà äîìà èëè â
íèõ ìîã ñåñòü çàðÿä, îäíàêî â ðàìêàõ äàííîé çàäà÷è ìû ðàññìàòðèâàåì òîò ñëó÷àé, êîãäà
ìîáèëüíûå óñòðîéñòâà ïîëüçîâàòåëåé èñïîëüçóþòñÿ äëÿ íåïîñðåäñòâåííûõ âû÷èñëåíèé.
Âñå ëèöà, íå ïîïàâøèå â ìíîæåñòâî îïèñàííûõ òóðèñòîâ áóäóò ðàçûñêèâàòüñÿ ñèëàìè
Ì×Ñ áåç èñïîëüçîâàíèÿ ïðåäëàãàåìîé òåõíîëîãèè.
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Ïî ôàêòó ïðèáûòèÿ íà ìåñòî, ñëóæáû Ì×Ñ ðàçâåðòûâàþò Wi-Fi ñåòü ïðè ïîìîùè
ñïåöèàëèçèðîâàííîãî îáîðóäîâàíèÿ è âåùàþò ïðåäóïðåæäåíèå ñ èíñòðóêöèÿìè ïî ïîä-
êëþ÷åíèþ ìîáèëüíûõ óñòðîéñòâ ê íåé. Êîãäà ìîáèëüíûå óñòðîéñòâà ïîäêëþ÷àþòñÿ èõ
êîîðäèíàòû âû÷èñëÿþòñÿ ñ ïîìîùüþ ñèñòåìû ãëîáàëüíîãî ïîçèöèîíèðîâàíèÿ (GPS) è
ïåðåäàþòñÿ ñëóæáàì Ì×Ñ. Äàëåå êîìïüþòåðíàÿ ñèñòåìà äîëæíà ðàññ÷èòàòü îïòèìàëü-
íóþ òî÷êó ñáîðà òóðèñòîâ, è âû÷èñëèòü íàèáîëåå êîðîòêèé ïóòü ñáîðà äëÿ àâòîáóñà
Ì×Ñ.

Àëãîðèòì ðåøåíèÿ çàäà÷è

Àëãîðèòì 1 ôîðìàëèçóåò ïîñëåäîâàòåëüíîñòü äåéñòâèé ïî ïðîãðàììíîé ïîääåðæêå
ðàáîòû ñëóæá ×Ñ â îïðåäåëåííûõ ðàíåå óñëîâèÿõ.

initialization;
read local map;
read mobile device coordinates;
de�ne grouping centers;
while grouping condition is not met do

group mobile devices by geographical location;
end

compute local gathering pathes;
compute general evacuation path;

Àëãîðèòì 1� Ôîðìàëèçîâàííûé àëãîðèòì ïðîãðàììíîãî ïðîäóêòà ïîääåðæêè ðàáîòû áðèãàä

ýâàêóàöèè

Èç àëãîðèòìà âèäíî, ÷òî òî÷êà ñáîðà òóðèñòîâ ðàññ÷èòûâàåòñÿ ïóòåì êëàñòåðèçà-
öèè. Â äàííîì ñëó÷àå êëàñòåðèçàöèÿ ïðîâîäèòñÿ òàêèì îáðàçîì, ÷òî ïîñëå íàõîæäåíèÿ
öåíòðà êëàñòåðà (ýòàëîííîãî îáúåêòà) ïðîèñõîäèò ñäâèã. Äàííûé ñäâèã âûïîëíÿåòñÿ â
íàïðàâëåíèè íàèáëèæàéøåãî âîçìîæíîãî ìåñòà ýâàêóàöèè. Òàêèì îáðàçîì, àëãîðèòì
ñïåðâà ãðóïïèðóåò òóðèñòîâ ïî ãåîãðàôè÷åñêîé îòäåëåííîñòè äðóã îò äðóãà, à çàòåì
íàçíà÷àåò òî÷êîé ñáîðà áëèæàéøèé ïóíêò ïîäõîäÿùèé äëÿ ýâàêóàöèè. Ìíîæåñòâî òà-
êèõ ïóíêòîâ îïðåäåëÿåòñÿ â âèäå ëîãè÷åñêèõ âûðàæåíèè ýêñïåðòîì Ì×Ñ. Àëãîðèòì
êëàñòåðèçàöèè ôîðìàëèçîâàí è ïðåäñòàâëåí â âèäå àëãîðèòìà 2.

Äëÿ îïðåäåëåíèÿ íàèêðàò÷àéøåãî ïóòè ýâàêóàöèè èñïîëüçîâàí ìåòîä âåòâåé è ãðà-
íèö. Ïðè ýòîì â êà÷åñòâå âåðøèí ãðàôà èñïîëüçîâàíû ïåðåñå÷åíèÿ äîðîã è òî÷êè ýâà-
êóàöèè, îïðåäåë¼ííûå ýêñïåðòîì, à â êà÷åñòâå ðåáåð èñïîëüçîâàíû äîðîãè ñîåäèíÿþùèå
íàçâàííûå îáúåêòû.

Âû÷èñëèòåëüíûé ýêñïåðèìåíò

Äëÿ îðãàíèçàöèè âû÷èñëèòåëüíîãî ýêñïåðèìåíòà áûëè íàïèñàíû è ïðîòåñòèðîâà-
íû ñ äàëüíåéøèì ñðàâíåíèåì ðåçóëüòàòîâ ïîñëåäîâàòåëüíàÿ ïðîãðàììà è ïðèëîæåíèå
äëÿ èíòåëëåêòóàëüíîé ïëàòôîðìû. Äëÿ ðåàëèçàöèè àëãîðèòìà êëàñòåðèçàöèè â îáîèõ
ïðèëîæåíèÿõ çà áàçîâóþ ìîäåëü áûëà âûáðàíà áèáëèîòåêà ¾javaml-0.1.5¿, âêëþ÷àþùàÿ
ñòàíäàðòíóþ ðåàëèçàöèþ àëãîðèòìà ê-âåðøèí. Ñ öåëüþ åå äàëüíåéøåé ìîäèôèêàöèè
äëÿ íóæä ïðèëîæåíèÿ àâòîðîì áûëà äîïèñàíà ëîãèêà ðàñ÷åòà è ïðèñâîåíèÿ çíà÷åíèé
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initialization;
read local map and evacuation points R;
read coordinates of mobile devices S;
de�ne class centers Z;
while MaxIteration is not reached and Z change do

for every s ∈ S compute ρ∗(si, Zj) = min{ρ(si, Z1), ρ(si, Z2), ...ρ(si, Zn)};
update Zk coordinates as Xk = (xzk +xsm)/2, Yk = (yzk + ysm)/2, Zk = (zzk + zsm)/2

end

compute computer ρ∗(Zj, Rt) and assign Zj = Rt;

Àëãîðèòì 2� Àëãîðèòì êëàñòåðèçàöèè äëÿ çàäà÷è ïîääåðæêè ðàáîòû áðèãàä ýâàêóàöèè

ρ(Zj , Rt) � ôóíêöèÿ, âîçâðàùàþùàÿ Åâêëèäîâî ðàññòîÿíèå ìåæäó çàäàííûìè îáúåêòàìè

Ðèñóíîê 3� Ðåçóëüòàòû òåñòèðîâàíèÿ ïðèëîæåíèé

òî÷åê ýâàêóàöèè íà ÿçûêå Java. Ñàìà êàðòà ìåñòíîñòè è ïîòåíöèàëüíûå òî÷êè ýâàêó-
àöèè, òàêæå, êàê è èõ êîîðäèíàòû ñãåíåðèðîâàíû àâòîìàòè÷åñêèé è ñîõðàíåíû â òåê-
ñòîâûé ôàéë. Ïîñëåäîâàòåëüíîå ïðèëîæåíèå òåñòèðîâàëîñü íà îäíîì êîìïüþòåðå ñî
ñëåäóþùèìè õàðàêòåðèñòèêàìè: ïðîöåññîð Intel core i7, ÎÇÓ 8 Ãá. Äëÿ ìîäåëèðîâàíèÿ
ïåðåäà÷è äàííûõ ïî ñåòè ïðîìåæóòî÷íûå ðåçóëüòàòû âû÷èñëåíèé ñîõðàíÿþòñÿ â òåê-
ñòîâûé ôàéë è ñíîâà ñ÷èòûâàþòñÿ ïðè êëàñòåðèçàöèè è çàòåì ðàñ÷åòå. Ýòî ïîçâîëÿåò
ó÷åñòü âîçìîæíûå çàäåðæêè ïðè ðåàëüíîé ðàáîòå ïðèëîæåíèÿ. Â ïàðàëëåëüíîé âåðñèè
íà èíòåëëåêòóàëüíîé ïëàòôîðìå ðåçóëüòàòû ïðîìåæóòî÷íûõ âû÷èñëåíèé ïåðåäàþòñÿ
íàïðÿìóþ â ïàìÿòü óñòðîéñòâ òàê, êàê çàäåéñòâîâàíû äâà ìîáèëüíûõ òåëåôîíà è ïåðñî-
íàëüíûé êîìïüþòåð. Íà ðèñóíêå 3 èçîáðàæåíû ðåçóëüòàòû òåñòèðîâàíèÿ ïðèëîæåíèé.
Êàê è îæèäàëîñü ðàñïðåäåëåííàÿ âåðñèÿ ïðîãðàììû ïîêàçûâàåò ìåíåå âûñîêóþ ïðî-
èçâîäèòåëüíîñòü íà âõîäíûõ äàííûõ ìåíüøå 150 îáúåêòîâ. Îäíàêî, ïðè ðîñòå îáúåìà
äàííûõ âîçðàñòàåò âûãîäíîñòü èñïîëüçîâàíèÿ ðàçðàáîòàííîé ïëàòôîðìû.

Ïðèìå÷àòåëüíûì â äàííîì ðåçóëüòàòå ÿâëÿåòñÿ òî, ÷òî â îòëè÷èå îò ïðåäûäóùèõ
ñëó÷àåâ áûë ðàññìîòðåí ïðèìåð ïðèìåíåíèÿ äàííîé ïëàòôîðìû íå äëÿ ðåøåíèÿ áîëü-
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øèõ ÷èñëåííûõ çàäà÷, à äëÿ ðåøåíèÿ çàäà÷ ïðè ïîìîùè èñïîëüçîâàíèÿ âñòðîåííûõ
ôóíêöèé ìîáèëüíûõ òåëåôîíîâ. Òàêèì îáðàçîì ïðîäåìîíñòðèðîâàíû äîïîëíèòåëüíûå
âîçìîæíîñòè, ñâîéñòâåííûå ìîáèëüíûì óñòðîéñòâàì.
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