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íà âûïóñêíóþ êâàëèôèêàöèîííóþ ðàáîòó Áàøëàêà Â.Ñ.

Óïðàâëåíèå ïîòîêîâûìè ïåðåêëþ÷àòåëüíûìè ñåòÿìè

Â ðàáîòå èçó÷àåòñÿ ñèñòåìà, êîòîðàÿ ñîñòîèò èç íåñêîëüêèõ ïîñòîÿííî íàðàñòàþùèõ
î÷åðåäåé íà îáñëóæèâàíèå è îáùåãî äëÿ âñåõ î÷åðåäåé ñåðâåðà, ïðåäîñòàâëÿþùå-
ãî ýòî îáëóæèâàíèå. Â êàæäûé ìîìåíò âðåìåíè îí ìîæåò îáñëóæèâàòü îïðåäåëåí-
íóþ ãðóïïó î÷åðåäåé, ïåðåêëþ÷àÿñü ìåæäó ãðóïïàìè çà çàäàííîå íåíóëåâîå âðå-
ìÿ. Òàêàÿ ñèñòåìà (ïî àíãëèéñêîé òåðìèíàëîãèè 'polling system') ìîäåëèðóåò îïðå-
äåëåííûå àñïåêòû ôóíêöèîíèðîâàíèÿ âûñîêîòåõíîëîãè÷íûõ ãèáêèõ ïðîèçâîäñòâåí-
íûõ, êîììóíèêàöèîííûõ, êîìïüþòåðíûõ, òðàíñïîðòíûõ è äð. ñåòåé. Óïðàâëåíèå îá-
ñóæäàåìûìè ñèñòåìàìè îñíîâàíî íà ïðîòîêîëàõ, ò.å. ïðàâèëàõ ôîðìèðîâàíèÿ î÷å-
ðåäíîñòè îáñëóæèâàíèÿ è îïðåäåëåíèÿ ìîìåíòîâ ïåðåêëþ÷åíèÿ ñåðâåðà è ñêîðîñòè
åãî ðàáîòû. Â îáøèðíîé ëèòåðàòóðå, ïîñâÿùåííîé òåîðèè ñèñòåì ïîëëèíãà (îáçîð
http://www.sk.tsukuba.ac.jp/ takagi/polling.html ïðèâîäèò áîëåå, ÷åì 700 ðà-
áîò, îïóáëèêîâàííûõ äî 1996 ãîäà, à îáçîð "Â.Ì. Âèøíåâñêèé, Î.Â. Ñåìåíîâà, Ìà-

òåìàòè÷åñêèå ìåòîäû èññëåäîâàíèÿ ñèñòåì ïîëëèíãà, Àâòîìàòèêà è Òåëåìåõàíèêà,
2006, Ò. 67 (2), ñ. 173�220"áîëåå, ÷åì 250 ðàáîò, îïóáëèêîâàííûõ çà ïåðèîä ñ 1990 ïî
2006 ãîä), à òàêæå â àëãîðèòìàõ, ðåàëèçîâàííûõ íà ïðàêòèêå, øèðîêî ïðåäñòàâëåíû
ðåöåïòû, îñíîâàíûå íà ýâðèñòèêå.

Ïîäàâëÿþùåå âíèìàíèå â óïîìÿíóòûõ èññëåäîâàíèÿõ óäåëåíî ñèòóàöèè, êîãäà
êàæäàÿ ãðóïïà ñîñòîèò èç îäíîé î÷åðåäè. Âìåñòå ñ òåì àêòèâíîå âíåäðåíèå ìåòîäà
ïàðàëëåëüíîé îáðàáîòêè ïîòîêîâ â ðàçëè÷íûõ îáëàñòÿõ àêòóàëèçèðóåò èññëåäîâàíèå
áîëåå ñëîæíûõ ñèñòåì ñ ãðóïïàìè èç íåñêîëüêèõ î÷åðåäåé. Ýòè ñèñòåìû èññëåäîâàíû
ñóùåñòâåííî ìåíåå ïîëíî, íà÷èíàÿ ñ òàêèõ áàçîâûõ âîïðîñîâ, êàê óñòîé÷èâîñòü è
ñòàáèëèçèðóåìîñòü ñèñòåìû è ïîñòðîåíèå ñòàáèëèçèðóþùåãî ïðîòîêîëà.

Ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ èìåííî ýòèõ âîïðîñîâ ïðèìåíèòåëüíî ê ñòàí-
äàðòíîé æèäêîñòíîé ìîäåëè ñèñòåìû ïîëëèíãà. Óñòàíîâëåíû êðèòåðèè ñòàáèëèçè-
ðóåìîñòè îáùåé ñèñòåìû ïîëëèíãà ñ ïàêåòíîé îáðàáîòêîé ïîòîêîâ, è â ñëó÷àå âûïîë-
íåíèÿ êðèòåðèåâ ðàçðàáîòàí ñòàáèëèçèðóþùèé ñèñòåìó äåöåíòðàëèçîâàííûé ïðîòî-
êîë óïðàâëåíèÿ. Â îáùåì ñëó÷àå ýòè êðèòåðèè ñâîäÿò ïðîâåðêó ñòàáèëèçèðóåìîñòè
ê ñòàíäàðòíûì òåñòàì èç îáëàñòè ëèíåéíîãî è âûïóêëîãî ïðîãðàììèðîâàíèÿ; ðàç-
ðàáîòàíî ïðîãðàììíîå îáåñïå÷åíèå, îñóùåñòâëÿþùåå ïðîâåðêó êðèòåðèåâ. Â ðàáîòå
òàêæå ïîêàçàíî, ÷òî â îïðåäåëåííûõ ÷àñòíûõ ñëó÷àÿõ ýòè êðèòåðèè ïðèâîäèìû ê
çàìêíóòîé àíàëèòè÷åñêîé ôîðìå.

Òàêèì îáðàçîì â äèïëîìíîé ðàáîòå ïîëó÷åíû íîâûå ðåçóëüòàòû; îíè çàñëóæè-
âàþò ïóáëèêàöèè ïîñëå äîðàáîòêè è äîïîëíåíèÿ. Ñðåäè íåäîñòàòêîâ ðàáîòû îòìå÷ó
îïðåäåëåííóþ ëîãè÷åñêóþ íåçàâåðøåííîñòü åå ÷àñòè, ïîñâÿùåííîé ñïåöèàëüíûì ñëó-
÷àÿì ñèñòåìû ïîëëèíãà. Êàê ñëåäñòâèå ðàññìîòðåííûé â ðàáîòå íàáîð òàêèõ ñëó÷àåâ
äî èçâåñòíîé ñòåïåíè ñëó÷àåí, ÷àñòè÷íî ìîòèâèðîâàí ÷èñòî ìåòîäè÷åñêèìè ñîîáðà-
æåíèÿìè, è íåäîñòàòî÷åí äëÿ ôîðìèðîâàíèÿ çàêîí÷åííîé êàðòèíû è âûâîäîâ.

Ïðè ïîäãîòîâêå äèïëîìíîé ðàáîòû Â.Ñ. Áàøëàê ïðîÿâèë äîñòàòî÷íûå çíàíèÿ
ðàçëè÷íûõ ðàçäåëîâ ìàòåìàòèêè è ñïîñîáíîñòè ê ñèñòåìàòè÷åñêîé ðàáîòå è ñàìî-
îãðàíèçàöèè. Îáúåìó è êà÷åñòâó ðàáîòû ñîîòâåòñòâóåò îöåíêà õîðîøî.
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The thesis is devoted to study of systems that consist of several queues of customers and
a single server that provides service for all of them. The queues are constantly fueled from
outside the system. At any arbitrary time, the sever is able to serve only a certain speci�c
group of queues; it can also change the group, which action takes a nonzero time. Such
a system is said to be polling and is widely used to model key aspects of the functioning
of �exible manufacturing systems, computer, communication networks, etc. Control of
such systems is typically embodied in a protocol, i.e., in a set of rules that regulate
the succession of groups to be served, the switching times, and the rate of service. The
extended literature on polling systems (e.g., the survey http://www.sk.tsukuba.ac.jp/

takagi/polling.html addresses more than 700 papers published prior to 1996, whereas
the list of references in the survey �V. M. Vishnevskii and O. V. Semenova, Mathematical
methods to study the polling systems, Automation and Remote Control, volume 67, 2005
pages 173�220� contains more than 250 items covering the period since 1990 till 2006), as
well as the related practical algorithms, widely use heuristic recipes.

Up to now, the main attention has been given to the situation where any group
contains only a single queue. Meanwhile, the ever-growing use of parallel processing of
�ows motivates the strong interest to more complex systems with multiple queues in
every group. However, their study is at an early stage, including many basic issues, such
as stability and stabilizability of the system and design of a stabilizing protocol.

The thesis aims at elaboration of exactly these issues with respect to the standard
�uid model of polling systems. The author obtained criteria for stabilizability of a general
polling system with batch processing of the �ows and elaborated a stabilizing decentralized
control protocol in the case of stabilizability. In general, these criteria reduce veri�cation
of stabilizability to carrying out some standard tests borrowed from linear and convex
programming; software is designed to verify the criteria. It is also shown that in some
particular cases, these criteria can be rewritten in closed form.

Thus the thesis o�ers new results; they merit publication, subject to �nalization and
complementing. Among the de�ciencies of the thesis, there is a certain logical incompleteness
of the part devoted to particular cases of the polling system. As a result, the presented
set of such cases is somewhat occasional, is partly motivated by purely methodological
reasons, and is not fully su�cient for de�nitive conclusions.

During his work on this thesis, V.S. Bashlak showed a good knowledge of various
mathematical disciplines and capacity for systematic research and self-organization.

Overall, the �nal quali�cation work is of �good� quality.


