OT3HIB HAYYHOTIO PYKOBOIOUTEJI A
HA 8VINYCKHYIO Keasudurayuortyto pabomy Bawnaxa B.C.
YpaBiaeHne NOTOKOBBIMYU MEPEKJIIOYATEJbHBIMI CETAMU

B pabore usyuaercst cucrema, KOTOpas COCTOUT W3 HECKOJIBKIX MOCTOSTHHO HAPACTAIOIUX
odepesieil Ha oOcCayKUBaHWe W OOIETO ISl BCEX OdUepejieil cepBepa, IIPeI0CTaBISIONIe-
ro 9710 o0nyzKuBanme. B KaxKaplifi MOMEHT BpEMEHU OH MOYKeT OOCTYZXKHUBATH OIpejiesTeH-
HYIO TPYIIY odYepeseil, MepeK/Idasch MeXKIy IpyNIaMu 3a 3aJaHHOe HeHYJIeBoe Bpe-
msi. Takag cucrema (o anrumiickoit Tepmunastorun 'polling system’) mMozenupyer ompe-
JIeJIEHHBIE aCTeKThl (DYHKITMOHUPOBAHNS BBICOKOTEXHOJIOTUYHBIX THOKUX ITPOU3BO/ICTBEH-
HBIX, KOMMYHUKAIMOHHBIX, KOMIBIOTEPHBIX, TPAHCIIOPTHBIX U JP. ceTeil. Ymupanjenue 06-
CYKTaeMBbIMU CHCTeMaMU OCHOBAHO Ha MIPOTOKOJAX, T.e. MpaBUIaX (GOPMHPOBAHUS Ove-
PETHOCTH OOCTYyKUBAHUS W ONpeJieleHrsT MOMEHTOB MepPeKJII0UeHns cepBepa U CKOPOCTU
ero paborel. B oOMUPHOI JUTepaType, MOCBAMIEHHON TEOPUH CHCTEM HOJLTHHTA (0630D
http://www.sk.tsukuba.ac.jp/ takagi/polling.html npusoaut Gosee, guem 700 pa-
6o, onybmkoBauHbIX 10 1996 roma, a 0630p "B.M. Bumuesckuit, O.B. Cemenona, Ma-
MeMAMmu1eckue Memodol UCCAL008AHUA CUCTIEM NOAAUN2A, ABTOMATHKA 1 TeneMexaHuka,
2006, T. 67 (2), c¢. 173-220"60utee, yem 250 pabor, omyOGJIHKOBAHHBIX 3a mepuo, ¢ 1990 1o
2006 r011), a TaKKe B AITOPUTMAX, PEATN30BAHHBIX HA TPAKTHUKE, IMUPOKO MPEICTABIEHDI
perenThbl, OCHOBAHbIE HA IBPUCTHUKE.

[TomaBysironiee BHUMaHNWE B YIOMSIHYTHIX HCC/IEIOBAHUSAX Y/IEJEHO CHTYAIMH, KOT/Ia
KayK/Jasl TPYNNa COCTOUT W3 OFHON odepenn. BmecTe ¢ TeM aKTHBHOE BHEJIpPEHHE METO/A
napajaeTbHOl 00paboOTKU MOTOKOB B PA3IMYHBIX 00JaCTAX aKTyaTU3UPYET UCCIeTOBAHNE
DoJIee CTIOYKHBIX CUCTEM C TPYIIIaMU U3 HeCKOJIbKHUX ouepeieil. DTU CHCTeMbl HCCIeTOBAHBI
CYIIECTBEHHO MEHee I0JIHO, HAYWHAs ¢ TAKUX OA30BBIX BOIPOCOB, KAK YCTOWYIMBOCTH U
CTa0MIN3UPYEMOCTh CHCTEMBI W MOCTPOEHNE CTAOMIN3UPYIONIEr0 MPOTOKOIA.

Pabora mocBsineHa MCC/I€I0BAHUI0 WMEHHO TUX BOMPOCOB MPUMEHUTEJHHO K CTaH-
JMIAPTHOM YKUJIKOCTHON MOJIEJTN CUCTEMBI TMOJIJIMHTA. YCTAHOBJIEHBI KPUTEPUH CTAOWI3W-
pPYeMOCTH O0TIIei CHCTeMBI MOJLTMHTA ¢ MAKeTHONH 00pabOTKOI MOTOKOB, U B CJIy4Yae BHIIIOJI-
HEHUSI KPUTEPUEB Pa3paboTan CcTabU/IM3UPYIONUil CUCTeMY JeIeHTPAJIM30BAHHbBIN TPOTO-
KOJI yrpajieanus. B o0meM ciydae 9Tu KPUTEPUH CBOAAT MPOBEPKY CTAOUIU3UPYEMOCTH
K CTaHJAPTHBIM TeCTaM W3 00JIACTH JIMHEHHOrO W BBIMYKJIOTO MPOTPAMMHUPOBAHUS; Pa3-
paboTaHo IporpaMMHOe obecliedeHne, OCYINeCTBIIAIoNIee MPOBepKy Kpurepues. B padore
TaKKe MOKa3aHO, YTO B ONpe/IeJeHHBIX YaCTHBIX CIyYasdX 3TH KPUTEPUU TPUBOIUMBI K
3aMKHYTOI aHAJIUTHYECKO dopme.

Takum obpazoM B JHUILIOMHON paboTe MOJIYyYeHbl HOBbIE PE3YJIBTATBI; OHU 3aC/yZKH-
BalOT mybuKanuu mocae nopaborku u gonosHenns. Cpenu HeIOCTATKOB pabOThl OTMedy
OIIpe/IeJIEHHYTO JIOTHYECKY 0 He3aBEPIIIEHHOCTD ee YaCcTH, ITIOCBANIEHHON CeNnaTbHbIM CJIY-
JasM CHCTeMbI MOJLTHHTa. Kak cjre/icTBUe pacCMOTPEeHHBIH B paboTe HAOOp TAKUX CIydaeB
JIO M3BECTHOM CTeNeHH CIydaeH, YACTUIHO MOTUBHUPOBAH YUCTO METOIUUECKUMU cOOOpa-
JKEHUSIMU, W HEJOCTATOYEH JI/1si (DOPMUPOBAHUS 3aKOHYEHHONW KAPTHHBI U BHIBOJIOB.

IIpu momroroske mumaomuoit paborsr B.C. Barurak mposBuia gocTaTovaHble 3HAHUS
PA3JNYIHBIX PA3/eJ0B MATEMATHKHW W CIHOCOOHOCTH K CHCTEMATHYecKoi pabore m camo-
orparmsanuu. O6beMy U KadecTBY PabOTHI COOTBETCTBYET OIEHKa LOPOULO.

[Ipodeccop kad. Teop. kubepu. CIIOIY
JTokTop duz.-mat. HayK
A.C.Marseen



Report of the Academic Adviser
on the Diploma Thesis by BASHLAK V.S.
Flow Switching Networks Management

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 specific
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 flexible 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
flows 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
fluid model of polling systems. The author obtained criteria for stabilizability of a general
polling system with batch processing of the flows and elaborated a stabilizing decentralized
control protocol in the case of stabilizability. In general, these criteria reduce verification
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 offers new results; they merit publication, subject to finalization and
complementing. Among the deficiencies 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 sufficient for definitive 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 final qualification work is of “good” quality.



