COVMUNI CATI ON MANAGEMENT SYSTEM COVMUNI CATI ON MANAGEMENT METHOD AND

PROGRAM BACKGROUND 1. Technical Field The present invention rel ates
to a comuni cati on nmanagenent system a comuni cati on nanagenment nethod and
a program 2. Related Art In the system disclosed in Japanese
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management database by using a predicted value of the statistical information every time one

load distribution calculation process ends.

The priority control system disclosed in Japanese Unexamined Patent Application
Publication No. 2007-053676 issues a priority control time slot as a priority, thereby
encouraging a user to make a connection request in the priority control time slot. Accordingly,
connection requests which concentrate in a short period of time are temporally distributed, and
preferential control is performed only in the specific priority control time slot, so that the load
on a mobile communication system is reduced.

The band control device disclosed in Japanese Unexamined Patent Application
Publication No. 2008-199451 includes an information collecting unit that collects, from a
communication device to be controlled and/or a communication device connected to the
communication device to be controlled, traffic correlation information having correlation with
traffic of a line which passes through the communication device to be controlled; plural band
calculating units that calculate a band of the line by using algorithms different from one
another in accordance with the traffic correlation information; a selecting unit that selects a
band calculating unit on the basis of history of the relationship between the bands of the line

calculated by the individual band calculating units and an actual measurement value of the



2 traffic of the line; and a unit that sets the band of the line cal cul ated
by the selected band calculating unit for the comuni cation device to be
control |l ed. SUMVARY An obj ect of the present invention is to realize
more efficient use of plural conmmunicatiyon channels when the conmunication
channel s are shared by plural clients, conpared to the case of not using a
confi guratj-.on n exempl ary..e di,ment of . the. present i nvention.
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capacity of the communication channel.

According to a second aspect of the invention, the distribution controller includes a
switch controller that performs switch control in which, if a total amount at a certain time
point of distribution data to be distributed to clients assigned to at least one of the plural
communication channels exceeds the communication-path capacity of the communication
channel, an excess portion of the distribution data is deleted from the communication channel,
and a distribution path for the excess portion is switched to another one or more of the plural
communication channels having an available communication-path capacity at the certain time
point.

According to a third aspect of the invention, the switch controller selects, as the other
one or more of the plural communication channels having an available communication-path

capacity, a communication channel whose communication-path capacity is larger than an



According to a fourth aspect of the invention, the distribution controller
includes a shift unit that, if a total anbunt at a certain tine point of
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i nformati on nmenory. According to an eighth aspect of the invention,

t he conmuni cati on managenent system further includes a capacity pattern
measuring unit that nmeasures a pattern of tenporal changes in an effective
comuni cati on-path capacity of a best-effort-type comrunication channel
anmong the plural comunication channels. The assigning unit determ nes one
or nore clients to be assigned to the best-effort-type comunication




conmmuni cation channels to which the assigning has assigned the clients. The
assigning determ nes one or nore clients to be assigned to each of the

pl ural conmuni cation channels so that a total pattern as a sum of the
traffic patterns of the one or nore clignts to be assigned to the
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According to an eighth aspect of the invention, the communication management system

further includes a capacity pattern measuring unit that measures a pattern of temporal changes
in an effective communication-path capacity of a best-effort-type communication channel
among the plural communication channels. The assigning unit determines one or more clients
to be assigned to the best-effort-type communication channel so that a total pattern as a sum of
the traffic patterns of one or more clients assigned to the best-effort-type communication
channel is within the pattern measured by the capacity pattern measuring unit.

According to a ninth aspect of the invention, there is provided a communication
management method including measuring, for each of clients, a traffic pattern representing a
pattern of temporal changes in an amount of communication traffic regarding the client;
assigning, to each of plural communication channels, one or more clients that use the
communication channel, on the basis of the traffic patterns of the clients measured in the
measuring; and performing control of selecting, as a communication channel with which

distribution data is to be distributed to one or more of the clients, at least one of the plural



time specified by a schedule of each client. According to the sixth
aspect of the invention, the possibility of overflow of comunication
channel s may be decreased by a delay corresponding to the inportance of
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An exenptlangelenbodi ment of the present invention vilii he described in

detail based on the follow ng figures, wherein: . Fig. 1 is a diagram
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illustrati ngexapple of traffic patterns of client. organizations; .
regarding tgg cﬁent; assigning, to gacil o% pTural communication channels, one or more clients

that use the communication channel, on the basis of the traffic patterns of the clients measured
in the measuring; and performing control of selecting, as a communication channel with which
distribution data is to be distributed to one or more of the clients, at least one of the plural
communication channels to which the assigning has assigned the clients. The assigning
determines one or more clients to be assigned to each of the plural communication channels so
that a total pattern as a sum of the traffic patterns of the one or more clients to be assigned to
the communication channel is within a communication-path capacity of the communication
channel.

According to the first, ninth, and tenth aspects of the invention, when plural
communication channels are shared by plural clients, the communication channels may be
used more efficiently compared to the case of not using the aspects of the invention.

According to the second aspect of the invention, even if distribution data arrives, the
amount thereof being equal to or larger than a traffic amount estimated in accordance with a
total pattern of traffic patterns, the possibility of overflow of communication channels may be
decreased.

According to the third aspect of the invention, an available communication channel
may be obtained with a calculation load smaller than that in the case of using a scheme of
obtaining an available communication channel by calculating real-time available capacities of
individual communication channels.

According to the fourth aspect of the invention, overflow of communication channels is
prevented by a delay of distribution timing, and also the possibility of overflow may be
decreased through switching to another communication channel even if overflow is not
prevented only by a delay.

According to the fifth aspect of the invention, distribution data may be distributed at a



Fig, 4 is a diagramillustrating an exanple of data content of a traffic
pattern DB; Fig. 5is a diagramillustrating an exanple of data content of
a channel feature 1)13; Figs. 6A and 6B are diagranms describing a
difference in total traffic pattern caused by a difference in conbination

of plural client organizations; Fig. 7 is a diagramillustrating an
exanpl e Qﬁle(r%bé&f]&{f)}ngsmedm%q,tf%& é{ﬁﬁ{'ors of traffic patterns; Fig. 8
is a diagramillustrating an exanple of clustering of feature vectors of
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an assi gnabl'e conbi nati on DB,;

According to the seventh aspect of the invention, one or more clients to be assigned to a
communication channel may be determined with a calculation load smaller than that in the
case of obtaining a total pattern by actually summing traffic patterns of individual clients and
determining whether the total pattern is within the communication-path capacity of the
communication channel.

According to the eighth aspect of the invention, clients may be assigned to best-effort-

type communication channels more appropriately than in the case of not using the aspect of

the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the present invention will be described in detail based on
the following figures, wherein:

Fig. 1 is a diagram illustrating an example of a network environment to which a
communication management scheme according to an exemplary embodiment is applied;

Fig. 2 is a diagram illustrating an example of a configuration of a communication
management system;

Figs. 3A to 3C are diagrams illustrating an example of traffic patterns of client
organizations;

Fig. 4 is a diagram illustrating an example of data content of a traffic pattern DB;

Fig. 5 is a diagram illustrating an example of data content of a channel feature DB;

Figs. 6A and 6B are diagrams describing a difference in total traffic pattern caused by a
difference in combination of plural client organizations;

Fig. 7 is a diagram illustrating an example of clustering of feature vectors of traffic

patterns;

Fig. 8 is a diagram illustrating an example of clustering of feature vectors of traffic

patterns;

Fig. 9 is a diagram illustrating an example of clustering in which partial overlap of

clusters is allowed;



Fig. 12 is a diagramillustrating an exanple of data content of a channel
assignnent DB; Fig. 13 is a diagramillustrating exanple data content of a
total pattern DB, Fig. 14 is a diagramillustrating an exanple of a
configuration of a traffic controller; Fg. 15 is a diagramillustrating an
exanpl e of data content of a distribution schedule nmenory; Fig. 16 is
a diagramil lgstngtin f u i hapi ket
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i Il ustr anifoxgnation®Npl e of a procedure of chipping and sw tching perfonned
by the traffic shaper switcher; and Fig. 18 is a diagramdescribing traffic
shapi ng (packidg- dhi i . dpemm Lilpstpticeripexenple of data qonfens 1ofape pspignatle.

1, a comiﬁgtgdngananagenent system 100 t hat perforns conmuni cation
managenent according to an exenplary enbodiment is applied to, for exanple,
a service systigm2@ 4 daigran dlughesing ahexampleodt @ato contehnglf § ehainek assighment
termnals 22 in plural client organi zations 20. That is, the comrunication
manage »system 100 according to the exenplary enbodi nent nanages
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Fig. 17 is a diagram illustrating an example of a procedure of chipping and switching

performed by the traffic shaper switcher; and
Fig. 18 is a diagram describing traffic shaping (packet shift).

DETAILED DESCRIPTION

As illustrated in Fig. 1, a communication management system 100 that performs
communication management according to an exemplary embodiment is applied to, for
example, a service system 10 that provides information processing services to terminals 22 in
plural client organizations 20. That is, the communication management system 100 according
to the exemplary embodiment manages communication traffic that is used when the service
system 10 provides information processing services to the terminals 22 in the client
organizations 20. A communication management scheme according to the exemplary
embodiment does not depend on the form of the service system 10. For example, the service
system 10 may be a server as a single unit, or may be a so-called cloud-type system including
plural computers. Also, the communication management scheme according to the exemplary
embodiment does not depend on the types of the information processing services provided by
the service system 10.

In the exemplary embodiment, an operator which operates the service system 10 rents
plural communication channels 30-1 to 30-3 (hereinafter collectively referred to as

communication channels 30) from a communication carrier, and provides services to the plural



In the exenpl ary enbodi ment, an operator which operates the service system
10 rents plural conmunication channels 30-1 to 30-3 (hereinafter
collectively referred to as comruni cati on channels 30) from a conmmuni cation
carrier, and provides services to the plgural 8 client organizations 20 by
usi ng the communi cati on channels 30. O course, the entire comunication
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The communication channels 30 each have a communication-path capacity (bandwidth),

regardless of whether they are of the bandwidth guarantee type or the best effort type. In the
case of the best effort type, the communication-path capacity is merely an upper limit and is
not necessarily guaranteed. The communication-path capacity may vary in the individual
communication channels 30.

Fig. 1 illustrates three communication channels 30, but the nu)mber of communication
channels 30 used by the service system 10 is not limited to three.

Each of the client organizations 20 is an organization including plural individuals, such

as a company or group. The service system 10 assigns one or more communication channels

30 to each client organization 20, communicates with the individual terminals 22 in the client



organi zation 20 via the assigned comuni cati on channels 30, and thereby
provi des services. In a ease where the service system 10 uses wirel ess and
wi red communi cation channels 30, each client organization 20 sel ects any
one of "use only wireless", "use only wiged", and "use wreless and wred".
Each of the termnals 22 may be any type of apparatus as long as it has an

i nf or mat | i f i d a co nication Ili-Fi.ction for .
per for m SaARRAREE 38 B0 DD B iSOG HnEEL RN st BPRier shvices.
t er m nal I( a caseawherphthe Servivel 3Bl 1P EGORREISOMAHVAED CBRmuntcalBRichnRRONE
or the l!E%sz) .a PC, a server, or adigital multifunction peripheral (a

mul ti fun eBNEAHEONNER SaleFtS amceneos'ust orlycwipslesst, 'ae hillyewired "panchituse, a
scanner, ya.fedCsid & etc. ). In the exenpl ary enbodi nent, one or nore
client organizations 20 are assigned to one comunication channel 30. The

servi ce syst dbach@fserhhrlsilimay be aRyvPecTtappitaild 38 M Sas3P hiLiH BitbrifaQhh 2
conmuni cati on, CaEI’I er to performconmunication with the plural client

or gani zal"PEEINE Hon Rf ch copenwsaliop cluggtion fr petferming ckomamuwicatiopevia a
brovE o QGBI 58 as WinG ARG EHaBh (LA GTRIR! G HHIR hers STl QB ©

directed toward optim zing the assignnen
or gani z&Pidns rdtbileopltdne, pt tealike)p TR £ dériver o¢ hadipahism3Qifup@bnbyeriph€ral (a

service system.10 (that is, .remd,fro the carrier), It is the

conmuni c'ﬁﬁﬁl%l CHAR APOAEHHS 39%19% SHPOshalk 2peatyEiginashingg anBrRicr, oF sednngt, a
pur pOSE.facsimﬂe,Fét(g). 2 illustrates an exanple of an internal configuration of
t he communi cat’i on” managenent system 100, In Fig. 2, atraffic pattern
dat abase ( DB)n i@2exemplary gtbodigent hate @trooreslidat @gatigationt Rafafd gssipatd &5 fige of

the individual. cliept o nizati ons 20. re, "atraffic pattern of a
client c():\réga ‘fn%%at?ﬁo%}r‘fﬂ%ei ? @ iﬁﬁgﬁrf"@f” 1 ‘?m{i‘@r’r'ﬁﬁsrﬂa‘F P@W’i‘rfgggm?m%loeéhmeh 30
period (édied EX@APA Gonfiehibtion ORI KperRitf EBMMniAlioR "\Gitkl SAE ) pl@fal Llient

traffic amount, of conmmunj cation perforned between the client organization
20 and CREngatoRc0 ey which the service system d0flias mpasietaesenvics prvésorr echtiayt. aln

traffic i i t..112. cifigall the tr.aff.ic pattern
measur i ﬁg%%é]eﬁ Qflt%g%%%%g%?ye%ﬂg&qurng ?F?B‘E%%’iﬁﬁﬁr%?gé%‘wﬁrﬂp@g}lpaﬁt SSIBEPREG by
each cl orhe phgainilieat bRan2Ativha20 o thablurdl GAhiALARN dRneStRY bk gAlHeY
processes the neasurenment result, and thereby obtains a typical pattern of

t enpor aFT¥IERYES™ H0 (Hatrimirented drom thg catsiennolints  the lsammiugiicaion madrfagement
patter nsys@ém?@@ﬁa?béﬁ S%Qﬂaﬁ:gﬁlglttﬁ'ﬂpﬂgg u 8{e exanpl e, a pattern of changes
in a conmunication traffic afmount over nty-four hours of a day is
measur ed f orFigorte ilGonties uausxdapk vegar ditdtgala cedidu@ativonC bf aRé RhERMHiZAbLOoN
20, and _the eﬁ?t ern oﬁ (ghanges over the days is averaged in each tine slot,
so t hat M4"¢% Vst 8% of one day of the client 10 organization 20 is
obt ai ned. Thg pjpad 4 3 i r f
weekday and a h%l i’dda?ffﬂgiptaﬁéa? %Eabgﬁfmwgrab%é%ﬁg%{aapg? lfe ﬁgﬁ%@@g&r@ﬁc many
cases, patteras pf shpdndigidvabiclient orginizatioas 20s iifeke, ctnsitadid petiernt of \“aclicnys
factor SerohiBuEYer, a. traffic Pﬁtternl (g;a the. client or ga(?itzati on 20, such as
a conpalP TG Th 18 ARaten AT fmee! drngesoin % catainpgriod £os expmpler gne dave
extent Qecase ohélﬂldnﬂﬂd@@iiég@a@fof langlitné andlist diSconth@NERHnPefortbd blGeacal €
of the client organization 20 is |arge enough, a traffic pattern obtal ned
over tviBaclcH ouganivstien 28fand thisserviee ssoci®d to have a shape sinilar to that

of a Gaussi AP .on i ich.there.is a peak at. erfain tjnme
In a case mhngrgff%oé%@ti\n{ 1rse'ge'r‘{asrqrd3 Wit & TAHE %aémmegs&ﬂngﬁméth R?C&Cé‘hi’aéhear e
used betaffiepatidre memsmigeusy 312 mMekburadd tafe fhodMFEbin®iiini@HhidaHedBinh NSy 20,
atraffic pattern for, the wired communi cati on channel 30 and a traffic

pat t er FFlFligH organizatian 20 vampdrafficaaontnller9n stptigwalip prasesseb thei mexdurenrent he
client ' j : i - ication channel 30 is.used f PCs
or e TR aahy 0y BBiail® SR ARATIP ST SFRERT 5 compisbist3sy it

wi r el essnaofthat isat itaiffic painag) oSeachsclisht efanEeGoPI0SIFe dxbRpRf hi G@eRYotiSer s
carrying a mobile infarmation _termnal, such as a smart phone, that is,

bot h hélggngfp IR @r COMMMHER Y tragéic amount over twenty-four hours of a day is measured for

some continuous days regarding a certain client organization 20, and the pattern of changes

over the days is averaged in each time slot, so that a traffic pattern of one day of the client



The traffic pattern of each client organization 20 reflects the
characteristics of the business conducted by the client organization 20.
For exanple, as for a business in which the nunber of visits to clients
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Here, plural types of default traffic patterns may be prepared, a traffic
pattern suitable for the client organi zation 20 may be selected in
accordance with information about the client organi zation 20 obt ai ned
through an interview or the like, and the¢ selected traffic pattern may be
tenporarily registered. It is often the case that traffic patterns of
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In the case of a best-effort-type communi cati on channel 30, a conbination
of client organizations 20 may be obtained so that the total pattern of the
conbination is "acceptable” with respect to a tenporal change pattern of
the effective bandwi dth of the communi cgbi on charnmel $0. 14 Wien the
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f
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effort, that is, a bandwidth expected to be available in the service system 10. Of course, the

effective bandwidth is not reliably guaranteed, but a certain level of high reliability is obtained
by statistically obtaining an effective bandwidth by performing sample measurement that is
sufficient to some extent.

For example, in a case where the operator of the service system 10 newly rents a best-
effort-type communication channel 30 from a communication carrier, a manager of the

operator may register the communication channel 30 in the channel feature DB 104 by using a



In the exanples illustrated in Figs. 7 and 8, the clusters do not overlap
one anot her, but clustering nmay be perforned so that the dusters partially
overlap with one another. Fig. 9 illustrates an exanple in which clusters
partially overlap one anoCher, In the exgnple illustrated in Fig. 9, duster
C5 partially overlaps clusters O to C4. In such a case where clusters

tiall | ther,. t | i ent i zat ] 20 (featur,
Doct or s) el ARty Fdingy it 135 cBay Grure iR ay R PLAmatirae Hhf dbg to
or gani zage@dige 4Qelipbranéhiange paitéth! of th€ eFbdivt Yaid Wit oPHR!dodnunication channel

I nformation about clustering that has been obtained is registered in a
pattern 30,356 amayiragisien theimepspRmeosresHt in the@hannel®atuae BB HiH. exanpl e of data

content of thg pat.tern cluster. i nfornmation 106.,I1n_this exanpl e .
dofinition of? aaﬁ%lé%abé‘f combllip Segrepis i%’%‘&?@% SeATChE f%a?‘l‘%ﬁﬁ%‘ét@?"hem

i nf or mat igAniBRicHe B0 d%siFﬁe&Q@ ktHeGRdMduAl EstemMuhichGa EiRRndlRRoneY ib? AhRPHite t he
individual clusters (cluster IDs). Fig. 10 illustrates an exanple of

cl ust er i F§tepe l-uPecrdingdp s asic bpugh, %@Iewh ewamdnigation ehapnesx), e askignable t he

coordin -Of.- ter . tur . 0of- a featuyre vect.or 0) and

Che. r adr o ripioRaftAletinit) of sGE M5 788 EGliofpt SR BedtfiiBfs o pusdds |

this exaonl eraffic pattesd €that 3, 8 tiaéfiy patterMSbehtned i addigy defficnafobiys a& meRi®al and

a radius, Such a ci L;lﬂ[égr cluster is nmerely an exanple, and the shape of a
[

cl ust er YeengiPresset vidual traffigypatiempleisiseentaile by dhe phanpel bansiwiglth oif dlaes
and wir nﬁﬂlﬁ?ﬂ%}ﬂ j %% . Gl i r for.each
of wir efég’ss an iv(\)nﬁra‘gigaﬂe 19 %chg%nﬁhgﬁ §£§H%}tr@¥%@ é@gg fz%gs {%%rgb?esnfgge t he
i ndi vi dudilentcagmizitoatlOos alsh acpaedes] 30, "combimatien’. by t he assi gnabl e

conbi nati on sear chi unit 109, a regi.stered in an assignabl e conbi nation
DB 108. Fig. POt eXAmpEe 4 emmbinaton b fhsi et patkerns ebekeant Ade U Askaed gnBise

conbi nat3ixoR 1B h0Sealt Ratddl 18, | i @ISt S ; to
t he conmuni cat i(ton%ghan%%?sﬁ%(%ﬁlgggé 1r elggég%}gtrrglgﬁiﬁr%&téwzhalgsbiggitrl%%?seea'c?vn%{ﬁﬁlg%s?on
DB 108 iassumasslobitathe pralniimias pfithe theoattiaffic ptftans anftbe senhé,dhe perdutraffib@amount
respecti C nicati gn,channel s..30 (channel,, | Ds n the exapple. . .

I Tustr S dbe ?%P&&e‘ﬁ*lo? tPF;]‘ S CHATEF At EOR 181 S QHS{%ﬁ’Fac}P Ri 94 i o
bel ongi Agcdpeabld bty &y CtommhicatiGOBkinAal 3 Whele A HaBMvidh S ZRLHAB (20
belonging to cluster Cl, one client organization 20 belonging to cluster

C2, and leaseatcihp @sek §mganiOnathesribexchapd) wnde regamplecillusirased @RFigandA (@PCathe

conbi nat| -Of i [.zat L an,. belonging to, cluster C | apd two
ol et raofles A InE B b OBCER, W AiAGeBF WAL ng) R Bfecl5p i
comuni datréadris charilledtratéditi' Fig. §8. The pedknvilie ofXidmitdl pattertSis At ¢ whithFsg-
1, only conmbinations of the upper limt in terns of a traffic anount,
anong cotASPIRALS B cypmpnigatiqn chagael; 3whese ohannehbandydfthiig i hS" epmetmiatlsaston
channel g @0 e fmEfYi Stered in the assignabl e conbination DB 108. That is,
When a corrb?)natl on "C + C2" is assignable to channel Chi, a conbination "C
1 " (only onEhetraffint pdteetonfjeady ¢tlent longinemtiGh P0aind the chaieh dhhdwidthGX' edchnl vy

one client belonging to ster .1's of coyrse_ assignable, but such
conb! nabMOHETAGo g5 (hartculait) i Ghecoch dildb e <508 BREbAS: JpsBical t
conmuni giihd eRteRNAMNRe ndP ac@Ra@S STIRAR!cEsL RAB A AhaRbrmC s”%&.%ﬁ)ﬁible?’ bty the

determ ned in accordance with a channel bandw dth (‘communi cation-path
capaci t hannghbandwadthfodra eongmouigatidn tzandel 30 ks wptarcaedsalyt ay pase oolnarel thectatal on

h | 0. .cembi nat | .of clust b i st i.n th i bl
conbi nab T 6 GewP BihAcRisfln.fe e PR () TS b btn mond desf ot ©
i nst eadex@ked tHdi chiafhttd Ibbhyd v ed ﬁ@fefﬁﬁm@@%'gﬁéqﬁéﬂeﬁ{).s VI&J} eRAMPIChS aRSRAINARLE T O

the individual comunication channels : en a communi cati on
channel m3p bgepiioyidedrioed ehaanelabarstwidihi cueh o apaalloveabld sange dfet rlddh,sandrad i n

t he cha . ur, Q t he-chann registeri.ngl.del eti it 116,
the as s?%%grgfl%ﬁ%o re‘rlg(fe ablﬂeo;}n e%e’r}?:er%|f°rr1rgr;1 eg ﬁtietﬁie 1‘8% R f’/mdﬁt%’é&‘m &Fgﬂg‘fvﬁ@e Tange.

comruni cat i dn thhangedl 3bestadifors Bipg Nadlireurdedtidnaiah®) 30 aCld#sifitfon aNeidiRy
regi ster the combination in the assignabl e conbination DB 108. A

channel oTg3y73jions A0 rast Be APiaingd sarthet the dotakpasiem abtheconbiimasiondm Sacseptabletnt
i Zatd f i adi. i hcat h 5, 30 d. by th
cetui cath declo’ Plodian Ahic Biiflm CRY UEAHALBRRIN S 3p¢ Soag ot "°

r ef er endbaniied 30he traffic pattern DR 102, the pattern cluster information DB
106, and the assignabl e conbi nati on DB 108.



In a process of determ ning conbinations, first, the clusters to which the
i ndi vidual client organizations 20 bel ong are specified on the basis of the
feature vectors of the client organizations 20 registered in the traffic
pattern DB 102 by referring to the pattgin cluster nati on DB 106. For
exanple, in a case where the feature vector of client Ais in the range of
cluster d, ig,is . determned that cluster C .is cluster to ich ient A
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For example, Fig. 7 illustrates four clusters C1 to C4 formed in a feature space of a

feature vector having a peak bandwidth Bmax and a peak time Tmax as components. Fig. 8

illustrates four clusters C1 to C4 formed in a feature space of another feature vector (r, 0),



18 assignnent may be perthrined on only one or sone of the communi cation
channel s 30, and the assignnent for the other comrunication channels 30 may
be mai ntained, unlike in the above-descri bed case where the existing
assignment state is conpletely cleared gqgd recal cul ation for assignnent is
perfornmed again. For exanple, a predeterm ned nunber or ratio of
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term nal 42 belonging to a certain client organization 20 fromthe service
system 10, the traffic controller 200 searches the channel assignnment DB
120 for the communi cation channel 30 corresponding to the client

organi zation 20, and transmits the transm ssion data to the term nal 22 via

t he conmuni cati on channel 30. However, channel assignnment registered in the
channel assignnent DB 120 is based on a traffic pattern, which is a tread




Referring back to Fig. 2, the channel assignnent determ ning unit 110
obtains, for each of the communication channels 30, the total pattern of
the traffic patterns of the client organizations 20 assigned to the
comuni cation channel 30 in accordance yth a result of assignnment of the
i ndi vidual client organizations 20 to the communication channels 30, and

regi sters the tnptal tterns, i he .t ot 22. Fig.. 13
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Whet her a distribution instruction is of the immedi ate type or reservation
type is atically determ ned in accordance with a service for which a
distribution instruction in input. For exanple, a distribution instruction
associated with a schedul e registered ip,a schedul e nanagement application
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is a bUHFE™St hat hol ds plural pieces of data to be distributed using a
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t hat have been inserted into the queue 204 are output to the correspondi ng
comuni cati on channel 30 using the FIFO schene. Sone tinme is taken from
when the data to be distributed is inserted into the queue 204 (e, nqueue)
to when the data is output to the correspondi ng conmuni cati on channel 30
(dequeue), that is, a delay occurs. In this delay tinme, the TSS 206 adjusts
the data to be distributed (packets) in the queue 204 in the foll ow ng




23 Traffic shaping is a control schene of causing a delay (shift to aof the
data to be distributed (packets) in the queue 204, thereby preventing
excess over the bandw dth of the correspondi ng communi cation channel 30.
Traffic shaping may also be referred toj@s packet shift. The upper limt of
a delay is a distribution guarantee tinme. That is, this control schene
prevents del
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queues 204 corresponding to all the communi cation channels 30, and is thus
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increase in the number of client organizations 20. Accordingly, the number of communication

channels 30 is minimized, which decreases the possibility of increasing the cost for the
communication channels 30.

Also, in a case where a client organization 20 which is provided with a service from the
service system 10 has been deleted, the channel assignment determining unit 110 may
recalculate the assignment of the residual client organizations 20 to the communication
channels 30. In the recalculation, whether or not the residual client organizations 20 are
acceptable may be determined without using any of the communication channels 30 that are
being used. If a communication channel 30 to which any client organization 20 is not
assignable is generated through the recalculation, the communication channel 30 may be
reserved as a spare or may be returned to the communication carrier (cancellation of the

contract).



packets are to be switched may be prepared. In this schene, a small nunber
of client organizations 20 are assigned to the prepared conununication
channel 30 so that the conmunication channel 30 has a sufficient avail able
bandwi dt h. An exanple of a process procggure of the TSS 206 is illustrated
in Figs. 16 and 17 Fig. 16 illustrates a procedure of traffic shapi ng, and
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portion @fndhiBcdi®hichahsiss #f Fig. 18. In the procedure illustrated in
Fig. 16 (traffic shaping), the TSS 206 sequentially processes the tine
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to step 510, where the Tss 206 determ nes whether or not there is an
unpr oc e@adasic ghannel selection process performed by the traffic controller 200.

That is, when receiving transmission data addressed to a terminal 22 belonging to a
certain client organization 20 from the service system 10, the traffic controller 200 searches
the channel assignment DB 120 for the communication channel 30 corresponding to the client
organization 20, and transmits the transmission data to the terminal 22 via the communication
channel 30. However, channel assignment registered in the channel assignment DB 120 is
based on a traffic pattern, which is a trend of relatively long-term changes in traffic amount,
and thus overflow of the communication channels 30 may occur if the traffic amount of the
client organizations 20 suddenly increases. For this reason, in the exemplary embodiment, a
controller is provided to address such a sudden increase in the traffic amount. This will be
described in detail below with reference to Fig. 14 and so forth.

Referring back to Fig. 2, the channel assignment determining unit 110 obtains, for each
of the communication channels 30, the total pattern of the traffic patterns of the client
organizations 20 assigned to the communication channel 30 in accordance with a result of
assignment of the individual client organizations 20 to the communication channels 30, and
registers the total patterns in the total pattern DB 122. Fig. 13 illustrates an example of data
content of the total pattern DB 122. The total patterns registered in the total pattern DB 122



When t he communi cation channel 30 is of the best effort type, the channel
bandwi dt h corresponding to the CT in the tenporal change pattern of the
channel bandwi dth of the conmuni cati on channel 30 registered in the channel
feature DB 104 may be used as the channgy bandwi dth serving as a reference
of the determination perforned in step 814. If it is determned in
step S14 that the ﬁot al téaffi cfam)unt exceedts t he cEanneI. E_a wi dt ht.the
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packets.ip the CT. 1{. the.check has not .he erformed on all, the_ packets,
the pr o&%‘ggldfl BFis ’i‘étr’é’flgﬁn B%}w%rpéo‘_flﬁ%deﬁ% USRISTBRe s eRhinuprediate dype
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the exanple illustrated in Fig. 18, the traffic th packets that eXceed

t he chamvhith dhdisdibuton tiate is eprsifiddaed distribugioh afstuetigraetktbe reshiviatiolf typaifdyde
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onty yapplication to a client organization 20, the schedule management application accepts, in

association with a schedule registered by a user (for example, "10:00-11:00 meeting"),
specification of data such as document data used in the schedule, and provides a distribution
instruction (in other words, distribution reservation) to distribute the specified data at the time
specified in the schedule to the distribution instruction accepting unit 250.

The data to be distributed is held in, for example, a distribution DB 260. For example,
a database for an online storage service or an online document creation/storage service
provided by the service system 10 is an example of the distribution DB 260. In this example,
a schedule management application or the like may provide an input screen for data to be
distributed corresponding to a registered schedule, call a list of data stored using an online
storage service or the like, and accept the data to be distributed from the list. The number of
distribution DBs 260 is not limited to one. For example, databases for the individual services
provided by the service system 10 may be used as distribution DBs 260.

In both cases of the immediate type and the reservation type, "importance" or "priority"
(hereinafter collectively referred to as "importance") may be specified for a distribution
instruction (or data to be distributed). As the importance increases, a distribution time

specified by a user is more likely to be kept (that is, a time lag between a time point when a



perfoiining packet shifi. In this case, a chipping and sw tching process in
the second stage is perforned. That is, if the determnation result in step
824 is YES (that is, if theion in step S18 has been perforned on all the
packets in the CT), the traffic anount bp the CT at the ine exceeds the
channel bandw dth. Thus, the process illustrated in Fig. 17 is perforned.
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I ther € d%abOfor each client organization 20, so that a user is capable of selecting a desired degree
of importance within the range when providing a distribution instruction.

Whether a distribution instruction is of the immediate type or reservation type is
automatically determined in accordance with a service for which a distribution instruction in
input. For example, a distribution instruction associated with a schedule registered in a
schedule management application is of the reservation type, whereas a distribution instruction
provided for a data transfer service is of the immediate type.

When providing a distribution instruction, a user may specify a destination of data to be
distributed as well as the data to be distributed and a distribution time. The destination is, for
example, a mobile terminal of the user, or a server or digital multifunction peripheral in the
client organization 20 to which the user belongs. The user may select one of these destinations
when providing a distribution instruction. There may be a service form in which a destination
is automatically set upon a user who has provided a distribution instruction being specified,
such as a case where a destination is fixed to a mobile terminal of the user.

Information about a distribution instruction accepted by the distribution instruction
accepting unit 250 is stored in a distribution schedule memory 252. Fig. 15 illustrates an
example of data content stored in the distribution schedule memory 252. In this example, for
each piece of identification information of a distribution instruction (instruction ID), the ID of
the client organization 20 to which the user who has issued the distribution instruction belongs
(client ID), the user ID of the user, address information about a destination (distribution
destination), identification information about the data to be distributed (distribution data ID,
the data itself to be distributed exists in the distribution DB 260), a specified distribution time,
and a distribution guarantee time are registered. The specified distribution time is an
acceptance time of a distribution instruction in the case of an immediate-type distribution
instruction, and is a reservation time in the case of a reservation-type distribution instruction
(for example, a start time in a schedule registered for a schedule management application or

the like). The distribution guarantee time is a guaranteed time by which the data is to be



comuni cati on channel 30 whose avail able capacity is larger than the total
traffic amount of the chipped packets, plural comunication channels 30
whose total available capacity is equal or larger than the total traffic
anmount are sel ect ed. According tgpanother exanple, in step S28, the
TSS 206 obtains, for each of the other communication channels 30, the
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information about a distribution guarantee time in the header of each packet, and then inserts

the data into the queue 204.

The queue 204 is a buffer that holds plural pieces of data to be distributed using a first-
in first-out (FIFO) scheme. That is, pieces of data to be distributed that have been inserted
into the queue 204 are output to the corresponding communication channel 30 using the FIFO
scheme. Some time is taken from when the data to be distributed is inserted into the queue
204 (enqueue) to when the data is output to the corresponding communication channel 30
(dequeue), that is, a delay occurs. In this delay time, the TSS 206 adjusts the data to be
distributed (packets) in the queue 204 in the following manner so as to prevent overflow of the
communication channel 30 corresponding to the queue 204.

The TSS 206 monitors the queues 204 corresponding to the individual communication
channels 30, and performs control to prevent overflow of the communication channels 30.
The control is composed of two stages, that is, (1) traffic shaping and (2) chipping and

switching.



be left in the CT or dropped. After step 530 has been perfornmed, the
process for the CT ends. Then, the TSS 206 returns to step S10, and
perfornms the process on the NI. The above-descri bed procedure is
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subtraction corresponds to an available bandwidth of the communication channel 30. For
example, one or more communication channels 30 enough to acquire the capacity for
accepting the traffic amount of the chipped packets are selected in descending order of the
available bandwidth (available capacity). Then, the chipped packets are inserted into the
queues 204 corresponding to the selected communication channels 30.

According to another example, a communication channel 30 having an available
current time slot (CT) is searched for, and the chipped packets are inserted into the CT of the
queue 204 of the found communication channel 30. If only one available communication
channel 30 is insufficient for accepting the total traffic amount of the chipped packets, the
chipped packets may be dispersed to the CTs of plural available communication channels 30.
The TSS 206 monitors the queues 204 corresponding to all the communication channels 30,

and is thus capable of performing such control.

According to still another example, a communication channel 30 to which overflowed
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when the number in a square is "1", the distribution guarantee time of the packet is time t1 in
Fig. 18. The total traffic amount of clients A and B exceeds the bandwidth of the
communication channel 30, as illustrated in the lowermost portion of the left side of Fig. 18.

In the procedure illustrated in Fig. 16 (traffic shaping), the TSS 206 sequentially
processes the time slots in a target queue 204 from the time slot of the earliest time, and
repeats the process until all the time slots in the queue 204 have been processed.

First, the TSS 206 determines whether or not there is an unprocessed next time slot
(NT) in step S10. If there is an unprocessed NT, the TSS 206 sets the NT as a current time slot
(CT) in step S12. Subsequently, the TSS 206 determines in step S14 whether or not the total
traffic amount in the CT (the total amount of the packets of clients A and B) exceeds the
channel bandwidth (capacity) of the communication channel 30. If the total traffic amount
does not exceed the channel bandwidth, the process returns to step S10, where the TSS 206
determines whether or not there is an unprocessed NT.

When the communication channel 30 is of the best effort type, the channel bandwidth
corresponding to the CT in the temporal change pattern of the channel bandwidth of the
communication channel 30 registered in the channel feature DB 104 may be used as the
channel bandwidth serving as a reference of the determination performed in step S14.

If it is determined in step S14 that the total traffic amount exceeds the channel

bandwidth, the TSS 206 extracts an unprocessed packet in the CT in step S16, and determines
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management SYEtseP 89400EITRG $& Tl whether or not the check in step S18 (and the
process in steps S20 and S22 if necessary) has been performed on all the packets in the CT. If

the check has not been performed on all the packets, the process returns to step S16, where the
next unprocessed packet is extracted from the CT, and the process is repeated from step S18.

In the example illustrated in Fig. 18, the traffic with packets that exceed the channel
bandwidth at some time points before packet shift (traffic shaping) is shaped into the traffic in
which all the packets do not exceed the channel bandwidth after repetition of the process from
step S16 to step S24.

However, overflow of the communication channel 30 may not be eliminated only by
performing packet shift. In this case, a chipping and switching process in the second stage is
performed.

That is, if the determination result in step S24 is YES (that is, if the determination in
step S18 has been performed on all the packets in the CT), the traffic amount in the CT at the
time exceeds the channel bandwidth. Thus, the process illustrated in F ig. 17 is performed.

In the procedure illustrated in Fig. 17, the TSS 206 selects the packets that exceed the
channel bandwidth of the corresponding communication channel 30 among the packets
remaining in the CT, as a target to be deleted (chipped) from the CT in step S26. In step S28,
the TSS 206 searches for an available communication channel 30 to which the chipped packets
are to be switched.

According to an example, in step S28, a communication channel 30 whose available

capacity (= "(channel bandwidth) - (traffic amount at CT in the total pattern)") is larger than



more of the
i itch controller selects, as the other one or € o the
Wre;:: int \ hgf S\(,:Vlotn’mc Ini cation channel's having an avail abl e comuni C;’i':l Oinspat h
p uacit ! a comuni cation channel whose communi eati on-path _cap?icmay oi nt
fgfger gha” an amount of communication }ESLfIf SﬁffgepEEIE?LQ of thg
e tr
indicated by a total pattern as a sumo he plurality of
. : n channel, anong the p
o o D ol ot T
: _ . . c
o e oy metet B gy WS L N T e o
IdP?[ lrjsjgﬁt%ﬁgh’&?ﬁy%l@én@i@tthtwdﬂalm ci}pae{iy $s W%rﬁﬁ%ggthgg?ﬁayﬁ%@ct%oum of
; S .communi cat 1 on- * .
ggmmm gg%lf g%pgh a ng}“«tS,e @ﬁ{ea? ?imtgﬂl?}&%{?%ﬁh@peks € whase totblvailabld @igacay id &Rl

[ ' [ int, the portion having a
gle;t?: Buﬁrgﬁgpgg?%ﬁ?g%talt?aga'?ﬁgﬁﬁgggI%gtg(g?&)'t han the certain tinme point, the
VY

di stribution Hece anpther peimpgle dietsten$283dhd TSSCOBIMRRGE Y éaghiom%rgéﬁnce

1 ]

; i i f atotal amount at a©c ain

e ot ot S PHLER A8, e w8t o ot vemomrmnitsrtna o

By ey e B LD S L S

it ohi [vEAPRBAAE PR it mwen heuad 40t dikhen b bOURTANERe]! ™
i i i i t.ch controller deletes a (

of the dstry buton ot i A e TR LR o emantto Clnes enil chasiuy

T s Aol vt Ky SR T SR N L

plur alt tohalhel SHTIHS S RmnG Solesied as an avaiibleTtimnaelnoummicia tiedthiSFa FGHRN!

gigﬁglmt ér:urbﬁmtdhed,any one of Cains | to 3, further conprising:

Subsequently, the TSS 206 deletes (chips) the packets to be chipped from the CT in
step S26, and switches the chipped packets to the one or more communication channels 30
selected in step S28 in accordance with the available capacities of the individual
communication channels 30 (or CTs) in step S30. Accordingly, the traffic amount in the CT
decreases to equal to or smaller than the channel bandwidth, and thus overflow of the
corresponding communication channel 30 may be prevented.

If a combination of communication channels 30 that is capable of accepting the total
traffic amount of the packets selected as a target to be chipped in step S26 is not found in step
S28, chipping and switching of the selected packets is not performed in the procedure
ilustrated in Fig. 17, and the packets are left in the CT. In this case, handling of the excess
packets in the CT is left to the communication channel 30 side. Alternatively, if a combination
of communication channels 30 that is capable of accepting the total traffic amount of the
packets selected as a target to be chipped is not found in step S28, the selected packets may be
deleted from the CT (packet drop).

In the above-described example, if a combination of communication channels 30 that is
capable of accepting the total traffic amount of the packets selected as a target to be chipped is
not found in step S28, switching of the excess packets is not performed at all, but this is
merely an example. Alternatively, the packets corresponding to the available capacity of the
communication channels 30 among the excess packets may be switched to the communication

channels 30 having the available capacity, and the residual packets that are not switched may
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In the description given above, the traffic control according to the exemplary

embodiment is applied to a data distribution process related to a distribution instruction from a
user. However, the traffic control according to the exemplary embodiment is applicable to
another process. For example, the control according to the exemplary embodiment is
applicable to distribution of data from the service system 10 to the terminal 22 in machine to
machine communication (so-called M2M).
The above-described communication management system 100 and traffic controller
200 may be realized by, for example, causing a multi-purpose computer to execute a program
representing processes of the above-described functional modules. Here, the computer has a
circuit configuration as hardware in which a microprocessor such as a central processing unit
(CPU), a memory (primary storage) such as a random access memory (RAM) and a read only
memory (ROM), a hard disk drive (HDD) controller that controls an HDD, various
input/output (I/O) interfaces, and a network interface that performs control for connecting to a
network, such as a local area network, are connected to one another via a bus. Also, a disk
drive for reading data from and/or writing data on a portable disk recording medium, such as a
compact disk (CD) or a digital versatile disk (DVD), a memory reader/writer for reading data
from and/or writing data on a portable nonvolatile recording medium of various standards,
such as a flash memory, or the like may be connected to the bus via, for example, an I/O
interface. The program describing the processes performed by the above-described individual
functional modules is stored in a fixed storage device, such as a hard disk drive, via a
recording medium such as a CD or DVD, or via a communication medium such as a network,
and is installed into the computer. When the program stored in the fixed storage device is read

out to the RAM and is executed by the microprocessor such as a CPU, the above-described
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modifications and variations will be apparent to practitioners skilled in the art. The

embodiment was chosen and described in order to best explain the principles of the invention
and its practical applications, thereby enabling others skilled in the art to understand the
invention for various embodiments and with the various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention be defined by the
following claims and their equivalents.

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.
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wherein the assigning unit determines one or more clients to be assigned to each of the

plurality of communication channels so that a total pattern as a sum of the traffic patterns of
the one or more clients to be assigned to the communication channel is within a

communication-path capacity of the communication channel.

2. The communication management system according to Claim 1,

wherein the distribution controller includes a switch controller that performs switch
control in which, if a total amount at a certajn time point of distribution data to be distributed
to clients assigned to at least one of the plurality of communication channels exceeds the
communication-path capacity of the communication channel, an excess portion of the
distribution data is deleted from the communication channel, and a distribution path for the
excess portion is switched to another one or more of the plurality of communication channels

having an available communication-path capacity at the certain time point.

3. The communication management system according to Claim 2,

wherein the switch controller selects, as the other one or more of the plurality of
communication channels having an available communication-path capacity, a communication
channel whose communication-path capacity is larger than an amount of communication
traffic at the certain time point indicated by a total pattern as a sum of the traffic patterns of the

clients assigned to the communication channel, among the plurality of communication

channels.
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certain time point of distribution data to be distributed to clients assigned to the
communication channel exceeds the communication-path capacity of the communication
channel, shifts a portion of the distribution data at the certain time point to a subsequent time
point, the portion having a distribution guarantee time that is later than the certain time point,
the distribution guarantee time being determined in accordance with importance of the
distribution data, and
wherein, if a total amount at a certain time point of distribution data to be distributed to
clients assigned to at least one of the plurality of communication channels exceeds the
communication-path capacity of the communication channel even if the shift unit shifts the
entire distribution data to the distribution guarantee time of the distribution data, the switch
controller deletes an excess portion of the distribution data from the communication channel
and switches a distribution path for the excess portion to another one or more of the plurality

of communication channels having an available communication-path capacity at the certain

time point.

5. The communication management system according to any one of Claims 1 to 3,
further comprising:

a schedule registering unit that accepts registration of a schedule item from each of the
clients and accepts registration of distribution data to be distributed to the client in association
with the schedule item registered by the client,

wherein the distribution controller regards an estimated time associated with the
schedule item registered by the schedule registering unit as a specified distribution time for the
distribution data registered in association with the schedule item, and performs control to

distribute the distribution data at the specified distribution time.

6. The communication management system according to Claim 5, further comprising:

a distribution guarantee time obtaining unit that obtains a distribution guarantee time
which is calculated by adding the specified distribution time for the distribution data registered
in association with the schedule item and an allowable delay time which is determined in
accordance with importance of the distribution data,

wherein, if a total amount at a certain time point of distribution data to be distributed to
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the clients assigned to the communication channel exceeds the communication-path capacity
of the communication channel, the distribution controller shifts a portion of the distribution
data at the certain time point to a subsequent time point, the portion having a distribution

guarantee time that is later than the certain time point.

7. The communication management system according to any one of Claims 1 to 6,
wherein the assigning unit includes

a feature vector obtaining unit that obtains feature vectors representing features of
pattern forms of the traffic patterns of the clients,

a clustering unit that groups the clients into a plurality of clusters in accordance with
similarity among the feature vectors,

a cluster range information memory that stores, for each cluster generated through
clustering performed by the clustering unit, a range of feature vectors belonging to the cluster,
and

a combination information memory that stores, for each of the plurality of
communication channels, a combination of clients in which a total pattern as a sum of the
traffic patterns of one or more clients assigned to the communication channel is within a
communication-path capacity of the communication channel, the combination being expressed
by a combination of clusters to which the clients belong, and the combination being stored as a
combination of clusters assignable to the communication channel, and

wherein the assigning unit obtains clusters to which the feature vectors of the traffic
patterns of the clients belong from information stored in the cluster range information memory,
and obtains, in accordance with the obtained clusters corresponding to the clients, a
combination of clients to be assigned to the communication channel from among combinations

of clients that satisfy a combination of clusters assignable to the communication channel

stored in the combination information memory.

8. The communication management system according to any one of Claims 1 to 7,
further comprising:

a capacity pattern measuring unit that measures a pattern of temporal changes in an
effective communication-path capacity of a best-effort-type communication channel among
the plurality of communication channels,

wherein the assigning unit determines one or more clients to be assigned to the best-
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effort-type communication channel so that a total pattern as a sum of the traffic patterns of one
or more clients assigned to the best-effort-type communication channel is within the pattern

measured by the capacity pattern measuring unit.

9. A communication management method comprising:

measuring, for each of clients, a traffic pattern representing a pattern of temporal
changes in an amount of communication traffic regarding the client;

assigning, to each of a plurality of communication channels, one or more clients that
use the communication channel, on the basis of the traffic patterns of the clients measured in
the measuring; and

performing control of selecting, as a communication channel with which distribution
data is to be distributed to one or more of the clients, at least one of the plurality of
communication channels to which the assigning has assigned the clients,

wherein the assigning determines one or more clients to be assigned to each of the
plurality of communication channels so that a total pattern as a sum of the traffic patterns of
the one or more clients to be assigned to the communication channel is within a

communication-path capacity of the communication channel.

10. A program causing a computer to execute a process, the process comprising:

measuring, for each of clients, a traffic pattern representing a pattern of temporal
changes in an amount of communication traffic regarding the client;

assigning, to each of a plurality of communication channels, one or more clients that
use the communication channel, on the basis of the traffic patterns of the clients measured in
the measuring; and

performing control of selecting, as a communication channel with which distribution
data is to be distributed to one or more of the clients, at least one of the plurality of
communication channels to which the assigning has assigned the clients,

wherein the assigning determines one or more clients to be assigned to each of the
plurality of communication channels so that a total pattern as a sum of the traffic patterns of
the one or more clients to be assigned to the communication channel is within a

communication-path capacity of the communication channel.



