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WD 2004/ 102896 PCT/ EP2003/ 005087 1 Method for the
distribution of a real-tine nulti-client service
weielozde i nventi on The invention rel ates to aPOEER@®3/005087

and nodes for providing a predefined quality of
service 5 for a connectiom between two conmuni cati on
partners. Description of prior art Packet sw tched
comuni cations are increasing significantly, in
particular in networks operating according to
Mdthédefon elie diswibndioh of a @eml-thno biudtircled §ervieeg i n packet
swtched 10 networks is that in opposite to circuit
swi t ched networks a nunber of conmunication paraneter
]h@§O{HW?ﬁ§%nple delay, jitter, bandw dth, packet |oss
be predi cted. However, several services have
Therinvemiom relegs ior emethbd anhnales G rpecmdlmla predefined quplity of service

ui rene [ er depe n_the service. A voice
ﬁ“@dﬂﬁ@%ﬁ?% “ngH®P(§3H@$W?08n Bbacket 1oss but to

delay and jitter. The downl oadi ng of data, however, is
sensitive to 15 packet | oss and data consi stency but
Depgription of@rigyabt jitter. As for exanple a voice
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nor e nms woul d not be accepted,. at
0pémamg acmrdlrlgmmnt@q@mrf@nmh 1k gvablens oprartifteop gt switched

neigv ﬁ%ﬁ(}ﬁ &éig |0(I))R sﬂ:e\fo 91? u‘?t svﬁ{c (Qierrelt\p@%s §ﬁ{1m9ér of co mumcatlon

parane er va ues e so-cal qual i1ty

pafdinefe by ot exdngsie ddigg fitter) baraihidtadpackg 1@3 aan m;t bofpr@ecrwi ce
is the ability of a network ar an el ene of

Hosyses é"é[ﬂ%??“”ﬁ"c? Ve REYEUNGEQPERREL]S 0Ny SoacruSa Smehbere

re(gflreﬂéﬁ'tg QaRe @eﬁeh@ﬁlg bh$hd epfidel B AR cBRAHGRIsmOIsEnkiEneRt S
an be satisfied. To enable Quality of service

paglety mssr bus to Adacandpistent Theowplogdng ﬁétdmr howeygh issSepsityh to
pa(élﬁeg lots ngdoc{&ga «%\Hs@%}éﬁdtﬁ ng'tst? 9¥1§ ¥ 7 WO for Bk BAREE vbiem

V|ce assurances are only

cofsecflo0@iths delag ofumatesthin 2 semkndsrormtta ofaheae than B8 tmpgew@enld not be
sender .and .25 receiver or operati n

cPaR H P BB STy are ©F gr it TG EoE B Brdviic o

pré’li%ﬁh&?se@ Srddiniaidi Qo bara@EptAudsibe S@-dallbﬂl’dpimllﬂﬁtolﬁ service has
del ay, Jltter and reliability. Bandwidth is the

been wivoflegedr at e t hat can be sustai ned on a connecti on.

Q% Y %e%léé%? i a%ﬁﬁ§ dfa hét%rkf Rl %ﬁéﬁk glo. ek dpfﬁ@ﬁldaemg node
pOIn 9 recelve t an end
orpﬁuteﬂ; to have some level of assurance that 1ts traf 1c and service requirements can be

satisfied. To enable Quality of service requires the cooperation of all network layers from
top-to-bottom, as well as every network element from end-to-end. Any Quality of
service assurances are only as good as the weakest link in the “chain” between sender and
receiver. For operation according to internet protocol Quality of service can be expressed
as the combination of network imposed bandwidth, delay, jitter and reliability.
Bandwidth is the transfer rate that can be sustained on a connection. Delay is the elapsed
time for a packet between being sent at a starting point and being received at an end point
of a connection. Jitter is the variation of delay values for different packets on a

connection. Reliability is concerned with the reliability of transmission to deliver all the
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of a connection. Jitter is the variation of delay

values for different packets on a 30 connecti on.
weebidab2ddsty is concerned with the reliabilityPOf/EP2003/005087

transm ssion to deliver all the WO 2004/ 102896

PCT/ EP2003/ 005087 2 packets in the correct order,

W t hout dropping themor causing bit errors.

Reliability is a property of the transm ssion system
padk@th ih Sheabfreq toadtr bMtHoh'edraplﬁngigmrm‘rmamsin@himmﬁs Rediability is a

medi um and by routing/s
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m B e ReRETR eglep SRR R FEM RIRT BRI cam e
swmwuﬁneter val ues, such as bandw dt h, delay, Jltter

etc.  These values nmust .. then be e
oo R e WIS PR S BSRIT Fe bBe arw
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for exanple IntServ (Integrated Services)/ RSVP
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assitication packets f pur pose” of
SehnmyR&gPd@ﬁSam(Daﬂfasmwdoﬂemc@wHﬂ (633@1@ rogoysplransfer
@gﬁtlcular way. ldeally, it neans making 15 the data
ivery service of the otherw se unpredictabl e best

QelityodfiSetRee(ib RyRemattedisahocads)ficatiat aﬁp’akketqofoe dleqjuqh)b@of
Basically three | evels gf end-t 0-

egaAeERIRek 56T APSE pHRTSREh Bt PBRLE dr oIl i tgepg maling

thé ddiReRASHice TP RRE AR WisE ﬁnﬁ&‘e@h@fﬁ% s REBAIR €Miternet Protocol)
erentiiated service, i.e. statistical preference

Iwownbaxkhﬁ@ﬂbut not a hard guarantee of particul ar

Bas%;gﬁ‘up ggve?so %aé 'IE—‘A 33! fﬂeﬂﬁcc‘e' caﬁ%g d8Y 'é@ ed%st—effort

|on of networ kK°resources
sefvide, BIDEIE Ibfishcsconhé(ﬂlfvfty Wlthbhﬂgiialgn‘aesa diffeestibed dervime Syesstatrstical
resource under-util.iz gtlon %uarant

Pf%fSWBFfi lhpgkets i PRt A RIS P%&P% lam IFALIPR pgppeter
S 8 |ghé‘ra1§t¥‘é?1 B4R 28 aBRNkiB ederviontdTablw ol redo@tdstfyr Ptcific

Hﬁﬁngce, Di ffServ

Hard guarantees lead to system resource under-utilization, but soft guarantees complicate
application design.

Currently there are basically two models defined for enabling quality of service, DiffServ
(Differentiated Services) and IntServ (Integrated Services). DiffServ provides markings
within the IP packet headers to allow priorisation of traffic aggregates (i.e. “classes” of
multiple flows). DiffServ is an attempt to design a simple architectural framework for
Quality of service that can provide a variety of scalable end-to-end services across

multiple separately administered domains without necessitating complex inter-provider

business arrangements or complex behaviour in forwarding equipment.
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25 (Differentiated Services) and IntServ (Integrated
Services). DiffServ provides markings wthin the IP
woaokan2deeaders to all ow priorisation of traffPCT/EP2003/005087
aggregates (i.e. "classes" of multiple flows).
DiffServ is an attenpt to dgsign a sinple
architectural franmework for Quality of service that
can provide a variety of scal able end-to-end services
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erv on the Resource Reservation
differehtorecdiverswanaiekp heteiagescouh eeqscaga@r raseiycesdrore Higtskme source.

t work .reso [V on.a - LS
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ar@%@hﬂr&ﬁ:ﬁllwdSGuB@ﬂ&tB@nieg a? ]lcilems\pbﬁﬁblmﬁnlﬁlh@g a dedicated

reservation requeStS | rent ecel rs can nmakKe .
vifeal sirefe e Rddesd e Bathemgtic BRI IS DGR -t queuing
degag)# Evg ComBintd¥REp HaRRES HfdnEhe WWQous HREATTR Bfeﬁﬂehﬁé in a path, in

rent types of resource reservation, guaranteed
mﬁndmconmmohgbuﬂhmﬁuaV@hhﬂ@mteed cones as close as

F(H'Q,Son%?rb led gd l?aq}én@% %1@ %11 C ﬁltﬁeaﬁe%gor Vv}'l{écﬁ i ﬁc% {oq}é'e&pec{erd

rOVI rova
arﬂnﬁle ﬁ@wexrkdnqalbmscngces dedoa@asglbyAmyoﬁtﬁfm ﬂangmtihhat patr bnm(tamdsas
the various .network el enents

R B SRR DT e AT s gice 4 g pesourees

m! ﬁﬂhE b tRAvhiOBE. DastaRU 10ad!taM1E bpREkintak ki Heh@vlwlmeko
at traffic is to _be expected and the netwo

afphieations recelying beseTHuEBIdrhgidgr soapajled palppded ce&%w&f frqthe
sa%%rheggs driERdad el@r?ien’tgJ S0kl g%ﬁdl s a6 £ Bﬁ\%ﬁﬁ@ﬂl@é{ﬁﬁg of no

Fesources were not reserve I n advance and
traffis atul; bst desamibes the sitwesion lp€a aataliotlaﬂnhies n@dweayity loadkd|apdthus

S T NN L ——

asS@né lat £6ery ﬁigﬁ%@fb@n‘c@gﬁl@h tfdn@rﬁﬁteﬂ padRetshell bb seaemfiBrdefisered
of network elenents. Unl opaded condltlons does not hav F
by the ngenk ioghereceping epdhnpedes. Hie nergentage pf PASkEL Pﬁé&cctefﬁzul y

déh%féﬁ&ﬁnﬁf‘clé?ie aﬁasp?%xmc{tg teltabic 'p§cld%9&m§}%¥\4 ok HelRagdrdsignd

no con I'n occurs. Assum ng the network is
medinot animgonmlnermit yelap expepiphded &y iacarynkigh persentass of Higt

d U\ér%rgiag%%l \>§7/1 sﬁgﬁel Eltlgfexéeeﬁ ﬂise%tngrgv?r& %ﬁ&@%&elw é}!peg&ced
by ﬁq&du\td:ers]ghﬂy’ldklﬁeﬂd packEh @ hpaninéniragendf degdketdesspéed-of-light
e See S 20 NSh o I £l o5l AR O TS o
the path. To ensure that these conditions are met, clients requesting controlled-load
service provide the intermediate network elements with a estimation of the data traffic
they will generate; the TSpec. In return, the service ensures that network element
resources adequate to process traffic falling within this descriptive envelope will be
available to the client. Should the client's traffic generation properties fall outside of the
region described by the TSpec parameters, the QoS provided to the client may exhibit

characteristics indicative of overload, including large numbers of delayed or dropped
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medium Furthernore the transit delay experienced by a
very high percentage of the delivered packets w ||
waabo4siozaesf i cantly exceed the m ni num t ransm t PAEIER003/005087
experienced by any successfully delivered packet.
This mnimumtransit delay jncludes speed-of-1ight
delay plus the fixed processing tine in routers and
ot her comruni cati ons devi ces along 25 the path. To
paBRsid) Mhe bdtdibe BTRSEOrCADRE hbt roqfireahat thegtreciel dhent@ristics of this

requesting controll ed-]| oad d
o8 bR BBt WhIEh DRBHHES A0 2 BOFTSAIRT GRGION e
treﬂz%ts Igttﬁcasfaiﬂe%)athtd?ﬁ& Welbadd8 REE Bl Ghs. THREoASIBG. loddservice is
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thRreppResk Itl&S allfpltive eat-dind @pplicatitre” SQdasa@bedrm Mésclewkie Gtanyiards

the TSpec paraneters, the S provi t.he c
Tiatly REERA 1 L om e ARt Y RS Sp oD ) e red dy aip of
venA&k UEH RGeak AESETR 1&adns @%@&ﬂ siwitho GRRR & eM¥on unloaded

2004/ 102896 PCT/ EP2003/ 005087 4 packets. The service
neie birtrth dpgyadediiéaklnender evpulopdedicrpditipnseApprvigesrghich mimics

L i

Rt R e B
mhmamemshngmrMaeaaWpU@aﬂﬁnmm@mmrGWQNMUadedh@ﬂmdpr0msThe

The c IIe d.servi,ce.i s ed
sehye 1T s @ Spete BRftR 4P SEoudah oo FHREOEE e B adhe
thbt0d1] i Qerﬂeﬂtaﬁoﬁmahbeiddﬂﬁbﬁﬁﬂ eHis rekpett. &ft&niﬂl}g ktle)bontrolled—load

sensitive to overl oaded conditions. |npartant nenhers
segfice i pitedde ayadeqpase QfémPEH’&H@P%teFl@é‘l“eﬁn Ipguding evolving

fhat/t] SliRACRN

<PPRLE R AR NRA B BBy
eftitiririe thebipe af mnemrcew éhld s«wlla poenabdeprexkremsly sipde e
rrllpzc%)rgen? ! I %{]%rclgfg‘l\é%gbee ere )§/1mll]1 C}lwflzgtlo\{)(eqfnetg% dly Halsglﬁge%qs not

qui C nder over

the@Alicohens. A service which mmcs 10 unl oaded nets
~serves these applications well. The controll ed-I| oad
service is intentionally mnimal, in that there are

R rPRlek QRXen HHAGE 188 1O Eh AR litk ’iﬂpﬁﬁoﬁtﬂuttdﬁgum algorithm.
specification. The service offers’only a S|ng%

This fircheneficial anekse pEe.gra wmablg ppitrpte yideosodissi gner s can
assume that all inplenmentations will be identical in

At(g\jaﬁ‘ar Rﬁée‘poﬁi\?\%’ Lk b rulte%‘ﬁxaf:&rt’érﬁlme t88seLRds o SR Win

e range o |np enent ation

attdewlane Qudﬁy of secvicwlis agplesddd varyipg hEtveeh trafiiici Tigjinaplement Quality

ﬁa mlcge?éeo n)é{%io g%ei\%rg %gcﬁi]clytflﬂ rrsewtolﬂé‘ and%lrclh?t\é’cture have been defined
that identify the functionality required, the dlstnbution of responsibilities, and the
protocols required for policy-enabled network entities to fulfil them. The framework is
based on the COPS (Common Open Policy Service) protocol and identifies two primary
components, PDP (policy decision point) and PEP (policy enforcement point ). A policy
decision point controls a domain e.g. autonomous system, and makes decisions such as
admission control based on the policies retrieved from a policy repository or other

locations such as authentication servers. A policy enforcement point is a device, e.g. a
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efficient in the use of network resources. It is

equal |y anenable to extrenely sinple inplenentation
wOno@iwza9est ances where maxi mum utili zati on of POBEREIVE/005087

resources is not the only concern. 20 IntServ uses a

t oken-bucket nodel to charagterize its input/output

gueui ng algorithm This is beneficial in case of e.qg.

a variable bit-rate video codec. A Quality of Service
roRR} biCy/nddie fiiad Bsn RGP hidFfRsantiRplied elicedcribieacthidingne polidyc s

of . how, when and where Qualjty of service is ap ? |ied
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Service) protoco and 1dentifies two primary
Smrfpmmmzs highevel BbAiitmapiedite p detaibest potlipy sepgespRRAtion in order to
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reflyEeEn s of éﬂzeﬁg%{)s g’éﬁk’f?@ﬁ?u il A g nector e e ggfinigign of a SLS
fofR05 GRIBOIPRRICR aﬂaﬁle@rsqﬁuh SES afs Bopd i VWeh28QH4iA Q2RBi6h the
PCT/ EP2003/ 00508 router or a node that handles |P

SkS aimplies flawdddipglndias thq{éif%@ph@iﬁ% Serricet dedePaie, pefbircy

| {
AR AR P B2 RS ol 8. 0808 A Pl i, s e
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bRRENPIHK qRAIRY bf®iFce heFaH@BE aV HidcuSbeibefdre (Bana@idie ieky, jitter,

Agreenent)s. These SLAs spell out policy requirenents
mﬂdﬁhﬁwhﬂ@ partners SLAs are specified in Service Level

F@gﬁg}% {kl)rg Hﬁ ﬂd%‘lshﬂhg Rotr& g@ﬂdnﬂ—ﬁﬂ’sgc g’?;?g&fjaté tge auahty of

|cy representation in or to used
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k Force i Nt erne t Ser
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outllne for th defl ition of a SLS fornat. Some
afrperion relighili hilfyan SLS are scope, i.e. the
donaln to which the

Summary of the invention

It is therefore object of the invention to provide a method and means for providing a
predefined quality of service between two communication partners, with increased
reliability and flexibility.

A communication partner can be for example a client, a server, a domain, an operator, a
node, a network or a computing device.

This is achieved by the method of claim 1, the edge node of claim 9, and the bandwidth

broker of claim 13.
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Services Code Point, traffic conformance testing,
woheid/10%96peci fyi ng e.g. the token bucket pararerT@P003/005087

excess treatnent which specifies howto treat excess

traffic, and performance guarantees which defines the

15 service guarantees that the network offers to the

correspondi ng packet stream These are basically the
Aduemtdgtausos the pharalip opeomaeationy anddhe dissibygereef the¢wirelling. This

bandw dt h, . del ay,. jiitter, .relirabiljty). For
a\i(ohcf‘sg)ro%gﬁp H ‘forng%{qninjg e tgl\f\)/sc ?m?rﬂl gwg%éﬂr s pgfﬁdi ng PDPs can
negotiate the quality of service requirenments, for
exanpl e by nmeans of the COPS protoco]. 20 ver, the
Fyther aidvgaigBesus smbegipents © ‘%‘fégf‘gﬁ‘? O@é{a? ?%P&gac Al i ng
of quality of service requirenents on connections

bet ween two communi cation partners. This can lead to a
It lisaatieco bf thp Evvantiario pedvidetsi thethgd fongroviding dpicilefined guakiva pl

of. the jnvention 25 It j ' -
Pl b5 Rabd oS R e BheRlyals prper
cad beftoibefdd bedt aalnvd yormkctr@s,\a firet doaheution hémibed by a first entity

conmmuni cat i on rtners, with increased. reliabil|ty
ongi PR pEbaoBTIerey Rnkled st ender B B Tapd ComPiigs pieps of
AEHABY RracLleld ArecBe @ ¥ Sdrvic@ledOINPedficaAidn (liskiRtting the
node, a network or a conputing device. 30 This is

seacin¢ evd astepuetido thefhigand thespednghretwark enti i capfepdling the first
o8 e B8 e B e A e g ety of
sqovioe e cdnpeafons betweant the tveo eomaintiieation partndssiddes motfxcedddimits
controlling. Thi ayoi ds bottl enecks in connecting
d?ﬁﬁhf eé%ﬁﬁﬁ#?&é??%ﬁ“ﬁ@?tners. Furt her advant ageous
enbodi nents can be derived fromthe dependent clains
51t is_object of the invention to,p[ov%gf a  met hod
I gy erphogimant Attha ipyeridnss feater gf sprtiolingsis perdgriped BY pepHpdode
'R SR LSAL 00 RPIk Redofd ni¥BHEITiLS. he two

communi cation partners can be connected by at | east
two connections, a first connection handled by a first
entity

In a further embodiment of the invention, the network entity is connected to and can be
controlled by more than one control node and one control node controls more than one
network entity. This has the advantage of further increasing the reliability of service

provision.

The distribution may be performed by means of partitioning such that the first network
entity handles a first kind of service requests and the second network entity handles a
second kind of service requests. This is advantageous as not each node has to be adapted

to provide all services and thus decreases investments into the network.

The distribution may also be performed by means of replication such that each of the first

and the second network entities handles up to a certain share of the quality of service
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and a second connection handl ed by a second entity.

The nmet hod conprises the steps of 10 defining a
weeni1ozsIb evel agreement in a service |evel PCT/EP2003/005087

specification, of distributing the service |evel

agreenment to the first and the second network entity,

of controlling the first and the second network

entity and thus ensuring that the sum of the provided
peguitlet by tlof sender levat egreeman.rifieciliarageld thisembadimentupthat any

e

enbodi ment of the invention, the step of controlling
Inia§ ep®biRicees thy inketivn the hethodeentithitan iedgeciaonla cbdradidt o

the first and the second petwark entity. | f h
R R é‘ﬁ’@?‘g"iﬁ‘,dtht @%ﬁ&%(&'m%/lﬁé eaﬂt’?‘ffg?H{ ghee r
ban@RNRC b e Rel Qn 3PENEAR R & el n6 @Ry Asing tnilicaRBKE Mlk@dasting is

one control node and one control "node controls nore

a venpaffioieat wap piwsidreseing  plpralithpirepgivers.-he advant age of
further increasing the reliability of service

TIR QYA RurmEP 1Es3b bh B Rl FRprARaiReE bQIIESbifTpans
of partitioning such that the first network entity

pridafoieé guality of stvitd retivesh te'e conpenicettprasttgerankhetedge node

BB A SR GRS el pcorane
tondRchas rtRivke fddapbadwidiobiokery b d@ragk forseringcad issndctions,
t hus decreases jnvestments into the netwrk.. The .
ang| 2 pRU QP PBHUHET BoXgMgdheeqnpertion gndEcHikpgSaiginstructions.
replication such that each of the first and the

TRSGHRGuRRE WK Kf 88 Eddeind8e MapBé BsthePadabted (e RELIAE MGTHAl6N
of the quality of service WO 2004/102896 o
frpg e edey mUsDBPVidinggeppmactien beiycemide supmppigatjqgpgytners and

itsg%)';;lﬁggﬁ{i{ can BQ %dﬂﬁ%dﬁg fpﬁﬁ@sscﬂfxe ﬁ%r&aﬁ@%&?ﬁ‘[&o itrh&tfns

Ity can e any service a
retdieed foorhiatbpndFidtbieokeet work is increased. I n an
enbodi nent of the invention, the network entity is an

d de. [ '
L R ST g e
cdhaBetith dtsording keinstoiionsaptaivtiddidng a fithedymdwidie broiyr and the

.using multicasting. Milticasting is a very efficient
l%v)“%?ut HB4FES "rﬁiﬁgtﬁd [ TEFeAYS S 18&"4988’@' vers. The

invention further relates to an edge node for
TR &bk Abdcan fGAINYD RE6inbHNR AWhbilgird unit for collecting charging information

related to a connection.

It is further object of the invention to provide a bandwidth broker for providing a quality
of service on at least one connection between two communication partners according to a
service level agreement defined in at least one service level specification, comprising a
control unit adapted to control an edge node to ensure that the quality of service provided
on the connection does not exceed limits defined in the service level specification, and

comprising an input output unit to communicate with the edge node.
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predefined quality of service between two

communi cation partners. The edge node conprises a
woamidrio2sanit for controlling the quality of secviEeeo0sf05087

the connection according 10 to instructions received

froma bandw dth broker, a 8torage for storing said

instructions, and an input output unit for providing

the connection and receiving said instructions. The
Thenputrolomitpdithebandwidth trbleer eatylee avianied tmgonyaurticaie with a further

ada i ve.inf ' f .
oo T LS SEPS OB ] i DB BB
brBRct ners and its control unit can be adapted to

process the information according to instructions 15

received from andw dt roker. Th ontrol unit .of
T 958" HITePT A K ERT b HERar o ey T vy Biee
node ¥y &Barfof ulteaigCt i on according to instructions

received froma further bandw dth broker and the

i nput output unit can be adapted to receive said
Bripisdes¢raptionef thedgavdagie node can further conprise a

T&gﬁﬁgaggg%ﬁkgsmgﬁ col l ecting charging information 20

relate a connection. It is further object of the
Fignl.@epicsn comeptiavhetiwesn apditidndasebiebicaiate ofthgpdyi di ng

a . f.servige t connection
Flge?%%#%\%g e cf) ?n%t‘ﬁ’f)@(a%clggrﬁi ﬁi&at!r) t%ﬁe E:i%“ée%g grcl:’o rding to a
Figed:\depietslag edde mde ecoriitg wahe ineehtion, atd | east one

servjce |level . cificatigon, c rising a control
Fllgn‘f’3tde@6"éﬁtbéﬁd‘i’la oHer BfcoK n%@gtg%arglqng ensur e t hat

the quality of service provided 25 on the connection
does not exceed limts defined in the service |evel
Detatled flesceiptiomof emlepdimemtSr i si ng an i nput output unit to

c i it. . .
SO 38 clbld 55 A Sp L RARAAARBER o e
thi m@éée of thasysteen ardaprekl at o sioglemodé. Eistabutiontmay degotelapy of the
andwi dth broker and to negoti at .service | eve
fogﬁ?’&%ﬁp“\ﬂh@ techpugues, p Elrﬁ 1 ﬂ&ﬁﬁeﬁ’ﬁ%&% r oker . VTh e
AlsBRile R WsBitte 14phititidhed WRenaRPévHidd Byl Eple @adespeach capable

adapted to communicate with edge 5 nodes by ne?ns f )
ofhandlirga3ubpry of Be FenetE SFBICE-oh SHYICE ABTCEVATH 1A 5P lcaﬁﬁfgWhen 1t

ha(s%l!llﬁfﬁie rl](ggiéaillg HeGiica? HiWnces appearing on different nodes in a system.

Replicated resources need to be kept synchronized / consistent, i.e. any write access
needs to be communicated to all the replicas. Synchronization may also be required in
case of partitioning when the different partitions have to inform each other about updates
or when the granularity of the updates involves the data of several partitions (note that the
latter case can also be seen as a form of replication). There are basically two approaches
for such synchronization, master/slave strategy and distributed update control.

In the master slave approach there is one primary server, holding the master copy, and
several secondary servers for each replica. The master copy services all the update
requests, whereas the slave replicas are updated by receiving changes from or by taking

copies from the primary server. Clients can read data from both the master and the slave
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Fig. 1: depicts a connection between a client and a

server as state of the art, Fig. 2: depicts a part of
wa 20 werk according to the invention, 10 Fi g. PBT/EP2003/005087

depi cts an edge node according to the invention, and

Fig. 4: depicts a bandw dt hgbr oker according to the

invention. Detailed description of enbodinents A

di stributed (de-centralized) systemis a collection of
reprogapeneelhe prodes séivert ma;plpreﬁaxiblo or fiXedt hlecasg@ﬁasﬂﬁtxﬁblc prmary

system or t Kk Di st
seRbhoTRLSy DEROTIHE 0 s Sl ora o Learawg R apR AL

redp@hdibility0iupat@ At rdpBOdsi T pRBedute ﬁ%[s\élcﬁwedCROW\@SQwadf@ﬂes
partitioned when it is provided by nultiple nodes

WhitzcAll Apths lcese teytt a xadiparvRy 1nusethpdsorcalied simale RO Wds all wriges
r
B e B B e A ol e, the
privimrgl Bérfleﬁr atematesl dontrel rsakes melatP@ElRessY Fcgsade conflicts
resources need to be kept s hro
e R AR S SR LA bR e
fot Bé&h iR dx ASandIkee priaizatieomodely. al so be required in
case of partitioning when the different partitions
have to i nform each other about updates or when the
T&r(ﬁﬁﬂﬁtﬁéd gﬁﬁaféfcoﬁtlﬁcﬁ MRIhes Vbﬁh\éoﬁpfﬁ&ch RemeRtrabiRf than the
severa titions (note that the 25 latter case can
maited slawe S@@gyalsthat lﬁqafrqmr@lfpwré of fazlatq ig n9ededr%eé>aa¢ glea is to
basi rQ
et S o e SRR ol B MR AR B R
redding Grew sy Heplsdaﬁeddilaﬂmemaﬂéspbimhngstrﬁemarqaknamray Quorum-

server ol di ng,t he master co everal . . e

BRIy B i SR o Bt T bfoodieneh SR inifompteiorit
QK IMLESReRbY; pbRfsHROIRSE a niHEHLE OF the stirers Qaedet lier ea&awate and

replicas are iVEggated by receiving changes fraom or
reachidcnsy; Boightep Masority QypTune Consepsis) sigdan g the IEFY‘%‘%%@%"A‘& now

» 5500 S R R R sOE o 3 P el B Boring i

ghosispadymag b yecalted)chbe séivends bied for eath xader that ivdoye. dhe ghost

flexible primr ver mwlte can don n
gAYk oI AL By DR RSBV Al SR S wr
conSSRENUS sl poskibld i chfediae® satvbrsatdowgasnce T wriRlqordlseen

is also called ROM (Read-One- Wite-Al). In the case
demppadls gotigby @f Shermest s§réergised, al so cal | ed sinpl e ROWA,

all wites

Several further mechanisms have been defined. The general strategy is always to reduce
the size of the quorum for write and read accesses in order to speed up the
synchronization process and reduce the network communication, and, to limit the impact

of server failures e.g. voting with ghosts.

A Bandwidth Broker maintains information relating to Service Level Specifications that
are defined between a DiffServ domain and its customers, where DiffServ domain
denotes a region of shared trust, administration, provisioning, etc. Customers include

local users as well as the adjacent networks that provide connectivity to other parts of e.g.
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5 have to be done to that server. Al though this
mechani sm has a central point of failure, the primry
weeoman289t he centralized control makes it rel aPCY&P003/005087
easy to resolve conflicts between requests and to
mai ntai n consi stency. Sever® enhancenments have been
defined for both the flexible and fixed primry
server nodels. 10 The distributed ugdate contro

the Btereqt. ’l‘}l@ﬁlm@@lals&g&mggmldgrqqﬁaée P! ]gyanlt FPa‘rtF qllﬁ@mersaas long
as'f‘ﬂ?é%xu ; ez!l Iog Y1%ns°‘£r5 fﬁhﬁﬂé/d iTRe BARIwiB® B&%Bérﬁl@és tBRisBvicRflevel

eeded basic idea is to [

spedlﬁcaums intfornatiqa estonéigdrean@dﬁm ¢-8 Tonierspatha lssﬁl ghffﬁﬁrv domain
mai |t1162%<{%83§4tgf? ra%d?i%lg%eoarcﬁrlélésboglg é)n{rglacge'tclrgg) QrTh\Qrﬂa'hH&}Qiﬂ?Broker
1S kd’d[ﬁi&féﬂ ’@Ske@lﬁﬁdkﬁ}f kc)ﬁﬂhﬁ eﬂMcdemssmske ;féém:p dahsmns based on

vari ations_ have en defi ned, such as Uniform Maj oLi
SoTGLeRts) SRR BPAL e TEmayeh LR e oo e By ke fpdcion
to i %E gengadahif e ]ﬁﬁgé}v Whinhif. Pttherh&@0tha b&RISGdth broker

wel ghted Majority Quorum Consensus; simlar to the
espbbishics aryl mmetalmprvm\rpvebagwrs Wy nHehhourRg €om3ER I-Bne
dogﬁ%r% tﬁat%re (a)%néc%egf 5 tf¥ do t?r:ra?rhdSpeed servers; Voting wth

SO-ca ghost server is used for
each server that is dowmn. The ghost may only join a
Wwite oru Thi s nmechani.sm pakes sure that .a.wite ..
TR dshcil 0 SOpisE © ST [Bs Srpnee: farfs &7 gl aiic
seSREY BREthe hRvRYWPolsde N iarkel eraffici ffdin GHe@istoinef fo@RAsurel tapihds
votlng by of the nost servers. Several further

pradistianetsiveccred, AViserprowiders Red, hynaTaRgs &orn agereatie fighrts
qlﬁhl Stife Qo HEFHGRed & Sli%@a othdi& &;é%gb!@lf PExdEdsitRe Aol

accesse in or to speed up
synchronlzatlon process and reduce the network

nuni ¢ Ilon and t th ;
Inft S Way 0 ngé on}yoxleei‘l]s to\%le tpﬁr% Oeg tagthegg%gstﬁ% \z}mgg)tvﬁ&gs% twork
bd¥Bd & fhie ASsubiption tat wikin ke ®tway thade Senffictat tapueity to cope with
SpeC|f|cat|ons that _are defined between a D ffServ

thg gmaref o4 htghp quadiicitaifie that hagResesol-f f Serv domai n 30
denotes a region of shared trust, admnistration,

IRhOWIR WY tAE inveiitfon 1S BSEAFERIS nio[’&&iéﬂﬂﬁby megRlof embodimasts and
wel | as e adj acent networks that provide

figwpm Eetlalwf@vnfeoﬂmsrredl%earqusl Jementyy. WO 2004/ 102896
PCT/ EP2003/ 005087 10 the Internet. The internals of a
DiffServ domain are not relevant to its custoners, as
Figoredl, state dfltiee azix tepictah clidnt Cd dhat srponagateds ta jafdomiaindD 1 qupeprising

a %an%(\jvmﬁtgtbroker ﬁg‘f' Y35 gdgte rrllloge élsfvllh%%oln%}ﬁelbl is connected to a
neighbouring domain D2 comprising a bandwidth broke BB2 and the edge nodes ER2
and ER3. Domain D2 is connected with the domain D3 comprising the edge node ER4,
and the bandwidth broker BB3. Domain D3 is connected to the server. The neighbouring
bandwidth broker BB1 and BB2, as well as BB2 and BB3 negotiate service level
agreements. Each of the bandwidth brokers controls at least one edge node ER1, ER2,
ER3, ER4 in its respective domain D1, D2, D3. Therefore a bandwidth broker sends a
service level specification specifying the service level agreement to an edge node it

controls. The neighbouring edge nodes ER1 and ER2, ER2 and ER3, ER3 and ER4 are
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specification information to configure nodes, e.g.
routers in the local DffServ domain mainly the edge
woaui4eansge and t o make admi ssi on control deci si 8AT/EPI08/005087
Bandw dth Broker 5 is required to keep track of
qual ity of service resourcetl make policy decisions
based on service |evel specification information, and
comuni cate policy enforcement information to t
ﬁ%}{é are

algsoiganetsad, wherein thiheoaneqionpPety s KR bignfel e, apdi FRASP
ha‘ﬁﬁl%dg%q(}%g{o@aﬁrsgkﬁé lex%ﬂs%@ destis. and nai nt ai ns

service agreenments th neli ghbouring domai ns,
Béfor, if Difffeiv mssuwul,amaﬂmé padkatsdoredic chent K agoadmiitied tOhehe

g&n o g]alrgﬁg th&?’ ?1 { ? gpl%Htsst 2 nfﬁs 1t0(0:2il %?%d&létglip\l;&%eg BB r’%o initiate
a §elﬂﬁc@fe@éﬂ/zﬁﬁ>h PR dilegsSis B‘iﬁh&ﬁﬁatﬁd aﬁcf dubjetted m lobsl adbmsdsaenntrol

to that th fil
e enre Tl ihe. b ori e ooy Spconta Ihele.
anaéﬁﬂl L Te¥d IOl bt b Ghebi1 g Q%% o%ﬁd\f@ﬁtﬂ 6iB8k&@8BB2 and BB3 in

S aggregate’iIf 1t 'exceeds th rofile. 15 In
the liﬂlﬁmeyl;:mpdtﬂ tgbe ga‘(mﬁeyl bpidlestidata ﬁo%e % eRtwed-wide afaission

ovid
oopHRf ki DARe i B LGN or QRSB A Lo BRoT R
E{{ﬁ 1rfthﬁ ®1fﬂgérh doxhhhlﬁ é)irfﬁ wapposf thiteghestedgavidetpyofile. a".ﬂ‘}felbandmdth
a as_been so 20, I.n the f.ol.l owi ng. t [ ti
iSRS A DSahs TPABiEl B SRSt SoBing KB AR Y aage
th@ﬂ lemfokmé%&ﬁees @MaERB e aIFEGiad e sy, ryét aal ®opera@lwith other
el enent s. 1, state of the art, depicts a client

d@hamfhfatprcp\sd wiselivialosatsd gadria endppabigbesrgichy  a
bandwi dt h broker BB 1 and an edge node ERl1. The donain
D1 is connected to a 25 nei ghbouri ng domain D2

Figorgd depianga parbaiachetvetirk abrookieg BBRe Bvehtionewhaigie treoeRigork

and ER3 D2 i.s coO t th d
bgBisShEE PETHY TR (LABE RETRRIS g D Ha i fEg  and
BBOOKE! fRBdge[AONBI FRADPIER 32 cmme@{mmm@aigmw@mmmd

nelghbour bandwi dt h br oker and BB2, as well

ERS? ez oninl e ot LIS BTG 06 e gt Palen ERES and ER24
a@%%ﬁtr& egtb‘;}%&ﬂ%ﬂl tt}gi?ér%?z"zs THOBNERAh BlokbS B2 1QRE BB22

, ER4A In 1ts respective
negmmaned aBdryicDiveD@recTivat with a furthehopediiptd Op2trebkak. sends

a3 5B b EREEA SR ARARGH) LRIl

l6vel gpadeaienisng edge nodes ERL and ER2, ER2 and ER3, ER3
Inaga%e E}B éart?trloemng each of the bandwidth brokers BB21 and BB22 can take care of a
certain percentage of the service level agreement/service level specification as long as the
total does not exceed 100% of the whole service level agreement/service level
specification. In case of replication each bandwidth broker can handle 100% of the whole
service level agreement/service level specification as long as the total of all edge nodes
together does not exceed 100% of the whole service level agreement/service level
specification. Whether partitioning including the rules or replication is used, can be

specified by the corresponding operator. The resource utilization rules in case of

partitioning can be as complex as required. It can be specified for example that
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WO 2004/ 102896 PCT/ EP2003/ 005087 11 al so connect ed,
wherei n the connections between ER1 and ER2, and ER3
wanaa4BERB9ar e handl ed according to said servi ceCr@aeeio3/005087
specifications. Before, if DiffServ is used, narked
packets fromthe client O #e admtted to the
Diffserv domain D1, the client C 1 nust signal its
| ocal bandwi dth broker BB 1 to initiate 5 a service
baméwektmmpk@rBanheomv iaBewved to allgeaiemorcthrbd’andits ippuessder the
I
sehdedp i ep ST LRL e FRAL SPUOBRch SR baldwif B R KEER pos
aliBBatdd mbielre@iass than admther bar&ivsddﬂlémdqev thiat smot ggwest the ﬁgure
al.ong the chf;\ g of bandw dt h broker BZ and BB3 in
fof g spne PBEFS N ehARETIFRSNY 5T Y%\?%?Q@C& 'BY the data

Afk@WomhaRafor 1 b10861Ks Witdudd Fonsh whtrapmﬁlhﬁiratﬁtﬁxmoab an
has been nade, the bandw dth broker BB 1 wj

engblgfai dganm@tqdiéanﬁf@aef the sERice jqyek Jgacement/ ssayige I&Bﬂépw@amon
1ngo%n§H&P§§]1{n tl%pg G &%‘9 tRANOHE Boh & thb Sand-m@th brokers. This
andw d r oﬁ<er ?

( ows t he separately
prathzdInhst terbesedDinf £ [Beh vf el frrsn DR camjal l@@mtrmstmanlag@de to the

L o ur ces
ba}“H éc[ﬁléﬂrd%?ﬁsl . f9 Tge Fﬁmp?%%r%é‘ﬁtaen T3ice ?LT[ other domai ns
Frloth tBE @Mihdﬁ%dﬁnéﬂ@ﬂltmgioge & thebaideddd@ rmb%ees@nde Ruel i ty of
serV| ce I gure epi cts art of a network .
agieeneAnkpargC Vel RBCqiiAEAR Hesnloghiubenes i At Hat oy ke following
'ngcg'lr'{lgﬁ&?c&l%n%n sdPPieL ﬁkf&raggémlent/ sE%cé]@@é@@ﬁ&lﬁﬁﬂ&{ ldS@Soutive

w dt h brokers BB21 and and four edge nodes
rufeR24 repliR@idn oEREBtioninglaeRhd rulqshaé déw@eqh befere, girtbutigpypartners,

B B SBADSBont Sh oA B o

Fnhlﬁ[édmbz 2xgtﬂliis essgd m?ﬁﬂﬁlud@lﬂ& dmnmtmdtﬂnechamm rsd BpBRtoknasl
negoti ated a servic e ree Wi th

GG BRR O o SHAG R s A e SR pitindhby
sdAbels. g&g r@%%%sé@&c?éﬁgé/ﬁéc%&% Ih¥mbB&r dffesoliRteEse0bn®hiVRbften

servi l evel agreenents. I'n case of partjtioning
théssio Formhtiantreush e sRAL.diehthp peustcy OBHE BYBHHOBESipN Of FoTRERRIcation,
ecaerv% Og% cre%ger/ctle%éa 60%5%%11‘3&9 ?J the service |evel

'§'gre ERt 1 S&rvi ce specification as long as the
In|2(5sé Tmtiadst gewksgenate BEE aefdedb@ﬂ%es‘sagdmaw\bmprev@ed baC&iéo the

ev reenent/service | evel eci f catl on as

coR Tt BoLE e BRERATT P GRe 2og ot o 58
b9 inchi P AhRmes Bfovdcop nhdi@lst, ageRaimeiiyle afuticas id geftred. All

speci fication as_|ong as the total .of all.edge nodes
the bandwidth brokers on the 1ntgrface towards a domain can register 9n a ded(ljcated

multicast group. The downloading of the information can then easily and efficiently be
done by sending the information to the corresponding multicast group. Reliable multicast
is preferred because of the required reliability of the information transfer. Once all
bandwidth brokers are registered for the multicast group, the multicast message
distribution principle can also be used for the reliable transfer of synchronization and
communication information between the bandwidth brokers. Because of multicast this

will be very efficient, flexible and scalable.
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t oget her does not exceed 100% of the whol e service

| evel agreenent/service |evel specification. Wether
wQanii1289ni ng i ncl uding the rules or replicati 8aTiER2003/005087

used, can be 30 specified by the correspondi ng

operator. The resource utiliXation rules in case of

partitioning can be as conplex as required. It can be

speci fied for exanple that WD 2004/102896
TirdTionR20030 e SR8RngetZurag A FyehienFatgker ggppauicatigy ispasically
Sp%%hgg\% to allocate nore than 30%of its resources for

t service | evel agreenent/service |evel
Tispeedhbihisatalsonppiies wHeamohlipde Servcolegel agﬁzmehtéssrvme level

al l.ocated nore resources.than f t Wldth
SER RGN RooR B FOR it e findest RitRhe RS e yere
e RIpYtiE®Rad R8N BIBBREFER It 1S Qdn¥ial thid @Mﬁﬂe nﬂﬁ@@j'}feb ofhddes .sudh as
A new conmuni cati on gr otocol is introduced fro

e e AR W SR BB SoTSRI QY e GHPEYE traps (BRS dgeneral
Picka® {d% SQLIC%P%%[ ?{dd(é%vl{he(\}’aﬁéwﬁ%ﬂ@g@lﬂ;p/oﬁ%%&é €etcl B¥&hch

specificatio ormation fromthis céentral
maniyﬂommsrty w@tatioms the depeddrmmics betWh@ diffacgni rviclevtter s.

0 nma ba
e R aF RSl PRITRaE oo aay B pdalhy B B Ep]d
opi e Dsfferdit@evizk level dpgecteatipprvitd eselspedifiatipn cdnodhbr méd:th for
Fromthe central adm ni gtratl on .node to,the handw dt.h

diffieesdonsuns qrauiqrerfdypes Qpiesdrfelit 7l SGIGmER/sPRNgg) evel specification
fo? Hﬁ%‘aﬁk QBtnh ANA HOMMh Rk FBSSBEE abrScrf@ftsertick levRl ecifibfion

lowm ng information contents: service |evel

négn@ememtdﬁ%@btwdc the|tefgknicsde kaqveranidsan bejpsed fprdppprgency
dednswn% b%t%vci:exg Hj*e sgr‘%ée Fﬁgrge%etn't/gérs}l@é {1 ggt:lﬁ&(ﬁoﬁ Lbluﬁ?asas

ore, ution partner
pActitizataeis cade dfbeerdﬁaﬁ&bngmﬂmmmdt h brokers for

h . 5 Furt hi .
T 868 gePhea g e it iret RO SR piER oS i oF St Ervice
le%lcétg%@ﬁient/séﬁnceqw EpRERatidh. Fheexh ﬂ%l@gi m@f&m&aewr

Thi s al so includes the type of ormation to
agresment/sergice fraelsppeiBepion iy a ﬁrﬁc? goged #nicer thind @edmﬁ%ﬁéﬁa%

wgléreésgaﬁ%?(grl?d?séﬁ%?gve?Qgregkﬁé/ﬁt@é FCQ hevtem %E@J&s&lm@ég RO $He

€ acturacy o roni zation or
sewondrami :ctotth aredia gateyiay elier fyrst2gid rthmseetasletl@tha: g@as%’ are vldr §0

inute, etc.. 20, | ) t
ofhsalib e olestaioron By BEvst ByP bt BRERARES L ok
wASKTAkiSE bakiseibn BedR] andsolich hﬂh@tﬂeﬁﬂdeﬁf&[dns oned abov e

can al so be downl oaded bg ({ﬁrieans of eﬁ%{; nt er net
Optienadly oinferfgping nedgs can pAREIdMHER} gpuEces fiopt hgrinteifacing

nBILT A€ &6 bellohe by sending or multicasting a resource request message to the
other interfacing nodes, specifying the amount of additional resources that this interfacing
node would like to allocate. The other interfacing nodes can then reply with a simple
“yes, allowed” or with the amount of resources that they will not allocate, but that the
requesting node can then allocate instead.

Also optionally, there is a many-to-many relation between the bandwidth brokers and the
edge nodes. Ie. the bandwidth broker and the edge nodes are meshed or even fully

meshed. In such a scenario a first bandwidth broker could e.g. ask to temporarily use an
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t he bandw dth brokers on the interface towards a

domain can register in a dedicated nulticast group.
wohersdoraeb oadi ng of the information can then eaeTiEp2@B/d05087

efficiently be 25 done by sending the information to

the correspondi ng nmul ticast14group. Reliable nulticast

is preferred because of the required reliability of

the information transfer. Once all andwi dt h brokers

edge godepyhishds wprngipletunderitie el pf @?ea%i bandwidh prokets dpis
m I’?‘éﬁ?a%ﬁled %Psatsﬁhﬁé*} &Hc@#éqﬂgét Qﬁ@reﬁ%eﬁb&ﬁ tlk@cdﬁ%?ﬂmﬁﬁl@
ere br'é *transfer o nchrohi'zati on and
bamdwrmfmbmmrs Chargifigrehated loformettlome@n be peoviddeddevbelattie to charge for
@ﬁé Because flnu ti Fast t 30 will be very

s FipsS 1f i B B0 I5 RRETROR A D 2004/ 102896
PCT/ EP2003/ 005087 13 The |nfornat|on to be exchanged
during a synchronization or connunication i's basically

Fl;@q%%l d%blggssag?e\?}gqe:%oqegg\g C ha J 2 m ixg\fesf &3 ICfené%slmg a control unit

PEPER: boRANILR A &IIWCPJYCGrH{lth d%lnﬁedtlﬂﬁ e¢dofihd '@ iNRAeSens
Above the interfacing nodes were 5 exenplified as

repeiniirain h bandyiidth braket, ajstoregenti@d ! fonsteripminihi@stighipns, an
1n% %?pél?(slrélr@\f/tg[?’jsl fo? EI% d?"r:g athgg(tn{e}gv\ge)lldsneanggécé%‘&nr?sé@%hmhg&’ and
a {iaeging ahit CPAL kercolRatihg clBegivp addrmstipp oglatedpoeconnediion.
Gat eway GPRS support node (, etc. For such
many-t o- l,ati an n
TR PG O R R e e RN E A B s cdec
néee piofvided 4 @jiin@cﬁlbn bervwhkanthe edmhnmrwmr @Entnefs and tHeesontrol unit is
network 10 operator, Different. service |eve %4 b dth
adggicd dnmiepyss Brevpiornatioparcing it insRiSioRs Tear e Foe e rvdin
biloRL different domains or different types of service
| evel agreenent/service |evel specification for the
same domai n. Although the servigce |eve

Theyecsrrbiniy e by pdaptqddo epnteq) e qupbiyrat é‘ﬁVICF Af BFFPREFIR i s
addbi g\{ér 8 lfﬁsg;qctlc}ng ?ecEleE@goﬁ LAHAE HaBd N RoRR dnd 81 iBR1t output

use ependency deci sions between the service
umewalbeagameiﬂentdewrsmdcﬁtﬂuews speci fication, such as
15 prioritization in case of overload/congestion et c.

Each ¥ 1% the Thits & le\{)ﬁ]s%ﬂaﬁq}gf Ju?a%x? Qf h:ﬁ‘(?&lﬁ'e Fer rtx@c'ﬁil@gr a

es are use 2Uservi ce - leve
uﬁ@h@ﬂﬁﬁnﬁb&erIce | evel specification. For exanple a
first service level agreenent/service |evel
specification uses a first, a second and a third nedi a

FiaFM@picts a bandwidth broker BB41 according to the invention. The bandwidth
broker BB41 comprising a control unit PU41 adapted to control edge nodes to ensure that
the quality of service provided on the connections does not exceed limits defined in the
service specification, a storage STO41 for storing the service specification and an input
output unit IOU41 to communicate with the edge node.

The control unit can be adapted to communicate with a further bandwidth broker and to

negotiate a service level agreement with said further bandwidth broker.



whereas a second service | evel agreenent/service |evel
specification uses the first, the 20 second and a
woaoddhormdi a gateway. The first and the secondpaediP2003/005087
gateway are able to consider the whole status for
both service | evel agreenentdservice |evel
specification when naking adm ssion control and
policy managenment decisions. Optionally, interfacing
Theoidpss cotpit vidba de adeiied fosammuncsisYiteiee pedgs by pasgans of
nmp%q£f20|ng nodes. This can be done by sendi ng or
1°T5C 'sting a resource request message to the 25
ot her interfacing nodes, specifying the anount of
addi tional resources that this interfacing node would
like to allocate. The other interfacing nodes can then
reply with a sinple "yes, allowed" or with the anount
of resources that they will not allocate, but that the
requesting node can then allocate instead. Al so
optionally, there is a many-to-many rel ati on between
t he bandw dth brokers and the 30 edge nodes. |.e. the
bandw dt h broker and the edge nodes are neshed or even
fully nmeshed. In such a scenario a first bandw dth
broker could e.g. ask to tenporarily use an WO
2004/ 102896 PCT/ EP2003/ 005087 14 edge node, which is
in principle under the control of a second bandw dth
broker. This my be handl ed by a sinple
resource-request and reply between the correspondi ng
bandwi dt h brokers. Charging related informati on can be
provided to be able to charge for the use of devices
in case multiple operators are affected. 5 Figure 3
depi cts an edge node EN31 according to the invention,
conprising a control unit PU31 for controlling the
qual ity of service of the connection according to
instructions received froma bandw dth broker, a
storage STGB1 for storing said instructions, an
i nput/output unit 10U31 for providing the connection
and receiving said instructions, and 10 a charging
unit CU31 for collecting charging information rel ated
to a connection. The input output unit can be further
adapted to receive information from further edge
nodes providing a connection between the comruni cation
partners and the control unit is adapted to process
the information according to instructions received
froma bandw dth
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broker. 15 The control unit can be adapted to contro
the quality of service of a connection according to
wonsd4rioz®s ons recei ved froma further bandw dt RCbmek®s/005087
and the input output wunit can be adapted to receive
said instructions. Each of téhe units can be
i npl emented by neans of hardware, a software nodul e or
a conbination of both. 20 Figure 4 depicts a
Clhibndw dt h broker BB41 according to the invention. The
bandwi dt h broker BB41 conprising a control unit PU41l
adapted to control edge nodes to ensure that the
1. qnektiddyfooprosigingiagedefiasd gattyf stivicedetwres two penaossation
not exceed |imts defined in the ser
s pREIerS, WRETCBrhe BYQ SR EGHoEPRRIT S Cag&b&opﬂ@w{eﬂ&yg&lﬁeﬁt L
Sp&fledtidnatd £ &ﬂge(ﬁen hARId t%l5a @Mt ity 2HA d sebAdebnhdtion

connunlcate wth the edge node. The control unit can
bha@d@myeadsep@ldc@ﬁfw i wheseinjthemethed permpmisen dis dtrpaieh
br oker an

D
Pg%fﬁtﬁaﬂ@%@?mﬁrﬁ Tev:gs?aeeailﬁeat}qmpg thed'u’st(pjnntl thersetondantitye
Rl tﬁﬁérst s s s S B P ER S s OB BB Sl e

ChajvitRd %aﬁ‘@hh%ﬂﬁ@én Smavdtidh Betve @ Bdeld banimaniadtioh pawiers
servi ce between two conmuni Catl on partners wher ei n

t Heestmabexcsphlimite detings itk sersics lvalereeficalioRect ed by at
| east two 5 connections, a first connecti on handl ed

2. bMét‘h%i dc8brdRiBld EMirR M dwl%rc%ﬁ GRNELpCIIRDRE1iRis paitshined bhy a

second entity, and wherein the nethod conprises the
stepml opde theide efpnﬁleﬁgd torthelBrst aidife second petwark enfip)
agreenent in a service |evel specification,

3 di 'I\ffett (péégdljdgxgtt dﬂ{é ﬁr@cdd?d’gedlaﬁﬁ Sftetdif AliERNodeteldtfk entity

is connected to and adapted to be controlled by more than one control node and the

control node can control more than one network entity.

4, Method according to any of the preceding claims, wherein the distribution is
performed by means of partitioning such that the first network entity handles a first
kind of service requests and the second network entity handles a second kind of

service requests.

5. Method according to any of the claims 1 to 3, wherein the distribution is performed
by means of replication such that each of the first and the second network entities
handles up to a certain share of the quality of service permitted by the service level

agreement.

6. Method according to any of the preceding claims, wherein a network entity is an edge

node.

7. Method according to any of the preceding claims, wherein a control node is a

bandwidth broker.
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controlling the first and the second entity and thus
ensuring that the sumof the 10 provided quality of

weenniiozsIon connecti ons between the two conmunPCatEP2003/005087

partners does not exceed limts defined in the
service | evel specification7 2. Method according to
claiml1l, wherein the step of controlling is perforned
by a control node that is connected to the first and

8. t Methed ecretding tovwdaii 7 hierejn thg bangkstidib dreket ertampgicates tarsglee

of th rreceding.clains wherein at | east one network
eWF%fgyB%%gggh%%%%%bted to and adapted to be
controlled by nore than one control node and the

9. cBddermade (R ) farpradding elcommprgort With a predefiesdwpprktyed s¢rvige

4. Met hod accordi to _any of th dj r | 0B,
e PR AT ERY s mi PG D) F
P&driirlotlin® Ahd \§iaSH/CIT sttt of e chhrestiomicwming te Mstrinytions received

handl es a first kind of service requests and .the .

C Berpnav Y Kok PBY I a1es (9 QHS S e gR g ggetions, and
S8l Mb&Eo A UES HOU3T) foVBIRREN ARE 06 HeBSor MdREkIIhg Sate
cﬁg}hsf%ﬁﬁg %}Emher%?%%the |stribStion i's pérf%ﬁ%ﬁd
binsmeadmess.of replication such that each of the first

and the second network entities handles up to a

1 Of E(rigtgearilo%e %Qc%?ﬁrég {eo ctleﬁl% Wﬁér&}l)fhqu%lﬁg)mﬂﬁg tgﬁgﬁ e %@aﬂ?éﬁ to

e”servi ce |~ agreenent. according
t eeceiny irdfrntatien fromdfedhargdgd midasprowidargs ¢onpeation Wetrvieen the

entity is. an edge ode.. 7. Method.accordi to_a of
¢ el g gV isiiin i (RO R PRy G pledeg e
basiagibR adtorier to IVRuEROR4IRRES BoRGIYMBRANBHARG087 17
8. Method according to claim7, wherein the bandw dth

OGRS R T IR R -

CRNAREbI @R qWli o BseRAQ&AF I BREbASRAdChMI to HRAMEES received
bet ween two conmuni cation partners, CONprisin

A [ a . :
c St afurtheri andvpideh brpker grd thedrmt p@PIL uvdf i Ff&lptfégp rgogive paid
seréh&e of the connection according to instructions
|

r éItS 1013S.

ve froma bandwi dth broker (BB4 1), a storage
(STO31) for storing said instructions, and
12. Edge node according to any of the claims 9 to 11, further comprising a charging unit

(CU31) for collecting charging information related to a connection.

13. Bandwidth broker (BB41) for providing a quality of service on at least two
connections between two communication partners according to a service level
agreement defined in at least one service specification, comprising a control unit
(PU41) adapted to control edge nodes to ensure that the quality of service provided on
the connections does not exceed limits defined in the service specification, a storage
(STO41) for storing the service specification and an input output unit (IOU41) to

communicate with the edge node.

14. Bandwidth broker according to claim 13, wherein the control unit is adapted to
communicate with a further bandwidth broker and to negotiate a service level

agreement with said further bandwidth broker.



an input output unit (10OU31) for providing the

connection and receiving said instructions. 10. Edge
woade/1azoer ding to claim9 wherein the i nput OBCPAEP2003/005087

unit is further adapted to 10 receive information

fromfurther edge nodes pro¥8 ding a connection between

the communication partners and wherein the contro

unit is adapted to process the information according
15t Bandwitithihrolien agsordingiovadaimy 1r3cpmlé Wagelitlen IR oy ek unitis |
a t 12,
%ﬁpée%qg? e e&gglﬁ%r g‘ﬁt i e(a (yde% apt ecfJ fq%dgﬁ%agtﬁ%%?ol t he
qual ity of service of a connectlon according to
instructions received 15 froma further bandw dth
broker and the input output unit is adapted to receive
said instructions. 12. Edge node according to any of
the clains 9 to 11, further conprising a charging unit
(CU3 1) for collecting charging information related to
a connection. 13. Bandw dth broker (BB4 1) for
providing a quality of service on at |east two 20
connections between two comuni cation partners
according to a service level agreement defined in at
| east one service specification, conprising a contro
unit (PW1l) adapted to control edge nodes to ensure
that the quality of service provided on the
connecti ons does not exceed limts defined in the
service specification, a storage (STO41l) for storing
the service specification and an input output unit
(10UH1) to 25 conmmunicate with the edge node. 14.
Bandwi dt h broker according to claim 13, wherein the
control unit is adapted to comrunicate with a further
bandwi dt h broker and to negotiate a service |evel
agreenent with said further bandw dth broker. WO
2004/ 102896 PCT/ EP2003/ 005087 18 15. Bandw dth broker
according to claim 13 or 14, wherein the input output
unit is adapted to communicate wth edge nodes by
means of nulticasting.



