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Abstract

In presentwork we addressa problem of optimal re-
souice partitioning in high-speednetworkwith hetepge-
neoustraffic classesand differentiatedQoSrequirements.
The problemargumentsare bandwidthand network-edg
buffer spaceallocationsfor end-to-endconnections. The
problemformulationcantake into accountsensitivityvari-
ation of application performancefor both aggregatedand
single service requests. The proposedmethodis recur
sive and solvestwo problemson ead iteration step. The
first step definesoptimal relations betweennetwork me-
dia, equipmenperformanceparametes and selectedout-
ing schemein accordancewith generlized meanof links
and networknodesloads. Mutual influenceof flowsin the
networkis consideed on this stage. The secondstage is
intendedto provide optimal bandwidthand buffer sizeal-
location parametes undernetworkresouce and QoScon-
straints. At this stage, stohasticresouce allocation prob-
lem formulationwith piecewiselinearizationof non-linear
constrintsis applied. We useconnectiorrequesistribu-
tion, average connectionduration time and quantity of in-
formationexchange assensitiveparametesin postoptimal
analysisto improve solutioncorvergenceto optimal trade-
off betweerresouceallocationandacceptableapplication
performance

1. Intr oduction

Rapid advancein computingand Internetusageexplo-
sionis causinga shift from dominantclassicvoice constant
bit rate (CBR) serviceto heterogeneousnvironmentwith
significantpartof variablebit rate (VBR) traffic types.Dy-
namicbehaior of servicerequestshigh variability of con-
nectionsdurationand traffic burstnesamalke efficient net-
work resourceallocationwith adequatequality of service
(QoS)adistinguishnetwork engineeringask. Network re-
sourceallocationandmanagemennaybedividedinto two
mainparts.Onepartis relatedto effective bandwidthcom-
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putation[3],[4],[20], flow and congestioncontrol scheme
developmentconsideringdifferenttraffic type characteris-
tics [9],[10],[14],[18], QoS, servicesrequestdistribution
andpricingpolicy [2],[7],[19]. Thepresentvork focuseson
thesecondoart, relatedto network flow modeling,loadbal-
ancingandoptimal (in termsof utilization) resourcereser
vation under network capacityand servicecontractscon-
straints.

Optimal resourceallocation stratejies are presentedn
numberof contributionswith differenttheoreticaland ex-
perimentabpproached12] proposesetwork management
algorithmicframework, whichformulatesacapacityalloca-
tion policy for setof virtual paths(VP) thatguarantee®oS
bothatcell andcall level. Thisframework is basecnalgo-
rithm for the VP capacityallocationthatsatisfiesnodalcon-
straintsonthecall processindoadandblocking constraints
for eachsource-destinatiopair. Primal-basediecomposi-
tion approachusedn [1] examinesafair capacityallocation
for a large populationof best-efort connectionsn typical
multi-accessommunicatiorsystem.This methodachieves
reductionof computationcomplexity by meansof decom-
position. It is realizedby so-calledcontrollerthatgetssum
of resourceequestandnumberof connectionandsolves
optimizationproblemof lower compleity. Multi-market
approachto network resourceallocationis introducedin
[17]. Primaryfocus of this work is providing guarantees
of resourceavailability aswell as price and QoS stability
by applyingmicroeconomigrincipals. The applicationof
ideasto exploit stochasticoptimizationand duality in or-
der to defineadaptve (in termsof demandvariation and
network congestionyesourcepriceis presentedn [6], [8],
[15] and[19].

Difficultiesin formulationandsolving of resourceallo-
cationproblemareconnectedvith mutualinfluencesof in-
formationflow during transmissiorprocessstochastima-
ture of the generatedraffic, high variability of servicere-
questsdistribution and wide rangeof modernapplications
with strongend-to-endperformancerequirements.In our
work, we presentalgorithmic frameawork for effective re-
sourceallocationparametersiefinition basedon solving of



two-stageoptimizationproblemwith probability measure-
mentof network load conditionsand QoS parametersEx-
pectedtotal flow estimationis basedon aggreyatedequiva-
lent bandwidthcomputatiorfor groupof userdq3], [4]. We
assumdernulidistribution of connectiorrequestsvith dif-
ferenttraffic classesandQoSin the selectedime interval.
Proposedesourcemanagementethodis appropriatefor
transportprotocol suitesthat supportdynamicselectionof
end-to-endransmissiorpath and resourceresenation ca-
pability. This optimizationproblemformulationconsiders
widely deployed ATM technologyandwith slide modifica-
tion may be appliedto resourcemanagemenin emeging
MPLS network with RSVPsupport.

Initial optimizationstepis intendedto increaseoverall
network throughputusing virtual path selectionand flow
relaxationat the most loaded network elements. Sensi-
tive analysisof marginal price of network resourceobtained
from dual value of the capacityconstraintgrovidesinfor-
mationaboutnetwork nodeswhicharevulnerableto poten-
tial congestion.Problemof optimal bandwidthand buffer
spaceparameterss formulatedas stochasticresourceal-
location problemthat seeksa resourcedistribution policy,
which drivesthe network to maximumresourceutilization.
The policy is constrainedoy initial optimizationstepand
depend®ntherealizationof the noisyparameterdjk e ser
vice requestdistribution, connectionduration and traffic
burstness.

2. General problem formulation and notations

ConsideranATM network with asetl. = {l =1,..., L}
of links I andwith asetS = {s = 1,...,S} of switches
servingasetl = {i}._, of users(senders-receers). This
network providesall userswith differenttypesof services
v € N = {1,2,3,4,5}, accordingly: voice, video, com-
puterdata,compressedoice andcompressedideo. Each
user prescribesthe following flow characteristics)? =
{Q¥',Qv?, Q¥3} correspondingo PeakCell Rate Sustain-
ableCell Rate,MaximumBurstSizeof aflow persecond.

Let T'}; be an orderedmenu of all virtual pathsfrom
sender; to recever j usedto provide servicev. Letk =
k(i, j,v) be anumberof virtual pathsin a menuI'y.. Let
vii € IY;1 < r < k(i j,v) ber-th virtual pathin the or-
deredmenul’;;. Finally, letg;,! € L orl € S becapacities
of links and switchesrespectiely. We definetwo succes-
sive problems: the first oneis an auxiliary non-stochastic
problemof mathematicaprogramming(2.1), which takes
into accountmutualinfluencesof informationflows during
transmissiorprocessThe secondproblemis the stochastic
one-stag®/-P problem(2.2) consideringstochastidbeha-
ior of the generatedraffic.

Thus, solving resourceallocationproblemwe obtain 3
independentesults:

1) Optimalroutingin termsof loadbalancing
2) Optimalorderingof virtual pathsin eachmenu
3) Optimalbandwidthsandbuffersallocation.

2.1 Formulation of the auxiliary problem

Let 27} beaflow from to j throughy;}. In whatfol-
lows X = {2}/ :4,j € L,i # j,1 <r < k(i,j,v),v €
N7y € Ty} Letgy,i € I,v € N be aninformation
guantityper a time unit requiredto fulfill all requestdor a
servicev madeby useri. Letg;; bea portionof ¢; to be
transmittedto recever j. The valueg;; may be obtained
from ¢! accordingto usersdistribution assumption. This
g;; valueis definedunderconditionthatwe canuseary set
of virtual pathsfrom the menuI’?;.

Before solving (2.1), we considerso called "extended
menu” of virtual paths. This menucontainsredundantset
of VPsfrom which mostappropriaté/Pswill be selected.
Asresult,weobtainX* = {z}?*} - optimalflow valuesfor
eachvirtual path~;. Further eachmenul';; is modified
sothatvirtual paths~;;” arereorderedaccordingto corre-
spondingz;;* values. Later, eachmenul'; is revisedto
eliminatethosevirtual paths+;}" for which corresponding
z(; valuesaresufiiciently small. The objectfunctionof the
first problemis definedasfollows

_ : ! v
Wi(z) = 1I§nll§nL(Clql - Z zi}) — Izneal))(’ 1)
(i7jﬁr7,/) EG(l)
whereG (1) is asetof collections(i, j, r, v), sothaty;; con-
tainsnetwork element, ! € I. orl € S andthefeasiblearea
D is definedby thefollowing constraintgroups:
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Themeaningof theseconstraingroupstransparentaccord-
ingly: to meetQoSrequirement®f eachsendet, to satisfy
the capacityconstrainton eachlink (or switch) andto en-
surenon-nayativity of flow values.

The object function is definedto increasenetwork re-
sourceavailability of the whole network, sinceit helpsto
relax the flows throughthe mostloadednetwork elements.
CoeficientsC] andC};0 < C],C' < 1,l e Lorl € §
areintendedto balanceoptimally real network elementca-
pacitiesreplacingthemwith so called"virtual capacities”
values. The goal of (2.1) is to defineall flows zj; in the



network in the way that would reducetheir "competition”
obtainingresourcesn the mostloadednetwork elements
without compromisingquality. Thus,the first problemso-
lution is intended:1) to selecta small number(2-4) of the
mostperspectire virtual pathsfor eachmenul';; from the
correspondingxtendedmenucontaining3-10virtual paths,
2) to orderselectedvirtual paths(2-4) in the menu,sothat
more usedvirtual pathspreceddessusedonesand 3) to

definethe averageflows throughall network elements.
2.2 One stageM-P problem

The secondproblemis stochastiggrogrammingoneand
it is formulatedfor alittle timeunit A. Let£;; (i,j €l,i#
j,v € N) be arandomtransmissiordensity procesg(bits
persecondindlet yy;(i,j € 1,7 # j,v € N) beaband-
width (bits per second)to be provided to the end-to-end
connectionof servicetype v from sender; to recever j.
Let&i, = &5y = yj;, Sinceneitherdependn recevver
7.

Let J c I ® N beasetof all feasiblepairs(userservice
type). Let A C J be a setof all feasiblepairsiv corre-
spondingto connectionsf type v from senderi working
simultaneoushduring a time unit A. LetU, C A bean
arbitrarysubsewf A. Finally, let U,(l) C U, beanarbi-
trary subsetof feasiblepairsiv correspondingo connec-
tionsworking simultaneoushduringtime unit A andusing
network elementl. In orderto simplify the descriptionof
theapproactwithoutlossof generalitywe considetthesit-
uationwhenonly first virtual pathof eachmenuis usedand
theobjectfunctionincludesonly network links.

Randomvariabled!,, 6!, = &.,/( > &) meansa

weUq (1)
relative weight of the bandwidthy;,, in the sampleU,,(l).
Theessencef aproduct?, y;, consistof theaverageof an
information quantity correspondingo the fixed valuey;,,.
Theobjectfunctionof (2.2)is constructedimilarly:

_ . "o
Wa(y) = B{min(c/q. = 3
(iv)eUa(l)
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whereE(-) meansanaverageof arandomvalue.Note, that
value!, is connectedvith randomflows andexpresseshe
weight-deposibf the fixed participantinto the whole flow.
At this point, it is necessaryo describethe main idea of
constraintsetconstruction.We generatesuficiently large
numberof samplingsof userpairsworking simultaneously
in the network. Every consideredsamplingU,, is obtained
by meansof randomtossingtakinginto accountall proba-
bilistic distributions: intensity of connectionsdurationsof
messagandtraffic typeof this connectionThesetof these
samplingsA = {U, : U, C A} istherepresentatie selec-
tion (in the statisticalsense)f all feasiblesituationsin the

consideredetwork. Now we constructconstraintof (2.2).
A first groupof constraintds resourceconstraintson each
link:

Us(l) CU, C A,

S v < B leL, (6)

(iv)eUa(l)

wherethecoeficient 57 depend®nthemeasurgs(Uy(1)).
Thevaluegy* maybecomputedrom thesolutionof thefirst
auxiliary problem(2.1).

The secondgroupis probability constraintsconcerning
of cellslossprobabilityon network nodes:

Z Yiv < z v} < por,

(iv) €U (D) (iv)EUa () (7)
Us(l) CU, CA, 1€L,

P{b;

where, pg;, 1 € L is prescribedossprobabilitydueto net-
work congestion.The parametersf the process;,, (in our
formulation, &;,, is a randomvalue) can be obtainedfrom
givenflows characteristicg)?. The coeficientb* depends
on buffer sizesassociatedvith link /.

Thethird groupis probabilityconstraintconnectedvith
the meancells delivery time andconcerngwo traffic types
v = 1,2 (voiceandvideo).

P{ Z eiuyiu 2 61/} S D1,

(iv)€gu () (8)
v=12 1lel, g,()cUs(l)CA
whereg, (1),v = 1,2 is a setof pairsgeneratingjueuesn
the buffer. Thevalued, (v = 1,2) shovsalimit delay
for voice cells (v = 1) or videocells (v = 2) andpy, are
prescribecprobabilitiesfor the delayon differentbuffers of
thenetwork. In addition,thecondition|g,| < |U ()| must
be satisfiedin all caseswhere|A| is anumberof elements
in thesetA.

Thelastconstraintgroupdepend®ntheneeded)oSof
eachuser:

min

Yiv" <Yiv, () CUs(l)CA, lelL (9)

wherey™" = yMn(y i QoS(i)) is a function depending
on the requiredQoS of the useri for transmissiorof the
traffic typev. Thisfunctiontakesinto accounthe measure

of using”deficient” (loaded)links of the network.

3. Method outline

Presentapproachis appropriatefor short-timeresource
allocationmanagemertty meansof periodicalcomputation
of so-called”suggestedbandwidth” (SB). TheseSB val-
uesarecalculatedby softwareagentrealizingthe proposed



approachand implicating correctionof equialent band-
widths. Durationof the time interval betweenSB recalcu-
lationsdepend®n 'busy’ hourspersonifiedper aggreyated
usersserviceaccesgolicing andnetwork loadin selected
time interval. Using extensize simulationof the network
with differenttopologystructuresandserviceaccespolices
undervariabletransmissiorscenariosve have definedrec-
ommendedrequeng of SB calculationto bewithin 10-20
minutesinterval. Thesimulationis performedusingcustom
developedevent-drivenparallelsimulationagentwith built-
in traffic generatomodule. In orderto capturefeasible(in
termsof precisionof the network performancesstimation)
interval for SB calculationwe simulatethe transmission
processsignificantly varying servicerequestdistribution,
traffic characteristicandQoSrequirementsln essenceSB
bringsthe network stateinformationto the Call Admission
Control(CAC), whichrealizesesourcagesenationfor end-
to-endconnectionconsideringwo variedfactors:

1) Thechangeof priority of virtual pathsin the menu,

2) Thechangeof SB.

Let Xl(’) be an equivalentbandwidth(seefor example,

[3] and[20]) for useri andlet XQ(’) be an SB-bandwidth
obtainedrom the problemsolution. Therefor thecorrected
equivalentbandwidth X (¥ may be establishedn the fol-
lowing form

WhereAi, A2 > 0, A + Ay = 1. Coeficients A\, Az
dependon the burstsize of traffic andnetwork load on the
consideregeriodof time.

By I';(I) C T'(!) we denotethe subsetof virtual paths
from the senderi (selectedor eachpair i, j by singleton)
sothat! € ;7 € I'i(l) andlet M; be the subsetof all
virtual pathsfrom the sender (selectedalso by singleton
for eachpairi, ). Fixing acertainlink [ we constructheset
functionsy; (on separataisersi € I) andy! (on different
traffic types)by thefollowing way

(1
(%) ]{}!)’ iel,lelL

" @
I'L(V)— v
! Zqi

1el,ve N
i€l

Setfunctionsi — (i) andi — p (v) definethe prob-
ability of link I usageby i-th userandthe distribution be-
tweentraffic typesof eachuser The measurey; is de-
fined by the network topology and the acceptednenu of
virtual paths. The measurey is definedby preferences
of senderdn useof traffic types. Thesemeasureganbe
definedby meansof statisticalanalysisof network oper
ating. A stochastigoroblemstructureis basedon follow-
ing principles. P1) All constraintsnay be dividedin four

groups: a) resourceconstraints,b) constraintson the re-
quiredQoSfor eachuserin accordancavith its "contribu-
tion” to thelinks load, c) constraint®n generainformation
lossegprobability (for non-personifiedosses)on eachlink
at prescribedimits, d) constrainton the cells meandeliv-
ery time for eachlink at prescribedimits. P2) A structure
of eachgroupof constraintss identicalandbasednthein-
formationaboutnetwork topology mearvaluesof flowsfor
differenttraffic types,flows characteristicef eachuserand
its QoS requirements.P3) The following statisticalinfor-
mationis takeninto account:a) the measuref theload on
links, the probabilitiesof userensemblesvhich aresimul-
taneouslyfunctioningin the form of differenttraffic types,
b) usertransmissiorcharacteristicg)y . P4) Thebandwidth
y;,, Mustbepresenin eachsubsetd;, of constraintoneach
link evenif onetime for ary A;. PrinciplesP2 and P3
generatehe nonngyative measures on A sothat 5(U, (1))
is the probability of appearancef the U, (I) combination.
P5) In the presentwork we useresultsof [16]. We gener
ate constraintof all group 4, & = 1,2,3,4 by taking
into accountthe following informationon the generalflow
in the network. 1. I; andI, (the differentiatedapproach
to users-a userfrom I is includedin the majority of con-
straints). 2. {m,}/_, and{L,}’_, (ratesof links load —
the mostloadedlinks areincludedin the majority of con-
straints). 3. The measures,’ andy” the acceptedsystem
of virtual pathsinfluenceson sendergreferencei useof
virtual paths). 4. The measures3 involvesdirectly in the
procesof generatiorof thesetslU, (1) for constraints.

The essencef the proposedalgorithmconsistsof a re-
cursive procesf successie problemspair solving (1-2-3-
4) and (6-7-8-9-10)with a parallelanalysisof the current
stateof the investigatedsystem. This analysisis basedon
dual estimatesof mentionedabove problems. In this way
we obtaintheprice estimategor usingof eachnetwork ele-
ment(similar estimatesverementionedn [15]). Recursie
processresult suppliesa balancedstateof the parametric
system(i.e., the balanceof the network resourcegrovided
by network equipmentindloadpatternusersrequestsvith
desiredGoS,serviceaccesgrice policing andetc.).

The buffering technologymay be dividedin two stages.
Thefirst of themis aprocesf theflows arrival to thecon-
sideredbuffer. The secondstages a cellsprocessingn the
buffering mechanismDescribebothmodels.To createthe
first stagemodelwe needfollowing assumptions.

Al) At first we considera situationwith the buffer ca-
pacity 8 = 0.

A2) The cellsarrival to the buffer seemsn the form of
therandomstationaryprocesses.

A3) Theconsideredwitchhass links. Withoutlossof a
generalitywe assumehatlink s is aoutputonewith respect
to theconsideredwitchon theconsideregeriodandlink [
forl =1,...,s— 1 areaninput. In addition,we canassume



thatlink (s — 2) aggreyatesflows of thefirst (s — 2) links.
Thus, in our modelthereare two input links (s — 2) and
(s — 1) andoneoutputlink s.

A4) Theactvity of input aggreatinglink (s — 2) does
notleadto collision atthe buffer.

Indeed,thereexist two causedor this : 1) undercon-
ditions of real ATM networks the buffer size 3; > 0 and

s—2
thereforethe flows sum Y £(4) is smoothedby buffering
i=1

in previousnodes.Here£(i) fori = 1,...,s — 2 areflows
in theinputlinks of the mentionedixed switch. 2) the co-
incidenceof flows maximumsis low-probability on a suffi-
ciently smalltime interval, i.e., thefollowing inequality

~ ~

£(s=2)>¢&(s—1) (10)

holds.

4. Decisionof congestionproblem

The collision maybe occurredby a superpositiorof the
flows&(s—1) and{(s—2) only; £(s—1) and{(s—2) mean
partsof theseflows £(s — 2) and£(s — 1) which directed
to thelink s. In additionz(s — 2) andz(s — 1) aresum-
marizedbandwidthsof thetraffic from thelinks (s — 2) and
(s — 1) tothelink s. Thereforeto simplify a descriptionof
proceduresve usethe termsa "bandwidths”or "requests”
for z(s — 2) andz(s — 1) assumingn this casethechannels
s — 2 ands — 1 asaggreatedusers.

At first notetwo following facts: F1) Accordingto the
AssumptionA2 anarrival time of "requests”z(s — 2) and
z(s — 1) from the (s — 2)-th and (s — 1)-th channels
to the s-th channelis distributed uniformly on A. F2)
z(s —1)+z(s —2) < A becausef theprocedurésetup”
connectiorholdsandthis connectiormay be allowed. Un-
dertheseconditionswe solve theflows superpositiorprob-
lem. In this problemwe obtainthe probability of the flows
superpositiorduringconsideredime period A.

In view of assumption®A3, A4 and(11) the flows su-
perpositionprobability coincideswith the periodof a flows
superpositioron A. Sincewe calculatethe possiblecells
loss quantity taking into accountthe transmissiorrate pa-
rameterof theflow &(s — 1).

By denoting the summarizedlengths of the "band-
widths” z(s —2) andz(s — 1) by meanf A;_, andA,_;,
we cometo the problemon a superpositiorof two random
flows, whereall cellsaregroupedn one”burst”. Theinten-
sitiesé(s — 2) andé(s — 1) maybecharacterizethy means
of thevaluesv,_, > 0 andv,_; > 0 suchthat

Vs—2 M5(8—2)

Ve o tv,1 =1, (11)

vsi1 Moy

where M, is an averageof a randomstationaryprocesst.
Thecondition(12) correspond$o the concepf anequiva-
lent bandwidth.We obtaincharacteristicanddistributions
of the flows n(s — 2) = max{0;&(s — 2) — v5_2¢s} and
(s —1) = max{0;&(s— 1) —vs_1¢s }. Theflowsn(s —2)
andn(s — 1) cangenerate congestiorstateon the output
buffer of the switch. A temporalmeasuref anexistenceof
theseflowsat A is sufliciently small(0.1-0.15for ATM net-
works, see[5]). Taking into accountstatisticalmultiplex-
ing gainwe accepthefollowing interpretatiorof arandom
flow n(i) for i = s — 2,s — 1 in the form of a sequence
of rectangulardisjoint pulsesof unit altitude andof a ran-
dom length 8, (with a randomlocation of their startson
the time unit A). Accordingto what hasbeensaidabove,
wehave " 6, < A. CombininglastinequalityandLevi’s

theorerman thesetsmeasurdor the uniform distribution on
thesegment[0; 1] (see[11], p.418)we comefrom theprob-
lem of superpositiorof two randomflows that consistof
mary rectangulapulsesto the problemon superpositiorof
two rectangulapulsesof the samealtitudewith thelengths
t(s —2) = > 652 andt(s — 1) = > 651. Eachof them

is locatedu n?formly randomlyinto A

The solutionwasobtainedfor the lastversionof a prob-
lem formulationin theform of the probability P of a flows
superpositiom(s — 2) andn(s — 1) duringthetime inter-
val A = 1. This probability is equalnumericallyto the
superpositiordurationof theseflows and dependson the
aguments(s — 2) andt(s — 1):

P=P(t(s —2);t(s — 1)) = (12)
1

2
=—[P(s—-2)+t(s—1)] +t(s—2) +t(s —1)

It is evident,thatthe quadratidfunctionis monoton€(in-
creasing)on both argumentg(its derivativesareP;(s_j) =
—t(s—j)+1 > 0forj = s—2,s—1andt(s—2)+t(s—1) <
A = 1. In really functioning ATM network management
protocolhaspossibilitiesto accumulatanformationabout
the stateof the eachbuffer duringwork time. This process
hasthe distribution which similar to the distribution of the
process) = n(s — 2) andn(s — 1).

In view of assumptiorAl a quantitatve lossestimatds
connectedwith two factors: the flows superpositiortime
andtheintensityn(s — 1) (seeAssumptionsA3 andA4).

Let p¢ () beaprobabilitydensityof arateof theprocess
& =£&(s —2) + £(s — 1) andg, beacapacityof the output
link s. Henceit followsthattheprobabilitydensityof arate
of theprocess)(s) mayberepresenteth theform

0, forz <0
pe(x) =< po > 0, forz =0 (13)
pe(z +q5), forz >0



qs
wherepy = [ pe(z)dz. It isimportantto useanaverage
—00
M, of n on A for anestimationof informationloss,where
o0
M, = [ py(z)dz. Undercondition = 0 (a buffer is

absentl%is valueestimateghe informationlossduringthe
time interval A if a collision arises,but the probability of
an collision origin P was definedin (13). Therefore,the
informationlossmeanvalueIl(s) onthelink s duringthe
timeinterval A mayberepresenteth theform (see(13))

TI(s) = My(s) [ - % (2%(s — 2) +2%(s — 1)) + "

+2(s—2)+z(s — 1)]

wheren(s) =5
5. Buffer optimization

Taking into accountthe statisticalmultiplexing gainwe
solve optimal buffer sizeproblemin connectionwith char
acteristicsof the flow 7 in the form of the problemwith
confidentialconditions. To this end we prescribebefore-
handa confidenceevel py to the problemsolution. This
problemmay be formulatedas the problemon an optimal
storage(see,for simplestexample,[13],p.221). The opti-
mal buffer sizeV; (in the simplestproblemformulationfor
a symmetricdistribution p¢ (z) without an accountof the
buffer costunit) is definedasV, = M¢ + up,0¢, Where
up, IS thevaluedependingn the confidentiallevel po, i.e.,

Upg

po = [ pe(z)dz andog is the standarddeviation for the

—00
processt. Neverthelessthe optimal buffer size problem
wassolvedby usin adynamicform (for arandomprocess)
with anaccountof its dynamiccharacteristicgits autocor
relation). The optimal size V* of the buffer may be repre-
sentedasV* = K (w, A, po) M¢ + (1 — po)\/Dy, where
K(:,:,:) is afunction dependingon w = {w; : j € N},
A = {}; : j € N} andD, is dispersionof the process;.
Theargumentsw;, for j = 1,2, 3,4 meanthe densityof a
transmissiomf differenttraffic typesfor thetimeunit A and
wp is the work bit rate of network mediafor the time unit
A, aswell. Thearguments); for j = 1,...,5 meanload
weightsof differenttraffic typesin correspondingprocess.

6. Numerical experiments

For methodevaluationwe use NetKit - customdevel-
opednetwork simulationandoptimizationtool thatcontains
network topology editor, event-driven message-oriented
parallelsimulationkernelandobject-orientednathematical
agentwith propertaryoptimizationalgorithms. The topol-
ogy editor providesoptionsfor selectionof routing model,

protocolinstanceson network and usernodes,load distri-
bution patterndefinitionanduserQoSrequirementsUsing
simulationwe compareresourcananagemenmethodwith
equivalentbandwidthcorrectionandwidely usedresource
allocationschemebasedon modificationof effective band-
widthsfor priorities[4]. SBis calculatedy softwareagent
realizingthe proposedhipproachandis usedin computation
of optimalresourcallocationparametersWe examinethis
methodonthe ATM network topologypresentedn Fig. 1.

Figure 1. Network topology

Eachusernodehas CBR traffic source(six groupsof
standard64Kbpsvoice channelswith 100 aggreyatedtraf-
fic sourcesin eachgroup), VBR traffic source(12 coded
video sourceswith 10Mbpspeakrate) and ABR services
(four groupsof 1000 aggreyatedtraffic sourceseachone
with a rate uniformly distributed between100Kbps and
800Kbps).We boundlink capacityby 155Mbpsandmulti-
plexing capacityof user/netwrk nodeby 0.5/1Gbps.Sim-
ulationscenariogpply uniformdistribution for servicege-
guestdestinatiorandnot constrainedy predeterminedet
of destinations.Efficiengy of the methodis analyzedun-
der differentnetwork load patternsgeneratedy variation
of the servicesrequestgprobability. For video codersgen-

Table 1. Connection request probability.

Experiment| CBR | VBR | ABR
number

1 0.7 | 0.3 0.1

2 04 | 02 0.6

3 0.2 | 0.6 0.5

erationwe usea first orderautorgressie Markov process:
A(n) = ai(n — 1) + bw , where\(n) - a bit rate of a
coderfor the n-th frame,w is a sequencef independent
Gaussiarrandomvariablesand ¢ andb - constants. We
selectfollowing parameterdor the model: ¢ = 0. 1,



Figure 2. Results

b = 0.110 , Gaussiarrandomvariablesw have a mean
p = 0.5 2 andvariance=1Eachvoice sourceis simulated
using the ON/OFF binary-statemodel with fixed number
of voice cells generatedht the peakbit rateduring ON pe-
riod andno cellsgeneratedluring OFF period. We assume
exponential distribution of ON/OFF periodswith means
1/a = 0.35secand1/b = 0. 5secrespectiely. For ag-
gregated ABR sourcesmodelingwe use ON/OFF binary
statemodel,wherenumberof datacells during ON period
is Gaussiarrandomvariablew’ with a meany’ = 0. 1
and variance=1. We assumeexponential distribution of
ON/OFFperiodswith meanl/a' = 0.44 and1/b' = 0.5
respectiely. Efficiengy of equivalent bandwidthcorrec-
tion methodin multi-serviceservironmentis evaluatedin
termsof servicegoodput- a percentof usersrequestde-
ing deliveredsatisfyingend-to-endQoS requirementsand
call blocking bounds.Fig. 2 demonstratedependenyg be-
tween network load and servicesgoodputunder different
traffic patterns,as specifiedin Table1. Traffic burstness,
servicessessiorlength, QoSrequirementandoverall net-
work load make major influenceon the servicesgoodput.
In caseof prevalenceof CBR servicesand high deployed
network utilization, advantage®f the statisticalmultiplex-
ing and subsequentlyf the proposedschemedo not gain
ary valid improvementscomparingwith resourcealloca-
tion without equivalent bandwidth corrections. Numeric
resultsindicatethat the suggestedchemeof resourceal-
location asymptoticallyequalto the equivalentbandwidth
with priority classesresourceallocationin the following
cases:network load is under35%, amongconnectionre-
guestsare prevailing servicesrequiring peakor nearpeak
rateresourceresenation, network load is above 80%. The
scheméiasvalid advantagesvhenshareof VBR andABR
traffic classesn network load patternare sufiiciently large
comparingwith CBR service.

7. Conclusions

Thecorrectroutingselectiorandoptimalresourceeser
vationareimportantpartsof effective network management

in multi-servicehigh speednetworks. The proposedap-

proachresolesthe problemof optimal definition of net-

work resourceresenation parameters.In addition, it al-

lows to make appropriateestimationof serviceprice polic-

ing with respectto network utilization and desiredgrade
of service. In spite of complex optimization structures,
independen{from connectionsetupprocedureyealization
of the SB calculationeliminatescomputationoverheadof

time constrainedCAC functions.Resourceesenationpro-

tocol appliesprecalculatedSB value as equialent band-
width correctionparameterduring connectionsetuptime.

Practically unlimited scalability of the approachcould be

achiezed by meansof distributed realizationand parallel
processing.The algorithmicframework hasfollowing ad-
vantagesl) definition of the optimalrelationbetweemet-
work equipmentrouting schemeand usersgeneratechet-
work flow using dual theory 2) usageof calculated’sug-

gestedbandwidth” asaggreyatedmeasuremerf network

stateinformationimproving accurag of resourceresena-

tion.
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