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Abstract

This paper describes the use of fuzzy QoS specifications to manage quality of service. These
specifications associate their membership functions with QoS levels perceived from a resource.
Besides it is described the implementation of a QoS manager of fuzzy specifications. The QoS
manager, denominated Mediator, has two parameters called o-cuts. One of them is used to allocate
and the other to policy QoS requests. In short, these values determine thresholds for the QoS levels of
the requests. These thresholds must be respected when the allocation and policy procedures are
executed. Also, by applying the extension principle of fuzzy sets, Mediator accepts fuzzy specifications
composed by two other specifications. Mediator is built as a CORBA application. Its primary purpose
is to manage TCP traffic flow on IETF Differentiated Services Platforms.

Keywords: Qos Management, QoS Specification, Distributed Object-Based Applications, Internet
Differentiated Services.

1. Introduction

Nowadays|there! Iee/several QoS/frameworks! schlas! ATM[1][IOSIT 2] I TINAI[3]L,)
IETF[IntServ([4] and [ IETF[ DiffServ[[5].[ Throughlthese frameworks, an[application[tan
inform’alQoS specification(tolallocatel | aesource(suchlas/link 'bandwidth, [delay jitter, packet
lossCand[s0[1 n.[All'them[don'tCaccept! specifications. with imprecise values! for[asource
allocation. [Their[$pecifications must have precise valueslor crisp numbers. [For[éxample,[to
allocate TalATM (virtual/Circuit [l ], it lis[mecessaryto/indicate  cetain/parameters, suchlas/cell
orlloss(rate. These[ parameters_do[hot indicate other possible values to[belallocated ifl the
network!/c¢annot/deliverylthe! elllor(loss/tate tequested. IThel Ipplication/could/tequest(a ell
rate'0f11,000(cells/s for[alqualitylevel[0f1100%,as wellaslaltate 0fI800[¢ell/s, (With[80% of
QoSTevel,’and[so[]n.[Even[a ontinuosfunction(¢ould be specifiedassociatingcell fate'ad
QoSlevel.

Making QoS allocationswith[crisp mumbers does mot dllow [policy specifications, [such
asMallocate] &ervicelifltherelis(algood | thcard [ pcket" [or[Ishutdown(alService if the ‘packet
errorlatelis[very[bad".[Thesel e subjectivelideas. "Good" or[verylbad" [specify/classes of
possiblevalueslto (discard or[packetlerrorrate.

Thelitem/2 oflthis[paper(presents whatarelthe fuzzy QoS specificationsproposed.(This
item[ describes!the meaningloflal fuzzy! specificationandhow it[ canl| bl uised. Thelitem(3
describes[the Mediator’s architectural[] mdel.[Tts[modulesland servicesare  discussed[Wwith
details. “Thelitem 4 shows[two[examples to[] dmonstrate[the[] pplicabilityof the fuzzy
specifications. [In(these Jxamples, Mediator is lused [fo (manage [delayand ] dlayjitter [of ' TCP
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Connections.[] Thelitem 5[] pesents.emeL! onclusions_about [ His work and[] cusses. sme
future [ xtensions. [Some[teferences are givenlinlthelitem[6to[| gt[moreldetails’about some
correlated works.

2. QoS Specifications

2.1 QoS level

QoSllevellis/defined, linthis[work, as(almetric[oflquality. (It informs[the[quality[ofla
service[being[ | dlivered(folan application. I The valuethata QoS (level ¢anlassumelislin/the
interval([0,1].[Thevalue0 means(thatthe [ srvice deliveriesnoquality at(all, but[1means [that
theJmximum/(]quality[is[|beirgivered.

QoS Levelsiassociated with[memberships functionsofl ifzzy(specifications, [@s/itwill
describe. [$o QoS leveland membershipsoflafuzzy(specification are ] onsidered asthe[same
inthiswork[and Both ferms/are tised.

2.2 Fuzzy QoS Specification

AlQoSfuzzyspecificationlindicates the [value ofla[QoS [parameter [¢] by afuzzy set
(seelIppendix). Insteadofla unique valuethat[ e[ Ipplication requests, [there[ ] set/of possible
values m(forametric M. Each( alue m(hasa[QoSlevelassociated whichlisdetermined [ Hthe
membership functionl ] \(m) 0f'the specification's/fuzzy!set.

Thelgraphlin[Figure(l [determines(alQoSlevel((l)[givenbythe following function:

1= 03040 )
Whereltlis the/delay((tosend alpacket 0111024 bytes)/in[seconds | (k

qosllevel
A

0,37

4 20 t(ms)

Figure 1 - Graph for equation (I)

Therefore, the[ Jpplicationlindicates/alrangeloflvalues/m/that[ lte/QoS manager/can/use
tolallocate(dl laquest. Tt[Gan[Jblobserved fwolJirportanticonsequences:
e Throughlalfuzzy!specification, al! pplicationlinformslaltange ofl valueslacceptable with
different[ QoS level, not[lonly[ onelvalue.  Therefore, thel decision what QoS[ levell the
application[willlhavelis/ determined( ] bl thel QoSlimanager.[Besides, the negotiation[ process
betweenlanlapplicationlanda QoS manager!is shorted[ | bcause/they dol[hot heed negotiate
other Valueslanymore. [Thepossiblevalues/arealreadydetermined [1the fuzzyspecification.
e QoSl[contractsusing fuzzy[specifications are different. [Theyldon’t have thresholds Values,
butmembership [functions. However, if d threshold valuelis mecessary, (it has[to [be determined
bylits hembership functions. In(Figure 1, the Value 20ms/is(a/threshold value.[When[the Value
fordelaylisigreater/than 20ms, the Qosllevel [ siconsidered Zero.
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2.3 Fuzzy QoS Specifications With More Than One Metric

FuzzyQoSL! Becifications[can | &ve more than(onefuzzymetric. et M,,..,[M, [be ] et
ofl uzzy metrics[in[ X, ., [X,[] uiverses tespectively, and[] X/[the[ Cartesian[productoflthis
universes, ile.,[X]= X7 x.... x X, .[Also, let[flamapping from[X = X ; x ... x X [fold[universe[Y
likely=f(x1,...,X,). [The extension [principle (see @ppendix) allows tolinduce d@nother fuzzy [set(C
on'Y such/that

C=f(Mg,s M) = [min(ppgg (X2 b, (X0))/F (X150 X 1) (D
X1x. XXy

TheFigure(2 shows anlexample. Inlthis/ figure,(the networks/netland net2 are(linked

byltwopathsp; [and 'y
p1=(routerl, router3,routers)
p2=(routerl,router2,router4,router6)

The(Tablel [shows thelinks(delaylin aldetermined instant. This(fable[shows the delay,
desired[] dlayfand QoS evel on[eachl[link [of the network[in[Figure2.[The[QoSLevelis
calculated by:

QoSLevel =1 [[(delay [ desired delay)/desireddelay | [ [l ifidelay>(desired(delay

QoSTLevel =0 ifldelay(</desired(delay.

router(6

router(4

router2

router3

Figure 2 - WAN composed by three remote networks

Thenthe(delaylon éachink (i,j)[can[JbJonsidered as(afuzzyset [IDj[ina universe X;
(integers(greater than(0) [given[ p[(the ‘scond /" hasthelfuzzy [Setheaning = lse @appendix):
Djj(delay)=11][delayTdesireddelay) /desired [delay] /[delay
Forléxample, [fo link [(router1,router2),[i[=[1[and j/=(2, [is[associated 'with D, [Z[1/10.
But, thelink (router1,router3), i=(1and ji=(3, lisassociated with (D 13=(0,33/20.
The! QoSllevell ofl the! pathl p,;and/ | p canl| &l determined[ | ¥l using! the Extension
Principle/andirecalling[thatdelay is/an’additive metric([9]:
P =MD3FMD35=1n(0.33,0.66) 7[(20+120)=0.33/40
Py EM 1, F D24 FMye=1in(1,0.75,0.50) 7110 F15=*30) =0.50/55
Where P, [and [P, [arethe [fuzzy [metrics ot the links[p, [and [ p Hespectively. [Although
thedelay/ofp, lis[smaller(thanlinp,, [p; has(dsmaller[QoSevel. Finally, a QoS Tevel for “auter
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canl bldetermined [¢onsidering onlylits[paths. ForLéxample,[the router] [has[alQoS levellof
min(0.33,0.50)=0.33.

Link Delay Desired [ | Blay QoS LLevel
(routerl,router2) 10ms <12ms 1.00
(router2,router4) 15ms <12ms 0.75
(routerl,router3) 20ms <12ms 0.33
(router3,router5) 20ms <I5ms 0.66
(router4,router6) 30ms <20ms 0.50

Table1I/Link Delays

3. Mediator [[IAISystem toManage [Fuzzy QoS Specifications

TheMediator(is[aSystem[fotanage fuzzy QoS [specifications. [Initially, the Mediator
was [built[fo anage TCP [dpplications by using[the IETF DiffServ Framework([[5]. (However,
it canl] bl extended| tol manage UDP[applications[ and[to usel other frameworks!like[ IETF
IntServ([4].

3.1 ConceptsUsed by Mediator![ ifom Fuzzy Sets

3.1.1 olcuts

Mediatoruses/the o ¢ut/(see  ppendix)concept(folallocate[ Tad [ plicyanlapplication

request/d@boutldmetric M.
M= mle M, [ y(m) 2ol 1} (1)

Ithastwo [aul¢uts|defined:
e Allocation/a/cut[]-ATQoS rfequesttobe dllocated meeds thatits[QoS(Tevel[fitsinto o cut
determined [ b[thelallocationlol¢utparameter. ‘This[parameter [is[called iminimum[level [n
Mediator. Itlisstatic, li Jglit/doesn’t'changed (dfter the[ I Mdiator starts.
e Policing o¢utl] —Thel policing[ method tries[ to keep_all applications_into an[ ol¢ut
determined( | [ thel policing ctl¢ut! parameter.[ This/ parameter( sl called[ current[ levellin
Mediator. [Ttlis dynamic, [i.[¢., [it[¢hanges[in[each policy iteration. Theleffect [of this it [is[the
tendency ofl alll tequests[tol | pesents QoS levelslalmost[ equal. However, the | errent/level
cannotbe( lss[than(the minimum Tevel.

3.1.2 Extension/Principle

Mediator(allows[defining[QoS [tequests/that havelonelor two fuzzy QoS [metrics. [ To
calculate! the resulting QoSllevel (membership)lof al fuzzyl specificationl composed( | bl two
otherfuzzy(specificationslis used the[ xtension principle. Then anlapplication[canlinformla
request Hat(specify/theldelay, jitter(delay, or both(delayanddelay jitter(of'a[TCPIdonnection.

3.2 Architecture’s Overview

Thel Mediator' sl modules! arel illustrated! in[ Figure!3.[ Aslit[ canl see,[ Mediator[isla
distributedsystem. It has[two [types(ofiservers:  The Policy DecisionPoint/4PDPland(a[Policy
EnforcementPoint[+[PEP.[The[PDPlis[the[QoS manager, tesponsiblefor policinglall’ QoS
requests. PEPs[ map[ PDP[ adjust messages/ tol specific/| emmands! that[ controll DiffServ
configuration/in/each( Jade. Therelislonlya [PDP(server, but/one PEPserver!for(¢éachIP node
thatsupportsDiffServ. This/can’ lillustrated by [theléxampleshown(infigure[6.
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Applicationsecify[QoS [parameters_for their [TCP Lconnections through[fuzzy[QoS
specifications.Thesespecifications/are[implemented [/ pFlowProfile[objects/and[storedlinthe
PDP’slrepository. Forleachrequestlin repository, the [PDP (measures/its[flow [delay. Then[PDP
sends/adjustmessages o [PEPsformaking/changes(in DiffServ parameters, lif necessary.

For[theltime[being, Mediator[onlylaccepts/delay! specifications/ofl TCP[Connections.
Theyhave!tospecifyldelaysfor(sending[lpckets 010241 pteslinto the TCPconnections. But
Mediatorisbeing changed to [accept Other sizes 0fpackets[too.

3.3  Policy Decision Point - PDP

ThePDPis[tesponsible(for(dllocation/and(  plicing 0 flQoS [tequests accordingto ‘their
fuzzy!specifications. To do so, the[PDPlhasl]arvices for[ laquestpolicing, Qos[touting and
request/ allocation. Thesel services arel implemented | T CORBA[methods["and[they[ are
explained(shortly below [along with[some PDP [dttributes.

3.3.1 Policing Service

ThePDPhas(an(attributealled [¢urrentlevel. [Thisvaluelis/a minimum QoS levelthat
the [PDP [fries fo [keep for[all [QoS Tequests. Basically, for éach (one, (the [PDP (measures it and
applies(the(specification membership [function(to [the [valuetaken. The(resultis[compared with
current level. (Iflitis[smaller, [an/adjustment [is[done for[the [tequest [ Hat has[the highest[QoS
leveland (whosel(traffic[flowintercepts the[flow [being [managed. However, if the (highest[QoS
level[sismaller(than(thel Terrentlevel, then the [ Terrent levellis decreased [ hlalstepland/itlis
tried dgain. The[Adjustservice [(explained later) lisinternalto (PDP, il [¢., it [is ot available for
applications.

TCPConnection

>
Allocate
(FlowProfile)

7
I_—LI PEP1 I_—LI PEP2 rl—_' PEP3 rl—_' PEP4
O O

O - TCPProbe »O

Connection
allocate,adjust DiffServProbe
Route PEP
TCPProbe
Table Map O
PDP i
Request O [I)jffServ Node
Repository (Linux)

Figure 3 - Mediator Modules
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3.3.2 Routing Service

The Route Table has routes to find PEPs over the network. As a PEP starts, it registers
itself in the PDP by calling the PDP method RegisterPEP. This method takes the addresses for
each PEP probe and adds entries on the RouteTable. Through the RouteTable, the PDP can
discover all PEPs involved in a TCP connection.

Figure 4 shows the routing process. Each PEPs (pepl, pep2, and pep3) has DiffServ
probes. pepl has the probe (192.168.1.1,192.168.1.2), pep2 has the probes (192.168.1.2,
192.168.1.1) and (192.168.2.1, 192.168.2.2) and pep3, the probe (192.168.2.2, 192.168.2.1).
For each address, the Route Table builds its shortest path tree. So that, it is simple to calculate
a route containing all PEPs that a TCP connection passes. For example, to calculate the route
between 192.168.1.1 and 192.168.2.2, it is sufficient to use the tree for address 192.168.1.1
and to find out a route containing entries. In this case, the resulting route is ((192.168.1.1,1),
(192.168.1.2,0), (192.168.2.1,1), (192.168.2.2,0)).

192.168.1.2 ORIGIN DEST. CUST
192.168.2.2 192.168.2.2 192.168.2.1 1
192.168.2.1 192.168.12 0

192.168.1.1 192.168.1.2 192.168.1.1 1

ORIGIN DEST.  CUST ORIGIN DEST. CUST ORIGIN DEST. CUST
192.168.1.1 192.168.12 1 192.168.1.2 192.168.1.1 1 192.168.2.1 192.168.12 0
192.168.1.2 192.1682.1 0 192.168.1.2 192.1682.1 0 192.168.1.2 192.168.1.1 1
192.168.2.1 192.16822 1 192.168.2.1 192.168.22 1 192.168.2.1 192.16822 1

Figure 4 - Routing Process of the Mediator

There are also some works using fuzzy sets to deal with QoS routing [7] [8] [9][10]
[11]. In [7] it is presented an approach that tries to optimize the bandwidth utilization of the
links and propagation delay of the services. The results of some simulations are also showed
in [7].

3.3.3 Allocation Service

To allocate QoS for a request, the method Allocate of the PDP can be used. It takes a
FuzzyProfile object and applies the routing procedure previously described. Then it does the
following steps:

1. Take the value of the metric considered between source and destination address.

2. Apply the membership function to this value to determine the available QoS level .

3. If the available QoS level is smaller than the minimum level then adjusts are necessary.
After adjusts, new try to allocation is done.

4. Otherwise allocate OK.

If no allocation is got until a certain number of adjusts, then the allocation procedure is
considered as failed. The minimum level parameter is fixed when the PDP server starts. It
does not change during the lifetime of the Mediator.
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3.3.4 Adjust Service

Adjustlofiapplication's[QoS parameters are| caried [out by thelinternal [l mthod[Adjust.
Notlonly/thePolicingService, but(also [the[AllocationServicemeeds(thisarvice. [In[Isort, the
adjust(process has[the following steps:

1. Find[theltarget[ routel between[ destination[land[isource| ddresses ofl ithel Irequest(in
FuzzyProfileobject).

2. Find[the maximum[QoS(levellamong requests whose routelintersects/theltarget foute.

3. Ifithe maximum(QoSllevell 'nmus/alstep(levell sigreater than!a,[then/decrease/the QoS [level
for(this/application’andfrylagain.

4. Otherwise, there(isla/QoS [violation.

Thelparameter[o/is the minimumlevel[ fithe[Adjust is/called " bltheAllocate method.
Butlit[is/the[Jurrentlevellif 'the[Adjustlis‘called [ y(the Policy method. The[Figure[5 [shows/a
Mediator’s/partial [ dglof theldelays/and(QoSlevelsloflthe requests. Alsothel larrent levelis
shown. [Forthisléxperience, [the Mediatorwas started Wwith Hehinimum [ dvel [setup[d0.5.

The! first” columnlindicates Which tequest[ e[ tow[is[teferring[to. [ Thelsecondl one
indicates! thel delay! measured and' thel third[ one, [ thel QoS(level given!by!thel fuzzyl QoS
specifications. [LLastly, [the fourth/column indicatesthe current(level.

=0 0.001514 0.95458(] 0.77524
r=1 0.001555 0.9378[] 0.77524
=0 0.001561 0.95317 0.91522
r=1 0.005721 0.77116[] 0.91522
r=1 0.005388 0.78448I 0.77364
=0 0.00158 0.95260] 0.93456
r=1 0.001545 0.9382I 0.93456
=0 0.001585 0.95245(] 0.90103
r=1 0.005827 0.76692( 0.90103
ooo r=1 0.002018 0.91928 0.85372

Figure 5 - Log of The Adjust Procedure

Itlislobservedthat[ lte second request [dppearswith some repeated(fows. [This[mean that
anlddjustmentlin(the QoS parameterswasdone for[the fequest thatlhas [the highest[QoSTevel.
Forlexample, [the second!sequencelshows!that[ e first[tequest/has/the[ QoS levellequallto
0.95317 whilelthe! Terrentlevel was[0.91522. Thenlit[Wwas(in'the policy&/c¢ut. But[ lelsecond
request[doesnot becauselits(QoS level si0.77116.[Thenlanladjustment ‘Was[done. Thefirst
adjust(tesults(al larrentlevel[0f10.77364 [and 'the[Qos[levelloflthe[second tequestis[0.78448.
Then[Jamoreadjusts were/done! Jbcause 'thel ‘scondrequestlis/in[ Helpolicing & ¢ut[foo.

3.3.5 PEPMap

This(table[lontains/one! rtry(for éach probe  Iadlitlis upto [PEPs[tolregister(themlon
PDP. In[fact,oncel ] PEP asks[a[PDP for[ lagistration,[the[PDPgets(all[PEP's[probes/and | pts
their(sourcel lad[] dstination(addresses/into (the[PEPMap.[Also, [alteference to the PEPlis put
into.

The[PEPMaplismecessary(for locating a [PEP, provide that[ lte source 'nd[ dstination
addresses! forloneloflits[probes/is[known. The allocate method[ | ses/this(tablelintensively.(In
fact, oncel thel TCP connectionl address!isl given,[altoutelis[|sarchedlin/the[ Route Table.
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Afterwards, the [PEPobject [references dre taken from(the [PEPMap I sing [the foute found. For
the route[ 11 the X@mple before, the PEP0bjects found/arepepl, pep2 land pep3.

3.3.6 QoS Request and Repository Database

Al[QoS [requestlislalstructure(thatcontainsinformation abouta tequest for [QoS.[All
requests[are[maintainedinthe[PDP's[Repository database.[Oncel] nlapplication[ treates a
FlowProfile object, it(callsthe [PDP imethod(allocate with[the mew specification ¢reated. [Then
amnew[QoS requestiscreated into the Repository's/database and returned Ld/theapplication.

34 FlowProfiles

Altraffic(flowlis[jsecified [ sing(d(class/derived[from/the abstract/class[FlowProfile. In
fact, [FlowProfilespecifies two methods that must_be implemented[] bl the derived class L]
membershipandvalue. Thelimembership[inethod[is the implementation ofl thel membership
function' for the  fuzzy!specification.[] The method/Vvaluelis the[teverse  of' thel membership
function, WwhichlsomePDP's methods require.

So, PDPlactsas al factory ofl FlowProfile objects. Toldol ko, PDPoffers[ certain
methods.[] UplJto[Inow, | there[] rel[lonlyl]twollmethods: createLinearFlowProfile[]and
createCompLinearFlowProfile.JEachlone[] weates!|FlowProfile[lobjects!Iwith[lallspecify
membershipfunction. [The PDP (éreateLinearFlowProfile methodcreates(a FlowProfilelobject
thatl] has[] al] linear! function[] (y=a+bx)[! as[] its[] membership[] function.[] The
createCompLinearFlowProfilemethod[¢reates/a FlowProfilelobject composed! | hltwoother
FlowProfilelobjects.

3.5 Policy Enforcement Point - PEP

ThePEPs are(responsibleforfranslating the PDP [dctions into [actions[on DiffServ(] ades.
Like[ PDPs,[ PEPs[ alsol havel some! | #tributes and! services.[ Thel most[ important ones! are
explained below. [ They are probes thatlare responsible for two kinds 0floperations:

1. Takingmeasuresof TCPflowIdelay.
2. Makingadjusts/on(aDiffServ[adeconfiguration.

On(whole,[probes arel llstraction(ofllow levels/and theydepend (on/what[metriclis[being
used. Inlddditionfo I pbes, DiffServProfile objectslare o mecessary. [These objects dre used
to/map FlowProfile/to [d/profile ofltrafficlin/the MiffServ! lade.

3.5.1 DiffServProfile

This(¢lass[aims(to capture[ H characteristics mecessary(to [define [profiles ofltratficlin
DiffServ( ades. Objectsfrom!tidre reated (| PEPs/to map [the dllocation[requests from PDP.
After(that, theylare[sent [fo DiffServProbes(that [ #ke [ 'nd(franslate[them/fo .dommands that[are
understandable toDiffServidevices.

The tostlimportant [attributes/in/éach DiffServProfileclasslare:
= DSCP:Indicates(the[PHB in‘which the FlowProfile in[PDP [wasmapped.It[can ] &[AF11,
AF21,[AF31and[AF41.Presently, neither |PIB1EF "Inor[ best leffort|(BE) lis[. allowed
= Sourceland/destinationaddresses: theselddressesindicatetheSourceand [l dstinationfithe
TCP [donnectionlbing honitored.
= Sourcel 'ad[]dstination[ports: these[|ddresses indicatethe[source nd[] dstination[portsof
the TCP(connection’ bing monitored.
= Bandwidth: Indicates the bandwidth reserved [for this/profile.
= TokenBucketSize: Indicatesthe dken[bucketIsize[reserved ] for[Ithis[Iprofile
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3.5.2 DiffServProbes

DiffServProbes!take(the DiffServProfiles/and ¢reate(thel | orresponding ¢onfigurations
onDiffServidevices.[AllDiffServiprobes/are/derived from(the DiffServProbelclass. This class
is[] abstract[] becausel] it[] has[] four(] virtualll methods:[] SetDeviceOnEdgeNode,
LoadProfileOnEdgeNode, [SetDeviceOnCoreNode andILLoadProfileOnCoreNode. [ The derived
classes/mustlimplement| Hesel methods.[SetDeviceOnEdgeNode! | ad[SetDeviceOnCoreNode
methods(initialize[ DiffServidevices onledgel ] adl corel hodes| respectively. [ Meanwhile, the
LoadProfileOnEdgeNode method is/used tolload a[DiffServiprofilelonDiffServle¢dge nodes
andILLoadProfileOnCoreNode method, on(core modes.

Each[DiffServ(probelis identitied ] two 1P addresses. Forlexample, pep2 showslin
Figurel] 401 hasl] twoll pbesl| identifiedl] ¥ (192.168.1.2,192.168.1.1)[1 and
(192.168.2.1,192.168.2.2). [Every!time that [a[PEP[is[fegistered, (the | ddresses[oflalllits[probes
are/copied [to PEPMaponPDP.[Also, entries/in/the [Route Table are keated.

For[thetime[being, Lonly[thelclass[LinuxDSProbe, derived from[DiffServProbe, is
implemented. This/classhandles DiffServidevices/onLLinux Systems. [However, another/class
beinglinvestigated|isl LDAPDSProbe! for! systems! that( |gke DiffServ! policies/ froml LDAP
databaseslike 'some routers/andservers.

3.5.3 TCPProbes

TCP [ /Pobesimeasure TCP [connection(delays. Becausetherelisno(direct[way/to get/the
delay’oflalTCP [¢onnection, anlalmostlintrusivemethodlisfused. [In fact, [it[introduces’al TCP
message to”| gt el delay,whichcould slightly[fake[the[measure. However,[ the [ TCP
connection uised/is(different froml/the connection | bing/controlled. The Figure 6/ dscribes!/this
situation. Theldelaylofithe Jonnection((Application, PC, [Server, PS) (between(server and client
iseasured by a[TCP[probe connection(Application, M, Server, (1)

< »T

d .

- L
™ N

d .

- Ll
P SPS
C 4 »

L
corelnode
corenode corenode
edgelnode Server
Application

Figure(6/IProbe Connections

3.5.4 PEPI/Initialization

WhenlalPEP starts, it (still[has noDiffServProbe. Eachprobeltobe ] dded has[tobe
indicated[ | [PEPmethod[AddProbe. When(the [PEP asks/for[Jagistrationlin[PDP, allprobes
added beforelarel Imapped[Jinto | POEPMap).

3.6  Mediator’sPlatform/Supporting

Fornow,lonly[CORBA applications/can/request QoS ‘to PDP.[Through/the[Mediator's
idI’specification, ‘applications(¢an( ] b[builtusinganylanguage, (which[ | hs[an IDL mapping.
PEP, PDPlandFlowProfile[ lie [CORBAlobjects. To build them, it Was[uiised thelORBACUS
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3.3.1for[C++ad[GNUL @C[2.95 [C++[Compiler. 1 Up to mow, only Linux (kernel 2.2.10)
nodes|thathavelthe[Almesberger's DiffServlimplementation([l12]areSupported.

4. Examplesof Mediator’s Utilization

4.1 Examplel

Thelfirst/examplelis[an(application/that hasfwo TCPdonnections(tobemanaged.  The
Figure(7lillustrates the[ | mvironment where[thel | kample(takes[place.[ Aslit[¢an[see, the TCP
connections havelthe $ource[]ddress192.168.2.2[and[ ] 192168.1.1as[their[destination. The
source Jad[] dstination[ports for the first[connection dre[5501 [and [ 5502tespectively. For(the
second donnection, theylare/5503 and(5504. Also, ‘theltraffic flow(considered is unidirectional,
from(source(fo[ dstination(shown by boldlines). Forlthelinverse direction(it/is[necessary'to
allocatelanother QoS [fequest.

Thel firstl connection! | &s the specificationl given[ byl the| quation(I), which[‘was
described (before. Thesecond ¢onnection | hslalsola linear function y'=1,0L]—@t.[It[must be
made! clear[ that! /e | pplications/ do! notl heed! to bel modified[ tol have! theirl trafficl flows
monitored by [the[PDP.[Anotherlapplication/can( Ibdiuiltthatlasks for QoS requestion( Jbhalflof
theunchanged[ applications. In[the[] amplel shown, the [ PDPApplication doesthe[ QoS
requests. [Finally, therelare others[TCPdonnections suchas'the CORBAIORB, telnetland NFS,
but[tteylaremot(considered.

PDP qosrequest

Destination[ 12 Server <\_
(port(5504) m
Source!l

[(port(5501)

Linux2 Source!1

(port’5503)

Destination[ 1 192.168.1.1
(port(5502)

192.168.2.1

192.168.1.2 192.168.2.2

Linuxl Linux3

Figure(7 TExample[Environment

The(Figure8shows(d[graph ¢ontaining measuresdelaysof'the fwol[connections being
managed.Also, @/test/connection that/doesnotdask @ QoS [fequestlis'[shownfoo. It'can[ 1 blseen
thatfor[the  lonnections managed! | p/the(Mediator, the[¢onnection delays(varylallittle,[always
below(0.0025s.[However, theltest/connection! Jhs(delays(that varyla(lot. Its values arebetween
0.0115srand (1 ®043s.[1t could bel T oncluded! that' Mediator[ keeping[ the QoS level of the
requests, got/their[delaysalmostconstant. Theltrafticlof others[applications'didn’t[interfere
with(the two (Connections/being monitored.

The Figure[9(shows/the QoS levels measured. It (¢an[ lobserved|that(the[ larrentlevellis
thelsame0f'the(QoS [level of'the first requestmost/oflthe time. Alsocanl | blobserved|(that[ lte
second [request has/anldlmosticonstant lineloflQoSLLevel. [It(is[duelto the(linearfunction [ofTits
fuzzy/specification. It has dlinear coefficient [smaller than thesecond[request.
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Example 1 - Delays
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Figure 9 - QoS Levels of The Example 1

5. Conclusions

By specifying QoS requests through fuzzy specifications, it is possible to indicate how
the QoS level will be, according to the measures taken from determined metrics. With these
specifications, the QoS manager can policy all traffic flows and determine the QoS level for
each application. The QoS manager only allocates QoS requests whose QoS level is smaller
than the allocation o-cut parameter. Through a policing o-cut parameter, the QoS manager
tries to keep all QoS levels greater than or equal to the value o calculated in each iterations.

The Mediator system is being built to test the utilization of fuzzy specifications and
some details of this implementation were described here. As a result, an example of a
program that uses a fuzzy QoS specification was showed. By this example, it may see that the
specification determines how the QoS level depends on the metric considered. This is
different from the traditional approach based on what QoS metric is desirable. This new
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approachlallows[to Mediator to[] étermine thel! pplication[ QoS levels thatWill take[place,
instead (oflbeing(determined by the ‘applicationsthemselves.

Becauseoflmanaging[TCP[connections, Mediatorlis[very good/to managepplications
like [ Distributed [ Database [ Management [ Systemsor[ High! Performance _Computation. [ But,
Mediator i [being ‘extended. For mow, [two [works(arebeing[ 1dne: The firstoneis'to[éxtend [the
Mediator to manage[WWDP[Gonnections. [Thesecond lonelis[the work in/[6][to ladd(d thore robust
routing[ scheme. With[ these! two [ inclusions,[ Mediator[ can be[ used! to[ manage QoS  of
Distributed MultimediaApplications.
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