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1 Introdu
tionThis report tries to analyze and explain the ongoing shift of interest away from resear
h topi
srelated to provisioning QoS.Provisioning in general means to provide network resour
es, i.e. link and forwarding 
a-pa
ities, to enable network servi
es. In IP networks these network servi
es are limited a singleservi
e 
lass, best-e�ort. This servi
e 
lass transports the traÆ
 of all appli
ations. Best-e�ortmeans that there is no guarantee when or even if the traÆ
 arrives at its destination. NotraÆ
 is prote
ted against harmful 
ross traÆ
. However, some of the appli
ations, like VoIPor streamed video, have stringent network QoS requirements.Provisioning QoS means to provide suÆ
ient network resour
es that all appli
ations meettheir QoS requirements. Provisioning QoS 
an be a
hieved either by over-provisioning the1



network or by means of expli
it QoS support me
hanisms. However, the 
hoi
e of for oragainst expli
it QoS support me
hanisms is sin
erely a�e
ted by how the demand of networkservi
es and te
hnologies evolve.We thus report trends on demand of network servi
es and te
hnologies and well knownexpli
it QoS support me
hanisms. Moreover, we review how the trends a�e
t provisioningQoS. Finally, we 
on
lude with a dis
ussion and a summary.2 Te
hnologi
al TrendsTable 1: Averaged Annualized Growth Rates (Estimation)Te
hnology/Demand Annualized Growth RatesInternet ba
kbone link bandwidth (US)[1℄ 120%Computing performan
e of CPU's [2, 3℄ 60%Dis
 Storage Spa
e[4℄ 110 %Random A

ess Time of Dynami
 RAMs [5℄ 10%Internet traffi
 volume (US)[1℄ 100%Traditional Voi
e Servi
es[1℄ 10%Cellular Servi
es (US)[1℄ 30%-40%In this se
tion we look at the trends how te
hnologies evolve and how these trend maya�e
t resear
h issues in the �elds of network QoS support me
hanisms and provisioning.Fore
asting te
hnologi
al trends in general has a bad tra
k re
ord. However, predi
ting thepa
e of progress in optimizing existing te
hnologies has worked 
onsiderably well in the past.Moore's law predi
ting the integration of semi
ondu
tors is probably the most prominentexample. Table 1 shows some 
ompiled �gures on the progress of key te
hnologies that a�e
tperforman
e of network servi
es. For 
omparison we have added some �gures on the progressin demand of these servi
es.We brie
y highlight three major trends. A �rst trend is that bandwidth supply in the2



ba
kbone out-pa
es demand due to progress in photo-ele
troni
s. There seems to be no su
hthing as the tragedy of the 
ommons, i.e. new bandwidth is not suddenly saturated by newtraÆ
 (see Odlyzko [6℄ for further justi�
ation). This trend 
omes together with the fa
t thatinter
onne
tivity between servi
e providers gets better. Thus there is good reason to expe
tthat servi
e quality improves whi
h 
ertainly alleviates the need for QoS support me
hanisms.
A se
ond trend is that as disk storage out-pa
es bandwidth. We see two impli
ations withthis trend: i) mirroring and 
a
hing 
ontent at sites 
lose to the user, whi
h further a

eleratesresponse and download times, is of use ii) for ri
h media, i.e. audio/video, a store-and-replayusage model is te
hnologi
ally feasible. Odlyzko [4℄ even argues that this model thus likelyto be favored over a streaming usage model. However, feasibility of a store-and-replay usagemodel would 
onsiderably dilute the need for QoS support me
hanisms.
A third trend is that a

ess times for RAMs progress mu
h slower than bandwidth supplyin the ba
kbone. Thus 
omplex QoS support me
hanisms that require a

ess to temporalstorage su
h as weighted fair queueing (WFQ), whi
h requires to handle virtual queues,may run into problems. Although integrated network pro
essors 
an somewhat amelioratethese problems in a

ess networks where pro
essing speeds is slower than in the ba
kbone.This trend likely to hampers the deployment of expli
it QoS support me
hanisms in a

essnetworks. An ex
eption to this trend are wireless links. The in
reasing popularity of wirelessa

ess fosters the need for expli
it QoS support over lossy wireless links where bandwidthis sparse. However, this support 
an be done lo
ally; thus does not require any expli
itend-to-end QoS support me
hanisms. 3



3 Expli
it QoS support me
hanismsIn this se
tion we revise expli
it QoS support me
hanisms for end-to-end QoS support. Seethe book of Ferguson and Huston [7℄ for a more detailed des
ription of the me
hanisms revised.We do not revise any layer two te
hnologies su
h as ATM and MPLS.3.1 Integrated Servi
esThe most simple servi
e model to provision network for QoS is to to segregate 
ows with QoSrequirements from any 
ross traÆ
. This model requires signaling and resour
e reservationalong a network path to support appli
ation QoS requirements before sending the data. TheIntegrated Servi
es ar
hite
ture (IntServ) [8℄ implements su
h a servi
e model [9℄. Looselyspoken the ar
hite
ture is kind of IP in
arnation of the publi
 swit
hed telephone network(PSTN).The IntServ servi
e model proposes to implement a guaranteed servi
e [10℄ and a 
ontrolled-load servi
e [11℄ in addition to best-e�ort servi
e. The guaranteed servi
e is intended forappli
ations that require hard guarantees in delay and bandwidth. The 
ontrolled-load ser-vi
e is intended for appli
ations that require a sort of enhan
ed best-e�ort servi
e. However,the integrated servi
e model a signi�
ant drawba
ks whi
h prevented deployment: It requiresevery intermediate network devi
e, in
luding high speed ba
kbone routers, to keep per 
owstates. This property is usually des
ribed as \IntServ does not s
ale".3.2 Di�erentiated Servi
esThe Di�erentiated Servi
e (Di�Serv) servi
e model and ar
hite
ture [12, 13, 14℄ is alternativeapproa
h to provision QoS whi
h was proposed to over
ome the problem of s
alability. Di�-4



Serv provides di�erent levels of servi
e by aggregating 
ows with similar QoS requirements.At the network edges, pa
kets are 
lassi�ed and marked with 
ode-points. Inside the network,pa
kets are forwarded solely depending on their 
ode-points.The IETF proposes that servi
es like should be built on spe
i�ed per hop behaviors (PHB).They therefore spe
ify the expedited forwarding (EF) PHB [15℄ and the assured forwarding(AF) PHB group [16℄. EF PHB is intended to build virtual wire type of servi
es, like e.g.Premium Servi
e, to forward traÆ
 of intera
tive voi
e and video appli
ations. Wro
lawskiand Charny [17℄ proposed to implement guaranteed servi
e based on EF. The AF PHB groupis intended for loss di�erentiation among data traÆ
 of di�erent priority in times of network
ongestion. Wro
lawski and Charny [17℄ proposed to implement 
ontrolled-load servi
e basedon AF.To built any guaranteed or 
ontrolled-load servi
e, we need admission 
ontrol and ser-vi
e level agreements (SLAs) with servi
e level spe
i�
ations (SLSs) between providers alongthe way down any network path. See the survey paper of Xiao [18℄ or the Ph.D. thesis ofFankhauser [19℄ for details of implementation.The problem with deployment of Di�Serv to provision QoS in networks is that Di�Servstill requires all-or-nothing network upgrades for providers. These upgrades trigger dramati

hanges to network operations, peering arrangements, and business models [20℄. Anotherproblem is the absen
e of suitable means to verify servi
e quality by users or providers.Odlyzko [6℄ argues that given the utilization patterns usually en
ountered in IP networkssu
h as bursty traÆ
, short 
ows, low link 
apa
ity utilization, deployment is not likely. Thereason is that permanent peak allo
ation of resour
es for high-prio traÆ
 leads to astronomi
al
osts. Alternatively, building just another over-subs
ribed best-e�ort type of servi
e for high-prio traÆ
 does not make mu
h sense either. 5



4 Network Provisioning
No matter if with or without expli
it support, provisioning QoS will only work if networks,i.e. link and bu�er 
apa
ities, are adequately provisioned. However, 
omplex pro
edures toprovision 
apa
ity of IP networks are likely to fail in an environment where annualized growthof 
apa
ities is very large and subje
t to 
onsiderable 
u
tuations. Predi
ting future traÆ
demand is a very hard problem. The great advantage of IP, namely its great 
exibility to tosupport new appli
ations, aggravates this problem.

Generous over-provisioning of ba
kbone 
apa
ities, whi
h has be
ome a�ordable due toprogress in in photo-ele
troni
s, simpli�es network operation. Large Providers (e.g. Fran
eTele
om [21℄, AT&T [6℄) report that network 
ongestion due to over-load 
an then be redu
edto trans-o
eani
 links and neuralgi
 peering points. Moreover, 
ongestion at peering pointswill be alleviated by the fa
t that inter
onne
tivity between providers, i.e. autonomous sys-tems, in
reases (see e.g. Vukadinovi
 et al. [22℄). Moreover, Fran
e Tele
om's Ben Fredj et al.[21℄ show eviden
e that limiting provisioning pro
edures to solely a

ount for link utilizationis suÆ
ient to ensure adequate performan
e for TCP regulated traÆ
. They even suggestthat the 
ommonly used 60% utilization limit might be overly 
onservative. They point outthat adequate provisioning pro
edures 
oupled with traÆ
 routing strategies to avoid demandoverload are \the key" to quality of servi
e. Therefore strategies to enable load balan
ingand network resilien
e are likely to get more attention by the QoS resear
h 
ommunity thansophisti
ated methods that enable pre
ise provisioning.6



5 Resilient NetworksResilient networks are another means of QoS provisioning. Resilient Networks were proposedas overlay networks in the Internet to improve robustness and availability of Internet pathbetween parti
ipating hosts (see e.g. the RON proje
t [23℄). Parti
ipating hosts examinethe 
ondition of network paths between themselves to provide a more available and better-performing routing servi
e than plain-vanilla IP routing. Resilient networks are able to redu
ethe number of observed Internet outages by a fa
tor of three to ten, and produ
e 
onsiderableimprovements in laten
y and loss [24℄. Although not end-to-end prin
iple 
ompliant, resilientnetworks have 
aught 
onsiderable attention in the resear
h 
ommunity[24℄.
6 Summary and Dis
ussionLately we observed a shift of interest away from provisioning QoS related problems in the QoSresear
h 
ommunity. We thus have analyzed trends how key network te
hnologies and traÆ
demand evolve. Moreover, we have explained why expli
it QoS me
hanisms like IntServ andDi�Serv are not likely to be deployed. Complex provisioning pro
edures to provision QoS(with our without expli
it support) are likely to fail in environments like the Internet wheredemand is fast growing and hard to predi
t. Resilient networks have be
ome a somewhatinteresting alternative to expli
it QoS me
hanisms.
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