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AbstractE%Future network is thought to be a unitive intergrated service networkE-and IP is a promising unitive

network protocol. Howeverfthere is a flaw with IP itself that it can not effectively guarantee communication

quality. So the improvement on IP is needed. IETF working group intserv and diffserv proposed IP intergrat-

ed service communication model IS and DS respectively. This paper analyses two modelsE-and suggests that it

is suitable to employ IS modle at the edge of network and DS model in the core of network.
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Introduction

NetworkE-as the infrastructure of society informa-
tion exchangefis developing rapidly. Its loads are
changing from single voice or data traffic to multi-
media information including voiceE~dataE~video.
And current separately deployed single — function
networks is evolving to a unitive network. Now
people reckon that IP and ATM will be the alterna-
tive fundamental protocols of the unititve network.
Considering that future communication terminals
tend to be intelligent and IP has been being used in
computer network for over 20 yearsE-IP is more
promising.

There is a research trend currently thati®Every
thing over IPj£-namely IP must guarantee trans-
missions of multimedia information. IP does well
when data transferE~but not when voiceE-video
transferf-and the maximum support traditional IP
provided is that there is a TOS field in Ipv4
heatﬁmgag'curremly most of network devices neglect
itEO Therefore the improvement on IP is in the
faceE—and many organizations are striving for it.
Internet is the biggest IP network currently in the
world. IETF working group intserv and diffserv

has been working for realizing dream of unitive net-

work in Internet.
1 Intergrated Service Model

Intserv proposed Intergrated Service ModeE ™ IS
Modelé@%-hoping the model can adapt Internet to
multimedia information transfer by altering it.
1.1 Services Provided by IS Model
Intserv analyzed current applicationsis needs to the
quality of serviceE” QoSE£@and administrationf-and
then proposed three classes of service in IS model£®
£71£0service for real — time applicatioﬁm%-'in
which Delay control is the emphasisE»
£ 2EGservice for elastic applicationfmamely our
familiar best — effort service Internet now providsE»
£ 3£Gervice for resource — sharing namely con-
trolled — link sharing serviceB8 The service indi-
cates how the resource should be allocated accord-
ing to usersi demands£ e.g. according to different
departmentsE-protocolsEapplicationsE® The service
is provided for administration.
1.2 Two Requirements of IS Model
IS model suggests two requirements to fulfill three
former classes of services. FirstlyEInternet must be
a common infrastructure supporting real — time and
non real — time traffic. Intserv believes that carry-

ing real — time and non real — time traffic on a uni-
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form infrastructure can give us the benefits on
management and statistical resource sharing be-
tween real — time and non real — time traffic. Far-
therE—there can only be one internet layer protocol£-
namely IP. Secondly Network resources must be
explicitly managed. It follows the idea of call —
connection control in traditional circuit — switch-
ing. £-and then makes uses of resource reservation
and admission control. Users must propose re-
source reservation request to networkEAf they want
the traffics should be guaranteed. Receiving the re-
questE-network must consider its feasibility and
make admission control to ensure the QoS of exist-
ing sessions. If all things are okE-network accepts
the request and allocate a proportion of resources
for it. HoweverE-if the useris traffic exceeds his
proportionf-others may be disturbed. So network
must condition traffics committed by users. Condi-
tioning include£®

£71£0ClassifyingE~divides incoming traffic into
different micro — flows according to some charac-
teristics of packetsE e. g. sourc€ destination ad-
dressE—protocol port numberfE»

£72 £0 ShapingE- regulates burst traffics into
smooth data flows conforming to the contracts be-
tween the users and network£f»

£ 3£CPolicingEdeals with excess traffic accord-
ing to the contracf e.g. marking or droppingE®
1.3 Considering Resource Reservation
Resource reservationfns signaling in telephone net-
workE-plays an important role in IS model£-and it
depends on reservation setup protocol. Intserv fig-
ures that a protocol must fulfill the followingsE®

£71£0It must be designed for multicast environ-
ment radically. It is because that there are more
and more group communicationsEand using unicast
wastes bandwidthE-but multicast is a perfect solu-
tionE»

£ 2£0It must meet different services needed by
heterogeneous users. For example£-assuming there
is a group in which membersi connections are from
28. 8kbps dialing link to 10Mbps LAN linkEso the
reservation setup protocol must cope accordingly£»

£7°3£0There must have flexible methods on con-
trolling styles of reservationf»

£74£0It must meet dynamic changes of group

membersE»

£75£0It must be robustE-otherwise resources
may be lost and networkis ability goes down.
RSVP is such a protoco Uee
1.4  Security Consideration
IS model also brings up an important administrative
problemj®identity authentication. Network must
know which user can request reservationf-and how
much he can get. Network also must knows that
an incoming packet belongs to the user as it al-
leges.
1.5 Defects of IS
IS is an elaborate model. It can provide good QoS
to applications. But it is toocomplexE-and cani t
scale well. IS may behave satisfactorily in a small
networkE-however badly in large scale networks.
We can simply estimate as the followingEAssuming
network total node number is N,E-thereinto edge
nodeéE” connecting with usersE@humber is N,. Cur-
rently assuming there are S; sessions in edge node

SE” i =< N,£8-then total session number is S

Ne
Z S; . Assuming P;; is the length of the path be-

i=1

tween edge node i and jEmamely transitional node
number in the path. Assuming the distribution of
network sessions is well — proportionedEmnamely the

probability that any sessionjs destination is edge

node 7 is v £and assuming the cost for maintain a

N,
session state in a transitional node is C. Now total
state maintaining cost is

7

N V

1 C

,Cn ~i?P; = i@
N, N,

ZS Zp,g 1< P, < N,£0.

i=1
Then average cost in every netWOrk node 1S

c-—L_ GESEP
7NeiDN,I i—1 ikzl *

Commonly Pj;is order is v/ N, £7we can make a

rough computing

N
= C : C
C~~ iﬂz S; =
VN, = v N,

From the formulaf~assuming using same network

iDS £—|

node devicesEnif supporting sessioncount doublesE-
network node count must increase three timesEjln
additionfper — flow management can consume lots

Of processor resourcesE‘moreover network core con-
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gregates large quantities of data flowsE—so network
core nodejs ability is challenged. It is then obvious

that IS model canit scale to the large network.
2 Differentiated Service Model

Diffserv believes that we should adapt Internet to
different services through a comparatively simple
and easy method. Considering Internet connections
are provided by manyE not singleE@SPs now up to
futureEdiffserv especially takes it into account that
affording end — to — end service when spanning sev-
eral independent administrative domain. Then diff-
serv proposed DE Differentiated Service £0 Mod-
JO7EY

2.1 Architecture of DS Model

Network consists of several DS domains in DS
Mode. A DS domain is a relatively independent ad-
ministrative domainf-composed of a set of network
nodes supporting DS. There are common service
policies and definitions of PHB in the nodes. PHBE-
Per — Hop Behaviorf-is some forwarding actions
corresponding to some special classes of traffics in
the nodes. Usually a companyis intranet or an ISP
network is a DS domain. DS domain must contract
a SLA Service Level AgreementEOwith the userf-
negotiating the QoS provided to the user. Among
SLAE-TCAE" Traffic Conditioning Agreement£0is
one of the most important partE-provisioning poli-
cies of classifying and conditioning the userijs traf-
fickmand the useris traffic specificationf-as peak
rateE—burst sizeEetc. Indeed SLA is namely a qual-
ity guaranteeing contract between service provider
and the user.

Essential idea of the model isE®network classifies

and conditions incoming traffics and put them into

different BAs. A BAE-Behavior Aggregatef-is a set

of packets sharing same dealing in network nodesf-
and is identified by a DS codepoint. In practice DS

codepint is denoted by TOS field in IPv4 or Traffic

class byte in IPv6. DS domain core nodes dealing

with packets only corresponding to their DS code-

pointE-not considering per — flow management as

conditioning. In this way DS model scale well
through pushing flow managementE£needing lots of
memories and processor timesE~up to network
edgeE-because the more close to edgef-the less data
flows.

DS functional model is composed of several function
elements in nodesE-including a set of PHBEpacket
classifyingE-traffic conditioning. Packet classifying
assorts packetsEmaccording to some regulationsE-as
DS codepoint. Traffic conditioning again includes
meteringE-markingE-shaping and policing. There-
intoE7 metering checks whether classified traffic
conforms to the TCA. Marking marks packets ac-
cording to management policies and the feedback
from meteringE for instanceE-whether or not ex-
ceeding the contractE® Shaping regulates the profile
of the traffic according to the TCAE~commonly us-
ing leaky bucket algorithm. Policing copes with ex-
cess trafficE-as dropping. Complex classifying and
traffic conditioning process is done by DS domain
edge in DS model. But it must be noticed that un-
like IS modelE—lassifying and conditioning need not
correspond to every applicationis micro — flow and
DS domain core donit maintain per — application —
flow statesE-allowing PHBs compete for resources

in proper granularity.

‘I Classiﬁcaﬁoﬂﬂ ‘ Markingl ] |Shaping?Policing lﬂ ]

Figure 1
2.2  Guaranteeing to End — to — end QoS
According to previous discussesES model guaran-
tees QoS roughlyEcompared with IS model. Then
can it provide end — to — end QoSE¢K. Nichols pro-
posed Premium ServicE"SEEA trying to solve the
problem. And basing their workE-diffserv proposed
RFC 2598i2An Expedite Forwarding PHE®E EF

DS node functional model

PHBEO

Expedited Forwardingis theory is as followingE®
In packet switch networkE-packetis transmission
delayE—delay jitter is brought by queue in network
nodesE-excluding signal propagation delay. If we
can reduce queues to the leastE—we can get the least

delay and jitter. As we knowf-queue service rate
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must absolutely exceed packets arrival rate if queue
occupancy is needed to be the least. So EF PHB
provisions TCA between DS domain and usersE-us-
ing peak rateE—and network nodes reserve enough
bandwidth for it. DS domain edge strictly condi-
tions and polices usersi EF trafficsEtoncretely say-
ingE~for token bucketE-token arrival rate equals to
contracted peak rateE~depth is one or two packets
and drop excess packets. So the most size of EF
PHB queue in every nodef-guaranteeing no packet
lossesEAis in order of nodeis fan — in degree which
is commonly small in the core.
With previous descriptionE-we can know that every
EF traffic rate is ensured€-but jitter isnit easy to
controlE-especially for short packets. Assuming EF
queue size is n packetf longest length is MTUEE-
then the most jitter a packet can suffer is n *
MTUE (£7x is EF queue service rate£0
Fortunately common EF PHB queue is smallE-but if
the packet spans lots of nodeE-the total jitter can be
great. So EF PHB can only give us relatively rough
end — to — end QoS assuring.
2.3 The Negotiation and Configuration Mecha-
nism of SLAY!0Y

According to the time at which SLLA is contractedf-
there can be two class of mechanismE%tatic and dy-
namic.

With static mechanismE-user delegates consult arti-
ficially with ISP delegatesE-contract the SLA be-
fore using. It suits long termi$arely changing and
predictable service. With dynamic mechanism£-
namely through signalingEmetwork devices negoti-
ate with each other.EU8EYproposed that there is a
BEE ‘Bandwidth BrokerE€-which manage the nego-
tiation and configuration of SLA. Using signalingf-
as RSVPE-users dynamically interact and negotiate
with BB of local DS domain. In condition of span-
ning different domain £which is more complexE-o-
cal domainjs BB must negotiate with downstream
domainis BBE-n turn and finally reach the destina-
tion domain.

Once SLA is signedE-the domain must configurat-
ing corresponding nodes. For instancefE-the edge
devices where userjs traffic comes in must be con-
figured classifying and traffic conditioning accord-

ing to SLA. With static methodEnetwork adminis-

trator can do configurations using network manage-
ment protocol such as SNMP. With dynamic
methodf-configurations are automatically accom-
plished by signaling.

In practice two methods can be used simultaneous-
ly.

2.4  Security Consideration

Like IS modelE-because of different service level
and accordingly different chargingE-there must be
some authentication mechanism.

2.5 Defects of DS model

DS model is relatively simpleE-but defects are obvi-
ousEmnamely QoS can not be effectively guaranteed.
Someone thinks that future bandwidth will be e-
noughf-and simple classed service can suffice. Itjs
falseE=because QoS does not depend only on net-
work bandwidth£-it depend on the method of using
bandwidth even more in some sense. And moref-
bandwidth increasing canij t catch up with the
need. In practiceEconsidering performance and
costE—vongestion in network is inevitable.

In additionf-multicast is an important form of fu-
ture network session. Unfortunately DS model now
does not support it well. In essence DS model sup-
plies QoS based on senderfE-however with heteroge-
neous user environment and dynamic multicast
groupEa method basing receiver is more effectivef-
by which bandwidth could be utilized more effec-

tive and configuration of network is more easy.
3 Conclusion

So there exist different ideas about how IP network
provides integrated service in computer network so-
ciety. The essence of the differences is the style of
managing and using resources. One side believes
resources must be explicitly managed in exiguous
granularityE-while the other side thinks it is not
needed. The former leans to connection — oriented
technologyE~and the latter agrees connectionless
one.

The authors consider both ideas have their reasons
and limitations. The former is suitable for services
need guaranteed QoS in the network which is obtu-
rated in administrationf-e. g. traditional telecom
network. And the latter suits to non — strict — QoS

— guaranteeing services in loosely connected open



36 Journal of Zhengzhou University of Technology

2000

network€E e. g. InternetE® So we must take fea-
tures of future information network into account
when design integrated service model.
Future information network should have following
characteristicsE®

£71£CIt can provide need — QoS — guaranteeing
and non — QoS — guaranteeing service.

£ 2£0Its administrative style is open. Current
telecom network is a obturated network mastered
by few telecom companiesE~and society can only
passively use the service. In comparison Internet is
an open networkE-having large quantity of users ac-
tively participatingE-and services in it emerge end-
lessly. Future information should supply a scalable
network baseE-allowing all parts to take part in. In
this way information service can just abounds and
information network can evolves more quickly.

£ 3£0Network terminals are intelligent.
If strict QoS of every application is neededE-net-
work must maintain every application micro — flow
in theory. Considering network i s scalability£-
opening and not all sessions need strict quality
guaranteeingE-it must adopt both virtues of DS and
IS simultaneously. We propose the following adap-
tation model of DSE®

The model is based on DS model. End users can re-
quest resources for every data flow needing strict
QoS towards DS domainijs BBE-bandwidth brokerf-
through signalingEqust like in IS model. For local
scale sessionf-the BB does admission control ac-
cording to conditions of local domain. If the session
span several domainsE7BBs must negotiate each
otherfmalso can using signaling. Once passing the
controlf~the source DS domaini s corresponding
edge nodes must be configured some state parame-
tersEmaintaining per — application — flow states for
end usersE DS core do not maintain these£©and
mapping flows into corresponding BAs. Like pro-
cessing in DS modelE—resource — using contracts be-
tween domains do not aim at one end useris request
at some timeEmegotiating in larger granularity.

In the adaptation modelE-per — application — flow
state is managed at DS domain edge. Because for-
warding performances of DS domain edge nodes are
relatively lower then the coref~doing so could im-
prove the performances of applications needing
some QoS guaranteeing level. And then the model
gets better tradeoff between strictly resource man-

aging and network scalability£” See the figure 1£0

Admission control W

. The data miéro-fiow needing a

Bandwidth reserved for data flows needing the

special Qos guaranteeing level and special Qus guarantesing level between DS1 and

passing the admission control

_ Data flow not needing
admission control

DSz

Bandwidth reserved for data flow not needing
strict Qos guaranteeing between DS1 and
ns2

Figure 2 adaptation model of DS
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