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Abstract—In a high-speed packet switching
network, the processing time in a node becomes an
important delay component that must be taken into
account in designing routing algorithms for time
sensitive services. To illustrate this hypothesis, we
propose a new delay sendtive routing algorithm,
KLONE, that takes both link and node delay time
into consideration. Our simulation study showsthat
our algorithm could easly outperform traditional
routing algorithms that only consider link delay
time.

I. INTRODUCTION

roviding time sengtive sarvices becomes an essentid
Ptask for some packet-switching networks such as
All-1P retworks [1], which have to cary dl types of
traffics currently supported by both circuit- switching and
packet-switching networks. Since routing is a critica
task to sdect path to ddiver a packet in a
packet-switching network, such a network requires a
dday sendtive routing mechanism to provide time
sengtive services with QoS guarantee. However, most
traditiond routing agorithms do not take delay time as a
major concern. Only afew are designed for time senstive
sarvices [7,9,10,11]. These time sendtive routing
dgorithms were desgned a the time when networks
were dow and link bandwidth wasthe scarces resource.
As link bandwidth grows rapidly in recent years due to
the advance of optica communication technologies, link
bandwidth is no longer the only scarce resource. The
processing timeina node, eg. router, becomes another
critical sourceof imedday. It must be taken into account
indesigning adequate routing agorithmsfor time sengtive
SEVices.

In this paper, we designed a new flow-based routing

agorithm, KLONE, which takes average delay time as
its minimization objective and both nodeand link asddlay
components. Through an intensve evduation usng
smulation method, we demongrate that the KLONE
agorithm outperformsthetraditional OSPF dgorithm [6]

by about 30%.

A. Path Delay Time

The ddlay time of a packet traveled dong a path,
referred to as path delay time in this paper, can be
divided into three components: link delay, node delay,
and end- host delay. Among them, end- host delay, which
is occurred at the hosts of both ends, can be ignored in
the design of routing dgorithms sinceiit isindependent of
the path it travels.

B. Link Delay Time

Link dday time contains three components, the
queuing delay, the propagatiion deay and the
transmisson delay. Propagation delay is the time of an
electricd or optica Sgnd transmitted along apecificlink.
It depends on thelength of the link aswell asthe physicd
characteridics of the mediaand the Sgnal. Transmisson
delay isthe time of a data unit being transmitted aone a
specific link with the propagation delay timeignored. For
example, it will take 82ms to transmit 128k bits data
dongaT1link.

C. NodeDelay Time

Node delay isthe delay time occursin anode (e.g., a
router). It contains two components. the processng
delay and the queuing delay for a processor. The tasks
perform in a router and the processing power of the
router determinesitsdelay time. Queuing dday isthetime
of a packet waiting in a queue before being processed.

Aslink bandwidth grows rapidly and is getting closer
to node processing capacity, node delay isincreasing its
dhare in a path dday time making itsdf a noteble



component in network performance. For ingtance, in
2001, the Code-Red worm quietly invaded numerous
computers on Internet. In only caused little impact to the
invaded hogts, but generated many small-sized packets
to saturate numerous mediate routers and Switches
causng serious network performance degradation.
These short packets did not occupy too much link
bandwidth. Instead, they caused heavy |oads on routers
and switches and hence increased packet delay time
tremendoudy. Although it is an extreme casg, it shows
that the delay time occursin network nodesisincreasng
itsweight in retwork performance. Node delay becomes
adominant part in a high-speed network.

D. The Myth of Bandwidth

In the beginning of router dgorithm deve opment, the
tasks performed by arouter are smple and the power of
the processor within arouter is much faster than the links
in terms of processing or transmitting packets. The link
dday was the mgor concern in designing a deay
sengtive routing agorithm.  In recently years, network
operators start to deploy fiber optic networks with
DWDM techniqgue meking a dramatic increese in
network bandwidth. This fast growth in bandwidth
makes link bandwidth closer to the node processing
cgpacity and results in the increase of relative weigh of
node delay. One way to reduce the ddlay time cause by
routersisto embed higher layer protocolsto lower layer
equipments such as Layer 3 switch or MPLS [2].
Another way is to choose better routing agorithms that
take node delay time into congderation.

E. Anlllustration Example

In the following example, discovering aminima delay
path with and without taking node delay into account will
be compared. As shown in Figure 1(a), a smple
network iscomposed of eightnodes, A, B, C,..., H,and

eight directed links The weight of Iink,Z‘D is2, and dl
the other linksis 1. We assume the delay time caused by
a node is proportiona to the number of traffic flows
passing that node. Thereisaunit traffic demand form A
toF, from B to G and from Cto H, respectively. Without
conddering node delay, the best routing dgorithm will

route dl three treffic flows through node E, as shown in
Figure 1(b). The delay time of each path will be 6.

Figure 1(c) showstheresult of another possblerouting
that takes node ddlay timeinto account. Onetraffic flow
will pass node D, ingtead of node E. The delay timeis
then 5 for each flow.
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Hg. 1. Example routing with node delay considered.

Above example shows that, for high-speed
networks, arouting agorithm that takes node delay time
into account may obtain a better result as compared to
the traditiond routing agorithms that congder link dday
time only.

II. RELATED WORK

A. Routing Approaches

1) Shortest Path Routing

Shortest path routing isto build up a shortest path tree
to present the network topology, so then routes each of
request traffics to its destination. The Dijkstra s shortest
peth dgorithm[4,8] isavery famous example of shortest
path routing, and it discovers a node' s shortest paths to
other nodes in O(n  n) with mantaining complete
information about the network topology. For the
knowledge of whole network topology, itiscentrdizedin
nature. Resulting from this centrdized nature, it has a
privilege, the loop-free feature. It is dso a
pre-computation approach, which executes the routing
and set up the network before traffic actualy occurs.



2) Flooding

Another routing dgorithm is flooding [8], in which
every incoming packet is sent out on every outgoing line
except theoneit arrived on. 1t generates vast numbers of
duplicate packets. Itisnot practical in most gpplications,
but it does have some uses.

3) Flow-Based Routing

Flow-based routing consders both the network
topology and load [8]. The basicideaisthat for agiven
ling, if the capacity and average flow are known, it is
possible to compute the mean packet delay on thet line
from queueing theory. The routing problem then reduces
to finding the routing agorithm tha produces the
minimum average delay for the subnet.

4) Distance Vector Routing

Digtance vector routing estimates the distance from
sourceto destination by certain approaches[8,11]. They
are often referred to as “Bdlman-Ford” protocols
because they are based on a shortest path computation
agorithm. Digtance vector routing protocols periodicaly
send information to its neighbor nodes. Each node could
estimate the distance to other nodes according to the
number of intermediate passed nodes. If the network is
fixed, the nodes will compute a converged result. The
updated messages are only periodicdly sent to ther
neighbors, and the update messages do not cause a
heavy load to the network compared to other protocols.

5) Link State Routing

Link state routing focuses on the states of links [11].
Link date routing transforms the link states into some
mathematical expressionsto choose proper paths. Open
Shortest Path First (OSPF[6]) isa widdy used example
of link gate routing and is used with RIP in pardléd,
which is adistance vector routing.

6) QoSRouting

QoS routing selects roues based on flow QoS
requirements and network resource availability. QoS
routing determines feesble paths satisfying QoS
requirements, while optimizing resource usage and
degrading gracefully during periodsof heavy load [9,11].
Example QoS routing categories ae
bandwidth-bounded routing; delay-bounded routing;
bandwidth- bounded, delay- bounded routing;
bandwidth- optimized, delay-optimized routing;

bandwidth- bounded, cost- bounded routing;
delay- bounded, cost- optimized routing; delay- optimized,
bandwidth- optimized routing; delay- bounded,
cost-optimized routing; delay-bounded, jitter-bounded
routing.

B. Estimation of Delay Time

To execute a centrdized pre-computation routing
agorithm, we need to know the dday time that may
occur on links and nodes. A packet switching retworks
works like a network of queues Once the operating
mechanisms of links and routers are known, we may be
ableto estimate their delay time. However, when the
delay time is dependent on the load, the estimation may
be difficult until theload is clearly known.

An approach to ded with unknown delay time in
networks is sending probes through the network and
measuresitstraveingtime to estimate the delay time of a
path. Christophe Beaujean| 13] proposed a method that
floods probes to decide the shortest delay path.
However, the characterigtics of the probe may be much
different from the request traffic, for example: Sze, and it
might lead to incorrect information and then sender may
make a sub-optima route,

C. The KLONE Approach

The networks that are to support time sendtive
sarvices could choose to use a proper QoS routing.
However, exiging routing algorithms only congder link
delays such that may not be adequate for high speed
networks asexplainedin Section | Aswell as the section
I, we modd the problem as a flow-based routing
problem with link and node delay dependent on their
loads. An iterative gpproach is taken to cope with the
difficulty of estimating load dependent delay time on links
and nodes. We use a transformation to cnvert node
delay into link delay such that intermediate problem of
each iteration can be solved using a traditiond routing
dgorithm. The proposed dgorithm is evduaed by
comparing with the OSPF dgorithm and the KLONE
without include node in Section Il usng average path
delay time and goodpuit ratio as performance metrics.



[1l. ROUTINGWITH NODEDELAY

A. Routing Problem Model

Given adirected graph G(V, E), with V| nodes and |E]
links, the propageation delay time and bandwidth of each
link, and the processng capacity of each node, the
problemisto find aset of paths for a given set of traffic
demands and the delay bound such that the tota delay
time is minimized. Given and derived parameters are
liged in Table 1 and 2 respectively.

TABLE1
NOTATION OF INPUT PARAMETERS.

G(V,E adirected graph, G, with set of nodesV and

) set of directed link E

Vi anodg v 1V

) adirected link g, = (v ,\y ) T E, v isthe
gart node, vy isthe end node of link &.; also
denoted as g,

i volume of traffic requess from v; to v

Nk volumeof traffic requestsfromv, to al other
nodes. A «={A «i,|i=L,... v}
setofh ; A={A, M, vl V}
D dlowable delay time to tranamit a packet
from source to destination
b(e)  bandwidth of link ey
t(e) propagation delay time of link e
p(w)  processing capacity of node vy
TABLE 2
NOTATION OF DERIVED PARAMETERSAND ROUTING
RESULTS.
M &1, » totd volume of requested traffics
gtarting from node \; the traffic volume of |
Ny
S the sdected routing path set(dice) of
iteration n, corresponding to the request A
P the sdected routing path set(pasta) of
iteration n, set of S
Mo volume of traffics passng through link e,

dating from vy, and ending at \j, also

denoted asyl
O volume of traffic passing through node
u setof un, U={u n}
fij the sdected path for A iy by the rOUtlng
agorithm; f j=Vi,8i+1,Vis1,€41 42, ,6-4,V]
? set of f ij
divi)  dday time caused by node vi
dle) dday timecaused by link e,
d(@ i) totd deay time dong path st @ j,

d(f ;) =4 d(e) + 4 d(v)

elf Vi fy

The problem isthen formulated as follows:

Find ?

‘mn § d(f,),

fijl F
st d(fy)<D," fisl F . QD

The dday bound of each traffic flow, D, could be
variant without incurring asgnificant impact to the mode!.
d(p ;) is the totdl delay time for a treffic flow; it isan
accumulation of the delay time on al links and nodes
adong dl the sdlected paths. The delay time occurred in
the components of area network is actudly dependent
on the stochagtic behavior of the traffic and routing
process. In redity, it is extremdy difficult to solve a
routing problem that takes stochastic behavior into
account. Therefore, we take a compromised approach
by rdaxing the stochastic property of traffic and routing
process in estimating of delay time on links and nodes.

Weassumedl trefficsare of Congtant Bit Rate (CBR)
type and al resources (processing and link bandwidth)
are proportiondly shared by dl traffic flows passng
through. In this way, the load of each resource can be
computed based on the totd amount of traffics passing
through that resource. Although this is a compromised
modd, it is more redigtic as compared to the traditiona
fixed weight model. We hopeit isagood approximation
of area network.

The problem can be easly proved NP-hard by
reducinginto a0- 1 knapsack problem. Therefore, we do
not expect to find a polynomid-time optimad dgorithm for



it. Instead, we designed a heurigtic agorithm to find
Ub-optima solutions.  Furthermore, both objective and
condraints are not ample functions of given parameters
(delay time). Instead, they are result dependent variables.
This makes the problem much more complicated.

B. lterative Solution Approach

An iterative approach is taken to cope with the
difficulty of load dependent delay time on nodesand links.
Inthefird iteration, the delay time of every nodeis set to
zero and the dday time of every link is st to its
propagation delay time. In other iterations, the delay time
of nodes and links are computed based on the result
obtained in the previous iteration.

For convenience, the result obtained in aniteration is
cdled a pasta. In each iteration, the problem is further
divided into some number of sub-problems. Each routing
solution (pasta) can be decomposed into a number of
sngle root flow trees, named adice. Insuch atree, the
root node is any node and the tree presents the flows
generated from that root node and are forwarded to dl
other nodes. In each incrementa step within aniteration,
adice corresponding to a request set |\ || is extracted
from the pasta, recomputed usng an dgorithm smilar to
Dijkstras, and superimposed back to the pasta. Thus, a
pasta, the result of an iteration, is recomputed
incrementadly dice by dice.

After some number of iterations, hopefully, the delay
time of each network component will be stabilized, and
the routing solution obtained will be a stable solution.
Termination istriggered in two conditions: when average
path delay of two consecutive iteratiors is dose within
the predetermined vaue € ; or the number of iterations
exceeds a given number. In the firgt condition, € is
defined as the difference of two consecutive iterations
divided by the totd path ddlay time of previous iteration
asshownin Eq. 2:

T T

We denote the result (pasta) obtained in the nth
iteration as P, the single root path tree (dice)
corresponding totheA inthen-thiterationas S\, and

POV ={SVAS"1,AS"}, where  denotes a

superposition. The iterative procedure is summarized in
the followings

(1) Initid condition
for dl nodes and links, 0 = 0y = 0 d(v)=0,
d(e)=t(e);
S9=87=89,..,= §)=(}; /lempty set
P(O): qO) SéO) (cl));
/I denotes superimposing adice into a pasta
//© denotes removing adice from apasta
(I1) Frdt iteration
PP =1}
route A\ ; based on (P @ s©), to obtain S®;
pY = p® S(l) :
routel , based on (P®© S0 g
obtan S;
ph= p®

s®), to

s,

routeN |y based on (PY© g9
S, toobtain §)';

po = p® 1|) :
(111) On the k-th iteration:
sM={};
forj? 1to|V|
{
routeA ; based on (P*" ©
S), toobtain S;
pl= pk) gl
] k)
}
(IV') Termination Conditions
When P™) » PM% or the number of iteration

exceeds a given number, terminate;

© 8

- k-1)
Sk @ Sﬁ



C. Estimation of Path Delay Time
Thedday timeof pathf j; , d(f ;), conssts of the delay
time on al nodes and links in a path, whichis d(v;)+d(g
w)td(Vis)+d(ess i)t +d(ga)+d(v). ponand
O « ae defined as the totd volume of traffic flows
passing through alink e, and a node vy, repectively and
can be computed asfollows:

m]:éhj,and (€)

Vil 5
Vv

1) Link Delay Time

d(e,) is the ddlay time of a flow of packets passng
through link e, induding transmisson dday and
propagation delay. U 1, isthetota flows passing through
e. As mentioned in Section I11.A, we assume every
traffic flow isaCBR and the bandwidth of alink isshared
by dl the traffic flows passing through thet link. The
queuing delay on the link, thus can be ignored.
Therefore, the delay time on a link for a flow is
approximeately the propagetion delay time plus the tota
traffic flows divided by the bandwidth of that link, as
showninE.q. 5,

d(e,) =m /ble)+t(e,)=(Q ;) /be,)+t(e) (5

filF
ehlf‘j

Notice that the dday time of a link, d(g), is
independent of the Sze of the flow passing thet link. All
traffic flows passng the same link are dlayed by the
same amount of time.

2) Node Delay Time

d(vy) isthe delay time caused by anode, vi. Again, to
amplify the delay time modd, we assume dl traffic flows
passing a node are processed in time-sharing fashion,
such that thed(vy) can be estimated asthetotd volume of
traffics divided by the processing capacity of that node,
asshowninEq. 6

dv='s  / p(v,) = (A I )/ P(V) - ©)

3) Path Delay Time
Thus, the dday time of apath @ j; is

df ;)= 4 d(e)+ & dv,). 7

ehTf‘j Vkifu

4) Node Delay to Link Delay Conversion
We need an efficient dgorithm to solve asingle-source

(4) shortest path routing problem to obtan a dice

Unfortunately, current shortest path agorithmsal assume
zero weight on nodes such that they are not adequate to
solve this problem even though the delay time of network
components are dl constant within each iteration. There
are two approaches to solve this problem: ether to
develop a new algorithm that considers both node and
link delay together or to convert node ddlays into link
delays, and then apply a conventional shortest path
agorithm to solve this problem. We choose the second
gpproach for smplicity. In the rest of this section, the
converson of node weght into link weight will be
illugrated. The transformed graph will be equivaent to
the given graph in the sense of path delay time.

Thedday time of anode is computed based on E.q. 6
in Section [11.C.2, where the totd traffic passng through
anodeisobtained by the summation of its outgoing traffic
flows. Node delay time is added to propagation delay
time of each incoming link. By doing so, we obtain
another graph that has weights on its links only and is
equivaent to the origina graph with respect to the path
delay time, as shown in the remaining of this section.

Given anodewith aweight of m, that hastwoincoming
links of waightw; andw,, aswell astwo outgoing links of
weight ws and w;, as shown in Figure 2(8). We can
transform the graph by connecting the incoming links to
the outgoing links, with four internd links of weight m.
When atraffic flow passes this node, no matter which
incoming link it comes from or which outgoing link it
selectstoleave, it shoud suffer from the same ddlay time
of m, as shown in Figure 2(b).



Condder atreffic flow passng through the node, the
totd weight sum is either w1 + m+ws w1 + m+ws, or
Wotm+w,, W, + m+ws. Since weight m appearsin dl
possible paths, it can be treated asacommon link, where
theincoming and outgoing links connect together. Thisis
shown in Figure 2(c). Findly, we shift the node weight
(m) toincoming links. The weights of incoming links are
then changed to w;+mand w,+m respectively. The
graph is then trandformed into Figure 2 (d), where the
weight of node is shifted to links.
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Hg. 2. Transformation of node delay to link delay.

IV. PERFORMANCE EVALUATION

It can be eadly proved that the complexity of he
KLONE dgorithm is N* N in the worst case It is
further evaluated by comparing with the traditiona OSPF
routing dgorithm usng a numericd sSmulation.
Performance metrics are convergence speed, average

path delay time, and goodpuit ratio. Convergence speed
is evaluated by two different vaues the number of
iterations/dices when the convergence occurs (the
average path delay time of two consecutive pastas differ
by apredefined value, € ) divided by thetota number of
nodes (K,/N and K,/N). Goodpuit rétio is the ratio of
total satisfied traffic requeststo the totd traffic requests.
Average path dday time is the average time for a unit of
request traffic pasing through the network. It is
computed as summetion of the gze of atraffic which be
multiplied by the delay time on the selected path and then
divided by the size of totd traffic.

a Dolraa ] : (8
a Il

A. Design of Experiments

We compared KLONE agorithm and OSPF
dgorithm in 64,000 different test ingtances, in the
combinations of different number of nodes, network
connectivity ratio, and different link
bandwidth/processing capecity ratio. The range of link
bandwidth was set from 0 to 400 Gbps, and propagation
delays stayed below 20 ms. The number of nodes was
st from 10 to 100 with a processing capecity in the
range of Gbps Connectivity is defined as

P . - -
/\I *(N - 1) , WhereP is the number of links, and N is

the number of nodes. The range of connectivity was set
from O to 100 percents. The BP ratio is defined as
b(e)/p(v), where b(e) is the link bandwidth and p(v) is
the node processing capacity. Wevaried it from 1/300 to
/1. The traffic coming into an edge node is assumed in
an aggregated form. For a graph of N nodes, there are
N*(N-1) requests, one from each node to every other
node. Theupper bound of delay timeof dl pathsisset to
D and D varies from 100 to 2000 ms.

B. Experiments and Results
The experiments and results will be presented in this
section. Only asmdl portion of figureswas showndueto
the limit of the space. Most of the figures shown in this
section are for the networks of sze 50.



1) Exp-1: Convergence Test

We adjusted the following three parameters in the
experiment to study their impact to the convergence
speed: the BP ratio, the number of nodes and the
connectivity. The results show that neither BP ratio nor
the number of nodes has any impact to the convergence
speed. On the other hand, we found that the
convergence speed is dependent on the connectivity.
This may be caused by two different reasons. Firg,
higher connectivity may make a request eesier to find a
very good satisfied path, and then there is a higher
probability to choose the same path in the succeeding
iteretion. On the other hand, lower connectivity may
make arequest having fewer pathsto choose, so that the
olution domain is much smdler and thus the
convergence speed is faster. In more than 90% of the
test instances, we found that the lines of both average
path delay time and goodput retio become stable after
the K= 2/Nand Ky=2.

2) Exp-2: Sengitivity to Connectivity

Intuitively, higher connectivity implies more available
paths between nodes. We sudied the dependency
between the connectivity and the two performance
metrics. average path delay time and goodput ratio. We
varied connectivity from 0% to 100% to see how
average path delay time and goodput ratio are influenced.

In this experiment, we found that, at the same number
of nodes, the average path delay time becomessmdler as
the connectivity increases, as shown in Figure 3(8). The
average pah dday time improvement is defined as
(T2-T1)T2, whereT1 and T2 are the average path delay
time of KLONE dgorithrm and OSPF agorithm,
respectively. The larger the vdue, the better the
KLONE dgorithm. In Figure 3(b), we show that at
higher connectivity, KLONE dgorithm has a higher

goodput ratio than OSPF dgorithm.
improvemen Improvement in average path delay time time at
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25% | —— epraioa vso .
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Hg. 3. Sengtivity to connectivity.
3) Exp-3: Sensitivity to BP Ratio

We varied the BP ratio from 1/300 to 1 to see the
dependency between the BP ratio and the two
performance metrics. We found that when the BP ratio
increases, the improvement of average path delay time
increases, asshownin Figure4(a). Thisisconssent with
our hypothesisthat when the speed of linksincreases, an
agorithm that concerns both link and node delay times
might have a better performance than OSPF, which only
concerns links delay times. We dso compared the
goodput ratio of KLONE agorithm and OSPF agorithm.
We found that at different BP ratios, goodput ratio of
KLONE dgorithm isusudly better than OSPF dgorithm,
asshown in Figure 4(b).

8086rnectivity

improvemen Improvement in average path delay time at different
35%
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improvemednprovement in goodput ratio at different BP ratio
30%pi 0= |~(50-nodes; connectivity at 80%6)

25% —¥—D=400ms r

—+——D=800ms /

20% D=1000ms A /
15% = D=1500ms| /’\\\‘/ \ /

10% 05— D=2000) . o X1 £

P4 7%

0%

-S% /3001100 1780 /60 1740 0 5
-10% BP-ratio

(b)

Hg. 4. Sengtivity to BPratio.



4) Exp-4: Sensitivity to Number of Nodes

This experiment sudied the dependency between the
number of nodes and the delay time improvement. The
number of nodes was varied from 20 to 70 in this
experiment to see how it affects the performance. The
performance improvement, which is defined in Section
IV.B.2, isshown in Figure 5(a) in which the connectivity
is20%. The improvement increases as the number of
nodesincreases. Increasing the number of nodeswill dso
increase the goodput retio at the same delay bound, D, as
shown in Figure 5(b). At different number of nodes,
KLONE dgorithm has abetter goodput ratio than OSPF
dgorithm.

improvemen Improvement in the average path delay time at

e e o oo
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Fig. 5. Sengtivity to the number of nodes.
5) Comparison with Optimal Solution

In order to edtimate the absolute performance of
KLONE dgorithm, we compared both dgorithms with
the optima solution in avery smdl scde test indance, as
shown in Figure 6, in which the number of nodes was set
to 10, connectivity was set to 20%, BP ratio was set a
1/10. Figure 6 showsthe comparison in the average path
delay time. And we can know goodput ratio is not large
obvioudy in the last between the KLONE with node
ignored (KLONE-2) and origina one.
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FHg. 6. Comparison with optimal solution.

6) Exceptionsin Low Delay Bound
In the comparison of goodput ratio at different delay

bound D, KLONE agorithm is generdly better than
OSPF and KLONE-2 dgorithm. However, a some
specid range, such as smdl dday bound D, OSPF
dgorithm may have a better peformance. This
phenomenonmay be caused by the fact that the path set
generated by OSPF dgorithmislessba ancethan that by
KLONE dgorithm. An unbaanced path st may have
more low delay paths (and more long delay paths) such

that have more paths satisfying a very low delay bound.

ThisisshowninFgure 7, in which the number of nodesis
30, the connectivity is 60%, and the BP ratio is 1/5. In

such instances, OSPF agorithm performs better than
KLONE dgorithm.
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Hg. 7. An example of KLONE wesknessin low delay
bound.

7) Comparison of KLONE and KLONE-2

This phase showsthe comparing result of the KLONE
and KLONE-2. The dday time of traffic in the KLONE
issmdl than KLONE-2 when smd| vaue of BPraio and
is smd| than another when treffic volume is large in the
network environment of number of nodes is 50, the
connectivity isnearing 78% and the BP ratio is 1/2. We
shown in the (&) and (b) of the Figure8. Ancther
experiment expresses when node tiny variation we can
knowKLONE-2 would be large sengtivity in the same
delay mean using relative disperson to compare each
other in the (¢) of Figure8. The environment is in the
number bode 50, 60 and 70, BP ratio at 1/2 and
connectivity isnearing 77%.
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Hg. 8. Comparing the KLONE and itsdf without node

8) Comparison of improvement between KLONE
and KLONE-2
In this section we use Figure 9 to express the
improvement between KLONE and KLONE2 in
compaing improvement. The definition  of
improvement is based on the aforementioned in the
Exp2 and the BP rdio in Figure 9 isinverson of the
aforementioned BP ration. In Figure 9 (a), we can find
out the improvement will be obvioudy enhance when
the delay generated from node is large. The Stuation
when largeimprovement inthelarge BP ratio had been
happened. Thelargedifferenceis meaning that the path
when sdlecting has number of nodes and KLONE-2
has not considering in. In (b) and (c), the improvement
will be dearly in the large connectivity and plenty of
node number in large BP ratio. To summay this
section, when the environment has sufficient node
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Hg. 9. Improvement of the KLONE compared with
KLONE-2.

V. CONCLUDINGREMARK

With an intengve evauation, we demondrae the
importance of the nodes delay in the routing path for
high-speed packet switching networks. We
hypothesized that a routing dgorithm that considers the
delay time of both nodes and links may have a better
performance than that only congders link dday timein
supporting delay senditive services. We developed a
flow-based routing dgorithm, KLONE agorithm, which
consdersboth link delay time and node ddlay time. The
results of the evaduaion show that KLONE dgorithm
could have a better performance than OSPF and
KLONE-2 dgorithm in mogt cases, with only a few
exceptions. The hypothessthat consdering nodeddlay is
important in high- speed packet - switching network isthus
demonstrated.

This dgorithm ill has some wesk points. Fird,
KLONE agorithm may have worse goodput than OSPF
agorithm when the delay bound is very low. Secondly, it
does not support multi-path routing for the same traffic
stream yet. Furthermore, a distributed versionis needed
in order to apply it onto real networks. In estimaing the
delay time of nodes and links, the traffic modd should

aso be more redigtic to include different traffic types
such as VBR, and in difference priorities.
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