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Abstract—Agent-Based Modeling and Simulation (ABMS) has
emerged as a new and powerful technology for the alysis of
natural and artificial complex systems. In this pagr ABMS is
exploited for the modeling and performance evaluatin of
Conventional, Clustered and Cooperative Content Disibution
Network (CDN) architectures. Clustered and Cooperate
architectures differ from Conventional architectures as surrogate
servers can loosely (in the Cooperative architectes) or tightly
(in the Clustered architectures) cooperate to prode the
requested contents to users. The results obtained oim the
simulation phase show that the Clustered architectes allow for
significant improvements of the main CDN performane indices
(average user perceived latency, cache hit rationd CDN utility)
with respect to Conventional and Cooperative archéctures.

Keywords-component; Content Delivery Networks, Surrogate
Clustering, Agent-based Modeling and Simulation, Performance
Evaluation.

. INTRODUCTION

The analysis and design of modern distributed systeequire
powerful and flexible methods, tools and techniquésch are

also based on bottom-up approaches and incorpiatgse of
simulation to support the typical phases of a saféw
engineering process [10]. In this context, a slétaipport can
be represented by the possibility of obtaining &dpsed

models of systems, i.e. system models which ari¢ tmdbugh

a bottom-up approach in terms of proactive and tneac
autonomous entities that dynamically interact andperate
with each other [9]. An agent-based model of aesystan then
be simulated, so to observe emergent macro-levahqrhena
hard to catch with other analysis techniques, @mdbe used to
validate and evaluate different design choicesrehi@ctural

and behavioral levels [11]. Moreover, the agenedasodel of
the system exploited during the design phase camsbéd as a
starting point for an agent-based system implentient§3].

In this paper, the Agent-Based Modeling and Sinnat
(ABMS) approach is exploited for modeling and ewadilg
through simulation different Content DistributionetMorks
(CDNs) architectures that represent effective smbutfor
improving the performance of content delivery byame of
coordinated content replication [2]. In particulafive
distributed  architectures Cfnventional, = Cooperative,
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Master/Save, Multicast-based, Peer-to-Peer), which are
enhanced with respect to those presented in [6]e Heeen
modeled and extensively evaluated.

The Conventional architecture is based on the basic schema
of CDN, Master/Save, Multicast-based, and Peer-to-Peer
architectures (orClustered architectures) relies on a new
schema based on clustering [6], whereas @ueperative
architecture depends on non coordinated cooperaiinong
neighbor surrogate servers. In particular, tfdustered
architectures differ from theConventional architecture as
surrogate servers, which cache the content origipabduced
and stored inorigin servers so to improve performances in
delivering contents to users, are grouped into tetasof
neighbor surrogates which can cooperate to proradeested
contents. Specifically, a surrogate that is no¢ ablprovide the
requested content does not directly askdtigin server for it
as in theConventional architecture; the surrogate first checks
for a surrogate of the same cluster having theerdrgo as to
forward the unfulfilled user request to it. Diffatly, in the
Cooperative architecture the surrogate asks its neighbors for
the requested content and, upon content attainmeplies to
the requesting user. Finally, both@hustered andCooperative
architectures, if the surrogate is not able to fimel content in
its cluster or among its neighbors, it contactsahigin server
as in theConventional architecture.

To analyze the performances of the five considered
architectures with respect to the most important NCD
performance indices (average perceived user latghay
cache hit ratio [13], and CDN utility [18]), for ea
architecture, an agent-based model has been defined
simulated by using the ELDAMeth methodology [5]. In
particular, the modeling phase is driven by a $teds-based
modeling language and supported by a CASE tool
(ELDATool)  which  automatically translates visual
specifications into platform-independent code; siraulation
phase is based on an agent-oriented and eventidrive
simulation framework (ELDASim) which executes thede
produced in the modeling phase in the context opqsely set
distributed scenarios.

The results obtained from the performance evalngiitase
show that theClustered architectures can provide higher



performances, in terms of the considered perforeandices,
than those o€onventional andCooperative architectures.

The rest of the paper is organized as follows. i&ec2
introduces the considered distributed architectfmesontent
delivery. Section 3 is devoted to the agent-bagedlation of
the presented architectures and, in particulathecanalysis of
the performance evaluation results. Finally coriohs are
drawn and directions of future research brieflycelated.

II.  CONVENTIONAL, COOPERATIVE ANDCLUSTEREDCDN
ARCHITECTURES

Four variants ofM/SArch (M/SArch _1, M/SArch_2, and
M/SArch_3, M/SArch_4) have been defined on the basis of
different schemas related ¢ontent found/content not found in
the cluster scenarios. Specifically, two schemas for ¢hiatent
found in the cluster scenario are considered: in the first, which
is exploited inM/SArch_1 and M/SArch 2, the master peer
forwards the request directly to the surrogate wieas the
content; in the second, which is exploitedMitSArch 3 and
M/SArch_4, the master peer notifies the address of the
surrogate which has the content to the selectedogate
which, in turn, forwards the request to it. Two ectas for the
content not found in the cluster scenario are also introduced; in

In Conventional CDN architectures [14], which are based onthe first, which is exploited iM/SArch_1 andM/SArch_3, the
stand-alonéSurrogates, when aClient issues a content request, Master peer replies to the selected surrogate whicturns,
a Redirection System selects the most appropriate Surrogatedownloads the content from the origin to servedient; in the
(typically the closest to the Client) to which the request is S€cond, which is exploited W/SArch_2 andM/SArch_4, the

routed. The selected Surrogate serves the reqdiettei
requested content is available; otherwise it aslksQrigin
Server for the content and, once retrieved, sehds ithe
requesting Client. Although thionventional architecture

(hereafter name@impleArch) is easy to develop and maintain,

it suffers of two main drawbacks: limited dimensioh the
cache of the surrogates and high response time wioén
cached content must be fetched from the Origin&erv

To deal with these drawbacks, Surrogates can bepgth
into loosely-coupled and tightly-coupled clustecs@ding to
their proximity (e.g. neighboring Surrogates beltmghe same
cluster) [4, 8, 12, 17]. Surrogates of the samstetuhereafter
referred as peers) cooperate with each other toq@@ontents
when they cannot directly serve content requesis Would
result in a higher hit rate, as the available catniteat most the
total content of all peers and not just the contefna single
Surrogate, and in a shorter response time, amndestaetween
peers is much shorter than the distance betweendates and
their related Origin server. Indeed, a requestiigdrded to the
Origin Server only if none of the peers can provitke
requested content.

In the following, four different distributed arcédtures for
surrogate clustering are presented. In particullae, three
tightly-coupled Clustered  architectures,
(M/SArch), Multicast-based MICArch), and Peer-to-Peer
(P2PArch), are described in Sections Il.A-C, respectivéty;
Section 1.D the loosely-coupledCooperative architecture
(CoopArch) is defined.

A. Master/Save Architecture

In the M/SArch architecture [6], a master/slave approach is

exploited which is based on a master peer to mategeluster

Content Location Hash Table (CLHT) whereas the other peers

only manage a CLHT of their own content. When auest

arrives, the selected surrogate looks up its CLHd@ then, if

the content is not found, forwards the requesh¢omaster peer
that, in turn, forwards it either to the peer (Whiould also be
the master itself) with that content or to the wrigerver. It is

worth noting that every time a peer chooses totevitontent,

it notifies the master that consequently updates global

CLHT. In this way consistency of the cluster is gudeed by
the master even though it could become a bottleneck

Master/Slave

master peer contacts the origin which sends thsimgsontent
to the selected surrogate.

It is worth noting that the four variants EfSArch consider
the architectures that averagely involve the loweshber of
exchanged messagedl/GArch_2), the highest number of
exchanged messaged/GArch_3), and a number of exchanged
messages between the highest and lowest dvi&dArch 1,
M/SArch_4).

B. Multicast-based Architecture

In the MCArch architecture [6], each peer surrogate manages a
CLHT in which stores the content location inforroatiof all
peer surrogates. A missing content in the selegteer is
handled as follows: if the CLHT has an entry faatthontent,
the request is forwarded to the peer that has ¢geested
content and will then serve the client requestentise, the
request is forwarded to the origin server and themdled as in
the Conventional architecture. Every update of the CLHT is
multicast from the peer that updated its contertltthe others
that consequently update their CLHT without an ACID
(Atomicity, Consistency, Isolation, e Durabilitypardination
mechanism. This implies that the consistency of Gh&lT is

not guaranteed and then a peer could forward aestgio
another peer that may not have the requested dpnten
moreover, duplicated copies of the same contentdcbe
present in a cluster.

C. Peer-to-peer Architecture

In the P2PArch architecture [6], each peer has an SLT
(Surrogate Location Table) which contains the locat
information of all the peers and their respectioatents. In
particular, for each peer surrogate an SLT has mimy e
formalized by the pair <Sld, CZ>, where CZ (Contéahe) is
the space of the identifiers of the contents paéytstored in
the peer identified by Sld. According to the paeepéer model,
a content request issued by a client is servechbyselected
surrogate as follows: (i) if the Cld of the reqeesktcontent
belongs to its CZ, the content is looked up in @eHT and
then, if the content is present, it is sent todlent; otherwise,
the content is retrieved from the origin, senttte tlient and
finally stored; (ii) if the Cld of the requestedntent does not
belong to its CZ, the request is forwarded to theerp
responsible for Cid and then, if the requestedattris present,



it sent it to the requesting client; otherwise, tentent is
fetched from the origin before sending it to theguesting
client.

As in the M/SArch architecture, theP2PArch provides
consistency of the content in the cluster. Moreover
overcomes the main drawback MfSArch and MCArch as a
peer does not need to maintain content informatieinnging
to the other peer surrogates.

D. Cooperative Architecture

In the CoopArch architecture, which is based on the
cooperative architecture proposed in [19], eachr pes a
given number ofNeighbor surrogates and manages a CLHT in
which stores the content location information efNeighbors.
When a peer is not able to provide the requestatbnbbut the
CLHT has an entry for it, the content is askecht® associated
Neighbor otherwise it is asked to the Origin Seridpon the
reception, the content is stored in the peer cdofmoving
another content if necessary) and sent to the wsera
consequence a content can be replicated on differen
surrogates. The CLHT of the peer is then updatet! this
information is sent to all theeighbor surrogates of the peer so
that they can consequently update their CLHT.

I1l.  PERFORMANCEEVALUATION THROUGHAGENT-BASED
MODELING AND SIMULATION

The distributed architectures presented in Sedtibave been
modeled as Multi-Agent Systems (MASs) by exploititing
ELDAMeth methodology and related tools that allowisual
and Statecharts-based modeling of the agent bealksaamal the
semi-automatic translation of the visual specifaat into
code which can be executed by an agent-orientedegedt-
driven simulation framework [5]. Specifically, ttzém of the
simulation was to analyze the efficiency of the pmsed
distributed architectures in terms of the followihgee indices
which mainly characterize the performances of aunte
delivery networks:

» Average user perceived laten@®UPL) [13], which is
defined as the average time ranging from the
transmission of the content request by a cliegy) (t
and the reception of the content,(}:

whereN represents the number of surrogates, the
amount of bytes requested to a surrogate lacsbrv

the amount of bytes served by a surrogate without
fetching content from the origin server.

Utility (UT) [18], which is defined in terms of the byte
amount that the surrogates of the CDN send to the
requesting clients and receive from the origin serv
and/or other surrogates. Specifically, in the cabe
Non Clustered (NC) architectures, i.eSmpleArch and
CoopArch, UT is evaluated as follows:

N
2.UT,
UTye = '=1N

®3)

where N represents the number of surrogates in the

CDN and UT; =3xarctar(5i) is the utility of the
g

surrogateé which depends on the ratif) = gﬁ of the

I
bytes sent to clientsuf;, upload to clients) and
received ¢w;, download from the origin server and/or
other surrogates) by the surrogate
Conversely, in aClustered (C) CDN (M/SArch,
MCArch and P2PArch), as surrogates can download
contents only by the Origin Server and the cluster
be therefore seen as a unique surrogate with aecach
equals to the sum of the caches of the peer suawga
(see Section 1), UT is calculated as:

UTe = 2 arctar{=) (4)
T
where = :;ﬁ is the ratio of the bytes sent to clients
WC

(up.) and receiveddiv,) by the whole cluster of N

N
and dw, =) dw are

i=1
respectively obtained by summing up the amount of
bytes uploaded from and download by each surrogates
of the cluster.

N
surrogates; up, =Y. up;
=

1N 1 Mg
AUPL = =3 (—— 3 (t; req, ~tisarv, ) 1)
Niz Neg j=1

where N represents the number of surrogates an
the number of requests issued to the surrdgate

nfeqi

In the next subsections, after briefly discusshmgyagent-based
modeling of the CDN architectures (Section Ill.&knulation
parameters are introduced (Section Ill.B) and thalysis of
he obtained simulation results (Section Ill.Cptiesented with
eference to different and significant simulatiettings.

A. Agent-based modeling

Cache hit ratio CHR) [13], which is defined as the

percentage of content requests successfully sdyye

the CDN without fetching content from the Origin

Server:
N
> locserv;
CHR = —— (2)
2. req

i=1

g n order to evaluate the defined performance irsli@UJPL.,
CHR and UT), agent-based models of tBampleArch,
CoopArch, M/SArch, MCArch andP2PArch architectures (see
Section Il), have been defined according to theerszfce
schema reported in Figure 1 which shows four typAgents
representing the basic components of every CDNiteithre:
Client Agent, Redirection System Agent, Surrogate Agent and
Origin Server Agent. Specifically, when &lient Agent request



is generated, it is forwarded toSarrogate Agent randomly
selected by theRedirection System (RS) Agent; then, such
request is handled according to the different aersid
architectures. The reference schema was definegainate a
single cluster scenario so that the consid&edogate Agents
adhere to either aClustered or Non Clustered (i.e.
Conventional or Cooperative) architecture. A single cluster
scenario allows a straightforward comparison of the
considered architectures and a generalization efoffitained
results to a CDN composed of different clusters.

Vg Cluster ~
| Surrogate \
Agent; |
Client Ac | RS A | Tso | Origin
Agent |contentReque{ AGENt Tss, |<—> SAerve
en
TCSI Surrogate I g
Reply —
!
-____
LEGENDA

N, : nunmber of objects contained in the origin server

C,: percentage of objects that are stored in a sateog

T average latency time between clients and suresgat
T average latency time among surrogates

Tg: average latency time between surrogates anahaigver
Ns: nunber of surrogates

A.: average rate of client requests

Figure 1. The reference CDN agent-based model.

According to the ELDAMeth methodology [5] the belws
of the above mentionedgents are modeled as hierarchical
state machines driven by ECA (Event-Condition-Ag}io
rules; moreover, agent interactions are enablednbitiple
coordination spaces based on different coordinatimdels
(e.g. message passing, tuples, publish/subscriBs).an
example, the Statecharts-based model of the behafithe
Surrogate Agent in th€oopArch architecture is reported in
Figure 2.

P <DHS>

NotifyNeighbor { act

B NetifiedNeightbor

WorkCompleted § acQuitting

Figure 2. The Statecharts-based behavior of theate Agent in the
CoopArch architecture.

B. Smulation parameters

The considered simulation parameters are organired
architecture-dependent and architecture-independent
parameters.

Thearchitecture-independent parameters are:

The number of objects that are contained in thgi®ri
Server (N). No is set to 100 and the objects are only
considered to be static.

The number of Surrogates {}\ which is set in the
range [2..10] to consider clusters of surrogates of
different dimensions (small, medium, and large).

The percentage of objects that are stored in agate
with respect to the objects stored in the origirvee
(C%). C% is varied from 1% to 14\with a step of
1% for Clustered architecture as content cannot be
replicated and from 1% to 80% with a step of 1% for
SmpleArch andCoopArch.

The average latency times among architecture
components: (i) between clients and surrogates)(T
(i) between surrogates and origin servegdT and

(iif) among surrogates gF. As clients are very close

to surrogates, surrogates of the same clusterlase c

to each other, and the origin is usually far awaynf
surrogates and clients, the following relationship
among the average latency times are established:
TsF3*Tss=9*Tcs In the simulation runs the average
latency times are set as follows: sgF90ms,
Ts<=30ms, £<=10ms. The instantaneous values of
latency times among architecture components are
calculated accordingto the following link delay nebd

[7] by settingd,equals to Ts, Tspo and Tss depending

of the link endpoint components:

8i :Kf6m+N(Kv6m'\]Kv8m) (5)

K +K, =1 K;,K, =20

whereé,, is the mean delay ar&lis the instantaneous
delay for a given messagg.is the sum of a fixed part
and a variable part. Constrains guarantee thanten

of §; is equal t®,. The variable part dj; is generated
by a normal random variable whose mean and
variance are set to B, The distribution of the
normal variable is truncated to s, in order to assure
that §; cannot assume negative values. To limit the
delay variability K is set to 0.7.

The policy for content eviction in surrogates (E@h

be of the following types:

o Random: the object to be evicted is randomly
chosen.

0 Last access: the evicted object is the one that has
not been requested for the longest time.

o Rank: the evicted object is the less requested
one.

Average rate of client requestsc) which are issued
according to an exponential probability density
function.)¢ is set as {0.1, 0.01, 0.001}.

The type of distribution of the content popularity
(CDP), which can beniform (i.e. all the Ny objects



have the same popularity) @pf (i.e. the N, objects Ac=0.01, CPD={niform, Zipf}, Dsr=Manhattan and by
are requested considering the object popularitwarying EP. With reference to the C% parametehoaigh the
distributed according to &ipf probability density C% parameters is varied in the range [1%.glL{step 1%) for
function). In particular, popularity of most popuknd  the Clustered architectures as their surrogates do not store
less popular objects is defined according to aavéri replicated contents, C% is varied till 80% fdon Clustered

of the algorithm proposed in [16] which is focused architectures to evaluate performances in casargét cache
static Web objects. dimensions.

With reference t&CoopArch there is only a specific parameter Due to space limitations only a subset of the satioih
which is the number of neighbors, éf each surrogate and is results are reported. In particular, the results thee UT,
set in the range [1.4\1]. performance index with CDR&pf and the three considered

With reference to theClustered architectures (M/SArch, Eviction Policies Random, Last Access, Rank) are reported in

. T Figure 3a-c, whereas the results for CHR and AURth w
(I;/lecf:iﬁrecdh- and P2PArch) the following specific parameters are CDP=Zipf and EP=Rank} are reported in Figure 4a and 4b

respectively.

e« The type of distance ({3) between the surrogate »
originally contacted by the client and the surregat
that actually serves the client request, can be: ! —_ , —o—SimpleArch
o Euclidean, the distance is evaluated as the square| | os = M/shrch_1
root of the sum of the squares of the following . e
distances: (i) the distance between the client and ' —efshrch 4
the surrogate originally contacted by the client o4 MCarch
and (ii) the distance between the originally 02 | ZZP“A“h
contacted surrogate and the surrogate that ’
actually served the client request. ®0 o1 o2 o3 o8 05 06 o7 o0s o8 1
0 Manhattan, the distance is evaluated as the sum (a) EP=Random
of the distances introduced in the Euclidean case.| |::
o0 Homogeneous, the distance is set equal to the .
distance between the client and the surrogate e SmpleAveh
.. Pt —8—M/SArch_1
originally contacted. 08 W/shrch_2
» The average latency time {Js) between the surrogate 06 S ——M/shrch_3
originally contacted by the client and the surregat 0 Jg / "'m’*h“
that actually served the client request. The valfie / p2pArch
Tcas depends on the considered type of distangg)(D o2 7 Cooparch
thus it is set tO:m when DST:Euclidean, 02)‘ 01 02 03 04 05 06 07 08 09 1
(TestTs9 when Dy=Manhattan, and Ts when (b) EP=Last access
Dsr=Homogeneous. In the simulation runs as v
Tcs=10ms and $s=30ms, Tas is equals to 31.62ms, 1 —= ' S
40ms and 30ms in th&uclidean, Manhattan, and o - = = —a—M/sArch_1
Homogeneous case respectively. The instantaneous ' / W/sArch_2
values are calculated according to the defined link| |°¢ : / +W;rz:fj
delay model (see Eq. 5) by takibgequals to Fas. 04 77 MeAch
N P2PArch
C. Smulation Results ” 7 Cooparch
In this Section, two sets of simulation results presented and ®0 o1 02 05 o4 o5 o5 07 o5 o5 1
discussed. The first set is related tdwa-surrogate cluster (C) EP=Rank

scenario; whereas the second one is related tdfispewices Figure 3. UT for two surrogateZipf content request distribution, distance of
for the content request distribution (CPI)pf) and the the Manhattan type andRandom (a), Last Access (b) andRank (c) eviction

eviction policy (EPRank). Both scenarios refer to a policy.
Manhattan distance type among surrogates as this setting The analysis of all the obtained simulation resiéts to
represents more realistic scenarios. the following important considerations:

* With CDP=uniform the Clustered architectures
(M/SArch, MCArch and P2PArch) outperform the
SmpleArch and CoopArch for the CHR and UT
performance indices as the C% increases. With céspe
to the AUPL the architecture with higher performanc

1) Two-surrogate cluster analysis

This analysis allowed evaluating the AUPL, CHR &nd
performance indices of all the considered architest (see
Section 1) in case the cluster consists of tworaystes
(Ns=2). In particular, simulations are executed bytisgt



is MCArch if 10%<=C%<=1/N(=50%); only if C% is In this analysis the AUPL, CHR and UT performances
very small (<=2%) th&mpleArch can achieve better indices have been evaluated by consideringi content
performance. Moreover, CHR and UT performancerequest distribution, a distance of thlanhattan type, aRank
indices are not influenced by the adopted evictioreviction policy and by varying the number of suategN; in
policy whereas AUPL registers only small variations {2, 3, 5, 10}. As among theM/SArch architectures the

. With CDP=Zipf the Clustered architectures have M/SArch_2 performs better, it has been selected as the

. |{zepresentative Master/Slave architecture.
almost the same performances with respect to CH
and UT and outperform theSmpleArch and 12
CoopArch. However, while in the uniform case . -
SmpleArch andCoopArch show similar performances
in this case CoopArch performs better than *1 57 % e
SmpleArch. With respect to AUPL in the range 06 mcarch
[10%..50%] of C%,MCArch is the architecture that 04 //;/// —=P2PArch
performs better; in case of small dimensioned e Coopheen
cache(<2%) or large dimensioned cache (>75%)
SmpleArch is the best performing architecture. O o 0r os on o5 95 o o8 o5 1
However, the percentage of objects that are stiorad {a) two surogales
surrogate with respect to the objects stored in the "
origin server should not exceed given thresholds

. 0 1 n

which are usually far lower than 75%. -

0,8 «4=SimpleArch
1,2
/ —m-M/sArch_2
0,6 7
1 - MCArch
2 .
_ =&—SimpleArch =>¢=P2PArch

0,2

w 04
08 - = —8—M/SArch_1 ——CoopArch
-~ / e M/SArch_2 02
06 /’:/ —=M/SArch_3 '
/ / —¥=M/SArch_4 o ¥ : : : - ; ; . . s
04 ). o—MCArch 0 o1 02 03 04 05 06 07 08 09 1
v
02 M/// P2PArch (b) three surrogates
). / CoopArch 12
0 o1 02 03 04 05 06 07 08 09 1 1 ]
(@) CHR v / -
700

~&—SimpleArch
f / —@—M/SArch_2
00 &\ 06 MCArch
—4—SimpleArch j % =>é=P2PArch
500 (\ —8—M/SArch_1 o4 / / —4—CoopArch
400 M e M/Shrch 2 02
A\\ —>=M/sArch_3 f
300 | - . : ; . : : . . . :
T ——

=i=M/SArch_4 ]
0 . —e—MCArch 0 o1 02 03 04 05 06 07 08 09 1
P2PArch (c) five surrogates
100 CoopArch 1,2
0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1 /‘mI
(b) AUPL 0s _— e simplearch
Figure 4. CHR (a) and AUPL(b) for two surrogatégf content request . 1( / —8—M/SArch_2
distribution, distance of thanhattan type andrank eviction policy. ' I / MCArch
04 =>=P2PArch
Other considerations which can be derived fromabtined . I /7 e
results are related to the relationships between citntent ' y’
0

request distribution and the eviction policy; irrpaular, with
auniform content request distribution, the eviction polines
not affect the performance, whereas, in the case @ipf ) — — X

content request distribution the use of Rendom eviction F'gut;%:#am’vgvﬂﬂﬁzgﬁit raer?(;‘?;tc)d(':)tf'?h“rté‘;n('b‘;"S%tisgc(z);)df"t“;‘r(‘g;ta”
policy gives the best results for CHR and fRenk eviction surrogates.

policy provides better performance 10f. Finally, among the

M/SArch architectures, thiM/SArch_2 is the one performing Due to space limitations only a subset of the satioih
better. results are reported. In particular, the results tlee UT,
performance index with §in {2, 3, 5, 10} are reported in

o o1 02 03 04 05 06 07 08 09 1

(d) ten surrogates

2) Analysis of a cluster with variable number of
surrogates



Figure 5a-d, whereas the results for CHR and AURth w
Ns=10 are reported in Figure 6a and 6b respectively.

1,2
1 7«
0,8 / «=SimpleArch
1{ / —m—M/SArch_2
0,6
MCArch
=>é=P2PArch
0,4
/ / CoopArch
0,2 l
0 T T T T T T T T T ]
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
(@) CHR
700
600 k
500
«&—SimpleArch
400 ~@—M/SArch_2
300 4 MCArch
=>é=P2PArch
200 CoopArch
100 [1]
0 T T T T T T T T T ]
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 [2]
(b) AUPL

Figure 6. CHR (a) and AUPL (b) witfipf content request distribution,
distance of thé/lanhattan type,Rank eviction policy, and 10 surrogates. [3]

On the basis of the analysis of all the obtain@dutation
results the following considerations can be done:

* CHR and UT of theClustered architectures are better
than those of theSmpleArch and CoopArch by
increasing N. Moreover, differences in the CHR and
UT performance indices betweenClustered
architectures antllon Clustered architectures notably
augment by increasingdN

(4]

(5]
» Differences in the AUPL performance index between
Clustered architectures and Non  Clustered
architectures tend to decrease by increasiggwvith

reference to a C% in the range [1..dIN (6]
It is worth noting that the performance indicestbé Non
Clustered architectures may significantly improve by
increasing C%. In particular, with respect to AUR&ee
Figure 6b), theNon Clustered architectures can perform better [7]
than theClustered architectures in case C% is greater than a
given value: C%=68% for &2, C%=52% for N=3,
C%=52% for N=5 and C%=40% for B:10. However, cache
size of a surrogate with respect to contents frosarae origin
server should not exceed given thresholds whichuatally
far lower than the aforementioned values. Finaiyong the
Clustered architecturesviCArch performs slightly better than
P2PArch which in turns performs better thdfiSArch_2.
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[10]

research efforts are geared
architectures atop large-scale distributed platforsuch as
PlanetLab their

performances in complex and real scenarios.

IV. CONCLUSIONS

In this paper the Agent-Based Modeling and Simoiati
(ABMS) approach has been exploited in the evalonatid
different CDN architecturesConventional, Cooperative and
Clustered. Such architectures have been modeled as Multi-
Agent Systems and their performances analyzed ampared
on the basis of the most important quantitativefquerance
indices for CDNs (agent user perceived latencyhedtt ratio
and utility) in significant scenarios. The obtainsidhulation
results confirm that th€lustered architectures outperform the
Conventional
useful information for the setting of the differesntchitecture
parameters. Moreover, the experimentation phaseshasn
the flexibility and effectiveness of the ABMS apaoh based
on the ELDAMeth methodology for the modeling anclgsis
through simulation of artificial complex systemsutlire

and Cooperative architectures so providing

to develop tBeustered

[15] and MetaCDN [1] to evaluate
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