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Abstract

During the recent years, cooperative web proxy sever has been widely deployed and
proved to be an effective way to reduce the bandwidth need, to aleviate the latency time and
to reduce the server load. But little attention had been paid for the impact of cooperative proxy
server scheme to the backbone router. Most papers and reports are commonly focus on hit
ratio, efficiency of protocol and network bandwidth. To the best of my knowledge, there is no
research report on impact of cooperative proxy server scheme to the router of backbone
network. We construct an analytical model with parameters from traffic logs of regional
network proxy server in this paper. From the analysis results, it reveals that the increasing
packets owing to cooperative proxy server are significant to backbone router. As a result, we
should take the impact of packets generated by cooperative proxy server scheme into

consideration in planning and deploying cooperative proxy server system.
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1. Introduction

Caching proxy server is widely used as an effective way to reduce network traffic. It migrates
copies of requested objects from origin web serversto a place closer to the clients. Essentially,
once the object pointed to by an URL has been cached in the proxy server, subsequent
requests for the same URL will result in the cached copy being returned, and little or no extra
network traffic will be generated. There are many projects on deploying proxy server in the
national wide network. These include NLANR (National Laboratory for Applied Network
Research, United States), CHOICE Project (Europe), HENSA (United Kingdom), Academic
National Web Cache (New Zealand), W3 CACHE (Poland), SingNet (Singapore), CINECA
(Italy) and Korea Cache Project (Koread). [1, 2, 3, 4, 5]

A single proxy server has its limitation in capacity to serve the requests. Although the
network bandwidth grows with respect to the requirement of user, the proxy server cannot
afford the capacity to serve the increasing requests. This is the problem of scalability, which
also yields the problem of load sharing among standalone proxy server. Another Problem with
a single proxy server is that the reliability of service. A system failure on account of any
reason will hinder the normal operation of the service, which highly impacts the user or the
client. Thus, how to device a mechanism or protocol to cooperate the standal one proxy server
become an important issue. Alternative solutions are being proposed to meet specific
requirements and circumstances. There are many protocols and systems, either research
domain or proprietary, deployed in cooperative proxy caching today. These include ICP [6, 7,
8], Cache Digests [9, 10], CARP [11, 12], WCCP [13] and so on. Additional protocols or
dedicated devices are being invented to satisfy the innovated requirements. Although there are
many caching related techniques being proposed by research papers, there exist case-by-case
deviation in practical deployment.

In section 1.2, we gave a brief introduction of the current status of TANet. Then, we
mentioned the deployment of cooperative proxy server on TANet. In section 1.3, an analytical

model was proposed to analyze the volume of traffics and packets gaining from the
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cooperative proxy server. We discussed the lessons and experiences learned from the
deployment of cooperative proxy server in section 1.4. Although there are many related
techniques proposed by the research paper, there still left much to be considered in practical
deployment. Finally, we pointed out the future research direction to be continued in the

domain of cooperative proxy caching server.

2. The Deployment of Cooperative Proxy Server on TANet

2.1 Overview of TANet

RNC: Regional Network Center »
CNC: City or County Network Center

STM1
(155 Mbps)

High School, Middle - - High School, Middle
& Elementary School University, College & Elementary School
Campus Network Campus Network Campus Network

Figure 1.1: The network topology of TANet.

Computer Center of the Ministry of Education (MOECC) and some national universities
built TANet in July 1990. The objective is to establish a common national academic network
infrastructure to support research and academic institutes in Taiwan. At present, there are 12
regional network centers (RNCs) including 11 national universities and the Ministry of
Education; and 27 city/county network centers (CNCs), which are governed by the Education
Bureau of City/County. All schools have been connected to TANet since July 19909. It consists

of about 4100 schools and 100 academic related institutes including universities, colleges, and



K12 schools. It estimates that the user is up to two million.

TANEet is a three-layered architecture consisting of RNCs, CNCs and campus hetworks
as depicted in Figure 1.1. The RNCs are interconnecting with high-speed ATM circuit. The
incoming and outgoing bandwidth of RNC is 120 Mbps. CNC is the aggregated point which
connect K12 schoolsinside the city/county, and then connects to neighbor RNC with ATM T3
circuit. The international link from TANet to U.S. Internet isa STM1 (155 Mbps) circuit.

With the rapid growth of institutes and users, it becomes congested to connect to other
country viathe international link. To solve the problem of limited international bandwidth, we
strategically partition the 100 Mbps into two parts: 36 Mbps for general-purpose use and
another 64 Mbps for proxy server use only. In order to take advantage of the specific portion
of 64 Mbps of the international link, a tentative-staged proxy server construction project had

been applied since Dec. 1998 to improve the congestion situation.

2.2 Cooperative Proxy Server on TANet

ToUS
Internet
Root
Proxy
Server

RNC1 RNC2 RNCn-1 RNCn
Proxy Proxy Proxy Proxy
Server Server te Server Server

ICP HTTP ICP

Client

CNC1 CNC2 CNCn-1 CNCn
Proxy Proxy Proxy Proxy
Server Server T Server Server

Figure 1.2: The topology of proxy server on TANet. (1st stage)
Most RNCs and CNCs on TANet use Squid proxy server not only for cost reason but

also for the capability of tailoring source code. Squid support the Internet Cache Protocol
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(ICP), which make it possible to share cached object in other caches. The initial topology of
cooperative proxy server on TANEet is depicted in Figure 1.2. It is a hierarchical architecture
of three levels:

(1) the top level isthe root server at MOECC,

(2) thefirst level isRNC, and

(3) the next level is CNC.

There is a sibling relationship among RNCs through |CP message of Squid. In additional
to serve the proxy server of CNC, RNC's proxy server also serves the universities directly
connected to it. The CNC proxy server serves K12 schools that connect to it. On account of
too many ICP query messages generated in RNC level, which make the congested network,
become worse. Moreover, they heavily increase the latency time of client request. Another
problem is that the capacity of root server and some RNCs cannot afford to handle the volume

of requests.
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Figure 1.3: The topology of proxy server on TANet. (2nd stage)
To solve the above problem, we narrow down the hierarchical topology. The root server

is aso removed. The RNC level is partition into groups of caches based on geographic



location. Each group can directly connect to the U.S. Internet. The sibling relationship is still
existed inside the groups. It becomes a two-level architecture as illustrated in Figure 1.3. The
| CP traffic among groups still exists and occasionally in an unacceptable high latency because
the backbone network utilization is near congested during office hour. Although the partition
into groups was made to reduce the ICP traffic, the inter-cache communication among the
groups still do not work well. Based on the traffic analysis in next section, the cooperation

among groups of RNCsis removed. There is no cooperative protocol running among RNCs.

3. Analytical Model of Proxy Server M eshes
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P;: Proxy Server on Backbone Network
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Figure 1.4: Topology of atypical ISP proxy server architecture.

A generic topology of proxy server architecture of Internet Service Provider (ISP) is
shown in Figure 1.4. Left side of the figure is one of the regiona networks of the ISP. The
regiona network proxy sever P; serves the HTTP requests of its clients C,. The same case is
also applicable for other proxy servers on the ISP backbone network. The information
changed among the proxy servers is the cache cooperation protocol. If there is a sibling

relationship between two proxy servers, a cache missin one proxy server will query another.

5



It is not necessary for any two proxy servers to have the relationship of sibling.

Figure 1.5 was derived from Figure 1.4 without loss of generality. The objective is to
simplify the model for analysis. For any proxy server P, on the backbone network, the

relations of sibling could be categorized into two kinds:
(1) Siblingswhich p, sends queries,

(2) Siblings which send queriesto p; .

TR: total number of requestsfrom
x clientsduring timeinterval T
TR, total number of requestsfrom itslocal

dientsin timeinterval T Sibling Proxieswhich PB queries

m: sibling proxies which PB queries

n: sibling proxieswhich query PB Web Proxy Proxy
Server Server Server
.. -

pl;": local hit ratio of proxy server i
pr;: remote hit ratio of proxy server i
k;: in the case of remote hit with the

1
1
|
I
p;: hit ratio of proxy server PB 1,2,3... : P, . P
1
1
1
|
condition that destineto proxy i '

p,: remote hit ratio of proxy server PB
={Py, Py oo, P}
Internet ) o __ 1

Hp: packetsper HTTP request ISP
I,: packets per ICP query Backbone
Pro Network IcP
VTR (1-p)

HrTe . S
, \ s 1
PB E P ={P,,P,,.....,P,} !
Web I '
Server ! i
123.. I | Proxy Proxy !
) | Server Server I
Clients: (¢, €5, G5, ..., C) : P, L. P, !
| 1

_________________________

Sibling Proxies which query PB

Figure 1.5: Generic model of an ISP proxy server.

As shown in Figure 1.5, HTTP requests from a set of clients C={Cy, C,, ..., C;} are send
to the regional proxy server PB. If the proxy server PB has the requested object in its cache,
no more messages are generated. Otherwise, PB sends ICP queries to the set of siblings
P={P, ..., P} and each of them returns reply, a hit or amiss, to the proxy server PB. If some
siblings return hits, it forwards the HTTP requests to the sibling that returns the hit first. If no

siblings return hits, it forwards the HTTP request to the origin web server. On the other hand,

PB receives | CP queries from another group of siblings P ={P,,...,P.}. Thismodel can be
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generalized for every backbone network proxy Pand P'.

The local hit ratio of proxy server PB is p, and the remote hit ratiois p, . The set of
clients { C.,C,,...,C } send HTTP requests to PB. Since the local hit rate of PB is p, , it
sends ICP queries to its siblings with the probability of (1— p,) . One of this ICP queries

makes a hit at a sibling with the probability of p, , and in such case the HTTP request is
forwarded to the sibling. The probability that the entire ICP queries make misses is
(- p, - p,) .,andinsuch casethe HTTP request is forwarded to the origin web server. The

related variables are as follows.
TR: the number of total HTTP requests.

V : thetotal volume of traffics generated.

V. : thetotal volume of traffics generated to process HTTP requests.
V, : the total volume of traffics generated to process | CP messages to its siblings.
V. : thetota volume of traffics generated by P to query PB.

p
S: thetotal number of packets generated.
S. : the total number of packets generated to process HTTP requests.
S; : thetotal number of packets generated to process | CP messages to its siblings.
S'p : the total number of packets generated by P’ to query PB.
H,: traffic size (Bytes) per HTTP request.
|, : traffic size (Bytes) per ICP message.
H , : packets per HTTP request.

| ,: packets per ICP message.

M : the number of siblings which PB sends | CP queries.

N : the number of siblings which send queriesto PB.

The siblings P receive TR HTTP requests and its local hit ratio is pl,. If P



does not have the requested object initslocal cache, it send ICP queriesto its siblings and one

of the ICP queriesisfor the proxy PB.

Theremote hit ratioof P’ is pr, . When ICP queriesfrom P make hits at its sibling,

Pi' forwards the HTTP reguest to the sibling, which returns the hit first. The conditional
probability that PB returnsthefirst hitis K .

3.1 Traffic Analysis—Volumeof Traffics
In this subsection, the total volume of traffics generated to process HTTP requests is

denoted as V . The volume of traffics contribute to the backbone network were be measured.
These traffics consist of: (1) V. : traffics to process HTTP requests; (2) V,: traffics to

manipulate the ICP queries to its siblings; and (3) VF',: traffics to process the queries from

other proxy servers.

V. =pH, remote HTTP hit
+(1-p - p,)H, HTTP requests to origin web servers
=(@-p)H, (1)
V, =TRL- p,)ml, @)

the ICP queries sent to its siblings

<
I

;; {Zﬂ (1_ p| i')TR il:||s

+ |:Zn: (1_ pl i')TRi‘prikij|H s

{Zn: (1- pl iI)TR il:|(|s + prilkiH s) 3

The total volume of trafficsV is asfollows.
VIV Y, 4V, =0+ (2 +(3)

=(1-p)H, + TRA- p,)ml _+

S



{Z (L- pl)TR i}('ﬁ pr ’kH )
= TR (1_ p|)(HS+ mi S)+{Zn: (l_ pl iI)TRin|(|S+ prilkiH S)

4
3.2 Traffic Analysis—Volume of Packets
In this subsection, the total volume of packets generated to process HTTP requests is

denoted as S. The volume of packets contribute to the backbone network were be measured.

These packets consist of: (1) S, : packets to process HTTP requests; (2) S;: packets to

manipulate the ICP queries to its siblings; and (3) SP packets to process the queries from

other proxy servers.

S.=pH, remote HTTP hit
+(1-p -p)H, HTTP requests to origin web servers
=@-p)H, (5)
S, =TR1-p,)ml (6)

the ICP queries sent to its siblings

0]
1

: {z (1- p ;)TR;},)

+ [Zn: (1_ pl i')TRi‘prikii|H p

{Zn: (1- p)TR i}(l o+ prikiH )
(7)

The total number of packets Sisasfollows.
$=5,+S,+S,=(5)+(6) +(7)

=@-p)H, + TR(A- p;)m , +



i=1

{Zﬂ (1_ pl il)TRi}(l p + prilkiH p)

n

=TR (1= p)(H, +ml )+ {Z - pl {)TRi}(I o+ PrikiH )
i=1
®
3.3 Estimation of the Parameters
The related parameters are derived from the proxy server of NSYSU. The detail logs
could be downloaded from [14]. The log file duration is from 8" April 2002 to 14™ April 2002.

Table 1.1 gives the summary of the logs. The related parameters are as follows.

Table 1.1 The statistics of transaction log from proxy server in NSY SU.

Date #Req. L_HitR | R_HitR | MByte | KBytesReq.
2002/4/8 |25515,828| 37.03 9.29 245,709 9.9
2002/4/9 |28,052,361| 43.91 9.73 263,670 9.6
2002/4/10 |27,742,357| 4357 10.01 264,022 9.7
2002/4/11 |30,041,678| 43.99 10.21 272,156 9.3
2002/4/12 |29,416,858| 4521 9.91 287,781 10.0
2002/4/13 |18,287,712| 45.36 8.49 219,997 12.3
2002/4/14 |16,829,643| 47.44 8.06 172,054 10.5

Average |25126634| 43.79 9.38 246,484 10.2

1. TRTR :2.5x10’

In this model, we assume that the clients of all backbone proxy server with the same

scale of clients.
2. pl.:0.44, pr :0.094
3. k:02
The value of k; depends on many factors, such as the round trip time between the

sibling pair of proxy server, the local hit ratio, the numbers of sibling, and so on.

Since our objective is to investigate the traffic and packet effect of the configuration

10



of cooperative proxy server, we set the valueto 0.2.
#Req.:  Number of requests.
L_HitR: Locad hit ratio.

R_HitR: Remote hit ratio.

4. H,:10.2 KBytes, Hp: 17

The transport layer protocol HTTP used is TCP. The TCP connection use 3-way
handshaking (SYN, SYNACK, ACK) to setup connection. After TCP session
established, HTTP request issued from client to the server and server responses ACK
to client. Next, the data transfer from server to client begins. The average size of the
requested object is 10.2 KBytes. It is known that the maximum segment size is 1460
Bytes in genera case. It needs about 8 packets for data to be transferred. Finally, the
FIN and FINACK packet are exchanged. The total amount of packets needed for a

general HTTP request are about 17 (3+2+8+4).

5. 1,:100 Bytes (0.1 KBytes), | ,:2

ICP is a request-response protocol using UDP transport layer protocol. Proxy server
sends an | CP request to query its sibling. The sibling receives the ICP query, searches
its cache for the specified object and returns the result. The ICP message contains a
header of 20 Bytes and the payload containing the URL of the object. Since the
general URL length is less than 100 Bytes, thus ICP message need one IP packet.
Consequently, 2 I P packets are needed for |CP communication.

3.4 Volumeof Traffics

From equation 4, we substitute the parameters derived in subsection 3.3.

TR (1_ pl)(Hs + ml s)+ {Zn: (1_ pl I)TRI:|(|S + pri'kiHs)

=TR@1- P )(0.1m+0.2917n +10.2)
=25x10"(1- P )(0.1m+0.2917n+10.2) (9)

Casel: m=0,n=0
11



This means no siblings relationship existed with PB and there are also no queries

from siblings to PB. The equation (9) become

2.55x10°(1-p,).
The total volume of traffics depend fully on p, , that is the local hit ratio of PB.
This is a specia case of case 2 when m=0, the related value of p, and m are

shown in table 1.2.
Cae2: m#0,n=0
There existed siblings which PB sends queries, but no queries from other siblings.

The equation (9) become

2.5x10" (1~ p, )(0.1m+10.2) .

Therelated valueof p, and mareshownin table 1.2.

Table 1.2 The result of case 2 in traffic analysis.

m

Y

010 | 230|232|234|236|239|241|243|245|248|250 | 252

015 | 217 (219|221 |223|225|227|230|232|234|236| 2.38

020 | 204|206 |208|210|212|214|216|218|220|222| 224

025 |191(193]195|197|199|201|203|204|206|208| 210

030 |1.79|180|182|184| 186 (187|189 |191|193|194| 1.96

035 | 166|167 |169|1.71|172|1.74|1.76|177| 179|180 | 1.82

040 | 153 | 155|156 158|159 |161|162|164|165|1.67| 1.68

045 | 140 (142|143 |144|146|147|149|150|151|153| 154

050 | 128129130131 |133|134|135|136|138|139| 140

Case3 m=0,nz0
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There are no siblings which PB send queries, but the queries from other siblings do

existed. This also means that PB is robust enough to afford the queries from other

siblings. Meanwhile, the other siblings could be with limited capacity to support

others' queries. It also implies that PB is connected with higher bandwidth to the

Internet. The equation (9) become

2.5%x107(1- p,) +(0.2917n+10.2) .

Therelated valueof p, and nareshownintable 1.3.

Table 1.3 The result of case 3in traffic analysis.

0.10

230|236 | 243|249 | 256| 262|269 |275|282| 289|295

0.15

2172231229 |235|242|248| 254 | 260 | 266 | 273 | 2.79

0.20

204 210|216 (222|227 |233|239|245| 251|257 | 262

0.25

191197202 |208|213|219|224|230| 235|240 | 246

0.30

179|184 |1189[194|199|204|209|214|219|224|230

0.35

166|170 |175[180|185|189|194|199|204| 208|213

0.40

153157162 |166|171|175|179|184|188| 192|197

0.45

140|144 148 |152|156| 160|164 |169| 172|176 | 1.80

0.50

128131(135|138|142|146|149|153|157|161| 164

Case4d: m#Z0,nz0

Both the siblings which PB sends queries and the queries from other siblings
are existed. It implies that the bandwidth to Internet is high and also robust
enough to handle additional ICP messages. The grouping of siblings means
that both ICP query and reply existed with any pairs of proxy server inside the
group. Thus, we may assume that m equal to n. The related value of p, and
m/n are shown in table 1.4.
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Table 1.4 The result of case 4 in traffic analysis.

m

010]| 230|238 | 247|256 |265|274|282|291|3.00| 309 | 3.18

015|217 | 225|233 | 242|250 | 258 | 267 | 275 | 2.83 | 2.92 | 3.00

020|204 |212|220|228|235|243| 251|259 |267| 275|282

025]191|199|206|213|221|228|235|243|250| 257|265

030]|179|185|192|199|206|213| 220|226 | 233|240 | 247

035|166 |172| 178|185 |191|198| 204|210 | 217|223 |229

040|153 |159|165|171|177|182|188|194|200| 206|212

045|140 | 146|151 |15 |162|167|1.73|1.78| 183|189 |19

050 (128|132|137|142| 147|152 |157|162|167| 172|176

3.5 Volume of Packets

From equation 8, we substitute the parameters derived in subsection 3.3.

n

TR (l_ p|)(H p + mi p)+|:z (l_ pl i')TRilj|(| p + prilkiH p)

i=1
=TR(1- P)(2m+2.32n +17)
= 25126 107 (1- P )(2m+ 2.32n +17) (10)

Casel: m=0,n=0
The equation (10) become
4.2714x10°(1-p,) -
Thisis aspecial case of case 2 when m=0, the related value of p, and n are shown

intable 1.5.
Case2: m#Z0,n=0
The equation (10) become

25126 x107 (1- p,)(2m+17) .

14



Therelated valueof p, and nareshownintable 1.5.

Table 1.5 The result of case 2 in packet analysis.

10

0.10

3.84

4.30

4.75

5.20

5.65

6.11

6.56

7.01

7.46

7.91

8.37

0.15

3.63

4.06

4.48

491

534

5.77

6.19

6.62

7.05

7.47

7.90

0.20

3.42

3.82

4.22

4.62

5.03

543

5.83

6.23

6.63

7.04

7.44

0.25

3.20

3.58

3.96

4.33

471

5.09

5.46

5.84

6.22

6.60

6.97

0.30

2.99

3.34

3.69

4.05

4.40

4.75

5.10

5.45

5.80

6.16

6.51

0.35

2.78

3.10

343

3.76

4.08

441

4.74

5.06

5.39

5.72

6.04

0.40

2.56

2.86

317

347

3.77

4.07

4.37

4.67

4.97

5.28

5.58

0.45

2.35

2.63

2.90

3.18

3.45

3.73

4.01

4.28

4.56

4.84

511

0.50

214

2.39

2.64

2.89

3.14

3.39

3.64

3.89

4.15

4.40

4.65

Cae3: m=0,n#0

The equation (10) become

22512610 (1- p,)(2.32n +17)..

Therelated valueof p, and nare shown intable 1.6.

Table 1.6 The result of case 3 in packet analysis.

B

10

0.10

3.84

4.37

4.89

5.42

5.94

6.47

6.99

7.52

8.04

8.57

9.09

0.15

3.63

4.13

4.62

5.12

5.61

6.11

6.60

7.10

7.59

8.09

8.59

0.20

3.42

3.88

4.35

4.82

5.28

5.75

6.22

6.68

7.15

7.61

8.08

0.25

3.20

3.64

4.08

4.52

4.95

5.39

5.83

6.26

6.70

7.14

7.58

0.30

2.99

3.40

381

4.21

4.62

5.03

5.44

5.85

6.25

6.66

7.07

15



035|278 | 316|353 | 391|429 | 467 |505|543|581|619| 6.57

040 | 256|291 | 326 | 361 | 3.96 | 431 | 466 | 501 | 536 | 5.71 | 6.06

045 | 235|267 299|331 |363|395 427|459 | 491|523 | 556

050|214 | 243 | 272|301 | 3.30 | 359 | 3.88 | 418 | 447 | 476 | 5.05

Case4d: mZ0,nz0

Therelated valueof p, and nareshownintable1.7.

Table 1.7 The result of case 4 in packet analysis.

m

010|384 |482|580|6.77|7.75| 873|971 |10.68|11.66|12.64|13.61

015|363 | 455|548 |640| 732|824 |9.17 (10.09/11.01|11.93|12.86

020| 342|429 |515|6.02|689| 7.76 | 8.63 | 9.50 |10.36|11.23|12.10

025]320|4.02 | 483 |565|646| 727 | 809 | 890 | 9.72 |10.53|11.34

030|299 |375|451|527|603|679|755|831|9.07|9.83|10.59

035|278 348|419 |489 560|630 |701|772|842|9.13 | 9.83

040|256 | 321|387 |452|517|582|647 | 712 |7.77 | 842 | 9.08

045(235|295|354|414|474|533|593|653|713]|7.72]| 832

050|214 | 268|322 |376|431|485|539|593|648|7.02| 7.56

4. Discussions

From the volume of traffics analysisin subsection 3.4: table 1.2 to table 1.4, we conclude
the following results.
1. The volume of traffics is increasing at the rate about 1 percent with respect to the
number of siblings which PB sends query.
2. The volume of traffics is increasing at the rate about 3 percent with respect to the

number of siblings which send query to PB.
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4,

5.

The effect of the number of siblings which send query to PB is more significant than
the number of siblings which PB sends query.
From 1 and 2, the total volume of trafficsincreased is ranging from 1 to 3 percent.

The local hit rate has significant influence on the volume of traffics.

On the other hand, analysis of the volume of packets in subsection 3.5: table 1.5 to table

1.7 reveals the following results.

1

4.

5.

The volume of packets is increasing at the rate about 8 percent with respect to the
number of siblings which PB sends query.

The volume of packets is increasing at the rate about 14 percent with respect to the
number of siblings which send query to PB.

The effect of the number of siblings which send query to PB is more significant than
the number of siblings which PB sends query.

From 1 and 2, the total volume of packets increased is ranging from 8 to 14 percent.

The local hit rate has significant influence on the volume of packets.

Comparing the result of volume of traffics and packets, we reached the following results.

1

Increasing volume of traffics is ranging from 1 to 3 percent with respect to the
number of siblings. The effect is contributed to the WAN traffic. That is, it consumes
more bandwidth to fulfill the requests.

As the number of siblings increasing to 10, the total traffics gain is ranging from 10
to 38 percent.

Increasing volume of packets is ranging from 8 to 14 percent with respect to the
number of siblings. The effect is contributed to the border router. That is, the router
should robust enough to process the additional packets.

As the number of siblings increasing to 10, the total packets gain is ranging from 12
to 255 percent. The effect is contributed to the border router of the backbone network

which needs to sustain double or triple packets.

In theinitial and the following stages mentioned in section 2, we know that |CP do really

work with caching hierarchy or mesh. When the network is not overloaded it can sustain the
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ICP message and work smoothly. But under the circumstance of aready or near congested
network, it make the cooperation in vain. From the analysis of total packets gained, the
increment load of the border router makes the ICP fail to work. Moreover, become a failure
point and cannot take the advantage of cooperation of caching proxy server. Another issue is
that we should estimate the server capacity of a parent proxy. All the requests under this
parent node will be served by the parent node. It should be robust enough in capacity to
supply the services; otherwise it will become the failure point in the proxy server hierarchy.
The scalability of parent proxy should also to be taken into consideration.

In order to make a proxy server or cooperative proxy server system to work properly, we
should take the following criteria into consideration in practical deployment. These include
capacity, scalability, load balancing, reliability, and functionality. Other than functionality, the
criteria must be addressed in every reasonable caching proxy server system. The functionality
is to address the functions supported by the proxy server system. If it is equipped with user
friendly interface that the client side need not to do other work while system updated or one of
the proxy server failure. That means the system modification is transparent to the user. The
overhead or additional system element needs to be set up in the system, such as network
device or RAM of the proxy server system. To the maintainer of the system, is it complicated
or laborious to do the maintenance work. The related functionalities are cache replacement
policy, prefetching technique, transparency, adaptivity, data consistency, efficiency, capability

to deal with heterogeneity and capability to support streaming media.

5. Conclusionsand Future Works

In this paper, we construct an anaytical model with parameters from traffic logs of
regional network proxy server. From the analysis results, it reveals that the increasing packets
owing to cooperative proxy server are significant to backbone router. As a result, we should
take the impact of packets generated by cooperative proxy server scheme into consideration in
planning and deploying cooperative proxy server system. Being a parent proxy server
especially the root one in hierarchical topology, the capacity is significantly important.
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Finally, there are still more works both theoretical and practical |eft to be done in the
future. It is necessary to do the analytical or quantitative analysis of aternative cache
protocols to improve the performance of inter-cache group communication. It is worthwhile to
do the study of content-aware mechanism to alleviate the load of router and proxy caching
system.

To pick up with the pace of information technology innovation, we should take the
expansion of network bandwidth into consideration. The bandwidth for previous I P backbone
networks deployed by Internet service providers or regional network center has been limited
to 45 Mbps. Current and future IP networks provide bandwidth ranging from 155 Mbpsto 2.4
Gbps. Thus, due to emerging network technologies, the capacity and scalability of proxy

caching server will become a problem.
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