International Journal of Innovative
Computing, Information and Control ICIC International (©)2012 ISSN 1349-4198
Volume 8, Number 2, February 2012 pp. 1493-1500

A PROXY CACHING SCHEME BASED ON PARTITION
AND MAPPING OF MEDIA BLOCK SEGMENTS

CHoNG DEUK LEE!, TAEG WoN JeEONG!, Kyunc Ho CHoI?
AND JEONG YONG AHN3*
! Division of Electronic Engineering
3Department of Statistics (Institute of Applied Statistics)
Chonbuk National University
567 Baekje-daero, deokjin-gu, Jeonju-si, Jeollabuk-do 561-756, Korea
cdlee1008@jbnu.ac.kr; ttwjeong@yahoo.co.kr; *Corresponding author: jyahn@jbnu.ac.kr

2Jeonju University
1200 Hyoja-dong, Wansan-gu, Jeonju, Korea
chk414@jj.ac.kr

Received November 2010; revised March 2011

ABSTRACT. In this article, we propose a new proxy caching scheme with fuzzy filtering
based on partition and mapping of media block segments. In the scheme, media block
segments are divided into fixed and variable partition reference blocks, and the mapping is
performed by semantic relationship. The proposed scheme helps to alleviate the problems
of the typical schemes.
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1. Introduction. Many studies have been performed for streaming of multimedia data
in response to the recent increase in requests for wireless services and multimedia services
based on distributed networks [7,12,13,15]. The typical schemes for distributed multi-
media service are CMD (centralized multimedia distribution), client-server architecture,
CDN (content distribution network) and P2P- (peer-to-peer) based scheme [17]. The
CMD efficiently manages storage and 1/O (input/output) capacity using mirroring in a
web-based distributed service environment for the improvement of service functions in
the central server. This scheme, however, creates a bottleneck, which greatly influences
the performance of distributed service. The client-server architecture is based on batch-
ing, fetching and periodic broadcasting. The architecture is difficult to implement and
is not appropriate for large-scale streaming service because of the weakness in multicast
for IP network. The CDN is based on the large number of CDN servers on the Internet.
For efficient service, multimedia contents should be distributed in CDN servers, which
can transfer contents to neighbor clients. The scheme requires a lot of investment in the
broadband transmission architecture of a network and a lot of resources for multimedia ser-
vice. P2P-based network service scheme is used in Napster (www.napster.com), Gnutella
(www.gnutella.wego.com), FreeNet (freenet.sourceforge.net) and CenterSpan (www. cen-
terspan.com). A peer shares data of neighbor peer group and services data found by the
query to neighbor peers or the directory server. This scheme, however, has the problems
of service quality, data bandwidth and slow mobility even though it enables the peers to
share data of many communities with low cost [1,5,18]. Table 1 lists the features of the
typical schemes.

In this paper, we propose a proxy caching scheme with fuzzy filtering based on partition
and mapping of media block segments. First, the partition is a procedure to reduce jitter
delay and improve service response rates. Unpartitioned large media blocks cause start
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TABLE 1. The features of existing schemes

Schemes \ Approach \ Drawback
CMD server-mirroring network bottleneck
Client-server | batching, fetching, and periodic broadcasting | unavailability of multicast
CDN a technique based on the number of servers need much resources
pP2p a technique using data sharing of neighbor peers low data transfer rate

delay. To solve this problem, we divide media block segments into a fixed partition
reference block (FPRB, R;P) and a variable partition reference block (FPRB, R,P).
Second, segment mapping is a strategy for speedy cache replacement. In this study,
mapping is performed by semantic relationship of the blocks. Finally, the grouping is a
procedure to reduce replacement time in the proxy and reply to the request of clients
quickly. The features and main contributions of this study are as follows. First, the
proposed scheme uses a fuzzy filtering method to improve the quality of streaming service
of multimedia data. Second, the scheme does not stream all block data, but only the
requested block data. Third, the scheme improves the performance of response time and
caching mechanism compared with those of other proxy caching schemes.

In the first part of this article, we describe the streaming procedures of the proposed
scheme. In part two, we present the simulation results to compare the performance of the
proposed scheme with four other proxy caching schemes.

2. A Scheme for Streaming Service. A scheme for streaming service should minimize
the response time, network bandwidth and the traffic for user-oriented services. The
scheme proposed in this study does not stream all block data, but only the requested
block data. The streaming is performed by block partition, mapping and merging for
frequently referred blocks of data in service layer architecture.

2.1. Block partition. Block partition is a procedure to divide blocks into fixed blocks
and variable blocks. In the procedure, we refer to many factors, such as network band-
width, traffic and time delay [2,4]. Block partition is determined by the encoding rate
and network bandwidth to minimize the proxy jitter for fetched segments. In this study,
a partitioned segment of the media blocks, P, is given by Equation (1). The relation for
encoding rate and bandwidth is given by Equation (2) to minimize the proxy jitter. The
buffer size for the determined total block partition is given by Equation (3).

ZSLl . SLn+1 X (Er - Bw), (1)

: By,

=1

min {Z SL; — SLnit XEEE’“ — Bu) } >0, (2)
i=1 w

SLu1 % (E, — By)
E, ’

where SL; is the length of the i*" segment of the object, n is the number of segments saved
in the cache, SL, ., is the waiting segment for caching, FE, is the average encoding rate for
a certain object segment, and B, is the average network bandwidth for the proxy-server.
The jitter is determined by performing FPRB and V PRB for partitioned blocks.
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2.1.1. Fized partition reference block. FFPRB is an architecture with the same size of
block segments. In FPRB, encoding rate and bandwidth should be considered. FPRB
R¢P is as follows:

Definition 2.1. RyP = (n+1)SL; xTy—SL; X g—;, where Ty is the time synchronization

for fixed partition multimedia streaming in a distributed environment.
The buffer size Ry P(Byffer) for fixed partition reference block R;P is:
Definition 2.2. RfP(Buffer) = SLl X Tf X ETE—'B%”

2.1.2. Variable partition reference block. V PRB is the architecture with different sizes of
block segments. VPRB R,P is as follows:

Definition 2.3. R,P = (n+1)SL; x T, —SL; X g; , where T}, is the time synchronization

for variable partition multimedia streaming in a distributed environment.

The buffer size R, P(Byy.,) for variable partition reference block R, P is:

Definition 2.4. R,P(Byffer) = SL1 X T, X ET;—rBw.
If RyP = 0 or R,P = 0, then the segment is not partitioned. In this case, start
delay times due to non-partition produces proxy jitter. To avoid proxy jitter and delay

time, [E,/B,]"™ segment block is partitioned. This is a process to search segments with
RyP #0 and R,P # 0.

2.2. Mapping. Block mapping is a procedure to classify block segments as referred seg-
ments and unreferred segments [9]. In this study, the mapping is performed by semantic
relationship. In other words, if a semantic relationship is satisfied, then we will perform
the mapping by R;P and R,P.

2.2.1. Semantic relationship. Mapping by semantic relationship is a procedure to ag-
gregate block segments of high semantic relationship [10]. This mapping is a triple
(R, P, FR), where R is the semantic relationship for partitioned segment, P, and F'R
is the fuzziness to show the degree of relationship between P. The relation R for mapping
is performed by the fixed partition time synchronization (FPTS, Tf) and the variable
partition time synchronization (VPTS, T;,) for streaming.
(i) FPTS: T}

Ty is a Ry P that maintains time synchronization relationship (R;P;, R, P;.Ty) between
P, where P; is i*" partitioned segment. The semantic relation between super-layer and
sub-layer is defined as follows:

Definition 2.5. IfP = Tf(RfPl, e ,Ran) < member—of {(prh prl.Tf> A (RfP27
RfPQ.Tf), ceey /\(prn, prn.Tf)}, then P = {((RfR, RfPZ'.Tf), U(pri, RfPle}

A media block is composed of a number of contiguous streaming media segments, and
each media block is cached independently using a prefix caching allocation, mapping and
grouping process.

Figure 1 shows a media object that has five media blocks. The media blocks are
partitioned into segments according to T and T,. The partitioned segments preserve
semantic relations according to the relevance degree. Figure 2 is an example of the
synchronization. If a media block is synchronized with Ty and 7, as Figure 2 and the
semantic relations are preserved, the mapping by T} is represented as the following:
SynchroVideoFrame; = Tf(videoFrame; - T, vtext; - T, text; - T, scene; - T) <=
member-of {(Synchroscene; - vtexty - Ty, trtext, - Ty, sceney - T¢) }A
member-of {(Synchroscenes -vtexts - Ty, trtexts - Ty, scenes - Ty)} = 1.1p U 3.1,
where 7 is a temporal synchronization.
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FIGURE 2. Synchronization by 7 and 7,

(ii) VPTS: T,
T, is a R, P that maintains time synchronization relationship (R;P;, R, P;.T,) between
P. Likewise to T, the semantic relation is defined as follows:

Definition 2.6. If P = T,(R, P, ..., R,P,) <= member-of {(R,P,, R,P,.T,f) N\ (R, P,
R,P,.T,),...,N(R,P,, R,P,.T,)}, then P = {((R,P;, R,P,.T,,), U R, P;, R, P,.T, }.

As in Ty, the mapping by T, is represented as the following:
SynchroVideoFrame; = T,(videoFrame; - T, vtext; - T, text; - T, scene; - T) <=
member-of {(Synchroscene, - vtextsy - T, trtext, - T, scenes - T,,) } A

member-of {(Synchrosceney - vtexty - Ty, trtexty - T, sceney - T,) } = 2.1, U4.T,,.

2.2.2. Mappings by RyP and R,P. Mapping by R;P is a technique to map semantically
related RyP for partitioned P and to filter caching R;P for streaming. Filtered R;P
reduces time delay and jitter, and efficiently manages bandwidth in streaming. The
relation between fuzzy filtering p — cutr,p and the mapping MIJ; Zflff””g by R;P is as
follows:

Definition 2.7. i — cutp,p = {Mé?f,f””g(P) | ((RyP,, R;P.T;),URP;) > u}, where

((RyP;, RyP,. Ty),URsP;) is the semantic relation between super-layer and sub-layer,
(RyP;, Ry P, Ty) is the time synchronization relationship between P, and p is a fuzzy
value between 0 and 1 for fuzzy filtering in the mapping. For the semantic relationship of
M Ié;lffrmg the following condition must be satisfied:

Condition 1: M]éilﬁf”"g(P, R¢P) > p — cut for ancestors or neighbours(a.o.n.) of R;P.



A PROXY CACHING SCHEME BASED ON PARTITION AND MAPPING 1497

The relation between fuzzy filtering p — cutg,p and the mapping M };ilff”"g by R,P,
and the condition are defined similarly to Definition 2.7 and Condition 1.

Definition 2.8. 1 — cutp,p = {M};ilff”"g(P) | ((RuPy, RyP.T})),UR,P,) > u} .

Condition 2: M};ilffrmg(P, R,P) > pu — cut for a.on. of R,P.

Condition 1 and Condition 2 are the computing procedures of fuzzy filtering for the
semantic relation in Definition 2.7 and Definition 2.8. In Condition 1, M }éjlff”"g (P,RsP) >
i — cut is used for the selection of media objects satisfying the proxy cache conditions.
For example, P is a segment and the fuzzy filtering relation by R;P and R, P is as shown

in Table 2. Then the mapping by M}éifl}ermg(P) > 0.6 — cut is Ry P = {x1, 29, 24, T, T3},
and the mapping by M};ilffrmg(P) > 0.6 — cut is R,P = {xo, 13, 14,78}

TABLE 2. Fuzzy filtering relation by R;P and R,P

| o | @ [ 23 [ @0 | @5 | %6 [ 27 | @
R;P | 0.720.93]0.48 | 0.86 | 0.53 | 0.78 | 0.25 | 0.82
R,P | 0.18| 0.70 | 0.83 | 0.90 | 0.37 | 0.03 | 0.21 | 0.65

2.3. Grouping. The grouping of related R;P and R, P, performed by applying u — cut
for each of partitioned Ps, reduces the number of caching for streaming. In this study,
Ps are grouped according to the results of fuzzy filtering for R;Ps and R, Ps referred by
the mapping.

3. Performance Analysis.

3.1. Simulation model. We evaluated the performance of the proposed scheme by sim-
ulation using the parameters shown in Table 3. Objects between a proxy and the original
server are selected at random and simulated for access streaming of object segments. The
total number of streaming access is set to 14,000,0 < A < 5 for ASRR (Average Service
Response Rate) and 0 < 6 < 0.35. ALTR (Average Latency Time Rate) and ACHR
(Average Cache Hit Rate) are simulated for 0.5 — cut < R,P < 0.9 — cut when B, is
10/100Mbps and 0.5 < p — cut < 0.9 for p — cut. We evaluated only for R, P since the
performance of R,P is better than that of R¢P.

3.1.1. ASRR. The average service response time is the time between a request and the
corresponding response. The block segments partitioned for ASRR have the probabilities
pi = fi/> fi, where f; = 1/i% (i = 1,2,...,n), 0 is the skew factor (6 > 0), and n is
the number of partitioned segments of the object. ASRR indicates the average service
response time rate of the clients is

ASRR = \ x (%/Z%@)

3.1.2. ALTR. The average latency time rate is a delay time in streaming service request,

which is not pre-fetched timely to the clients. The latency time rate depends on the size

of the cache, the encoding rate, FE,, of the segment of the objects. ALTR indicates the
delay time, which is not pre-fetched timely to the clients is

Yo Ai X PX RyP X ax fx (B, — By)
Yo A X PxB,

ALTR=1—
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TABLE 3. Simulation parameters

Parameters | Meaning
n The number of partitioned segments of the object.
Di The probability for the ™ segment of the object.
0 The skew factor for the partitioned segments.
1 Fuzzy value of the i™® segment of the object.
A Access arrival rate for Poission distribution.
Trache The size of total cache.
F.oche—1 | The size of reserved storage to cache the first segment of
the object.
Ryest—cache | The size of reserved storage to cache the rest segment of
the object.
« The capacity to cache R, P.
I5; The size of reserved storage to cache R, P.

3.1.3. ACHR. Cache hit is the procedure to reduce ASRR by streaming of relevant
caching data in grouping architecture when clients request streaming service in proxy
caching grouping. The grouping architecture performs streaming by the transcoding of
reserved storage to cache the first segment of the object. AC HR indicates the cache hit
rate to hit the segment of objects in the grouping architecture is

Yoo BoP X SLi X Fraghe—1 X a X 8 % (E, — By)

ACHR =1 —
Z?zl P x Tcache X Bw

3.2. Simulation results. In this section, we present a result of the simulation study
to compare the performance of the proposed scheme with other schemes, such as the
segment-based proxy caching scheme for the streaming of media objects [3,16], the prefix
caching scheme for the segment of media objects in the first stage [11,14], the pre-fetching
scheme for the minimization of proxy jitter by fetching uncached segments before the
access of segments [4,6], and the network overlay scheme for the clustering of application
groups of neighbor hosts and peers in network architecture [8].

Objects between a proxy and the server are selected randomly and simulated for access
streaming of block segments. For grouping architecture, we divided filtered block segments
into four groups. Each group is simulated five times to get the average service response
rate, the average latency time rate, and the average cache hit rate. The encoding rate of
the cached block segments is set from 128 Kbps to 256 Kbps, and the network bandwidth
of uncached block segments is selected at random as a number between 0.5Mbps and
2Mbps.

Figure 3 shows the proposed scheme provides service more efficiently in respect to the
ARSS. The ARSSs of the proposed scheme have about 0.85. It shows the scheme is
relatively more efficient than those of the other schemes, while it is similar to the ARSS
of the pre-fetching scheme. In addition, the ARSS of the proposed scheme is not affected
by the number of blocks, while those of the other schemes are affected. Figure 4 shows the
result on the ALTR. The proposed scheme, as shown in Figure 4, has a better ALTR than
any other schemes. It decreases as the p — cut increases. Figure 5 shows the proposed
scheme achieves a relatively high ACHR, which indicates a smaller reduction of network
traffic. This is the price to pay for less proxy jitter and the smaller delayed startup time as
shown in Figure 3 and Figure 4. As a result, the proposed scheme has better performance
by using the priority determined by fuzzy filtering.
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FIGURE 5. Average cache hit rate

4. Conclusion. For multimedia service in various distributed environments, many schem-
es have been proposed. However, most schemes have problems, such as network band-
width, jitter, low service response rate and timeliness. In this paper, we propose a proxy
caching scheme with fuzzy filtering based on partition and mapping of media block seg-
ments to improve the problems. The scheme divides media block segments into a fixed
partition reference block and a variable partition reference block. The simulation results
show the proposed scheme has better performance than the other schemes. Future research
is needed to reduce system overhead in various distributed network traffic environments.
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