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Abstract

In this paper, an ongoing research activity to reduce
response time in web file transmissions is presented. A
new transmission technique, object packaging, is
proposed for reduced response time for web browsing.
Object packaging aims to reduce overhead not only at
routers on a transmission path but at a transmitting web
serve for better response time. The object packaging
intends to address two different issues in web file
transmissions; 1) disk access overheads and 2) protocol
processing overheads. Experimental study showed that
the file transmissions by object packaging reduced
response time, number of transferred bytes and the
packets by 34.7, 40.1 and 7.1%, respectively, for files with
their average file size being 10K bytes, which is the
average file size in the web traffic in the current Internet.

1. Introduction

In the current Internet, web traffic occupies the largest
portion of the Internet traffic. Since the advent of Mosaic
in 1993, the traffic on the Internet has been increasing at
an exponential pace and this trend still exists even these
days [1]. As a result, one of the most serious problems
web users are experiencing is long response time and
transmission delay due to high web traffic load [2].

Since the World Wide Web (called www hereafter) is
based on the client-server model, delays, which are the
causes of longer response time, are inserted at various
places. However, major sources of delay are classified in
the following two groups: 1) delay due to overhead at the
server side and 2) delay during propagation in the
transmission network. The delay due to server-side
overhead consists of operating system overhead, such as
file access latency, memory copies and packet processing
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overhead by a network protocol. The operating system
overhead will be a problem, 1) if a server is overwhelmed
by excess requests (i.e., a busy server) or 2) if a server is
driven by a slow CPU or does not have enough memory
(i.e., a slow server). Overhead for memory copies and
packet processing such as CRC checksum calculation will
be relatively high for small packets. The second group,
the delay during propagation in the transmission network,
consists of queuing delay and routing table look-ups at
intermediate routers, and delay due to packet re-
transmissions due to packet losses from network
congestion. In this study, the delay due to packet losses
during transmission is not considered.

2. Related Work

In order to reduce response time in web file
transmission, various solutions have been proposed. For
the overhead in operating system, Ousterhout [3] and
Druschel [4] analyzed major factors in the overhead in
operating systems and found that the memory copy and
disk I/O are the largest overheads that limit throughput for
file server processes. Markatos suggested that reducing
the number of memory copies would improve TCP/IP
performance for HTTP [5]. Busari suggested that the
majority of web traffic consists of requests to many small
files and only a few large files exist [6] (average file size
is about 10K bytes in the web [1]). Since disk access
overhead dominates the operating system overhead,
server-side caching is one of the techniques to reduce the
delay due to disk access. However, many of the requested
files (50 to 70%) are referenced only once [6], implying
the limitation of server-side caching to improve response
time due to operating system overhead [7, 8, 9, 10].



3. File Transmission by Object Packaging

The major premise of web file transmissions by
object packages is based on the fact that most homepages
consist of many small files (files less than 16K bytes).
Since the majority of the server-side overhead comes from
operating system overhead to retrieve requested files from
a local disk, the server-side overhead can be reduced if the
number of requested files is reduced. Moreover, if we can
reduce the number of requested files, the number of
packets to be transferred in a network will be reduced, by
avoiding packet fragmentation.

Based on the facts described in the previous
paragraph, the web file transmission by object packaging
is proposed. An object package is a collection of web files
in a homepage packed in an uncompressed archive file.
Multiple files, such as HTML text and image files, will be
packed in an object package file for efficient transmission.
Those files in a homepage are sequentially packed into an
object package file without compression to prevent
decompression overhead at the receiver side. At the
receiving side, a web browser should unpack the files in
an object package file. Object packages should be
recognized by a specific file extension. The format of an
object package is shown in Figure 1.
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Figure 1 — Major components of the object package

The first element in an object package is the object
information field. The object information field contains
the information of the packed files. The data field
contains the contents of the requested files. A receiver
reconstructs the requested files using the information in
the object information field and the contents (from data
field) of the requested files. The object information field
consists of four subfields (Figure 2).
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Figure 2 — Elements in object information field

The first subfield is the number of packed files. The
second is the filename subfield, which is a collection of
the names of the contained files. The third subfield
contains the file sizes of the packed files. The last
subfield indicates the attributes of each file such as binary,
text, or executable. The first file (File #1) will be
reconstructed based on the first element in the file name,
the file size and the file attribute subfields.

4. Simulation Experiments

Simulation experiments were performed to evaluate
the performance of web file transmission by object
packaging. The web server machine and a client machine
are connected through a hub. Transmission rate is 10
Mbps for all of the links. All of the requested files are
initially stored in the local hard drive at the server
machine. To capture the network traffic between the
server and the client, another machine, called the packet
monitor, is connected to the hub. The testbed is shown in
Figure 3.
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Figure 3 - The testbed for simulation experiments

Using the testbed, we measured the following factors
for files transferred by the existing method and object
packages: 1) number of actually transferred bytes
(including packet header), 2) number of transferred
packets, and 3) the response time. The response time was
measured by the traffic monitor and is defined to be the
time between the first packet transferred from the client to
the web server (i.e., the TCP SYNC message) and the last
packet transferred from the web server to the client (i.e.,
the last packet for the requested file).

Tables 1 through 3 show the results of the
experiments. Table 1 shows the comparisons of the
existing file transmission and the object packaging in the
number of bytes actually transferred. Table 2 shows the
number of packets actually transferred and Table 3 shows
the average response time in seconds. Figure 4 shows the
performance of the object packaging relative to the
existing transmission method. For small files (average file
size¢ of 10K bytes or less), the object packaging
demonstrated a significant reduction in the number of
transferred bytes and packets, and response time. When
the average file size is 1K bytes, 43.7%, 87.8% and 80.7%
reduction were made for the transferred bytes, transferred
packets and the response time.



Table 1 — Average transferred bytes

Existing Method | Object Package
1K 188362.3 106057.1
4K 491916.1 409423.9
10K 1094350.5 1016420.7

Table 2 — Average number of packets

Existing Method | Object Package
1K 944.2 115.3
4K 1189.2 420.2
10K 1720.4 1015.6

Table 3 — Average response time (in seconds)

Existing Method | Object Package
1K 0.696 0.134
4K 0.927 0.403
10K 1.531 0.999

100%

Transferred bytes
80% S

60%

40% \
Transferred packets

20%

Response time\

Percentage to the existing method

0%

1K 4K 10K
Average file size (in bytes)
Figure 4 — Results for different file sizes

Figure 5 shows the results for different numbers of
transferred files. The results showed that the relative
performance of the object packaging would not be
dependent on the number of transferred files as long as at
least more than ten files are transferred, meaning that the
advantages of the object packaging will be effective even
for transferring a small number of files.
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Figure 5 — Results for different number of files

5. Conclusions and Future Work

In this paper, an ongoing research activity for
efficient web file transmissions, called multiple file
transmission by object package, is proposed.  The
technique does not require any modification of an
operating system at the server side nor transmission
protocol at routers.  Experiments show that object
packaging is efficient in reducing response time. It was
observed that the object packaging reduced response time,
number of transferred bytes and the packets by 34.7, 40.1
and 7.1%, respectively, for files with the average file size
being 10K bytes, which is the average file size in the web
in the current Internet.  Currently, to observe the
scalability of the object packaging transmission,
experiments are being performed.
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