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ABSTRACT

Along with the Web, electronic mail is one of the most popular Internet applications. E-mail is
asynchronous- people send and read messages when it is convenient for them, without having to coordinate
with other peoples’ schedules. E-mail requires fully reliable data transfer, that is, no data loss. E-mail can
make use of as much or as little bandwidth as happens to be available. Development of data compression
algorithms has come close on the heels of the popularity of e-mail application. Two compression
algorithms, Huffman Coding and Lempel-Ziv-Welch (LZW) are used in this study to simulate e-mail
application

KEYWORDS: Compression, Huffman Coding, Link Utilization, channel and e- mail application.
DATA COMPRESSION

One of the hottest imaging technologies is compression. In the early stages, compression was limited to
JPEG, GIF and Group 3 fax. Compression technologies have multiplied. Now there are also Group 4,
PNG, wavelet and fractal compression. Compression is applied to still images, audio and video. Three
reasons to compress: save storage space, conserve bandwidth, and speed up application software.

Data compression has important application in the areas of data transmission and data storage. Many data
processing applications require storage of large volumes of data, and the number of such applications is
constantly increasing as the use of computers extends to new disciplines. At the same time, the
proliferation of computer communication networks is resulting in massive transfer of data over
communication links. Compressing data to be stored or transmitted reduces storage and/or communication
costs. When the amount of data to be transmitted is reduced, the effect is that of increasing the capacity of
communication channel. Similarly, compressing a file to half of its original size is equivalent to doubling
the capacity of the storage medium. It may then become feasible to store the data at a higher, thus faster,
level of the storage, hierarchy and reduce the load on the input/output channels of the computer system

HUFFMAN CODING

Huffman coding converts the pixel brightness values in the original image to a new variable-length
codes, based on their frequency of occurrence in the image. Huffman coding is a statistical data-
compression technique. This technique will reduce the average code length used to represent the symbols
of data-brightness values. The Huffman coding ensures that the longest codes get assigned to the least
frequent brightness and vice versa.

The brightness values are first listed in descending order of frequency of occurrence. The two at
the bottom of the list (least frequent) are paired together into a node with a joint probability- the
probabilities are combined. This new node is labeled 0 and 1. The next two lowest frequencies of
occurrences are determined and paired. The new node gets the joint probability and is labeled 0 and 1.
This continues until all brightness are paired.
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Example:

A string of characters to be transmitted is ‘s; through sg’. The relative frequency of each character
is as follows:

S1, S, = 0.25, S, 4= 0.14, S5, Sg, S7, Sg = 0.055
According to Shannon’s formula, the minimum average number of bits/character (entropy H [22]) is 8

H =-Xp(si) log, p(si) bits per codeword
i=1
H=-(2*0.25 log, 0.25) + 2 * 0.14 log, 0.14 + 4 * 0.055 log, 0.055)
=1+0.794 + 0.921 = 2.715 bits/codeword

Codeword Generation:
Huffman Code generation is presented in Table -1.

S1 S1 S1 S1 S34 S25678 S134 Root
0.25 0.25 0.25 0.25 0.28 0.47 0.53 S12345678
(D) 1.00
S2 S2 S2 S2 S1 S34 S25678
0.25 0.25 0.25 0.25 0.25 0.28 0.47
@ 0)
S3 S3 S3 Ss678 S2 S1
0.14 0.14 0.14 0.22 0.25 0.25
)] ()]
Sa S Sy S3 Ss678
0.14 0.14 0.14 0.14 0.22
1) (0)
S5 S8 S8 Sy
0.14 0.11 0.11 0.14
1) 0)
Se S5 Ss6
0.055 | 0.14 0.11
1) 0)
S7 Sg
0.055 0.055
1) 0)
Sg
0.055
0

Weight order = 0.055 0.055 0.055 0.055 0.11 0.11 0.14 0.14 0.22 0.25 0.28 0.47 0.53

Huffman Code:

Symbol S Sy S3 Sa S5 Sg Sz Sg
p(si) 025 | 025 | 0.14 | 0.14 | 0.055 | 0.055 | 0.055 | 0.055
Codewords 10 01 111 | 110 | 0001 | 0000 | 0011 | 0010
#bits 2 2 3 3 4 4 4 4
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Average number of bits/codeword using Huffman coding is:
2(2*0.25) +2 (3 *0.14) + 4(4 * 0.055) = 2.72 bits/codeword that is, 99.8% of Shannon’s value.

DATA COMPRESSION APPLICATIONS TO NETWORKS

Two most common applications: (1) Data storage: A body of data is compressed before it is stored on
some digital storage device, for example, a computer disk or tape. This process allows more data to be
placed on a given device. When data is retrieved from the device, it is decompressed; and (2) Data
communications: Communication lines that are commonly used to transmit digital data include cables
between a computer and storage devices, phone lines, and satellite channels. A sender can compress data
before transmitting it and the receiver can decompress the data after receiving it.

Case Study: E-mail
Typical compression rates used for simulation for e mail applications are shown in Table below.

Algorithms Huffman Coding LZW
Applications
E-mail Compression rate: 40% Compression rate: 60%

The compression rates for Huffman coding and LZW are 40% and 60%, respectively. In each
case, the message size is 100 bytes, warm-up length (specifies the time in the simulation when the
application will begin to collect data) is 10 seconds and replication length (the number of seconds of
simulated time during which statistics are collected for each report) is 50 seconds. The bandwidth used for
simulation run is 64kbps for each compression algorithm. Telecommunication traffic is often described as
a Poisson process. The number of messages in successive time intervals has been observed. The
distribution of the number of observations in an interval is Poisson distributed. The parameter entered for
the Poisson distribution is the interarrival time (IAT, the time from the start of one message to the start of
the next). The total number of simulation runs for both algorithms are 20. Each simulation ran for
approximately 2 minutes. The simulation run statistics for compressed and uncompressed data for the first
algorithm, Huffman Coding are shown in Tables 1 and 2, respectively.

Examination of the data in Tables 1 and 2 show that as the bandwidth increases:
IAT decreases
Packets/Second increase (see Figuresl and 2)
Bits/Second increase
Simulation run time is the same for bandwidth runs and the message size used for E-mail is small.
The rate of transmission for compressed data at each bandwidth is less than for uncompressed data.

abkrwnE

As the tables show, when IAT decreases, the number of packets/second increases linearly in both
data types. This is depicted in Figures 1& 2.

Bandwidth: 64kbps, Replication Length: 50s
Message Size: 100 bytes =800 bits
Huffman Code (40%) Bandwidth Used for Simulation

50% 60% 70% 80% 90%
Inter-Arrival Time (IAT) 0.0425| 0.0354 0.0303| 0.0263| 0.0238
Poisson Distribution (poi)
Packets/Second(pps) 24 28 33 38 43
Bits/Second(bps) 19200| 22400( 26400{ 30400| 34400
Simulation Time (min) 2 2 2 2 2

Table 1: E-mail (Huffman) Simulation Run Statistics for Compressed Data

e
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Figure 1: E-mail (Huffman) - Compressed Data: Packets/Second

Bandwidth: 64kbps, Replication Length: 50s

Message Size: 100 bytes = 800 bits

Huffman Code (40%)

Bandwidth Used for Simulation

50% 60% 70% 80% 90%
InterArrival Time (IAT) 0.025{ 0.021| 0.018/ 0.016/ 0.014
Poisson Distribution (poi)
Packets/Second(pps) 40 48 56 64 72
Bits/Second(bps) 32000{ 38400 44800 51200 57600
Simulation Time (min) 2 2 2 2 2

Table 2: E-mail (Huffman) Simulation Run Statistics for Uncompressed Data

Packets/Second

Uncompressed Data: Packets/Second
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Figure 2: E-mail (Huffman) - Uncompressed Data: Packets/Second
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HUFFMAN CODING

Huffman Coding is chosen for E-mail compression because text compression seems natural for it.
In text, we have a discrete alphabet that has relatively stationary probabilities. For example, the probability
model for a particular message will not differ significantly from that of another message.

Reports are produced automatically at the end of each simulation run. COMNET IlI generates a
statistical report of Link Utilization for various processing nodes as shown in Tables3 and 4 for
compressed and uncompressed data, respectively. The number of frames delivered is equal to the number
of packets delivered from each link for E-mail application.

ANALYSIS

e Compressed Data

The number of packets delivered from Mumbai to Trivandrum is 1223 at 50% bandwidth, but at
60% bandwidth, it is 1191, a decrease of 3 percent. As shown in Table 3, the link utilization rate went
down as well by 0.03% at 60%, from 30.58% to 29.78%. The number of packets delivered at 70%
increased to 1567, up by 31.5% from 60% bandwidth, but decreased to 1224 at 80% and again increased to
1613 at 90%. From Mumbai to Bangalore link, notice a gradual increase from 50% to 60% bandwidth, but
a decrease at 70% and an increase at 80% and 90%. From Hyderabad to Bangalore and Trivandrum to

Hyderabad, however, the number of packets delivered increases as bandwidth increases. The link
utilization also goes up for both links.
Application: E-mail (64kbps), Huffman Code (40%0)
Message Size = 100 bytes, Replication Length = 50s,
Simulation Time = 2min
Compressed Data Bandwidth Used for Simulation
Link 50% 60% 70% 80% 90%
19.2kbps 22.4kbps 26.4kbps | 30.4kbps | 34.4kbps
From Mumbai-Trivandrum
Frames/Packets Delivered 1223 1191 1567 1224 1613
Packets/second 24.460 23.820 31.340 24.480 32.260
Bytes Delivered 122300 119100 156700 122400 161300
KBPS Delivered 19.568 19.056 25.072 19.584 25.808
Utilization (%) 30.58 29.78 39.18 30.60 40.33
From Mumbai-Bangalore
Frames/Packets Delivered 1592 1629 1593 1707 1867
Packets/second 31.840 32.580 31.860 34.140 37.340
Bytes Delivered 159200 162900 159300 170700 186700
KBPS Delivered 25.472 26.064 25.488 27.312 29.872
Utilization (%) 39.83 40.73 39.85 42.70 46.68
From Hyderabad-Bangalore
Frames/Packets Delivered 1347 1365 1545 2257 2463
Packets/second 26.940 27.300 30.900 45.140 49.260
Bytes Delivered 134700 136500 154500 225700 246300
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KBPS Delivered 21.552 21.840 24.720 36.112 39.408
Utilization (%) 33.68 34.13 38.63 56.43 61.60
From Trivandrum-Hyderabad
Frames/Packets Delivered 1308 1433 1611 1889 2321
Packets/second 26.160 28.660 32.220 37.780 46.420
Bytes Delivered 130800 143300 161100 188900 232100
KBPS Delivered 20.928 22.928 25.776 30.224 37.136
Utilization (%) 32.70 35.83 40.28 47.23 58.03

Table 3: E-mail (Huffman) - Links: Channel Utilization/Utilization by Application for Compressed Data

UNCOMPRESSED DATA

There is an increase in the number of packets delivered from Mumbai-Trivandrum from 1515 at 50%
bandwidth to 3275 at 70% bandwidth, as shown in Table 4. The number of packets delivered at 80%
(3049) and 90% (2863) bandwidths decreases by 7% and 6%, respectively. The utilization of Mumbai-
Trivandrum link increases from 50% to 70% and decreases at 80% and 90% bandwidths. From Mumbai-
Bangalore link notice a gradual increase in the number of packets delivered from 1747 (at 50%), to 2738 (at
60%). However, the number of packets delivered at 70% is 2441, a decrease of 11%. At 80% (3032) and
90% (3364) bandwidths the number of packets delivered increases again by 24% and 11%, respectively.
Similarly, an increase in the number of packets delivered from Hyderabad-Bangalore link is observed, 2272
at 50%, 2664 at 60%, 2118 at 70%, 3014 at 80% and 3655 at 90%. The utilization rate of both Mumbai-
Bangalore and Hyderabad-Bangalore links decreases at 70%. From Trivandrum-Hyderabad link the
number of packets delivered and utilization rate increase linearly from 50% bandwidth to 90% bandwidth.

Application: E-mail (64kbps), Huffman Code (40%)
Message Size = 100 bytes, Replication Length = 50s,Simulation Time = 2min
Uncompressed Data Bandwidth Used for Simulation
Link 50% 60% 70% 80% 90%
32kbps | 38.4kbps | 44.8kbps | 51.2kbps | 57.6kbps
Mumbai-Trivandrum
Frames/Packets Delivered 1515 2299 3275 3049 2863
Packets/second 30.300 45.980 65.500 60.980 57.260
Bytes Delivered 151500 229900 327500 304900 286300
KBPS Delivered 24.240 36.784 52.400 48.874 45.808
Utilization (%) 37.88 57.50 81.88 76.25 71.60
Mumbai-Bangalore
Frames/Packets Delivered 1747 2738 2441 3032 3364
Packets/second 34.940 54.760 48.820 60.640 67.280
Bytes Delivered 174700 273800 244100 303200 336400
KBPS Delivered 27.952 43.808 39.056 48.512 53.824
Utilization (%) 43.68 68.45 61.03 75.83 84.13
Hyderabad-Bangalore
Frames/Packets Delivered 2272 2664 2118 3014 3655
Packets/second 45.440 53.280 42.360 60.280 73.100
Bytes Delivered 227200 266400 211800 301400 365500
KBPS Delivered 36.352 42.624 33.888 48.224 58.480
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Utilization (%) 56.80 66.60 52.95 75.35 91.40
Hyderabad-Trivandrum

Frames/Packets Delivered 1933 2294 2641 2806 3523

Packets/second 38.660 45.880 52.820 56.120 70.460

Bytes Delivered 193300 229400 264100 280600 352300

KBPS Delivered 30.928 36.704 42.256 44.896 56.368

Utilization (%) 48.33 57.33 66.05 70.15 88.08

Table 4: E-mail (Huffman) - Links: Channel Utilization/Utilization by Application for Uncompressed

Data

Thus First row in Tables 3 and 4 represents packets delivered during the simulation. They

fluctuate for some links and increase as the bandwidth increases for others. This fluctuation could be a

function of network delay and/or link/node failure.

Fluctuations in:

e Packets/Second (Packets Delivered/Replication Length, 50s);
Bytes Delivered (Packets Delivered * Message Size);
KBPS (Packets/Second * Message Size * 8bits); and

Link Utilization

can be seen as reflections of the fluctuations in packets delivered. Thus the utilization rate for
compressed data is consistently lower than for uncompressed data. This implies that compression permits

transmission of larger volume of data in shorter intervals.

E-mail (Huffman)

Link Utilization (%0)

Link Compressed Data | Uncompressed Data
From Mumbai=Trivandrum
50% 30.58 37.88
60% 29.78 57.50
70% 39.18 81.88
80% 30.60 76.25
90% 40.33 71.60
From Mumbai-Bangalore
50% 39.83 43.68
60% 40.73 68.45
70% 39.85 61.03
80% 42.70 75.83
90% 46.68 84.13
From Hyderabad-Bangalore
50% 33.68 56.80
60% 34.13 66.60
70% 38.63 52.95
80% 56.43 75.35
90% 61.60 91.40
From Trivandrum-Hyderabad
50% 32.70 48.33
60% 35.83 57.33
70% 40.28 66.05
80% 47.23 70.15
90% 58.03 88.08

Table 5: E-mail (Huffman) - Comparison of Utilization (%) for Compressed & Uncompressed Data
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Ranges
Application Compression Compressed Data Uncompressed Data
Algorithm
E-mail Huffman
Packets Delivered 330 - 750 225 -610
Packets Dropped 129 — 347 161 - 435
Drop Rate (%) 30-75 41142

CONCLUSION

Simulation runs ranged over applications like e-mail. Links and Message and Response
Sources are used in simulating the results. Five bandwidth percentages are used to observe the variation in
utilization rate (Links), drop rate and packets-dropped/packets-delivered ratio (Message and Response
Sources). Channel utilization rate, in the case of links, is an accurate reflection of the difference in
efficiency between transmission of compressed and uncompressed data.
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