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Abstract— Current Network devices have been implemee with sensors that automatically detect and
accordingly manage the various functional cables aftwisted pair cable. This paper research into thiéect

of randomly arranging twisted pair cables on commiagation and the complications associated with mahua
termination with RJ 45 connectors. Different setsf ainshielded twisted pair cables were randomly
terminated. These cables were used to set up comication channel between homogeneous and
heterogeneous network devices. With the help of ommication detection mechanism and a Java desktop
application implemented with Java SE, the quality @ommunication was analyzed. The manual terminatio
processes were also closely monitored and analyzed.
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I. INTRODUCTION

Network administrators and designers over the yeave stuck to two different types of cable speatibns,
namely, crossover and straight through ([1]-[3}viSted Pair ports are generally connected so tfeatransmit
pair on one end is connected to the receive paithenother end, and vice versa [4]. Hubs and se#icire
deliberately wired opposite the way end statioreswaired ([4], [5]). When a hub or switch is conregtto an
end station, a straight through Ethernet cablesedwand the pairs will match up properly ([1], [ANhen two
hubs or switches are connected to each other oehaslostations are connected to each other, a a@ssable
is used to make sure that the correct pairs areemed ([2], [4]). The standard wiring for end &tas are
known as Media Dependent Interface (MDI) and tlama@ard wiring for hubs and switches is known as isled
Dependent Interface with Crossover (MDIX) [4].

Current network devices are implemented with aetuseg ports that automatically detect and accgidin
manage the various functional cables ([4], [6]).[A]his mechanism is achieved through the impleatent of
auto-MDI/MDIX [7]. This research analyses the effeaf random cable arrangement on the quality of
communication in an auto-sensing port device.db aletermines whether time variation exist betwdi#farent
cable arrangements during communication betweenobjenmeous and heterogeneous devices. The level of
difficulty in terms of manually terminating netwodables forms integral part of this research. Cominations
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between devices were tested using pinging. There Yie major devices used: two laptops (PC’s), Bky
Routers and a D-Link Switch. A Java desktop appbcadesigned with MySQL Database Management System
was used as a testing system. A request is semidypf the PC’s (called PC 1) to query a databesed on the
other PC (called PC 2). The time spent in conngcind fetching data through the cables were redoadel
analysed.

Auto-MDIX automatically detects the required cahbitennection type and configures the connection
appropriately, removing the need for crossoveresald interconnect switches or connecting PCs fuepeer
([4], [5]). Similarly, auto-MDI automatically detesand configures the connection between a hulwvibcrsand
an end station. For auto-MDI/MDIX to operate cothgcthe data rate on the interface and duplexrgethust
be set to "Auto” [4]. In [6], a pseudo-random numienerator decides whether or not a network pdit w
attach its transmitter, or its receiver to eacktheftwisted pairs used to auto-negotiate the Wnko-MDIX was
promoted within 1000BASE-§tandard in [7]Algorithms were developed to force auto-MDIX modeickh

allowed links to be automatically established eifethe port does not auto-negotiate in [8jlewer routers,
hubs and switches use auto-MDIX to automaticallitgwto the proper configuration once a cable isnazted.
The other four wires are used but are not crossent auto-MDIX is mandatory at the higher data sdtd.

Thus 1000BASE-T transmits and receives on all paimsiltaneously without any dedicated send/tranpmaiits
(4], [5D).

Twisted pair is a type of wiring where two condustaare twisted together in order to cancel out
electromagnetic interference from external souf®-[(1]). There are two types of twisted pair, relym
unshielded twisted pair and shielded twisted Ja]¢[13]). Unshielded twisted pair is a cable typith one or
more pairs of twisted insulated copper conductarganed in a single sheath. UTP cable is manufadtin
various categories. Each category indicates thiopeance capability of that cable [9]. CategorypBeferred
name is CAT 3) uses 10BASE-T standards [11], CATs&s up to 100BASE-T standards with the enhanced
CAT 5, called CAT 5e supporting 1000BASE-T standaff®], [12]). CAT 6 and its enhanced CAT 6, called
CAT 6e, can handle up to 10GBASE-T standards [Biel8ed twisted pair cable has extra cover to ptatee
transmission line from electromagnetic interfereficd. It comes in three forms, mainly, screeneghielded
twisted pair (S/UTP), screened-shielded twisted (& P) and screen-shielded twisted pair (S/STR)]([13]).
S/UTP has an overall shield and is good for praotgahe signal from external interference. It does protect
the signal from any internal crosstalk. STP hags fodividual shields, one for each pair inside table. It is
suitable for protecting the signal from internabsstalk, but does not have an overall shield tteptdhe signal
from external interference. S/STP has four indieidshields, one for each pair and an overall shigli the
best cable to protect signals from any type ofrfatence ([9]-[13]).

II. DESIGNING NETWORK CABLESAND TESTING SYSTEM
Ten sets of cables were designed for the reseaock. Whe cables were grouped into four types, ngmel
Type A, Type B, Type C and Type D. Unshielded TedsPair category 5 cables were used throughout the
experiment. The various wires in CAT 5 twisted padible are coloured: Blue (Bl), White-Blue (WBIl)raDge
(0), White-Orange (WO), Brown (Br), White-Brown (MBGreen (Gr) and White-Green (WGr)

A. Type A and Type B Cables

Two sets of cables were designed for both Type & aype B. Type A cable follows the usual straight
through specification and they were labelled 1 2andhe figure below shows how the ends of straigfdugh
cables are made.

2345573 2345573

Fig. 1 Straight Through Cable Design

Type B cables follow the usual crossover specificatind they were labelled 3 and 4. The figure Wwelo
shows how the ends of crossover cables are formed.
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23456?8 23456?8

Fig. 2 Crossover Cable Design

B. Type C and Type D cables

Three sets of cables were designed for both Ty Type D. Colour coding schemes were randomly
picked. Pieces of papers with cable colours weaeqa into a bowl and they were randomly picked aine
time to determine the colour coding scheme. Typemalles had the same colour coding scheme for bath e
whereas Type D cables had different colour codafgme for both ends. The following algorithm wasdito
design both Type C and Type D cables

00Begin

01 Get 8 pieces of papers and label them WBI, W8y WGr, BI, Br, O, Gr
02 Place all the papers into a bowl

03 Do

04 Pick a paper from the bowl

05 Write the colour which is the next cable to deeng termination
06 Loop While (Bowl is not empty)

07 If (coding scheme obtainéxinot equalto previous coding scheme) then
08 Label the colour coding scheme

09 Else

10 Discard the current coding scheme

11 End If

12 If (there are three sets of cables) then

13 If (they are designed for Type C) then

14 Other ends of the cables follow the same eatoding scheme
15 Else If (they are designed for Type D) then

16 Goto 02 //determine coding scheme for othései the cables
17 End If

18 Else

19 Goto 02 //continue with coding scheme to obthire cables

20 End If

21End

From the above algorithm, six terminated cablesellad 5 to 10 were obtained. The figure below shtves
various arrangements obtained for Labels 5, 6 aniltivA and B indicating the ends of the cables

LABEL 5 LABEL 6 LABEL 7
1 2 34567 8 12345678 12345678

VWA NN SN

© AW NN SN
VAN NN NN
b A ) A \‘I\I\Il

Fig. 3 Type C cables

Labels 8, 9 and 10 cables obtained using the ablpaithm with A and B indicating the ends of thebles is
shown in the figure below
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LABELS LABEL ¢ LABEL 10
12 34567 8 1234367 8 1234 6'.?8

VW T
ol TR

YWY NN

\\\I v AN \

Fig. 4 Type D cables

Unfortunately, after scores of hard work, nonehef Type D cables was successfully terminated witakde
terminating tester called PN-S Multi-Purpose Li@@snmunicating Scanning and Testing Device. ThusTyp
cables were rejected for further analysis. Thisdjgnm was associated with inability of the cablesaach the
end of the RJ 45 connector during termination ef'®” ends of the cable. These cables usual dresk ladnen
the hand which clenched them was released whecetiies were in RJ 45 connector.

C. Testing System Design

Two Laptops (PC’s) were set up to communicate wisith other. The PC's first pinged each other to
determine whether there existed communication batweoth PC's. A simple Java desktop application was
designed on one of the PC’s (called PC1) to quedatabase created with MySQL Database Management
System on the other PC (called PC2). The results ¥etched back to PC1 through the communicatiodinme
and they were displayed on the console of PC1.sithple Java desktop application was implementeagusie
following algorithm:

00Begin

01 conStartTime = System.currentTimeMillis();

02 connectToDatabase(server_IPAddress); //a méthodnnect PC 1 to database on PC 2
03 conEndTime = System.currentTimeMillis();

04 System.out.printin(*Connection time is: " + (&rdTime - conStartTime));
05 fetchStartTime = System.currentTimeMillis();

06 fetchData(queryStatement); //a method for fetghiata from the database
07 fetchEndTime = System.currentTimeMillis();

08 dataFetchedTime = fetchEndTime — fetchStartTime;

09 System.out.printin(“Data Retrieval Time: " + dBetchedTime);

10End

The data fetched were StudentID, First name, Lastey Address and Age. The same data was fetched
throughout the experiment. The PC’'s were connedieectly with cables and indirectly via a Switchdan
Routers.

D. Algorithm for Selecting Type C Cables

In order to select one or two cables randomly fiiype C, the calculator's Ran() function was usethwhe
following algorithm

00Begin

01 //Ran() is a function for generating random nerslbetween 0 and 1 inclusive

02 code = int (Ran() * 3) //converts floating pomtmber into integer by truncating the number
03 If (code = 0 AND first cable Label <> 5) then

04 choose Label 5

05 Else If (code = 1 AND first cable Label <> 6¢th

06 choose Label 6

07 Else If (code = 2 AND first cable Label <> 7¢th
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08 choose Label 7

09 Else If (number of cables selected < 2) then
10 Goto 02

11 End If

12End

Il. TESTING SYSTEM IMPLEMENTATION

This section describes how the experiment wasezhout. Each subsection describes a particularedroe
that was used to achieve the objective of this w@ammunication between PC’s was tested using pingi
Each computer is pinged from the other computdre fiext activity was to run the Java program. phixess
was repeated four times and the average time waputed.

A. Direct Connection between Computers
The figure below demonstrates how the system wasgse

Laptop Laptop

Cable terminated
with RJ 45

e

200.167.2.6/24 200.167.2.2/24

Fig. 5 Setup for Direct Connection between PC’s

In the above set up, a cable was selected from Pymend Type B. Two cables Labelled 6 and 7 were
selected from Type C using the algorithm in Il @ove. The various steps carried out under thigsetere:

Step 1: Connect a cable from Type A

Step 2: Connect a cable from Type B

Step 3: Connect Label 6 cable of Type C

Step 4: Connect Label 7 cable of Type C

In all situations, communication between the PCaswsuccessful. The figure below demonstrates the
establishment of communication through pinging

C:\Users\KOTR3»ping 208.167.2.6

Pinging 288.167.2.6 with 32 bytes of data:

Reply from 288.167.2.6: bytes=32 time=2ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128

Ping statistics for 288.167.2.6:

Packets: Sent = 4, Received = 4, Lost = 8 (8% loss),
Approximate round trip times in milli-seconds:

Minimum = 1ms, Maximum = 2ms, Average = 1ms

Fig. 6 Ping Information on PC2
The figure below demonstrates the successfulnesmafng the Java Program
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CrhUsersh\Sammy Documents>java Student

Enter the IP address of the host: 200.167.2.2
Trying to connect to source...

Database Connected!

Connection time is: 421 ms

Fetching information from database

Disp]ay‘ing Information in the Particulars Table
PR AR R R R R R R R R R R R R R R R R

CSHO501001 Emmanue] Frimpong Tafo 23
CSHOS01002 Vicentia Brimpomaa Tafo 21
CSHO501003 Joyce Owusu-Dapaah Suame 20
CSHO501004 Bismark Acheampong Adum 20

Data Retrieving time is: 7 ms
Fig. 7 Results from the Java Program

B. Connection through Switch
The figure below illustrates set up of the tesggtem. A D-Link switch with five ports was used.

Laptop
Laptop
Cable terminated
Cable terminated with RJ 45
with RJ 45
e —1—-—-__-

_—I——‘___-—"—' -
' D-Link Switch 200.167.2.2/24

200.167.2.6/24
Fig. 8 Setup for Communication between PC’s thrca@witch

In the above set up, two cables where used froh gge. Type C cables were randomly selected u$iag
above algorithm in 1l (D). Labels 5 and 7 were usHtke various steps carried out under this setegw

Step 1: Connect the systems using cables from Aype

Step 2: Connect the systems using cables from Bype

Step 3: Connect the systems using cables from Type

Step 4: Connect the systems using a cable from Ayged another cable from Type B

Step 5: Connect the systems using a cable from Ayged another cable from Type C (Label 5 was used)
Step 6: Connect the systems using a cable form Byaed another cable from Type C (Label 7 was used)

In all situations, communication between the PCaswsuccessful. The figure below demonstrates the
establishment of communication through pinging
C:%Users\KOTR3»>PING 288.167.2.6

Pinging 286.167.2.6 with 32 bytes of data:

Reply from 288.167.2.6: bytes=32 time=1ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128
Reply from 288.167.2.6: bytes=32 time=1ms TTL=128

Ping statistics for 288.167.2.6:

Packets: Sent = 4, Received = 4, Lost = 8 (8% loss),
Approximate round trip times in milli-seconds:

Minimum = ims, Maximum = 1ms, Average = 1ms

Fig. 9 Ping Information on PC 2
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The figure below demonstrates the successfulnessafng the Java Program

C:\UsersiSammysDocuments>=java Student

Enter the IP address of the host: 200.167_.2.2
Trying to connect to source. ..

Database Connected!

Connection time is: 420 ms

Fetching information from database

Displaying Information in the Particulars Table
EE R AR R AT L R LR R R R R S R L R R R

CsHO501001 Emmanuel Frimpong Tato 23
CsHO501002 vicentia Brimpomaa Tato 21
CsHO501003 Joyce Owusu-Dapaah Suame 20
CsHO501004 Bismark aAacheampong Adum 20

Data Retriewving time is: 7 ms

Fig. 10 Results from the Java Program

C. Connection through Routers

Two Sky Routers, each with five ports were used .t seven cables were used in this set up. THeusa
steps carried out under this set up were:

Step 1: Cables from Type A connected PC to Rautdra cable from Type B connected the Routers

Step 2: Cables from Type B connected PC to Routgacable from Type A connected the Routers

Step 3: All devices were connected using cables ffgpe C

Step 4: Cables from Type A connected PC to Routdraacable from Type C connected the Routers

Step 5: Cables from Type B connected PC to Routérmacable from Type C connected the Routers

Step 6: Cables from Type A and B connected PC watd&®@nd a cable from Type C connected the Routers

Step 7: Cables from Type C connected PC to Routgtaecable from Type A connected the Routers

Step 8: Cables from Type C connected PC to Rougaecable from Type B connected the Routers

The figure below illustrates the set up of theitgssystem

-able

Cable

Router 1 Router 2

192.168.0.2/16 192.168.1.2/16
Fig. 11 Setup for Communication between PC’s thinogguters

In all situations, communication between the PCaswsuccessful. The figure below demonstrates the
establishment of communication through pinging.
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C:\Users\sammy\Documents>ping 192.168.1.1
Pinging 192.165.1.1 with 32 bytes of data:
Reply from 192.168.1.1: bytes=32 time=Zms TTL=064
Reply from 192.168.1.1: bytes=32 time<ims TTL=64
Reply from 192.168.1.1: bytes=32 time<ims TTL=64
Reply from 192.168.1.1: bytes=32 time<lms TTL=64
Ping statistics for 192.1658.1.1:
Packets: Sent = 4, Received = 4, Lost = 0 (0% Toss),
Approximate round trip times in milli-seconds:
Minimum = Oms, Maximum = Z2ms, Average = Oms
Fig. 12 Pinging Router 2 from PC 1
The figure below demonstrates the successfulnesmafng the Java Program
C:M\Usersh\sammy“Documents>java Student
Enter the IP address of the host: 192.168.1.2
Trying toc connect to scurce. ..
Database Connected!
Connection time is: 434 ms

Fetching information from database

Displaying Information in the Particulars Table
A R R R T A A A U U U

CsHO501001 Emmanue]l Frimpong Tafo 23
CsSHO501002 vicentia Brimpomaa Tafo 21
CsSHO501003 Joyce Owusu-Dapaah Suame 20
CsHO501004 Bismark acheampong Adum 20

Data Retrieving time is: 25 ms

Fig. 13 Results from the Java Program

IV. CONCLUSIONS

The performance of an auto-sensing port networkceéewsing unshielded twisted pair does not depend o
how the twisted pair cables are arranged and terenh The time for connecting to the databasehiitésting
system in the various activities is (420 = 15) nm&l ahe time for retrieving data from the databafera
establishing connection is (16 + 10) ms. Auto-semgport devices are flexible to work with since weitk
designers need not to memorise how straight thra@mgh crossover cables specifications are desigrecd
situation where a crossover cable is made insteattaight through cable, the cable does not becasetess. A
twisted pair cable well terminated works very walkt it is sometimes difficult to move cables ovéhneys and
get perfect termination. Scores of manual termamatiare sometimes required which usually affectehgth of
the cable and also results in destruction of Rdothectors.
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