
9International Journal of Web Applications  Volume 1 Number 1  March  2009            

The   Impact of  CSMA/CD and Token Ring on 
System Performance and Stability of Integrated 
Wired and Wireless Networks

Khalid Khanfar
The Arab Academy for Banking and Financial Sciences
kkhanfar@aabfs.org
Amaal Al-Amawi
Al-Isra Private University, Jordan
amaal_amawi@hotmail.com

ABSTRACT: Computer networks can be built using either wired or wireless technology. Although wired network has been 
the traditional choice, wireless technologies are becoming more popular. The primary purpose of this paper is to analyze the 
impact of a wired access method Carrier Sense Multiple Access with Collision Detection (CSMA/CD) protocol and Token 
Ring protocol on the performance of an integrated wired with wireless LAN.  Packet Reservation Multiple Access (PRMA) is 
used for wireless networks. The performance parameters, such as delay and throughput, of an integrated model have been 
analyzed in both PRMA-CSMA/CD and PRMA-Token Ring.

In order to do a numerical analysis for both PRMA-CSMA/CD and PRMA-Token Ring, we built our own simulator using 
MATLAB 6.5.

A numerical analysis based on the performance analysis presented in this paper may help in studying the affect of wired ac-
cess method CSMA/CD and Token Ring on system performance and stability of integrated wired with wireless networks.
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1. Introduction

Goodman and his colleagues (1989) defi ned Packet Reservation Multiple Access (PRMA) as “allows a variety of information 
sources to share the same wireless access channel. Packets from all sources contend for access to channel time slots. When a pe-
riodic information terminal succeeds in gaining access, it reserves subsequent time slots for uncontested transmission”  [1]. 

Furthermore, Berry and Chandy (1983) defi ned the Token Ring as ”Token Ring consists of a communication line confi gured 
as a closed loop.  Data is transmitted in a single direction, bit serially, around this ring”. Berry and Chandy further pointed 
out that when a station needs to send a message, packet has to wait for permission to be transmitted onto the ring, which takes 
the form of a special sequence of bits called the token or free token. Therefore, all waiting stations constantly monitor the 
ring and watch for this special sequence. When the station recognizes the free token sequence, it will be altered by changing 
the last bit of that sequence. This action removes the token from the ring and creates a new bit sequence called a connector 
token or a busy token. The station seizing the token may now start to send out the packets that are at the head of its queue. 
As the station has fi nished sending out all bits of the connector token sequence followed by the bits of the station’s packet, 
the token must be given up [2].

On a CSMA/CD LAN stations can access the network at any time. Before sending data, CSMA/CD stations ‘listen’ to the 
network to see if it is already in use. If it is in use, the station waits. If the network is not in use, the station transmits. A 
collision occurs when two stations listen for network traffi c, ‘hear’ none, and transmit simultaneously. In this case, both 
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transmissions get damaged, and the stations must retransmit at later time. Back-off algorithms determine when the colliding 
stations retransmit [3]. CSMA/CD stations can detect collisions, so they know when they must retransmit.

In this paper, we have studied the impact of the access method (CSMA/CD and Token Ring) on the performance of integrated 
wired with wireless network. PRMA protocol is used in wireless network.   The performance of the integrated network will 
analyzes in this paper to investigate the performance and stability.

In order to do a numerical analysis for both protocols, we built our own simulator using MATLAB 6.5.

Using PRMA-Token Ring and CSMA/CD-PRMA  mathematical models, and our simulator we studied the affect of some 
factors  on the system performance and stability.

Factors such as the number of wireless users, the number of wired users, wired arrival rate, wireless arrival rate, the wireless 
traffi c to wired traffi c ratio (wireless-to-wired ratio), the wired traffi c to wireless traffi c ratio (wired-to-wireless ratio), and 
wireless-to-wired inbound channel slots.

2. Integrated Wired/Wireless Networks Architecture

In this paper, two integrated networks are studied. In the fi rst integrated network, a wired local area network (LAN), using 
CSMA/CD, is connected to a wireless LAN network using PRMA the two LANs are connected through an access point. In 
the second integrated network, a wired local area network (LAN), using Token Ring, is connected to a wireless LAN network 
using PRMA. The two LANs are connected through an access point as described in Figures (2.1, and 2.2). 

The fi rst integrated network (Figure 2.1), where a wired local area network (LAN) using CSMA/CD is connected to a wireless 
LAN network using PRMA, was described and its performance was analyzed by Khattab Tamer (2000) [4].

The second integrated network (Figure 2.2), where a wired local area network (LAN) using Token Ring is connected to a 
wireless LAN network using PRMA, was described and its performance was analyzed by Al-Amawi, (2007) [5].

Each integrated network in the previous two Figures consists of two different data sources and two different data destina-
tions (wired and wireless). In other words, a wired local area network (LAN) using (Token Ring Protocol or CSMA/CD 
Protocol) is connected to a wireless LAN network using PRMA. As a result, the two LANs are connected through an 
access point. 

Since, PRMA is a centralized technique, the access point acts as a Base Station (BS) for the wireless LAN, and also it acts 
as a router between wired and wireless networks. The source of the data will be either a wired or a wireless workstation. 
Similarly, the destination of the data will be either a wired or a wireless workstation. As a result, the following four scenarios 
for message transmission are considered:

Figure 2.1. A wired LAN using CSMA/CD Protocol is connected to a wireless LAN using PRMA
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1. Message transmitted from a wireless user to a wireless user.
2. Message transmitted from a wireless user to a wired user.
3. Message transmitted from a wired user to a wired user.
4. Message transmitted from a wired user to a wireless user.

Since the access point acts as a router, the message from a wired LAN will be passed to a wireless LAN only if its destina-
tion is in the wireless LAN, and the message from the wireless LAN will be passed to the wired LAN only if its destination 
is in the wired LAN.

The messages from a wired user to a wired user will be passed using wired protocol only without queuing at the access point       
(scenario 3).

The messages from a wireless user to a wireless user will be passed using PRMA without queuing at the access point (scenario 1). 
In addition, for scenarios 2 and 4, the access point contains two separate message queues: the fi rst queue holds the messages 
from wireless users to wired users until they served by the wired protocol, and the second queue holds the messages from 
wired users to wireless users until they served by PRMA using outbound channel.

2.1 Hybrid Protocols (PRMA-CSMA/CD and PRMA-Token Ring) 

The previous discussion indicates that: in order to deal with the four different scenarios, there are two hybrid Protocols: First proto-
col; the integration of Token Ring and PRMA protocols. Second protocol; the integration of CSMA/CD and PRMA protocols.

2.2 Hybrid Protocols  Analysis Steps

Based on the four scenarios, an analytical models for the both hybrid protocols have been developed. 

The fi rst model was described and analyzed by Khattab Tamer (2000) [4]. The PRMA-CSMA/CD model is based on CSMA/
CD analytical model which was suggested by Matthew and Ilyas (1994) [6] and PRMA analytical model which developed 
by Mitrou,  Orinos, and Protonotarios (1990) [7]. The analysis of both CSMA/CD and PRMA models assumes loss-less 
systems, which means that the packets are retransmitted up to an infi nite number of times until they reach the destination.
The second model was described and was analyzed by Al-Amawi, (2007) [5]. The PRMA-Token Ring model is based 
on the Token Ring analytical model which was suggested by Matthew and Ilyas (1994) [6] and PRMA analytical model 
which  developed by Mitrou,  Orinos, and Protonotarios (1990) [7]. The analysis of both Token Ring and PRMA models 
assumes loss-less systems.

The delay and throughput performance parameters for each one of the analytical models of the hybrid protocols are calculated 
and analyzed.  The equation of the packet delay for each of the four scenarios was developed. Further, the total average of packet 
delay was calculated by multiplying each scenario-delay with the probability of that occurred scenario.  Then the results of the four 
scenarios were added. The throughput was calculated by adding the four scenarios-throughputs without the probability[8].

•

•

Figure 2.2. A wired LAN using Token Ring Protocol is connected to a wireless LAN using PRMA
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3. Numerical Analysis Results

In light of the performance analysis for both hybrid protocols: fi rst, PRMA-CSMA/CD  which described by Khattab Tamer 
(2000) [4].  Second, PRMA-Token Ring which described by Al-Amawi (2007) [5]. This section will explore the impact of 
the wired access method on the system performance and stability of Integrated Wired Networks with Wireless Networks. 
Two wired access methods are used: Token Ring and CSMA/CD.

3.1 Delay Numerical Analysis Results of Integrated Networks as a Function of Arrival Rate

3.1.1 Delay Numerical Analysis Results of Integrated Networks as a Function of Wired Arrival Rate

The purpose of this subsection is to study the affect of the increase of the wired arrival rate (λwd) on both, PRMA-Token Ring 
protocol and PRMA-CSMA/CD protocol delay using different values of wireless arrival rate (λws). The X-axis refl ects the 
wired arrival rate (λwd) change and the Y-axis refl ects the delay change. Using, Uwd = Uws = 10, F = 0.0002 sec, NRMIN 
= 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Rws_wd = Rwd-ws = 0.5, Nws_wd = 
32. The results of the delay analysis are shown Figure 3.1.

In Figure 3.1, one can observe the followings: fi rst; increasing the wireless arrival rate doesn’t affect the system stability 
and doesn’t affect the system delay in both PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; increasing wired 
arrival rate leads the system to instability. Third; the PRMA-Token Ring protocol is more stable under heavy wired arrival 
rate than PRMA-CSMA/CD protocol [8].

Figure 3.2. The affect of wireless and wired arrival rate on the system delay

Figure 3.1. The affect of wired and wireless arrival rate on the system delay
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3.1.2 Delay Numerical Analysis Results of Integrated Networks as a Function of Wireless Arrival Rate

The purpose of this subsection is to study the affect of the increase of the wireless arrival rate (λws) on both, PRMA-Token 
Ring protocol and PRMA-CSMA/CD protocol delay, using different values of wired arrival rate (λwd). The X-axis refl ects 
the wireless arrival rate (λws) change and the Y-axis refl ects the delay change. Using, Uwd = Uws = 10, F = 0.0002 sec, NRMIN = 
2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Rws_wd = Rwd-ws = 0.5, Nws_wd = 32. The results 
of the delay analysis are shown in Figure 3.2.

In Figure 3.2, one can observe the followings: fi rst; increasing the wired arrival rate increases the system delay in both 
PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; increasing the wired arrival rate increases the system delay 
and leads to instability in the both protocols. Third; Figure 3.2 shows that when the wired arrival rate increases, the delay 
in PRMA-CSMA/CD increases more than in PRMA-Token Ring. In Figure 3.2, there isn’t a line when wired arrival rate = 
3000 in both protocol.  This is because the delay goes to infi nity at any wireless arrival rate [8]. 

3.2 Delay Numerical Analysis Results of Integrated Networks as a Function of Number of Users

3.2.1 Delay Numerical Analysis Results of Integrated Networks as a Function of Number of Wired Users

The purpose of this subsection is to study the affect of the increase of the number of wired users (Uwd) on both, PRMA-Token 
Ring and PRMA-CSMA/CD protocols delay, using different values of the number of wireless users (Uws). The X-axis refl ects 
the number of wired users (Uwd) change   and the Y-axis refl ects the delay change. Using, λwd = 1500 packets/sec, λws = 1500 
messages/sec, F =  0.0002 sec, NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Rws_wd 
= Rwd-ws = 0.5, Nws_wd = 32. The results of the delay analysis are shown in Figure 3.3.

In Figure 3.3, one can observe the followings: fi rst; increasing the number of wireless users decreases the system stability 
and increases the system delay in both PRMA-CSMA/CD and PRMA-Token Ring protocols. The delay increases because 
it increases the wireless to wired traffi c. Second; the Figure 3.3 shows that the PRMA-CSMA/CD goes to instability point 
before PRMA-Token Ring, which means that PRMA-Token Ring protocol more stable at large number of wired users. Third; 
at low number of wired users the delay of both protocols is same, but when number of wired users increase the delay of  
PRMA-CSMA/CD protocol becomes higher than the delay of PRMA-Token Ring protocol [8].

3.2.2 Delay Numerical Analysis Results of Integrated Networks as a Function of Number of Wireless Users

The purpose of this subsection is to study the affect of the increase of the number of wireless users (Uws) on both, PRMA-
Token Ring and PRMA-CSMA/CD protocols delay, using different values of number of wired users (Uwd). The X-axis refl ects 
the number of wireless users (Uws) change and the Y-axis refl ects the delay change. Using, λwd = 1500 packets/sec, λws = 1500 
messages/sec, F = 0.0002 sec, NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Rws_wd 
= Rwd-ws = 0.5, Nws_wd = 32. The results of the delay analysis are shown in Figure 3.4.

Figure 3.3. The affect of number of wired and wireless users on the system delay
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In Figure 3.4, one can notice the followings: fi rst; increasing the number of wired users affects the system stability, and 
increasing wired users decreases the system stability in both PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; 
in low number of wired users the deference between the two protocols is very small, but when the number of wired users 
increases the PRMA-CSMA/CD become more instable at less number of wireless users than PRMA-Token Ring [8].

3.3 Throughput Numerical Analysis Results as a Function of Arrival Rate

3.3.1 Throughput Numerical Analysis Results of Integrated Networks as a Function of Wired Arrival Rate

The purpose of this subsection is to study the affect of the increase of wired arrival rate (λwd) on both, PRMA-Token Ring 
protocol and PRMA-CSMA/CD protocol throughput using different values of wireless arrival rate (λws). The X-axis refl ects 
the wired arrival rate (λwd) change and the Y-axis refl ects the throughput change. Using, Uwd = Uws = 10, F = 0.0002 sec, NRMIN 
= 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr =1, Ack = 3 packets, Rws_wd = Rwd-ws = 0.5, Nws_wd = 32. The results 
of the throughput analysis are shown in Figure 3.5.

In Figure 3.5, one can observe the followings: fi rst; increasing the wireless arrival rate doesn’t affect the system throughput 
and stability in both PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; PRMA-CSMA/CD protocol goes to 
instability point and throughput goes to zero before PRMA-Token Ring protocol [8].

Figure 3.4. The affect of number of wireless and wired users on the system delay

Figure 3.5. The affect of wired and wireless arrival rate on the system throughput
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3.3.2 Throughput Numerical Analysis Results of Integrated Networks as a Function of Wireless Arrival Rate 

The purpose of this subsection is to study the affect of the increase of the wireless arrival rate (λws) on both, PRMA-Token 
Ring protocol and PRMA-CSMA/CD protocol throughput using different values of wired arrival rate (λwd). The X-axis refl ects 
the wireless arrival rate (λws) change and the Y-axis refl ects the throughput change. Using, Uwd = Uws = 10, F = 0.0002 sec, 
NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Rws_wd = Rwd-ws = 0.5, Nws_wd = 32. The 
results of the throughput analysis are shown in Figure 3.6.

In Figure 3.6, one can observe the followings: fi rst; increasing the wired arrival rate increases the system throughput until 
the instability point in both PRMA-CSMA/CD and PRMA-Token Ring protocols. The throughput increases but when the 
wired arrival rate reaches the instability point the throughput goes to zero. The throughput goes to zero because the delay 
goes to infi nity (as explained in Figure 3.2). Second; there is no deference between the two protocols and they give the same 
throughput in the same wired arrival rate [8].

3.4 Throughput Numerical Analysis Results as a Function of Number of Users

3.4.1 Throughput Numerical Analysis Results of Integrated Networks as a Function of Number of Wired Users

The purpose of this subsection is to study the affect of the increase of the number of wired users (Uwd) on both, PRMA-Token 
Ring and PRMA-CSMA/CD protocols throughput, using different values of number of wireless users (Uws). The X-axis refl ects 
the number of wired users (Uwd) change and the Y-axis refl ects the throughput change. Using, λwd = 1500 packets/sec, λws = 
1500 messages/sec, F = 0.0002 sec, NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, 
Rws_wd = Rwd-ws = 0.5, Nws_wd = 32. The results of the throughput analysis are shown in Figure 3.7.

In Figure 3.7, one can observe the followings: fi rst; increasing the number of wireless users decreases the system stability in 
both PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; the PRMA-CSMA/CD reaches instability point before 
the PRMA-Token Ring . Third; in both protocols increasing the number of wireless users increases the throughput of the 
system, but leads to instability at lower number of wired users [8].

3.4.2 Throughput Numerical Analysis Results of Integrated Networks as a Function of Number of Wireless Users

The purpose of this subsection is to study the affect of the increase of the number of wireless users (Uws) on both, PRMA-Token 
Ring and PRMA-CSMA/CD protocols throughput, using different values of number of wired users (Uwd). The X-axis refl ects 
the number of wireless users (Uws) change and the Y-axis refl ects the throughput change. Using, λwd = 1500 packets/sec, λws 
= 1500 messages/sec, F = 0.0002 sec, NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, 
Rws_wd = Rwd-ws = 0.5, Nws_wd = 32. The results of the throughput analysis are shown in Figure 3.8.

In Figure 3.8, one can notice the followings: fi rst; increasing the number of wired users affects the system stability in both 
PRMA-CSMA/CD and PRMA-Token Ring protocols. Second; the PRMA-CSMA/CD reaches instability point before 
the PRMA-Token Ring at the same number of wired users, but in both protocols increasing the number of wired users 

Figure 3.6. The affect of wireless and wired arrival rate on the system throughput
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increases the throughput of the system, but leads to instability. Third; before instability point the two protocols have the 
same throughput [8].

3.5 Throughput  Numerical Analysis Results

The purpose of this subsection is to study the affect of the increase of the wireless-to-wired ratio (Rws-wd) on both, PRMA-Token 
Ring protocol and PRMA-CSMA/CD protocol throughput. The X-axis refl ects the wireless-to-wired ratio (Rws-wd)  change and 
the Y-axis refl ects the throughput change. Using, λwd = 1500 packets/sec, λws = 1500 messages/sec, F = 0.0002 sec, NRMIN = 
2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets, Uws = Uwd = 10  users. The Figures: Figure 3.9, 
Figure 3.10, and Figure 3.11 show the affect of wireless-to-wired ratio, the affect of wireless-to-wired ratio and wireless-to-
wired inbound channel slots, and  affect of wireless-to-wired ratio and wired-to-wireless ratio on the system throughput.

In Figure 3.9, the throughput is a function of Rws-wd, using a wired-to-wireless ratio Rwd-ws = 0.5, one can notice the followings: 
fi rst;   when the wireless-to-wired ratio is increased, the throughput also increases. This increase is due to the more effi cient 
use of wireless-to-wired inbound channel slots Nws-wd. Second; the throughput increased until all the available wireless-to-
wired inbound slots are used. When this happens, the throughput reaches a saturation value, and at that point increasing of 
throughput stops. This happens in the same way for both, PRMA-Token Ring and PRMA-CSMA/CD protocols, so there is 
no difference between the protocols [8].

In Figure 3.10, the throughput is a function of Rws-wd, a wired-to-wireless ratio Rwd-ws= 0.5 and using different values of  Nws-

wd, one can notice the followings: fi rst; increasing wireless-to-wired inbound channel slots Nws-wd increase system stability. 

Figure 3.8. The affect of number of wireless and wired users on the system throughput

Figure 3.7. The affect of number of wired and wireless users on the system throughput
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Second; when the Nws-wd is low the throughput reaches instability point and reaches to zero. Third; using PRMA-Token Ring, 
at  Nws-wd = 16 the system stable, but when Nws-wd increases to more than 16 the throughput decreases because of the increase in 
the frame size. When Nws-wd  = 16 it is the most suitable wireless-to-wired inbound channel. While using PRMA-CSMA/CD, 
at  Nws-wd  = 16 instability occurs, but at Nws-wd  = 32 instability does not occur [8].

In Figure 3.11, the throughput is a function of  Rws-wd, using Nws-wd = 6 and different values of Rwd-ws, one can notice the follow-
ings: fi rst; using different values of Rwd-ws  do not change the instability point in both, PRMA-CSMA/CD and PRMA-Token 
Ring protocols, because only the wireless-to-wired traffi c causes the instability. Second; the PRMA-CSMA/CD protocol 
reaches the instability point before PRMA-Token Ring protocol [8].

3.6 Delay Numerical Analysis Results

The purpose of this subsection is to study the affect of the increase of the wireless-to-wired ratio (Rws-wd) on both, PRMA-
Token Ring protocol and PRMA-CSMA/CD protocol delay. The X-axis refl ects the wireless-to-wired ratio (Rws-wd)  change 
and the Y-axis refl ects the delay change. Using, Uws = Uwd = 10  users, λwd = 1500 packets/sec, λws = 1500 messages/sec, F = 
0.0002 sec, NRMIN = 2 slots, NMS = 100 slots, N = 6 slots, σ = 2, Pt = 0.5, Pnerr = 1, Ack = 3 packets. The Figures: Figure 3.12 
and Figure 3.13 show the affect of wireless-to-wired ratio and wireless-to-wired inbound channel slots, the affect of wire-
less-to-wired ratio, and wired-to-wireless ratio on the system delay.

In Figure 3.12, the delay is a function of  Rws-wd, and a wired-to-wireless ratio Rwd-ws = 0.5 is used and also different values of  
Nws-wd. It should noted the followings: fi rst; an increase in wireless-to-wired inbound channel slots Nws-wd leads to an increase in 
the system stability. While at a low Nws-wd, the delay reaches instability point and reaches infi nity. Second; using PRMA-Token 

Figure 3.9. The affect of wireless-to-wired ratio on the system throughput

Figure 3.10. The affect of wireless-to-wired ratio and wireless-to-wired inbound channel slots on the system throughput
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Ring at Nws-wd = 16 instability does not occur, but using PRMA-CSMA/CD at Nws-wd = 16 instability occurs, but at Nws-wd = 
32 instability does not occur.  Third; when Rws-wd  increase the delay of PRMA-CSMA/CD increase more than PRMA-Token 
Ring which means , PRMA-Token Ring delay less than PRMA-CSMA/CD under heavy load [8].

In Figure 3.13, where the delay is a function of  Rws-wd, using Nws-wd = 6 and different values of Rwd-ws are used. It should 
noted the followings: fi rst; the different values of Rwd-ws do not change the instability point. This is because the wireless-to-
wired traffi c causes the instability. Second; the PRMA-CSMA/CD delay higher than PRMA-Token Ring delay when Rws-wd  
increases [8].

4. Conclusion and Future work

In this paper we have studied the impact of a wired access method carrier sense multiple access with collision detection 
protocol and Token Ring protocol on the performance of an integrated wired with wireless LAN. In order to test the system 
performance and stability, the throughput and the delay factors were considered.  It is seen from the analysis the followings: 
fi rst; PRMA-Token Ring protocol more stable under heavy wired arrival rate than PRMA-CSMA/CD protocol. Second;  
PRMA-Token Ring protocol more stable at large wired users number. Third; PRMA-Token Ring protocol reaches stability 
at lower wireless-to-wired inbound slots, which means at lower frame size.

Depended on the analytical analysis and the simulation that we have done, we are able to determine the criteria in which the 
system in both, PRMA-Token Ring protocol and PRMA-CSMA/CD protocols, will be  in best or worst performance.

Figure 3.11. The affect of wireless-to-wired ratio and wired-to-wireless ratio on the system throughput

Figure 3.12. The affect of wireless-to-wired ratio and wireless-to-wired inbound channel slots on the system delay
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