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Abstract. An optical code-division multiple-access 共OCDMA兲 protocol
based on selective retransmission technique is proposed. The protocol is
modeled using a detailed state diagram and is analyzed using equilibrium point analysis 共EPA兲. Both traditional throughput and average delay
are used to examine its performance for several network parameters. In
addition, the performance of the proposed protocol is compared to that of
the R3T protocol, which is based on a go-back-n technique. Our results
show that a higher performance is achieved by the proposed protocol at
the expense of system complexity. © 2006 Society of Photo-Optical Instrumenta-
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Introduction

Optical networks have been of great importance in the last
decade due to their extremely high bandwidth, which covers the high data rates required by modern networks and
communication systems. The optical code-division
multiple-access 共CDMA兲 technique1–12 appears as a promising method that can mine this huge bandwidth. A number
of papers have studied or proposed optical CDMA network
protocols. In Refs. 8 and 9 Hsu and Li9 studied the slotted
and unslotted optical CDMA systems. In Ref. 10, we have
studied media access control 共MAC兲 protocol and discussed the problem of multiple packet messages in unslotted optical CDMA systems. In Ref. 11, Shalaby has introduced new protocols for optical CDMA networks to discuss
the problem of assigning codes for different users. In Ref.
12, Shalaby has presented the so called round-robinreceiver transmitter 共R3T兲 protocol 共from now on we call it
Shalaby 共R3T兲 protocol兲 to solve other issues, namely, the
establishment and release of a connections, the problem of
multiple packet messages, and how the protocol deals with
the lost packets.
The Shalaby R3T protocol12 is based on the go-back-n
technique. In this technique, whenever a packet is corrupted, the transmitter retransmits the corrupted and all successive packets, since the receiver accepts only success
packets that come in the proper order. Results have indicated that the performance of the Shalaby R3T protocol is
good for low-population networks, while it gives lower performance in large population 共⬎50 users兲 networks.
In this paper, we propose a new optical CDMA protocol
that deals with the previous problems and gives better performance for both large and small networks. Our proposed
protocol is a modified version of Shalaby R3T protocol, and
0091-3286/2006/$22.00 © 2006 SPIE
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it is based on the selective retransmission technique, where
only corrupted packets will be retransmitted. In our system
architecture, chip-level receivers7 are implemented in all
network nodes.
The rest of the paper is arranged as follows. Section 2,
presents the network architecture, then the chip-level receiver and our proposed protocol. The system analysis is
studied in Sec. 3, where we present a detailed state diagram
for the proposed protocol and calculate the system throughput and average delay. Section 4, gives some numerical
results and compares the performance of the proposed protocol to the performance of the Shalaby R3T protocol. Finally, the paper is concluded in Sec. 5.
2

Proposed Protocol

2.1 Network Architecture
The network is composed of N stations or nodes, connected
in a star topology and a set of optical orthogonal codes
共OOCs兲 with cardinality C , 兵a1 , a2 , . . . , aC其, where C depends on the code length L and code weight w. We assume
that both out-of-phase autocorrelation and cross-correlation
of the code are limited to one, a = c = 1, this gives1
C=





L−1
,
w共w − 1兲

where x denotes the largest integer not greater than x. In
our network, each user is assigned an optical orthogonal
code as its own signature; when the number of users exceeds the number of codes, a used code is cyclically shifted
around itself and assigned to another user. Each user has a
fixed transmitter and a tunable receiver 共FT-TR兲. The transmitter of each user is adjusted to its signature code, while
the receiver can be tuned to any other signature code.
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2.2 Chip-Level Receiver
In our network, a chip-level receiver is used at all its nodes.
The decision rule of the chip-level receiver is that data bit 1
is declared if the number of pulses in all mark positions of
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2.3 Proposed Protocol
Assume that messages arrive to a station with a probability
A, called user activity. Each message contains l ⬎ 0 packets.
Each packet, of length K, has a header that contains a CRC
共cyclic redundancy check兲 code and a packet serial number
共packet order in the message兲. Furthermore, assume that
time is slotted with a slot size Ts = KLTc, where Tc is the
chip duration, and L is the code length. A packet transmission is permitted at the beginning of a time slot.
When a message arrives to a station, it tries to establish
a connection with the desired receiver. First it sends a connection request to the destination node. This connection
request should meet an idle station that replies with a connection acknowledgment. Idle stations scan over all codes
for connection requests. The connection request contains
the source ID, destination ID, and the message length
“number of packets per message.” Also it includes the serial numbers of packets to be transmitted. A connection
request is a series of  requesting packets, where  is the
time out duration in time slots. After sending the last request the station enters a waiting mode of length t time
slots, where t is the two way propagation delay.
When an idle station receives a connection request it
replies with a request acknowledgment and tunes its receiver to the code of the transmitter. Also it creates a transmission table—a table that contains list of the packets to be
transmitted—and each packet is labeled by its serial number. Finally, it enters the reception mode.
When a connection is established the transmitter enters
the transmitting mode and starts sending its message. After
t / 2 time slots “one-way propagation delay,” the receiver
enters the reception mode and starts receiving the message.
A station in the reception mode receives the messages’
packets and use the CRC code to check the received packets for errors. Successfully received packets are removed
from the transmission tables.
Optical Engineering
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the signature code are nonzero, otherwise data bit 0 is declared. According to Shalaby,11 the packet success probability for a packet with K bits, given r active users is

After the transmitter sends all packets, it enters a waiting
state of fixed length equal to t time slots. At the same time
the receiver scans its transmission table; if the transmission
table is empty, this means that all packets have been successfully received; in this case, the receiver sends a positive
acknowledgment to the transmitter informing it with the
end of transmission. Both stations will return to the initial
state and the connection is released.
If the transmission table contains some packets, this
means that these packets have not been successfully received and should be retransmitted. Thus, the receiver
sends an ask-for-retransmission request to the transmitter
informing it with the packets to be retransmitted. If the
transmitter receives an ask-for-retransmission, it enters a
backlogged mode of length b time slots, where b is the
number of packets to be retransmitted. Instantaneously, it
starts sending these packets. This scenario is repeated until
all packets are received successfully.
3 System Analysis
The state diagram of our system, as just described, is shown
in Fig. 1. In this section we give a detailed discussion of
these system states.
3.1 Idle State m
Stations in the idle state are scanning over all codes for a
connection requests. If a station receives a connection request it responds by an acknowledgment. If it did not find a
connection request and there is a message arrival, the station enters the requesting mode. Otherwise it remains in the
idle state.
3.2 Requesting Mode
An idle station with a message to send should enter requesting mode to establish a connection with the desired user.
This is achieved by sending  requests 兵q1 , q2 , . . . , q其. Then
the station waits for a request acceptance 关it enters a waiting mode containing t states 共W1 , W2 , W3 , . . . , Wt兲兴, each
state is one time slot length. Whenever a waiting user gets
an acceptance for connection, it starts sending its message
and enters transmission mode TX,l.
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Fig. 1 State diagram of the proposed protocol.

Due to the propagation delay, a waiting user will not
receive an acceptance in the first 共t −  − 1兲 waiting states.
We define ␥ as the probability that a waiting user receives
an acceptance for connection. By writing the flow equations we get
q1 = q2 = ¯ = q = A共1 − 兲m,

=

1
1
q=
.
N
1 + N/mA

3.3 Acknowledgment Mode aq
In acknowledgment mode, idle stations respond to a connection request sent by an active station:

W1 = W2 = ¯ = Wt− = q1 = A共1 − 兲m,

aq = m.

Wt−+i = 共1 − ␥兲iWt− = 共1 − ␥兲iA共1 − 兲m.

3.4 Transmission Mode
Transmission mode involves transmitting packets and then
receives acknowledgments. This mode is composed of two
types of states, Figs. 2共a兲 and 2共b兲. First is for stations that
send new message and is called thinking state TX,l; this
state has a duration of l + t + 1 time slots. Second is called
the backlogged state TB,b in which a backlogged user retransmits corrupted packets, where b = 1 , 2 , . . . , l is the
number of packets to be retransmitted. Thus, the backlogged mode involves l different states each of different
duration equal to b + t + 1.
A station enters transmission mode should enter the
thinking state for l + t + 1 time slots in which it sends its

Let q denote the umber of users in the requesting mode,
and let Wq denote the number of users in the mode of
waiting mode:
q = q1 = A共1 − 兲m,

再

共1兲

冎

1
Wq = Am共1 − 兲 t −  + 关1 − ␥ − 共1 − ␥兲兴 ,
␥

共2兲

where  is the probability that a request is found by a user,
as shown next:

共3兲

Fig. 2 共a兲 State Tx,l, 共b兲 state TB,b, 共c兲 state Rx,l, and 共d兲 state Rx,b.
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message. According to the number of success packets in the
thinking mode, the station enters a backlogged state of
length b equal to the number of failed packets or returns to
initial state if all packets have been successfully received.
Both thinking and backlogged states are compound
states 关Figs. 2共a兲 and 2共b兲兴. The transmission state TX,l is
composed of l + t + 1 states. In this state, a station sends the
message in l sending states 兵s1 , s2 , . . . , sl其, then it enters t
waiting states 兵W1 , W2 , . . . , Wt其. These waiting states are required to enable the transmitter to receive an acknowledgment from the receiver. Finally, the acknowledgment is being received in the state 兵rack其. If all messages’ packets have
been successfully transmitted, the station returns to the initial state, otherwise if b packets are corrupted the station
receives ask-for-retransmission from the receiver and enters
a backlogged state TB,b. The backlogged state is composed
of b + t + 1 states; starting with b sending states
兵s1 , s2 , . . . , sb其 followed by t waiting states 兵W1 , W2 , . . . , Wt其
and finally 兵rack其.
The number of users entering the thinking state is equal
to the number of stations waiting for request acknowledgment that got an acceptance:
TX,l = ␥ · 兺 Wt−+i = A共1 − 兲m关1 − 共1 − ␥兲兴,

冋

.

l

T = TX,ll + 兺 TB,bb.
b=1

In addition, we define TX as the total number of stations
in the transmitting mode involving sending, waiting, and
receiving acknowledgment stations:

l

b+1

1 − PST共0,b兲 1 − PST共0,l兲

1/

We define the number of active stations T as the number
of stations that send data packets:

PST共0,l兲
Tx,l
1 − PST共0,l兲
1

册

共4兲

One can prove that the number of users in a backlogged
stare TB,b can be written in a recursive relation as follows:

but TX,l = m, thus,  = A共1 − 兲1 − 共1 − ␥兲.

1


A共1 − 兲

b=1

i=0

冦

冋

␥=1− 1−

TX = TX,l共l + t + 1兲 + 兺 TB,b共b + t + 1兲.



TB,b =

Using the previous equation we can write ␥ as a function
of  , A and  as

Tx,l PST共l − b, l兲 +

兺

␤=l−1

TB,␤ PST共␤ − b, ␤兲

if b = 1

册

if 1 ⬍ b ⱕ l − 1.

冥

共5兲

The previous recursive relation can be used to calculate the number of active users T in each backlogged state. Finally, the
total number of active users can be written as follows:
T=

1

1
1 − PST共0,l兲

Tx,ll +

兺

b=l−1

冋

b

1 − PST共0,b兲 1 − PST共0,l兲

Similarly, TX is given by
TX =

1
1 − PST共0,l兲

1

Tx,l共l + t + 1兲 +

兺

b=l−1

Tx,l PST共l − b, l兲 +

兺

␤=l−1

TB,␤ PST共␤ − b, ␤兲 .

冋

b+1

共6兲

册

1
b+t+1
Tx,l PST共l − b, l兲 + 兺 TB,␤ PST共␤ − b, ␤兲 ,
1 − PST共0,b兲 1 − PST共0,l兲
␤=l−1

where the probability PST共x , y兲 is the probability of success
transmission of x packets out of y packets. This means that
a user in a state that involves y packets to be transmitted
PST共x , y兲 gives the probability of success transmission of x
packets. This probability follows the binomial distribution
as
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册

b+1

1

PST共x,y兲 =

共7兲

冉冊

x
PS共T兲x关1 − PS共T兲兴y−x ,
y

where PS共T兲 is the packet success probability given T active users.
3.5 Reception Mode
A user in the reception mode receives either a new message
from a thinking station or receives retransmitted packets
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from a backlogged station. Figures 2共c兲 and 2共d兲 describe
the structure of both types of receiving states. State Rx,l has
a duration of l + t + 1 time slots; it starts with t waiting states
兵W1 , W2 , . . . , Wt其 followed by l receiving states
兵r1 , r2 , . . . , rl其, and finally it sends an acknowledgment in
state 兵sack其.
Similarly, the state RB,b is composed of b + t + 1 states.
The start is t waiting states 兵W1 , W2 , . . . , Wt其, then b receiving states 兵r1 , r2 , . . . , rb其 and finally sending the acknowledgment in 兵sack其. Notice that the receiving state starts with
t waiting states. These states appear as a result of the propagation delay for the acceptance or ask-for-retransmission
packet from the receiver to the transmitter and back to the
receiver.
When a station enters the reception mode; first it enters
the state RX,l in which it receives a new message from a
transmitting station in state TX,l. After receiving the new
message and based on the number of success packets, the
receiver sends an acknowledgment to the transmitter and
returns to the idle state m if the message was received
successfully; otherwise it enters a state RB,b, where b is the
number of failed packets.
Notice that there is a time shift between the transmitter
and the receiver equal to one way propagation delay “t / 2
time slots.” This is a result for the fact that the connection
is established at the receiver side when it accepts the connection while it is established at the transmitter side when it
receives the acceptance after one-way propagation delay.
We define R as the number of stations in all receiving
states that receive packets and RX as the total number of
stations in the transmitting mode involving sending, waiting, and receiving acknowledgment stations:
l

R = RX,ll + 兺 RB,bb = T,
b=1

l

RX = RX,l共l + t + 1兲 + 兺 RB,b共b + t + 1兲 = TX.

共8兲

b=1

Fig. 3 Throughput versus average activity for different propagation
delays for the proposed protocol 共solid lines兲 and the Shalaby R3T
protocol 共dotted lines兲 at N = 30.

4 Numerical Results
In this section, we present some numerical results for the
system throughput for the proposed protocol, which will
carry the name of modified Shalaby R3T protocol, and then
compare its performance to that of the original protocol.
The system performance is examined under the influence of
changing the following parameters: average activity, propagation delay, network population, and message length.
Simulation parameters are packet size K = 127 bits/ packet,
code weight w = 3, code length L = 31, and time out duration
 = 2, except in Fig. 3, where  = 1.
In Fig. 3, the throughput of both original and modified
R3T protocols is plotted versus the average activity for different propagation delays t = 2 , 4 , 6 , 8 and network population N = 30. For the proposed protocol, it is noticed that
for a low propagation delay, the curve reaches its maximum
at A = 1, while for higher propagation delays the curve
reach its maximum at lower activity and then begins to

Finally, note that the summation of the number of users
in all states should be equal to the number of all network
nodes N, can be written as

再

冋

N = 2TX + m 1 +  + A共1 − 兲 t +

1 − ␥ − 共1 − ␥兲
␥

册冎

. 共9兲

3.6 Steady State System Throughput S
Now it is required to evaluate the system performance in
terms of the system throughput and average delay
S共N,A,t, ,l兲 = TPS共T兲.
3.7 Average Delay
From the Little’s theorem, the average packet delay D can
be calculated from
D=

NA
slots.
S
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Fig. 4 Throughput versus number of users for different propagation
delays of the proposed protocol 共solid lines兲 and the Shalaby R3T
protocol 共dotted lines兲.
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Fig. 6 Effect of dramatic increase of the message length on the
system throughput at N = 80 and A = 0.5.

Fig. 5 Throughput versus message length for different propagation
delays of the modified Shalaby R3T protocol at 共a兲 N = 30 and A
= 0.5 and 共b兲 N = 80 and A = 0.5.

decay. The value of activity with maximum throughput decreases as the propagation delay increases. For the Shalaby
R3T protocol, all curves reach the maximum throughput at
the same average activity. From Fig. 3 it is found that the
Shalaby R3T protocol gives slightly higher performance
compared to the proposed protocol at a low value of propagation delay 共e.g., t = 2兲. However, the proposed protocol
gives higher performance at higher values of propagation
delays.
Figure 4 shows the performance of both protocols versus
network population. First, we can say that the proposed
protocol gives much higher performance than the original
one for all values of network population. Furthermore, as
the number of users increases the throughput of the Shalaby
R3T protocol decreases dramatically, while, the proposed
protocol gives good performance for a high range of network population. Second, as for the effect of propagation
delay on the proposed protocol, it is noticed that at low
network population, the low values of propagation delay
give higher performance, while as the network population
increases, a better performance is achieved at higher propagation delays. It is expected that the propagation delay is
proportional to the number of users, and hence as the number of users increase, the propagation delay also increases,
Optical Engineering

thus enhancing the system performance. This phenomenon
can be explained as follows. As the network population
increases, the number of users in transmitting mode also
increases, thus the offered traffic is expected to increase.
On the other hand, not all users in the transmitting mode
are permitted to send data; some users send data and others
wait for acknowledgment. The number of waiting users is
proportional to the propagation delay. Thus, as the propagation delay increases, the number of waiting users also
increases and hence the offered traffic is reduced, leading to
higher performance. Hence, we can say that the proposed
protocol is characterized by adaptive offered traffic and as a
result the proposed protocol remains efficient for large
population networks.
For the Shalaby R3T protocol,12 it is noticed that the
performance is accepted for low population networks,
while it gives a poor performance at higher network population 共greater than 50 nodes兲. This poor performance of the
R3T protocol in large population networks is caused by the
inefficient utilization of channels; that is, approximately all
active users transmit data packets. Furthermore, the receiver cannot receive all successfully transmitted packets; it
receives only successful packets that arrive in the proper
order.
Now, we consider the effect of the message length on
the system throughout. In Figs. 5 and 6, we plot the system
throughput versus the message length for different values
of propagation delay at network populations of 30 and 80
users. It is found that increasing the message length raises
the system throughput to reach its peak at an optimum message length. Then, increasing the message length above this
optimum value results in a reduction in the system throughput. Also, optimum message length depends on both the
network population and the propagation delay. From Fig. 5,
it is found that the optimum message length is proportional
to the propagation delay and inversely proportional to the
network population. It is also noticed that, before a certain
point, a lower propagation delay gives higher performance,
while after this point, the higher propagation delays give
higher performance. We call this point an inversion limit,
that is, increasing the message length to reach this point
represents a high number of packets being transmitted, i.e.,
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higher data traffic that requires more idle states in the transmission state to reduce 共compensate for兲 this high traffic to
keep the performance at high level. Furthermore, when the
message length increases dramatically, the system throughput reaches a saturation level and the effect of the propagation delay is reduced 共Fig. 6兲.

5 Conclusions
A new optical CDMA network protocol based on selective
retransmission technique was introduced. A mathematical
model was presented using a detailed state diagram. The
performance of the proposed protocol was examined using
the equilibrium point analysis. Our results show that the
proposed protocol gives a good performance for a wide
range of network population. Furthermore, its performance
is better than that of the original Shalaby R3T protocol. As
for the effect of propagation delay, networks with a small
population give higher performance with small delays,
while as the population increases, better performance is
achieved at higher delays. Practically, as the population increases, the propagation delay also increases, and hence the
performance is automatically enhanced. As for the protocol
complexity, the proposed protocol has a more complicated
transmission algorithm than the R3T protocol. Also, it requires more buffer capacity at both the receiver and transmitter sides. This gives us the conclusion that the Shalaby
R3T protocol is more suitable for small population, while
the modified one is the choice for large population.

References
1. F. R. K. Chung, J. A. Salehi, and V. K. Wei, “Optical orthogonal
codes: design, analysis, and applications,” IEEE Trans. Inf. Theory
IT-35, 595–604 共May 1989兲.
2. J. A. Salehi and C. A. Brackett, “Code division multiple-access techniques in optical fiber networks. Part II: systems performance analysis,” IEEE Trans. Commun. COM-37, 834–842 共Aug. 1989兲.
3. J. G. Zhang, “High-speed optical fiber networks using code-division
multiple access for future real-time computer communications,”
IEEE Trans. Commun. E79-B, 932–938, 共July 1996兲.
4. H. M. H. Shalaby, “Performance analysis of optical synchronous
CDMA communication systems with PPM signaling,” IEEE Trans.
Commun. COM-43, 624–634 共1995兲.
5. T. Ohtsuki, “Performance analysis of direct-detection optical asynchronous CDMA systems with double optical hard-limiters,” J. Lightwave Technol. LT-15, 452–457 共Mar. 1997兲.
6. T. Ohtsuki, “Direct-detection optical asynchronous CDMA systems
with double optical hard-limiters: APD noise and thermal noise,” in
Proc. IEEE Global Telecommun. Conf. (GLOBECOM ’98), pp.
1616–1621, Sydney, Australia, 共1998兲.
7. H. M. H. Shalaby “Chip-level detection in optical code-division
multiple-access,” J. Lightwave Technol. LT-16, 1077–1087 共June
1998兲.
8. H. M. H. Shalaby, “Complexities, error probabilities, and capacities
of optical OOK-CDMA communication systems,” IEEE Trans. Commun. COM-50, 2009–2015 共Dec. 2002兲.
9. C.-S. Hsu and V. O. K. Li, “Performance analysis of slotted fiberoptic code-division multiple-access 共CDMA兲 packet networks,” IEEE
Trans. Commun. COM-45, 819–828 共July 1997兲.
10. M. A. A. Mohamed, H. M. H. Shalaby, and E A. El-Badawy,
“Variable-size sliding windows optical CDMA MAC protocol,” in
Proc. 46th IEEE Midwest Symp. on Circuits and Systems (MWSCAS,03), Cairo 共2003兲.
11. H. M. H. Shalaby, “Optical CDMA random access protocols,” J.
Lightwave Technol. LT-21, 2455–2462 共Nov. 2003兲.
12. H. M. H. Shalaby, “Performance analysis of an optical CDMA random access protocol,” J. Lightwave Technol. LT-22, 1233–1241 共May
2004兲.

Optical Engineering

Mohamed-Aly. A. Mohamed received his
BSc and MSc degrees in electrical engineering in 2001 and 2004, respectively,
both from the Electrical Engineering Department, Faculty of Engineering, Alexandria
University, Egypt. Mr. Mohamed began his
academic career as a teaching assistant
with Alexandria University in 2001 and for 2
years before moving to Thebes Higher Institute of Engineering, Thebes Academy,
Cairo, first as a teaching assistant and then
as a lecturer assistant for about 2 years. Since September 2004, he
has been with Huawei Tech. Company, one of the leading worldwide
companies working in the communications area. Mr. Mohamed’s
current research interests are code-division multiple-access
共CDMA兲, optical, and wireless communications and network protocols; and he has published several papers in these areas. Parallel
with his work at Huawei Co., Mr. Mohamed is conducting his PhD
degree work at Alexandria University in the field of mobile CDMA
communications systems.
Hossam M. H. Shalaby received his BS
and MS degrees from the University of Alexandria, Egypt, in 1983 and 1986, respectively, and his PhD degree from the University of Maryland, College Park, in 1991, all
in electrical engineering. In 1991 he became an assistant professor with the Department of Electrical Engineering, University of Alexandria, Egypt, and became an
associate professor in 1996 and a professor
in 2001 共his current position兲. Since December 2000 he has been an adjunct professor with the Department of
Electrical and Information Engineering, Faculty of Sciences and Engineering, Laval University, Quebec, Canada. From March to April
1996, he was a visiting professor at the Electrical Engineering Department, Beirut Arab University, Lebanon. From September 1996 to
January 1998, he was an associate professor with the Electrical and
Computer Engineering Department, International Islamic University
Malaysia, and from February 1998 to December 1998, he was with
the School of Electrical and Electronic Engineering, Nanyang Technological University, Singapore, where he was a senior lecturer and
from January 1999 to February 2001, an associate professor. His
research interests include optical communications, optical codedivision multiple-access 共CDMA兲, spread-spectrum communications
and information theory. Dr. Shalaby received an SRC fellowship
from 1987 to 1991 from Systems Research Center, Maryland, the
Shoman Prize for Young Arab Researchers in 2002 from the Abdul
Hameed Shoman Foundation, Amman, Jordan, the State Award
twice in 1995 and 2001 from the Academy of Scientific Research
and Technology, Egypt, the University Award in 1996 from the University of Alexandria, Egypt, and the Soliman Abd-El-Hay Award in
1995 from Academy of Scientific Research and Technology, Egypt.
He has been a Student Branch Counselor for Alexandria University,
IEEE Alexandria, and North Delta Subsection, since 2002 and
chaired the Student Activities Committee of IEEE Alexandria Subsection from 1995 to 1996.
El-Sayed A. El-Badawy is currently the
dean of the Thebes Higher Institute of Engineering, Thebes Academy, El-Maadi, Cairo
11434, Egypt, and emeritus professor with
the Electrical Engineering Department, Faculty of Engineering Alexandria University,
Egypt. He is a senior member IEEE and a
member of the Optical Society of America.
He received his BSc degree in electrical engineering, with distinction, in 1964, from Alexandria University, Egypt, his DEA degree
D’Electronique in 1971 and his PhD 共Docteur Ingénieur兲 degree with
first degree of honor and written congratulations of the jury, 1974,
from Université Paris VI, Paris, France. Since 1964 he has been
with Alexandria University, Egypt, as a teaching assistant, and became an assistant professor in 1974, an associate professor in

055007-7

May 2006/Vol. 45共5兲

Mohamed, Shalaby, and El-Badawy: Optical code-division multiple-access protocol¼
1979, a professor of communications and electronics in 1984, and a
senior professor in 1994. Prof. El-Badawy was also a professor of
communications and electronics to Beirut Arab University, Beirut
Lebanon from 1983 to 1987, with King Saud University, Riyadh,
Saudi Arabia, from 1991 to 1995, and with the International Islamic
University Malaysia 共IIUM兲, Kuala Lumpur, Malaysia, from 1995 to
2000. He was a short-term visiting professor at the University of
California at Los Angeles 共UCLA兲 and at Université Paris VI, Paris,
France, in 1980 and 1982, as well as at many Egyptian universities,
institutions, and advanced technical Schools. He had wide experience in teaching, research, consultation, and administration and supervised approved 14 PhD and 30 MSc theses and published about
160 research papers in the fields of lasers 共construction, propagation, modulation, and applications兲, electronics and optoelectronics,

Optical Engineering

communications and optical fiber communications, and microwave
devices and circuits. He participated in more than 115 conferences,
where he presented papers, was member of many technical, scientific, and international advisory committees, chaired and cochaired
many technical sessions and was general chair of one conference.
He is the author and coauthor of many books and monographs in
many areas of electrical engineering and advanced engineering
mathematics and has reviewed and refereed many books, projects,
and papers for many scientific local, regional, and international journals and conferences. Professor El-Badawy was the founder and
chief editor from October 1998 to October 2000 of IIUM-Engineering
Journal, at the International Islamic University Malaysia 共IIUM兲,
Kuala Lumpur, Malaysia, and has either earned or was a candidate
for many awards and medals.

055007-8

May 2006/Vol. 45共5兲

