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Congestion and Congestion control in packet switch networks has been an active 

area of research for a long time. Congestion is defined as loss of network perfor-

mance when a network is highly loaded. The problem of congestion control in ATM 

(Asynchronous Transmission Mode) has assumed a different dimension, because of 

the gigbit speed provided by ATM networks. Congestion control algorithms of packet 

switching networks, generally use the feedback information provided by the desti-

nation end system to control congestion. But in ATM networks, since the cell and 

compare various congestion control algorithms of ATM networks. In our work, we 

have proposed a new framework for the classification and comparative study of ATM 

congestion control schemes. The different aspects on which we have classified the 

algorithms are control theoretic approach, action and congestion notification. These 

three aspects present of the classification present a coherent framework on which con-

gestion control algorithms are to be classified. Such an classification will also help in 

developing new algorithms. 
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CHAPTER 1 

INTRODUCTION 

1.1. Congestion Control 

Computer networks are a fundamental requirement for a variety of distributed ap-

plications. As such to build computer networks is a difficult and costly task. It is 

imperative to optimize their performance so that, the user gets maximum benefit at 

least cost. Computer networks operate optimally when the load on the network is 

low. But when the load on the network increases, the performance degrades. Thus 

congestion is defined as loss of network performance when a network is highly loaded. 

Since congestion causes loss of data, large delays in data performance, controlling or 

avoiding congestion is a critical problem in network design and management[26]. 

Early computer networks were circuit-switched telephone networks. Congestion 

was easily avoided in these types of networks, since they were carrying a single type 

of traffic and the traffic behavior was well known. But computer networks of today 

are expected to carry variety of traffic on the same physical link. B-ISDN is one such 

technology which is going to support such diverse traffic on the same network[21]. 

ATM networks is a promising candidate to support B-ISDN architecture. ATM net-

works are expected to offer gigabit speed to the user. But the problem of congestion 

in ATM networks has assumed a different dimension because of the high-speed na-

ture of ATM networks. Congestion in ATM networks severely hampers the quality 

of service (QoS)[16], which is of primary importance in ATM networks. Thus, con-

gestion control in ATM networks has assumed greater importance among researcher's. 

Several congestion control schemes have been developed and implemented for 

ATM networks. In this work, a new framework to classify the existing congestion 



control schemes is proposed. The different aspects of our framework are control the-

ory,control action and congestion notification. These three aspects gives a coherent 

framework and helps in understanding the congestion control schemes in detail. 

1.2. Contribution of Thesis 

The primary purpose of this work is to propose a new framework for classification 

and comparative study of existing congestion control schemes for ATM networks. 

The thesis is organized as follows : Chapter 1 provides a brief introduction of con-

gestion control. Chapter 2 discusses about B-ISDN and ATM architecture. Chapter 3 

describes with techniques of congestion control in ATM and Packet-Switch networks 

and the differences in congestion control schemes in ATM and Packet-Switching net-

works. It also discusses about ATM forum. In Chapter 4, the new framework for 

classification is proposed. Based on the new framework, existing congestion control 

algorithms for ATM networks are classified in Chapter 5. Chapter 6 summarizes the 

thesis and discusses some of the research problem in ATM networks. 



CHAPTER 2 

B-ISDN AND ATM NETWORKS 

B-ISDN has made the integration of wide variety of services like voice, video and data 

for transport on a single network a practical possibility. With the advent of B-ISDN 

multimedia communication has taken a new dimension. Among the possible candi-

dates to support such broadband networks, ATM networks seems to be a promising 

one. In this chapter we discuss about B-ISDN and highlight on services, which it 

promises to offer. Also we discuss about ATM architecture and concepts underlying 

ATM networks. 

2.1. B-ISDN 

At present, most networks are dedicated to specific purposes like telephony, TV dis-

tribution, circuit-switched or packetized data transfer[34]. Some applications like fac-

simile, make use of the widespread telephone network. Using pre-existing networks 

for new applications has some problems, since these networks were designed without 

these new applications in mind. So data transfer over telephone networks is limited by 

bandwidth, flexibility and quality of analogue voice transmission equipment. Usually 

the telephone networks is used for constant bandwidth service, therefore using them 

for variable bit rate requires costly adaptation. Since the general public telephone net-

work was not able to support effectively non-voices services, other dedicated networks 

arose, such as public data networks or private data networks connecting big company 

plants or several research institutes. An example of large data network is Internet. 

In the present era of communication, there is a need of a single network, which will 

integrate traffic of different characteristics and different quality of service. Thus it 

would be possible to do desk to desk video conferencing and file transfer, through the 



same network, and yet satisfy the different quality of service, these traffic sources de-

mand. With this sort of-applications in mind, the researchers were motivated towards 

developing an integrated network, which eventually led to the development of B-ISDN. 

As stated in the preceding paragraph, the primary international communication 

infrastructure has been the telephone system. The telephone system, which was 

designed for analog voice transmission, was proving inadequate for modern commu-

nication needs such as data transmission, video and multimedia application. User 

demands for these and other services have led to an international undertaking to re-

place a major portion of the worldwide telephone system with an advanced digital 

system, called ISDN (Integrated Services Digital Network). The ISDN realized the 

primary goal of the researchers : the integration of voice and non-voice services. Since 

ISDN is basically a redesign of the telephone system, the international coordination 

is taking place within CCITT and its many study groups. 

The current telephone system has three distinct components inside of it : the 

analog public switched network for voice, CCIS (Common Channel for Interoffice 

Signaling) for controlling the voice network, and packet switching network for data. 

The public switched network originally sent all its control information in the same 4 

kHz channel used for voice. Pure tones at various frequencies were used for signaling 

by the system itself. This scheme, known as in-band signaling, caused lot of problems, 

since the user could interfere with the internal signaling system. CCIS, which ran at 

2.4 kHz was developed to move the signaling traffic out-of-band. With CCIS, when 

an end office needed to set up a call, it sent a packet on the CCIS network to the next 

switching office along the chosen route telling which channel had been allocated. An-

other development that has been taking place is the packet switched network, which 

is basically a circuit switched network. A physical connection is reserved all the way 

from end to end throughout the duration of the call in circuit switched network. 



Since it was not possible to replace the telephone system in a short period of time, 

the ISDN was designed from the beginning to live with the limitation of the existing 

voice, CCIS and packet switch networks. 

The first step towards ISDN was to define and standardize the user- to-ISDN 

interface. In 1984, the Plenary assembly of the CCITT adopted the I series rec-

ommendations dealing with integrated services digital network(ISDN). The CCITT 

defined ISDN as "a network that provides end-to-end digital connectivity to support 

wide range of services, including voice and non-voice services, to which users have 

access by a limited set of standard multipurpose user-network interfaces" [29]. Such 

an ISDN standard interface was defined and called basic access, comprising two 64 

kbi t /s B channels and a 16kbit/s signaling D channel. Another type of interface, the 

primary rate access, with a gross bit rate of about 1.5 Mbit/s or 2 Mbit /s offers the 

flexibility to allocate high-speed H channels or mixtures of B and H channels and a 

64 kbi t /s signaling channel. 

The benefits for the user and the network provider of ISDN are[30] 

• common user-network interface for access to a variety of services. 

• enhanced (out-of-band) signaling capabilities 

• service integration 

• provision of new and improved services 

The highest bit rate a 64 kbit/s based ISDN can offer is about 1.5 Mbit /s or 2 

Mbit/s, that is, the HI channel bit rates. How ever certain applications like multi-

media communication, which involves transmitting voice, video, text and graphics at 

the same time requires considerably higher bit rates. To support this type of appli-

cations, broadband ISDN (B-ISDN) was introduced. 
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ITU-T recommendation I.113[31] defines broadband as "a service or system requir-

ing transmission channel capable of supporting rates greater than the primary rate". 

Thus B-ISDN has the 64 kbit /s ISDN capabilities and in addition it offers service to 

applications, requiring 1.5 Mbit/s to 2 Mbit/s channel bit rates. The bit rate avail-

able to a broadband user is typically from about 50 Mbit /s to 100 Mbit/s. 

The B-ISDN was designed initially to: 

• add new high-speed channels to the existing channel spectrum 

• define new broadband user-network interfaces 

• rely on existing 64 kbit /s ISDN protocols and only to modify or enhance them 

when absolutely unavoidable 

Thus with the advent of B-ISDN, channel bit rates of 32-34 Mbit /s and around 

45 Mbit/s, 70 Mbit /s and 135-139 Mbit/s were foreseen. The corresponding channels 

were denominated H2, H3, H4. 

The architectural model of the B-ISDN is described in ITU-T Recommendation 

1.327. According to this recommendation, the information transfer and signaling 

capabilities of the B-ISDN comprise : 

• broadband capabilities 

• 64 kbit /s ISDN capabilities 

• user-to-network signaling 

• inter-exchange signaling 

• user-to-user signaling 
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B-ISDN was conceived to support switched, semi-permanent and permanent point-

to -point and point-to-multipoint connections and provide on-demand, reserved and 

permanent services. Connections in B-ISDN will be supporting both circuit mode 

and packet mode services of a mono- and/or multimedia type and of a connectionless 

or connection oriented nature and in a bidirectional or unidirectional configuration. 

Thus a new transfer mode was required which could support all of the above require-

ments for B-ISDN. This led to the development of ATM networks, which offered all 

the requirements of B-ISDN. ATM stands for Asynchronous Transfer Mode and will 

be discussed in the next section. 

The services provided by B-ISDN are suitable for both, business and residential 

customers. Some examples can be used to illustrate the capabilities of B-ISDN. In 

the area of business, videoconferencing, which is already well established but still not 

commonly used, facilitates the rapid exchange of information between people. With 

videoconferencing traveling is avoided and this results in saving of cost and time. 

B-ISDN will considerably improve the current situation and allow videoconferencing 

to become a widespread telecommunication tool, as it allows for high-picture quality, 

which is crucial for its acceptance, and is able to provide connections between all 

potential users via standard interfaces. 

Another salient feature of B-ISDN is the cost effective provision of high-speed data 

links with flexible bit rate allocation for the interconnection of customer networks. 

The residential B-ISDN user may appreciate the combined offer of text, graphics, still 

images and films giving information about such things as holiday resorts, shops or 

cultural events, as well as interactive video services and video on demand. 



2.2. ATM Networks 

ISDN was conceived to support " a wide range of audio, video, and data applications 

in the same network [32], B-ISDN thus followed the same principles as 64 kbit /s 

based ISDN and is a natural extension of the latter[33] A key element of service 

integration is thus the provision of a wide range of services to a broad variety of 

users utilizing a limited set of connection types and multipurpose user network inter-

faces". Whereas most pre-ISDN telecommunication networks have been specialized 

networks(e.g. for telephony or data) with rather limited bandwidths or throughput 

and processing capabilities, the future B-ISDN is conceived as a universal network 

supporting different kinds of applications and customer categories. 

The asynchronous transfer mode(ATM) is considered the ground on which B-ISDN 

is to be built[32]. The term transfer comprises both transmission and switching as-

pects, so a transfer mode is a specific way of transmitting and switching information 

in a network. 

In ATM, all information to be transferred is packed into fixed-size slots called 

cells. These cells have a 48 octet information and a 5 octet header. Whereas the 

information field is available for the user, the header field carries information that 

pertains to the ATM layer functionality itself, mainly the identification of cells by 

means of a label. Figure 2.1 shows an ATM cell structure. ATM uses a label field 

inside each cell header to define and recognize individual communications. In this 

respect, ATM resembles conventional packet transfer modes. Like packet switching 

techniques, ATM can provide a communication with a bit rate that is individually 

tailored to the actual need, including time-variant bit rates. 

The term asynchronous, the name of the new transfer mode refers to the fact 

that, in the context of multiplexed transmission, cells allocated to the same connec-



Header Information field 

5 octets 48 octets 

Figure 2.1: ATM Cell Structure 

tion may exhibit an irregular recurrence pattern as they are filled according to the 

actual demand. This is shown in figure 2.2. In the synchronous transfer mode (figure 

2.3), a data unit associated with a given channel is identified by its position in the 

transmission frame, while in ATM (figure 2.2), a data unit or cell associated with a 

specific virtual channel may occur at essentially any position. The flexibility of bit 

rate allocation to a connection in STM is restricted as it uses predefined channel bit 

rates (e.g. B,H2) and the conventional transmission frame have a rigid structure. 

In ATM-based networks the multiplexing and switching of cells is independent of 

the actual application. Thus the same piece of equipment can, in principle, handle a 

low bit rate connection as well as high bit rate connection, be it of stream or burst 

nature. Dynamic bandwidth allocation on demand with a fine degree of granularity 

is thus provided by ATM networks. 

c-1 c-2 c-5 h c-2 h c-1 c-2 c-5 c-1 h 

H - Header(contains routing identifier) C- User information 

Figure 2.2: Asynchronous Transfer Mode 
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Time-slot 

F.S e-1 c-2 c-3 c-4 c-n F.S c-1 c-2 

Periodic frame 

F.S - Framing signal c-channel 

Figure 2.3: Synchronous Transfer Mode 

Today's networks are characterized by the coexistence of circuit switching and 

packet switching, whereas B-ISDN will rely on a single new method called ATM 

which combines the fine features of both circuit and packet oriented techniques. To-

day's networks require only low overhead and processing, and, once a circuit-switched 

connection is established, the transfer delay of the information being carried is low 

and constant. The ATM network is much more flexible in terms of the bit rate 

assigned to individual(virtual) connection. ATM is circuit-oriented, hardware con-

trolled, low-overhead concept of virtual channels which have no flow control or error 

recovery. These virtual channels are implemented by fixed size cells and provide the 

basis for both switching and multiplexing transmission. The small size of the cells 

and the high transfer rate involved, results in transfer delay and variations which 

are sufficiently small to enable it to be applied to wide range of services, including 

real-time services such as voice and video. 

The integrated ATM-based broadband network is easy to depict, but in reality 
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it will be more complicated. An ATM network implementation will not start from 

scratch but will have to take into consideration the existing services and customer 

needs. This fact will make the transition to an universal ATM based broadband net-

work, a bit longer. Some telecommunication service providers may never be convinced 

to use ATM - based B-ISDN exclusively. Economic factors or acceptance problems 

may prove more critical than technical consideration. The ATM Forum, a non-profit 

organization, working towards the standardization of ATM products, has pointed out 

four decisive areas for the acceptance of ATM[35]. Currently researchers are working 

011 these four areas which are : quality of service, compatibility, charging, and scaling. 

To meet the quality of service requirements of customers, refined models of ATM 

traffic statistics need to be developed, and sophisticated traffic control and resource 

management techniques may have to employed. Compatibility of ATM with existing 

or upcoming telecommunication network is important. There is general fear among 

researchers that existing networks and services might have to be modified to cater 

for the introduction of ATM. Another important feature of ATM networks on which 

research is being done is charging. Usually, in packet networks, charges are on a per-

packet basis or at a higher level, such as per call set-up. Charging for ATM network 

usage on a per-call basis only make sense for constant bit rate services or services 

with very high quality of service requirements that ask for peak bit rate reservation. 

Per-cell charging has been for ATM networks. Currently ATM is considered as the 

transfer mode to be used at the 150 Mbit/s and 600 Mbit/s interfaces. It is not clear, 

however, weather scaling of ATM to much higher bit rates is possible or can be done 

cost-effectively. ATM switching of Gbit /s is an open issue among researchers. 



CHAPTER 3 

CONGESTION CONTROL IN ATM NETWORKS 

3.1. Congestion Control in Packet-Switching Network 

In the world of computer networks, one of the major problems the researcher's are 

facing is that of congestion. The term congestion has been defined in many ways. In 

[25]. congestion is defined as to be the state where performance degrades due to the 

saturation of network resources. The network resources consist of the communication 

links between the switches and the switches computational resources like proces-

sor cycles and buffer memories. The degradation arises when the network spends 

its resources in work it cannot complete. In [26], a new definition of congestion is 

given based on the concept of utility, which is taken from economic theory. It defines 

congestion as the decrease of utility of a perspective user due to the network overload. 

Congestion occurs in a network for many reasons. It can occur because of mis-

match between the bandwidth of communication links[19]. It can also occur because 

of the differences in processing speeds of switch CPU. For example, if the processor 

of a switch is slow or the bandwidth of the output line is less, then queue builds up 

rapidly and packets are dropped leading to congestion. Even if the CPU of the switch 

is infinitely fast, queues will build up whenever the input traffic rate exceeds the ca-

pacity of the output line. Congestion tends to feed upon itself and exacerbates the 

situation. If the queue buffers are filled up, then newly arriving packets (or cells) are 

dropped. The dropping of packets (or cells) is harmless from the loss point of view, 

since the higher layer protocol will retransmit the lost packets (or cell) . However this 

retransmission causes a problem because they compete for resources along the path 

and this can lead to a condition called congestion collapse in which the throughput 
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of the network becomes very low. 

Congestion control is the method of alleviating congestion and bringing the net-

work to a state of equilibrium. There are many congestion control scheme's, which are 

used depending upon the intensity and duration of congestion[22], One way to differ-

entiate congestion control methods is in the layer of the OSI/ISO reference model. For 

example, there are datalink, network or transport layer congestion control algorithms. 

Sometimes the duration of the congestion decides which scheme to use to eliminate 

congestion. For example, for short term congestion the best way to avoid congestion 

is by providing sufficient buffers in switch. But this strategy may not be useful for 

long term duration of congestion and a different scheme like end-to-end flow control 

scheme can be used. In end-to-end scheme, during the connection set up, the sus-

tained rate and a peak rate is negotiated. Once the connection is set up, an algorithm 

like leaky bucket can be used to monitor the source so that the source adheres to the 

negotiated rates. Usually, a combination of schemes is employed to attack congestion. 

Congestion control schemes usually fall under two categories : preventive and 

reactive control[16]. In preventive control scheme, steps are taken so as to prevent 

the network from reaching an unacceptable level of congestion. One example of pre-

ventive control scheme is call admission control (CAC). In CAC, a connection is 

accepted or refused depending upon the availability of network resources like switch 

buffers, link bandwidth. Prior to actual data transfer, certain parameters like peak 

rate, average rate are negotiated between the user and the network. If the network 

has enough resources to meet the user's demand, then the connection is accepted, 

otherwise the network would either refuse the connection or give the user the option 

to negotiate the parameters. This kind of approach is usually taken in ATM networks. 

The other kind of congestion control schemes, the reactive schemes, usually op-
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erate only after congestion has occurred. The onset of congestion is notified to the 

user and the user takes, necessary action's to decrease the level of congestion in the 

network. Most congestion control schemes that have been proposed deal with queue 

length as an indicator of congestion. If the queue length exceeds a certain threshold, 

then the network is said to be in state of congestion. This state of the network is 

usually informed to the sources using feedback. The feedback is in the form of explicit 

messages. The sources, upon receiving the feedback, reduces its rate so that the level 

of congestion is reduced. Once the level of congestion is reduced, the sources can 

resume transmitting with their original rate. 

Some congestion control methods merely drop packets when congestion occurs. 

Dropping the packets does not hamper the consistency of the data since the higher-

layer protocols always retransmit data. 

3.2. Differences in Congestion Control in ATM Networks and Conventional Networks. 

As mentioned above, many of congestion control scheme for conventional packet 

switch network use feedback between source and destination, to exchange information 

regarding the state of network. These strategy is useful in packet switch networks, 

since the duration of congestion is more than the propagation time of feedback from 

the destination to source[21]. The concept of feedback to eliminate congestion in 

ATM networks is not suitable due to the high propagation delay. In ATM networks 

the ratio of propagation delay to cell transmission time is very high[l 1]. As such, 

by the time the feedback arrives to the source end system, much of the data has 

already been sent. This can be explained with an example[20]. Consider two ad-

jacent switching nodes, A and B, linked by a 100-KM cable. Assume 500-bit long 

cell and the propagation delay of 5 /is per 1 KM of cable. Suppose we have a 1 

Mbits/s channel. Node A starts transmitting a cell. One cell transmission time is 
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(bOObits) / (1Mbit s / s) = 0.5 ms. It takes 500 /is for the electric signal to reach node 

B. Thus by the time the first cell reaches B, A is transmitting the last bit of the 

same cell. Suppose the channel is replaced with 1 Gbit/s fiber optic cable. The cell 

transmission time in this case is (bOObits) / (lGbits / s) = 0.5 /is, while the propagation 

delay time remains the same. In this scenario, when the first bit of the packet from 

A arrives at B, node A is transmitting the 1000th cell. Thus the overhead of prop-

agation delay plays a major role. The feedback, therefore would not be presenting 

the correct state of network to the source. It may happen that by the time feedback 

arrives at the source, congestion would have already abated in the network. If the 

source reduces its rate, upon receiving the feedback, it would result in low throughput. 

There is some technique to overcome the shortcomings of slow feedback. If the 

reactive control is performed between network user and the edge of the network as in 

[23], the effect of propagation delay may not be significant since the feedback travels 

a shorter distance. However this limits the reactive control to the edge of the network. 

3.3. Techniques of Congestion Control in ATM Networks 

The ATM network will be mainly used to offer integrated services to the user. Voice, 

video and data will be transferred on the same network. As such the traffic on the 

ATM network will be of bursty nature. A bursty source may generate cells at a near-

peak rate for a very short period of time and afterwards it may become inactive. Such 

bursty sources will not require a continuous allocation of bandwidth at the peak rate. 

Allocating fixed bandwidth for bursty sources will result in underutilization of link 

bandwidth. An ATM network could support a lot of bursty bursty sources with the 

characteristics of so-called statistical multiplexing [7] . In statistical multiplexing, a 

large number of sources share the bandwidth, since it is assumed that all the sources 

do not send at their peak rate simultaneously. However if all the sources do send at 
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their peak rate at the same time then it can result in severe congestion. 

Another factor which makes ATM congestion control challenging to the researcher 

is the simplicity of the protocols in high-speed networks[20]. Hardwired protocols are 

usually preferred in ATM networks to match the high speed fiber optic cables. As 

shown in the example in section 2.2, changing the channel speed from 1 Mbit /s to 1 

Gbit /s , reduces the cell transmission time from 0.5 ms to 0.5 /is. On the other hand 

the propagation delay still remains the same. As such, in an ATM network, protocol 

processing time can be bottleneck. In order to avoid this bottleneck, ATM uses sim-

plified protocol, pushing most of the link-by-link layer protocol to higher layers. 

For the above reasons, in ATM networks, preventive types of congestion control 

schemes are preferred. Preventive control for ATM network can be implemented in 

many ways, the prominent of which are admission control and bandwidth enforce-

ment. Admission control determines weather there are enough network resources, so 

that the required quality of service (QOS) of the connection can be maintained. If 

the network resources are not enough to maintain the QOS, then the connection is re-

fused. Once the connection is set up, the bandwidth enforcement algorithm monitors 

the connection, to ensure that the actual traffic flow is according to the negotiated 

parameter at the time of connection set up. 

Although the slow feedback is a bottleneck in the effective implementation of re-

active type of congestion control scheme, many algorithms have been proposed which 

are based on certain kind of feedback technique. The reactive type of algorithms 

differ in the way feedback is generated and propagated. In some schemes, the feed-

back travels from the destination to the source, and in some schemes, the feedback 

propagates from one node to another. Usually, the length of the queue in the buffers 

is an indication of congestion. When the queue length in the switch exceed a certain 
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threshold, a feedback is sent to the source informing of congestion. 

3.4. Traffic Management policy of ATM Forum 

The ATM Forum[27] is a non-profit organization formed with the objective of accel-

erating the use of ATM products and services through a rapid convergence of inter-

operability specifications. In addition, the forum promotes industry cooperation and 

awareness. The Technical Committee of ATM Forum works with other standard 

bodies, such as ANSI and ITU-T (International Telecommunications Union, formerly 

CCITT), selecting appropriate standards, resolving differences among standards, and 

recommending new standards when existing ones are absent or inappropriate. 

To meet the objectives of traffic control and congestion control in ATM networks, 

the following functions and procedures are suggested by the ATM Forum[28]. 

• CAC (Connection Admission Control) is defined as the set of actions taken 

by the network during the call set-up phase in order to determine weather a 

connection request can be accepted or refused. This action depends on the 

availability of resources such as bandwidth and buffer space. 

• UPC (Usage Parameter Control) is defined as the set of actions taken by the 

network to monitor and control traffic at the end-system access. Its main pur-

pose is to protect network resources from user misbehavior, which can affect 

the QoS of other connections, by detecting violations of negotiated parameters 

and taking appropriate actions. 

• Network Resource Management is responsible for the allocation of network re-

sources in order to separate traffic flows according to different service charac-

teristics, to maintain network performance and to optimize resource utilization. 
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This function is mainly concerned with the management of virtual paths in 

order to meet QoS requirements. 

• Feedback Control Feedback control is defined as the set of actions taken by 

the network and by the end-systems to regulate the traffic submitted on ATM 

connections according to the state of network elements 

• ABR Flow Control : ABR (available bit rate) service category uses the link 

capacity that is left over and is applied to transmit critical data that is sen-

sitive to cell loss[13]. This makes traffic management for this class the most 

challenging by the fluctuation of the network load condition, the burstiness of 

the data traffic itself and CLR ( cell loss ratio) requirement. 

The ATM forum has worked very hard on ABR Flow Control. Following are some 

of the main issues and current progress of this area. 

• Open-Loop vs Close-Loop : Open-Loop approaches do not need end-to-end 

feedback. In close-loop approach, the source adjust its cell rate in respond to 

the feedback information received from the network. It has been argued that 

close-loop congestion control schemes are too slow in todays high-speed large 

range network. By the time a source gets the feedback and reacts to it, several 

thousand cells may have been lost. But on the other hand, if the congestion has 

already happened and the overload is of long duration, the condition cannot be 

released unless the source causing congestion is asked to reduce its rate.Since, 

ABR services is designed to use any bandwidth that is left over the source must 

have some knowledge of what is available when it is sending cells. The ATM 

Forum Technical Committee Traffic Management Working Group specified that 

feedback is necessary for ABR flow control. 

• Credit-based vs Rate-based : Credit-based approaches consists of per-link, per-

VC window flow control. The receiver monitors queue length of each VC and 
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determines the number of cells the sender can transmit on that VC, which is 

called credit. The sender transmits only as many cells as allowed by the credit. 

Rate-based approaches control the rate by which the source can transmit. If 

the network is lightly loaded, the source are allowed to increase its cell rate. 

If the network is congested, the source should decrease its rate. After a long 

debate, ATM Forum finally adopted the rate-based approach and rejected the 

credit based approach. 

Binary Feedback vs Explicit Feedback : Binary feedback uses one bit in the cell 

to indicate weather the link or the switch is congested or not. The sources will 

increase or decrease by some pre-decided rule upon receiving the feedback. In 

explicit feedback, the network tells the source exactly what rate is allowed for it 

to send. Explicit Rate (ER) feedback approach is preferred because ER schemes 

have several advantages over single-bit binary feedback. First, ATM networks 

are connection oriented and the switches know more information along the flow 

path and this increased information can only be used by explicit rate feedback. 

Secondly, the explicit rate feedback is faster to get to the optimal operating 

point. Third, policing is straight forward. The entry switches can monitor the 

returning message and use the rate directly. 

Congestion Detection : Queue Length vs Queue Growth Rate : In earlier 

schemes, large queue length is often used as the indication of congestion. But 

there were some problems with this approach. First, it is a static measurement. 

For example, a switch with a 10k cell waiting in queue is not necessarily more 

congested than a swicth with a 10 cell queue if the former one is draining out 

its queue with 10k cell per second rate and the queue in the latter is building 

up quickly. Secondly, using queue length as the method of congestion detection 

results in unfairness. Source that start up late were found to get lower through-

put than those which start early. Queue growth rate is more appropriate as the 
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parameter to monitor the congestion state because it shows the direction that 

the network is state going. 

Of the above issues that were debated in the ATM forum, Credit-based vs Rate-

based, was of primary importance[22]. Both sides of the group presented the advan-

tages of their schemes with substantial proofs. In the end the ATM forum adopted 

Rate based scheme and rejected the Credit based scheme. Many key points were 

discussed about both the schemes like per-VC queuing, zero cell loss, ramp up time, 

buffer requirements and switch vs end system complexity. The ATM forum decided to 

reject the credit based approach because of the per-VC queuing employed in credit 

based scheme[12]. The per-VC queuing of credit based scheme required switches to 

keep a separate queue for each VC and this was unacceptable to all the members of 

the forum. 



CHAPTER 4 

A NEW FRAMEWORK FOR CLASSFICATION AND COMPARATIVE STUDY 

OF CONGESTION CONTROL SCHEMES OF ATM NETWORKS 

A new framework for classification of congestion control algorithm of ATM networks 

is proposed. The algorithms are classified based on Control theory, method of action 

and method of congestion notification. 

4.1. The Need of a Framework 

Congestion control in ATM networks has become a high priority problem for re-

searcher's, since congestion results in underutilization of expensive network resources. 

ATM networks were designed to support integrated services, like voice, video, graph-

ics and data on the same network. . The traffic carried by ATM networks is supposed 

to be bursty and non flow-controllable (e.g., voice and video traffic sources cannot 

stop generating packets when the network is congested). Because of these reasons 

congestion control in ATM networks has assumed a different dimension when com-

pared to conventional packet-switch networks. 

A lot of research has been done in the field of congestion control for ATM net-

works and many algorithms have been proposed. Some of the examples are interval 

based approach; counter-based approach^9], FCVC[ 13], Hop-by-Hop flow control[ 15], 

Bandwidth Management[ 18] etc. But what is lacking in the area of congestion control 

in ATM networks is a frame work in which the different algorithms can be classified. 

Based on a set of common characterstics it is difficult to characterize and compare 

various algorithms in ATM networks. Till now all the algorithms were classified as 
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either reactive congestion control scheme or preventive congestion control scheme. 

Such a classification only gives a general picture and does not help researcher's in 

understanding the different aspects of all algorithms. It is imperative that a classifi-

cation should be proposed so that it is easy to understand the subtle aspects of all 

algorithms . Such an classification will also help in developing new algorithms. 

In, [1], a taxonomy is given for congestion control algorithms in packet-switching 

networks, which is based on control theoretic approach. In our work, we further 

extended this approach to propose a general framework for classification, and com-

parartive study for ATM congestion control schemes. Also we have two different 

aspects other than control theory on which we have classified algorithms. The other 

two aspects are action and congestion notification. On the onset of congestion in 

the network, various actions are taken to bring the level of congestion under control. 

We feel that action is a good criteria to distinguish algorithms, since this would add 

one more dimension to our framework which would help researcher's, understand the 

merits and demerits of different actions. This classification would pave the way to 

develop, new action techniques to control congestion in the network. The third aspect 

on which we have classified our algorithms is based on congestion notification. Usually 

there are many ways to decide the onset of congestion in a network like queue length. 

We feel that a classification based on this indication factor would give a complete 

picture of the different congestion control algorithms in ATM networks. 

Thus, these different aspects of classification are orthogonal to each other and 

present a coherent framework on which congestion control algorithms are to be clas-

sified. Algorithms which would fall under the same category, under one aspect, would 

fall under different category under another aspect, thus making the similarities and 

differences of algorithms clear. 
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4.2. The Different Aspects of Framework 

4.2.1. A General Approach Based on Control Theory 

We have first classified ATM congestion control scheme based on control theory. A 

similar work has been done for packet switching networks in [1]. In our work we have 

increased the depth of the classification tree, by taking into consideration, additional 

aspects of the algorithms. 

A control system is a system in which some physical quantity is controlled by 

regulating an energy input. A system is a group of physical components assembled 

to perform a specific function. A system may be electrical, mechanical, hydraulic, 

pneumatic, thermal, biomedical or a computer network. The physical quantity may 

be any physical variable, such as temperature, pressure, or mechanical position. An 

ideal control system is one in which an output is a direct function of an input. How-

ever, in actual practice, disturbances affect the output being controlled and cause 

it to deviate from the desired value. The nature of these disturbances varies from 

system to system. Therefore, in a given control system it is of utmost importance to 

identify the disturbances. Once they are identified, the system should be modified or 

compensated to minimize or, if possible, eliminate the effect of the disturbances on 

its output . In short, even though all the disturbances for a given system may not be 

removed, the effect of the disturbances can certainly be minimized. 

The simplest and most common criterion used to classify control systems is feed-

back. In a given control system, if an output or part of an output is fed back so tha t 

it can be compared with an input, the system is said to use feedback. This arrange-

ment forms a closed loop moving from input to output and back to input, hence the 

name closed-loop system. Closed loop system have been part of daily life for a long 

time. The biological system is an example of control system. A simple example of a 
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Figure 4.1: Block Diagram of a Control System 

manually controlled system is maneuvering an automobile. The vehicle operator, in 

a closed-loop fashion, continuously exerts control over various outputs of the system, 

such as velocities and orientations of the car, in a traffic lane. In short, a system 

that uses feedback is a closed-loop system, and one that does not use a feedback is 

an open-loop system. In a closed loop system the difference between the feedback 

signal and the input signal is called an error signal. The error signal is used to drive 

the output toward the desired value. A block diagram of a control system is shown 

in figure 4.1. 

A computer network is a interconnected collection of autonomous computers. We 

view computer networks, as a system, consisting of multiple users generating jobs. 

The entire network can be assumed as a big system with different components like 

routers, bridges and host machines. For the purpose of maintaining the overall traffic 

in the network to an optimal level, we view congestion control as a control system. 

The state of network, for the sake of congestion control can be assumed, to be con-

sisting of queue length at the routers and end-nodes. For the optimal operation of 

the network, a certain threshold for the queue length is defined. A error signal or 
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feedback is sent, when the the queue length exceeds the defined threshold. This signal 

travels to the source, instructing them to reduce their influx of cells into the network. 

The instantaneous state of a computer network varies dynamically. As such the 

network deviates from equilibrium and this results in low throughput and increased 

delay. In ATM networks, it is important that the network maintains the quality of 

service (QoS) which it promises to the user at the time of connection set up. Because 

of congestion, the network cannot maintain the quality of service and degradation 

arises in the form of increased cell loss, low throughput and high delay. As such 

the aim of the control system is to produce optimal throughput and overall delay 

for the traffic in the system. The optimization criteria for any congestion control 

algorithm should be to maximize the function power, which is defined as the ratio of 

the throughput to delay. Thus we can say that, when the network uses this function 

to maintain it at an optimal point , it results in a closed loop sequence of operation. 

This justifies the analogy between a computer network and a control system. 

Based on the concept of control theory we have proposed a new framework for 

ATM congestion control algorithms. As stated above, the feedback plays a important 

role in a control system. Thus in our new framework, the feedback plays a major 

role in classification of the algorithms. The focus is basically on how the feedback 

is propagated and how the sources take action to control congestion in the network. 

The main categories in the classification are 

• open loop congestion control algorithm : In open loop congestion control algo-

rithms, there is no feedback involved. The algorithm does not monitor the state 

of the network dynamically. Usually this algorithms have admission handling 

capacity, which stabilizes the traffic entering the network or at an intermediate 

node. This algorithms are further classified as source control or destination con-

trol depending upon the point where they are executed. If the control algorithm 
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is executed at the source machine then it is source control. If the control algo-

rithm is executed at either destination or at an intermediate machine then, it is 

classified as destination control. They are further classified as either discrimi-

native or non-discriminative. When the control algorithm reduces the inflow of 

traffic for all the sources, on the onset of congestion, then it is called as non-

discriminative. But if the algorithm reduces the rate of only those sources who 

are causing congestion, then it is termed as discriminative. We have further 

classified the algorithms as either static or dynamic depending upon the man-

ner in which the reduced rate is calculated. The algorithm is termed as static, 

if the reduced rate is calculated, without taking into consideration the load on 

the network. This type of algorithm are not optimal, since they reduce the rate 

by fixed amount. The other type, i.e. dynamic type of algorithms take into 

consideration, the load on the network and calculates the new reduced rate. As 

such this type of algorithms are better suited for ATM networks, since ATM 

networks will be supporting bursty sources. But, it has been found that open 

loop type of algorithms are not suited for ATM networks, since this type of 

algorithms clo not present the changing state of the network. 

• closed loop congestion control algorithms : Closed loop congestion control algo-

rithms make their decision based on the feedback received from the destination 

end system or an intermediate node. The algorithms are further classified as 

either persistent or responsive. If the feedback is available at the source end 

system all the time, then it is termed as persistent. Whereas if the feedback is 

sent to the source only when congestion is sensed (when the queue length ex-

ceeds a defined a threshold) , then, it is termed as responsive. They are further 

classified as either global or local. Global means, if the feedback travels all the 

way from the destination to the source and local means if the feedback comes 

from neighbors. They are also classified as discriminative or non discriminative, 

which have the same meaning as in open loop control. Figure 4.2 shows the 
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Figure 4.2: Classification of ATM Congestion Control Algorithms Based on New 

Framework 

4.2.2. A Classification Using the Control Action 

The second aspect on which we have classified ATM congestion control schemes, is 

based on action. On the onset of congestion, the sources take various actions to bring 

the level of congestion under control. The actions can be like reducing the rate of 
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the source or dropping of the cells at the switches. We feel that classification based 

on action will provide a clear picture of different congestion control schemes. The 

classification based 011 action is an extension of the classification based on control 

theory, discussed in the previous section. Hence after classifying algorithms based on 

control theory, we further distinguish between algorithms of the same group, based on 

action. This approach of ours to further classify algorithms, based on action, brings 

out subtle differences in the congestion control schemes, and helps researcher's to 

develop new scheme's for congestion control in ATM networks. 

There are different actions which the algorithms take to reduce the level of conges-

tion. We have come up with 6 different type of actions, which are prominent in ATM 

congestion control algorithms. The basic thing which an algorithm does on the onset 

of congestion is to reduce the rate of the source. Different algorithms reduce the rate 

in different way. The way these algorithms reduce their rate to attack congestion, 

is the main basis of our classification. The different categories in our classification 

based on actions are 

• Multiplicative increase and multiplicative decrease : In this category of algo-

rithms, on the onset of congestion, the sources reduce their rate by an multi-

plicative factor. Usually in this type of algorithms, prior to transferring data, 

the network specifies to the user, certain parameters like ACR(allowed cell rate), 

PCR(peak cell rate). After sending certain number of cells, the source waits for 

an RM (resource management) cell which is basically a feedback. The source 

keeps reducing its rate until the arrival of an RM cell. The RM cell carries the 

rate, at which the source is supposed to transmit. This rate is either calculated 

by the switches or the intermediate node, who monitors the state of the net-

work. The advantage of the these type of algorithms is that, they give a linear 

increase of cell transmission time. Also the network can be restored, if heavy 

congestion results in the loss of RM cell, since the source decreases its rate until 
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the arrival of an RM cell. 

• Multiplicative decrease and additive increase : This type of algorithms differ 

from the above category in the way the sources increase their rate. In this type 

of algorithms, if there is no congestion in the network, then the sources increase 

their rates in steps, rather than incrementing it by an multiplicative factor. But 

if there is congestion in the network, they reduce the rates by an multiplicative 

factor. The algorithms in this category do not reduce their rates continouslly, 

but only at fixed interval like a fraction of round trip time or on a arrival of an 

RM cell. 

• Additive increase and Additive decrease : This type of rate reduction technique 

is usually employed by credit based scheme. In this category of algorithms, 

the sender sends, only after receiving certain number of credits, which is the 

available buffer space at the switch. If the switch is congested, then the receiver( 

or the switch) does not send any credits, forcing the sender from sending any 

cells. 

• Additive decrease based on average rate : In this category, sources reduce their 

rates depending on the rate at which all other sources are sending. For example, 

in some algorithm, the action would be to take the minimum of all the source 

rates, in some algorithm, the sources would be asked to send at their average 

rates. The sources reduce their rates in additive steps, on the arrival of feedback. 

The time between the arrival of the feedback is usually taken as two round-trip 

time. 

• Multiplicative increase and multiplicative decrease based on fair share : In this 

category of algorithms, the action taken to attack congestion is to reduce rates 

based on fair share. A fair share is calculated depending on the number of the 

sources and link bandwidth. Usually the switch calculates the fair share. Each 

source is assigned a fair share of the bandwidth. If the source desired rate is 
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more than the fair share then the source is asked to reduce the rate. If the rate 

of the source is less than the fair share, then the source can ask for more share 

of bandwidth. In this type of algorithms, a load factor is calculated which is 

defined as the ratio of input rate to target rate. The target rate is usually kept at 

85-90% of the link bandwidth. This type of algorithms have many advantages. 

First they ensure that the queue length are very small resulting in low delay. 

Secondly the switches have very few parameters and are easy to set. Third, the 

time to reach the steady state is very small. 

Dropping of cells : In this category, the action is not to reduce the rate of the 

source, but to drop the cells at the switch when congestion occurs. When the 

buffer overflows at the switch, all the incoming cells are dropped depending on 

some scheme. In some congestion control algorithms for ATM networks[18], 

a traffic contract is signed between the user and the network. The user is 

supposed to adhere to the rate, which was negotiated. But the network gives an 

opportunity to the user to send at rate more than the negotiated rate. But this 

excess traffic is sent at a risk of dropping, on the onset of congestion. Usually 

this excess cells are marked with a violation tag in their header. Thus when the 

queue buffer exceeds a certain threshold, this marked cells are dropped. 

Figure 4.3 gives a classification of different types of action in ATM congestion control 

schemes. 
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Figure 4.3: Different Types of Actions in ATM Congestion Control Schemes 
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4.2.3. A Classification Using Congestion Notification 

The third aspect of our framework for classification is congestion notification. By 

congestion notification, we mean, how the algorithm decides weather the network is 

congested or not. Different algorithms have different ways of congestion notification. 

After adding third aspect to our framework, it is very easy to classify algorithms. 

Algorithms which fall under the same category, after classifying them using control 

theory and action approach, may fall under different category, when classified using 

congestion notification approach. This helps us in clearly understand and analyze 

different algorithms. 

The different type of congestion notification method in ATM networks are 

• Queue length exceeding a defined congestion threshold : This is the most com-

mon form of congestion notification method employed in congestion control 

algorithms. The switch monitors the queue length continouslly and when it 

exceed a certain threshold, it assumes that the network is congested and takes 

necessary action to inform sources about it. Usually the threshold is half of 

the number of buffers at the switch or some other fraction of number of buffers 

at the switch. This method is a good congestion indication method, since, as 

the offered load approaches or exceeds its capacity, the queue of traffic awaiting 

that resource will build up. This would result in buffer space being exhausted 

and the network enters in a state of congestion. 

• Average queue length exceeding a defined threshold : This method of conges-

tion notification is same as the above method, except that the queue length is 

not measured continouslly and instead of instantaneous queue length, average 

queue length is measured. The average queue length is obtained by filtering 

the sampled queue depth with a filter time constant equal to RTT( Round Trip 

Time)[18]. 
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• Depending on the load factor of the switch : In this method, the algorithm 

measures the load factor which is the ratio of the input rate to target rate. The 

target rate is set slightly below, around 85-95% of the link bandwidth. If the 

load factor is not close to 1, then all the sources are asked to change their rate. 

If the load factor is well below 1, then the switch is underloaded and the sources 

are asked to increase their rates. But if the load factor is more than 1, then the 

switch is highly overloaded and this may lead to congestion. Hence, the sources 

are asked to reduce their rates. The other alternative to load factor method is 

the fair share method. In fair share method, the switch calculates the fair share 

of each VC periodically. If the rate of transmission of a VC is more than the 

fair share, then that source is assumed to be contributing to congestion. 

• Number of outstanding cell at the VCs exceeding a defined threshold : This 

method is usually used in credit based congestion control algorithms. In this 

type of algorithms, the sender send the cells, only after receiving certain number 

of credits from the receiver. The sender keeps track of the number of outstanding 

cells, which is the number of cells sent minus the number of credits received for 

that VC. If this number( i.e., number of outstanding cells) is greater than a 

defined threshold, then that VC is supposed to be contributing to congestion. 

Figure 4.4 gives classification of congestion notification in ATM congestion control 

schemes. 
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CHAPTER 5 

CLASSIFICATION AND COMPARISONS OF CONGESTION CONTROL 

ALGORITHMS OF ATM NETWORKS 

In this chapter, we apply the new framework discussed in the previous chapter, to 

classify the existing congestion control algorithms in ATM networks.. The algorithms 

are first classified using the control theory approach. Then the algorithms in each 

category are further classified using the action and congestion notification approach. 

Thus with the help of these three aspect of framework, each algorithm can be well 

understood and new algorithms which are developed can easily fit in any one of the 

above categories. Figure 5.1 shows the table of various congestion control algorithms 

in each category, when classified according to the control theory approach. 

5.1. Close Loop with Responsive, Local and Static Control 

In this category of algorithms, the feedback is propagated between immediate nodes. 

The reduced rate is calculated, not taking into consideration the load on the network. 

Examples of this type are hop-by-hop[15], credit-based scheme[10], virtual source and 

destination[22]. Table 5.1 list the major features of these algorithms. 

After classifying the algorithms based on control theory, we next classify algorithms 

in this category, using the action approach. Hop-by-Hop flow control and Credit-

Based scheme fall under additive increase and additive decrease category, whereas 

Virtual source and destination fall under multiplicative increase and multiplicative 

decrease. 

The above algorithms are further classified using the congestion notification ap-

proach. Hop-by-Hop flow control fall under the category of number of outstanding 
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Figure 5.1: Classification of Exisiting Congestion Control Algorithms for ATM Net-

works Based on Control Theory 
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Table 5.1: Closed loop with responsive, local and static control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Method 

Hop-by-Hop[15] Each VC is allowed to sent only after re-

ceiving sufficient credits from the receiver. 

The credits denote the number of available 

buffer for that VC at the switch. As such 

congestion is avoided by sending only those 

number of cells for which buffer space is 

available 

additive increase & ad-

ditive decrease 

number of outstanding 

cells 

Credit-Based Scheme[10] This algorithms is same as Hop-by-Hop 

flow control. When congestion is encoun-

tered, backpressure builds up along con-

gested VCs, spanning one or more hops. 

Each VC can be throt t led, by not sending 

credits 

additive increase & ad-

ditive decrease 

average queue 

length exceeding a de-

fined threshold 

Virtual Source[22] The Network is segmented and the feed-

back is t ransmit ted between these seg-

ments. The intermediate segments can use 

any one of the rate reducing techniques like 

interval method ; counter method[9]. 

multiplicative in-

crease Sz multiplicative 

decrease 

queue length exceeding 

a defined threshold 

cells, Credit based scheme falls under average queue length exceeding a defined thresh-

old, and Virtual Source Destination falls under queue length exceeding a defined 

threshold. 

5.2. Closed loop with Responsive, Local and Dynamic Control 

The only algorithm in this category, is shutter algorithm [16]. This algorithm is ba-

sically a rate based node-to-node flow control mechanism that dynamically regulates 

the flow of traffic between the adjacent nodes of an ATM network. Similar to the 

credit-based scheme[10], the source is allowed to transmit only when its credit balance 

is positive. But the key difference between a shutter and credit-based scheme is the 

feedback loop of shutter that can be used to instruct the terminal to adjust its rate. 
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When classified using the second aspect of our framework i.e., action, this algorithm 

falls under the category, of additive increase additive decrease. The source increases 

its rate depending on the size of shutter, which is increased in incremental steps. 

According to the congestion notification method, this algorithm falls under the class 

of number of outstanding cells. The credit balance keeps track of the number of out-

standing cells and congestion is notified when this value (i.e., credit balance) becomes 

negative. Table 5.2 shows the classification for this category. 

Table 5.2: Closed Loop with Responsive, Local and Dynamic control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Method 

shutter algorithm[16] Each VC is allocated credits according to 

the size of the shutter. The source is al-

lowed to transmit, if it has positive credit 

balance. The receiver has the option of in-

creasing the size of shutter, thus increasing 

the rate of the source 

additive increase & ad-

ditive decrease 

number of outstanding 

cells. 

5.3. Closed Loop with Responsive, Global and Discriminative Control 

The algorithm in this category is MIT scheme[22j. The source rate is calculated based 

on the fair share. Any VCs whose desired rate is less than the fair share is granted 

the desired rate. The feedback is in the form of RM cell, which carries the fair share 

for that VC from the switch. 

This algorithm, falls under, multiplicative increase and multiplicative decrease based 

on fair share, category according to the action method. The action taken to reduce 

the source rate, is based on the fair share and the rate at which the source is sending. 

According to congestion notification method this algorithm comes under load factor 

method. The congestion is notified, when the load on the network increases. The 

load is usually calculated by comparing the fair share and the desired rate of the VC. 
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Table 5.3 shows the features of MIT algorithm. 

Table 5.3: Closed Loop with Responsive, Global and Discriminative Control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

MIT Scheme[22] A RM cell is sent which consist of VC cur-

rent rate and a desired rate. The switches 

monitors all VCs rates and computes a fair 

share. If the desired rate is less than the 

fair share, then the desired rate is allo-

cated. If greater than fair share, then the 

desired rate is reduced to the fair share. 

The fair share is computed as link band-

width - E bandwidth of underloading VCs 

/ number of VCs - number of underloading 

VCs 

multiplicative increase 

& multiplicative de-

crease based on fair 

share 

load factor. 

5.4. Closed Loop with Responsive, Global, Non-Discriminative and Static control 

The only algorithm in this category is, Algorithm by Gesrsht et al[23]. Two classes 

of traffic is specified in this algorithm : express traffic and first class traffic. When 

the network is congested, the first class traffic reduces their rate to their average rate. 

The express traffic is not affected by congestion. 

This algorithm falls under the category of, additive decrease based on average rate, 

according to action method. On the onset of congestion, the first class traffic reduces 

its rate from the peak rate to the average rate. 

According to the congestion notification method, this falls under the category of queue 

length exceeding a defined threshold. When the occupancy of the first class traffic 

at the switches, exceeds a threshold, choking packets are sent to all first class VCs. 

Table 5.4 shows the major features of this algorithm. 
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Table 5.4: Closed Loop with Responsive, Global, Non-Discriminative and Static Con-

trol 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

Algorithm by Gersht et al[23] Two classes of traffic are defined by this 

algorithm : express traffic and first class 

traffic. When the buffer occupancy of the 

first class traffic exceeds a certain thresh-

old, choking packets are sent to all the first 

class VCs. The choking process reduces 

the maximum first class packet arrival rate 

from EPf. to EG/,, where EP^ is the sum 

of peak rate of all the VCs and E i s the 

sum of average rate of all the VCs. 

additive decrease based 

on average rate 

queue length exceeding 

a defined threshold. 

5.5. Closed Loop with Responsive, Global, Non-Discriminative and Dynamic Control 

In this category, the feedback travels from the destination to the source. All the 

sources are asked to reduce their rate in a uniform manner. Example of this category 

are interval based method [9], counter based met hod [9]. 

According to the action, method the counter based approach would fall under mul-

tiplicative increase and multiplicative decrease category, whereas interval based ap-

proach would fall under additive increase and multiplicative decrease. The difference 

between these twro algorithms is the way they reduce their rate. 

According to the action method, both the algorithms fall under the same category of 

queue length exceeding a defined threshold. Table 5.5 gives a brief summary of both 

these algorithms. 

5.6. Closed Loop with Persistent, Discriminative Control 

In this category of algorithms, the feedback is always present to the source end sys-

tem. Only those souirces are asked to reduce their rate who are contributing to the 
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congestion. Examples of algorithms of this type are Intelligent congestion control[24] 

and Algorithm by Yin et al[14]. 

According to the action method, both the algorithms fall under the category of ad-

ditive increase and multiplicative decrease. 

According to the congestion notification method, Intelligent congestion control falls 

under the category of queue length exceeding a defined threshold, whereas, Algorithm 

by "Yin et al falls under the category of average queue length exceeding a defined thre-

hold. In algorithm by Yin et al, the average queue length is measured over a time 

period of one RTT( round trip time). Table 5.6 lists the charactestics of these algo-

rithms. 

5.7. Closed Loop with Persistent, Non-Discriminative Control 

The difference between algorithms in this category and the previous category is that, 

in these algorithm, all the sources are asked to reduce their rates, when congestion 

occurs. Examples of algorithms in these category are Balanced scheme[8] and Multi-

cast VC[22]. 

According to the action method, Balanced scheme and Multicast VC comes under 

the category of additive increase based on average rate. 

Balanced scheme comes under load factor, when classified according to congestion 

notification scheme. Multicast VC comes under queue length excedding a defined 

threshold. Table 5.7 gives a summary of these algorithms. 

5.8. Open Loop with Soucre and Static Control 

In this category of algorithms, the source end system maintains the knowledge of the 

network. There is no feedback involved. The source end system usually has traffic 

stabilizing policy, so that congestion is avoided at the ingress of the network. The 

only algorithm in this category is admission control[16]. 
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Admission control falls under the category of additive increase and additive decrease 

category, when classified according to action method. 

According to congestion notification method, this algorithm falls under the category 

of load factor. Table 5.8 gives the properties of this algorithm. 

5.9. Open Loop with Source and Dynamic Control 

The difference between this category and the above category is that, in these, the 

reduced rate of the source is calculated depanding on the state of the network. Ex-

amples of algorithms in this category are OSU Time based scheme[22] and CAPC 

(Congestion Avoidance Using Proportional Control) [22]. 

According to the action method, bot these algorithms fall under the category of mul-

tiplicative increase multiplicative decrease based on fair share. 

Both the algorithms fall under the category of load factor, when classsified according 

to congestion notification method. Table 5.9 lists the characterstics of both these 

algorithms. 

5.10. Open Loop with Destination and Non-Discriminative Control 

In this category of algorithms, the control action is taken at the destination end 

system. Usually the action is to drop the cells of all the VC. Examples of this type 

are early packet discard [17] and partial packet discard [17]. 

According to action method, both the algorithm falls under the category of dropping 

of cells. 

Both the algorithm falls under the category of queue length excedding a defined 

threshold, when classifie d according to congestion notification method. Table 5.10 

lists all the properties of these two algorithms. 
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5.11. Open Loop with Destination, Discriminative Control 

In this category of algorithms, only those sources which are contributing to congestion, 

reduce their rate. Examples of these types of algorithms are leaky window[36] and 

bandwidth management[18]. 

According to action method bandwidth management and leaky window falls under 

the category of dropping of cells. On the onset of congestion, both the algorithms, 

drop cells to releive congestion in the network. 

Bandwidth management falls under the category of queue length exceeding a defined 

threshold, whereas leaky window falls under the category of average queue length 

exceeding a defined threshold, when classified according to congestion notification 

method. Table 5.11 lists the major features of these algorithms. 
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Table 5.5: Closed Loop with Responsive. Global, Non-Discriminative and Dynamic 

Control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

Interval based method[9] An initial rate ICR, a maximum allow-

able rate PCR, and a minimum cell rate 

MCR are specified by the network at con-

nection setup time and the source is al-

lowed to emit cell at a rate that ranges 

from 0 to ACR, where ACR is allowed cell 

rate. When congestion occurs, the EFCI 

bit is set, and the destination end system 

sends an RM cell specifying congestion to 

the source end system. The source end 

system decrease its ACR rate as ACR «— 

max(ACR * MDF, MCR), where MDF is 

the multiplicative decrease factor. A time 

interval RMI (RM interval) is defind at the 

destination end systm, and one RM cell is 

allowed to be sent in an RMI. When no 

RM cell is recived by the source in RMI, it 

increases its rate. 

additive increase & 

multiplicative decrease 

queue length exceeding 

a defined threshold 

Counter based approach [9] In this algorithm, the rate increase in pro-

portional to the current sending rate of the 

source. The source end system marks the 

EFCI bit in all data cells except for the first 

of every NRM cells. The destination end 

system instantly sends an RM cell back to 

the source system when it receives a cell 

with the EFCI bit cleared. The source 

end system increases its rate as ACR <— 

min(ACR 4- Nrm * AIR + Nrm * ADR, 

PCR), where AIR is the additive increase 

rate and ADR is the additive decrease rate. 

multiplicative in-

crease & multiplicative 

decrease 

queue length exceeding 

a defined threshold 
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Table 5.6: Closed Loop with Persistent, Discriminative Control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

Intelligent Control[24] The key idea of this scheme is for each 

congested switch to estimate the 'optimal' 

cell rate on each VC and then using sim-

ple feedback mechanisms, this rate will be 

used to adaptively adjust the cell rates for 

the sources. The new rate is calculated 

in the same manner as in counter based 

method[9]. only those sources, which are 

contributing to the congestion are asked to 

reduce their rate. The swicth intelligently 

marks only, cells of those VC which are 

contributing to the congestion. 

additive increase & 

multiplicative decrease 

queue length exceeding 

a defined threshold. 

Algorithm by Yin et al[14] In this algorithm the decision to increase 

and decrease rate is based on boththe 

SCR( sustainable cell rate ) and BT(burst 

tolerance) and the state of the network 

congestion. The state of congestion is de-

termined locally by comparing the average 

depth of internodal link queue to a con-

gestion threshold. During congestion, only 

those sources whose rate is more than the 

SCR are asked to reduce teir rate. The in-

crease in the rate is done as Rn = Rn~\ 

-f b, and the decrease is done as Rn = d * 

Rn- i i 0<d<l . The parameter b is defined 

as increase increment and d is defined as 

decrease factor, n denotes the nth interval. 

additive increase & 

multiplicative decrease 

average queue 

length exceeding a de-

fined threshold. 



45 

Table 5.7: Closed Loop with Persistent, Non-Discriminative Control 

Cont ro l A l g o r i t h m Conges t ion Cont ro l M e t h o d Act ion Conges t ion 

Not i f ica t ion Met hod 

Balanced Scherne[8] A special ded ica ted cell, called feedback 

cell is issued per iodical ly by the control ler 

to p robe the m a x i m u m switch ut i l iza t ion 

along a v i r tua l connec t ion . If the switch 

u t i l iza t ion is above a t a rge t value, t hen the 

sources are asked to reduce the i r ra tes . All 

the sources un i fo rmly reduce the i r ra tes , 

so t h a t t h e switch u t i l iza t ion is below t h e 

th resho ld . If t h e feedback cell ind ica tes 

conget ion , t h e n the source takes t he mini -

m u m of cell r a t e and the t r ansmiss ion ra te , 

as t he source r a t e for next cycle. 

add i t ive decrease based 

on average r a t e 

load fac to r 

Mu l t i c a s t VC[22] T h i s a l go r i t hm is an ex tens ion of explici t 

r a t e based a p p r o a c h . In th i s a lgo r i thm, all 

t h e fo rward cell a re copied to each b ranch 

of t h e ne twork . Whi l e in t h e reverse direc-

t ion, t h e r e t u r n i n g cell i n fo rma t ion is com-

bined so t h a t t he m i n i m u m of the ra tes al-

lowed by t h e b r anches is fed back t owards 

t he roo t . 

add i t ive decrease based 

on average r a t e 

queue length excedd ing 

a def ined th re sho ld 

Table 5.8: Open Loop with Source and Static Control 

Con t ro l A l g o r i t h m Conges t ion Con t ro l M e t h o d Act ion Conges t ion 

Not i f ica t ion Met hod 

A d m i s s i o n Control[16] Admiss ion control a lgo r i t hm usual ly de-

cides wea the r to accept or reject connec-

t ion d e p a n d i n g u p o n the load on t h e net-

work. To a t t a i n high link u t i l iza t ion and 

sa t i s fy ce r ta in Q O S requ i remen t s , a con-

nect ion is accep ted or re jec ted , consider ing 

t h e s t a t i s t i ca l mul t ip lex ing gain t h a t de-

p a n d s on t h e new V C s an t i c ipa t ed t raff ic 

cha rac te r s t i c s and the Q O S requ i r emen t of 

the V C 

add i t ive increase & ad-

di t ive decrease 

load fac to r 



Table 5.9: Open Loop with Source and Dynamic Control 
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Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

OSU Time-Based Scheme[22] A load factor z — input rate / target rate 

is evaluated. The target rate is set slightly 

below 85-95% of the link bandwidth. If the 

load factor is not close to 1, all the VC are 

asked to change (divide) their load by this 

factor z. 

multiplicative increase 

& multiplicative de-

crease based on fair 

share 

load factor 

CAPC[22] This algorithm is similar to OSU Time 

based scheme. The only difference is the 

way they calculate the fair share or the 

load factor. If the network is under-

loaded^ < 1), fair share is increased as 

fair share = fair share * MIN( ERU, 1 -f 

(1 - z ) * RUP), where RUP is the slope 

parameter and ERU is maximum increase 

allowed. During overload (z> 1) fair share 

is computed as fair share = fair share * 

MAX(ERF, 1 -( z-1) * RDN), where RDN 

is the slope parameter and ERF is the min-

imum decrease. 

multiplicative increase 

& multiplicative de-

crease based on fair 

share 

load factor. 
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Table 5.10: Open Loop with Destination and Non-Discrminative Control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

Partial Packet Discard[17] Cells are dropped when the queue buffers 

overflows. Once the switch drops the cell 

from a VC, the switch continues to drop 

cells from the same VC until the switch 

sees the ATM -layer-user-to-user (AUU) 

parameter set in the cell header, indicat-

ing the end of AAL packet. 

dropping of cells queue length excedding 

a defined threshold 

Early Packet Discard[17] This algorithm is same as the above. The 

only difference is the threshold of the-

queue. In this algorithm, the threshold 

is defined as half of the queue buffer. As 

such, when the queue length exceeds half 

of the number fo buffers at the switch, cells 

are dropped. 

dropping of ceils queue length excedding 

a defined threshold. 
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Table 5.11: Open Loop with Destination and Discrminative Control 

Control Algorithm Congestion Control Method Action Congestion 

Notification Met hod 

Bandwidth Management[18] For the duration of the VC, traffic enter-

ing the network from each end device is 

monitored in real time at the network edge 

; and through such real time monitoring, 

traffic that falls within agree-to traffic pa-

rameters is discrminated from the remain-

ing traffic ( the excessiv traffic). Cells cor-

responding to excessive traffic is marked 

with a violation tag in their header. This 

violation markedcells are discarded, when-

ever they encounter a moderate threshold 

at any ATM cell queue along the virtual 

circuit 

dropping of cells queue length excedding 

a defined threshold. 

Leaky Window[36] This algorithm is a variant of credit-based 

scheme and uses window mechanism to 

control the number of unacknowledged 

frames that each source may have out-

standing in the network. In this scheme, 

even if the credits are exhausted, a user 

does not suspend its operation : instead it 

transmits additional frames depariding on 

the availability of resources. These excess 

traffic is marked sothat, durning conges-

tion, this marked cells can be dropped to 

decrease the levelof congestion 

dropping of cells average queue 

length exceeding a de-

fined threshold 



CHAPTER 6 

SUMMARY AND FUTURE RESEARCH 

6.1. Summary 

ATM is considered to be the most promising candidate for the deployment of B-ISDN. 

ATM networks uses optical fibers and provide high bandwidth with low error rates. 

Due to the effects of high-speed channels, the ratio of propagation delay to cell trans-

mission time and the ratio of processing time to cell transmission time are increased. 

The performance bottleneck of the ATM network is therefore shifted from the chan-

nel transmission speed to the processing speed at the network switching nodes and 

the propagation delay of the channel. As such, the issue of congestion control and 

flow control has taken a new approach, different from conventional packet switching 

networks. 

In this work, we have proposed a new framework for the classification of existing 

congestion control algorithms for ATM networks. A classification based on control 

theory is made first. The main factor that distinguishes algorithms, when classified 

according to control theory, is the feedback. The feedback, which carries the informa-

tion regarding the state of the network to the sources, is sent in different cells. The 

algorithms which uses the feed back information to adjust to the state of the network 

are usually termed as closed loop algorithms. Depending on the information in the 

feedback cell, the sources takes different action to reduce the level of congestion in the 

network. The counterpart of closed loop algorithms, open loop algorithms, does not 

use any feedback information to adjust to the dynamically changing network. Instead 

they have traffic monitoring facility, which stabilizes the traffic entering the network, 

thus avoiding congestion at the ingress of the network. 

ia 
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The second aspect on which we have classified algorithms is based on action ap-

proach. Different algorithms take different actions to attack congestion in the net-

work. The action for most of the algorithms is to reduce the rate of cells in the 

network. In what way, the sources reduce their rate is the second aspect of our clas-

sification. 

The third aspect on which we have classified our algorithms, is congestion notifi-

cation. It is important that the control algorithm has a capability, that decides the 

onset of congestion in the network. Different algorithms have different method of 

indicating congestion in the network. In what way the control algorithm decides the 

onset of congestion is the third aspect of our classification. 

6.2. Future Research Problems 

There are still a number of research problems that need to solved in the area of ATM 

networks. The following are some of them : 

• In what way to specify the QoS parameters and traffic descriptor of a VC/VP. 

• An important issue to consider is weather elimination of cell loss is desirable for 

best-effort traffic, which typically uses modern transport protocol such as TCP 

that have congestion control mechanism at the transport layer. Currently such 

transport protocols rely on packet drops as the indication of congestion in the 

network. If packets are not dropped, the transport protocol will not be able to 

exercise congestion control and may behave problematically. 

• Homogeneous traffic sources have been assumed in the past analytic work. 

Quanitative performance analysis assuming heterogeneous traffic sources need 

to be studied further[2]. 



• In most of the past algorithms, congestion is measured through the queue length. 

A threshold for queue length is defined and if the queue length exceeds this 

threshold, the network is considered to be in congestion. This approach of 

detecting congestion is not suitable for ATM networks because of the bursty 

sources. This approach may lead to false detection of congestion. Thus more 

accurate ways are needed to detect congestion. 
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