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Load balancing algorithms for TINA networks

Maria Kihl, Niklas Widell and Christian Nyberg

Department of Communication Systems, Lund Institute of Technology,
BOX 118, 221 00 Lund, Sweden

TINA is an open, object oriented, distributed telecom architecture, with many concepts taken directly
from the latest computer research. In TINA, instances of the same object type can be placed on different
physical nodes. Therefore, the network performance can be improved by introducing load balancing
algorithms. These algorithms should distribute the traffic between the object instances in such way that
the overall throughput and setup time are improved. We discuss and examine a number of simple
distributed load balancing algorithms, that do not require any extra load information exchange between
the nodes. The results show that it is difficult to find an algorithm that behave well for all traffic
situations. The main problem is that the algorithms have not enough information about the load situation
on the different nodes, since no load information is exchanged between the nodes. This problem can be
solved by adding the feasibility of load status information to the TINA protocols.

1. Introduction

The trend in modern telecommunication systems is to provide a whole array of services, such as
Freephone and Video conferences. To support these services, computers are integrated in the networks,
adding for example central databases and allowing more complex service logic to be implemented. The
Intelligent Network (IN) is an attempt to create a set of reusable components that can be connected to
perform a new service. IN uses special nodes, called Service Control Points (SCPs), that are capable of
executing complex services. If a service cannot be performed locally in the switch, it is passed on to the
SCP. However, INs are not flawless. For instance, SCPs are potential bottlenecks and management of
the network is difficult. Further, there is little vendor independence, which is an important factor in
today’s deregulated telecom market.

To solve these problems, the Telecommunication Information Networking Architecture (TINA) is
being developed. TINA is an open, object oriented, distributed telecom architecture, with many concepts
taken directly from the latest computer research. TINA is intended to be a good platform for service
development in a rapidly expanding telecom environment. TINA is developed by a consortium which
includes network operators and telecommunication and computer equipment suppliers. It is based on the
Common Object Request Broker Architecture (CORBA), developed by the Object Management Group
(OMG), that is a standard for object distribution and communication in computer networks. Services that
may be provided by a TINA system include voice-based services, interactive multi-media services,
information services and management services.

In TINA, instances of the same object type can be placed on several nodes. Since the traffic thereby
must be distributed among the object instances, good load balancing algorithms could increase the
network performance. The main objectives of a load balancing algorithm is to improve the throughput
and lower the setup times by distributing more traffic to lightly loaded nodes than to nodes with a high
load.

Several papers have discussed load balancing and load sharing in computer networks. However, none
of these papers examine load balancing in TINA networks. Kremien and Kramer [6] discussed load



sharing algorithms for distributed systems. Kunz [7] examined how the network nodes should exchange
load status information to be used in load balancing schemes. Jordan and Varaiya [8] investigated call
admission control policies for communication networks that support several services. Here, it is assumed
that the control scheme knows the status of all network resources. Ramakestaha®] defined a
optimization problem for how to assign a number of tasks to a number of processors in order to
minimize, for example, the maximum completion time.

This paper extends the work by Kl al. [14][15] and it is partly based on the Master Thesis by
Widell [18]. We discuss and examine feasible load balancing algorithms for TINA. The algorithms do
not require any load status communication between the nodes, since they only consider the number of
rejected signals. The investigations show that the algorithms behave differently depending on the traffic
situation. Therefore, we also have a discussion about alternative algorithms that require some load status
communication between nodes. Such an algorithm should have a good behaviour during all traffic
situations.

2. TINA

The TINA architecture provides a set of concepts and principles to be applied in the development of
software for telecommunication systems (see Chapman and Montessi [1]). TINA is very comprehensive.
In order to be a fully distributed architecture, TINA contains a number of domains. The objects in two
different domains are logically separated from each other. One domairresaihe domain, which is
intended to contain components necessary to create a “market place” for services providetvicehe
provider domain. Theuser domain contains the users of services and items closely related to the user.

Further, there are in TINA three types of sessions, that perform a set of activities during a specific
period in time. Théccess session deals withauthentication and authorization of users, support of users’
preferences, support for mobility and control of service interaction&F ke session provides users
with an environment to support the execution of a service. Fitlaiommunication session supports
the activities needed to establish the communication between users.

The service component (SC)is an abstraction that encapsulates data and procelsiogsists of a
number of computational objects and provides a set of capabilities that can be used by other objects
through two types of interfaces; theeam interface and theoperational interface. The stream interface
connects communication endpoints producing or consuming information flows, for example video or
voice bitstreams. The operational interface deals with operations and requests from one object to
another.

The TINA-consortium has defined a set of generic service components. Here follows a list of the
more important ones:

e Communication Session Manager (CSM): The computational counterpart of the Communication
session.

* Service Session Manager (SSM): Supports the capabilities that are shared among the users in a Serv-
ice session.

» User Session Manager (USM): The software representation of a user in the retailer domain.

« Initial Agent (I1A) and User Agent (UA): Act on behalf of a user within the network.

« Provider Agent (PA): Is the user’s point of contact with the provider.

« User Application (UAP): Represents in the user domain the application that the end-user needs to
use a service.

e Terminal CSM (TCSM): Supports the Communication Session in the user domain.

» Service Factory (SF): Creates instances of SSMs and USMs.

» Generic Session End Point (GSEP): Connects the UAP and the USM.



A TINA application consists of computational objects that interact with each other. One feature in
TINA isthat an object does not have to know on which node another object is implemented. |nstead,
logical addresses are used in the communication. To accomplish this, TINA hasaDistributed Processing
Environment (DPE) that is used for the communication between objects (see Graubmann et al. [2]). The
DPE knows on what nodes the objects are placed on. This means that from the computational objects
point of view, there is no difference between local and remote communication.

The DPE supports a number of services that are available for al applications. Here follows some
examples of these services:

» Trading service: Helps computational objects to find appropriate objects to interact with.

* Notification service: Sends broadcasted messages, that may be picked up by any listening computa-
tional object.

 Performance monitoring service: Allows operators to monitor network performance.

3. ATINA service

Minetti and Utsunomiya [3] describe a ssimple TINA service in which two end-users exchange data
via stream interfaces on the users’ application objects (for example, an ordinary telephone cal). In this
paper the same service is used in the investigations. This section contains a description of how the
serviceis modelled in the investigations. In the model only the setup of the serviceis considered.

The service uses ten different service components belonging to the user domain and the provider
domain. The user domain components are Provider Agent (PA), User Application (UAP), Generic
Session End Point (GSEP) and Terminal Communication Session Manager (TCSM). The components
in the provider domain are User Agent (UA), Initial Agent (1A), User Session Manager (USM), Service
Session Manager (SSM), Communication Session Manager (CSM) and Service Factory (SF).

Intheinvestigations asimplified SC model is used. First, the SCsin the user domain are modelled as
one SC called USER. Thereason for thisisthat the user domain components will probably be placed on
the same physical node closeto the users. Second, the |A and PA are modelled as one SC called AGENT.
The other SCs are called the same as before, that is USM, SSM, CSM and SF.

The setup of acall (that is, the setup of the stream interface) consists of a number of signals being
exchanged between the objects. Sometimes, the objects have to use aso called DPE service, for example
the trader service. Table 1 contains the number of signals and DPE service requests that is needed to
setup acall.

4. Network model

The network consists of K nodes that communicate via a signalling network. We assume that the
network is very fast which means that the switching times are negligible. The network supports the
service described in Section 3. Each node handles a number of SCs. The communication between the
SCsis performed viaa DPE that is placed on each node. A particular SC type can be placed on several
nodes. In TINA, the computational objects in a service component can be placed on different nodes.
However, we assume that all objectsin an SC are placed on the same node. Further, SCs do not migrate
in the network, since we assume that a steady state concerning the placement of SCs has been reached.
Figure 1 shows a network with three nodes and three types of SCs.

New service requests arrive at the network in a Poisson stream. The requests are evenly distributed
among the USER objects. When a USER object receives aservice request, the setup sequence starts. The
setup sequence consists of anumber of signalsthat are sent between the SCs (see Section 3). Each signal
generates a job that must be processed on the node on which the receiving SC is placed. After the
processing, the next signal in the setup sequence is transmitted.



Table 1
Signalling model

USER AGENT USM SSM CSM SF
Number of norma 10 9 11 7 2 5
signals
Number of DPE 0 4 0 1 0 0

service requests

The nodes are modelled as single server systems with infinite FIFO job queues. We assume that they
have unlimited memory capacity. The jobs belonging to the SCs on a node are executed concurrently
with a simple time-sharing algorithm. The execution time for a job depends on what kind of SC it
belongs to. If the SC uses a DPE service, the execution time is multiplied with a certain factor.

The transmission times are modelled as an added execution time in the sending and receiving nodes.
These times represent the packing and unpacking of protocols. We assume that the DPE is intelligent
enough to be able to separate between local and remote communication. Therefore, the transmission
timeis zero if asignal is sent between two SCs that are placed on the same node. Note that the SCs
themselves have no knowledge about the physical addresses. Only the DPE knows on which network
node a particular SCis placed.

Each node has an internal overload control scheme for protecting themselves. The objective of the
internal overload control scheme is to keep the load on the node at a target load, p; . The scheme
measures the average load on the node during intervals of length T seconds. |f the measured load isabove
the target load, only a certain fraction of the incoming signals is accepted. The acceptance probability
during interval k, p(k), is calculated as follows. Let the measured load during interval k-1 be p(k-1). If
p(k-1) > p; then p(k)=p(k-1)-step, else p(k)=p(k-1)+ step. p(k) can never be less than zero or greater than
one.

Oneproblemwith aninternal control isthat itisnot very efficient (seeKihl [15] or Houck et. al. [11]).
In order to achieve a high network throughput, calls should be rejected as early as possible. If acall is
rejected late, much processing capacity is wasted. Therefore, in order to improve the internal control
scheme a call can be rejected only the first time it uses a service component. If a call has had one
accepted signal to a particular SC, al other signals to this SC are accepted. In this way, the overall
network throughput isimproved. However, there will still be much rejection in the network, since acall
consists of signalsto several different SCs. To achieve a maximum throughput, aglobal control scheme
which tries to optimise the overall network performance should be implemented. We have decided not
to implement such a control scheme, since this scheme would interfere with the load balancing
algorithms that are the main concern of this article.

5. Load balancing algorithms

In TINA networks, multiple instances of a service component can be placed on different nodes. One
result of thisisthe feasibility of load balancing. If one node suffers from heavy traffic, the other nodes
can help this node by sending the signal s el sewhere. The main objectives of aload balancing algorithm
are to improve the throughput and the setup time in the network.

Sinceload balancing has not yet been considered during the TINA development, it is not certain how
much a load balancing agorithm might know about the network. Therefore, we have investigated a
number of simple load balancing algorithms. We have decided to place the load balancing mechanism
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Figure 1. Network with three nodes and three SC types

in the DPE on each node, since it is only the DPE that has knowledge about the other nodes. The DPE
uses the algorithm to find an appropriate SC instance. The algorithm is used only the first time a signal
is sent to a particular SC type during the setup sequence. The next time a signal in the same setup
sequence is sent to this SC, the same SC instance is used.

The algorithms use measurements to decide the current load status of the nodes. These measurements
are performed during time intervals, called control intervals, of leng#conds. At the end of each
control interval, the load status is updated. The algorithms are described below.

5.1 Random

In this algorithm, an SC is chosen randomly, with the same probability for each node that contains
instances of the particular SC type. This algorithm is of course very simple to implement in the network,
and can be considered as a “default” algorithm.

5.2 Shortest queue

In this algorithm, the DPE selects the SC instance that is placed on the node with the shortest job
qgueue. The shortest queue algorithm can be considered as an optimal algorithm concerning the setup
time. However, it would be very difficult to implement this algorithm in a real network, since the DPE
will not have this knowledge about other nodes. Therefore, this algorithm is only used for comparison
with the other three strategies.

5.3 Acceptance probabilities
In this algorithm, each node uses two metiligg;(i) andN, (i), whereN,(i) stands for the number
of signals sent to nodendN,(i) stands for the number of signals sent to ridtat has been rejected.
At the end of the control intervals, each node estimates the acceptance probabilities for the other nodes.
Let A(i) denote the estimated acceptance probability for ng&(@ is estimated as

Nyoe (1) =N, (i)
Nyt (1)
The node chooses an SC instance on nedt the probabilityP(i). P(i) is given by

A() =

A(i)

.;A(i)

whereV is the set of nodes that contain the particular SC type.
In order to delete the effects due to statistical fluctuatiB(i¥,is low pass filtered. I1P,(i) is the

P(i) =



estimated probability in thigh interval, the low pass filtered probabili§ (i), is calculated as
PU() = a P (i) + (1-a) [P,_,H(i)

wherePk_l*(i) is the low pass filtered probability from the previous interval.

5.4 Load statusvalues
In this algorithm, each node uses a mai(iy, which denotes the load status of nodéhe load status
is updated at the end of the control intervals. The update is performed as follows. If there have been any
rejected messages from nade(i) is decreased with one. Otherwik§) is increased with one. L(i) can
never be less thdn,;,, and more thah,.
The node chooses an SC instance on nedtn the probabilityP(i). P(i) is given by

L)
PO SO

whereV is the set of nodes that contain the particular SC type.
6. Investigations

The load balancing algorithms were examined in a number of simulation cases. The main objective
of the investigations was to find better load balancing algorithms than the Random algorithm. Therefore,
all results should be compared with the results for the Random algorithm. The parameters used in the
simulations are shown in Table 2.

6.1 Execution times

It is of course very hard to estimate appropriate execution times for the SCs, since there are no TINA
systems in operation today. The execution times depend on the amount of work related to each signal.
If the signal requires a DPE service, even more execution time is needed. We have decided to use the
following execution times. Signals belonging to USER, AGENT, USM and SSM objects have an
execution time of 1 ms. Signals belonging to CSM objects require 4 ms, since we assume that the CSM
perform more complex tasks than the previous objects. Further, signals belonging to SF objects require
an execution time of 2 ms. If the SC uses a DPE service, the execution time of this signal is multiplied
with five. Further, the transmission times are modelled as extra execution times in the sending and
receiving nodes. This extra execution time is 0.25 ms both for the sending and receiving node.

Table 2
Parameter settings
Value

Number of node 10
Control interval lengthy 1 second
Parameter in control schensgp 0.05
Parameter in low pass fil{er 0.2
Minimum load status valué,;, 1

Maximum load status valug,, 30




Table 3
Service component distributions

USER AGENT USM SSM CSM SF
Balanced distribution 1-5 6-8 6-8 9and10 9and 10 9and10
Focused distribution 1-5 6-8 6-8 6and9 6and10 6 and 10

Table 4
Arrival rates (calls/second)
Balanced distribution Focused distribution
Traffic profile Low High Low High
Arrival rate 29 67 25 60

6.2 Service component distributions

Since there can be several instances of each SC in a TINA network, the instances must be distributed
among the nodes in some way. We used two SC distributiongatareed distribution in which the
load was evenly shared among the nodes andoouosed distribution in which node 6 received more
load than the other nodes.

If nodes containing the USER component become overloaded, calls will be rejected before they enter
the network. This means that they are rejected before the load balancing can have any effect. Therefore,
nodes 1-5 only contain the USER component. Table 3 shows the SC types on each node.

6.3 Traffic profiles

Two basic traffic profiles were used in the simulations. The first profilevwstraffic, in which the
arrival rate is so low that no nodes are overloaded in the network.This means that all calls that arrive at
the network are accepted. The second profildigh traffic, in which the arrival rate is high enough to
cause overload in one or several nodes. This means that some calls will be rejected.

In the balanced distribution, the load is evenly shared among the nodes. This means that a network
using this distribution can have a higher arrival rate before it becomes overloaded than a network using
the focused distribution. Therefore, the actual arrival rates for Low and High traffic depend on the SC
distribution. The arrival rates are shown in Table 4.

6.4 Simulation cases

The load balancing algorithms described in Section 5 were examined for all combinations of
algorithms and traffic profiles. Each case was simulated with both the balanced and focused SC
distributions.

7. Resultsand discussion

This section contains the results from the simulations. Since the confidence intervals are small for all
results, we have decided not to shown these. The resulting throughputs and setup times must be
considered together, since a low throughput usually results in a low setup time for the calls that are
finished without being rejected. Therefore, an algorithm with a low setup time is not always the best
algorithm.



Table5
Results for the balanced SC distribution

Low Traffic High traffic

Throughput (Sgsp time Throughput (Sg;p time
Random 100% 0.13 75% 0.31
Shortest queue  100% 0.11 70% 0.20
Acc. prob. 100% 0.13 75% 0.31
Load status 100% 0.12 70% 0.48

7.1 Resultswith the balanced SC distribution

Theresultsfor the balanced SC distribution are shown in Table 5. During Low traffic, all cases have
100% throughput. However, the Shortest queue algorithm has the lowest setup times. During High
traffic, the algorithm with Acceptance probabilities and the Random algorithm behave similarly. The
Shortest queue algorithm has low setup times, though the throughput is lower as well.

During High traffic, the algorithm with Load status values behaves strangely. The throughput is
rather low, which usually result in shorter setup times aswell. However, the setup times are much higher
than for the other algorithms. The reason for thisis that, compared to the other algorithms, the calls are
rejected later in the setup phase. Thisresultsin more wasted capacity which meanslower throughput and
longer setup times for the calls that are finished. This means that the algorithm with load status values
cannot be considered good when the SC distribution is balanced, since it behave worse than the Random
algorithm.

7.2 Resultswith thefocused SC distribution

The results for the focused SC distribution are shown in Table 6. Here, the difference between the
algorithm with Acceptance probabilities and the algorithm with L oad status valuesis seen more clearly.
In the case with High traffic, the node with a high load will get a small load status value in the other
nodes. The nodes with alow load will get high load status values, since they never reject any messages.
Thereby, these nodes will receive relatively moretraffic and this hel ps the node with high load (node 6).
In the algorithm with A cceptance probabilities, the acceptance probabilities are compared for each node.
Since, node 6 has about 90% acceptance probability, and the nodes have about 100% acceptance
probability, there is not much difference, which means that the traffic will be distributed rather evenly
among the nodes. Therefore, the algorithm with Acceptance probabilities and the Random algorithm
have a similar behaviour during high traffic. During low traffic, al three algorithm behave similarly.
This because the nodes reject very few messages, which means that the algorithms will distribute the
traffic evenly among the nodes.

Further, the Shortest queue algorithm minimises the setup time, however it cannot maintain a high
throughput in the case with high traffic. Thisis probably due to the fact that it is not certain that a node
with a short queue has alow load. During low traffic the Shortest queue algorithm is definitely the best
algorithm since it has both the highest throughput and the lowest setup time.



Table 6
Results for the focused SC distribution

Low Traffic High traffic

Throughput (Sse;;p time Throughput (S;t(;p time
Random 97% 0.14 45% 0.26
Shortest queue  100% 0.11 67% 0.18
Acc. prob. 98% 0.14 49% 0.25
Load status 98% 0.14 76% 0.30

8. Alternativeload balancing algorithms

As can be seen in the results it is feasible to improve the network performance in TINA by
introducing simple load balancing agorithm. The algorithms we have suggested need no extra
communication between the nodes, since they only consider the rejected messages from other nodes.
However, one problem with these types of algorithms is that the nodes have no complete knowledge
about the traffic situation (see, for example Kihl and Nyberg [13]). If for example, a node has not sent
any messages to a specific node for a long time, it has no knowledge about the load situation on that
specific node. Therefore, it is very difficult to develop aload balancing algorithm that behave well for
al load situations if we assume that the nodes cannot exchange any load status information.

However, the main problem with these simple agorithms is that they only work when there is
overload in the network. If thereis anormal load situation in the network, that is no overload, there are
no rejected messages to use in the load balancing algorithms. This means that the traffic is distributed
evenly among the nodes. However, also during normal load situations it would be feasible to improve
the setup times by sending relatively more traffic to lightly loaded nodes. This requires that the nodes
exchange load information, which means that it is necessary to add the feasibility of load status
communication to the protocols used in TINA. One simple way to implement thisisto use aload status
field in all messages. Thisis already implemented in the Automatic Congestion Control (ACC) used in
telephone networks (see ITU-T [16]). Here, the node adds its load status to all messages it sendsto the
other nodes. In ACC thisload status is defined to be zero, one or two, where zero means that thereisno
overload and two meansthat it is severe overload. Of coursg, it is better to use more load status values,
for example 0-10 (Northcote and Rumsewicz [12]). The other nodes could use this load status value to
update the parameters in aload balancing algorithm.

9. Conclusions

In TINA, instances of the same service component can be placed on different physical nodes.
Therefore, the network performance can be improved by introducing load balancing algorithms. These
algorithms should distribute the traffic among the SC instances in such way that the overall throughput
and setup time are improved.

We have examined four simple load balancing algorithms. The first algorithm randomly distributes
the traffic, with the same probability for al instances. The second one sends a call to the node with the
shortest job buffer. The third and fourth algorithms use the number of rejected messages to decide an



appropriate traffic distribution. All algorithms except the second one can easily be implemented in a
TINA network, since they do not require any extra communication between the nodes.

The results show that it is difficult to find a simple algorithm that behave well for all traffic situations.
The main problem is that the algorithms have not enough information about the load situation on the
different nodes, since no load information is exchanged between the nodes. This problem can be solved
by adding the feasibility of load status information to the TINA protocols.
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