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Abstract of Dissertation 

Durative Events in Publish and Subscribe Systems 
for Ad- Hoc Mobile Networks 

This dissertation presents the application of durative events to publish and subscribe 

systems.  As the application of event publishing grows to cover sensor events, location 

events, and events being published over ad hoc mobile networks, the event model of 

publish and subscribe architectures needs to evolve.  These publish and subscribe 

architectures have to evolve to handle clients that must be able to disconnect and reconnect 

without warning from the system. Publish and subscribe events are extended to account for 

the duration of the events over time intervals and to provide the capability for a client to 

reconnect to a publish and subscribe server and get the current state of the events to which 

the client has subscribed.  Durative events enhance the capability of publish and subscribe 

systems to support mobile clients, reoccurring events, and events with significant lifetimes.  

This dissertation outlines the current state of publish and subscribe architecture and defines 

the problem of mobile clients.  The durative events are defined in the context of publish 

and subscribe events.  The implementation of a publish and subscribe system with durative 

events is outlined.  The impacts of durative events on the architecture of publish and 

subscribe systems is discussed. 
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Chapter 1: Introduction 

As wireless mobile device use becomes more pervasive, mechanisms and systems need 

to be developed that provide for the information sharing between mobile devices.  The 

information dissemination to mobile clients could be information such as stock price 

information, sensor data, or emergency response information [1].  

The ad hoc mobile networks used by wireless mobile devices cause several problems 

for the mobile client trying to receive information being disseminated to it.  As the mobile 

client moves through the environment, its connection to the network drops in and out 

disconnecting from a server and falling into the coverage of another server. 

Traditional client/server architectures fall short when used to disseminate data in the 

mobile environment.  With the client/server model the client connects to the server and 

requests data.  The server provides that data as long as the client is connected.  With a 

mobile client, the connection to the server is not permanent and may be re-established at a 

different server.  Typical client/server architectures do not provide for client disconnection 

and migration. 

Publish and Subscribe (P/S) systems are communication systems that deliver messages 

known as events from a producer to one or more consumers based on the preferences of the 

consumer rather than explicit addresses supplied by the producer.  The producer publishes 

the events to the system.  The consumer subscribes to events that are of interest to them.  

The system is responsible for delivering published events to the consumers whose 

subscriptions match the event.  P/S architectures are useful for disseminating information 
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because the providers of information do not need to know the consumers and the 

consumers do not need to know the providers. 

P/S architectures promise mobile clients information dissemination anonymity of the 

providers and consumers.  The providers do not have to keep track of the consumers as 

they move about in the ad hoc mobile network. The P/S middleware keep track of the 

consumers’ subscriptions for information and provide for the dissemination of information 

from the providers to the consumers.  Implementing publish/subscribe middleware for 

mobile clients on ad hoc mobile networks presents some requirements above and beyond 

basic P/S middleware.   

1.1 Publish and Subscribe Services 

Publish and subscribe services provide for information dissemination that is 

anonymous, asynchronous, and multi-casting.  The P/S architecture is shown in Figure 1.  

The P/S architecture consists of the P/S servers that run the P/S middleware, the consumers 

that subscribe to information, and the providers that publish the information.  The providers 

(A, B, C, D) publish information on specified topics to the P/S server.  The consumers (1, 

2, 3, 4, 5, and 6) subscribe to topics of information.  The P/S server broadcasts the 

information to consumers whose subscriptions match the information.  In P/S architecture, 

the providers do not know the consumers.  
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Figure 1: Publish and Subscribe Architectures 

Events that are published are basically messages with a set of attributes with names, 

types, and values.  In order to make the events more useful many P/S systems have specific 

attributes that must be part of each event.  For this paper, a basic event shall be defined as 

having an ID, a topic, and a set of attributes.  The ID is a unique identifier.  The topic is the 

type of event.  The attributes are the specific named values of the event identified by the 

unique ID.  Figure 2 is an example of an event. 
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Figure 2: Event Example 

The basic subscription for events would be based on the topic, E[T].  So for the 

example in Figure 2, the subscription would be for E[T] = E[“Stock Prices”].  The 

subscriptions can be further refined by adding filters on the subscription, such as,  F[ID = 

“MSFT”] or F[Volume > 500,000]. 

1.2 Focus and Contribution of Dissertation 

As publish and subscribe architectures grow to include environments with ad hoc 

mobile networks (MANETS) and mobile consumers, the need for a P/S architecture that 

has a robust and scalable solution becomes more critical.  As consumers drop in and out of 

the MANETS, the architecture has to worry about lost events, stale events, duplicate events 

and delivery of events to consumers as they move from one server in the architecture to 

another server.  The current P/S systems are not optimized for this type of chaotic 

environment.  They have been optimized for robust delivery of events matching content 

based subscriptions to a static network of servers and clients. 
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This dissertation presents a method for providing mobile subscribers in the P/S 

architecture the capability to become disconnected from the P/S network and reconnect at a 

later time without losing data or overwhelming the system by maintaining copies of all of 

the events that were publishing while the subscriber was disconnected.  The focus of the 

dissertation is based on the notion of a durative event.  The durative events allow the P/S 

servers to cache a valid event set without caching every event that is published during a 

consumers disconnect phase. 

Durative events address the problem of lost, stale, or duplicate events that can occur as 

a consumer moves in and out of a MANET.  P/S architectures with durative events will 

provide the capability for robust delivery of events to mobile clients with better scalability 

and performance than current architecture for mobile P/S architectures. 

Durative event models handle the information types being published by the P/S 

systems.  With durative events, publishers are able to only publish events when there are 

state changes thus reducing network traffic for periodic events.  For consumers, durative 

events provide the capability to receive events upon connect or reconnect that are still valid 

events.  For the servers, durative events provide the capability for the servers to provide 

valid events to consumers without having to reach back to the publishers to get the current 

set of valid events. 

This dissertation presents the algorithms, implementation, and the effect of durative 

events in P/S architectures. The dissertation investigates the impact of durative events in 

P/S architectures.  The caching of durative event notifications in the server networks is 
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studied for its impacts on the resources of the servers.  The frequency of movement of 

consumers is measured against the caching of events notification and reconfiguration 

overhead. 

This dissertation provides a solution to providing a robust publish/subscribe 

architecture that supports MANETS and mobile subscribers without the loss of relevant 

events, without a flood of stale events upon reconnection, and without duplicate events.  

The solution is a scalable solution that will work with low bandwidth, resource constrained 

systems that are common in mobile solutions. 

1.3 Structure of Dissertation 

 

Chapter 2 defines the problem space for publish and subscribe services.  Related work 

is presented and a foundation of the problems tackled by this dissertation is provided.  

Chapter 3 describes the approach that is taken by this dissertation to mitigate the problems 

associated with mobile subscribers in a P/S system.  Chapter 4 describes the algorithms for 

defining durative events and explains the implementation of the durative events in a publish 

and subscribe system.  Chapter 5 details the experimentation goals, the designed tests, and 

the results of the experimentation.  Chapter 6 summarizes the conclusions of the research 

and describes possible future research directions. 
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Chapter 2: Publish and Subscribe Architectures 

2.1 P/S Event Routing 

Most P/S architectures route events to consumers based on one of three different 

routing schemes based on the consumer’s subscription, topic-based, content-based, and 

type-based [7].  With topic-based routing, the consumer subscribes to the topics of interest 

and receives all of the events with the topics of interest.  With content-based routing, the 

consumer can refine their subscription by adding filters on the attributes on the events.  The 

consumer would receive only the events that matched the filters in the subscription.  With 

type-based routing, the events are routed based on their data type or structure. 

Topic-based routing was the earliest of routing mechanisms for publish and subscribe 

services. Topic-based routing is based on pre-defined groups that are used to classify the 

events and subscriptions [8].  Each event would be categorized with a topic and it would be 

routed to all subscribers that subscribed to that topic.  The consumer subscribes to a topic 

such as StockPrices and receives all of the StockPrices events that are published by any 

publisher.  Many topic-based publish and subscribe systems allow for a hierarchical topic 

structure.  In a hierarchical topic structure, the event shown in Figure 2 could have a topic 

of StockPrices.NASDAQ.MSFT.  This structure would allow a consumer wanted to 

receive this event to subscribe to StockPrices, StockPrices.NASDAQ, or 

StockPrices.NASDAQ.MSFT.  Topic–based routing is an adaptation of multi-cast groups 
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and message routing [10].  Topics are predefined, static type of subscriptions.  Content-

based routing provides a dynamic capability to the routing.   

Content-based routing is an enhancement of the topic-based routing.  It allows the 

consumer to use attributes of the events to determine which events get routed to the 

consumer [11].  Content-based routing means that each event could go to a different set of 

consumers.  The type of routing adds a dynamic element that significantly increases the 

complexity of the routing algorithms. 

Type-based routing is a further refinement of P/S routing by adding type safety with 

application event types [12].  This routing allows the consumer to subscribe to specific 

event types which can be further refined with content-based filtering.  With application 

specific event types, the consumer can be assured on receiving type safe events allowing 

for specific processing of the delivered events. 

The type of routing schema impacts the routing of events between the servers that make 

up the network of P/S servers for a system.  With the topic-based routing, the limited 

number of topics makes the routing of events to the necessary servers simple.  However 

with content-based routing there is the potential that every subscription is unique and the 

events have to be match to each subscription and routed to the correct server.   

2.2 P/S Mobility 

Mobility in P/S architectures can be thought of having three different ranges depending 

on the application of the architecture; short range, medium range, and wide range [6].  

Short range mobility is encountered in environments, such as work places and meeting 
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areas, where the movement is limited by a local area or building infrastructure.  Medium 

range mobility is encountered in situations such as emergency management or battlefield 

operations where the movement is across a city or large portion of the country-side.  Wide 

range mobility is encountered in situations such as automobile networks, where the 

mobility could span across an entire country.  The range of mobility of the P/S architecture 

determines the level of scalability that is needed in the architecture.  

2.3 P/S Events  

Current P/S architectures, such as SIENA [2], JEDI [3], REBECA [4], and STEAM 

[16], are event based.  The information that they disseminate is based on discrete events in 

time.  If a consumer subscribes to a topic after an event has occurred, the consumer does 

not receive that event.  Many types of information that need to be disseminated to mobile 

clients are not discrete events, but information that has a specific life to its value.  With 

these current architectures, the only mechanism for handling information that has a lifetime 

is to have the provider periodically publish the information as an event even if the 

information has not changed.  If the provider has information on a topic that only changes 

once a day, but needs to have consumers see the data within one minute of connecting to 

the network, they would have to retransmit the event every minute.  This method would 

significantly increase the network traffic for the P/S architecture. 
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Producer

Consumer

E1 E2 E3 E4 E5 E6 E7 E8 E9

Consumer

Disconnects

Consumer

Reconnects
E1 E2 E7 E8 E9

 
Figure 3: Event Timing with Consumer Disconnect 

Figure 3 represents the current architecture in P/S services for actions when a consumer 

disconnects from the network and reconnects later.  In SIENA and JEDI when the client 

reconnects, their subscriptions from the original server are moved to the new server the 

client is using but the events that were broadcast during the disconnected period are lost 

and not available to the client.  In this example, events (E3, E4, E5, E6) are not received by 

the consumer.  Work on JEDI and SIENA [5], solved this problem by having a specific 

move-out and move-in functions, that the client can use to disconnect and reconnect to a 

P/S architecture.  The move-out function creates a proxy for the client that collects the 

events that are broadcast while the client is disconnected.  The move-in function collects 

the events from the proxy and reestablishes the subscriptions for the client. 
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When the information that is being published by the producers has useful duration to 

the information content, the loss to the client can be significant as shown in Figure 4.  The 

producer is publishing information on events, E1, E2, and E3.  When the consumer 

disconnects, they have the information, E1[1] and E2[1].  While the consumer was 

disconnected, the producer published E3[1], E1[2], E2[2], E3[2].  When the consumer 

reconnects the subscription is restarted, the consumer does not receive the information that 

was broadcast while they were disconnected.  This problem can be significant.  In this 

example, the consumer has no information on E3 and will not have any information until 

the producer publishes E3[3]. 

 

 
Figure 4: Information Timing with Consumer Disconnect 
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The issues with using time as a discriminator of events in distributed systems and 

associating time with ordering of event are well known, (e.g. see Lamport [15]).  In publish 

and subscribe systems, the publisher assumes the responsibility for associating time with an 

event.  Relativistic issues preclude the use of deterministic techniques for associating time 

and casual relationships with events [14].  P/S architectures have to accommodate 

approximate representation of time, such as assuming that there is a global clock for the 

publishers and subscribers. 

2.4 Publish/Subscribe Systems 

2.4.1 Elvin 

Elvin is one of the early implementations of a P/S system with content based routing 

[18].  Elvin was developed at the University of Queensland’s Distributed Systems 

Technology Centre.  It was originally developed with a basic server with publishers and 

clients.  Elvin defined a subscription description language that was used to evaluate the 

events and determine which clients would be supplied with the events [19].  The Elvin 

architecture has a unique concept, quenching, where the publishers were notified of the set 

of subscriptions for their topics so that they did not have to publish events that were not 

subscribed to by clients.  The impact of the quenching concept was not identified in the 

published works on Elvin.  The Elvin system has several clients that were used to exercise 

the system, CoffeeBiff, Tickertape and Tickerchat [20].  The Elvin architecture has been 

enhanced to support disconnected clients.  This enhancement has been accomplished by 

adding an Elvin proxy server that maintains the connections to the server for the clients 
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when they have been disconnected [21].  The Elvin proxy server has some interesting 

characteristics for dealing with mobile clients.  The proxy allows for sessions on the 

subscriptions such that multiple clients for a user can subscribe to the same notification and 

the notification will not be deleted from the proxy server until it has been delivered to all of 

the client’s applications. 

2.4.2 JEDI 

JEDI (Java Event-based Distributed Infrastructure) is a Java based P/S system that was 

developed at Politecnico di Milano [26].  JEDI was used to implement a workflow 

management system called OPSS (ORCHESTRA Process Support System) [3].  The JEDI 

system implemented both a centralized and a distributed version of the system.  In the 

centralized version there is a single server for distributing the events.  In the distributed 

version of the JEDI system, the servers are arranged in a hierarchal system where each 

server has one parent, except for the root server, and zero or more child servers, as shown 

in Figure 5.  With the hierarchical server configuration, the events received on a particular 

server are sent to its parent, any of its child servers that have subscribed to the event, and to 

any of its consumers that have subscribed to event.  The subscriptions from a consumer are 

passed up the hierarchy of servers to the root server, thus ensuring that any event published 

in the hierarchy that matches the subscription will be passed to the consumer.  The JEDI 

system has support for mobile clients with moveOut and moveIn operations that allow 

clients to disconnect for a server and reconnect to a server at a later time [27].  The servers 
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manage temporary storage for the events during the disconnection and the delivery of the 

events upon reconnection with the moveIn operation. 

 

Figure 5: JEDI Hierarchal Server Topology 

2.4.3 SIENA 

SIENA is another of the early implementations of a P/S system with content based 

routing [22].  SIENA was developed at University of Colorado.  The purpose of the SIENA 

development was to investigate the issues of developing an Internet scale P/S system and 

content-based routing of events [23, 24].  The source code for the system is freely available 

for use and thus it has been used several efforts.  SIENA has implemented both hierarchical 
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and acyclic peer-to-peer server connection topologies.  It has been used to compare the 

costs of the different server connection topologies.  SIENA has also introduced the concept 

of advertisement of publications.  An advertisement is where the publisher of events 

advertises the type of events that the publisher will publish.  The advertisements are used to 

narrow the propagation of the subscriptions.  SIENA was used to develop several different 

content-based routing algorithms, from a basic routing table based content routing [11] to a 

combined broadcast and content-based routing scheme [25].  SIENA provides a significant 

base of work and code to use to further work on P/S systems. 

2.4.4 REBECA 

REBECA is a research P/S system that has been used for research in mobility and 

location awareness [28, 29].  REBECA was developed at the Darmstadt University of 

Technology.  It was originally developed to investigate different approaches to content-

based routing algorithms [30].  REBECA has an acyclic peer-to-peer server topology and 

implemented the following different routing algorithms: flooding, simple filter, filter 

identity, filter covering, filter merging and routing with advertisements.  It was then 

enhanced and used to investigate mobility and location awareness.  This enhancement uses 

virtual clients to cue up missed events and propagate them to the consumers when they 

have reconnected to the network.  This work has a significant advantage over the JEDI 

mobility solution because it does not require the consumer to notify the P/S system prior to 

the disconnection.  Work has also been done in providing the consumer with historical 

event data. 
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2.4.5 STEAM 

STEAM is a research P/S system that is focused on wireless ad hoc network models 

with the focus on mobile applications such a traffic management [31, 32].  STEAM was 

developed at University of Dublin, Trinity College.  STEAM does not use a system with 

servers instead the producers of information broadcast to consumers within a certain 

proximity of the publisher based on the geographic location of the producers and the 

subscribers.  This type of P/S system would allow producers such as traffic signals to 

publish the status of the traffic lights to consumers in their vicinity such as cars 

approaching the traffic signal.  To accomplish this type of event notifications, STEAM has 

the concept of proximity groups as well as the content filters found in the other P/S 

systems. 

2.5 Mobility Problem 

The mobility of the P/S architecture’s consumers introduces several problems that have 

to be addressed in order for use of ad hoc mobile networks in the P/S architecture.  These 

problems are as follows [36]: 

• Caching of event notification in the network. 

• Duplicate event suppression. 

• Event stream reconstruction. 

• Frequency of movement versus reconfiguration overhead. 

 The caching of event notification has to occur because with ad hoc mobile networks 

the consumers can be disconnected without warning and they may be reconnected at an 

indeterminable time and location. 
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Duplicate event suppression is needed for several reasons.  A P/S system can have 

multiple producers publishing the same events and these events could be duplicates.   The 

ad hoc nature of the network makes the occurrence of a duplicate event more likely as the 

network of servers mutate as the servers drop out and rejoin the network.  A server could 

rejoin the network and publish events that have already been routed through the network. 

Event stream reconstruction is necessary to supply a disconnected client with the 

correct set of events after they have reconnected.  If the consumer needs all of the instances 

of an event then the stream of the events has to be delivered correctly to that consumer 

when they have reconnected to the P/S network. 

The impact of the frequency of movement versus reconfiguration overhead will have to 

be calculated to ensure that the reconfiguration overhead does not overwhelm the system 

based on the probably frequency of movement.  This impact has been calculated for the 

Rendezvous-Notify architecture [17] and a similar calculation will have to be generated for 

our proposed solution. 
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Chapter 3: Durative Events 

A durative event is one where the event has the duration of a time interval [33].  For 

P/S architectures, the duration of an event should be defined in one of three ways.  The 

interval of the durative event can be defined as the interval between two primitive discrete 

events, as the interval from the occurrence of a primitive discrete event and a time-to-live 

interval, or as either the interval between two primitive discrete events or the time-to-live 

interval, whichever interval is smaller.  For a durative event model to work in a P/S 

architecture, the event model has to be extended to require a unique ID for the events so 

that the discrete events can be related to a specific object of interest.  The event model also 

has to be extended to include a maximum time-to-live interval if that definition of a durable 

event is used. 

3.1 Durative Event Definition 

The three types of durative events can be defined using interval notation [34, 35].  The 

notation D(E, t) means that event E was detected at time t.  The notation O(E, [t,t’]) means 

that the event E occurs over the interval [t,t’].  Interval notation i+ indicates the starting or 

lesser endpoint of the interval and i- indicates the ending or greater endpoint. 

Durative event based on two primitive events E[t] and E[s]: 

O(E, [t,s]) = D(E, t) ^ D(E, s) ^ t+ < s- 

 

Durative event based on a primitive event E[t] and a time-to-live interval i: 
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O(E, [t,s]) = D(E, t) ^ s = t + i 

 

Durative event based on two primitive events E[t] and E[s] and a time-to-live interval i: 

O(E, [t,s]) = s+ < t + i ^ D(E, t) ^ D(E, s) ^ t+ < s- 

O(E, [t,t + i]) = t + i < s+ ^ D(E, t) ^ D(E, s) ^ t+ < s- 

If the event E[s] occurs before the interval i is over after event E[t] then the durative 

event would be E, [t,s] if not then it would be E, [t,t + i]. 

3.2 Durative Event Descriptions 

The events described above using interval notation can also be described visually using 

event diagrams.  Figure 6 describes a primitive event, which is a discrete event in time.  

The primitive events are used to describe the durative events.  Figure 7 describes the basic 

durative event that is defined by a primitive event and an interval.  Figure 8 describes a 

durative event where the interval for the event is bound by two primitive events.  Figure 9 

describes a durative event that is bound by a primitive event and a time-to-live interval.  

Figure 10 and Figure 11 describe the two cases of durative events that are bound by two 

primitive events and a time-to-live interval. In Figure 10, the second primitive event occurs 

before the time-to-live interval has ended thus the durative event is bound by the initial 

primitive event and the time-to-live interval.  In Figure 11, the second primitive event 

occurs prior to the expiration of the time-to-live interval thus the durative event is bound by 

the two primitive events. 
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Figure 6: Primitive Event 

 

Figure 7: Durative Event 

  

Figure 8: Durative Event Based on Two Primitive Events 
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Figure 9: Durative Event Based on Primitive Event and Time-to-Live Interval 

 

Figure 10: Durative Event Based on Two Primitive Events and Time-to-Live 

Interval 

 

Figure 11: Durative Event Based on Two Primitive Events and Time-to-Live 

Interval 
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3.3 Effects of Durative Events on P/S Architectures 

Many types of information that need to be disseminated to clients are not discrete 

events, but information that has a specific life to its value.  This information would be 

modeled in P/S architectures as durative events.  With the current architectures, the only 

mechanism for handling information that has a lifetime is to have the provider periodically 

publish the information as an event even if the information has not changed.  If the provider 

has information on a topic that only changes once a day, but needs to have consumers see 

the data within one minute of connecting to the network, they would have to retransmit the 

event every minute.  This method would significantly increase the network traffic for the 

P/S architecture.  Figure 12 shows a series of events being published for objects of interest 

where the publisher is simulating durative events by periodically rebroadcasting the events. 

 

 
Figure 12: Rebroadcasted Events 
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The implementation of durative events in a P/S architecture would allow the server to 

provide a consumer the active events upon connect or reconnect without the server 

requiring input from the publishers.  This capability is important as P/S systems move into 

ad hoc mobile networks where both the publishers and consumers may disconnect from the 

network at any time.  The server cannot rely on the publisher being available to republish 

events when a consumer has connected or reconnected. 

Figure 13 shows the consumer reconnection scenario with durative events where the 

durative events interval is defined by the arrival of a new event.  Upon reconnection the 

consumer receives the current events for all of the events that match their subscriptions.  In 

this example, the consumer receives the current events E1[2], E2[2], E3[2].  However, the 

consumer does not receive event E3[1] because it has been overcome by the newer event 

E3[2].  In traditional P/S systems, these events would have never been broadcast to the 

disconnected consumer.   
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Figure 13: Durative Event Reconnection 

3.4 Impacts of Durative Event on the Mobility Problems 

The problems associated with mobility clients in a P/S architecture as described in 

Section 2.5 are addressed in several ways.  

Caching of event notifications is a fundamental part of the design of implementing 

durative events in a P/S architecture.  Durative events provide the capability for the P/S 

server to have one cache that supports any number of consumers.  Because the server is 

caching one copy of each relevant event, there is no need to have a cache for each 

disconnected consumer, instead as a disconnected consumer reconnects their subscriptions 

are against the cache of relevant events and any events that have been published since the 

disconnection from the server and that match their subscriptions are then published to the 

consumer. 
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The implementation of durative events make the suppression of duplicate events less 

complicated than other methods of supporting event mobility.  Because the P/S servers 

only keep the relevant copy of the event in the queue for the disconnected consumers, any 

events that come into the server that are older than the current event are thrown away and 

never published to the consumers.  If an event comes into the server that is more current 

than the current event in the queue then that event is replaced and the new event is the one 

that will be published to the consumer upon reconnection.  If an event comes into the server 

that is an exact copy of the event that is currently in the queue then that event is thrown 

away as well and is never published.  The proper implementation of durative events will 

not allow the publication of duplicate events. 

Events stream reconstruction is unnecessary in a P/S system that implements durative 

events, because the servers will only supply the most relevant copy of an event.   There is 

no reason to have an event stream reconstruction because there will only be one version of 

the event delivered to the consumer. 

The impact of the durative events on the performance of the server with respect to the 

frequency of movement versus reconfiguration overhead will have to be examined during 

the performance testing of the durative event system.  The test described in Section 5.3 

tests the impact of the length of the time a consumer is disconnected with the performance 

of the server upon reconnection.  Figure 24, Figure 25, and Figure 26 show the results of 

the impact of the durative events on the size of the queue and the number of events that are 

published upon reconnection as compared to a system without durative events. 
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Chapter 4: Implementation 

This chapter describes the implementation of a P/S system with durative events and the 

implementation of the testing client and instrumentation necessary to gather the 

experimental data needed to determine the impacts of the durative event on the system. 

4.1 SIENA Baseline 

SIENA was chosen as the basis for the implementation of the durative events because it 

was freely available with full source code and a complete publish and subscribe server 

implementation.   

4.1.1 SIENA Interface 

The SIENA implementation has a HierarchicalDispatcher that implements the SIENA 

interface.  Figure 14 shows the basic details of the SIENA interface. 

 

Figure 14: SIENA Interface 



 

 27  

The SIENA interface is used by the publishers and subscribers to communicate to the 

SIENA server.  The following describes the details of the interface: 

• advertise - Tells SIENA that the object identified by id might publish 

notifications matching the advertisement filter f. 

• publish – Publishes a notification (event) n  to SIENA. 

• resume - Resumes the delivery of notifications of events to the given 

subscriber n. 

• subscribe - Subscribes for events matching Filter f. 

• suspend - Suspends the delivery of notifications to the given subscriber n. 

• unadvertise – Cancels previous advertisements from publisher id which 

matches Filter f. 

• unadvertise – Cancels all of the previous advertisement from publisher id. 

• unsubscribe – Cancels subscriptions from subscriber n which matches Filter 

f. 

• unsubscribe – Cancels all subscriptions from subscriber n. 

In the SIENA implementation, the suspend and resume methods do not support mobile 

subscribers.  When the suspend method is called, the SIENA server quits delivering events 

to the subscriber.  The events that are published while the subscriber is suspended and 

match the subscription are discarded.  Upon the call to resume, the event notifications for 

the subscriber are resumed but none of the events that occurred during the suspension are 

delivered to the subscriber.   
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4.1.2 Notification Class 

Events in SIENA are implemented by the Notification class.  The event notification is a 

set of named, typed attributes.  The Notification class supports the following attribute types, 

String, byte[], long, double, and boolean. Figure 15 is an example of a SIENA event 

notification. 

attributeNamesIterator() : Iterator

getAttribute(String name) : AttributeValue

hasAttribute(String name) : boolean

putAttribute(String name, String value)

putAttribute(String name, byte[] value)

putAttribute(String name, long value)

putAttribute(String name, double value)

putAttribute(String name, boolean value)

putAttribute(String name, AttributeValue value)

removeAttribute(String name) : AttributeValue
 

Figure 15: Notification Class 

4.1.3 Notifiable Interface 

Subscribers to the SIENA server must implement the Notifiable interface.  Figure 16 

shows the details of the Notifiable interface.  The Notifiable interface contains two methods 

that must be implemented.  One method is notify that notifies the subscriber of one event 

and the other method is notify that notifies the subscriber with an array of events.  The 
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ThinClient that is provided by the SIENA implementation uses this interface for its 

subscribers. 

 

Figure 16: Notifiable Interface 

4.1.4 HierachicalDispatcher 

The HierarchicalDispatcher models the subscribers using the abstract class Subscriber 

and the concrete subclasses LocalSubscriber and RemoteSubscriber as shown in Figure 17.  

The LocalSubscriber class provides the connection to subscribers who are in the same 

virtual machine as the HierarchicalDispatcher.  The RemoteSubscriber class provides the 

connection to subscribers who are not in the same virtual machine as the 

HierarchicalDispatcher.   
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Figure 17: Subscriber Class Diagram 
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The HierarchicalDispatcher implements the SIENA interface and is server 

implementation for SIENA.  Any changes to the server must be implemented in the 

HierarchicalDispatcher. 

4.2 Mobile Subscriber Proxy 

To implement the mobile subscriber proxy capability such that a subscriber may 

disconnect from the server and reconnect at the later date and receive the events of interest 

that have been published during the subscriber’s disconnect phase, the 

HierarchicalDispatcher’s Subscriber, LocalSubscriber, and RemoteSubscriber classes 

were modified.  The Subscriber abstract class was modified to contain a queue of the 

events of interested that were published during the disconnect phase.  The Subscriber’s 

resume method was modified so that upon a subscriber’s resumption, the subscriber would 

be notified of all of the events in the queue.  The notify methods in the LocalSubscriber and 

RemoteSubscriber classes were modifies so that if the subscriber was in the suspended 

mode the events would be stored in the queue instead of being sent to the subscriber. 

4.3 Durative Events Implementation 

The durative events implementation required several additions and changes to the 

SIENA system; a new class for the durative events, changes to the HierarchicalDispatcher 

to store the durative events, changes to the publish methods, changes to subscribe methods, 

and a new subscribe method in the SIENA interface.   
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4.3.1 DurativeEvent Class 

The DurativeEvent class extends the Notification class from SIENA.  The purpose of 

the extension is to provide the durative event support by adding specific required attributes 

to the event notification.  Figure 18 provides an example of a durative event.  The required 

attributes for an object of the DurativeEvent class are ID, Date, and Duration.  The ID is 

the durative event identifier that allows the determination of which discrete events are 

related durative events.  The Date attributes stores the start time of the event as a long 

representing the number of milliseconds since the Epoch time.  The Duration attribute is 

the maximum duration of the event in milliseconds. 

ID = “MSFT”

Date = 1237049800968

Duration = 10000

Attributes

Topic = “StockPrices”

Price = 27.5

Volume = 1,234,000

P/E = 29.2
 

Figure 18: Durative Event Example 

4.3.2 HierachicalDispatcher Modifications 

The HierarchicalDispatcher was modified to provide storage of the durative events for 

the server.  This storage will provide the capability for subscribers to get the active durative 

events upon subscription or re-subscription.  The storage is implemented with a 
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HashMap<String, Notification> object.  The String attribute for the durative event is used 

as the key to the HashMap allowing for its retrieval for comparison.   

4.3.3 Publish Method Modifications 

The publish methods were modified to store the durative events in the HashMap object.  

In the publish methods, the durative events are only stored if the event is not already stored 

in the HashMap or if the event is more current than the event already stored in the 

HashMap.  This state is determined by comparing the date of the stored event with the date 

of the event being published.  If the published event’s date is greater than the stored event, 

this it replaces the stored event as the current durative event.  

4.3.4 Subscribe Method Modifications 

Changes were made to the subscribe methods to immediately notify the subscriber of 

any current durative events that matched the subscription filter that was being applied for 

that subscriber.  During this process, the HashMap is iterated over and the events date + 

duration are compared to the current system time and are removed if less than the system 

time because the event is no longer current.  If the event is still current, then it is compared 

with the filter and if it matches the filter the subscriber is notified of the event. 

4.3.5 New Subscribe Method 

A new subscribe was added to the SIENA interface, as shown in Figure 19.  This new 

method was necessary to allow a subscriber to subscribe with the system time that the 

subscriber disconnected with.  This new method allows the subscriber to only receive any 
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new durable events that were published after the subscriber’s disconnect and are still 

current events.  This new subscribe method used the same algorithm as the other subscribe 

methods, to check for the currency of the events, but when current events are compared to 

the filter they are only compared if the date of the event is greater than the time passed into 

the subscribe method. 

advertise(Filter f, String id)

publish(Notification n)

resume(Notification n)

subscribe(Filter f, Notifiable n)

subscribe(Filter f, Notifiable n, long time)

suspend(Notifiable n)

unadvertise(Filter f, String id)

unadvertise(String id)

unsubscribe(Filter f, Notifiable n)

unsubscribe(Notifiable n)
 

Figure 19: Modified SIENA Interface 

4.4 Test Clients and Instrumentation 

In order to test the changes to the SIENA system, the SIENA system had to be 

instrumented to collect size and time data and two test clients had to be developed.  The 

first test client was developed to test the changes made to the SIENA system and to ensure 

that the publish and subscribe system worked as expected.  The second test client was 
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developed to perform the performance test used to gather the information about the 

operation of the modified SIENA system. 

4.4.1 SIENA Instrumentation 

In order to gather data on the performance of the SIENA system with and without 

durative events, the SIENA system was instrumented in key methods to gather 

performance information.  The SIENA system contained a Logging class that was modified 

to log the performance messages.  The three key methods that were instrumented to collect 

performance data were the resume method in the Subscriber abstract class and the two 

critical subscribe methods.  In the resume method, the size of the queue upon resume and 

the time to send the queue to the subscriber are reported.  In the subscribe methods, the size 

of the HashMap prior to cleanup, the size after cleanup, the number of durable events sent 

to the subscriber, and the time to process durable events and send the events to the 

subscriber are reported.  Appendix 1.   shows an example of the log file that result from the 

instrumentation of the SIENA system. 

4.4.1 Basic Test Client 

Figure 20 shows the basic test client that was developed to test the basic mobile 

subscriber capability.  It allows the user to subscribe to a topic of events, publish events, 

suspend and resume the subscription, and display the events that are sent to the subscriber.  

This capability allows the user to test the basic functionality of a mobile subscriber with the 

SIENA system.  This client implements the SIENA Notifiable interface in an inner class.  

This inner class receives the notifications of the events and adds them to the user interface.  

The client has a local HierarchicalDispatcher that can be connected to a master server or 

run standalone. 
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Figure 20: Basic Test Client 
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4.4.2 Performance Test Client 

The second test client was developed to perform the performance testing of both the 

mobile subscribers and durative events.  Figure 21 shows the user interface for the second 

test client.  This test client was designed with a publisher section and a consumer section.  

In the publisher section, the number of events refers to the number of individual event IDs 

that are used in the publishing.  When publishing the test client generates a random number 

between 0 and the number of events.   This random number is then used as the event ID for 

that publication.  The duration and topic are the other attributes that are published for the 

event.  The user can chose whether the client is publishing durative events or normal 

events.  The publish rate is used as the amount of time between each publication.  The test 

length is the length of time to run the test and publish the events.  The publisher is 

implemented as its own thread so that it can run independently of the consumers and user 

interface.  The publisher section shows the number of events that have been published. 

The consumer section of the performance test client can have up to 5 simultaneous 

consumers of events.  With the consumers section, the user can set how long the consumer 

is connected for and how long the consumer is disconnected.  The user can also set how 

many of the events the consumers are going to subscribe.  In the test client, the consumer is 

implemented with an inner class that implements Runnable and Notifiable.  The consumers 

are each run in their own thread so that they respond independently to the event 

notifications.  Each consumer displays the number of events that it has been notified. 
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Figure 21: Performance Test Client
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Chapter 5: Experimental Results 

The experiments detailed in the following sections were undertaken to measure the 

impacts of implementing durative events in a publish and subscribe system that allows 

connectivity of mobile clients.  These experiments compare the method of supporting 

mobile clients with a proxy mechanism and the method of using durative events.  The 

proxy mechanism is where the P/S server holds the messages that would be missed by 

disconnected clients and provides all of the missed events upon the client reconnection. The 

method of using durative events allow the subscribers to reconnect and specify the time of 

their disconnection and the P/S server only notifies the subscriber of the events that are still 

viable upon the subscribers reconnection.  The purpose of these experiments is to show that 

the durative events are more scalable and not too costly when compared to mobile proxies.  

These tests measure the impact of the durative events on the size of the caching that is 

needed to store the events during the disconnection.  In order to compare cost they measure 

the amount of time necessary to reconnect a disconnected subscriber.  The three set of 

experimental tests are as follows: 

• Publisher Duration – to study the impact of the variation of the event’s duration. 

• Disconnection vs. Duration Time – to study the impact of the disconnection 

time in comparison to the duration of the events. 

• Number of Consumers – to study the impact on the number of consumers to the 

scalability of the publish and subscribe servers. 
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5.1 Test Design 

Each test has a varying set of test conditions, which are described in Table 1.  These 

conditions were selected to measure the impacts of the durative events as the fundamental 

conditions of the P/S architecture are changed.  The tests measure the size of the mobile 

proxy and durative event queues and reconnect times for mobile proxy clients and the 

durative event clients.  In all of these tests, the publisher publishes an event with a random 

ID.  The publisher then waits the number of milliseconds until publishing the next event.  

The consumers subscribe to a subset of the events that are being published.  The consumer 

connects for a length of time receiving events, then disconnects for a length of time and 

then reconnects. 
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Table 1: Test Conditions 

Test Condition Description 

Publisher Variables 

Number of durative events Number (n) of unique event IDs used during the test.  
Event IDs will be numbers from 0 to n – 1. 

Wait time Number of milliseconds between event publications. 

Duration time Event duration time for durable events.  Duration of 0 
denotes a test run with non-durative events. 

Consumer Variables 

Number  of consumers Number of consumers that are part of the test. 

Connect time vs. disconnect 
time 

Length of the connect time compared to the length of the 
disconnect time 

Number of events subscribed Number of events (s) subscribed to by the consumers.  
Filter for the subscription will be ID < s.  

Number of connect/disconnect 
cycles 

Number of connect/disconnect cycles used for the test. 

 

Table 2 describes the data that is collect for the tests.  This data is collected for each test 

and used to measure the scalability and performance of the durative event enhanced P/S 

system.  The queue size information is used to determine the resources necessary to support 

mobile proxies and durative events.  The reconnect time is gathered to compare the 

performance of the mobile proxy with the durative events upon client reconnect.  The 

minimum, median, and mean are calculated because the mean measurements are distorted 

by reconnect time that are significantly larger than the others in the test, probably because 
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there is a context switch during the reconnection.  The minimum or median measurements 

probably provide a better indication of the performance. 

Table 2: Test Measurements 

Test Measurement Description 

Initial Queue Size Initial queue size is the size of the durative event storage 
before the expired events have been removed.  For the 
mobile proxy test, it is the size of the proxy queue. 

Final Queue Size Final queue size is the size of the durative event storage 
after the expired events have been removed.  For the 
mobile proxy test, it is the same as the initial queue size. 

Publish Queue Size Publish queue size is the number of events that match 
the subscribers subscription and have not already been 
delivered to the subscriber.  In other words, it is the 
number of durative events published to the subscriber 
upon reconnection.  For the mobile proxy test, it is the 
same as the initial queue size. 

Minimum Reconnect Time Minimum reconnect time of the test 

Median Reconnect Time Median reconnect time of the test  

Mean Reconnect Time Mean reconnect time of the test 

 

5.2 Publisher Duration Test 

The Publisher Duration Test was undertaken to test the impact of the durative events on 

the publish and subscribe system, the effect of the duration time on the durative event 

storage, and its comparison to a mobile proxy queue.  In order to measure the impact of the 

duration time on the durative event storage, the test varies the duration time of the events 
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while keeping all of the other test variables the same.  Table 3 describes the parameters of 

the test.   

Table 3: Publisher Duration Test Parameters 

Test Condition Test Parameter 

Publisher Variables 

Number of durative events 100 

Wait Time 100 msec 

Duration time 1, 2, 5, 10, 20, 50, 100 

Consumer Variables 

Number  of consumers 1 

Connect time vs. disconnect 
time 

10 sec. vs. 10 sec. 

Number of events subscribed 60  

Number of connect/disconnect 
cycles 

20 – total test time 400 seconds. 

 

Table 4 contains the summary queue size information from the Publisher Duration Test 

results.  All of the sub-tests for the Publisher Duration Test were run 20 times and the data 

summarized in Table 4 is the average of the 20 runs.  The first run of the test identified by 

the test name, “PubDur0” is the test of the mobile proxy, where the P/S system is tested 

without the use of durative events.  Figure 22 charts the queue size data for this test.  This 

test shows that for small durations, the number of events published to subscriber upon 
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reconnect is significantly smaller than the number of events published with the mobile 

proxy and for longer durations the number of events published is still lower than the mobile 

proxy.  When the maximum size of the storage needed during the test is examined, it is 

obvious that the maximum size for the durative event storage is bounded by the number of 

unique events that are published.  The size of the storage for the durative events after the 

cleanup of the expired event is significantly smaller at the shorter durations and is bounded 

by the number of unique events with the longer durations. 

Table 4: Publisher Duration Queue Size Test Results 

Test Name Duration 
(Sec) 

Connect 
(Sec) 

Disconnect 
(Sec) 

Initial 
Queue 

Size 

Final 
Queue 

Size 

Publish 
Queue 

Size 
PubDur0 0 10 10 51.25 51.25 51.25 
PubDur1 1 10 10 85.60 8.90 4.90 
PubDur2 2 10 10 87.15 16.30 9.40 
PubDur5 5 10 10 90.05 37.35 21.60 
PubDur10 10 10 10 93.75 59.85 33.55 
PubDur20 20 10 10 96.80 84.20 34.05 
PubDur50 50 10 10 98.80 98.15 34.20 
PubDur100 100 10 10 99.25 99.25 34.25 
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Figure 22: Publisher Duration Queue Size Plot 

Table 5 details the reconnect time results from the test.  Figure 23 charts the reconnect 

times.  From this chart, the following conclusions can be drawn: The performance of the 

durative event reconnection is not significantly larger than the reconnection of a mobile 

proxy.  This is because the time used to clean up the durative event to remove the expired 

events and to match the remaining event against the subscription is offset by the smaller 

number of events being published to the subscriber.  Because the reconnect time for the 
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shorter duration is much smaller than the larger duration, it can be assumed that the time to 

clean up the expired events is smaller than the time to compare the events against the 

subscription filter. 

Table 5: Publisher Duration Reconnect Time Test Results 

Test Name Duration 
(sec) 

Connect 
(sec) 

Disconnect 
(sec) 

Minimum 
Reconnect 

Time 
(nsec) 

Median 
Reconnect 

Time 
(nsec) 

Mean 
Reconnect 

Time 
(nsec) 

PubDur0 0 10 10 331,204.00 354,998.00 421,076.25 
PubDur1 1 10 10 74,242.00 235,233.00 219,497.40 
PubDur2 2 10 10 73,323.00 190,695.50 221,089.20 
PubDur5 5 10 10 134,347.00 300,991.50 472,921.90 
PubDur10 10 10 10 254,764.00 403,592.00 444,335.25 
PubDur20 20 10 10 331,529.00 414,948.50 456,872.10 
PubDur50 50 10 10 273,254.00 392,450.50 432,314.05 
PubDur100 100 10 10 305,819.00 383,184.50 455,778.00 
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Figure 23: Publisher Duration Reconnect Time Plot 

5.3 Disconnect Time vs. Duration Time Test 

The Disconnect Time vs. Duration Time Test was undertaken to measure the impact of 

duration time of the durative event in comparison to the length of time the subscriber is 

disconnected.  This test varies the duration time and the disconnect time for test as 

described in Table 6.  Because the disconnect times varies for each sub test, the length of 
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Table 6: Disconnect Time vs. Duration Time Test Parameters 

Test Condition Test Parameter 

Publisher Variables 

Number of durative events 100 

Wait Time 100 

Duration time 1, 2, 5, 10, 20, 50 

Consumer Variables 

Number  of consumers 1 

Connect time vs. disconnect 
time (sec) 

10 vs. 1, 2, 5, 10, 20, 50, 100 

Number of events subscribed 60  

Number of connect/disconnect 
cycles 

20 – total test times  (220, 240, 300, 400, 600, 1200, 
2200) 

 

Table 7 contains the results of the Disconnect Time vs. Duration Time test for the 

storage size for the durative events and the mobile proxy.   Figure 24, Figure 25, and Figure 

26 plot the storage size for each duration by disconnect time.  These figures show that for 

short disconnect times the mobile proxy (duration 0) is as efficient as or more efficient than 

the durative events, but as the disconnect times increase the durative event architecture 

becomes much more efficient as the storage size is bound by the number of durative events.  

Figure 27  is a plot of the number of events received by the subscriber for each duration by 

disconnect time.   This figure shows that the mobile proxy transmits significantly more 

events than the durative events.  If the P/S system is using a low band width network 
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connection or the events are large in size, then the durative event architecture provides a 

significant improvement on network performance when the disconnect time are significant. 

Table 7: Disconnect Time vs. Duration Time Test Queue Size Results 

Test Name Duration Connect Disconnect Initial 
Queue 
Size 

Final 
Queue 
Size 

Publish 
Queue Size 

DisDur1.0 0 10 1 5.00 5.00 5.00 
DisDur1.1 1 10 1 68.20 9.20 5.65 
DisDur1.2 2 10 1 69.65 16.55 4.45 
DisDur1.5 5 10 1 76.85 37.50 4.55 
DisDur1.10 10 10 1 83.80 60.15 5.10 
DisDur1.20 20 10 1 92.25 83.25 5.05 
DisDur1.50 50 10 1 96.80 96.30 5.30 
DisDur1.100 100 10 1 97.40 97.40 4.95 
DisDur2.0 0 10 2 10.55 10.55 10.55 
DisDur2.1 1 10 2 69.30 8.85 5.50 
DisDur2.2 2 10 2 72.15 16.85 9.20 
DisDur2.5 5 10 2 79.60 37.40 9.15 
DisDur2.10 10 10 2 87.15 61.60 9.40 
DisDur2.20 20 10 2 93.40 84.05 9.90 
DisDur2.50 50 10 2 97.40 97.10 9.15 
DisDur2.100 100 10 2 97.95 97.95 9.15 
DisDur5.0 0 10 5 27.65 27.65 27.65 
DisDur5.1 1 10 5 75.90 8.85 5.25 
DisDur5.2 2 10 5 79.55 16.70 10.05 
DisDur5.5 5 10 5 83.40 37.40 21.05 
DisDur5.10 10 10 5 90.50 61.20 21.50 
DisDur5.20 20 10 5 94.80 84.40 19.45 
DisDur5.50 50 10 5 97.60 96.95 22.45 
DisDur5.100 100 10 5 98.20 98.20 20.75 
DisDur10.0 0 10 10 51.25 51.25 51.25 
DisDur10.1 1 10 10 85.60 8.90 4.90 
DisDur10.2 2 10 10 87.15 16.30 9.40 
DisDur10.5 5 10 10 90.05 37.35 21.60 
DisDur10.10 10 10 10 93.75 59.85 33.55 
DisDur10.20 20 10 10 96.80 84.20 34.05 
DisDur10.50 50 10 10 98.80 98.15 34.20 
DisDur10.100 100 10 10 99.25 99.25 34.25 
DisDur20.0 0 10 20 105.05 105.05 105.05 
DisDur20.1 1 10 20 94.05 8.85 5.40 
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Test Name Duration Connect Disconnect Initial 
Queue 
Size 

Final 
Queue 
Size 

Publish 
Queue Size 

DisDur20.2 2 10 20 94.30 17.25 10.40 
DisDur20.5 5 10 20 96.20 37.25 22.10 
DisDur20.10 10 10 20 96.60 60.05 33.90 
DisDur20.20 20 10 20 98.15 83.90 48.05 
DisDur20.50 50 10 20 99.55 98.60 47.50 
DisDur20.100 100 10 20 99.45 99.45 47.60 
DisDur50.0 0 10 50 258.65 258.65 258.65 
DisDur50.1 1 10 50 99.85 8.95 5.05 
DisDur50.2 2 10 50 99.75 17.05 9.60 
DisDur50.5 5 10 50 99.80 36.10 20.00 
DisDur50.10 10 10 50 99.95 60.25 34.30 
DisDur50.20 20 10 50 99.95 83.85 47.55 
DisDur50.50 50 10 50 100.00 99.15 56.60 
DisDur50.100 100 10 50 99.90 99.90 56.75 
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Figure 24: Disconnect Time vs. Duration Time Initial Queue Size Test Results 
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Final Queue Size by Duration
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Figure 25: Disconnect Time vs. Duration Time Final Queue Size Test Results 
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Figure 26: Disconnect Time vs. Duration Time Published Queue Size Test Results 
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Received Events by Duration
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Figure 27: Disconnect Time vs. Duration Time Received Events Test Results 

5.4 Number of Consumers Test 

The Number of Consumers Test was undertaken to measure the impact of the number 

of consumers on the P/S system.  This test varies the number of consumers from 1 to 5 for 

both non-durative and durative consumers.  The details of the test parameters are described 

in Table 8.  
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Table 8: Number of Consumers Test Parameters 

Test Condition Test Parameter 

Publisher Variables 

Number of durative events 100 

Wait Time 100 msec 

Duration time 5 sec 

Consumer Variables 

Number  of consumers 1,2,3,4,5 

Connect time vs. disconnect 
time (sec) 

10 vs. 10 

Number of events subscribed 60  

Number of connect/disconnect 
cycles 

20 – total test time 400 sec 

 

Table 9 contains the results of the Number of Consumers tests.  Figure 28, Figure 29, and 

Figure 30 show the average initial queue sizes, final queue sizes, and published queue sizes 

for the different number of clients.  In Figure 28, the average initial queue sizes for the 

durative consumer decreases as the number of consumers increases.  This decrease is 

because the queue is clean of obsolete events more frequently with more consumers.  These 

queue size figures show that the amount of memory in the P/S server needed for the queues 

increases geometrically for the non-durative consumers and is steady for the durative 

consumers.  Figure 31 shows the impact of the number of consumers of on the median 

reconnect time for the consumer.  This test data was collected to see if the increasing 
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number of consumers causes the reconnect time to increase dramatically.  The data actually 

shows the opposite effect; as the number of consumers increases the median reconnect time 

decreases.  The probable cause of this effect is that as number of consumers increases, the 

amount of CPU cycles dedicated to the P/S server increases causing fewer context switches 

in the server.  Figure 32 shows the impact of the number of consumers on the number of 

published events.  As expected, as the number of consumers increase the number of 

published events for both the non-durative consumers and durative consumers increase 

geometrically.  However, the durative consumer’s number of published events increases 

slower because of the obsolete events that are discarded. 

Table 9 - Number of Consumers Test Results 

Test Name # of 
Consumers 

Initial 
Queue 

Size 

Final 
Queue 
Size 

Publish 
Queue 
Size 

Median 
Reconnect 

Time 

Published 
Events 

Total 
Received 

Events 

NumCon1.0 
1 56.65 56.65 56.65 337,827.0 3977 2283 

NumCon2.0 
2 112.75 112.75 112.75 317,372.5 3977 4514 

NumCon3.0 3 175.55 175.55 175.55 244,437.5 3977 6797 

NumCon4.0 
4 226.1 226.1 226.1 210,376.5 3977 8940 

NumCon5.0 
5 288.95 288.95 288.95 199,976.0 3977 11405 

NumCon1.0 
1 91.55 40.4 21.65 399,934.0 3977 1478 

NumCon2.5 
2 64.85 37.975 21.975 247,426.0 3977 3125 

NumCon3.5 3 56.45 38.717 22.85 195,944.5 3977 4700 

NumCon4.5 
4 52.275 39.013 22.475 185,763.5 3977 6437 

NumCon5.5 
5 49.68 39 21.48 197,320.5 3977 8019 
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Figure 28: Number of Consumers Initial Queue Size Chart 
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Figure 29: Number of Consumers Final Queue Size Chart 

 

Figure 30: Number of Consumers Published Queue Size Chart 
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Figure 31: Number of Consumers Median Reconnect Time Chart 

 

Figure 32: Number of Consumers Total Received Events 
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Chapter 6: Future Work 

This dissertation provides the rationale for incorporating durative events into the event 

processing for publish and subscribe architectures, but there still exist several areas of 

research to determine the complete impact of durative events on the performance of the P/S 

systems.  These areas include the impact of ad hoc mobile networks, the scalability of the 

architecture to thousands of clients, and the impact of connection/disconnection patterns. 

6.1 Impact of Ad Hoc Mobile Networks 

The impact of real ad hoc networks needs further research.  The impact of the 

connection and reconnection times and properties of the client’s movement through a large 

scale ad hoc mobile network with a large number of nodes needs to be investigated.  A real 

implementation in a campus wide ad hoc mobile network would provide a significant 

insight into the impact of the durative events in a real world implementation. 

6.2 Scalability of the Durative Event Architecture 

The scalability of the P/S servers to support thousands or tens of thousands of clients 

and unique events needs further research to determine if the changes made to the P/S 

servers to support the durative events hold up under large scale deployments.  The impact 

of the durative events should be even larger with a large scale deployment; however the 

impact of the pruning of the durative events would need to be determined.  The pruning 

algorithm may need to be changed to support a large number of unique events. 
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6.3 Impact of Event and Subscription Patterns 

To get a better idea of the impact of the durative event architecture in real-world 

environments, the performance of the system needs to be examined with different 

distributions of events and subscriptions.  The current work was done with a uniform 

distribution of events and subscriptions.  To model real-world environments, the 

performance should also be measured with other event and subscription distributions, such 

as Zipf-uniform distribution, multimodal distribution, and regional distribution [9].  Zipf-

uniform is where the subscription distribution is based on the event popularity where the 

number of subscriptions for the ith most popular event is proportion to i-1 and events are 

uniformly random distribution.  Multimodal distribution is where the subscription and 

event distribution both follow the same multivariate Gaussian distribution.  This 

distribution results in the more popular events being published more often.  Regional 

distribution is where the popularity of an event is inversely proportional to the distance 

from the publishing server to the subscribing server. 
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Chapter 7: Conclusion 

Publish and Subscribe Systems need to evolve in order to accommodate mobile clients 

in an ad hoc mobile network.  The P/S architectures need to be able to handle clients that 

can disconnect from the network and reconnect at a later time and potentially a different 

location.  The current architectures do not handle these mobile clients in a scalable manner.  

The introduction of the concept of durative events can be used to provide a mechanism to 

support the disconnection and reconnection nature of the mobile P/S clients in an ad hoc 

mobile network. 

Durative event notation provided the capability to describe and define the different 

types of durative events in a P/S architecture.  The notation provided the capability to 

define basic events.  The basic event notation was then used to describe the different types 

of durative events.  The notation also provided the capability to define the different types of 

durative event notification.  The durative event notation provides the basis for 

implementing a P/S system that was used to compare the performance of a P/S system for 

mobile clients without durative events and with durative events. 

The implemented P/S architecture was used to measure the impact of implementation 

of durative events on the scalability of a P/S system that supports mobile clients.  The 

system was used to measure and compare the storage required to support event notification 

for mobile clients with and without durative events.  Measurements of reconnect times and 

number of events delivered to the consumers were collected.  These measurement were 
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used to draw conclusions on the scalability of a durative event publish and subscribe 

system for mobile clients. 

The measured storage necessary for the retention of events during clients’ 

disconnections indicated that the durative event architecture was more scalable than the 

architecture without the durative events, especially as the number of supported clients 

increased.  The durative events architecture storage requirements are based on the number 

of unique durative events that are supported while the non-durative event architecture 

storage requirements is based on the number of clients and the number of events that are 

produced during the disconnect period. 

The measurement of the reconnect times showed that the durative events and the 

garbage collection of the expired durative events were not a significant impact on the 

performance of the system.  The number of events that are published to the consumers with 

the durative event architecture was significantly smaller than the number of events 

published to the consumers without the durative event support.  In architectures with low 

bandwidth MANETS or with large number of clients or high event rates, the publishing of 

only events that are still relevant can ease network congestion and provide for greater 

scalability.  

The use of durative events in publish and subscribe systems that support ad hoc mobile 

networks will provide for greater scalability.  The use of the durative events will allow for 

clients that can receive the events that were published while they were disconnected and are 

still valid when they reconnect. 
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Appendices 

Appendix 1.   Example Test Log File 

Fri Feb 20 14:11:37 EST 2009, , DisDur1.0, num events, 100, rate, 100, duration, 1, test length, 220, durative = ,false, num events 

subscribed, 60, connect time, 10,disconnect time, 1 

Fri Feb 20 14:11:37 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9checking durative events, 

initial size, 100, Fri Feb 20 14:11:37 EST 2009, , DisDur1.0, completed, time, 131252, final size, 0 

Fri Feb 20 14:11:48 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 5, Fri Feb 20 14:11:48 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 694116 

Fri Feb 20 14:11:59 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:11:59 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 309836 

Fri Feb 20 14:12:10 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:12:10 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 267772 
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Fri Feb 20 14:12:21 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:12:21 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 294524 

Fri Feb 20 14:12:32 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:12:32 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 273522 

Fri Feb 20 14:12:43 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 7, Fri Feb 20 14:12:43 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 321534 

Fri Feb 20 14:12:54 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 3, Fri Feb 20 14:12:54 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 309692 

Fri Feb 20 14:13:05 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:13:05 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 276376 

Fri Feb 20 14:13:16 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 5, Fri Feb 20 14:13:16 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 287620 

Fri Feb 20 14:13:27 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 7, Fri Feb 20 14:13:27 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 288422 
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Fri Feb 20 14:13:38 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 5, Fri Feb 20 14:13:38 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 877822 

Fri Feb 20 14:13:49 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:13:49 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 309544 

Fri Feb 20 14:14:00 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 2, Fri Feb 20 14:14:00 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 281659 

Fri Feb 20 14:14:11 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 4, Fri Feb 20 14:14:11 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 282234 

Fri Feb 20 14:14:22 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 4, Fri Feb 20 14:14:22 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 276779 

Fri Feb 20 14:14:33 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 4, Fri Feb 20 14:14:33 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 2229910 

Fri Feb 20 14:14:44 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 6, Fri Feb 20 14:14:44 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 344399 
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Fri Feb 20 14:14:55 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 3, Fri Feb 20 14:14:55 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 275861 

Fri Feb 20 14:15:06 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 4, Fri Feb 20 14:15:06 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 294943 

Fri Feb 20 14:15:17 EST 2009, , DisDur1.0, subscriber, DurativeTests.DurativeTestClient$Consumer@8814e9resuming subscriptions, 

queue size, 5, Fri Feb 20 14:15:17 EST 2009, , DisDur1.0, completed resuming subscriptions, resume time, 267597 

Fri Feb 20 14:15:17 EST 2009, , DisDur1.0, Total published event count, 2012 

Fri Feb 20 14:15:38 EST 2009, , DisDur1.0, Total recieved event count, 1120 

 


