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Abstract

Most of the critical real-world networks are continuously chang-
ing and evolving with time. The dynamic nature of these net-
works have gained a lot of attention motivated by the growing
importance and wide spread impact of this type of networks.
Because of their intrinsic and special characteristics, these net-
works are best represented by dynamic graph models. In order
to cope with their evolving nature, the representation model
must keep the historical information of the network along with
its temporal time. Storing such amount of data, poses many
problems from the perspective of dynamic graph data manage-
ment.

In this thesis, we provide an in depth overview on dynamic
graph related problems. A novel categorization and classifica-
tion of the state of the art dynamic graph models is also pre-
sented in a systematic and comprehensive way. Moreover, we
discuss processing on dynamic graphs including both its algo-
rithms and output representation, and give an insight on how
to manage and handle the added time parameter to dynamic
graph models.

With the notable flourish of real-world networks based on
graphs, it becomes crucial to find a dynamic graph model that
is able to manage efficiently network evolution. So, this study
proposes Modified G* (MG*) system that is able to manage the
network consuming efficient performance. MG* consumes mini-
mum update time, retrieve time, and minimum memory storage
in an efficient manner compared to the existing dynamic graph
models. Moreover, it provides results with a better quality.



il

Most of the existing models use data structures to store se-
quence of snapshots, which are either historical or retrieved for
processing purposes. Despite consuming minimal update time,
these data structures induce storage redundancy, since consecu-
tive snapshots share most of their nodes and edges in common.
Compressed variants reduce this redundancy, but at the cost
of increasing the update time, required to insert a new snap-
shot into the structure. Therefore, we propose Fast-CGI data
structure to balance handling these downsides.
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Chapter 1

Introduction

1.1 Motivation

Most real-world networks like social networks [4, 30, 45, 46, 48, 31], trans-
portation networks [42, 18], and other networks contain a vast amount of in-
formation. These networks are mostly represented by graphs. These graphs
model the network entities and their relations in the form of vertices and
edges respectively. The majority of current network graph representations
rely on static graphs . Such type of graphs fails to handle the real time
changes of networks. That’s why there is a significant interest in providing
a dynamic graph model that stores the network historical changes and gives
the ability to query these changes [24].

Temporal Relational Database "TRD” shares the power of storing his-
torical changes with dynamic graphs. A lot of literature on TRD focus on
temporal data model and temporal query language [3, 9, 10, 33, 39, 40, 41].
The two main basic concepts of TRD are valid time and transaction time.
Valid time represents the time period that indicates when the fact is true in
the real world. Transaction time represents the time period of storing and
removing the fact from the DB. In Dynamic graph we focus on valid time,
where the goal is to retrieve the graph entities that are valid at any given
time instant.

1.2 Problem Definition

Research has focused on static large graph management [1, 6, 7, 11, 16,
23, 28, 29, 32, 44]. However, most of real-world networks evolve with time.
Managing these evolving networks has attracted much attention in recent
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years. The networks evolved data can be kept in a dynamic graph to improve
the expressiveness and the quality of search queries as well as snapshot(s)
retrieval. Storing the continuous evolution of the network in a dynamic graph
makes its storage size grow. Existing dynamic graph models try to limit their
storage by eliminating redundant data. However, their update time increases
due to the elimination step. This illustrates that there is a tradeoff between
the used storage and the update time.

One of the most important features of dynamic graph models is providing
the historical information of evolving networks. They represent the historical
states of the network. The historical network state at single time point is
known as a snapshot. Most approaches answering queries on dynamic graph
models depend on retrieving single or several snapshots at specific time point
or specific time interval respectively. The accuracy of the retrieved snapshot
highly affects the quality of the queries and the retrieval time affects the
performance of the queries. Therefore, retrieving historical information in a
short time is a crucial objective in dynamic graphs.

1.3 Research Objectives

The goal of our research is to present a formal graph model augmented with
time using less cost and exploit the temporal information hidden in a network,
which has been mostly ignored so far, to improve the expressiveness and
quality of search queries. The objectives of this research can be summarized
in the following points:-

1. Study the properties that describe how a dynamic graph changes.
2. Study the already existing dynamic graph models.

3. Provide dynamic graph model that has a better update time, better
storage, and better retrieve time.

4. Introduce a comparitive of our proposed model against similar models
of the literature regarding the time, storage, and reliability.
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1.4 Main Contributions of this Thesis

1. Providing a comprehensive survey on the existing dynamic graph mod-
els and its related problems.

2. Proposing an efficient dynamic graph model (MG*) which is a modi-
fication on G*. It manages the network evolution efficiently where, it
overcomes the update time overhead problem that exists in G*. MG*
has better update time and memory storage than G* where the differ-
ence is order of magnitude.

3. Providing an enhancement on our proposed MG* for a better retrieve
time based on parallelization.

4. Proposing a compact data structure Fast-CGI for storing sequence of
snapshots (i.e.,each snapshot represents the network state at a single
time point). Fast-CGI marks a significant enhancement in the dynamic
graph area where, this type of data structure considered as a main
component of many existing dynamic graph models.

1.5 Thesis Organization

This thesis is organized in five chapters including this one. Their contents
are described briefly as follows:

. Chapter 2: provides the necessary background and overview needed
to understand this thesis. It gives an overview of dynamic graphs in-
cluding related definitions, current existing models ,and processing.

. Chapter 3: provides our proposed system MG* that effeciently stores
the continuous evolutions of an evolving network.

. Chapter 4: provides an enhancement on our proposed MG* system
for a better retrieving performance.

. Chapter 5: Proposes Fast-CGI data structure for storing sequence of
snapshots "static graphs” in a complete compact manner while main-
taining the update time as stable and minimum as possible independent
on the continuous growth of the snapshots count.

. Chapter 6: Introduces the conclusions and the future works.



