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ABSTRACT

The data warchouse becomes extremely large in size and its
implementation normally uses very expensive platforms, typically based
on high-end servers or high-performance cluster. Therefore, emerged the
need to develop a distributed data warehouse to meet requirement specific
to a departmental or restricted community of users.

The transition from the using of a central data warehouse to the
distributed data warchouse needs to fragmenting the central data
warchouse into scveral smaller warchouses (or data marts) physically
distributed across the nodes in computer network. There are a lot of
algorithms used in the process of fragmentation such as genetic algorithm,
affinity-driven algorithm, etc. In this research we will use the principle of
hierarchy located in the data warchouse as the basis of the fragmentation
process, wc proposed framework includes the representation of
hierarchical property in the form of inverted tree with several levels
depending on the existing data, so we can conduct searches on this tree
using scarching algorithms to get to the best level that could be adopted in
the fragmentation process. In this framework a greedy scarch algorithm
will be used because of its advantages to support the process of selecting
the appropriate level that will use in fragmentation process.

The use of distributed data warehouse as small data warehouses (data
marts) after the use of fragmentation process was the first attempt to solve
the problems of space, performance, and cost of special hardware.

1- INTRODUCTION

A data warchouse i1s a repository of data from legacy and transaction
database systems. Unlike a typical transactional database used for day-to-day
operations, a data warchouse 1s structured to maintain large amounts of related
historical data that transform 1t into a dimensional or normalized data store [1].
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The basic 1dea behind the data warehousing approach 1s to extract, filter, and
integrate relevant information in advance of queries [2,3].

The data warehouse would be seen as a centralized repository, whereby data
from all sources would be imported into that large centralized repository for
analysis. Nowadays the speed and bandwidth of wide area computer networks
enable a distributed approach. There are two major forces that have contributed
to the importance of parallel and distributed data warehousing.  First, the fact
that data warchouses can be extremely large and highly resource demanding, so
it requires a special type of hardware with highly efficient. The second is that,
queries and analyses must be answered within acceptable time limits has led to a
series of specialized techniques that were developed specifically for them,
including view and cube materialization, indexing structures and
implementations of distributed data warehouse [2.4].

The distributed environment satisfactorily the need to handle huge data sets
efficiently, in both query processing and other concerns such as loading or
creation of auxiliary structures [3,6].

2- Related Work

A number of researchers have recognized new concepts in the traditional data
warehouse model and suggested a series of views at the conceptual and practices
level. The Shuigeng Zhou and other proposed a design of new type of data
warchouse, called hierarchically distributed data warchouse (HDDW), which
can be built quickly by a bottom-up, level by level method. HDDW 1s
constructed in as follows: starting from low level, building a data mart for each
town separately then moving up to county level, then building a data mart for
cach county, which contains the economic data of all town located within that
county. On the basis of county-level data marts, the provincial level data marts
are built so that each provincial data mart holds data generalized from the
county level data marts located within the corresponding province. Finally, a
nation-wide data warchouse 1s created over the provincial level data marts, and
there 1s only one DW at the nation level. This leads to a kind of distributed DW,
which i1s also called federated DW [7]. This method is useless in case of having
a large central data warehouse needed to be a distributed data warchouse (top-
down approach) because no fragmentation schema has been used. Other
approach "Handling Big Dimensions in Distributed Data Warehouses using the
DWS Technique" by Marco Costa and Henrique Madeir in which a data
warehouse striping (DWS) this technique allow the distribution of large data
warchouses through a cluster of computers. The round-robin partitioning
approach partitions the fact table strict row-by-row through all nodes and
replicates the dimension tables, where the replication of the dimension tables
creates a limitation to the applicability of the DWS technique to data warehouses
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with big dimensions. Therefore, the researchers proposes a new approach
called selective loading to deal with data warehouses with big dimensions in
DWS systems. The selective load technique proposed explores the fact that the
subset of the fact table rows stored in each node are only related to a small part
of the rows of the big dimension and not related to all of them. Thus, the idea 1s
to store in each node only the dimension rows that are related to fact rows stored
in that node, and not to replicate the entire dimension [6]. This method faces a
problem because the data size will be bigger over time and the round-robin
partitioning approach must be applied again to partitioning the fact and
dimension table row-by-row through all nodes.

3- Distributed Data Warehouse Technology

A distributed data warchouse (DDW) can be defined as a logically integrated
collection of shared data that is physically distributed across the nodes of a
computer network. The distributed data warehouse architecture involves the
merging of two diverse concepts namely, integration through the data warehouse
element and distribution through the networking element as shown in the
following figure (1) [1].

i
E CATA WAREHA us‘/;l
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Figure 1: Data Integration and Distribution

The infrastructure required to implement a distributed data warchouse is just a
set of inexpensive computers (called system nodes, typically PCs or server
blades) connected by fast Ethernet (share nothing configuration) and having a
same DBMS installed in each node [6].

Physically storing and administrating the data warehouse as a distributed
database helps in the storage and access of large and small pieces of datasets.
The first advantage of a technologically distributed data warehouse 1s that the
entry cost 1s cheap. In other words, the cost of hardware and software for a data
warchouse when initially loaded onto distributed technology is much less than if
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the data warehouse were mitially loaded onto classical, large, centralized
hardware. This could reduce the need for massive central computing resources,
network delays, OLAP query can be executed in parallel fashion, and provides
the transparent local datasets access to the clients [4,8]. The second advantage is
that there i1s no theoretical limit to how much data can be placed in the data
warechouse. If the volume of data inside the warehouse begins to exceed the limit
of a single distributed processor, then another processor can be added to the
network, and the progression of adding data continues in an unimpeded fashion.
Whenever the data grows too large, another processor is added. Figure (2)
depicts a world in which there may be an infinite amount of data in the data
warchouse. This 1s appealing because a data warehouse will contain much data
(but n

ot an infinite

Lo Aosimghe sevver hotds 33 the
wdxts for Uhe warghouse.

L P D servars ol the
data for the warshotsa,

amount) [3.4].

Figure 2: The Progression of Adding More Servers to Hold Data Warehouse

4- Fragmentation
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The data fragmentation technique 1s the result of the data partitioning process
and 1ts aim 1s to reducing the number of disk accesses for query execution as a
result of minimizing accesses to irrelevant data. The data warchouse modeled
using a star schema have an important property in terms of join operations
between dimensions tables and the fact table (i.e., the fact table contains foreign
keys for each dimension) [9]. The joins in data warchouses (called star join
queries) are particularly expensive because the fact table (the largest table in the
warehouse by far) participates in every join and multiple dimensions are likely
to participate in each join. To speed up star join queries, many optimization
structures were proposed: redundant structures (materialized views and
advanced index schemes) and non redundant structures (data fragmenting and
parallel processing). Recently, data fragmenting 1s known as an important aspect
of physical database design (Sanjay, Narasayya & Yang, 2004,
Papadomanolakis & Ailamaki, 2004). Two types of data fragmentation available
which 1s vertical and horizontal fragmentation [1]. The vertical fragmentation
(VF) allows tables to be decomposed into disjoint sets of columns, where
Horizontal fragmentation (HF) allows tables, materialized views and indexes to
be partitioned into disjoint sets of rows that are physically stored and usually
accessed separately.

HF may affect positively (1) query performance, by performing partition
elimination: 1f a query includes a partition key as a predicate in the WHERE
clause, the query optimizer will automatically route the query to only relevant
partitions and (2) database manageability: for instance, by allocating partitions
in different machines or by splitting any access paths: tables, materialized views,
indexes, etc [10]. Logically, two types of HF are distinguished by Ceri, Negri &
Pelagatti, 1982 and Ozsu & Valduriez, 1999:

e Primary HF: The primary HF consists in fragmenting a table T based

only on 1ts attribute(s).

e Derived HF: The derived HF consists in splitting a table S (e.g., the fact
table of a given star schema) based on fragmentation schemas of other
tables (e.g., dimension tables). This type has been used in (Stohr, Martens
& Rahm, 2000). The primary HP may be used in optimizing selection
operations, while the second in optimizing join and selection operations
since it pre-computes them [1].

In this research, we will concentrate on fragmenting the warehouse data
horizontally. We consider that the warehouse data 1s modeled using a star
schema. This schema has two kinds of tables: dimension tables D = {DI1, D2, ...,
Dd}, where each table Di has a primary key KD, and a fact table F where its
primary key 1s composed by the concatenation of the keys of dimension tables.
Fragmenting of warechouse data 1s more complex and challenging compared to
that in relational and object databases due to the several choice of fragmenting
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of a star schema. In warehouse, either the dimension tables or the fact table or

both can be fragmented [9].

1- Fragmenting only the dimension tables using simple predicates defined on
these tables, a simple predicate p is defined by a P: A1 6 Value; where Ai 1s an
attribute, 0 € {=, < >, > <}, and Value € Domain (Ai). This situation 1s not
suitable for OLAP queries because the sizes of dimension tables are generally
small compared to the fact table. Most of OLAP queries access the fact table,
which is huge. Therefore, any partitioning that does not take into account the
fact table 1s discarded [10].

2- Fragmenting only the fact table using simple predicates defined on this table
because it normally contains millions of rows and is highly normalized. The
fact table is composed of foreign keys and raw data. Each foreign key
references a primary key on one of the dimension relations. These dimension
relations could be time, product, customer, etc. The raw data represent the
numerical measurement of the organization such as sales amount, number of
units sold, prices and so forth. In a data warehouse modeled by a star schema,
most of OLAP queries access dimension tables first and after that to the fact
table, it 1s necessary to fragment both of them. This choice 1s also discarded
[1,10].

3- Fragmenting some/all dimension tables (using their predicates) by applying
the primary HF firstly, and use them to fragmenting the fact table using the
derived HF. This approach is suitable because it takes into consideration the
star join queries requirements and the relationship between the fact table and
dimension tables [9].

5- The Greedy Algorithm

A greedy algorithm 1s an algorithm that follows the problem
solving heuristic of making the locally optimal choice at each stage with the
hope of finding a global optimum, 1t can be used as a selection algorithm to
prioritize options within the search. In many problems, a greedy strategy does
not in general produce an optimal solution, but nonetheless a greedy heuristic
may vield locally optimal solutions that approximate a global optimal solution in
a reasonable time [11].

The greedy algorithm is a stepwise, iterative procedure. At each step, it scans
each planning unit that 1s not yet in the portfolio and selects the one that satisfies
the determined condition until all element goals have been satisfied to the extent
possible. It produces reasonable efficient solutions. The greedy algorithm
always takes the best immediate, or local, solution while finding an answer.
Imagine the following decision tree scenario in following figure (3). Greedy
walks through the following tree, beginning from the root node, and at each
node looks around and picks the local optimum. As described, there are always
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two routes to take; 1t picks the one that currently looks best (in this case: lowest)
heuristic value [12,13].

AN AN AN N

Figure 3: Greedy Decision Based on Local Optimum . ) .
The greedy algorithm will consider a hierarchy of dimension tables, which is

in the form of a tree and we get the minimum and maximum number of
fragments that data warehouse administer will desire. The greedy algorithm
selects one dimension table hierarchy randomly, and then selects a level of the
selected hierarchy. Once the selection 1s done, the fact table will be fragmented
with derived horizontal fragmentation based on the primary horizontal
fragmentation schema of the selected hierarchy of dimension table. Then
compute the number of fragments (N) of the fact table, where (N) must be
smaller or equal to max and bigger or equal to min. The algorithm selects
another level of hierarchy and repeats the same process until the conditions are
satisfied. Otherwise, the selected level of hierarchy will be removed and select
another level and will keep repeating the same process until the conditions are
satisfied or get to the end of the hierarchal level of this dimension table. Then
the algorithm moves to select another hierarchy of another dimension table and
repeat the same procedure until obtain a partitioned data warchouse.

6- Proposed Framework

This section i1s dedicated to present the phases of the proposed framework
that being from the dimensional hierarchy analysis as an introduce to represent
the hierarchy as a inverted tree structure and exploit it to searching for the best
candidate level to fragmentation. A description of the overall framework
architecture 1s explained in details. Finally, all steps were translated as an
algorithm.

6.1 Dimensional Hierarchy Analysis
A hierarchy i1s a set of binary relationships between dimension levels. A
dimension level participating in a hierarchy 1s called hierarchical level.
Hierarchies can express different structures according to the criteria used for
analysis and it 1s important part of any business where it 1s used to identify the
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chain of administrative, regulating levels of customers, products, and to perform
planning and analysis. When used to analyze, the user can view summaries first
and then move to different levels of detail. For example, the user can see the
total sales for the whole year and then can move down to the level of half of the
year to look at the sales by individual half of the year. After that, the user moves
down to the level of quarters or moves down further to the level of individual
months to look at monthly sales number. Where note that, the hierarchy of the
time dimension consists of a year, half, quarter, and month level. So the
dimension hierarchy can be defined as a path for drilling down or rolling up in
the analysis process. Hierarchies resulting naturally from the business process,
so 1t must be arranged and sub divided in order to provide efficient control of the
business activity. The nature of the hierarchy in the data warchouse is often
represented by the (parent-child) relationship. In this type of relationship, one
parent can have multiple child, and the child can not be belonging to more than
one parent only. For example, the employer may be assigned to one department
of the company, but the department may contain more than one employers. It 1s
possible to represent this type of hierarchy as a tree structure and will call it
hierarchical tree, as will be explained in the following figure (4).

Level 1 [ Time Dimension

Figure 4: Simple Hierarchy Tree for Time Dimension

Each member in the hierarchy tree is called a (node), the topmost node in the
hierarchy tree 1s called a (root node) which represents summaries of the data, the
bottommost node is called (leal node) and represents details of data. It is
possible to use the hierarchical tree in the process of fragmentation. Therefore 1t
possible to make the search process to the tree structure using the greedy search
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algorithm 1n order to get the best level of hierarchy, which will be used in the
fragmentation process to provide the efficient performance in the OLAP query
and flexibility in the management and maintenance.

6.2 Overall Framework Design of Distributed Data Warechouse

This work presents a framework to handle the class fragmentation problem
during the design of distributed data warehouse. The idea 1s using a hierarchy
property available within the data warehouse properties and harnessed for the
purpose of fragmentation of the warchouse data. The use of the greedy
algorithm 1n this work provides the highest flexibility in the selection process to
the best candidate dimension table and specific hierarchy and hierarchical level
within this dimension table to be used in the fragmentation process phase. It
provides a high percentage of transparency for the data warehouse administer to
select or identify a minimum and maximum number of fragments that will result
from the fragmentation process. The proposed framework is shown in the
following figure (5) and all steps illustrated in figure (6).

(" ™)
Derived Horizontal Primary Horizontal
Fragmentation on Fragmentation on Data Warehouse
face table Dimension Table (Star Schema)

Candidate hierarchy
and hierarchy level

Greedy Algorithm

Min & Max
number of
fragments (DWA) || oe—————— £

Analysis of
the Hierarchy

[ Hierarchy Tree

Figure 5: Overall Framework for Design of Distributed Data Warehouse

Initially the distributed designer must provide input information about the
data warehouse semantics such as the operation that will be executed over stored
data, quantitative and qualitative information, and additionally the number of
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fragments that the data warehouse administers desires, this information then 1s
passed to the greedy algorithm. A greedy algorithm then searches i the
hierarchy tree (which is reflected in the dimensional hierarchy analysis) to find
the best level of hierarchy that will be depended in the fragmentation. The
output of the greedy search algorithm 1s a candidate dimension table and specific
level of hierarchies in this table. As a result, it can apply primary horizontal
fragmentation on this table depending on this nomination by greedy algorithm,
and then apply derived horizontal fragmentation of fact table based on the
fragmentation of dimension table which obtained by applying the primary
horizontal fragmentation. Finally we obtain a set of fragment as a result of
applying fragmentation process of the data warchouse based on hierarchy and
greedy algorithm.

[ Data Warehouse (star schema)

[ Hierarchy Tree ]

=1

For all dimension tables, select aD.T ) x=1
hierarchy (x) :

[ Choose level hierarchy (y) in dimension 1 y+=1
table (x)

\

[ Apply PHF of (x,y) and DHF of fact table based on ]

Compute Number of Fact Table
Fragments(N)

IF
(MIN<=N)
OR (N<=MAX)

IF (y) level is
the end level

"N\ of hierarchy
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Figure 6: Framework Steps in Details

6.3 Fragmentation
Algorithm for Proposed Framework

Input:
Tree HT (x,y) //Hierarchy tree for centralized data warehouse.

Integer MIN, MAX.

Integer E // End level of hierarchy.
Output:
Integer N // Number of Fact Table Fragments.
Boolean Find solution.
Start
1-x=1;y=1;

2- S=Select (HT ( x,v));
3- A=Apply PHF (S( x,y) );
4- Apply DHF ( fact table ) based on ( A);
5- Compute (N )
If (Min<= N) OR (N=>Max) then // Where min & max is the number of
fragments  specific by Data Warehouse
Analysis.
{Find solution = True; Print ("' Candidate Level is", x, y)Goto End; }
Else
If (y=E) then {x+=1; Find solution = False ; Goto (2); }
Else
{ v+ =1; Find solution = False ; Goto (2); }
End.
7- Query Execution Time
The query response time in the online analytical processing and decision
support systems 1s crucial and very important. Therefore, the implementation of
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the query on the fragmented data provides fast response and thus speeds up
decision-making. For example, ten complex queries were carried out to the
centralized data warchouse and then calculate the rate of query response time
and compare it with the response time of the same queries performed on
fragmented data (data mart) to find that the rate of implementation of the query
on the central data warchouse takes six times more than the time spent of the
query implementation on the fragmented data (data mart) as shown 1n following
table (1) and figure (7).

Table 1: Query Response Time

Query o Response time i1:1 Response time in
Characteristics Data Warchouse in Fragmented Data
Number .
second DM in second
1 3 join, 3selection 0.0094 0.0010
2 4 join, 4selection 0.0095 0.0011
3 5 join, Sselection 0.0096 0.0012
4 6 join, 6selection 0.0096 0.0013
5 7 join, 7selection 0.0097 0.0014
6 8 join, 8selection 0.0098 0.0015
7 9 join, 9selection 0.0099 0.0015
8 10 join, 10selection 0.0100 0.0016
9 11 join, 11selection 0.0102 0.0018
10 12 join, 12selection 0.0105 0.0020
Total 0.0975 0.0144
Average 0.0972/0.0144 = 6.770
012

0.01

0.008

0.006

0004
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Figure 7: Query Execution Time Comparison

8- Conclusions

The fragmentation by a proposed framework ensures accepted number of
resulted fragments (sub star schema) and thus facilitate the management,
control, and maintenance of data warehouse as a small data mart distributed m
a set of relatively cheap computer network (nodes) that be lower costs, higher
reliability and reduce the need to use special central computer to build a large
centralized data warehouse. On the other hand the OLAP query in distributed
data warchouse will divided into a set of (sub query) sent to the corresponding
nodes in network to be executed 1n parallel, so thus reduce the query execution
time and make OL AP query more efficiently.
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