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Abstract
In the past decades great efforts have been made in applying Information Technology (IT)
in the construction industry. The existing IT-integrated P M tools seem to be helpful to
improve the efficiency of a single project control task, such as scheduling, but they lack a
level of integration and coordination that can help manage construction projects from
multiple perspectives in a unified manner. Although the O L A P (On Line Analytical
Processing) technology has been widely used for business management, known as
"Business Intelligence" (Bl), it has not been well adopted by the construction industry in
the project management domain.
The main objective of this thesis research is to test and evaluate whether the fast growing
O L A P technology can facilitate project management in the construction industry, at least
in some selected aspects. A Web-based, OLAP-integrated P M prototype was established
to do the testing and evaluation. A data warehouse with multidimensional data structure
was established in Microsoft Access, followed by the design and processing of O L A P
cubes through Microsoft SQL Sever Analysis Services. The Microsoft B l Portal was
utilized as the front-end O L A P solution for multidimensional data representation and
analysis. Two O L A P cubes were developed in the prototype for project cost control and
manpower allocation analysis respectively, and the testing and evaluation was carried out
by combining the O L A P features with several realistic project management scenarios.
The thesis concludes that the O L A P technology does offer potential improvements to
project management, but a great deal of future work is needed to extend the prototype to
a well-rounded system. The benefits of this OLAP-base P M prototype, along with its
shortcomings and limitations, are summarized at the end of the thesis. Also included is
the discussion and suggestion of the future research work in this area.
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C H A P T E R 1: I N T R O D U C T I O N T O T H E R E S E A R C H

1.1. Research Background
Project management in the construction industry is a tough job, no matter the size and
type of the project. A construction project typically involves a huge web of components
that must be coordinated during the life cycle of the project. Those components may be
the various participants including the owner, engineers, P M professionals, prime
contractors, subcontractors, suppliers, and so on. They may also be distinct technical
processes like planning, designing, financing, constructing and operating, which can be
further divided into smaller tasks and subtasks. Or, they may even be different materials
and products. These components are not isolated. They are always interdependent with
each other, and to a large extent it is the interdependencies that make the process of
construction management complex.
In the past decades great efforts have been made in applying Information Technology (IT)
in the construction industry, helping to deal with the complexity of A E C / F M projects and
improve the efficiency of the whole project management practice. Until recently, however,
IT-integrated project management tools and technologies have shown minimal impact on
project management practice in the construction industry. Computer-integrated tools may
be helpful to a single task, scheduling or estimating for example, but they lack a level of
integration and coordination dealing with various project data categories that can help
manage projects from multi-perspectives in a unified manner.

1.2. Research Motivation
1.2.1. Industry Needs
In short, the industry need for a unified multi-dimensional project management system
can be explained from two aspects. One is the need to improve the presentation of "data"
itself; the other is the need to improve the presentation of "information" behind data.
1

Although these two aspects are discussed separately in this section, they are actually
highly interactive with no distinct boundary to separate one from the other.
•

Project Data Presentation
On one hand, the construction industry produces a huge volume of quantitative
data but so far we are lacking an efficient tool to record, store, organize, present
and analyze those project data. Take cost control as an example. Cost data for a
construction project is cumulative and can be voluminous as the project
progresses, especially for large projects. However, in current practice, the most
common cost management process relies on the transmission of Windows-based
Excel spreadsheets. Staff from some organization produces cost estimates or
detailed cost reports, which are passed to and reviewed by a higher level person.
He or she summarizes and aggregates all received cost reports and send them to
another higher level. The aggregation process repeats and continues until a final
cost report is created.
The conventional practice has many problems that affect cost tracking and control.
First, the process of creating report is time-consuming. At the time when the cost
reports are finally created, the cost data may have already been too out-of-date to
be utilized for analysis. Secondly, the report format is generally fixed and once the
final cost reports are created, they are very hard to change unless the final user
wants to re-organized and re-aggregate the raw data again from the beginning.
The cost reporting method is thus very inflexible leading to a poor cost analysis
capability. Moreover, a traditional cost report, to some extend, is just a "book" of
cost data, with no efficient data visualization to provide information for cost
analysis. Users have to bury themselves in the raw data to extract reasonable
information.
In terms of cost management, it is time for the industry to have a system that

2

greatly reduces the amount of time to produce cost reports, has flexible, dynamic,
and multi-view data representation

formats, and provides efficient data

visualization helping the managers explain and understand various aspects of
project status. As for other quantitative project data that requires cognition, they
follow the same rule and have the same problems.
•

Implicit Information Presentation
On the other hand, no quantitative data produced in the construction industry are
isolated. Without linking with some external referential information, pure
quantitative data are meaningless. The current project management tools, however,
lack an efficient way to deliver and represent the implicit information behind the
data.
Again, take cost control as an example. A single cost value is just a number that
has no meaning itself; only when it is linked to some other information does it
makes sense. The information can be time, tasks, participants, products and so on.
If each of the information categories is regarded as a specific project view, then
the quantitative cost data can be possibly distributed and aggregated over each
view. In that way, users get a chance to better investigate and understand the
project cost structure from a multi-view perspective.
In real-world practice however, such a multi-view of cost structure is missing,
because cost reports are generally aggregated and created in a single way and do
not clearly indicate linkages with other project views. Those reports provide
sufficient numeric cost data but do not deliver efficiently communicated
information that affects the cost data. For example, tasks (schedule) information
and cost reports are usually created by different software and kept separately. As a
result, project managers usually have to manually synchronize and integrate a
comprehensive view from the different reports by themselves. They are often
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forced to infer the cost impacts of task changes or participant changes, rather than
being provided with some automatic indication to assist this process [Hendrickson,
IJIn November 2003, a unified project management (UPM) approach was
introduced in the 4

th

Joint Symposium on Information Technology in Civil

Engineering [Froese, 2]. The fact was pointed out that the existing project
management practices underemphasize the interdependencies between various
categories of project information. To address this weakness, the newly introduced
U P M approach intends to focus on an explicit representation of multiple project
views as well as the interrelationships between them. The authors provided three
primary dimensions (project views) to be used as the primary project coordination
mechanism, and the definition of the interrelationships between them defines a
three-dimensional space, as illustrated in Figure 1.1 [Froese, 2].

Workflows

Product / Deliverables (Models-Facilities)
Figure 1.1: Schematic of the Dimensions in a Unified Approach to P M [Froese, 21
By adding more interrelated project views, the unified framework can be extended
to a multidimensional space, which may be represented through a set of twodimensional inter-linked matrices. The practical requirement for applying U P M is

4

some kind of IT platform that supports the presentation of project information in
an integrated multi-dimensional nature.
By and large, the industry need can be concluded as a need for a better analysis-driven
multi-view management environment. The communication or integration of various types
of information is valuable to the current project management practice, although it does
require special attention in the establishment of project control procedures and in the
presentation manner of project data.
1.2.2. Technology Opportunities
Considering the industry needs, the IT tools that are most commonly used in current
project management practice seem to be single-task and lack an integrated view of the
comprehensive project status from multiple perspectives. These IT tools offer little help
to shift the current improper project management thinking and practice due to the
inefficient representation and analysis of project information.
The recent IT advancements in data storage, processing, and dynamic displaying have
increased the opportunity to develop a fundamentally new system for project control. In
fact, some of the IT advancements have already been widely utilized in other domains.
For example, O L A P technology, or "On Line Analytical Processing", has been used to
control business activities for almost 20 years. Based on OLAP, "Business Intelligence"
or " B l " solutions are beginning to be widely used to convert data into information that
can be used to make timely, informed, and clear business decisions. In contrast with
conventional data reporting, O L A P is much faster, more flexible and thorough. If
properly designed, it minimizes the requirements for custom analysis programming.
There is a potential to integrate O L A P technology with management in construction, just
as with the management in business. In that case, we may move towards "Project
Intelligence" solutions, analogous to "Business Intelligence".
5

1.2.3. Summary of Research Motivation
The research motivation comes from two parts - industry needs and technology
opportunities. The current project management practice in the construction industry needs
to be refurbished to a more unified and multi-dimensional framework (UPM) [Froese, 2],
while the development of Information Technology may provide opportunities, such as
using OLAP, for a new P M tool that can make this framework applicable.

1.3. Research Objective
The thesis research intends to apply the idea of OLAP-based "Business Intelligence" (Bl)
to project management practice in the construction industry for a potential OLAP-based
"Project Intelligence" solution. The objective is to test and evaluate whether O L A P
technology can facilitate project management in construction, at least in some selected
aspects.
Because the multi-view U P M framework matches with OLAP's multi-dimensional data
structure, the proposed OLAP-based prototype may also be regarded as a first step for an
applicable U P M framework. If O L A P does have the ability to show multiple views with
their interrelationships, then O L A P may be an ideal technology for implementing the
U P M framework.

1.4. Research Scope
Because of time and resource limitation, as well as the extreme complexity of the system,
the proposed OLAP-based P M prototype cannot be thorough and all-inclusive. The
prototype is for testing and concept demonstration, rather than direct applications in the
real-world industry. There are two specific P M areas that have been selected for system
testing and data analysis: project cost control and project manpower allocation. There are
several assumptions and design simplifications for this prototype, which are introduced

6

and discussed in detail in Chapter 5.

1.5. Prototype Features
The proposed OLAP-based cost control and manpower allocation analysis system should
be able to perform all tasks that the current practices accomplish. Besides, in contrast
with the conventional solutions, the pilot OLAP-based prototype is expected to have the
following main features and improvements:
•

Improve the flexibility and accuracy of quantitative data (costs and man-hours)
presentation in an integrated multi-view manner;

•

Reduce the vagueness of implicit interdependencies between multiple project
views, providing an analysis-driven environment for various aspects of the project
status;

•

Reduce the responding time to do project controlling analysis.

7

C H A P T E R 2: O V E R V I E W O F O L A P T E C H N O L O G Y

2.1. Introduction
Since the mid-90's, the O L A P technology has been widely used mainly in business
management and analysis. According to O L A P Report " the estimate of the worldwide
2

1

total O L A P market, including implementation services, will reach about $6 billion in total
by 2007 (Figure 2.1).
This

chapter

briefly introduces

the

general

concepts

relating

to

OLAP

and

multidimensional technology. Most of the definitions, illustrations, and narratives in this
2 2

chapter are from the Microsoft® website or Microsoft M S D N Library. "

For better understanding, the examples selected in this chapter are based on business
applications. The mapping of generic O L A P concepts with construction

project

management applications will be discussed in the next chapter.

2.2. Overview of O L A P and Data Warehouse
The term O L A P stands for On-Line Analytical Processing. Developed by Dr. E.F. Codd,
with colleagues Clynch Salley and Sharon Codd, O L A P was defined as "the dynamic
synthesis, analysis, and consolidation of large volumes of multidimensional data". For
around 10 years, OLAP-based data processing and a new product category for
"multidimensional analysis" have been greatly developed, especially in the business area.
Generally O L A P is regarded as a category of applications and technologies for collecting,
managing, processing and presenting multidimensional data for analysis and management
purposes [Pendse, 3]. In most instances, O L A P queries can respond much faster than

2-1

The O L A P Report is an independent research resource for organizations buying and implementing

O L A P applications. http://www.olapreport.com/
2-2

The Microsoft® Website: http://www.microsoft.com. The M S D N Website: http://msdn.microsoft.com.
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relational ones, even for large-sized databases with high complexity. More importantly,
O L A P queries seem to be much more flexible, which allows any dimension, level or
member to be accessed and returned to either a row or column in a result set, providing
superior performance for ad hoc business intelligence queries.

Worldwide total OLAP market
Source:
The OLAP Report
$5'

www.olaprefK5rt.com

$4

Figure 2.1: Worldwide Total O L A P Market
O L A P technology provides remarkable performance in rapidly summarizing information
for analytical queries, dealing with data organized in accordance with the common
dimensional model maintained in a data warehouse. A data warehouse is a database that
usually contains stable and consistent business history of an organization. According to
M S D N Library, "The purpose of a data warehouse is to consolidate and organize
historical data so it can be dynamically captured and analyzed to support business
decisions" [Microsoft, 4]. O L A P technology enables data stored in a data warehouse to
be used effectively for online analysis, providing rapid responses to iterative complex

analytical queries. O L A P adopts multidimensional data models and data aggregation
techniques to organize and summarize large amounts of data so that they can be evaluated
quickly using online analysis and graphical tools.
Figure 2.2 [Microsoft, 5] shows the basic structure of a typical OLAP-based business
intelligence system.

Data Warehouse S t o r a g e

Figure 2.2: Business Intelligence (BI) with O L A P & Data Warehouse [Microsoft, 51
Generally operational data is stored in Online Transaction Processing (OLTP) databases
that are designed for real-time operations, and optimized for a common set of transactions,
usually adding or retrieving a single row at a time per table. Such operational databases
are designed to gather and store data processed or generated by all business operations. A
data warehouse offloads the historical data through extraction, transformation, and
loading processes (ETL). In this way, high volume analytical and reporting queries are
handled by the data warehouse with no impact to the original operational databases. The
inherent stability and consistency of historical data stored in a data warehouse ensures
accurate and rapid responses for analytical queries.
The O L A P technology organizes data warehouse data into multidimensional data cubes
and then pre-processes these cubes to provide maximum performance for queries that
summarize and present data in various ways. It is commonly implemented in a multi-user
client/server mode and offers rapid response to queries regardless of the size and
complexity of the database. The whole system enables businesses to merge raw
10

information together for comparative and personalized viewing, as well as for analyzing
historical and projected data.

2.3. Key Concepts in O L A P and Data Warehouse
To look further into O L A P technology, it is critical to understand several key concepts
within this area, including cubes, dimensions, levels, members, measures, M D X , and
more.
2.3.1. Dimensions, Levels, and Members
According to the definition from Microsoft M S D N library, a dimension is "an organized
hierarchy of categories (levels) that describes data in data warehouse fact tables"
[Microsoft, 6]. " It is a fundamental component of cubes that typically describes "a
2

3

similar set of members upon which the user wants to base his or her analysis".
From this perspective, traditional relational database, along with most languages used for
data definition and manipulation such as SQL, is designed to access data in two
dimensions: a row dimension and a column dimension. At the intersection of each row
and column is a single element of data, called a field (Figure 2.3). Either the row
dimension or the column dimension is actually one category for the data, thus one
dimension can be regarded as one perspective that is used for looking at the data. In a
sense, dimensions are the answer to a question such as "How do you want to see your
data?"

A basic schema for data warehouse is several dimension tables plus one fact table. Detailed introduction
of multidimensional database structure refer to section 2.4.1.

2-3
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Columns

Rows

Field

Figure 2.3: Traditional two-dimensional data structure
For a traditional two-dimensional spreadsheet, both the row dimension and the column
dimension consist of members that are organized in one level. Those members are
generally presented as row/column labels in a spreadsheet. For multidimensional data
structures in OLAP, however, dimensions are "hierarchical and in most cases their
members are arranged in different

levels of a pyramid-like configuration". "The

horizontal placement results from column values with the same level in the hierarchy of
the dimension, and the vertical placement results from column values having different
levels in the hierarchy of the dimension" [Microsoft, 7]. According to Microsoft M S D N ,
"level" is the name of "a set of members in a dimension hierarchy such that all members
of the set are same distance from the root of the hierarchy" [Microsoft, 8]. For example, a
time dimension (Figure 2.4) may contain 4 levels including Year, Quarter, Month and
Day [Microsoft, 9].
Members

Levels

1996

Year
I
Quarter 1

Quarter

Month

Jan

I
Quarter 3

I
Quarter2

Aug

Feb
"JMar|

|Apr"|

j^p]

^]

I
Quarter4

Sep

Oct

Nov

Dec

| Julj"

Day

Figure 2.4: A Typical "Time" Dimension [Microsoft, 91
With levels, O L A P describes dimension hierarchy from the highest (most summarized)

level to the lowest (most detailed) level of data, making it possible for users to see a
general view of things from a high level, as well as a detailed view of things from lower
level. The users can select data they find interesting at a high level and drill through to the
source data to view extra detail. They can also remove the data with one particular
member from one particular level, or combine different dimensions together to present
more interesting data. "
2

4

2.3.2. Measures and Aggregation
Compared with dimensions, which are views to organize data, measures are the actual
data values that are stored in a multidimensional data cube—as if the data value stored in
the "field" areas of a two-dimensional spreadsheet. They are the central values that are
aggregated and analyzed. For example, a retail cube may contain sales values that allow
you to view sales (measure) according to time (dimension), region (dimension), and
product (dimension).
Measures are generally numeric. By themselves, pure numbers do not convey meaning.
For instance, the number 1200 stored in a cube does not have meaning by itself. However,
when relevant members from different dimensions have been identified, the number will
take on more meaning. For the above retail cube for example, 1200 stored in this cube
may represent the total sales of snowshoes (product) in Toronto (region) during
December 2004 (time).
O L A P technology provides rapid query responding times, and the basic foundation of this
feature is aggregation. Aggregations are pre-calculated summaries of multidimensional
data that greatly reduce query response time by having answers ready before questions
are asked [Microsoft, 10]. Again, take the above retail cube example. When creating the
cube, we take every detailed sales data and add them up in advance by city, by province,
2 - 4

These O L A P operations are known as "Drilling" and "Slice & Dice", which are further discussed in

section 2.4.
13

by month, by year, and by any possible combination of dimensions and hierarchy levels.
Now i f the user asks for total sales by city and month, or by province and year, the
numbers are already available. Because of this, the response of an analytical query can be
returned in no time since the summarized data to answer the query has already been precalculated.
2.3.3. Data Cubes
Basing the above key concepts of dimensions, levels, members, measures, and
aggregations, the concept of cubes is easy to understand. A Cube is the method O L A P
technology organizes pre-processed summary data into multidimensional structures
[Microsoft, 10]. In other words, cubes provide a multidimensional way to access and
analyze data. A cube aggregates the facts in each level of each dimension in a given
O L A P schema, and aggregations are stored in the multidimensional structure specified by
the dimensions [Microsoft, 10].

I

,

1

TIME

Year

Figure 2.5: Concept Model of the "Retail" Data Cube
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Figure 2.5 shows a typical conceptual model for the foregoing retail cube and presents the
multidimensional view of data with 3 dimensions—time, region, and shoe product. The
"Shoe Product" dimension has only one level while both the other two dimensions have 3
levels. The term "cube" here seems to imply a three dimensional structure, but actually in
the O L A P world a cube can have up to 128 dimensions, each of which may have
thousands or millions of members. Those dimensions are either private to the cube itself
or shared with other cubes in the database. Different to dimensions, the measures in a
cube can only be private and are not shared with other cubes. One cube can have up to
1,024 measures at the most.
Just as data can be accessed from a two-dimensional spreadsheet at the intersection of
one particular row versus one specific column, the preceding cube diagram illustrates that
the intersection of multidimensional members creates a cell or several cells where data
can be retrieved. Regardless of it being a single cell or a block of cells, M D X
(Multidimensional Expression) uses a reference system called "tuples", through listing all
dimensions and members, to identify and extract such data. Tuples can uniquely identify
every cell because each of the cells is an intersection of all dimensions of the cube
[Microsoft, 11].
The schema of data cubes will be further discussed in section 2.4 along with the issue of
multidimensional data analysis.
2.3.4. M D X & PivotTable Services
"Most languages used for data definition and manipulation, such as SQL, are designed to
retrieve data in two dimensions, i.e. a row dimension and a column dimension"
[Microsoft, 11].
The Multidimensional Expression (MDX) language, on the other hand, was created with
the primary purpose of allowing the user to manipulate multidimensional data, which are
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organized by structures with more than two dimensions. It's used with Microsoft SQL
Server Analysis Services as a query language, and is used by various client components
and applications to return multidimensional data from O L A P cubes. The language is
called an "expression" because it can be used in SQL Analysis Services to define
calculated members, i.e. members that are not Stored in the cube but can be derived from
the existing members and measures. In Microsoft SQL Server 2000 Analysis Services,
M D X can also be used to build local cubes and to query cube data using the PivotTable
Service [Pearson, 12].
According to the Microsoft M S D N Library, PivotTable Service is an O L E D B provider
for multidimensional data and data queries. "This means that it provides O L E D B
functionality for applications that need access to multidimensional data and data mining
services. By providing support for a subset of SQL and Multidimensional Expressions
(MDX), PivotTable Service enables applications to retrieve tabular and multidimensional
data" [Microsoft, 13].
PivotTable Service acts as a bridge between a client application and a multidimensional
data source. This thesis research will used Office Web Component (OWC) as the client
application for data presentation and analysis, which is further introduced in section 2.5.

2.4. O L A P Database and Multidimensional Data Analysis
A data cube is the main object in O L A P technology that provides an easy-to-use
mechanism for querying data at high speed. As stated, O L A P provides a remarkable
performance on query response time because the cubes pre-process all data in an
aggregated form. That way all answers will be created before potential questions are
asked.
This section is to introduce the basic cube schema and show how pre-calculated summary
data (aggregations) are created. Also included in this section is cube data analysis, which
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focuses on the O L A P operations, known as "Slice & Dice", "Drilling", and "Pivoting".
2.4.1. Cube Structure and O L A P Database
A cube's structure is defined by its measures and dimensions mentioned above. They are
basically derived from n+1 tables in the cube's data source, which include a single "fact
table", and n "dimension tables". The cube's measures are all derived from columns in the
fact table, and the cube's dimensions are all derived from columns in the dimension tables.
For the retail cube example, the cube may have the schema shown in Figure 2.6.
Region Dimension Table
PK

R e q i o n ID

Country
Province
City

Sales Fact Table

Shoes Dimension Table
PK

PK

Sales ID

FK1
FK2
FK3

Region ID
Time ID
ShoeProduct ID
Sales

Time Dimension Table
PK

T i m e ID

Year
Half year
Quarter

S h o e P r o d u c t ID

Shoe Product

Figure 2.6: A "Star" Schema of the "Retail" Cube
Figure 2.6 shows a star schema that is generally used to represent the multidimensional
data model. The fact table usually sits in the middle of the star. Each tuple in the fact table
consists of a pointer (foreign key) to each of the dimensions that provide its
multidimensional coordination. The combination of those referred dimensions can
uniquely determine the measure, or measures. For example, the following Table 2.1
shows a single cube cell that is derived from multiple rows in the fact table. The cell is in
the above "Retail" cube for the member of "Ottawa" in the region dimension, the member
of " 1 quarter" in the time dimension, and the member of "Dress Shoes" in the shoes
st

product dimension are derived from the Sales fact table. The same values of the Region
ID, Time ID and ShoeProduct ID indicate that these rows contribute to the same cube cell.
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Table 2.1: A sample cube cell from the "Retail" cube
Saks II)

kcginn II)

lime ID

ShoeProduct
ID

Sales

17284

6

1

3

$42,431

23843
42432

6

1
1

3
3

$23,123
$20,392

6

A classic star schema meets the condition that all dimension tables can be joined directly
to the fact table. In case "one or more dimension tables do not join directly to the fact
table but must join through other dimension tables", the schema is called a snowflake
schema [Browning, 14]. Snowflake schemas provide a refinement of star schemas, and
the dimensional hierarchy is explicitly represented by normalizing the dimension tables,
as shown in Figure 2.7. By breaking hierarchical levels into separate tables, referential
consistency between the levels of the hierarchy is guaranteed. This results in advantages
in maintaining the dimension tables, especially in case of a very complex dimension
[Browning, 14].
Province Dimension Table
PK

P r o v i n c e ID
Province

City Dimensiqn'Table
PK

R e a i o n ID

FK1

P r o v i n c e ID
City

S a l e s , Fact Table
PK

S a l e s ID

ShoeProduct Dimension Table
PK

FK1
FK2
FK3

S h o e P r o d u c t ID
S h o e Product

R e g i o n ID
T i m e ID
S h o e P r o d u c t ID
Sales

Quarter D i m e n s i o n T a b l e ^

Half-year D i m e n s i o n Table

PK

Time IP

PK

H a l f - y e a r ID

FK1

Half-year ID
Quarter

FK1

Y e a r ID
Half Y e a r

Y e a r Dimension Table
PK

Y e a r ID
Year

Figure 2.7: A "Snowflake" Schema of the "Retail" Cube
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2.4.2. Slice & Dice
Even for multidimensional data models, the spreadsheet is still the most compelling client
application for OLAP. "Slice and Dice" is one of the most popular operations that are
supported

by the

multidimensional spreadsheet applications. "Slice

and

Dice"

corresponds to reducing the dimensionality of the data, i.e. taking a projection of the data
on a subset of dimensions for selected values of the other dimensions [Chaudhuri, 15].
To speak specifically of spreadsheet applications, the users can use one dimension for
slicing when it isn't being displayed on the columns or rows of the spreadsheet, and they
can slice on any member from any level of the dimension. For example, i f the user slices
on member "Vancouver" in the city level of the "Region" dimension, he or she can focus
the view of data only on those relating to Vancouver. On the other hand, the user can cut
with sets of members from two or more dimensions, which is called "Dicing", by putting
more than one dimension on the row or on the column of the spreadsheet in a single
scenario. That way the user will be able to see from the spreadsheet every possible
combination of all members from each of the selected dimensions.
2.4.3. Drill up & Drill down
Levels of each dimension provide the user opportunities to review data at a higher level
as well as opportunities to explore into the details of the data. Drill-up & Drill-down
refers to the change of aggregation levels along one or more dimension hierarchies. Drillup (or Rollup) corresponds to taking the current data object and doing a further group-by
on one of the dimensions, and Drill-down is just the converse of Drill-up.
Using Drill-up and Drill-down for the retail cube, it is possible to roll-up the sales data,
which perhaps has already been aggregated by city, by time period, or by product. After
viewing the sales of 2003 in a particular province, for example, the user may want to drill
down to see situations in a particular city. If the user notices that the sale value of casual
shoes in Vancouver at the 1st quarter of 2003 is extraordinarily low, he or she may then
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want to drill up to see if the data patterns are still valid on a higher level.

2.5. Office Web Components (OWC)
There are various client components and applications used to return multidimensional
data from O L A P cubes, among which Office Web Components (OWC) are a set of
powerful and easy-to-use tools for O L A P data representation and analysis. O W C is a set
of components provided by Microsoft that can help build sophisticated but user-friendly
OLAP-based reporting solutions for the Web. It is a collection of Microsoft ActiveX
controls that can be embedded in intranet, Internet, or desktop applications to provide
Office-like functionality at the user level. Through OWC, users can add, change, sort, or
filter data in their own way. They can also expand and collapse detail levels, deal with
PivotTable lists, and develop charts in various formats in accordance with the data. For
developers, O W C offers a way to improve user productivity by making it easy to create
Web applications that solve a variety of problems.
There are four types of O W C components: a PivotTable Component, a Spreadsheet
Component, a Chart Component and a Data Source Component. Table 2.2 [Microsoft, 16]
shows a summary description of all the Office Web Components (Version 10) that ship
with Microsoft Office XP.
As for a proper OLAP-based front-end client application, an ideal choice is the
PivotTable component that brings the ability to "slice and dice" data within a Web
browser. The PivotTable Component also allows users to analyze data by adding the
sorting, grouping, filtering, and other possible data manipulation functionalities to Web
Pages. It is roughly equivalent to a PivotTable report in an Excel worksheet, except it is
mainly used for web-based O L A P solutions.
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Table 2.2: Summary of O W C Components [Microsoft, 161
Components

Description

PivotTable

This component makes it possible for users to sort,
group, filter, outline, and manipulate data from a
worksheet, database, or multidimensional data
cube.

Spreadsheet

This component provides a recalculation engine, a
full function library, and a simple worksheet user
interface for use on Web pages.

Chart

This
component
displays
a
graphical
representation of data from a Spreadsheet,
PivotTable List, or Data Source control. When
bound to other controls on a page, the Chart
control updates instantly in response to changes
made to the bound controls.

Data Source

This control manages communication between a
Web page or controls on the page and the source
of data for the page. This control provides the
reporting engine behind data access pages as well
as the PivotTable List control.

In summary, the benefits of using the Office Web Components include the following:
1) They support web-based deployment. Office Web Components deliver advanced
analysis capabilities in intranet/internet

solutions, making O L A P solutions

accessible to multiple users from the widest possible user base.
2) They access OLAP-based data. Like Microsoft Excel, Office Web Components
support O L A P cube data analysis. Developers can build dynamic analysis
solutions that connect directly to O L A P data sources.
3) They lead to extensible and fast development. Office Web Components enable
developers to make the most of their familiarity of Microsoft Office, putting the
power of windows-based Microsoft Excel in their web-based solutions. For
developers that are familiar with Office development environment, Office Web
Components make the development process quick and effective. With the help of

those pre-packaged analysis components, developers can focus on assembling an
analysis solution instead of coding and implementing the operations.
4) They ensure high performance on the client side. Office Web Components ensure
fast and efficient performance over an internet connection for clients because the
analysis logic runs on the server side. End users are not required to maintain a
connection to the Microsoft SQL Serve database. As long as Internet Explorer and
O W C are installed on the client computers, the users can view O L A P data stored
on database server. (Note: O W C version 10 is shipped with Microsoft Office XP.
Users do not need to install OWC if they have Office X P on their computers.)
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C H A P T E R 3: P R O J E C T M A N A G E M E N T & O L A P T E C H N O L O G Y

3.1. Introduction
The objective for this thesis research is to evaluate the possibility of taking advantage of
O L A P technology to improve project information analysis, just as OLAP-based BI
solutions do in business management. This chapter serves as the first step to map the
generic O L A P concepts stated in Chapter 2 with general project management concepts in
the construction industry.
Also, the Unified Project Management (UPM) approach, as stated in Chapter 1, looks at
the total collection of project information as a multi-dimensional information space.
O L A P technology transforms relational data into a multi-dimensional data structure
(Cubes) for flexible data presentation, fast query response, and intelligent data analysis.
So, i f it is possible to store project data in a data warehouse as a multi-dimensional data
structure, then an OLAP-based P M platform may be a good way to support the proposed
U P M framework.

3.2. Related Research
3.2.1. Research on Integrating Construction Information
Construction projects do need an effective communication infrastructure to facilitate
information interchange between all the project participants, and so far, several research
projects have been focused on this area.
•

ICON: The ICON (Information / Integration for Construction) Project [Aouad et
al., 17] was developed at the University of Salford from U K , leading to the
establishment of a framework for integrating information systems in the
construction industry. The project focused on the development of a set of models
that were integrated within a central object-oriented database, which could be
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used as an interface between the different disciplines to share information [Aouad
etal., 17].
•

COMMIT: The C O M M I T (Construction Modelling and Methodologies for
Intelligent Information Integration) project was also developed at the University
of Salford on top of ICON project. The overall aim of the C O M M I T project is "to
improve the long-term effectiveness of the construction industry by the provision
of intelligent integration of information to support decision making for the
effective management and realisation of all stages of design and construction"
[Rezgui,

18]. The COMMIT

management

between

different

mainly focuses
project

on distributed information

participants, through

a

COMMIT

Information Management Model (CIMM) based on a distributed database.
•

WISPER: The WISPER (Web-based IFC Shared Project EnviRonment) is a Web
and

Industry

Foundation Classes-based

(IFC-based) distributed

computer

integrated environment, adopting a three-tier client-server infrastructure to share
information through an IFC object-oriented project database. WISPER is
applicable to detailed design and construction phases, and it incorporates a set of
Web pages allowing for remote interaction and access to distributed applications
[Faraj, 19].
3.2.2. Research on Multidimensional Data Modelling for Construction Information
Each of the construction information integration systems introduced above is based on a
central or distributed object-oriented database. Although data warehouse development,
the O L A P technology, and the multidimensional data modelling and presentation, have
been widely used in helping business managers or decision-makers analyze enterprise
data, known as Business Intelligence (Bl), the effort on multidimensional data modelling
for construction information integration is still comparatively limited.
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•

A Construction Management Decision Support System (CMDSS) was introduced
in 2002 [Chau, 20], as a data warehouse integrated information management
prototype. The CMDSS was designed to separate the analysis database from the
operational database, and use conceptual multidimensional data model for
dynamic data presentation. The authors introduced the basic concepts and the
design process for a data warehouse to support the system. The benefits of
adopting data warehouse and the O L A P technology, as well as the considerable
potential of further development, were pointed out. However, the authors did not
provide a general mapping of the O L A P technology to project management in the
construction industry. There was a lacking of analysis on what information
categories in construction industry can technically take advantages of the O L A P
technology through multi-dimensional data presentation, and how the improved
data representation can help information analysis and decision making.

•

In a journal paper [Songer, 21] published in April 2004, the authors pointed out
that the construction industry lacks a fundamental model of project data
representation,

and the main reason

is "the

inadequate

application and

implementation of visual tools in project control methods". The authors provided
a framework for developing visualization strategies for multi-dimensional data
control, and illustrated the development of cost/budget data visualization layouts
using a treemap strategy. The authors did not adopt the O L A P technology and the
data warehouse concepts in the paper, but their discussion regarding the data
structure of a multi-dimensional view^ of project data was thoughtful and
convictive.

3.3. Overview of M a p p i n g O L A P to Project Management

This thesis research is trying to use the idea of Business Intelligence for a "Project
Intelligence" approach. As opposed to accessing and presenting business data for analysis,
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Project Intelligence derives data from project-related information sources, assisting
project personnel to understand the performance of projects, and conduct project
information analysis.
The main differences between the "project" data and the "business" data are in the variety
and the complexity. The business data generally involves a high volume of data. But in
terms of the data type and the interrelationships among data, the business data is
comparatively simple and straightforward, compared with the project data. Regardless of
the business type, the branch locations, or the product category, the fundamental business
data (defined as the "measures" in an O L A P data cube) is almost always the cost such
as—the budgets, the revenue, or the forecasts. The external information linked with the
central data (defined as the "dimensions" in an O L A P data cube) is also easy to define
and express—such as the "store location", the "product type" or the "time".
The project control data, however, is much more complicated. Generally the amount of
information produced in construction processes is huge. Some information is hard to
define and express, such as the information relating to risk, quality, or product. On top of
that, all project data are interconnected with vague relationships. A l l of these make the
definition of O L A P "dimensions" difficult. In addition, because not all information
produced in construction is numeric with a consistent unit, it is sometimes very hard to
define the O L A P "measures" too. (A detailed mapping of project data to the OLAP
concepts is further discussed later in the chapter.)
When properly designed and integrated, however, the O L A P technology may be able to
provide project participants with the ability to visualize project data through various
project-related dimensions in a familiar, easy-to-use environment such as Microsoft Excel.
Using PivotTable services provided by Microsoft Office Web Components, project team
members can get web-based access to dynamically view, organize, and run queries on
project information from anywhere with an internet connection.
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After organizing project data into O L A P cubes, project team members can access project
information from any member of any dimension through "slice and dice", or they can
view project information on various levels through "drill-up and drill-down". For
example, noticing the labour allocation is extremely high on one particular day, the
project manager may drill down the participant dimension to see which one contributes
the most among all organizations working that day. After figuring out that the concrete
crew has most labours on-site, he or she may then want to slice on the concrete crew to
view its overall labour allocation by day, or by task on a wider scale.
Even for a small-sized project there may be various kinds of project information. Not all
of them, however, are suitable to be organized in O L A P cubes as dimensions or measures.
The reason may be technical, i.e. O L A P technology does not support the data type. It may
also be non-technical, i.e. the data can be plugged into an O L A P cube and run properly,
but the presentation of data does not make sense or does not help much for analysis. It is
the system designer's job to choose appropriate project data as dimensions and measures.
He or she may also have to consult with the final users (project team members) before
cube design, ensuring that the final presentation of data makes sense and is helpful for
analysis.

3.4. Dimensions
General speaking, a dimension in O L A P is a particular way or view that can be used to
observe data. It is a set of attributes that roughly correspond to R D B M S fields. To some
extent, dimensions are the answer to a question such as "How do you want to look at your
data?"
For project management purposes, there may be many distinct ways that we would like to
look at the project data. Different people may have different foci, but there are still some
common views that interest all participants. Those views will be defined as dimensions
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when developing the multi-dimensional project data structure. Following are some
examples for project management dimensions:
3.4.1. Time Dimension
One of the critical objectives for project management processes is to deliver the project
on time, so the time dimension will be of interest to almost all project participants.
A construction project can be organized into well-defined phases during the project life
cycle. The project life cycle may be viewed as a process through which a project is
implemented with a breakdown of several stages as indicated by the general outline in the
following Figure 3.1 [Hendrickson, 1].
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M a r k e t D e m a n d s or
Perceived N e e d s

1

D e f i n i t i o n of P r o j e c t
Objectives a n d S c o p e

Conceptual Planning
a n d F e a s i b i l i t y Study

1

I

C o n c e p t u a l P l a n or
Preliminary D e s i g n

Design and Engineering

1
1

Construction P l a n s a n d
Specifications

Procurement and
Construction

1

I

C o m p l e t i o n of
Construction

Startup for O c c u p a n c y

1

A c c e p t a n c e of Facility

Operation and
Maintenance

1

F u l f i l l m e n t of
U s e f u l Life

D i s p o s a l of Facility

Figure 3.1: The Project Life Cycle of a Constructed Facility [Hendrickson, 1]
Each activity in an A E C / F M project occurs at a specific date and within a specific period.
The time data stored in a data warehouse is often summarized by a specific time period
for analysis, and the Time dimension provides an effective mechanism for time-oriented
analysis.
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The breakdown of project life cycle into different phases (time periods) as shown in
Figure 3.1 may be a little too fuzzy to be used for data analysis because each stage may
have a long time span and contain too much information. For management purposes, we
may further decompose each stage—but a Time dimension with one record per day would
be sufficient. The smallest time unit used in the construction industry for scheduling,
resource allocation, procurement arrangement, etc. is "day". In construction management
processes we seldom need time granularity finer than a single day. If this is the case, a
dimension table for the Time dimension, or say the "Date" dimension, will contain 365
records per year.
Of course, the development of the time dimension depends on how the potential project
data analyser—whether the owner, the project manager, or other team members—would
like to format the data presentation. If a well-defined hierarchy for time dimension is
necessary, we can define levels and organize the time-based project data by week, by
semi-month, by month, by quarter, by half-year, by year, or by any other time intervals
that seem reasonable. In most cases, in the construction industry, a "day-month-year"
hierarchy for the time dimension can meet analysis requirements.
3.4.2. Activity Dimension
As opposed to the time dimension, the activity dimension is a process-based view of
project management. It organizes the whole project into various work disciplines required
from the beginning of the project to completion.
If we observe project processes from this perspective, we actually split the whole project
into different work divisions such as bidding work, design work, procurement work,
construction work, and so on. Each work division may be involved with many
organizations or participants, and each division can be further split into several
subdivisions. For example, the construction work division may have subdivisions such as
excavation, foundation work, formwork, placing rebar, pouring concrete, etc. These
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subdivisions may be further broken into even smaller tasks or subtasks.
Compared with the time dimension, the definition of the activity dimension seems to be
more difficult, especially in terms of defining levels and members using OLAP. The
reason is that for the time dimension, there are explicit definitions of the members and
levels existing already from common sense. Any choice of units or organization of levels
will be easily understood. Everybody knows what a "day" refers to and everybody knows
one week contains 7 days. You can aggregate the summary data by week, by month, or by
quarter. The only difference is the presentation of the data due to different members and
levels that may have been chosen. For the activity dimension, however, the definition of
the levels and members is fuzzy and largely depends on the designer's view and
understanding of the project. For instance, different people may have various
understanding for the definition "concrete work". For one person, it may mean placing
concrete, but for another it may also include placing formwork and rebar. It may also
include curing and formwork removal.
Therefore, i f the O L A P cube designer will not be the final project data analyzer, it is
imperative that the designer start with understanding the users and their needs before
embarking upon the design.
3.4.3. Participant Dimension
One critical reason why A E C / F M projects are complex is that there are always many
organizations or participants involved, regardless of the type and size of project. The
Participant dimension defines the project actors, and allows the project data to be viewed
from the perspectives of various organizations. Because it is relatively straightforward to
identify and group project participants, they provide an ideal cube dimension for OLAP.
At a high level, there are generally three participants that contribute their skills and
services to form a project team - the owner, the designer, and the builder (or only two
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participants i f we consider the concept of a design-build contract: the owner and the
design-build contractor). However, each participant group can be further divided into suborganizations. For example the builder can be further defined as the general contractor,
the subcontractors, the suppliers, and the fabricators. Figure 3.2 is the traditional
organization chart for an A E C / F M project.

;PR0JECTMANAGER

.GENERAL" .
- CONTRACTOR

DESIGN ENGINEERS

STJB•GO'NTRA'GTORS:

-SUPPLIERS:

FABRICATORS

Figure 3.2: Traditional Construction Participants
Figure 3.2 only shows the relationships between each participant. It does not show the
level definition. When designing the Participant dimension for an O L A P cube, the
general contractor stands at the same level as the subcontractors, the suppliers and the
fabricators. In other words, there is no parent-child relationship between them. Only the
sub-organizations within a particular organization can claim such kind of relationship.
For example, only the sub-organization such as the concrete crew, or the rebar crew,
stands at the lower level beneath their parent organization—the general contractor. The
subcontractor stands at the same level as the general contractor, but it may be further
recognized in lower levels as an excavation subcontractor, a ceiling subcontractor, or a
windows subcontractor.
3.4.4. Product Dimension
To some extent, construction management is largely product oriented. The primary goal
for a successful project management process is to deliver the expected construction
product on time, within budget, and with satisfactory quality. The product dimension
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organizes project data into various outputs or deliverables that make up the final project
system, whether a building, dam, bridge, sewage treatment plant, or any other type of
projects/facilities.
Product here can be virtual or physical. In the early phases of a project, the information
packages that describe the construction product being built can be regarded as virtual
products. These may include contracts, design drawings, purchase orders, and other
possible information packages. After contractor mobilization and construction start up,
products become the physical elements themselves like columns, slabs, or stairs.
As with the activity dimension discussed above, the definition of production dimension in
O L A P is also discretionary and greatly depends on the project type and the designer's
viewpoint. For a high-rise condominium building project, the "construction" member of
the product dimension defined in O L A P may be further divided by stories from the
foundation to the roof. For a mining plant, on the other hand, the same member of the
O L A P product dimension may be organized by areas such as crushing area, grinding area,
storage area, loading area and so on. Even for a single project, different designers may
have distinct ways to define the levels and members in this dimension.

3.5. Measures and Aggregations
Measures are the actual data values that are stored in the data warehouse or a data cube.
They are the data which project managers, project participants, or data analysts may be
interested in, and thus they are the data that need to be clearly presented in a dynamic and
intuitive mariner for better control and analysis. If we use an OLAP-based spreadsheet
(PivotTable for instance) as the front-end application, measures are the numbers that are
displayed in the cells of the spreadsheet.
As stated in chapter 2, the information used as measures is contained in a relational
database table which is called the fact table. Whenever we create a new cube, the first
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step is to identify the fact table. There are a great many facts that deserve our attention,
and again different people may focus their interest on different project information.
However, since we are trying to improve project data analysis by adopting O L A P
technology, we have to base the selection of measures on some exceptional requirements
of OLAP.
There are several factors to consider when determining what kinds of project information
are suitable to treat as O L A P measures and are valuable for future analysis. The following
are some of these considerations.
•

The data should be numeric. Measures are the central values of a cube that are the
primary interests to end users browsing the cube, and they are generally numeric.
Only numeric measures can be summarized by O L A P tools such as Microsoft
SQL Server Analysis Services in the course of cube processing. The precalculated summaries of data, which is know as aggregations, can greatly improve
query response time by having the answers ready before the questions are asked.
The dimensions and their hierarchical levels are designed to reflect the queries
that can be asked of the cube. The designer must consider what kind of numeric
data that can attract the attention of project participants, and be potential
interesting topics for analysis.

•

The data should have the same unit. This consideration is especially important for
mapping

OLAP

technology

with

project

management

concepts.

If this

consideration is lacking during cube design for project data analysis, it may lead
to a data cube that produces meaningless responses to queries. For example,
suppose a designer tries to develop a cube for the end users to analyze the quantity
of materials consumed in a construction project. One of the dimensions for this
cube is called "Material" which consists of members including "Concrete",
"Rebar", and "Formwork". The measure stored in the central fact table of this
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cube is the quantity for each type of material. The following data is one row
sorted from the data cube indicating material consumption for one particular day.
Concrete

Kelur

I iirmwnrk

120

14

205

When processing the cube after design, a summary of 339 will be pre-calculated
as the total sum of the three numbers. When the end users browse this cube from
any front-end O L A P client application, the number 339 will be displayed
indicating the total material consumption of that day. Obviously this will be very
confusing because the three numbers that add up to the total have different units.
The actual situation is that on that particular day the total consumption of concrete,
rebar, and formwork is 120m , 14MT, and 205m respectively. Although there is
3

2

no technical problem and the O L A P solution runs correctly, the summary number
does not make sense.
•

There should be a large quantity of data. This is certainly not a mandatory
requirement. Even a situation with only two numbers in a data cube is allowed.
But when selecting project data as O L A P cube measures we should make the
most of OLAP's advantages, and consider whether the data is really worth future
analysis. The primary advantage of O L A P technology is its remarkable
performance in combining, processing, and summarizing large amounts of data in
order to provide answers to questions about that data in the shortest amount of
time. Instead of aggregating the data at the time the user submits a query, an
O L A P cube develops pre-aggregated summary data in advance. If the data amount
is very small, then the benefit of adopting an OLAP-based multidimensional
model against other data structures is limited.

Based on the foregoing considerations, the possible project information that is suitable as
the measure in an O L A P cube may include:
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1) Construction Cost. The best integration of O L A P technology with construction
project management is in the area of construction cost control. On one hand,
construction cost information is critical and cost control is one of the paramount
tasks of project management. On the other hand, cost data occurs from the start-up
of construction to the completion throughout the whole project execution. It is
numeric with a large amount of data—as long as we break down the whole project
into pieces by each discipline such as time, task, organization, area and so on.
Cost data for a construction project usually has the same units, whether it is in
Canadian dollars, US dollars or any other currencies. Even i f more than one
currency is used for one specific project, for example a project in Canada with
Canadian labours but some materials supplied from the United States, we can
easily change one currency to another by multiplying the relevant exchange rate.
2) Construction Resource. Another interesting usage of O L A P technology in project
management may be resource allocation analysis. Successful project management
in construction must actively pursue the efficient utilization of labor, material and
equipment. Among the three main types of construction resource, labor (Manhours) is the most desirable one to be used as the measure in a data cube using
OLAP. The reason is labor quantities or man-hours generally have a large volume
of data and can be aggregated during cube processing. Construction material, as
discussed above, may also be designed in a data cube as one kind of measure but
must deal with the unit issue carefully. Construction equipment seems not to be
suitable for OLAP-based analysis because of the limited quantity involved in
projects, except perhaps in certain heavy civil types of projects.
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C H A P T E R 4: A P R O P O S E D O L A P - B A S E D P M S Y S T E M
4.1. Introduction
Based on the mapping of the general O L A P concepts to Project Management processes in
the construction industry, this chapter discusses a Web-based OLAP-integrated project
management system to facilitate the practices in the industry. The chapter introduces a
proposed OLAP-based System for Cost Control and Manpower Allocation, which is a
preliminary attempt to fulfill all the requirements for integrating O L A P theories with
project management.

A n overview of the proposed prototype, along with the

simplifications and basic functionalities, is discussed in this chapter. Also included in this
chapter is a small imaginary project with some sample data that will be used for testing
and evaluating the proposed prototype.

4.2. Overview of an OLAP-based P M Platform
The dramatic features provided by O L A P contribute one of the critical motivations to
consider O L A P as an ideal technology to upgrade the current IT platforms for project
management. The new proposed P M platform is intended to be shared among all project
participants; thus the system is required to represent data as per various project views
from different levels. The basic operations of OLAP—such as drill-through, slice & dice,
and rotation—meet the requirements and extend the reach of project data to all levels of a
project team. From a project manager who takes charge of the whole project, to a
foreman who is only responsible for a labour crew, the end-user can find a way of
presenting the data that meets his/her own interests.
The OLAP-based solution should have the capability to present data in a user-specified
dynamic manner. Because end-users are from various backgrounds, they may expect
different presentations of data. For example, project-oriented data could be represented in
terms of multidimensional matrices, which are composed of grids of data, primarily
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numbers. This kind of data representation generally satisfies analysis where the emphasis
is on trying to analyze quantities or on seeing exact values in detail (such as how much
material cost a specific organization spends on a specific day). However, for users who
are more concerned with things like finding upper and lower ranges (such as the peak and
nadir of on-site manpower allocation), or like data comparisons (such as the distinction
between estimated cost and actual cost), their emphasis is now on data trends and
performing analysis—which is better presented by graphics instead of spreadsheets.
Generally any front-end application of an O L A P solution has the flexibility to represent
complex data in a variety of ways, such as in spreadsheets and charts. Microsoft Office
Web Components (OWC), for example, provide a PivotTable component for numerical
data presentation and a Chart component for graphic presentation. Those kinds of tools
greatly assist end-users with choosing the most appropriate data presentation in their own
way. They can minutely analyze numbers presented in data-tables, or apply visible charts
to abstract data making complex project-related data easy to understand.
In summary, a well-established OLAP-based solution is a new way and may be an ideal
tool for project data presentation and analysis. Among existing technologies in the IT
field, O L A P is one of the fastest and most mature ways in terms of meeting the minimum
requirements of a multi-dimensional project data presentation. Although in a very coarse
and primitive stage, the integration of O L A P technology with project management is
promising and may have great potential for further development.

4.3. Simplifications of the Proposed Prototype
Due to time and resource limitation, the prototype developed in this thesis research
mainly serves as an initial illustration of certain concepts, rather than a well-established
IT platform for direct utilization in the real-world industry. However, the proposed
OLAP-based P M system prototype, along with a small sample project, addresses a set of
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specific project management scenarios—which helps testing the waters to see how the
O L A P solution benefits project management and if it does have potential future
development space.
Before designing the prototype, several simplifying assumptions were made which are
summarized in the following sections.
4.3.1. Data Storage

As discussed in chapter 2, a well-rounded O L A P solution generally consists of five main
sections: OLTP operational database, E T L services, Data warehouse, O L A P services, and
client-end applications. OLTP databases execute real-time transactions, i.e. they are
optimized to add, update or delete records during operations. A data warehouse serves as
a place for the QLTP database to offload historical data, and handles high volume
analytical and reporting queries. The stability and consistency of the historical data stored
in the data warehouse enables O L A P to better re-organize data into cubes for rapid
analytical queries. The client application serves as a platform for data representation and
analysis. Figure 4.1 is a data flow chart for a typical O L A P solution.
There are two modules of design work for a well-rounded O L A P solution. One deals with
OLTP database design optimizing the operation of data transaction and temporary storage.
The focus is on how to efficiently add, delete, change, and store real-time operational
data in the OLTP database, as well as how to offload data to a data warehouse through
E T L services (Extract, Transform, Load). Another part of work is about data warehouse
and O L A P cube design optimizing data re-organization and presentation for analysis
purpose. The focus is on how to define stationary data stored in the data warehouse into
data cubes using O L A P technology, as well as on processing the cubes for a clear and
dynamic client-side representation.
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Figure 4.1: Data Flow Chart for a Typical OLAP Solution
Due to research time and scope limitations, this prototype only focuses on the latter, i.e.
re-organization and representation of data using O L A P technology. In this case, it was
assumed that the sample project data have been previously unloaded from an OLTP
database and stored in the data warehouse. The design work thus starts with data
warehouse design, followed by O L A P cube design and front-end data presentation design.
Figure 4.2 shows the simplified data flow chart for the proposed prototype.
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Figure 4.2: Simplified Data Flow Chart for the Proposed Prototype
4.3.2. Number of Dimensions
Although there are various ways in which project data can be organized and accessed,
only five selected views (dimensions) were pre-defined in this OLAP-based prototype,
including time, participants, task, product, and cost type. This highly simplified the
prototype to a manageable scale while still making it reasonable for testing purpose. A l l
of the dimensions selected for cube design are commonly accepted important views in
project management, which are of interest to almost all project participants.
4.3.3. Type of Measures
Two types of data were selected as measures to be plugged into O L A P cubes. One was
cost data and the other was human resource data. As for the benchmarks of selecting
measures for future cube design, two factors should be carefully considered. One is from
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the industrial side that the central data must play an important role in project management
processes in correspondence with the selected dimensions. The other thinking is from the
technical side as discussed in Chapter 3, that the measures must fulfill all O L A P
requirements.
4.3.4. Data Presentation
The proposed system will use Microsoft Office Web Components (OWC) for data
presentation, which may be the fastest way to develop a web-based prototype for testing
purposes. In this sample, Microsoft Business Intelligence Portal (BI Portal) was used for
cube presentation. Microsoft BI Portal is an integrated, web-based O L A P solution that
embeds Microsoft PivotTable and Chart Office Web Components (OWC) into the front
webpage. O W C has an identical presentation of Microsoft Office providing fast
implementation and easy deployment. "
4

1

4.3.5. Cube Structure
As discussed in Chapter 2, there are two common types of cube structures: the "star"
schema and the "snowflake" schema. In a star schema, each dimension table joins
directly to the central fact table, while in a snowflake schema one or more dimension
tables do not join to the fact table directly. Instead they join to other dimension tables.
The dimension tables that do not connect to the fact table are for dimensions with a
complex hierarchy and thus with multiple dimension tables. Considering the degree of
database complexity and dimension hierarchies of the sample project, as well as the
testing purpose of the prototype, a typical star schema is used during cube design.
Although snowflake schemas support ease of dimension maintenance because they are
more normalized, star schemas are much easier for direct user access and often support
simpler and more efficient queries.

4-1

Detailed introduction of Microsoft BI Portal, along with the implementation environment analysis is

discussed in Chapter 6.
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4.4. Functionality & Benefits of the Proposed Prototype
In spite of all the simplifying assumptions made above, the prototype has some basic
functions for testing purposes. The capabilities and benefits of the prototype system are
discussed in the following sections.
4.4.1. O L A P Integration
The proposed system is an OLAP-integrated system for dynamic data presentation. As the
principal proposal of this research is to apply the O L A P data model concepts to an
integrated P M system, the prototype achieves toward this target. A sample data
warehouse was developed using imaginary data from a typical construction project. The
project-related data stored in the data warehouse was reorganized into data cubes using
O L A P technology, and the data can then be presented and analyzed in a dynamic and
intuitive way, making the most of the advantages provided by O L A P technology.
4.4.2. Web-based Presentation
The system is a web-based platform for multiple users. Again, the Unified Project
Management (UPM) approach was introduced because of the fact that project participants
intend to organize projects from their own perspectives separately, ignoring the hidden
interrelations between their specific views. We don't want the new OLAP-integrated P M
platform to act as distinct, independent systems operated separately by various project
participants. The future O L A P solution, i f applicable, should be a web-based platform
that can be accessed by multiple users from anywhere with an internet connection.
4.4.3. Friendly UI
The system is user-friendly, providing clear communication and dynamic presentations.
Microsoft Office Web Components (OWC) is used in the presentation layer, which allows
project-related data to be represented in PivotTables dynamically in a user-specified way
for numerical analysis. Moreover effective, data-driven graphics can communicate high
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volumes of project data intuitively at a glance. The Chart component and the PivotTable
component can be connected so the data presentation and the graphics change
simultaneously when users conduct different meaningful analysis. Users can simply drag
and drop dimensions as they want so as to develop various views of data presentation.
They can also filter data by any member in any dimension.
4.4.4.

Structure Consistency

The system has a consistent structure with high integration of tools from Microsoft. This
ensures much easier future upgrade and deployment. The system architecture is based on
the Microsoft .NET platform. The database can be developed using M S Access or M S
SQL Server. Data cubes are processed in M S SQL Analysis Services. O W C are
embedded in the presentation webpage which have identical interface with M S Office XP.
There are no specific deployment requirements on the client side. As long as the end-user
has internet connection and Microsoft Office X P installed on the computer, he or she can
operate the system (assuming he/she is authorized to access the database).

4.5. Sample Project
To test and evaluate the proposed OLAP-base P M system, a sample project is used to
provide relevant project data. Considering the research scope and time limitation, the
project is an imaginary small-sized foundation construction for an office building. It is
assumed the project started for bulk earthwork on Jan 6, 2003 and finished on Feb 14,
2003 to deliver the concrete spread foundation with piers and the concrete elevator pit.
The general contractor has a general labour crew, a rough carpentry crew, and a concrete
crew taking part in the project. The G.C. is responsible for all formwork, rebar, and
concrete but the earthwork, electrical, plumbing and elevator equipment is sub-traded to
other contractors. The project target is to deliver the products - the finished concrete
foundation and elevator pit—on time and under budget. Some summary information for
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the sample project is attached at the end of the chapter.
Besides schedule, participants, tasks, and product information, the imaginary project data
also includes detailed costs and man-hour data. The made-up cost values will be used to
test the performance of the OLAP-integrated system to do cost tracking and analysis. The
made-up man-hour information will be used to test how efficient the OLAP-based system
to analysis manpower allocation.
A l l this information is to be included in the data warehouse and finally in the O L A P
cubes for a dynamic representation through an OLAP-oriented user interface. The design
of the data warehouse and the OLAP cubes will be discussed in the following chapters.
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pi co d <nISSI

ACTIVITY DESCRIPTION
Excavate foundations
Excavate elevator pit
Form column piers and spread foundations
Rough-in electric and plumbing in elevator
Form elevator pit walls
Set reinforcing and anchor bolts
Pour column piers and foundations
Pour concrete elevator walls
Cure elevator wall concrete
Cure piers and foundations
Strip wall forms
Strip column piers and foundation forms
Install pneumatic tube in elevator pit

DUR.

10
2
4
4
4
4
5

START

FINISH

days
days
days
days
days
days
days
1 day
7 days
7 days
1 days
3 days
3 days

Prepare and pour concrete floor in elevator pit

ACTIVITY DESCRIPTION

1

06-Jan-03 17-Jan-03
06-Jan-03 07-Jan-03
16-Jat>03; 21-Jan-03
Q8-Jan-03 13- Jan-03
14-Jan-03 17-Jan-03
21-Jan-03 24-Jan-03
27-Jan-03 31-Jan-03
20- Jan-03 20-Jan-03
21- Jan-03 29- Jan-03
03-Feb-03 11-Feb-03
30- Jan-03 30- Jan-03
12-Feb-03 14- F8b-03
31- Jan-03 04- Feb-03
day]15 fob 03 05- Feb-03

PARTICIPANTS

Install p n e u m a t i c t u b e in e l e v a t o r pit

Site Grading Contractor
G . C . Rough Carpenter Crew
G . C . Rough Carpenter Crew
G . C . Concrete Crew
G . C . General Labor Crew
G . C . General Labor Crew
Site Grading Contractor
Plumbing Contractor. Electrical Contractor
G C Rough Carpenter Crew
G C Concrete Crew
G C General Labor Crew
G C General Labor Crew
Elevator Contractor

P r e p a r e a n d p o u r c o n c r e t e floor in e l e v a t o r pit

G C Concrete Crew

Excavate foundations
Form column piers and s p r e a d foundations
S e t r e i n f o r c i n g a n d a n c h o r bolts
Pour column piers and foundations
C u r e piers a n d f o u n d a t i o n s
Strip c o l u m n p i e r s a n d f o u n d a t i o n f o r m s
E x c a v a t e e l e v a t o r pit
R o u g h - i n e l e c t r i c a n d p l u m b i n g in e l e v a t o r
F o r m e l e v a t o r pit w a l l s
Pour concrete elevator walls
Cure elevator w a l l concrete
Strip w a l l f o r m s

LEGEND

PRODUCT CATEGORIES
Piers & Spread
Piers & Spread
Piers & Spread
Piers & Spread
Piers & Spread
Piers &. Spread
Elevator Pit
Elevator Pit
Elevator Pit
Elevator Pit
Elevator Pit
Elevator Pit
Elevator Pit
Elevator Pit

Foundation
Foundation
Foundation
Foundation
Foundation
Foundation

PRODUCT / DELIVERABLES
Foundation Excavation
Ready for Concrete Pouring (Foundation)
Ready for Concrete Pouring (Foundation)
Finished Concrete Foundation & Piers
Finished Concrete Foundation & Piers
Finished Concrete Foundation & Piers
Elevator Pit Excavation
Ready for Concrete Pouring (Elevator Walls)
Ready for Concrete Pouring (Elevator Walls)
Finished Concrete Elevator W a l l s
Finished Concrete Elevator W a l l s
Finished Concrete Elevator W a l l s
Finished Elevator Pit
Finished Elevator Pit

C H A P T E R 5: D A T A W A R E H O U S E M O D E L A N D O L A P C U B E D E S I G N

5.1. Introduction
This chapter addresses data warehouse modeling, as well as the design of two O L A P
cubes to test and evaluate the prototype. Microsoft SQL Sever Analysis Manager is used
to build and process O L A P cubes. A foundation construction project is used as a sample
project to provide project data, which is briefly introduced at the end of the chapter.
In this chapter, most of the introduction material—the direct quotations, the general
description and some definitions—relating to data warehouse design are developed from
the chapter 17 of Microsoft SQL Server 2000 Resource Kit—"Data Warehouse
Considerations" [Browning, 14].

5.2. Data Warehouse Design
5.2.1. Dimensional Model Design
As discussed in the foregoing chapter, a data warehouse provides a place for an online
transaction processing (OLTP) database to offload data. Typically OLTP operational
databases execute daily transactions—they are optimized to store, update, and edit the
data, not to help users analyze it. On the contrary, a data warehouse is a specialized
database designed to store and re-organize static data. It is an optimized relational
database that supports O L A P cubes to provide instantaneous query responses for analysis
in a more efficient way. Although in most cases both a data warehouse and an OLTP
operational database are relational databases, they may have different structural models
because the purpose of a data warehouse generally differs from that of an OLTP
operational database. Table 5.1 [Browning, 14] shows the comparison of a data
warehouse database and an OLTP operational database.
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Table 5.1: O L T P Operational Database vs. Data Warehouse Database [Browning, 141
Ol.'l P Operational Database

Data Warehouse Database

Designed for real-time data transactions

Designed for dynamic data analysis

Constantly changing data; Users perform
data-entry and editing tasks

Loaded with consistent, valid data; users
never perform data-entry and editing tasks

Generally contains a large number of tables Use much fewer tables with a different type
of schema ("star" or "snowflake")
with complex interrelationships
Optimized for a common set of
transactions, usually dealing with a single
row per table at one time

Optimized for bulk loads and complex
analytical queries that access many rows
per table

A n OLTP database requires a more "normalized structure in order to provide validation of
input data, minimize redundancy, and support a high volume of fast transactions". Thus
its structural model often looks like "a wide spider web of hundreds of tables interrelated
with each other". On the contrary, a data warehouse requires a "typical dimensional
model that supports simplified analytical queries and provides outstanding query
performance by minimizing table joins". When realized in a database, the dimensional
model for a data warehouse may produce either a star schema or a snowflake schema that
contains a central fact table and multiple dimension tables surrounding it. In a star
schema, all dimension tables join directly to the central fact table while in snowflake
schema one or more dimension tables join the fact table through other dimension tables.
By establishing dimension hierarchical levels from separate tables, snowflake schemas
support ease of dimension maintenance since they are more normalized, but when
dimension hierarchies are not complex, star schemas are more straightforward and
support simpler and more efficient analytical queries. Considering the complexity of the
dimension hierarchies of the sample project, a star schema was used for the data
warehouse.
Figure 5.1 is a star schema diagram. There is a central fact table with several dimension
tables connecting with it directly. The fact table contains real information of event details

48

for summarization. Because dimension tables contain records that describe facts, the fact
table can be reduced to columns for dimension foreign keys and numeric fact values.
Detailed fact table design, dimension table design and overall structural schema are
discussed in the following sections.
Dimension 1
Table
J

Figure 5.1: Data Warehouse Star Schema Diagram
5.2.2. Fact Table Design
The fact table contains real information of event details for summarization. It is supposed
to address project processes or,problems that need to be analyzed by end-users. The
numeric data stored in the fact table, often referred to as "measures", represent the project
processes and quantify the facts. For the sample projects, measures were selected to
represent two predominant industrial focuses—cost control and manpower allocation.
Thus two kinds of measures are selected accordingly—construction costs and man-hours,
both of which are numeric and additive.
Both "estimated costs" and "actual costs" were included in the fact table. Simultaneously
presenting estimated costs and actual costs gives the end-users a straightforward view
that helps them better track construction cost. Users will be able to review the differences
between estimated costs and actual costs in a dynamic and intuitive manner. Man-hour
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measure stored in the fact table results in a display of manpower allocation through
O L A P front-end applications. It provides the site manager or superintendent with
manpower distribution by time, by task, by participants, or any other possible dimensions
pre-defined.
Besides measures, which are numeric fact values and will be pre-computed during O L A P
cube processing, the fact table also contains foreign key columns that link with primary
keys of each dimension table. The fact table actually resolves "many-to-many
relationships between dimension tables because dimension tables join with each other
through the central fact table". Figure 5.2 shows the fact table structure.
Fact Table
FactJD

-

Primary Key

Dimension 1 I D
Dimension Keys <

Dimension 2 I D
Dimension 3 I D

Estimated Cost
Actual Cost

Measures

Man-hour

Figure 5.2: Data Warehouse Fact Table Structure
5.2.3. Dimension Table Design
Unlike the fact table, the dimension tables don't contain real fact values. Instead they
summarize the attributes associated with fact values and organize these attributes into
distinct views such as time, tasks, products, etc. Those attributes basically serve as query
constraints in O L A P solutions. Because dimension tables don't contain fact values, they
are usually very small.
As per users' analytical needs, the data stored in dimension tables is generally
hierarchical. The hierarchy enables OLAP-based data summarization, drill-through, and
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"slice & dice" operations, which provide dynamic data presentation for analysis. The
hierarchy is actually fulfilled during cube design and processing, but it is important to
take consideration of the hierarchy issue as early as starting dimension table design.
To develop the data warehouse structure for the sample project, five dimensions were
included which contain time, tasks, products, participants, and cost types.
•

Time Dimension
The time dimension provides an effective mechanism for time-oriented analysis.
Suppose the imaginary OLTP database is organized and updated on a daily basis,
and then the time dimension table in the data warehouse should also adopt a daily
time granularity. It was organized into four levels during cube processing: "year",
"quarter", "month", and "date".

•

Task Dimension
The task dimension provides a process-based view of the project that splits the
entire project into activities (or tasks). This dimension was organized into two
levels during cube processing—"task category" and "task". Based on the sample
project, all activities were grouped into four different task categories: "formwork",
"rebar", "concrete" and "installation". In terms of O L A P technology and
terminology, those four task categories were referred as four "members" of the
task dimension in the task category level.

•

Participant Dimension
The participant dimension provides an organizational view of the project
indicating who, or which organizations, crews, or personnel, participate in the
project. As with the task dimension, the hierarchy of the participant dimension
included two levels during cube processing, which were "participant category"
and "the participant". Based on the sample project, all participants were organized
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into two distinct participant categories, "general contractor" and "sub contractor".
•

Product Dimension
The product dimension provides a product/deliverable view of the project
indicating artefacts that can be delivered at a specific period of time. For this
sample project, the product dimension had two members—"piers & spread
foundation" and "elevator pit".

•

Cost Type Dimension
Because construction cost is selected as an O L A P cube measure, a cost type
dimension is necessary for a better and more detailed cost control. The hierarchy
of this dimension had only one level. The three basic cost types, i.e. "labour cost",
"material cost" and "equipment cost", constituted this dimension.

5.2.4. Multidimensional Structure
As mentioned, a star schema was adopted for the data warehouse. Figure 5.3 shows the
whole multidimensional structure of the data warehouse in a star schema.
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Time Dimension
PK

time id
the_date
the_day
the_month
the_year
day_of_month
month_of_year

Cost Type Dimension
PK

costtvoe id
cost type

Central Fact Table
Task Dimension
PK

task id
task_category
task

Participant Dimension
PK

PK

factjd

FK1
FK2
FK3
FK4
FK5

timejd
taskjd
cost type_id
participantjd
productjd
estimated_cost
actual_cost
manhour

Product Dimension
PK

product id
product_category
product

participant id
participant_category
participant

Figure 5.3: Data Warehouse Structure - "Star" Schema
5.2.5. Sample Project Data
The sample data plugged into the data warehouse is based on the "Foundation
Construction" sample project introduced in the previous chapter. Again, for a wellrounded OLAP-based P M system, the data stored in the data warehouse should be
unloaded from OLTP databases through ETL. However, due to the research scope and
time limitation, the sample project data were plugged into the data warehouse directly as
if they were unloaded from the real-time OLTP databases. This simplification and
assumption has been discussed in the "simplifications" section of the last chapter.
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5.3. O L A P Cube Design & Pre-processing
5.3.1. Overview
The O L A P cubes are not designed to store data or to optimize data transactions. The main
function of the O L A P cubes is to provide high performance in responding to complex
analytical queries by pre-processing and summarizing the stable and consistent historical
data stored in the data warehouse.
A data warehouse provides a multidimensional view of data in an intuitive model,
generally using a star schema or a snowflake schema designed for dynamic and
complicated

analytical

queries.

OLAP

organizes

data

warehouse

data

into

multidimensional data cubes based on this dimensional model, and then pre-processes
these cubes to provide maximum performance for queries that summarize data in various
ways. In Microsoft SQL Server 2000, the Analysis Services provides tools for O L A P
cube design and processing.
Two O L A P data cubes were developed in accordance with the measures stored in the fact
table of the data warehouse. One cube is for cost control and the other is for man-power
allocation.
Note the dimensions discussed in the forgoing section are all shared dimensions, which
are in use for both of the proposed cubes. Shared dimensions offer a performance
advantage because they make more efficient use of memory. This allows for faster
response times. In very rare cases, for example when a high level of security for sensitive
data is necessary, a private dimension can be used in one specific cube and be
inaccessible to other cubes. In most cases, however, it is much better to use shared
dimensions.
5.3.2. Set Up Data Source Connections
The first step was to set up a new system data source name (DSN) through the
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"Administrative Tools" from the Control Panel. A new data warehouse was created and
named "OLAP_Sample" (Figure 5.4).
Setup
Data Source Name: 1 • LAP_Sample

OK

Description:

Cancel

Database
D atabase: CAPE RSO NALAS cenario. mdb
'Select''.""j|
Create... |
Repair...

Help
j

Compact.

j

j

Advanced...

System Database
None
Database:
Q.ptions>>

Figure 5.4: Set Up System Data Source Name
Next Microsoft SQL Analysis Manager was opened to set up the database structure. In
the Analysis Manager Tree pane, after right-clicking the Data Sources folder under the
" O L A P S a m p l e " database, the "New Data Source" was chosen to establish data source
connection. On the "Provider" tab of the Data Link Properties dialog box, the "Microsoft
O L E D B Provider for ODBC Drivers" option was selected. Then from the "Use data
source name" list, the " O L A P S a m p l e " data source was selected (Figure 5.5). When
clicking the "Test Connection" button, a message box opened saying that the data source
connection was successfully completed. By then it was ready for the next step to build
O L A P data cubes using Microsoft SQL Analysis Manager.
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Figure 5.5: Make Data Source Connection
5.3.3. Build O L A P Data Cubes
Two O L A P data cubes were created—a "Cost Control" cube and a "Manpower
Allocation" cube. To build the "Cost Control" data cube, the Cube Wizard of the Analysis
Manager was opened, and then both the Estimated Cost and the Actual Cost from the fact
table were selected as the cube measures (Figure 5.6). To build the "Manpower
Allocation" data cube, the same procedure was repeated, but the Manhour from the fact
table was selected as the cube measure.
In total, there were five shared dimensions defined for each cube, including Time, Task,
Participant, Product, and Cost Type. The members and hierarchies of each dimension
were defined by selecting them from the data warehouse dimension tables through the
Dimension Wizard in Analysis Manager (Figure 5.7).
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Figure 5.7: Define Cube Dimensions
After defining the cube measures and dimensions, the cube storage was designed and the
cubes were processed (Figure 5.8). Microsoft SQL Server 2000 Analysis Services allows
the users to set up aggregations—the pre-calculated summaries of data that greatly
improve the efficiency and response time of queries. When processing a cube, the
aggregations designed for the cube are calculated and the cube is loaded with the
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calculated aggregations and data.
Process information for Dimension 'Participants': A full dimension process is performed
m
Initializing Dimension 'Participants'
jHj] Dimension 'Participants' Execute ; SELECT DISTINCT "Participant_Dimension_Table"."participai
-1
Processing Dimension 'Products' completed successfully.
Start time: 4:48:35 PM End time: 4:48:35 PM Duration; 0:00:00 Rows processed: 7
Process information for Dimension 'Products': A full dimension process is performed
K^j Initializing Dimension 'Products'
Ekl Dimension 'Products' Execute : SELECT DISTINCT "Product_Dimension_Table"."Product_Catec
ii t £ ) Processing Dimension "Tasks' completed successfully.
Start time: 4:48:35 PM End time: 4:48:35 PM Duration: 0:00:00 Rows processed: 14
Process information for Dimension 'Tasks': A full dimension process is performed
Initializing Dimension 'Tasks'
jjy Dimension "Tasks' Execute : SELECT DISTINCT "Task_Dimension_Table"."task_Category", "Ta:|
Initializing Cube 'Cost Control"
Initializing Partition 'Cost Control'
Partition 'Cost Control' Execute : SELECT DatePart('yyyy'/'Time_Dimension_Table"."the_date") DateF;
E l Writing data of Partition 'Cost Control' (segment 1)
159 Writing aggregations and indexes of Partition 'Cost Control' (segment 1)
2> Committing transaction in Database 'GLAP_5ample'

f

J

Processing completed successfully.

Reprocess

Close

Help

Figure 5.8: Processing Data Cubes in M S S Q L Server Analysis Services
After being processed, the data cube can be displayed and edited from the Cube Editor.
Figure 5.9 shows the summary of the "Cost Control" data cube from the Cube Editor
window. It has five dimensions with hierarchies and two measures ("Estimated Cost" and
"Actual Cost"). The "Manpower Allocation" data cube has the same shared dimensions
but only one measure ("Manhours").
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C H A P T E R 6: W E B - B A S E D D A T A P R E S E N T A T I O N

6.1. Introduction
This chapter provides a brief introduction of relevant technologies and tools that are used
to test the prototype. Microsoft .NET and Web Services provide the basic platform for
development; Microsoft BI Portal serves in the prototype as the end-user application for
O L A P data presentation; Microsoft OWC provides the main components integrated with
the Microsoft BI Portal; and Microsoft SQL Server supports the O L A P data cube design
and organization. A l l these topics are discussed briefly in this chapter.
In this chapter, most of the introduction material about Microsoft's technologies and tools
is developed or quoted from contents on the Microsoft® (or MSDN) website.

6.2. Microsoft . N E T and Web Services
Microsoft .NET is the Microsoft strategy for connecting information and applications
through an Internet environment. With the help of .NET technology, people can access,
manage, and deploy distinct and disconnected solutions quickly, and thus communicate
and collaborate more effectively.
The .NET technology helps workstations from different operating system platforms work
together by exchanging messages through Web services. Web services are small building
blocks based on "industry protocols that include X M L (Extensible Markup Language),
SOAP (Simple Object Access Protocol), and W S D L (Web Services Description
Language). These protocols help computers work together across IT platforms and
programming languages" [Microsoft, 22].
The .NET Framework provides comprehensive IT platforms that offer fast and effective
ways to build Web services. "With the .NET Framework, developers can take advantage
of a programming model designed from the ground up for creating Web services in a
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highly productive, multi-language environment" [Microsoft, 22].
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Figure 6.1: Microsoft .NET Framework Architecture [Microsoft, 22]
Figure 6.1 [Kirtland, 23] shows the Microsoft .NET Framework architecture. The
common language runtime, which sits on top of the operating system services, manages
the requirements of running code developed in the .NET programming languages. Above
the common language runtime is the Services Framework, which provides a set of classes
that can be called from the programming language. Conceptually there are two
application models sitting on top of the Services Framework—the Web-based application
and the Windows-based application, among which the Web-based applications is built on
the Microsoft .NET Framework [Kirtland, 23].

6.3. Microsoft Business Intelligence Platform
6.3.1. Overview
Business Intelligence (BI), as a technology for processing large volumes of data, provides
the foundation for end-to-end solutions with both sophisticated data management and
easy-to-use analysis and reporting tools [Larsen, 24]. It can greatly facilitate data-oriented
analytical decision making by organizing data much more efficiently and presenting data

in a more dynamic and manageable manner. The Microsoft B l Platform is made up of two
major components, Microsoft SQL Server (with Analysis Services) and Microsoft Office
System. The SQL Server supports database management and data manipulation that
provides an analytics engine in the back-end, while the Microsoft Office system offers
user interface in the front-end.
Microsoft B l Platform provides the building blocks for delivering solutions, which
eliminate the need for highly specialized software and implementation skills. Through a
variety of front-end tools, such as Microsoft Office that are familiar to most users,
Microsoft B l platform enables almost all users to dig into the data, manipulate and better
understand it, and make the most of it. Figure 6.2 [Microsoft, 25] is the diagram provided
by Microsoft showing the platform for Business Intelligence.

Figure 6.2: The Microsoft® Platform for Business Intelligence IMicrosoft, 251

6.3.2. Microsoft S Q L Server 2000
Microsoft SQL Server 2000 provides several tools for data storage and analysis, which
include a relational database engine for storing data, the data transformation services for
unloading data, and the analysis services for data analysis.
•

Analysis Services:
Microsoft SQL Server 2000 Analysis Services provides a set of integrated
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analysis services including data-mining features and an Online Analytical
Processing

(OLAP)

engine.

It

enables

fast

data

access

by

creating

multidimensional O L A P cubes from information stored in the data warehouse.
The Analysis Services can work well on large volumes of data. It offers
sophisticated analytical capabilities that enable users to act immediately on
analytical insights, and enables the application to respond quickly to dynamic
conditions [Larsen, 24].
•

Data Transformation Services:
Microsoft SQL Server 2000 Data Transformation Services (DTS) provides a set of
tools that lets the user extract, transform, and consolidate data from disparate
sources into single or multiple destinations [Larsen, 26]. It provides the tools to
consolidate data from diverse operational systems and databases, an OLTP
database for example, into the data warehouse or data marts that support better
analysis and decision making enhanced by Analysis Services and OLAP. DTS can
perform at pre-determined intervals or in response to specified events.

•

Reporting Services:
Microsoft SQL Server Reporting Services enables the creation, management, and
delivery of both traditional, paper-oriented reports and interactive, Web-based
reports [Microsoft, 27]. Being an integrated part of the Microsoft business
intelligence framework, Reporting Services supports a wide range of data sources,
as well as multiple data output formats such as common Web browsers and
Microsoft Office System applications.

6.3.3. Microsoft Office System
The Microsoft Office system is a set of familiar programs that are installed on millions of
computers worldwide. By using Microsoft Office to perform sophisticated analysis
against large volumes of data, a business intelligence solution extends its reach to more

people, benefiting from users' familiarity with the Office system.
The Microsoft Office X P tools are completely integrated with SQL Server Analysis
Services, either directly or over Internet connections. Some of the tools are for data
analysis, and some are for data visualization.
•

Data Analysis Tools:
Integrated with the business intelligence platform, Microsoft Excel is a calculation
engine and data analysis tool combined with charting and query features that
enable users to access, analyze, create, and share business data. With Excel
PivotTables and PivotCharts, users can rotate rows and columns to develop
different data summaries, and filter the source data (known as "data slice") to
display the specific details review and analysis.
As discussed before, Microsoft Office Web Components are "a collection of
Component Object Model (COM) controls, shipped with the Microsoft Office
package, for publishing spreadsheets,

charts, and databases to the Web"

[Microsoft, 28]. They extend the power of the desktop-based Excel to web-based
business intelligence applications that allow users to manipulate data from the
Web browser. The PivotTable and Chart components are especially useful for data
presentation in business intelligence solutions, because they are designed to
deliver interactive data reporting and analysis. By connecting them to a predefined O L A P server cube, users can view data grouped, sliced, and sorted in a
variety of ways, and create dynamic reports for interactive data analysis.
•

Data Visualization Tools:
Some multi-dimensional information inherent in business intelligence is very
difficult to read and understand unless the data are presented graphically. In these
cases, visualization tools are important to help conduct meaningful analysis, make
comparisons, and spot trends, making data analysis more understandable and

intuitive. Microsoft Data Analyzer and Microsoft MapPoint are two Office
applications that combine powerful data analysis features with data visualization.
Both of them allow users to connect to Microsoft SQL Server Analysis Services,
and conduct analysis and visualization of data from the desktop.

6.4. Microsoft B l Portal
6.4.1. Overview
(The introduction material in this section (6.4 Microsoft Bl Portal) is mainly developed or
quoted from "Microsoft Business Intelligence Portal—BIP" [Ben-Moshe, 29].)
The Microsoft Business Intelligence Portal (Bl Portal) is an integrated, Web-based Online
Analytical Processing (OLAP) solution that allows O L A P cube data to be dynamically
presented in multi-dimensional views. Microsoft O L A P client tools, such as Microsoft
PivotTable and Chart Office Web Components (OWC), are integrated into B l Portal to
provide a complete O L A P solution platform. B l Portal was used to test the sample data
warehouse and data cubes developed for the prototype.
B l Portal is free and can be downloaded from Microsoft's website. Being a .NET webbased application, it can be loaded by directing a web browser to the web server on which
it was installed. Figure 6.3 shows the main user interface of the Microsoft B l Portal.
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Figure 6.3: Microsoft B l Portal User Interface
The main user interface of the MS B l Portal is divided into several rectangular screen
areas—the Menu bar & Toolbar, the Folder list and, most importantly, the OWC area. The
Menu bar and Tool bar provide Windows-like functions, which display user-dependant
menu and control items. The Folder list helps users save created views by scenario. The
OWC area actually consists of two main components (as discussed in Chapter 2—the
OWC PivotTable control and the O W C Chart control). This area provides a rich,
integrated graphic and PivotTable display.
6.4.2. B l Portal Architecture
The Microsoft B l Portal is a .NET-based Web application built up in the traditional threetier model.
In the presentation layer, the Office Web Components serve as the main viewer controls
for presenting and manipulating the O L A P cube data in a dynamic and user-specified
manner. The Business Object Layer connects the presentation layer to the database using
S Q L X M L queries. The .NET C# A S P X pages and classes provide the presentation layer
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with data to get M D X queries for each view from the database.
The Data Layer "uses Data Source objects to encapsulate the technical properties of a
data source type" [Ben-Moshe, 29]. Data is presented in the same way using the
PivotTable and Chart Office Web Components, no matter whether the data source is an
O L A P online cube or an offline cube file. Every Data Source contains the server name,
database name, and cube (or table) name so that each data source is uniquely identified.
When a data cube is selected by the user, the multidimensional views are fed with the
pointed data source to connect to and the query to execute and the OWCs display the
received data directly.
Figure 6.4 [Microsoft, 30] shows the Microsoft BI Portal architecture.
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Figure 6.4: Microsoft BI Portal Architecture [Microsoft, 301
6.4.3. BI Portal Installation and Set-up
Microsoft BI Portal is easy to install and deploy both on the data server and on the
client's side. M S SQL Server 2000 with Analysis Services must be installed on the data
server. On the client PC, the only pre-requisites are M S Internet Explorer 6, to browse
web pages, and M S Office X P in order to work with Office Web Components in the main
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user interface. The Microsoft .NET Framework and S Q L X M L 3.0 must also be installed
on the application server before MS B l Portal can run properly.
During installation of the M S B l Portal, users will be required to select SQL Server and
insert the database name (default = "BIP", for this prototype the database name =
"UPM"). Then the security mode must be selected between Windows Authentication and
SQL Authentication. A user name and password are necessary if SQL authentication is
selected. After installing the B l Portal, it can be loaded by opening Internet Explorer and
typing (in this case) http://localhost/UPM in the U R L address box. The Internet Explorer
then connects to the Analysis Server and loads the main UI of Microsoft B l Portal.
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C H A P T E R 7: P R O T O T Y P E T E S T I N G A N D E V A L U A T I O N

7.1. Introduction
This chapter describes the testing and evaluation of the proposed prototype based on the
warehouse and O L A P cubes created in Chapter 5. The Microsoft BI Portal is used as the
front-end O L A P solution for testing purposes. The testing and evaluation targets two
project management areas—construction cost control and manpower allocation analysis.
Various project management scenarios are developed to support the prototype testing and
evaluation.
The objective of testing the prototype is to see whether project management (specifically,
cost control and manpower allocation) can benefit from the O L A P technology features
introduced in the preceding chapters. The testing should evaluate the practical value of
the O L A P in improving project data presentation.

To carry out this evaluation, the

prototype testing was conducted to combine the O L A P features (such as data drillthrough, data slicing and data dicing) with realistic project management scenarios.
To "drill through" an O L A P cube is to navigate from one data item to a set of related
items. This "drilling" typically involves navigating up and down through the pre-defined
levels in a hierarchy. When selecting data, users can expand or collapse a view of data by
drilling down or up in a hierarchy respectively. Data "Slice & Dice" is an informal term
referring to data retrieval and manipulation. In an imaginary data cube, each axis of the
cube represents a dimension. To "slice" the data is to retrieve a piece (a slice) of the cube
by specifying the dimension value from one or more of the dimensions. In effect, the
specified dimension values serve as filter criteria in the slicing process. To "dice" the data
is to combine pre-defined dimensions in various ways against a two-dimensional matrix,
just as if the data cube had been diced into many smaller pieces.
Through several project management scenarios, the tests described in this chapter explore
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how the P M process can benefit from the navigation performance provided by OLAP's
drill-through and slice & dice features.

7.2. Pre-testing Preparation
The prototype testing was conducted on one computer that served as the data server, the
application server, and the client. Typically, these three roles would be performed by
three different computers, but a single computer was sufficient for testing purposes.
After

being

installed on a server,

the BI Portal was loaded

from U R L

http://localhost/UPM, and the main user interface appeared (Figure 7.1). By default, the
"Folder" part of the UI referred to the "Food Market" sample database provided with MS
SQL Server 2000.
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Figure 7.1: M a i n UI of Microsoft BI Portal
The next step after loading the main user interface was to create the new data source. By
clicking the "Data Source" from the "Tools" menu, a dialog with a data grid of all
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existing data sources displayed. For the purpose of testing, two new data sources were
created—one for cost control and the other for manpower allocation.
Figure 7.2 is the screenshot of the dialog box displayed to add new data sources. The new
data source for cost control testing was named "SampleProject", and the one for
manpower allocation was named "SampleProjectl". After adding "localhost" in the
Server area and clicking the Connect button, the drop-down D B List included all
databases on the localhost server. The previously established "UPM_SampleProject" data
warehouse was selected, and the cube list then provided two data cubes that had been
built—a "Cost Control" cube and a "Manpower Allocation" cube.
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Figure 7.2: Create New Data Sources for Cost Control and Manpower Allocation
After creating the two new data sources, the next step was to create new data views for
analysis. To do cost control testing, the "SampleProject" data source was connected. By
clicking the Field List button from the O W C toolbar menu, the PivotTable/Chart field
lists appeared with all measures and dimensions that had been defined (Figure 7.3 and
Figure 7.4). To do manpower allocation testing, the above procedure was repeated, except
for linking the application with the other data source "SampleProjectl".
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7.3. Testing & Evaluation - Project Cost Control
7.3.1. Overview
During the execution of a project, cost tracking and control is indispensable to project
managers and other participants in the construction process. Project cost control serves
the dual purpose of tracking financial transactions as well as giving project managers an
indication of the progress and problems associated with the project progress.
The testing procedure on project cost control focuses on two types of cost records. The
Estimated (Budgeted) Cost is derived from the detailed cost estimate prepared at the start
of the project. The Actual Cost incurred in each category is derived from the financial
record keeping accounts. By comparing those two cost records, the cost variance (CV)
indicates a deviation of project cost.
The following testing is organized by considering each of the major O L A P features, and
within these, presenting several queries in the form of project management scenarios.
7.3.2. Cost Data Drill Through
7.3.2.1. Scenario 1 - High Level Cost Overview (Data Roll-up)
The users may want quick answers to the following questions: "What is the total
estimated (budget) cost and total actual cost of the foundation project?" "How is the total
actual cost compared with the total estimated cost?"
To answer the above queries, the "Estimated Cost" and "Actual Cost" measures were first
selected respectively from the "Cost Control" data cube field list in the main UI of the
M S B l Portal. Then these two measures were dragged and dropped to the O W C area
(Figure 7.5). As shown, the estimated cost of the whole project was $2,030,724 while the
actual total cost was $2,249,317.
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7.3.2.2. Scenario 2 - Low Level Cost Details (Data Drill-down)
The users may be interested in cost details by tasks, and want quick answers to the
following questions: "What are the estimated cost and actual cost of the concrete work?"
"To explore more deeply, what is the estimated and actual cost of curing concrete for
elevator walls?"
To answer the first question above, the "Estimated Cost" and "Actual Cost" measures
from the "Cost Control" data cube were selected, dragged and dropped to the OWC area.
Then the "Tasks" dimension was dragged to the "Row Field" on the left. That way the
total estimated cost and actual cost were distributed as per task categories, which was the
first level of the "Tasks" dimension (Figure 7.6). As shown, the estimated cost for
concrete was $646,150 and actual cost was $738,920.
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Figure 7.6: Drill Down "Tasks" Dimension - Level one
To answer the second question, the "Concrete" task category was expanded to list the
lower level details underneath (Figure 7.7). As shown, the estimated and actual costs for
"cure elevator wall concrete" were $25,200 and $25,760 respectively. The chart
component (histogram) changed simultaneously when the cost data in PivotTable
changed.
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To explore the cost information by participant or product, instead of by task, the specified
dimension was dragged and dropped to the row field in the OWC area. Figure 7.8 is the
screenshot of drilling cost information through the "Participant" dimension, and Figure
7.9 is the screenshot of drilling cost information through the "Product" dimension.
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7.3.2.3. Comments on Cost Data Drill Through
From testing Scenario 1, the first impressive feature of OLAP-based cost control is its
"drag & drop" capability. After the O L A P cube is defined and pre-processed in the
Analysis Services, users can obtain feedback of their information queries very quickly by
dragging and dropping data fields into the display areas. This allows cost information to
be presented in a very dynamic and ad hoc manner. In addition, O L A P supports different
measures in a same data cube—in this case the estimated cost and actual cost—to be
presented and manipulated simultaneously. In the cost control domain, this helps project
managers to track the cost variance between estimates and real occurrences at any level
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of cost detail.
From the testing of Scenario 2, it can be concluded that, compared with a traditional
paper-based cost list or a two dimensional electronic spreadsheet, the OLAP-based
solution is more dynamic and fast for cost report rollup and drill-down. When going
through a large quantity of cost data, users usually have to follow one or more paths from
the top level to the bottom. The paths may either be time, task, participant, or product, etc.
In a traditional two-dimensional spreadsheet, generally the cost data is organized and
aggregated by only one path—mostly by products or tasks. It is very hard for users to
switch from one path to another conveniently without re-aggregation and re-organization.
For the OLAP-based solution, however, users can explore cost details in whatever path
they want just by dragging and dropping the relevant dimensions to the O W C area. In
addition, users can get query responses instantly, because of the pre-aggregation and preprocession of data cubes. A l l possible query answers are already available before queries
arise.
Moreover, the Chart component can work simultaneously with the PivotTable component.
As tested here, users can get a graphical view of cost information at the same time when
they read the cost numbers. This provides a very intuitive view of cost data that greatly
helps the users in analyzing cost data and tracking cost distribution. The graphical
presentation makes it easier for a quick grasp of the overall cost trend and distribution out
of a large volume of cost data.
7.3.3. Cost Data Slice
7.3.3.1. Scenario 3 - Slice by Time:
Sometimes users may want to investigate the cost information for a particular day. They
may need that information to create daily cost reports, to do site space and layout
planning, to arrange material supply and handling, or to adjust the project schedule. In
these cases they may be especially interested in the following questions:
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1) What is the estimated and actual equipment cost, labour cost and material cost
respectively for a particular day, say Feb 3 , 2003?
rd

2) How many participants perform on that day? Who are they and who contributes
most in terms of cost?
To answer the first question, the first step was to drag the "Cost Types" dimension to the
left "Row Field", and drag the "Time" dimension to the "Filter Field" on the top (Figure
7.10). The overall cost distribution by cost type was displayed for the whole project
duration.
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Then, the date of Feb 3 was selected from the drop-down list of the "Time" dimension.
r

A l l boxes were unchecked except for the one for Feb 3 (Figure 7.11). As shown, the cost
rd

information for Feb 3 was sliced out and still categorized by cost type. The requested
rd

equipment cost, labour cost and material cost for Feb 3 were displayed.
rd
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To answer the second question, the "Participants" dimension was dragged to the row field
so that it replaced the "Cost Types" dimension. Then it was expanded to the bottom level
to get the answer (Figure 7.12). A s displayed, there were two groups (participants)
working on that day (February 3 ), which were the GC general labour crew and the
rd

Elevator sub-contractor. The estimated cost and actual cost for the GC general labour
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crew were $4160 and $4310 respectively, while those costs for elevator sub-contractor
were $66,680 and $86,880 respectively.
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7.3.3.2. Scenario 4 - Slice by Product:
More interestingly, project managers may prefer to track cost information by products—
as long as the product model (dimension) has been properly established during O L A P
cube design. For example, suppose a user would like to focus on and slice the data cube
by the product of "Elevator Pit". The similar process was repeated as in Scenario 3. The
"Products" dimension was dragged to the filter field and "Elevator Pit" was selected to
slice (Figure 7.13).
As shown in Figure 7.13, there were four task categories related to the "Elevator Pit"
product—concrete, earthwork, formwork, and installation. If the entire task categories
were expanded (Figure 7.14), the complete list of tasks contributed to accomplish the
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"Elevator Pit" product was displayed, along with detailed cost values for each task.
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7.3.3.3. Comments on Cost Data Slice
Because different project team players may have different focus of interest and may face
different circumstances, it is not uncommon for a project manager or a cost engineer to
track project cost from a specific and unique point of view. In the current project
management process, however, the project cost report is always organized and distributed
in a single format. It is very hard for a unique user-specified view of cost information to
be conveniently accessed, extracted and thus represented for analysis.
As for the proposed OLAP-based reporting system, as tested in Scenario 3 and 4, users
can easily get the exact piece of data slice that they need to fulfill their own analysis
requirements. Technically, a data slice is a subset of a multi-dimensional array
corresponding to a single value for one or more members of the dimensions not in the
subset " . For example, if the member "Earthwork" is selected from the "Tasks"
7

1

dimension as a slicing criterion, then the sub-cube of all the remaining dimensions
consists of the slice that is specified to Earthwork task category. The data excluded from
this slice would be any data associated with the non-selected members of the "Tasks"
dimension, for example "Formwork", "Concrete", "Installation", etc.
Besides the cost control scenarios tested, i.e. cost data slicing by time and by product,
there are many other slicing ways that are also valuable. For example, some users may
want to take a view of the labour cost exclusively from material and equipment. In that
case, the users can slice the data cube by "cost type" and select labour cost as a criterion.
For another example, it may also be very likely for some users to be especially interested
in cost information that only relates to concrete work. In that case, the users can slice the
data cube by task and select the concrete category to filter.
In summary, the OLAP-based solution provides a powerful and dynamic data slicing
feature that is very useful for efficient project cost control. Unlike the traditional cost
7

"' Definition from http://services.eliteral.com/glossary/olap-and-olap-server-definitions.php
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reports, complex cost data can be sliced easily in the OLAP-based system to meet user's
specific analysis needs.
7.3.4. Cost Data Slice & Dice
In the foregoing cost analysis scenarios, the cost data are organized through one
dimension, although in scenario 3 and 4 an additional dimension is also involved to slice
specific data out. In many cases, however, the users need to go more deeply into the
details of data, which may need the cost values to be represented in a two-dimensional or
even a multi-dimensional way.
7.3.4.1. Scenario 5 - Two-dimensional Cost Report:
From a user's perspective, the term "slice" most often refers to a two-dimensional
spreadsheet selected from the cube. The two-dimensional cost report is commonly used in
the real-world industry.
To establish a traditional looking matrix that serves as a summary report of the daily costs
in the construction industry, the "Time" dimension and "Cost Type" dimension were
dragged respectively to the row field and column field (Figure 7.15).
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Figure 7.15: Cost Report - "Time" vs. "Cost Type"
Or, to establish a cost report that details the cost values (in terms of cost type) for each
task, the "Tasks" dimension and "Cost Type" dimension were dragged to the row field
and column field respectively (Figure 7.16).
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Figure 7.16: Cost Report - "Tasks" vs. "Cost Type"

7.3.4.2. Scenario 6 - Cost Data Slice & Dice (Multi-dimensional Report)
In Scenario 4 (Figure 7.14), a data slice relating to the "Elevator Pit" product was sliced
out, indicating all tasks (with cost information) involved to finish the elevator pit.
Suppose a user needs more details on top of that. For example, he or she may need the
equipment cost, labor cost and material cost for each task relating to the "Elevator Pit"
product. The user may also want the daily cost information for this product.
To achieve the first request, the "Cost Type" dimension was dragged to the row field (or
the column field) when the "Elevator Pit" product was still kept in the filter area. Then
the detailed equipment cost, labor cost and material cost information was displayed
(Figure 7.17).
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To achieve the second request the "Time" dimension was dragged to the row field (or the
column field) when the "Elevator Pit" product was kept in the filter area. Then the daily
cost for each task relating to "Elevator Pit" was sliced out (Figure 7.18).
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Figure 7.17: Cost Report - "Product" vs. "Tasks" vs. "Cost Type"
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Figure 7.18: Cost Report - "Product" vs. "Tasks" vs. "Time"
Technically, the O L A P cubes can be sliced and diced from any dimension that is defined
during the cube design. Because of that, the data report presentation can be dynamically
manipulated in whatever way that the users expect. Sometimes the users may have to rely
on some more sophisticated multi-dimensional cost reports for their cost analysis. For
example, a user may write down the following specific requirements for his/her cost
analysis:
1) "I only want to focus on cost data in January 2003."
2) "I am only interested in the "Elevator Pit" product."
3) "I want to list all tasks performed in January 2003 that are necessary to produce
the elevator pit."
4) "I would like to know who are doing those tasks (the participants)."
5) "I would like to understand the equipment cost, labor cost and material cost for
each participant and for each task."
Those requirements are actually user-specified criteria to do data slice and dice, by
dealing with all the O L A P dimensions. To fulfil requirement 1, the "Time" dimension
was dragged to the filter area and the "January 2003" member was selected. To fulfil
requirement 2, the "Product" dimension was dragged to the filter area and the "Elevator
Pit" member was selected. To fulfil requirement 3 and 4, the "Task" dimension and the
"Participant" dimension were dragged to the row field. To fulfil requirement 5, the "Cost
Type" dimension was dragged to the column field. Figure 7.19 is screenshot of the multidimensional cost report that complies with all of the user-specified requirements
mentioned.
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Figure 7.19: Multi-dimensional Cost Report with A l l Dimensions Involved

7.3.4.3. Comments on Cost Data Slice & Dice
As an O L A P terminology, "slice & dice" refers to the user-initiated process of data
navigating by calling for page displays interactively, through the specification of slices
via rotations and drill down/up. "
7

2

To some extent, data slice & dice is the most attractive feature for an OLAP-based cost
data presentation. As tested in Scenario 5 and 6, the proposed O L A P solution can help
users conveniently create user-specified multi-dimensional cost reports that allow indepth investigations of the cost data. As long as the dimension model is properly defined
during the cube design, almost every cost-related query can be answered via the multidimensional cost analysis through data slicing and dicing. What the users need to do is to
translate their specific query requirements to the corresponding dimensional manipulation
criteria in order to have certain cost data sliced and diced. In addition, because the precalculated aggregation makes an O L A P cube potentially containing all the answers to
possible queries, users can get responses almost instantly when they manipulate the data
' Definition

from

http://services.eliteral.corn/glossary/olap-and-olap-server-definitions.php

88

cube.
The key task for cost management is to thoroughly understand the project's cost structure,
before any analytic decisions can be made. In the current industry, most conventional cost
reports are made mainly on two-dimensional spreadsheets. Generally those spreadsheets
can only present the project's cost structure from one point of view in rigid way. The
process of developing a traditional spreadsheet-based cost report is often labor-intensive
and error-prone, especially for complicated project in terms of size and number of
participants. On top of that, it will be very hard to trace, filter, rotate, or explore the cost
presentation once this kind of cost report is completed.
The OLAP-based cost management system will be able to do nearly any task that the
traditional tabulate-based cost reporting can do. But in contrast with conventional
reporting, O L A P is much faster, more flexible and more thorough. Once the aggregation
during cube processing is done, users can make the most of OLAP's "slice & dice"
feature to develop their own cost structure presentations in an interactive manner. If the
user is not satisfied with the current format produced, he or she can easily switch to
another suitable report just by dragging and dropping. The maximum dimension number
for an O L A P data cube is 126, and this is expected to be sufficient for even extremely
complicated projects.
7.3.5. Advanced Cost Data Manipulation
The OWC utilized in this OLAP-based cost control system can also support simple useroriented query programming. For some advanced cost management requirements, the
users may have to write SQL queries to get the required results.
7.3.5.1. Scenario 7 - Calculation of BCWP and ACWP
One important cost control technique is to develop the project budget and then track the
actual spending against it. Generally the project manager prepares a time-phased budget,
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as done for the small sample project, breaking the overall budget into small intervals of
days, weeks, or months. This can provide a budget plan for tracking actual costs against
periodic budget targets.
In this scenario, suppose the project manager wants to calculate the accumulated cost data
to come up with the budgeted cost of work performed (BCWP) and the actual cost of
work performed (ACWP). After expanding the "Time" dimension to show detailed daily
costs, the small calculator-like button was clicked and a new column was added to the
O W C data field. In the "Commands and Options" pop-up box, the new calculation was
named " B C W P " , and the following M D X expression was added in the query field
(Figure 7.20):
Sum(YTDQ, [Measures]. [Estimated Cost])
The YTD() function generates a set of days from the "Time" dimension up to the current
member. The S U M function then adds the value of "Estimated Cost" for each day, and
reports that total in the cell for that day. To calculate the A C W P values, the same
procedure was followed, and the following M D X expression was used (Figure 7.21):
Sum(YTD(),[Measures].[Actual Cost])
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Figure 7.21: Add New Calculation for ACWP
Because it was assumed that the sample project was on schedule, the budgeted cost of
work scheduled (BCWS) was equal to the budgeted cost of work performed (BCWP). In
that case, there was no schedule variance for the sample project. The cost variance can be
easily calculated in the OWC area by a subtracting of the above two M D X expressions.
The OWC Chart component displayed the cumulative budget cost and actual cost, both of
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which usually appear in rough "S" curves (Figure 7.22). As shown, the A C W P curve was
somewhat above the B C W P curve, which means the sample project was a little bit over
budget.
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Figure 7.22: " S " Curve of BCWP and ACWP
7.3.5.2. Comments on Advanced Cost Manipulation
As tested in scenario 7, the OLAP-based cost control system can successfully calculate
accumulated cost, which is useful for cost track and control. Of course it may be easier
for this to be accomplished manually in a traditional Excel spreadsheet, but the point is
that for OLAP-based cost control system, further user-specified calculation is possible on
top of all the aggregations and pre-calculations during O L A P cube processing.
Unfortunately, to do further programming after O L A P cubes have been defined and
processed, users are required to have at least some basic knowledge of Microsoft's multidimensional query language - Multidimensional Expressions (MDX). They must also
understand the multidimensional database structure of the data warehouse, as well as the
concepts of "dimension", "level", "member", "measure" and so on. This may be difficult
for end users.
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7.4. Manpower Allocation
7.4.1. Overview
Another important requirement for project control is the resource loading of activities in
the schedule. Forecasted activity duration may not have any validity before its resource
loading has been conducted. This is because the formula that calculates the activity
duration requires the application of the productive resource (e.g. manpower or equipment)
against its projected productivity. How the resources are allocated over the project life
cycle is a very important view for overall project control.
7.4.2. Scenario 8 - Manpower Allocation over Time
For many construction projects, the manpower may be the largest expense of all. The
manpower distribution charts are useful for resource tracking and site planning for a
construction project. Typically, a manpower allocation chart is depicted on a graph with
one side for man-hours and the other side for the dates on which the labor is provided. To
display this in the OLAP-based prototype, the "Time" dimension was dragged to the
bottom category field (Figure 7.23).
With the help of OLAP's "slice and dice" feature, the typical manpower distribution chart
can be further manipulated toward a more user-oriented view. For example, suppose the
project manager is interested in the manpower loading information for the general
contractor only. He or she can slice the data cube by "General Contractor" from the
"Participant" dimension. The user may also want to combine the "Time" dimension with
the "Tasks" dimension, so that the detailed manpower consumption for each task category
will be displayed.
To fulfil the user-specified manpower allocation view, the "Participant" dimension was
dragged to the filter field, and the "General Contractor" member was selected. Then the
"Task" dimension was dragged to the series field (Figure 7.24).

93

H to • '•

Manhours

y Manpower Alocation

£ Totals
|||] Man hours
I r j Cost Types
*
|

Paftcpants
{3 Products

I H Task*

' Lil 7"!*

Add to ~| fseries'Atea

ut

22 23 24 27 28 29 30 31

5 6 7 10 11 12 13 14
February

Month - Day

Figure 7.23: Manpower Allocation over Time (Typical View)

• a

DATA Cuba:,V»xir. UnMleO. Viewer: OWC Oiart

Si to

- I « • - VI

>•-)•'•

t 3B a m

Participants
*
General Contractor
Manhours

Month - Day

Figure 7.24: Manpower Allocation over Time (User-specified View)
In the construction industry, every project has more than one participant involved,
regardless of the size and type of the project. In addition to the overall manpower
distribution over time, it is useful to understand the manpower allocation for each
participant. To achieve this, the OWC chart type was first changed from "Histogram" to
94

"Line with Mark". Then the "Participant" dimension was dragged to the series field.
Figure 7.25 is the screenshot after the manipulation, which clearly shows the manpower
loading trend for general contractor and subcontractors respectively.
If the user wishes to take further advantage of OLAP's drill-down feature, he or she can
expand the "General Contractor" and "Sub-contractors" categories, so that more detailed
manpower distribution graph within each category will be displayed. Figure 7.26 shows
the manpower allocation of concrete crew, general labor crew and rough carpenter crew
under the General Contractor category, as well as the manpower allocation of electric
contractor, elevator contractor, plumbing contractor and site grading contractor under the
Sub-Contractor category.
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7.4.3. Comments on OLAP-based Manpower Allocation
The OLAP-based project management system can run a variety of manpower loading
reports in a flexible way. The OWC chart component supports most O L A P features such
as drill through, data slice, or rotation. As tested in Scenario 7, users can slice data cube
in order to create specific manpower distribution charts, or drill through a certain
dimension for manpower details.
Under common circumstances in the construction management process, the manpower is
generally distributed over time. However, i f a user wants to show specific manpower
distribution over task or over participant, he or she can achieve this in a very simple way,
because both the "task" and the "participant" have been defined as dimensions of the
manpower data cube. Theoretically, users can distribute manpower against any dimension
they select as long as the final result chart is helpful.
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CHAPTER 8: CONCLUSION AND FUTURE WORK TRENDS
8.1. Introduction
This chapter recapitulates the thesis research on an OLAP-based P M prototype for cost
control and manpower loading analysis. The Pros and cons of applying the O L A P
technology to project management are summarized. Future research work on the O L A P based P M system is discussed.

8.2. OLAP-based PM System versus Conventional PM Systems
Among the currently used project management systems in the industry, most of them do
not support OLAP-related multidimensional data analysis. Some P M systems do support
PivotTable presentation, such as the Microsoft Project Sever 2003. Even so, however,
there are still significant differences between the M S Project Server and the proposed
OLAP-based P M system.
First, the data storage and handling method is totally different. The MS Project Server, as
most other P M systems, uses a conventional relational database to store project data. The
proposed OLAP-based P M system, on the contrary, unloads project data from an OLTP
database and reorganizes it to a data warehouse with a multi-dimensional structure. After
that, data cubes are defined and extracted from the stationary project data, using the
O L A P technology.
Secondly, the data presentation method is different. The M S Project Server is primarily
for scheduling, which is largely activity-oriented. The project data is mostly delivered in
a two-dimensional way. Even its PivotTable presentation is generally established after the
schedule is complete. The OLAP-based P M system, however, represents project data in a
multi-dimensional manner. There are many possible project views (dimensions) to be
represented, and the "tasks" dimension is only one of them.
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Moreover, although the M S Project supports PivotTable presentation, it lacks clear
definitions of data cubes, dimensions, dimension levels, and measures. Generally, it is
very hard for end-users to add a new dimension in the M S Project, such as the "Product"
dimension that is not included by default but has an important role for project
management. Even for those dimensions that are initially included in the M S Project, it is
difficult

to further

define their hierarchies—for

example, the hierarchy of the

"Participant" dimension—that are essential for data analysis. The OLAP-based system,
on the contrary, allows any new dimension to be added, with any possible hierarchy
definition, as long as the dimension is meaningful for the multi-dimensional data analysis.

8.3. Thesis Conclusion
As a pilot prototype, this thesis research does not attempt to make the Web-based, O L A P integrated P M system well-rounded with all possible functionalities that might be of
value to end users. Rather, the main purpose is to do a feasibility study to test the idea of
applying the fast growing O L A P technology to facilitate project management in the
construction industry. From the process of developing the data warehouse, designing the
O L A P cube, and testing and evaluating the system, we can see that O L A P technology
does offer potential improvements to project management, although a huge volume of
future work is needed.
The OLAP-based P M System benefits from various points:
•

Information versus Data: To better control projects, the project managers or any
other end-users need both information and data. Compared with the traditional
solutions, the OLAP-based P M system provides the end user with more
information rather than just data. O L A P makes it easy for users to identify trends
or patterns behind the data very quickly, without the need for them to search
through masses of "raw" data. The OLAP-based P M system is more analysis-
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driven and information-rich, which is suitable for answering project control
questions such as "How is the actual costs compared with the estimated costs of
the concrete work for general contractor spent in January?"
Multi-dimensional

Visualization: In contrast with traditional cost control or

manpower allocation reports, the OLAP-based P M system can produce multidimensional visualization of project data (costs, manpower, etc.). Since external
information related to selected project data is structured in a multi-dimensional
model, it decreases time spent explaining and understanding various aspects of the
project's status. With the help of OLAP-based chart tools—such as the O W C
chart component—creative graphical representations of data can be developed,
which help reduce the ambiguity of status and interrelationships among various
aspects of projects. Because of this multi-view representation ability, the O L A P
technology may be regarded as a possible way to move towards a well-rounded
U P M (unified approach to project management) solution.
Fast Speed: The fast response speed is one of the most attractive features for the
OLAP-based P M system. A large construction project generally produces a huge
volume of project data for analysis. With the help of the O L A P technology, query
responses can be obtained in seconds regardless how complicated the data
structure is.
Flexible Performance: Because the volume of project data is always numerous, it
is generally difficult for users to manipulate project data and develop ad hoc data
presentation in a user-specified way. The OLAP-based P M system, however,
provides a flexible user interface that helps produce ad hoc data presentation in a
dynamic and intuitive manner. With OLAP's slice and dice feature, users can
produce any data presentation they want, often using only dragging and dropping.
User-specified Implementation: OLAP-based P M system can be implemented
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individually as per unique requirements of particular users. For different projects,
the O L A P cubes may be designed in distinct ways so that the final data analysis
can be performed through different data representations. Even i f the O L A P cubes
have already been set and processed, the end users still have the chance to create
new fields with new data by writing M D X expressions.
The OLAP-based approach also has some shortcomings, and difficulties to extend its
usability to a comprehensive P M system. The main issues include:
•

PM Application Limitations: Not all project management application areas fit well
within the OLAP-based P M framework, largely because of the data type
requirement for O L A P cubes to process and manipulate. The project data that can
be defined as the "measures" in O L A P cubes must be numeric, addable, and with
consistent units. Besides cost control and manpower allocation, as tested in
chapter 7, other P M areas that meet the requirement and can take advantages of
the O L A P technology may include material handling, or equipment tracking for
large-sized projects. Other P M areas, such as time management, or risk
management, may be very hard to fit, because the produced project data does not
meet the data type requirement of the O L A P technology.

•

Data Set Requirement: A n important requisite of the approach is the high-quality,
fully interlinked data sets, which might be difficult to collect and organize into the
data warehouse with a multi-dimensional data structure. For the proposed
prototype, as stated in chapter 4, it mainly focused on the design of the data
warehouse and the O L A P cubes, assuming the project data has been previously
unloaded from an OLTP database. For a well-rounded OLAP-based system,
however, the data structure of the OLTP database, as well as the data transmission
services to offload project data, must be established to ensure the practicability of
the OLAP-based multidimensional data representation. That process may be very
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complicated, because for real projects, the produced project data may typically be
very difficult to collect and organize in the necessary form.
Considering the main benefits and deficiencies of the proposed OLAP-based P M system,
future research work to extend its applicability is discussed in the next section.

8.4. Future Work
Although this prototype may be regarded as the first attempt of integrating the O L A P
technology for an U P M platform [Froese, 2], there is still a long way to go for an allinclusive OLAP-integrated IT platform (i.e. a "Project Intelligence" solution) for project
management in the construction industry. A great deal of work needs to be done in the
future, which may include the following:
•

OLTP Design and Connection: The project management practice produces a large
volume of project data that keeps changing every day. One critical focus is on
how to efficiently add, delete, change, and store those real-time operational data
in OLTP databases, as well as how to offload data to the data warehouse through
E T L services (Extract, Transform, and Load). The structure of the OLTP database
must be carefully designed to ensure a clear representation of the project status.
Because the daily operation data are always from different parts of different sites,
it is critical to develop a friendly web-based UI for user's easy manipulation.

•

Multidimensional Model and OLAP Design: In the proposed prototype, a star
schema was applied for the structure of the data warehouse. "Time", "Task",
"Participants", "Products" and "Cost Type" were defined as the O L A P dimensions.
Costs and manpower were defined as the O L A P measures. However, it is still a
critical focus to refine the design of the multidimensional structure of the data
warehouse and the O L A P cubes. This includes the design of the data warehouse
structure model, as well as the O L A P dimensions, levels and measures. The data
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warehouse structure may be "star" or "snow-flake"; other possible O L A P
dimensions may include "Purchase (Order)", "Contracts", or "Quality"; other
possible O L A P measures may be like "material", or "equipment".
Updating Data Cubes: Project information such as tasks or participants may
change at any time, which means the structure of the pre-processed O L A P cubes,
may need to be changed or updated frequently. Because of that, an important
feature of the OLAP-based system is the possibility and convenience for the end
users to update the cube structure whenever it is needed. Otherwise the O L A P based P M system can only be used as a post-construction analysis or reporting
tool rather than a real-time analysis tool to track and control the ongoing projects.
Front-end UI Design: The front-end UI to represent project cube data should be
particularly suitable for controlling construction projects. A lot of work needs to
be focused on this area to develop dynamic graphical presentation for O L A P data
yet in a common manner applicable to construction industry, such as Gantt charts
or C P M diagrams.
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