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Abstract— Data warehouses are decision support 

systems that are specifically designed for the business 

managers and executives for reporting and business 

analysis.  Data warehouse is a database that stores 

enterprise-wide data that can be used to deduce useful 

informat ion. Business organizations can achieve a great 

level of competit ive advantage by analyzing its 

historical data and learn ing from it . However data 

warehouse concept is still maturing as a technology. In 

order to effect ively design and implement a data 

warehouse for an organization, its goal needs to be 

understood and requirement must be analyzed in the 

perspective of the identified goal. In this paper we 

present a goal structured model for requirements 

engineering that also enables its users to manage 

traceability between the goals, decisions, business 

strategy and the corresponding business model. 

 

Index Terms— Business Model, Data Centric, Data 

Driven, Data Warehouse, Requirements Engineering, 

Traceability 

 

I. Introduction 

Data warehousing is a new paradigm that provides 

strategic informat ion to its users whenever required and 

therefore it is becoming an integral part in any MIS 

implementation. In the 1990s, many organizations 

began to achieve competit ive advantage by moving into 

this technology. Basically, data warehousing is a 

comprehensive term which includes the various 

activities involved in  the construction, maintenance, and 

use of the information oriented architecture. 

Business organizations can achieve a great level of 

competitive advantage by analyzing its historical data 

and learning from it . This analysis can reveal certain 

unusual trends in the concerned business activities that 

in turn can indicate opportunities for new business. For 

instance, analysis of past customer demands can help in 

forecasting production needs. A data warehouse is thus 

an integrated collection of enterprise-wide data that is 

organized and managed to support enterprise related 

decision making process. Data warehousing systems 

facilitate the business executives and managers to 

acquire and integrate information from heterogeneous 

sources and to query very large databases efficiently. 

There are broadly two approaches to develop data 

warehouses. One approach is data driven [9] and the 

other is requirements driven approach [6]. In the data 

driven approach, data from operational systems are 

collected, cleaned and then stored in a data warehouse. 

In the requirements driven approach, the data needs of 

the users are first identified and then the data warehouse 

is designed in such a way that all the data needs of the 

users are satisfied. It  experienced that the requirements 

driven approach to build a data warehouse is better 

suited than the data driven approach [12]. For the 

requirements driven approach to succeed, an explicit 

phase of requirements engineering in the data 

warehouse development is required. In a data 

warehouse, the information in warehouse must drive the 

business model. The model in turn is a part of business 

strategy which is formulated based on one or more 

decisions [2].  

Strategy formulation does not take place in vacuum 

rather it depends on the goals and objectives of the 

business. In order to develop a data warehouse that best 

meets the user’s needs, the first step must therefore be 

to identify the goals of the business. A goal is the 

objectives of using the data warehouse. A goal can be 

either simple or complex. While a simple goal cannot 

be decomposed into simpler ones , a complex goal, on 

the other hand, is decomposed in smaller goals that may 

itself be simple or complex. This makes a goal 

hierarchy.  

A stakeholder is a person or a group of people having 

interest in the project. They are actively involved in the 

project as they may affect the pro ject. Stakeholders may 

own more than one goal. But a simple goal may not be 

shared between different  stakeholders. For instance 

customer, user group, etc are stake holders. Strategy is 

defined as a plan to accomplish the goal. Decision is a 

choice that is made between n numbers of possible 
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actions. For a decision to be effective and in tune with 

the time, the information base should be of quality. 

Quality Information is the Informat ion that is accurate, 

specific and organized  for a purpose, presented within a 

context that gives it meaning and relevance to enhance 

understanding and decrease uncertainty. The 

informat ion is valuable only  if it is effective enough to 

affect a decision. Strategy is associated with a 

justification that explains how the framed strategy can 

help to achieve business goal. Justification may be 

given using formal proofs. 

The paper is organized in five sections. Section 2 

deals with the concept of goal structured requirement 

engineering. In Section 3, we have proposed a 

traceability model for data warehousing and its 

implementation is d iscussed in the Section 4. The paper 

is concluded in the section 5. 

 

II. Goal Structured Requirement Engineering 

For the requirements driven approach to develop a 

data warehouse, Jarke et  al [10] had proposed to add a 

Conceptual Design Phase before the Logical Design 

Phase that could identify the conceptual objects like 

facts, dimensions, hierarchies, etc. But how these 

objects can be identified has not been discussed. So 

another phase of Requirements Engineering was 

proposed to be added before the Conceptual Design 

Phase [4]. The Data Warehouse Requirements 

Engineering process must be closely related to the 

strategy formulation process because this is the main 

reason for using and deploying a Data Warehouse in an 

organization. The data warehouse development process 

can be better understood by breaking it down into three 

phases which are given as follows:  

Conceptual Design Phase that gives a Conceptual 

Model that identifies facts, dimensions, dimension 

hierarchies, aggregations 

Logical Design Phase that gives a Logical model to 

represent data in DDL which depends on the DW 

package to be used 

Physical Design Phase that gives a Physical Model to 

define the physical layout of how data will be organized 

in the Data Warehouse 

A data warehouse is used by user to extract strategic 

informat ion. Thus, a data warehousing solution is not 

only about the technology but also about solving user’s 

problems and providing them useful information. In the 

requirements engineering phase of data warehouse 

project, expectations from data warehouse is determined. 

A data warehouse is an informat ion delivery system. So, 

while co llect ing information fo r data warehouse, 

approach should be based informat ion delivery model 

rather than simply data capture model. The 

requirements engineering phase guides the whole 

process of system design and development. The 

accuracy of this phase is thus, critical for the success of 

the system.  

A user may like to access the data warehouse to 

search for strategic information, execute queries, get 

results, manipulate it to view the results along several 

dimensions in graphical format and then perform 

analysis. The user may not like to take help from others 

for such tasks. It is therefore ext remely important to 

develop the system in user friendly manner so that all 

the needed elements of informat ion is in optimal 

formats and it may be used by the user with little or no 

training and independently without any help from IT 

professionals. 

 

Goal

Satisfied 

by

StrategyDepends 

on

Decisions

Requires

Quality information

Associated 

with

Justification

Business model Leads to

Action

Defines

1, N

Consist of

Complex goalSimple goalStake holder Has a

 

Fig. 1: Goal Structured Requirement Engineering and Traceability 
Model 

 

In a data warehouse environment, the requirements of 

the users are driven by their goal. It is important to 

understand this basic goal which is the most crucial 

elements for success of any data warehouse. Task 

performed in d ifferent phases of development of the 

data warehouse is guided by the requirements and hence 

goals of the users- be it data design, architectural design, 

infrastructure planning or planning of information 

delivery mechanisms. The model shown in  Fig 1 can be 

used for requirements engineering and maintaining 

traceability in data warehouse systems. This model 

starts with identification of goals of the users. 

 

III. Traceability Model  

Traceability refers to having complete informat ion 

about every step in the project. It  enables users to 

chronologically inter-relate uniquely identifiable item, 

verify its history, location, or application through proper 

documentation. Existing traceability models [7] focus 

on tracking relat ionships between requirements 

http://www.businessdictionary.com/definition/context.html
http://www.businessdictionary.com/definition/uncertainty.html
http://www.businessdictionary.com/definition/decision.html
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specifications and design. This approach is not enough 

for a system like that of a data warehouse. Here, we 

need to assign proper importance to the goals of the 

users. The proposed model is able to identify a number 

of traceability relationships between goals, existing 

business model and stakeholders. 

In this model, we have a strategy for each simple goal 

that is owned by a stakeholder. The strategy leads to a 

business model. So we can easily t race the relat ionship 

between a goal, its stakeholder and the corresponding 

business model that was designed. This helps in 

gathering informat ion about the decisions that were 

taken, assumptions that were made and justifications 

that were given to approve or reject a particular decision. 

Since we can have a hierarchy of goals, the model helps 

to trace the relationships between goals and strategies 

through-out the hierarchy. This leads to traceability 

from abstract statements to documented requirements 

and then to its design level. Whenever certain decisions 

turn out to be impract ical, the effect of undoing a 

decision or modify ing the strategy can be understood. 

This may be because of the change in user’s 

requirement or due to additional requirements of 

information or data processing tools.  

A business model is a framework that describes core 

aspects of a business, including purpose, offerings, 

strategies, infrastructure, organizational structures, etc. 

Therefore, it g ives a complete picture of an organization 

from a high-level perspective. According to the 

proposed model, the first and foremost step in the 

Requirements Engineering process is to identify goals 

of the users. To accomplish these goals, formulate a 

sound strategy. However, in order to finalize a strategy 

a number of decisions may have to be taken. These 

decisions can be made only with the help of quality 

informat ion present in the data warehouse. Moreover, 

every strategy is associated with a justificat ion that 

explains as how the strategy can accomplish the 

identified goals.  Let us take an example to realize the 

proposed model.  

GOAL: Increase market share by 15% 

SUB-GOAL 1: Increase sales 

SUB-GOAL 2: Retain Customer Loyalty 

STAKEHOLDER: CEO of the business 

DECISIONS:  

a. Launch a new product in the market  

b. Improve the quality of the existing products  

c. Open new Retail Outlets 

INFORMATION:  

a. Information about existing products of the business 

b. Information about competitor’s products  

c. Information about user’s preferences and usage 

patterns 

d. Information about sales trends in the market 

e. Information  about area where there is no or less 

number of stores 

STRATEGY:  To launch a new product with better 

quality in  the next two  years and open a new retail 

outlet in the north-west region within a year 

JUS TIFICATION: To launch a new product 

requires R&D in the area which  takes more time, so it 

can be accomplished within two years. However, 

opening a new area is a region where there are no/few 

stores can be done in less time. This strategy will enable 

the business to enhance its market share by 15%. 

Justification also includes factual data to give a formal 

proof. This factual data can be obtained only from the 

information stored in the data warehouse.  

In this model, when a user has a new goal, then the 

existing business model and the new goal are inputted 

in the proposed model to formulate a new strategy and 

thus a revised business model. Th is is shown in the Fig 

2. 
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Fig. 2: Revising an existing business strategy using Traceability Model 

 

Thus, we see that backbone of this model is the goals 

of the user and quality information stored in the data 

warehouse. With this model in p lace, the data 

warehouse development team can easily get an insight 

into what information is actually required to take the 

decisions. 

IV. Implementation Strategy 

In the data warehouse environment, metadata 

occupies a key position. It  is only through metadata that 

the communicat ion among various applications and 

processes is made possible. It will not be wrong to say 

that the metadata acts like a nerve center in the data 

warehouse. Data warehouse users retrieve information 
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by creating ad hoc queries and running them under the 

data warehouse environment under implementation. 

Since report format is decided by the user, user needs to 

know about data in the data warehouse before creating 

their own reports and queries. Metadata comes into 

picture here.  

The success of the proposed model lies in appropriate 

storage and timely retrieval of useful data about goals, 

strategies and their performance parameters. For this we 

need to record all this informat ion required in the 

metadata repository. As of now, we know that we have 

three types of metadata: end user metadata, operational 

metadata and extraction and transformat ion metadata, as 

summarized in Tab le 1. The proposed model defines a 

new perspective called the goal’s perspective to store 

informat ion in the metadata repository. Look at the 

figure which shows a detailed explanation of a goal. 

 

 
Table 1: Types of metadata in data warehouse systems 

Type of Metadata Usage  

Operational It  contains information about the operational data sources. 

Extraction and Transformation 

It contains information about data extraction from source systems and various 

transformation techniques that were applied to the data before storing it in the data 
warehouse. 

End User 

It acts as a navigational map of the data warehouse by enabling end-users to find 
information using their own terminologies. End-user metadata translates a cryptic name 
code of a data element into a meaningful description so that end-users can understand 

and use that data 

 

The metadata in data warehouse can be made to store 

additional data that is centered on goals. Doing this an 

organization can reap the following benefits: 

 Make relationship between the data in data 

warehouse and user’s goals visible and accessible  

 show how user’s goals and metrics are reflected in  

the data warehouse model  

 enable the development team to use this informat ion 

to support and improve data interpretation 

 Helps the decision makers to better interpret the 

performance of the organization and understand the 

implications of strategies formulated. 

 Involves a comparatively s mall investment for 

valuable metadata but gives useful information to 

data warehouse users  

 Goals of the organization  acts as a single driv ing 

force of information 

 Very useful for requirements analysis and design or 

re-design of data warehouse as it helps the 

development team to extract  more information as 

compared to that extracted using user interviews  

According to the proposed metadata model, the data 

warehouse metadata must store detailed information 

about goals. Here, every simple goal is owned by a 

stake holder who belongs to a particular department and 

has a metric associated with it. The metric has a target 

value which  is specified in  some units. In addition to 

this, scope of the metric is defined by dimensions and 

may be limited by a specific time frame. 

For example, a  simple goal “Increase the sales of 

Product xyz by 5% in north region by the end of this 

year” has a timeframe (end of the current year), the goal 

may be owned by an employee Mr. A of department B. 

Here, scope of the goal is constrained by dimensions 

product and region. Finally the value of the metric with 

units is 5%. 

 

Conceptual Schema for the Proposed Model 

We know that in data warehouse, data is modeled 

based on star schema. In star schema dimesnion tables 

surounds the fact table thereby forming a star type 

formation. Like fact and dimension tables, we can also 

arrange the Goal table and dimension tables. Let us now 

analyze how the details about user’s goal can be 

represented in the form of a star schema.  

According to Fig 4, Goal table is at the centre and 

stores details about user’s goal. These details include a 

goal id, goal name. In addition to this, it stores name of 

the stakeholder who owns that goal, metric related to 

the goal, the region where the goal is applicable, the 

product for which the goal is meant, time at which it 

entered the system and the remarks that explains 

whether the goal was accomplished and the technical 

details of the process carried out to satisfy the goal.  

Note that Goal table has a measure- frequency of use, 

which is a counter that is automatically incremented 

whenever a particular goal is accessed and refereed for 

making decisions. Such a construct gives an insight into 

the effectiveness, efficiency, satisfaction, confidence 

and acceptance level of the decisions.  

All type of information is made accessible by 

organizing the details in separate tables and then using 

keys of those tables in the Goal table. Advantages of the 

Goal-Dimension Tables include: 
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 Helps to organize the details of user’s goals, the 

strategies formulated to satisfy those goals and other 

related information in separate tables.  

 Helps to know which strategies were applied in  

which situation and whether the chosen strategy was 

successful or not 

 Having a historical data on goals and strategies helps 

to make better, more informed, quality decisions  
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Fig. 3: goal perspective data to be stored in the metadata 

 

The metadata in data warehouse can be made to store 

additional data that is centered on goals. Doing this an 

organization can reap the following benefits: 

 Make relationship between the data in data 

warehouse and user’s goals visible and accessible  

 show how user’s goals and metrics are reflected in  

the data warehouse model  

 enable the development team to use this informat ion 

to support and improve data interpretation 

 Helps the decision makers to better interpret the 

performance of the organization and understand the 

implications of strategies formulated. 

 Involves a comparatively s mall investment for 

valuable metadata but gives useful information to 

data warehouse users  

 Goals of the organization  acts as a single driv ing 

force of information 

 Very useful for requirements analysis and design or 

re-design of data warehouse as it helps the 

development team to extract  more information as 

compared to that extracted using user interviews  

According to the proposed metadata model, the data 

warehouse metadata must store detailed information 

about goals. Here, every simple goal is owned by a 

stake holder who belongs to a particular department and 

has a metric associated with it. The metric has a target 

value which  is specified in  some units. In addition to 

this, scope of the metric is defined by dimensions and 

may be limited by a specific time frame. 

For example, a  simple goal “Increase the sales of 

Product xyz by 5% in north region by the end of this 

year” has a timeframe (end of the current year), the goal 

may be owned by an employee Mr. A of department B. 

Here, scope of the goal is constrained by dimensions 

product and region. Finally the value of the metric with 

units is 5%. 

 

Conceptual Schema for the Proposed Model 

We know that in data warehouse, data is modeled 

based on star schema. In star schema dimesnion tables 

surounds the fact table thereby forming a star type 

formation. Like fact and dimension tables, we can also 

arrange the Goal table and dimension tables. Let us now 

analyze how the details about user’s goal can be 

represented in the form of a star schema.  
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According to fig  4, Goal table is at the centre and 

stores details about user’s goal. These details include a 

goal id, goal name. In addition to this, it stores name of 

the stakeholder who owns that goal, metric related to 

the goal, the region where the goal is applicable, the 

product for which the goal is meant, time at which it 

entered the system and the remarks that explains 

whether the goal was accomplished and the technical 

details of the process carried out to satisfy the goal.  

Note that Goal table has a measure- frequency of use, 

which is a counter that is automatically incremented 

whenever a particular goal is accessed and refereed for 

making decisions. Such a construct gives an insight into 

the effectiveness, efficiency, satisfaction, confidence 

and acceptance level of the decisions.  

All type of information is made accessible by 

organizing the details in separate tables and then using 

keys of those tables in the Goal table. Advantages of the 

Goal-Dimension Tables include: 

 Helps to organize the details of user’s goals, the 

strategies formulated to satisfy those goals and other 

related information in separate tables.  

 Helps to know which strategies were applied in  

which situation and whether the chosen strategy was 

successful or not 

 Having a historical data on goals and strategies helps 

to make better, more informed, quality decisions  
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Fig. 4: Goal and Dimension Tables 

 

However, to make the proposed model a success, 

data warehouse team should monitor the usage pattern 

of the data and its impact on the strategic decision 

toward fulfilling the goal. Continuous monitoring would 

bring forward user’s concerns. A performance metric 

used by organization to measure the performance of its 

decision can very well be used to measure the 

effectiveness of data warehouse. Hess and Wells [11] 

observed that although metadata is heavily used by the 

data analysts, data warehouse team g ives very less or no 

attention to its maintenance. All the more, access to the 

metadata is often not convenient, timely  and centralized. 

Poor quality of metadata resulted due to lack of 

maintenance, affected the effectiveness of the decisions 

that were made. Many a times, data warehouse users 

appeared not to use strategies that were recommended. 

Therefore, metadata maintenance and ease of access 

must be of utmost concern for the data warehouse team.  

 

V. Conclusion 

We have proposed a goal structured model in which  

the data about goals are organized in  a table called the 

goal table. This table is linked with corresponding 

dimension tables to access relevant data in  an organized 

manner. Data-centric approach to building  the data 

warehouse has not been successful. The t raceability 

model extends beyond tracing the relat ionships between 

requirement specifications and design. It is structured 

around user’s goals and helps in the following ways. 
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 identifying the requirements that would  be affected 

when the designer of the system wants to undo a 

specific design path, 

 analyzing the impact on existing requirements when a 

user’s changes the  requirements of an ongoing 

project, and 

 re-using the existing business model as the decisions, 

justifications and assumptions if any can be easily 

understood.   

Requirements driven approach to build a data 

warehouse is a better approach, but it requires an 

explicit phase of requirements engineering to gather 

informat ion from users. The information collected from 

the users gives an insight into the data that must be 

stored in the data warehouse. Formulation of effective 

strategies depends on the goals of the users. The 

proposed model keeps detailed  record o f goals and 

helps in evaluation of impact of decision taken based on 

the data from the data warehouse.  

The model helps in identify ing dormant data in the 

data warehouse. Dormant data is the one that is never 

accessed by the users. Keeping this data in the data 

warehouse is a useless overhead and therefore such data 

may be removed from data warehouse. Goal structured 

metadata stores data pertaining to the goals of the 

stakeholders who own that goal, the strategies that were 

formulated to satisfy them, alternative paths of actions 

that were proposed, reasons for not choosing the 

alternate options and performance of strategic decisions. 

Thereby, this approach makes the relat ionship between 

the data and user’s goals visible and accessible. It 

shows how user’s goals and metrics are reflected in the 

data warehouse model.  The model also helps  in 

evaluating implications of strategies formulated. 
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