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Abstract. Definition of appropriate measures of organization’s performance 
should be conducted in a systematic way. In this paper the performance 
measurement and indicators are discussed not only from the side of 
management models, but also from the point of view of measurement theories 
to find out appropriate definitions. In our work we propose a formal 
specification of indicators. The principles of indicator reformulation from free 
form indicators to formal requirements are formulated and applied in several 
examples from performance measures database. The formally defined indicators 
could be used in the proposed performance measurement framework that covers 
five-step indicator lifecycle. 

Keywords: performance measurement, key performance indicators, data 
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1 Introduction 

In a long-term perspective it is necessary not only to understand the current situation 
in an organization and to rebuild the business processes, if necessary, in the most 
effective way, but also to continue the improvement of business processes based on 
comprehensive measurement of organization’s performance.  

Effective organization of business processes ensures the achievement of 
institution’s goals. During a performance measurement, the measurement results 
should be compared with the target values to make decisions, whether goals are 
achieved or not. Organizations use performance measures to align daily activities to 
strategic objectives [1]. The role of appropriate measures could not be 
underestimated, so Harrington [2] stated: “Measurements are the key. If you cannot 
measure it, you cannot control it. If you cannot control it, you cannot manage it.  If 
you cannot manage it, you cannot improve it.” 

An important aspect is how to choose appropriate measures and how to define an 
appropriate measurement framework. The performance measurement should be 
performed from different perspectives. 

Companies should use performance measurement systems, if they want to succeed 
in the competition with other companies. Measurement systems have to be developed 
according to the strategies of the company and according to some management model, 
e.g. Balanced Scorecard. A data warehouse could also be used for implementation of 
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a Performance Measurement System. The related work in this field is discussed in 
following sections.  

The definition of performance indicators should be based on the strategy of the 
company and for that purpose an appropriate method should be used. The indicators 
can be defined on various levels of formality. Some proposals on how to specify 
formally performance indicators exist and are described in [3], [4]. 

The authors of [3] propose a formal language for a modelling of goals based on 
performance indicators. The goal satisfaction could be controlled and the evaluation 
of the organizational performance could be performed. The authors of [4] propose a 
formal language for the indicator definition by introducing the sorts of indicators, 
predicates and functions included in it. Relationships between indicators could also be 
defined. 

In our work we propose a formal specification of indicators that could be used in 
the performance measurement framework, which covers five-step indicator lifecycle 
and is also proposed in this paper.  

The rest of the paper is organized as follows. The 2nd section introduces concepts 
of the performance measurement. The 3rd section describes performance measurement 
systems. The 4th section describes the performance measurement framework with an 
indicator lifecycle. The 5th section defines a requirement pattern and explains how it 
could be used for a formal definition of indicators. The 6th section ends the paper with 
conclusions and a description of the future work. 

2 Performance Measurement Concepts  

The definition of appropriate performance measures should be performed in a 
systemic way, based on well known approaches. The real world experience shows 
that companies use wrong measures [1], many of which are incorrectly treated as key 
performance indicators (KPIs). There is a lack of understanding what is and what is 
not a KPI, how success factors are connected with KPIs and organization’s strategy.  

2.1 Key Concepts: from Strategy to Measures 

Before starting a discussion about formalization and choosing of appropriate 
performance measures, notions regarding performance measures have to be 
introduced.  

Critical success factors (CSFs) [1] are issues or aspects of organizational 
performance that determine ongoing health, vitality and well-being. Usually from 5 to 
8 CSFs are included in such list.  

Success factors (SF) [1] are approximately 30 issues or aspects of organizational 
performance that are important in order to perform well in any given sector/industry. 
The most important of them are CSFs. 

Performance measures [1] refer to indicators used by management to measure, 
report and improve the performance in an organization. Performance measures are 
classified as key result indicators, result indicators, performance indicators, or key 
performance indicators. 



Performance Measurement Framework with Formal Indicator Definitions      3 

• Key result indicators (KRIs) represent summaries about many activities in an 
organization’s CSF, but they do not help to understand what should be improved 
within organizations. KRIs can be financial and non financial. 

• Result indicators (RIs) summarize some activities within CSF/SF, they are usually 
a result of more than one activity, but like KRIs they do not give information on 
what and how to improve. All financial performance measures are RIs,  

• Performance indicators (PIs), on the contrary, „tell you what to improve” [1], 
because PIs measure a discrete activity. PIs are non financial.  

• Key Performance Indicators (KPIs) „tell you what to do to increase performance 
dramatically” [1], KPIs represent the set of measures focusing on those aspects of 
organizational performance that are the most critical for the current and future 
success of the organization. 
The set of used performance measures is influenced by management models of 

organizations, e.g. Balanced Scorecard (BSC) [5], and measurement perspectives 
defined within these models. In [5] four measurement perspectives are defined: 
Financial, Customer, Internal Process, and Learning and Growth. In [1] two more 
perspectives are added to the above mentioned in BSC – Environment/Community 
and Employee Satisfaction. 

2.2 Features of Indicators 

Indicators can be characterized according to different measurement aspects [1], [6]. 
• Perspectives. This aspect was already mentioned above. It should be added that not 

all indicator types cover all perspectives, e.g. financial perspective is related to 
KRIs and RIs, but not to PIs. 

• Time. Subtypes of time aspect could also be considered – measurement periods 
when values of indicators are assigned and reporting periods that define the amount 
of historical data that should be included into reports. Although, KRIs are typically 
measured monthly, the time period for reporting may include even longer periods, 
e.g. year. KPIs are measured more frequently, e.g. daily or weekly.  

• Responsibility aspect. Persons responsible for different types of performance 
measures could be at different levels starting from the top management to an 
individual level, where, for instance, in case of PIs all required actions are known 
and could be performed.  

• Activities. RIs cannot be tied to a discrete activity; PIs, on the contrary, are tied to a 
discrete activity. 

• Success Factors. Performance measures influence one or many CFS or SF 
depending on types of performance measures, e.g. KPIs impact more than one CSF 
/SF.  

• Reporting aspect. The results for different types of performance measures could be 
reported at different levels starting from top management to individual level.  For 
example, in case of KPIs results are reported to top management, they help to 
understand the required actions, and then the responsibility can be assigned to the 
individual level. So, Responsibility aspect and Reporting aspect not always have 
the same meaning.  
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2.3 Measurement Concepts 

We can look at the performance measurement and indicators not only from the side of 
management models, but also from the point of view of measurement theories to find 
out appropriate definitions.  

Measurement is [7] “the process by which numbers or symbols are assigned to 
attributes of entities in the real world in such a way as to characterize the attributes by 
clearly defined rules.” 

There exist ontologies, methods [8], [9], [10] for determination of indicators in 
some industries, e.g. Software process measurement. In business process 
measurement, the measurement is considered in the context of its applications, e.g. 
the business process reengineering or the performance measurement. The 
measurement concepts are not usually discussed in the case of business process 
measurement.  

Further some definitions concerning the measurement are given to explain how the 
indicators are gained according to the measurement theories mentioned above. 

Before the measurement, the information needs should exist, which are necessary 
for decision making. In the measurement, the following hierarchical structure is 
considered: attributes  base measures  derived measures  indicators  
information.  

A measured attribute is a property of an entity that can be identified.  
A base measure is a measure of one attribute. The measurement method, if 

performed, assigns a value for this base measure.  
A derived measure is defined as a function of two or more base or other derived 

measures.  
An indicator is a measure that ensures the evaluation for particular attributes and is 

gained by means of an analysis which is performed according to an analysis model. 
Analysis model is an algorithm that combines two or more base and/or derived 
measures with decision criteria. Indicators provide the basis for a decision making and 
supply analysts with the necessary information.  

Decision criteria are numerical goals that are used to estimate if certain activities 
should be performed or if further investigation of the situation is necessary.  

3 Performance Measurement Systems  

Companies use measurement systems to evaluate their performance. Management 
models, e.g. the Balanced Scorecard, should be used to develop such system to choose 
appropriate measures and to define the measurement framework. According to a 
management model, companies can be measured corresponding to different 
perspectives, e.g., financial, customer, internal business processes and others. 
Different aspects (e.g. connection to success factors, reporting and responsibilities) of 
performance indicators could be modelled and documented.  

The advantage of using a data warehouse for the implementation of a performance 
measurement system is the possibility to use existing infrastructure of the company’s 
data warehouse. Data warehouses reflect traditionally customer and financial 
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indicators of companies. Management theories, e.g. the Balanced Scorecard, are 
hardly ever used in the field of data warehousing. We can conclude that internal 
business processes, learning and growth and other (e.g. environment/community) 
perspectives are typically not covered. The authors of [11] state that the next step is to 
integrate the relevant perspective of internal business processes into a data warehouse. 
Some experience in this direction is described also in [12], [13] and will be later 
briefly explained in this paper. 

3.1 Data Warehouse as a Solution  

Data warehouses as a solution for storing and analysing business data are described in 
a number of papers [13], [6]. This section summarizes the specific features of data 
warehouses, if they are used for an implementation of performance measurement 
systems.  
• Different new data sources. Workflow logs are integrated with other data sources. 

As a special case only workflow log files are studied [14]. Workflow Management 
Coalition has defined three types of data that are related to workflow systems [15]: 
data of application programs, workflow-specific data and internal data of workflow 
systems. The workflow-specific data determines the choice of particular execution 
path; data is calculated at the moment of process execution and often not stored in 
workflow logs. Internal data of workflow systems is the data about the execution of 
the workflow; it is stored in log files. 

• Specific data analysis approaches. Different ways for the analysis of workflow 
logs are described in [6], but they are applicable also in the case of other types of 
process data warehouses.  
The data analysis could have different data analysis goals, e.g. technical or 

business goals. The examples of technical goals are testing of workflow systems, 
evaluation of response time or workload of a system. The data analysis could be 
performed at different levels by different users, so, personalized needs of an 
individual user or the interests of the whole company could be the focus of the data 
analysis. Individual users could have also different roles during the analysis, e.g. 
process owners, process performers, managers, support staff, data analyst and others.  

The data analysis could have different time periods – e.g. short term analysis of 
processes, which presumes monitoring of process execution at the time of the 
analysis, and long term analysis (or process control), which means the analysis after 
the process execution.  

These approaches could be combined, e.g. process monitoring in the case of 
technical goals could be used to evaluate the number of active users and the current 
workload. The data analysis also could have different analysis perspectives depending 
on the performance measurement framework used, e.g. customer, financial etc. 
• Data warehouse model. The existence of different above mentioned aspects may 

determine the data items to be included into the data warehouse model for 
performance measurement. Important aspects that should be evaluated [13] are: 
the key measurements to be implemented in a data warehouse, their priorities and 
the situation with the necessary data to calculate these measurements. Possibly, 
some new data elements should be collected in the future. 
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3.2 Overview of Data Warehouses for Performance Measurement 

Descriptions of implementations of performance measurement systems by means of a 
data warehouse are given in several works. Many solutions for specific aspects that 
arise, if data warehouses are used for implementation of performance measurement 
systems, are introduced (e.g. dimensional models). 

The Process Data Warehouse is defined [12] „as a data warehouse which stores 
histories of engineering processes and products for experience reuse, and provides 
situated process support”.  

The concept of a Performance Management System (PMS) is defined in [13] as a 
system which “stores and manages all performance relevant data centrally, including 
both financial and non-financial data”, and also ensures system’s approach to 
measurement and timely access to data. The method used to build a data warehouse 
for the PMS is given. Performance indicators are defined based on analysis of 
company’s goals, processes and stakeholders. Information needs are elicited. The 
PMS contains values of measurements and supplementary information about 
company structure, business processes, goals and performance measures. Besides 
traditional data warehousing perspectives of performance measurement, the process 
perspective is also analysed to some extent (e.g. execution time).  

In [11] the authors propose a Corporate Performance Measurement System 
(CPMS), where process performance data is integrated with institution’s data 
warehouse. Log files of a workflow system are used as data sources. Also, a method 
used to build a data warehouse for the CPMS is given. Goals for business processes 
are derived from goals of the company. Questions about measurement of goals are 
used, relevant indicators and data sources are described. The model of CPMS is 
developed as a part of an existing data warehouse model of the company. 

3.3 Concept of a Data Warehouse of Processes  

A category of data warehouses for performance measurement can be distinguished, 
where the focus is the storage and analysis of business process execution patterns. So, 
the concept of a Data Warehouse of Processes is introduced, however, the 
interpretations of the concept could differ. 

In the systems mentioned already in previous section workflow data is used as a 
data source. The performance management system [13] stores process execution data 
besides other data to ensure the systematic measurement of processes. In the corporate 
measurement system [11], the data about the execution of processes from log files of 
workflow systems are integrated into the relevant company’s data warehouse. 

Workflow data warehouse [14] represents the concept of Data Warehouse of 
Processes. The authors of Workflow Data Warehouse [14] argue why and when data 
warehouse can be an appropriate solution for storing and analysing log files of 
process execution. Existing analysis tools provide limited possibilities – typical 
measures are number of executed process instances per time period, average 
execution time. The authors [14] propose a general-purpose model that is meant for 
storing different types of related facts, e.g. an activity is executed in the context of 
particular definition of workflow as a part of particular branch. The proposed model 
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also includes Behaviour dimension that defines typical patterns of workflow 
execution in the past and that allows to analyse the current workflow execution, 
according to these predefined patterns. An important aspect of the proposed solution 
is that the dimensional model includes additional fact table Process Data Fact that 
represents the business data, where each particular process has changed.  

3.4 Summary about Process Measurement Systems  

On one hand, it is not enough to analyse separately some particular aspect, e.g. the 
workflow log files, because it does not help to evaluate the true status of the business, 
if we do not know anything about the data changed by business processes. On the 
other hand, when only business specific data is analysed, we can get information 
about a business situation, but there is a lack of reasonable information on why the 
situation is such as is shown in the business data analysis. The investigation of the 
workflow data can help to find out the bottlenecks of the workflow execution and to 
improve them.  

Often in the real world not all possible data sources are used for data analysis, e.g. 
different log files, because of additional complexity of the integration; this data may 
also be underestimated as a valuable information source. The limited choice of data 
sources determine that the business indicators could not be freely defined. 

A data warehouse as a solution for a process measurement system is appropriate, 
when mostly the long term analysis is performed, when integration of all possible data 
sources is needed and one part of necessary data already exists within a data 
warehouse of a company. A data warehouse will also be an appropriate solution, if 
analysis is performed at the level of an organization. 

4 Performance Measurement Framework with Indicator 
Lifecycle 

The previous concepts from the section about performance measurement concerning 
the management part of the measurement could be treated together with concepts 
from measurement theories to explain the nature of indicators in a most 
comprehensive way.  

We could observe a lifecycle of indicators, which consists of 5 steps – indicator 
definition, measurement, analysis, reaction and improvement. Indicator definition step 
describes mostly different features of indicators that help to understand why that 
measure is introduced. The measurement step represents the process, when indicators 
get the values. The analysis step represents the process, when indicators are used to 
make decisions. The reaction step represents the process, when the decisions that are 
made in the previous step are implemented. The improvement step supports the 
evaluation of indicator definitions and values of aspects.  

According to the five-step lifecycle of indicators, each step could be represented by 
different aspects (Figure 1). These aspects have the same meaning as described in the 
previous sections, but are grouped according to the particular step. We introduced 
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some additional aspects, e.g. Level. This aspect describes the Level of indicators, 
whether it is needed for Organization level (team level) or for an Individual person. 
Concerning the Process aspect, it should be mentioned that for the reaction purposes 
also the goal of measurement should be clarified.  

 

LEVEL
Organization
Individual

TYPE
KRI, RI
KPI, PI

PERSPECTIVE
Customer
Finance
Internal Processes
Learning and Growth
Environment/Community
Employee satisfaction

TIME
Orientation

(Past, Current, 
Future) PROCESS

(for PI and 
KPI)

SUCCESS FACTORS
Success factor
Critical success factor

Indicator

Definition aspects 
of indicators

DATA SOURCE
Existing
To be gathered

MODEL
Indicator dependencies
Indicator hierarchy
Base / derived measures

TIME
Frequency METHOD

Automatically/calculated
Manual/surveys 

Indicator

Measurement  aspects 
of indicators

REPORTED TO
Management
Responsible for processes

TARGET VALUE
Decision criteriaTIME

Reporting time

ANALYST
ANALYSIS MODEL

Analytical functions
Representation

Indicator

Analysis aspects of 
indicators

PROCESS 
Rebuild
Improved

ACTIONS
To be performed

TIME
Reaction time

RESPONSIBLE FOR
Reaction 

Indicator

Reaction  aspects of 
indicators

VALUES OF ASPECTS
 To be changed

DEFINITION
 To be adjusted
 Accepted/Rejected

Indicator

Improvement  aspects of indicators  
Fig. 1. Five groups of indicator aspects. 

The proposed measurement framework with indicators as the focus raises two 
further questions – (i) which is the most appropriate implementation to support the 
described lifecycle, and (ii) how the indicators should be formalized to bring the 
maximum of clarity into the process, what, why and how is measured.  

The analysis of existing Performance Measurement Systems in Section 3 shows 
that the data warehouse can be chosen for a possible solution for the proposed 
measurement framework. Further in this paper, the formalization method of sentences 
that express the indicators is proposed. 

5 Formal Model for Indicator Definition  

Software requirements are normally described using a requirement specification 
language with various levels of formality [16]. The approach that we have proposed 
in our previous work [17] is based on extracting necessary information out of business 
requirements defined in natural language, thus, making business requirements more 
precise and formal. The proposed approach in [17] is meant for expressing 
requirements of data warehouse systems with one particular goal – to find out similar 
requirements for creating similar multidimensional model for a data warehouse that is 
built in the same industry. 
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The type of an information system to be developed has some impact on a way of 
formulating sentences that express requirements. Before starting our study, we 
assumed that requirements for data warehouses and information requirements 
particularly have a similar structure or pattern. This assumption was based on our 
observations on how the information needs were described in practical data 
warehousing projects. Also, the typical way the data warehouse data are analysed 
afterwards by means of typical OLAP operations with underlying typical SELECT 
statements shows that this assumption could be true.  

Requirements are represented by sentences (subsets of words in natural language) 
that are used to specify what action(-s) the system should perform and which object(-
s) it will affect. The question is whether the description of action(-s) and object(-s) 
could be a subject of formalization, e.g. how the terms of sentences are structured and 
if common pattern could be observed. In [17] a metamodel is given that describes the 
common structure of the information requirements for data warehouses.  

In the case of performance measurement, we propose a revised metamodel defined 
in [17] to express the indicators.  

We could use similar approach because of several reasons. On one hand, indicators 
are the focus of data analysis in the measurement process, according to the 
measurement concepts. On the other hand, the data warehousing models are built to 
represent the information needs for data analysis. So, we could talk about indicators 
as an information requirement for a data warehouse system. Therefore, the 
formalization of indicators could be based on the nature of elements of 
multidimensional models, e.g. the distinction between Quantifying Data and 
Qualifying Data.  

We based the proposed model on the structure evaluation of the sentences that 
formulate performance indicators taken from the performance measures database [1].  

5.1 Principles of Indicator Reformulation 

After considering approximately 330 different indicators in [1] that refer to customer 
focus (CF), environment & community (EC), employee satisfaction (ES), finance (F), 
internal process (IP), and learning & growth (LG), we highlighted the following 
principles: 
• An indicator component, which is supposed to be measured, is treated as an 

aggregated number of all occurrences of this component. For example, calls is 
reformulated to “count (call occurrence)”, where count is the suitable aggregate 
function.  

• If an indicator component is supposed to be shown in detail, then in the 
corresponding requirement the refinement function show is applied. For example, 
employee is reformulated to “show employee”. 

• If an indicator contains such components as “listing of”, “list of”, or “instances of”, 
then in the corresponding requirement the refinement function show is applied. For 
example, listing of customers is reformulated to “show customers”.  

• If an indicator contains such component as “number of”, then in the corresponding 
requirement the aggregate function count is applied. For example, number of visits 
is reformulated to “count (visit occurrence)”.   
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• If an indicator contains such components as “cost of”, “value of”, “expense”, “total 
expense”, “income”, “total income”, “revenue”, “investment”, etc., or the name of 
currency in the beginning if the indicator, then in the corresponding requirement 
the aggregate function sum is applied. For example, dollars saved is reformulated 
to “sum (dollars)”, however, total income is reformulated to “sum (income)”. 

• If an indicator contains such component as “average”, then in the corresponding 
requirement the aggregate function avg is applied. For example, average response 
time is reformulated to “avg (response time)”.   

• If an indicator contains such components as “%”, “percent”, “percentage”, or 
“ratio”, then the percentage is substituted by division of partial quantity by total 
quantity. For example, an indicator IT expense as a % of total administrative 
expense is reformulated to “sum (IT expense) / sum (expense)”.    
Of course, the mentioned principles are supposed to be used taking into 

consideration the context of each indicator. One should analyse indicators to decide 
whether the data has to be aggregated or not and choose the appropriate aggregate 
function, if needed. Some of the instances of such indicators are: sales closed, 
initiatives completed, dates, candidates, days of production, energy consumed, etc.  

5.2 Requirement Pattern Description 

All indicators have common structure, for that reason it is possible to determine a 
pattern for re-writing business requirements formally. The approach that we use is 
describing indicators by means of formal grammar (EBNF notation) depicted in 
Figure 2. The same idea of requirement formalization may be represented as a 
metamodel. The metamodel is designed using UML 2.0 class diagram notation 
(Figure 3). 

In Figure 2 business requirement is denoted by Requirement abstract class, which 
divides into a Simple and Complex Requirement. A complex requirement is composed 
of two or more simple requirements with an Arithmetical Operator between the 
simple requirements. A simple requirement consists of a verb (Operation) that 
denotes a command, which refers to an Object, and zero or one Typified Condition.  

There are two kinds of data in data warehousing: Quantifying (measurements) and 
Qualifying Data (properties that characterize measurements). An object is either an 
instance of quantifying or qualifying data depending on the requirement.  

The term „operation” describes the kind of Action(-s) to be performed. If some 
kind (or different kinds) of action should be performed more than once, then it is 
called a Complex Operation. We propose two possible types of action: an 
Aggregation (a command, used for calculation and grouping, “roll-up”) and a 
Refinement (a command, used for information selection, “drill-down”, as an opposite 
to an aggregation). Information refinement is either showing details, i.e., selecting 
information about one or more objects, or slicing, i.e., showing details, according to a 
certain constraint (Typified Condition).   
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<Requirement>: <Simple Requirement> | <Complex Requirement>  
<Complex Requirement>: <Requirement> <Arithmetical Operator> <Requirement> 
<Arithmetical Operator>: + | - | * | / 
<Simple Requirement>: <Operation> <Object> <Typified Condition>? 
<Object>: <Quantifying Data> | <Qualifying Data>  
<Operation>: <Complex Operation> | <Action> 
<Complex Operation>: <Operation>+ 
<Action>: <Aggregation> | <Refinement>  
<Aggregation>: count | sum | average | …  
<Refinement>: show 
<Typified Condition>: <Condition Type> <Condition>  
<Condition Type>: where 
<Condition>: <Simple Condition> | <Complex Condition> 
<Complex Condition>: <Condition> <Logical Operator> <Condition> 
<Logical Operator>: or | and | not 
<Simple Condition>: <Expression> <Comparison> <Expression> 
<Comparison>: > | >= | < | <= | = 
<Expression>: <Simple Expression> | <Complex Expression> 
<Complex Expression>: <Expression> < Arithmetical Operator> <Expression> 
<Simple Expression>: <Qualifying Data> | <Constant> 

Fig. 2. Business requirements in EBNF notation. 

If there is a restriction in the requirement, then it is represented by a typified 
condition. There are two types of conditions: Simple Condition and Complex 
Condition.  

Requirement

Simple Requirement

Typified Condition

Condition Type

value = {"where"}

Condition

Simple Condition

Complex Condition

Expression

Logical Operator

value = {"or",  
              "and", 
              "not"}

1 1

Operation

Object

Complex Operation Action

1 1

Qualifying Data

name  : string

Quantifying Data

name  : string

1

1..*

2

Constant

2 1

{ ordered }

1

0..1

1

1

1

1

1

Refinement

value = {"show"}

Aggregation

value = {"count", "sum",
              "average", ...}

Comparison

value = {>, <, >=, <=, =}

Complex Requirement

 

2

1 1

Arithmetical Operator

value = {+, -, *, /}

Complex Expression

 

Simple Expression

 

1

1

2

 

Fig. 3. Formalized requirements metamodel (UML). 

Complex condition joins two or more simple conditions by Logical Operators 
(such as “and”, “or”, “not”). Simple condition consists of a Comparison of two 
Expressions, for example, “time is greater than last_access_time – 1 second”. An 
expression as well may be either a Simple Expression or a Complex Expression. A 
complex expression contains two or more simple expressions with an arithmetical 
operator between the simple expressions. A simple expression belongs either to 
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qualifying data (for example, “last_access_time”) or to Constants (for example, “1 
second”).   

5.3 Indicator Examples 

Examples given in this section illustrate the application of proposed formal model to 
define the indicators. We use performance indicator definitions formulated in natural 
language from a performance measures database [1]. This database contains a 
comprehensive list of performance measures from six measurement perspectives, e.g. 
customer, finance, etc. We have chosen indicators from different perspectives with 
different structure of the sentences in a natural language.  

show Refinement Action
month Qualifiyng Data
AVG Aggregation Action

contacts ocurrance Quantifying Data 
where

customer type Qualifiyng Data Simple Expression
=

'key customer' Constant Simple Expression

Sim
ple R

equirem
ent

Condition Type

Operation

Operation
Object

Object

Comparison
Simple 

Condition

Typified 
Condition

 

Fig. 4. Requirement formalization example of the requirement type CF. 

Suppose that we would like to obtain information about average number of 
contacts made with key customers per month. This indicator represents the indicators 
regarding customer focus. This statement could be reformulated using our proposed 
requirement pattern metamodel (Figure 3). A statement that is “valid”, i.e., can be 
derived from the original indicator, is “show month, average (contact occurrence) 
where customer type is ‘key customer’ ”. Figure 4 demonstrates the application of 
requirement patterns taking as an example the business requirements mentioned 
above. The left column is filled with parts of the statement and all the rest columns 
(left to right) contain names of the metamodel levels from the bottom to the top. 

Let’s take other examples from the list of indicators. Suppose that we would like to 
obtain information about late deliveries to key customers. This indicator represents 
the indicators regarding customer focus and internal processes. A statement that is 
derivable from the metamodel (Figure 3) is “show deliveries where delivery type is 
‘late’ ”. Because of the space limitations, Figure 5.a demonstrates only the bottom 
level elements of our proposed requirement pattern metamodel (2nd column) and 
corresponding parts of the statement (1st column).       

Consider that we would also like to get information about staff turnover by type 
(resignations, end of contract, temporary staff, and termination). This indicator 
represents the indicators regarding employee satisfaction. A statement that can be 
derived, using our proposed requirement pattern metamodel (Figure 3), is “show 
employment types, count (person occurrence) where employment type is ‘resignation’ 
or ‘end of contract’ or ‘temporary staff’ or ‘termination’ ”. Figure 5.b demonstrates 
the bottom level elements of our proposed requirement pattern metamodel and 
corresponding parts of the statement. 
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 (a) 

 

(b) 
 Indicator 

Component 
Metamodel 

Element 
1 show Refinement 
2 employment type Qualifying Data 
3 count Aggregation 
4 person occurrence Quantifying Data 
5 where Condition Type 
6 employment type Qualifying Data 
7 =  Comparison 
8 ‘resignation’ Constant 
9 or Logical Operator 

10 employment type Qualifying Data 
11 = Comparison 
12 ‘end of contract’ Constant 
rows 9-12 are repeated for 2 more comparisons 

with different constants  
 

 Indicator 
Component 

Metamodel 
Element 

1 show Refinement 
2 delivery Qualifying Data 
3 where Condition Type 
4 delivery type Qualifying Data 
5 = Comparison 
6 ‘late’ Constant 

  

 

Fig. 5. Requirement formalization examples: (a) Type – CF, IP; (b) Type – ES. 

Suppose that we would like to obtain information about the number of sponsorship 
projects in past 12 months by company. This indicator represents the indicators 
regarding the environment and community focus. Let’s assume that the time period 
closes with current date. A statement that can be derived, using our proposed 
requirement pattern metamodel (Figure 3), is “show company, count (project 
occurrence) where project type is ‘sponsorship’ and date is greater than current_date - 
356 and date is less than current_date”. This requirement involves also an arithmetical 
operator, which is used in the expression together with qualifying data and a constant. 
Therefore, the formalization example is more complicated than the previous 
examples. Figure 6.a demonstrates the bottom level elements of our proposed 
requirement pattern metamodel and corresponding parts of the statement. 

 
(a) 
  

(b) 

 

 

 Indicator 
Component 

Metamodel 
Element 

1 show Refinement 
2 company Qualifying Data 
3 count Aggregation 
4 project 

occurrences 
Quantifying Data 

5 where Condition Type 
6 project type Qualifying Data 
7 = Comparison 
8 ‘sponsorship’ Constant 
9 and Logical Operator 

10 date Qualifying Data 
11 > Comparison 
12 current_date Qualifying Data 
13 - Arithmetical Operator 
14 356 Constant 

 

 Indicator 
Component 

Metamodel 
Element 

1 sum Aggregation 
2 expense Quantifying Data 
3 where Condition Type 
4 expense type Qualifying Data 
5 = Comparison 
6 ‘IT’ Constant 
7 / Arithmetical 

Operator 
8 sum Aggregation 
9 expense Quantifying Data 

  

 

Fig. 6. Requirement formalization examples: (a) Type – EC; (b) Type – F. 
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Assume that we are interested in summary information on the percentage of IT 
expense of total administrative expense by quarters in a year. This indicator represents 
the indicators regarding finance. A statement that can be derived, using our proposed 
requirement pattern metamodel (Figure 3), is “(sum (expense) where expense type is 
equal to ‘IT’) divide by (sum (expense))”. This requirement is complex, and it is 
composed of two simple requirements and an arithmetical operator. Here we apply 
arithmetical operator ‘/’ to calculate percentage by dividing expenses in IT by total 
expenses. Figure 6.b demonstrates the bottom level elements of our proposed 
requirement pattern metamodel and corresponding parts of the statement. 

6 Conclusions and Future Work  

We have already executed performance measurement tasks at our University, and we 
have described the approaches and techniques used for that purpose in our previous 
works [18], [19]. A process measurement and monitoring system (PMMS) was 
created; a data warehouse was used as one of the important elements of this solution. 
The PMMS consists of: 1) a process operational monitoring component, 2) a process 
measurement system, and 3) a process execution log file. The process operational 
monitoring component supports the analysis of indicators of the process workflow 
directly from the log file during the process execution. Then the indicator's data is 
loaded into a data warehouse and used for the process measurement. The results are 
provided in the case studies of our approach in [18].  

Despite the fact that the PMMS is successfully used, we have searched for a more 
systemic approach to facilitate a more targeted measurement. As a result, the 
measurement framework proposed in this paper is described, and it is obvious that we 
will complement the existing PMMS, according to the proposed framework. Also, a 
data warehouse will serve as an implementation platform for the new version of the 
PMMS. Not only our experience, but also our literature studies showed that a data 
warehouse that already exists in an organization could be effectively used for 
performance measurement purposes.  

Another important part of our research is a model for indicator formalization. The 
future work will be done in two directions. The first one is concerning practical case 
studies and evaluations of ease of use of formal patterns. The second direction is a 
development of a new method for semi-automated construction of data warehouse 
schemas based on the formal definitions of indicators, according to the model given in 
this paper.  
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