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Abstract—This paper proposes the usage of an ontology 
indexation process via concept maps to generate 
evidences of irregularities in payrolls. The proposal uses 
audit indicators as an instrument for documenting 
evidences as well as for tracking the data from the 
moment in which it is provided and structured. Hence, 
this proposal includes a methodology for transforming 
basic, and sometimes unstructured, payroll data into 
useful information for taking decisions regarding 
irregularities within the payroll auditing process. By 
means of its implementation as a business intelligence 
application, the proposal is validated using the original 
data generated in the monthly payroll analysis of the 
Brazilian public sector employees. This application was 
developed in order to assist the activities of the Public 
Management Secretariat (SEGEP), belonging to the 
Brazilian Ministry of Planning, Budget and Management 
(MP).  
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I. INTRODUCTION 
 
In Business Intelligence (BI) systems, Data 

Warehouse (DW) environments store huge amounts of 
data extracted from different sources. This compiled 
data set represents the basic knowledge of the 
organization and decisions are taken based on reports 
obtained from this data. 

In order to build a DW, the Extraction, Transform 
and Load (ETL) process requires quality and 
consistency standards [1]. Moreover, since the ETL 
process consumes 70 % of the resources needed for 
deploying and maintaining the DW system, the ETL 
process plays a key role in a BI system. 

To support the ETL process, ontologies can applied 
for solving heterogeneity problems of different data 
sources [2].  In [3], the use of an ontology combined 
with concept maps is shown to be especially useful to 
facilitate the conceptual design of the backstage of a 

DW. In [4], it is shown that the application of concept 
maps can improve the designing process of a DW. 

In this paper, the proposal is to apply concept maps 
within the ETL process in order to detect irregularities 
in payrolls. By applying concepts maps, the audit trail 
can be validated according to the legal system rules 
and the ETL process is assisted by the resulting audit 
trail, since once the concept maps are designed 
according to the legal system rules, a corresponding 
data integration process can be used in the ETL to 
build the DW. 

To validate the proposed solution, the database of 
the Integrated System for Human Resources 
Management (in Portuguese: Sistema Integrado de 
Administração de Pessoal - SIAPE) is used as a case 
study. This system controls the payrolls of all federal 
public sector employees in Brazil. 

The original scenario for auditing this system 
payroll process and results was based on the 
construction of spreadsheet templates or simple 
databases. This method lead to an important number of 
uncertainties and required a lot of time for its 
validation. In order to solve these limitations, in this 
paper proposal the concept maps are used both for 
validating the audit trails and thereafter to implement 
the corresponding ETL process including the automatic 
load of the data into a DW. 

The remainder of this paper is organized as follows. 
In Section II, the process of mapping the audit trails is 
presented, while in Section III, the ETL process is 
described. The results obtained in the validation of the 
proposed solution using a BI tool are shown in Section 
IV. In Section V, conclusions are drawn. 

 

II. ONTOLOGICAL FORMATION PROCESS OF AUDIT 
TRAILS  

To avoid ambiguities and problems of non-
standardizations, the ontology should be defined for 
the desired data domain. An ontological mapping 
application system, in which the concepts are presented 
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in boxes and their relations are identified by connective 
phrases, can be applied for this task. 

As a case study for this paper, Section II-A presents 
the basic audit trail structured considering the 
incompatibility of basic salary rubrics, while Section 
II-B presents the ontological mapping of this specific 
audit trail and the steps to validate it.  

 

A. Audit trail: Incompatibility of Basic Salary 
Rubrics 

The control of payroll of active, retired and 
pensioner citizens of the Brazilian Federal Public 
Administration is based on laws, decrees and 
ordinances.  

The goal of each audit trail is to identify some 
irregularities in the SIAPE system. Once an 
inconsistency is detected in the payment, the audit 
support system must notify the auditors so that they 
can take the required actions to elucidate the referred 
inconsistency. 

The basic element for payroll calculation is called 
rubric and is defined as a pair of variables, the first one 
being the rubric name and the second a rubric value 
that must be summed up to compose each monthly 
employee payment. Rubrics include the basic salary, 
revenue taxes, social security contributions and so. The 
SIAPE system implements a portfolio of 2200 rubrics 
that are applied every month on the public sector 
employees’ payroll. 

In this paper, 41 rubrics are considered for the 
Control of Rubrics Incompatibility. For instance, it is 
possible to verify whether the audit trails of Basic 
Salary (00001) is incompatible with the audit trails of 
Basic Payment (00005), Subsidy (82483) and 
Pensioner Subsidy (82484), according to the legislation 
[5,6,7]. 

B. Validation of the Ontological Mapping of a 
specific audit trail: Incompatibility of Basic 
Salary Rubrics 

In order to create the ontological mapping, initially 
the domain concepts are correlated by using only two 
inclusion relations: it has, and it is measured by. 
Limiting the analysis by these sole relations results in a 
more explicit concept map, in which a hierarchy of 
concepts is present. This ontological mapping is 
exemplified in Figure 1 by a diagram produced with 
the CMapTools software [8] to integrate the concepts 
of time, organ, rubric and employee position. This 
diagram corresponds to a model of the auditor 
reasoning, aiding him/her to view and correlate 
dimensions of payroll irregularities, answering 
questions such as in which data a rubric presented a 
non-conformity and regarding which organ, or how 

many registers indicate irregularities during a time 
interval, and so. Moreover, the same diagram can be 
implemented as multidimensional cube in a BI 
application, so as to turn this application into an 
automated auditing tool and a helper for the auditor. 

 
 

 
Figure 1: Concept Map for an Audit Trail 

 
Once the ontological mapping is completed, the 

process continues with the following steps: 
1.  The extraction of the data from the SIAPE 

system, which includes interpreting a mirror file of the 
calculations using the SIAPE database and processing 
other auxiliary databases. 

2. Execution of an ETL process on the data 
extracted in step 1 in order to obtain a database with 
the basic data used in calculations. This second 
database is stored in a Database Management System 
(SGDB) and has data supposed similar to the original 
SIAPE database. This reverse processing is needed just 
to generate an independent database specific for 
auditing purposes. 

3. Another ETL is applied in the audit database in 
order to generate the audit trails. The input parameters 
of the script indicate the month, the year and the 
specific trail to be analyzed. In this step, the ETL 
proceeds for the target month a search for employees 
whose payroll contains a specific calculation that is 

340 2012 Eighth International Conference on Next Generation Web Services Practices (NWeSP)



possibly inconsistent with the law and complementary 
regulations.  

4. The positive results are then analyzed according 
to a second condition, which filter those registers that 
have a particular situation regime. 

5. After this search, the inconsistencies encountered 
are recorded into a specific table. If no inconsistencies 
are found for the target month and year, the process is 
finished. Otherwise, the found inconsistencies are 
recorded and their evidences are gathered for further 
analysis. 

III. IMPLEMENTATION OF THE ETL PROCESS 
In the process for creating a DW, the ETL tools are 

the most important operational modules given that they 
must access heterogeneous data sources, select the 
interesting data, convert and aggregate this data to 
output it in a suitable model for the DW. 

The ETL process produces meaningful data units 
for the analysis. This is due to the fact that it performs 
more than a simple data aggregation and carries on 
with other tasks such as: 

 
• Remove and correct errors caused by unequal and 
uncertain data (non-standardized data); 
• Calculate confidence measurements in a 
documented path and with the possibility to be 
traced. 
• Capture transactional data from the OLTP 
environment and dispose it into historic series; 
• Adjust the data from different sources and 
standardize it for the visualization environment 
(OLAP environment); 
• Structure and organize values for optimizing the 
OLAP environment. 
 
In order to deal with large volumes of data with 

quality, reliability and timely responsiveness, a Service 
Level Agreement (SLA) was established so as to 
respond to payroll auditing requirements by running 
the information flow regarding the audit trails through 
a parallel processing structure, as illustrated in Figure 
2. This structure allows the simultaneous execution of 
different components in the same data flow, giving 
way to improvements on the general performance of 
the processes as well as ensuring the quality and 
reliability of the information. 
 

 
Figure 2: Parallel Processing 

 

A. Operational Data Store (ODS) 
In the implementation process of a DW, the 

construction of an ODS, although not mandatory, is 
interesting because it reduces the effort for 
constructing the DW. If the ODS is used, all the effort 
for integrating the transactional systems will be applied 
on it, and the DW load would be substantially 
simplified. 

The ODS is integrated, subject oriented, volatile 
and it has a current-valued structure designed to assist 
the operational users in large integration processes, 
allowing a better performance. 

Figure 3 presents an ODS that is fed with 
information coming from integration and 
transformation programs (i/t). These programs can be 
the same that feed a DW or not. On the other hand, an 
ODS outputs to a DW. 

 

 
Figure 3: DW Architecture with a feeding ODS  

 
For the construction of the indicator filters that 

make up the audit trails ODS, several Structured Query 
Language (SQL) scripts have been used. Figure 4 
presents a significant part of the data model created for 
the audit trails requests. 
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Figure 4: Part of ODS Audit Trails Data Model 

 
This process gives way to an operational database 

that regroups the tables and information in order to 
aggregate the relevant information referred to the audit 
trails mapping. With this database, it is possible to 
manage the relations between data from different 
origins with the maximum granularity in order to 
create the dimensional model. 

B. Data Warehouse 
According to [9], the components that form a 

complete DW are: 
• Origin Systems – systems in which contain the 
sources of data. They represent the locals from 
where the values that will form the DW database 
are extracted. 
• Data Staging Area – the area that constitutes an 
intermediate environment for storing and 
processing the data arising from many different 
applications and sources. All the business rules that 
regulate the transformation and organisation are 
applied in this area.  
• Data Presentation Area – this area is responsible 
for the interface for the user to make data requests, 
generate reports and access other management 
applications over the organized data.  
• Data Access Tool – by using interaction and 
visualization tools, the consolidated data is 
accessible and visible to the users. 
The main intention when building a DW is to 

explore its capacity to provide complete and fast 
answers to the users, with maximum accuracy of the 
results, but depending on the quality of the origin 
database in terms of time and intelligibility. To achieve 
this, it is necessary a DW planning based on the 
desired results presentation.  

Figure 5 shows the proposed model for the DW that 
maintains indicators of the payroll audit trail. 

 

 
Figure 5: Flake Model 

 
In Figure 5, it is possible to observe the 

complementary dimensions in a snow flake model, 
where the dimensional tables relate to the fact table, 
thou some dimensions are related only to each other. 
This configuration is used for normalizing the 
dimensional tables, aiming to reduce the space they 
occupy. The implementation of the snow flake prevents 
the use of more efficient indexation schemes, as the 
bitmap index [9].  

These indexes are very useful for indexing fields 
with low cardinality as they speed up the performance 
of a request or the application of a restriction to a 
specific column. For these reasons, they are optimum 
for non-standardized tables. 

IV. VALIDATION OF THE PROPOSAL USING THE OPEN 
SOURCE SUITE PENTAHO  

The open source Suite Pentaho [10] is a software 
developed in Java for BI applications. This platform is 
focused on the processes that lead to a BI solution, 
which means that it does not present the results in a 
unique way, but offers a complete vision of the 
alternate production processes. This is because the 
Pentaho platform structures the programs within its 
own workflow for solving the data processing 
problems.  

The Suite can be used to answer requests that go 
beyond the scope of traditional BI solutions, since it 
contains components available for the deployment of 
processes controlled by an automated workflow, 
customizable web portals with support for portlets and 
single sign-on, among other features.   

One of the goals of the present work is to use an 
ontology for the representation of information to be 
published in the World Wide Web, so that this 
information can be used by machines not only for 
purposes of display information, but also for 
automation, integration, sharing, and smart search.  
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This goal guides the validation of the proposal as 
described hereafter, but it is worth to point out that 
issues related to inter-organizational domain 
integration and data distribution must be solved in 
order to publicly share the meaning of this information 
as well as its syntax and modes of utilization [11]. 

 

A. Results 
Three representative measures are used to assess 

the effectiveness of the proposed solution: a) quantity 
of registers; b) value of the monitored rubric; and c) 
value of the incompatible rubric. Figures 6 and 7 
present the results of running in Pentaho the audit trail 
described in this paper. 

 

Figure 6: Chart of Control of Incompatibilities 
 
 

 Figures 6 and 7 result from the grouping and 
processing of scattered non-related data that is 
transformed into interesting knowledge by means of 
the ontology represented in concept maps of the 
payroll audit trails. This process takes into account the 
strategic goal of support auditing decision making. 

The graph in Figure 6 presents the evolution of 
inconsistent items during the period of February to 
June 2012. This same figure contains two different 
representations, a line chart and a surface area, for the 
inconsistencies detected by the BI tool. These charts 
denote the efficiency in monitoring the payroll system 
during this period. 

 

  

 
Figure 7: Analytical Presentation of Incompatibilities or Inconsistent Values 
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Alternatively, the tables in Figure 7 present the 

results in an analytical representation, specifying the 
quantity of inconsistent items found and the 
corresponding values that were paid during the period, 
as well as the total value of the items monitored during 
this period. Still regarding Figure 7, it can be observed 
the pizza graphic representations corresponding to the 
data contained in the table of the same figure. The 
advantage of this analytical visualization is that it 
offers a better interaction for managers when 
performing drill up and down, in their attempts to 
analyze the occurrences with a greater or smaller value 
and time granulation. 

The obtained results confirm the improvements to 
the audit trails processing by means of the proposed 
ontology combined with concept maps, which 
facilitates the comprehension of the process by the 
auditors. Due to this validation, a real reduction of the 
expenses in the payroll of the Brazilian federal public 
sector employees could be verified, which is directly 
related to a better performance of the payroll auditing 
processes.  

V. CONCLUSIONS 
This paper presents an ontological mapping of 

payroll audit trails that result in converting the payroll 
raw data to a meaningful presentation for auditing 
purposes, since it provides significant management 
reports, by using an audit trail generator. 

The use of the ontological mapping supports the 
ETL structuring process by allowing information 
selection and previous visualization of the information 
to be used in payroll auditing.  

This approach constitutes a preventive measure for 
correcting irregularities given the detection of 
corresponding evidences. This way it is possible to 
intervene in the payroll during its calculation, therefore 
contributing to reduce the related expenses. 

As future works, we propose to extend the ontology 
over more audit trails using the conceptual mapping 
techniques proposed in this paper, with the goal of 
harmonizing the comprehension of other areas of 
business management and data modeling. 
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