
International Journal of Advances In Computer Science and Cloud Computing, ISSN: 2321-4058  Volume-5, Issue- 2, Nov.-2017 
http://iraj.in 

Conceptual Design of a Data Warehouse for Cash Management and Forecasting in Public Finance – Albanian Case 
 
5 

CONCEPTUAL DESIGN OF A DATA WAREHOUSE FOR CASH 
MANAGEMENT AND FORECASTING IN PUBLIC FINANCE – 

ALBANIAN CASE 
 

1ODETA SHKRELI, 2KEVIN COBAJ 
 

PhD Student, Department of Informatics, Faculty of Natural Sciences, University of Tirana, Albania, 
Student, Business Computer Science, University of Vienna, Austria 

E-mail: 1odetakromici@gmail.com, 2cobajk@hotmail.com 
 
 
Abstract - The application of information technology has grown significantly in every business area, from simple to more 
advanced and complex applications, supporting every business operation. Many scientific researchers have focused on using 
information technology to support decision-making processes. Our research paper is focused on a specific area of public 
finance: cash management and forecasting. In our research, we will present a conceptual design of a data warehouse that will 
be used as the core of a sophisticated system for improving cash management and forecast in the Government of Albania. The 
data warehouse will be designed in such a way to allow application of Business Intelligence tools, such as Online Analytical 
Processing and data mining for performing query and reporting, complex financial analysis, predictive analysis and support 
decision making, that are crucial for the management and forecast of the cash flow. During our research we will analyze the 
sources of data, the architecture of the data warehouse and propose a multidimensional model as the best solution to 
accomplish our task. Another advantage of the designed data warehouse is the further extension for additional financial 
processes and analysis. 
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I. INTRODUCTION 
 
Cash flow forecasting or cash flow management is a 
key aspect of financial management of a business, 
planning its future cash requirements to avoid a crisis 
of liquidity [1]. 
The importance of an effective cash management in 
public finance is crucial as it has a direct effect on the 
implementation of the fiscal policy targets as well as 
on the public debt [2]. 
The process of cash management and forecasting is an 
important process of every government and in case of 
the Government of Albania, this process is carried out 
by a dedicated unit within the Ministry of Finance 
(MoF). This unit (General Directorate of Treasury) 
collaborates with other units in MoF, such as Debt 
Department, Budget Department and Macroeconomic 
Department and collects relevant information for the 
purpose of cash management and forecasting. Other 
important information is also collected from other 
budget institutions of the General Government that 
play a crucial role in the revenue collection process as 
well as the expenditure of the state budget. Regarding 
the revenue collection process MoF collects 
information from General Directorate of Taxation 
(GDT) and General Directorate of Customs (DGC), 
whereas regarding expenditures, MoF gets relevant 
information from Line Ministries and their subordinate 
institutions.  
There are two kind of the source data collected for the 
purpose of cash management and forecasting: data 
generated from transactional information systems at 
the source, such as MoF information system – AGFIS 
(Albanian Government Information System), taxation 
system and customs system, and data prepared by the 

employees, usually in excel spreadsheets and collected 
via email or other media, such as the data collected 
from Debt Department, Budget Institutions, 
Macroeconomic Department etc. In the following 
sections we will identify the data that are collected 
from each unit/budget institution for the cash 
management and forecasting process.  
The process of cash management and forecasting is 
composed of three important elements: Data 
collection, Data analysis and Decision Making.  
For the data collection process it is desirable that the 
information is produced from reliable information 
systems and transported by the means of electronic 
communications, through a predefined communication 
protocol, in order to assure accurate and timely data. 
In order to perform data analysis, the collected data 
should be integrated and stored in a single database 
environment. MoF should have in place an information 
system to be used for data analysis for cash 
management and forecasting purposes. The 
information system should be equipped with 
sophisticated and advanced tools for data analysis, 
cash management and forecasting techniques and 
should support decision-making. This is a very 
important element, because it will define in future the 
type of system that MoF should implement. The 
purpose of data gathering and data analysis is to make 
decisions of the future actions for managing and 
forecasting the cash. 
These systems are known as Decision Support Systems 
(DSS).  
A decision support system (DSS) is a set of 
expandable, interactive information technology 
techniques and tools, designed for processing and 
analyzing data and for supporting managers in decision 
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making. To do this, the system matches individual 
resources of managers with computer resources to 
improve the quality of the decisions made [3].  
The data warehouse is the heart of the architected 
environment, and is the foundation of all DSS 
processing. The job of the DSS analyst in the data 
warehouse environment is immeasurably easier than in 
the classical legacy environment because there is a 
single integrated source of data (the data warehouse) 
and because the granular data in the data warehouse is 
easily accessible [4]. 
The purpose of this research is to design a data 
warehouse for the cash management and forecasting 
process,to allow application of Business Intelligence 
tools, such as Online Analytical Processing and data 
mining for performing query and reporting, complex 
financial analysis, predictive analysis and support 
decision making, that are crucial for the management 
and forecast of the cash flow.  
 
II. IDENTIFICATION OF SOURCE DATA FOR 
THE DATA WAREHOUSE 
 
The purpose of this research is to conceptually design a 
data warehouse, therefore, we first need to identify the 
source systems and the data that will be loaded in the 
data warehouse to perform the cash management and 
forecasting process. Identification of the information 
data is done after a detailed analysis of the cash 
management and forecasting process, analysis of the 
cash management and forecasting methodology that is 
currently being used in MoF and analysis of the 
requirements of the functional staff in MoF. 
Since, it is not the scope of this research the analysis of 
the processes of cash management and forecasting, we 
will only focus on the data that should be collected. 
The data that will be collected and stored in the 
database of the data warehouse are as follows: 
1) Data from Bank of Albania (BoA) – The TSA 
(Treasury Single Account) and foreign currency 
accounts are held at BoA. For cash management and 
forecasting purposes it is important to get information 
on the status of the accounts, therefore data such as, 
account, status, currency etc. should be imported in the 
data warehouse. This information can be collected 
electronically from the BoA information system. 
2) Debt in and outflow data – Cash management and 
forecasting is closely related to the debt, therefore 
information about debt in and outflows are of crucial 
importance, such as amounts, payment schedules and 
excepted incomes are necessary to be loaded in the 
data warehouse. This information cannot be collected 
electronically from the debt management system, 
therefore is being produced manually and delivered in 
excel spreadsheets. 
3) Revenue collection information. There are two 
kind of data related to revenues: collected revenues and 
expected revenues to be collected. The data on the 
collected revenues, such as institution code, economic 
classification, amount etc. can be extracted from the 

AGFIS system and loaded in the data warehouse. The 
source of the data on the expected revenue collection 
should be GDT and GDC (they collect approximately 
90% of the total budget). The data needed include 
institution code, economic classification, amount, 
expected collection date etc. 
4) Data about the expenditures. There are two kind of 
data related to expenditures: actual expenditures (fact) 
and planned expenditures. Regarding the actual 
expenditure, data such as institution code, economic 
classification, amount, data of payment etc. can be 
extracted from the AGFIS system and loaded in the 
data warehouse. Regarding expected payments, this 
data is partially available at AGFIS therefore, is not 
sufficient for the purpose of cash management and 
forecasting. Daily and monthly cash flow plans 
submitted by budget institutions can be used as another 
source of information about expected expenditures, 
which will be explained later. 
5) Daily payment limits. MoF sets daily limit for 
payments through the AGFIS system. The purpose of 
the daily payment limit is to not exceed the 
government liquidity. This daily payment limit is then 
split for each Treasury District Office (TDO) and MoF, 
so each TDO and MoF is assigned a daily payment 
limit. Further on, the TDO daily limit is split in 3 
sessions during the day. The data regarding the daily 
limits is important to be loaded in the data warehouse 
for historical analysis. There are three level of the data 
in the daily limits: 
1st level: the total daily payment limit. 
2nd level: the total daily payment limit for each TDO. 
3rd level: the sessions payment limit. 
In order to get the correct information, the three levels 
should be correlated, assigning references that identify 
the level. So, the data needed regarding daily limits 
include: date of the payment limit, amount, level, TDO 
code etc. 
6) Daily and monthly cash flow plans. Monthly cash 
flow plans should be submitted at the beginning of the 
year and adjusted during the year in case of changes. 
Since Budget institutions collect only a small 
percentage of the total revenues of the state budget, the 
impact is inconsiderable, therefore they are requested 
to submit only planed expenditures data, such as 
institution code, economic classification, amount, 
period of the planned expenses etc. Daily cash flow 
plans should contain the same information with the 
difference that they should contain the date of the 
planned expense instead of the period. They should be 
submitted at the end of each month, for the 
forthcoming month.  
Regarding debt department, GDT and GDC, since they 
have a big impact on the revenue collection, their daily 
and monthly cash flow plans should contain 
information on both expected revenues and 
expenditures.  
7) Budget plan. The budget plan is prepared by the 
budget department, detailed by months and is imported 
in the AGFIS system of MoF. The budget plan is 



International Journal of Advances In Computer Science and Cloud Computing, ISSN: 2321-4058  Volume-5, Issue- 2, Nov.-2017 
http://iraj.in 

Conceptual Design of a Data Warehouse for Cash Management and Forecasting in Public Finance – Albanian Case 
 
7 

detailed at the level of article of the economic 
classification. This information is important for cash 
management and forecasting, therefore it should be 
extracted from the AGFIS system and loaded in the 
data warehouse. 
 
III. THE ARCHITECTURAL FRAMEWORK OF 
THE DATA WAREHOUSE 
 
The figure below shows the architectural framework of 
the data warehouse. 

 
Fig.1. Data warehouse architecture 

 
Source Data Area: This layer contains the sources of 
the data that in our case can be grouped in these 
categories: 
1) Production data: this category contains all the 
data that come from different operational systems, 
such as data from AGFIS system and BoA system.  
2) Internal data: this category contains data that are 
produced by the users and stored in different file 
formats, such as excel spreadsheets, documents etc. In 
our case, information regarding debt in and outflows 
are produced manually by the debt department and 
stored in excel spreadsheets. These data are also 
needed for the data warehouse 
3) External data: this category contains data that are 
produced outside the institution. This data may be 
extracted by the operational information systems or 
produced manually in electronic files. In our case, the 
daily and monthly cash flow plans are produced 
manually in excel spreadsheets.  
Data Staging Area: This is the logical layer where the 
data, extracted from the different data sources, are 
transported. The data coming from the data sources 
will be validated, cleansed, transformed and finally 
prepared to be moved to the presentation area where 
they will be available to the end users for BI reports 
and dashboards. After the data feeds, the Extract, 
Transformation and Loading (ETL) procedure will 
start. 
The ETL procedure is an important part of the data 
warehouse construction. There are several 
considerations for a successful ETL process flow: 
1) It should perform complex data filtering in order 
to eliminate irrelevant or wrong data. 
2) It should perform data integration in order to 

integrate data from different sources under a common 
reference model. 
3) It should perform data quality processing known 
as data cleansing in order to reject data of poor quality, 
match and enrich data in order to meet the end-user 
needs. 
4) It should perform data validation where incoming 
data are validated using reference tables and previous 
inserted data. 
5) It should transform the data under a set of specific 
roles. 
6) It should perform data aggregation in order to get 
aggregates over the very detailed data. 
7) It should perform deltas computation where after 
comparing to existing data in the staging area, new row 
data and updated row data are identified. 
 
The output of the ETL procedure should be stored in: 
1) Intermediate tables for further processing. 
2) Staging tables, which will be the tables that will 
update the presentation area. 
3) Error tables, which will be the tables that store 
rows rejected during the ETL procedure (filtering, 
validation, data cleansing), for review and further 
processing. 
 
Before the entry of the data in the staging area, three 
specific processes should be performed: 
1) The rows should be enriched with surrogate keys. 
The surrogate keys are alternative primary keys of the 
existing production systems’ primary keys that are 
used within the presentation area. 
2) The tables that should be prepared for updating the 
dimensions of the presentation should be processed 
based on a selected slowly changing dimension (SCD) 
policy. There is a need to track changes in dimension 
attributes in order to report historical data. 
3) Rows whenever should be required will be 
enriched with information stored in custom tables that 
will be populated by the end users through special 
forms created for this purpose. 
 
Data Presentation Area: This layer includes the data 
available for end-users’ analysis. The presentation area 
will use sets of relational tables structured in star 
schemas, as well as capable of processing MOLAP 
cubes. 
The star schemas will be the data warehouse schemas. 
Those star schemas should optimize performance by 
keeping queries simple and providing fast response 
time. 
Star schemas will store detailed atomic data, organized 
into dimensions and fact tables.  
 
Data Access Tools: These tools include Business 
Intelligence tools for accessing the data for strategic, 
operational, and analytical purposes. They include 
query and reporting tools, OLAP and data mining tools 
which enable advanced and in depth analysis of the 
data, predictive analysis for forecasting purposes etc., 
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what if analysis tools, visualization tools etc. 
 
IV. THE CONCEPTUAL SCHEMA OF THE 
DATA WAREHOUSE 
 
A. The Multidimensional Model 
The purpose of the data warehouse that we are 
designing is to provide ways for effective analysis of 
the financial information for cash management and 
forecasting purposes. For effective analysis, it should 
provide methods for complex analysis across several 
dimensions. The environment needs to present a 
multidimensional view of data and provide ways for 
analyzing the data along any number of dimensions, at 
any level of aggregation and present the results in a 
variety of ways [5]. These cannot be performed on a 
relational database, since retrieving the information of 
a query usually involves joining of more tables in order 
to find the data. Complex analysis would require 
complex queries, involving more tables, more 
aggregations to make and so on, and the time it would 
take for the query to complete would be long and 
would depend on its complexity. The relational models 
are not adequate for the type of analysis we are 
seeking; therefore, another model needs to be used. 
The best model that would address our question is a 
multidimensional model.  
The multidimensional model is highly de-normalized 
and redundant, increasing the retrieving time of the 
data no matter the complexity of the query. This model 
is made of two type of tables: 
Fact tables containing measures, elements that are 
subject to analysis and foreign keys to the dimensions 
describing the measures. 
Dimension tables containing mainly descriptive 
attributes and elements on which data is to be 
aggregated. The dimension tables are linked to the fact 
tables forming a star schema. The star schema forms a 
structure called cube which is made of n dimensions. A 
data cube provides a multidimensional view of data 
and allows the precomputation and fast access of 
summarized data. 
The star schema is the focal point of the data 
warehouse development, as it provides a de normalized 
database structure for reporting the data. The star 
schema itself is simply defined as, “a dimensional 
design for a relational database” [6]. The schema takes 
it form from the dimension tables surrounding the fact 
table. Each dimension table has a primary key that 
becomes the foreign key just for linking to the fact 
tables, thus creating the basis for the star schema. The 
fact table contains the keys to the related dimension 
tables. Fact table should provide a comprehensive set 
of measurements, even if some are redundant [6]. This 
is the basic feature that provides an advantage for easy 
and fast reporting, by having the data already available 
within the table.  
The implementation of the star schemas in the data 
warehouse forms the basis for online analytical 
processing (OLAP) of the data. OLAP tools use the 

structure of the cube to performs operations such as 
drill down, roll up, slice and dice, pivoting as well as 
other complex operations required to analyze the data 
according to the business needs. This schema can also 
be used for advanced analytical techniques, including 
data mining, neural networks etc., which help to gain 
knowledge from the data of the data warehouse, that 
cannot be seen using normal analysis tools and 
techniques. 
 
B. The Data Warehouse Schema Conceptual 
Design 
After analyzing and identifying the source data and the 
data warehouse architecture, we can further proceed 
with the conceptual design of the internal schema of 
the data warehouse. As mentioned earlier, the data 
warehouse schemas will be the star schemas which will 
store detailed atomic data, organized into dimensions 
and fact tables. The entire data warehouse schema is 
complex, due to the volume and diversity of the 
information that will be stored and the whole purpose 
of the data warehouse. It is not the purpose of this 
research paper to design the complete schema, but we 
will illustrate the main fact table and its main 
dimensions forming a star schema that will be part of 
the data warehouse design. In general, we can identify 
that the main subject areas of the data warehouse will 
be revenues and expenditures, which will form the 
bases of the general schema. Revenues and 
expenditure have a common measure and common 
dimensions that describe the measure, therefore they 
will be part of the same star schema. We will use the 
name transaction as a common name to include both 
revenues and expenditures, where the exact nature of 
the transaction will be specified in the correspondent 
dimension. Transactions can be actual, forecasted (in 
case of revenues: by GDT and GDC) and planned 
(through the daily and monthly cash flow planes 
submitted by Budget Institutions and Debt 
Department). In our conceptual design, for easy 
analysis we will not take into consideration the budget 
plan data prepared by the budget department, since this 
will unnecessary complicate the illustration of the 
schema, due to the different level of classification it 
uses (at the article level). Since this budget plan, 
should actually be derived by the monthly cash flow 
plans submitted by the Budget Institutions, we can 
assume that this budget plan can be actually produced 
from the data warehouse, using accurate data and 
methods. In this view, there is no need for loading the 
budget plan into the data warehouse. The transaction 
type will be specified in the correspondent dimension 
table that will be linked to the fact table. An important 
dimension is the time dimension which allows the 
analysts to view and monitor the data over time. The 
last dimension we have identified relates to the 
institution that performs the transaction (collects or 
execute). This dimension allows analysis to be 
performed on the bases of the level of the institution or 
more aggregate at the level of the Treasury District 
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Office it belongs.  
Based on the analysis done earlier regarding the data 
and data sources and on the analysis of the fact and 
dimensions of the data, the star schema for the 
transactions is presented in fig.2. 
As we can see in the diagram, the star schema has four 
dimensions and the fact table. 
Fact_Transaction table is the fact table of the star 
schema and contains the amount measure and the 
foreign keys to its dimensions. The amount represents 
the amount of the transaction, which can a collected, 
forecasted or planned revenue or payment. The 
relevant descriptive information is stored in the 
dimension tables. 
Dim_Version is a dimension table with the primary 
key Version_Key linked to the respective foreign key 
of the fact table. The attribute Type contains 
information on the type of the transaction. It can be 
actual, forecast or planned revenue or expenditure. 

Fact_Transactions

Dim_Transaction

Dim_Version

Dim_Date

Dim_Institution

Version_KeyFK

Amount

Transaction_KeyFK

Date_KeyFK

Institution_CodeFK

Transaction_KeyPK

Economic_Classi
fication

Currency

Version_KeyPK

Type

Date_KeyPK

Day

Month

Year

Quarter

Institution_CodePK

Inst_Desc

TDO_Code

TDO_Desc

Fig.2. Transaction star schema 
 
Dim_Transaction is a dimension table with the primary 
key Transaction_Key linked to the respective foreign 
key of the fact table. The economic classification 
attribute describes the type of the transaction, meaning: 
in case of a revenues it describes the type of revenue 
i.e. profit tax, Incomeshort-term loan from the banking 
system etc., in case of an expenditure it describes the 
type of the expenditure i.e. salaries, Outboundbonds 
issued in the financial market with a maturity of 1 to 5 
years etc. The currency attribute describes the currency 
of the respective amount in the fact table. 
Dim_Institution is a dimension table with the primary 
key Institution_code linked to the respective foreign 
key of the fact table. This table stores information on 
the institution that has or will process the respective 
transaction of the fact table. Inst_Desc attribute 
contains the name of the institution. TDO_Code 
contains the code of the treasury district office the 
institution belongs to, i.e. 3535 etc. Whereas 
TDO_Desc contains the name of the TDO i.e. Tirana 
TDO etc.  

Dim_Date is a dimension table with the primary key 
Date_Key linked to the respective foreign key of the 
fact table. This table stores information on the date the 
transaction is performed or is planned to be performed.  
This is a basic star schema used to describe the 
organization of the data in the data warehouse 
regarding revenues and expenditures, that can be used 
for complex analysis required for cash management 
and forecasting purposes.  
The schema of the data warehouse can be further 
extended with other star schemas containing 
information on the status of the accounts, daily limits 
etc.  
The organization of the data in fact and dimensions in 
star schemas allows all the features that we mentioned 
earlier and the application of advanced analytical 
techniques for the purpose of cash management and 
forecasting. 
 
CONCLUSION 
 
In this paper we introduced a conceptual design for the 
creation of the data warehouse for a cash management 
and forecast information system. The cash 
management and forecast data warehouse is designed 
to centralize different data sources, which can be either 
extracted from existing internal or external operational 
systems or manually produced mainly in excel 
spreadsheets. The purpose of the proposed design is to 
help financial analysts prepare complex reports and 
financial analysis, forecasts and scenarios at any level 
of aggregation and allow to present them in a variety of 
ways. It can be used in performing data mining and 
data analysis over the data stored in the data warehouse 
for knowledge discovery through identifying critical 
patterns and trends for effective cash flow management 
of the entire government. The analysis can support 
decision makers to manage the cash based on facts and 
accurate statistical calculations increasing significantly 
the effectivity and efficiency of the whole process.  
The data warehouse can be further extended with 
additional information expanding its purpose beyond 
cash flow, to allow budgeting, consolidation, fiscal 
reports, financial audit and other public finance 
activities that are essential to achieving the MoF 
mission. 
 
REFERENCES 
 
[1] https://bpc.jhu.edu/cash-flow-projections/ 
[2] I. Lienert, “Modernizing cash management” pp. 2, October 

2009. 
[3] M. Golfarelli& S. Rizzi, “Data Warehouse Design: Modern 

Principles and Methodologies”. 
[4] W. H. Inmon, “Building the data warehouse, third edition”, 

2002 
[5] P. Ponniah “Data Warehousing Fundamentals for IT 

Professionals, second edition”, pp. 375 
[6] Ch. Adamson “Star Schema: The Complete Reference”, New 

York: McGraw Hill, 2010. 

 
 


