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ABSTRACT 
 
IMDb (Internet Movie Database) is an online database 
website that contains the information for movies, videos and 
tv programs. The databases contain many demanded 
valuable data for movie stakeholders in industry. Building a 
data warehouse is very important for data analysis that can 
help stakeholders to collect data and transform it into 
knowledge using Business Intelligence tools. In this paper, 
we will develop the data warehouse architecture for IMDb 
using kimball methodologies specifically for making a 
reporting system to analyze actor data like popularity and 
movies statistics. The dashboard results are expected to be 
valuable assets to be used by movie stakeholders and future 
data analysis.  
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1. INTRODUCTION 
 
IMDb (Internet Movie Database) is an online database 
website that contains the information for movies, videos, and 
TV programs [1]. While IMDb website is managed by 
IMDb.com, Inc. staffs however the data is provided by the 
volunteer contributors and then it will be verified by the 
editors which are part of IMDb.com staff. People on the 
internet can visit the IMDb website to find the information 
about their favorite movie, they can also comment and give a 
rating for the movie they watched. Not only details about the 
movie, it also contains the crews and actors that play roles 
for the film, the movie’s language, the movie's genre, and 
any other detailed information regarding the movie.  All of 
this data is gathered and donated by IMDb’s volunteer 
contributors.  
 
As one of the most popular sources of information for 
movies, IMDb collected many valuable information such as 
audience preferences and even actors' popularity. Movie 

industry has a huge demand for this kind of information 
especially to create a new movie is a huge investment and 
you need to know your audience first, additionally you also 
need to know the best actors to play a specific role for your 
new movie. And so building a data warehouse is a natural 
progression from the previous iteration of the database, 
using data warehouse analysts can rapidly extract data and 
analyze it using a BI (Business Intelligence) tools which can 
reveal critical knowledge in business. BI systems are an 
opportunity for organizations to quickly and effectively use 
information and transform it into useful knowledge that 
enables them to meet business objectives [2]. The meaning 
of BI in real-time depends on understanding and agreeing 
with things with real-time for business [3]. Data warehouse 
is the most important component for the decision making 
process that can ensure the success in creating business 
intelligence [4]. Data inside the data warehouse can be 
utilized for applications such as dashboard to perform data 
analysis [5]. One of the most popular methods in building 
data warehouses is kimball methodology and one that will be 
used in this study [6]. 
 
In this paper we will develop a data warehouse for IMDb 
and IMDb reporting using Tableau BI tools [7] based on 
several considerations including fast data processing, 
beautiful visualization, and compatibility with kimball 
methodology. Extract, Transform, and Load (ETL) or data 
integration process will be done using Pentaho [8]. Data 
warehouses have been well developed in other kinds of 
industries such as higher education [5], climate analysis [9], 
supply chain [10],  and many other examples [11, 12]. This 
paper is based on the kimball lifecycle until deploying the BI 
[6]. The end result will be reports that can be used by the 
movie stakeholders that specifically gathered from IMDb 
website. 
 
2. LITERATURE REVIEW 
 
This section presents the in-depth analysis for literature that 
serves as a basis for our methodologies in chapter 3. We 
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mainly used kimball methodology [6, 13] as our go to 
methodology when designing our data warehouse and our 
BI, these methodologies will be explained in multiple 
sections. 
 
2.1 Database Definition 
 
There are many definitions for databases but a database is 
basically a collection of data that fulfill the requirement of 
business, each data may contain logical interconnection [14]. 
[15] further elaborate that a database is a collection of data 
that is stored and can be integrated and centrally managed 
and controlled. 
Based on the definition above, it can be concluded that the 
database is a logical group of interconnected data and stored 
to be processed into useful information for the organization. 
The process of managing and controlling also further 
differentiate between data and databases. Databases is also a 
method for organizing sets of data. 
 
2.2 ETL (Extract, Transform, and Load) Tools 
 
According to [6], “ETL is used to migrate data from one 
database to another, to form data marts and data warehouses 
and also to convert databases from one format or type to 
another.”According to [16] there are three process of ETL: 

● Extraction: Extraction process in the first phase, the 
data will be retrieved from internal and external 
sources. Logical differences will occur at the 
beginning of extraction, where different data related to 
past data entered into the data warehouse is empty, and 
the extraction will be done to update the contents of a 
data warehouse that will be combined with the new 
data that are available from time to time. Selected data 
will be taken depending on the design of the data 
warehouse issued, which will be tailored to the needs 
of business intelligence analysis and decision support 
systems. 

● Transformation: The purpose of cleansing and 
transforming processes are aimed to enhance data 
quality. In order to improve the accuracy and quality of 
all the data collected from multiple sources by fixing 
current inconsistencies. 

● Loading: After extracted and converted, the data will 
be loaded into the data warehouse tables so the data 
can be used for analysis and creating business 
intelligence reports. Also clearly spelled out by [16] 
Applications acquisition, which is also called extract, 
transform and load (ETL) or data integration tools, is 
an application that allows a set of data to be extracted, 
transformed and prepared to be loaded to the data 
warehouse. Business intelligence or decision support 
systems are front end applications that allow experts to 
evaluate and interpret the visualization based on the 
outcomes. 

 
 

To do ETL process we need data integration tools like 
Pentaho [8], we choose Pentaho because it is easy to 
understand user interface and fast batch processing which is 
very compatible for building a data warehouse from raw 
data. Based on our analysis Pentaho is also compatible with 
kimball methodology for ETL process. [13] 
 
2.3 Data Warehouse 
 
According to [17], "A warehouse is a subject-oriented, 
integrated, time variant and non-volatile collection of data in 
support of management's decision making process" which 
based on [18] can be breakdown into four aspects: 

● Subject-oriented: Data that is separated by function in 
the business process.  

● Integrated: Data obtained from multiple sources and 
can be integrated to be analyzed together. 

● Time-variant: Data that contains historical data for 
each transaction inside. 

● Non-volatile: Data that is read-only which means it 
won’t change the real data. 

In summary, a data warehouse is a centralized database that 
contains business data that can be used for analysis. The 
main challenge in data warehouse is to gather, collate, and 
build large amounts of data from many systems for 
collection based in business intelligence, the process of 
loading data in a data warehouse done after performing the 
Extract, Transform, and Load (ETL) processes [19]. 
 
2.4 Granularity 
 
According to [17],"Granularity Refers to details of units of 
the data in the data warehouse." The deeper the data is, the 
lower the granularity point. The less detailed data, the higher 
the granularity level. Granularity declaration is an important 
aspect of the Kimball empirical data warehouse modeling 
framework for data warehousing [20]. 
 
2.5 Star Schema 
 
According to [14], "Star schema is a logical structure that 
has a fact table that contains data in the central fact table 
surrounded by dimension-table containing the reference data 
or evidence can usually be denormalized." According to 
[16], "based on the representation of multidimensional star 
schema that contains two types of data tables are dimension 
tables and fact tables." From the definition it can be 
concluded that star schema is the logical structure of the data 
that enables two types of tables are dimension tables 
(dimension tables) and fact tables (fact tables). Dimension 
tables contain data that is compatible with the needs of 
business and the facts surrounding the table to obtain the 
information. 
 
According to [16], the star schema has two kinds of tables: 
fact tables (fact table) and table dimensions (dimension 
table). Fact table(the fact table) is a table that generally 
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contains something that can be measured(measure) and 
historical, and a collection of primary key, foreign key 
contained in each dimension table. Usually refers to the fact 
table transactions and contains two types of data: 

● Link to the dimension tables, which is required as a 
reference of the reference information contained in 
each fact table. 

● The number values of attributes that define a 
transaction that includes and represents the real target 
of OLAP (Online Analytical Processing) analysis. 

 
Therefore, the fact tables contain derived data and connect 
one or more dimension tables. Table dimensions(dimension 
table) are a table that contains categories with summary 
details of which can be in the form of reports. In general, it 
can be called a dimension associated with surrounding 
entities in the organization process. 
 
2.6 Dashboard 
 
Dashboard is a direct descendant of the old EIS and DSS 
systems, by improving the functional and performance [21]. 
Because they are connected with strong data systems and 
utilize Key Performance Indicators [22]. three types of 
dashboard such as : 

● Tactical Dashboard: Measure and describe the short-
term productivity and effectiveness of the company's 

performance. The result is the dashboard displays that 
can describe the company in making a smart strategy. 

● Operational Dashboard: Measuring the effectiveness of 
business functions running on a team or business unit 
level. Dashboards of this type can potentially be used 
by a team manager. 

● Strategic Dashboard: Built to carry out the policies of 
the organization. Dashboard displays data describing 
business strategy and corporate goals. 

 
2.7 Business Intelligence 
 
BI (Business intelligence) is allowing users to transform data 
into meaningful data that can support decision making 
processes in the company while data warehouse is the most 
important component in creating BI [18]. [6] further 
elaborate the varieties of BI applications, BI can be a simple 
query tool or a complex data modeling tool however all of 
them help to present data in meaningful ways regardless of 
the input method of data or visualization produced from the 
data. Based on the illustration above, we can conclude that a 
data warehouse is the source of data or the kitchen while 
ETL processes the data like a cook and also moves the data 
like a waiter moving food to the customer. BI is the dining 
table where data is ready to be served [23]. We will use 
Tableau as our choice of BI because of the compatibility 
with kimball methodologies [24]. 

 
Figure 1: IMDb Entity Relational Diagram

3. METHODOLOGY 
 
Figure 1 shows the IMDb website’s database, we can see 
that from one perspective the most prominent transaction 
table is movie and principal. Movies represent the data entry 
for movies, videos, and short films for IMDb websites while 
principals represent the relationship between the movie and 
the actor that plays that movie. Using kimball methodologies 

we want to create a data warehouse for actor dashboard and 
in kimball methodologies there are four steps of basic 
dimensional design process [20] which are: 
 
Select the business process: In this step we need to identify 
which business process that will be incorporated into the 
data warehouse, business process usually translate into fact 
and most fact usually focus on a single business process. 
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Usually in this step we actually choose the data mart that we 
desired [6] but because we only have one database, so we 
only have one database to represent our business process. 

● Declare the grain: In this step we will need to declare 
the granularity of data which we actually use per 
snapshots of principal (Year time dimension) to make 
an actor dashboard. Principal represents the history of 
each actor playing a certain movie, and the grain we 
choose is the rating of the actor. 

● Identify the dimensions: After deciding the grain, we 
can find the dimension that we need based on the grain 
in this case the record. As we can see in the above 
figure, principal contains the actor id (nconst) which 
means Actor is a dimension. Principal also contains 
tconst or movie is which means we can collate movie 
and movie_info table together (because we only want 
to know about the actor's performance), in the movie 
there are connected with Genre, Language, and Region 
table which can be transformed into dimensions. Year 
in movies can also be used as a time dimension. 

● Identify the facts: As pointed out above we want to 
find the rating/popularity of the actor because we only 
want to focus on that, we will use Principal as the main 
fact table. 

 
 

 
Figure 2: IMDb Star Schema 

 
 

Figure 2 shows the star schema resulting from the following 
steps. After creating all dimension tables and fact tables, the 
data is processed using Pentaho Data Integration tool. The 
ETL process is shown on Figure 3 – 9. 
 

 
Figure 3: Actor Dimension ETL 

 
In figure 3, we joined data from principal table with 
principal_category table using filter, to show category only 

for actress and actor, then the result must be join with table 
actor to get the birth year and death year. 
 

 
Figure 4: Genre Dimension ETL 

 
In figure 4, we create genre dimension from the genre table 
from the database by selecting only the genre_id and 
genre_name. 
 

 
Figure 5: Language Dimension ETL 

 
In figure 5, we create genre dimension from the language 
table from the database by selecting only the language_id 
and language_name. 
 

 
Figure 6: Region Dimension ETL 

 
In figure 6, we create genre dimension from the region table 
from the database by selecting only the region_id and 
region_name. 
 

 
Figure 7: Type Dimension ETL 

 
In figure 7, we create genre dimension from the title_type 
table from the database by selecting only the title_type_id 
and title_type_name. 
 

 
Figure 8: Year Dimension ETL 

 
In figure 8, we create a year dimension, using the generate 
rows function in pentaho, starting from year 1890 and use a 
sequence generator to generate 1 value and add it to the year 
using a calculator. 
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Figure 9: Principal Fact ETL 

 
In figure 9, we create the fact table by joining the principal 
table with the year dimension, and inside the principal table 
input, we aggregate numvotes field into total numvotes, and 
average of rating from the rating field. and load the result 
into the principal fact. 
 
4. RESULT 
 
After ETL is done, we can proceed to use our data 
warehouse to build a new dashboard, in this paper we will be 
using  Tableau as our BI tools. After connecting to our data 
warehouse, we can connect them into a star schema as 
shown in figure 10. 
After the star schema is created, we can continue to make 
the dashboard using Tableau as shown in figure 11 through 
figure 14. 
As shown in figure 11, we can analyze the distribution of 
number votes of movies and average between years for 
actors that were born within 1900 until 1918, as we can see 
1901 is where the most votes are but across the year the 
average movie score is relatively the same. 

 
Figure 10: Data Warehouse Connection with Tableau 

 

 
Figure 11: Dashboard Actor Born in 1900-1918 Rating vs Num 

Votes 
 

 
Figure 12: Actor Born in 1900-1918 & Playing in USA Movie 

 
 
As shown in figure 12 we can analyze the number of actors 
and actresses from 1900 until 1918, we can also see how 
many of them are playing USA movies (movie with US 
region) compared to the total number of actors and actresses. 
Figure 13 shows the dashboard and their filmography 
including their average score for each of their movies.  
Figure 14 shows filmography detail from figure 13, we can 
see the average score of each genre and how many votes that 
represent the ratings. This dashboard is very useful to know 
the history of actors/actresses and what movie genre they are 
good at. Complete dashboard can be seen in figure 15. 

 
 
 

 
Figure 13: Actors/Actresses Filmography 
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Figure 14: Actors/Actresses Filmography Detail with Average Rating & Votes 

 

 
Figure 15: Principal Dashboard 

 
5. CONCLUSION 
 
Data warehouse is an important aspect in leveraging not only 
a business transaction but also a database-type data entry, by 
utilizing data warehouse methodologies we can rapidly 
analyze data and create a reporting dashboard to satisfy the 
requirement of stakeholders. ETL is also proven as a best 
method for converting databases into a data warehouse 
easily without the need to interfere with the production 
database. Currently we only use Pentaho as ETL tools and 
Tableau as reporting tools, exploring other tools is also 
important to gauge the effectiveness of data warehouse  

 
methodologies. For future development we can also 
implement these techniques in big data technology, with a 
different volume of data, implementing a data warehouse 
may have it’s own challenge and reward but exploring it is a 
novelty. 
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