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Abstract. The Encyclopedia of Islamic Architecture (EIA) provides the 
architectural design information that is empirically believed to best represent 
the content of this kind of architecture, besides being a platform for achieving 
all accumulated information elements. It is also containing a design information 
framework to operate as a mechanism for representation of design knowledge 
through an integrated software/hardware solution. The electronic Encyclopedia 
of Islamic Architecture is designed to meet the unique needs of specific 
professions working in true collaborative research operations across the multi-
disciplinary extended enterprise including style and form design, historical 
background and the definition of detailed characteristics of Islamic 
Architecture. It is a useful research, prototyping and information seeking tool 
which comprise a number of activities from topic formulation to database 
search and browsing through accessed document providing a mechanism for 
user’s information need that is useful in every phases of the information seeking 
process.  

Keywords: Data modeling, Data Warehouse, Architectural heritage, Islamic 
Architecture, .user interface. 

1 Introduction 

History of architecture itself proves that forms developed are not necessarily used. 
There are two parallel histories: the factual history of building and use, and the ideal 
history of possible symbolizations. Whereas the former shows an unsteady course 
where “primitive” and “sophisticated” solutions alternate according to the situation, 
the later illustrates a general growth of knowledge and possibilities (Ballwin, 2000). 

Issues of computer –based or knowledge- based vision, which involve the 
automated interpretation of images, are being adapted to serve our aim to have a new 
understanding of this heritage. Concerning historical heritage- in general - the 
problem may become more difficult regarding the complexity and the expanded 
variations in architectural elements, time, and place.  Islamic architecture spread over 
a huge land area and expanded in a wide span of time. Within this scope, Islamic 
architecture formed a homogenous ingredient of human arts and architecture. For that 
we are seeking a methodology for extending the implementation of knowledge based 
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information systems (KBIS) from classification issues (for which they are already 
well established) to the problems that involve the identification issues (Clive, 1990). 
Therefore, there is a need for a Model-based User Interface Design that is capable to 
expand the traditional information analysis functions such as search and retrieval, 
filtering, document summarization, and data presentation methods to address the need 
of the users through customization of information management systems.  

2 Model Based Information System 

Computer display technology, information retrieval and analysis already provide solid 
building blocks for creating useful research, prototyping and information seeking 
process which comprise a number of activities from topic formulation to database 
search and browsing through accessed document (Sato, 2000). Thus, EIA provides a 
mechanism for creating a model for the user’s information that is useful in each of 
these phases of the information seeking process. We are introducing an architectural 
style that could be conceived more in terms of procedure than formal idioms. This 
model also provides design information that is empirically believed to best represent 
the content of design thinking besides being a platform for achieving all accumulated 
information elements (Fig. 1- KBIS and identification issues). Design knowledge can 
be categorized into two classes: - One is fact–based design knowledge of that is 
equivalent to building types, building elements and the building components of 
Islamic architectural and its characteristics in time and place. -  And the other is 
process-based design knowledge. Like language, architecture can be read and 
interpreted, its elements can have symbolic meanings and there is also, structure in the 
arrangement of its elements (Norberg-Schulz, 1984). Each of the elements in an 
architectural vocabulary is termed an object-type. The use of a conceptual hierarchy is 
a general knowledge representation method that allows object-types to be subtypes or 
super types of other object-types.  
 
 

 

Fig. 1. Extending the reach of (KBIS) techniques from classification issues (for which they are 
already well established) to the problems that involve the identification issues. OLAP database 
servers use multidimensional structures to store data and relationships between data. 
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3 Multidimensional Model (Cubic Representation of Factual 
Measures) 

On-Line Analytical Processing OLAP database servers use multidimensional 
structures to store data and relationships between data. Multidimensional structures 
can be best visualized as cubes of data, and cubes within cubes of data. Each side of 
the cube is considered a dimension. Each dimension represents a different category 
such as building type, building components, or building elements. Each cell within the 
multidimensional structure contains aggregated data relating elements along each of 
the dimensions (Schank, 1977).  A data cube is constructed from a subset of attributes 
in the database. Certain attributes are chosen to be measure attributes, i.e., the 
attributes whose values are of interest. Other attributes are selected as dimensions or 
functional attributes. The measure attributes are aggregated according to the 
dimensions (Fig. 2- The relational model). 

Dimensions on which these measures can be projected are: “Time”: Islamic 
dynasties. -“Location” dimension are Regions/ cities.-“Building” dimension 
describes the architectural hierarchy within the urban fabric and the building itself. 
This hierarchy goes into three categories: Building types, building components, 
building elements. 

The proposed system has been developed using MS SQL Server and analysis 
Services. The multidimensional structure has been stored in a multidimensional 
OLAP (MOLAP) database. The data (raw and aggregated data) in MOLAP is stored 
as series of multidimensional arrays (Fig. 3- The multidimensional structure).  Cubes 
can be generated with the measures projected on prescribed set of dimensions (axis of 
analysis). The available operators like drilling (up and down), roll up and aggregating 
can also be applied to explore and display data under different angles (Sato, 1991).  

To construct an OLAP cube, one needs to think about the measures and the 
dimensions. Regarding Islamic architecture, classification is a first step in organizing 
knowledge; it can facilitate comparison, highlight difference, limit generalization, 
expose gaps in knowledge, assist theory development and provide comparability. 
Defining the classification hierarchies of certain dimension attributes is crucial 
because these classification hierarchies provide the basis for the subsequent data 
analysis. Because a dimension attribute can also be aggregated to more than one other 
attribute, multiple classification hierarchies and alternative path hierarchies are also 
relevant (Carroll, 1998). 

We have first created an object-relational model where we have grouped relevant 
information related to application domain. A classification of concrete properties may 
result in a table of attributes, each representing a property. Principles involving 
likeness and distinctness must be used in creating clusters.  Clustering and 
segmentation are the processes of creating a partition so that all the members of each 
set of the partition are similar according to some metric. The data is then transformed 
and delivered to the data warehouse/store based on a selected model (or mapping 
definition).  The data transformation and movement processes are executed whenever 
an update to the warehouse data is required so there should some form of automation 
to manage and execute these functions (Coyn, 1990).  
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Fig. 2. The relational model is the basis for any relational database management system 
(RDBMS). A relational model has three core components: a collection of objects or relations, 
operators that act on the objects or relations, and data integrity methods. In other words, it has a 
place to store the data, a way to create and retrieve the data, and a way to make sure that the 
data is logically consistent. One of the common methods for modeling a database is called 
ERA, which stands for entities, relationships, and attributes. The database designer uses an 
application that can maintain entities, their attributes, and their relationships.  

4 Data Presentation 

Data visualization makes it possible for the analyst to gain a deeper, more intuitive 
understanding of the data and as such can work well alongside data mining. Data 
mining allows the analyst to focus on certain patterns and trends and explore in-depth 
using visualization (Irwin, 2001). On its own, data visualization can be overwhelmed 
by the volume of data in a database but in conjunction with data mining can help with 
exploration. The data exchange between the folders uses "drag-and-drop". The "drag-
and-drop" metaphor controls the linking between the "Navigation" areas and the 
"Presentation" and "Attribute" area. By dragging the data or operators from the 
"Navigation" window into the "Presentation" or "Attribute" window, the appropriate 
actions are performed.  In the specific context of spatial data analysis, we consider the 
following processes that are interconnected: selection, exploration, manipulation and 
explanation. 
 
The selection process includes the translation or conversion of spatial data from a 
database into graphics. It involves query operations on an architectural database, by 
means of interactive menus or spatial languages. Selection involves data selection and 
display, with the appropriate data transformation.  
 
The Exploration process is used for operations such as Architectural-statistical and 
spatial statistics analysis. 
 
Manipulation of spatial data can be seen as the set of operations that create new 
architectural data from existing data sets. Manipulation is a situation where complex 
architectural analysis will be performed.  
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Fig. 3. The multidimensional structure. This model is centered on a fact table containing 
measures with related dimension tables, which characterize these facts. Each dimension has a 
number of attributes used for selection or grouping. A dimension is usually organized in 
hierarchies supporting different levels of data aggregation as well as multiple inheritances. The 
snowflake schema is a variant model where the hierarchies in the dimensions are explicit 
following normalized tables.  This is an example of cubic representation data of our model, 
with 3 axes of analysis: Time, Location, and Building. 

Explanation of spatial data includes methods for indicating potential multivariate 
relationships between objects. The idea is to allow the user to explore the data set, 
choosing different types of presentation, in order to enhance his cognitive 
understanding of the behavior of the phenomena under study. The idea is that it is 
possible to strike gold in unexpected places as the data mining software extracts 
patterns not previously discernable or so obvious that no-one has noticed them before. 
This allows for a more integrated processing of data, and fits more adequately in a 
desktop environment (Fig. 4 shows Generic framework for automated interface-
generation environment).   
 

Our basic consideration is that the user needs spatial cues to navigate, manipulate 
and visualize spatial data. Therefore, all data and operations are associated to icons  
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Fig. 4. Generic framework for automated interface-generation environments that employ data 
models. This frame work defines the fact – based architectural knowledge through process – 
based knowledge.  

that indicate the underlying data type. This reduces the complexity of having different 
data types being manipulated by the same program. A desktop environment consists 
of:- 
 
Navigation area, where the user chooses the data to be processed and visualized, the 
operators to be applied to such data, and views the legend associated to such 
visualization (Fig. 5- Navigation/Operation).  
 
Presentation area; where the data itself is presented, together with associated 
graphical information.  
 
Attribute area; which shows the attributes of the data currently being displayed.  
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Fig. 5. Navigation/Operation, a data flow interfaces for linking data (“Presentation/Dataflow”) 
and a textual interface for the corresponding Dynamic Research User Interface (DRUI) 
language. In regard to the general requirements, we consider that the metaphors proposed 
(icons as graphical cues for the different types of data and operations, drag-and-drop linking 
data and visualization) are powerful means of reducing complexity and allowing non-experts to 
interact with architectural information. 

Operations area; provides a hierarchical view of the available operations, 
manipulation and exploration for building types, building components, and building 
elements. 

5 Dynamic Research User Interface (DRUI) 

EIA uses program resources called environment variables. These variables define first 
which research path the users can follow, and second; the research operations that 
could be carried out while going through those paths. 

 
Research Operations 
EIA enables easy and fast analysis for any of the building types in Islamic 
architecture. Research operations such as identifications, associations, characteristics, 
(Environmental, Formal, Ideological, and Technical), comparisons, and associations 
can be performed through pull down menus and dialogue boxes. 
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Identifications: To identify buildings history (PDFs), location, and all architectural 
drawings. Users could go through a photo gallery and also movies for each selected 
building. 
 
Characteristics: An architectural vocabulary represents knowledge about all the 
types and characteristics of architectural elements in a region. It is a set of defined 
concepts that describe the types of elements found in an architectural vocabulary. 
 
Comparisons:  Comparisons are easily performed by selecting / defining any of the 
building types / names or, a building component, or a building element. Next, the user 
will select location/s (country / city), and time duration (dynasty / dates).   
 
Associations: From any of the three hierarchies (Building Types, Building 
Components, Building Elements), we can select one entity at a time and from the  
association menu, select the type of the related associations either in general, or in a --
specific location and in a specified time span/ dynasty (Fig. 6- comparative-analytic 
studies). 
 
Hyperlinks: Any of the search results could be directly connected through internet to 
its actual location on the globe through Google Earth. This facility is the most fast and 
easy way to identify the location of any part of this heritage regardless to its 
hierarchy. 
 

 
Fig. 6. EIA enables comparative-Analytic studies at any level in the hierarchal classification 
system of this encyclopedia: building types, building components, and building elements, in its 
different locations and different dynasties 
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6 System’s Capabilities 

EIA is expected to form an established paradigm in the study of form and 
composition. The explication and ideation of this conceptual content of digital design 
is another import agenda for digital design education in architecture. We can go into 
this by identifying six key nonexclusive and nonexhaustive categories of distinctly 
engineering knowledge: (1) fundamental design concepts, (2) criteria and 
specifications, (3) theoretical tools, (4) quantitative data, (5) practical considerations, 
and design instrumentalities. 

Compared to other systems, and because of its formal vocabulary, syntactical and 
formal knowledge, EIA is strongly accepted as a foundation of design pedagogy in 
architecture. It is an iterative application that can be descriptive—used to analyze and 
describe existing designs—or generative—used to generate original designs. 

Through its deep, integrated and comprehensive structure, it can form a base for 
further design methodologies and could be integrated with various generic design 
applications and specific applications dealing with AI (Artificial Intelligence), and 
pattern recognition. 

Here we can help overcome the problem of setting up visual rules or grammar 
afresh, since many architects no longer feel it appropriate to use styles from the past. 
This develops the internal structure and order which give the building enough 
redundancy to be readable and understandable in its own terms. This is necessary if 
the building is to look as if it is an entity rather than random collections of shapes, 
materials, proportions and colors. 

7 Conclusion 

The Encyclopedia of Islamic Architecture (EIA) will be addressing the complete 
development of Islamic Architecture through its different Regions and Dynasties. 
This range of capability allows this encyclopedia to be an application platform in a 
wide variety of institutions dealing with architectural design, architectural education 
and fine arts. Time representation and tracking are essential for cultural heritage 
collections mainly for two reasons: firstly, they provide the ability to depict the 
cultural heritage evolution. Secondly, because the cultural material is “alive" and it 
may alter over time. It is important to track the changes and actions that happen 
during the lifetime of architectural formation and style. 
 
EIA. Provides characterized-driven modeled classification for elements of design in 
Islamic Architecture. Using attribute definitions and the object-type hierarchy, the 
architectural vocabulary for a region can be defined in different ways. EIA Enables 
easy and fast analysis for any of the building types, components and elements in 
Islamic Architecture. Research operations such as associations, analysis, 
characteristics (Environmental-Formal-Ideological-Technical), comparisons, and 
history/description can be performed through pull down menus and dialogue boxes. 
For the purpose of e-learning, EIA can provide standardized data structures and 



280 O.M. Alrawi 

 

communications protocols for objects and cross-system workflows. It can also 
provide an effectively designed system that will address the functionality 
requirements of each category of end-users.  
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