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2. Literature Reviews 

2.1. Web 2.0 Core Concepts 

Several Web 2.0 promoters (Tim O'Reilly, Dion Hinchcliffe, etc.) have concluded many 
aspects from existing applications; we defined these aspects as “Web 2.0 generic 
descriptions”. 

White said (White, 2006): “Web 2.0 is not a collection of new Web technologies. 
Instead Web 2.0 applications are more likely innovative applications of existing technologies 
and techniques.” Hence, although many generic descriptions are focused on technologies, 
Web 2.0’s central ideas should focus on non-technical concepts. We concluded six Web 2.0 
core concepts (W2CC) from literatures and actual applications: all Web 2.0 generic 
descriptions discussed in various literatures can be extended from them (Figure 2). 

W2CC do not form specific architectures or relationships to each other. They are 
flexible to be organized and balanced by different requirements. 

 
Figure 2. Web 2.0 core concepts 

(Source of the Web 2.0 concept tag map: Wikipedia, 2008) 

1. Web as Platform (Web Platform) 

O'Reilly (O'Reilly, 2005a) and Hinchcliffe (Hinchcliffe, 2006c) both mentioned that 
one of the major changes in Web 2.0 applications is “Web as Platform” (short for Web 
Platform). Traditionally, web applications are static information silos (storages) or simple 
one-to-one service providers; Web 2.0 applications are “platforms” and form virtual 
environments on the Internet (Wikipedia, 2007b). Users would be enfolded in this 
environments and reflect his/her “point of presence” to other users (White, 2006). Easy 
interaction and sharing enables higher-level services and better usage for the application. 
Different platforms can be merged into bigger global ones as well. 

O'Reilly and Hinchcliffe agreed that database is a key of Web Platform, since it’s 
necessary to record users’ activity to provide services. There is also application software, 
foundation for all functions and features on the platform. In conclusion, Web Platform is a 
virtual Internet environment created by a web application’s software and database, which 
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support users’ activities in the environment. 

2. Architecture of Participation 

The term “Architecture of Participation” is first mentioned by O'Reilly (O'Reilly, 2003) 
during a discussion about successful factors of open source communities with Adam Turoff. 
In these communities, programmers are allowed to modify and refine software both freely and 
voluntarily – via participations and contributions. O'Reilly said: “What really distinguishes 
open source is not just source, but an ‘Architecture of Participation’ that includes low 
barriers to entry by newcomers…allows for a real free market of ideas, in which anyone can 
put forward a proposed solution to a problem.” 

In a later article (O'Reilly, 2004), O'Reilly pointed out that the Web (World Wide Web) 
is actually an open source software refined by users, for whom create HTML pages, web links 
and contents. He also used Architecture of Participation to describe “the nature of systems 
that are designed for user contribution.” It is of no surprise that the term was used again in 
O'Reilly’s 2005 article “What is Web 2.0”, as well as works of Hinchcliffe (Hinchcliffe, 
2006a; Hinchcliffe, 2006c) and Chen, Pin-Chun (Chen, 2005). 

O'Reilly also mentioned the following features (O'Reilly, 2005a): 

(1)  Users add value. With more users participate and contribute, the network effect is 
greater, the value of a platform will grow exponentially. 

(2)  You control your own data. Contents belong to or can be managed by those who create 
them (Hinchcliffe, 2006b). Some platforms may permit contents to be edited or 
modified by other users (like Wikipedia), but the principle is not changed. 

(3)  Trust the users as co-developers, not control them. They are allowed to contribute to 
the platform. 

In short, Architecture of Participation represents the liberty to contribute contents, and 
the right to manage (modify, delete, etc.) contents that belong to contributors. The power is 
decentralized to every user on the platform; you don’t need to worry about being seriously 
interfered or controlled. (The control issue for user or content violation is not in the scope of 
original Web 2.0 concepts, because the matter is already commonly seen in pre-Web 2.0 
websites.) 

According to Yu-Wei Lee’s research (Lee, 2004), one of the reasons causing passive 
participation (peers/hitchhikers) is that participators are intimidated by influences or attitudes 
from others. Architecture of Participation actually solved the problem by granting users more 
independence and power, so that they would be more willing to create values on the platform 
(Hinchcliffe, 2006b). 

3. Social Architecture 

Web 2.0 applications were long regarded as social software (Wikipedia, 2007b). People 
use social software to interact, share contents and establish personal relationships. Although 
social aspect was not mentioned in O'Reilly’s works, Hinchcliffe included “Social 
Architecture” in his Web 2.0 software model (Hinchcliffe, 2007) and another work 
(Hinchcliffe, 2006a) as user’s further value creation. After all, it would be meaningless if 
users on a platform cannot communicate and exchange contributed contents with each other. 

There are also virtual communities (or online communities) in Web 2.0 concepts (Chen, 
2005; Lin, 2007). In definition, a virtual community is a group of people who shares the same 
interests or goals, interact via computer-mediated communications (Farquhar & Rowley, 2006; 
Gupta & Kim, 2007; Wikipedia, 2007a). People may naturally form virtual communities on a 
platform, but they may also want to send messages to someone who is not in the same group. 
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Thus, we gave Social Architecture the following definition: user interaction/communication, 
contents sharing and forming virtual communities. 

4. Collective Intelligence 

In Web 2.0, Collective Intelligence represents the aggregation of user-generated 
contents (published data, information or explicit knowledge on the platform), which are 
available and open for users to use, re-use, remix or transform (Hinchcliffe, 2006b; O'Reilly, 
2005a; White, 2006). It is sometimes called the “information cloud” or the “wisdom of 
crowds” as well. 

O’Reilly emphasized this idea as “data is the next Intel Inside” and “harnessing 
Collective Intelligence” (O’Reilly, 2005a) – contents are the goal value of Web 2.0 
applications. By putting user contents together, people can search for solutions from the 
collective knowledge and experience which is far more complete than any single user’s 
achievement. Users contribute via cooperation without central leadership, and yet can still 
gain benefits from it (Surowiecki, 2004). 

O’Reilly (O’Reilly, 2005a), Hinchcliffe (Hinchcliffe, 2006b) and White (White, 2006) 
agreed that these contents are the results of Architecture of Participation. However, contents’ 
use and re-use indicates that there is some degree of sharing (not necessary directly and 
instantly); users may create new contents from already shared materials. In other words, 
contents are actually generated via both Architecture of Participation and Social Architecture. 

Collective Intelligence also includes user-generated meta-contents (Martin, 2006; 
White, 2006), such as tags, ratings and online bookmarks. They can enhance other contents’ 
usefulness and meanings. 

5. User 

Web 2.0 applications are user-centric (Chen, 2005; White, 2006). Without users, there 
would be no participation, interaction and value creation at all, so we listed users as one of the 
W2CC. 

6. Identity and Personalization 

Users do not exist directly on the platform; they exist via their identity, as White’s point 
of presence (White, 2006). According to Ryan (Ryan, 2007), an identity includes user profile, 
factors, membership, authentication, user’s contents and favorites. 

User’s contents themselves are part of Collective Intelligence, but can be arranged and 
represented as a “channel”. In our observation, all Web 2.0 applications (which mentioned in 
the literatures) have the channel feature: blogs, Flicker, del.ici.ous, Wikipedia and others. It is 
not often mentioned in many literatures, but this is the most distinguishing difference from 
traditional social websites. 

Users can also manage and display their profile via personalization. This too is 
reinforced by user-centric concepts. 

2.2. Requirements Modeling of UML 

Unified Modeling Language (UML) is a standardized, multi-purpose graphic modeling 
language (Wu & Lin, 2007; Wikipedia, 2008e) that have been adopt by Object Management 
Group (OMG) since 1997. The currently official UML version is 2.0, which was adopted in 
2003. 

According to Jen-Her Wu and Hsin-Hui Lin (Wu & Lin, 2007), there are two stages in 
UML modeling: requirements modeling, and system design/analysis modeling. 
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1. Use Cases 

In UML’s requirement modeling stage, “use case diagram” is the most essential part, 
since it is useful for reflecting systems’ “meta-architecture” (high level conceptual structure), 
which is capable of enhancing designer’s domain knowledge of the system architecture 
(Malan & Bredemeyer, 1999). 

“Use cases” indicate systems do “what” but not “how” to do things, independently of 
the technology, classes, objects or actual activities. A use case describes one or series of 
system functions from users’ angel, which is used by users and achieves a specific goal. Keng 
Siau and Lihyunn Lee (Siau & Lee, 2004) also pointed out that use case diagrams are better 
than class diagrams in requirements capture. 

Wu and Lin (Wu & Lin, 2007) listed the analysis steps of use cases: 

(1)  Identify actors (specific types of users that use the system). 

(2)  Identify use cases. 

(3)  Specify use cases and identify their relationships. 

Use cases link to users via “associations” and can be placed in corresponding “system 
boundaries” (the whole or subsystems) or groups of “packages” inside the former. There are 
three types of relationships between use cases: 

(1)  Include/use: use case A includes the function of use case B. 

(2)  Extend: use case A may be used in B under certain conditions. (B does not necessarily 
require A for operation.) 

(3)  Generalization: use case A and B are inherited (specified) from C and have additional 
functions. 

 

Figure 3. Example of use case diagram 
(Source: http://www.visual-paradigm.com, 2007) 
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A use case should be specified for following details (Chitnis, Tiwari & Ananthamurthy, 
2003; Wu & Lin, 2007):  

(1)  Name and descriptions of use case. (We further added ID as identification of use cases.) 

(2)  Actors. 

(3)  Pre-conditions (constraints). 

(4)  Post-conditions. 

(5)  Basic flow (function process) and alternative flow. 

(6)  Special requirements. 

(7)  Relationships (include, extend or generalization). 

Use case diagrams and their specifications (the meta-architecture) represent the result 
of UML requirements modeling. They hence can be used in system design and analysis stage, 
in order to generate system architectures. 

2. Incorporating Non-Functional Requirements Into Use Cases 

Beside functional requirements (FR), there are also non-functional requirements (NFR). 
FR capture intended behaviors of a system, and may be expressed as services, tasks or 
functions that are required in the system (Malan & Bredemeyer, 1999); NFR are 
non-operating such as system quality, security or usability. If designers do not consider NFR 
in requirements modeling, it will be costly to insert them later. System may even fail due to 
incomplete reflections to user demands (Malan & Bredemeyer, 2001; Tonu, 2006). For the 
non-functional features in Web 2.0 core concepts, it is necessary for us to include NFR in the 
requirements modeling stage. 

Ordinary use case diagrams capture FR well, but they do not capture NFR naturally. 
However, we adopt the concept from Aspect-Oriented Software Development (AOSD) as the 
NFR incorporating solution. AOSD regard a requirement as a “concern”, a particular set of 
behaviors needed by a computer program (Wikipedia, 2008b). Some concerns may influence 
others, which are hence called “cross-cutting concerns” or “aspects” (Wikipedia, 2008a). NFR 
can be seen as aspects, that they cross-cut FR throughout the system. 

There are three types of cross-cutting (Araujo, Moreira, Brito & Rashid, 2002; Sousa, 
Soares, Borba & Castro, 2004): 

(1)  Overlap: a NFR modifies a FR when cross-cutting, before FR behaves or after. 

(2)  Override: a NFR superpose a FR when cross-cutting. 

(3)  Wrap: a NFR “encapsulate” a FR for cross-cutting. The FR’s behavior is included 
inside the NFR’s behavior. 

For use cases, some NFR can be seen as “aspectual use cases” and link FR use cases 
via “cross-cut relationships” (as Figure 4). In some researches NFR use cases are also allowed 
to cross-cut actors or even the system as well. 
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Figure 4. Example of FR/NFR use cases and ordinary/cross-cutting relationships 
(Source: Sousa et al., 2004) 

Several literatures (Araujo et al., 2002; Araujo & Coutinho, 2003; Sousa et al., 2004) 
proposed similar divide-and-compose processes for both FR and NFR in use cases analysis, 
as below as well as Figure 5: 

(1)  Identify and specify actors and FR. 

(2)  Identify and specify NFR, then identify cross-cutting NFR to FR. 

(3)  Transform FR to ordinary use cases, cross-cutting NFR to aspectual use cases. Identify 
relationships and compose use case diagrams. 

(4)  Identify and resolve conflicts of aspectual use cases. 

Noted that some NFR may conflict to each other (such as security and efficiency) 
(Malan & Bredemeyer, 2001) by negative influences. We then identify and resolve conflicts 
by assigning priorities (such as 1 to 5 or Min to Max) to NFR.  

NFR aspectual use cases should be specified as well (Araujo & Coutinho, 2003; Sousa 
et al., 2004): 

(1)  Name and descriptions of NFR use case. (We further add ID for identification.) 

(2)  Cross-cut conditions (affected point). 

(3)  Influences to other use cases, actors or systems (positive or negative). 

(4)  Cross-cut relationships (overlap before/after, override, wrap). 

(5)  Priority. 
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Figure 5. Analysis process composing FR and NFR to use cases 
(Source: Araujo et al., 2002) 

2.3. The Meta-Data Architecture 

Meta-data architecture can be used to describe the relationships of data and models. 
The most notable adaption can be seen in OMG’s Meta-Object Facility (MOF), an abstract 
language for other software modeling languages. 

Model-Driven Engineering (MDE) represents modeling development approaches for 
systems, software of data. The most known is Model-Driven Architecture (MDA) proposed 
by OMG in 2001 (Wikipedia, 2008d). In order to define earlier UML, OMG adopt 
Meta-Object Facility (MOF) in 1997; until June 2008, official MOF specification is version 
1.4 (since 2001), corresponds to UML 1.4 and 1.5. MOF 2.0 is used in UML 2.0 but has yet 
been approved (OMG, 2008). 

MOF adopted the classical four-layered meta-data architecture to describe relationships 
of data and models (Figure 6). The lowest user object/instance layer or the “real world” 
(system) (M0), model layer (M1), meta-model layer (M2) and highest meta-meta-model layer 
(M3). All upper layers describe and model lower levels; lower layers are “instances” derived 
from upper levels. Finally, M3 layer is self-describing (“hard-wired”) and object-oriented, 
which is the MOF model itself (OMG, 2002; Ou, Georgalas, Azmoodeh, Yang, & Sun, 2002; 
Thiemann, 2006). 

For the example of UML, UML meta-models (M2) are derived from MOF model (M3); 
individual models (M1), such as use cases or classes, are derived from M2. These models can 
be realized as run-time system objects or data/information (M0). MOF can be extensively 
used for other meta-modeling approaches as well. 
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Figure 6. MOF’s meta-data architecture 

(Source: Ou. et al., 2002) 

However, due to the introduction of non-functional requirements and NFR use cases 
that are not yet standard features in UML and MOF, we do not discuss or use any of MOF’s 
specifications and meta-modeling constructs in this paper, only concept of the meta-data 
architecture (along with the M0, M1, M2 and M3 identification for the four layers). 
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