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Abstract—Internet is becoming an open, global, ubiquitous and 
smarter computer for our society and planet. Such “Internet as 
a Computer” requires substantial improvements in software 
characteristics such as collaborative, situational, autonomous, 
evolvable and trustworthy, which challenge existing software 
paradigms, including software model, software middleware 
and engineering approach. In this talk, a new software 
paradigm, called Internetware, is presented as a synergy of 
these future directions. 
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I.  SHIFT OF SOFTWARE PARADIGM 

Software paradigm (or programming paradigm) is a 
software model and its construction theory from the 
perspective of software engineers or programmers. As shown 
in Figure 1.  a software paradigm defines what is to be 
constructed and executed, how the resulted software artifacts 
or entities are to be structured, how the artifacts or entities 
should be executed, and how well the constructed and 
executed software.  

 
Figure 1.  Software Paradigm 

The goals or values of software paradigm is to better 
utilize hardware capabilities or runtime features, as well as to 
provide a more expressive and natural computing model 
from the perspective of application domain. In that sense, 
software paradigm can be considered as a reflection of the 
runtime environment and application domain. As shown in 
Figure 2. , software paradigm always evolves itself for 
evolving application domains and runtime environments. For 
example, when the computer application propagated from 
science computing to enterprise computing, software 
paradigm shifts from unstructured to structured. When the 
dominant network environment changed from Intranet to 
internet, software paradigm shifts from object-oriented to 
component-based and service-oriented. For every emerging 
paradigm, WHAT-IS and HOW-TO are always the first 
issues to be solved (in 5-10 years) and then HOW-WELL 
becomes the core issue in the practices and pervasiveness of 

this paradigm. Such switch of focal points can be easily 
concluded from the object-oriented paradigm and service-
oriented paradigm. 

 
Figure 2.  Shift of Software Paradigm 

Generally speaking, software paradigm is the core of the 
whole software technology. Every shift of software paradigm 
brings revolutionary challenges as well as tremendous 
opportunities to software technology, e.g. shift from 
structured to object-oriented and shift to service-oriented. 
After a decade of extremely rapid development, the runtime 
environment and application domain of Internet have 
evolutionary changes. We argued that a new software 
paradigm is needed in the era of Internet. 

II. INTERNET AS A COMPUTER 

In the past decade, many new concepts and topics have 
been proposed for constructing and optimizing the Internet 
ecosystem, such as grid computing and cloud computing, 
pervasive computing, service computing, social computing, 
semantic computing, Internet of things, system of systems, 
and smarter planet. To our opinion, these ideas are just 
different perspectives and efforts on a big trend, that is, 
Internet is becoming an open, global, ubiquitous and smarter 
computer for our society and planet.  

Such “Internet as a Computer” (called Internet Computer 
in the following) brings many technical challenges. For 
example, how to utilize Internet hardware resources 
efficiently and cost-effectively drives virtualization 
technology from grid computing to cloud computing. How to 
utilize Internet software resources efficiently and cost-
effectively drives integration technology from EAI to SOA. 
How to consume Internet hardware and software resources 
easily and cost-effectively drives human computer interface 
technology from PC-based HCI to pervasive computing. The 



massive users of Internet and their collective intelligence 
bring a new way, social computing, to make computing more 
intelligent, which impacts semantic computing and artificial 
intelligence technology significantly.  Internet Computer also 
brings many business opportunities. For example, it provides 
digital economy with a social platform to enable more value 
creation and management. It is the core of smarter planet to 
synergize the interconnections and intelligences in the 
physical and cyber spaces.  

III. DISTINGUISHED SOFTWARE CHARACTERISTICS OF 

INTERNET COMPUTER 

Compared with traditional computer systems, Internet 
Computer provides much more powerful supports for 
problem solving. In order to cope with such evolutionary 
changes of application domains and underlying hardware, 
software systems need to be online evolvable, continually 
responsive and self-adaptive. Based on object oriented 
paradigm, component-based paradigm and service-oriented 
paradigm, software entities are distributed on the nodes of 
Internet as active and autonomic software services. These 
entities can collaborate with each other in various manners 
and thus form a software Web, which is similar to the World 
Wide Web, an information web. 

Such software Web on Internet Computer requires 
substantial improvements in some critical software 
characteristics. For example, collaborations are always 
incarnated as interactions among software entities. In the 
object-oriented paradigm, both the interactions and the 
interacted objects are fixed. Such hardwired collaborative 
feature works well in a single machine. After the runtime 
environment evolves to the network and the reusability 
becomes popular in most application domains, the new 
component-based paradigm emerges and its collaborative 
feature becomes loosely-coupled, that is, the interactions are 
fixed but the interacted components are changeable at 
runtime. When the dominant network evolved from Intranet 
to internet, the service-oriented paradigm emerges and its 
collaborative feature becomes flexible, that is, both the 
interactions and interacted services are changeable at runtime. 
For achieving a given goal, different services can interact 
with each other in different flows. It should be noted that, the 
goal of collaboration in the above paradigms must be pre-
defined before runtime. On the contrary, in the era of Internet 
Computer, more and more goals are unclear, un-
deterministic and even unexpected before the collaboration 
finally happens. Such emergent collaboration can be 
observed in some cases, like mashups and end user 
programming. But they are labor-based without quality 
control mainly because today’s software paradigms cannot 
enable software entities interact with each other on demand.  

Besides the collaborative feature, Internet Computer 
software has some other distinguished features, include but 
not limit to situational (software is capable of perceiving its 
runtime context and scenarios), emergent (software may 
have un-designed behaviors or un-expected effects on its 
runtime instances or interactions with others), evolvable 
(software is easy to add, remove and change its 
functionalities on-the-fly and just-in-time), autonomous 

(software is relatively independent of others; it can perform 
operations as it will and adapt itself when necessary) and 
trustworthy (software should promise some kind of 
comprehensive tradeoff among process quality, internal 
system quality, external system quality and usage quality). 
Compared to the features enabled by existing software 
paradigms, the above features are not totally new but have 
substantial improvement. The collaborative feature evolves 
from pre-defined goals to induced or emergent goals. The 
situational feature is enhanced from configuration-aware, 
context-aware, scenario-aware to business-aware. The 
autonomous feature is upgraded from adaptable, reactively 
self-adaptable, proactively self-adaptable to right flexible. 
These evolved or enhanced features have been gaining 
attentions and improvements to some extent in today’s 
Internet-related technologies. But they are trivial, ad hoc and 
scattered. We argue that new software paradigm is needed 
for Internet Computer and we call it as Internetware. 

IV. CHALLENGES ADDRESSED BY INTERNETWARE 

Generally speaking, Internetware is constructed by a set 
of autonomic software entities distributed over the Internet, 
and a set of connectors enabling the collaboration among 
these entities in various manners. As shown in Figure 3. , 
from the micro perspective, software entities collaborate with 
each other on demand, and from the macro perspective, the 
entities can organize themselves into an application domain. 
Accordingly, the development of Internetware can be seen as 
the composition of various “disordered” resources into 
“ordered” software systems. As the time elapses, changes of 
resources and environments may “disorder” the existing 
software systems again, which will become “ordered” by 
composition sooner or later. The iterative transformation 
between “ordered” and “disordered” entities implies a 
bottom-up, inside-out and spiral development process. 
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Figure 3.  Behavior, organization and composition modes of Internetware 

According to the constituents of a software paradigm, 
Internetware faces with the following technical challenges: 
• Software model (what to be): it abstracts the elements 

and their relationships of a software system.  
Internetware model should leverage legacy software and 
new characteristics, e.g. enabling emergent collaboration 
between components, adaptive for context and situation.  

• Software middleware (how to be): it incarnates the 
elements and their relationships of a software model.  



Internetware middleware should provide a container for 
instantiating and operating Internetware components, 
provide mechanisms for collaboration, equip legacy 
software systems with Internetware characteristics, 
enable context-awareness and reflection, etc. 

• Engineering approach (how to make): it systematically 
controls the software development, deployment, 
maintenance and evolution. Internetware engineering 
should identify the self-organized communities and 
domains or facilitate the self-organizations, satisfy 
requirements via collaborating existing and/or emergent 
components, involve all stakeholders, especially the 
actual end users. 

• Quality assurance (how to be good enough): Focal 
points of software quality change from the system-
centric to usage-centric in the era of Internet Computer. 
Internetware quality assurance should define 
quantitative and qualitative evaluation framework for 
quality, assure the quality via engineering approach at 
development time as well as middleware at runtime. 

 
Basically, Internetware is still a natural evolution of 

traditional software over the Internet, and thus the 
characteristics, concepts, connotation and key techniques for 
Internetware can be seen as a general enough abstraction and 
specification of the software technology and methodology in 
the coming future.  

V. INTERNETWARE RESEARCH AND PRACTICE 

Aiming at Chinese software industry which should 
support modern service industries, researchers from Chinese 
universities and institutes (including Peking University, 
Nanjing University, Tsinghua University, Institute of 
Software of Chinese Academy Sciences, Academy of 
Mathematics and Systems Science of Chinese Academy 
Sciences, East China Normal University, Southeast 
University, Dalian University of Technology, Shanghai Jiao 
Tong University, etc.) have proposed the project “Research 
on Theory and Methodology of Agent-based Middleware on 
Internet Platform” in 2002, under the support of the national 
basic research program (973). Currently, the research and 
practice outputs can be concluded as an architecture centric 
technical framework for Internetware, including the 
following three major aspects:  
• Internetware software model: we separate an entity from 

the environments and other entities, and introduce 
decision-making capabilities into an entity to make it 
more autonomous. For the collaboration between 
Internetware entities, we address the shortcomings of 
object oriented methods such as the fixed message 
receiver, synchronized interaction and single 
implementation by the architecture-based programming 
for explicit, flexible and loose-coupled collaborations.  

• Internetware operating platform (i.e. the middleware): 
we use containers and runtime software architectures 
(RSA) to incarnate the Internetware entities and on-

demand collaborations respectively, and use a series of 
key techniques, such as the componentized platform 
structure, completely reflective framework and 
autonomic management loop to achieve the self-
organization and self-adaptation of Internetware.  

• Internetware engineering approach: we propose the 
“software architecture across the whole lifecycle” to 
cope with that the main body of the development shifts 
from pre-software-release to post-software-release. Our 
ABC approach uses an architecture centric composition 
method to support the development of Internetware 
entities and on-demand collaborations, and also a 
domain modeling method for organizing disordered 
resources into ordered ones. 

VI. FUTURE DIRECTIONS OF INTERNETWARE 

Status quo of Internet-related technology and business 
innovations, such as cloud computing and smarter planet, 
make the trend clear that Internet is becoming a global and 
ubiquitous computer. Ten years research and practice on 
Internetware also reveal what-is and how-to of software on 
Internet as a Computer. How-well becomes the major issue 
of Internetware before putting such new software paradigm 
into new Internet-based applications. In the era of Internet, 
the definition of ‘well’ is evolving from system-centric to the 
leverage between the system and user. Then the definition, 
measurement and assurance of software quality need 
disruptive innovations. Another issue is to explore the new 
impact of Internet on the social and physical worlds while 
Internetware previously focused on the Internet itself. We 
believe such great impact will bring new challenges as well 
as opportunities to software technology in the future.  
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