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Abstract

World Wide Web evolves, but how? The Dialectics tells that evolution is a progress of qualitative transitions caused by the quantitative accumulations. In two postulates and seven corollaries, we thus express a model of Web evolution by studying the quantitative accumulation of Web resources. 
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1. Introduction
World Wide Web is evolving, rapidly. David Gibson and et. al. at 2005 reported that the volume of Web page templates increases about 6% each year [Gibson 05], let it alone the increase of the total number of the individual pages. Moreover, the Web expands quickly in its physical composition, variety of services, ways of network communication, and commercial value [Ding 08]. As the result, the Web is becoming more efficient (by means of multiple devices); more productive (thanks to distributed computation); faster (through better communication links); and more profitable (with greater human engagement). Web evolution is an undeniable fact.      
On the other hand, how the Web evolves is still an issue unsolved. Some people think of the collective and objective evolution while some others believe intelligent design. For example, the panel “Meaning on the Web: Evolution or Intelligent Design” at the WWW2006.
 The debate is equivalent to ask whe- ther history is made by the general public or by few heroes. If the collective public willingness determines history, the objective laws of history exist. Otherwise, they do not. We believe the existence of objective laws of Web evolution.   

To discover the objective laws of Web evolution, we begin with the theory of Dialectics. Expressed by Friedrich Hegel [Bethold-Bond 89] and advocated by Karl Marx [Marx 92], the Dialectics has been widely applied to explain all known evolutions successfully.     

A basic law of Dialectics is the Law of Transforma- tion of Quantity into Quality, which is known as the fundamental law of evolution. The law declares a general pattern of evolution as Figure 1 shows. Any evolutionary progress is stage-wise. The force that drives evolution is the everlasting quantitative accu- mulation of the fundamental elements in the specific evolution. When the quantity of the elements is accumulated beyond a threshold, the evolution enters a respective period of transition in which the quanti- tative growth slows down or stops but the qualitative upgrade starts, i.e., the quality of the evolutionary elements suddenly increases significantly. After the transition period, the evolution enters the next cycle of quantitative accumulation. 
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Based on this theory, to study Web evolution we need (1) to identity the critical evolutionary elements, (2) to determine how we may measure the quality and quantity of these elements, and (3) to discover how the transitions occur and end. This paper addresses to answering these questions.

Web evolution is a young research area of Web Science. To the best of our knowledge, the WWW- 2006 panel we mentioned earlier is the first formal event on this topic. More recently, WSRI organized a workshop at WWW2008 named “Understanding Web evolution: A Prerequisite for Web Science”,
 which showed the emergence of the Web evolution research community. At Spring 2007, two co-authors of this paper posted an article “Evolution of the World Wide Web: a historic view and analogical study” on the Web and invited public discussion on the issue.
 This paper is a substantial revision of the article by having studied hundreds of reader feedbacks in more than one year. We expect the work to be a valuable addition to this exciting new research area.

2. Model of Web Evolution
Our model of Web evolution is constituted by two postulates and seven derived corollaries. 

2.1 The Postulates

Postulate 1: Web evolution is a stage-wise progress. Postulate 1 restates the Law of Transformation of Quantity into Quality with respect to the Web.

Postulate 2: The growth of the Web is an incre- mental process that embodies human mind. 

In its official site W3C defines the Web: “the World Wide Web is … the embodiment of human know- ledge.”
 Whenever we add information onto the Web, we are materializing our mind, however, into varied forms that can be shared, stored, and transported. 

This embodiment of human mind is revolutionary in many senses.
 Purely in the aspect of Web evolution, however, it explains why the majority of the Web users are willingly contributing onto the Web with little or no monetized benefit. For example, at Web 2.0 many people actively blog and commentate for nothing. This mind-embodying mechanism provides ordinary people a cheap and convenient way to reach artificial immortality---a fundamental reason behind nearly all the religions lasted for centuries. The ineluctable and intrinsic desire of mankind to look for eternity is the basis for users contributing their mind to the Web, for free. The satisfaction of this desire is invaluable that money cannot measure. It essentially drives quantitative accumulation of Web content.

At the same time, this process of mind embodiment is incremental, which includes the increase on both of the quantity and the quality of Web content. Here the quality is about the type of embodied human mind. 

Combining Postulate 1 & 2, we obtain the general hypothesis of our model of Web evolution. Driven by the natural desire for eternity and acted by embodying human mind, the everlasting quantitative accumu- lation of Web content inevitably leads to qualitative upgrades of the Web content in progress. 

2.2 The Corollaries

Corollary 1: Intuitively we upgrade the Web as if we raise children. 

In the other words, Corollary 1 tells that natural mappings exist between human mind and embodied human mind and their paths of evolution. If both Postulate 1 and Postulate 2 hold, Corollary 1 is a reasonable derivation. Table 1 to 3 shows a few of the evidential mappings.

Table 1. Primary Mappings on Web 1.0 
	A newborn baby
	An evolution unit on Web 1.0

	Parents take care of every detail
	Webmasters

	Watch me, but I won't explain
	Humans understand, machines don't

	Contact my parents if you want to know more about me
	Contact information (email, phone number, fax, address, etc.)

	My parents decide who my friends are. I don't care
	Manually specified Web links

	Hug me, I smile; hit me, I cry (conditional reflex)
	Reactive Web functions and services


Table 2. Primary Mappings on Web 2.0

	A Pre-School Kid
	An evolution unit on Web 2.0

	Parents charge many details but start assigning rules
	Registered users (such as bloggers) 

	Parents teach knowledge (subjective and often not well organized)
	Tagging

	I understand many facts but imprecisely and even incorrectly
	Folksonomy

	I can deliver and distribute messages, for my parents only
	RSS and comment

	Whom my friends are is primarily determined by parents' social activities
	Social network

	We kids can be coordinated to do things beyond individual's capability
	Web widget, mashup

	I may passively suggest based on my communication with friends
	Collective intelligence


Table 3. Primary Mappings on Semantic Web

	An Educated Child
	An evolution unit on Semantic Web

	I go to school and learn formal knowledge from textbooks
	Ontology

	I can explain messages and everybody else can understand
	Semantic annotation, ontology matching

	I can suggest by my knowledge 
	Reasoning and inference

	Friends of mine are connected based on our common interest
	Semantic grid

	I can handle requests by understanding them
	Semantic Web services



These mappings are not accidental. They tell that through the Web evolution we are raising ourselves again, from babyhood, in a virtual world. The Web evolves the way that embodies mind incrementally in its quality. There are many types of human mind; some of them are easy to be embodied (lower quality) while some others are not (higher quality). Intuitively we begin with embodying the lower-quality types and then gradually moving to embody the higher-quality types. Such a sequence is natural and objective in contrast to artificial and subjective. It is necessary instead of preferred. Unless we embody mind in this sequence, the Web cannot grow. We will formally define quality and its measurement later in the paper.  

The mappings shown in the tables are tightly coupled each other. For example, tagging and social network cannot be popular until the prevalence of registered users in contrast to anonymous webmasters. A new stage of the Web is not a buzzword as Web 2.0 was once questioned. It represents intrinsic upgrade or growing up of the critical Web evolution elements.

Although we may explain the critical Web evolution elements based on either column of the tables, it is more illuminating to introduce them from the left column using the analogy of Web evolution to child growing. When a child grows up, he improves himself simultaneously in three aspects: personality, capability, and interpersonal skill. Personality is the static side of mind; capability is the dynamic side of mind; interpersonal skill is the linkage side of mind. When the child grows up from a younger stage to an older stage, the content in all of the three categories of mind must be improved, explicitly, in quality. Based on the tables, the three categories are mapped to three fundamental elements of the Web---data, service, and link. Data is embodied static mind; service is embodied dynamic mind; and Web links are embodied mind connections. The progress of Web evolution thus can be identified by the quantitative accumulation of the three basic elements and their respective qualitative upgrades. 

This discovery of the mappings between the human mind in the real world and the embodied human mind in the virtual world and their paths of evolution opens the door for the formal research of Web evolution.

Corollary 2: The evolutionary stage of a Web object is decided by the highest quality of the Web resource that composes the object.

A Web resource may be a piece of data, a service, or a link. Corollary 2 is an immediate derivation from Postulate 1. 

We can decompose any object on the Web to be a set of data, services, and links. Moreover, by Postulate 1 we know that a stage in Web evolution is determined by the respective quality. Hence we can conclude that the stage of evolution of any Web object is deter- mined by the highest quality of the Web resource that composes it.

Corollary 3: The evolutionary quality of a type of Web resources can be measured in analogy to measuring the quality of the respective charac- teristic variable in human growth.   

We have three but not one basic element of Web evolution, and they are mutually independent to each other. A data resource can exist without being used by any service and connected by any link; a service resource can exist without holding any data and being linked; a link resource can exist without connecting anything. Therefore, we need varied measurements of quality for each of them. Based on Corollary 1, we start the definition by looking for the respective mappings in human growth.

We may measure the growth of human beings in two different views---the individual point of view and the community point of view. From the individual point of view, a person grows up by improving the quality of his personality, capability, and interpersonal skill. By the community point of view, however, he grows by incrementally taking/producing resources from/for the community. When the person grows, he gradually gains the ability to take/produce resources in a higher quality from/for the community. This community view of evolution is the basis for us to establish the quality measurements in Web evolution.

From the individual point of view, personality is the complex of all the attributes such as emotion and knowledge that characterizes a unique individual. From the community point of view, however, every personal attribute is a descriptive resource in the participated community. For example, John’s emotion and knowledge are consumable resources not only for himself but also for the other members in the same community John joins. A personality is a personalized subset of the entire descriptive community resources. Therefore, the quantity of a personality is the amount of the descriptive community resources the persona- lity possesses. For example, that John learns more knowledge is equivalent to that John possesses greater quantity of the shared community knowledge. 


Based on this community point of view, the quality of a personality is measured by the highest quality of the descriptive resources possessed. The quality of a descriptive resource, however, is measured by the degree of productiveness when it is consumed. More productive descriptive resources are in higher quality. For example, patience is a higher quality resource than impatience because consuming patience brings greater production than consuming impatience to community in general. Moreover, impatience is a resource born with while patience is an advanced resource we may occupy only when growing up.

Corollary 1 allows us to define the measurement of the quality of data resources in Web evolution in analogy. The quality of a data resource is measured by the degree of productiveness of the data resource when it is consumed. For example, the Web-1.0 data are unlabeled; the Web-2.0 data are manually tagged. The quality of the Web-2.0 data is higher than that of the Web-1.0 data because we can have greater productivity when consuming tagged data than consuming unlabeled data when in equal condition. 

In similar, we define the quality measurements of service resources and link resources.
 The quality of a service resource is measured by the degree of initiative of the service resource when it is consumed. The more initiative the service is when being consumed, the higher quality it is. The quality of a link resource is measured by the degree of vulnerability of the link resource when it is consumed. The less vulnerability the link is when being consumed, the higher quality it is.

Corollary 4: A stage transition in Web evolution is the result of the contradiction between the ever- increasing quantity of the Web resources and the stage-wise constant that operates the resources.

We name the stage-wise constant the Web resource operation mechanism (WebROM). The contradiction between the everlasting quantity accumulation and the stage-wise constant WebROM is the primary contradiction of Web evolution.

Corollary 4 can be directly derived from Postulate 1. The ever-increasing quantity of Web resources is the result of the everlasting human actions on the Web. When the accumulated amount exceeds certain thres- hold, the old WebROM becomes inefficient to handle the resources. It is thus the time to reinvent a new WebROM, which, however, will inevitably lead to the prevalence of the Web resources in upgraded quality. The contradiction between the two sides composes the main melody of the Web evolution. 

Corollary 5: The start of a transition period in Web evolution can be recognized by a qualitative upgrade of how the Web resources are operated.

A qualitative upgrade means the upgraded WebROM can effectively and efficiently operate Web resources in a new quality, for example, the invention of AJAX (Asynchronous JavaScript and XML). Certainly we may freely tag data or commentate anything using HTML without AJAX. However, the resources such as tagged data and RSS cannot be efficiently consumed until being coupled with the AJAX techno- logy. The qualitative upgrade of WebROM indicates the start of a new transition period in Web evolution.

Corollary 6: In essence, the evolution of the Web is the evolution of how Web resources are operated. 

If every stage transition of Web evolution begins with a qualitative upgrade of WebROM, the progress of Web evolution must be synchronized to the progress of WebROM evolution. Thus it is Corollary 6.
By Corollary 1, however, WebROM must have a representative mapping to human growth if it plays such a crucial role in Web evolution. And truly there is one. WebROM maps to self-consciousness! This mapping helps us capture deeper into the essence of Web evolution.

Self-consciousness is a person’s recognition of which resources belong to self. For example, “this is my thought;” “I can drive;” or “Tom is a friend of mine.” Self-consciousness is a common essence of human being. Moreover, human growth essentially is the maturing of self-consciousness. Comparatively, the older people are more capable of producing value by operating more complex resources. The level of mature of human beings is evaluated by the improve- ment of the mature of their self-consciousness. 
WebROM plays the identical role in Web evolution as if self-consciousness to human growth. Through WebROM a virtual existence on the Web claims the ownership over varied resources and operates the resources meaningfully. Hence the evolution of WebROM is the evolution of the Web. 

Corollary 7: The end of a transition period in Web evolution is visible by observing the formation of a new form of personal Web spaces.

Corollary 6 has an immediate derivation. WebROM must have its external hosts as if self-consciousness must have its external personnel. Most of us do not recognize the growth of our children until their external appearance changes, though the internal upgrade must have already started before the external changes. Once the external changes become clear, it often means that the entire transition has already done. This is thus Corollary 7. The formation of a new form of Web space, the external hosts of WebROM, claims the end of a transition period in Web evolution. 

A Web space is a personified composition of Web resources. A Web space is not a space of pre-allocated memory; nor is it a random collection of Web resources. A Web space is a designated collection of Web resources that are well organized by discipline. The space owner subjectively assigns the resources in a Web space. The assignments reflect the conscious- ness of the owner. For example, every valid Web page is a typical Web space, and the same are every registered online account. 

“No one puts new wine into old wineskins, or else the new wine will burst the skins…But new wine must be put into fresh wineskins, …” This old maxim in Bible also satisfies Web evolution. When the Web evolves from one stage to the next stage, the Web resources in new quality cannot be organized and operated the same way as before. Thus the form of Web spaces has to be upgraded respectively to accomplish the evolu- tion. For example, the typical form of Web spaces in Web 1.0 is homepage, while it becomes registered personal account in Web 2.0. 

The finalization of this upgrade exclaims the end of an entire cycle of Web evolution. A new round of accumulation of Web resources in the new quality starts until the beginning of the next transition. 

3. Concluding Remarks

In the paper we briefly addressed the answers to the three primary questions of Web evolution we men- tioned in Introduction. Our model claims that on the Web we have three critical evolutionary elements: data, service, and link. To measure their qualities in evolution, respectively we may measure the degree of productiveness, initiative, and vulnerability by studying the mappings from the growth of natural mind to the growth of embodied mind. From Corollary 5 to 7, the model reveals the details of how the transition in Web evolution occurs and ends, and the intrinsic meaning of the transitions. 

We have successfully applied this model to explain many typical Web phenomena, such as the Web 2.0 hype, the Semantic Web, and the rise of Google. We find that the model is very helpful for Web-based businesses. The model represents a theory that may help entrepreneurs to predict the future of their product. In fact, we have applied the model to analyze the pros and cons of the services from several present companies such as Yahoo, Google, Facebook, Twitter, and Twine in the background of Web evolution. The results of our analysis are impressive. New startup companies such as Imindi have started to adopt the model to guide the design of their new services.  
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Fig. 1: The general mechanism of evolution.
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�http://www2006.org/panels/


�http://webscience.org/events/www2008/


�http://www.deg.byu.edu/ding/WebEvolution/evolution-prelude.html
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�Readers who are interested in learning more may read “we are in a new transition, part 2”: http://tinyurl.com/bapgs8 


�Due to the page limit, we cannot explain more in the paper. More details can be found at: http://tinyurl.com/ctz8gf





