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Abstract

From the notion that a particular e-business software running on the Internet is considered as a living species, we investigate the anatomical, metabolic, physiological, genetic and ecological basis of e-business software. We suggest that there is an automated e-business software continuum, from bit and cellular level to ecological level, which is parallel to the natural bio-ecology from particles to ecosystems and beyond. This parallelism between bio-ecology and e-commerce/e-business gives rise to interesting research venues from which we might gain insights from bio-ecological information technology for potential applicability to the normal e-business/e-commerce, its continuity and crisis.  

1. Introduction
As I am sitting on my chair, breathing normally, looking at my computer screen, chewing a piece of cookie, thinking about my topic, translating my thoughts into English words and typing them on my keyboard while making sure that all my resulting actions occur as expected, it occurs to me that trillions of particles in my body are busy involving in trillions of chemical reactions to keep my body alive, keep my brain alert, help digest my food, allow my hands and fingers coordinated and guide my keystrokes to perform what I want. In fact, the trillions of particles (electrons and protons) in my body are acquired, shared or exchanged among different atoms, molecules and macromolecules. The acquisition, sharing and exchange of particles are performed by trillions of chemical reactions that in turn produce the necessary proteins, fatty acids, sugars and nucleotides.  The proteins influence the structures of different cells and tissues, passively (such as the formation of collagen to give strength in my finger tendons and ligaments) or actively (as found in receptors for hormones or in transport carriers, e.g. hemoglobin in my blood) for me to do physical or mental work in an ever-ending cycle. The trillions of chemical reactions also keep my whole body continue to be in its homeostasis and therefore healthy. They also prevent my body from contracting disease caused by any viruses (my immune system) from my breathing or any bacteria from my eating of cookie (antibodies). 

The chemical reactions occur at the intracellular and intercellular level for the gas exchange between air and blood in my lungs and between the blood cells and tissues of my body via the capillaries [1]. They trigger cell respiration that involves chemical energy for work, distribution of oxygen and transportation of nutrients and proteins across all tissues, organs and organ systems within my body to produce the kind of external work that I want (e.g. translating my thought into the typing of characters on the computer by my fingers) and the internal work that my body requires. The myriad of chemical reactions involves the release of energy by the breakdown of molecules (glucose and others) in a process called catabolism and in the acquisition of energy to produce other molecules in the process of anabolism, thus making up the metabolism in my body.

Interestingly enough, it also occurs to me that while I am writing this article, a particular e-business system on the Internet, from its front-end web-based GUI application to its business logic by the supporting application servers and its database logic in various associated database systems running across many platforms involves trillions of bits in the processing of data between trillions of algorithms at the hardware, firmware and software level, to keep the relevant e-business applications alive on the Internet. The trillions of bits (zeros and ones) in different data structures and data streams are acquired, shared, exchanged or modified by trillions of algorithms to keep the application system components alive and connected. The processing of data occurs within a particular algorithm or among many of them for the distribution and transformation of information among software algorithms, API calls over DCE, CORBA, RMI-IIOP mechanisms, and interaction between Enterprise JavaBeans, Servlets, JavaServer Pages, software components (e.g. EJB containers) or shrink-wrap server packages (e.g. SAP R3) in support of previously built applications and newly created systems over the Internet [4, 9].

I am thinking about the idea that there is a potential parallelism between living species and software, that particles in the body behave in a fashion similar to the bits in the e-business software on the Internet, that proteins operate in a fashion similar to active algorithms, that the ATP generated by the glycolysis and Kreb’s cycle in cell respiration can be equated to the encoded data under a particular encoding scheme (ASCII, EBCDIC, Unicode,..), that energy acquired or released in reactions can be equated to information entering or leaving computer algorithms, heat to transient information, potential energy to persistent information stored in databases. In brief, a multi-tier e-business software application system on the Internet or the Internet itself could be thought of as a giant human body.

The parallelism between e-business software and living species can be formulated from the following perspectives:

· The Internet itself as a giant living human

· E-business software systems running over the Internet as living species and the Internet as a population of a particular species or as a community of many populations of different species hosted by the Internet, therefore e-business and its environment can be extended as business ecosystems in the sense of Moore.

Thus, the parallelism defines an e-business software continuum from bits to business ecosystems similar to its biological counterpart (particles to natural ecosystems).
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E-business software as living species – Figure 1 explained
Detailing the general similarity, as shown in Figure 1, bits may be considered as particles, primitive data types  (e.g. bit, character, integer, float) as atoms (e.g. H, O, N, C) and complex data types (e.g. String) as molecules, (e.g. CO2, H2O). Then, monomers can be equivalent to struct in, for example, C language, and polymers are equivalent to lists or arrays or XML structures. Object classes in the sense of object- orientation can then be considered as biological equivalence of cells.  Constructor methods in object class are considered equivalent to DNA/RNA and basic class methods to organelles in cells. As proteins are the results of a combination of 20 different amino acids, we suggest that amino acids are the equivalence of programming constructs such as assignment statement, if-statement, for-statement, while-statement, dowhile-statement or other constructs that build applications. We postulate that self-contained, active algorithms (or general class methods of any class) play a role similar to that of proteins or carbohydrates. Software components (such as Microsoft COM/DCOM – Component Object Model/Distributed Component Object Model) then may be considered biologically equivalent to tissues. In the same token, applications (e.g. employee payroll application) are biologically equivalent to organs, application systems (e.g. university’s administrative systems) to organ systems, software products (e.g. ERP, Enterprise Resource Planning) to living organisms, and software to living species (Figure 1). Product family, e-business and business ecosystems would be considered as population, community and ecosystems in natural ecology respectively.
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Figure 1: General parallelism between ecology and e-business

The above description is part of an overall parallelism (simplified in Figure 1) between e-business and ecology that extends from the cellular (microscopic) level to ecological (macroscopic level). 

3. The BIo-ecology of e-business software

In this section, the bio-ecological basis of e-business software as a continuum is detailed out a little more from five aspects: anatomical, metabolic, physiological, genetic and ecological. 

3.1. Anatomical basis of e-business software

There are hundreds of millions of different cell types just like there are hundreds of millions of object classes used in existing OO applications and systems. Cells are made of a half a dozen of atoms (H, C, N, O, S, P) and a few other elements (sodium, magnesium, chlorine, potassium, calcium) while class object attributes are made of half a dozen of primitive data types (bit, character, integer, float, double, long, short). The atoms form molecules. Ssimilarly the primitive data types form more complex data types (Figure 2).

All living cells have a similar basic chemistry [8]. In all of them, cells consist of small molecules of four major families: sugars as subunits of polysaccharides, fatty acids as components of cell membranes, amino acids as subunits of proteins and nucleotides as subunits of DNA/RNA (deoxyribonucleic acids and ribonucleic acids respectively). Small molecules can be used as monomers to construct giant macromolecules such as proteins, nucleic acids, lipids and polysaccharides.  Others can be synthesized from and broken down and transformed into molecules in a maze of intracellular pathways. Similarly, all class objects have a similar structure that consists of data members and member functions. Primitive data types form more complex data types that in turn make up more complex data members. Simple programming constructs such as if-statement and “assignment” statement) build more complex algorithmic structures for member functions, just like their biological counterparts in Fig. 2. The two simple programming constructs mentioned above can be thought of as biologically equivalent elements of (–helix and ( sheet of amino acids. 

Genes are written in the same chemical code, and constructed out of the same chemical building blocks. Proteins produced from DNA instructions are based on the same 20 different types of amino acids. These amino acids are building blocks of proteins, occur over and over again in all proteins from bacteria to animals and humans. The programming constructs such as if-statement, while-statement, dowhile-statement in a software program segment have a role similar to amino acids in humans. These general constructs occur over and over again in all algorithms. By peptide bond, amino acids chain together to form polypeptide that is vital to the function of the proteins. The programming constructs chain together to form member functions in OO methods. One particular type of methods is called constructor method. This method carries the information on the knowledge of the object (e.g. data members) and on how the object is created or generated in a fashion similar to the biological information found in nucleotides. The nucleotides are the building blocks of nucleic acids that exist as DNA or RNA. DNA/RNA and proteins are building blocks from which a cell is constructed and determined thousands of distinct functions of the cell. These macromolecules are made from a set of polymers formed in a particular order called sequence much like the set of programming constructs coded in methods in a particular order to reflect the program logic.

3.2. Metabolic basis of e-business software

Sugars and fatty acids store energy that is used in living cells [8]. Energy can be acquired or released. We consider information (inferred from data) is the biological equivalence of energy for a class object. Information can be stored or retrieved. Without information in data members of class objects that are instantiated, objects are idle and have no life. Similarly, without energy acquired from food, cells will die.  Living organisms such as humans need energy to carry out many chemical reactions that occur in cells and between cells. These reactions are connected in series so that the product (result) of one reaction becomes the substrate for the next. This constitutes the metabolic pathway in cells. This is somewhat similar to the information (data) needed for the execution of a OO program (C++ or Java) in which an object instantiated from a class (e.g. from main() in turn creates (by the operator new) or instantiates another object in the chain (e.g window()) as shown in Figure 3. The window object then instantiates another object from the class of textbox, and the like. This constitute an OO program execution pathway.

3.3. Physiological basis of e-business software

Human nervous system consists of CNS (central nervous system) and PNS (Peripheral nervous system) that are composed of two types of cells: neurons and glial cells (neuroglia) acting as supporting cells [2].  Neurons are specialized cells to respond to stimuli, conduct electromechanical impulses and release specific chemical regulators. Neurons consist of (1) cell body where macromolecules are produced, (2) many dendrites serving as receptive area to cell body, and (3) an axon conducting impulses away from cell body. Similar structures are implemented in e-business software. Client programs act as source of stimuli. Daemons of servers act as dendrites to capture requests for the main methods of server component program objects. Axon is the program logic implemented in a series of calling sequence away from the main method. Information travels along this calling sequence of algorithms (similar to proteins in axon) to reach the intended targets. Supporting class objects instantiated by server component objects complete their functions just like glial cells support CNS and PNS neurons cells.    
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Figure 2a: Anatomical basis of cells
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Figure 2b: Anatomical basis of object classes
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Figure 3: Equivalent pathways


 Middleware [4] facilitates the connectivity between software programs that need to communicate just like communications are necessary between cells. A method termed “interprocess communication” (IPC) has been used for decades within the context of an operating system to allow interoperability. Shared memory, unnamed and named pipes or procedure calls are traditional mechanisms for achieving the communication between software programs within a particular operating system. To extend the communication between disparate operating systems and applications, many newer approaches to interoperability beyond IPC have been receiving a lot of attention. They are for example foreign function interfaces (e.g., JNI), remote method invocations (e.g., RMI), n-tier client/server architectures, object request broker (e.g., CORBA), and component-based systems (e.g., Java Beans). Each approach and related technology addressed a particular aspect of software interoperability, and often caused more complex schemes to exchange messages and data among them. Similar communications between cells are found in the invocation of electrical impulses, although they are much more complex. 

Thus, software classes (in the sense of OO), components, applications and application systems as services and e-services interact and behave in the e-business environment like cells, tissues, organs and organ systems that are kept operational by the interaction between macromolecules as seen in the respiration system, digestive system and others.

3.4. Genetic basis of e-business software

Applying biological (cellular level and below) concepts to software in particular and to computer science/engineering in general is not new [3,5]. As a matter of fact, many researchers for many decades have been looking at the analogy between biology and computer science for investigation and research on cellular automata, artificial life and the like. At the computer program execution level, CPU time has been thought of as "energy" resources memory as a "material" resource representing informational genetic patterns that exploits CPU time for self-replication. Mutation of these patterns produces new forms as digital genotypes. Different genotypes compete for resources such as CPU time and memory space. Concepts such as genomes, parasites, and ecological communities have emerged and been used to study digital life. At the computer program development level, the concept of genetic algorithms has been the focus of research by many computer scientists and has initiated many applications in computer and information discipline. 

Thus, if genetics and biological evolution are the continuation of species life then software inheritance and reusability defines the continuation of software life and its evolution. 

3.5. Ecological basis of e-business software

Using an ecological approach to understand business and industry behavior in general has also been researched. Examples are financial-market prediction and population genetics as well as factory scheduling. The most notable effort was that of James Moore [6]. In his award-winning article, Moore first looked at business competition as predators and prey. He raised such questions as, for example “How can a company like IBM create an entirely new business community such as PCs and then lose that market”. In response, he provided a framework for understanding competition and strategy development. According to Moore, the businesses evolve as ecosystems where a business ecosystem is defined as “an economic community supported by foundation of interacting organizations and individuals – the organisms of the business world”. The organisms can be anything, “a process, a department, business unit, or an entire company”. In the context of this paper, we equate organisms to e-business software products.

4. Concluding remarks

The idea that there is a possible parallelism between the human body hosting living species and the Internet hosting e-business software at the biological level is intriguing. Indeed, it begins to make sense to me not only that e-business software can be equated to living species such as human but also that (1) high-order tasks of human such as perception, planning, organizing, sensation could be equated to high-level tasks of e-business such as business strategizing, corporate planning and (2) low-order IT operations such as chewing, or hand waving, to low-level IT operations supporting e-business such as completing an online order or transferring fund in a banking application [7]. 

If the Internet is considered as a giant living human body, then may be our specific knowledge on human anatomy, human physiology, human neurology, human genetics, human sensation, human immunology, to name a few, would help us in better understanding of the Internet and its e-business systems structure, functions, behavior, operations, security. Similarly, models of human perception, human evolution, or human adaptation for example may be used in the modeling of e-business system interoperability, adaptability, and evolution. 

Although the parallelism described in this paper appears general and superficial, it opens up some ideas for further investigations in our search of formulation and models of e-business software automation.
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