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Abstract 
     Transplantation is one of the basic elements of human society development. Transplantation Engineering is the science of finding the principles and rules of transplantation in order to save the resources of both knowledge and materials. This paper advances the theoretical basis of Transplantation Engineering and its basic application model. 


INTRODUCTION 

    What are the basic rules for human society development? How has human society developed to its present level? Scholars could endlessly debate possible answers to these questions. However, my answer can be expressed in two words: “Inventing” and “Transplanting”. The word “inventing” includes the activities of creating, finding or discovering. “Transplanting” refers to the processes or activities of transferring one thing to something else for certain goals or purposes. It includes two aspects: transferring (or place changing) and joining (or combining). For example, the processes for physically moving a computer system and its software from a certain production line to another production line are transferring. Whether the computer system can have the original function in the other production line, or if the controlling software is suitable pertains to joining. In this sense, we can find that all artificial things around us are actually transplanted from somewhere else. 

    During the Paleolithic Age, fifteen thousands years ago, when a human being first discovered that a stone with an edge can cut things, the discovery was developed by others and was transplanted to other things. One person found that a big stone with an edge could cut down a tree; another found that a thin stone with an edge could cut skin off an animal and so on. In this way, the principle that edges can cut things was transplanted to other applications, and at the same time, many new principles were discovered and many new tools were invented. During the course of the Paleolithic Age, from non‑artificial cutting tools to chipped stone tools, the stone knife, angular, blade, axe, and hoe etc. were invented and were transplanted to every tribe. Going through the Mesolithic, Bronze Age and Iron Age to the Industrial Age, the edge function has been transplanted from daily life to engineering fields where cutting, drilling, boring, shaving and/or planning etc. in various shapes and with different materials are needed. 

    We can imagine, after cutting tools were invented, that the vessel, which can hold food and water, might be invented. More and more things have been invented as time goes on, and have been transplanted; as a result, a sophisticated human society has been developed. 
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          Fig. 1 The Process of Human Society Development 

The processes described above can draw a clearly picture that shows the Inventing and Transplanting is the basic rule of human society development. No doubt, this is an important and very useful rule. In fact, the first part of the rule, inventing, has been emphasized for a long time, but unfortunately, the second, transplanting, has almost been overlooked in the developing process. As a consequence, many inventions have not been fully used, a lot of knowledge has been wasted and a great deal of work has been done repeatedly. This leads to a great waste of human resources. It is true that currently there are many people working in the field of grafting in botany and organ transplantation.  These terms, technology transferring, methodological transferring and industrial transferring accidentally appeared in some literatures. It is a pity that no one takes transplantation as a science to study systemically. The principles of transplantation, the characteristics, the classification and rules of transplantation, appraising and forecasting for certain transplantation have never been studied carefully. To stop this tragedy of human society, the concept of Transplantation Engineering (TE) is advanced here. It deals with transplantation theory, transplantation methodology, transplantation technology and their applications (such as the transplantation principle used in engineering design, creative engineering, technology transfer).


THE PRINCIPLES OF TRANSPLANTATION ENGINEERING

1. The Foundation of TE Principles

Hypothesis: Everything in the world is an element belonging to different systems; under different frames of reference, the same thing can be both an element and a system. 
    Under this hypothesis, the foundation of TE principle is based on following propositions: 

Proposition 1. The elements or subsystems of a system possess  a potential of changeability.

    The meaning of proposition 1 consists of two aspects. On one hand, it says that the movement of element and system is absolute, i.e., everything keeps changing and moving in the world. On the other hand, it implies that the composition of any system is generally changeable, i.e., the more science has been developed, the less unchangeable elements or systems there have been. Often, the changeability includes: 

· Composition changeability

In some cases, the changed composition of materials has no influence on the function of the system.  For example, a heating system, which basic function is keeping comfortable temperature for an apartment in wintertime, consists of a heating element and a heat conduct element, which is made of stainless steel.  A substitute of material for the heat conduct element from stainless steel to aluminum does not change the basic function of the system.  In other cases, some changed parts (elements or subsystems) also have no affect on the basic function of the system. Take the same example as mentioned above, changing the heating element from a gas heating device to an electric heating or other heating device does not change the basic function of the heating system.  

· Shape or form changeability 

For example, changing a bolt from ball head to square head  in a fasten system does not change the basic function of the system. For an organization, the different organizational structures possibly can change the efficiency of the organization, but it does not change the basic function of the organization.

· State changeability

For example, changing a solid copper to liquid state does not change its electric conductivity function in an electric system.  A watch, which tells people time by means of moving hands, can also tell time by means of changing digits.

Proposition 2. There are different ways to achieve a function. 
    In most circumstances, we can find at least two ways to get the same result; just like someone who wants to go to San Francisco from San Diego, s/he can go by air, by train, by ship or mixed (e.g. first go to Los Angeles by car and then go to San Francisco by air); s/he can go this way or that way; s/he can choose the way directly to the destination, s/he can also choose the way indirectly to the destination. There is no best or no worst among these choices. It all depends. 

Deduction 1. Element or subsystem possess competitively for its potential changeability.

    The deduction 1 is apparent. According to proposition 1 and proposition 2, since elements or subsystems can be changed and do not effect the basic function of the system, there are different ways to achieve a function in reality, therefore, the elements or subsystems of a systems might possess competitively for the potential changing or the potential ways.  People always tend to choose the best alternative of elements or subsystems in an artificial system.  In non‑artificial ‑‑ natural systems, the stronger, more competitive element or subsystem always replaces the weaker, less competitive one. 

Deduction 2. System design is a process of optimization. 

    From proposition 1, 2 and deduction 1, we can easily get this deduction. 

Proposition 3. Tansplantation is a general rule for evolution and development of artificial system. 
    From the study of the development and evolution of history of human society, it is easy to find this rule, and it has been already discussed in the Introduction (see Fig. 1). 

2. Terminologies


To better understand the theorems of Transplantation Engineering, some terms are suggested as follows.

 a) Transplantation.  The processes or activities of transferring an entity (physical or social) from one thing to others for certain purpose, is called Transplantation.

 b) Transelement.  An entity (physical or social), which is transferred to another, is called transelement.

 c) Recipient.  An entity (physical or social), which accepts a transelement from other entity, is called recipient.

 d) Donor.  An entity, which provides a transelement, is called donor.

 e) Transbase.  The necessary condition for a successful transplantation is called transbase or base for short.  Transbase concept is applied to donor or transelement.

 f) Transbase Space.  The space which includes all the necessary conditions for the transplantation is called transbase space or base space.  Transbase space can be multidimensional space.  

 g) Hostbase.  The condition, which can satisfy the one required from transelement in a recipient, is called hostbase.  Likewise transbase space, the space for hostbase, is called hostbase space and it is also multidimensional.


All terms and detailed explanations are listed in Appendix.

3. Two Judgment Theorems of Transplantation Engineering 

    If a) the phrase "can be translated" means that a transelement can satisfy the function which is required by the recipient after transplantation, b) all transplantations mentioned here are considered for a certain purpose, unless with a special explanation and, c) technology problems in transplantation process are not to be considered, we have following theorem:

Theorem 1 (Transplantation Judgment Theorem 1) One necessary condition to carry on a transplantation is that the transelement possesses (or produces after transplantation) at least one function which is the same ( or similar ) to the target function.  This theorem shows, among same or different things, that only if there is a function, which is the same, or similar to the required function, there is a necessity to be considered to carry on transplantation. From this theorem, it is easy to get the formula, which shows the relationship between function and transelement as the following: 

             Y = f (g) 

where Y = transelement and g = function 

    This formula tells us that the transelement Y is a multi‑valued function for a function g.     

Theorem 2 (Transplantation Judgment Theorem 2)  Those sufficient conditions, for a transelement Y which can be transplanted into a recipient X, are the dimensions of hostbase space H(X), which on the interface of correspondent recipient, must be greater than or equal to the dimensions of transbase space E(Y) and satisfy that the natures on correspondent bases are the same. That is, 
            dim H(X)  (  dim E(Y) 

       {

            αi   = αi      i = 1, 2, 3, ..., dim E(Y) 

     For example, the base space of black box model in Cybernetics is determined by a set of input x(t) and a set of output y(t) based on object (S) and interface of environment (E). Hence, we can take input x(t) and output y(t) as two first order bases. So the black box model as a transelement has a two dimension base space. For any recipient, so long as the hostbase space is equal to or greater than that of two dimensions, and among the hostbases there were two or more bases with the nature of input and output, it must be considered to transplant this model. One typical example of transplant black box is the input‑output econometric model used in economic forecasting. 


AN APPLICATION MODEL OF TE 
     Transplantation Engineering is an application-oriented science. It can be applied in almost every field. A general model, which can be applied in design and creative engineering, is discussed here: 

    First, let us make a short review about design. 

1. The Types of Design 

    Design can be divided simply into three types: 

 ‑ Traditional design: characterized by copying some kinds of    models. 

 ‑ Improvement design: changing or redesigning takes place only in    parts of the model. 

 ‑ Creative design: all designs are new. 

2. Tools Commonly Used in Design 

 ‑ Design manuals in corresponding professional field. 

 ‑ Other kinds of manuals; such as materials manual, product sample books and so on.  

 ‑ Reference books and information 

 ‑ Experiences of designers 

3. The General Mode in Engineering Design 

   The general mode in engineering design is from the general to the specific part. The process is from the given final functions to every compositional part. 

    According to TE principles, the main problem in the present design process is that the design or transplantation process is limited by specialty, subject, and discipline. People neglect the fact that transplantation can happen across different specialties, subjects, or disciplines, and sometimes it will be a great help to design. This is demonstrated by the phenomenon where by the more experiences and more information one has, the better or the more creative the design performed by the person can be. In addition, the limitation of the present methodology of design also causes much waste since knowledge is not fully used and much work has been done repeatedly. In addition, personal and group experiences in their own specialty are also limited; it is impossible to experience all in his/her or their field for a person or a group of people.  One way to solve this problem is by means of computer, but it is a pity that the CAD (Computer-Aided Design) has been mostly confined to drafting and calculating. 

    To solve these problems, in design process, a TE model, the Transplantation Engineering Design System (TEDS) is suggested here. 

4. The TEDS Model

(1) The Composition of TEDS 

    The ideal design system model consists of mainly four parts, functional database, inference machine, management system and input output equipment. 

  a) Functional database ‑ includes some sub‑databases such as, theory database, method database, technology database and different mode databases; such as math., physical, graphic, sound and so on. All of these databases are classified by functions.  

  b) Inference machine ‑ retrieval, selection (identification), and optimization of data or model for required function. 

  c) Management system ‑ functions include knowledge input and output management, functional database maintenance and, functional database and inference machine operation management. 

  d) Input and output equipment ‑ provides different input and output means. 

(2) The Function of TEDS 

  a) Function retrieval ‑ from the functional database, finds things or models which can satisfy as many of the required functions as possible. 

  b) Transbase identification ‑ identified those that can satisfy the Judgment Theorem 2 from the selected lists by function retrieval. 

  c) Optimization ‑ selecting the best one from the identified lists. 

(3) The Realization of TEDS 

    To realize the TEDS, the whole process can be divided into three stages. First, establish functional sub‑knowledge database, which might be an independent database in every field from the very beginning. In this stage, with the independent databases, only a few cross transplantations will take place; however, it can greatly enlarge designer's experiences and knowledge indirectly in his/her field. Second, establish the management system. Using this system, through the combined special sub‑databases, cross transplantation becomes possible. In the last stage, set up an inference machine system and make the whole system become an intelligence system. 

5. Discussion 

    What is the advantage of the TEDS? How will it be used in design and creative engineering? First, since the different types of data in the functional database are classified by functions instead of by specialty or by discipline, it can break through the limitation of specialty, subject, and discipline. For example, suppose you want to design a armchair, then, the first thing you have to know is the main function of the armchair. Of course you know the function is to support people who sit on it; the function can be defined as Support Weight. Now, it comes into the second step, to design the structure. By using the TEDS, you input the key words, Support Weight + Structure, then, various support structures will be listed in a certain way. Furthermore, if the armchair which you want to design is not a common one, but used on the surface of water, which means there would be two hostbases, the supporting structure must be able to be put on the surface of water and be of a waterproof nature. In the same way, you could get different supporting structures which satisfy the hostbases requirements from the TEDS. Second, from the TEDS, you can discover different ways to solve a particular problem. Suppose you are searching for a solution to thirst. From the TE point of view, the problem could be done by drinking a glass of water or drink, by eating some watery dish, vegetable, fruit, or by telling a story, seeing a special picture, and so on. It is possible to quench one's thirst temporarily by seeing a plum. In this sense, use of TEDS is quite similar to the Brain Storm method. Third, the TEDS can stimulate people, producing creative thinking. 

    It is obvious that if the TEDS is put into use, it will bring great progress to the designing practice. 

 
CONCLUSION 
    Transplantation is a general rule of the development of human society.  However, because it has not been fully recognized and mastered, a lot of knowledge has been wasted and a great deal of work has been redone.  For this reason, Transplantation Engineering is raised here, and its purpose is to study the rules of transplantation and apply it in practicing to reduce wastes, improve transplantation in every field, and accelerate the development of human society. 


The TEDS model provides a way to access the application of Transplantation Engineering.  It includes several steps.  First, establishing a standard TE-base system which is like SIC, the Standard Industrial Classification coding system. In the standard TE-base system, transbase will be classified into different categories, such as space base, physical base, time base, information base and so on.  Second, establishing TE functional data bank.  Third, summarizing all social entities by their functions and bases.  Forth, regulating.  Make a regulation which ensures that all new inventions or discoveries be documented by their functions and bases and put into the data bank.  Finally, follow the procedures which are suggested below.  
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Because the models in the TE data bank are not limited by fields, disciplines or science, it is easy to apply an achievement from one field to another, such as apply an idea of physics to social science.  By this way we can avoid duplicate works, save energy and resources.

Appendix  


BASIC CONCEPTS 
    To study the principle of transplantation and get a better understanding of transplantation engineering, the definition series was suggested as follows: 

Def. 1. A process or activity of transferring a social entity from one thing to others for a certain purpose is called Transplantation. 
    Here "a social entity" pertains to both materials and knowledgeable (spiritual) beings; the "for a certain purpose" pertains to excluding the aimless transplantations which sometimes occur. The binary system being transferred to computer design, and system theory being applied in finance management, are examples of knowledge transplantation. A large scale integrated circuit used in an industrial control system and a laser knife used in surgical operation are examples of material transplantation.  

Def. 2. The transplantation which pertains to material transferring is called type I (or the first category of) transplantation; the transplantation which pertains to knowledge or spiritual transplantation is called type II (or the second category of) transplantation. 

Def. 3. A social entity which accepts something transferred from others is called Recipient. 

    The computer, the field of finance management, the industrial control system and the surgical operation mentioned above are all recipients. 

Def. 4. A social entity which is transferred to another is called Transelement. 
    In the above examples, the binary system, system theory, the large-scale integrated circuit, and the laser knife are all transelements. 

Def. 5. A social entity which provides a transelement is called  Donor. 
    In the case of the binary system, the donor is mathematics; in the case of the financial system, the donor is connected to the general theory and its background; and in the other two examples, both donors are the manufacturers. 

Def. 6. Suppose there are M independent conditions, for which these conditions are satisfied, the transelement could perform the function in a donor, then one of the M conditions is called Transbase or Base for short. 

Def. 7. For a transelement, if the number of transbase is N, then the transelement is called N dimension transelement; the relative base space is called  N dimension base space. It can be written as, 
                    Y ( En   or   dim E(Y) = n 

Where Y = transelement 

       E = base space 

       n = number of dimensions 

Ex. 1. Suppose satisfying these conditions, 

         ‑ support 

         ‑ mesh state 

         ‑ structure    

         ‑ strength 

         ‑ stiffness 

         ‑ central distance 

         ‑ ratio 

         ‑ lubrication 

         ‑ seal 

         ‑ working temperature 

that a pair of gears can perform its functions properly in a transmission system, then the dimensions of the base space of the pair of gears are ten and the dimensions of transelement, the pair of gears, is ten. In symbols that are: 

                     Y ( E10    or   dim E(Y) = 10 

Ex. 2. Suppose that the conditions which have to be satisfied for an excellent literary work are: 

         ‑ contains a clearly and effectively addressed topic 

         ‑ is well organized and well developed 

         ‑ includes vivid descriptions 

         ‑ has a magnificently conceived content

         ‑ is full of wit and humor 

         ‑ possesses syntactic variety and excellent word choice 

then, the dimensions of the base space of the work are six. In symbols, 

                     Y ( E6    or   dim E (Y) = 6 

    The concept of transbase is applied to donor or transelement. Likewise, for the recipient there is, 

Def. 8. The conditions which satisfies the one required from transelement in a recipient is called Hostbase. 

    If the hostbase space is represented by H (Y) and its dimension is N, then the dimension of the hostbase can be written as: 

                    X ( HN    or   dim H (X) = N 

Where X = transelement 

       H = hostbase space 

       N = number of dimensions 

The transbase can be classified in different categories, such as: 

1. Classified by Formation 

 ‑ space (or geometric) base: pertaining to connection way and geometric shape in space of transelement etc.; e.g. different     interface of hardware. 

 ‑ physical base: the condition which can decide input and transelement operation character; e.g. physical parameter and so on. 

 ‑ time base: the time requirement, original state and stability at the point of starting work. 

 ‑ information base: the information which influences the function of the transelement; e.g. regulation, policy, and hereditary information. 

 ‑ boundary base: conditions connected to the outside environment; e.g. temperature, humidity, transportation, and resources. 

2. Classified by Importance 

 ‑ primary base 

 ‑ secondary base 

3. Classified by Features 

 ‑ changeable base 

 ‑ unchangeable base 

4. Classified by Grade 

 ‑ first order base: a sub-transbase which can be divided into sub‑bases comparatively to the second order base. 

 ‑ second order base ‑ the base which is composed of the first order base. 

    In Ex. 1, since the base lubrication is composed of  sub‑base lubricator and lubricant, then the lubrication is called first order base comparatively to the lubricator and lubricant.  The lubricator and lubricant are second order bases. Here, it must be noticed that some transbases are dividable, and some transbases are un‑dividable. By this classification, transbase can be written as: 

       A  = (α1, α2, α3, ..., αi, ..., αn)   i ( 0 

                        or 

                 
α11 α12 ... α1j ... α1n    

                 
...    ...  ... ...  ...            
       A  =  
 αi1 αi2 ... αij ... αin               
 i ( 0, j ( 0

                 
...   ...   ...   ...   ...       
                 
αm1 αm2 ... αmj ... αmn 

Where  αi  is the first order base and  αij  is the second order base. 

     In the same way, hostbase can  be written as, 

         (  = (β1, β2, β3, ..., βi, ..., βn)   i ( 0  β

                          or 

                 
β11 β12 ... β1j ... β1n    

                 
...    ...  ... ...  ...            
       B  =  
 βi1 βi2 ... βij ... βin               
 i ( 0, j ( 0

                 
...   ...   ...   ...   ...       
                 
βm1 βm2 ... βmj ... βmn 

Where  βi is the first order base and  βij is the second order base. 

(The whole concepts, ideas and mathematic formulas are developed by myself.  I will pleased to hear any critics, comment, suggestions from readers and like to discuss the topic with everyone.  I acknowledge Dr. Joseph Grunenwald, professor William Fulmer and Mrs. Carole Anderson for reading the paper and giving me some good advises.  I would also like to thank Ms. Cheryl Bower and the Writing Center of Clarion University for the improvement of the paper. )
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Fig. 2 The procedure of Transplanting Engineering
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