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Abstract

Our goal is to make biological information available for engineers via a ‘biological patents’ database. This paper describes the database and the web-based interactive system that we have designed and written for maintaining and enhancing it. Any given biological function needs simultaneously to be coordinated at many levels of organisation – from cell organelle to organismal population and ecosystem. It also has necessary links with other functions on different organisational levels. To account for this, we have made auxiliary contradiction matrices (or rather tensors) for biological structures and environments, and for causes and limits of actions; these allow us to break natural data into engineering-like chunks of information and cover the primary TRIZ constituents of  function, effect and contradiction. 

1. Introduction: General Features of the Database

At the University of Bath, we are expanding the existing TRIZ framework to incorporate biological data and biomimetic thinking.  After all, there are billions of years of ‘research’, which have gone into natural systems as life on the planet has evolved that might provide novel solutions to existing technical problems.
In short, our goal here is to make biological information available for engineers, by cataloguing and classifying the effects of any given action (and mechanisms of functioning), in a given biological system. To account for this, we have made auxiliary three-dimensional contradiction tensors for biological structures and environments, and for causes and limits of actions; these allow us to break natural data into engineering-like chunks of information and cover the primary TRIZ constituents of function, effect and contradiction. 

The final tensor we are building with this input is therefore 5-dimensional – it takes account not only of object parts (which are also accounted for in the classical TRIZ contradiction matrix), but also of the environment in which the object operates, the limits and causes of an action, the ultimate purpose of the action, and the resources and auxiliary systems involved. Our data-structure includes information at all scales from biological molecules to the ecosystem level. It thus incorporates the ideas of several TRIZ tools within a singular context and is not only a database of physical effects, but also a database of intention and motivation.

2. Data Gathering and Presentation

Computationally, the database is presented as a web site consisting of various query-generating and data-gathering forms, and pages of generated reports from the queries.  At the time of writing access is limited to the authors, but when software development is complete, we intend to make it ubiquitously available so that people may browse it and add data.  Data addition will, of course, be moderated. The database is a suite of server-side C++ classes and functions running on Bath University’s Unix systems that record and search the data, and a set of client-side HTML forms and Javascript programs for checking input consistency and completeness.  These run in any browser.

3. Specific features of the database 

In order to be compatible with existing TRIZ tools, the database needs to have the following features that currently exist as fields in records or links between records within it: 

3.1. Cause and effect characteristics

We need to make definitions of Function and Effect. An example of a function might be walking, and an example of a consequent effect might be raised heart rate.  Biological systems are teleological – designed or shaped with a purpose. Their goal is a useful or desirable future system condition. This allows us to say that the result of the function of a technical system in a particular environment is a technical effect and the result of a function of a biological system in a particular environment is a biological effect.   The technical effect is equivalent to the use of tools, a phenomenon observed in many mammals, birds and insects. Technology is therefore not a uniquely human product. 

An effect, as defined in TRIZ, appears due to an obvious cause and under particular conditions. In biology on the other hand, we may see an effect, but must search for causes and can sometimes only guess about goals.  
Both causes and effects can be static or dynamic. Effects can be reciprocal ( for example walking leads to a change of position, and you can’t change your position except by walking, so A ↔ B)  or non-reciprocal (for example walking raises your heart rate, but a raised heart rate does not necessarily mean that you are walking, so A →B). Some effects can be the result of several subsystems acting together in (inner or outer) physical contact, or without such contact.  In summary, characteristics of cause and effect can be as shown in Table 1. 

Table 1. Cause and effect characteristics

	Cause
	Effect

	Internal

External

Static

Dynamic
	Object changes

Media or other object changes

Both change

Reciprocal

Not reciprocal

Static

Dynamic


3.2. Definition of Function and Effect

As mentioned above, biological systems are teleological. We define the function of the biological system to be ‘the action needed to achieve the useful/desired future condition’.
In technical systems, the achievement of the goal of the biological system is delegated to a technical device. The goal still remains the future system condition. So, the function of a technical system is ‘the action needed to achieve the useful/desired future condition with the help of a technical device’.   

To be even clearer, a technical system is defined in our context as a biological system that achieves some of its functions with the help of a technical device(s). Given our definition, we classified functions based on goals at different levels of generalization. The result is a list of 6 program functions, 26 goal functions and 271 specific functions.  See Table 2 for these (details of which also appear in reference [1]).
Table 2. Engineering friendly classification of biological functions

	Create

	Reproduce
	Produce
	Grow
	Deposit
	Make tools

	Multiply,

Imitate, copy, etc


	Increase, emit, generate, etc.


	Increase, assemble, accumulate, etc.


	Increase, store, save, etc.
	Use nature, modify nature, design, etc.



	Preserve

	Defend
	Regulate temperature
	Insolate
	Osmose
	Respire
	Feed
	Support

	Clean, protect, resist, seal, etc


	Heat, cool, freeze, readjust, etc


	Lighten, darken, ignite, etc.


	Wet, dry, drink, etc.


	Breathe, ventilate, stabilize, etc.


	Nourish, deposit, etc.


	Hold, border, etc



	Destroy

	Feed
	Defend
	Destruct

	Capture, graze, ingest, digest, shred, chop, etc.


	Stop, beat, attack, etc


	Decrease, bend, crack, corrode, erode, etc.



	Convert

	Change phase
	                      Transform

	Melt, freeze,  evaporate,  crystallize, etc.


	Embed/absorb, extract/separate, metamorphose, etc.

 

	Move

	   Transport
	 Migrate 
	Locomote
	Manipulate

	Conduct, distribute, deliver, transfer, etc.
	
	Roll/traverse, vibrate, adapt, fly, burrow, etc.
	Lift,  drop, orient, rotate, etc.

	Regulate

	Inform
	React
	Control

	Sense, detect, locate, etc


	Select, behave, response, etc


	Sense, detect,  measure




3.3. The medium/a in which the entity performs this function.

We now define in which of eight types of media an entity can live and function: air, ground, water, or their combinations, or in the biotic environment (i.e. living on, or from, another organism – such as a parasite or tree-dweller).  An example of a ground-and-air entity would be a tree, and of a biotic entity would be mistletoe living on the tree.

3.4. Entity/media interactions
 This field describes how the entity or system of interest interacts with the medium in which it functions and with other objects. We make these distinctions in Table 3.  So a fish, for example, has outer contact with the water in which it lives, but inner contact with its own digestive system.
Table 3.  Interactions
	Object-media interaction
	Object-object interactions

	Inner contact

Outer contact

Fixed contact

No contact

Any contact


	Inner contact

Outer contact

Fixed contact

No contact

Any contact




3.5. Sub, super entities and resources.

Here we indicate the relationship of a subsystem and super-system to a given system.

The characteristics of biological systems we take into account, to expand upon this classification are: 1. Hierarchy, which regulates resources, energy distribution of matter and the capacity of the system in space and time.  2. Inertia, which affects the likelihood of an effect being expressed on a different level of the hierarchical pyramid. The further the super-system is from the effector, the less likelihood there is that the effect will be expressed. This causes cumulative properties of biological effects and an effect can be seen only in the super-system. Also, every super-system tries to compensate for the actions/effects of its subsystems. But the only system that ‘wants’ to change is that which has the goal. The general inertia in biological systems opposes change.  So, for a branch, its sub entity is a leaf, and its super entity is the tree.  The resources are nutrition from soil, water and air.

Resources are essential for effect characteristics. We also know that they can be obtained only from external systems. Resources can be of field, matter and information and can be obtained from sub-systems, super-systems and the environment. In the entry field of our database, we choose whether the field results from the medium in which the entity functions, from the super-system, or from the sub-system (Table 4). We define whether it is dispersed in space, or aggregative, whether there is much or little of it, according to the tables below. We do the same for substance and information resources. For example see section 4.2

Table 4. Resources characteristics

I, II, III, IV - space distribution description:
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	From media
	From super-system
	From sub-system

	Field
	I o  II o III o  IV o
	I o  II o III o  IV o
	I o  II o III o  IV o

	Substance
	I o  II o III o  IV o
	I o  II o III o  IV o
	I o  II o III o  IV o

	Information
	I o  II o III o  IV o`
	I o  II o III o  IV o
	I o  II o III o  IV o


3.6.  Table of parameters 

We must know what prevents, or makes difficult, the achievement of an effect. In this field we define how an action or function starts and is stopped. One first selects a parameter, which causes the action, and whether this happens by its being decreased or increased. Then one select a parameter that prevents or limits the action in the same way (example: for shivering, the event which causes action would be energy (temperature) change: DOWN, and the event that prevents or limits action would be temperature change, UP.) One can select as many sets (of cause and limit) as one likes for a given entity (e.g. shivering can also be decreased if energy reserves get very low indeed, even though it might otherwise be needed). For example see section 4.2.So, in general, a biological effect is more complicated than a physical or a chemical one, because it includes both the latter. That often gives it a classically non-predictable or emergent quality. But we can make an analogy between effects in biologically emergent systems and the technically predictable systems of engineering, merely by recognising that both biological and technical systems need a goal to pursue.

4. An overview of how the database is used.

You need to be registered to search or to add to the database.

4.1. Searching.

The form for searching the database can be reached via a Search button on the HTML sidebar. There are no compulsory fields; one can fill in as many or as few as one wants and the system will find all records that match. Leaving the form completely blank returns every record in the database.  The meaning of each field is indicated after the section that is to be filled in, and contains embedded examples.

4.2 Adding data

Let us show how to fill the record using the example of a Teleostei fish moving in water. The form to add data to the database can be reached via the Add button in the HTML sidebar. There are compulsory fields that must be filled in, such as:

a. Author's name, i.e. who created this record.

b. The entity’s name: “Teleostei fish”

c. Entity description. Action of the fins and tail in controlling movement.

d. At least one reference: R. McNeill Alexander “Locomotion of animals”, Blackie, Glasgow.

e. The entity's function: “Move-locomotion-turn”. 

f. The entity's level of organization. (molecule, organelle, cell -  Procaryote, Eucaryote     -, tissue, organ, system of organs, individual, social organization, ecological system) : “individual”.

g. The medium/a in which the entity performs this function: “water (liquid)”

Other fields are optional, such as:

g. Super- and sub-entities. Fins and tail are sub-entities, fish + environment – is the super-entity.

h. Cause and effect characteristics. cause is external to fish –interaction of its fins with water, effect is external and non-reciprocal. Entity/Media interactions: outer contact - all objects (fins, tail and fish body) are fixed and the medium is outside them”. The table of parameters that cause and limit action: caused parameters: force on surroundings is increased, shape changing abilities of fins/tail (increasing) fins/tail strength. Limiting parameters - high fish speed and high flow speed.

j. The resource is the medium (water) viscosity (type III see Table 2) and in the fins’ structure (substance)– partially flexible and partially strong  – (type I  see Table 2)

k. A picture of the entity:
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    l. An effect description: “Undulation of fins and tail as parts of the fish body in any combinations causes slow direct movement (manoeuvre) of the fish and the direction of the waves of undulation is always opposite to direction of movement.”

    m. Links to physical TRIZ
    n. Any useful notes

Conclusions  

Our goal to make biological information available for engineers via a database of the effects of action between biological system components or whole systems will involve a great deal of data gathering and analysis. 

We are less than one third of the way along, and so have nothing to report about the ultimate results, but at least we have answers to the questions posed in the introduction to this paper (and the project itself) about what we are looking for and where. We are looking for any effect resulting from an object’s natural functioning and can find it in the object’s interaction with a particular environment.

Our database is therefore 5-dimensional – it takes account not only of object parts (which are also accounted for in the classical TRIZ contradiction matrix) but also of the environment in which the object operates, the limits and causes of its action, the ultimate purpose of the action and the resources and auxiliary systems involved. It thus incorporates the ideas of several TRIZ tools within a single context and is not only a database of physical effects, but also a database of intention and motivation. 

Right now, we seem to be moving in the opposite direction from problem solving technology (classical TRIZ): from solved problems (answers) to contradictions (questions). But this is the same way that TRIZ itself started: from solutions (the patents) to principles.  And within the next three years, we should be able to integrate the currently biological information within the existing engineering framework. 
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