Social Networks: Proposal of settlement of terminology for evaluation purposes.
M. R. Pinheiro

Our studies, so far, refer to complete Starants (fully connected graphs). We have not yet done so, but it is clear that a variable, let’s say a Delta, could easily be added as weight to our newly created graphs (see [3]), this variable being translated into `means available for communication’, for instance. 
In this sense, our work needs progressing into incomplete Starants (where there are at least two neighbor members with more than one degree of separation) and weighted degrees of separation.
We believe that any good mathematical theory starts with reducing language to what is computable. After we all reach a level of universal understanding of what precisely a language word refers to (see [9] and [10], for instance, as a reference to this sort of work), we can speak to natives of any language and get our mathematical message (whose main characteristic should definitely be uniqueness of interpretation) fully understood in terms of reference.

Much has been said about networks in different areas of scholarship. However, the one which seems to have made a big confusion when trying to fit a much larger element of human life into a box that obviously cannot hold it inside for long, or in full, is definitely Mathematics. Following our previous set of assertions, from [3], we seem to have grown in translating what is translatable from the logical world into the reduced classical world of Mathematics. 

We did not find objective words to refer to the concepts we intended. The words used will demand a lot of others to sort out a very specific, and well limited, set of references. But we do believe the words chose to be the only logical choice, in terms of matching language to what it should point at in real life. We have then read not only Duncan Watts’ thoughts, with fellows, but the trials of Comellas to `mathematicize' them. Based on that, we wish to propose the following reduction of whatever is passive of mathematical analysis in real life, regarding networks, to mathematical referents of unique interpretation:
1. Accessibility – this concept is only about `how modern a society actually is’, or `how democratic’. The trend is having top developed societies, such as the American one, where one believes the top concept of democracy is fully found, applied to life, in what is humanly possible, with more accessibility to its members than the other human societies. Why? Basically, a highly developed society knows time is valuable and would not bother top authorities for simple things (wisdom). With the absence of ignorance, or shortage of absence of wisdom, in the members of society, the leaders are freer in the sense of not needing much protocol to be reached (once protocol, in its intentions, was created to teach the ignorant not to bother those busy members of society with stupidities that could well be dealt with much lower-in-hierarchy-level members). Accessibility also has to do with how telecommunication processes evolved with time, that is, the quicker and the more efficient the communication processes involved are, the more accessible all members of that society, who owns those developed means of communication, will be. Ideally, a highly developed society, like the American one (whoever tells others what to do is supposed to do it best, and that seems to be a privilege of the American society in general, especially in politics and society affairs. It is not that they intended that, but because their system produces happier, or more satisfied, measured in a democratic thought, members of society, it is assumed that they should be more developed, once development can only mean the happiness of vast majority in that system), would present something like two degrees of separation between any member of the generalized public and their leaders, at most (one mediator). Having six degrees would then be really outrageous for a highly developed society. In those regards, small world experimentations in real life, proposed and dealt with even via the Internet (see [11]), are really silly. That shows nothing about Mathematics and could never show either. Accessibility is way out of the scope of Mathematics because it is simply not interesting enough to deserve its attention. It is, perhaps, some matter for Statistics, Sociology, etc., but not for Mathematics. 
Basically, if a President is reached in one or two steps, this means that either the person reaching him/her is a VIP or, if the person is a commoner, that can only be the most developed/democratic society in the World, provided the President is the top authority, as in the gen. American case (Brazil, US, etc). How accessible a person is to others is then a quality measure. 
Therefore, way out of Mathematics. 

2. Connectivity – this concept is about how intimate people actually are of each other. Some member of society might have even a sister who has got connectivity zero with him/her whilst a mate has got connectivity 100%, for instance, and in that we refrain from mentioning any sexual factor. Connectivity has to do with disease spread and, therefore, it is relevant to Health, Mathematics, and Statistics, as well as to the government of any Country which is highly worried about becoming a first World Country. A person who is highly connected to another is going to have frequent personal contact with the other via some means of communication. In that sense, how they communicate is highly relevant. There are ways, other than personal communication, face to face, to get intimate with a person (say, for instance, Internet). Therefore, a person may be intimate with another and that fact not being relevant to disease spread, our major issue of concern. However, it is definitely true that if a person has got face to face contact with another that is relevant to disease spread, and any sort of frequent communication does increase the probability of face to face contact. In those regards, Statistics would be the area concerned (the calculation of the own probability may fall in the Mathematics scope, but whatever is developed/inferred from it can only be Statistics, because it is not precise, unless we change probability lingo into precise lingo, as we will do later on in this chapter). However, if we put things in a static point of time, as Comellas and us have done, what matters is the actual static picture of how people interact, which might be interpreted as being face to face. In those regards, our interpretation of things does describe what is necessary, as a tool, to analyze disease spread with a perfection not yet seen before. There is a start of that in [3]. 
The second paper of ours on the subject, [4], brings a small club of friends who are in frequent contact, face to face, or not, depending on what the intentions of using the graphs are. We then provide tools for the computer scientist to feed machines with information relevant to disease spread control once the person would easily mention those he/she has as face to face contact easily to the doctor or, if necessary, by means of force of any sort. By feeding a computer with data, the computer scientist, as well as the doctor, are both able to predict how long it is going to take them to fully isolate those people who might already be infected and, via analogy with the patient’s own chain of face to face contact, once people usually become friends with those with similar chaining power, one gets to guess how quickly they may be able to stop disease spread if the disease started with patient X and he/she is the first one to take notice of the disease. It is all both reasonable and workable in terms of both the Mathematics and the Computer Science involved. It might all be simple Mathematics, but it is still highly useful. Were it not the human being devising a better way, or more accurate, of depicting people’s circle of acquaintances, the computer scientists could never do the trick of helping the immunologist, or those worried about stopping the disease spread. In that sense, our finding is really striking. 
One may still wish to split connectivity into physical and non-physical, if ever using the term to deal with disease spread, for instance. 

Call degree of physical contact Delta, for instance. 

Most diseases act via any sort of physical contact. 

A virus fits this category, sufficing same environment, physical then meaning confinement together rather than touch/proximity of any sort.

Once any environment confinement bears a risk of physical interaction (walking close to another, etc), this should be regarded as, for instance, Delta=1. 

If no physical contact is possible, any sort, we could say, for instance, Delta=0.

Some diseases may spread via insects.

In this special case, for instance, the insects’ colony may be regarded as a social group, so that it also fits our theory in terms of connectivity, `mathematization’ of it having been started by Comellas et al.
3. Spreadability – Spreadability is definitely a geometric feature of diseases. If diseases ever spread linearly, stopping them would be quite easy. Therefore, linear spread is not a concern, but epidemia, exponential upwards spread, is. For those ends, one may check [6], for instance. Having that into mind makes us realize that it is necessary we act quickly and that is when things all converge, that is, that is when accessibility becomes a relevant factor. One can easily prove, in a philosophical essay, how `being highly developed’, in the sense we have exposed before, is then highly relevant to stopping disease spread. If in our graphs it is 6, 100, 1000 steps, until the last person is infected, it might be the case that democracy and telecommunications have evolved in such a speed that, with a simple telephone call, we reach the physician of the last infected person, that is, several people calling, the same number as that of the infected, or possibly infected, people, might cause a stop on the disease spread in five minutes if all telephones/means of quickest communication are answered. In those regards, the Mathematics involved is really not relevant, but our graphs are. Why? To take note and calculate, to measure as well as update, both control and spread of the disease, and even to feed the computers with data.
If we are able to watch over spreadability as well as connectivity, in a complete theory with Starants, we then have found, or so we believe, the way to both control and report, as well as to prevent, disease spread. Once it is all Mathematics, if we succeed in writing it all, up to the last detail, no percentage/probability will exist, but very precise figures in terms of time, number of people in population, of any sort (infected, passive of infection in time X, etc.).

Put together with Informatics, given the development of medicament equates, the spread will be under the quickest control as possible. 

Once the above three terms are well settled, and accepted, we wish to then write about possible alternative applications, different from Health, or disease spread.
Application others than disease spread control:

There are, of course, other areas of knowledge where this theory could fit well.

Marketing, for instance, may be interested in psychological/psychiatric connectivity between people (Yung’s sense): If everyone in society X follows/copies Y, case Y is convinced, all people from X will be. 

If Y may influence whole X to purchase good `w’, for instance, that may mean direct prediction of monetary outcome, return. Hard to think what could be more relevant to Marketing experts than this prediction.
This way, `means of communication’ is replaced by `levels of influence’ in a single direction (directed network).

The model used to describe that is still the same. Each area of scholarship must make their own adaptation, however. It should be easy to see, by now, the use of our theory to describe/analyze/predict, for each one of its possible areas of application, with equal value.

In the example for Marketing, we would be interested in learning how quick Y would take over X regarding product `w’, for instance.

In this case, suffices studying our distance measures.

Time means connection if the message is simple (simple messages are spread with one contact, for instance, between Y and a member of X).
Back to disease spread control:

Easy to see, however, that from a virus point of view, for instance, all varies according to the type of virus (different ways of transmission). 
For diseases such as AIDS, greatest human concern nowadays, it is all mathematically easy, once it will only propagate via fresh blood and direct contact, if it ever propagates. Notice the beauty and simplicity of the application of our theory to disease spread: if we always assume spread in situations where it may occur, such as that of same environment, our society is kept safest. Therefore, there is an associated, and highly desired, gain, to human beings, if we always assume spread when there is environment-sharing with vector (see [11]). This reasoning also makes things much easier for Mathematics, so that everything is good and useful. What should matter is preventing/blocking disease spread. Small chance is chance, no matter how small. If our objective is preventing/blocking, it is simply logical that we assume spread is sure when environment sharing is found in case analysis. We are then proposing that if there is any risk (no matter how small) of spread, we assume sure spread always, so that prevention of spread is of highest quality, which is only intention or should be, of these theoretical studies.
Mathematics introduction via example to form basis for our calculations/justify them.

Suppose Soc-A and Soc-B. For each member of Soc-A and Soc-B, the elements listed before must be taken into account. Take away accessibility, as explained before.
We are then left with two very precise variables (only):

Connectivity and Spreadability.

Suppose a society where there are only two ways of communication:

a) personally – face to face;

b) via courier, by bike – third person, hired on casual basis.

            This way, maximum communication time is 2. Minimum is, as always, trivially, zero. Depending on the sort of spread under analysis, different values will fit the variable connectivity, as written before as well. We will always have connectivity one if there is sexual intercourse involved, however, once this is the most intimate sort of contact one may have with another in terms of disease spread. If there is physical isolation and full inability of person to person contact, we then would have connectivity zero in what regards, for instance, ordinary flu virus spread.
If all members of society hold connectivity one amongst themselves, we then have sure spread, that is, one as well, following our propositions.

Basically, our 1 is one only for disease spread prevention purposes. All relative to a referential/very specific point of view.

Accessibility, however, supposing it is a small island, foot distance, all can walk/talk/hear (no physical problems), would be one. 
With all this, suppose there is only subject A, subject B, subject C, at the same island, the one just mentioned.
C is the courier.

A and B are always at foot distance, so is C, as explained before. 

Given C is a person who always comes in a protected vehicle during time past X (suppose), only A and B are, realistically, exposed to the ordinary flu virus, for instance. C is always protected against AIDS, for instance, holding connectivity zero with others, once we assumed C only meets A or B from inside of a vehicle, which is fully closed (assume that C never opens the door, the window, and there is a hole for communication, which does never allow shared use (this is maximum isolation, in human terms. Of course, even though it has never historically happened, there is always a possibility that, for instance, B is bleeding, drops blood in a surface which does not kill the virus, C is also with an open hurt, and C touches the blood of B with the open hurt without noticing, therefore contracting AIDS), and C does not have contact with animals at any time (even though AIDS transmission via animals is a surrealistic event, given the history of the disease. Whatever is `surreal’, in terms of probability of occurrence, should be neglected, according to our choice, point of view of the epidemiologist). However, thinking of this possibility, given human history of transmission so far, would be classified as insane by any expert in the field. This way, in translating this information (so that it is useful for those working with spread) into Mathematics, there is connectivity zero between C and B in terms of AIDS.
Freeze society time in Y.

Analyze it: Mathematics.

Predict society time W, possibilities (possible worlds: see, for instance, Priest): Mathematics.

Analyze chances of each (parallel) world becoming actual: Statistics.

This way, knowing history of events allows 100% mathematical study, what allows safe (as mentioned in Starants) statistical prediction.

In a typical `island’ society (our example), we then have, as Soc-I possibilities:

1)            
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If ever modeling disease spread for AIDS, for instance, we have:

C  A ── B, all the time C does the standard, as described before (vehicle). Otherwise, we would have A  B C, if both A and B always make use of C to communicate. Therefore, the three possibilities above regard how communications would happen in Soc-I, when all available is presented, what is the intention of our graphs. In what regards AIDS, then, the connection is made via chance of transmission, which can only be via personal contact which allows the transmission and, therefore, there are only two possibilities, all reductions of the three previously stated possible situations. 

The example here used is not, by any means, original. It is probably seen in several books about disease spread. What is original is our distinction of terms, producing explanation as to why Comellas had original work done over the works of Watts (see [13]), rather than a mathematization of Watts’ works. Basically, whilst Watts talks about accessibility, Comellas talks about connectivity, following our newly introduced definitions. We also hold original work because we actually complete the works of Comellas
 to allow the application of mathematical induction as well as explain why they are different from each other (Watts x Comellas) as well as provide actual mathematization for Watts, as needed to check on the utility of his theory to mathematicians in general.

In terms of applications of our theory, as another example, consider information transmission.

Soc-I is always present in full.

Time depends on whether C is necessary or not (time of transmission of any token).

Suppose they are all together (distance as small as to allow hearing to be shared, no matter how low the voice pitch is), somewhere, at some time W. 
Time is zero if the source is external and tells one of them, provided none is deaf, for instance.

Therefore, there is no simplest case than that of AIDS spread, and no more complicated case, or with more subtleties, than that of information transmission.

Notice that we here have mentioned the following factors (noise providers), when information transmission is the concern:

Source (type of), Receptor (physical qualities, or qualities which should be evaluated when receiving from that source type), environment distance between intended public and person voicing the message, pitch of the voice of the person transmitting the message to the others. 

Each human factor is a complicating factor in what regards putting the problem in the `boxed’ area called Mathematics. That is how complex information transmission would be to become Mathematics. We think we have explained in detail how people should sometimes accept that human elements are far beyond Mathematics and can only, at most, fit Statistics (see [7], for instance).

However, with AIDS spread, only physical distance and protection are relevant. And these are two totally mathematical entities if the point of view of the health person is taken (as explained before), of course (if not, we will get lost and Mathematics will never be an adequate, or sufficient, tool). 
Another example to make each case passive of analysis with our tools:

Suppose two societies have precisely 5 means of communication and that equals to: Internet, telephone, video-conference, post, air-courier with no human contact.
Connectivity, in terms of AIDS, is zero, once face to face is not an option, ever, during the time period under analysis, and only this sort of contact would bring AIDS transmission, according to our reasoning of choice (perspective of the epidemiologist, always).

Accessibility is then 1 for each member of that society, taking for granted that all hold same amount, as well as same means of communication, and those means never fail during time period X, under analysis. 
That basically means no spread if first victim detects disease before having any sort of situation which facilitates spread towards others. This way, the epidemiologist can only be told to be doing his/her best if no spread occurs, given `paradise’ of conditions (1) was encountered in the example provided.

Connectivity, in terms of information spread, is also 1. 
Consider, always, as a side remark, that 1 will be allowed to simply not mean 1 in Mathematics, otherwise Mathematics is made not-viable, only Statistics will do.

Once more, we are trying to make a very human element forcefully fit inside of the boundaries of Mathematics, what should not be possible at all, but with the right perspective being adopted, that of a person who acts as a machine whilst deciding on a simple factor, we do get it fully inside of the mathematical scope, finally.

Considering always this remark, similar to the one made on infinity, everything is then passive of analytical precise calculations, once infinity is also not purely mathematical, it is a nice match of two very distinct paradigms: language and precise, as well as unique, references.

Whilst language will almost always bear imprecision, there is also the indiscernibility of references which occurs sometimes by shortage of precision of our human instruments (eyes, perception, etc), and sometimes because of the nature of the own reference (can you tell the difference from soda in a glass to the same sort of soda in another glass? Is it not all soda X and, yet, not the same soda X?).

So, it might be 1 in human terms of observation of the disease spread, this one being a forced assignment, as made with the Sorites solution of ours (see [8]), as a translation, or a means of communication, between the culture of Mathematics and the culture of the Health professionals, yet with no harm to the precise real world analysis of any of the variables of interest (connectivity, spreadability, etc).

This 1 will also be volatile, passive of becoming zero in the next instant of time, once the World, as well as human beings, are dynamic entities, changing and acting all the time, as well as interacting.
However, the same happens in physical problems, and `freezing’ the World at instant `t’ is then a tool used to allow calculations over every event of real life. 

With this, we believe to have convinced the reader of how we could assume 1 for connectivity as well as spreadability, instead of some sort of vague assignment, passive of the same discussions and problems as those seen for trials of solution to the Sorites issue (see [8]).
However, it is definitely true that those belonging to the field of Health, who deal directly with disease spread, are able to list all means of communication available for the society group they are interested at. 

With this, there is certainty of why we would assign value `x’, instead of `y’, to Connectivity: Simple percentage would do.

Generic sort of example for disease spread:

Suppose we work out every possible communication means via two subjects and that amounts to n items.  Once it is not mathematical, we drop accessibility in our example. Suppose virus under analysis is HIV.
CASE A:

· Spreadability of virus = 1 (sure to spread, as explained before).

· [image: image4.emf] 

 

Connectivity = 1 (same set, same environment at t = t0, suff. and nec. condition).


CASE B:

· Spreadability of virus = 0 (sure not to spread).

· Connectivity = 0 (different set, different environment at t = t0, suff. and nec. condition).


CASE C:

· Spreadability of virus = 0 (sure not to spread).

· Connectivity = 1 (human 1, assume that the telephone has never failed in whole history of events between both beings during past history this far in time).




One may wonder about how useful this representation actually is. Basically, case B or C mean no concern should be raised regarding A, B, and HIV: Only case A equates concern. This may all be in a computer database and the epidemiologist will then only act when case A is found, allowing the computer to take over. Each one of the above sets is a point of our Starant graph, so that our representation here simply explains how each neighbors’ relationship, represented by our edges, is meaningful for disease spread, or may be, with adequate application of our findings.
Our theory and relevance:
As said before, the examples, diagrams, theory involved in disease spread, must not be any novelty, probably present in every book dealing with the subject. 

However, we here try to make a connection which is accurate between the world of Mathematics and the world of disease spread. 

It is universal understanding that the difference between whatever is purely human (as diseases) and whatever is purely abstract (as Mathematics) is enormous.

In trying to make the worlds communicate, professionals from both fields may easily be induced to mistakes, once they would need to also master language in order to make adequate translation between the two worlds involved.

Once we are also professionals of language (see www.naati.com.au, 2007), we would be more qualified to help those trying to make the connection than other experts who do not hold this extra qualification.

Things being so, it could be that language is not an obstacle for Mathematics to evolve regarding disease spread, for instance. However, it becomes hugest obstacle of all if someone is trying, for instance, key-words in their research, ends up with same word in more than one scientific paper, and one of the researchers has mistakenly made use of that word, yet producing similar results, which look like a continuation. 

Easily, a third researcher may be induced to a lot of time waste and equivocated calculations, or other damages and injuries attached to that `original mistake’, which only occurs for shortage of concern with the own language, for not treating it with same respect deserved by their scientific trend of choice.

In those regards, our remarks and definitions settlements could not be of more importance.

We, ourselves, felt obliged to do this in order to progress towards the intended direction which seemed to be waived at by Comellas, but was not: mathematicizing the works of Watts, which were highly based on Biology, or human communication, only.

Comellas ended up producing an incomplete mathematical theory, once it did not allow for mathematical induction to be used in order to prove results of larger inputs, and it had no connection, whatsoever, with the works of Watts, irrespective of what it claimed.

In making the terms well defined in the own Mathematics, we clarify and explain the confusion in terms used and etc.

Once Comellas repeats the expression `small worlds’, used by Watts, things could only get worse, if not explained in detail.

Basically, we have then provided complete mathematical tools for any professional of the field to be able to use mathematical induction, as it is expected from any object in mathematical analysis (see [3]).
As a side result, we got to explain why the works of Comellas are fully original, and based in Comellas’ own perspective when reading Watts. Whilst Comellas deals with connectivity, Watts deals with accessibility, all the time.

On the top of that, we actually used Mathematics to verify the information on the 6 degree distance between any society couple of members.

With a fundamental correction on the graph used to describe individuals and societies (introduction of Starants), and suitable extension of tools from Comellas, we finally produced the link.

As sad as it may seem, as others have done, we reached the conclusion that 6 degree is a `marketing’ sort of term grouping, once it is as true as 3, or infinity, depending on the groups and situations considered.

The novelty appearing in this very article, then, is the element which is missing in the literature to explain the trend, as well as relevance, of our own works.
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� We did communicate directly with both Comellas and Watts, via e-mail, on the year of 2002, when we started doing research on the topic (Comellas because we were extending his work), not to escape ethical standards, displayed and adopted by us, soon to be defended in public paper. Only on the sight of no presentation of opposition by either, we then progressed, apparently, by luck, always working on the gap left by both during their own research term that far.
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