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Abstract

This working paper covers the more arcane “linguistic” and other theoretical aspects of an idea for remote engineering and construction design which is described elsewhere. 

No-one needs to read this paper in order to understand the proposed approach, which is described in more accessible form elsewhere. This paper is simply an ongoing conversation and exploration on the theoretical and linguistic considerations behind the idea. It is not a position paper as no firm positions have been arrived at. 
This paper follows the original inspiration for the “Epigenetic” construction ideas outlined elsewhere, from their origin as a throwaway statement in the sales literature of a software product, through some considerations of the linguistic requirements for such a system, and following up the assertions made in that throwaway line, concerning Gothic construction techniques. 

This paper also outlines the basic premises of epigenetic construction. Some basic principles are derived with a view to being able to apply these across different engineering disciplines. 

This paper finishes with three appendices: the detailed linguistic requirements for such a system, the agenda for ongoing and future research into Gothic construction principles, and some ideas for applying this approach to buildings. The questions and challenges set out in Version 1 of this paper are followed up in this current version. 
Some initial conclusions are drawn regarding the language and communication requirements for the proposed epigenetic system. 
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Introduction

There is a theory that the rose window in any gothic cathedral served as a form of blueprint for reference during the construction of that cathedral [ref. 1]. The implications of this are explored in this paper to propose a possible new way of developing infrastructure in times of acute skills shortage, specifically in the context of post-Mugabe Zimbabwe. 

The two systems of information / building referred to are cited by Dawkins (1991) as being preformationistic and epigenetic [ref 2]. 
Note that subsequent to the adoption of these terms from Dawkins, the term “epigenetics” has gained broad usage in a completely different sense, that of the communication of animal characteristics across generations outside of the means provided by DNA. This is not the sense used here. For the avoidance of doubt, the term “Epigenetic” or “Epigenesis” when used in this and related papers, follows Dawkins (1991) only. 
Preformationism refers to the use of blueprints while epigenesis means creating something from a recipe. Dawkins makes the observation that a cake, made from a recipe, cannot be reverse engineered into its ingredients. This means that epigenesis is directed and therefore irreversible. 

Tis document sets out to explore the assertions about the Gothic architecture, the applicability of the epigenetic approach to various engineering efforts, and the linguistic and other information constructs required to bring this about in a remote work setting. 

Note that this working document does not need to be read by anyone seeking to understand the basics of the approach. It is intended more as a repository and exploration of the underlying principles and any relevant findings about those. 
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Motivation
The initial motivation for this work was how to rebuild Zimbabwe following a hypothetic liberation from the Zanu-PF leadership and a need for rapid redevelopment. A broader treatment of the reconstruction requirements is set out in a separate paper which was developed subsequently [ref 3]. This motivation may also be considered more widely, for development of any country in which there is a considerable Diaspora component in the Internet age, including most of Africa. 

One prerequisite for rebuilding a country is that the diaspora community be tapped into for advice and expertise via the Internet, allowing for a reconstruction programme which takes in experts and non-experts on the ground, experts brought in from overseas for short periods (as a sort of VSO) and experts contributing remotely via the Internet and telephone. 

Language Requirements

One thing which would accelerate the above idea would be the existence of a sort of "information language" with which to express and manipulate those things which the overseas contributors would need to interact with in order to deliver useful work into the country. 

Part of the work explored in this paper is the need for communication between different parts of engineering and construction projects which are remote from one another and which seek to take advantage of the “Epigenetic” methodology which is the thrust of this paper. 

Principles

The challenge set out here is best understood, expressed and answered in terms of building buildings, but it is hoped that the principles can be applied in almost every field, and certainly in the physical construction fields of civil engineering, infrastructure building and perhaps also manufacturing.

The challenge is to rebuild large areas of infrastructure in a short period, with most of the country's expertise residing overseas. This is the same challenge, on a national scale, as is faced every day by anyone managing a construction labour gang. The instinctive response to the challenge is to continue to use conventional methods and management techniques, including the production of complete blueprints and having a "boss" or foreman to turn these blueprints into detailed orders. 
This was how Zimbabwe was built up over a remarkably short period by the colonial and UDI governments, and was a powerful (but deeply politically flawed) method. There will be many instances where this is the best method, but this must not be assumed to be the only correct model for construction, either of individual building or of the nation's infrastructure. 

Alternatives to this instinctively assumed, inherited and colonial model need to be explored. As a contribution to this process, I would like to recommend a modern, hi-tech adaptation of the Gothic model. This has precedent at least in intent, in the way that schools were build up by their own pupils and communities during the educational expansion that took place under Mugabe's tenure (one achievement that can never be taken from the old man). In Mugabe-era schools building, as in the creation of mediaeval European cathedrals, entire communities were engaged in building something. The difference is that a modern European model was followed for how building actually happens. 

The challenge therefore is how to apply epigenesis to contemporary construction projects and ideally to most other forms of post-Mugabe reconstruction. 

Introducing Epigenetic Engineering
According to some assertions the rose window of a Gothic cathedral forms a sort of DNA for the building of that cathedral. This assertion needs to be explored further from a historical perspective, but whether or not the rose window was used in this way, it gives rise to a broader idea which is worth exploring: that of epigenetic engineering.
DNA works by two related mechanisms: the encoding of the actions with which the final body (the phenotype) is to be built, and the interpretive activities in the system which does the decoding. That is, some piece of information exists in the seed and some piece of activity turns that information into phenotype. There is no mediating language between these two mechanisms, no intermediate step in which the genotype is expressed as a blueprint or other explanation of what it will do. For this reason genotypes are of necessity inscrutable to inspection - the only way to interpret the seed for a flower is to grow the flower. This can be explained in terms of the fact that usually each specified action in the genotype contributes not a simple piece of phenotypical construction but a further activity towards that overall construction. Interpreting it in this way may help to understand why genotypes are inscrutable but the underlying reason is simply this absence of any mediating language. Phenotypes in a genetic construction are built once not twice: they are constructed in the actual built artefact and not in an intermediate set of blueprints or models. The instructions are couched not as linguistic instructions but as material which modulates the behaviour of the interpreting system to produce the end result.

So it might be with the rose window. There is a relationship between the rose window and the built cathedral but the relation may not always be amenable to interpretation by direct human language whether that language is verbal or a more specialist visual or construction language. Looking at the rose window for Notre Dame Cathedral for example, there is an intriguing commonality between the symmetries in the rose, and those of the cathedral itself. Yet there is no easy way of setting out what those symmetries are, or how to get from one to the other. That is part of what this paper sets out to explore, though this remains a work in progress. 
Genetic v Linguistic Systems

The first step in achieving a gothic construction system for rapid national reconstruction would be to decode the language of the rose window. However it is clear from the DNA parallel that such a process of decryption cannot hope to yield a language in the sense normally understood by the word. Languages are by definition the sort of mediating step which genetic systems do not have. 

In the universe of information there are systems where a set of genotypical instructions is executed by a system to produce a phenotype, and systems where instructions are first stored in a reusable and communicable format. The former we call epigenesis, while this latter system is effectively language, where language is understood in its broadest sense to include blueprints, diagrams and other ways of defining the final artefact, in full, in some other medium such as paper or a computer file. These are more correctly referred to as preformationistic systems, that is systems which preform the final artefact to be constructed.

Some Characteristics of Epigenetic and Preformationistic Systems

Epigenetic systems are effectively directed - interpretation goes one way, from the genotype, via interpretation to the phenotype. Preformationistic systems in contrast are bi-directional. Hence where a preformationistic system has dialects a genetic system may have distinct genotypical and interpretive dialects i.e. dialects of how a thing is coded will be distinct from dialects about how a thing is "spoken" or expressed in the genotype.

Note that DNA does not have dialects in this sense. The same set of four bases combines to generate different proteins according to universal rules of chemistry; the differences in the embryology of different creatures results from the interpretive activities of those parts of the system already generated (i.e. the embryo). However, the challenge in defining an epigenetic approach is to determine the languages or dialects to use for different kinds of engineering or construction.

In natural DNA based construction the interpretive systems are themselves built from interpretations of the seed DNA. Each distinct species arises from the final differentiation between the interpretive activities of what has already been built and the last details to be interpreted during embryonic development. The embryo is at once both the built artefact and the interpretive system. 

There is therefore a choice when growing buildings or other artefacts out of a genetic type seed. The growth can be either purely rose-based (where the information is all contained in the rose) or it can be partially embryonic. In the latter case, after the first few steps instructions can make reference both to the seed and to the part of the item already built. So for example rather than simply taking a sighting from a point on the rose, the builder may also take a sighting on an existing wall or column, with reference to the rose. This reduces the amount of material that has to be held in the seed but increases the impact of errors, which will be expressed as mutations in the final built artefact. 

Gothic Architecture Exploration and Follow-up
Initial Premise

The tradition of Gothic construction is one in which individual people and groups of people are able to carry out their own activities at a micro level following a set of simple instructions which defines the whole and enables it to attain a final coherent (but not blueprinted) shape. This, it has been asserted by some sources, is the function of the rose window. 

The Gothic tradition as loosely described here was revived during the early parts of the construction of the Sagrada Familia in Barcelona by Gaudí [Ref 4]. There was no final blueprint but work was set out for different artisans and labourers to carry out. It is not clear whether the rose window (hidden behind the Nativity facade) formed part of this vision or not. It is likely that the works carried out since the project was restarted in the 1950's do not follow this tradition. 

Moving to post-Gothic times, construction management has favoured the individual blueprint and the architectural model (see accounts of the building of the Duomo in Florence for an interesting transition in the Renaissance period [ref 5]). Finally we arrive at a point where what is to be built is defined down to every line by blueprints and models. Creation today takes place twice: once in the evolution of the designs and models and a second time in the expression of these as buildings. 

This is not intended to be an essay on construction, but an attempt to define an approach which once worked, in order to propose a way of making contemporary use of it as a sort of project management equivalent of appropriate technology, in particular for the rapid construction or reconstruction of developing countries.
In construction today as in Gothic times the challenge is to create orders at the level of individual participants' work, in such a way as to generate a whole edifice which is beyond the understanding or capability of the individuals involved. What has changed is the methods by which this has been carried out. 

This is in effect the same challenge as that faced by military leaders over the centuries, of arranging bodies of men to carry out detailed movements and manoeuvres without having a direct line of communication to each one of them and without each of them having any understanding the battle plan. 

Rose Window Assertions Follow-up

In the time since initially writing up these ideas, a small amount of book and Internet research has been carried out by the author. This section summarizes those findings, which remains a dynamic exploration not a completed position. 

In summary, there is little evidence in the formal literature on the subject, for the assertion that the Gothic cathedral was built out of some kind of DNA pattern contained in the rose window, and yet there are oblique references on at least one website which is of a more mystical nature, in which a similar assertion is made. 

Meanwhile there are references in the Renaissance period to similar methods being used, such as the existence of a chalk rose on the floor of Brunellesci’s Doumo during construction [ref 5]. These however are often accompanied by scale models, as also in Sir Christopher Wren’s St Pauls. 

We therefore cannot rule out that something like the techniques explored here have been used, particularly in the context of geometrical construction. Note also that geometry, whatever we may make of it today, was at the time of the Renaissance and in the earlier Gothic period indistinguishable from a mystical approach to the “divine”. 
Sources

The following sources are explored: 

· Wikipedia main article on gothic architecture [ref 6];

· The Basilica of St Denis (Paris, France): arguably the first cathedral built with a rose in the Gothic style [ref 7, 8].

· Chartres Cathedral – exploration of the geometry of the North rose window  [ref 9]

· Exploration of geometry by interested amateurs, with references to “sacred” geometry and the Gothic [ref 10 and 11]

· Further references to “Sacred” geometry within the above (ref 12, 13]

Rose Windows: Summary of Findings
The use of rose windows is largely confined to continental Europe and is not found extensively in England, and yet cathedrals of very similar design and complexity are found there. The first documented use of the rose window is at the Cathedral of St. Denis in Paris [ref 7] (1135 to 1144 with later work in 1231 to 1264). A casual inspection of its layout does suggest a very strong correlation between the symmetries in the design of that window, and the symmetries apparent in the cathedral itself. However, the present rose window is a later addition [ref 8] and it is not clear whether it exactly follows the layout of the earlier window or not. 

There are various explorations into the geometry of the rose window. Many of these reflect the idea prevalent in the gothic era, of geometry being a means to access or reflect the divine [ref 13]. Shorn of such mysticism (or re-interpreting “the Divine” into a more modern world view), what we see here is a description of the language of geometry itself. This is the language with which both the rose window and the physical components of the cathedral itself have been built. Therefore any commonality between the rose and the cathedral is to be found by deconstructing both into the linguistic primitive forms or actions of geometrical construction. Euclid [ref 12] provides a reference for this effort, and is the same reference as would have been referred to be the architects of the Gothic period.

One site [Michael Schneider, ref 9] goes so far as to assert the equivalence between the rose window and the building, and leaves validation of this as an exercise for the reader: 
“Of course, the geometry of [the North Rose Window of Chartres Cathedral] is an integral part of the design of the entire structure, which was composed as an interconnected whole. Using an elevation plan of Chartres, see if you can discover how this construction "extends" to encompass and relate to the building's entire design. I suspect that the whole front is an expanded version of the window.”

That is, geometry itself is the “language” which we have set out to find or validate in this paper. 
This is developed further in the appendices to this paper. 

Summary and Conclusions

The Reconstruction Challenge

Going back to the reconstruction challenge, the question can be reframed by asking, “Should we only employ linguistic systems of management for reconstruction (drawing, blueprints, work orders, working procedures, building codes etc.,) or can there also be a genetic system?”
More specifically, given the suggestion that gothic construction was at east partially epigenetic, can we frame a working, contemporary Gothic / genetic model for construction. Further, can this system be configured in such a way as to (a) make use of unskilled labour to construct things and (b) do so in a way that makes use of the skills and knowledge of people who are no longer in the country? 

There are a couple of other thoughts that drop out of this. 

1. In order to make use of remote expertise there needs to be some kind of linguistic system which models and transmits problems and solutions in a way that can be carried over the Internet. 

2. If there does have to be some kind of linguistic system, this has to be either at the core of the method or must use some interpretive interface which can mediate between an epigenetic construction system on the ground and the participation of remote experts. 

Further thought about this leads to the realisation that at one level the language needed is simply the language of geometry (at least for physical constructions) and at another level, is the language of the activities to be carried out on site i.e. the language in which those existing skills are expressed and communicated. In between these, there is the need to develop a kind of meta-design framework and approach which encapsulates the epigenetic method and provides the means for epigenetic seed information (effectively meta-designs) to be captured, communicated and actioned.
Conclusions

From a combination of the following:

· Internet and book research into Gothic construction;

· Development of methods, techniques and meta-designs which embody the epigenetic approach; 

we can assert the following with a reasonable degree of confidence: 

1. It is realistic to propose techniques in the area of meta-design which, in combination with conventional engineering techniques, and along with use of modularization, over-engineering etc., could lead to improved availability and outcomes in remote engineering development;

2. The language with which to communicate instructions to site is the language of the techniques they already used, supplemented by jigs and various types of “Rose” for which clear instructions are given in the same kind of language;

3. More fundamentally, the language in which many of the construction techniques may be expressed (and the language in which the original “Gothic” constructions were or may have been specified) is simply the language of pure geometry;

4. The language within which each set of epigenetic meta-designs is developed, as itself a unique language or vocabulary developed as an integral part of that meta-design; 

a. there is minimal common language between these other than the common languages of geometry, electrical circuit design and other core engineering disciplines;

b. there is scope to develop common meta-design language within a particular technique (for example the technique of life-size catenaries) so as to generalize the communication of requirements rather than have them locked in to a particular engineer’s meta-design;

5. For communication of ideas from one locus of involvement to another, this may need a combination of fundamental (geometry, circuit design etc.) and implementer-facing idioms; an exploration of this is to be a part of the meta-design for each different example.
Appendix 1: Epigenetic Code for Buildings, Other Things
Rationale

It should be possible to produce something which, given a suitable set of simple instructions, forms a set of genetic instructions for a building. 

At one level this is almost trivial. It is possible to take a building and map out the angles subtended by various parts of it to a possible central rose. 

Various possible technologies should be tried, this most simple being angular sightings from a lantern or a set of lines such as an actual rose window. 

As more information starts to come out of the preceding stages it should be possible to generate rose windows for novel buildings using methods closer to the gothic method, though this may not be the ideal method for a new system. 

First Attempt: Simple Rose Usage
I have made a first cut at this - the results are available on paper. 

This shows a single building with a rose window (reused at the sides) and a pair of floor roses for ground plan. The method depends on the (or each) rose having something else to interact with - ground level for the elevation rose and a second rose for the floor plan. To simplify the number of lines the building has been designed around the rose to reuse as many angles as possible, however the method could be used for buildings with almost any proportions. the example is almost classical to look at but is intended to be an African small school or large house. It has a central atrium and a verandah. The rose window sits above the front entrance door while the verandah as at the back. For a house the design would be similar but scaled down and the end with the rose window would be at the rear with a verandah at the front. 

Buildings which differ from the fairly simple configuration of this one will require a more complex interpretation / instruction set. A number of conventions are required or interpreting the roses. It is possible to have a paper set of roses with instructions (needing interpretation still) and separately the actual circles with only lines to make sightings from. 

It may be a long way from the way a gothic rose window works but this exercise is an almost trivial proof that the method is applicable in some form. The model does not include plumbing or electrics but can be used to give the locations of fixtures for these. 

Second Example: Spiral Building

So far this only exists on paper, and consists of a building “plan” developed epigenetically by applying a small number of operations with a piece of rope, on a “seed” building element. 

The principle behind this is simple: the initial core of a building is delivered in the form of a toilet room, built in the proportions of the golden rectangle (and preformationaistically designed). The golden rectangle is the shape which appears with (and emerges from) a simple logarithmic spiral. Taking a piece of rope wrapped around the seed toilet block, the potential builder arrives at a series of curved walls which make up a spiral dwelling. This may be added to one room or section at a time (as is common with “Core houses” in parts of Africa), with each subsequent part of the building being larger than what went before. 
The core block may also be enhanced with “Rose” patterns, for example in the form of tiles on the side of the block which, when reflected (or copied) on the adjacent ground, may provide details of the disposition of doors and windows. Further use of roses in one form or another, may be provided with the initial block in order to specify lighting, plumbing etc. and the use of different techniques to expand the house in detail. Alternatively, the layout may be left vague and the details filled in separately by different builders using more conventional techniques for specification of those details. 

The figure below gives a very basic outline of this idea (figure 1). Each set of lines of a given colour represents the simple act of uncoiling a rope from the lower left corner of the toilet block. The patio may contain tiles giving the locations and proportions of doors and windows in the rooms opposite (in the illustration, only the disposition of the walls of those rooms is shown). These patterns may themselves be derived by dropping them down from the wall of the block itself, by some means. Similarly, rose-like arrangements for the disposition of roofing material may be present somewhere on the original seed structure. 
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Figure 1: Spiral Core House (not to exact proportion)
Epigenetic Code for something different

It will help to prove the overall principles suggested here by applying it to something completely different. Also it would help to take the opportunity to do something that can be tested in the field rather than just generating a building plan on paper. 

A good candidate for this would be Gaudí's catenary method for calculating arches [ref 4] as explored by the author [ref 14]. 

Areas to Explore

Suitable areas to explore for this step would include: 

· Civil engineering methods - bridges, tunnels 

· Electrical wiring of a building

· Plumbing

· Drainage

· Electronic engineering and circuit construction

· Local power distribution

· Power generation

· software development

· Instrumentation

For example a design for a community build suspension bridge for remote rivers would be useful. 

It would also be beneficial at this stage to see if the knowledge transfer thinking espoused here can be applied to areas outside of project-based work, though at present I can't see how the theory would support this. Also to business process re-engineering and the introduction of quality assurance. 
Methodology Development

From any findings from the above, we need to develop a general framework which: 

· Standardises on any elements of genetic representation that can be applied across disciplines

· Standardises the method by which new genetic material can be stored and manipulated

· Standardises and starts to teach the methods for generating genetic codes for new artefacts using these methods and media. This would be for subject experts to generate codes or for thirds parties to generate codes from linguistic / diagrammatic material received from subject experts. 

Exploring the Boundaries

Given the above, try and work out where the applicability of the methods begins and ends. For example:

· Does it only cover construction and building of items?

· Does it only cover project-based work in general? 

· Can it cover any kind of knowledge transfer scenario?

· What specific technologies can or can't be managed by this approach?

· Also where does it and where does it not add value over existing methods? 

In terms of this last point, most of the work up to this point will not have taken account of whether this is a better way to build buildings, just whether it is a way that will work. Even if this is not a cost effective way of solving the problems of low-skill national reconstruction and knowledge transfer, any validity in the method may aid historical understanding of gothic and other cultures and may also prove to be cost effective at a future stage when technologies or economic parameters change. 
Appendix 2: Further Exploration of the Gothic Rose

This paper suggests further research into Gothic construction methods. Some of this has subsequently been carried out, and it is not clear if the approach used in the building of Gothic cathedrals was entirely epigenetic, or even at all epigenetic, although it is clear that the balance between the architect’s knowledge and that sf the builders differed from that which is in place today. 

In order to explore whether these ideas have either intellectual merit or practical application, the following exercises needed to be carried out: 

1. Historical research into actual gothic construction methods

2. Reverse engineering of the rose window

3. Try and generate a genetic code and instruction set that would complete a simple building

4. Generate a genetic code and instructions for something different

5. Build up a methodology and techniques for different types of activity

6. Explore the boundaries of the methodology by creating codes and instructions for activities or build artefacts very different from buildings

Some of this research has now been done, and the results are presented in the body of this paper. This annex sets out the initial requirements for that research and further avenues to explore. 

Historical Research

Combination of: 

· Written accounts of the building of cathedrals and other churches across the Gothic period

· Look at more modern methods specifically at and since the Renaissance. 

· Masonic methods and literature

Reverse Engineering the Rose

There would be several steps to this: 

1. Measure and record cathedral dimensions, ratios and rose window parameters

2. Break down the rose window parameters into systematic components

3. Determine any size ratios that exist in the rose

4. Define the simplest construction parameters of the cathedral

5. Search for equivalent ratios between the two

6. If these are found, move on to establishing other correlations between the window and the building. Return to the building for more data if necessary

1. Measurement

Attend several cathedrals with sketch, photography, tape measure and other recording materials to make coherent record of the rose window, smaller windows and the proportions of all aspects of the building

2. Window Parameterisation

Record and formally attach identities, numbers etc. to 

· number of times the pattern is repeated around the circle

· different shapes in the stone

· Number of distinct elements between the centre and the circumference

· Branches, circles etc. 

· Methods used to reproduce these patterns e.g. compass, edge

Update / Findings: the parameterisation required here is described by Michael Schneider [ref 9] with reference to sacred geometry and the construction principles given in Euclid [ref 12]. 

3. Window Size Relations

Given the above parameters, determine any ratios between each pattern or element in the rose, and the next.

4. Building Parameterisation

Determine the ratios between elements, and in particular elements that are similar other than in size (these may indicate patterns or techniques used repeatedly on different scales). 

In particular determine ratios between 

· In plan view: 

· nave, aisles, transepts

· Vertical proportions: 

· columns, roof, gallery etc.

5. Equivalent Ratios

Go through the results of (4) and (3) above and record any similarities. 

6. Other Correlations

By this stage it should be clear if there are correspondences. It may be that the simplifying assumptions made at this stage do not apply and the precise approach may need to be revisited. The end result should (if applicable) be a clearly defined and attributable set of correspondences. An alternative result would be clear indication that there is no such thing to be determined. 

Bear in mind also the predicted inscrutability of the genetic language - the expected result is that it should be possible to carry out actions based on the contents of the rose window which result in the building - not that there should necessarily be visually measurable correlations. 

Note also that the predicted effect of building up the building from the rose may also have used other artefacts such as chalk marks on the floor, wooden formers and other non surviving items, as well as potentially other surviving parts of the building. 

Appendix 3: Developing the Epigenetic Language

Exploration

This appendix describes a set of activities leading to the following: 

1. A language of construction requirements;

2. An epigenetic interpretive system of interpretation of simple instructions to build up complex wholes. This system would work best if the items so created had a simple fractal symmetry, using techniques in which single underlying constructions were reused frequently, as is seen with gothic and with neo-Classical buildings, as these require less information per building than more modern constructions (a by-product of this is that buildings are aesthetically pleasing as the mind sub-consciously senses the internal symmetries);

3. A system whereby genetic instructions can be translated into linguistic or representational systems so that they can be understood and contributed to by remote experts (a simple solution to this would be a computer program that acts like the workers, interpreting the genetic rose window codes to produce a model, blueprints or 3D VR walk-throughs);

4. A system whereby such genetic codes can be manipulated by experts in different fields, to generate improved or different sets of codes for different phenotypes;

5. A gang-management system and culture which takes genetic codes and turns them into constructive actions. One such system would be the Gothic rose window, hence this system needs to be fully understood or reverse engineered in order to be able to create other comparable systems. 

6. It is unlikely that large circular glass windows will always be appreciated in the full range of artefacts that are to be created. Hence the system will need to make use of a variety of media through which genetic information can be presented to workers. 

The core of this proposal is that the epigenetic approaches such as the gothic rose window system needs to be understood in order to form a model for other, comparable systems for generating buildings (and hopefully other artefacts) in an epigenetic fashion. 

Development
There are two things to determine: 

1. The Medium for the genetic code

2. The interpretive framework

The Medium

One of the first questions to be addressed would be what medium to use for the rose window or genetic code itself. Rose windows are big and obvious, the idea being that anyone anywhere on the site can see it. It also makes a nice centre-piece for a place of worship. It will not always be appreciated, or even possible, on a house or a bridge or a hospital. Nor will it easily carry information on plumbing, wiring or drainage for example. 

What are the possible choices?

1. Written work instructions. Not useful for a labour gang with varying degrees of literacy and (more significantly) without each having the time or opportunity to individually read the instructions. Written work instructions are best mediated through a foreman as they are now. 

2. A model. This would not be a model of the finished work (though this would also be useful) but a model embodying the instructions that make up the genetic code. This could be wooden, plaster or soft stone and can be installed at some visible point on site.

3. A drawing. This would be equivalent to the gothic rose window. It could be hung up somewhere on site. It can also be modified from time to time and reissued as a result of engineering changes, and can be subject to formal engineering change controls. 

4. A projected picture or drawing. This has the advantages of the drawing but with the additional advantages of being amenable to ongoing change management and also to the production of 3 dimensional or multi-dimensional rotatable graphics. However in very sunny construction sites these are not going to be easily viewable. Projection equipment is also expensive so would limit the kind of sites where this could be viable to large commercial constructions.

5. Part of the final building - a sort of seed. This is the method employed by plants and the like. The seed is never really part of the final thing but is never discarded either. A weakness of a method like this is that as building progresses access to the seed may be problematic. This could work if the seed becomes some feature of the building such as a fireplace, an ornamental front door, entrance hall, verandah feature, bell tower etc. Or indeed a window, as per the original gothic. One example under development has the seed in the form of a toilet built in a golden rectangle, with simple instructions to extend a building from this in a logarithmic spiral form.

6. Lanterns projecting individual points or lines of light. These could use laser pointers (easy to see in sunlight), conventional lamps or reflected sunlight through a central convex mirror. Lanterns can be placed on columns or walls and can be moved to create repeat patterns. Pairs of lanterns separated by a string or chain would enable triangulation of required points such as walls or columns. The optimum method in the tropics would be a system which mirrors sunlight to the required points, while triangulating the position of the mirror by having another, physically connected mirror to direct a point of light at a fixed point on the ground of elsewhere. This would cancel out the effects of movement of the sun. 

7. Sightings. These would work like the lanterns but the builder would sight back to the thing, which could be a cylinder with holes and slots and with a brightly coloured centre or again a lamp. The sighting method can also be done using chalk marks on floor and was probably at least in parts on Gothic and renaissance cathedrals - see for example accounts of the building of Brunellesci's Duomo in Florence, which involved a flower-like shape chalked on the floor [ref 5]. 

Further ideas on the selection of appropriate media could be thrown up by reverse engineering the mediaeval rose method. A combination of methods should be used according to what is most appropriate for the matter in hand. In particular the paper method makes the most manageable and changeable method while the use of a physical seed built into the actual construction is the most durable and unambiguous. 

It may work to use a combination of the two - a built-in seed with the most general "ethos" of the constructed article, and a set of paper instructions in the form of accessible diagrams and other instructions for the details. For electric circuits, plumbing and so on, it may be preferable to follow preformationistic diagrams in many cases, though some modularisation and epigenetic treatments for electric wiring is also possible. 

For the finer details the conventional preformationistic approach may still be the best approach. This would involve drawings and work instructions defining how things are to be wired, plumbed and so on. However the level and nature of the language used should be a reflection of the level of skills expected on site. The aim is to have a system which does not depend only on the highest skill level on site but is adaptable to make best use of each and any available skill level. 

The Interpretive Framework

The interpretive framework is a key part of what needs to be reverse engineered and understood in the gothic case. There may not necessarily be anything inscrutable about how cathedrals were built, but there is a need to describe this in a way that can then be reused as a new method. It is hoped that the required interpretive interface between epigenetic and preformationistic systems can drop out as a by-product of this exercise. 

The following questions apply to the interpretive framework: 

1. Interpretive dialects

2. What form it takes

3. Inculcation (training and other methods)

Interpretive Dialects

The first consideration for the new interpretive framework is how universal or local is its applicability. At one extreme would be the idea of a single method of interpretation which would allow any worker or labourer to apply his or her interpretation to any genetic material about anything and produce a successful outcome. This is unlikely to be realistic, exciting though it would be to achieve this. If the overall method is to be adapted to all areas of reconstruction then the achievement of such a universal system would become a bottleneck in achieving this. 

It is therefore best to assume that there will be dialects of genetic seed material and dialects of interpretive methods which would turn such material into artefacts. 

So there is a need to create a set of interpretive dialects, each with a set of instructions that it can interpret. These need not be silo-ised in terms of having one set of (instructions + interpretive actions) per discipline e.g. one for building homes, another for bridges and so on. Rather there is scope for sets of interpretive actions and sets of instructions to cross discipline boundaries if this is managed right. However as an initial way of thinking about it, it's best to think of a single rose-interpretation dialect pair for a single endeavour. 

As noted, genetic systems are directed and therefore interpretation and expression are capable of having separate dialects. The creation of an appropriate interpretive dialect forms the basis of a single learned skill-set which the worker can take from job to job but not from industry to industry. This is exactly the same as happens in the contemporary model. Different dialects should be engineered in such a way that retraining is not prohibitively difficult - this allows workers to reskill relative easily. Similarly the expressive (rose / seed) dialects should also embody as much common material as possible in the same way that information languages like XML should aspire to, so that artisans and engineers, like workers, can reskill easily and can share ideas across disciplines. 

So for example there should not be a completely separate interpretive dialect for building hospitals which has nothing in common with the dialect for schools or for houses. More ambitiously there should be as much crossover as possible between the dialect for building a bridge and the dialect for building a house. This allows civil engineering techniques to be available in house building for example. 

To take a practical example: there is a construction method employed by Gaudí in which catenary arches are used to support weights with a minimum of material. This can be seen for example in the insulating attic in the Casa Milá in Barcelona. Gaudí calculates the exact shapes of these and other arches (and more complex domes) using a system in which weights are hung from an upside down, flexible chain model of the arch. The weights represent the loadings on the final construction, so the shape to which the weights pull the chain model represents the shape in which the arch must be built to hold those loadings (which must include the loading of the material used in construction of the arch itself, ideally represented by the chain weight). 

Now this method can be used not only to create loft spaces but to create tunnels for underground trains, where the loading would vary according to whether the thing above was another train line, a building, a roadway or a vacant field. This one technique, which already does not involve drawings or calculations, can be used both in civil engineering constructions and in building a block of flats. This method is itself a candidate for our proposed system but the point here is that the interpretation of this method must be part of the skill set and interpretive dialect of each of the disciplines that may make use of it. 

A brief exploration of the use of catenaries in epigenetic meta-design [ref 14] indicates that what’s required to make the catenary approach work is someone on site who is able to manage the equivalences between the simulation weights of the catenary, and the real loadings which the structure is to support, the latter having been determined by the remote civil engineer. 

These explorations suggest that at one end of the language continuum there is the global language of geometry, while at the other end are the instructions and interpretations specific to an individual meta-design (for example, to carry a specific road or rail loading across unmapped territory). Somewhere in between, is where there may be scope for standardisation of the language within a specific technique such as that of catenary bridge section meta-design. 

The Form of an Interpretive Dialect

What form does an interpretive dialect take? This is the central question to be addressed in the reverse engineering of the rose window. Specifically what needs to be known is: 

· Where the person looks

· How he or she interprets what they see into actions

· What tools or methods they use to interpret or verify this

· What actions are carried out

· How these are verified against the instructions

As a rough mental picture to be going on with, what seems to happen with the gothic rose window is that the worker looks at the window and applies some part of the relations inherent in the design of it, to the thing he is building. He must presumably be using a skill he already has - cutting stone for example, or laying a wall. Then for instance if one part of the rose is in a 5:2 relation to another, this 5:2 relation is applied to two parts of what that worker is building. 

For this to work the worker has to know:

· what parts of the rose are applied to what parts of what he is building

· which of the techniques at his disposal are to be used at each point

· what sizes and scaling factors apply between the rose window and the items he is making (bearing in mind that in the traditional rose he has no way of establishing the exact size of the window, only the proportions)

· what shapes in the rose apply to what shapes or techniques he is to use assuming (perhaps wrongly) a shape - shape relation, hence...

· what aspects of the rose window apply to what aspects of the construction.

In general, what aspects of the rose window apply to what aspects of the work? 

It may be possible to come up with epigenetic interpretive dialects just based on these assumptions (whether or not they are true of mediaeval gothic constructions) without having to reverse engineer the gothic originals, however the reverse engineering would provide confidence in the method. Some of the examples developed for this method suggest that we don't need a complete understanding of the gothic methods in order to make this approach work today, however it would be useful to understand these. 

Also it is necessary to define whether the genetic material is interpreted by each individual or by an artisan foreman. It is possible if not likely that the gothic original may not have enfranchised every worker to make his own interpretations of the material but that this interpretation may have been interpreted by individual artisans who then managed their own labour gangs and / or apprentices (note however that at Sta Maria del Mar slaves were able to buy their freedom by carrying out work; sadly the original rose appears to have been lost in the Civil War, and it is likely the slaves were employed for no more than heavy carrying). This possibility broadens the interpretive vocabulary available to the method while reducing the opportunities afforded by the use of such a system in the first place. 

What is needed for an epigenetic building system then is to be able to stipulate actions against a model. The actions can be stated in terms of: 

· The skills the worker or artisan possesses

· The individual actions or activities he carries out

· The level of detail in which these actions are defined

· Sizes

· Directions

· Materials

· Ratios and proportions

There are other equally detailed things which might apply to different disciplines (e.g. wire gauges). A full interpretive vocabulary can be stated in terms of the full linguistic vocabulary of the discipline itself. 

The interpretations of the model in terms of mapping onto these actions also need to be determined. 

It may help to think of examples, as this is otherwise a very esoteric set of suggestions. These specific examples may turn out to be naive when tested in practice or against a reverse engineering of the rose of an actual cathedral - at this stage nothing is known or assumed about the level of detail to which the system can or must run. However there is also no reason to restrict this model to what can be proven to have happened in the gothic case. 

An unrealistically simple example is be a doorway which is in the same ratio of height to width as the house itself and also its floor plan. The instruction would be to measure (and apply) those ratios to the activities of laying the first course of bricks. An instruction would be to keep laying bricks until getting to a point equivalent to the distance built over the distance of the door. Then make a corner and go the other way. 

This example is weak but sets the scene. Suppose instead of making the door a rose, have the door built by interpreting the same element of the rose as the ground plan. Hang a rose up in the hallway, containing wooden rectangles relating to each part of the floor plan. 

In this instance it is clear there needs to be something relating how the separate elements (e.g. floor plans) relate to each other. Alternatively one overall site supervisor may need to hold the relationships between the parts in his head or in another kind of model or a high level blueprint. This may be the mediaeval case. 

Another example might be a jig giving the separation of arches in a tunnel, with the section of those arches then being determined by a specific Gaudían catenary model with a specific size relationship to the jig. 

This is explored in detail in [ref 14]. The model and the ratio of this to the separation jig are determined by an offsite civil engineer who knows the weights and loading appropriate to the materials and can apply these to creating the model. The engineer might change the model for different loadings that the tunnels has to support along the way, but the builders on site always use a standard separation jig for separation of the arches and a standard set of weights to model the arch each time, along with a standard catenary model : reality ratio. 

Gaudí's catenary arches stand in a class of their own when it comes to defining a gothic system, and it is likely this was the very thing he was trying to achieve (certainly his approach to the Sagrada Familia suggests this). It would be nice to think of others. 

Standard electrical circuits for the construction of houses might be another candidate. The language of circuit diagrams may be enough for a skilled electrician to carry out. However to get an unskilled person working on site, the instructions for wiring can be reframed around a particular single-sourced set of switches with their contacts always in the same places. Then the instructions can be of the form "Switch connection A1 to ceiling rose connection B2, black" and so on. The rose in this case would take the form of a schematic diagram. Then a set of standard circuits would be defined as a standard rose for the building type. It should be possible to explore symmetries between different kinds of circuits and how these can reduce the signal bandwidth of the wiring rose. Perhaps it can then be embodied on the set of switches and (perhaps with no irony) ceiling roses. It would be ideal to derive a house wiring language that can be expressed entirely on ceiling roses. 

In the case of electrical wiring, an important additional aspect of the method is to build in suitable tests, in some cases spending money on self-testing systems such as distribution boards with test circuits build in, using the costs saved by using epigenetic methods. 

Inculcation (training)

This relates to how people are trained to carry out interpretive actions in response to epigenetic instructions. It is assumed that they come to this with an existing set of skills and where appropriate an existing interpretive vocabulary for standard diagrams and the like. 

We have many media to choose from. Unlike the mediaevals we have access to written and diagrammatic instructions as well as the visual and spoken languages which were their only linguistic tools. This means that the genetic instructions and the interpretive procedures can be in a variety of media not available in the gothic context. In particular diagrams will be useful alongside training and instruction in how to follow those diagrams. For buildings it is likely that light projection will be a useful medium to use. 

Inculcation would generally take the form of training. Other methods can be explored such as apprenticeship. Again there are lessons for the past in this, and things which may once have worked which have been superseded in most of the world by the dominant western approach. It is becoming widely recognised in the west that the apprentice system had strengths not equalled by today's exclusively linguistic systems of knowledge transfer. 

Distance learning would be well worth exploring in this context since this would again enable a skills transfer from overseas into Zimbabwe or anywhere else where the method is applied. In conjunction with this it would be beneficial to explore different linguistic methods for representing and transferring information in an online medium, both in terms of existing XML information dialects and immersive methods of training. 
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