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The main goal of our group project is to create an adaptable visual model of the retina that will help us understand more about the visually impaired as well as seek to devise a system that can be used to help certain people with visual impairments see better. To model the retina there are a few implementations that are being considered. As is any part of a living organism, the retina is very robust, it does thousand and thousands of image data analysis before sending any information to the brain. One approach to model this robustness is using evolvable hardware. As we pursue this implementation some research had to be done into the feasibility of implementing such a system using the hardware available to us, which happens to be a board of FPGAs. Therefore I chose this paper as good background research into the area. Following is my summary of the paper.

Introduction:

A human being is made up of some 60 trillion cells. At any moment in time, the genome in each of these cells is decoded to produce the proteins necessary for the survival of the organism. The parallel execution of 60 trillion genomes in as many cells occurs ceaselessly from birth to the time of death of the individual. Faults are rare and, in the majority of the cases, successfully detected and repaired. This astounding degree of parallelism is the inspiration for the Embryonics project. 


The Embryonics project tries to adapt some of the development processes of multicellular organisms to the design of novel, robust based architectures for massive parallelism in circuitry. There are two goals that the Embryonics project focuses on:

· Similarity - when possible the authors try to develop circuits that exploit processes similar (but not identical) to those used by living organisms. 

· Effectiveness – The authors try to design systems, which, while inspired by biology, remain useful and efficient from an engineer’s standpoint.

The process that the authors are most interested in simulating is ontogenesis. Ontogenesis is the development of a single organism from a single cell to an adult. 

Overview and Motivations:

All living organisms, with the exception of unicellular bacteria, generally possess three fundamental features:

1. Multicellular organization – This divides an organism into a finite number of cells, each of which recognizes a unique function within the organism.

2. Cellular Division – This is the process whereby each cell generates one or two identical daughter cells. All of the genetic material from the mother cells is copied to the daughter cells. 

3. Cellular Differentiation – This defines the unique function that each cell performs. This function is dependent upon the cells position in the organism. 

Numerous differences exist between the world of living beings and the world of electronic circuits. An example given by the authors was that the environment of living creatures is continually changing, whereas in the quasi-biological development the environment is imposed by the structure of the electronic circuits. Taking these differences into account, a hierarchical system architechture was developed based on four levels of organization (Population level, Organismic level, Cellular level and Molecular level). The remainder of this paper primarily focused on the molecular level with some description of the cellular level to give a better understanding of this molecular level. 

Artificial Cells:
The artificial organism, as described by the authors, is divided into a finite number of cells. Each cell is made up of:

· A simple processor – which realizes a unique function within an organism

· A set of instructions – (a.k.a. the gene of the cell.) This program defines the function of the cell.

Each cell stores a copy of the genes of all the cells of the organism. The gene that is expressed by a particular cell is determined by its position within the organism, expressing cellular differentiation. 

Cyclic vs. Addressable Memory Implementation

As stated before, each cell stores a copy of the entire genome. This raises the issue of memory implementation. While conventional addressable memory is capable of this task, it requires relatively complex addressing and decoding logic. This is contrary to the authors’ requirement that cells be as simple as possible. Therefore an alternative form of memory implementation had to be found. 

Cyclic memory does not require any addressing. Instead, it consists of a simple storage structure that continually shifts its data in a closed circuit. Data is accessed sequentially, much as the ribosome processes the genome inside a living cell. 

However, this type of memory implementation has its disadvantages. Loop execution becomes tedious, as the entire memory needs to be traversed for each iteration of the loop. The authors decided however, that reduced complexity of addressing logic was more beneficial than the drawbacks and therefore opted for cyclic memory to store their genome program.

Artificial Molecules


The lowest, most basic level of organization of the system is the molecular level, implemented as a two-dimensional array of programmable logic elements (the molecules), a type of circuit known as FPGA (Field Programmable Gate Array).


A substrate of logic is required to be able to adapt the size and structure of the cells to a given application. FPGAs are an obvious answer to this problem: they provide a uniform surface of programmable elements (the molecules), which can be assigned a function at runtime via a software configuration. These elements can then be put together through a set of programmable connections to realize any digital circuit, and notable, the artificial cells. 

Self Repair


Biological entities are continually put under environmental stress. Wounds and illnesses resulting from such stress often cause incapacitating physical alterations. Fortunately, living beings are capable of successfully fighting the great majority of such wounds and illnesses, showing a remarkable robustness through a process called healing. This healing or self-repair is endowed upon the artificial organisms using a two-level mechanism involving both the cellular and molecular level.

Cellular Level

The redundant storage of the entire genome in every cell has the important advantage of making the cell universal, that is, potentially capable of executing any one of the functions required by the organism. This property, coupled with coordinate-based gene selection, is a huge advantage for implementing self-repair. 

Since the cells are universal, the system can survive the “death” of any one cell simply by re-computing the cells’ coordinates within the array, provided of course that “spare” cells are available. 

Molecular Level

In order to avoid the stiff penalty inherent in killing a column of processors for every fault in the array, the authors introduce a certain degree of fault tolerance at the molecular level. Self-repair in an FPGA implies two separate processes: self-test and reconfiguration. Unfortunately the authors do not describe how the self-test works, instead saying that it requires “a complex hybrid solution mixing duplication and fixed-pattern testing”. Reconfiguration becomes a simple question of shifting the configuration of the faulty molecule to its right, and redirecting its connections.

Two-level Self-Repair


This two-level mechanism is very robust in repairing faults in the array. If these faults cannot be repaired at the molecular level, by affecting multiple adjacent molecules on the same row, there exists a second, cellular level of self-repair which can be activated whenever the molecular self-repair fails. The molecular and cellular levels of the system therefore cooperate to assure a high degree of robustness to the system.

Conclusions and Future directions

To implement machines inspired by the ontogenetic development of living beings, the authors feel that the use of programmable circuits is a requirement, at least for now. This is brought about by the need to vary the cellular structure as a function of the application.

In the long run, technological advances may render the specific techniques described by the authors obsolete; however, they feel that the overall approach to designing ontogenetic hardware will remain.
The results of this paper are very important to my group’s project. The authors outlined the theory behind creating an evolvable circuit made from FPGAs. They gave a very detailed description of the overall architecture of the system and gave an even more concise description of the lower two levels, the cellular and molecular levels of their artificial system. This was very important, as these two levels are the major backbone of any evolvable system. 

While the authors were very good at describing how the overall system would exist. They did not go into any detail about how these cells were commanded. This was crucial because if my group hopes to create our own evolvable system, we need to know how to generate these signals that reconfigure the cells and the molecules within these cells. This evolvable hardware would allow us to evolve our retina model based on the image that is presented before it. By performing some basic edge detection algorithms, the model could intuitively decide which part(s) of the image is most detailed and complex, thus requiring more attention. The way our model would give this section of the image more attention, would be to focus more edge detection “cells” on this certain part. The FPGA system would have to “evolve” and reconfigure its cells so that more of its cells are breaking down the complex parts of the image and less cells are working on the less-important sections of the image.

The next step in the exploration of this method of implementation would be to learn how the system manipulates the cells and molecules in the embryonics project so that we may in turn manipulate edge-detection cells and assign them appropriately. 

