Simulation of a perceptron using eLoom
In the tutorial, we will construct a single perceptron network with two inputs using eLoom.
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Figure 1. A perceptron neuron.
1. Create the network specification file.

eLoom supports five types of components: Module, Node, Node array, Connection, and Connection array. For the simple perceptron network, there are three nodes and two connections. We can group the two input nodes as an array, the connections between input nodes and output node as connection array. A module will hold all these components.
Below shows the skeleton of the network specification file (refer eLoom user’s manual for help of commands):
ms -mn Perceptron
      n -nn Y 
      na -nan X -d 1 -nc0 2
      cnaf -can W -nafr X -nto Y
me

EOF

Add simulation functions
All eLoom components have user specified simulation functions and data storage. For the perceptron, there is a threshold function applied to the output node, weight functions of the connections, and learning rule of the network. So we add functions and the corresponding function parameters to the specification:
ms -mn Perceptron -fn PerceptronFunc -nfp 5 -fp0 X -fp1 Y -fp2 0.01 -fp3 training.dat   

          -fp4 0
      n -nn Y -fn ThresholdNodeFunc -nfp 2 -fp0 0.0 -fp1 0.0
      na -nan X -d 1 -nc0 2

      cnaf -can W -cnfn GridIndicesAppend -nafr X -nto Y-fn WeightBasicFunc  -nfp 2 
          -fp0 0.0 -fp1 1.0
me

EOF

The perceptron function will read data from external files, and adapt the connection weights according some learning rule (delta rule). It has five perameters: 
      -fp0 X: the input node array

      -fp1 Y: output node

      -fp2 0.01: learning rate

      -fp3 training.dat : data file 
      -fp4 0 : running mode (learning or testing stage)

These parameters are changeable, depending on the actual implementation of the function.
Threshold node function is straightforward. It takes two parameters: the threshold value, and the bias.

The weight function will add the weighted sum of inputs to the activation of the output nodes. The weights of the two connections in the perceptron will be randomly initiated. The two parameters define the bound of the randomly initial weights.

GridIndicesAppend is a naming function, which name the connections in the connection array according to some numerical order.

Add data storage

We have to provide the data storage for the simulation functions. 

ms -mn Perceptron -fn PerceptronFunc -nfp 5 -fp0 X -fp1 Y -fp2 0.01 -fp3 training.dat   
          -fp4 0 -bsn MODULEBUFFTYPE
      n -nn Y -fn ThresholdNodeFunc -nfp 2 -fp0 0.0 -fp1 0.0 -bsn NODEBUFFTYPE
      na -nan X -d 1 -nc0 2 -bsn NODEBUFFTYPE
      cnaf -can W -cnfn GridIndicesAppend -nafr X -nto Y-fn WeightBasicFunc  -nfp 2 
          -fp0 0.0 -fp1 1.0 -bsn CONNBUFFTYPE
me

EOF

For example, the data storage for node contains:

      Activation, actual output, desired output, flags for synchronization between components, etc.
Add representation function

Then we add the representation functions to show the simulation result. We are interested in the node output and connection weight change for the perceptron. 
ms -mn Perceptron -fn PerceptronFunc -nfp 5 -fp0 X -fp1 Y -fp2 0.01 -fp3 training.dat   
          -fp4 0 -bsn MODULEBUFFTYPE
      n -nn Y -fn ThresholdNodeFunc -nfp 2 -fp0 0.0 -fp1 0.0 -bsn NODEBUFFTYPE 
          -rfn NodeTextRepFunc

      na -nan X -d 1 -nc0 2 -bsn NODEBUFFTYPE
      cnaf -can W -cnfn GridIndicesAppend -nafr X -nto Y-fn WeightBasicFunc  -nfp 2 
          -fp0 0.0 -fp1 1.0 -bsn CONNBUFFTYPE -rfn ConnTextRepFunc
me

EOF

This is a complete eLoom specification of perceptron neural network. The representation functions can print out the node output, and connection weights while the network is running. Below shows some sample simulation results:
sys->time 1

Node        X-0: 0.5083

Node        X-1: 0.0703

Node          Y: 0.0000

Conn      W-0-n: 0.3071

Conn      W-1-n: 0.4307

sys->time 2

Node        X-0: 0.5083

Node        X-1: 0.0703

Node          Y: 0.0000

Conn      W-0-n: 0.3071

Conn      W-1-n: 0.4307

sys->time 3

Node        X-0: 0.5083

Node        X-1: 0.0703

Node          Y: 1.0000

Conn      W-0-n: 0.2971

Conn      W-1-n: 0.4207

… …
2. Graphic Representations

The above text representation can be changed to graphic representation. OpenGL and GLUT libraries are used to produce the graphics.
[image: image2.jpg]



Figure 2. A Perceptron with six inputs.

The red connections indicate positive weights, the light blue connections indicate negative weights. Node size reflects the node output value.

3. Simulation in virtual environment

In virtual environment, the user can zoom in or out to see different levels of detail of the network. The implementation can be multi-threads, one thread for the simulation, one thread for the graphic representation.
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Figure 3. A Perceptron network viewed in Flatland virtual environment.

4. Parallel simulation on multiprocessors
Parallel implementation of eLoom using Message Passing Interface (MPI).
A simple partitioning function is used for the perceptron network. Modules and nodes are assigned to available processors one by one. Parallelized eLoom can be run on linux clusters or simulation of multiprocessor on single processor.
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