Cope API

Kelley Hecker

Evolving Motor Techniques for Artificial Life.

Controller:


next-generation: breeds the creatures together and creates the next 
generation.


fitness-sort: sorts the creatures by fitness


generate-genome: produces a new genome using make-root and make-child.


display-creature: displays a creature in the simulation.


add-creature: adds a creature to the creature array.

Node:

Stores the physical data as well as control data for each limb. The node’s 
methods are mostly accessor methods.

CreatureGA:

get-effectors: reads in the neuron functions in each node and applies the 
functions to the input data.


The rest of the functions in CreatureGA execute the neuron functions.

SimpleWalker:


move-joint: recursively moves all the joint in a creature.


calc-fitness: calculates the fitness of the creature.


add-parts: reads the genome and adds these parts to the physical object.

@use PhysicalControl.

@use Link.

@use Stationary.

@use MultiBody.

@use GeneticAlgorithm.

#@use GeneticAlgorithmIndividual.

#@use Genome.

Controller myControl.

PhysicalControl : myControl

{

    + variables: 

        population, neuron-types, fit-array (list).

        numcreatures, generation, lastgenworstfitness, p, fitness, dead-creatures, gen (int).

        ground, walker (object).

    + to init:

        x (int).

        self point-camera at (0, 0, 0) from (60, 45, 0).

        numcreatures = 8.

        dead-creatures = 0.

        gen = 0.

        ground = new Floor.

        #no saw-wave atm

        neuron-types = {"sin", "cos", "atan", "sum-threshold", "sign-of", "min", "max", "if", "mem", 

        "log", "expt", "devide", "interpolate", "differentiate"}.

        for x = 0, x < numcreatures, x++:

        {

            population{x} = (self generate-genome).

        }

        for x = 0, x < numcreatures, x++:

        {

            self display creature population{x}.

        }

    + to next-generation:

        x, y, cpoint1, cpoint2, p, q (int).

        fit, avg, max, rand (double).

        parent1, parent2, parent1child, parent2child, child1, child2, child1child, child2child (list).

        sort fit-array with fitness-sort.

        avg = 0.

        for x = 0, x < |fit-array|, x++:

        {

            fit-array{x}{1}{0} change-input to (.5, .5, .5).

            fit = fit-array{x}{0}.

            if x == 0:

            {

                max = fit.

            }

            avg = avg + fit.

        }

        avg = avg/|fit-array|.

        print "Generation: $gen AverageFit: $avg".

        for x = 0, x < (numcreatures *.5), x++:

        {

            population{x} = fit-array{x}{1}.

        }

        q = 0.

        for x = (numcreatures * .5), x < |population|, x++:

        {

            parent1 = fit-array{x}{1}.

            parent2 = fit-array{x+1}{1}.

            parent1child = parent1 get-children.

            parent2child = parent2 get-children.

            cpoint1 = random[|(parent1child)|].

            cpoint2 = random[|(parent2child)|].

            child1 = parent1.

            child1 delete-children.

            child2 = parent2.

            child2 delete-children.

            rand = random[1.0].

            for y = 0, y < cpoint1, y++:

            {

                child1 add-child with-child parent1child{y}.

            }

            for y = cpoint2, y < |parent2child|, y++:

            {

                child1 add-child with-child parent2child{y}.

            }

            for y = 0, y < cpoint2, y++:

            {

                child2 add-child with-child parent2child{y}.

            }

            for y = cpoint1, y < |parent1child|, y++:

            {

                child2 add-child with-child parent1child{y}.

            }

            if rand<.1:

            {

                p = random[|child1| - 2] + 1.

                child1{0} remove-child child-id p.

                child1{0} add-child with-child (self make-child).

            }

            population{x} = child1.

            population{x+1} = child2.

            child1child = child1 get-children.

            child2child = child2 get-children.

            x++.

            q++.

        }

        for x = 0, x < numcreatures, x++:

        {

            self display creature population{x}.

        }

        fit-array = {}.

    + to fitness-sort creature1 c1 (list) creature2 c2 (list):

        if c1{0} > c2{0}:

        {

            return -1.

        }

        else if c2{0} > c1{0}:

        {

            return 1.

        }

        else

        {

            return 0.

        }

    + to generate-genome:

        genome, numchildren (list).

        numlegs (int).

        root (object).

        genome{0} = (self make-root).

        #genome can have 1-4 legs, with a higher chance of an even number

        numchildren = {1, 2, 2, 3, 4, 4}.

        numlegs = numchildren{random[|numchildren - 1|]}.

        for p = 0, p < numlegs, p++:

        {

            genome{0} add-child with-child (self make-child).

        }

        return genome.

    + to make-root:

        length, height, width (int).

        root (object).

        length = random[3.0] + 1.0.

        height = random[3.0] + 1.0.

        width = random[3.0] + 1.0.

        root = new Node.

        root init is-root 1 with-length length with-height height with-width width with-neurons {} connects-p-at (0,0,0) connects-c-at {} with-children {}.

        return root.

    + to make-child:

        length, height, width, number-of-neurons, sign, k, x (int).

        neurons (list).

        parent-connection (vector).

        child (object).

        length = random[4.0] + 1.0.

        height = random[4.0] + 1.0.

        width = random[4.0] + 1.0.

        number-of-neurons = random[3]+1.

        for x = 0, x < number-of-neurons, x++:

        {

            neurons{x} = neuron-types{random[|neuron-types| - 1]}.

        }

        k = random[1].

        if k==0:

        {

            sign = 1.

        }

        else

        {

            sign = -1.

        }

        k = random[2].

        if k==0:

        {

            parent-connection = ((length/2)*sign, random[height] - height/2, random[width] - width/2).

        }

        else if k==1:

        {

            parent-connection = (random[length] - length/2, (height/2)*sign, random[width - width/2]).

        }

        else

        {

            parent-connection = (random[length] - length/2, random[height] - height/2, (width/2)*sign).

        }

        child = new Node.

        child init is-root 0 with-length length with-height height with-width width 

            with-neurons neurons connects-p-at parent-connection connects-c-at {} with-children {}.

        return child.

    + to display creature c (list):    

        walker = new SimpleWalker.

        walker init-with genome c.

    + to add-creature creature c (list):

        if c{0} > 200:

        {

            c{0} = 0.

        }

        push c onto fit-array.

        dead-creatures++.

        if dead-creatures == numcreatures:

        {

            dead-creatures = 0.

            gen++.

            self next-generation.

        }

}

Object: Node

{

    + variables:

        # length = x, height = y, width = z.

        # if root? == 1, Node is a root.

        root, length, width, height, x, sign (int).

        children, neurons, connect-to-children (list).

        connect-to-parent, input (vector).

        joint (object).

    + to init is-root r (int) with-length l (int) with-height h (int) with-width w (int)

        with-neurons n (list) connects-p-at p (vector) connects-c-at c (list) with-children child (list):

        root = r.

        length = l.

        width = w.

        height = h.

        connect-to-parent = p.

        connect-to-children = c.

        neurons = n.

        children = child.

        input = (.5, .5, .5).

    + to change-input to i (vector):

        input = i.

    + to get-input:

        return input.

    + to delete-children:

        children = {}.

    + to add-child with-child child (object):

        push child onto children.

        self add-connection.

    + to set-joint to j (object):

        joint = j.

    + to get-joint:

        return joint.

    + to add-connection:

        new-connection (vector).

        x = random[1].

        if x==0:

        {

            sign = 1.

        }

        else

        {

            sign = -1.

        }

        x = random[2].

        if x==0:

        {

            new-connection = ((length/2)*sign, random[height] - height/2, random[width] - width/2).

        }

        else if x==1:

        {

            new-connection = (random[length] - length/2, (height/2)*sign, random[width] - width/2).

        }

        else

        {

            new-connection = (random[length] - length/2, random[height] - height/2, (width/2)*sign).

        }

        push new-connection onto connect-to-children.

    + to remove-child child-id id (int):

        remove children {id}.

        remove connect-to-children {id}.

    + to get-parent-point index x (int):

        return connect-to-children{x}.

    + to get-child-point:

        return connect-to-parent.

    + to get-children:

        return children.

    + to get-l:

        return length.

    + to get-w:

        return width.

    + to get-h:

        return height.

    + to get-neurons:

        return neurons.

    + to get-length:

        return length.

    + to get-height:

        return height.

    + to get-width:

        return width.

}

Object : CreatureGA

{

    + variables:

        modifier, x, pi, e (float).

        memory, nodes (list).

        last, effectors, inputs (vector).

    + to init:

        memory{0} = 0.

    + to get-effectors inputs input (vector) neurons n (list):

        last = input.

        nodes = copylist n.

        while |nodes| > 0:

        {

        if nodes{0} == "sin":

        {

            x = (self sin num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "cos":

        {

            x = (self cos num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "atan":

        {

            x = (self atan num1 input{0} num2 input{1} num3 input{2}).

            pi = 3.14159265.

            x = x/pi.

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "sum-threshold":

        {

            x = (self sum-threshold num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "sign-of":

        {

            x = (self sign-of num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "min":

        {

            x = (self min num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "max":

        {

            x = (self max num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "if":

        {

            x = (self iff num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "mem":

        {

            x = (self mem num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "saw-wave":

        {

            x = (self saw-wave num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "log":

        {

            x = (self log num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "expt":

        {

            x = (self expt num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "devide":

        {

            x = (self devide num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "interpolate":

        {

            x = (self interpolate num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        else if nodes{0} == "differentiate":

        {

            x = (self differentiate num1 input{0} num2 input{1} num3 input{2}).

            input{random[2]} = x.

            unprepend nodes.

        }

        }

        effectors = input.

        return effectors.

    + to avg num1 a (int) num2 b (int) num3 c (int):

        return (a+b+c)/3.

    + to sin num1 a (int) num2 b (int) num3 c (int):

        sin((self avg num1 a num2 b num3 c)).

    + to cos num1 a (int) num2 b (int) num3 c (int):

        cos((self avg num1 a num2 b num3 c)).

    + to atan num1 a (int) num2 b (int) num3 c (int):

        #because avg is always between [-1,1], atan does not need scaling

        atan((self avg num1 a num2 b num3 c)).

    + to sum-threshold num1 a (int) num2 b (int) num3 c (int):

        if (a+b)>=c:

        {

            return 1.

        }

        return -1.

    + to sign-of num1 a (int) num2 b (int) num3 c (int):

        if (a*b*c)>=0:

        {

            return 1.

        }

        return -1.

    + to min num1 a (int) num2 b (int) num3 c (int):

        return min((min(a,b)),c).

    + to max num1 a (int) num2 b (int) num3 c (int):

        return max((max(a,b)),c).

    + to iff num1 a (int) num2 b (int) num3 c (int):

        if a>=0:

        {

            return b.

        }

        return c.

    + to mem num1 a (int) num2 b (int) num3 c (int):

        inputs = (a,b,c).

        push inputs{random[2]} onto memory.

        return unprepend memory.

    + to saw-wave num1 a (int) num2 b (int) num3 c (int):

    + to log num1 a (int) num2 b (int) num3 c (int):

        #scaled [-1,1]

        x = (self avg num1 a num2 b num3 c).

        if x <= 0:

        {

            return -1.

        }

        else if log(x)/log(10) > 1:

        {

            return 1.

        }

        return log(x)/log(10).

    + to expt num1 a (int) num2 b (int) num3 c (int):

        #scaled [-1,1]

        e = 2.71828183.

        return e^(self avg num1 a num2 b num3 c)/e.

    + to devide num1 a (int) num2 b (int) num3 c (int):

        #scaled [-1,1]

        if ((b - c) > 0.00001) || ((b - c) < -0.00001):

        {

            return 0.

        }

        if (b - c)==0:

        {

            return (a/.0000001)/10000000.

        }

        if (a/(b - c))/10000000 > 1:

        {

            return 1.

        }

        return (a/(b - c))/10000000.

    + to interpolate num1 a (int) num2 b (int) num3 c (int):

        x = 0.5*(c+1).

        return (a*x)+b*(1-x).

    + to differentiate num1 a (int) num2 b (int) num3 c (int):

        return (self avg num1 a num2 b num3 c) - (self avg num1 last{0} num2 last{1} num3 last{2}).

}

MultiBody : SimpleWalker

{

    + variables:

        legSize, legColor, bodySize, bodyColor, jointLocBody, jointLocLeg (vector).

        numLegs, numJoints, x, age, generation, iterations (int).

        legs, joints, velocities, effectors, genome (list).

        legShape, bodyShape, body (object).

        creatureGA, root (object).

        startloc, color (vector).

    + to init-with genome g (list):

        size, loc (vector).

        parts, children (list).

        shape, leg (object).

        l, w, h (int).

        root = g{0}.

        genome = g.

        creatureGA = new CreatureGA.

        size = ((root get-length), (root get-width), (root get-height)).

        shape = (new Cube init-with size size).

        color = random[(1.0, 1.0, 1.0)].

        body = new Link.

        body set-shape to shape.

        body set-color to color.

        children = root get-children.

        body = (self add-parts to-multi body with-node root with-children children).

        self set-root to body.

        loc = random[(50, 5, 50)] - (25, 0, 25).

        self move to loc.

    + to iterate:

        temp (list).

        fitness (double).

        if iterations==150:

        {

            startloc = (self get-location).

        }

        if iterations==600:

        {

            fitness = (self calc-fitness with startloc and (self get-location)).

            temp{0} = fitness.

            temp{1} = genome.

            controller add-creature creature temp.

            free self.

        }

        else

        {

            iterations++.

            self move-joint with (genome{0} get-children).

        }

    + to move-joint with children (list):

        inputs (vector).

        avg (double).        

        if |children| == 0:

        {

            return.

        }

        else

        {

            for x = 0, x < |children|, x++:

            {

                inputs = (creatureGA get-effectors inputs (children{x} get-input) neurons (children{x} get-neurons)).

                avg = ((children{x} get-l) + (children{x} get-w) + (children{x} get-h))/3.

                (children{x} get-joint) set-joint-velocity to (inputs * avg * 25).

                children{x} change-input to inputs.

                self move-joint with (children{x} get-children).

            }

        }

    + to calc-fitness with startloc (vector) and endloc (vector):

        fit (float).

        fit = sqrt((startloc{0} - endloc{0})^2 + (startloc{2} - endloc{2})^2).

        if isnan(fit) == 1:

        {

            return 0.

        }

        else if isinf(fit) == 1:

        {

            return 0.

        }

        else

        {

            return fit.

        }

    + to add-parts to-multi body (object) with-node node (object) with-children children (list):

        size (vector).

        shape, leg (object).

        numJoints, k, l, w, h (int).

        if |children| == 0:

        {

            return body.

        }

        else

        {

            numJoints = |children|.

            for k=0, k<numJoints,k++:

            {

                joints{k} = new BallJoint.

            }

            for x = 0, x < |children|, x++:

            {

                size = ((children{x} get-length), (children{x} get-width), (children{x} get-height)).

                shape = (new Cube init-with size size).

                leg = new Link.

                leg set-shape to shape.

                leg set-color to color.

                (self add-parts to-multi leg with-node children{x} with-children (children{x} get-children)).

                joints{x} link parent body to-child leg with-parent-point (node get-parent-point index x) with-child-point (children{x} get-child-point).

                joints{x} set-strength-limit to 500.

                children{x} set-joint to joints{x}.

            }

            return body.

        }

}

