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ThoughtWorks’

TO DEFINE NEURO NETWORK

we have done ...




BIOLOGICAL?

https://en.wikipedia.org/wiki/Biological_neural_network#/media/File:Blausen_0657_MultipolarNeuron.png -



FEATURE ENGINEERING?

http://spark.ieee.org/files/2011/12/Cartoon-for-Feature-Article.qgif



ThoughtWorks’

NEURO NETWORK IS
FUNCTIONAL PROGRAMMING

we have done ...



What is the next number in the sequence?

3,4,5,7
13,19,25,7



THE SIGNATURE OF IQ TEST ROBOT

def guessNextNumber(question: Seq[Doublel): DoublelLayer = 2727

println(guessNextNumber(Seo(3, 4, 5)).predict.blockingAwait)

println(guessNextNumber(Seo(13, 19, 25)).predict.blockingAwait)



FUNCTION?




TRAINING THE IQ TEST ROBOT

def lossFunction(robotAnswer: DoublelLayer, expectedAnswer: Double): DoubleLayer = 2?77

def iqTestRobotTrainer(question: Seqg[Double], expectedAnswer: Double): DoubleLayer = {
val robotAnswer = guessNextNumber(question)

lossFunction(robotAnswer, expectedAnswer)

h

igTestRobotTrainer(Seq(3, 4, 5), 6).train.blockingAwait
iqTestRobotTrainer(Seq(13, 19, 25), 31).train.blockingAwait
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THE STRUCTURE OF THE IQ TEST ROBOT

// TBIEVIE LRI ESIER
val weights: Stream[DoubleWeight] = Stream.continually(DoubleWeight(math.random))

// FAmap/reduceZr S I Z Iz NNAFIUN PR %
def guessNextNumber(question: Seql[Double]): DoubleLayer = {
(question zip weights).map {
case (element, weight) => element * weight
}.reduce(_ + )

}

[/ FREIIREN

def lossFunction(robotAnswer: DoublelLayer, expectedAnswer: Double): DoublelLayer = {
val difference: DoublelLayer = robotAnswer - expectedAnswer
difference *x difference

}

13



META-PROGRAMMING

MAN, | SUCK AT THIS GAME.
CAN YOU GIVE ME
A FEW POINTERST

Ox3A28213A
Ox6339292C,
Ox7363632E.

https://prateekvjoshi.files.wordpress.com/2014/04/1-main.png



ENCODING RECURRENT NEURAL NETWORKS

https://colah.github.io/posts/2015-09-NN-Types-FP/



ENCODING RECURRENT NEURAL NETWORKS

package scala.collection
trait Seql[A] {

def foldLeft[B](z: B)(step: (B, A) => B): B
}



ENCODING RECURRENT NEURAL NETWORKS

Seq[DoubleLayer]
Seqg[DoubleLayer]

type Input
type State

def step(hiddenState: State, xi: Input): State = 2727

def encodingRNN(x: Seq[Input]): State = {
val initialState: State = Seg.empty[DoublelLayer]
x.foldLeft(initialState) (step)

h



ENCODING RECURRENT NEURAL NETWORKS

val NumberOfOutputFeatures = 10

val weight: SeqlSeq[DoubleWeight]] = Seq.fill(NumberOfOutputFeatures)
Stream.continually(DoubleWeight(math.random))

)

def step(hiddenState: State, xi: Input): State = A
tanh(matrixMultiply(hiddenState ++ xi, weight))

}



GENERATING RECURRENT NEURAL NETWORKS

type State = Seql[DoublelLayer]
type Output = Seql[DoublelLayer]
package scalaz

object DList { def step(hiddenState: State): Option[(State, Output)] = ???
def unfoldr[A, Bl(b: B, f: B => Option[(A, B)]): DList[A]
+ def generatingRnn(seed: State): DList[Output] = {
DList.unfoldr(seed) (step)
s

https://colah.github.io/posts/2015-09-NN-Types-FP/



GENERAL RECURRENT NEURAL NETWORKS

package scalaz type State = Seg[DoubleLayer]
class IList[A] { type Input = Seq[DoublelLayer]
def mapAccumLeft[B, C]l(c: C)(f: (C, A) == (C, B)): (C, IList[B]) type Output = Seql[DoubleLayer]
def mapAccumRight[B, Cl(c: C)(f: (C, A) == (C, B)): (C, IList[B])
} def step(hiddenState: State, xi: Input): (State, Output) = ??27

def rnn(x: IList[Input], seed: State): (State, IList[Output]) = {
X.mapAccumLeft(seed) (step)

}

https://colah.github.io/posts/2015-09-NN-Types-FP/ =



BIDIRECTIONAL RECURSIVE NEURAL NETWORKS

def leftStep(hiddenState: State, xi: Input): (State, Output) = 27?7
def rightStep(hiddenState: State, xi: Input): (State, Output) = ?77?

def bidirectionalRnn(x: IList[Input], leftSeed: State, rightSeed: State): IList[Output] = {
val (_, leftToRight) = x.mapAccumLeft(leftSeed) (leftStep)
val (_, rightToLeft) = x.mapAccumRight(rightSeed) (rightStep)
leftToRight.zip(rightToLeft).map { pair =>
pair._1 ++ pair._ 2
I3
s

https://colah.github.io/posts/2015-09-NN-Types-FP/



CONVOLUTIONAL NEURAL NETWORKS

package scala.collection.immutable type Input = Seql[DoublelLayer]
class List { type Output = Seqg[DoubleLayer]
def map[B]l(f: A => B): List[B]
def zip[B](that: List[B]): List[(A, B)] def kernellx2(xi: Input, xj: Input): Output
}
def cnnld(x: List[Input]): List[Output]) = {
X.zip(x.tail).map(kernel)

}

https://colah.github.io/posts/2015-09-NN-Types-FP/



TWO DIMENSIONAL CONVOLUTIONAL NETWORK

type Input = Seql[DoubleLayer]
type Output = Seq[DoublelLayer]

def kernel2x2(xi: Input, xj: Input, xk: Input, xLl: Input): Output

def cnn2d(x: List[List[Inputl]): List[Output]) = {

val x00 = x

val x01 = x.map(_.tail)

val x10 = x.tail

val x11 = x.tail.map(_.tail)

(x zip x01 zip x10 zip x11).map {
case (((xi, xj), xk), x1) => kernel2x2(xi, xj, xk, x1)

L

https://colah.github.io/posts/2015-09-NN-Types-FP/ =



RECURSIVE NEURAL NETWORKS

package scalaz type Input = Seql[DoubleLayer]
class Tree { type Output = Seql[DoublelLayer]
def scanr[B]l(g: (A, Stream[Tree[B]]) => B): TreelB]
I3 def step(x: Input, children: Stream[Output]): Output = 77?7

def treeNet(x: Tree[Inputl): Tree[Output] = {
X.scanr(step)

s
https://colah.github.io/posts/2015-09-NN-Types-FP/ >



NEURO NETWORK IS FUNCTIONAL PROGRAMMING

e Deep Learning Name e  Functional Name

Learned Vector . Constant in metaprogramming
Encoding RNN : Fold

Generating RNN . Unfold

General RNN *  Accumulating Map

Bidirectional RNN . Zipped Left/Right Accumulating Maps
Conv Layer . “Window Map”

TreeNet . Catamorphism



BIOLOGICAL? YES
FEATURE ENGINEERING?

FUNCTIONAL PROGRAMMING?
METAPROGRAMMING?
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MONADIC DEEP LEARNING

we have done ...



IF ... ELSE ...

RelU

10

R(z) =max(0, z)

)
10



IF ... ELSE ...

http://colah.github.io/posts/2015-08-Understanding-LSTMs
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MIXTURE OF EXPERTS

https://arxiv.org/pdf/1701.06538.pdf



NAIVE GATED NET

type Input = INDArrayLayer
type Output = INDArrayLayer
type Condition = (DoublelLayer, DoublelLayer)

def leftSubnet(input: Input): Output = ??27
def rightSubnet(input: Input): Output = ??7?
def gate(input: Input): Condition = 2?27

def naiveGatedNet(input: Input): Output = {
val condition = gate(input)
if (condition._1.predict.blockingAwait > condition._ 2.predict.blockingAwait) <
conditionLeft x leftSubnet(input)
y else {
conditionRight * rightSubnet(input)
}
}

31



NAIVE GATED NET

leftSubnet rightSubnet




MONADIC GATED NET

def monadicGatedNet(input: Input): Output = {
val condition = gate(input)
val gatedForward =
(condition._1.forward.tuple2(condition._2.forward)).flatMap { pair =>
if (pair._l.data > pair._2.data) {
(condition._ 1 *x leftSubnet(input)).forward
} else {
(condition._ 2 x rightSubnet(input)).forward
}

}
INDArraylLayer(gatedForward)

}

33



MONADIC GATED NET

package scalaz
trait Monad[F[_]1] extends Apply[F[_ 1] {

def point(a: => A): FI[A]

def bind[A, Bl(fa: F[A])(f: A => FI[B]): FIB]
}



MONADIC GATED NET

def monadicGatedNet(input: Input): Output = {
val condition = gate(input)
val gatedForward =
(condition. 1.forward.tuple2(condition._2.forward))
. TlatMap { pair =>
if (pair._l.data > pair._2.data) {
(condition._1 x leftSubnet(input)).forward
} else {
(condition._ 2 x rightSubnet(input)).forward

}

I3
INDArraylLayer(gatedForward)

35



PARALLEL GATED NET

def parallelGatedNet(input: Input): Output = {
val condition: (DoublelLayer, DoublelLayer) = gate(input)
val parallelConditionlForward = Parallel(condition._1.forward)
val parallelCondition2Forward = Parallel(condition._2.forward)
val Parallel(tupled) = conditionlForwardParallel.tuple2(condition2ForwardParallel)
val gatedForward = tupled.flatMap { pair =>
if (pair._l.data > pair. 2.data) {
(condition._ 1 % leftSubnet(input)).forward
} else A
(condition._2 * rightSubnet(input)).forward

}

}
INDArrayLayer(gatedForward)

36



THOUGHTWORKS EACH

def eachGatedNet(input: Input): Output = INDArrayLayer(monadic[Do] {
val condition: (DoublelLayer, DoublelLayer) = gate(input)
val parallelConditionlForward = Parallel(condition._1.forward)
val parallelCondition2Forward = Parallel(condition._2.forward)
val Parallel(tupled) = conditionlForwardParallel.tuple2(condition2ForwardParallel)
val pair: (Tapel[Double, Double], Tapel[Double, Double]) = tupled.each
if (pair._l.data > pair._2.data) {
(condition._ 1 *x leftSubnet(input)).forward.each
} else {

(condition._2 * rightSubnet(input)).forward.each

}
})

37



ThoughtWorks’

EXPRESSION PROBLEM

we have done ...



THE EXPRESSION PROBLEM




HYPERPARAMETER IN DEEPLEARNING.SCALA

val hyperparametersl = Factory[Builtins with FixLearningRate].newInstance(
learningRate = 0.001
)

val weightl = hyperparametersl.INDArrayWeight(Nd4j.randn(10, 10))

val layerl[Input] (input: Input): hyperparametersl.INDArrayLayer = {
tanh(input dot weight1l)

}

val hyperparameters2 = Factory[Builtins with FixLearningRate].newInstance(
learningRate = 0.002
)

val weight2 = hyperparameters2.INDArrayWeight(Nd4j.randn(10, 10))

val layer2[Input](input: Input): hyperparameters2.INDArraylLayer = {
tanh(input dot weight2)

I3

val hyperparameters3 = Factory[Builtins].newInstance()

def twoLayerNeuralNetwork(input: INDArray): hyperparameters3.INDArraylLayer = {
val layerlOutput: hyperparametersl.INDArraylLayer = layerl(input)
layer2(layerlOutput)

}

40



PLUGIN

val hyperparameters = [
wilth wilth
] .newInstance(
hyperparameterKeyl hyperparameterValuel,

hyperparameterKey?
hyperparameterKey3

hyperparameterValue?2,
hyperparameterValue3



CREATING PLUGIN

trait Softmax extends Builtins {
def softmax[Scores: DeepLearning.Aux[?, INDArray, INDArray]]
(scores: Scores): INDArrayLayer = {
val expScores = hyperparameters.exp(scores)
expScores / expScores.sum(1)

h
h

val hyperparameters = Factory[Softmax].newInstance()
val probabilities = hyperparameters.softmax(Nd4j.randn(10, 10))



CREATING PLUGIN

trait FixedLearningRate extends Builtins {
def learningRate: Double
trait INDArrayOptimizerApi extends super.INDArrayOptimizerApi 1
private lazy val delta@: I[NDArray = super.delta *x learningRate
override def delta: INDArray = delta®

}
override type INDArrayOptimizer <: Optimizer with INDArrayOptimizerApl

}

Factory[Builtins with FixLearningRate].newInstance(learningRate = 0.001)

43



AUTOMATIC
HYPERPARAMETER TUNING



ThoughtWorks’

FUTURE WORK

we have done ...



FUTURE WORK

1. NEW BACKEND
2. DISTRIBUTED MODEL
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