My KMeans
Clustering |l



@IBAction func strat3Clustering(_ sender: Any) A
if KMeans.vectors.count < 3 {
return
}

// setButtonEnable(false)
KMeans.clusteringNumber = 3
KMeans.clustering(500) { [unowned self] (success, centroids, clusters) —> () in
if success {
for point:UIView in self.spaceView.subviews {
point.removeFromSuperview()
¥

for index in 0...2 {
for vector in clusters[index] {
let pointFrame = CGRect(x: CGFloat(vector([0]) - 5, y: CGFloat(vector[1]
- 5, width: 10.0, height: 10.0)
let point = UIView(frame: pointFrame)
if index == 0 {
point.backgroundColor = UIColor(red: 1, green: 0, blue: 0, alpha: 1

} else if index == 1 {
point.backgroundColor = UIColor(red: @, green: 0, blue: 1, alpha: 1
} else {

point.backgroundColor = UIColor(red: @, green: 1, blue: 0, alpha: 1
I3

self.spaceView.addSubview(point)

}
}
//self.setButtonEnable(true)



The algorithm is deemed to have converged when the assignments no longer change.

1) k initial "means” (in
this case k=3) are
randomly selected from
the data set (shown in
color).

Demonstration of the standard algorithm

2) k clusters are created
by associating every
observation with the
nearest mean. The
partitions here represent
the Voronoi diagram

generated by the means.

3) The centroid of each of

the k clusters becomes
the new means.

4) Steps 2 and 3 are
repeated until
convergence has been

reached.



1) kK initial "means” (in
this case k=3) are
randomly selected from
the data set (shown in
color).



2) k clusters are created
by associating every
observation with the
nearest mean. The
partitions here represent
the Voronoi diagram
generated by the means.



}. * 2

3) The centroid of each of

the k clusters becomes
the new means.



4) Steps 2 and 3 are
repeated until

convergence has been
reached.



typealias KMVectors = Array<[Double]l>
typealias KMVector = [Double]

enum KMeansError: Error {
case noDimension
case noClusteringNumber
case noVectors
case clusteringNumberLargerThanVectorsNumber
case otherReason(String)



class KMeansSwift {

static let sharedInstance = KMeansSwift()
fileprivate init() {}

//MARK: Parameter

//dimension of every vector
var dimension:Int = 2
//clustering number K

var clusteringNumber:Int = 2
//max interation

var maxIteration = 100
//convergence error
var convergenceError
//number of excution
var numberOfExcution =1

//vectors

var vectors = KMVectors()

//final centroids

var finalCentroids = KMVectors()

//final clusters

var finalClusters = Array<KMVectors>()

//temp centroids

fileprivate var centroids = KMVectors()
//temp clusters

fileprivate var clusters = Array<KMVectors>()

0.01



Access Control

Access control restricts access to parts of your code from code in other source files and
modules. This feature enables you to hide the implementation details of your code, and to
specify a preferred interface through which that code can be accessed and used.


https://docs.swift.org/swift-book/LanguageGuide/AccessControl.html
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https://medium.com/@jerrywang0420/access-control-%E6%95%99%E5%AD%B8-swift-3-ios-4d93ee567eb0

Framework for i0S

In this tutorial, you’ll learn how to build an iOS framework
so you can share code between apps, modularize your code,
or distribute it as a third-party library.

By Lorenzo Boaro
Jul 11 2018 - Article (30 mins) - Beginner

%


https://www.raywenderlich.com/5109-creating-a-framework-for-ios
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1. In Xcode, select File » New » Project....

2. Choose iOS » Framework & Library » Cocoa Touch Framework.

Choose a template for your new project:

watchOS tvOS macOS Cross-platform

Application

1 | AR ) -

Single View App Game Augmented Document Master-Detail App
Reality App Based App
| 85 O
' ®00 * eee 0o
Page-Based App Tabbed App Sticker Pack App iMessage App

Framework & Library
Cocoa Touch Cocoa Touch Metal Library
Framework Static Library

Cancel

Next



https://www.raywenderlich.com/5109-creating-a-framework-for-ios

A module is a single unit of code distribution—a framework or application that is
built and shipped as a single unit and that can be imported by another module with

Swift’'s import keyword.

Each build target (such as an app bundle or framework) in Xcode is treated as a
separate module in Swift. If you group together aspects of your app’s code as a
stand-alone framework—perhaps to encapsulate and reuse that code across
multiple applications—then everything you define within that framework will be part
of a separate module when it's imported and used within an app, or when it's used
within another framework.



Module : —{flmodule®{{ & —{Ebundle ID Fiapp > —
{Eframework o ELEE—{Eapp » import 1 1R Zframework » B—1f

framework N El—{Emodule > frameworkZMATH R » i E{/RBE SIS/
= {Eapp » 2 —1{Emodule °

Source Files : FiRB—fE.swiftidx - 22628 - TE

source file °
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B

» AppDelegate.swift
+ ViewController.swift
» ShowDataVie...ntroller.swift

» APIManager.swift
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filefs > source fileFlsource filefS FYERA EFE (53T ©
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https://medium.com/@jerrywang0420/access-control-%E6%95%99%E5%AD%B8-swift-3-ios-4d93ee567eb0

Open access and public
access

Open access and public access enable
entities to be used within any source file from
their defining module, and also in a source file
from another module that imports the defining
module. You typically use open or public
access when specifying the public interface to
a framework. The difference between open
and public access is described below.



Internal access

[ElmoduleA > A[Eswift

{& =fiaccess

Internal access enables entities to be used
within any source file from their defining
module, but not in any source file outside of
that module. You typically use internal access

when defining an app’s or a framework’s
internal structure.



Fille-private access

File-private access restricts the use of an
entity to its own defining source file. Use file-
private access to hide the implementation
details of a specific piece of functionality
when those details are used within an entire

file.
[ElswiftiE 2= A access



Private access

Private access restricts the use of an entity to
the enclosing declaration, and to extensions
of that declaration that are in the same file.
Use private access to hide the
implementation details of a specific piece of
functionality when those details are used only
within a single declaration.



Declaration Scope
Access / Subclass

private fileprivate internal public open

BT - 48E%



Open access is the highest (least restrictive) access
level and private access is the lowest (most
restrictive) access level.



Open access applies only to classes and class
members, and it differs from public access as follows:

e Open classes can be subclassed within the module
where they’re defined, and within any module that
Imports the module where they’re defined.

e Open class members can be overridden by
subclasses within the module where they’re defined,
and within any module that imports the module
where they’re defined.

e Classes with public access, or any more restrictive
access level, can be subclassed only within the
module where they’re defined.

e Class members with public access, or any more
restrictive access level, can be overridden by
subclasses only within the module where they’re



£ Swift RRI 9% 5 BB 4R - BARE&S2IHEMRE open/ public/internal
/ file-private / private - B G&EEXRTREIRD » RZERTREIZRS °
l.open :

SRR class EELAK class AR E E S ° ATA module [ source file
#BATENTS » I RRAE R 4L class 1 override Itk class AAY method °
2.public :

RBREIA class » FFB module ] source file #FRTEX1S - {BE % class » B4
A E R4t class FMloverride E method °

3.internal :

B 512 module AFRA source file 77 ATEXYE » 72 module FMEEENS ©
module AFTBsource file » #F Aclass » A B4 EE 4L class ] override
It class IR method ° [F)FF » 54 FEEXRY access control » LA RFAERM
ZENHERR R AEAMNIRE R module A » 7€ module FMEEES ©

4 fileprivate :

B &1 source file A7 FIERYS » 54 class » BIR4ERE 4ERK UL class ]
override L5 class AAY method °

5.private :

ESNERAZ TEE » thFl@ AIEIRAZ ATES B4 class » AIRAERK
Z 47 L class #] override It class A method ©

EPRR » 485


https://medium.com/@jerrywang0420/access-control-%E6%95%99%E5%AD%B8-swift-3-ios-4d93ee567eb0

EDIT

Let us have following class in module (project) Module1:

class A {
}

Since this class is not open , it can be subclassed only within the same module. That
means that following class:

class B: A {
}

Can be written only in the same project, in Module1.



If you add Module1 as a dependency to project Module2, and try to do this:

import Modulel

class C: A {
}

It will not compile. That's because class A is not open (in other words it has access
public orless) and it does not belong to the same module as C. A belongs to
Module1, C belongs to Module2.

Note

import keyword imports a dependency module to your current module. If you write
import UIKit in your project, you are telling the compiler that you want to use
module UIKit in your module. import does not define current module. Current
module is the current project.

Adding import UIKit atthe beginning of the file does not change nor define to
which module the file belongs. It just tells the compiler that in that file you want to use
code from UIKit module.



Access Control Syntax

Define the access level for an entity by placing one of the open, public, internal,
fileprivate, or private modifiers before the entity’s introducer:

public class SomePublicClass {}

internal class SomeInternalClass {}
fileprivate class SomeFilePrivateClass {}
private class SomePrivateClass {}

public var somePublicVariable = 0
internal let somelInternalConstant = 0
fileprivate func someFilePrivateFunction() {}

© 00 N OO U1 Ao W N =

private func somePrivateFunction() {}



1 class SomeInternalClass {} // implicitly internal
2 let somelInternalConstant = 0 // implicitly internal



public class SomePublicClass { // explicitly public class

public var somePublicProperty = 0 // explicitly public class
member
var somelInternalProperty = 0 // implicitly internal

class member

fileprivate func someFilePrivateMethod() {} // explicitly file-private
class member

private func somePrivateMethod() {} // explicitly private
class member



10

11

12

13

14

15

16

17
18

class SomeInternalClass { // implicitly internal

class
var somelInternalProperty = 0 // implicitly internal

class member

fileprivate func someFilePrivateMethod() {} // explicitly file-private
class member

private func somePrivateMethod() {} // explicitly private
class member

I3
fileprivate class SomeFilePrivateClass { // explicitly file-private
class
func someFilePrivateMethod() {} // implicitly file-private
class member
private func somePrivateMethod() {} // explicitly private
class member
5



19 private class SomePrivateClass { // explicitly private class
20 func somePrivateMethod() {} // implicitly private

class member
21}



class KMeansSwift {

static let sharedInstance = KMeansSwift()
fileprivate init() {}

//MARK: Parameter

//dimension of every vector
var dimension:Int = 2
//clustering number K

var clusteringNumber:Int = 2
//max interation

var maxIteration = 100
//convergence error
var convergenceError
//number of excution
var numberOfExcution =1

//vectors

var vectors = KMVectors()

//final centroids

var finalCentroids = KMVectors()

//final clusters

var finalClusters = Array<KMVectors>()

//temp centroids

fileprivate var centroids = KMVectors()
//temp clusters

fileprivate var clusters = Array<KMVectors>()

0.01



//MARK: Public

//check parameters
func checkAllParameters() —> Bool {

}

//add vectors
func addVector( newVector:KMVector) {

}

func addVectors( newVectors:KMVectors) {

}

//clustering

func clustering(_ numberOfExcutions:Int, completion:(_ success:Bool, _

centroids:KMVectors,  clusters: [KMVectors])—->()) {

}

func reset() {

}



//MARK: Private

// 1: pick 1nitial clustering centroids randomly
fileprivate func pickingInitialCentroidsRandomly() {

}

// 2: assign each vector to the group that has the closest centroid.
fileprivate func assignVectorsToTheGroup() {

}

// 3: recalculate the positions of the K centroids. (return move distance
square)

fileprivate func recalculateCentroids() —> Double {

}

// 4. repeat 2,3 until the new centroids cannot move larger than
convergenceError or the iteration 1s over than maxIteration
fileprivate func beginClustering() —> Double {

}

// the cost function
fileprivate func costFunction() —> Double {

}

// 5: excute again (up to the number of excution), then choose the best result
private func beginClusteringWithNumberOfExcution(_ number:Int) {



//MARK: Helper

//Add Vector
private func vectorAddition(_ vector:KMVector, anotherVector:KMVector) —> KMVector {

}

//Calculate Euclidean Distance
private func EuclideanDistance(_ v1:[Double],v2:[Double]) —> Double {

}
private func EuclideanDistanceSquare(_vl:[Double],v2:[Double]) —> Double {
}

//Extension to pick random number. According to stackoverflow.com/questions/27259332/
get—-random-elements—from—-array—-in-swift
private extension Int {

}

private extension Array {

}



//check parameters
func checkAllParameters() —> Bool {
if dimension < 1 { return false }
if clusteringNumber < 1 { return false }
if maxIteration < 1 { return false }
if numberOfExcution < 1 { return false }
if vectors.count < clusteringNumber { return false }
return true



//add vectors

func addVector( newVector:KMVector) {
vectors.append(newVector)

¥

func addVectors( newVectors:KMVectors) {
for newVector:KMVector in newVectors {
addVector(newVector)
¥



//clustering

func clustering(_ numberOfExcutions:Int, completion:(_ success:Bool, _

centroids:KMVectors,  clusters: [KMVectors])—>()) {
beginClusteringWithNumberOfExcution(numberOfExcutions)
return completion(true, finalCentroids, finalClusters)

}

func reset() {
vectors.removeAll()
centroids.removeAll()
clusters.removeAll()
finalCentroids.removeAll()
finalClusters.removeAll()



// 1: pick initial clustering centroids randomly
fileprivate func pickingInitialCentroidsRandomly() {
let indexes = vectors.count.indexRandom[@..<clusteringNumber]
var initialCenters = KMVectors()
for index:Int in indexes {
initialCenters.append(vectors[index])
s

centroids = initialCenters



fileprivate func assignVectorsToTheGroup() {
clusters.removeAll()
for _ in @..<clusteringNumber {
clusters.append([])
s

for vector in vectorsq{
var tempDistanceSquare = -1.0
var groupNumber = 0
for index in 0..<clusteringNumber {
if tempDistanceSquare == -1.0 {
tempDistanceSquare = EuclideanDistanceSquare(vector, v2:
centroids[index])
groupNumber = 1ndex
continue

}

if EuclideanDistanceSquare(vector, v2: centroids[index]) <
tempDistanceSquare {

groupNumber = 1ndex
Iy

}

clusters[groupNumber].append(vector)



// 3: recalculate the positions of the K centroids. (return move distance square)
fileprivate func recalculateCentroids() —> Double {
var moveDistanceSquare = 0.0
for index in 0@..<clusteringNumber A
var newCentroid = KMVector(repeating: 0.0, count: dimension)
let vectorSum = clusters[index].reduce(newCentroid, { vectorAddition($0,
anotherVector: $1) })
var s = Double(clusters[index].count)
vDSP_vsdivD(vectorSum, 1, &s, &newCentroid, 1, vDSP_Length(vectorSum.count))
if moveDistanceSquare < EuclideanDistanceSquare(centroids[index], v2:
newCentroid) {
moveDistanceSquare = EuclideanDistanceSquare(centroids[index], v2:

newCentroid)
}
centroids[index] = newCentroid
}
print("=====new centers=====")

print(centroids)
return moveDistanceSquare



// 4: repeat 2,3 until the new centroids cannot move larger than
convergenceError or the iteration 1i1s over than maxIteration
fileprivate func beginClustering() —> Double {
pickingInitialCentroidsRandomly()

var iteration = 0

var moveDistance = 1.0

while iteration < maxIteration && moveDistance > convergenceError {
iteration += 1
assignVectorsToTheGroup()
moveDistance = recalculateCentroids()

}

return costFunction()



// the cost function
fileprivate func costFunction() —> Double A{
var cost = 0.0
for index in 0..<clusteringNumber {
for vector in clusters[index] {
cost += EuclideanDistanceSquare(vector, v2: centroids[index])
I3

}

return cost



// 5: excute again (up to the number of excution), then choose the best result
private func beginClusteringWithNumberOfExcution(_ number:Int) {

var number = number
if number < 1 { return }
var cost = -1.0
while number > 0 {
let newCost = beginClustering()
if cost == -1.0 || cost > newCost {
cost = newCost
finalCentroids = centroids
finalClusters = clusters

}

number —= 1



//MARK: Helper

//Add Vector
private func vectorAddition(_ vector:KMVector, anotherVector:KMVector) —-> KMVector A{
var addresult = KMVector(repeating: 0.0, count: vector.count)

vDSP_vaddD(vector, 1, anotherVector, 1, &addresult, 1, vDSP_Length(vector.count))
return addresult



//Calculate Euclidean Distance

private func EuclideanDistance( v1:[Double],v2: [Double]) —> Double {
let distance = EuclideanDistanceSquare(vl,v2: v2)
return sqrt(distance)



private func EuclideanDistanceSquare(_ v1:[Doublel],v2:[Double]) —> Double {
var subVec = [Double](repeating: 0.0, count: vl.count)
vDSP_vsubD(v1l, 1, v2, 1, &subVec, 1, vDSP_Length(vl.count))
var distance = 0.0
vDSP_dotprD(subVec, 1, subVec, 1, &distance, vDSP_Length(subVec.count))
return abs(distance)



//Extension to pick random number. According to stackoverflow.com/
questions/27259332/get-random—-elements—from—-array—-in-swift
private extension Int {

var random: Int {
return Int(arc4random_uniform(UInt32(abs(self))))
}

var indexRandom: [Int] {
return Array(0..<self).shuffle



private extension Array {
var shuffle: [Element] {
var elements = self
for index in 0..<elements.count {
let anotherIndex =
Int(arc4random_uniform(UInt32(elements.count — index))) + index

anotherIndex != index ? elements.swapAt(index,
anotherIndex) : ()

}
return elements

¥

mutating func shuffled() {
self = shuffle

}



