
My KMeans 
Clustering II



    @IBAction func strat3Clustering(_ sender: Any) { 
        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: 0, green: 0, blue: 1, alpha: 1) 
                        } else { 
                            point.backgroundColor = UIColor(red: 0, green: 1, blue: 0, alpha: 1) 
                        } 
                        self.spaceView.addSubview(point) 
                    } 
                } 
            } 
            //self.setButtonEnable(true) 
        } 
    }













typealias KMVectors = Array<[Double]> 
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 = 0.01 
    //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>() 
     
   



https://docs.swift.org/swift-book/LanguageGuide/AccessControl.html
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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

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.

同module內，不同swift
檔案間access



File-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.


同swift檔案內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. 
U s e p r i v a t e a c c e s s t o h i d e t h e 
implementation details of a specific piece of 
functionality when those details are used only 
within a single declaration.



資料來來源，網路路



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:


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


•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. 


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


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


•
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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 = 0.01 
    //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>() 
     
   



   //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 initial 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 is 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(_ v1:[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[0..<clusteringNumber] 
        var initialCenters = KMVectors() 
        for index:Int in indexes { 
            initialCenters.append(vectors[index]) 
        } 
        centroids = initialCenters 
    }



    fileprivate func assignVectorsToTheGroup() { 
        clusters.removeAll() 
        for _ in 0..<clusteringNumber { 
            clusters.append([]) 
        } 
        for vector in vectors{ 
            var tempDistanceSquare = -1.0 
            var groupNumber = 0 
            for index in 0..<clusteringNumber { 
                if tempDistanceSquare == -1.0 { 
                    tempDistanceSquare = EuclideanDistanceSquare(vector, v2: 
centroids[index]) 
                    groupNumber = index 
                    continue 
                } 
                if EuclideanDistanceSquare(vector, v2: centroids[index]) < 
tempDistanceSquare { 
                    groupNumber = index 
                } 
            } 
            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 { 
            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 is 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 { 
        var cost = 0.0 
        for index in 0..<clusteringNumber { 
            for vector in clusters[index] { 
                cost += EuclideanDistanceSquare(vector, v2: centroids[index]) 
            } 
        } 
        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 { 
    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(v1,v2: v2) 
    return sqrt(distance) 
} 



private func EuclideanDistanceSquare(_ v1:[Double],v2:[Double]) -> Double { 
    var subVec = [Double](repeating: 0.0, count: v1.count) 
    vDSP_vsubD(v1, 1, v2, 1, &subVec, 1, vDSP_Length(v1.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 
    }


