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kNN Example-6 (k-Nearest Neighbor algorithm in plain Python)
condeqs nandsqps(hand-written digits)od a3§:(digit) ss(gde(go&seosonps algorithm

D)0e220pS cwodeq: nandsgps(hand-written digits)o3 oon§eodcon:a0p images 1797 3 dloéoopj digits dataset o3 train
6300039 §¢ test 63000329 (g0:(§: kNN algorithm 20pS (g¢ classification coSa0pd poen [gSaopSi

k-nn algorithm 20pS classification co8q§ ¢ regression cpdq§ sdq]:ad:0006$320305 3203:(g| 803 supervised machine
learning algorithm (g$20p5n instance-based algorithm codgjj:(gda0p51 memory eclopé me(go? 2§ ¢$(gS:(estimating)
[g1c969§ model 0pSes00050005(gE:q]s00p0503 training examples gpzaeo:ad:03 memory 238:a0p5:0002(§: prediction

[g1c90(8&:([gSe200e(030¢0pSs  instance-based algorithm peslad(gés[gdoopSi

e}

k-nn algorithm 32c93ca30e test apdepd input 038203 memory edl§ training example gpzs¢ 38:0588:0p08 (most
similaryoop$ (euclidean_distance a2§p5:ad:(g620p3) 32603 §pe(g(§: 3ae(gopodeos(glsgdoopS 0o gpS:aan:(gé
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8008320080060 F¢]:300:(goe(0308: 9§ 9§:(5S: [gSo0pSH
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test c\?oe@; |npl;|t &¢ training example 0333(030: euclidean_distance sa¢p5:a85(g6(gE:00pS 382058320908 (Most
similar)oppS20p01i

Classification eaogtﬁe%cmé a) unweighted: output the most common classification among the k-nearest neighbors
b) weighted: sum up the weights of the k-nearest neighbors for each classification value, output classification with highest
weight

Regression s0305a30y)¢

a) unweighted: output the average of the values of the k-nearest neighbors

b) weighted: for all classification values, sum up classification value*weight and divide the result trough the sum of all
weights

Feature gp: @ @ee:Cle 030(g0:9a8¢poop3aasl unweighted k-nn algorithm o3 3aa3:(gj20pSH Feature qp: @
meaoloeorndoopdass] weighted k-nn algorithm o 303:(gjoopSt

The weighted k-nn version is a refined version of the algorithm in which the contribution of each neighbor is weighted
according to its distance to the query point. Below, we implement the basic unweighted version of the k-nn algorithm for
the digits dataset from sklearn.

Package qp:03 import cpdgés

matrix gpz03 0g056§ numpy o3 import coSaopSi

0§30gp:ag0305§ matplotlib 03 import apSoopSu

e3000g: quaa§ sklearn.datasets ¢ load_digits o3 import apSoopSu

train c3020m¢ &¢ test caonme 3(go:a§ sklearn.model_selection ¢ train_test_split import coSaopSi

In [1]: import numpy as np
import matplotlib.pyplot as plt
from sklearn.datasets import load_digits
from sklearn.model_selection import train_test_split
np.random.seed(123)

%matplotlib inline

Dataset

Qﬁ Qued ogc dlglts dataset oo 3200: @[wp_ou digits dataset ooogc comeq om§ gps(hand-written dIgItS)(’D
oM §1005000:00p3 images 1797 3 cﬂocoo@udlgn 6582005 pixel value gp:03 64-dimensional vector (¢ Goo@ooo 220031
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In [2]: # We will use the digits dataset as an example. It consists of the 1797 images of hand-written digits. Each digit
is
# represented by a 64-dimensional vector of pixel values.

digits = load_digits()

<

S,

data set 03 esl up(Geego05(load cvS(Gses005) data set 0dope dloCaopg array 903 (03
images array, target_names array, target array o3 [gSo0pSu

2opdi array ¢ 3 ¢o data array,

In [3]: digits.images

Out[3]: array([[[ 0., 0., 5.,..., 1., 0., 0.],
[0, 0,13,..,15, 5, 0.,
[0, 3,15,..11, 8., 0.,

[0, 4,11, .. 12, 7., 0],
[o., 2.,14,..,12, 0., 0],
[0, 0., 6.,.. 0., 0, 0.1,

ro., o, o,.., 5, 0, 0.,
[o, o0,0,..,9,0,0]
[o, o0, 3,.. 6,0, 0],
[o, o0, 1,.. 6, 0, 0.],
[o, o0, 1,.. 6, 0, 0.,
[o., o, O0,..,10, 0., 0.]],

fo., o, o,..,12, 0., 0.,
[o, o0, 3,..14, 0., 0],
[o, o0, 8,..16., 0., 0.,
[o, 9,16,.., 0, 0., 0],
[o, 3,13,..,11, 5., 0],
[o, o, 0,..16., 9., 0.],

ro., o, 1,.., 1., 0, 0.,
[0, 0,13,.., 2, 1, 0],
[0, 0,16,..,16., 5., 0],

[o, 0,16,..,15, 0., 0],
[o, o,15,..,16, 0., 0],
[o, o0, 2,.. 6., 0, 0.],

fo., o, 2,.., 0, 0., 0.,
[o, 0,14,..,15, 1., 0],
[0, 4,16,..,16, 7., 0],

0., 0,..,16., 2., 0.,
[0, O, 4,..,16., 2., 0],
0., 5.,..,12,, 0., 0.]],

ro., o,1o,.. 1, 0., 0],
[o, 2,16,.., 1, 0, 0.,
[0, 0,15,..,15, 0., 0],
[0, 4,16,..,16., 6., 0],

[o., 8,16,..,16, 8., 0],
[o, 1, 8,..,12, 1., 0.]1])

In [4]: digits.target_names

Out[4]: array([0, 1,2,3,4,5,6,7,8,9])

kKNN_Example6 c;oooé:ooo%eg% 20of 6



30f6 Gmoézoomeg@o

data array o3 X a2(gé target array o3 y a3(g 200590520051
In [5]: X,y = digits.data, digits.target

In[6]: X

Out[6]: array([[ 0., 0., 5.,..., 0., 0., 0.],
[o, 0., O,..,10, 0., 0.,
[0, 0, 0,..,16, 9., 0],

ey

[o, o, 1,.., 6, 0, 0.,
o, o, 2,..12, 0, 0.],
[o., o,10,..,12, 1., 0.1])

In[7]: y
Out[7]: array([0, 1, 2, ..., 8, 9, 8])

Train esooom@ &¢ Test caomomg J(gozge:

In [8]: X_train, X_test, y_train, y_test = train_test_split(X, y)
print(f'X_train shape: {X_train.shape}'
print(f'y_train shape: {y_train.shape}')
print(f'X_test shape: {X_test.shape}')
(

print(f'y_test shape: {y_test.shape}')

X_train shape: (1347, 64)
y_train shape: (1347,)
X_test shape: (450, 64)
y_test shape: (450,)

Digits dataset ¢ cooSeeg nap§sqps(hand-written digits)od dewS(o3pdgé:
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In [9]: # Example digits
fig = plt.figure(figsize=(10,8))
for i in range(10):
ax = fig.add_subplot(2, 5, i+1)
plt.imshow(X[i].reshape((8,8)), cmap='gray')

plt.show()

k-Nearest Neighbor Class oopdesooad(gé:

- - o C c N (N N (N P ° < Cc 9 C P
Eui:lldecan_dlstance 0PORM20PY Class ooo)?oo@eaoooooo@ou training data 32¢[2:322:00:0 m@@qcomszogditralrgmg data
0209&¢ New input example ( matrix of input examples X) 0339@9: PR320 (euclidean distance )op 0ga32001
Euclidean_distance 32§p5:a9:03 qpoopSit o euclidean_distance saogoaeeo:ae§:(gdo0ps training data cloCaopd =29

— 2590 PO OO — o3 530§3 [ 9 22 T

B60p05 @3, 3360705 Fq|3ee0: 030z¢ input test 2505 clo&oopSi
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In [10]: class kNN():
def __init__(self):
pass

def fit(self, X, y):
self.data = X
self.targets =y

def euclidean_distance(self, X):
Computes the euclidean distance between the training data and
a new input example or matrix of input examples X.

Training data ooo°>:t>§§ new input example ( matrix of input examples X) o%sa@o:
320303260:(euclidean distance )o% ogo%ooéu
# input: single data point (data point 0>8902p5:320305 euclidean distance 005q)$)
if X.ndim == 1:

12 = np.sqrt(np.sum((self.data - X)**2, axis=1))

# input: matrix of data points (matrix data point mo%sgooé::raog(ﬁ euclidean distance ogo%q%)
if X.ndim == 2:

n_samples, _ = X.shape

12 = [np.sqrt(np.sum((self.data - X[i])**2, axis=1)) for i in range(n_samples)]

return np.array(l2)

def predict(self, X, k=1):

Predicts the classification for an input example or matrix of input examples X
# step 1: compute distance between input and training data
dists = self.euclidean_distance(X)

# step 2: find the k nearest neighbors and their classifications
if X.ndim == 1:
if k==1:
nn = np.argmin(dists)
return self.targets[nn]
else:
knn = np.argsort(dists)[:k]
y_knn = self.targets[knn]
max_vote = max(y_knn, key=list(y_knn).count)
return max_vote

if X.ndim == 2:

knn = np.argsort(dists)[:, :k]

y_knn = self.targets[knn]

if k==1:
return y_knn.T

else:
n_samples, _ = X.shape
max_votes = [max(y_knnlil, key=list(y_knnl[i]).count) for i in range(n_samples)]
return max_votes

Initializing and training the model

p5e80005(§:00p3 class a3adzg) machine learning model 06903 (g|apSa0pSi machine learning model o333 input [§&a0p3
X_train &¢ target (§6a0p3 y_train 03 copgeos(§: fit apSoopSu
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n [11]:

c;oooé:oomeg@o

knn = kNN()
knn.fit(X_train, y_train)

print("Testing one datapoint, k=1")

print(f"Predicted label: {knn.predict(X_test[0], k=1)}")
print(f'True label: {y_test[0]}")

print()

print("Testing one datapoint, k=5")

print(f"Predicted label: {knn.predict(X_test[20], k=5)}")
print(f'True label: {y_test[20]}")

print()

print("Testing 10 datapoint, k=1")

print(f'Predicted labels: {knn.predict(X_test[5:15], k=1)}")
print(f'True labels: {y_test[5:15]}")

print(

print("Testing 10 datapoint, k=4")

print(f'Predicted labels: {knn.predict(X_test[5:15], k=4)}")
print(f'True labels: {y_test[5:15]}")

print()

Testing one datapoint, k=1
Predicted label: 3
True label: 3

Testing one datapoint, k=5
Predicted label: 9
True label: 9

Testing 10 datapoint, k=1
Predicted labels: [[310740051 6]]
True labels: [3107400516]

Testing 10 datapoint, k=4
Predicted labels: [3,1,0,7,4,0,0,5, 1, 6]
True labels: [3107400516]

Accuracy on test set

< C < . . C < [N C < < <
epfovl=toloslecistioblod) machine learning model © CQODCVIV) 9§9§:]| :39@@ 0POgI9§M§D

In [12]:

# Compute accuracy on test set
y_p_testl = knn.predict(X_test, k=1)

test_accl= np.sum(y_p_test1[0] == y_test)/len(y_p_test1[0]) *

print(f'Test accuracy with k = 1: {format(test_acc1)}")

y_p_test5 = knn.predict(X_test, k=5)

test_acc5= np.sum(y_p_test5 == y_test)/len(y_p_test5) * 100

print(f'Test accuracy with k = 5: {format(test_acc5)}")

Test accuracy with k = 1: 97.77777777777777
Test accuracy with k = 5: 97.55555555555556

kNN_Example6

Ref: https://github.com/zotroneneis/machine learning_basics (https://github.com/zotroneneis/machine learning_basics)

(§§©2999000(g¢ machine learning algorithm g &s(ggo5qp:a3 www.acmv.org/pyml.html o3¢ ©o5&EcloopSu
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