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0� (Week)    �� (Date)    �� (Subject/Topics)
1  2018/09/13  �����/��,%�'

(Course Orientation on Artificial Intelligence for 
Investment Analysis)

2  2018/09/20  AI 1*$�: 1*�
	��"
(AI in FinTech: Financial Services Innovation and Application)

3  2018/09/27  ���!.2�)AI�-���
(Robo-Advisors and AI Chatbots) 

4  2018/10/04  �/�!�)+ .
�
(Investing Psychology and Behavioral Finance)

5  2018/10/11  .
1*��#&� (Event Studies in Finance)
6  2018/10/18  �����/����#& I 

(Case Study on Artificial Intelligence for Investment Analysis I)

,%( (Syllabus)
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 � (Week)    �� (Date)    � (Subject/Topics)

7  2018/10/25  Python AI����	�
(Foundations of AI Investment Analysis in Python)

8  2018/11/01  Python Pandas!�����
(Quantitative Investing with Pandas in Python)

9  2018/11/08  Python Scikit-Learn ����
(Machine Learning with Scikit-Learn in Python)

10  2018/11/15  ��
� (Midterm Project Report)

11  2018/11/22  TensorFlow �������"��#� I 
(Deep Learning for Financial Time Series Forecasting
with TensorFlow I)

12  2018/11/29  TensorFlow �������"��#� II 
(Deep Learning for Financial Time Series Forecasting 
with TensorFlow II)

���� (Syllabus)
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2� (Week)    �� (Date)    �� (Subject/Topics)

13  2018/12/06  �����1����$& II 
(Case Study on Artificial Intelligence for Investment Analysis II) 

14  2018/12/13  TensorFlow  ��)0��3��4! III 
(Deep Learning for Financial Time Series Forecasting
with TensorFlow III)

15  2018/12/20  �1'
��	+%���
(Portfolio Optimization and Algorithmic Trading)

16  2018/12/27  *".-,# (Natural Language Processing)

17  2019/01/03  ���� I (Final Project Presentation I)

18  2019/01/10  ���� II (Final Project Presentation II)

/%( (Syllabus)
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Machine Learning 
with Scikit-Learn 

in Python
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Outline
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• Machine Learning with Scikit-Learn 
in Python
–Machine Learning
– Scikit-Learn



Artificial Intelligence (A.I.) Timeline 

7Source: https://digitalintelligencetoday.com/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/



Artificial Intelligence
Machine Learning & Deep Learning

8Source: https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai/



AI, ML, DL

9Source: https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/deep_learning.html

Artificial Intelligence (AI)

Machine Learning (ML)

Deep Learning (DL)
CNN

RNN LSTM GRU
GAN

Supervised 
Learning

Unsupervised 
Learning

Semi-supervised 
Learning

Reinforcement 
Learning



3 Machine Learning Algorithms

10Source: Enrico Galimberti, http://blogs.teradata.com/data-points/tree-machine-learning-algorithms/



Machine Learning Models
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Deep Learning

Ensemble 

Clustering Regression Analysis

Kernel 

Dimensionality reductionDecision tree

Instance basedBayesian

Association rules

Source: Sunila Gollapudi (2016), Practical Machine Learning, Packt Publishing



Machine Learning (ML) / Deep Learning (DL)

12
Source: Jesus Serrano-Guerrero, Jose A. Olivas, Francisco P. Romero, and Enrique Herrera-Viedma (2015), 

"Sentiment analysis: A review and comparative analysis of web services," Information Sciences, 311, pp. 18-38.

Machine 
Learning

(ML)

Supervised 
Learning

Unsupervised 
Learning

Decision Tree 
Classifiers

Linear 
Classifiers

Rule-based 
Classifiers

Probabilistic 
Classifiers

Support Vector 
Machine (SVM)

Deep Learning 
(DL)

Neural Network 
(NN)

Bayesian 
Network (BN)

Maximum 
Entropy (ME)

Naïve Bayes 
(NB)

Reinforcement  
Learning
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Data Mining Tasks & Methods

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson



Data Mining Methods 
• Classification 

–Classification
• Class Label Prediction 

–Regression
• Numeric Value Prediction 

• Clustering
• Association 

14
Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson



Assessing the Classification Model 
• Predictive accuracy

–Hit rate 
• Speed

–Model building; predicting
• Robustness
• Scalability
• Interpretability

–Transparency, explainability
15

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson
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Confusion Matrix for Tabulation of 
Two-Class Classification Results

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson
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Accuracy vs. Precision
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Accuracy vs. Precision
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Accuracy vs. Precision
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Sensitivity

Specificity
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=True Positive Rate
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http://en.wikipedia.org/wiki/Receiver_operating_characteristic
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http://en.wikipedia.org/wiki/Receiver_operating_characteristic


27Source:  http://en.wikipedia.org/wiki/Receiver_operating_characteristic
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28Source:  http://en.wikipedia.org/wiki/Receiver_operating_characteristic
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Estimation Methodologies for 
Classification

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson

• Simple split (or holdout or test sample estimation) 
– Split the data into 2 mutually exclusive sets 

training (~70%) and testing (30%)

– For ANN, the data is split into three sub-sets 
(training [~60%], validation [~20%], testing [~20%])
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k-Fold Cross-Validation

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson
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Estimation Methodologies for Classification
Area under the ROC curve

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017),  Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson



The Quant Finance PyData Stack

33Source: http://nbviewer.jupyter.org/format/slides/github/quantopian/pyfolio/blob/master/pyfolio/examples/overview_slides.ipynb#/5



Scikit-Learn
Machine Learning in Python

34



Scikit-Learn

35Source: http://scikit-learn.org/

http://scikit-learn.org/


Scikit-Learn Machine Learning Map

36Source: http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html

http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html


Scikit-Learn Machine Learning Map

37Source: http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html

http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html


Scikit-Learn Machine Learning Map

38Source: http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html

http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html


Scikit-Learn Machine Learning Map

39Source: http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html

http://scikit-learn.org/stable/tutorial/machine_learning_map/index.html


Iris flower data set

40Source: http://suruchifialoke.com/2016-10-13-machine-learning-tutorial-iris-classification/

setosa versicolor virginica

Source: https://en.wikipedia.org/wiki/Iris_flower_data_set
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Iris Classfication

Source: http://suruchifialoke.com/2016-10-13-machine-learning-tutorial-iris-classification/



iris.data

42

https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data
5.1,3.5,1.4,0.2,Iris-setosa 
4.9,3.0,1.4,0.2,Iris-setosa 
4.7,3.2,1.3,0.2,Iris-setosa 
4.6,3.1,1.5,0.2,Iris-setosa 
5.0,3.6,1.4,0.2,Iris-setosa 
5.4,3.9,1.7,0.4,Iris-setosa 
4.6,3.4,1.4,0.3,Iris-setosa 
5.0,3.4,1.5,0.2,Iris-setosa 
4.4,2.9,1.4,0.2,Iris-setosa 
4.9,3.1,1.5,0.1,Iris-setosa 
5.4,3.7,1.5,0.2,Iris-setosa 
4.8,3.4,1.6,0.2,Iris-setosa 
4.8,3.0,1.4,0.1,Iris-setosa 
4.3,3.0,1.1,0.1,Iris-setosa 
5.8,4.0,1.2,0.2,Iris-setosa 
5.7,4.4,1.5,0.4,Iris-setosa 
5.4,3.9,1.3,0.4,Iris-setosa 
5.1,3.5,1.4,0.3,Iris-setosa 
5.7,3.8,1.7,0.3,Iris-setosa 
5.1,3.8,1.5,0.3,Iris-setosa 
5.4,3.4,1.7,0.2,Iris-setosa 
5.1,3.7,1.5,0.4,Iris-setosa 
4.6,3.6,1.0,0.2,Iris-setosa 
5.1,3.3,1.7,0.5,Iris-setosa 
4.8,3.4,1.9,0.2,Iris-setosa 
5.0,3.0,1.6,0.2,Iris-setosa 
5.0,3.4,1.6,0.4,Iris-setosa 

setosa

versicolor

virginica

https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data


43Source: https://seaborn.pydata.org/generated/seaborn.pairplot.html

Iris Data Visualization



Data Visualization in Google Colab

44Source: https://seaborn.pydata.org/generated/seaborn.pairplot.html
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import seaborn as sns
sns.set(style="ticks", color_codes=True)
iris = sns.load_dataset("iris")
g = sns.pairplot(iris, hue="species")

Source: https://seaborn.pydata.org/generated/seaborn.pairplot.html
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import numpy as np
import pandas as pd
%matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns
from pandas.plotting import scatter_matrix

# Load dataset
url = "https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data"
names = ['sepal-length', 'sepal-width', 'petal-length', 'petal-width', 'class']
df = pd.read_csv(url, names=names)

print(df.head(10))
print(df.tail(10))
print(df.describe())
print(df.info())
print(df.shape)
print(df.groupby('class').size())

plt.rcParams["figure.figsize"] = (10,8)
df.plot(kind='box', subplots=True, layout=(2,2), sharex=False, sharey=False)
plt.show()

df.hist()
plt.show()

scatter_matrix(df)
plt.show()

sns.pairplot(df, hue="class", size=2)

Source: https://machinelearningmastery.com/machine-learning-in-python-step-by-step/

https://colab.research.google.com/drive/1KRqtEUd2Hg4dM2au9bfVQKrxWnW
N3O9-

https://colab.research.google.com/drive/1KRqtEUd2Hg4dM2au9bfVQKrxWnWN3O9-
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import numpy as np
import pandas as pd
%matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns
from pandas.plotting import scatter_matrix
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url = "https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data"

names = ['sepal-length', 'sepal-width', 'petal-length', 'petal-width', 'class']
df = pd.read_csv(url, names=names)
print(df.head(10))
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df.describe()
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df.tail(10)
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print(df.info())
print(df.shape)
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df.groupby('class').size()
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plt.rcParams["figure.figsize"] = (10,8)
df.plot(kind='box', subplots=True, layout=(2,2), sharex=False, sharey=False)
plt.show()
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df.hist()
plt.show()
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scatter_matrix(df)
plt.show()
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sns.pairplot(df, hue="class", size=2)



Machine Learning
Supervised Learning

Classification 
and 

Prediction
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Classification and Prediction

58

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw
https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw


59https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

# Import sklearn
from sklearn import model_selection
from sklearn.metrics import classification_report
from sklearn.metrics import confusion_matrix
from sklearn.metrics import accuracy_score
from sklearn.linear_model import LogisticRegression
from sklearn.tree import DecisionTreeClassifier
from sklearn.neighbors import KNeighborsClassifier
from sklearn.discriminant_analysis import LinearDiscriminantAnalysis
from sklearn.naive_bayes import GaussianNB
from sklearn.svm import SVC
from sklearn.neural_network import MLPClassifier
print("Imported")

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw
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https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw
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https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw


62https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

df.corr()

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw


63https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

# Split-out validation dataset
array = df.values
X = array[:,0:4]
Y = array[:,4]
validation_size = 0.20
seed = 7
X_train, X_validation, Y_train, Y_validation = 
model_selection.train_test_split(X, Y, 
test_size=validation_size, random_state=seed)
scoring = 'accuracy'

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw
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# Models
models = []
models.append(('LR', LogisticRegression()))
models.append(('LDA', 
LinearDiscriminantAnalysis()))
models.append(('KNN', KNeighborsClassifier()))
models.append(('DT', 
DecisionTreeClassifier()))
models.append(('NB', GaussianNB()))
models.append(('SVM', SVC()))

https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw


65https://colab.research.google.com/drive/1QE7fR2OxHiQ0_p6l1nnZDIFF354Nf_Lw

# evaluate each model in turn
results = []
names = []
for name, model in models:

kfold = model_selection.KFold(n_splits=10, 
random_state=seed)

cv_results = 
model_selection.cross_val_score(model, 
X_train, Y_train, cv=kfold, scoring=scoring)

results.append(cv_results)
names.append(name)
msg = "%s: %.4f (%.4f)" % (name, 

cv_results.mean(), cv_results.std())
print(msg)
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# Make predictions on validation dataset
model = KNeighborsClassifier()
model.fit(X_train, Y_train)
predictions = model.predict(X_validation)
print("%.4f" % accuracy_score(Y_validation, 
predictions))
print(confusion_matrix(Y_validation, 
predictions))
print(classification_report(Y_validation, 
predictions))
print(model)
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# Make predictions on validation dataset
model = SVC()
model.fit(X_train, Y_train)
predictions = model.predict(X_validation)
print("%.4f" % accuracy_score(Y_validation, 
predictions))
print(confusion_matrix(Y_validation, 
predictions))
print(classification_report(Y_validation, 
predictions))
print(model)
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model = SVC()
model.fit(X_train, Y_train)
predictions = model.predict(X_validation)
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K-Means Clustering
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#importing the libraries
import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline
import pandas as pd

#importing the Iris dataset with pandas
# Load dataset
url = "https://archive.ics.uci.edu/ml/machine-
learning-databases/iris/iris.data"
names = ['sepal-length', 'sepal-width', 
'petal-length', 'petal-width', 'class']
df = pd.read_csv(url, names=names)

array = df.values
X = array[:,0:4]
Y = array[:,4]
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#Finding the optimum number of clusters for k-means 
classification
from sklearn.cluster import KMeans
wcss = []

for i in range(1, 8):
kmeans = KMeans(n_clusters = i, init = 'k-means++', 

max_iter = 300, n_init = 10, random_state = 0)
kmeans.fit(X)
wcss.append(kmeans.inertia_)

#Plotting the results onto a line graph, allowing us to 
observe 'The elbow'
plt.rcParams["figure.figsize"] = (10,8)
plt.plot(range(1, 8), wcss)
plt.title('The elbow method')
plt.xlabel('Number of clusters')
plt.ylabel('WCSS') #within cluster sum of squares
plt.show()
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K-Means Clustering
The elbow method (k=3)
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kmeans = KMeans(n_clusters = 3, 
init = 'k-means++', max_iter = 300, 
n_init = 10, random_state = 0)
y_kmeans = kmeans.fit_predict(X)
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#Visualising the clusters
plt.scatter(X[y_kmeans == 0, 0], X[y_kmeans == 0, 1], s = 100, 
c = 'red', label = 'Iris-setosa')
plt.scatter(X[y_kmeans == 1, 0], X[y_kmeans == 1, 1], s = 100, 
c = 'blue', label = 'Iris-versicolour')
plt.scatter(X[y_kmeans == 2, 0], X[y_kmeans == 2, 1], s = 100, 
c = 'green', label = 'Iris-virginica')

#Plotting the centroids of the clusters
plt.scatter(kmeans.cluster_centers_[:, 0], 
kmeans.cluster_centers_[:,1], s = 100, c = 'yellow', label = 
'Centroids')

plt.legend()
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K-Means Clustering
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Python in Google Colab
https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4zJ1zTunjMqf2RkCrT
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