
NBE-4070 : Basics of 
Biomedical Data Analysis

Stéphane Deny

Lecture 9: Recap of Important Definitions for the Oral Exam



What is a good explanation of a data analysis 
method for the oral exam?
Guiding principle: It’s an explanation that you would have liked and 
understood before taking this class.

Tips:
• use an example
• draw a sketch (equations are nice to have but rarely necessary)
• make it clear what the method can and cannot do
• abstract the unnecessary details at first
• leave room for questions – ask if it is clear



Exercise 1: Explain what is:
• standard deviation (SD), 
• standard error of the mean (SE) and confidence interval (CI)  
• t-test and p-value
• Pearson Correlation

Exercise 2: Explain what is:
• PCA
• Linear Regression
• Fourier Transform and Low-pass filtering
• Clustering and one algorithm for clustering (K-means or hierarchical)

Exercise 3: Explain what it:
• K-nearest neighbour 
• Random Forest 
• t-SNE visualisation
• a deep network classifier



Definitions: standard deviation (SD), standard 
error of the mean (SE) and confidence interval (CI)



Definition: t-test

• A t-test is a statistical test to compare the means of two populations 
from their samples.
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population A population Bsample A sample B
error bars: 95% CI

sample A sample B



Definition: p-value
• The p-value is the probability that the difference in means observed would 

occur by chance. 
example: A p-value of 0.05 implies a chance of 95% that the difference observed is 
statistically significant. 
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Student-t distribution

<latexit sha1_base64="uGIqVWPyYXGsrXyk2ytKQF513v4=">AAACGnicbVDLSsNAFJ34rPUVdelmsAhuLEkp6kYoiuCyYl/QhDCZTNqhkwczE6WEfIcbf8WNC0XciRv/xkmbhW09cOFwzr3ce48bMyqkYfxoS8srq2vrpY3y5tb2zq6+t98RUcIxaeOIRbznIkEYDUlbUslIL+YEBS4jXXd0nfvdB8IFjcKWHMfEDtAgpD7FSCrJ0c0WvISWzxFOrUfqkSGSqRUkjpnBUzij1LIsvb/Jyo5eMarGBHCRmAWpgAJNR/+yvAgnAQklZkiIvmnE0k4RlxQzkpWtRJAY4REakL6iIQqIsNPJaxk8VooH/YirCiWcqH8nUhQIMQ5c1RkgORTzXi7+5/UT6V/YKQ3jRJIQTxf5CYMygnlO0KOcYMnGiiDMqboV4iFSOUmVZh6COf/yIunUquZZtX5XrzSuijhK4BAcgRNggnPQALegCdoAgyfwAt7Au/asvWof2ue0dUkrZg7ADLTvX1eIoHc=</latexit>

T =
cµ1 �cµ2

SE



• Given two paired variables

• Their (Pearson) correlation coefficient is given by

• It is a normalized version of the covariance, such that the result always has a 
value between −1 and 1. There exists tests to decide whether the correlation is 
statistically significant or not.

<latexit sha1_base64="SPu876aOf8lKbEtfVxeSDH5cq6g=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiuCghKUXdCEU3rqSCvUgTwmQ6aYdOJmFmIoTQhRtfxY0LRdz6EO58G5M2C239YeDjP+dw5vxexKhUpvmtlVZW19Y3ypuVre2d3T19/6Arw1hg0sEhC0XfQ5IwyklHUcVIPxIEBR4jPW9yldd7D0RIGvI7lUTECdCIU59ipDLL1av38ALaaeJadZi4jTo0DCOnG3tacfWaaZgzwWWwCqiBQm1X/7KHIY4DwhVmSMqBZUbKSZFQFDMyrdixJBHCEzQigww5Coh00tkRU3icOUPohyJ7XMGZ+3siRYGUSeBlnQFSY7lYy83/aoNY+edOSnkUK8LxfJEfM6hCmCcCh1QQrFiSAcKCZn+FeIwEwirLLQ/BWjx5GboNwzo1mrfNWuuyiKMMquAInAALnIEWuAZt0AEYPIJn8AretCftRXvXPuatJa2YOQR/pH3+AL0IlPk=</latexit>

Y = {y1, y2, ..., yN}

<latexit sha1_base64="qGN+2OPuRcCxKECApI/2fTio1EI=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILkpISlE3QtGNK6lgL9CEMJlO26GTSZiZSEsouPFV3LhQxK0v4c63cdJmoa0/DHz85xzOnD+IGZXKtr+NpeWV1bX1wkZxc2t7Z9fc22/KKBGYNHDEItEOkCSMctJQVDHSjgVBYcBIKxheZ/XWAxGSRvxejWPihajPaY9ipLTlm4dteAnddOQ7ZTjyK2VoWVZGt+7EN0u2ZU8FF8HJoQRy1X3zy+1GOAkJV5ghKTuOHSsvRUJRzMik6CaSxAgPUZ90NHIUEuml0xsm8EQ7XdiLhH5cwan7eyJFoZTjMNCdIVIDOV/LzP9qnUT1LryU8jhRhOPZol7CoIpgFgjsUkGwYmMNCAuq/wrxAAmElY6tqENw5k9ehGbFcs6s6l21VLvK4yiAI3AMToEDzkEN3IA6aAAMHsEzeAVvxpPxYrwbH7PWJSOfOQB/ZHz+AHswlOE=</latexit>

X = {x1, x2, ..., xN}

<latexit sha1_base64="k3j3sz48anVCs9cmv8dV4SjQkqk="></latexit>

R =
Cov(X,Y )

�X�Y
=

PN
i=1(xi � µX)(yi � µY )p

(
PN

i=1(xi � µX)2)
p

(
PN

i=1(yi � µY )2)

Definition: Pearson correlation



0

0

<latexit sha1_base64="uv4aZbEIo5nkA5qpaRzNbFQHTk4=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9iVoB6DXjxGMA9IlmV2MkmGzM4sM71KXIK/4sWDIl79D2/+jZNkD5pY0FBUddPdFSWCG/C8b2dpeWV1bb2wUdzc2t7Zdff2G0almrI6VULpVkQME1yyOnAQrJVoRuJIsGY0vJ74zXumDVfyDkYJC2LSl7zHKQErhe5hR1lb8/4AiNbqIWOhPw7dklf2psCLxM9JCeWohe5Xp6toGjMJVBBj2r6XQJARDZwKNi52UsMSQoekz9qWShIzE2TT68f4xCpd3FPalgQ8VX9PZCQ2ZhRHtjMmMDDz3kT8z2un0LsMMi6TFJiks0W9VGBQeBIF7nLNKIiRJYRqbm/FdEA0oWADK9oQ/PmXF0njrOyflyu3lVL1Ko+jgI7QMTpFPrpAVXSDaqiOKHpEz+gVvTlPzovz7nzMWpecfOYA/YHz+QNQ6pXK</latexit>�!e1<latexit sha1_base64="xpCQqmY1zCFUw5PSdXa/ZSbr1Ss=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KUoi6LblxWsA9oQ5hMJ+3QSSbM3Cg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niARXIPjfFuFldW19Y3iZmlre2d3z94/aGmZKsqaVAqpOgHRTPCYNYGDYJ1EMRIFgrWD0fXUb98zpbmM72CcMC8ig5iHnBIwkm8f9aSxFR8MgSglHzLmVye+XXYqzgx4mbg5KaMcDd/+6vUlTSMWAxVE667rJOBlRAGngk1KvVSzhNARGbCuoTGJmPay2fUTfGqUPg6lMhUDnqm/JzISaT2OAtMZERjqRW8q/ud1UwgvvYzHSQospvNFYSowSDyNAve5YhTE2BBCFTe3YjokilAwgZVMCO7iy8ukVa2455Xaba1cv8rjKKJjdILOkIsuUB3doAZqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AUm+Vyw==</latexit>�!e2

<latexit sha1_base64="uv4aZbEIo5nkA5qpaRzNbFQHTk4=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9iVoB6DXjxGMA9IlmV2MkmGzM4sM71KXIK/4sWDIl79D2/+jZNkD5pY0FBUddPdFSWCG/C8b2dpeWV1bb2wUdzc2t7Zdff2G0almrI6VULpVkQME1yyOnAQrJVoRuJIsGY0vJ74zXumDVfyDkYJC2LSl7zHKQErhe5hR1lb8/4AiNbqIWOhPw7dklf2psCLxM9JCeWohe5Xp6toGjMJVBBj2r6XQJARDZwKNi52UsMSQoekz9qWShIzE2TT68f4xCpd3FPalgQ8VX9PZCQ2ZhRHtjMmMDDz3kT8z2un0LsMMi6TFJiks0W9VGBQeBIF7nLNKIiRJYRqbm/FdEA0oWADK9oQ/PmXF0njrOyflyu3lVL1Ko+jgI7QMTpFPrpAVXSDaqiOKHpEz+gVvTlPzovz7nzMWpecfOYA/YHz+QNQ6pXK</latexit>�!e1

<latexit sha1_base64="xpCQqmY1zCFUw5PSdXa/ZSbr1Ss=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KUoi6LblxWsA9oQ5hMJ+3QSSbM3Cg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niARXIPjfFuFldW19Y3iZmlre2d3z94/aGmZKsqaVAqpOgHRTPCYNYGDYJ1EMRIFgrWD0fXUb98zpbmM72CcMC8ig5iHnBIwkm8f9aSxFR8MgSglHzLmVye+XXYqzgx4mbg5KaMcDd/+6vUlTSMWAxVE667rJOBlRAGngk1KvVSzhNARGbCuoTGJmPay2fUTfGqUPg6lMhUDnqm/JzISaT2OAtMZERjqRW8q/ud1UwgvvYzHSQospvNFYSowSDyNAve5YhTE2BBCFTe3YjokilAwgZVMCO7iy8ukVa2455Xaba1cv8rjKKJjdILOkIsuUB3doAZqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AUm+Vyw==</latexit>�!e2

PCA is a change of basis “aligned with the data”

Activity in region 1 
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Data before PCA Data after PCA

PCA

Formal: PCA is an orthornomal change of basis such that the covariance of the data in that new basis is diagonal.



Linear regression : definition
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<latexit sha1_base64="soymPTnW3CMo+0/1t4ca43xTqwE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALorjOY=</latexit>

Y

<latexit sha1_base64="L7N7UZSS/wKQC2DQoJDTDfgLm4A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuKeM5Q==</latexit>

X
<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

�

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

� is the intercept of the linear fit

is the slope of the linear fit

Linear regression predicts the value of an 
output variable Y based on the value of an 
input variable X, assuming a linear relationship 
between X and Y:

<latexit sha1_base64="JQ4iPnrhSadx/0zoY75Wtt9AcKY=">AAACC3icbZDJSgNBEIZ7XGPcoh69NAmCKIQZCepFCHrxGMEskAlDT6eSNOlZ6K5Rw5C7F1/FiwdFvPoC3nwbO8tBE39o+Piriur6/VgKjbb9bS0sLi2vrGbWsusbm1vbuZ3dmo4SxaHKIxmphs80SBFCFQVKaMQKWOBLqPv9q1G9fgdKiyi8xUEMrYB1Q9ERnKGxvFzevRdt6DFMB54Y0gvqYg+QHT14gh67vsGslyvYRXssOg/OFApkqoqX+3LbEU8CCJFLpnXTsWNspUyh4BKGWTfREDPeZ11oGgxZALqVjm8Z0gPjtGknUuaFSMfu74mUBVoPAt90Bgx7erY2Mv+rNRPsnLdSEcYJQsgnizqJpBjRUTC0LRRwlAMDjCth/kp5jynG0cQ3CsGZPXkeaidF57RYuikVypfTODJkn+TJIXHIGSmTa1IhVcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWZ8/qt+aKQ==</latexit>

byi = ✓ ⇤ xi + �

where <latexit sha1_base64="AXT9Oh6wmS9/vantioQFAkieeyU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+rxXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNjfo3h</latexit>xi
<latexit sha1_base64="A3MAO5GrU3jlBqCvlNxgS2sZY/8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBlBI3i</latexit>yi
<latexit sha1_base64="wCOPHPPZRamUsNBxwJcwLA4E1T8=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idnSRDZh/O9EaWJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lxVJotO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj25nfnnClRRQ+YBpzN6DDUAwEo2gkt/ckfD6imKV9Me2XK3bVnoOsEicnFcjR6Je/en7EkoCHyCTVuuvYMboZVSiY5NNSL9E8pmxMh7xraEgDrt1sfvSUnBnFJ4NImQqRzNXfExkNtE4Dz3QGFEd62ZuJ/3ndBAfXbibCOEEessWiQSIJRmSWAPGF4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg6l9Xafa1Sv8njKMIJnMI5OHAFdbiDBjSBwSM8wyu8WRPrxXq3PhatBSufOYY/sD5/AF2QkoA=</latexit>

byi

is the input variable for sample i

is the output variable for sample i

is the prediction for sample i



Discrete Fourier Transform (DFT) : definition

<latexit sha1_base64="2HtejZB/MD71IEiDBBEkPNWVhIo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7AekoWw2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3QmKY4JK1gYNgvVQzkoSCdcPx7czvPjJtuJIPMElZkJCh5DGnBKzk9594xEYE8t50UK25dXcOvEq8gtRQgdag+tWPFM0SJoEKYozvuSkEOdHAqWDTSj8zLCV0TIbMt1SShJkgn588xWdWiXCstC0JeK7+nshJYswkCW1nQmBklr2Z+J/nZxBfBzmXaQZM0sWiOBMYFJ79jyOuGQUxsYRQze2tmI6IJhRsShUbgrf88irpXNS9y3rjvlFr3hRxlNEJOkXnyENXqInuUAu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwCoqJGD</latexit>

bX
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DFT is a change of basis, which re-expresses an input sequence X into a 
new basis of sine and cosine functions (i.e. frequency domain):

where 
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is the Fourier transform

is the Fourier representation

is the input sequence



Low-pass, high-pass and band-pass filters

• A low-pass filter is a filter that passes signals with a frequency lower 
than a selected cutoff frequency and attenuates signals with 
frequencies higher than the cutoff frequency. 

• A high-pass filter is a filter that passes signals with a frequency higher 
than a certain cutoff frequency and attenuates signals with 
frequencies lower than the cutoff frequency.

• A band-pass filter is the combination of a high-pass and a low-pass 
filter



Definition of clustering
Clustering is grouping a collection of data points into subsets or “clusters”, such that the 
points within each cluster are closer to one another than points assigned to different clusters.
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K-means clustering algorithm
K-means clustering starts with guesses for the ‘K’ cluster centers. Then it alternates the following 
steps until convergence: 
1) for each data point, the closest cluster center (in Euclidean distance) is identified; 
2) each cluster center is replaced by the coordinate-wise average of all data points that are closest 
to it (i.e., center of mass).

source: https://en.wikipedia.org/wiki/K-means_clustering



Hierarchical clustering algorithm
Hierarchical clustering recursively merges a selected pair of clusters into a single cluster. This 
produces a grouping at the next higher level with one less cluster. The pair chosen for merging 
consists of the two groups with the smallest intergroup dissimilarity. 

source: https://en.wikipedia.org/wiki/Hierarchical_clustering 

Hierarchical clustersRaw data



K-nearest neighbor algorithm: definition
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A data point is classified by a vote of its neighbors, with the point being assigned to the class 
most common among its ‘k’ nearest neighbors (‘k’ is a positive integer, typically small).



Decision tree: definition
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A decision tree is built by splitting a dataset into subsets recursively. Each split operates on one feature of the 
dataset, and tries to maximize the separation of classes. The recursion is completed when the subset of points at 
any given node all have the same value.

source: https://en.wikipedia.org/wiki/Decision_tree_learning
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Random Forest: definition

source: https://en.wikipedia.org/wiki/Random_forest

Decision trees are prone to overfitting. A random forest operates by constructing a multitude of decision trees 
at training time. The output of the random forest is the class selected by most trees. Random forests generally 
outperform decision trees. Random forest belongs to the class of “ensemble learning” algorithms.



t-SNE data visualization: definition
t-distributed stochastic neighbor embedding (t-SNE) is a method for visualizing high-dimensional data by 
giving each datapoint a location in a two or three-dimensional map. It is a nonlinear dimensionality reduction 
technique well-suited for embedding high-dimensional data for visualization in a low-dimensional space of 
two or three dimensions. 

source: https://www.brainimmuneatlas.org/index.php

Single-cell RNA sequencing datasets of brain immune 
cells, projected into 2 dimensions using t-SNE



Deep networks: definition
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where net() is composed of layers defined by: 

The network output is given by:

A deep neural network is an artificial neural network 
with multiple layers between the input and output 
layers. The network takes as an input a data sample ‘x’ 
and predicts as its output the data label ‘y’:

Function 
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