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What we’ll cover today

− Overview of exercise 1
− Revisit course schedule and objectives
− Introduce final project 
− Recap from last week 
− Python tutorial II 

• Functions, modules, reading and 
writing files 







Course objectives and outcomes

1. Become familiar with programming and integrating new tools in your work
2. Develop an interesting “research” question and learn how to answer it by:

• Selecting appropriate data 

• Applying relevant analysis and visualization techniques

• Interpreting and refining your results
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Location Wiedikon Zürich 14 survey checkpoints along experimental path

Final projects: Possible dataset
ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies



Example

(Raw) data from 37 participants:  
− Investigate impact of static (urban morphology) 

and dynamic features (environmental sensors) 
of the built environment on perception (using 
surveys and biofeedback data)

ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies



Mobile sensor equipment
Sensorbackpack with environmental and position sensors
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Mobile Sensor equipment
Biofeedback wristband
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https://www.empatica.com/e4-wristband



Mobile Sensor equipment
Biofeedback wristband



Experimental data-set

http://esum.arch.ethz.ch/



Background
How can data mining be creative? 

Data collection Data selection Processing Transformation Machine Learning Visualization & Interpretation

Typical Knowledge Discovery Diagram (KDD) 

What do we want to know?



Background
How can data mining be creative? 

Data collection Data selection Processing Transformation Machine Learning Visualization & Interpretation

Typical Knowledge Discovery Diagram (KDD) 

Domain specific data source(s)



Background
The not-so creative, but essential part of data mining

Data collection Data selection Processing Transformation Machine Learning Visualization & Interpretation

Typical Knowledge Discovery Diagram (KDD) 

Is the data usable?



Final Project Description  

1. Formulate 1-2 specific question(s) of interest to you 

2. State your hypothesis/expected outcome based on supporting 
literature (minimum one source) your expertise, and intuition 

3. Answer that question through your analysis, for this: 
• Select the best available data sources for your question (min. of 2 data sources)

• Include at least one supervised learning or unsupervised learning technique 

4. Summarize your results
• Does your analysis answer your question(s)?

5. Conclusions & lessons learned
• Fore example if you had more time, data, resources, etc. how would you improve 

your study

6. Include motivation and references

Images: Final project CDM Spring 2017 by Biyu Wang & Jiani Liu
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One example from last year

Final project from Jochen Aarts and Stéphane de Weck Creative Data Mining FS2016



What is programming? 

− Programming is about solving problems 
and puzzles. You describe a precise set 
of instructions which the computer 
follows exactly. 

For example if we want to sort a list: 

list=[23, 44, 5, 17, 8, 90, 102]
list.sort()
print(list)

output: [5, 8, 17, 23, 44, 90, 102]



Types and Values

− Values are for example: 5, 12.6, True or 
“Hello world” 

− Each value is of a certain type

• Numbers are:

• True is: 

• “Hello world” is: 

numeric (integer or float) 

boolean (only two values or states)

a string (list of characters) 



Operators 

− Operators represent a value 
manipulation (+, -, /, %, ….)

− It is important to check that the data 
type is correct, otherwise you might get 
an unexpected result.

p=int(17/9)
print(p)

p=round(17/9)
print(p)

p=float(17/9)
print(p)

Output: 

1

2

1.8888888888



Data Structures

There are three basic data structures in Python: 

1. Lists- A sequence of values of any type 

2. Lists provide several functionalities: 

Example: 

CDM=['There are', [20, 17, 11, 7],'students 
registered and', 2, 'instructors']

CDM[2] #Accesses the third value
CDM.remove(2) #Removes the first occurrence of 2
CDM.append(2) #Adds 2 to the end of the list



Data Structures

There are three basic data structures in Python: 

2. Tuples- a sequence of values of any type, 
however cannot be altered after it is 
initiated. 

Example: 

CDM=('There are', [20, 17, 11, 7],'students registered and', 2, 
'instructors')

Vs.

CDM=['There are', [20, 17, 11, 7],'students registered and', 2, 
'instructors’]



Data Structures

There are three basic data structures in Python: 

3. Dictionaries- store data as key-value pairs. 
Each key has an associated value. 

CDM={'Number of students so far': [20, 17, 11, 7]}

CDM['Number of students so far']
# Returns [20,17,11,7]

CDM['final number']='usually 1/3 of first day’
#Adds a new element with key ‘final number’ and value ‘usually 1/3 of 
the first day’

Example 



Logical Operators

Logical Operators are expressions that evaluate to either True or False.
They are normally used in conditional statements.
Relational operators: ==, !=, <, >, <=, >=, and, or, not
They stand for: equal, not equal, smaller, greater, smaller equal, greater equal, and, or, not

Examples:
x < 2 or x >= 0
x == 0 or x != 0
not (x == 0 or x > 100)



Functions

If you do not want to retype the same code over and over again, you 
can define a function that you can call over and over again

Structure:
def funtionName(parameters):

instructions
return variable

Example:
def square(a):

a = a * a
return a

# To get the square of 6, now just write:

square(6)



Built-in python Functions

https://docs.python.org/3/library/functions.html



Modules

− Often, more complicated code is already implemented and can be used as modules. They 
help to be more efficient, because the programmer does not need to implement everything 
from scratch.

− When installed, modules can be integrated in the code using the keyword import. 

Example: 
import pandas as pd

# imports the Pandas module, and now you can access the built in functions



Working with Files

Reading in a file using pandas: 
d=pd.read_csv(‘filename.csv’, 
header=None)

Creating dataframes: 
df=pd.Dataframe(data=d)

Appending column names: 

23:30.4 1 1 -2 1 -2 -1 -1 0 2 -1 2 1 1
24:57.0 2 1 -2 1 -1 -1 1 1 2 0 1 1 1
29:03.1 3 2 -2 -1 2 1 1 -1 2 1 2 2 1
30:37.1 4 2 -1 1 0 1 0 2 2 1 2 2 1
34:24.9 5 -1 -1 -1 -2 2 1 -1 2 -1 1 2 0
36:37.1 6 1 0 2 -1 1 -1 1 2 1 1 1 1
38:38.9 7 1 -1 -1 -1 1 1 1 2 1 0 1 1
40:37.8 8 -1 1 -1 -2 1 -1 -1 2 -1 1 1 2
41:44.5 9 1 -1 1 -1 1 1 -1 2 1 -1 1 1
44:48.4 10 1 -1 1 0 1 -1 -1 2 -1 1 1 1
46:38.4 11 1 1 -2 -1 1 -1 -1 2 -1 1 1 0
48:04.0 12 1 -1 1 -1 2 1 -1 2 0 2 1 0
50:28.5 13 -1 1 -2 -2 2 0 -2 2 -1 1 1 1
51:56.2 14 1 2 1 -1 2 -1 1 2 2 2 1 1

columnNames=['Date-Time', 'path-point', 'like-dislike', 'familiar-unfailiar', 'ordered-chaotic', 'quiet-noisy', 'public-private', 
'interesting-boring', 'empty-crowded', 'secure-insecure', 'beautiful-ugly', 'spacious-narrow', 'open-enclosed', 'light-dark']

df.columns = columnNames



Manipulating dataframes

https://pandas.pydata.org/pandas-docs/stable/generated/pandas.DataFrame.html

For Example, from the previous dataset apply the Transpose Attribute: 

transpose= df.T[1:14]
print(transpose)

Writing files into a folder: 

import os
#hint the os module will also help with your hw

os.makedirs(r'./Single-survey/') #creates the directory
newpath = r'./Single-survey/‘ #creates access

Transpose.to_csv(newpath +‘transpose.csv‘) 
#now look in your working directory to find the new csv file



Programming assignment 

Transform the survey data from each ESUM participant by survey question:

• The output from each participant’s survey responses is a single dataframe (csv file); 
each participant answered 12 questions at each of the 14 check points

• Your task is to create a program which automatically generates a single dataframe
(csv file) for each of the 12 questions; you should have 12 csv files (32 participants 
by 14 check points with the populated survey results) 

• Write the files to a single folder and include this with the python file in a zip folder 
and email it to us by 9am October 30th

Data Processing: data transformation

|



Conceptual assignment 

Research other examples of urban data mining and make 2 slides about the most interesting 
project/application/research group(s) that you find.  This will be presented at the beginning of next lecture

• Please send your slides to us by 9am on October 30th

http://esum.arch.ethz.ch/



Thank you!

Varun Ojha  ojha@arch.ethz.ch

Danielle Griego griego@arch.ethz.ch

mailto:ojha@arch.ethz.ch
mailto:griego@arch.ethz.ch
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