
MfA: Python in the City

Katherine St. John
City University of New York

American Museum of Natural History

Goal: Sit at a table with someone who you did not sit with the first two sessions.
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Recap: Workshop Overview

Three sessions:

1 Flood Maps (arrays & images)

2 School Attendence (structured data, file I/O)

3 Mapping Collisions (using objects, mapping
coordinates)

Each session:

Design Challenge

I Analyze a publicly available dataset
I Introduce computing concepts &

packages
I Write a program to solve the problem

Variations on the theme

Design a Challenge
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HTML-Scalable Maps: Folium
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Folium

A module for making HTML maps.

It’s a Python interface to the popular
leaflet.js.

Outputs .html files which you can open in a
browser.

An extra step:

Write → Run → Open .html
code. program. in browser.
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Demo

(Map created by Folium.)
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Your turn: Make a map using folium
To use:

import folium

Create a map:

myMap = folium.Map()

Make markers:

newMark = folium.Marker([lat,lon],popup=name)

Add to the map:

newMark.add to(myMap)

Can customize map with starting location, zoom level
and background map (“tiles”):

myMap = folium.Map(location=[40.75, -74.125],

zoom start=10, tiles=’Stamen Watercolor’)

Many options to customize background map (“tiles”):

(Some background map options: Stamen Terrain’,
’Stamen Watercolor’, ’Mapbox Bright’,
’Stamen Toner’, ’Cartodb Positron’)

Save to a file:

myMap.save(outfile="myMap.html")
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In Pairs of Triples

Predict which each line of code does:

(example from Folium documentation)
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Recall: Film Permits Example

Download the data as a CSV file and store on your computer.

Python program:
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Extracting Data for a Map
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Extracting Data for a Map

Steps:
I Download the data as a CSV file and store on your computer.
I Filter for latitude and longitude (not blank).
I Use pandas to read in data.

Many ways to access data from pandas:
I Since we are extracting row-by-row to create objects, will iterate

through the dataFrame (df.iterrows()).
I Can also, pull comments & iterate over zip:

for (lat,lon) in zip(df["LATITUTE"],df["LONGITUDE"])
I Using apply() is possible, but it returns a series or dataFrame, so,

processing still required.
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Extracting Data for a Map

Python program:
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Extracting Data

Make a map with only the accidents during evening rush hour.
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geoJSON Format & Choropleth Maps

School districts shaded by math test scores.
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geoJSON Format & Choropleth Maps

School districts shaded by math test scores.

Two data files:

geoJSON file with polygonal regions (from OpenData NYC Planning)

CSV file with test scores (NYC Department of Education)

(Links on webpage.)
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geoJSON Format & Choropleth Maps
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Design Challenge: Catchment Areas

Worksheet: design an algorithm to find catchment areas for NYC libraries.
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Design Challenge: Approaching Problems

© CareerCup.com

Books by
Gayle

CRACKING THE

CODING
S K I L L S

1 Listen
Pay very close attention to any info in the 
problem description. You probably need it 
all for an optimal algorithm.

2 Example
Most examples are too small or are special 
cases. Debug your example. Is there any way 
it’s a special case? Is it big enough?

3 Brute Force
Get a brute-force solution as soon as possible. Don’t 
worry about developing an efficient algorithm 
yet. State a naive algorithm and its runtime, then 
optimize from there. Don’t code yet though!

4 Optimize
Walk through your brute force with BUD 
optimization or try some of these ideas:

 � Look for any unused info. You usually need all 
the information in a problem. 

 � Solve it manually on an example, then reverse 
engineer your thought process. How did you 
solve it?

 � Solve it “incorrectly” and then think about why 
the algorithm fails. Can you fix those issues?

 � Make a time vs. space tradeoff. Hash tables are 
especially useful!

5 Walk Through
Now that you have an optimal solution, walk 
through your approach in detail. Make sure you 
understand each detail before you start coding.

6 Implement
Your goal is to write beautiful code. 
Modularize your code from the beginning 
and refactor to clean up anything that isn’t 
beautiful.

7 Test
Test in this order:

1. Conceptual test. Walk through your code 
like you would for a detailed code review.

2. Unusual or non-standard code.

3. Hot spots, like arithmetic and null nodes.

4. Small test cases. It’s much faster than a big 
test case and just as effective.

5. Special cases and edge cases.

And when you find bugs, fix them carefully!

BUD Optimization
Bottlenecks

Unnecessary Work

Duplicated Work

Created By Gayle 
Laakmann McDowell

Best Conceivable 
Runtime (BCR)
BCR is the runtime you know you 
can’t beat. For example, if asked 
to compute the intersection of 
two sets, you know you can’t beat 
O(|A|+|B|). 

5 Approaches
 � BUD: Look for bottlenecks, 

unnecessary work, 
duplicated work.

 � DIY: Do It Yourself

 � Simplify & Generalize: 
Solve a simpler version.

 � Base Case & Build: Solve for 
the base cases then build 
from there.

 � Data Structure Brainstorm: 
Try various data structures.

Do not…
 � Do not ignore information given. Info is there for a reason.

 � Do not try to solve problems in your head. Use an example!

 � Do not push through code when confused. Stop and think!

 � Do not dive into code without interviewer “sign off.”

What You Need To Know

1 Data Structures: Hash Tables, Linked Lists, Stacks, Queues, 
Trees, Tries, Graphs, Vectors, Heaps.

2 Algorithms: Quick Sort, Merge Sort, Binary Search, Breadth-
First Search, Depth-First Search.

3 Concepts: Big-O Time, Big-O Space, Recursion & Memoization, 
Probability, Bit Manipulation.

Exercises:

 � Implement data structures & algorithms from scratch.

 � Prove to yourself the runtime of the major algorithms.

(From: Cracking the Coding Interview)
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Design Challenge: Catchment Areas

Called Voronoi Diagrams.

Can be computed in O(n2) time: many different approaches.

Share your approaches. (Links on webpage of some approaches.)

K. St. John (Hunter & AMNH) Session 3 11 December 2019 26 / 32



Design Challenge: Catchment Areas

Called Voronoi Diagrams.

Can be computed in O(n2) time: many different approaches.

Share your approaches. (Links on webpage of some approaches.)

K. St. John (Hunter & AMNH) Session 3 11 December 2019 26 / 32



Design Challenge: Catchment Areas

Called Voronoi Diagrams.

Can be computed in O(n2) time: many different approaches.

Share your approaches.

(Links on webpage of some approaches.)

K. St. John (Hunter & AMNH) Session 3 11 December 2019 26 / 32



Design Challenge: Catchment Areas

Called Voronoi Diagrams.

Can be computed in O(n2) time: many different approaches.

Share your approaches. (Links on webpage of some approaches.)

K. St. John (Hunter & AMNH) Session 3 11 December 2019 26 / 32



Outline

Recap

HTML-Scalable Maps: Folium

Extracting Data

geoJSON Format & Choropleth Maps

Break

Design Challenge: Catchment Areas

Design Challenge: Clustering Data

Wrap Up

K. St. John (Hunter & AMNH) Session 3 11 December 2019 27 / 32



Design Challenge: Clustering Data

You have 3 emergency service trucks.

Where to put them to minimize distances to collisions?
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Design Challenge: Clustering Data

You have 3 emergency service trucks.

Where to put them to minimize distances to collisions?

Called k-means clustering.

Computationally hard to compute.

Intuition for why: allowed to place the trucks anywhere (not
restricted to inputted points) so many, many possible locations.

Approximations used instead.
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Wrap-Up

Three sessions:

1 Flood Maps (arrays & images)
2 School Attendence (structured data,

file I/O)
3 Mapping Collisions (using objects,

mapping coordinates)

HTML-Scalable Maps: Folium

Extracting Data: more on pandas

geoJSON Format & Choropleth Maps

Design Challenge: Catchment Areas

Design Challenge: Clustering Data
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Thank you!

(Image: NY Times)
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