Final Exam - DSC 10, Spring 2024

Full Name:

PID:

Seat you are in:

Instructions:

e This exam consists of 16 questions, worth a total of 238 points.
e Write your PID in the top right corner of each page in the space provided.

e Please write clearly in the provided answer boxes; we will not grade work that appears
elsewhere. Completely fill in bubbles and square boxes; if we cannot tell which option(s)
you selected, you may lose points.

(O A bubble means that you should only select one choice.
[ ] A square box means you should select all that apply.

e If your answer is a string, make sure to put it in quotes. If your answer is a float, make
sure to include a decimal point.

e Aside from the provided Reference Sheet, you may not refer to any other resources or
technology during the exam (no notes, no calculators).

By signing below, you are agreeing that you will behave honestly and fairly during and after
this exam.

Signature:

Version A

Please do not open your exam until instructed to do so.



Important: Before proceeding, make sure to read the page called San Diego Apartments.

Question 1 (12 pts)

Yutian wants to rent a one-bedroom apartment, so she decides to learn about the housing
market by plotting a density histogram of the monthly rent for all one-bedroom apartments
in the apts DataFrame. In her call to the DataFrame method .plot, she sets the bins using
the parameter

bins = np.arange(0, 10000, 100).

a) (4 pts) How many bins will this histogram have?

b) (4 pts) Suppose there are 300 one-bedroom apartments in the apts DataFrame, and
15 of them cost between $2,300 (inclusive) and $2,400 (exclusive). How tall should
the bar for the bin [2300, 2400) be in the density histogram? Give your answer as a
simplified fraction or exact decimal.

c) (4 pts) Suppose some of the one-bedroom apartments in the apts DataFrame cost more
than $5,000. Next, Yutian plots another density histogram with

bins = np.arange(0, 5000, 100).
Consider the bin [2300, 2400) in this new histogram. Is it taller, shorter, or the same
height as in the old histogram, where the bins were np.arange (0, 10000, 100)7

(O Taller

(O Shorter

(O The same height

(O Not enough information to answer
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Question 2 (16 pts)

Michelle and Abel are each touring apartments for where they might live next year. Michelle
wants to be close to UCSD so she can attend classes easily. Abel is graduating and wants
to live close to the beach so he can surf. Each person makes their own DataFrame (called
michelle and abel respectively), to keep track of all the apartments that they toured. Both
michelle and abel came from querying apts, so both DataFrames have the same columns
and structure as apts.

Here are some more details about the apartments they toured:

e Michelle toured one bedroom and studio apartments at 12 different complexes, or
24 apartments total.

e Abel toured one bedroom and two bedroom apartments at 20 different complexes,
or 40 apartments total.

e There are 8 complexes that are near both UCSD and the beach, and both Michelle and
Abel toured these complexes.

We’ll assume for this problem only that there is just one apartment of each size available at
each complex, so that if they both tour a one bedroom apartment at the same complex, it
is the exact same apartment with the same "Apartment ID".

a) (4 pts) What does the following expression evaluate to?

michelle.merge(abel, left_index=True, right_index=True) .shape[0]

b) (4 pts) What does the following expression evaluate to?
michelle.merge(abel, on = "Bed").shape[0]

c) (4 pts) What does the following expression evaluate to?

michelle.merge(abel, on = "Complex").shape[0]

d) (4 pts) What does the following expression evaluate to?
abel.merge(abel, on = "Bed").shape[O0]




Question 3 (17 pts)

We wish to compare the average rent for studio apartments in different complexes.

a)

b)

(8 pts) Our goal is to create a DataFrame studio_avg where each complex with studio
apartments appears once. The DataFrame should include a column named "Rent"
that contains the average rent for all studio apartments in that complex. For each of
the following strategies, determine if the code provided works as intended, gives an
incorrect answer, or errors.

(i) studio = apts[apts.get("Bed") == "Studio"]
studio_avg = studio.groupby("Complex") .mean() .reset_index()
(O Works as intended (O Gives an incorrect answer (O Errors
(ii) studio_avg = apts.groupby("Complex").min() .reset_index()
(O Works as intended (O Gives an incorrect answer (O Errors
(iii) grouped = apts.groupby(["Bed", "Complex"]).mean().reset_index()
studio_avg = grouped[grouped.get("Bed") == "Studio"]
() Works as intended (O Gives an incorrect answer (O Errors
(iv) grouped = apts.groupby("Complex") .mean() .reset_index()
studio_avg = grouped[grouped.get("Bed") == "Studio"]
(O Works as intended (O Gives an incorrect answer (O Errors

(6 pts) Consider the DataFrame alternate_approach defined as follows

grouped = apts.groupby(["Bed", "Complex"]).mean().reset_index()
alternate_approach = grouped.groupby("Complex") .min()

Suppose that the "Rent" column of alternate_approach has all the same values as
the "Rent" column of studio_avg, where studio_avg is the DatakFrame described in
part (a). Which of the following are valid conclusions about apts? Select all that

apply.

[ ] No complexes have studio apartments.

[ ] Every complex has at least one studio apartment.
[ ] Every complex has exactly one studio apartment.
[ ] Some complexes have only studio apartments.

[ ]In every complex, the average price of a studio apartment is less than or equal to
the average price of a one bedroom apartment.

[ ] In every complex, the single cheapest apartment is a studio apartment.
[ ] None of these.
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c) (3 pts) Which data visualization should we use to compare the average prices of studio
apartments across complexes?

(O Line chart (O Bar chart (O Scatter plot (O Histogram

Question 4 (8 pts)
According to Chebyshev’s inequality, at least 80% of San Diego apartments have a monthly
parking fee that falls between $30 and $70.

a) (4 pts) What is the average monthly parking fee?

b) (4 pts) What is the standard deviation of monthly parking fees?

20 40

7 O 7 O 20v5 O 40v/5

O

Question 5 (6 pts)
You are given the following information about security deposits for a sample of 400 apart-
ments in the Mission Hills neighborhood of San Diego:
e Mean deposit: $2,300
e Standard Deviation of deposits: $500
Using the fact that scipy.stats.norm.cdf (-0.8) evaluates to about 0.21, construct a 58%

confidence interval for the mean security deposit of all Mission Hills apartments. Below, give
the endpoints of your confidence interval, both as integers.

Left endpoint: Right endpoint:




Question 6 (22 pts)
You want to use the data in apts to test both of the following pairs of hypotheses:
Pair 1:

e Null Hypothesis: In San Diego, the number of one bedroom apartments available for
rent is equal to the number of two bedroom apartments available for rent.

e Alternative Hypothesis: In San Diego, the number of one bedroom apartments
available for rent is greater than the number of two bedroom apartments available for
rent.

Pair 2:

e Null Hypothesis: In San Diego, the number of one bedroom apartments available for
rent is equal to the number of two bedroom apartments available for rent.

e Alternative Hypothesis: In San Diego, the number of one bedroom apartments
available for rent is not equal to the number of two bedroom apartments available for
rent.

In apts, there are 467 apartments that are either one bedroom or two bedroom apartments.
You perform the following simulation under the assumptions of the null hypothesis.

prop_lbr = np.array([])

abs_diff = np.array([])

for i in np.arange(10000):
prop = np.random.multinomial (467, [0.5, 0.5])[0]/467
prop_lbr = np.append(prop_1ibr, prop)
abs_diff = np.append(abs_diff, np.abs(prop-0.5))

You then calculate some percentiles of prop_1br. The following four expressions all evaluate
to True.

np.percentile(prop_1ibr, 2.5) == 0.4
np.percentile(prop_lbr, 5) == 0.42

np.percentile(prop_1ibr, 95) == 0.58
np.percentile(prop_1lbr, 97.5) == 0.6

a) (4 pts) What is prop_1br.mean() to two decimal places?

b) (4 pts) What is np.std(prop-1br) to two decimal places?
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c) (4 pts) What is np.percentile(abs_diff, 95) to two decimal places?

d) (3 pts) Which simulated test statistics should be used to test the first pair of hypotheses?

() prop_1br () abs_diff

e) (3 pts) Which simulated test statistics should be used to test the second pair of hypotheses?
() prop_1br () abs_diff

f) (4 pts) Your observed data in apts is such that you reject the null for the first pair of
hypotheses at the 5% significance level, but fail to reject the null for the second pair at the
5% significance level. What could the value of the following proportion have been?

# of one bedroom apartments in apts

# of one bedroom apartments in apts + # of two bedroom apartments in apts

Give your answer as a number to two decimal places.




Question 7 (32 pts)

You want to know how much extra it costs, on average, to have a washer and dryer in your
apartment. Since this cost is built into the monthly rent, it isn’t clear how much of your
rent will be going towards this convenience. You decide to bootstrap the data in apts to
estimate the average monthly cost of having in-unit laundry.

a) (12 pts) Fill in the blanks to generate 10,000 bootstrapped estimates for the average
monthly cost of in-unit laundry.

yes = apts[apts.get("Laundry")]

no = apts[apts.get("Laundry") == Falsel
laundry_stats = np.array([])

for i in np.arange(10000):

yes_resample = yes.sample(__(a)__, __(b)__)
no_resample = no.sample(__(c)__, __(d)__)
one_stat = __(e)__

laundry_stats = np.append(laundry_stats, one_stat)

a b:
c d:
e:

b) (8 pts) What if you wanted to instead estimate the average yearly cost of having
in-unit laundry?

(i) Below, change blank (e), such that the procedure now generates 10,000 boot-
strapped estimates for the average yearly cost of in-unit laundry.

(ii) Suppose you ran your original code from part (a) and used the results to calculate
a confidence interval for the average monthly cost of in-unit laundry, which came
out to be

[Lar, Ryl

Then, you changed blank (e) as you described above, and ran the code again to
calculate a different confidence interval for the average yearly cost of-unit laundry,
which came out to be

[Ly, Ry] .



c)

d)
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Which of the following is the best description of the relationship between the end-
points of these confidence intervals? Note that the symbol &~ means “approximately
equal”.

() Ly =12% Ly and Ry = 12 % Ry,
() Ly = 12% Ly and Ry ~ 12 % Ry,
(O Ly =12% Ly and Ry = 12 % Ry
(O Ly =12% Ly and Ry =~ 12 % Ry
(O None of these.

(4 pts) You're concerned about the validity of your estimates because you think bigger
apartments are more likely to have in-unit laundry. Instead, you decide to estimate
the average monthly cost of in-unit laundry for one bedroom apartments only.

If your concern is valid and it is true that bigger apartments are more likely to have
in-unit laundry, how will your bootstrapped estimates for the average monthly cost of
in-unit laundry for one bedroom apartments only compare to the values you computed
in part (a) based on all of apts?

(O The estimates will be about the same.
(O The estimates will be generally larger than those you computed in part (a).
(O The estimates will be generally smaller than those you computed in part (a).

(8 pts) Consider the distribution of laundry_stats as computed in part (a). How
would this distribution change if we:

(i) Increased the number of repetitions to 100,0007

(O The distribution would be wider.
(O The distribution would be narrower.
(O The distribution would not change significantly.

(ii) Started with only half of the rows in apts?

(O The distribution would be wider.
(O The distribution would be narrower.
(O The distribution would not change significantly.



Question 8 (8 pts)

Make sure to answer this problem using your best printed handwriting. We need to be able
to clearly read every letter you write!

a) (4 pts) The management of the Solazzo apartment complex is changing the complex’s
name to be the output of the following line of code. Write the new name of this complex
as a string.

Note that the string method .capitalize() converts the first character of a string to
uppercase.

("Solazzo".replace("z", "ala" * 2)
.split("aa") [-1]
.capitalize()
.replace("o", "Jo"))

b) (4 pts) The management of the Renaissance apartment complex has decided to follow
suit and rename their complex to be the output of the following line of code. Write
the new name of this complex as a string.

(("Renaissance".split("n") [1] + "e") * 2).replace("a", "M")

10
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Question 9 (20 pts)

For each expression below, determine the data type of the output and the value of the
expression, if possible. Write the data type in the left box and the value in the right box.
If there is not enough information to determine the expression’s value, write “Unknown” in
the right box.

a) (4 pts) apts.get("Rent").iloc[43] * 4 / 2

type: value:

b) (4 pts) apts.get("Neighborhood").iloc[2] [-3]

type: value:

c) (4 pts) (apts.get("Laundry") + 5).max()

type: value:

d) (4 pts) apts.get("Complex").str.contains("Verde")

type: value:

e) (4 pts) apts.get("Sqft").median() > 1000

type: value:

11



Question 10 (28 pts)
We want to use the data in apts to test the following hypotheses:

e Null Hypothesis: The rents of the apartments in UTC and the rents of the apartments
in other neighborhoods come from the same distribution.

e Alternative Hypothesis: The rents of the apartments in UTC are higher than the
rents of the apartments in other neighborhoods on average.

While we could answer this question with a permutation test, in this problem we will explore
another way to test these hypotheses. Since this is a question of whether two samples
come from the same unknown population distribution, we need to construct a “population”
to sample from. We will construct our “population” in the same way as we would for a
permutation test, except we will draw our sample differently. Instead of shuffling, we will
draw our two samples with replacement from the constructed “population.” We will use
as our test statistic the difference in means between the two samples (in the order UTC
minus elsewhere).

a) (13 pts) Suppose the data in apts, which has 800 rows, includes 85 apartments in UTC.
Fill in the blanks below so that p_val evaluates to the p-value for this hypothesis test,
which we test according to the strategy outlined above.

diffs = np.array([])
for i in np.arange(10000):

utc_sample_mean = __(a)__

elsewhere_sample_mean = __(b)__

diffs = np.append(diffs, utc_sample_mean - elsewhere_sample_mean)
observed_utc_mean = __(c)__
observed_elsewhere_mean = __(d)__

observed_diff = observed_utc_mean - observed_elsewhere_mean
p_val = np.count_nonzero(diffs __(e)__ observed_diff) / 10000

e: O> O »>= O < O <= == O 1=

12



b)
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(5 pts) Now suppose we tested the same hypotheses with a permutation test using the
same test statistic. Which of your answers above (part a) would need to change? Select
all that apply.

[ ] blank (a)

[ ] blank (b)

[ ]blank (c)

[ ] blank (d)

[ ] blank (e)

[ ] None of these.

(10 pts) Now suppose we test the following pair of hypotheses.

e Null Hypothesis: The rents of the apartments in UTC and the rents of the
apartments in other neighborhoods come from the same distribution.

e Alternative Hypothesis: The rents of the apartments in UTC are different
than the rents of the apartments in other neighborhoods on average.

Then we can test this pair of hypotheses by constructing a 95% confidence interval for a
parameter and checking if some particular number, z, falls in that confidence interval.
To do this:

(i) What parameter should we construct a 95% confidence interval for? Your answer
should be a phrase or short sentence.

(ii) What is the value of 27 Your answer should be a number.

(iii) Suppose x is in the 95% confidence interval we create. Select all valid conclusions
below.

[ ] We reject the null hypothesis at the 5% significance level.
[ ] We reject the null hypothesis at the 1% significance level.
[ ] We fail to reject the null hypothesis at the 5% significance level.
[ ] We fail to reject the null hypothesis at the 1% significance level.

13



Question 11 (8 pts)

Next year, six of the DSC tutors (Kathleen, Sophia, Kate, Ashley, Claire, and Vivian) want
to rent a 3-bedroom apartment together. Fach person will have a single roommate with
whom they’ll share a bedroom. They determine the bedroom assignments randomly such
that each possible arrangement is equally likely.

For both questions below, give your answer as a simplified fraction or exact decimal.

Hint: Both answers can be expressed in the form % for an integer value of k.

a) (4 pts) What is the probability that Kathleen and Sophia are roommates?
Hint: Think about the problem from the perspective of Kathleen.

b) (4 pts) What is the probability that the bedroom assignments are the following:
Kathleen with Sophia, Kate with Ashley, and Claire with Vivian?

14
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Question 12 (20 pts)

Suppose you know the following information.

e The average monthly rent for the apartments in apts is $3,000 with a standard deviation
of $400.

e The average size of the apartments in apts is 2,000 square feet, with a standard devi-
ation of 100 square feet.

e The correlation coefficient between rent and square footage is 0.9.

For all parts of this question, give your answer as an integer.

For all parts of this question, give your answer as an integer.

a) (4 pts) Suppose the rents are normally distributed. What is the rent below which 84%
of apartments are priced?

b) (4 pts) Sophie’s apartment rents for $5,000. What is this rent in standard units?

c) (4 pts) Based on what you know about the rent of Sophie’s apartment, use the regression
line to predict the square footage of Sophie’s apartment.

d) (4 pts) Sophie’s apartment is actually 2,300 square feet. What is the residual of your
prediction?

e) (4 pts) Cici’s apartment is 1,800 square feet. Based on this information, use the
regression line to predict the rent of Cici’s apartment.

15



Question 13 (13 pts)

a) (3 pts) Values in the "Bath" column are "One", "One and a half", "Two", "Two and
a half", and "Three". Fill in the blank in the function float_bath that will convert
any string from the "Bath" column into the corresponding number of bathrooms, as a
float. For example float_bath("One and a half") should return 1.5.

def float_bath(s):
if "One" in s:
n_baths = 1
elif "Two" in s:

n_baths = 2

else:
n_baths = 3

if "and a half" in s:
__(a)__

return n_baths

What goes in blank (a)?

b) (6 pts) Values in the "Lease Term" column are "1 month", "6 months", and "1
year". Fill in the blanks in the function int_lease() that will convert any string
from the "Lease Term" column to the corresponding length of the lease, in months, as
an integer.

def int_lease(s):
if s[-1] == "r":
return __(b)__
else:
return __(c)__

What goes in blank (b)?

What goes in blank (c)?

16
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c) (4 pts) Values in the "Bed" column are "Studio", "One", "Two", and "Three". The
function int_bed provided below converts any string from the "Bed" column to the
corresponding number of bedrooms, as an integer. Note that "Studio" apartments
count as having 0 bedrooms.

def int_bed(s):

if s == "Studio":
return 0O

elif s == "One":
return 1

elif s == "Two":
return 2

return 3

Using the provided int_bed function, write one line of code that modifies the "Bed"
column of the apts DataFrame so that it contains integers instead of strings.

Important: We will assume throughout the rest of this exam that we have converted
the "Bed" column of apts so that it now contains ints.

Question 14 (6 pts)

Consider the following four slopes.

1. The slope of the regression line predicting "Rent" from "Sqft".
2. The slope of the regression line predicting "Sqft" from "Rent".
3. The slope of the regression line predicting "Rent" from "Bed".

4. The slope of the regression line predicting "Bed" from "Rent".

Note that we don’t have enough information to calculate all of these slopes, but you should
be able to answer the questions below based not on calculation, but on the interpretation of
what these slopes represent in the context of housing.

a) (3 pts) Which of the above slopes do you expect to be the largest?

O1 O2 O3 O4
b) (3 pts) Which of the above slopes do you expect to be the smallest?

O1 0?2 O3 O 4

17



Question 15 (8 pts)

Imagine a DataFrame constructed from apts called bedrooms, which has one row for each
bedroom in an apartment in apts. More specifically, a one bedroom apartment in apts will
appear as one row in bedrooms, a two bedroom apartment in apts will appear as two rows
in bedrooms, and a three bedroom apartment in apts will appear as three rows in bedrooms.
Studio apartments will not appear in bedrooms at all.

The "Apartment ID" column of bedrooms contains the "Apartment ID" of the apartment
in apts. Notice that this is not the index of bedrooms since these values are no longer
unique. The "Cost" column of bedrooms contains the rent of the apartment divided by the
number of bedrooms. All rows of bedrooms with a shared "Apartment ID" should therefore
have the same value in the "Cost" column.

a) (3 pts) Recall that apts has 800 rows. How many rows does bedrooms have?

(O 800
(O More than 800.

(O Less than 800.
(O Not enough information.

b) (5 pts) Suppose no_studio is defined as follows. (Remember, we previously converted
the "Beds" column to integers.)
no_studio = apts[apts.get("Bed") != 0]
Which of the following statements evaluates to the same value as the expression below?
bedrooms.get ("Cost") .mean()
Select all that apply.
[ ]no_studio.get("Rent") .mean()
[ |no_studio.get("Rent").sum() / apts.get("Bed").sum()
[ ] (no_studio.get("Rent") / no_studio.get("Bed")) .mean()
[ ] (no_studio.get("Rent") / no_studio.get("Bed").sum()).sum()

[ |no_studio.get("Rent") .mean() / no_studio.get("Bed") .mean()
[ ] None of these.

18
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Question 16 (14 pts)
The table below shows the proportion of apartments of each type in each of three neigh-
borhoods. Note that each column sums to 1.

a)

b)

Type North Park | Chula Vista | La Jolla
Studio 0.30 0.15 0.40
One bedroom 0.40 0.35 0.30
Two bedroom 0.20 0.25 0.15
Three bedroom 0.10 0.25 0.15

(4 pts) Find the total variation distance (TVD) between North Park and Chula Vista.
Give your answer as an exact decimal.

(4 pts) Which pair of neighborhoods is most similar in terms of types of housing, as
measured by TVD?

(O North Park and Chula Vista
(O North Park and La Jolla
(O Chula Vista and La Jolla

(6 pts) 256% of apartments in Little Italy are one bedroom apartments. Based on this
information, what is the minimum and maximum possible TVD between North Park
and Little Italy? Give your answers as exact decimals.

Minimum: Maximum:

19



Feel free to draw us a picture or tell us about your fondest memory from DSC 10 this quarter.

Before turning in your exam, please make sure that your PID is on every page.

Congratulations on finishing DSC 10!
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San Diego Apartments

Today, we’ll explore data on 800 different apartments available for rent in San Diego. Each
row in the DataFrame apts corresponds to an individual apartment. The DataFrame is
indexed by "Apartment ID" (int), which is a unique identifier for the apartment. The
columns of apts are as follows:

e "Rent" (int): The monthly rent for the apartment, in dollars.

e "Bed" (str): The number of bedrooms in the apartment. Values are "Studio",
"One", "Two", and "Three".

e "Bath" (int): The number of bathrooms in the apartment. Values are "One", "One
and a half" "Two", "Two and a half" K and "Three".

e "Laundry" (bool): If the apartment comes with an in-unit washer and dryer.
e "Sqft" (int): The area of the apartment, in square feet.

e "Neighborhood" (str): The neighborhood in which the apartment is located.
e "Complex" (str): The complex the apartment is a part of.

e "Lease Term" (str): The duration of the apartment’s lease. Values are "1 month",
"6 months", and "1 year".

The first few rows of apts are shown below, though apts has many more rows than pictured,
800 in total. The data in apts is only a sample from the much larger population of all San
Diego apartments.

Rent Bed Bath Laundry Sqft Neighborhood Complex Lease Term
Apartment ID

84914 2500 One 1 True 714 UTC Costa Verde Village 6 months
90742 4500 Two 1 True 920 UTC Costa Verde Village 6 months
58323 2136 Studio 1 False 546 Midway Bevel Apartments 1 year
32067 4965 Three 2 True 1500 UTC La Regencia 1 year
12949 3230 Two 2 False 1020 La Jolla Solazzo 6 months
47683 2800 One 1 True 550 uTC Westwood 6 months
19880 2926 Studio 1 True 595 Serra Mesa Ariva 1 year

Throughout this exam, assume that we have already run import babypandas as bpd and
import numpy as np.



DSC 10 Reference Sheet

Below, df is a DataFrame, ser is a Series, arr is an array, babypandas has been imported as bpd, and numpy has been imported

as np.

Building and Organizing DataFrames

Each function/method below creates a new DataFrame. Remember to
save it!

bpd.DataFrame()
Creates an empty DataFrame.

bpd.read_csv(path_to_file)
Creates a DataFrame by reading from a CSV file.

df.assign(name_of_column=column_data)
Adds/replaces a column. name_of_column should not have quotes
or spaces.

df.drop(columns=column_name or [col_1i_name, ..., col_k_name])
Drops a single column, or every column in a list of column names.

df.set_index(column_name)
Moves a column to the index.

df.reset_index()
Moves the index to a column.

df.sort_values(by=column_name, ascending=True)
Sorts the entire DataFrame in ascending order by the values in a
column. ascending can be omitted, as its default value is True.

left.merge(right, left_on=left_column, right_on=right_column)
Merges the DataFrames left and right by the specified columns.
Can use on instead of left_on and right_on if the column names
are the same.

left.merge(right, left_index=True, right_on=right_column)
Merges using left’s index instead of a column. Can also be done
with right_index=True.

Accessing Data

df.shapel[e] and df.shape[1]
The number of rows and the number of columns, respectively.

df.get(column_name)
One column, as a Series.

df.get([col_1_name, ..., col_k_name])
Several columns, as a DataFrame.

ser.loc[labell]
An element of ser, accessed by its row label. Often ser comes
from df.get(column_name).

ser.iloc[position]
An element of ser, accessed by its integer position. Positions start
at 0. Often ser comes from df.get(column_name).

df.index[position]
An element in the index, accessed by its integer position. Positions
start at 0.

df.take([position_1, ..., position_k])
A DataFrame of specific rows, accessed by integer position. Often
used with np.arange.

df[bool_arr]
A DataFrame of specific rows, usually where some condition is
satisfied. See: Querying.

Arrays and NumPy

arr[index]
The element at position index in the array arr. The first element
is arr[e].

np.append(arr, value)
A copy of arr with value appended to the end. This does not
change arr unless you store the result in arr.

np.count_nonzero(arr)
The number of non-zero entries in arr. True counts as 1, False
counts as 0.

np.arange(start, stop, step)
An array of numbers starting with start, increasing/decreasing in
increments of step, and stopping before (excluding) stop. If
start or step are omitted, the default values are 0 and 1,
respectively.

np.percentile(arr, p)
The pth percentile of the numbers in arr.

These also work if arr is a Series, list, or some other type of sequence.

Series Methods

Series have the following methods:

.count(), .max(), .min(), .sum(), .mean(), .median(), .unique()

Plotting

df.plot(kind=kind, x=col_x, y=col_y)
Draws a plot. kind may be ’'scatter’, 'line’, "bar’, or "barh’.
If x is omitted, the index is used. For most kinds of plots, if y is
omitted, all columns are plotted on shared axes.

df.plot(kind="hist’, y=data_col, bins=the_bins, density=True)
Plots a density histogram of the numerical data in data_col.
the_bins can be a number of bins, or a sequence specifying bin
endpoints. Scaled so that the total area is 1.

Querying

Querying (also called filtering or Boolean indexing) selects a subset of a
DataFrame’s rows. We need a sequence of Boolean values, condition,

with length equal to the number of rows of the DataFrame. The expres-
sion df[condition] results in a DataFrame containing only those rows
whose corresponding element in condition is True.

Boolean sequences are easily constructed by comparing an array, index,
or Series to a value using the comparison operators: ==, !=, <, >, <=, >=,

(bool_arr_1) & (bool_arr_2)
The “and” of two Boolean arrays. Contains True where both
Boolean arrays contain True, otherwise contains False.

(bool_arr_1) | (bool_arr_2)
The “or” of two Boolean arrays. Contains True where at least one
of the Boolean arrays contains True, otherwise contains False.

df[df.get(column_name) > 42]
Retrieves all rows for which the given column is bigger than 42.

df[(df.get(column_name) > 42) & (df.get(column_name) < 100)]
Retrieves all rows for which the given column is between 42 and
100. Parentheses are important!

df[df.get(column_name).str.contains(pattern)]
Retrieves all rows for which the given column contains the string
pattern.

df[df.index > 2]
Retrieves all rows for which the index is greater than 2.




Grouping

Use df.groupby(column_name), followed by one of these aggregation
methods:

.mean(), .median(), .count(), .max(), .min(), .sum()

This results in a DataFrame indexed by the group names. Only those
columns whose data type permits the selected aggregation method are
kept - for instance, .sum() will drop columns containing strings.

df.groupby([col_1_name, ..., col_k_name]) creates subgroups,

first grouping by col_1_name, then, within each group, grouping by
col_2_name, and so on. The resulting DataFrame has one row for every
combination of values in the given columns. Typically, grouping with sub-
groups is followed by .reset_index().

for-loops

for <loop variable> in <sequence>:
<loop body>

Performs the loop body for every element of the sequence. For example,
to print the squares of the numbers 0 through 9:

for i in np.arange(10):
print(ix=*2)

Writing Functions

def function_name(argument_1, ..
<function body>

., argument_k):

For example, this function squares a number:

def square_a_number(number):
return number##2

Applying Functions

df.get(column_name).apply(function_name)
Applies a function of one parameter to every entry in the column.
Returns a Series of the same size containing the results.

if-statements

if <condition>:
<if body>

elif <second_condition>:
<elif body>

elif <third_condition>:
<elif body>

else:
<else body>

Conditionally execute code. The elif and else blocks are optional.

Random Sampling

np.random.choice(arr, size, replace=True, p=[p_o, p_1, ...1)
An array of elements chosen from arr at random, with
replacement, such that array[i] is selected with probability p_i.
replace can be omitted, as its default value is True. If size is
omitted, the result is a single randomly chosen element instead of
an array of length size.

np.random.multinomial(n, [p_o, p_1, p_2, ...]1)
An array where each element contains the number of occurrences
of an event, where events have probabilities p_oe, p_1, p_2, ....
For instance, if each M&M is red with probability 0.2, green with
probability 0.5, and brown with probability 0.3, then a random
selection of 100 M&Ms is given by:

np.random.multinomial(1ee, [e.2, 0.5, 0.3]).

The result might be [22, 45, 331, representing the number of red,
green, and brown M&Ms, respectively.

np.random.permutation(arr)
A random shuffling/reordering of the input.

df.sample(n, replace=False)
A random sample of n rows from df, selected without replacement.
replace can be omitted, as its default value is False.

Statistics and Hypothesis Testing

A sample is a subset of a population. A statistic is a number computed
using the sample. The field of statistics is about using a sample to say
something about the population, which is called inference.

An experiment is a process whose outcome is random; for example, flip-
ping 100 coins. An observed statistic is a statistic computed from the
outcome of an experiment; for example, the number of heads observed. A
model is a set of assumptions about how the data was generated. For ex-
ample: the result of a coin flip is equally likely to be heads or tails. Hy-
pothesis testing is the process of testing the validity of a model based on
simulating data with the model and comparing it to observed data.

To perform a hypothesis test, we first establish a null hypothesis: this is
a precise assumption about how the data was generated. For instance:
the coin is fair. Then we state an alternative hypothesis, such as: the
coin is not fair.

To test the hypothesis, we compute the probability of seeing an outcome
at least as extreme as the observed statistic under the assumptions of
the null hypothesis; this is called the p-value. In practice, we do this by
simulating many of outcomes using the null hypothesis and counting how
many times the outcome is equal to or more extreme than what was orig-
inally observed.

Bootstrapping and Confidence Intervals

When we compute a statistic from a sample, such as the median salary
of San Diego city employees, since our sample is random, our statistic
could have been different if we'd had a different sample. Bootstrapping
allows us to answer: “how different could it have been?” by giving us an
approximation of the distribution of the sample statistic.

Suppose salaries contains a column called “Salary” containing the
salary of each employee in a sample. The observed median salary is:

observed = salaries.get('Salary').median()

To make a 95% confidence interval for the median salary, we bootstrap by
repeatedly resampling the data in our sample, with replacement:

boot_medians = np.array([])
for i in np.arange(10000):
# 1. Resample the data.
resample = salaries.sample(salaries.shape[o], replace=True)

# 2. Compute the statistic on the bootstrap resample.
boot_median = resample.get('Salary').median()

# 3. Save the result.
boot_medians = np.append(boot_medians, boot_median)

The endpoints of a 95% bootstrapped confidence interval are:

left = np.percentile(boot_medians, 2.5)
right = np.percentile(boot_medians, 97.5)

This interval gives a range of reasonable values where we'd guess the
population median would fall.




Permutation Testing

We use a permutation test to test whether two samples were drawn from
the same population. For instance, suppose we administer an exam with
versions A and B and record the versions and scores for each student in
a DataFrame scores with columns “Version” and “Score”. We notice that
students who took version A had a higher average score than students
who took version B. We can test whether version A was indeed signifi-
cantly harder than version B with a permutation test.

First, we decide on a test statistic, such as the difference between the
mean scores for each version:

def difference_in_means(scores):
means = scores.groupby('Version').mean()
return (means.get('Score').loc['A'] -
means.get('Score').loc['B'])

For the permutation test, we repeatedly shuffle one column to generate
two random samples from our data, and compute the test statistic on
each pair of random samples.

statistics = np.array([])

for i in np.arange(5000):
# 1. Shuffle the versions.
shuffled = scores.assign(Version=
np.random.permutation(scores.get('Version')))

# 2. Compute the test statistic.
statistic = difference_in_means(shuffled)

# 3. Save the result.
statistics = np.append(statistics, statistic)

We then compute the observed test statistic and compute how often we
saw a difference in means greater than or equal to our observed differ-
ence.

observed = difference_in_means(scores)
p_value = np.count_nonzero(statistics >= actual) / 5000

Spread of a Distribution

For a data set with n observations, the variance is the average squared
deviation from the mean. The standard deviation is the square root of
the variance.

D — \/(value1 — mean)? + ... + (value,, — mean)?
n

Chebyshev's Inequality states that in any dataset, at least 1 — 1/22 of the
data falls within z SDs of the mean.

Range All Distributions ~ Normal Distribution

mean £1 SD at least 0% about 68%
mean £2 SDs  at least 75% about 95%
mean +3 SDs  at least 88.8% about 99.73%

The Standard Normal Distribution

The standard normal distribution has mean 0, standard deviation 1, and
inflection points at +1.

To compute the area under the standard normal curve from —oo to z, use
scipy.stats.norm.cdf(z)

To compute the area under the standard normal curve between z_1 and
z_2, where 2_1 < z_2:

scipy.stats.norm.cdf(z_2) - scipy.stats.norm.cdf(z_1)

Standard Units, Correlation, Regression

To convert a value z; from a column z to standard units:

x; — mean of x
SD of z

Ti(su) =

Standard units represent “the number of SDs above the mean.”

The correlation coefficient, r, is the average value of the product of two
variables, when both variables are measured in standard units. r
measures the strength of the linear association between the two
variables, and is always between —1 and 1.

In standard units, the regression line has slope r and intercept 0. To
make predictions:
predicted y; sy) = 7 - T; (sy)

In original units, the slope m and intercept b of the regression line are:

SD of y
SD of z
b = (mean of y) — m - (mean of z)

To make predictions:

predicted y; = m -x; + b

The Central Limit Theorem

Consider drawing a large random sample, with replacement, from some
population. Imagine all the ways the sample mean could turn out. The
sample mean is a random quantity, which has some distribution. The CLT
says that “the distribution of possible sample means is approximately
normal, no matter the distribution of the population.”

The mean of the distribution of possible sample means is the population
mean. The standard deviation is

Population SD

v/sample size

SD of Distribution of Possible Sample Means =

We often use the sample mean and SD instead of the population mean
and SD, since we have this information for a sample, but not the
population.

A CLT-based 95% confidence interval for the sample mean is:

sample SD sample SD
sample mean — 2. ——————, sample mean + 2 —,
v/sample size v/sample size

For all of this to work, the sample has to be randomly drawn with
replacement.




