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Intermediate Data Science
Data Wrangling: Join, Combine, Reshape

Joanna Bieri DATA201



.
.
.

.

.
.
.

.

Hierarchical Indexing

ask

What is a hierarchical index?

Why would anyone want two labels on one row?
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Hierarchical Indexing

answer

• Two or more levels of labels on the rows, or the columns, or both.
The table prints flat, but the data is nested.

• Each row label is a tuple, so data['a', 1] gets one value and
data['a'] gets everything inside a.

• You want it when the data has groups inside groups, and you want
to select, sum, or reshape by either level without loops.
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Hierarchical Indexing

predict

data
value

a 1 0.3
a 2 0.7
b 1 0.1
b 3 0.9

data.unstack()

What shape comes out? Is anything missing?
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Hierarchical Indexing

answer

data
value

a 1 0.3
a 2 0.7
b 1 0.1
b 3 0.9

data.unstack()
1 2 3

a 0.3 0.7 NaN
b 0.1 NaN 0.9

2 rows by 3 columns. The inner level became the columns. NaN
where a combination never existed.
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Hierarchical Indexing
reverse

frame
key1 key2 Ohio Colorado
a 1 0 2
a 2 3 5
b 1 6 8
b 2 9 11

I want one row of sums for a and one for b:
key1 Ohio Colorado
a 3 7
b 15 19

What is the command?
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Hierarchical Indexing

answer

frame.groupby(level='key1').sum()

key1 Ohio Colorado
a 3 7
b 15 19

groupby(level=...) works because the level has a name.
frame.sum() alone ignores the levels and gives one number per
column.
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Merging DataFrames

ask

What does it mean to merge two DataFrames?

What do the two tables have to have in common?
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Merging DataFrames

answer

• Line up the rows of one table with the rows of the other by
comparing a shared key, then glue the columns together.

• They have to share information: a column whose values match
across both tables. The column names do not have to match.

• No shared key, no merge.
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Merging DataFrames

predict

employees
id name dept
1 Alice 10
2 Bob 20
3 Eve 99

departments
dept dept_name
10 Engineering
20 HR
40 Sales

pd.merge(employees, departments, on='dept')

How many rows come out? Who is missing?
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Merging DataFrames

answer

pd.merge(employees, departments, on='dept')

inner (the default)
id name dept dept_name
1 Alice 10 Engineering
2 Bob 20 HR

2 rows. Eve is gone (no dept 99 in departments) and Sales is gone
(no employee in dept 40). Nothing warned you.
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Merging DataFrames

predict

Same two tables.

pd.merge(employees, departments, on='dept', how='left')
pd.merge(employees, departments, on='dept', how='outer')

How many rows each? Where are the NaNs?
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Merging DataFrames

answer

left
id name dept dept_name
1 Alice 10 Engineering
2 Bob 20 HR
3 Eve 99 NaN

outer
id name dept dept_name
1.0 Alice 10 Engineering
2.0 Bob 20 HR
NaN NaN 40 Sales
3.0 Eve 99 NaN

left keeps every employee. outer keeps everything from both sides.
The id column turned into floats because NaN forced it.



.
.
.

.

.
.
.

.

Merging DataFrames

reverse

employees
id name dept
1 Alice 10
2 Bob 20
3 Eve 99

departments
dept_code dept_name
10 Engineering
20 HR

I want Alice and Bob with their department names.

The key has two different names. What is the command?
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Merging DataFrames

answer

pd.merge(employees, departments,
left_on='dept', right_on='dept_code')

id name dept dept_code dept_name
1 Alice 10 10 Engineering
2 Bob 20 20 HR

Or rename one column first. left_on/right_on keeps both key
columns in the result. This is exactly the homework: device in
one file, Device in another.
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Concat and Combine

predict

employees
id name dept
1 Alice 10
2 Bob 20
3 Eve 99

new_hires
id name dept
6 Joanna 30
7 Bella 20

pd.concat([employees, new_hires])
pd.concat([employees, new_hires], ignore_index=True)

What does the index look like in each case?
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Concat and Combine

answer

without
id name dept

0 1 Alice 10
1 2 Bob 20
2 3 Eve 99
0 6 Joanna 30
1 7 Bella 20

ignore_index=True
id name dept

0 1 Alice 10
1 2 Bob 20
2 3 Eve 99
3 6 Joanna 30
4 7 Bella 20

Same 5 rows. Without ignore_index the old labels repeat, so
.loc[0] returns two rows.
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Concat and Combine

predict

profiles
name email

1 Alice NaN
2 NaN bob@x.com
3 Charlie NaN

backup
name email

1 Alice A. alice@x.com
2 Bob B. NaN
3 Charlie C. charlie@x.com

profiles.combine_first(backup)

What is Alice’s name afterward? Bob’s? Whose email is still
missing?
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Concat and Combine

answer

profiles.combine_first(backup)
name email

1 Alice alice@x.com
2 Bob B. bob@x.com
3 Charlie charlie@x.com

Keep what you have, fill only the holes, never overwrite. Alice
stays Alice. Bob had no name, so he gets Bob B. Nobody is
missing an email.
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Reshaping: Long and Wide

ask

One row per student, columns test1, test2, test3.

Is that long or wide?

Which shape would you rather plot from?
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Reshaping: Long and Wide

answer

• Wide. One row per student, one column per test. Easy for a
person to read.

• Long would be one row per student per test, with a test column
and a score column.

• Plotting and most stats functions want long: one observation per
row. Wide is for reading, long is for computing.
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Reshaping: Long and Wide

predict

df
person month sales expenses

0 Alice Jan 200 150
1 Alice Feb 180 120
2 Bob Jan 210 160
3 Bob Feb 190 140

df.pivot(index='person', columns='month', values='sales')

How many rows? How many columns? What happened to
expenses?



.
.
.

.

.
.
.

.

Reshaping: Long and Wide

answer

df.pivot(index='person', columns='month', values='sales')

person Feb Jan
Alice 180 200
Bob 190 210

2 rows, 2 columns (alphabetical). Expenses are gone because you
only asked for sales. index picks the rows, columns picks the
columns, values fills the cells.
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Reshaping: Long and Wide

reverse

Start from df above. I want this, 8 rows:
person month variable value

0 Alice Jan sales 200
1 Alice Feb sales 180
...
7 Bob Feb expenses 140

What is the command?
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Reshaping: Long and Wide
answer

pd.melt(df, id_vars=['person', 'month'])

person month variable value
0 Alice Jan sales 200
1 Alice Feb sales 180
2 Bob Jan sales 210
3 Bob Feb sales 190
4 Alice Jan expenses 150
5 Alice Feb expenses 120
6 Bob Jan expenses 160
7 Bob Feb expenses 140

The id_vars stay. Every other column name becomes a value in
variable. 4 rows become 8.
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Data Science Interview Practice

say it out loud

Joins come up in almost every data science interview. Explain to a
partner:

• What is the difference between an inner join and a left join? When
would you want each?

• You need to combine two datasets but they do not share a column
name. What do you do?

• What does “tidy” or long-format data mean, and why do analysts
care?
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Questions?

Questions?


