Dictionaries
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* |dentify the keys and values in a dictionary

* Use dictionaries when writing and reading code



So far, we've talked about efficiency in terms of algorithm design. We
can solve the same problem multiple ways, and some approaches are
more efficient than others

We can also improve the efficiency of an algorithm by changing how
the data is stored. Formats for storing data are called data structures.
For example, a list is a basic data structure that stores values in
sequential (and indexed) order. What other structures exist?



Dictionaries



Python Dictionaries Map Keys to Values

The first data structure we'll discuss is the dictionary, or hashmap.
Dictionaries store data in pairs by mapping keys to values.

We use dictionary-like data in the real world all the time! Examples
include phonebooks (which map names to phone numbers), the index
of a book (which maps terms to page numbers), or the CMU directory
(which maps andrewlIDs to information about people).

Directory Search Results




In a dictionary, a key-value pair is two values that have been paired together
for organizational purposes. We'll be able to access the value by looking up
the key, like how we can access a list value using its index.

For example, if we stored a phonebook in a dictionary, a key might be the
string "CMU", and its value would be the string "412-268-2000". It
wouldn't make sense to switch the roles, because our default action is to look
up a phone number based on a name, not vice versa.

Sidebar: keys must be immutable, but values can be any type of data. Why?
We'll explain next week, when we talk about dictionary search.



Python Dictionaries

Dictionaries have already been implemented for us in Python.

# make an empty dictionary

d={}

# make a dictionary mapping strings to integers
d = { "apples" : 3, "pears" : 4 }



Python Dictionaries — Getting Values

Dictionaries are similar to lists. Instead of indexing by position, index by key:
d = { "apples"” : 3, "pears" : 4 }

d[ "apples”] # the value paired with this key
len(d) # number of key-value pairs

We can also access all the keys or all the values separately:

d.keys()
d.values()



Python Dictionaries — Adding and Removing

How do we add a new key-value pair? Use indexed assignment with the key.
This works whether or not that key has been assigned a value yet. If the key is
already in the dictionary, the value for the key is updated; it does not add a

new key-value pair.

d[ "bananas”] = 7 # adds a new key-value pair
d[ "apples"] = d["apples"] + 1 # updates the value

To remove a key-value pair, use pop, with just the key as a parameter.

d.pop("pears") # destructively removes



We can search for a key in a dictionary using the built-in 1n operation.

d = { "apples"” : 3, "pears" : 4 }
"apples" in d
"kiwis" 1in d

We mainly use dictionaries because it's very fast to search for keys. In fact, searching a
dictionary for a key takes constant time! How is this possible? We'll discuss more in the
Search Algorithms Il lecture.

We can't do constant-time lookups of the dictionary's values; we need to do a linear-time
loop of the keys and check each key's value instead.
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Activity: Trace the code

After running the following code, what key-value pairs will the
dictionary hold?

d = { "PA" : "Pittsburgh”, "NY" : "New York City" }
d[ "WA"] = "Seattle”
d["NY"] = "Buffalo"
if "Pittsburgh"” in d:
d.pop("Pittsburgh")
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When we need to loop over a dictionary, we can't use a for-range loop,
because there are no numeric indices to loop over. That means we need to
use a for loop over the iterable value instead.

When we run a for loop directly over a dictionary, the loop visits all key-value
pairs in some order. The loop control variable is set to the key of each
key-value pair. To access the value, you must index into the dictionary with
that key.

d = { "apples” : 5, "beets" : 2, "lemons" : 1 }
for k in d:

print("Key:", k)

print("Value:", d[k])
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You do: write the function countItems (foodCounts) that takes a dictionary

mapping foods (strings) to counts (integers) and returns the total amount of food
stored in the dictionary. The function should also print the number of each
individual food type as it counts up the total.

Forexample,ifd = { "apples" : 5, "beets"” : 2, "lemons" : 1 },the
function might print

5 apples
2 beets
1 lemons

then return 8.
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Coding with Dictionaries



Coding with Dictionaries — Track Information

We often use dictionaries when
problem-solving. One common use
of dictionaries is to track
information about a list of values.

For example, given a list of students
and their college (represented as
"student,college"), how many
students are in each college?

We will create a dictionary with
college as the key and the student
count as the value.

def countByCollege(studentLst):
collegeDict = { }
for student in studentLst:

name = student.split(",")[0]
college = student.split(",")[1]
if college not in collegeDict:
collegeDict[college] = ©
collegeDict[college] += 1

return collegeDict
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Coding with Dictionaries — Find Most Common

We also use dictionaries to find
the most common element of a
list, by mapping elements to
counts.

For example, given the dictionary
returned by the previous function,
which college is the most
popular?

def mostPopularCollege(collegeDict):

best = None
-1

for college in collegeDict:

bestScore

if collegeDict[college] > bestScore:
bestScore = collegeDict[college]
best = college
return best

16



Coding with Dictionaries — Has Duplicates

We might also want to check
whether a list contains duplicate
values. One approach is to use
nested loops. For each item in the
list, search through the rest of the

items to see if there is a duplicate.

The nested loop has O(n?)
runtime.

We can use a dictionary to check
if any student appears more than
once in list of students in O(n)
runtime.

def hasDuplicates(students):
studentDict = { }
for student in students:
name = student.split(",")[9]
college = student.split(",")[1]
if name in studentDict:
return True
else:
studentDict[name] = college
return False
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Activity: mostCommonFirstLetter(s)

You do: rearrange the lines of code in this Parsons Problem to make a program
mostCommonFirstLetter(s) that takes a sentence (string), tracks the letters
that occur as the first letters of words in the string, and returns the character that

modst often occurs as a first letter. In the case of a tie, return any of the letters that
tied.

For example, nostCommonFirstLetter("do you have a voting plan for
the election happening next month?") would return "h", since "h"
occurs twice ("have™ and "happening"”) while each other word occurs once.

Puzzle link: http://bit.ly/110-firstletter

Note: define and update bestlLetter before bestCount (otherwise the puzzle
will mark your answer as wrong).
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http://bit.ly/110-firstletter

* |dentify the keys and values in a dictionary

* Use dictionaries when writing and reading code

* Feedback: https://bit.ly/110-feedback
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