Collections, Part Three



Outline for Today

* Lexicon

* Storing a collection of words.
* HashSet

* Storing a group of whatever you’d like.
* HashMap

* A powertul, fundamental container.



Recap from Last Time



Parameter Flowchart

Pass by Pass by
reference! value!

Primitive type!

What kind of
argument?

Need to change
the argument?

Pass by const
reference!




New Stuff!



Lexicon



Lexicon

A Lexicon is a container that stores a collection of
words.

* The Lexicon is designed to answer the following
question efficiently:

Given a word, is it contained in the Lexicon?

 The Lexicon does not support access by index.
You can’t, for example, ask what the 137t English
word is.

« However, it does support questions of the form
“does this word exist?” or “do any words have
this as a prefix?”



Tautonyms

* A tautonym is a word formed by
repeating the same string twice.

 For example: murmur, couscous, papa, etc.
 What English words are tautonyms?



Some Aa




One Bulbul




More than One Caracara




Introducing the Dikdik




And a Music Recommendation




Time-Out for Announcements!



Assignment 2

« Assignment 2 (Fun with Collections) goes out
today. It’s due next Friday.

« Explore the impact of sea level rise.
« Build a personality quiz!

« We’ve provided a suggested timetable for
completing this assignment on the front page of
the handout. Aim to stick to this timeline; you've
got plenty of time to complete things if you start
early.

 You must complete this assignment
individually. Working in pairs is not permitted
on this assignment.



[L.alR Closure

 The LalR will be closed on Sunday in
observance of Dr. Martin Luther King, Jr.
Day.

 The LalR will, however, be open on
Monday during the usual 7PM - 11PM
time slot.



CS Undergrad Research Panel

 The CS department is
putting on an
undergraduate research
panel next Wednesday
at 5:30PM in Gates 415.

 Curious to hear what
it’s like to do research
in CS? Stop on by! An
RSVP is requested
using this link.



https://forms.gle/aKQegCsKhndjw2ue9




HashSet



HashSet

* The HashSet represents an
unordered collection of
distinct elements.

 Elements can be added
and removed, and you can
check whether or not an
element exists.



HashSet

* The HashSet represents an
unordered collection of
distinct elements.

 Elements can be added
and removed, and you can
check whether or not an
element exists.




HashSet

* The HashSet represents an
unordered collection of
distinct elements.

 Elements can be added
and removed, and you can
check whether or not an
element exists.




HashSet

* The HashSet represents an
unordered collection of
distinct elements.

 Elements can be added
and removed, and you can
check whether or not an
element exists.




HashSet

* The HashSet represents an
unordered collection of
distinct elements.

 Elements can be added
and removed, and you can
check whether or not an
element exists.




Operations on HashSets

* You can add a value to a HashSet by writing
hashSet += value;
* You can remove a value from a HashSet by writing
hashSet -= value;
* You can check if a value exists in a HashSet by
writing
hashSet.contains(value)

« Many more operations are available (union,
intersection, difference, subset, etc.), so be sure
to check the documentation.



HashMap



HashMap

 The HashMap class
represents a set ot key/
value pairs.

 Each key is associated
with a unique value.

* Given a key, can look up
the associated value.
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HashMap

 The HashMap class
represents a set ot key/
value pairs.

 Each key is associated
with a unique value.

* Given a key, can look up
the associated value.

CS106B Hello!
Dikdik = Very Cute!
This Self

Slide

Referential




Using the Map

You can create a map by writing
HashMap<KeyType, ValueType> hashMap;
You can add or change a key/value pair by writing
hashMap| key] = value;
If the key doesn't already exist, it is added.
You can read the value associated with a key by writing
hashMap| key]

If the key doesn't exist, it is added and associated with
a default value. (More on that later.)

You can check whether a key exists by calling

hashMap.containsKey(key)



Using the Map

You can create a map by writing
HashMap<KeyType, ValueType> hashMap;
You can add or change a key/value pair by writing
hashMap|[ key] = value;
If the key doesn't already exist, it is added.
You can read the value associated with a key by writing
hashMap| key]

If the key doesn't exist, it is added and associated with
a default value. (More on that later.)

You can check whether a key exists by calling

hashMap .containsKey(key)



Map Autoinsertion

HashMap<string, int> fregMap;

while (true) {
string text = getLine("Enter some text: ");
cout << "Times seen:
freqMap[ text]++;

<< fregMap|[text] << endl;
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Map Autoinsertion

[HashMap<str1ng, int> freqMap,]
WITCCE (Crue) 1
string text = getLine("Enter some text: ");
cout << "Times seen: " << fregMap[text] << endl;
freqMap[ text]++;

/




Map Autoinsertion

—__'“_3 S -- . -eu‘
while (true) {

Enter some text: ");
<< fregMap|[text] << endl;

cout << "Times seen:
fregMap[ text]++;

/




Map Autoinsertion

HashMap<string, int> fregMap;

whi
string text = getLine("Enter some text: ");
me—ﬁnms—mﬁ—ﬂw di;

freqMap[ text]++;
}

/




Map Autoinsertion

HashMap<string, int> fregMap;

wh
string text = getLine("Enter some text: ");
me—ﬁnws—mﬁ—ﬂw di;

freqMap[ text]++;
}

/




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
. _ . " t. ");
cout << "Times seen: " << fregMap[text] << endl;]

reqmap| texc | ++,;

/




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En =" );
cout << "Times seen: " <<|fregMap[text] k< endl;

freqMap[ text]++;

/




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En =" );
cout << "Times seen: " <<|fregMap[text] k< endl;

freqMap[ text]++;

oh nor 1 don't
know what that is:




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En =" );
cout << "Times seen: " <<|fregMap[text] k< endl;

freqMap[ text]++;

"Hello"

fregMap

Let’s prefend
I already had That
key here,




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En =" );
cout << "Times seen: " <<|fregMap[text] k< endl;

freqMap[ text]++;

"Hello" | ©
fregMap

The values are
all ints, so T'll pick
2ev0,




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En =" );
cout << "Times seen: " <<|fregMap[text] k< endl;

freqMap[ text]++;

fregMap

"Hello" 0

Phew! Crisis
averted:




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

_ . n 4+ . ny ,

- VAE]
cout << "Times seen: " << freqMap[text] << endl;]
reqMapl texc | ++;

/

"Hello" @ ©
fregMap <

text "Hello"
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HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");

i en: " << fregMap[text] << endl;
freqMap[ text]++;

/

}
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Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");

' en: " << fregMap[text] << endl;
freqMap[ text]++;

"Hello" 1

}

fregMap
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C(WrC)




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");
cout << "Times seen: " << fregMap[text] << endl;

freqMap[ text]++;
}

/

"Hello" 1

fregMap <

text "Hello"




Map Autoinsertion

Sshitas gy nt> freqMap;
while (true) {

string text = getLine("Enter some text: ");
cout << "Times seen: " << fregMap[text] << endl;
freqMap[ text]++;

/

"Hello" @ 1
fregMap <




Map Autoinsertion

HashMap<string, int> fregMap;
whi ) {
string text = getLine("Enter some text: ");
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fregMap[ text]++;

/
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Map Autoinsertion

HashMap<string, int> fregMap;
whi ) {
string text = getLine("Enter some text: ");

ndl;

freqMap[ text]++;

/

"Hello" | 1
fregMap <

text |"Goodbye"




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

— 3 " o« MYy,
cout << "Times seen: " << freqMap[text] << endl;]
¥+,
}
p
"Hello" 1
fregMap < text |"Goodbye"




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En -~ ')
cout << "Times seen: " <<|fregMap[text]|<< endl;

freqMap[ text]++;

/

"Hello" 1

fregMap <

text |"Goodbye"




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En -~ ')
cout << "Times seen: " <<|fregMap[text]|<< endl;

freqMap[ text]++;

/

"Hello" 1

text |"Goodbye"

Oh vno, nol again:




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

string text = getLine("En -~ ')
cout << "Times seen: " <<|fregMap[text]|<< endl;

fregMap[ text]++;
}
-
"Hello" | 1
fregMap < text |"Goodbye"
"Goodbye"

I'll pretenc

I already had that
key.,




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {

— 3 " o« MYy,

cout << "Times seen: " << freqMap[text] << endl;]

F,;
}
-
"Hello" 1
fregMap < text |"Goodbye"
"Goodbye" 0




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");

i en: " << fregMap[text] << endl;
freqMap[ text]++;

/

}

"Hello" 1
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"Goodbye" 0
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Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");

i en: " << fregMap[text] << endl;
freqMap[ text]++;
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Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");
cout << "Times seen: " << fregMap[text] << endl;

freqMap[ text]++;
}

/

"Hello" 1

freqMap < text | "Goodbye"
"Goodbye" 1




Map Autoinsertion

HashMap<string, int> fregMap;
while (true) {
string text = getLine("Enter some text: ");
cout << "Times seen: " << fregMap[text] << endl;

freqMap[ text]++;
}

/

"Hello" 1

fregMap <

"Goodbye" 1




Sorting by First Letters



Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;

for (string word: english) {
wordsByFirstLetter[word[0]].add(word);

}




Map Autoinsertion

Lexicon english("EnglishWords.txt");

l HashMap<char, Lexicon> wordsByFirstLetter;]
) 1

}

wordsByFirstLétter[word[0]].add(word);




Map Autoinsertion

Lexicon english("EnglishWords.txt");

l HashMap<char, Lexicon> wordsByFirstLetter;]
) 1

wordsByFirstLétter[word[0]].add(word);
}

/

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

. ° r;
l for (string word: english) { i
WoT as : ;

}

/

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

° ° r;
l for (string word: english) { i
WoT as : ;

}

/

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;

for_LsiLLng-mnnd;—engliSh) {
wordsByFirstLetter[word[@]].add(word);]

}

/

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
IwordsByFlrstLetter[word[0]] }dd(word),

}

/

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
‘wordsByFlrstLetter[word[0]] }dd(word),

}

/

wordsByFirstLetter <

Oops, no t's here,




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
'wordsByFlrstLetter[word[0]] }dd(word),

}

wordsByFirstLetter <

Let’s insert
That key,




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
‘wordsByFlrstLetter[word[0]] }dd(word),

}

/

l.Fl

wordsByFirstLetter <

I'll give you a
blank Lexicon,




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {

wordsByFirstLetter[word[01].add(word);]
}

/

F { )

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {

wordsByFirstLetter[word[01].add(word);]
}

/

I.Fl { II.F_’LrStII }

wordsByFirstLetter <
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Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstLetter;
for (string word: english) {
. wordsByFirstLetter[word[0]].add(word);

/

I.Fl { II.F_’LrStII }

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstLetter;
for (string word: english) {
. wordsByFirstLetter[word[0]].add(word);

/

I.Fl { II.F_’LrStII }

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");
dsByFirstLetter;

.add(word);

I.Fl { II.F_’LrStII }

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");
dsByFirstLetter;

.add(word);

I.Fl

{ "first" }

wordsByFirstLetter <

word "foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
iwordsByFlrstLetter[word[0]] add(word) ]

}

/

' { "first" }

wordsByFirstLetter <

word

"foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
iwordsByFlrstLetter[word[0]] }dd(word),

}

/

' { "first" }

wordsByFirstLetter <

word

"foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
‘wordsByFlrstLetter[word[0]] }dd(word),

}

/

l.Fl { II.F_’LrStII }

wordsByFirstLetter <

"foremost"

Easy peasy.

c(mrmc)




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {

wordsByFirstLetter[word[0]ﬁ.add(word);]
}

/

I.Fl { II.F_’LrStII }

wordsByFirstLetter <

word "foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {

wordsByFirstLetter[word[0]ﬁ.add(word);]
}

/

'f! { "first", "foremost" }

wordsByFirstLetter <

word "foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstLetter;
for (string word: english) {
. wordsByFirstLetter[word[0]].add(word);

wordsByFirstLetter <

/

'f! { "first", "foremost" }

word "foremost"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstLetter;
for (string word: english) {
. wordsByFirstLetter[word[0]].add(word);

/

'f! { "first", "foremost" }

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

1 FirstLetter;
for (string word: english) {
words ' .add(word);

}

/

'f! { "first", "foremost" }

wordsByFirstLetter <




Map Autoinsertion

Lexicon english("EnglishWords.txt");

1 FirstLetter;
for (string word: english) {
words ' .add(word);

}

/

I.Fl

{ "first", "foremost" }
wordsByFirstLetter <

word "initial"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
iwordsByFlrstLetter[word[0]] }dd(word),

}

/

'f! { "first", "foremost" }

wordsByFirstLetter <

word "initial"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char Lexicon> wordsByFirstLetter;

fo h) [
iwordsByFlrstLetter[word[0]] }dd(word),

}

/

'f! { "first", "foremost" }

L {1}

wordsByFirstLetter <

word "initial"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {

wordsByFirstLetter[word[0]ﬁ.add(word);]
}

/

'f! { "first", "foremost" }

i {1}

wordsByFirstLetter <

word "initial"




Map Autoinsertion

Lexicon english("EnglishWords.txt");

HashMap<char, Lexicon> wordsByFirstlLetter;
for (string word: english) {
wordsByFirstLetter[word[0]ﬁ.add(word);]

}

/

'f! { "first", "foremost" }

wordsByFirstLetter <
i { "initial" }

word "initial"
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Anagrams



Anagrams

 Two words are anagrams of one another
if the letters in one can be rearranged
into the other.

« Some examples:
* “Praising” and “aspiring.”
« “Arrogant” and “tarragon.”

* Question for you: does this concept
exist in other languages? If so, please
send me examples!



Anagrams

* Nifty fact: two words are anagrams if
you get the same string when you write
the letters in those words in sorted order.

* For example, “praising” and “aspiring”
are anagrams because, in both cases, you
get the string “aiignprs” if you sort the
letters.



Anagram Clusters

* Let’s group all words in English into
“clusters” of words that are all anagrams
of one another.

« We’ll use a HashMap<string, Lexicon>.

 Each key is a string of letters in sorted order.

 Each value is the collection of English words
that have those letters in that order.



Your Action Items

* Read Chapter 5.

« It’s all about container types, and it’ll fill in any remaining
gaps from this week.

* Start Assignment 2.

« Make slow and steady progress here, if you can. Aim to
complete Rising Tides and to have started You Got

Hufflepuft!
 Enjoy MLK Weekend

 Read “Letter from Birmingham City Jail.” Like, seriously.

« Watch the actual “I Have a Dream” speech. It’s truly
amazing.

« Watch “The Two Americas,” a speech MLK delivered here on
Stanford campus.



Next Time

 Thinking Recursively

 How can you best solve problems using
recursion?
 What techniques are necessary to do so?

 And what problems yield easily to a
recursive solution?



Appendix: How to Sort a String
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Counting Sort
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for (char ch: input) {
letterFreq[ch]++;

--------------------

letterFreq



Counting Sort

nana

for (char ch: input) {
letterFreq[ch]++;
}

letterFreq
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for (char ch: input) {
letterFreq[ch]++;
b| 1 }
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for (char ch: input) {
letterFreq[ch]++;
b| 1 }
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Counting Sort
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a 1
b 1
n 1

for (char ch: input) {
letterFreq[ch]++;

}
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a 2
b 1
n 1

for (char ch: input) {
letterFreq[ch]++;

}
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a Il a n

a

*

a 2
b 1
n 1

letterFreq

for (char ch: input) {
letterFreq[ch]++;
}



Counting Sort

a Il a n

a

*

a 2
b 1
n 2

letterFreqg

for (char ch: input) {
letterFreq[ch]++;
}



Counting Sort

a nl ana

*

a 2 for (char ch: input) {
letterFreq[ch]++;

b 1 }

n 2

letterFreqg



Counting Sort

a nl ana

*

a 3 for (char ch: input) {
letterFreq[ch]++;

b 1 }

n 2

letterFreq



Counting Sort

letterFreq



Counting Sort

for (char ch = 'a'; ch <= 'z'; ch++) {

. for (int 1 = 0; 1 < letterFreq[ch]; 1++) {
result += ch;

}

(-
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letterFreq



Counting Sort

a nl ana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
=

letterFreq



Counting Sort

a nl ana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
=

a aa

letterFreq



Counting Sort

b anana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
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a aa
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Counting Sort

b anana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
=

aaab
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Counting Sort

b anana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
=

aaab

letterFreq



Counting Sort

b anana

for (char ch = 'a'; ch <= 'z'; ch++) {
for (int 1 = 0; 1 < letterFreq[ch]; i1++) {

result += ch;
:3 }
}

o o
=

aaabnn

letterFreq



Counting Sort

letterFreq

anana
a 3
b 1

aaabnn




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128

