ADTs, Hashing, Gitlet Intro

© Quote of the week: “More than cleverness, we
7 - need kindness and gentleness.”




' ~* Abstract Data Types, or ADTs, are purely

~ theoretical descriptions of data structures

' A ’% Descnbed only in terms of behavior and the
: operatlons they support




- Je” 7e learned a lot about lists...

|+ We learned two implementations of the list,
one with linked nodes and one with arrays

| + We know that lists exist in different
B pr()gramming languages (Python, Java, ...

" The idea of the list remains constant
' throughout




~ Thelist(sequence) /=

# The List ADT supports (roughly) the
followmg opera’uons

- ""Createan empty list

- = Add an item to the front or back or at a
. numbered 10cat10n

o Getanitemfl‘()ma numbered location




+ You can define more Complex opera’uons on

11sts by Combmmg the operations from before

P' e.g. You can check if a list contains an item
by gettmg the item at position 0, 1, 2, 3..
up to size
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&+ List
. Het .

| * Stack, Queue, Priority Queue
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+ Sets typically have the following operations

| - » Create an empty set
~ » Add an item to the set

~» Check if the set already contains an item
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» Consequences of this behavior:

» Compared to the list, the set is
- unordered... '

~ » ...and does not contain duplicates
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B Supports the following
operations:

: Créate an emptystack
> Add an item to the stack

| ?4 Check the most recent item
~ added to the stack

http: / /www.clipartpanda.com / categories / stack-of-books-clipart

Reniovvethe most recent item
added -



http://www.clipartpanda.com/categories/stack-of-books-clipart

* Supports the following
operations:

Create an empty queue
Add an item to the queucg

Check the oldest item
added to the queue

Remove the oldest item

added N ' http:/ /cdn2.benzinga.com/files /imagecache /1024x768xUP /
' : | images/story /2012 /shutterstock 85396711 0.jpg



http://cdn2.benzinga.com/files/imagecache/1024x768xUP/images/story/2012/shutterstock_85396711_0.jpg

What does this mean? This
is one of the more
complicated ADTs. We'll
save this one for later.

* Supports the following
operations:

Create an empty queue

Add an item to the queue DY Fete-BEARS

g University of California, Berkeley

Check the most zmportant 1tem spring 2013
added tO the queue General | Feedback ReportaProbIern |

| Smaee | {
L —
RemOVe the mOSt ZmPOrtant X Everyone’s favorite priority queue http:/ /

clog.dailycal.org/tag/tele-bears-oracle /
item added -



http://clog.dailycal.org/tag/tele-bears-oracle/

Is the definition of sleep met?

Yes:
quiescence + increased arousal
threshold [113)

Yes:

quiescence + increased arousal
threshold (the latter shown for
individual neurons and at the
behavioral level) [115,116,117)

Yes:
quiescence + increased arousal
threshold [19,20,21)

* aka a Dictionary or Lookup Table

Unknown:

quiescence/rest is present at
night [119]; changes in arousal
thresholds have never been
studied

¢+ Supports the following operations:

Yes:
quiescence + increased arousal
threshold[120]

> Créate an empty map

> Add a key with a value to the map _
> Lookup the value of a given key B s,

(sleep swimming)[25)

; : : : Unresolved:
. oo w0 quic.:sccr)c'ict is gmi?t
> Change the value of a key in the  GEalg |~
A : . : : not used because of

Bullfrog habituation)[23]

map .\ - = ——
RN | AN : ~ Map of animals to whether they sleep or not. From: htt}lgs:! [

askabiologist.asu.edu/ plosable/ who-needs-sleep-anyway



https://askabiologist.asu.edu/plosable/who-needs-sleep-anyway
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& . Organizes data hiemrchically A

* Supports the followmg
operatlons .

- »Q Create-a tree with a root
- node

) Add a Chlld tO a. nOde https://Www.cs.colostate.edu/~csl55/Fa1115/Lectgre1 :

~» Getall the children of a node '
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B Supports the followmg
operatlons |

' Create an empty graph
» Add a vertex to the graph

! .hAd‘d an edge (Connection)
- betweentwo vertices

4 ~
1 J
3

GEt a.ll the nelghb()r S Of a http:/ / mathematica.stackexchange.com / questions 11673 hot/v—

| A to-play-with-facebook-data-inside-mathematica
Vertex : |



http://mathematica.stackexchange.com/questions/11673/how-to-play-with-facebook-data-inside-mathematica

.+ There’s flexibility in the kinds of operations
each ADT could have

- Most would be typ1cally assumed to be able to
- Check how many items it has
~ » Remove an item

+ Tterate through each item




~# You can think about how to solve problem

' 'purely using Allls

, W The 1mp1ementat1on details might not be a
I b1g deal '




: Examle problem -

+ Givena strmg with parentheses in it, e.g.
“((C()()))())", describe an algorithm
that determmes if they are correctly balanced

> "(()()) is correctly balanced

> 'l( () (."iS not
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Solution: Every time we see “ (“, we are descending a
level into the expression. Every time we see )", we
are ascending back a level

» To be balanced, we must start and end at level 0, and
~never hit 0 otherwise

* We can use a stack. When we find “ (“, add an item on
~ the stack. When we find “) ”, take an item off the stack.
~ If the stack becomes empty at the end of the expression,
- and not before we succeed “ '
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* | can descr1be the solution to the previous
problem purely theoretlcally

. Now that you know this, you could easily
~ write it in Java, Python, etc., using a stack in
that language '
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~ + Quiz time!

|+ (Soearly??)
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~ * Imagine you have a class Stack, with a constructor
the following methods

> v01d push(lnt 1tem) — adds an item to the

- ‘stack

int pop () — removes and returns the most
- recentlypushed item

boolean s Empty( ) — checks Hithos any
1tems




~ * Your task is to write a class Queue, witha
constructor thefollowing methods

R ? void enqueue(lnt 1tem) — adds an item to
| thequeue

. » int dequeue() — removes and returns the
- oldest enqueued item

-+ With the following caveat: The class can only use
~ two types of variables: int, and Stack.
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import java.util.Stack;
public class Queue {

private Stack<Ihtegér> myItems;

public Queue() {
myItems = new Stack<>();
)

public void enqueue(int i) {

| - myItems.push(i);
» (Not themost 77

public int dequeue() {

efﬁC].ent SOlUthn) Stack<Integer> tempStack = new Stack<>();

while (!myItems.isEmpty()) {
tempStack.push(myItems.pop());
}

int results = tempStack.pop();
while (!tempStack.isEmpty()) {

myItems.push(tempStack.pop());
1 ,

return results;
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e * Can thisquiz be dc)ne using only one stack?

» Answer mlght be more mterestmg than you
thmk ‘
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* Are commonly represented as interfaces

~» Interface specifies only behavior, not
. implementation -

> e g List is an interface, ArraylList and
L1in ked L 1s t are 1mplementat10ns’




- Let’s make a map!

' * A map 1s essentlally ]ust a set of key- Value '
pa1rs




Let's make a set

‘ * Flrst 1dea Use an array, or ArrayLlst Or
L1nkedL1st '




~ Let’'s make a set!
' Create an empty set: myVa 1ues ‘ new
ArrayLlst<E>() *

* .-Add an 1tem . the set myValueS add(E
‘1tem)

B Check if the set already contains an item:
~ iterate through the myVa lues untll we find the | }

1tem
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4+ Create an empty set: new ArrayLlst<E>()
0(1) -

» Add anltemto the o add(E 1tem) 0(1)

usually

- Check if the set already contains an item: iterate
* through the list until we find the item *
- 0f location of 1tem) or O(n) if not in set,
 if set has n 1tems
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We have to iterate through the ArrayLlst just
to check if the set contains one item

| % And every time we want to check if the set
does not contain an item, we have to 1terate

through the whole thmg'
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E O(l) runtlme for checkmg 1f oot contams %
& an 1tem '

“+ Canitbe done...?!

-+ (drumroll...!
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* You already did this in lab.
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~* Remember this thing?

* This is not a set of booleans

- - ¢ Tt'sa set ofintegers!

-  The thmgs the set contams are actually the indices of thls
array . ' |
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;: Teset of inte gers .

* Create an empty set: make a new array of
some big size named contains

+ Add an integer item to the set:
~contains[item] = true;

. CheC_k if the set already contains an item:
~ return containslitem];
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E o Create an empty set: make a new array of
some big size Eh, not really important

* Add an 1tem to the set: contalns[ltem]
true, O(1)

* Chec_k if the set already contains an item:




'Blﬁlt‘fher e’s a problem

. How do we make a set of somethmg other
than mtegers’ -

B . Ex: How ‘do we make a set of strings?




 This doesn't really make sense

“kindness”  “cleverness” “machinery” “gentleness”

ry L/

~ + Is this a set containing “kindness”, “gentleness”,
~ but not “cleverness” or “machinery”? -

& + Can't md_ex into an array at a String...




- w AssOciaté each String With a number

+ 43" will be 0, “b” will be 1, “c” will be 2
“ge n tleness” will be somethmg really,
really b1g




1027 1028

n i 144

e Thls a set containing “a”, “c”, and
gent lenes s but not D or anythmg else

v ‘W Assume the number of gent leness" is 1027




~ Well, atleast it works?

R Create an empty set: make a new array of
some REALLY big size

» Add a String item to the set:
'contains[item.getNumber()]= true;

* Check if the set already contains an item:
. return contalns[ltem getNumber()]
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4 Createan empty set: make a new array of some
REALLY big size Uh, is this a problem now?

|+ Add a String item to the set:

~ contains[item.getNumber()] = true; O(1),
~assuming we can figure out the number of a String in
k. c()‘nst'a‘nt time

o Check if the set already contains an item: retu rn
contalns [1tem getNumber( ) 1; O(1), assuming as.




~ Actual problem

| + Create an empty set: make a new array of
some REALLY big size *

WWe can’t possibly make an array big enough
to hold every possible Strmg'

. ® We have to store a false value for every
. single posszble Strmg that s not in our set!




* Create an array of some fixed, medium size

- * Mod the number of our String by the size of
~ the array, and store at that location

- *» Think about it: (the resultof X % nis
guaranteed to be < n) '




e a9

* Say the number of ’ gentleness is 1027.

| » 1027 To 4 = 3, so we check position 3

| » Pretty cool, rlght? We can still predict the index the '
~ String Would appear at allowmg us to checkin
- constant t1me ‘ *
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 Create an empty set: make a new array
contains of some moderate size

| + Add a String item to the set:
contains[item.getNumber ()
contains.length] = true;

- f Check if the set already contains an item:
® return contains[item. getNumber()
g_contalns 1ength] . .
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~+ Even if all Strings have aunique number,
‘those numbers modded could end up the
- e,

&+ Thisis called a collision
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- This is a set that contains “kindness” and “gentleness”

o Do_es it contain “d”?

 » If the number of ”d” is 3, then 3 % 4 = 3, so it looks 11ke it
does!

~+ But it's not supposed to...




‘ * Store the actual String mstead of just € rue.
Cons1der null be to fa lse




“kindness”  null null  “gentleness”

B 3

This is a set that contains “kindness” and “gentleness”
- Does it contain “d”?

-+ Now we can tell it doesn’t!
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 Create an empty set: make a new array
contains of some moderate size

- Add a Strihg item to the set: ’
contains[item.getNumber() %
contains.length] = 1tem;

. % Check if the set already contains an item: |
return contains[item.getNumber() %
- contains.length].equals(item);




‘ W Well What if we Wanted to store both
gentleness and “d”?
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~# Store multiple things ‘by. - storing a list
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 + This is a set that contains “kindness”,
~  “gentleness”, and “d” '
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- Create an empty set: make a new array
contains of some moderate big size

= = | | This is the
- Add a String item to the set: contains method |
- contains[item.getNumber() % | of the LinkedList
contains. length] .add(item); | class-Notthe

name of our array.{

hoooys

|+ Check if the set already contains an items~
. return contains[item.getNymber() %

contains. length].contains(item);




“+ Check if the set already contains an item:
~ return contains[item.getNumber()
| _contains.length].contains(item);

Runtlme of this is.. -f /

i proportlonal to the number |
- of thmgs in the 118t7' -

We lost O(1)... }




ButI'malloutofideas

| Runtimeis NOT guaranteed O(l)

B _Instead 1t depends on the number of
~ collisions '

- Luckily, the number of collisions should |
| much smaller than the total number of 1tems &
. in the set ' ’
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- Can reduce number of collisions by making

the array_bigger

. fBut we mlght not have the amount of
- memory for it.

: Idea ‘Expand the array if the number of
. colhslons gets too hlgh '
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- This thing we just invented is called a hash table

- Key feature: supports nearly O(1) contains

~ checking by associating each thing in it with a

special number called a hash code

* The .getNumber () method of String is actually &
called a hash function. In Java, the real method

hashCode()
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- Last lecture, we witnessed a great battle between
arrays and linked hsts to decide whlch was better
for a sequence

BN hashtable turns out to be an array of linked lists.

. % The array gives us fast indexing, and the linked lists
E givesus guaranteed fast appends

s It turns out the best thing was when the array and
~ linked 11st Worked together' ’
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/An interface (ADT]

Set set ' new HashSet()

'set add(“noodles")

The actual class
(implementation)

set.add( macaroons")'

System out. prlntln(set contalns(

1.d1es")) / true!
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|+ Ttold you Strmg has . haShCOde( ) method
Whlch returns a umque number for the String

%' Tt's not truly unique, but pretty close

' » How do we write this?
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L Goal: Associate a number with a String

public int hashCode() {

int hash = 0;

for (int 1 = 0; i <.s.1ength(); i++) {
~ hash += s.charAt(i);

'} |

return hash:
:} -

¢ Lucklly, each char already has a number
. assoc1ated W1th it. We Could use that.
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~ + Or, closer to it anyway

public int hashCode( ) {
int hash = 0; |
for (int i = 0; i < s.length(); i++) {
- hash = 31 « hash + s.charAt(1i): '
s

-~ return hash;
,;} =
L o Why SO comphcated7 Turns out it reduces

collisions. Don t Worry about this. More of a CS 70
top1c : ” * |
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B So our‘ h-ash table stores*Strings

* What 1f we Want to store some other kind of
Ob]ect7

| ’ All 1t needs isa . haShCOdE( ) method
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& + The Ob]ect class has a . haShCOde( ) method So
all ob]ects do! ’

- ObJect’s haShCOdE() is useless Expected to be
overridden. »
| >]ust like .equals and .toString()

o > Every class you write should have its
- own . hashCode () method, its own Way of
tummg 1tse1f into a number = '
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o1 just descrlbed how to use a hash table to
E make a set "

W.'You Can also use it to make a map.

-~ » Instead of storing items, just store key value
pa1rs together | '
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| An interface (ADT_] key type value type ;

Map<Str1ng“;IntegéFMﬂhap new
HashMap<Str1ng, Integer>()4

The actual class

map put( macaroons”, 254) ;| mplementation | &

map.put( ‘noodles”, 2);

System. out. printn(map. get (“macaroo
nS")) // 254
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B Are used »ev_erywhere all the time

» Probably the most useful non—obv1ous data
structure in this course

- B ]ava’sreal hash table is a little fancier than
- T've shown you, but [ got you to the basic
 - A 1dea e |







Tokbtoproject2

~+ In project 2, you'll be building a simpler
-version of the popular version control software,

~ + It’s called gitlet




 Version control software?

“+ Version control software helps you maintain
different backups of files on your computer

+ Specifically, you could maintain different
= backups of code you write

. That Way, you can revert to old versions if
you 111<e '




wfe o e o - U = o . X, o . A - TR i L3 - - -~ Al s, N e S T T B2 A A v
7 ; A f 5 . . : > g ' 3 o . : TS g 3 ',v‘: ~ .
g SRk, ~ N E S Frega : : L .
:‘Hf s P o ..‘.'J e "y : : - 3 : . ; = o : : :
E T S R R LR e SR e S 3 R S : , S
by s : Ry & v e Y ~ e TRE . : c T A
l"'-.' - . . - - - B - . B & B ) . ,
o :f.'y - ) L : : ! _ e s < L 1 : ' : ' :
“. - - : ~ .. - . - Y M : n
X A e T : - :
- 2 e 3 PO - . X : A
X £ : : g . : - g :
Ry : % : . . ; -
~ } g - -3 o .
. 3 =T : - S
' £ e p ; : 73 . :
Foand A 3 L ‘
Lae _ o At p
>, , 2 3 3 :

~* In this project, you'll be working with your
computer’s file system, which is something you
- might not have done before

B+ Sol provide a brief intro
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R Whenever you run a Java program, you run it
from a certain locatlon in your file system

W You can access files only in that folder by f
the1r name.. '




File’SyS em Dem
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.' . W To access f11es in a folder you have to mclude
the folder name in front ' .

. The complete list of folders and file name is
- referred to as the path to the file
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 Introducing the File class

R The F1le class in Java allows us to easily
manipulate files

+ File f = new Flle( ‘values/deep/
klndness.txt };

o Does NOT create a new file on our 8
computer It only gives us a variable that |
allows us to mampulate the ex1stmg file




- Introducing the File class

S The Flle class has a bunch of useful
methods' Explore them on your own.
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» If we're gomg to maintain mformatlon about
backups on our computer, we need to save
‘the state of our program

- Normally, when you run a Java program, all
objects are garbage collected at the end and
d1sappear '
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B The Way to save state on a computer is usmg
a ﬁle ’ ' -

v W We want some way to save our ]ava ob]ects
. toa flle' '




Persistent List Dema




 Persistent List

* HOW d1d I do thls7
. Usmg the Se rlallzable Interface

» Any ob]ect that implements Serializable ¢
- can be saved to a file, then loaded back in the E
L next t1me we run ]ava




 Serializable

!+ So, What methods are requ1red to 1mp1ement
E Ser1a11zable7 '

405" None.




 Serializable

*» As long as a class and all of its instance
- Varlables 1mp1ement Ser1a11zab1e, you can
save it toafile

B How does this work? Magic. Don’t worry
about it.




