Lecture 22

CSE 331
Oct 25, 2021



Please have a face mask on

Masking requirement

Your face mask must cover
your nose and mouth

at all imes.

UR_requices all students, employees and visitors - regardless of their vaccination status ~ to wear face coverings
while inside campus buildings.




Fri, Oct 29

Mon, Nov 1

Wed, Nov 3

Fri, Nov 5

Mon, Nov 8

Project deadlines coming up

Counting Inversions ¥ "D’ "Y' ' ¥

Multiplying large integers D}'fc d“ D: 17

Closest Parof Points ¥ "I * """ »*
Kickass Property Lemma i ' " @77

Weighted interval Scheduling 3 " """

[KT, Sec 5.3] (Project (Problem 1 Coding ) in)

[KT, Sec 5.5] (Project (Problem 1 in)
Reading Assignment: Unraveling the mystery behind the identity

(KT, Sec 5.4)
[KT, Sec 5.4] (Project (Problem 2 Coding ) In)

[KT, Sec 6.1] (Project (Problem 2 [TTITSI02) in)



Group formation instructions

Autolab group submission for CSE
331 Pro;ect

LOMNNG YOUr | 1) - FOUD ON Aoab
Follow instructions EXAC I L as they are stated
The mnstnux ' bolow are fo xHing Problem 1

I You wil have 19 repeat the Meuctons Delow for EACH coting AND refecton probiam on project on Autolad (winh e BOOeograe CRanget %0 T aCTuE [rolier)

Form your group on Autolab

Groups on Autoiab will NOT be auto alby croated
You wil have 10 formm 3 growp on Adtalab Dy yoursed (3 8 rougl Aast on for retractiors on how 13 go ot ha



Please be in touch w/ your group

B rote a3s2 - RN 15 .o |

Please respond to your project groupmates messages

| have heard from some students that their group mates are not responding o their emala/messages. PLEASE MAKE SURE YOU RESPOND IMMEDIATELY IF YOUR GROUP
MATES ARE TRYING TO REACH YOU. Falure to do so might rosull in getting a 0 on ALL of the progect



1 on 1 meetings

B o007 e (o ...
Meetings to discuss CSE 331 performance ==

1 harve oraded Toen who have 4 Ds or Below 0 Tar mud-term grade for more detals o the grade see S350 1D w0 8 0Ne-0N-0re Maeng (0 tek with mw. OF course you can
o comrm and el about your 331 pertterance meen £ you Rese A e grinde Sgher B De Bhough studentn with & D+ o Defow wil pet sreforencs)

1 harvw I0Chnd Ouf Cortain e Owar el waek o 50 for 15 e mestngs. Pesse nots Tt Bese are NOT walli-dnn f 70 00 0™ wp lor 8 siot | most Baly wi NOT be n my
O O B Bt I s w0 Corvem o] Wi et e pheass EMAIL me with ALL the stote Dabrw (hat srork for you Frivmie DOsis o0 eains wil nol seork ghase sl
mal) S0t will Be sspgrwd on @ fraf-Come-Snf-sarve e, Ao | mught only Be abie &0 confie your e after 1 Tovm om e dey belore your schwctied’ siof

Note: Thess are my Cument svalaDiies - sorme of T SO0 MG De waed LD N s0me other non-CSE 331 mestings. 50 pletts Mend multipe Chooes Iy whan you Can et

W can heve t'e mesting either » porsos (Dews 318 o on sooem $rtpe UM soors w00 P I2000 1 27 pds YT INT W Cpa | BN LDUrW ey QTON encept for Th
meetng whith are virtual ONLY

Balow are M 'e svadalse B0t Detow o Mt Brad i S5100 & SO0 Tl 18 S0y Lhen Nt & slre VOUN )
o Thursday (0ct 21) (VSRTUAL ONLY 11 00am, 11 t5am, 11 300 1% 40am, 1200pm 12 thoes 12300, 12 450, 1 00pen, 1 150w, § J0pm, | d6pmm, 4 00pm, & S5pm,
4 g
Fridey (Oct 22): 2 Y5pm 2 300, 2 a6gen. 4 00p. & 160w, & 30pem
Maonday (Oct 205 & 0w & 4bam 7 O0prs. J (hgen 2 X, J dgen. 3 COpm « Qg
Tussday (Oct 26 $30am, S4bam, 12300, 12:85pm. 3 00pm, 2 S8pem. 3.30pm, 2450, 200pm, 3. 15om. 330pm, 2 4Som, 4 00per, & 150m
Wadnaaday (Ot 27 | Mpem, | ddpm, 200pm, 2 Vigem, 2 30pm, 2480, 3 00pm, 4-00pm, 4 V5o, 4 J0pm



Response to feedback

.mm "

Reponse to feedback

TRAAS 3 orverpone who give leadbacs (O245)

Pdow, 1wl pont aotne pee-charis Bhat | Bank ghve scme Disemling owerall pichure of how 3 sl S about the oo aned T a0 matormen 15 B wiiten commects. | agan

ROGIOSUS 1O T Oty I\ 0ONG Tl AN | unGeritand Tt S0 Of el NOORAcK U Nitve Saies Liud #f vt iriir S0y AU et 14

Foyt some pee<rarts

Overall your feeling about CSE 331

10 resgonses

©® Vory Meppy

® Chatenges and happy

O Chalerget 3 weh

@ Chatenges and uhappy

@ Cratenges and very ushagpy
® 'm bored



Questions/Comments?

F o
& :




Kruskal’s Algorithm

Input: G=(V,E), c.> 0 for everyeinE

T=0

Sort edges in increasing order of their cost

Consider edges in sorted order

—

If an edge can be added to T without adding a cycle then add itto T

Joseph B. Kruskal




Cut Property Lemma for MSTs

Condition: S and V\S are non-empty

Cheapest crossing edge is in all MSTs

Assumption: All edge costs are distinct



Questions/Comments?

F o
& :




Today’s agenda

Optimality of Kruskal’'s algorithm

Remove distinct edge weights assumption

Quick runtime analysis of Prim’'s+Kruskal's



Optimality of Kruskal’s Algorithm

red =I S

Input: G=(V,E), c.> 0 for everyein E

S is non-empty

T=0
V\S is non-empty

Sort edges i increasing order of their cost First crossing edge considered

Consider edges in sorted order

L!edge can be added todl without adding a cyclethen add itto T




Is (V,T) a spanning tree?

No cycles by design

Just need to show that (V,T) is connected

K

g =‘ s #e

v:?_,_ )
—

No edges here = FINITD




Removing distinct cost assumption

Change all edge weights by very small amounts

Make sure that all edge weights are distinct

MST for “perturbed” weights is the same as for original

Changes have to be small enough so that this holds
[

EXERCISE: Figure out how to change

costs




Questions/Comments?

F o
& :




Running time for Prim’s algorithm

Similar to Dijkstra’ s algorithm

O(m log n)

Input: G=(V,E), c.> 0 for every ein E
S={s}, T=0

While S is not the same as V

Among edges e= (u,w) with uin Sand w not in S, pick one with minimum cost

AddwtoS,etoT



Running time for Kruskal’s Algorithm

[Can be implemented in O(m log n) time (Union-find DS)

Input: G=(V,E), c.> 0 for everyeinE

—
I
IS

. .-*\é/ e { : -
Joseph B. Kruskal

Sort edges in increasing order of their cost

Consider edges in sorted order

If an edge can be added to T without adding a cycle then add itto T

Can be verified in time




Reading Assighment

Sec 4.5, 4.6 of [KT]




High Level view of the course

Problem Statement

Problem Definition

(6} . [ J
Three general . O ®

techniques

Done with

greedy

Algorithm

“Implementation” Data Structures

Analysis Correctness+Runtime Analysis




Trivia




Divide and Conquer

Divide up the problem into at least two sub-problems

Recursively solve the sub-problems

“Patch up” the solutions to the sub-problems for the final solution



Sorting

Given n numbers order them from smallest to largest

Works for any set of elements on which there is a total order



Insertion Sort

Input: a4, ay,...., a, Make sure that all the
processed numbers
Output: by,b,,...,b, are sorted



Other O(n?) sorting algorithms

Selection Sort: In every round pick the min among remaining numbers

Bubble sort: The smallest number “bubbles” up



Divide and Conquer

Divide up the problem into at least two sub-problems

Recursively solve the sub-problems

“Patch up” the solutions to the sub-problems for the final solution



Mergesort Algorithm

Divide up the numbers in the middle

n=2
Sort each half recursively

Merge the two sorted halves into one sorted output



How fast can sorted arrays be merged?

Group talk time




Mergesort algorithm

Input: a, a,, ..., a, Output: Numbers in sorted order

MergeSort( a, n)

If n =1 return the order 3,
If n = 2 return the order min(ay,a,); max(ay,a,)

d_ =dj,..., an/z
dr = an/2+1l"'l dn

return MERGE ( MergeSort(a,, n/2), MergeSort(ag, n/2) )




An example run

sL.1 w0 1 2843

|1 51! !19 100 | |2 8! | 3 4
[1 19 51 1?)2 3 A 3 |
2 3 P8 19 51 100

MergeSort( a, n)

If n =1 return the order a;
If n = 2 return the order min(a,a,); max(a,a,)

a|_ = a]_,..., an/z

agp = an/2+ll"'l dn

return MERGE ( MergeSort(a,, n/2), MergeSort(ag, n/2) )




Correctness

Input: a4, a,, ..., a, Output: Numbers in sorted order

MergeSort( a, n

n =1 return the order a;
n = 2 return the order min(ay,a,); max(ay,a

a|_ = a]_,..., an/z

dR = dn/2+1s:++» 9An

return MERGE /" MergeSort(a;, n MergeSort(ag, n

Inductive step follows from correctness of MERGE



Runtime analysis on the board...




