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Lecture Tue Thu 930 1045AM WWH312
Recitation Fri 930 1045AM Bobst LL138

OfficeHours Jiaxin Guan Tue 2 4PM WWH412

Jiaming Li Wed3 4PM WWH524

Grade 30 HW 30 Midterm 40 Final
Overallgrade is curved 113 A 13 B 113C

No curvingdown i e 790guarantees A
Homework weeklydueWed10PM 11 in total droplowesttwo

ÉE E ei Ep
Collaboration Encouragedto discusswith classmates butmust

List discussionpartners and
Writeupyourownsolution

Look at otherstudent's solutionwriteup
Showyourwrittensolution to others

Look foranswers online

adf.iti iE Edf fagIite
Final Thu 12 19 8 00 950AM 2 doublesidedpagesof note





































































Participation lecture campuswireetc 0 butfactored in forborderlines

Textbook Introduction to Algorithms by CarmenLeiserson Rivest
Stein CLRS

Questions Campuswire campuswire.com p GB425CFFD

Email code 2692

2 Coursedverview

Algorithm.si proceduresforsolvingproblems

What problems Learn general techniques

Sorting Divideand Conquer
Fastmultiplication Greedy
Data structures Dynamic Programming

Graphproblems

Overall Goals

Essential analytic skills
Abstractions and algorithms for problems
Communication Proof

C tech interviews Shhh





































































3 Staff É algorithms Solverealworld problems

n Playwrights n Directors

If

Stable Matching Marriage Problem

Match n students to n schools 11 to 1
Preferences Eachstudent ranksall schools

Each school ranksall students

e.g A 4 2
Y ASC B

Unstablepair unmatched s n but
S prefers u over current school AND

U prefers s over current student

Stable unstablepairs s





































































Estudents Schools

A 47 72 X ASBIC
B 452 Y BSCSA
C 7472 2 CSASB

A 2 B Y C Stable

No B is unstablepair

A X B Y C 2 Stable
Yes Eachschool gets its fan student

Formalizing StableMatching

Bipartite Graph

Graph with V broken into twoparts
onlyhaveedges acrosstwoparts

Matching Setofedges maxdegree1

PerfectMatching all vertices have degree I
Stable as defined above

PerfectMatching iff of students schoolsthesam

StablePerfectMatching



























n ofthoseBruteForce

Loop through all possibleperfectmatchings

checkall aim
check if stable

pairs Total n nth D

Gale Shapley Algorithm 1962

1 Set all students and schools to be free
2 While freestudent
3 Choose such a freestudents
4 U first school on s's list that s

hasn'tapplied toyet
5 If Iu is free
6 pair s and u andmark as matched

7 Else If u prefers s to u'scurrentmatch s

8 pair s and u andmark as matched

9 mark s as free
10 EndIf
11 Endwhile





































































students Schools

A 74 2 X CSASB
B 47 72 Y ABSC
C 2 4 2 ASBSC

A A
B Y B Y
C 2 C 2

A A

Be
I B
2 C 2

A I A IB B
zC 2 C

A
B Y
C 2





































































Claims
Once a school getsmatched remains matched

Sequence of its students improves
Thesequence ofschools that a student applies
to gets worse and worse
If at somepoint s is free then s hasn't
appliedto all schools yet
Prof Assume s hasapplied to all schools

So all schools are matchedby 0
therefore all students are matched b c equal

EÉÉgrithmalways terminates w
a perfectmatching from

Now we showthis matching is stable
Assumetowards contradiction that it's not
ie an unstable pair 15 u sit
a S prefers u to its currentmatch it
b u prefers s to its current match s

Noticethat s's last application was to u





































































Q has s applied to a yet
No s prefers u to u by

Contradiction w a

Yes U rejected s frightaway or later

U prefers s to s by 1
Contradiction w b

Contradiction in both cases

Matching is stable

Cos Stablematchingalways exists

_ime
ofpossibleapplication
Is u pairs m

Eachiteration one application
constanttime
Total runningtime
Worst case Ontheorderof m

Best Case Ontheorderof n

Bydefault we talk aboutworst case runtime



1

There's also average case runtime but analyzing
the average case runtime for Gale Shapley is
out of the scope of this course

it's on theorderof nlogn if you'recurious

We will see how to formalize on the order of
next lecture

Whenever you give analgorithm youshouldargue
Correctness

Runtime Analysis


