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Toddy Fractional knapsack

Rearrangement

Completion times

Minimizinglateness
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In greedy we pick based on a rule

Myopic hear sighted misht regret later

Exampled

FyUBknipsÉVB

Sort Will Simity arms to
i tot 1.0

While ie n

If WC EB Atakebestitem until
can't

tot B e totVCD BWCis

Else
pitt

Return tot

Very simple and intuitive Isitoptimalf



How to sort

by value highest first

Nope W 1,3 V 213 13 4

by valve density 43 highest first

Nope W 23 V 4173 13 4

General rules about greedy

Sortinputs t repeatedly take current best

Runtime analysis Usually easy

Correctness analysis much harder

Beware of counterexamples

Don'ttrust untilyou'vetried to break it



Whendoes greedy work

Key idea exchange

1 Define greedymethod Proves solution ALG

2 Supposethere's some other solution OPT that is

optimal for your object've tuition f

3 Transform OPT ALG

Method 1 part'sl transform

flop t E f si t E f Sk Ef All

Method 2 contradiction

OPT argmax f s

s OPT modified using into about ALG

Prove that f s flop
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t.IME1MAqawtkoet
Rearrangement lemma

If 27 b c d act bd 7 do be

amott
valves takethe biggerthingmore

Proof a b C d 70 foll

Whyis CAU optimal

Hit it transform OF XVE I Ci'tx Vci

After all toastomstms leftwith

to EB o



durations of jobs

output min Egli
fi endtime of ith job

ith job gets interval si e i SitTci CAzo

Non overlapping intervals

IExamety F 1 2,3 D

Imm0 I 2 4

e te te tey 2 t 10 13 4 29



Observation 1 no idle time

pick a permutation Ti G Cn

Td T 12 TR TI 4

5

Cali E T T1s total dustin of
preceding jobs

Objective min f T ft
Jin etcTIED Ca

Observation 2 Simplify expression

f TD TCT D TENTED t

n TAIN t n D Taa t TCAs



IAsioey Rearrangement inequality

courts
Suppose 2,7227 7 an

bi 2 be 2 bn values

Then dibit dzbut t anbn

2 diball
tdebar t t Inba in

2 dibn t debut dnb

Proof Suppose Tl not identity ALG

It has inversion Thi TL's i c

Apply rearrangement lemma Value goes up

Repeatuntil no inversions ALG Z T

Otherway similar Max inversions ratherthanmin



Puig
f T N T CTIA n DTETE t TCAs

Minimal if TCA sorted backwards from courts

n n ti 1 T hondecressing optimal

Weightedcompletiont.ms Prt et3.1

Sameidea One more input

W listof h s 20 weights of jobs

Output min IgWCDei

Can we still get away with greedy



Claim Sorthyby Tig is optimal

Assume e SEE
Then The identity optimal for

f T1 I Wait I TCTG
IECn
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Idea exchange argument

How to partially transform



Not so clean to undo inversions

FLI WHITED
TCA

teen Tak

t WEI TAI
Cn

Weights per duration are not fixed

Cannotdirectly apply rearrangement
inequality

Fix undo adjacentinversions only Alwaysexists

Fathi
ima

All exc stay sane except Jai it



Gt i it l be adjacent inversion

To Tic D FEET 7

let T G
T it

T i j it 1

TIC's else

f Ti FIT JEWE'llD exe
WCT em

WIT it 1 entity WG i Gi

WCT it exits t WGli is

WCT Ii TGI in

WCT it TCT i I 0

Hence exchange improves f identity If Ti



i
durations ofjobs

D list of n s 20

deadlines ofjobs

output minimize hey 911g
ithjobsets si e i sitTCD Rao

nonoverlapping interests

Claim Sort T D similarly so D nondecressing

DEDE DCDE E DCn

Thenoptimal to have Ci IeTG



tiffin

inversions

f T MEG ITCHD Dan

Claim f T E f I so identity optimal

Proof If argmax for T E fi it 13
Else let A Be T TG

T max A TAIGA DCTIC D

A TCHD TCTHD DCFCDT

T A TEND TEM'D DEIFY


