
GreedyAlgorithm linformald.ee an alg that sequentially
contstructs a solution through a series of myopic short sighted

local not gobal.no nkingaboutefuture decisions

Typicalpropert.es

Easy to create

Easy to analyze runtime
Not optimal
Hard to prove correct



Orderingfle Abstract objective function

Input n items

Output Order T that minimizes or maximizes AG

Alo
ex µ A orders

optimization3 items 345
problemis

1 3 4,3 2 5H13 213,1 13,31

Brute Force Evaluate AG for every ordering R n

find the min value ordering
Greedy Design a simple scoring function f item score

Evaluate score for each item I n

O nlogn Return 5 that puts items in increasing decreasing
score order



Scheduling Tasks task I 2 3

Input n tasks time weight time 3 4 2

larger means more important weight 5 I 2

Output Ordering 0 that minimizes

AG Wi Cio

Applications CPU hw scheduling
time

ilo completion not task i given ordering 5

ex task I 2 3 0 3,1 2
time 3 4 2

a
C 3,1 2 5

1 11 1 I 11 11 11
2 3,1 2 90 1 2 3 4 5 6 7 8 9 10

3 1,2 2



What is 2,1 3

A 2 B 3 c 7 D D
Calculate AG determine best order Brute force

task I 2 Order 412 2,1 Order 412 2,1 5.3 1.7
time 3 4

Alo 22 39 410 3 7 22
weight 5 1 6210 7 4 sep

AGWiCiGI 1H11

What is this objective function optimizing What time weight
jobs is it

Output Ordering 0 that minimizes prioritizing
AG É Wic O



Creating Scoring Functions Counterexamples

Creating a greedy algorithm Easy
good

Creating angreedy algorithm Hard

To create

f i ti increasing of f

task I 2
time 3 4

weight 5 1 Greedy Ordering
Yay Correct

f 3 4 112



But will this greedy ordering always be correct

Try to find a counterexample
think extreme
create tasks that are similar in score but

diff otherwise
fli ti increasing

task I 2 Order 412 2,1
time I 2 A o 300203
Weight I 100 GreedyOrdering
f 1 2 1,2 Optimal Ordering 2,1



Group Exercise
Create counterexamples for scoring functions

A f i Wi decreasing B f i Wi ti decreasing

A Brute Force

task I 2 Order 412 2,1
time 1000 1 A g 30012002

weight 2 1 Greedy
optimal

f 2 1 112
211

Brute Force
B task I 2

Order 412 2,1
time 2 100

weight I 98
AG 99989902 optimal

211f 4 2 1,2



One approach to designing greedy alg Wi ti deer

w t deer

create several reasonable scoring functions
test try to create counterex w 2t dec

heuristic
No counterex try prove correct or just use

This Ordering jobs by f decreasing is optimal
for minimizing A G Wicilo if wilt are all distinct

Pf Exchange Argument Type of Pf by Contradiction
WLOG relabel tasks so wilt Waltz Walt when
so greedy ordering J 1,2 3 n Assume for
contradiction the greedy ordering r is not the optimal
ordering Then o that is optimal and 5 5



Since 0 5 there must be tasks in that are next
to each other but out of numerical order

o y b but bay

ex 0 113102

What is b
y in this example

A b 1 B b 3 C b 2 D No unique

y t y 3 by



Let 5 1 be the same sequence as o but with

b y exchanged to be in correct order

G y b 6 3 1,2
G b Yi n 3,2

What is Alot AG
1 20 AG

i
wiCiG

time
Ty b n Wy Wb0 9

ty
6 4 ith job in ordering

T't

6 19 bin to

A J Word 0 1 Two f 0 12 WyCy Wb b a t

Etf Etf
AH.tw

ffIIIfIE

wCHtwglglo



03 A O A 5
1

Waty Wy to Divide both sides by tyt
Fb

But bay so by
0 7 1 4

70 our greedy ordering

of
WE If

0C WE _Egg
Contradiction

We had said that A o was optimal so it must have

the smallest A value but now we've shown that

has a smaller A value a contradictions

Thus our assumption that 5 our greedy ordering
was not optimal was incorrect and so 5 is optimal



Structure ofExchangeproof
1 Assume greedy ordering Tordering from f

is not
optimal

2 There must be some other ordering that is optimal
o

3 Modify of by exchanging 2 elements to make
if

more like T called 0 1

contradict
4 Show 0 t is better in A value than o

What is the runtime of our greedy scheduling algorithm

A 04 B O n gn D 0 n

Schedule n

a For i I to n
NIH

Calculate wilt
wheredidweusewiltiy owfgnf.sort by score

are all distinct



Recall
A A 0

1

Wbty Wyts Divide both sides by ty.to

AG E ftp.w
y

But by so so

A t0 20 and ty.tn 0 so

A Ot A 0
1

0 We said

A T was optimal so it must have the smallest A value

but now we've shown o has a smaller A value

a contradiction
Thus our assumption that r was notoptimal was incorrect and

5 must be optimal

Lose contradiction



Thy Ordering jobs by decreasing value of wilt is optimal
for minimizing A G Wicilo

ifwiltiarealldistinct.PEsketch Choose some relabeling of tasks so that

Wilt Walt Walt Walt

We call 5 61,2 3 n this greedy ordering Let it
be

any other ordering

Bubble

out

f y b

ACO ACA ACo AG

We have shown for every other ordering A o ACT
so I must be optimal



What is the runtime of our greedy scheduling algorithm

A 04 B O n gn D n



Work backwards to find optimal scoring function

f
Tha Ordering jobs by decreasing value of wifi is optimal

for minimizing A G Wicilo if wilt are all distinct

Pf Exchange Argument Type of Pf by Contradiction

f fa 7 f
WLOG relabel so Ht waltz

w
so greedy ordering

is 0 1,2 3 n Assume for contradiction that 5 is not

optimal Then o that is optimal
Since o to there must be tasks by in that are next to

each other but out of order ex n 3

Of y b boy 0 1,2 3

0 2

y b



Let 6
1
be the same sequence as o but with by

exchanged to be in the correct order

of y b
T 3 1 2

b y 0
1

1 3,2

What is A o A 0
1 AG E wiCiG

time I

mitthtdtw Tti ith job in ordering
to

Entail on

A 0 WALK Wo G Wy
Tt Wb tty t

tI wry.co twr H yzt WbTIEWyIItt t

Wbty Wytb



A J A 0
1

Wbty Wyts Divide both sides by ty.tn

Ak E If
But by so

0 and ty to 0 so

A Ot A 0
1

0 We said

A T was optimal so it must have the smallest A value

but now we've shown o has a smaller A value

a contradiction
Thus our assumption that r was notoptimal was incorrect and

5 must be optimal


