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Announcements
- AW out

,
- oral grading

next friday



HardP=bbms
Apparently , the World is All of

them !

- some impossible
ie

- others just slot

what to do ?

Approving
- Randomization



Example : Load
Balancing

•

n jobs ,
each with a runningtime T[ 1. on ]

o M machines available on

which to run them

Goat : Compute an assignment
Afloat where job

gets assigned to Tame
machine it [ 1. am ]

ie A[j]=i

p.tn
- -

- -
- -

€
-

i#Ms .
.  -17Erases:*



Natal :

Finish as early as possible !

Matespan : Max time any machineTSrunning jobs :

makespan (A) =

next,§⇒⇒t53 )
Pworst machine In jobs on

6¥ .

i
machine i

Minimize matespan :

my mail.9.EE'D



This is NP - Herd
.

why ?

Reduce partition to
Hus :

Given list S= Es, ,
... ,sn}

↳ runngobs
with TES ;

r set m=2
.

ask for makespan
of value

{s÷

M¥
2



Approximating
What seems a natural strategy ?

Greedy !

Possible heuristic
-

:

fans , der jobs 1 at a time
+ assign to current

' '

emptiest
" machine

.



Algorithm
-

:

> intake
machines to 0

17 ←
fnmdadqnfetest

FET
thassgn

Runtme : jtomaegptgest

M than + 1)

=OCn m )
if you

do Totalfi ] 's

in a heap
↳ Ocnlogm )
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Correctness
Claim : The makespan of this

greedy
algorithm is at most twice
the optimal solution

.

¥ :

start 42 observations :

OOFF.EE#mgxf@

�2�
OPT > average job length

afn End



(pfaont)µow
consider machine 4 largest

makespan in greedy alg
↳ machine E

.

Let j be last job
assigned to machine I

.

-
- -

-  

→
an

job
- '

Picture :

ME
)

1M¥in
F. Fi Mi

' "

Fm



Better picture
-

:

{

�3�
→

Y
&aoff#fetaopt

↳ this mdaspanwlj removed

When
j was assigned,

Mi
had lowest mdaspan

Total E) - TEDE Total A]
↳ had to be less than

or equal to average !

by �2�
,

OPT =
average



Q_ : Could this be optimal ?

( Answer : NI
Possibly on hw ... )

Not : This is actually an online
algorithm
↳ input is not specified

ahead of time

Why might this be a
useful observation ?



Can we do better if given
input offline ?

Yeah

→

→

Runtynaogntlogm
Claim : Makespartof above

is E£° OPT
.

PI :

2 cases :

htm : ( easy case )

One per machine
⇒greedy -010T

( f ZOPT)



Others : n > m
.

Consider e a j as before :

0 to#
'

# EOPT

17

° Still have : Tott [ it - Tfj ] EOPT
.

Now:_ in any schedule
,

some

machine must have 2soFtE@EEtE4TEDETfntBETfnaxH.eB

( since sorted ) z GPI
a



Dfnsfortpprox :

Let OPTCX )= value of optimal
solution

A ( × ) = value of solution

computed by algorithm A

A is an an ) - approximation
algorithm if :

OPTCX )
-

#
Edu )

andftp.#a,e&(n))
"£¥

- ofn ) is called the approximate
factor -

-



f

So greedy load balancing :

A ( × ) ± QOPTAD

⇒
opt

£2

o¥¥h¥
For this problem :

OPTKKACX)



VIGOR
NP - Hard .

Shall we try greedy again ?

Hoy should we be greedy ?



Algorithm
-

:

Question : Is this ever optimal ?



Q_: Is it a 2-
approx ?

6µg :

OIT
:

Greedy



Thin : Greedy VC is an Oaogn )
approximation :

Greedy E 040g n ) . OPT

# : Let Gi= graph in in
elevation

.

Let die mox degree m Gi


