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Optimal both for a layer instance

intense optimal Sot
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I 6 with some easily
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that is guaranteed lobe in

may{ atleast one optimal seen.bested



Coinage Suppose you want to make a charge of

n Rupert using coats of denominations i

.

- E
, 2,5
-

Sufficient #

Criterion !-7 You want fuse the min # of coins .

ich: min # of coins needles make a charge food he
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Charged ] = a- A min (charged '
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Greedy it n
use

→ select 5
T.ge else if nz2

→ select 2

else
select to

Redhage (n )
if ( n>5)

return it Redhage Cn-E)

-
-

.

Now
,

I akaim that my greedy algo woke.

What is the proof?
me the greedy alto chooses exactly A-Lng) 2- Reca's .

Suppose an optimal solh chooses' k¥5Re was . TIE?



Assume list ⇒ Atleast Ect -t') Rs . have
been

chafed in the optimalsom

way A- Rse 2kg cons.

→ optimal soul " uses 3 2B coins

X → Replace this som with

2-Rs-trs-lybdee.SI
Uses 2t2 (atleast I ensured

any comb
"

of 5 thaty
HAILpapcacewimsiA-I? 7)→ 2- Rs
For

cont
→



What remains → Sum of no more than4kg

Exhaustive search of all the cases
-

Greedy ⇒ how may I Recoil → almost 1
- -

-

Fast he one of the optimal

Greedy way of choosy may
not always work. he,m Optimal

-

↳26ns

Suppose N B we 3311 .

n -8

will my greedy alpo still 231,11 -74 cons

Greedy X



Once you identify a greedy property
1 . You need to prove that this gives an optimal soon.

06 2 . You can fire a center example whose this

greedy property doesn't giveyou an optimal loom . .

tatiriugsedeutionoos Suppose you're a classroom TRIAL

Suppose there ase n sequester
1
,
. - n

Each request has a start time sis x afinish time Hay

-sensate



10:00 - 11:00 Algo

10:30 - Ming Discrete

1%00 - 12:00 Signals & Systemscompatibly
f Algo, signals -
←

y
. Discrete 1 Discrete-
If I
#
10 1 11

,
12

10:30 11:45

Discrete
, signals

Algo, Discrete X X



two nefuests I qj are saidto be compatible i'fthey
don't overlap
-

o

e-
his fail

=
Rj) tf)t.FI/oogggsscT- →

Optima :S Goal is to select a compatible subset of
requests that n'r of Max . size .

& do this efficiently .
-_



trainee folks \akeodtpoosiblesnbse?Tf-

-

✓ for each subset

exhaust { → check # they're company

exponential
-
time

↳ filter compatible ones

select mane size
-

Jet 're define formally.
n Request ar

, -
.

an farted in terms of

sci slit fins finish they
fir) fli) fins



Rijn. - set of tasks that start after Ai finishes
a finish before aj starts

Sij :→ Optimal mln for Tij
no

subset ( compatible subset of ma size)

Cfi;] = isijl

Dummy tasks Ao ant.

Is min sie Inn edn

qg§! CEO
,
nad is the final seen .

^ enlist = o if i -j§E .

-

= imax, cEikI-1+cegiTL
- - .

-
I



Greedy .. - fee ifyou an identity one choice guaranteed to be

in atleast one optimal set:

Ao Aa an And
- -

-

t . Select on activity uuthttre shortest time .
( flit-sci))

in:÷ a:÷:.÷÷÷..
L. Sedat as activity with the earliest fohimbme.fi,

3 . Choose a activity wins min # of incompatibilities .
Ignore no . of activities.



I . activity with the shortest time .
- X

em
'

Fea!
-

-
-

n

.

2
. Activity with earliest finish time .

-*[a⇒f . ? ?.
t - - - - -

3 . Affinity with min. # of incompatible sequesterX



real-9 Hta

↳ i!-H→ non - optimal sols
1-1 a-9

per tem

Choo ee the activity with the earliest finish line

→ Remove incompatible akts .
-

→ Continue until all sequester
cab processed.

And Go Fiji. - set of tasks starting after
ai finishes a ⑧finishing before

Aj Stoots
Jet Am be an activity in Tig with the earliestfsetpyn time .



→ Aq is included in some optimal so of
-

-

¥:S Let Sig be the optimal set
"

→ a max↳et of the mutually compatible
astir lies in

-

Tio

Tarik : show if it is different than greedy, you can convert

it to greedy, while semang optimal]

Let an be an activity with the earliest finish time insij

If Ana Amr
.

we're done

If an f- am : ⇒ In Ifm
- still compatible?

Jet 's take II = Sig - Ign} Hang )- size same}✓



Sii t
-
-

-

- - -

z - - -
-amok

✓*
→ Sij

'
activities are disjoint

proof .

PSG 's tet 's assume that the activities are sorted

as per the tennis, let s tf be thetfggays
start finish .



Greedy - activity- selector Cst)
M = S . length
A- = Lang
K -- I H lait activity selected

linear time
-

for m -- 2A n
an { '- se.

:÷÷: ma.* footed as per

finish
times

OLnhg.nl return A



Bothers Single resource & set of maquette to use the

resource for Oninfesval of fine

° Sci ) fli) Renny Galeon asewer.
-

X

to :oo N :O
¥ - time (length
£ ofjob

contiguous time tf deadline
interval di

Resource is available from limo S
.

Different royuesto must be assigned

non-overlapping internals.

Goulet Suppose we went to satisfy each request .
-

✓ IF 3 but we're allowed to
← a -1£



let certain requests sun late .

i i - - -
g
-

→ bid -ti
.

- firs - Scritti

schedule
,
all the refused

+
to be determined by the algo

we
say that argues't i is late if it missesthe

deadline
,
fli) > di .

The lateness li = 0 if flit Sdi

max Le . ee

- Heil - di ow.}
- RnB → minimize



The goal of our optimization would beta schedule all

requests, using non- overlapping intervals
,
so as to minimize

the max. lateness

Is maxi bi

ti --I

Job't FIT
to dim

Jobs

-
at :b

Job t¥
a X

Ef⇒F4 ⇐ E, E



We need to look at (ti
,
date

Approached Ces Schedule thejobs in increasing order of their

length : Get the shorted jobs out of the way quickly

Copfe? shorterjob but deadline isfor
X ~ us.
-

longer job but deadline strict
-

-

t , = I d. = too

Greedy. . %beI="do¥ma : .am -

Jobs loot JobI T

L -- E 2=0



Approach 2. → we're concerned about jobs whose

available slack time diet is very small .
→ Schedule in increasing order of slack

time

counter Example ?
- job with 0 sled deadline later

( a -

µ job withhigherslack-deadbheearlies.tn
= to de - to slack -0

ten. I den slack 's

Greedy Optimal
Job I ✓

- Jobs ✓

Jobs 9
✓ Job't I

- -

try 2--4



A, di smallest ti

Smallest di -t

smallest di -

Approached :- Choose job with the earliest deadline

Sort the jobs in increasing order of deadlines

Ole Ede -
- Sdn

Schedule irfan 's order

S Stt, tta
-

-

IT

no idle time
n

finish time St Eti
- ish



Optimal SDI schedule

schedule A
'

hasvaninueoson if agbb e- with deadline di is

Scheduled before another job j with dentine dj soli

:§.

> ÷) inversion
By det! greedy algo doesn't have any

invasion .

* These is an optimal scheduleauthoress.
I change it logoeedy
without comp. optimality.



Let 0 be an optimal schedule .

If O has an investor
,

these is ajob A scheduled
before jon B a. da

'

' MVh¥
.

- dis
-

-

A - T - - B

drtdp

Af we advance in the scheduled order of jobs

from Ali B
,
these has A be a out at which

the deadline decreases for the first time

⇒ consecutive parrot jobs I I



(i;D pair of jobs ( inverted)
- di - di

consecutive -
i scheduled before

If we swap i ⇒ eliminate this immersion
.

→ Ahe new schedule has max. lateness no greater
than that of Q. ( optimal schedule)

Boot scheduled Assume each request I e's scheduled
-

Edb
,
Ferd lateness lose

1- may be

Let O
'

denote the schedule where I swap ↳j )

Irs , Ffs) to E- max-To



# a Job j finishes earlier inthe
ljotlil - doo is J Jd .

> D; new schedule ⇒lift
of '

di
⇒ before sweep

° toyr. L - fish. . -3 #¥y
E- marsh Eiti. -103,eat
>

Anti
e;€/J -

* All jobs other that Iej finish at the same time

'÷: ::s÷÷÷÷÷÷



⇒ swap doesn't increase I

inversion as swap → the so is still optimal
-
-

O
-

a

Scheduleywilmdeadlines Simple greedy algo
° . Son- by deadlinesd- < I

schedule in incseasirgorder
di > dj -}→FOptimal schedule

with no inversions

multiple set with same dealing



B ref . with same deadline

Putin any
order
-

will not charge man.
-
-

L

±f
a÷

:
'

?→↳ man. lateness will remain

the same



Knapsack Problem fo
-

Setting ↳ A thief trying tools up. Has a knapsack

Various items 1
,
-

- n

ith item - weight w: value Oi
--
-

these are integers
knapsack ee, Can carry almost W weight

Optimization problem e.→ Carney as valuable a load as

¥¥he car fill in knapsack.
What items should hearsay?



Ex. zikns
I 2 3

F÷H. 'Eid
.

'¥4
.

una.
.it ... . i÷.j±

Either take or leave an item

O -1 knapsack ⇒ #- 1236301-1
too 3 590$

fractional knapsack 's Ahe thief can take fractions of items.
{

g : gig → arose 3.÷.these:*:- ages:#I



fractional knapsack Greedy strategy
-

Compute the value per kg Witwer for each item

-
foot the item as per this rabid pound ration

-
The thief begins by today as much as possible
of the item with the greatest waledpound -

- At the supply of this item is exhausted
,

& he can still

carry money he takes as much as possible of the
item with the next greatest Valmet pond & so

forth
,

until he teaches his weight limit w.



toes Given
a set of nitens La

,
- - ng

Assume that they're sorted as per Vahrelueeignt ration p

f. e. Pe - - >Pn
Jet the greedy sod

' be Csa car
.
-
- rn?

where ni indicates the fraction of item %.
-

C- 195 i - Oi
,

wi

knapsack capacity - W
M

E niwi = W
i -- of

Assume an optimal seen O = aye , . - yn >

i. yiwi -- W

prone that Air also an optimal seen.



↳ = LM
-
- Nn >

o . < ga - - Jn >
Consider the first item I whose the two sets differ.

⇒ ? By def
"

G takes as large↳
fraction of ios possible .

- Ni -

-

o - ji
o
'
- ④ Let a- Cni-fi)

consider a new set
"
O
' from O St .

for jai
.

yj
'
- yj

Yi
'
-
- ni

⇒ I 're to now xenon Mehr et weight dug from
Etten resetting's



Now
, arguethat the total value in sod " o' is zthat

of O
,

→ O
'

is an optimal we "
contradictory

weight Addy Iwi sensory Efrem the later items
i

2
diftvahe avi - 17¥

..

.

=4w:p,↳ um
- Lt . Stewie = Dwi

II.* trucks E
,
?tw. pie .n=

'i s÷÷so÷c↳



diff valve z Awi ( fi - pied

> O

IM -

Kim:÷
O - a- knapsack knapsack has a capacity w
-

of full as possible rusty a subset of

items da
,
- - ng

thinkin terms of DPs



If. - - r 's

Gpa ( i ) : Solin using a subset of requests from LE - rig

copalm M€0 copalm -
- op -11mi){ntO opHn7= One option. )

W-Wn

Missing weight
→

Also take ink consideration T#ble weight .

OPT (boo) 5 Soth using a subset of items from

La
,
-

-93 subject loans available

weight us
.

Em
allowed.

= Max E Uj
s Jes Seda

.
- rig



subject A few; s w .

jes
Max 8cg
S jes

Recurrence for Opal Iw)
Ef w < wi 0PT(sisw) = OPT( i-yw)

ow .
= maxµit OPT ( i -3W-wi )opaline

,

The man . profit PEN]Ew]
our

time complexity Ohhhh)← times



"
'

w

: " at
; 3mg

'

zagai

W=6_ ( knapsack capacity )

¥456
oprligw)

÷/#T# or

failure
→ finalanswer



lain charge
Internal Scheduling - fix start a finish time

- decline §
fractional knapsack

↳ of, knapsack DI
-


