
Greedy Algorithms
-

• Similar to Dynamic Programming in that we identify
optimal substructures

• DP ⇒ for each choice , solve corresponding sub problems
first , then solve bottom up

• Greedy ⇒ Identify one
"

greedy
" choice first, then

solve sub problems : top down



Activity selection .

-

Given a set S of activities at .

- s ; = start time of activity ai
- fi = finish time of activity ai

find a subset of S of compatible activities of maximum size

Ail Aj are compatible ⇒ fi f Sj or Fj f si

Example :
- 1--1
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B¥ : check each of the 2
"
subsets of s (Isf n) .

Opli¥¥ : let Acs be an optimal solution for s .

if a* EA : A ' = {ai e A : fi f Sk }

A
"
e { ai EA : Si z fi, }

Afr
Then A ' is optimal solution for S

'
= { ai ES : Lif Sk }

and A
"
is optimal solution for S

"

= { ai e s : Si z fi. }

Proof Cut-and - paste . If A
'
not optimal for s ! let B be

optimal for S ! cut A and Pate B . Obtain better Sol . for S .



How do we set up the subproblem ? a.

F- f au }
.
Let Eij={ a,fS : S*§Mfkfsj )

/ \
(Assume do = too, o] , anti Coo,

"

Otl
") )S 's { a, } S

"

X so S= So ,n+,

we need both

left & right conditions
• Recursive solution with repeated subproblems .

D. P
. ?

If we assume f-off, f fzf .
- - S Fn Ifni , then

Ak E Sij ⇒ ifksj Better identification
ai ar. Aj (

of
' 'smaller " problems)

1-1 1-1 1-1

fi Sk fk Sj fj

i>j ⇒ Sig - O



D. P formulation :
-

oci.jg.lk?aYYesij4
" k ] + I -t ol kid ] Sig. ¥ §

O Sij = §

But , make a"g '

choice for k .
(instead of trying all )

choose smallest K such that Ake Sij , i.e choose

activity with smallest finish time .

f;÷:.:÷:÷j
I



Proem cut- and - paste argument .

Consider an optimal solution A for Sij that does not contain are .

Let am be the activity with earliest finish time in A

¥ a . . . .

n optimal Solution A .

-

1-1 all starting times in AAk

Cat aan and paste are .

Jfk



Top down approach:
-

To solve for Sig

- choose an E Sij With earliest finish hime
(the greedy choice)

-
then solve for Skj ( left is empty )

Greedy - Activity- Selector ( e, fin)
A ← { ai }
i← I

for k ← 2 to n
②Cn) time if sorted .

do if Sk z fi
then A←A v {at }

i ← K

return A



The greedy choice of aK E Sig
-• (Right subproblem Skj

ai -• aj

1-1 -7-•
-7 I-

fi -•

-70 Sj↳
Ak : no activity in Sij

finishes before ak

(Left subproblem is empty)



Famous Greedy Algorithm : Minimum Spanning Tree .

- Undirected graph G- Cv, E) , connected

- Weight function w : E→ IR

- spanning tree : tree that connects all vertices .

-
MST : w CT) = I w (u , v) minimized .
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optimalsubstrudure.cm optimal tree has optimal subtrees .

.
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T is MST of G- CYE):
• i

÷•
'

.

.
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£ . i In¥h÷¥t→ di - Removing (un) partitions T

•
gg

.!
'

:Fi into T, and Tz
- -
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.
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claim : T
, is MST of G= Cy , E,)

"

i. E
.

.
-

-

' -

T
Vi = Vertices in T,

I
E,
= { Cny)GE : my t Vi}

Tz is MST of Gz -- (vz , Ez)

Pri : Cut
-
and
- paste e

. If there is a better tree

than Ti or Tz , then T would be suboptimal

D. P . ? Yes
,
but exponential , not clear how to

partition into small # of sub problems .



The
"

greedy
"

choice : Let's choose (un) in a greedy way

. Let T be MST of G , and let A CT be subtree ofT .

• Let § , V- S) be a cut such that no edge in A crosses

are out

↳ A
• Let Cun) be min - weight edge connecting 5 to V- S
-

• Then Cun) C- some Mst of G- . A U { um} ET
'

4

MST



Proof : Cut- and - Paste .

⑧ A

# s
u 00

. le et A
- V- S'

a
④

I ✓'
a ④

✓ ④-y .

④

if Cliff T, then since there must be a path from
u to v in T, F edge e ET that crosses the art .

Now make T
'
= T- {e3 + { Curs} (cut- and - paste)

and Amice W ( u , v) f w Ce) , then T
'
is also MST .



Prim 's Algorithm
"

grows
" the MST by finding

the min -weight edge that
"

goes out
"

.
MST is connected

tree at any point in time

n
"

9mm;!; Pnionhsueue

min - queue

key = WGN)



Prim ( G, r) or is root of tree
for each U EV

do key [u] ← Oo

p [u ] ← NIL

key [r] ← o

Q ← V - make priority queue
while Q# 10

do u ← Extract-Min CQ ) - r will be the first v Update

for each V-E adjcu] keys
do if VEQ and Wfrv) skeg Ev] mm•µ
then paid← u

u-

key [v] ← Hair) - decrease key \
Running time analysis

w/ .TL#trad=MinOCIED.TDecreasekeg
#

Heap : oflogv) ology OCEIOGV)
Array : o ( v ) OG) OCVZ)

Fib
. Heap Oclogv) OCD OCVIOGVTE)

( Later) Amortized Amortized



⑨
Try Prim's alg . on this .
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