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"Buying” Elements lteratively

What is the real cost of picking a set?
Set with k elements and cost ¢ has per-element cost c¢/k.
What happens if we “buy” a set?
Fix price of elements bought and recompute per-element cost.

L D ey Price(u)
Greedy: Always choose the set with minimum per-element cost.

o
Wl
o
W[
o
OV



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)

C+ 0
S ()

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)
- C«

S+ 10

while C # U do

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)

C+ 10
S«
while C # U do

S « set in S that minimizes -<\2)

[S\C]

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

‘GreedySetCover(U, S, ¢)
 C«0

S ()

while C # U do
S < set in § that minimizes

foreach u € S\ C do

:

c(S)
[S\C]

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)
 C«0

S ()

while C # U do
S < set in § that minimizes

foreach u € S\ C do
" ] C(S)
L price(u) < GXe

c(S)
S\ C]

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)
- C+0
S <+ 0
while C # U do
S < set in & that minimizes
foreach u € S\ C do
" y, C(S)
L price(u) < GXe
C+—CUS

c(S)
S\ C]

return &’ // Cover of U

_________________________________________________________________________________________



5/17

Greedy for SETCOVER

_________________________________________________________________________________________

‘GreedySetCover(U, S, ¢)
- C+« 0
S 1
while C # U do
S < set in & that minimizes %
foreach u € S\ C do
" Z C(S)
t price(u) < GXe
C+—CUS
ST S U{S) |
return &’ // Cover of U

_________________________________________________________________________________________




Approximation Algorithms

ETCOV]

| ecture
SR and SHORT:

2
ASTSUP:

Part 1ll:

CRSTRING

Analysis

6/17



7/17

Analysis




Analysis

Theorem.

Lemma.

GreedySetCover is a factor-  approximation

algorithm for SETCOVER, where k is the

cardinality of the largest set in & and
=1+i+1+...+1-05+Ink

Let S € S, and let uq, ..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:
price(u;) <



Analysis

Theorem.

Lemma.

GreedySetCover is a factor-  approximation

algorithm for SETCOVER, where k is the

cardinality of the largest set in & and
=1+i+1+...+1-05+Ink

Let S € S, and let uq, ..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < c(5)/



Analysis

Theorem.

Lemma.

GreedySetCover is a factor-  approximation

algorithm for SETCOVER, where k is the

cardinality of the largest set in & and
=1+i+1+...+1-05+Ink

Let S € S, and let uq, ..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < <(5)/(¢ = j+1).



Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+i+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < <(5)/(¢ = j+1).

Proof.



Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+i+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < <(5)/(¢ = j+1).

Proof. Consider the iteration when the algorithm buys u;:



7/17

Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+3+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,¢}:

price(u;) < <(5)/(¢ = j+1).

Proof. Consider the iteration when the algorithm buys u;:
e At most j — 1 elements of S already bought.



Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+i+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < <(5)/(¢ = j+1).

Proof. Consider the iteration when the algorithm buys u;:

S
o At least / — j + 1 elements of S not yet bought.



7/17

Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+3+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,¢}:

price(u;) < <(5)/(¢ = j+1).

Proof. Consider the iteration when the algorithm buys u;:

e At most j — 1 elements of S already bought.
o At least £ —j 4+ 1 elements of S not yet bought.
e Per-element cost for S: at most



7/17

Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+3+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
in the order in which they are covered ( “bought”)
by GreedySetCover. Then, for every j € {1,...,¢}:

price(u;) < <(5)/(¢ = j+1).

Proof. Consider the iteration when the algorithm buys u;:

e At most j — 1 elements of S already bought.
o At least £ —j 4+ 1 elements of S not yet bought.
e Per-element cost for S: at most /(6 —j+1)



Analysis

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+i+1+...+1-05+Ink

Lemma. Let S €S, and let uq,..., uy be the elements of S
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by GreedySetCover. Then, for every j € {1,...,/}:

price(u;) < <(5)/(¢ = j+1).
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e Per-element cost for S: at most /(£ —j+1)
e Price by alg. no larger due to greedy choice.
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Analysis tight?

Theorem. GreedySetCover is a factor-  approximation
algorithm for SETCOVER, where k is the
cardinality of the largest set in & and

=1+3+3+...+1 <

Cooo---oo]1+€

ALG = price(U) = H, OPT=1+c¢

Can we do better?

No — for any € > 0, it is NP-hard to approximate SETCOVER
with factor
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Can we do better?

e The best known approximation factor for
SHORTESTSUPERSTRING s

e SHORTESTSUPERSTRING cannot be approximated within
factor (unless P=NP).
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