



































































Randomized Greedy






































































Maximum Coverage

M points In 1 m

n sets A m An Im

cardinality constraint KEIN

Goal select k sets Aei Aes m Aek

maximizing the union AeUAezUmUAekl

NP Hard via set cover






































































M points In 1 m

n sets A m An C Im

Set Cover Max
next time Coverage

minimize sets maximize points
to cover all points covered w k sets

packingconstraint

NP Hard viasat NP Hard

LP randomized
rounding greedy algorithm
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greedy algorithm repeatedly selects the

set covering the most new points
how good is the greedy algorithm

approximation ratio
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set function f 2N IR o sit

Normalized 7101 0

Nonnegative 5 5 20 S

Monotone f 5 5 T for SET m points In 1 m

n sets A m An C ImSubmodular for A BEN
SEEN interpreted as

f A 5 B 5 AUB 5 AAB collection of sets via indice

equivalently g g
points covered by
sets w index in S

decreasing marginal values

for SETEN CEN

f Ste f 5 f Tte f T

THE fyf.EE
ttad

tacos







































































Set function f 2N R o sit

Normalized 7101 0

Nonnegative 5 5 20 S

Monotone f s F T for s
Submodular for A BEN
f A 5 B 5 AUB 5 AAB

decreasingmarginal values

for SETEN een

Lemma fleils OPT FCS

m points In 1 m

n sets A m AnC Im
SEEN interpreted as
collection of sets viaindic

5 g
pointscovered 6

sets w index in S






































































Set function f 2N R o sit
Lemma f e IS OPT f Si 1 Normalized 7101 0

Nonnegative 5 5 20 S

Monotone f s F T for s
Submodular for A BEN
f A 5 B 5 AUB 5 AAB

decreasingmarginalvalues

for SETEN een

E






































































Set function f 2N R o sit
Lemma f e IS OPT f Si 1 Normalized 7101 0

Nonnegative 5 5 20 S

Theorem 5 Sk 1 E OPT Monotone FCS fCT fors
Submodular for A BEN
f A 5 B 5 AUB 5 AAB

decreasingmarginalvalues

for SETEN een

E






































































set function f 2N Rzo sit
Monotone Submodular Normalized 10 0

Nonnegative 15120 S

Lemma F e Sig OPT f Si 1 Monotone f s f T fors
Submodular for A BEN

Theorem Sk 1 E OPT f A 5 B 5 AUB 5 AMB

decreasingmarginalvalues

Suppose was not monotone for SETEN een

E
e g graph cuts for SEV

f 5 edges cut bys

does greedy work






































































set function f 2 11 0 sitMonotone Submodular Normalized 10 0

Nonnegative 15120 S

Lemma f e Si g OPT f Si 1 Monotone f s f T fors
Submodular for A BEN

Theorem f Sk 1 E OPT f A f B 5 AUB 5 AMB

decreasingmarginalvalues

Suppose was not monotone for SETEN een

does greedy work
e g graphcats

f 5 15 5 SUS f 5
monotonicity

f 5 FCS

f not monotone f SUS 15






































































Set function f 2N R o sitMonotone Submodular t Normalized 7101 0

Nonnegative 5 5 20 S

Lemma f e IS OPT f Si 1 Monotone FCS fCT fors
Submodular for A BEN

Theorem 5 Sk 1 E OPT f A FCB 5 AUB 5 AMB

decreasingmarginalvalues

Suppose f was not monotone for SETEN eer

Lemma RENrandom PTeer p
then

E f B 1 p f

e g if Si random PTees e

E 5 PUS 5 8






































































Suppose f was not monotone set function f 2 1130 sit
Normalized 10 0

Lemma REN random PTEER p e Nonnegative 15120 S

then E f B 1 p f
Monotone f s f T fors
Submodular for A BEN
f A f B 5 AUB 5 AMB

Continuous extensions of decreasingmarginal values

F 0,1 R extends 2N 1R for seter een

IEEE E
if F 1s FCS SEN

Convex closure F

F p inf ETFCR sit PEER Pete
Lov'asz

F p ETF St w Sf e pe t

TETO 1 unit random
























Convex closure F set function f 2 1130 sit
Normalized 10 0

F p inf ETF R sit PTeer pe e Nonnegative 15120 s

Monotone F S f T for s
Submodular for A BENLov'asz F p E St f A f B 5 AUB 5 AMB

w S e pe t TETO 1 unit random decreasingmarginal values

for SETEN een

oroof
nested

Observe support St is a chain

St is unique s.tt and margins p

R arginf ETF R sit PEER Pete
can be made

claim R is a chain





Convex closure F set function f 2r R o sit

Normalized 10 0

F p inf ETF R sit PTeer p e Nonnegative 15120 s

Monotone f s f T for s
Submodular for A BENLov'asz F p E St f A f B 5 AUB 5 AMB

w S e pe t TETO 1 unit random decreasingmarginal values

for SETEN een

suppose was not monotone t
Lemma REN random PEER p e

then ETF B 1 p 5 0
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set function f 2N Rzo sit
Suppose was not monotone Normalized 10 0

Nonnegative 15120 S
Lemma REN random PTEER p e Monotone f s f T fors

then E f B 1 p f
submodular for A BEN
f A f B 5 AUB 5 AMB

decreasingmarginal values

for SETEN een

E

Etf S f sit kEpf elsie
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set function f 2N Rzo sit
Normalized 10 0

PT CES Nonnegative 15120 S

Monotone f s f T for s

PTe S FF p
submodular for A BEN
f A f B 5 AUB 5 AMB

decreasingmarginal values

for SETEN een

ETSCS Etf Sit f 5 15 1 IEEE t

p OPT E f 5 1

e ELF S PEOPT pE f S D
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then ETFB 1 p 5 0



set function f 2N Rzo sit

E f S ÉOPT pE f Si 1 Normalized 5101 0

Nonnegative 15120 S

p 1 Monotone f s f T for S

E F S OPT submodular for A BEN
f A f B 5 AUB 5 AMB

E f 52 OPT EOPT IE OPT decreasingmarginalvalues

for SETEN een

EETF S3 EOPT E OPT E OPT

E f S P OPT ExitOPT P OPT

Lemma REN random PEER p
then ETFB 1 p f 0

E SISK
K OPT

1 OPT OPT



set function f 2N Rzo sit
Normalized 10 0

Nonnegative F S 20 S

Monotone f s f T for s
Submodular for A BEN
f A f B F AUB 5 AMB

decreasingmarginal values

for SETEN een

E

Lemma REN random PEER p
then ETFB 1 p 0



Set function f 2N R o sitLemma REN random PTEER p e Normalized 5101 01

then ETF B 1 p f Nonnegative 15120 S

Monotone f s F T for s
Submodular for A BEN
f A 5 B 5 AUB 5 AAB

decreasingmarginalvalues

for SETEN een
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Set function f 2N R o sitLemma REN random PTEER p e Normalized 5101 01

then ETF B 1 p f Nonnegative 15120 S
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Submodular for A BEN
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