C‘,ass lb - A??rox‘.mwhm p\\go("\ﬂr\ms |
. l{mq?sac\:

« Maximum Coveraje

Jonathan Ullman
October 21, 2015



Approximation Algocithes
efred by he dota”

’S f@ﬁ\ Vides be s
Ob’)e ctHive ch 40N &—Fc_ % —x R
Sk o? feas\de solvtrons %

Com o w8 that wariaces T(x)
Goal: Fad % s+ Flx) %(Cs max £l

4 r

%es not (‘\C.CCSSGC“ ) Some+times called

e afpm?morhot\
Comrad ict NP-hacdness
of exact Mmaximiration }mm;m\u‘hon




. Naﬂj NP-hard opfimiration preld ems have m{etu—ftf apfrox e\gortthms
- V\angack.) Set Nester Cover, Travc\»‘:ﬁ Salesman, ..

— Some do ne{'1. (Erk toats Aor another cwm\

. Maf\j \f\J((("CS‘tN:g '\‘ec\nn;q\/cs
= G’rceo{jJ Asccetitation, LPs, ...

. Use-ro\ uaJ o‘P ena\ -uvj natora\ hevr3hee



Out pot-
Csoset e $,and

st Zw; ¢ W
AN

¢ Gazx\: Mmoximne %v;
|}

® NP'hM +o So\ue emc—l'lj M ?°lJflO""30'-I —I‘('me. Wow?
- Can solve exav(:lB in time 0(02"3, O(“QB, OC"Y)

\f\p\ﬂ' syie in ity °, Q—ﬂ-tﬂ\os\:‘



227

Add vtems n dccquw\:j orders o@

unti] Yoo ron ot of reom

@ %Crmspﬂ VQ\UQ \rl >/\}—2 >. .. P AV IN

Bad input V=B st B
\,J'zu uz"-'.."?puna 1

DQ(‘.ma.( valie (B-1D-U) 3reed\~j valra B
@ u - " l Vz Vn
‘Decreqswﬂ b4’8 ";I-\Duck v, > \,_J:_ > ... o
Bad opt vty
wrl w=l T

opfimal valoe -l ﬂf{ea(j valve |

B
appro= @t @& DL
= Vi,

afror fa4:o D-1



Cﬁm-. Greeﬁ in descgnd.\g orcLuo‘f La\nj-far‘lwda T optimal
foc the fraetona\ taapsack problem.

\na@a(;\:,\,s(;‘”\ ?“’w
7

s
////////// %////// I

c g
: : last iten 8/{3 slzed
/
4l N

1 -



Bad topt vizlve  v=W

\-J‘ =\ \llz-U
=25

> e 1777 :
j )7 O
w\l !
!
Q/ [
7L, i
s /\i{f/é AT AL IR LA AU ARTTA nrm;,:
{

\
W \W)



Vv, V) Va

@ Soct \:S \oa.l\\j-por “buck T »-a’i S .
@ AR itemg 1,2,.-,k unhil Yoo ron oot of space
® Toke betrer & D=2, k3 and T= §e+13

N

—“\m.‘ ModG'fcedzsfs \ NTS O‘)"' 4 2'80924,6

\
& T-apeerimation

k
Of‘(' 3 ?rawe‘l\‘ :V? + Ve
=y

ook
o =val (&) = valCT

copt & e op'\mo.\ .‘ﬂ’(e?u Jaloe
* facopt e opttwna\ fractonel ualoe
OQ'k L gfd(ﬁ?& = S“L&dj v ""l. °P‘('

£ 2-3ree4¢3_




Fact: There @ o DP aloonﬁ)m wth NO’M\"j +ime OC“VX

L Naj\)e Ve @a “C\nanae unts 4o make valoes small

n

@ Let Vmax= max V; andl &= &'Vay

@ Foc i=\,...,n \et \/;'= \_o(V:X //v(eioJ\).-,, “/9{
® B DP on inputs iCV}',w'ﬁ%“Cﬂ and \J

K
Thm: D?Aypmx w a (\- o“Ctp(mo;cwwn‘.\m and s n fime O(%—>

C—



Fastec DP for ¥napcack =

T»\CO('C.m': DPAWN)‘ 2 a (,\'%S—afp{oximﬁ‘ﬁ'o()

?_'E" - Ve can assume OFT > Vo

- V\c:& Claim: Yo every Sedlymmd av() > \L@» av ($) -n

vale of €S )
ZA\/: ivi:’ZUV‘l
1€S tES iES

WTS: \f ©F reduras s (Oc'ffaf q;‘)/S"' rthe opt
Ten q(&'j )/ ("DV(S">

IR

() v & )y 2y F (D= n)= v - %

*/
A\ \ ¢ N -
. Qo‘ N C\f\ - V(S'*')’ S'V
C\m o oW R mar
%‘.5 %(ﬁ \) \;V(ﬁ")-iv(si)



lnputs:  Sers &,,..., S s 2y ..yn)d
A \au&a_a{' k>0

(')U'(’MS/%‘HV:: C\'\OOSC, sets %Au )AF%C—ESU'", Smg
NG(.;ONV\:’Z,\:H \UA l

- (a0 solve in +ime O(_(.{:\B = O(m\‘s



For i=1,... .k«
* Let A; be the set maucimh.\-j l A|Up‘zu...0f\zl

%‘LA ?,xamfie (\R = 23 ',

Ooo O

oo o0 M \x%
oo oD
o
0
c
C

o 00O
000 | m is (&)=l
o 00

0 800




V‘fﬂ C"'m""; Let Cy be the num\oercr\? elts covered b{} +he 'PNT(‘ (
sets Au.. Ao Then at tteation | fhere exofs a et Hhat

(vess ot least O?T\: S new elements

OoPT - Civ
|

_-_3> ‘FD( eueij .|J Ci —Ci= %



G-medj Max Couuaje. Anab:c's



For i=1,... .k«
* Let A; be the set mawimiluj l A|VP‘7,0...UAII

T»\m'. G‘(cedj MC 31«3& o (l“/e)’appmeahvn intHme OCV\'33

—



