





















































































ecture 7
Approximation Algorithms



Last Time

Local Search Algo for min degree

spanning tree

0 Greedy t Loc bear Algo for
Edge Coloring

Chapters 122

Williamson Shmoys



Today

0 Bin Packing Approx Algo using Dynamic

Programming

o Prize Collecting Steiner Tree Problem

LP rounding deterministic



Bin Packing

Given n items of sizes a az an such

that 1 a a 3 an O

A bin can hold a subset of items

of size 1

Goal Pack items into as

few bins as possible



Theorem Unless D NP I no p approx algo

for bin packing for any p z
Reading exercise

WARMUP via reduction from
partition problemEirst Fit Algorithm

for i een
No need to sort

itemsby sizes

if a does not fit into

any opened bin so far
open a new bin and add ac



Suppose items have sizes

0.2 O 13 O 6 0.8 O 45 0 23

MT 0.2314411,3 84,308 71.30.45
I

0 93



I input instance FF CI solution value of
first fit algo

OPT I optimal soln value on instance

Lemmai FF CI I 2 OPT I 1

Roof
For K E N

IIIT Iiit Egf
item could not
be placed in 2K l

sum of sizes of
items in 2K 1 2k 1



Similarly

4t

U.to

Za SIZE CI S OPT LIL pairs of
boxes

jp

yg
FILI I 220 PT I I

oooo



Sum of sizes

of items in bins E SI ECI 1

2,3 l l

FF CI

sum ofsizes
of items in

t
1122,13s eye

2 2 SREE 1
2 SIZE I I

FF I E 2 SIZE I 12



NEXT Poly time algo outputting
a packing with Ite OPT I 447 bins

for E 0

Assumption Each piece has size E

ilp I

ALGORITHM.E A

Let K LESIZE ID



Linear grouping ofs
Consider pieces in decreasing order

Group pieces into groups of
size K

Drop first group equalize
lengths in remaining groups
to get new instance I



46 U U
I

first et of G
first F of Ga

Y n bins I packed int
iii

I at k bins

I packed into y
bins

I I packed into y bin



bin packing exactly
Solve the problem on I using

dynamic programming

How sizes ofTeen
K Les zec

9 Sum of
all items in I

1 SIZE I set
pÉÉ a 3

grouping
is meaningless

solve binpacking on I optimally
via brute force



else if KELE SIZE CI 1

ft distinct
item

sizes in I
I
LI Esta 1 E E LIFE E

Be SIZE I E n

Let these item sizes be 175 52 St 7 Ez

Represent I as a vector

M Na Nt Eng pieces
in I

n pieces of size Si
i



1,2 1
A bin can contain E f pieces

A bin configuration is a vector

Fbi ba by s t

Deff
It

by pieces in bin
4

with size so

Ibises 1

distinct bin configs s 3
t

E
Hey

te Ye



vector rep of I

Recurrence

OPTGF.int min OPt nib nÉbt

ni
item's't't

4Ibin config

size so

Boundary cases
one for each bin config

OPTIK by 1

Time to solve the recurrence

Olneyby table filling



So We solved bin packing exactly on I

Lemmy opt I OPTIIDÉ
any packing of I can be used to

generate a packing of I with

at most k more boxes

We get a packing of I
using OPTCITTK bins E OPTCIITK



That if each piece has size 7

above algo outputs a packing

using OPT I LE SIZE CID

ite OPTCI bins



Not all pieces need be large

Claim Any packing of all pieces of
size V into l bins can be

extended to a packing for the

entire input with max l EE ti

bins

Reading exercise

Lem 3.10 in book



I E L E OPT I

f
max l

E 1

IE s OPT I its


