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CS E 589 Part VI Reading
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T echniques for Dealing with
NP-complete Problems

� ([DFWO\
• backtracking ,   branch and bound

� $SSUR[LPDWHO\
• approximation algorithms with performance guarantees

• using LP (e.g., randomized rounding)

• local search, tabu search
• simulated annealing

• ….
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                       Obtaining an Exact Solution:

          backtracking and branch-and-bound

Backtracking
E xample: F inding a 3-coloring of a graph
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Graph                         Recurs ion T ree
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Branch-and-Bound
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Example: Minimum number of colors  in
graph coloring
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Branch-and-Bound

Pruning technique

Lower bound computation
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How might you obtain such a bound?
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• xi = 1 if node vi is in maximum clique, 0 otherwise
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Bounds for clique problem
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•   0 <= xi <= 1
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T wo things you can do with linear program
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• Example: at a node in tree with corresponds to

including v,w in clique but excluding x, y.

• If at that point solution of LP gives bound < size of
already known clique, can backtrack.
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• Example: if xi=1 in linear program, might guess that vi

is in integer solution as well.
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Approximation Algorithms With Provable

              Performance Guarantees

Approximation Algorithms
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Example 1: Vertex Cover
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• while edges remain

• select an arbitrary edge (u,v)
• add both u and v to the cover

• delete all edges incident on either u or v

T he Vertex Cover Produced Is  At Most
T wice T he S ize Of T he Optimal VC
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Example 2: Approximation Algorithm for
Euclidean T raveling S alesman Problem
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Approximation Algorithm For
Euclidean T S P
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Better vers ion of algorithm
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• a matching in a graph G=(V,E): a set of edges S from

E  such that each vertex in V is incident to at most
one edge of S.

• a maximum matching in G: a matching of maximum
cardinality

• a minimum weight matching in a weighted graph: a
maximum matching of minimum total weight.

Better vers ion of algorithm
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• An Euler tour in a graph is a tour of the graph that

visits each edge exactly once.

• Well known that an undirected graph contains an
Euler tour (or cycle) iff (1) it is connected and (2)
each vertex has even degree.

• Easy to construct Euler tours efficiently.

Better vers ion of algorithm
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• There’s an even number of them.
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T his  algorithm has  provably performance
guarantee
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Optimal

TSP tour

Green vertices:

odd-degree vertices in D

Randomized Approximation Algorithms:

         Using Linear Programming

Randomized Rounding
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Example: Global Wiring In A Gate Array

� �'�DUUD\�RI�JDWHV

� LPSOHPHQW�ORJLF�FLUFXLW�E\
FRQQHFWLQJ�VRPH�RI�JDWHV�XVLQJ
ZLUHV�

� 1HW��VHW�RI�JDWHV�WR�EH�FRQQHFWHG
E\�ZLUHV�UXQQLQJ�SDUDOOHO�WR�D[HV�

:LULQJ�SUREOHP��JLYHQ�VHW�RI�QHWV�
VSHFLI\�SK\VLFDO�SDWK�IRU�HDFK�WR
PLQLPL]H�PD[���ZLUHV�FURVVLQJ�DQ\
ERXQGDU\�

S implifications
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• First horizontal, then vertical

• first vertical, then horizontal

� >�����&���&�����4>(	�&���
����
��
����
��&���#�	�
�����



✖

Cast as Integer Program
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� YL� ���LI�URXWH�IRU�L�WK�QHW�JRHV�YHUWLFDOO\�ILUVW�
WKHQ�KRUL]RQWDOO\�

)RU�HDFK�ERXQGDU\�E�LQ�DUUD\�
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Randomized Rounding
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• gives you  optimum:  hi*  ,vi*   for each i and  w*
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Your turn to analyze an approximation
algorithm for an NP-complete problem.

%LQ�3DFNLQJ��/HW�[��[���«��[Q�EH�UHDO�QXPEHUV�EHWZHHQ��
DQG����3DUWLWLRQ�WKHP�LQWR�DV�IHZ�VXEVHWV��ELQV��DV
SRVVLEOH�VXFK�WKDW�WKH�VXP�RI�QXPEHUV�LQ�HDFK�VXEVHW�LV
DW�PRVW���

+HXULVWLF�6ROXWLRQ���)LUVW�)LW
• put x1 in first bin

• then, for each i, put xi in the first bin that has room for it, or
start a new bin if there is no room in any of the used bins.
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RSWLPDO�QXPEHU�RI�ELQV�


