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Search lTrees

o Each node of the search tree for a problem
represents a subset of feasible solutions of
the problern

0 The root of the tree represents the set of all
feasible solutions of the problem

o The descendents of each node of the tree represent
a partition of the set represented by that node
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A collection of subsets B; of set A (i=1,2,...t]

15 a partition if
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Example: Eanking Nodes in a
Freference Graph

In many experiments (especially in the social
sciences, when numerical measurement of
attributes are difficult or impossible), one is
required to rank a set of objects by comparing
only two at a time.
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Fxvample |

Six different dog foods are Lo be ranked according
to their appeal to dogs.

Each day, 2 of the © are served to a dog, who
indicates his preference by finishing it first,

[Ffﬁfﬁfﬁﬁﬂﬁ .'E"'ﬁ,{?f}‘:l [Ffﬁfﬁrﬁﬁm Nﬁe'ﬁ;t'j
A fs prefanred

in B aic A B C D E F

Al- 1 1 0 1 1

Blo - o 1 1 0O

Clo 1 - 1 1 1

D1 o o - 0 0

Elo o 0o 1 - 1

Flo 1 0 1 0 -
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In the dog food example, the dog exhibited some
inconsistency. for example,

(A)———1(B) he preferred A over B,
B owver D,
D) and D owver Al

How can we establish a "good” ranking”
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Methods for Ranking |

® ranking by score: the score of an object is
the number of pairs in which it 1s preferred
(i.e., the row-sum of the preference matrix).
— ties may occur
— assumes every possible pair was compared

& B C D E F EOOFE
al- 1 1 o 1 P For example,
Elo - o 1 1 0 2 AC>B>E F 2D
Clao 1+ - 1 1 4 or CraA>FrE>B XD
D1 0 0 - 0 0 1 etc
Elo o 0o 1 - 1 2
Flo o0 1 o - 2
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Methods for Ranking |

¢ ranking by Hamiltonian path: find a path through
every node of the preference graph such that
each node is preferred over 1ts successor,
For example, A—C—=B—=E—=F—=D
or A—=C—=E—=F—=B—=D

(several such paths may exist!)

@0 L Bricker, . of lowa, 1993

Methods for Ranking |

¢ ranking with minimum discrepancies
A discrepancy 15 an instance in which
A 15 ranked above Y, but ¥ 15 preferred to X

(8)————(8)  For example, the ranking &4 > B > D

has one discrepancy (i.e., A>D]

— does not assume that every pair was compared!

— 5 a difficult problem to solve
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Using a Search Tree for
Minimum Discrepancy Ranking |

Two different methods for partitioning:

® choose a pair of objects X & Y which have
not been ranked.
Form two subsets of rankings:
——those in which X > Y,1.e., X 15 ranked above
——those in which % > X, 1.e., ¥ i5 ranked above X
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Second method of partitioning:

& an object is assigned to a position in the ranking

e.Jg., in the first partition, n nodes are created,
in each of which one of the n objects is assigned
to the first position in the ranking, and

in the second partition, n—1 nodes are created,
one for each of the remaining n—1 objects which
might be assigned to the second position in the
ranking, etc.
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Example

)

First Partitioning Method

all rankings

&6
Brd | A=l AxB | A =0
mE WS e F R B
AT SO EING BO0S,
POEE NFE G SRS ERsRC I es
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@@ all rankings & =#* discrepancies
Bréy | A=t AxB | A =0
B:C
A6 =1 AxB [ A=
B:C C:B
A& B C D
al - 1 1.e., AxB:C
Blo - {8 is s
Clo i FrECransiy
Dl 1 O

A gER e SEFTFIas MaE
FROST FEGITTSIRG aSE
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(8——(E) all rankings A =# discrepancies
@-ﬂ.‘@ A
Baty | =1 A&xB | A =0
B:C
OB ﬂ.:1 &6 A=0
B:C C:B
a E: C D i, AvEsC CD
o - A B f= A8 M =0
C:B C:B
0 1 D5C 03D
1 o .
i.e., &xB &
D:C:B
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e .
(8 ——(B) all rankings A =# digcrepancies
@-ﬂ.‘@ AB
Body | A=1 AxB | A =0
B:C
&6 =1 AxB | A=
B:C C:B
A& B C D C:D
Al -
Blo - AxBlas o AxB | p=0
C C:B C:B
: 0 1 D5C 03D
' 0 AT A=
f=1[AB A>B
_ C:B CxB
1.8, Cx0 C=D
Cr&xB b Al
& CxD
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00 0m

| all rankings |

(A——(B) ank
M Bed | A=1 l&:B| A =0

A = dizcrepancies

page 9

B:C
A=H A= ArB ﬂ,:l:l
E>C - CxB
c:0
ArB -2 AxE | Ao
CxB C=B
L=C C=D0
2T A =1
b=1|&=B A b
_ C:B C»B
8., C:=0 CzD
CraxB O, LA
& C=0
B:DY,
A=2 | AxB A=t AB
1.e., C:B C:B
AXC:D:E | Cup C:D
A Al
B:D
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| all rankings |

(A——(B) ant
M Bea | A= laeB | A =0

ie., &:xCxB:D

f=# digcrepancias

E:C
4 B C D A28 4o a8 | &=0
Al- 1 1 0¢ O
B| o = 0] 1 E ArB -2 A&rB | A-n
Clno i - 1 C»B C=B
(Y Cz=Dh
D 1 [:] [:] - i = ﬁ.:‘l
L=1|&=B A b
_ CeB CxB
. 1.8., C+0O C=D
Sa NI ferrming! nooes, ul esoi Gz 4B Cra Al
. . & C=0
of firese Wil Agve descenaenits g EI:D\\
Willy AT LEAST GNE disoransmo pea [asB | A=1[dE
Thea ramfeing A0 i s 1, C>B C>B
. T o . AC:D:E | L C:D
R et e TN e o e S
' AL Al
DB D
ie, &:xCxB:D
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Example

)

Second Partitioning Method

N =# discrepancies

all rankings

s
Ads#1| |Bis®*1 | |Cis*1|[Dis *]1
A= A=2 Moo A=2

mE WS e F R B
AT SO EING BO0S,
PAsl RS GRE FIECRERSNEY
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(E——(E) A =# discrepancies all rankings

e :

Ads #1 Bizs*1||[Cis*1||Dis*1
A= h=2 A= b=z

g Aoig #2 Biz #2 Dig #*2
C =2 h=o A=
D
Second
Fartitioning Mo WeFiF mert i i 1ee
Method HIOST TS TG RO0S,

PhaEl WIS SRE FIEOFERENEY
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@@ & =* discrepancies all rankings
T 7
@ @ & 15 *1 Bis*1||Cis*1||Dis *1
Ao M= - M=
A4 B C D b= z 4 \1 Z
A= 1 - , ,
Elo - o Aigs #2| |Big *2 Dig*d
Clno 1 - A= 2 A= 2 M= 2
D1 o 0
S Big #2|C is *#2||Dis #*2
Second =2 A=1  A=3
Fartitioning WE Wil nertition 1hs
Method HGEE JRRIEING BOGE,
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& =# discrepancies

PAsl RS GRE FIECRERSNEY

a1l rankings

e
==

& B C D
Al -1 1
Blo - 0
Clo 1 -
ODl1 o 0

Second
Fartitioning

Method
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ie., &xC:B:D

A=

&

ie., &xCxD:B

h-o

i
Ais # Bis*1|[Cis*1||Dis*1
L _ " _
= b=z ﬂ_{ h=2
Ais ®2 Eis *2 Dis *2
Aoz h=2 h=p
B iz #2(|Cis *#2||Digs #2
h=2 /ﬂ.:\ h=3
Eis #3| |Dis #3 A A ETREITG

fEFE RGeS AF e
oA 5 LEART T
SO ENSIC e
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