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

o 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

B‘1'~J B'E'u' B‘S UB‘T_: .f'i"".
and
BBy =@ if i#]
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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
reguired to rank a set of objects by comparing
only two at a time,
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Example |

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

Each day, 2 of the 6 are served to a dog, who
indicates his preference by finishing it first,

[Ffﬁfﬁfﬁr‘?ﬂﬁ Er.&*ﬁ;‘:r:l [Ffﬁfé‘fﬁﬁi?ﬁ ;“fﬁe'ﬁ;t'j
I o

to R i A B C D E F

A - o 1 1

Blo - o 1 1 0

Clo 1 - 1 1 1

L1 o o - 0 0

Efo o o 1 - 1

Flo 10 1 0 -
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In the dog food example, the dog exhibited some
inconsistency: for example,

(A)———(B) he preferred A over B,
B over D,
D) and D over 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 is preferred
(i.e., the row-sum of the preference matrix).
— ties may occur
— assumes every possible pair was compared
&4 B C D E F SEOE

sl 0 1 4 For example,
Elo - o 1 1 o 2 AC>B>E>F>D
cCla 1 - 1 1 1 4 or CrAXF*EXB D
D1 o 0 - 0 0 1 et

Elo o o 1 - 2

Flo 1 0 1 0 - 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 1s preferred over its successor,
For example, A—C—=B—E—=F—=D
or A—=C—oE—=F—=B—=D

(several such paths may exist!)
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Methods for Ranking |

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

(s)——>—8)  For example, the ranking A > B > D
has one discrepancy (i.e., A>D)

— does not assume that every pair was compared!
— 5 a difficult problem Lo solve
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Using a Search Tree for
Minimurn 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 > %,1.e., X 15 ranked above Y
——those in which Y > ¥, 1.e., Y 15 ranked above X
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second method of partitioning:

® anobject is assigned to a position in the ranking

e.g., in the first partition, n nodes are created,
ineach 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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First Partitioning Method

a1l rankings

Bxd | A=
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oA .
@@ all rankings A =# discrepancies
e*@ AB
Bré | A= AxB [ A =0
B:.C
A6 =1 AxB | A=D
B:C CxB
& B C D

N ie., AxB:C
Blo - {580 is &
cClao i I SEF BRSNS
D1 o

A gl e GEIF TGy ME
MRS SRORITSIRG Be5E
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all rankings

M=

A =# discrepancies

&6
AxB | A =0
B:C
AxB &6
A=
B=C CxB
ie., AsB:C L:D
Fi %Y a] ﬂ: -
C:B
0=C
ie., &xB &
Dx>C=B

f=01

Fi s
C=B
CxD

A=
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all rankings

M=

&6

AxB
G:C

A =# discrepancies

AxB | A =0
G:C
_ AxB [ AzD
b=l C:B
C:D
Al p_ o Axb
C:B C:xB
0O:C C:D
& C
A=1]A-E
_ C:B
1.8., [
CrAxB Oy
& CxD

A=
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: M= dj i
| all rankings | discrapancies

(A——(B) ant
M Bra | f=1 [axB | A =0

B:C
A=B F A B ﬂ,:l:l
BxC CxB
c:o Tm——
Tl =1 ArE | A-n
cC+B cC+B
LxC Cx0
& 2T A= 1
A=1]|AE A B
B _ CrB CB
I: 1.8., Cs0O [ ]
0 C=4=B Cra &=

& C=0 BDH'\

A=2 | AxB | A=1|A:B
1.e., LB CxB
A:C:0:8| mwp CxD

A Al
B0

.|E_, ﬂ}E}B:“D

sl B
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f =+ discrapancies

@@ | al1 rankings |

o :B
m Bra | f=1 [axB | A =0
BE:C

A=B F A B ﬂ,:l:l
A BxC CxB
Coh o ——
B &rB =2 B fA=0
C cC+B cC+B
G=C CxD
L & T A= 1
) _ A=1]|AE A B
FRSrE FEmET F FSFT ORE WG . C:8 or
. Ry s
Sra VO fermmingl nogeas, bl a5 CxAxB Cr Al
- . & C=0
af Faase Wil fgve Fescendenis ’ B:D\\
Widhy A7 LEAST ONE discrsmgnc) neo [asE | A=1[asE
T rambeing As0 B is s L C>B C>B
o g o . A:C:0:8| mwp C:D
SRR TR~ SIS TC \ H HRG
' Al AL
DB B:D
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Example

)

s=econd Partitioning Method

a1l rankings

i
Ads #1 Bizs*1||[Cis*1||Dis*1
A= h=2 Aoz h=3

e Wi SF mEr i G 1he
MRaE? fITEIRG 1aGE,
PAREl WG aRe GFSOFansney
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@@ & =# discrepancies all rankings
s
G &g #1 Bizs#1|[Cis®1||Dis #*1
h = 1 A= 2 M= A= 2

. '
E Boig *2 Bis *2 Dig *2
C f=2 A=z f=2
]

Second

Fartitioning M WA mEriF T the
Method SGET fECHREEING ReTE,
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(8 ——(E) A =# discrepancies all rankings

7

Bis#1|[Cis®1||Dis *1
=2 M= h=2

II—I'.I'.I

) A
&
A B C D A= \
Al - 1 , , ,
Ela - o Ads #2| |Bis *2 Ois *2
clao 1 - h=2 Bo=2 A=
Dl1 o o
— Bis *2||Cis *2||Dijs *2
Second h=2 A= h=3
Fartitioning M WA mEriF T the
Method SGET fECHREEING ReTE,

PAREl WG aRe GFSOFansney

@0 L Bricker, U, of lowa, 1998



Search Trees

oo m -

second
Fartitioning
Method

@0 L Bricker, U, of lowa, 1998

8/22/00

A =# discrepancies

all rankings

&

s
Ads*1| [Bis®1||Cis=1]||Dis*1
L _ _ _
A= b=z ﬂ_{ A=z
Ais#2| |Bis*2| |Dig=2
B = 2 A= 7 A= 2
Bis#2||Cis *2||Dig *2
A= /ﬂ = \ =3
Eis #3| [Dis #3 A s g
ie, &3CxB:D i, AsCHDE fegl oS HE1e
A= h=7 A5 LEART T

SO EnE s
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