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‘ Cube 1 or Cube 2 most Similar to

Cube O ?

Cube 1
Cube O 2009 2010
Date Drinks 15 20
p 2009 2010 g Snack 15 20
r Cola 10 12
3 Fanta 5 8 Cube 2
2’ Chips 5 5 2008 2009
t Popcorn 10 15 Cola / 10
Fanta 4 3}
Chips 6 3)
Popcorn 10 10
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Motivating Example

Cube 1 Cube 2
Average sales by year Average sales by year
Date > Date >

L 20000 2001 2002 . 2002» 2003 2004
(o]
c| Rome 4 6 7 ; London | 9 8 12
a
t| Athens | 50 60 10 t| Berlin 6 21 34
i ]
DY Paris | 9 | 20 | 30 oY Madrid | 53 | 28 | 5
n < n

All All
Cell t !
A Year Continent
verage
City Year Sales . {' " i
Paris 2002 30 Month Country
Day City

ICDE 2011, Hannover, April 11-16,2011  Time Hierarchy Location Hierarchy
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‘ Background

» Fundamentals

o Distance Measures
o Hausdorff

0 Controversy on Metric Axioms

m Distances on Graphs
o Highway Hierarchies

0 Semantic Similarity between Words
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Distance Measures

m A distance measure 1S called a metric when :
0 d(ij) >0 & d(ij) = d(j,i) & d(i,i) =0 & d(i.j) < d(i,k)+d(j,k)

m Categorization

= Interval-scaled variables (Euclidean, Minkowski,
Manhattan)

= binary variables (Jaccard)

m categorical variables

ICDE 2011, Hannover, April 11-16, 2011



‘ Hausdortf distance

s Example:
dy(A,B)=max{d,(A,B),d(B,A)}=max{ d (a,, b,),d (b5, a,)}

a d, denotes the
Euclidian distance

o d,denotes the max distance
of the set of minimum
distances.

ICDE 2011, Hannover, April 11-16, 2011 7



‘ Controversy on Metric Axioms

m Properties of metrics are convenient for
Mathematicians/Computer Scientists

However

s Human perception does not comply with
properties of metrics

ICDE 2011, Hannover, April 11-16, 2011



‘ Highway Hierarchies

= highways in road maps

a The shortest paths among 2 points
in a road network consists of

small roads locally

a highway road

o Hierarchy: highway edges with
attached sub-trees of locally
computable shortest paths

e

Sub-trees of locally
computable shortest paths

e B el ,.
g o g Sl
PR i I3 Ll Pommdam & = -
rderland ol © Magdebur.
S =_' al gae _?
TR y § o i
Nijmegen @ Padeftiom § B, Dessau .«
. - 4 B oBattingen b
QEirdye Shmsbeo Pl ok NN
; H =3 o Cresc
?_:elt Siegen Dﬂlf hiand Jeg h,‘ e
0 astricht B e German =
10 K @Bonn ) @ Marfurg ,l' ¥ Gerdig
O Ligge o s W @ Siefen o Fulda ,'6
i © Kablenz g8 - "% Playen
Wissbadeng Frankfurt N
iesbads ol Ve
; Darmstadfey | Wiirzbalg i * T Plzef
Luse bedrg % Py ..9 Bayreuth b o
e .~ -  Maphheldl = . . Nilpberg {
"thurg"Kaiserslamemﬂ o ! :
ehuergy : o ]
e Kol S @ Heilbronn Regensburg
{ Metz B Karlsrhe @ Sukgart : =3
ne ;- Baden-Bafen @ c Aglen: O Ingbistadt
ViLNancy T S
?.___:)-:l'._.r S éarraourg - etm?ngen U|°|‘-|-| © Augsburg
; olma T :

e g Freibufg im | Monchen i \
A § * Ereisfiau 1 Seighuros
- [ 2 Befel e o T
] iy e et mrﬁdrmhshafen ‘s - Os
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Distances on Graphs

= Semantic Similarity between Words
0 Word similarity measures
0 Semantic hierarchies

0 2 datasets (pairs of words)

m  One for constructing their method
m The other to test it

ICDE 2011, Hannover, April 11-16, 2011
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‘ Distances for Collections of
Structured Data

= Relax operator
m Diff operator

m Distance between two relational databases under
the same schema

ICDE 2011, Hannover, April 11-16, 2011
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‘ Distance functions between 2 values
of a dimension

m Locally computable
m Hierarchical

m Highway

ICDE 2011, Hannover, April 11-16, 2011
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‘ Distance functions between 2 values
of a dimension

m Locally computable distance functions

a explicit assignment
0 based on the values x and y

0 based on Attribute values

ICDE 2011, Hannover, April 11-16, 2011
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‘ Hierarchical distance functions

m W.rt. an aggregation function
m W.r.t. Hierarchy Path
m Percentage distance functions

m Highway distance functions

All All
! !
Year Continent
N !
We{ Month Country
~ !
Day City

Time Hierarchy Location Hierarchy

ICDE 2011, Hannover, April 11-16, 2011
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‘ Distance functions w.r.t. an

agoregation function

. all
o desc,le (x) set of its descendants  azz -
_ L I N
X = deSC X Europe America
. aggr faggr( Ly ( )) Continent g .
L ¢ P
— J !
Y ager = (desc,’ (y)) Uk S
aggr aggr Ly, | USA  CANADA
Cowntry , \
O foger | COUNL, Min, max, avg, sum " B ®
I / 3 \
;o\ 1 \ Iy
. . — ! \ / | \ I A
dist(x,y) = 8 (X g0 s Yager ) o SN N
. ! \
0 g can be from the locally computable A -
functions T & ° = £ T 3
3 S 8 & 8
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‘ Distance Functions w.r.t. Hierarchy

Path

= Assume 2 values x and y s.t.

o xeLiandye L,

m [ca (x,y) : the Lowest Common Ancestor of x and y

w, *| path (x,lca) |+ w, *| path(y,lca)l

d dpath(xa )’) =[ (w. +wy)*| path(ALL, L)) |

p _ [ I path (lca,L,)|
- depth(x’ )= | path(ALL,L,)|

J

ICDE 2011, Hannover, April 11-16, 2011
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‘ Example w.r.t. Hierarchy Path

s x="NY’, y="Canada’ Ica(x,y) = ‘America’

c:rmc:rT -

all
ALL 1.
rd
7 LY
F
7
) Europe
Clontinent ,
@
UK
Cowntry :
Il
)
N | ]
] \ i
I 1 | 1
i, / i I \ I 1
& }9 —@ o o
o : S
T 8 2 & %3
S T 5
3 x
S S g9 8

° f path=

| path( x,lca )|

.|_

| path( y,lca )l

241 path( ALL,L, )|

= (2+1)/2%3 =0.5

| path(lca,L, )

=2/3

| path( ALL,L, )|

P,
DE 201@ Hannover, April 11-16, 2011
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‘ Percentage distance functions

m | dist(x,y)=1-

I desci" (x) |

| desczy (y)

, only when y 1s an ancestor of x

m the percentage of occurrences over the values of the hierarchy

b

o Europe America
= Example: dist(USA',"America’)  ©o"ne ”., ‘o
UK R
Count IEAYE CANADA
| deSCCizy "('USA" | B 2 Country | , .
- Continent . ) —® L ®
| descg,, " (‘America’) | 5 N /1 "
: \ ’.’ [ \"h ] ‘1‘
! 1 4 1 \ I 1
. 1 City .r’ ‘l ri : ‘\ : \\
where L; 1s the detailed level L, - o ¢ o o o o
= 2 < & £ 5 3
5 M = & &5 8
] ] ~ N b~
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‘ Highway Distance Functions

s Every level L grouped 1nto k groups,

= r, the representative

0 distance between two representatives can be thought of
as a highway

d(x,y)=dx, ry) +d(ry,ry) +d(y, ry)

a ry, 1y @ representatives of the groups of x, y

0 representative selected w.r.t an ancestor or a
descendant

ICDE 2011, Hannover, April 11-16, 2011 21



‘ Highway Distance Functions

m I, :1S an ancestor

X,

d(x, y) =d(x, xy) + d(X, y)

B 1S an descendant

d(x, y) =d(x, y,) + d(y,, X)

AL all .
lea
L, .
v, o R
L, —> e
dist(xy, y)  disty, v,/
dist(x, x,)
-E'x W -

R A : "\ Vi
S disty, xS
i v i i
Fl i F) 1
’ ’ v
’ p v

L — e ‘:‘l & *
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‘ Distance functions between 2 points
in the multidimensional space

m Assume two cells from a cube

U Clz(lll,ll,.. ll ml,mzl,... mml)

U sz(llz,lz,.. lz ml,mzz,... mm2)
= dist(c,c,) can be expressed w.r.t.
o their level coordinates d.(L.', L.?) and

0 their measure values d.(M.!, M.?)

dist(cy, c,)=f(d.(L.', L?), d.(M.!, M.?))

ICDE 2011, Hannover, April 11-16, 2011
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‘ Weighted Sum

n
2"
i=1

f: i=l + =1

m

/
w;

i=1

= Example

0.5%(d(M, M, _)+d(C.,C,)) 0.5%d(S. ,S )
1 2 1 2 + 1 2

Month Country Sales

Dimension TIME

All
Ica |
Apr/2000 May/2000

“1lMay/2000| USA

4

€2 Apr/2000| Canada

3

d/Apr/2000 d/May/2000

Dimension Location
All

lca ‘

USA Canada

0.5+0.5

0.5

New York Toronto

ICDE 2011, Hannover, April 11-16, 2011
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m Minkowski
=</i(di(lil’li2))p +I§/i(di(mil’mi2))p

B Minimum Partial distance
o cellse, =LY .., L. Ym!,m)t, ... ,m_")

c, =% L2 .., 12 m2% mye, ..., m %)

p-norm

dist(ci. )= min{d,(,1”)}+min{d,(m,m"))

= Proportion of common coordinates

count(li1 = liZVie {1,2,...,n}) N count(mi1 = miz‘v’ie {1,2,...,

m})

n m

o n: number of level values, m: number of measures

o the number of level values same for both cells

ICDE 2011, Hannover, April 11-16, 2011
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‘ Contents

m Background & Related Work

m Distance Functions
0 between 2 values of a dimension
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0 User study between 2 sets of points in m/d space
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‘ Distance functions between 2 sets of

points in m/d space
m Cubes: C of [ cells and C’ of k cells

a c=, by .o l,my,my, ...,m)

9 9 9 9 9 9
a o=’ 0L,.., L, m’,my, ...,m.)

n dist(C, C’)=f (dist(c, c’))

a f: afunction of the partial distances dist(c, ¢’)

CUBE,
Day  City Sales
el 37522000 | London 5
cy| 37572001 | New York G
cy| 452001 | New York 7

CUBE,
Year Country  Sales
e 2000 USA 3
o 2000 UsA 6
Gl <00 Canada 8
el 2001 UK 5
e 2000 UsA g

ICDE 2011, Hannover, April 11-16, 2011




"The Cell Mapping method

s Map a cell in a cube to the “closest possible representative”
cell in another cube

m Compute all dimension value distances between every cell
of 1%t cube with every cell of 2™ cube

m The Mapped cell of 2" cube: The cell with the less distance
from a cell of 1% cube

ICDE 2011, Hannover, April 11-16, 2011 29



Dimension TIME

The cell mapping method
lca |
(__1 [/'TB E (“ (;B E‘l
1 .. ; el . , Apr/2000 May/2000
Dayv  City Sales Year Country  Sales [ Aer | [y |
)| 37572000 London M \ r_J 2000 USA 3 | |
¢ 3/5/2001 | New York & o 2000 USA 5 d/ApPI/2000  d/May/2000
Cy 4/5/2001 | New York 7 G 2001 Clanada 8
/ | 200 UK 5 - _
Dimension Location
Cell Mapping G 2000 USA 2 Al
lca ‘
2/3+1/6 5 : '““
__13+5/6 7 e Al APl _ 23+16 5 USA Canada
" dgn(C,C)= 55 dgim(Co,c)=""72 "2 | = dgn(cs.c)= 55 | ‘ . |
1/3+5/6 _ 7 - 2/3"'1/6:1 13416
n ddim(cl’CS): S T ddim(CZ’CS)_ > 2 n ddim(c3’(;5)= _Z__ztf__:% New York Toronto
2/3+5/6 _ 9 — 23+1/6 5 23+1/6 5
" dgm(CiCe)= "2 T2 dgim(C2,C6)= %=§ " dgm(C3Ce)= 5=,
_ 3sle 5 _ 2/6+5/6 _ 7 _ 2/6+5/6 7
" dynlec)= dgim(C2:C7)= 55| = dgim(Cs.cp)= 25201
" dgin(C,Ce)= 5y dgim(CaCe)= "5 =1 | = dgm(cs,Co)= "2 &
ICDE 2011, Hannover, Aprﬂ 11-16, 2011 30



‘ Closest Relative

Cell mapping part of the function
k

Z(dist(ci,c'))/\‘
dist(C,C') == - W’) = min{dist ,, (c,,c")}

= disty - the distance between two cells according to their dimension
values

a Each one of the k cells from cube C 1s mapped to the cell of the
cube C’ that has the minimum disz g, from it.

ICDE 2011, Hannover, April 11-16, 2011 31



‘ Closest Relative

Al
Ica |
CUBE CUBE, : :
1 - ' Lo . , Apr/2000 May/2000
Dayv  City Sales Year Country  Sales [ Ao | [y |
)| 37572000 London S \ c_J 2000 USA 3 | |
¢ 3/5/2001 | New York & o 2000 USA 5 d/ApPI/2000  d/May/2000
4| 4/5/2001 New York 7 )<r6 2001 Canada 8
/4 | 2001 UK S . . )
| Dimension Location
Cell Mapping G 2000 USA 2 .
lca ‘
| USA | | Canada ]
= cells ¢, ¢,, c;, mapped to cells ¢+, ¢, and ¢ |
1 2 3 7 5 5 New York Toronto

d(ci,c7)= 5/12 ,d(c,,c5)= 5/12 ,d(cy,c5)= 5/12

"Dimensions : f,q,, cells: weighted sum
d(c,,c,)+ d(c,,c5 )+ d(cy,c5)
3

d(CUBE,,CUBE,)=

ICDE 2011, Hannover, April 11-16, 2011 32



‘ Hausdorff

m| HIC, C’) = max(h(C,C’), h(C’,())

Q

Q

h(C, C’): directed Hausdorff

m  measures the max distance of a cube C to the “nearest” cell of the
other cube C’

h(C,C") = max{min{dist(c,c’)}}
ceC ce(C’
dist(c, c¢’) distance between two cells ¢ and ¢’

Includes bidirectional cell mapping method

ICDE 2011, Hannover, April 11-16, 2011
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‘ Hausdorff computation

s Two sets of mapped cells

m For each set
o for every pair of mapped cells

= compute their distance considering their measures as well

= Obtain two sets of min distances between cells

a) from Cto
b) from C’ to C

0 For each set pick the greatest distance

m Pick the greater of the two greatest distances

ICDE 2011, Hannover, April 11-16, 2011 34



‘ Hausdorff

CUBE, CUBE-
Dayv  City Sales Year Country  Sales
)| _3/5/2000 London S m 2000 UsA 3
e;| 3/5/2001 | New York 6 | 2000 USA 6
4| 4/5/2001 | New York 7 )< 2001 Canada 8
/ 2001 UK 5
S Cell \Ia DDINE 2000 UsA 2
CUBE, CUBEE
Day City Sales Year Country Sales
cy| 3/5/2000 | London C4 \Zﬂﬂ[} USA 3
Co| 3/52001 |NewYork| 6 cs| 3000 USA 6
Cs| 4/5/2000 | New York 7 jl{](]l Canada 8
/2001 UK 5
w
S, Cell nmku{\/»/ 2000 USA 2

= d(CUBE,,CUBE,)=

max{max{S,},max{S,}}= max{5/12,5/12}=5/12

S, H{d(cy,c7),

d(c,,C5),
d(c5,¢5)}

S, {d(cy,c5),

d(cs,c5),
d(ce,C5),
d(C77C1),
d(cg,c5) }

ICDE 2011, Hannover, April 11-16, 2011

35



‘ Contents

m Background & Related Work

m Distance Functions

0 between 2 values of a dimension

0 between 2 points in the multidimensional space

0 between 2 sets of points in the multidimensional space
m User Study Experiments

o User study between 2 values of a dimension

0 User study between 2 sets of points in m/d space
(cubes)

ICDE 2011, Hannover, April 11-16, 2011 36



| User study between 2 values of a

dimension

m 15 users users _all
a 10 users _cs, 5 users_non

m Dataset: ‘Adult’

Table Value Type | # Tuples | # Dim. Levels
Adult fact 30418 -
Age Dim. Numeric 72 5
Education Categorical 16 5

Dim.
Gender Dim. | Categorical 2 2
Marital Categorical 7 4
Status Dim.
Native Categorical 41 4
Country Dim.
Occupation Categorical 14 3
Dim.
Race Dim. Categorical 5 3
Work Class Categorical 7 4
Dim.

ICDE 2011, Hannover, April 11-16, 2011
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‘ Dimension Hierarchies of Adult

Age hierarchy
ALL

ag leveld
ag level3

ag level2

ag_levell

ag_levell

Ocupation hierarchy gender hierarchy

ALL

ac_level2

ac_levell

ac_level0

Work cl. hierarchy

ALL

wc_level3

|

wc_level2

wc _lviwel 1

wc_levelO

ALL

ge levell

|

ge levelD

ALL

ed leveld

ed level3l

ed level2

ed_levell

ed_levell

native c. hierarchy
ALL

nc_level3
nc_level
nc_levell

nc_ levelD

education hierarchy marital status hiearchy

ALL

ms level3

ms level2

ms_levell

ms_levelD

race hierarchvy
ALL

ra_level2

ra_levell

ra_level(
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‘ Experimental setting

s Purpose of the experiment:

o which distance function between two values of a dimension 1s
best in regards to the user preferences

s Each user was given 14 scenarios

= Each scenario contains:
0 areference cube

a aset of variant cubes
= variant cubes: slightly altering the reference cube

m The 14 scenarios included different kinds of cubes

a value types, levels of granularity

ICDE 2011, Hannover, April 11-16, 2011
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‘ Variant cubes

ag_levell wc_levell

= altering : Gov
. . . Private
o granularity level for one dimension Sl
0 value range of the reference cube : Without-pay
s Example
o reference cube ag_level2 wc level
. . 47-56 Gov
m dimension levels Age_levell, WorkClass_levell _
. 47-56 Private
m age interval [52, 56]. 47-56 Self-emp
O 1%t type modification: change dimension level 47-56 Without-pay

(e.g.,age_levell to age_level2)

ag_levell wc_levell

47-51 Gov
o 2" type modification: change the age interval 47-51 Private
to [22, 26] or to [17, 26]. 47-51 Self-emp
47-51 Without-pay

ICDE 2011, Hannover, April 11-16, 2011 40



‘ Sample scenario

m Reference Cube

Cubed

ag_levell wc levell ra levell
52-36 Gov White
52-56 Private Colored
47-51 Self-emp White
52-36 Without-pay White

m Variant Cubes

Cubed 4

ag_levell wc levell ra levell
52-56 Gov White
52-56 Drivate Colored
52-56 Self-emp White
52-56 Without-pay White
Cubed 3

ag_levell wc _levell ra_levell
27-31 Gov Colored
52-56 Private Colored
47-51 Self-emp White
52-56 Without-pay White
Cubed b

ag_levell wc levell ra levell
4751 Self-emp White
52-56 Without-pay White
Cubed B

ag_level2 wc_levell ra_levell
47-56 Gov White
47-56 Private Colored
4756 Self-emp White
47-56 Without-pay White

ICDE 2011, Hannover, April 11-16, 2011

Cubed 1
ag_levell wc_levell ra_levell
3741 Gov White
3741 Private White
47-51 Self-emp White
52-66 Without-pay White
Cubed 2
ag_levell wc_levell ra_levell
52-56 Gov White
47-51 Private White
47-51 Self-emp White
52-56 Without-pay White
Cubed 3
ag_levell wc levell ra levell
3741 Gov White
3741 Private White
4246 Self-emp White
4246 Without-pay White
Cubed 7
ag_levell wc_level2 ra_levell
52-56 With-Pay White
52-56 With-Pay Colored
47-51 With-Pay White
52-56 Without-pay White

41




' Scenarios of User Study

m Each variant cube: most similar to the reference
cube according to a distance function

m 14 scenarios organized as:
0 cubes with arithmetic type values (5 scenarios)
0 cubes with categorical type values (2 scenarios)

0 cubes with mixed type values (7 scenarios)

ICDE 2011, Hannover, April 11-16, 2011
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‘ Notation of distance functions

Family Abbr. Distance function name
Local Oy Manhattan
Aggregation 0L owe With respect to a lower level of hierarchy
Jager =COUNL
O owm With respect to a lower level of hierarchy
faggr = max
Hierarchical Path | d; ¢, p Lowest common ancestor through f .
LCAD Lowest common ancestor through f,. .,
Percentage Oq, Applying percentage function
Highway O e With respect to an ancestor x,
ODesc With respect to a descendant y,
Ot Desc Highway, selecting the representative from a
descendant
Oyanc | Highway, selecting the representative from an ancestor

ICDE 2011, Hannover, April 11-16, 2011
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m [ op three most preferred distance functions

Users_all | Users_cs | Users _non

Sueap | 40.47% | 3857% | 44.28%

5, | 18.09% | 20% 14.28%
Supesc | 9-52% | 1071% | 7.14%

m Most preferred function by users w.r.t value type

Value Type | Users_all Users_cs Users_non
Arithmetic 8Anc 8LCA,P’ 8H,Desc’ 8Anc 8LCA,P
Categorical O ¢ AP O ¢ AP O ¢ AP
&Aé'lthmet}c 5 5 5 5

ategorlcal Anc Anc LCA,P ~YAnc

ICDE 2011, Hannover, April 11-16, 2011 44



| winner distance Jfunction
peEr scenario

m winner function: 1s the most frequent function per
scenario for all 15 users

= The most frequent winner function was o, -, p

= Percentages
0 35.71% for the Users_all group
0 35,71% for the Users_cs group
0 57.14% for the Users_non group

ICDE 2011, Hannover, April 11-16, 2011 45



‘ Dirversity and spread ot user choices

» Two major findings
0 (a) All functions were picked by some user

0 (b) certain functions appeared as user choices for all
users of a user group
" Opcap> OHpesc ANd 05, for Users_cs

B Ol cap OLowm aNd 04, for Users_non

ICDE 2011, Hannover, April 11-16, 2011
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most preferred family ot functions

Local | Aggregation | Hierarchy Path | Percentage | Highway
Users_cs 1 9 69 9 52
Users_non | 2 5 34 5 24
Users_all 3 14 103 14 76

ICDE 2011, Hannover, April 11-16, 2011
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‘ Selection stability ot users

m 13" and 14% scenarios replicas of 3™ and 10™
scenario
0 4 out of 5 Users_non users
a 6 out of 10 Users_cs users

= selected the same function for both of the two
replicas scenarios

m The rest of the users selected the same function
for only one replica

ICDE 2011, Hannover, April 11-16, 2011
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‘ User study between 2 sets of points in
M/D space

» which distance function between two cubes do the
users prefer?

o Closest Relative
a0 Hausdorff

= Between dimensions o, -, p

s Between cells weighted sum

ICDE 2011, Hannover, April 11-16, 2011 50



' Scenarios of User Study

m 14 scenarios

o Each scenario contains 4 cubes (A, B, C, D)
m Cube A: reference cube
m B,C,D: variant cubes
O one most similar to A according to the Closest relative

0 one most similar to A according to the Hausdorff

O remaining less similar to A for both functions

m Users were asked to order the three cubes from the most
similar to the less similar when compared to the cube A

ICDE 2011, Hannover, April 11-16, 2011
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‘ Sample scenario

A
ag_levell wc levell AVG{hours per week)
27-31 (Sov 41.636
27-31 Frivate 422742
27-31 Self-emp 45,3554
27-31 Without-pay B5
d(A,B) | d(A,C)
Closest
Relative 0.34126 | 0.19812
Hausdorff | 0.38151 0.30385

B

aqg levell wc levell AVG{hours per week)
37-41 Frivate 40,2509
b2-b6  [YWithout-pay 42,7143

C

aqg levell wc levell AVGlhours per week)
22-2h (Sov J5.55979
22-2h Frivate 35.602
22-2h self-emp 43,6525
22-20 0 [Without-pay A0

D

aqg levell wc levell AVG{hours per week)
27-31 (50v 41656
a2-36 Private 42 8003
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' Scenario groups

m no_measures
0 Cube distances computed 1ignoring measures
m not_equal

o Cube distances computed with different weights
between k dimensions and / measures

n w=klk+l, w =l/k+l
m equal

0 Cube distances computed with equal weights between
dimensions and measures

- Wdzwm
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 User Reliability & Stability

s User Reliability

o 6™ scenario has cube B identical to cube A
= 2 out of 39 users answered wrong
m 37 valid users

s User Stability

o 13% and 14™ scenario were replicas of the 5™ and 9t
scenario

a User_ok : same ordering for one scenario

0 User_half ok : same first choice

0 User_Stable : User_ok for both replicas
or User_ok and User_half_ok
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 User Stability

User_OK User_Half OK User_Stable
Frequency Pct Frequency Pct Frequency Pct
13th
. 28 75% 5 13% 24 65%
scenario
14th
. 19 51% 8 21% 24 65%
scenario
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‘ Most trequent distance function

s Most frequent function chosen as the first
ordering in all scenarios

Over all scenarios | Frequency | Percentage

Hausdorff 154 38%
Closest relative 232 57 %
Most distant cube 21 5%
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‘ L ocal scenario winner

m Local scenario winner function:

o function that was mostly selected as the first choice
from the users in each scenario

m closest relative: 6 scenarios

m Hausdorff: 5 scenarios
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‘ Group winner function

Scenario Group Scenario Winning function Winner function
no_measures Scenariol Closest relative Closest relative
Scenario2 Closest relative
Scenario3 Closest relative
Scenario4 Hausdorff
not_equal Scenariod Hausdorff Hausdorff
Scenario7 Closest relative
Scenario8 Hausdorff
equal Scenario9 Hausdorff Draw: both
Scenariol0 Hausdorff
Scenarioll Closest relative
Scenariol2 Closest relative
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‘ Conclusions

s Taxonomy of distances

m Distance between values of a dimension:

0 Most preferred function according to the path of the
lowest common ancestor

= Distance between sets of points in a m/d space
m Closest relative and Hausdorff
= Future work
o More user studies

0 Combine texts
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‘ Thank you for your attention!

User study Questionnaires & Results can be found :

http://www.cs.uo1.gr/~ebaikou/publications/2011_ICDE/
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