A multimedia query
G

select image P, object objectl, object object2

where P contains object1
and P contains object2
and objectl.semantical _property s_like " mountain”
and objectl.image_property #mage_match ”Fuji_mountain.gif”
and object2.semantical_property is ”lake”
and object2.image_property image_match ”lake_image_sample.gif”
and object1.position is_above object2.position

Maria Luisa Sapino (BDM 2018)

Quory

Fuji

@umam
Lake
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‘_/—l Crisp
select image 0b; bjectl, object object2

where P(containg object1 / Fuzzy
and P (contains object2 (imperfect)
and object1.semantical_property mountain”
and object1.image_property [image_match)’ Fuji_mountain.gif”
and object2.semantical_propert;
and object2.image_property image_malch)’lake_image_sample.gif”
and object1.position (is_above)object2.position
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Query...and results...
G
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Reasons for imperfection
G

e Similarity between features (yellow/orange)

e Imperfections in the feature extraction
algorithms

e Imperfections in the query formulation
methods

e Partial match requirements

e Imperfections in the index structures and
clustering algorithms
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Fuzzy set..
. |

e Fuzzy set F with domain D is defined using a membership
function pr D —[0,1].

e A crisp (conventional) set C with domain D is defined using a
membership function

pe = D —{0,1}.

e A fuzzy set corresponds to a fuzzy predicate
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Example

0.0} — temperature

5 0 5 1 15 2 25 3 % 40 45
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Example

0.85/ e
0.0{— heat
s R

Hot(29°) = 0.85
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Empty fuzzy set
C |

VxeX: f,(x)=0
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Universal fuzzy set
G

VxEX:fu(x)=1
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a-Universal fuzzy set
. |

VxEX: f (x)= a
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Support of a fuzzy set, F
. |

supp(F)=def [x€X | £,.(x)> 0}
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Height of a fuzzy set, F
.

height(F) = max _ {f, (x)}
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Height of a fuzzy set, F

height(F)=1; normal
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Height of a fuzzy set, F
G

height(F) =max _, {fF (x)}

height(F)<1; subnormal height(F)=1; normal
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Normalized fuzzy set, F*
¢ ]

F" = F/height(F)
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Normalized fuzzy set, F*
. |

F* = F/height(F)

supp(F ) )= supp(F)
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Cardinality of F
G

card(F)= 31,0
card (F)= [1,(x)i
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Cardinality of F
.

card(F)= 3 f;(x)

card(F )= ffF(x)dx

Probabilistic databases:
cardinality is 1
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a-cut a fuzzy set, F
. |

F* ={xEX|fF(x)z a}
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Strong a-cut a fuzzy set, F
. |

F ={x€X|fF(x)> a}
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Kernel of F
¢ ]

kemel(F)= F*
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Set operations
G

ACB<Vx f,(x)=f,(x)
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Set operations
. |

ACB<Vx f,(x)= f;(x)

Aunderstimates B
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Set operations
¢ |

AQB<—>A>“§B>a

AgBeAzanga
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Set operations
G

AC B <> supp(4)C supp(B)

AC B <> height(A) < height(B)

Maria Luisa Sapino (BDM 2018)

Example query

Fuzzy
(imperfect)

\ Q(X) +{5dike}man, X .semantic.property) Nimage-matc)(X.image_property, “a.gif").
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Example query

Fuzzy
(imperfect)
‘Q(X ) «{sdike X property) Nimage_matcl)(X .image_property, “a.gif").
0.84 0.68
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Example query

Fuzzy
(imperfect)
[Q0x) {5Timan, X.semantie_property{ Nmage-matcl)(X.image.property, “a.gif").
0.76 0.84 0.68

Fuzzy logical operator

Maria Luisa Sapino (BDM 2018)

Example query

Fuzzy
(imperfect)
[@(x) (5T man. X.semantic_property| Nmagemald)(X image.property, “a.gif").
0.76 0.84 0.68
Fuzzy logical operator

QUL ¥) € O Vo). (Y Vo)), |

e Fuzzy and crisp predicates
e Fuzzy logical expression and a merge function
e Results is a ranked list (with the associated fuzzy values!)
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How to process a fuzzy query?

‘ Q(Y1,....Y,) < O(pi(Y1,....Ya)s oo pm(Y1, . Ya))s

e First approach...make predicates crisp!!!
- Use thresholds....

hot
1.0 i —

0.7

Maria Luisa Sapino (BDM 2018)
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How to process a fuzzy query?
G
QUL %) € OpAT Vo). (Vs Vo)),

e First approach...make predicates crisp!!!
- Use thresholds....

hot
1.0 i —

07

0.0 — heat
o 7

Good for processing in traditional Not good for milimedide sapino (BOM 2018)
databases applications P

How to process a fuzzy query?
C ____ ]

Q(Yr,..., Yy) < 0@ (Yr,..., Ya)se-os Pn(Y15-- -, Y0)),

e Second approach...use suitable fuzzy logic!!!
- Merge (or scoring) functions....

‘Q(X) (5dike}man, X.semantic_property) Aimage-matcl)(X.image_property, “a.gif").

0.76 0.84 0.68

0.76 = |1,(0.84,0.68)
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Example merge functions...
e

Min semantics

ppap;(z) = min{pi(z )}
ppvp, (@) = maz{pi(x), i (x)}
pepy(x) = 1= pi(z)
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Example merge functions...
G

Min semantics Product semantics

up'/\pj[.’l,‘) = min{pi(z), HPAP; (z) = #mﬁ% ael0,1]
upp, (@) = maa{ju; s ) = e ]
pop(z) = 1= pi(z) p-pi () = 1 — pi(z)
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Example merge functions...
. |

Min semantics Product semantics

ppnp, (@) = min{pi(x), pj(z)} | mpap;(x) = %
13 (@) 5 (@)= (2) X pg (@) —min ] a; (@) 115 (@) 1—a}
maz{1—p; () 1t (2),0

ael0,1]

upyp; (@) = maz{pi(z), ui ()} | ppve () =
papi(@) = 1= pii(z) -pi(w) =

= pi(w)

Arithmetic average (N-ary)

p-p,(z) ppy..vp, ()
L (o) | TEE EETe

(mostly used in information
trieval)
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Triangular norms (and co-norms)
G

e How to emulate the properties of a crisp predicate

I [ T-norm binary function N (for A) | T-conorm binary function C' (for V)

[ Boundary conditions [ N(0,0) =0, N(z,1) = N(L,z) =« | C(1,1) =1, C(«,0) =C(0,2) =«

Maria Luisa Sapino (BDM 2018)
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Triangular norms (and co-norms)
. |

e How to emulate the properties of a crisp predicate

T-conorm binary function C (for V)

Boundary conditions CLD=LC@0)=Cl,0) =z

Commutativity C(z,y) =Cly,x)
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Triangular norms (and co-norms)

e How to emulate the properties of a crisp predicate

T-norm binary function N (for A) T-conorm binary function C' (for V)

Boundary conditions | N(0,0) =0, N, D =N(Lo) =z |[CLD=L C@0)=C,0) ==
Commutativity N,y =Ny Cla,y) = Cly,2)

Monotonicity T<a,y<y - Ny <N@,y) |z<a,y<y - Cla,y) < C@,y)
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Triangular norms (and co-norms)
G

e How to emulate the properties of a crisp predicate

T-norm binary function N (for A) | T-conorm binary function C (for V)

Boundary conditions [ N(0,0) = 0 C(1,1) =1, C(x,0) = C(0,z) =«

Commutativity N(z,y) = 2 Clz,y) = Cly,2)
Monotoni T<a,y<y = Ny <N@y) |s<a,y<y — Cla,y) <C@,y)
Associativity N(y,2) < N(N(2,1),2) C(,Cly,2) < C(O(w,y),2)

Maria Luisa Sapino (BDM 2018)
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Triangular norms (and co-norms)
. |

e How to emulate the properties of a crisp predicate

T-norm binary function N (for A) | T-conorm binary function C (for V)

Boundary conditions CLD=LC@0)=Cl,0) ==

Commutativity Clz,y) =Cly,x)

Monotoni

z<a'y<y - Clz,y) <C',y)

Associativity C(x,C(y,2)) < C(Cla,y),2)

e Bellman and Giertz: “The unique aggregation functions for
evaluating AND and OR that of
queries involving only conjunction and disjunction and that

in their arguments are min and max.”
Maria Luisa Sapino (BDM 2018)

Triangular norms (and co-norms)
. |

e Emulating the properties of a crisp predicate may not
be good for multimedia applications!!!

e Boundary conditions prevent partial matches

‘Q(X) «(5dike}man, X.semantic_property) Nimage-match(X.image_property, “a.gif").
0.00 0.99 0.00

0.00 = W, 1,(0.99,0.00)

Maria Luisa Sapino (BDM 2018)

Triangular norms (and co-norms)
G

e Emulating the properties of a crisp predicate may not
be good for multimedia applications!!!

e Monotone condition is weak!!

‘Q(X) «(5dike}man, X.semantic_property) Nimage-match(X.image_property, “a.gif").
0.70 0.71 0.70
0.70 0.99 0.70

0.70 = W, ,,,(0.71,0.70)
0.70 = W, 1(0.99,0.70)
Maria Luisa Sapino (BDM 2018)

14



Triangular norms (and co-norms)

e Emulating the properties of a crisp predicate may not
be good for multimedia applications!!!

e N-ary semantics may be enough !!!
- consider all relevant features at the same time, instead of in pairs!

Arithmetic average (N-ary)
[ wprnp (@) | p-p(z) ppy.vp,(T)
() Tt 10 (2) N | Pl 3
(PR [ 1 - (o) [ Pl

Geometric average (N-ary)
W) [ penle) | Py v.p, (2)
L= o) [ 1= (= o) x oo (1= @)

=

M 2018)

[ fa) % - X piglo)

Visualisation of minimum

‘Conjunction - Miimum

LSS
S
SN
727NN
LTSN

Combined Relvarce.

Precdoats 2
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Visualisation of minimum

‘Conjuncion - Mnimum

monotone: not
enough

Conbined Relsarce

Pracicae 1
No partial match: not
good

Maria Luisa Sapino (BDM 2018)
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Visualisation of arithmetic average

Conjuncicn - Adthmei Averags.

strictly
monotone:better!!

partial matches:
better!!

Maria Luisa Sapino (BDM 2018)

Visualisation of arithmetic average

Conjuncicn - Adtbmei Average.

constant slope: not
enough

strictly
monotone:better!!

Combined Relevance

partial matches:
better!!

Maria Luisa Sapino (BDM 2018)

Interestingness.....

G
e An increase in the score of a subquery
- with a lower score is more interesting than
a similar increase in the score of a subquery
- with a large score

gif")-

\ QX) jman, X.semantic_property) Nimagemalah(X.image.property
0. 40 0.00 0.80
0.72 0.80

Maria Luisa Sapino (BDM 2018)
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Visualisation of geometric average
G

Corjuncin- Grometic Average

adaptive slope: better

i
i
1
H

No partial match: not
good

Maria Luisa Sapino (BDM 2018)

....parametric geometric average
. |

(M >rirae 160) X T <rine V™ = 8
PP (b Tirues B) = #(8)2 £ - /fu(t)< :

Truth cutoff r_ \—1 Falsehood value
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....parametric geometric average
e

(M) rurue P8) X (M ) <rire VY™ = B
Bpan P (b Tirue: ) =~ 1 7/;‘(% :

re=0.4; p=0.4 re=0.4; p=0.2 rrue=0.4; $=0.0
Maria Luisa Sapino (BDM 2018)
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How to put weigths?????
e How do | state that image properties are more important than
semantic properties??
e What do we mean?:

- Achange in the value of image property should have a larger
impact than a similar change in the value of the semantic property.

[Q(x) <(ETFman, X.semantic.property) Nmagemale)(X image-property
0.60 0.60

“a.gif").

0.60
0.60

Maria Luisa Sapino (BDM 2018)

How to put weigths???7??
C |

[Q0x) (sTiman, X.semantie._property) Nimage-matcl)(X.image.property, “a.gif").

e How do | state that image properties are more important than
semantic properties??

Maria Luisa Sapino (BDM 2018)

Fagin’s proposal
G
e Desiderata

- If all weigths are equal the result should be equal
to no weight case

Maria Luisa Sapino (BDM 2018)
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Fagin’s proposal

e Desiderata
- If all weigths are equal the result should be equal
to no weight case
- If one of the weigths is zero, the subquery can be
dropped without effecting the rest

Maria Luisa Sapino (BDM 2018)

Fagin’s proposal

e Desirata
- If all weigths are equal the result should be equal
to no weight case
- If one of the weigths is zero, the subquery can be
dropped without effecting the rest
- ..the result should be a continuous function of the
weigths

Maria Luisa Sapino (BDM 2018)

Fagin’s proposal

elet +6,+..+0, =1
6,,6,,..,0, =0
6=60,=..20,

19



Fagin’s proposal
e —
elet g+6,+..+6, =1
6,,0,,...0, =0

m

6=0,=..20,
e then .fiﬁ,ﬂz,.“ﬂm)(x]’x27"'5xm ) = (01 -0, )f(xl )+

(m - 1)(0(»714) - gm )f(xl 7'x2’ x3 ’“"x(mfl) )+
mo f(xl,xz,x3,...,x

m m

Fagin’s proposal
G

elet §+6,+..+6, =1
6,,6,,..0, =0
6=0,=.=0,

e then f(a, .0, )(xl s Xp5ees Xy ) = (‘91 -0, )f(x1 )"'
If fis continuous, then the 2 92 - 63 )f(xl % )+
weighted function is also 3(193 - 04 )f()cl X5, Xy )+
continuous | T T

(m _1)(0(”1-1) -0, )f(x19x2’x35"'7x(m—1))+
mHmf(x],xz,xz,...,xm

Fagin’s proposal
. |

elet +6,+..+0, =1
6,.6,....0, =0
6=60,=..20,

e then fi/]‘,ﬂz,...,ﬂm)(x]’x25"'5xm ) = (61 -0, )f(xl )+

If lowest weigth is 0, then the
corresponding sub query can be 3(
omitted

(m - I)H(m—l)f(‘xl’ X5 X350e5 X(y1)

Maria Luisa Sapino (BDM 2018)
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Fagin’s proposal
. |
elet g+6,+..+6, =1

6,.6,,....60, =0
6,=0,=.=20,
e then f{LvaVL)(X“XZ’”"X'"F(%_i)«f(xl)J' 2(%—%)/‘(& X )+
’ 3 rr £ (0 x50x, )+
S r—
(m—l)(%—i)f(xl X5 X35eees Xy |))+
1

Fagin’s proposal
G
elet §+6,+..+6, =1

m
,0,,...,0, =0
6,=0,=..=0,

e then f(lvinVi)(x"xz""’x"’)=f(xlvxzaxb'n,xm)

l If all weigths are equal then the result is equal to the no-weighted case ]

Maria Luisa Sapino (BDM 2018)

Example (arithmetic average)
G

score(a) + score(b)

score(a Ab) = 2

Maria Luisa Sapino (BDM 2018)
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Example (arithmetic average)
. |

score(a) + score(b)

score(a Ab) = 5

score(a Ab) = (8, - 6,)score(a) + 26, 5

Maria Luisa Sapino (BDM 2018)

score(a) + score(b)

Example (arithmetic average)
G

score(a) + score(b)

score(a A b) = 5

score(a Ab) = (6, -6,)score(a) +206, 3

’score(a ADb) =0 score(a) + Gbscore(b)‘

Maria Luisa Sapino (BDM 2018)

score(a) + score(b)

Example (product)
G

lscore(a A b) = score(a)x score(b)‘

’score(a Ab) = (8, —6,)score(a) + 26, score(a) xscore(b)‘

Maria Luisa Sapino (BDM 2018)
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Are Fagin’s desiderata enough?
G

e |t does not compare partial derivatives!!!

Maria Luisa Sapino (BDM 2018)

Are Fagin’s desiderata enough?
e —

adaptive slope:
adaptive importance

Maria Luisa Sapino (BDM 2018)

Are Fagin’s desiderata enough?
G

e It does not compare partial derivatives!!!
e Importance: Given a function f(x,y), x has a higher
contribution than y iff

VYa,b 1
ax

Y
(ary O

)

Maria Luisa Sapino (BDM 2018)
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Are Fagin’s desiderata enough?
G

e |t does not compare partial derivatives!!!
e Importance: Given a function f(x,y), x has a higher
contribution than y iff

Maria Luisa Sapino (BDM 2018)

Are Fagin’s desiderata enough?
e —

e It does not compare partial derivatives!!!
e Importance: Given a function f(x,y), x has a higher
contribution than y iff

Ya,b ¥ >é‘)—f
T oox ) ay o)
SN F)
3 relimp(xy), , = )
Man)  op
|
(a.b)

Maria Luisa Sapino (BDM 2018)

Are Fagin’s desiderata enough?
G

e Importance: Given a function f(x,y), x has a higher
contribution than yiff |
e Example: 0xX|epy O

(a)

score(x A y) =6 score(x) +6,score(y)

dscore(x A y) _ _0
dscore(x) (a) Wap) X 5

dscore(x A ) _
dscore(y) () " k)

Maria Luisa Sapino (BDM 2018)
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Are Fagin’s desiderata enough?
G

e Importance: Given a function f(x,y), x has a higher
contribution than yiff - of| 9]
T,y

e Example: (a0)
score(x A y) = (8, —6,)score(x) + 26, score(x) x score(y)

ascore(x A ) =(9 _0 )+20b
x Ty y

adscore(x) (ah) -

ascore(x A y)

P =20.a
iSCorél
) (a.b) Maria Luisa Sapino (BDM 2018)
(6.-6,)+20,6
i : YTy 4
rlimp(ey),, =5

Are Fagin’s desiderata enough?
e —

e Importance: Given a function f(x,y), x has a higher
contribution than yiff -, - of| o]

e Example: Wltasy W)

score(x A y) = (6, =6, )score(x) + 20, score(x) x score(y)
Jscordx A V) (9 _g )+20.b

dscore(x) (a5) ! ! "NoT oKt]

dscore(x A y)

=20,a
dscore(y) (a) ’

Maria Luisa Sapino (BDM 2018)

(b.-0,)+20a  (6.-0,)

limp (x, = = 1
re mp(xy)‘(m) 204 + 24 >

Are Fagin’s desiderata enough?
G

e Importance: Given a function f(x,y), x has a higher
contribution than yiff |

e Example: sy Wl
score(x A y) = (6, - 6,)score(x) + 26, score(x) x score(y)

dscordx A V) (9 _g )+20.b

dscore(x) (ah) 'NoTOK!|
dscore(x A y)

=20.a
dscore(y) (a) 4

Maria Luisa Sapino (BDM 2018)
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0.b
O,a

relimp(x,y) oy =

How about?
¢ ]

e Importance: Given a function f(x,y), x has a higher
contribution than yiff - of| 9]
T,y

e Example: (a0)

score(x A y) = score(x)” x score( y)gy

dscore(x A )| _ g 4ot

dscore(x) (a) 'NOTOKI|
dscore(x A y) 04"
dscore(y) |, , 7

Maria Luisa Sapino (BDM 2018)

reli[np(x,yj(ﬂ,a) = b.a = & >1

How about?
¢ ]

e Importance: Given a function f(x,y), x has a higher
contribution than yiff -, - of| o]

e Example: Mlary Wl

score(x A y) = score(x)” x score()”

dscore(x A y) — 6.4

adscore(x) (a) -
dscore(x A ) 0. ap"
dscore(y) () 7

Maria Luisa Sapino (BDM 2018)

Ranking
[@x) <[Tihefman, x property) Nimage-mata)( X image_property, “a.gif").

Maria Luisa Sapino (BDM 2018)
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Ranking
G

\ Q(X) {adike}man, X.semantic_property) Nfmagemald)(X .image_property, “a.gif").

0.90 X2 0.85 X3
0.80 X5 0.80 X5
0.70 X6 0.75 X2
0.60 x4 0.74 X6
0.50 X1 0.74 X1
0.40 X3 0.70 X4

Maria Luisa Sapino (BDM 2018)

Ranking
. |

[@(x) <(5Timan, X semantic.property) Nimagemald)(X image property, “a.gij").

0.90 x2 0.85 X3
0.80 x5 0.80 X5
0.70 X6 0.75 X2
77 0.60 x4 0.74 X6
0.50 X1 0.74 X1
040 x3 0.70 X4

Maria Luisa Sapino (BDM 2018)

Ranking (and first-k retrieval)
G

[@x) <[Tihefman, x property) Nimage-mata)( X image_property, “a.gif").
0.90 x2 0.85 X3
?? 080 X5 0.80 X5
0.70 X6 0.75 X2
060 X4 074 X6
050 X1 0.74 X1
040 x3 070 X4

Maria Luisa Sapino (BDM 2018)

27



First solution...join based on X
G

\ Q(X) {adike}man, X.semantic_property) Nfmagemald)(X .image_property, “a.gif").

0.90

0.85 X3
7 0.80 X5 0.80 X5
0.70 X6 0.75 X2
0.60 x4 X=X 0.74 X6
0.50 X1 0.74 X1
0.40 x3 0.70 X4

* Join the two information sources based on X
«+ Sort all results based on the merged score
« Select the first k

Maria Luisa Sapino (BDM 2018)

First solution...join based on X
e —

‘ Q(X) «{sdike}man, X semantic.property) Aimage_matcly(X .image_property, “a.gif").

0.90 x2 0.85 X3
?? 0.80 X5 0.80 X5
0.70 x6 0.75 X2
0.60 x4 X= 0.74 X6
0.50 X1 \ 0.74 X1
0.40 X3 \ 0.70 X4

entire database at
least oncel!!!
Maria Luisa Sapino (BDM 2018)

\—‘ Need to access the

Ranked join for top-k retrieval (ragin)
G

‘ Q(X) «{sdike}man, X semantic_property) Aimage_matcly(X .image_property, “a.gif").

0.90

X2

085 X3
?? 0.80 X5 0.80 X5
070 X6 075 X2
060 x4 074 X6
050 X1 0.74 X1
040 X3 0.70 X4

Assumptions:
« Qs monotonic

« Predicates provide sorted_access
« Predicates provide random_access
Maria Luisa Sapino (BDM 2018)
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Sorted Access Phase (k=3)

\ Q(X) {adike}man, X.semantic_property) Nfmagemald)(X .image_property, “a.gif").

0.90 (X2} s 0.85 X3
?2? 0.80 (x5 *080(x5
0.70 [ x6 | . 0.75(X2)
0.60 X4 0.74{ X6 |
0.50 X1 0.74 X1
0.40 X3 0.70 X4

Assumptions:
« Qs monotonic

« Predicates provide random_access
Maria Luisa Sapino (BDM 2018)

Sorted Access Phase (k=3)

‘ Q(X) «{sdike}man, X semantic.property) Aimage_matcly(X .image_property, “a.gif").

0.90 (X2} 085 ., 08 X3
?? 0.80 [ x5 - 0.80(X5
0.70 ( x6| 0.75(X2)
0.74{ X6
0.40 x3

Assumptions:

« Predicates provide sorted_access
+ Predicates provide random_access
Maria Luisa Sapino (BDM 2018)

Sorted Access Phase (k=3)
G

\ Q(X) «(sdike)man, X.semantic_property) Nimagemata)(X image_property, “a.gif"). \

0.90 (X2}~ os2s 0.85 X3
?7? 0.80 | x5 o0 0.80( X5
0.70 (X6 | o 0.75( X2
0.60 x4 0.74( X6
0.50 X1 074 X1

040 x3 0.70 X4

Assumptions:

« Predicates provide sorted_access
« Predicates provide random_access
Maria Luisa Sapino (BDM 2018)
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Random Access Phase (k=3)

\ Q(X) {adike}man, X.semantic_property) Nfmagemald)(X .image_property, “a.gif").

0.90 (X2} s 0.85 X3
?2? 0.80 (x5 o 0.80(x5
0.70 [ x6 | . 0.75(X2)
0.60 X4 0.74( X6
050 X1 0.74 X1
0.40| x3 0.70 X4

Assumptions:
« Qs monotonic
« Predicates provide sorted_access

Maria Luisa Sapino (BDM 2018)

Result... (k=3)

‘ Q(X) «{sdike}man, X semantic.property) Aimage_matcly(X .image_property, “a.gif").

X2 0.90 (x2)

0.825 0.85 X3

X5 0.80 (x5 <080 x5)
X6 0.70 ( x6| 0.75(X2)
0.60 x4 0.74( X6

0.50 X1 0.74 X1

0.40 x3 0.70 X4

Assumptions:
« Qs monotonic
« Predicates provide sorted_access

Maria Luisa Sapino (BDM 2018)

Advantage!!

‘ Q(X) «{sdike}man, X semantic_property) Aimage_matcly(X .image_property, “a.gif").

X2 0.90 (x2

2 0.85 X3
X5 0.80 (x5 **-0.80{X5
X6 0.70 (X6 . 0.75(X2
0.60 x4 0.74{ X6
050 X1 ! 074 X1
040 x3 \ 0.70 X4

X1 and X4 have
never been accessed!

Maria Luisa Sapino (BDM 2018)
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If the merge function is min...
Use only one pred. for
sorted access (k=3)

\ Q(X) {adike}man, X.semantic_property) Nfmagemald)(X .image_property, “a.gif").

0.90 (x2] 0.85 X3
7 0.80 X5 0.80 X5
0.70 X6 075 X2
0.60 x4 0.74 X6
0.50 X1 0.74 X1
040 X3 070 X4

Maria Luisa Sapino (BDM 2018)

Sorted+Random Access (k=3)
. |

‘ Q(X) «{sdike}man, X semantic.property) Aimage_matcly(X .image_property, “a.gif").

0.90 (X2} 0 0.85 X3
?7? 0.80 | X5 2 0:80( X5
0.70 [ x6 | 07 0.75
0.60 X4 0.74{X6)
0.50 X1 0.74 X1
0.40 x3 0.70 X4

« Stop when the next value is smaller than the third candidate

Maria Luisa Sapino (BDM 2018)

Sorted+Random Access (k=3)
G

‘ Q(X) «{sdike}man, X semantic_property) Aimage_matcly(X .image_property, “a.gif").

X2 0.90 (X2} oz 0.85 X3
X5 0.80 | X5 0.80( X5
X6 0.70 (6 o 0.75

0.60 x4 0.74(Xs )

0.50 x1 . 0.74 X1
0.40 x3 \ 0.70 X4

X1, X3, and X4 have
never been accessed!

Maria Luisa Sapino (BDM 2018)

31



