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Uncertainty, Vagueness, and the Semantic Web



Sources of Uncertainty and Vagueness on the Web

» (Multimedia) Information Retrieval:

» To which degree is a Web site, a Web page, a text passage,
an image region, a video segment, . .. relevant to my
information need?

» Matchmaking
» To which degree does an object match my requirements?

» if I'm looking for a car and my budget is about 20.000 €, to
which degree does a car’s price of 20.500 € match my
budget?



» Semantic annotation / classification

» To which degree does e.g., an image object represent or is
about a dog?

; l“White Dog Cafe”
» Information extraction

» To which degree am I'm sure that e.g., SW is an acronym of
“Semantic Web”?



» Ontology alignment (schema mapping)
» To which degree do two concepts of two ontologies
represent the same, or are disjoint, or are overlapping?
» For instance, to which degree are are SUVs and Sports Cars
overlapping?
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» Similarity: To which degree are two objects similar?

» Clustering: Do a set of objects from a group (cluster) of
similar objects ?

» Representation of background knowledge

» To some degree birds fly.
» To some degree Jim is a blond and young.



Example (Matchmaking)

Seller's uyer's
soft constraint soft constraint
30000 31500

30500 31250 32000

°

» A car seller sells an Audi TT for 31500 €, as from the catalog price.

» A buyer is looking for a sports-car, but wants to to pay not more than around
30000€

» Classical DLs: the problem relies on the crisp conditions on price.
» More fine grained approach: to consider prices as vague constraints (fuzzy sets)
(as usual in negotiation)

> Seller would sell above 31500€, but can go down to 30500<€
> The buyer prefers to spend less than 30000 €, but can go up to 32000 €

> Highest degree of matching is 0.75 . The car may be sold at 31250 €.



Example (Multimedia information retrieval)

media dependent properties media independent properties

Object Semantics Layer

Object features:
- color, shape, texture
- structure

Birds and Dogs
are animals

Woodstock is a bird

Object Form Layer

IsAbout
ImageRegion | Object ID degree
o1 snoopy 0.8
02 woodstock | 0.7

“Find top-k image regions about animals”
Query(x) « ImageRegion(x) N isAbout(x, y) A Animal(y)



Example (Distributed Information Retrieval)

Query Q

Then the agent has to perform automatically the following steps:

1. The agent has to select a subset of relevant resources .’ C .7, as it is
not reasonable to assume to access to and query all resources
(resource selection/resource discovery);

2. For every selected source S; € .’ the agent has to reformulate its
information need Q4 into the query language £; provided by the
resource (schema mapping/ontology alignment);

3. The results from the selected resources have to be merged together
(data fusion/rank aggregation)



Example (Database query)

HotellD | hasLoc ConferencelD | hasLoc
h hi ci cl
h2 hl2 c2 cl2

hasLoc | hasLoc | distance hasLoc | hasLoc | close | cheap

hi ci 300 hi1 ci 0.7 0.3
hi cl2 500 hi1 cl2 0.5 0.5
hl2 cl 750 hl2 cl 0.25 0.8
hi2 cl2 800 hi2 cl2 0.2 0.9

“Find top-k cheapest hotels close to the train station”

q(h) «hasLocation(h, hl) A hasLocation(train, cl) A close(hl, cl) A cheap(h)



Example Decision Making

Electrical power dispatching system in the case of shortage of
electrical power

» There are four regions of a city

» We have to decide to which to give electricity in the case of
shortage of electrical power

» The criteria we are considering is based on the electricity
demand of

Residential area

» Shopping centers

Clubs and recreation centers

Educational centers

Medical urgent care centers

v

v

v

v



Example Decision Making (cont.)

Shall I go hiking this weekend?

» |t typically snows about 5% of the days during the winter

» The Weather Channel (TWC) says there is a 70% chance
of snow on this weekend

» Question: What is the chance that it will snow this
weekend?



Example (Health-care: diagnosis of pneumonia)

raYal Health Care Guideline:
]C S I Community-Acquired Pneumonia in Adults
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Example (Health-care: diagnosis of pneumonia)

ravreal Health Care Guideline:
]C S [ Community-Acquired Pneumonia in Adults

INSTITUTE FOR CLINICAL X R X
SYSTEMS IMPROVEMENT Obtain chest x-ray, especially if
S patient has two or more of these

7
Patient presents with

PPy signs:
Seventh Edition symproms suggesting ) Sthodule provider = Lomp = 100°F (37.8°C) g
community-aciuired Tt -
preumonia * Decrcased breath sounds.
May 2006 PO
e — « Respiratory rate =20 =
Work Group Leader . x i
John Degelau, MD Preumonia Severity Index (PSD x
Internat Medicine, Demographic Factors
HealihParmers Medical Group Age  Males age (yrs) L};i:: xaay x(hu\ N °
Females age (yrs)-10 infiltrate or stron; Out of guideline
¥ .. clinical suspici
Work Group Members Nursing home resident 10 N
Family Medicine Comorbid illnesses
Garrett Troheo MDY Neoplastic discase =30

» E.g., Temp = 37.5, Pulse = 98, RespiratoryRate = 18 are in the “danger zone”
already

» Temperature, Pulse and Respiratory rate, ...: these constraints are rather
imprecise than crisp



ARPAT: Air quality in the province of Lucca

ARPAT - Bollettini aria
+[2 e

Appley Macy Travelr ASAPS.

¢ | (Qr Google

ezz2a Stradale  Frequentitems v

intligent Systems 2 T ARGAT: ARPAT ARGAT: Qualt delfaria o1 ARPAT - soletin aria

Agenzia regionale per la protezione
amblentale delia Toscans

Home > Moritoraggio e controllo > Ara > Bollttino auotidiano della quaita dellaria > Lucza

RILEVAMENTO DELLA QUALITA DELL'ARIA NELLA PROVINCIA DI LUCCA|
Realizzazione a cura del Dipartimento provinciale di Lucca

Cerca negli arretrati
Inseise cata (go/mm/asaa)

1 dati di domenica 21/02/2010

50 2
stazione Tipo stazione | g/m? wa/m® (Giudizio di qualita delraria
eia su m)
Lscca [P Son Mcheletio (RETE REGIONALE =)| urbana - taffieo 1 7s
) Vi Carduce wrbana - raffco 1 —
Lucca | Carignano (RETE REGIONALE ™) | rurae - fondo
Viareggio Largo Risergments wroora - waffics 18
Viareggio| Via Maroncell (RETE REGIONALE =) | wbana - fonco . 7
[Capamon| V. dl Plagga (RETE REGIONALE ) | wbana - fondo - @ 13
Porcar | V. Carrara (RETE REGIONALE ™) [periferica - foncol 1 st
? 7o crispone sl a3 i 5 € vercat [ masio Gl coneraone < e S GeTenale & oservazne & 1. 10 corisoonde il ot
= Lestton ppaninen 15 Sate seezlonate n quant, of a

o1
per T Cech e, A Uha TappSSenatIS Spa. e G frare, atGevern | Gas 0 QAT Gelar, una
o concicenea el el & uiarenes m Teloi egionle & cela esposone macia dela popoazne

Dat non cispenial
Stadone non abilars alia miswa cellinauinarte

11 giudizio di qualita & relativo alla singola stazione, ed & espresso in base agli analizzatori presenti secondo | seguenti criter

Legenda
S0, o, ) CH PMyg
(Giudizio di quaiits| g/m? wg/m? | mg/m? | yg/ms pg/m®
050 050 025 0120 02
1125 51200 2615 | piis 250
26250 | 201400 | 15130 | 1s1e0 si7e
250 00 >3 240 7

1 gudio & qualta’delfais, reltuo ad agn tasone, € atruto I base ol peggiare el vaorrevati ¢ vene calcolato soamente se € presente | 75% defdatl. 1 gudzid ualta deano dal valr mite
indicati nel D.M. 60 del 2 aprile 2002 (50, NOy, CO & PMyo) & nel D.Lgs. 183 del 21 maggio 2004 (O3). Per Fozono (03), ai ini i criteri sono da considerarsi validi a

portire dat 13 uglo 2005, per | precedentivlo oceora for Afeimente I dl .4 16 maggio 1596, Ne cas0 n i o verfehing superamanti el sogla  nformazions per fesano, ARPAT mva un
oketting pecii sl st local nbereeate.

el gama e el ors Incats. 1 vlor rartat] anno superstol processo i vera glamallero od hanno vakdita!sino alfafettiazions
A sootondi comkro,Cre ) avalgome d St st d mplegar S i sk da Pe L mothe s & veenCOments comite ulosare 66 SAborare | aion el bt Gormaten per 1
costruzione di indicatori di lungo periodo, da confrontare con | valori imite di qualita’ dellaria, non verifiche mensil, trimestrali ed annuali che.

garantiscono la qualita’ finale del dato. (Uiteriort approfondimenti sulla validazione dei dati)

alinizio pagina Dive
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ultima revisione: 22/02/2010



http://www.arpat.toscana.it/

Sintesi dei dati rilevati dalle ore 0 alle ore 24 del giorno domenica 14/02/2010

50, NO, co 0, PM,q
Stazione Tipo stazione ug/m3 ug/m? mg/m3 ug/m3 ug/m3  |Giudizio di qualita deil'aria
(media su 24h)|(max oraria)|{max oraria)|({max oraria)|(media su 24h)
Lucca_[P.2a San Micheletto (RETE REGIONALE *%)] urbana - traffico 1 75 % Scadente
Lucca V.le Carducel urbana - traffico 2 = 2 s
Lucea Carignano (RETE REGIONALE **) rurale - fondo - - mﬁl"[;‘) R
Viaregglo Largo urbana - traffico = = 17 - na. Buona
Viareggio|  Via Maroncelll (RETE REGIONALE *=) | urbana - fonde 1 121 - i a5
Capannor| V. dl Plaggia (RETE REGIONALE *) | urbana - fondo = 75 2 - 59 Scadente
Porcari V. Carrara (RETE REGIONALE **) | periferica - fonde 2 72 - (hﬁi") 63 ‘ Scadente
50, NO, o 05 PMy,
Giudizio di qualita ug/m3 ug/m3 mg/m pg/m3 pg/m3
(media su 24h)|(max oraria)|{max oraria)| (max oraria)|(media su 24h)
Buona 0-50 0-50 0-2,5 0-120 0-25
51-125 51-200 2,6-15 121-180 26-50
126-250 201-400 15,1-30 181-240 51-74
>250 =400 =30 =240 =74

“Il giudizio di qualita’ dell’aria, relativo ad ogni stazione, e’ attribuito in base al peggiore dei valori
rilevati e viene calcolato solamente se e’ presente il 75% dei dati. | giudizi di qualita’ derivano dai
valori limite indicati nel D.M. 60 del 2 aprile 2002 (SO2, NO2, CO e PM10) e nel D.Lgs. 183 del 21

maggio 2004 (03).”



http://www.comune.capannori.lu.it/node/6008

Il sindaco: "L'ordinanza che vieta I'uso dei caminetti nelle case & un dovere amministrativo per tutelare la salute dei
cittadini. Non c'erane alternative™
=]
L'orolinanza che vista accensione dei caminetti e delle siufe a legna nelle case che:
possiedono un impianta di riscaldamento a metano, gpl o gasolio & una decisione che focca il
“cuore” di Capannori, tradizionalments comune agricolo, che vede nelfimmagine del caminetto
respressione pit vera e pil bella del focolaio domestico.

Seno consapevoie che il caminetio, nellimmaginario collettivo, il simbalo della casa.
Non ¢ stato semplice, quindi, scegliere di adottare il provvedimento in questione.
Chigdere ai capannaresi di non utilizzare | caminetti se pessono scaldare casa con un impianto

of riscaldamento aitemativo & stato - ci tengo & puniualizzario - un dovere a cul, come sindaco,
non potevo sottrarmi.

Un dovere nei conironti del mio territorio e delfintera comunita.
La relazione degli esperti, infatti, non lasciava margine 2 altre soluzioni.

Gito testuaimento quanis rievato daliArpat ‘el caso dela siaziona d apannar § emarsa unelovata prosenza o partcolao orginato
jaila di biomasse. Considerate e della Piana Lucchese si deve ritenere che taie frazione del Pm10 sia

uuvu- essenzialmente a un significativo uso di legna in stufe e caminett tradizianali, a basse efficienza energelica, che non garantiscono

una completa combustione e sono quind rilevanti sorgentl emissive di varie tipologie di inquinant, fra cui il Pm310. Un altro possibie

contributo di cui é difficile stimare Ja rilevanza & costituito dalla diffusa abitudine a bruciare nei campi € nel giardini gii scart vegetair, i

contributo dalie combustione di biomasse alla concentrazione i Pm10 diventa addiritiura dei 47 per cento nef giom in cui nella stazione

& superato il imite f 50 microgrammi al metro cubo come media giomaliera”

Firmare f'ordinanza che vieta Iuso dei caminetii e delle stufe a legna fino al 31 marzo prossima signiffica aver avute il oraggio di una
scelta che, sebbene faccia discutere, mi permeite di tutelare Ja salute dei cittadini.

Ritengo che questo sia il primo compito df un sindaco.
Ancora una volts, quind, coniido nelle buone pratiche dei capannoresi e nell'sttenzione con cul guardano alla vita e lf'ambiente.
Assieme abbiamo gia superato prove difficili, che pol si sono rivelate fonti di grandl soddisfazioni per Capannori.

Anche questa volis, chiedo ai cittadini di fare un gesto - quelio i spegnere | caminetti e le stufe a legna - per difendere la qualita deli'sria
del nostro ternitorio,

In questo modo, assieme, difenderemo anche il diritto alla salute di ciascuno di nol.

Ii sindaco,
Giorgio Del Ghingaro

Pagina creata il: 3/2/2010



http://www.comune.capannori.lu.it/node/6008

Uncertainty vs. Vagueness: a clarification

» What does the value (usually in [0, 1]) of the degree mean?

» There is often a misunderstanding between interpreting a
degree as a measure of uncertainty or as a measure of
vagueness !

» The value 0.83 has a different interpretation in “Birds fly to
degree 0.83” from that in “Hotel Verdi is close to the train
station to degree 0.83”



Uncertainty

» Uncertainty: statements are true or false
» But, due to lack of knowledge we can only estimate to which
probability/possibility/necessity degree they are true or false
» For instance, a bird flies or does not fly
» we assume that we can clearly define the property “can fly”

» The probability/possibility/necessity degree that it flies is
0.83
» E.g., under probability theory this may mean that 83% of
the birds do fly, while 17% of the birds do not fly
» Note: e.g., a chicken has to be classified as either flying or
non-flying thing



Example
» Sport Car:

vx, hp, sp, ac SportCar(x) <=  HP(x, hp) A Speed(x, sp) A Acceleration(x, ac)
Ahp > 210Asp>220Nac < 7.0

audi_tt ferrari_enzo

» Ferrari Enzo is a Sport Car: HP = 651, Speed > 350, Acc. = 3.14
» MG is not a Sport Car: HP = 59, Speed = 170, Acc. = 14.3
» Is Audi TT 2.0 a Sport Car ? HP = unknown, Speed = 243, Acc. = 6.9

» We can estimate from a training set (Naive Bayes Classification)

Pr(SportCar|AudiTT) Pr(AudiTT |SportCar) - Pr(SportCar) - (1/Pr(AudiTT))
Pr(speed < 243|SportCar) - Pr(accel > 6.9|SportCar) - Pr(SportCar)

Pr(speed < 243) - Pr(accel > 6.9)




» Sport Car:

vx, hp, sp, ac SportCar(x) <=  HP(x, hp) A Speed(x, sp) N\ Acceleration(x, ac)
Ahp > 210 Asp >220Aac<7.0

X 3
—

audi_tt ferrari_enzo

» Note: Audi TT 2.0 is not a Sport Car: HP = 200, Speed = 243, Acc. = 6.9
» Explicit definition of Sport Car is too sharp

» We can estimate from a training set (Naive Bayes Classification)
Pr(SportCar|MyCar) = Pr(MyCar|SportCar) - Pr(SportCar) - (1/Pr(MyCar))

Pr(MyCar .hp - | SportCar)- Pr(MyCar . speed - | SportCar)- Pr(MyCar . accel, | SportCar)- Pr(SportCar)
~ - Pr(MyCar.hp)-Pr(MyCar . speed ) - Pr(MyCar . accel~, )




Vagueness

» Vagueness: statements involve concepts for which there is
no exact definition, such as

» tall, small, close, far, cheap, expensive, “is about”, “similar
to”.
» A statements is true to some degree, which is taken from a
truth space (usually [0, 1]).

» E.g., “Hotel Verdi is close to the train station to degree
0.83”

» the degree depends on the distance
» E.g., “The image is about a sun set to degree 0.75”

» the degree depends on the extracted features and the
semantic annotations



Example

» Sport Car:
Vx, hp, sp, ac SportCar(x) < 0.3HP(x, hp) + 0.2Speed(x, sp) + 0.5Accel(x, ac)

» Each feature, gives a degree of truth depending on the value and the
membership function

HP(x,hp) = rs(180,250)(hp)
Speed(x,sp) = rs(180,240)(sp)
Accel(x,ac) = 1s(6.0,8.0)(ac)
1 1 r—
0 a b X i o a b X i
Is(a,b) rs(a,b)

» Degree of truth of SportCar(AudiTT): 0.3-0.28 +0.3-1.0 + 0.5-0.55 = 0.447



» The fuzzy membership functions can be learned from a training set (large

literature)
HP(x, hp) = rs(192,242)(hp)
Speed(x,sp) = rs(193,234)(sp)
Accel(x,ac) = Is(6.5,7.5)(ac)

h
i
i
i
{
{
{
i
i
i

a

Is(a,b)
» Learned Training Sport Class:

Vx, hp, sp, ac TrainingSportCar(x) <= 0.3HP(x, hp) + 0.2Speed(x, sp) + 0.5Accel(x, ac)

» Now, a classification method can be applied: e.g. kNN classifier

vx, hp, sp, ac SportCar(x) <= EyETopk x) Similar(x, y) - TrainingSportCar(y)

Vx, hp, sp, ac Similar(x, y) <= 0.3 - HP(x, hpx) - HP(y, hpy) + 0.2 - Speed(x, spx) - Speed(y, spy) +
+ 0.5 - Accel(x, acx) - Accel(y, acy)

where Topy(x) is the set of top-k ranked most similar cars to car x



Imperfect Information

» Mixing uncertainty and vagueness:
» “Probably it will be hot tomorrow”
» Crisp quantifier (“probably”) over vague statement
» “In most cases, a bird does fly”
» Vague quantifier (“most”) over crisp statement

» The notion of imperfect information covers concepts such

as
uncertainty “Nancy is likely John’s girlfriend”
vagueness “John’s girlfriend is blond”
incompleteness  “John’s girlfriend is Nancy or Mary”
imprecision “The hight of John’s girlfriend is in between 165cm and 170cm”

contradiction “John’s girlfriend, Nancy, lives in Rome. Nancy is living in Florence.”



Uncertainty vs. Vagueness

» The distinction between uncertainty and vagueness is not
always clear: depends on the assumptions

» (Multimedia) Information Retrieval:

Query: “I'm looking for a house”

System Answer: score/degree 0.83

» What's behind the computational model?



» Probabilistic model
» Assumption: a multimedia object is either relevant or not relevant to a

query g
> Score: The probability of being a multimedia object o relevant (Rel) to g

score := Pr(Rel | q,0)

» Vague/Fuzzy model
» Assumption: a multimedia object o is about a semantic index term (t € T)
to some degree in [0, 1]
> The mapping of objects o0 € O to semantic entities t € T is called semantic

annotation
F:0xT—[0,1]

F(o, t) indicates to which degree the multimedia object o is about the semantic index term ¢
> Score: The evaluation of how much the multimedia object o is about the

the information need g
score := F(0,q)

media dependent properties media independent properties
( Object features: ) Obieet Semantics Layer x
- color, shape, texture P
~ structure P AN (Snoopy Is a dog \
Snoopy “ Birds and Dogs |
are animals \

N

Woodstock / /
T Woodstockis a birg)
—

__

Obiect Form Layer




In other cases there may be both approaches as well
For instance, in Ontology Alignment, what about the degree n of the mapping

(SUV, Van,n, n) ?

Probabilistic model: a car is a SUV (Van) or is not a SUV (Van)
Then, e.g. from a training set, compute

n= Pr(SUV N Van)

Fuzzy model: a car is to some degree a SUV and to some other degree a Van
Then, e.g. from a training set, compute

n = kNNSUV(x) - kKNNVan(x)
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