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C-SPARQL
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RDF
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Semantic Sensor Network

Association Rule Mining

Continuous SPARQL

Resource Description Framework Schema.
Resource Description Framework.

Semantic Web Rules Language

SPARQL Protocol and RDF Query Language.
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Algorithm: Apriori. Find frequent itemsets using an iterative level-wise approach based on candidate generation.
Input: Database, D, of transactions; minimum support threshold, min_sup.

Qutput: L, frequent itemsets in D,

Method:

(1) L1 = findfrequent_l-itemsets(D);

(2) for (k=2;Lx_1 # ¢ k++) {

(3) ). = apriorigen(Li_1, min_sup);

(4) for each transaction ¢t € D { // scan D for counts

(5) Cy = subset(Cy, t); // get the subsets of ¢ that are candidates
(6) for each candidate ¢ € Ct

(7) c.count+-+;

8 }

(9) Ly = {c € Cyle.count > min_sup}

(100}

(11)return L = UpL;

procedure apriori-gen(Lj_1:frequent (k — 1)-itemsets;
min_sup: minimum support threshold)

(1) for each itemset [y € Lg_y

(2) for each itemset 2 € Li_1

(3) if (1a[1] = L2[1]) A (1[2] = L2[2]) Ao A ([l — 2] = o[k — 2]) A (la[k — 1] < Io[k — 1]) then {
(4) e =11 M la; // join step: generate candidates

(5) if has.infrequent_subset(c, Ly _1) then

(6) delete ¢; // prune step: remove unfruitful candidate

(7) else add ¢ to C};

(8)

}
(9) return Cy;

procedure has_infrequent_subset(c: candidate k-itemset;
Li_1: frequent (k — 1)-itemsets); // use prior knowledge
(1) for each (k — 1)-subset s of ¢
(2) if s Li_; then
(3) return TRUE;
(4) return FALSE;
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Q = (Target Concept, Context Concept, Features)

b Lo po ledbl Sio 09 50l b sz 45 & Lo e Sledlbl a5 S o Ly Target Concept
a0 HLas 1) BLS 5o sovins £4,0 bl o1 51 isn pl &bl 0 o L jles SO
A8 oo yazin 1, TID [0 o jle 4 .l STy cole jlase )Xl :Context Concept

Algorithm 1. Generation of item transactions from instance
transactions

Require: An instance transaction T, the query pattern (), the
ontology O, the instance store [5, and the composition
triples I5;.

Ensure: An item transaction T'.
=1
ir be the instance belonging to context{ Q) within the
composition path associated to Tin [5q.
foralli=Tdo

if OuIS= MSCi)C GG e features(Q)
A MSC(i) C (G 3DTP) then
for all (i, DTP, value) = IS do
update T with the item MSCi-).MSC[i).DTP — value
end for
else
update T with the item MSC(i-).MSC(i).0
end if
end for
return T

[Neb12] ta T3 syl win 5 S aunds ¥ IS



A Exoge Slusl j9,0 —pgd Juad

2 b S5y pled o g5ls 35,5 o JE ST H SO e aS Cnl olapi ] sasasLis [Features
e Oyl Hlade S 5l i (e o0 S (pl po el aily jea> Jols sl (led g ST sl

s Bt (slaosls wigi 53 lesen ysb 4 o5 laen] I Slesarme S sad oS53 515 S,
Cex,l> g features@Q) 4 slete slaooldaiges 3l Ly Oygo 4 lagnl cpl il sols &, context(@)
L) oS 5 GleailFan aculre b laosly diges sla STy ol il o 9929 )5 Lawgs ool asuiv
Oliys 5 Jobb @y azgi b S5 gloalBan cnl e alice Sy (Gos 5l o 5l ool
gl 1y el Gl tiS1y 5 05d o0 ovmlive 358 oS acd o a5 al>ye ()5 igd oo Gieg)S
Sl oo

Target Concept g5 5 a5 slo ol plas ol 4 caal B1F ¢ 2815 colo olate 4y Ko & jle &
ST sy ool 4 8 Whie sl le b5 0ad g5,5 oy Sl Ghalony 55 inbeny it
8 Gy Sy e e anil atils |, Features isu ;o s9>ge sl Sy 5l o sl
sy g0 ST LSl g o S jladie (g00g,5 A Cugh s Sgd o0 (5,055 ST 0 (4288

33 5,18 g il axsls |, Features olie 5l (S a5 ol o Target CONCept <o oo o diceon
ol 3 Sehce A exd e LMol b e ] 4 (W oo 48,5 a0 Lol Laid e ol
Sl e (oled (95 I 5l (Sl Hobiie (o S9boe osliin] TID g 4y (orexd (5l e
(Target Concept) £4,5 wl, 5l 1) (2o yae o slo ol 45 &y py dges ol 1) o, T o rass
5 son oxiledly slowl, 4l g 00905 (5 IS5 o Context Concept g4 5l wl, o a4 oS S b
JoSis 1) ST Sl (SLSy (x5 oo Sy e Jb wsdoo B red e
gl b STy ol 5l el puslsd APTIONT aile s (g5lSo0ls 1,631 SO coles ,o s oo
&S e

S1asS aseine 1) adbioe o5 3l Lol il ye 4y aieddle oS olagSIl g4 )l el SLS By cnl 5o
i oz Syke b SPARQL il oo OWL § RDF/(S) LB o oline clo sy apil> a5 L]
Cdlug,Sole (59l5 00ls dmgi 31 gz ol .l ool o0ls () 5lS 5lu oo e | 55lS (661 S iy s
SQL cilug,Sole ks glo s oo 5o 65l 005 sla Joo b 50,8 IS 1,y SQL anwgs Sy 45 DMX)
VoY S5 0 oads ools anwsi SPARQL ,el,S ol 45 ool ciyyed I el a8 F algdl il o gm0

Lol 00l 00l ul.w.»



vy Exoge Slusl j9,0 —pgd Juad

Query = Prologue( SelectQuery | ConstructQuery | DescribeQuery | AskQuery | MiningQuery )

MiningQuery CREATE MINING MODEL’ Source *{’
Var 'RESOURCE’ °*TARGET’
( Var ( ’RESOURCE’ | ’LITERAL’ )}
’MAXCARD1’7 ’PREDICT’?7 *CONTEXT’?7 )+ '}’
DatasetClause* WhereClause UsingClause MeasuresClause
'USING’ SourceSelector BrackettedExpression

*ADD MEASURE’ measure +

UsingClause
MeasuresClause ::
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s

&S ol Ty dcgemme Cuwl 0090 bl Jdoo Jlas 090 pogie olgie 4 | Patient ;I8 Jlo ol jo
ol e b oalasl, jo 1) damage index 4 prescribed drugs .diagnosed diseases  Jols sla iS5
aS Canline cpl a4 ol ol wales asle (5158 mdaw jo ST (ol ;o 09 dalgs i 5,50 s oo
Jolio 1y b 0)55 51 e 5o 0550 50 sla Shg ks 9 Wgdoas ol | b 3155 lee sla S o 25T
g 50

B o SleMbl pl oy 155 Sl o 1) Gl PNT_XY2L 6b 4 jlens G 0550 50 a5 =Y S Sleds|
woled 3)lg 3 Oyge ]y 03 SglS (6ol 1S a5 anles (5,8 el oal ooy ioles BIF

Q = (Patient, Report,{Disease, Drug, Report [13 damagelndex})
il ) O ygo 4 dBl azwed SPARQL CJB jo 5glS” (661 oy

CREATE MINING MODEL <Dataset Path>

i

L
7patient RESOURCE TARGET
?2drug RESOURCE
7jadi LITERAL
2disease RESOURCE PREDICT
Ireport RESOURCE CONTEXT

WHERE

f

L
7patient rdf:type Patient.
2drug rdf:type Drug.
2disease rdf:type Disease.
Treport rdf:type Report.
Treport damageIndex  7jadi.

}
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hasVisit 30_\(\ \eé\o\(\“ Knee
PTN_XY217— VISIT1 j_hasReport Vi e
e - RHEX1 <1224 ) TRAq Rashenormally e rmation
sex e
- . hasRep
v “ ” a«SRe - hasDiagnosis a:
Mal 06182008 DIAG1 » Arthritis
ale hasReport
hasVisit ‘ TREAT1 hasTherapy DT1 222N . Methotrexate
et
\ e\ob 15 0‘(\\' Knee
VISIT2 1 paskeport o )&/
&
© RHEX2 <24,y TRA2 % hasAbnormally \1a 1o rmation
das reaults e¢\°"“\- Wrist
u
' hasReport "%otmall 2
“08202008” e ! ULTRA3 "~ +3R20Siie gad Rotation
hasReport
{ DIAG2 D2SRI2RNOSE . oy ctemic Arthritis
\ hasTherapy hasDrug
TREAT?2 - DT2 > Methotrexate
hasTherapy r ) )
. pT3 =R orticosteroids
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Subject Predicate Object
PTN XY21 | hasVisit Visitl

PTN XY21 | hasVisit Visit2

PTN XY21 | sex Male
Visitl hasReport RHEXI1
Visitl hasReport DIAGI1
Visitl hasReport TREATI
Visitl date "06182208"
RHEXI damagelndex | 10

RHEXI1 result ULTRAI
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Subject Aggregation Path Object Feature

PTN_XY21 | (VISIT]RHEXI,ULTRAL) | Malformation Disease

PTN XY21 | (VISITI,RHEXI) RHEX1 Reportn 3damagelndex
PIN_XY21 | (VISITI, TREATI.DTI) Methotrexate Drug

PTN XY21 | (VISIT2RHEX2 ULTRA2) | Malformation Disease

PTN XY21 | (VISIT2 RHEX?2) RHEX?2 Reportn Jdamagelndex
PTN_XY21 | (VISIT2,RHEX2 ULTRA3) | Bad rotation Disease

PTN _XY21 | (VISIT2,TREAT2DT2) Methotrexate Drug

PTN XY21 | (VISIT2,TREAT2DT3) Corticosteroids | Drug

[Neb12] ouds Dol 20 o g (iS55 0 losds ol podd 4y A=Y ST 81,8 0gls azeii :0-Y Jgoo

TID | Subject Aggregation Path Object Feature

1 PTN XY21 | (VISIT1.RHEXI) Malformation Disease

l PTN XY2l | (VISITL.RHEXI) RHEXI Reportn Jdamagelndex
2 PTN XY21 | (VISITI, TREATI) Methotrexate Drug

3 PTN XY21 | (VISIT2.RHEX?2) Malformation Disease

3 PTN XY21 | (VISIT2,RHEX2) RHEX2 Reportr Jdamagelndex
3 PTN XY21 | (VISIT2,RHEX?2) Bad rotation Disease

4 PTN XY21 | (VISIT2,TREAT2) Methotrexate Drug

4 PTN XY21 | (VISIT2,TREAT2) Corticosteroids | Drug

[Nebl2] ol sl sty :#-Y Jgoo

TID | Object

1 {Malformation, RHEX1}

2 {Methotrexate}

3 {Malformation, RHEX?2, Bad rotation]
4 {Methotrexate, Corticosteroids}
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P S )
RESULT- QUERY 1 RESULT-- QUERY 2
CORCOMpLEX S ’ 702 Auba 100[~]  [Final Fantasy. The Spirits Within2001-07- F
69 Antigua and Barbudi—|  LAGon 19041118 France |
785 United Arab Emirate| Manutacturing Consent Noam Chomsky d
53 Afghanistan 318 'Manutaaunnq Consent Noam Chomsky 4
| o 679 Algeria 333 Manufacturing Consent Noam Chomsky
677 Azerbaljan 8123 ’llaﬂotadunng Consent Noam Chomsky 1
66.6 Albania 360 | uthoiland Drive 2001 |
693 Armenia 297| 10 Brother, Where At Thou? 2000-05—1;
712 Andorra 718 | [OBrother, Where At Thou?  2000-05-1
535 Angola 122 | [originaisin 2001 NotFOUN
835 American Samoa | |  (Star Trek Generations 1994-11-1
ey S e 644 Argentina  403| | iStarTrek First Contact 1996-11-4
! 67.4 Australia 204| | iStargate 1994-10-28  France
S B | 615 Austria 819v| [TheRock 19960607  NOFOUNI(<|
<« ] ! | L3 1 — | 3
RESULT-CURRENT STATE AFTER MERGING BOTH THE QUERIES

ShowResult 3 | Australia 20434176 Manufacturing Consent: Noam Chomsky and the Medid ™!
Australia 20434176  Babe 1995-08-04  Australia —
Australia 20434176 Shine 1996-01-21 Australia
Australia 20434176 Moulin Rouge! 2001-0509  Australia
Add Another Query Australia 20434176 Holy Smoke!  1999-09-04 Australia
= — = Australia 20434176 Muriel's Wedding 19950310  Austral
Australia 20434176 The Adventures of Priscilla, Queen of the Desent 1994-(
Australia 20434176 Babe: Pig in the City 1998-11.25 Austral
Continue Australia 20434176 Mighty Morphin’ Power Rangers: The Movie 19954
- Australia 20434178 Chopper 2000-08-03 Australia
Skip if you have justone query | |- - I ———— oN
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inCondition

MeasurementRange
Resolution FieldOfView

AN
Frequency
Measurement
Capability
Accuracy featureOfinterest
Latency

observationResult

observationSamplingTime

implements

UoM, Time, Domain concepts,
elc. come from other ontologies.

SensingDevice

Also adding:
physical properties, power use, connectors, lifetime, elc (of devices/systems)
mobility, availability, operational ranges, callibration, ..
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sens-obs:Observation_AirTemperature_KDAY_2011_02_28 10_56_00
a weather:TemperatureObservation ;
om-owl:observedProperty

weather:_AirTemperature ;
om-owl:procedure sens-obs:System_KDAY ;
om-owl:result sens-
obs:MeasureData_AirTemperature_KDAY_2011_02_28_10_56_00;
om-owl:samplingTime sens-obs:Instant_2011_02_28_10_56_00.

sens-obs:MeasureData_AirTemperature_KDAY_2011_02_28_10_56_00}
a om-owl:MeasureData ;
om-owl:floatValue "24.1" ;
om-owl:uom weather:fahrenheit .

sens-obs:Instant_2011_02_28_10_56_00
a  owl-time:Instant;
owl-time:inXSDDateTime
"2011-02-28T10:56:00"
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<zxdf:type rdf:rescurce="htt

.um.ac.ir/linkeddata transaction™/>
<j.0:hasltem rdf:resource="h A 1 (2% %4 Tema"/>
<j.0:hasltem rdf:resource="jrip://wrlab.um.ac.ix/linkeddaca/ARMEicemsO" />

<j.0thasiItem
<j.0:hasItem Jum., r
<j.0:hasItem rdf:resource="http://wtiab.um.ac.ir/linkeddata/ARM$item3"/>
<j.0:hasItem rdf:resource="http://wtlab.um.ac.ix/linkeddata/ARMEicemls"/>
<J.0:haslItem rdf:resource=" HY A 1% 3 il Tem30"/>
<3j.0:hasItem rdf:resource="htt
</rdf:Description>
<rdf:Description rdf:about="http:
<j.0:hasObject>low</j.0:hasCbject>
<3j.0:hasPredicate rdf:resource="j

<rdf:type rdf:resource="htt
</rdf:Description>
<rdf:Description rdf:about="http:
<j.0:hasObject>low</j.0:hasObject>
<j.0:hasPredicate rdf:resource="htt
<j.0:hasSubject rdf:resource="htt L
wtlab.um.ac.ir/linkeddata/ARM$item"/>

<rxdf:type rdf:rescurce="htt
</rdf:Description>

ST Slal Jg3le 3 5 (otlioe S ST wiges F-F S
ghw b gl g ool Jleel b 2asTy ol (9, »ooad (Hhb olxe lgzgwpn (izes
axs Wil 5 oline slogzg iy 45 (59095l 10 d92g0 Ll g pudlie a0 oo 4zt ) PYb (cogeie
g oo odnlie £-F 5 0-F sla S jo wiloads

snow-precipitation

quality-type has-type quality inheres-in entity
® s ]
freezing-temperaturs
m blizzard
not—freezing—temperature]
flurry

—

rain-storm

precipitation rain-precipitation

no-precipitation

rain-shower

high-wind-speed

wind-speed clear

low-wind-speed
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Feature RainStorm

/'Assn:hésPropérty;
Property

High Rain Non Freezing
WindSpeed Precipitation Temperature
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<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ARMErulez133 >
<j.0:hasConfidence>100</]j.0:hasConfidence>

<j.0:hasSupport»99</j.0:hasSupport>

<j.0:hasDItem>http://wtlab.um.ac.ir/linkeddata/ARMEiteml00</] .0 :hasDItem>
<j.0:hasATtem>http://wtlab.um.ac.ir/linkeddata/ARMETCEmMBT /] .0 :hasAltem>
<j.0:hasATtem>http://wtlab.um.ac.ir/linkeddata/ABMEiteml 25+« /] .0 hasAltem>

<rdf:typerhttp://wtlab.um.ac.ir/linkeddata/ARMErule</rdf: type>
</rdf:Description>

<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ARMEitem100">
<j.0:hasCbject>very low</]j.0:hasObject>

<j.0:hasPredicate rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#RelativeAumidicyObservation™/ >

<j.0:hasSubject rdf:resource="http: 2
<pdf:type pdf:resource="http://wtlab.um.ac.ir/linkeddata ARM#lten"f>

<pdf:Description rdf:about="http:
<j.0:hasObject3ROEL /] -0:hasCbject>

<j.0:hasPredicate rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owlfairfemperaturecbservation™/ >

<j.0:hasSubject gpdf:resource="http://knoesis.wright.edu/ssw/Svstem AOS"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ARM$item” />
</rdf:Description>

<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ARMEiteml125">
<j.0:hasCbject>low</].0:hasCbject>
<j.0:hasPredicate rdf:resource="http: knoezgizs.wright.edu/ssw/ont/weather.owliWindSpeedCbservation™ />

<j.0:hasSubject pdf:resocurce="http://knoesis.wright.edu/ssw/System A12"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ARMEiten"/>
<f;g;:Description4
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Apriori

<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#rule1">
<j.0:hasConfidence>100</j.0:hasConfidence>
<j.0:hasSupport>31</j.0:hasSupport>
<j.0:hasDItem>http://wtlab.um.ac.ir/linkeddata/ ARM#item6</j.0:hasDltem>
e oS Sy5e 0| <j.0:hasAltem>http://wtlab.um.ac.ir/linkeddata/ ARM#item4</j.0:hasAltem>
i (glod dateiie <j.0:hasAltem>http://wtlab.um.ac.ir/linkeddata/ ARM#item1</j.0:hasAltem>
_ o <rdf:type>http://wtlab.um.ac.ir/linkeddata/ ARM#rule</rdf:type>
S 2 0ad STl </rdf:Description>
ls2 5 a5l ol AD2 | <rdf: Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item1">
Slga Cugb, il p,5 <j.0:hasObject>low</j.0:hasObject>
<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#DewPointObse
rvation"/>
S <j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_AQ02"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>
</rdf:Description>
<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item4">
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<j.0:hasObject>hot</j.0:hasObject>
<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#AirTemperatur
eObservation"/>
<j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_A02"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>
</rdf:Description>
<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item6">
<j.0:hasObject>very low</j.0:hasObject>
<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#RelativeHumid
ityObservation"/>
<j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_A02"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>
</rdf:Description>
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<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#rule2">
<j.0:hasConfidence>100</j.0:hasConfidence>
<j.0:hasSupport>31</j.0:hasSupport>
<j.0:hasDIltem>http://wtlab.um.ac.ir/linkeddata/ ARM#item1</j.0:hasDltem>
<j.0:hasAltem>http://wtlab.um.ac.ir/linkeddata/ ARM#item6</j.0:hasAltem>
<j.0:hasAltem>http://wtlab.um.ac.ir/linkeddata/ ARM#item4</j.0:hasAltem>
<rdf:type>http://wtlab.um.ac.ir/linkeddata/ ARM#rule</rdf:type>
</rdf:Description>
<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item1">
<j.0:hasObject>low</j.0:hasObject>
<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#DewPointObse
rvation"/>
<j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_A02"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>
</rdf:Description>
<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item4">
<j.0:hasObject>hot</j.0:hasObject>
<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#AirTemperatur
eObservation"/>
<j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_AQ02"/>
<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>
</rdf:Description>
<rdf:Description rdf:about="http://wtlab.um.ac.ir/linkeddata/ ARM#item6">
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<j.0:hasObject>very low</j.0:hasObject>

<j.0:hasPredicate
rdf:resource="http://knoesis.wright.edu/ssw/ont/weather.owl#RelativeHumid
ityObservation"/>

<j.0:hasSubject
rdf:resource="http://knoesis.wright.edu/ssw/System_A02"/>

<rdf:type rdf:resource="http://wtlab.um.ac.ir/linkeddata/ ARM#item"/>

</rdf:Description>
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Abstract:

Day by day we face more and more applications such as traffic modelling, tracking sensor
networks in military applications, online data processing, etc which produce large amounts of
data streams every day. Unlike the static data which exists in traditional databases, data stream is
often received with high speed, high volume and variable data distribution. Useful knowledge
discovery from these kinds of data streams is an active research field among data mining
applications. On the other hand, the amount of ontologies and semantic annotations for these data
streams are constantly growing. This type of complex and heterogeneous semantic data stream
has created new challenges in the area of data mining research. Therefore, in this research a new
method is proposed to provide a way to address these challenges and enable processing large
volumes of semantic data streams, perform association rule discovery and store these new
higher-level semantic rules using semantic richness of the concepts of the defined ontology and
other semantic technologies.

Keywords: Semantic Data Stream, Association Rule Mining, Ontology, Sliding Window.



