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The Plan ...

Motivation

— Representing time is important, e.g. for temporal reasoning

— Do, however, the existing ontologies cope well enough?

— Which one(s), if any, do(es) best?
Requirement Elisitation & Analysis — using OntoElect

— What is OntoElect requirements elicitation phase?

— Who/what are the representative community/ document corpus?
— How were the requirements elicited?

— What was the outcome?
Do the existing ontologies fit?

— Checking against the elicited requirements ...

— What are the white spots?

Developing a Syndicated Ontology of Time — ongoing work
— Mechanistic merge does not fly ...

— A Syndicated Theory of Time

— Key Fragments — also re. white spots

Final Remarks
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Motivation
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* Ermolayev, V., et al. (2014) Ontologies of Time: Review and Trends. Int. J. of Computer Science
& Applications, 11(3), 57-115
e
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See Yourselves - Theories

Most Prominent: How do We know these are all ...?

Lamport (1978) (8651)L1

Allen (1983) (7894)

Pinto (1994) (220) based on Kowalski and Sergot (1986) (1708)
Prior (1967) (1496)

McDermott (1982) (1130)

Sandewall (1995) (404)

Halpern and Shoham (1991) (389)

Bacchus and Kabanza (1998) (230) based on Alur et a/l. (1996) (399)
Williams (1986) (198)

Koubarakis (1992) (55)

Iwasaki et al. (1995) (52)

We did ourselves:
e Batsakis, Petrakis (2011) SOWL: Handling Spatio-Temporal Information
e Ermolayev et al. (2008) Fuzzy Time Intervals

[11 Ordered by the number of citations (given in round brackets) as of Aug. 24,
2014. Source: Google Scholar.

KIT, AIFB: SOT for the SW

February 2, 2016 5



See Yourselves - Logics

How do We know these are all ...7?

MNeighborhood Logic ModalLogic \/'4 | First-Order Logic

T LIS HybridLogic
i TeMporallog |
L el aVl'a
Propositional NL Inte v J 7 «
Al TOHEe S
T AN AFAN AN AN AVANVAVAY omputatiofial Tre€ Logic Linear TL
VAN

l‘l FOTL
Calendar Logic |_I> VANVAN
Right Propositional NL I'm @‘.ﬁ & mw ‘. v _ FO Linear TL

-w AW AW K J k nstraint LTL
Minimal UndecidableThterval Logic

D Dynamic Logic '

Propositional DL

Propositional Interval NL

Quantified PTL Layered TL

Metrical FOTL

T

Monodic FOTL T

Half-Order Dynamic T

FOTL — First Order Temporal Logic

LTL — Linear-time Temporal Logic

MFOTL — Metrical First Order Temporal Logic
NL — Neighborhood Logic

e PTL — Propositional Temporal Logic

e TL — Temporal Logic

KIT, AIFB: SOT for the SW
February 2, 2016 6



Do we Have Instruments?

e Not too many

] ] Temporal Logic FOL

e Problems with expressive AN 7
pOWGI‘ Description Logic

jl JAN

Temporalised DL

T

Temporal LTL ACC DI-Lite Family of Logics
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See Yourselves - Ontologies

e Foundational (Upper-Level) e No longer available online:
ontologies: — PROTON
— Cyc Time — TOWL ontology
— SUMO Temporal — MUSING Time
— DOLCE — CNTRO
— BFO
— GFO-BT
— PSI-ULO
1 Focused Time ontologies: e Proprietary:
— TimeLine — PSI-Time
— OWL-Time
— TimeZone
— Temporal Aggregates
— AKT Time
— SOWL
— SWRL Temporal e Total: 19
e
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Why So Many? — Diverse Apps
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- Planning + + + +
- Robot planning +
- Histories and historical data + +
- Process modeling and process interaction + + +
- Change + + + + + +
- Computer-aided engineering + +
- Action + + + +
- Real-time systems + + +
- Behavioral prediction + +
- Explanation +
- Diagnosis +
- Simulation + +
- Hybrid systems +
- Natural language processing + +
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Why Important?

Schema huius pramiffa diuifionis Spherarum.

e Has been in the focus of scientific
thought from ancient times —

— e.g. Plato: the revolution
of the celestial spheres

e Continues to be an important
subject of research for philosophers,
physicists, mathematicians, logicians,

Geocentric celestial spheres;

computer scientists, and even biologists  Peter Apian's Cosmographia
(Antwerp, 1539)

e One reason: time Is a fundamental aspect
to understand and react to change in the World,
Including the broadest diversity of applications
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Is it Enough?

... In particular for the Semantic Web community

— What are the requirements?
— How are those transformed to the set of required
features?

— Are those features covered by the available:
— Theoretical frameworks?
— Implemented ontologies of time?
— Any white spots?
— Could the available ontologies be re-used/merged
to cover the needs?
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A Collab. Effort (SemData+)

KIT, AIFB: SOT for the SW

Vadim Ermolayev (ZNU) — reg. analysis,
temporal theories, SOT theory, key concept
models, SOT-wiki, PSI-ULO, PSI-Time

Sotiris Batsakis (HUD) - temporal reasoning
frameworks, ontologies, Timelnstant, Timelnterval
models, SOWL

Frederic Mallet (UN-SA) — SOT theory, Clock
model, OMG Clock

Natalya Keberle (ZNU) - temporal reasoning
frameworks, OWL+SWRL compliance check, PSI-
Time

Olga Tatarintseva (ZNU) OntoElect, req.
elicitation, PSI-ULO
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Eliciting
Requirements
Using OntoElect



Where to Go for Requirements?

Theories

of time

Motivate research
in logics
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Temporal
Representation
and Reasoning

Frameworks

Shape out knowledge

representation
languages

owtoelcit... %

TIME: Temporal
Representation

and Reasoning
COMMUNITY
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Problems with Elicitation

e Acquiring a complete and accurate collection of Domain
knowledge (requirements) is difficult:
— K-s are subjective [ Fxteact (chatiee) requirements
— K-s are tacit

- Check with Stakeholders

Domain

— K-s are partial Ontology \——_ .
— K-s are hard to get 0y = hrm((Junf, (K,) 28 Ny
/ not available Directly available to = 'E_ contribut¢ to §
K | a knowledge engineer S, z usiig thf”r K-s __.3
— -S.SPGCS are rarely  g=- oo T TSN T T T —————/—,j-, ----- -
explicit and formal an explicit form L
or for direct -

— Contradictory interaction
Interpretations interpretation
— unf — challenging
— expressive power
e A way to go: extract from a (good quality) document
collection — authored by the stakeholders
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February 2, 2016 15

another
interpretation
of

Subject Domain




How to Elicit - OntoElect

OntoElect *: understanding requirements as votes

of the Domain Knowledge Stakeholders regarding
the Ontology

— Ontology fitness (@) is understood as proportional to the
ratio of positive and negative votes of the Stakeholders

Key Terms |

~N

Requirements

- . - (Onto Change |
— Votes collected indirectly — using a statistically T
representative Document Collection: b g

Requirements | — Extract a saturated set of multi-word key terms Votes
Elictation | _ Select the most influential key terms — Requirements | - y_
Conceptua-  — Transform the natural language definitions of the terms
lization to formalized structural contexts — Ontology Change

Tokens
Evaluation

— Map the structural contexts to the ontology — positive
and negative Votes

— Compute the change in ® — more or less positive Votes

Fitness

* Tatarintseva, O. et al. (2013) Quantifying Ontology Fitness in OntoElect Using Saturation- and Vote-Based Metrics.
In: Ermolayev et al. (eds.) ICT in Education, Research, and Industrial Applications. Revised Selected Papers

of ICTERI 2013, CCIS 412, pp. 136-162
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Document Collection

e Stakeholders: TIME Symposia series authors

e Document collection: TIME Proceedings series,
1994-2013, —440 papers, chronologically ordered

— Good quality documents
— Incremental slices of the document collection:

Slice ID 1994 1995 1996 2012 2013
D1

D2

D19
D20

* Ermolayev, V., et al. (2014) Ontologies of Time: Review and Trends. Int. J. of Computer Science
& Applications, 11(3), 57-115

KIT, AIFB: SOT for the SW

February 2, 2016

17



TIME Papers

http://ermolayev.com/TimeOnto/TimePapers.zip
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2] TIME Papers (impact).xls
A ] | C D [ E | F G [l [ K] L [ u N 0 P .
1 | Year Authors Author Paper Title Pages Complete Citation Abstract Category Key phrases No | Citation Impact: | paper file nage| 0 e mark
Affiliations Reas Repr Appli Ontol Citatio, sper (0.2°CpY) (TimeOnt
oning esen catio ogy ns year  upper Int DropBox)
P i n Part
3 263 277 193 14
1996 Y. Shahar Stanford Univ.,  Dynamictemporal 64-71 Y. Shahar, "Dynamic The temporal-abstraction task is the task of 1 temporal logic; temporal 62 | 34444 1 96-paper-14.pdf  hitp/doiieeecomputersociety.orgi10.17
46 CA LISA internretatinn contexts for temnnral internretation ahstrarting hinher-level cancents from time- internretatinn” temnaral
1996 ET. Keravnou  Dept of Engineering time in medical 160- ET. Keravnou, "Engineering | Starting from the premise that ime representation 1 1 medical expert systems; medical 10 | 0.5556 1 96-paper-22. pdf hitp/doiieeecomputersociety.org/10.17
47 Comnut Sei knowledne-hased systems 168 time in medical knowledne- |and temnaral reasaning must constitute intearal knowledne-hased systems: time-
1996 D. Gagne, A Alex Inf, Atopological fransition based = 178- | D. Gagne, A Trudel, "A The authors present a spatio-temporal ontology 1 1 1 temporal reasoning; spatio- 2 01111 1 96-paper-24 pdf hitp //doi.ieeecomputersociety org/10.1|
48 Trudel | achine Que lnnicfor the nnalitative motion 181 tonolonical ransition hased  suitable for renresenting and reasaninn ahout the temnaral ontaloav: analitative
1996 A Fusaoka Dept. of Monmonotonic reasoningon  190- A Fusaoka, "Nonmonatonic | The author introduces a temporal logic called 1 1 1 nonmanatonic reasoning; 1 | 0.0556 1 96-paper-26.pdf  hitpi/doiieeecomputersociety.orgi10.1°
49 Comnut Sri A constructive time strichire 195 reasaninn on A constructive interval division lnaic 1D hased an the constructive ronstructive ime structire: intenial
50 1996|Choong-Ho Yi  Dept. of Reasoning about concurrent ™ 6-13 | Choeng-Ho Yi, "Reasoning | E. Sandewall (1994) proposed a systematic 1 1 temporal reasoning, 1 0.0556 1 96-paper-07.pdf hitp/doiieeecomputersociety.org10.1°
51 1996'L Vila, E. Deﬁ—of\nf & ﬂIﬁe'o?y'ofti‘rﬁeuiﬁo't‘e!rﬁoora\ 21-29 E ﬁi‘llalé—sel-w'v}all; 'Alfﬁ‘eory '.H‘rﬁelws"fﬂoaa—roaemal in reoresenlmg andreasomng 1 1 iErooo};lfFezfs—oﬁiog tlme Iemoofa\ 26 | 14444 1 96-paper-09.pdf hitp./doi.ieeecomputersociety.org/10.1°
52 1996 E S.Eo.walb R De;—){-of\nf & Procegsallng-d‘@uﬁallo—os o 30-35 De“n'.u:;e"r?'e—u;m;:—umﬂ for';n— '''''''' 1 temporalll:easonmg d\SJuﬂL‘tll]ﬂS 1 0.0556 1 96-paper-10pdf hitp-//doi.ieeecomputersociety org/10.1*
53 1996 R Wetprasn, A SEh"o‘f‘Comput Fie.a:slcl—l;ln-g!v—tlntrrs;rfuences of 36-38 Pr‘o.ﬁo;e‘sulhe"rﬁoa'e-\‘lﬁﬁof r'e-ofllrr-lﬁ‘g e‘;e—r‘ot-s as multi- | 1 1 B 03333 1 96-paper-01.pdf hitp./doi.ieeecomputersociety.org/10.1°
54 1996 E'E;Elhém'ﬁi“j&'“ E]e—prt Torh Hybndtemporal reasoning for = 39-44 Thls paper address the prob\em of rep}e‘;;ﬂtlagm 1 1 1 18 | 1.0000 1 96-paper-11.pdf hitp./doi.ieeecomputersociety.org/10.1°
Py benm b Auslin
55 1996 A Cesta A Oddi CNR Rome Gammg eﬁclency and 45-50 1 temporal reasonmg emmency, 78 | 43333 1 96-paper-02.pdf hitp./doi.ieeecomputersociety.org/10.1°
P nipon bl oban e st ad o menteainte Adibilib: mimnls tamnaralneablem
56 1996 E. Schwalb, L. Dept oﬂnf & Loglc programmmg wnh 51-56 Combmes logic programmmg ani empora\ 1 1 temporal Iogm TCLF’ \anguage 7 0.3889 1 96-paper-12.pdf hitp./doi.ieeecomputersociety.org/10.1°
Vil
57 1996 A lsli, H 57-63 1 1 0.0556 1 96-paper-13.pdf  hitp://doiieeecomputersociety.org/10.1°
L na .
58 1996 72-79 1 1 9 0.5000 1 96-paper-15.pdf  hitp.//doi.ieeecomputersociety.org/10.1°
L==] na u
59 1996 80-87 1 16 | 0.8889 1 96-paper-16.pdf  hitp.//doi.ieeecomputersociety.org/10.1°
50 1996 time granularityof ~ 88-05 1 1 13 07222 1 96-paper-17.pdf hitp.//doi.ieeecomputersociety.org/10.1°
51 1996 bra  96-103 1 5 0.2778 1 96-paper-03.pdf  hitp.//doi.ieeecomputersociety.org/10.1°
Fonrennt R -
52 | 1996 Deot of Inf. SC\ A general framework and 104- Tms paper oresems a general framework to define 1 1 temporal reasonmg me 40 | 22222 1 96-paper-18.pdf  hitp/doiieeecomputersociety.orgi10.1
B A A S a4 aain
53 | 1996 AGaI D. Bori Fac “ofInd Eng Combmlno smu\laneous i1 | Gal D. Dor\ “Combmmo Intemporal Galabases here ars snuanons where 1 temporal databases empora\ datal 2 | 01111 1 96-paper-04.pdf  hitpi/doiieeecomputersociety.orgi10.1°
.............. PP Aliinn and Wimln il b S i s
54 | 1996 |C. Dixon Deot of Temooral Tesolution: a 120- |C D\xon 'Tempora\ AN approach to applylng Tausal resolutlon aproof 1 temporal Iog\c preagth-first 4 | 02222 1 96-paper-05.pdf  hitp:i/doiieeecomputersociety.orgi10.1°
.... ben At et nnmenk Anneansh | AAT p— PP it P [
55 | 1996 E Lamma, M. D\pammento di Temooral reasonlnglnameta 128 £ Lamma il Mllano P. Constraint Logic Programmlng(CLP)\s apowerfu\ 1 temporal reasoning onstramt 4 02222 1 96-paper-19.pdf  hitp:i/doiieeecomputersociety.orgi10.1°
Gilmmn D Malls  Cladtraminn Inf s | mesctenint Lnnis nessesessinn PR T minn | nesnesamina naradinm annhininn
5g | 1996 C Mamn J Dept. de An |ntegmy conslraml 136- C Martln J. Slstac “An The authors propose amelhodforlntegmy checkmg 1 1 deductlve databases temooral 7 | 0.3889 1 96-paper-20.pdf  hitp:i/doiieeecomputersociety.orgi10.1°
I P P, L aan b i nalinn PR— i
57| 1996 G Brajmk, D.J.  Diparimente di Gu\dlng andreﬁnmg 144- G Brajmk DJ Clancy‘ e Hlustrate TeQS\M aquamatlve smu\alorfor 1 1 1 temporal Iog\c TeQSIM quamatlve 6 03332 1 96-paper-06.pdf  hitp:i/doiieeecomputersociety.orgi10.1°
Pry— Henbnmndinn o i Fp— AEA | 2Piidinn andeafimine asedinoss seeseeisel suetsees b sseeins e S N A O PR Y
g | 1996 | Bichindariz, E. Univ. Rene Temooral Know\edge 15 |1 B\cmndaran Conlon, The aricie. oresems melemoora\ knowledge 1 temporal knowledge 23 | 12778 1 96-paper-21.pdf  hitpi/doiieeecomputersociety.orgi10.1°
a9 | 1996 G Becher ciéﬁ'uﬁ@ 'FTFs't' or-d—er. m'o'dil'tempora\ 170- |G Bacher, Firel ord'ermoda\ Fonowmgtheiv?rk 6f G"E@Bzat (1991)who R R femporal logic. first arder modal 3 04667 1  [96-paper23pdf |hiio/coileeecomputersociet;orgi0.1°
70 1996 K.P. Jantke, O. Faohberelch A modal Iemoora\ Ioglc andits  182- KAI—:‘"Jia'ﬁlke 0. Amold A The focus oflhe paoer |s oo 1he mtroduchoo of some 1 1 téEBGFEu Ioﬁioam.o!d—zﬂ'l.e'roooral 10 | 0.5556 1 O6-paper-25.pdf hitp./doi.ieeecomputersociety.org/10.1°
241996 AY Tawfik, EM. Dept of irrelevance in uncertain | 196- |AY Tawhk £1 Neweld i ihe presence of unceriainty relevance of 11 lemporal reasoning: uncerain 11 06111 1 |0B-paper-27pdf  hifpf/doiieeecomputersociety orgi0.1"
72 1996 M‘lng;\-L;‘L\ Déﬁ'-&‘r 'F‘e“rr]‘p‘c?r‘al’r‘e‘p‘r‘ege—rw-lauon for 2“0"41 Mlng\u T, Vongqlaﬂg Sun Tﬁe';—]-a;'erfo‘ousle—s-on Ie‘mp‘ora\ represem;hon.}:olr—h 1 1 rﬁﬁ‘\l‘lr‘né‘dla‘lé}gre;r;s ‘}ﬁmtlrﬁle.d\'ﬁ 2 01111 1 96-paper-28.pdf hitp.//doi.ieeecomputersociety.org/10.1°
73 1996 R"(‘}L‘;I‘\‘éﬁ‘D " Déﬁ'-&‘r ﬁé‘o‘o—li-n“‘l‘eg{;ol;il-r:e\alioﬂs in 217 | n. D ﬁé{l‘w‘ﬂ—lrﬁg‘{e‘r‘n‘i)‘o;gl.i‘nfo‘l'—rr;;t-io‘.n.ﬁm !l;e.e—n';;n—;ir:l 1 1 Eﬁg!u—a.gae I‘rir"]‘s‘\e—lﬂoh"te!rﬁp"ra\'" 4 02222 1 96-paper-30.pdf hitp./doi.ieeecomputersociety.org/10.1°
TR AP b A dim e Ainlnminn fne e rmnmen nf mennn miinbh an b . b dimlnmein nmbn dlin s
74 1996 M Sanchez, Sch of Comput Time accounlabil\ty for lattice 21- M R Saﬂchez, AM Shende Compulers Ihat emu\ale reality must be bound by 1 d\gnal slmulatlon time 0.0000 0 96-paper-29.pdf hitp.//doi.ieeecomputersociety.org/10.1°
foi Florida ot | sooodarn N1z ik b o bl nmbantionn annaset mmmretahilibe nHinn anmmndro
1997 Yuva\ Shahar Stanford Know\edge Based Temporal 102- Yuva\ Shahar, Temporal |merpolat\on is the task o bridging gaps 1 1 1 Temporal reasoning, Temporal 37 | 21785 1 97-paper-14.pdf hitp.//doi.ieeecomputersociety.org/10.1°
n LIniversity CA Internalation 111 Rased Temnoral hetween time-oriented concents in A context- Internalation Temnaral datahases
76 | 1997 Clare Dixon Manchester Temooral Resolutlon 4-11 Clare D\xon "Tempora\ Tne general\on of too much mformat\on prohibits 1 7 04118 1 97-paper-01.pdf  hitp/doiieeecomputersociety.orgi10.1
Linbenmntibnn N ES = S in_alnanianl Lnaisn
77 | 1997 A Kellett 1. Deot of Automala represemallons for F12-19 A Ke\len ) F\sner ConcurremMETATEM \s a \anguage based on Ihe 1 CoﬂcurremMETATEM Ianguage 5 02941 1 97-paper-02pdf  hitpi/doiieeecomputersociety.orgi10.1°
Fimbar  Aremt AresaeeastUETATEI | miibnmesin rancansebedinnn | sessbisn mfbnsanaeal nainfamsnlan The soeeaet | bnpeearallasis fesenlane dies
| 78| 1997 A Eo\olov M Deot of Aresolifion method for CTL | 20-27 A Bo\olov il Flsher AT We extend our iausal reso\unon hethod for inear 1 1 temporal Iog\c Tesoiution 1 melhod 22 | 1.2941 1 97-paper-03.pdf  hitp:i/doiieeecomputersociety.orgi10.1°
4007 \ifiprin Bricani  Ninarima A Efiriant Sjaarim i 8.0 iear A Tha nanar ma Foncidar tha fllawina farm nf |4 RAndatarministe sinArthe e |93 | 13800 ER A neif | hinilrni isaarnmnters ariah arndn 10
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For Each Incremental Slice

e Bag of terms extracted * and sorted by normalized term
scores (ns)

* Using TerMine service by the UK National Centre for Text Mining (NaCTeM, http://www.nactem.ac.uk/).
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Bags of Terms

Flat-TIME-94-13 (~150 000 terms) - very noisy

2097.292969 temporal logic 961.849976 temporal constraint 860.008362 artif’
temporal representation 762.130432 temporal reasoning 748.005737 temporal
checking 566.246094 temporal database 458.6994@@
379.297150 modal logic 376.742493 query language 350.921875 normal form
303.727264 temporal query 300.608704 temporal datum 298.344543 temporal
satisfiability problem 259.454529 expressive power 255.666656 basic relation
237.834778 datum model 233.982941 linear temporal logic 232.862030 ieee ¢
mterval 213.044937 temporal object 204.711716 logic programming 203.4615
relation 202.875198 thirteenth international symposium 202.478867 transition
instance 194.446808 interval algebra 190.472519 constraint network 182.0731
logic 175.401962 constraint propagation 170.188232 ieee computer 167.7187
161.502762 $ourth international conference 161.001144 temporal query langu:
symposium 156.376251 first-order temporal logic 155.326324 10th internatiot
151.607147 kripke structure 151.545456 temporal type 150.571442 14th inter
computer society 147.157898 1tl formula 146.517853 temporal granularity 144
138.593491 constraint satisfaction 137.454544 inference rule 136.194656 tem
r t snodgrass 133.596893 information systems 133.111115 minimal network 1!

data currency model 130.250000 atomic proposition 130.1044@
checking problem 123.714287 propositional variable 123.117645 resolution m
symposium 122.000000 min-max ctl 121.928574 atomic formula 121.666664
118.280487 relational database 117.818184 temporal dimension 117.793098 ¢
117.277779 interpretation context 116.352943 event calculus 116.287224 nint!
temporal problem 114.666663.92@
111.021736 mit press 110434784 temporal attribute 110.230766 temporal pro
109.020546 international joint conference 108.706894 g t 108.625000 real-tim
107.963852 theoretical computer 107.656250 temporal formula 106.6470&7 1!
propagation algorithm 103.734695 loop search 103.476189 state formula 102.
101.857140 qualitative relation 101.000000 free variable 100.793106 non-con

5] Flat-TIME-Termhood.xls =
A | B i

1 | 2097 .292969 temporal logic =
2 961.849976 temporal constraint

= 860.008362 artificial intelligence

4 815.737549 computer science

5 806.451599 temporal representation

6 762.130432 temporal reasoning

7 748.005737 temporal relation

8 686428589 international symposium

9 626.972046 model checking

10 566.246094 temporal database

11 458699402 international conference

12 448 051941 temporal operator

13| 413.074066 temporal information

14 379.297150 modal logic

15| 376.742493 query language

16 350.921875 normal form

17 321.367340 linear order

18 316.660004 temporal expression

19 | 303.727264 temporal query

20 300.608704 temporal datum

21 298 344543 temporal resolution

22 271.244446 decision procedure

23| 262.740753 satisfiability problem

24 259 454529 expressive power

25| 255666656 basic relation

26 | 250.501785 interval temporal logic

27 | 240478256 initial state

28| 237.834778 datum model

29 | 233.982941 linear temporal logic

30| 232862030 ieee computer society

31 227.428574 lecture notes

32| 226.837204 temporal interval

33| 213.044937 temporal object -
M 4 » [\ Flat-TIME-94-13 ]« i v s
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For Each Incremental Slice

e Bag of terms extracted * and sorted by normalized term
scores (ns)

e Termhood created by retaining
— Valid terms — manual filter
— Important terms — ns > ¢ (such that the sum of ns above
Is a little higher than 50% - elections)

e Termhood difference values computed using the THD
algorithm **:
— Absolute: thd T |, T.
— Relative:  thdr = thd(T;_,T;)/ ) _ns’
T

* Using TerMine service by the UK National Centre for Text Mining (NaCTeM, http://www.nactem.ac.uk/).

ok Tatarintseva, O. et al. (2013) Quantifying Ontology Fitness in OntoElect Using Saturation- and Vote-Based
Metrics. In: Ermolayev et al. (eds.) ICT in Education, Research, and Industrial Applications. Revised Selected

Papers of ICTERI 2013, CCIS 412, pp. 136-162
.
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Termhood Comparisons

Algorithm THD. Compute Termhood Difference

Input: the termhoods 7,7

i>"it] Pick up one
Output: thd(T;,T;.)
for k=1, ]§+1|| Look for linguistically similar in the previous

Found: check the n-scores

ident = .F.
for m=1, ]:”

if (¢ ,7;")_then do thd = thd + ‘ns; — ns;,

end for

if ident = F. then thd =thd

end for

i+1

: ident :=T. end do

Not found: add the n-score

KIT, AIFB: SOT for the SW
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Termhood Comparisons

Collection Terms in the

Slice Bag of Terms Termhood Ps thd, value thdr, %

1994 8546 838 3.0000 54.4448 100.0000
1994-1995 14597 1179 3.1699 35.9807 62.3806
1994-1996 23992 1548 3.7549 36.0855 59.6366
1994-1997 31427 2104 4.0000 23.7044 35.4153
1994-1998 38122 2183 4.7549 224341 30.7901
1994-1999 42788 2400 5.0000 14.9911 18.7218
1994-2000 49986 2821 5.0000 17.4853 20.7287
1994-2001 59294 3430 5.0000 23.1877 26.9035
1994-2002 65627 3767 5.0000 13.1819 15.3747
1994-2003 75171 3584 5.6147 25.0810 36.7663
1994-2004 81617 3893 6.0000 9.6005 13.8278
1994-2005 91692 4410 6.0000 13.3894 19.7595
1994-2006 101190 4903 6.0000 9.0502 12.6376
1994-2007 108203 5255 6.0000 7.3260 9.8946
1994-2008 115493 5658 6.0000 8.5976 11.7790
1994-2009 121832 6007 6.0000 6.6174 9.0302
1994-2010 128171 5564 6.3043 6.3422 9.0829
1994-2011 137918 6043 63309 202061
1994-2012 145173 6109 C 63549 ) | C 51033 ) | C 80395 )
1994-2013 151075 6259 56667 TSH89S TRF6TT

.
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Completeness Check

e Observed: s /&vr*/.
— Saturation: 5000 o
— ~6,000 terms 4000 - -~
] e
in the last 4 7
hood oo L
termhoods B et
| /.,___o/
— thd below & o 7
— Terminological o
d rlft ° 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
. t‘hd above O —e—No Terms

— Terminology 60.0000
contribution 50_0000\ 1T T
peaks: e T e e e e e e i T R S ) S e T
— 2001, 2003, el N
2005, 2008, 30,0000
and 2011
. 20.0000 N /‘\
— The (representative) \.//\//\%ﬁ -
majority vote s R it ST N V1 AN )
— Still too many 0.0000 ——— AN
. 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
terms retained — — ]
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Decisive Minority Vote

e Terminology contribution peaks: 2001, 2003, 2005, 2008, and 2011

e Account for impact:

— Citation info collected (Google Scholar)
— Paper impact computed based

on citation frequency (cfr)
— Papers with imp = n replicated

n times — changing
the incremental
slices

— thd /thdr /eps
re-computed
e Strong correlation
e Termhood based
on high-impact
(24) papers only
e 686 Terms vs 6,109

KIT, AIFB: SOT for the SW
February 2, 2016

. [0.2xcfr]+]1,cfr >0
imp =
O0,cfr=0

80.0000

70.0000

£0.0000

50.0000

40.0000

30.0000

20.0000

10.0000

0.0000

\‘\T\
R =R __&_/_;1\_____________ L]
-:E_—\_ —t—_
R (U I U ___________________*__-'_E-fj_,__:ﬁ:,.l__
e || | —
1984 1005 1908 1097 1998 1996 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
‘ —s— THD with Impact —=— THD without Impact ———EPS ‘
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Shortlist

Shortlist Dataset - Bag of Termsxls =R <=
e Bag of terms: i : ——
- 1 | 147.107147 temporal logic =
' 2 | 100.111170 calendar pattern
_ H igh_impact pape rS Only | 3 | 86.541664 temporal constraint
4 68.733330 temporal operator
| 5 59583332 fuzzy match
| 6 | 58.000000 interval i
- 24 VS ~44O |7 54.000000 interval |
| 8 52.250000 temporal structure
| 9 | 49.833332 calendar schema
o Te r m h O O d - 10 46.250000 temporal representation
- | 11| 41.000000 temporal reasoning
12| 40.000000 freeze quantifier
_ 6 8 6 Te r m S 13| 30.624062 14th international symposium
14 39.000000 international symposium
15 37.727272 fuzzy interval
16 36.363636 xml document
— Vs 6,109 extracted from | 5 e
| 18 | 34.000000 satisfiability problem
the complete dataset e
| 20 33.297745 first-order temporal logic
| 21 | 31.699249 star calendar pattern
| 22 | 31.352942 computer science
|23 28.142857 search control
| 24 | 27.000000 lola specification
- 25| 26944363 ciac2
® AI I I I I I po rtan t te rmS |26 26.266666 constraint system
| 27 | 26.000000 ccsl specification
. . . | 28 | 25.961538 artificial intelligence
WI t h h I h n 5 ret al n e d | 29| 24799999 point-interval relation
30 24.750000 interval interval
| 31| 23.692307 temporal notion
_ Man ual CheCk 32| 23.500000 f wolter
| 33| 23.333334 xxxx
134 23114288 xxx
LY 279 700000 rnllartinn aynreceinn =
M 4 » |\ Shortlist Dataset |« I P
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Manually Categorized Terms

How do We know ...

5 . of |2 E
Term SCEEEEREEEEEEEERL
Score SEEE 2222523 2 34:<
SIEEE S22 & 528 AL A4
Total No of terms: 686 /53 o Bl »| & | —| «| = E| B ~| 2| Z| ~|F
147.11 | temporal logic v
100.11 | calendar pattern v
86.54 | temporal constraint v
68.73 | temporal operator v |::>
59.58 | tuzzy match v
52.25 | temporal structure v
49.83 | calendar schema v
46.25 | temporal representation v
41.00 | temporal reasoning v
40.00 | freeze quantifier v
37.73 | tuzzy mnterval v
36.36 | xml document v
36.00 | crisp interval v
34.00 | satisfiability problem v

KIT, AIFB: SOT for the SW
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Feature Taxonomy

D TemporalEnily q
i
L]
a |
paraCancept 1] l TemporaFeature
—
TempaoralStructure - TemparalModality
o LinaarTimeSiructure
T lAssociationRule o CollzpsedTamparalSinet
‘smporalAssacia psedTem, ncture -
[T — |Tsrnporal0rdar k]_l LinearTemporalOrder b
CalendaBased ationRul
Tormpor | FiY |Galandar8rstarr| |‘lemwrallnmal8truclure| FintaLinaarTemporalDroer
O " TemporalProperthleasure
? | TemperalSegment ||TampuraIP€|1'ou | TenporalPeriodicly F ‘:rh—‘

N TemporalZiement 1

ComplaxTemporalPeriadiciy

RegularTemparaParttioning | | LiserDefinedTemporalPericdicty |

|'lamp:raIDisianneMeam| | Clock k]_

| ApplicationSpecificTemperalElament |

1+ BasicTemporalElement I “.wemr<
liciClack
5 |
PariodicTemporalElermant k1 WProparty ] Tampor - ] __ -
11 Jusnce
I
WManyPariodicTamporaElamant Kl
7% o TemporelPracacenceRelztion

]

TemporaFont=ointRelaton

OneSwrCalemlarl | e | AT
DatePropery | uzzyPortPointRelaiion | TemporalnienalntenvelReiction
intoi 3 AAVAYAY
CamFomat CnspPaintPoiniRelation Jik
o N
" 4 Temporannerval |Terrpm||men~alpo|ntﬂe|anm| e ————
i T s CrsreeatsnaReaio |
Zﬁ |Emptyl1erval| FAVAVAVAVAVAVAYAVA StartFointCf Consacutveliin | FuzzylntervallntervalRelation
Infirvtelnteral
l—l ; 7%
Fullnterval MiddiePoiniOf
(Gapinterval Crspintarval
SynenroniszationPoint Suolntenvalor =
_|—, :Dpenlnmnﬂ Fuzzylnterval K
ProperSubintervalCf
o o e —
NenCanvexinterval -
’—‘Rig‘“ - | [ FrteGranutarty] | Percaicgranuany |

Singlelnterval
MoGapFinkeGranularity
NeGapinfiniteFeriodicGranularty
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Theories vs Features

A fragment:
53 ~ |&
Temporal Theory & e 3
I= s 2 =~ RS
& éé 212 2|88| g |22 | |¢8
= =~ = = | 2 = |z | R = | = = 2
Slglellelz | |2 (552|253 |2
R N IR = = R N R B = N (i
Feature of Time Sl = |zl = | E = S |2 2| g = | 2| = 3
E| 8 |2 Els | g | 2| 2|82 2|2 |g|=
S E¥ |28 | 2ETE|S 28|
Temporal Elements
- Points (Instants) + + + + + + + + +
- Intervals + + + + + +
- Convex(C), Non-convex(N) C C CN
- Open (O), Closed (C) o) oC | OC OoC |OoC | C oC | OC
- Bounded (B), Unbounded (I) BU | BU BU | B BU | BU
- Fuzzy(F), Crisp (C) C FC | FC
- Periodic Temporal Elements + + +
Temporal Structures
- Point(P)-. Interval(I)-Based Structures 1 PI PI P P PI PI PI
- Temporal Segments + + +
- Temporal Periods + +
- Calendars + +

KIT, AIFB: SOT for the SW
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A fragment:
> Ontology of Time _
=]
S = S
= ) E a.
E o | £ o Ele|S| 2| 2]|&
= Elo |8 22|53 |8|&lglz|=
(% Feature of Time gé % 212 |¢e = | = 2 z = - = %
O 75 A /M O A O = o= = ﬁ 7o) A
Temporal Features
OZ - Open (O). Closed (C). Closed 0 O O |0Z | O 0 0
at the Beginning (7)
IS - Anisotropy + IS IS IS
IDR | - Density: Discrete(I), D R D I DR | R I
Dense(D), Continuous (R)
+ - Partitioning + k1 k2 + +
+ - Periodicity +
L™ | -Linear (L), Branching (B) L | L L L L L L
AR - Absolutist (A), Relativist (R) AR | AR AR AR | AR | A AR
F - Uncertainty(U), Fuzziness (F) UF*4 Frd U*? FU
Notes:*! Time - the whole time; Temporal Region - the part of time
*2 TimeLine only
*3 A relaxed linearity allowing a number of parallel independent time lines
*% Fuzzy duration. E.g. TimeML, introduces the tags for the lower bound and
upper bound duration annotations (lowerBoundDuration and
upperBoundDuration attributes).
*> For Time-Points only
Temporal Elements
Rl - Points (Instants) + + + + + IS IS 1 Rl Sl =k Rl
+ - Intervals + + %6 *6 + + -+ -+ + + + + +
CN - Convex(C), Non-convex(N) C CN C C

KIT, AIFB: SOT for the SW
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Which one Does the Best?

e Focused time ontologies:
— OWL-Time AKT Time

— SOWL SOWL -
_ S
— PSI-Time

SWRL Temporal

Reusalle Time

PSI-Time TimeLine

OWL-Time

e BUT ... NO ONE ...

— Even taken mechanistically together
— Do NOT cover all the required features

KIT, AIFB: SOT for the SW
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Summary of Analysis 1/2

 NO single ontology that covers all the features

e All the ontologies taken together do NOT satisfactorily

cover some features:

— Density of time

— Relaxed linearity of time

— Scale factors

— Proper and periodic subintervals
— Temporal measures and clocks

e Some of the ontologies offer their unique contribution:
— TimeLine — time line which is closed at its beginning — Origo
— ReusableTime — convex and non-convex time intervals
— SOWL — uncertainty in time, esp. in relations;
— PSI-Time — temporal periodic structures and segments
— SWRL Temporal — date/time stamps/formats

KIT, AIFB: SOT for the SW
February 2, 2016
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Summary of Analysis 2/2

e Available temporal logics and specification languages
have sufficient expressive power to cover the

required temporal features
— Uncertainty and Fuzziness may be not easy ...

e A cross-disciplinary effort is required to address the

features that are not covered

— E.g, the results in formal verification and distributed run-time
systems could be useful to cover the representations of clocks
and measures of time

« Mechanistic merging for re-use does not really fly: [ >
— Different and partially contradictory models and principles
— Harmonization effort is required to put together all the
available bits for re-use
— To begin with a harmonized (SYNDICATED) theoretical
model of time

KIT, AIFB: SOT for the SW
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Merging does not Fly ...

e Different models are based on different theories
— Incorporating different: features, elements, structures

e Scope and Focus:
— Time vs Temporal Incidence * (like event calculi, spatio-temporal ...)
— Instants vs Intervals (aka punktlich vs luego)
— Dense vs Sparse Domains (e.g. Discrete vs Continuous)
— Branching vs Linear (e.g. for distributed and embedded systems)
— With or without an Origo (was there the beginning of times? ...)

— Convexity, periodicity, ...

e Logical inconsistencies, e.g.:
— Dividing Instance Problem (e.g. Allen’s light switch)
— Instantaneous Fluents (e.g. tossing a ball)

* L Vila, E. Schwalb, A theory of time and temporal incidence based on instants and periods. In: 3rd W-shop on
Temporal Representation and Reasoning (TIME'96), pp.21-28 1996

KIT, AIFB: SOT for the SW
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Dividing Instant Problem

» Instantaneous event of switching 2,
the light off
— Allen™*:
— If both time intervals are
closed, then light is on and

Light is ON -
' Ljght is OFF

off at this moment

—QOpen — neither on, nor off... G

— Does not happen Light is ON;
Instantaneously "\_lLight is OFF

— No need for Time Instants

— These are Time Intervals
(though short)

e Dense Time ...
— What if Discrete?

e Punktlich vs relaxed and blurred (luego) ...

* Allen, J. (2013): Maintaining knowledge about temporal intervals. CACM, 26(11), 832-843

KIT, AIFB: SOT for the SW
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Tossing a Ball ...

e \When does the ball have its
vertical speed == 07?
— Instantaneous

— Also for any other fluents with
EXACT parameter values being
of interest

— Both in Dense and Sparse
domains

e Vila & Schwalb*:

— Time Instants are the same
class citizens as Intervals

* L Vila, E. Schwalb, A theory of time and temporal incidence based on instants and periods. In: 3rd W-shop on
Temporal Representation and Reasoning (TIME'96), pp.21-28 1996

KIT, AIFB: SOT for the SW
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Design Principles for a Time Onto

e Careful scoping:

— Time is just about TIME, nothing more broad — any temporal
incidence is not relevant

e Allowing for modeling alternatives:
— For different incidence theories
— For different applications

— Providing necessary features as completely as possible in a
coherent theory

e Keeping it (language) standard compliant
— W3C: OWL 2 DL + SWRL

e Which is ALL ...
— Difficult

— Prohibiting a mechanistic merge
— A theory should come first ...

KIT, AIFB: SOT for the SW
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Methodology

OntoElect Conceptualization Phase:

e Develop the Backbone Taxonomy
— Based on the Requirements (features)
e Develop the Seed.:
— Focus on Key Concepts (Taxonomy)
— E.g.: TimeLine, Timelnstant, Timelnterval, Clock
- — Develop/refine theoretical descriptions
— Check if implementable using the available (W3C) languages
— Harmonize — check consistency
— Transform to Ontology (Change Tokens)

— Visualize in a UML Class Diagram
— Produce a W3C compliant code (OWL 2 DL + SWRL)

— Document (SOT-Wiki)
— — Evaluate against required features (OntoElect: Fitness, Evaluation phase)
e Expand
— Add concepts (Taxonomy)

— Repeat the cycle until:
— All the requirements are met (OntoElect: Fitness, Evaluation phase)
OR
— The limits of expressive power are reached (W3C compliance)

KIT, AIFB: SOT for the SW
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Backbone Taxonomy

TemporalThing
> Vadim() 4
TemporalMetric TimeValueDomain TemporalElement TewmporalStructure Temporalinstrument
1| Vadim-Sotiis) yAY FAN > T
_\ T
TemporalLocation 22 e
Timelnstant Timelnterval dense : Boolean Frederic-Vadim()
TimeStamp uncertain : Boolean unboundedAtStari.: Boolean
Ay unboundedAtEnd : Boolean Calendar
unbounded : Boolean —
closedAtStart : Boolean Natalya-Sotiris()
Date Time BeginningInstant closedAENd ' Boolean
date : Date || time : Time closed : Boolean VE:I believe Solirs
Innerinstant e Bl may contribute by
Origo crisp - Boolean the iCal related specs
Delay Endinglnstant '
ScaleFactor u:
Present MembershipFunction() VE: Sotiris currently
. Frederic-Vadim() is NOT available.
Duration N v A
duration - Integer TemporalFormat VE: | will continue these.
qualitativeDuration : Duration TemporalSegment
TimeFormat | | DateFarmat Ll-\ %
Past Future
VE: Any volunteers?
:zsr:d on the previous |—_0 TemporalPeriod TemporalPhase
Vadim() Vadim()

Ongoing work ...: SOT Backbone Taxonomy Model. Revision 4.
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TimeLine: Relevant Reg-s

Requirement Syndicated Relevant Parts of the Model
Temporal
Theory

High-Level Temporal Features
- Open (0), Closed (C), Closed at the Beginning (Z) OZ TimeLine
- Anisotropy + TimeLine
- Density: Discrete(I), Dense(D), Continuous (R) IDR TimeLine, TimeValueDomain
- Linear (L), Branching (B) L! TimeLine
- Partitioning + TimeLine, Phase, TempomlSegment
Temporal Properties
- Metric(M). Non-metric(N) Time M TimeLine, TimeValueDomain
Temporal Measures
- Global (G). Local (L) Clocks GL TimeLine, Clock

e A TimeLine is a major TemporalStructure:
— Putting together all the temporal elements and structures
(Timelnstants, Timelntervals, segments) by allowing
relativist and absolutist relationships among them; and

— Providing a mapping through a TimeValueDomain (Integers,
Reals, Super-Reals, etc.) for TimeStamps of those elements

KIT, AIFB: SOT for the SW
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TimeLine: Theory (Fragment)

Past Current Present , o Future
(-0, Present) Interval — time point (instant) (Present, 00)
or
[Origo, Present) —

v (o ) | | TimeLine

N ? ! ' (-0, )
Origo o later than : or
— > [Origo, «)

" earlier than

e Density of Time

— Each individual TimeLine has one and only one
TimeValueDomain associated with it to which the Timelnstants
In this TimeLine are mapped to. Regarding this association, a
time line may be sparse or dense. For a dense TimeLine, with the
two arbitrary Timelnstants 7, and £ in it, the following statement
holds true:

Vt,t, : before(t,,t,),3t; : before(t,,t;) N before(t,,t,)

— It does not hold true for sparse TimeLines, e.g. those mapping
Timelnstant locations to Integers.

SOT Theoretical Framework. Revision 5
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TimeLine: Theory (Fragment)

Past Current Present Future

time point (instant) (Present, o)

(-0, Present) Interval —
or
[Origo, Present) — . .
. % l/ X { | TimeLine

H (—OO’ OO)
later than : or

> [Origo, )

Origo

earlier than

e Anisotropy of Time

—  Our model reflects the anisotropic nature of time by postulating the
anti-symmetry of the relationships between TemporalElements. For
example, if any t1 and t2, are Timelnstants on the same

TimeLine T then .
before t,,t, ¥ after (,,t, |
— In SWRL the rules are as tollows:

— TimelLine (?2T) A TimeInstant (?tl) A
TimeInstant (?t2) A on(?2tl,?T) A on(?2t2,?T) A
before (?tl, ?2t2) -> after(?2t2,?tl)

— TimeLine (?2T) A TimeInstant (?tl) A
TimeInstant (?t2) A on(?2tl,?T) A on(?2t2,?T) A
after (?2t2,?2tl) -> before(?tl, ?t2)

SOT Theoretical Framework. Revision 5
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TimeLine: Theory (Fragment)

e Linear / Branching Time

— Our model assumes the independent existence of
several TimeLines
— Each of these TimeLines is individually linear — i1.e. a
total linear ordering is established on the set of
Timelnstants positioned on the same TimeLine.

— Different TimeLines are not directly related to each
other in the sense that only a partial ordering could be
Indirectly established between the Timelnstants
positioned on different TimeLines.

— This partial ordering is the way to model branching time
structures.

SOT Theoretical Framework. Revision 5
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TimeLine: (UML) Model

Past Present

Current — SERNEL . . . Futlll'e
(-0, Present) Interval — time point (instant) (Present, o0)
° ){
[Origo, Present) — — i .
} N (a ) | | TimeLine
9 ! ! ' (-0, 0)
Origo L later than ! or
' earlier than ' [Origo, <)

TemporalStructure I

| Timelnstant 1.7 1 1 1." | Timelnterval
> on contains é é of segmentOf
TimeLine £ g
e 1 providesTimeStampValuesFor
== dense : Boolean - ;
: TimeValueDomain
o < assocoatedWith 0..* I
1 1
—
contains contains
. 1 Y naine
Disjoint
on 0.* belongsTo | 1 belongsTo | 1
Past I 1 on Future I
| | Origo
Present I

SOT TimeLine Model. Revision 3
(I AIFB: SOT for the SW .

February 2, 2016
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TimeLine: Wikl Page

e http://isrg.kit.znu.edu.ua/sot-wiki/index.php/SOT-TimeLine
SOT-TimeLine

Contents [hide]

1 Requirements
2 Theoretical Framework
2.1 Density of Time
2.2 Linear / Branching Time
2.3 Openness and Boundedness of Time
2.4 Absolutist and Relativist Positioning (Relationships)
2.5 Metric Time
2.6 Anisotropy of Time
2.7 Clocks, Granularity, and Uncertainty
3 Implementation
3.1 The Definition of a TimeLing
3.2 Concept-Level Axioms
3.3 Domain Properties
3.4 Object Properties
3.4.1 Subsumptions
3.4.2 Holonymy/Meronymy
3.4.3 Associations
3.5 OWL/SWRL Code
4 Mappings to the Other Ontologies of Time
5 References

KIT, AIFB: SOT for the SW
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Timelnstant: Relevant Reqg-s

Requirement Syndicated Relevant Parts
Temporal Theory of the Model
High-Level TemporalEeatures
- Absolutist (A)W AR TimelInstant, TimeInterval
(relationships), TimeStamp
- Uncertainty(U) U Timelnstant, TimeStamp
Temporal Elements
- Instants + Timelnstant
Temporal Properties
- Metric(M), Non-metric(N) Time M Timelnstant
- Temporal Distance + Timelnstant, TimeStamp
Temporal Relations
- Interval-Point Relations +
- Start (S), Middle (I), End (E) Points SIE Timelnstant, Timelnterval
- Fuzzy(F), Crisp(C) Relations CrK Timelnstant
- Point-Point Relations +
- Fuzzy (I') and Crisp (C) Relations CF Timelnstant
Temporal Measures
- Duration (D), Location (L), Delay (E) DLE Timelnstant, Timelnterval

KIT, AIFB: SOT for the SW
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Timelnstant: Relativism

Let t1 and t2 be any two Timelnstants positioned on the same
TimeLine (T). Then one and only one of the following three
statements holds true reflecting the total linear ordering on the set
of Timelnstants :

before (,t, equals t,t, ) after (,t, )

e The total linear ordering imposes that the following hold true:

— Anisotropy:
— TimeLine (?T) A TimeInstant (?2tl) A TimeInstant (?2t2) A
on(?tl,?T) A on(?t2,?T) A before(?tl,?t2) ->
after (?t2,?2tl)
— Reflexivity:
— TimeLine (?2T) A TimelInstant (?tl) A on(2tl,?T) ->
equals (?tl,?tl)
— Transitivity:
— TimeLine (?T) A TimelInstant(?tl) A TimeInstant (?2t2) A
TimeInstant (?t3) A on(?2tl,?T) A on(?t2,?T) A on(?2t3,?2T) A
before (?tl,?t2) A before(?t2,?t3) -> before(?tl,?t3)

— TimeLine (?T) A TimelInstant(?tl) A TimeInstant (?2t2) A
TimeInstant (?t3) A on(?2tl,?T) A on(?t2,?T) A on(?2t3,?2T) A
after (?tl,?t2) A after(?t2,?t3) -> after(?tl, ?t3)

SOT Theoretical Framework. Revision 5
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Timelnstant: (UML) Model

i . 2t ? TemporalElement
Timelnstant(?t1) A Timelnstant(?t2) A Timelnstant(?0) > equal(2t.2) 0y P

Timelnstant(?t3) A before(?t1,?t2) A equals (if to self - reflexive)

before(?t2,7t3) -> before(?t1,7t3); before 1% 1.*
similarly: ... after(?t1,2t2) A after(?t2,?t3) - _

-> after(t1,t3) Timelnstant
transitive in both directions uncertain : Boolean 0.* 0.* | Timelnterval
before after
I after 2 * 1.*
Startinglnstant
9 | | D sDuring  hasDuring
Innerinstant | I 2. oo™
d fswithin  hasWithin
Endinglnstant i {> 0.+ 0.*
1 L L
after before
1.*
on
0.2
isSomewhereBetween
UNSERTAINTY and B has | 9.1
QUALITATIVE POSITIONING:

uncertain if NO TimeStamp:

B
Present 0.+ contains <> !
Timelnstant(?t) A TimeStamp(?ts) A of TimeStamp I TimeLine |

has(?t,?ts) -> uncertain(?t,.FALSE.) Origo

If uncertain then isSomewhereBetween
TWO certain Timelnstant(s):
- To be thought of ...

SOT Timelnstant Model. Revision 7
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Timelnstant: Wikl Page

e http://isrg.kit.znu.edu.ua/sot-wiki/index.php/SOT-Timelnstant

Contents [hide]

1 Requirements [1]
2 Theoretical Framework
2.1 Specific Kinds of a Timelnstant
2.2 Properties of a Timelnstant: positioning and uncertainty
2.3 Relationships between Timelnstants
3 Implementation
3.1 The Definition of a Timelnstant
3.2 Concept-Level Axioms
3.3 Domain Properties
3.4 Object Properties
3.4.1 Subsumptions
3.4.2 Holonymy/Meronymy
3.4.3 Associations
3.5 OWL/SWRL Code
4 Mappings to the Other Ontologies of Time
5 References
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Timelnterval: Relevant Reqg-s

Requirement Svndicated Relevant Parts of the
Temporal Model
Theory
High-Level Temporal Features
- Absolutist (A), Relativist (R) AR Timelnstant, TimeInterval
(relationships), timeStamp
- Uncertainty(U) u Timelnstant, timeStamp
- Fuzziness (F) F Timelnterval
Temporal Elements
- Intervals +
- Convex(C), Non-convex(N) CN
- Open (0O), Closed (C) oC Timelnterval
- Bounded (B), Unbounded (I) BI
- Fuzzy(F), Crisp (C) FC
Temporal Structures
- Point(P)-, Interval(I)-Based PI Timelnterval
Temporal Properties
- Duration + Timelnterval
Temporal Relations
- Interval-Interval Relations
- Disjoint
- Overlapping .
- Consecutive Al_len S Timelnterval
- relationships
- Adjacent
- Meets
- Union
- Subinterval + Timelnterval
- Proper (R), Periodic (E) Subinterval RE Timelnterval
- Fuzzy (F), Crisp(C) Relations FC Timelnterval
- Interval-Point Relations +
- Start (S), Middle (I), End (E) Points SIE Timelnstant, TimeInterval
- Fuzzy(F), Crisp(C) Relations CF Timelnterval
Temporal Measures
- Duration (D), Location (L), Delay (E) DLE Timelnterval

KIT, AIFB: SOT for the SW
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Timelnterval: Theory

A Timelnterval is a segment of a particular TimeLine, thus having
Duration. A Timelnterval is regarded as a Timelnstant based
TemporalStructure:

i =<T,[5 LI ) (€T,

e T.= { ,—the set of Timelnstants which conditionally belong to the
Timelnterval as its members.

e — the starting Timelnstant. This Timelnstant may not
belong to 7: if i is gpen at start. This Timelnstant does not exist
[...] if i is unbounded at the start, which applies only to the
TimeLine s without an Origo.

e 1 —the ending Timelnstant. This Timelnstant may not

belong to if 7, if i is open at end. This Timelnstant does not exist
[...] if iis unbounded at the end.

e u teT, ,—the membership function over the Timelnstants ¢ e 7T,

SOT Theoretical Framework. Revision 5
(I AIFB: SOT for the SW .

February 2, 2016 52




Timelnterval: (UML) Model

e Bounded / Unbounded S ' T
e Open / Closed B e
e Convex / Non-Convex 1 . ﬁwm"‘” e
e Crisp / Fuzzy e sESma
— Membership Function o e e ——
» Relationships to a o
Timelnstant - J
 Relationships between s
Timelntervals
— Meronymy i
— Allen’s (incl. extension for non-
convex) -

e Past and Future (TimeLine)

", |fullyComplement

SOT Timelnterval Model. Revision 7
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Timelnterval: Wikl Page

e http://isrg.kit.znu.edu.ua/sot-wiki/index.php/SOT-Timelnterval

Contents [hide]

1 Requirements [1]
2 Theoretical Framework
2.1 Membership Functions
2.2 Bounded and Unbounded Timelntervals
2.3 Open and Closed Timelntervals
2.4 Convex and Non-Convex Timelntervals
2.5 Crisp and Fuzzy Timelntervals
2.6 Relationships between Timelntervals and Timelnstants
2.7 Relationships between Timelntervals and Timelntervals
2.7.1 Meronymy relationships
2.7.2 Allen’s Relationships
3 Implementation
3.1 The Definition of a Timelnterval
3.2 Concept-Level Axioms
3.3 Domain Properties
3.4 Object Properties
3.4.1 Subsumptions
3.4.2 Holonymy/Meronymy
3.4.3 Associations
3.5 OWL/SWRL Code
4 Mappings to the Other Ontologies of Time
5 References
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Clock: Theory

e Is a Temporallnstrument to generate the instances of a
TemporalMeasure of a Present
e Is always associated with a particular single TimeLine. Different
Clocks, associated with the same TimeLine or different TimeLines
may “run” differently, e.g. quicker or slower and also with offsets
compared to each other.
e Some Clocks may be related to each other — with ClockRelation —
to compare the values they return.
— A specific (widely used) kind of a ClockRelation is
AffineClockRelation which allows aligning:
— Different time velocities (using the scaleFactor property); and
— Time offsets, like delays (using the sAift property)
e A Clock, returns a TimeStamp which parts correspond to
particular TimeUnits
e A PhysicalClock and a LogicalClock are the two disjoint

specializations of a Clock
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Clock: (UML) Model

Temporallnstrument

1 | TimeLine I
has

0.* associatedWith
Clock Timelnstant I
ClockRelation I_ i ok
uses
T 1 -
AffineClockRelation 0.* TimeUnit I
scaleFactor: Float ezl
shift: Float for | 4 « Present I
) 1 measuredBy | 1 *
j > measuredUsing
. 0.+
Disjoint
| TemporalMeasure
P Feasures
PhysicalClock | | LogicalClock 1.7 | generatedBy
generates 1

SOT Clock Model. Revision 3
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Clock: Wikl Page

e http://isrg.kit.znu.edu.ua/sot-wiki/index.php/SOT-Clock

Contents [hide]

1 Requirements [1]
2 Theoretical Framework
3 Implementation
3.1 The Definition of a Clock
3.2 Concept-Level Axioms
3.3 Domain Properties
3.4 Object Properties
3.4.1 Subsumptions
3.4.2 Holonymy/Meronymy
3.4.3 Associations
4 OWL/SWRL Code
9 Mappings to the Other Ontologies of Time
6 References

KIT, AIFB: SOT for the SW
February 2, 2016 57


http://isrg.kit.znu.edu.ua/sot-wiki/index.php/SOT-Clock

Final Remarks



Some Concluding Remarks

e ~20 Time Ontologies developed to date
— Some still available

e These do not fully cover the needs
— Checked and gaps identified
— Based on the TIME Community paper collection

e Merge for re-use does not fly - straightforwardly
— Different basic principles / foci on features
— Harmonization (theory) required

e Syndicated time Ontology
— Design principles: Scoping / Altrnatives / Compliance
— Methodology: OntoElect
— Key focal contexts:
— TimeLine, Timelnstant, Timelnterval, Clock

— ... Ongoing work ...

e Yeah, no “evangelistic” questions to offer so far ...
(T AFB: SOT for the Sw e
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Will be happy to answer
your questions ...

Will be also happy to continue discussions

vadim@ermolayev.com é
Q=S

- ’
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