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Introduction: Constructors for Building Temporal Ontolog les

e Timestamping.
The data model should distinguish between temporal andpatierhmodeling
constructs.

e Evolution Constraints.
1. Object Migration The possibility for an object to change its class membershi

2. Dynamic RelationshipsEither generate objects starting from other objects, or
link objects existing at different times.

)



An Example: The ERyr Company Schema
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Introduction: Motivations

Give a formalization based on set-theory of the various temporal constructs used
to model temporal information systems.

1.
2.

Clarify the meaning of the various temporal constructs;

Verify the validity of standard modeling requirementsiged for temporal data
models;

Give a formal definition of quality criteria: Entity/Relanships/Schema consistency,
Entity/Relationships Subsumption, Logical Implication;

Investigate the complexity of automatically checkinggé quality criteria.
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Introduction: Modeling Requirements in a Temporal Setting

e Orthogonality. Temporal constructs should be specified separately angemde
dently for classes, relationships, and attributes.

e Upward Compatibility. Preserve the non-temporal semantics of legacy conceptual
schemas when embedded into temporal schemas.

e Snapshot Reducibility. A snapshot of the temporal database is described by the
same schema without temporal constructs interpreted atexho

— We should be able to fully rebuild a temporal database bwistpirom the single
temporal snapshots.
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ERvr:. The Proposed Temporal Conceptual Model

ERvyr Is a temporal extended Entity-Relationship model able miwa Validity Time
with the following features:

e it is equipped with both a linear and a graphisghtax;
e it has amodel-theoretic semantics;

e it is a full-fledged conceptual model with constructors fepnesenting bothmes-
tamping andevolution constraints.

(1)
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The Model-Theoretic Semantics for ERyr

An interpretation, calledemporal database statéor anERy+ schemaX is a tuple
B=(T,ABuAB Bt

e 7 = (7,,<), is the flow of time, wherd, is a set of time points (or chronons) and
< Is a binary precedence relation @)

e AP is a nonempty set of abstract objects;
e AFB is the set of basic domain values;

e -B(*) js a function that for eache 7 maps:
— Every domain symbaD; into a setD”") = AS C A,
— Every clas< to a setCB(H) C AB.
— Every n-ary relationshif connecting the classés, . .., C,, to a setRB®) such
that,r € RP®) — (r=(Uy:01,...,Up :0p) AVi€e {l,...,n}.0; € Cf<t)).
— Every attributeA to a setAB(Y) C AB x AB,
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The Model-Theoretic Semantics for ERy 1 (Cont.)

B is said alegal temporal database statkit satisfies all constraints expressed in the
schema. Thus, for alle 7.

If C1 1SA Cs, then,cP) ¢ 50

If Ry ISA Ro, then,R°) ¢ 5™

If ATT(C) = (A1 : D1,..., Ay : Dy), then:
0cCBPY — (Vie{l,...,h},a;. (0, a;) EA?(t) AVa;.{o,a;) EA?(t) — a; €AS)

For each cardinality constraicaRD(C, R, U ), then:
0oc CBY) — cMIN(C,R,U) < #{r € RB® | r[U] = o} < cMAX(C, R,U)

If {C4,...,C,} DISIC, then:
Vie {l,...,n}.Ci1SAC AYj € {1,...,n},j #i.C7Y NP =9

If {C4,...,C,} COVERC, then:
Vie{l,...,n}.C;ISAC ANCB® =J"_, Cf“)

(10)



Quality Criteria ERyr

The following quality criteria can be defined:

1. C' (R) is satisfiable if there exists a legal temporal database skfer > such that
CB®) £ () (RB() £ (), for somet € T

2. > Is satisfiable if there exists a legal temporal database skater X that satisfies at
least one class Il (B is said amodelfor X);

3. C7 (Ry) Issubsumed by Cs (R5) In X If every legal temporal database state Yor
IS also a legal temporal database stategfprsA Cs (R ISA Rs);

4. A schema’ is logically implied by a schema over the same signature if every
legal temporal database state ¥ors also a legal temporal database statefor

(11)
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The DLRys Temporal Description Logic

DL Ry s Is obtained by combining the propositional linear temptrgic with Sinceand
Until and the description logiDLR.

C — T|L|ICN|-C|CinCy | I=FU]R |

orC | o~C|OtC | O-C|®C| &C| CiUC, | C1SCs
R — T, | RN | -R| RiMNMRy| U;j/n:C|

OtR| O"R|OtR| O°R|®R| SR| RiURy | RiSR>

e DLRys Knowledge Basés a collection of axioms on relationship and entity
expressions: Ry C Ry; 7 C Oy

e DLRys is a fragment of the first-order temporal logi¢sinee.until}

(13)



The DLR;, s Semantics

A temporal interpretatiorover T is a tripleZ = (7, A%, -Z®)), where-Z() is a function
that for eacht € 7 maps:

o CNZW) C A
o (FFF[UR)TY ={de A|t{{di,...,d,) € RT® | d; =d} <k}
OTCVIW ={de A|Fv>t.dec CTW)}

ClUC)TH ={dec A|Tv>t.(de CI('”) AVw € (t,v).d € CI(“’))}

(
(
(
(

o (C1SCL)TM ={deTIW | < t.(de CI™ Avw € (v,t).d e CT™)

(14)



The DLR;, s Semantics

A temporal interpretatiorover T is a tripleZ = (7, A%, -Z®)), where-Z() is a function
that for eacht € 7 maps:

o CNZW) C A
o (FFF[UR)TY ={de A|t{{di,...,d,) € RT® | d; =d} <k}
OTCVIW ={de A|Fv>t.dec CTW)}

(
(
o (C1UCHT® ={de A|Tv>t.(deCF) Avw e (t,v).d e CT™)N
o (C1SCL)TM ={deTIW | < t.(de CI™ Avw € (v,t).d e CT™)

e RNZI(®) C (Tn)I(t) C (AI)n

o (Ui/n:C)Yr® ={(dy,...,dy) € (T,)*® | d; € CTM}

o (BRI® ={(dy,...,dy) € (T)FD | (dy,...,d,) € RTt+1]
e (ORIW ={(dy,....dy) € (T,)*® | (dy,...,d,) € RT¢t=1}

(14)



Temporal Operators: ‘Until’

Given a Temporal Interpretatiory,, a time, ¢, an objecto € A, and two concept
expressiong’, D:

(Z, t,0) E CUD iff there existst’ s.t. (t' > t) AN{(Z, t',0) = D A
forallt” s.t. (t <t <t')— (Z,t" 0) =C

Examples:

N

Start_Lecture Talk U/ End_Lecture

N

Born Alive U Dead

Request [C Reply U Acknowledgement

(15)



Equivalences in DLRys

The temporal operators™ (&) andO™ (O7) are duals (for concept expressions):
-O0+tC = ot-C
&1 (and then3 ) can be rewritten in terms éf
OTC =TUC
<&~ (and then3 ™) can be rewritten in terms &
S—C=TS8SC
® can be rewritten in terms éf
b C=1uUcC
© can be rewritten in terms

SC=18C

(16)



Interpretation of DLR;s Knowledge Bases

e An interpretatioriZ satisfies an axiomy; C () Iff:
ct® c o™ forallte T.

e An interpretatiori, satisfies an axionk; = R Iff:
RY™ c RI® forallt e 7.

e A knowledge basey, is satisfiable if there is an interpretation that satisfies all the
axioms inX (in symbols,Z = ¥)).

(17)
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ERvr & Timestamping

PaySlipNumber(Integer)

e At the syntactical levelE R+ supportstimestamping of entities, relationships,

and attributes using two different marks:
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act
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— S, for Snapshotconstructs: Each of their instances has a global lifetime;

— T, for Temporary constructs: Each of their instances has a limited lifetime.

(19)



A Semantics for Timestamps
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A Semantics for Timestamps
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Timestamping Attributes
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o (0€CPMA(0,a) € A?,(t)) —Vt' € T.{(o,a;) € Af(t/)
Employee C 3= ![From|(Name M To/2 : String) M 3~ [From|*Name
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Timestamping Attributes
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o (0€ CBW A {0,a;) € Af(t)) —Vt' € T.{0,a;) € Af(t/)
Employee C 3= ![From|(Name M To/2 : String) M 3~ [From|*Name
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Logical Consequences Involving Timestamps
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The following are some of the classical cases of logical icaplons found in the
literature and captured by tl#8R 1 semantics:
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The following are some of the classical cases of logical icaplons found in the
literature and captured by tl#8R 1 semantics:

e Sub-entities of temporary entities must be temporary.
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The following are some of the classical cases of logical icaplons found in the
literature and captured by tl#8R 1 semantics:

e Sub-entities of temporary entities must be temporary.

e Participants of snapshot relationships must be snapshbéesnvhen they participate
at least once.

(22)



Logical Consequences Involving Timestamps

emp
MemberS EmployeeS Works-forT
mbr ) \
act
— : (1,n)
OrganizationalUnit ManagerT
Project
(1,1)
prj
m
Department “ InterestGroum.IIAreaManageﬂ. TopManageih D) Manages

The following are some of the classical cases of logical icaplons found in the
literature and captured by tl#8R 1 semantics:

e Sub-entities of temporary entities must be temporary.

e Participants of snapshot relationships must be snapshbéesnvhen they participate
at least once.

e A schema is inconsistent if exactly one of a whole set of smafppartitioning
sub-entities is temporary.

(22)



Logical Consequences Involving Timestamps
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The following are some of the classical cases of logical icaplons found in the
literature and captured by tl#8R 1 semantics:

e Sub-entities of temporary entities must be temporary.

e Participants of snapshot relationships must be snapshbéesnvhen they participate
at least once.

e A schema is inconsistent if exactly one of a whole set of smafppartitioning
sub-entities is temporatry.

e Arelationship is temporary if one of the participating ées is temporary. (22)
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Evolution Constraints: Status Classes

Describe the evolving status of membership of each objetttarclass. Four different
statuses can be specified, together with precise transitietween them:

e Scheduled. An object is scheduled if its existence within the class ievkn but its
membership in the class will only become effective some tae.

e Active. The status of an object is active if the object is a full menddehe class.

e Suspended. This status qualifies objects that exist as members of tlss,dbat are
to be seen as inactive members of the class.

e Disabled. It is used to model expired objects in a class.

(24)



Constraints and Semantics for Status Classes
Top S

N

-/

Exists-C Disabled-C

A
\l/

Scheduled-C CT Suspended-C

(ExisTs) Existence persists until Disabled.
0 € Exists-CB®) — W' > ¢. (0 € Exists-CB() v o € Disabled-cB(t))
Exists-C C O (Exists-C LI Disabled-C)

(DisaBl) Disabled persists.
0 € Disabled-CB®) — V¢ > t.0 € Disabled-CB*")
Disabled-C C O"Disabled-C

(DisaB2) Disabled was Active in the past.
0 € Disabled-C8(®) — It/ < t.0 € cB({)
Disabled-CC &7 C

(25)



Constraints and Semantics for Status Classes (Cont.)
Top S

N

-/

Exists-C Disabled-C

A
\l/

Scheduled-C CT Suspended-C

(SusP) Suspended was Active in the past.
0 € Suspended-CB(®) — 3¢/ < t.0 e cB1)
Suspended-C L &7 C

(ScH1) Scheduled will eventually become Active.
0 € Scheduled-CB() — I/ > t.0 € ¢BE)
Scheduled-C C O1C

(ScH2) Scheduled can never follow Active.
o€ CB®) Wt' > t.0 ¢ Scheduled-cB(*)
C C O"—Scheduled-C

(26)



Logical Consequences from Status Classes

Top S

A

-/

Exists-C

Disabled-C &

A

\l/

Scheduled-C o

cCT

Suspended-C &

(TEmMP) Scheduled, Suspended and Disabled are temporary classes.

(ScH3) Scheduled persists until active.
Scheduled-C C Scheduled-C U/ C.

(ScH4) Scheduled cannot evolve directly to Disabled
Scheduled-C C € —Disbled-C.

(DisaB3) Disabled was active but it will never become active anymore

Disabled-C C &~ (CMmOT—C).

(27)
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Evolution Constraints: Transitions

Dynamic Transitions between classes model the notion of object migration from a
source to a target class.
1. Dynamic Evolution, when an object ceases to be an instance of a source class.

e Example. “An area manger can become a top manger while ceasing to be an
area manager.

AreaManager - — — - DEV — — —| TopManger

2. Dynamic Extension, when an object is still allowed to belong to the source.

e Example.“An employee can become a mander.

Employee |- — — — - DEX — — — —| Manger

(29)



Constraints and Semantics for Transitions

Specifying a transition between two classes means that:
1. We want to keep track of such migration;
2. Not necessarily all the objects in the source participatee migration;

3. When the source class is a temporal class, migrationvuagadnly objects active or
suspended.

(30)



Constraints and Semantics for Transitions (Cont.)

We introduce two classes denoted by eithek ¢, ¢, Or DEV¢, ¢, t0 store the migration
of objects fromC to Cs.
e Semantics for dynamic extension between classes (', Cs.
0 € DEXlégt)CQ — (0 € (Suspended-C, B UC;BM) Ao & C.BH Ao € C2B(t+1))
DEXc, ., T (Suspended-Cy LICy) M —Cy M D Chs.

(31)



Constraints and Semantics for Transitions (Cont.)

We introduce two classes denoted by eithek ¢, ¢, Or DEV¢, ¢, t0 store the migration
of objects fromC to Cs.

e Semantics for dynamic extension between classes C', Cs.
0 € DEXlégt)CQ — (0 € (Suspended-C; B U C, M) Ao & CBU Ao € C2B(t+1))

DEXc, ., T (Suspended-Cy LICy) M —Cy M D Chs.

e Semantics for dynamic evolution between classes C, Cs.
0 € DEVggt)CQ — (0 € (Suspended-C,B®) U C,BM) Ao & C,B1H) A

o€ C5UTD Ao g oPUTD)
DEVc,.c, = (Suspended-Cy LICy) M —Cy M D (Cy M —CH)

(31)



Logical Consequences from Transitions

1. The classe®EX¢, ¢, andDEV¢, ¢, are temporary classes (actually, they are
Instantaneous).

2. Objects in the classeEX¢, ¢, andDEV¢, ¢, cannot be disabled &s;.

3. The target clas€’; cannot be snapshot (it becomes temporary if all of its mesber
are involved in the migration).

4. The source clags; cannot be snapshot when it is involved into a dynamic evaiuti
(it becomes temporary if all of its members are involved | migration).

5. Dynamic evolution cannot involve sub-classes (Notes itmiplication doesn’t hold
for dynamic extension).

6. Dynamic extension between disjoint classes logicallgli@s Dynamic evolution.

(32)
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Evolution Constraints: Generation Relationships

Generation relationships represent processes that léhd tBanergence of new instances
starting from a set of instances.

1. Production Relationships, when the source objects survive the generation process

(GP marked).

2. Transformation Relationships, when all the instances involved in the process are
consumedGT marked).

Orange <::::§EE§:E§E::::>

Juice

Y

(34)



A Semantics for Generation Relationships
We model generation as binary relationships connectingiecealass to a target one:
REL(R) = (source : (1, target : Scheduled-C,)

e Semantics for Production Relationships
(01,00) € RB® — (0 € CP" A 0y € Scheduled-CoBM1) A 0y € CFUTY)
R C source : ('] MM target : (Scheduled-02 [] @Cg)

(39)



A Semantics for Generation Relationships

We model generation as binary relationships connectingiecealass to a target one:

REL(R) = (source : (1, target : Scheduled-C,)

e Semantics for Production Relationships
(01,00) € RB® — (0 € CP" A 0y € Scheduled-CoBM1) A 0y € CFUTY)
R C source : ('] MM target : (Scheduled-Cg [] @C’g)

e Semantics for Transformation Relationships
(01,00) € RB® — (0, € CPY A0, € Disabled-C;B¢+D A

02 € Scheduled-CoB® A 0, € B

R C source : (C1 M @Disabled-Cy) MNtarget : (Scheduled-C, M GCs)

(39)



Logical Consequences from Generation Relationships

1. A generation relationshi@, is temporary (actually, it is instantaneous).

2. The target clasg,>, cannot be snapshot (it becomes temporary if total padimp
IS specified).

3. The target clasg,>, cannot be disabled.

4. If R is a transformation relationship, thetl, cannot be snapshot.

(36)
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Evolution Constraints: Cross-Time Relationships

e Cross-time relationships relate objects that are members of the participating
classes at different times.

e We formalize cross-time relationships with the aim of presw the snapshot
reducibility.

e Example:
— Biography C Author X Person
— bio = (Tulard,Napoleon) andbio € Biography (1984

(38)



Evolution Constraints: Cross-Time Relationships

Cross-time relationships relate objects that are members of the participating
classes at different times.

We formalize cross-time relationships with the aim of presw the snapshot

reducibility.

Example:

— Biography C Author X Person
— bio = (Tulard,Napoleon) andbio € Biography (1984

Snapshot Reducibility would imply the following constresn

— Tulard € AuthorB(1984):

— Napoleon € Person

B(1984)
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Evolution Constraints: Cross-Time Relationships

Cross-time relationships relate objects that are members of the participating
classes at different times.

We formalize cross-time relationships with the aim of presg the snapshot
reducibility.

Example:

— Biography C Author X Person

— bio = (Tulard,Napoleon) andbio € Biography (1984

Snapshot Reducibility would imply the following constresn
— Tulard € AuthorB(1984):

— Napoleon € Person?(1984)

Solution. Use status classes to preserve snapshot reducibility.

— Napoleon is a member of th®isabled-Person class in 1984.

(38)



A Semantics for Cross-Time Relationships

P /\
Person w Author

2,2) in
gfather
Person Pe GFather

(b)

e Strictly Past P).
r = (01,02) € RB®) _ 0, € Disabled-C,;3®
R L Uy : Disabled-C;.

e PastP=)
r = (01,00) € RBYY) — 0, € (C; UDisabled-C,;)B®
RC U : (C; LUDisabled-Cy).

(39)



A Semantics for Cross-Time Relationships (Cont.)

P=,F
Employee Project

e Strictly Future F)
r = (ol, 02> c RBM) 01 € Scheduled-Clg(t)
R L Uy : Scheduled-C;.

o Future =)
r = (01,02) € RB®) _, o, € (Ch U Scheduled-Cl)B(t)
RC Uy : (C; UScheduled-Cy).

e Full-Cross P=,F)
r = (o01,05) € RBY) — 0, € (C} U Scheduled-C; LIDisabled-C;)3®)
RC U, : (C; LUScheduled-Cy LI Disabled-Cy).

(40)
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Correctness of the Encoding

Theorem. An &Ry schema can beorrectly encodethto aDLRy s theory—i.e., to
each temporal legal database of&R  schema corresponds a model of the resulting
DLRys theory and viceversdArtale,Franconi:ER99]

Corollary. Reasoning ove€’Ryr schemas can be reduced to reasoning over the
DLRys encoding.

(42)



Computational Properties of DLRys: Two theorems

Theorem. Logical implication iNnDLRys over a linear, unbounded, discrete temporal
structure isundecidable[Artale-et-al:JELIA-02]

(43)



Computational Properties of DLRys: Two theorems

Theorem. Logical implication iNnDLRys over a linear, unbounded, discrete temporal
structure isundecidable[Artale-et-al:JELIA-02]

e Themaximaldecidable fragment dbLR,s Is the monodic fragmerP LR 5:

R — Tn\RN\—lR\Rll_IRg\UZ/nC\
C — T|L|CON|~C|CNC, | =HUIR
<>+C|<>_C|D+C| D_C‘@C‘@C|Clu02|01302

Theorem. Logical implication in the monodic fragment @LR;,s over a linear,
unbounded, discrete temporal structur&XPTIME-complete

(43)



Decidability Results for ERyr

[QUESTION:] Does the DLRys undecidability result transfers to ER v, to0?
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Decidability Results for ERyr

[QUESTION:] Does the DLRy;s undecidability result transfers to ERy 1, t00?

e [ANSWER 1:] YES! As far as&'Ryr uses both timestamping and evolution
constructs.

— Theorem. Reasoning iIr€Ry using both timestamping and evolution con-
straints is undecidabléArtale: TIME-04]

e [ANSWER 2:] Open Problem! As far aSRy 1 uses just timestamping.

(44)



Decidability Results for &Ry (Cont.)

[QUESTION:] Does the EXPTIME-completeesult for DLR,, s transfers to ERvyr
as well?

(45)



Decidablility Results for &Ry (Cont.)

[QUESTION:] Does the EXPTIME-completeesult for DLR,, s transfers to ERvyr
as well?

e [ANSWER:] YES! As far as€ Ry does not use temporal constructs over relation-
ships and attributes.

— Theorem. Reasoning Ir€ Ry using both timestamping just over Classes and
evolution constraints is complete fRXPTIME [Artale-et-al:FoIKS-06]

(45)



Outline

The Temporal Ontological Languagé&y
DLRys: A Temporal Description Logic
Modeling Timestamping

Modeling Evolution Constraints
— Status Classes

— Transitions

— Generation Relationships

— Cross-Time Relationships

Complexity Results
— Undecidability Result

(46)



E'Ryvr Undecidability Proof

The proof is based on a reduction from the undecidalaking Problem to theEntity
Satisfiability Problem w.r.t. an &R+ Schema We proceed as follows:

1. Reduction of the Halting Problem to Concept SatisfiabHtoblem w.r.t. andLCk
KB (ideas similar tdGabbay:Kurucz:Wolter:Zakharyaschev:03]);

2. Reduction of Concept Satisfiability w.r.t. st Cr¢ KB to Entity Satisfiability w.r.t.
an&Rvr Schema.

Remark. ALCF is a tense-logical extension gf£C: &1 C (sometime in the future),
O+ C (always in the future), and possibBiobal Roles

(47)



Halting Problem

e Single-tape right-infinite deterministic Turing maching& (A, S, p), where:
— A s thetape alphabe(b € A stands for blank);
— S'is a finite set otateswith theinitial state sy, and thefinal state s¢;
— pis thetransition functionp : (S — {s1}) x A — S x (AU {L,R}).

e Configurationof M is an infinite sequenc&.L, ay,...,a;_1,{Si, Qi) -, Apn, b, .. .);

(48)



Halting Problem

Single-tape right-infinite deterministic Turing maching& (A, S, p), where:

— Ais thetape alphabe{b € A stands for blank);

— S'is a finite set otateswith theinitial state sy, and thefinal state s¢;
— pisthetransition functionp : (S — {s1}) x A — S x (AU{L,R}).

Configurationof M is an infinite sequencé£, a4, . ..

D

y Aj—1, <8i7ai>7 .. °7anab7 .

Since a transition function can only modify the active celflats neighbors we
Introduce thanstruction functions:

6(ai, (s,a;),ar) =

A sequenceécy, ¢, . - .

9

/

(ai, (s'sa5), a), i p(s,a;) = (s, a3)
((s',a:),a5,a), if p(s,a;) =(s',L) anda; # £
(£,(s',a;),ar), if p(s,a;) = (s',L) anda; =

X (ai,aj,(s',ar)), 1f p(s,a;) = (s',R)

,Ck, Ck+1, - - -) Of configurations is said @omputatiorof M.

(48)



Halting Problem: Definition

We say that M halts, starting with the empty tape—i.e. with starting configuration:
(£,(s0,b),b,...,b,...)—if there is a finite computation, (cg, c1, ..., cx), such that
the state of ¢, Is s; (the final state).
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Encoding the Halting Problem with  ALCk

CoC Cperl <>+C<50,b>

@
Co,Cyg

~Y
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Encoding the Halting Problem with  ALCk

CoE Cpell <>+C<50,b>
next(Cg,Dq)
(Ce EOTD; M =OTOT DY)

~Y

® @
0070.,5 D17

(50)



Encoding the Halting Problem with  ALCk

Co C CeMOTCrgy by
next(Cg,Dq)

(Ce C O D, -0t o+ D))
next(Dy, D))

Ciso,b) E D1

~Y

® @
CO) C£ D17C<807b>

(50)



Encoding the Halting Problem with  ALCk

Co C CeMOTCrgy by

next(Ce,D1)

(Cp T OTD, N=0TOTD))

next (D1, D7)

Ciso.b) E D1

Cisoby & OTCy

discover(C,{C, | xe AU{L}U(S x A)})

@ >
D1,Ciso0y  Cp Ch Cp ...t

(50)



Encoding the Halting Problem with  ALCk

Co C CeMOTCrgyhy

next(Ce,D1)

(Cp T OTD, N=0TOT D))

next (D1, D3)

Ciso.b) E D1

Cisoby & OTCy

discover(C,{C, | xe AU{L}U(S x A)})

X0
@ @ @ @ @ >
Co,Ce  D1,Cusopy  Ch Ch Cp ...t

X0 — <£, <So, b>, b, b, .. >

(50)



Encoding the Halting Problem with  ALCg (Cont.)

discover(Cs, {Csa) | (s,a) €S x A})

~Y

@
Co,Cr  Clsy) Ch Ch Ch

(51)



Encoding the Halting Problem with  ALCg (Cont.)

discover(Cs, {Csa) | (s,a) €S x A})
next(Cg, C,)
next(C,, D3)

&2
H~V

@
Co,Cr  Clsy) Ch Ch

(51)



C

Encoding the Halting Problem with

ALCg (Cont.)

discover(Cs, {Csa) | (s,a) €S x A})

next(Cg, C,)
next(C,, D3)
Ce T CGUOTC
next(C, Cs)

@
Co,Cyg

~Y

(51)



Encoding the Halting Problem with  ALCg (Cont.)

T C JdR. T (with R global)

S
Q.
B
2
&
$2
&
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Encoding the Halting Problem with  ALCg (Cont.)

T C JdR. T (with R global)

Ay 5(£, (50,b),b) = (£,b, (s, b))
C,C Cp — VR.Cy
Ce

X1 @ @ @ @ @
R
Xo | C C. C.

@ @ @ @ @ >
Co,Ce  Clsyp) Cy Cy Cy, t

(52)



Encoding the Halting Problem with

ALCg (Cont.)

T C JdR. T (with R global)

Ay (£, (50,b),b) = (£,b, (s, b))
C,C Cp — VR.Cy
C, C C(so,b> — VR.Cy

C, Cy

X1 @ @ @ @ @

R

Xo | C C. C.

@ @ @ @ @ >
Co,Cr  Clsy) Ch Ch Cy t

(52)



Encoding the Halting Problem with  ALCg (Cont.)

T C JdR. T (with R global)

Ay (£, (50,b),b) = (£,b, (s, b))
C,C Cy — VR.Cs
C, C C(so,b> — VR.Cy
Cr L Cb — VR.C(S/’@

C£ Cb C(s’,b)

X1 @ @ @ @ @

R

Xo | O C. C.

@ @ @ @ @ >
Co,Ce  Clsyp) Cy Cy Cy t

(52)



Encoding the Halting Problem with  ALCg (Cont.)

T C JdR. T (with R global)

Ay (£, (50,b),b) = (£,b, (s, b))
C,CC,— VRCy
C, C C(so,b> — VR.Cy
Cr L Cb — VR.C(S/’@
C, C (-G n-Cn-C,) — VR.C,

Cr Ch Cis by Ch Ch

X1 @ P P P P

R

Xo | O} C, C.

® ® ® ® S >
Co,Ce  Clso.b) Cy Cy Cy t

(52)



Encoding the Halting Problem with  ALCg (Cont.)

T C JR.T (with R global)
Ay 6(£, (s0,b),b) = (£,b, (s, D))
CCECe—VR.Cy
Cs £ Crp by — VR.Cp
CrE Gy — VR.Cig 1y
C, C (-G n-Cn-C,) — VR.C,

Ce Ch Cis by Cp Ch
X1 @ @ @ @ @
R
Xo | C] C C,
@ @ @ @ @ >
Co,Cr  Clsy) Ch Chy Ch t

x1 — (£,b,(s',b),b,b,...)

(52)



Encoding the Halting Problem with ALCg (Cont.)

e The chain ofR-successorxg, x1, X2, . . .), represents a computation f;

e The following axioms:
discover(Cs,{Cisa) | (s,a) €S x A})
discover(S1,{C, ) |a € AU{L}})

C. C =S1
Guarantee thavl does not halt.

(53)



Reducing ALCg Axioms to E£Ryr Schema

e To capture standardlLC axioms we use the translation presentedBe-
rardi:Cali:Calvanese:DeGiacomo:03] apart from axioms of the forma = VR.C

andT C JdR.C:

(1,1)

Y

1

Top S

1,1)

o>

A

Rc

(54)



Reducing ALCg Axiomsto ERyr Schema (Cont.)

e Axioms of the formC C &' D are captured using total dynamic extension:

CpPH—— T-DEX === D

e Axioms of the formC C O"D are captured using dynamic evolution and status
classes (in particular, disabled status):

D

A

¢bp——— DEV — — — —>| Disabled-CD

|

C

(55)



Reducing ALCg Axioms to E£Ryr Schema (Cont.)

e Axioms of the formnext(C,D) = ¢TD M OTO"-D are mapped by using the
dynamic constraints:

CCq

CiCy = — DEV — =

T

C1

|

Top S

C2

/

DiS&bled-C1C2

Disabled-CCy

- (56)



Conclusions

We presented the temporal data mo8&l, + which combines a linear and visual
syntax with a rigorous set-theoretic semantics.

ER v captures both timestamping and evolution constraints.

The formalization of each construct gives rise to a set okttamts as a logical
conseguence of its semantics.

Quality criteria as schema consistency and logical impbeceof implicit constraints
have been semantically defined.

Using a description logic translation reasoning o¢&+ has been showed
decidable (if we give up temporal relationships).

(57)



Conclusions

We presented the temporal data mo8&l, + which combines a linear and visual
syntax with a rigorous set-theoretic semantics.

ER v captures both timestamping and evolution constraints.

The formalization of each construct gives rise to a set okttamts as a logical
conseguence of its semantics.

Quality criteria as schema consistency and logical impbeceof implicit constraints
have been semantically defined.

Using a description logic translation reasoning o¢&+ has been showed
decidable (if we give up temporal relationships).

Open Problem. Does reasoning o&Ry with full timestamping but without
evolution constraints become decidable?

— Hint. Check the decidability of the epistemic description loficx DLR.

(57)



