Temporal Representation and Reasoning in Interval
Temporal Logics

Part Ill: expressiveness issues
> expressiveness classification

> comparing expressive power of two (interval temporal) logics
» bisimulation: a handy tool

» case study: ITL and the search for happiness

. Dario Della Monica
Y@ 1CE-TCS, School of Computer Science, Reykjavik University, Iceland
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Halpern and Shoham's logic HS and Allens’s relations

ﬁ J. Halpern and Y. Shoham, A propositional modal logic of time
intervals, Journal of the ACM, 1991
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F————  Later
— Adjacent (to right)
— Overlaps (to right)
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Halpern and Shoham's logic HS and Allens’s relations

F————  Later

— Adjacent (to right)
— Overlaps (to right)

— Ends
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Halpern and Shoham's logic HS and Allens’s relations

F————  Later
— Adjacent (to right)

— Overlaps (to right)
— Ends
—_— During (subinterval)

— i Begins

6 relations + their inverses = 12 Allen’s relations

@ J. F. Allen, Maintaining knowledge about temporal intervals,
Communications of the ACM, volume 26(11), pages 832-843, 1983
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Definabilities among modalities

All modalities are definable in terms of (B), (B), (E), (E), (A), (A)
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Definabilities among modalities

All modalities are definable in terms of (B), (B), (E), (E), (A), (A)
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Defining the other interval modalities:
» Later: (L)p = (A)(A)yp
» Before: (LYo = (A)(A)p
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Defining the other interval modalities:

» Later: (L)p = (A)(A)yp

» Before: (L) = (A)(A)p

» During (strict sub—inter_val): <Dl<,0_£ <B)(E>io (f (E)(B))
» Strict super-interval: (D)o = (B)(E)p (= (E)(B)y)
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Definabilities among modalities

All modalities are definable in terms of (B), (B), (E), (E), (A), (A)

P
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Defining the other interval modalities:

» Later: (L)p = (A)(A)yp
» Before: (L) = (A)(A)p
» During (strict sub-interval): (D)p = (B)(E)p (= (E)(B)y)
» Strict super-interval: (D)o = (BY(E)p (= (E)(B)y)
» Overlaps on the right: (O)¢ = (E)(B)y
» Overlaps on the left: (O)p = (B)(E)p
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Definabilities among modalities

All modalities are definable in terms of (B), (B), (E), (E), (A), (A)
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Defining the other interval modalities:

Overlaps on the right: (O)p =
Overlaps on the left: (O)p = (B)(E)p

» Later: (L)p = (A)(A)yp

» Before: (L) = (A){A)p

» During (strict sub-interval): <Dl<,0_£ <B)(E>io = (E)(B))
» Strict super-interval: (D) = <B><E)g0 (= (E)(B)y)

> (

[In general, it is possible defining HS modalities in terms of others}
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The zoo of fragments of HS

» 212 = 4096 fragments of HS (syntactic)

» only ~ 1000 expressively different fragments

» expressiveness classification wrt. several classes of interval
structures
> all, dense, discrete, finite, 777
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The expressiveness classification programme

Expressiveness classification programme: classify the fragments of
HS with respect to their expressiveness, relative to important
classes of interval models.
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Comparing expressive power of HS fragments

Ly, L, HS-fragments
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Comparing expressive power of HS fragments

Ly, L, HS-fragments

Ll {_<7 =, >_7 %} L2
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Comparing expressive power of HS fragments

Ly, L, HS-fragments

Ll {_<7 =, >_7 7’%’} L2

does L; translate
into Ly?

> e

does L translate does L translate
into L17? into L17

/g g\

Temporal Repr and R ing in Interval Temporal Logics A. Montanari, P. Sala, and D. Della Monica




Truth-preserving translation

There exists a truth-preserving translation of Ly into Lp
iff
L, is at least as expressive as L;
(L1 = L)
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Truth-preserving translation

There exists a truth-preserving translation of Ly into Lp
iff
L, is at least as expressive as Ly
(L1 = L)

Each modality (X) of Ly is definable in L

(i.e., 3 a Lr-formula ¢ s.t. (X)p = )

Example: (L)p = (A)(A)p
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Truth-preserving translation

There exists a truth-preserving translation of Ly into Lp
iff
L, is at least as expressive as Ly
(L1 = L)

Each modality (X) of Ly is definable in L
(i.e., 3 a Lr-formula ¢ s.t. (X)p = )

Example: (L)p = (A)(A)p

212‘ 212_1 .
212 fragments... % comparisons
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Our approach

Solution:
To find a complete set

of definabilities among
modalities
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Our approach :
Notation:
Solution:

: X1Xz . . . Xn
To find a complete set 2

HS-fragment with modalities
(X1), (X2), ..., (Xn)

of definabilities among
modalities
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Our approach :
Notation:
Solution:

: X1Xz . . . Xn
To find a complete set 2

HS-fragment with modalities

of definabilities among

.. (X1), (X2),...,(Xn)
modalities
X N
— —
X1 Xo. .. X, YiYo...Ym
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Our approach

Solution:
To find a complete set

of definabilities among
modalities
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Our approach
PP Notation:

Solution: e X
To find a complete set e

. HP™N HS-fragment with modalities
of definabilities among (X1), (X2}, ..., (Xn)

modalities

X {<7 =, -, %’J} y
" —
X1Xo ... X 7 YiYo...Ynm
XD CY1...Ym 77
7
XD CYi.. Y 77
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Our approach

Notation:
Solution: e X
To find a complete set e
. HP™N HS-fragment with modalities
of deflnabllltlle.s among (X1), (X2}, ..., (Xn)
modalities
X {<7 E? >7 %} y
— —
X1Xo... Xy ?? Y1iYo...Ym

(X)CVYy...Ym 77
VAN
7
VAN
XN CTY1... Ym 77

XYy 7
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Our approach

Notation:

Solution:
To find a complete set

S o

of definabilities among HS-fragment with modalities

.. (X1), (X2),...,(Xn)
modalities
X {<7E7>7¢} y
— —
X1 Xo. .. X, ?7? YiYo...Ym

<X1> CY1...Ym 77 +true

A AN
77 true
A AN

(Xa)TY1...Ym 77 true

X =<y 77 true
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Our approach

Notation:
Solution:

: X1Xa . . . Xn
To find a complete set 2

HS-fragment with modalities

of definabilities among

.. (X1), (X2),...,(Xn)
modalities
X {<7E7>7¢} y
— —
X1 Xo. .. X, 7 YiYo...Ym
<X1> CY1...Ym 77 +true
A VAN VAN
7?7 true false
A\ AN VAN
(Xa) TY1...Ym 77 true
X =<y 7?7 true false
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Our approach - cont'd
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Our approach - cont'd
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Complete set of definabilities among modalities

(L) EA  Lp=@)yAp
(D) CBE (D)p=(B)(E)p
(O) EBE (0)p=(E)(B)p

@ J. Halpern and Y. Shoham, A propositional modal logic of time
intervals, Journal of the ACM, 1991
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Complete set of definabilities among modalities

(L) EA  Lp=@)yAp

(D) CBE (D)p=(B)(E)p

(O) EBE (0)p=(E)(B)p
77 77
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Complete set of definabilities among modalities
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@ D. Della Monica, V. Goranko, A. Montanari, and G. Sciavicco,
Expressiveness of the Interval Logics of Allen’s Relations on the Class of
all Linear Orders: Complete Classification, |JCAI 2011
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Complete set of definabilities among modalities
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CA  (Lp=ANAp

C BE (D)p=(B)(E)p
CBE (0)p=(E)(B)p

C BE (Lp=@)EB)EP
7?7 77

D. Della Monica, V. Goranko, A. Montanari, and G. Sciavicco,
Expressiveness of the Interval Logics of Allen’s Relations on the Class of
all Linear Orders: Complete Classification, |JCAI 2011
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Complete set of definabilities among modalities

(LY EA  WLp=@yap
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@ D. Della Monica, V. Goranko, A. Montanari, and G. Sciavicco,
Expressiveness of the Interval Logics of Allen’s Relations on the Class of
all Linear Orders: Complete Classification, |JCAI 2011
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Complete set of definabilities among modalities

(L) TA  WLp=@)yap
<D> E §E <D>pE<B><E>p class of all
(O) EBE (0)p=(E)(B)p linear
(L) TBE (L)p = (B)EIB)E)p

77 77
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Complete set of definabilities among modalities
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@ L. Aceto, D. Della Monica, A. Ingolfsdottir, A. Montanari, and G.
Sciavicco, A complete classification of the expressiveness of interval
logics of Allen’s relations over dense linear orders, TIME 2013
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Complete set of definabilities among modalities

(L) TA  WLp=@)yap
<D> E §E <D>PE <B><E>P class of all
(O) EBE (0)p=(E)(B)p linear
(L) ©TBE (L)p =(B)EIB)E)p
(L) EDO (L)p =(0)((0) T A[O]((0)p V (D)p v (D)(O)p))
(L) CTBD (L)p =(B)DI(B)(D)(B)p
(Ly EEO (L)p =(0)[E|(0)(O)p
(L) ©BO (L)p =(0)((0)T A [O](B)(0)(0)p)
(L) ELO  (L)p =(0)[O][L](0)(0)p
77 77

@ L. Aceto, D. Della Monica, A. Ingolfsdottir, A. Montanari, and G.
Sciavicco, A complete classification of the expressiveness of interval
logics of Allen’s relations over dense linear orders, TIME 2013
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Complete set of definabilities among modalities
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@ L. Aceto, D. Della Monica, A. Ingolfsdottir, A. Montanari, and G.
Sciavicco, A complete classification of the expressiveness of interval
logics of Allen’s relations over dense linear orders, TIME 2013
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Proving non-existence

Existence is easy... ...non-existence is hard
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Proving non-existence

Existence is easy.

...non-existence is hard
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Proving non-existence

Existence is easy... ...non-existence is hard
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in Reykjavik
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Proving non-existence

Existence is easy... ...non-existence is hard
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Proving non-existence

Existence is easy... ...non-existence is hard
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Proving non-existence

Existence is easy... ...non-existence is hard
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Bisimulation between interval structures
Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)

2. bisimulation relation “preserved” by modal operators, i.e., for
every modal operator (X):

i i
1 1
My —_ —_—
I
Mo —
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)

2. bisimulation relation “preserved” by modal operators, i.e., for
every modal operator (X):

(il,iz)EZ
i i
1 1
My e — _—
4
7
1
,,,,,,,, Z,I',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1
! .
\ I2
Mo ]
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)

2. bisimulation relation “preserved” by modal operators, i.e., for
every modal operator (X):

(il,iz)EZ
(il,l'{)EX
X
eemTTTTTTTTT- ~n
. -/
i i
M % %
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1
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1
\ .
N I
My 2
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)

2. bisimulation relation “preserved” by modal operators, i.e., for
every modal operator (X):

ih,hh)€e”Z .
(.1’ ?) = i} s.t.
(h,i1) e X
X
eemTTTTTTTTT- ~x
. !
I U1
My e — _—
I/
1
,,,,,,,, Z,I',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1
\ i i
Mo M i
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Bisimulation between interval structures

Z C My x My is a bisimulations wrt the fragment XX, ... X, iff
1. Z-related intervals satisfy the same propositions, i.e.:

(i1, ) € Z = (p is true over iy < p is true over i)

2. bisimulation relation “preserved” by modal operators, i.e., for
every modal operator (X):

Temporal Rep

(il,iz) e/ } - Hlé st { (I{Ié) IS4

S S
(h,i1) e X (h,i5) € X
X
emmTTTTTTTTTE- -~
A
il I
D —
4 AY
1 \
1 \
zh vz
1
‘\ ) il 1
AY ’
X 2 2 »




Bisimulation between interval structures - cont'd

Theorem A bisimulation for £ preserves the truth of £L-formulae

[a, b] and [c, d] are bisimilar
¢ is a L-formula

@ is true in [a, b] iff ¢ is true in [c, d]
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How to use bisimulations to disprove definability

Suppose that we want to prove:

(X) is not definable in terms of £

Temporal Rep ion and R ing in Interval Temporal Logics A. Montanari, P. Sala, and D. Della Monica




How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £

3. two interval i1 € My and i € M5 such that

a. i; and iy are Z-related
b. My, i IF (X)p and Ma, ip IF =(X)p
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £

3. two interval i1 € My and i € M5 such that

a. i; and iy are Z-related
b. My, i IF (X)p and Ma, ip IF =(X)p

By contradiction
If (X) is definable in terms of £, then (X)p is
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £
3. two interval i1 € My and i € M5 such that
a. i; and iy are Z-related
b. My, i IF (X)p and Ma, ip IF =(X)p
By contradiction
If (X) is definable in terms of £, then (X)p is
Truth of (X)p preserved by Z,
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £
3. two interval i1 € My and i € M5 such that
a. i; and iy are Z-related
b. My, i IF (X)p and Ma, ip IF =(X)p
By contradiction
If (X) is definable in terms of £, then (X)p is
Truth of (X)p preserved by Z,
but (X)p is true in i1 (in Mp) and false in i» (in My)
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How to use bisimulations to disprove definability

Suppose that we want to prove:
(X) is not definable in terms of £

We must provide:
1. two models My and M>
2. a bisimulation Z C M; x M, wrt fragment £
3. two interval i1 € My and i € M5 such that
a. i; and iy are Z-related
b. My, i IF (X)p and Ma, ip IF =(X)p
By contradiction
If (X) is definable in terms of £, then (X)p is
Truth of (X)p preserved by Z,
but (X)p is true in i1 (in Mp) and false in i» (in My)
= contradiction
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An example: the operator (D)

Semantics:

M, [a,b] IF (D) % 3¢, d such that a < c < d < b and M. [c.d] IF

(D)
—

P
—
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An example: the operator (D)

Semantics:

M, [a,b] IF (D) % 3¢, d such that a < c < d < b and M. [c.d] IF

(D)
—

P
—

Operator (D) is definable in terms of BE (D)yp = (B)(E)p
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An example: the operator (D)

Semantics:

M, [a,b] IF (D) % 3¢, d such that a < c < d < b and M. [c.d] IF

(D)
—

P
—

Operator (D) is definable in terms of BE (D)yp = (B)(E)p

To prove that (D) is not definable in terms of any other fragment,
we must prove that:

1) (D) is not definable in terms of ALBOALBEDO
2) (D) is not definable in terms of ALEOALBEDO
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>
> Va(p) = {[1,2]}
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: M; = (I(N), V;),M> = (I(N), V2)
={[1,2

> Vi(p) I}

{[1,
> Vz(p) 0
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>

> Vi(p) = {[1,2]}
> Va(p) =10

» bisimulation relation Z: ([x, y], [w, z]) € Z iff
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>

> Vi(p) = {[1,2]}
> Va(p) =10

» bisimulation relation Z: ([x, y], [w, z]) € Z iff
L [x,y] = [w,2] =[0,3]
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>
> Va(p) = {[1,2]}
> Va(p) =10
» bisimulation relation Z: ([x, y], [w, z]) € Z iff
1. [x,y] =[w,z] =10,3]
2. [x,y] =[w,z] and x >3

Temporal Repr ion and R ing in Interval Temporal Logics A. Montanari, P. Sala, and D. Della Monica




(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>
> Va(p) = {[1,2]}
> Va(p) =10
» bisimulation relation Z: ([x, y], [w, z]) € Z iff
1. [x,y] =[w,z] =10,3]
2. [x,y] =[w,z] and x >3

0 1 p 2 3 4 5 6 7 8 9
& — & — ¢ ¢ ¢ ¢ ¢ — ¢ —9°

0 1P2 3 4 5 6 7 8 9

(M1, [0,3] IF (D)p and M5, [0,3] I ~(D)p|
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(D) is not definable in terms of A

A bisimulation wrt fragment A but not D

Bisimulation wrt A (AP = {p}):
» models: Ml = <]I(N), V1>,M2 = <H(N), V2>
> Va(p) = {[1,2]}
> Va(p) =10
» bisimulation relation Z: ([x, y], [w, z]) € Z iff
1. [x,y] =[w,z] =10,3]
2. [x,y] =[w,z] and x >3

0 1 p 2 3 4 5 6 7 8 9

G- — = — — — —
Ao
(€]
(€)]
~- - - - - —

0 1 7p2

(M1, [0,3] IF (D)p and My, [0,3]IF ~{D)p]  — the thesis
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To sum up on the expressiveness classification

DONE:
‘ » class of all linear orders (1347 fragments)

» classes of dense linear orders (966 fragments)
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To sum up on the expressiveness classification

DONE:
‘ » class of all linear orders (1347 fragments)

» classes of dense linear orders (966 fragments)

ALMOST DONE:
» classes of finite linear orders

» classes of discrete linear orders

ﬁ L. Aceto, D. Della Monica, A. Ingolfsdottir, A. Montanari, and G.
Sciavicco, On the expressiveness of the interval logic of Alen’s relations
over finite and discrete linear orders, JELIA 2014 (to appear)
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To sum up on the expressiveness classification

DONE:

‘ » class of all linear orders (1347 fragments)
» classes of dense linear orders (966 fragments)

ALMOST DONE:
» classes of finite linear orders

» classes of discrete linear orders

@ L. Aceto, D. Della Monica, A. Ingolfsdottir, A. Montanari, and G.
Sciavicco, On the expressiveness of the interval logic of Alen’s relations
over finite and discrete linear orders, JELIA 2014 (to appear)

MISSING PIECES:
‘ » (O) over finite/discrete linear orders — (O) for free
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Expressiveness/satisfiability classification over natural

numbers

Complexity class:

3: EXPSPACE-complete

4: NEXPTIME-camplete

5: NP-complete

A. Montanari, P. Sala, and D. Della Monica

in Interval Temporal Logics

ion and R

Temporal Rep



A case study

ITL and the search for happiness
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Planning as satisfiability paradigm

The motion planning problem

» e.g., a robot moving into an environment trying to accomplish
goals

Logical formalization
» environmental constraint (¢g)
» goal specification (¢¢)
Models of wg A ¢ represent valid plans

» satisfiability: existence of a solution

» tableaux: solution
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ITL and the search for happiness

Can a researcher be happy and still make good research?1?

ﬁ? A sample planning problem

Formalization within AB

» g = | do my job
» ©c = | am happy

does a plan to reach happiness exist?

is o A g satisfiable
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The formalism AB

Syntax
o = p| o | eAe | (Ae | (B
Semantics

(A): M, [do, di] IF (A iff 3db sit. dy < db and M, [dy, db] IF ¢
<B>: M, [do,dl] I= <B>g0 iff E|d2 sit. dg < dr < d; and M, [do,dg] I= )

do v
current interval: M
di ¢ do
(Ae ——
do ¢ d>
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The environmental constraint “I do my job"

we = | do my job — environmental constraints

» time structure (years, months, weeks, days)
» physiological needs (sleeping, having fun)
> the rule of the research world
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Metric capabilities

Atomic propositions len_y, leny, leny, lensy, lensy for all k

(over discrete orders, e.g., N)

» M, [a, b] IF len_y iff b — a = k (analogously the others)
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Metric capabilities

Atomic propositions len_y, leny, leny, lensy, lensy for all k

(over discrete orders, e.g., N)

» M, [a, b] IF len_y iff b — a = k (analogously the others)

» (B) can express len_; (and the others), for all k
len_ £ (B)(B) ... (B) T A[B][B]...[B] L

/

~~

k — 1 times k times
len> len<i
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Metric capabilities
Atomic propositions len_y, leny, leny, lensy, lensy for all k
(over discrete orders, e.g., N)
» M, [a, b] IF len_y iff b — a = k (analogously the others)

» (B) can express len_; (and the others), for all k
def.

len_i. < (B)(B)...(B) T A[B][B]...[B] L
k 7| lvtimes kI times

> len_y + AB = (a metric version of) other modalities

k—1

» len_y A D)y £ len_y A \/ B)len_; A (A)(lenck—i A ©))
i=1
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Metric capabilities
Atomic propositions len_y, leny, leny, lensy, lensy for all k

(over discrete orders, e.g., N)
» M, [a,b] IF len_y iff b— a = k (analogously the others)

» (B) can express len_; (and the others), for all k
len_ £ (B)(B) ... (B) T A[B][B]...[B] L

k — 1 times k times
len> len<)
> len_y + AB = (a metric version of) other modalities
k—1

» len_x A (D)g £ len_y A \/ Blen—i A (A)(lenck—i A ¢))
i=1
k—1

> len_y A (E)p Z len_y A \/ B)len_; A
i=1
k—1

(A)(len—k—i A p))

> len_y A (O)p & len_y A \/ B)len—; A (A)(lensk—; A ©))

i=1 .
Monica
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| do my job
ak Y |

there exists an interval starting in b where y (year) holds

(A)y
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| do my job
ab y

"0 8760

there exists an interval starting in b where y (year) holds

(A)y

all years are long 8760 hours (365*24)

[G]e means that ¢ is true
globally in the future

[G1(y — len—g760) (Gl 225 o A [Alp A [ATIA)
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| do my job
ab y y y

"0 8760 ' '

there exists an interval starting in b where y (year) holds

(A)y

all years are long 8760 hours (365*24)

[G]e means that ¢ is true
globally in the future

[G1(y — len—g760) (Gl 225 o A [Alp A [ATIA)

every year is followed by another year

[GI(y = (A)y)
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| do my job
ab y y y

"0 8760 ' '

there exists an interval starting in b where y (year) holds

(A)y

all years are long 8760 hours (365*24)

[G]e means that ¢ is true
globally in the future

[G1(y — len—g760) (Gl 225 o A [Alp A [ATIA)

every year is followed by another year

[GI(y = (A)y)

years do not overlap

[G](y = [B]=(A)y)
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| do my job - cont'd

ab y y y
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| do my job - cont'd

ab y y y

(T T, T P P P P P P
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| do my job - cont'd

ab y 1 y
r T

mmmmmmmmmmmm
L 2 s e s e
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| do my job - cont'd

ab y

—T
[

mmmmmmmmmmmm
L 2 s e s e

hhhhhhhhhhhhhhhhhhhhhhhh
HH
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| do my job - cont'd

d 1 d 1 d 1
5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

O+
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| do my job - cont'd

24 d 22‘ d 11 d .
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

every day | get to sleep between 10 pm and 1 am

[G]((A)d — (A)(len>22 A len<os A (A)sleep))
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| do my job - cont'd

24 8 d 22 5 d 1 10d

|

L 1
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

every day | get to sleep between 10 pm and 1 am

[G]((A)d — (A)(len>22 A len<os A (A)sleep))

| sleep for 7-9 hours

[G](sleep — len>7 A len<g)
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| do my job - cont'd

24 8 d 2, 5 d 1 10d ‘
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

every day | get to sleep between 10 pm and 1 am

[G]((A)d — (A)(len>22 A len<os A (A)sleep))

| sleep for 7-9 hours

[G](sleep — len>7 A len<g)

when | don't sleep | am awake

[G]((s/eep - (A)awake) N\ (awake — (A)sleep))
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| do my job - cont'd

24 8 d 2, 5 d 1 10d ‘
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

| sleep (and wake up) once a day
[G](day — [B]((A)awake — —(B)(A)awake))
when | am awake | don't sleep and vice versa (sleep N awake = ()

[G](—(({A)awake A (A)sleep)
A (awake — —(B)(A)sleep)
A (sleep — —(B)(A)awake))
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| do my job - cont'd

Legend:

m sleep m awake = work

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

| work only when | am awake (work N sleep = ()

[G](—=((Aywork A (A)sleep) A (work — —(B)(A)sleep) A (sleep — —(B)(A)work))
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| do my job - cont'd

Legend:

m sleep ® awake = work

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

| work only when | am awake (work N sleep = ()

[G](—=((Aywork A (A)sleep) A (work — —(B)({A)sleep) A (sleep — —(B)(A)work))
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| do my job - cont'd

work enjoy homogeneity
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| do my job - cont'd

work enjoy homogeneity
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| do my job - cont'd

RECALL !l
we can express:  len_i A (D)
work enjoy homogeneity len_ A (E)p
and thus: len—i A [D]e
len_x A [E]e
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| do my job - cont'd

RECALL !
we can express:  len_i A (D)
work enjoy homogeneity len_ A (E)p
and thus: len_x A [D]e
len—x A [E]p
20
[G](work — \/(Ien:; A [D](len=1 — work)))
i=1
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| do my job - cont'd

RECALL !l
we can express:  len_i A (D)
work enjoy homogeneity len_ A (E)p
and thus: len_x A [D]e
len—x A [E]p
20
[G](work — \/(Ien:; A [D](len=1 — work)))
i=1
20
[G](work — \/(Ien:; A (E)(len=1 A work)))
i=1
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| do my job - cont'd

RECALL !
we can express:  len_i A (D)
work enjoy homogeneity len_ A (E)p
and thus: len_x A [D]e
len—x A [E]p
20
[G](work — \/(Ien:; A [D](len=1 — work)))
i=1
20
[G](work — \/(Ien:; A (E)(len=1 A work)))
i=1

[G](work — (B)(len=1 A work))
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| do my job - cont'd

counting work hours

023 L (B)((A)work A (B)((Aywork A (B)(A)work))
0=3 L [B]((A)work — [B]((A)work — [B]((A)work — [B]~(A)work)))
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| do my job - cont'd

counting work hours
023 L (B)((A)work A (B)((Aywork A (B)(A)work))

0=3 L [B]((A)work — [B]((A)work — [B]((A)work — [B]~(A)work)))

>k gefBY((AYwork A (B)(.... A (B)((A)work A (B)(A)work)))

wh

90<k def, < [B]({AYwork — [B](. .. — [B]({AYwork — [B]—(A)work)))

ing in Interval Temporal Logics
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| do my job - cont'd

Legend:

m sleep m awake ® work

0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

| get satisfied after y hours of work
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| do my job - cont'd

Legend:

m sleep m awake ® work

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

| get satisfied after y hours of work

[Al(¢,, — (A)(len—1 A paper_accepted))
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| do my job - cont'd

Legend:

m sleep m awake ® work

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

u| 9| g

| get satisfied after y hours of work

[Al(¢,,X — (A)(len—1 A paper_accepted))
[G]((A)paper _acc — [A](p, X — (A)(len—1 A paper _accepted)))
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| do my job - cont'd

Legend:

mreal _sleep m awake ® work m party

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

sometimes | party instead of sleeping
[G]((A)party — (A)sleep)
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| do my job - cont'd

Legend:

mreal _sleep m awake ® work m party

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

sometimes | party instead of sleeping
[G]((A)party — (A)sleep)

| can't party all night long
[G](party — —sleep A —(B)sleep)
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| do my job - cont'd

Legend:

mreal _sleep m awake ® work m party

d d d
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

sometimes | party instead of sleeping
[G]((A)party — (A)sleep)

| can't party all night long
[G](party — —sleep A —(B)sleep)

my actual sleep time is when | sleep and do not party
[G](party — [A]((A)awake A —(B)(A)awake — real _sleep))
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| do my job - cont'd

Legend:

mreal sleep m awake ® work

d d d
| f y {
0 5 10 15 20 24 5 10 15 20 24 5 10 15 20 24

sometimes | party instead of sleeping
[G]((A)party — (A)sleep)

| can't party all night long
[G](party — —sleep A —(B)sleep)

my actual sleep time is when | sleep and do not party
[G](party — [A]((A)awake A —(B)(A)awake — real _sleep))

when | have a party night, the next night | will sleep
[G](party — (A)(real _sleep N (A)(awake A (A)(real sleep))))
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The goal specification “I am happy”

w¢ = | am happy — goal specification

» subjective needs to live a happy life
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The goal specification “I am happy”

©wc = | am happy — goal specification

» subjective needs to live a happy life

| want to publish at least x papers per year

[G](year — (B)({A)paper accepted A (B)(...A
A (B)((A)paper accepted A (B)(A)paper accepted))))
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The goal specification “I am happy”

©wc = | am happy — goal specification

» subjective needs to live a happy life

. K is a number
| want to publish at least x papers per year fixed by my boss

[G](year — (B)({A)paper accepted A (B)(...A
A (B)((A)paper accepted A (B)(A)paper accepted))))
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The goal specification “I am happy”

©wc = | am happy — goal specification

» subjective needs to live a happy life

. K is a number
| want to publish at least x papers per year fixed by my boss

[G](year — (B)({A)paper accepted A (B)(...A
A (B)((A)paper accepted A (B)(A)paper accepted))))

| want to work at most 40 hours in week days and 5 hours in week
ends

[G](((A) week — [A](len—1a0 — @51 0))A(len—as A(A)week — =)
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The goal specification “I am happy”

©wc = | am happy — goal specification

» subjective needs to live a happy life

. K is a number
| want to publish at least x papers per year fixed by my boss

[G](year — (B)({A)paper accepted A (B)(...A
A (B)((A)paper accepted A (B)(A)paper accepted))))

| want to work at most 40 hours in week days and 5 hours in week
ends

[G](((A) week — [A](len—1a0 — @51 0))A(len—as A(A)week — =)

| want to party at least once a week

[G](week — (B){A)party)
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A plan to reach happiness

Legend:

mreal _sleep m awake ® work m party

\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\d\

A model for pe A g
Satisfiability for AB decidable in EXPSPACE
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numbers

: EXPSPACE-complete

omplexity class
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Current research agenda

> To obtain a complete classification of the family of HS fragments
with respect to decidability/undecidability of their satisfiability
problem and with respect to their relative expressive power

> To extend the study of metric variants of interval logics (we already
did it for AA over natural numbers, integers, and finite linear orders)
to other HS fragments and over other metrizable linear orders,
notably that of rational numbers

@ D. Bresolin, D. Della Monica, V. Goranko, A. Montanari, G.
Sciavicco, Metric Propositional Neighborhood Logics on Natural
Numbers, Software and Systems Modeling 2013
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Current research agenda (cont'd)

ﬁ D. Bresolin, A. Montanari, G. Sciavicco, P. Sala, Optimal decision

procedures for MPNL over finite structures, the natural numbers, and the
integers, Theoretical Computer Science 2013

» To explore possible connections between interval temporal logics
and description logics

ﬁ A. Artale, D. Bresolin, A. Montanari, V. Ryzhikov, G. Sciavicco,

DL-Lite and Interval Temporal Logics: a Marriage Proposal, ECAI
2014
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Mid-term research agenda

» Systematic application of game-theoretic techniques in
interval-based synthesis

» Quest for automaton-based techniques for proving decidability
of interval temporal logics

» |dentification and development of major applications of interval
temporal logics. Besides system specification, verification, and
synthesis, planning and plan validation (to represent and to
reason about actions/events with duration, accomplishments,
and interval constraints), temporal databases (to deal with
temporal aggregation), workflow systems (to cope with
additional temporal constraints), and natural language
processing (to model features like progressive tenses)
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Lomuscio, Alessio — Imperial College, UK

Marcinkowski, Jerzy — University of Wroclaw, Poland
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In summary: The land of interval logics is intriguing, exotic, rich
with challenges, and worth exploring
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In summary: The land of interval logics is intriguing, exotic, rich
with challenges, and worth exploring

Recall that ITL make it possible to find the way to happiness

And, it is fun!

Everyone is invited to join the party!
Have fun at http://itl.dimi.uniud.it/
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In summary: The land of interval logics is intriguing, exotic, rich
with challenges, and worth exploring

Recall that ITL make it possible to find the way to happiness

And, it is fun!

Everyone is invited to join the party!
Have fun at http://itl.dimi.uniud.it/

The end.
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