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Motivation
• A home agent that is tasked with moving a cup to a table. 

• But the home robot is broken.

• Tentacular AI (TAI) could accomplish the task by asking a 
human politely to move the cup (if the TAI agent believes the 
human does not object to doing so).
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• Inadequate expressivity  of knowledge-representation formats/
logics traditionally used.

• Absence/scarcity of standardized domain knowledge.

• Today’s ML can’t solve anomalous problems.
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to the cognitive calculi family of logical calculi (denoted by
a star in Figure ?? and expanded in Figure ??). DCEC has
a well-defined syntax and inference system; see Appendix A
of [?] for a full description. The inference system is based
on natural deduction [?], and includes all the introduction
and elimination rules for first-order logic, as well as inference
schemata for the modal operators and related structures

This system has been used previously in [?; ?] to auto-
mate versions of the doctrine of double effect DDE , an eth-
ical principle with deontological and consequentialist com-
ponents. While describing the calculus is beyond the scope
of this paper, we give a quick overview of the system be-
low. Dialects of DCEC have also been used to formalize and
automate highly intensional (i.e. cognitive) reasoning pro-
cesses, such as the false-belief task [?] and akrasia (succumb-
ing to temptation to violate moral principles) [?]. Arkoudas
and Bringsjord [?] introduced the general family of cogni-
tive event calculi to which DCEC belongs, by way of their
formalization of the false-belief task. More precisely, DCEC
is a sorted (i.e. typed) quantified modal logic (also known as
sorted first-order modal logic) that includes the event calcu-
lus, a first-order calculus used for commonsense reasoning.

CC

CEC

DCEC

µC

DCEC�

DCEC�
e

Figure 3: Cognitive Calculi. The cognitive calculi family is com-

posed of a number of related calculi. ? introduced the first member

in this family, CEC, to model the false-belief task. The smallest mem-

ber in this family, µC, has been used to model uncertainty in quanti-

fied beliefs [?]. DCEC and variants have been used in the modelling

of ethical principles and theories and their implementations.

4.1 Syntax

As mentioned above, DCEC is a sorted calculus. A sorted
system can be regarded as analogous to a typed single-
inheritance programming language. We show below some of
the important sorts used in DCEC.

Sort Description

Agent Human and non-human actors.
Time The Time type stands for time in the domain.

E.g. simple, such as ti, or complex, such as
birthday(son(jack)).

Event Used for events in the domain.
ActionType Action types are abstract actions. They are in-

stantiated at particular times by actors. Exam-
ple: eating.

Action A subtype of Event for events that occur as
actions by agents.

Fluent Used for representing states of the world in the
event calculus.

The syntax has two components: a first-order core and a
modal system that builds upon this first-order core. The fig-
ures below show the syntax and inference schemata of DCEC.
The first-order core of DCEC is the event calculus [?]. Com-
monly used function and relation symbols of the event calcu-
lus are included. Fluents, event and times are the three major
sorts of the event calculus. Fluents represent states of the
world as first-order terms. Events are things that happen in
the world at specific instants of time. Actions are events that
are carried out by an agent. For any action type ↵ and agent
a, the event corresponding to a carrying out ↵ is given by
action(a, ↵). For instance if ↵ is “running” and a is “Jack”

, action(a, ↵) denotes “Jack is running”. Other calculi (e.g.
the situation calculus) for modeling commonsense and phys-
ical reasoning can be easily switched out in-place of the event
calculus.

Syntax

S ::= Agent | ActionType | Action v Event | Moment | Fluent

f ::=

8
>>>>>>>>>>>>>><

>>>>>>>>>>>>>>:

action : Agent ⇥ ActionType ! Action
initially : Fluent ! Formula
holds : Fluent ⇥ Moment ! Formula
happens : Event ⇥ Moment ! Formula
clipped : Moment ⇥ Fluent ⇥ Moment ! Formula
initiates : Event ⇥ Fluent ⇥ Moment ! Formula
terminates : Event ⇥ Fluent ⇥ Moment ! Formula
prior : Moment ⇥ Moment ! Formula

t ::= x : S | c : S | f(t1, . . . , tn)

� ::=

8
>>>>>><

>>>>>>:

q : Formula | ¬� | � ^  | � _  | 8x : �(x) |
P(a, t,�) | K(a, t,�) |
C(t,�) | S(a, b, t,�) | S(a, t,�) | B(a, t,�)

D(a, t,�) | I(a, t,�)

O(a, t,�, (¬)happens(action(a⇤,↵), t0))

The modal operators present in the calculus include the
standard operators for knowledge K, belief B, desire D, in-
tention I, etc. The general format of an intensional operator is
K (a, t, �), which says that agent a knows at time t the propo-
sition �. Here � can in turn be any arbitrary formula. Also,
note the following modal operators: P for perceiving a state,
C for common knowledge, S for agent-to-agent communica-
tion and public announcements, B for belief, D for desire, I
for intention, and finally and crucially, a dyadic deontic op-
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fied beliefs [?]. DCEC and variants have been used in the modelling

of ethical principles and theories and their implementations.

4.1 Syntax

As mentioned above, DCEC is a sorted calculus. A sorted
system can be regarded as analogous to a typed single-
inheritance programming language. We show below some of
the important sorts used in DCEC.

Sort Description

Agent Human and non-human actors.
Time The Time type stands for time in the domain.

E.g. simple, such as ti, or complex, such as
birthday(son(jack)).

Event Used for events in the domain.
ActionType Action types are abstract actions. They are in-

stantiated at particular times by actors. Exam-
ple: eating.

Action A subtype of Event for events that occur as
actions by agents.

Fluent Used for representing states of the world in the
event calculus.

The syntax has two components: a first-order core and a
modal system that builds upon this first-order core. The fig-
ures below show the syntax and inference schemata of DCEC.
The first-order core of DCEC is the event calculus [?]. Com-
monly used function and relation symbols of the event calcu-
lus are included. Fluents, event and times are the three major
sorts of the event calculus. Fluents represent states of the
world as first-order terms. Events are things that happen in
the world at specific instants of time. Actions are events that
are carried out by an agent. For any action type ↵ and agent
a, the event corresponding to a carrying out ↵ is given by
action(a, ↵). For instance if ↵ is “running” and a is “Jack”

, action(a, ↵) denotes “Jack is running”. Other calculi (e.g.
the situation calculus) for modeling commonsense and phys-
ical reasoning can be easily switched out in-place of the event
calculus.

Syntax

S ::= Agent | ActionType | Action v Event | Moment | Fluent

f ::=

8
>>>>>>>>>>>>>><

>>>>>>>>>>>>>>:

action : Agent ⇥ ActionType ! Action
initially : Fluent ! Formula
holds : Fluent ⇥ Moment ! Formula
happens : Event ⇥ Moment ! Formula
clipped : Moment ⇥ Fluent ⇥ Moment ! Formula
initiates : Event ⇥ Fluent ⇥ Moment ! Formula
terminates : Event ⇥ Fluent ⇥ Moment ! Formula
prior : Moment ⇥ Moment ! Formula

t ::= x : S | c : S | f(t1, . . . , tn)

� ::=

8
>>>>>><

>>>>>>:

q : Formula | ¬� | � ^  | � _  | 8x : �(x) |
P(a, t,�) | K(a, t,�) |
C(t,�) | S(a, b, t,�) | S(a, t,�) | B(a, t,�)

D(a, t,�) | I(a, t,�)

O(a, t,�, (¬)happens(action(a⇤,↵), t0))

The modal operators present in the calculus include the
standard operators for knowledge K, belief B, desire D, in-
tention I, etc. The general format of an intensional operator is
K (a, t, �), which says that agent a knows at time t the propo-
sition �. Here � can in turn be any arbitrary formula. Also,
note the following modal operators: P for perceiving a state,
C for common knowledge, S for agent-to-agent communica-
tion and public announcements, B for belief, D for desire, I
for intention, and finally and crucially, a dyadic deontic op-



FORMAL SYSTEM

erator O that states when an action is obligatory or forbidden
for agents. It should be noted that DCEC is one specimen in
a family of extensible cognitive calculi.

The calculus also includes a dyadic (arity = 2) deontic op-
erator O. It is well known that the unary ought in standard
deontic logic leads to contradictions. Our dyadic version of
the operator blocks the standard list of such contradictions,
and beyond.8

Declarative communication of � between a and b at time t

is represented using the S(a, b, t, �).

4.2 Inference Schemata
The figure below shows a fragment of the inference schemata
for DCEC. First-order natural deduction introduction and
elimination rules are not shown. Inference schemata IK and
IB let us model idealized systems that have their knowledge
and beliefs closed under the DCEC proof theory. While hu-
mans are not deductively closed, these two rules lets us model
more closely how more deliberate agents such as organiza-
tions, nations and more strategic actors reason. (Some di-
alects of cognitive calculi restrict the number of iterations on
intensional operators.) I13 ties intentions directly to percep-
tions (This model does not take into account agents that could
fail to carry out their intentions). I14 dictates how obligations
get translated into known intentions.

Inference Schemata (Fragment)

K(a, t1, �), � ` �, t1  t2

K(a, t2,�)
[IK]

B(a, t1, �), � ` �, t1  t2

B(a, t2,�)
[IB]

K(a, t,�)

�
[I4]

t < t0, I(a, t, )

P(a, t0, )
[I13]

B(a, t,�) B(a, t,O(a, t,�,�)) O(a, t,�,�)

K(a, t, I(a, t,�))
[I14]

4.3 Semantics
The semantics for the first-order fragment is the standard first-
order semantics. The truth-functional connectives ^, _, !, ¬
and quantifiers 8, 9 for pure first-order formulae all have
the standard first-order semantics. The semantics of the
modal operators differs from what is available in the so-
called Belief-Desire-Intention (BDI) logics [?] in many im-
portant ways. For example, DCEC explicitly rejects possible-
worlds semantics and model-based reasoning, instead opt-
ing for a proof-theoretic semantics and the associated type
of reasoning commonly referred to as natural deduction [?;
?]. Briefly, in this approach, meanings of modal operators are
defined via arbitrary computations over proofs.

5 Defining TAI
We denote the state-of-affairs at any time t by a set of for-
mulae �(t). This set of formulae will also contain any obli-
gations and prohibitions on different agents. For each agent
ai at time t, there is a contract c(ai, t) ✓ �(t) that describes
ai’s obligations, prohibitions etc. a at any time t then comes

8A overview of this list is given lucidly in [?].
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Figure 4: TAI Working Through Time. A TAI agent initially consid-

ers a goal and then has to produce a proof for the non-existence of a

non-tentacular plan that uses only this agent. Then ⌧ recruits a set

of other relevant agents to help with its goal.

up with a goal g so that its contract is satisfied.9 The agent
believes that if g does not hold then its contract at some future
t + � will be violated:

B

⇣
a, t, ¬g ! ¬

^
c(a, t + �)

⌘

Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.
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order semantics. The truth-functional connectives ^, _, !, ¬
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Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.
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Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:
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a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
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arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢
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4.2 Inference Schemata
The figure below shows a fragment of the inference schemata
for DCEC. First-order natural deduction introduction and
elimination rules are not shown. Inference schemata IK and
IB let us model idealized systems that have their knowledge
and beliefs closed under the DCEC proof theory. While hu-
mans are not deductively closed, these two rules lets us model
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The semantics for the first-order fragment is the standard first-
order semantics. The truth-functional connectives ^, _, !, ¬
and quantifiers 8, 9 for pure first-order formulae all have
the standard first-order semantics. The semantics of the
modal operators differs from what is available in the so-
called Belief-Desire-Intention (BDI) logics [?] in many im-
portant ways. For example, DCEC explicitly rejects possible-
worlds semantics and model-based reasoning, instead opt-
ing for a proof-theoretic semantics and the associated type
of reasoning commonly referred to as natural deduction [?;
?]. Briefly, in this approach, meanings of modal operators are
defined via arbitrary computations over proofs.
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We denote the state-of-affairs at any time t by a set of for-
mulae �(t). This set of formulae will also contain any obli-
gations and prohibitions on different agents. For each agent
ai at time t, there is a contract c(ai, t) ✓ �(t) that describes
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up with a goal g so that its contract is satisfied.9 The agent
believes that if g does not hold then its contract at some future
t + � will be violated:

B

⇣
a, t, ¬g ! ¬

^
c(a, t + �)

⌘

Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.
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Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:
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Consistent Plan
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arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.

The situation at time t

erator O that states when an action is obligatory or forbidden
for agents. It should be noted that DCEC is one specimen in
a family of extensible cognitive calculi.

The calculus also includes a dyadic (arity = 2) deontic op-
erator O. It is well known that the unary ought in standard
deontic logic leads to contradictions. Our dyadic version of
the operator blocks the standard list of such contradictions,
and beyond.8

Declarative communication of � between a and b at time t

is represented using the S(a, b, t, �).

4.2 Inference Schemata
The figure below shows a fragment of the inference schemata
for DCEC. First-order natural deduction introduction and
elimination rules are not shown. Inference schemata IK and
IB let us model idealized systems that have their knowledge
and beliefs closed under the DCEC proof theory. While hu-
mans are not deductively closed, these two rules lets us model
more closely how more deliberate agents such as organiza-
tions, nations and more strategic actors reason. (Some di-
alects of cognitive calculi restrict the number of iterations on
intensional operators.) I13 ties intentions directly to percep-
tions (This model does not take into account agents that could
fail to carry out their intentions). I14 dictates how obligations
get translated into known intentions.

Inference Schemata (Fragment)

K(a, t1, �), � ` �, t1  t2

K(a, t2,�)
[IK]

B(a, t1, �), � ` �, t1  t2
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t < t0, I(a, t, )
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[I13]

B(a, t,�) B(a, t,O(a, t,�,�)) O(a, t,�,�)

K(a, t, I(a, t,�))
[I14]

4.3 Semantics
The semantics for the first-order fragment is the standard first-
order semantics. The truth-functional connectives ^, _, !, ¬
and quantifiers 8, 9 for pure first-order formulae all have
the standard first-order semantics. The semantics of the
modal operators differs from what is available in the so-
called Belief-Desire-Intention (BDI) logics [?] in many im-
portant ways. For example, DCEC explicitly rejects possible-
worlds semantics and model-based reasoning, instead opt-
ing for a proof-theoretic semantics and the associated type
of reasoning commonly referred to as natural deduction [?;
?]. Briefly, in this approach, meanings of modal operators are
defined via arbitrary computations over proofs.

5 Defining TAI
We denote the state-of-affairs at any time t by a set of for-
mulae �(t). This set of formulae will also contain any obli-
gations and prohibitions on different agents. For each agent
ai at time t, there is a contract c(ai, t) ✓ �(t) that describes
ai’s obligations, prohibitions etc. a at any time t then comes

8A overview of this list is given lucidly in [?].
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up with a goal g so that its contract is satisfied.9 The agent
believes that if g does not hold then its contract at some future
t + � will be violated:
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⌘

Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
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and quantifiers 8, 9 for pure first-order formulae all have
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modal operators differs from what is available in the so-
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of reasoning commonly referred to as natural deduction [?;
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Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.
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A goal is also any formula g. A consistent plan satisfies a
goal g if:

✓
�(t) [

⇢
happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)

�◆
` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)

�

Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)

�

2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
 
⌧, t0,

⇣
plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g

⌘!

The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
sources used) and executed by different agents.
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Figure 5: Pictorial Overview. A bit of explanation: That some agents

are within agents indicates that the outer agent knows and/or be-

lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,

and the particular cognitive calculus DCEC is shown. Rotation in-

dicates simply that, through time, agents perceive and act.

7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.
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erator O that states when an action is obligatory or forbidden
for agents. It should be noted that DCEC is one specimen in
a family of extensible cognitive calculi.

The calculus also includes a dyadic (arity = 2) deontic op-
erator O. It is well known that the unary ought in standard
deontic logic leads to contradictions. Our dyadic version of
the operator blocks the standard list of such contradictions,
and beyond.8

Declarative communication of � between a and b at time t

is represented using the S(a, b, t, �).

4.2 Inference Schemata
The figure below shows a fragment of the inference schemata
for DCEC. First-order natural deduction introduction and
elimination rules are not shown. Inference schemata IK and
IB let us model idealized systems that have their knowledge
and beliefs closed under the DCEC proof theory. While hu-
mans are not deductively closed, these two rules lets us model
more closely how more deliberate agents such as organiza-
tions, nations and more strategic actors reason. (Some di-
alects of cognitive calculi restrict the number of iterations on
intensional operators.) I13 ties intentions directly to percep-
tions (This model does not take into account agents that could
fail to carry out their intentions). I14 dictates how obligations
get translated into known intentions.

Inference Schemata (Fragment)
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B(a, t,�) B(a, t,O(a, t,�,�)) O(a, t,�,�)
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[I14]

4.3 Semantics
The semantics for the first-order fragment is the standard first-
order semantics. The truth-functional connectives ^, _, !, ¬
and quantifiers 8, 9 for pure first-order formulae all have
the standard first-order semantics. The semantics of the
modal operators differs from what is available in the so-
called Belief-Desire-Intention (BDI) logics [?] in many im-
portant ways. For example, DCEC explicitly rejects possible-
worlds semantics and model-based reasoning, instead opt-
ing for a proof-theoretic semantics and the associated type
of reasoning commonly referred to as natural deduction [?;
?]. Briefly, in this approach, meanings of modal operators are
defined via arbitrary computations over proofs.

5 Defining TAI
We denote the state-of-affairs at any time t by a set of for-
mulae �(t). This set of formulae will also contain any obli-
gations and prohibitions on different agents. For each agent
ai at time t, there is a contract c(ai, t) ✓ �(t) that describes
ai’s obligations, prohibitions etc. a at any time t then comes

8A overview of this list is given lucidly in [?].
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up with a goal g so that its contract is satisfied.9 The agent
believes that if g does not hold then its contract at some future
t + � will be violated:

B

⇣
a, t, ¬g ! ¬

^
c(a, t + �)

⌘

Then the agent tries to come up with a plan involving a se-
quence of actions to satisfy the goal.

We make these notions more precise. An agent a has a
set of actions that it can perform at different time points.
For instance, a vacuuming agent can have movement along
a plane as its possible actions while an agent on a phone can
have displaying a notification as an action. We denote this by
can(a, ↵, t) with the following additional axiom:

Axiom ¬can(a, ↵, t) ! ¬happens(action(a, ↵), t)

We now define a consistent plan below:

Consistent Plan

A consistent plan ⇢ha1,...,ani at time t is a sequence of agents
a1, . . . , an with corresponding actions ↵1, . . . ,↵n and times
t1, . . . , tn such that � ` (t < ti < tj) for i < j and for all
agents ai we have:

1. can(ai,↵i, ti)

2. happens(action(ai,↵i)) is consistent with �(t).

Note that a consistent plan ⇢h...i can be represented by a term
in our language. We introduce a new sort Plan and a variable-
arity predicate symbol plan(⇢, a1, . . . , an) which says that ⇢

is a plan involving a1 . . . , an.
9See [?] for an example of how obligations and prohibitions can

be used in DCEC.
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A goal is also any formula g. A consistent plan satisfies a
goal g if:

✓
�(t) [

⇢
happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)

�◆
` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)

�

Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)

�

2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
 
⌧, t0,

⇣
plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g

⌘!

The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
sources used) and executed by different agents.
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ical calculi upon which they are based increasing in expressivity and
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7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.
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A goal is also any formula g. A consistent plan satisfies a
goal g if:
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happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)
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` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)
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Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)
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2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
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plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g
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The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
sources used) and executed by different agents.
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lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,

and the particular cognitive calculus DCEC is shown. Rotation in-

dicates simply that, through time, agents perceive and act.

7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.
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A HIERARCHY OF AGENTS
A goal is also any formula g. A consistent plan satisfies a

goal g if:

✓
�(t) [

⇢
happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)

�◆
` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)

�

Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)

�

2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
 
⌧, t0,

⇣
plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g

⌘!

The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
sources used) and executed by different agents.
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Figure 5: Pictorial Overview. A bit of explanation: That some agents

are within agents indicates that the outer agent knows and/or be-

lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,

and the particular cognitive calculus DCEC is shown. Rotation in-

dicates simply that, through time, agents perceive and act.

7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.
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that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.
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from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
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B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
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are within agents indicates that the outer agent knows and/or be-

lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,

and the particular cognitive calculus DCEC is shown. Rotation in-

dicates simply that, through time, agents perceive and act.
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ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
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are within agents indicates that the outer agent knows and/or be-

lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,
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dicates simply that, through time, agents perceive and act.

7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.

Goal Complexity 

Plan Complexity 

Goal Variation



A HIERARCHY OF AGENTS
A goal is also any formula g. A consistent plan satisfies a

goal g if:

✓
�(t) [

⇢
happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)

�◆
` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)

�

Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)

�

2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
 
⌧, t0,

⇣
plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g

⌘!

The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.
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A HIERARCHY OF AGENTS
A goal is also any formula g. A consistent plan satisfies a

goal g if:

✓
�(t) [

⇢
happens(action(a1, ↵1), t1), . . . ,

happens(action(an, ↵n), tn)

�◆
` g

We use � ` (⇢ ! g) as a shorthand for the above. The
above definitions of plans and goals give us the following im-
portant constraint needed for defining TAI. This differenti-
ates our planning formalism from other planning systems and
makes it more appropriate for an architecture for a general-
purpose tentacular AI system.

Uniform Planning Constraint

Plans and goals should be represented and reasoned over in the
language of the planning system.

Leveraging the above requirement, we can define two lev-
els of TAI agents. A Level(1) TAI system corresponding to
an agent ⌧ is a system that comes up with goal g at time t

0 to
satisfy its contract, produces a proof that there is no consis-
tent plan that involves only the agent ⌧ . Then ⌧ comes with a
plan that involves one or more other agents. A Level(1) TAI
agent starts with knowledge about what actions are possible
for other agents.

Level(1) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! K
�
⌧, t0, can(a,↵, t)

�

Then
1. ⌧ produces a proof that no plan exists for g involving just

itself and ⌧ declares that there is no such plan.

� `S
�
⌧, t0,¬9⇢ : (plan(⇢, ⌧) ^ ⇢ ! g)

�

2. ⌧ produces a plan for g involving just itself and one or
more agents and declares that plan.

� `S
 
⌧, t0,

⇣
plan(⇢, a1, . . . , ⌧ . . . an) ^ ⇢ ! g

⌘!

The agent may not always have knowledge about what
other agents can do. The TAI agent may have imperfect
knowledge about other agents. The agent can gain informa-
tion about other agents’ actions, their obligations, prohibi-
tions, etc. by observing them or by reading specifications
governing these agents. In this case, we get a Level(2) TAI
agent. We need to modify only the prerequisite condition
above.

Level(2) TAI Agents

Prerequisite For any a, ↵, t, we have:

� `can(a,↵, t) ! B
�
⌧, t0, can(a,↵, t)

�

The TAI agents above can be considered first-order ten-
tacular agents. We can also have a higher-order TAI agent
that intentionally engages in actions that trigger one or more
other agents to act in tentacular fashion as described above.

The need for having the uniform planning constraint is more
clear when we consider higher-order agents.

6 A Hierarchy of TAI Agents
The TAI formalization above gives rise to multiple hierar-
chies of tentacular agents. We discuss some of the these be-
low.

Syntactic Goal Complexity The goal g can range in complexity
from simple propositional statements, e.g. cleanKitchen,
to first-order statements. e.g. 8r : Room : clean(r), and
to intensional statements representing cognitive states of other
agents

B(a, now,B(b, now, 8r : clean(r)))

Goal Variation According to the definition above, an agent a qual-
ifies as being tentacular if it plans for just one goal g in tentac-
ular fashion as laid out in the conditions above. We could have
agents that plan for a number of varied and different goals in
tentacular fashion.

Plan Complexity For many goals, there will usually be multiple
plans involving different actions (with different costs and re-
sources used) and executed by different agents.

s e
s

e

NY State 

Road System

House 18 Agent

Environment

s Sensor

e Effector

Key

Figure 5: Pictorial Overview. A bit of explanation: That some agents

are within agents indicates that the outer agent knows and/or be-

lieves everything relevant about the inner agent; hence as agents

are increasingly cognitively powerful, the depth of their epistemic

attitudes grows (reflected in formulae with iterated belief/knowledge

operators). Agents grow in size/intelligence in lockstep with the log-

ical calculi upon which they are based increasing in expressivity and

reasoning power; L0 is zero-order logic, L1 is e.g. first-order logic,

and the particular cognitive calculus DCEC is shown. Rotation in-

dicates simply that, through time, agents perceive and act.

7 Examples and Embryonic Implementation
In this section, we present a formal sketch of a TAI agent and
then describe using another example ongoing work in imple-
menting a TAI system.
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Differences from Prior Work

• Expressivity

1. Can handle as goals states of minds of other agents

2. Quantifiers enable succinct representation of large domains. 

Spectra can Handle Infinite Models 
(Among other more practical and immediate advantages)

8x9yR (x, y)^
8x, y¬ (R (x, y) ^R (y, x))^
8x, y, z (R (x, y) ^R (y, z)) ! R (x, z)

These model an infinite domain

Shadow Prover

55 ms

The Purloined Letter
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Multi-Agent Pathing

• Given a set of agents A and a set of goal locations G with 
a mapping from g(A)⊂G, find collision-free paths such that 
each agent a reaches a location in g(a) and minimizes 
some given objective condition. 



Multi-Agent Pathing

Hang Ma, Sven Koenig, Nora Ayanian, Liron Cohen, Wolfgang Hoenig, T. K. Satish 
Kumar, Tansel Uras, Hong Xu, Craig Tovey, and Guni Sharon. Overview: 
generalizations of multi-agent path finding to real-world scenarios. In the 25th 
International Joint Conference on Artificial Intelligence (IJCAI) Workshop on Multi-
Agent Path Finding. 2016.

https://www.andrew.cmu.edu/user/gswagner/workshop/IJCAI_2016_WOMPF_paper_6.pdf
https://www.andrew.cmu.edu/user/gswagner/workshop/IJCAI_2016_WOMPF_paper_6.pdf


Cognitive Multi-Agent 
Pathing

• Given a set of agents A and a set of goal locations G with 
a mapping from g(A)⊂G, find collision-free paths such that 
each agent a reaches a location in g(a) and minimizes 
some given objective condition.


• g is defined using a cognitive calculi.



Cognitive Multi-Agent 
Pathing

P2

P1

a2

a1

B(a1,B(a2, Goal(a2, P2))) ! Goal(a1, P1)

B(a1, Sees(P2) ! B(a2, Goal(a2, P2)))

C(8p : Sees(p))

Sees(P2) ! Goal(a2, P2)

8p : Goal(a2, p) ! B(a2, Goal(a2, p))
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Goal



Two Demos



Multi-Agent Planning 
Reasoning



Cognitive-Polysolid 
World

Peveler, M., G., Naveen S., Bringsjord, S., Sen, 
A. et al. Toward Cognitive-and-Immersive 
Systems: Experiments in a Cognitive 
Microworld. Forthcoming in the Proceedings of 
the 6th Annual Conference on Advances in 
Cognitive Systems, Stanford, CA, USA, 2018.
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Creativity via More 
Expressive Planning



Spectra - Planner

Background 
Formulae �

Initial State 
Formula

�0

Action 
Definitions

↵1(x1, . . . , xn)

↵2(x1, . . . , xn)

. . .

↵n(x1, . . . , xn)

Plans

⇢1, ⇢2, . . .
Spectra

Goal
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Scene

• Goal: Place the knife in the microwave 
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One Major Issue

• Lack of real and concrete domains. 


• One solution: test and train TAI in micro domains.


• Today’s ML can’t solve anomalous problems.



Research Question

• Can we train a machine learning system to reason over 
these problems? 



Existing datasets
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Existing datasets

● Are either too complex (e.g. Mizar 60,000 theorems 
from mathematics) or too simple (bAbI dataset)

● Or require background knowledge.



Two Problems from bAbI



Logical CNN

Result 
● 5-fold cross validation 
● Approx. 91.8% accuracy with 4x4 on 5 runs 
● Approx. 83.34% accuracy with 5x5 on 5 runs 

Analysis 
● Standard CNN model learns but only to some extent 
● Biased towards syntactic structure 
● Fails to learn implicit semantic information

Architecture A

Lead: Shreya Banerjee



● Branched row-wise & column-wise 
network 

● Average of ~90% final accuracy 
on 5x5x5 data 

● Similar to the truth tree method for 
refutation?

Data

Row-
wise

Column-
wise

Bilinear

Lead: Jean-Claude Paquin

Architecture B



Architecture C

Lead: Naveen Sundar Govindarajulu

Architecture mimicking a 
theorem prover

Embedding

Bi-directional LSTMs

Dense network



Datasets

4 x 4 x 4 
32000 
train 
8000 test
5 x 5 x 5 
32000 
train 
8000 test

4 formulae and max 4 propositional 
variables

5 formulae and max 5 propositional 
variables



Vectorizing Data for Propositional Logic

CNF to 
matrices









Results on Propositional Logic

Benchmark Architecture A Architecture B Architecture C

4 x 4 x 4 
32000 train 
8000 test

95.73% 91.8% ~85% ~93%

5 x 5 x 5 
32000 train 
8000 test

85.66% 83.34% ~90% ~90%

Accuracy



Benchmark Architecture A Architecture B Architecture C

6 premises 
15000 train 
5000 test

~50% — — ~80%

Accuracy

Results on First-order Logic with Function Symbols 



Benchmark Architecture A Architecture B Architecture C

6 premises 
15000 train 
5000 test

~50% — — ~61%

Accuracy

Results on First-order Logic with Function Symbols 
And  

Infinite Domains



Future Work
• Micro-domains and synthetic data in home automation, smart buildings and cities


• Integration of one more more common services with our reasoning systems 
and planners with a focus on:


• safety, ethics, efficiency 

• Visual Question Answering with Justifications:


• Human-understandable justifications from visual scenes


• Assured and Verified Services 


• Continuation of TAI 


• Applications: Cognitive-multi Agent Path Finding



Thank you



Links

• http://kryten.mm.rpi.edu/TAI/tai.html


• Reasoner:


• https://github.com/naveensundarg/prover

http://kryten.mm.rpi.edu/TAI/tai.html
https://github.com/naveensundarg/prover
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Example 1
1. During your daily commute to work, an agent ac in your car observes that there 

is more traffic than usual headed toward the local store. 

2. It then consults a weather service and finds that a major storm is headed 
toward your town. 

3. ac conveys this information to ah, an agent in your home. 

4. ah then communicates with an agent ap on your phone and finds out that you do 
not know about the storm coming your way, as you have not made any 
preparations for it; and as further evidence of your ignorance, you have not read 
any notifications about the storm. 

5. ah then infers from your calendar that you may not have enough time to get 
supplies after you read your notifications later in the day. 

6. ah commands ac to recommend to you a list of supplies to shop for on your way 
home, including at least n items in certain categories (e.g. 3 gallons of bottle 
water). 



EXAMPLE 1: FORMULAE

STORE

The store is 
crowded

B(ac, to, crowded(store) ! unusual) f1
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EXAMPLE 1: FORMULAE

STORE

This is 
unusual. 

Let me check 
the news 

7.1 Example
Consider the example given in the beginning. We have a hu-
man j and three artificial agents: ac in the car, ah in the home
and ap an agent managing scheduling and calendar informa-
tion. We present some of the formulae in �.

B(ac, t0, crowded(store) ! unusal), f1

P(ac, t1, crowded(store)), f2

8t : O
 
ac, t,unusal,

happens
�
action(ac, check(weather)), t+ 1

�
!

f3

8t : B
⇣
ac, t, f3

⌘

8a :

0

@happens
⇣
action(a, check(weather)), t3

⌘

! K(a, t4, storm),

1

A f4

8t : O
�
ac, t, storm, S(ac, ah, storm, t+ 1))

�
, f5

8t : B
⇣
ac, t, f5

⌘

The above formulae first state the fact that ac observes the
store being crowded. ac’s contract states that the agent should
check a weather service if it finds something unusual. The
formulae also states that if an agent checks the weather at t3,
the agent will get a prediction about an incoming storm. ac’s
contract places an obligation on it to inform ah if it believes
that a storm is incoming.

8t : O
�
ah, t, storm, 8s : quantity(s) > 0

�
, f6

K

✓
ah, t5,shops(j, today) _ shops(j, tomorrow)

! 8s : quantity(s) > 0

◆
, f7

8t : B
 
ah, t,happens

�
action(ac, recc(shops(j))), t

�

! shops(j)

!
f8

8t : B

0

@ ah, t, happens
⇣
action

�
ah, req(ac, shops(j))

�
, t
⌘

! happens
�
action(ac, recc(shops(j))), t

�

1

A f9

The first formula above states that ah ought to see to it that
supplies are stocked in the event of a storm. Then we have
that ah knows that the human j shopping today or tomorrow
can result in the supplies being stocked. ah gets information
from ap that shopping tomorrow is not possible (this formula
is not shown). Then we have formulae stating the effects of
ac recommending the shopping action to j. The goal for ah

is 8s : quantity(s) > 0 and a plan for it is built up using ah,
ac and j.

7.2 Toward an Implementation
We describe an example scenario that we are targeting for an
embryonic implementation.

Beforehand, a number of contracts have been executed that
bind the adult parents P1 and P2 in a home H , and also bind
a number of artificial agents in H , including a TAI agent
(⌧ ) that oversees the home. (Strictly speaking, the agents
wouldn’t have entered into contracts, but they would know

that their human owners have done so, and they would know
what the contracts are.)

It’s winter in Berlin NY. Night. Outside, a blizzard.
The mother and father of the home H , and their two
toddler children, are fast asleep. The smartphone
of each parent is set to “Do Not Disturb”, with in-
coming clearance for only close family. There is no
landline phone. A carbon monoxide sensor in the
basement, near the furnace, suddenly shows a read-
out indicating an elevated level, which proceeds to
creep up. ⌧ perceives this, and forms hypotheses
about what is causing the elevated reading, and be-
lieves on the basis of using a cognitive calculus that
the reading is accurate (to some likelihood factor).
The nearest firehouse is notified by ⌧ . No alarm
sounds in the house. ⌧ runs a diagnostic and deter-
mines that the battery for the central auditory alarm
is shot. The reading creeps up higher, and now even
the sensors in the upstairs bedrooms where the hu-
mans are asleep show an elevated, and climbing,
level. ⌧ perceives this too.

Unfortunately, ⌧ reasons that by the time the firemen ar-
rive, permanent neurological damage or even death may well
(need again a likelihood factor) be caused in the case of one or
more members of the family. Should the alarm company have
programmed the sensor to report to a central command, still,
any human command is fallible. The company may be negli-
gent, or a phone call may be the only option at their disposal,
or they may dispatch personnel who arrive too late. Without
enlisting the help of other artificial agents in planning and
reasoning, ⌧ can’t save the family; ⌧ knows this on the basis
of proof/argument.

However, ⌧ can likely wake the family up, starting with the
parents, in any number of ways. However, each of these ways
entails violation of at least one legal prohibition that has been
created by contracts that are in place. These contracts have
been analyzed by an IBM service, which has stocked the mind
of ⌧ with knowledge of legal obligations in DCEC— or rather
in a dialect that has separate obligation operators for legal
Ol and moral Om obligations. The moral obligation to save
the family overrides the legal prohibitions, however. ⌧ turns
on the TV in the master bedroom at maximum volume, and
flashes a warning to leave the house immediately because of
the lethal gas building up. (There are many other alternatives,
of course. TAI could break through Do Not Disturb, eg).

7.3 Toward Using Smart-City Infrastructure
The European Initiative on Smart Cities [?] is an effort by
the European Commission [?] to improve the quality of life
throughout Europe, while progressing toward energy and cli-
mate objectives. Many of its goals are relevant to and desir-
able in the world at large. TAI has the potential to be instru-
mental in achieving many of these, such as smart appliances
(in the manner discussed in the previous sub-section) and in-
telligent traffic management. Indeed, the scope and objectives
of the Initiative may conceivably be considerably broadened
with a pervasive application of TAI.



EXAMPLE 1: FORMULAE

STORE

Ok. There is a 
storm coming 

in.7.1 Example
Consider the example given in the beginning. We have a hu-
man j and three artificial agents: ac in the car, ah in the home
and ap an agent managing scheduling and calendar informa-
tion. We present some of the formulae in �.

B(ac, t0, crowded(store) ! unusal), f1

P(ac, t1, crowded(store)), f2

8t : O
 
ac, t,unusal,

happens
�
action(ac, check(weather)), t+ 1

�
!

f3

8t : B
⇣
ac, t, f3

⌘

8a :

0

@happens
⇣
action(a, check(weather)), t3

⌘

! K(a, t4, storm),

1

A f4

8t : O
�
ac, t, storm, S(ac, ah, storm, t+ 1))

�
, f5

8t : B
⇣
ac, t, f5

⌘

The above formulae first state the fact that ac observes the
store being crowded. ac’s contract states that the agent should
check a weather service if it finds something unusual. The
formulae also states that if an agent checks the weather at t3,
the agent will get a prediction about an incoming storm. ac’s
contract places an obligation on it to inform ah if it believes
that a storm is incoming.

8t : O
�
ah, t, storm, 8s : quantity(s) > 0

�
, f6

K

✓
ah, t5,shops(j, today) _ shops(j, tomorrow)

! 8s : quantity(s) > 0

◆
, f7

8t : B
 
ah, t,happens

�
action(ac, recc(shops(j))), t

�

! shops(j)

!
f8

8t : B

0

@ ah, t, happens
⇣
action

�
ah, req(ac, shops(j))

�
, t
⌘

! happens
�
action(ac, recc(shops(j))), t

�

1

A f9

The first formula above states that ah ought to see to it that
supplies are stocked in the event of a storm. Then we have
that ah knows that the human j shopping today or tomorrow
can result in the supplies being stocked. ah gets information
from ap that shopping tomorrow is not possible (this formula
is not shown). Then we have formulae stating the effects of
ac recommending the shopping action to j. The goal for ah

is 8s : quantity(s) > 0 and a plan for it is built up using ah,
ac and j.

7.2 Toward an Implementation
We describe an example scenario that we are targeting for an
embryonic implementation.

Beforehand, a number of contracts have been executed that
bind the adult parents P1 and P2 in a home H , and also bind
a number of artificial agents in H , including a TAI agent
(⌧ ) that oversees the home. (Strictly speaking, the agents
wouldn’t have entered into contracts, but they would know

that their human owners have done so, and they would know
what the contracts are.)

It’s winter in Berlin NY. Night. Outside, a blizzard.
The mother and father of the home H , and their two
toddler children, are fast asleep. The smartphone
of each parent is set to “Do Not Disturb”, with in-
coming clearance for only close family. There is no
landline phone. A carbon monoxide sensor in the
basement, near the furnace, suddenly shows a read-
out indicating an elevated level, which proceeds to
creep up. ⌧ perceives this, and forms hypotheses
about what is causing the elevated reading, and be-
lieves on the basis of using a cognitive calculus that
the reading is accurate (to some likelihood factor).
The nearest firehouse is notified by ⌧ . No alarm
sounds in the house. ⌧ runs a diagnostic and deter-
mines that the battery for the central auditory alarm
is shot. The reading creeps up higher, and now even
the sensors in the upstairs bedrooms where the hu-
mans are asleep show an elevated, and climbing,
level. ⌧ perceives this too.

Unfortunately, ⌧ reasons that by the time the firemen ar-
rive, permanent neurological damage or even death may well
(need again a likelihood factor) be caused in the case of one or
more members of the family. Should the alarm company have
programmed the sensor to report to a central command, still,
any human command is fallible. The company may be negli-
gent, or a phone call may be the only option at their disposal,
or they may dispatch personnel who arrive too late. Without
enlisting the help of other artificial agents in planning and
reasoning, ⌧ can’t save the family; ⌧ knows this on the basis
of proof/argument.

However, ⌧ can likely wake the family up, starting with the
parents, in any number of ways. However, each of these ways
entails violation of at least one legal prohibition that has been
created by contracts that are in place. These contracts have
been analyzed by an IBM service, which has stocked the mind
of ⌧ with knowledge of legal obligations in DCEC— or rather
in a dialect that has separate obligation operators for legal
Ol and moral Om obligations. The moral obligation to save
the family overrides the legal prohibitions, however. ⌧ turns
on the TV in the master bedroom at maximum volume, and
flashes a warning to leave the house immediately because of
the lethal gas building up. (There are many other alternatives,
of course. TAI could break through Do Not Disturb, eg).

7.3 Toward Using Smart-City Infrastructure
The European Initiative on Smart Cities [?] is an effort by
the European Commission [?] to improve the quality of life
throughout Europe, while progressing toward energy and cli-
mate objectives. Many of its goals are relevant to and desir-
able in the world at large. TAI has the potential to be instru-
mental in achieving many of these, such as smart appliances
(in the manner discussed in the previous sub-section) and in-
telligent traffic management. Indeed, the scope and objectives
of the Initiative may conceivably be considerably broadened
with a pervasive application of TAI.



EXAMPLE 1: FORMULAE

Let me inform 
the house.

7.1 Example
Consider the example given in the beginning. We have a hu-
man j and three artificial agents: ac in the car, ah in the home
and ap an agent managing scheduling and calendar informa-
tion. We present some of the formulae in �.

B(ac, t0, crowded(store) ! unusal), f1

P(ac, t1, crowded(store)), f2

8t : O
 
ac, t,unusal,

happens
�
action(ac, check(weather)), t+ 1

�
!

f3

8t : B
⇣
ac, t, f3

⌘

8a :

0

@happens
⇣
action(a, check(weather)), t3

⌘

! K(a, t4, storm),

1

A f4

8t : O
�
ac, t, storm, S(ac, ah, storm, t+ 1))

�
, f5

8t : B
⇣
ac, t, f5

⌘

The above formulae first state the fact that ac observes the
store being crowded. ac’s contract states that the agent should
check a weather service if it finds something unusual. The
formulae also states that if an agent checks the weather at t3,
the agent will get a prediction about an incoming storm. ac’s
contract places an obligation on it to inform ah if it believes
that a storm is incoming.

8t : O
�
ah, t, storm, 8s : quantity(s) > 0

�
, f6

K

✓
ah, t5,shops(j, today) _ shops(j, tomorrow)

! 8s : quantity(s) > 0

◆
, f7

8t : B
 
ah, t,happens

�
action(ac, recc(shops(j))), t

�

! shops(j)

!
f8

8t : B

0

@ ah, t, happens
⇣
action

�
ah, req(ac, shops(j))

�
, t
⌘

! happens
�
action(ac, recc(shops(j))), t

�

1

A f9

The first formula above states that ah ought to see to it that
supplies are stocked in the event of a storm. Then we have
that ah knows that the human j shopping today or tomorrow
can result in the supplies being stocked. ah gets information
from ap that shopping tomorrow is not possible (this formula
is not shown). Then we have formulae stating the effects of
ac recommending the shopping action to j. The goal for ah

is 8s : quantity(s) > 0 and a plan for it is built up using ah,
ac and j.

7.2 Toward an Implementation
We describe an example scenario that we are targeting for an
embryonic implementation.

Beforehand, a number of contracts have been executed that
bind the adult parents P1 and P2 in a home H , and also bind
a number of artificial agents in H , including a TAI agent
(⌧ ) that oversees the home. (Strictly speaking, the agents
wouldn’t have entered into contracts, but they would know

that their human owners have done so, and they would know
what the contracts are.)

It’s winter in Berlin NY. Night. Outside, a blizzard.
The mother and father of the home H , and their two
toddler children, are fast asleep. The smartphone
of each parent is set to “Do Not Disturb”, with in-
coming clearance for only close family. There is no
landline phone. A carbon monoxide sensor in the
basement, near the furnace, suddenly shows a read-
out indicating an elevated level, which proceeds to
creep up. ⌧ perceives this, and forms hypotheses
about what is causing the elevated reading, and be-
lieves on the basis of using a cognitive calculus that
the reading is accurate (to some likelihood factor).
The nearest firehouse is notified by ⌧ . No alarm
sounds in the house. ⌧ runs a diagnostic and deter-
mines that the battery for the central auditory alarm
is shot. The reading creeps up higher, and now even
the sensors in the upstairs bedrooms where the hu-
mans are asleep show an elevated, and climbing,
level. ⌧ perceives this too.

Unfortunately, ⌧ reasons that by the time the firemen ar-
rive, permanent neurological damage or even death may well
(need again a likelihood factor) be caused in the case of one or
more members of the family. Should the alarm company have
programmed the sensor to report to a central command, still,
any human command is fallible. The company may be negli-
gent, or a phone call may be the only option at their disposal,
or they may dispatch personnel who arrive too late. Without
enlisting the help of other artificial agents in planning and
reasoning, ⌧ can’t save the family; ⌧ knows this on the basis
of proof/argument.

However, ⌧ can likely wake the family up, starting with the
parents, in any number of ways. However, each of these ways
entails violation of at least one legal prohibition that has been
created by contracts that are in place. These contracts have
been analyzed by an IBM service, which has stocked the mind
of ⌧ with knowledge of legal obligations in DCEC— or rather
in a dialect that has separate obligation operators for legal
Ol and moral Om obligations. The moral obligation to save
the family overrides the legal prohibitions, however. ⌧ turns
on the TV in the master bedroom at maximum volume, and
flashes a warning to leave the house immediately because of
the lethal gas building up. (There are many other alternatives,
of course. TAI could break through Do Not Disturb, eg).

7.3 Toward Using Smart-City Infrastructure
The European Initiative on Smart Cities [?] is an effort by
the European Commission [?] to improve the quality of life
throughout Europe, while progressing toward energy and cli-
mate objectives. Many of its goals are relevant to and desir-
able in the world at large. TAI has the potential to be instru-
mental in achieving many of these, such as smart appliances
(in the manner discussed in the previous sub-section) and in-
telligent traffic management. Indeed, the scope and objectives
of the Initiative may conceivably be considerably broadened
with a pervasive application of TAI.

STORE



EXAMPLE 1: FORMULAE

There is a storm 
coming in

7.1 Example
Consider the example given in the beginning. We have a hu-
man j and three artificial agents: ac in the car, ah in the home
and ap an agent managing scheduling and calendar informa-
tion. We present some of the formulae in �.

B(ac, t0, crowded(store) ! unusal), f1

P(ac, t1, crowded(store)), f2

8t : O
 
ac, t,unusal,

happens
�
action(ac, check(weather)), t+ 1

�
!

f3

8t : B
⇣
ac, t, f3

⌘

8a :

0

@happens
⇣
action(a, check(weather)), t3

⌘

! K(a, t4, storm),

1

A f4

8t : O
�
ac, t, storm, S(ac, ah, storm, t+ 1))

�
, f5

8t : B
⇣
ac, t, f5

⌘

The above formulae first state the fact that ac observes the
store being crowded. ac’s contract states that the agent should
check a weather service if it finds something unusual. The
formulae also states that if an agent checks the weather at t3,
the agent will get a prediction about an incoming storm. ac’s
contract places an obligation on it to inform ah if it believes
that a storm is incoming.

8t : O
�
ah, t, storm, 8s : quantity(s) > 0

�
, f6

K

✓
ah, t5,shops(j, today) _ shops(j, tomorrow)

! 8s : quantity(s) > 0

◆
, f7

8t : B
 
ah, t,happens

�
action(ac, recc(shops(j))), t

�

! shops(j)

!
f8

8t : B

0

@ ah, t, happens
⇣
action

�
ah, req(ac, shops(j))

�
, t
⌘

! happens
�
action(ac, recc(shops(j))), t

�

1

A f9

The first formula above states that ah ought to see to it that
supplies are stocked in the event of a storm. Then we have
that ah knows that the human j shopping today or tomorrow
can result in the supplies being stocked. ah gets information
from ap that shopping tomorrow is not possible (this formula
is not shown). Then we have formulae stating the effects of
ac recommending the shopping action to j. The goal for ah

is 8s : quantity(s) > 0 and a plan for it is built up using ah,
ac and j.

7.2 Toward an Implementation
We describe an example scenario that we are targeting for an
embryonic implementation.

Beforehand, a number of contracts have been executed that
bind the adult parents P1 and P2 in a home H , and also bind
a number of artificial agents in H , including a TAI agent
(⌧ ) that oversees the home. (Strictly speaking, the agents
wouldn’t have entered into contracts, but they would know

that their human owners have done so, and they would know
what the contracts are.)

It’s winter in Berlin NY. Night. Outside, a blizzard.
The mother and father of the home H , and their two
toddler children, are fast asleep. The smartphone
of each parent is set to “Do Not Disturb”, with in-
coming clearance for only close family. There is no
landline phone. A carbon monoxide sensor in the
basement, near the furnace, suddenly shows a read-
out indicating an elevated level, which proceeds to
creep up. ⌧ perceives this, and forms hypotheses
about what is causing the elevated reading, and be-
lieves on the basis of using a cognitive calculus that
the reading is accurate (to some likelihood factor).
The nearest firehouse is notified by ⌧ . No alarm
sounds in the house. ⌧ runs a diagnostic and deter-
mines that the battery for the central auditory alarm
is shot. The reading creeps up higher, and now even
the sensors in the upstairs bedrooms where the hu-
mans are asleep show an elevated, and climbing,
level. ⌧ perceives this too.

Unfortunately, ⌧ reasons that by the time the firemen ar-
rive, permanent neurological damage or even death may well
(need again a likelihood factor) be caused in the case of one or
more members of the family. Should the alarm company have
programmed the sensor to report to a central command, still,
any human command is fallible. The company may be negli-
gent, or a phone call may be the only option at their disposal,
or they may dispatch personnel who arrive too late. Without
enlisting the help of other artificial agents in planning and
reasoning, ⌧ can’t save the family; ⌧ knows this on the basis
of proof/argument.

However, ⌧ can likely wake the family up, starting with the
parents, in any number of ways. However, each of these ways
entails violation of at least one legal prohibition that has been
created by contracts that are in place. These contracts have
been analyzed by an IBM service, which has stocked the mind
of ⌧ with knowledge of legal obligations in DCEC— or rather
in a dialect that has separate obligation operators for legal
Ol and moral Om obligations. The moral obligation to save
the family overrides the legal prohibitions, however. ⌧ turns
on the TV in the master bedroom at maximum volume, and
flashes a warning to leave the house immediately because of
the lethal gas building up. (There are many other alternatives,
of course. TAI could break through Do Not Disturb, eg).

7.3 Toward Using Smart-City Infrastructure
The European Initiative on Smart Cities [?] is an effort by
the European Commission [?] to improve the quality of life
throughout Europe, while progressing toward energy and cli-
mate objectives. Many of its goals are relevant to and desir-
able in the world at large. TAI has the potential to be instru-
mental in achieving many of these, such as smart appliances
(in the manner discussed in the previous sub-section) and in-
telligent traffic management. Indeed, the scope and objectives
of the Initiative may conceivably be considerably broadened
with a pervasive application of TAI.



EXAMPLE 1: FORMULAE

7.1 Example
Consider the example given in the beginning. We have a hu-
man j and three artificial agents: ac in the car, ah in the home
and ap an agent managing scheduling and calendar informa-
tion. We present some of the formulae in �.

B(ac, t0, crowded(store) ! unusal), f1

P(ac, t1, crowded(store)), f2

8t : O
 
ac, t,unusal,

happens
�
action(ac, check(weather)), t+ 1

�
!

f3

8t : B
⇣
ac, t, f3

⌘

8a :

0

@happens
⇣
action(a, check(weather)), t3

⌘

! K(a, t4, storm),

1

A f4

8t : O
�
ac, t, storm, S(ac, ah, storm, t+ 1))

�
, f5

8t : B
⇣
ac, t, f5

⌘

The above formulae first state the fact that ac observes the
store being crowded. ac’s contract states that the agent should
check a weather service if it finds something unusual. The
formulae also states that if an agent checks the weather at t3,
the agent will get a prediction about an incoming storm. ac’s
contract places an obligation on it to inform ah if it believes
that a storm is incoming.

8t : O
�
ah, t, storm, 8s : quantity(s) > 0

�
, f6

K

✓
ah, t5,shops(j, today) _ shops(j, tomorrow)

! 8s : quantity(s) > 0

◆
, f7

8t : B
 
ah, t,happens

�
action(ac, recc(shops(j))), t

�

! shops(j)

!
f8

8t : B

0

@ ah, t, happens
⇣
action

�
ah, req(ac, shops(j))

�
, t
⌘

! happens
�
action(ac, recc(shops(j))), t

�

1

A f9

The first formula above states that ah ought to see to it that
supplies are stocked in the event of a storm. Then we have
that ah knows that the human j shopping today or tomorrow
can result in the supplies being stocked. ah gets information
from ap that shopping tomorrow is not possible (this formula
is not shown). Then we have formulae stating the effects of
ac recommending the shopping action to j. The goal for ah

is 8s : quantity(s) > 0 and a plan for it is built up using ah,
ac and j.

7.2 Toward an Implementation
We describe an example scenario that we are targeting for an
embryonic implementation.

Beforehand, a number of contracts have been executed that
bind the adult parents P1 and P2 in a home H , and also bind
a number of artificial agents in H , including a TAI agent
(⌧ ) that oversees the home. (Strictly speaking, the agents
wouldn’t have entered into contracts, but they would know

that their human owners have done so, and they would know
what the contracts are.)

It’s winter in Berlin NY. Night. Outside, a blizzard.
The mother and father of the home H , and their two
toddler children, are fast asleep. The smartphone
of each parent is set to “Do Not Disturb”, with in-
coming clearance for only close family. There is no
landline phone. A carbon monoxide sensor in the
basement, near the furnace, suddenly shows a read-
out indicating an elevated level, which proceeds to
creep up. ⌧ perceives this, and forms hypotheses
about what is causing the elevated reading, and be-
lieves on the basis of using a cognitive calculus that
the reading is accurate (to some likelihood factor).
The nearest firehouse is notified by ⌧ . No alarm
sounds in the house. ⌧ runs a diagnostic and deter-
mines that the battery for the central auditory alarm
is shot. The reading creeps up higher, and now even
the sensors in the upstairs bedrooms where the hu-
mans are asleep show an elevated, and climbing,
level. ⌧ perceives this too.

Unfortunately, ⌧ reasons that by the time the firemen ar-
rive, permanent neurological damage or even death may well
(need again a likelihood factor) be caused in the case of one or
more members of the family. Should the alarm company have
programmed the sensor to report to a central command, still,
any human command is fallible. The company may be negli-
gent, or a phone call may be the only option at their disposal,
or they may dispatch personnel who arrive too late. Without
enlisting the help of other artificial agents in planning and
reasoning, ⌧ can’t save the family; ⌧ knows this on the basis
of proof/argument.

However, ⌧ can likely wake the family up, starting with the
parents, in any number of ways. However, each of these ways
entails violation of at least one legal prohibition that has been
created by contracts that are in place. These contracts have
been analyzed by an IBM service, which has stocked the mind
of ⌧ with knowledge of legal obligations in DCEC— or rather
in a dialect that has separate obligation operators for legal
Ol and moral Om obligations. The moral obligation to save
the family overrides the legal prohibitions, however. ⌧ turns
on the TV in the master bedroom at maximum volume, and
flashes a warning to leave the house immediately because of
the lethal gas building up. (There are many other alternatives,
of course. TAI could break through Do Not Disturb, eg).

7.3 Toward Using Smart-City Infrastructure
The European Initiative on Smart Cities [?] is an effort by
the European Commission [?] to improve the quality of life
throughout Europe, while progressing toward energy and cli-
mate objectives. Many of its goals are relevant to and desir-
able in the world at large. TAI has the potential to be instru-
mental in achieving many of these, such as smart appliances
(in the manner discussed in the previous sub-section) and in-
telligent traffic management. Indeed, the scope and objectives
of the Initiative may conceivably be considerably broadened
with a pervasive application of TAI.

The house needs to be 
stocked today. Let me get 

the car to ask the human  to 
shop today.







CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

happens(ring(phone), t3)
<latexit sha1_base64="zLO14AKySgGtvO6e0WPfORUbY84=">AAACA3icbVA9SwNBEJ2LXzF+Re20ORKEBCXcaaFl0MYygvmAJIS9zSRZsre37O4J4QjY+D+sbCwUsfVP2Plv3HwUGn0w8Hhvhpl5geRMG8/7clJLyyura+n1zMbm1vZOdnevpqNYUazSiEeqERCNnAmsGmY4NqRCEgYc68HwauLX71BpFolbM5LYDklfsB6jxFipkz0YEClR6IJiol+Qg0hg8cR0krNxsZPNeyVvCvcv8eckX861jh8BoNLJfra6EY1DFIZyonXT96RpJ0QZRjmOM61YoyR0SPrYtFSQEHU7mf4wdo+s0nV7kbIljDtVf04kJNR6FAa2MyRmoBe9ifif14xN76KdMCFjg4LOFvVi7prInQTidplCavjIEkIVs7e6dEAUocbGlrEh+Isv/yW105Lvlfwbm8YlzJCGQ8hBAXw4hzJcQwWqQOEenuAFXp0H59l5c95nrSlnPrMPv+B8fANCppi5</latexit><latexit sha1_base64="hR24A1k/xI8RgPYyH19uQnclUXw=">AAACA3icbVDLSgNBEJyNrxhfq970siQICUrY1YMeg148RjAPSJZldtJJhszODjOzQlgCXvwDv8GLB0W8+hPe8jdOHgdNLGgoqrrp7goFo0q77tjKrKyurW9kN3Nb2zu7e/b+QV3FiSRQIzGLZTPEChjlUNNUM2gKCTgKGTTCwc3EbzyAVDTm93oowI9wj9MuJVgbKbCP+lgI4KooKe8VRT/mUDrTQXoxKgV2wS27UzjLxJuTQiXfPn0eV4bVwP5ud2KSRMA1YViplucK7adYakoYjHLtRIHAZIB70DKU4wiUn05/GDknRuk43Via4tqZqr8nUhwpNYxC0xlh3VeL3kT8z2slunvlp5SLRAMns0XdhDk6diaBOB0qgWg2NAQTSc2tDuljiYk2seVMCN7iy8ukfl723LJ3Z9K4RjNk0THKoyLy0CWqoFtURTVE0CN6QW/o3XqyXq0P63PWmrHmM4foD6yvH0wQmj8=</latexit><latexit sha1_base64="hR24A1k/xI8RgPYyH19uQnclUXw=">AAACA3icbVDLSgNBEJyNrxhfq970siQICUrY1YMeg148RjAPSJZldtJJhszODjOzQlgCXvwDv8GLB0W8+hPe8jdOHgdNLGgoqrrp7goFo0q77tjKrKyurW9kN3Nb2zu7e/b+QV3FiSRQIzGLZTPEChjlUNNUM2gKCTgKGTTCwc3EbzyAVDTm93oowI9wj9MuJVgbKbCP+lgI4KooKe8VRT/mUDrTQXoxKgV2wS27UzjLxJuTQiXfPn0eV4bVwP5ud2KSRMA1YViplucK7adYakoYjHLtRIHAZIB70DKU4wiUn05/GDknRuk43Via4tqZqr8nUhwpNYxC0xlh3VeL3kT8z2slunvlp5SLRAMns0XdhDk6diaBOB0qgWg2NAQTSc2tDuljiYk2seVMCN7iy8ukfl723LJ3Z9K4RjNk0THKoyLy0CWqoFtURTVE0CN6QW/o3XqyXq0P63PWmrHmM4foD6yvH0wQmj8=</latexit><latexit sha1_base64="WP4aZcxIG/MJUIxzH2W7HXnORbw=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCC1ISPeix6MVjBfsBbQib7aRdutksuxuhhIIX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXCkaVdt1vq7Cyura+UdwsbW3v7O7Z+wctlaSSQJMkLJGdECtglENTU82gIyTgOGTQDkc3U7/9AFLRhN/rsQA/xgNOI0qwNlJgHw2xEMBVRVI+qIhhwqF6poPsYlIN7LJbc2dwlomXkzLK0Qjsr14/IWkMXBOGlep6rtB+hqWmhMGk1EsVCExGeABdQzmOQfnZ7IeJc2qUvhMl0hTXzkz9PZHhWKlxHJrOGOuhWvSm4n9eN9XRlZ9RLlINnMwXRSlzdOJMA3H6VALRbGwIJpKaWx0yxBITbWIrmRC8xZeXSeu85rk1784t16/zOIroGJ2gCvLQJaqjW9RATUTQI3pGr+jNerJerHfrY95asPKZQ/QH1ucPMCeXMA==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



CO levels are 
rising. I must violate 
contract to wake up 

occupant.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc= ">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc 753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit> ...

<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

happens(switchon(speaker), t2)
<lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><lat exit sha 1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>

happens(ring(phone), t3)
<latexit sha1_base64="zLO14AKySgGtvO6e0WPfORUbY84=">AAACA3icbVA9SwNBEJ2LXzF+Re20ORKEBCXcaaFl0MYygvmAJIS9zSRZsre37O4J4QjY+D+sbCwUsfVP2Plv3HwUGn0w8Hhvhpl5geRMG8/7clJLyyura+n1zMbm1vZOdnevpqNYUazSiEeqERCNnAmsGmY4NqRCEgYc68HwauLX71BpFolbM5LYDklfsB6jxFipkz0YEClR6IJiol+Qg0hg8cR0krNxsZPNeyVvCvcv8eckX861jh8BoNLJfra6EY1DFIZyonXT96RpJ0QZRjmOM61YoyR0SPrYtFSQEHU7mf4wdo+s0nV7kbIljDtVf04kJNR6FAa2MyRmoBe9ifif14xN76KdMCFjg4LOFvVi7prInQTidplCavjIEkIVs7e6dEAUocbGlrEh+Isv/yW105Lvlfwbm8YlzJCGQ8hBAXw4hzJcQwWqQOEenuAFXp0H59l5c95nrSlnPrMPv+B8fANCppi5</latexit><latexit sha1_base64="hR24A1k/xI8RgPYyH19uQnclUXw=">AAACA3icbVDLSgNBEJyNrxhfq970siQICUrY1YMeg148RjAPSJZldtJJhszODjOzQlgCXvwDv8GLB0W8+hPe8jdOHgdNLGgoqrrp7goFo0q77tjKrKyurW9kN3Nb2zu7e/b+QV3FiSRQIzGLZTPEChjlUNNUM2gKCTgKGTTCwc3EbzyAVDTm93oowI9wj9MuJVgbKbCP+lgI4KooKe8VRT/mUDrTQXoxKgV2wS27UzjLxJuTQiXfPn0eV4bVwP5ud2KSRMA1YViplucK7adYakoYjHLtRIHAZIB70DKU4wiUn05/GDknRuk43Via4tqZqr8nUhwpNYxC0xlh3VeL3kT8z2slunvlp5SLRAMns0XdhDk6diaBOB0qgWg2NAQTSc2tDuljiYk2seVMCN7iy8ukfl723LJ3Z9K4RjNk0THKoyLy0CWqoFtURTVE0CN6QW/o3XqyXq0P63PWmrHmM4foD6yvH0wQmj8=</latexit><latexit sha1_base64="hR24A1k/xI8RgPYyH19uQnclUXw=">AAACA3icbVDLSgNBEJyNrxhfq970siQICUrY1YMeg148RjAPSJZldtJJhszODjOzQlgCXvwDv8GLB0W8+hPe8jdOHgdNLGgoqrrp7goFo0q77tjKrKyurW9kN3Nb2zu7e/b+QV3FiSRQIzGLZTPEChjlUNNUM2gKCTgKGTTCwc3EbzyAVDTm93oowI9wj9MuJVgbKbCP+lgI4KooKe8VRT/mUDrTQXoxKgV2wS27UzjLxJuTQiXfPn0eV4bVwP5ud2KSRMA1YViplucK7adYakoYjHLtRIHAZIB70DKU4wiUn05/GDknRuk43Via4tqZqr8nUhwpNYxC0xlh3VeL3kT8z2slunvlp5SLRAMns0XdhDk6diaBOB0qgWg2NAQTSc2tDuljiYk2seVMCN7iy8ukfl723LJ3Z9K4RjNk0THKoyLy0CWqoFtURTVE0CN6QW/o3XqyXq0P63PWmrHmM4foD6yvH0wQmj8=</latexit><latexit sha1_base64="WP4aZcxIG/MJUIxzH2W7HXnORbw=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCC1ISPeix6MVjBfsBbQib7aRdutksuxuhhIIX/4oXD4p49U9489+4bXPQ1gcDj/dmmJkXCkaVdt1vq7Cyura+UdwsbW3v7O7Z+wctlaSSQJMkLJGdECtglENTU82gIyTgOGTQDkc3U7/9AFLRhN/rsQA/xgNOI0qwNlJgHw2xEMBVRVI+qIhhwqF6poPsYlIN7LJbc2dwlomXkzLK0Qjsr14/IWkMXBOGlep6rtB+hqWmhMGk1EsVCExGeABdQzmOQfnZ7IeJc2qUvhMl0hTXzkz9PZHhWKlxHJrOGOuhWvSm4n9eN9XRlZ9RLlINnMwXRSlzdOJMA3H6VALRbGwIJpKaWx0yxBITbWIrmRC8xZeXSeu85rk1784t16/zOIroGJ2gCvLQJaqjW9RATUTQI3pGr+jNerJerHfrY95asPKZQ/QH1ucPMCeXMA==</latexit>

holds(dead(speaker), t2)
<latexit sha1_base64="f2hqlDmELhDIS/LDBAQqFF2oEd4=">AAACBHicbVC7SgNBFL0bXzG+Vi3TDAYhQQm7abQM2lhGMA9IQpidvUmGzD6YmRXCksLG77CzsVDE1o+w82+cPApNPHDhcM693HuPFwuutON8W5m19Y3Nrex2bmd3b//APjxqqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97oeuo371EqHoV3ehxjN6CDkPc5o9pIPTs/jISvij5Sv6hipCOUpXOie2llUurZBafszEBWibsghepJ5+wJAGo9+6vjRywJMNRMUKXarhPrbkql5kzgJNdJFMaUjegA24aGNEDVTWdPTMipUXzSj6SpUJOZ+nsipYFS48AznQHVQ7XsTcX/vHai+5fdlIdxojFk80X9RBAdkWkixOcSmRZjQyiT3NxK2JBKyrTJLWdCcJdfXiWNStl1yu6tSeMK5shCHk6gCC5cQBVuoAZ1YPAAz/AKb9aj9WK9Wx/z1oy1mDmGP7A+fwBh35i8</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="VoX8bJR/Le2JrgZsmazlFi8tvCM=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZphgQhQQm7abQM2lhGMA9IlmV29iYZMvtgZlZYlhQ2foH/YGOhiK0fYZe/cfIoNPHAhcM593LvPV7MmVSWNTVyG5tb2zv53cLe/sHhkXl80pZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88c3M7zyAkCwK71UagxOQYcgGjBKlJdcsjiLuy4oPxK/IGMgYRPUCKzerT6quWbZq1hx4ndhLUm6U+ufP00badM3vvh/RJIBQUU6k7NlWrJyMCMUoh0mhn0iICR2TIfQ0DUkA0snmT0zwmVZ8PIiErlDhufp7IiOBlGng6c6AqJFc9Wbif14vUYMrJ2NhnCgI6WLRIOFYRXiWCPaZAKp4qgmhgulbMR0RQajSuRV0CPbqy+ukXa/ZVs2+02lcowXyqIhKqIJsdIka6BY1UQtR9Ihe0Bt6N56MV+PD+Fy05ozlzCn6A+PrB2tJmkI=</latexit><latexit sha1_base64="XOuGA5y6E/zzOKfvKQA2v4tURPE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQgpSkG10W3bisYB/QhjCZ3LRDJ5MwMxFK6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv994TpJwp7TjfVmFjc2t7p7hb2ts/ODyyj086KskkhTZNeCJ7AVHAmYC2ZppDL5VA4oBDNxjfzPzuA0jFEnGvJyl4MRkKFjFKtJF8uzxKeKiqIZCwqlIgY5C1C6z9vDGt+XbFqTtz4HXiLkkFLdHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDtDTIFKSEjskQ+oYKEoPy8vkTU3xulBBHiTQlNJ6rvydyEis1iQPTGRM9UqveTPzP62c6uvJyJtJMg6CLRVHGsU7wLBEcMglU84khhEpmbsV0RCSh2uRWMiG4qy+vk06j7jp1986pNK+XcRRRGZ2hKnLRJWqiW9RCbUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fT2CXMw==</latexit>

holds(status(phone,DND), t2)
<latexit sha1_base64="rrKJgEZ4m7FdOFYeiigLuyttW10=">AAACCXicbVA9SwNBEJ2LXzF+RS1tFoOQoIS7NFoGTWElCkaFJIS9zcYs2ds9dueEcKS18U/4A2wsFLH1H9j5b9wkFpr4YODx3gwz88JYCou+/+Vl5uYXFpeyy7mV1bX1jfzm1pXViWG8zrTU5iaklkuheB0FSn4TG06jUPLrsH8y8q/vuLFCq0scxLwV0VsluoJRdFI7T3padmzRIsXEFuOeVvyA1M5qpQOC7bQyLLXzBb/sj0FmSfBDCtXd5v4jAJy385/NjmZJxBUySa1tBH6MrZQaFEzyYa6ZWB5T1qe3vOGoohG3rXT8yZDsOaVDutq4UkjG6u+JlEbWDqLQdUYUe3baG4n/eY0Eu0etVKg4Qa7YZFE3kQQ1GcVCOsJwhnLgCGVGuFsJ61FDGbrwci6EYPrlWXJVKQd+ObhwaRzDBFnYgV0oQgCHUIVTOIc6MLiHJ3iBV+/Be/bevPdJa8b7mdmGP/A+vgFxXJpV</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="jhQALGBmnkKsaUtgqdK3lQI79Eg=">AAACCXicbVC7SgNBFJ31GeMramkzJAgJhrCbRsugKawkgnlAEsLsZJIMmZ1ZZu4KYUlrY+tn2FgoYusf2OVvnDwKTTxw4XDOvdx7jx8KbsB1J87a+sbm1nZiJ7m7t39wmDo6rhkVacqqVAmlGz4xTHDJqsBBsEaoGQl8wer+8Hrq1x+YNlzJexiFrB2QvuQ9TglYqZPCAyW6JmuAQGSy4UBJlsfl23Iuj6ETF8e5TirjFtwZ8CrxFiRTSrfOnyelUaWT+m51FY0CJoEKYkzTc0Nox0QDp4KNk63IsJDQIemzpqWSBMy049knY3xmlS7uKW1LAp6pvydiEhgzCnzbGRAYmGVvKv7nNSPoXbZjLsMImKTzRb1IYFB4Ggvucs0oiJElhGpub8V0QDShYMNL2hC85ZdXSa1Y8NyCd2fTuEJzJNApSqMs8tAFKqEbVEFVRNEjekFv6N15cl6dD+dz3rrmLGZO0B84Xz96xpvb</latexit><latexit sha1_base64="deZVIKtbj0VuFqhX/fZJEpFn0ZE=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCbRsugKawkgnlAsoTZySQZMjuzzNwVwpLWxl+xsVDE1j+w82+cPApNPHDhcM693HtPGAtuwPO+nbX1jc2t7cxOdndv/+DQPTpuGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoeuo3H5g2XMl7GMcsiMhA8j6nBKzUdfFQiZ7JGyCQmHw8VJIVcfW2Wihi6KblSaHr5rySNwNeJf6C5NACta771ekpmkRMAhXEmLbvxRCkRAOngk2yncSwmNARGbC2pZJEzATp7JMJPrdKD/eVtiUBz9TfEymJjBlHoe2MCAzNsjcV//PaCfQvg5TLOAEm6XxRPxEYFJ7GgntcMwpibAmhmttbMR0STSjY8LI2BH/55VXSKJd8r+TfebnK1SKODDpFZyiPfHSBKugG1VAdUfSIntErenOenBfn3fmYt645i5kT9AfO5w9e3ZjM</latexit>



• Novel applications to the energy regulation of smart buildings, a new 
collaboration with Elena Markosa (University of Southern Denmark).


• Potential access to smart building with electricity meters that 
measure energy consumption from lighting, ventilation units, and 
heating. Every room instrumented for carbon monoxide, 
temperature, etc.


• Potential access to real data from the Danish Building Research 
Institute, Siemens and Schneider Electric.


• From smart sensors, TAI agents learn traits in occupants’ behavior 
by anti-unification, resulting in beliefs about their states of mind.


• These beliefs, conjoined with perceived actions, are used to regulate 
room parameters for energy efficiency and convenience.













I believe my owner will 
not return soon



I believe my owner will 
not return soon

I reason that I cannot 
park here



I believe my owner will 
not return soon



I believe my owner will 
not return soon



I believe my owner will 
not return soon


