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Problem

Reasoning

Artificial agents capable of 
problem solving ethically with 
justification, at the theory-of-

mind level, throughout the IoT.

• Sufficiently expressive 
domain formalization at the 

theory-of-mind level.
• Efficient automated 

reasoners over this 
knowledge.

Advantages
• Proof-based: All conclusions 

are justified and human-
understandable.

• Cognitive IoT: Models 
theory-of-mind at an 
arbitrarily deep level.

Approach
• Modal first-order ‘cognitive’ 

calculus for expressive 
formalization

• In-house automated 
reasoner (ShadowProver) 

and planner (Spectra)



I. Deontic Cognitive Event 
Calculus



Syntax
Syntax

S ::=
Object | Agent | Self @ Agent | ActionType | Action v Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

P(a, t,f) | K(a, t,f) | C(t,f) | S(a,b, t,f) | S(a, t,f)

B(a, t,f) | D(a, t,holds( f , t0)) | I(a, t,happens(action(a⇤ ,a), t0))

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

C(t,P(a, t,f)! K(a, t,f))
[R1 ]

C(t,K(a, t,f)! B(a, t,f))
[R2 ]

C(t,f) t  t1 . . . t  tn

K(a1 , t1 , . . .K(an , tn ,f) . . .)
[R3 ]

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2))! K(a, t2 ,f1)! K(a, t3 ,f2)
[R5 ]

C(t,B(a, t1 ,f1 ! f2))! B(a, t2 ,f1)! B(a, t3 ,f2)
[R6 ]

C(t,C(t1 ,f1 ! f2))! C(t2 ,f1)! C(t3 ,f2)
[R7 ]

C(t,8x. f ! f[x 7! t])
[R8 ]

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

C(t, [f1 ^ . . .^fn ! f]! [f1 ! . . .! fn ! y])
[R10 ]

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

B(a, t,f) B(a, t,y)

B(a, t,y^f)
[R11b ]

S(s,h, t,f)

B(h, t,B(s, t,f))
[R12 ]

I(a, t,happens(action(a⇤ ,a), t0))

P(a, t,happens(action(a⇤ ,a), t))
[R13 ]

B(a, t,f) B(a, t,O(a⇤ , t,f,happens(action(a⇤ ,a), t0)))

O(a, t,f,happens(action(a⇤ ,a), t0))

K(a, t,I(a⇤ , t,happens(action(a⇤ ,a), t0)))
[R14 ]

f $ y

O(a, t,f,g)$ O(a, t,y,g)
[R15 ]
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Inference Schema
Syntax

S ::=
Object | Agent | Self @ Agent | ActionType | Action v Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

P(a, t,f) | K(a, t,f) | C(t,f) | S(a,b, t,f) | S(a, t,f)

B(a, t,f) | D(a, t,holds( f , t0)) | I(a, t,happens(action(a⇤ ,a), t0))

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

C(t,P(a, t,f)! K(a, t,f))
[R1 ]

C(t,K(a, t,f)! B(a, t,f))
[R2 ]

C(t,f) t  t1 . . . t  tn

K(a1 , t1 , . . .K(an , tn ,f) . . .)
[R3 ]

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2))! K(a, t2 ,f1)! K(a, t3 ,f2)
[R5 ]

C(t,B(a, t1 ,f1 ! f2))! B(a, t2 ,f1)! B(a, t3 ,f2)
[R6 ]

C(t,C(t1 ,f1 ! f2))! C(t2 ,f1)! C(t3 ,f2)
[R7 ]

C(t,8x. f ! f[x 7! t])
[R8 ]

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

C(t, [f1 ^ . . .^fn ! f]! [f1 ! . . .! fn ! y])
[R10 ]

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

B(a, t,f) B(a, t,y)

B(a, t,y^f)
[R11b ]

S(s,h, t,f)

B(h, t,B(s, t,f))
[R12 ]

I(a, t,happens(action(a⇤ ,a), t0))

P(a, t,happens(action(a⇤ ,a), t))
[R13 ]

B(a, t,f) B(a, t,O(a⇤ , t,f,happens(action(a⇤ ,a), t0)))

O(a, t,f,happens(action(a⇤ ,a), t0))

K(a, t,I(a⇤ , t,happens(action(a⇤ ,a), t0)))
[R14 ]

f $ y

O(a, t,f,g)$ O(a, t,y,g)
[R15 ]
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Theory of Mind

3 OCC Formalisation

3.1 Introduction

Formalisation for 20 OCC states are attempted here. The formalisation for like, dislike, love and
hate are not done. In addition to the definition in OCC model, the revised one given by this has
been used heavily for the definitions. Instead of considering an event as desirable, consequences of
events are desirable or undesirable. Thus we introduce the fluent CON(e,a,c) which means due to
event e, consequence is c with respect to agent a. Also, for all the following t0  t1  t2  t3

3.2 OCC Emotion types, definition and formalisation

1. Joy : pleased about a desirable event. By ’pleased about a desirable event’ the meaning we
will consider is ’pleased about a desirable consequence of the event’.

forSome c B(a, t3, implies(happens(e, t1), holds(CON(e, a, c), t2))) (1)

D(a, t3, holds(CON(e, a, c), t2)) (2)

K(a, t3, happens(e, t1)) (3)

The definition of holds(AFF (a, joy), t3) is therefore and(1,2,3).

2. Distress : displeased about an undesirable event.

not(D(a, t3, holds(CON(e, a, c), t3))) (4)

The definition of holds(AFF (a, distress), t3) is therefore and(1,4,3).

3. Happy-for: pleased about an event presumed to be desirable for someone else

forSome c B(a, t3, implies(happens(e, t1), holds(CON(e, a1, c), t2))) (5)

B(a, t3, D(a1, t3, holds(CON(e, a1, c), t2))) (6)

D(a, t3, holds(CON(e, a1, c), t2)) (7)

The definition of holds(AFF (a, happy_for), t3) is therefore and(5,6,7,3).

4. Pity: displeased about an event presumed to be undesirable for someone else. This is
equivalent to sorry_for in Hobbs-Gordon model.

B(a, t3, not(D(a1, t3, holds(CON(e, a1, c), t2)))) (8)

not(D(a, t3, holds(CON(e, a1, c), t2))) (9)

The definition of holds(AFF (a, pity), t3) is therefore and(5,8,9,3).

5. Gloating : pleased about an event presumed to be undesirable for someone else The defini-
tion of holds(AFF (a, gloating), t3) is therefore and(5,8,7,3).

6. Resentment: displeased about an event presumed to be desirable for someone else The
definition of holds(AFF (a, resentment), t3) is therefore and(5,6,9,3).

7. Hope: (pleased about) the prospect of a desirable event

forSome c B(a, t0, implies(happens(e, t1), ⇧holds(CON(e, a, c), t2))) (10)

D(a, t0, holds(CON(e, a, c), t2)) (11)

The definition of holds(AFF (a, hope), t0) is therefore and(10,11).

8. Fear: (displeased about) the prospect of an undesirable event

not(D(a, t0, holds(CON(e, a, c), t2))) (12)

The definition of holds(AFF (a, fear), t0) is therefore and(10,12).
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9. Satisfaction : (pleased about) the confirmation of the prospect of a desirable event
The definition of holds(AFF (a, satisfaction), t3) is and(10,11, 7 3).

10. Fears-confirmed : (displeased about) the confirmation of the prospect of an undesirable
event.
The definition of holds(AFF (a, fears� confirmed), t3) is and(10,12,9, 3).

11. Relief : (pleased about) the disconfirmation of the prospect of an undesirable event

K(a, t3, not(happens(e, t1))) (13)

The definition of holds(AFF (a, relief), t3) is and(10, 12, 9, 13).

12. Disappointment : (displeased about) the disconfirmation of the prospect of a desirable
event
The definition of holds(AFF (a, disappointment), t3) is and(10, 11, 7, 13).

13. Pride : (approving of) one’s own praiseworthy action
Here we treat ’approve’ as an action event. We also introduce a new predicate PRAISEWORTHY (a, b, x)
which will mean that agent a considers x a praiseworthy action by agent b. All the 3 inter-
pretations are shown below.

happens(action(a, x), t0) (14)

forAll axB(a, t1, implies(happens(action(ax, x), tx), PRAISEWORTHY (a, ax, x))), tx  t1
(15)

D(a, t1, holds(PRAISEWORTHY (a, a, x), t1)) (16)

happens(action(a, approve(x)), t1) (17)

The definition of holds(AFF (a, pride), t1) is and(14, B(a, t1, holds(PRAISEWORTHY (a, a, x), t1)), 17).

14. Shame: (disapproving of) one’s own blameworthy action
This also follows the same explanation as Pride.

forAll axB(a, t1, implies(happens(action(ax, x), tx), B(a, t1, holds(BLAMEWORTHY (a, ax, x)), t1))), tx  t1
(18)

not(happens(action(a, approve(x)), t1)) (19)

The definition of holds(AFF (a, shame), t1) is and(14, B(a, t1, holds(BLAMEWORTHY (a, a, x), t1)), 19).

15. Admiration: (approving of) someone else’s praiseworthy action

happens(action(a1, x), t0) (20)

The definition of holds(AFF (a, admiration), t1) is and(20, B(a, t1, holds(PRAISEWORTHY (a, a1, x), t1)), 17).

16. Reproach: (disapproving of) someone else’s blameworthy action The definition of holds(AFF (a, reproach), t1)
is and(20, B(a, t1, holds(BLAMEWORTHY (a, a1, x), t1)), 19).

17. Gratification : (approving of) one’s own praiseworthy action and (being pleased about) the
related desirable event. We again interpret ’pleased about the desirable event’ as ’pleased
about the desired consequence of the event.’

forSome c B(a, t1, implies(happens(action(a, x), t0), holds(CON(action(a, x), a, c), t0)))
(21)

D(a, t1, holds(CON(action(a, x), a, c), t0)) (22)

The definition of holds(AFF (a, gratification), t1) is and(20, B(a, t1, holds(PRAISEWORTHY (a, a, x), t1)), 17, 21, 22).
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… (and more)



II. Shadow Prover

Prover



Existing Two Modes

• There are two ways of piggy backing on first-order 
provers to build higher-order provers.



Existing Two Modes

Mode 1: Honest Encoding

Method Painstakingly encode all rules of inference and 
syntax in FOL

Pros Precise

Cons Extremely slow to implement  
Reasoning is also slow



Existing Two Modes

Mode 2: Naïve Encoding

Method Pretend higher order formulae and operators are 
first-order predicates

Pros Extremely easy to implement 
Reasoning can also be fast

Cons Unsound 
Wrong inferences can be easily drawn



Mode 2



A New Way: Shadow Prover

First-order Modal Logic

First-order Logic

Propositional Logic

f

Every formula at level t has a unique formula called its 
“shadow” in each level t’ < t

f 0

f 00

formula

first-order shadow

propositional shadow



Examples of shadows

formula

first-order shadow8xS[B(a,Q)] ^ P (x)

propositional shadow
S[8xB(a,Q)] ^ P (x)

(8xB(a,Q)) ^ P (x)



A New Way: Shadow Prover

• Two step process till goal is reached

• Step A: shadow formulae down to all lower levels. Run lower 
theorem provers. If goal reached, return true.

• Step B: expand the assumption base using higher level rules. 
…

Step A
Step B
Step A



Actually, this is more general



More examples

• Completeness tests

• https://goo.gl/pR0Dk4

• Soundness tests

• https://goo.gl/ggPUew

https://goo.gl/pR0Dk4
https://goo.gl/ggPUew


Initial Promising Results

• Automation of false belief task and other projects that 
were only semi-automated before. 

• More at

•  https://bitbucket.org/Holmes/prover/

https://bitbucket.org/Holmes/prover/


III. Spectra



Other Aspects

• (Representing) Sensing

• Parsing of Contracts and Laws

• Learning

• Reasoning & Planning



The Owner of a TAI Agent may at any time issue a “Do Not 
Disturb” (DND) instruction. When this instruction is issued, the Agent 

must not disturb the owner until the time specified, or until the 
Owner explicitly voids the DND.

IBM Watson Discovery Web-Service

{"label": {"nature": "Obligation","party": "Agent"},
        "assurance": "High"}]

D(Agent, Owner, DND(Owner, t), Undisturbed(Owner, t)) 



Learning

• Proposition: Statistical learning, differentiable programming 
(commonly known as deep learning) though successful in 
some tasks in vision (and other forms of perception), won’t 
apply in moral learning.

• Students don’t do gradient descent when read a story with 
morals or sit in a moral education class. 

• Need a higher and quicker form of learning (zero-shot, single 
instance etc).



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

my owner.

B(TAI, t1,O(TAI, t1, alert,D(TAI, t1, alert)))
<latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc=">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc=">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc=">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc753YgzCaY50lIrq2vrG+nNzNb2zu6evn9Ql2EsCK2RkIei6WJJOQtoDRhw2owExb7LacPtX439xiMVkoVBFQYRtX3cDZjHCAaFHP2u7WPouV5SHuaql7cFcBJrWPiB9/MQcyrg17pesvL5vKNnzaI5KWNZWDORRbOqOPpLuxOS2KcBEI6lbFlmBHaCBTDC6TDTjiWNMOnjLm0pGWCfSjuZnD00ThTpGF4o1AvAmND5iQT7Ug58V3WOl5aL3hj+57Vi8C7shAVRDDQg04+8mBsQGuMMjQ4TlAAfKIGJYGpXg/SwwARU0hkVgrV48rKonxYts2g9nGVL5VkcaXSEjlEOWegcldANqqAaIugJjdAbeteetVftQ/uctqa02cwh+lPa1zfU7Kq5</latexit><latexit sha1_base64="NjjVnf+HfNLXGGs8TkIr9bPCqdc=">AAACNnicbZDLSsNAFIYn9VbrLerSTbAILZSSiKDLWl3oQqzQG7QhTKaTdujkwsyJUEKfyo3P4a4bF4q49RGcXpTaemDg5/vPYc753YgzCaY50lIrq2vrG+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)
<latexit sha1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><latexit sha1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><latexit sha1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit><latexit sha1_base64="FZbQgYw/D82JEI8YERESBv/rSRo=">AAACCXicbVA9SwNBEN3z2/h1ammzGIQEJNwFQUvRxjKCSYQkhL3NJFmyt7fszinhSGvjX7GxUMTWf2Dnv3HzUWj0wcDjvRlm5kVaCotB8OUtLC4tr6yurec2Nre2d/zdvZpNUsOhyhOZmNuIWZBCQRUFSrjVBlgcSahHg8uxX78DY0WibnCooRWznhJdwRk6qe3TPtMalC3Ye4G8n6iC1cAGYIrH2M7Ko2LbzwelYAL6l4QzkiczVNr+Z7OT8DQGhVwyaxthoLGVMYOCSxjlmqkFzfiA9aDhqGIx2FY2+WREj5zSod3EuFJIJ+rPiYzF1g7jyHXGDPt23huL/3mNFLtnrUwonSIoPl3UTSXFhI5joR1hgKMcOsK4Ee5WyvvMMI4uvJwLIZx/+S+plUthUAqvT/LnF7M41sgBOSQFEpJTck6uSIVUCScP5Im8kFfv0Xv23rz3aeuCN5vZJ7/gfXwDOKiZ/w==</latexit>





Thank you.


