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Motivation
Fault-Tolerance can be defined as the capability of systems 
to continue operating in a correct way even under the 
occurrence of faults

Avionics software

Cryptocurrencies

Mobile phones

Satellites



Nominal Models and Fault 
Model

Nominal Model Implementation

A description of the system 
In which faults are not taken into 

accounts

Nominal System 
+Faults 
+Fault-tolerant 
mechanisms

What is the 
relation?



Many Possible  Fault-
Tolerant Implementations

Implementation 1

Implementation  2

Implementation 3

Which implementation provides more fault-tolerance?

Hard to say in 
practice



Classifying Fault-Tolerance

• Liveness properties: Something good eventually 
happens. 

• Safety properties: nothing bad  happens.

We can classify fault-tolerance taking into account the kind 
of properties preserved by the system after the occurrence 
of faults:

Lineal Temporal 
Properties can be 

described as a 
combination of both



Failsafe Fault-Tolerance

• The system is taken to a safe 
state after the occurrence of 
faults. 

• Important in systems in which 
preserving safety properties is 
more relevant than progress 

• Simple example: Any elevator 
system.



Non-masking Fault-
Tolerance

• The system may show an 
incorrect behavior after a fault, 
but eventually it recovers the 
correct behavior. 

• Liveness properties are 
preserved 

• Simple example: streaming 
platforms.



Masking Fault-Tolerance

• The occurrence of faults are 
not visible for the users. 

• Safety+Liveness properties 
preserved 

• Examples of masking fault-
tolerance are systems that use 
some kind of redundancy.

We only will focus on this kind of fault-tolerance



Probabilistic Models
We use Probabilistic Transition Systems (PTSs) to model 
probabilistic systems/protocols/software.

• A finite set of states ,S
• A finite set of actions ,A
• A relation → ⊆ S × A × 𝒟(S)

 is the set of 
distributions 

𝒟(S)
μ : S → [0,1]

This admits both stochastic 
behavior and non-

determinism

flip

1/2

1/2

2/3

1/3

flip

Non-determinism

Stochastic



Modeling Faults
We use probabilities to introduce the possibility of the 
occurrence of faults

A tick is used to model 
(discrete) time

1/2 of ticks the system will 
refresh the state of the 

memory

1/2 of ticks the system will 
undergo a failure

<latexit sha1_base64="eT6x8b2At4stlYx9QmfEOuaWFk4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAD9o2i</latexit>r0

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1

<latexit sha1_base64="Mbanv4ljVI80uGJ5yFgDKxOgwV0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcLlI2n</latexit>w0
<latexit sha1_base64="67zubY/zRYXPtGD09zOTgpCYIlM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcNGI2o</latexit>w1

<latexit sha1_base64="BSZkyp8vkAlEip0bhhqVD3EuGCw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTStA3NZMbkTqEM/Q43LhRx68e482/MtLPQ1gOBwzn3JicniKUw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju8xvTbg2IlKPOI25H9KhEgPBKFrJ74YURwJTFGw865UrbtWdg6wSLycVyFHvlb+6/YglIVfIJDWm47kx+inV9jrJZ6VuYnhM2ZgOecdSRUNu/HQeekbOrNIng0jbo5DM1d8bKQ2NmYaBncxCmmUvE//zOgkObvxUqDhBrtjioUEiCUYka4D0heYM5dQSyrSwWQkbUU0Z2p5KtgRv+curpHlR9a6qlw+XldptXkcRTuAUzsGDa6jBPdShAQye4Ble4c2ZOC/Ou/OxGC04+c4x/IHz+QNugJKL</latexit>

tick
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Idea 
<latexit sha1_base64="eT6x8b2At4stlYx9QmfEOuaWFk4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAD9o2i</latexit>r0

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1

<latexit sha1_base64="Mbanv4ljVI80uGJ5yFgDKxOgwV0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcLlI2n</latexit>w0

<latexit sha1_base64="BSZkyp8vkAlEip0bhhqVD3EuGCw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTStA3NZMbkTqEM/Q43LhRx68e482/MtLPQ1gOBwzn3JicniKUw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju8xvTbg2IlKPOI25H9KhEgPBKFrJ74YURwJTFGw865UrbtWdg6wSLycVyFHvlb+6/YglIVfIJDWm47kx+inV9jrJZ6VuYnhM2ZgOecdSRUNu/HQeekbOrNIng0jbo5DM1d8bKQ2NmYaBncxCmmUvE//zOgkObvxUqDhBrtjioUEiCUYka4D0heYM5dQSyrSwWQkbUU0Z2p5KtgRv+curpHlR9a6qlw+XldptXkcRTuAUzsGDa6jBPdShAQye4Ble4c2ZOC/Ou/OxGC04+c4x/IHz+QNugJKL</latexit>

tick

<latexit sha1_base64="eT6x8b2At4stlYx9QmfEOuaWFk4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAD9o2i</latexit>r0

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1

<latexit sha1_base64="Mbanv4ljVI80uGJ5yFgDKxOgwV0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcLlI2n</latexit>w0
<latexit sha1_base64="67zubY/zRYXPtGD09zOTgpCYIlM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcNGI2o</latexit>w1

<latexit sha1_base64="BSZkyp8vkAlEip0bhhqVD3EuGCw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTStA3NZMbkTqEM/Q43LhRx68e482/MtLPQ1gOBwzn3JicniKUw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXju8xvTbg2IlKPOI25H9KhEgPBKFrJ74YURwJTFGw865UrbtWdg6wSLycVyFHvlb+6/YglIVfIJDWm47kx+inV9jrJZ6VuYnhM2ZgOecdSRUNu/HQeekbOrNIng0jbo5DM1d8bKQ2NmYaBncxCmmUvE//zOgkObvxUqDhBrtjioUEiCUYka4D0heYM5dQSyrSwWQkbUU0Z2p5KtgRv+curpHlR9a6qlw+XldptXkcRTuAUzsGDa6jBPdShAQye4Ble4c2ZOC/Ou/OxGC04+c4x/IHz+QNugJKL</latexit>

tick

1/2 1/2

Two models:

We play a game between Verifier and Refuter

Verifier: tries to prove the system is fault -tolerant
Refuter: tries to disprove this



Couplings 
To be able of modeling simulation relations we need couplings.

Couplings can be defined as the solutions of some linear 
(in)equalities:

Given μ : S → [0,1] μ′ : S′ → [0,1]and
is a coupling if: and w( − , S′ ) = μ

w : S × S′ → [0,1]
w(S, − ) = μ′ 

∑
sj∈supp(μ′ )

xsk,sj
= μ(sk), for sk ∈ supp(μ)

∑
sk∈supp(μ)

xsk,sj
= μ′ (sj), for sj ∈ supp(μ′ )

xsj,sk
≥ 0, for sk ∈ supp(μ) and sj ∈ supp(μ′ )



A Masking Probabilistic 
Game

We define a stochastic two-player game:

Two players:

• The Refuter

•  The Verifier

These games allow one to capture probabilistic bisimulation 
relation as well as devise quantitative extensions of it.



The Game

• The Refuter starts selecting some  or  ,  

• The Verifier tries to mimic the action, selects  
and a coupling  for  and 

s a μ s′ 

a μ′ 

s′ 

a μ′ 

w : S × S′ → [0,1] μ μ′ 

• Then, the game moves in a randomized way 
following the coupling.

• If the Refuter chose a fault ( ) the  Verifier  must 
chose  (Dirac distribution)

s f μ′ 

Δs

Given two PTSs  and  we define a game A A′ GA,A′ 



Formal Definition
States are nodes of the type:

(s, a, s′ , μ, μ′ , w)
Refuter’s state

Verifier’s state

Last action played

Verifier’s distribution

Refuter’s distribution

Coupling selected



Formal definitions of plays

<latexit sha1_base64="hTa7EqtTXONIcAY/jpIpXRXdZQ4="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="hTa7EqtTXONIcAY/jpIpXRXdZQ4="></latexit>

(s, a, s, µ, µ0, w)

<latexit sha1_base64="T7+6NZcabFRtnIPOMtsGt1Cc9iI=">AAAB9HicbVDLSgMxFL1TX7VWrboUJFiECrXMiKjLghuXLdgHtEPJpJk2mMmMSaZQhn6DS0FcKOJO/Bh3/oyYPhbaesKFwzn3cm+OF3GmtG1/Waml5ZXVtfR6ZiO7ubWd29mtqzCWhNZIyEPZ9LCinAla00xz2owkxYHHacO7vRr7jQGVioXiRg8j6ga4J5jPCNZGcguqeFIcl3nHnVzeLtkToEXizEi+nL2vvj9+H1Q6uc92NyRxQIUmHCvVcuxIuwmWmhFOR5l2rGiEyS3u0ZahAgdUucnk6BE6MkoX+aE0JTSaqL8nEhwoNQw80xlg3Vfz3lj8z2vF2r90EyaiWFNBpov8mCMdonECqMskJZoPDcFEMnMrIn0sMdEmp4wJwZn/8iKpn5ac89JZ1cmXizBFGvbhEArgwAWU4RoqUAMCd/AAz/BiDawn69V6m7amrNnMHvyB9fED9dqTQQ==</latexit>

(s,�, s,�,�,�)
<latexit sha1_base64="T7+6NZcabFRtnIPOMtsGt1Cc9iI=">AAAB9HicbVDLSgMxFL1TX7VWrboUJFiECrXMiKjLghuXLdgHtEPJpJk2mMmMSaZQhn6DS0FcKOJO/Bh3/oyYPhbaesKFwzn3cm+OF3GmtG1/Waml5ZXVtfR6ZiO7ubWd29mtqzCWhNZIyEPZ9LCinAla00xz2owkxYHHacO7vRr7jQGVioXiRg8j6ga4J5jPCNZGcguqeFIcl3nHnVzeLtkToEXizEi+nL2vvj9+H1Q6uc92NyRxQIUmHCvVcuxIuwmWmhFOR5l2rGiEyS3u0ZahAgdUucnk6BE6MkoX+aE0JTSaqL8nEhwoNQw80xlg3Vfz3lj8z2vF2r90EyaiWFNBpov8mCMdonECqMskJZoPDcFEMnMrIn0sMdEmp4wJwZn/8iKpn5ac89JZ1cmXizBFGvbhEArgwAWU4RoqUAMCd/AAz/BiDawn69V6m7amrNnMHvyB9fED9dqTQQ==</latexit>

(s,�, s,�,�,�)

<latexit sha1_base64="yk7CKW6e+HNXVKPgVLmy0isEFos=">AAAB+HicbVDLSgNBEJyNrxijWfUoyGAQImzCroh6DHjxmIB5QLKE2ckkGTKzu8xDiEu+wbtePCgiePJTvPkz4uRx0MSChqKqm+6uIGZUKtf9slIrq2vrG+nNzFZ2eydn7+7VZaQFJjUcsUg0AyQJoyGpKaoYacaCIB4w0giGVxO/cUuEpFF4o0Yx8Tnqh7RHMVJG6ti5gnSQI502107RKZ507LxbcqeAy8Sbk3w5e199f/g+rHTsz3Y3wpqTUGGGpGx5bqz8BAlFMSPjTFtLEiM8RH3SMjREnEg/mR4+hsdG6cJeJEyFCk7V3xMJ4lKOeGA6OVIDuehNxP+8lla9Sz+hYawVCfFsUU8zqCI4SQF2qSBYsZEhCAtqboV4gATCymSVMSF4iy8vk/ppyTsvnVW9fNkBM6TBATgCBeCBC1AG16ACagADDR7BM3ix7qwn69V6m7WmrPnMPvgD6+MHsH6Uyw==</latexit>

(s, a, s, µ,�,�)
<latexit sha1_base64="yk7CKW6e+HNXVKPgVLmy0isEFos=">AAAB+HicbVDLSgNBEJyNrxijWfUoyGAQImzCroh6DHjxmIB5QLKE2ckkGTKzu8xDiEu+wbtePCgiePJTvPkz4uRx0MSChqKqm+6uIGZUKtf9slIrq2vrG+nNzFZ2eydn7+7VZaQFJjUcsUg0AyQJoyGpKaoYacaCIB4w0giGVxO/cUuEpFF4o0Yx8Tnqh7RHMVJG6ti5gnSQI502107RKZ507LxbcqeAy8Sbk3w5e199f/g+rHTsz3Y3wpqTUGGGpGx5bqz8BAlFMSPjTFtLEiM8RH3SMjREnEg/mR4+hsdG6cJeJEyFCk7V3xMJ4lKOeGA6OVIDuehNxP+8lla9Sz+hYawVCfFsUU8zqCI4SQF2qSBYsZEhCAtqboV4gATCymSVMSF4iy8vk/ppyTsvnVW9fNkBM6TBATgCBeCBC1AG16ACagADDR7BM3ix7qwn69V6m7WmrPnMPvgD6+MHsH6Uyw==</latexit>

(s, a, s, µ,�,�)

<latexit sha1_base64="6HMgKcpRqi93hvtcFtHh8FWXgDY="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="6HMgKcpRqi93hvtcFtHh8FWXgDY="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="VKkvlopql3jU5oDZMQhg+0PBu+w="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="VKkvlopql3jU5oDZMQhg+0PBu+w="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="GWKt0uqt3qPcyc8dmW3lMR/SnGE="></latexit>

(s, a, s, µ, µ0, w)
<latexit sha1_base64="GWKt0uqt3qPcyc8dmW3lMR/SnGE="></latexit>

(s, a, s, µ, µ0, w) <latexit sha1_base64="6cNXnXZUcbtd6n7Gub+cX/WcK3s=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiQq6koLblxWMG2hDWUynbRDJ5MwcyOU0m9w40IRt/6If+DOv3GadqHVAxcO59zDfYSpFAZd98spLC2vrK4V10sbm1vbO+XdvYZJMs24zxKZ6FZIDZdCcR8FSt5KNadxKHkzHN5M/eYD10Yk6h5HKQ9i2lciEoyilfxOL0HTLVfcqpuD/CXenFSuP05z1LvlT5tjWcwVMkmNaXtuisGYahRM8kmpkxmeUjakfd62VNGYm2CcLzshR1bpkSjRthSSXP2ZGNPYmFEc2s6Y4sAselPxP6+dYXQZjIVKM+SKzQZFmSSYkOnlpCc0ZyhHllCmhd2VsAHVlKH9T8k+wVs8+S9pnFS98+rZnVupXcEMRTiAQzgGDy6gBrdQBx8YCHiEZ3hxlPPkvDpvs9aCM8/swy8479/qm5D3</latexit>. . .<latexit sha1_base64="6cNXnXZUcbtd6n7Gub+cX/WcK3s=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiQq6koLblxWMG2hDWUynbRDJ5MwcyOU0m9w40IRt/6If+DOv3GadqHVAxcO59zDfYSpFAZd98spLC2vrK4V10sbm1vbO+XdvYZJMs24zxKZ6FZIDZdCcR8FSt5KNadxKHkzHN5M/eYD10Yk6h5HKQ9i2lciEoyilfxOL0HTLVfcqpuD/CXenFSuP05z1LvlT5tjWcwVMkmNaXtuisGYahRM8kmpkxmeUjakfd62VNGYm2CcLzshR1bpkSjRthSSXP2ZGNPYmFEc2s6Y4sAselPxP6+dYXQZjIVKM+SKzQZFmSSYkOnlpCc0ZyhHllCmhd2VsAHVlKH9T8k+wVs8+S9pnFS98+rZnVupXcEMRTiAQzgGDy6gBrdQBx8YCHiEZ3hxlPPkvDpvs9aCM8/swy8479/qm5D3</latexit>. . .

<latexit sha1_base64="SBRE7akxy4Azs4Mno4+4j41XmZ8=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMBGswq6KWmnAxjKCeUCyhNnJbDJkdnaZuSuEkI+wsVDE1v/wD+z8GyebFJp44MLhnHu4jyCRwqDrfjtLyyura+u5jfzm1vbObmFvv27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGNxO/MYj10bE6gGHCfcj2lMiFIyilRqldjdGU+oUim7ZzUAWiTcjxZvPswzVTuHLBlkacYVMUmNanpugP6IaBZN8nG+nhieUDWiPtyxVNOLGH2XrjsmxVbokjLUthSRTfydGNDJmGAW2M6LYN/PeRPzPa6UYXvkjoZIUuWLTQWEqCcZkcjvpCs0ZyqEllGlhdyWsTzVlaD+Ut0/w5k9eJPXTsndRPr93i5VrmCIHh3AEJ+DBJVTgDqpQAwYDeIIXeHUS59l5c96nrUvOLHMAf+B8/ACkkpFT</latexit>. . .<latexit sha1_base64="SBRE7akxy4Azs4Mno4+4j41XmZ8=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMBGswq6KWmnAxjKCeUCyhNnJbDJkdnaZuSuEkI+wsVDE1v/wD+z8GyebFJp44MLhnHu4jyCRwqDrfjtLyyura+u5jfzm1vbObmFvv27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGNxO/MYj10bE6gGHCfcj2lMiFIyilRqldjdGU+oUim7ZzUAWiTcjxZvPswzVTuHLBlkacYVMUmNanpugP6IaBZN8nG+nhieUDWiPtyxVNOLGH2XrjsmxVbokjLUthSRTfydGNDJmGAW2M6LYN/PeRPzPa6UYXvkjoZIUuWLTQWEqCcZkcjvpCs0ZyqEllGlhdyWsTzVlaD+Ut0/w5k9eJPXTsndRPr93i5VrmCIHh3AEJ+DBJVTgDqpQAwYDeIIXeHUS59l5c96nrUvOLHMAf+B8/ACkkpFT</latexit>. . .<latexit sha1_base64="9xoUkBzTF47PoX1omCrjiNaMjTk=">AAACDXicbVC7SgNBFL0bXzFGXWMlggwGQSGGXRG1DNhYJmAekCxhdjJJhsw+mJkVwpIfsEnvN1jYWChia2/nz4iTrEVMPHDhzDn3cuceN+RMKsv6MlJLyyura+n1zEZ2c2vb3MnVZBAJQqsk4IFouFhSznxaVUxx2ggFxZ7Lad0dXE/8+h0VkgX+rRqG1PFwz2ddRrDSUmDm4BgktMGCApzqkmhv5pXUSdvMW0VrCrRI7F+SL2XHlceH74Ny2/xsdQISedRXhGMpm7YVKifGQjHC6SjTiiQNMRngHm1q6mOPSieeXjNCR1rpoG4gdPkKTdXZiRh7Ug49V3d6WPXlvDcR//OakepeOTHzw0hRnySLuhFHKkCTaFCHCUoUH2qCiWD6r4j0scBE6QAzOgR7/uRFUjsr2hfF84qdLxUgQRr24VDHbMMllOAGylAFAvfwBC/waoyNZ+PNeE9aU8bvzC78gfHxAwUHla0=</latexit>

(s0,�, s00,�,�,�)
<latexit sha1_base64="9xoUkBzTF47PoX1omCrjiNaMjTk=">AAACDXicbVC7SgNBFL0bXzFGXWMlggwGQSGGXRG1DNhYJmAekCxhdjJJhsw+mJkVwpIfsEnvN1jYWChia2/nz4iTrEVMPHDhzDn3cuceN+RMKsv6MlJLyyura+n1zEZ2c2vb3MnVZBAJQqsk4IFouFhSznxaVUxx2ggFxZ7Lad0dXE/8+h0VkgX+rRqG1PFwz2ddRrDSUmDm4BgktMGCApzqkmhv5pXUSdvMW0VrCrRI7F+SL2XHlceH74Ny2/xsdQISedRXhGMpm7YVKifGQjHC6SjTiiQNMRngHm1q6mOPSieeXjNCR1rpoG4gdPkKTdXZiRh7Ug49V3d6WPXlvDcR//OakepeOTHzw0hRnySLuhFHKkCTaFCHCUoUH2qCiWD6r4j0scBE6QAzOgR7/uRFUjsr2hfF84qdLxUgQRr24VDHbMMllOAGylAFAvfwBC/waoyNZ+PNeE9aU8bvzC78gfHxAwUHla0=</latexit>

(s0,�, s00,�,�,�)
<latexit sha1_base64="vHZokRdL4DV9clYIDvHV9pTicfE=">AAAB+nicbVDLSgMxFM3UV61Vp7oUJFiECrXMiKjLghuXLdgHtMOQSTNtaCYzJBmljP0G94IbF4ro0i9x58+IaacLbT0hl8M595Kb40WMSmVZX0ZmaXlldS27ntvIb25tm4WdpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84eXEb90QIWnIr9UoIk6A+pz6FCOlJdcslKRrl4/LadXnyDWLVsWaAi4Se0aK1fx9/f3he7/mmp/dXojjgHCFGZKyY1uRchIkFMWMjHPdWJII4SHqk46mHAVEOsl09TE81EoP+qHQlys4VX9PJCiQchR4ujNAaiDnvYn4n9eJlX/hJJRHsSIcpw/5MYMqhJMcYI8KghUbaYKwoHpXiAdIIKx0Wjkdgj3/5UXSPKnYZ5XTul2slkGKLNgDB6AEbHAOquAK1EADYHALHsEzeDHujCfj1XhLWzPGbGYX/IHx8QPG0JS6</latexit>

(s1,�, s1,�,�,�)
<latexit sha1_base64="vHZokRdL4DV9clYIDvHV9pTicfE=">AAAB+nicbVDLSgMxFM3UV61Vp7oUJFiECrXMiKjLghuXLdgHtMOQSTNtaCYzJBmljP0G94IbF4ro0i9x58+IaacLbT0hl8M595Kb40WMSmVZX0ZmaXlldS27ntvIb25tm4WdpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84eXEb90QIWnIr9UoIk6A+pz6FCOlJdcslKRrl4/LadXnyDWLVsWaAi4Se0aK1fx9/f3he7/mmp/dXojjgHCFGZKyY1uRchIkFMWMjHPdWJII4SHqk46mHAVEOsl09TE81EoP+qHQlys4VX9PJCiQchR4ujNAaiDnvYn4n9eJlX/hJJRHsSIcpw/5MYMqhJMcYI8KghUbaYKwoHpXiAdIIKx0Wjkdgj3/5UXSPKnYZ5XTul2slkGKLNgDB6AEbHAOquAK1EADYHALHsEzeDHujCfj1XhLWzPGbGYX/IHx8QPG0JS6</latexit>

(s1,�, s1,�,�,�)
<latexit sha1_base64="WNViaUQhb9ztjRyHAU5baPDv63E=">AAAB+nicbVDLSgMxFM3UV61Vp7oUJFiECrXMiKjLghuXLdgHtMOQSTNtaCYzJBmljP0G94IbF4ro0i9x58+IaacLbT0hl8M595Kb40WMSmVZX0ZmaXlldS27ntvIb25tm4WdpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84eXEb90QIWnIr9UoIk6A+pz6FCOlJdcslKTLy8fltOpz5JpFq2JNAReJPSPFav6+/v7wvV9zzc9uL8RxQLjCDEnZsa1IOQkSimJGxrluLEmE8BD1SUdTjgIinWS6+hgeaqUH/VDoyxWcqr8nEhRIOQo83RkgNZDz3kT8z+vEyr9wEsqjWBGO04f8mEEVwkkOsEcFwYqNNEFYUL0rxAMkEFY6rZwOwZ7/8iJpnlTss8pp3S5WyyBFFuyBA1ACNjgHVXAFaqABMLgFj+AZvBh3xpPxarylrRljNrML/sD4+AGEi5U0</latexit>

(sn,�, sn,�,�,�)
<latexit sha1_base64="WNViaUQhb9ztjRyHAU5baPDv63E=">AAAB+nicbVDLSgMxFM3UV61Vp7oUJFiECrXMiKjLghuXLdgHtMOQSTNtaCYzJBmljP0G94IbF4ro0i9x58+IaacLbT0hl8M595Kb40WMSmVZX0ZmaXlldS27ntvIb25tm4WdpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84eXEb90QIWnIr9UoIk6A+pz6FCOlJdcslKTLy8fltOpz5JpFq2JNAReJPSPFav6+/v7wvV9zzc9uL8RxQLjCDEnZsa1IOQkSimJGxrluLEmE8BD1SUdTjgIinWS6+hgeaqUH/VDoyxWcqr8nEhRIOQo83RkgNZDz3kT8z+vEyr9wEsqjWBGO04f8mEEVwkkOsEcFwYqNNEFYUL0rxAMkEFY6rZwOwZ7/8iJpnlTss8pp3S5WyyBFFuyBA1ACNjgHVXAFaqABMLgFj+AZvBh3xpPxarylrRljNrML/sD4+AGEi5U0</latexit>

(sn,�, sn,�,�,�)

The Refuter may play 
an action of any model

The Refuter may play 
an action of any model

The Refuter may play 
an action of any model



Boolean Game Objective 
and Results

• The Refuter wins if the error state is reached, 

• The Verifier wins if the error state is never reached

Both players has optimal 
memoryless strategies

The value can be computed in 
polynomial time

When there are no faults, this 
captures probabilistic 

bisimulation



Symbolic Games
Recall: couplings can be described by means of 
equations:

Describes all the 
couplings between  

and 
μ

μ′ 

Instead of explicitly adding couplings, we decorate games 
with equations:

∑
sj∈supp(μ′ )

xsk,sj
= μ(sk), for sk ∈ supp(μ)

∑
sk∈supp(μ)

xsk,sj
= μ′ (sj), for sj ∈ supp(μ′ )

xsj,sk
≥ 0, for sk ∈ supp(μ) and sj ∈ supp(μ′ )



Example

<latexit sha1_base64="rlfqJnTnNBx9TEsUyfscbu5e/bU=">AAAB7HicbZDNSgMxFIVvqtZarVa7dBNsBRdSZkTUZcGNywr2B9qhZNJMG5rJDElGGIY+gxsXirj1gdz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5neWdR6Y0j+SDSWPmhWQkecApMdZq1fTArQ3KVafuzIXXwV1CtYH6le9SPm0Oyp/9YUSTkElDBdG65zqx8TKiDKeCTYv9RLOY0AkZsZ5FSUKmvWw+7BSfWmeIg0jZJw2eu787MhJqnYa+rQyJGevVbGb+l/USE9x4GZdxYpiki4+CRGAT4dnmeMgVo0akFghV3M6K6ZgoQo29T9EewV1deR3aF3X3qn5571Yb57BQAY7hBM7AhWtowB00oQUUODzBC7wiiZ7RG3pflObQsqcCf4Q+fgC1BpAg</latexit>s1
<latexit sha1_base64="rlfqJnTnNBx9TEsUyfscbu5e/bU=">AAAB7HicbZDNSgMxFIVvqtZarVa7dBNsBRdSZkTUZcGNywr2B9qhZNJMG5rJDElGGIY+gxsXirj1gdz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5neWdR6Y0j+SDSWPmhWQkecApMdZq1fTArQ3KVafuzIXXwV1CtYH6le9SPm0Oyp/9YUSTkElDBdG65zqx8TKiDKeCTYv9RLOY0AkZsZ5FSUKmvWw+7BSfWmeIg0jZJw2eu787MhJqnYa+rQyJGevVbGb+l/USE9x4GZdxYpiki4+CRGAT4dnmeMgVo0akFghV3M6K6ZgoQo29T9EewV1deR3aF3X3qn5571Yb57BQAY7hBM7AhWtowB00oQUUODzBC7wiiZ7RG3pflObQsqcCf4Q+fgC1BpAg</latexit>s1

<latexit sha1_base64="DOiGCDLKNq2HG2Vv9vOoFlY+8lE=">AAAB7HicbZDLSgMxFIZP6q1Wq9Uu3QRbwYWUmSLqsuDGZQV7gXYomTTThmYyQ5IRhqHP4MaFIm59IHc+jGB6WWjrD4GP/z+HnHP8WHBtHOcL5TY2t7Z38ruFvf3iwWHp6Lito0RR1qKRiFTXJ5oJLlnLcCNYN1aMhL5gHX9yO8s7j0xpHskHk8bMC8lI8oBTYqzVqupBvTooVZyaMxdeB3cJlQbql7+L22lzUPrsDyOahEwaKojWPdeJjZcRZTgVbFroJ5rFhE7IiPUsShIy7WXzYaf4zDpDHETKPmnw3P3dkZFQ6zT0bWVIzFivZjPzv6yXmODGy7iME8MkXXwUJAKbCM82x0OuGDUitUCo4nZWTMdEEWrsfQr2CO7qyuvQrtfcq9rlvVtpXMBCeTiBUzgHF66hAXfQhBZQ4PAEL/CKJHpGb+h9UZpDy54y/BH6+AG2i5Ah</latexit>s2
<latexit sha1_base64="DOiGCDLKNq2HG2Vv9vOoFlY+8lE=">AAAB7HicbZDLSgMxFIZP6q1Wq9Uu3QRbwYWUmSLqsuDGZQV7gXYomTTThmYyQ5IRhqHP4MaFIm59IHc+jGB6WWjrD4GP/z+HnHP8WHBtHOcL5TY2t7Z38ruFvf3iwWHp6Lito0RR1qKRiFTXJ5oJLlnLcCNYN1aMhL5gHX9yO8s7j0xpHskHk8bMC8lI8oBTYqzVqupBvTooVZyaMxdeB3cJlQbql7+L22lzUPrsDyOahEwaKojWPdeJjZcRZTgVbFroJ5rFhE7IiPUsShIy7WXzYaf4zDpDHETKPmnw3P3dkZFQ6zT0bWVIzFivZjPzv6yXmODGy7iME8MkXXwUJAKbCM82x0OuGDUitUCo4nZWTMdEEWrsfQr2CO7qyuvQrtfcq9rlvVtpXMBCeTiBUzgHF66hAXfQhBZQ4PAEL/CKJHpGb+h9UZpDy54y/BH6+AG2i5Ah</latexit>s2

<latexit sha1_base64="RzyMivwGivT0hJHJ97+SPJzhu8c=">AAAB7HicbZDNSgMxFIVv6l+tVqtdugm2ggspMyrqsuDGZQWnLbRDyaSZNjSTGZKMMJQ+gxsXirj1gdz5MILpz0JbDwQ+zrmX3HuDRHBtHOcL5dbWNza38tuFnd3i3n7p4LCp41RR5tFYxKodEM0El8wz3AjWThQjUSBYKxjdTvPWI1Oax/LBZAnzIzKQPOSUGGt5Vd27qPZKFafmzIRXwV1ApY665e/iZtbolT67/ZimEZOGCqJ1x3US44+JMpwKNil0U80SQkdkwDoWJYmY9sezYSf4xDp9HMbKPmnwzP3dMSaR1lkU2MqImKFezqbmf1knNeGNP+YySQ2TdP5RmApsYjzdHPe5YtSIzAKhittZMR0SRaix9ynYI7jLK69C87zmXtUu791K/QzmysMRHMMpuHANdbiDBnhAgcMTvMArkugZvaH3eWkOLXrK8Efo4we4EJAi</latexit>s3
<latexit sha1_base64="RzyMivwGivT0hJHJ97+SPJzhu8c=">AAAB7HicbZDNSgMxFIVv6l+tVqtdugm2ggspMyrqsuDGZQWnLbRDyaSZNjSTGZKMMJQ+gxsXirj1gdz5MILpz0JbDwQ+zrmX3HuDRHBtHOcL5dbWNza38tuFnd3i3n7p4LCp41RR5tFYxKodEM0El8wz3AjWThQjUSBYKxjdTvPWI1Oax/LBZAnzIzKQPOSUGGt5Vd27qPZKFafmzIRXwV1ApY665e/iZtbolT67/ZimEZOGCqJ1x3US44+JMpwKNil0U80SQkdkwDoWJYmY9sezYSf4xDp9HMbKPmnwzP3dMSaR1lkU2MqImKFezqbmf1knNeGNP+YySQ2TdP5RmApsYjzdHPe5YtSIzAKhittZMR0SRaix9ynYI7jLK69C87zmXtUu791K/QzmysMRHMMpuHANdbiDBnhAgcMTvMArkugZvaH3eWkOLXrK8Efo4we4EJAi</latexit>s3

1/2 1/2 1/3 2/3

<latexit sha1_base64="g/LpBvkOgJXxT1FpPXp9NAbqwVY=">AAAB6nicbZDPSgMxEMYnVWutVqs9elksggcpuyLqseDFY0VbC+1Ssmm2Dc1ml2RWWEofwYsHRbz6RN58GMH0z0FbPwj8+L4ZMjNBIoVB1/0iubX1jfxmYau4vVPa3SvvH7RMnGrGmyyWsW4H1HApFG+iQMnbieY0CiR/CEbX0/zhkWsjYnWPWcL9iA6UCAWjaK077Hm9ctWtuTM5q+AtoFon3cp3KZ81euXPbj9macQVMkmN6Xhugv6YahRM8kmxmxqeUDaiA96xqGjEjT+ejTpxjq3Td8JY26fQmbm/O8Y0MiaLAlsZURya5Wxq/pd1Ugyv/LFQSYpcsflHYSodjJ3p3k5faM5QZhYo08LO6rAh1ZShvU7RHsFbXnkVWmc176J2futV66cwVwEO4QhOwINLqMMNNKAJDAbwBC/wSiR5Jm/kfV6aI4ueCvwR+fgB/fiPxQ==</latexit>

t1
<latexit sha1_base64="g/LpBvkOgJXxT1FpPXp9NAbqwVY=">AAAB6nicbZDPSgMxEMYnVWutVqs9elksggcpuyLqseDFY0VbC+1Ssmm2Dc1ml2RWWEofwYsHRbz6RN58GMH0z0FbPwj8+L4ZMjNBIoVB1/0iubX1jfxmYau4vVPa3SvvH7RMnGrGmyyWsW4H1HApFG+iQMnbieY0CiR/CEbX0/zhkWsjYnWPWcL9iA6UCAWjaK077Hm9ctWtuTM5q+AtoFon3cp3KZ81euXPbj9macQVMkmN6Xhugv6YahRM8kmxmxqeUDaiA96xqGjEjT+ejTpxjq3Td8JY26fQmbm/O8Y0MiaLAlsZURya5Wxq/pd1Ugyv/LFQSYpcsflHYSodjJ3p3k5faM5QZhYo08LO6rAh1ZShvU7RHsFbXnkVWmc176J2futV66cwVwEO4QhOwINLqMMNNKAJDAbwBC/wSiR5Jm/kfV6aI4ueCvwR+fgB/fiPxQ==</latexit>

t1

<latexit sha1_base64="8boL3zUjQ0Pkeg1IVl+3zA+ApVE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0XUZcGNy4r2B9qhZNJMG5rJDElGGIY+ghsXirj1idz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5meWdR6Y0j+SDSWPmhWQkecApMda6N4P6oFx1as5ceB3cJVQbqF/5LuXT5qD82R9GNAmZNFQQrXuuExsvI8pwKti02E80iwmdkBHrWZQkZNrL5qNO8al1hjiIlH3S4Ln7uyMjodZp6NvKkJixXs1m5n9ZLzHBtZdxGSeGSbr4KEgENhGe7Y2HXDFqRGqBUMXtrJiOiSLU2OsU7RHc1ZXXoV2vuZe1izu32jiHhQpwDCdwBi5cQQNuoQktoDCCJ3iBVyTQM3pD74vSHFr2VOCP0McP/3yPxg==</latexit>

t2
<latexit sha1_base64="8boL3zUjQ0Pkeg1IVl+3zA+ApVE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0XUZcGNy4r2B9qhZNJMG5rJDElGGIY+ghsXirj1idz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5meWdR6Y0j+SDSWPmhWQkecApMda6N4P6oFx1as5ceB3cJVQbqF/5LuXT5qD82R9GNAmZNFQQrXuuExsvI8pwKti02E80iwmdkBHrWZQkZNrL5qNO8al1hjiIlH3S4Ln7uyMjodZp6NvKkJixXs1m5n9ZLzHBtZdxGSeGSbr4KEgENhGe7Y2HXDFqRGqBUMXtrJiOiSLU2OsU7RHc1ZXXoV2vuZe1izu32jiHhQpwDCdwBi5cQQNuoQktoDCCJ3iBVyTQM3pD74vSHFr2VOCP0McP/3yPxg==</latexit>

t2
<latexit sha1_base64="Z7lv6L1ZWNz9Igfh2xTez01rbQE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspMyrqsuDGZUX7A+1QMmmmDc1khiQjDEMfwY0LRdz6RO58GMH0Z6GtBwIf59xL7r1+LLg2jvOFcmvrG/nNwlZxe6e0u1feP2jpKFGUNWkkItXxiWaCS9Y03AjWiRUjoS9Y2x/fTPP2I1OaR/LBpDHzQjKUPOCUGGvdm/55v1x1as5MeBXcBVTrqFf5LuXTRr/82RtENAmZNFQQrbuuExsvI8pwKtik2Es0iwkdkyHrWpQkZNrLZqNO8LF1BjiIlH3S4Jn7uyMjodZp6NvKkJiRXs6m5n9ZNzHBtZdxGSeGSTr/KEgENhGe7o0HXDFqRGqBUMXtrJiOiCLU2OsU7RHc5ZVXoXVWcy9rF3dutX4KcxXgEI7gBFy4gjrcQgOaQGEIT/ACr0igZ/SG3uelObToqcAfoY8fAQ+Pxw==</latexit>

t3
<latexit sha1_base64="Z7lv6L1ZWNz9Igfh2xTez01rbQE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspMyrqsuDGZUX7A+1QMmmmDc1khiQjDEMfwY0LRdz6RO58GMH0Z6GtBwIf59xL7r1+LLg2jvOFcmvrG/nNwlZxe6e0u1feP2jpKFGUNWkkItXxiWaCS9Y03AjWiRUjoS9Y2x/fTPP2I1OaR/LBpDHzQjKUPOCUGGvdm/55v1x1as5MeBXcBVTrqFf5LuXTRr/82RtENAmZNFQQrbuuExsvI8pwKtik2Es0iwkdkyHrWpQkZNrLZqNO8LF1BjiIlH3S4Jn7uyMjodZp6NvKkJiRXs6m5n9ZNzHBtZdxGSeGSTr/KEgENhGe7o0HXDFqRGqBUMXtrJiOiCLU2OsU7RHc5ZVXoXVWcy9rF3dutX4KcxXgEI7gBFy4gjrcQgOaQGEIT/ACr0igZ/SG3uelObToqcAfoY8fAQ+Pxw==</latexit>

t3

<latexit sha1_base64="EhPeV0mXJSXe4n62PUaB1bWQxkA=">AAAB7nicbZDNSgMxFIXvVK21Wq126SZYBBdSJiLqsuDGZQX7A+0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRHBtXPfLKWxsbhW3Szvl3b3K/kH18Kij41RR1qaxiFUvIJoJLlnbcCNYL1GMRIFg3WByO8u7j0xpHssHkyXMi8hI8pBTYqzV1T5Gxsd+te423LnQOuAl1JvOoPZdKWYtv/o5GMY0jZg0VBCt+9hNjJcTZTgVbFoepJolhE7IiPUtShIx7eXzcafo1DpDFMbKPmnQ3P3dkZNI6ywKbGVEzFivZjPzv6yfmvDGy7lMUsMkXXwUpgKZGM12R0OuGDUis0Co4nZWRMdEEWrshcr2CHh15XXoXDTwVePyHteb57BQCY7hBM4AwzU04Q5a0AYKE3iCF3h1EufZeXPeF6UFZ9lTgz9yPn4AUI6REA==</latexit>

s1t1
<latexit sha1_base64="EhPeV0mXJSXe4n62PUaB1bWQxkA=">AAAB7nicbZDNSgMxFIXvVK21Wq126SZYBBdSJiLqsuDGZQX7A+0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRHBtXPfLKWxsbhW3Szvl3b3K/kH18Kij41RR1qaxiFUvIJoJLlnbcCNYL1GMRIFg3WByO8u7j0xpHssHkyXMi8hI8pBTYqzV1T5Gxsd+te423LnQOuAl1JvOoPZdKWYtv/o5GMY0jZg0VBCt+9hNjJcTZTgVbFoepJolhE7IiPUtShIx7eXzcafo1DpDFMbKPmnQ3P3dkZNI6ywKbGVEzFivZjPzv6yfmvDGy7lMUsMkXXwUpgKZGM12R0OuGDUis0Co4nZWRMdEEWrshcr2CHh15XXoXDTwVePyHteb57BQCY7hBM4AwzU04Q5a0AYKE3iCF3h1EufZeXPeF6UFZ9lTgz9yPn4AUI6REA==</latexit>

s1t1

<latexit sha1_base64="wqsDSsOBlk4QCJogtqfNT+b5JPA=">AAAB7HicbZDNSgMxFIXvVK21/rTq0oXRIrjQMiOiLgtuXFZw2kI7lEyaaUOTzJBkhDL0Gdy4UMStD+TO9/ABTH8W2nog8HHOveTeGyacaeO6X05uZXUtv17YKG5ube+Uyrt7DR2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weDvJm49UaRbLBzNKaCBwX7KIEWys5XdE2vW65YpbdadCy+DNoVLLN/j34dF5vVv+7PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrFOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGhdV76p6ee9VamcwUwEO4BhOwYNrqMEd1MEHAgye4AVeHek8O2/O+6w058x79uGPnI8fvkGQ0w==</latexit>µ1
<latexit sha1_base64="wqsDSsOBlk4QCJogtqfNT+b5JPA=">AAAB7HicbZDNSgMxFIXvVK21/rTq0oXRIrjQMiOiLgtuXFZw2kI7lEyaaUOTzJBkhDL0Gdy4UMStD+TO9/ABTH8W2nog8HHOveTeGyacaeO6X05uZXUtv17YKG5ube+Uyrt7DR2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weDvJm49UaRbLBzNKaCBwX7KIEWys5XdE2vW65YpbdadCy+DNoVLLN/j34dF5vVv+7PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrFOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGhdV76p6ee9VamcwUwEO4BhOwYNrqMEd1MEHAgye4AVeHek8O2/O+6w058x79uGPnI8fvkGQ0w==</latexit>µ1

<latexit sha1_base64="xMC2vjXo0urA9olAKwFyFR/o+x8=">AAAB7HicbZDNSgMxFIXvVK21/lVdujBaBBdaZoqoy4IblxWcttAOJZNm2tAkMyQZoQx9BjcuFHHrA7nzPXwA05+Fth4IfJxzL7n3hgln2rjul5NbWV3Lrxc2iptb2zu7pb39ho5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vJ3kzUeqNIvlgxklNBC4L1nECDbW8jsi7Va7pbJbcadCy+DNoVzLN/j30fFFvVv67PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrVOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGtWKd1W5vPfKtXOYqQCHcAJn4ME11OAO6uADAQZP8AKvjnSenTfnfVaac+Y9B/BHzscPv8WQ1A==</latexit>µ2
<latexit sha1_base64="xMC2vjXo0urA9olAKwFyFR/o+x8=">AAAB7HicbZDNSgMxFIXvVK21/lVdujBaBBdaZoqoy4IblxWcttAOJZNm2tAkMyQZoQx9BjcuFHHrA7nzPXwA05+Fth4IfJxzL7n3hgln2rjul5NbWV3Lrxc2iptb2zu7pb39ho5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vJ3kzUeqNIvlgxklNBC4L1nECDbW8jsi7Va7pbJbcadCy+DNoVzLN/j30fFFvVv67PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrVOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGtWKd1W5vPfKtXOYqQCHcAJn4ME11OAO6uADAQZP8AKvjnSenTfnfVaac+Y9B/BHzscPv8WQ1A==</latexit>µ2

<latexit sha1_base64="WvpM3vXh66y6d40bjA9AAN6rDB4=">AAAB9HicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqjHgBePEcwDkmWZncwmQ2Zm15nZQFjyHV48KOLVj/Hmf/gBTh4HjRY0FFXddHeFCWfauO6nk1taXsmvFtaK6xubW9ulnd2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HgZuI3h1RpFst7M0qoL3BPsogRbKzk68BDxlZHpIEXlMpuxZ0C/SXenJSr+Qb/Ojg8qwWlj043Jqmg0hCOtW57bmL8DCvDCKfjYifVNMFkgHu0banEgmo/mx49RsdW6aIoVrakQVP150SGhdYjEdpOgU1fL3oT8T+vnZro2s+YTFJDJZktilKOTIwmCaAuU5QYPrIEE8XsrYj0scLE2JyKNgRv8eW/pHFe8S4rF3deuXoKMxRgH47gBDy4gircQg3qQOABHuEZXpyh8+S8Om+z1pwzn9mDX3DevwFuQpNq</latexit>

s1t1µ1
<latexit sha1_base64="WvpM3vXh66y6d40bjA9AAN6rDB4=">AAAB9HicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqjHgBePEcwDkmWZncwmQ2Zm15nZQFjyHV48KOLVj/Hmf/gBTh4HjRY0FFXddHeFCWfauO6nk1taXsmvFtaK6xubW9ulnd2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HgZuI3h1RpFst7M0qoL3BPsogRbKzk68BDxlZHpIEXlMpuxZ0C/SXenJSr+Qb/Ojg8qwWlj043Jqmg0hCOtW57bmL8DCvDCKfjYifVNMFkgHu0banEgmo/mx49RsdW6aIoVrakQVP150SGhdYjEdpOgU1fL3oT8T+vnZro2s+YTFJDJZktilKOTIwmCaAuU5QYPrIEE8XsrYj0scLE2JyKNgRv8eW/pHFe8S4rF3deuXoKMxRgH47gBDy4gircQg3qQOABHuEZXpyh8+S8Om+z1pwzn9mDX3DevwFuQpNq</latexit>

s1t1µ1

<latexit sha1_base64="2P8wLdL4uW17+lUfHdwwRTp160o=">AAAB/XicbVDLSgMxFM3UV62v8bFzYbQILrTMFFGXBTcuK9gHtMOQSTNtaDIzJHeEOhR/xY0LRdz6H+78Dz/A9LHQ1gM3HM65l3tzgkRwDY7zZeUWFpeWV/KrhbX1jc0te3unruNUUVajsYhVMyCaCR6xGnAQrJkoRmQgWCPoX4/8xj1TmsfRHQwS5knSjXjIKQEj+fae9l0Mptoynb5l7NtFp+SMgeeJOyXFynJdfB8cnlV9+7PdiWkqWQRUEK1brpOAlxEFnAo2LLRTzRJC+6TLWoZGRDLtZePrh/jYKB0cxspUBHis/p7IiNR6IAPTKQn09Kw3Ev/zWimEV17GoyQFFtHJojAVGGI8igJ3uGIUxMAQQhU3t2LaI4pQMIEVTAju7JfnSb1cci9K57dusXKKJsijfXSETpCLLlEF3aAqqiGKHtATekGv1qP1bL1Z75PWnDWd2UV/YH38ACvJlfA=</latexit>

s1t1µ1µ2
<latexit sha1_base64="2P8wLdL4uW17+lUfHdwwRTp160o=">AAAB/XicbVDLSgMxFM3UV62v8bFzYbQILrTMFFGXBTcuK9gHtMOQSTNtaDIzJHeEOhR/xY0LRdz6H+78Dz/A9LHQ1gM3HM65l3tzgkRwDY7zZeUWFpeWV/KrhbX1jc0te3unruNUUVajsYhVMyCaCR6xGnAQrJkoRmQgWCPoX4/8xj1TmsfRHQwS5knSjXjIKQEj+fae9l0Mptoynb5l7NtFp+SMgeeJOyXFynJdfB8cnlV9+7PdiWkqWQRUEK1brpOAlxEFnAo2LLRTzRJC+6TLWoZGRDLtZePrh/jYKB0cxspUBHis/p7IiNR6IAPTKQn09Kw3Ev/zWimEV17GoyQFFtHJojAVGGI8igJ3uGIUxMAQQhU3t2LaI4pQMIEVTAju7JfnSb1cci9K57dusXKKJsijfXSETpCLLlEF3aAqqiGKHtATekGv1qP1bL1Z75PWnDWd2UV/YH38ACvJlfA=</latexit>

s1t1µ1µ2

<latexit sha1_base64="kbtb5dOmETY00KfxsSW7irkfZwc=">AAACBnicbVDLSgMxFM3UV61VR12KEixCi6XOjKJuhIIbly3YB7TDkEnTNjTzIMkoZejKjTv3/oEgLhRx6ze482fEtFXQ1gMXTs65l9x73JBRIQ3jQ0vMzM7NLyQXU0vp5ZVVfW29KoKIY1LBAQt43UWCMOqTiqSSkXrICfJcRmpu72zo1y4JFzTwL2Q/JLaHOj5tU4ykkhx96yorHCsvHSsH9+DP4yAHT6G5bzl6xigYI8BpYn6TTDF9W364+9wuOfp7sxXgyCO+xAwJ0TCNUNox4pJiRgapZiRIiHAPdUhDUR95RNjx6IwB3FVKC7YDrsqXcKT+noiRJ0Tfc1Wnh2RXTHpD8T+vEcn2iR1TP4wk8fH4o3bEoAzgMBPYopxgyfqKIMyp2hXiLuIIS5VcSoVgTp48TapWwTwqHJbNTDEPxkiCTbADssAEx6AIzkEJVAAG1+AePIFn7UZ71F6013FrQvue2QB/oL19ATfqmMA=</latexit>

w(s2, t2) + w(s2, t3) = 1/2
<latexit sha1_base64="kbtb5dOmETY00KfxsSW7irkfZwc=">AAACBnicbVDLSgMxFM3UV61VR12KEixCi6XOjKJuhIIbly3YB7TDkEnTNjTzIMkoZejKjTv3/oEgLhRx6ze482fEtFXQ1gMXTs65l9x73JBRIQ3jQ0vMzM7NLyQXU0vp5ZVVfW29KoKIY1LBAQt43UWCMOqTiqSSkXrICfJcRmpu72zo1y4JFzTwL2Q/JLaHOj5tU4ykkhx96yorHCsvHSsH9+DP4yAHT6G5bzl6xigYI8BpYn6TTDF9W364+9wuOfp7sxXgyCO+xAwJ0TCNUNox4pJiRgapZiRIiHAPdUhDUR95RNjx6IwB3FVKC7YDrsqXcKT+noiRJ0Tfc1Wnh2RXTHpD8T+vEcn2iR1TP4wk8fH4o3bEoAzgMBPYopxgyfqKIMyp2hXiLuIIS5VcSoVgTp48TapWwTwqHJbNTDEPxkiCTbADssAEx6AIzkEJVAAG1+AePIFn7UZ71F6013FrQvue2QB/oL19ATfqmMA=</latexit>

w(s2, t2) + w(s2, t3) = 1/2
<latexit sha1_base64="Bk9Dnv/4YPWp5VuK601DWumyL+k=">AAACAnicbZBLSwMxFIUz9VVr1VFXIshgEVosdaYVdSMU3LhswT6gHYZMmrahmcyQZJQyFDfu3bt3I6KIW3+FO/+MmD4EbT0Q+Dj3Xm7ucQNKhDTNTy02N7+wuBRfTqwkV9fW9Y3NqvBDjnAF+dTndRcKTAnDFUkkxfWAY+i5FNfc3vmwXrvCXBCfXcp+gG0PdhhpEwSlshx9+zotnEJWOvnMwQ8WMmfWYd7RU2bOHMmYBWsCqWLyrvx0/7VbcvSPZstHoYeZRBQK0bDMQNoR5JIgigeJZihwAFEPdnBDIYMeFnY0OmFg7CunZbR9rh6Txsj9PRFBT4i+56pOD8qumK4Nzf9qjVC2T+2IsCCUmKHxonZIDekbwzyMFuEYSdpXABEn6q8G6kIOkVSpJVQI1vTJs1DN56zj3FFZpZEFY8XBDtgDaWCBE1AEF6AEKgCBG/AAnsGLdqs9aq/a27g1pk1mtsAfae/fy9uYGQ==</latexit>

w(s3, t2) + w(s3, t3) = 1/2
<latexit sha1_base64="Bk9Dnv/4YPWp5VuK601DWumyL+k=">AAACAnicbZBLSwMxFIUz9VVr1VFXIshgEVosdaYVdSMU3LhswT6gHYZMmrahmcyQZJQyFDfu3bt3I6KIW3+FO/+MmD4EbT0Q+Dj3Xm7ucQNKhDTNTy02N7+wuBRfTqwkV9fW9Y3NqvBDjnAF+dTndRcKTAnDFUkkxfWAY+i5FNfc3vmwXrvCXBCfXcp+gG0PdhhpEwSlshx9+zotnEJWOvnMwQ8WMmfWYd7RU2bOHMmYBWsCqWLyrvx0/7VbcvSPZstHoYeZRBQK0bDMQNoR5JIgigeJZihwAFEPdnBDIYMeFnY0OmFg7CunZbR9rh6Txsj9PRFBT4i+56pOD8qumK4Nzf9qjVC2T+2IsCCUmKHxonZIDekbwzyMFuEYSdpXABEn6q8G6kIOkVSpJVQI1vTJs1DN56zj3FFZpZEFY8XBDtgDaWCBE1AEF6AEKgCBG/AAnsGLdqs9aq/a27g1pk1mtsAfae/fy9uYGQ==</latexit>

w(s3, t2) + w(s3, t3) = 1/2
<latexit sha1_base64="VKnB0m7f4fX7HK5XOkLysaW5DPY=">AAACAnicbZBLS8NAFIUn9VVr1agrESRYhIqlJq2oG6HgxmUL9gFtCJPppB06eTAzUUoobty7d+9GRBG3/gp3/hlxknahrQcGPs69lzv32AElXOj6l5Kam19YXEovZ1ayq2vr6sZmg/shQ7iOfOqzlg05psTDdUEExa2AYejaFDftwUVcb15jxonvXYlhgE0X9jziEASFtCx1+ybPrXJBWOWDwxhLCZ6XjsqWmtOLeiJtFowJ5CrZ+9rzw/du1VI/O10fhS72BKKQ87ahB8KMIBMEUTzKdEKOA4gGsIfbEj3oYm5GyQkjbV86Xc3xmXye0BL390QEXc6Hri07XSj6fLoWm//V2qFwzsyIeEEosIfGi5yQasLX4jy0LmEYCTqUABEj8q8a6kMGkZCpZWQIxvTJs9AoFY2T4nHNyFUKYKw02AF7IA8McAoq4BJUQR0gcAsewQt4Ve6UJ+VNeR+3ppTJzBb4I+XjB888mBw=</latexit>

w(s3, t3) + w(s2, t3) = 2/3
<latexit sha1_base64="VKnB0m7f4fX7HK5XOkLysaW5DPY=">AAACAnicbZBLS8NAFIUn9VVr1agrESRYhIqlJq2oG6HgxmUL9gFtCJPppB06eTAzUUoobty7d+9GRBG3/gp3/hlxknahrQcGPs69lzv32AElXOj6l5Kam19YXEovZ1ayq2vr6sZmg/shQ7iOfOqzlg05psTDdUEExa2AYejaFDftwUVcb15jxonvXYlhgE0X9jziEASFtCx1+ybPrXJBWOWDwxhLCZ6XjsqWmtOLeiJtFowJ5CrZ+9rzw/du1VI/O10fhS72BKKQ87ahB8KMIBMEUTzKdEKOA4gGsIfbEj3oYm5GyQkjbV86Xc3xmXye0BL390QEXc6Hri07XSj6fLoWm//V2qFwzsyIeEEosIfGi5yQasLX4jy0LmEYCTqUABEj8q8a6kMGkZCpZWQIxvTJs9AoFY2T4nHNyFUKYKw02AF7IA8McAoq4BJUQR0gcAsewQt4Ve6UJ+VNeR+3ppTJzBb4I+XjB888mBw=</latexit>

w(s3, t3) + w(s2, t3) = 2/3
<latexit sha1_base64="/fToUI9KMiZdnBj/Aa4AAxXMb44=">AAACBHicbZBNSwJBGMdn7c3MaqujEEMSGIntalSXQOjSUSFfQGWZHUcdnH1hZraQxUOXrt37Al08FNG1D9GtLxPNrh5K+8PAj//zPDzz/G2fUSEN40tLLC2vrK4l11Mb6c2tbX1nty68gGNSwx7zeNNGgjDqkpqkkpGmzwlybEYa9vAqqjduCRfUc2/kyCcdB/Vd2qMYSWVZeuYuJ6xSXlrFo+MIizHCS2ielCw9axSMWHARzBlky+nH6uTpe79i6Z/trocDh7gSMyREyzR82QkRlxQzMk61A0F8hIeoT1oKXeQQ0QnjI8bwUDld2PO4eq6Esft7IkSOECPHVp0OkgMxX4vM/2qtQPYuOiF1/UASF08X9QIGpQejRGCXcoIlGylAmFP1V4gHiCMsVW4pFYI5f/Ii1IsF86xwWjWz5TyYKgky4ADkgAnOQRlcgwqoAQzuwTN4Aa/agzbR3rT3aWtCm83sgT/SPn4Ag5mYbQ==</latexit>

w(s3, t2) + w(s2, t2) = 1/3
<latexit sha1_base64="/fToUI9KMiZdnBj/Aa4AAxXMb44=">AAACBHicbZBNSwJBGMdn7c3MaqujEEMSGIntalSXQOjSUSFfQGWZHUcdnH1hZraQxUOXrt37Al08FNG1D9GtLxPNrh5K+8PAj//zPDzz/G2fUSEN40tLLC2vrK4l11Mb6c2tbX1nty68gGNSwx7zeNNGgjDqkpqkkpGmzwlybEYa9vAqqjduCRfUc2/kyCcdB/Vd2qMYSWVZeuYuJ6xSXlrFo+MIizHCS2ielCw9axSMWHARzBlky+nH6uTpe79i6Z/trocDh7gSMyREyzR82QkRlxQzMk61A0F8hIeoT1oKXeQQ0QnjI8bwUDld2PO4eq6Esft7IkSOECPHVp0OkgMxX4vM/2qtQPYuOiF1/UASF08X9QIGpQejRGCXcoIlGylAmFP1V4gHiCMsVW4pFYI5f/Ii1IsF86xwWjWz5TyYKgky4ADkgAnOQRlcgwqoAQzuwTN4Aa/agzbR3rT3aWtCm83sgT/SPn4Ag5mYbQ==</latexit>

w(s3, t2) + w(s2, t2) = 1/3

<latexit sha1_base64="r0cJC1B0HW0N/Z82fGBoi2ITXUU=">AAAB7nicbZDLSgMxFIZPvNRarVa7dBMsggspM0XUZcGNywr2Au0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpZaGtPwQ+/v8ccs4JEsG1cZwvtLG5tV3YKe6W9vbLB4eVo+OOjlNFWZvGIla9gGgmuGRtw41gvUQxEgWCdYPJ7SzvPjKleSwfTJYwLyIjyUNOibFWV/sNbPyGX6k5dWcuvA7uEmpNNKh+lwtZy698DoYxTSMmDRVE677rJMbLiTKcCjYtDVLNEkInZMT6FiWJmPby+bhTfGadIQ5jZZ80eO7+7shJpHUWBbYyImasV7OZ+V/WT0144+VcJqlhki4+ClOBTYxnu+MhV4wakVkgVHE7K6Zjogg19kIlewR3deV16DTq7lX98t6tNS9goSKcwCmcgwvX0IQ7aEEbKEzgCV7gFSXoGb2h90XpBlr2VOGP0McPU5qREg==</latexit>

s2t2
<latexit sha1_base64="r0cJC1B0HW0N/Z82fGBoi2ITXUU=">AAAB7nicbZDLSgMxFIZPvNRarVa7dBMsggspM0XUZcGNywr2Au0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpZaGtPwQ+/v8ccs4JEsG1cZwvtLG5tV3YKe6W9vbLB4eVo+OOjlNFWZvGIla9gGgmuGRtw41gvUQxEgWCdYPJ7SzvPjKleSwfTJYwLyIjyUNOibFWV/sNbPyGX6k5dWcuvA7uEmpNNKh+lwtZy698DoYxTSMmDRVE677rJMbLiTKcCjYtDVLNEkInZMT6FiWJmPby+bhTfGadIQ5jZZ80eO7+7shJpHUWBbYyImasV7OZ+V/WT0144+VcJqlhki4+ClOBTYxnu+MhV4wakVkgVHE7K6Zjogg19kIlewR3deV16DTq7lX98t6tNS9goSKcwCmcgwvX0IQ7aEEbKEzgCV7gFSXoGb2h90XpBlr2VOGP0McPU5qREg==</latexit>

s2t2
<latexit sha1_base64="MVefuVJPd6lyJVnFHn686PmhLoA=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0X4dG//CL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVR6REw==</latexit>

s2t3
<latexit sha1_base64="MVefuVJPd6lyJVnFHn686PmhLoA=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0X4dG//CL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVR6REw==</latexit>

s2t3
<latexit sha1_base64="SWlIZD6TNu+X821CgyYwZXn+9Ow=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0f4FNn7dL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVSKREw==</latexit>

s3t2
<latexit sha1_base64="SWlIZD6TNu+X821CgyYwZXn+9Ow=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0f4FNn7dL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVSKREw==</latexit>

s3t2
<latexit sha1_base64="mUHbYgAP3ga3LQFWg8hVJVqxE/M=">AAAB7nicbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjBV1WXDjsoL9gXYYMmmmDc1khuSOMJQ+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFcxubW/ntwk5xd6+0f1A+PGqbONWMt1gsY90NqOFSKN4CAZJ3E81pFEjeCca3s7zzyLURsXqALOFeRIdKhIJRsFbH+HUCft0vV52aMxdZB3cJ1QbuV75L+azplz/7g5ilEVfAJDWm5zoJeBOqQTDJp8V+anhC2ZgOec+iohE33mQ+7pScWmdAwljbp4DM3d8dExoZk0WBrYwojMxqNjP/y3ophDfeRKgkBa7Y4qMwlQRiMtudDITmDGRmgTIt7KyEjaimDOyFivYI7urK69C+qLlXtct7t9o4RwsV0DE6QWfIRdeoge5QE7UQQ2P0hF7QK07wM37D74vSHF72VNAf4Y8fVqaRFA==</latexit>

s3t3
<latexit sha1_base64="mUHbYgAP3ga3LQFWg8hVJVqxE/M=">AAAB7nicbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjBV1WXDjsoL9gXYYMmmmDc1khuSOMJQ+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFcxubW/ntwk5xd6+0f1A+PGqbONWMt1gsY90NqOFSKN4CAZJ3E81pFEjeCca3s7zzyLURsXqALOFeRIdKhIJRsFbH+HUCft0vV52aMxdZB3cJ1QbuV75L+azplz/7g5ilEVfAJDWm5zoJeBOqQTDJp8V+anhC2ZgOec+iohE33mQ+7pScWmdAwljbp4DM3d8dExoZk0WBrYwojMxqNjP/y3ophDfeRKgkBa7Y4qMwlQRiMtudDITmDGRmgTIt7KyEjaimDOyFivYI7urK69C+qLlXtct7t9o4RwsV0DE6QWfIRdeoge5QE7UQQ2P0hF7QK07wM37D74vSHF72VNAf4Y8fVqaRFA==</latexit>

s3t3

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

b c b c

<latexit sha1_base64="FQ5Kgp8N0FOhoDQXX+x2jQH/Hx0=">AAAB8nicbZDNSgMxFIUzVWutVqtdugm2ggspM1XUZcGNywr2B6bDkEkzbWgmMyR3hDL0Mdy4UMStT+POhxFMfxbaeiDwcc695N4bJIJrsO0vK7exuZXfLuwUd/dK+wflw6OOjlNFWZvGIla9gGgmuGRt4CBYL1GMRIFg3WB8O8u7j0xpHssHmCTMi8hQ8pBTAsZya9q/wOA3cFDzy1W7bs+F18FZQrVp9Svfpfyk5Zc/+4OYphGTQAXR2nXsBLyMKOBUsGmxn2qWEDomQ+YalCRi2svmI0/xqXEGOIyVeRLw3P3dkZFI60kUmMqIwEivZjPzv8xNIbzxMi6TFJiki4/CVGCI8Wx/POCKURATA4QqbmbFdEQUoWCuVDRHcFZXXodOo+5c1S/vnWrzHC1UQMfoBJ0hB12jJrpDLdRGFMXoCb2gVwusZ+vNel+U5qxlTwX9kfXxAyO8kgU=</latexit>

s3t2b
<latexit sha1_base64="FQ5Kgp8N0FOhoDQXX+x2jQH/Hx0=">AAAB8nicbZDNSgMxFIUzVWutVqtdugm2ggspM1XUZcGNywr2B6bDkEkzbWgmMyR3hDL0Mdy4UMStT+POhxFMfxbaeiDwcc695N4bJIJrsO0vK7exuZXfLuwUd/dK+wflw6OOjlNFWZvGIla9gGgmuGRt4CBYL1GMRIFg3WB8O8u7j0xpHssHmCTMi8hQ8pBTAsZya9q/wOA3cFDzy1W7bs+F18FZQrVp9Svfpfyk5Zc/+4OYphGTQAXR2nXsBLyMKOBUsGmxn2qWEDomQ+YalCRi2svmI0/xqXEGOIyVeRLw3P3dkZFI60kUmMqIwEivZjPzv8xNIbzxMi6TFJiki4/CVGCI8Wx/POCKURATA4QqbmbFdEQUoWCuVDRHcFZXXodOo+5c1S/vnWrzHC1UQMfoBJ0hB12jJrpDLdRGFMXoCb2gVwusZ+vNel+U5qxlTwX9kfXxAyO8kgU=</latexit>

s3t2b

err

<latexit sha1_base64="rlfqJnTnNBx9TEsUyfscbu5e/bU=">AAAB7HicbZDNSgMxFIVvqtZarVa7dBNsBRdSZkTUZcGNywr2B9qhZNJMG5rJDElGGIY+gxsXirj1gdz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5neWdR6Y0j+SDSWPmhWQkecApMdZq1fTArQ3KVafuzIXXwV1CtYH6le9SPm0Oyp/9YUSTkElDBdG65zqx8TKiDKeCTYv9RLOY0AkZsZ5FSUKmvWw+7BSfWmeIg0jZJw2eu787MhJqnYa+rQyJGevVbGb+l/USE9x4GZdxYpiki4+CRGAT4dnmeMgVo0akFghV3M6K6ZgoQo29T9EewV1deR3aF3X3qn5571Yb57BQAY7hBM7AhWtowB00oQUUODzBC7wiiZ7RG3pflObQsqcCf4Q+fgC1BpAg</latexit>s1
<latexit sha1_base64="rlfqJnTnNBx9TEsUyfscbu5e/bU=">AAAB7HicbZDNSgMxFIVvqtZarVa7dBNsBRdSZkTUZcGNywr2B9qhZNJMG5rJDElGGIY+gxsXirj1gdz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5neWdR6Y0j+SDSWPmhWQkecApMdZq1fTArQ3KVafuzIXXwV1CtYH6le9SPm0Oyp/9YUSTkElDBdG65zqx8TKiDKeCTYv9RLOY0AkZsZ5FSUKmvWw+7BSfWmeIg0jZJw2eu787MhJqnYa+rQyJGevVbGb+l/USE9x4GZdxYpiki4+CRGAT4dnmeMgVo0akFghV3M6K6ZgoQo29T9EewV1deR3aF3X3qn5571Yb57BQAY7hBM7AhWtowB00oQUUODzBC7wiiZ7RG3pflObQsqcCf4Q+fgC1BpAg</latexit>s1

<latexit sha1_base64="DOiGCDLKNq2HG2Vv9vOoFlY+8lE=">AAAB7HicbZDLSgMxFIZP6q1Wq9Uu3QRbwYWUmSLqsuDGZQV7gXYomTTThmYyQ5IRhqHP4MaFIm59IHc+jGB6WWjrD4GP/z+HnHP8WHBtHOcL5TY2t7Z38ruFvf3iwWHp6Lito0RR1qKRiFTXJ5oJLlnLcCNYN1aMhL5gHX9yO8s7j0xpHskHk8bMC8lI8oBTYqzVqupBvTooVZyaMxdeB3cJlQbql7+L22lzUPrsDyOahEwaKojWPdeJjZcRZTgVbFroJ5rFhE7IiPUsShIy7WXzYaf4zDpDHETKPmnw3P3dkZFQ6zT0bWVIzFivZjPzv6yXmODGy7iME8MkXXwUJAKbCM82x0OuGDUitUCo4nZWTMdEEWrsfQr2CO7qyuvQrtfcq9rlvVtpXMBCeTiBUzgHF66hAXfQhBZQ4PAEL/CKJHpGb+h9UZpDy54y/BH6+AG2i5Ah</latexit>s2
<latexit sha1_base64="DOiGCDLKNq2HG2Vv9vOoFlY+8lE=">AAAB7HicbZDLSgMxFIZP6q1Wq9Uu3QRbwYWUmSLqsuDGZQV7gXYomTTThmYyQ5IRhqHP4MaFIm59IHc+jGB6WWjrD4GP/z+HnHP8WHBtHOcL5TY2t7Z38ruFvf3iwWHp6Lito0RR1qKRiFTXJ5oJLlnLcCNYN1aMhL5gHX9yO8s7j0xpHskHk8bMC8lI8oBTYqzVqupBvTooVZyaMxdeB3cJlQbql7+L22lzUPrsDyOahEwaKojWPdeJjZcRZTgVbFroJ5rFhE7IiPUsShIy7WXzYaf4zDpDHETKPmnw3P3dkZFQ6zT0bWVIzFivZjPzv6yXmODGy7iME8MkXXwUJAKbCM82x0OuGDUitUCo4nZWTMdEEWrsfQr2CO7qyuvQrtfcq9rlvVtpXMBCeTiBUzgHF66hAXfQhBZQ4PAEL/CKJHpGb+h9UZpDy54y/BH6+AG2i5Ah</latexit>s2

<latexit sha1_base64="RzyMivwGivT0hJHJ97+SPJzhu8c=">AAAB7HicbZDNSgMxFIVv6l+tVqtdugm2ggspMyrqsuDGZQWnLbRDyaSZNjSTGZKMMJQ+gxsXirj1gdz5MILpz0JbDwQ+zrmX3HuDRHBtHOcL5dbWNza38tuFnd3i3n7p4LCp41RR5tFYxKodEM0El8wz3AjWThQjUSBYKxjdTvPWI1Oax/LBZAnzIzKQPOSUGGt5Vd27qPZKFafmzIRXwV1ApY665e/iZtbolT67/ZimEZOGCqJ1x3US44+JMpwKNil0U80SQkdkwDoWJYmY9sezYSf4xDp9HMbKPmnwzP3dMSaR1lkU2MqImKFezqbmf1knNeGNP+YySQ2TdP5RmApsYjzdHPe5YtSIzAKhittZMR0SRaix9ynYI7jLK69C87zmXtUu791K/QzmysMRHMMpuHANdbiDBnhAgcMTvMArkugZvaH3eWkOLXrK8Efo4we4EJAi</latexit>s3
<latexit sha1_base64="RzyMivwGivT0hJHJ97+SPJzhu8c=">AAAB7HicbZDNSgMxFIVv6l+tVqtdugm2ggspMyrqsuDGZQWnLbRDyaSZNjSTGZKMMJQ+gxsXirj1gdz5MILpz0JbDwQ+zrmX3HuDRHBtHOcL5dbWNza38tuFnd3i3n7p4LCp41RR5tFYxKodEM0El8wz3AjWThQjUSBYKxjdTvPWI1Oax/LBZAnzIzKQPOSUGGt5Vd27qPZKFafmzIRXwV1ApY665e/iZtbolT67/ZimEZOGCqJ1x3US44+JMpwKNil0U80SQkdkwDoWJYmY9sezYSf4xDp9HMbKPmnwzP3dMSaR1lkU2MqImKFezqbmf1knNeGNP+YySQ2TdP5RmApsYjzdHPe5YtSIzAKhittZMR0SRaix9ynYI7jLK69C87zmXtUu791K/QzmysMRHMMpuHANdbiDBnhAgcMTvMArkugZvaH3eWkOLXrK8Efo4we4EJAi</latexit>s3

1/2 1/2 1/3 2/3

<latexit sha1_base64="g/LpBvkOgJXxT1FpPXp9NAbqwVY=">AAAB6nicbZDPSgMxEMYnVWutVqs9elksggcpuyLqseDFY0VbC+1Ssmm2Dc1ml2RWWEofwYsHRbz6RN58GMH0z0FbPwj8+L4ZMjNBIoVB1/0iubX1jfxmYau4vVPa3SvvH7RMnGrGmyyWsW4H1HApFG+iQMnbieY0CiR/CEbX0/zhkWsjYnWPWcL9iA6UCAWjaK077Hm9ctWtuTM5q+AtoFon3cp3KZ81euXPbj9macQVMkmN6Xhugv6YahRM8kmxmxqeUDaiA96xqGjEjT+ejTpxjq3Td8JY26fQmbm/O8Y0MiaLAlsZURya5Wxq/pd1Ugyv/LFQSYpcsflHYSodjJ3p3k5faM5QZhYo08LO6rAh1ZShvU7RHsFbXnkVWmc176J2futV66cwVwEO4QhOwINLqMMNNKAJDAbwBC/wSiR5Jm/kfV6aI4ueCvwR+fgB/fiPxQ==</latexit>

t1
<latexit sha1_base64="g/LpBvkOgJXxT1FpPXp9NAbqwVY=">AAAB6nicbZDPSgMxEMYnVWutVqs9elksggcpuyLqseDFY0VbC+1Ssmm2Dc1ml2RWWEofwYsHRbz6RN58GMH0z0FbPwj8+L4ZMjNBIoVB1/0iubX1jfxmYau4vVPa3SvvH7RMnGrGmyyWsW4H1HApFG+iQMnbieY0CiR/CEbX0/zhkWsjYnWPWcL9iA6UCAWjaK077Hm9ctWtuTM5q+AtoFon3cp3KZ81euXPbj9macQVMkmN6Xhugv6YahRM8kmxmxqeUDaiA96xqGjEjT+ejTpxjq3Td8JY26fQmbm/O8Y0MiaLAlsZURya5Wxq/pd1Ugyv/LFQSYpcsflHYSodjJ3p3k5faM5QZhYo08LO6rAh1ZShvU7RHsFbXnkVWmc176J2futV66cwVwEO4QhOwINLqMMNNKAJDAbwBC/wSiR5Jm/kfV6aI4ueCvwR+fgB/fiPxQ==</latexit>

t1

<latexit sha1_base64="8boL3zUjQ0Pkeg1IVl+3zA+ApVE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0XUZcGNy4r2B9qhZNJMG5rJDElGGIY+ghsXirj1idz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5meWdR6Y0j+SDSWPmhWQkecApMda6N4P6oFx1as5ceB3cJVQbqF/5LuXT5qD82R9GNAmZNFQQrXuuExsvI8pwKti02E80iwmdkBHrWZQkZNrL5qNO8al1hjiIlH3S4Ln7uyMjodZp6NvKkJixXs1m5n9ZLzHBtZdxGSeGSbr4KEgENhGe7Y2HXDFqRGqBUMXtrJiOiSLU2OsU7RHc1ZXXoV2vuZe1izu32jiHhQpwDCdwBi5cQQNuoQktoDCCJ3iBVyTQM3pD74vSHFr2VOCP0McP/3yPxg==</latexit>

t2
<latexit sha1_base64="8boL3zUjQ0Pkeg1IVl+3zA+ApVE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0XUZcGNy4r2B9qhZNJMG5rJDElGGIY+ghsXirj1idz5MILpz0JbDwQ+zrmX3Hv9WHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+5meWdR6Y0j+SDSWPmhWQkecApMda6N4P6oFx1as5ceB3cJVQbqF/5LuXT5qD82R9GNAmZNFQQrXuuExsvI8pwKti02E80iwmdkBHrWZQkZNrL5qNO8al1hjiIlH3S4Ln7uyMjodZp6NvKkJixXs1m5n9ZLzHBtZdxGSeGSbr4KEgENhGe7Y2HXDFqRGqBUMXtrJiOiSLU2OsU7RHc1ZXXoV2vuZe1izu32jiHhQpwDCdwBi5cQQNuoQktoDCCJ3iBVyTQM3pD74vSHFr2VOCP0McP/3yPxg==</latexit>

t2
<latexit sha1_base64="Z7lv6L1ZWNz9Igfh2xTez01rbQE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspMyrqsuDGZUX7A+1QMmmmDc1khiQjDEMfwY0LRdz6RO58GMH0Z6GtBwIf59xL7r1+LLg2jvOFcmvrG/nNwlZxe6e0u1feP2jpKFGUNWkkItXxiWaCS9Y03AjWiRUjoS9Y2x/fTPP2I1OaR/LBpDHzQjKUPOCUGGvdm/55v1x1as5MeBXcBVTrqFf5LuXTRr/82RtENAmZNFQQrbuuExsvI8pwKtik2Es0iwkdkyHrWpQkZNrLZqNO8LF1BjiIlH3S4Jn7uyMjodZp6NvKkJiRXs6m5n9ZNzHBtZdxGSeGSTr/KEgENhGe7o0HXDFqRGqBUMXtrJiOiCLU2OsU7RHc5ZVXoXVWcy9rF3dutX4KcxXgEI7gBFy4gjrcQgOaQGEIT/ACr0igZ/SG3uelObToqcAfoY8fAQ+Pxw==</latexit>

t3
<latexit sha1_base64="Z7lv6L1ZWNz9Igfh2xTez01rbQE=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspMyrqsuDGZUX7A+1QMmmmDc1khiQjDEMfwY0LRdz6RO58GMH0Z6GtBwIf59xL7r1+LLg2jvOFcmvrG/nNwlZxe6e0u1feP2jpKFGUNWkkItXxiWaCS9Y03AjWiRUjoS9Y2x/fTPP2I1OaR/LBpDHzQjKUPOCUGGvdm/55v1x1as5MeBXcBVTrqFf5LuXTRr/82RtENAmZNFQQrbuuExsvI8pwKtik2Es0iwkdkyHrWpQkZNrLZqNO8LF1BjiIlH3S4Jn7uyMjodZp6NvKkJiRXs6m5n9ZNzHBtZdxGSeGSTr/KEgENhGe7o0HXDFqRGqBUMXtrJiOiCLU2OsU7RHc5ZVXoXVWcy9rF3dutX4KcxXgEI7gBFy4gjrcQgOaQGEIT/ACr0igZ/SG3uelObToqcAfoY8fAQ+Pxw==</latexit>

t3

<latexit sha1_base64="EhPeV0mXJSXe4n62PUaB1bWQxkA=">AAAB7nicbZDNSgMxFIXvVK21Wq126SZYBBdSJiLqsuDGZQX7A+0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRHBtXPfLKWxsbhW3Szvl3b3K/kH18Kij41RR1qaxiFUvIJoJLlnbcCNYL1GMRIFg3WByO8u7j0xpHssHkyXMi8hI8pBTYqzV1T5Gxsd+te423LnQOuAl1JvOoPZdKWYtv/o5GMY0jZg0VBCt+9hNjJcTZTgVbFoepJolhE7IiPUtShIx7eXzcafo1DpDFMbKPmnQ3P3dkZNI6ywKbGVEzFivZjPzv6yfmvDGy7lMUsMkXXwUpgKZGM12R0OuGDUis0Co4nZWRMdEEWrshcr2CHh15XXoXDTwVePyHteb57BQCY7hBM4AwzU04Q5a0AYKE3iCF3h1EufZeXPeF6UFZ9lTgz9yPn4AUI6REA==</latexit>

s1t1
<latexit sha1_base64="EhPeV0mXJSXe4n62PUaB1bWQxkA=">AAAB7nicbZDNSgMxFIXvVK21Wq126SZYBBdSJiLqsuDGZQX7A+0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRHBtXPfLKWxsbhW3Szvl3b3K/kH18Kij41RR1qaxiFUvIJoJLlnbcCNYL1GMRIFg3WByO8u7j0xpHssHkyXMi8hI8pBTYqzV1T5Gxsd+te423LnQOuAl1JvOoPZdKWYtv/o5GMY0jZg0VBCt+9hNjJcTZTgVbFoepJolhE7IiPUtShIx7eXzcafo1DpDFMbKPmnQ3P3dkZNI6ywKbGVEzFivZjPzv6yfmvDGy7lMUsMkXXwUpgKZGM12R0OuGDUis0Co4nZWRMdEEWrshcr2CHh15XXoXDTwVePyHteb57BQCY7hBM4AwzU04Q5a0AYKE3iCF3h1EufZeXPeF6UFZ9lTgz9yPn4AUI6REA==</latexit>

s1t1

<latexit sha1_base64="wqsDSsOBlk4QCJogtqfNT+b5JPA=">AAAB7HicbZDNSgMxFIXvVK21/rTq0oXRIrjQMiOiLgtuXFZw2kI7lEyaaUOTzJBkhDL0Gdy4UMStD+TO9/ABTH8W2nog8HHOveTeGyacaeO6X05uZXUtv17YKG5ube+Uyrt7DR2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weDvJm49UaRbLBzNKaCBwX7KIEWys5XdE2vW65YpbdadCy+DNoVLLN/j34dF5vVv+7PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrFOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGhdV76p6ee9VamcwUwEO4BhOwYNrqMEd1MEHAgye4AVeHek8O2/O+6w058x79uGPnI8fvkGQ0w==</latexit>µ1
<latexit sha1_base64="wqsDSsOBlk4QCJogtqfNT+b5JPA=">AAAB7HicbZDNSgMxFIXvVK21/rTq0oXRIrjQMiOiLgtuXFZw2kI7lEyaaUOTzJBkhDL0Gdy4UMStD+TO9/ABTH8W2nog8HHOveTeGyacaeO6X05uZXUtv17YKG5ube+Uyrt7DR2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weDvJm49UaRbLBzNKaCBwX7KIEWys5XdE2vW65YpbdadCy+DNoVLLN/j34dF5vVv+7PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrFOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGhdV76p6ee9VamcwUwEO4BhOwYNrqMEd1MEHAgye4AVeHek8O2/O+6w058x79uGPnI8fvkGQ0w==</latexit>µ1

<latexit sha1_base64="xMC2vjXo0urA9olAKwFyFR/o+x8=">AAAB7HicbZDNSgMxFIXvVK21/lVdujBaBBdaZoqoy4IblxWcttAOJZNm2tAkMyQZoQx9BjcuFHHrA7nzPXwA05+Fth4IfJxzL7n3hgln2rjul5NbWV3Lrxc2iptb2zu7pb39ho5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vJ3kzUeqNIvlgxklNBC4L1nECDbW8jsi7Va7pbJbcadCy+DNoVzLN/j30fFFvVv67PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrVOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGtWKd1W5vPfKtXOYqQCHcAJn4ME11OAO6uADAQZP8AKvjnSenTfnfVaac+Y9B/BHzscPv8WQ1A==</latexit>µ2
<latexit sha1_base64="xMC2vjXo0urA9olAKwFyFR/o+x8=">AAAB7HicbZDNSgMxFIXvVK21/lVdujBaBBdaZoqoy4IblxWcttAOJZNm2tAkMyQZoQx9BjcuFHHrA7nzPXwA05+Fth4IfJxzL7n3hgln2rjul5NbWV3Lrxc2iptb2zu7pb39ho5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vJ3kzUeqNIvlgxklNBC4L1nECDbW8jsi7Va7pbJbcadCy+DNoVzLN/j30fFFvVv67PRikgoqDeFY67bnJibIsDKMcDoudlJNE0yGuE/bFiUWVAfZdNgxOrVOD0Wxsk8aNHV/d2RYaD0Soa0U2Az0YjYx/8vaqYlugozJJDVUktlHUcqRidFkc9RjihLDRxYwUczOisgAK0yMvU/RHsFbXHkZGtWKd1W5vPfKtXOYqQCHcAJn4ME11OAO6uADAQZP8AKvjnSenTfnfVaac+Y9B/BHzscPv8WQ1A==</latexit>µ2

<latexit sha1_base64="WvpM3vXh66y6d40bjA9AAN6rDB4=">AAAB9HicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqjHgBePEcwDkmWZncwmQ2Zm15nZQFjyHV48KOLVj/Hmf/gBTh4HjRY0FFXddHeFCWfauO6nk1taXsmvFtaK6xubW9ulnd2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HgZuI3h1RpFst7M0qoL3BPsogRbKzk68BDxlZHpIEXlMpuxZ0C/SXenJSr+Qb/Ojg8qwWlj043Jqmg0hCOtW57bmL8DCvDCKfjYifVNMFkgHu0banEgmo/mx49RsdW6aIoVrakQVP150SGhdYjEdpOgU1fL3oT8T+vnZro2s+YTFJDJZktilKOTIwmCaAuU5QYPrIEE8XsrYj0scLE2JyKNgRv8eW/pHFe8S4rF3deuXoKMxRgH47gBDy4gircQg3qQOABHuEZXpyh8+S8Om+z1pwzn9mDX3DevwFuQpNq</latexit>

s1t1µ1
<latexit sha1_base64="WvpM3vXh66y6d40bjA9AAN6rDB4=">AAAB9HicbVDLSgNBEOyNGmN8RT16cDQIHjTsiqjHgBePEcwDkmWZncwmQ2Zm15nZQFjyHV48KOLVj/Hmf/gBTh4HjRY0FFXddHeFCWfauO6nk1taXsmvFtaK6xubW9ulnd2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HgZuI3h1RpFst7M0qoL3BPsogRbKzk68BDxlZHpIEXlMpuxZ0C/SXenJSr+Qb/Ojg8qwWlj043Jqmg0hCOtW57bmL8DCvDCKfjYifVNMFkgHu0banEgmo/mx49RsdW6aIoVrakQVP150SGhdYjEdpOgU1fL3oT8T+vnZro2s+YTFJDJZktilKOTIwmCaAuU5QYPrIEE8XsrYj0scLE2JyKNgRv8eW/pHFe8S4rF3deuXoKMxRgH47gBDy4gircQg3qQOABHuEZXpyh8+S8Om+z1pwzn9mDX3DevwFuQpNq</latexit>

s1t1µ1

<latexit sha1_base64="2P8wLdL4uW17+lUfHdwwRTp160o=">AAAB/XicbVDLSgMxFM3UV62v8bFzYbQILrTMFFGXBTcuK9gHtMOQSTNtaDIzJHeEOhR/xY0LRdz6H+78Dz/A9LHQ1gM3HM65l3tzgkRwDY7zZeUWFpeWV/KrhbX1jc0te3unruNUUVajsYhVMyCaCR6xGnAQrJkoRmQgWCPoX4/8xj1TmsfRHQwS5knSjXjIKQEj+fae9l0Mptoynb5l7NtFp+SMgeeJOyXFynJdfB8cnlV9+7PdiWkqWQRUEK1brpOAlxEFnAo2LLRTzRJC+6TLWoZGRDLtZePrh/jYKB0cxspUBHis/p7IiNR6IAPTKQn09Kw3Ev/zWimEV17GoyQFFtHJojAVGGI8igJ3uGIUxMAQQhU3t2LaI4pQMIEVTAju7JfnSb1cci9K57dusXKKJsijfXSETpCLLlEF3aAqqiGKHtATekGv1qP1bL1Z75PWnDWd2UV/YH38ACvJlfA=</latexit>

s1t1µ1µ2
<latexit sha1_base64="2P8wLdL4uW17+lUfHdwwRTp160o=">AAAB/XicbVDLSgMxFM3UV62v8bFzYbQILrTMFFGXBTcuK9gHtMOQSTNtaDIzJHeEOhR/xY0LRdz6H+78Dz/A9LHQ1gM3HM65l3tzgkRwDY7zZeUWFpeWV/KrhbX1jc0te3unruNUUVajsYhVMyCaCR6xGnAQrJkoRmQgWCPoX4/8xj1TmsfRHQwS5knSjXjIKQEj+fae9l0Mptoynb5l7NtFp+SMgeeJOyXFynJdfB8cnlV9+7PdiWkqWQRUEK1brpOAlxEFnAo2LLRTzRJC+6TLWoZGRDLtZePrh/jYKB0cxspUBHis/p7IiNR6IAPTKQn09Kw3Ev/zWimEV17GoyQFFtHJojAVGGI8igJ3uGIUxMAQQhU3t2LaI4pQMIEVTAju7JfnSb1cci9K57dusXKKJsijfXSETpCLLlEF3aAqqiGKHtATekGv1qP1bL1Z75PWnDWd2UV/YH38ACvJlfA=</latexit>

s1t1µ1µ2

<latexit sha1_base64="kbtb5dOmETY00KfxsSW7irkfZwc=">AAACBnicbVDLSgMxFM3UV61VR12KEixCi6XOjKJuhIIbly3YB7TDkEnTNjTzIMkoZejKjTv3/oEgLhRx6ze482fEtFXQ1gMXTs65l9x73JBRIQ3jQ0vMzM7NLyQXU0vp5ZVVfW29KoKIY1LBAQt43UWCMOqTiqSSkXrICfJcRmpu72zo1y4JFzTwL2Q/JLaHOj5tU4ykkhx96yorHCsvHSsH9+DP4yAHT6G5bzl6xigYI8BpYn6TTDF9W364+9wuOfp7sxXgyCO+xAwJ0TCNUNox4pJiRgapZiRIiHAPdUhDUR95RNjx6IwB3FVKC7YDrsqXcKT+noiRJ0Tfc1Wnh2RXTHpD8T+vEcn2iR1TP4wk8fH4o3bEoAzgMBPYopxgyfqKIMyp2hXiLuIIS5VcSoVgTp48TapWwTwqHJbNTDEPxkiCTbADssAEx6AIzkEJVAAG1+AePIFn7UZ71F6013FrQvue2QB/oL19ATfqmMA=</latexit>

w(s2, t2) + w(s2, t3) = 1/2
<latexit sha1_base64="kbtb5dOmETY00KfxsSW7irkfZwc=">AAACBnicbVDLSgMxFM3UV61VR12KEixCi6XOjKJuhIIbly3YB7TDkEnTNjTzIMkoZejKjTv3/oEgLhRx6ze482fEtFXQ1gMXTs65l9x73JBRIQ3jQ0vMzM7NLyQXU0vp5ZVVfW29KoKIY1LBAQt43UWCMOqTiqSSkXrICfJcRmpu72zo1y4JFzTwL2Q/JLaHOj5tU4ykkhx96yorHCsvHSsH9+DP4yAHT6G5bzl6xigYI8BpYn6TTDF9W364+9wuOfp7sxXgyCO+xAwJ0TCNUNox4pJiRgapZiRIiHAPdUhDUR95RNjx6IwB3FVKC7YDrsqXcKT+noiRJ0Tfc1Wnh2RXTHpD8T+vEcn2iR1TP4wk8fH4o3bEoAzgMBPYopxgyfqKIMyp2hXiLuIIS5VcSoVgTp48TapWwTwqHJbNTDEPxkiCTbADssAEx6AIzkEJVAAG1+AePIFn7UZ71F6013FrQvue2QB/oL19ATfqmMA=</latexit>

w(s2, t2) + w(s2, t3) = 1/2
<latexit sha1_base64="Bk9Dnv/4YPWp5VuK601DWumyL+k=">AAACAnicbZBLSwMxFIUz9VVr1VFXIshgEVosdaYVdSMU3LhswT6gHYZMmrahmcyQZJQyFDfu3bt3I6KIW3+FO/+MmD4EbT0Q+Dj3Xm7ucQNKhDTNTy02N7+wuBRfTqwkV9fW9Y3NqvBDjnAF+dTndRcKTAnDFUkkxfWAY+i5FNfc3vmwXrvCXBCfXcp+gG0PdhhpEwSlshx9+zotnEJWOvnMwQ8WMmfWYd7RU2bOHMmYBWsCqWLyrvx0/7VbcvSPZstHoYeZRBQK0bDMQNoR5JIgigeJZihwAFEPdnBDIYMeFnY0OmFg7CunZbR9rh6Txsj9PRFBT4i+56pOD8qumK4Nzf9qjVC2T+2IsCCUmKHxonZIDekbwzyMFuEYSdpXABEn6q8G6kIOkVSpJVQI1vTJs1DN56zj3FFZpZEFY8XBDtgDaWCBE1AEF6AEKgCBG/AAnsGLdqs9aq/a27g1pk1mtsAfae/fy9uYGQ==</latexit>

w(s3, t2) + w(s3, t3) = 1/2
<latexit sha1_base64="Bk9Dnv/4YPWp5VuK601DWumyL+k=">AAACAnicbZBLSwMxFIUz9VVr1VFXIshgEVosdaYVdSMU3LhswT6gHYZMmrahmcyQZJQyFDfu3bt3I6KIW3+FO/+MmD4EbT0Q+Dj3Xm7ucQNKhDTNTy02N7+wuBRfTqwkV9fW9Y3NqvBDjnAF+dTndRcKTAnDFUkkxfWAY+i5FNfc3vmwXrvCXBCfXcp+gG0PdhhpEwSlshx9+zotnEJWOvnMwQ8WMmfWYd7RU2bOHMmYBWsCqWLyrvx0/7VbcvSPZstHoYeZRBQK0bDMQNoR5JIgigeJZihwAFEPdnBDIYMeFnY0OmFg7CunZbR9rh6Txsj9PRFBT4i+56pOD8qumK4Nzf9qjVC2T+2IsCCUmKHxonZIDekbwzyMFuEYSdpXABEn6q8G6kIOkVSpJVQI1vTJs1DN56zj3FFZpZEFY8XBDtgDaWCBE1AEF6AEKgCBG/AAnsGLdqs9aq/a27g1pk1mtsAfae/fy9uYGQ==</latexit>

w(s3, t2) + w(s3, t3) = 1/2
<latexit sha1_base64="VKnB0m7f4fX7HK5XOkLysaW5DPY=">AAACAnicbZBLS8NAFIUn9VVr1agrESRYhIqlJq2oG6HgxmUL9gFtCJPppB06eTAzUUoobty7d+9GRBG3/gp3/hlxknahrQcGPs69lzv32AElXOj6l5Kam19YXEovZ1ayq2vr6sZmg/shQ7iOfOqzlg05psTDdUEExa2AYejaFDftwUVcb15jxonvXYlhgE0X9jziEASFtCx1+ybPrXJBWOWDwxhLCZ6XjsqWmtOLeiJtFowJ5CrZ+9rzw/du1VI/O10fhS72BKKQ87ahB8KMIBMEUTzKdEKOA4gGsIfbEj3oYm5GyQkjbV86Xc3xmXye0BL390QEXc6Hri07XSj6fLoWm//V2qFwzsyIeEEosIfGi5yQasLX4jy0LmEYCTqUABEj8q8a6kMGkZCpZWQIxvTJs9AoFY2T4nHNyFUKYKw02AF7IA8McAoq4BJUQR0gcAsewQt4Ve6UJ+VNeR+3ppTJzBb4I+XjB888mBw=</latexit>

w(s3, t3) + w(s2, t3) = 2/3
<latexit sha1_base64="VKnB0m7f4fX7HK5XOkLysaW5DPY=">AAACAnicbZBLS8NAFIUn9VVr1agrESRYhIqlJq2oG6HgxmUL9gFtCJPppB06eTAzUUoobty7d+9GRBG3/gp3/hlxknahrQcGPs69lzv32AElXOj6l5Kam19YXEovZ1ayq2vr6sZmg/shQ7iOfOqzlg05psTDdUEExa2AYejaFDftwUVcb15jxonvXYlhgE0X9jziEASFtCx1+ybPrXJBWOWDwxhLCZ6XjsqWmtOLeiJtFowJ5CrZ+9rzw/du1VI/O10fhS72BKKQ87ahB8KMIBMEUTzKdEKOA4gGsIfbEj3oYm5GyQkjbV86Xc3xmXye0BL390QEXc6Hri07XSj6fLoWm//V2qFwzsyIeEEosIfGi5yQasLX4jy0LmEYCTqUABEj8q8a6kMGkZCpZWQIxvTJs9AoFY2T4nHNyFUKYKw02AF7IA8McAoq4BJUQR0gcAsewQt4Ve6UJ+VNeR+3ppTJzBb4I+XjB888mBw=</latexit>

w(s3, t3) + w(s2, t3) = 2/3
<latexit sha1_base64="/fToUI9KMiZdnBj/Aa4AAxXMb44=">AAACBHicbZBNSwJBGMdn7c3MaqujEEMSGIntalSXQOjSUSFfQGWZHUcdnH1hZraQxUOXrt37Al08FNG1D9GtLxPNrh5K+8PAj//zPDzz/G2fUSEN40tLLC2vrK4l11Mb6c2tbX1nty68gGNSwx7zeNNGgjDqkpqkkpGmzwlybEYa9vAqqjduCRfUc2/kyCcdB/Vd2qMYSWVZeuYuJ6xSXlrFo+MIizHCS2ielCw9axSMWHARzBlky+nH6uTpe79i6Z/trocDh7gSMyREyzR82QkRlxQzMk61A0F8hIeoT1oKXeQQ0QnjI8bwUDld2PO4eq6Esft7IkSOECPHVp0OkgMxX4vM/2qtQPYuOiF1/UASF08X9QIGpQejRGCXcoIlGylAmFP1V4gHiCMsVW4pFYI5f/Ii1IsF86xwWjWz5TyYKgky4ADkgAnOQRlcgwqoAQzuwTN4Aa/agzbR3rT3aWtCm83sgT/SPn4Ag5mYbQ==</latexit>

w(s3, t2) + w(s2, t2) = 1/3
<latexit sha1_base64="/fToUI9KMiZdnBj/Aa4AAxXMb44=">AAACBHicbZBNSwJBGMdn7c3MaqujEEMSGIntalSXQOjSUSFfQGWZHUcdnH1hZraQxUOXrt37Al08FNG1D9GtLxPNrh5K+8PAj//zPDzz/G2fUSEN40tLLC2vrK4l11Mb6c2tbX1nty68gGNSwx7zeNNGgjDqkpqkkpGmzwlybEYa9vAqqjduCRfUc2/kyCcdB/Vd2qMYSWVZeuYuJ6xSXlrFo+MIizHCS2ielCw9axSMWHARzBlky+nH6uTpe79i6Z/trocDh7gSMyREyzR82QkRlxQzMk61A0F8hIeoT1oKXeQQ0QnjI8bwUDld2PO4eq6Esft7IkSOECPHVp0OkgMxX4vM/2qtQPYuOiF1/UASF08X9QIGpQejRGCXcoIlGylAmFP1V4gHiCMsVW4pFYI5f/Ii1IsF86xwWjWz5TyYKgky4ADkgAnOQRlcgwqoAQzuwTN4Aa/agzbR3rT3aWtCm83sgT/SPn4Ag5mYbQ==</latexit>

w(s3, t2) + w(s2, t2) = 1/3

<latexit sha1_base64="r0cJC1B0HW0N/Z82fGBoi2ITXUU=">AAAB7nicbZDLSgMxFIZPvNRarVa7dBMsggspM0XUZcGNywr2Au0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpZaGtPwQ+/v8ccs4JEsG1cZwvtLG5tV3YKe6W9vbLB4eVo+OOjlNFWZvGIla9gGgmuGRtw41gvUQxEgWCdYPJ7SzvPjKleSwfTJYwLyIjyUNOibFWV/sNbPyGX6k5dWcuvA7uEmpNNKh+lwtZy698DoYxTSMmDRVE677rJMbLiTKcCjYtDVLNEkInZMT6FiWJmPby+bhTfGadIQ5jZZ80eO7+7shJpHUWBbYyImasV7OZ+V/WT0144+VcJqlhki4+ClOBTYxnu+MhV4wakVkgVHE7K6Zjogg19kIlewR3deV16DTq7lX98t6tNS9goSKcwCmcgwvX0IQ7aEEbKEzgCV7gFSXoGb2h90XpBlr2VOGP0McPU5qREg==</latexit>

s2t2
<latexit sha1_base64="r0cJC1B0HW0N/Z82fGBoi2ITXUU=">AAAB7nicbZDLSgMxFIZPvNRarVa7dBMsggspM0XUZcGNywr2Au0wZNJMG5rJDElGGIY+hBsXirj1edz5MILpZaGtPwQ+/v8ccs4JEsG1cZwvtLG5tV3YKe6W9vbLB4eVo+OOjlNFWZvGIla9gGgmuGRtw41gvUQxEgWCdYPJ7SzvPjKleSwfTJYwLyIjyUNOibFWV/sNbPyGX6k5dWcuvA7uEmpNNKh+lwtZy698DoYxTSMmDRVE677rJMbLiTKcCjYtDVLNEkInZMT6FiWJmPby+bhTfGadIQ5jZZ80eO7+7shJpHUWBbYyImasV7OZ+V/WT0144+VcJqlhki4+ClOBTYxnu+MhV4wakVkgVHE7K6Zjogg19kIlewR3deV16DTq7lX98t6tNS9goSKcwCmcgwvX0IQ7aEEbKEzgCV7gFSXoGb2h90XpBlr2VOGP0McPU5qREg==</latexit>

s2t2
<latexit sha1_base64="MVefuVJPd6lyJVnFHn686PmhLoA=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0X4dG//CL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVR6REw==</latexit>

s2t3
<latexit sha1_base64="MVefuVJPd6lyJVnFHn686PmhLoA=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0X4dG//CL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVR6REw==</latexit>

s2t3
<latexit sha1_base64="SWlIZD6TNu+X821CgyYwZXn+9Ow=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0f4FNn7dL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVSKREw==</latexit>

s3t2
<latexit sha1_base64="SWlIZD6TNu+X821CgyYwZXn+9Ow=">AAAB7nicbZDNSgMxFIVvqtZarVa7dBMsggspM1XUZcGNywr2B9phyKRpG5rJDElGGIY+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDWHBtHOcL5TY2t/LbhZ3i7l5p/6B8eNTWUaIoa9FIRKobEM0El6xluBGsGytGwkCwTjC5neWdR6Y0j+SDSWPmhWQk+ZBTYqzV0f4FNn7dL1edmjMXXgd3CdUG6le+S/m06Zc/+4OIJiGThgqidc91YuNlRBlOBZsW+4lmMaETMmI9i5KETHvZfNwpPrXOAA8jZZ80eO7+7shIqHUaBrYyJGasV7OZ+V/WS8zwxsu4jBPDJF18NEwENhGe7Y4HXDFqRGqBUMXtrJiOiSLU2AsV7RHc1ZXXoV2vuVe1y3u32jiHhQpwDCdwBi5cQwPuoAktoDCBJ3iBVxSjZ/SG3helObTsqcAfoY8fVSKREw==</latexit>

s3t2
<latexit sha1_base64="mUHbYgAP3ga3LQFWg8hVJVqxE/M=">AAAB7nicbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjBV1WXDjsoL9gXYYMmmmDc1khuSOMJQ+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFcxubW/ntwk5xd6+0f1A+PGqbONWMt1gsY90NqOFSKN4CAZJ3E81pFEjeCca3s7zzyLURsXqALOFeRIdKhIJRsFbH+HUCft0vV52aMxdZB3cJ1QbuV75L+azplz/7g5ilEVfAJDWm5zoJeBOqQTDJp8V+anhC2ZgOec+iohE33mQ+7pScWmdAwljbp4DM3d8dExoZk0WBrYwojMxqNjP/y3ophDfeRKgkBa7Y4qMwlQRiMtudDITmDGRmgTIt7KyEjaimDOyFivYI7urK69C+qLlXtct7t9o4RwsV0DE6QWfIRdeoge5QE7UQQ2P0hF7QK07wM37D74vSHF72VNAf4Y8fVqaRFA==</latexit>

s3t3
<latexit sha1_base64="mUHbYgAP3ga3LQFWg8hVJVqxE/M=">AAAB7nicbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjBV1WXDjsoL9gXYYMmmmDc1khuSOMJQ+hBsXirj1edz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFcxubW/ntwk5xd6+0f1A+PGqbONWMt1gsY90NqOFSKN4CAZJ3E81pFEjeCca3s7zzyLURsXqALOFeRIdKhIJRsFbH+HUCft0vV52aMxdZB3cJ1QbuV75L+azplz/7g5ilEVfAJDWm5zoJeBOqQTDJp8V+anhC2ZgOec+iohE33mQ+7pScWmdAwljbp4DM3d8dExoZk0WBrYwojMxqNjP/y3ophDfeRKgkBa7Y4qMwlQRiMtudDITmDGRmgTIt7KyEjaimDOyFivYI7urK69C+qLlXtct7t9o4RwsV0DE6QWfIRdeoge5QE7UQQ2P0hF7QK07wM37D74vSHF72VNAf4Y8fVqaRFA==</latexit>

s3t3

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...
<latexit sha1_base64="K2KhU9wK6Kfa45kYVcUazsTMsRI=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFVE7AzaWCZgLJEuYnZ1NxszuLDNnA2FJaW9joYittZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwDbb9aWUWFpeWV7KrubX1jc2t/PZOTctEUValUkjV8IhmgkesChwEa8SKkdATrO71rkZ5vc+U5jK6gUHM3JB0Ih5wSsBYtVbfl6Db+YJdtMfC8+BMoXD59nW3/175LrfzHy1f0iRkEVBBtG46dgxuShRwKtgw10o0iwntkQ5rGoxIyLSbjqcd4kPj+DiQyrwI8Nj93ZGSUOtB6JnKkEBXz2Yj87+smUBw4aY8ihNgEZ18FCQCg8Sj1bHPFaMgBgYIVdzMimmXKELBHChnjuDMrjwPtZOic1Y8rdiF0jGaKIv20AE6Qg46RyV0jcqoiii6RffoET1Z0nqwnq2XSWnGmvbsoj+yXn8Awq2TpA==</latexit>...

b c b c

<latexit sha1_base64="FQ5Kgp8N0FOhoDQXX+x2jQH/Hx0=">AAAB8nicbZDNSgMxFIUzVWutVqtdugm2ggspM1XUZcGNywr2B6bDkEkzbWgmMyR3hDL0Mdy4UMStT+POhxFMfxbaeiDwcc695N4bJIJrsO0vK7exuZXfLuwUd/dK+wflw6OOjlNFWZvGIla9gGgmuGRt4CBYL1GMRIFg3WB8O8u7j0xpHssHmCTMi8hQ8pBTAsZya9q/wOA3cFDzy1W7bs+F18FZQrVp9Svfpfyk5Zc/+4OYphGTQAXR2nXsBLyMKOBUsGmxn2qWEDomQ+YalCRi2svmI0/xqXEGOIyVeRLw3P3dkZFI60kUmMqIwEivZjPzv8xNIbzxMi6TFJiki4/CVGCI8Wx/POCKURATA4QqbmbFdEQUoWCuVDRHcFZXXodOo+5c1S/vnWrzHC1UQMfoBJ0hB12jJrpDLdRGFMXoCb2gVwusZ+vNel+U5qxlTwX9kfXxAyO8kgU=</latexit>

s3t2b
<latexit sha1_base64="FQ5Kgp8N0FOhoDQXX+x2jQH/Hx0=">AAAB8nicbZDNSgMxFIUzVWutVqtdugm2ggspM1XUZcGNywr2B6bDkEkzbWgmMyR3hDL0Mdy4UMStT+POhxFMfxbaeiDwcc695N4bJIJrsO0vK7exuZXfLuwUd/dK+wflw6OOjlNFWZvGIla9gGgmuGRt4CBYL1GMRIFg3WB8O8u7j0xpHssHmCTMi8hQ8pBTAsZya9q/wOA3cFDzy1W7bs+F18FZQrVp9Svfpfyk5Zc/+4OYphGTQAXR2nXsBLyMKOBUsGmxn2qWEDomQ+YalCRi2svmI0/xqXEGOIyVeRLw3P3dkZFI60kUmMqIwEivZjPzv8xNIbzxMi6TFJiki4/CVGCI8Wx/POCKURATA4QqbmbFdEQUoWCuVDRHcFZXXodOo+5c1S/vnWrzHC1UQMfoBJ0hB12jJrpDLdRGFMXoCb2gVwusZ+vNel+U5qxlTwX9kfXxAyO8kgU=</latexit>

s3t2b

err

Two (non-bisimilar) PTSs Corresponding symbolic game

Partial game



Using the Symbolic Game
We can use the symbolic game to solve the game

P.F. Castro et al. XX:9

W
i+1 = {v

Õ
| v

Õ
œ V

G

R · Post(vÕ) fl W
i

”= ÿ} fi346

{v
Õ
| v

Õ
œ V

G

V · V(Post(vÕ)) ™
t

jÆi W
j

· V(Post(vÕ)) fl W
i

”= ÿ} fi347

{v
Õ
| v

Õ
œ V

G

P ·
q

vÕÕœPost(vÕ)flW i ”
G(vÕ)(vÕÕ) > 0}348

349

where V(V Õ) = {(s, -, s
Õ
, µ, µ

Õ
, w, P) œ V

Õ
fl V

G

P | w œ V(C(µ, µ
Õ))}. Finally, let W =

t
iØ0 W

i.350

The sets W
i can be used to solve the game GA,AÕ . Notice, in particular, that we do not351

take into account all possible couplings but only those that are vertices of the polytope352

C(pr3(v), pr4(v)). This is su�cient to determine the winner of the game since every coupling353

in C(pr3(v), pr4(v)) can be expressed as a convex combination of its vertices. Thus, if there is354

a positive probability of reaching the error state with some coupling, there is also a positive355

probability of reaching it through a vertix coupling. By taking only the vertix couplings, only [PRD] Texto agregado,
verificar356

a finite number of graph vertices are collected in each Wi and hence W can be e�ectively357

computed with a fix point algorithm.358

The following result is a straightforward adaptation of the results for reachability games359

over finite graphs [9].360

I Theorem 7. Let GA,AÕ = (V G
, E

G
, V

G

R , V
G

V , V
G

P , v
G

0 , ”
G) be a stochastic masking game graph361

for PTSs A and A
Õ. Then, the Verifier has a sure winning strategy from vertex v i� v /œ W .362

It is worth noting that, for a probabilistic vertex (s, -, s
Õ
, µ, µ

Õ
, w, P) œ V

G

P , the two-way363

transportation polytope C(µ, µ
Õ) has at least max{m,n}!

(max{m,n}≠min{m,n}+1)! vertices [22], where [PRD] “at least” o “at
most”?364

m = Supp(µ) and n = Supp(µÕ). Therefore, it could be computationally impractical to365

calculate such sets.366

In the following we propose to use the symbolic game graph to solve the infinite game.367

By doing so, we obtain a polynomial time procedure. Similarly to Definition 6, we provide368

an inductive construction of the Refuter-winning nodes using equation systems in place of369

sets of polytope vertices, as follows.370

I Definition 8. Let SGA,AÕ = (V SG
, E

SG
, V

SG

R , V
SG

V , V
SG

P , v
SG

0 ) be a symbolic game graph371

for PTSs A and A
Õ. Sets U

i (for i Ø 0) are defined as follows:372

U
0 = {verr},373

U
i+1 = {v

Õ
| v

Õ
œ V

SG

R · Post(vÕ) fl U
i

”= ÿ} fi374

{v
Õ
| v

Õ
œ V

SG

V · Post(vÕ) ™
t

jÆi U
j

· Post(vÕ) fl U
i

”= ÿ} fi375

{v
Õ
| v

Õ
œ V

SG

P · Post(vÕ) fl U
i

”= ÿ · Eq(vÕ
, Post(vÕ) fl U

i) has no solution}376
377

Furthermore, we define U =
t

iØ0 U
i.378

The construction of each U
i+1 follows a similar idea as the construction of W

i+1, only379

varying significantly in the case of the probabilistic vertices. The first and second line380

correspond to the Refuter and Verifier players, respectively. The last one corresponds to the381

probabilistic player. Notice that, if Eq(vÕ
, Post(vÕ) fl U

i) has no solution, it means that every382

possible coupling will inevitably lead with some probability to a “losing” state of a smaller383

level, since, in particular, equation
q

(s,-,sÕ,-,-,R)œ(Post(vÕ)flUi) xs,sÕ = 0 cannot be satisfied.384

There is a strong connection between sets W
i and U

i: a vertex is in W
i if and only if its385

abstract version is in U
i. This is formally stated in the next theorem.386

I Theorem 9. Let GA,AÕ be be a stochastic masking game graph GA,AÕ for PTSs A and A
Õ387

and let SGA,AÕ be the corresponding symbolic game graph. For every v œ V
G, u œ V

SG such388

that pri(v) = pri(u) (for 0 Æ i Æ 4) and pr6(v) = pr5(u), and for all k Ø 0, v œ U
k if and389

only if u œ W
k.390

These sets capture 
vertices from which the 

Refuter has winning 
plays

No coupling with 
probability 0 of 

going to Ui

For v = (s, − ,s′ , μ, μ′ )

∑
sj∈supp(μ′ )

xsk,sj
= μ(sk), for sk ∈ supp(μ)

∑
sk∈supp(μ)

xsk,sj
= μ′ (sj), for sj ∈ supp(μ′ )

xsj,sk
≥ 0, for sk ∈ supp(μ) and sj ∈ supp(μ′ )

∑
(s,−,s′ ,−,−)∈Post(v′ )∩Ui

xs,s′ = 0



Quantitative Games
Instead of saying if there is a masking (bi)simulation or 
not, we can consider a quantitative objetive

• We consider some actions  as being milestone to 
count, 

• A reward is defined as:  

•
Then we define a function: 

M ⊆ Act

r(v) = v[1] ∈ M?1 : 0

fm(v0v1v2…) =
∞

∑
i=0

r(vi)

well-defined in 
reals when the 

game stops

The Verifier tries to maximize the expected value of , 
and the Refuter tries to minimizes it.

fm



Stopping Conditions
The objective of the game is to maximize/minimize:

Where:

𝔼π𝖵,π𝖱
𝒢,v𝒢

0
[ fm] = lim

n→∞
𝔼π𝖵,π𝖱

𝒢,v𝒢
0
[λρ .

n

∑
i=0

r𝒢
m(ρi)]

π𝖵 is the strategy played by the Verifier 
πR is the strategy played by the Refuter 

Standard stopping condition: ProbπV,πR
𝒢,v (◊verror) = 1

That is: a terminal state will be reached with probability 1

For every pair of 
memoryless strategies



A More General Condition
Consider the following:

P.F. Castro, P.R. D’Argenio, R. Demasi, and L. Putruele XX:5

I Definition 1. Let A = (S, �, æ, s0) and A
Õ = (SÕ

, �F , æ
Õ
, s

Õ

0) be two PTSs representing184

the nominal and the implementation model, respectively. A
Õ

is (strong) probabilistic masking185

fault-tolerant with respect to A i� there exists a relation M ™ S ◊ S
Õ

such that: (a) s0 M s
Õ

0,186

and (b) for all s œ S, s
Õ
œ S

Õ
with s M s

Õ
and all e œ � and F œ F the following holds:187

(1) if s
e
≠æ µ, then s

Õ e
≠æ

Õ
µ

Õ
and µ M#

µ
Õ

for some µ
Õ
;188

(2) if s
Õ e
≠æ

Õ
µ

Õ
, then s

e
≠æ µ and µ M#

µ
Õ

for some µ;189

(3) if s
Õ F
≠æ

Õ
µ

Õ
, then �s M#

µ
Õ
.190

If such a relation exists we say that A
Õ

is a (strong) probabilistic masking fault-tolerant191

implementation of A, denoted A ∞m A
Õ
.192

Note that the relation can be encoded in terms of traditional probabilistic bisimulation as193

follows: saturate PTSs A and A
Õ by adding self-loops s

F
≠æ �s and s

Õ F
≠æ

Õ �sÕ , respectively,194

for every s œ S, s
Õ
œ S

Õ and F œ F . It follows from the definitions that these two new PTSs195

are probabilistic bisimilar i� A ∞m A
Õ. As a consequence, checking A ∞m A

Õ is decidable in196

polynomial time.197

module NOMINAL

b : [0..1] init 0;

m : [0..1] init 0; // 0 = normal,

// 1 = refreshing

[w0] (m=0) -> (b’= 0);

[w1] (m=0) -> (b’= 1);

[r0] (m=0) & (b=0) -> true;

[r1] (m=0) & (b=1) -> true;

[tick] (m=0) -> p: (m’= 1) +

(1-p): true;

[rfsh] (m=1) -> (m’= 0);

endmodule

Figure 1 Memory cell: nominal model.

Example 2. Consider a memory cell storing one bit of198

information that periodically refreshes its value. The199

memory supports both write and read operations,200

and when it refreshes, it performs a read operation201

and overwrites the memory with the read value. This202

behaviour is captured by the nominal model of Fig. 1203

using PRISM notation [26]. In this model, ri and204

wi (for i = 0,1) represent the actions of reading205

and writing value i. The bit stored in the memory206

is saved in variable b. Action tick marks that one207

time unit has passed and, with probability p, it enables the refresh action (rfsh). Variable m208

indicates whether the system is in write/read mode, or producing a refresh.209

module FAULTY

v : [0..3] init 0;

s : [0..2] init 0; // 0 = normal, 1 = faulty,

// 2 = refreshing

f : [0..1] init 0; // fault limiting artifact

[w0] (s!=2) -> (v’= 0) & (s’= 0);

[w1] (s!=2) -> (v’= 3) & (s’= 0);

[r0] (s!=2) & (v<=1) -> true;

[r1] (s!=2) & (v>=2) -> true;

[tick] (s!=2) -> p: (s’= 2) + q: (s’= 1)

+ (1-p-q): true;

[rfsh] (s=2) -> (s’=0)

& (v’= (v<=1) ? 0 : 3);

[fault] (s=1) & (f<1) -> (v’= (v<3) ? (v+1) : 2)

& (s’= 0) & (f’= f+1);

[fault] (s=1) & (f<1) -> (v’= (v>0) ? (v-1) : 1)

& (s’= 0) & (f’= f+1);

endmodule

Figure 2 Memory cell: fault-tolerant model.

A potential fault in this scenario oc-210

curs when a cell unexpectedly changes its211

value. In practice, the occurrence of such212

an error has a certain probability. A typ-213

ical technique to deal with this situation214

is redundancy, e.g., using three memory215

bits instead of one. Then, writing opera-216

tions are performed simultaneously on the217

three bits while reading returns the value218

read by majority (or voting). Fig. 2 models219

this implementation with the occurrence of220

the fault implicitly modeled (ignore, for the221

time being, the red part). Variable v counts222

the votes for the value 1. In addition to223

enabling the refresh action, a tick may also enable the occurrence of a fault with probability224

q, with p + q Æ 1. Variable s indicates whether the system is in normal mode (s = 0), in a225

state where a fault may occur (s = 1), or producing a refresh (s = 2). The red coloured text226

in Fig. 2 is an artifact to limit the number of faults to 1. Under this condition, relation M =227

{È(b, m), (v, s, f)Í | 2b Æ v Æ 2b+1 · (m = 1 … s = 2)} is a probabilistic masking simulation228

(b, m, v, s, and f represent the values of variables b, m, v, s, and f, respectively.) It should be229
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Let’s play the game
Consider the following play:

<latexit sha1_base64="XAbqQiTmQ493D+n41MhBK797YSk=">AAACAHicbVDLSgMxFM34rLXqqAsXggRboYWxzIioy4Ibly3YB7RDyaSZNjSTGZKMUIZu/AH3bt24qIhbP8OdPyOmD0FbTwj3cM69JPd4EaNS2fansbS8srq2ntpIb2a2tnfM3b2aDGOBSRWHLBQND0nCKCdVRRUjjUgQFHiM1L3+9div3xEhachv1SAiboC6nPoUI6WltnmQy+dtyy5Yp9ZP1aeQa5tZu2hPABeJMyPZUuahMnr8Oiq3zY9WJ8RxQLjCDEnZdOxIuQkSimJGhulWLEmEcB91SVNTjgIi3WSywBCeaKUD/VDoyxWcqL8nEhRIOQg83Rkg1ZPz3lj8z2vGyr9yE8qjWBGOpw/5MYMqhOM0YIcKghUbaIKwoPqvEPeQQFjpzNI6BGd+5UVSOys6F8Xzik7DAlOkwCE4BnnggEtQAjegDKoAgyF4AiPwYtwbz8ar8TZtXTJmM/vgD4z3b6d0lPE=</latexit>

((0,0),-,(0,0),-,-,-)
<latexit sha1_base64="XAbqQiTmQ493D+n41MhBK797YSk=">AAACAHicbVDLSgMxFM34rLXqqAsXggRboYWxzIioy4Ibly3YB7RDyaSZNjSTGZKMUIZu/AH3bt24qIhbP8OdPyOmD0FbTwj3cM69JPd4EaNS2fansbS8srq2ntpIb2a2tnfM3b2aDGOBSRWHLBQND0nCKCdVRRUjjUgQFHiM1L3+9div3xEhachv1SAiboC6nPoUI6WltnmQy+dtyy5Yp9ZP1aeQa5tZu2hPABeJMyPZUuahMnr8Oiq3zY9WJ8RxQLjCDEnZdOxIuQkSimJGhulWLEmEcB91SVNTjgIi3WSywBCeaKUD/VDoyxWcqL8nEhRIOQg83Rkg1ZPz3lj8z2vGyr9yE8qjWBGOpw/5MYMqhOM0YIcKghUbaIKwoPqvEPeQQFjpzNI6BGd+5UVSOys6F8Xzik7DAlOkwCE4BnnggEtQAjegDKoAgyF4AiPwYtwbz8ar8TZtXTJmM/vgD4z3b6d0lPE=</latexit>

((0,0),-,(0,0),-,-,-)

<latexit sha1_base64="Ioo6FLHsL6WvYiAe3Ml0wFHmVLQ=">AAACEHicbZDLSgMxFIYz9VbrrV52boKt2MK0ZETUZUEXLivYC7RlyKRpG5rJDElGKEMfwY0P4Eu4caGIW5fufAV9CdPLQlt/CHz5zzkk5/dCzpRG6NNKLCwuLa8kV1Nr6xubW+ntnaoKIklohQQ8kHUPK8qZoBXNNKf1UFLse5zWvP7FqF67pVKxQNzoQUhbPu4K1mEEa2O56aNsLodslLeli+wJNS8p19iNx7ehXbAL+Sx00xlURGPBeXCmkCntoa8H8R2W3fRHsx2QyKdCE46Vajgo1K0YS80Ip8NUM1I0xKSPu7RhUGCfqlY8XmgID43Thp1AmiM0HLu/J2LsKzXwPdPpY91Ts7WR+V+tEenOeStmIow0FWTyUCfiUAdwlA5sM0mJ5gMDmEhm/gpJD0tMtMkwZUJwZleeh+px0Tktnlw7mZINJkqCfXAAcsABZ6AErkAZVAABd+ARPIMX6956sl6tt0lrwprO7II/st5/ANGBmxo=</latexit>

((0, 0), r0, (0, 0),�(0,0),�,�)
<latexit sha1_base64="Ioo6FLHsL6WvYiAe3Ml0wFHmVLQ=">AAACEHicbZDLSgMxFIYz9VbrrV52boKt2MK0ZETUZUEXLivYC7RlyKRpG5rJDElGKEMfwY0P4Eu4caGIW5fufAV9CdPLQlt/CHz5zzkk5/dCzpRG6NNKLCwuLa8kV1Nr6xubW+ntnaoKIklohQQ8kHUPK8qZoBXNNKf1UFLse5zWvP7FqF67pVKxQNzoQUhbPu4K1mEEa2O56aNsLodslLeli+wJNS8p19iNx7ehXbAL+Sx00xlURGPBeXCmkCntoa8H8R2W3fRHsx2QyKdCE46Vajgo1K0YS80Ip8NUM1I0xKSPu7RhUGCfqlY8XmgID43Thp1AmiM0HLu/J2LsKzXwPdPpY91Ts7WR+V+tEenOeStmIow0FWTyUCfiUAdwlA5sM0mJ5gMDmEhm/gpJD0tMtMkwZUJwZleeh+px0Tktnlw7mZINJkqCfXAAcsABZ6AErkAZVAABd+ARPIMX6956sl6tt0lrwprO7II/st5/ANGBmxo=</latexit>

((0, 0), r0, (0, 0),�(0,0),�,�)

<latexit sha1_base64="JEQ0uS5Hn+Az/49MO2kIaPIuzbg=">AAACHXicbVDLSgMxFM3UV62v8bFzEyxCC6VkpKjLgi5cVrAPaMuQSdM2NJMZkoxQhv6IC/0VNy4UceFG/AX9CdOZLrT1QODcc+7l5h4v5ExphD6tzNLyyupadj23sbm1vWPv7jVUEElC6yTggWx5WFHOBK1rpjlthZJi3+O06Y0upn7zlkrFAnGjxyHt+nggWJ8RrI3k2pVCAZVQsSRdVEpZ55Jyjd04qSYLpR8VoWvnURklgIvEmZF89QB93YvvsOba751eQCKfCk04VqrtoFB3Yyw1I5xOcp1I0RCTER7QtqEC+1R14+S6CTw2Sg/2A2me0DBRf0/E2Fdq7Hum08d6qOa9qfif1450/7wbMxFGmgqSLupHHOoATqOCPSYp0XxsCCaSmb9CMsQSE20CzZkQnPmTF0njpOyclivXJo0SSJEFh+AIFIADzkAVXIEaqAMC7sAjeAYv1oP1ZL1ab2lrxprN7IM/sD5+ABS2oLE=</latexit>

((0, 0), r0, (0, 0),�(0,0),�(0,0), µ)
<latexit sha1_base64="JEQ0uS5Hn+Az/49MO2kIaPIuzbg=">AAACHXicbVDLSgMxFM3UV62v8bFzEyxCC6VkpKjLgi5cVrAPaMuQSdM2NJMZkoxQhv6IC/0VNy4UceFG/AX9CdOZLrT1QODcc+7l5h4v5ExphD6tzNLyyupadj23sbm1vWPv7jVUEElC6yTggWx5WFHOBK1rpjlthZJi3+O06Y0upn7zlkrFAnGjxyHt+nggWJ8RrI3k2pVCAZVQsSRdVEpZ55Jyjd04qSYLpR8VoWvnURklgIvEmZF89QB93YvvsOba751eQCKfCk04VqrtoFB3Yyw1I5xOcp1I0RCTER7QtqEC+1R14+S6CTw2Sg/2A2me0DBRf0/E2Fdq7Hum08d6qOa9qfif1450/7wbMxFGmgqSLupHHOoATqOCPSYp0XxsCCaSmb9CMsQSE20CzZkQnPmTF0njpOyclivXJo0SSJEFh+AIFIADzkAVXIEaqAMC7sAjeAYv1oP1ZL1ab2lrxprN7IM/sD5+ABS2oLE=</latexit>

((0, 0), r0, (0, 0),�(0,0),�(0,0), µ)

((0,0),-,(0,0),-,-,-) 

((0,0),-,(0,0),-,-,-) 

((0,0),-,(0,0),-,-,-) 

The Refuter plays a 
reading

The Verifier has no option

The game returns to the 
initial state

The error state is never reached, the Refuter plays in such 
a way that it keeps the system away from failing!



Fair Plays
For avoiding this kind of behavior from the Refuter, we assume 
that she behaves in a fair way:

The set of fair play is defined as:

A strategy  for the refuter is said to be a.s. fair if:πR

We are interested in games that stop under fairness:
The game ends with 

probability oneFor  fair:πR

RFP = {ρ ∈ Ω ∣ v ∈ inf(ρ) ∩ VR ⇒ Post(v) ⊆ inf(ρ)}

ℙπV,πR
𝒢,v (RFP) = 1

ℙπV,πR
𝒢,v (◊verr) = 1

For all πV



Some questions
• Q1 Are the value of these games well-defined in ? 

Furthermore, Are they determined? 

• Q2 How  can we compute the values of these infinite 
games? 

• Q3 Can we use the symbolic games to compute the 
value?

ℝ



Defining a subgame
For answering that questions we consider a subgame:

The game  has the same maximizer and minimizer 
vertices as  but their probabilistic vertices are the 
vertices of the polytope

ℋA,A′ 

𝒢A,A′ 

Given two distributions: μ, μ′ 

∑
sj∈supp(μ′ )

xsk,sj
= μ(sk), for sk ∈ supp(μ)

∑
sk∈supp(μ)

xsk,sj
= μ′ (sj), for sj ∈ supp(μ′ )

xsj,sk
≥ 0, for sk ∈ supp(μ) and sj ∈ supp(μ′ )

Defines a polytope

Finite, but an exponential 
number of vertices



Results
We can prove that the infinite game is determined using de 
restricted game: 
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Now observe that, if the Verifier semi-Markov strategies are considered as functions506

with domain in (N ◊ V
G

V ), then the set of all extreme semi-Markov strategies in GA,AÕ507

corresponds to the set of all semi-Markov strategies of HA,AÕ . That is: �XS
V,G = �S

V,H, where508

subscripts G and H indicate whether the strategies belong to GA,AÕ or HA,AÕ , respectively.509

Similarly, the same holds for the set of all extreme deterministic memoryless strategies, that510

is: �XMD
V,G = �MD

V,H. Given the fact that V
G

R = V
H

R and V
G

V = V
H

V , the set of all Refuter’s511

deterministic memoryless fair strategies are the same in both game graphs, i.e., �MDf
R,G = �MDf

R,H .512

The following proposition follows directly from these observations.513

I Proposition 14. Let GA,AÕ be a stochastic game graph and HA,AÕ its vertex snippet. Then,514

for all v œ V
G

R (= V
H

R ), we have:515

1. for all fiR œ �MDf
R,G ,(= �MDf

R,H ), supfiVœ�XS
V,G

EfiV,fiR
G,v [fm] = supfiVœ�S

V,H

EfiV,fiR
H,v [fm]; and516

2. for all fiV œ �XMD
V,G (= �MD

V,H), inffiRœ�f
R,G

EfiV,fiR
G,v [fm] = inffiRœ�f

R,H

EfiV,fiR
H,v [fm].517

The following theorem not only states that the game for optimizing the expected value of518

the masking payo� function is determined, but it also guarantees that it can be solved using519

the finite vertex snippet of the stochastic game subgraph.520

I Theorem 15. Let GA,AÕ be a stochastic game graph whose vertex snippet HA,AÕ is almost-521

sure failing under fairness. Then, for all v œ V
G

R (= V
H

R ),522

523

inf
fiRœ�f

R,G

sup
fiVœ�V,G

EfiV,fiR
G,v [fm] = inf

fiRœ�MDf
R,H

sup
fiVœ�MD

V,H

EfiV,fiR
H,v [fm]524

= sup
fiVœ�MD

V,H

inf
fiRœ�MDf

R,H

EfiV,fiR
H,v [fm] = sup

fiVœ�V,G

inf
fiRœ�f

R,G

EfiV,fiR
G,v [fm].525

526

Proof. We first recall that the almost-sure failing under fairness property is equivalent to the527

stopping under fairness property in [7]. That is why we can safely apply the results from [7]528

on HA,AÕ in the calculations below.529

inffiRœ�f
R,G

supfiVœ�V,G
EfiV,fiR

G,v [fm] Æ inffiRœ�MDf
R,G

supfiVœ�V,G
EfiV,fiR

G,v [fm] (�MDf
R,G ™ �f

R,G) (ı)530

= inffiRœ�MDf
R,G

supfiVœ�S
V,G

EfiV,fiR
G,v [fm] (by Lemma 12)531

= inffiRœ�MDf
R,G

supfiVœ�XS
V,G

EfiV,fiR
G,v [fm] (by Lemma 13)532

= inffiRœ�MDf
R,H

supfiVœ�S
V,H

EfiV,fiR
H,v [fm] (by Prop. 14.1)533

Æ inffiRœ�MDf
R,H

supfiVœ�MD
V,H

EfiV,fiR
H,v [fm] (by [7, Thm. 5]) (ı)534

= supfiVœ�MD
V,H

inffiRœ�MDf
R,H

EfiV,fiR
H,v [fm] (by [7, Thm. 5]) (ı)535

= supfiVœ�MD
V,H

inffiRœ�f
R,H

EfiV,fiR
H,v [fm] (by [7, Lemma 6])536

= supfiVœ�XMD
V,G

inffiRœ�f
R,G

EfiV,fiR
G,v [fm] (by Prop. 14.2)537

Æ supfiVœ�V,G
inffiRœ�f

R,G

EfiV,fiR
G,v [fm] (�XMD

V,G ™ �V,G) (ı)538

Æ inffiRœ�f
R,G

supfiVœ�V,G
EfiV,fiR

G,v [fm] (prop. inf/sup)539
540

Formulas marked with (ı) are those in the statement of the theorem and, because the first541

and last formulas are the same, all of them are equal. J542

Theorem 15 guarantees that the stochastic masking game can be solved through its543

finite vertex snippet using the algorithm proposed in [7]. The next theorem uses this fact544

to provide a set of Bellman equations based on the symbolic game graph whose greatest545

fixpoint solution is the solution of the original stochastic masking game.546

Follows from property of 
finite games: CAV 22

The next problem is: how can we compute the game value?

If  is stopping under fairness then:ℋA,A′ 



Solving the Game
We can solve the game using Bellman equations over the 
symbolic game.P.F. Castro, P.R. D’Argenio, R. Demasi, and L. Putruele XX:13

I Theorem 16. Let GA,AÕ be a stochastic masking game graph whose vertex snippet is almost-547

sure failing under fairness and let m be a milestone for A
Õ
. Let SGA,AÕ be the corresponding548

symbolic game graph. Let ‹� be the greatest fixpoint of the functional � defined, for all549

v œ V
SG

, as follows:550

�(f)(v) =

Y
___]

___[

min
!
U, maxwœV(C(v[3],v[4]))

q
vÕœPost(v) w(vÕ[0], vÕ[2])f(vÕ)

"
if v œ V SG

P

min
!
U, rSG

m (v) + max {f(vÕ) | vÕ œ Post(v)}
"

if v œ V SG

V
min (U, min {f(vÕ) | vÕ œ Post(v))} if v œ V SG

R \{verr}
0 if v = verr

551

where v[i] is the i-th coordinate of v (i Ø 0), r
SG

m (v[0], v[1], v[2], v[3], v[4], v[6]) = r
G

m(v) for552

every v œ V
G

, and U œ R such that U Ø inffiRœ�MDf
R

supfiVœ�MD
V

EfiV,fiR
GA,AÕ ,v[fm], for every v œ V

G
.553

Then, the value of the game GA,AÕ at its initial state is equal to ‹�(vSG

0 ).554

Constant U is needed so Knaster-Tarski applies on the complete lattice [0, U]V [7].555

Notice that Theorems 15 and 16 only require HA,AÕ to be almost-sure failing under fairness,556

and if GA,AÕ is almost-sure failing under fairness, necessarily so is HA,AÕ , which makes the557

theorems stronger. Nonetheless, one would expect that also if HA,AÕ is almost-sure failing558

under fairness, so is GA,AÕ . That is, we would like that inffiVœ�V,fiRœ�f
R

Prob
fiV,fiR
G,vG

0
(3verr) = 1559

if and only if inffiVœ�V,fiRœ�f
R

Prob
fiV,fiR
H,vH

0
(3verr) = 1. Unfortunately we were not able to prove560

this equivalence, and the most we know (thanks to variants of Lemmas 12 and 13) is that561

inffiVœ�V,fiRœ�f
R

Prob
fiV,fiR
H,vH

0
(3verr) = 1 implies both inffiVœ�V,fiRœ�Sf

R
Prob

fiV,fiR
G,vG

0
(3verr) = 1 and562

inffiVœ�S
V,fiRœ�f

R
Prob

fiV,fiR
G,vG

0
(3verr) = 1, that is, at least one of the set of strategies needs to be563

restricted to the semi-Markov ones.564

Since HA,AÕ is finite, it can be checked whether it is almost-sure failing under fairness by565

using directly the algorithm proposed in [7, Theorem 3]. However, we could alternatively566

check it avoiding the explosion introduced by the vertex couplings through the symbolic567

game graph. Thus, we define the predecessor sets in SGA,AÕ for a given set C of symbolic568

vertices, as follows:569

÷PreSG

f (C) = {v œ V SG | Post(v) fl C ”= ÿ}570

’PreSG

f (C) = {v œ V SG

V | Post(v) ™ C} fi {v œ V SG

R | Post(v) fl C ”= ÿ}571

fi {v œ V SG

P | Eq(v, C) has no solution }572573

÷Pre
SG

f (C) collects all vertices v for which there is a coupling that leads to a vertex v
Õ in C,574

and do so by simply using the edge E
SG (through Post) even for the probabilistic vertices.575

The definition of ’Pre
SG

f (C) is more assorted. The first set collects all the Verifier vertices v576

that inevitably lead to C. The second set collects all Refuter vertices v that leads to some577

state in C (since the Refuter is fair, any successor of v will eventually be taken). The last578

set collects all probabilistic vertices v for which there is no coupling “avoiding” C. This579

is encoded by checking that Eq(v, C) cannot be solved, since a coupling solving Eq(v, C)580

defines a probabilistic transition that avoids C with probability 1.581

The next theorem provides an algorithm to check whether a vertex snippet is almost-sure582

failing under fairness using ÷Pre
SG

f and ’Pre
SG

f .583

I Theorem 17. The vertex snippet HA,AÕ of the stochastic masking game GA,AÕ is almost-sure584

failing under fairness if and only if v
SG

0 œ V
SG

\ ÷Pre
SG

f
ú(V SG

\ ’Pre
SG

f
ú({verr})), where585

v
SG

0 is the initial state of SGA,AÕ (the symbolic version of GA,AÕ) and V
SG

is the sets of586

vertices of SGA,AÕ .587

Vertices of the polytope

If  is stopping under fairness then, 
                                          the value of the game is gfp of:

ℋA,A′ 



Open Questions
We can prove that the game is determined, but:

• If the restricted game stops under fairness with prob. 1, 
then the infinite game stops with probability one? 

• When one add negative numbers, there could not be 
optimal memoryless strategies, or the game may have not a 
value. What conditions are needed for guaranteeing this?


