
Towards a Computable & Harnessable Model of
Consciousness

Naveen Sundar Govindarajulu & Selmer Bringsjord

Rensselaer Polytechnic Institute
Troy NY, USA

Abstract. We present a computable model of consciousness that is a
modification of an existing model of universal computation. This mod-
ification is partially motivated by two existing, but non harnessable,
models of consciousness. We say a model of consciousness is harnessable
iff the following statement holds: if the model predicts that a system v
is more conscious than another system u, then we should, in general,
find v more useful than u in a wide range of tasks. While there are no
domain-general definitions of what makes a system harnessable, we give
a preliminary proposal here and assess our model against this yardstick.1

1 Introduction

We present a computable model of consciousness by slightly altering an exist-
ing universal model of computation by adding in non-wellfounded objects.
The model of computation that we use is the Kolmogorov-Uspensky one (Kol-
mogorov & Uspensky 1958). Non-wellfounded objects are ones that can contain
themselves; see (Moss 2018) for an introduction. While common foundational
theories of mathematics, such as Zermelo–Fraenkel theory with the axiom of
choice (ZFC) are based on axioms that rule out non-wellfounded objects, varia-
tions of set theory based on axioms such as Aczel’s anti-foundation axiom allow
for such objects.

We also assert that any model of consciousness should be harnessable; i.e.,
if the model predicts that a system v is more conscious than another system
u, then we should, in general, find v more harnessable than u. While there are
no domain-general definitions of what makes a system harnessable, we give a
preliminary proposal here and assess our model against this yardstick.2

The plan for the paper is as follows. First, we lay down conditions for what
it means for a system to have harnessable consciousness. We then briefly discuss

1 A preliminary version of this research was presented at the SRI 2017 Technology and
Consciousness workshop series. We are grateful for the comments received during the
workshop. Support from AFOSR and ONR has enabled the development of formal
systems that underlie some of the work presented here, particularly moral cognition
that requires de se reasoning.

2 Models such as Φ by Tononi (2012) do not appear to be readily harnessable, see
Aaronson (2014)
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prior models of consciousness based on non-wellfounded objects. In (§4), we
present a harnessable formal system ΩΩ. We arrive at this model by altering an
existing model of universal computation, the Kolmogorov & Uspensky model of
computation. Finally, we sketch examples showing the model satisfying some of
the harnessability conditions laid out before. We end by discussing future work
and next steps.

2 Harnessability (A Proposal)

For a model of consciousness to be harnessable, we require the following set
of high-level conditions be satisfied by any system that the model asserts is
conscious. (These conditions should be considered a working set of conditions
rather than a finalized set of conditions.)
Condition 1 Differentiation of de se/de re/de dicto beliefs: Any model of con-
sciousness that predicts that a system is conscious should also require the system
to differentiate between de se/de re/de dicto beliefs. We illustrate these three
kinds of beliefs with the following example. Let us say that there is a room in
which there are two agents and an object, a flower. The agent on the right is look-
ing at the flower. There are three statements with varying levels of self-reference
that the agent can make, as shown in Figure 6. See Bringsjord & Govindarajulu
(2013) for more details.
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Fig. 1: Condition 1 Differentiation of de se/de re/de dicto beliefs

Condition 2 Unbounded Iterated Self Statements: Any model of consciousness
that predicts that a system is conscious should also require the system to be-
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lieve an unbounded sequence of iterated self-belief statements without artificially
kludging them in. For instance, if the system is perceiving a flower, as shown in
Figure 2, the model should predict, at least under some conditions, the system
to believe in expressions that correspond to the following statements: There is a
flower, Agent x sees a flower, I see a flower, I see that I see a flower, I see that
I see that I see a flower, . . .. Challenge

Part 5. Towards Computability

an agent in a room looking at a 
flower

There is a flower
Agent x sees a flower
I see a flower
I see myself seeing a flower
I see myself seeing myself seeing a 

flower

…

I see myself … seeing myself seeing a 
flower

…

Degree of 
self-awareness

1
Fig. 2: Condition 2 Spontaneous Iterated Self Statements

Condition 3 Non-trivial Temporal Unboundedness: Any model of consciousness
that predicts that a system is conscious should predict that the system acts over a
large interval of time T � 0 in a non-trivial fashion (unlike simple computational
systems that can operate for decades).
Condition 4 Theory of Minds: The final condition requires that any model of
consciousness that predicts that a system is conscious should also allow for a
mechanism that enables the system to form beliefs about other agents.

3 Prior Work

Miranker & Zuckerman (2009) present a model of consciousness that is based
on non-wellfounded sets. Particularly, they take as a primitive a consciousness
operator. This operator is not defined further in terms of computable mecha-
nisms. Corazza (2014) presents a model of consciousness derived from Advaita,
one of the main branches of Vedic philosophy. Briefly, Advaita states only pure
consciousness exists and the physical universe arises due to consciousness inter-
acting with itself. This monistic conception is not easy to model in standard set
theory. So Corazza leverages a version of set theory with non-wellfounded ob-
jects to present a model that satisfies several principles of Advaita. While both
these prior studies are robust philosophically and mathematically, they do not
give us an easily computable or harnessable model.

4 System ΩΩ

KU machines were introduced by Kolmogorov & Uspensky (1958) to capture a
general definition of algorithms that more closely resembles human cognition.
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They have been used in attempted proofs of the Church Turing thesis due to
their high-level of presentation, as compared with other models of computation.3

We present below a KU machine formalism rooted in formal logic. We have a
formal logic F ≡ 〈L, I〉 composed of a set of expressions from a language L and
a finite set of inference schemata I.

KU Machine States

KU machines operate on a set of states S. States are directed graphs with labelled
edges. Each node has either: (1) an associated expression from L; (2) or an infer-
ence schemata from I. Note: A KU machine state denotes one or more proofs in
C.a

a A KU machine state can be considered analogous to a workspace in the Slate
system (Bringsjord et al. 2008). For a formalized version of Slate, see (Govin-
darajulu 2013, chap. 3).

In every KU machine state, there is a unique node known as the focal node,
f , at any stage in the computation, and revolving around the focal node is the
active patch. The active patch consists of all the nodes which are within a fixed
distance, n (called the attention span) from the focal node. At any step in the
computation, the next step depends solely on the active patch (and relevant
instructions in the program). A KU machine program consists of a function γ
with a finite domain. This is given in the form of a finite set of pairs:

{(P1, γ(P1)), (P2, γ(P2)), . . . , (Pk, γ(Pk))}.

The algorithm proceeds by replacing the active patch with γ(P ) if the active
patch is equivalent to P . Associated with each pair (Pi, γ(Pi)) is a mapping φi
between the nodes in the boundary of the active patch Pi to certain nodes in
γ(Pi). The mapping φi ensures that the new active patch aligns with the rest
of the dataspace. We modify the KU machine formalism to allow any node to
contain an entire state.

ΩΩ KU Machine States

A node n in a KU machine state S ∈ S can have associated one of the following
entities:

1. Any expression from L
2. Any inference schemata from I
3. Any state from S, including S

The following definition connects beliefs of an agent modeled using a KU machine
with the state of the machine.

Belief Definition

If an expression φ is within the active patch of a KU machine state S at time
t and if that state corresponds to an agent a’s state of mind at time t, we can

3 See (Smith 2013, chap. 45) for one such attempt.
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say that the agent believes φ at time t. Recursively, the agent also believes in all
formulae within the active patches of any states within the state S.

Finally, we also require the following condition for the formal logic F .

Identity

F should include mechanisms for handling identities

1. The alphabet of L should have the identity symbol = and the grammar should
allow for expressions containing the identity symbol in the usual manner, i.e.,
e1 = e2.

2. First-order inference schemata for = should be in I

4.1 Harnessability of ΩΩ

Using examples, we demonstrate that the model could satisfy the first two har-
nessability conditions. Demonstration that final harnessability condition can be
satisfied is left out. Satisfiability of third condition is still open.
Condition 1 Differentiation of de se/de re/de dicto beliefs The three kinds of
beliefs can differentiated with the help of identity and containment of states.
Figure 3 contains three different KU machine states. The active patch of a state
is shown in blue. The first two states depict de dicto and de re beliefs. The final
state contains itself and depicts a de se belief due to proper containment of the
state within itself.

See(x, flower)
<latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit>

See(x, flower)
<latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit>

See(x, flower)
<latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit>

that(right)
<latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="Y8kWsa3LVxIPGd+N8eWsPoRkg3g=">AAAB+XicbVDLSsNAFL2prxqr1rWbwSK4KokbXQpuXFawD2hDmUwm7dDJJMzclJbQvbj1P9yJ3+Jv+AVO2yxs64ELh3Pmce4JMykMet63U9nbPzg8qh67JzX39Oy8XuuYNNeMt1kqU90LqeFSKN5GgZL3Ms1pEkreDSePS7875dqIVL3gPONBQkdKxIJRtFJrWG94TW8Fskv8kjSgxLD+M4hSlidcIZPUmL7vZRgUVKNgki/cQW54RtmEjnjfUkUTboJiFXNBrq0SkTjVdhSSlfr3RkETY+ZJaE8mFMdm21uK/3n9HOP7oBAqy5Ertv4oziXBlCx3JpHQnKGcW0KZFjYrYWOqKUPbzMZL0VRkpkw9W8d2bUf+diO7pHPb9L2m/+xBFS7hCm7Ahzt4gCdoQRsYRPAG786r8+F8rrusOGWpF7AB5+sXb/6X2A==</latexit><latexit sha1_base64="/soI7DYDiX+BAmA+pjTfuCNAs0Y=">AAACB3icbVDLSsNAFL3xWWvV6tZNsAh1UxI3uhTcuKxgH5CGMplMmqGTSZi5KZbQv9Ct/oc78Sv8Db/AaZuFbT1w4XDOPM49QSa4Rsf5tra2d3b39isH1cPa0fFJ/bTW1WmuKOvQVKSqHxDNBJesgxwF62eKkSQQrBeM7+d+b8KU5ql8wmnG/ISMJI84JWgkD2OCTcVHMV4N6w2n5SxgbxK3JA0o0R7WfwZhSvOESaSCaO25ToZ+QRRyKtisOsg1ywgdkxHzDJUkYdovFpFn9qVRQjtKlRmJ9kL9e6MgidbTJDAnE4KxXvfm4n+el2N06xdcZjkySZcfRbmwMbXn+9shV4yimBpCqOImq01joghF09LKS+GEZ7pM/byMXTUlueuVbJLudct1Wu6jAxU4hwtoggs3cAcP0IYOUEjhFd7g3XqxPqzPZZ1bVtnrGazA+voFmpqdSw==</latexit><latexit sha1_base64="/soI7DYDiX+BAmA+pjTfuCNAs0Y=">AAACB3icbVDLSsNAFL3xWWvV6tZNsAh1UxI3uhTcuKxgH5CGMplMmqGTSZi5KZbQv9Ct/oc78Sv8Db/AaZuFbT1w4XDOPM49QSa4Rsf5tra2d3b39isH1cPa0fFJ/bTW1WmuKOvQVKSqHxDNBJesgxwF62eKkSQQrBeM7+d+b8KU5ql8wmnG/ISMJI84JWgkD2OCTcVHMV4N6w2n5SxgbxK3JA0o0R7WfwZhSvOESaSCaO25ToZ+QRRyKtisOsg1ywgdkxHzDJUkYdovFpFn9qVRQjtKlRmJ9kL9e6MgidbTJDAnE4KxXvfm4n+el2N06xdcZjkySZcfRbmwMbXn+9shV4yimBpCqOImq01joghF09LKS+GEZ7pM/byMXTUlueuVbJLudct1Wu6jAxU4hwtoggs3cAcP0IYOUEjhFd7g3XqxPqzPZZ1bVtnrGazA+voFmpqdSw==</latexit><latexit sha1_base64="YgVjXPvspfejaOael+4mlAyqIpQ=">AAACEnicbVBLTsMwFHTKr5RfgSUbiwqpbKqkG1hWYsOySPQjpVHlOE5j1XEi+6WiinoL2MI92CG2XIBrcALcNgvaMpKl0cx79nj8VHANtv1tlba2d3b3yvuVg8Oj45Pq6VlXJ5mirEMTkai+TzQTXLIOcBCsnypGYl+wnj++m/u9CVOaJ/IRpinzYjKSPOSUgJFciAjUFR9FcD2s1uyGvQDeJE5BaqhAe1j9GQQJzWImgQqitevYKXg5UcCpYLPKINMsJXRMRsw1VJKYaS9fRJ7hK6MEOEyUORLwQv27kZNY62nsm8mYQKTXvbn4n+dmEN56OZdpBkzS5UNhJjAkeP5/HHDFKIipIYQqbrJiGhFFKJiWVm4KJjzVReqnZeyKKclZr2STdJsNx244D3at1SzqKqMLdInqyEE3qIXuURt1EEUJekGv6M16tt6tD+tzOVqyip1ztALr6xdp9560</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit><latexit sha1_base64="NJgYzh7AkRbFbwY1IgF1rVvssoY=">AAACEnicbVDLSgMxFM3UV62vqks3g0WomzJTBF0W3LisYB8wHUomk+mEZpIhuVMsQ/9Ct/of7sStP+Bv+AWm7Sy09UDgcM69yckJUs40OM6XVdrY3NreKe9W9vYPDo+qxyddLTNFaIdILlU/wJpyJmgHGHDaTxXFScBpLxjfzv3ehCrNpHiAaUr9BI8EixjBYCQPYgx1xUYxXA6rNafhLGCvE7cgNVSgPax+D0JJsoQKIBxr7blOCn6OFTDC6awyyDRNMRnjEfUMFTih2s8XkWf2hVFCO5LKHAH2Qv29keNE62kSmMkEQ6xXvbn4n+dlEN34ORNpBlSQ5UNRxm2Q9vz/dsgUJcCnhmCimMlqkxgrTMC09OemcMJSXaR+XMaumJLc1UrWSbfZcJ2Ge39VazWLusroDJ2jOnLRNWqhO9RGHUSQRM/oBb1aT9ab9W59LEdLVrFziv7A+vwBazeeuA==</latexit>

tallest(2)
<latexit sha1_base64="BbkvxKYX0gcIkICg3sfZiRRdWKk=">AAACEXicbVDLTgIxFO3gC/GFunQzkZjghswQE12SuHGJiTwiTEinc4GGTmfS3iGSCV+hW/0Pd8atX+Bv+AUWmIWAJ2lycs697enxY8E1Os63ldvY3Nreye8W9vYPDo+KxydNHSWKQYNFIlJtn2oQXEIDOQpoxwpo6Ato+aPbmd8ag9I8kg84icEL6UDyPmcUjfSIVAjQWK5e9oolp+LMYa8TNyMlkqHeK/50g4glIUhkgmrdcZ0YvZQq5EzAtNBNNMSUjegAOoZKGoL20nniqX1hlMDuR8ocifZc/buR0lDrSeibyZDiUK96M/E/r5Ng/8ZLuYwTBMkWD/UTYWNkz75vB1wBQzExhDLFTVabDamiDE1JSzcFYx7rLPXTInbBlOSuVrJOmtWK61Tc+6tSrZrVlSdn5JyUiUuuSY3ckTppEEYkeSGv5M16tt6tD+tzMZqzsp1TsgTr6xc1kp4K</latexit><latexit sha1_base64="BbkvxKYX0gcIkICg3sfZiRRdWKk=">AAACEXicbVDLTgIxFO3gC/GFunQzkZjghswQE12SuHGJiTwiTEinc4GGTmfS3iGSCV+hW/0Pd8atX+Bv+AUWmIWAJ2lycs697enxY8E1Os63ldvY3Nreye8W9vYPDo+KxydNHSWKQYNFIlJtn2oQXEIDOQpoxwpo6Ato+aPbmd8ag9I8kg84icEL6UDyPmcUjfSIVAjQWK5e9oolp+LMYa8TNyMlkqHeK/50g4glIUhkgmrdcZ0YvZQq5EzAtNBNNMSUjegAOoZKGoL20nniqX1hlMDuR8ocifZc/buR0lDrSeibyZDiUK96M/E/r5Ng/8ZLuYwTBMkWD/UTYWNkz75vB1wBQzExhDLFTVabDamiDE1JSzcFYx7rLPXTInbBlOSuVrJOmtWK61Tc+6tSrZrVlSdn5JyUiUuuSY3ckTppEEYkeSGv5M16tt6tD+tzMZqzsp1TsgTr6xc1kp4K</latexit><latexit sha1_base64="BbkvxKYX0gcIkICg3sfZiRRdWKk=">AAACEXicbVDLTgIxFO3gC/GFunQzkZjghswQE12SuHGJiTwiTEinc4GGTmfS3iGSCV+hW/0Pd8atX+Bv+AUWmIWAJ2lycs697enxY8E1Os63ldvY3Nreye8W9vYPDo+KxydNHSWKQYNFIlJtn2oQXEIDOQpoxwpo6Ato+aPbmd8ag9I8kg84icEL6UDyPmcUjfSIVAjQWK5e9oolp+LMYa8TNyMlkqHeK/50g4glIUhkgmrdcZ0YvZQq5EzAtNBNNMSUjegAOoZKGoL20nniqX1hlMDuR8ocifZc/buR0lDrSeibyZDiUK96M/E/r5Ng/8ZLuYwTBMkWD/UTYWNkz75vB1wBQzExhDLFTVabDamiDE1JSzcFYx7rLPXTInbBlOSuVrJOmtWK61Tc+6tSrZrVlSdn5JyUiUuuSY3ckTppEEYkeSGv5M16tt6tD+tzMZqzsp1TsgTr6xc1kp4K</latexit><latexit sha1_base64="BbkvxKYX0gcIkICg3sfZiRRdWKk=">AAACEXicbVDLTgIxFO3gC/GFunQzkZjghswQE12SuHGJiTwiTEinc4GGTmfS3iGSCV+hW/0Pd8atX+Bv+AUWmIWAJ2lycs697enxY8E1Os63ldvY3Nreye8W9vYPDo+KxydNHSWKQYNFIlJtn2oQXEIDOQpoxwpo6Ato+aPbmd8ag9I8kg84icEL6UDyPmcUjfSIVAjQWK5e9oolp+LMYa8TNyMlkqHeK/50g4glIUhkgmrdcZ0YvZQq5EzAtNBNNMSUjegAOoZKGoL20nniqX1hlMDuR8ocifZc/buR0lDrSeibyZDiUK96M/E/r5Ng/8ZLuYwTBMkWD/UTYWNkz75vB1wBQzExhDLFTVabDamiDE1JSzcFYx7rLPXTInbBlOSuVrJOmtWK61Tc+6tSrZrVlSdn5JyUiUuuSY3ckTppEEYkeSGv5M16tt6tD+tzMZqzsp1TsgTr6xc1kp4K</latexit>

x
<latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit> x

<latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit>

x
<latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit>

de dicto de re de se
The second tallest person sees a flower That person on the right sees a flower I myself see a flower

= = =

Fig. 3: Condition 1 Differentiation of de se/de re/de dicto beliefs. The state on
the right satisfies the condition.

Condition 2 Unbounded Iterated Self Statements: Consider the state S in Fig-
ure 4. We have a statement See(x, φ) where x and φ are asserted to be equal to
the state S. Using the belief definition given above, we can show that the state
satisfies Condition 2.

5 Implementation

It should be noted that in mathematics there can be two kinds of non-wellfounded
structures: (1) an object that contains itself; and (2) an object defined in terms
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See(x, flower)
<latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit><latexit sha1_base64="cWA9nstndzZg68MtKMtiMNDmHkI=">AAACFXicbVDLTgIxFO3gC/GFunTTSEwwMWSGmOiSxI1LjPJIYCSdzh1o6EwnbQchhO/Qrf6HO+PWtb/hF1hgFgKepMnJOffenhwv5kxp2/62MmvrG5tb2e3czu7e/kH+8KiuRCIp1KjgQjY9ooCzCGqaaQ7NWAIJPQ4Nr38z9RsDkIqJ6EGPYnBD0o1YwCjRRnq8BygOL3DAxRPI806+YJfsGfAqcVJSQCmqnfxP2xc0CSHSlBOlWo4da3dMpGaUwyTXThTEhPZJF1qGRiQE5Y5nqSf4zCg+DoQ0L9J4pv7dGJNQqVHomcmQ6J5a9qbif14r0cG1O2ZRnGiI6PyjIOFYCzytAPtMAtV8ZAihkpmsmPaIJFSbohYu+QMWqzT1cB47Z0pylitZJfVyybFLzt1loVJO68qiE3SKishBV6iCblEV1RBFEr2gV/RmPVvv1of1OR/NWOnOMVqA9fUL6zyfdw==</latexit>

x
<latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit><latexit sha1_base64="PCf2cPkJcDoZA9/DQkj2atCek/g=">AAACCHicbVDLSsNAFL3xWeur6tJNsAiuSlIEXRbcuGzBPqANZTK5aYdOJmFmUlpCf0C3+h/uxK1/4W/4BU7bLGzrgYHDOffOnDl+wpnSjvNtbW3v7O7tFw6Kh0fHJ6els/OWilNJsUljHsuOTxRyJrCpmebYSSSSyOfY9kcPc789RqlYLJ70NEEvIgPBQkaJNlJj0i+VnYqzgL1J3JyUIUe9X/rpBTFNIxSacqJU13US7WVEakY5zoq9VGFC6IgMsGuoIBEqL1sEndnXRgnsMJbmCG0v1L8bGYmUmka+mYyIHqp1by7+53VTHd57GRNJqlHQ5UNhym0d2/Nf2wGTSDWfGkKoZCarTYdEEqpNNys3BWOWqDz1ZBm7aEpy1yvZJK1qxXUqbuO2XKvmdRXgEq7gBly4gxo8Qh2aQAHhBV7hzXq23q0P63M5umXlOxewAuvrF+Lymqw=</latexit> =

See(x, �)
<latexit sha1_base64="dvXq4S9Pb8G7bhUArGJNDlFIL6k=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkDJTBF0W3LisaB/QGUomc9uGZmZCkiktQz9Dt/of7sStH+Bv+AWm7Sxs64HA4Zx7bw7HF5wpbdvfVm5jc2t7J79b2Ns/ODwqHp80VZxICg0a81i2faKAswgammkObSGBhD6Hlj+8m/mtEUjF4uhJTwR4IelHrMco0UZyHwHK4yvsigG77BZLdsWeA68TJyMllKHeLf64QUyTECJNOVGq49hCeymRmlEO04KbKBCEDkkfOoZGJATlpfPMU3xhlAD3YmlepPFc/buRklCpSeibyZDogVr1ZuJ/XifRvVsvZZFINER08VEv4VjHeFYADpgEqvnEEEIlM1kxHRBJqDY1LV0KRkyoLPV4EbtgSnJWK1knzWrFsSvOw3WpVs3qyqMzdI7KyEE3qIbuUR01EEUCvaBX9GY9W+/Wh/W5GM1Z2c4pWoL19QsK+Z5x</latexit><latexit sha1_base64="dvXq4S9Pb8G7bhUArGJNDlFIL6k=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkDJTBF0W3LisaB/QGUomc9uGZmZCkiktQz9Dt/of7sStH+Bv+AWm7Sxs64HA4Zx7bw7HF5wpbdvfVm5jc2t7J79b2Ns/ODwqHp80VZxICg0a81i2faKAswgammkObSGBhD6Hlj+8m/mtEUjF4uhJTwR4IelHrMco0UZyHwHK4yvsigG77BZLdsWeA68TJyMllKHeLf64QUyTECJNOVGq49hCeymRmlEO04KbKBCEDkkfOoZGJATlpfPMU3xhlAD3YmlepPFc/buRklCpSeibyZDogVr1ZuJ/XifRvVsvZZFINER08VEv4VjHeFYADpgEqvnEEEIlM1kxHRBJqDY1LV0KRkyoLPV4EbtgSnJWK1knzWrFsSvOw3WpVs3qyqMzdI7KyEE3qIbuUR01EEUCvaBX9GY9W+/Wh/W5GM1Z2c4pWoL19QsK+Z5x</latexit><latexit sha1_base64="dvXq4S9Pb8G7bhUArGJNDlFIL6k=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkDJTBF0W3LisaB/QGUomc9uGZmZCkiktQz9Dt/of7sStH+Bv+AWm7Sxs64HA4Zx7bw7HF5wpbdvfVm5jc2t7J79b2Ns/ODwqHp80VZxICg0a81i2faKAswgammkObSGBhD6Hlj+8m/mtEUjF4uhJTwR4IelHrMco0UZyHwHK4yvsigG77BZLdsWeA68TJyMllKHeLf64QUyTECJNOVGq49hCeymRmlEO04KbKBCEDkkfOoZGJATlpfPMU3xhlAD3YmlepPFc/buRklCpSeibyZDogVr1ZuJ/XifRvVsvZZFINER08VEv4VjHeFYADpgEqvnEEEIlM1kxHRBJqDY1LV0KRkyoLPV4EbtgSnJWK1knzWrFsSvOw3WpVs3qyqMzdI7KyEE3qIbuUR01EEUCvaBX9GY9W+/Wh/W5GM1Z2c4pWoL19QsK+Z5x</latexit><latexit sha1_base64="dvXq4S9Pb8G7bhUArGJNDlFIL6k=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkDJTBF0W3LisaB/QGUomc9uGZmZCkiktQz9Dt/of7sStH+Bv+AWm7Sxs64HA4Zx7bw7HF5wpbdvfVm5jc2t7J79b2Ns/ODwqHp80VZxICg0a81i2faKAswgammkObSGBhD6Hlj+8m/mtEUjF4uhJTwR4IelHrMco0UZyHwHK4yvsigG77BZLdsWeA68TJyMllKHeLf64QUyTECJNOVGq49hCeymRmlEO04KbKBCEDkkfOoZGJATlpfPMU3xhlAD3YmlepPFc/buRklCpSeibyZDogVr1ZuJ/XifRvVsvZZFINER08VEv4VjHeFYADpgEqvnEEEIlM1kxHRBJqDY1LV0KRkyoLPV4EbtgSnJWK1knzWrFsSvOw3WpVs3qyqMzdI7KyEE3qIbuUR01EEUCvaBX9GY9W+/Wh/W5GM1Z2c4pWoL19QsK+Z5x</latexit>

=�
<latexit sha1_base64="nTp3zpiNCv5V++vJcTtHZOMF8sA=">AAACC3icbVDLSgMxFL3js9ZX1aWbYBFclZki6LLgxmUF+4C2lEwm0wnNZEKSKZahn6Bb/Q934taP8Df8AjPtLGzrgcDhnHuTk+NLzrRx3W9nY3Nre2e3tFfePzg8Oq6cnLZ1kipCWyThier6WFPOBG0ZZjjtSkVx7HPa8cd3ud+ZUKVZIh7NVNJBjEeChYxgk0t9GbFhperW3DnQOvEKUoUCzWHlpx8kJI2pMIRjrXueK80gw8owwums3E81lZiM8Yj2LBU4pnqQzbPO0KVVAhQmyh5h0Fz9u5HhWOtp7NvJGJtIr3q5+J/XS014O8iYkKmhgiweClOOTILyj6OAKUoMn1qCiWI2KyIRVpgYW8/STcGESV2kflrELtuSvNVK1km7XvPcmvdwXW3Ui7pKcA4XcAUe3EAD7qEJLSAQwQu8wpvz7Lw7H87nYnTDKXbOYAnO1y81QZvv</latexit><latexit sha1_base64="nTp3zpiNCv5V++vJcTtHZOMF8sA=">AAACC3icbVDLSgMxFL3js9ZX1aWbYBFclZki6LLgxmUF+4C2lEwm0wnNZEKSKZahn6Bb/Q934taP8Df8AjPtLGzrgcDhnHuTk+NLzrRx3W9nY3Nre2e3tFfePzg8Oq6cnLZ1kipCWyThier6WFPOBG0ZZjjtSkVx7HPa8cd3ud+ZUKVZIh7NVNJBjEeChYxgk0t9GbFhperW3DnQOvEKUoUCzWHlpx8kJI2pMIRjrXueK80gw8owwums3E81lZiM8Yj2LBU4pnqQzbPO0KVVAhQmyh5h0Fz9u5HhWOtp7NvJGJtIr3q5+J/XS014O8iYkKmhgiweClOOTILyj6OAKUoMn1qCiWI2KyIRVpgYW8/STcGESV2kflrELtuSvNVK1km7XvPcmvdwXW3Ui7pKcA4XcAUe3EAD7qEJLSAQwQu8wpvz7Lw7H87nYnTDKXbOYAnO1y81QZvv</latexit><latexit sha1_base64="nTp3zpiNCv5V++vJcTtHZOMF8sA=">AAACC3icbVDLSgMxFL3js9ZX1aWbYBFclZki6LLgxmUF+4C2lEwm0wnNZEKSKZahn6Bb/Q934taP8Df8AjPtLGzrgcDhnHuTk+NLzrRx3W9nY3Nre2e3tFfePzg8Oq6cnLZ1kipCWyThier6WFPOBG0ZZjjtSkVx7HPa8cd3ud+ZUKVZIh7NVNJBjEeChYxgk0t9GbFhperW3DnQOvEKUoUCzWHlpx8kJI2pMIRjrXueK80gw8owwums3E81lZiM8Yj2LBU4pnqQzbPO0KVVAhQmyh5h0Fz9u5HhWOtp7NvJGJtIr3q5+J/XS014O8iYkKmhgiweClOOTILyj6OAKUoMn1qCiWI2KyIRVpgYW8/STcGESV2kflrELtuSvNVK1km7XvPcmvdwXW3Ui7pKcA4XcAUe3EAD7qEJLSAQwQu8wpvz7Lw7H87nYnTDKXbOYAnO1y81QZvv</latexit><latexit sha1_base64="nTp3zpiNCv5V++vJcTtHZOMF8sA=">AAACC3icbVDLSgMxFL3js9ZX1aWbYBFclZki6LLgxmUF+4C2lEwm0wnNZEKSKZahn6Bb/Q934taP8Df8AjPtLGzrgcDhnHuTk+NLzrRx3W9nY3Nre2e3tFfePzg8Oq6cnLZ1kipCWyThier6WFPOBG0ZZjjtSkVx7HPa8cd3ud+ZUKVZIh7NVNJBjEeChYxgk0t9GbFhperW3DnQOvEKUoUCzWHlpx8kJI2pMIRjrXueK80gw8owwums3E81lZiM8Yj2LBU4pnqQzbPO0KVVAhQmyh5h0Fz9u5HhWOtp7NvJGJtIr3q5+J/XS014O8iYkKmhgiweClOOTILyj6OAKUoMn1qCiWI2KyIRVpgYW8/STcGESV2kflrELtuSvNVK1km7XvPcmvdwXW3Ui7pKcA4XcAUe3EAD7qEJLSAQwQu8wpvz7Lw7H87nYnTDKXbOYAnO1y81QZvv</latexit>

Fig. 4: Condition 2 This state satisfies the condition.

of itself. (Moss 2018). The second form of non-wellfoundedness is not that prob-
lematic. But unfortunately, ΩΩ has non-wellfoundedness of the first kind. We
can approximate non-wellfounded objects computationally using object refer-
ences, where objects contains references to themselves, rather than contain them-
selves properly. We have modified ShadowProver, a quantified modal logic prover
(Govindarjaulu 2017), to handle such kind of references. ShadowProver has been
used to model complex cognitive principles, for example, see an application of
ShadowProver in (Govindarajulu & Bringsjord 2017) to model a complex moral
principle. See Figure 5 for a state corresponding to the one used in the examples
above for Condition 1 and Condition 2.

• Key idea: Workspaces can contain themselves 
properly

Part 5. Towards Computability

Language SS⇤

…

1Fig. 5: ShadowProver Modified Conditions 1 & 2 being handled by the prover

6 Conclusion

We have presented a model of consciousness ΩΩ that is based on a model of
universal computation: the KU model of computation. We arrive at the model
by altering the KU model of computation in a minor fashion. Since ΩΩ is derived
from a model of computation, it is readily mechanizable. We define harnessabil-
ity conditions and provide examples that indicate ΩΩ might be harnessable. We
have a preliminary implementation that we have achieved by a modifying a rea-
soning system, a quantified modal logic prover. Future work consists of refining
the harnessability conditions and using ΩΩ to solve problems in micro-domains.
Particularly, we have to give a good account of how ΩΩ can lead to non-trivial
long living AI systems. Another future strand of research will address how this
model can be fruitfully applied to systems such as deep neural networks that
have been successful in a variety of perceptual tasks.
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A ShadowProver Example

The figure below shows an input problem to ShadowProver. The problem comes
from a situation in Edgar Allan Poe’s The Purloined Letter. Note that situation
contains many levels of iterated beliefs. ShadowProver solves this problem in
around 5̃5ms on a machine with 2.9 GHz CPU and 16 GB of memory.

Part 5. Towards Computability

Shadow Prover

55 ms

The Purloined Letter

Fig. 6: ShadowProver Example A problem supplied to the prover


