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Frege (remember him?), 1893:
“Aha!  Currying!  I recast multiple-arity 
operations with functions into a unary affair!”

Schönfinkel, 1920’s:
“Aha!  I can do this stuff 
using combinatory logic!”

Church, 1920’s & 30’s:
“Aha!  The lambda calculus!

…

Haskell

https://en.wikipedia.org/wiki/Haskell_(programming_language)
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Leibniz

Simon & Newell @ 
Dawn of Modern AI:  LT & GPS

…

The AI Branch:  Automated Reasoning

PGLP
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L := hL, Ii

P L
q L

R : hP, qi �! hY|N|U|a, �,⇡(s)|↵(s)i
C : ⇡(s)|↵(s) �! hY|N|U, �i

<latexit sha1_base64="2R4NfvpEtjth8gWuex8o5rQN7yc="></latexit>
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query

program

reasoner

checker

degree of “confidence”

proof(s)

argument(s)

L := hL, Ii

P L
q L

R : hP, qi �! hY|N|U|a, �,⇡(s)|↵(s)i
C : ⇡(s)|↵(s) �! hY|N|U, �i

<latexit sha1_base64="2R4NfvpEtjth8gWuex8o5rQN7yc="></latexit>

answer; could itself be a theory/set of formulae
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Teach computer programming!
(procedural, o-o, functional)

– Rapaport, “phics" book

What about Turner?!?
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What is pure logic programming?

A Hard Question

A:  …

B:  …

C:  …

…

Naveen:  “Using automated 
theorem provers …”  
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DC EC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DC EC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Leibniz’s Dream of the 
Universal Cognitive Calculus

I have come to understand that everything … which algebra 
proves is only due to a higher science, which I now usually call a 
combinatorial characteristic, though it is far different from what 
may first occur to someone hearing these words.  …  Yet I 
should venture to say that nothing more effective can well be 
conceived for perfecting the human mind and that if this basis for 
philosophizing is accepted, there will come a time, and it will be 
soon, when we shall have as certain knowledge of God and the 
mind as we now have of figures and numbers and when the 
invention of machines will be no more difficult than the 
construction of geometric problems.
(Leibniz, 1675)
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Leibniz’s Dream of the 
Universal Cognitive Calculus

This is undoubtedly one of the greatest projects to which 
men have ever set themselves.  It will be an instrument even 
more useful to the mind than telescopes or microscopes are 
to the eyes.  Every line of this writing will be equivalent to a 
demonstration.  The only fallacies will be easily detected 
errors in calculation.  This will become the great method of 
discovering truths, establishing them, and teaching them 
irresistibly when they are established.
(Leibniz, 1679)
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Leibniz’s Dream of the 
Universal Cognitive Calculus
I certainly believe that it is useful to depart 
from rigorous demonstration in geometry 
because errors are easily avoided there, but in 
metaphysical and ethical matters I think we 
should follow the greatest rigor.  Yet if we had 
an established characteristic we might reason 
as safely in metaphysics as in mathematics.
(Leibniz, 1679)



E.g., re. the dream of the 
Universal Cognitive Calculus



E.g., re. the dream of the 
Universal Cognitive Calculus

When we lack sufficient data to drive at 
certainty in our truths, it would also serve 
to estimate degrees of probability and to 
see what is needed to provide this certainty.
(Leibniz, 1679)



3.  The Space of Particular Logical Calculi 
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⇧0
2

<latexit sha1_base64="LzbplJ2ghCAdHxuEh7uCk7HgMuw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0alXnrFq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4FhSqPLA==</latexit>

�0
3

<latexit sha1_base64="NocK7b2I24jPpV8w4qo1EmmspUI=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKunBZwT6wjWUynbRDJ5MwMxFK6F+4caGIW//GnX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1748vUbz9QqVgobvUkom6Ah4L5jGBtpLveFeUa39v94365YlftDGieODmpQI5Gv/zRG4QkDqjQhGOluo4daTfBUjPC6bTUixWNMBnjIe0aKnBAlZtkF0/RgVEGyA+lKaFRpv6cSHCg1CTwTGeA9Uj99VLxP68ba//MTZiIYk0FmS3yY450iNL30YBJSjSfGIKJZOZWREZYYqJNSKUshPMUJ98vz5PWUdU5rtZuapX6RR5HEfZgHw7BgVOowzU0oAkEBDzCM7xYynqyXq23WWvBymd24Res9y/M+ZB8</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

1
<latexit sha1_base64="8AxUg2w/o4yPXPJ5Zfj67zjTx28=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRItPnZFNy4r2Ae0oUymk3bsZBJmboQQ+g9uXCji1v9x5984SYOo9cCFwzn3cu89XiS4Btv+tEpLyyura+X1ysbm1vZOdXevo8NYUdamoQhVzyOaCS5ZGzgI1osUI4EnWNebXmd+94EpzUN5B0nE3ICMJfc5JWCkzoBLH5JhtWbX7Rx4kTgFqaECrWH1YzAKaRwwCVQQrfuOHYGbEgWcCjarDGLNIkKnZMz6hkoSMO2m+bUzfGSUEfZDZUoCztWfEykJtE4Cz3QGBCb6r5eJ/3n9GPwLN+UyioFJOl/kxwJDiLPX8YgrRkEkhhCquLkV0wlRhIIJqJKHcJnh7PvlRdI5qTun9cZto9a8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL1ZoPVmv1tu8tWQVM/voF6z3L9tJj3Q=</latexit>

⌃0
3

<latexit sha1_base64="aSfsiS9SO13s2peB9VPdMzqQZMI=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRItPnZFNy4r2ge2sUymk3bozCTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89fsSo0o7zaRUWFpeWV4qrpbX1jc2t8vZOS4WxxKSJQxbKjo8UYVSQpqaakU4kCeI+I21/fJn67QciFQ3FrZ5ExONoKGhAMdJGuuvd0CFH907/uF+uOFUngz1P3JxUIEejX/7oDUIccyI0ZkiprutE2kuQ1BQzMi31YkUihMdoSLqGCsSJ8pLs4ql9YJSBHYTSlNB2pv6cSBBXasJ908mRHqm/Xir+53VjHZx5CRVRrInAs0VBzGwd2un79oBKgjWbGIKwpOZWG4+QRFibkEpZCOcpTr5fnieto6p7XK1d1yr1izyOIuzBPhyCC6dQhytoQBMwCHiEZ3ixlPVkvVpvs9aClc/swi9Y71/X6JCD</latexit>

⇧0
3

<latexit sha1_base64="pqOxlYTMOk3rJ3D0JSCO+fYEICc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lsqXorevFYwX5AG8tmu2mXbjZhdyOU0B/hxYMiXv093vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gbqTtosXt7WBuWK3bVzoCWiZOTCuRoDcsfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJdu4cnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3ISJKNZUkMUiP+ZIhyj9HY2YpETzmSGYSGZuRWSCJSbaJFTKQrhM0fh+eZl0zqpOrVq/rVeaV3kcRTiCYzgFB86hCTfQgjYQmMIjPMOLFVlP1qv1tmgtWPnMIfyC9f4Fhq6PLQ==</latexit>

LM
<latexit sha1_base64="Zxlslg9ZGB2K6o7CQSqO7TQgOfQ=">AAACCHicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiGxcKFewD2lAm05t26GQSZyZCCfkBf8Ct/oE7cetf+AN+h5M0iLUeuHA4517u4bgho1JZ1qdRWFhcWl4prpbW1jc2t8rbOy0ZRIJAkwQsEB0XS2CUQ1NRxaATCsC+y6Dtji9Tv/0AQtKA36lJCI6Ph5x6lGClJafnYzXyBB7H1zdJv1yxqlYGc57YOamgHI1++as3CEjkA1eEYSm7thUqJ8ZCUcIgKfUiCSEmYzyErqYc+yCdOAudmAdaGZheIPRwZWbq74sY+1JOfFdvpiHlXy8V//O6kfLOnJjyMFLAyfSRFzFTBWbagDmgAohiE00wEVRnNckIC0yU7mnmC0RpNUkpK+Y8xclPDfOkdVS1j6u121qlfpFXVER7aB8dIhudojq6Qg3URATdoyf0jF6MR+PVeDPep6sFI7/ZRTMwPr4Bi9Wa3A==</latexit>

⇢

<latexit sha1_base64="kH5ATyrek9mglNcMEAxkEdhDDwQ=">AAACAnicbVDLSsNAFL3xWeur6tJNsAiuSqLFx67oxmUF+4AmlMl0kg6ZTMLMRCihO3/Arf6BO3Hrj/gDfoeTNIi1HrhwOOde7r3HSxiVyrI+jaXlldW19cpGdXNre2e3trfflXEqMOngmMWi7yFJGOWko6hipJ8IgiKPkZ4X3uR+74EISWN+ryYJcSMUcOpTjJSWeo5Hg8DJhrW61bAKmIvELkkdSrSHtS9nFOM0IlxhhqQc2Fai3AwJRTEj06qTSpIgHKKADDTlKCLSzYpzp+axVkamHwtdXJmF+nsiQ5GUk8jTnRFSY/nXy8X/vEGq/Es3ozxJFeF4tshPmaliM//dHFFBsGITTRAWVN9q4jESCCud0NwWkvoChdNqEcxVjvOfGBZJ97RhnzWad81667qMqAKHcAQnYMMFtOAW2tABDCE8wTO8GI/Gq/FmvM9al4xy5gDmYHx8A7UHmDE=</latexit>

⇧1
1

<latexit sha1_base64="E6RzPqVjvmPpuDOQuoUVO1uVXmc=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsA9oY5lMJ+3QySTMTIQS+hFuXCji1u9x5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN1Ok32b07cAd21ak5OdAicQtShQLNgf3RH0YkCanQhGOleq4Tay/FUjPC6azSTxSNMZngEe0ZKnBIlZfm587QkVGGKIikKaFRrv6cSHGo1DT0TWeI9Vj99TLxP6+X6ODCS5mIE00FmS8KEo50hLLf0ZBJSjSfGoKJZOZWRMZYYqJNQpU8hMsMZ98vL5L2Sc09rdVv69XGVRFHGQ7gEI7BhXNowA00oQUEJvAIz/BixdaT9Wq9zVtLVjGzD79gvX8BhSyPLA==</latexit>

�1
2

<latexit sha1_base64="zLMbE7C9LNC0zjo8CCkD8sxJI0U=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSlKLj11RFy4r2Ae2sUymN+3QySTMTIQS+hduXCji1r9x5984SYOo9cCFwzn3cu89XsSZ0rb9aS0sLi2vrBbWiusbm1vbpZ3dlgpjSaFJQx7KjkcUcCagqZnm0IkkkMDj0PbGl6nffgCpWChu9SQCNyBDwXxGiTbSXe8KuCb3Tr/aL5Xtip0BzxMnJ2WUo9EvffQGIY0DEJpyolTXsSPtJkRqRjlMi71YQUTomAyha6ggASg3yS6e4kOjDLAfSlNC40z9OZGQQKlJ4JnOgOiR+uul4n9eN9b+mZswEcUaBJ0t8mOOdYjT9/GASaCaTwwhVDJzK6YjIgnVJqRiFsJ5ipPvl+dJq1pxjiu1m1q5fpHHUUD76AAdIQedojq6Rg3URBQJ9Iie0YulrCfr1XqbtS5Y+cwe+gXr/QvM+5B8</latexit>

Infinite Time Turing Machines (ITTMs)

A
n
H

<latexit sha1_base64="eHV+RO5C37Kk9qJ646ajPctguZM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi49d1U2XFewD2lgm00k7dDIJMxOhhLjxV9y4UMStf+HOv3GShqLWAwNnzrmXe+9xQ0alsqwvo7CwuLS8Ulwtra1vbG6Z2zstGUQCkyYOWCA6LpKEUU6aiipGOqEgyHcZabvj69Rv3xMhacBv1SQkjo+GnHoUI6WlvrnX85EaYcTiy+SOzz71pG+WrYqVAc4TOydlkKPRNz97gwBHPuEKMyRl17ZC5cRIKIoZSUq9SJIQ4TEakq6mHPlEOnF2QQIPtTKAXiD04wpm6s+OGPlSTnxXV6Yryr9eKv7ndSPlnTsx5WGkCMfTQV7EoApgGgccUEGwYhNNEBZU7wrxCAmElQ6tlIVwkeJ0dvI8aR1X7JNK9aZarl3lcRTBPjgAR8AGZ6AG6qABmgCDB/AEXsCr8Wg8G2/G+7S0YOQ9u+AXjI9vNOCXhA==</latexit>

(Arithmetic Hierarchy)

(Analytic Hierarchy)

Human Brains
(according to Granger)

Human Persons
(according to Bringsjord)



Space of Some Logical Calculi in Five Dimensions

……

…



4.  Ingredients for Making a PGLP Program 
…



On the Anatomy of a PGLP Program



On the Anatomy of a PGLP Program

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics



On the Anatomy of a PGLP Program

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)

L
<latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit>



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)

Selection of language, inference schemata, plus formulae/meta-formulae = PL
<latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="dJ3TRZBkURpWBNAv3MkhqmhJNrY=">AAACA3icbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf6AHUomc6cNTTJDkhHK0BdwqS/jTnwM38WFmbYL23ohcDgn4Z58cS64sUHw7dV2dvf2D+qH/lHDPz45bTZ6Jis0wy7LRKYHMTUouMKu5VbgINdIZSywH0/vq7z/gtrwTD3ZWY6RpGPFU86odVZn1GwF7WAxZFuEK9GC1YyaP8MkY4VEZZmgxjyHQW6jkmrLmcC5PywM5pRN6RifnVRUoonKRc05uXROQtJMu6MsWbh/X5RUGjOTsbspqZ2Yzawy/80qR5vUrO0vsUg1nW50sultVHKVFxYVW1ZKC0FsRio6JOEamRUzJyjT3P2KsAnVlFnH0He0wk0226J33Q6DdvgYQB3O4QKuIIQbuIMH6EAXGCTwCu/em/fhfS6p1rwV3jNYG+/rF9BWm94=</latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="v3ZijDTcz6cZKDdFcbdQM4etXoc="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="dJ3TRZBkURpWBNAv3MkhqmhJNrY=">AAACA3icbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf6AHUomc6cNTTJDkhHK0BdwqS/jTnwM38WFmbYL23ohcDgn4Z58cS64sUHw7dV2dvf2D+qH/lHDPz45bTZ6Jis0wy7LRKYHMTUouMKu5VbgINdIZSywH0/vq7z/gtrwTD3ZWY6RpGPFU86odVZn1GwF7WAxZFuEK9GC1YyaP8MkY4VEZZmgxjyHQW6jkmrLmcC5PywM5pRN6RifnVRUoonKRc05uXROQtJMu6MsWbh/X5RUGjOTsbspqZ2Yzawy/80qR5vUrO0vsUg1nW50sultVHKVFxYVW1ZKC0FsRio6JOEamRUzJyjT3P2KsAnVlFnH0He0wk0226J33Q6DdvgYQB3O4QKuIIQbuIMH6EAXGCTwCu/em/fhfS6p1rwV3jNYG+/rF9BWm94=</latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="v3ZijDTcz6cZKDdFcbdQM4etXoc="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit>

L
<latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit>



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)

+ ShadowReasonerSelection of language, inference schemata, plus formulae/meta-formulae = PL
<latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="dJ3TRZBkURpWBNAv3MkhqmhJNrY=">AAACA3icbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf6AHUomc6cNTTJDkhHK0BdwqS/jTnwM38WFmbYL23ohcDgn4Z58cS64sUHw7dV2dvf2D+qH/lHDPz45bTZ6Jis0wy7LRKYHMTUouMKu5VbgINdIZSywH0/vq7z/gtrwTD3ZWY6RpGPFU86odVZn1GwF7WAxZFuEK9GC1YyaP8MkY4VEZZmgxjyHQW6jkmrLmcC5PywM5pRN6RifnVRUoonKRc05uXROQtJMu6MsWbh/X5RUGjOTsbspqZ2Yzawy/80qR5vUrO0vsUg1nW50sultVHKVFxYVW1ZKC0FsRio6JOEamRUzJyjT3P2KsAnVlFnH0He0wk0226J33Q6DdvgYQB3O4QKuIIQbuIMH6EAXGCTwCu/em/fhfS6p1rwV3jNYG+/rF9BWm94=</latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="v3ZijDTcz6cZKDdFcbdQM4etXoc="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="dJ3TRZBkURpWBNAv3MkhqmhJNrY=">AAACA3icbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf6AHUomc6cNTTJDkhHK0BdwqS/jTnwM38WFmbYL23ohcDgn4Z58cS64sUHw7dV2dvf2D+qH/lHDPz45bTZ6Jis0wy7LRKYHMTUouMKu5VbgINdIZSywH0/vq7z/gtrwTD3ZWY6RpGPFU86odVZn1GwF7WAxZFuEK9GC1YyaP8MkY4VEZZmgxjyHQW6jkmrLmcC5PywM5pRN6RifnVRUoonKRc05uXROQtJMu6MsWbh/X5RUGjOTsbspqZ2Yzawy/80qR5vUrO0vsUg1nW50sultVHKVFxYVW1ZKC0FsRio6JOEamRUzJyjT3P2KsAnVlFnH0He0wk0226J33Q6DdvgYQB3O4QKuIIQbuIMH6EAXGCTwCu/em/fhfS6p1rwV3jNYG+/rF9BWm94=</latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="oc6lfYwramd53KDbpou+0Rg0ndk="></latexit><latexit sha1_base64="v3ZijDTcz6cZKDdFcbdQM4etXoc="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit><latexit sha1_base64="opHgzZEoXSE0vAJ0tWgLP/3xO8o="></latexit>

L
<latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit>



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
<latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit><latexit sha1_base64="J2mQVl8uG3tvccG2H38vvCgaatQ="></latexit>

�
<latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit><latexit sha1_base64="x9i+wxnXsY7RnyChVM+l1/GJza0=">AAACF3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAN5WZy046dTMLMRCih/+C2/ow7cevSf3HhpM3Cth4YOJxzL/fM8RPOlHacb6u0sbm1vVPereztHxweVY9P2ipOJcUWjXksuz4o5ExgSzPNsZtIhMjn2PHH97nfeUGpWCye9CRBL4KhYCGjoI3U7gfINQyqNafuzGGvE7cgNVKgOaj+9IOYphEKTTko1XOdRHsZSM0ox2mlnypMgI5hiD1DBUSovGyedmpfGCWww1iaJ7Q9V/9uZBApNYl8MxmBHqlVLxf/9XJFqlAt3c8wDSWMVzLp8NbLmEhSjYIuIoUpt3Vs5yXZAZNINZ8YAlQy8yubjkAC1abKiqnLXS1nnbSv6q5Tdx+va427orgyOSPn5JK45IY0yANpkhah5Jm8khl5s2bWu/VhfS5GS1axc0qWYH39AoGCoOw=</latexit>

({�} `  ^ { } ` �) `µ2 {�} ` �
<latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit><latexit sha1_base64="cyNccFDYAwPVFMsXguGtp3RIcs4="></latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)

+ ShadowReasoner

L
<latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit><latexit sha1_base64="hAEDu4GQ6b/8ewm9yW25yL+8xc0=">AAACHHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiGxcuKtgHtEPJpJk2NJMMSUYoQz/Dbf0Zd+JW8F9cmJnOwrYeCBzOuZd7coKYM21c99spbWxube+Udyt7+weHR9Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnP/M4LVZpJ8WymMfUjPBIsZAQbK/X6ETZjTVT6OBtUa27dzYHWiVeQGhRoDqo//aEkSUSFIRxr3fPc2PgpVoYRTmeVfqJpjMkEj2jPUoEjqv00jzxDF1YZolAq+4RBufp3I8WR1tMosJN5xFUvE//1MkXpUC/dT2kSKjxZyWTCWz9lIk4MFWQRKUw4MhJlTaEhU5QYPrUEE8XsrxAZY4WJsX1WbF3eajnrpH1V99y693Rda9wVxZXhDM7hEjy4gQY8QBNaQEDCK8zhzZk7786H87kYLTnFzikswfn6BfHPo0o=</latexit>



On the Anatomy of a PGLP Program

Semantics
Reasoning-semantic; wholly inferentialist (after all, what’s the semantics of 
deduction over meta-level1 formulae??).

object-level languageL
<latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit><latexit sha1_base64="DVjxmbXnl7kH97AgGICPWjTuOKE=">AAACEnicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBIwMRAEsLs5G4yZHZ2mZkVwpIvsI0/Yye2/oD/YuFssoVJPDBwOOde7pnjx4Jr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJQohk0WiUi1fapRcIlNw43AdqyQhr7AZ398n/nPL6g0j+STmcTYC+lQ8oAzaqzUeOyXK27VnYOsEy8nFchR75d/uoOIJSFKwwTVuuO5semlVBnOBE5L3URjTNmYDrFjqaQh6l46DzolF1YZkCBS9klD5urfjZSGWk9C306G1Iz0qpeJ/3qZonSgl+6nmASKjlcymeC2l3IZJwYlW0QKEkFMRLJ+yIArZEZMLKFMcfsrwkZUUWZsiyVbl7dazjppXVU9t+o1riu1u7y4IpzBOVyCBzdQgweoQxMYILzCDN6cmfPufDifi9GCk++cwhKcr186aZ6g</latexit>

meta-level1 languageLµ
1

<latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit><latexit sha1_base64="xPypw3qnzQJkPT6gL4x7iCrBedw=">AAACGHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduHBRwT6gHUsmvdOGSTJDkhHK0I9wW3/Gnbh157+4MNPOwrYeCBzOuZd7coKEM21c99tZW9/Y3Nou7ZR39/YPDitHxy0dp4pCk8Y8Vp2AaOBMQtMww6GTKCAi4NAOorvcb7+A0iyWT2acgC/IULKQUWKs1H547om07/UrVbfmzoBXiVeQKirQ6Fd+eoOYpgKkoZxo3fXcxP gZUYZRDpNyL9WQEBqRIXQtlUSA9rNZ3Ak+t8oAh7GyTxo8U/9uZERoPRaBnRTEjPSyl4v/ermidKgX7meQhopES5lMeONnTCapAUnnkcKUYxPjvCU8YAqo4WNLCFXM/grTEVGEGttl2dblLZezSlqXNc+teY9X1fptUVwJnaIzdIE8dI3q6B41UBNRFKFXNEVvztR5dz6cz/nomlPsnKAFOF+/xp2hCA==</latexit>

Lµ
2

<latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit><latexit sha1_base64="tFmfy8wDYXPITHml5/vlogHyiNs=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy5cVLAPaMeSSTNtaJIZkoxQhn6E2/oz7sStO//FhZl2Frb1QOBwzr3ckxPEnGnjut9OYWNza3unuFva2z84PCofn7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsZ3md9+oUqzSD6ZSUx9gYeShYxgY6X2w3NPJP1av1xxq+4caJ14OalAjka//NMbRCQRVBrCsdZdz4 2Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp/O4U3RhlQEKI2WfNGiu/t1IsdB6IgI7KbAZ6VUvE//1MkXpUC/dT2kSKjxeyWTCGz9lMk4MlWQRKUw4MhHKWkIDpigxfGIJJorZXyEywgoTY7ss2bq81XLWSatW9dyq93hVqd/mxRXhDM7hEjy4hjrcQwOaQGAMrzCDN2fmvDsfzuditODkO6ewBOfrF8hLoQk=</latexit>

meta-level2 language

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

...
<latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit><latexit sha1_base64="2ef91jK/96qH7hB3WIqViyvsgT4=">AAACF3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbduKxgH9AOJZPJtLGZZEjuFMrQf3Bbf8aduHXpv7gw087Cth4IHM65l3tygkRwA6777Wxsbm3v7Jb2yvsHh0fHlZPTllGppqxJlVC6ExDDBJesCRwE6ySakTgQrB2MHnK/PWbacCWfYZIwPyYDySNOCVip1RuHCky/UnVr7hx4nXgFqaICjX7lpxcqmsZMAhXEmK7nJuBnRAOngk3LvdSwhNARGbCupZLEzPjZPO0UX1olxJHS9knAc/XvRkZiYyZxYCdjAkOz6uXiv16uaBOZpfsZSyNNRiuZILrzMy6TFJiki0hRKjAonJeEQ64ZBTGxhFDN7a8wHRJNKNgqy7Yub7WcddK6rnluzXu6qdbvi+JK6BxdoCvkoVtUR4+ogZqIohf0imbozZk5786H87kY3XCKnTO0BOfrF8GhoRI=</latexit>

�
<latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit><latexit sha1_base64="0Ja8RJF7gBvnqGo+S09lsqE+QGQ=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51EtGvF+tuXV3DrJOvILUoECzX/3pDWKWRigNE1Trrucmxs+oMpwJnFZ6qcaEsjEdYtdSSSPUfjbPOiUXVhmQMFb2SUPm6t+NjEZaT6LATkbUjPSql4v/ermidKiX7meYhoqOVzKZ8NbPuExSg5ItIoWpICYmeUVkwBUyIyaWUKa4/RVhI6ooM7bIiq3LWy1nnbSv6p5b9x6va427orgynME5XIIHN9CAB2hCCxiM4BVm8ObMnHfnw/lcjJacYucUluB8/QLiIaAP</latexit>

 
<latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit><latexit sha1_base64="Kix+n6YitmmT4Q07OYW+YoNpLbA=">AAACFXicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC20oWy2L+3SzSbsboQS+he81j/jTbx69r94cNPmYFsHFoaZ93izEySCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoYtFotYdQKqUXCJLcONwE6ikEaBwOdgfJ/7zy+oNI/lk5kk6Ed0KHnIGTW51Es071drbt2dg6wTryA1KNDsV396g5ilEUrDBNW667mJ8TOqDGcCp5VeqjGhbEyH2LVU0gi1n82zTsmFVQYkjJV90pC5+ncjo5HWkyiwkxE1I73q5eK/Xq4oHeql+xmmoaLjlUwmvPUzLpPUoGSLSGEqiIlJXhEZcIXMiIkllCluf0XYiCrKjC2yYuvyVstZJ+2ruufWvcfrWuOuKK4MZ3AOl+DBDTTgAZrQAgYjeIUZvDkz5935cD4XoyWn2DmFJThfv/SmoBo=</latexit>

9x rank(�) = x {�} `  U |= �
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({�} `  ^ { } ` �) `µ2 {�} ` �
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Linguistics

Inference
A collection of inference schemata.  (For economy, see coming Example 1.)

L
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L := hL, Ii

P L
q L

R : hP, qi �! hY|N|U, �,⇡(s)|↵(s)i
C : ⇡(s)|↵(s) �! hY|N|U, �i
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5.  Example 1:  Ethical Control 
via a Program Based on 

DCEC* + ShadowProver …
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DCEC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]

1

Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DCEC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DCEC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]
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Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DCEC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DCEC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]
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B(h, t,B(s, t,f))
[R12 ]
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P(a, t,happens(action(a⇤ ,a), t))
[R13 ]

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
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Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DCEC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are
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Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

O(a, t,f,g)$ O(a, t,y,g)
[R15 ]
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always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DCEC ⇤. This language is
shown in Figure 1.

Syntax

S ::=
Object | Agent | Self � Agent | ActionType | Action � Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^� | f�� | 8x : S. f | �x : S. f

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2) ! K(a, t2 ,f1) ! K(a, t3 ,f3))
[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
[R6 ]

C(t,C(t1 ,f1 ! f2) ! C(t2 ,f1) ! C(t3 ,f3))
[R7 ]

C(t,8x. f ! f[x �! t])
[R8 ]

C(t,f1 � f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) B(a, t,f ! �)

B(a, t,�)
[R11a ]

B(a, t,f) B(a, t,�)

B(a, t,�^f)
[R11b ]

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t�))

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

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

O(a, t,f,happens(action(a⇤ ,a), t�))

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

f � �

O(a, t,f,�) � O(a, t,�,�)
[R15 ]
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Fig. 1. DCEC ⇤Syntax and Rules of Inference

Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DCEC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are

U

ADR M

DCEC ⇤

DCEC ⇤
CL

Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

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

1

3

always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
logics (e.g., FOL and SOL), to logics with intensional operators for
knowledge, belief, and obligation (so-called philosophical logics; for
an overview, see Goble 2001). Intensional operators like these are
first-class elements of the language for DCEC ⇤. This language is
shown in Figure 1.
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⇤ : Agent ! Self
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t ::= x : S | c : S | f (t1 , . . . , tn)

f ::=
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[R1 ]
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[R2 ]

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]
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[R5 ]

C(t,B(a, t1 ,f1 ! f2) ! B(a, t2 ,f1) ! B(a, t3 ,f3))
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[R7 ]
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[R8 ]
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[R10 ]
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Fig. 2. Locating DCEC ⇤in “Three-Ray” Leibnizian Universe

The final layer in our hierarchy is built upon an even more expres-
sive logic: DCEC ⇤

CL. The subscript here indicates that distinctive
elements of the branch of logic known as conditional logic are
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DCEC ⇤
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Moral/Ethical Stack

Robotic Stack

Fig. 3. Pictorial Overview of the Situation Now The first layer, U, is, as
said in the main text, inspired by UIMA; the second layer is based on what
we call analogico-deductive reasoning for ethics; the third on the “deontic
cognitive event calculus” with a indirect indexical; and the fourth like the
third except that the logic in question includes aspects of conditional logic.
(Robot schematic from Aldebaran Robotics’ user manual for Nao. The RAIR
Lab has a number of Aldebaran’s impressive Nao robots.)

included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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Syntax

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

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

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

f ::=

t : Boolean | ¬f | f^y | f_y |

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

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

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

C(t,f) t  t1 . . . t  tn

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

K(a, t,f)

f
[R4 ]

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

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

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

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

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

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

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

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

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

S(s,h, t,f)

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

I(a, t,happens(action(a⇤ ,a), t0))

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

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

O(a, t,f,happens(action(a⇤ ,a), t0))

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

f $ y

O(a, t,f,g)$ O(a, t,y,g)
[R15 ]
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always position some particular work he and likeminded collaborators
are undertaking within a view of logic that allows a particular
logical system to be positioned relative to three dimensions, which
correspond to the three arrows shown in Figure 2. We have positioned
DCEC ⇤within Figure 2; it’s location is indicated by the black dot
therein, which the reader will note is quite far down the dimension
of increasing expressivity that ranges from expressive extensional
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an overview, see Goble 2001). Intensional operators like these are
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included.8 Without these elements, the only form of a conditional
used in our hierarchy is the material conditional; but the material
conditional is notoriously inexpressive, as it cannot represent coun-
terfactuals like:

If the robot had been more empathetic, Officer Smith would have thrived.

While elaborating on this architecture or any of the four layers
is beyond the scope of the paper, we do note that DCEC ⇤(and a
fortiori DCEC ⇤

CL) has facilities for representing and reasoning over
modalities and self-referential statements that no other computational
logic enjoys; see (Bringsjord & Govindarajulu 2013) for a more in-
depth treatment.

B. Augustinian Definition, Formal Version
We view a robot abstractly as a robotic substrate rs on which we
can install modules {m1,m2, . . . ,mn}. The robotic substrate rs would
form an immutable part of the robot and could neither be removed
nor modified. We can think of rs as akin to an “operating system”
for the robot. Modules correspond to functionality that can be added
to robots or removed from them. Associated with each module mi
is a knowledge-base KBmi that represents the module. The substrate
also has an associated knowledge-base KBrs. Perhaps surprisingly,
we don’t stipulate that the modules are logic-based; the modules
could internally be implemented using computational formalisms (e.g.
neural networks, statistical AI) that at the surface level seem far away
from formal logic. No matter what the underlying implementation of
a module is, if we so wished we could always talk about modules
in formal-logic terms.9 This abstract view lets us model robots that

8Though written rather long ago, (Nute 1984) is still a wonderful intro-
duction to the sub-field in formal logic of conditional logic. In the final
analysis, sophisticated moral reasoning can only be accurately modeled for
formal logics that include conditionals much more expressive and nuanced
than the material conditional. (Reliance on conditional branching in standar
programming languages is nothing more than reliance upon the material
conditional.) For example, even the well-known trolley-problem cases (in
which, to save multiple lives, one can either redirect a train, killing one
person in the process, or directly stop the train by throwing someone in front
of it), which are not exactly complicated formally speaking, require, when
analyzed informally but systematically, as indicated e.g. by Mikhail (2011),
counterfactuals.

9This stems from the fact that theorem proving in just first-order logic is
enough to simulate any Turing-level computation; see e.g. (Boolos, Burgess
& Jeffrey 2007, Chapter 11).
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What kind of AI/program 
do we want in place 
when there isn’t a human 
in the loop who can 
throw in a “wrench”?



Pop Problem
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