
Back to the Future: first order 
logic and diagrammatic 

reasoning

Nathan Haydon and Pawel Sobocinski

Tallinn University of Technology, Estonia


IFIP WG1.3 Massa Marittima, January 2020



PEIRCEANA

1
PEI

THE SERIES: PEIRCEANA
Peirceana provides a forum for the best current work on Peirce worldwide. 
Beside s monographs, the series will publish thematically unifi ed anthologies 
and edited volumes with a defi ned topical focus and untranslated English 
selections of Peirce’s writings.

In three comprehensive volumes, Logic of the Future presents a full 
panorama of Charles S. Peirce’s most important late writings. Among the 
most infl uential American thinkers, Peirce took his existential graphs to be 
his most signifi cant contribution to human thought. The manuscripts from 
1895–1913, most of which are published here for the fi rst time, testify to the 
richness and open-endedness of his theory of logic and its applications. They 
also invite us to reconsider our ordinary conceptions of reasoning as well as 
the conventional stories concerning the evolution of modern logic. 

This fi rst volume of Logic of the Future is on the historical development, 
theory and application of Peirce’s graphical method and diagrammatic 
reasoning. It also illustrates the abundant further developments and 
applications Peirce envisaged existential graphs to have on the analysis of 
mathematics, language, meaning and mind. 

www.degruyter.com

ISSN 2698-7155
ISBN  978-3-11-064934-5 

 C
harles S. P

eirce 
 LO

G
IC

 O
F TH

E FU
TU

R
E VO

L. 1   

 CHARLES S. PEIRCE 
!LOGIC OF 
THE FUTURE
  !!WRITINGS ON EXISTENTIAL GRAPHS
!!VOLUME 1: HISTORY AND APPLICATIONS  

Hot off the press, December 2019 - order a copy for your library!



Introductory Note

Charles S. Peirce was one of the most creative and innovative philosophers of the
late 19th and early 20th century. He is known as the founder of American pragma-
tism, a general philosophical view which he in his later years preferred to call
“pragmaticism” to distinguish it from the doctrines propounded by his followers
and imitators who, according to Peirce, had “kidnapped” the word ‘pragmatism’.
He had wide interests, and his pragmaticism permeated his work in many areas
of philosophy: logic, semiotics and the philosophy of language, philosophy of sci-
ence, and metaphysics.

In the 1880s Peirce developed independently of Gottlob Frege a system of
quantification theory in which quantifiers were treated as variable binding oper-
ators; thus he can be regarded, alongside Frege, as a founder of contemporary
formal logic. The standard notation used in contemporary logic is a variant of
Peirce’s notation rather than that adopted by Frege. As a part of his pragmatic
theory of meaning, Peirce developed a game-theoretical interpretation of logical
constants, according to which their meaning is explained by means of a seman-
tical zero-sum game between two parties, an utterer and an interpreter. Peirce
also studied modal and many-valued logics, and developed the basic ideas of
the possible-worlds semantics for modal logic. In his general theory of reasoning
Peirce distinguished three main forms of reasoning, namely abduction, deduction,
and induction, and revised the traditional account of non-deductive reasoning. In
his work in general semiotics (the theory of signs) and the philosophy of language,
he analyzed the sign relation as a triadic relation involving a sign, an interpretant
(meaning), and an object, and introduced the distinction between types and to-
kens into linguistics and the philosophy of language. He made a distinction be-
tween iconic, indexical, and symbolic signs, and outlined an account of proper
names as “directly referential” indexical signs. Peirce developed a complex clas-
sification of signs involving several interpretants and objects, and his rich semi-
otic system provides a useful framework for the comparison of semiotic theories
from the Stoics to the present. He anticipated many significant developments in
the later 20th century analytic philosophy and logic.

In the 1890s Peirce reformulated quantification theory by expressing it in a
language of diagrams which he called existential graphs. The switch from the al-
gebraic notation to the language of graphs seems to have been motivated by his
belief that the latter was more suitable for the purposes of logical analysis. Ac-
cording to Peirce, a system of logic can be used as a calculus which helps to draw
inferences as economically as possible, or it can be developed for the purpose of
representing and analyzing deductive processes. Peirce also thought that a graph-
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ical notation was more suitable for logical analysis than an algebraic notation
because of its higher degree of iconicity. An iconic sign can be said to show what
it means in the sense that it resembles its objects in some respect, that is, some
features of the sign itself determine its interpretation. Peirce himself regarded the
theory of existential graphs as one of his most important contributions to logic
and philosophy.

Peirce presented his theory of existential graphs in many papers which also
discussed various philosophical topics in semiotics and the philosophy of lan-
guage. Much of this material remained unpublished during his lifetime, and some
scholars became acquainted with it by studying his manuscripts. On the other
hand, Peirce was able to get some of these works published, for example, his
work A Syllabus of Certain Topics of Logic was published by Alfred Mudge & Son,
Boston, 1903, and the long paper “Prolegomena to an Apology for Pragmaticism”
appeared in the philosophical journal The Monist in 1906. However, Peirce’s con-
temporaries ignored these works, perhaps because they were not able to see them
as significant contributions to logic and philosophy. It might be said that Peirce
was ahead of his times; his work on existential graphs began to receive serious
attention only in the 1960s.

The three books of the Logic of the Future series are the first comprehensive
collection of Peirce’s writings on existential graphs, especially his previously un-
published writings and unpublished variants of published works. Peirce had the
habit of rewriting the same work several times, and the versions often di!er from
each other in interesting ways. Prof. Ahti-Veikko Pietarinen has performed a valu-
able service to all students of Peirce’s logic and philosophy by making this mate-
rial easily accessible in book form.

Risto Hilpinen
University of Miami, Coral Gables



Plan of talk

• Syntax 

• The algebra of lines of identity & models


• The algebra of negation


• Examples



• Monoidal signature (arities and coarities)


• Terms


• Diagrammatic conventions

— is a bird
— is black
— is mischievous (w/connections)
, which is read as “some black bird is mischievous”.

Notice that the graph that a pear is ripe in Fig. ?? can be rewritten
employing a triadic relation as in the example above. Fig. ?? below asserts
that “something co-exists with something that is a pear and something that
is ripe.”5 One can for the same reason add an extension o↵ the line connect-
ing — is a pear and — is ripe in Fig. ??. This triadic identity element,
written expressly below, becomes a prominent symbol in EG. Peirce calls it
the teridentity relation. Playing with the above graphs, by manipulating and
combining the various relations, should help convince the reader that Lines of
Identity and the teridentity relation su�ce for the composition of any set of
relations. In Peirce scholarship this claim is referred to as Peirce’s reduction
thesis. Peirce mentions the claim explicitly here (cite) and elsewhere. It was
first proven formally in the context of EG by Burch. The thesis is a�rmed
in the presentation below.

The diagrammatic syntax of Diag� follows from these initial Peircean
considerations. Relations are represented in Diag� as labelled boxes with
wires representing variables/hooks. Wires are similarly extended out the left
and right sides to represent the variables of the correlates of the relation.

We move next to a slightly more complicated relation below. Let ⌃ be a
monoidal signature: a collection of symbols R each with an arity ar(R) 2 N
and coarity coar(R) 2 N.

Example 3.1. The signature for our running example is

⌃ = {adores, is a woman, is a catholic}

with ar(adores) = coar(adores) = 1, ar(is a woman) = ar(is a catholic) = 1,
coar(is a woman) = coar(is a catholic) = 0. The diagrammatic convention for
an element R 2 ⌃ is to draw it as a box, with ar(R) wires, ordered from top
to bottom, “dangling” on the left and, similarly, coar(R) wires on the right.
Thus, in diagrams:

⌃ = { adores
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}
5
Notice that this simply makes explicit the convention that SA already asserts the

co-existence of what is written upon it. See Peirce’s remarks Ahti p. 733 & 1045
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Notice, as stated above, that the arity and coarity of the relation keeps
track of the number of wires dangling on the left and right, respectively. We
can swap the values of the arity and coarity for the is a woman and is a catholic
relations to move the wire in each case from the left side of each relation to
the right. See the diagrams below. This move allows us to construct relations
like: a woman adores a catholic. [insert diagram for ‘is a woman —’ and ‘is
a catholic —’, along with ‘a woman adores a catholic’]

Below we define our recursively defined syntax using BNF notation.

c ::= | | | | R 2 ⌃ (1)

| | | (2)

| c� c | c ; c | c� (3)

These are the syntactical elements from which graphs in Diag� are con-
structed. Notice that diagrammatically the wired elements roughly parallel
the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
dotted box is a placeholder (potentially empty) that is used to situate the
space between relations and connection wires.

At this point, the diagrammatic elements of the syntax in (1) and (2)
ought to be considered as mere symbols that denote constants. The oper-
ations are given in (3): two binary operations ‘;’, ‘�’ and one unary oper-
ation •�. These have their own diagrammatic convention: c ; c0 is drawn

c c�.
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.

.

.
.
.
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.
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.
.
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erations here can again be seen in terms of our relational story from above.
‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
principles [?] of) ↵-conversion and capture-avoiding substitution. The price
we pay is an inductive sorting discipline, given in Fig. 1. Intuitively, the
discipline keeps track of the “dangling” wires of each term—terms are asso-
ciated with a sort, a pair of natural numbers (n, m) that counts the wires
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the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
dotted box is a placeholder (potentially empty) that is used to situate the
space between relations and connection wires.

At this point, the diagrammatic elements of the syntax in (1) and (2)
ought to be considered as mere symbols that denote constants. The oper-
ations are given in (3): two binary operations ‘;’, ‘�’ and one unary oper-
ation •�. These have their own diagrammatic convention: c ; c0 is drawn
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<latexit sha1_base64="yO+QH6GJXU/AQNJ/kH3tYpwVHlg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmUF+4A2lMlk0o6dScLMTTGE/oMLN/op7sStP+CXuHXaZmFbD1w4nHMv997jxYJrsO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoUZU0aiUh1PKKZ4CFrAgfBOrFiRHqCtb3R7dRvj5nSPAofII2ZK8kg5AGnBIzU6o39CHS/XLGr9gx4lTg5qaAcjX75p+dHNJEsBCqI1l3HjsHNiAJOBZuUeolmMaEjMmBdQ0MimXaz2bUTfGYUHweRMhUCnql/JzIitU6lZzolgaFe9qbif143geDGzXgYJ8BCOl8UJAJDhKevY58rRkGkhhCquLkV0yFRhIIJaGGLBklUqvyFT7KndGKScpZzWSWti6pzWb26r1XqtTyzIjpBp+gcOega1dEdaqAmougRPaNX9Ga9WO/Wh/U5by1Y+cwxWoD19Qv4VZ9k</latexit>
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.
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c
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erations here can again be seen in terms of our relational story from above.
‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
principles [?] of) ↵-conversion and capture-avoiding substitution. The price
we pay is an inductive sorting discipline, given in Fig. 1. Intuitively, the
discipline keeps track of the “dangling” wires of each term—terms are asso-
ciated with a sort, a pair of natural numbers (n, m) that counts the wires
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Notice, as stated above, that the arity and coarity of the relation keeps
track of the number of wires dangling on the left and right, respectively. We
can swap the values of the arity and coarity for the is a woman and is a catholic
relations to move the wire in each case from the left side of each relation to
the right. See the diagrams below. This move allows us to construct relations
like: a woman adores a catholic. [insert diagram for ‘is a woman —’ and ‘is
a catholic —’, along with ‘a woman adores a catholic’]

Below we define our recursively defined syntax using BNF notation.

c ::= | | | | R 2 ⌃ (1)
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| c� c | c ; c | c� (3)

These are the syntactical elements from which graphs in Diag� are con-
structed. Notice that diagrammatically the wired elements roughly parallel
the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
dotted box is a placeholder (potentially empty) that is used to situate the
space between relations and connection wires.

At this point, the diagrammatic elements of the syntax in (1) and (2)
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erations here can again be seen in terms of our relational story from above.
‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
principles [?] of) ↵-conversion and capture-avoiding substitution. The price
we pay is an inductive sorting discipline, given in Fig. 1. Intuitively, the
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ciated with a sort, a pair of natural numbers (n, m) that counts the wires
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Sort discipline

: (1, 0) : (1, 2) : (0, 1) : (2, 1) : (0, 0) : (1, 1) : (2, 2)

R : (ar(R), coar(R))

c : (n, z) d : (z,m)

c;d : (n,m)

c : (n,m) d : (r, z)

c�d : (n+r,m+z)

c : (n,m)

c� : (n,m)

Figure 1: Sort inference rules.

on the left and on the right—and ensures that for a term c ; c0, c and c0

have the right number of wires on their corresponding boundaries for the
diagrammatic convention of ; as “connecting wires” to make sense. It is easy
to prove that if a term has a sort, it is unique.

Example 3.2. The term ; has no sort and so has no diagrammatic
counterpart in Diag�. On the other hand � : (2, 0). Given the signature
of Example 3.1, consider the term

(( ; ) ; ((adores ; is a woman)� � is a catholic))
�
.

It is easy to check that it has sort (0, 0). Using the diagrammatic conventions
yields the following

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

where the dotted-line boxes play the role of the parentheses in our initial
sorted term.

It is not di�cult to see that sorted terms are in 1-1 correspondence with
such diagrams, provided that enough dotted-line boxes are inserted to dis-
ambiguate the associativity of ‘;’ and ‘�’ and the priority between them. In
order to avoid blemishing our diagrams with dotted-line boxes, we will not
consider raw terms, but terms quotiented by the laws of small symmetric
strict monoidal categories [?] of a particularly simple nature: the set of ob-

jects is the natural numbers and m� n
def
= m+ n. Such categories are called
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Logical interpretation
(Carboni and Walters, 1987; Bonchi, S., Seeber, 2018)

Notice, as stated above, that the arity and coarity of the relation keeps
track of the number of wires dangling on the left and right, respectively. We
can swap the values of the arity and coarity for the is a woman and is a catholic
relations to move the wire in each case from the left side of each relation to
the right. See the diagrams below. This move allows us to construct relations
like: a woman adores a catholic. [insert diagram for ‘is a woman —’ and ‘is
a catholic —’, along with ‘a woman adores a catholic’]

Below we define our recursively defined syntax using BNF notation.

c ::= | | | | R 2 ⌃ (1)

| | | (2)

| c� c | c ; c | c� (3)

These are the syntactical elements from which graphs in Diag� are con-
structed. Notice that diagrammatically the wired elements roughly parallel
the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
dotted box is a placeholder (potentially empty) that is used to situate the
space between relations and connection wires.

At this point, the diagrammatic elements of the syntax in (1) and (2)
ought to be considered as mere symbols that denote constants. The oper-
ations are given in (3): two binary operations ‘;’, ‘�’ and one unary oper-
ation •�. These have their own diagrammatic convention: c ; c0 is drawn
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erations here can again be seen in terms of our relational story from above.
‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
principles [?] of) ↵-conversion and capture-avoiding substitution. The price
we pay is an inductive sorting discipline, given in Fig. 1. Intuitively, the
discipline keeps track of the “dangling” wires of each term—terms are asso-
ciated with a sort, a pair of natural numbers (n, m) that counts the wires
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c(x1,y1) ∧ c’(x2,y2) 

Notice, as stated above, that the arity and coarity of the relation keeps
track of the number of wires dangling on the left and right, respectively. We
can swap the values of the arity and coarity for the is a woman and is a catholic
relations to move the wire in each case from the left side of each relation to
the right. See the diagrams below. This move allows us to construct relations
like: a woman adores a catholic. [insert diagram for ‘is a woman —’ and ‘is
a catholic —’, along with ‘a woman adores a catholic’]

Below we define our recursively defined syntax using BNF notation.

c ::= | | | | R 2 ⌃ (1)

| | | (2)

| c� c | c ; c | c� (3)

These are the syntactical elements from which graphs in Diag� are con-
structed. Notice that diagrammatically the wired elements roughly parallel
the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
dotted box is a placeholder (potentially empty) that is used to situate the
space between relations and connection wires.

At this point, the diagrammatic elements of the syntax in (1) and (2)
ought to be considered as mere symbols that denote constants. The oper-
ations are given in (3): two binary operations ‘;’, ‘�’ and one unary oper-
ation •�. These have their own diagrammatic convention: c ; c0 is drawn
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.

.
<latexit sha1_base64="yO+QH6GJXU/AQNJ/kH3tYpwVHlg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmUF+4A2lMlk0o6dScLMTTGE/oMLN/op7sStP+CXuHXaZmFbD1w4nHMv997jxYJrsO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoUZU0aiUh1PKKZ4CFrAgfBOrFiRHqCtb3R7dRvj5nSPAofII2ZK8kg5AGnBIzU6o39CHS/XLGr9gx4lTg5qaAcjX75p+dHNJEsBCqI1l3HjsHNiAJOBZuUeolmMaEjMmBdQ0MimXaz2bUTfGYUHweRMhUCnql/JzIitU6lZzolgaFe9qbif143geDGzXgYJ8BCOl8UJAJDhKevY58rRkGkhhCquLkV0yFRhIIJaGGLBklUqvyFT7KndGKScpZzWSWti6pzWb26r1XqtTyzIjpBp+gcOega1dEdaqAmougRPaNX9Ga9WO/Wh/U5by1Y+cwxWoD19Qv4VZ9k</latexit>

c
<latexit sha1_base64="CpI40AH/gkeDSiZHjNfYZ+a+wGY=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6UG7ZfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9foqWdCQ==</latexit> . Roughly the op-

erations here can again be seen in terms of our relational story from above.
‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
principles [?] of) ↵-conversion and capture-avoiding substitution. The price
we pay is an inductive sorting discipline, given in Fig. 1. Intuitively, the
discipline keeps track of the “dangling” wires of each term—terms are asso-
ciated with a sort, a pair of natural numbers (n, m) that counts the wires

8

∃ z. c(x,z) ∧ c’(z,y)

Notice, as stated above, that the arity and coarity of the relation keeps
track of the number of wires dangling on the left and right, respectively. We
can swap the values of the arity and coarity for the is a woman and is a catholic
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a catholic —’, along with ‘a woman adores a catholic’]

Below we define our recursively defined syntax using BNF notation.

c ::= | | | | R 2 ⌃ (1)

| | | (2)

| c� c | c ; c | c� (3)

These are the syntactical elements from which graphs in Diag� are con-
structed. Notice that diagrammatically the wired elements roughly parallel
the components and connections among Lines of Identity and teridentity in
EG. We formalize the translation between Diag� and EG in Section ??. The
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c c�.
.
.

.

.

.
.
.
. , c � c0 is drawn

c

c� .
.
.

.

.

.
.
.
.

.

.

.

, and c� is drawn .
.
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<latexit sha1_base64="yO+QH6GJXU/AQNJ/kH3tYpwVHlg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmUF+4A2lMlk0o6dScLMTTGE/oMLN/op7sStP+CXuHXaZmFbD1w4nHMv997jxYJrsO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoUZU0aiUh1PKKZ4CFrAgfBOrFiRHqCtb3R7dRvj5nSPAofII2ZK8kg5AGnBIzU6o39CHS/XLGr9gx4lTg5qaAcjX75p+dHNJEsBCqI1l3HjsHNiAJOBZuUeolmMaEjMmBdQ0MimXaz2bUTfGYUHweRMhUCnql/JzIitU6lZzolgaFe9qbif143geDGzXgYJ8BCOl8UJAJDhKevY58rRkGkhhCquLkV0yFRhIIJaGGLBklUqvyFT7KndGKScpZzWSWti6pzWb26r1XqtTyzIjpBp+gcOega1dEdaqAmougRPaNX9Ga9WO/Wh/U5by1Y+cwxWoD19Qv4VZ9k</latexit>
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.
<latexit sha1_base64="yO+QH6GJXU/AQNJ/kH3tYpwVHlg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmUF+4A2lMlk0o6dScLMTTGE/oMLN/op7sStP+CXuHXaZmFbD1w4nHMv997jxYJrsO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoUZU0aiUh1PKKZ4CFrAgfBOrFiRHqCtb3R7dRvj5nSPAofII2ZK8kg5AGnBIzU6o39CHS/XLGr9gx4lTg5qaAcjX75p+dHNJEsBCqI1l3HjsHNiAJOBZuUeolmMaEjMmBdQ0MimXaz2bUTfGYUHweRMhUCnql/JzIitU6lZzolgaFe9qbif143geDGzXgYJ8BCOl8UJAJDhKevY58rRkGkhhCquLkV0yFRhIIJaGGLBklUqvyFT7KndGKScpZzWSWti6pzWb26r1XqtTyzIjpBp+gcOega1dEdaqAmougRPaNX9Ga9WO/Wh/U5by1Y+cwxWoD19Qv4VZ9k</latexit>
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<latexit sha1_base64="CpI40AH/gkeDSiZHjNfYZ+a+wGY=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6UG7ZfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9foqWdCQ==</latexit> . Roughly the op-
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‘�’ allows us to scribe relations adjacent to each other (i.e in parallel) on the
sheet, ‘;’ allows us to wire relations together in series (similar to connecting
relations via Lines of Identity), and placing a relation inside a cut allows us
to take the negation/complement of the relation.

As opposed to the usual syntax of first order logic, our syntax (1), (3)
does not have any variables, nor variable binding operations. This simplfies
things significantly since we do not need to introduce variable conventions,
nor worry about (the often hand-waved away, but mathematically non-trivial
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¬c(x,y)



Example

: (1, 0) : (1, 2) : (0, 1) : (2, 1) : (0, 0) : (1, 1) : (2, 2)

R : (ar(R), coar(R))

c : (n, z) d : (z,m)

c;d : (n,m)

c : (n,m) d : (r, z)

c�d : (n+r,m+z)

c : (n,m)

c� : (n,m)

Figure 1: Sort inference rules.

on the left and on the right—and ensures that for a term c ; c0, c and c0

have the right number of wires on their corresponding boundaries for the
diagrammatic convention of ; as “connecting wires” to make sense. It is easy
to prove that if a term has a sort, it is unique.

Example 3.2. The term ; has no sort and so has no diagrammatic
counterpart in Diag�. On the other hand � : (2, 0). Given the signature
of Example 3.1, consider the term

(( ; ) ; ((adores ; is a woman)� � is a catholic))
�
.

It is easy to check that it has sort (0, 0). Using the diagrammatic conventions
yields the following

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

where the dotted-line boxes play the role of the parentheses in our initial
sorted term.

It is not di�cult to see that sorted terms are in 1-1 correspondence with
such diagrams, provided that enough dotted-line boxes are inserted to dis-
ambiguate the associativity of ‘;’ and ‘�’ and the priority between them. In
order to avoid blemishing our diagrams with dotted-line boxes, we will not
consider raw terms, but terms quotiented by the laws of small symmetric
strict monoidal categories [?] of a particularly simple nature: the set of ob-

jects is the natural numbers and m� n
def
= m+ n. Such categories are called
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: (1, 0) : (1, 2) : (0, 1) : (2, 1) : (0, 0) : (1, 1) : (2, 2)

R : (ar(R), coar(R))

c : (n, z) d : (z,m)

c;d : (n,m)

c : (n,m) d : (r, z)

c�d : (n+r,m+z)

c : (n,m)

c� : (n,m)

Figure 1: Sort inference rules.

on the left and on the right—and ensures that for a term c ; c0, c and c0

have the right number of wires on their corresponding boundaries for the
diagrammatic convention of ; as “connecting wires” to make sense. It is easy
to prove that if a term has a sort, it is unique.

Example 3.2. The term ; has no sort and so has no diagrammatic
counterpart in Diag�. On the other hand � : (2, 0). Given the signature
of Example 3.1, consider the term

(( ; ) ; ((adores ; is a woman)� � is a catholic))
�
.

It is easy to check that it has sort (0, 0). Using the diagrammatic conventions
yields the following

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

where the dotted-line boxes play the role of the parentheses in our initial
sorted term.

It is not di�cult to see that sorted terms are in 1-1 correspondence with
such diagrams, provided that enough dotted-line boxes are inserted to dis-
ambiguate the associativity of ‘;’ and ‘�’ and the priority between them. In
order to avoid blemishing our diagrams with dotted-line boxes, we will not
consider raw terms, but terms quotiented by the laws of small symmetric
strict monoidal categories [?] of a particularly simple nature: the set of ob-

jects is the natural numbers and m� n
def
= m+ n. Such categories are called
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¬ ∃ z. adores(x,z) ∧ is a woman(z) 

= ∀ z. ¬ adores(x, z) ∨ ¬ is a woman (z)

¬ ∃x. is a catholic(x) ∧ (∀ z. ¬ adores(x, z) ∨ ¬ is a woman (z)) 

= ∀ x. ¬ is a catholic (x) ∨ ( ∃ z. adores(x,z) ∧ is a woman(z) )

= ∀ x. is a catholic (x) ⇒  ( ∃ z. adores(x,z) ∧ is a woman(z) )

16 | Ahti-Veikko Pietarinen

The graph-instance depicted in Fig. 4 thus means that “something exists that is
not catholic”.

Peirce aimed at a diagrammatic syntax that would use a minimal number of
logical signs but at the same time be maximally expressive and as analytic as pos-
sible. His ovals, for instance, have di!erent notational functions: “The first o"ce
which the ovals fulfill is that of negation. [ . . . ] The second o"ce of the ovals is that
of associating the conjunctions of terms. [ . . . ] This is the o"ce of parentheses in
algebra” (R 430, ms pp. 54–56, 1902; LoF 1). The ovals are thus not only the dia-
grammatic counterpart to negation but also serve to represent the compositional
structure of a graph-formula. Peirce held (see e.g. R 430; R 670, 1911; LoF 1) that a
notation that does not separate the sign of truth-function from the representation
of its scope is more analytic than a notation, such as that of an ordinary ‘symbolic’
language, where such a separation is required by the one-dimensional notation.
The role of ovals as denials is in fact a derived function from the more primitive
considerations of inclusion and implication (Bellucci & Pietarinen 2016; R 300,
1908; LoF 3).

As far as the expressivity of logical languages is concerned, Peirce had already
recognised that the notion of dependent quantification was essential to the ad-
vancement of the theory of logic and that it needed to be captured in any system
expressive enough to fully serve the purpose of logical analysis. The nested sys-
tem of ovals e!ectuate this in a natural way, much in contrast to algebras that re-
sort to an explicit use of parentheses and other punctuation marks. For example,
the graph in Fig. 5 means that “Every Catholic adores some woman”. The graph in
Fig. 6 means that “Some woman is adored by every Catholic”. Peirce notes that the
latter asserts more than the former since it states that all Catholics adore the same
woman, whereas the former allows di!erent Catholics to adore di!erent women:

is a Catholic

adores is a woman

is a Catholic

adores is a woman

Fig. 5 Fig. 6

The graph in Fig. 7 means, moreover, that “anything whatever is unloved by some-
thing that benefits it”, that is, “everything is benefitted by something or other that
does not love it”:



Diagβ

• Diagβ is the free symmetric strict monoidal category on 
the syntax. More precisely it is the the free uoh-prop 

• Definition. A prop X with a unary operations on homsets 
is a prop with a family of operations.


 There are no additional equations.

props [?,?]. Some care has to be taken with the •� operation, which is not
standard: below we introduce a very simple extension to the usual definition.

Definition 3.3 (uoh-prop). A prop X with a unary operation on homsets
(uoh-prop) is a prop with a family of operations �

m,n : X[m,n] ! X[m,n]
indexed by m,n 2 N. There are no additional equations.

We are now ready to give the definition of the notion of syntax we will
use throughout the paper.

Definition 3.4 (Syntax). Let Diag� be the uoh-prop where arrows m ! n
are (m,n)-sorted terms, modulo the laws of symmetric monoidal categories.
The additional unary operation on homsets is given by •�.

Example 3.5. For the category-theory uninitiated reader, let us give an
intuitive summary of the algebraic structure given by Definition 3.3.

• the two composition operations are strictly associative, e.g.

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

,
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

This means the overall meaning of the relation is the same irrespective
of the order we compose the sub-relations, i.e irrespective of whether
we take the adoring woman or the adored catholic first.

• the two composition operations are compatible, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

• the first two constants of (2) are identities ; the first the identity on 0,
the second the identity on 1. This means, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

The combination of these points means that the “dotted-line” boxes
are redundant and will not be used further. In Peirce’s EG these fea-
tures are built directly into the conventions of SA (give Quote - [CP
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props [?,?]. Some care has to be taken with the •� operation, which is not
standard: below we introduce a very simple extension to the usual definition.

Definition 3.3 (uoh-prop). A prop X with a unary operation on homsets
(uoh-prop) is a prop with a family of operations �

m,n : X[m,n] ! X[m,n]
indexed by m,n 2 N. There are no additional equations.

We are now ready to give the definition of the notion of syntax we will
use throughout the paper.

Definition 3.4 (Syntax). Let Diag� be the uoh-prop where arrows m ! n
are (m,n)-sorted terms, modulo the laws of symmetric monoidal categories.
The additional unary operation on homsets is given by •�.

Example 3.5. For the category-theory uninitiated reader, let us give an
intuitive summary of the algebraic structure given by Definition 3.3.

• the two composition operations are strictly associative, e.g.

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

,
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

This means the overall meaning of the relation is the same irrespective
of the order we compose the sub-relations, i.e irrespective of whether
we take the adoring woman or the adored catholic first.

• the two composition operations are compatible, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

• the first two constants of (2) are identities ; the first the identity on 0,
the second the identity on 1. This means, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

The combination of these points means that the “dotted-line” boxes
are redundant and will not be used further. In Peirce’s EG these fea-
tures are built directly into the conventions of SA (give Quote - [CP
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props [?,?]. Some care has to be taken with the •� operation, which is not
standard: below we introduce a very simple extension to the usual definition.

Definition 3.3 (uoh-prop). A prop X with a unary operation on homsets
(uoh-prop) is a prop with a family of operations �

m,n : X[m,n] ! X[m,n]
indexed by m,n 2 N. There are no additional equations.

We are now ready to give the definition of the notion of syntax we will
use throughout the paper.

Definition 3.4 (Syntax). Let Diag� be the uoh-prop where arrows m ! n
are (m,n)-sorted terms, modulo the laws of symmetric monoidal categories.
The additional unary operation on homsets is given by •�.

Example 3.5. For the category-theory uninitiated reader, let us give an
intuitive summary of the algebraic structure given by Definition 3.3.

• the two composition operations are strictly associative, e.g.

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK 4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

,
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

This means the overall meaning of the relation is the same irrespective
of the order we compose the sub-relations, i.e irrespective of whether
we take the adoring woman or the adored catholic first.

• the two composition operations are compatible, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

• the first two constants of (2) are identities ; the first the identity on 0,
the second the identity on 1. This means, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

The combination of these points means that the “dotted-line” boxes
are redundant and will not be used further. In Peirce’s EG these fea-
tures are built directly into the conventions of SA (give Quote - [CP
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props [?,?]. Some care has to be taken with the •� operation, which is not
standard: below we introduce a very simple extension to the usual definition.

Definition 3.3 (uoh-prop). A prop X with a unary operation on homsets
(uoh-prop) is a prop with a family of operations �

m,n : X[m,n] ! X[m,n]
indexed by m,n 2 N. There are no additional equations.

We are now ready to give the definition of the notion of syntax we will
use throughout the paper.

Definition 3.4 (Syntax). Let Diag� be the uoh-prop where arrows m ! n
are (m,n)-sorted terms, modulo the laws of symmetric monoidal categories.
The additional unary operation on homsets is given by •�.

Example 3.5. For the category-theory uninitiated reader, let us give an
intuitive summary of the algebraic structure given by Definition 3.3.

• the two composition operations are strictly associative, e.g.

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

,
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

This means the overall meaning of the relation is the same irrespective
of the order we compose the sub-relations, i.e irrespective of whether
we take the adoring woman or the adored catholic first.

• the two composition operations are compatible, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

• the first two constants of (2) are identities ; the first the identity on 0,
the second the identity on 1. This means, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

The combination of these points means that the “dotted-line” boxes
are redundant and will not be used further. In Peirce’s EG these fea-
tures are built directly into the conventions of SA (give Quote - [CP

10

props [?,?]. Some care has to be taken with the •� operation, which is not
standard: below we introduce a very simple extension to the usual definition.

Definition 3.3 (uoh-prop). A prop X with a unary operation on homsets
(uoh-prop) is a prop with a family of operations �

m,n : X[m,n] ! X[m,n]
indexed by m,n 2 N. There are no additional equations.

We are now ready to give the definition of the notion of syntax we will
use throughout the paper.

Definition 3.4 (Syntax). Let Diag� be the uoh-prop where arrows m ! n
are (m,n)-sorted terms, modulo the laws of symmetric monoidal categories.
The additional unary operation on homsets is given by •�.

Example 3.5. For the category-theory uninitiated reader, let us give an
intuitive summary of the algebraic structure given by Definition 3.3.

• the two composition operations are strictly associative, e.g.

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

,
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
adores

<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

This means the overall meaning of the relation is the same irrespective
of the order we compose the sub-relations, i.e irrespective of whether
we take the adoring woman or the adored catholic first.

• the two composition operations are compatible, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

• the first two constants of (2) are identities ; the first the identity on 0,
the second the identity on 1. This means, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

= is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

= adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

The combination of these points means that the “dotted-line” boxes
are redundant and will not be used further. In Peirce’s EG these fea-
tures are built directly into the conventions of SA (give Quote - [CP

10



4:374?], Ahti p. 488 & 499). The combination of identity laws and the
compatibility of ‘;’ with ‘�’ means also that unconnected components
can be “slid” past each other, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

• the last constant of (3) is a symmetry. This means that diagrams
constructred from it and the identity “behave” as permutations, e.g.

=

and arbitrary diagrams can “slide” across symmetries6, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit> is a catholic

<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

, =

While Definition 3.4 emphasises the syntax, Diag� has an extremely con-
cise mathematical description: it is the free uoh-prop on ⌃. The characteri-
sation of Diag� as a free algebraic structure is important: first, it means that
our string diagrams are a bona fide notion of syntax, not unlike usual syntax
trees. Second, just as syntax admits elegant inductive definitions (not un-
like, for instance, the classical Tarski semantics of first oder logic), in order
to define a structure preserving translation (homomorphism of uoh-props)
from Diag� to some target semantic universe (some uoh-prop), it su�ces to
define the target of the constants (1). We shall come back to this point when
defining the concept of model in §5.

4 The algebra of lines of identity

The first lines of Fig. 3 consists of the laws of cartesian bicategories (of
relations) [?]. Equations (coas), (coco), (counl) say that ( , ) is a cocom-
mutative comonoid, while (as), (co), (unl) say that ( , ) is a commutative
monoid. Pawel:

Nathan, I
rember you
telling me
that Peirce
imagined
lines ”spawn-
ing” from
lines of
identities like
little hairs.
This would
be cool to
insert here to
motivate the
monoid/comonoid
laws.

The three equations (all called (fr)) are the Frobenius equations. While
any of the three su�ces to derive the other two, we give all three since they

6
these equations are examples of naturality of the symmetry

11

4:374?], Ahti p. 488 & 499). The combination of identity laws and the
compatibility of ‘;’ with ‘�’ means also that unconnected components
can be “slid” past each other, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

• the last constant of (3) is a symmetry. This means that diagrams
constructred from it and the identity “behave” as permutations, e.g.

=

and arbitrary diagrams can “slide” across symmetries6, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit> is a catholic

<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

, =

While Definition 3.4 emphasises the syntax, Diag� has an extremely con-
cise mathematical description: it is the free uoh-prop on ⌃. The characteri-
sation of Diag� as a free algebraic structure is important: first, it means that
our string diagrams are a bona fide notion of syntax, not unlike usual syntax
trees. Second, just as syntax admits elegant inductive definitions (not un-
like, for instance, the classical Tarski semantics of first oder logic), in order
to define a structure preserving translation (homomorphism of uoh-props)
from Diag� to some target semantic universe (some uoh-prop), it su�ces to
define the target of the constants (1). We shall come back to this point when
defining the concept of model in §5.

4 The algebra of lines of identity

The first lines of Fig. 3 consists of the laws of cartesian bicategories (of
relations) [?]. Equations (coas), (coco), (counl) say that ( , ) is a cocom-
mutative comonoid, while (as), (co), (unl) say that ( , ) is a commutative
monoid. Pawel:

Nathan, I
rember you
telling me
that Peirce
imagined
lines ”spawn-
ing” from
lines of
identities like
little hairs.
This would
be cool to
insert here to
motivate the
monoid/comonoid
laws.

The three equations (all called (fr)) are the Frobenius equations. While
any of the three su�ces to derive the other two, we give all three since they

6
these equations are examples of naturality of the symmetry

11

4:374?], Ahti p. 488 & 499). The combination of identity laws and the
compatibility of ‘;’ with ‘�’ means also that unconnected components
can be “slid” past each other, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

• the last constant of (3) is a symmetry. This means that diagrams
constructred from it and the identity “behave” as permutations, e.g.

=

and arbitrary diagrams can “slide” across symmetries6, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit> is a catholic

<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

, =

While Definition 3.4 emphasises the syntax, Diag� has an extremely con-
cise mathematical description: it is the free uoh-prop on ⌃. The characteri-
sation of Diag� as a free algebraic structure is important: first, it means that
our string diagrams are a bona fide notion of syntax, not unlike usual syntax
trees. Second, just as syntax admits elegant inductive definitions (not un-
like, for instance, the classical Tarski semantics of first oder logic), in order
to define a structure preserving translation (homomorphism of uoh-props)
from Diag� to some target semantic universe (some uoh-prop), it su�ces to
define the target of the constants (1). We shall come back to this point when
defining the concept of model in §5.

4 The algebra of lines of identity

The first lines of Fig. 3 consists of the laws of cartesian bicategories (of
relations) [?]. Equations (coas), (coco), (counl) say that ( , ) is a cocom-
mutative comonoid, while (as), (co), (unl) say that ( , ) is a commutative
monoid. Pawel:

Nathan, I
rember you
telling me
that Peirce
imagined
lines ”spawn-
ing” from
lines of
identities like
little hairs.
This would
be cool to
insert here to
motivate the
monoid/comonoid
laws.

The three equations (all called (fr)) are the Frobenius equations. While
any of the three su�ces to derive the other two, we give all three since they

6
these equations are examples of naturality of the symmetry
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4:374?], Ahti p. 488 & 499). The combination of identity laws and the
compatibility of ‘;’ with ‘�’ means also that unconnected components
can be “slid” past each other, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

• the last constant of (3) is a symmetry. This means that diagrams
constructred from it and the identity “behave” as permutations, e.g.

=

and arbitrary diagrams can “slide” across symmetries6, e.g.

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit> is a catholic

<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

=
is a woman
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, =

While Definition 3.4 emphasises the syntax, Diag� has an extremely con-
cise mathematical description: it is the free uoh-prop on ⌃. The characteri-
sation of Diag� as a free algebraic structure is important: first, it means that
our string diagrams are a bona fide notion of syntax, not unlike usual syntax
trees. Second, just as syntax admits elegant inductive definitions (not un-
like, for instance, the classical Tarski semantics of first oder logic), in order
to define a structure preserving translation (homomorphism of uoh-props)
from Diag� to some target semantic universe (some uoh-prop), it su�ces to
define the target of the constants (1). We shall come back to this point when
defining the concept of model in §5.

4 The algebra of lines of identity

The first lines of Fig. 3 consists of the laws of cartesian bicategories (of
relations) [?]. Equations (coas), (coco), (counl) say that ( , ) is a cocom-
mutative comonoid, while (as), (co), (unl) say that ( , ) is a commutative
monoid. Pawel:

Nathan, I
rember you
telling me
that Peirce
imagined
lines ”spawn-
ing” from
lines of
identities like
little hairs.
This would
be cool to
insert here to
motivate the
monoid/comonoid
laws.

The three equations (all called (fr)) are the Frobenius equations. While
any of the three su�ces to derive the other two, we give all three since they

6
these equations are examples of naturality of the symmetry
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Moral of the story

• Diagβ is a bona fide syntax, it is a free thing 


• its terms are better thought of as string diagrams than 
traditional syntax trees



Plan of talk

• Syntax


• The algebra of lines of identity & models 

• The algebra of negation


• Examples



Laws of cartesian 
bicategories

(coas)
=

(coco)
=

(counl)
=

(as)
=

(co)
=

(unl)
=

(fr)
=

(fr)
=

(sp)
=

R
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Figure 2: The laws of cartesian bicategories of relations.

are very useful in diagrammatic reasoning. The equation (sp) is the so-called
“special” law. The equations mentioned so far define an algebraic structure
commonly referred to as a (commutative) special Frobenius bimonoid.

It is worth reflecting on how these laws of cartesian bicategories are cap-
tured in Peirce’s EG. As discussed in the previous section, associativity and
commutativity are built into the conventions of SA, where the order of com-
position of relations on the sheet is immaterial. Each of the other rules can be
seen as following from the combination of monadic, dyadic, triadic identity
elements. (unl) and (counl) are equivalent to being able to add a branch to any
Line of Identity. Peirce’s interpretation of this rule in EG is worth quoting:
“every line of identity ought to be considered as bristling with microscopic
points of teridentity; so that [insert image of line of identity] when magnified
shall be seen to be [insert image of bristling teridentity]” (Ahti, p. 1045).
The (fr) and (sp) equations follow from recognizing facts about the composi-
tion of teridentity relations. Two teridentity relations with two of their three
wires connected together are equivalent to a single (dyadic) line of identity.
This yields the (sp) equation (see Burch (cite) for a clear example in respect
to EG with its equivalent translation into traditional first order logic). Simi-
larly, the various combinations of two teridentity relations connected through
one wire likewise yield the (fr) equalities. Peirce is again explicit about the
interpretation of this rule in EG. He writes: “Quateridentity [Peirce’s term
for a point with four extending wires] is obviously composed of two teriden-
tities. I.e. This [insert graph of quateridentity] is [insert graphs of various
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Proof.
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Finally we prove some elementary properties of conjunction.

Lemma 4.3.
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S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit> (er)


R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

5 Models

Recal the notion of uoh-prop introduced in Definition 3.3. Below we intro-
duce an important class of uoh-props, which serve as the semantic universes
for the syntax introduced in §3.

Definition 5.1. Let X be a set. The uoh-prop RelX has, as arrows m ! n,
relations Xm ! Xn (subsets of Xm⇥Xn), where Xm is the m-fold cartesian
product of X. Given a relation R : Xm ! Xn, R� is the (set-theoretical)
complement of R as a subset of Xm ⇥Xn.

It is well known that RelX is also a cartesian bicategory of relations, that
is, it satisfies all of the equations of Fig. 2. In the setting of RelX, is the
diagonal relation {(x,

�
x
x

�
) | x 2 X} while is the relation {(x, ?) | x 2 X}

– here ? is the unique element of the singleton set X0. The relations denoted
by and are, respectively, the opposite relations. Henceforward we
will call these four relations the canonical Frobenius structure of RelX.

The following is the central definition of this section.

14

But RelX is also a cartesian bicategory in a canonical way!

(symcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(it-deit)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit> (frcut)

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit> n

<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(dcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(ctrpos)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>  R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Figure 3: The (in)equational theory

Definition 5.2 (Model). A model for Diag� consists of a set X and a mor-
phism of uoh-props

J�K : Diag� ! RelX

that maps { , , , } to the canonical Frobenius structure of RelX.

Referring back to the syntax definition ??, to give such a morphism is to
give, for each � : (m, n) 2 ⌃, a relation J�K ✓ Xm ⇥ Xn. The rest of the
mapping is induced compositionally.

Remark 5.3. Note that closed diagrams, that is those of sort (0, 0) map to
relations of type 0 ! 0, that is, subsets of X0 ⇥X0. Since X0 is a singleton,
there are precisely two such relations – the empty relation ? and the full
relation {(?, ?)}. It is convenient to identify these with truth values – ? with
? (false) and {(?, ?)} with > (true).

Example 5.4. Worked example of a model for the running example.

6 The algebra of cut

The equations of Fig. 3 describe the interactions between the algebraic struc-
ture of Fig. 3 and Peirce’s cut (negation). First, we explain the jagged-line
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Truth values

(symcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(it-deit)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit> (frcut)

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit> n

<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(dcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(ctrpos)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>  R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Figure 3: The (in)equational theory

Definition 5.2 (Model). A model for Diag� consists of a set X and a mor-
phism of uoh-props

J�K : Diag� ! RelX

that maps { , , , } to the canonical Frobenius structure of RelX.

Referring back to the syntax definition ??, to give such a morphism is to
give, for each � : (m, n) 2 ⌃, a relation J�K ✓ Xm ⇥ Xn. The rest of the
mapping is induced compositionally.

Remark 5.3. Note that closed diagrams, that is those of sort (0, 0) map to
relations of type 0 ! 0, that is, subsets of X0 ⇥X0. Since X0 is a singleton,
there are precisely two such relations – the empty relation ? and the full
relation {(?, ?)}. It is convenient to identify these with truth values – ? with
? (false) and {(?, ?)} with > (true).

Example 5.4. Worked example of a model for the running example.

6 The algebra of cut

The equations of Fig. 3 describe the interactions between the algebraic struc-
ture of Fig. 3 and Peirce’s cut (negation). First, we explain the jagged-line
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Example

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

X = {fabio, mme}

[[adores]] = {(fabio, mme)}

[[is a woman]] = {mme} [[is a catholic]] = {fabio}

[[ ]] = (*,*) = T

[[adores]] = {(fabio, fabio)}

adores
<latexit sha1_base64="r92wdGMt+ho9FQAYJgJ3STApF+g=">AAACHXicbVDLSsNAFJ34rPXRqEs3g0VwVRIf6EoKblxWsA9oQ5lMJu3QyUyYmYgh9EtcuNFPcSduxS9x6yTNwrYeGDiccy/3zPFjRpV2nG9rZXVtfWOzslXd3tndq9n7Bx0lEolJGwsmZM9HijDKSVtTzUgvlgRFPiNdf3Kb+91HIhUV/EGnMfEiNOI0pBhpIw3t2iBCeqzCDAVCEjUd2nWn4RSAy8QtSR2UaA3tn0EgcBIRrjFDSvVdJ9ZehqSmmJFpdZAoEiM8QSPSN5SjiCgvK4JP4YlRAhgKaR7XsFD/bmQoUiqNfDNZxFz0cvE/r5/o8NrLKI8TTTieHQoTBrWAeQswoJJgzVJDEJbUZIV4jCTC2nQ1d0XpCMlUBnM/yZ7SvCl3sZdl0jlruOeNy/uLevOm7KwCjsAxOAUuuAJNcAdaoA0wSMAzeAVv1ov1bn1Yn7PRFavcOQRzsL5+ATPao8I=</latexit>

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

[[ ]] = ø = F

mme
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“eggshell” notation
(symcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(it-deit)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit> (frcut)

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit> n

<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(dcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(ctrpos)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>  R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Figure 3: The (in)equational theory

Definition 5.2 (Model). A model for Diag� consists of a set X and a mor-
phism of uoh-props

J�K : Diag� ! RelX

that maps { , , , } to the canonical Frobenius structure of RelX.

Referring back to the syntax definition ??, to give such a morphism is to
give, for each � : (m, n) 2 ⌃, a relation J�K ✓ Xm ⇥ Xn. The rest of the
mapping is induced compositionally.

Remark 5.3. Note that closed diagrams, that is those of sort (0, 0) map to
relations of type 0 ! 0, that is, subsets of X0 ⇥X0. Since X0 is a singleton,
there are precisely two such relations – the empty relation ? and the full
relation {(?, ?)}. It is convenient to identify these with truth values – ? with
? (false) and {(?, ?)} with > (true).

Example 5.4. Worked example of a model for the running example.

6 The algebra of cut

The equations of Fig. 3 describe the interactions between the algebraic struc-
ture of Fig. 3 and Peirce’s cut (negation). First, we explain the jagged-line

15

notation, which emphasises the local nature of the interactions. It is short-
hand for an arbitrary context inside the cut. For example, (frcut) stands for

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

T
<latexit sha1_base64="3zFtKH394NtKXdFAhECWfafI+lk=">AAACDXicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmULfUEbymRy0w6dTMLMRAyhX+DCjX6KO3HrN/glbp22WdjWAxcO59zLvfd4MWdK2/a3VdjY3NreKe6W9vYPDo/KxycdFSWSQptGPJI9jyjgTEBbM82hF0sgoceh603uZ373EaRikWjpNAY3JCPBAkaJNlKzNSxX7Ko9B14nTk4qKEdjWP4Z+BFNQhCacqJU37Fj7WZEakY5TEuDREFM6ISMoG+oICEoN5sfOsUXRvFxEElTQuO5+nciI6FSaeiZzpDosVr1ZuJ/Xj/RwZ2bMREnGgRdLAoSjnWEZ19jn0mgmqeGECqZuRXTMZGEapPN0halQyJT6S99kj2lU5OUs5rLOulcVZ3r6k2zVqnX8syK6Aydo0vkoFtURw+ogdqIIkDP6BW9WS/Wu/VhfS5aC1Y+c4qWYH39Aom+nPo=</latexit>

m1
<latexit sha1_base64="1Q4E6rD8S6ErqnZWCmdK3cACPIk=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2N6DHgxWNE84BkCbOzk2TIzOwyMysuSz7Bgxf9FG/i1U/wS7w6SfZgEgsaiqpuuruCmDNtXPfbWVldW9/YLGwVt3d29/ZLB4dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLRzcRvPVKlWSQfTBpTX+CBZH1GsLHSveh5vVLZrbhToGXi5aQMOeq90k83jEgiqDSEY607nhsbP8PKMMLpuNhNNI0xGeEB7VgqsaDaz6anjtGpVULUj5QtadBU/TuRYaF1KgLbKbAZ6kVvIv7ndRLTv/YzJuPEUElmi/oJRyZCk79RyBQlhqeWYKKYvRWRIVaYGJvO3BZtBFapCuc+yZ7SsU3KW8xlmTTPK95F5fKuWq5V88wKcAwncAYeXEENbqEODSAwgGd4hTfnxXl3PpzPWeuKk88cwRycr1/tq523</latexit>

m2
<latexit sha1_base64="YikXR/0SFfEdeVkhD13QcGTB1vw=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiS1osuCG5cV7QPaUCaTSTt0JgkzEzGEfoILN/op7sStn+CXuHXaZmFbD1w4nHMv997jxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzkLa0kxz2o0lxcLjtOONb6Z+55FKxaLwQacxdQUehixgBGsj3YtBbVCu2FV7BrRKnJxUIEdzUP7p+xFJBA014VipnmPH2s2w1IxwOin1E0VjTMZ4SHuGhlhQ5WazUyfozCg+CiJpKtRopv6dyLBQKhWe6RRYj9SyNxX/83qJDq7djIVxomlI5ouChCMdoenfyGeSEs1TQzCRzNyKyAhLTLRJZ2GL0gLLVPoLn2RP6cQk5SznskratapzUb28q1ca9TyzIpzAKZyDA1fQgFtoQgsIDOEZXuHNerHerQ/rc95asPKZY1iA9fUL71SduA==</latexit>

n1
<latexit sha1_base64="iN4ZHuGabXyYLiG+p8AYhUoK3n4=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2N6DHgxWNE84BkCbOzk2TIzOwyMysuSz7Bgxf9FG/i1U/wS7w6SfZgEgsaiqpuuruCmDNtXPfbWVldW9/YLGwVt3d29/ZLB4dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLRzcRvPVKlWSQfTBpTX+CBZH1GsLHSvex5vVLZrbhToGXi5aQMOeq90k83jEgiqDSEY607nhsbP8PKMMLpuNhNNI0xGeEB7VgqsaDaz6anjtGpVULUj5QtadBU/TuRYaF1KgLbKbAZ6kVvIv7ndRLTv/YzJuPEUElmi/oJRyZCk79RyBQlhqeWYKKYvRWRIVaYGJvO3BZtBFapCuc+yZ7SsU3KW8xlmTTPK95F5fKuWq5V88wKcAwncAYeXEENbqEODSAwgGd4hTfnxXl3PpzPWeuKk88cwRycr1/vVp24</latexit>

n2
<latexit sha1_base64="sn0KhGJg0uEj/YhcpUa1uNADciw=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiS1osuCG5cV7QPaUCaTSTt0MgkzEzGEfoILN/op7sStn+CXuHXaZmFbD1w4nHMv997jxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONb6Z+55FKxSLxoNOYuiEeChYwgrWR7sWgNihX7Ko9A1olTk4qkKM5KP/0/YgkIRWacKxUz7Fj7WZYakY4nZT6iaIxJmM8pD1DBQ6pcrPZqRN0ZhQfBZE0JTSaqX8nMhwqlYae6QyxHqllbyr+5/USHVy7GRNxoqkg80VBwpGO0PRv5DNJieapIZhIZm5FZIQlJtqks7BF6RDLVPoLn2RP6cQk5SznskratapzUb28q1ca9TyzIpzAKZyDA1fQgFtoQgsIDOEZXuHNerHerQ/rc95asPKZY1iA9fUL8P+duQ==</latexit>k

<latexit sha1_base64="MOJH15FTj/RJUugX9EjL4nslW5U=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnJ8mQmdllpldclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFseAGXPfbWVvf2NzaLuwUd/f2Dw5LR8ctEyWasiaNRKQ7ATFMcMWawEGwTqwZkYFg7WB8N/Xbj0wbHqkHSGPmSzJUfMApASs1xv1S2a24M+BV4uWkjHLU+6WfXhjRRDIFVBBjup4bg58RDZwKNin2EsNiQsdkyLqWKiKZ8bPZoRN8bpUQDyJtSwGeqX8nMiKNSWVgOyWBkVn2puJ/XjeBwa2fcRUnwBSdLxokAkOEp1/jkGtGQaSWEKq5vRXTEdGEgs1mYYsBSXSqw4VPsqd0YpPylnNZJa3LindVuW5Uy7VqnlkBnaIzdIE8dINq6B7VURNRxNAzekVvzovz7nw4n/PWNSefOUELcL5+Aa/tnRE=</latexit>

l
<latexit sha1_base64="LcXOyn6ZARUbVqKVISecSefsyyg=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnJ8mQmdllpldclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFseAGXPfbWVvf2NzaLuwUd/f2Dw5LR8ctEyWasiaNRKQ7ATFMcMWawEGwTqwZkYFg7WB8N/Xbj0wbHqkHSGPmSzJUfMApASs1RL9UdivuDHiVeDkpoxz1fumnF0Y0kUwBFcSYrufG4GdEA6eCTYq9xLCY0DEZsq6likhm/Gx26ASfWyXEg0jbUoBn6t+JjEhjUhnYTklgZJa9qfif101gcOtnXMUJMEXniwaJwBDh6dc45JpREKklhGpub8V0RDShYLNZ2GJAEp3qcOGT7Cmd2KS85VxWSeuy4l1VrhvVcq2aZ1ZAp+gMXSAP3aAaukd11EQUMfSMXtGb8+K8Ox/O57x1zclnTtACnK9fsZadEg==</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

T
<latexit sha1_base64="3zFtKH394NtKXdFAhECWfafI+lk=">AAACDXicbVDLSsNAFJ3UV62vqks3g0VwVRKt6LLgxmULfUEbymRy0w6dTMLMRAyhX+DCjX6KO3HrN/glbp22WdjWAxcO59zLvfd4MWdK2/a3VdjY3NreKe6W9vYPDo/KxycdFSWSQptGPJI9jyjgTEBbM82hF0sgoceh603uZ373EaRikWjpNAY3JCPBAkaJNlKzNSxX7Ko9B14nTk4qKEdjWP4Z+BFNQhCacqJU37Fj7WZEakY5TEuDREFM6ISMoG+oICEoN5sfOsUXRvFxEElTQuO5+nciI6FSaeiZzpDosVr1ZuJ/Xj/RwZ2bMREnGgRdLAoSjnWEZ19jn0mgmqeGECqZuRXTMZGEapPN0halQyJT6S99kj2lU5OUs5rLOulcVZ3r6k2zVqnX8syK6Aydo0vkoFtURw+ogdqIIkDP6BW9WS/Wu/VhfS5aC1Y+c4qWYH39Aom+nPo=</latexit>

m1
<latexit sha1_base64="1Q4E6rD8S6ErqnZWCmdK3cACPIk=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2N6DHgxWNE84BkCbOzk2TIzOwyMysuSz7Bgxf9FG/i1U/wS7w6SfZgEgsaiqpuuruCmDNtXPfbWVldW9/YLGwVt3d29/ZLB4dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLRzcRvPVKlWSQfTBpTX+CBZH1GsLHSveh5vVLZrbhToGXi5aQMOeq90k83jEgiqDSEY607nhsbP8PKMMLpuNhNNI0xGeEB7VgqsaDaz6anjtGpVULUj5QtadBU/TuRYaF1KgLbKbAZ6kVvIv7ndRLTv/YzJuPEUElmi/oJRyZCk79RyBQlhqeWYKKYvRWRIVaYGJvO3BZtBFapCuc+yZ7SsU3KW8xlmTTPK95F5fKuWq5V88wKcAwncAYeXEENbqEODSAwgGd4hTfnxXl3PpzPWeuKk88cwRycr1/tq523</latexit>

m2
<latexit sha1_base64="YikXR/0SFfEdeVkhD13QcGTB1vw=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiS1osuCG5cV7QPaUCaTSTt0JgkzEzGEfoILN/op7sStn+CXuHXaZmFbD1w4nHMv997jxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzkLa0kxz2o0lxcLjtOONb6Z+55FKxaLwQacxdQUehixgBGsj3YtBbVCu2FV7BrRKnJxUIEdzUP7p+xFJBA014VipnmPH2s2w1IxwOin1E0VjTMZ4SHuGhlhQ5WazUyfozCg+CiJpKtRopv6dyLBQKhWe6RRYj9SyNxX/83qJDq7djIVxomlI5ouChCMdoenfyGeSEs1TQzCRzNyKyAhLTLRJZ2GL0gLLVPoLn2RP6cQk5SznskratapzUb28q1ca9TyzIpzAKZyDA1fQgFtoQgsIDOEZXuHNerHerQ/rc95asPKZY1iA9fUL71SduA==</latexit>

n1
<latexit sha1_base64="iN4ZHuGabXyYLiG+p8AYhUoK3n4=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2N6DHgxWNE84BkCbOzk2TIzOwyMysuSz7Bgxf9FG/i1U/wS7w6SfZgEgsaiqpuuruCmDNtXPfbWVldW9/YLGwVt3d29/ZLB4dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLRzcRvPVKlWSQfTBpTX+CBZH1GsLHSvex5vVLZrbhToGXi5aQMOeq90k83jEgiqDSEY607nhsbP8PKMMLpuNhNNI0xGeEB7VgqsaDaz6anjtGpVULUj5QtadBU/TuRYaF1KgLbKbAZ6kVvIv7ndRLTv/YzJuPEUElmi/oJRyZCk79RyBQlhqeWYKKYvRWRIVaYGJvO3BZtBFapCuc+yZ7SsU3KW8xlmTTPK95F5fKuWq5V88wKcAwncAYeXEENbqEODSAwgGd4hTfnxXl3PpzPWeuKk88cwRycr1/vVp24</latexit>

n2
<latexit sha1_base64="sn0KhGJg0uEj/YhcpUa1uNADciw=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiS1osuCG5cV7QPaUCaTSTt0MgkzEzGEfoILN/op7sStn+CXuHXaZmFbD1w4nHMv997jxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONb6Z+55FKxSLxoNOYuiEeChYwgrWR7sWgNihX7Ko9A1olTk4qkKM5KP/0/YgkIRWacKxUz7Fj7WZYakY4nZT6iaIxJmM8pD1DBQ6pcrPZqRN0ZhQfBZE0JTSaqX8nMhwqlYae6QyxHqllbyr+5/USHVy7GRNxoqkg80VBwpGO0PRv5DNJieapIZhIZm5FZIQlJtqks7BF6RDLVPoLn2RP6cQk5SznskratapzUb28q1ca9TyzIpzAKZyDA1fQgFtoQgsIDOEZXuHNerHerQ/rc95asPKZY1iA9fUL8P+duQ==</latexit>

k
<latexit sha1_base64="MOJH15FTj/RJUugX9EjL4nslW5U=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnJ8mQmdllpldclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFseAGXPfbWVvf2NzaLuwUd/f2Dw5LR8ctEyWasiaNRKQ7ATFMcMWawEGwTqwZkYFg7WB8N/Xbj0wbHqkHSGPmSzJUfMApASs1xv1S2a24M+BV4uWkjHLU+6WfXhjRRDIFVBBjup4bg58RDZwKNin2EsNiQsdkyLqWKiKZ8bPZoRN8bpUQDyJtSwGeqX8nMiKNSWVgOyWBkVn2puJ/XjeBwa2fcRUnwBSdLxokAkOEp1/jkGtGQaSWEKq5vRXTEdGEgs1mYYsBSXSqw4VPsqd0YpPylnNZJa3LindVuW5Uy7VqnlkBnaIzdIE8dINq6B7VURNRxNAzekVvzovz7nw4n/PWNSefOUELcL5+Aa/tnRE=</latexit>

l
<latexit sha1_base64="LcXOyn6ZARUbVqKVISecSefsyyg=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnJ8mQmdllpldclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFseAGXPfbWVvf2NzaLuwUd/f2Dw5LR8ctEyWasiaNRKQ7ATFMcMWawEGwTqwZkYFg7WB8N/Xbj0wbHqkHSGPmSzJUfMApASs1RL9UdivuDHiVeDkpoxz1fumnF0Y0kUwBFcSYrufG4GdEA6eCTYq9xLCY0DEZsq6likhm/Gx26ASfWyXEg0jbUoBn6t+JjEhjUhnYTklgZJa9qfif101gcOtnXMUJMEXniwaJwBDh6dc45JpREKklhGpub8V0RDShYLNZ2GJAEp3qcOGT7Cmd2KS85VxWSeuy4l1VrhvVcq2aZ1ZAp+gMXSAP3aAaukd11EQUMfSMXtGb8+K8Ox/O57x1zclnTtACnK9fsZadEg==</latexit>

for arbitrary R, S and T . Thus with (frcut) we can, roughly speaking, “rewire”
a cut; moving wires between its left and right boundaries.

The rule (it-deit) is a concise statement of Peirce’s principle of iteration/deiteration.
In Peirce’s own words, the rule is stated as follows: “Now the reformed rule
of iteration and deiteration is, that any partial graph, detached or attached,
may be iterated within the same or additional cuts provided every line or
hook of the iterated graph be attached in the new replica to identically the
same ligatures as in the primitive replica; and if a partial graph be already so
iterated it can be deiterated by the erasure of one of the replicas which must
be within every cut that the replica left standing is within” (Ahti, p. 358).
Note that the qualification that any partial graph may be iterated/deiterated
provided the same connection to ligatures (Peirce’s term for connected lines
of identity that cross cuts) is preserved, is captured diagrammatically in our
(it-deit) by ensuring that the same left- and right- dangling wires are main-
tained across the cut for each relation. Graphs that can be put in the same
form as the right side of (it-deit) can likewise be transformed (i.e. deiterated)
and put in the form on the left. It is worth emphasizing that this rule (as
Peirce states in the passage above) also applies without the cut — i.e. it can
occur on the same area as the partial graph itself. It also worth noting that
this iconically the same as Burch’s presentation of what he calls “dopple-
ganger” pairs that form when a line of identity crosses a cut (or two lines of
identity abut each other at a cut) (cite). Our rule nonetheless much more
general, as it applies not simply to single lines of identity, but to relations
and partial graphs. Both cases are in fact unified under one rule here.

(dcut) is a straightforward diagrammatic representation of Peirce’s rule for
adding or erasing a double cut around any partial graph.

The (ctrpos) equation deserves its own discussion as it single-handedly cap-
tures much of the behavior of the cut and the transformation rules within
the cut and as a rule it has been markedly absent from other presentations
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Rules for diagrammatic 
reasoning

(symcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(it-deit)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit> (frcut)

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit> n

<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

(dcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

m
<latexit sha1_base64="u24CqhoiaIydiUkucRbt+lv5Vws=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG6JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9fsz+dEw==</latexit>

n
<latexit sha1_base64="l1aTuTR8gQafF8wYnqzarz9WRw8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBA8hV2N6DHgxWMC5gHJEmZnO8mQmdllZlZclnyBBy/6Kd7Eq9/gl3h1kuzBJBY0FFXddHcFMWfauO63s7a+sbm1Xdgp7u7tHxyWjo5bOkoUhSaNeKQ6AdHAmYSmYYZDJ1ZARMChHYzvpn77EZRmkXwwaQy+IEPJBowSY6WG7JfKbsWdAa8SLydllKPeL/30wogmAqShnGjd9dzY+BlRhlEOk2Iv0RATOiZD6FoqiQDtZ7NDJ/jcKiEeRMqWNHim/p3IiNA6FYHtFMSM9LI3Ff/zuokZ3PoZk3FiQNL5okHCsYnw9GscMgXU8NQSQhWzt2I6IopQY7NZ2KKNICpV4cIn2VM6sUl5y7msktZlxbuqXDeq5Vo1z6yATtEZukAeukE1dI/qqIkoAvSMXtGb8+K8Ox/O57x1zclnTtACnK9ftOidFA==</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(ctrpos)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>  R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Figure 3: The (in)equational theory

Definition 5.2 (Model). A model for Diag� consists of a set X and a mor-
phism of uoh-props

J�K : Diag� ! RelX

that maps { , , , } to the canonical Frobenius structure of RelX.

Referring back to the syntax definition ??, to give such a morphism is to
give, for each � : (m, n) 2 ⌃, a relation J�K ✓ Xm ⇥ Xn. The rest of the
mapping is induced compositionally.

Remark 5.3. Note that closed diagrams, that is those of sort (0, 0) map to
relations of type 0 ! 0, that is, subsets of X0 ⇥X0. Since X0 is a singleton,
there are precisely two such relations – the empty relation ? and the full
relation {(?, ?)}. It is convenient to identify these with truth values – ? with
? (false) and {(?, ?)} with > (true).

Example 5.4. Worked example of a model for the running example.

6 The algebra of cut

The equations of Fig. 3 describe the interactions between the algebraic struc-
ture of Fig. 3 and Peirce’s cut (negation). First, we explain the jagged-line
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6.1 Cut and wiring

We have seen that the algebra of Peirce’s lines of identity is captured by the
algebra of special Frobenius monoids. Here we examine the relationship with
this algebra of “wiring” and the cut implied by (symcut) and (frcut).

Lemma 6.1.

(pencut)
=

Proof.

(it-deit)
= =

One needs to be careful about the relationship between the Frobenius
structure and the cut: for example:

Lemma 6.2.

6= and . 6=

Proof. It su�ces to find a model where each equality does not hold. Consider

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit> and is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

The diagrams translate to

' = ¬9z.isawoman(z) and  = 9z.¬isawoman(z)

Indeed, in the empty model, ' is true and  is false. In a non-empty model
with women and men, ' is false and  is true.

Now consider

is a woman
<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

and
is a woman

<latexit sha1_base64="64JfwThqStKBMn92pM7NTTw5mwM=">AAACI3icbVDLSsNAFJ3UV62vqrhyEyyCq5L4QKEgBTcuK9gHNKHcTCft0JlJmJmoIfRjXLjRT3Enblz4HW5N0i5s64GBwzn3cs8cL2RUacv6MgpLyyura8X10sbm1vZOeXevpYJIYtLEAQtkxwNFGBWkqalmpBNKAtxjpO2NbjK//UCkooG413FIXA4DQX2KQadSr3zgcNBD5SdUOTVwao8BBzHulStW1cphLhJ7Sipoikav/OP0AxxxIjRmoFTXtkLtJiA1xYyMS06kSAh4BAPSTakATpSb5PHH5nGq9E0/kOkT2szVvxsJcKVi7qWTedh5LxP/87qR9q/chIow0kTgySE/YqYOzKwLs08lwZrFKQEsaZrVxEOQgHXa2MwVpTnIWPZnfpI8xVlT9nwvi6R1WrXPqhd355X69bSzIjpER+gE2egS1dEtaqAmwihBz+gVvRkvxrvxYXxORgvGdGcfzcD4/gWnQqYN</latexit>

is a catholic
<latexit sha1_base64="s0yscf3X4B3UOvvB7Kug7IhGnWo=">AAACJnicbVDLSsNAFJ3UV62vqBvBTbAIrkriA4WCFNy4rGAf0IQymU7aoTOTMDMRQ6hf48KNfoo7EXf+hVsnaRa29cCFwzn3cu89fkSJVLb9ZZSWlldW18rrlY3Nre0dc3evLcNYINxCIQ1F14cSU8JxSxFFcTcSGDKf4o4/vsn8zgMWkoT8XiUR9hgcchIQBJWW+uaBy6AaySAl0q1Dt671UUgJmvTNql2zc1iLxClIFRRo9s0fdxCimGGuEIVS9hw7Ul4KhSKI4knFjSWOIBrDIe5pyiHD0kvzDybWsVYGVhAKXVxZufp3IoVMyoT5ujO/d97LxP+8XqyCKy8lPIoV5mi6KIippUIri8MaEIGRookmEAmib7XQCAqIlA5tZotUDIpEDGY+SR+TLClnPpdF0j6tOWe1i7vzauO6yKwMDsEROAEOuAQNcAuaoAUQeALP4BW8GS/Gu/FhfE5bS0Yxsw9mYHz/AhdPp1A=</latexit>

.
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The left diagram translates to

'(x) = 9z.x 6= z ^ isawoman(z) ^ isacatholic(z).

while the right to

 (x) = 9z1, z2. x 6= z1 ^ x 6= z2 ^ isawoman(z1) ^ isacatholic(z2)

In a world with one catholic man (z1), one non-catholic woman (z2) and
a non-catholic man,  has a witness (the non-catholic man) while ' does
not.

Note that it is easy to show that in every non-empty model
⇣

(nonempty)
=

⌘

we have that



Indeed:

(nonempty)
=

(pencut)
=

(ctrpos)



Also, we should be able to show

 ??

Pawel: I
think we
should be
able to show
this, but I
don’t see how
right now...

Lemma 6.3.

(cupcut)
= ,

(capcut)
=

Proof.

=
(frcut)
= =

=
(frcut)
= =

19



Proof.

=
(symcut’)

=

=
(frobcut)
= =

=
(symcut)
= =

6.2 Iteration and deiteration

Lemma 6.6.

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

=
S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(I/D2)

Proof.

(i)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

=
S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>


S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>
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(ii)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(pencut)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>


S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(it-deit)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

Lemma 6.7.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D3)

Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D2)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Lemma 6.8.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

22



(ii)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(pencut)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>


S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(it-deit)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

Lemma 6.7.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D3)

Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D2)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Lemma 6.8.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>
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(ii)

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(pencut)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>


S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(it-deit)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

Lemma 6.7.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D3)

Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D2)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(frcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Lemma 6.8.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

22

Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D2)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(pencut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Lemma 6.9.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=

Proof. (i)


R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(ii)

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 =
(pencut)
=

Example 6.10 (Universal quantifier elimination). 8x.'R(x)
'R(x)

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(pencut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>  R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(dcut)
= R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

Lemma 6.11.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

✓
'R(x) ^ 8x.'R(x) ! 'S(x)

'S(x)

◆

23



Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(pencut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>


R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

= R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D2)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

Lemma 6.12.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

 S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

⇣
'R(x,y)^8xy.'R(x,y)!'S(x,y)

'S(x,y)

⌘
(MP)

Proof.

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(pencut)
=

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>


R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

=
R

<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(I/D3)
=

S
<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

R
<latexit sha1_base64="uCUhjGyUKLb40248I9gAzW2/dXc=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47IV+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4ZsnPg=</latexit>

(^E)
 S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>

(dcut)
= S

<latexit sha1_base64="WVL9F4PlH5UL3Nar9SryHm5M85E=">AAACDXicbVDLSsNAFJ3UV62vqks3wSK4KolWdFlw47JF+4A2lMnkph06MwkzEzGEfoELN/op7sSt3+CXuHXaZmFbD1w4nHMv997jx4wq7TjfVmFtfWNzq7hd2tnd2z8oHx61VZRIAi0SsUh2fayAUQEtTTWDbiwBc59Bxx/fTv3OI0hFI/Gg0xg8joeChpRgbaTm/aBccarODPYqcXNSQTkag/JPP4hIwkFowrBSPdeJtZdhqSlhMCn1EwUxJmM8hJ6hAnNQXjY7dGKfGSWww0iaEtqeqX8nMsyVSrlvOjnWI7XsTcX/vF6iwxsvoyJONAgyXxQmzNaRPf3aDqgEollqCCaSmlttMsISE22yWdiiNMcylcHCJ9lTOjFJucu5rJL2RdW9rF41a5V6Lc+siE7QKTpHLrpGdXSHGqiFCAL0jF7Rm/VivVsf1ue8tWDlM8doAdbXL4gVnPk=</latexit>
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