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13 aHBapsa: KObunenHoe 3aceaaHune
Hay4YHO-UCCNen0BaTE/IbCKOro CEMMHAPaA
«PopmanbHaa punocodua» (HAY BLLI)

https://lIfp.hse.ru/news/808354837.html, https://lIfp.hse.ru/formphil seminar

* B ceoem 0oKnade 3. [J3apOuHuU, ommasKueascb om pAaoa Ka4esbix napadoKcos,
06cy#0aemMbix 8 PAMKAX (hUAOCOPUU /102UKU (NApadoKCsl xeya,
mamepuanbHoU UMNAUKAUUU U 0p.), npedcmasus 0CHOBHbIe CybcmpyKmypHble
M00X00bl K pACCMOMPEHUIO NMAapadoKca U ommemus npeumyusecmea 0aHHbIX
Mo0x0008 nepeod KAAccu4ecKkum paccmompeHuem, onuparouwuMca Ha annapam
MPaduUyYUOHHbIX CMPYKMYPHbLIX 102UK.

[OparanvHa-YepHaa EneHa [puropbesHa

13 aHBaps: KObunenHoe 3aceagaHune
Hay4YHO-UCCNen0BaTE/IbCKOro CeEMMHAPa
«PopmanbHaa punocodua» (HAY BLLI)

https://lIfp.hse.ru/news/808354837.html, https://lIfp.hse.ru/formphil seminar

3aBegytolan MexayHapoaHasa nabopaTopua JI0TUKMY,
JIMHTBUCTUKM U dopManbHoit punocodum

* EcTb 3anucb Aoknaaa: https://youtu.be/ll6hUPL76V4

Paradox and Substructurality
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Ecau Tbl cnucbiBaelwb

* COoAHOIro UCTOYHUKaA — 3TO NNArnaT
AKcnomel [narnatopa

(McTouHMK: AHApen AnekcaHapoBuY * C ABVX — 3TO KOMNMUAAUUNA
bepc, 26 ntona 1934, Ceepa/ioBCK — HBY H
28 AHBapa 2013, Hosocnbupck) * CTpex—3T0 Hay‘-IHbIﬁ 0630p

(A ewe ecTb aKCMOMbI XU3HU B
MaJIOMETPAXKHOM KBapTUpe)
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CTpyKTypHble npaBuna: ocnabneHuve

O6o3Hauenue: A, ..., A, F B — cdopmyna B seiBoguTcsa uns copmyn

CybCTPYKTYPHbIE NOTUKKM — OT
anrebpbl 40 NNHTBUCTUKM

C. J1. Ky3aHeLoB

3MMHAA WKoNa «CUMMETPUA U
C/IOXKHOCTb B MaTeMaTUKeE,
maTtdak BLLUS, aHBapb 2019
nekunmn 1-4, 1-2 pespana 2019 .

Axsisaiss A,. (MMnankauusi Ha BHEWHEM ypoBHe.)

MpaBuno ocnabnenun. A+ (B — A).
lpumep: «ecnu 2 x 2 =5, To Bonra Bnagaer 8 Kacnuiickoe mope>.
——

A B
DTo yTBEpXKAEHNE MOXXHO BbIBECTU MO npasuny ocnabnexusi (us
nctuHHocTn B) nnun no npuHuymny ex falso (nockonbky A noxHO). Tem He
MeHee, Byyumn MaTeMaTUHECKN KOPPEKTHBLIM, A/t €CTECTBEHHOrO si3bika
OHO 3BYYUT CTPaHHO.

lMpumep 2: «ecnu Ha nnaHeTe i Ara € eCTb XXU3Hb, TO 2 X 2 = 4>»
(3pecb AocTyneH TONbLKO BbIBOA NO Npasuay ocnabnenus).

JNlornyeckune cucremsbl 6es npaswuna ocnabneHusi Ha3bIBalOTCA
peneBaHTHbIMW.

WN. E. Opnos. Ncuncnenue coemectHocTn npegnoxxennii. Marem. c6. 35(3—4), 263—286, 1928.
A. R. Anderson, N. D. Belnap (Jr.). Entailment: the logic of relevance and necessity,
Vol. 1. Princeton Univ. Press, 1975.
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http://logic.math.msu.ru/staff/kuznetsov/
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CTpyKTypHble NpaBuaa: cokpalieHune

CybCTPYKTYPHbIE NOTUKKM — OT
anrebpbl 40 NNHTBUCTUKM

C. /1. KysHeuo0B

3MMHAA WKoNa «CUMMETPUA U
CNIOXHOCTb B MaTeEMATUKE,
maTtdak BLLUS, aHBapb 2019
nekunmn 1-4, 1-2 pespana 2019 .

MNMpasuno cokpawernus. Ecom A A+ B, To A+ B.

lMpumep. N3sectHo, 4yTo Bunet Mockea — CankTt-leTepbypr ctont 2000
py6.; obpaTHbIi BUNeT CTOUT CTONBKO >Ke.

A — Bj: ecnn y mens ectb 2000 py6., ss mory yexaTtb n3 Mockebl B
CankT-leTepbypr

A — Bs: ecnn y mens ectb 2000 py6., st mory yexaTb u3s
Cankr-lNetepbypra 8 Mocksy

OpHako BbIBOA MO MpaBuly COKPaLLEHUsi CAenaTb HEeNb3s.
A — B1 A By: ecnu y mensi ectb 2000 py6., s mory cbe3auTb us
CankT-lNetepbypra 8 Mockey n obpatHo

Heno B Tom, 4To chopmyna A Bblipa>kaeT HeKuii pecypc, KoTopbiii
pacxogyeTcsi npu ucnonbsosaHum A (B oTanuune oT
MaTeMaTUHEeCKO TeopeMbl, MCNOb30OBaHNE KOTOPOIA HUKaK eé He
MeHsIeT).
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CybCTPYKTYPHbIE NOTUKU — OT
anredpbl 40 AMHTBUCTUKM

C. /1. KysHeuo0B

3UMHAA WKona «CUMmeTpua u
C/OXKHOCTb B MaTEMATUKE,
maTtdak BLLUS, aHBapb 2019

nekunmn 1-4, 1-2 pespana 2019 .

Ncuncnenne

L{ens: BoiaennTh SIBHO CTPYKTYpPHble Npasuna.
Cchopmynupyem ncHucnenne B cpopmate eCTeCTBEHHOro BbiBOAA.

Cekseruyusi: A1, ..., A, B
Akcuoma: A A
CTpyKTypHble npasuna:

FA =B Fods Auiiie B
AAFB W rAAFB
& AAFB rA® A-B

A®AELB X T o AARB ' 2

Jlornyeckue npasuvuna:

ATk B , NEa akFA4-58
FEA—S B * i TaF B

— E

CUMMMETPUYHO! <—
MmMrA I2B _ AHFA®B I1,A, B, T C
R/ RE

M,RFA® B ~ Fy:8;: M2 =€
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JlnHeiHas noruka

CybCTPYKTYPHbIE NOTUKKM — OT
anrebpbl 40 NNHTBUCTUKM

C. /1. KysHeuo0B

3MMHAA WKoNa «CUMMETPUA U
CNIOXHOCTb B MaTeEMATUKE,
maTtdak BLLUS, aHBapb 2019
nekunmn 1-4, 1-2 pespana 2019 .

1. Her npagujia CoOKpaweHuns: pecypCc MOXXHO NCnosnib3oBaTb
TOJIbKO OAUH pa3.

2. Her npaBuna ocnabneHus: ka>kablii pecypc A0JI>KeH bbiTb
MNCMNOJIb30OBaH.

,»DKOHOMMUKA [0JI>KHA ObITb 3KOHOMHOK .
— J1.. Bpexnes, XXVI cvesg KINCC, 1981 r.

J.-Y. Girard. Linear logic. Theor. Comput. Sci. 50(1):1-102, 1987.
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HekommyTaTuBHasi nuHeriHas noruka: ncyucnenne Jlambeka

HekommyTaTueHbIi BapuaHT 6bin BBegéH nodtu Ha 30 nert paHblie
cCaMoOW NNHENHOW NOrmkn Ansi 3aga4 MaTemMaTu4eckom JIMHIBUCTUKN.
J. Lambek. The mathematics of sentence structure. Amer. Math. Monthly 65:154—170, 1958.

CybCTPYKTYPHbIE NOTUKKM — OT
anrebpbl 40 NNHTBUCTUKM

C. /1. KysHeuo0B

3MMHAA WKoNa «CUMMETPUA U
CNIOXHOCTb B MaTeEMATUKE,
maTtdak BLLUS, aHBapb 2019
nekunmn 1-4, 1-2 pespana 2019 .

Ba3oBasn kaTteropuanbHas rpamMmmarTuka: npusBeaeHNe CUHTAKCNYECKUX
KaTeropuii ¢ nomouwibto npasun — E n < E.

lMpumep. ,Neau nobut Mapsto': N, (N — S) < N, N+ S.

lMpumep. ,,04eHb NHTEpecHasl KHura''

(N« N)<« (N<+ N),N<+< N,N-N.

K. Ajdukiewicz. Die syntaktische Konnexitdt. Studia Philosophica 1:1-27, 1935.

Y. Bar-Hillel. A quasi-arithmetical notation for syntactic description. Language 29:47-58, 195

Fpammartuka Jlambeka: abcTparuposaHue 3a cHéT npasun — | n < /.
,MBan npouuntan x: N,(N — S) < N,NF S.

,KHUra, kotopyto Miean npouuTan'

N,(N— N)«+ (S« N),N,(N—S)« NN

B. Carpenter. Type-logical semantics. MIT Press, 1997.

G. V. Morrill. Categorial grammar: logical syntax, semantics, and processing. Oxford
Univ. Press, 2011.

R. Moot, C. Retoré. The logic of categorial grammars: a deductive account of natural
language syntax and semantics. Springer, 2012.
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Logics in the Family
(Stanford Encyclopedia of
Philosophy)

2.1 Relevant Logics

Many people have wanted to give an account of logical validity which pays some
attention to conditions of relevance. If X, A - B holds, then X must somehow
be relevant to A. Premise combination is restricted in the following way. We may
have X + A without also having X, Y F A . The new material Y might not be
relevant to the deduction. In the 1950s, Moh (1950), Church (1951) and
Ackermann (1956) all gave accounts of what a ‘relevant’ logic could be. The
ideas have been developed by a stream of workers centred around Anderson and
Belnap, their students Dunn and Meyer, and many others. The canonical
references for the area are Anderson, Belnap and Dunn’s two-volume Entailment
(1975 and 1992). Other introductions can be found in Read’s Relevant Logic,
Dunn and Restall’s Relevance Logic (2002), and Mares’ Relevant Logic: a
philosophical interpretation (2004).
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Logics in the Family
(Stanford Encyclopedia of
Philosophy)

2.2 Resource Consciousness

This is not the only way to restrict premise combination. Girard (1987) introduced /inear logic as a
model for processes and resource use. The idea in this account of deduction is that resources must
be used (so premise combination satisfies the relevance criterion) and they do not extend
indefinitely. Premises cannot be re-used. So, I might have X, X - A, which says that I can use X
twice to get A. I might not have X - A. which says that I can use X once alone to get A. A helpful
introduction to linear logic is given in Troelstra’s Lectures on Linear Logic (1992). There are other
formal logics in which the contraction rule (from X, X - A to X F A) is absent. Most famous
among these are Lukasiewicz’s many-valued logics. There has been a sustained interest in logics
without this rule because of Curry’s paradox (Curry 1977, Geach 1995; see also Restall 1994 in
Other Internet Resources).
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[lapaaoKc Rappu
(https://ru.wikipedia.org/wiki/Mapa

[oKc Kappwu)

Mapapoke Kappy — napagokcanbHbiil BLIBOZ M3 yTBEpXKAeHHS: «Ecnu 3To yTBEpKIEHMe BEPHO, TO PyCankM CyLLECTBYIOT). BMECTO CyLLeCTBOBaHWS pycarnok MOXET ykasblzatbes Nio6oe
Henpaegonogo6Hoe N1 NOXHoe 3asiBnenue (B aHMUIACKOM opuriHane — cyluectosanue Caxra-Knayca). Xoa Mblcneid, BefyLuuit k napafokcy, CTPOUTCS cneaytoLum oBpasom:

» 06osHauum yepes S Bbickasbiganye «Ecnut S BepHO, T pycankit cyLLeCTBYoT;

o Mol He 3Haem, BepHO v BbickabiBaie S. Ho ecriv Gbl Bbickasbizatue S 6o BepHbIM, T 3T0 BNIEKTIO bl CylueCTBOBaHME pycanok;

o Ho vMeHHO 370 1 yTBepKaeTCH B Bbickasbisakuy S, Takum obpasom S — BepHo;

« CriefiosarensHo, pycarnki cyLiecTsytot!

MpuunHoit napagokca Kappy SBnseTcs ncnonb3oBaHue B yTBEPXAEHUN HELOMYCTUMON CChINk Ha camo cebs. B cTporo hopmanu3aoBatHbix Teopusix napagoke Kappu He nosensercs,
OfIHaKO HEKOTOpbIe 1CCeaIoBaTeNY OTMEYalT, 4To Teopema J1éba MoxeT paccMaTpuBaTbCs Kak pesynbTar hopmMan3aLmi paccyxaernit, aHanoruyHbix napagokcy Kappu, ¢ nomoLbio
réeneBckoi Hymepavum.

Mapapokc paccMatpueancs mMatematikoM Xackennom Kappu, B YecTb KOTOPOro v nony4un ceoé Hasganue. MHorga HasbiBaeTcs napagokcom J1éba no umenn MaptiHa Xyro J1é6a.



https://ru.wikipedia.org/wiki/Парадокс_Карри
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KcTatn: coBcem apyrom napaaokc
COBCeMm Apyroro Rappwu
(https://www.youtube.com/watch?v
=eFw0878Ig-A)

3 YouTube . Search

» Pl o) o013/508

Curry's Paradox and the Notion of Area: Part | (Tanton)

3 YouTube RU Search

=3 »| o) 120/508

Curry's Paradox and the Notion of Area: Part | (Tanton)



https://www.youtube.com/watch?v=eFw0878Ig-A
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Proof Systems
(Stanford Encyclopedia of
Philosophy)

Gentzen systems, with their introduction rules on the left and the right, have very special properties
which are useful in studying logics. Since connectives are always introdiced in a proof (read from
top to bottom) proofs never /ose structure. If a connective does not appear in the conclusion of a
proof, it will not appear in the proof at all, since connectives cannot be eliminated.

In certain substructural logics, such as linear logic and the Lambek calculus, and in the fragment of
the relevant logic R without disjunction, a Gentzen system can be used to show that the logic is
decidable, in that an algorithm can be found to determine whether or not an argument X + A is
valid. This is done by searching for proofs of X - A in a Gentzen system. Since premises of this
conclusion must feature no language not in this conclusion, and they have no greater complexity (in
these systems), there are only a finite number of possible premises. An algorithm can check if these
satisfy the rules of the system, and proceed to look for premises for these, or to quit if we hit an
axiom. In this way, decidability of some substructural logics is assured.
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Model Theory
(Stanford Encyclopedia of
Philosophy)

While the relevant logic R has a proof system more complex than the substructural logics such as
linear logic, which lack distribution of (extensional) conjunction over disjunction, its model theory
is altogether more simple. A Routley-Meyer model for the relevant logic R is comprised of a set of
points P with a three-place relation R on P. A conditional A — B is evaluated at a world as
follows:

A — B istrue at z if and only if for each y and z where Rzyz, if A is true at y, B is true at z.

An argument is valid in a model just when in any point at which the premises are true, so is the
conclusion. The argument A - B — B is invalid because we may have a point « at which A is
true, but at which B — B is not. We can have B — B fail to be true at z simply by having Rzyz
where B is true at y but not at z.
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Model Theory
(Stanford Encyclopedia of
Philosophy)

It is one thing to use a semantics as a formal device to model a logic. It is another to use a semantics
as an interpretive device to apply a logic. The literature on substructural logics provides us with a
number of different ways that the ternary relational semantics can be applied to describe the logical
structure of some phenomena in which the traditional structural rules do not apply.

For logics like the Lambek calculus, the interpretation of the semantics is straightforward. We can
take the points to be linguistic items, and the ternary relation to be the relation of concatenation (
Rzyz if and only if  concatenated with y results in z). In these models, the structural rules of
contraction, weakening and permutation all fail, but premise combination is associative.

The contemporary literature on linguistic classification extends the basic Lambek Calculus with
richer forms of combination, in which more syntactic features can be modelled (see Moortgat 1995).
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Model Theory
(Stanford Encyclopedia of
Philosophy)

Another application of these models 1s 1n the treatment of the semantics of funcrion application. We
can think of the points in a model structure as both fimctions and data. and hold that Rxyz if and
only if z (considered as a function) applied to y (considered as data) is z. Traditional accounts of
functions do not encourage this dual use, since functions are taken to be of a “higher’ than their
inputs or outputs (on the traditional set-theoretic model of functions. a function s the set of its
input-output pairs, and so, it can never take itse/f as an input, since sets cannot contain themselves
as members). However, systems of functions modelled by the untyped A-calculus, for example,
allow for self-application. Given this reading of points in a model, a point is of type A — B just if
whenever it takes inputs of type A. it takes outputs of type B. The inference rules of this system are
then principles governing types of functions: the sequent

(A5 B)&(A—C)-A— (B&C)

tells us that whenever a function takes As to Bs and As to C's, then it takes As to things that are
both B and C.

This example gives us a model in which the appropriate substructural logic is extremely weak. None
of the usual structural rules (not even associativity) are satisfied in this model. This example of a
ternary relational model is discussed in (Restall 2000, Chapter 11).
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Liner Logic
Patrick Lincoln

5 Connections to Computer Science

There has been much recent excitement about linear logic in the logic-based theoretical computer
science community. Most of this excitement stems from the newfound ability to capture difficult
“resource” problems logically. For example, linear logic provides a natural and simple encoding of
Petri net reachability. In linear logic the formula !({(a & ¢)—o b) may be used to encode a Petri net
transition taking tokens from place a and ¢ and adding a token to place b. Similarly, the formula
(b®d®d)—o(c®d)) may be seen as a transition taking one token from b and two tokens from
d, and adding one token to c. These transitions are presented graphically below:

A B

O

({a® c)—ob),
(b®d ®d)—o(c®d)),
a,c,d,d

Thus one can encode Petri net transitions as reusable linear implications. Tokens are represented
as atomic propositions, and a reachability problem may be presented as a sequent:

((a®@ec)—ob).((b&d®d)o(c®d)),a,c,d,dt ¢c,d

This sequent is provable in linear logic if and only if there is a sequence of Petri net rule
applications that transform the token set {a,c,d,d} to {¢,d}. This connection has been well-
studied [5, 14, 30, 6, 9], and extended to cover other models of concurrency [22, 2, 35].
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BnoxeHHble ceTu MNeTpu
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Substructural type systems are a family of type systems analogous to substructural logics where one or
more of the structural rules are absent or only allowed under controlled circumstances. Such systems are
useful for constraining access to system resources such as files, locks and memory by keeping track of

changes of state that occur and preventing invalid states.['] Programming languages e

The following programming fanguages support linear or affine types:
Different substructural type systems [edit]

Several type systems have emerged by discarding some of the structural rules of exchange, weakening, and b
contraction: + Clean
o ldris

Exchange Weakening Contraction Use e

Substructural type system orderea  —  — — | Exacty once norder ;

o LinearhiLe!

. . . . . Linear | Allowed — == Exactly once » Amsg
( htt PS ://e n.wi k| Ded 13.0 FE/WI k|/S U bSt Affine | Allowed | Allowed ' . '“‘as‘fzw*m‘e*@‘v"“-mwef“

— At most once

r- u Ct u ra | tv p e Svste m ) Relevant Allowed = | Allowed At least once

Normal @ Allowed Allowed Allowed Arbitrarily *Nim

 Ordered type systems (discard exchange, weakening and contraction): Every variable is used exactly
once in the order it was introduced.

« Linear type systems (allow exchange, but neither weakening nor contraction): Every variable is used
exactly once.

« Affine type systems (allow exchange and weakening, but not contraction): Every variable is used at most once.

« Relevant type systems (allow exchange and contraction, but not weakening): Every variable is used at least once.

* Normal type systems (allow exchange, weakening and contraction): Every variable may be used arbitrarily.

The explanation for affine type systems is best understood if rephrased as “every occurrence of a variable is used at most once”.
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Separation Logic
Peter O'Hearn

Figure 1. Picture semantics.
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Figure 2. Mathematical semantics.

e Assume a partial commutative monoid (7, o,e), where o

H x H — H and e € H. Pre/post assertions denote elements
of the powerset P( H ).

e = lifts o to the powerset P(H }: P = Q) is
{hpohg | hpohg defined and hip € 2 and ho € Q)

e emp denotes the singleton set of the empty heaplet: {e}.
P £ 3

e — is an implication quantifying over separate heaps: P— () is

Separation Logic

’
Peter O Hea rn ® In the RAM model H is the set of finite partial functions from
positive integers (addressible locations) to integers, ko h' is the
union of functions with disjoint domain, and undefined when
h and R’ overlap. e is the empty partial function. The assertion
n +3 1 denotes the singleton set { f} where f maps n to m
and is undefined elsewhere.

{h|VYhp. hohp definedand hp € P implies ho hp € Q}

® To deal with variables and also quantifiers consider functions
s from variables to integers, and extend the above semantics
pointwise to pairs (s, fr).
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Separation Logic
Peter O'Hearn

Figure 3. Separation logic proof system (a selection).

SMALL AXIOMS
Pointer Write (Store)
{x — —-—Hl] = v{x — v}
Pointer Read (Load)
{o s vly = [2] {y == v Az > v}
Allocation
{emplx = alloc() {xr — —}
De-Allocation
{x > —}free(x) {emp}
LocAL REASONING RULES
Frame Rule
{pretcode {post}

{pre=frame}code {post+ frame}
Concurrency Rule

{pre, tprocess, {post,} {preatprocesss {posta}

{pres = prestprocess, || processs {post, * posts}
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