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O npoekTe

poeKTe

Mbl Ha3blBaeM 3HaHWE KOHCTPYKTUBHBLIM, €CNIN 3TO 3HaHWE
BKJIIOHAET B Cebs IBHO BbIPAXKEHHYIO CrieLmpukaLmio no KpaliHei
Mepe HEKOTOPbIX 3MNCTEMUYECKUX MPOLEAYpP, TaKnUX Kak:

> nosyyeHue,

> Bepudukaums (obocHoBaHue),
> MpeACTaBlieHmE,

> pacnpocTpaHeHue,

> peBun3us,

> npumeHeHmne (MCNoNb30BaHME)

[AHHOrO 3HaHUA.
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O npoekTe

KomMmmeHTapuii

Takoe NoHATUE KOHCTPYKTUBHOIO 3HaHUSA HE UCKIIOYAET ero
peanucTMYeCcKon NHTEpNpeTaLuy 1 Tem bosiee He NpeanoaaraeT TOYKy
3peHNst COLManbHOrO U/ UM KOTHUTUBHOTO KOHCTPYKTUBM3MA, COrIacHO
KOTOPOIA BCSIKOE 3HaHWE SIBASIETCS COLNANbHON (COOTB. KOTHUTUBHOM)
KOHCTPYKLMeld, HE3aBNCUMOII OT peasibHOrO OTHOLUEHUS K CBOEMY
npesmerty.
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O npoekTe

O npoekTe

Llenbto npeanaraeMoro ucciefoBaTeNbCKOro MPOeKTa sIBASETCS
n3ydeHune POPMasIbHO-JIOTUYECKUX U SMUCTEMOJIOTNYECKUX
aCMEeKTOB KOHCTPYKTUBHbBIX 3MUCTEMUYECKUX Npoueayp paboTsl co
3HAHUAMU, OTHOCSLLMMUCA K LUMPOKOMY CMEKTPY Hay4YHbIX 1
NpUKNagHbIx obnacTeii.
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O npoekTe

O npoekTe

CneunansHoe BHUMaHWE B STOM MPOEKTE YAENSETCS aHan3y
COBPEMEHHbIX U MEPCNEKTUBHBIX 3/1EKTPOHHbBIX TEXHONOM NI
NPefCTaBeHNA 3HAHUIA N YNPaBAEHUS 3HAHUSAMU.
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O npoekTe

YyacTHUKN:

» Bnagnmup Bactokos (/P PAH): kaTeropHas noruka,
dunocodckas noruka, popmasnbHasi SMUCTEMOSIOT S

» Cepreit Kosanés (MY PAH): npeacTaBnenmne 3HaHuii B
nHXeHepuy (B TOM HUCNE C NCMOJb30BAHNEM KAaTErOPHbIX
METOZAO0B)

» [avuun Porosun (maructpant MIY): kaTeropHas noruka,
['TT, nporpammupoBaHue Ha Xackene n Arge

» Angpeii Pognn (WP PAH, pykosoaunTens): dhopmanbHas
3MMCTEMONOMUS

» Koncrantun LUuwos (acnupant MIY): kBaHTOBbIE NOTUKM
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O6wue anucTemonoruyeckne NPUHLUNGI

YT0 Takoe 3HaHue?

MonynsipHoe onpeaeneHue:

3HaHWe 3TO 0DOCHOBaHHAs UCTUHHAS Bepa
(justified true belief)

WctnHHOCTL (Mpn Knaccmyeckom nopxoAe): OObeKTUBHBIN acnekT
Bepa: cybbekTuBHbI acnekT

ObocHoBaHue (foKa3aTeNbCTBO, BepudbrKaLsi): CBA3bIBAET
NCTUHHOCTb U Bepy
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O6wue anucTemonoruyeckne NPUHLUNGI

[Mpobrema [eTbe: KOPPEKTHOCTL AOKA3aTENLCTBA

Edmund Gettier 1963

Imagine that someone is standing outside a field looking at
something that looks like a sheep but in fact, it is a dog disguised
as a sheep. They believe there is a sheep in the field, and in fact,
they are right because there is a sheep behind the hill in the middle
of the field. Hence, they have a justified (?7) true belief that there is
a sheep in the field. But is that belief knowledge?
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O6wue anucTemonoruyeckne NPUHLUNGI

[Mpobrema [eTbe: KOPPEKTHOCTL AOKA3aTENLCTBA

Moii oTBeT: B faHHoMm cnydae Bepa HE obocHoBana (xoTsi 1
NCTUHHA), MOCKOJIbKY WNCMOJIb3YEMOE [OKa3aTENbCTBO
(obocHoBaHue) HekoppekTHO. Popmynuposka npobnemsb [eTbe
NCNOAbL3YET YUCTO CYOBLEKTUBHOE NoHATUE 06 0bOCHOBaHUN.

OTkpbiTast npobnema NOrMKu: OTCYTCTBUE XOPOLLEN Teopun
[lOKa3aTeNbCTB NPUMEHNMOI Kak B MaTEMaTUKe, TaK 1 B

SMMNUPUNHECKNX HayKax.
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O6wue anucTemonoruyeckne NPUHLUNGI

I—lpOI'IO3VILl|VIOHaIIbHOG n onepaunoHabHOE 3HaHNE

3HaHue BbiCKasbiBaHWiA (Npeasioxennii) n 3nanue npasun (knowing
what and knowing how)

ObLuee NoHsTME O 3HAHWKM Kak ODOCHOBAHHOI NCTUHHOV Bepe
npeAnosiaraeT YTo BCSKOE 3HaHME SIBASETCA NPOMNO3ULIMOHAbHBIM
(nmbo cBOAMMO K MPOMO3NLMOHAILHOMY).

3HaHune nornku (= 3HaHUE NOTUHECKUX NPABUA U YMEHNE NX
MPUMEHSITb) SIBJSIETCS OMEPaLMOHAIbHBIM, @ He
nponosuunoHanbHbiM. Bcskoe HayYHOe BKIIOHAET Takume
ornepauoHabHbIE IEMEHTBI Kak MeToAbl 0BOCHOBaHUS
(BokazaTenbcTea) v BepUUKALMN NPEATOKEHUI.
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®opmanbHoe npeacTasneHne 3HaHWUA

B MmaTemaTtuke 20-21 seka

David Hilbert:
» Grundlagen der Geometrie (1899)
» Axiomatishces Denken (1918)
» Neubegriindung der Mathematik (1922)
» Grundlagen der Mathematik I-1/ (1934-39, mit Paul Bernays)
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®opmanbHoe npeacTasneHne 3HaHWUA

ABe Lenn akcmomatumsauun B ctune [unsbepra:

> npeAcTaBneHne Teopuii (CTaHAAPTHOE NPeACTaBAEHNE FOTOBbIX
pe3yNbTaToB)
> MEeTaMaTeEMaTU4YECKNE UccnegoBaHnsa n OCHOBaHUA

B 20-m Beke 3Tu ABa HanpaBieHUs fajieKO PasOLINCH.
AkcrnomaTuyecknii metog B ctune mnbbepTta gokasan ceoto
3ppeKTUBHOCTL B 0bnactT MeTamatemaTukm (u
MeTaMaTeMaTUHeCKnX ‘OCHOBaHUI ), HO OKa3ancs Maso
NPUroAHbIM ANA NPeACTaBAEHUS 3HAHWUI B 'NpakTu4ecknx' Lensx
TaKUX KaK Hay4yHasi KOMMYHUKALWs, MaTEMATNYECKOE N Hay4YHOE
obpasoBaHue n BepnpmMKaLns pesynLTaToB.
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®opmanbHoe npeacTasneHne 3HaHWUA

AKCMOMATUNYECKNIA METOL B COBPEMEHHON MAaTEMATUYECKOL

MPaKTUKe:

» Bypbaku (1939 - )

» Vuusanenthole Ocrosanus (2010 - )

Anppen Pogun Mpeacrasnenuve 3HaHuii n npobnema sepudbukaumm



®opmanbHoe npeacTasneHne 3HaHWUA

B €CTECTBEHHDbLIX HayKaX

» Lllectasi npobnema mabbepra (1900 )

DiiHWITEH YKa3bIBaeT Ha akcnomaTtuyecknii metog [unsbepTa
KakK Ha MOTMBMPOBKY Teopuu oTHocuTensHocTu (1921)

v

» von Neumann, Mathematische Grundlagen der
Quantenmechanik (1932)

Woodger, Axiomatic Method in Biology (1937)

v
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®opmanbHoe npeacTasneHne 3HaHWUA

B dounocopum Haykm

OwwnboyHo gymaTs, 4TO hoH HelimaH aelicTBUTENBHO NMOCTPOUI
aKCNOMaTUYECKNE OCHOBAHUSI KBAaHTOBOW MexaHuku. B ero
U3JIOXKEHNIN OTCYTCTBYIOT BCE XapaKTEPUCTUKN COBPEMEHHOIA
aKCNOMATUKN: OH He MPegbsBASET CBOMX MPEANOChIIOK, He
YKa3bIBaET OCHOBHbLIE MOHSATUS CBOEW TEOPUU, HE MEPEHUNCISiET
OCHOBHbIE MPEeANoNoXKeHns (aKCUOMBbI), He npefJsiaraert
nocneaoBaTeNbHOl hU3NYECKON UHTEPNPETALINN CBOErO
dopmanusma. B ero nznoxenuyn MHoOro npoTMBOpeUnii U HauBHbLIX
yTBepXaeHuii punocodckoro xapakrepa. 1 Tem He MeHee, no
KaKoli-TO CTpaHHOI npuyuHe 3Ta paboTa cymTaeTcs obpasiuom
cusnyeckoii akcmomaTuku. (Bunge 1972)
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®opmanbHoe npeacTasneHne 3HaHWUA

nBa popMasibHbIX NOAX0M4a K POPMasibHOW PEKOHCTPYKLMK

HaY4YHbIX TEOPUA

> CUHTaKCU4Yeckuii: norudeckme nosutusuctel: Carnap,
Hempel, Nagel

» cemaHTu4eckuii: Beth, Suppes, van Fraassen
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®opmanbHoe npeacTasneHne 3HaHWUA

naesi CEeMaHTUYeCKOro noaxoa

Hay4yHas Teopusi - 3TO He aKCMOMATMYECKAst CUCTEMA, a KAacc
Mogaeneii.

Ha npakTuke: nonbiTka Ncnosib30BaTh Nosy-opmasbHbiii
cuHTakcuc B ctune Bypbakn 3a npegenamu 4ncToll MaTeMaTUKM.

Cynnec: maTeMaTuyeckne Mogenn B pusnke n gpyrux

€CTECTBEHHbIX HayKaX OONMYCKatOT NpeactaBJ€HNE B BUAE
TEOPETUNKO-MHOXECTBEHHbIX Mop,ene|7|.
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Mpobnema MeTtopa

JIOTUKA Kak obLWuii MeTod HayKu

The constant and universal feature of science is its general method,
which consists in the persisting search for truth, constantly asking:
Is it so? To what extent is it so? Why is it so? [...] And this can
be seen on reflection to be the demand for the best available
evidence, the determination of which we call logic. Scientific
method is thus the persistent application of logic as the common
feature of all reasoned knowledge (Nagel n Cohen 1934).
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Mpobnema MeTtopa

bopmanbHble BbIBOAbI 3TO HE BCErAa A0Ka3aTeNbCTBa

The deduction makes no appeal whatsoever to experiment or
observation, to any sensory elements. ... Whether anything in the
world of existence conforms to this system requires empirical
knowledge. ... That the world does exemplify such a structure can
be verified only within the limits of the errors of our experimental
procedure. (Nagel n Cohen 1934)
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Mpobnema MeTtopa

KaKyto poJib popMasibHble BbIBOALI MOFYT UrpaTh B

0BOCHOBAHNMN SMMNPUYECKNX YTBEPXKAEHWIA !

The evidence for propositions which are elements in a
[hypothetico-deductive] system accumulates more rapidly than that
for isolated propositions. The evidence for a proposition may come
from its own verifying instances, or from the verifying instances of
other propositions which are connected with the first [i.e., the given
proposition] in a system. It is this schematic character of scientific
theories which gives such high probabilities to the various individual
propositions of a science.
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Mpobnema MeTtopa

I'IpOMG)KyTO‘-IHbIVI BbIBO/,

Jlornyeckas TexHnKa, KOTOpyo ucnonb3yeT Harenb, He pelaeT Tex
3aja4, KOTOpble OH CTaBUT Mepes JIOrnKoii B HepopMaibHOM
onuncaHuu.
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KDHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

KJ1IACCUHECKAA VS. KOHCTPYKTUBHAA JIOTNKa

> NCTMHA KaK COOTBETCTBME NosoxeHnto Beleit (T-cxema) vs.
NCTVHA KakK CyLeCTBOBaHMNE JOKA3aTe/bCTBa

> [0Ka3aTeNbCTBO Kak (hOpMasibHbIiA BbIBOA M3 aKCMOM VS.
[l0OKa3aTeNbCTBO Kak 3hPEKTUBHO NpeabsiBiSEMOe
CBUAETENBLCTBO

> snucTemosiornyeckas pednekcusi P — P vs. ko-pednekcus
P — OP

Anppen Pogun Mpeacrasnenuve 3HaHuii n npobnema sepudbukaumm



KOHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

Obuiasa Teopusi AOKA3ATENLCTB

In model theory, one concentrates on questions like what sentences
are logically valid and what sentences follow logically from other
sentences. But one disregards questions concerning how we know
that a sentence is logically valid or follows logically from another
sentence. General proof theory would thus be an attempt to
supplement model theory by studying also the evidence or the
process - i.e., in other words, the proofs - by which we come to
know logical validities and logical consequences. Prawitz 1974
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KDHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

TéOpeTMKO—MOAeﬂbHaﬂ N TEOPETUNKO-AOKA3aTEJIbHAA

CEMAHTUKA

(MeTa-TeopeTunyeckoe) OTHOLLEHNE CEMAHTUYECKOrO CNEACTBMUS
(A1,..., A, E B : BO BCex uHTepnpeTaumsix, B KOTOPbIX UCTUHHbI
A1, ..., A, Takxe UCTUHHO B) He roguTcs B Ka4ecTBe CEMaHTUKK
ans npaeun eoisoga. CoxpaHeHne NCTUHHOCTU - 3TO HEOBXOAUMBIIA,
HO He JOCTaTOYHbIN KPUTEPUl BaMAHOCTU BbiBOAA (ecau
noTpeboBaThb, YTO BCSKNIA BaNNAHbLIA BbIBOA MOXET DbITb LIarom
KOPPeKTHOro AokasatesnbcTea). ObocHoBaHme npaBuna BbIBOAA
JIOTNYECKOI CUCTEMBI HE JO/KHO 3aBUCETH OT UCTUHHOCTU
KaKux-nmbo BbicKasbliBaHMii. VICTUHHOCTL [O/XKHA ONPefensiTbCs B
TepMuHax npasun (M AOKA3aTENbCTB OCHOBAHHbIX Ha 3TUX
npaeusiax), a He HaobopoT.
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KDHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

"ObbsiCHEHNE 3HAYEHNA A5 NPaBU JIOTMYECKOrO BbIBOAA

VHTepnpeTaums nOrm4eckoro CUHTaKCMCa Kak KOMAUAALNS
KoMnbtoTepHoii nporpammbl (Maptun-J1éd)
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KOHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

ﬂ,Ba dKCNOMATUHECKUX CTUNA

> aKCuomMmaTmsauyusa B CTune rl/lﬂb6epTa: MHOIro akCmMom n mMano
wnn ogHo npaswu(o)

> aKCcuomMmaTmsauuna B Cctune FeHu,eHa: MHOro npasua n Mmajo nan
HOMb aKCNOM

C KOHCTPYKTUBHOW TOYKM 3peHust cTuib [eHueHa nmeet
3MNCTEMOJIONMYECKOE MPENUMYLLECTBO. DTOT CTU/Ib UMEET TaKXe W
NPaKTUHECKOE MPENMYLLECTBO, MOCKOJLKY Takasi (hopManmsaums
YNPOLLAET BblHNCANTENBHYIO peasin3aLuio Ha KOMMbIoTepe.
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KOHCprKTVIBHEFl NOrnkKa U KOHCTPYKTUBHOE 3HaHue

Crunb leHueHa 3a npegenamMu 4UCTol NOrUKY

Cam TeHueH ncnonb3oBan CBOW aKCMOMATUYECKUI CTUJIb TOJIBKO B
qncrtoii normke. YrusanentHole OCHOBaHMSI UCMOML3YIOT CTUIIb
leHueHa gns dbopmanuzauumn matematuku. Mel nccnegyem
BO3MOXXHOCTM WCMNOJIb30BaHNS STOrO CTUASA A5 LUIMPOKOrO Kpyra
3a4a4 NpencTaBieHNs 3HaHWIA, pacCMaTpuUBasi CUCTEMBI
hopManbHbIX NPaBUJI B KA4YECTBE MHCTPYMEHTA ANS NPEACTaB/EHNs
onepauunoHanbHoro 3HaHus. [lomotonuyeckas cemantuka ['TT gaer
KJtOY K MOHVMAHMWIO CBSI3U OMEPALMOHAbHOMO 3HAHUSA C
MPONO3MLUOHANBHBIM.
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TTMAuTTT

MLTT: Syntax

>

4 basic forms of judgement:
(i) A: TYPE;

(i) A=7vPe B;

(i) a: A;

(iv) a=ad

v

Context : I - judgement (of one of the above forms)

v

no axioms (!)

v

rules for contextual judgements; Ex.: dependent product :
IfMx: X A(x): TYPE, then T+ (Mx : X)A(x) : TYPE
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TTMAuTTT

MLTT: Semantics of t : T (Martin-Lof 1983)

>

tis an element of set T

v

t is a proof (construction) of proposition T
(“propositions-as-types")

v

t is a method of fulfilling (realizing) the intention
(expectation) T

v

t is a method of solving the problem (doing the task) T
(BHK-style semantics)
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TTMAuTTT

Sets and Propositions Are the Same

If we take seriously the idea that a proposition is defined by lying
down how its canonical proofs are formed [...] and accept that a
set is defined by prescribing how its canonical elements are formed,
then it is clear that it would only lead to an unnecessary duplication
to keep the notions of proposition and set [...] apart. Instead we
simply identify them, that is, treat them as one and the same
notion. (Martin-L&f 1983)
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TTMAuTTT

MLTT: Definitional aka judgmental equality/identity

x,y : A (in words: x, y are of type A)

x =4y (in words: x is y by definition)
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TTMAuTTT

MLTT: Propositional equality/identity

p:x=ay (in words: x,y are (propositionally) equal as this is
evidenced by proof p)
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TTMAuTTT

Definitional eq. entails Propositional eq.

X=AY
P:iX=AY

where p =,_,, refl is built canonically
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TTMAuTTT

Equality Reflection Rule (ER)
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TTMAWTTT

ER is not a theorem in the (intensional) MLTT (Streicher 1993).
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TTMAuTTT

Extension and Intension in MLTT

» MLTT + ER is called extensional MLTT

» MLTT w/out ER is called intensional
(notice that according to this definition intensionality is a
negative property!)
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TTMAuTTT

Higher Identity Types

> Xy ix=ay

"o o
> XY IX Sx=ay Y
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TTMAuTTT

HoTT: the ldea

Types in MLTT are (informally!) modeled by spaces (up to
homotopy equivalence) in Homotopy theory, or equivalently, by
higher-dimensional groupoids in Category theory (in which case one
thinks of n-groupoids as higher homotopy groupoids of an
appropriate topological space).

ObpaTuTe BHUMaHNE Ha BHEJIOrMYECKYIO NHTEPNPETALNIO
NIOrNYeCKoro nNoHsTus Toxaecteal B akcmomatuyeckux teopusx B
ctune MmnbbepTa pasnnyeHne NOrMYECKNX N BHENOTNYECKIX
CUMBOJIOB XKECTKO (PUKCUPOBAHO 3apaHee 1 MHTepnpeTaunn
NOANEXAT TO/ILKO BHENOMMYECKNE CUMBOJIbI: CP. MOHSATUE
curHatypel y bypbaku!
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TTMAuTTT

Homotopical interpretation of Intensional MLTT

> x,y: A
X,y are points in space A

» Xy ix=ay
x',y" are paths between points x, y; x =4 y is the space of all
such paths

> X//7y” : X/ :X:Ay y/
x",y" are homotopies between paths x’, y’; x' =,—,, ¥ is the
space of all such homotopies
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TTMAuTTT

Definition

Space S is called contractible or space of h-level (-2) when there is
point p : S connected by a path with each point x : A in such a
way that all these paths are homotopic (i.e., there exists a
homotopy between any two such paths).
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TTMAuTTT

Homotopy Levels

Definition

We say that S is a space of h-level n+ 1 if for all its points x, y
path spaces x =g y are of h-level n.
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TTMAuTTT

Cummulative Hierarchy of Homotopy Types

» -2-type: single point pt;

» -1-type: the empty space () and the point pt: truth-values aka
(mere) propositions

» O-type: sets: points in space with no (non-trivial) paths

» 1-type: flat groupoids: points and paths in space with no
(non-trivial) homotopies

» 2-type: 2-groupoids: points and paths and homotopies of paths
in space with no (non-trivial) 2-homotopies

Anppen Pogun Mpeacrasnenuve 3HaHuii n npobnema sepudbukaumm



TTMAWTTT

Propositions-as-Some-Types !
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TTMAuTTT

Which types are propositions?

Def.: Type P is a mere proposition if x,y : P implies x = y
(definitionally).
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TTMAuTTT

Truncation

Each type is transformed into a (mere) proposition when one ceases
to distinguish between its terms, i.e., truncates its higher-order
homotopical structure.

Interpretation: Truncation reduces the higher-order structure to a
single element, which is truth-value: for any non-empty type this
value is true and for an empty type it is false.

The reduced structure is the structure of proofs of the
corresponding proposition.

To treat a type as a proposition is to ask whether or not this type is
instantiated without asking for more.
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TTMAWTTT

» Thus in HoTT “merely logical” rules (i.e. rules for handling
propositions) are instances of more general formal rules, which
equally apply to non-propositional types.

» These general rules work as rules of building models of the

given theory from certain basic elements which interpret
primitive terms (= basic types) of this given theory.

» Thus HoTT qualify as constructive theory in the sense that
besides of propositions it comprises non-propositional objects
(on equal footing with propositions rather than “packed into”
propositions as usual!) and formal rules for managing such
objects (in particular, for constructing new objects from given
ones). In fact, HoTT comprises rules with apply both to
propositional and non-propositional types.
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Univalence

(A=7ype B) ~ (A~ B)

CnoBaMu: 3KBMBANEHTHOCTb TUMOB SKBMBAJNIEHTHA UX PABEHCTBY.
CrpykTypanusm?

For PROPs: (p = q) <> (p <> q) (propositional extensionality)

For SETs: YTBepxaeHnsi 06 n3oMopHbIX MHOXECTBAX JIOTNYECKM
5KBMBaJIEHTHbI (M3MOPKN3M-NHBAPNAHTHOCTb)

Univalence implies functional extensionality: if for all x X one has
fx =y gx then f =x_,y g (the property holds at all h-levels).



TTMAuTTT

Models of HoTT after Voevodsky

(1) Construct a general model of given type theory T (MLTT or its
variant) as a category C with additional structures which model
T-rules. For that purpose the authors use the notion of contextual
category due to Cartmell [?]; in later works Voevodsky uses a
modified version of this concept named by the author a C-system.
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Models of HoTT after Voevodsky

(2) Construct a particular contextual category (variant: a
C-system) C(T) of syntactic character, which is called term model.
Objects of C(T) are MLT T-contexts, i.e., expressions of form

[x1 1 A1, .., X0 Ap]

taken up to the definitional equality and the renaming of free
variables and its morphisms are substitutions (of the contexts into
T-rule schemata) also identified up to the definitional equality and
the renaming of variables). More precisely, morphisms of C(T) are
of form

Anppen Pogun Mpeacrasnenuve 3HaHuii n npobnema sepudbukaumm



TTMAuTTT

Models of HoTT after Voevodsky

folxi: A, ..., xnApl = 1B,y Ym : Bl

where f is represented by a sequent of terms fi, ..., fy, such that
x1 AL, ..., xpApE 1 By

X1 1AL Xn t An b fm B,y )
Thus morphisms of C(T) represent derivations in T.
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Models of HoTT after Voevodsky

» Define an appropriate notion of morphism between contextual
categories (C-systems) and form category CTXT of such
categories.

» Show that C(T) is initial in CTXT, that is, that for any object
C of CTXT there is precisely one morphism (functor) of form
C(T)—C.

The last item is the Initiality Conjecture that presently stands
open.
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Further research

» OkasbiBaloT Au nccnefoBaHust B obnactn punocodckoii
NOrMKN 1 POPMabHON SNUCTEMOSIOTMK Kakoe-nnbo BausiHme
Ha TEOPUIO 1N NPAKTUKY KOMMbIOTEPHOIO MPefCTaBIEHNSA
3HaHuin? [pesBapuTenbHbIA OTBET NONOXKUTENLHBIN.
®opMasibHble OHTONOrMM MPOYHO BOLLAW B apCeHas
KOMMbIOTEPHbLIX HAYyK W, HA Hall B3rAs4, Tenepb o4yepeab 3a
dopManbHOR 3NUCTEMONOTMEN.

> Kak COBMECTUTb KOHCTPYKTUBHbLIV MOAXO4 B JIOTWKE 1
MaTemMaTuKe C HaydHbIM peanusmom? [MpensaputensHblii
OTBET: C MOMOLLbIO Teopun hakTopoB nctutbl (truth-maker
realism).
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