DourLE CATEGORICAL

= QUIVALENCES

\SOW’r w1 Ha Lym Moser oamd
Pcw\a \/Qrc\uﬂo



MOTIVVATING Ca’wﬁom’ml struchires come with
FACT @ cavonical wohon of equivalence.



MOTIVATING Ca’wﬁor-ical struchires come with
FACT a cavovical nohon ofF equivalence.

Ca‘rUSmeA 2 - CaLeﬂcm"eA Dovble CaJre,gon'eA




MOTIVATING Ca‘rgﬁor-ical struchires come with
FACT a cavovical nohon ofF equivalence.

Ca‘rUSmeA 2 - CaLeﬂcm"eA Dovble CaJre,goheA

R ivalemces biequivalemten




MOTIVATING Ca‘rgﬁor-ical struchires come with
FACT a cavovical nohon ofF equivalence.

Ca‘rUSmeA 2 - CaLeﬂcm"eA Dovble CaJre,goheA

R ivalemces %\'quivatww\ {




Recall...
A Q—C&tLeﬁmrﬂ han . ..

OIOJ'Q/LH
V\/\OT"?\MS/VMS C— .

2o celle T
- \\%/7




Recall ...

A 1*CM€ﬁmn haa . ..

Obj&LH

Lmar?hi?mg — .

~ coll TN
Ao el \&f

A (Mwbu_(wﬂﬂﬁmg hoa ...

OBJQCH



Recall ...

A Q—C&tLeﬁmﬂj Naa . .. A dovble Cakﬁmj hot ...

objeck - o OBJQCH

VV\OT"?\MS/VMS P o zontal C—
VV\OY"?\/\iWM

L- el '(Z@j} Vea b cal L

V\AGT‘?\MS/WL%




Recall ...

A Q*CMQﬁmn haa . ..

Obj&LH

Lmar?hiVmg — .

~ coll TN
Ao el \Jf

A (Mwbu_(xﬂﬂﬁmg hoa ...

OEJQCH
o zontal

vmwyhmmm

Ver Scal L

wmrch%Mi

S@U&N%




What's an equivalunce of devble CaLeijY\"eﬁ



What's an eauivalomce of dﬁwiaCaMgva?
Recall... For 2-cakegones:

Do A 2-Funclor FrA —B © 2 biequivalene i§ it

- Surjechve on olojech ue to eqivalonc
le. VBeB 3 FA =g



What's an eauivalence of deovble CaLegm'a?
Recall... For 2-calegones:

Debn A 2-Funckor F:A —-B © « biequivalonce 1§ it

- Surjechve on o’ojech ue to eqivalonc
le. VBReR® 3 FA =1

-l oon V\AW?M{ME Vg o iso Q- cel)

lLe. V' g:FA —TFA' J FA ~ 2 FA



What's an equivalence of dovble Cateqones?
Recall... For 2-calegones:

Debn A 2-Funclor FrA —R © 2 biequivalene i§ it

- Surjechve on o’ojech ue to eqivalonc
le. VBe@ 3 FA —sp

-l oon V\AW?M{WM Vg o iso Q- cel)

lLe. V' g:FA —TFA' J Fa 2 FA

-le\\f FaHaByl om 2-calle .



What's an equivalence of dovble categones’
Yo Q—Ca\{gm'@-.
TBQ_EV\ = biequi\/abuﬂca :
. SUrJ'ecH\/Q, on olojed-j
ve to eq(ui\/atw&

- Rl on morohiswne
Vo o i<o Q- cel]

: Yw\\\( o HA Pyl

on  2- cellc .




What's an equivalence of dovble cateqones’
Yo Q—Ca\{gm'@-.
TBQ_EV\ = biequi\/abuﬂca :
. SUrJ'ecH\/Q, on olojed-j
ve to eq«ui\/abz,mc@

- Rl on morohiswne
Vo o i<o Q- cel]

: Yw\\\( o HA Pyl

on  2- cellc .




What's an equivalance of dovble (ategones’
Yo Q—Ca\{goﬁ@:

TBQ_EV\ = biegui\/abuﬂce, :
. SUrJ'ecH\/Q, on DlojecH

ve o ewivalonce |,




What's an equivalance of dovble (ateqones’

for 2-calegonies: For  dovble Cakﬁm‘ai
% = biegui\/awce, '- Delv F:a— 1 eauiv i
+ Surjechve on olojech - surjechve on objech.._

ve o ewivalonce |,




What's an equivalance of dovble (ateqones’

for 2-calegonies: For  dovble Cakﬁm‘ai
% = b;qu;mw@, '- Delv F:a— 1 eauiv i
+ Surjechve on olojech - surjechve on objech.._

ve o equivalonce ve 1o what ?




What's an equivalance of dovble (ateqones’

for 2-calegonies: For  dovble Cakﬁm‘ai
% = b;quimw@, '- Delv F:a— 1 eauiv i
+ Surjechve on olojech - surjechve on objech.._
ve o equivalonce ve 1o what ?

. FA FA —>B
FA —> B ! lr |

= R

2



What's an egquivalence of dovble CaLeﬁm\'eﬁ
Yo Q—Ca\{goﬁ@:

TBQ_P_V\ = biegui\/abuﬂce, :
: SurJ'ecH\/o, o olojed-j

ve o equivalonce

- dovble Ca]{ﬁm'eAi
Detw F:rA— R equiv if:

- surjechve on objech

Uf to Wl/lﬂ+?
. FA FA LB
FA —p ! |v * . :
QD 2 5
S
O

hWorizontul equivalome
FA—R —sfa
J 12 H l\
FA =)

B—FA —R
{ 2
— B

|
FA




Thexe's also other ngg e covld do-



Thwere's alco other W(\Aﬁg e covld do:

. LOOKiV\ﬁ at  DblCat = Cat(Cab)
Covld ack Huat F jives Qq(,u{\/dw/zws of ca‘ref(on’u

Fo C Ao —> IRo ) F‘} “JA4

> \81



Thwere's alco other W(\Aﬁg e covld do:

. LOOKiV\ﬁ at  DblCat = Cat(Cab)
Covld ack Huat F jives Qq(,u{\/dw/zws of ca‘ref(on’u

Fo C Ao —> IRo ) F‘} “JA4

> \81

» Recall: Ae2Cat ~— Yo s 2 wmoldd <h om VA WIHA
weale €quive = equivs jn A



Thwere's alco other W(\Aﬁg e covld do:

. LOOKiV\ﬁ at  DblCat = Cat(Cab)
Covld ack Huat F jives Qq(,u{\/dw/zws of ca‘ref(on’u

Fo C Ao —> IRo ) F‘} “JA4

> \81

Recall: Ae2Cat ~ there is o maled s o UA wilf,
weale equive = efuive ju A
Azl b A= DblCat, (dovble caly/ devble Funchon /or nat fr)

Fos—1 weale equiv e 3 G-B—/,  + hor.nat. <oy
FGxid, GFzid



- Recall: T:A—A 2-mouad ~ e s 2 wmoded sh
on T-algebrmu with  weale equive = underlying
VIAOY?VHS/W\ IS am equiv. in A



- Recall: T:A—A 2-mouad ~ e s 2 wmoded sh
on T-algebrmu with  weale equive = underlying
VIAOY?VHS/W\ IS am equiv. in A

A??‘V o Dblcat = alg‘s for & 2-monad ovep Cai‘CGWZ?hB



- Recall: T:A—A 2-mouad ~ e s 2 wmoded sh
on T-algebrmu with  weale equive = underlying
VIAOY?VHS/W\ IS am equiv. in A

A??‘V o Dblcat = alg‘s for & 2-monad ovep Cai‘CGWZ?hB

A Hiese 33’\,}0(/{12(7( E\,/ FiﬁY‘€-PaoU—PfDY\k

Sveer 'MLUQSHVIﬁ — byt wot quite what we're \ODL(ng tor



(4OAL: Find a “canonical” wohon of
equiva e Mual doesnt require amy choyees




(4OAL: Find a “canonical” wohon of
equiva e Mual doesnt require amy choyees

HO\/\J’Z USiVlﬂ \/IOWLOPO?V HA,QO\/%[



AW 4 Army jowt nokon of ¢ ivalmne
will be oart of o wodel shvehire on DblCar




AW 4 AﬂAy jooat nokon of ¢ ivalmne
will be oart of o wodel shvehire on DblCar

Cateqorie 2-categories | Dovble cakegones

eq(uiva\wc@g \oieq(u{vdww ?




ASSUMPTION 1 Aﬂ/\y jooaL nohon of Q%Ji\/aw/lcz
will be oart of o wodel shvehire on DblCar

Cateqorie 2-categories | Dovble cakegones

eq(uiva\woz,s \oieqru{vd@mw ?

UPSHOT : how Huere ko lot wmore shvehire

We  Comn Use.




Cateqonen

l—ca%egom’a

Dovble categores

e@uiva\wm:

+ Surj- n ob]. vp
Yo 1ISo, Fc =D

Rl P Gyl

\oie_q(v{vdwc;z/x:

' SUr. U ob\j. vp

o eguiv, T =sp

« Wil M wmor

CRlly Fackhil on

A-Celle

Frvial Fibrations.

. S\)r'l. ™ O‘Dj'
i.Q. FC:D

. Y’\)\\Y Eai i Wl




Cateqonen

l—ca%egom’a

Dovble categores

e@uiva\wm:

. Surj n ob]. vp
Yo 1ISo, Fc =D

\oieq(v{vdwc;u:

' SUr. U ob\j. vp

o eguiv, T =sp

« Wil M wmor

Rl Pt ful Wil Faibhbl o
A-Celle
Frvial Fibrabong. triv. Gbrabme:

. S\)r'l. %\ O‘Dj'
ie. FC=D

. Y’\)\\Y i ta Tl

AR ‘95"3'
Wil on wor
. \1\)\\\7 o Ha )

on 2-(ells




Cateqonen

l—ca%egom’a

Dovble categores

e@uiva\wm:

+ Surj- n ob]. up
Yo 1ISo, Fc =D

Rl Eouth Gyl

\oieq(v{vdwuu:

' SUr. U ob\j. vp

o eguiv, T =sp

« Wil M wmor

CRlly Fackhil on

A-Celle

Frvial Fibrations.

. S\)r'l. ™ O‘Dj'
i.Q. FC:D

. Y’\)\\Y Eai i Wl

favial Gbralous:

AR oip;\.
Wil on wor
. \1\11\\7 o Ha )

on 2-(ells

Trvial Gbrakoe:

. SUrj- on o‘o\i.
- Lull on hor & ver mor

. WHV LarHalyl

on SQI/\MZ_FQA



ASSUMPTION A Av\\( ﬂoo% nok o of Q@Uiv@[W&
will be eart of @ wmodel shuchvre.

ASSUMPTION 2 These shoyld be He
“canomical Friviadl ?ﬁ\OWHWj

e Huw canomiaal Q@V[\/ﬂ)@m()@ <Would e
weak edquivalentes in a wodel shvchme
with  Hus class of  Anvial Gbmkms.




Now we can vse Womoloeical tools o shdy all moded
shvehires o DblCat w/ e cavmmical triviedk Gbrabons!



Now we can vse Womoloeical tools o shdy all moded
shvehires o DblCat w/ e cavmmical triviedk Gbrabons!

NOTE: Huey all have e same ColNbrah own — easy o
Fnd @ qememting set:



Now we can vse Womoloeical tools o shdy all moded
shvehires o DblCat w/ e cavmmical triviedk Gbrabons!

NOTE: Huey all have e same ColNbrah own — easy o
Fnd @ qememting set:

L .
@/;>o . -i>.\_§, . '_[/‘3—>J/




Now we can vse Womoloeical tools o shdy all moded
shvehires o DblCat w/ e cavmmical triviedk Gbrabons!

NOTE: Huey all have e same ColNbrah own — easy o
Fnd @ qememting set:

L .
@/;>o . -i>.\_§, . '_[/‘3—>J/

¢ T LLl i y —

L=l =

D e ¢ — N .

Thwm TMsV) va wodod strvchire on DblCat wiH,
e canamical triviad Fbrabom i left roger.



Cateqonen

l—ca%egom’a

Dovble categores

e@uiva\wm:

+ Surj- n ob]. up
Yo 1ISo, Fc =D

Rl Eouth Gyl

\oieq(v{vdwuu:

' SUr. U ob\j. vp

o eguiv, T =sp

« Wil M wmor

CRlly Fackhil on

A-Celle

Frvial Fibrations.

. S\)r'l. ™ O‘Dj'
i.Q. FC:D

. Y’\)\\Y Eai i Wl

favial Gbralous:

AR oip;\.
Wil on wor
. \1\11\\7 o Ha )

on 2-(ells

Trvial Gbrakoe:

. SUrj- on o‘o\i.
- Lull on hor & ver mor

. WHV LarHalyl

on SQI/\MZ_FQA



Cateqonen

l—ca%egom’a

Dovble categores

e@uiva\wm:

+ Surj- n ob]. up
Yo 1ISo, Fc =D

Rl Eouth Gyl

\oieq(v{vdwuu:

' SUr. U ob\j. vp

o eguiv, T =sp

« Wil M wmor

CRlly Fackhil on

A-Celle

greganpvs
dovble
e quivalemes
ECQW?‘%IU

Frvial Fibrations.

. S\)r'l. ™ O‘Dj'
i.Q. FC:D

. Y’\)\\Y Eai i Wl

favial Gbralous:

AR oip;\.
Wil on wor
. \1\11\\7 o Ha )

on 2-(ells

Trvial Gbrakoe:

. SUrj- on o‘o\i.
- Lull on hor & ver mor

. WHV LarHalyl

on SQI/\MZ_FQA



D_Q__Vm A Companion Pair n a dovble Cakﬁm‘j//—\ i He dala of

A=A

v ¢

v — I v v A—a A—a-tig 4t

A -—%B A ‘A S’Vd/k /‘\?B Zq&l - lu n 2 l,\hk_? \\ = “ - “

’lLL vl “ Y l% Heak “L v | B=R A?B':'B AP
B =1 A?B R =



D_Q__Vm A Companion Pair n a dovble Cakﬁm‘j//—\ i He dala of

A=A
¢ d
' — ¥ v Aa=a A=a Ffes 4k
A5 A=A Yk f—\?B=ul=lu |\“|’Lm‘?\\= I =
’U.l, \ \\ ) “ Y l’b(. HAa\' ,ul " “ R=5 D\T‘BEB ATE

Debv A greqarion equivaleuce in /A 1 a Companion
pour (F,%,Y%,¥) svdh Huat:

- Fois a Wovzonkgl equiv
LU IS a verbBeal 2quiv.



D;LEVI [Campbel) F:ip —p 1T & greqan ous dovble equiv. iF its:
- Surjechve on obj. vo o qreqariovs equyv.
ie. boHh FA —B + wvmg)a}ﬁ\oil,{h{

“|

B

Il Worizonkd & verkicad wor Je o globular iso

l.q. FA i FA( FA — FA
o) ’ Ful & lwr
A ] A FA' = FA'



Defv [Camebel) F:g —p T @ qreqanovs devble equiv. iF it
- Surjechve on obj. vo o qreqariovs equyv.
e boln FA =B + WW?&H\Q,‘UH{

“|

B

Il Worizonkd & verkicad wor Je o globular iso

l.q. FA i FA( FA — FA
LI | ) Ful & lwr
A ] A FA' = FA'

Y’\)“V V—a,\H/L\l\/l on quja_y\@;‘

M[Cmg‘oel\, MSV] There i< & woded shr. on DbICat wiHs

rweale equivaleng, = qreganovs devble eguivs
Frvidl Bbrahms = canmical Frivial &brakong.



3\15\—'\?&/‘\\@ ovr clauwm:



3\)8H?ym3 our claum:

Thw Tnsv] Ay (Combinatorial) moded shuchire on DhGt w/ Hhe
canpical hvial Ebmabae © 2 (Rovskeld) localizabhom of
Hie gffzqcu’m/s woded shychure |



Svs\w‘?ymﬁ our claum:

T(\/Lm,l[y\{g\/] /sﬂ,\Y (combinatorial) moddd shvchire on DblGat w/ He

canpical hvial Ebmabae © 2 (Rovskeld) localizabhom of
Hie @reqmm woded shychure |

In otuer words... Hw grecjom'ovs dovble zﬁf/v{\/atww e Hue

minimal class oF equivalonces Comeozhivle W/ W canewical
Frvyal Gﬁbmh’m) A om

Yy o Hier are ob e d 33\1 LOC&UZ{Vq
e so .



3\)8H?ym3 our claum:

T(\/Lm,l[y\{g\/] /sﬂ,\Y (combinatorial) moddd shvchire on DblGat w/ He

canpical hvial Ebmabae © 2 (Rovskeld) localizabhom of
Hie gffzqcu’m/s woded shychure |

In otuer words... Hw grecjam'ovs dovble zﬂf/v{\/atww e Hue
minimal class oF equivalonces Comeozhivle W/ W canewical

\’T\'Vq\aﬁ GW)OWLHWA) a/l/lﬂ( Ole OH/Uzﬂ are oo Fanmed 33\1 LOC&UZ—ng
e ge .

T oMer olar words ... oy other sveld clars of equivalancy
contming  He greganovs tues .



Not He only evidene n Favor of greganos:

[Campbell] The greganove model shvetire i€ e model shvchire
on DbICat w/ He canonical trivial Bbahons in which g4l

o\aj ects are Gibrant



Not Hue only evidene in Favor of greganous:

[Campbell] The greganove model shvetire i€ e model shvchire
on DbICat w/ He canonical trivial Bbahons in which g4l

o\oj ects are Gibrant

[Leinsler) /A, B € DblCat are greganovsly dable equivalont

& e e&Xich a <pan /A «—C —IR of Canomical tnvial
ChaHons.



Not Hue only evidene in Favor of greganos

[Camgbell] Tz greganove model shvetire i€ He model shvchire
on DbICat w/ He canonical trivial Bbahons in which g4l

o\oj ects ge Bbrant

[Leinsler) /A, B € DblCat are greganovsly dable equivalont

& e e&Xich a <pan /A «—C —IR of Canomical tnvial
ChaHons.

Potr of Hiese wmirror the COYWATW\OUVL% scomano i Cat, 20at.



FirsT coaL: v

NEW GOAL: Furter wnderstamd / conshved  ex's
of otier woded Shvetures w/ canonical triviel Fbrabions .



Thw TSV Ay (Combinatorial) moded shuchure on DHGT w/ the
Cangnical trivial Ebmaboae © 2 (Rovskeld) localizabhom of
Hie greganovs woded shvelure

L Heory, Huis 4ives a Complete omswer o GOAL 2.
I gracke | Bovsheld localizabims cam be rridey fo Under chand



Thw TSV Ay (Combinatorial) moded shuchure on DHGT w/ the
Cangnical trivial Ebmaboae © 2 (Rovskeld) localizabhom of
Hie greganovs woded shvelure

L Heory, Huis 4ives a Complete omswer o GOAL 2.
I gracke | Bovsheld localizabims cam be rridey fo Under chand

FACT Arvial Hlor b ane WW\?LQ}{\L/ de Ferming
. Q\Xomv\{\ Oxajgch %UL MA/OM SJFTUCHJ(Q/



A user - Frieudly “veu?e";
1. Pick vour detired & bramt OEJ'QCJFS-
2.



A UW-%'QMOUV \\V@u?ef;

1. Pick vour detired & bramt OEJ'QCJFS-

2. Find a set 3 of cobibmhone w/coibrant domain <t
X Eiboromt &= X—* has RLP wiHt racect o J



A UW-%'OAM“\{ \\V@u?ef;

1. Pick vour detired & bramt O%QCJFS-

2. Find a set 3 of cobibmhone w/coibrant domain <t
X Eiboromt &= X—* has RLP wiHt racect o J

2. Check - Rvery  gregariovs Hbrabon behwees Ebrant Ol’)"
has RLP with refpect to J.



A UW-%'QMOUY \\\f@u?ef;
1. Pick vour detired & bramt OEJ'QCJFS-
2. Find a set I of coGbmhoms w/cofibramt domain <t
X Fibramt < X—% has RLP with rupect o I
2. Check : tvery greganoys Hbrabion behwep, Ebrmant olyj'.
has RLP with rejpect o J.
M[MS\/S Any I ae above gives a wmoded sk, on DbCat
w/ Your Biboramt o\oj', omd.  with
weale equivs . detwemn Fibpgut objz qreqan ovs dovble equivs,



A UW-%'QMOU\/ \\\f@u?ef;
1. Pick vour detired & bramt OEJ'QCJFS-
2. Find a set 3 of cobibmhbone w/cofibrant domain <t
X Fibramt < X—% has RLP with rupect o I
2. Check : Qvery qregariovs Hbrabon behueoy Hbrant olyj'.
has RLP with rejpect o J.
MEMS\/S Any I ae above gives a wmoded sk, on DbCat
w/ Your Bloramt o\oj', omd.  with
weale equivs . detwemn Fibpgut objz qreqan ovs dovble equivs,

T LMY Aviy combinatorial woded she. on Dbicat w/ Hie
Canonical tnivial Gbrakos arises Brom Hus recie.



EXAMPLES:

Librant o‘ojech

Properhes

DblCa’rﬂmj

all

Cononical, “iniHal” [Camobell)




EXAMPLES:

Cibrant o‘ojech Properkien
DblCa%areﬁ all CaV\O—V\iCd) \\iv\‘\h.d//
DblCat, every hor & ver. wmor. homotogy Hieory of

has a Companion - Ccategories




EXAMPLES:

Librant o\ojech

properhes

Dblca+ﬁmﬁ a_[] CQVWV\ICJIX) \\‘V\‘\HM’/

DblCat, every hor & ver. wmor, homotogy Hieory of
has a Companion - Ccategories

Db\Ca’rh o everj hor. mor. a¢ a eq\/ivalwm mvariante of

Compavum & @ Wj'mm‘r

Formal cateqory Hreory




EXAMPLES:

Cibrant o‘ojech

properhes

DblCa’rﬁmﬁ

all

Canonical, “mihak

Db]Ca h"r

every hor & ver. wor.
has a ww\?avu'm

homotogy H/&mﬂj of
- Ccategories

Dbl Cajr’l,eezf

every hor. wmor. hag a
Compawion & & om/lj'mm‘r

equivaleme mvariante of

Formal cateqory Hrieory

DblCat,,,

Ve Wor. eq(\/.'\/. has
a COV\AWVM’W\

r‘izjlx\i' Ruillen nerve
N Db|Cat,, — Dbl (eo,1NCat




EXAMPLES:

Cibrant o\ojech

properhes

DblCa’rﬁmﬁ

all

Canonical, “mibHal”

DHCa h"r

every hor & ver. wor.
has a C,ovm?avu'm

homotogy H/&mﬂj of
- Ccategories

Dbl CaJrL| cas

every hor. wmor. hag a
Comoamim & & m)m‘m‘r

equivaleme mvariante of
Formal cateqory Hrieory

DblCat,,,

Q\/Qﬂj Wor. eq,\/l’\/. has
a CO\'\AWW’W\

righ{’ Ruillem nerve
N: Db|Cat,,; — Dbl (o, NCat

D\o)Ca’rh el

dovble grovesids +
e\lenj Wor. & ver. mor.
hag a C/ovm?avm’am

Nomotooy Hieory of
2~ gvougaids



DblCatgreg

/ Sqﬂ\ \
Cat

DblCatwh, 2 DblCatww
DblCaty, eqp 2Cat)ag; Dbl\(%attr 2Cat ag; DblCaty eqp
S / \ s> /
DblCaty jadj 2Cat aq; DblCattr radj
X Sq»lf /
DblCate ag;
’rid nght Quillen umbedding
2Gpd —jq—> DblCater gpd \\zi: iV\l\% wbeMmg
Tid r\gh’r Quy llen equivalone
{T—)J_}ﬁDbICat@/ct, r‘ﬁ\/ﬁ' Quillen eq/t/\vatlemuz

T

{T} €——— DblCatc,



A Campbell, " The Colle wmoded s hvelbure For Aovble cakegories”,
Seminar talle, sUdes availgble online

T. Fiore, S. Paoli, D.Pronk, “Moded shvehures on He Cﬁk{jm’j ot
swall Apyble Categories”, Algebr. Geom. Topol. (2008) /
<. Lachke, “ﬁomolfow-i’f/tureHc aspechk of 2-wonads’] T. Homotogy
Relat. Shvet. (2009
T. Leinster, “Equivalence via surjechons, arXiv:2508.20555 (2025)

L. Moser, A devble (w,1>~cak6jcm'cal nerve for Joubly Cateqones;
Ann. Tnst. Fourier (fo apeear)

LMSV) L Moser, M. Sarazola, P- Verdy

g0, "Dovble cakegorical equivalounes”,
In gresaralsom .

L.Mofer, M. Sarazolg P. Verdwgo, A moded shvelvre Bor wealely
Wonzontally invanant devble calegories; Algebr. Geom. Togol. (2023)

C.Rezl,"A wodel caleqmy cor categories”, Preorint onling

P.Verdugo, "On Hiw equivalane mvarane of Fomal caleqory Hrerry”,
arXiv:2509.04255 (2025)



