Stacks oF CategoReALt Rings A Trewr. Morrrats
é"l’fDRE fliDroveD:

FL.o{ibﬂ Sswre Um\lm{sﬁy

Octoberfest 2015 Annual Meeting Ottawa, October 31-November 1



(Sticty YPsadl. Colggmicol Ripgs ~r (Roplon) Aone Gtggorion (fame?)
Crosced. Bimooules  (Resenllokions)
MOWPM'W (Spoms —> Bt lier)
Wlat do categorcal wimgn form 7
TW"‘“"“"}]/ o C@wni{l«'wifom
o Now (R@uﬁu Cot- Rias

auXiv 1501.0}597 &1 Xiv 1501.04¢c4
Tec 3o (Y5)



CM@%&Q Pimﬁs

> Two anomorolord  stauctivwes GD)® . Ex@ —F

(o) (L’) ®, D{> s @pow - NS sacmcmd—m'c (: P‘uuol.)

o) (f) ® ® 0, T(> oistribative
R: €xf —C

Birmomoidal, with re,sFeEf £ e

Obiels %.Y\z,W = (¥®@Yy)®Z = (xo2)8(Ye2)
x ®(zew) z(x @2_) @(X @9



Cﬂd’gﬁodmﬁ Pimﬁs

C —~— Stode in \Stwwtooio(/\

i

j b~ 81"7_ fftarwt b:d‘ﬁom'u/g

> Two anomorolord  stauctivwes 69)@ . Ex@ —F

(o) (f ®, D{> s &«ow‘a &ke sa cmd—MC 4—1 _’%]m N
(La) ®) ®) Oe) T(> distribative

R: €x —C
Birmomoidal, with re,sFeEt £ e

Obiets % Y,2,W @ (¥®©Y)®2Z = (xo2)8(Ye2)
x ®(zew) z(y @2_) @(X @9



Abo‘\d— &MM‘(»vQAkﬁ./&i\’eﬂoq‘@Q Groui:s

(€,0,0) odwits o usuidation  C, ., — ¥
S (_—~N—
cvossed. omodne

o :Presl)e.'hf/zf o Wl Pu3 Cn(u') A Cl(u) -_—2 Co(u)

'SR

0 ﬂ}u’\/oﬁzmc&: [C(,)aC, :.,"C’olwi-y €
assaciode ol Stock B SR e

(T:afla TLWI E.x. —B. Nashi - oo()



Abo‘\d— &MM‘(»vQAkﬁ./&i\’eﬂoq‘@\Q Groui:s

) 2
(E ©,0,) ouwlmts m@moﬂf&tmm C, ~C, > &
Exolo B)rossed. modune :g';gdjgmr

o :Presl)e.'hf/j o Wl Pu3 Cn(u') A Cl(u) -_—2 Co(u)

° ﬂ}u'\lo.ngca: [ conC, :zcong, 4
assacudded stode

o {,3:CoxCy —C, ovw""‘—il]/mrmd'ric_



Abo‘\d— &MM‘(»vQAkﬁ./&i\’eﬂoq‘@\Q Groui:s

. ) 2
(H)GDJ Q)  oulwuts a_@mwd: Tom Ef, >C, > &
leprp owossed modue

o :Presl)e.'hf/j o Wl Pu3 Cn(u') A Cl(u) -_—2 Co(u)

° ﬂN\I&Qamca: [Coxc. :.,’C’O]ML €
assaocdeo Stock

o {,}:CoxCy —C, ArreraTing : E ) S°Aco= e

i




Abo‘\d— &MM‘(:vQAkL/G)r oucoll Qrouj:s

\ej A.bq%m Qrowto\s

VN

(€> ®, 06’) ouuauTs m@moﬂf&tiom E:l K >C, > &
\efrD cossed. omodule

o Preshesf /j c W Tt Cow) X C(W) 3 Co(w)

° ﬂ;u\/anmca: [ conC, :zcong, 4
assacdded stode

° {.1 -}' Co *Co ——76| ALT‘E‘RAHT’HJQ : E y ‘SOAQO= ec

i

SN g
ASSUMPT 100



(M ‘tO) Cﬂ@ompﬂ Pilnjs

:Dmglw'l'l’)m CI iy Co is % crassed bimoo@ i?
(D Co is o nimg O 2E)I=37) , with L | Louolly.
(w ¢ |, — co-bimdu&
() Prerrer: VC*/C? eC, (QCJ ¢ = c, (DCD



<~Bﬂok‘t0) C@ofu@ﬂ Pimgs
:Da.g'lAA'H'am CI 17 C, is « cwssed Limmoolu@ i}

(D Co is o nimg O 2E)I=37) , with L | Louolly.
(w ¢ |, — co-bimdu&

() Prerer:  Ve,,q) ¢ C (9c,) ¢ = c, (DCD

OTRICTLY

Teoem (£0%9) €. Floes CofisovedRigg 37

3 errLe‘s(wj.'gi';om GLCB — E
C(,ossediBirmoobAeaﬂe £




MOV’PA’MS
Mow@&m F: @— @ 9{ \57%&‘/? Preonal, ca%oucoﬂ vipgs

® F:—&8 . anoLphism b/t wnolely i
Shic CPfcuoL/g‘Zoks @ v

® e« g 2, ¢
Com ol ons



MOV'/O/iSﬂhs
Hawai&m F: @— @ 9;’ \57%&‘/? Preonal, caigjoucoﬂ vipgs

@ F:@ —38 : Mo /Mén’h é)/f WWO@@?@
STicl, Preowd Stacks

)

C,/ B1 Srm (A‘M Ce\l_(g':}‘))
l y

p € ~ Y
C, B

@q%me) %¢h 4 , )(JID



MOV'PA’WS
HOW\QA&M F: @— @ 9;’ \57%&‘/9 Preonal, caigjouwﬁ vipgs

® F:—&8 . amo1phismm b/t umolilyino
\5‘hi< :Rcuol,/g'/zcks rfy ~




MOV'PA’WS
HOW\QA&M F: @— @ 9;’ \57%&‘/9 Preonal, caigjouwﬁ vipgs

@ F:@ —38 : Mo /Mén’h é)/f WWO@@?@
é‘hic :Rcm,ol« 8”520145

L

¥ . -
¢ ) | & Butefly i R, (3,.)
l\dg/
T T,




MOV’PA’MS
Mow@&m F: @— @ 9{ \57%&‘/? Preonal, ca%oucoﬂ vipgs

® F:—&8 . anoLphism b/t wnolely i
Shic CPfcuoL/g‘Zoks @ v

® e« g 2, ¢
Com ol ons



MOV'P/WSH})S \/\JQ me.ZD" ’HUL M L,o,twum wosses! leoAu'QﬂA

:_DL{HM&\';OM,

C\,o>3w°
&UW]O 1 um Exmsmm
C E ——-’)CD Mm\j ho s .
’@ B —-) E [L QaCteaA.Q) iolusl
l B Bio, "“J”“,MQ

~3 Sop mom> wlar
c:o‘/ \15 J



Hor hi
Ib s We meeol Ha [><] Letwesm cuosses! bimodulen

\Dl#'!l\M.\';OM—
shll 7 excoit
dus‘\' )kz_t\ Rim Exfonsiom
© E.'—aC G 51/ O € —C, aing hows.

® B, SE (bilitewd)ioksl

® &2#0 ) ;""J”“MQ
~3s So mams;@lﬁ'&‘kf

ER

otru

0



MDV'PA’S{”)S V\JQ MQZDL ’HUL N L,o,twum wosses! leoAu'QM

:Do.e'wui\'?orw
R AERIEICEY
(@ ((b)e = L(b‘ He))
éH\mo\T excoit
dus‘\' )kz_t\ Rim Exfonsiom
/ ., vme homws.
0 E.'—aC C B1 © E ‘; o g
Quowwo. ® B SHE (bilsthend)iolsd
J/ /@ &Q#—O ,;MJUY\M-Q
~3s So mams;@”"&\l’

C,

otru



MDV'PA’S{”)S V\JQ MQZDL ’HUL N L,o,twum wosses! LtmoAuQM

DL€'|I\M.\';OM,
(L') e ‘"("1) =4 ( X(e’) |°4> (M) e k l&{r(e) CJ
(@ «(by)e = v (b\ 'HE)) (U) r(c)e = c;4 |o(e,)>

shll 7 excoit
dud’ ) kzt\ o Rim Exﬁns:am
0 E.'—aC G B1 O E —C aing howms.

oo, ® B SE (bilsted)iolsl
J/ /@ J_?;‘Q#-o ’ irnJemeMﬂ-Q
~s So ML'JM-‘;;U‘J"W
Co




M DV'/OkSMS

F_

D[ml)'”oluétms F-: @——?B 40‘“&1 aJr‘OMrO/OL 'HOlM[f;B) f Ql]j

G
e« g 2, ¢ € x 2,

€ ©
‘xF<=))G1>(G f/ Jc\
QXS@T@ @x@_/@a@

1
:
-
NS
il
o
(1



M DV'/Okams

F_

|>mq,r”plul§tms Frl — B 40%4 admufaoiot 'Hﬂ[f)@) e @8

A

e« g 2, @ e « _® ., e
= —‘F(—aa \

FFl '>/J)-C]vl“xv—) x ylc\

B x B 5B @x@_/@a@




MDV'/Olh'Sﬂ%s
Th
00 [EQ , ThC 30 [,zoib‘))
€, 8 + Sfiicth Peord Cot- R )
C, —c, — € | ‘T_?s#é
\B,._,BD%@ > };rese,n—)ﬁ/'orns
ﬂuu 1S om .
< ec]{)/«ﬂ/o‘-&mce 9%(9%“7/901'9@

Hom
(6,8) =2y (c.,8)




M OV'/0/1~°Sﬂhs

Toef

C, B
| 1

C, P,
| l
E—> @

Theotun [;;A | ThC 32 [azms))
€, 8 + Sticth Reordl Cot- Rings o 3



MOV'PA.WS Theowm [EFI , ThC 30 [,2@!5'))

€, 8 + Sticth Reordl Cot- Rings o 3

?wt?{_ Thote is ou %mﬁmce 97,/&%% iof
c, B, lom (2, &) 2> 3 (c.,8)
Co%XB, .
i / 8 \":15 Stocle .fl\Leur d:wo‘-u&'
0 0
ﬁ; \ J,T-B CC°)¥ )ka) )

|
C—F>® T () _4,><rr[L°) i O



M OV'/0/1~°$0715

?we{_ gxo{r); Cot. (ﬂwu\ltns
C B
A \\ / 1
i// K%
Tl \ L7

C— &

Theotu [EA | TAC 30 [.,zms'))

C,3 : ma‘hﬁo‘:nocoml @I.Rf:@& Bl[ éw
B ._,B . @ > })PQSM_‘);j’IOMS
mﬂ s om Q?Mvaggmce #&%%O]'JS

lon (€, &) = 3p (c.,8)



M OV'/0/1~°$0715

Toef

Exok Cot. awufrj\:
) 7
4\\ /
L2,
Tl \ L7

Exoct

Theotu [EA | TAC 30 [.,zms'))
e, MG%CPOWI Cot - Rimgs o -
esuﬁt’zj';oms
ﬂUUI s om Q?Avagamce 9%&%%01@?5
lon (€, &) = 3p (c.,8)



Theotun [ga | ThC 32 [.,zmg))
€, 8 + Sticth Reordl Cot- Rings o 3



U.Rjnuw&d &11«.71904)0[! nae

> B:‘J&O% XHod (3)
X Ob}u:ts . C,—C, cwssel bimodules

* (Qwudm'\ds)“,o»lda&ms: %ECC';B') w-r\-e\ COWOSuHram

S (D-,6) < 2 (CoP) — S (D.B.)

Y



U.Rjnuw&d &11«.7604)0[! nae

> B.‘amf&og X_@ (f\)
x Ob}u:ts . C,—C, cwssel bimodules
k (Qwud;nbls) “,OHQQ\,‘W; %ECC';B') U\)'l‘\‘?\ @Mqaosu‘l‘l'fam

S (D.,¢) x 2 (C.,B)

ﬁD.)B.)
X M qu
E®F



Upguodsd, Corsespomdene

> Bicolegoy  XMod(3)

> 2-Cilegery Fre () :St;cx%:l?molgmk%g
0 b @ Pe@PeB) 5P (Ddjgne, 5004, X0 )
o) ;{ﬁ{,ma (é) . Jmomard O\o(}e_cfﬁs w Wi (3)



U.Rjnuw&d &11«.71904)0,100&
> :B.'wd’&og X_ﬂ_o__’((d)
> -2'00‘1—30‘&‘1 e () :S‘hlcx%:P-le Sfacks A
@) QMN) ® P (@) x:\\).c(é) —SPc® (@Qq,am, s§0 ¢ , XVn-)

AR é) : Q(Ynomo.\d O\o'q_&s W ?.c(ﬁ) |
> AR - Oun sm%@;m Cotiqaical. impp



U.Rajnuw&d &1zg7bom0hmce
> :Bfwi’&o% X_M(j)
> Q-Cileqory Pie(4) : StucPromd stecks 4
(0] QMN) ® P (@) xq\).c(é) —SPc® (JDQ%‘““J TP XVn-)

QAR é) : Q(Ynomoid Objeds m ?.c(;ﬂ) |
> AR = Oun sp;dt%@'owk Colegoical. amgp
= —‘_‘QLM’WM (L:ﬁ ) LLwL) There 1s on)pjg%p.ivo@zmm
XMod () =2, 9Rings (3)

c,—¢ 2 [Comc, 3 ]"



é;@u 0 Q >, - u)\\om o
BMPB&J&) Mt)l{‘e/ Q |
ke : C)\OSSQ*DL lo'{(V“OOlLk(Q. '@ ——?C
to ‘HA,(
[BOJL

)
N\ —
- -
’ C,—

Cuossed. oxfuss 0 ’@C/\\ o

Co —?/\’9 0
0—7\'/\’-7 C|\—:E—‘77 u
: |
E’?«L\lah‘n&.

S



Shukla )BOJ‘P:B@’JK 5 Amare - Q’w\\;m

BOJL to 'H/Ul C»OSSQDL [oiornoob_,\& C, f) Co
O\"éﬁ@ol M’m'\ou
0 ’@—"cl —( > N—0

e N\- bimoalule

Also :
Wel kan: XEE(MR) % SH(AM) Gt A

:De,(rwol@j o%éj M E N [_C; XC, p—4 Co:IN



Nom 57'?:51"’7%”05 = Nom r&ja&w Cob. mMimgs

> C' ? »CO >2,0
C(_—~N—0
=Aol crossed omodumle

> ® EK (?—ﬁ@ /rnafnafo]mﬁ —fol: ® im Lo‘}e VaM'oJons

> T—a@rw (EH 15) ((%@,06)@01}) ec_fwxlotQuIi’ ko o bietamsion



Nom 57'?:51"’7%”05 = Nom r&jaeaur Cob. mMimgs

> 0o —o M — C’I 9 >C, ./g\ —>0
S
A-bimosule f\}.mg

> ® EK (?—ﬁ@ /rnafnm'o]mﬁ —fol: ® im Lo‘}e VaM'oJons

> ‘FQ‘@(Q'“* (E'F) 15) ((?,@,06)8)01}) ex:?ul\lotQuTto a biextmsion

L \E /L (EQ*I)"%’N’(I*E@)AF@



Nom 57'?:51"’7%”05 = Nom r&ja&w Cob. mMimgs

> 0o —o M — C’I 9 >C, ./g\ —>0
S
A-bimosule f\}.mg

> ® EK (?—ﬁ@ /rnafnafo]mﬁ —fol: ® im Lo‘}e VaM'oJons

> ‘FQ\@(Q"'“ (E'F) 15) ((,0163)06)8)01':) e?al\lotQuIi’to a biextmsion

L N (Fo¥1)nEo = (T+Eg)A Eq
l v

[Eg] € H”LB[/\)H)

1A 1
I Tee Lome




77‘//\0\]/( \/DU .I



