MATH 466 /560 CHEEA WALTN)
SPRING 2024 RICE W.

LAST TiME

* STRICTIFICATION LECTWURE #(5
- (oHERENCE

« GRAPH(CAL CALCU(US

* RIGID CATEGORIES

(JusT A SAMPLE IN
THE STRICT CASE)

ToP(ed:

L. RIGID CATE ®ORIES (33.G )

ITT. PWOTAC CATEGORIES  (§3.F)
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T. RIGID CATEGORIES

MONOIDAL CATEGORIES
CoNTAVNING

DWAL oRTeCTS
§ DUAC MBRPHASMS
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T. RIGID CATEGORIES < WONOIDAL CATEGORIES

. CoNTANWNG
FIx A MONOIDAL CATEGoRY G :=(%,®, 1,0, Y, r) e
AND AN OBDECT X et 4 DUAL MIKPESMI

A LEFT DAL OF X (5 AN ORTECT X'e € EQRIPPED W/ MORPHISMS:
ev‘; s Xo X — 1L AND Coe\l;'- L— XeX*

SWCH THAT -
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I. R‘&‘D CAT&&QK‘GS ) MWONOIDAL CATEGORIES
FIX A MoNQLDAL QATEC\*OKU € = (‘Q,®) /’_L) O\,ll r) CoONTAVNING

DWAL oRJeCTS

AND AN OBDECT X et 4 DUAL MBIRPHASMS

A LEFT DAL OF X (5 AN ORTECT X'e € EQRIPPED W/ MORPHISMS:

e\l‘; s XeX — 4L AND Coe\l;’- L— XeX*
SWCH THAT - .
Cgev;w/(x@x*)sx—%x@(x*ax)\?w;
&;' 1LeX 2 Xail o
X/’ i ;;X
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T. RIGID CATEGORIES < WONOIDAL CATEGORIES

._ CoNTAVNING
FIx A MONOIDAL CATEGoRY G:=(%,®, 1,0, Y, r) e
AND AN OBVECT X et 4 DUAL MBIRPHASMS

A LEFT DAL OF X (s AN ORTECT X'e € EQRIPPED W/ MORPHISMS:

C C
ey, : XeX—1 AND  Coevy: L— XeX*
SWCH THAT -
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O\X*) XJ X*
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I. R‘&‘D CAT&&QK‘GS ) MONOIDAL CATEGORIES
FIX A MoNQLDAL QATEC\*OKU € = (‘Q,®) /’_L) O\,ll r) CONTAVNING

DWAL oRJeCTS

AND AN OBVECT X et 4 DUAL MBIRPHASMS

A LEFT DAL OF X (s AN ORTECT X'e € EQRIPPED W/ MORPHISMS:

C C
ey, : XeX—1 AND  Coevy: L— XeX*
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x O\X;X*/Y
cgev;w/(x@x JeX— Xo(x*aX)_ oot
b e
X ‘ >V X
= LEFT R\&ID(TY AXIOMS =
X~ > X*
N N -y
Y] 2 Lexs ™"
id ® Coevy \l eV aid
( ¥ Yelxax¥) —— (X" X) 6 X* '
O\X*) X,X*
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I. R‘G‘D CAT&&QK‘GS ) MWONOIDAL CATEGORIES
FIX A MoNQLDAL QATEC(OKU € = (‘Q,®) ,ﬂ_) O\,l, r) CoONTANING

DWAL oRJeCTS

AND AN OBVECT X et 4 DUAL MIKPESMI

A LEFT DAL OF X (s AN ORTECT X'e € EQRIPPED W/ MORPHISMS:

[ C
ey, : XeX—1 AND  Coevy: L— XeX*
¥
IN STRECT . X X m
CAlE X ¥
SWCH THAT -
x O\X;X*/Y
cnev;w/,(x@x JeX— Xo(x*aX)_ oot
b e
X ‘ SYX
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X* > X*
N N -y
Y] 2 Lexs ™"
id ® coevy \l vy ®id
( ¥ Yelxax¥) —— (X" X) 6 X* '
O\X*) X,X*
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T. RIGID CATEGORIES < WONOIDAL CATEGORIES

. CoNTANWNG
FIx A MONOIDAL CATEGoRY G:=(%,®, 1,0, Y, r) e
AND AN OBVECT X et 4 DUAL MIKPESMI

A LEFT DAL OF X (s AN ORTECT X'e € EQRIPPED W/ MORPHISMS:

C C
ey, : XeX—1 AND  Coevy: L— XeX*
¥
IN STRET . X X m
CAlE X ¥
SWCH THAT - .
X%, X
Coev;an.‘d (X&Xx—) 8 X —> XQ(X*QX) deevs IN STRET H X* X X
7 b CASE _
&" ’lL@X ,2 XG(L -
X < Y% X
= LEFT RI\&ID(TY AXIOMS =
X" > X* x
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O\X*) XIX*
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I. R‘G‘D CAT&G'QK‘ES ) MWANOIDAL CATEGORIES
FiX A MONOIDAL CATEGoRY = (€8, 1,0, 4, ) ConTAING

DWAL oR7TeCTY

AND AN OBDECT X et 4 DUAL MIKPESMI

A LEFT DAL OF X (5 X et w
vyt X*a X — 1

\X* ’x

C
CoeVy t L— XaX*

mx*

SWCH THAT = N THE STRCT CASE

X* Y X xk X*
—_— AND =
X x IxX*

= LEFT RIGIDITY AXISMS =
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L. RI&ID CATEGORIES <

MWoNOIDAL CATEGORIES

Fix A MoNAIDAL CATEGoRY G := (€,8,1,a,8,r) ConTANING

AND AN OBDUECT Xe€

A LEFT DAL OF X (5§ X ety w|
evy t XX —1L

\X* ’x

C
Coevyt L— XeX*

mX*

SWCH THAT = N THE STRCT CASE

X* X X )(k X*
- AND =
X x Ix*

= LEFT K\CrtDng) AX(OMS =
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DWAL oR7TeCTY
¢ DUAL MORPHASMS

A RIGHT DAL OF X (5 Xete wf
evi s XoXXK— 1L

X\ *X’
Coevy s L—>*XeX

SWCH THAT -
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T. RI&ID CATEGORIES < WoNO (DAL CATEGORIES

. CONTANWNG
TIX A MONOIDAL CATEGoRY G = (€8, 1,0,4, ) A
AND AN OBDECT X et 4 DUAL MIKPESMI

A LEFT DUALOF X (5 X et w] | A RIGHT DAL OF X (5 Xete w
c . * (. *
Uyt K X —4 Ryt XK' X—1
\x* ’x X\;y
Coevy s L—> XoX* Coevy s L—>*XKeX
mx* mx
SWCH THAT = IN THeE STRCT CASE SWCH THAT = N THE STRCT CASE
X" X X X x* X X X I I
= AND = = AND =
X x Ix*  IX X
= LEFT RIGID(TY AXISMS = = RIGHT RIGEIDITY AXISMS =

Copyright © 2024 Chelsea Walton



T. RIGID CATEGORICS
FIX A MoNQIDAL QATec«oan €= (‘6,@, L,a,t, r)
AND AN OBTECT X eC

A LEFT DAL OF X (s X¥ete w| | A RIGHT DAL OF X (5" Xete
evé}: X*a X — 1L e\liz X® XK — 1L

XX C 8 X( *X
LEFT RI&ID v

Coe\l;'- L— X‘SX* 1
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x xS VX<t mx
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X* X X X* X* X X X *X *X
= AND = = AND =
= LEFT K\GriDlT'a AX(OMS = = RIGHT K\Grmwg AX(OMS =
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T. RIGID CATEGORICS
FIX A MoNQIDAL QATec«oan €= (‘6,@, L,a,t, r)
AND AN OBTECT X eC

A LEFT DAL OF X (5 Xetow| | A RIGHT DUMLOF X (5" Xete wf
ev‘; : XoX — 1L ev;f: Xe X —1

XX C 8 X( *X
RIGHT RIGID \’)

Coevy: L—> XoX* d Coevyet L—*XeX
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X x* Vxet mx

SWCH THAT = N THeE STRECT CASE SWCH THAT = N THeE STRICT CASE
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= LEFT K\G’tDlT“’) AX(QMS = = RIGHT K\G’!DlT‘a AX(OMS =
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T. RIGID CATEGORIES
FIX A MoNOLDAL CATEGORY) C:= (6,8, 1, a,l,r)
AND AN OBTECT X eC

A LEFT DUALOF X 1§ Xt w| | A RIGHT DUMLOF X (5™ Xete w)

C
evg t X'oX—1 ev;f: Xe X —1
X" )X C 8 RIGID X *X
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Coevy s L—> XoX* JLEFT DAL X* Coeva: L—*KaX
£ RIGHT DUAL*X
X x* Vxet I
SWCH THAT « N THE STRICT CASE SWCH THAT « N THE STRICT CASE
Vol ¢ X x* x* X X x Ve %y
= AND = = AND =
X x Ix*  IX v
= LEFT RIGIDITY AXISMS = = RIGHT RIGIDITY AXISMS =
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T. RI&ID CATEGORIES

Ri&iD CATseroﬁn
(ﬂ) “)&;"/ H/ ) )
MWMDAL—
3)(*6‘(« WITH
evyg: XFoX =1L x*w
Coevt s L— X8 X" )¢
f\)x= lx $ x*mw= *

X
—AND —

3K el with
eV Xo*X > 1L &)
QQQV;\ ='|L‘—’)*X®X *xﬁx\
N0

VXet
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T. RI&ID CATEGORIES

RI&D CATEGORY
(ﬂ) )ﬂ)“)&;"/ H/ ) )
TR OAC
37(*6‘(9 WITH
evyg: XFoX =1L x*w
Corvs L — X8 X [ )
f\f= lx i X*Mw= *

X
—AND —

3N e with
eV Xo*X > 1L &)
ch\l;\ ='|L‘—’)*XQX *xﬁx\

X X o
=T 4,0

X
¥ Xet

EXERCISE 3.19
LETT (*KlGrHT) DUALS ARE WNIQUE (\P To (806:

Copyright © 2024 Chelsea Walton




T. RI&ID CATEGORIES

Ri&iD CATseroﬁn
(ﬂ) )t)“)&;"/ H/ ) )
MNOWAL
37(*6‘(9 WITH
evs: XX = Y
Corvs L — X8 X [ )
f\f= lx i X*mwf *

X
—AND —

3N e with
evyt X@* X oL (5
ch\l;\ ='|L‘—’)*XQX *xﬁx\

X X » S
VART IRV

X
¥ Xet

EXERCISE 3.19

LETT (ﬂkKlGrHT) DUALS ARE WNIQUE (\P To (806:

IF BY. € G
Q\:Y\gx—e’l(,

2. (\“)e\)c\)

SATlSFD (EFT RlGr(brr3 AXIOMS
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T. RI&ID CATEGORIES

RI&D CATEG\’ORn
EEARAS)
MoNdIDAL
37(*6‘(9 WITH
evyg: XFoX =1L x*w
Cotvy s L—2X® X* &‘\x*
X X * *
xm = I i Xmgf

X
—AND —

3N e with
eV Xo*X > 1L &)
ch\l;\ ='|L‘—’)*XQX *xﬁx\

X X o
=140

X
¥ Xet

EXERCISE 3.19
LEFT GKlGrHT) DUALS ARE WNIQUE (\P To (806:
F3Yyet #
e\=Y\&X—91L ) el'-Y,_@X—%'l(_,
¢ Lo KaY 1= XaY, <%
5 (\1\)e\)c\) 4 (YZ’Q-L)CL)

SATlSFD (EFT RlGr(brr3 AXIOMS
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T. RI&ID CATEGORIES

RI&D CATEGORY
&)Q 1edr, H} ) )
MNMAL
IN et with
evyg: XFoX =1L x*w
Corvs L — X8 X [ )
f\f= |X i X*mwf *

X
—AND —

3N e with
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Coev® L — K X o)
el 4.0)= [

VXet
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QY 18X =1L, &Y, 86X UL,

¢t L— X@Y‘ ;4 1> X&Y,_

<G
3. (\1\)3\)C\) 4 (YZ,QLICL)
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TReN 3tise §:\, S Ve wiTh
X‘% \
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@X €. &ng

bR

Copyright © 2024 Chelsea Walton




T. RI&ID CATEGORIES

RI&D CATseroﬁn
(‘G)&s)‘ll_ e AQIRS) )
J 1
MoNdIDAL
3)(*6‘(9 wWITH
evyg: XFoX =1L x*w
Cotvy s L—2X® X* &‘\x*
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X
—AND —

3N e with
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EXERCIIE 3.20 (NE GeT 1* =

A =

L.
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T. RI&ID CATEGORIES

RI&D CATEGORY
(ﬂ)&’ 1y 4, H/ ) )
TR OAC
37(*6‘(9 WITH
evyg: XFoX =1L x*w
Corvs L — X8 X [ )
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3N el with
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—
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= (eT'$ VERIFY THIS =

ON THE BoaRP
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T. RI&ID CATEGORIES

Ri&Dd CATseroﬁn
(‘Q)&))ﬂ_ IRAQIRG )
\_/v\/
MoNdIDAL
I el with
eVt XX =t XY
Coevy L —>X® X* &‘\x*
X X * *
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X
—AND —

3 el with
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X
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T. RI&ID CATEGORIES

Ri&iD CATseroﬁn
(ﬂ) “)&;"/ H/ ) )
MWMDAL—
3)(*6‘(« WITH
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Coevt s L— Xo X" )¢
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T. RI&ID CATEGORIES
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T. RI&ID CATEGORIES
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T. RI&ID CATEGORIES
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T. RI&ID CATEGORIES

RI&ID CATEGORY
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MNMDAL
INTel witn
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T. RI&ID CATEGORIES
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Il with
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T. RI&ID CATEGORIES

RI&D CATEGORY
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Il with
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T. RI&ID CATEGORIES
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T. RI&ID CATEGORIES
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T. RI&ID CATEGORIES

RI&D CATseroﬁn
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T. RI&ID CATEGORIES
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X
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