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= RECALL=
THERE ARE MANY CATEGORIES OWT THERE ...
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= RECALL=

THERE ARE MANY CATEGORIES OWT THERE ...

AND MANA ADMIT A
MONOIDAL STRUCTURE @, 1L ...

SO0 WE CAN DO ALGERBRA

A-Mod
‘,\) ﬁgM{ Mod—
? (A|B)—BiMoo\
(o&lIcAL/ A-Bimed
CATEGORICAL
ASE

(rEOMeTRIC
TOPOCOGICAL
CATEGORIES

Top

Copyright © 2024 Chelsea Walton



= RECALL=
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= RECALL=
MONOIDAL C.ATEGmK‘a

(ﬂ)@ML)
CATEC(OK% OF
ALGERRMN (NG

Al Sm) DICED —
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MQONOIDAL CATE&OR
t2“=(V€Qmﬁﬁ§mqlk)
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M: ABA— A l MQRPH (S MU
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= RECALL=
MONOIDAL C.ATEGmK‘a

G:=(Jek X 1)
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MQONOIDAL CATEGOR
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= ReCAlLL=
ALSQO SAW THAT MONQIDAL FWWCTORS

TRANSPORT ALGERRAS...

(7,7, F)

M= FOO F32)
lA/ = F((k) \:(°)
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L .(BOUMODULES N MONO(DAL CATEGORIES

MONO DAL QATE%Ka
(ﬂ)®1&>
Now (eT's STRDY THE
CATEGORY OF
MODULES OVER —

ALGERRAY (NG

A= Mod ()

FoR A€ Alg(e)
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L .(BOUMODULES N MONO(DAL CATEGORIES

MONO DAL CATEGrGKa
(ﬂ)®1&>
Now (eT's STRDY THE
CATEGORY OF
MODULES OVER —

ALGERRAY (NG

A= Mod ()

FoR A€ Alg(e)
REPRESENTATION
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L .(BOUMODULES N MONO(DAL CATEGORIES

MONOIDAL CATEGOR
Take (A M )€ My (e). (€,0,1) 3y
A LEFT A-MoDuLe N ¢
CoNSISTS OF

A—Mod (@)

FOR A€ Ma(t)

REPRESENTATION
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A m,u) € Algle),

A LEFT A-MoDwnLe IN <%
CoNSISTS OF

(@ AN ogJeeT M (N €

MONOIDAL QATE%Ka

() A MORPHSM b AQMO M W

(CEFT ACTION MoRPHIS M)
SATIFAN &
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A M )€ My (e).

A LEFT A-MoDwnLe IN <%
CoNSISTS OF

(@ AN ogJeeT M (N €

MONOIDAL QATE%Ka

() A MORPHSM b AQMO M W

(CEFT ACTION MoRPHIS M)

SATISFAN &

(A@A)@MMA®(A®M)

N&id J/ 9) Lid@b
AsM AeM

S

®id
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!

L
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A M u) € Algle),

A LEET A-MoDwnLe IN <
CoNSISTS OF

(@ AN ogJeeT M (N €

(5) A MORPHSM - AQMO M W L
(LEFT ACTION MoRPHIS M)

SATISFAN &

(A@A)@MMA®(A@M)

N&id L 9) lidgb
AsM AeM

S

®id
'ﬂ_Q M(k—t—P A@M

!

L

Copyright
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A—Mod (@)
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FORMS A
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T pe oM yiace) (M) W)
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L .(BOMODULES N MONO(DAL CATEGORIES
MONOIDAL CATEG«»Ka

TAKE (A1, u) € Alg(e), (€0 1)

A LEET A-MoDwnLe IN <
CoNSISTS OF

(@ AN ogJeeT M (N €

A= Mod (¢.)

For ke Alg(t)

(5) A MORPHSM - AQMO M W L
(LEFT ACTION MoRPHIS M)

A NG
SATRFY - FORMS A
(A%AFM——”*A@Y*W) CATEGoRY)
MBid T \I\‘\'\’H
AeM\2 A®M ﬁe H‘DMA—Mco\(‘ﬁ) (M) W)
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k ’th/ A®M, 1 M/

Copyright © 2024 Chelsea Walton



L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MaDULE IN G (S
(@ orIeCT M (N

(5) MAP > ARMO M N
SAT(BFtA\'JGr g

(Asssc) DM d) = b (idep) o
(Wim) pueid) =8

TORMS CATE GoRy)
A-Mod (%)

WIUTH

e H"MA—M«A(%{) (M) M/)

]
e thm, (M, W) 5.
P¥ =(ideg)v
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L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MoDuLe IN ¢ (1§
(@) ogIecT M (N G

(5) MAP > ARMO M N
SATIFYING -

(Asssc) DM d) = b (idep) o
(Wim) pueid) =8

TORMS CATE GoRy)
A-Mod (€.)

WIUTH

pe HOM eace) (M) M)

]
ge tom, (M m) 5.
P = (deg)

RIGHT A-MODULES (N € DEFINED

CLIKeEWISE
ORJeCTS - (MQ‘Q) a - M@A-—qu“C)

SAT\SFaN& ASSEC. | (T,

FORMY QAT €GoRY Mod-ACE )
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L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MoDRLe IN G (S

DEFIVED
(@) oBJecT M (N L RIGHT A-MODULES (N € LIKEW\SE
(5) MAP D ARMD M N OBIECTS - (Meﬁ) q - M‘Z)A—éMG‘C)
SATQF(A\,JGT ’ SATS F'amec ASSSC. | W(T,
(ssec) De i) = b (dep) FORMS QATEGORY  Mod-ACE)

(Wim) pueid) =8

A- BIMODULES (N &

FORMS CATE GoRy) 0BIECTS : (M) B - AeM—M, 4 : L ®A __QM)

A-Mod (%)

WIUTH

pe oM jaace) (M) M)

i
g€ tom, (M, m) 5,
P = (deg)
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L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MoDRLe IN G (S
(@) oJecT M (N ¢

(5) MAP > ARMO M N
SATIFYING -

(Asssc) DM d) = b (idep) o
(Wim) pueid) =8

TORMS CATE GoRy)
A-Mod (%)

WIUTH

pe oM jaace) (M) M)

i
g€ tom, (M, m) 5,
P = (deg)

RIGHT A-MODULES (N ¢, DEFINED

LIKeWISE
ORJeCTS - (Me‘ﬁz) 4 - M@A—AMG“C)

SATEFQING ASSeC. ;) W,

FORMY QAT €GoRY Mod-ACE )

A- BIMODULES (N &
GBJGCTS:Q«\)D =A@M——9M)4=M®A—9M)
1

With : (M, D) e A-Mod(€)
(M) 4) € Med-AC(C)
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte).

LEFT A-MoDRLe IN G (S

DEFINED
(@) oBJecT M (N L RIGHT A-MODWRLES (N ¢ LIKEW\SE
(5) MAP D ARMD M N OBIECTS - (MQQQ) q - M‘Z)A—éMG‘C)
SAT(sFa\'JG\— ’ SATS F'amec ASSSC. | W(T,
(ssec) De i) = b (dep) FORMS QATEGORY  Mod-ACE)

(Wim) pueid) =8

A-RIMODULES (N &

FORMY CATEGoRY BIECTS : (M) B : AGH—M, <+ @A _QM)

A-Mod (%
) Witk : (M, D) e A-Med(€) ¢ ‘Efifi]@A %Asj({};zf)
Wi (M4) € Med-ACL) Me A 2 pen
A M

¢€ HDMA—M«\A(‘C) (M) M/)

Wi
e thm, (M, W) 5.
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L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MoDRLe IN G (S

DEFIVED
(@) oBJecT M (N L RIGHT A-MODULES (N € LIKEW\SE
(5) MAP D ARMD M N OBIECTS - (Meﬁ) q - M‘Z)A—éMG‘C)
SATQF(A\,JGT ’ SATS F'amec ASSSC. | W(T,
(ssec) De i) = b (dep) FORMS QATEGORY  Mod-ACE)

(Wim) pueid) =8

A- BIMODULES (N &

FORMS CATE GoRy) 0BIECTS : (M) & - AeM—M, 4 : L ®A __QM)

A-Mod (%
) Witk : (M, D) e A-Med(€) ¢ ‘E‘ifi]@A %Asj({};zf)
Wi (M 4) € Med-ACL) Me A 2 pen
A M

eHb ~Mad (& (M) ’
f“‘ Macnaace) (M) 1) FORMY CATE GoRy A-Rimod C€)

;z{e H"DM&C(M) M/) 9. H‘bMA—MoA(‘l) (M’M/)
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L .(BOMODULES N MONO(DAL CATEGORIES

TAKE (A1, m)€ Alg(e).

LEFT A-MoDRLe IN G (S
(@) oJecT M (N ¢

(5) MAP > ARMO M N
SATIFYING -

(Asssc) DM d) = b (idep) o
(Wim) pueid) =8

TORMS CATE GoRy)
A-Mod (%)

WIUTH

pe oM jaace) (M) M)

i
g€ tom, (M, m) 5,
P = (deg)

OBTAIN SWBSTRUCTARES £ QuSTIeN T STRUCTURES
WHeEN € (5 AReLAN MO DAL

RIGHT A-MODULES (N ¢, DEFINED

LIKeWISE
ORJeCTS - (Me‘ﬁz) 4 - M@A—AMG“C)

SATEFQING ASSeC. ;) W,

FORMY QAT €GoRY Mod-ACE )

A- BIMODULES (N &
GBJGCTS:(M)D =A@M——9M)4=M®A—9M)

WiTh : (1, D) € A—Mod (€) : P@‘ifiJ@A %Asj({i;zf)
(M)4) € Med-ACL) Me A 2 AsM
T M

TORMY QATE GoRY A-Bimod(€)

%MA'MOA(‘Q) (M) M,)

HoM, &, (M,n) = N
A-Bimod (@) ) H'QM e (M)M/)
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A i u)e Aate),

LEET A-MoDALE (N G S
(@) oIeCT M (N &
(6) MAP >:AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MaDULE (N ¢ (S
(@) oJeeT M (N ¢

(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A ()

A-BIMODALE N G S
(®) oBIECT M (N &
(b) MAPY D ,a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ CcM?AT(’BIU'r'a

FORMS CATEG. A-Bimod (€.)

EXAMPLES
ORAATLE.
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L .(BOMODULES N MONO(DAL CATEGORIES

D
TAke (A m uw)e Mg le). %——LES
LEFT A-MoDLE N G (S REQ’“&AK

(@) oIeCT M (N &
(6) MAP >:AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

(EFT A-MODIE

A(Areﬁ)z(A) P=MA>

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (N IT. AXIOMY

FORMS CATEG. Mod—A ()

REGUCAR
RIGHT A-MODULE

(Are% (A) 4= MA)

A-BIMaDULE N ¢ (§
(®) oBIECT M (N &
(6) MAPY D, a IN €
SAT. (A,;p) € A-Med(€)
(A,4) € Mod-ACt)
+ CoMPAT (’Blwr'a

FORMS CATEG. A-Bimod (€.)

REGUCAR
A-BIMODIE

(Areob (A ) ©=d= MA)
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte). %——PLES
LEFT A-MoDWLS N <S8 REQ’“LAR- LQFT 'D€ALS OF A .

(@) oIeCT M (N &
(6) MAP >:AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

(EFT A-MODIE

(Aeq) =(A, p=mn)

(E%) L '}:\'—A@I-%l’)

i o

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N
(5) MAP 4 MRAD M N L
SAT ASSOC £ (WIT. AXIOMY

FORMS CATEG. Mod—A ()

REGULAR
RIGHT A-MODULE

(Are% (A) 4= MA)

RIGHT IDEALY OF A
(E)L» P ’I@A%I)

A\

\,
M "

A-BIMoDALE IN G (8
(®) oBIECT M (N &
(6) MAPY D, a IN €
SAT. (A, P) e A-Med ()
(A,q) € Mod-ACS)
+ CoMPAT (’Blwr'a

FORMS CATEG. A-Bimod (€.)

REGUCAR
A-BIMODIE

(Areob (A ) ©=d= MA)

IDEALY OF A

(I L,’}\)F)

~N
M R
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte).

TAKE AL =(t, 2, ide) € Alg(e). Then :

LEFT A-MoDuLg IN ¢ (S

() cageeT M (W A-Mod (€) = Mod-A(€) = 4A-Bimod(€)
(6) MAP >:AQMO M N
SAT. ASSOC £ UNIT. AXIOMS <~ € AS CATEGORIES

FORMS CATEG. A—Mod (€.

RIGHT A-MaDULE (N ¢ (S
(@) oJeeT M (N ¢

(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A ()

A-BIMaDULE N ¢ (§
(®) oBIECT M (N &
(5) MAPS D) a IN ¢
SAT. (A,;p) € A-Med(€)
(A,4) € Med-ACt)
+ CcM?AT(’BIU'r'a

FORMS CATEG. A-Bimod (€.)
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L .(BOMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte).

LEFT A-MODALE N G 8¢

(@) oIeCT M (N &
(6) MAP >:AQMO M N

SAT. ASSOC £ (NIT. AX(OMS
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) orIceT M (N €
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A ()

A-BIMoDALE IN G (8
(®) oBIECT M (N &
(5) MAPS D) a IN ¢
SAT. (A,;p) € A-Med(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

TAKE AL =(1, 8%, ide) € Alg(). Then :
A-Mod (€) = Mod-A(€) = 4A-Bimod(€)
2 € AS CATECGORIES

TAKE (M, Dy : LeMo M) € {L-Mad.

\L Y \l%

(Wmaumy ) A=

W= idy
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte).

LEFT A-MODALE N G 8¢

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (NIT. AX(OMN
FORMS CATEG. A—Mod (€,)

RIGHT A-MoaDLE IN ¢ (S :

(@) orIceT M (N €
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (N T. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMoDALE IN G (8
(®) oBIECT M (N &
(5) MAPS D) a IN ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

TAKE AL =(1, 8%, ide) € Alg(). Then :
A-Mod (€) = Mod-A(€) = 4A-RBimod(€)
2 € AS CATECGORIES

TAKE (M, Dy : LeMo M) € {L-Mad.

THEN : Dy = L @ PAT oF STRACTURE oF €)
AL -Mad(€) = G

\L Y \l%

(wmaumy ) A=

W= idy
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEFT A-MoDuLg IN ¢ (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (NIT. AX(OMN
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDULE IN G ($:

(@) orIceT M (N €
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (N T. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODULE IN G (8-
(@) oggeeT M (N €
(b) MAPY D ,a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

TAKE AL =(1, 8%, ide) € Alg(). Then :
A-Mod (€) = Mod-A(€) = 4A-RBimod(€)

2 € AS CATEGORIES

TAKE (M, Dy : LeMo M) € {L-Mad.

THEN = Dy = S G PART oF STRICTIRE o )
A-Mad(E) = &

LIKEWSE , Mod- L =G SWCE dp=Tn .
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (yuyu)e Mate), TAKE AL == (ﬂ;ﬂfq) idt) S A\O(ge‘ ). TheN:

LEFT A-MODALE N G 8¢

() cageeT M (W A-Mod (€) = Mod-A(€) = 4A-RBimod(€)
(6) MAP > AQMO M N
SAT. ASSOC £ UNIT. AXIOMS <~ € AS CATEGORIES

FORMS CATEG. A—Mod (€,)

RGHT A-MoDuLe (N G (52 | TAKE (M) D s oM M> e {L-Mad.

0RIeCT M (N ¢
E:; MAP QTM@ A(—e M e THeN - ‘>p\ = &M (&— PART OF STRACTIRE oF <C)

SAT. ASSOC £ UNIT. AXIOMY o AL-Med(e) 2

FORMY . Mod—
P OTEE Mol A | KEWBE , Mod-L =% SNCE du=Tm.

A-BIMODALE N G (3
(@) orIceT M (N @
ALSO,

Ogm
(5) MAPS B, a N X QLQ M )@'[L —"5 1e(Me 1L)

SAT. (A,p) € A-Med(€) - Bimed (ge) =G Iu® 'to\l 2 \\/“*8 i
(A)a) € Med-ACG SINCE ¢
+ CaM?AT(‘Nu—r'a Me {L ﬂ%M
FORMS CATEG. A~Bu«0dm) l’;,\\ M /9~M
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (yuyu)e Mate), TAKE AL == (ﬂ;ﬂfq) idt) S A\O(ge‘ ). TheN:
LEFT A-MODULE N G 18

() cageeT M (W A-Mod (€) = Mod-A(€) = 4A-RBimod(€)
(6) MAP > AQMO M N
SAT. ASSOC £ UNIT. AXIOMS <~ € AS CATEGORIES

FORMS CATEG. A—Mod (€,)

RGHT A-MoDuLe (N G (52 | TAKE (M) D s oM M) e {L-Mad.

0RIeCT M (N ¢
E:; MAP QTM@ A(—e M e THeN - ‘>p\ = &M (&— PART OF STRACTIRE oF <C)

SAT. ASSOC £ UNIT. AXIOMY o AL-Med(e) 2
FORMS CATEG. Mod—A ()

LIKEWSE , Mod- L =G SWCE dp=Tn .
A-BIMODALE (N G (8

(@ ogdeeT M (N & o
&) MAPY D) da m( 1 ALSQ' QLQ M )@'& _ﬂa 1e(M& 1L)
SAT. (A,p) € A-Mod () L-Bimed (€)= & 4 lo\l S Exekg.\ wer,
ASM (4
(A)a) € Med-ACG SINCE ¢ s
+ CoHPATBIUTY Ml AleM
FORMS CATEG. A-Rimod (€,) m\_» M 4/1,,\
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A )€ Algte).

LEFT A-MoDuLg IN ¢ (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (NIT. AX(OMN
FORMS CATEG. A—Mod (€,)

TAKE AL =(t, A, ide) € Alg(R). Then :

A-Mod (€) = Mod-A(€) = 4A-RBimod(€)
2 € AS CATEGORIES

RIGHT A-MoaDLE IN ¢ (S :

(@) orIceT M (N €
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (N T. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODULE IN G (8-
(®) oBIECT M (N &
(5) MAPS D) a IN ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

TAKE (M, Dy : LeMo M) € {L-Mad.

THEN : Dy = L @ PART oF STRACTURE oF €)
AL -Mad(e) = G

LIKEWSE , Mod- L =G SWCE dp=Tn .

ALSO, oMt 2ot s pe(me 1)

(= BiMQO\ (ge)@-l G &“®1Al E?(Gkg-\ e,

SINceE ¢ (39 34&%&/\
NATARAUT

0
OF C AT 4 f\
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ordeeT M (N G
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (WIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMaDULE N ¢ (§
(@) oggeeT M (N €
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,q) € Mod-ACS)
+ CoMPAT (‘Blwr'a

FORMS CATEG. A-Bimod (€.)

CXERCUE 425 JHow THAT :

(&) (A®X) DA@Y : A®—%@X) > A®X )
foR XeC, Oppx dEF fM@s(o\
= FREE MODULE = Qe A)eX
€ A-Mod ()

(b) Tree : <, > A—Mod(¢)
X —> (A@X, Dhsx)
\S A FANCTOR.
(<) Q’ree,) —{ (Forey : A-Mod(t) — TL}
(M) ») ——> M

(INSTANCE OF FREE ~FoR&ET AdIWNCTIN)
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(ET'S EXPLORE THS
ON THE TOAKRD

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ordeeT M (N G
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (WIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMaDULE N ¢ (§
(@) oggeeT M (N €
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,q) € Mod-ACS)
+ CoMPAT (‘Blwr'a

FORMS CATEG. A-Bimod (€.)

CXERCUE 425 JHow THAT :

(0*) (A@’X) DA@(: A@’—(A@X) > Ag X )
foR XeC, Oppx dEF fM@s(o\
= FREE MODULE = Qe A)eX
€ A-Mod ()
(&) Tree : <, > A=Mod ()

X = (A@X, Dhsx)
\S A FANCTOR.

(<) Q’ree,) —{ (Forey : A-Mod(t) — TL}
(M) ») ——> M

(INSTANCE OF FREE ~FoR&ET AdIWNCTIN)
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEFT A-MaDILE IN G |§:
(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MaDLE (N ¢ (S
(@) ojIeeT M (N G

(5) MAP 4 MRAD M N
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODALE N G S
(®) oBIECT M (N &
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C°M?AT('BIUT'3

FORMS CATEG. A-Bimod (€.)

(ET'S EXPLORE THS
ON THE TBOAKD

CXERCUE 425 JHow THAT :
(“) (A@)X) PA@K: AQ—(A@X) > Aa X )
foR Xel Op A% beF 7}4@5(0\
= FREE MODULE = AeA)sX
€ A-Mod()
ASSUME o STRICT WOk . TieN NEep -
Ma® [dp®id
A® A QN @X > AQ A®X
A ® Ppgx l 2 l Baex
DA@SX
AoheX > AdX

Uua® tdn id\x\

LeAaX = AsX > As AsX
2 J,"

d AKX
MA@)X
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T .(BYMODULES (N MONO(IDAL CATEGORIES | (ET'S EXPLORE THIS

ON THE TOAKD

Take (A )€ Algte).

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N @
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (W IT. AXIOMY

FORMS CATEG. Mod—A (€.)

CXERCUE 425 JHow THAT :

(&) Tree : <, > A'MQO\(“C)
Xl———=>(A@ X, (MA@“&A(MAQ

\S A FANCTOR

A-BIMaDULE N ¢ (§
(®) oBIECT M (N &
(6) MAPY D, a 1N €
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C°M?AT('BIUT'8

FORMS CATEG. A-Bimod (€.)

]
g: M— Mleq, 3. -w\@p,\\/ ng
A@M-ﬁM/

For §:X— X/ e‘Q, WHAT (3 F(ee@()?.":

REC—ALL ¢ H\MA MM\(“(R) (M M/)
AsM £—
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L .(BOUMODULES N MONO(DAL CATEGORIES

(ET'S EXPLORE THS
ON THE TOAKD

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N @
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (W IT. AXIOMY

FORMS CATEG. Mod—A (€.)

CXERCUE 425 JHow THAT :

(&) Tree : <, > A'MQO\(“C)
Xl———=>(A@ X, (MA@“&A(MAQ

\S A FANCTOR

A-BIMODALE N G S
(®) oBIECT M (N &
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C°M?AT('BIUT'3

FORMS CATEG. A-Bimod (€.)

]

RECALL & e foMy e U‘:(@::/)
E:M— Mleq 3.

e o j/sé
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+ Do€s Free(idx) = W Frern) VXet 77
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Copyright © 2024 Chelsea Walton




L .(BOUMODULES N MONO(DAL CATEGORIES

(ET'S EXPLORE THIS
ON THE TOAKD

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N @
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (W IT. AXIOMY

FORMS CATEG. Mod—A (€.)

CXERCUE 425 JHow THAT :

(&) Tree : <L, ? A"Moo\(‘ﬁ)
X (——’>(A@ X, (MA@&X) O\A R X>

\S A FANCTOR

A-BIMODALE N G S
(®) oBIECT M (N &
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ CcM?AT(’BIU'r'a

FORMS CATEG. A-Bimod (€.)

RECALL @ e toMp yaceg M M’)
AsM 2

]

%M—') MIGQQ J.  deg Lg{

A@MﬁM’
cFoR §:X—> X e®, WeAT 18 Free(®) T
« DoOES Free (idx) = io\F(QeQ() VXe€ €°

¢+ WES Frre(Fg) = Free (§) Tree(y) <7
\} Compasaeie ‘},‘8 € HBMC‘G)
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L .(BOUMODULES N MONO(DAL CATEGORIES

(ET'S EXPLORE THIS
ON THE TOAKRD

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N @
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (W IT. AXIOMY

FORMS CATEG. Mod—A (€.)

CXERCUE 425 JHow THAT :
(c) Q:reb) — F-oroé A Mod(€¢) — €

(M, %) +— M>

E:ree <, 2 A-Mod () ]
X |_:>(A@ K) Py i= (Maeid) &;,‘A,X >

EITHER DEFINE —

“"l‘ Tde = Far:s s Free

A-BIMODALE N G S
(®) oBIECT M (N &
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C°M?AT('BIUT'8

FORMS CATEG. A-Bimod (€.)

SATISPY NG Vxet \ e A Mod ()

%

F) 25 egrix)

PN

Copyright
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L .(BOUMODULES N MONO(DAL CATEGORIES

(ET'S EXPLORE THIS

ON THE TOAKD

Take (A i u)e AMate),

LEFT A-MoDLS N G (S

(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE™ N ¢ (8

(@) ogdeeT M (N @
(5) MAP 4 MRAD M N L
SAT. ASSOC £ (W IT. AXIOMY

FORMS CATEG. Mod—A (€.)

CXERCUE 425 JHow THAT :
(c) Q:reb) — F-Qroé A Mod(€¢) — €

(M, %) +— M>

Eree " 5 A-Mod Ct) ]
X |_:>(A@ K) Py i= (Maeid) &;,‘A,X >

EITHER DEFINE —

“"l‘ Tde = For:s s Free

A-BIMODALE N G S
(®) oBIECT M (N &
(B) MAPY D )a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C°M?AT('BIUT'8

FORMS CATEG. A-Bimod (€.)

SATISPY NG Vxet \ e A Mod ()

%

F) 25 egrix)

PN

\l/ Erx)

£(x)

€: Greeo Fora = Td A-Mod(e)

F=Tree
Ge:= F&\ﬂb

&) ey, GFG—(“ )

$ N
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Jtfow

oMy e )(Fr{eo()) ﬂ) = fomg (¥, For(y ))
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T .(BYMODULES (N MONO(IDAL CATEGORIES | (ET'S EXPLORE THIS
ON THE TOAKRD

TAKE (A)M/“)e A\'z(“ﬁ). EXGKCLSE 4(_:L§ SH,ON THA’T -

LEFT A-MODULE N G (§:

() oBIECT M (N '€ () (Frec) —{ [Fory: A Mod (¢) — ’Q>
® MAP >:AB M M W (M%) — M
SAT. ASSOC £ UNIT. AX(OMY

FORMS CATEG. A—Mod (€,) E:r e 2 A-Mod (¢) ]
RIGHT A-MaDULE (N G (S Xl—»(A@ K) Pexc = (MA@'M&Z,‘AM)

(@) ogIECT M (N G
) MAP A MRAO M N
SAT. AssoC £ (T axions || Tde= Torgofree | 4 | €: frresFory = Ty uaice)

FORMS CATEG. Mod-A(E) | SATRYNG NXe€, \eA- Med () : Fi=Free

EITHER DEFINE —

G -F&\ﬂb
A-BIMODULE N G 13+ Z' Fo) 25 Egrcx) Cr(‘i)—ewc«‘{)
(@) ogdeeT M (N € WHICH \ 1 £ ¢ ey
(B) MAPY D )a N ¢ DY AN £(x) ac“ &(\‘)
SAT. (A,p) € A-Mod() PREFERT 2
(A,4) € Med-ACt)
T CoMATIBILTY OR

s | [P ) = o O sy )
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEET A-MoDALE (N G S
(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MaDLE (N ¢ (S
(@) oJecT M (N ¢

(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODALE N G S
(®) oBIECT M (N &
(5) MAPS D) a IN ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

= RECALL= “MADULES avVER CATEKORIES’
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEET A-MoDALE (N G S
(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (N T. AXIOMY
FORMS CATEG. A—Mod (€,)

RIGHT A-MoDLE (N G (8
(@) ogIECT M (N G
O mreamaAo M we | = RECALL= “MADULES OVER CATEKoRIES’

SAT. ASSOC £ (NIT. AXIOMY A RIGHT MODRLE QATE(‘mRa oVER €& 13
FORMS CATEG. Mod—A () .

("lvl ) <l/:klx“(’4—4’kl . ol)
A-BIMODALE (N G (8 ] ) /) FOMIATIBIUTY
() oRIECT M (N & (ATEGORY  ACTION BIFUNCTOR  Agsec. ANIT. CoNETRAINTS

(b) MAPY D ,a N ¢

SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)
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L .(BOUMODULES N MONO(DAL CATEGORIES

Take (A i u)e AMate),

LEET A-MoDALE (N G S
(@) oRIeCT M (N &
(6) MAP > AQMO M N

SAT. ASSOC £ (NIT. AX(OMN
FORMS CATEG. A—Mod (€,)

RIGHT A-MaDLe IN ¢ (8-
(@) oJecT M (N ¢

(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODULE IN G (8-
(@) oggeeT M (N €
(b) MAPY D ,a N ¢
SAT. (A, ) € A-Mod(C)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMS CATEG. A-Bimod (€.)

= RECALL= “MADWULES OVER CATEKORIES’

A R\GHT modnLe QATE(‘ma oVNER € O
( <]|: €% —
Jﬂ ) ,):klx 1‘1 ) v;);l) +um/mstu1‘a

CAT€(NR‘3 ACT(ON BIFANCTOR  Ass0C. ANIT. CoMSTRAINTS

A LEFT MODALE QATG(}NKa ONER €
( 2 —_—
J}'ﬂt ) /}Qxﬁ 11 ) N}'F) Jrc»m/mNuT‘(\

CATc-:eoR‘a ACT(ON BIFANCTOR  AssaC. MNIT. CoNSTRAINTS
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Take (A i u)e AMate),

LEFET A-MaDWLe IN ¢ (§:
(@) oRIeCT M (N &

(6) MAP > AQMO M N
SAT. ASSOC £ (NIT. AX(OMN

FORMS CATEG. A—Mod (€.

RIGHT A-MaDte IN ¢ (8-
(@) oJecT M (N ¢

(5) MAP 4 MRAD M N L
SAT. ASSOC £ (NIT. AXIOMY

FORMS CATEG. Mod—A (€.)

A-BIMODULE IN G (8-
(@ oedecT M (N €
(b) MAPY D ,a N ¢
SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
+ C«M?AT(’BIUT‘a

FORMY CATEG. A-Bimod (€,)

PROP “MopALES (N & ARE MADULES WVER 6"

A-Modk(€) € Mod—te ViA

< A-Mod(8) X €% ——  A-Mod(€)
((M,p), x)\—e (M@X, » - As(MeX) — M@X)

-\ EF .
Qpm,x \/ > TP@’W

(A@M\)%)(

= RECALL= “MADWULES OVER CATEKORIES’

A R\GHT modnLe QATE(@R& oVNER ¢ O
( <]|: €% —
J;‘l ) ,):klx 1‘1 ) v;);l) +um/muu1‘a

CAT€60R‘3 ACT(ON BIFANCTOR  Ass0C. ANIT. CoMSTRAINTS

A LEFT MODALE QATG(‘ma ONER €
( 2 —_—
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CATE@R‘a ACT(ON BIFANCTOR  AssaC. MNIT. CoNSTRAINTS

Copyright © 2024 Chelsea Walton




L .(BOUMODULES N MONO(DAL CATEGORIES

ke Gy W) A @) PRSP "MODALES (N & ARE MADULEY WER G

LEET A-MODUALE" (N G 18 : A-Mod C6) € Mod—t ViA
(®) oBIECT M (N & .
(6) MAP > AQMO M N <1: A'Mbo\(‘ﬁ) X % —_— A—-MQO\(“(,)

SAT. ASSOC £ (WIT. AXIOMY ((M, p)) X)\—e (M%X) » : As(MeX) —s M@X)
FORMY CATEG. A—Mod (%) 0\;.:4»( \/ deF fpaaot,(
A NG @emex

RIGHT A-MaDLc | ($:
(@) orgeeT M (N G Modh-ACE) € t=Mod VIA

) MAP A MRAO M N

=% X Mod-ACE) —— Mod-AC%)
SAT. ASSOC £ (NIT. AXIOMY
FORMS CATEG. Mod—A () (X) (M, 4 )) — (XQM) 4 (XsM)sA—> X® M)
O\Y.M;A\/ YE [y a
A-BIMoDALE IN G (8
Xa (M@
(@) ojgeeT M (N G (UeA)
(b) MAPY D ,a N ¢
SAT. (A, ) € A-Mod(€) (A LEET MODALE CATEGORY OVER €& 1
(A,q) € Mod-ACS) =t X W — M
+CoM?AT(‘BIU'r'a J;'l, ) /}Q /kl /kl ) ? ));F ) -\-(»M?NTQBIL\Ta
FORMY CATEG. A~Bg“0dm) CATEGDR‘a ACT(ON BIFUNCTOR  AsseC. N(T. CoMSTRAINTS
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\ "
Tike Oy, u)€ Ay (). PROP “"MopuLes (N & ARE MsDULES OVER G
LEET A-MaDULE (N G 1§ : A-Modk () € Mod-He ViA
(@) oBIeeT M (N €& .
() MAP > ABMD M N e <t: A-Mod () X & — A"M“O\(gc‘)
SAT. ASSOC £ (WIT. AX(OMY ((M, p)) X)\—a (M%X) » : As(MeX) —s M@X)
FORMY CATEG. A—Mod (%) st \/ e foeidy
A NG Qenjex
RIGHT A-MaDLc | ($:
(@) ogdeeT M (N € Mod-ACE) € t=Mad VIA
(E)MA?QiM@A—%MlMt D'% X Mbo\*A(‘Q\ NN Mbo\"A(\Q)
SAT. ASSOC £ UNIT. AXIOMY
FORMS CATEG. Mod—A () (X) (M, 4 )) — (XQM} 4 (XsM)sA—> X® M)
O\Y.M;A\/ YE [y a

(A-BIMGDU\LE IN G (8 PROQF = wa(MeA)
DosECT M Wt EXERCNE 4.8
(b) MAPY D ,a N ¢ )
SAT. (A, ) € A-Mod(€) (A LEFT MODWLE QATecmta ONER € 13

(A)4) € Mod-ACE) Tl X M — A

T eRmTIEITY J;L )= ’}Q /kl 11 ) p ;? ) CAMTATIBILITY
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Take (A i u)e AMate),
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(@) ordeeT M (N G
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FORMS CATEG. A—Mod (€,)

RIGHT A-MoDULE (N G (8

(@) ogIECT M (N G f S SORITYE 1
) MAP A MRAO M N
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FORMS CATEG. Mod—A () L

A-BIMODALE (N G (§°
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(b) MAPY D ,a N ¢

SAT. (A,p) € A-Mod(€)
(A,4) € Med-ACt)
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FORMY CATEG. A-Bimod (€,)
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ALG(EBRA IN (ﬂ) ®, ',L) LS/’\]R\QT.

(o) OBTECT Act
(L) m:=MAc AsA > At
() wi=un: A —>A %G

SATISFYING
(AssoC) M(M@ida)=M(idp@M)

(M(T.) M (e idp) = ida
M (idp® ) = ida

FORMS CATEGORY
A\a 6)
WITH

?Se H'“MA‘(SQ@ ) (A) A’)
l

K A—%A/ €
.
Em = M (Fao¥)
gun = w/
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NATILCTRMISFING e T T = T
Vl T =T
SATEYING

Copyright © 2024 Chelsea Walton

ALG(EBRA IN (ﬂ) ®, ',L) LS/’\]R\QT.
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