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T . DOCTRINAL ADIANCTAN # COINDICED ALGEBRAS

THEOREM  (SPECIAL CASE OF DOCTRINAL ADIUNCTION, KEWY )
TAKE MoONOIDAL CATEGORIES € AND B WITH
(Fre—sb)— (&: 5—)

ADJIWNCTION BeTweend U\JDE?\%MG CATE GORIES
ANIT % : Tdg=>GF & COMNIT €:F& > Tdy .
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T . SWRBALGERBRAS AND |DEALS ASSUME € (S ABEUAN MONOB DAL

ALG(EBRA IN (\Q)@’)"L)O\Ji:")
(0\3 oddeCT A € §Q

(L) MACTIP'N MORPH\IM
M= MA: ABA D AT

() WNIT MORPHIIM
We=up : A>A %

SA’HSFamGr’

(A@A)@AM Ae(rep)

M%iv\L o l'\d@M
AQA As A

M M

A_
(Assoc\mwTa AXIOM)

'ﬂ@AﬂASA ( LEFT )
[\

N LM VITAUTY
A

AX(SIA
e
ABL—AsA & ot )

\1 \m (umw.\ra
AN AX(SM

RIGHT IpEAL = (T, LA‘_. : T—oA ] (’?: "]'_@A__)T_)
OF (Ajmiu) DEFINED Ukewise

o S (1’ G I=A, AQ’AQ‘I""Il flA:'-I@A 4’1):
OF (A, M \A)

(AoT)en —=°y 2t he(TeA)
(_LL)Q‘) = LEFT IDEAL d \@id \L 5 &/"6‘@[’
(T,,p) = RGHT (DEAL TeA AGT

N e

A LEFT IDEAL OF (A,MA,M) CoNSISTS oF
A Sugogzect (T, = : T—A)

AND A moRPHSM AT : A@T — T  Snch THAT

Qpp, 1IN A
(A@ NeT -Lg Ae(reT) LloT =225 AST ® 3"9;7 AsA
: enh
MA@ w\l f) L\d@ N1 J \ / A ')1: 9 "
AeT AT * A
A\) /A - —> A
T T T
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T . SWRBALGERBRAS AND |DEALS

ALG‘EBRA IN (\62)@)1\10\11:")
(o\) oddeCT A € §Q

(L) MRCTIP'N MORPHAIM
M= MA: ABA D AT

() WNIT MORPHIIM
W:=Ua = ’]._—-%A e,

SATISFY VG :

Oaa
(ASM) B A =255 Ao (Aep)
M@io\]/ 2 l-\d@M
AQA As A

M M

A_
(Assoc\mvlTa AXIOM)

MA%ASA ( LEFT )
[\

N \m (womary
A

AXISIA
A8
ARL—>AsA RIGHT )

\2; \m (umTAura
AN AXISIA

ASSUME € (S ABELAN MONBIDAL

RIGHT IpEAL = (T) Lﬁ_. :T—oA ) ()21_ ']'_@A__)T_)
OF (Ajmiu) DEFINED Ukewise

(DEAL = (I) GE T-A, %Q‘-AQSI—%I, FQ:I@A 41):
Q«G&I)@A . Ae(Tea)

(_Lik 7\) = LEFT (DeAL reid | ) &,l&@r
| TsA A®T
(T,,p) = RIGHT IDEAL N i s
EXAMPLE: (DEALS OF (Ajm,u) eA\a(ﬁ);
* Ass  wITH  (=Udp N=m p= My
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T . SWRBALGERBRAS AND |DEALS

AL&EBRA IN (\Q)®)1\')0\1‘9“Ir)
(o\) oddeCT A € §Q

(L) MRCTIP'N MORPHAIM
M= Mat ABA > A et

() WNIT MORPHIIM
W:=Ua = ’]._—-%A e,

SATISFY VG :
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(ASM) B A =255 Ao (Aep)
M@io\]/ 2 l-\d@M
AQA As A

M M

A_
(Assoc\mwTa AXIOM)

MA%ASA ( LEFT )
[\

N \m (womary
A

AXISIA
A8
ARL—>AsA RIGHT )

\2; \m (IAN\TAL\Ta
AN AXISIA

ASSUME € (S ABELAN MONBIDAL

RIGHT IpEAL = (T) LAE :T—oA ) (); ']'_@A__ﬂ'_)
OF (Ajmiu) DEFINED Ukewise

lD€AL = I) (g : —LéA) AQ:AQT.—%I' rg t Tep 4‘[):
QF‘ (A,MI\A) o
Q«QI)@A G, Ae(Tea)

(_ka;?\) = LEFT (DeAL reid | 9 &,l&@r
TsA A®T
(T,,p) = RGHT (IDEAL
- N e
EXAMPLE: (DEALS OF (Ajm,u) € A\a(ﬁ) .
¢ AOBS W\ TH L‘—’-'LAA) (>\=MA ) P=MA
'(%ESM;O) WITH = Oy ?\:A@OO} =0®AQ
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T . SWRBALGERBRAS AND |DEALS

AL&EBRA IN (\Q)®)1\')0\1‘9“Ir)
(o\) oddeCT A € §Q

(L) MRCTIP'N MORPHAIM
M= Mat ABA > A et

() WNIT MORPHIIM
W:=Ua = ’]._—-%A e,

SATISFY VG :

(0
(ASM) B A =255 Ao (Aep)
M@io\]/ 2 l-\d@M
AQA As A

M M

A_
(Assoc\mwTa AXIOM)

MA%ASA ( LEFT )
[\

2 M [womauT
m | A)(ttw\3
A
A8
ABL—> AsA RIGHT )

\2; \m (IAN\TAL\Ta
AN AXISIA

ASSUME € (S ABELAN MONBIDAL

RIGHT IpEAL = (T) LAE :T—oA ) (); ']'_@A__ﬂ'_)
OF (Ajmiu) DEFINED Ukewise

lD€AL = (1) (g : —LéA) AQ:AQT.—%I' '3;:’[@}\4‘1’_):
QF‘ (A,MI\A)

Q«@ST-) QA —hE Ae(TeA)

(_ka;?\) = LEFT (DeAL reid | 9 &,l&@r
TsA A®T
(T,,p) = RGHT (IDEAL
- N e
EXAMPLE: (DEALS OF (Ajm,u) € A\a(ﬁ) .
¢ AOBS W\ TH L‘—’-'LAA) (>\=MA ) P=MA
'(%ESM;O) WITH = Oy ?\:A@OO} =0®AQ

ALL OTHER IDEALS 0F A = PROPER IDEALS OF A
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

ARSUME € \S ABELAN MONDIDAL

CooL FACT - |DEALS ARE NoNWNITAC SWBALGERRAS.
B

[DEAC OF (A M)
(T,0) susoed. oF A
Ez'}‘: AeT—>T
P: JeA —T
3.
Ameid) = Alide) ) o
')\(u%(o\)= X
‘>\k = M(id@ L)

‘)(idGSM)‘—'- P(!’@“’\)"-“
p(deu)=r
pe = M(L@)(o\)

{P’)\ = %(L&G‘)‘ [

Copyright

© 2024 Chelsea Walton




T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
@Wn:=un : A >A <%
SAT ASSOC. £ WOVT. AX(dSM

[DEAC OF (A M)
(T,0) susoed. oF A
Ez'}‘: AeT—>T
P: JeA —T
3.
Ameid) = Alide) ) o
')\(u%(o\)= X
‘>\t = M(’\AQ L)

‘)(MQM)‘—'- P(Y@“’\)":‘
p(deu)=r
‘) (= M(L@)(o\)

[P)\ = %(L&@e‘ [

ASSUME € (S ABELAN MONDIDAL

CooL FACT - |DEALS ARE NoNWNITAC SWBALGERRAS.
B

EXERCIE 413 “|F T CoNTANS Ap, Tien T=A."
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
(L) M= Ma: ABA D A
@Wn:=un : A >A <%
SAT ASSOC. £ WOVT. AX(dSM

[DEAC OF (A M)
(T,0) susoed. oF A
Ez'}‘: AeT —T
P: JeA —T
3.
Ameid) = Alide) ) o
)\(u%(o\)= X
N\ = m(ide L)

‘)((d®M)= P(Y@id\)li‘
p(deu)=r
‘) (= M(L@)(o\)

[P)\ = %(L&@Q‘ [

ASSUME € (S ABELAN MONDIDAL

CooL FACT - |DEALS ARE NoNWNITAC SWBALGERRAS.
B

EXERLSE 415 “(F T conTAWS Ap, Tien T=A.
SWPPosE T (5 A \DEAL OF AN ALGEBRA AN €.

IF 3 MeRPHISM Up: LD T v € sucH THAT

Wt T
t/;’lé)
> A
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T . SWRBALGERBRAS AND |DEALS

ASSUME € (S ABELAN MONDIDAL

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT Act
(L) M= Ma: ABA D A
@Wn:=un : A >A <%
SAT ASSOC. £ WOVT. AX(dSM

[DEAC OF (A;m,u)
(T,0) susoed. oF A
EZ'}‘: AeT —T
P: JeA —T
3.
Ameid) = Alide) ) o
\(ueid) = &
A\ = m(de L)

‘»((d®M)= P(Y@id)ol‘
p(deu)=r
P (= M(t@)(o\)

[P)\ = %(L&@e‘ o~

CooL FACT - |DEALS ARE NoNWNITAC SWBALGERRAS.
B

EXERLSE 415 “(F T conTAWS Ap, Tien T=A.
SWPPosE T (5 A \DEAL OF AN ALGEBRA AN €.

IF 3 MeRPHISM Up: LD T v € sucH THAT
a7
A ) J/LI )
> A

Then, T 15 A WNITAL JIBALGEBRA oF A WiTH WNIT Ug

£ T = A A ALGEBRAS IN
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
(L) M= Ma: ABA D A
@Wn:=un : A >A <%
SAT ASSOC. £ WOVT. AX(dSM

[DEAC OF (A M)
(T,0) susoed. oF A
Ez'}‘: AeT —T
P: JeA —T
3.
Ameid) = Alide) ) o
)\(u%(o\)= X
N\ = m(ide L)

‘)((d®M)= P(Y@id\)li‘
p(deu)=r
‘) (= M(L@)(o\)

[P)\ = %(L&@Q‘ [

ASSUME € (S ABELAN MONDIDAL

PROP: (F : (Mmu) = (N)w)w) e Ala(t), TheN
THe KERNEL oF %oma‘Aom_’Afow
FORMY AN (DEAL OF (A ma).

EXERCBE 413 “|F T oNTAINS Ap, TieN T=A."

SWPPosE T (5 A \DEAL OF AN ALGEBRA AN €.

IF 3 MeRPHISM Up: LD T v € sucH THAT
a7
L ) J/\‘I )
> A

Then, T 15 A WNITAL JIBALGEBRA oF A WiTH WNIT Ug

£ T = A A ALGEBRAS IN
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T . SWRBALGERBRAS AND |DEALS

ARSUME € \S ABELAN MONDIDAL

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A,m,un)
(T,0) susord. oF A
= A: AeT T

P: JeA —T
.9

Ameid) = Aide} ) o
')\(u%(o\) =4
‘>\k = M(id@ ()

‘)(idGSM)‘—'- P(!’@“’\)":‘
p(deu)=r
pe = M(L@)(o\)

{P’)\ = %(L&G‘)‘ [

PROP = 1T #: (Muu) = (Nn)w) e Mal(t), Then
Twe KERNEL oF Séom‘A%:\_’Afow
FORMY AN (DEAL OF (Am ).

PROIF SKETCH -

o ¢ .
(eT 1:= ker(?fow) N/ I\ g ’A“z j .
0
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

ASSUME € (S ABELAN MONDIDAL

PROP = 1T #: (Muu) = (Nn)w) e Mal(t), Then
THe KERNEL oF Séotba : Aoss — Aoss

FoRMY AN

(DEALC OF (A m u).

[DEAC OF (A,m,un)
(T,0) susord. oF A
=/ % AT DT

P: JeA —T
.9

Ameid) = Aide} ) o
')\(u%(o\) =4
‘>\k = M(id@ ()

‘)(idGSM)‘—'- P(Y@“’\)":‘
p(deu)=r
pe = M(L@)io\)

{P’)\ = ?\(U\G‘)‘ [

PROIF SKETCH -

LET /_[11 ker(?gow) N/
TAKE =
GET \ A ToLows:
AT
o/ J
> A >
Iy 2
g}
Q
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A M)
(T,0) susoed. oF A
Ez'}‘: AeT—>T
P: JeA —T
3.
Ameid) = Alide) ) o
')\(u%(o\)= X
‘}\k = M(id@ L)

‘)(idGSM)‘—'- P(v@id\)o-\‘
p(deu)=r
pe = M(L@)(o\)

{P)\ = %(L&G‘)‘ [

ARSUME € \S ABELAN MONDIDAL

?_EQ_? - \F ¢ : (A)M‘u\% (A’)V\/)“/) € A\a(t‘)) TH’EN)
Tue KERNEL oF 560153 : Aowy — Afow

FoRMY AN

(DEALC OF (A m u).

PROIF SKETCH -

o ¢ .
LGT /_[== ker(?gow) N/ I\ i A:z j .
TAKE ve= Q
GET N A FoLows: [FSGA\QW)]
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A M)
(T,0) dusord. oF A
Ez'}‘: AeT—>T
P: Iep —TL
3.
Ameid) = Alide) ) o
')\(u%(o\)= X
‘>\k = M(id@ ()

‘)(idGSM)‘—'- P(Y@“’\)":‘
p(deu)=r
pe = M(L@)io\)

{P’)\ = ?\(U\G‘)‘ [

ASSUME € (S ABELAN MONDIDAL

PROP = 1T #: (Muu) = (Nn)w) e Mal(t), Then
THe KERNEL oF Séotba : Aoss — Aoss

FoRMY AN

(DEALC OF (A m u).

PROIF SKETCH -

o ¢
LET /_[11 ker(?gow) N/ I\ - A:z j .
TAKE v-=x 0
GET N A FoLows: [556/\\3(*1)]

AST ®9
ded! 2
N dof N
ADA — A'®A
\« 2 ) !
o(/ /[
>A
Iy > A v,

ol
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T . SWRBALGERBRAS AND |DEALS

ALG(EBRA IN (\62)@)"-\')0\11:")

ARSUME € \S ABELAN MONDIDAL

() OBTECT Ac%
(L) M= Mma: Ao\ > AcY,
Qn=un : A >A <%

PROP = 1T #: (Muu) = (Nn)w) e Mal(t), Then
THe KERNEL oF Séom‘A%:\_’Afow
FORMY AN

(DEALC OF (A m u).

SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A mu)

PROIF SKETCH -

N: A@L—DT

z(l,c) SB9BY. OF A
P: I8p —T

3

Ameid) = Aide} ) o

')\(u%(o\)= X
‘>\k = M(id@ L) A@]‘_
(idem) = p( @id) |
F} (idsu)= rv A
pe = M(L@)(o\)

TAKE vi= '

GET \ A ToLows:

R ¢ .
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0
[P rpe)|
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{P’)\ = %(L&G‘)‘ [
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T . SWRBALGERBRAS AND |DEALS ASSUME € (S ABEUAN MONQ DAL

AUGEBRA IN (\Q)®)1\')0\J-Llr) RQP : : ‘Al W G N
W ovgeer pet [ |EREIF £ (huw) = (Nwjw) € My(e), The

(L) M= Ma: ABN D Aet THe KERNEL oF 360\53 : Aosy — Alea

Rih:=un : A > A % FQKM& AN [DEAL OF (A,M‘u).
SAT ASSOC. § WOVT, AXIdMS

Ny TCH -
IDEAC OF (Am,n) TROOF SKeTCH
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(T,0) dusoed. oF A . . TS5 A—F5A
Ez')\:A@sI—)I €T Ti=kerlfons) w/ S~ i /A
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Ameid) = Alide) ) o GET N A FoLows: LlkeWise, c(eq—()
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iz
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T . SWRBALGERBRAS AND |DEALS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG

L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A M)
(T,0) dusord. oF A

= N AT —T

zpz Iep —TL
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Ameid) = Aide) ) a
\(ueid) = &

(>\L = M(io\@ ()

P(id@m): P(‘a@id\)&‘
p(deu)= v
pe = M(L®(o\)

[P)\ = ‘)\(u\@\)\ *®

ASSUME € (S ABELAN MONDIDAL

FoRMY AN

(DEALC OF (A m u).

?_EQ_? - \F ¢ : (A)M‘u\% (A’)V\/)“/) € A\a(t‘)) TH’EN)
The KERNEL oF $éotba : Aoss — Alosa

PROIF SKETCH -

LGT 1= ker'(?gow) N/

TAKE vi= '

GET \ A ToLows:

/
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3 (>EALOF A...
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T . SWRBALGERBRAS AND |DEALS ASSUME € (S ABEUAN MONQ DAL

AUGEBRA IN (\Q)®)1\')0\J-Llr) RQP : : ‘Al W G N
@ ovseer ret | |EREF I £ (ouw) = (Nwjw) € My(e), The

(L) M= ma: ABA > At THE KERNEL oF 56%3 : Aoy — Aows

Rih:=un : A > A % FQKM& AN [DEAL OF (A,M‘u).
SAT ASSOC. § WOVT, AXIdMS

OF SKETCI - DETAILS = Exerase 4. \4
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/ ¢
(T,0) dusoed. oF A . . TS5 A—F5A
Ez')\:A@sI—)I €T Ti=kerlfons) w/ S~ i /A
p: I8A —T TAKE vi= ' Q
3.
\meid) = Aide) ) a GET N A FoLows: Likewue, et p
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N = mn(ided) Ac?‘\; BY aV. PReT. oF
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((dem)= P(v@ié\)l’k H
r daswn)= ' M P}
pL= m(ioid) _\{ ___i_> A & SA TieN Creck (T “ﬂ)P)
— X 15 INVEED AN
(px = Midep) o 3 IDEALOF A ...

iz
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™. QROTIENT ALKEBRAS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
@Wn:=un : A >A <%
SAT ASSOC. £ WOVT. AX(dSM

[DEAC OF (Am,u)
(T,0) susoed. oF A
Ez'}\: AeT T
P: Iep —TL
3.
Ameid) = Aide) ) a
\(usid) = X
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N . QUOTIENT ALKEBRAS ASSUME € (S ABELIAN MONS(DAL

AUGEBRA IN (&,®,1,0,L,r) - BIMCT WITH £ (X8 —), (- ®X) ARE RIGHT EXACT VX.

(a) OBTECT Ac%
(W) M= Mat ABA S AT (OKERNELS AS RIGHT exACT BANCTORS

(QUi=tn : A=A <% PRESERVE COKERNEW
SAT. ASS0C. & WOVT. AXISMS

[DEAC OF (A;m,u)
(T, susoed. oF A
=] % AT oI

P: JeA —T
9

Ameid) = Alide) ) o
\(ueid) = &
A\ = m(de L)

P(M®M)= P(Y@id\)ol‘
r((o\Su)= r
‘) (= M(L@)(o\)

[P)\ = %(L&@Q‘ ®~
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™. QROTIENT ALKEBRAS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A M)
(T,0) susoed. oF A
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P: JeA —T
9

Ameid) = Aide} ) o
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'Im

— ' S A m ;@\WQL)::A/I

FORMS AN ALGEBRA IN G SucH TWAT T eAlg(e).

Copyright © 2024 Chelsea Walton



™. QROTIENT ALKEBRAS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS
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(T, susosd. oF A
Ez'}\: AeT —T
P: JeA —T
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£ (X&), (- eX) ARE RIGHT EXACT VX.

PROP : TAKE (Am,u) € Mg(&) with deal (T, N, p).
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™. QROTIENT ALKEBRAS

ALGERRA IN (&,®,4,0,4,r)
(&) OBTECT AcG
L) M= Ma: AN D AT
(Qn=upr : A >A <%
SAT ASSOC. & WOVT. AXISMS

[DEAC OF (A M)
(T, susosd. oF A
Ez'}\: AeT —T
P: JeA —T
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Enjoy this lecture?
You'll enjoy the textbook!

C. Walton’s “Symmetries of Algebras, Volume 1” (2024)

Available for purchase at :

619 Wreath (at a discount)

/ SYMMETRIES \
‘( o F \

ALGEBRAS https://www.619wreath.com/

VOLUME |

Also on Amazon
&
Google Play

CHELSEA WALTON
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