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L. FUNCTORS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

\:or6= ©— 0 FoR&ETFUL FUNCTOR (FORGET STRUCTURE)

FORKET MULT(?.
Ab <

CoNSISTS OF R'ms
(o) FOJe Q VXxet,.
Vee FoRGET
(1) Fig) Hama CFx), Fy) Wacns
RESY.,
Fq) € Homy (Fey), F(X))
Vg-x -\ €.
RESPCCT (NG
* Fldx) =W gox) Wxet
. F(k%\ = F(W) \:(6)
V”‘S:X')\‘) k\‘—ﬁ% et
: () — x T EMBevpNG:
RESY., FX'Y fowte )\” e F )'F(Y))) d7 Fﬁg\ P FATH £ (8T & DRIS
Fab) = FUHTly) FEATHERC: | FFWCC:  |F \:l\u.'a PATHFRC: [ T €83. SNRJ
V"?'-W"’X) ”():X’)\‘ et FX.“ (N, VX,Y Fx,x‘ SURy. VX;Y Fx,\‘ BId. VX,Y V‘(GB):SXG‘Q 3\I“='F(><)
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T. FUNCTORS \:or6= ©— 0 FoR&ETFUL FANCTOR (FORGET STRUCTIRE)

A, FANCTOR F:G—>H FORGET MULT(P.
(Rest., CONTRAVARIANT) Ab <
CoNSISTS OF 'R'ma
() FOY e D Vxew.,
Vec FoRGET
(1) Flg)e Hamy CFCx), FOy)) St pAAR
Fq) € Homy (Fey), F(X))
Vg-x -\ €.

FORGET

PARTIAL Poset
RESPECT (NG GRDERINGT

* F('ld\x) =id F(x) YXe,

To\, FORGeT

+ Flhg) = F(WFlq) ToR oGy

V”‘S:X’)\‘) k\"‘ﬁ T et

: T EMBCOD(NG:
Fx,\( H'W\‘(, 0‘)‘( ) = Homg (FX) lF(Y)) ) 37 F(%\ T FATH (8T o) DRTY

Rest,
(Fkoﬁ\ = F$\1Flg) ) F EATUERL: | FEWlL: FFl\LUa FATUERC: | T €Ss. SNRT :
V:wWoX, ﬁzx—w et Fx.\[ (N7, VX’Y in1 SURy. Vx,Y Fx.\‘ BJ. VX,Y \}\(GB,Z}XG‘G 3\(~=F(><)
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L. FUNCTORS / \:Qraz %— 0 FoRGETFUL FUNCTOR (FoRGET STRUCTIRE)
A, FUNCTOR F:6—>8 U\wAu,a FAITHERC FORGET MULT(P.
(Resk-, CONTRAVARIANT) Ab <

CoNSISTS OF ¢ 'R'ma
() FOY e D Vxew.,
Vee FoRGET
() Fla)€ Homy (F(X), FCY)) o ﬁct:t?a?
RESt.,
Fq) € Homy (Fey), F(X))
Vg-x -\ €.
FORGET
?:’KT(AL Poset
RESPECT (NG GRDERINGT
* Flidx) = d gex) Vxet
. FORGeT
. F(k«%\ = F(k\F(a) T\: ToRoLoey
V”‘S:X’)\‘) k\‘—ﬁ% e
: Xy ] — o T EMBCUD (NG :
-y Friy * home 06Y) = g (F0) F(Y) ) 41 Flg) Eiputy N
Fab) = T\ Flg) F EATHRRL: | FEWCL: FFl\LUa PATHERC: | T €53 SARY :
FH:WX) 4:X2Y et By 3. ¥xY F""l Sugg. WX,y Fx,\‘ B VY | V(eD,Ixel 5N 2F)
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L. FUNCTORS / \:Qr6= % — R FoRGETFUL FUNCTOR (FoRGET 8T RWCTURE)
A, FANCTOR F:G—>B U\mu,g FAITHEWC FORKET MULT/®.
(Resk-, CONTRAVARIANT) NOT NEC BrLL Ab <

CONSISTS OF : NOR ESS. SWRY. Ry
(o) FOJe D VXxet.,
Vee FoRGET
() Flq) € tHumy (F(X), FCY)) ok ﬁct:té];
RESY.,
Fq) € Homy (Fey), F(X))
Vg-x -\ €.
FORGET
?:’KT(AL Poset
RESPECTING:: GRDERINGT
* Flidx) = d gex) Vxet
. FoRGeT
+ Flhg) = F(WFlq) Tof TobeLoey
V”‘S’X’)\‘) k\[—a%e‘ﬂ
: Xy ] — o T EMBCUD(NG:
.y Friy * home 05Y) = dhomg (F0) F(Y) ) 41 Flg) Eiputy N
Fat) = FEITG) | Epamurac: | FRUL: F Ly FATUFIC: | F €55, SuR3:
FH:WX) 4:X2Y et By 3. ¥xY F""l Sugg. WX,y Fx,\‘ B VY | V(eD,Ixel 5N 2F)
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L. FUNCTORS

A, FANCTOR F:6—>B
(Rese., CONTRAVARIANT)

CONSIETS OF :

() FOY e D VxetL.,
() Flq) € tHumy (F(X), FCY))

RESY.,
Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(kt%\ = F(W) \:La)
V”‘S:X’)\‘) k\‘—ﬁ%et

Rest,,
(ﬂw = FHIFy)
V'-f—-.w—%)() DO:X—)W et

/ \:0r6= %— 0 FoR&ETFUL FRNCTOR (FoRGET STRACTURE)

ASWALLY FALTHFUC (1 FORKET MULTIP.
A

NOT NEC FulL

NOR ESS. SARY. Ring

FD"Z)'- K’u\ob —> Ab

Fray t fomg, 06y ) — Ao (FOR) T CY) Fa) | T EMBUHING:
il " )Y) ) | Y))SH %\ P EATh £ (8T &) BRTS

FEATHFUC: | FEWCC: | F Py FATHRWC: | F €55 S0RY:
Fx,\‘ (NT WY Fxp‘ SURY. N Y Fx.\‘ BIJ. ¥X) (€D, 3xet >\ 2Fx)
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L. FUNCTORS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF -

() FOY e D VxetL.,
() Flq) € tHumy (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(k%\ = F(W) \:La)
V”‘S:X’)\‘) k\‘—ﬁ%et

7 \:or6= ©— 0 FoR&ETFUL FUNCTOR (FORGET STRUCTURE)

FORKET MULT(P.
Ab

NSWALLY FATHPUL

NOT NEC FulL
NOR ESS. SRRY.

CANNST BE
WPGRADED <

Ta RING- HOMDWN .

'R'ma

: Oy | — T EMBDY (NG :
a0, Fx,\{ fome, 09 ) = thg (FOQ) FLY) ) 4 Fg) T rir 40 a0 S
Fat) = FEFY) | Epmenc: | Frae: [F FALLY FATUFUL: | F €55, SUR:
V"?'-W"’X) ﬁ’xﬂ)w €t FX.“ (N, VX,Y Fx,\‘ SURy. VX;Y Fx,\‘ Bld. VX,Y ‘J\(GB,L%XG‘G .3\("='F(><)
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L. FUNCTORS / \:or6= %— 0 FoR&ETFUL FRNCTOR (FoRGET STRACTURE)
A, FUNCTOR F:6—8 U\wAu,a FAITHERC FORGET MULT(P.
(Rest., CONTRAVARIANT) NOT NEC BIRLL = Al

CoNSIETS OF: | ror €85, SWRY- Riny
() FOY e D VxetL., L
(L) Flq)€ Homy (FCX), FLY)) FD‘:”) K’W\"c — A e
Rest., N
(F( ) € Homg (FCy), F(X)) CANNOT BE Z
3 3, Y| -
Vgx—o\ et WPGRADED AZ <
T RING HomOW. [ denr PO 1
RESPECTING:
~ CANNST BE
* Fldx) = pex) Wxet, .7 wegRpvED & Q/&
T RINGr
- Flhg) = FIIF(y)
Va:XN) ket
: Ky ) —3 T EMBCODING
a0, Fx,\{ fome, 09 ) = thg (FOQ) FLY) ) 4 Fg) T rir 40 a0 S
Fat) = FEITG) | Epamurac: | FRUL: F Ly FATUFIC: | F €55, SuR3:
VWX, ﬁ’x’w et FX.\‘ ((\ng VX,Y Fx,\‘ SuRJ. VX;Y Fx,\‘ Bld. VX:Y V‘(GB):SXG‘Q 3\(“='F(><)
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L. FUNCTORS \:Qraz %— 0 FoRGETFUL FUNCTOR (FORGET STRUCTIRE)

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSI&TS OF !

(o) FOJe D VXxet.,
() Flq) € tHumy (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(k%\ = F(W) \:La)
Y9 XY, ko2 et

Fray : fomg, (67 ) — Ao (FOX) T Y) Fa) | T EMBUHING:
il " )\” ) | Y))SH %\ P EATh £ (8T &) BRTS

Rest,
(F(oy%\ = F$\1Flg) ) F EATUERL: | FEWCL: F‘a«uﬁ FATUERC: | T €Ss. SNRT :
V:wWoX, :6:5(—5\‘ et Fx.\[ (N7, VX’Y FXN SURy. Vx,\{ Fx.\‘ BJ. VX,Y \}\(GB,Z&XG‘G 3Y~=F(><)
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L. FUNCTORS

A, FANCTOR F:G—B
(Rest., CONTRAVARIANT)

CoNSISTS OF !

() FO e N Vxee,.
L) F(s\e tamg (F(X), FCY))

RERR.,
Fq) € Homy (Fey), F(X))
Vg-x -\ €.

RESPECT (NG

* Flidx) = d gex) Vxet

. FUM%\ = F(W) \:(6)
V”‘S:X')\‘) k\‘—ﬁ%efa

Tac: €8 wewnson (

(MPOS ING- A CERTA(N PRAPERTY )
OF ORTS (twms (N & o ORTS [t N &

: Gy )™ T EMBELY (NG
a0, Fx,\( fome, 09 ) = thg (FOQ) FLY) ) 4 Fg) T rir 40 a0 S
Fab) = FUHTly) FEATHERC: | FFWCC:  |F Fl\LUa PATHFRC: [ T €83. SNRJ :
V"?'-W"’X) ”Q:X’)\‘ €t FX.“ (N, VX,Y Fx,x‘ SURy. VX;Y Fx'\‘ Bld. VX,Y ‘J\(GB,:%XG‘G 3\I“='F(><)
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L. FUNCTORS

A, FUNCTOR F:6—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF !

(o) FOJe QD VXxeL,.
() Flq) € tHumy (F(X), FCY))

RERR.,
Fq) € Homy (Fey), F(X))
VaxX-o\et.

RESPECTING:

* Flux) = d gx) Vet

° F(k%\ = F(k\ﬂa)
V@rxf)\f) k\- 2 et
Rest,,

(ﬂ%@b FFlg) )
VWX, 4:X2\ et

Tae: G0 wewnson (

(MPOS ING- A CERTA(N PRAPERTY )
OF ORTS (Hwms (N § oN ORTS [t N &

s )

Gf 0 VCF

AL

Fx,\( . H'“M&(.(x)\{ ) — ’“\P\g (F(X) |F(Y)) ) SH F(ﬁ\

T EMBCOY NG :
P EATH £ (83 & DRI

F FATHERC:
Fx.\‘ (NT WY

FFwL:
Fx,x‘ SuRy. VX]Y

F PLLy PATHEUC:
Fx,\‘ B ¥XY

T e JARY:
V‘(GB )3><€‘ee .3\1“='F(><)
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L. FUNCTORS

A, FANCTOR F:G—B

Tne: 64— R NeLrs(on ( [MPOS (NG A CeRTAN) PRAPERTY )
OF ORTS (Hwms (N § oN ORTS [t N &

YR

(Rest., CONTRAVARIANT) Grrowp Ab
CONSISTS OF: Rinsﬂ
CGMR'U\'A
(o) FOJe Q VXxet,.
Vcc)}
() Fla)€ Homy (F(X), FCY)) FdVec
RE., A\aé‘) ComAly
Fq) € Homy (Fey), F(X)) W
Vg-x -\ €.
RESPCCT (NG
* Fldx) =W gox) Vet
. F(k%\ = F(W) \:(6)
V”‘S:X')\‘) k\‘—ﬁ% et
: () — x T eMBevpNG:
e, Fx,\( H‘“M‘(. )‘() tomg (F ){F(‘{))) 3\—3 F(&\ T Eairh 4 (g ) SESS
Fat) = FAT) I Eramirc: | FRMG  [Frcuy Pamiec| F ess. soRa:
V"?'-W"’X) ”():X’)\‘ €t FX.“ (N, VX,Y Fx,x‘ SURy. VX;Y Fx,\‘ Bld. VX,Y V‘(GB):SXG‘Q 3\I“='F(><)
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L. FUNCTORS

A, FUNCTOR F:6—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF :

(o) FOJe Q VXxet,.
L) F(s\e tamg (F(X), FCY))

RERR.,
Fq) € Homy (Fey), F(X))
VaxX-o\et.

RESPECTING:

© Flidx) = o) Vet

. F(k%\ = F(k\ﬂa)
V@rx')\‘) k\- 2 et

RESR,
(F(%JG\ = P4\ Flg)
VW, ﬁ:X—N et

Tae: >R wewnson (

AUNALS FAITHEUL

IE FULL | THeN
€= FuLL SWBCATOFS:

HMJ\&Q()Y) = H‘M‘(, ()(IY)
¥X e

(MPOS (NG A CERTANN PRAPERTY )
OF ORTS (Hwms (N § oN ORTS [t N &

Gromb
Fﬁnaz///’———\\\

COM‘R'U\B

Vcc
FdVe ‘3

c

A\'éé‘) COMA\%

Friy * home 05Y) = dhomg (F0) F(Y) ) 41 Flg)

T EMBCOY NG :
P EATH £ (83 & DRI

F EATuFaC: | FFRWCC:
By W3 ¥y F""l SuRy. ¥y Y

F LUy PATHEUC:
Fx,\‘ BIJ. ¥XY

T e JARY:
\;‘(GB )3X€‘ee .aY“éF(X)
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L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fq) € Homy (Fey), F(X))
Vg'-‘)( S\ et

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = F(WFly)
Yy, k-2 et
Rest,

(F(?,M= I FLg) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS...
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L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fla) € thmy (Fey), Fx))
Vg'-x-ax‘ e,

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = FUW Fly)
Yy, k-2 et

Rest,
(F(?,%\ - FU\FY)
V'-f—-.w—%)() DO:X—)W et

ALGERRAMC FINCTORS...

ALGEBRAIC
CATEGORIES Vee
__—
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L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fq) € Homy (Fey), F(X))
Vg'-x S\ et

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = F(WFly)
Yy, k-2 et

Rest,
(F(?,Jé\ - FU\FY)
V'-f—-.w—))() v‘):X—)\‘ et

ALGERRAMC FINCTORS...

)

ALGEBRALC
CATEGORIES

./
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Vee

/ kR FIED

\I@(R—
TFoR N € Vec

)
Q
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ToR W €Vec




L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FOIe D Vxet..
() Fq)€ Homy (), FLY))
RESt.,
Fla) € thmy (Fey), Fx))
Vg'-x-ax‘ e,
RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = FUW Fly)
Yy, k-2 et
Rest,

(F(?,Jé\——- P4 Flg) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS...

/ kR FIED

Vee — Vec
W—— V8, W

Vo — -
IR

{wfﬁw’] — [\J@“\w %l V@mW’]

FOR Fixed VeVec

ALGEBRA \c
CATeGo rqes
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\I@(R—
TFoR N € Vec

Yoo &
Q

-@Rw
ToR W €Vec




T. FUNCTORS ALGEBRRAMC FINCTORS... / kR FIED

A FANCTOR F:¢—>D \"X)'R" * Vee — Vee FOR Fixed VeVec
(Rewr., CONTRAVARIANT ) WE—— V3 W
CONSISTS OF : {w?—)w’] — [\l%“\\!\' MV@@W’]
(o) FOJe D VXxet.,
Ve~
() Flq) € Homy (F(x), FCY)) FoR V€ Ve
RER., ) -
(F(3\ e tamy (FCY), F(X)) ALGEBRAIC &
Vg'-x-%\[ €. CATeGOR(ES Vee
_ —D
RESPECT(NG: wW
. . —®(R
* Flidx) = d gex) Vxet ToRW €Vec
+ Flhg) = F(WFlq) —® W * Jec — Vec FOR FixeD WeVec

¥ kYo et RV —oVeW

Rest, % R dw
(F(?,Jé\——'\:(%\ﬂ%) ) VoV o [Vew Ao W |
\H-.w—ax) ﬁzx—w et
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L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fla) € thmy (Fey), Fx))
Vg'-x-ax‘ e,

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = FUW Fly)
Yy, k-2 et
Rest,

(F(?,Jé\——- P4 Flg) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS...

/ kR FIED

\’® -+ Jee =™ Yec
" W—— V8, W

ndw] o [Veuw 2% ve, w/]

FOR Fixed VeVec

/

TweSe -
ARE ALGEBRAIC
COVARIANT @OK(E 5 —\Vec é

\I@(R—
TFoR N € Vec

./

-@Rw
ToR W €Vec

—®@ W * \ec — Yec
" V\——?V@“\W

(Vz’\/’l = [\l@lkw —\ @“\W]

FOR FixeDd WeVec

% Qpidw

Copyright © 2024 Chelsea Walton



L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fla) € thmy (Fey), Fx))
Vg'-x-ax‘ e,

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = FUW Fly)
Yy, k-2 et

Rest,
(F(?,%\ - FU\FY)
V'-f—-.w—%)() DO:X—)W et

ALGERRAMC FINCTORS...

ALGEBRAIC
CATEGORIES Vee
__—

Copyright © 2024 Chelsea Walton



L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fq) € Homy (Fey), F(X))
Vg'-x S\ et

RESPECT NG

* Fldx) = Wl gx ) Vxevt

+ Flhg) = F(WFly)
Yy, k-2 et
Rest,

(F(?,Jeb I FLg) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS...

/ kR FIED

|'\'°M|R(\I) ")
Tor V€ Vec

ALGEBRAIC
@fomﬁ Vee é

./
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L. FUNCTORS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CONSIETS OF :

(o) FOJe Q VXxet,.
L) F(s\e tamg (F(X), FCY))

RESY.,
Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG
* F('ld\x) =id £(x) V)(e‘(l_

. F(ko&\ = F(W) \:(6)
Y9 XY, ko2 et
Rest,

(Fkﬁ\'—' B Fly) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS... / kR FIED

Home(V;-) = Vee — Vec FOR FixeD \eVec
W — HQM(({(V W)

DN—)W’] = [ tom (VW)= Hom AV, W )]

£ —— af
H’“an\(\’) ")
ToR N € Vec
ALGEBRA IC
CATeGo K(ES Vee é
H‘“Mk(")w)
TFoR W €Vec
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T. FUNCTORS ALGEBRRAMC FINCTORS... / kR FIED

A, FUNCTOR F:6—b Homp(y) =) * Vee — Vee FOR FIxeD VeVec
(Rest., CONTRAVARIANT) W tom e (V,W)
CONSISTS OF : DN—)W’] = [ tom (VW)= Hom AV, W )]
(o) FOYIe D VXxetl,. i %‘}
H‘“Mk(\’)")
() Fq)€ Homy (), FLY)) TFoR V€ Vec
RESt., )
(F(3\ € H’OMQ,(F(\())F()()) ALGTEBRA \C &
Vax-N et CATEGO K(ES Vee
RESPECT(NG: )
Homp(—)W
* Fldx) =W gox) Vet 'FQ?\\‘ZG\)JQC,
+ Flhg) = Flh) Fla) Hom ()W) - Vec — Vec FOR FixeD W < Vec
Vatx')\‘) ko2 et Vi—> Hom  (V, w)
RESY,, \j_) VI — | fom (V] WY Hom AV, W)
(F%‘?\ = FHIFy) ) { 1 [ IR% —> H‘R :
VWX, 4:X2\ et

Copyright © 2024 Chelsea Walton



L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RER.,
Fla) € thmy (Fey), Fx))
Vg'-x-ax‘ e,

RESPECT NG
* Flux) = d gx) Vet

+ Flhg) = FUW Fly)
Yy, k-2 et
Rest,

(F(?,Jé\——- P4 Flg) )
VWX, 9:X2Y et

ALGERRAMC FINCTORS...

/ kR FIED

H“M‘R(V;") “\Jee — Vec

W Hom  (V,W)
WD W T [t (VW)= Hon (w0

FOR Fixed VeVec

£ —— af
/\ H’“an\(\’) ")
TFoR N € Vec
COVARIMNT
ALcreBRA Y )
CATeGo rqes ec
CONTRA- ~—
VARLANT
H‘“M IR(—) W )
\/ ToR W €Vec

HQM‘R(‘)W) . \IQQ — \lec

V — tom (VW)
{V—> VT o [ Homyv) w) = tom ¥, W) ]

FoR Fixed W eVec

f—— {4
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L. FUNCTORS

A FANCTOR F:o—b
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢

() FIe D Vxet.
() Fq)€ Homy (), FLY))

RESR.,
Fq) € Homy (Fey), F(X))
Vg'-‘x S\ et

RESPECT NG

* Fldx)=1d Fx) YXet

+ Flhg) = F(WFly)
Yy, k-2 et
Rest,

(F(?,Jeb FH Fly) )
VWX, 9:X2Y et

ALGERRAC FINCTORS...

)

ALGEBRALC
CATEGORIES

/(A' B)’BiMc&
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Vee

V@’«{'
TFoR N € Vec

|‘\'°M|R(\I) ")
Tor V€ Vec

)
Q

H‘“M IR(—) W )
TFoR W €Vec
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ToR W €Vec




L. FUNCTORS

ALGERRAC FINCTORS...

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF -

(o) FOJe Q VXxet,.
L) F(S\e tamg (F(X), FCY))

RERR.,
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L. FUNCTORS

ALGERRAC FINCTORS...

A, FANCTOR F:6—>B
(Rest., CONTRAVARIANT)

CONSIETS OF :

() FY e D Vxet.,
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Fq) € Homy CFCY), FOX)
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hom xned(V)=): (A, B,)- Bimed —> (B, B.)- Bimod

VO~
TFoR N € Vec

/(A' B)’BiMc&

H’“M“K(\I) ")
ToR V€ Vec

ALGEBRALC
@ = Vmé
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L. FUNCTORS

ALGERRAC FINCTORS...

A, FANCTOR F:6—>B
(Rest., CONTRAVARIANT)

CONSIETS OF :

(o) FOJe Q VXxet,.
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RERR.,
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T. FUNCTORS ...

A, FANCTOR F:6—>B
(Rest., CONTRAVARIANT)

CoNSISTS OF -

(o) FOJe Q VXxet,.
L) F(S\e tamg (F(X), FCY))

RERR.,
Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(k%\ = F(W) \:LB)
V”‘S’X’)\‘) k\[—e%e‘ﬂ

Rest,
(F(?,M = P Flg)
V’{—:W-BX) :6:5(—)\‘ et

BETWEEN TIELDS

Cat

Jdet

LOGICAL/
CATEGOR(ICAL

CATeEGORIES

AN AYTIC
CATEGORIES
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L. FUNCTORS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF -

(o) FOJe Q VXxet,.
L) F(s\e tamg (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(kt%\ = F(W) \:La)
V”‘S’X’)\‘) k\[—a%e‘ﬂ
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ToPOLOGICAL
CATEGORIES
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T. FUNCTORS ...

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF -

(o) FOJe Q VXxet,.
L) F(S\e tamg (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT (NG

* Fldx) =W gox) Vet

. F(k%\ = F(W) \:La)
V”‘S’X’)\‘) k\[—a%e‘ﬂ

Rest,
(F(?,M = F(4)Flg)
V%zw-—)x) :6:5(—)\‘ et

BETWEEN TIELDS

O: Aff — Com A\BL

X > O(x)
AFEINE COORDINATE
\/AKIET% ALGeBRA oF X

ALGERRAIC
CATEGORIES

ToPOLOGICAL
CATEGORIES

2 CoMA\%
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T. FUNCTORS ...

A, FANCTOR F:6—>B
(Rest., CONTRAVARIANT)

CoNSISTS OF -

(o) FOJe Q VXxet,.
L) F(S\e tamg (F(X), FCY))

RERR.,
Flq) € tmy (Fey), FX))
Vg-x -\ €.

RESPECT (NG

* F('u’\x) =id F(x) VXet,

|

+ Flhg) = FW Fla)
V”‘S’X’)\‘) k\[—e%e‘ﬂ

Rest,
(F(?,M = P Flg)
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2 CoMA\%
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T. FUWNCTORS ...

A, FUNCTOR F:'6—>H
(Rest., CONTRAVARIANT)

CoNSIETS OF:

() FJe D Vxet..
() Flq)€ tmy (F(X), FCY))

Rest.,
Fla) € thmy (Fey), F¥))
Vg-x 2\ €.

RESPECTING:

* Flux) =id £x) ¥xeh

|

+ Flng) = Flh) Fla)
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RESY.,
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VWX, 4:X2Y et
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SUAPE N € Q: AL —— Com Al

CwT OWT B4 :
SETTING PoLY LS (W X O(x)
AFEINE CooRDINATE

Cf’k.)...,')(.\] eQuAl TOKO_/ VARIETY ALGeBRA oF X

- IDEAL OF
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DEFNNG X
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)

EX. n=2

@(—%fx)= Cix )

ALGEBRAIC
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T. FUWNCTORS ...

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢
(o) FOJ e Q VXxet,.

() Flq)€ tHmy (F(X), FCY))

RES?.
Flaq) € Humy (FCy), FOX))
Vg-x 2\ €.

RESPECTING:

* F(ld\)() =1d £(x) VXG‘Q_

|

 Flhg) = FIIFY)
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Rest.,
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SUAPE N € Q: AL —— Com Al
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SETTING PoLylLS (v X t ®(X\
AFEINE COORDINATE

Chey e EQUAL T O T ynpiery ALGEBRA oF X

IDEAL OF
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DEFNNG X

8(: Cha; )%l

)

E . = CYX\
ot (%) - T o
O(&5~)- UX\‘AX

_C \3
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CATEGORIES

ToPOLOGICAL
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T. FUWNCTORS ...

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢
(o) FOJ e Q VXxet,.

() Flq)€ tHmy (F(X), FCY))

ResY.,
Flaq) € Humy (FCy), FOX))
Vg-x 2\ €.
RESPCCT|NG:

* F(ld\)() =1d £x) VXG“Q_

. F(k%\ = F(k\ﬂa)
VXN, k-2 et
RERR.,

(F(g’%\ = T4 Flg) )
VWX, %:X—s\‘ et

BETWEEN FIELDS

Susee T'“sff O: AL, — Com AR e
SETTING PoLylLS (v AFFIN; CoRbipre ':i}g
Clxyy..., xnl EQUAL To O |~ VARIETY ALGERRA OF X | DerminG X
Eb(.|A;:2_ } g G:VXWZE q:vx
G( ) :
& <\ Chxy)
Q(%Y)_‘Cﬁ(\‘sx ®(_};x)= (?c':f) =¢

O(35)-
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T. FUWNCTORS ...

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢
(o) FOJ e Q VXxet,.

() Flq)€ tHmy (F(X), FCY))

ResY.,
Flaq) € Humy (FCy), FOX))
Vg-x 2\ €.
RESPCCT|NG:

* Flidx) = d pix) Wxet

. F(k?’\ = F(k\\:ka)
VaXaN) ket
ReESY.,

(F(3¥\= P FLy) )
VWX, 'ath\‘ et

BETWEEN FIELDS

Uratyy A OTAR T Godge

X [-f'_'% ®(_X\ Xi) ) X
SETTING PoLylLS (v AFFINE CoRbipre ( ':ff,;f; )
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T. FUWNCTORS ...

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢
(o) FOJ e Q VXxet,.

() Flq)€ tHmy (F(X), FCY))

ResY.,
Flaq) € Humy (FCy), FOX))
Vg-x 2\ €.
RESPCCT|NG:

* Flidx) = d pix) Wxet

. F(k?’\ = F(k\\:ka)
VaXaN) ket
ReESY.,

(F(3¥\= P FLy) )
VWX, 'ath\‘ et

BETWEEN FIELDS

SUAPE N C
CWT OWT B‘?S

SETTING ?QUX‘LX (N

O: AfL, — Com Al

L —
AFEINE

CooRDINATE
ALGEBRA oF X

OC(X) =

IDEAL OF
? QUQ‘LS

%C Cha; )%l

DEFNING X)

Ex. n=2 ‘}_;
wcuww G(

@(4}»

Yxpg
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T. FUWNCTORS ...

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF ¢
(o) FOJ e Q VXxet,.

() Flq)€ tHmy (F(X), FCY))

ResY.,
Flaq) € Humy (FCy), FOX))
Vg-x 2\ €.
RESPCCT|NG:

* Flidx) = d pix) Wxet

. F(k?’\ = F(k\\:ka)
VaXaN) ket
ReESY.,

(F(3¥\= P FLy) )
VWX, 'ath\‘ et
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SUAPE N C
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SETTING ?QUX‘LX (N
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T. FUWNCTORS ...

A FANCTOR F:G—>B
(Rest., CONTRAVARIANTT)

CONS\ST S OF
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() Flq)€ Homy (FCx), FCY))

RES?W
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Rest,
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O(F)- Tt = o
3 < Chea |
Ol )-oxl  OF™)- e
O(Fx)- Tad = oy
x)
ASE WSED (N AL&EBRAIC
GEOMET RY,
(xEOMe TR
TcPoLoee—lc(:L ALGERRALC
CATeGORIES CATeGORIES

7 COMA\%

Copyright © 2024 Chelsea Walton



T. FUNCTORS ...

A, FANCTOR F:6—>B
(Rest., CONTRAVARIANT)

CoNSISTS OF ©

(o) FOJe D VXxet,.
L) F(S\e tamg (F(X), FCY))

RERR.,
Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT(NG:

* Fldx) = W gox) Vet

. F(k%\ = F(W) \:LB)
V”‘S’X’)\‘) k\[—a%e‘ﬂ

Rest,
(F(?,M = P Flg)
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CATEGOR(ICAL

CATeEGORIES
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T. FUNCTORS ...

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF ©

(o) FOJe D VXxet,.
L) F(S\e tamg (F(X), FCY))

Fq) € Homy CFCY), FOX)
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Rest,,
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L. FUNCTORS -+« TRESERVING PRAYERTIES

SN Y) <R NEEDED
A, FANCTOR F:G—>B XY et 3xoyet <)
VXY et 30t 3 CokeRNELS
(Rest, CONTRAVARIANT) ver s | | 3ot @i
CoNS \§T7 S OF: PKEAUD(TNE = NORMAUTYE
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(o) FOJe D VXxet,. %
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L. FUNCTORS

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF :

(o) FOYJe D VXxetl,.
L) F(S\e tamg (F(X), FCY))

Rest.,
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RESPECTING:
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L. FUWNCTORS

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF :
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L. FUWNCTORS

A, FANCTOR F:G—>H
(Rest., CONTRAVARIANT)

CoNSISTS OF :
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RERR.,
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RESPECTING:
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Rest,
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T. BIFWNCTORS & MULTIFANCTORS

A BIFUNCTOR. IS A FANCTOR OF THE FOoRM:
F: € x% > N

PRODWCT
CATEGDS R‘z)
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T. BIFWNCTORS & MULTIFANCTORS

FOR A FIXED oBIE<T Xe,

A RIFUNCTOR. IS A FWNCTOR OF THE TFORM:
F: € x% > 5.
PRODWCT
CATEOvQR?)
HERE , WE GeT FUJCTORS
F(—X):¢—8 F(X,—): € —8
X FOGX) X' FOgx)
9= Ty, idy) 9+ Flidy, %)

FOR A FIXED oBIECT Xe,
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T. BIFWNCTORS & MULTIFWNCTORS
A RIFUNCTOR. IS A FWNCTOR OF THE TFORM:
T: ¢ x% > N

PRODWCT
CATEC\'OR?)
HERE , WE GeT FUJCTORS
F(—%X):¢—8 F(X,—): ¢ —8
X FOoX) X' FOgx)
a+— Fla, idx) 9t— Flidy, )
FOR A EIXED oBIET X, FoR A EIXED oBIE<T Xe 6,
EXAMPLES -

— Q¢ Vee x Nec — Vee [ — @, —: @. A)=Bimodk X (Ad)-Bimod — (B ,B2)-Bimod
Q\,;W) ‘_)”V@lkw Q\,,\N) "—%’V@AN
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T. BIFWNCTORS & MULTIFWNCTORS
A RIFUNCTOR. IS A FWNCTOR OF THE TFORM:
T: ¢ x% > N

PRODWCT
CATEGORY
HERE , WE GeT FUJCTORS
F(—%X):¢—8 F(X,—): ¢ —8
X+ FO9X) X' Foqx)
a+— Fla, idx) 9t— Flidy, )
FOR A EIXED oBIET X, FoR A EIXED oBIE<T Xe 6,
EXAMPLES
— Q¢ Vee x Nec — Vee [ — @, —: @.,A)‘Bmoo\ X (Ab2) - Bimod — (B1,B2)-Bimod
Q\,;W) ‘_)”V@lkw Q\,,\N) "—%’V@AW

HDMA_M(’)—): (A3)-Bimed x (A,B)-Bimed — (B1,82) ~Bimod
(}J)\h'\ k—__—____———___%> {*DFAAV1&°dk(ﬁJ)VU‘>
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T. BIFWNCTORS & MULTIFWNCTORS
A RIFUNCTOR. IS A FWNCTOR OF THE TFORM:
T: ¢ x% > N

PRODWCT
CATEGORY
HERE , WE GeT FUJCTORS
F(—%X):¢—8 F(X,—): ¢ —8
X+ FO9X) X' Foqx)
a+— Fla, idx) 9t— Flidy, )
FOR A EIXED oBIET X, FoR A EIXED oBIE<T Xe 6,
EXAMPLES -
— Q¢ Vec x Nee — Vee | — ®A_ : @l)A)‘BWW\ X (A;%L)—B(mo\ — (BqB?)'BlMooL
N, W) —> Vg W A, W) —>\Ve,W

op
HDMA_M(’)—): ((A,B.)—Bmo\) x (A B)-Bimed — (B1)8,) —Bimod

{*“*AA‘+ABA(}—I\AJ) ()J)\h'\ k—__—____———__—€> {*DFAAV1&°dk(ﬁJ)VU‘>
CANTRAVARIANT
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T. BIFWNCTORS & MULTIFANCTORS

PRODWCT
CATEGD R‘A

A BIFUNCTOR. IS A FANCTOR OF THE FOoRM:
F: € xe > N

LIKEWSE, A MULTIFANCTOR. (1§ A FUNCTsR &F THE ForM
T: (ea\"&eﬂax""“etw_’) N

teRe ) F(X\)---, X.\,—lj’.) XL-H)-..) Yv\\ : &QL—_B 8 Vi=\,-",w

(5 A FANCTOR Tor Fixed Xje G} (3+1)
EXAMPLES :
— Q¢ Vee x Nec — Vee [ — @, —: @.,A)‘Bmoo\ X (Ape)-Bimod — (B.,Bp)—?)mmk
Q\,;W) ‘_)”V@lkw Q\,,\N) "—%’V@AN
op
HDMA_M(’)—): ((A,B.)—Bmo\) x (A B)-Bimed — (B1)8,) —Bimod
WIVITCAY) (V)W) >ty W)
CANTRAVARIANT
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:6—>H ‘H’UW To MAVE TROM

(Rest., CONTRAVARIANT)
CONSISTS OF : ONGE CP«TGG(OK&
(&) FOY e Q VXxee,, 1o MOTH’EK

L) F(s\e tamg (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT(NG:

* Fldx) = W gox) Vet

+ Flhy) = FWFla)
Y9 XYy ka2 et
ReESY.,

(F(?,Jé\'—' T4 Flg) )
VWX, '615(—)\‘ et
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L. MATURAL TRANSFORMAT(ONS

A EWNCTOR F: 6 —>8

(Rest, CONTRAVARIANTT) oW TO0 MAVE TROM
CONSISTS OF : ONGE CP«TGG(OK&

() F e D Vxet., T MOTHER

(L) Flq)€ tHmg (FCx), FCy)) e ............

Resr, - LATER: C~8
Vg

D PR B G o D 4 Gidot
ResveCTnG: Lo GEm T § FexTdy

* Fldx) = W gox) Vet

. F(kt%\ = F(W) \:La)
V”‘S:X’)\‘) k\[—a%e‘ﬂ

Rest,
(F(?,%\ = F(4)Flg)
V}t'-w"’)() :6:5(—)\‘ et
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L. MATURAL TRANSFORMAT(ONS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CoNSISTS OF ©

(o) FOJe D VXxet,.
L) F(S\e tamg (F(X), FCY))

Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT(NG:

* Fldx) = W gox) Vet

+ Flhy) = FWFla)
Y9 XYy ka2 et
ReESY.,

(F(?,Jé\'—' T4 Flg) )
VWX, '615(—)\‘ et

fOW TO0 MAVE TROM
ONE CATE GoRY

To ANOTHER
LATGK _______________ g@ ~ g ...........................
&

3 TR PG D 4 Gidot

=2 Gr\:':’-;TOL&(O =S FG—EUQ

R J

BOMORPHAIMY (INSTEAD oF EMMAUTIES)
AW FoR. A RICHER T HEMLZ
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L. MATURAL TRANSFORMAT(ONS

A, FANCTOR F:6—>B
(Rest-, CONTRAVARIANT)

CONSIETS OF :

() FOY e D Vxet.,
() Flq) € tHumy (F(X), FCY))

RESY.,
Fq) € Homy CFCY), FOX)
Vg-x -\ €.

RESPECT(NG:

* Flidx) = d gox) Vet

. F(kt%\ = F(W) \:La)
Y9 XYy ka2 et
Rest,

(Fkﬁ\——' B Fly) )
VWX, 9:X2Y et

HOW ToO MAVE TROM
ONE CATE GoRY

To ANOTHER
LATGK _______________ g@ ~ g ...........................
&

3 TR PG D 4 Gidot

=2 G(\:':‘—;TOL&(O =S FG—%UQ

R J

BOMORPHIME (INSTEAD oF EMMAUTIES)
AW FoR A RICHER T tesry

NEED A WAY OF MAV(N G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:¢—>H
(Rest., CONTRAVARIANT)
CoNSIETS OF:

() FO e D VXeL..
(o) Flq) € Homy (F(X), FCY))

RESt.,
(F(s\ e thmy (Fy), F(X))
Vg-x -\ et
RESPECT (NG (D‘EMT\Ta
% COMPRSED MORPHS MS

GWEN FANCTORS F\F/: §—> B

A NATWRAL TRANSEORMAT(ON &B: F = F/

NEED A WAY OF MAV(N G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:¢—>H
(Rest., CONTRAVARIANT)
CoNSIETS OF:

(o) FOJ e D VXxetl.,
() Flq)€ tmy (F(X), FCY))

Resk.,
(F(S\ € H'oMg(F(\{),F(X)))
Vg-x -\ et
RESPECTING (PE MT\Ta
% COMPRSED MORPHS MS

GWEN FANCTORS F\F/: §—> B

A NATURAL TRANSFORMAT(ON @ F = F/
CONSISTS OF HoRPHISMS

{ s FO) — F/00) 10 8 et

SWCH THAT \v‘%fx—-)\f €%:

EX) >F(\(
¢¥L 2 Jj‘{y
£ = F'Y)

NEED A WAY OF MAYIN G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:¢—>H
(Rest., CONTRAVARIANT)
CoNSIETS OF:

() FO e D VXeL..
(o) Flq) € Homy (F(X), FCY))

RESt.,
(F(s\ e tmy (FCY), F(X)))
Vg-x -\ et
RESPECT (NG (D‘EMT\Ta
% COMPRSED MORPHS MS

GWEN FANCTORS F\F/: §—> B

A NATURAL TRANSFORMAT(ON @ F = F/
CONSISTS OF HoRPHISMS

P 7100 8 e

SACH THAT N5 XN €%

F ) — Fy)
P =Ty F'y)

E""----uNATU\KAUT‘a oF ¢ AT 47

NEED A WAY OF MAV(N G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:¢—>H
(Rest., CONTRAVARIANT)
CoNSIETS OF:

(o) FY e D VxewL.,
(o) Flq) € Homy (F(X), FCY))

Resk.,
(F(s\ e tmy (Fey), F(X)))
Vg-x -\ et
RESPECT (NG (DGMT\Ta
% COMPRSED MORPHS MS

GWEN FANCTORS F\F/: §—> B

A NATURAL TRANSFORMATION ¢'— P ==

SEBIRTS oF IS “COMPSNENT
{ x '-A“”F(X) — F/(X) &(l x€ €, SEEATX
SACH THAT N5 XN €%
F ) — FCy) = RleTEep A5
k| 2 L"{‘/ -
F /O() (%) 2 F /(\{) \Q JL B
!
= UNATURAUTY OF & AT+ 7

NEED A WAY OF MAV(N G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:¢—>H
(Rest., CONTRAVARIANT)
CoNSIETS OF:

(o) FY e D VxewL.,
(o) Flq) € Homy (F(X), FCY))

Resk.,
(F(s\ e tmy (Fey), F(X)))
Vg-x -\ et
RESPECT (NG (DGMT\Ta
% COMPRSED MORPHS MS

(K\WVEN TINCTORS F,F’: Q—BB)
[SOMARRHISM

A NATURAL B:F > F/
1508
(ONSISTS OF -HoRPHEUS-  (oupanenT
{8 FO =D F/O0) 8 B e, g AT X
SACH THAT N5 XN €%
FOO——F(y) | SRCTARDALS
7S¥ ‘ 2 L¢y F
£/(x) ¥ (%)) F/(\{) E LU,L B
= ANATARMUTY OF & AT 31 J

NEED A WAY OF MAV(N G
TXOM ONE FWICTOR. Td AMNOTHER
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:G—>H
(Rest., CONTRAVARIANT)
CoNSI§TS OF:

() FOJe D VXet.
() Flq)€ tmy (F(X), FCY))

Resk.,
(F(S\ e thimy (Fey), F(X))
Vg-x -\ et
RESPECTING (PE MT\Ta
% CoMPRsed MORPHHS MS

A NATURAC TRANSFEN
CRESP., N AT'L |SOMORPHISM ) F(x\ >F (Y)
s iy y ”‘ “y
F / jl% /(
- TR
¥,/' WXy et
F
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L. MATURAL TRANSFORMAT(ONS

A FANCTOR Fig—sp | CKAMPLES
(Rest., CONTRAVARIANT) L
CoNSIETS OF:
R
() FOde D Vxet. Vec \JUQQ

RERR.,
(F(s\ e Humy (Fey), (X))
Vg-x -\ et
RESPECT (NG (PE MT\Ta
% COMPRSED MORPHS MS

dy:V— N
\Yt—a[\/*——a(k
£ $6v)

A NATARAL TRANSFN

CRESP., NAT'L |SoMoRPIISM)  F (x\ >ECY )
s iy y ”“7‘7
/F\\ P/ ’%F'(Y)

o~ [F8
o V%X—)\(efo
f:,
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L. MATURAL TRANSFORMAT(ONS

A FANCTOR Fig—sp | CKAMPLES
(Rest., CONTRAVARIANT) L
CoNSI§TS OF:
R
() Fe D Vxet. FAVec ;J_L(/\Fo\\/ec

RESt.,
(F(s\ e tmy (Fy), F(X))
Vg-x -\ et
RESPECT (NG (PE MT\Ta
4 CoMpaseDd MORPHIS MS

A NATARAL TRANSFN

CRESP., NAT'L |SoMoRPIISM)  F (x\ >ECY )
s iy y ”“7‘7
/F\\ P/ ’%F'(Y)

o~ [F8
o V%X—)\(efo
f:,
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L. MATURAL TRANSFORMAT(ONS
A, FUNCTOR F:G—>B Em DETAILS (EFT To

(Rest, CONTRAVARIANT) - EHEECER
CoNSISTS OF -
MR
(o) FOIe D Vxet. Nec ~|,€ Vec

RES?.
(F(s\ e tmy (Fy), F(X))
Vg-x -\ et
RESPECTING (Dem‘ma
% COMPRSED MORPHS MS

A NATORAL TRANSFEN )

CReSP., NAT'L |Somorpiism) £ (x) )F(Y)
erar e 3
/F\\ P F’%F'(Y)
o~ [F8
o VX5 Vet
f:,
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L. MATURAL TRANSFORMAT(ONS

RESt.,
(F(s\ e thmy (Fy), F(X))
Vg-x -\ et
RESPECT (NG (DGMT\Ta
% COMPRSED MORPHS MS

AFANCTOR Fip— | FAMILES e werr o
(Rest., CONTRAVARIANT) L £ :
CONSISTS OF :
MR
() FO) e R VXxet.. \IQ,CJG’/\ Vec

%

Td
AV %@Fo\\/ec
C)
34

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

B:F=>F/

Fx) asd >ECY)
|~ ¢ ~|#
‘L @) \‘/ '

PN = F(Y)

V%X—)\(efo

Copyright © 2024 Chelsea Walton




L. MATURAL TRANSFORMAT(ONS

Vg-x—%‘ €t.
RESPCCTIN G (DGMT\Ta
% CoMPRsed MORPHHS MS

A FANCTOR Fig—sp | CKAMPLES YA GFT e
(Rese., CONTRAVARIANT) d :

CONSISTS OF : /Ii\\ g C,OVA:T;AW
() FOIeD Vxet, Vec > L8 " fdNee =
(L) Fla)€ Homg (FCX), FCY) \Ved 21L& ~ FdVec
) TR ™ FaVec 2L
(F(a\el-hMg(F(\(l,F(X)) )

CoNTRAVARIANT

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

B:F=>F/

Fx) asd >ECY)
|~ ¢ ~|«
‘L Fe) \‘/ '

PN = F(Y)

V%X—)\(efo
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L. MATURAL TRANSFORMAT(ONS

A FANCTOR Fig—sp | CKAMPLES YT (T T
(Rest., CONTRAVARIANT) L :
CoNSIETS OF:
MR
() FO) e R VXxet.. V%Jd’/\ Vec

RES?,
(F(s\ e tamy (Fy), F(X))
Vg-x -\ et
RESPECTING (bemma
4 Conpased MORPHIS MS

COVARIANT
ad

AV %@Fo\\/ec
)

CoNTRAVARIANT

A NATARAL TRANSFN

()

(RES., NATIL |SomeRpisn)  F(x) >FCY)
seme e 2
/F\\ Pl S TCy)

~l# 7R
¢ \1_[//' VXY et
f:/

ASSQCIATIVITY. OF ®:= @y

® - (® xTd)

Ve x V"'W \ee

N, A

® - (Tdx®)

A yyw : (UoV)oW ke (Vew)

(WOT)ow > wD (v ® W)
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L. MATURAL TRANSFORMAT(ONS

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

B F > F

T ) el >ECY)
|~ & ~|«
‘L Fe) “/ '

B —TFY)

V%X—)\(efo

A FANCTOR Fig—sp | CKAMPLES YT (T T
(Rest., CONTRAVARIANT) L :

CONSISTS OF : COVARIANT

ONSIETS T ey e

() FOIeD Vxet, Vec > U8 " fdNee =
(L) Fla)€ Hmg (FCX), FY)) \Ved 21L& ~ FdVec
Resv.,s o ) i \XJ{,/
(F(s\el-hmg(F(\(l,F(X)) o )

Vca-x S\ €. A'V V—Y CoNTRAVARIANT

' 3 ¥
RESPECTING (DGMT\Ta v [\-(‘-:tﬂ
% CoMPRsed MORPHHS MS DETAILS (EFT TO
ExerCISE 2.24

ASSQCIATIVITY. OF ®:= @y

® - (® xTd)

Ve x V"'W \ee

N, A

® - (Tdx®)

A yyw : (UoV)oW ke (Vew)

(WOT)ow > wD (v ® W)
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:6—>B
(Rest., CONTRAVARIANT)
CoNSIETS OF:

(o) FOJ e D VXxet.,
() Flq)€ tmy (F(X), FCY))

Resk.,
(F(S\ e thimy (Fey), F(X))
Vg-x S\ et
RESPECTING (PE MT\Ta
% CoMPRsed MORPHHS MS

A
K
A"' ;
.
.
.
.

.
.
.
V
.

THESE FORM A CATEGORY

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

B:F=>F/

F(x\ >rq)
Lo~y

¢xl F/e)

PN —FCY)

V%X—)\(eﬁ
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L. MATURAL TRANSFORMAT(ONS

A, FUNCTOR F:6—>B
(Rest., CONTRAVARIANT)
CoNSIETS OF:

(o) FOJ e D VXxet.,
() Flq)€ tmy (F(X), FCY))

Resk.,
(F(S\ € H'oMg(F(\{),F(X)))
Vg-x S\ et
RESPECTING (PE MT\Ta
% CoMPRsed MORPHHS MS

THESE FORM A CATEGORY

,B)(F'F/) = NM‘G,&(F'F/)
NATARAL TRANS'NS

B:F=>F/

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

Fx) asd >ECY)
|~ ¢ ~|#
‘L @) \‘/ '

PN = F(Y)

V%X—)\(eﬁ
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L. MATURAL TRANSFORMAT(ONS

AFMCTR B8 | THESE ForM A CATEGORY * | TR (%,8)
(Rest., CONTRAVARIANT)
CNSSTSOT |40 OBJECTS = FANCTORS € — 8

) Fe D Vxet,
() Flq)€ tmy (F(X), FCY))

Rest.
Fq) € Hamy (Fey), FX))
Vg-x—a\‘ €t.
RESPECTIN(x (DGMT\Ta

(F)F/) = N&f‘c&(ﬁ‘: )

NATARAC TRAMS‘NS
FoF

4 Copased MORPHISMS | \i/

O : F=>F

A NATARAL TRANSFIN
CRESP., N AT'L |SOMORPHISM )

?S: FTQ;; f:,

: weana NATIL TRAVITIN

% ~t & | ety

/
F/(x) —(ﬂaf’(\/)

V%X—)\(eﬁ
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L. MATURAL TRANSFORMAT(ONS

AFMCTR B8 | THESE ForM A CATEGORY * | TR (%,8)
(Rest., CONTRAVARIANT)
CNSSTSOT |40 OBJECTS = FANCTORS € — 8

(o) F) e B VXxet.
() Flq)€ tmy (F(X), FCY))

RESE.,
Fq) € Hamy (Fey), FX))
Vg-x S\ et

5 (F)F/) := Nox‘c‘cl&(ﬁl:’)
NATARAC TRANS'NS

RES?GCTIN& (-DGMT‘Ta L FQF, ....................
4 Copased MORPHISMS | \i/
' TO-:F=>F
A NATURAL TRANSEMN | IDGMTlTa NATL TRAWSFIN -
(Rese., NAT'L szmmm) FOx) —F ) Comwors (D= o)
B:FS P # | ~\¢, SRR VXet |
/ ......................................................................................
F /(X ’(ﬂg F(C & &7
e eBeSe
¥~ VXY et  “VERTICAL ComesiTion"
E PDEFINED NEXT...
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

A NNTURAC TRANSFIN -
&:F=>F Fx) >ECY)
F ¢Xl ? \‘/9{7
AT o By
F VX5 \( ¢ G
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

VERTICAL COMPOS (T(on)

F
,r.
5

- -F r
1:

(' F) + Fx) 0 B Feex)

A NNTURAC TRANSFIN -
&:F=>F Fx) >ECY)
F ¢Xl ? \‘/9{7
AT o By
F VX5 \( ¢ G
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

VERTICAL COMPos (T(on)
F
RN ‘e/ftms
%w — AT
£’ T
(' F) + Fx) 0 B Feex)

HORIZONTAL COMPAS (T(on)

—

R
F & GF
N N Ry
R vt =% Yo 23
eIt =R %
Wl (,‘r’ G'F’
Q(?{X)-, G T /(%) Yr'x)
(4 &)y + GFX) - M)

A NATURAC TRANSFIN
@:F=>F’
/f\
[#0
N
F/

%

)

Fx) >ECY)
¢Xl ? \‘/9{7
TN l:—G—)éf’(\/)

V%X—)\(eﬁ
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

(FF)y +Fox) —>F

VERTICAL COMPos (T(on)

:
Ny o
f,, -FI/
Fx

(x) 25 F(x)

HORIZONTAL COMPAS (T(on)

/ T

F & GF
N N T
vt =: Yo 13
% \llﬁ& J : ¢ l $
Wl (,‘r’ G'F’
G((ﬂ{x) ] (‘ﬂ:/(x) &Io‘)
(o )+ GFX) "G/F ()
A
Ve 2 ¢/ FX) ()

A NATURAC TRANSFIN
@:F=>F’
/f\
[#0
N
F/

%

)

Fx)
¢ l P

F¢)

>\=q)

L%y

B/ —F(Y)
V%X—)\(eﬁ
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

HORIZONTAL COMPAS (T(on)

/ -

F & GF
NN -y
AR Yo g T
SO G
Wl (,‘r’ G'F’
&%) G /(x) Prod
(¥ ) + GFX) - 2 )

Y™ ¢/ F9 )
2 NATURALITY OF & AT $x

VERTICAL CoMpos(Tion)
o kg
‘F
(B e,
AN
£’ i
(' F) + Fx) 0 B Feex)
A NATORAC TRANSEN) )
B:F=>F/ F&) >ECY)
F ¢Xl ? \‘/9{7
‘Q/ILSK\‘/S roe S5 eny)
S VEKoyet
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

VERTICAL COMPOS (T(on)

/

F

F
L
\\\~,//7\ B

£

(' F) + Fx) 0 B Feex)

HORIZONTAL COMPAS (T(on)

/ -

F & GF
NN SRS
68 |ve =: Yo f L
%igﬁéf I
G/F/

&%), Gc‘r‘ (ORI
(¥ ) + GFX) )

Y cf’ﬁx) )
2+ NPTURALITY OF b AT Ex

A NATURAC TRANSEN)

B:F=>F' FOx) — >rcY)

F ¢xl ? ‘ €y

R ro ey
£ Ve XY eG

\NTC RCHANGE CAW

A~ /j;\

) seud Ly € = C L
(Y

G,/I FII
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TL. COMPOSITIONS OF NATURALTRANSFORMAT(ONS

VERTICAL COMPOS (T(on)

/

F

F
5
\J =

£

(' F) + Fx) 0 B Feex)

CAN ALSO CoMBINE
FANCTORS w| NATICTRANIFNS...

HORIZONTAL COMPAS (T(on)

/ \

F & GF
NN ST RS
£ Ive = RIS
SO G
G/F/

GC(KX) G;F ( (x) “PF'(x)
(¥ ) + GFX) )

‘\’h cf’ F(X) {(;x)
2 NATURALITY OF & AT $x

A NATURAC TRANSEN)

&:F=>F Fox) — >\'(Y)

r ¢xl ? ‘VK

‘Q@ LS ——“—’af'(\/)
£/ V'\:-X—)\(eﬁ

\NTC RCHANGE CAW

A /Tf\

(e) ¢/vc&¢ B */vc& — ‘C G'F
(Y

G,/I FII
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

CAN AL30 CoMmBINE
FANCTORS W NATILTRANIFNS...

A NATURAC TRANSEN &)
B F=F/ () )\:(Y)
F ¢Xl ? \‘/9{7
A3p ra
= VX9 Vet
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

7 /F\ /ﬁ\ Il
) N
b—% s b = &s\lw/*foﬂ (#5To)y = B
= TE FE M) — e'EW)
F hE FoR Xe%G -
/7" N\ F T
“Q@S L T Jﬁ' t Fix#)x = Bigy):
¢! f & R F&) — &F(X)
CAN ALSO ComBINE
FANCTORS W NATILTRANIFNS...
A NATURAC TRANSFEIN &)
&:F= F/ £ ) )\:(Y)
A A
 [F28 Foo Dhray)
\l:’/' VXY et
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

f /F\ /ﬁ\ T e
- 3
bT—% I#D =6 lLsZS*Q 8 Q&*Fo)w = Bro) *
1D u \_/
F e/ ' F A (W\‘—?F,FQ(W)
F it FoR XeG:
)
T”/W\S e T N T A GREIMES (TN E
\IJ‘ . \_l/' /
I ! fiF & FX) — BF/(X)

CAN ALSO CoMmBiNE

FANCTORS W NATILTRANIFNS...

s

SPECIAL CASE OF

A NATURAC TRANSFN
B:F=>F'
/f\
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A
F/

%

)

Fx)
Pl

¢xl
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) — ()

V%X—)\(eﬁ

>\=q)
L%

HORA\ONTAL CAMPSF ITIAN
Fxfe = ¢ "1,
T o* (/{ = I-DF‘ oﬁu\l¢

—
—
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T. COMPOSITIONS oF NATURALTRANSFORMAT(ONS

7

N

e

N
F,

7 /F\ /ﬁ\ T R
0 N
®—>C ¥ D =: & lLsé*Fo 8 (#x%), = Prw:
_ N
¢! T FRMW—'RW)
F hE FoR Xe%G -
7T Ny F i

(ﬁ”‘)x = R(¥x)*
RF&X) — fF0

CAN ALSO ComBiNE

FANCTORS W NATILTRANIFNS...

A NATURAC TRANSFEN
B:FE=>F'
/f\
1#>4
N A
F/
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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

Lecture #8 keywords: bifunctor, contravariant, covariant, essentially surjective, faithful, full, fully faithful,

functor, horizontal composition, inclusion, multifunctor, natural transformation, vertical composition




