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

LAST TIME
— LECTWURE #(
- SIMPLE ALGS.

- SEM(S(MPLE ALGS.
- SEPARABLE ALGY.

ToP(cS:

T. CATEGORIES (32.1)

T. UNIVERSAC CONSTRUCTIoNS (32.2.1)
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L. CATEGORIES

{CATEGORY THEORY IS THE MATHEMATICS OF MATHEMATICS . |
— PRoF. ENGENIA CHENG
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L. CATEGORIES

{CATEGORY THEORY IS THE MATHEMATICS OF MATHEMATICS . |
— PRoF. ENGENIA CHENG

A QATEG’QR‘a TG CONSISTS OF THE DATA:

(o) A ColleCT (oM oF OBTECTS Ob(t),
WRITe XeG FoR Xe0b(e),

(L)FoR EVERY PAIR OF OBIECTS X,y e,
A COLLECTIN oF MERPH(SUS  toM(X)Y).
WRITE %X—)\‘ Fok A€ ‘H'“'Akg()ﬂ‘().
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L. CATEGORIES

{CATEGORY THEORY IS THE MATHEMATICS OF MATHEMATICS . |
— PRoF. ENGENIA CHENG

A QATEG’QR‘a TG CONSISTS OF THE DATA:

(o) A ColleCT (oM oF OBTECTS Ob(t),
WRITe XeG FoR Xe0b(e),

(L)FOR EVERY PAIR OF OBIECTS X,\ e,
A COLLECTIN oF MERPH(SUS  toM(X)Y).
WRITE OAX—)\‘ Fok A€ ‘H'“"MQ(X:‘().

) For SVeRrY oBieCT X<,
AN IDENTITY) MARPHISM  idy @ XX,
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L. CATEGORIES

{CATEGORY THEORY IS THE MATHEMATICS OF MATHEMATICS . |
— PRoF. ENGENIA CHENG

A QATEG’QR‘a TG CONSISTS OF THE DATA:

(o) A ColleCT (oM oF OBTECTS Ob(t),
WRITe XeG For Xeob(e),

(L)For EVERYY PAIR OF OBJECTS XY e,
A COLLECT(SN oF MERPH (SMY H“Weo‘»‘{)-
WRITE OA.X-—)\‘ Fok qe ‘H'“'Akc()(l\().

) For SVeRrY oBieCT X<,
AN IDENTITY MARPHISM  idy @ XX,

(4) FoR EVERY PAIR oF MORTHISMUS
§: WYX AND «3-. X-)\‘)
A ComPolITE MoRPHISM 64? S Wy
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L. CATEGORIES

{CATEGORY THEORY IS THE MATHEMATICS OF MATHEMATICS . |
— PRoF. ENGENIA CHENG

A QATEG’QR‘a TG CONSISTS OF THE DATA:

(o) A ColleCT (oM oF OBTECTS Ob(t),
WRITe XeG For Xeob(e),

(L)For EVERYY PAIR OF OBJECTS XY e,
A COLLECT(SN oF MERPH (SMY ’chanq\().
WRITE %’X-ﬁ\‘ Fok qe ‘H‘“'Akg()(l\().

) For SVeRrY oBieCT X<,
AN IDENTITY MARPHISM  idy @ XX,

(4) FoR €VERY PAIR oF MORTHEMS
§: WX AD 0 X"’\I/

| | — THI DATA MWST

A CoMPoBITE MeRPHISM 61; S \,J_a\(.

SAT\.SF'B THE AXIeMN :

ASSS CIATWVI(TY
Wa )5 = k(q¥
(hg) o )
‘H’“Mn(‘ (w\%)

(AN TAuTvA
dx £=f ¢ Sio\x‘-'ﬁ
IN IN
“VM‘(.(\N)X) HVMc(,(X)Y)

¥ W, 3=X——)\{/ [,\:\(_;%

Copyright

© 2024 Chelsea Walton



I. QATEG'QR.GS “86 “COLLE(,T(QI\S ) (NBTE—A"D oF “86T«

A QATEG'QR‘a G CONSISTS OF THE DATA:

(o) A ColleCT (oM oF OBTECTS Ob(t),

(L)For EVERYY PAIR OF OBJECTS XY e,
A COLLECT(oN oF MERPH (SMS H“M‘CCY'Y)-

) For SVeRrY oBieCT X<,
AN IDENTITY MARPHISM  idy * XX,

(4) FoR €VERY PAIR oF MORTHEMS
FWYX A q: XY,

(... TO AVOLD (SSWES WITH

A SET oF SeTS, \LNTER)

DeeSN IT
exusT

| | — THI§ DATA MWST

“VM‘(.(W)X) HVMc(,(x)Y)

A CompolITE MoRPHISM 6@ =qet: Wy

SAT\SF‘& THE AX(eMN:

ASSSCIATWVITH
Wa )§ = W(q¥
(hg) o )
‘H'“Ma(l (w\%)
U\N\TAuTvA

MX‘Y':'Q £ 3'10\;<=3
IN IN

¥ W, 3=X——)\{/ L\:\(_;%
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I. QATEG'QRlGS “86 “COLKE(,T(QI\) ) (NSTgAD oF “SGT«

_SPECIAL CAZES
AvQATEG—QR'a TG CONSISTS OF THE DATA: o

SMALL
(o) A ColleCT(oN oF OBTECTS Ob(t),

| L — THIS DATA MWAST
SAT\SF‘B THE AX(eAN :

(L)FOR EVERY PAIR OF OBIECTS X,\ e, ASSQCINTVITY
A COLLECTIaN oF MERPHISUS toMe(X)Y). (\"%H &,k(g%)
£ ALL MORPHISMS Homle) FoRM A 3T tome (W,2)
e e, ||,
l . X-OX.
T a M X io()(‘?’:‘(' i s'lo\x‘—'ﬁ
IN IN

(4) FoR €VERY PAIR oF MORTHEMS

FWAX A q: XY,
A COMPOSITE MoRPHISM 6‘? '-‘3"‘?' . W—*\(. ¥ W, 3=X——)\{, l,\‘-\(—a?:

“VM‘(.(W)X) {'hMc(,(x)Y)
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I. QATEG'QR.GS “86 “COLKE(,T(QI\) ) (NSTgAD oF “SGT«

_SPECIAL CASES
AYQATEG—QR'a C CONSISTS OF THE DATA:| .o
LocAlY SMACLL

(o) A ColleCT (oM oF OBTECTS Ob(te),

% THIS DATA MWST
SAT\SF‘B THE AXIeAY :

(L)FoR EVERY) PAIR OF OBJECTS X,y e, ASSC CIATWVITY
A COLLECT(oN oF MERPH (SMS H“Weo"Y)- (\“‘3)” CJMSH
& THIS (S A SET ¥X,ye¥, .J\ Home, (W,2)
) ’Z:K SVERY SBTECT X<, ANITAUTY
(DENTITY MARPHISK idy * XX, e $ =4 4 3"°\>‘=3
IN IN
(4) For :;’;:3)( W;\':;F;::“\;“)m oM (W) X)  frome O6Y)

A ConPOBITE MeRPHISM 6‘? = g4 w—ax(. VHwox, 49Xy, hiy-z
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(b) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

ALGEBRAIC

© X=X CATEGORIES

¥Xe,.

() 81? W y
V5 WX
S:X - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g{')
lAN\TAuTvA
iO\x‘Q':‘(', 330\)<=3
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(L) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
S:X - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g-f')
lAN\TAuTvA
iO\x‘Q’=“(’, 3'10\)<=3

Copyright

G(O U\'F

GROW?S £
GROMY? tronoms.

ALGEBRAIC
CATeGORIES
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(5) MERPHISMS
H’“Mﬁe(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
S:X - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g{')
lAN\TAuTvA
iO\x‘Q':‘(', 330\)<=3

Copyright

G(O U\'F

GROW?S £
GROMY? tronoms.

ARCUAN GROWDS £
GROWT Honoms .
NOT “ABEUIAN GROWP tHorapnrs”

ARAANNS -

T Re PERTY

ALGEBRAIC
CATeGORIES
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(5) MERPHISMS
H’“Mﬁe(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
S:X - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g{')
lAN\TAuTvA
iO\x‘Q':‘(', 330\)<=3

G(O U\'F

GROW?S £
GROMY? tronoms.

ARCUAN GROUERS £
GROWY Homoms .

(ANITAC RINGS &
(ANATAC R(NG HonomS .

RING Honoms .

(ANLTAC
COMMUTATIVE RINGS &

(AN ATAC RN G Honoms

CATEGORIES
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L. CATEGORIES

R Fe®
A CAT EG—QRa < ALGr. CLASED

£ chpRo N
CONSISTY OF: (N &7 NEEPED HE'~€)
(@) OBTECTS. ///
——

(L) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

ALGEBRAIC

© X=X CATEGORIES

¥Xe,.

(o\)g-? '-\nl—)\(

¥ $: WYX
3'-)(—-)\‘.

(R-VeCToR SPaCES £
(k- UNEAR MATS

SAT(S Fa\rJ 'y
ASSCCIATIVI(TY
(\/uz)% = k(ﬁ'@' )

lAN\TAuTvA
i&x‘?’=“(’, 330\)<=3

FINITE DML
(R-VeCToR SPacES £
(k- UNEAR MATS
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(L) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
3:)( - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g-f')
lAN\TAuTvA
i&x‘Q:‘(’, 3'10\)<=3

R Fe®
AlGe. CLASED
£ CUARQ /N

(NeT NEEDED H?
—

Copyright

ALGEBRAIC
CATeGORIES

\R-ALGERRAS &
\R-ALGERRA
Honoms,

CoMMmnTaATIVE
\k-ALGEBRAS &
\R-ALGERRA Homoms .

FINITE DML

\R-ALGERRAS &
R-ALGEBRA HOMOMS .
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T. CATEGORIES

A QATEG—QRa*c
CONSISTS OF:

(@) oBTECTS.

(5) MSRPHISMS
{’sze(Y,Y)
X\ e,

(C\ .\AX '.X.AX
X e,

() 8‘? W \(
¢ 5w =X
3'-)( - \l .
SAT(S Fam«
ASSCCIATIV(TY
(‘Mz)% = ‘h(g‘f')
lANtTAuTvA
EA)(‘?’:‘Q) 3(0\x=3

R Fle®

AlGe. CLASED

£ CHARQ N
(N &7 NEEPED HELE)

AB R-ALGS

/_\

RC?(A)
REPINS oF A €
REPIN MapPHISUS

VAR(OWS

A-Mod

Mod-A %:'reermes
(A B)-Bimod \®BImdces
A-Bimed

ALGERRALC
CATeGORIES
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(L) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
3'.)( - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(ﬁ'@')
lAN\TAuTvA
i&x‘?’=“(’, 330\)<=3

R Fe®
AlGe. CLASED

£ CUpRQ /N

(N&T NEEDED HERE)
ABC lk—ALGS/
—

ALGEBRAIC
CATeGORIES

OBYECTS = |R-ACGEBRAY
MQ&P“"SMS . ~ (SQQLkSS”
A—>B & [A\‘ R € (A,B) —Bimo\]

Witk ida = €2

A-BR—OC = Q?.?
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

(L) MERPHISMS
H’“Mae(Y;Y)
VX/\( e,

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
3:)( - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g-f')
lAN\TAuTvA
i&x‘Q:‘(’, 3'10\)<=3

R Fe®
AlGe. CLASED

£ CUpRQ /N

(N&T NEEDED HERE)
ABC lk—ALGS/
—

ALGEBRAIC
CATeGORIES

OBGEeCTS = |R-ACGERRAS
MQKP“"SMS . ~ (SQQLkSS”
A—>B & [A\‘ R € (A,B) —Bimo\]

Wtk ida = a(Areq )y

A-BC = Wy @, gWe
GCA)C)"B.IMQA
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T. CATEGORIES

A QATEG—QRa*c
CONSISTS OF:

(@) oBTECTS.
(5) MSRPHISMS
H-DM‘CCY)Y)
X\ e,

(C\ .\AX '.X.AX
Fxe,.

() 8@ W \(
¢ 5w =X
3'-)( - \l .
SATISFYIN G
ASSCCIATIVI(TY
("\‘3)% = ‘h(g‘f')

WNITALITY
EA)(‘?’:‘Q) 3(0\x=3

G’( 0 w?

G’KQU\ S i
Al&. CLSED t /X 0/* . K ESS.
£ CHARQ N GROMY HoWoOMS . GROUT Honom

(N &7 NEEPED Hepe)

ABC R-ALGS
—_—

RC?(A)
REPINS oF A €
REPIN MaRPHISWUS

A'MOA VAR(OWS

- CATEGORIES
MQA A ofF

(A B)-Bimod \BImdaceS
A-Bimed

COMMUTATIVE RINGS &
AN ETAC RING Honoms

\R-ALGERRAS &
\R-ALGERRA
Honoms,

COMMUTATIVE
k-ALGEBRAS &
\R-ALGERRA Homoms .

OBBECTS = (R-ACGEBRAS
MORPWISMS 2 (qcipss~
A=b < [AVBG (A;B)’Biwmoq

WITh: ida = A(Amo&) A

FIN(TE DML
[R-VeCToR SPaces 4
(k- UINEAR MATS

FIN(TE DML

\R-ALGERRAS &
Ik-ALGERRA Hovnoms,

A-Boe = AVB 2, ¥>wc,
e(A)Q)"B'\MQo\
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L. CATEGORIES

AChEesRaT] MORE (NON-ALKEBRAIL) EXAMPLES (ATER

LRSS W LET'S STM)A MORPHAS MS (N DETAIC ...
(&) oBTECTS.

3 : X — Y
(b) MERPHISMS
H‘“Man‘;\{)

VX/\( e,

) '\o\X X = X
¥xe,.

() 6‘? T o y
V5 WX
S:X - \‘ .
SAT(S FatrJGr
ASSCCIATIVI(TY
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x“":‘(’, 330\)(=3
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L. CATEGORIES

A CAT EG’QRa hG
CONSISTS OF:

(&) OBTECTS.

§: ¥ =
(5) MORPHSHS DOMMN OF 9 S~ CODOMAIN OF 9
H’“Mae(Y;Y)

VX/\( e,

LET'S ST‘WB MORPHAS MS (N DETAIC ...

) '\o\x X = X
¥xe,.

() 81? W y
V5 WX
S:X - \l .
SAT(S Famcr
ASSCCIATIVI(TY
(\/uz)% = k(g{')
lAN\TAuTvA
iO\x‘Q':‘(', 330\)<=3
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L. CATEGORIES

AQATECTQRa‘C
S i LETS STWDA MoRPHSMS (N DETAIC ...
(&) OBTECTS. 3 X S Y
(&) MERPHISMS DoMMN OF g & S~ CODOMAIN OF q
H’“Man‘;\{)
X\ e, q Is Mone (oR (s A MoNo)
©) iy X —>X (E 1T (S
X e, (EFT-CANCELLATIVE :
_ \H,s;’:wex WTH qf=at’
@ ps W=y We GeT $=q°f.3 :
¥ $: WX
S:X - \‘ .
SAT(SFaNGr
Amcurnm'a
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x‘?’:"(’) 3""\)(:3
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L. CATEGORIES

AQATeeQRa‘C
CONSISTS OF : LET'S Sﬂppa MORPHAS M (N DETAIC ...
(@) oBTECTS. 3,. X ;Y
(&) MERPHISMS DoMMN OF g & S~ CODOMAIN OF q
H’“Man‘;Y)
X\ e, q Is Mone (oR (s A MoNo)
©) iy X —>X (E 1T (S
X e, (SFT-CANCELLATIVE :
/. =
Wpswoy || HEEEE T S 3"
P We GeT £= 4,
DX || Here: X:=(x)q) (5 A
SAT(S PN G SKBOBJECT oF X
ASSCCIATIV(TY
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x‘e':‘(’) 3""\)(:3
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H‘“Man‘;\{)
VX/\( e,.

) '\o\X X = X
¥xe,.

() 6‘? T o y
¥ WX
S:X - \‘ .
SAT(S FatrJGr
ASSCCIATIVI(TY
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x“":‘(’, 330\)(=3

LET'S Sﬂwg MORPHSMS (N DETAIC ...

3: X —> Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F 1T
(EFT-CANCELLATIVE :

\H,%’:\Néx WITH 31°=«a+’
We GeT £= 8,

Here: X:=(X)q) (S A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F 1T (S
RIGHT-CANCELLATIVE:

W Wi Y 2T wirk kg =K
We 6eT h=W .

HEKE Y": (Y,S) 1S A

Copyright

QUOTIENT 0RJECT oF\/
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L. CATEGORIES

A cA’recfQRa‘c
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H-DM‘CCY)Y)
VX/\( e“ﬂ .

(C\ .\AX '.X.AX
¥Xe%.

(4) AS Wy
V5§ W
S:X - \l .
SATISFYIN G
ASSC CIATIV(Tg
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x‘e':‘(’, 3'10\)(=3

LET'S ST‘WB MORPHAS MS (N DETAIC ...

3: X — Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F T (S
(EFT-CANCELLATIVE :

VEE WS X wirk qF =93’
We geT £=¢/,

Herg: X:= (X)q) (5 A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F 1T (S
RIGHT-CANCELLATIVE:

W K2 Y T witk kg =W
We geT w=W .

HEKE Y L= (Y,S) lS A
QUOTIENT 0BJECT oF\/

EXERCLE o0k

MoN0 (N Ab = NJECTIVE GRoWP HOMOM.
EP| (N AL = SURDECTIVE GrRoP HomoMm.
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H‘“Maecx,\{)
VX/\( e“ﬂ .

¥Xe%.

(4) AS Wy
¥ §:Wox
S:X - \l .
SATISFYIN G
ASSCCIATIVI(TY
(\/uz)% = k(g-f*)
lAN\TAuTvA
i&x“":“(\’, 3'10\;(=3

LET'S Sﬂwg MORPHSMS (N DETAIC ...

3: X —> Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F T (S
(EFT-CANCELLATIVE :

\H,%’:\Nﬁ}( WITH 3{’=«a+’
We et £=4§/,

Here: X:=(X)q) (S A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F IT (S
RIGHT-CANCELLATIVE:

W K2 Y T witk kg =W
We GeT W=h .

HeRE: Y= (y)g) S A
QUOTIENT 0BJECT QF\/

q IS AN 130 (F Jq' e thomg (Y, X)

2 qq=idx AW 33@;4),.
HERE : WRITE 3’==3" D K2V
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H‘“Man‘;\{)
VX/\( e,.

) '\o\X X = X
¥xe,.

(A)g@zw—»\(

¥ $: WYX
S'c)(—-)\l.

SATWS FatrJGr

LET'S Sﬂwg MORPHSMS (N DETAIC ...

3: X —> Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F 1T
(EFT-CANCELLATIVE :

\H,%’:\Néx WITH 31°=«a+’
We GeT £= 8,

Here: X:=(X)q) (S A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F 1T (S
RIGHT-CANCELLATIVE:

W Wi Y 2T wirk kg =K
We 6eT h=W .

HEKE Y": (Y,S) lS A
QUOTIENT 0RJECT oF\/

G CIA
/éi;)% =T&(313) q (S AN 180 (F Fgfc tomg(y,x) | |FROM CXEREBE 2.2
5 o/a=idy AND qa'=id 150/ (I/ A=
MN\TAUT"A 3 3 ~ X ; -'3 3 Y BIJECTVE GROWP Homom.
b4, qideng HERE : WRITE oy=:q" AD K= \[ = GROWP (SoM.

Copyright
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H‘“Msecx,\{)
VX/\( e“ﬂ .

¥Xe%.

(4) AT W — \(
¥ §:Wox
S:X - \‘ .
SATISFYIN G
ASSCCIATIVI(TY
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x“":“(\’, 3'10\;(‘3

LET'S Sﬂwg MORPHSMS (N DETAIC ...

3: X —> Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F T (S
(EFT-CANCELLATIVE :

\H,%/:\Nﬁ}( WITH 3{’=«a+’
We et £=4§/,

Here: X:=(X)q) (S A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F IT (S
RIGHT-CANCELLATIVE:

W K2 Y T witk kg =W
We GeT h=W.

HEKE Y": (Y,S) 1S A

QUOTIENT 0BJECT QF\/

q IS AN 130 (F Jq' e thomg (Y, X)

2 qq=idx AW 33@;4),.
HERE : WRITE 3’==3" D K2V

/@k 50 F MoNO
+€P\
®
(N GeNeERAL
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
H‘“Man‘;\{)
VX/\( e,.

) '\o\X X = X
¥xe,.

() 6‘? T o y
¥ WX
S:X - \‘ .
SAT(S FatrJGr
ASSCCIATIVI(TY
(\/uz)% = R(S-f')
lAN\TAuTvA
i&x“":‘(’, 330\)(=3

LET'S Sﬂwg MORPHSMS (N DETAIC ...

3: X —> Y
DOMAIN OF 9= S~ CODOMAIN OF q

9 1S Monie (oR s A MoNo)

(F 1T
(EFT-CANCELLATIVE :

\H,%’:\Néx WITH 31°=«a+’
We GeT £= 8,

Here: X:=(X)q) (S A
SKBORJECT oF X

3 IS EP(C (OR 8 AN EPL)
(F 1T (S
RIGHT-CANCELLATIVE:
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L. CATEGORIES

A QATEG’QRa NG
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T. CATEGORIES ,
. MORE EXAMPLES (¢
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L. CATEGORIES

A CATEGORDC | SOME OPERATIONS ON CATEGORIES —
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L. CATEGORIES
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L. CATEGORIES

A QATEG’QRa T
CONSISTY OF:

(&) OBTECTS.

(b) MERPHISMS
oM (4)Y)
VX/\( e,

(C\ .‘AX °.X.AX
¥Xe%.
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¥ $: WX
S:X - \l .
SAT{SFaMGv
ASSCCIATIVI(TY
(\/uz)% = k(g-f*)
lAN\TAuTvA
iO\x“":‘(’, 330\)<=3

SOME OPERATIONS ON CATE GORIES —

GIveN A CATEGoRY %,

ITS QRTOS(TE CATEGOTY T 5 A CATEGOTY DEFINED BY
e OL(6F) = oLle)

o 3Fe thmenOy) © 3 Fe tomg (%)

= REVERIE DIRECTINA) OF MoRPHISWUY =

GIVEN CATEGORIES €& A ‘¢
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T. ANIVERSAC CONSTRUCTI0MI

RECALL UNIVERIAL meer%

GWVEN A «AD&GET X,
A UNWERSAL STRUCTARE ATTACHED To X VIA o (o) )
IS A STRUCTURE Aniv(X)

3. ¥ ARBITRARY STRACTURES Arb(x) ATTACHED To X VIA B (e F’)

3 STRWCTARE MAP ¥ (or 3’ ) MAKIN G THE DIAMGRAM  COMMWTE

K—5—> (niv (X) AbX) s
2 i AN F
\f% 3 Y, X% o
Ar\, (X) U.M\IO() e X

FORM T FORM TC
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T. ANIVERSAC CONSTRUCTI0MI

RECALL UNIVERIAL P}’meﬁg

GIVEN A «ADGET X,
A UNWERSAL STRUCTARE ATTACHED To X VIA o (o) )
IS A STRUCTURE Aniv(X)

3. ¥ ARBITRARY STRACTURES Arb(x) ATTACHED To X VIA B (e F’)

3 STRWCTARE MAP ¥ (or 3’ ) MAKIN G THE DIAMGRAM  COMMWTE

IO\ | Y s (v € AcbX)
DESNT HAVE K uM; X) ; A
To EXIST. 2 i 3yt Q
IF EXISTS, A F 3 v Y ~4
Tiren) Arb(X) Univ(x) ——X
IT'S WiIQUE
\‘M’ Ik 15°-/ FORM T FORM TC
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. ANIVERSAL CONSTRUCTIONS WE DON'T KAVE “ELEMgMTS”

T WORK WITH (N GENERAL
THIS (S THE MAIN WhAY
WEILL DO COMPUTATIONS

RECALL UNIVERIAL FT&?GK’%

GIVEN A ard&ET X,
A UNWERSAL STRUCTARE ATTACHED To X VIA o (o o)
1S A STRUCTURE  hniv(X)

3\ ARBITRARY STRACTURES Arblx) ATTACHED To X VIA B (% F,’J

3 STRWCTARE MAP 7$X (aR \3)’() MAKING: THE DINGRAM (OMMWTE :

J U\ | Y5 (v (X) AcbX) )
MESNT HAVE ' : N Bx
To EXIST. N :l 3\,‘6)( 3 X;,: (D’\/\
Px v v /
oy *Acb(x) Uiy (X) — X
IT'S WiIlQUE
\“’ Ik l5°-/ FORM T FORM TC
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TC. WNIVERSAC CONSTRUCTIONS N DR T KAVE “ELEMENTY'

T WORK WITH (N GENERAL

UNIVERIAL ‘FT&?E?\T& TS (S THE MAIN WhY
Univ(X) DogsnT WELL DO (OMPRTATIONS
HAVE To EXIST.
X—2 (niv (X)
' IF EXISTS, Tien
2 A, TS WQUE
\f%x VY W To (s0.
Arb(X)
FORM T NAMIN &
IARIN
Uwiv (X) 1§ ATTACKED To X VIA o (or )
ArbX) ,
: ¥ P
EIR A0
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TC. WNIVERSAC CONSTRUCTIONS N DR T KAVE “ELEMENTY

T WORK WITH (N GENERAL

(MJN€KSA'L PKQ?EKTa» o TH\S (S THE MAWN \,\mg
lAM\/(X) PeSNT WE'LL DO COMPUTATIONS
HAVE To EXIST.
K—4 (niv (X) °
' IF exisTS, Then
2 3w, TS WIQUE
\f%x VY W To (s0.
Arb(X)
FORM T NAMIN &
JALAIAS
Ui (X) 1S ATTACKED To X VIA oL (or o)
(N
Arli:(X) ", SOMETIMES WE onLy NAME THI
SIR AN WHEN BRIDING WWERIAL CoNSTRUCTioNs
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TC. WNIVERSAC CONSTRUCTIONS N DR T KAVE “ELEMENTY'

T WORK WITH (N GENERAL

UNIVERIAL ‘?}’&?EY\T& B TS (S THE MAIN WhY
lAM\/(X) DPOESN'T WELL DO COMPUTATIONS
LAVE To EXIST.
K—4 (niv (X) °
' IF exisTs, Then
2 3w, TS WIIQUE
\f%x VY W To (s0.
Arb(X)
FORM T NAMIN &
JALALLS
Uwiv(X) (5 ATTACKED To X VIA o (oR /)
Arliaix) ", SOMETIMES WE onLy NAME THI
SIR AN WHEN BRIDING WWERIAL CoNSTRUCTioNs
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TC. WNIVERSAC CONSTRUCTIONS N DR T KAVE “ELEMENTY'

T WORK WITH (N GENERAL

UNIVERIAL ‘?}’&?EY\T& - TS (S THE MAIN WhY
Univ(X) DoesnT WELL DO COMPNTATIONS
HAVE To EXIST.
X)“x—) Kniv (X) )
' IF EXISTS, THen
2 3w, TS WIQUE
\f%x 3 Y} WP To (s0.
Arb(X)
FORM T NAMIN &
JALAIAS
Uwiv (X) 1S ATTACKED To X VIA of (oR /)
(N
A %(X) N SOMETIMES WE NAME BoTH
Y ARED) " WHEN BRILDING WWERSAL ConSTRWCTions
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TT. WNIVERSAC CONSTRUCTI0MI NE DOn'T BAVE “ELEMENTY’

TO WORK WITH (N GENERAL
— TS 1S THE MAWN NNA
Univ(X) DoesnT WELL DO COMPUTATIONS

UNIVERIAL PROTE Y\T&

HAVE To EXIST.
X —45 (niv (X) )
' IF eXISTS, THen)
0 13"y IT'S WIIQUE
\f%x 3 Y} WP To (SO.
Arb(X)
FORM T NAMIN &
JALAIAS
\Amg ) (S ATTACKED To X VIA of (R /)
Arf(x) Vﬂ@/ SOMETIMES WE NAME BoTH
TR NG WHEN BIILDING WIIVERIAL CoNSTRUACTIons
v

Univ(X) %X | Eex OBIECT  ker )’

WILL BRILD “kerpnel” EQIPPED WITH

FORM T OF A MARPHISM 1 X Y Wﬂgﬁ“‘
ker (£) X

Il
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TT. WNIVERSAC CONSTRUCTI0MI NE DOn'T BAVE “ELEMENTY’

TO WORK WITH (N GENERAL
— TS 1S THE MAWN NN(I)
Univ(X) DoesnT WELL DO COMPUTATIONS

UNIVERIAL PROTE Y\T&

HAVE To EXIST.
X —45 (taiv (X) )
' IF EXISTS, Tien
0 13"y IT'S WIQuUE
\f%x 3 \V} WP To [sO.
Arb(X)
FORM T NAMIN &
IARIN
Ui (X) 1S ATTACKED To X VIA o (or o)
o8
A"E’(X) 3 SOMETIMES WE NAME BoTH
STEANE NG WHEN BIILDING WIVERSAL CoSTRACToNs
v

Univ(X) %X | Eex OBIECT  ker )’

WILL BRILD “kerpnel” EQIPPED WITH

FORM T OF A MARPHISM 1 X Y W’ﬁ&“
ker (§) X

Il
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TT. WNIVERSAC CONSTRUCTI0MI NE DOn'T BAVE “ELEMENTY’

TO WORK WITH (N GENERAL
— TS 1S THE MAWN NNCI)
Univ(X) DoesnT WELL DO COMPUTATIONS

UNIVERIAL PROTE Y\T&

HAVE To EXIST.
X —45 (taiv (X) )
' IF EXISTS, Tien
2 :‘3‘-\6)( IT'S WIQuUE
\f%x 3 \V} WP To [sO.
Arb(X)
FORM T NAMIN &
AN
Uiv (X) 1S ATTACKED To X VIA of (oR /)
T
A"‘f(x) 3 SOMETIMES WE NAME BeTH
STEANE NG WHEN BIILDING WIVERSAL ColSTRACTIoNs
24

/
lniv(X) =X | Ex. OBIECT * Ker (£)’
WILL BRILD “kernel! EQIPPED WITH
FORM TC OF A MARPHISM AP :Xﬁ\/ MDT\F?H'/\SM

ker(h) =E5 X

Il
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. WNIVERSACL CONSTRUCTIONS NE DOn'T BAVE “ELEMENTY’

TO WORK WITH (N GENERAL
— TS 1S THE MAWN \;\[Nc’)
Univ(X) DoesnT WELL DO COMPUTATIONS

UNIVERIAL PROTE Y\T&

HAVE To EXIST.
X —45 (taiv (X) )
' IF EXISTS, Tien
2 :‘3‘-\6)( IT'S wQue
\f%x 3 Y} WP To (SO.
Arb(X)
FORM T NAMIN &
IARIN
Uwiv (X) 1S ATTACKED To X VIA of (oR /)
o
Arl:,()() Vﬂ@/ SOMETIMES WE NAME BoTH
Y ARED) " WHEN BRILDING WWERSAL ConSTRWCTions
4

/
Univ(X) =X | Ex. OBIECT " ker (4’
WILL BILD “kernel” EQIPPED WITH
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL PROTE KT&

X —2 niv (X)

PRI
N By Jj
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL \DT&G?E?\’(& GIVEN A CATH EGOKQ“C, :
X oy . (AM\I(X) AN ORJIECT T e (S8 (NITIAC (F :E[aléx
2 g, | | VXeT 3! MORRRIM Ox:T—oX. | ¥
VBN, VY
Arb(X)
FORM T
Acbx) ,
; 5 Py
CIRANNY
v /
U.M\IO()AX
FORM TC
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL '\DT&?E?\T& GIVEN A CATE GOK‘a G

I
ol T TIA = .

9 08, Vxet 3! MORPHISM —Q\xf—.[—?)(. X
N By v
> Acb(X)

FORM T
= THINK ABORT THE UNK=
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL '\DT&?E?\T& GIVEN A CAT EGOK‘a“C, :
I
X "y . (AM\{(X) AN ORJIECT T e (S8 (NITIAC (F 53!5,(

2 g, | YXeT 3L MORPHISM S:ToX. | ¥
X

VBN, VY
Arb(x) | | AN OBJECT T e (S TERMINAL (F

Vxet 3! MORPMISM 3§ : X —T.

i 3l O

5l
o
2
X
A
—<
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL '\DT&?E?\T& GIVEN A CATE GOK‘a G

H

X—25 [aiv (X)| | AN OBIECT T€T S INITIAC (F i
i = HIE™ Dy §

2 1A, Vxet, 3 MORPMSM T: T—oX. | ¥
X

VBN, VY
Arb(x) | | AN OBJECT T e (S TERMINAL (F

Vxet 3! MORPMISM 3§ : X —T. Y
FORM T

ArE(X)

"Vt 4
3% N

Uiv (X) oy X

PR

FORM TC
= THINK ABORT THE UNK=
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL ?RG?EKT& GIVEN A CATE Goﬁ‘a G

H

X—25 [aiv (X)| | AN OBIECT T€T S INITIAC (F i
i = HIE™ Dy §

2 1A, Vxet, 3 MORPMSM T: T—oX. | ¥
X

VBN, VY
Arb(X) | | AN ORIECT T el IS TERMINAL (F

. 31,3
VXxet 3! MORPHISM «O :X—>T. 4
FORM T il
A ZERQ OBFECT O (S AN IN(TIAC & TERMINAL 0%J.
Acbx) ,
: N By
CIRANNY
v o
Univ(X) ——>X
FORM TC
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL '\DT&?EY\T& GIVEN A QAT EGGKQ“Q :
M —% 5 (iaiv (X)| | AN OBIECT TeT lS_\h\NTIAL F :E[a!'éx
9) ::3‘.& Vxet 3! MORPHISM Q¢ : T—o X, \)"(
VBN, VY
Arb(X) | | AN OBJIECT TeT IS TERMINAL IF A s
VUxet, 3! MORPWSM 3 : X—T. ‘e
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ac L:Q() V“F/ EXAMPES Sek Grrou\? K’ma Vec
TR NG T
v /
U.M\IO()—&%X T
FORM TC 0
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL Pm?sr% GIVEN A CATEGORY G
X —%5 (aiv(X)| | AN OBIECT Tt lS_\\MITIAL IF :E[a!'éx
9 1:3\\6)( Vxet 3! MORPHISM Q¢ : T—o X, \)"(
YBoN, VY
Arb(X) | | AN OROECT TeT IS TERMINAL IF ):(3‘ A
o 330
——— Vxet 3! MORPHBM 0 : X—T. Y
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Arg,cx) - EKAMRES  Seb  Growp  Rimg  Vee
38U\ T &
\ /4 o(/
Univ(X) —=>X T 1]
FORM TC 0 N(A
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL '\3}’»0?6?\’% GIVEN A CAT 6(}0&‘3“6 :
T
X o Iniv ()| | AN OBJECT Tel lSAh\NTIAL \F 413,
9) ::anﬂx Vxet 3! MORPHSM Qy: T X, X
VBN, VY
Arb(X) | | AN OBJIECT TeT IS TERMINAL IF X s
Vxet 3! MORPWISM 3 : X—T. i
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB

Arl;;(x ) ¥ , EXAMPLES Sek Gero u\S: Ku\a Vec,

3/ " cToF AVY S€T
3 U / T & h SWBSET oF A se
Univ(X) ==X T 3 +9

FORM TC 0 N(A

Copyright © 2024 Chelsea Walton



T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL PROPERT 6 GIVEN A cm’e'cro&g G
T
X o Iniv ()| | AN OBJECT Tel lSA\MITIAL \F 413,
9) ::3‘.& Vxet 3! MORPHISM Q¢ : T—o X, X
VBN, VY
Arb(X) | | AN ORUECT T e IS TERMINAL (F X s
Vxet, 3! MORPHISM 3§ : X—T. e
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ar‘ib(x) V’?f EXA:M\)LES Se‘t (‘\K(Olk? ng\a VQQ
l /:. " SC T oF ANy SeT
'Y T e SAREIIR
Umiv (X) —&9X T 1 0‘} G AN?S FANCT(ON MAST SEND
ELeMeENTS To LeMeNTS
FORM T 0 N(A
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL Pm?sr% GIVEN A CATEGORY G
X —%5 (aiv(X)| | AN OBIECT Tt lS_\\MITIAL IF :E[a!'éx
9 1:3\\6)( Vxet 3! MORPHISM Q¢ : T—o X, X
YBoN, VY
Arb(X) | | AN OROECT TeT IS TERMINAL IF ):(3‘ A
o 330
——— VXxet 3! MORPHISM 0 X—T. Y
A ZERQ OBFECT O S AN (NIT(AC & TERMINAL OBY.
Arg,cx) - EKAMRES  Seb  Growp  Rimg  Vee
' X
3!343/ U / 1 lel
Uaiv (X) ==X T e
FORM TC 0 el
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL Fm?s}’:r& GIVEN A QATEGOK'Q“Q :
N —2% 5 (kaiv(X)| | AN OBOECT Te% lS_\h\NTIAL F :E[a!'éx
9 :53‘-\6x Vxet 3! MORPHISM Ty : T—X. \)V(
YBoN, VY
Arb(X) | | AN OROECT TeT IS TERMINAL IF ’,‘3‘ N
Y D10
FORM T. VXet 31 MORPMSM S« X—T. | ¥ 7
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Arg,cx) - EKAMRES  Seb  Growp  Rimg  Vee
3!8;:::/ ) " T (C‘& e~ 3! {1 G wewsiad
/
Uaiv (X) ==X T e o3l &—» 0= 5ed
FORM TC 0 el
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL FT&?E?\T& GIVEN A CATH EGOK‘a“C, :
T
X o (mg(X) AN 0RJECT T et lS_\\MITIAL \F 413,
9) P 30%, Vxet 3! MORPHISM Q¢ : T—o X, \)"(
VBN, VY
Arb(X) | | AN OBJIECT TeT IS TERMINAL IF A s
VXxet 3! MORPHISM ] :X—>T. \513' 0
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ac L:Q() ’v‘"@f EXAMPES Sek Grrou\? Kkﬂa Vec
3! x;::lv o) " T 7
. ol
Univ(X) ——>X T Oruts
FORM TC 0 N( A
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL FT»O?EK’% IVEN A CATE GOK‘a @
T
X o Iniv ()| | AN OBJECT Tel lSAh\NTIAL \F 413,
9) ::3‘.& Vxet 3! MORPHISM Q¢ : T—o X, X
VBN, VY
Arb(X) | | AN OBJIECT TeT IS TERMINAL IF X s
VXxet, 3! MORPKSM 3 : X—T. s
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ac L:Q() V“F/ EXAMPES Sek Grrou\? K’ma Vec
3¢ AN\ T Y s 32R
.‘" o, 1
U.AL\/O() > X T 0\(\"0\—4""3'- R R{K
FORM T 0 A 425
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERIAL ?RG?EKTa GIVEN A CATH EGOK‘a“C, :
T
X o (mg(X) AN 0RJECT T et lS_\\MITIAL \F 413,
9) P 30%, Vxet 3! MORPHISM Q¢ : T—o X, \)"(
VBN, VY
Arb(X) | | AN OBJIECT TeT IS TERMINAL IF A s
VUxet, 3! MORPWSM 3 : X—T. ‘e
FORM T b T
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ac L:Q() ’v‘"@f EXAMPES Sek Grrou\? Kkﬂa Vec
' X
3! x;:'v ) / L Qus
: ol
Univ(X) ——>X T Ous
FORM TC 0 Qus
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T. UNIVERSAL CONSTRUCTIONS ¢ [N\TIAL, TERMINAL ) AVD TERO OBTIECTS

UNIVERSAL ?10?6?\’(3 GIVEN A CATEGORY G
T
X o (mg(X) AN 0RJECT T et lS_\\MITIAL \F 413,
9 ‘.a\%x Vxet 3! MORPHISM Q¢ : T—o X, \)"(
YBoN, VY
Arb(X) | | AN OROECT TeT IS TERMINAL IF ’,‘3‘ .
o 330
——— VXxet 3! MORPHISM 0 X—T. Y
A ZERQ OBIECT O (8 AN (NITIAC & TERMINAL OB
Ac L:Q() g p EXAMPLES Grrou\? K"ma Vee
' X
3 x;::/ 9 T e Z Qus
: ock
Univ(X) —>X T el QOrvee  Ous
FORM T 0 el mla O
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL FRO?E?\’% GIVEN A QATEG(\K'Q‘Q £ OBJEQTS X,Yen :

o COPRODWCT QF X AND PRODUCT QF X AND
X’—X—> (Aniv (X) \/ \/

PR S
N By Jj
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL FRO?EK’% GIVEN A QATEGGK*Q‘Q £ OBJEQTS X,Yen :

oy ) COPRODWCT QF X AND \/ PRODWCT QF X AVD \/
A—" u“‘.' (X) (3 AN OB3ECT XUY €%

0 :.‘3‘.‘6x EQUIPPED WITH MORPHISMS

\V(’Fx 3 v oy X*XL\Y AID °(y=Y‘9XUY
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K SoXuYessy

C
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL ‘FRO?E?C% GIVEN A QATEGGK'gz £ OBJEQTS X,\(en :

oy ) COPRODWCT QF X AND \/ PRODWCT QF X AVD \/
A— u“\.' (x) (3 AN OB3ECT XUY €%

(‘2 %3“&( EQWIPPED W(TH MORPHISMS

V’Fx 3 Vi oy X%XL_\Y AD O(Yy—%XuY
Arb(OX) | | st ISFYING:

X = X ey

C
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL FT&?GK’% GIVEN A QATEGGK'gz £ OBJEQTS X,\(en :

COPRODUCT QF X AND \/ PRODUWCT QF X AVD \/

oy :
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Xl_l \le—-Y—Y

F
oR 131§ 2 Ve ¥H
FORM T \i?\\ /Y / 3‘;\

X X Yy
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL FKO?GY:(& GIVEN A QATE(}OKB“C, 4 OBJeCTS X,\eh ¢

oy Univ ( ) COPRODWCT QF X AND \/ PRODWCT QF X AVD \/
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T. ANIVERSAL CONSTRUWCTIoMS ¢

CoPRADUCTS AND PRODWCTS
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| V X V {
o T Ny e b
X4 XnY———‘/—>\/
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: A e 3 0
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T. ANIVERSAL CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS

UNIVERIAL FRO?EK’% GIVEN A QATEGGK*Q‘Q £ OBJEQTS X,Yen :

COPRODWCT QF X AND \/ PRODWCT QF X AYD \/

y :
X/—> (AM\{ (X) (S AN OBJECT XLJYGEc s AN oB3ecT Xnyet

(2 :ia\\&)( EQWIPPED W(TH MORPHISMS | EQWIPPED W(TH MORPHIIMS
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F
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v o L STOINT
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X
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. ANWVERSAC CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS
UNIVERSAL "\D@?Eﬁg GIVEN A CATEGORY G & OBTECTS X,\e, *
oy _ COPRODUCT QF X AND \/ PRODUWCT QF X AVD \/
X 5 u“‘,’ (X) (S AN OR3ECT XuYe‘c (S AN OBSECT XnYe“c
2 lla‘ix EQUIPPED W(TH MORPHISMS | EQUIPPED WITH MORPHISMS
VBN, Y] oy sy | Ly X o xny-y
Ar\: (X ) SATISFYING: SATISEYING:
===y F
. PSRN
FORM T \JN jj%Y % a'\xN
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FORM T A CARTES(AN  DIRECT
PRODWCT PRoDWCT
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. ANWVERSAC CONSTRUCTIONS ¢ CoPRODUCTS AND PRODWCTS
UNIVERISAL FT»O?E?\T& &IVEN A QATEGGK'gz £ ORJECTS XYeG ¢
ody ) COPRODUCT QF X AND \/ PRODACT QF X AJD \/
X u“‘,’ (X) (S AN oBgeECT XuYe“c (S AN oBg€ECT XnYe“c
2 33‘-\6x EQWIPPED W(TH MORPHISMS [ EQUIPPED W(TH MORPHISMS
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T. ANIVERSAL CONSTRUWCTIoMS ¢

CoPRADUCTS AND PRODWCTS

UNIVERIAL PROTERTA GIVEN A CATEGORY G & OBTELTS X\ :
ody ) COPRODUCT QF X AND \/ PRODACT QF X AJD \/
X u“‘,’ (X) (S AN OR3ECT XuYe“c (S AN OBSECT XnYe“c
(2 :ia\-\sx EQWIPPED W(TH MORPHISMS | EQWIPPED W(TH MoRPHISMS
VBN Y| | Sy m ey | Sy m efixay-y
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X LXlIJ\/e—"‘-Y—Y P
a el /1 O\
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U,M\/ O() —X X (ANLN PRODUCT  PRoDWCT SuM
X X X
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PRODWCT PRODWCT  PRopWCT  PRODUCT
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T. ANIVERSAL CANSTRUCTIoMS ¢

A COMPWTAT(ON

INTIAL | X XYY . F /
oBgeCT 2 a2 [N
\i?\)\ EA/WY Q Ea‘.&
A4 1
C KX — Xn\/—4—>y
CoPRODWCT PRODWCT
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T. WNIVERSACL CONSTRUWCTIoNS @ A COMPWTAT(ON

ExaMPLE: XU T 2 X for Avg Xe 6.
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

],: L [INTad X =X ey . F /
M0, |9BIECT | N\ 2 B2 MLV IINL
;V( fx i VW Q 3'8

\'4
X C Ke—>— Xﬂ\/——-Y—)Y
2l 0 R MUAL CoPRODUCT PRODUCT
720 ERM| S
W SBIECT OF OBJECT OF OBJECTS

EXAMPLE: XU T 2 X For Avg xe®

PF/ Have X -5 xu1

x=|d\

¥k = idx STS: oy B= idyyt
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

T (nTiac | X2 X‘-'Y*—V—Y e
315, oByECT 3y 2 Vg i
\*/ \d? I V?Y ’l -3‘8
\'4
X C Ke—"— Xﬂ \/——-Y—)Y
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EXAMPLE: XU T 2 X For Avg xe® \ /
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

T [nTiaL | X Xu ety , b
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T. ANIVERSAL CANSTRUCTIoMS ¢

A COMPWTAT(ON

ExaMpLe: X u T 2 X wer
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

"}: L o(mmac | K== —X 5 Xt Y2 . F
i 310, |OBJECT IRERS ¥ix | V\‘Y
\*/ \d?x E V?Y ’l -3‘
\'4
X C Ke—>— Xn\/—-Y—)Y
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W ByECT OF OBJECT OF OBJECTS
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

],: L [INTad X =X ey . F
i AL, [oBJECT EER Ve *f\w
\*/ \d?x E V?Y ’l -3‘
\'4
X C Ke—>— Xﬂ\/——-Y—)Y
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y = ERMI OF ORJECTS
* 0BJECT BIECT OF OBJECTS

OU‘.L
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EXAMPLE: XU T 2 X Rr avg xe®
P/ HAvE X —5 xu1 \ /
o loz,( xox
Px - ‘d\ ?1 XUI 4 l(
« Oxor

WNIQUENESS X X xu1<— 1

\/ QF \6 l'd
IN CaPRODINCT x 0)«.»1
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T. ANIVERSAL CANSTRUCTIoMS ¢

&

{ 315

X
X

Spa—

=
Al .0

A COMPWTAT(ON

INNTIAL | X Xl—'Y<——V—Y I’
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T. WNIVERSAL CONSTRUCTIoNS @ A COMPWUTAT(ON

¥ S ‘N\T‘AL X XUYe——Y—Y / F /
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