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N S€T5...

We prove using éements.

TEOREM. [f o monoid has inverses, these are unigue.
proor. (onsider X,y inverses boq,; then
x=xe=x-(0y)=(xa)y=e-y=-y. o



ELSEWHERE
However, this is e in cateqories other than Sers.

 monoid. in o, cartesion. wullicdepry is o | An antipode isa morphism A L-A
p —
paic m:AxA—~A and u: :1-4 with such that
3 dxm A /A&A._,A,(A\
wd) 4 |0 \ A{——1 ——=A

THM. Aﬂhpodes ore. unigue.



Proors are LEFT To Tue KEADER




AT LEAST




As with other algebraic structures there are
again two aspects, the structures themselves
and their presentations which are closely related,
yet quite distinct; for example, more than one
presentation may be needed for efficient
calculations determining features of the same
algebraic structure.




A BETTER WAY

Swely. we were jusk ‘fmtddhg the ‘xno-j ‘]fom Sers.  (annot we Just (epedl iE?
)(:Xl" {..(’()

Z.(j)(xe)‘ :J%E:cg:(x-j(x)) = (L(x)-x) -j(x)

This is true for generalized elemenbs autsde Ser.



In his autobz’ogmph Mac Lane writes that “One day, Sammy told me he had a
young student who claimed that he could do set theory without elements. It was
hard to understand the idea, and he wondered if I could talk with the student. (...) I
listened hard, for over an hour. At the end, I said sadly, ‘Bill, this just won’t work.
You can’t do sets without elements, sorry,” and reported this result to FEilenberg.
Lawvere’s graduate fellowship at Columbia was not renewed, and he and his wife

left for California.” ...

... I never proposed “Sets without elements” but the slogan caused many misun-
derstandings during the next 40 years because, for some reason, Saunders liked
to repeat it. Of course, what my program discarded was instead the idea of ele-
menthood as a primitive, the mathematically relevant ideas of both membership
and inclusion being special cases of unique divisibility with respect to categorical
composition. I argue that set theory should not be based on membership, as in
Zermelo-Frankel set theory, but rather on isomorphism-invariant structure.

7 An Irlerview with W. Lawvere . Jorge Picado.




THEORY oF CARTESIAN MucTicats.

Over ony mulbigroph. of gmerakors, we construck o, theory.

) I"t-kn=An(”
Max:X + x:X e fct.,....t): B

™M. Derivakions of A,,.. An+B are the morphisms of the Jree
Carkesion mu\hmd,sofg oier the generabors rphisms {




THEORY oF CARTESIAN MucTicats.

Over ony mulkigaph of generakors, we construct o, theory.

M"(f)
Mx:X k x:X e k...t B

TM. Derivabions of A,,.. An B are the :
(:anrl:es,(of:'\r vm\hmkeamgn‘s : over ’('!—ne amem!:oam (s, morpes of e fee

tefms

MumG«am/w\u; CarrMocr

We Quobient by equo.ﬁoas {o Sd: the “wolking” theory.



WHY CarTesIAN MuLTiCATEGORIES

A cartesion, mulbicabesory is o calegory with specfied finte producks,
whose stk of objects urquer the  product apermn s o {re‘; tonoid.
on. Spexxfted. genefatocs .

Castesion mulbicobegries are colored. [awvere Fheories.



A BETTER WAY

Surely, we were just trandlaing the fmrj {fom Sers.
)(:Xl" i(’()

i-e = ild-(xje)) = (L0D-x) - )(x)
e:j(xe; =J(:).(XJX) (LX X)Jx

This holds i {he free cortestan-with-o.-monoid, hence. in any monoaid,
n a car(:esiqr:(h miﬁmt. e 5 |



In all those areas where category theory is actively used the categorical concept
of adjoint functor has come to play a key role. Such a universal instrument for
guiding the learning, development, and use of advanced mathematics does not
fail to have its indications also in areas of school and college mathematics, in the
most basic relationships of space and quantity and the calculations based on those
relationships. By saying “take categories seriously”, I meant that one should seck,
cultivate, and teach helpful examples of an elementary nature.

7 An Irlerview with W. Lawvere . Jorge Picado.




STRINGS?
Amloaouslg ,

Mutr Grae o CagrMucr Z5
He +  CARTMOLT 5 PowGaqPHgt_,MoNCaT.

Steing diagrame allow Eo compite wilh fheaties on the dockrine of
motoidal takegories .

E.c. The omamented simplec Cinfinit fation as o aak
is th?ﬂ walKing rr:n[:icl. o peeet =e eaoﬁ)



ﬂND Z'D\MENSmNAw/

St

8
/ \
PowGRaPH -— MoncAT - _ Smcr MonCar
Pot 3e.|: FOQQ':

There is 0 2-odjunclion bebueen [olygraphs and Moroidal Cats.
Tt arises from the “strick one and coherence, Str(M)=M.
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There is 0 2-odjunchion bebween E:lggmfhs and Moroidal Goks.
Tt arises -[rom the “strick one ond coherence, Skr(M)=M.





