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DHYSICS RS PROCESSES.

MONOIDR(L CATECORIES :

OBJECTS == pPuysual SYSTEMS
ARROWS = opuysical PROCESSES

OMPCBITION = SEQUENTIAL (OMPOSITION
TENSOR == PORAUEL COMPOSI(TION



DHYSICS RS PROCESSES.

TPy
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SPACES

OffOWS - BOUNDED LINEAR MAPS
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POSING THE QUESTION.

«\\\%\:}t\*c’ J HOW CAN WE TEUW
o OUR PROCESSES ARE
.| QUANTUM ?

/ g WHAT ARE PROPERTIES Of S SucH TwaT:
i ¢~ am ?

(AS DRGGER MONOIDRL CHTS. )




ANSWERS ?

® HILB: HEUNEN + KORNEW, PNAS 2022 Vol.ll9 No. 9,
ocXiv: 2109.0141\ 8,

A~ THIS TALK

® CQ_“."HEONEN + KORMNEW + » 0t)iv:2211.02688,

® ONGOING: HUB FHIB , UNITARY | ...
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RECAP OF THE aLD RESWLT.

THE ﬂ!lﬂ

(A) € 18 DAGGER MONDIDAL

T C —3 C , id.-on-0bj., idempotent,
\d =dy.

Hmodol str. WhoSe conLrence OO pPhisMS

oxe '\'-iso., X121

(8) T 15 a SINAE SEPARARR

SIMPLE: T hos +wo subobjects.

MON. SEPARATOR : it VI PHVI S K:
Qo(k@k\:So(th\, Yhen -@:3

() € was T - eiproduCTS
€ %os o 2em obj 0. Coproducts:
H kK t- m«mp\ums

H@l{ JOL—O

HEUNEN + KORNEW
PNAS 2022 Vol. 19 No. 9
ocXiv: 2109.0741\ 8,

(0) € was T - covAusers

Al equalisers exist, and they are
T - wonomorphisms

te) T-Monos ane T KERNELS

Any T-moro § 1S & T-kernel,
i.e. an equaliser:

=
N——K —H

0

(¢) C HAS DIRECTED (UMD
Of {-rowos
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HEUNEN + KORNEW

m “ Tllf aD RESN.T PNAS 2022 Vol.Il9 No. 9

ocXiv: 2109.0741\ 8.

THEOREM. I € SATISFIES AXIOMS
(d) = (F), THEN:

C =~ Hue

(AS DRGGER HoNOUDAL CHTS. )



THE STRATEGY.

O WE V\EED TO MGURE OUT: jﬁ“ﬂa"f‘ =
How ARE
HW& qyp CON AX\OMS W Axoms
RELATED ? CoN HILB
(KNOWN)
THE 1DEA:
EVERY BOUNDED map
'S OF THE FORM :
D, custrucrion(D)
8= 2900 2
e 9 & n\e
scalalR



SCALARS.

INAQ MONCAT, € THERE ARE
SCALARS::

:T—>1

THEN (ORM Q@ OMAUTRTIVE MONOID
UNDER COMPOSITION

SCMARS 2 aND MORPHISMS §
CAN St MUMPLIED:

2 ef
L —

oo

I®H WIQO

FROM FUNCTORAUTY oF @ we ceT:
%-(soF)

(%-9) ot “SHUFFLING”
g0 (%- f)



SCALARS N HUE 8 CON.

WE ¢\ND:
€ | nHus(c,c) =2 € ao CON(C,C) = D.

ooars (-b/ﬁ-e — %. 9\(9\
¢ o o ¢ ﬁ P

scalaR

protien: D D 7= C

THE 1DEA: consTRUCTION(—) AooDs
TORMAL INVERSES FOR AlL SCALARS.




UNDER EOUIVALENCE REATION :

THERE 1S A CT. L ~n (/.
comsrrucaron (2 ) = (D) | ,/%)‘=’(/1),
ey Fek = e

OBJECTS: SAME AS D
ARROWS : OF THE fORM

H /2] K



THE CONSTRUCTION.

THE (ONSTRUCTION 1S WNIVERSAL:
pRogasmoy. @ S—— (D)

a

AND cwsmcrm(gl\!) = Hus.



THE NEw Axioms.

ALMOST
BIPRODUCTS

(1) D s a +-c¢AT
(2) D i1sa t-RIG CAT.

Twe t-woroidol steuctures :
(®. ]’_\| ond (@, O) such that
(so9) = ttegt, (FoyY- floq’
ond @ distributes over P,

[(3) (,0) 1s arrine

D is imtial, and hence a e cbj.
This gives natural :

inlyy : H————r HBK

A

L | — H® K

(4) inl, ine aRE JOINTLY EPIC
(:o il =ge inl 3
€oinr _—_-goit\f} > § J

\(5) THERE 1S HMixTURE

3s: I —IBT with
inlfos = 0 7= inrTes

(6) T 15 T-simpe
(2) I 1S a @-SEPARRTCR
(8) D was au t-eovalisers

o L(9) t-monos are t-KkeRneLs

(10) SUBORJECTS ARE DETERMINED
8y POSITIVE MAPS
S=t os subobj. i$f SoS'=tet!

(1) D we AL OwWecTED ColruTs

AXIOMS

T

UNIT

-AX10MS



THE CONSTRUCTION.

AFTER A LOT OF CETANS... :

THEOREM. IF D SATISFIES AXIOMS
(Y =101) THen 2( D)
SATISEIES AaoMS (A) - (F), so:

Dc——D(D™)

|2

HBCE © < Hu e

WE ARE JUST LEFT TO SHOW:
O = CoN



HENCE © < HIB.
TOWARDS THE THEOREM. .. .- ST LEFT TO SHOW:

s O = CoN
([ Causeoes® et
eva. D={2¢C:|2|<1}

e, o(k,H) = | te HuB(HH): el < 1},
- ——

c’x'- a\gebPQJ
By RUSSO-DYE-GARDNER : \
t = -I'T( U+ - -l-lh)
(EMAR. I GENERAL: M ur\'\\’o\r\-(

D (H.K) = @(H, K) (By PAlOR mrrm>



THE THEOREM.

THEOREM. IF D SATISFIES AXIOMS
(1Y = (1), THEN:

D ~2 (ON .



THE THEORENM.

THEOREM. IF D SATISFIES AXIOMS
(1Y = (1), THEN:

D ~ Con
.\
“‘gcon.,
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por



