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Overview

● Copying and dele4ng

● No-cloning and no-dele4ng

● Products

● Categories



Copying and dele)ng



Copying machines

d
A > AoA

As 40 = c

· commutative : -TAIX = -J
_DX= 出入= 函飛 =兆 → t4 :④-周二 =二

· associative :
_二田三= 一町二 1 *

逃 -一町一間
· unital : 一田に旦 ニ一

Such a process
well call a "copying machine", or "comonoid",

tag ?
eg.A=ε
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θ = ( : : / and we'l draw it as
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Combining comonoids

To distinguish diffent copying machines, we'll colour their pictures differently
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Monoids

sit-associative : ㆁ

습호A ≥ー =

℃

'

(m + n) + p = m + (u +p)

o- A

unital: オー = ー =

。
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e.g.
A = 2

r A = IMz = (n-by-n complex matrices)

-men- - matrix multiplication
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Pairs of pants
where A-=
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No-cloning and no-dele-ng



Uniform dele1ng
A

systematic deleting : fo each type A, have
->

S
. % · fa any processo: A -o = A -12

and :

AOB -o = 큼응

no-deleting the rem : if systematic deleting
and caps and cups ("entanglement") areavailable,

then there is a unique process A-D.

hence : unique scalan]....
"

,
so no quantities



Uniform copying

copying systematically means : · fe each type t, chooseAno s
. t:

、
A

· to each map ti vo-B
=-YA-B

· tob _o =tote



No-cloning theorem

tey . E = 《 PF . ℃= 期 = (園長 ( )

#=②= 区

L : λ== PF: F =5 = 兆 ==

世: 品嘴 f一因
2内面=⑧
_

= ∞



Products



Universal property
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Characterising products

The : In a moncidal category , AOB
is a lateguicall product

for each A and B if and only if

· there is uniform copying - :AAOA

· there is unitum deleting -0 : A 2 I

.
-0 으 = - =

-t
.



Summary:

● Comonoids are copying machines

● No-cloning theorem holds syntac6cally

● Can recognise when seman6cs is classical via products

● Can interpret string diagrams generally in monoidal categories


