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Strong monads for computation
· Model data types as objects of K.
· Elements of TAare computations that return a value in A.

· Compositional semantics:

↑ 1N:B N TM
r +TB-TTC

2:B M:C

· Need a strength in general:
↑ IN:B M >TB

Y:A,
x:B M:C A*B >TC

A*N TM MA* SATB I, T(ARB) CT TC



Bicategories
Recentsemantic models form bicategories, notcategories:

- spans or profunctors L

k -

- games and strategies exe,
=

xsa's

-PARAconstruction

(P, A*P ( BL

(composition as universal construction,
morphisms are themselves structured objects,...)

Problem:so far no explicitnotion of strong monad
for bicategories.
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Bicategory theory
Instead of commutative diagrams we have
coherent invertible 2-cells.

For example: a pseudo-natural transformation 0:F-G
consists of

FA*, GAFACA (for every A)
FA*, GA Egf Ogf Ggf
Ff=

W

6f (for every f)
W W

FBGB FC
Oc
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Other notions we use:

. monoidal bilategories:

· pseudomonads:



Strong Pseudomonads
A left-strength forTon (B,X, I) is a pseudo-nat.
transformation

A*TB tAB, T(AxB)
compatible with:

1.the monoidal structure

2.the monad structure
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Another view:strengths as actions of (B,a) on B
B xB

T
- B

T

A B A *B

I ↓f*gf
v

g
W

> A'*TB'
Al TB' ~t

T(A*B'

In the other direction, ifD:BxB, < B is an
I

action such thatADB =A*B, we take
ATB

( -) == (E)))
T(A*B
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The monoidal structure 4:BxB -> B is
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Lef: An extension ofthis action to B,consists of

·fansaction BxB+'s B,(+ alldata)
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There is an equivalence
category of e category of

extensions (D, 0)
-

strengths forI

Corresponding resultfor rightactions/strengths (
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premonoidal cats.Premonoidal bicategories: (Power&Robinson]

another model for effectful computation
· idea:directly axiomatize the structure ofBT
· have a tensor productbutno interchange
· 2 functors Ax- and -XAfor every A

· the structural morphisms should still

satisfy interchange.



Central morphisms powerRobinsons

In a category withA*-:K- K (for every A)
- *A: K- C

f:A - A is central if
Baf
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Central morphisms
In a bicategory withAD-: B-B (for every A)

- XA:B-B

f:A - A is central when equipped with

fa Baf
A*- A*B B*A- B*A

A*g =Ig Ag qxA E
rt A*g

V V I

A*
f.
A' B'*A BaqB*A

pseudonatural in gi
B- B'.
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Def:A premonoidal bicategory Bhas
· A*- , -*A

· central structural 1-cells 2,0, 1
. same data and axioms as a monoidal bicategory.

Theorem:T bistrong pseudomonad
=>B,canonically premonoidal.

Conclusion
. new structures for effectful programming
· subtle point:the centre (B) is notmonoidal!
mneedFreyd bicategories.


