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* Compositional. , stateful transition gystems.

* Synchronizokion by composition..

* Transition sustems are encoded. os grophs.

* Boundomies way be Single -vestex grophs, SPAN(G&APH\*,
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* Tromsition systems ove ewncoded os grophs. /

* Boundomies way be S'\vﬂ\e-'\lemtex 3\»0.?\\3, SPAN(GRAPH\*.
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The St() construction

DEFINITION. For (C.Q.I) Symmetric monoidak,
e stateful morphism

State space

sf(a:)(a,g) = {(S'Lp) ‘ SeobC, ¥: SeA — SeB }/N'
qoo'\ien\’ec\ by he equivalence velokion
(s > P S) A (T
A )

T Ve S S X | T
A ¥ 5)
where ¥: SET is any isomorphism.

Di.o.afmnm'bic : -From lincar to comcurvent S&S‘\ems. Bonchi, Ho“om\., et al.

Memovg{—’ul. ge.omebg og interackion. Hoshino, Muroaa, Hosue.
Differeticde Causal Co\m?s.&c.‘\'m Ve 'Déd\lfd Trace. Kaksumako., Sfrumaev‘.
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The St() construction

Sr(Ser): SxA— SxB  Mealy transition system
St(Ser.): S+A— S+ E\Sot transition system
St(Rer,): SxA—P(SxB) Non-determmistic tromsition system



The St() construction

G (SET,,) . SxA — SxB Meo.lg tronsition system
St (Sen) : S*Q — S*B E\so‘t transition SSSl-em
St(Rer,): SxA—P(SxB) Non-determimistic transition gystem

Gr(span(seT)): SxA «—E —SxB



The St() construction

Gr(Set,): SxA— S<B Mealy transition system
St(Ser,): G+A— S+ E\Sot transition system
St (RELQ : GxA— :P(S" B) Non-determiustic transibion system

Sr (sean (seT)): A«—E—8

S



The St() construction

Sr(Ser): SxA— SxB  Mealy transition system
St (SETA : S"‘Q — S*B E\so‘t transition SSsl-em
St(ReL,): SxA— P(SxB) Non-determmistic transibion system
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The St() construction

Gr(Ser,): SxA — S<B Mealy transition system
St(Ser,): S+A— S+B E\Sot transition system
St (RELQ : Gxf— :P(S* B)  Non-deterministic. transition system
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The St() constrwction

Sr(Ser): SxA— SxB  Mealy transition system
St(Ser,): G+A— S+p E\Sot transition system
St(Rer,): SxA—P(SxB) Non-deterministic transition gystem
S (span (sem): F ) - ‘E - ‘B) Sean (6rarn),
1~—~5—1

TueoreM. Theve is o monoidalk i.somov‘.}\/Gva.

Gr(span(ser)) = Sean (Grarn),

L} skateful Synchronization : spans of qraphs
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Cotegories with feedback

Sbmm&bn;c. wonoidol Cokeﬁov:‘ wibh o opevatow
foks : hom (S@A,58B) — hom (A,B),

such thet :

® u.;fbks(-n;v = {bkg((ueaa);&";(vo:d))

@O fox () ={

®  for Ik = Fokggr ()

® foxs(Peq = fbks(feg)

® fbk (£:(meid)) = bk (heid); §)

Feedback ,troce, amd Piced-poict semantics.  Katis, Sabadini, Wolters.



Ca.’ce,gories with {eedback

Sﬁmmem wonotdol Cnbeﬁomj with G o‘:apa.bov‘
¥st= hom (Seﬂ,SGB) — hom (A,B),
such thot :
O & CE—> ©
_ f
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: GrE “ P

Feedloack , trace, amd ,?cxeA—Poiwl: semantics.  Katis, Sabadini, Wolters.
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Co.’cegori.es with {eedback

Ssmme.b\;c. wonoidol Cak%ovj with on oPana.bo\r
foks: hom (58A,588) — hom (A,B),
such thet :

°cD e ©

W £ v W f vi— | = |f
@::.. & G :5:-
£l = _Jf
® ) = C:D ®C4: #;D(x:o) 84:3

Fee&back,'broce, ond ?ixedvpoud: semantics.  Kakis, Sabadini, Wolters.
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Sbmm&bnic. wonotdol (:okeﬁovn wbh an oFeM.tosr
fst: hom (SQF\,SGB) — howm (A,B),
such thot :

@C“‘D ( — ®

W .F v n {: v

T

@ . & 3 :

fl_ =

@ @ 150 0
D -GP TG e

Feedback  troce, omd Pived- point semantics.  Kokis, Sobadinz, Walters,
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Ca.’cegori.es with {eedback

Ssmme.bu;c. wonoidol coteﬁov:, wth o o‘:emhosr
foks: hom (S@A,5@B) — howm (A,B),
such thet :

° e ©
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Fee&back,tfoce, and Pixecl-?oivd: semantics.  Kakis, Sabadini, Wolters.



Co.tegori.e.s with {eedback

Sjmm&bnic. wonoidol aneﬁov:‘ with o o‘:am.bowr
-chs= hom (SQH,SGB) —> hom (H,BS,
such thot :

e ©

o I (] s [

O i :E-—-
£l = _Jf|

® {‘ ,._C:D ®C¥4§D(x:o) ,ﬁD

Feedback , troce, omd Poced- point somantics.  Kakis, Sabadini, Wotters.



Ca.tegories with {eedback

DLFFexwes with $vaced monoidal cnte,sou.:es ?

i C ) o (WeakSuoine)

Y- = (‘/wawe)




Ca.’c.egortes with {eedback

DLH"emmes with 4voced. monoidal mkeﬁou:a ?

4. C ¥ ) ({:o) Q 3 = (WEN(SL\D\NG)

v (\/QNKING)




Cmtegories with {eedback

Differences with +vaced wmonoidak cakegoutes ?

i C B D G (g ¥ ; (WeakSuioe)

i, ‘—Q = _[— (Yankine)




Categories with {eedback

Di,ffeuwes with 4voced monoidal cote,sau;es ?

i. C 1 i) (o3 : (WeakSuioine)

i, —Q_ = _5— (Yankine)

o Feedback is weaker than trace (and belowced dnace).
o Feedback amd quovded fnace ciucide in Compact dosed catemouies.
¢ Feedback has a d;??emt {'3?6 than Jz\osec\ trace.




Cod:.egori.es with {eedback

Multiple a.\fl.«'.co.h‘.ov\s o:? ;?ee.dbo-d& con be veduced into
0. single one. Al of the axioms ave weeded for this vesult.

—
¢ W = ¢ h
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Ca.’ce.gories with {eedback

Mulkiple applicatio o ns of Jeedbock can be reduced into

0. single on t\ne oxioms ave weeded for this vesult.
—
¢ h = ¥ h
N N
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Cokegories with {eedback

ProrPos(TiON. Le.‘: C be o symmetvic monoidal cakegousy . S‘\'(tﬂ has o
S e §
}:‘:E)-

b 2o

THEOREM . et € be o Symmetvic monsidol cakegous . The S:Jmneb&c
moveidek cotogony ST(C) is the free categoay with feedback over

C' mcaw'us k\ﬂdk
e 7y Feedbock - presevving :
2 presa®s o
Sr(€) — D E(fows () = T(6))

i’] ¢ / Co.t%o«: with '(‘eeABQd&
cC

N—— Sammel'.w'c monoidal -Pumd:o\r.

Feeo\‘oaLk,'b‘ace, omd chec\—‘»iwl: semantics.  Kokis, Sabadini, Wolters.



Ca.tegories with {eedback

THEOREM. The go\\owiﬁ iS am Lsomwrhxm o;? categouses.

Sean (Gaapu)* ~ S (SPGN(SET)‘

SM“L k‘ stdnv-o wiaekion

Span (GR‘\PH\,; is the {vee cokegouy with -?eedbad& over
Sean (Ser).



Categories with {eedbock

THEGREM. The Jollowing is an isomarplism of categouses.

Sean (GRAP\-\)* = ST (SPGN (SET“

SWP“L k‘ Ssndmro m‘.zch.'on

SPF\N (GRF\P\-'\\* is the {vee cotegouwy with -Yeeibndk aver
Sean (Ser).

EXamP\e'
Set — SPM Ml—.s to Mea.lﬂTS — S?M (6rapk\*
v \ o Qe Ne
A 3(v,0) =b @, ,_®

2.A) =0



Ca.tegori.es with {eedback

THEOREM. The go\\owiﬁ iS am iSomo\rf\aiSvn o;? categouses.

Sean (Graen), 2 St (Sean(Ser)

S{'ﬂl('&PKL k‘ Ssv\d\ro m‘.zc.h'on

SPF\N (GRAPHX* is the {vee cd:eﬁwg wibh -Yeedbndk avev
Sean (Ser).

EX.o.mP\e'
wan Q0
dase / \ 2(:,o)=b @/:\@

2(bA) =0
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GeneraL(szg Feedback.

Feedback. descwibes a. Pw‘(:uoulw Llow o,? infovmation.

inpot  ——d— outpot input -@o— output

normal flow Now with feedback

[ ——

OFen Dmsmms via. (oend Co.\m.lu.s, Mario Romdn | HCT'ZO



Ge.ne.rauzi,v\g Feedback.

Feedbock descmibes o porticulor ﬁo%o& infovination.
input  ——— oulput input R output
novmal {low Dow with {eedback.

These ave monads i the Waheaou:j ProF og ?wogwd:ws :
SeC
how (T,0) [ hom (ST 500)
mownads Clwves‘:ov\&. to o new o.ssiaﬁmwb 0_? w\ov?\nisw\s te a
cdceﬁwa.

OFen Dwgmws via Coeml Colawdus , Mo.ﬂo Romn'.n, HCT'ZO



Ge.nexo.LLz(,vxg Feedback.

Whak is the most general form of feedback ?
DeD
c N CUE CPR

The normak theoem N
T o b e bt e oy e o it

° TV‘M.&L Co&:eﬂovCes without 3««M\'m3.

o Cokegowies with Jeedback. .

e Cotegovies wibh inibiolized {eedbaci .
. De\o.bed. Lroces.



GeneraL(szg Feedback,

What is the most qenevel Joven of Jeedbacic ?
SEC
g Gt (aR):=| tm(sen, ser)
¢ ¢ c

Tke. novrwalk heovem hol ov N L
ackims <"°).2°"'1".‘»"\ese se.vmra(.i‘:é:P Guy  pour "g monoidok

* Tvaced Cateﬂovies without Yanking .

* Cokegowies with Jeedback .
 Cotegovies with inibiolized (eedback .
. De\a“e.d. Lroces.



Genexouuzi,vug Feedback.

W SeCore €
DG SEM(F\,B\ = [ hom(sen,sem)
C C C

The. novrmwalk theovem holds Yo am N noildok
ackions <.'°).2°"13‘“\ese se_yw_vo.(.?ie:? J P 09 me

* Tvoced cakegovies without yancing.

* Cokegowies with Jeedback. .

o Cotegovies wibhh inibiolized {eedback .
. De,\mae.d. braces.



Genexoutiz(,vxg Feedback.

Whak is the most generel formn of eedbacin ?
? SiseClc
&) C) S’C<£ (a,B) ==f M(SoA,SaB)
C C C /x

The normal theovem holds : o
ackions (0,0). Qwﬁ“\ese Se.v\uo.u‘%e:PW MJ posr og monoidak

* Tvaced cakeqovies without yanking .

o Cokegowies with Jeedback. .

e Cotegovies wibhh inibiolized {eedback .
. De,\abe.d. Lroces.



Genex'a.u.z(mg Feedback.

Whak is the most qeneval Qo\rm o'f _PeeAbo.d«?
Sec
“ ot (aB):= f hom (500, 52B)
c c C

The normol Breovem holds N noldok
octions (o,0). 2M'l:'{\\ese, smaUQe:PW *g P og me

* Rigwt /Left troced cakegovies.

o Cokegowies with Jeedback. .

o Cotegovies wibh inibiolized {eedbaci .
. De\%d Lroces.



« Sean (Gaap\«\* = St(Sean (Gt—:ﬂ\.

¢ Gr() Commonly oppeass acvass the Utevelure.

¢ St(*) is the feee cakeqony with feedback .

* Catesowes with feedback ave o weakewing o hnaces.

’ Ca.begovies with feeduack. hove o vormsh forwm teovem.
e 57() cam be genewolned to vaviouts of Jeedback.
e Relake 4o the Coolgdovaic  appvoadn.
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