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Part 1 : WEIGHTED AutomMATA




WEIGHTED AuToMATA
oemmou A weaglhted m&u.l’omnhon Q, ?SQ &.ta) e HUT (a38) with

e 0 sek o{s
* marked stakes Xe X-vQ and S.:Y-+Q, aml
e o bransibion function T.: QxQxAxBR — K.

The Vﬂlu(’. 0-[ To(qhqma.b) 13
the weight of o bransition from g, bo g, producing Signals o. and b.

The:s\gxdsgﬁw&rﬁ used,l'osgnc aukomaka., the XY marked stotes




WEIGHTED AutomMATA

Drawing weighted. outomatn

x * with stakes Q={113},
_ * marked. stakes {4} and. 3} by
o | 65,51 X={x} and. Y={ya},
(o3 @\;.1 o.b.c . sﬂno,l,s A={a), B {la bz} and. C= {C},
— /"0 » Eransitions
i ab:c {c} Ne 413 e 423
3 1020 1000
R 2 (0 3 0) 2 (o 0 1)
. ".‘. 3\000 3\000
y 2 with 0., with 0..\),,(’,



WEIGHTED AuTomMATA

Drowing weighted. ouktomakta.

3 e with shakes Q={413},
: * marked. stakes {4} and. 13} by

... L tb.bad X={x} and Y={ya},
{0} ®\‘.2' wbuc * Sgﬂds H:{a,}. B‘{L..bz} QI'\A. C""{C},
NL. O e Eransitions
4 ab,c {c} N 413 N4 23
b 1(020 1[000
] 21030 21001
4 3\000 3\000
® [ ]
y oz with o..\)..c. with a.b;.c



WEIGHTED Automama

Drowing weighted. oukomate

X * with stakes Q={113},
i ¥ * marked. stakes {4} and. 13} by
SO erf:}saﬁl ?‘s{”’é‘u b} and C={c}
g2t ‘s ={a}, Br{b.b. ={e},
SR Y O : I:?ansil:ions
d b, c {c} N4 13 N4 13
3 1020 1vf000
A 1(03 0) 1(001)
. :.. 3\000O0 3\000
y 2 with a.bc  uith abc



WEIGHTED AuTomMATA

Drowing weighted oukbomaka.

X * with stokes Q={113},
| * marked. stakes {4} and. 13 by
e [« hyts Aol Bl and -8
@ .2_ o.D,,C ° s =10, 2 C \
L VLW ° I:?ansd:w\’ks
ab, c [} N4 13 N4 13
_3 4 //020 1 /000
1(03 0) 1(001)
k -... 3\000 3\000
y oz with o..b..c with a.\)z.c



WEIGHTED AutomATA

Drowing weighted. oukomata.

x e with states Q={113},
B * marked, states {4) and. 131 by
e [ e é{b be) and, C=1c}
® 2 Oubuc *q =1 2 =1cl,
= o/ R0 o !:?ansd:lm
. absc {c} {rx A 2 3 -[unh A 2 3
—3 1 /020 4 {0 00
1(03 0) 1(001
| -... 3\000 3\000
y 1 with o..b..c with O..bz.c



WEleHTED Automema

Drowing weighted. ouktomata.

: * with states Q={113},
i * marked. stakes {4) and. 131 by
;4 abuc {b, b} X:{x} and. y: {y'z}'
{3 ?‘5@ :ii_;ml? tg;{ax, B={b.b.} and. C={c},
) ab, c {c} {\te A 2 3 \to A9 3
i 1020 o 00
21030 210014
° :'o 3\000O0 3\000
y 1 with a.b, ¢ with @b, ¢



Part 2 : CoMPosiNe AuToMaTA

IN ParaueL




Probucr

The Producl: of
Q=50 ¥ 8eTa) : Aur(3®)  and  R=(5: 0,50 T.) : Aur (e & D)

is the aukomabon J
Q*R. = (SQ*SR, Xo"‘XR Sa"sk.'[a'tk) : Aur (n"c‘l:%' B*D),

To Ta (a,b,c,d,q.,qz,n,ns = 7. (ab9.9.) T (cdrr).
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PARALLEL

The. poraltel communicating composition of
Q=(50.5,7) - Ar%e)  and  Ro=(Sed 51, 7.) - Aur(B3¢)

is the automakon
QIR = (SQ*SR o> XR SQ"SR Tq[ta) f-\u.\‘(ﬂz(lﬁ

Tol Ta (.c.921. "') E ‘IQ(O.bg 9. Tn(bc AP
beB XxZ

Sy (s 2\ ®

Jee? L"'I
L[_Q ‘:1: B R .‘.!z ¢ = \.\G —c-
v w QxR

_—.

Transiions: need. b coincide on B Aukomakn, Syncheonizakion.




PARALLEL MonoipAL CATEGORY

The oty PHRHUT hos seks osobjects and aubomata AuT(A38) for some XY

isms A-B. uses parallel- communi l:wn,and the Pfodud:
mnKes it o symmekric momtdo‘i.wcakeg«y ok g

EXaMPLE:  3-bit binary counker.
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CReATING Automata

Ay funckion §: A-+B can be lifted b automaln. fs : Aut(AG®) and. 1*AuT(e3%)

h=(4,467), whee T;(0.{(),+e)=4, ad O otherwise
{*=(4,49.7), whee T/ J@),0,4%)=4, and O otherwise

with & single stale, no marked stales and 4-labelled bransikions.

|
::>-b. A8 "G st are stbeles sl
oM

03 0" b2 D tansformers, a.v-»1(a).

proposmon.  These. liftings debermine. strong monoidal Junctors
(Ser,x) — (Parfur,x),  (SeT*,x)—> (ParAur, x),



PerALLEL MonoiDAL CATEGORY

We use dots for copying/discarding sigrals.

va.a/ Yo.-a/o,0. fem
-~ -3 -2

—= (@ D--d%T
These form o special. Frobenius monoid.: only comeckivily malfess”.
L TS
_éh't_{: })_"2_)— —=—




Part 3 : ComMposiNe AuTomMATA

SEQUENTIALLY




SUM

The. seqventinl. compasition of
Q=(SQ,XQ.50.'CQ ‘QUT("z;B) nnd. R.= (SR,XK,SR,TR) =AUT ("3")
is the owkomakon

Q."'R- (5 "'Sg , +8 SQ*SR,':QVTR) :HUT(na,cf,‘:z‘,B-»o)

sz;‘ (04\ bB Q q'z_a) TQ(“' b Qe ﬁz)
TavTe (C dp, ¥ir fm) Tile,dirarz)
TQvTK( 6,0 o ) O, otherwise.
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SEQUENTIAL

The sequential communicating composition of
Q+(50.8.T) - Ar%®)  and  R=(Sed 51,7.) :Aur(c 29)

is the automakon
QsR = (Sa“'SR Xo SR Ta° tg) Au,\’(ﬂ+czB+D)

TQ Tk(anb QQQzG) E E TQ(a'Ab SQSzQ)
TQ T&(Ccd \'Kfzp) E E Tk(ccd l: tzk‘
TQ T& ( ® o o o) 0 Ou'le"\allse

v A_{

lo l“’




StueNTIAL  MonoipaL CATEGORY

The ory SEQAUT has seks os objects and qubomata. Aur(252) Jor some AB
isms X—Y. Tt uses sequential- commumcnbxg composition, and, the sum
ml(es it o symmetric monoidol cakegory.

B} == Eepe Regex (@8bc)’
Lo i ¥ Some sequences of a., always
":]- = k]}’ ended b_l’ o).

P [




EXTRA




INTERCATEGORIES

* A double. cakegory of automata?
Pusallel [sequentiol composikion do ot sakisfy the interchange. low,

= R
QR QR

Grandis £ fose use. these as an example of an intercakegory.
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