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Part O: DATAFLOW PROGRAMMING




MOT WATION: Datariow Prosrammine

Xr?;r%‘msn;qmugm o? ‘msdng m for repenled processes: every

fib = O rey (4 ey war fib + Jib)
nok = O ey (4+ nak)

* Elegank cecursive dataflow syntox.
» Sigral. {low, ‘trace-like' diagrams.

FI6. Signal {low graph.

E.q. Lustre, Luew. &l ficherolt, Wadge, 85



MOT waTIoN: DatAriow Procrammine
Dafa‘nm programming s o? m.g m for repealed. processes: every

n LS 0. P

& .f Wo wed Lﬂ:} { de\ogul sl:\*eam ')

b =0 rey (4 ey warm J;\: fib)
nok = O ey (4+ nak)

* Elegank cecussive dataflow syntix.
» Sigral. {low, ‘trace-like diagrams
FIG. Signo.l {Iow 3"“?“

E.q. Lustre, Luaw. E:lfsherolt, \Wadge, 85



JEMANTICS:  StreaM FucTions

DEFINITION. Al causal skream Junckion : X —Y is o, Jami ctions, indexed b
Mokurol wimber bime, {r:m all pasl:n inputs to Hn‘i aairrgyntﬂ {c‘:mufputl‘:s. e

{0 : Xo-’ yo
{l : XO"X.-’Yl
{; L Xo*Xn' Xt-’YI
e et toking X=l o) i AXelax, ) prer [bsunala 8

‘Q -like operabor baking 9S6X—>S0Y ke X—Y;
-ma{ggbmif.reasonirgard ‘ vi o.rgunml:su.‘ X

CATEGORICALLY:  The coKleisli cakegory of the ron-empty list momidol. comoriod.,
sk [N.sex]—[N,Ser], Lisk (X)a = [1X:. %] Uustalu , Vene 03




Otuer THEORIES OF PROCESSES
Whak abouk other theories of processes?

walk = 0 ey Unirorm {44} + walk

E.g. stochastic Junchions ~» stochastic streams.

Given o theory of processes,
we consbrucc a. theory of ~streams
over them.




Otuer THeorIES OF PROCESSES

Whak about other theories of processes 7

X= (0 ey X)+ (“{ravY)

Y= o(2)
Z= (O(FB‘I Z)+( revW)
W= (4FBYY)

E.g. non-deferministic funchions ~» non-determiniskic streams.
Given o theory of processes,

we construdk a. theory of streams
over them.




Part 1 : MoNoIDAL CATEGORIES




MoNoIDAL CATEGORIES: PROCESS THEORIES

Monow\al cakegories axe an algebra of parallel and sequential
String ding rme!gs are the intemal (ang{unge of monoidal uglbegoﬂecsom postion.

R

Process Pam.ud. composd:m Sequentiol. composibion




MonoiDAL CATEGORIES: CARTESIAN

periNITioN.  Monoidal cabegories ore cortesion when processes can be copied

ond, discarded uniformly.
Copy cscard.
BBy P

Deterministic Junctions

Stochastic functions
Partial Junckions

Relakions

X N X<
A XSS




MO NOIDAL DF\TAFLON PROGRGMMING

Theorem (DLAFR).  The ton-emply lst Jundor Lisk (X)a = éxi is
0. moroidel, comorad if and anly if @ “is a. cartesion Frodud:. =e

Whok obout other Eheories of processes 7

I

Whak obout other, non-corkesian,
monoidal categories?



SyNopsis

Todoy, given any ‘Z%Tm;k%co monoidal. categery (€.0,1), we will build.

0 symmekric moro ry of stream processes Stream(C) such fhat

» Stream(€) has an id-on objs Junckor Jrom [N,C1;

» Skeam(€) has a delay monoidal. Junckor, 9 ;

* Steam(€) has deloyed feedback taking 9S©X—=80Y ko X—V;
* Stream(€)  has 0. walgebroic deseripbion ;

e Skream(€) s castesion“when € is 5

* Stream (SET) (s the classical cousal sbreams ;

e Styeam (Socn) @S causal discibf, stochastic processes .,

+ Steam(€) is symm. premoroidal, ¢ eckful or Freyd when € is.

Three. definitions in terms of universal properies, and. three conefructions.



SyNopsis

Three definitions Jrom wriversal roperties, ond three explicit consruckions.
Each one o quotient of the previous.

1. Ihtensinnal, streams, o fiest naive version. Fatl l:aform o ml:eaog
2. Exlessional steeams, o free cabegory with feedback.
3. Observakionol streams, definitive”Solubion to a. fixpoint eguakion.

Two Known pavhmlnr cases, and. an avenue for more.

4. Cartesion monoidal streams (Set,x) are causal funckions
(05 W Uus\:aleet\e, SPrunger-Jacobs) .

2 . Skochaskic streams (KL(D). x) are controlled stochashic processes
(classical in the literature).

3. Kleisk streams of stcong monads. fremoroidol. cakegories in general.



( Tntensioral.)
Part 2 : MONOIDAL STREAMS




CtreaMs anp Stream Funcions

«ﬂ skream OJ l:,g /A‘-‘-(Ho. ﬂﬁl) 1S an e‘ﬂmenk of Ao (ZO d'.\'ler Wit o skream o-f
bypes A=A, 3

S(A\ g F\o "S(/N).



CtreaMs anp Stream Functions

“H
skream of l:ypes A=(R, A A,...) is an clement of Ao bogether with a, stream of

bypes A= (A, A, A ).

S(AY £ A, xS(N).

By Adareks Theorem, the candidake Solukion is
lim, ., (1 — Ao «-—-onA44—-onA1*A ) =
1 A

ond i is o Solubion, Aox r\An =

n=0

i

=1 Addmek 74



GTreaMs anD Stream FuncTions

“ﬂ 5\:\'90.\1\ {UHC(Z.LOn :(rom X‘-'-(Xo.x..xz....\ (:0\/=(Y°,Y|.y1,,,,\ S O J(O\RCH.O“

Xo = Yo communicaking along o memory chonnel M wilh & stream function

from X=X Yo Xs,.) bo YEOY. Yo Vs,
T (X.Y) = Z\ hom(Xo,Mxyo\ x T ( MxX..Xz.Xs,...;y‘,yz ,Y;»,,...) .

MeSeT

By Adarieks Theorem, the condidabe Solukion is
‘immm ( 1 e hom(XO.Yo) *’hm(Xo,Yo)"hm(XJ X4.Y1)"" ) = ‘[lh’m(XJ "Xﬂ,\/n)i









