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Streams: F X =B x X
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Streams and Mealy machines

Streams: F X =B x X
Final coalgebra: B

Mealy machines: GX = (B x X)*
Final coalgebra: T' = {m : A — B“ | m causal }

M(Cbl,ag,&g,...) — bl,bg,bg,...
b; depends only on ay,...,q;
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Some operations on streams

Assume an operation +: B — B
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Some operations on streams

Assume an operation +: B — B

b / C /
r — X Yy —1Y

|. Define @ : (B*)* — B“: "
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Some operations on streams

Assume an operation +: B — B

b / C /
r — X Yy —1UY

|. Define @ : (B*)* — B“: "
x@y%x/@y/

A distributive law: )\ : X F =— F'Y

b / C

2. Define B : (B¥)* — B“: bc
rPy — Py

/

A distributive law: A : X(Id X F) = FX
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Pointwise extensions

For any operation o: (B“)" — B“
the pointwise extension o: I — T" is:
o(mi,...,my)(c) =0(mi(o),...,my(c))

if it preserves causality.
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Pointwise extensions

For any operation o: (B“)" — B“
the pointwise extension o: I — T" is:
o(mi,...,my)(c) =0(mi(o),...,my(c))

if it preserves causality.
Examples:

- & ,H have pointwise extensions
- t1 : BY — B“ has not.

Q: Does 0 come from a dist. law if o does!?
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A naive approach

b / C /
xr — X y—1UY

x@yﬁx/@y/

b / C /
r — X y—1UY

b+c /
LOY —— oy
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A naive approach

b / C / alb alc
b+c — a C —
x@ny/@y/ 2Dy |ﬁ)x/@y/

b / C /
r — X y—1UY

b+c /
LOY —— oy
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A naive approach

b / C / alb alc
b+c — a C —
x@ny/@y/ 2Dy |ﬁ)x/@y/

b / C /
r — X y—1UY

b+c /
LOY —— oy
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A naive approach

b / C / alb alc
b+c — a c —

x@ny/@y/ 2Dy |ﬁ)x/@y/

b / c / alb alec

7 b+c / = al(btc) =,
Yy — 2y rmy — iy
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A naive approach

b /
r — X

y — Y

b+c

x@yﬁx/@y/

b /

y — Y

b+c
rHy —x
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A naive approach

b /

L — X

y — Y

x@y%x/@y/

/

y — Y

rmy —

a1|bl
S1 > S9

b+c

CL2|b2

a2&

S4

CL1|Cl

a2|02

tl > tz
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A naive approach

b / C / alb alc
b+c — b+ _
x@y%x’@y’ I@ya;C) :U/@y/
b / c , alb alc
= SR J = -7 J Wrong!
b+-c , — al(bte) =, 5
LY —— oY X (7
ail|b as|b
S1 ! 1>32 2 >~ 3 81(&1,CL2, ): b1, ba,
ti(ai,ag,...) =ci,cCa,
az|bs
S4
CL1|(31 a2|02
tl >t2 >t3
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A naive approach

b / C / alb alc
L4 Yy %Y rT—x Yy—1U
b+c —  a|(b+c _
TDYy — DY rDY |¥)x’@y’
b / C / a/b / alcC /
L — X Yy —1U r — X Yy — Y
b Wrong!
+C / = a|(b+c) =,
Ty — Ty tHy — xHy
b b
S]_ a1| 1>82 a2| 2>83 Sl(a’lja/27°°-) — b]_,bQ,...
\ ti(ai,a2,...) = ci,co,. ..
b _—
az|bs ) (81 tl)(alaan)"-) :bl_l_cl,bl—l_CQ,...
4
ailc az|co
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A naive approach

b p c , alb alc

b+c —  al|(b+c —
b , c , alb alc

b+c / = a|(b+c) =,

LY >y Y

ai|b as|b

S1 d 1>32 d < 3 81(&1,CL2, ): b1, b2,
):Cl,CQ,

ailcy as|co
tl > tg > tg
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A naive approach

b / C / alb / ale /
r—x Yy—1 r—T Y a’
btc —  a|(b+c —
b / C / a|b> / HGJC /
S | ~ " I Y \Wrong!
b+c / = a|(b—|—C) 1. ./ g.
rHy — xHy X Y
b b
s a1 1>82 az| 2> 3 81(0,1,CL2, ) — b17b27
\ tl(al,ag, ): C1, C2,
: __
az|bs ) (81 tl)(a17a27 ) :b1+C1,b1—|_627
4
but: I
ailcy az|cz
_ b — b3+
tl >t2 >t3 S1 tl GJL e Sq tQ a2—>| 3L
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Buffer operations

Solution: use auxiliary operators a> —,for a € A

a|b / a|b / alc /

r — X r — X y—1YY
a’|b — al(b+c .
abx HCL’DLB’ Yy l(ﬁ)(CLDZE) y/
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Buffer operations

Solution: use auxiliary operators a> —,for a € A

alb alb alc

r — X r — X y—1YY
a’|b —  al(b+c —
a>br — a >z’ rHy lL)(aDm) Yy’

a>— works like a one-slot input buffer

Fact: This defines the pointwise extension of

Fact: It also works for any GSOS-defined operation,
and even for arbitrary F.
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Conclusions

GX = (FX)?
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Conclusions

|.LAny \: XF = F¥.
can be pointwise extended to

A 2G = G

2.Any )\ : X(Id x F) = FTx
can be pointwise extended to
A:Y(Id x Q) = GTsy
where Y’ X =YX + Ax X

CMCS, Paphos, 28/03/10

GX = (FX)?
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