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Execution (thin and fat):

a @ b
S0 = S1 — S4 — 87

Trace (thin and fat):  acb

Scheduler (deterministic):
E:9X(AXS)* - AxS+1
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Execution (thin):

a, [t b C,V
So — S1 — > 85 — 99

[—0

MZ(81'—>§,S2'—>§),

|—

v = (59— 3,510 %)

Trace (fat): via schedulers

Scheduler (deterministic):

£:SX(AXD(S)xS)* — AxD(S)+1
H B E N
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¢ initial work by Jacobs (on fat executions)
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¢ initial work by Jacobs (on fat executions)

* Trace?
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¢ initial work by Jacobs (on fat executions)

* Trace?

e Hasuo&Jacobs, CALCO’05
Hasuo&Jacobs&Sokolova, CMCS’06, LMCS’'07
Jacobs, CMCS’'08

(all on fat traces)
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¢ initial work by Jacobs (on fat executions)

* Trace?

e Hasuo&Jacobs, CALCO’05
Hasuo&Jacobs&Sokolova, CMCS’06, LMCS’'07
Jacobs, CMCS’'08

(all on fat traces)

* Scheduler?

E:SX(F(S)x8)— F(S)+1
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IS initial is final in (7))

[for o : FI = I the initial F-algebra in Sets]
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IS initial is final in (7))
[for o : FI = I the initial F-algebra in Sets]

&% involves: existence of «, lifting of F' to K/(7") via a distributive law,
order-enriched K/(7)
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there exists a unique fat trace map ftr. : X — 71 In Sets
by coinduction:
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there exists a unique fat trace map ftr. : X — 71 In Sets
by coinduction:

in K0(T) FianX - ===-- > Frur)l

<
I
|
I
|
I
|
|
I
Y
~
H B BB
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if 7(X x _) has an initial algebra ay : F(X x Iy) — Iy
then there exists a unique fat execution map

fexc.: X — T Ix In Sets
by coinduction:
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if 7(X x _) has an initial algebra ay : F(X x Iy) — Iy
then there exists a unique fat execution map

fexc.: X — T Ix In Sets
by coinduction:

F Id x fexc,
in K((T) F(X x X) U2 pox « 1)
|
F;@(T)J((S)OC Ja;cl = |
|
X —————————— > [X H
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and the execution-to-trace equation is

ftr. = J(mx) o fexc, in /C0(7T)
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j/ N\ Execution (thin):

\/ CL,<81,82> ba<84785> Ca<86387>
| Sop ——> S1 —— S4 —— Sg

I \\
/ i 52 not a fat execution!
)
\/ v
| N | . Trace (fat): (a, (b,c,c),b)
0N NS . -
/ \/\|\ / Scheduler (deterministic): -
RN E:9X(AXSEXS)* - (A+AxS)+1 =

S6 S7 ‘BB E
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o executions for scheduling are thin executions.
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o executions for scheduling are thin executions.

they provide history!
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o traces of Interest are the usual 1at traces

o executions for scheduling are thin executions.
they provide history!

e what are thin executions and traces coalgebraically?
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splits as Fj(X) + F.(X) — F(X)
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splits as Fj(X) + F.(X) — F(X)

* both Fj and £, are functors
* Fy(X) = F(0)
* F,1s subpowervia I, = F' = P

* there is a natural map split : F' = P(F(0) + F, x id)
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consider G = F(0) 4+ Fo(1) X _, L = Fo(1)* x F(0)

thin trace map by coinduction:
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consider G = F(0) 4+ Fo(1) X _, L = Fo(1)* x F(0)

thin trace map by coinduction:

id+idxttr,

FO)+Fe(1) x X — — — — =& _ > F(0) + Fo(1) x L
CItT ttre /T%
X——————=—=—-=——-—- > L.
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consider G = F(0) 4+ Fo(1) X _, L = Fo(1)* x F(0)

thin trace map by coinduction:

id+idxttr,

FO)+Fe(1) x X — — — — =& _ > F(0) + Fo(1) x L
CltT ttre /T%
X——————=—=—-=——-—- > L.

for the “thinned” coalgebra:

cr = Pid + (Fe(!) x id) © u © Psplit © ¢
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consider G = F(0) 4+ Fo(1) X _, L = Fo(1)* x F(0)

thin trace map by coinduction:

id+idxttr,

FO)+Fe(1) x X — — — — =& _ > F(0) + Fo(1) x L
CltT ttre /Tg
X——————=—=—-=——-—- > L.

for the “thinned” coalgebra:

cr = Pid + (Fe(!) x id) © u © Psplit © ¢

From fat to thin traces one gets via a paths map ... difficult E B RN
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split : A+ Ax X2 - P(A+Ax X2 x X)

split(a) = a
split({a, z1,z2)) = {{{a,z1,x2),x1), ({a,x1,x2),x2)}
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split : A+ Ax X2 - P(A+Ax X2 x X)

split(a) = a
split({a, z1,z2)) = {{{a,z1,x2),x1), ({a,x1,x2),x2)}

to a coalgebrac; : X — P(A+ A x X)
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split : A+ Ax X2 - P(A+Ax X2 x X)

split(a) = a
split({a, z1,z2)) = {{{a,z1,x2),x1), ({a,x1,x2),x2)}

to a coalgebrac; : X — P(A+ A x X)

a€cy(x) <= ac€c(x)
(a,y) € ciy(x) <= Fz.{a,y,2) € c(x)V {a,z,y) € c(x)
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split : A+ Ax X2 - P(A+Ax X2 x X)

split(a) = a
split({a, z1,z2)) = {{{a,z1,x2),x1), ({a,x1,x2),x2)}

to a coalgebrac; : X — P(A+ A x X)

a€cy(x) <= ac€c(x)
(a,y) € ciy(x) <= Fz.{a,y,2) € c(x)V {a,z,y) € c(x)

and thin traces are as expected...
H B EN
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the initial algebra of /'(0) + (F,(X) x X) x
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the initial algebra of /'(0) + (F,(X) x X) x

as before, by:
* copying states
* changing the coalgebra structure using split

* coinduction

we get texc. : X — P(Lx)
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the initial algebra of /'(0) + (F,(X) x X) x

as before, by:
* copying states
* changing the coalgebra structure using split

* coinduction

we get texc. : X — P(Lx)

* thin executons and thin traces are related via a projection from L x to L
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first
X = X

last

¢ is a non-deterministic scheduler for ¢ : X — PF(X) if

||

= 3
Iastl‘x

X _ PE(X)
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first
X = X

last

¢is a o-type scheduler for ¢ : X — PF(X) if

- ——— - - SF(X)
last /D/ \:/a
X c PF(X) o
H
H
H
H B EH N
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first
X = X

last

¢is a o-type scheduler for ¢ : X — PF(X) if

=- - - -5~ SF(X)
bﬁl (} LU
X . PF(X)

deterministic, randomized, non-deterministic
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The coalgebra of executions of ¢ under ¢ is = PF(Z)...
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The coalgebra of executions of ¢ under ¢ is = PF(Z)...

Lo |
—
e

(d.¢)

Idxo

st

P(dist)

P (ro+id, 7))

P(id—l—st)

P(id—l—F. (cons))

= x SF(X)

E X PF(X)

P(E X (F(0) + Fo(X)))

P(EX F(0)+E x Fo(X))
P(F(0)+ E X Fo(X) X Fo(X))
P(F(0) + Fo(E X Fo(X) X X))

PF(E)
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The coalgebra of executions of ¢ under ¢ is = PF(Z)...

S0
/ \
S1 59

)
a
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The coalgebra of executions of ¢ under ¢ is = PF(Z)...

S0
/ \
a a b
S1 59

N
y
!
!
!
!
H B B B
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fstr, : X — PI

for I the initial f'-algebra, as
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fstr, : X — PI

for I the initial f'-algebra, as

fstr.(x) = Ug{ftf%(in(f))}
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fstr, : X — PI

for I the initial f'-algebra, as

fstr.(x) = Ug{ftf%(i”(x))}

Soundness: The scheduler traces of a coalgebra are
contained In its traces.
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scheduled traces = (fat) traces
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scheduled traces = (fat) traces

Conjecture: o : S = P Is complete iff for any set X
Ve e X.Fa € Sz € o(a)

[anything can be scheduled]
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* on the way, thin/fat executions and traces
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* on the way, thin/fat executions and traces

X — TF(X) Thin P Fat T
*
Traces Fo(1)* x F(0) nY. F(Y)
— WY F(0) + Fa(1) X Y
*
Executions (Fe(X) x X)* x F(0) pY. F(X xXY)

— pY. F(0) 4 (Fo(X) X X) XY
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* on the way, thin/fat executions and traces

X — TF(X) Thin P Fat T
*
Traces Fo(1)* x F(0) nY. F(Y)
— WY F(0) + Fa(1) X Y
*
Executions (Fe(X) x X)* x F(0) pY. F(X xXY)

— pY. F(0) 4 (Fo(X) X X) XY

* many open questions remain
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