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Interfaces between MoC Domains

MoC A MoC B
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If either MoC A or MoC B are synchronous or timed domains,
the interfaces define the time relation between the two
domains.

A. Jantsch, KTH, Jan-Feb 2005
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Interfaces between MoC Domains of the same Type

intSup(r, f) = mapU(1, f)
with length(f(€)) =r
ec E,reN
intSdown(r, ) = mapU(r, f)
with length(f(a)) =1
acSreN

intTup = intSup

intTdown = intSdown

A. Jantsch, KTH, Jan-Feb 2005
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Multiple Connected Domains

A. Jantsch, KTH, Jan-Feb 2005
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Interfaces Between MoC Domains

from/to Timed Synchronous | Untimed
Timed - stripT2S stripT2U
Synchronous | insertS2T - StripS2U

Untimed insertU2T | insertU2S -

A. Jantsch, KTH, Jan-Feb 2005
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Strip Based Interface Processes:
Timed = Untimed and Synchronous = Untimed

stripT2U() = p

where  p(5) =

m(v,8) = (&), v(i) =
m(V',5) = {ai)
. <> if ¢, = LU
i <\<ei> otherwise
o fo ife =0
V(i) = 1 otherwise

\

stripS2U = stripT2U

A. Jantsch, KTH, Jan-Feb 2005
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Strip Based Interface Processes: Timed = Synchronous

stripT2S(\) =p
where  p(§) =

L if strip(a;) = ()
lastt(a;) otherwise

A. Jantsch, KTH, Jan-Feb 2005
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Insert Based Interface Processes: Untimed = Synchronous

insertU2S(\) =p
where  p($) =

forAeN,se85,5.a,€85,¢; € E,i € Ny

\%@j A. Jantsch, KTH, Jan-Feb 2005
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Insert Based Interface Processes: Synchronous = Timed

insertS2T(\) =p

where  p(5) =8
w(v,5) = (€;),v(i) =1
(V' 8) = (a;), V' (i) = A
i = (e @ (U

\%@j A. Jantsch, KTH, Jan-Feb 2005



System Modeling MoC Integration 9

Hierarchical Model of Computation

Definition: A Hierarchical Model of Computation
(HMoC) is a 3-tuple HMoC= (M, C, O), where

M is a set of HMoCs or MoCs, each capable of
instantiating processes;

C' is a set of process constructors, each of which, when
given constructor specific parameters, instantiates a
process;

O is a set of process composition operators, each
of which, when given processes as arguments,
Instantiates a new process.

With process we mean either an elementary process or
a process network.

A. Jantsch, KTH, Jan-Feb 2005
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The Integrated Model of Computation

Definition: The Integrated Model of Computation
(Integrated  MoC) is  defined as Integrated
HMoC=(M, C, O), where

M = {U-MoC, S-MoC, T-MoC}

C' = { intSup, intSdown, intTup, intTdown,
stripT2S, stripT2U, stripS2U,
insertS2T, insertU2T, insertU2S}

O = {[|, 0, FBp}

A. Jantsch, KTH, Jan-Feb 2005
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Systems with Multiple Sub-domains

S-MoC
Domain

U-MoC ;
Domain <——

\\

.
stripT2U

stripT2S

T-MoC
Domain

T-MoC
Domain

(astaom ) =—

Proper interfaces between domains are required.
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A. Jantsch, KTH, Jan-Feb 2005
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A Digital Equalizer with two Sub-domains

Button Distortion
control control
stripS2Uo I _
U-MoC

S-MoC

A. Jantsch, KTH, Jan-Feb 2005
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Connecting MoC Domains Relates Time Structures

e Only U-MoC - U-MoC coupling does not couple time
structures;

e Connecting an U-MoC to a S-MoC imposes the S-MoC
time structure on the U-MoC domain.

e Interfaces can be modeled to define the time relation.

e Interface delays can be modeled stochasticaly or
nondeterministically

* Channel behaviour becomes more realistic;
* Time structure relation becomes complex;

* Time structure coupling cannot be avoided;

A. Jantsch, KTH, Jan-Feb 2005



System Modeling MoC' Integration 14

MoC Interface Refinement

Add time interface: to precisely define the time structure
relation. The relation can be constant, cyclic, deterministic,

or stochastic.

Refine the protocol: Define and refine a protocol which
allows for reliable communication across the domain
boundary with the given time relation.

Model the channel delay: If desirable, model the channel
delay deterministically or stochastically.

%aﬁ% A. Jantsch, KTH, Jan-Feb 2005
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MoC Interface Refinement Example
Step 1 - Add time interface

MoC A MoC B

") o

MoC A MoC B

I
S | )

(o)

\Q\wj A. Jantsch, KTH, Jan-Feb 2005
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MoC Interface Refinement Example
Step 2 - Refine the Protocol

MoC A MoC B

138 0" o:

@@

©

A. Jantsch, KTH, Jan-Feb 2005
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MoC Interface Refinement Example
Step 3 - Model the Channel Delay

MoC A MoC B
()= {eg— o)

REE | S Mo W

*Q\wj A. Jantsch, KTH, Jan-Feb 2005
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Process Migration between MoC Domains

Untimed Domain Synchronous Domain

P1 D2 pinsert—%

Untimed Domain Synchronous Domain

P1 Pinsertu2s @ —%

A. Jantsch, KTH, Jan-Feb 2005
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Process Migration Cases

l.a. | Untimed to Synchronous/downwards | Py o Pigsertvos = Pinsertvzs © Ps
b. | Synchronous to Untimed/Upwards Pivcortvos © Ps = Py o Pipsertuos
2.a. | Untimed to Timed/downwards Py o Pipsertuor = Pinsertvor © Pr
b. | Timed to Untimed/upwards Pipsertvor© P = Py o Pipsertuor
3.a. | Synchronous to Timed/downwards Ps o Pipcortsor =  Pinsertsor © Pr
b. | Timed to Synchronous/upwards Pipsortsor© Pr =  Pg o Pipsertsor
4.a. | Timed to Synchronous/downwards Pr o Pstripros = Pstripros© Ps
b. | Synchronous to Timed/upwards Pstripros© Ps = Pr o Psiripros
5.a. | Timed to Untimed/downwards Pro Pgtriprou = Pstriprovo Pu
b. | Untimed to Timed/upwards Psiriprovo Py = Pr o Pastriprou
6.a. | Synchronous to Untimed/downwards | Ps o Pstripsoy = Pstripsov© Pu
b. | Untimed to Synchronous/upwards Pstripsouo Py = Ps 0 Pstripsoy
\Qg;j A. Jantsch, KTH, Jan-Feb 2005
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Helper Processes

par-c = mealyS(g, f,())
’ if length
where g(e, w) = < whe | eng. (w) <e
() otherwise
’ if length(w) =
f(e.w) _ <w69e | eng-(w) c
\ 1 otherwise
par = p2op;
p1 = zipS()
P2 = mealyS(g,f, (<>70)) )
d) if length d
where  gl(ec), (w,d)) = '@ @D [lenethlw)<
L (()s¢) otherwise
(wde if length(w) = d
f(<eac)7(w7d)) = 9 :
\ 1 otherwise
ser = mooreS(g, f,{))
[ tail ife =1
where g(e, w) = a! (w) " e _
| tail(w) @ e otherwise
(head(w) if w # ()
fw) = .
\ 1 otherwise
NG/ A. Jantsch, KTH, Jan-Feb 2005
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Case 1l.a: Untimed to Synchronous/downward - Stateless Process

U-MoC S-MoC Map based process:
Py Pinse@% PU — II.IapU(Ca fl)
pr = 1insertU25(1)

Ps = g@ogqoq
g1 = parc

U-MoC S-MoC o= e
o _ g2 = mapS(f)
(1 ife=1
Paserizs )l Pofm fale) = {1 i fule) =)

_f1(e) otherwise

A. Jantsch, KTH, Jan-Feb 2005
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Case 1l.a: Untimed to Synchronous/downward - Statefull Process

Ps(s1) = s5
where S5 = q4(s4)
s4 = q3(83, s2)
Mealy based process: s3 = q2(s2)

So = CJ1(81, 86)
S — Q5(S3)

Pu = mealyU(% g, f7 wO)
pr = 1insertU25(1) q = par
q2 = scanS(fa, wop)
(1 ife=1
Sg @ S3 where g2(e, w) = < " e .
| g(e, w) otherwise
gs = mapS(fs)
— (1 ife =1
S1 @ 84 @ S5 where f3(67w) = 9 " e .
- | f(e,w) otherwise
qs = Ser
g5 = mapS(7Ys)
1 ife=_1
where vs5(e) = " _
v(e) otherwise
oo/ A. Jantsch, KTH, Jan-Feb 2005
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Case 1.b: Synchronous to Untimed/upwards

Untimed Domain Synchronous Domain
A nertU2S B @_> Map based process:
B = mealys(ga f7 ’LU())
\H/ pr = 1insertU25(1)
Untimed Domain Synchronous Domain B" = mealyU(l,g, f, wp)
with bw,é: f(é,w) =L

A B’ insertU2Ss C )=

A. Jantsch, KTH, Jan-Feb 2005
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Case 2.a: Untimed to Timed/downwards

Untimed Domain Timed Domain

For the special case A = 1:

\ p

Untimed Domain Timed Domain

ov
|

— mealyU(% g, fa ’on)
insertU2T(1)

&) 6)~(C) B' = mealyT(v,g, f,wo)

A. Jantsch, KTH, Jan-Feb 2005
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Case 2.b: Timed to Untimed/upwards

Untimed Domain Timed Domain

A insertU2T B @—> _
e Cannot be done in general due to

lack of information

e B could be merged with the interface

\H/ process

Untimed Domain Timed Domain e Special cases could be considered
A B’ insertU2T C)—
oo/ A. Jantsch, KTH, Jan-Feb 2005
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Case 3.a: Synchronous to Timed/downwards

Synchronous Domain Timed Domain

A B InsertS2T C)l—=

B = mealys(gafa ’UJ())
pI insertS2T(\)

J

Synchronous Domain  Timed Domain B' = mealyT(1,g, f’, wo)
where  f'(w,é) = (f(w,é)) & (L)

A INsertS2T B’ @%

4 B2
g 9t2%
N2

A. Jantsch, KTH, Jan-Feb 2005
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Case 3.b: Timed to Synchronous/upwards

Synchronous Domain  Timed Domain

A insertS2T B @—> _ _ o
This case is handeled similarly to case
la.
\H/ The input to the new process B’ must
be parallalized and the output must be
Synchronous Domain Timed Domain sequentialized.
A B’ insertS2T Cl—

A. Jantsch, KTH, Jan-Feb 2005
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Case 4.a: Timed to Synchronous/downwards

Timed Domain Synchronous Domain

This case is handeled similarly to cases

1a and 3b.
H The input to the new process B’ must
\/ be parallalized and the output must be
Timed Domain Synchronous Domain sequentialized.

®) &)-(c)—~

A. Jantsch, KTH, Jan-Feb 2005
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Case 4.b: Synchronous to Timed/upwards

Timed Domain Synchronous Domain

B = mealyS(g, f7 wO)

G @)‘9 pr = stripT2S(\)
\”/ B' = mealyT(Aa gla f/7 wo)

Timed Domain Synchronous Domain

where ¢'(w,a) = g(w, lastt(a))

F/(w,d) = f(w, lastt(a)
_9 p7 = stripT25(1)

\%j A. Jantsch, KTH, Jan-Feb 2005
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Case 5.a: Timed to Untimed/downwards

Timed Domain Untimed Domain

—> e Cannot be done in general due to
lack of information

e B could be merged with the interface

\H/ process

Timed Domain Untimed Domain

®) B)=(c)—~

e Special cases could be considered

A. Jantsch, KTH, Jan-Feb 2005
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Case 5.b: Untimed to Timed/upwards
. . . _ B = mealyU(77 g, f7 wO)
Timed Domain Untimed Domain
pr = stripT2U()
\H/ B'=qoq
. . q2 :mapT(]-af,)
Timed Domain Untimed Domain
O ife=U

Q)
S

where f'(é) = {

() otherwise

qd1 = mealyT(77 g, fa ZU())

A. Jantsch, KTH, Jan-Feb 2005



System Modeling MoC' Integration 32

Case 6.a: Synchronous to Untimed/downwards

Synchronous Domain Untimed Domain

—> e Cannot be done in general due to
lack of information

e B could be merged with the interface

\H/ process

Synchronous Domain  Untimed Domain

®) B)=(c)—~

e Special cases could be considered

A. Jantsch, KTH, Jan-Feb 2005
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Case 6.b: Untimed to Synchronous/upwards

Synchronous Domain  Untimed Domain

e This case is handeled similarly to

e @_9 cases la, 3b and 4a.

\U/ e The input to the new process B’

must be parallalized and the output

. _ _ must be sequentialized.
Synchronous Domain Untimed Domain

e |n addition, absent events must be
e filtered out.
=

A. Jantsch, KTH, Jan-Feb 2005



