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Objectives

[ Synthesis of the interface or the transducer specified by a Timing Diagram

Environment
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Interface controllers

Data-B :
P Data path Synthesis:

[1 Establishing the data path

[0 Commanding data transfer

Control-A Interface Control-B [ Synchronizing data transfer by

Controller ... . )
satisfying timing constraints

\
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TD illustration

Events
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[J Problem: Exact delay unknown betweg¢andi,

\

A. El-Aboudi ICM98



Event graph

[10,100]

Iy

(10,100 [-40; 40]

Implicit commit constraint computed by a maximum separation algorithm
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Timing Analysis of TDs

[J Maximum sepaation time

Sij T max( {( ﬁ) —t(g))

[10,100]
K[ 90, 90 ) [-40, 4&]
[10,100]

[10,50]

[1 nature of events not relevant
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Consistency

[ Find a solution to the system of constraints

0: 0 100: 10
I1
[10, 50]
[10, 100
110; ??
100; 100 [10, 50]
N /
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Realizabllity of TDs

[] Existence of {t(9} for all possible assignment by the environment
to {t(i\)} respecting the specification.
[ O (t(ip)-t(11)) U [10,100],1(t(0q), t(0,)) such that all constraints

are satisfied.

[10, 100]

Solution:
[10, 50] t(o1) = min(t(i;)+2100, t(i,)+40)
t(0,) = min(t(i,)+50, t(o,)+50)
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Causal functions

EG=(E,0),C=A0K.|A|=m.

O, output events source for constraint&inOg| = q.

Definition: (causal function)

f: (R)" - R" is causal-
O0x%= (%2 ..., x.9) O(R"H", Ti O{1, ..., n} we have either:

f(x%) = x°, or

Oxt 2x° 100 ..., x4 .., %) =0 ..., O .., x9).

Definition: h: Oy - R" causal ifdq causal functionf : (R")™ - R" | O o, 0 O,

(k=1,...,q), we haveh(oy) = fi(t(iq), ..., t(iy)-

\
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Realizablility

[ Oh: Oy - R" | O (t(iq), ..., t(i,y) from the space of inputs

all constraintsy; can be satisfied

10,40 |
[ ] ,@\ [10,20] >®\@]

[-10,20] 10,30] N [-40,20]
N

|
|
(?,
[20,50 ! AN M]
© [10,20]'@ [1030]

h: t(03) = t(iy) + 100 and(oy) = t(iy) + 70

A. El-Aboudi ICM98

10




\

Local consistency

[J Proceed in a reverse topological order.

[J ComputemandM over the event graph without nogge
O 1f m-M,<m< M < M;-my, not satisfied then

[J Add dashed commit constraint if necessary

[1 Remove the last node

Remaining
event graph
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Local consistency...

[1 Case of assume constraint
Look backward for commit constraint with:

u+u, <M and m< I+,

\
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[ Objective:

Feasible clock periods

Finding a realizable clock period for a synchronous implementati

[1 General conditions:

(1 All input events could be captured
(] All output events could be generated

(1 All timing constraints should be satisfied
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4 _ )
Sampling rules
[0 Sampling Input ports:
the observed input event occurd ) such that:

tS(ei) = F(iq [C

C

Osts(ei)—t(ei)<c

C
Clock edges I I !
I | I
Input events - : :l—;—
Observed events _i l I_
S %
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[J Four rules for correct sampling:

l..
Rulel: {_'l
C

<t (0)—t (o)< | i |t
. S(Oj) S(Oi)— -

C C
Clock I | | I | |
edges ; ; | | ;
I
output —| 1 B |
Port 101 10p 100 | Opl
| | | | |
0, cannot be generated
\
A. El-Aboudi ICM98 15




/
Ii j u; i~ C
Rule2: 2 [bsts(oj)—ts(ei)s - [T
C
Clock I I I e I | |
edges | | | } ]
| | | |
In Utt _.:- | : :
or | | |
Iq I Output J : I
' ' port 'O ' '
\
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Pﬂ <t (e:)—t_(0:)< Luii +CJ T
= S\l PO g P

C

| I

| O

Rule3:
Clock
edges
Output
port
\_
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Rule4: Pij_ﬂﬂ:sts(e) t(e) < L j°

C C

.

A. El-Aboudi ICM98



®\[18‘1/M

N

Discrete time event graph

[16 50]

[1,28]

- {2 3}

1,23}
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) Relative scheduling

We have:

ALAP(1(q)) = minei O parents ?()(t(ei) + Ui ) and

ASAR () = min(ALAR ( Q). MaX, ( parentg g)(t(&)) + i)

whered;, = max(0,l;;)

@ =(5) 5 M
\
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Relative scheduling...

t(0q) = ty(ig)+2

ALAP:
t(0,) = min(t(ip)+4, ty(iz)+3)
t(og) = tg(i))+2
ASAP:
t(0p) = max(i(ip)+1, tiz)+2)
\
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Conclusion

Contributions

[] Finding feasible clock cycles for synchronous implementations

[] Verification of the synchronous realizability problem for TDs
[] Deriving a method for synthesizing interface controllers

[ Making an event graph locally consistent

[1 Determining a realizable relative schedule for events

[] Generalization of relative scheduling

e ot

[1 Hierarchical TDs
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