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Preliminary Definitions

Values \/ :{Vl’VZ""}
Tags T :{t11t21"'}

event €L1T XV  eq. el:(tz,Vl)

Signal S:{el,elo,%...}
eg. S={(1,.V,), (t:Va), (1,V5)}
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Functional Signals
We call a signal S functional if for all two events
e =(tv).e=(tv)US

follows that  V; = V/;

$={(13).(22).(33)

K Yes
Functional?
O w
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Functional Signals
We call a signal S functional if for all two events
g =(t ’Vi)1ej = (¢ ’Vj) S

follows that  V; = V/;
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Tuples of Signals

N

sV =(s,s,,....5, )

Set of all those tuples: SN
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Empty Signals
A= S
A={A,A,... A0S
N
By definition: slUA=s

sNOA={s0A,s,0A4,..s, 0A}=s"
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Bottom Signal

From the discussion of synchronous languages, we know the bottom
symbol

standing for the absence of a signal at a time step.

3.Holds A = (t| : ) ?

O Yes
jg No
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Process

POS"

gN satisfies P fsV[P

N
We call such an S a behavior of P
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Composition

S >
8254
57

S X

The composite should only allow
behaviors allowed both by Pl and P2 .
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Composition (cont'd)

@“ Therefore,

Q=EnkPk

Q Is there a problem?
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Composition (cont'd)

Q:|:)1><|:)2
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Connections
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Composition of Interacting Processes
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Projection

We want to hide

S S5 5515y

Define Projection function:

let | = (Il,lz,...,lM)

sV =(s,s,,...,S)
then 77, 'SN — SM St.
m(s")=(s,.s, . s,)
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Projection

We want to hide

21545 55157

Projection function:
et | =(1368)
then Q’ — ﬂl (Q)
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Inputs

Set of all possible Inputs

B

g One specific input:
A
>

S AX P are the possible behaviors
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Determinacy
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Functional Process

Let | be the indices of the inputs, let O be the indices of the
outputs.

Then, a process is functional if

7,(5) = 71,(8') = 7o (S) = 715(8)
s, SLIP

Then there exists  s.t. 7l (S) =F (ﬂl (S))
sLP
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Functional Process (cont'd)

A process may be functional with respect to different assignments for

| and O:

S C1,2 S C1,2
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Determinacy

A process is determinate iff

AxP|<1
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Determinacy

4. Qdeterminant if P1 and g Yes
I:)2 determinant? O NO
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Determinacy

5. Qdeterminant if P1 and g Yes
I:)2 determinant? O NO
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The Role of Tags

The natural interpretation

Is this interpretation generally useful?
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Global Order vs. Partial Order

It does not matter in which order the items are cooked. Maybe they
are cooked simultaneously?
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Establishing Order

Ordering of tags: o
Relation is

e reflexive
t1 < t2 ¢ transitive

e antisymmetric

T with such a relation < is called ordered.

It is globally ordered if | ; j : ti < tj oﬁtJ- < ti

partially ordered otherwise.
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3. Modelling of Time and Causality

Establishing Order (cont’d)

Event ordering depends on tag ordering:

[,<t, - g <E¢
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Timed Models of Computation

pe_logic_struct.vhdl
Eile Edit Object Option:

i Eatity DV_p1. po_Logic. sabo
12: muxa(nusd_behay sted R
mud(muxd_behat by - fundhena }")Es}ﬁ‘ﬁ”
exated by Nentor Sraphics’ Renoir (M) 99.6 (Build

LIBRARY ieee ;
USE ieee. std_logic_1164. all;

ENTITY pe_logic IS
PORT(

std_logic_vector (15 DOWNTD 0)
s ector (15 DOVNTO 0) ;
ector (53 downto 0) ;

000000000000000 |
000000000000000 |
i

EEE

7pc_lng

/pe_logic_th/me

/pc_logie_tb/0na
ic_tbi0/d
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EEEEEE)
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3. Modelling of Time and Causality

Metric Time

The tags adhere to a metric:

d(t,t')=d(t',t)

d(t,t')=0 = t' =t
d(t,t')=0
d(t,t')+d(t',t")=d(t,t")

Frequently used: d (t,t') — ‘tl _tZ‘
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Discrete Event
Given: P

N
S P S,

t(sN) O




A Framework for Comparing Models of Computation

3. Modelling of Time and Causality

Circuit Simulators

t, [t +A |t,+2A |ty
a|l]1 1 1
b |1]1 1 1
X |0 |0 1 1
y [0]1 1 1

architecture foo a of foo e is
begi n

X <= a and y;

y <= a or b,
end foo_a;
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3. Modelling of Time and Causality

Circuit Simulators (cont'd)

t+A 424 |t
1 1

architecture foo a of foo e is
begin

¥ <= a and ¥v;

¥ <= a or b,
end foo a;

ol ol ~]z

SR W T [ —

a
b 1
X 0 1
v 1 1

The tag consists of two parts:

t=(t,t,)ONxN

N\

Simulation Time Delta Time
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3. Modelling of Time and Causality

Circuit Simulators (cont'd)

There is no order isomorphism between N X N and a
subset of integers.

This is because there can be an infinite humber of delta steps between
two simulation steps. Consider, e.g.

architecture foo a of foo e is
begi n

a <= not a;
end foo a;
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3. Modelling of Time and Causality

Circuit Simulators (cont'd)

It can be proven that if a fix point is found, that it is unique
- Determinacy

The fix point iteration converges under the condition that there is a delay
on feedback loops.
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3. Modelling of Time and Causality

Synchrony

Greek: sun o together
khronos « time

. Two events are synchronous have they have the same tag.

° Two signals are synchronous if for each event in the one signal,
there is a synchronous event in the other signal.

. A tuple of signals is synchronous if each pairs of signals are
synchronous.

. A process is synchronous if all its behaviors are synchronous.
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3. Modelling of Time and Causality

Synchrony: Results

. Synchronous languages like Esterel are synchronous if IS
considered to be a value.

. Synchronous Data Flow is not synchronous.
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Untimed Models of Computation
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3. Modelling of Time and Causality

Rendezvous

D@

T (Sl), T (S2 ), T (53) are each totally ordered
Rendezvous: | (el) =T (ez) =T (ez)
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3. Modelling of Time and Causality

Kahn Process Networks

Channels of Kahn Process Networks
are FIFO. Therefore,

T(s)T(s,)

@ @ are totally ordered.



A Framework for Comparing Models of Computation

3. Modelling of Time and Causality

Kahn Process Networks

©
S| -
B—

Then, a Kahn Process is defined by:

p={s"0S":F(Y 7 (s")) =X m(s"

What is the constraint on F s.t. the KPN is deterministic?

Define sequence Z (S)
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Data Flow
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Data Flow b, = ZVZi

V3,m = 1,b,

V4,n = V2,n—bn

e3,m > el,bm

e4,n > ez,n—bn
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3. Modelling of Time and Causality

Petri Nets
o Very similar to data flow.
! Notable exception: | (Sl), T (52 )
are not totally ordered
S

Semanticsin TSM: T S2 —> Sl f (E) < e2 e S2
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System Refinement

Suppose we have two tag systems T , T' and an order
preserving mapping ,
f:T T

Then we can refine the system by replacing each tag t in each
event in every process by
f(t)

Obviously, this preserves the designs properties.
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5. Summary
Alternative View on Presentation Conttsion
_~
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ynchrony -
Composition X
Functionality Possible Solution
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Petri Nets Event
Data Flow \
Definitions
Models of Computations Signal
/ Kahn Process Networks

Discrete Event
Rendezvous Process

Metric Systems
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Thank you

for your attention

Slides: twelp@berkeley.edu
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