A
6)tioJl

zoie galds 3byslxe
DATAFLOW MODELS

1. Dataflow Models: an Example
2. Kahn Process Networks: a Deterministic Model
3. Synchronous Dataflow: Statically Schedulable Dataflow Models

4. Deriving a static Schedule for Synchronous Dataflow Models

Dataflow Models

Systems are specified as directed graphs where:
7 nodes represent computations (processes);

o arcs represent totally ordered sequences (streams) of data (tokens).

Depending on their particular semantics, several models of computation
based on dataflow have been defined:

7 Kahn process networks
o Dataflow process networks

7 Synchronous dataflow

Dataflow models are suitable for signal-processing algorithms:
0 Code/decode, filter, compression, etc.

o Streams of periodic and regular data samples
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Dataflow Models

Process p1(inint a, outint x, out inty) {

} .

1)
Process p2(in int a, out int x) { C1 C2
} PN
P2, (p3)
Process p3(inint a, out int x) {
[ CS C4
} wy
o . : (P4
Process p4(inint a, in int b, out int x) { O
} '
channelintl, O, C1, C2, C3, C4; ) )
p1(l, C1, C2); = The internal compute?t.lon .(Jf a
process can be specified in any
p2(C1, C3); programming language (e.g. C).
p3(C2, C4);
p4(C3, C4, O); This is called the host language.
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Kahn Process Networks (KPN)

Processes communicate by passing data tokens through unidirectional FIFO
channels.

Writes to the channel are non-blocking.

Reads are blocking:

o the process is blocked until there is sufficient data in the channel

}

A process that tries to read from an empty
channel waits until data is available. It cannot

ask whether data is available before reading mmp DETERMINISM
and, for example, if there is no data, decide
not to read that channel.
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Kahn Process Networks

Kahn process networks are deterministic:

o For agiven sequence of inputs, there is only one possible sequence of
outputs (regardless, for example, how long time it takes for a certain
computation or communication to finish).

Looking only at the specification (and not knowing anything about
implementation) you can exactly derive the output sequence
corresponding to a given input sequence.
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Kahn Process Networks

m More on read and write limitations

o A process cannot wait for data on more than one channel at a time

o Only a single process is allowed to read from a certain channel

m  What if the output data has to be sent to more than one process?

o Data must be duplicated inside processes

m This limited model of computation implies:
o More modeling effort for complex systems

A Retained determinism!
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Kahn Process Networks: an Example

KPN model of ler for Motion JPEG (M-JPEG) vid ion f .
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Process p1(in int a, out int x, out int y) { Kahn Process Networks:
int k; -

9P - areceive() a Simpler Example

if k mod 2 = 0 then
x.send(k);
else
y.send(k);
end if;
end loop; } I

Pro}:::ess p2(ininta, outint x) { p1

int k;

loop C1 c2
k = a.receive(); r A
x.send(k); p2 p2

end loop; '

Process p3(inint a, in int b, out int x) { .
int k; bool sw = true; p3
Ioo# sw then o
k = a.receive();
else channel intl, O, C1, C2, C3, C4;
__k=bh.receive(); p1(l, C1, C2);
end if; p2(C1, C3);

x.send(k);
sw = Is(w:; p2(C2, C4);

end loop; } p3(C3, C4, 0);
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Kahn Process Networks:
Determinism

m For the same input sequence, the produced output sequence is always the
same

m These factors entirely determine the outputs of the system:

o Processes
o The network
o Initial tokens
m Timing of the processes and channels do not affect the outputs of the
system
L Liams @l daaull 29 « Kahn Process Networks (KPN) 3 (Determinism) deaicell agas (e 1S3 L
Laeeal e Louds yla
_é_l).a.:ﬂ sa |da: "For the same input sequence, the produced output sequence is always the same"
e Ladls Juamine Lifs c8y0 IS § dapsally bl ol Al s KPN pllaid Lioud 13 KPN . § daziel] suulucdl]
Al am il § o) of Busall Jlxs ¥ lapally ol il dlales yuis
: "These factors entirely determine the outputs of the system"
Solgall sda (2 Lo KPN allas § il piell hidad sumig 1555 G B ol Jolgall sums alaaill s
(@5 13k Lal a5 G Sbldl oldaall J2a515k) Leuas aildoall lglug slais: Processes e
(18l e aadl Lpaay aldeall Jow a,S) a4 JSya :The network o
AUl Liadd euy wie Slgiall § 839290 (095 U8 il LS5 i Initial tokens o
il yieng llanll gLy 5al] dolims Lo S (2 (dg¥ liSaally AScad JSua clbeall) 551 Jalgall s.i
JelS S
: "Timing of the processes and channels do not affect the outputs of the system"
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