Generalized Net Representation of Dataflow
Process Networks

Dimitar G. Dimitrov

Abstract This paper presents translation rules for mapping from a given dataflow
process network (DPN) to a generalized net (GN). The so obtained GN has the same
behaviour as the corresponding DPN. A reduced GN that represents the functioning
and the results of the work of an arbitrary DPN is also defined.
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1 Introduction

Generalized Nets (GNs) are defined as extensions of ordinary Petri nets, as well as of
other Petri nets modifications [1]. The additional components in GN definition give
more and greater modeling possibilities and determine the place of GNs among the
separate types of Petri nets, similar to the place of the Turing machine among finite
automata. GNs can describe wide variety of modeling tools such as Petri nets and
their extensions [1, 2], Unified modeling language (UML) [7], Kahn Process Net-
works (KPN) [4], etc. In this paper we shall show how GNs can adequately represent
dataflow process networks (DPN).

Dataflow process networks are a model of computation (MoC) used in digital
signal processing software environments and in other contexts. DPN are a special
case of Kahn Process Networks [5, 6].

The structure of this paper is as follows. In next section a brief introduction of
DPN is presented. In Sect. 3 a procedure for translating a concrete DPN to a GN is
given. In the next section, a universal GN that represents the functioning and the
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results of the work, an arbitrary DPN is formally defined. After that the advantages
of using GN instead of DPN are discussed. Finally, future work on this subject is
proposed, as well as software implementation details are given.

2 Dataflow Process Networks

DPNs consist of a set of data processing nodes named actors which communicate
through unidirectional unbounded FIFO buffers. Each actor is associated with a set
of firing rules that specify what tokens must be available in its inputs for the actor to
fire. When an actor fires, it consumes tokens from its input channels and produces
tokens in its output channels [8, 9]. Figure 1 shows a DPN with four actors.

A (dataflow) actor with m inputs and n outputs is a pair (R, f), where

R={R,R,,....,R;}

is a set of firing rules. Each firing rule constitutes a set of patterns, one for each

input:
R;={R;1.R;3. ... R}

A pattern R;; is a finite sequence of data elements from j-th channel’s alphabet.
A firing rule R; is satisfied, iff for each j € {1,2,...,m} RiJ- forms a prefix of the
sequence of unconsumed tokens at j-th input. An actor with k = 0 firing rules is
always enabled. R;; = L denotes that any available sequence of tokens is acceptable
from input j. “*” denotes a token wildcard (i.e., any value is acceptable).

f 8™ — §"is a function that calculates the token sequences that are to be output
by the actor, where S™ is the set of all m-tuples of token sequences.

DPNs are an untimed model. Firing rules are not bounded to a specific time
moment.

DPNs do not over specify an execution algorithm. There are many different exe-
cution models with different strengths and weaknesses.

To avoid confusion with tokens in GNs, in this paper we shall denote channel
tokens in DPN as data elements.

With pr;A we shall denote the i-th projection of the n-dimensional set A where
neN,1<i<Ln.

Fig.1 Example DPN
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3 Translating a DPN to a GN

In generalized nets, as in Petri nets, transitions represent discrete events, and places
represent conditions (either preconditions or postconditions, depending on arc direc-
tions). Dataflow actors consume tokens from its input channels and produce tokens to
its output channels. Similarly when a GN transition is activated, it transfers tokens
from its input places to its output places. Dataflow actors fire when tokens in the
inputs satisfy given conditions (firing rules). The same way token transfer in GN
occurs when predicates associated with transitions are evaluated as true. Thus actors
in DPN can obviously be mapped to GN transitions and firing rules can be seen as
a special case of GN transition predicates. GN transitions’ concept of firing rules—
transition types—will not be used, because they ensure only the presence of a token
in a given input, not its contents.

In GN, places have characteristic functions. They calculate the new characteris-
tics of every token that enters an output place. This can be used as analog of DPN
actors’ firing function that calculates output sequences based on actors’ input data.
Channels in DPN which connect dataflow actors can be translated to GN places.
Similar approach of mapping from dataflow actors to Petri net transitions and chan-
nels to places is also used in [10]. DPN tokens can be directly mapped to GN tokens
but in order to preserve their ordering, whole data sequence can be represented as a
single GN token.

Table 1 summarizes the translation rules from DPN to GN.

Figure 2 shows a GN representation of the example DPN in Fig. 1.

Token splitting and merging must be enabled for the GN, e.g., operator D, , must
be defined for it [2].

In this paper we shall use the following function to check whether an actor can
fire:

cR,)=Fie{l,....IR|} : VR; ER, : R;; T )

where R is a set of firing rules, 7 is a list of data element sequences, one for each
input channel, and p C q is true iff the sequence p is a prefix of g.

Each dataflow actor (R, f) can be translated to a transition in the following form:

Z=(l, .U LY LT s, )

Table 1 Mapping from dataflow process networks to generalized nets

DPN GN
Actor Node Transition
Channel Arc Place
Firing rules (First component of an actor) Transition predicate
Firing function (Second component of an actor) | Characteristic function
Data Tokens with single data elements | Token with one or more data
elements
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Fig. 2 GN representation of the example GN

where

. l’l, ,l”n are places that correspond to the actor’s inputs;

. l’l’ ,..., ! are places that correspond to the actor’s outputs;

« [is a place that collects all input data consumed by one firing of the actor and /’s
characteristic function calculates the actor’s output sequences;

» [*is a place that keeps all input data before it can be consumed;

« tokens in [* are merged into token 6 with the following characteristic:

X =l get(, 1) X"l € (1), ... 1))

where 6, is the token (if such available) in the input place /, xf is the previous
characteristic of token 6 which loops in [* (if available, empty set otherwise), “.”
is sequence concatenation and ger is a function that gets the content of a given
channel stored as characteristic in J;

o ris the following index matrix (IM):

oLl

false  true false

¥\ false  true W,
[ true  false false
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where predicate W), ; checks whether exists a firing rule from R that is satisfied by
current input:
Wy, = c(R, pryx°)

« the characteristic function @ is defined for / as follows:

@, = (I, prif (prixX® N1 <j < n}

where f is the function associated with the dataflow actor corresponding to Z. As
a side effect @, removes consumed data from the characteristic of the token in /*
(which may result in empty characteristic of this token, if there is no unconsumed
data);

« @ for outputs '/, ..., I retains only the data sequence which corresponds to the
given output place (previously the token contains information for all output chan-
nels):

@y = get(x°, I, 1<j<n

A special case are dataflow actors without inputs. Such actors are always enabled
[9]. The so defined GN transition Z is capable of representing such actors. An empty
token should always be present in /* meaning that there is no input data. Predicate
W, is always evaluated as true.

4 Universal GN for Dataflow Process Networks

Below is a formal definition of a reduced GN E that represents any DPN N. The
graphical structure of E is shown in Fig. 3. Token splitting and merging must be
enabled for the net.

E = {({{Z,,Z,}, %, %, %, %, %, %), ({a}, *, %), (x, %, *), ({xg}, %, %), D, x)

Fig. 3 Graphical structure Z1 Zo Z3
of the universal GN Y
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The first transition is responsible for dividing dataflow actors into two sets—ones
that can be fired, according to their firing rules, and ones, that cannot:

Zl = <{ll?lﬁ}’ {12913}’*’*’ rl?*s*)

Token a enters place /; containing as a characteristic information about the DPN
in the following form:

x = (RS, {Ci1s 857 )s e <imk’simk>}>}

where (R, f) denotes a dataflow actor and 5; is a sequence of initial data elements in
j-th input of the actor. '

A token may be available in either /; or /;. There is a token in /; only in the first
step of the functioning of E.

Token « is transferred to /, if it contains at least one actor that can be fired. If
there is at least one actor whose firing rules are not satisfied by input data, the token
splits and goes to I; too. The predicates of Z; are the following:

‘lz Ly
r = ll‘Wl W,
I/ Wy W,

where W, = (Ja € x* : c(pr,pr,a,prypr,a) and W, = (Ja € x* : ~c(pr pr,a,
Prapraa)

The characteristic function for /, and /5 retains only firable and non-firable actors,
respectively:

Dy, = (R ), (i1 s (i 83, YDICR s s, D)
cD[3 = {<<R’f>’ {<i1’sil LA <imk’simk>}>|_'C(Ra {il’ Tt imk })}

After passing the second transition, actors are fired and their firing function f is
calculated. Data elements are read from inputs and output data is written to outputs.

Z2 = <{12}7 {14}’ *, %k, %k, ok, *)
The characteristic function for @, calls the firing functions of each actor in a;,

removes consumed data elements and stores output sequences in a new characteristic
named output_data:

output_data = {0, prf;()|1 <i < |x*|)}

where o, ; is j-th output of i-th actor, f; is the firing function of i-th actor and /; are
its inputs.
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The last transition Z; merges actors in a single token a again. It also collects input
data from input channels (which is not generated by an actor from the DPN).

Z3 = <{l33l4115}? {16’ l7918}7 *, %k, r33 *, D2>

Tokens carrying data elements corresponding to input channels enter in /5. Char-
acteristics have the following form:

X = ({c5))

where ¢ is a channel and s is a sequence of data elements.
Z; has the following predicate matrix:

g L I
I8 ‘ W false false
ry = l4‘W true false
s Valse false true
Ig ‘ W false =W

Predicate W checks whether tokens exist in both /; and /,. If there is incoming
data but no actor tokens, input data is collected in /g and waits.

In order for input data and actor information to be merged easily, all actors must
be available:

Tokens in place /4 are merged and the new characteristic is the union of the char-
acteristics of a; and a,. The characteristic of the token from Ig (if such is available)
is merged with the characteristic named output_data (the two sets do not intersect).
Merging is executed before the calculation of @, .

In Iy tokens are merged. The new characteristic is calculated in similar way as in
place [I* from Sect. 3:

fo = {(i, get(x’, i).get(x* , D)) i € prix® Uprlx‘y}

where & denotes the token from /g and &’ the new token coming from /s.

In [ after tokens are merged, the characteristic function writes actors’ output data
into the corresponding channels. After that it removes the output_data characteristic
from a:

@, = [((R.f). (i 5, .get(output_data,i))|1 < j < m}))

Data written to output channels (which do not act as input channels for other
actors) leaves the net through place /;. The new characteristic that tokens receive in
l; consists of only output data written to such channels (previously tokens contains
output data for all channels).
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D, = {s € output_data|pr,s & UP"lP”zxa}

5 Conclusion

The so constructed in this paper GNs are reduced ones, i.e., this work shows that
even simple class of GNs is capable of describing DPNGs. If one uses a GN to model
a real process, usually modeled by a DPN, he will receive many advantages, since
GNs are more detailed modeling tool. First, token characteristics in GNs have his-
tory, so in the universal GN all data elements that pass through a given channel are
remembered. Complex dataflow actors’ mapping functions by default are translated
to characteristic functions but they can also be represented as GNss. If a real process
that runs in a given time is represented by a GN instead of a DPN, the modeler
can use the global time component of the GN, so process time can be mapped to the
time scale. Unlike DPNs and KPNs, GNs support different types of time. As in Kahn
process networks’ universal GN [4], a scheduler that manages the execution order of
actors and channel capacities can easily be integrated.

As a future work on the topic we can define GN's for other models of computation,
as well as for some special cases of DPN such as synchronous DPN.

GN IDE [3], the software environment for modeling and simulation with GNs,
can be extended to support different modeling instruments such as KPNs, DPNs,
as well as Petri nets, and their various extensions. The results of current research
imply that the above functionality can easily be implemented without modifying
GNTicker—the software interpreter for GNs, used by GN IDE.

Another potential direction is to introduce fuzzyness in DPN. Several fuzzy GN
extensions are defined [2] and can be used to model such fuzzy DPNs.
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