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Abstract

We propose a method to automatically transform syn-
chronous data flow diagrams into synchronous block dia-
grams. The idea is to use triggers, a mechanism that allows
a block to be fired only at selected times. We discuss how to
extend the transformation to also cover dynamic data flow
diagrams where the number of tokens produced and con-
sumed by blocks is variable. Our method allows widespread
tools such as Simulink which are based on the synchronous
block diagram model to be used for data flow diagrams as
well.

1 Introduction

Data flow diagrams is a widespread model for signal pro-
cessing and multimedia applications. Many data flow mod-
els have been proposed in the literature, from general ones
such as Kahn process networks [3], to more restricted ones
such assynchronous data flow(SDF) [5]. The trade-offs
in these models are between expressiveness (what can be
modeled, how easily, etc.) and analyzability (what can be
computed, how efficiently, etc.).

Tools that support the capture and simulation of such
models exist, both in the academia (see, for instance, the
Ptolemy project1) as well as the industry (see, for in-
stance, Agilent’s ADS2). These tools however, are not as
widespread as tools such as Simulink from The Math-
Works3.

Simulink supports another popular model of computa-
tion, that of synchronous block diagrams. This model is
particularly useful for embedded control applications, for
instance, X-by-wire. Our motivation in this paper is to un-
derstand to what extent a tool such as Simulink could be

∗Part of this work was performed while the author was on an internship
at Cadence Research Laboratories.

1http://ptolemy.eecs.berkeley.edu/
2http://eesof.tm.agilent.com/products/adsmain.html
3http://www.mathworks.com/products/simulink/

used to capture data flow models such as the ones described
above. This is beneficial not only because of the wider dis-
tribution of Simulink, but also because it supports multiple
other features, not usually supported by data flow tools. For
instance, Simulink allows the composition of discrete-time
with continuous-time models (where discrete-time signals
are viewed as piecewise-constant continuous-time signals).
Simulink is also supported by code generators such as Real-
Time Workshop.

Our main contribution is to propose a scheme to trans-
form automatically SDF diagrams to synchronous block di-
agrams (SBDs). This scheme relies on previous techniques
to analyze SDF diagrams developed in [5] and other works.
These techniques produce a periodic schedule (if one exists)
for a given SDF diagram, that guarantees that the execution
will never block and will use a finite amount of memory.
Thus, a static block diagram formalism such as SBDs can
be used as a target language.

The main idea is to exploit the feature oftriggers avail-
able in SBDs (as well as Simulink) which allows blocks
to be fired at different rates. This allows us a transforma-
tion of SDF diagrams to SBDs which ismodular, that is,
where the changes to the blocks themselves are minimal
and straightforward. Once this idea is used, the transfor-
mation itself is not inherently difficult, but it does involve
tedious book-keeping. Automation of this task helps avoid
errors that could be introduced if a manual transformation
is attempted.

We also discuss how the above transformation can be ex-
tended to dynamic data flow diagrams, where the number
of tokens produced and consumed is generally unknown at
compile-time, and is instead determined at run-time. The
principle is again to use triggers, with the difference that
the triggering policy decides dynamically which blocks to
trigger. The idea is to trigger blocks as soon as they can
be triggered, that is, as soon as they have enough tokens at
their inputs and enough free space at their outputs.
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2 Synchronous block diagrams with triggers

In this section we describe our notation which is a sim-
ple form of block diagrams, and its semantics, which is
synchronous. In its full form, the notation ishierarchical,
meaning that diagrams can be encapsulated intomacro(or
composite) blocks, that can themselves be connected with
other blocks and further encapsulated. For the purposes of
this paper, however, we do not need this feature and can
useflat (non-hierarchical) diagrams. We refer the reader
to [7, 6] for more details on synchronous block diagrams.

A synchronous block diagram (SBD) consists of a set of
blocks connected by a set of links. See Figure 1 for an ex-
ample. Each block has a set of input ports and a set of output
ports. Diagrams are formed by connecting the output port
of a blockA to the input port of a blockB. An output port
can be connected to more than one input ports. However, an
input port can only be connected to a single output. Multi-
ple instances of the same block are allowed in an SBD (e.g.,
in Figure 1, blockA is instantiated twice). When we refer
to a “block” we refer to a block instance.

A block A of an SBD may betriggeredby a link x: x
is then called thetrigger of A. The intension is thatA is
to “fire” only when the value carried byx is true. A block
can have at most one trigger. The SBD of Figure 1 has one
triggered block,B.

A A

B

initial:v

C

D

Figure 1. A block diagram.

When a block is triggered, the user specifies initial values
for each output of that block. These determine the values of
the outputs during the initial period (possibly empty) until
the block is triggered for the first time. In the SBD of Fig-
ure 1, an initial valuev is specified for the (single) output of
triggered blockB.

Each blockA can be classified as eithercombinational
(state-less) orsequential(having internal state). Some se-
quential blocks areMoore-sequential. Each output of a
Moore-sequential blockonly depends on the current state,
but not on the current inputs. For example aunit-delay
block that stores the input and provides it as output in the
next synchronous instant is a Moore-sequential block.

We assign semantics only toacyclicdiagrams: an SBD is
acyclic if every feedback loop contains at least one Moore-
sequential block, from an input to an output. Notice that
feedback loops with triggers are allowed, however, the

acyclicity condition requires the loop to contain a Moore-
sequential block other than the triggered block. The SBD of
Figure 1 is acyclic iffB or C is a Moore-sequential block
(also if both are).

The semantics we use are standard synchronous seman-
tics used also in languages like Lustre. We interpret every
link x of the diagram as asignal, which is a total function
x : N → Vx, whereN = {0, 1, 2, 3, ...} andVx is a set of
values: x(k) denotes the value of signalx at time instant
k. If x is an input this value is determined by the envi-
ronment, otherwise it is determined by the (unique) block
that producesx. Call this blockAx. If Ax is triggered by
some signalt, then for each instantk, in order to determine
x(k) we first need to determinet(k): if t(k) is false, then
x(k) = x(k − 1) (if k = 0 thenx(k) = v wherev is the
initial value specified by the user); ift(k) is true thenx(k)
is defined by “firing” the block that producesx, just like in
the case whereA is not triggered. IfAx is not triggered
then the semantics is the same as ifAx were triggered by a
signalt such thatt(k) is true for allk. Since the diagram is
acyclic there exists a well-defined order of firing the blocks
to compute the values of all signals at a given synchronous
instant.

It is worth noting that triggers do not add to the expres-
sive power of SBDs and can be eliminated by a structural
transformation that preserves the semantics: this transfor-
mation can be done hierarchically and atomic blocks (at the
leaves of the hierarchy) can be eliminated provided they are
combinational or unit-delay blocks [6]. Even though trig-
gers can be eliminated in principle, it is useful not to do so,
for modularity and other reasons: see [6] for details.

3 Synchronous Data Flow

Synchronous Data Flow (SDF) diagrams were introduced
in [5] as a special case of general data flow diagrams, where
the number of tokens produced and consumed by each “fir-
ing” of a block is statically specified. Similar models had
been studied also before, e.g., see [4, 9].

An example SDF diagram is shown in Figure 2 (top). It
consists of two blocks,A andB, connected through a link
(for simplicity, we use similar graphical notation for SDF
diagrams as for SBDs). BlockA has one output port and
block B has one input port. The annotations “2” and “3”
on these ports specify the number oftokens(pieces of data)
produced and consumed by the corresponding blocks, every
time these blocks are fired. Thus, every timeA is fired it
produces 2 tokens at its unique output port (it consumes no
token since it has no input ports). Every timeB is fired it
consumes 3 tokens from its unique input port.

Note that, althoughA can fire at any time,B can only
fire when enough tokens are available at its input port. For
instance, if initially there are no tokens in the link,B can-
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Figure 2. Example of SDF diagram and transfor-
mation into homogeneous SDF proposed by Lee and
Messerschmitt.

not fire. Even afterA fires once,B still cannot fire, since
A produced only 2 tokens, but 3 are required forB to fire.
If A is fired twice beforeB, then 4 tokens are available,
andB can fire. After the firing sequenceA;A;B, one to-
ken remains. After firingA;A;B;A;B no tokens remain.
Thus, the previous sequence can be repeatedad infinitum,
producing an infinite stream of tokens transmitted fromA
to B through the link. Notice that in order to implement the
above schedule, a buffer that can store 4 tokens is needed.

A periodic schedule like the one above isadmissiblein
the sense that (1) node precedences are respected, that is,
a node cannot execute before all required input tokens are
available, (2) execution does not block, and (3) a finite
amount of buffering is required to store tokens until they
are consumed. For some SDF diagrams, periodic admissi-
ble schedules do not exist: some diagrams require infinite
buffers to store all tokens, while some other diagrams may
deadlock. [5] discusses how to check whether a given SDF
diagram has a periodic admissible schedule.

A special case of SDF diagrams is the one where each
block consumes a single token from each input port and pro-
duces a single token at each output port, that is, all ports are
annotated by “1”. These are calledhomogeneousSDF di-
agrams in [5]. Homogeneous SDF diagrams are equivalent
to SBDs without triggers.

An interesting question is whether a general SDF diagram
can be transformed to a homogeneous SDF diagram. In [5]
it is mentioned that such a transformation is possible, but it
generally requires replicating some of the blocks. An ex-
ample is shown in Figure 2, where the top diagram is trans-
formed to the bottom one, which is homogeneous.

This transformation is valid only when the replicated
blocks are combinational, that is, without internal state.
Otherwise, replication causes the states of the replicas to
be updated erroneously. This is because each replica has its
own state, which is not shared with the other replicas. In
what follows, we propose a different method to transform
SDF diagrams to synchronous block diagrams with triggers,
that avoids this problem.

4 From SDF diagrams to synchronous block
diagrams

We propose a transformation only for SDF diagrams that
have a periodic admissible schedule. Our transformation
takes as input an SDF diagram and a periodic admissible
schedule for this diagram. It produces as output an SBD
which is equivalent to the input SDF diagram.

We should clarify at this point what we mean by “equiv-
alent”. What we mainly want to preserve is the sequence of
tokens produced in the SDF diagram. This can be seen as
an “untimed” semantics of SDF. Since the notions of time
in SDF and SBDs are different, we do not want at this point
to impose preservation of timing constraints.

The token streams of an SDF diagram can be defined as
follows. Every link of the diagram defines one stream, that
is, an infinite sequence of tokens, produced by the source
block of the link. For example, in Figure 2, the link between
A andB defines a stream of tokens produced byA. When
A is fired for thek-th time, it produces two tokens, with
valuesa1

k anda2
k. Then, the stream is the sequence of pairs:

(a1
0, a

2
0)(a

1
1, a

2
1) · · ·.

triggering

A
′

B
′buffer &

router
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Figure 3. Transformation of the SDF diagram of Fig-
ure 2 into a synchronous block diagram.

The outline of the transformation we propose in this pa-
per is shown in Figure 3. This figure shows the outline of
the synchronous block diagram generated from the SDF of
Figure 2 (top). The major points in our transformation are
the following.

First, every blockA that appears in the SDF is “copied”
once into a corresponding blockA′ in the synchronous
block diagram.A′ is essentially identical toA, except for
its interface, which changes slightly. In particular, for every
output portp of A, if p producesn tokens at each firing,
thenA′ hasn output portsp1, ..., pn, corresponding to the
single portp of A. If A produces the tuple(a1, ..., an) at
port p at a given firing, thenA′ must producea1 at p1, a2

at p2, and so on. We do a similar modification to the input
ports.

Second, for every link in the SDF diagram, there is a
“buffer & router” (B&R) block in the synchronous block
diagram, that connects the corresponding source and des-
tination blocks. One such routing block is shown in Fig-



ure 3, corresponding to the unique link betweenA andB
in the original SDF diagram. The function of these rout-
ing blocks and how they can be generated automatically is
described below. Routing blocks are generally sequential
blocks, since they need memory to store the tokens pro-
duced by producer blocks, until consumer blocks fire and
consume these tokens.

Finally, the synchronous block diagram contains a single
“triggering” block that produces a trigger for each block in
the diagram, except those blocks that will be fired at every
synchronous instant (see below). In Figure 3, the triggering
block produces three triggering signals:tA, the trigger of
A′, tB , the trigger ofB′, and the trigger of the B&R block:
the latter is obtained as the disjunction (logical OR) oftA
andtB . In other words, the B&R block is triggered iff its
writer block or its reader block (or both) are triggered.

The triggering block also produces a “control” signal
which is fed to the B&R block as an input (notice that the
control signal is an input of B&R, not a trigger). The func-
tion of the control signal will be explained below. It should
be noted that the control signal is not really necessary in
the SDF case, where all control information is statically
available. Thus, this signal can be optimized away (see
below). However, it is still interesting to use this presen-
tation because it extends naturally to less “static” data-flow
diagrams, which can also be transformed into SBDs. See
discussion later in this paper.

Note there is a single triggering block for the entire dia-
gram. The triggering block essentially implements the peri-
odic schedule of the SDF. The triggering block is a Moore-
sequential block.

4.1 Generation of the triggering block

The triggering block is generated from the periodic
schedule of the SDF. Suppose this schedule is a sequence
of the formAi1 ;Ai2 ; · · ·Ain

. A simple way to implement
the triggering block is to have it trigger a single block at a
time: Ai1 at instantk = 0, Ai2 at instantk = 1, ...,Ain at
instantk = n − 1, then repeat withAi1 at instantk = n,
etc. However, this is wasteful, since only one block is trig-
gered at a given synchronous instant, whereas more could
be triggered simultaneously.

To see this, consider our running example of Figures 2
and 3. Suppose the periodic schedule is:A;A;B;A;B.
Then, the triggering policy described above would have pe-
riod 5 (the length of the schedule) and triggerA at instant
0, A at instant 1,B at instant 2, and so on. We use the nota-
tion A;A;B;A;B for this triggering policy (for simplicity,
we don’t use primed symbols in representing the triggering
policy).

An alternative triggering policy is the following, with pe-
riod 3: triggerA at instant 0; triggerA andB at instant 1;

trigger A andB at instant 2; repeat. We use the notation
A; (A,B); (A,B) for this triggering policy. The alternative
policy may be preferred for the reason that has a shorter
period and executes more blocks at the same synchronous
instant. Also, as we shall see below, this policy results in
smaller memory requirements.

Generating the alternative triggering policy from the SDF
periodic schedule is simple. It suffices to decompose a
given scheduleρ into a set of segmentsρ1, ..., ρk, such that
ρ is the concatenationρ1ρ2 · · · ρk, and in every segmentρi,
every block appears at most once. In this case, this “greedy”
algorithm provides the optimal triggering policy in terms
of memory requirements, however, this is not generally the
case. It is beyond the scope of this paper to study the prob-
lem of optimal buffer requirements, and we refer the reader
to the literature for existing work on this topic (e.g., [2]).

4.2 Generation of the buffer & router blocks

Once the triggering policy is determined using one of the
methods described above, the B&R blocks can be gener-
ated. Notice that the operation of the B&R blocks generally
depends upon the triggering policy: for instance, in the ex-
ample above, this operation will be different if the triggering
with period 5 is chosen, than if the triggering with period 3
is chosen.

Consider a B&R block linking a writer blockA′ and a
reader blockB′, as in Figure 3. We distinguish two cases:
(a) where the triggering policy guarantees thatA′ andB′

are never triggered at the same time, i.e.,tA ∧ tB (the con-
junction of signalstA andtB) is never true; (b) the negation
of case (a).

In case (a), the B&R block implements essentially a FIFO
queue. Every time the B&R block is triggered, one (and
only one) of two operations can be performed on this queue:
either the writer block appends a pre-determined number of
elements to the end of the queue (we call this aput), or the
reader block removes a pre-determined number of elements
from the head of the queue (we call this aget). The control
signal received by the B&R block from the triggering block
specifies what the operation to be performed is. Therefore,
the domain of the control signal is binary in this case:∀k ∈
N : control(k) ∈ {put, get}.

In case (b), the B&R block implements something
slightly more complex than a standard FIFO queue. The
difference is that a put and a get can happen simultaneously
in this case: this happens when bothtA andtB are true, that
is both the writer and the reader blocks are triggered at the
same time. We call this operation aput-get(a simultane-
ous put and get). The semantics of put-get is equivalent to
a put followed by a get, however, the buffer requirements
for its implementation are different, as explained below. In
this case, the domain of the control signal received by the



B&R block from the triggering block is ternary:∀k ∈ N :
control(k) ∈ {put, get, put-get}.

Let us use our running example of Figure 3 to illustrate
the above notions. First, consider the triggering policy hav-
ing period 5:A;A;B;A;B. This policy falls in case (a).
In this case, it can be seen that the FIFO queue needs to
have size 4, to store the tokens produced by the first two
invocations ofA at each period.

Next, consider the triggering policy of period 3:
A; (A,B); (A,B). This policy falls in case (b). In this
case, the size of the queue need not be more than 2. In-
deed, at timek = 0, A fires and produces two tokens,
(a1

0, a
2
0), that are stored in the queue. At timek = 1, both

A andB fire. A produces two new tokens,(a1
1, a

2
1). But

sinceB fires, it consumes the first three tokens produced
by A, namely,a1

0, a
2
0, a

1
1. Therefore, at the end of the in-

stantk = 1, only one token needs to be stored in the queue,
namelya2

1. At k = 2, A produces two new tokens,(a1
2, a

2
2).

But sinceB fires, it consumes the last three tokens produced
by A, namely,a2

1, a
1
2, a

2
2. Therefore, at the end of the instant

k = 2, the queue is empty, and the operation can repeat it-
self.

We proceed to discuss implementation of the B&R
blocks, in each of the cases (a) and (b) listed above. One
B&R block has to be generated for each link in the dia-
gram. The size of the FIFO queues of each of the B&R
blocks needs to be determined first. This is easy to do, once
the triggering policy has been fixed. Recall that the latter is
computed from the periodic schedule of the SDF, and note
that the size of the queues generally depends not only on the
triggering policy, but also on the periodic schedule itself.
For instance, in our running example, if the periodic sched-
ule is fixed toA;A;A;B;B, then the queue size cannot
be smaller than 4: this is achieved with the triggering pol-
icy A;A; (A,B);B. On the other hand, we have seen that,
given the scheduleA;A;B;A;B, we can achieve a better
queue size, namely 2. How to generate memory-optimal
periodic schedules is beyond the scope of this paper. This
problem has been extensively studied in the literature, see
for instance [2].

To compute the size of queues, given a triggering policy
P , proceed as follows. LetP = P1;P2; · · ·Pn, wherePi

is a set of blocks (eachPi is a partially ordered set). For
each queueQ, assign a sequencec0

Q, c1
Q, ..., cn

Q of integers,
with c0

Q = 0. Let A be the writer block ofQ andB the
reader ofQ and letwA be the number of tokens produced
by A to Q, andrB the number of tokens consumed byB
from Q. Define, fori = 1, ..., n: ci

Q = ci−1
Q + wi

Q − ri
Q,

where: ifA ∈ Pi thenwi
Q = wA, elsewi

Q = 0; if B ∈ Pi

then ri
Q = rB , elseri

Q = 0. Then, the size ofQ needs
to be greater or equal tomax{c1

Q, ..., cn
Q}. Notice that, by

definition of the validity of the periodic schedule (and thus
also of the triggering policy) none of the valuesci

Q can be

BR_n_m( inputs p[n], control; outputs, q[m] ) {
local FIFO queue Q;
step(){

ctrl := control.read();
if (ctrl = ‘put’)

for (i = 1 to n) Q.put( p[i].read() )
else if (ctrl = ‘get’)

for (j = 1 to m) q[j].write( Q.get() )
else /* ctrl = ‘put-get’ */

i := 1;
for (j = 1 to m)

if (Q.no_elems() > 0)
q[j].write( Q.get() ;

else
q[j].write( p[i++].read() )

while (i <= n) Q.put( p[i++].read() )
}

}

Figure 4. Generic implementation of a B&R block.

negative.
Once the size of the queues is determined, the B&R block

can be implemented as follows. In case (a), the B&R block
can be implemented as a circular buffer. Moreover, the im-
plementation of this buffer can be simplified due to the fact
that it is guaranteed that a put operation will never overflow
and a get operation will never underflow the queue (this is
guaranteed by the validity of the schedule). An additional
function of B&R blocks is “routing”. This can also be im-
plemented in standard ways, using appropriate multiplexers
and a sufficiently dense connectivity mesh.

Let us illustrate the implementation of a B&R block in
case (b), which is more interesting. Abehavioraldescrip-
tion of such a block is shown in Figure 4. The block links a
writer which producesn tokens to a reader which consumes
m tokens. Thus, the block has an array of input ports of size
n and an array of output ports of sizem. The block also has
an input port for the control signal.

The block uses a local FIFO queue Q, which could be
implemented as a circular buffer, as mentioned above. Q
provides the services Q.put(e) (put elemente), Q.get() (get
and return first element), and Q.noelems() which returns
the number of elements currently in the queue.

When the block is triggered, its step() function is called.
Depending on the operation to be performed, this function
does the following: If the operation is a ‘put’, all input ports
are read, and the results are stored in the queue. If the op-
eration is a ‘get’, the firstm elements are removed from the
queue and written to the output ports. If the operation is a
‘put-get’, then the following steps are performed: first, the
queue is emptied and the stored elements are written in the
output ports; then, if there are still tokens remaining to be
written in the outputs, this is done by reading directly from
the input ports (“feed-through”); finally, the remaining in-
puts, if any, are read and stored in the queue. Notice that this
implementation assumes that the caller guarantees absence
of overflow or underflow, which is true in our case.

Such a behavioral description can be easily transformed



into astructuraldescription, that is, an SBD. For instance,
logic synthesismethods similar as those used for hardware
synthesis can used here as well.

It should be noted that the implementation described
above is quite generic, in the sense that it admits any se-
quence of ‘put’, ‘get’, or ‘put-get’ operations, as long as
this sequence avoids overflow or underflow. In the case of
the transformation of SDF diagrams into SBDs, we have
more information available, namely, we know exactly the
sequence of operations that is going to be applied: this is
specified in the triggering policy. Therefore, we can use
this information to specialize (and potentially optimize) the
above generic implementation.

For instance, consider our running example of Figures 2
and 3, and the triggering policyA; (A,B); (A,B). In this
case, the (repeated) sequence of operations is ‘put’, ‘put-
get’, ‘put-get’. Therefore, we can eliminate the control sig-
nal from the B&R block and maintain a counter modulo 3,
which keeps track of the current operation to be performed.
The counter is incremented each time the B&R block is trig-
gered. We omit the details of this implementation, as it can
be derived from the generic one in a straightforward man-
ner.

5 Transforming dynamic data flow diagrams

We have presented a method to transform synchronous
data flow diagrams to synchronous block diagrams. SDF di-
agrams arestaticin the sense that the number of tokens pro-
duced and consumed by the blocks is constant and known
at compile-time. However, in many applications of interest,
this number is not constant, and generally depends on the
execution and the input data. An example of such an appli-
cation is the H.263 video decoder presented in [10]. That
paper also proposes adynamicdata flow model that allows
to capture this kind of applications, as well as an algorithm
to compute buffer capacities in order to guarantee a certain
throughput.

In this section, we discuss how our transformation
method can also be applied to dynamic data flow dia-
grams. We use the H.263 example of [10], which is re-
produced in Figure 5. The Reader reads blocks of 2048
bytes from a source (e.g., compact disk). The number of
bytesm consumed by the VLD (variable-length decoder)
block and the number of blocksn produced by it are both
data-dependent. VLD communicates the valuen to the MC
(motion-compensator) block so that the latter can assemble
the picture.

The principle of transforming such a diagram to an SBD
is the same as the transformation from SDF diagrams we
proposed above: we use triggers to fire blocks at selective
times. However, in the case of dynamic data flow diagrams,
there is not static periodic schedule available. Thus, we do

DQRead VLD IDCT MC DAC
m

1[n] 1[n]

1112048 1 1n1n

Figure 5. A model of the H.263 video decoder as a
dynamic data flow diagram (from Wiggers et al).

not knowa priori when a block needs to be fired. To over-
come this problem we will use the following simple idea:
fire a block as soon as it can be fired, that is, as soon as
there are enough available tokens in its inputs and enough
free space in its outputs.

Let us make this more precise. In order for the trigger-
ing block to know whether a blockA can be fired, it needs
the following information: (1) how many tokensA needs to
consume from each of its input ports (notice that these num-
bers are variable); (2) how many tokens are currently avail-
able on each of the input B&R blocks ofA; (3) how many
tokensA may produce at each output; (4) how many slots
are available at each output B&R block ofA. For (1), we
will assume that these numbers depend on the current state
of A: thus,A knows how many tokens it needs to consume
at the beginning of each firing (but the numbers may change
from one firing to the next). For (3), we will assume that we
know what is the maximum number of tokens that a block
can produce at each of its ports. Then, we can transform any
dynamic data flow diagram that satisfies these assumptions
to an SBD, as illustrated in Figure 6.

A
′buffer &

router 1
buffer &
router 2

no. elements
free slots

dynamic

triggering

controlno. tokens

Figure 6. Transformation of a dynamic data flow di-
agram into a synchronous block diagram.

The figure shows a portion of the transformation, for a
single blockA. The interface ofA needs to be modified
into A′ as previously. Also, the B&R blocks receive the
control signals, as well as the triggers, as previously. No-
tice that the control signals cannot generally be eliminated
in this case, since the sequence of operations applied to the
B&R blocks is not statically known. Additionally, there is a
feedback signal from the B&R blocks to the dynamic trig-
gering block. This signal carries information of the types
(2) and (4) listed above. Finally, there is a feedback signal



from each block to the triggering block, denoted “no. to-
kens” in the figure, which carries information of types (1)
and (3) listed above.

6 Handling cyclic SDF diagrams

For simplicity, we discussed transformation of acyclic
data flow diagrams in the above. Our method can be ex-
tended to cyclic SDF diagrams without major issues. It is
worth noting, however, that when we transform cyclic SDF
diagrams we may generate cyclic SBDs. This may happen
only when the triggering policy is such that it fires multiple
blocks simultaneously.

For example, consider the SDF diagram of Figure 7.
The notation “4D” stands for “4 delays” and signifies
that there are four initial tokens placed on the link
from B to A. Suppose we are given the schedule
A;A;B;A;B;A;A;B;A;B and we somehow generate the
triggering policyA; (A,B);A; (B,A);A;B;A;B. Then,
during the triggering step(A,B) there is feed-through from
A to B, while during the step(B,A) there is feed-through
from B to A. In a static block diagram such as an SBD, this
manifests as a static dependency cycle between blocks. No-
tice, however, that there is no true dependency cycle, since
the two dependencies never occur simultaneously (i.e., at
the same triggering step). Thus, the SBD is “constructive”
in the sense of [8, 1], that is, it has a well-defined semantics
that can be computed during simulation.

4D

A

2

B

3

2 3

Figure 7. A cyclic SDF diagram.

7 Conclusions

We have presented a method to automatically transform
SDF diagrams into SBDs, such that the stream semantics of
SDF is preserved. This shows that tools such as Simulink
can be used to capture and simulate SDF models. We also
discussed how the transformation can be extended to dy-
namic data flow diagrams, where the number of tokens pro-
duced and consumed is generally determined at run-time.
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