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ABSTRACT

In this paper, we present an approach for automatic synthesis of
System on Chip (SoC) multiprocessor architectures for applications
expressed as process networks. Our approach is targeted towards
design space exploration (DSE) and thus the speed of synthesis is of
critical interest. The focus here is on the problem of resource allo-
cation and binding with a view to optimize cost under performance
constraints. Our approach exploits adjacency relation of processes
and uses a dynamic programming based algorithm to synthesize
the architecture including interconnection network. We have done
a number of experiments on real as well as randomly generated
process networks. The results have been compared with an optimal
MILP formulation. They conclusively show that this approach is
fast as well as effective and can be employed for DSE.

Categories and Subject Descriptors

C.1.2 [Processor Architectures]: Multiple Data Stream Architec-
tures (Multiprocessors)—Interconnection architectures

General Terms

Design, Performance

Keywords

Application Specific Multiprocessors, Kahn Process Networks, Par-
titioning

1. INTRODUCTION

Typically streaming applications are modeled as either process
networks [1, 2, 3] or periodic task graphs in the form of directed
acyclic graph (DAG). Processes in a process network communicate
through FIFO queues. Unlike task graphs, in process networks,
computation and communication are interleaved and parallelism
present in the application is fully exposed.

Synthesis of optimal application specific multiprocessor archi-
tectures for DAG based periodic task graphs with real time process-
ing requirements has been extensively studied in literature [4, 5, 6,
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7] from cost as well as power optimization point of view. How-
ever, synthesis for process networks is not widely explored. The
approaches for DAG based task graphs rely on static scheduling
and solve the synthesis problem which essentially consists of ar-
chitectural resource allocation, binding of application components
to architecture, and scheduling. This approach can also be used for
process networks as well by unrolling inner loops of processes and
decomposing it in the form of a periodic DAG based task graph [8,
5]. Such an approach might lead to a very large size graph for most
of the real life applications making the approach impractical.

We further note that even if a process is decomposed into sub
processes, they need to be mapped onto the same resource [5]. This
requirement arises from the observation that sub-processes derived
from the same process are tightly coupled in terms of sharing of
variables etc. It suggests that the process network need not be fur-
ther decomposed and its higher level characteristics can be used to
synthesize the architecture for the given process network(s).

As pointed out above, the problem of automatic synthesis of op-
timal architecture for process networks has not been adequately
addressed in the literature. Piementel et al. [9] propose a co-
simulation based approach for design space exploration of archi-
tectures for Kahn Process Networks (KPNs) [1]. In this method-
ology, architecture and application mapping is specified manually
and co-simulation is used to do performance analysis. A three
stage process network refinement based approach has been pro-
posed in [10] for heterogeneous multiprocessor mapping of process
networks. In this approach, process network refinements are done
manually to reduce communication overhead and expose more data
parallelism. Here, underlying architecture is a fixed bus based ar-
chitecture which is specified manually and a dynamic scheduler is
used to take care of scheduling of processes. Dynamic scheduling
problem of process network has also been addressed in [11, 12] on
the given architectural resources.

There has been some work in the direction of defining suitable
communication architecture also for streaming applications. Lei-
jten et al. [13] have proposed PROPHID multiprocessor architec-
ture. This architecture essentially consists of a general purpose
processor for control oriented processes, a number of application
domain specific (ADS) processors and FIFO buffers for communi-
cations. Allocation of interconnection network (IN) bandwidth to
various data streams has been addressed in [14]. In this work, archi-
tectural resource allocation and binding of application onto archi-
tecture is assumed to be pre-specified. PROPHID architecture does
not exploit communication properties of application effectively to
reduce interconnection network cost.

In this work, we fill the gaps present in automatic synthesis of
optimal architectures for process networks and propose a frame-
work for the same. Architectural resource allocation is performed



in which resources (processors, memories etc.) are chosen from
a component library. Alongwith resource allocation, we perform
binding of various processes of the process network onto proces-
sors and queues onto memories. Another novel feature of our work
is synthesis of interconnection network by exploiting communica-
tion pattern present within the application process network.

The outline of rest of the paper is as follows. Section 2 gives de-
tails of system model. Section 3 formulates the synthesis problem
addressed in this paper and provides an intuition into our approach.
Section 4 gives details of synthesis algorithm. In Section 5 experi-
mental results are given followed by conclusions in Section 6.

2. SYSTEM MODEL
2.1 Application Model

In the previous Section, we said that converting the process net-
work in the form of a DAG by unrolling inner loops might result
in a very large task graph. Let us consider MPEG-2 video decoder
[15]. Figure 1 shows its process network annotated with queue
parameters. Here processes IDCT, Prediction, Addition and Stor-
ing operate at macroblock level. Figure 2 shows corresponding
pseudo code. If this decoder performs decoding of frames of size
512 x 512, then there will be around (512 x 512)/(64 x 6) = 682
macroblocks assuming 4:2:0 chroma format. Now we observe that
if we try to derive DAG by unrolling inner loops of Figure 2, there
will be more than 682 x 4 = 2728 sub-processes communicating
with each other. For applications which use MPEG?2 such as video-
conferencing, number of sub-processes will be even larger. Hence,
the process network need not be decomposed and its higher level
characteristics should be exploited to synthesize the architecture.
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Figure 1: Annotated MPEG-2 video decoder process network

do_mpeg2_frame_decoding {
header extraction;
for each macroblock {
do variable length decoding; do IDCT; do prediction;
add IDCT and prediction results;
store macroblock in the frame buffer; } }

Figure 2: Computation within MPEG-2 video decoder

As shown in Figure 1, the application is specified in the form of
a process network. Processes communicate with each other using
FIFO queues and computation and communication within any pro-
cess is interleaved. All the processes are assumed to be periodic. In
each iteration of their invocation, they produce or consume certain
number of tokens on queues connected to them. We further assume
that size of a token being communicated on any queue always re-
mains same and size of each queue (maximum number of tokens
within it) is known a priori. We note that once size of each queue
is specified, writes on any queue also becomes blocking. We fur-
ther assume that a dynamic scheduler will take care of the run time
scheduling of mapped process network.
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The real time constraint is specified in terms of how often data
tokens needs to be produced/consumed on/from queues. We repre-
sent this as throughput constraints on queues which is nothing but
the number of tokens to be produced/consumed per second on it.
In turn, these throughput requirements on the queues impose pro-
cessing requirements on corresponding reader and writer processes.
This appears in the form that a process must make a certain number
of iterations per second. This is derived from the throughput con-
straints on the queues. It is equal to the maximum of throughput
constraint of the queue divided by number of tokens produced or
consumed on that queue by the process under consideration. This
maximum is taken over all the queues connected to the process.

2.2 Architectural Component Library

Our synthesis algorithm, as described in Sections 4, tries to min-
imize cost and improve resource utilization. This results in archi-
tectures of the type shown in Figure 3, consisting of a set of pro-
cessors alongwith their local memories, shared memories and inter-
connection network. Our architectural component library contains
modules corresponding to each of these. A processor could be a
non programmable unit like ASIC or a programmable unit such
as a RISC or DSP processor. A processor has a set of attributes.
These are: cost of the processor, frequency, number of cycles taken
by the processor during a context switch and the number of cycles
taken by a process when mapped onto the processor for one itera-
tion without memory conflicts and context switch overheads.

Associated with each processor, there is a local memory con-
taining queues which have their both reader and writer processes
mapped onto associated processor. On the other hand, shared mem-
ory modules are accessed by multiple processors. We characterize
these memories in terms of their base cost and bandwidth. The base
cost is the equivalent hardware cost of allocating a single word in
corresponding memory. Here we assume that there is no limit on
the size of any memory.

The interconnection network of the synthesized architecture is a
partial cross-bar as shown in Figure 3. Typically these switches are
implemented using multiplexers having cost which depends on its
size (number of sources). Hence, to take care of interconnection
cost, the component library also defines cost of each link.

3. THE SYNTHESIS PROBLEM
The synthesis problem can be stated as follows:

Given the application in the form of a KPN and a component
library, synthesis of the architecture consists of allocation of pro-
cessors, local and shared memories, binding of processes to pro-
cessors and queues to local or shared memories and allocation of
communication components such as buses to minimize total cost.

Figure 4 shows an instance of a synthesized architecture. In this
example, the application KPN is composed of 3 processes and 3
queues. The synthesized architecture consists of 2 processors, 1
local memory and 1 shared memory. Queue 1 is mapped to the lo-
cal memory of Processor I because reader and writer processes of
Queue 1 are mapped here. On the other hand Queue 2 and Queue
3 are mapped to the shared memory as their reader and writer pro-
cesses are mapped to two different processors.
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Figure 4: Synthesis example

The objective function of our synthesis problem is to minimize
hardware cost. In the mapping stage, it essentially consists of cost
of processors used, local memory modules, shared memory mod-
ules and interconnection cost. Now the synthesis problem needs to
be solved under a number of constraints which are described next.

3.1 Mapping Constraints

These are the constraints which define mapping of process net-
work and architecture instance.
1. A process can be mapped to only one processor.
2. A queue is mapped onto a local memory only when its reader
and writer processes are mapped to the same processor.
3. A queue is mapped to either local memory of a processor or
shared memory module.
4. A processor PR, will communicate with a shared memory
module SM; when some reader or writer of a queue Q; is
mapped onto PR;, and queue itself is mapped onto SM;.

3.2 Performance Constraints

3.2.1 Bandwidth Constraint at Shared Memories

Arrival rate of read or write requests at a shared memory mod-
ule SM;, depends on communication rates and sizes of data transfer
during each request. This request is at some queue of the process
network mapped onto SM;. Bandwidth bwmm; of this shared mem-
ory module should be larger than arrival rate. If QSM; is the set of
queues mapped to shared memory SM;, thr | is the throughput con-
straint for queue Q; and sz; is token size for it, then

Z thrj x sz; < bwmmy D
Q;€0SM;

3.2.2 Capacity Constraint at Processors

Referring to Figure 4, we note that there are three possible states
of an instantiated processor. Either processor is executing some
process, or it is switching context from one process to other or it is
waiting due to conflicts while accessing shared memories. A pro-
cessor offers number of time units equal to its frequency in one sec-
ond. We call it processor’s capacity. Now, total number of cycles
required in various states of the processor in one second must not
exceed its capacity. This is what we check while verifying whether
performance constraints at a particular processor is satisfied or not.

Context Switch Overheads

‘When multiple processes are mapped onto a single processor, there
will be context switch overheads. A process gets blocked while
reading a token from an empty queue or during writing a token into
queue which is full. We notice that a writer process gets blocked
only when it has written at least len; (maximum number of tokens
in Q) tokens on Q;. Similarly, a reader process gets blocked only
when it has read at least same number of tokens from the queue.
Here, we assume that a process can be blocked only when it is
communicating. So, if the set of queues which have either their
reader or writer mapped on an instantiated processor IPR), is OPR,

then number of context switches per second (ncontxt,) on IPR),

thr;
becomes ZQjeQ PR, W .

Queuing Delays

The mutual interference will appear during accesses on two queues
only when they are mapped to the same shared memory module
and respective readers and writers are mapped to different proces-
sors. We want to find out equivalent waiting time on the processor.
Consider synthesis example of Figure 4. If somehow, we get the
queuing delay processor 1 will face when it makes a read/write ac-
cess on Queue 2, we can compute the total overhead per second.
To compute it, queuing delays are multiplied by the throughput re-
quirements of Queue 2.

In [16], we proposed an approach to estimate the queuing de-
lays faced by individual processors while accessing some queue on
per access basis. We used this method and pre-computed all possi-
ble kinds of queuing delays (read-read, write-write, read-write and
write-read). We do this for all the processor pairs present in the
component library and each pair of queues. Here write-read refers
to the case when processor 1 is making a write access to one of
the queues and processor 2 is making a read access as in Figure 4.
Similarly other delays can also be interpreted.

Now, if two queues Q, and Qy are mapped to the same shared
memory instance and their readers are mapped to different proces-
sor instances /PR, and PR, with types PR;, and PR, respectively,
then equivalent waiting delay at /PR, will be:

data_rrcon, = Zercon[r] [s][p]lg] x thr, (2)
QV QS
where rrcon[r][s][p][q] is read-read precomputed queuing delay as
described above. Similar equations can also be written for write-
write (data_wwcon,) cases. In this paper, we have considered shared
memory modules with one write and one read ports. However,
Equation 2 can be easily refined for arbitrary number of ports.

Capacity Constraint
As we discussed earlier, a processor offers number of time units
equal to its clock frequency (cycles per second). This must ac-
commodate computation requirements of processes mapped, con-
text switch overheads and waiting time due to data communication
queuing delays. If PPRy is the set of processes mapped to processor
instance /PR, with type PRy, then the following equation must be
satisfied at each processor for the mapping instance to be feasible.
Vp: Lieprr, (ncyi x iter;) +ncycontxty X ncontxt, + 3)
+ (data_rrcony, +data_wwcony) < freqy
where ncycontxty, is the number of cycles taken by processor type
PRy, in a context switch. The left hand side of above Equation is
composed of total computation requirements of processes mapped,
total context switch overheads, and queuing delays respectively.

4. SYNTHESIS ALGORITHM

We propose a heuristic based solution for our synthesis problem.
We construct the solution by employing a fast dynamic program-
ming based algorithm. Our approach not only allows it to be used
in a design space exploration loop, but also provides a good initial
solution for an iterative refinement phase.

We note that the following considerations help us to minimize
the cost of synthesized architecture.

e Mapping a process onto a low cost processor.

e Mapping densely connected processes to the same processor
will result in putting more queues in the local memory. This
in turn helps to reduce interconnection network (IN) cost.

e Mapping queues, where communication takes place more
frequently, onto the local memories will help to reduce con-
flicts at shared memories. It will allow more queues to share
the same shared memory resulting in lower IN cost.



One can make the observation that out of above considerations, last
two become effective when two adjacent processes from the pro-
cess network graph are mapped to the same processor. The con-
dition is that these two processes should either be communicating
over a number of queues or communicating more frequently. So,
mapping such adjacent processes onto lower cost processors would
result in a cost effective solution. This is the basis of Algorithm
1, where we first create a list of adjacent processes and then try to
map them onto one processor wherever possible.

Algorithm 1 synthesize_architecture

1: Derive Communication Requirement Graph (CRG)

2: Create adjacent_process_list by performing weighted topolog-
ical sort on CRG starting from its root vertex

3: Compute partial map PM|[m,n| for processes for each m — n
such that m < n in adjacent_process_list

4: Refine architecture using shared memory merging

4.1 Computation of Partial Map

In the first three steps of Algorithm 1, we incrementally build
partial map for all the processes. We define the partial map (PM)
for a set of processes. PM for this set essentially contains its map-
ping information i.e. binding information of processes of this set to
processors and queues (having their reader and writer processes in
this set) to memories. For example, Figure 7 shows the partial map
for set of processes [14, T3, Ts, Tp] of Figure 1. We note that this set
is mapped onto two processors. We term this as multiple processor
mapping (MPM). Furthermore, partial map for [Ty, T3] contains a
single processor and associated local memory. We term this as sin-
gle processor mapping (SPM). Partial map of [T5,Tp] has similar
structure. We also note that queues other than what has been shown
in Figure 7 are still unassigned to any memory. That is why this
mapping information is partial. In rest of Section, we will describe
how adjacent processes (adjacent_process_list) are found and par-
tial map is computed. From now onwards, we will use term partial
map (PM) only for processes ordered in adjacent_process_list.

4.1.1 Derivation of CRG

To create a list of adjacent processes, we derive undirected CRG
from the original process network in step 1 of Algorithm 1. CRG is
derived by collapsing all the edges between two vertices in original
process network into a single edge annotated with total commu-
nication between them. Hence, weight on an edge between two
processes T and 7, in CRG becomes Yo (sz; X thr;). Here, Q; is
any queue between these processes, sz; is the size of a token being
transferred over this queue and thr; is its throughput constraint.

Figure 1 shows annotated MPEG-2 video decoder. Here 5-tuple
next to each edge is the parameter values for size of a token be-
ing transferred, the maximum number of tokens allowed in queue,
throughput constraint, number of tokens produced or consumed by
the writer or reader process in its single iteration respectively. Cor-
responding CRG is shown in Figure 5.
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Figure 5: CRG of MPEG-2 video decoder

Next, the vertex, having maximum weight on one of its edges

in CRG, is chosen as root. Weighted topological sort is performed
on CRG starting from this vertex. In this phase, a new edge on the
path is chosen which has the maximum weight and leads to another
vertex which has not yet been visited. In Figure 5, it starts from 7}
and takes the path 7] — 7, — Tj — T3. The whole path is deleted
from CRG and new roor is chosen if there is no path from the last
node on this path to other vertices. For this example, sequence
{N, 1,1y, T5,T5, Ty} is the adjacent_process_list.

Processes of adjacent_process_list can be mapped onto different
processors in a number of ways. Figure 6 shows two such possi-
bilities for the process network of Figure 1. Here, root node is the
adjacent_process_list obtained earlier. Next, we assume that there
are three processors PR, PR, and PR3 in the component library. If
we cannot map the whole adjacent_process_list onto a single pro-
cessor due to performance constraints, then we need to break this
list into two and evaluate them separately. This can be done in a
number of ways which correspond to various sub-trees in Figure
6. We see that in sub-tree 1, we can map process group [T7,73]
onto processor PRy, but process group [T4,73,7Ts,Tp] couldn’t be
mapped onto a single processor. Hence, this list needs to be broken
further. We stop exploring this sub-tree as soon as all the group
of processes in it are mapped onto some processor under perfor-
mance constraint. Similarly other sub-trees are also evaluated and
the lowest cost sub-tree is selected as the solution.

[T1,T2,T4,T3,T5,T0]

Sub-tree 2 I ‘

Sub-tree 1

[T1,12]=>PR1  [T4,T3,15,T0]

[T5,70]=> PRl [T1,T2,T4,T3]

[T4,T3] =>PR2 [T5,T0] => PR2 [T1,T2] =>PR2 [T4,T3]=>PR3

Figure 6: Example solution tree

We observe that the architecture can be synthesized by building
partial maps recursively in a bottom up manner. This suggests that
a dynamic programming based algorithm can be used for synthesis.
In step 3 of Algorithm 1, partial map matrix PM for the solution is
created using a similar algorithm. Here, partial map PM[m, n] refers
to the mapping information of processes in adjacent_process_list
between indices m and n.

Now, there exists two possible solutions for the partial mapping
of processes of adjacent_process_list.

4.1.2 Solution 1: single processor mapping

First we evaluate whether all processes of sequence m — n can
be mapped onto the same processor from the component library.
We choose the lowest cost processor PR; which satisfies perfor-
mance constraints. If there is no such processor, then cost of this
solution is infinite. Otherwise, single processor partial mapping
(SPM([m,n,PRy]) cost becomes:

SPM([m,n,PRy].cost = pr_cost; + Zsz j x lenj x cost_base_Imy
Q;
4

where reader and writer processes of the queue Q; are in group
m — n itself. In Equation 4, the cost is composed of cost of the
processor chosen (pr_costy) and cost of the local memory. Latter
is equal to the equivalent hardware cost of mapping single word
into the local memory (cost _base_lm;) multiplied by the total local
memory required ():Q/_ szj x lenj). For example, if we are comput-
ing partial map PM|2,3] ([Ty, T3]) for adjacent_process_list of Fig-
ure 5 and these processes can be mapped onto a single processor,
then queues Qg and Q; will be mapped to the local memory. Rest
of the queues connected to this partial map will remain unassigned.



4.1.3  Solution 2: multiple processor mapping

Next, a pivot p in adjacent_process_list is moved from m to n.
If reader and writer of queue Q; are in groups m — p and (p +
1) — n or vice versa, then cost of multiple processor partial map
(MPM([m, p,n]) is composed of 4 components: cost of partial maps
PM[m,p] and PM[p + 1,n], cost of new shared memories instan-
tiated and cost of new links introduced. To illustrate, let us con-
sider adjacent_process_list of Figure 1 again. While combining
partial maps PM|2,3] ([T4,T3]) and PM[4,5] ([T5,Tp]), we instan-
tiate new shared memories for queues Q12 and Q3 because partial
maps communicate via these queues. As shown in Figure 7, two
new links are also introduced for each queue. Hence, total cost of
new partial map is computed as follows.

MPM(m, p,n].cost = PM|m, p|.cost + PM[p+ 1,n].cost+
+ X, (s2j x len; x cost_base_sm+2 x cost _in)

&)

We choose the lowest cost solution out of all single processor
mappings and multiple processor mappings. This can be done as
given in Equation 6. If a single processor mapping SPM (m,n, PRy,)
is chosen, then a new instance of PRy, is created, otherwise solu-
tion around selected pivot is accepted as PM[m,n]. Once matrix
PM is fully computed, PM|0,|T|— 1] (where |T| is the number of
processes) gives us the solution.

PM(m,n| = min_cost { min_costo<|pr|SPM( m,n, PRy ),

min_costm<p<n {MPM( m,p,n )} } ©

Local memory Local memory

Shared memory Shared memory

Figure 7: Example partial map

Table 1 shows partial map (PM) matrix for adjacent_process_list
of Figure 5 assuming that there are three types of processors PR,
PR, and PR3. We note that partial map matrix is basically an upper
triangular matrix. Each valid entry is a 2-tuple. First field of this
tuple is the pivot as explained above and second field is processor
type (-1 means that corresponding partial map requires multiple
processors). We start from PM|0,|T| — 1] and proceed until we
find valid processor type for each partial map in the path. In this
example, it reduces to Sub-tree 2 of Figure 6.

| o | 1t | 2 | 3 | 4 | 5 |
0 0.PR, | LPR, | L-1 1,1 2.1 3,-1
1 NA | LPR, | L-1 2,1 2.1 3,1
2| NA NA | 2,PR, | 3,PR; | 2,1 3.1
3 NA NA NA | 3,PR, | 4.1 7,1
4 NA NA NA NA | 4, PR, | 5,PR,
5| NA NA NA NA NA | 5. PR,

Table 1: Partial map matrix

4.2 Merging of shared memories

Partial map computed in Equation 6, produces a solution in which
a separate instance of shared memory module is created for each
queue not mapped in any local memory. This results in a costlier
interconnection network. Hence, in step 4 of Algorithm 1, we cre-
ate new mappings by pairwise merging of shared memory instances
in the given mapping under performance constraints. For example,
Consider a merger of both shared memories shown in Figure 7.
This merger can be done by putting all the queues mapped on these
shared memories into one of them and deleting the other such that
performance constraints are not violated. This will allow us to re-
move two links and simplify the interconnection network.

4.3 Algorithm Complexity
7>

Total number of entries in partial map matrix PM are 5-. The
single processor mapping (SPM in Equation 6) is evaluated for all
the processors available in the component library (|PR|). Further, as
per Equations 4 and 3, this evaluation will take O(|T|+|Q|) steps.
Here |Q] is the total number of queues in the process network. So,
complexity of the first term in Equation 6 is O(|PR| x (|T|+1Q|)).
Now, the number of pivots in Equation 6 are at most |7'|. Further,
evaluation of a solution at any pivot can be done in O(|Q|) because
in equation 5, at most |Q| queues need to be checked. Hence, com-
plexity of the second term in Equation 6, is O(|T'| x |Q|). Therefore,
the overall time complexity of computing partial map is O(|T|? x
(IPR| % (|T|+1Q])+1|T| % |Q]))- Since value of |PR| is small, com-
plexity of computing partial map is bounded by O(|T|? x |Q)|).

Now, number of pairs at any stage of shared memory merging is
no more than |Q|? and there cannot be more than |Q| merges. Fur-
ther, checking performance constraints as per Equation 3 is bounded
by O(|T|+|Q]). So time complexity of shared memory merging
stage is O((|T| +|Q|) x |Q|*). Hence, Algorithm 1 has complex-
ity of O(|T|® x |Q| +|T| x |Q|* +|Q|*) which becomes O(|Q|*) as
typically |T] < |Q|.

S. EXPERIMENTAL RESULTS

We performed two sets of experiments, first on real life appli-
cation MPEG-2 decoder and then on a set of randomly generated
process networks. We implemented a multithreaded library using
which an application written in C can be modeled as KPN. We
converted the sequential code of MPEG2 decoder into the KPN as
shown in Figure 1. Process Header extraction finds out header in-
formation of the video sequence. Process Slice decoding performs
variable length decoding at slices. Similarly functionality of pro-
cesses IDCT, Prediction, Addition and Storing are obvious from
their names. These four processes work on macroblocks.

First part of Table 2 gives other process parameters of MPEG-2
decoder KPN. These parameters were obtained by using the proce-
dure described in [17] for ARM7TDMI [18] and LEON [19] pro-
cessors. Second part of Table 2 show processor parameters. Each
processor type (PRy) has associated cost (pr_costy), context switch
overhead on processor (contxty), its frequency (fregy) and cost of
mapping unit size of the queue onto local memory (cost _base_lmy,).
Processors PRy and PR, are taken as different implementations of
LEON. Similarly, PR, is an implementation of ARM7TDMI. Apart
from this, presence of one type of memory unit was assumed with
bandwidth of 5,000,000 bytes/second and base cost of 0.6 units.
Link cost cost_in was taken to be 5,000 units. Corresponding syn-
thesis result is shown in Figure 8. We note that it is a heterogeneous
architecture consisting of three instances of processor type PR and
single instance of PR;. Moreover, one shared memory was found
to be sufficient.

[ Process parameters |

Number of cycles taken by a process 7; per iteration on
processor PRy, for Vk

k necyokx neyk neysk neysg neysx neysk
0 | 666714 | 55969 | 32795 | 40087 | 32940 | 10036
1 | 666714 | 55969 | 32795 | 40087 | 32940 | 10036
2 | 978350 | 75550 | 44096 | 44087 | 46742 | 20449
[ Processor parameters |
PRy contxty, pr-costy, freqy cost_base_lmy,
PRy 200 200000 150e+06 0.5
PR, 200 400000 200e+06 0.5
PR, 100 170000 133e+06 0.5

Table 2: Process and processor parameters
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Figure 8: Synthesized architecture and mapping for MPEG2
video decoder

We also performed a number of experiments using a Random
Process Network Generator (RPNG) [20]. Given the process net-
work parameters, RPNG generates cyclic multigraphs as process
networks alongwith its deadlock free code. Table 3 shows some
of the results using RPNG. The third row in this table gives time
taken to reach at the solution and last two rows give number of pro-
cessors and shared memories synthesized for some of the problem
instances. Whenever, more than one shared memory modules were
instantiated, we obtained the interconnection network similar to ar-
chitecture of Figure 3. We did these experiments on a workstation
having Intel XEON [21] CPU running at 2.20GHz. It can be ob-
served that the solutions for all these process networks took less
than one second. This makes our approach suitable to be used in a
design space exploration framework.

[ Number of processes [ 10 T 20 [ 30 ]
[ Number of queues [ 19 [ 57 1 60 |
Time taken in Sol. <lsec | <lsec | <Isec
Number of instantiated processors 3 5 9
Number of shared memories 1 8 8

Table 3: Experiments using RPNG

Apart from doing experiments as explained above, we also com-
pared quality of solution given by the approach presented in this
paper against solution provided by the mixed integer liner program-
ming (MILP) formulation of the same problem [16]. We did these
experiments on process networks having number of processes < 8
and number of queues < 15. This is because for larger problem
sizes, MILP solutions took unacceptable amount of time. We ob-
served that for these cases, the solution was on an average 10 —15%
poorer with the worst case being 20%.

6. CONCLUSIONS

In this paper, we presented an approach for automatic synthe-
sis of multiprocessor SoC architectures for applications modeled
as process networks. We make use of adjacency relationship of
processes in the process network and evaluate different architec-
ture alternatives using a dynamic programming based algorithm.
Our approach is flexible and can be easily extended for synthesis
for low energy or for multiobjective optimizations. We performed
experiments on real benchmarks and also on a number of randomly
generated process network. Results show that our approach is fast
as well as effective and suitable for design space exploration.
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