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Design Methodology
Uncouples Software
Architectures
from Platforms

use of the features of a general-pur-
pose microprocessor. Applications
that are both control-intensive and
algorithmically complex, like multi-
media-based products, are excellent
candidates for multiple-processor
architectures, such as Texas Instru-
ments’ Open Multimedia Applica-
tions Platform (OMAP). 

Developing distributed software
applications, however, introduces
new challenges. Software architects

must consider multiple OS selections
and how applications will be mapped
to specific processors. In addition,
specialists could be required to deal
with obscure programming para-
digms or very tight performance re-
quirements. Such implementation
details can invade a design to the
extent that the high-level software
architecture becomes blurred by the
low-level partitioning decisions. 

A new software methodology

called “coordination-centric” design
offers a clean separation between
software architecture and low-level
platform issues. The methodology
automatically produces efficient
source code from high-level software
models. It supports heterogeneous
distributed architectures and allows
engineers to specify low-level imple-
mentation details without reference
to the software design process. 

In coordination-centric design,
developers focus on the creation of a
robust software architecture that
solves high-level issues demanded by
the application, not by the hardware
environment. DSP specialists, there-
fore, are required only to develop
the algorithm(s). This approach pro-
motes modularity and component
reuse and reduces the time spent in
maintaining and debugging code. 

A coordination-centric software
design flow starts by identifying the
basic software elements—the com-
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A
s hardware manufacturers begin providing single-

chip multiple-processor architectures, distributed

applications are becoming increasingly common.

For software developers looking to use the avail-

able processing resources efficiently, multipro-

cessing, and particularly heterogeneous, architec-

tures present good optimization opportunities. Imaging, filtering,

and other transformational algorithms, for example, run best on

digital signal processors. Control-intensive operations and graphi-

cal user interface functionality, on the other hand, make the best
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ponents and special communication
“coordinators”—which are created
or selected from libraries of preex-
isting components. Then, the com-
ponents and coordinators are graph-
ically composed to create a software
design. 

Once it’s been created, the design
is simulated to validate its functional
behavior. After that, an architectural
mapping phase assigns the pieces to
the computing resources, that is,
components to processors and coor-
dinators to communication mediums.
Commented C code is generated
that’s tuned for each operating sys-
tem running on a specified processor
and implements the behavior cap-
tured by the coordinators.

Let’s visit the mapping and code
generation stages in more detail.

In the mapping phase, compo-
nents must be assigned to processing
resources—an operating system
process, for example. Coordinators
can be assigned to processing
resources or communication medi-
ums. Figure 1 shows three possible
mappings of a simple software design
to different target architectures.

The final stage of coordination-
centric design, automatic code syn-
thesis, translates the engineer’s high-
level model into C code. The synthe-
sized code provides the same func-
tionality as the high-level design
model, but important optimizations
have been made. During code syn-
thesis, component and coordinator
distinctions are dissolved; compo-
nents and coordinators are an arti-
fact of logical design only. This is a

significant advantage of coordina-
tion-centric code synthesis over
other, more traditional object-orient-
ed code generation approaches: by
exploiting the semantic information
provided by the coordination-centric
model, synthesis generates code
that’s much more efficient in terms
of memory footprint and run-time
performance.

In traditional software design, a
developer must select an appropri-
ate communication mechanism, de-
pending on the execution location of
the interacting component. If the
components execute in the same
operating system process, shared
memory is an efficient mechanism.
If they’re in different processes, an
operating system interprocess com-
munication call is appropriate. If
they reside on different processors,

a remote communication mecha-
nism must be selected. All of these
choices are low-level implementa-
tion decisions that complicate soft-
ware architectures. In coordination-
centric design, these details are
dealt with before code generation
and aren’t embedded in the software
design.

In traditional component-based

Embedded Edge March 2002 17

Figure 1. One of the beauties of coordination-concentric design is that the software architecture remains the same with dif-

ferent implementations of the hardware. Software components map to processors, coordinators to either processors or com-

munication mediums. Here, all components and coordinators map to a single Linux process (a); two components map to

different Linux processes and the coordinator maps to a Linux interprocess call (b); one component is mapped to a Linux

process and one to a TI DSP running DSP/BIOS, and the coordinator is mapped to a wireless communications link (c).

The synthesized code provides the
same functionality as the high-level
design model.
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design methodologies, each compo-
nent must contain not only its core
functional behavior, but also its
behavior interacting with other
components. The entanglement of
functional and interaction behavior
forces software developers to create
tightly coupled software compo-
nents. If the interaction behavior
among components changes, all
those components must be updated
to reflect the changes. These intru-
sive modifications are required even
when the core functionality of the
component isn’t altered. What’s
more, tightly coupled software com-
ponents are difficult to understand,
debug, and maintain and even more
difficult to reuse in different designs. 

BEHIND THE BENEFITS
With a coordination-centric frame-
work, however, software compo-
nents are loosely coupled through
the use of coordinators, which con-
tain the interaction code between
components. A design rule requires a
coordinator between any interacting
components. 

Thus a coordination-centric frame-
work encourages reuse by allowing
system components to be inter-
changed in a “plug and play” fash-
ion; indeed, entire subsystems can

be designed independently from
other system components. Also, the
debugging phase is greatly reduced
because the correctness of the soft-
ware functionality is separated from
its interaction behavior. Essentially,
both debugging and maintaining
software are simplified because
there are no “back door” interaction
paths with the components. All
communication and interaction is

explicit and clearly defined. 
A distributed MP3 player applica-

tion is a good example of how coor-
dination-centric design works. Let’s
look at an MP3 player we designed
using Strata, a commercial imple-
mentation of coordination-centric
design. 

MP3 PLAYER
The design steps were incorporating
existing code into components,
using models to validate the behav-
ior of the  architecture, mapping the
design to a single processor and syn-
thesizing the code. The very last
steps were to map the same design
to a distributed-processor architec-
ture and synthesize the code for
each processor.

We used a PC running Linux as
the development host for Strata, for
design entry and behavioral simula-
tion of the system prior to mapping.
The same PC served as the target
and to create a Linux executable
that plays MP3 songs from a file sys-
tem on the PC. For the distributed-
processor mapping, we used an

Figure 2. With Strata, you compose a software system by dragging and dropping

components and coordinators and making connections through bindings. The

Controller manipulates the MP3FrameReader, which in turn reads an MP3 file and

provides it to the Decoder. The rounded blue blocks are reusable software compo-

nents, the square green blocks the coordinators.

Figure 3. An action triple model allows software contained in action trapezoids

to be executed upon the occurrence of certain trigger events, provided that the

related mode of operation is true. For instance, within the Controller, when the

Play mode is active and the Check event occurs, the code snippet inside

playing_check is executed.
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Ethernet crossover cable that con-
nected the PC to a Texas
Instruments TMS320C6711 DSP
board. The distributed mapping of
the player placed the control and
file reader portion on the PC and the
decoder and playback on the DSP
board. We loaded the synthesized
code for the DSP board using TI’s
Code Composer Studio IDE.

The first task was to partition the
player functionality into coordina-
tion-centric components and coor-
dinators. Because of the streaming
nature of the application, the coor-
dinators required were simple data
pipes. (Figure 2 shows a Strata tool
view of the software design for the
MP3 player.) To demonstrate the
main decoding algorithm, we wrote
a simple C-based control GUI to
start, pause, and stop the song.

Pushing into the Controller compo-
nent, shown in Figure 3, highlights
some interesting features of the
coordination-centric design frame-
work. The graphical syntax captures
the event-driven programming
model, which uses modes, events,
and actions. Modes are internal
state variables that guard the action.
Actions can turn modes on or off,
generate events, modify variables,
and make foreign subroutine calls .
Events are generated either auto-
matically by the system or explicitly
by an action. The combination of a
mode, an event, and an action con-
stitutes an “action triple.” For
example, when the Play mode is true
and the Check event arrives, the
action playing_check is triggered.

USING LEGACY CODE
A foreign subroutine is one written
in C or Java. A major advantage of
coordination-centric design is that
such legacy code can be intermin-
gled with new software components.
The playing_check action code, below,
communicates with the GUI con-
troller via the MP3_Control foreign

call, which returns the identity of
the button pressed. After activating
the corresponding mode, the action
generates the Check event. 

foreign function int Mp3_Control ();
int result;
result = Mp3_Control ();
If ((result == 1)) {

+Play;
} else {

if ((result == 2)) {
+Pause;

} else {
if ((result == 3)) {

+Stop;
}

}
}
->Check ();

The rectangular box named XOR3

in Figure 3 is a user-defined con-
straint block. It enforces a mutual
exclusion constraint between the
modes Play, Pause, and Stop, which are
connected to the inputs m1, m2, and
m3, respectively. Constraints clearly
declare and enforce the intended
use of a component. In standard
programs, in contrast, constraints
are usually embedded into the
structure of the code or contained
in a comment to remind the devel-
oper and others about the intended
use of a body of code. Also, note that
like components and coordinators,
constraints are reusable elements of
a software design.

Coordination-centric design pro-
vides a very powerful abstraction in
the ability to share states among
components without committing to
a communication mechanism. Com-

Figure 4. Strata provides a visual tool, the evolution diagram, that lets you fol-

low the state, control flow, and data flow of a software architecture, allowing

time-saving debugging long before the mapping to actual hardware. Here the

Decoder and MP3FrameReader exchange messages (blue arrows) via the

Data_Pipe. At index 2, an event in the Controller requests that the Play mode

become active (red arrow). The Play mode is activated at index 4, and this infor-

mation is transmitted to the MP3FrameReader, whose Play mode also is activated.
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ponent and coordinator interactions
occur via interfaces. Figure 3 shows
the Controller’s graphical connection
to its Control_Out interface.
Graphically the modes Play, Pause,
and Stop are bound to this interface
and therefore shared with the
MP3Frame_Reader via the coordinator
ctrl_pipe, as shown in Figure 2.

INDEPENDENT SIMULATION
To validate the functional behavior
of the design, we first simulated it
independent of operating system and
hardware issues. By debugging the
design at this level of abstraction, we
gained confidence in the algorithm’s
correctness. In a traditional debug-
ging environment, an error could be
in the algorithm; it could be an

improper use of the operating sys-
tem or a communications protocol;
it could be a hardware bug or a tim-
ing problem; and so on.

The developer must consider all
the possibilities simultaneously. To
ease the task, the coordination-cen-
tric framework provides a visualiza-
tion called “evolution diagrams”
that graphically illustrate interac-
tions among the components and
coordinators, as shown in Figure 4.
(Note that this simulation isn’t a
real-time execution of the system.)
Each horizontal trace is a compo-
nent or coordinator. Within a com-
ponent or coordinator, colored hori-
zontal bars represent the compo-
nent’s  or coordinator’s mode. Ver-
tical bars are events. Colored arrows

among the traces show control com-
munications, message sends, and
variable propagation. Of particular
interest are the control and variable
arrows, which show interaction
behavior that wasn’t hand-coded by
the developer but instead generated
automatically.

The sound quality demonstrated
by the model simulation proved that
the architecture was functioning
properly. 

TARGET MAPPING
Confident in the correctness of the
architecture, we created a Linux
MP3 player by mapping the design
to a single Linux process. Since
coordinators are logical constructs,
the ones in Figure 2 were optimized

Coordination-centric Design
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away during code generation, in this
case because all interaction occurs
in the shared address space of a
Linux process. Code generation cre-
ated commented C code and a cor-
responding make file. The code was
then compiled with gcc to create the
binary image. Because the simula-
tion foreign subroutines were writ-
ten for Linux, we reused them for
the target. The resulting MP3 player
executable played in real time. 

As described earlier, we then dis-
tributed the design across a Linux
PC and a C6711 DSP evaluation
board connected by an Ethernet
crossover cable. The distributed
MP3 player plays MP3 songs by
retrieving them from the Linux side,
transmitting them to the DSP board,
decoding them, and playing them
through an external speaker.

Figure 5 shows the mapping table
for the distributed player. We
mapped the decoder component to
the DSP board, the connecting coor-
dinator to the TCP link, and the
remaining control and file aspects to
the Linux computer. Code genera-
tion created two sets of C files, one
for the Linux side and one for the
DSP/BIOS side, as well as TCP calls
for Linux and for DSP/BIOS. Using
Code Composer Studio, we com-
piled the C files for the DSP board
and downloaded the binary image
onto the board. We compiled the
Linux side with gcc, then ran both
executables and listened to an MP3-
encoded song. 

RESULTS
The memory requirements for the
distributed MP3 player synthesized
software are as follows: for the Linux
MP3 player, the Linux footprint was
233 kilobytes; for the distributed
MP3 player, it was 119 KB, and the
DSP footprint was 805 KB.

The large DSP footprint needs fur-
ther explanation. Because we had
essentially a “raw” board, the entire

software image had to be down-
loaded. The TCP/IP stack provided
with the development kit—down-
loaded to drive the Ethernet connec-
tion—is 301 KB (37% of the DSP
image). Other DSP/BIOS libraries
and objects required an additional
68 KB (8%). The DSP architecture
requires the alignment of various
data structures; it enforces the align-
ments by introducing “holes,” or
gaps, in memory, which took up 285
KB (35%). We had to write initializa-
tion code to bring up the TCP/IP
stack, which required 20 KB (2%).
The legacy code, including the MP3
decoder algorithm itself, required 96
KB (12%), and the generated synthe-
sized code 35 KB (4%).                  ◆
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Figure 5. A software architecture (bottom left) is mapped to a hardware architec-

ture (bottom right) via a mapping table (top).To repartition the behavioral ele-

ments, you simply check the box associated with the computational resource

available on the target. Here, the Decoder and audio_pipe are mapped to the DSP,

the Data_Pipe is mapped to a TCP link, and the rest of the components are

mapped to Linux.
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