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automated by a Code Composer
Studio plug-in, in which check
boxes are activated for each includ-
ed protocol; a “Create library” but-
ton takes care of the rest.

Another Code Composer Studio
plug-in sets the instance creation
parameters. An initial set of val-
ues—at best an edu-
cated guess—serves
as the starting point
for the integration
process. Besides the
default creation para-
meters, you can cre-
ate an arbitrary num-
ber of parameter sets.
A built-in code gener-
ator creates the
resulting header and
source files at the
click of a button. So
far, so good. 

The bf3Net
Architecture
To understand the
creation and integra-
tion of the bf3Net
protocol stack, look
at the algorithm’s
architecture, shown
in Figure 2. At the
core, a protocol
engine coordinates
and synchronizes the operation of
the protocol modules, as well as the
interaction among them. The engine
also manages the data and the inter-
nal timers. 

The stack runs as a single thread,
which cycles the engine.
Consequently, the software doesn’t
occupy a large number of tasks and
also doesn’t require intertask com-
munications and synchronization.
In addition to a trigger for the
engine cycle, the stack requires a
timer tick as clock reference for the
internal timers. For both those pur-
poses, a real-time operating system
or kernel, like DSP/BIOS, is ideally

suited, and the application should
be designed to directly integrate
with such a real-time kernel.

The protocol stack provides two
abstract interfaces to the outside
world, TMS320 Algorithm Standard
and the interface to the physical
communications layer (for example,

a modem or network interface
card). Roughly and for the sake of
this discussion, their functions can
be divided into three groups: socket
functions, engine functions, and
IALG functions.

The socket functions serve as
interfaces with application protocols
(SMTP, HTTP, and the like). The
engine functions are called to cycle
the engine and increment the timer.
Lastly, the IALG interface functions
define a “protocol” between the
application and the algorithm for
creating and deleting algorithm
instance objects, allowing multiple
instances of an algorithm to be

launched in an application (multi-
channel modem systems, for
instance).

The focus here is on the most
common case of a single application
instance, more specifically for a
bf3Net TCP/IP stack making use of
the Point-to-Point Protocol (PPP) as

the data-link com-
munications layer
and a standard AT
modem for the phys-
ical layer. 

Instance Creation
and Integration
You create an
instance by declar-
ing a handle to the
algorithm instance
and calling the
ALG_create() function.

This single decla-
ration and function
call are all that’s
required to launch
an instance of
bf3Net, but a few
more steps are
required to get the
TCP/IP communica-
tions up and run-
ning. First, you must
link the instance to
the physical commu-

nications layer. Next, you must
establish the interface between the
instance and application protocols.
Finally, you must integrate the
instance with the system base, in
this case DSP/BIOS.

Although the bf3Net library is
specific for a data link layer (here
PPP), the interface with the physical
layer is identical for each implemen-
tation. Windmill Innovations’
designers have defined the IBF3NET-
PHY physical layer interface as a uni-
form interface for physical layer dri-
vers. It specifies the format of the
physical-layer function table that
must be implemented by each
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Designing the Internet
into DSP Applications

Engineers at Windmill
Innovations have suc-

ceeded in developing the first
e X p r e s s D S P - c o m p l i a n t
TCP/IP stack. TCP/IP com-
munications can now be inte-
grated into your TMS320
DSP-based application just
like any algorithm that imple-
ments the rules and guide-
lines of the TMS320
Algorithm Standard. 

Furthermore, the engi-
neers designed the stack,
called bf3Net, for seamless
integration with the
DSP/BIOS real-time kernel
and added a number of plug-
ins for the Code Composer
Studio development environ-
ment that further facilitate
the algorithm’s integration.
How they did it, details of the
resulting product, and how
the product is modified and
optimized by the user should
shed light on your own devel-
opment efforts.

TCP/IP Stack 
Design Flow
Figure 1 shows the design
flow that lies at the basis of

the integration process. As
with other eXpressDSP-com-
pliant algorithms, the opera-
tional behavior and the
resulting system resource
consumption of bf3Net
(MIPS, memory, and so on)
are determined primarily by
the values of the instance cre-
ation parameters. Thus, in
essence, the integration
process is a quest for that set
of parameter values that
delivers the right balance
between communications
performance and resource
consumption. This “sweet
spot” is unique for each DSP
application and so must be
found anew in each individ-
ual project.

The design and integration
process starts with the cre-
ation of the library. To suit
the needs of your application,
you should customize the
library to include only the
required protocol modules.
That way, the algorithm does-
n’t burden the DSP system
consuming memory and CPU
resources unnecessarily. The
library creation process is

Looking to embed Internet technology into your
application? Here’s how one company’s engineers did it

Figure 2. As the central element of the bf3Net architecture, the bf3Net

engine manages access to the internal data and to the protocol modules.

The data is provided by the DSP application through the IALG interface.

Figure 1. The bf3Net design flow is an iterative

process. Starting with an initial set of configuration

parameters, the bf3Net stack is optimized by monitor-

ing the run-time behavior.

By Rutger van Dalen
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application protocol with an
IBF3NETAPP_Handle handle. The link
between an instance of bf3Net and
an application protocol instance is
made with an application protocol
descriptor, defined as follows:

typedef struct IBF3NETAPP_ProtDesc {

struct IBF3NETAPP_Fxns     *protFxns;
IBF3NETAPP_Handle    protHandle;
XDAS_Void                 *netHandle;

} IBF3NETAPP_ProtDesc;

The application protocol
instance handle and descriptor are
declared and initialized as:

IBF3NETAPP_Handle   applProtocol;
IBF3NETAPP_ProtDesc protDesc;

/* initialize <protDesc> (see remark below)
*/

protDesc.protFxns      = &BF3NETAPP_WI_
APPLPROT_IBF3NETAPP;

protDesc.protHandle  = applProtocol;
protDesc.netHandle   = netHandle;

Here, the BF3NETAPP_WI_APPL-
PROT_IBF3NETAPP constant is the
address of the IBF3NETAPP_Fxns
implementation of the application
protocol. The protocol descriptor
is used whenever a bf3Net socket
is opened (see below).

The last step concerns the inte-
gration of the bf3Net instance with
the system base. Although the
bf3Net algorithm operates inde-
pendently of a specific platform,
it’s most easily integrated with the
DSP/BIOS real-time kernel. Only

three DSP/BIOS objects are
required to run the bf3Net
instance: a TSK task object to cycle
the bf3Net engine, a PRD periodic
function object serving as a timer
reference, and a SEM object to
wake the task up. For the sake of
this discussion, the three objects
are named BF3NET_TASK, BF3NET_
TIMER, and BF3NET_SEM.

The BF3NET_TASK object is asso-
ciated with a function, called
BF3NET_task(), that cycles the
bf3Net engine whenever there is
work to do.

The BF3NET_TASK object cycles
the bf3Net engine whenever data
needs to be processed or actions
need to be taken. The bf3Net
instance signals DSP/BIOS that
that’s the case by posting the
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bf3Net-compatible physical layer
driver, addressed with an IBF3NET-
PHY_Handle instance handle.

In the case of bf3Net, the
instance implements the IBF3NET-
PHY_NetFxns function table used as
entry point by the physical layer
driver. The link between an
instance of bf3Net and a physical
layer driver is established with a
so-called physical layer descriptor,
defined as follows:

typedef struct IBF3NETPHY_PhyDesc
{

IBF3NETPHY_PhyFxns *phyFxns;
IBF3NETPHY_Handle phyHandle;
IBF3NETPHY_NetFxns *netFxns;
XDAS_Void *netHandle;

}IBF3NETPHY_PhyDesc;

Therefore you must initialize the
physical layer descriptor thus:

IBF3NETPHY_PhyDesc phyDesc;
IBF3NETPHY_Handle  phyHandle;
/* initialize <phyHandle> (see remark below)

*/
phyDesc.phyFxns   =&BF3NETPHY_WI_

ATMODEM_UART16550_IBF3NETPHY;
phyDesc.phyHandle   = phyHandle;
phyDesc.netFxns   = &BF3NETPPP_WI_

IBF3NETPHY;
phyDesc.netHandle = netHandle;

The handle to the physical layer
driver, phyHandle, is initialized with
functions of the IBF3NETPHY_PhyFxns
function table in a way that strongly
resembles the ALG_create() method.
(Details of this procedure are
beyond the scope of this article.)

The instance is linked to the physi-
cal layer driver with the following
function call:

netHandle->fxns->setPhy(netHandle,
&phyDesc);

The integration of the application
instance with the physical commu-
nications layer is now complete.

Windmill’s engineers defined the
IBF3NETAPP interface so that the
stack can be integrated, and can
interact, with application protocols.
Similar to IBF3NETPHY, this abstract
interface specifies the IBF3NETAPP_
Fxns function table, which must be
implemented by each bf3Net-com-
patible application protocol as an
entry point for the bf3Net instance.
You address the instance of the
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For example, when the application
protocol has received the
IBF3NET_SOCKETEVENT_OPENED sock-
et event, the following function call
initiates the download of the default
file from the HTTP server at IP
address 10.0.0.2:

/* HTTP file request string */
char httpGetBuffer[33] = “GET http://10.0.0.2/

HTTP/1.0\r\n\r\n”;

/* send the file request string to the Web
server */

netHandle->fxns->socketWrite(netHandle,
socketID, (XDAS_UInt8*) httpGetBuffer, 33);

To copy the incoming file data to
a local buffer, you use the following
function call whenever the
IBF3NET_SOCKETEVENT_RXDATA_RECEI
VED event is fired by the bf3Net
instance:

/* buffer for received data */
XDAS_UInt8  httpRxBuf[820];

/* length of the received buffer */
XDAS_UInt16 httpRxLength;

/* initialize the length of the receive buffer */
httpRxLength = 820;

/* read the received data from the bf3Net
TCP/IP stack */
netHandle->fxns->socketRead(netHandle,

socketID, httpRxBuf, &httpRxLength);

The httpRxLength variable will con-
tain the number of actually received
bytes when the socketRead() function
returns.

Optimizing the bf3Net
Configuration
Having completed the integration of
bf3Net, it’s now time to run the
bf3Net-based application and opti-
mize the bf3Net configuration.  The
bf3Net software provides a sophisti-
cated debugging and profiling strate-
gy,  based on DSP/BIOS Real-Time

Data eXchange (RTDX) for commu-
nications with the development host
(Code Composer Studio 2.0). A
graphical interface plug-in visualizes
the data from the target conveyed to
the host through RTDX. Four mod-
ules implement the bf3Net debug-
ging and profiling strategy: statistics
(S), event tracing (T), error logging
(E), and profiling (P), or STEP for
short.

The statistics module gives per-
formance information, e.g., trans-
ferred bytes, throughput, checksum
errors.

Event tracing reports on connec-
tions, negotiations and so on.

Error logging reports errors such
as buffer overflows, timer shortages
and the like.

The profiling
module tracks
buffer and timer
usage to help
eliminate stack
redundancy,

With the
STEP modules
leveraging the
resources of
e X p r e s s D S P,
bf3Net provides
powerful tools to
aid users in
developing opti-
mally function-
ing embedded
Internet applica-
tions. The opti-
mization proce-
dure is simple:
take the current
configuration as
the baseline, run
the application,
and monitor the
behavior to de-
tect configura-
tion conflicts
and errors, then
run the applica-
tion again until

you reach the right balance. If you
start with an oversized con-
figuration as a “trouble-free philoso-
phy,” you can quickly detect the
actual resource consumption of
bf3Net in your application and
arrive at a good solution in only a
few iterations.                             ◆

Rutger van Dalen (rvdalen@windmill-sys-
tems.com) is the vice president of engi-
neering at Windmill Innovations BV in
Nijkerk, The Netherlands. He has eight
years’ experience in DSP and embedded
application design and was actively
involved in the architectural definition and
design of bf3Net. Previously, he worked in
product development at Lucent
Technologies’ Switching and Access
Systems business unit.
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BF3NET_SEM semaphore in a re-
scheduler call-back function that
has been registered with the bf3Net
instance by application through a
IBF3NET function:

/* rescheduler call-back function prototype */
XDAS_Void BF3NETPPP_WI_engine

Reschedule(const IBF3NET_Handle
handle, XDAS_UInt16 netId);

/* register rescheduler callback function with
bf3Net instance */netHandle->fxns-
>setRescheduler(netHandle,0,BF3NETPPP_
WI_engineReschedule);
/* rescheduler call-back function implementa-
tion */
XDAS_VoidBF3NETPPP_WI_engineResche
dule(const IBF3NET_Handle handle,
XDAS_UInt16 netId)
{

/* post the semaphore to wake up the task
*/

SEM_post(&BF3NET_SEM);
}

This simple mechanism cycles
the bf3Net engine only when
required, thus reducing the system
overhead to an absolute minimum.
Finally, the bf3Net instance requires
a timer reference for the manage-
ment of the internal timers. The PRD
object, BF3NET_TIMER, associated
with a function called BF3NET_timer(),
in turn calls the timerCycle() function
of the IBF3NET interface.

The integration of the bf3Net
instance with the application is now
done.

Establishing Communications 
You establish a communications ses-
sion with bf3Net by opening a sock-
et with the socketOpen() function of
the IBF3NET interface. The function
takes a pointer to an IBF3NET_
SocketCB socket creation block struc-
ture, which contains the session-
specific communication details, as a
parameter. One of the members of
the IBF3NET_SocketCB data structure

is a pointer to the IBF3NETAPP_Fxns
function table implementation of
the application protocol.

When a bf3Net socket is opened,
the underlying communications lay-
ers are first established. With a PPP
data link, for instance, the modem
connection is opened if the bf3Net

instance was previously idle. If TCP
was selected as the transport layer,
the TCP connection will be synchro-
nized with the communications
peer. 

When all layers have been
opened, the application protocol
receives an IBF3NET_SOCKETEVENT
_OPENED event through the
protNotify() function of the
IBF3NETAPP_Fxns function table
implementation of the application
protocol. The protNotify() function
must catch and process all events
fired by the bf3Net interface, such
as the reception and completed

transmission of data.
Normally, the socket opening pro-

cedure is handled by the application
protocol, invisible to the embedded
application. You’ll gain a better
understanding of the bf3Net socket
API, however, by following the steps.
The procedure starts by declaring

and initializing a socket creation
block instance.

When that’s been done, the
bf3Net socket can be opened as fol-
lows:

/* open the bf3Net socket */
socketID = netHandle->fxns->socketOpen

(netHandle, &socketCB);

The value returned by the
socketOpen() function and stored in
the socketID variable uniquely identi-
fies the bf3Net socket. You must use
this value in all subsequent calls of
the IBF3NET socket layer functions.

Figure 3: The bf3STEP technology is the basis of the bf3Net integrated debug-

ging strategy. The statistics (S), event-tracing (T), error-logging (E), and profil-

ing (P) information is conveyed to a Code Composer Studio plug-in with TI’s

Real-Time Data Exchange (RTDX).

This simple mechanism cycles the bf3Net
engine only when required, reducing
system overhead to a minimum.
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