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INTRODUCTION
evelopers of embedded systems are increas-
ingly under pressure to get their products to
market faster.  Since these products general-

ly require software and hardware, software efforts are
often stalled while waiting for target hardware.
Preparing the software generally requires more time
than hardware. Therefore, the time developers are
delayed in starting a project is wasted. 

Entering into this equation is the need
for sophistication in embedded sys-
tems brought on by more powerful
microprocessors and increasingly
complex applications. Most embed-
ded developers are turning to off-the-
shelf real-time kernels or operating
systems to assist them in managing
this complexity. Therefore, it is incum-
bent on providers of kernels and operating systems
to ensure that their customers can productively use
the time while target hardware is being developed.

Since the introduction of our first product, Nucleus
RTX (a real-time kernel), Accelerated Technology has
provided our customers with a version of the software
that permitted them to develop applications on the
PC.  We ported the three target specific modules of
the kernel to run natively on a PC host. This way,
developers can use the Borland or Microsoft deve-
lopment tools and build their applications using Nu-
cleus to run as MS-DOS executables (.EXE files).  We
followed this same strategy when we introduced
Nucleus PLUS (a more advanced real-time kernel),
Nucleus FILE (an MS-DOS compatible file system),
Nucleus NET (our proprietary TCP/IP stack), and
Nucleus EPILOGUE (a combination of our Nucleus
PLUS kernel and Epilogue, Corp.'s TCP/IP stack).
That is, all of these products can be used for deve-
lopment in a native PC environment before being exe-
cuted on the target hardware.

The application-programming interface to the various
embedded software products we offer is identical on
the PC and the target versions of the software.  After
preliminary development on the PC, the user simply
recompiles for the target environment. The same
technology employed to make our software products
available on MS-DOS has been duplicated so that

Nucleus PLUS (and eventually all of our embedded
products) can run native Windows NT or Windows 95
processes.  We call this product Nucleus MNT.

To provide TCP/IP services within Windows NT, Nu-
cleus NET was ported to the Nucleus MNT environ-
ment. To facilitate communication between Nucleus
MNT processes and other TCP/IP enabled devices
(both those resident on Windows NT using WinSock
and those external to the Windows NT environment on

an actual network) a virtual networ-
king facility was developed.  We call
this product Nucleus VNET.

This paper describes the use of
Nucleus MNT and Nucleus VNET
and some of the design considera-
tions that went into developing it.

BASIC DESIGN PRINCIPLES
Nucleus PLUS was originally designed to be portable
to dissimilar CPU architectures. Isolating three modu-
les of the system and dividing them into target
dependent and independent portions facilitated por-
tability. These three modules perform initialization,
scheduling, and timer management functions.

For Nucleus MNT, these modules were ported to the
Windows NT threads environment. The initialization
module sets up some interrupt vectors for the timer
and the terminal interface. The scheduling module
employs the Windows NT thread model to manage
the switching of tasks. The timer module processes a
timer tick to facilitate the Nucleus PLUS task sleep,
time slicing, time-out, and timer thread capabilities.

The most interesting aspect of Nucleus MNT is the
scheduling mechanism. Nucleus MNT runs as a
Windows NT process. All Nucleus tasks are created
as Windows NT threads. They are all assigned equal
Windows NT priorities. Nucleus MNT is responsible
for the preemptive or time based scheduling of the
tasks. The Windows NT thread facilities are simply
used to perform the necessary context saving and
restoring of tasks. Hardware peripherals can be simu-
lated with standard Windows NT device drivers. This
method was used when Nucleus VNET was deve-
loped.  
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method was used when Nu-
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NUCLEUS VNET 
Nucleus VNET allows Nucleus MNT processes to com-
municate with each other via a shared memory area.
That is, multiple versions of Nucleus MNT can be exe-
cuted on an NT machine, each with its own IP
address. These MNT processes can communicate
with each other via TCP/IP as if they were indepen-
dent embedded devices. Developers who use this
technology have the ability to simu-
late a network on an NT machine.
The same shared memory area is
used to communicate with Windows
NT applications via a virtual NDIS dri-
ver. If IP forwarding is enabled on the
NT machine, then the virtual Nucleus
devices can communicate, not only between them-
selves and the local NT workstation, but also with any
remote device executing a TCP/IP protocol stack.

Perhaps the best way to describe how Nucleus VNET
works is to describe each of the components that
make up the complete system. The following discus-
sion will make frequent reference to figure 1.  

There will be at least one Nucleus MNT process exe-
cuting. This MNT process includes not only the
Nucleus MNT operating system, but also the Nucleus
VNET code. Also included is the developer's applica-
tion. The hardware simulator is that portion of the
Nucleus PLUS operating system that is target depen-

dent. The small box labeled "NNET Driver"  is the
Nucleus NET device driver. In a typical port of Nucleus
NET the NNET Driver would talk directly to hardware
such as an Ethernet controller. In this port of Nucleus
NET, the NNET Driver talks to the VNET Driver, an NT
device driver.

The VNET driver acts as the interface between the
Nucleus MNT process and the common memory

area, and between the MNT pro-
cess and the Virtual NDIS driver.
The VNET driver is invoked from the
application level via the NT Device-
IoControl service.  

The Common Memory Area among
other things, contains a list of buf-

fers and many buffer rings. At initialization, all buffers
are on the free ring, that is they are available for use.
As buffers are used, they are placed on the buffer ring
of the receiving MNT process. After the buffer is read
it will be placed back on the free ring. The virtual NDIS
driver also has a ring of buffers in the common mem-
ory area so that it can receive packets from the virtu-
al network. 

The Virtual NDIS driver also has access to the com-
mon memory area. Thus it can send packets to and
receive packets from the virtual network devices.  The
virtual NDIS driver like any other NDIS driver is
installed on the NT workstation. It has its own IP
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Nucleus MNT was developed
and designed to work with the
Microsoft Visual C++ tool set.
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address and is configurable through the NT's network
settings just like an NDIS driver for a physical ether-
net card.

Initialization
When the NT workstation is booted the Virtual NDIS
driver is started.  This driver is responsible for alloca-
ting the global memory area. The starting address is
written to the system registry where it can be found by
the other drivers and processes. The VNET Driver is
then started manually by the user. The VNET driver
must be started after the NDIS driver because it
depends on the NDIS to allocate and
initialize the common memory. After
both drivers have been started, one
or more Nucleus MNT applications
can be executed.  

Communication
Another way to explain Nucleus VNET
is to describe the path a packet takes
from source to destination.  Assuming a packet has
been passed down through the protocol stack, it will
eventually be passed to the NNET driver for transmis-
sion. The NNET Driver communicates with the VNET
Driver via NT's DeviceIo-Control call.  

To place a packet onto the network medium requires
four steps. First, the NNET driver issues a DeviceIo-
Control call to the VNET driver requesting a buffer
from the free ring. An offset into the common memo-
ry is returned. The start address of the common memory
area was mapped into the process' address space
during initialization. The offset is added to that address
to get the starting address of the buffer. Secondly, the
packet to be sent is copied into the buffer. Next,
another DeviceIoControl call is made to place the

buffer back into the common memory area. This time
the buffer is inserted into the ring of the receiving
process.  Finally, the receiving process must be noti-
fied that a packet is ready to be processed. Yet
another DeviceIoControl call is made to the VNET dri-
ver. The VNET driver responds to this final DeviceIo-
Control command by completing an IO request that
the receiving process is pending on. 

The following steps are performed by the receiving
MNT process. During initialization an NT thread is cre-
ated that will receive packets.  This thread acts as an
ISR. When this thread executes, it issues a DeviceIo-
Control command to check the processes ring buffer
for buffers. If there are no received buffers, then the
thread suspends pending the completion of the IO
request by the VNET driver. When a packet is trans-
mitted to this MNT process, then the IO request will
be completed. Once the IO request is completed, or
if there was a buffer already present, then the ISR
thread will issue another DeviceIoControl command
to retrieve the buffer. The packet is copied from the
receive buffer into local memory. Finally, a DeviceIo-
Control command is issued to the VNET driver to
return the buffer to the free ring within the common
memory area. The packet is passed up to the TCP/IP
protocol stack.  

Because the Nucleus VNET product requires two
Windows NT device drivers it will execute on a Windows
NT workstation only. Nucleus MNT will execute on
either a Windows NT or Windows 95 workstation.

DEVELOPMENT
Nucleus MNT was developed and designed to work
with the Microsoft Visual C++ tool set. Therefore, the
Visual C++ integrated development environment in-
cluding the editor; make/project capabilities, compi-
ler, librarian, assembler, linker, and debugger are all
available.

By using the project file supplied
with Nucleus MNT, the developer is
up-and-running almost immediate-
ly.  The release files shipped with
Nucleus MNT are loaded into a
directory, the user adds the project
to their Visual C++ environment,
and the �Build� menu selection is
invoked to produce a Windows NT

console application. The executable contains a de-
monstration program that exercises almost all of the
Nucleus PLUS capabilities. The user can modify this
program or replace it with tasks that they create to
begin development of their project.

DEBUGGING
Since Nucleus MNT and the programs developed
using it are true Windows NT applications, they can
be debugged using the standard Visual C++ debug-
ger. Other debugging aids supplied with Visual C++
(e.g., Spy) can also be employed to assist in the de-
bugging effort.
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Some of the peripheral capabi-
lities of the target system can
be simulated or substituted
with PC capable equivalents.
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SUMMARY
Anyone who has developed an embedded system is
well aware of the difficulties associated with cross
development. Download times are generally long, pro-
blems frequently exist with the target hardware or
monitoring software, and the clutter of additional
equipment compounds this problem. By removing the
necessity of early hardware and the sometimes com-
plicated cross development environments, Nucleus
MNT can be used to prototype most of the C code
that will be employed in the target system. Further-
more, with a little imagination and effort, some of the
peripheral capabilities of the target system can be
simulated or substituted with PC capable equivalents.
This means that you, the developer, can begin your
software efforts early on in the project thus getting
your product to market faster.

Nucleus PLUS was designed to be highly portable. It
is this portability and the capabilities afforded by the
Windows NT thread environment that made Nucleus
MNT a reality. Since it is a native Windows NT appli-
cation, Nucleus MNT programs can be developed
using the standard Visual C++ tools set. As an
added benefit, the powerful debugging facilities sup-
plied with Visual C++ can be used to get your appli-
cation in working order quickly.

Accelerated Technology has one of the most capable
and complete sets of real-time embedded software
products available. If you would like to place an order
or have any questions about Nucleus MNT or any of
these other products, please contact us by phone,
fax, or e-mail. 
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