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Abstract— This paper gives an overview of 
performance signal processing middleware nick
(with a nod to James Cameron).  The paper wil
of porting SKYNET based radar modes to six 
processor architectures. 

The SKYNET Open Middleware has been 
embodiments for more than 10 years on U.S. su
Seven organizations, including Raytheon, Nor
and two Federally Funded Research and Deve
make use of the SKYNET Middleware f
development. The middleware defines a sup
open architecture for massively parallel com
hundreds of individual COTS processors to be
together to solve the real-time signal proc
surveillance radars.  
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I. INTRODUCTION 
 Surveillance Radar applications req

computing resources to process their sizeable 
time. Surveillance Radars have high data ra
have a large number of simultaneous rece
bandwidth, and large swath widths. 

High bandwidth radars generate prodigio
data. Each receive channel’s analog-to-digit
produce hundreds of millions of samples pe
range resolution is needed.  If digital beam
there may be multiple simultaneous receive b
receive data rate may be on the order of tens 
second or more and may require many tens
processing power. This is more compute 
available in most Von Neumann computers. A
Figure 1, a parallel processing solution is calle

A. “Embarrassingly Parallel Problem” 
Signal processing for radars is often an 

Parallel Problem” that is solvable by d
computations and allocating the processing to
of identical processors running in parallel, ea
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approach called Single Program M
programming.  In SPMD program
application executes on multiple 
copy operates on a portion of the da
a solution, such a distributed appl
some intermediate results between ta

The SKYNET computing infra
SPMD parallel processing abs
Middleware makes SPMD prog
coordinates sharing of data between
develop parallel applications target
processors, shown in Figure 1. Thi
algorithm execution spanning many
radar mode software can be largely 
and the kind of processors. 

B. Current User Community and H
Third party developers use the

create radar modes. There is a robu
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SKYNET to minimize the amount of softwar
existing signal processing implementations (b
O/S) to new architectures not supported by SP

As is, the SPOX operating system did not
for distributed applications on multiple proc
developed the Array Operating System (AOS
SKYNET middleware to add inter-processor
between applications. The combination of S
APIs form the core SKYNET Middleware A
SKYNET radar modes and the middleware ra
hundreds of COTS Digital Signal Processors (D

 In 2003, Northrop Grumman Corpora
version of the SKYNET middleware that us
Passing Interface (MPI) protocol [2] internally
processor communications.  

Since 2003, Raytheon has refined and
SKYNET Middleware to keep pace with ev
technologies. Raytheon easily ported the exis
to an array of Linux based COTS high perform
by using the SKYNET Middleware. 

C. Open Systems  Approach to Signal Process
Our approach to signal processing middl

Figure 4, decomposes the middleware into two

(1) SKYNET MetaWare – A thin, 
Government owned API that dec
applications from hardware and o
dependency; and  

(2) Open Middleware – An open comp
based on Linux and open standard
easily targeted to new hardware plat

 We decomposed the middleware this 
provides an open systems core while prese
performance processing needed for Surv
systems.   

The foundation of the SKYNET MetaW
based open middleware. This foundation
standards such as the Message Passing Inte
Data Distribution Service (DDS) [4] and the 
System itself. Linux and these open standard
toolbox and provide parallel computing buildin
high-performance computing, a well d

“Each component will share a commo
interface to the infrastructure through a thin
isolation” layer. It is desired to elim
component-to-component communication 
all component-to-component communicat
mediated by the infrastructure to allow
component modularity through abst
encapsulation.” 
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(radar scheduler) and a signal-processing c
paper only discusses the signal-processing com

II. SKYNET MIDDLEWARE ABSTR

The SKYNET computing infrastructure
Single Program, Multiple Data parallel proce
in Figure 3, programmers develop parallel app
to a rectangular grid of processors. This 
efficient algorithms spanning hundreds of 
SKYNET Middleware is the signal processi
that allows the radar mode code to be scala
number of processors or arrays of processors 
cores. The resulting radar mode software is lar
of the number and the kind of processors. 

A. The Virtual Node Abstraction 
To support the development of SPMD 

middleware provides an abstraction called a V
is layered upon the real-time OS abstraction 
Passing Interface abstraction. A Virtual Node
defined to have four NEWS neighbors (North
South, hence NEWS.). As shown in Figure 5, 
Virtual Node tasks.  

The Virtual Nodes logically form a grid 
processors, as shown in Figure 6. The progra
application from a perspective of needing data
possible neighbors, in the North, East, South o
(hence the NEWS moniker) as shown in Figur
Middleware developer can easily configure
virtual nodes per processor to accommoda
processors or for algorithmic convenience.    

Multiple processors are arranged to form
Nodes. The middleware internally charac
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provides the API to establish these large gr
communication between the Virtual Nodes. 
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B. The Array OS Abstraction 
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the signal processing application that do 
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libraries, processor affinity control, str
instrumentation. 

III. PORTABILITY AND PERFORMANC

As part of an extensive processor select
Raytheon ported the SKYNET Middleware 
hardware architectures, including large arrays
COTS Power and Intel processors.  

Originally, the SKYNET radar modes and
were developed for arrays of COTS Digital S
(DSPs).  It was time for a processor refresh.
was designed to find candidate processor arch
next generation system. Two of the key discri
study were (1) radar mode portability cost 
drives the cost of future processor technology 
processor efficiency since efficiency drives S
Power (SWaP). 

During the study, our engineers ported t
applications onto homogenous arrays of proc
identical processors). The study evaluated the
the radar mode to each architecture, noting wh
mode software had to change to work on the
examined. 
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The team also measured the efficiency of the processors 
and discovered that the peak throughput quoted by the vendor 
were often unachievable in practice. Efficiency here is defined 
as ratio of Total Algorithm GFLOPS divided by Peak GFLOPS 
(sometimes called marketing FLOPS). 

The study found that the measured processor efficiency was 
dramatically uneven from family to family.   We are reluctant 
to quote exact efficiency numbers as it is application dependent 
and will vary as technology changes. Note that, for our 
applications, many processors delivered well below 5 percent 
of the advertised marketing FLOPs.  We believe that processor 
efficiency should be evaluated when choosing a processor; we 
found some of the more powerful processors in theory had 
poor efficiencies in practice. 

IV. SUMMARY 
We have described the SKYNET Middleware and its long 

history in high performance real-time signal processing.  The 
SKYNET Middleware is in use in a robust community of 
developers producing signal processing applications.   Because 
the interfaces in the SKYNET Middleware are U.S. 
Government owned, applications built using the middleware 
are free of vendor lock.  There is a thriving third party 
development culture in place. 

We have described how the SKYNET Middleware is based 
on an Open Architecture approach using Linux.  We have 
shown how having a thin middleware layer over Linux 
provides a very portable solution. That portability was 
demonstrated when fielded radar applications were ported to 
many different processor architectures with little or no change. 
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