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Advanced GPGPU Technology and COTS
Building Blocks

Read About
Open Standards progress to
enable multi-vendor sensor
processing integration
GPGPU product reseller
agreement with WOLF
Advanced Technology
Dolphin Interconnect Solutions
Fabric Communication Library
Pre-integrated, pre-verified
GPGPU accelerator and
Curtiss-Wright CHAMP Xeon D
processor modules

DEFENSE SOLUTIONS

Centralize to Simplify and Save
The multiple sensors on today’s defense and aerospace platforms produce a
veritable tsunami of data that must be processed quickly and efficiently to ensure
mission success. Typically, these sensors are purpose built with proprietary or
inflexible hardware and protocol interfaces that require specific processors to meet
data processing requirements. As a result, system integrators must apply significant
resources to achieve performance and functional compliance. This slows development
and system integration, and often delays time to market.
Fortunately, existing and emerging standards are making it easier to leverage
innovative, multi-vendor, open-architecture building blocks for rugged embedded
solutions that deliver the required balance between Size, Weight, Power, and Cost
(SWaP-C) for defense applications. With standards-based, pre-integrated, and prevalidated Commercial Off-The-Shelf (COTS) building blocks, integrators can reduce
program risk, expedite development-to-deployment, and create quality, affordable
High-Performance Embedded Computing (HPEC) systems (Figure 1).
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Figure 1: Open Standard, Open Architecture HPEC System

Proprietary Sensors Create Integration
Challenges
To meet continuously evolving in-field threats, today’s platforms require advanced, realtime sensor processing. Often, specific capabilities must be developed and delivered
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as critical, Quick Reaction Capability (QRC) requirements
for operational forces. To meet program objectives, system
integrators must go through several spiral feature creation
and test processes (Figure 2). More often than not, a
fully functional QRC production release is not achieved
as scheduled because of the limitations of sensor data
processing systems discovered in the design or application
integration process. These limitations are often the result of
the use of purpose-built, proprietary, or inflexible hardware
that requires a rework and re-architecting of major solution
functionality.
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considerations. Similar to OpenVPX™, these definitions will
be used to create requirements and may include standard
tests to validate conformance and profile compliance.
Ideally, an SoS standard will be approved by the working
groups and will leverage existing standards where possible.
New sensors will be built to these standards, while legacy
sensors can be adapted with “shims” to comply with
open standards interfaces. The open interface sensors will
facilitate the use of existing open standard GPP, FPGA,
and GPGPU accelerator processor modules that currently
use Ethernet and PCIe® standard interfaces. 10-40Gbit
Ethernet pipes and many lane PCIe networks are options
for high bandwidth sensor pipes that may come to reality.
Ultimately, as the sensor standards and supporting software
matures, integration will be simplified and development
time, risk, and overall cost will be reduced.
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Figure 2: Open and Proprietary
Sensor-Processor integration

HPEC Ecosystems Provide
Pre-Integrated, Pre-Validated
Building Blocks
As SOSA works towards standards, system integrators can
meet QRC objectives by leveraging existing ecosystems
of pre-integrated, pre-validated COTS building blocks. For
these efforts, operational requirements will influence the
choice of ecosystem and building blocks.
Different sensor data processing needs will require different
processor types. Applications, like Wide Area Augmentation
System (WAAS) imaging, full video image manipulation, or
very low latency electronic warfare requirements for Digital
Radio Frequency Memory (DRFMs) require a very specific
architecture and well-balanced capability to succeed.
Therefore, the various processing types must work together
to share the load of sensor data processing that may have
unique requirements for:

System-Of-System Standard Will Streamline
Development

•

Latency

•

Compression

The Sensor Open System Architecture (SOSA) working
group is creating a System-of-Systems (SoS) standard for
sensor interfaces that will streamline development, enable
integrators to meet QRC objectives, reduce cost, and allow
reuse. Ultimately, SOSA expects sensor interfaces will be
defined by an open standard of mechanical, electrical,
and protocol specifications, including security and cyber

•

Security

•

Broadcast

•

Multi-cast

•

Large data set manipulation

As a result, processor choice will be one of the key
considerations.
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General Purpose CPU
Processing

GPGPU Processing Accelerators

Today, Intel® Xeon® multi-core processors are being used
for many new GPP processor module designs where
applications need flexible compute engines and I/O that
supports overall application requirements. Various Intel
processor families, such as the Xeon D SoC, are well suited
for HPEC secure and safe defense applications, and are
also well supported by the OpenVPX standard module
ecosystem.

Applications such as WAAS image processing, manipulation
and recording, and overall ISR processing require computeintensive raw processing capability. When these extreme
amounts of data must be processed, embedded GPGPU
accelerators provide the one-to-many Teraflops (TFLOPS)
of processing power needed. Once loaded, GPGPU
resources provide very compute-efficient processing for
manipulating huge sensor data streams.

Figure 3 shows Xeon D 3U and 6U SWaP-C-optimized
processor modules from Curtiss-Wright Defense Solutions,
each with XMC capability for ease of sensor I/O integration.

GPGPUs are also ideal for radar system display graphics
processing engines. More recently, as new electronic
warfare threats are uncovered in actual missions, GPGPU
accelerators support artificial intelligence and expert
systems that are needed to address threats in near real
time.

Figure 3: CHAMP-XD Processor Ecosystem example

FPGA Processing
Commercial advances in FPGA capabilities, coupled with
their inherent flexibility, ensure that FPGA-based designs
are key elements in sensor-based embedded computer
designs. FPGAs provide flexibility so specific requirements
can be achieved with a basket of standard IP cores, custom
cores, and customer cores unique to the application. FPGA
partial reconfiguration features support multi-sensor, multimission requirements where near real-time mission adaptive
and cognitive computing flexibility is needed. Security
requirements can also be included in FPGA designs and
tailored for customer integration. Figure 4 shows two
examples of OpenVPX FPGA modules from Curtiss-Wright
Defense Solutions.

Figure 4: FPGA Ecosystem examples
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Today, the defense community continues to leverage the
image and data processing capabilities applied by the
commercial gaming system industry and commercial
artificial intelligence research. Defense solution providers
use these GPU engines as native devices or with easily
replaceable MXM modules to more cost-effectively
accommodate commercial GPGPU evolution.
Open standards like OpenVPX, XMC, and PCIe 3.0 are also
leveraged in the development of integrated multi-TFLOPS
GPGPU accelerator modules for defense applications and
have been in production for some time.

Existing Alliances Accelerate Time to
Market
Curtiss-Wright Defense Solutions has developed strategic
alliances with key industry innovators to deliver preintegrated and pre-validated building blocks for computeintensive sensor processing requirements.
The pre-validation and pre-integration of the Curtiss-Wright
Defense Solutions Xeon D CHAMP-XD GPPs with the WOLF
Advanced Technology® GPGPU suite of modules lowers
customer risk and complexity. And the alliance between
Curtiss-Wright Defense Solutions and Dolphin Interconnect
Solutions® provides a PCIe fabric communications library
that supports high-speed, low-latency peer-to-peer
communications.

WOLF Advanced Technology GPGPU Products
WOLF provides a wide range of GPGPU products, from
XMC to 3U and 6U OpenVPX modules. WOLF’s focus
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on GPGPUs ensures that a healthy roadmap of GPGPU
modules is available for integration with Curtiss-Wright’s
CHAMP-XD modules. Figures 5-7 below highlight the newly
released WOLF XMC, 3U, and 6U OpenVPX products that
are currently available for integration with Curtiss-Wright
Defense Solutions Xeon D CHAMP-XD GPPs.

On x86 systems with BIOS firmware this action is simply a
matter of changing the default boot selection to “Network
boot…” in BIOS (Figure 2). This option provides access
to the PXE so the required information can be obtained
through the system’s network interface (DHCP) and the
boot file can be loaded using TFTP. The change of boot
device should persist across future power-up sequences.

XMC-4902
Key Features
• NVIDIA® Pascal GP107, 2.3 TFLOPS
GPGPU Engine
• Chip-down rugged design, MIL-STD-810
• 4 x independent DisplayPort 1.4 outputs
• 4 GB GDDR5 memory with NVIDIA
GPUDirect™ DMA
• Operating power default: 25W

Figure 5: XMC-4902 block diagram
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Figure 6: VPX3-4923 block diagram
VPX6-4943
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Figure 7: VPX6-4943 block diagram
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Dolphin PCIe Fabric
Communications Library

Pre-Integrated, Pre-Validated CHAMP-XD
GPP/ WOLF GPGPU/Dolphin Interconnect
Solutions

The software alliance between Curtiss-Wright Defense
Solutions and Dolphin removes the complexities of
programming PCIe devices directly, while also eliminating
the need for manually modifying the OS BIOS for PCI root
complex considerations. The PCIe fabric communications
library simplifies integration efforts and its reuse improves
quality and affordability. It hides the complexities and
technical detail of programming directly to PCIe devices, and
presents an easy-to-use software Application Programming
Interface (API) application developers can use to send highspeed messages and bulk data between computing nodes.

The alliance between Curtiss-Wright Defense Solutions,
WOLF, and Dolphin simplifies integration efforts. Integrators
can leverage the full benefits of GPP-GPGPU integration
with less cost and risk.

With the fabric library, integrators can select a number of
common software API interfaces using capabilities that best
match application and performance needs. Applications
can be developed using common communications API
interfaces (Figure 8), including:
•

Standard TCP/IP interfaces

•

Super Sockets (sockets without the TCP/IP stack
overhead)

•

Message passing via MPI

The Software Infrastructure Shared-Memory Cluster
Interconnect (SISCI) yields the highest performance and
maximum control. Dolphin supports both CPU direct
memory and remote direct memory access. In addition,
memory allocation and PCIe enumeration are easily
accommodated.
Application
MP12
SISCI API

Interoperability Challenges Removed

 Pre-integration
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 APIS and Comm Libraries
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(Quadro & Tesla)
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Figure 9: GPP and GPGPU product integration
Curtiss-Wright supports an open standards-based allto-all architecture for the entire sensor-processor engine
ecosystem, assuring that diverse mission requirements can
be attained with the best SWaP-C-optimized OpenVPX
solution.
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Figure 8: PCIe Fabric Software Library architecture

Figure 10: All-to-All Open Architecture
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Existing and emerging standards are making it easier to leverage innovative, multivendor, open-architecture building blocks for rugged embedded solutions that
deliver the required balance between SWaP-C for defense applications. As SOSA
and other organizations work towards standards, system integrators can meet QRC
objectives by leveraging existing ecosystems of pre-integrated, pre-validated COTS
building blocks.
Sensor development is expected to follow an open architecture model in the coming
years as the SOSA standards reach maturity and as defense and aerospace customers
define requirements that use open standards for new programs or upgrades. CurtissWright Defense Solutions is anticipating this future state and providing customers the
building blocks to stay ahead of the development curve.
The strategic alliance between Curtiss-Wright Defense Solutions, WOLF, and Dolphin
eases development and integration efforts by optimizing the performance of CurtissWright’s GPP-GPGPU COTS-based modules. Where nanoseconds count, these
optimized, pre-validated, pre-integrated COTS building blocks can reduce subsystem development costs, time to market, and overall program schedule risk, while
improving quality.
Scalability is easily provided from a range of available CHAMP-XD1, XD2, and XDM
Xeon D processors, all of which include a 25W XMC slot, as well as up to 32 lanes
of PCIe Gen 3 for WOLF’s OpenVPX 3U and 6U GPU module interconnect and
expansion. Sixteen-slot 6U OpenVPX systems can be developed to provide an
impressive 100+ TFLOPS of FPGA, GPP, and GPGPU accelerator peak processing
capability.

Learn more
White Paper: Intel Xeon D: A Significant Leap Forward in General Purpose
Processor (GPP) Technology Across the Spectrum of Defense Applications
Further Information:
Curtiss-Wright and WOLF Advanced Technology Collaborate to Bring Advanced
NVIDIA Maxwell and Pascal GPGPU COTS Solutions to ISR/ EW Applications
Curtiss-Wright Collaborates with Dolphin Interconnect Solutions to Dramatically
Increase HPEC System Fabric Speed
Product: CHAMP-XD1: 3U VPX Intel Xeon D DSP Processor Card
Product: CHAMP-XD2: 6U VPX Intel Xeon D DSP Processor Card
Partners: WOLF Advanced Technology and Dolphin Interconnect Solutions
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