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Mission Needs & Technology drive Software Complexity

System Agility
Adapt to future threats
Uncertain requirements
Non-static Operating Environmenty
Changing Coalition Needs
Sharing of Information

Max. use of available bandwidth
Reduce latency
High Availability & Reliability
Max. performancef/Watt

System Performance

Changing mission requirements combined with technology proliferation
lead to more complex & costly development/integration/maintenance
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Complexity in processing architectures

Multiple chip architectures are R
commonly required. Offload? .

Co-Processing
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Scalability Challenge

Various scaling options available, with different
performance/latency tradeoffs

“"Distributed” Applications

Software Design and Programming Abstractions

Shared Memory RDMA/FABRIC Network (TCP/UDP)

Inter-Box

Scale-IN Scale-OUT Scale-UP

Multi-core Processing Multi-Node Processing Grid/Cluster/Distributed
Computing

Interconnect Technologies Processing Technologies
Chip, Backplane, Network Multicore, FPGA, GPU, Cell, Other
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OpenCPI: Open-Source Component Portability Infrastructure

- Embedded framework for Component-Based Development (CBD)
— focused on close-to-the-metal technologies

- For heterogeneous, component-based, embedded applications
- FPGA, GPP, DSP, GPU, Multicore processing, as peer technologies
— Intra-chip/interchip/interboard/network interconnects in applications
— The reality of complex, SWAP-sensitive, deployed applications
— Within a system (interoperating) or across a tech refresh

el
p CPI
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OpenCPl is...

- Different/multiple component authoring models:
- How to write app code as components for different technologies
- Build/make/debug mechanisms and low-level tools for each model
- Execution environment code for each model
— The “container” that runs and controls the components on a processor/node

- Transport mechanisms/drivers/IP so components can talk to each other.

Application Algorithm (a.k.a.
Management & “business logic”)
Deployment authoring
Frameworks languages/
models

| CORBA || PCIe || SRIO || Aurora | DDS | ...
Data-plane Communications among components
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Where OpenCPI can be (and is being) used:

* Application areas using advanced
technologies to meet
performance and SWAP
requirements.

© Characterized by rapid change
and/or component-level re-use

* Tech refresh demands tech
changes

OpenCPI
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SW/Firmware Component Authoring Model Pattern

Management Interface Control Plane
e.g. start/stop/configure

(/ Input Ports: Output Ports: | Data Plane\
Messages/data from Messages/data
other components. from this
Component component.

EENR EEN

“output” or “user”
or “client” or
“producer” or

“publisher” /

“input” /“provider”/
'server”/ “consumer”/
\ “subscriber”

N

Requests from
component for
local services

- Models for all technologies must interoperate in a system
- Simple enough for very low-level implementations
« Designed to be compliant (as subset/profile) with other frameworks
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Authoring models for Component Implementations

Components in general

Generalized Component Model
Used to model Waveforms

“Waveform”
Components

General Purpose -0r- Specialized Hardware
Processors Processors
PPC/ -
i Simpler model,
ngté:m SCA SHP originally from
A || Components Components SCA (3.x)/CP289
Interfaces
CORBA APIs Resource- or RTL--Or- In progress
00 Languages  Constrained Programmable 8penCL/GPU
POSIX C-language Language Environments
SCA 2.x
RCC RPL GPU
Like-for-like Components || Components || Components
Portability by DSP FPGA NVidia
Recompiling RISC (small mem) ASIC ATI
Source Code for Cell SPU VHDL/Verilog APIs Intel/Lararbee

GPP/RCC/RPL/GPU Microcontroller  ocp interfacing Based on OpenCL
C-language APIs

© 2009 Mercury Federal Systems, Inc. www.mercfed.com 8



Key facts, OpenCPI relating to the DoD SCA.

- OpenCPlI is not a replacement for a core framework

— Has CF::ExecutableDevice interface for all containers, including SCA
- Non SCA/CORBA/POSIX components (DSP/FPGA/GPU etc.):

— Coexist with runtime interoperability

— Are transparent to CF, assembly controllers, waveform components

— Can use same metadata (SPD/SCD/PRF + IDL)

— Can use same modeling tools (we have used SCARI and Zeligsoft)

— Use IDL restrictions from CORBA/E micro profile

— Configuration/test properties supported, with max sizes for sequences
and strings (the IDL max size feature missing from SCA PRF).

— CORBA only used when talking to C++/SCA/CORBA components.
« OSS system uses OSSIE CF, OMNI ORB, Linux

— Delivered to programs using Harris/SCARI CF, OIS/TAO ORB,
VxWorks-DKM/Linux
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Modern, low-cost, powerful reference system

other technologies

DDR3 memory 8.5 Gb/s
Intel® Core™ i7 Processor
family DDR3 memory 8.5 Gb/s
DDR3 memory 8.5 Gb/s
QP! (25.6 GB/s)
PCl Express* 2.0 Graphics
Support for up to
Multi-card configurations: 36 lane
1x16, 2x16, 48 or Sanes
other combination
2 GB/s| DM

12 Hi-Speed USB 2.0 Ports; il Intel*High
Dual EHCI; USB Port Disable RN Definition Audio

. ) =~ 6 Serial ATA Ports; eSATA;
6 PCI Express” x1 MBS Gb/s Port Disable
each x1 o H

" Intel* Matrix

Intel® Integrated Storage Technology
10/100/1000 MAC
GLCI . Lcl LPC | or SPI Intel® Turbo Memory
with User Pinning
Intel® Gigabit LAN Connect BIOS Support

Intel® Extreme Tuning —_—
Support Ml - Optional

Intel® X58 Express Chipset Block Diagram

Latest desktop technology that supports high speed slots for

3 high speed slots for other processors: GPU, FPGA, Cell
Cheap! Box w/FPGA board + tools = ~$5K.

© 2009 Mercury Federal Systems, Inc.

www.mercfed.com

10



OpenCPI Reference Platform & Tools: Goals

Easy to get started.

Easy to buy — low cost of admission.

Easy to experiment — hours, not weeks to see results.
Easy to leverage work from others.

Easy to mix cutting edge processing technologies (multi-
core CPUs, GPGPUs, FPGAs, etc.)

- Turn on, install all SW, modify FPGA “hello world” and
run < 2hr.

FPGA edit/build/reload/run ~20 minutes.
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OSS Licensing for OpenCPI: Context

Context: Real Time Embedded Software Community
— NetFPGA: BSD-style license

— VSIPL: BSD-style license

— OpenAlS: BSD-style license

— RTLinuxFree (WindRiver): GPL + Closed Version

— OpenSAF: LGPL v2.1

- Qt: LGPL

Context: The Defense Community

- Some Defense/Intelligence Community contractors/primes have
prohibitions about using the GPL

— Potential users want to mix with existing/new IP

— Some potential contributions may be classified (for classified reuse)
Context: Different OpenCPI contributors:

— Some contributions may be classified (for classified reuse)

— Some platform support modules may be proprietary

Conclusion: OpenCPI uses LGPL 3.0, like Jboss/Mozilla/OpenOffice
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Development in Constrained Environments

More specialized
application code

Bias to make open,
Justify exceptions

CPI Codebase
(Public)

Studied, Future setup
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OpenCPI Status

- Initial OSS prototype posted on site
- Appropriate licensing established

. Squeaky clean non-proprietary
- Some new/immature pieces that replaced non-OSS modules

- Ready soon for community participation

- SCA Adaptation with Omni ORB and Ossie CF.
— Core code used on programs with SCARI and Harris.

- Site established and various subsystems selected

- www.opencpi.org and subdomains:

— opencpi.org/wiki

— opencpi.org/forum

— opencpi.org/blog

— http://trac.opencpi.org - code roadmap and bug tracking
— http://svn.opencpi.org - code respository

© 2009 Mercury Federal Systems, Inc. www.mercfed.com
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FPGA Component Authoring Model & Infrastructure

Components in general

Generalized Component Model
Used to model Waveforms
Common interface definitions (IDL)
Same modeling tools (e.g. Zeligsoft)

“Waveform”
Components

General Purpose -0r- Specialized Hardware

Processors Processors .
Simpler Interfaces

PenI:::ucnﬁ SCA SHP originally from
COREA | | Components Components SCA (3.x)/CP289/
Interfaces P P CORBA/E Micro

CORBA APIs Resource- “RTL- 8“ progress)
00 Languages  Constrained Programmable penCL/GPU
POSIX C-language Language vironments

SCA 2.x
RCC GPU
Like-for-like Componets || Components | Co nponents
Portability by DSP FPGA NVidia
Recompiling RISC (small ASIC ATI
Source Code for _ CellSPU VHDL/Verilog APIs JfIntel/Lararbee
GPP, RCC, or RPL Microcontroller N o cp interfacings Based on OpenCL

C-language
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FPGA model via modestly parameterized interfaces

Mi:'[“:gefme“t FPGA Control Profile:
nterrace Worker Control Interface
e.g. start/stop/configure (WCI)

Input Ports:

Output Ports: fFpGA Data Profiles:
Messages from

Component» com t::sent to Worker Stream Interface
P (WSI) for FIFO Streaming

Messages from
other components

to this component
EEN

These ports are s s s other
“input” or components. -- Or --
“provider” or API requests
“server” from component These ports  Worker Message Interface

for local services are “output” or (WMI) for Messaging
“user” or

FPGA Memory Profile:  “client”
Worker Memory Interface
(WMemlI)
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Interfaces achieved via OCP profiles

- All interfaces are defined using carefully profiled OCP
- Open Core Protocol:

— A standard for defining how “IP Cores” are connected

— A broad range of clearly defined interface choices
— Profiling is key to appropriate use

- Language independent

— VHDL vs. Verilog vs. BluespecSV etc., doesn’t matter
- FPGA “"Components” are natural “IP Cores”.
- OCP specified by several DoD programs
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Profiles for the FPGA ("RPL"”) Component Model

and/or buffer reuse.

= SRAM/DRAM/BRAM.
= Not for communication.

. © 2009 Mercury Federal Systems, Inc.

— Provides access to local memory:

Input Ports:

Messages from
other
components to
this component.

These ports are
“input” or
“provider” or
“server”

— Provides control and configuration: the control plane
= Supports the SCA’s control model

— Provides unidirectional FIFO streaming with flow control.
» Producer interfaces are masters, consumer interfaces are slaves: glueless

— Enables producing/consuming data from buffers with random addressing

Management
Interface

e.g. /stop/
cd ffigure

Output
Ports:
Messages
from this
Emn =z m COmMponent
API requests to other
components.
from
component for These ports
local services are “output”
or“user”or
www.mercfed.com “client”18



Example: Two FPGA Components in a Container

CPIP Target

CPIP Target

Application Container '

3 WCI
Source . \) WSl
Stream Prodqucer C
onsumer
5 W, wsi
Source S
Buffer ‘ WMI
Producer Consumer

Producer

Consumer

®

WCI

wsi \\Wo wmi

WMeml

M & !
Preducer Congumer

@

and (2)Worker Control Interface (WCI)
and (4)Worker Stream Interface (WSI)

and Worker Message Interface (WMI)
(ZWorker Memory Interface (WMeml)

Memory Controller o
Memory Multiplexer

r

Target
Buffer
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New & Open FPGA On-chip architecture for OpenCPI

FTop The FPGA Top Level
CTop The OpenCPI FPGA Container
OCApp The OpenCPI Application Container

w0 wl w2 w3 w4 w5 e
—
GCDWorker | | GCDWorker | | FCAdapter | (2) | Biasworker | (3) | FPAdapter | ... |XYXWorker
- - em
wsi WS wsl wsi

oMy ] [l -
e— e - | o |

4

|

The OpenCPIPla(form (OCP—IP/M& ----- @ --------------- @i -------- r - aes e @

OCInf Specialization to Application
TG CP DPgo DP; DP,
Fabric Consumer e Fabric Prodcuer
WClI[13] J.  weig
Y
| MNOC (TLP Merge/Fork Spine) 32Byte/Cycle Bisection BW | /T\ IP \1,
Generalized Infrastructure
[k ) [F |
L | L
TLP Packets
XXXPCIe ENET
) ) MACO
Node/Processer/Substrate- Specific Adaptation

5 5
I_l_l L
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New & Open FPGA On-chip architecture for OpenCPI

- Clearly defined roles for different blocks:

- , €.g. algorithms, waveform
components

- : to locally connect app blocks written with
different profile choices

— allowing off-chip comms with other
components in other processors of any type

- allowing I/0 to sensors or other systems
= i.e., not other components

- Layered design dramatically improves productivity
- E.g., Focused/fast simulation, rapid development loop
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Conclusions

- CBD can be effectively applied to embedded systems
— The SCA started the train down the track
- Heterogeneous systems are a fact of life
- Multiple compatible and interoperable models are required
- OpenCPI embodies this tradeoff:
— Carefully select a core model (~~ a simplified SCA model)
— Allow different mappings to different technologies
- Implement a low-level container and transport architecture
— Don't dictate control system or transport technology

. Software Radio is one of many application areas for
embedded component systems

pen
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