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Introduction to OpenCPI

* Open Component Portability Infrastructure

* Component-based framework for developing portable
processing applications targeting various processing
technologies

* Processing technologies can include multiple field
programmable gate arrays (FPGAS), general purpose
processors (GPPs), graphical processing units (GPUs)*, and a
variety of interconnection technologies

- Designed to be platform agnostic and easily adaptable to new platforms

* Integrates existing tools for FPGA development such as ISE,
Vivado, XSim/ISim, ModelSim, Quartus I, etc.

*in development/coming soon
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Introduction to OpenCPI
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Copyright © 2017 Boeing. All rights reserve: d.



Boeing Intelligence & Analytics

OpenCPIl — Applications and Components

Application — A
collection of
interconnected
component specs

Component — A
specification of a
function or
operation
implemented by
Workers to run on
specific platforms

- e DoompoNEntEN  » Worker-A

concrete
implementation of
a component
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OpenCPIl — Containers and Assemblies

Container —
Execution
environment that
runs on some
platform that
Container B executes workers

Container A Container C

Container D Container E
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OpenCPI - Platforms

Platform

GPP/x86

Platform

GPU

Platform

GPP/ARM

Platform

FPGA
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Platform —
Physical device
which houses one
or more
interconnected
Containers and
associated 1/0
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OpenCPI - Platforms

Assembly —

Collocated subset

of an application
built from one or

L ! ‘ more HDL workers

Platform

Container E

Component 5
| a¥  Component 6

FPGA
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OpenCPI — Interconnect/Bus/Network & I/O

Interconnect/Bus/

Network & /O —

Physical

C&C connections

between Platforms

m that is typically
abstracted away

from the developer

TCPR/IP e PCI Express

Interconnect/Bus/Network

GPS AXI
m I/B/N DAC
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OpenCPIl — OpenCPI System

OpenCPI System

Platform

Platform

Container A

C&C)  component1
m Container B

Container C
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GPP/x86 GPU
PCI Express
TCP/ IP Vi Interconnect/BE)S/NetWOTK
Platform Platform

Container D

AXI

Container E

GPS

GPP/ARM

FPGA

DAC I
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System — A
collection of
interconnected
OpenCPl-enabled
Platforms that can
be used to
execute
Applications



Boeing Inteligence & Analytics

Comparisons to Existing Frameworks
_

Software
Support

FPGA Support X Supported with Treats X
vendor specific  FPGA as
extensions black box

Access FPGA X X
110
(ADCI/DAC)

GPU Support X Planned for future release

Platform X X
Agnostic

Leverages X X X X
Native
Platform
Language

Distributed X Support for distributed
processing across
embedded targets planned
for future release
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Motivation for GRC Integration

* Provide a front end GUI for the OpenCPI Application
Developer to quickly test, design, and run OpenCPI
Applications or Assemblies — Mostly work currently done by
hand

* Leverage the existing work that was done in GRC that does
not fall within OpenCPl's domain

* [ntroduce OpenCPI to the GNU Radio community in a way that
Is familiar and easy to use

* Enhance GRC to be able to run certain blocks on various
hardware platforms such as FPGAs, GPPs, GPUs, etc
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OpenCPIl and GRC - General Outline

* |nstall OpenCPIl and build the assets for the

desired platforms
OpenCPI

* (Optional) Write and build your own OpenCPI " Documentation
workers specific to your application

* Run ocpigr to import the workers into GRC as .

GRC blocks
* Create flowgraph as you normally would with
vanilla GRC
: C d in thi
* Set the deployment to target the desired 4 pr"ererﬁtat'ign N

containers for each block

* Build/Run the application
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OpenCPIl and GRC - ocpigr Tool

* Tool in the OpenCPI repo that will parse all OpenCPI
workers/components found in the OCPI_LIBRARY_PATH and
translate their XML into GRC block xml

* Creates an OpenCPI Container Platform block for each
platform that was encountered during parsing

* Takes advantage of the GRC Domain concept by making a
domain for each Platform encountered during parsing

dpocratsky @embdev015:/data/tmp/opencpiftools/ocpigr/target-linux-c7-x86_64

115 target-Llinux- OCPI LIBRARY PATH="$0CPI LIBRARY PATH:/da
115 target-Linux- r -D fdata/gnhuradic/install/share/gnuradic
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OpenCPIl and GRC - ocpigr Tool

7/ OpenCPI

+ lab

+ local

= ocpi
bias
capture
comparator_complex
comparator_real
cons
Cons_cc
Consumer
Copy

+ devices

emulator

file_read_msg
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OpenCPIl and GRC - Creating a Flowgraph

*untitled - GNU Radie Companion - o x

File Edit View Run Tools Help

GvB-E X 23 @ % % <l v = Q -
Options -l OpenCPI
ID: top_block file read
Generate Options: QT GU| Cnrll:airle:: epy + lab
fileMame: in.bin —
Complexity: 18ubal messagesinFile: False ramp file_write local
opcode: 0 A . Container: auto X
messageSize: 4.096k Container: auto - "tar_lde_r - fileMame: out.bin = ocpi
granularity: 1 ontainer: aute messagesinFile: False
repeat: False stopOnEOF: True bias
suppressEOF False
Variable capture
ID: samp_rate square
Value: 32k Cortainer: auto comparator_complex
messagesize: 2.042k
comparator_real

cons
COns_cc
Consumer
copy

+ devices
emulator

file_read_msg
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OpenCPIl and GRC — Running a Flowgraph

Copyright © 2017 Boeing. All rights reserved.
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OpenCPIl and GRC — Running a Flowgraph
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OpenCPIl and GRC — Running a Flowgraph

Auto-detected OpenCFl block. Generate options have been overridden with the OpenCF| generator.
Generating: '/data/gnuradio/install/binftop_block.xml’

Auto-detected OpenCFPl block. Generate options have been overridden with the OpenCP| generator.

Executing: fopt/opencpifcdk/bin/linux-c7-x86_64/ocpirun /data/gnuradio/install/bin/top_block_deployment.:xml

Copyright © 2017 Boeing. All rights reserved.
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OpenCPIl and GRC — Set Deployment

*untitled.gre - /data/gnuradio/install/bin - GNU Radio Companion - o b4

File Edit View Run Tools Help

GvB-@E X 7@

<l B | Q ~

Options =/ OpenCF|

ID: top_block file read

Generate Options: QT GUI Cnrltiine;: rec + lab
fileName: in.bin

Complexity: 18ubal mess:g.e:lnFilm False Cerltii:::llpsim_isim . . + local
::::s:g.eﬁiza: 4.096k nqli‘:"h?!: F.a|se ander c "tffle_:"":: - Ocpi
granularity: 1 ocpi_endian: little Container: lsim_isim - :me.r. rees
repeat: Falss F il el . bias
suppressEOF: False ocpi_endian: [itle stupD:EDF: True-

Variable capture
ID: samp_rate square
Value: 32k Container: |sim_isim com parator-cnm PLE

messagesize: 2.042k
ocpi_debug: False

comparator_real
ocpi_endian: [ittl=

cons
CONs_cc
Consumer

AUTO-deTected Upen.r| DLOCK. Lenerat copy

Generating: /data/gnuradio/install/bin/t

Auto-detected OpenCPl block. Generat */ devices

Executing: fopt/fopencpi/cdk/bin/linux-c ent.xml emulator

=>> Done (return code -9) file_read_msg
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OpenCPIl and GRC — Set Deployment

*untitled.grc - /data/gnuradio/install/bin - GNU Radio Companion - o x

File Edit View Run Tools Help

GvB-@E X 7@

<l B | Q ~

Options =/ OpenCF|
ID: top_block file read
Generate Options: QT GUI Cnrltiine;: rec + lab
fileName: in.bin
. o ramp + local
Complexity: 18ubal :r;e::::e:lnﬁle. False Container: [sim_isim £l it
messig.eﬁiza: 4,096k nqli‘:"h?!: F.alse ander Cerrt:inee;?‘rzlcoe - OCpi
ranularity: 1 ocpi_endian: little Container: lsim_isim . ) .
9 I' ocpi_debug: False fileName: out. bin bi
repeat: False = . Hit messagesinFile: False 1as
suppressEOF: False ocpi_endian: [itle stopOnEOFE: True
Variable capture
ID: samp_rate square
Value: 32k Container: |sim_isim com parator-com PLE
messagesize: 2.042k Ii
ocpi_debug: Fals= comparator_real
ocpi_endian: [ittl=

cons
CONs_cc
Consumer

AUTO-deTected Wpen.r| DIOCK. Wenerate options Nave Deen overraden copy

Generating: /data/gnuradio/install/bin/top_block xml’

Auto-detected OpenCPI block. Generate options have been overridden */ devices

Executing: fopt/fopencpifcdk/bin/linux-c7-x86_64/ocpirun /datafgnuradio/install/Din/top _block_deployment.xm emulator

=>> Done (return code -9) file_read_msg
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OpenCPIl and GRC — Build Assembly

Copyright © 2017 Boeing. All rights reserved.
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OpenCPIl and GRC — Set Deployment

*untitled.grc - fdata/gnuradio/install/bin - GNU Radio Companion - o x

File Edit View Run Tools Help

. : o |
8@ X283 S @RIFDP @ & D N AdelnwB|(QQG ~
Options -l Core
ID: top_block file_read . .
Generate Options: QT GUI Container: matchstig rec Audio
fileMame: in.kin
! ramp
Complexity: 18ubal messagesinFile: False Container: matchstia_hd + Boolean Operatt
opcode: 0 -- . - X . 5
messageSize: 4,096k ::::_:::::1FI::IZ ander file_write +/ Byte Operators
creprlEriEe 1 - Container: matchstiq_hdl 1 {(-Iirntame-r: ma:chsth_rcc )
repeat: Fals= e A s el D= =ity + Channelizers

messagesinFile: False
stopOnEOF: Trus

suppressEOF: False ocpi_endian: ittle

Variable +/ Channel Models
ID: samp_rate square
Value: 32k Container: matchstig_hdl + Coding
messagesize: 2,048k li
ocpi_debug: False + Control Port
ocpi_endian: litls

+/ Debug Tools

+/ Deprecated

+ Digital Televisior
+ Equalizers

+ Error Coding

+/ File Operators

+ Filters

+ Fourier Analysis
E——
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OpenCPIl and GRC — Set Deploymen
- L How to capture from capture card? :

the menus do not

uradiofinstall/bin = GNU Radio Companion - o

Properties: zero_padding by print-screen

| q General | Advanced | Documentation

Pl
D ps_zero_padding-0
ocpi_spec rccO
napper Container Lsim _isim
= roci X
» 32767k I_ IDATA_WIDTH_p matchstig_hdl
L: 16.384k
) 43,152k DDATA_ WIDTH_p matchstiq_rcc
L: 32.768k - -
~_real_sse _
sr: |sim_isim Ocpl_dEbUQ
35 p: 64 nalizing
ocpi_endian |LittLe v |
sSize: 8.192k .
2§,105,111,115 MAX_NUM_ZEROS_p of its surrender
wg: False - - -
lian: little
IDTH_p: 16 allac?
IDTH_p: 16
ending it didn't
—
| | | | | | Isicto a (700
oK Cancel Apply
T OUTTET ATEY SIS nthe world in
zspeaking,
+ GUI Widgets
O
‘0U can set the delay directly ( -d 5 J. — muru Jun 1915 af W T T S s e ey =Tagons
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OpenCPIl and GRC — Example BFSK App

bfsk.grc - /data/gnuradio/install/bin - GNU Radio Companion - o x

File Edit View Run Tools Help
5 v 8-~ & =,

bfsk 3 | bfsk_output ‘

- ocpi
Options .
ID: bfsk file_read bias
Generate Options: 0T GUI Container: rcc0 bol . "
fileMame: gnurad..._zeres.svg symuoimapper file_write capture

A Contail = (i} a
messagesinFile: False omtainer: ree Container: rced

Complexity: 30ubal e G H =symbal 00: 32 767k fileName: my_fifo comparator_comple

. symbol_01: 15.384k
message.ﬁlze. 8192k symbol_10: 45,152k
granularity: 1 =

g comparator_real
repeat: False symbol_11: 32.768k p

suppressEOF: False

Variable
1Dz samp_rate
Value: 32k zero padding .hr_relill_.s.se
- Container: Isim_isim

Container: |sim_isim
- NUM_TAPS_p: 54
IDATA_WIDTH_p: & Dol -P
:E:T:e‘::_];:‘m 16 H messageSize: 2192k
messageSize: 8192k taps: 85,96,105,111,115,11....
ocpi_debug: False
ocpi_endian: [ittle
MAX_NUM_ZEROS_p: 255

ocpi_debug: False
ocpi_endian: littls gncuas: ZUK

DATA_WIDTH p: 16 ocpi_debug: False
COEFF_WIDTH_p: 15 ocpi_endian: [ittl=

emulator

file_read

file_read_msg

file_write
file_write_msg

hello_world

bt n
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OpenCPIl and GRC — Example BFSK App

bfsk-output.gre - /data/gnuradiofinstall/bin — GNU Radie Companion - o x

File Edit WView Run Tools Help
KA -N I

bfsk 3 | bfsk_output

Options
ID: bfsk_output
Generate Options: 0T GU|

<l W | Q QG ~

- Core

+ Audio

+/ Boolean Operators

T
Complexity: 72ubal Byte Operators

+ Channelizers

Variable File Source Decimating FIR Filter
ID: samp_rate File: my _fifo IShort To Complex Quadrature Demod S gg + Channel Models
- Iy 1on:
Value: 32k Repeat: No Vector Input: Mo kB A Taps: B5,96,105,111,115,11... _
Add begin tag: () +/ Coding
+ Control Port
. File Sink Repack Bits
File: out svg

i i i i + Debug Tools
Bits per input byte: 1 Binary Slicer :‘u':;p::.c:"!t H NSkIP":HEB-d5 g
Bits per output byte: 8 CLEETas = um kems:

+/ Deprecated

Unbuffered: Off
Append fila: Overwrite

+ Digital Television
+l Equalizers

+I Error Coding

+/ File Operators

+ Filters
+I Fourier Analysis

+ GUI'Widgets
—
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OpenCPIl and GRC — Example BFSK App

bfsk-output.gre - /data/gnuradiofinstall/bin — GNU Radie Companion - o x

File Edit WView Run Tools Help
(5~ & ~ % =

bfsk 3 | bfsk_output

Options
ID: bfsk_output
Generate Options: 0T GU|

<l W | Q QG ~

- Core

+ Audio

+/ Boolean Operators

T
Complexity: 72ubal Byte Operators

+ Channelizers

Variabl . . .

ariable .Flle Source Decimating FIR Filter
ID: samp_rate File: my _fifo H IShort To Complex Quadrature Demod E + Channel Models
Value: 32k Repeat: No Vector Input: No (s al T:::-"E5 I5:;":1(:5 111,11511

Add begin tag: () +/ Coding

+ Control Port

File Sink
File: out svg
Unbuffered: Off
Append fila: Overwrite

Repack Bits
Bits per input byte: 1

i _ .# i + Debug Tools
T Sl ::i'lul:;pll.:.(::nst NShp&Heai g
Bits per output byte: 8 CLEETas = um kems:

+/ Deprecated

+ Digital Television
+l Equalizers

+I Error Coding

+/ File Operators

+ Filters
+I Fourier Analysis

+ GUI'Widgets
—
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OpenCPIl and GRC — Example BFSK App

bfsk.grc - /data/gnuradio/install/bin - GNU Radio Companion

File Edit View Run Tools

b 4

R -

bfsk ¢

bfsk_output |

Help

NEN=2

% b

| &

Options
ID: bfsk
Generate Options: T GUI

Complexity: 30ubal

file_read
Container: matchstiq ree
fileMame: gnurad..._zeros.svg
messagesinFile: False
opcoda: O
messageSize: 8192k
granularity: 1

symbolmapper
Container: matchstig rec
I I symbol_00: 32 767k
symbol_01: 15 324k
symbol 10: 49152k
symbol 11: 32 768k

file_write
Container: matchstio rce
filaMame: trmp. bin
messagesinFile: False
stopOnEOF: Trus

= o x
<l B v
- ocpi
bias
capture

comparator_comple

comparator_real

repeat: False
suppressEOF: False

ey

Cons
Variable O —— e —
]
. : fir_ real sse hase to_amp_ cordic i coneeee
Ralue: Lk | zero_padding Lo = phase_to_amp_t | C
i Container: matchstia hdl Container: matchstio_hdl Container: matchstiq_hdl | onsumer
| IDATA WIDTH o " NU p: 64 DATA_WIDTH: 16 |
H 1
| - " DATA_EXT: 6 | copy
1 ODATA WIDTH p: 16
i - -F STAGES: 16 |
- num_zeros: 38 i
messageSize: 8.1 + devices
ocpi_debug: False
ocpi_endian: little emulator
MAX_NUM_ZEROS

file_read_msg

file_write
file_write_msg

hello_world

[ R P
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Road Map for Future Development

* Have GRC and OpenCPI blocks talk directly or through a
translation block

* Enable GRC to determine if the required artifacts are available
and automatically build them if they are not

* EXxpose more features of OpenCPI to the GRC user

- Select specific worker

- Customize HDL Container

* Allow deployment across multiple systems on a network
* OpenCL/GPU support

* Support more platforms “out of the box”
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How to Get More Information

* OpenCPI
- https://www.opencpi.org
- https://github.com/opencpi/opencpi (branch 2017.Q2)

- issues@opencpi.org

Copyright © 2017 Boeing. All rights reserved.
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Backup
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