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DSPs as Coprocessors in GNU Radio

>

e A coprocessor (DSP in this case, but similar to GRGPU*) can be inserted in
a GNU Radio flowgraph by:

Breaking the graph

Inserting blocks to transfer data to the DSP and from the DSP

Implementing the required functions in the DSP

ol S

Reconnecting the graph

| |
| |
Source - - Sink
Semple Rale: ToMe | m Semple Rater o
|

| |

Egress Function A Function B Ingress

Transfer @—H E Ea—p{ﬂ @_.. |'I_F| Transh
| to DSP on DSP on DSP from DSP |
| |

Sandia
* |nteractions with Will Plishker at UMD shaped the National
Slide 3 of 15 Laboratories

approach SNL has taken to using DSPs in GNU Radio
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Example DSP Flowgraph

Options Variable Variable
1D: top_block ID: samp rate ID: transfer_size
Generate Options: 0T GUI Value: 1M Value: 1.024k
AGC3 QT GUI Sink
UHD: USRP Source Attack Rate: 1m Namea: QT GUI Plot
Samp Rate (Sps): 1M Decay Rate: 100u FFT Size: 1.024k
ChO: Center Freq (Hz): 500M Reference: 1 Center Freguency (Hz): 0
ChO: Gain (dB): 0 Gain: 1 Bandwidth (Hz): 1M
Max Gain: 65536k Update Rate: 10
DDS Generation and Multiply R R’?te TR
FIR DSP Path: /dev/dsplinkD UTho o SR E LA
Input Type: Complex
Egress Transfer Size: 1.024k Transfer Size: 1.024k DSP Path: /dev/asplinkD Ingress
Transfer Size: 1.024k onat in | DSP Path: /dev/dsplink0 lout in | Amplitude: 1 ot in Coefficients: [(6.18005105... ot in | Transfer Size: 1.024k
D5SP Path: /dev/dsplinkD Coefficients: [(6.18005105... Frequency: 1 Upsample Rate: 1.2 DSP Path: fdev/dsplinkD
D5P Type: Complex Sample Rate: 1
[t Type: Coenplex Input Frequency: 1M
Output Freguency: 1.2M

Screenshot from GNU Radio companion, a part of GNU Radio licensed under GPL
e DSP functions are performed between an egress and ingress

* Functions can be placed on host processor before and/or after DSP blocks
* DSP blocks are parameterized just like their host-side counterparts

» References to data chunks on DSP are passed as integers between DSP
Sandia

blocks (thus the data type change at egress/ingress) @ National
Slide 4 of 15
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Offloading Processing to a DSP

General Purpose Processor Array

—- GNU Radio
RF CPUo CPU1 e o o CPUN
Front y y y
End

CPU Data Memory

80 GFLOPs *
130 Watts

Texas Instruments’ TMS320C6670 System-on-Chip
. Four DSP cores at 1.2GHz

= 153.8 GMACS / 76.8 GFLOPS total (ideal)

= Designed for SDR, radar, and broadband applications

= Evaluation board supports PCle interface

Digital Signal Processor Array

DSP Data Memory

* 77 GFLOPs
DSFITAG o St 12 Watts
Boot Mode /
DDR3 1333 Configuration use
DC 12V 512 MB Satting mini-B

Image copyright
Texas Instruments,
= Inc.

7 Sandia
e SOT o M TR, National
Slide 5 of 15 Laboratories




nformation
Kéysfems

\ Analysis Center

multi-core A15 ARM GPPs and
ook Coprocesser multi-core C6600-class DSPs

v Image copyright Texas

Instruments, Inc. Sandia
@ National
Slide 6 of 15 Laboratories

C6670

1)) TMS320C6670 SoC Details
| _e;or_ _u : ;enT ————— Coprocessors
N PN i e[ we J..| ° PCle2.0Interface @ 2 Lanes
_ SRAM 0 o« .
= Ve | e " heona
4—*<—> el R » 4| vcpr2 . . . .
oo |« E = e | IEEE-compliant single-precision
[Semamore |« o g RO floating point arithmetic
vorsaemen| ¢—>| [€> CorePac PRIN * Instruction set and execution
= | e | e ;p(')tc g?;ilr:glé(iagdngl); digitally
m 1024KB L2 Cache ry
x:-’ 4 Cores @ 1.0 GHz / 1.2 GHz 4P| BeP .
7  Fast Fourier Transform
< HyperLink TeraNet
—7 1 2 2 i T-» v v Coprocessor
Multicore Navigator
I > [ Queue picket = 2048-point FFT (fixed-point) in
» | Manager DMA 4.8US
v v ¥V v v YVV¥v |V r’ . .
N o<1l * Viterbi and Turbo Decoder
gllell <55 2 of | 55| |5}l Coprocessors
o) =) = Saler £ .
i} B e o e Future TI DSP SOCs will have

+— >
>
>
|
»
x2
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DSP Offloading Details

N
/  DSP Board \
1 1
Int t I
Host PC ——— ——E - DSP Core 0 IPC DSP Core 1 -
: (Master) i
ﬁ - Process Queue A A i
! Job 1 I

I
P Job2  |€ :
PCle Bus : : v v :
! Job N :
] DSP Core 2 DSP Core 3 !
\ K

\

’

« Establish a DSP Process Queue (cmd, input, output) in DSP memory space
e Host driver writes command structure and input data to process queue
 Host driver sends “interrupt” to DSP

 DSP Master core searches queue for new job and assigns job to available
DSP core via inter-processor communication

* Resultant data is placed in process queue and host is notified via interrupt

Sandia
National
Slide 7 of 15 Laboratories
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GNU Radio and DSP Interaction

GNU Radio

—

dsq uo
uopounyd —

Loop over this to do multiple
operations on the same data
A

- r—retum success

r—retum success

ioctl calls | Driver Code

PCle

Write data——»

~———Transfer complete

Return success

4 |—Write job structure—

transactions

A

I—Read—>

DMA Engine

DMA transfer data——»

DMA transfer jop——=

memory
access

DSP Code

Job ready “interrupt’

Job complete “interrupt”

-«—DMA Transfer:

o

DSP Work

Neither GPP or DSP are “occupied” by data transfers (DMA is used)
The job queue allows the host to request new operations while the

DSP is busy allowing for continuous utilization of the DSP

Sandia
National
Slide 8 of 15 Laboratories
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@yﬁmon Benchmarking Performance
(Linux user space)

* GNU Radio 3.7 on Ubuntu 12.04 64-bit (workstatlon class machine)
e Timing done using Linux system calls (~ ps accuracy)

* All operations are on complex floating point precision data
 Benchmarks are run on 1 million samples, results are averaged

« Data was collected using single DSP core

User Code Driver Code
—
Write data—— . .
P— Write time
LOOP Thread count OVerall |-'I— eturn success
LOOP Chunk size time S _
LOOP Total samples Wite job structure—ee .
Execute job __ Calculation
ENDLOOP eturn success tlme
ENDLOOP f"'_'
ENDLOOP - —yo |
Read time

e 1I._ M SuUcCCass
— i Sandia
National
Slide 9 of 15 Laboratories




\\
\\

ystems

Analysis Center

@ﬂformoﬂon

DMA over 2-lane PCle v2.0

64k
216

%]
=Y
.

Transfer Chunk Size {complex floats)

Sz ~750 MB/.S’ 0.<30 MS |

) R ~600 MB/s, 0<100 ps

e

215

[==]
=

215

-
=
%]
—
.

1 1
i [=x]
= =
%]
=Y
[

P
=
Wirite M3/s (complex floats)
%]
(¥

%]
=9
=

1
()
=

%]
=Y
=

Transfer Chunk Size {complex floats)

%]
wr
T

4 A 6 T 8 9 10 11 12 1 2 3 4 5 6 T 8 9 10 11
Host PC Thread Count Host PC Thread Count

Egress (write) Ingress (read)

* DSP PCle peripheral 10 GT/s or 1 GB/s max

Tl specifies slower read rates compared to write rates
Slowdown with increasing host threads is mostly benchmarking artifact

Slide 10 of 15 @

1
[5y)
=

Read MS/s (complex floats)

1
=
=

1
(%)
=

[ ]
=

10

12

Sandia
National
Laboratories
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Overall Throughput

~180 MB/s, 0<500 ps ~110 MB/s, 0<500 ps
216 / : i 28 i :
: s ] 12

10

1
—
=

MSis (complex floats)

Transfer Chunk Size [complex floats)
=
MS/s (complex floats)
Transfer Chunk Size (complex floats)

27 o7
1 2 3 4 5 6 T 8 9 10 11 12 1 2 3 4 ] & 7 & 9 10 11 12
Host PC Thread Count Host PC Thread Count
Loopback (NOP) FFT performed per chunk

* Tradeoffs are dependent on function type
= Mostly computational intensity
= Useful information for selecting transfer chunk size in GNU Radio

Sandia
National
Slide 11 of 15 Laboratories
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Flowgraph using DSP

Options
1D: top block

Generate Options: QT GUI

Egress
Transfer Size: 4.096k
DSP Path: fdev/dsplink0

Signal Source
Sample Rate: 312k
Waveform: Cosine

out

o

FFT
Transfer Size: 4,096k
DSP Path: /dev/dsplinkD

IFFT
Transfer Size: 4.096k
DSP Path: fdev/dsplink0

out out

Freguency: 1k

Variable
1D: transfer_size
Value: 4.096k

Variable
ID: samp_rate
Value: 32k

Amplitude: 1

Ingress
Transfer Size: 4096k
D5P Path: fdev/dsplinkD

Offset: 0

-

Throttle
Sample Rate: 32k

QT GUI Time Sink
Name: QT GUI Plot

Sample Rate: 32k

s

Number of Peints: 1.024k

Flowgraph to check data validity

= |nput and output data difference of
zero indicates no corruption
Admittedly not a useful operation in

practice, just illustrating functionality

Multiple operations chained together

QT GUI Time Sink
Name: QT GUI Plat
Number of Points: 1.024k
Sample Rate: 32k

Screenshots from GNU Radio companion, a part of GNU Radio licensed under GPL

3
UI IIIIIII T‘ImeI[rnlsJ IIIII
| M' “_:::::
§M§|||| |||||”|||”||| HI 1”’ 1||| |
FON \m H I ||1|| || |||||| \
£ ||| VIV | ||||
0.5 I |
IfI J.'Ll }u |IIII|| IIIJ
IIIIIII T‘ImeI[rr;sj IIIII
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Aside: liquid in GR

* Hackfest in June 2013 at Virginia Tech

* Exploration of using Joe Gaeddert’s C-based DSP routines
= Available FEC and other modules might be of use
= Apparent fixed-point support would be very attractive

Decided to try simple cases to test integration

Out of tree module at github.com/minimalwatts/gr-liquiddsp

» [Filters]

» [Resamplers ]

» [ Channelizers ]

» [Instrumentation]

o IR Filter > [GUIWidgets ]
FFT Size: 1.024k
Feed- T s » [UHD

FFT Direction: Forward L F::::::"ﬂm:z: :: :r:;ﬂﬂ out [UHD]

FFT Flags (unused): 0 : > [ FCD]
T

i ; - Fft
Screenshots from GNU Radio companion, a part of GNU Radio licensed under GPL IR Filter

> [NOAA]
> [Pager]

» [Trellis Coding]
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0% Final Thoughts: Coprocessors in GR

* Digital signal processors offer unique features as a coprocessor for
software-defined radio:

=  Well-suited to the task: exemplary floating point performance and instruction
set/execution unit tailored to multiply/accumulate operations

= Very power efficient with low-power variants available (applicable to
embedded systems)

 There are tradeoffs between DSPs, FPGAs, and GPUs for accelerating SDR
functions
= The ultimate best choice is always going to be application-dependent
= A general framework for using coprocessors in GNU Radio is desirable
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