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Why do we need such technology?

1. "Two-in-one” developer is required:

@ skilled domain experts + @ skilled programmer
2. Contradictive requirements to hardware platforms

3. Development of an algorithm and program should be started before
the selection of a specific platform

4. Hardware platforms become more and more complex, includes many
cores, are heterogeneous in all aspects
(cores, memory, interconnect)

5. In order to achieve the necessary requirements an adaptation of
algorithms for the platform and the platform for algorithms is needed
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The life cycle of the program in the technology
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The high-level technology structure

XIR executable specification

® -
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\ The high-level technology structure

Algorithms design and programming

XIR executable specification

® -
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\ The high-level technology structure

Simulation and early estimation
X J

IR executable specification
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\ The high-level technology structure

Deployment to target platforms

XIR executable specification
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The Visual Programming Language (VPL)

 Separation of design ..
and programming [ y
(coding) S e | ;;:';n',:;gnj
Matcing —  Get
GE) descriptors'_._' mg::}gt:jes '
LT b B
irl;loaa;e 1 spl () kemeﬁm 1 sl | d(éas‘-lzcrluj;lzi‘f:ras 'J
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The Visual Programming Language (VPL)

» Separation of design

scene

Expert

and programming

l X
(coding) = [ e

/LT

/

Programmer

600

Matcing > Get

- good
descrlptors' |' matches

l —

Template text

P

Open Save Save As.

_—

i

Title Parameters

int dhCalcAirlight

{

{ Datalink *inll, Datalink *in31, Datalink *out2: )

memcpy{&p, inll-»Data, sizeof(int*));

CImg<double>* brightestDarkPixels = (CImg<double>*)p;
memcpy{&p, in31-:Data, sizeof(int*));

CImg<double>* data = (CImg<double>*)p;

float airlLight[3] = { @.8, 8.8, 8.8 1.

(4]

H

Y -
Load Detect Calculate
image Spl keypoints Spl descriptors
o .

$mm Cc/C++
h OpenCL
h Asm
-
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The Visual Programming Language (VPL)

Expert @
« Separation of design ...
and programming i 5
(coding)

/ GE) des?:riptors '_._' TRl
Lo ) -
-
PFOg Fa m mer ianD:;e ) S.pl ) k;ieﬁltm (. S.pl — d‘é:::cr?;i\;?sd‘

* Flexibility and ease-of-change at any design stage

* Explicit parallel program scheme control and management

* No direct coder influence on a parallel program scheme

* Decreasing errors possibility without sacrificing parallel program visibility
» Efficient program maintenance during the whole lifecycle
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The Visual Programming Language (VPL)

» Cognitive advantages:

e clear view of the

development process s
ol l X
e traceability of the wo | o | f e
dependency graph - | e |
» calculations control % e e
structures [ o - i -
e e P e R e nJ
* shared data - = - |

* natural parallelism obect
» potential pipelining

Program on VPL — scheme that consist
from calculation operator, control
operators and share data
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VPL and Domain Specific Programming

Libr. * o x . . . . . . .

” - « < DSL libraries provide convenience of design within an
N application domain

Int power Log 2 f I I

e maone | E@sy re-use of development results

* | lowlevel_math
» | lowlevel_bitwise

« Easy to involve domain experts in embedded software
development

~ | opencyRef

# | opency
cvwSmooth cvlLoadImage . . . . . .
— e
ceawriter B cvShowimage Simplicity of language and libraries extensions by users
cvReleaseAllV cwWait
cvwReleaseWin cvlLoadCascac
cvDrawRect cvSavelmage
cvGetImageR cvLoadImage =
cvLoadImage cvBlurMatlib
° °
cwShowMatlib cvCannyDetct C I m g LOWl eve I m at h
cvToColorlib cvwCreateMatli ° OpenCV ° Ard u|no
cvGetMatProp |
°

OpenVX
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An example: DSL creation for image processing (OpenCV)

1. Analysis of the domain area

B&W Smooth M A imgprocessing
filter filter BaW Filter
smooth
Load Image
Load FFT fft . .
b " 3. Development of FE functionality on
Median filter
Wavelet C++ & OpenCV
I?::;Ie g:g?oe; W CV GetRegion int CVBWFilter(Datalink *inll, Datalink *out21l)
Show Image § IplImage* src=0;
IplImage *im bw=0; B&W Smooth
[ filter filter

src = DecodeImage (inll,src):
im bw = cvCreatelImage (cvGetSize(src) ,IPL_DEPTH 8U,1):

2 C re a'tl O n Of th e cvCvtColor(src,im bw,CV_RGB2GRAY) ;
" EncodeImage (im bw,out21l); int CVSmooth(DatalLink *inll, DataLink *out2l,DatalLink *in31,
. int radius,int filter_ type)
functional elements (FE) et U

cvReleaseImage (&im bw) ; IplImage* src=0;
return O; IplImage* smooth=0;

library :

memcpy (&r,in31->Data,sizeof (int));

src = DecodelImage(inll,src):

smooth = cvCloneImage (src);

cvSmooth(src,smooth, filter type, radius, radius,0.0,0.0);
EncodelImage (smooth,out2l) ;

cvReleaseImage (&src) ;
cvReleaseImage (&smooth) ;

! return O; 16/49




An example: DSL usage for image processing
Image recognition

4. The scheme is designed of
2l : DSL and basic VPL language

o Py R . B Py Y
elements

(IplImage)
gﬂ SURF(Ref)Upd.cld - Coldotron v2

A Main | Windows  Library  Misc

9% Cut 8ody [ Clearports | Default options Workspace \ as
HH 25
minimum Matcing '—.’ Getd Sam OD PE Dycopy ::N‘G = Qpink i v ED cfa . n/lc» - Redraw inks | O 110 *| @ More space L s
N N ve Open aste % Unlir alidate  Exe e Run/Continue p S roperties
Hessian=600 descriptors goo Q& Unlink _, A Type int & Less space
matches %7 DALang\CAC OpenCV\Ref\Compil o|@] = ‘l Pt
Library hrindow 1
- T window ==t
(A openciRef
cvsmooth
X cvBWFilter
— cvReleasenllv
Load i
. Detect Calculate cvReleaseWin
image ——») spl —>) eypoints —> spl —») descriptors cvDrawRect
(Iplimage) - —
cvGetimageR
cvLoadimage.
cvsShowMatlib
cvToColorlib
object CvGetMatProp T CVDELEC
cvCalculateDi  cvMatch
cvFindHomog  cvDrawl atc
scri
cvperspective | cvDrawd
cvDetectFace:
(A BPELibrary
Read Params  Create
Matcing { ») 5ol | Library | Watch o
descriptors sel § e
-
(Lada ] [he
- - Name Value. -
—D-' Get Get £
o 'l 1 only 'l Y spl b )  draw
. v " good [ " comners
Distance EREIES
- |
Virtuals | Constants
Validation b E
1 T 2
Matcing 'l Find
descriptors { * sol ¢ e
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An example: DSL usage for image processing
Face/eyes recognition

4. The scheme is designed
of DSL and basic language
elements

All Faces

- _ = Redraw links
T window Paste PNG X | Ofyjliny  Add  Validate Exe Code Run‘/ContlriEu'e =
& D:\Lang\C#\Coldotron\Schemes\OpenCV\Value\Compile\CV._FaceDetection.exe =aiall X))

Type | int

“ | |Foralieyes |

Load l o ' B&W Get
Image filter Faces ! {8 CV_FaceDetection.cld - Coldotron v2
< - < Main = Windows  Library  Misc
cv oV ¥ Cut Body VO O Clear ports | Default opti
I ] I </> 3 -\/ (%
show || > v | > release g == By Copy . . Qg Link L] . I» g 1o
2 x
for
all faces
'y

Si
T
w
w
: if]
| fd
q
Get = i
ef
Faces | Read ()} spl array vieRaaT T
- -
commentary
A debug J
%
%s
Ccv Get
H H getch
GetRegion Eyes il

A lowlevel_math ]
E

2 TT I lera;y Watch |

cv
Ba&W ﬁltenj Constants )

Add;
cv Name
CVLsoad >’ eyes==2 (—P' Show
Image i Imsge
v umwy ‘T‘
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About OpenVX

OpenVX
* C-based programming approach with mixed C/non-C computing model
* Includes functions and data types of video processing domain area
« Functions library can be expanded, but it is inconvenient (non-portable)
OpenVX support in VIPE
* Full implementation for spec. v.1.0.1 (working on v.1.1)
« VPL:
 DSL for OpenVX functions
* OpenVX-specific data objects
« Code generation:
« Plain C mode with OpenVX functions (vxu)
* OpenVX graph mode
« Mixed mode with OpenVX graphs and other DSLs

An OpenVX graph — a limited subset of VPL program schemes.
VPL scheme + OpenVX functions combines all benefits
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Asynchronous Growing Processes (AGP) formal computational model

AGP defines: Program scheme —
« VPL language syntax oriented graph
« semantics of VPL language

objects o | Vel Ty

e control units
AGP provides: Q_/ v \

« formal verification , /

: : , _ Domain

 identical results in different V.9 /«

run-time environments I T w—"

« dynamics of parallel Y
computations v,

< | P

e combination of working in shared
and distributed memory models V, — operator vertex,
J V4 — data-object vertex,

: ) ) W/R/RE — arcs (links) markin
computations and kernel - data interaction (inks) J

_ (shared memory / message passing) 20/49

L AGP - the single model for all types of parallel




Visual programming environment: VIPE

[¥] Terminator demo.cld - VIPE
Main Additional Windews Library Misc
Set printf O Clear ports )} Show ports | 1:1Real size E o
VO €] A
B D - D I’ Set getchar o> Redraw links ~ [id] Show info O Less -
Save Open Add Validate Exe Code Run / Properties Autoscale | Undo Redo
Virtuals Continue B More
Library * 0 X | [Frasnan x IWhile ]is frame%10==0-T ldunt skip frame?-T |Oper| Capture ]Gel person name |ayes>D-T
A
Wi vxData A
virtual in virtual out n
' Load
commentary . glNode Eyes GEe— %
(+) debug cascade
(~) lowlevel_math
@ opencvRef L
(*) opencwVal Load
Faces Haara |
cvSmooth cvLoadImage cascade skip flag
cvBWFilter cvShowImage
cvReleaseAll... cvWait 1'. : v 3
cvReleaseWi... cvloadCasca... L |
cvDrawRect cvSavelmage - While |« - frame number ' 0
‘— [
cviGetImage... cvloadImag... open If=
cvLoadImag... cvBlurMatlib Capture ‘_Wldth -.' width l
_ ——height Tt
Constants * O X
—— SetupWiringX
e
Add.. | [ Remove <
Name Value L l
ENABLE_EYES_D/|0 Face Recognizer*
?rit:‘b:ff Recognizer Height
ENABLE_EYES_D/|0 Create Weight-
DRAW_FRAMES_|| 1 T
> Names |
' Constants | Virtuals | Globals |
Validation | Watch||Qutput
X:586; Y:577

¥ |Properties

~ || ControlNodeContro...

%I. ISearch

4 Additional
Comment

4 Execution cost (ms)
Complexity type
Execution cost (ms)
Iterations number
Parallel

4 Main
Allocation
o}
Operation name
Permanent

L

Project tree

While

vl;lx

4 Tnaenan
4 W While

4 F isframe%10==0-T
4 |F dontskip frame?-T

rl

Face recognition
Get Faces
4 F faces>07-T
4 F forall faces
4 F eyes>0-T
4 [F Drawey

F Fora w
>

VIPE version: 2.2.5.0
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Interactive tools

Development process support tools:
« parallel program scheme validation
* syntax checking

 types checking
* links correctness

- EmEE o '« scheme completeness
'*H[;— I .




Interactive tools

=Y
Development process support tools:
« parallel program scheme validation
« verification (in progress) * unambiguity
« deadlocks
[ =t o Jivelocks
NN EEE o =ize o finitness
. » k2
iSmmnn. b - etc.
Hin 1 oo \ __ /SEEEEEEEAS
Tl S 23/49
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Interactive tools

Development process support tools:
« parallel program scheme validation
« verification (in progress)

* interactive debugging, etc. * Dbreakpoints
T « watches

data transfers

j computation traces
¢ | o e operators executions
2 : == * functional debugging

- : e by serial execution

t
Validation Link 3531
' | wirtusl 182 has @ lirks Link 3652

step-by-step debug

=9 | >= 0}

_ 'T“:
|
P
I

* eftc. 24/49




Early program estimation and evaluation
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XIR €

2xecutable specification
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Performance evaluation. Visual Profiler
Hot-spots detection

Profiling -0 X
[] Threshold (%) 0 E () Relative % () Hotspots (@ Absolute % _
Name Subtype Avg. iter.c ID . Avg. Time =
= | Open Capture c 4970 §508%  1.096 =
cvCapture FromCam T AQ73 £5.08 9% 1.09& 3
cvGetCapturePropert T 5131 0 % 0 us
cvGetCaptureProperti T 5128 D% 0 us
Spl T 40972 0% 0 us
FaceRecognizer Create T 4480 314 % 521.5 ms
Load Haara cascade T 3757 1.49 % 24.71 ms
Load Haara cascade T 3767 1.12 % 18.56 ms
= | While W 1001 28 0.01 % 208 us
== T /092 0% 0.0998 us
Mod T i) 0% 0.06793 us
+ T 5254 0% 0.03%96 us
=|is ’Ir'ramE%'I 0== F 6051 | 0 % o us o

Total Time: 1661 =

Modes :
* Absolute execution time of each node
* Relative execution time of each node

* Hot-spots 26/49
< sunl




Performance evaluation. Static Analysis
Fast, early estimation of the program performance on the many core platform

+*
® . Mumber ﬂfpmcessor&- I_ Min: 4 Base: 2 — MNumber ofpmcessars.- M |_ Min: |4 Base:
] Mo 13 : il e [0
ExecCost  Fill Draw ¥] Unfold Analyse Analyse ) ort Fill Draw [¥] Unfold Analyse Anal Iys o
(ms) N
Preprocessing Common Generate N S5in

Time reduce

Speedup
Efficiency
Cost 100
Total overhead
Schedule 38 1
787 -
o
6294) F S f
@i
2=
(e3¢
(29
67+
L |
g
OLECCOpOB:
Ti d Effici
=— 100% = — =

1 0 program execution time on thel processor
d number of processors

d program execution time on N processors 27/49
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Performance evaluation. VPL Simulator

Simulator console

i = e Simulation progress status e
‘Wﬂwﬂibug 4| wirtelog

oy — = 1. Performance requirements for cores of
10 ng, 12291 Termingl 12291 (Load image (InImage) ) send |, spent on banamssion tme; 10rs |

10ns, I2376.|.ﬂ* iZBNrecﬁvdde':nw:;’“m .y sl
Simulation time| 353 2 e e o Framrezsiusinaltion the embedded system

25ns, i275: Temng 275 ( Spl ) send |, spent on ansmssion tme: 10 s

25ns, i2354: Lnk 2354 received data 25 ns
25 ns, 12804: Lnk 2304 received data 25 rs
X ns, 12354: Lnk 12354 send, spent on fransmssion tme: Srs 2

30 ns, 12804: Link 12804 send, spent on ransmssion tme: Srs
VPL program

Allows estimating :

Memory requirements

3 ns, 1315: Control 1315 ( ) recenved cdata at port S from Ink 12804
30 ns, 12351: Tarminal 12351 (B&W fiter (Ipiimage) ) recerved cata atport 1 from Ink 2354
90 ns, 12351: Tarminal 12351 { B&W fiter (Ipilmage) ) send , spent on transmission bme: 10 ns
90 ns, 12430: Unk 12420 received data 40 rs
L' t f b' t 45 ns, 12430: Unk 12430 send, spent on ransmssion tme: 5rs
'S 0 0 JeC S 45 ns, 1959: Tormnal 1959 {Spl) recerved data at port 1 from ink 12430

‘I e Lo e e e o 3. Load balance of various allocations

5508, 1967: Unk 1457 recetved data 55 ns

55ns, 12738: Unk 12733 received data 55ns

60 ns, 1967: Unk 1467 send, spent on transmission time: 5ng
60 ns, i2738: Unk 12733 send, spant on Yransmission tme: 5 s 2
1026 _‘Dlsp img

L. 4. Volume and intensity of data exchange

60 ns, 12735: SCO 12735 receved data 60 ns 2999 *
Variables -} | 600s,i293: Control 1293 ( ) recetved data atport 1 from link 467 int
= | 60ns, i293: Control 1293 ( ) send data to input from port 1

_!JID.L1 =T

_['_g_‘f%_r— N5, 1968: Virtudl 1963 send , spant on ransmission time: 0
& 60115, i749: Link 17499 received data 60 ns

11057 65ns, i748: Link 1793 genvd, spent on ransmission time: Sns

{1062 65ns, i2302; Terminal 12302 (Detect object ) received data atport 2 from knk 743 _ 3023

11056 0rg 220 awkidl 2201 ({ad cnscuca ) st ; dpank o raneiiason Wi 1692 Int 00 5 Eff 1 N f h rd r .t N
< ns, i g recsv! s N T,

11067 75nz, i2207: Link 12207 send, spent on Tansmesion tme: Srs in- ICIe Cy O a Wa e Occupa IO
11077 75 ns, i2302: Tarminal 12302 ( Detect object ) received cata at port 1 from bnk 12207 =L F- 13014

1079 85 ns, 12302: Tarminal 12202 ( Detect object ) send , spent on transmession time: 10 ns in*

i3 85 ns, i2308: Lnk 2308 recaived data 85 s ] 3015

s B 2 21 S e 1 it 6. Bottlenecks of hardware platform,
90 ns, 11113: SCO 11113 recesved data S0 ns

RGeS 5 program and task distribution

28/49
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Support of heterogeneous platforms programming

All  Cores: psp Memorny: Local Interconnect:

GPU ISP [l Global with cache I noC
Mcru [ msa [l Global without cache Il oma
‘|' ek matrixt " Create L' CEZ”Q"E"
» spl ——») properties ———») empty matrix —) i —
T (cv::Mat) ' ») (cv::Mat) r' (cv::Mat)

« Mapping operators to one or several core types
(CPU, GPU, DSP, DMA)
» QOperators on various core types
- Data on various data types
Sl eo: | becen sEowervR B HD video « Data exchanges on various connection types

XBurst XBurst CODEC

Timers/PWM
1.2GHz+  1.2GHz+ OpenGL ES 1.1/2.0 and

= e e » Selecting the implementation for data processing
SADC L2 Cache (32 KB) Operators

Imagination | e
Audio Codec Crypto Engine

GPS
HDMI If
C rea r 5x UART SDRAM Controller

1-wire

* Preparation of initial data and the results of

" B operator of the program, taking into account the
2% SPI eMMC/ 11 1 ! N
Dowa W specifics of the different communication

PHY system

3% SDIO mechanisms 29/49
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Heterogeneous allocation

Main memory Local memorM Cpm
——————) Image | — i&s;;ve 4"' All F‘aces i;‘;n?;
\ — —— (IplImage)
(CPU Ycru Y Dsp (host):'
= T g oy
irl;lu:;e Eﬁ:: _______________ L _'.' alll;’gr-ﬁ '__"' &2 '_P' ifr:]:;::
pe A A7 H D4
CPU ) “ | DSP(parallel flows)) “oc!memory
Load > Dazta Ff:?gs { »Read (x)l—‘l g nﬁj‘;fts
cascade \_ - )
— Get (l \
. obea | mage ) oo 5
i 3 2 T T T
B&\E\;ilter' ' > size B&\l:t:\;:iltel' T T ‘l;
\ /k ?‘é?;é"/\ DSP (host),
_ s N
« Memory pre-allocation cVraw
- Start of computations fect
* Dynamic unrolling on CPU 8 oo
- Offload the parallel loop to DSP cluster wives | ohne ol Fecanse
« Dynamic unrolling on DSP (another loop)

« Results back to CPU, end of computation  \_ DSP (dynamic parallel flows), 30/49
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Deployment to target platforms

Working prototypes

o ANSI C axecutable specification

° C++ _—

 RT-run-time on a multicore
platform (in progress)

« Parallel OpenMP '

>{ Optimizer

Proof of concept

« Parallel threads

« MPI

 Assembler MIPS, DSP
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Use cases and demonstrators



Use case: face identification
Task description

Camera
* Program is developed with VIPE
Camera Face database Training of Algorlthm O].c face
neural network identification

U

|dentification and

> tracking
(camera rotation)

33/49
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idows Library Mise

Use case: face identification

D I> Set printf \ O Clear ports ) Show ports | 1:1Real size E o
Set getchar —+ Redraw links Show info 2 Less et
Exe  Code Run / Properties Autoscale Unde Redc
Continue & Mare
» 3 X | Thasnan X |While is frame%10==0-T dont skip frame?-T Open Capture Get person name eyes>(0-T
«
Load
Eyes Haara {
cascade
Load
Faces Haara | _
ae cascade skip flag
age
1' Yy Y
ca... L0 |
ige While |4 frame number ) o
'———— capture ————»||
Q... Open =
b | Capture —width-»  width ;
[——height T
* 01 X -
heiaht SetupWiringX
€l
nove 9
[= Ll Recognizer*
aCe
?;tﬁ_'b::f Recognizer Height
Create Weight-

] T

>  Names

X:586; Y577

on Imagination

Powered by VIPE

Vision system

VIPE CONSOLE
VISUAL: MALE
Detected: Serge

OBJ: HUMAN —1l
|
i
|

Identification database

Software part: low quality of face recognition
Hardware part: Ci20 (perspective — ELISE by ELVEES)

Computations only on the CPU

*  Works slowly #,34/49
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Terminator Vision System. Student project

Autonomous Cyber-Physical System combining multicore computations,\
control and mechanical parts. The Vision System identifies people from the
database and tracks them with rotating camera.

Project presented on hackster.io + Imagination challenge:
\https://www.hackster.io/contests/CI20

* Project is developed with VIPE

. . Powered by VIPE :ﬂ:
by using training neural network g
VIPE (Visual Programming Environment) Vision system Display system

e Database of faces was created

for face classification ‘ VS MAE
? = (T OBJ: HUMAN [—7|

- Tracking is performed by using M —Elie ) -
servo, which is controlled by s D
Arduino that receives commands
from the Ci-20 board

35/49
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https://www.hackster.io/contests/CI20

Fle v = 5] Window - ] X
E [PELEEE] AononnutensHas OkHa Bubavorexa PasHoe

B D HH I> Beragnars printf \ O Yaanute noptei

Bcrasutb getchar —* Mepepwcosars cea| EX s T
Coxpanute Otkpeite  [loSaeute Banmguposate  Exe Kog 3anyck / Ceoiictea CAMERA 1
sVpTyans Mpogonxkute npoekTa

Bubauotexa Recognize tg]

@ TnasHan 616

functional

Spl

Write (x)
Write F
if

for

queue

constant
virtual in
commenta

@ debug

%i

%s
getch
@ lowlevel_math

Camera
capti

KoHcTanTsl

Char. classifie_r Chi
create and train class

s
RUN_NEW_DET|

SOBEL_KRNL_{ Candidate ROI
classifier create—» ROI clast
RUN_NEW_BLU and train

TILE_GRID_WI

TILE_GRID_HE
KoHcranTsl | Buptyant:

Banvgaums OkHo Habnwogerns Beisoa

X:1019; Y:522



Use case: number plate recognition

InterAptiv feee

- M6160 Single oY S
(Felix) Virtuoso Core 2 cores (Ctyde)
2 L1 = 64K 2

VPU VPU
Decode Enoode

ines L1=18K | L1=32K (Coral) (ONYX)
L2 = 268K

L2 cache - clusters
1MB

Bus fabric Security / NOC / Ark* _atiun
System RAM / ROM  UMA

DMA Crypto DDR

Velcore P~ unerals : :
- Engine Engine Controller

Navicore

Ingenic JZ4780 Ci20

MIPS- MIPS- PowerVR HD Video

based based e
XBurst XBurst SGX540 G CODEC

1.2GHz+  1.2GHz*+ W Opaif'cS 1.1/2.0and
wpenGL 2.1 graphics

Software part: low quality of number plate recognition

Hardware part: Ci20 (perspective — ELISE by ELVEES)

HDMI I/f

Audio Codec Crypto Engine

5 x UART SDRAM Controller

51 NAND) Computations only on the CPU

MMC/
2 x SPI e
SD Card RGB If

controller Multi-display
USB OTG system

3x5DI0 Works slowly 37/49




Use case: number plate recognition

Regions Symbol detection of Result
Camera Of
each number plate output

Interests

38/49
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Use case: number plate recognition
Scheme of working with Imagination Creator Ci20 board

= [14838 CXY

Wi-Fi

Webcam

Result

PC with VIPE Compile == Run 39/49




Ei Terminator deme.cld - VIPE

VIPE one button deployment

formula

commentary 4 GiNode
* 0 X
|_asa || Remove |
Name | kot

ENABLE_EYES_D|0

ENABLE_EYES_D|0

DRAW_FRAMES_ |1

Constants | Virtuals | Globals
Valsdatson || Watch| Output

Ul Msin | Additional ’ Library  Mise
: Set printf O Cearports | D) Showports|  1:1 Feal size
o | [ =X 0 et
B D - D C Ib Sat 9‘“'“" g Bledeaw links E]S-"\!W infg _;;.L", \‘q.-" =
Seve  Open Add Valicdatell Exe ade Run f Properties Autoscale Undo
Library * 9 X fnsesan X |Whie  |isfamei10s=0-T  |Drawframes?-F  |Drawfames’-T  |dotskipfamel-T  |Mdestdypeson S Propertes vax
- 5

EEJad [seorer x|

#  Additional
Comment
“ Execution cost (ms)
Complexty type =
Execution cost (ms)
c Reraticng number
Faces Haara Farallel

skip flag T
Allocation
[+]
Operation rame
Permanent |

while frame num v
B————capture ame number - - § 0 S .
cgg‘m“m f-width-»§  width
B—heT: Praject tree 3 X
SetupWiringX |4 [naswan ~]
height 4 W While
s F B rame%10=20-T
4 [F dont slop frame?-T
L
Face P Recognizer® i Face recognitsan
?rat:,lb;?f Recognizer —ngHelght Get Faces
0 Create [ Weight - 4 | tsces>01-T
LAS a |F for sl faces
I :‘ Names . 4 | eyess0-T
a F Drawep

F Fore

X123 6 VIPE version: 2250



Feature tracking (OpenVX)

DSL and design
(~) OpenViX

vxMNode vxImage VxArTay vxPyramid vxGraph
@ openVX
Absolute Diff_.. Accum Image Add And Canny Edge..
Channel Co... Channel Extr... Color Convert Convert Depth Convolve
Gaussian filter Gaussian Pyr... Harris Corners Magnitude Mean & StdD..
Mot Optical Flow_. or Read Image Scale v
Sobel Subtract Write Image Xor

3

display 1

DSL, based on OpenVX
2 y

from ») cimg to l_..' b (  ») Features Print g
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L

Feature tracking program in VIPE
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Feature tracking (OpenVX)

Results

¥ ' Feature tracker — O X

Feature tracking program run on the
x86 platform with using the sample
Implementation by Khronos
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Feature tracking
Static analysis

- M

1441 =

- . | -
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[Number of pmcessors] [Number of processors]

Performance estimation of the feature Performance estimation of the feature
tracking program with sequential frame tracking program with parallel frame
processing processing
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Large amount of time is taken by
image format conversion function
(from OpenVX format and back)

Feature tracking

Visual Profiler

Profiling

: [] Threshold (%)

0 E ) Relative % @ Hotspots () Absolute %

Mame

cmg to vx_image
cmg to vx_image
Gaussian Pyramid
Gaussian Pyramid
L d LY Py
Color Convert

Color Convert

Channel Extract
Channel Extract
from cam

show
PrintFeautersinfo
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create display
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Profiling of the feature tracking program
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Traffic radar object detection
Development

ITERATE
OVER
DATALOCKS

FILE

READ

DATABLOCK Partially parallel

Main X |Get iteration number process input stream iterate over lanes iterate over frequency |

[ a6 b DATABLOCK
PROCESSING

i

B o0 READ 1D SLICE THRESHOLD Parallel
spl ' l6'384bJ7 1D SLICE PROCESSING s:\me 4% 16K
fopen o READ 2D SLICE Parallel
ite?ai?on B—— spl fout y [8'19% 2D SLICE PROCESSING 2% 8K
number ey PN
« process ’ <
input Spl
SLTZEIT [4.096b '— 332?& > FFT P;'ﬂ'ﬁ'
g
- Traffic radar object detection is developed in the PaPP
— e window qome.® - project, part of the European technical platform

intle_t array, totally: ARTEM'S/ECSEL
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Traffic radar object detection
Static analysis

BE Static analysis shows acceptable reduction
o] S of time on 2-3 cores
Gecy ¢ T = SR S -
e | - % | ms Warning! You are not in Main section!
L
100] +
- \
0 @ \
[Number of processars|

51.52) 4+ \\H
However, the results were worse than || T
expected. Static analysis of subprogram ey S E——
"Data processing units" shows close to a linear (&% | '
reduction of time for 8 cores 5 9 Q S
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Traffic radar object detection
Visual Profiler

Profiling - 0O x
[] Thresheld (%) 0 E () Relative 3% @ Hotspots () Absolute % -
Narre S i deed B % Total Time . Visual Profiler shows, that a large amount of
= | process input stream a7 10009 58.84 % 344.7 ms . . . . )
T 42043 [ESTRERES N
o= : - . time is taken by function for reading the input
=l | iterate over lanes F 4 10019 15.0 % 93.15 ms . . .
Slemeovete ¢ 2 fo0s0 | 1522% e ms file (prototype uses data from the input file).
= | iterate for|  F 2 10005 B1522%  89.1% ms
| kiss fft T 10149 15.22 % £9.19 ms
= | Thresh holding c 10031 0.34 % 1.938 ms3
= | idy_max>0 F 10203 034 % 1.986 ms
fprintf T 10229 0.26 % 1.528 ms3
getspe T 10252 0.07 % 421 us
Spl T 10240 0% 24 us ¥ | ms
range T 10244 0% 10 us
angle T 10243 0% 2 us
Spl T 10265 0% 1 us
Spl T 10477 0% ] us
. | meaningful pe T 11}5}_?} ﬂ,_gl!_l};, } 978 m.E »
Total Time: 585.9 ms
File reading function is in sequential part, i __ 5
hence the parallelism is limited by Amdahl's law. — o
Actual process of getting the input data should be optimized
to take less time. Evaluation of program with reduced , , L
operating time of reading function shows satisfactory results. ® @ ©
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Traffic radar object detection

Comparison of the results of analysis, simulation and execution

Cores(simulator) | Static analysis Modeling Execution

or sec./ % VPL
threadqOpenMB sec /| % sec/ %
Without OpenMP 1.60

1 1.26 /100 1.29 /100 1.65 /100

2 0.64 /50.8 0.88/68.2 1.00/ 60.6

3 0.60/47.6 0.72/55.8 0.81/49.1

4 0.34/30.0 0.55/42.6 1.25/76.7

Hardware platform
« Core i7 8 cores-> VirtualBox VM 4 cores
« Ubuntu 14.04, GCC 4.9.2.
Input data
* 12 MB signal samples




Summary

« Technology covers various requirements of embedded SW development
« Design, programming, evaluation, porting etc.
« DSLs for involving domain specialists into development process
« Rapid SW prototyping for early customer presentations
« Formal model basis for proofed and predictable results, including debugging

 Fast tools adaptation for new cores and platforms

« Supporting development tool for heterogeneous cores,
platforms, system software infrastructure
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