16th FRUCT Conference

Domain-Specific Languages
for Embedded Systems
Portable Software Development

Vera Ivanova, Boris Sedov, Yuriy Sheynin, Alexey Syschikov

{vera.ivanova, boris.sedov, sheynin, alexey.syschikovi@guap.ru



What is DSL

Domain-Specific Language (DSL) — is a programming or
modeling language designed for a particular domain area.
Unlike general-purpose languages, DSLs are:

* more expressive

e easier to use
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Why do we need DSL technology

Task Solution

N

General tools DSL-based tools

and approach and approach
+ wide community - small or non-existing community
+ well documented tools & approaches - lack of trusted tools & approaches

+ lots of legacy code more benefits for experts

+
- not optimized for specific domains + optimized for a particular domain(s)
+

- good for programmers, bad for experts active results reuse inside a domain

Use of DSL can significantly accelerate development process by involving
both experts and programmers, but it needs right implementation
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DSL development cycle
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Should we develop How should one develop a new DSL?
a new DSL?

1. Decision about developing a new DSL
Making decision basing on patterns, knowledge, experience.

2. Domain analysis
The problem domain is identifying and domain knowledge is gathering.

3. Language design

New language is developing.

4. Language implementation
Tools for language implementation s developing.

27-31 October 2014 16th FRUCT Conference



DSL development: language design

Is existing language used?
I yes
lo \

Inventing DSL from scratch

“Base” language exploitation

Piggyback Specialization Extension
: Base language Base language
Base Ianguage with restricted, removed extended with new
new functions
unsafe aspects constructs
Qt, SystemC, Javalight, Java generics.
yacc, lex HTML CoArray
Fortran,
OpenMP
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DSL development: language implementation

1. Interpreter
2. Compiler/application generator
3. Preprocessor
« Macro-processing
« Source-to-source (DSL to base language) transformation
* Pipeline of DSLs
« Lexical processing (DSL renames base language lexemes)
4. Embedding (DSL is base language + new functions)

5. Extensible compiler/interpreter
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Our proposal: visual approach

* Intuitive use of graphical notation

 Natural parallelism presentation

» Automated pipelining

» Integration of graphical and textual languages

* Various granularity levels

Gemperature sensor 1

CI’ emperature sensor 2 Analysis H Saving >

Cremperature sensor 3
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Our proposal: visual approach

* Intuitive use of graphical notation

* Natural parallelism presentation

» Automated pipelining

* Integration of graphical and textual languages

* Various granularity levels
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Our proposal: visual approach

* Intuitive use of graphical notation

 Natural parallelism presentation

« Automated pipelining

* Integration of graphical and textual languages

* Various granularity levels
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Potential pipeline stages
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Our proposal: visual approach

* Intuitive use of graphical notation

 Natural parallelism presentation

» Automated pipelining

* Integration of graphical and textual languages

* Various granularity levels
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Our proposal: visual approach

* Intuitive use of graphical notation

 Natural parallelism presentation

» Automated pipelining

* Integration of graphical and textual languages

* Various granularity levels
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Proposed method

Domain specific languages are built on the base of general
purpose graphic language VPL.

Building new elements for a coarse-grained library

Sub-scheme of low-level elements

+ - + -/
A A A
New —> G}
Element )
Subroutine text on target platform language

int dhGet¥ChCr(DatalLink *inll, Datalink *outZ2l)
{
int p;
memcpy (&p, inll->Data, <)
CImg<doubles»* data = (CImg<double>¥)p:
CImg<doukle>* res = new CImg<double>(data->get RGEtoYChBCr()}):
r = {(int) (res):
WriteReference (outZ2l, p):
delete data:
retorn ©;
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Development environment VIPE
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Example: making a DSL for image processing

1. Analyze domain of image processing

B&W Smooth M A imgprocessing
filter filter BRW Filter
smooth
Load Image
Load FFT fft
Image -
| vedin iter 3. Define C++ & OpenCV functional
‘ Wavelet
stow | |cveet] 1ol 5 cv cmegon for new elements
Image Region
Show Image int CVBWFilter(Datalink *inll, DataLink *out2l)
{
[ IplImage* src=0;

IplImage *im bw=0: B&W Smooth

filter filter
.
= Decodel (in11,src) ;
2 . C reate a | I b ra ry Of n eW i:libw =ezzc:e::;m:;e(cz;:tsne (sxc) ,IPL_DEPTH 8U,1):

. cvCvtColor(src,im bw,CV_RGB2GRRY) ;
| a n g u a g e fu n Ctl O n a | EncodeImage (im bw,out21l); int CVSmooth(DatalLink *inll, Datalink *out2l,DataLink *in31,
int radius,int filter type)
cvReleaselImage (&sxc) ; {

e | e m e nts cvReleaseImage (&im bw) ; IplImage* src=0;
return O; IplImage* smooth=0;
} il 1y 8 o

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

src = DecodeImage(inll,sxc):

smooth = cvCloneImage (src);

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

cvReleaseImage (&sxc) ;
cvReleaseImage (&smooth) ;
return 0;
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Example: using the DSL for image processing
Image recognition (OpenCV)
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4. Build a scheme from base
elements and new functional

blocks

9 SURF(Ref)Upd.cld - Coldotron v2

Main | Windows  Library  Misc

9 Cut . . Body . O Clear ports | Defauit options Workspace \
Iﬂ D ] k2] | g | MM -‘/ D c I> Redrawlinks | 01 (10 ~1{5fiMore space
NG XR =

DCopy
Save Open | Paste QUnlink | Add | Validate Exe  Code Run/Continue o - f Less space  Properties
=@ = \l
)

7 DALang\CH\C \OpenCV\Ref\Ce il roject
53 window [E=E===)
~ opencyRef é:;
cvSmooth \‘.‘(
cvBWFilter A\
cvReleaseAlly N

CVReleaseWin
cvDrawRect
cvGetimageR
cvLoadimage
cvShowMatlib
awToColorlib

cvGetMatProp T CVI

cvCalculateDi
cvFindHomog

cvPerspective

cvMatcl
cvDrawl

cvDraw

]

Matcing 'l

descriptors { .' spl §
-

-
' Get
3
Mi e ' ' only ' ' 3pl ' ' draw
' Dlirslltr;':gg good P corners
matches

z
1 Find
») spl T

1
Matcing '
descriptors

cvDetectFace:

~ | BPELibrary ]
Read Params | Create

Library | Watch o

Constants |
[ne

Name Value

Virtuals | Constants
|Valigation )

os
@st

27-31 October 2014 16th FRUCT Conference



Example: using the DSL for image processing
Face/eyes detection (OpenCV)

4. Build a scheme from base

elements and new functional
blocks
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Conclusions

We propose the DSL-based approach with:

« Advantages of visual DSLs approach

* New method of DSLs development

 Easy construction of DSLs specially for your domain
« Design tools support

We:
* use this method for DSL in image processing domain
« work on exploration of this method in other domains

« work on full tool flow and present it in the next presentation
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