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lepazisanas

Elektronikas un datorzinatnu instituts (EDI)
* dibinats 1960. gada
* neatkariga institticija
* aktualas pétijumu témas:
* signalu apstrade
e attélu analize un apstrade
* biometrija
* kiberfizikalas sistémas, sensoru tikli
Kiberfizikalo sistemu laboratorija:
* dibinata 2012. gada februari
* 10 darbinieku (divi zinatnu doktori, Cetri doktoranti)

* 12+ publikaciju Sogad

Kontakti un saites:
E-pasts: info@edi.lv
Web: http://www.edi.lv

ELEKTRONIKAS UN DATORZINATNU INSTITUTS
INSTITUTE OF ELECTRONICS AND COMPUTER SCIENCE



http://www.edi.lv/

lepazisanas

Ar ko musu pétniecibas grupa nodarbojas?
* programmaturas izstrade bezvadu sensoru tikliem
* sensoru tiklu aparatiiras izstrade & pielagoSana

* sensoru tiklu pielietojumi vides novérosanai u.c.
* sensoru tiklu programmeésanas valodas & vides izstrade

Rezultati

* SADmote — sensoru ierice vides noverosanai

* CarMote — sensoru ierice automasinam

* MansOS — sensoru tiklu operétajsistéma

* SEAL — programmeéSanas valoda sensoru tikliem

* SAD — sensoru tiklu pielietojums lauksaimnieciba

Kontakti un saites:

E-pasts: atis.elsts@gmail.com

Web:  http://mansos.net http://selavo.lv



http://mansos.net/
http://selavo.lv/

Prezentacijas plans

* levads (~5%)
* MansOS (~45%)
* BST programmeéSanas abstrakcijas (~10%)

* Programmeés$anas valoda SEAL (~40%)




MansOS “filozofija”

* “MansOS: Portable and easy-to-use WSN operating system”
* Viegli lietojama
e Kam?
e Salidzinot ar ko?
* Portejama
* Kapéec?
e Kur?
* “The underlying principle is that you don't pay for what you don't use”
(B. Stroustrup)



MansOS “filozofija”

* Viegli lietojama
* Sistemprogrammeétajiem ar UNIX un C pieredzi

* Pieméram, TinyOS prasa specifiskas valodas (nesC) un programmeésanas
paradigmas (event-based execution) apguvi

* Contiki prasa vismaz protothreads abstrakcijas apguvi
* MansOS parsvara var programmét [1dzigi ka “klasiskas” UNIX sistémas

* Uzinstalét TinyOS un Contiki var bat netriviali
* MansOS piedava all included binaras distriblcijas

| shell: shell % & & =
File Edit Wiew Bookmarks Settings Help

atis@atis-desktop:~/work/mansos/tools/shells ./shell A~
MansOS command shell; version 0.1 {(built Apr 10 2012)

MansOS 0.1 Sekup £

Completed the MansOS 0.1 Setup Wizard

available commands:

1s list all motes " - . "
led (red|green|blue) [on|off] __ control LEDs Click. the: Finish button to exit the Setup Wizard,
sssss — d sensor values

get <0ID> —— get a specific 0ID value from all motes

set <0ID> <type> <value> - t a specifiec OID to <value>

select [<address>] —— gelect a specific mote (no args for broadcast)

load [<file>] —— load an ihex file (no args for clear existing)

program [<address>] —— upload code (from ihex file) on a specific mote

reboot boot t

ui

help how th help

s 1ls

Listing all motes...
A mote with:

Mote type: "0" (Tmote Sky)

PAN address: "0x03b0"

IEEE address: "00:12:75:11:6e:de:ed:0l"

£ MansOS

= shell:shell




MansOS “filozofija”

* Portejamiba

* Aparatura biezi ir specifiska (vienam) lietojumam

* Daudz eksistejoso platformu, maz standartu

* MansOS darbojas gan uz MSP430, gan uz AVR arhitektiram

* T.sk. uz Tmote Sky, Arduino Duemilanove, Zolertia Z1 u.c. platformam




MansOS “filozofija”

* “Don’t pay for what you don't use”

* MansOS prieksrocibas, salidzinot ar citam BST OS:
* [saks lietotnu pirmkods
* Mazaks lietotnu binarais kods
* Vienkarsi, bet robusti pavedieni (threads)

Lietotnes koda rindinu skaits Cetru dazadu lietotnu binara koda izmérs

160 25000

140 _ _

20000

120
< O MansOS O MansOS
°
§ 100 0 MansOS w/ 2 15000 0 MansOS w/ threads
o 80 threads 5 m Contiki
[}
£

& Contiki 10000
60 m TinyOS m TinyOS
B Mantis B Mantis
; - j { J {
20 0 =

0 Loop  Radio Tx Radio Rx Combined




Operetajsistema MansOS

Dazos teikumos:
* Paredzéta bezvadu sensoru tikliem un resursierobezotam iegultajam iekartam

* Mérkauditorija ir programmeétaji ar C un UNIX programmeésanas pieredzi
* Veidojusi Leo Selavo, Girts Strazdins u.c., ka art prezentacijas autors

La MansOS

[=] 5 o]

[=].,=
- SADmote v02

http://mansos.net




MansOS konteksta

C/IC++ Processing
v\mp\ements imp lemen, . /\
/ implements \ is based on
WSN . - .
software Mantis LiteOS Contiki (Ardumo software)
influences is based on implefnents is IDE for
'\(\i\“e“ =
influences - (Ardulno |DE ]
By
&

2

implement:

nesC TinyOS F4<! MansOS A

uses uses

[ SNACK ]inﬂuec SEAL is IDE for SEAL IDE SEAL Blockly\ islbaskd on BlOCkly isbasedon
\_ - ”/

@ - programming language

() - visual programming language
() - 0sor software libraries

() -integrated development environment




MansOS skaitlos

* Koda rindinu skaits (pamatsistéma): 41057

* Pirmkoda failu skaits (pamatsistéma): 273

* Lietotnu paraugu & testa lietotnu skaits: aptuveni 100

* Atbalstitas aparaturas arhitektiras: MSP430, AVR, un PC (x86)

* Atbalstitas aparatiras platformas (Sobrid kopa 10):

* Commercial: TelosB (Tmote Sky), Atmega (Arduino), Zolertia Z1, AdvanticSYS
XM1000, MSP430FR5739 evaluation board, MSP430 launchpad

* Custom: SADmote v2 & v3, FarmMote, TestBed mote, “energy measuring board”




MansOS funkcionalitate

Analogie un digitali I/O porti
Digitalie sensoru pieejas protokoli (SPI, I°C, u.c.)

Zema energijas patérina rezimi

Radio komunikacija un tikla steks
Application code

SD kartes un zibatminas atbalsts

Opcionals IPv6 atbalsts ¢ ¢
. HIL  Radio Alarms Int, flash
Run-time management ) ‘
LED SPI Ext. flash
Run-time reprogramming O Y Y
) | Platforms & architectures
: ' Hardware-indep. implementations 110 port binding
cU Function binding Flatform constants
S Y Y
Chips
MCU r— Radio Flash — Sensors
Q MSP430 CC1101 MZSPBO SHTxx
AtmegaJ CC2420 AT25DF ISL29003




MansOS dokumentacija

http://mansos.net — galvena lapa [=] %5 [m]

[=],=

http.//selavo.lv/wiki/index.php/MansOS (vietam novecojusi!)

http.//mansos.googlecode.com - kods

Publikacija “Design and Implementation of MansOS: a Wireless Sensor
Network Operating System” no LU Zinatniskajiem rakstiem:
http.//mansos.edi.lv/wp-content/uploads/2012/10/mansos-lu-2012.pdf

SEAL dokumentacija:
http.//selavo.lv/wiki/index.php/SEAL



MansOS portejamiba

Komponentu proporcijas:

OIEfdEEEN

a) all b) TelosB

Aparatiurneatkariga koda proporcijas:

b) TelosB

MansOS pirmkoda sadalijums

Chip-specific code
Architecture-specific code
Platform-specific code
Interface layer code
Kernel code

Network protocol code
File system code

Library code

Bl Device-dependent code

I Device-independent code




MansOS pavedieni

» Kapéc pavedieni?
* Vieglak programmét!
* Koda izkartojums labak atspogulo programmas izpildiSanos
* Var taisit bezgaligos ciklus, bet sistéma turpinas stradat...
* Pamatidejas:
* Pavedienu ir maz (biezi pietiek ar diviem)
* Pavedieni ir savstarpgji “draudzigi”
* Risinajums: kooperativi pre-emptivais daudzpavedienu rezims
* Paviedieni tiek palaisti “pa rinki” (round robin scheduling)
* Kodola pavedienam vienmeér prieksroka

* sleep () ieliek sisttmu zema energijas patérina rezima tikai tad, ja citi
pavedieni neaktivi!



MansOS pavedieni

440 350 7000
300 6000
420
250 5000
400 (1 One user thread
O Two threads, PB «» 200 «» 4000
3 ] B Two threads, RR % 0 MansOS i;), 0 MansOS
2 380 n 'ngee threads, 150 ® Mantis 3000 H Mantis
]
a0 [ 'ILthee threads, 100 2000
50 1000
340 [L
0 0
320 0 1 2 3 0 1 2 3
Number of threads Number of threads
schedule () funkcijas binara koda Pavedienu modula RAM Pavedienu modula koda
izmérs atkariba no pavedienu skaita lietojuma salidzingjums atminas lietojuma salidzingjums

(RR — round robin, PB — priority-based
scheduling)




Prezentacijas plans

* levads (~5%)
* MansOS (~45%)
* BST programmeésanas abstrakcijas (~10%)

* Programmeés$anas valoda SEAL (~40%)




Pieejas BST programmesanai

* Node-local programming
* Regional programming

* Macroprogramming

* Query systems

© http://www.acsu.buffalo.edu/~pmarkopo/projects.html




Node-local programming

1) Zema limena valodas: C, nesC
2) OS komponentu limena valodas: TinyScript, SNACK u.c

TinyScript koda piemers:

uffer data;

private tmp;

private average,;

private index;

private i;

tmp = int(photoactive) - int(totalsoclar);
if tmp < 0 then

tmp = -tmp;

lend if

buffer [index] = tmp;

index = (index + 1) % 10:

average = 0;

for i = 0 to 10

average = average + buffer[i] / 10;
mext i

uart (average) ; [




Regional programming

* Logical Neighborhoods abstrakcija, SPIDEY valoda
* SPIDEY koda piemeérs:

neighborheood template HighTempfens (threshold)
with Function "senaor® and
T "temperature" and
Reading > threshold

create neighborheod htasl0D
from HighTempSens{thre=shald : 1040)
max hops =
credits 30




Macroprogramming

* “Programming whole network at once”
* Valodas & abstrakcijas: Pleiades, Kairos, u.c.

© http://blog.memsic.com/2009/04/testbed-testing.html
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#include "Pleiades .h"

boolean nodelocal isFree=TRUE;
nodeset nndalucatinaighburs;
node nodelocal n®ghborlter;

void reserve (pos dst) {
boolean reserved = FALSE;

node nodelter, reservedilode = NULL;

node n=closest_node (dst);

nodeset loose nToExamine = add_node{n, empty_nodeset());
nodeset loose nExamined = empty_nodeset ();

if (isfree®n) {

reserved = TREE; reservedlode = n;
isfree®n = FALSE;
return;

while (!reserved && !empty (nToExamine)) {
cfor (nodelter=get_first (nToExamine]);
nodelter !=NULL;
nodelter = get_next{nToExamine)) A
neighborsfnodelter=get:neighbors (nodelter);
for (neighborlter@nodelter=get_first(enighors@nodelter);
neighborlter@nodelter !|=NULL;
neighborlter@nodelter=get_next (neighborstnodelter)) A
if (!member(neighborIter@nodelter, nExamined})
add_node (neighborIter®nodelter ,nToExamine ) ;
}
if (isfree@nodelter) A
if (!reserved) {
reserved=TRUE; reservedlocdesnodelter;
isfreefnodelter=FALSE;
break;
+
}
remove_node{nodelter, nToExamine) ;
add_node (nodelter,nExamined) ;

Fig. 22. A street-parking application in Pleiades.




Query languages

* Uztver sensoru tiklu ka datubazi
* Valodas un abstrakcijas: TinyDB, SwissQM, u.c.
* TinyDB koda piemeri:

SELECT ncdeid, light, temp
FROM sensors
SAMPLE PERICD 1s FOR 10s

SELECT AVG{volume), rocom FEOM senscrs
WHEEE floor b
GROUEF BY room
HAVING AVG(volume) > threshold
SAMPLE PERICD 30s

sELECT nodeid, accel
FREOM =zensors
LIFETIME 30 days




Prezentacijas plans

* levads (~5%)
* MansOS (~45%)
* BST programmeéSanas abstrakcijas (~10%)

* Programmeésanas valoda SEAL (~40%)




Valoda SEAL

SEAL ir doménspecifiska valoda lietojumprogrammu izstradei

e “domeéns” Seitir BST

SEAL ir balstita uz MansOS

SEAL ir komplektéta ar vizualo programmésanas vidi (IDE)

NesC kods (fragments):

fie LUk Cptwns Luners woie o ciep

i

module RadioSenseToledsC @safe(){

uses {
interface 3
interface 3
interface i
interface i
interface <TMilli> as MilliTimero;
interface <TMilli> as MilliTimerl;
interface 3
interface <uintl6 t>;
interface SplitControl as 3
}

}
implementation {

message_t

bool = FALSE;
event void .booted() {
call .start();
}
event void .startDone(error t ) {
if (err == SUCCESS) {
call .startPeriodic(2000);
call .startPeriodic(6000);
}
event void .stopDone(error t )y {}
event void fired() {
event void fired() {
event void .readDone(error t , uintlé t ) {
if (locked) {
return;
}
else {

radin_canca men +*

C kods:

SEAL kods:

(=) emacs23@deskiop <2>

File Edit Options Buffers Tools C++ Help

3000 // milliseconds

// our timer

Alarm_t ;
R L P T PR PR
/7 Timer callback
R L e T P PR
void onTimer(void *
{

// read light sensor value

uintl6 t = readlLight();

PRINTF( , light);

// send the value read to radio
radioSend(&light, sizeof(light));

/7 blink LED
toggleRedLed() ;

}
jjljcecssnsasassssssssssonssanaaasoosssasasoes
174 Entry point for the application
jjljceemnnassacsssssssssanssanaaassosssssss0000
void appMain(void)
{
// initialize and schedule the alarm
alarmInitAndRegister(&timer, onTimer, SENSOR_READ_INTERVAL,
// set radio packet receive callback
radioSetReceiveHandle (onRadioInterrupt);
// turn radio listening on
radioOn();
// our job here is complete
return;
}

Q. emacs23@desktop <2>
File Edit Options Buffers Tools C++ Help
read 7 2s;
read 2 2s;
output 3




Datu plusma BST mote

Light

Metwork

Humidity

Flash chip

Temperature

Data storage /

Data generation =
dissemination

5D card

L)

Data processing

Analog inputs

Digital inputs File system

serial interface

Waveforms

* Dati tiek ievakti no sensoriem un pseidosensoriem
* Programmas logika datus apstrada

* Dati tiek izvaditi uz tiklu, SD karti, serialo interfeisu u.c.




SEAL merkauditorija - 1

Zinatnieki un praktiki:

* fizikis, kas vélas izveidot vidi antenu testésanai

* vides pétniece, kas péta mikroklimata ietekmi uz augiem

* “hakeris”, kas grib paaugstinat savas majas energoefektivitati

Vinu programmeésanas zinasanas ir:

* ieglitas pasmacibas cela, ja vispar:
* biologijas, kimijas, ekonomikas programmas LU nav programmésanas kursu!
* fizikas programma programmeésana ir ka izveéles kursi

* viniem nav pieredzes ar lieliem projektiem

* vini nevélas téret daudz laika programmeésanas vides un valodas apguvei




SEAL merkauditorija - 2

Bezvadu sensoru tiklu petnieki, kas vélas atri prototipét
lietojumprogrammas:

* pieméram, elektroniki un aparatiras izstradataji

* sistemas programmatdras izstradataji, kas izmanto SEAL programmas
ka testu scenarijus

WSN users

App. programmers

System
programmers




SEAL konteksta

C/C++ Processing
v\mp\ements irn,;,ementS /\
/ implements is based on
WSN
software e LiteOS Contiki (Ardumo software)

influences is based on is IDE for
'\(\i\“e“ =
influences . (Arduino IDE )
‘\‘&\\)e(\ce

nesc implement: TmyOS influe

uses

d on is based on
Blockly >l Scratch

€

@ - programming language
() - visual programming language
() - 0sor software libraries

() -integrated development environment




SEAL programmas piemers

Ko dara S1 programma?

read Temperature, period 10s;
output Network;
when Temperature > 40C:
use Redled, on;
end



SEAL arhitektura

* SEAL — Sensor Application Development Language

* Deklarativa ar daziem imperativiem elementiem

* Kompakta un dabigi lasama sintakse

* Divi [imeni: sintakse & komponentu bibliotéka, ka arT “runtime support” no OS)

Userrr tyges ,Q,Qde IDE generates code

SEAL source file

SEAL compileri

C source file

C compileri

Executable

SEAL lietotnu izstrades process

SEAL

| Sensor statements | | Processing statements |

| Actuator statements f \ State statements \

| Output statements | | Conditions |
Component library T ED |
. |
(Python)  Light | Temperature |
_ - __Radio |
" Humidity ' Accelerometer R

Serial
Runtime

HLIrSS) MansOS Contiki TinyOS

SEAL konceptuala arhitektiira




SEAL elementi

Komponentu lietojumi:
use RedLed;

read Humidity;

output Radio;

Komponentu definicijas:

define MaxLight max (Light) ;
Nosacijuma izteikumi:

when MaxLight > 1000:
Konstansu un mainigo definicijas:
const INTERVAL 10s;

set IsLedOff True;




SEAL pamatizveles

* Domain-specific vs library vs embedded domain specific

* More intuitive & faster to learn to the users

* Declarative vs imperative

* Specify only what to do, not how to do it

* Natural language-like syntax vs mathematical notation vs ...

* Reading & understanding should be possible without special skills

* Node-local vs macroprogramming vs regional

* Concrete concepts like “node” and “sensor” have closer mapping to physical world

”» (1]

objects compared to “an abstract region”, “the network”, etc.




SEAL implementacija

* Kompilators implementéts Python

* Aptuveni 7000 koda rindinas

* Parseris: Python-Lex-Yacc (PLY)

* Koda generators: generé MansOS C kodu

* Viss SEAL pirmkods pieejams zem atvérta koda licences (NewBSD
license), ka dala no MansOS distributiva

* leklauti 115 koda pieméri (pus)automatiskai SEAL testéSanai



SEAL/MansOS grafiska vide

L MansOS IDE v X
File Examples Options Help

p1-stdev.sl Wisual edit B

Edit actuator: | |ca v
1 const ACCEL Z Z; // channel number A . .
- Edit objeck: Beeper -
2 const THEESHOLD 100; . ,
2 times: "
5 define Acceli AnalogIn, channsl ACCEL Z; period: v
& define Deviation stdewvitake (AccelZ, 10));
7 id: w
g —lwhen Deviation > THEESHOLD: _
5 use RedlLed, on: frequency: 1000 W
10 use Beeper, -:-|11, duration 200, freguency 1000; P .
B - duration: 200 w
1: 11132 RedlLed, off: v blink: v
; - -

> ance,

Listen | Seal-Blockly handler | Infe

Populating motelist ...




SEAL programmeésana no Web

P o

GE Y Epv EFiLe:m’hc:-mefaI:isfwc:-rkfseaL—blc:-ckLw’bLc:u:I=:L},r,I’SeaUpLaygraund-seaLhtmL

Seal - Blocky Playground - rekong

E Seal - Blocky Playgrou... E}

e &~

Seal - Blocky Playground |[EZS

Export to XML

output

Import From XML
read

——

Cenerate SEAL

IUse RedlLed. period 1000ms;
Use Blueled. period 2000ms;
lUse GreenlLed. period 4000ms;

olglvsll 1000 ms
baudrate Bl
ualuem

T

Try your app: Upload SEAL code

I1-% RedlLed ol[slsl 1000 ms

' Blueled | perind
V-8 GreenlLed sl 4000 ms




Lietojuma piemers vides noverosana

* Preciza lauksaimnieciba
* Daliti mikroklimata mérijumi auglu darza:
+ temperatlra, mitrums, gaisma
* Lietotaji ir agrozinatnieki Latvijas Valsts
Auglkopibas instittta (http:/lvai.lv)

& / MR

Wasp 7 Wasp WiFi WiFi Web End user

* mote b mote router router Database &
' web server
\

SAD
motes Multihop
link

Testa tikla arhitektiira




R

ma piemers vides noverosana

/

1. LVAI &ka"
, ~ 2. Meteostacija
~ 3.Lapks ar 11 SADmotem
X‘. &




Risinajums

Konceptuals prototips:

read Light, period 10min;

read Humidity, period 10min;
read Temperature, period 10min;
output SdCard;
output Network;




Risinajums
Realas pasaules lietotne:
config "USE LONG LIFETIME=y"; // use 64-bit counter

define Helperled RedLed, blink;
define Battery AnaloglIn, channel constants.ADC INTERNAL VOLTAGE;

when Variables.localAddress !'= 0x0796:

define MyLight Light; // use default light sensor
else:

define MyLight SQ100Light; // use high-precision light sensor
end

define AllSensors sync (MyLight, Humidity, Temperature, Battery)
read AllSensors, period 10min, associate Helperled, turnOnOff;

output SdCard;
output Network, protocol SAD, routing SAD;

19 mezglu sensoru tikls tika izvietots ar So kodu LVAI auglu darza
Dobelg, 30. augusta, 2012.




Risinajums

/

I
& X
]
\ (@) ()
l \ l ”‘ﬂ” -
o \‘ \D\l —-—ﬂ"“ —"‘i;—-—*
Wasp i Wasp WiFi WiFi Web End user
t mote P mote router router  Database &
; web server
SAD \
motes Multihop

link

SEAL koda bonusi:
* Bazes stacijas kods (MansOS C) generéts automatiski!
* Parsititaju mezglu kods (MansOS C) generéts automatiski!

* SD kartes datu parsésanas kods (Python) generéts automatiski!
* (Nakotnes planos — FAT failu sistéma un .csv formata faili...)




Lietojumpiemeérs mobilajiem agentiem

* Ar sensoriem aprikotas ierices, kas atrodas automasinas

* Komunice ar citam automasinam un aparattru cela mala

* Lietojums: noteikt bedres cela virsmas seguma [Mednis et al. 2011]

* EDI ir tikusi izstradati un izméginati etri algoritmi (valoda Java)

* Lietotaji ir aparatiras izstradataji un, potenciali, auto Tpasnieki

Bedru noteikSana ar akselerometra
mérijjumiem

Sensoru ierices prototips




Izmantojot STDEV algoritmu Z asij:
const ACCEL Z 2; // define channel number
const THRESHOLD 100; // define threshold

define AccelZ AnalogIn, channel ACCEL Z;
define Deviation stdev (take (AccelZ, 10));

when Deviation > THRESHOLD:

use RedLed, on;

use Beeper, on, duration 200, frequency 1000;
else:

use RedLed, off;
end




Izméginajumu rezultati - 2011

Veikti 2011. gada novembrt & decembrt

Veikti mérkauditorija un tiem pielidzinama grupa:
* LVVAI pétnieki bez programmeésanas pieredzes
* LU datorzinatnu studenti bez BST pieredzes

Mumber of solutions

5 5
. 45
B NesC TinyDS) g 4 B NesC (Tiy08)
2 B8 C (MansCS with < 35 B C (MansOS wih
15 1 events) . '; events)
C (MansOS with R B C (Mans0S with
1 threads) 125 threads)
I I I @ SEAL % i MsEAL
05 g &
8 15
0 1

Mo solution  Incomplate Partial Complete Becoming an expert  Programming as an ex pert

Studentu parbaudijuma rezultati, Studentu dotais vértgjums, SEAL un
SEAL un konkuréjosie risingjumi konkuréjosie risinajumi




Izméginajumu rezultati - 2012

Veikti 2012. gada oktobri

Norisies vieta, datums, dalibnieki (14 kopa):

* University of Latvia, Faculty of Physics and Mathematics, October 5 2012, 4 physicists

* University of Latvia, Faculty of Computing, October 10 2012, 7 computer sci undergrad students

* Institute of Fruit Growing, October 11 2012, 2 agriculture scientists

* [Institute of Electronics and Computer science, October 15 2012, 1 electrical engineer
Secinajumi:

* Galigi bez algoritmiskas domasanas nevar!

* Datorikas studentiem: rezultati analogi TinyScript rezultatiem

» Citiem SEAL rezultati salidzinami ar ideologiski lTdzigu valodu (SensorBASIC, WASP)
rezultatiem (>50% success rate)

e |sak ne vienmeér ir intuitivak

* Pieméri ir pieprasita lieta




Kopsavilkums

* Operétajsistema MansOS kalpo ka zinatniskas darbibas baze

* |zveidota jauna BST programmésanas valoda SEAL.:
* Mérkauditorija ir tieSi doménu eksperti
* Motivéta ar realas pasaules lietojumiem
* Atbalsta periodisku sensoru nolasisanu, datu apstradi, saglabasanu un
nosutisanu

* Sobrid “virs” SEAL tiek izstradata vizuala programmésanas vide,
ka art adaptéta vizuala programmeésana izmantojot “kluciSus” un
timekla interfeisu.



Studentu zinatniska darbiba

EDI petniecibas grupa:
* programmu, aparatdras izstrade & izmeéginajumi
* nosléguma darbu izstrade

* piedaliSanas zinatnisko rakstu tapSana
* braukSana uz konferencem (SenSys 2010, EWSN 2012, ARCS 2012, AICT 2012)

Rezultati (LU studentu nosleguma darbi):

e Janis Judvaitis, 2012: “Vizuala bezvadu sensoru tiklu programmeésanas vide” (4. vieta
valsts IT darbu konkursa)

* Andrejs Vihrovs, 2011: “Strukturéta datu glabasana bezvadu sensoru tiklos”
* Rihards BalasSs, 2012: “Energijas méritaja izveide sensoru tikliem” (kursa darbs)
 Janis Gengeris, 2008: “Dalita virtuala failu sistéma bezvadu sensoru tikliem”

* Girts Strazdin§, 2008: “Satiksmes optimizacija ar mobiliem sensoru agentiem urbanizéta
vidé” (1. vieta valsts IT darbu konkursa)




MansOS un SEAL

Paldies par uzmanibu!
Jautajumi?

e, .
o IVI -

! i I‘T ELEKTRONIKAS UN — INSTITUTE OF
e ERSITATE DATORZINATNU ELECTRONICS AND

ANNO 1919 INSTITUTS COMPUTER SCIENCE
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