Bezvadu Sensoru Tikli

Programmesanas abstrakcijas
MansOS, SEAL



KA SENSORU TIKLU
PROGRAMMESANU
PADARIT VIENKARSAKU



Sensoru tiklu galvenais uzdevumes:

Savakt informaciju!
(Un darit to ilgi!)



Informacijas savaksana:

Jélo datu interpretaciju
nformacijas apstrade, agregacija

Rezultatu nogadasana lidz apstrades vietai



Kapéc nesutit visu uz bazes staciju?

 Komunikacija téré energiju
* Radio kapacitate ir ierobezota



Galvenas pieejas

Programmeét katru mezglu veidu atseviski
Makro programmeésana

Agentu bazétas pieejas

Vaicajumu (query) bazétas pieejas



Makro programmesana

* Lauj programmét visu tiklu kopuma

 Kompilators globalo programmu nokompilé
individualiem mezgliem



Makro programmeésanas prieksrocibas
un trakumi

+ Lauj domat par visu tiklu kopuma

- Sada paradigmas maina nav vienkarsa

- Sarezgita kompilatoru buve



Makro programmeésanas piemeérs: Pleaides

* Specifiska valoda, kas kompiléjas uz TinyOS
programmam
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#include "pleiades.h"

: boolean nodelocal isfree=TRUE;
: nodeset nodelocal neighbors;
: node nodelocal neighborIter;

: void reserve(pos dst) {

boolean reserved=FALSE;

node nodelter,reservedNode=NULL;

node n=closest_node(dst);

nodeset loose nToExamine=add_node(n, empty nodeset());

: nodeset loose nExamined=empty nodeset();

if(isfree@n) {

reserved=TRUE; reservedNode=n;
isfree@n=FALSE;

return;

}

while(!reserved && !empty(nToExamine)){
cfor(nodeIter=get first(nToExamine);nodeIter!=NULL;
nodeIter = get_next(nToExamine)){
neighbors@nodeIter=get_neighbors(nodelter);
for (neighborIter@nodeIter=get first(neighbors@nodelter);
neighborIter@nodelIter !=NULL;
neighborIter@nodeIter=get_ next(neighbors@nodeIter)){
if (!member (neighborIter@nodeIter,nExamined))
add_node(neighborIter@nodelIter,nToExamine);
}
if (isfree@nodeIter) {
if (!reserved)
reserved=TRUE; reservedNode=nodelter;
isfree@nodelter=FALSE;
break;
}
}
remove_node(nodeIter,nToExamine);
add_node(nodeIter,nExamined);

}
}
}

Ko dara si
programma?
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: #include "pleiades.h"
2: boolean nodelocal isfree=TRUE;
3: nodeset nodelocal neighbors;
4: node nodelocal neighborIter;

5: void reserve(pos dst) {
6: boolean reserved=FALSE;
7: node nodelter,reservedNode=NULL;
: node n=closest_node(dst);
9: nodeset loose nToExamine=add_node(n, empty nodeset());
10: nodeset loose nExamined=empty nodeset();

11: if(isfree@n) {

12: reserved=TRUE; reservedNode=n;
13: isfree@n=FALSE;

14: return;

15: }

16: while(!reserved && !empty(nToExamine)){

17: cfor(nodeIter=get first(nToExamine);nodeIter!=NULL;
nodeIter = get_next(nToExamine)){

18: neighbors@nodeIter=get_neighbors(nodelter);

19:  for(neighborIter@nodeIter=get first(neighbors€nodelIter);
neighborIter@nodelter!=NULL;
neighborIter@nodeIter=get_ next(neighbors@nodeIter)){

20: if (!member (neighborIter@nodelter,nExamined))
21: add_node(neighborIter@nodelIter,nToExamine);
22:  }

23:  if(isfree@nodelter)

24: if (!reserved){

25: reserved=TRUE; reservedNode=nodelter;

26: isfree@nodelter=FALSE;

27: break;

28: }

29:  }

30: remove_node(nodeIter,nToExamine);
31: add_node(nodeIter,nExamined);

32: }

33: }

34:}

Figure 1. A street-parking application in Pleiades.

Ko dara si
programma?
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Agentu bazetas programmas

 Kasiragents?



Agentu bazetas programmas

Agents ir programma, kas celo starp mezgliem

Nevis dati nak pie programmas, bet
programma iet pie datiem

Agenti autonomi parvietojas
Vienlaikus tikla var darboties vairaki agenti
Kaut kas |oti eksotisks



Agentu prieksrocibas

|oti plasas iespéjas

Mazs datu parraides apjoms (?)

Spéciga decentralizacija, apstrade seko datiem
Spéja dinamiski reaget uz izmainam tikla



Agentu trukumi

e Sarezgiti modelét tikla komponentes un to
sadarbibu

e Gruti paredzét izmainas, uz kuram jareage
e Sarezgita testésana un atkludosana



Vaicajumu bazeta
BST

programmesana



Vaicajumu bazetas pieejas

* Tikla iesuta vaicajumu, atpakal nak atbilde

e Parasti centralizéti risinajumi: bazes stacija
vaica, tikls atbild

* Vispopularaka pieeja — vienkarsa realizacija

TinyDB, SwissQM, ...



Tipiska vaicajumu pieejas arhitektura

Bazes stacija —izsuta
vaicajumus un sanem
® ® rezultatus




Pieejas pamatmerkis

* Sensoru tikls ka dalita (distributed) datu baze

* Problémas:
— lerobezota atmina
— Nepieciesams kopigs duty cycle
— Mezgli parasti nav uzticami
— Dati var but troksnaini
— Parasti datiem svarigs ari laiks un vieta



Vaicajumu pieejas prieksrocibas

* Vienkarsa realizacija
* Abstrahésanas no tikla topologijas



Vaicajumu pieejas trukumi

* Parsvara triviala datu apstrade

* Vaicajums parasti vai nu konkréetam mezglam,
vai visam tiklam

e (Sarezgiti apstradat telpas un laika atributus)



Vaicajumu pieejas piemers: TinyDB

* SQL-tipa dalita datu baze sensoru tikliem

* Darbojas ka slanis virs TinyOS

* Visi sensoru mezgli ka dala no tabulas

e Katrs sensoru lasijums ka viens ieraksts

e Vaicajumus izsuta un atbildes savac bazes stacija

e Sikak raksta: S. Madden, M. Franklin, J. Hellerstein, and W. Hong,
“TinyDB: an acquisitional query processing system for sensor

networks,” ACM Transactions on Database Systems (TODS), vol. 30,
no. 1, pp. 122-173, 2005.



TinyDB vaicajuma piemers

SELECT nodeid, light, temp
FROM sensors
SAMPLE PERIOD 1s FOR 10s

Lasa gaismu un temperaturu ik sekundi, 10
sekunzu garuma



TinyDB agregacija

e Datu agregaciju veic péc iespéjas tuvu datu
avotam, notiek automatiski

SELECT AVG(volume), room FROM sensors
WHERE floor =6
GROUP BY room
HAVING AVG(volume) > threshold
SAMPLE PERIOD 30s



TinyDB kopsavilkums

 Dalita datu baze sensoru tikliem
* Slanis virs TinyOS [1.x]

* Piedava vienkarsu saskarni,
efektivu agregaciju

Trakumi:

e Paplasinamiba

* |lebuvéta vaicajumu valoda ierobezo
— nevar veidot patvaligas programmas



SWiSSQMvirtuélé masina

e ETH Zurich, 2007.g

e |zteiksmigaka par TinyDB
e Kompaktaka par Mate VM

* QM = Query Machine
— Query [Engine] + [Virtual] Machine
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R. Muller, G. Alonso, and D. Kossmann, “A virtual machine for sensor networks,” in Proceedings of the 2nd ACM SIGOPS/EuroSys European Conference on Computer Systems
2007, pp. 145-158, ACM, 2007.



SwissQM pieeja

* Gateway ka “"gudrais
mezgls” [QJE %
— vaicajumu parveido$ana i queries¢
mezglu programmas __\_*_ '_/__
— Vaicajumu merging gatew;iyre_”nk
— multi-query optimization oot

— motes izpilda tikai to, network
kas vajadzigs (sense,
aggregate, transmit)

* Paaugstina efektivitati wieless Cg é“b

node



Gateway

Daudz plasaka funkcionalitate ka pierasts
— multi-query optimization and merging
Var “klausit” dazadam vaicajumu valodam

— SQL, XQuery, web services (t.sk. vienlaikus)

Paplasinams
— var realizét dazadu papildus funkcionalitati

Generé byte-code, ko izpildit meglu VM



XQuery piemers

Atgriezt NodelD motém, kam temp > 60 :

for Sn in xt:sample(Ssensors, 10s)//node
where Sn/temp gt 60
return Sn/nodeid

vaicajums XML “dokumentam” ar <node/>
elementiem, kas satur <nodeid> un <temp>.



Agregacijas piemérs (SQL)

Atrast vidéjo temperaturas vértibu nodém, kam ir
lldzigi gaismas sensora radijumi:

SELECT (light-512) / 10, AVG(temp)
FROM sensors GROUP BY (light-512) / 10
SAMPLE PERIOD 30s

vaicajums satur uz motém izpildamus aprékinus
— TinyDB ir loti minimalas iespéjas to veikt



SwissQM kopsavilkums

* Vienkarsak programmeéjams ka Mate VM
* Plasakas iespéjas par TinyDB

— Dazada veida interfeisi (XQuery, SQL, ...)

— Multi-user, multi-programming

* Adaptéjama / pielagojama sistéma



MansOS

e |zstradata LU un EDI

* Paredzéta bezvadu sensoru tikliem un
resursierobezotam iegultajam iekartam

 Mérkauditorija ir programmeétaji ar C un UNIX
programmeésanas pieredzi



MansOS pamatprincipi

* Viegli lietojama
* Portejama



Viegli lietojama BST OS

Sistémprogrammeétajiem 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 programmeét lidzigi ka
“klasiskas” UNIX sistémas

Uzinstalét TinyOS un Contiki ir netriviali
MansOS piedava all included binaras distriblcijas



Portejama BST OS

. Aparatlra biezi ir specifiska (vienam)
lietojumam

. Daudz eksistéjoso platformu, maz
standartu

. MansOS darbojas gan uz MSP430, gan uz
AVR arhitektlram

- t.sk. uz Tmote Sky, Atmega (Arduino), Zolertia
Z1, AdvanticSYS XM1000, TI MSP430
Launchpad u.c. platformam



MansOS pirmkoda sadalijums

°Komponentu proporcijas: B Chip-specific code

B Architecture-specific code
O Platform-specific code

B Interface layer code

B Kernel code

[ Network protocol code

B File system code

*a) all *b) TelosB B Library code

* Aparatiirneatkariga koda proporcijas:

M Device-dependent code
[ Device-independent code

*a) all *b) TelosB
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MansOS prieksrocibas

» [saks lietotnu pirmkods
« Mazaks lietotnu binarais kods
* Vienkarsi, bet robusti pavedieni (threads)

*[ jietotnes koda rindinu skaits
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MansOS funkcionalitate

Analogo un digitalo I/O portu apstrade
Digitalie piekluves protokoli (SPI, I°C, u.c.)
Zema energijas patérina reZimi

Radio komunikacija un tikla steks
lespéjams IPv6 atbalsts

Vairakas aparatiras platformas

Run-time parvaldiba

Run-time parprogrammeésana



MansOS pavedieni

. Vieglak programmeét!

. Koda izkartojums labak atspogulo
programmas izpildisanos

. Var izveidot bezgaligos ciklus, bet sistema
turpinas stradat...



Pavedienu pamatidejas

. Pavedienu ir maz (biezi pietiek ar diviem)
. Pavedieni ir savstarpégji “draudzigi’

. Tiek darbinati “pa rinki” (round robin
scheduling)

. Kodola pavedienam vienmeér prieksroka
. Nianse - sleep() ieliek sistému zema
energijas patérina reZima tikai tad, ja citi
pavedieni neaktivi!



Papildus informacija par MansOS

e A. Elsts, G. Strazdins, A. Vihrov, and L. Selavo,
“Design and Implementation of MansOS: a
Wireless Sensor Network Operating System,”

Scientific Papers, University of Latvia, Volume
787, pp. 79-105, 2012.

e http://mansos.net

* http://selavo.lv/wiki/index.php/MansOS
(vietam novecojusi informacija)
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SEAL valoda

SEAL — Sensor Application Development
Language

Doménspecifiska valoda BST lietojumu
izstradel

Balstita uz MansOS

Komplektéta ar vizualo programmésanas
vidi (IDE)



#NesC kods (fragments):

#C kods:

#ASEAL kods:

‘emacs23@desktop <2>
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Datu plusma BST mote

Light

Network

Humidity

Temperature Flash chip

Data storage /

_—— Data generation = Data processing > gissemination

Analog inputs __SDcard

Digital inputs File system

Serial interface

Waveforms

Datus ievac ar sensoriem un pseidosensoriem
Datus apstrada programmas logika

Datus izvada tikla, atmina, serialaja saskarné
u.c.
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SEAL arhitektura

. Deklarativa ar daziem imperativiem
elementiem

. Kompakta un dabigi lasama sintakse

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



SEAL konceptuala arhitektura

SEAL . Sensor statements | | Processing statements |
| Actuator statements | | State statements
| Output statements | | Conditions

Component librar

P orary - LED

(Python) Light ~ Temperature | |

T ‘ | Radio ]
Humidity 'Accelerometer
- Serial
Runtime
(C/nesC)

MansOS Contiki TinyOS
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SEAL izstrades process

User types code IDE generates code

\/

SEAL source file

SEAL compiler l

C source file

C compiler l

Executable



SEAL grafiska vide

File Examples Options Help

y Y0 ® &
‘ 9 < s

p1-stdev.sl

1 const ACCEL Z 2; // channel number

2 const THRESHOLD 100;

q

§ define AccelZ AnalogIn, channel ACCEL_Z;

€ define Deviation stdev(take (AccelZ, 10)):

7

8 Clwhen Dewviation > THRESHOLD:

g use RedLed, on;

10 use Beeper, -:»h1, duration 200, frecquency 1000;
11 [Clelse:

12 ° use RedLed, off;

MansOS IDE

Listen | Seal-Blockly handler | Info

Populating motelist ... Done!
Starting to compile ...

SEAL p1-stdewv.sl
make -C ./build telosb

make[1]: Entering directory '/home/atis/work/mansos/tools/parser/tests/build’
CC p1-stdev.c
CC /home/atis/work/mansos/mos/platforms/telosb/platform.c
CC /home/atis/work/mansos/mos/chips/msp430/msp430x1xx_clock.c

Visual edit

Edit actuator:  jce
Edit object: 'Beeper
times:

period:

id:

frequency: 1000
duration: 200
blink:

once.




SEAL programmeésana no timekla

Seal - Blocky Playaground - rekonq

$ W

T
N

x

GV v ‘ﬁ file:///home/atis/work/seal-blockly/blockly/seal/playground-seal.html

Sl seal - Blocky Playgrou... @[

e

.

Seal - Blocky Playground |[BEZ

Export to XML Import From XML

read
Generate SEAL
Use RedLed. period 1000ms; Clis8 Radio
Use Blueled. period 2000ms;
Use Greenled. period 4000ms; m
period
baudrate

Try your app: Upload SEAL code

use [GESE:) | = period
V' Blueled JBNEIEER 2000 ms
7] GreenLed [HLice] 4000 ms ]




SEAL programmas piemers

* Ko dara St programma??

read Temperature, period 10s;
output Network;
when Temperature > 40C:
use RedlLed, on;
end
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Atgadinajums par KD1

* Nakamo reizi—12.11.2014. — kontroldarbs par
visu lidz sim skatito vielu

 Materialu izmantosana maksa 20% no gala
atzimes

* Saturs:
— Multiple-choice jautajumi
— |si, teksta atbildami jautajumi
— Radosais uzdevums: sensoru tikla piemeérs



10. eseja

Tema: TinyOS vai MansOS ?
e aprakstiet so BST OS atskiribas
e kurs no tiem Jums patik un kapéc ?

 kadiem lietojumiem kuru lietotu ?

Termins: 12.11.2014. 10:00



