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KA SENSORU TIKLU
PROGRAMMESANU
PADARIT VIENKARSAKU



Sensoru tiklu galvenais uzdevums:

Savakt informaciju!



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 programmeésana

* Lauj programmeét visu tiklu kopuma

 Kompilators globalo programmu nokompilée
individualiem mezgliem



Makro programmeésanas prieksrocibas
un trukumi

+ Lauj domat par visu tiklu kopuma

- Sada paradigmas maina nav vienkarsa

- Sarezgita kompilatoru buve



Makro programmeésanas piemeérs: Pleaides

* Specifiska valoda, kas kompiléjas uz n 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@nodelter!=NULL;
neighborIter@nodeIter=get next(neighbors@nodeIter)){
if (!member (neighborIter@nodeIter,nExamined))
add_node(neighborIter@nodeIter,nToExamine);
}
if (isfree@nodeIter) {
if (!reserved){

reserved=TRUE; reservedNode=nodelter;
isfree@nodeIter=FALSE;

break;

}

}
remove node(nodeIter,nToExamine);
add_node(nodeIter,nExamined);

}
}
}

Ko dara si
programma?
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1: #include "pleiades.h"

2: boolean nodelocal isfree=TRUE;
3: nodeset nodelocal neighbors;
4: node nodelocal neighborIter;

: void reserve(pos dst) {

: boolean reserved=FALSE;

: node nodelter,reservedNode=NULL;
8: node n=closest node(dst);
9: nodeset loose nToExamine=add node(n, empty nodeset());
10: nodeset loose nExamined=empty nodeset();

11: if(isfreefn) {

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;
nodelter = get next(nToExamine)){

18: neighbors@nodeIter=get neighbors(nodelter);

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

20: if (!member (neighborIter@nodeIter,nExamined))
21: add_node(neighborIter@nodeIter,nToExamine);
22: 1}

23: if(isfree@nodelter)

24: if (!reserved){

25: reserved=TRUE; reservedNode=nodelter;

26: isfree@nodeIter=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

e Kasir agents?



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 reagét uz izmainam tikla



Agentu trukumi

e Sarezgiti modelét tikla komponentes un to
sadarbibu

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



Query-based
WSN

programming



Vaicajumu bazetas pieejas

* Tikla iesuta vaicajumu, atpakal nak atbilde

* Parasti centralizéti risinajumi: bazes stacija
vaica, tikls atbild

* Vispopularaka pieeja — vienkarsa realizacija

TinyDB, SwissQM, ...



Tipiska vaicajumu pieejas arhitektura

Bazes stacija —izsuta
vaicajumus un sanem
® o 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
e 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

e 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

* 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 temperatdru ik sekundi, 10
sekunzu garuma



TinyDB Agregacija

* Datu agregaciju veic péec 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

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

* Piedava vienkarsu saskarni,
efektivu agregaciju

Trakumi:

e Paplasinamiba

* |ebuveéta vaicajumu valoda ierobezo
— nevar veidot patvaligas programmas



SWiSSQMvirtuélé masina

e ETH Zurich, 2007.g

* |zteiksmigaka par TinyDB
 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” [QE %
— vaicajumu parveidos$ana i queries¢ %
mezglu programmas X ;B
— vaicajumu merging gatew;iyre_“nk
— multi-query optimization ( oot
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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

Genereé 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 videjo temperaturas véertibu nodem, kam ir
lldz1gi 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

e Vienkarsak programmeéjams ka Mate VM
* Plasakas iespéjas par TinyDB

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

— Multi-user, multi-programming

* Adaptéjama / pielagojama sistéma



MansOS
un
SEAL



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.edi.lv

e Ata Elsta slaidi par MansOS un SEAL
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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: 27.11.2013. 10:00



