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Kas ir galvenais sensoru tiklu uzdevums?



Kas ir galvenais sensoru tiklu uzdevums?

Savakt informacijul!



Informacijas savaksana ietver

Jélo datu interpretaciju
nformacijas apstrade, agregacija

Rezultatu nogadasana lidz apstrades vietai



Kapéc nesutit visu uz bazes staciju?




Kapec nesutit visu uz bazes staciju?

 Komunikacija tére energiju
e Radio kapacitate ierobezota



Galvenas pieejas

e Vaicajumu (query) bazéetas pieejas
* Agentu bazétas pieejas
 Makro programmeésana



Makro programmeésana

* Lauj programmet visu tiklu kopuma

 Kompilators globalo programmu nokompilée
individualiem mezgliem



Makro programmeésanas prieksrocibas
un trakumi

+ Lauj domat par visu tiklu kopuma
- Sada paradigmas maina nav vienkarsa
- Sarezgita kompilatoru buve



Makro programmeésanas piemers: Pleaides

* Specifiska valoda, kas kompiléjas uz n TinyOS
programmam



1: #include "pleiades.h"

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

5: void reserve(pos dst) {
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15:

16:
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34:}

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(isfreeén) {

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

return;

}

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

5: void reserve(pos dst) {

6: boolean reserved=FALSE;

7: 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(isfreeén) {

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

14: return;

15: }

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

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

18: neighbors@nodelter=get_neighbors(nodelter);

19:  for(neighborIter@nodeIter=get_ first(neighbors@nodelter);
neighborIter@nodelter !=NULL;
neighborIter@nodelter=get_next(neighbors@nodeIter)){

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

23:  if(isfree@nodelter){

24: if(!reserved){

25: reserved=TRUE; reservedNode=nodelter;

26: isfreefnodelter=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 bazéetas programmas

e Kasir agents?



Agentu bazéetas 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 loti eksotisks



Agentu prieksrocibas

| oti plasas iespéjas

Mazs datu parraides apjoms (?)

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



Agentu trukumi

* Sarezgiti modelét tikla komponentes un to
sadarbibu

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



Vaicajumu bazéetas pieejas

* Tikla iesuta vaicajumu, atpakal nak atbilde

* Parasti centralizéti risinajumi: bazes stacija
vaica, tikls atbild

e Vispopularaka pieeja — vienkarsa realizacija



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

e Vaicajums parasti vai nu konkrétam mezglam,
vai visam tiklam

e (Sarezgiti apstradat telpas un laika atribttus)



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

* Vaicajumus izsuta un atbildes savac bazes stacija

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 materializacijas punkti

* Laiveidotu apaksvaicajumus, kartosanu, join
operacijas un buferésanu, izmanto datu
uzkrasanu atseviskos mezglos, sauktos par
materializacijas punktiem

CREATE
STORAGE POINT recentlight SIZE 8
AS (SELECT nodeid, light FROM sensors
SAMPLE PERIOD 10s)



TinyDB JOIN piemers

SELECT COUNT(*)
FROM sensors AS s, recentLight AS rl

WHERE rl.nodeid = s.nodeid

AND s.light < rl.light
SAMPLE PERIOD 10s



TinyDB Agregacija

* Datu agregaciju veic péc iespé€jas tuvu datu
avotam, notiek automatiski

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



Agregacijas funkcijas

* |r dazas gatavas: AVG, MIN, MAX
* Agregatfunkcijas izmanto datu stavok]us s
e Var definét savas. Janodrosina 3 funkcijas:

— Apvieno3ana m(s;, s;)
— Evaluators e(s;)



Agregatfunkcijas piemers: AVG

S; = <sum,, count;>

S = i(x) = <x, 1>

m(<sum,, count;>, <sum,, count>)
= <sum;+sum;, counti+countj>

e(<sum,, count.>) = sum, / count,



Agregatfunkcijas ar laika logu

SELECT WINAVG(volume, 30s, 5s)
FROM sensors
SAMPLE PERIOD 1s

* Tasir sintakses cukurs, to pasu var panakt ar

CREATE
STORAGE POINT vol SIZE 30
AS (SELECT volume FROM sensors
SAMPLE PERIOD 15s)

SELECT AVG(volume) FROM vol
SAMPLE PERIOD 5s



TinyDB notikumu apstrade

* Datu savaksanu var iniciét ar lokalu, ieprieks
definetu, notikumu

ON EVENT bird-detect(loc):
SELECT AVG(light), AVG(temp), event.loc
FROM sensors AS s
WHERE dist(s.loc, event.loc) < 10m
SAMPLE PERIOD 2 s FOR 30 s



Current (mA)

Current (mA)

Notikumu izmantosanas energijas ietaupijums
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Notikums var ari apstadinat

SELECT AVG(light), AVG(temp),
FROM sensors AS s
SAMPLE PERIOD 2 s FOR 30 s
STOP ON EVENT(bird-away)



Var arl no otras puses

SELECT nodeid, temp
WHERE temp > thresh
OUTPUT ACTION SIGNAL hot(nodeid, temp)
SAMPLE PERIOD 10s

Pieméram, hot() notikuma apstrade nozime “ieslegt
ventilaciju”



Sample rate var aizstat ar lifetime

SELECT nodeid, accel
FROM sensors
LIFETIME 30 days

* Lasit tik biezi, lai baterijas pietiktu 30 dienam



TinyDB atbalstito vaicajumu tipi

Monitorings — mérit temperaturu kokos ik 5min
Tikla veselibas uzraudziba — parbaudit bateriju
limeni ik 1h

Statusa parbaude — iegut momentuznémumu par
aktualo gaismas daudzumu visa telpa

Aktuatoru vaicajumi — noteiktos apstak|os
ieslégt/izslégt apkuri, izzinot trauksmi

Pécapstrade — saglabat lielus datu apjomus lokali,
parsutit velak



TinyDB vaicajuma izplatisana

* Vaicajumi vairaku tipu:
— Visiem mezgliem
— Konkrétam mezglam i
— Mezgliem regiona <x1, v1, x2, y2>

e Katram vaicajumam tiek uzbuvets Semantic
Routing Tree (SRT)



SRT buve

* |deja — vaicajums janodod visiem mezgliem,
kas ar varbutibu p > 0 ievaks vajadzigos datus

e Katram vaicajumam ir konstants parametrs A,
péc kura atfiltré datu vacéjus. Pieméram,
location vai nodeld.



SRT buves soli

* Bazes stacija izsuta SRT pieprasijumu ar
atribltu A
* Mezgli, kas dzird:
— Jair iespéja, ka bus iesaistitie bernu mezgli,
parsuta SRT
— Visi bérni izrékina savu A vértibu

— Kad visi bérni atbildejusi, mezgls pieglaba savu
bérnu min un max A vertibas, izvélas savu vecaku,
nosuta tam



SRT buves piemers

e Pazimet uz tafeles!
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TinyDB duty cycle piemers
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TinyDB kopsavilkums

Dalita datu baze sensoru tikliem
Slanis virs TinyOS

Piedava vienkarsu saskarni
Realizé efektivu agregaciju

Der vairumam sensoru tiklu, bet ne visiem



3. Eseja

Kadu sensoru tiklu TinyDB nespétu realizét?

Termins: 30.11.2011. 05:00



