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Abstract A wireless sensor network is a computer network which consists of spatially distributed
devices, called sensor nodes. In wireless sensor networks, energy efficiency is a key issue since sensor
nodes must resides upon limited energy. To retrieve sensor information without dealing with the
network issues, a sensor network is treated as conceptual database on which query can be requested.
‘When multiple queries are requested for processing in a wireless sensor network, energy consumption
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can be significantly reduced if common partial results among similar queries can be effectively shared.
In this paper, we propose an energy efficient multi-query processing technique based on the coverage
relationship between multiple queries. When a new query is requested, our proposed technique derives
an equivalent query from queries running at the moment, if it is derivable. Our technique first computes
the set of running queries that may derive a partial result of the new query and then test if this set
covers all the result of the new query attribute-wise and tuple-wise. If the result of the new query can
be derived from the results of executing queries, the new query derives its result at the base station

instead of being executed in the sensor network.
multiple query optimization, wireless sensor networks, SQL
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2 4 ok
dx = SELECT nodeid, timestamp, x FROM
sensors WHERE x=10 OR (0<x<10 AND
0<y)
=fi Ufa Ufs

431 8837 A9 24

[14,15] M= Elel8 Ry, Ry -~ , RE 749 vl
Elo]27}t gl o, o] Holelwo]22RE f=8 H
o]& Ej, Ep, -, En ol AFE FH2 EAsks 87
oA FolA A2 Epo] A5% HoBZEEH A 715
gtel i 2E2zAL oFL itk # EEE A4
VIE A 1 A Ee)gla A2tetx, Foid A9

2 Zag A9 daxn BYE (141519 /= 75 F
B 21L& B =79 EA 38T 4 Uk
E Ry, Ry -+, RE 7A€ delepol=rt 3]
od f59 EHolE Ey, E, -, E«& F92 REY
4 gtk A9 g9 Ey, B, -, Ev7F EF Ry, Ry, -,
Rl W3 =244 A4 2 Adga A 2 =
FAxe slolelslo)ze HolEo] shiteti 7PEstA
o8B Z t=10)3 R;=sensorsttil A, Eo=dx=(Adx, Cax)
9} E=(Ag, Ce)E sensorsoll tigh Z2A4 A4
oz 2 4 glt}h o] o), By, By, -, Exofl i 224
A AaA 29 A9 fy, f, -, fi7t & = fiUfzU--U
S WEF3e FE 232 U 2ok 9499 fi= Ea
X Eg M - X Exoll thg =24 A0 a4 Zdejeta
)AL

©

u

24 1. 55 =3 94
dx9) A By, By, -, E.o 279 AP XA
oo} @tk F, mAM A ¢ FFe ZEAL A
9] By, Ep, -, Eu8 Z¥e] FIFY FEQZLololo}
g} o|§ EEdoes FHIW o 2ok
Cix=>Cm V Ce2 V -V Cpa



4 44 vE

Z7 2. olEFHE X3 ¥4

Al o] F1} FEAN And EE oEIRE

& ¥ & gofol gk oy ojEgREY e C’R‘ “‘c}
fie] A} HEolM A 7 oEYREY e
Wi A {2 T AEHURES gl A%
AHH 204 Fastd JEHREY FE ¢
Asste dhgel itk xE TEAAEA 9 o
219} fiflA] x9] g Gob WEE “‘x=4F" EE “‘axx
<a’ el 279 Cen A - A Cms 2 3 #8d
& EAstook gl

o L& 12 rE o
o o r\o

28 3. FF A2 /s4
delel En X Ep )+ M Eo®) Aol deoll &8k
FELE HEHE 4 flojoh Tk F Ey W Ep X -
X Eio ol doo] Aol &l g FEEo)
z3Eo] g F Ul HEd o] FEE FAA CauZ
NI FESS A9 & gojob @tk 2919 43

W REo] Cud UHde=A By
Beidhe o g 2E JEHNFEy
SalCo)oll D8t 1 ke a1 I 294 23t
R(Cu, )& “&&3}@10? 1"31"

Ea X -
Crisolth el f—4 ’%]4 Z274& By XK -
o FAGM TS @ &
9t Fbs3leE ke o -’1: T AEZRE yo disld
7t ¥EEE 288 R(Car A -+ A Ces, volth o
2A deojel (7 a0 ARl £33 YsiMe alCed
F 2R ¢ T e EE oEIHE yo d&kd
R(Cen AN -+ A Cais, v) W R(Cax, v)°] A} Folo]
of Bt & o, el do B Ey, By, 1) B ¢
o] FoZtta 7}AsHAL

A dy : SELECT nodeid, timestamp FROM sensors
WHERE 0<x<20 AND y<50
Ei : SELECT nodeid, timestamp, v FROM sensors
WHERE x<10
Ezt SELECT nodeid, timestamp FROM sensors
WHERE 0<x
fit SELECT * FROM E:; X E: WHERE y<50
Ei X E:Z5H dof sigse FES dedr] o
M AEBRE x9 ve g Doler AT £
o A} FEJAe yo e & & e whE xd
e ¢ & gtk 28y B M Ep& “SELECT
nodeid, timestamp, v FROM sensors WHERE
0<x<10” &} FAolng fi9 ZHibes £ 0<x<10
& WEED R(Cay, 2)=(0<x<20) 9A] 9&H) o)

Hao A ohg Ao HHH VW o4 F A B&HQ

del Ay 7Y 15

B B X B9 Aol qo Ao Fatt FE
TS Boly 4 gl

Z 4. F&48 Ax Z9(Lossless self-join)
Z219] Axpr} 7 FES HEA g7 H3Ae 29
HAl &= 5E oEIREY Fol 24 HE AEHR
Z&olol Ft}. e TE Q) ] oEY
EZ ZzAM fckal 7MY ER o] 2L o
At BEHN o] o gisiMe Y2 AFSA ¥

s

i
m&

¢

&

27 5. 24
23 2-48 WESE 9] 2HE Ao doe Ry
golm, old f, f, ~ , (8 BT FUF A% fiU

BUURS ZoE do] 238 gstojol ok 21
2~48 VEIE ), f2, 0, Lol HEtA £ 4H9A 2
A" CEt #E o CGA Cer A - A Cee® CoBt

a8k ogel A& WEstejor gt
Cax =>Ca V L V VvV Cx
27 5% WEIE 27 1= BEREE 27 18 2
7 59 3 c}% SRR ,gu}
B oae Aeshd ogn @k 499 7 A (48

P

2 (5)9} 2ol T‘ﬂﬁﬁb— S}ﬁ As} Cse A B)F 2
o] AE 4 Uk

f; = SELECT A4« FROM Ey X Ep X

M B WHERE ¢

SELECT Agx FROM (SELECT U Ag;

FROM sensors WHERE ACg;) WHERE (4)
G
= SELECT Au FROM sensors WHERE
CiNCeu N " ACris
Ci = Aveaicao R{Cax, ¥) 5)

As = AV AppU-UAgs
Cs = G A CgaN CreN " ACess

A W~@ 2ol AU 1, -, it 4 (NG V&
7 Aeire 232, 24 3, 2 58 DEfolo} gk

(8)

de = fiUR U Uty (7

Vi, Vy € Ag, v € As or R(Cg, y) =4 (1)
= (y="34)

Vi Vy € alCa) - A, Cs = R(Ca, v) 24 (2)

Cax ® Cn V Cp vV = V Cx 24 3)

432 WEd Ao
ol HeX=

b R e
2alg 49 dot FolRE W 24 2



16 ARSI =FA)

¢} 274 38 nEIE RE (2 2 IS AAg
FH Ao did Z2=AH A 2 29 firl 24
29} 27 3& HEFT= AL 9 AH) 4.9 29
SE2AGe)ge Eolth

27 29 =7 3¢ 9= e E Fogd F8
Aolel BE 2 AAME ol 317 ol HAE ok &
= 9 & Zole Aol A&Ho|th. E3E A dJ}
7] JEIRHEE AYsd Z2AAHE oEFHEV}
3 7} ojalelm Fr}e] SEFRE i 2FPL
e d9Ys nestE 299 7t 2AsE AR
99 5 AT + AUt

A 1
A (NE WF3= f1, -, (kE F7] Y3lXe =4 29
BE £2 % 7] o)3le] TR A=

Z3sh= fivhke we3hd "ot

<A$ 1> EARE b A2E Aoe] TeANsE
)]

f7b =7 29 23 3& PEAF)) Y8 E x9 FE
Qofo} stk Bhte] AooM x9 e & F U= A
S o] Al xE E2AQAA Ad9H 214
“x=245" FEl9 FAo] EAY oIt EAAME x
9 FE ¥ F g 2YE F N o 2Us9 x4
THE & F e AT 499 A ool g 2
He F A9 29 g% g7F 42 “x>=c"gE 247
“x<=¢" ge ZA& AL Ye Aol 3
313l F Aol AT Paslzz A 7] ol Aoy
Z1& 3HFA golx "k

<AE 2> JEIHBRF x7t AR Ao xhAqu
Ae AEHFER AF

fiz dAY 24 28 WSk {7} 24 3§ WEAT)
7] e x4 e LAY 7 R(Coew, X) Z
DEA| AL Bt OERHE x9 #E & F Y= &
E ' 99 A9 5YsEE x9 gL B2 A
of tajMwt nels] B 4 91tk R(Conew, X) 2L x
o] Astzk usl eyt 12 RAY 4 ok x9 ;e &
F Qe Ay dEog 24 3¢ UEFE A9E 2
AAAA xol BT @ H kel [, vl =
t %ot 8522 RCopew, X)& THEY = gl&
AYEL 29 R(Conew, x) 2 BEsl= 2YE A7)
AMe F A qidt g7t A2 “x>=a" FHe A
T} “x<=b" Fele} A& /INZ Y a% br} [, ul
o XF=HE Ffolth xo e AFsHA xo A
T e Lolol FEH olE YIHME Hy &

ol p

Ir

o

1

dolelrie)= Al 36 A A 1 Z(20092)

7ol Aot Fasirt. (FH ¥)

A9 dot FE 7R &7l 9siMe 221 2%
A 3¢ vEshe EE FoY =S Fe F )&
A& 24 58 ¢EseA H2E E Hed 24
2¢} 27 3L UEde BE A9 2FE V] 93
e Qs Aok gtk gustd Qs A9 4 Qe
F 92 AdA AEZBF x9 #& & F Ue F
9 F 19 AoE U x| #%he & F UE B
S FA¥o x9 & ¢ F de EE ] J¥FH
Z7] W&eolch

A2 A7t 24" o rit} B oERE
Etd Q.8 A7) Brbe A2e FoE AA HE
Az AH APAE W vk QF QUlolE 3o,
Ugd 23HE AYso] fE /5¢A #dg W &
28 F == g daE 2 o4 W dnYF
olt}, 1~3F e NEE AERE & F U= EE o
EHE xo ths] A 24E Qo F7HA7E HA ol
I 4~17FL A2 o9 43 A UE FE =
Q3le] EZRHE x9 & ¥ F U Afd 294€
Feolg Qo F/MIE HAolth

&418)Z Query Execution Preprocessing (Quew)
/x AZE A7 A9E it 3&F +/

/% Qest QxE HTOE +/

1 Add gnew to Qe

2 For each attribute x € Agnew

3 Add gnew to Qx

4 For each attribute x € a(Cgnew)~Agnew

5 If R(Cgnew, X) is (x=constant)

6 Add grew to Qx

7 ELSE

8 IF Ri(Canew, X) is (x<=c)

9 Find all g €Qg s.t. Ru(Cq, x) is (x>=¢)
10 Add gXMgnew to Qx

11 END IF

12 IF Ru(Canew, X) is (x>= ¢)

13 Find all ¢ € Qg s.t. RL(Cq, X) is (x<=¢)
14 Add qXgnew to Qx

15 END IF

16 END IF

17 END FOR

ST E 2 Q QUICIE ¢nYF

EIRE x7t MEE Foje Z2AH A2Ed g
E olEIRER A% 24 2~3¢ VFIE EE fiE
St FYSAT SEYHE x7t Y2 Ao 214
A7t g olEREY Afde QBT o} x9
FE & e QAT 24 2~38 VEFIE (E EF
gotop gt F, x9] @& @ F= WAL 4 ©)IA



FA AR MEAZAAM tF 49 HH3 7PHE o8 ouvA B&

Aod Csoll sty R(Cs, x)= R(Ca, x)E WF3=
EE §iZ Zolof o}

R(Cs, x)NA} xo] &S F&aH 313H3kS ug, kst
3t R(Cax, x)01A xo] &3 4330 SEe uast
Lol 319 1, us, lax, S lx<lhi<un<uns
glok gtk d A9 F x9 #¢g %} I JAT x
3 3k 24 17t lx<ls<usx) EE "o A
< Lx#kal 3o, $E2 A9 F x9 e ¢ v 1A
g xdl B FEF 2wt lx<us<uad B2E A
o9 FFE UxHn A F I FgE 2Aslke
EE B4E 209 oEFRE x9 e & F= 3,11]
W 231 38 dEEe BE 6 2E $ Sl 9
Y Lo} Uxol TF2E Fahe Aoyl dod o] ;g
e @xoE 7 3& VEIHDE E Fo9 %<
A71A =t

433 8 271 AA

& HerMe 1 29t 4o B RERIAFY 1,

| KE BT ZAh A (1) desfiU U BHSSRER
@7} SlEiME =7 55 HARBIor gtk 24 5% Ca
= CuV - VvV Cgol Ay Folojol ke Aol
C&x® Canew = Cax = R(Canew, x)T TEF= 499
2703 Ci' Ci = R(Conew, X)& UFIIER )5
A Canew = Cax = CaV-VCax = R(Canew, X)
o] Btk o] RAeA AZTHA &L 2UL Couew =
CaV-VCrolth ¥ AL Chpew = Ca V- VCxo] AA
W FAA Habste wiel dish Adsith el o
o ARERL Aoje] A =AML ZHYEY =EFo
o YEHEE Ul oERE x9 A4 co dig #
AXelt). Caw AMEAF Ao AR 214 =g|Fo}
BE Cyew = Cfl V - V Cis DNF YHIZ Z3E
. DNF =849 #54S Arsle #A4e NP-
complete] ] WFo ojF Astr] A FElay

Q| Eol Wasit} B =R o] BAld dF F
SEa %ﬂﬂ Z<l oA A E(Hypercube covering)
Q] &16]8 AHEIITL

ojm Zele] A¥d AR A7 SEIYHEES

02 3= AR FelA AATHEAR Jehd
F 4ot AATEA e BE AERE g G}
3o R HoEe O]E]r “Canew = Cu V- VCqx 0}
QA Folge Zﬂ% o] FNA Conew® 9
Qg Co, -, Cast 7%‘31@ T Qv 2ok B =8
AxE olg W] A [16]01]/\'] Aerst FajiH
E1HFE A3 AR o] WHLE Cpend ¥Y
X FE dde} glg WA Cwt AAdE 49Ee
22 ArAlE] ek wpA ] g o Ho) glow F
AR =722 AAL Foloh

A A A 719 17

shals oL—,g]_z__o_
A, 0<x<10)(0<y<10)(0<z<10)
o (3<=x)(x<=5)(5<=z)-& AtAlgrtiL & 2}
1

< B2 (3<=x) < ‘ﬂ—i—ﬁ}ﬂ ¥e A9n
v

£
i
jn
2
oft
12

2] e} o] we Al 03@4—3— EERE
= o (=33

4 BiABAABE A 3 5P 17H (4R
£ il gigte BiAABnE BEEAT Be TEst
A g Yol RUEUAM HAHT ETH 999 A
S vholth. gaelE 3& old dig gaelFelrh

218 Delete(Left, C)
/% A Leftl A 949 C7} AAdhe HEE A9 G 9
9] FAgHg kg «/
/% S CE “(MEIRE) RFE (39)” FEHI JdHEEY
= Folth «/
IF (C == NULL)
RETURN ¢
IF (Left A C is FALSE)
RETURN { Left }
Let C be (B A C') where B is a literal

Oy O b W N

RETURN { (Left A not B) } U Delete(Left A B, C)
qdugE 3 20 99 A dadE

ol 22 Bi.Bd WEFAT BE wEA &
S gFE 4y A F/4EI BBE @

= oo tigte ¢aeES AAYes FEIT
F0EE 45 Fold FAodA FolF AL A
£ daPEE o85S “Copew = Cn V =+ V C7}
AAY FA1A Aakshe daeFelth

12

€112]2 Hyper Cube Covering (Cgnew, ConditionSet)
/% Canew”} set of condition ConditionSetoll €3} #Hul X
A AAk/
/% Capew = Veeconditionsee C 9 validity A} »/
/% ool Awprt He A% 498 Az 249 A
uhgk %/
AWy} ot S A9 @ ukg «/
UncoveredSpace = { Canew }
ReturnValue = @
FOR each C € ConditionSet {
Us =9
FOR each SpaceLeft € UncoveredSpace
US = US U Delete(SpaceLeft, C)
END FOR
ReturnValue = ReturnValue U { C }

~
*

00 ~3 O O sk W DN




18 ARAFI=ER: dolehulolx A 3B A A 1 T(0092)

9 IFUSis @

10 RETURN ReturnValue
11 UncoveredSpace = US
12 END FOR

13 RETURN NULL

2&318]Z 4 HyperCubeCovering 21E &

A1E 45 oWl AP WA dYsi=rfd oe
A golgleE 999 AE7 eFAA Bt delde 9
Ao AFE 75T § Zoi7] e e I
Bito] 7 e Z1ES WA Aesiedor drh 2
Ae gede £uE 99L& F¥stmz HHPY ¢
7t Ao 22AARHE AAAUrte Aol fIsth g,
ge 990 2 u dAY < FEEe Feele
o]l FEEE AA & ¢ d d& B0 (0<x<10) =
(0<x<20)(y<10) VvV (x<5)(0<y) &} & o} Urfsr
g ® (0<x<20)(y<10)& (y<10)3} =brtAe)l=z (0<
x<20) 28 A 3 F x<EH0<y) BT <100&
HA A

434 H9 WY FuF

429} 43944 239 N=2E AoE Easln 23
H A9E sensorsoll W3 FAer} opd FH Hejo) o
& Aoz WPshe Wyl tistd =gt o] "
ANe ol W3 SuIYEE AN gneE 55 A
22 AE B A diF FY=E Hg WHI}=

i Feltk

13  ELSE dy = Uqeacx SELECT nodeid, timestamp
FROM q WHERE R(Cguew, X))
Ugemsuin (SELECT nodeid, timestamp
FROM q)

14 END FOR

15 RETURN gnew = X dx

&318)& QueryTransform (Qnew)

/% Quew’t FE FREREH {5 JFesity HWEdd 2w
# #% E7155HE null B8/

/*QCre Qe%F AT F7)9 WHEREA 2AM: 3% Fu
Ae) A% +/

/x 499 AEARE xd 5t Qo= QoA AF F7]
9% WHERER ZAALE 5338 F1R A9 J¥/

1 FOR each attribute X € Agpew

2 Test validity of Cgnew = Vgeacx Cq

3 IF test fails, RETURN

4 ELSE dyx = Ugeges SELECT nodeid, timestamp,

x FROM q WHERE R{cgnew, X)

5 END FOR

6 FOR each attribute X € @(Canew)~Aqnew

7 Compute Lx = {a € QCg-QC: | RuCq x) =
RL(anew, X) }

8 Compute Ux = {q €QCe-QCx | Ru(Cq, x) = Ru
(Copew, X) }

9 Compute Bx = LiNUx
10 Compute Jx = { qa X av | gqa € Lx - Bx and q» €

Ux - Bx }
11 Test validity of Caew = Vaeacx Cq Vaerx Cq Vaeix
Ca

12 IF test fails RETURN

gxeFE 5 Ao Wy ¢

ol

A2e Ao Rea 29 Bt AR dodA
zZeAd e JEIREY o EajE dost 44
A z2AAd zole AEHREC o3 Rid ZoE
w=rl 238E 594 1~4HA 2 AR] A
Hijlg AoE Wsty 5~120A L TR A

o &e rr

l"

28 Aele VPSS 479 B¢ 2 29 24 3
g wESE RE 18 2o F 24 5t vEEEN A
A B

Y7E]E 20 wEw A2 Aot fE Ehse®
Hysio] AYd v vty M2 AYF ojgdtd &
2 9l RE olEHRE xof WalA Qo A AE
71210, mE QC,E 1~4dA 29 Afed =3
29} 24 3e wEshe RE A9 FYPolth

5~12¥5 29 ASdE 27 2= JAY 9EHY,
QC,St YEo) x@e REAW 27 3¢ e 1F
T Zolol drh. oEFHRE xol tiate AAH u
Rk 12 e ARe Aod tiEd 1 S B2
A 274 38 DHEIE 2 BT 37 JdAE x9
st [Lu] Aol L A3l s R e B
Aolel YL A7 7 T Zze) AFAA L9
Aoz 2Q3e 2FL 25 2ow "ok d3FF 5
oA Lo} Ut 22 xol sk 33 Adshe 2
ool Fgoly L8 Bee Lot Ukdl A9g =Qlste
2E Ao HPolrh

27 55 77t B Ao 2dA &3 1144
Zo]A H2ESE 2AY FYsith o] 2o] UEH
A e AL g2 Aode FH AIHH fkE E
7V,

4.4 X Ln21F

Az ABEQ del AN MzE dele 2
o 718 $ e FE A2E Fehis WEdF A
2$ Aog Fr Add U oz WPse
isld AHEgT. duE 6& Aze AYE 83
uioro o Aolel AL HAMFE AA LT
olt}, @mE gollE AT WHse dnExE xF
el slch [Blele = A9 AYE A7 AYA7lE 7B
o0 & Qo 33 AE AYANIE ALY HEE
wlwgted Aeolg Hshs 7iHol Al qivh & =
BoNE Az axd s FH AogRe {3



74 A4 MEAZAN BF A AH3 AWE o8 T ofuA BEAA A He) /Y 19

£ Aol Thsstn B9E 49, Nz 238 498
el

AYA7)7] Aol [5l9 &

2e olgsted Aze 4

oo ANFY A9 F SUS T AAA 2AD.
FAE Aol o AAHolgW A Aol AYA|n
FA7 Aolse AN UESZN Adex gn ¥
A AozRE FEIT

1

& 118)2 Multiple Query Optimization (Qnew)
/x A2 Aoyt a3E wwich H3PE +/
/= Qe Qt EAGCT 7H w/

GenerateCandidateQuery (Gnew)

2 q = QueryTransform (Quew)
3 IF q is NOT NULL
4 Add q to Qp
5 ELSE IF QueryMergeBenefit(gpew) > 0
6 q = MergeQuery(Qnew)
7 QueryExecutuionPreprocessing (q)
8 Execute q
9 ELSE
10  QueryExecutuionPreprocessing{q)
11 Execute q
12 END IF
¢uHE 6 v Ao HAE dnYHE

194 ZoA A2 dojd 79T 4 3le 71& 3

ovhs A 2R FoA AR At = 7t

ug ¥ #

SHow wyd Aol YAV 340 EL A2
A9} 5 F5 Beoln 511 B AL
A7t RE AF5EA @e Aol At f=

317 gl ddE ASole 5HA EdA [5]9

A ZE Mgl Feg P o) o KeH
AAE BRBT A FHHE o) o HEHA A

2l MergeQueryOE 53 2% U 29 F dnew
o} Wgslrlz 249 29 qF Q9 QxolA ALAI
3, qrew® @ F Qooll F7HAZ) F HEE A F A

Jeitt 7~-1184A 22 AHy APYES AR & A2
7“42 A HESIGA HAPA7e Kotk

5. A8
2 AoaE Aotd rHe duA EeAS B4
t} ol $)3 B =2 Atd 7Y JavaE AME

sto] FREQen, [17]2 HA AA ARES A3}
et (17101 WE8 gl 20043 2¢ 2895 4
9 59714 TinyDB$ Mica2Dot 5470E Ag3te] 4
A% dojelzt A= sith o] Hojetdle Al PR
b eRE O, AT e, S5 Y 8% S gt
F3hdo} glon £F £ o 2309t

st e g3 AdA A vEHAZY o A
AoEo] 8FHNS W, [17IE AHEst Hos A
stgt. aela Ao AHst A AXNA &L As
(naive), [51¢] A2 #H3 7IE¢ AL 7H(merge),
Aotd 71Pe Ea8 s AZL AR A$-loun), &

zto] disl AM NEHZNA slo]s XEojhoz H
gHt FEE9 58 2P0l B w=RelA A% 7]
el ag4e AT }9314

Aol AHgE [49) AF 11e KE 7F5d 2Tl
U}% 7(:’]

ol %ol Ard JHE B 4 5 4
= o]5g ;s 8 AH| AodSelth A¢dE 7]
Wo| wzw, Q17 Q5E WEHe diy=m, Q6% Q7
Q8S QI~Q5ERE ZdxEs fudidck 1gx
Q3, U= w=Eoz APHArh Naived] ZAgd= 87H4

ir &
Ir

o]

Ql:
Q2:
Q3
Q4:
Q5
Q6:
Qr:
QB

(A9 3% 1]
QL
Q2:
Q3
Q4:
Q5
Q6:
QT
Q8

SELECT nodeid, timestamp, temp PERIOD 32

SELECT nodeid, timestamp, light, temp WHERE 5<=nodeid<=20 AND 200<=light<=800 PERIOD 8
SELECT nodeid, timestamp, light WHERE 5<=nodeid<=15 AND 250<=light<=700 AND 20<temp<30 PERIOD 8
SELECT nodeid, timestamp, light, temp WHERE 0<=nodeid<15 AND 150<=light<=950 PERIOD 16

SELECT nodeid, timestamp, light, temp PERIOD 64

SELECT nodeid, timestamp, temp WHERE 20<temp<35 PERIOD 32
SELECT nodeid, timestamp, temp WHERE 0<=nodeid<10 AND temp<27 PERIOD 64
SELECT nodeid, timestamp, light, temp WHERE 7<nodeid<14 AND 400<light<850 AND 20<temp<30 PERIOD 16

(4e 1% 2
SELECT nodeid, timestamp, light, temp WHERE 0<=nodeid<=30 AND 50<=light<=800 AND 22<=temp<=29 PERIOD 4
SELECT nodeid, timestamp, light, temp WHERE 150<=light<=500 AND 23<=temp<=32 PERIOD 32

SELECT nodeid, timestamp, light, temp WHERE 10<=nodeid<=20 AND 100<=light<=750 AND 20<=temp<=28 PERIOD 4
SELECT nodeid, timestamp, light, temp WHERE 90<=light<=600 AND 22<=temp<=30 PERIOD 32

SELECT nodeid, timestamp WHERE 0<nodeid<10, 150<=light<=700 AND 23<=temp<=28 PERIOD 8

SELECT nodeid, timestamp, light WHERE 0<=nodeid<7 PERIOD 16

SELECT nodeid, timestamp, temp WHERE 2<=nodeid<10 AND temp<29 PERIOD 32

SELECT nodeid, timestamp, light WHERE 0<=light<=900 AND 27<=temp<32 PERIOD 16

a9 6 Afel AHE 2 HH
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® Naive

® Merge

I Hour

CERTE

Felgg2

29 7 39 A9 s

o7t 2% A vEHINA d¥dt

[Z9 3% 21+ Z&7h wge 787 g8 A% A
dd 7MY Be4e FAFI] AN 4R Wl
o At 7PEo W29, Q1 Q3, Q2% 4, Q6%
Q72 Wiadel 485" Q5¢ Q1T Q322RY f%
A}y 223 Q8L WRoE HWArL Naived] 9ol
= 89 Aoyt 2% AA vMEY A dgdrh

a9 72 (2 A 1% (9] »F 219 dedss
HIANFE o dols 2Ejojie s AEHE {E 4
& F48E Aol 4 [F 37 11e A3
ke o9 74 898 ¢ e dhe o), AAE
F=Ad & e FAA7F L BFS B =8N A
& Zge] A9 HFHIE FYsiA) gL AET He
9 ®&E VeI ALE VIHE AHRE BT F
& Ao} HAHHRE AXA B2 SR 483% F
QS T, Ao B AT HEE BFRT 289%
24 Y%
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