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Abstract

Data gathering in large-scale wireless sensor
network (WSN) is a major challenge for Internet of
Things (loT). Since sensor nodes usually are
developed by low-cost hardware, one major challenge
in the development of many sensor-network
applications is to provide high-security features with
limited resources. In this paper, we propose a path
generation framework with deadline considerations
for real-time query processing. The framework will
assign the time budget to the routing path, and then,
derive a feasible path with the assigned time budget.

Keywords: sensor networks, query optimization.

1. %3
LET mﬁWm@w’éﬁ%AAm\aa%
?Z@*%%%ﬁtf’“}\ HighEd IC TR

§€?§$£3ﬁ4’i’5 ﬁ% gmgma

SIS SRR g R T R TE
FAoL B

It o RFFER A EY pﬁﬁrkl% 4oid H
I R~ A e méﬁ*«‘fif‘izﬁ‘l o
- .-F‘Hiﬁfrm%—* cEFL SR 514'45(/%@

wgﬁ%ﬂ R R IT BARL G AT 12— ihd ~
FoEREY > B b BRAQENFEFL A
{i}\;{;”mo mEE S EEE o d N RLARS K
RAMST LG L] R EDET o RF T30k
Sia B AWE T EE- ko BHB A kS
@ﬁ&%ivkﬂéﬁﬁ°t”*’%¥£§wﬁﬁﬁ@
PR R R o weBl LA T s R A
SR fathif o R T SRR R ERAPE T
L3 EA- BTk FAxkAx s onp ¥ 4 ER

AR R’ kg BT
7 1L AR
T4k

o @ ipl KR
Wripreid i 5 It LAp g %Ek&é(lnternet of things)
PE~3 -2 ERFSFAFELATER
4 ER R - ll%i‘—ﬁmﬁm ) %;‘t“ BIR B APl
Tig- HanRH G T o0 FPt o - W R AT
AR R R o T ;Tﬁﬂ A F A mé\i\@pégj;
MU REL AP EF RE G FF R R
BEoRAPHLFLEF

- B & A i «3,1 ~ 3% % ¥t (Networked
Embedded System) ¥ % ¢ ¢ 7 - & &£ & e it > é
5“‘@3,/1511—-}@&*&(‘!1?’&,/”5\‘ k3R 'é\,/),%l)

H A (G5 RIL M| i HFar )~ Rpl ﬁvxk’*{ﬁ%
B $Rb SHEE > Eg LT F) L
KA (e BN ARPER) UZ FHEDe K
gﬁ@.?}lhq,i%‘\ PN B R E - ARGTE
oA TR A Ep - BABSME LG R E
B RGBT AR - ASF AR
Eﬁ@&%»%%ﬁwﬁg%ﬁ%ﬁ?ﬁ%@’ﬁ
- BEFTAETFIRE LEEAEFRE

L pE %\E/j%{— B~ A1 g p B it 8 ,?J,? A
- R o RipfRITRIRT 5 AP E «'1’%1&»5#"?(
R AP > viFERES - BRE - 2R
GRS R e

Ve -
X y T
\

o ER A MR E KT E

5
)

b

¥

—

Bl Lo i e » 50 s

dofe - Bt Rk BT RS R R
P gedtor 0N AE - B Rt R R R
e iR REE T A S TR T & (data
collection) ~ # = 4741 (direct digital control) ~ + ﬁ‘ij

#> (man-machine interaction) % = it Z 1‘\[1] 3 -
Rfpflehr i (de- o2 38— B E K w)ﬂ»%ﬁ

- RPN EIE R

AR LA E TR A
RN Y A el E R B o

oo Hiph &



TANET20130 00 000000-00000O

ER[2]§ FHATTRAGG B Y 6T RN
DRER L FRFFTAR (actuators);g 73 FI#L»%
Pele s 205 fﬁ‘pﬁ_, .?»“535’?'?7% i A N
PR ARENECS SR A W < 2 A ;UT; SEEE R

AR AT
AR R AP REPE S R DT B G R

FE R3] otk 5N Hsid YR E M s W
%}\ 7
Fhind RELB e s A VLY TR S K

A ‘F!"“"lf“ifno‘ ﬁgégﬂv]mf}%w s H g
R P ang fo 4 rﬂ“@#y*&,ﬁ“«‘d«¢»l§
FEEFTRGHE L FRE TS
AR DU R ERER L ST &

N EANET

o E g Y E o g;/ﬂ SRRl L N
(energy-efficient routing)=n— ;= [6][7][8] ¢+ - ﬁ*?;};
W FR§ g LV G snen'd Kdhe B E ey
Mg £ 0 T8 - ot £ & 8heha (FRFF[9] e &
EBRALY > FF S ARBER R F LS 2
(¥c:[10][12][22][13]) & Ea &k kT o A Y - 3
Booos 0 BARIEE G OEBET LT A ARRALS 2
SR h SR R el s S 'rﬁfériié o i F
20 K- Bk i F W & 2 (K-connected
topology control)n,; v ) BEFR
3 ARBER D K B dp i F s 41[14][45]
A 2«“;1;}{;};{4' %o fe d 3 f,au;g # a’:g ’%EI/— {.‘TSA,\E":’”J
&Wk? ﬁm(%uq < B2 AFRRD

R R lJ TLERLD ll%,i‘—’é« F"* g K- &4
(Jszr [45]) > FIpiput 2 g2 A2 % g % N AR
3 "!'\;},%:m@ ﬁ‘ﬁ}»)‘ FERY R o AP F BT
dofe @ DM kgl T RE- BRPFLY
By A2 K g ang st uf“b"\/‘/ﬁ‘l# e
Mo~ k2 g ko

- T RRRBRY 2 G F S RA DA AR
ﬂ%? 4o Adaptive Query Processing [35] » @ iT & { *,s

2 4 i’;\ B 7 4o TAG[39] % et e S 42 »

FenfE o A

CATRB Y 217 A 39 &JZ(Query Processing) o ng__"
#Wﬂ?%*ﬁ@wsmLWew%g%@ﬁg
oo ARm o PHERGHSRY 4G 0 wd 2R

%%aﬁ%ﬁ?ﬁgﬁﬁéﬁﬁﬂkﬂ&w%
i ’%Iri‘ﬂi}'tff—— BAF e EE gL L - fﬁi:&f E
1 FRAL[36][37] [38] - s+ #h A 2 E P DT

/)Eliﬁ?"“?k»li’”v\‘ﬁ BB s F ?7}"@%}
BB - TR AR o BER KRR A - 4L

TR F A B39 WeE £ 7 * IBAE kS o
i?%ﬂﬁﬁ%ﬁﬁfiﬁﬁiiiﬁ# oG AL RS
F N e it %z&:@ ) ngrﬁ l@1@[40] . ,ﬁ,{;
1 7 MAC % 2 [42] ~ GEIT (route)"? ~‘{ [43] ~ A&
e [41]% o v d *"I}L"j CE R L]
HERP FREER S F R IF“*Q@— AR
dripig- HET 2P ETEELALCLE -
,/‘:? {rJ_é,}»—} qu/‘)g,mj p;,%}'\)\ =\ /f R
F rP B Esn s 10T B - kAt ik ki

«D— Bt

g R TR
Foenid g 54k s i‘tp’*#' @ﬁi%] Fao¥ & TRdik AL
A TR REAEGE SRR 2 kR
pn‘ %ﬁ—%ﬁ’ﬁﬁ%}ﬁﬁl AR AR e 30

SAT o ¥ 2 iﬂ?ﬂ B S #ﬁ%»
;,a“ukﬁ*“’r’fﬂi f@ﬁ%lﬁgﬂot_ﬁiﬁjp;ta ,
FAAs LE zwrwf* SRRALE TR S A6 AT
g S A F 2l o Ao B TR Moy 1L 2

FRMFRT S ELTEY RIIT NSNS A
LAE AL
A AR E BFNT AR F

F P A PO ) R AT
E LA SERRE

E i S LA
AZF 0 B R s 2
FEARE -

25 S =

Y

2. WA T &

AETER L ;\ ,3‘4. B R TR

P TR o o N kA F K E R TR UK
B &@dar S0 Ay el gy o
AT RLE g T 4 7 BR® » 5155
“ﬂ\ﬁvﬁﬁﬁﬁé B3 TR o LR ITHEG DT RAe st B
i A ﬁlh%ﬁm?#i@_o

oo kR g
Fougkire B a4 e Y ¢ 8 Nk
R e MR LR BB o i iF

Eiwﬁ%$ﬁ%$‘mﬁw®ﬁ%iéﬁf%

cREFE P EE L RIEFIATRY BT

CArI R p i s FaEp B RBEER R

P~ DRERERERRE o R g ¢ o H AT

& T B e

N

ﬂ@wi+gm%3w9ﬂﬂ

EMG b TR B A B AR Y
Qihﬂﬁ&‘%%ﬁ@%%ﬁﬁoafaxﬁ
AR R ST e W R S L R PR - s Ao
ﬁ*?‘h R (he 0 BT S BB R 0 2 do
ﬁ'hiiﬁmp‘f—'*’%l*«@ﬁ ,f_,,_w;\. —'ﬁ,igm
TERAL o g b ol N ER R Vo A A
o AP EEEE s T HRAER Y A
iﬁf]%g"&’uﬁlipp Pf% LAARTF AL o 4
ﬂ&’w§m< SRy Py I N
TE 2 ¢£#w%+ﬂ*m}g@¢_m{
Jo o P PERE T RIEATE N2 B R S e
£5 4 *'\ﬁ',\% \ GE R F et Gl R TR R
LH G R Fptdoi 3 - B gl AR R S
i%i‘%ﬁu&dﬁfiﬁit
d 3RS P A B2 AE (TR #4-d sink ¥t sensor nodes
Fd A FAPEERS T IR sink Kt B

Eﬁm$%wﬁurw&°Tﬂﬂﬁﬁu%m’%
sink @2 » HF @ e W RRR RS L
P Fhe @ e ko AipiRaRET o ¥ d
sensor nodes p {7 & A @ F gL T KR P D] 0 F

v g 4 Fp Query plan & & & & 3% 74150 Query
Execution Plan & 7 4p e °



TANET20130 00 000000-00000O

data *
e = izt dsadine
. badinimize posar
conmmnplion
Power coneunmption fanciion
Tame funclicr

Execution Plan
B 2: Query plan ¥ query execution plan

A RESRET o TR ARTER LF
B pe ™ R BT nimrsmk? &B’#Tié
oo G SORRALE R g PR BT
3 P é’%ﬁ‘f’#l"«?f"*‘ﬂ“’«“'”ggﬁ"é
AR PIRE- B U DT A ILER o A o d
W @1)&\,;‘ & BLiT #‘{lﬁi"’ » T5 7

4
I-Li\.,rﬂz—v‘s“ Jr]'g;b"ﬂ'& %]}‘]m‘g 27 4
EFHR S APE s T gt N
Feendp U T w«@u*ﬁldﬁﬁ Armngg,

AT AP R BT R AR

' 42~ [RTQP]
Input: Given a sensor network SN = (V. E7) with a query
plan QP = (V. E?) and a given deadline .

QOutput: A query propagation plan EP = (V, E*7).

Goal: This problem is to find a sequence of evecution path
E P, which starts from ve and ends to vy, (EP.; transfers
data before FPo_ v ) such that ft(sink) < D and
i Z pleij)d(el )

i e EEP

is minimized.
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F* 4% = [Budget Reassignment] :
Input: Given DAG G = (V.E) and a budget B. Fach

edge €., € E represent there is a need to transfer ky, ., =
tr{em. ) bytes of data form v, to v, with distance d,, ,, =
dis(en n).
funetion Pmn = P(Rm.n: Om.n, dmn ).

Output: A DAG GB = (V. E").
represent the budget of G.

Edge e,,.,, associated with a power consumption
; \h
Fach edge b, € E

Goal: The critical path of GB is CP = (V' ,E") € GB.
This problem is to find a assignment of B such that " joud <
G B, and the power consumption Z PRmn bmn, dmn) is

CEG

minimal.

B 3z = [RSP] :

Input: Given a sensor network SN = (V, E), with a start
node s, a target node t, and a dead line D. Each edge e;; € E
has an associated positive integral cost ¢, ; and a positive

integral delay d; ;.

Output: Find a path s to t. The cost(respectively. delay)
of a path is defined as the summation of the costs(respectively,
delay) along all of its edges.

Goal: Find the minimum cost s-f path in SN such that
delay along this path does not exceed a given bound D.
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B 4 : Critical path

Algorithm 1 Propagation Plan Generation

Input: A sensor network SN = (V, E*), a query plan
Q = (V, E7), deadline D

Qutput: Find a set of sequence of execution path
EP={EP; }

: PROCEDURE: PropagationPlanGeneration(SN, Q)

: EP + MinimalCostPathFinding(SN, Q)

CP +Critical PathFinding_ PERT(SN, EP)

: if Finish time of CP violate dead line then
Budget Reassignment(Q)
PathGenerating(SN, Q)

end if

: Return path EP

oW -

oo -1 O W

Algorithm 2 Critical Path Finding

Input: A sensor network SN = (V. E"), a query plan

Q = (V,E?)
Output: Critical Path CP

1: PROCEDURE: CriticalPathFinding PERT (SN,
Q)

2: Initialize fin[v] + 0

3: for all vertexr v; € V
order do

4:  for each edge v — w,

5 set ‘J"iu[fr‘] = 1I1.'lx{fi'u[u‘:', .f'fu[i‘] o Hr:fr'[r:‘]]

G:  set DistanceMax[w] = max(Distance Max|w].

Distance Max[v] + distance|w][v])
7: end for
8: CP+FReport_PERT_Critical_Path()

. Consider vertices v in topological

Algorithm 3 Slack (_'t:lll[:lifillf.',’ {T{: decide the time |:1|:1{_;‘t_‘1
reassigninent sequence)

Input: A sensor network SN = (V. E”).

Q = (V. E?), deadline D
Output: Slack of each segment SP={SPF, ;}
1: PROCEDURE: SlackComputing(Q)

2: for all vertex v; € V do
3: slack, o, [j] — o0
1

a query plan

4: end for

5: slack,od. [\'1I‘t1l.‘l| f.t-‘nf'i «— 0

i: Slack NodeComputing(Sink)

7: PROCEDURE: SlackNodeComputing(node v)

8: if node v = virtual Leaf then

9: slack, .a. [!] — 0

10: else

11:  for each edge v — w,

12: slack pode .:r'] =

Slack EdgeComputing(v, w))

13: end if

14: return slack,,qa.[v]

15: PROCEDURE: SlackEdgeComputing(node v,
node w)

i return Distance Max|w]
distance [H'E[!']

min(SlackComputing(w) +

=]

Distance Max[v]
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