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A Stream Processing Time Reduction Scheme
by Process Reduction for IoT Environments
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Abstract: Recently, IoT (Internet of Things) environments, in which various things including sensors con-
nect to the Internet, have attracted great attention. To execute registered continuous queries for the data
continuously generated from these things, various stream processing technologies have been studied. One of
the main research issues for stream processing is how to reduce stream processing time, i.e., the elapsed time
from getting data to getting query results. In IoT environments, many high frequency data sources distribute
in Internet and further stream processing time reduction is required. Hence, we propose a stream processing
time reduction scheme for IoT environments in this paper. Our proposed scheme focuses on distributed data
sources with processing servers and extracts continuous queries to some conditional expressions. Processing
servers can process each conditional expression individually. Our evaluation results show that our proposed
scheme can reduce maximum communication hops and average communication traffic in IoT environments.
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Fig. 2 Sensor data server A’s sensor data.

THILETHINTE S,

R AT OFEMEEBIEELTRILCLE, bt
U T == S LTV E R T — 7 BB DO
H B4 ICEENTWAIEE, Utk v F— 5 —
NIIEHD Servs I2E&FNL. Koy F—sH+—nEt
T RIS L TB Y, BER SO B AH]
FIREET A RGO F— 7 2 V5.

3.3 EiEHEaE DAl

B2t RFE e TR CERT 272012, RERC YL
AT ERER L2 v Ty = NEHET L. REN
B A ATIZRE B TOIUE KR EHIL, Z20LED
TREE L Wi{E % T — IR L GRS 2. R A B
S0, B TF—sH—nN%E 28 (AL B) HEL, 2
Mo ELVHFTICERE L TRy Y v 745, Frtdkthich
ATy I F=FF =N A, BORET—5 DEI/NSWV
BRI 5. RE Y OFHIEEE X 1Hz, 7
AT OWFEHEIZ30Hz &35, —FleE LT, Lot
Y= =N ADPR 2 1RT L) BT YT
FEBETLIENEZOND.

CoMs, EEMAEIIN = 1T, Q DN St
FI =5l TENEN, C(1,1) [y T—FH—
NWADRET =y E], C1,2) [ F 7= —
INADHAFTIZRDMS TS|, C(1,3) [LrHT7—%
= NBOBRET-IBE], C1,4) [LrHT7—%
P—=INBOARXTIZEDPMS TS, C1,5) [
T=FH—INAL BOWRET =Y DEINS] L b,
C(1,1), C(1,2) DEMBOHFEI LRt ¥ T — 5 2 FED
LW TF=I Y —=NIEADKRTHH720 Servs(1,1) BELUL
Servs(1,2) (X {A}, 72, Servs(1,3) B LU Servs(1,4)
& {B}, Servs(1,5) ={A, B} &% %. C(1,5) DHIE%E A
TAT) e (MServ(1,5) = A), BOWET—% % All3%
BT 5. oy T—=FH— A%, C(1,5) OEGLEUEEE
LN T I =N B, BRI ORIZER S A e
L, BPEET—Y Z5HlTAZLICkyHT—F% Al
EET DA, ComFy_p(1,5) =0, ComFp_A(1,5) =1
L b,

4. BEFE
R (1) &0, TR OIS SMdN 72 ST ICE LR

© 2017 Information Processing Society of Japan

©

3 Hflin N7 T T OH
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Fig. 4 Timing for staring sensor data processing.
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Fig. 5 Topologies of trigger graphs for evaluation.

BT = —n\PHlL L o TIHRT — 7 244 L
T, BEBHEERMMBIC R IENZRIET S,
b, NEREMETIE, HEIZEIZS D HERORVERT
M S EF ICEBRE 21T, EBHERRBTHN
&, TR OISR OEMHIE R BT 5.

5.1 FHEIRE

SR (2], [3], [9) DFEEFRWCT MY AT T 7R T &
05, NUATTTOERTETIE R, REFEOT
0 —F Z3Hili§ %720, RFHMiCIEE 5 (2R7 2 MO HL
MR N)H T T7ETAWA., HhARa Y (Line Topology)
TIE, WA TEKIES ORI FEMEOEKLE L. £FHIET
Dt e #2403 CEHIiZAT9. = bR Y (Triangle
Topology) Tl&, LA CTHEERTFEIZE DT OESG
e s, HbRT Y ERBRICE DO e 2 2L S TEF
MiZ479 . KEDGEUEDE BT ==L, #osktt
BTN 1 EHSH L Lz ToT BRiE
DFEEO—FIE LT, 1 FTHRRE A0 E
B, MHEETIE, Ty — N2 1B
TIM Ay =TV 2Hn&tERlL 7= 4 =302
EETLH. KA EHEHEY T —nb, 1T
1005 (IM) Avt—=Y% NUHTTTOH/ — NIk
fFETAZLil%hb. BXRHEETE, Lo T—F4—
INIEERT R E B T — 7 = DR L 12D Ak
VT =8 B EEE Y ST = = NICEET
L. PUITRE T8, BBHEORKRIIL Ay v —
VCHEEZETELE L, EBHNE RGBT A —Fb 1
BTIM Ay t—UV %%k ET20DL L7, TProb(n,i)
(n=1,---,N, i=1,---,1,) &, FHIECTEILSELLE
&, 0.7 & L7

5.2 HlrKROY

OB EES LS E, FIbRu Yo KlEry 7
Brar¥a—4%v3Ial—ya 2 yatiliLz. &
ReB 6 IR Y. BT S EEOMTHY, 2L 2T
oA 2, REA3IOLEEE LA, IR KERE
Ky THTHY, BRUACETIE, BEBHUCERHGATS

903



1BERIEF =R Vol.58 No.4 898-907 (Apr. 2017)

w
o

-o-Independence(1 Edges)
-e-Sequential (1 Edges)
-&-Independence(2 Edges)
-&-Sequential (2 Edges)
-o-Independence(3 Edges)
-=-Sequential (3 Edges)
—+All Aggregation
—*-Serial Aggregation

N
a

N
S}

Maximum Com. Hops [nodes]

«

o

1 2 3 4‘1 ; é 7 8 9
The Number of Conditional Expressions
6 H bt KRu PO KiEfERy T¥

Fig. 6 Maximum communication hop for line topology.

=R 7747y MICHREPHMENE T TORK
DEfERy T E A, JLBIH, ‘Independence’ I & UF
‘Sequential’ 22 ET 5 MV LB L OBRH E L E R
9. ‘All Aggregation’ B & U ‘Serial Aggregation’ (% [L#L
FHOEENEB L OERENETH L. HETFEIE MY
HTT 7RV EWIZD, MOBEE#RTE L.

CORERLY, ML EDS, BRHEELE LD b RKE
BARy TEENELTEDLIEDGNA. UL, M)
LTI, RIS T — =8, ko
T= AT HEICEMHELTE Y, Moo &tE
B r—sH%—npo ) A arFons &3 IR
fr/ — FICHAERECTEL720THE. —J, BRHE
HTE, NI TENTON TS EBNET A0, Bih
B E e v T = =N EOMBENFEEL, Tk
WERY TEIREL b, £72, WO EMAORICIRAIL
TEMHIED 720 OE TR L TRKBE R v 7HHK
EL o Tn5h, WKRFETH H2EL X UIRREN
BT, H5WIEMERL T — 5% =D, Ko
SAFEB Y VT — & — NS S 0 B ) A
EERT A, ETFEOLHIC M)A T I 72 HNTED
¥, MR TITRTOEDERAERL Y7 — s —/ Ll
B35 (K24hv7) -0, RRKBESy 7HITRLAES
{TroTW5b,

Mg TIE, TR OHAE L THIVIEDOEA
W2 BIZERSINEL 2D, BEBER Y TR T 5.
BRHETETIE, ORI 13 EARfEEONE /) — F
ERDEIEMENLL BN, BT SRR
ED% < e o> TIiRKGBER vy TROREL 2 5.

R, BEEEE 7R, AEIEES SR, fiEm
PEEERERTH Y, BRHEEETIE, TProb #EE L7
)R TPHZEEREZRL TV,

CORERLY, HOGEMEOEPD 2 B A TN g
OV EE RSB ELEOPEEEE L ) R nwE
ENGH;A. TIE, BRAEETIE, BEBHEICLE R

© 2017 Information Processing Society of Japan

-
~

=
o

o0

-o-Independence (1 Edges)
-e-Sequential (1 Edges)
-&~Independence (2 Edges)
-&-Sequential (2 Edges)
-0-Independence (3 Edges)
-m-Sequential (3 Edges)
—+All Aggregation
—>Serial Aggregation

S

Ave. Com. Traffic [Mmsg/sec]

o

2 3 4 s 6 7 8 5
The Number of Conditional Expressions

-

7N RT Y O EE R

Fig. 7 Average communication traffic for line topology.

LTS R YT = NICERT L, 1 Ay
Y=V OMENRET A0 TH L. M HEETIE, f
B B v T = NI T =S
EEEINTVL0, ZOBRRAEED L) RilEr54E
L, oL, S5&EOBPE L hbE, BRAED:
DY G EATV HEE OV BERL ) b D% ko
Twa., Zhid, &EoEtERE 7 — 8% — /N TH
DEED 2 EN VAL, NI AT T T TEMD ) —

FIZBW TSR A HET A LESRL, Tt ds
VBEVFEEL BVTOTH L. BOBNFL T EFAET
LEELHINT 5720, BERNL 5.

LAERETIE, RETHD X ) 1TED 4t 0 BALH) g &
BB ThEBELZITbivnwi oz TREZ LTV AW
720, FHBERENRDE L o Tnh. ERENETIE,
BB ARG R M T & TR ) OF G Stk O B A R
DR B L TV 5720, BRHAERE L kDL R
LTwa., L2L, »2E5&HERL T — 7 —N
WIERT 24, BERHEE L) FHBEEENS { koTw
5. ERER T, MOHEE L ) Y EEEs D% <
BB EH® 5N, WKBERY TEHIKE .

ol 2, OB 2, ED2 THISLEENSMED
Yity, MOrlEEoRREE R v 7L 3, FHEE R
54M 2 vt —T /8, BRAEEORABE R v 7L
10, “FBERI 64M A v —V/FL iy, M HE
BORKBE Ry 78], FH@EREL S ITBERHEELD
bINSWEE 52 TWa, 5 REOBP#HZ TS (FES
3) O, MOLHEEORKBE S v 7L 4, PHEE
®IZ9.0M vt —V/f, BRHAEEDORKBERERY 7
i3 17, PHEEREIIS2M A v k=Y /Lnl, M
HEEORKBES v TR BRAEEL ) /NS kb
7, FHEERIIBEKHNEED WL R b, BRAE
FEOF I REERND % L R DA EMEORIE, YUY
7T T OWIRIARATET 5.

904



1BERIEF =R Vol.58 No.4 898-907 (Apr. 2017)

-
o

-o-Independence(1 Edges)
-e-Sequential (1 Edges)
-&-Independence(2 Edges)
-&-Sequential (2 Edges)
-o-Independence(3 Edges)
-=-Sequential (3 Edges)
—+All Aggregation
—*-Serial Aggregation

%)
=}

IS
S

N
o

Maximum Com. Hops [nodes]

o ——

1 é ‘ ‘ ‘ 11 1‘3 15
The Number of Condltlonal Expressions

8 =ML RuVoKilfEsy 7%

Fig. 8 Maximum communication hop for triangle topology.

i
o
L

=
I
L

N
~
L

=
o
L

-o-Independence (1 Edges)
-e-Sequential (1 Edges)
-#-Independence (2 Edges)
—4-Sequential (2 Edges)
-o-Independence (3 Edges)

—+Sequential (3 Edges)
—+All Aggregation
—-Serial Aggregation

Ave. Com. Traffic [Mmsg/sec]

1 ‘3 ‘ ‘ : 11 1‘3 15
The Number of Cond|t|onal Expressions

X9 =fkEaYoEmEs

Fig. 9 Average communication traffic for triange topology.

5.3 =ZAMKOY

FRSOBOBEES 22LEE, ZA MR YDORK
WERy THEra y¥a—r 32— a2k )EH
L7z, #iR%2R 8 1IRT. BIH S &0k THhy, 72
ERITHDOEA 2, EENIDEET ERL, HhIRA
WERY THTH 5.

CORFLY, MILHEESBERHER LD b RREE
Ry THENSLSTEDLZENGL D, ZuE, MarHE
HETE, B9 &0HERY Y T— =\ s M) FE g
FoNBET CICEAL ) — FISEBHEZRETEDLD, BX
HEETIE, NITEPTONTHSESEMEHE LT
WEDTHA, FIMET Y ERU L, M HEE TR
DB Z H1F ERKBER Y TEIVNEL Y, Bk
ELETIEWIML Twb ., REFEL BT L oFmIE
FINRO D LEKETH B 72D EMET 5.

R, BfEEEE 9 IR, MEEE S S0, fiEm
EPHEEETHY, FI PR VOB EREL L, BXRH
EHETIE, TProb xEZB L7729 2 CFAN L BERELYRL
TV,

COfERLDY,
DI 05 1w DB IH)

BRSSO RS T B
DY EAE

(v
J: ] ) 9 Lz

© 2017 Information Processing Society of Japan

2.007

~
=]
S
=

~
Q
=]
[

2.004 A

-e-Sequential (1 Edges)
-0-Sequential, no-sort (1 Edges)
-&-Sequential (2 Edges)
-&-Sequential, no-sort (2 Edges)
- Sequential (3 Edges)
-0-Sequential, no-sort (3 Edges)
-%-Serial Aggregation

-%-Serial Aggregation, no-sort

N
Q
S
@

Ave. Com. Traffic [Mmsg/sec]

~
Q
=]
=

N

-

11 13 15
The Number of Cond|t|ona| Expressions

B 10 HEIZ%AHEROZEEOAHMICL HER
Fig. 10 Difference caused by true probablhty consideration.

ED AL UL, BRAELETIE, HEICLER T —
YT == NIZERTLEE, 1 Ayt —T D5
EREELTWEZDOTHAL., HIbFRO T EFERL L, HD
BHL T EET HEEDHINT 4720, FEEED
%o Tnh,

54 BIlL3WMEREEETINR

REFHTIE, TProb hWhSWis&tbx M) B 757
DEDF| ‘Eﬂﬁé)@?é LT, BEETHIEEIE TV
COMMPRFARL -0, EFHEE T VT LIIRET S
FE L7, ﬂm#um& IZ2oWTI, E%#U%@@’fn
% BHIMIAT » TWT TProb OB 2720, KA
%&Tﬁ&t.ﬁu&%ﬁgumﬁhﬁ$v7@ IE
MIZES iz, M)A T T T7ORIKRSE L THL, B
EAZED > THE bR,

WEEEYIZL—Va yTROZERER 10 12RT.
REWZER 0 S tE o %k, ML P EETH Y, ‘no-sort’
M TProb DiE%EE L WA TH L., LEFHED 1D
Th 5 EENETIE, TRTOEDGEEO BB ER R
fERELTBY, EIC fé%*%%ﬁb PN TCORERITR L
Twawn, BRELRLT (T L7700, HoR/MEE 2,
KM% 2007 & LCwWh, NIFTI 7RG FRa Y%
Fva7-.

COFERELY, HICHhLMEREELEET LI LT, T\
BRAHIMTE LI L0 hshs. I, HiElaeEDsk
A7 SN VAR, o TF— 2 E2RELENT

T, WEBZHIKTEL7-0TH L. HOEMEORKD 12
INZL s EREFETPHBEBEI IR B >TwS
DL, TProb %7 ¥ ¥ L5 2TEBY, TProb Dix/MH
DINESL o272 TH 5.

5.5 EDWEROFTE
B S DI BN T B RS,
TProb &AL & ¢ il &

BEEICEELT L2570
a2 ¥a—4%T3Ib—vav

905



1BERIEF =R Vol.58 No.4 898-907 (Apr. 2017)

F1 11 OF KR xR v 74
Table 1 Maximum communication hop for Fig. 11.
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