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Design and Implementation of
a Data Stream Management System Harmonica

SHINICHI YAMADA,t* YOUSUKE WATANABE,t
HiroYUKI KiTAGAWA® i1t and TOSHIYUKI AMAGASA® it

Today, the amount of data delivered as data streams has been increasing, and a variety of
processing requirements over data streams are emerging. They include archiving and querying
streams as historical data, processing continuous queries over incoming data, and integrating
historical data and incoming data. We have developed a data stream management system
Harmonica to fulfill such requirements. Harmonica provides the following features. (1) Har-
monica integrates a stream processing engine and DBMSs and provides an original query
language to specify different query and storage requirements. (2) Harmonica detects require-
ments which exceed system capacity. (3) Harmonica creates feasible processing plans for
multiple persistency requirements. In this paper, we describe the above three features in
details and present the performance of our prototype system.
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Fig.1 An example scenario using Harmonica.
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Fig.2 Architecture of Harmonica.
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{MASTER master_sourcel, ..}
{INSERT INTO table_name}
SELECT attributel, .. .
FROM sourcel [window_size,start_time], ..
{WHERE condisionl ..} ‘
{GROUP BY keyl, ..}
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Fig.3 Syntax of HamQL.

MASTER Turbine

SELECT Turbine.timestamp, Turbine.id, Turbine.temp
FROM Turbine[1s,now]

WHERE Turbine.temp >= 750
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Fig.4 Example of query 1.
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MASTER Turbine

INSERT INTO Turbine_log

SELECT Turbine.*, Monitor.name
FROM Turbine[1s,now], Monitor[3h,now]
WHERE Turbine.id = Monitor.turbine_id
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Fig.5 Example of query 2.
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Fig.6 Example of query 3.
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Fig.7 Processing tree.
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Table 1 Variables used in estimating whether queires are

feasible.
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(BRI B 720 ICHET LY TVE) &4V K
WEENE Y TVHRORBYEIS, FEEOHT
L— b (BArEESH-0 I CH T8 7V HA
Xa1— CROMHFEDF2—) TEINDLY TV
RMLT v FICHEET S, RIZ, HEELIZHEEOH
JIv—=1+55 Cpsp ® Cppp PETEZITH. UUT
T, 2 A NOHEHFEIZOWVWTHERS,

4.2.1 BT ONIBIX FOHEE

TS ORI Cpsp i3, 4.1HTHB72
IR MY — A MBHOZLEEDONIE I A s DEFT
Thhb., 2ITIE, AN —LUBEHOZHEDNE
I A POEEFECOWTHET L. BEFFETIE,
) — AMLEEROEE L LTY L—Ya FIEFTILD
BIR - B - B - BeEE R

9, BREZOBAICOWVWTHETS (M8 ®
). 22T, HE  OMEERIER o ITASE
NbHET5. AELAREERE o DHEIL— % A,
HAF 22— CEETNHRETFHOY VEZE W, &
T5. BIREEDOEE, BHE o DAAL— b (HAIKE
B0 IEE i OANSNE S TV N\, HE
o DF 2 —ZEINBFTIVEW,;, HE o DFEINK
fo ZRWTUTOL ) ICHEETE S,
Ao = fo>\i '
Wo = foWs
ZZTRDI N, & W, 1E, ROEEDOME I X

F—F A —LEH Y A5 ., Harmonica DFREFE 97

DIEEIMEbN G, SHEEEOREIX, HEORKT
¥ FIVEIZEALD e DT, BIRE f, =1 OBIRE
BLEZLZENTEL, T/, HE o DB R b
Co 1 ERD &) IZEETRETH 5.

Co = ToAi
Te W31 7 TNVDOEFUBEIZ DL THY, A+
V=270t PoRET 5.

RIZ, HEABBEOBSICOVWTHEAT S (M8 D
). HEAEHEE 2200 L—vardrs 1200 L—
arEMANTAEETHAE. I T, BAEE o
ZEE L LEE R OMBEREATTE LTRITELS
DbOLT B, 2ODANLLAERDATN V- 2 %
NEN AL, Ar, FNEFNDOANF 2 —I1ZGINHS
TVEE W, Wr £$5. ¥, HE L IZoWTE
25 L, BARREOMIZ A\ DY TVDEESTSH. &
BHER o IZBVT, BEHRELD REDOF 2 —I12
& Wr D% FIVHEIET HDT, BRI L Al
DATNCE o THNENDE T TIVIE fo AL WR E72 5.
HE RICOWTHRBRICE R 5 Z L ASTE, B
W RBIDOADNCE o THADENSE Z TV fLARWL
b, LIzhioT, BAEEE o DB IIL— b X, 1
ROXNTHETE 5. :

Ao = fo(ALWr + ArWL)

T/, BEHEE o DHAF 2 —IC&TNB Y SIVE
Wold, 74V FY W D18 7Nz LT foWr
BDF TVHERENLE D, KOXTHETS.

Wo = foWLWr

EIREERHHEEORA LMK, ZITkd7
Ao & W, i, ROBEEOMEI R + OHERIfb I
5. EHEAEOWMB A b ¢, DTV — b ERAKIZE
2A5E, L DAY T HMEE T X Mt L,
R DANY TN T BMEIA M ndg & HEE
TEXHDT, EEEEDWEIZA N ¢, ZUTOXT
BEASERS

Co = Tm()xL + )\R)
CZ T d 17T NVBH720) OEEIEE 05 ALEE
REZRLTWS, BEREEDOHEITERE f, =1
DFEGEEL LTEZ B,

4.2.2 WETSONDEEZAAIX FDKETE

MB TS DEXRARIAL Cppp &, EH 21
ML7:EBEFEZAAMBMOEFREREDEEAA D
A PDAFHCE o CEHET A, A MNY — LUHEE T
WENTTFT—=F DAL= & N, 157 TVOEFEM
BiZorhskEE%E rpp 5L, EEER o 0ES
AHBITADN 5o WELTOLHICHEET 5.

So = TDBA;

NI | -El ectronic Library Service



I nformation Processing Society of Japan (IPSJ)

98 TEHIL I S5

pop FEBEAAL— b (BARMB)ITEZAA
TELRBEAD Y TIVE) OMBIZE > TRD S,

B2 AA L — MEF 4 R OF X AAHEL DBMS
HERDE ZRAAFTROBNLR ECKFETH/ST A —F
DT, FIAEDP—BIZED S Z LITFEFEICHEHL V.
FZTABIZETIE, Y AT ATHEAT S DBMS %o
T, B $H 720 1CEXARTELR 5 7TV R ER
IETIT 5 2 L0k o T, FERAAL— F2HET 5.
—RICEZAL 15 INH2) 07— EMFENT 5
&, BEBERAAL—IPETLTWEZEZOND I L
o, BIFFRTIIEZRAAL = N Awrite DHEEIXLL
TOXTEH .

Awrite = Tate_estimate(tuple_size(S,))
S, IEEEE o VEET AT —TNVDAF—TTH 5.
F 72, tuple_size() 3AF—< 8, 6 15 S IVdbi-
WOT— 5 BEZEETAEBTH Y, rate_estimate()
1 TNBIVDT— I EPOEEAAL— N2
ETAEBTHA. AF—< S, T 57—y &
DBMS 25 E% 7 5.

/2, 17 TNBHIY DT EPLDEEZARL —
FOEEBICOVTITRD LI IZATH. T, EXAAR
L— F2¥EETEL-OOYF I VE LT, BHICT—
YBORL D n BEOY TV L TERICEZA
AL—ME2EHHIT 5. £LC, RETBlOTF—5ED S
TV T HEERAAL — MZDOWT, EHIEWVERH
BEAD2HTERELTSZ L THETS.

4.3 NIBR]REMEHE DETEFI

BB EEOHESIE LT, I9 0T T
Ve AWCHBAT A, 72721, Turbine A M) —A4AD
A FUIE 1R, BREBEOERE f,1 1305 &7
%. %7z, Turbine A } ) — A0 588 50 & 7IVHS
FEL, BN CEEEED 1 ¥ I VH7 ) OFHNE
BRI co1, coz 13 0.001s &9 5.

9, 52 o NHEHERD O RAORIIFED
APV =P Arurbine CFa—IZ&TNE¥Y TV
Wiurbine # HEET 5. 4 Turbine A b ) — A BER
50 ¥ TIWVEIZET HDT, AV — ME Arurbine = 50

Wo2 = fo2Wo1 = 25
Ao2 = fo2hor = 25

Wrurbine = 1 (#)*50 (27N /#)
Aturbine = 50 (87 /%)
[Turbine |

M9 aoXFRM&EY

Fig.9 Example of estimating costs.

XEE D Ty N— A

Sep. 2007

THhah., T/, BREEDF - II8TNE7 TV
i3, Turbine A M) =207 A4 ¥ FyDKRE &L Tur-
bine A M) —ADFEL - FDOREICL - TREDL S
CENTESL. 9 DOMHETIL, Turbine XA b1 —
LI LT 1 BEOYA Y FIFNREENRTWED
T, BINEEOF 2 —IZH5INBE Y TIVE Wrurbine 13X
Weurbine = 1-50 = 50 LFHETE 5. KIZ, Murbine
& Wrurbine 2d LIZL T, BEEOHILV— M EX
DEBEDANF 2 —ZEENEY TVEER LT v
TICHEET 5. '

Aot = for Ml urbine = 0.5 - 50 = 25

Woir = forWrurbine = 0.5 - 50 = 25

Aoz = fo2do1 =1-25 =25

Woo = fooaWo1 =1-25 =25

FHEEOH IV — POFHERE, WEHIX POFER

Ty, A MY — SALEERO IR Rt % HE T 5.
Cp,sp = Co1 + Co2
= To1 ATurbine + To2 o1
= 0.001 - 50 + 0.001 - 25 = 0.075

ERED, CONETS LV OMBEI A NI Cpsp <
1%0T, TOMETS VIEA M) —LMHEAETDH
B, F72, TOTT U THERING Y TIVH A X1Ht
THEEIABL — MDD Awrtie = 40 ThHo7/2ET 5
L, EEAAIAINIUTOL ) ICEETE 5.

Cp,pB = TDBAo2
= Xo2/Awrite = 25/40 = 0.625

EREY, COMBTTCOEERARIRA NI
Cppp <1 &% DNEXAALAMETRETHH I LN
ShB. ZOWETT VA R — MBI T b
PO XAAMLEAFETH L DT, WHETAETHS L
Wz b,

TR, M9 LA UECER T — SNV
AR ) ERDFERFICV AT LICBFEINTWIZ LT 5,
TEHE, INH2ERITHTHMET T > DME IR
& Cpsp = 0.075 + 0.075 = 0.15, EZRAAIT R
M3 Cppp = 0.625 +0.625 = 1.25 & 2 ) F XA A
MR TIE % {7 b. TOHE, DBMS 0E X4
AURER B A ERIEREING 120, BHRMEDTH
AL THET S, LAL, S0 2EREIERT S S
TUPEEIZ—HLTWBEDT, &b 5hD/BRIET
TRHEDUEETH 5. Harmonica DB LEFIZ, ML
BT DEXAKRIA MY Cpps >1 E7oTL
THRA, BHTHY IVERATAZETEEA
AIAME Cppp <1 ELRAHMETT L 2ENT S,

NI | -El ectronic Library Service



I nformation Processing Society of Japan (IPSJ)

Vol. 48 No. SIG 14(TOD 35)

5. EREREKRORELFE

CEs D&, AN —LEOEREZZER DBMS
NEBTAIERIFIKRELC VAT ALLEHFEINS L,
DBMS OE X AABREZEZICERIoTLE W,
BRI ERLENREEE 25, Z0 L) ZREEICH L
T Harmonica ¥, DBMS O&EEIZE D WI-EBHER
ER I Al bR e Rt 3 5.

BHOBRERIIN T 5 M0 2 WD EH T,
BRERTLHI INVEPEEZARL - PRI VLE
T RERTALENDL. BRETHY TIVEERE
S FEEEOFEEE LT load shedding 219 453 5 35,
load shedding CIEEELZ T —F2kbNTLEH T
MDD S, AN —LF— 5 OERLETIX, BX
ENFT—IREBbALERESN, GiAH LRICIEE
KEBYDOY INVIRBETELZIENET L nEEZ

5N 5. %2 TC Harmonica DERELEETIX, HHED

ERERF VAT LICEHRINS Z LI Lo TERL
BHOSHEE L 2 55810, BEREBY DS TViEHt
LEEFICE B ALRUBTE LT L2 FREL DD, AR E
NBY TVEERLEEDE STV EERTA.
DFTE, 5.1 BiTREFEROEARMS, 528 T
BILOFEIZOVWTHRD, 5.3 HiCREICFIEICD
WTHBL, 5.4 i CRBE[LOFNIOWTHAT 5.
51 £ ABE
BHEALOBESR 10 (R, K10 £ T, ql~
q3 DEEERNDH S, Turbine X b1 —2DFFEL —
NSRS 50 ¥ TIVT, ql~q3 FNEFNT 40 ¥ 7
T ANE Y T ENTDBMS NERENAL D DL
T5. ZOFTTUET S E, BHEEIT 120 4
TIVOERRMBESLEL %5, KIZ DBMS D& XA
AL — FHER 100 ¥ SN2 ETHE, BEOMLE
T20% 7V OBRSEL Y 7ML, worid
Fa—-AHENTLIE). £070, ZONETT
MBI EETII RV, 220, BEFETIILE TS
VICHBICEENDEEIER T A, M 10 £OFIT

..............................

@temp>50 temp>50 @ temp>50

A, 4.

A
A=50 =50 A=s50
Turbine Turbine Turbine # ﬁ;ﬁ E

A=50
[Fuere

10 HBELOBE

Fig.10 Summary of optimization.
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Fig. 13 Transition of processing plan.
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Table 4 Relevance of feasibility validator (no cache).

ZEROEE Ml (57N ElE (5 T/
Ei 31 30
BN BR 62 64
5% B 31 30
BIR s B 62 64
e B TR 3 3
55 )L—T ({1x 5)

nyN—F (xn)

| |
i log1 log2 log3 log4 log5 10g6 |

QOO

mow mw

14 EBRROHTST

Fig. 14 Initial plans for experiments.
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Fig. 16 An output of experimental program.
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Fig. 17 Processing time vs. store queue size.
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Fig. 18 Processing 1,200 requirements.
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