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Abstract: Recently, new architecture of the data source has been developed, which can use multiple query
engines on a shared storage. These query engines share same data, but have different characteristics each
other. It includes the Hadoop and its eco-systems as a typical example. However, a multidatabase system
cannot automatically select a QE to post a query to these QEs sharing same data. As a result, the users
must use different QEs in spite of a logical single database system. This leads additional burdens of users.
And in worst case, it occurs a problem that it leads system crash by the inappropriate selection of a QE. In
this paper, we propose a multidatabase system which can automatically select an appropriate QE from these
QEs sharing same data. The proposal system provides a virtual schema for users to recognize multiple QEs
sharing same data as a single data source. When users execute a query to this virtual schema, the proposal
system selects an appropriate QE automatically. Furthermore, the proposal system also provides split query
execution method which select an appropriate QE for each operator of user query. We implemented the
prototype system to evaluate the proposal system targeting Hadoop HDFS as a shared storage and two
SQL-on-Hadoop QEs (Hive and Impala) and a full-text search engine Solr as multiple QEs sharing same
data. In the result of evaluation for Hive and Impala by this prototype system using TPC-H benchmark, its
efficient selection of query engines achieved to execute a query that Impala fails to execute, and we observed
2.5 times higher performance at a maximum than Hive only execution by its split query execution. Further-
more, in the result of evaluation for SQL-on-Hadoop and Solr by this prototype system using twitter data,
we observed 9.4 times higher performance at a maximum than SQL-on-Hadoop only execution by using Solr
at text search operator.

Keywords: multidatabase system, virtual schema, split query execution, query engine, Hadoop

© 2015 Information Processing Society of Japan



IEMAIPHASH/YEE T —2~N—Z Vol.8 No.3 24-39 (Sep. 2015)

1. XU ®IC

BIHEPOERINLT 7T — 5%, Web LD —1
AT BIERE, AT = PERIhTwE, Th
S5OF—=%1F1 o057 =%V —2A (DS) IZEHL TEHT
52 EDSEARI NS, FEEICIZH AR DS A58 2 T
Wb, XoT, DSHPEHDL L EREIHRE LT, Rl
F—yHEOEENEIE T o TS, BT AFERELT
TNFT=INR=AV AT L (FlET— 7KLY AT
L) HY, HHO DS #mBENIC L DODT = N—=A
AT HLELTHIHTE A [1]. THICED, BEFD DS 124
HAMAAZ LR RELT— S EHAEHTE .

RN, 72 2T I R—A VAT LDENIZ, A
ML= L DBMS %07 )T YV (QE) A5t v
FC12DODS 23T 5. —HT, AML—YEQE%
SHELT, WHEA L=V EOF— ¥ 1T L TR L B YR
TROBEO QE * FIAWRELHT LT —F 7 7 F v 254F
5. TNENO QEEFA—OT—%3FL, 7—%
LMIEOFEH I U7 b fE S Twb, Lal, fiE
KDINFF—FR—=AT AT HIE, WHEDODS 12, Eid
DX ) RFA—TF =% 2B QE PEOBREAHEEL TV
v, MLTF—F2FF2DS (AL =YL QEDEY )
BQERZIHFHET 5 LBk T 5. Lzh>T, DS 2k
IR S 5 2 LD TET, VRIT 2 0NENEL, 1—
FOAMIPFAET L. 5132 —FHREY % QE % %
RELZET, RIEREBIESLY AT LAY Ty 25OME
BHRET 5.

FITARFHILTIE, M—F—% 28 285D QE 25,
WY QE # HEBEIRT AV F T — I RN—A VAT L%
RETH., BEVAT L, A—F—% 2828 QE
FH—D DS & L TRRMTREL 75 RMAF —~ 22ty
5. ZORBEAF—=I2 L #Y) % QE O HERIR A i
ET B &5, FTYHNDOFRL — & B THEEI % QE
TEIRFEATT 57 1) pEIFAT IR 2R B 2 L R R L
$5. QE DRMHICIE LT, QE ME#E2ERHTL 7 1Y
HBAICAERL, IRV 5TAHZET, - oAMER
HL2D, QE ORFEM MG 23 5. F 728
T5QEDF—F—FNFHEA ML=V THEINTWS
B, TOAML =V EREHLREN L QE MHEHE % T
BELT5.

fREH RS AT LIEROL—27r =2 LT 1 DL
IZ Apache Hadoop [2] %% 4. Hadoop &7 7 A WIEA T
T=5 AT E, A GBIED, hofk4c B0 T —
YH1IDDYATLIHEAETHIENTEL., 2DLEH

b k&t KDDI #F9epi
KDDI R&D Laboratories Inc., Fujimino, Saitama 356-8502,
Japan

2)  ku-saitou@kddilabs.jp

© 2015 Information Processing Society of Japan

1 Stinger
+ (Hive)
+ 4 Impala  Drill Presto Giraph Solr P8

Plg |

MapReduce Spark Tez

DTVUINBT > D28

[ Hadoop HDFS

-

M1 BEATLOL—Ar—2A

Fig. 1 A use case of our proposal system.
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Fig. 2 Virtual schema: existing system, proposal system.
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~ Y AHEEAT) . Perf(Q,E,,splitQ) > 1 ThHNL, 7
I Q EHAKD QE B, IZBIFHFETRELD, REVX
T ATHM L7207 =) FETROMERS S . —FT,
0 < Perf(Q, E,, spiltQ) < 1 Tho72HE1E, 587 )
DFEATIC & 2 MEREIA] EIZAD 2w,

Cost(E,, Q) 13 QE OFEIEIMKIAF L T D, ZhiCidk
XL 2O00EENDH Y, ) R bEOMEALIZ
53RN Init(E,,Q), BLXU 7 Z)MIT LT X LR
T—=8T7 7 AFFEI Lo TIRELT—F WU I A b Exec
(Bp, Q) X3S A5 ENMRTHL. ZhEMBLT,
TEREAS I 129 % 1 Perf(Q, E,, splitQ) > 1 # BT 2%
L, UToXH 1%k 5.

|q]

Exec(E,,Q) — Z Ezxec(E,,, q;)
i—1

lal
> C(mqList) — Init(E,, Q) + Y _ Init(Ey,, q;) (2)
=1
SICEMLE s T GENC L A 7 ) B O MR T
O, FADPTENC Lo THRET D4 — 1NNy FThH 5.
FIAL TR &2 A P 2REIIEHITD LCRHEEST 52
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LT, R (2) OFMICEVREY AT LD 2 2) 5574812 &
LUREHILZ BT 2 Z EAREL 2 5.

N7+ =Y AET VOB Z AT THRRL. 57
I QEF—DTF—5%2F2225D QE A BLU B I
LTHRY 53T 7286 Ot BB 2 Rd . 3R Ed %8
=T, 7)) Q%ql, q2, 3D 3 DD IV
gL, EI 7 ) 3split AW L7-GE06 % H T 5.
COFE 7T, qlx BT, 2% AT, g3% BT
1354, &b, % QE OWHMLAIIZ 7 =) IZhhbb5F
Fl—=td2. ZOLEDOX(2) IXBITAEKEIAIHIERLT
bolckdhl, NQ)OELELDIETNENLUT DL
Ik b.

3
Exec(A,Q) — Z Ezec(E,,, q;) = 297.34 (3)

=1

3
C(3split) — Init(A,Q) + > _ Init(Ey,,q;) = 4.55 (4)
=1
NSRS, B> HAFEY L, 71 Q%
3T 2 2 L TR EASRIAD D 2 EDGH L. KRIL,
PR TS558 -2 LT, 72 Q% A TEITTS
gl £ BTEITT D 5D 2212558 L, B2 T 2split
FRERLEEOWEHITE. Zho0a X MR
F1ThorbTrk, X (2 OEBELDIFERZRL
TOLHII%RD.

Bzec(A,Q) — Y _ Exec(Ey,,q;) = 2.18 (5)
=4 .
C(2split) — Init(A,Q) + Y _ Init(Es,,q;) = 3.23 (6)
=4
ZOGENY = 2Tk, Al > ALY 7Y, 7T
QR 25ET S L THRELILT S LB TE 2.
3.4.4 QE D¥IrAE
SE 7 ) DEFIZBWTE, AL =8 TEDFETH
S0 QE 290 bW RESEE L 2 5. ZOHWELED
HARMAEZEZFE 28, (1) ETOTGE, (2) QE
BOMRRAETH L. (1) EITOTHIE, +XL—5 O
LYY= ADRIRASRE LD, ARV — 5 OMEIZ L BH
WiiZ, $RO QE D7 1) O LORIETT HAHEE L 7%
5. )V —ADOHIRIZ X 2HWE, % QE ® CPU a7

£1 72 QUIBUAEZEITAL
Table 1 Costs in a query Q.

Var. Time (s) | Var. Time (s)
C(3split) 4.13 | Exec(B, q,) 17735
C(2split) 3.02 | Exec(A, q;)  2978.14
Init(4, Q) 11.81 | Exec(B, q3) 1.97
mit(B, Q) 021 | Exec(A, q,)  3450.59
Exec(A, Q)  3454.80 | Exec(B, qs) 2.03
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Algorithm 1: Selecting Query Engine (selectEngine)

Input: planTree: Query plan,
enginelnfoList: Query engine list
Output: planTree: Query plan binding query engine

1 preselectEngine = null;

2 for each operator op in post order from planTree
3 | op.engine = null;

4 | for each engine from enginelnfoList

5 | | level = evaluateEngine(op, engine);

6 | | iflevelis1

7 | | | op.engine = engine

8 | | elseiflevelis 0 and

9 | | | preselectedEngine equals to engine
10 | | | op.engine = engine

L

12 | L

13 | If op.engine = null

14 | | error(“Can’t execute this query”);

15 | L

16 | op.calcCostCriteria();

17 | preselectedEngine = op.getEngine();

18 L

19 If checkPerformance(planTree) is false

20 | engine = enginelnfoList.getSateEngine();
21 | selectEngine(planTree, engine);

22 L

B, A€V, AML—=Y, AV MNT—=2HEDY)Y—AD
PR EELMEEL, ARL—F D)V — 2R HEH
RIEL L. (2) QE HOTEREE, HWROF L =512
B A ERMNRUIERE DA EERE L 22 0, PEEEDTE
W QE 8T 5.

RO SR L, FATCREA X —~ DO Y Y VIR
ICRETALEND L. REV AT ADZIT ANTFELR A
R =7 FTRTUIHT L ETONEB L OMREE, V)V —
ZADOFIHTRE ER % T T 5. XL — 71233 5 M
X, QE»AXRL =4 2T 3 BoMiELYRL, QE ZL
IZEF R =3 LCRRES NS, TR QF
TOMWREAEZHI 59 2 CHHSN, €KL LTQE
B OEREDELDVHETE A L) ITRET S, SHI12Z
SO EELMAGDOE THRETH LT, L2
BIFEDFNRL = T—EDAEVFIHEZBR L5612
RO EED QE #FH L, IHEBRZVIEERMHDF
L— & Cldfho QE 2 FIH T 5, &\ ) BifEATREIC 2 5.
3.45 QE OFER7ZINIY X L

I TS DEFAL—FOWY %R QE BET 5 F
g% Algorithm 1 (27"

MDIZ, 7)) DO EDFRL—=F 5O 7 1) TT
planTree ° 544 XL — % DY % QE 2 #IRT 5.+
L—%Z&Li24 QE 5% QE % evaluateEngine(op,
engine) Z R L CREi L, #SELTSET 5. @ILED
HEE, BT E2T7NVT) XLIZE o TF) . HILEL 1
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Algorithm 2: Evaluating query engine (evaluateEngine)

Input: op: an operator of the original query,
engine: Evaluated query engine
Output: appropriateLevel: result of evaluation

1 if engine.executable(op) is true

2 | if op.engine is null

3 | | appropriateLevel = 1;

4 | else if engine.getPerf(op)

5 | | > op.engine.getPerf(op)
6 | | appropriateLevel = 1;

7 | else if engine.getPerf(op)

8 | | < op.engine.getPerf(op)
9 | | appropriateLevel = -1,

10 | else // same performance

11 | | appropriateLevel = 0;

12 | L

13 else

14 | appropriateLevel = -1,

15 L

DOBAIIFHERT R D QE engine 25#HEI TH O, D engine
AL =% op D op.engine \ZEET H. 0 DAL
B, QEDYFHREZICE AT =N~y FETEX5RD
WO T2, RO op DEFID op TIEINS 72 QE
preselectedEngine LA Ud D% #IRNT 5., XL —% op
2 L T4 QE O ILFE % 37 L 72T, 3.4.3 Tk
NRINT =<V AET VOIS E R T A MME#RE
CalcCostCriteria() TFHHET 5. Pl E% planTree D427 %
L—%45i )i 2 CQE BT T 1 5.

BB, ARL—=FZTE0a R MEREHVTR (2) %
FFAl 3 % BA %L checkPerformance(plan Tree) T4 7 x.1)
DOINT 5=V ARFMT 4., ZoLE, WESHILT L L
HIRE L 72356121308 2 00, MEFICFETRESR QE HiK
TOEFICYNFEZ 5.

HIBEOHEXIT) evaluateEngine() D 7V T A L%
Algorithm 2 27”9, 22 Tld, 344 HTHERZLHIZ,
B F =DV UERICH B QE engine O HL7E
ZFIHLTITb G, THRDOF RV =% op DFATH]
3% executable(op) THIWI$ 2. FATWERETH LG, T
TIZ op IZEFRFEAD QE op.engine & HEXFRD engine
2B 5 op OMREZ LT A, iz kY, 20l ki
U7 QE DS 54612, LV#Etl% QE 2 EiRT 52 &5
T& 4. engine.getPerf(op) &, HATIZFEE L7724 XL —
% op IZBI1T 5 QE engine DMEEREDEE %2 BG4, 8
oL LT, HREDTE V7213 op.engine 7% null DAL
1%, RETE 20Tz EEIMEVEEE -1 %2, Z2°
WAL 0 2R

3.5 VATLER
BEVATFLZEALTY ) SEFATREH TS 9 2

T, FATICHESUE QE ORIMEEE 4 XL — F OFF O
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BB TLLEND L. TODIIY AT LEHE,
QE DL LTH QE DYV — ADOFIHWRE LR E, +
NL =¥ T DM B ERREE JILT 2L N H S, QE
PEHTEEL TV BEE LKL T, =% QE :#ER
XD TR MIHRSNAE DS, ¥ AT LEHH ITE AR
FROTANDPFEET L. FREMBICY AT LEARIZ,
QE Oz TRET AHET— 7 OFEZT, QEDA
M=V OREEMRT DULEN DD, TIUT R F)
IZTEZ VD, QEDA ML —VDZBERRD VA
7= % QEMTRY L) TE ARV, 71)M
BPRMT 5. ZOFREIE, FETTEH7)I0LoTER
L7z, FRiEBEEING 7 ) 2 0B L CHRRE T MRS
B, FANCROIFEEBR 555137 ) FA7% KK
THHHRDER & 2 5.

4. 7O L&A TER

4.1 HEVZAT L

7a k% 4 7Tl&, Hadoop HDFS #3H A ML —¥
& 9% SQL-on-Hadoop ¥ A7 A B LUV EXMBEL YT ¥
Zxtg e L7, SQL-on-Hadoop ® QE 121, Hivel[3] &
Impala[4] ZFIH L7z, Tho QE A F — < T i
9 % Metastore #F T 5720, A—FT—F I LTr
VLR 24T . AR T VY 2 121d Solr [24] ZFIH L
7z. Solr £ SQL-on-Hadoop & [F—d7—% ZFHL, %
DA ¥ 7w 7 A& Cloudera Search ZFJH L T Hadoop &
HDFS FICACE L 72,

Hadoop ®74 A b ¥ = —3 3 >~ CDH5.0 #F)JH L
7z. ¥ A7 LRERUE Data Node, Task Tracker, Impalad 2%
B+ AAL—7 7 — F» 315, Name Node, Job Tracker,
Impala Statestore, Zookeeper 233 5~ A% / — F7S
1 &, Hive Server, Hive Metastore Server, Solr Server,
TUNIATUBBT L2 TAT Y I 1LHEDE S B E
L 7z. Metastore & 7’10 ;¥ £ TOIRIEA ¥ — <~ DLRAFIE
PostgreSQL 8.4.13 # FII L 7z. §XTHOH—3D OS &
CentOS 6.4 CTHAH. N"—FuzTEEYR 2 1IR3, 2
N & DA —31E 1GbEthernet D[l — 4 v b7 — 27 EI2H
ELTWVA,

K2 FORNIATON= Ry o7 EE

Table 2 Hardware environments of our prototype system.

AL—=T7)—=F | vAHZ/—F 7747k
H#—,3 | Dell PowerEdge Sun Fire X2100 Dell PowerEdge
1950 M2 2950
CPU Xeon 5160 Dual-Core AMD | Xeon E5410
3.0GHz Opteron 1222 2.33GHz
Dual-Core x 2 3.0GHz Quad-Core
A%EY | 4GBx8 2GB x 4 4GB
HDD 1.5TB ITBx2 1TB x 4
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4.2 TOREZATIZHT D QE OHIFTELE

Hive |X, MapReduce THHULIES 5 2 & TREUEEZ: 7 —
Y EREBEICFTTHIEDNTRETH A, L L, MapRe-
duce BAAD /Ny FAUIRENTCTH Y, A 27 T 7T 1 TR
XMW TWwaw, 728 21E, MapReduce 1332 72
EOWPLLIE R, 71 A7 FIHEDO KRBT — & JLFH)
JDOF =8Ny FPFET L, Fricy 727 1) 2 5080
o )T, BERIOY a THAETESN, FREoFd—oN
ANy LDV REL RS,

—7J5 Impala |3 MapReduce Z it 7%\ Z & T Hive 128
JBF =8~y FEHIRL, &0 &z s o) s g
Thb., LELEHELDODICTNTOT =7 & DRIl X
EY FICER L T AT 720, WSRO T — T
AR, 2 IFAYERTHHTELYHAET)H A XDE
FrEz 5L, A7 v T4 UBEE S KIEICAR T
A, EHIIHEICEoTE T VAT AT TEREKRTT
%. & o TlImpala ZHRNGEHT 5720121%, HFROT—
TN AR 7 )M ECHERENLHHT— % D4
ZHS, WX E) A ZADEFIDUT CTHLLEDND 5.

Hive B X 'Impala D1 % 72— AIXSQL 71 7 7
FEihTd A HiveQL TH Y, FEON—-TV 3 I2LoTE
ELELDPPHBTELWARL—=72H L. LI, KE
ETRELLEMTARE ) DOREWNRE L, T
L =% DENIZE BRI I3AT D 2.

Pk Z &EH5, Hive B L U Impala O 7 24 2 WLHL
WROF = A4 XL L, Impala l21E [ 27 5 25 k0
HAE)HT A ZOEF B2 WAL 12, Hive lIX [
T AYEAROYIAT) I 4 ADOEETEBZ A6 1k
Wiy s., 7a sy 4 TORBAF—YDOT Y Y VIEHRIC
(3 Impala 3 X 0" Hive O3#IHEE ] %€ evaluateEngine() TF
AT AEHRELT, VY —ADHIRTH 2 2 € OF AT
RERRRE, MIMEREOREEEM L7z, X E ) OFIHTHE
FRICBIL T, Hive & ERE 2D 7= 79 A4 AN VR E &
L, BILEHEICBIT S executable(op) THT true & 7
Lk L7z, Impala 3 AL —7/— K3 EOYE X E
VA ZDOEFD 0% TH A 67.2GB % ikaE L7z, M
REDFEL, 44 XL —% T Impala ® 555 Hive £ ) LT
WhE L7 &P, K70 k%A 7T, Hive 25 UNION
I LT iwnw &5, UNION L, [k
WELCdH S WHERE 70 OR i ICRKTIGTH B, Tz
Hive 5%t L T 72w WHERE W97 27 1) b [k
FAIETH 5.

Solr X E&MRBEIT DA ¥ FF L IHFUETHY, 7
FART=FIT BERS—HRERICE L T Hive B L O
Impala &L ) - TWD Z L2 b, HWLMEILX T F A MR
7 )T A ERE L 2 A, L72A%> C, WHERE 4)
2B 5 LIKE EE OMRED Hive & Impala £ 0 b ENT
WhHiREE L7z, 7225 0EEDUIMIETAT & L,
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A& ORI RE ERIE 2 wiE & L7z,

4.3 JOMEZATOERRE

Tu Ny A TDr ) ST 1%, Impala % FIJH L THER
LTw5s., BARRYICIE, 22— 27 1) 2 explain &) & 1 5-
LT Impala 28R L, 72 77 2L TWwE, 2
DyI)TTrRTREL, TNy AT ST
vELTHHT .

AR F—<DFEHE LT, 7— % v — AEHIC Impala,
Hive, Solr ’H L TWA T =TIV D XY 7= ¥ [Fh & Z
DfEEHERE, T Y VIFRIZE QE ~OEHelE 2 NS
?D PostgreSQL IZRFF T 5. 2—HICFZDTF—% V=R
HhARMtys2 LT, B—ORBEAXF—-vE2RHL T
W5,

T sy A TTIE, EEOEHILDT-DIZ Hive B LY
Impala DR Z Y7 7 L) B TITH . 94V —%
LB T XERHEEL, AT = A XLh
M7= A XOEFHP RO REVFIRL =5 &2HT 7L
TR T 5., Iz 77 )28 A KFIH 2
EHA XL LT, QE OFEPREFOMILEHEIFIHT 5.
WICEHE T, 77 ) A TRAFIH XA X
LK QE O AEY) OFIHRE LR A LT 5. 77 1)
DR KRFNH A E Y H A X5 ITmpala OFH e LR TH 2
67.2GB LT OAE, WEEEOE? S, HEo¥ T2
Z1) |2 Tmpala %3 Y 5715 5. —75 Impala DFATH] g 1R
% bnlo 7234, 727 )12 Hive 23V 551+ 5. Solr 12
B LTI, WHERE 4J1Z LIKE {57233 - 723412, 4%
FRL =5 OAEHE LT Solr [MIFD 7 ) %AW T 5.

IR =7 TR T =74 R, ANJT—FH AR
WX BT — 7 A4 ADLFTTH 5 HEIRNFK (Selectivity
Factor) #fIHL T, XL =¥ TLDANTF—F¥H A4 X
EBIREOBEDPOHETH., 20O, HEENROF
RL— 7 OBRFEL, WIS LD T — 7 ) & D S
(JOIN D#&4tE) ZEICHANGGRILTT—4 v —2X
BRI L TS, FHNBEOBESEEL, FHEi
BIZX VBT BBEEOT A XL FH L THE T — %
A X%FHET 5.

SrEtRO 7 )13, Hive B & U Impala 123} L T HiveQL
7x) & LTHERL, Solr i2xf LTI HTTP ) 7 = A k
DODURL D27 T ZEHRT L. Bed QE 2ERL 7T
T A5, QEMOWET— 5 S LICHE 7 —
% —ATd % HDFS =M 4. Impala & Hive D X
FTF=F %NEICF Yy P2 LTHBE L TWA 728, Hive
THHEINZ A Y T— 7 2 HRNICHE T 2 L E0H 5.
ZD72®, Impala ZFIHT 284, 087 ) ORI
[INVALIDATE METADATA| 7 =V %, W7 — i A
#%IZ [REFRESH <7 —7 W% >] 7)) 2 AL T 5.
COXH)aEs ) OAEELT, ey %
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SELECT * FROM a JOIN (
SELECT id, name FROM b WHERE name = “xxx”
)ASjONa.id =j.id;

6 Y7L
Fig. 6 Sample query.

1(Impala) : INVALIDATE METADATA,;

2(Impala) : CREATETABLE hive_temp (id int, name string);

3(Hive) :INSERTINTO TABLE hive_temp SELECT id, name
FROM b WHERE name = “xxx”;

4(Impala) : REFRESH hive_temp;

5(Impala) : SELECT * FROM a JOIN hive_tmp as j on a.id = j.id;

6(Impala) : DROP TABLE hive_tmp;

7 TubSATICBILY TN r ) O5EB
Fig. 7 Sample queries split by our prototype system.

Hive & Impala [ATIZ5EI L7 ) 2K 7 1R, fbm
DT L) ZFETTHIEFEZRLTED, ZOMDEE
MASEATT A QE TH A, F72, Solr 17 T ki % EEE
HDFS IZAT 5 2 &N TE R0, Solr ~D 7 1) 5
7212, 7 ) K% HDFS 2% &3A A&, LOAD %) % 7
LT Hive b L <13 Impala~TO— K95,

5. &Vl

REY AT A, RV —F OFEFTUERREED 5
P72 QE % #IRL T/ ) FETT52 LT, T—FDOFH
AWML OB A EBT LV AT LATHL. ZOER)
Y% S-S 5 72002, 5.1 ST 4 ADENZ LS 7 T
ArEl B2 TEHNL —F DENIL D7 Y HEE, S
0Ny AT EHACCEHET 4. WEH A XOENIZE DY
I)SEOFMIC L T, VY —ADOFHETEHL—%
DEATIERLLIERERE T S QE OHAEEITB VT
BREVATLDVENTHALILEZRT. S5V —%
DENZ LD 7 ) FEIOFFHIC L T, HEDT—F %R
FRL = ZIZBWTHETERUIRERED % 5 QE Ol
EHIZBWTY, EVAT LA THLZ L EIRT.

5.1 ¥ X7 LFHlE (Hive/Impala)

KEITIE, WMEY A ZOENL S 7 ) FEICE LT,
Hive B & U Impala # T, 7’1 b ¥ 1 7ORKEE, THEE,
BLOHMT — &Y A XHEE 25T 5. HEEESTAL T,
WREVAT LORMT 2 3 DOERENIREL RN T L2 &
RRERRT 4. MERERE T, LECREEOMEIC L - THEDS
n7z7n by A4 T7OMRE T E =R 5. R T— %
YA LTI, QE OHRIEETH LT — 5 A4 X
e DR % 5T 5 .

5.1.1 FHMiiREE

KFHECld 4 B Cik_7z 78 b % 1 7% R 555, Solr
AORY 3FIE Z 2 TIEAT D V. Hive 3 X OF Impala O
HARDEATREMICB L CHRIBREZFH L7z, TOF7 A b
7 Z)I2IE TPC-H[25] #FIH L, 7—7VH A X5k
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Scale100

Scalel50 Scale200

chleSO _

loYoYoYoYohoYe

K8 #%7FALMITVIZBWT QE DFEITLAY 727 ) OFH

Fig. 8 Areas of subqueries that query engine executes in each

test query.

Scale 13 50 (4x 50 GB), 100 (4 100 GB), 150 (4 150 GB),
200 (4:200GB) ® 4 fEfHE L7z, 7272L, TPC-H D
IV IZZDF FCTld Hive, Impala TEITTE LR WD,
HiveQL AR IS IE L7227 =) Z2FIH LT b [26). E%
EHEIILTO 25 THA. (1) Impala 2SEKILTH 5
EXIST MR INAJICL A2 T2 )% 2007 T |24
HLT, Blanrxz) L L7z (2) FROMAWIZBIF 25~
~ XYY OBEERE) 72 JOIN %, BI/RICY 77 )12k 5
JOIN IZZ®E L7z, FIfL7Z: TPC-HO 27 )%, 7u b
7 4 7 CHRFInO UNION {#H& & OR #E, WHERE 4
N7 7)) E2E&G s ) 2Lz, 72, QI BLY
Q21 &, Tmpala 225053227 =) 77 » OWMMERT &,
TOY 77 L) DNEFERER L2, 77 1) BT
Y270 87 A4 TOARETIIIETE TR0 e L.

70 b ¥ A 7% FHETIZ Hive 2 Impala % BA 4,
I—FREL SPETU L 2T A ULELNH L. KB
1 Cld, Scale 50 Z EITT A6 TH->Td, JOIN &%
ZE$ % L Impala DR KFIH A1) A4 X552 E ) FIH
g LR 67.2GB X 2 WHEMEDSH U, Tmpala THEAT
WRE LK 5 2 EDTER WV, Lzd> T, FEEIZHELT
T HEZ Hive Z3ERT 2 LHE L, Hive L ILET 52 & T
7u by A TOVREEFHIET 5.
5.1.2 HERESTA

X 8%, TPC-HD 13D TFA s Y% TS0 by A4
7 TH47 L, Hive B L U Impala 74T L 728 %, 57%]
HATHLY T 7)) (R=Z27 1) &) BALT Scale
BHIRLTWA, QL, Q3, Q6, Q10, Ql4 ¥ 77 )
D7 7 ) HARD 728, Scale D212 U T Hive 2»
Impala ® &5 S5MIIRY T TWD, Zhicky, #FEY
AT L&) 2= FIIEEB I #HY) 2 QE % HE)RIT
ETWALI LD A. LitbAito s 1) Q2, Q4, Q5,
Q8, Q15, Q17, Q18, Q20 ¥, KDY 77 )b L<
BHEBEO 7 ) THEEENTWE., ZORKEDI B, Q5,
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Q8, QI7I2BWVTIE, 12027 2) o<, L) #ET%: QE
YT/ IVHEMTERRL T ) 5EET-oT05b, 2
DZEDS, BEVAT AL > THRV—FHMIZL S
QE O HBEIRAWHELE 52 H 2 LDV R 5.

5.1.3 EREFTAE

51.2HEFE L TPC-HD 13O TF A7) %, 71
N 47 & Hive T 3 HETL, ZOFHETHMZ
L7, B 9 22 0#ETHY, %77 713 TPC-H
T =%+t v F® Scale IIC/IRL TV 5. 9 (a) A% Scale
50, 9 (b) 2% Scale 100, 9(c) 2% Scale 150, 9(d)
7% Scale 200 TH 5.

5.1.2 TR L 912, Q1, Q3, Q6, Q10, Q14 i Hive
A Impala ® EH L NITHIRD 5717 T 5. 26 DERERT
i & LC, Hive (2R D 41722 1) - Scale (Q1 @ 100
&) T, 9 C Hive & ZIZFE AR E o 72, —H,
Impala CHEfT L7227 1) - Scale (QL ® 50 %) 1Tk &
fEm L7z, ERibidtor 2y, EREEEE, $XToY
77 1Y) % Impala (23R Y 4717727 1) - Scale Tld, Hive
EHBLTEELL, $XTOY 72 1) % Hive IZHRD
53 7227 1) - Scale |3 Hive & IZIZFE LR TH -7, F
7o, BEV AT AIBIT L 7 ) BEIETAFRICL 5T, —
How 77 1) % Impala (23R 5317 TWw5b 7 1) - Scale
(Scale 50 ® Q18 %) Tl¥, #OF_TCT Hive kL 1}
EHICETTEDLZ DR TE .

RIZ, NI+ =< Y AETFTINTIREBITE R VIREY
AT LDF—INNy FH7 L) GFEFEIFIC L > TEDORE
FEL TV ARG L 7. REHEZ4T) 12H72 0, FHI
WLDF =N~y FEREL 2258 L2, 1298, )X
THAF —< L RIET— %V — ANDOEFRLH, 5E 7 1)
A AL S LI CH D, b9 1 OAEERE L 72K
HMAF = BLORMT— 7 — ANOEHRE O T AL
HCTHbH, gHlxIGD 7 =) 1E, 5.1.2HTET L7 Y
DL, MR 7T Q4, Q5, Q8 EEINLZ. ZIhb
DIV, N=R7x) E2EGYyT 7 )BnEnEN2
i, 51F, 8 & MHEOM SR> TWnAhH, INH 3D
D27 ) OFEAACALIRRR T B X O T ULERIE R 2 S L 72
MRS 10 THAH. B Q4T Q41 & Q42125 T
F 7L TwA, ZTHE EXIST WZxflnd 5729122 D
DY T)IHTTEITLTWT, ZRENTHIMEB L O
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Fig. 9 Results of evaluations for performance on SQL-on-Hadoops.
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Fig. 11 Predicted peak used memory sizes of each subquery

on scale 150.
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Fig. 12 Error rates of predicted peak used memory size.

Scale DZALIC BT, £ D Scale THHE UETH o722
&5, Scale 150 DA% HRT 5.

COFRERNS, £ ) ORIEOY 77 1) TIRITITHE
FIFIBEL TV WS, BPETHRENBELTWD 2 LS
G L, BENEELTWAY T 7 1) OFEED
AR A €'Y 4 0%, FIHTHE LRI LTk
S, REHIETlE QE OBPUGRY 23584ET 51T L DA
ERELTWRWT 95,

5.2 Y X7 LFHl (SQL-on-Hadoop/Solr)

KEITIE, AL —FDENILE 7T SENZELT,
SQL-on-Hadoop (Hive ¥ 72(d Impala) & &Rz Y
¥ Solr #HWC 70 by A TOMWREEFELL, FEOMH
HHEL 72 QE IZB W THIEHANGRTH D 2 L &5F
fifis 5.

5.2.1 FHMIRE

VAT AT 51 AR AETHRRTO Ny AT
=FIHAT 5. 7B ZTld SQL-on-Hadoop (2851F % Hive
B LU Impala ® 7 1) ENI T D RV, FHli 7 — 2 13,
Twitter Search API THUS L 72060 %2 &ty 4 — b
D1 H% (#4.5GB), 5 H5 (#522.5GB), 10 H5 (1
45.3GB) O 3O T 7. La— FEud 1 B4
THT0FYA— b Tdhb, 2DV A—k7F—%13 HDFS
I2 CSV 7— % THRA L, Hive BX U Impala I2IZZDF
FT7T—FEEL, Solr IZIZVA—bDTFFAMIXFLT
bi-gram & V724 ¥ 7y 7 A RMEK L7z, BHEICFIE L
oz, (&g & B oWhs»EInsG vy A4 —
Ll —Fedl L, TORSHEI KLV —FE
10T CTHLE. T NT A TIERET
LEHEM O SQL 7 =) #[X 13 12”7 .

5.2.2 TEBEFT

S 2 =) % SQL-on-Hadoop HAKTIAT L 24 L,
7’0 k% £ 7C Solr & SQL-on-Hadoop (257E524T L 7235
EOFEITHEME Y A — N T =7 OV A XPTH 14 1TRT.
14 (a) 133R Y 5313 6D SQL-on-Hadoop & L T Hive %
BRI L7 OETHERTH Y, X 14 (b) i& Impala %

© 2015 Information Processing Society of Japan

SELECT from_user, COUNT(1) AS count FROM tweets
WHERE text LIKE '%751% %' AND text LIKE "%\ %'
GROUP BY from_user
ORDER BY count DESC
LIMIT 10;

13 VA= N T=F MBI AEHIH 7 =)

Fig. 13 Evaluation query for tweet data analysis.
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Fig. 14 Results of evaluations for performance on Solr and
SQL-on-Hadoop.

<Solr>
http://solr-server:8983/solr/tweets_s_shardl_replical/select?
q=text%3 A%22%E9%9B%BB%E6%B3%A2%22+AND+text
%3A%22%E6%82%AA%E3%81%84%22 & fl=from_user&wt=
csv&csv.header=false

<SQL-on-Hadoop>
SELECT from_user, COUNT(1) AS count FROM tmp1
GROUP BY from_user ORDER BY count DESC LIMIT 10;

15 Solr B £ U° SQL-on-Hadoop ~D7&E|thd 7 1)
Fig. 15 Split query for Solr and SQL-on-Hadoop.
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Fig. 16 Execution time of Q4 by Impala, our prototype and

Hive, and relative performance of Impala against Hive.

—— Q4 Q5
g Q8 —® =-Q17
g 2.5
3
= 2
]
=
=15
[¥)
o~
1 O = . PRy
100 150 200
TPC-H Scale

X 17 Hive 23T 570 k¥ A4 7OMAVERELL

Fig. 17 Relative performance of our prototype against Hive.
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Fig. 18 Breakdowns of execution times on prototype system.
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histogram method.

b L CHEatEHE LRI 5. 2hucky, B0
FAL Y OBORY () 28T eHTE5.
4 AHETIE, BT —TNVOLEBYETHEICE A NS T L
AR L, 7T )FATIFICANRL =y TEDHE e A NS
TLEERTAZET, FAIAT) YA X ZHiEd 5. R
FIETIE, 1 20BMHETRAK 100 EDO/NT > b EBVER L 72,
BTy MERAAL DOBPELL 2D L) ITER L 72,

X 19 (a) 12 Q5 IZB T B FIRFS XL v X b7 T LT
DEBIF T LEFEZ L7 7THY, M 19(b)
AR QS ICBIT2AERDIEKETH L. Q5 I LT
&, BIEE R ATHEICBI 57— 7 OBMZEIC L 5
MAEERPRT A 2 EDSTE, SRMICEEN D L WIERE
ol QRIZMLTIE, 3FHBLIUSHFHDOY 77 1)
g nz, Lal, 5FEEBIT T EFHIRE (RE
WREELTBY, AFVFA AZ/NELFHLTNS, 2
e A b7 2 RNOBEEEOFHOMETH ), N
oy NOHRTEFTFENTVD F AL 2 HSERFET 2 VIE
2, fHEWIETHR RS 2MEMICHL720TH L. &
D IEMEZRFIH AT ) A A E EHT 5720120F, &5
LAUENLETHDLEVZ D,

F72, T — 7 A HEEOREAEILE T SN0,
I X A7) OFFEDEET LRSS L. I
CELIRY ALY 2T LT, EATRICEINIC QE %
MW 253 28] AE R HNB. I X Y ETRIT A
AHEEDRBAETIBIE L2 A5, FEITT 5 QE Z&WIZED
BADLIENUREE R D, S50, YVFI—FIZLBF]
HIZEoTY) Y = ZOF TR LRAEIWICEE S 256
WCHOERTHL., LrLagdElr ) 2t —4FTEIlAk
B BLEDRHY, 7T OGERENRET S0, FO
M= N+ 752 EETLLENH L. o058 ) FET
HOYTIVE A LeigaHEHRIUG b RETH 5.

6. bV

KigLTlE, W—7—% 2FH 80K QE 225, #HY)
% QE ZHEEIRT 2 VT F— I N—2A L AT L ERE
L7:. SQL-on-Hadoop & &XMF L TV V2R ET S

37



BRI F R 5ROFE

WE VAT LOTU ¥ 4 7% EHL, Hive & Impala %

gl LT TPC-H Ry F~— 7 & v CRffili L 7246 8,

Impala BARTEATARE T2 7 2 ) (2 LT, w#bi%

QE * HENEIRT 5 2 & THEATITREL L, &5 I3 EIFEAT

(2 &1 Hive HARE Fl L TiRoK 2.5 ﬁmeéé Lk

ﬁEE L7z, F72SQL-on-Hadoop & Solr % x§4: (2 Twitter

DT =5 ZFH LA L 72458, 7F X MREIZBWT

Solr Z{EA$ 52T, RKI4AfERAEILL, T4T7—%

FAZXPRKELL A ETEI)EHELT S L EMERL

7. KB 2EBIZLD FTOLEBY TH 5.

o F—7 =% %ZFOHBD QE I L TH—-DRHER
F—vERRMT LI LT, HEORKBA X — < HERK
SN R L 7.

o FRMMRKMBAF—~% Wiy ) 55El 947 I &
D, W—7—% %884 QE 22 5#87% QE # H
BT B 2 EAREE 2 D), T — OB T 5
L7

o JVIBEEFANICL-T, F7ZUDARL—FH
M2 ) 7 QE % 384R L 7208 7 ) DA hs il g &
Y, HEOQE ZIGEMTAZEICLoTr ) Bk
fbe 8L 7.

REVATLIMAL QE ZIGHATA5 2 LT, L)@

REREST L LPIFETES. 22T, 7 by A7
BIFAHEO QE 2R L, L VEE4 7% QE ORI IE

L 72 E D 7V B R L 72w,

SENH

[1]  Ozusu, M.T. and Valduriez, P.: Principles of Distributed
Database Systems, 3rd Edition, Springer (2011).

[2]  Apache Hadoop, available from (http://hadoop.apache.
org/).

[3]  Apache Hive, available from (http://hive.apache.org/).

[4]  Impala, available from (http://impala.io/).

[5]  Apache Drill, available from (http://drill.apache.org/).

[6] Presto, available from (http://prestodb.io/).

[7]  Subrahmanjan, V.S. et al.: HERMES: A Heterogeneous
Reasoning and Mediator System (1995), available from
(http://www.cs.umd.edu/projects/hermes/overview/
paper).

[8] Ahmed, R. et al.: The Pegasus Heterogeneous Mul-
tidatabase System, IEEE Computer, Vol.24, No.12,
pp.19-27 (1991).

[9] Chawathe, S. et al.: The TSIMMIS Project: Integration
of Heterogeneous Information Sources, Journals of In-
telligent Information System, Vol.8, No.2, pp.117-132
(1994).

[10] Carey, M.J. et al.: Towards Heterogeneous Multime-
dia Information Systems: The Garlic Approach, Proc.
RIDE-DOM, pp.124-131 (1995).

[11] Litwin, W. et al.: Interoperability of Multiple Au-
tonomous Databases, ACM Computing Surveys, Vol.22,
No.3, pp.267-293 (1990).

[12] Sheth, A.P. and Larson, J.A.: Federated Database Sys-
tems for Managing Distributed, Heterogeneous, and Au-
tonomous Databases, ACM Computing Surveys, Vol.22,

© 2015 Information Processing Society of Japan

7—42~X—2 Vol.8 No.3 24-39 (Sep. 2015)

No.3, pp.183-236 (1990).

[13] Fiore, S. et al.: Data Virtualization in Grid Environ-
ments through the GRelC Data Access and Integration
Service, Proc. ICITST, pp.1-6 (2009).

[14] Salloum, M. et al.: Online Ordering of Overlapping Data
Sources, PVLDB, Vol.7, No.3, pp.133-144 (2013).

[15] Karpathiotakis, M. et al.: Just-In-Time Data Virtualiza-
tion: Lightweight Data Management with ViDa, Proc.
CIDR, pp.1-11 (2015).

[16] Teiid: JBoss Project, available from (http://teiid.jboss.
org/).

[17] Lenzerini, M.: Data Integration: A Theoretical Perspec-
tive, Proc. PODS, pp.233-246 (2002).

[18] Abouzeid, A. and Bajda-pawlikowski, K.: HadoopDB:
An Architectural Hybrid of MapReduce and DBMS
Technologies for Analytical Workloads, PVLDB, Vol.2,
No.1, pp.922-933 (2000).

[19] DeWitt, D.J. et al.: Split Query Processing in Polybase,
Proc. SIGMOD, pp.1255-1266 (2013).

[20] Lim, H. et al.: How to Fit when No One Size Fits, CIDR
(2013).

[21] Simitsis, A. et al.. HFMS: Managing the lifecycle and
complexity of hybrid analytic data flows, Proc. ICDE,
pp.1174-1185 (2013).

[22] Herodotou, H. et al.: Starfish: A Self-tuning System for
Big Data Analytics, CIDR, pp.261-272 (2011).

[23] Borkar, V. et al.: Hyracks: A Flexible and Extensi-
ble Foundation for Data-Intensive Computing, ICDE,
pp.1151-1162 (2011).

[24] Apache Solr, available from (http://lucene.apache.org/
solr/).

[25] TPC-H, available from (http://www.tpc.org/tpch/).

[26] Impala X TPC-H, AT (https://github.com/kj-ki/
tpe-h-impala).

[27] Bruno, N. and Chaudhuri, S.: Exploiting Statistics on
Query Expressions for Optimization, Proc. SIGMOD,
pp.263-274 (2002).

[28] Kabra, N. and DeWitt, D.: Efficient Mid-Query Re-
Optimization of Sub-Optimal Query Execution Plans,
Proc. SIGMOD, pp.106-117 (1998).

T ML

RISt KDDI fFZERT. 2010 4R
REFRFEBE LR 7R R A s

~ T. [A4E KDDI Bkl &ft Ak, 2012
‘?h 4 & 0 ¥R &4 KDDI BFFeiT 12 7%
T AT L, F=F N=A L AT L
DOWFFERISSICHES. ART— 5 RX— A

(IE%H)

M

Al
blg
bl
il

\
4

38



IEMAIPHASH/YEE T —2~N—Z Vol.8 No.3 24-39 (Sep. 2015)

Bl /i (ERH)

PR &4t KDDI B2, 1995 4E 8

FURF A K B B T RS RS R

\ ey LR T, FEEREREER

~ Bttt (B, KDDI A ath) Atk

T g gt etk KDDIRT S 5 K

TTy NTd =L TN —THEY A —

Jx—. PR AT L, T—IN=AY AT LEDOIERH
BIHEH,. HART— s N—AZA5%E.

s XA (ERH)

P&+t KDDIAFZERT. 1999 43T
KERFBE TF RS RE 15 T
SRS LIRS T, FE KDD Bt
=t (8, KDDI#RaUatt) Atk H
16, A&t KDDL+~ — 4 <
L =TI TN — TR A, E
Hesg, ATEIENGEE, 7T — 4 N— A Y AT L EEOMEBESICHE
HH. AL 2011 FERLEZE.

MBS (ERH)

MRS KDDI WFgeHT. 1998 4EJb i

Y ¥ KSR F P LA ge RS LR AR 15
st T. [A4E KDD Hr 4t (3, KDDI B

’ Nath) At B, #4t KDDIAT
- RH I T RTTy h T+ — LT —

7)) =% —. Zh%TXML, SVG,
ITS, BEROGEMAEN, vrdF—y~A =2 V%O
ZERISEICHETE. 2003 4F FIT2003 it &N A b _—/8—
HH, 2008 4F ARIB BEEEZE. R4 UBLWFESR

© 2015 Information Processing Society of Japan

39



