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Fig. 5 Hadoop-based parallel data processing system used in experiments.

450000 (——— , , ,
400000 |
350000 [ m
300000
250000
200000
150000
100000
50000
0

Throughput (Operations/s)

0 20 40 60 80 100 120
# of nodes

M4 N N#BECBTL /- FROBZER K
Fig.4 The number of operations between two nodes
in N-to-N communication.

REx /Ry, ZEEN 1, T4bb, FIFAHRIIICHY
T 5%E1E, 130I0PS BED ANV —TF v FAMF5 1
72O LT, LEEEFMETLILIZEY, AN
7y FORELPHERTE, SEED 1400 D & S 12
K 10000IOPS 2D AV —F v MBS N2,

KIZ, Ay bT =2 XA v FE4 L-dEEREEY I
L7 E%F—4% 154 FEL, TCP/IP %\
THET— Y OEZEETo72. K412, FFFIZHE
179/ — PN 22 b 8872 L &0, N Niifg
BT DB 720 O 7 — N OFE %A R E R
I, N OEINEy, HETOMREKTIERO N5
W 30 TRIFEEDORZEN /7 — FETETITR TS
L EDDONS.

4.3 FHED X T L

EH O DORET S Hadooode DAERNM: % MiGES 5 72
12, Hadoop DA ML —=VBIZT—F R—=AL T
YEHWA Y AT L (Hadoop+DE) &, 7 —7%
R-ALY I T Y M TF =TT = R—A L
YV EHWA Y AT 4 (Hadoop+OQoODE) & DIt
MEITolz. T2, VaTETRIIBWTEINGR Y A
3% 47 72 v Hadooode (Hadooode (In-Order))
OB EIToz, HIL, BZELLTAATATOD

732

Hadoop & DI b 47 72, HESIH DY A5 4 % DL
TICFeDH 5.
Hadoop : CDH4.5 \2& F 1 A (% % Hadoop

(MRv1). Hadoop IZBWTliE, HDFS ®» 71 v 7 ¥
AZX%128MB & L, 7av 7oL 7)) r—3a vl
fTTbhwikaE s Lz, 72, Mapper #, Reducer %
a7 LD 16 & L7z, %3, Hadoop (X, 77
AN LTI Y Faergpdlzine, £z, 5%
T 7 AN L TR EdT) ZEzhiftE LThD,
ZOMD Y AT L EAFEBRD G 720, FEBR
BREBELLORTIOTH L. K 5(a) I0UEY
AT L EBEAIIRT .

Hadoop+DE : HadoopDB I2fH%% 5%, A hL—
DILTF = R=AL T v AV 257 — 5 IR,
HadoopDB &, Hadoop @A I+ L — |2 PostgreSQL
T—=IR—ALyT e fvwbZ LiZdl), "ya
SRR EL| T 7w AED T — ¥ RX— Ak % Hadoop
KBWTUEHTAZEE2HIET DO TH S, f (17
%383 » HadoopDB DAY — A 2 — K3 2 5
12, FEHESHIIBWT CDHAS A N— A & L7zFERZ 1T
v, IRV K5 (D) XM AT AR
2R

Hadoop+OoODE : Hadoop+DE 28\ Til%
DF=FR=ALy T NMNATTY M AT+ =51
T—FNR=AL T (0O0ODE) %\ 5it5]7 —
7 WA, Hadoop+OoODE &, 77 b+ 7% —%
BFEATH AP EH SN AT L THY, K
FYATAIBWTUE, KRTEEAEE S 5 TR
WA 5 AT DA A OoODE 12 & 1 JEFEIL S

(£3) : https://hadoopdb.svn.sourceforge.net /svnroot/
hadoopdb/



128 = FHBEDOA ML =V A T T FAYBRICBIT AT 7 M 7 d — S RIH 7 — & R O PERERHT

L. M5 () ICBFY AT L RBEAWITRT.
Hadooode : #¥#& 5% CDH4.5 % N\— A |2, K
LCRET HEET Tu—F 1D EREEREEZT-
2Ty AT = RS T — 4 LR, Hadooode
BT, 1047 — 7 R EKIZ b7z o TAHT
AIEFIL SIS, K 5(d) 12H7%Y AT 4 %X
NN

Hadooode (In-Order) ! 73 7ETZIIBWT
B 7 5 A7 53 % 474 % v Hadooode.

REBREIT) IChToo T, FEHSHIE, 3. 1Tk~ 7:
MAEEEIEgE 2 R L, UFETHZEIC LD RSk
FETT Ty EHCT, MetolmiHniziTo72. £
72, o729, Hadoop Z ki T X7 A28\
ThH, FROMAEEEIEEEFEEL, FRICEREE
fE L7z, BEEBRICBWGERS N BAW ZBEGED
A, FERER L &b IR 5.

4.4 BREAAINFI—0F—2ty bERV

7 MERERFE

HRERF I BV T, 9, MapReduce 71 7 J
LDONY TR =T IR HWON TV D ENT & 2 7 N
YIR—=UT=F Ly MW, BET-F 1y M
LT Y a 72 F7 L, TOFETICET b
[z 5L 7.

fEMT 7 A7 Xy F=v—0 7 =5+ ME, Web ¥ —
NOT 7 An 7 &L T -5ty P ThD,
HTTP %=/ 7 7 £ A0 7z 455§ % UserVisits
%, HTML 3 # % £ $59 %5 Documents %, Docu-
ments R LTHGENL XY 7= 5 25T 5
Rankings #0°5% 5. COF—=%ty FDAF—~
TEROFENNE L [18] 2B Sz,

FERRIZE L TUE, 1D UserVisits L a2 — F
(¥ 128TB) U712y 128 &1 Rankings %1 71—
F (#6.4TB) 2L C, ShEzHWwZ® . Zo
%, Hadoop 2BV T, %7 —% v % HDFS
BHICL D77y PR Y 5EIC L > TR
GRLT7 7 ANVICKM L7z, LT, R DM>0D
r—=2IZBWwTIE, @W(18] O —RAEBEIL, LK
T8ty MEANY Y aBEIl X o TEEHERIZSI
LCT77AIVICHIN S B & b1, BHIa L7z 2
DEEDINY T 257%E] & L CTld, UserVisits 212 LT
X, D78, destURL % F— & 3 534 & sour-

(7¥4) : Documents FIIAREERIZBIT A7 ) TIMEH LWz, 7F
B Lo,

SELECT sourceIPAddr, destinationURL
FROM UserVisits
WHERE adRevenue BETWEEN X AND Y

Listing. 1 Selection Job

celP ZF — LT HED 20 DNy ¥ a3E & iklT
% Z k&L, Rankings 13 pageURL # ¥ — & L T
Ny vanElafiolz. 72, #E5lE LTI UserVis-
its & destURL if UMi1Z adRevenue, Rankings &
pageRank (Zx) L CHER L 7.

AKEBICBITDZHRE TSy MIRHTET a7
I, UserVisits & D # 4R %179 Selection ¥ 3 7 &,
Rankings 3 & UserVisits D& %179 Join ¥ =
Thbeh, BIETEOMUEEELZ L7720, Vs
TOREPEE 1%, 0.1%, 0.01%, 0.001% &2 b3
TEBZFER L 7.

4.4.1 Selection ¥ 27

Selection Y a 7%, "z 777207 |ZBWT
R IRADRE L2 HHNICH BT 2 T R=TV T 7 &
AxHT A7200Y a7 THDL, VAN 1IZIZZED
7 1) % SQL & Lo TRd 2%, FEERIZB W TIEHHY
9% MapReduce B 57— Z LB 701 775 L Z WL L
T, FErL.

6 (a) 12 Selection ¥ 3 7D EERFG R RS,
I a 7ORIRFELEL, HfhEETRHZET.
Hadoop Tld, £OEEXEITH 720, &EEDO AN
IR HERE D BLE S, ¥ a TOBRRFITKE L &
LTRVWEMGHMAZEL TWE I ehlbhrd. Tz,
Hadoop+DE |28\ TiE, #RFE 1% 25 0.01% T,
T 7R ANA L LTAEREIE N, Hadoop & [AlFE
FEDFATHREIN 2 P L 7225, EIRER 0.001% 12 B\ T,
Fh 1% W7 B PULEASEIR & 1, Hadoop 124 LT
FEM) AR 5172, Hadoop+OoODE 2B\, &
RE1%TIE, T2 BANAE L TaEAERIRE N
Z &H 5, Hadoop MU Hadoop+DE & [H#£E D FELT
Wi &2 22 L 7228, BHGE 0.1%7%°5 0.001% 2B\,
ol HOTGEPLEAEIRES N, Ty v AT F =%
HEFTOMFIZ LY, Hadoop+DE 12xF LT, KliEZk
b i S 7. 2612k LT, Hadooode (In-
Order) i TNIZ Hadooode (2382 ClE, Hadoop+DE
Af NI Hadoop+OoODE & Z #L-Z LR Kk D G247 IR H]
%% 7-. Hadooode 1%, I 0.01%DEEMFEERIC
BT, Hadoop+DE, Hadooode (In-Order) 2k}
L TENZENH 36 FEOMEREM %% L, Hadooode

733



BTGS2 RS 2015/5 Vol. J98-D No. 5

OHadoop B Hadoop+DE ®Hadoop+0OoODE BHadooode (In-Order) ®Hadooode
3000
%
2 2500
=3

8
& 2000

m
@
=}
o

1000
500

Execution time [:

74 |_| 8
1% 0.1% 0.01% 0.001%
Selectivity

(a) Selection-job

OHadoop B Hadoop+DE ®Hadoop+0oODE BHadooode (In-Order) ®Hadooode

10000
w
B
S 8000
8
&
o 6000
£
'c 4000
S
3
g 2000
i 80 9
0
1% 0.1% 0.01% 0.001%
Selectivity

(b) Join-job (UserVisits is partitioned by destURL)

OHadoop OHadoop+DE ®Hadoop+0OoODE OHadooode (In-Order) ®Hadooode
10000

8000

6000

4000

2000

Execution time [seconds]

80 9
0
1% 0.1% 0.01% 0.001%

Selectivity

(c) Join-job (UserVisits is partitioned by sourcelP)
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Fig.8 Performance comparison with TPC-H dataset in a 128-node cluster.

SELECT 1.1 _orderkey, 1.1 linenumber, o.o_totalprice

FROM orders o JOIN lineitem 1 ON o.o_orderkey = 1.
1_orderkey

WHERE o.o_totalprice BETWEEN X AND Y

Listing. 3 TPC-H OL-Join

SELECT 1.1 _orderkey, p.p_retailprice
FROM part p JOIN lineitem 1 ON p.p_partkey = 1.1 _partkey
WHERE p.p_retailprice BETWEEN X AND Y

Listing.4 TPC-H PL-Join

57 % Y MRS OBIEE 1%, 0.1%, 0.01%,
0.001% & 2L 3¢ T, mm%ALf%ﬁLf

Orders # & Lineitem £O#E A A4 (OL #4)
DEBHER %M 8 (a) I/RT. OL#EEE, UAL 3
WRT &9, EXOEFEERE L 2H NS
DS 2 T 9 A A Th 4. Hadoop DAHIC
BT, mEiLe dIHEEF — CHEHEDORIER~
HENTVD L azaéifmim WA BNT
i, MEMBORE) L LT, By A7 RNy Fv—
7 7—=4%ty MIBIFAH Join Va7 1 EREETHY,
F72, T/RANGEOT—5Ey b A XI2HKE
LGB VZD, Join Va7 1 L ABOREEIES
n7z. ¥7%bH, Hadooode IZBWVWTIX, 77 b4+ 7

BEiTo7.

(7E5) T ERLB B L, JEIRE

736

T — FRFEAT DR AR , ETORERFIZB VTS
@ Hadoop WLELF & I_J % L IEE N L OMRED
bN7zb DD, Hadoop+OoODE DT 71— F

k9 % Hadooode DFE%ET 710 — F- 5% b DAL
WZHERR E N o 72, Hadooode (&, #EIRZEK 0.01%D
FEAMSEER 12 BV C, Hadoop+DE (Zx) L T#) 39 £%,
Hadooode (In-Order) 124 L C#) 65 f5 O PEREM F
ER L7, B, Hadoop 123 L CTIdHy 178 f5 4
REM) 235 57,

KIZ, Part # & Lineitem £ A EY (PL &
&) OEBFEREZK 8 (b) IIRY. PL#EAIE, VA
M 4UTRT 912, HE/ANGEEARE L2 #HIC D
B O M 2 fhiE 3 A2 A TH S, Hadoop
PAtic BTz, Part £I3HEEF — (ILpartkey) T
EE TV A A, Lineitem 1t Lorderkey (2 & D
SEIEN TV FIERE S w, UFEMAERICS
W, AU OFEF L LCiE, By A7 NV F
=77 =%ty MIBIFTA Join Va7 2 LFEEET
HY, F72, TZRAHEOT =51y FOF A4 X
DREREE RV, Join Va7 2 L FFEOMER
PESN. $7%bH, Hadooode X7 7 4 7 —
FTIRFETORMFIZLY, & TORPRFETHLO Hadoop
R & R TEWEREDSHE S, Join Y37 2 &
F#12, Hadoop+OoODE M%7 70— F12xf L
T Hadooode DFEET 70— FDSEH WEEE O 2



128 /= FBBEDA N =V A Y7 T TAYREIIBIT AT Y AT — R T — & LR R O VERERTAil

EHHERE S N7z, BEIRFE 0.01%DFHIEERIZ B W T,
Hadoop+DE K ¥ Hadoop+OoODE (Zxf L THJ 125
% Hadooode (In-Order) (Zx7 L TH 61 2O ERER
LAER L7z, %8, Hadoop \2Af LCIddy 127 50
HEREM EAYME 5 7z,

—fgIZ, W TFT—F N—= AT AT LEIIB VT,
FHEEORCAL N EHEESH L2 L) IZHON LD
TS EGEILTBL DLV, BERELEY
AT LFEIZBWTIE, Sk L) DRITENDL 120,
W) %7 — 5 R FANCHED 5 2 LIRS TR
m\ bbb, FHELHIIBWTL, T 05E
F— L aE =D THRWIR Y L, @ L EH R
THy b= % LI AR AT S 2BET, fl
ZIE, A —AF—TIIBIIL 777 VRO ET
BEHPOINBF — 2 /T HEOMHEITB T, FIZ
REF—LpEF—EF—ICT 52 LRI
TH5b. FAkkIC, 3RUEOZEREGIIBWTY, &
TOREGRIZFHENIZHA LA Z L IIREEETH L &
#z b1, Hadoop+OoODE 2B W T, #ilHA
PAEH T 5 KRt 3 5 AL IERIM I
bbb, FlzIE, MOFHEEIEMS 25 2K
FLEICHT A 4y T =27 &4 L7z A IE Hadoop
WX EBMCA TG, ThbL, MeErT—%
DERERIZ) T CHALRWRD L, FHEEHT
o 8T =7 w2 LI AR T sz, T b
F 7 F = FRIEATIZ & B KR @ a LI v, x)
LT, Hadooode (2B TIZ, 57— & WLFL R 44
DAL HIERPUL S, Tbb, MEEIIBITS
MBI DS EEHAREAYE IS 2 KRS LT TH S
PUOEHEREE T 2 ZAFEIH LT TH B2
MR <, RERICDI> TAMADIEFRPIATH
NZ720, Wb T =8 O5HERICBNTYh, 7
Y hF T = FRIETIC L B L wEd b e EH L,
Hadoop+OoODE 124§ L TEWEMEEZH T 5.

Q3 KU Q8 1E3ELD LOLEFBEMAELETH S
720, RO LBy, @EIEAY VT2 &N LA
W ETHLELE/T, M8(c), M8(d) ITRT L
12, Hadooode 2B 577 N+ 7 — FRIELT TR
DORYREDE L %), B Hadoop WLELR KT 5 &l
WA > TW5bH Z LA 4. Hadooode (X, Q3
DOERFE 0.01% OFHIEERIZB VT, Hadoop+DE &
F Hadoop+OoODE 23} L T#) 134 f%, Hadooode
(In-Order) 12k L TH 68 50 MEREIN L2 L, Q8’
DEERZ 0.01% DFFMFEER I BV CTld, Hadoop+DE,

Hadoop+OoODE 124} L T# 76 1%, Hadooode (In-
Order) |24 L CENENK 69 fEOMEREN %2 #1 L
72. 7B, Hadoop |Zxf L TR ZENZFNOMETICE
W 135 5, 8 76 fEOTEREM LAME S 7.

4.6 /—RX7—35EY T« O

RETIE, T, FFERoOGHRE LS 5E
DOVEREDZALEWGEET A, COB, 1/ —FH-ho
T=H A RE—EL Lz, Thbb, fBiry A7 X
YFY—=rT7—=%ty MENIC TPC-H 77— %+t v b
WZBWT, 1 /—=Fs72hor—4Ex{H1TB & L
7o FEBREEGE, 17— FTOETHH 2 HESF O
J — FEUC BT 2 FATIEI T Hl o 72 EHL L 72404
[N

X 912, &N s 27 L OICEBEIZBIT B R
KOOLIGDEED ) — FAFr =S¥ )51 2RT. »
TNOMEFIZBWTYH, Hadooode 1, 1> Hadoop
WMHEAIF L CTEHWAT = Y T4 E6NTRD,
128 / — FCTH 90N EDAr—5 ¥ ) 7 1 # R L
Twb. —J, Hadoop+OoODE &, AHJI2SETERE
WICE L 254 (K9 (a), 9(b), 9(d) &, 99%FEE
DAT—=F N TADPROENTESDOD, ZDOMho
A DEHER I % F 72052 A0 BV T, #4966~
SERIEED AT —F ) T4 Lo TWE I ED Db
4. 7B, Hadoop IZBWTIE, 128 / — FTH 66~
SERIRED A r —F ) T4 Db iz, TDXH IS,
Hadooode (ZBIF 57— Z DT 7 +F 7% —
FRIFATIX, KB 2 9 25 BIBICB VT, Hv
A=) T4 R LDD, WHRhE O I A
W B ENTEL.

4.7 ETF -2 &RV -FHMERE
EHROLOWE T Vv — T TIE, [EAEFZEESIEDO T,
IR AIF7ERE D17 ) % 75 C, Hadooode % X — A
T, EEEBL TR — 5 M R R
ELTHBY, BELBIERRRGEOMED /2O D
HEERTFT—F 2y MEBEFEIIRVWIZELTWS. KX
IZBWTIE, FHESD, T 22 FEDERRMKL &
T F=F AL, WkD 128 /= Fhbhbr T
A5 T W TAT o 723 BRA R 2R3 BRI L 72
MEFRDToEBYTHA.

QL B A IXBIT A HERTEZ & D BEH O A
(WP

(iF6) @ ML L7 M3, BEPZI7ZBHICONT, B
PRBE (R 2 R O A& 4 Bk 4. 2000 fEED S E L)
B S, 2013 2BV TIEH 9 FILEAE L Tw5.

737



b NGNS
¥ 2 i

5 f

&
b

.

Wi 2015/5 Vol. J98-D No. 5

Q2 : BN B IZBIT B HENIR & DT
Q3 C 2B BT Z & DL HH HwTHaE s FEIT L.

Normalized performance

Normalized performance

Normalized performance

=#= Hadoop =#—Hadoop+OoODE =®—Hadooode

=~ 4= Hadoop =#—Hadoop+OoODE =#—Hadooode

Normalized performance

== Hadoop =#—Hadoop+OoODE =#—Hadooode

0 32 64 96 128
# of node

(g) TPC-H Q8’

M9 128 /= F7FASERIIBIT DAY =T T 1 DIHE
Fig.9 Comparison of scalability in a 128-node cluster.

kB, VYT P TF=SIIANT TS o Tw T Z AT B RIS R

738

1 L e g 1 . T Ty — :’T
8 08 [ ot
b=
6 206
o
4 S04
®
2 £0.2
2
0 . . . 0 . . .
0 32 64 96 128 0 32 64 96 128
# of node # of node
(a) Selection Job (b) Join Job (co-partitioned)
=#= Hadoop =#—Hadoop+OoODE =®—Hadooode ~4%= Hadoop =#—Hadoop+OoODE =#—Hadooode
@
! : g = e
8 \ goe ————-
‘€
6 206
o
4 S04
®
2 Eo.2
2
0 0
0 32 64 96 128 0 32 64 96 128
# of node # of node
(¢) Join Job (d) Order-Lineitem Join (co-partitioned)
= %= Hadoop —#*—Hadoop+OoODE =#—Hadooode ~ %= Hadoop —*—Hadoop+OoODE =#—Hadooode
1 . 8 1 mme
@
‘c k
6 206
°
4 S04
©
2 £0.2
2
0 0
0 32 64 96 128 0 32 64 96 128
# of node # of node
(e) Part-Lineitem Join (f) TPC-H Q3’

%72%, MapReduce BIOFfi & 4 v ¥ —7 x— A %

5T, SQL H&ED A
BNErLBRE, Thbb,



128 = FHBEDOA ML =V A T T FAYBRICBIT AT 7 M 7 d — S RIH 7 — & R O PERERHT

120

H'adoop —a
Hadooode mmmmm |

o
S

80

60

40 -

Execution time [seconds]

20

0

Qi Q2 a3
10 BEHPREL £ 7 b 7 — 5 & e tkRE

Fig.10 Performance comparison for medical receipt
data.

Hadoop & Hadooode ® & D ik %47 - 72. Hadoop
IZBWTIE, Y%7 — 5 v 4% HDFS 0T 7~
FaE s 5Ell & o TEEHEMIZHEL L, Hadooode
IZBWTE, H¥7F—sty boLa— NESREEY
BNy v aBEI X o TREHRERR ISR L., £ 72,
Hadooode |25\ ClE, FEHOBEIIHT L THEL %1
L7z,

B 10 ISR EBRIR Z R Y. W OMEEIZE
WTd, Hadooode (& Hadoop (23} L TEWWEREZ 7R
LThBY, BHENLEYF~— 7 TORBRRITNZ
T, EBOF—5 1y ML ThEWIkiEE 2 T
WD WD,

5. BEM=R

WHN 7= X= 212 BWTIE, MEEREOIEY]E
o k& BHig L72ZEs 5% {ArbhTtasTslh, —
DORELFEMEITE LT, MAETREIZBI /38—
T4 a v e A T T4 AT [19], [20] &G
L7, ZHOEHIFEET VT ZLHHRES LTV
% [21)~[28].

Hadoop I2BW T, 77— 7B ORI % ) | &
BIFFEATAFBEANATONCTETRY, FT—y D&k
8% AR L 5 Hadoop 123+ LT, Hadoop-++ [30],
HAIL [31], HadoopDB [17],[29] Tl&, 25 1% w7z
TTANDT 7 HAFEEREL TS,

Hadoop D3 K 12y, Hadoop A3a x4 M % 70
RIS 57— F IR RFE SN TETW
4. 1 TH, MapReduce LEL & 7 — & X — ZWLEL DM
F ORI Z iGN T AADHER L DODH ), MapReduce
T2 Y VN DFS BICBIRIEA 2 ERT L 2T
LA 5 NS [32)~[35]. M5, Osprey [36] Tld,
AH T — & RX—= A% HfEE L DD, MapReduce (25
WL 7ol B ERRE A BN L 72 AT L& RE LT 5.

ISz L, ARFgEI, S5 — 7 E (IR

ARE) O AHDIEOIEHE 2 FATR BT TRR Y
WZESEAFTNFEATTRL, W57 — & IO AR
LIETHAZFO O LE L, AN OIEFRPLH
ERETLHHOTHY, FRRIIBWTEINIZHTS
TATTIER SN,

6. &t T U

EZHEOIE, 7Y N T A= SR T — 5 R
W 2 E Rty 7 — & LB R Hadooode % B%E L C
& 72. Hadooode &, 57 — & W4k AW T) %
IS 2 mICH - 2 e A L, FICT7—5 &
FEMO—OT =& 2R LT 57— FWIIZ B W
T, ABBAV=T v M EREBICHEL, 7%
WO KIGZ &3 a2 FHT 5. KT, 128 / —
FORBEE 2 9 A% > A5 4 (445F 2048 CPU 27,
3072 .74 A2 K94 7) 12X 1) Hadooode DY
RERTAMSZER 247\, EEROFER, EIEE 0.01%0M &
FI2B W T, Hadoop lZBWT RibEEHIZT— %
N=A Y AT K%IEHT 5 0UHR I L TR 134
f#%, Hadoop 2BV T RiMEEHIZT 7 b+ 74—
FRID T — 5 R—= ALYV &iGHT A0 AT L
TR 134 ORI E A fERE L7z, Z O, H#H
DI L WL D0, Hadoop & DILETIE, WA
178 R OmE b A fER L7z, 7z, /— FAT—
ZE) T4 OFHMIER ATV, KB % 7 7 A 5 B
IZBWT, o> Hadoop MHR LI L TEWA T —
T TAEMRDLIERR LT, ETF—F 2wz
S SEER 12 BV T d Hadooode D\ MAREIZBEE TH
), Hadooode DE WA MEZ MR L 72, 5 IEA05)
F=FWMEOT Y T F — S RFEATEEE LA
S AR T S OGS 2 #ED T & 720,

BEE ORITEO—EBIE, N PERT RS 28 B 58 S 4%
TS T A [BEKT— 5 N— AT 7 5
Fe I R—ALYy T VORSE ST Y BT
5 ERIE L — C A OFGE - 5], S O H ARFiiR
BRI 7E B 4 (RERURTIE B 325h ;) 24 - 7965
DRI X W T BEFRBRL 27 b &
BRiZowTi, BEAEFEFFIIRR#ME (BUERS
WEMTEENE (BECRRHAIGEN R GSE)) DA ED
WLt 7 MERT— 5y MEBICET 50158 (H24-
BUR-—%-002) ] O, EHFEEVIFEREEOMKEH
e N T 7 THRE % TH 2.

X fak

[1] C. Kozyrakis, A. Kansal, S. Sankar, and K. Vaid,

739



BTGS2 RS 2015/5 Vol. J98-D No. 5

(2]

(3]

4]

5]

6]

(7]

8]

9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

740

“Server engineering insights for large-scale online ser-
vices,” IEEE Micro, vol.30, pp.8-19, 2010.

E. Eleftheriou, R. Haas, J. Jelitto, M. Lantz, and
H. Pozidis, “Trends in storage technologies,” IEEE
Technical Committee on Data Engineering, 2010.
D.A. Patterson, “Latency lags bandwith,” Commun.
ACM, vol.47, no.10, pp.71-75, 2004.

Hadoop, http://hadoop.apache.org/

“The Stinger Initiative: Making Apache Hive 100
Times Faster,” http://hortonworks.com/blog/
100x-faster-hive/

“Pivotal HD: The World’s Most Powerful Distribu-
tion of Apache Hadoop,” http://www.greenplum.
com/products/pivotal-hd

Distributed SQL Query Engine for Big
Data,” http://prestodb.io/

“Cloudera Impala: Open Source, Real-time Query for

“Presto:

Hadoop,” http://www.cloudera.com/content/
cloudera/en/products-and-services/cdh/impala.html
S. Melnik, A. Gubarev, J.J. Long, G. Romer, S.
Shivakumar, M. Tolton, and T. Vassilakis, “Dremel:
Interactive analysis of web-scale datasets,”
VLDB, pp.330-339, 2011.

M. Zaharia, M. Chowdhury, T. Das, A. Dave, J.
Ma, M. McCauley, M.J. Franklin, S. Shenker, and
I. Stoica, “Resilient distributed datasets: A fault-
tolerant abstraction for in-memory cluster comput-
ing,” Proc. NSDI, pp.15-28, 2012.

EIEE, GHMA, Ty b AT A S RIT— 5 X—
T2V OoODE DHH & Ul FEER,” HAT — 5 X—2
AR, vol.8, no.1, p.6, 2009.

AL, FoREE, =8, <100 N7 1 THEBOT 4
AJAMV=VBRBEIIBITAZT Y MA TS RIT—5
N—=ATY Y Y 000DE D& PERERER,” 15550
(D), vol.J97-D, no.4, pp.729-737, April 2014.
W2, AL, ZE)8E, “Hadoop 1B 57 7
ME T = SRR DO FERE T 5 —H R,
5EF— 5 THEEHYAY A Y MY 5747 4,
2013.

g2, &4, =E)I#, “Hadoop XL & T
BAHN T — 5 MILRAND T 7 b oA T — FREAT ) A 05
H &2 DHFMUEDHEL,” E5 5 (D), vol.J97-D, no.4,
pp.774-792, April 2014.

Iz, GHMAE, =4, <128 / — FEBLOZ b
V=UA YTy T AR BT AT M T d —
FRIEF 7 — & LR OVERERH & E 7 — & 2 V7 AR
PEORERE,” 45 5 17— % TG~ A2 2~ M2
57 4 —7 A, 2014.

M. Stonebraker,
Database Engineering, vol.9, pp.4-9, 1986.

A. Abouzeid, K. Bajda-Pawlikowski, D. Abadi, A.
Silberschatz, and A. Rasin, “HadoopDB: An archi-
tectural hybrid of MapReduce and DBMS technolo-
gies for analytical workloads,” Proc. VLDB, pp.922—
933, 2009.

Proc.

“The case for shared nothing,”

18]

(19]

(20]

[21]

(22]

(23]

[24]

(25]

26]

(27]

(28]

(29]

30]

(31]

(32]

(33]

(34]

A. Pavlo, E. Paulson, A. Rasin, D.J. Abadi, D.J.
DeWitt, S. Madden, and M. Stonebraker,
parison of approaches to large-scale data analysis,”
Proc. SIGMOD, pp.165-178, 2009.

D. DeWitt and J. Gray, “Parallel database systems:
The future of high performance database systems,”
Commun. ACM, vol.35, no.6, pp.85-98, 1992.

C. Ballinger and R. Fryer,

‘Why parallel origins give teradata an enduring per-

“A com-

“Born to be parallel:

formance edge,” IEEE Data Engineering Bulletin,
vol.20, no.2, pp.3-12, 1997.

P. Valduriez and G. Gardarin, “Join and semijoin
algorithms for a multiprocessor database machine,”
ACM Trans. Database Systems, pp.133-161, 1984.
D.A. Schneider and D.J. DeWitt, “Tradeoffs in pro-
cessing complex join queries via hashing in multipro-
cessor database machines,” Proc. VLDB, pp.469-480,
1990.

M. Chen, M. Lo, P.S. Yu, and H.C. Young, “Us-
ing segmented right-deep trees for the execution of
pipelined hash joins,” Proc. VLDB, pp.15-26, 1992.
M. Ziane, M. Zait, and P. Borla-Salamet, “Parallel
query processing in DBS3,” Proc. PDIS, pp.93-102,
1993.

M. Ziane, M. Zait, and P. Borla-Salamet, “Parallel
query processing with zigzag trees,” Proc. VLDB,
pp.277-302, 1993.

B. Liu and E.A. Rundensteiner, “Revisiting pipelined
parallelism in multi-join query processing,” Proc.
VLDB, pp.829-840, 2005.

D.J. DeWitt, J.F. Naughton, and J. Burger, “Nested
loops revisited,” Proc. PDIS, pp.230—-242, 1993.

A. Brown and C. Kozyrakis, “Parallelizing the index-
nested loops database join primitive on a shared-
nothing cluster,” Technical Report, no.1598, Dept.
of Computer Science, Berkeley Univ., 1998.

K.B. Pawlikowski, D.J. Abadi, A. Silberschatz, and
E. Paulson, “Efficient processing of data warehous-
ing queries in a split execution environment,” Proc.
SIGMOD, pp.1165-1176, 2011.

J. Dittrich, J.A. Quiane-Ruiz, A. Jindal, Y. Kargin,
V. Setty, and J. Schad, “Hadoop++: Making a yellow
elephant run like a cheetah (without it even notic-
ing),” Proc. VLDB, pp.515-529, 2010.

J. Dittrich, J.A. Quian-Ruiz, S. Richter, S. Schuh, A.
Jindal, and J. Schad, “Only aggressive elephants are
fast elephants,” Proc. VLDB, pp.1591-1602, 2012.
H. Yang, A. Dasdan, R. Hsiao, and D.S. Parker,
“Map-reduce-merge: Simplified relational data pro-
cessing on large clusters,” Proc. SIGMOD, pp.1029-
1040, 2007.

T. Kaldewey, E.J. Shekita, and S. Tata, “Clydesdale:
Structured data processing on MapReduce,”
EDBT, pp.15-25, 2012.

B. Chattopadhyay, L. Lin, W. Liu, S. Mittal, P.

Proc.



128 /= PO A ML =D A T T2 T ASBRICBIT 57 Y M4 Tk — SRR 7 — & QLB R O PERE T

Aragonda, V. Lychagina, Y. Kwon, and M. Wong,
“Tenzing A SQL implementation on the MapReduce
framework,” Proc. VLDB, pp.1318-1327, 2011.

[35] J. Zhou, N. Bruno, M. Wu, P. Larson, R. Chaiken,
and D. Shakib, “SCOPE: Parallel databases meet
MapReduce,” Proc. VLDB, pp.611-636, 2012.

[36] C. Yang, C. Yen, C. Tan, and S. Madden, “Osprey:
Implementing MapReduce-style fault tolerance in a
shared-nothing distributed database,” Proc. ICDE,
pp.657-668, 2010.

(PR 26 4F 8 J1 4 HZAF, 12 /1 1 HEAT,
27 4F 2 [ 4 HPHIET)

e &z

2003 4F KR T A R TR A
[EAART A4 - ©— - T okt AH,
2004 v 7 — MUt At 4
. MR T Y v ORI, 2010 4

‘\ i N YNES e W20 St S A A Rt

/ MR T, HARSAMRASFRRINIZE R AT,
2014 R GURFRF B IL T S A e BHE L AR T, 1
+ (FBRILTE) . BUE, BRURSAEHATIZE T ot 5
T N AT AT LORFFRICHES. RIS, AT —
¥ R— %5, ACM #4548,

sl &

P 12 AR TR LR,
T 14 IR KRB TR T
P HRT A s LIE T, T 17 SRR
\

\ S T2 R J R A T-h e B
‘\ ,. M B E. FAE, ME (F
! W), HAFIHRRAIIZER, #

BB R IR R B A, BUE, U
Kt BT R GT E MEBE . 7 — ¥ N— AV A7 L, A b

L= Y AT AOWFRICHES. HHRLESS, ART— 5 R—
A4y, ACM, IEEE, USENIX &%4H.

EEl # (GEH:7zv-)

' 1983 4EHRUR R T BE T R0 Fe R
A WTAFHREARET, T JRRSE
FEFAT IR Fe T k%, 2013 4F 4 A X b E

‘.
e/
- TEMFIIZEI TR, 2013 4E 6 H £ V&
)9 WS AR, 77— 5 R— A TEOFEIC
L& PEF. RRFERE, HRUHEERDRE,
ACM SIGMOD E.F. Codd Innovations Award Z#. ACM,
IEEE, {H#LBELR7 20—,

741



