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Nowadays, huge amounts of data are stored in vari-
ous data sources, and analysis spread over those mul-
tiple data sources has become a big issue. There-
fore, data virtualization that allows the seamless ac-
cess of different data stores, as if there was a single
data source, has attracted much attention recently.
In this work we use a relational database manage-
ment system (RDBMS) as the processing engine for
data virtualization because of its rich set of func-
tionalities and complex processing capabilities. Vir-
tual access of data sources containing semi-structured
data through RDBMS presents two major problems.
First, data schema cannot be pre-defined for semi-
structured data; second, data virtualization can cause
significant data conversion overhead. Here we ad-
dress these problems for serialized binary JSON data.
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Our proposal realizes SQL processing without pre-
defined schema, and reduces the virtualization over-
head by modifying the query execution plan to re-
place the conventional two-stage type conversion with
an internal one-stage type conversion. We imple-
mented the proposed virtualization approach using
PostgreSQL as the processing engine to access a Mon-
goDB document database as the external data source,
and present some evaluation results to confirm its ef-
fectiveness.
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CREATE FOREIGN TABLE tl { doc json };
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CREATE FOREIGN TABLE lineitem {

1i json
} SERVER xxXX;
SELECT

(li->>"1_orderkey’) ::integer,

sum( (1li->>’"1_quantity’) ::real) AS sum_dgty
WHERE

(li->>"1_shipdate’) ::date <= date’1998-12-01"
GROUP BY (li->>'"1_orderkey’) ::integer
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8: HENIZAF—~2EHT B 7TV

7=. Z® MongoFDW & MongoDB ~®D 7'y ¥ 2 X' v L Bz
WHERE AIZQABHINTH D, BE L7V NIZHELST
FMZEST—XE2TE2E—FT 5. AF—<IZBL TIEFEIC
CREATE FOREIGN TABLE DB T 5 — X BI& M H < F5E
TEBENRH D728, 74— ROBBKIZIELTTF—TIVESED
S5RDEIRITNERS WD, Kb D ICHINIEEL/ZAF—
<~ DIE#R % VT BSON #h & QOEHELEHEITS LB TES.

72, W4 e LT, MongoDB iIZiE#2 =) ##I1F =54
IZ2WTHEHIZ4T > 72. MongoDB 75 PostgreSQL ~ D 7 —
RELED RN T2, TS DA ==~y RiF¥ iz s s, K
b0 IZEMN LA S % MongoDB DML > Y Y T 5 7= HKHEIZ
B EEMEDD B .

725, PostgreSQL 7% 5 ProposeFDW J& ¥ SchemaOn-
ReadFDW, SchemaOnReadFDW-PP %/ L C5479 527V
i, M7 0&TXFHIUADRETIZONT -V E T
FT 5 TEWEbEEITo>TWS. —J5 MongoFDW %/t L7z 2
IV, M8DESITRTDAT—ABIICERZL-DL, M
WEDHEE1TS5. MongoDB ([ZE#H#F 5~ TV iX MongoDB O
FIEITRES.

AEERTI, FTIREFEOMELMERT 5720, ProposeFDW
¢, SchemaOnReadFDW+PP, SchemaOnReadFDW D ="2I(Z
DWTHERE1TS. % LT ProposeFDW & MongoDB iZ & 5 H
PERAT L RE TR E KL, RDBMS (2 & % 57— XA L EHE
R TVMBIZBWTHEBEEGFLDAENTH 202 HRT L. &
%1z, BEAFZD MongoFDW & MERELLIR 217\, FET 5.

5. WRELIER - ER

5.1 JSON AZA=FEFIERE LAV ERAAHDIEBELLER

F£2IZTPC-H7—Zu— KDY 155 10 i25 LT Post-
greSQL 75 JSON WA ¥ —~ 2 FHIEH T T ITHARAZLT
SZODARNEET UL EOFEFRMZRT. HLZTY 21k
EREEIEU Doz, RKEHHE Uz, B, AR—ADH
f% E SchemaOnRead # SOR ¢ &#3 5. *7/-, 91x, £2
® SchemaOnReadFDW D#EE % 1 & L T=2D HRDFEFHE

7 2: TPC-H O 7 ) FE1TIRFH]

=) SORFDW (s) | SORFDW-PP (s) | ProposeFDW (s)

1 6,547.6 1,937.7 339.5

3 4,026.2 1,231.3 259.0

4 5,641.6 757.4 178.9

5 4,682.2 1,129.5 235.0

6 2,554.6 175.1 82.3

7 6,934.7 1,487.5 288.1

8 9,176.8 1,489.3 1,060.2

9 10,000.9 2,685.6 1,124.0

10 3,289.4 479.4 126.8

m SchemaOnReadFDW+PP ProposeFDW

35.0
30.0
25.0
% 200
E 15.0

10.0

5.0 I I I
o 101 l l ]

1 3 4 5 6 7 8 9 10
IINES
9: SchemaOnReadFDW % %#E & U 72 ProposeFDW D%
buics

KRB L2757 Ths. Bilxs =) &S, WL
HEERT,

fiTH F2MMA TWAEW SchemaOnReadFDW &t % &, B
FFETHEZ TV aveTANEDT Y a R I VDOR%E
W L7z SchemaOnReadFDW+PP & Kk & < EIFHEMN LMo
TWAZEARERTE A, HIZZ TR TREBmO —FE k27>
7z ProposeFDW 35K TH 8.7 fi7, ¥ 18.7 D MREM k
BRSNT-.

¥ 72, # 2 %5712 SchemaOnReadFDW+PP O #E% 1 &2 L
T ProposeFDW X LR L7202 10 TH 5. 7TV 1, 3, 4,
5, 7, 10 1Z 4 5 Bl EICHEREDS EN>T W5, B2 #
R L 72 Z & T, FHZISUFH% JSON & L T PostgreSQL
PR U CHAN ORI EBT 2B R o722 21tk B4 —
N—=~y RO AER, DO LSRN ELZEE
Zohb.

ProposeFDW
6.0
5.0
4.0
i
)
7 3.0
gz
2.0
1.0
0.0
1 3 4 5 6 7 8 9 10
ITVES

10: SchemaOnReadFDW+PP % &# & U 7z ProposeFDW @
O 2

HERTF—49 R—AZ2LHEHEE
Vol. 16-J, Article No. 14, 2018 £ 3 H




DBSJ Japanese Journal

— N/LEA .
A% Em 3 Vol. 16-J, Article No. 14, March 2018
W ProposeFDW MongoDB ProposeFDW
4000 14
3500 12
3000 10 MongoFDW
Z 2500
= g
# 2000 i
& Eos
B 1500 LS
1000 0.4
500 0.2
0 0.0
1 9 1 3 4 5 6 7 8 9 10
DIVES JIBES

11: TPC-H ® MongoDB (Z & % & #5175 R

—5H27xVY 6, 8 9IF2MHENS 2 MHRMOHEE LFIZH
o7z, 711 8, 9B L Tlk ProposeFDW %+ L7284 TH,
MongoDB %5 D7 — Z3EF D51k F - 721212 PostgreSQL D AH3
BT WA RDIR 51, PostgreSQL I OMLEEASE WD W T W
RN EWBHIE N, ZORKFE LTI, Analyze 217> T\
20728, PostgreSQL A U 7 EATEMHIZ D £ D AMLEEA
BOWEHHETH -7z REMED D D, ZOFER, PostgreSQL (DL
PREBRT—N=—AY RELUTHE-TLESIEBERIOND.
7L 8, 9IFKRNGBMOKEEEITO 7TV THD, WEAHIED
W12 & - T 1% PostgreSQL MO MERA R 12 H < 725 72, =
D& FERPEL B bb. £72, ProposeFDW #/ L 7=
7LV 6 OFEFTHIZIX, MongoDB filld> CPU i HEMN T5%% T
LERUTWARZE2BMILZ. D27 TV IZHKT 50%5 TH >
7225, 21 61X MongoDB il F — X G AA R A —
Ny R &8 AR E 2 515, ZD7-8 PostgreSQL
RO 2 R R FIRIT L > TR L TH K ELMERM EAES N
RhorzeBbohsg, 71 6lx—DDREEREFRMAA, Eit%
FHEWVWSHHiZR 7 TY THDH7-0, PostgreSQL D MIEL &
eH BP0/ N, TD LS 7% MongoDB DA —/N—~ v
RFEEIZDRD 5T EZILNS.

INSOFERPS, 7TV IZ&koTEEIHEEDD, BILHOD
SRAGITEITHEREZ SO 5-DICEHTH D L EX 5. Analyze
R UETEEZDOE0EHET 52 iz kD, HiZHagRE
ZHIAD BAHEMA D B 728, SHBOBEE Uiz,

5.2 MongoDB I8} 32 BERTEDLLE

11 1332 EF % FH\ 72 ProposeFDW & MongoDB i 51} % E
BETOEFNEONKTH S, ik TPC-H D2 =V &S, #t
HZSEATIZ D - 7= 2 BV TR 9. 728, MongoDB 2B\ T
77 =) OFEFIFIHICHLL, RTOTPC-HDO Y T ) 2%
e Z EHPNEETH D720, RELLTDDZTVIZDOVWTD
FERETLT 2. 7)) 1 DA, MongoDB & kY 5 Lig%F
HEOHE X 0.72 f5 &, MongoDB D fihMEf MR 2 LT\ 5.
LU —AT, 7Y 9I1ZBL Tid ProposeFDW % 1124 #T1k
F 572X L, MongoDB TDFE71X 3776 &, ProposeFDW
M 3.6 RN WVWIKERIZAR 572, Zhid, MongoDB iIZEHK X
TWAREGHADOHETH L L EZ 515, MongoDB 1X#4E
HGHREVTAATY RV—THEEDAEZYR—LTEY, Ny
VafEER Y UG EITOI LN TERY. TOLD, IS
PRELEZONDZ 7T VI UTIEE LU S HREETT 5. 7
TV 1 ERESELEL LW T TH-72728, MongoDB
IZ & BEBSEITIE PostgreSQL IZT —X 2% 5 TL W& WD
I DFEHE X N, ProposeFDW L0 & X WHERERZHTZ 2T
zeFEZONB, LALIZTY 9RHIZ6HDOEREMEEST R IT
)CH Y, PostgreSQL ® EXPLAIN 1% K&HW3 ¥, 20
ETIZBEVWTNY Vafidh v —VENRIREhTWS, 20

12: MongoFDW % 3:#: & U 7z ProposeFDW o fH 5 2 &

IS5 ITVIZBVWTIE, Ny Vakide v —URAWNERNTE
TAAT v ML= TS 2T ORI NI S 7%\ MongoDB TD
FITEREPEL, BREPREMEMTTIRRAICE-72EZS
N5, ZOFRIZEY, ProposeFDW (2 & > TF — X ZFHARA
PostgreSQL ® 7 TV Ul > > TULEEY 5 Z 1%, MongoDB
2K & 7z BSON JER D 7 — 2125 U TR H AL % 17
SLEIIIAHTH DL VWD T EARINT

5.3 BE7FED MongoFDW & O LH#

1212, FRNZAF =< 2Mid < ED 5 87D MongoFDW &,
AIRET L% R U 72 ProposeFDW DEfTHE D ik % 739, #
il TPC-H © 2 =) &S, HtilidE7FD MongoFDW D547
E% 1 & U7z& &0 ProposeFDW D FEX 72 A7 % £ 9.
FERIZREINDE XD, HEEFZZVIZLDRELES., 71
8% 91X 0.2 fFRREDMRELNHTVWRVW—F, 7T 4% 5%
BEA7D MongoFDW % L[5 EE % Fidk L T\ 5. (B UH & FIkR,
7T 2 IZBUTIEREHITH 5.

Z DA IE MongoFDW & ProposeFDW D& AGE S Z & (12
BEBRTZEEZONS. RETFIEILRDBMS 257 TV 2f#ff L,
FATEIH 215712, TNEHRAGHOLEEZITS>HDTHS. L
MU, £ %H MongoFDW % H\7z[K; & ProposeFDW % FH\»
7-l§i%, PostgreSQL O A 77 4 <A ¥ =13 2 FEITEHEIZ
FEEPE DTV, TLrH8ZRILRZLEHONTHS LT,
ProposeFDW % FH\WTCT5479 % 27 T Y 1%, MongoFDW % FH\»
TEGTZ27TVEHBLTEF ¥ A MERTREMNEIMENTY
% L, PostgreSQL 25 R 2T —TIVEHDLELEILDTH
5. ZhoDERMNEFER & 72> TETHEIZEIED, FORE,
BRI IS L WS BRIZ o 2 e E X 5 NS, Al —DFEITEE
2 & BMEREILIRIZ S B ORETH 5.

AL MongoFDW % L[E 2MEEEZFIEL 727 T Y o7l &
N5, BEFETH TR LZBONIWEEELDH S Z L IER
BINTW5D.

6. BHYIC

B2 T =R — AT = DR T BHESIZBEWT, T—4X
O b —fEEHITEELRETH B, R, Z OFRS
HE UTHFORDBMS 227 T VT VY v 2 ULTHWS T —
ZAEAIZIEE Lz, 2 L T RDBMS A3 EMEE (LT — & % FH W
TWETF—=RY =AW o T —REHHAALEE, #4701z JSON
HEDAF—TEZEHZ LRV EDFETLVWERR, Y754
ZENFNALF VIR JSON 2 ZD SR THEARAGEIZAL 5
BBt B2 Y TR R I2 DWW T, RDBMS 12 & - TIER 1
7-atiE 2 2 U, WERIIZ — BB D RIZ U {8 T JSON CF5)
D% AFy T L, A==~y RT3 HiEaREL -,
=72 —AD RDBMS T& % PostgreSQL &, BSON X

HERTF—49 R—AZ2LHEHEE
Vol. 16-J, Article No. 14, 2018 £ 3 H



— B

DBSJ Japanese Journal
Vol. 16-J, Article No. 14, March 2018

DF — R %P> MongoDB % W THAL 24T - 7-H5 3R, REFIE
WWEORESMERETEE VWS ERE2E7-. 72, MongoDB
WX BEEET LI UZGAIIE, ME22HT 5 & i
R TVIZBWTIREFIEVIHS NEN TH D & OFERZ 57z,
/7D MongoFDW & D LIIZE W T, 7TV PAF—TD
EWHSHE—DOEFEHEZEONT HOREEKREIEE X RV,
MongoFDW % L[H 2 hEE% T 2 7 T BEMET 5 Z & &1
U7z,

511, Analyze ~OX G, EHNEBO Ty a Xy vk E
FWX SR A MR E2M5 L 12, EHELT — K AToN
VFR—2IZ K BHE, FEA I - ERAOXG, F—O%ET
FHE 12 & 5 MongoFDW & @ Ebilik7e &% 47 > T <.

[>Z#k]
[1] “BSON - Binary JSON”. http://bsonspec.org/.

[2] Alin Deutsch, Mary Fernandez and Dan Suciu. “Storing
semistructured data with STORED”. In ACM SIGMOD
Record, Vol. 28, pp. 431-442. ACM, 1999.

[3] Daniela Florescu and Donald Kossmann. “A perfor-
mance evaluation of alternative mapping schemes for
storing XML data in a relational database”. PhD the-
sis, INRIA, 1999.

[4] Philip Bohannon, Juliana Freire, Prasan Roy and
Jérome Siméon. “From XML schema to relations: A
cost-based approach to XML storage”. In Proceedings of
the 18th International Conference on Data Engineering,
pp. 64-75. IEEE, 2002.

[56] “Norikra: Stream processing with SQL for everybody”.
http:/mnorikra.github.io/index.html.

[6] Michael Hausenblas and Jacques Nadeau. “Apache
drill: interactive ad-hoc analysis at scale”. Big Data,
Vol. 1, No. 2, pp. 100-104, 2013.

[7] Zhen Hua Liu, Beda Hammerschmidt and Doug McMa-
hon. “JSON data management: supporting schema-
less development in RDBMS”. In Proceedings of the
2014 ACM SIGMOD International Conference on Man-
agement of Data, pp. 1247-1258. ACM, 2014.

[8] Daniele Bonetta and Matthias Brantner. “FAD. js:
fast JSON data access using JI'T-based speculative op-
timizations”. Proceedings of the VLDB Endowment,
Vol. 10, No. 12, pp. 1778-1789, 2017.

[9] Yinan Li, Nikos R Katsipoulakis, Badrish Chan-
dramouli, Jonathan Goldstein and Donald Kossmann.
“Mison: a fast JSON parser for data analytics”. Pro-
ceedings of the VLDB Endowment, Vol. 10, No. 10, pp.
1118-1129, 2017.

[10] John Roijackers and George HL Fletcher. “On bridg-
ing relational and document-centric data stores”. In
British National Conference on Databases, pp. 135-148.
Springer, 2013.

[11] Ramon Lawrence. “Integration and virtualization of
relational SQL and NoSQL systems including MySQL
and MongoDB”. In Computational Science and Compu-
tational Intelligence (CSCI), 2014 International Confer-
ence on, Vol. 1, pp. 285-290. IEEE, 2014.

[12] “Teiid Homepage. Teiid”. http:/teiid.jboss.org/.

[13] “PostgreSQL foreign data wrapper for MongoDB”.
https:/github.com/EnterpriseDB/mongo_fdw.

ngE 48 Chihiro KATO

MRS E LB, 2016 B RS RZ BB HE T % /015
REFERFZERELHEEBT. T—XAR—AV AT LOWFREIZ
HE., HEAF—RRN—2AES8E,

A 22 Minoru NAKAMURA

RS E @A, 2001 B R RZER T EMERHE R T
FRMELERET. av 17, [REvY Y, T—ZR—-AVA
T LOMERIZHES. HRLEES, AT —AR-AEAEE,
E®E 1)) 77> Lilian HARADA

MR E LEMLEAT. 1990 B RFERF R THEWERE T T
FHEEELHAMET, T¥EEL. F—EZRX—2AV AT L, T—X
R4V, TR LEZEOWMBIIKE. HHRUEES, AAT—
RAR—AZEEE,

HERTF—49 R—AZ2LHEHEE
Vol. 16-J, Article No. 14, 2018 £ 3 H



