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Abstract: NoSQL engines provide high performance and scalability for large-scale databases, so they are
widely used at the backend of various applications. Designing good NoSQL schema is a critical problem so
as to maximize the performance of databases, however it is difficult for database administrators to manually
design good schema. In this paper, we present a schema design method that speeds up processing queries
and update operations by utilizing Secondary Index. In detail, this method first enumerates candidates of
Column Families and Secondary Indexes for processing queries and update operations and, then, obtains op-
timized schema and query plans by applying Binary Integer Programming. The experiments show that the
method successfully reduces the frequency-weighted average latency by 78.0% for modified RUBIS benchmark
compared to the state-of-the-art method under certain storage constraint, which simulates a write-intensive
workload.
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Fig. 1 Schema recommendation method [21].

Cassandra Tl Column Family *"ZEZE OB ST T
LEBINTEA., LAL, 7I72%2BNMTARERD
Column Family & 522 LOER L 2IF U R 6%\, £
72, A7 LIFHHEIZEMTE S5, 170 0ED TG L7
AX =X EH5R DI ETIY)RRNL T — 5 DM ERE
DEBNRTEETH A, L7225 T, Get X Put DVEFET It
KALT B AF—~DFE VL EL % 5. F72, Cassandra
T 7T )SHEE L TCQL?HEASNTEDY, Get ¥
Put & SQL IZiE\WEHX D 7 = ) ALFE R B & L CHL
WCEL, RETRETA 7L —27—213F, 7T Ll
RUTHREHFUIL L ELT T r—vavilswn
TNoSQL F— ¥ N—ZADAF—<i&Zit %479, 2AF—<
RETOBEE LT, 7T ) R E L ORED b L —
FATWHIFoND. e ziE, 710 T L ICERE
Ba2 &9 5 Column Family 2 €3 4 &, £ Column
Family (2 & YV EUD 7 ) [0S TE B 7200 H i 2 1K
WMCTE5. ZOREORMEIE, 7)) T EICHMTIREN
Be7Z2 Column Family # €% 5 &, —#% I8 Column
Family f] T7 — % OB FEET 57O BHF WD 2 A
MR T HZETHE, —F, 7T—FOEHELTEHIHT 5
7212, o 7 ) BT Column Family # 5 54
ENEZONDL, ZOWEE, 1712 % 0ET LI
#® Column Family Z#56 L CHEST 5 2 EATREIC 7
L. TN XY EHLEOBMIZENT X 525, HED
Column Family % ¥ 3 4 > $20L%0H: L 4. Cassandra
ZEt, 4D NoSQL 7= N—= ATl 7 — & X — 2l
TOYV a A LM EzRIE L 22D, 7747 2 M
TV aA YU ELT)LENDH Y 7 1) OILEFRER K
MRICHRT 5. A F — < ket d— R B & O AREERANC
VAT TVED, JZ)RAXF—PEMICE D L
7 L) B E BB OEEED P L — P 72 NT VR
THORMBEAF - EZRETH L IIWEEICR L. F72,
Cassandra |3 RDBMS & 35743575 €7 VEFAL,
Column Family # ¥ 3 1 ¥ 9 2 HRe 2 Heflk L TvaZe &,
% { ® RDBMS & DHLER D H. €D72%, RDBMS %
T B A F — <IN [5], [16], [17] % Cassandra (258
A2 LI3NETHS.

1 REE T L7z Cassandra Tld Column Family (X RDBMS @
TT WIS T LT - I HEETH 5.
*2 http://cassandra.apache.org/doc/latest/cql/

© 2020 Information Processing Society of Japan

ZDOLE)BEEDPS, NoSQL 77— & N— AT D A F —
THEEHMARE SN TV B (18], [21]. Z O ORI
DFHAF & LT NoSQL Schema Evaluator (NoSE) [21] %
BTSN 5D, Secondary Index [24] IZEFE L T2\,
Secondary Index Zffifl 9 % Z & < Column Family ® ¥ —
PO T 8 %58 LTHERT 27 20) 2 m#ICFEITT
&%. L»L NoSE Tld, Secondary Index (X 1#EICFEE
NdHDELTHEHLTWRY, ZHIZL ) EHLEHFS
BaTIEAF —<5iEB L 2, HE@ Column Family %
AT MITY a4 0T hH 7)) T U HEEISNT
LEHIBAEVELA.

AFETlE, NoSE #¥LiE$ A Z & T Secondary Index %
EHLZAF—<EZIT) 7L — 2T =7 2 ]/-ET 5.
Secondary Index OHREDFEE & L TlE, 3 Secondary
Index & fV 7227 =V WLHLE Cassandra TIETXTHO T —
FN—=R /= FICMEERIT) T EDHITONL. ThI
$0, 7VBERONED ) — FEIZIERTL WA
R, HET LTI DOD — FIZEFLTWZEAC
G =3~y F23Kk &% 5. F72, Secondary Index % fifi
3 2 B81d Column Family & [HS%E0 7 — & &2 #EH L T
3752 & 44 Column Family 1227 1) QLA 4T ) 726 % —
NNy FAHEL L. Lo L, Cassandra 3.4 DLFETIZHER
@ Secondary Index DVERE % 2 L 72 SSTable Attached
Secondary Index (SASI)*37sfgfitshCTw5b. SASI i,
Column Family & R&ED 7 — ¥ & a LWE L E T4 —
ANy RSN TWAE*, L7zd> T, BETIE7 Y
WLPR D w3 AL D 72 9 12 Secondary Index & F 5 Z & 28
FRERo>TnA, K7L —L47T— 7 OFEIL Secondary
Index 2 &L AF—~ - 72 77 VR HIZE L, Sec-
ondary Index DA EZfE L7-a A M ETIVIZ L Y FEAT
I b EFHN L, &A% Binary Integer Programming
(BIP) & LTAF—<HEMELMRTLILIZH 5.
CO7V—LT = EFERTLIOOHEL LT, 71
7T Y TOMM L o TEALT A Column Family X
Secondary Index DI X h %5l 2 Z L HWEETH 2 2
EDBHITHENA. KT, Column Family & w5 7
V77 DMEFINEOZERE Y FWvwb 2 LT, Secondary
Index il 32527 1) 7703 A% liT 5 Fik
#38%T 5. NoSE Tl 74 7~ MIITHE D Column
Family # ¥ a4 3271977 D SN 54560°
HoTeh, %7 L — 247 — 2 Tld Secondary Index %
WBII)TT Y REHTES, SHICEY, 2947 Y
e TF=F N=ZAMTOT = F EEOBIRD T 5720,
KIFIZ 7 ) DIRERER 2R T & 5.

*3  https://docs.datastax.com/en/dse/5.1/cql/cql/cql_using/
useSASIIndexConcept.html

DT, BURIIICR S 256 SSTable Attached Secondary
Index % Secondary Index & I3,

21



IEIRNIBFLH/TEE F—2~N—2 Vol.13 No.i 20-32 (Jan. 2020)

FHMEERRIC BT, RETL -2 T =212k o THEE
EN/zAF =< % Cassandra EICERL, 7 12) 75 0 %
FATLEDOIERR - 7= N—=2 ) — FE#EEE7:
BOIEEEE O A r —5 €V 57 1 OFFi 247> 72, F O
B, BHLEOART S E VRIS T L2 A ML -V FEE
MG A O T — 70— FIZBWT, &R OFYE % B
HFEIH LT 135% IR T 5 2 L AR L7z, F72, o
BIEFOAr —F V) F 4 ICHTAERICE Y, BETE
INQENIATr—S ) T4 2O L M L7,

KEEOWBIILTOLBY) TH L. 2 B THEHIC
DWTHAIL, 3 BICTREFLRIIOVWTRT. 4 BEIZT
REMSERRIC DO W TR L, 5 BIZBWTELEZEIC DWW T
MR, 6 FEICTARIGZ T &0, 5HROBEIZOVTHT 5.

2. HETA

AETIE, NoSQL 77— N— R IZHT 2% 3iH
5. 2.1 fiTlX, Extensible Record Store |22\ T, 2.2 i
TlE, Column Family IZOWTHMT L. 72, 23 HT
I+ Secondary Index IZDWTHEIT 5. 2L T, 24 5T
I3 Extensible Record Store (28175 A ¥ — <7 L —
L7 — 27 T& %A NoSQL Schema Evaluator (22T
T 5.

2.1 Extensible Record Store

Extensible Record Store[2] D7 — % E T VIIHEZDO A
FLEHOLI— FOESICIVHERENTWS, 7,
Extensible Record Store Z i3 A KL, &0 &SWikfEx
BAEIZOIZIIAT Y NEMBOT = R=A /) — Fif%
TR 5. 77— R=R/ — FBIZT — ¥ 2 5809 514,
BT LNZEDCEESEE L O — FIZHED KRG Z L
HEDYE, MW T8 5l . EESETIE, 7
7 L% Column Family SOEA~NTE S, K7 —F X—
A= FIZEIY B THNE, KEFETRIET—FR—2A
= NZE VI FOF—DEE A7y ¥ a5 e
PGHIC L o CTHT— I R=Z2 /= FIZEI) B THND.
Extensible Record Store ® BAff] & L Tid Cassandra %
HBase *>, BigTable [4] 25T 5.

2.2 Column Family

Column Family (3455 Txf 5 & § % Cassandra T,
RDBMS O 7 — 7 VLS 57— Y f§iETh b, AT
1350 (1) o T Column Family #5335 5.

CF([partition key|[clustering key] — [value]) (1)

partition key 1L 3 — F 2@ T 27:00F —Th 5.
Column Family N D % L I — NIXZ D partition key O
fiElZ X - T Cassandra @ / — FIZ0# L CHRE s 5.

*5  Apache HBase, http://hadoop.apache.org/hbase

© 2020 Information Processing Society of Japan

clustering key 134/ — FNTL I — K%Y — b LI
LESIZY — MR —L LTHHENS. value (3K 5 T LD
ECTHBH. 7 ) WIREIT 9 B partition key % 5555
e LTHIAT22LT, ZOMEICE D L a— FOFET
BT = R—A ) — FEEHRIEETE 5%,

2.3 Secondary Index

Secondary Index (¥ Cassandra ([ZBWTHREsnTw5
T — Z i TH Y, Column Family @ partition key MALD
NI LREGEGE LTHVWE 7 2 )W EELTE 5.
BfpE LT, LT Column Family (2%f LT Secondary
Index Z T 2465252 5.

CF, = CF([partition key;|[clustering key] @)

— [valuey, values])

value; 12 Secondary Index % %€ 3 % 54 @ Secondary
Index =3 (3) DFX TRLAB T 5.

ST, = SI([value] — [partition key|, CFY) (3)

value, 2% SI; D key, partition key; 75 value &7 4. T D
Secondary Index Z 32 Z & T, value; & &5 551
HHS 27 1) 253 T Z %, Secondary Index D
% 1L 32— Nl Secondary Index % €%% L 7= Column Family
DLa—FEFL/ =PI L TREES LS. BT ALE
ZBWTIE, S E CFR T I v 7 ICHFTENALT-D,
L a— FOELSEOHRFIELSTH 5.

AFiTlE, Secondary Index DFEHE & LT Cassandra 3.4
VIR SN T b SAST 2§ 5.

2.4 NoSQL Schema Evaluator

NoSQL Schema Evaluator (NoSE) [21] (& Extensible
Record Store x5 & §HAF - I L -2 7= T
HbH. NoSEOAMNIEE 2 DB THL. £5, Z
ZTOMET — ¥ T IVIEHIR & 1172 Entity-Relationship
ETNTH A, T2, 7—2ru— NIy ) QUL AL

ith

[ Column Family DFIZ

|

DIUTS>D%ER
l AF—<

[ z+-—~mar |
|

DIVT S OB |——~l oITVTS> l

2 NoSE B[ [21]
Fig. 2 Overview of NoSE [21].

*6  Cassandra Tl partition key * S5 5FL L TRz wr
) EFETTLEE, ST AET IR/ = Frpbela—F
FRELTOOEMICE 27405 ) v %2 54T ¥ MITH
i, 7 1) DIEREMAIERICRE 2 5.

22



IEIRNIBFLH/TEE F—2~N—2 Vol.13 No.i 20-32 (Jan. 2020)

HOEETHY), XML —TYFEflRIEHERE T 5 Column
Family D& DA ML — V4 A4 XD ERETH A, NoSE
TIE, ANETCICH 2 IR END 4 DDEREZ T T
479 .

9, AN/ ), BEHTLIRES )L Z N5 ITILE
T 5B T & %5 Column Family OF| %479 . W&
2, %7 ) 12xf L T Materialized View & L TfifiT&
% Column Family % ZNZFNFNET 5. RIZ, T—7d—
FRND 7 Z )Mz, a7 —FETNVTHHALTYS
entity IZEDWTENEND 7 T Z43R L7207 1) * T2,
%2 11) O WHERE #0717 4 % SELECT I B#) L C
M EBMLI Z) R AERT S, ZLT, %27 ZVIZD
T Materialized View & L T Column Family % {ER$
5. 25612, key IZEDWTHED Column Family %5
L 72 Column Family & B THIZET 5.

KIZ, K% L7z Column Family #ffH LT, &7 1V,
HHBES ST AR ) 7T v 2Bl 5. 7
I 7 2% Column Family (2%J9 % Index Lookup X
EHUBEEDOFINEL LT AT v 7 THE SN S, NoSE
1% Column Family ® A% il 3 5 728, HMD Column
Family ZI\v2% 77 > %, #H® Column Family % ¥ =
A 0F5T7 0 RERTS.

RIZ, HBL7Zz2 ) 7T DA MEEERIT). TR
MNEHE T, 729 77 V2T 5 % IndexLookup A
Ty 7Tz (4) EFRCCEIEET).

cf _cost = base_cost + query_num X query-_cost
+ width X width_cost

(4)

A (4) 1ZBWT, 1HED base_cost 13 Index Lookup % 4T
I ORICEET LI AN, 2B 1) WEOTK
BT = R=AF LTI BT X+, 3HHEPHRD
T—=FUHk I A M EFRL TS, querynum 1, FETEN
%7 V)AL, query_cost 1347 1) %479 I3 X b, width
TR E LTHUSTE 50 T 208, width_cost \3H T A
BB L7za A M &KRT. 2 2L O Column Family %
VaAr3H L) T 7T, 1EHOD Index Lookup
DFERDT A X% F2d width % 2 JEH ® Index Lookup ®
I A FREBD query num (IAAT A, ZHIZED, 20H
@ Index Lookup AI%%% 1 2 H @ Index Lookup D& F 1
BIHAET L E2RET 5. F/2, B0 A MO
FHEER (5) 12L& > T ).

cost = width x write_cost (5)

write_cost \(THF#ITH) T A N EET.

JIZ, BIP # Wk bick ), 7—20— FHDK
7 T) ML - EHEHE I OWTIRE R AF—< L) S
7 v RERT B, BRI L (6) I9RT.

X)) OFEE—EORT .

© 2020 Information Processing Society of Japan

minimize Z Z fiCijoij + Z Z FmCrpn0n (6)
i g m n

1THAEZ VO EFFa A P 2R LTE Y, 2IHAIEE
FUHEOEFTIA ML ERLTWAD, 9, F1HAICEHL
T, B i GANSNE 7 ) AD i FBO 7 27) O,
Cij & iFHDOZ ) 123 LT j % H D Column Family %
HHT2BOIAMCTHL. T2, 6 BiFHOZ Y
A% j #H ® Column Family il 3 52 &9) %27 0
LRI DMEEMAEHTHS. H2HBICHELT, &
B fo GATI SN D BEFWIEN D m T H O FEF LI O
B, Con 1T mBFHOHEFMLEIZ L 5T nHFHD Column
Family # B3 AOD I X N CTH 5. 72, §, 1 dnFH
@ Column Family 28E T2 A F —~IZ& TN TV 5D
EAnERT OB LTI OHEENDZERTH .
X (6) 12 LT (7), (8) ikt EINT 5.

0i5 < 05, Vi, 3 (7)
ZSJ‘(SJ‘ S S (8)

J

filRI Gt (7) 13 25 Column Family 13 S s
ZEeRiET 4. HlRISEM (8) 134 Column Family @
AR s; OBFEA L= VHERBIF SUTTHLI L%
WS 2. COREH VS ZETA ML= VFERICHRY
BHLHEIMTEL 2T TR, AF—<DIEHLD
EAEWELETESL, LTIz Lld4s2
ET, BHMEAL WA TE S AF -~ 2 HEE
T&5., T/, #ETAH7TY T 22N T 5 Column
Family % X CHEET 2720 0HIF b Mz 5.

3. RBEFE
AHTlE, Secondary Index Z G % A ¥ — < HfifE 7
L= = % RETH, KT7L—2T—2 2%, B

WHLD LT — 7 10— FIZBWTd Secondary Index % I
AT52LTr ) ORERE 2 HTE 5.

3.1 AFX—VHEBEIISIZRIIVTS L NEE

KT, AF—~{EEIIBITL7 )T T % AFHHE

T B0 EERIRET S, AF—<EE 217 B,

1LIORLZZATZZTRY, 7—270— KHNDOK 7 L)

QLR - BEFTLEED 3 A b R RAMET 5 A ¥ — v & H#IRT S

CENHEE LD, OB, 7)) L EHLEOMERED b

L—F+7%%EL, FOREAFX—~x EHRLT 2008

JEWICEELRMEE 25 [25]. AF—<HETHERT L2

I T T O 4 MEICHHET 5.

o HM Column Family DA% WTInE$5 7 1Y
77y (EMMETI)

o IEHLE N2 D Column Family % F\V> TInE
Lo )T v (a7 r)

23



IEIRNIBFLH/TEE F—2~N—2 Vol.13 No.i 20-32 (Jan. 2020)

V==K 1 739)77
——7 3 1
SELECT id, firstname, lastname, password, email
FROM user
WHERE firstname = 7

——FE LTI v
Index Lookup Column Family A:

CF([user.firstname][user.id] —

© 00 N O Ut R W N

[user.lastname, user.password, user.email])

=
= o

——YaA I

—_
no

Index Lookup Column Family B:

13 CF ([user.firstname] [user.id] — [user.email])

14 Index Lookup Column Family C:

15 CF([user.id] [ ] — [user.lastname, user.password])
16

17 —— Secondary Index 77 ~

18 Index Lookup Secondary Index D:

19 SI([user.firstname] — [user.id],CF_E)

20 Index Lookup Column Family E:

21 CF([user.id] [ ] —

22 [user.firstname, user.lastname, user.password, user
.email])

23

24 ——7 1 2

25 SELECT lastname FROM user WHERE firstname = ?
26

27 ——Hl Secondary Index 77

28 Index Lookup Secondary Index F:

29 SI([user.firstname] — [user.lastname],CF_X)

e Column Family & Secondary Index % ffl& &b+ Clo
3521175 (Secondary Index 75 >)
o Hi®d Secondary Index T 462721 77 (B
¥ Secondary Index 75 )

V—2a—=F1IZENThD s 1) 77 Y DfZ/RY. 7-
721, Index Lookup A7 v 73 F — D% 55508 L
720 L) B KT

EHRLTT Y (6-94TH) &, 7 VMEREERET S
Column Family #» 5202 LOHET 2 HETHY, 120
Column Family |27 7 2 A$ 4 Z L Tr T ERT ST
S LB EN, 72720, &7 0k LTHERE
b7 7 vaEldbL, 7—FPEERILEINSL. i
$0, E—07—% 235D Column Family ([ZEH L T
BT HIRENEL L. 20720, FHWIEEIT ) BRI
HET— Y BOBEAEEZROAMIEEMT 5.

YaAry77 Yy (11-1517H) 134 Column Family A%1E
HILSNL72OEET— 5 2R TE 5. 20720, B
WMEERE S TH D, F72, Column Family 2SIEH L SN T
WHZOA ML=V EEOHNRb TREE 5. LarL, 2
D7 1) 7 F »Tid Column Family B, Column Family
CIZEALT, AT IV — TG [22] ICH4 T 50U 21T 9
VD H. RDBMS 2B 5 ANV —THEETIE, 2

© 2020 Information Processing Society of Japan

DDT—=TN%YaAf rTHE, T—FX=ANIIBWT
12HOT =7 VOENENDOL I — I LT2oHD
T NOELI— FEREL, &FC—3H75b0%H
B9 5, — B 7 NoSQL 77— # N— A Tlx, ZONH%
74T Y MUITIT)BENRH D, ZD2H, AT —
THEIIBITE L a— FoORE B 0@ E0LE; LT L
%, FATI A MOHEMT 5.

Secondary Index 77 >~ (17-2247H) (&, Column Fam-
ily E @ user. firstname |2 Secondary Index D % %E3% 3 %
ZExKRLTWAD, Secondary Index D 123§ % Column
Family E % ##® Column Family & E#73 5. 2D 7
I1) 77 v, Secondary Index W52 LT, YVaf»
7T v ERRRICT— % 2 IEHALTZ %, Secondary Index
7T RFEATEEIE, T R=A /= FHIZBWVWT
Secondary Index ® ¥ —® %1 7 4 (Secondary Index #
Z L) = HW RO Column Family @ partition key 7%
BB ENnG., LoT, 7—FR—A/ = FIZ1EOHRY
I EFEFTTH I ETRMENBHREESL. L2roT,
VaAd VIS T RN EAT) LED R L, 1) Ly
HHEfETE 58,

Hpl Secondary Index 77 ~ (27-2947H) &7 =1 2
W2k L CHIRCIoZ e 7 Secondary Index F % I\ 5.
DTy HwhbZ LT Column Family Lo L I — F
DEHEEM T E 59,

NoSE [21] 1 Secondary Index (ZVEFEIZIHEDSH 5 & LT
Column Family D A DT %2 EE L T 575, Secondary
Index 77 Y33 a4y 770k 747 7 M
TOY a A VB FTD %W 72D 0 S OB A /A
WA, F72, Cassandra 3.4 YL FCRE I N TW S SASI
AT A2 LT, EMRLT T IR TS Secondary
Index 77 ¥ DA =Ny FEERHR DI ENTE L7
% Secondary Index DIEHIIEHNTH 5.

3.2 TJL—LT7—-7OHE

NoSE [19], [21] 124} L T Secondary Index DFIZE X T v
TERBML, 727 VOERAT Y 7T A MHEA
7 v 7, I bOBOHIFIZMIZ S Secondary Index & I
AT 27-00%HE % MA7-. AJJIZ NoSE L FETH 5%
A, HiJJid Secondary Index DG4 % A4 NoSE & 1345
b, 7L—LT—27OENER 3 1IRY. 72, L
DBEIIDTOEB) THA.
(1) - ETNVBLPT—210— 25, Column

Family 25145 5.

*8  Column Family E O 7 — ¥ O %47 - 72 E Secondary In-
dex D DU THLa— FOEPFUHSE T I v 7 I24T7bis
e, T OB E RO L —FOAMEIKIKTE 5.

¥ AREEOFHINZ B\ W Tl L 72 Cassandra Tld, BT Secondary
Index # i T& 7272, Z® Secondary Index % %E# T X
% Column Family (CF_X) % {52 L7217z 5 2w,

24



IEIRNIBFLH/TEE F—2~N—2 Vol.13 No.i 20-32 (Jan. 2020)

ZERLE
AF—¥

AN [ Column Fam|ly DI Hh
T —5ETIL [ Secondary Index DI ] Secondary Index

[Zany) j?/@iﬁﬁ

[ 2% I\UDuTE ]
Secondary Index
! =EA LI
A rL—_smmag | | RF-mEL OTUTS>
!
IIUTS DR |

3 RFEFEMEHA. 2 2% L C Secondary Index D#Z& A

Ty TREML, 72 TT YOERAT v TR A M A

7 v TOMINEIZ D Secondary Index Z i T 5720 D%
HANR 7=

Fig. 3 Overview of the proposed method. Secondary Index

enumeration step is added to Fig.2. Both query plan

enumeration step and cost estimation step are extended

to utilize Secondary Index.

(2) % Column Family #7CIZ, Secondary Index & fA#ED
Column Family Oz 5125 5.

(3) %1% L7z Column Family, Secondary Index % Fiv>T
7N TTERNETS.

(4) 70T T YDHEAT Y TIZOWT, EFIA M
b 5.

(5) BIP Z\Ww2 2 & TH7 T
7 v RIRY 5.

ARHEITIX, Secondary Index Z{HH 57012
PREC LB LZEIC OV TREL KT 5.

COWCIRE e 7 ) 7

NoSE ®O

3.3 Secondary Index D%l

NoSE 23%1)%5 L 72 Column Family % H\»"C, Secondary
Index 77 ¥ B X WH M Secondary Index 7° 7 » T i
9 % Secondary Index x%I%9 5. BRI 7%
Index DFNIZEDFNE% Algorithm 1 12789 . Algorithm 1
Tl, Column Family # AJJj& LTI, Secondary
Index & #%6i® Column Family % 1) 3 5. generate_si()
Ay FIEE 1518% key, %2518 % value & LT
Secondary Index # 423 4. £ Column Family 12xJ L
T, DT D 2HEHD Secondary Index DF|FE %179 .

e primary key % value & L TH#D Secondary Index (4

1317H)
e JE primary key % value & L T##2 Secondary Index
(14 17H)

1 2 H ® Secondary Index i&, Secondary Index 77 > I
BWCfiENS, 22T, 72077 v OREHIRT
%728, Secondary Index 77 » Tld Secondary Index ®
value [3 &7 — ¥ € 7V D entity @ primary key T7Z 1T
NIELSLVEVIHIKEZHRIT TS, 20720, Sec-
ondary Index @ f%ft & L T 9 4 Column Family %

Secondary
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Algorithm 1: Secondary Index 427 )L T1) X
Input

: Column Family (CF), extra.entity.primary (&
extra BHET— 7 ETFNVICBWTRT 5 entity
@ primary key, key.entity.primary & [ U <
key DT — ¥ ETNVIIBWTIET 5 entity D
primary key %%

Output: Secondary Index & #%#t? Column Family

/* list of column families */
1 cfs—[]

/* list of secondary indexes */
2 sis — []

/* iterate for non-partition key column of CF %/

3 foreach (extra) € (CF.clustering_key + CF.value) do

/* iterate for partition key of CF */
4 foreach (key) € (ColumnFamily.partition_key) do
5 if key != extra.entity.primary then
6 sil = generate_si(key,extra.entity.primary)
7 cfs += generate_additional_cf(sil)
8 sis 4= sil
9 end
10 if key != key.entity.primary then
11 si2 = generate_si(key,key.entity.primary)
12 cfs += generate_additional_cf(si2)
13 sis += si2
14 end
15 sis += generate_si(key,extra)
16 end
17 end

18 return distinct(sis), distinct(cfs)

generate_additional_cf AV v FIZX DBINTAEKT %
(7, 1247H). BAR#IZIZE, JE partition key 51 5 212 Sec-
ondary Index ® ¥ — % 3B L, partition key \Z Secondary
Index @ value %2 Column Family K 5. 1
£, Secondary Index D%t Column Family 2SF7E
HZEEREET A, F72, 2 2H? Secondary Index 13 H.
M Secondary Index 77 Y IZfHH§ 5.

Bk L LT, LUF® Column Family G 1Z4F L T Sec-
ondary Index & #i#fit® Column Family % 5259 5 ;4 %
ERB.

CFg = CF([user. firstname][user.id)

— [user.lastname])

%9, Secondary Index 77 ¥ D728 @ Secondary index
T L. B key, extra lZFNEFNLTOEXIAS.

key € {user.id, user.lastname}

extra € {user.firstname}

7, 5-91TH DU B T, TNEND extra DIE S
% user entity @ primary key T % user.id |22 T Sec-
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ondary Index #ER 9 510, % L T, user.id % partition
key & L CHDO#%#HD Column Family Z{EK T 5.

SI([user. firstname] — [user.id], CFx)

CF([user.id][] — [user.firstname, user.lastname])

72, 10- 14 FTH DEMDILIZ B VT, key DJET 5 entity
2OV T FARRDRELZITH . ZOBITIE, 5-9fTHDS
43I & 7] U Secondary Index & Column Family % {E&
T4, RKIZ, 1I54THIZB VT key & extra DT XTOMA
122V T Secondary Index & %1% 9 %. 2 Secondary
Index (X HM Secondary Index 77 ¥ D7z 5.

SI([user. firstname] — [user.id], CFx)

SI([user. firstname] — [user.lastname], CFx)

ZLTC, IBITHIZBWTEEZHR LTI T 5.

3.4 Secondary Index 75 > DA

NoSE OH|%9 % 7 x11) 7F 2Nz T, Secondary In-
dex 77 ¥ &F|%F 5. Secondary Index |Zxf3 % Index
Lookup A7 v 7%, #iR%E2 7 747 ¥ MIfnkd56 2 & 7%
<, #ifit® Column Family (243 4 Index Lookup 479 .
E512, 2 2L E®D Column Family #{§3 % Secondary
Index 77 Y I2BWVWTW 3.1 @itk a—771 7
FEE BRI T 5.

Secondary Index 77 1%, Secondary Index ® ¥ — 5%
#ED Column Family DI partitionkey TH ), value 3%
D Column Family @ partition key T7Z&IFIUX 7% 5 72\
CEREELINET A, 72721, Secondary Index 77 ~
% FAT 9 H B IE Secondary Index & #%%5i® Column Fam-
ily ® 221§ % Index Lookup % it ® Column
Family (2xt3 % 1 2 Index Lookup & LT . 7z,
il Secondary Index 7J V3o 7 =) 75 L2k D
Column Family 23FfE 9 5 & L CHIZET 5.

3.5 X hOEE

Column Family & Secondary Index IZxF 4 % Index
Lookup IZOWTEFNEFNRLLIAMETVEA VD
Z & T, Secondary Index D¥5E% ZfE L7 3 A~ OFFAf
279, TICTORELE LT, s TT Ly TOMRNE
12 & 5 TZAt$ % Column Family % Secondary Index O
IAPZFHiiT A5 EVWETH A Z EDVHITENL. K
i Tld, Column Family # fivr% 27 1) 77 > &L OLHET:
NEDZESF % v 4 2 & T, Secondary Index #5277 =
V770D RN EFHT 5 FE4IRET 4. Secondary
Index 77 v & aA v 77 L, B Secondary
Index 77 Y IEEMLT T v LIRS 22 LTI A MM

10 Z OEF T, Secondary Index D £fE? Column Family (&
MR L CTwiawizw, CFX LRtk 5.
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2020)

Algorithm 2: 7 ) 77 > D3 A Mt

Input : base_cost, query_plan, query_num, query_cost,

width, width_cost, cf_query_cost, si_query_cost
Output: I A FEHHFEAD query_plan
1 foreach (step) € query_plan do
2 if step is alone and step is secondary-index then
3 step.cost = (base_cost +
query_num X query_cost + width X width_cost)

* (si-query_cost/cf_query_cost)

4 end
5 if step is secondary_indexr then
6 width_cost = width_cost X ((si_query_cost —

cf -query_cost) /(cf -query_cost X width))

7 end

®
o)

Ise if step.prev is secondary_inder then
9 query_cost = query_cost X ((si_query_cost —

cf -query_cost) /(cf -query_cost X width))

10 end

11 step.cost = base_cost +

query_num X query_cost + width X width_cost
12 end

13 return query_plan;

A1), 2L, ERLTIEV a4 T T DA b
DFHMTIE, NoSE & W UFEEZMFHT 5.

Algorithm 2 OFNETHH Secondary Index 77 ¥, Sec-
ondary Index 77 > @ a X FaHiliz479 . AJJ& LT (4)
TEF L72EIIINZ, cf query_cost, si_query_cost & 5-
A, 22T, K 4) LAHDOLEHIE NoSE THWHILTW
7MEZEDF FMH L7z, ef _query_cost 1& partition key
%55 & L TH W T Column Family (2 Index Lookup
AT LGB OEMBETH B, F 72, si_query_cost |E
Secondary Index % %% L 72 Column Family (Z%f L T,
Secondary Index # 7 & % &5 4:1F & L CTH w5 Index
Lookup =479 ILEHEE O EAETH 5.

F9°, X (9) 12 & b B Secondary Index 77 ¥ D I A
MEMEEATS (2-41TH).

cost = cf _cost x (si_query_cost/cf_query_cost) (9)

Hpltd Column Family %3 2612 H, Secondary
Index 2T AHAIZIE T A M2SENT 2, F0O7-0,
B Column Family i3 2D 3 X~ (cf _cost)
|2 Secondary Index ZfE 4 A0 2 A MG % 22T &
bbb e TIAMOFMEIT) (347H).

JIZ, Secondary Index 75 > D3 A FEHEEATS (6-10
TH). 22® Column Family # i35 a7k
OMILTFNEZ T 5 2 £ T A MOFMiZ47H. Y aAd
¥ 77 2BV TUE Column Family N7 1) #4979 B2
FAT Y NEDMWEZIT). F/2, 2 2H? Index Lookup
13 1 2 H® Index Lookup O#& R4 F UEEITH. —
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7, Secondary Index 77 ~N® Secondary Index 75 1%
#t D Column Family ~D 7 Z )M TIE 7 T4 7 v b &
DEEEFTb %R\, F72, Index Lookup HEIE 1 JED A
THb. L7225 T, Secondary Index 77 Y IZBWT, 1
DHOAT » 7L OMEDEREE, 2O0HDAT v T
D7 INVMFIZBITFAIANDET aAf T T I HANS
W, 203 A NOEEEE WA Z & T, Secondary Index
T rOMBEIA MRS A, BRI, K@) o
B query_cost, width_cost Dfii% Secondary Index % i&H
FTHILILL2IA MDA ESERTIRX MIHEET
b. 34 T 5 AT v T Secondary Index (249 % Index
Lookup TH A H 3R %E 7 74T ¥ Mk Lk v
%, width_cost ZX BES 2 (617H). 7z, 1 DHID
AT v 7 H Secondary Index |Z*F3 % Index Lookup T&H
LYEE T IAT Vb0 7 )M ETS L Z\vizo,
query_cost K AFED A (91TH). TNHOFREL:
IR LTR (4) OFRMEZT) ZETERAT Y 7D
IAMERETS (1117H).

KIZ, Secondary Index % # & L CHPFMHE D I X b
ZFHET 5. 22T, Secondary Index 2SE#H STV 5
Column Family # B #3 %354, Column Family Lo L
I — K &3%:249 % Secondary Index D720bDF— % % 7
I ZIZEHTA. L72A5> T, Secondary Index % &
F9 5 LIZLYEBED Column Family O FHALHLZ B
BRSNS 5. Z OIRE R OB A FEAfi 3 5 720
2, Secondary Index | key & value D 2 DD T L %xFf
2 Column Family L A TH 2 R L TEFIA MO
S E4T 9. UL Y, Secondary Index 12 & A FHHAL
HEmOMEMEZET 5.

3.6 X¥—vmiE(t

A& — < b TlE, Secondary Index % Column Fam-
ily ¥ LT 5 Z & T NoSE & [Fftd BIP HWEE = HIK
XNEMHAT A, L2 T, LI BWTIEY =
4 > 7F vk Secondary Index 77 Y IZXH L&\, &5
\Z, Bl Secondary Index 7 F ¥ T AB31E, %D
Column Family d#fET 2 A X —<vWNIZE TN L9 12,
A F =~ b OHlF 4 % % Secondary Index (Z4f LT
BN 4. BRI E LTy —22—F 112817
% Secondary Index 7 ¥ 122\ T (10) Ofl# 4%
fEd %. 72, 22 Tld Column Family F % Secondary
Index D D%t ® Column Family & L TR T & 254
BERD.

dp <dp +dF (10)

3 (10) 1 Secondary Index D 245 7% 514, Column
Family E, Column Family F ®W 3 LA 3 L 2 i
bRl eRLTwD, ThIZLD, #HES

© 2020 Information Processing Society of Japan

V—2Zd—F 2 AJJ
—— W& T— ¥ ETI: user entity
CREATE TABLE user(
id integer PRIMARY KEY,

firstname text,

lastname text,
password text );
—_rxy
SELECT id,firstname,lastname,password FROM user
WHERE user.id = 7
9 SELECT id,firstname,lastname,password FROM user
WHERE user.firstname = 7

o N O Ut W N

V—Z3—FK 3 NoSE O
1 ——AF¥—v%
2 Column Family H:

w

CF([user.id] [] — [user.firstname, user.lastname, user.
password])
Column Family I:
CF([user.firstname] [user.id] — [])

—— VT
SELECT id,firstname,lastname,password FROM user
WHERE user.id = 7
9 —— Index Lookup Column Family H
10 SELECT id,firstname,lastname,password FROM user
WHERE user.firstname = 7
11 —— Index Lookup Column Family I

0 N O Ut

12 —— Index Lookup Column Family H

V—2d—F 4 REFEOHT)

—2F—=

2 Column Family J:

3 CF([user.id] [ ] — [user.firstname, user.lastname, user.
password))

4 Secondary Index K:

5 SI([user.firstname] [ ] — [user.id],CF_I)

6

7T ——xTNTT

8 SELECT id,firstname,lastname,password FROM user

WHERE user.id = 7

9 —— Index Lookup Column Family J

10 SELECT id,firstname,lastname,password FROM user
WHERE user.firstname = 7

11 —— Index Lookup Secondary Inder K

12 —— Index Lookup Column Family J

15 Secondary Index (3449 %%t ® Column Family %
D, F7z, BEHWI|Z BT Secondary Index (&, %D
Column Family #3562 & TT b I v 7 ICHFWHAH
175728, Secondary Index (Zxf L CHH W% 1T 9
X)) TT OB bRV, ZOAF — i o
R, F7 VI LTHAT A AF—< s 1) 7T U9
WwES 5.

3.7 AHAA

V= A= F 2 TEFRENS user entity DA THERL S
NIMET—FETINE 2D 7 T PANENLYEE
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EZbL., WHMBOLWGELET L7720, Aetlisr
HWTAF—<HEELITo72. NoSEWZY—RAIT— K4 T
KENDLAF -~ ) T 02 HETL ZO71))
TIrTEH1I o0 )L TV aAl T et
LTwa., —f, EFREV-—Aa—-F4 TSNS
AX—~<er7x)TT7 2 WET L, ZOFERED D NoSE
TEyaA 77 v aifiEST 57 ) 123F LT Secondary
Index 7’7 v & HEfE L TW A Z L DERTE 5.

4. FHMEER

AR TIEHZE L 72 Secondary Index % 159 % NoSQL
AFx—<HET L — 27— OFHELFHET 5.

4.1 EEBRIRE

FHMiZEER S LT, AF—~ a2 FETIERILT 2T (K-
ZXZ4 ), NoSE, FEFED 3 FHEHOFEIZOWTHRE
FHliZ AT 572, NX—ZF A ¥ 1Z NoSE O3 [21] 128\ T
PERESFMB T ST b b D L KD FINE TR L 72,
BARRIZIE, 9, AJENET — 7 ETIVDO% entity
W23 d % Column Family 2{EKd 5. &612, 72D
G E partition key & LT, £ entity 123509
% Column Family @ partition key % Hlf%T % % Column
Family d/E$ 4. LT, 21 5® Column Family %
BEMAEDE T ) |ZIEET 5. NoSE 1& GitHub [20]
WA SN TWv% NoSE DFERICE 2FEREZMA L. B
MBI O W TZE N E N L L 72 NoSE L e BTk X
F—TERN=—ZATF 4 DAF—<% Cassandra FIZ/ERK
L, 730V 7 7 &2FETTHEOILERN & 77— X=X
D= FRICBIFBINERHOA =) 74 1ZF LT
B 24T o 72

ATy FY—2LTH—2arhA &M
%€ L 7z Rice University Bidding System (RUBIS) [3] %
M3 5. RUBIS IE 7 DD entity THESL & 5 k&7 —
FEFIN, FHEDEZ 5N TWS 7 )| LB CHER
ENTWD, KECTRETLIL—2T—21F, 7T )L
HIZMAEH LA EZ L ELRELZHRE LTS, #
D7z, RUBIS O — 27 0 — KO TH EHI % 5
bidding 7— /70— F2 il ¥ 5. 512, EHLEIL
CATONDEHEIZOWTEHEZ AT ) 72912, FEblE% %
FCEMEi 24T - 72, 7272L, RUBIS ® %7 1) | Secondary
Index DA MMEEFER T L 20IIRE TRV, Z0720
WHERE W12 1 2D AEFEME2R>7 T ) I LT,
SELECT %), FROM #JiZ%® ¥ ¥ ¢ WHERE 4 O%5 4
HCHAT A28 T LOREE L7 ) ZBINT 5. B0
THR L7227 1) OFATHEIEETO 7 1) LRETH
B E$ A, user entity DL I — NS 200,000 £ TUER L
7ZRUBISOLa— N2 &FEICIDHEEINI-AF -~
2253 L, Cassandra FICPERC L 72,
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£ 1 AWS OFEERERE

Table 1 Evaluation environment in AWS.

HETH el
A VARG VAIAT c4.8xlarge
J—vavr RETGE (FLa)
cpu Intel Xeon CPU
E5-2666 v3 @ 2.90 GHz
cpu B 3 7 36
< bk 1, 10, 20
A%€1) (GiB) 60
oS ubuntu 16.04
v bT—=2 87 =< A (Gbit) 10

R 2 LTI FEICIVEE SN2 1) 77 Y HEOAR
Table 2 Statistics of the query plans recommended by each

method.
N—25 4 | NoSE | "ET#
FRILT T~ 15 42 37
JaAdrrs v 38 11 1
Secondary Index 77 - - 15
_ 300 F E
=
¥ 250 g
1
E
& 200 J
B
Ed)
% 1s0t 1
L]
%)
%100 4
_li
i
= 50 ]
REFE NoSE NR—=2F4Y

4 7—270—FNOTRTOZ L) WLHL - BEHMILOHHEIZ L 5
AAM EPHILERH. X 5 1R L& FEORERE O
EISFE L Twa

Fig. 4 Average frequency-weighted latency of all transactions

(See in Fig.5) for three approaches (the proposed
method, NoSE, baseline).

ARFEERTIL, EERBEE L | T Amazon Web Service (AWS)
2R 5. BARW B 2R 1 1R d. $72, Cassandra
DW=V a3 2IE311THY, vv > TLiZ/ — FefEk
L 7z. Replication Factor &/ — F¥253 £ ) L wifs
X1&L, 3 EDOHAIE3 & LA, 72, Replication
Strategy & SimpleStrategy % £ L, Consistency Level
\dONE 2 L7z, 22V ZFETTHZFAT ¥ M
Cassandra & [AEED AWS D) — 2 3 VIfER L7z, 21
&), 7= R—Z /= F &, T—FRXR—2/)—F¢&
747 Y MEDR Y NI — I BREOERIZ L LHREND
B AGE L 72,
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REFE ==
1x108 | NoSE ===
R—254> o
— 100000 f 1
£
E 10000 F E
% 1000 | 1
£ oof :
B 10 E
1F E
01 17 L S 4, Se L Ry 8 )
T T, “ s, Y, 6 S, (L Q) %o, S ) 0,
Y, o C 7 7 b, 7 & &
S, . /’@0; 7 f%/l‘s /1/011’ 007/); 0,47@ e@(a’/[/ fo,slfs @Gfiy %@/7 @Oo,b /‘9’6,/ /\S‘[@*(/ %@4}@ LI’&GC:;
% S o %, S, & ()
% ‘%)h? K v &@’O ° SN - s o,
& s, Qs
) %%

M5 MASESTLDINERRH. NoSE -2 7 1 Y DIERBORW T %7 v a
BV TIBEIRM 2 KL, N—2F 1 % NoSE CTILERFH O 2 =) ([ZIE Rk
FLCIDER I 2R L TWw b

Fig. 5 Average latency of each transaction for three approaches (the proposed method,

NoSE, baseline). The proposed method performs higher than NoSE and baseline

in latency for long-running transactions and it is comparable for short-running

transactions.

4.2 EERER
4.2.1 [DERHE

J—27 00— FHNO 7 ) ELIZxS 5 NoSE & T
VB L7 2) 77 ONRER 2 IIRT. £/, K4
WZENENDAF =<k L Tr ) B E AT - 72O 5
JEIZ & B BEAN S TFHINEREM 2R d. Cassandra © 7 —
FNRX—=2 /= FiZ1oTHllEL7. FHliERE LT, X—
AT 4 v & NSE IZxf LC, EFHITZENZENIT.7%,
78.0% DE AN S PHIEE R OB 2 EH L7z, £ 2 &
D, NoSE I FEFFICHRTY aA v 7T v 2 EHdEE
L7722 LT, 7)) OISERERMSEMLI-EEZ NS,
—7J7, —EFP:Tld Secondary Index 77 ¥ #iGHT 5 2
& TR 2 IR L T\ 5.

X 5 |2 RUBIS @ bidding 7 — 2 0 — FHDOZFNZEND
NG U Y a OIBERERERYT. 7)) OHEIR T
v a TR AN NS, 5 2R L7-fElE
BhNTUN v a BT A7 ) LR AL O
BT 5. NoSE R X— A 7 A ¥ R I B 2%
Bw7 )| L OnERER 2R L TWwb, X—2F 4
¥ +NoSE - fFZF O b I ICKEB 025 7 =) Ol
BRERIEZNEN6,051.4F, 470.9F, 109.6 FHCTH o 72
THZED, RETFHEAF —THEICBTHEED 7
) DISER N IR KED T E S5 &) RIRRIZB VT D
B Thblwz b, 72, "—=2AF5 1 % NoSE IZB W
TIER M OE 7 T ) 12k L IR ICE WIS R 2
REAEL TWBE, o bT W7 g VI L CEEM

L REEOFERIL, NoSE O [21] O 17 1278 &5 RUBIS
A L7 FEBRE R S IR E RS R e 5. 22T, ARIEBTHE
ML727—2710—FKIZRUBIS % 4.1 §iC/R L7 FETIELZ
bOTHLH., Lih>T, LT —218— K4 NoSE 125
FAERBREIZRL B0 5 IR LR B EL NS,
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%#5i% 479 . 420 SELECT 4] % ##2 ViewBidHistory
128V T NoSE 12xf L TILE I % 524 L 72. NoSE 12 &
521075 TIE1 20 SELECT WicB\wTyag
T revas. T, REFELLLE 21 TT TR
VaAr77rEMHET, Secondary Index 7T ¥ &
M52 & CILE R % HiE L T\ 5.

SELECT %)% 1 DF§D SearchItemsByRegion (24T
b NoSE (2xf L CILE K 2 3% 2 & 1oy L 7.
NoSE TlE¥aA v 77 v aHELTWADITH LT, 2
FFETREMMET 7 v 2B L7z o7 ) 128w T
Secondary Index ZiiH T2 Z L TA ML —VHEEHIKIC
BB TE, EMMLTT v hETCE-EEZOND.
StoreComment Tl¥, NoSE (24} L TIRETF DB
[ ASEEh L T 72. StoreComment (& 2 2@ SELECT “J
LZFNZF 120 UPDATE 4) & INSERT 4) % 3>, SE-
LECT 4J, INSERT #JIZxt L CHEET 22 1) 75 0T
X NoSE L REFHEDOKE L EVIIERTE L h o7k,
L2L, UPDATE )12 & & 2 WHEHIHE %479 Column
Family 25 NoSE TiZ 3 D2 TH 5 DIk LT, IETFHETIE
6 O CTHolz. THIZXY, IERMIEMLZEEZLDS
N5, BHANRD Column Family 254h01 L 7228 & L C,
PR F 1 TlX Secondary Index Z{EH 34 2 & T, NoSE
(2 Column Family O IEHALD BE A AR AT REME DS
A Y (N
4.2.2 T—EZX—-Z2D/ - FHICEETB3X5—-FE) T«
M4 &£V, -EFHL NoSE BIN— R F 1 L IZ~_+
FIZEETH L I EDVFERTE I, FD720, T4 N—
AD ) = FEICETAAr =51 7 1 OFHIITIER— X
TA ORHINEB W, Fi, U= 0—Fid 4.1 {iTulk
~7z Secondary Index DFFHMiD 72 125k L 72 RUBIS %
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60 T T T
REFE ===
NoSE

40 .
30 .
20 b .

10 | .

SEEICL D EAMT ST BERE (5]

1 10 20 30
Cassandra /—R#{

B 6 #RETFEL NoSE LDF—FN=2AD /) — FIRIZET 5 A0 —
FY T4 Ok NoSE Tld / — FEAOHINT 2 LIk
HAEM L TV 225, RETHETIIGER LR L T2

Fig. 6 Scalability of the proposed method and NoSE. The

latency of NoSE increases as the number of computer
nodes increases. In contrast, the latency of the proposed
method decreases as the number of computer nodes in-

creases.

ffif L7z, Cassandra @/ — F¥% 1, 10, 20, 30 &A1k
S, J—2r0— FNHNO 7 ) OREFEIC & b EAR EFY
IS ER 2 FH L 7245 -2 B 6 127”7, NoSE i&/ — F¥&
AN 5 LIRE RSN 2 WA H S 72285, =#E
FHETREHFYVRONGENWT EXHERTE. £2 1D,
NoSE X #EN#MDL Y a A 7o 0 24 LHE L TW
LI EDMRTEDL., F020, /— FEoEimze b %
9 fE T A P O¥INC & VIR 2SHINL Twb EE X
bbb, —J, /= F%E 1055 20 [ZHME g 7254612
NoSE DIBERERIANHA L TWwWah ., RERTIZ, /— &
WESTF—EBDLI—-FEF—FX—=2 AL L
1o T, F=FNR—=AD ) — FEPEMT 54— F
WIS N T WA L a— NPT 5720, 7T
HFFICH /) — FNTL I — FOFERICET 5 BT
L. ZORER, 10/ — F25 20/ — FIi2/ — Rz s
SR BIC D ERE OFEES B L E2 oD, —
77, 20 /= FH915 30 / — FIZ/ — FEEBES L2BIZIE,
VaA T I VLo TEHEL DBENEITENDL T LIZL
oA =Ny RPREL R, BRIz E 2
SNE. REFFEOHE L2712 75 ¥ TlamERED
Lhnicd, J— RO X 2 8E RO EE) /N
&, VIR & ER T & 7202

5. BEEMZR

WaT—5 7L L) FEHRLEBESSD T — 70—

N b, flZs AF—~< 2 HE#E S 20513 RDBMS 125

WL AThTWw5 [1]7 [6L [8]3 [9]7 [10]7 [13]7 [23L [26}

2Kk, AT =¥ T4 2 ERETIHET 5121, ~ ¥ Ok

EER LI ETANV—Ty tOFFALETH B A5, KGO

i )V OFEFTIARXNTH LD, ANV—"7y FOFHGIZ4R
DEET 5.
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Harinarayan 5 [10] (£, A b L — VE&EHIR T T greedy %
T T A L2 LD Materialized View %33R L, OLAP 7
I) OIVER I Z A L C\wb. F72, Gupta & [9] DFF3E
& Agrawal 5 [1] DFFFEIE Materialized View 721F T7 <,
Index b&JE L7z greedy 27NV T) AL %2 MHT A2 LT

LV HEREOFHNAF—vEZEHL TV 5, FEIZ, Agrawal
5 [1] 1* Materialized View (23§ L TE# T % Index 12
R, FET =TV LTERT S Index BHREL TS,
Agrawal S5 13X R & T HEBRZEMAIEFF IR E 2L MHE
UL % 72812 Materialized View & I A b X— 2 TH
AT 5 HFEIZOWTEREL TS, LaL, greedy %
FHETRHEE L72AF - EOREREN AL 2 AT
ER/ARR

Integer Linear Programming & f\>C Index OHEE 217
IFFFETIE, HEE LA F -~ ORE LIRS 5 Z L A5
&7 % (7], [12], [13], [23]. Papadomanolakis & DHJf7E [23)
T, Ao 7LV —27—2 & NoSE THWS HIyBEE &
FARIZ 45 Index (2B L CHEE§ 500 &) »OLEZE Y
YT ba479. 727201, Integer Linear Programming
X2 FHEBERILELRRHEOBRI»S, BITDY
TV)EECLI)BRFFIIREVT =7 0= NI LCHE
A a2 L3N cH L. ZoOMEICHTLIEE LT
BIGSUBS [13] 2@ % ST\ 5. BIGSUBS 3% 0 7
) QLA & HEFRE L Materialize §5Z L TZ YD
OB AT 5. 2887 707X v FREE v
T Integer Linear Programming 2 & % fiz it {b & % fil 5
tL, WHNHmE{fbz 7)) 2 & CHEFICKERT -7 0—
FIZHFLTOAF —<HBEIEEL > TW0D.
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