A 3R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, [doi: 10.13328/j.cnki.jos.006203] http://www.jos.org.cn
O [EI B2 Bt B A1t 5 BT OB A Tel: +86-10-62562563

ZEBHZRARMREGIL
ok, EhE, EER

(BRI R 2280 A2 B, L4 200062)
WEHAEE: B2 K, E-mail: xqgong@sei.ecnu.edu.cn

W B BRI ok S0 0 B, R ST R . ) TR e R, 4 A Rk
—RIEANEMBATRN. FEHEFRA G AL F LRI NI, Kk B R G R EERR S f 5
S FH A AL S EHRARXS A AL ABT S AHRLEG—ETLAHEH UGS ENRLE%
VB AH P S MR ARG, FLTRT AR ARG EEARITER ST AZBHART, ZNE S
WEFRRBEBE NG EANBED A GHFNET S ENEFTHRAARSRPATH B S S0 FTHA
BRE AXBAANAFTAALE, RIZT $E @R ET T &, 2 MEEXEH, 2B HNETH &, y’é"ﬁﬁt%
BA T RO RLARR, s b SMNENBTEAIENBAREXZHBEFFEXZHEBETOLA. RE, 5
T EFEHER @ I 6 HLIE Fo bl X,

FEIR: % B R F RN BRRAL HABE; B K

REESES: TP31I

hc ] F R 2 S 81 52, B M B 5 BR. 2 A M L R ORI T IR A 5441 ,2020 http://www.jos.org.cn/1000-9825/6203.htm

P 5| % 0: Wei JH, Xia YF, Gong XQ.Review of research on multi-query sharing technology. Ruan Jian Xue Bao/Journal of
Software, 2020 (in Chinese). http://www.jos.org.cn/1000-9825/6203.htm

Review of Research on Multi-Query Sharing Technology

WEI Jian-Hao, XIA Ye-Feng, GONG Xue-Qing
(School of Software Engineering, East China Normal University, Shanghai 200062, China )

Abstract: Traditional database systems are built around a model of query-at-a-time, and concurrent queries in the context are executed
independently. Due to the limitations of this model, traditional databases cannot optimize multiple queries at a time. Multi-query sharing
technology is designed to share the common part between queries to improve the overall response time and throughput of the system.This
paper divides the multi-query execution mode into two categories and introduces their respective prototype systems:the multi-query
prototype system based on the global query plan and on demand simultaneous pipelining. Also, we discussed the advantages of the two
systems and the applicable scenarios. In the following content, we divide the multi-query sharing technology into multiple query sharing
technologies in the query compilation phase and query execution phase according to the various stages of the query. There are two major
types of multi-query sharing technologies. Taking these two directions as clues, the research results in various directions such as the
multi-query plan representation method, multi-query expression combination, multi-query sharing algorithm, and multi-query
optimization are reviewed here. On the basis, we also introduce the shared query technology in relational database and non-relational
database. Application. Finally, it analyzes the opportunities and challenges facing shared query technology.
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m2: USERNAME, COUNTRY mil: COUNRTY, COUNT(*) m3: USERNAME

ol: OLD>7
02: COUNRTY="CHINA' OR COUNRTY ='USA'
03: OLD>? AND OLD <? AND COUNRTY="CHINA'
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Fig.2 A multiple query plan tree for Q1, Q2, Q3
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Table 1 Relation of user, order and product
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Q2 SELECT USERNAME, COUNTRY FROM USERS WHERE COUNTRY =
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Q3 SELECT USERNAME FROM USERS WHERE COUNTRY = 'CHINA' AND
AGE>? AND AGE< ?;
Q4 SELECT * FROM USERS U, ORDERS O WHERE U.USER_ID = O.USER_ID
AND U.USERNAME = ? AND O.STATUS ="'0K";
Qs SELECT * FROM USERS U, ORDERS O, ITEMS I WHERE U.USER ID =
O.USER_ID AND O.ITEM _ID = L.ITEM_ID AND I.AVAILABLE < ?;
Q6 SELECT * FROM ORDERS O, ITEMS I WHERE O.ITEM ID = LITEM_ID AND
O.DATE > ? ORDER BY L.PRICE;
Q7 SELECT * FROM ITEMS I WHERE I.CATEGORY = ? ORDER BY L.PRICE;
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Fig.5 Query execution process based on OMP system
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(3) SBAER, ETEIATHIEIERBA G AB A GRLTT LA 100% 0 8. AR R #H HE7,
R4, HEr A9t join FIHEFBY B, hash 782 1 #) EE B Bt

(4) RIEES, NHIER—B WA R ESERAE. AN R8RS SRR 5] 5T 3,

OMP HUTHAMGAIEFELRIBER LML E iR, LENSE L, 7] UL o0 FIH & 2 7B S
BT R e, SRS R, B E BT DZRIHAT. AN R FERE AW N EE: SFEAAET,
Ei@iﬁ%‘ﬁ*ﬁ@ﬂﬁﬁjﬁ%%ﬁﬁ?bx% RSN =Yl EE R

OMP HATHEA FI G 2R IH R, 1) —A uEngine PATEJGE, SIEBA RN ER =L MER K
BALHFHER) pEngine, X TGBEAE KE R HIE TUR. RO T, IR TTRZ 2REIGK K.
MAZAR R N AR PR R 2) BUE T BAE K/ uEngine Z A&, &r4E—EMER; 3) HTFHEA
pEngine HESCHHRE I [ 2 A H E 1, A A AE 2 E0% pEngine A1 A 4.

W ZPAT A R EE R FE 1) 70 & g BRI X Rk AT BlAb 2, & JF A 37 R aE A DL >
uEngine K 4H, 2) BT P SR 0K A nEngine (167 358 I35 4.

2.3 IhEs

XA R A R G AR SRR SRR B, XN — AT T 2 AW EIAEH TA SR
2007 4 Ryan Johnson & BG4 26 4F v 32 #% CPU, 1 QPipe[20]/E N E 512, BITHENSKZ L
R, HFRARIRIF RS R, H— /%@Azﬂ%ﬁﬂ FELEHREERN R R A RS, i
WL, EWRIFE, AR, BWE RN, RN IITHSESE. ik, BT K2 HILEE 0 REUOE X 5
e i I R s AT AL

3 BRRENRTFHSEBLZRAK

ZEWMAR N TAER: 1) FHRILZIFR R REE, WA IS FA R R ZEE; 2) FI R ML 3 4E
FORIE R B e R Lt CLEWIUESS S R E ), HETRIEACH. #AiE i, RIS IF
AR T B ZEIEN A MR L. AR 7 30 FRERK 2 ERLZMATOR.

3.1 HEBITRKINRRGE

1982 4 Sheldon Finkelstein 753 SC[9]H ¥ A1) H —Fi JC Ml B R R R, % NE 1Kl (query graph). 7] K]
SEE 6 fias, SERRARRE, ZEWENTY SR E T BREERRUANITEREERE, BFATEX
Z, HW, B HELE, MIEEXRNAHLRF R, XAHHERERERNRNTEER T EREBEIE, X
R 3R SR S K 2 AN AR A B B A IR R IR BT B, IR A A B P A R O T T A 0%
SR UK B R HEAT U I, BT DS U I v P, AT S R R R R B

Bl B TR N, T B 45 H T T e FH SR R OR 2 B0 R, WSR2 AN A LEHFT AL, N
MER—MEETZ BN ES M. 2000 £ Prasan £ L[R2 E A —MBEREARERER, 28
and-or DAG, % DAG HEIGT SRR KR, HARL SNER RS HEAFQIEAR, ©8f, #% 5%, m
2003 #FNilesh CH[17]48 H 1) plan-DAG(UN & 7 Fr7m) 52 %t and-or DAG [, plan-DAG [WSE£ki R~
FHm ARt K Z i 77 N —A W 8 FA) R B 75 — AT S HAT), M2l 7= B DU A6 i 77 20—
AT R B EMEEE 5 — A%‘E(Lﬁﬁ“) M DAG #:Z BRI AL THAT 51 7T LT N2
AR BT IAPAT A Wi R, 76 &L B 50 ,shareDB 5 Datapath, AStream 25 %% i il DAG k%R
£RAEMIER]. 5 plan-DAG A [H 172, sharedDB 25 R FiAb HHE 17 N push, BT EJE A B CAHEANE
WK, T plan-DAG H 3 (44 3 U7 UEL & AL AT K e Wi Fh, BRIL AR OSSR A pull (404l A 38 75
=
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USER USER ITEM TEM
COUNTRY ='CHINA' OR SE } I AVAILABLE < ? OR )
COUNTRY ="'USA' OR COUNTRY = 'CHINA'AND I.CATEGORY =2 I.CATEGORY =?

USERNAME = ? AGE >? AND AGE<? SORT:PRICE

ORDER
STATUS ="'OK' OR
O.DATE>?

RESULT RESULT
U.USER_ID = 0.USER_ID O.ITEM_ID = LITEM_ID

Fig.6 An example of query graph
B 6 i s

Fig.7 An example of plan DAG
Kl 7 Plan DAG S:41

32 ZERFRERAH

2000 4 Jianjun Chen #1814 25 4 (signature) ¥ 2 AN E ) Rk AT G I I BOR. FEHCR[1HRE T
LR A g, e, GO AE A T IR R, R RIRIA A RIA R L. R R 4
FICIE 8 FtoR), R M EMIBEHERE, YW mEMARRRIER, A P4 A E R, Eikst
fit I, IEHSLAMESPTEEL AR IE BHBERARERELANE 3 Fiw), Nt HEEHRiER
I BE S I0 S BT B I B A28 R AU R, P FoRE Bl B AR oR A id

COUNTRY =’ CHINA’

SELECT * FROM USERS OR COUNTRY = ’USA

Fig.8 The signature of Q2
K8 Q2 M4



% % 5B METHRAFLLEA 1

Table 3 Signature groups of Q1, Q2, Q3
#%3Q1,Q2,Q3 %M

HE = id
AGE>? Ql
COUNTRY = 'CHINA' OR COUNTRY ='USA Q2
COUNTRY = 'CHINA' AND AGE>? AND AGE< ? Q3

2007 4£ Jingren Zhou 2 T — MR B L R[44], FRREVRIEZ AN E B A0, ZREL AR
TNHSe = [Ge; T)(Foh e i #F. #ig. &8, nHEREN, S HNRESL, G- —NMARME, Kl e 2HH
& groupby B, T, REXXN ¢ MRIED). HlI Ql, Q2, Q3 MR K 1) 1 KR NS =[T;{User}],
So2=[F:;{User}], Sos=[F;{User}]. R % 7 URIAA N BT, RN 7E T 52 30 5k 2 1) PR i 16 25

2012 % Yasin N. Silva 52 H 7 0RHA 37 RE XA [25], #rZ A FINGERPRINTS(FP). fi
ki, FP & — M & R N2, e EB K aANE W B R, S8 5K v 04/ E 5 s 5 A LY
PRAE id X R, PR R 2T AU S id 0 R, g B T A B4 LY P BG AHE FP AN R IA AR
AIREAHSE, RAAE FP A RE A E. JEERT S R R IEAX E K FP RoRm AF, Kt 87 N

(1) Wi R AR B H AR SO B 45 46, 0

Fg = R.FllelD mod N
(2 &,
Fg = (R.OpID @ Fgchyap) mod N (0<=i<=k)
TEIZE X, @FE XOR #:4F; N2 288 K154k, v LAW; ik FileID #1 OpID HIE 2 18] & AE v 5%; FilelD 2 i 4f
SCAF B ME—FR IR, OpID S2 4§ A I — AR IR AT, B0, FrE or AR 4E# R A M 1 OplD.

2018 4F Alekh Jindal X2 ik 2 B e 45 1) B AT 156 T B 40 4 M MR (integer linear programming)
B 58 X, 3K % i8] B %0 — 2 BRI (bipartite graph labeling) 19 @ [45]. 3C 1 [46]%5 2 48 &5 0 1H Rl Hh 58
G = Vo Vs, I 50 ,Q £onifl,S Fom TRIER BT v, € Vo, RE DA Mq; € Q;3F HEATI A
vs, € Vs, RE— AT RIEKs; € S;E M 5 RE AT A LR RRER 5REX LMK KRR ET UL
FESLCH R T R IR AT A I PR IA R R 5T BIGSUBS. % Sk A Jl & — Rk A 07 1, AN IS AR 35
MBI BERAFANERNNTFREX SR, Pls R RSB R, R E R PR E AN BAEH
B UOER A B R A AR P G B T RE X, R )E AP B AR, @ AR 5% A A
A A3 R 5 25 B W R A SRR R

2018 4 Albert Jonathan 7£H 3C[40]"H R A A [ LI E(DAG) KK 7R BN A ) 1 22 48 A oF ), DL T
ROBELF) e, CASRHN IR 3 7 T00 s, AR T00 s 4 41 4 — AN 2500 5 B AN BUE 2090 33047 B, SR T A
AR, U 4k 223 1 A 2030 AT T LT S IR A I I R A TS AR S, s S, B AT R
TS A AHEE, DR AN 58 X AT P A% 501 ] DA vy b A S 2 1) 25060 X0+ fe, AT B PRt 5 7 A AL
P e ) A U ((EURRABL T v R AN R B W e L =5, TR B — 20 7 ) A BV A T I L T B0 [4 7] 1 2 ity b gk
AT 7 Bk, 4 s H B 3 = A B DTS b (5 15 R A X R ITT T B AN 25 ) 1R 3002 T DA I ) DTG 22 A4S 4.

33 ZEAHZHEEL

BEMFPNLETENR 2 EWMILZE ARG AN 55— K05, EERRTE I AR R & A8 B ik 3t
R, Wk, EE, Hr LR AR, RS EANZ BN ERERE S AWM 1) REE AR EN
B, B2 ANERMBREEXEIE, ERH— K d RN, #4172 AW RIS, 55 AR R
BE[ATR A 45 R A 5 R ] 2) BERTEEWPATINE, #2432 B8 B A BN — A5,
T RF— AN TCH AT IR AL, 45 R EHRIR EGE W N —B B PSR B YEREAH T, 55— Fh R ng mr DX &
W FREAXHATE Z A, TR TURTHE, (B ARSI EE IR R, B MR AEE 2N
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TUARTHR, HAT DL E G AW R. B2 SR AL FHF . @ MERIE R, X iE F A
HPE, T HIFEEOR, AR E. R BT REEAT, REEEFKE AU Rk E
Bk, WIMATAE W T AN 2 B AL B . RIS H — A R MR 2 & L = B T 7T,

2004 4 Sailesh Krishnamurthy % AfEHSCH[13]46 H, R EMIER A I, S BERPATR ™ E
RETURITCH KA VLERTHE, ik, 135S 7 —Fridff TULIP(Tuple Lineage in Plans)F 4% ifi 3 = 2518 Jy
R, % R KAR > S W PAT R ITRGH. B EFREHR LU T4 a X T8 AH
BT HBE TCA R RIA, S ERE FRZ AU —R. b EREFHAS S EEoH: k2,
—ANTCH, FEEE I R T AELE R AT AT A W R 45 AR . AR a RIS ZIURITE. WL b
HHF = S BRI A 7 FE A BE W BB 7 e 4L TAE. TULIP 77 R & S & — AN Al g6 S oe L is in— AN 4
JCLRE R A, M E AR (1) SIS maE, H TR EE i T O U i R G ) 8 A
Q)RR R, TR RGP iZeH B Ew, BNZcH T e M E#. IR, Z7RIELENFF
Y4735 T RGN RS R AR R T, LW AR T AR, T e A RO AR AR 51 LU R K
AT SiEM T, ARG, B FTH IX 2 SR I S 72 T 4L I Y 28 25 5 (lineage  vector) FP. L1 B 7E AL P G 2H 45 7R
W, G AR TG 2H I ST A (RIS AR 7T LA 2 ) A0 HD), WIS n i i, sSeiess R EoR, /4 TULIP JF
EMRGAEEWEDBRM AT, T S A 2 A H RG> 20%3] 30%.

2007 4 Marcin Zukowski 2 AEH SR H TI2H FF CScan[12], 2HEH AT —FhbhEA/K. Cscan
A G X PR AR (ABM)IB BR G AS Cscan B, HBIH 72 WAL, HE e AT 3, DL
R 2 A R AR E AR — AR o, TR E NG ETRE R, 54 a0 B w4
PRI jo BT, AL TG4, WMERAESLSTIL 1 — P iy (SOM DGR i SR e, 12 s mm i 15
— M M R BORBEAT R FE SR, MR TR B R EHEN, R4 <A choiceAvailableChunk %Y, %
BR B I 48 2R T AR W L A AL R R BT R AR, [FIB) useRelevance 23 “HEFEHI S AT BE AL /D £ i) U7 1] Y
B, Rk, ARIEBR I HOR < AR RE, AR KT PR BRI B, UMERRHE SRR 4 T — AN E AL
SN, BRI WA R s AR R SR, IXRE S AR ORUIE AT 2 (e S E], (ER R Gt SR e AT A
Frnf AR K AW, LI RR Y, MERRMELE FZHHR LM OLAP TAEfE T, F & FIE Ak nm
NI (A #E B T4 A e AR ZE ) ) 51 2. AR 2 AATE T, YMESHEA 58 1R 4 b LR AF 5 25 160 1Y) g 7 A
&), HTHRKELR, FAZERLBETERNFRS L

Query Batch

QU SELECT ... FROM T WHERE .. DATE = '2019-10-10"
Q2: SELECT ... FROM T WHERE _ DATE = ‘2019-01-23"
Q3: SELECT ... FROM T WHERE .. DATE = "2019-11-07"
Q4: SELECT .. FROM T WHERE .. DATE = '2019-10-10"
QS: SELECT ... FROM T WHERE . DATE = '2019-10-10°

(L) populated query index
por ey Column Store

Query Index

probe Index [ 5019.10.
10

‘2019-10-10' Q1,Q4, Q5

(2) Scan Values
Fig.9 An index of multiple query
Ko ZHMET

2013 4F G. Alonso 7EHSCH[14148 H T —BAESIFEEE E FIL R EE, 23T, HAEH
S, XHTR—A, RiZs A —AMERRCE IO E, DU BT N 2 id, AT RS AE R — AN B
B, BJE, SEMARME RS RAERE A B B A . S ECR AR TR ORI R T AT a) Xk
ren IR R R B RS EEAT VA, AT 8D R &5 R AE b) BRI IR 51, R 51 key A LB E



L% ¥ 5EMAFHRFREL 13
WA, value W2 ZIB W BTN M E ] id 6. BRI WERIRUNE 9 B, %% RIE48]H i H,
RE F 13 22 (B VA T4 0 2000 i oy TR g AW R S T 8Y), DRI 2 5 OB e A 48 J. 1R %07 R S H
BN R 5 b, RRRE SR = R R I AR, HIFM@ RS MAMER, THEESIFR =T, M1E
HIEARIT B AR A

2016 ¢ Duy-Hung 7EH 491482 H T —ME N REE WML ZEE RN E L, KABR T HiF
43”(Top-Down Splitting) 532, ZF AP BB H E BTG, JF 5 A7 DUPER 2ot A4 et A i 2548
HATI R, BRAEEBERTH m HEMH.KS = (51,52, ., sp 3N n DNEM A5 H(grouping) 5, s KRR T
H— A B QIR — A H & if:

Qi: Select s;, Count () From T Group Bys;

MAtt = {ay, a, ., am} = U2 508 S HEEWATE BERMES EEWET — 4 N8 E DAG 1A LI E
G =V, ERERZZENTH.Y REASTHN LR A T FEE R f(rootnode) 18 7 AR iy N 51,
FA T AUMAR 9 2630 15 A (terminalnode). AT & u BT il v lille = (u,v) € ERR A E MM HAT AT 1%
4 2 A5 B S an 1 10 B

Fig. 10: An example of a search DAG
Kl 10 %% DAG k4

IR EE AR BAR I R 55— 20 0% M AN iy T SRR AT A I 5 Ty S . SO DL T A I SRR
Rof o o 4 3 1 e 3R AT HE P 75 3 ) 28 i 9 s R R T O BRI B WID R T R G R I BT T
Jo, REKETEFN A u RET A SR EAHDT M8 R AT o FE T LR R w BT 8, XA
A7 AT A AL LA B DUEYIE O BRI, AT 5 B T T i 9 540 1 S R
A TT 2,88 5 A R4 R B B TR, B S AR A R B A ) T R IR AT A s A R R, SRtk
BT RIAE b, VR MR B 2 TR A AT B Rk 34%.

2017 4 Jizhou Sun TEHSCE[16]3 T —Fharfib sy g AN e = wp (R 25 R HR, MU TE[50, 51, 52]
PR K. ZEARFIE A B RPN ES, AER PRI E, DI KEEE M AE(E, VO JF
I KM . % R(A, B, C, D), Ixf A 1D BT ad, LEME D BTN, B AT ET, KNE
FIFZ LG RRT A TR AT HE 5 80 2 4, WIAT Db A 2 — 3o v 5. T rE St A 2 2y 2 e B rp, R o0 4
AT RE L 2 (i E . RIS AR FIOAFEKR, /EHRE T SMARMEZLR, a2 %
AL LR MILE. N T /ML VO BUA, 1RSSR 1 1) B 204k A — AN AT LAFE NP-hard
FRAE BT 1) R, SRS R R B HEGOS(E K\ 4 ) Bk, % HEGOS Hik#.o B
2, Izl TR TSN EAN TR, WILEHRTRT SR T 2R, SREL LI TTE
B AR BBM LR, (EHIRTE B SR E R G T AT 208, T2 4 5 12 5 B0 T S04 e 4 1t
IR, FSCh TR I AR R B RE A T BN RARE, A 7.

2018 4F, Darko Makreshanski %5 A7EH SCH[1S]4RH T — Fh et X ma A i 28 HAF L =8, &8
MQJoin. ZFIERIEH KT, BB RxTERN where FIBAITHIEH R AN A, FRKE THAEN
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where TiEAJ W N B, 735X 2 A PR EAT R, B E &4 A F B MAEARGHES. REXTHA
TCAEE G AT A R, ZEE N T E S5 RN B e A B p A, F R R S JC 2 BT R
MEE W, ZEERSSETENR RS RIS — TR B R E, &mE /NS ERSERIEL, M
AefEfE = CPU M7 K/ANMIBRE]. N TRFFIEMEE KR, EE KM 12 % AMD Opteron 6174
‘Magny-Cours’ b B 2%, AH45 47 A A7 B ) & K TG 20 AT DL— IR PR N CPU G847 h DAIS I RE AR I 1 R 2. 1R
fE Crescando _5E¥L T MQJoin, X F 3T TPC-H[S3]M LIEMZ, Z ARG FHEEELL Vectorwise[54]%
2-5 fi5, JFH AR (8] RS E .

3.4 ZERMK

1988 4 Timos[55]4#2 iR A IEEIZAT A MR P I W RIE, A 5A 300 2 B AT iRl i
AT TR ARV B R[56], SCHIRE T R 2 & v AR 7 €. —MEET i E Mg
%, FEBBGE A E WA R BAET R, R RIE AN 2 BT AR, (B R A
W& T2 %80 OLAP 3k, MBI MifE TIEBNINT 5, W2 A By %E 845 3 A —80m 5
HEL R, FoME S RN IERET 2RI, 127 %9, EE KRN ERA RS S 48 R 1
I SR EA P sl e i A7 (SR EAC RPN N IR - o= T S Ga S e A < /Nl 1) N el prb i e B O K
WEE R, KA KR EBIE[54, 57] , KEMRAEIE LI T AL EENKRIREN SRR, @FEHTE
WFIES BB RN E WS ERE R AN EAN RGN 5. B8 LR SR, REEET
BB ATE AW, XA F RSN RR R 2K,

2000 4 Jianjun Chen £ H U4t 7 —Fh 5 kK U0 2 B WL RER [11]. RIS IZ 0 BAR R, Bt
WP A ERPSELAEANCEH, XEEAREEANZMEMHMSEHE. SN HRTILERAIREZAEHR
ALy, EWH A A P E R EPATH RIS . 3RS0 A, AR 2 I E A
ERMRALIER:. HEHEE RS BRI A AT, FILIE ERFASER 4. Z5S A R8Tk
FAERREZERTR, BT RERKTRAKBAR, FEENE, BENSHE T BGR S MgEt:. &
TE R AP EE NI R E S0, TR Y i APAT IR BB IERKT. B2 /MR, ZEI X
T “BIFEH A HR, ZHAR T HIETE R8T B2 5 BRE DLT 337 4 2558 5 304 38 A ).

2000 4F Prasan fEH XFEPHEHXIEMW T E KXW ZERHAARZRYVILTATH, I HREGHEHMmA. oh
BT =/EF AR S &K REE: Volcano-SH A1 Volcano-RU, LK %0 ja K ANGH % =My REVERET
AND-OR DAG(58, 591, JF HA A BB RE AR F, 18 AR SN E A 2 5. SEREUB I, Wl A
KNG AL TRIERE I, £HEZ A AND-OR DAG. RJ55F & — > DAG BHTIRE S [, & &N
BEETT 5 e, SRJE W cost(e) AT & e IS T4, numuses(e) N e FAEE & K EL, matcost(e) N5 & e YL
FF4H, reusecost(e) NEFMIMNIE e HIGRFT4E. WHRWZE cost (e)+matcost(e)+reusecost(e)*(numuses(e)-1) <
numuses(e) * cost(e) JIXF 1% 25 R HBEAT Y10, M5 AR FERER T SR, 4% DAG i 7 56 s,
A BT E DAG B4, I8 RARM DAG. 1E# #4154t Vocalno 5 Volcano-SH, Volcano-RU, LA A 570
Ja R A EEFAT R LRSS, BEAE B SN, =R R AR SU A LE I WG . (B2, bR R
AR, =Rk R B A% 4t Vocalno 532, o700 )i RAFIEIHRE THREZ, Sk 25%.

2003 4F Nilesh 7EHSCHIE B TR B i KA 10 2 2 )71 kIl /& NP-hard F#8I[17], FF9eH T —F g &
L EVER U R B AR A RILLE plan-DAG W), 1EH 1 SESHBE AR M & JF, UIE
AR 2 B TERIEL, ZE BT S R DU R E R, A AR B N — AT e AR S R 5 — A
RS EAT), et 7 a0 45 I /K 2 A0 A0 P A, 502 I R AR R SR B A s R IR AT [ 4k, DAL A
LI, BT P HHATIRK A, BB TR L AT I K Bt 1k, T Ik B S5 35 R4 s A 1) .

2007 #F Jingren Zhou Wil T —/MSEH, gi— HEA T B YERERNAR H AL R 1 77 £[44], 7K
IE 5 Nk P (select), FE5(projection), ZEFE(join), 44l (group)lUFhZEAI(SPIG). Z T R E kil X K RE
254 (table signature) ML PRI B P fe L £ 1) SPIG 3R IA A, FridRE 4 il &+ 1 SPIGE &



OE F:5EMEFRAT L LGE 15
SN TR . FERM B T REXESR G, RAKEE KRR A %2 424 Covering
SubExpression (CSE) %45 45 1), A~ CSE XM [F] 28 T RIE NPT E R HE S, XFER CSE £ S FRNF L
CSE. SRJE AL 2R P s UM AR B RS, HEBR TR R LA S TUAR ) CSEs, I 445 T~ i) CSEs I A& v &,
ik ) CSEs X BT (19 T4 BEAT PRAS 7= A A BL R Bl 45 IR, SEUR R W, CSE A RUBEAR T A= sl 2 1 X1 BT
5 TS ]

2012 4F Yasin N. Silva ¥gHi[25], fEH R T —AME T RN AL TFRIEAAX P EWRAMESLR, ZERHIL

AN 11 R,
¥

( SCOPE fiTi |
V
[ e ] @
[ seian mssssarmmest | @ scape {0115

e O

| TR | @

Y

FEER
Fig. 11 SCOPE query processing flow to implement multiple query sharing technology
B 11 LBl Bl L S HOR ) SCOPE 2 if) 4b Bl 2

1) RAIATRIER: RGEF K HH I TRIEXI 2, FHXE AT hash, &5 R WA —5K hash %, k)
query BR3P AEZ AN TRIER, AL TFRIEXATRIE hash FRHATHIE IR, 0 85 TILEM. 2) LD
B WS A IC b B — R hn IR E . BN P RA AR S, AR
YR B AR AR — AR P, 3) IR A R EARE B IR IR /N A LS (LCA). 7R85 4 FFIRE B
ez g, SERIPAT S IR, ARG BT R F AL AL E R, Zd RSN E ) FRERX
S FRINILAH B # 1 LCA. 2155 55 L ) LCA &2 DAG 1 AR B L A AT 4o 21 1) 4 2% 4% BT it I I B AR L. 5 %
AR LCA M5 B TR SRAMMIALSE. 4) EHEAPATYEIRER W X305 B AR
WL RIEXEHRA A, SDBREF AL T RIS A s bl AT YR M A . SR b A 2
LCA M4 G i, b BRI gk k. MR BIME NI ZRIE X S I 1 LCA M4 G I, 1% s Hkr
A LL G AR FRIER, WTIERETE S At a8 F (f — 24 31 g k.

2014 4 Georgios 7E 3042 H B AR A4 Ja 20 TR I [12]. 4Jm 250 £ fh 25 4 A TAE S Mk
NEIN, IR AT TR, AT B ME RS S T AR I AR AR %SRS P 2 AW R AR DL R A SRR A
B, CHIEL B AR SN2 R HE R A, ST &R EWRI S R AR F
FMEREE T, ST 1 B2 T 3 DA B m A) 48 SR 00 R FH A5 4 . O 52 AR ol il R o A o Xk 1 4 SR e Ak
W, SRR T T 3w SRR B . %07 RABAEAEE AL, a0 K 1] R R A T A
BRE LR o A SN R T R AR 2 1) OLTP 1%k, B JF AT RAF i S FE

2018 4E Pietro Michiardi 78 H: 3 FF T — Rl 1 2 B AL 05 50601, 1% 7 VE08 FH A 7 o (1 25 45 IR 5 R 4R
Bl SR R AT R T SHE 48 (51 i Apachespark[617) R0 A% 32K 4 A\ K B Ad ) SparkSQL API 4 5 (1 25 1
TENEIN, I5t AT 0T LR BIIE R 1 (F)RIA 2, I 5 B0 T8 55 %A U0 Sk BT R, 1%
RENOE THANEWHTFE ORI TA/E A RS R E R R RN T, 26815 s 45 B LR R 5
W T B, LR MBS ATAT R 220 s SR e 25 0 308 Nk AT A OF R B 1R 0k 2 B i Ak i) R s ol %2
AR A AT BRI E AW RS —ME (AR DI D TAER) RM—AMRE (A
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LRI MHREE i fE I 27 A SR ke , A EMEREERAGEAE (NARSHD T a. ok
Mg, 22 HEHPITHES GQP RAENPATRAR R — I, 3 Re¥s 2 & w0 8l % 408 22 38 75 60, 1) T
ARSI — R R R RE R 22 20 ) 20028 1R DR 3 AN AAR 5 SO rp BT 4 31 0 P A B 738 o O (A ) o TR A e 2 9 AR BA
RN AR 7). B LAZ 7 ERIRT o R PEAE 153 — 2P it 7t 5 3.

2018 4 Albert Jonathan Wit —Fh H T 70 A0 B8 0 43 7 B0 RS 2 B VL [40], 2 5055 T 180
4% (wide-areanetwork) 7 % i AT FH MEAE oy B2 56 R R 2, AT ff S8 5 2 01 P WO e S 2 A1 2 o s 2E A4 R & T
R BART & TN -1E BRI ok, AW TR B AR T A R H o T E R SRR 2
T TR R AL i FL A A R TE RN SR R DL R, A O B R — R R RN DR D R rh B R 8 1
5 B SR 43 T A% i B PR N R R TR LG R A B R AR X BT R I R S R H T AR BT IS L R A R
MR AE T — AN AR EE R B E T2 A S (9 & W AT B A ROK 22 R b AT RE &l 2™
FHEPATRROE . L& A SF 52 join. 6 ERE, BB TR T EAE 6 NLL LRI M4 A
HMAEHAEERN B JEH 1)2 join. 1 ZFRE,—H - FHIATIHE N &R B NPT HEMHLEFERZ H 6 %
DA b 1 T 380 28 A A A 3 R AR R R B T .

2019 4 Jeyhun Karimov £ H SCHR & H T — Fh S 5F 3 2225 98 19 43 A0 =CH0HE U A FEAE 42 (AStream)[39], 3 2L
THI 1) 113 55 2 T A 38 2% 46 0 1T I ) 25 96 (Ad-hocquery). EL AR SIS 40 R, AStream PI4E4P & — N2 N 2R iE
5 9 10> (sharedstreamingoperator)” AR He Bl & B 1 193258, R A B AT L =M E W &I I B A RN E
WEIEAE TA Lk, e SRS, T A I U 2 K U8 i i L B A S N T 75 3 A 45 R i 5
RN BRI ZHER L EAEYE T sharedDB[4]4 R EWTFRIM & iH BB oM 5. S8, BRASHT
WUE TG A AL Y S SRR (AR RGBS F SR IR R A O DA kb Oy SN AT R N T 2E R RCR
) 1Ifs B 22 1) (Ad-hocquery) K 15, Astream A= 11 4= &) 25 4 T R A A A & e 19 1R 38 78 ST 3R B A3 70 RSk
B AR, Al E RIE A 2k T A I DAk 28 A0 B 38 B2 ) Ab FREE R K9 8 AStream, LA A 38 i X AR ABL A 25 1)
HEAT 43 R A BB AR & A T R
3.5 IhEE

R ZEMIRIMCATT MR L, G2 BRI SRR, 7REXSIFRN, e 25 R 10 Hods
BRI, 3 T R A 4 A 1 2 R DA K 2 T R R R SR S AR N AT T S AR T A it
T 1P B 9 ) 2 2 A A FRE SR O L SRS K 22 2 R R i), BN IBTA2 A 1 7 3 3 2t 7 4 JR) 2 ) i
R, SRR A 2 R SR L2, I DR AIE S0 25 9 £ 0 2 P[]

Z BRI FEENE AR B T 2 SRS B AR E, HE2AREEEMANEKIILZN =
TR FHAL TS B SE R 2 R A I I AU ek R 4. IR 2 L 2 AR AR A% 18 2 Al b 72,
PR T i ST 2 18] ] BEAT 3L 52, 3K S SO BT 7T 00 A 4545 S S P ELAR G 25, SRR AR S 56 4 2R [ AR
H, BREMRERA NS EWI . Fk, Hildr a9 2 SR REM R R 2, EEKR
Mz EWRG T, RN T X EFAER S JHAT I R

4 EEPITHERDHOZERILZRA

41 SENEFEE

1982 4 Sheldon Finkelstein #& 1 /" # ml 2 EWFRIC L[], B eiMiEh A&, RN Z A AE
WKL, AT RIEEGIF, IFRXEERRERE L, ERIEERESROHE K. BT 50 o ik
REF=HL 20 1 R RME ARG RE, A2 A Bl s SR A A7 A SRS LK B kD jo TR A A
$H, TR S AP ) 0 v Rl B R IR A RAT AR AE AT R, R Z R VR Z TR R WA T R0 B
18

2001 £F Kian-Lee ££H SCH[62]82 i 1 4% 7 22 7(COD) I &, HIZAF e S E SR, N T e %
A7 B AT E P, 0 AN B A% 8 (K A7 M SRR TN R OR, R 3 4 B RURUAE AT RN I A . 120 R



bl §5ERETRAT LS AL 17

HWF, 1) REKRE RS YT EEZIT RSN, #EEANSRAIEESITNERZmR A TRIENX, If
R AR R DA BT A I 9 1 o R Bl 2 2 R, e e () Bl 8 S R UTE B LR A7 P 2) AERIAR R I A
R e g . VR 2 B 0 B UOLE G R A5 3 R R A A R R AT L. ik, 1R LT AN
P 45 K AR AP A BB S0 1) VirtualCache(VC), HIREREZFI A EABITBERWMBMESL LHEE; 2)
OperationExecutionStatus(DES) 3 I K ff ¥ IE/E B 1T HI B (BE P PATIRES. RIMEELRBE TW
AT COD HEZE 125 7755 WE, B Conform-COD A1 Scramble-COD.

Q2
(trailer)

| 2 | | 3 1 | =¥} | o2l thin

!

QL
(leader)

Fig.12 An example of scan group

K12 A s

2007 4 Christian 7£HCE 63148 H, HOHs 2 51 AR R AT R I %, 38 5 #F2 th 4248 51 NS
—ANTUTHI (first page)— BELECH 2 5 J5 — /N UL (last page), T2 buffer FIF|H FAL T, Kk Christian #2117 —
MUMERRM AR, ZARBEAHARABEFRIERES R —R, ®A—"MH#EAE, AfAssmE 12
. B NHMET, FON leader, MALLH page 6T, 2 G MHTFRN trailer, M4 HT buffer pool H1 ik
I page, FFic3% page AL E, MHME 7 H KB C A B R RHE, WHERHLE R, /EH7E DB2 L3t 7%
%, buffer R WEFRT. AT ENNAEW LRI, BOREE 0EER O] LA ENF R, TR %7
LIRSl >, BRAREL A WA R R S, B, ST RILTFRAERS. B 1 BRT A LE
.

2008 4 Lin Qiao S ANf8HI[64], WAET I HEETIES cpu YEREIIEKAHILED, 1hi 4 LR T weA
VO, M7 EUAE M. ATREE T — N F By R R AWM A&, Z7 RAT A IR EWNE
PAT R VO B = cpu WIZZEAE, BIEERTHRIS REZ MR, B RRERH T REHIER hash %)
I TAESRBE B N cpu A7, Tk B3 Z 4§ AE 10 H 9. Lin Qiao i i STIGHE B0 M 850, TAEER
NN TT RINE B . 7l e tRE WS E W A F— X R B R G R, DL TAEER
KAETF cpu LBAFH HAF N RR, 17 RIBME T —FE BN THE B TAESE RN EIRFERR. T2t 45 R R 9,
1t 8 & b, &7 RAE R BRI B B AR b 1 7 kR B R 26 T BT RO e 2 B
2.5 fi.

42 HEFPITERZ EWEE

2005 4F Stavros fEJL SCH[20]82 1 1 #3H OMP AT R I 5Emg, JFSEl 77 OMP Wi &%, — H OMP #hifd
W ABEZATERIEEH B EHEEEE, 25N E W mESTERC 1 A4, NN RE KR,
QPipe [ A [a) 2 b DX W] R 15 B0 IR Gt SRAT AT — ANV 2 2 (03 S B LL AR 7 018, U A 2 o £ 0 2 i
B R B NS I B . AR TEAE S B LA R IE AT AL T 2 1) QPipe Wl B % 47 % FI kX B RS (1 T2
A HU4H; 2) OMP 1 1 25 W (] 1) PG SEURK F) = B 49145 3) QPipe 4] 5 1R ALK ; 4)QPipe Ui {] A L 5
T 2R RN B B ) A5 )

2009 4 George Candea %% N i1 Cloin B )i /K 28 HU[22], &F— filter A1 Aggr Operator ZRMLT—
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A p-engine. {E3E SCHHE I TG LU EAL AR 4@ — A TAEME Q fl—/> Q [ CIOIN &, #ffi 58 ik
A, DU F ST A RN BURE R BN, — AN E R E R, AR Bk FE T AR
#Q, KA B SAERE 4ER EXT 2/ 20 B HE W AT et DRk, G SR AR R 380 AN w] T i) (n
B G 2 W I 23 A A ), U R L R RE s B A A S AR A AR L. Sl SR A IR, TR IR
T—REA T, TR CIJOIN B h g S SsI7. IX AR R AEB AT I M o 2 ik e, R
JEAR PR 1 Ge i (5 BARAL IR, WAL RN 2 DL A 1K) 41 0 F2 7T LAYE Pipeline Manager 282 N 35 53 25 $0UAT
2018 4 Albert Jonathan it /0 &) R G L 1Bt 1R R AR [40], - B AWML S LR T 2R &
YT RI A b V8 B 25K T 380 28 5 B A S B T i N 02 0 T R AT I R AR R AR AR Ui T
B DU b 05 2O N 18 BT SCE I B B BT U R E R A S i, A EERR AR R A
NS BRI BHL 2 T G 2 M S T A 1 P A TO0 e oA 4 252 PR AT o At T 0 T00 R 11 B 0220 R B8 8 B A 4
T HEANEHEY S HES S Ay s, MR SRR T R ME % AN —m, BE “mAdt=s”
BT UK 5 G R () S S AR A (R — ik b, DAURRER S 4 4 b PR T R B0 £
4.3 NG

TEZEW ARG, B AR 25 B 1St VR ROE A R, X452 AW 2247 108 B B S 0 T
FHONE . AN, ERZHEERARG T, HdRiEH Dpush 75 X AR BN S A SEARF, —Jrmsgin 7
Hm 2 BN, B5 — 5t S BRI WA, B, — A RIFI 2 Bl %47 SRS IE 575 18 KR
) 235 R P et SR B4 P9 A R 1

T OMP HIPAT 51 B BRI, W% 2 i prid, HAAT IR HE T4 p-engine 4L, A[H
p-engine 7> AIHAT AR A TH5, A E 2 A8 packet A4 8. KL £ A p-engine Z [A]RFF R 45 HOEAE, AH
.22 TE) R B0 A% 3 5 2 OMP 04T RO (SR

5 ZEWHERARMNA

£ 2 EWILERARP ARG, A ADETIZBEOR RS, X R G A F = R R o Bl & 1%
R R T R P B e P ) R, RE W AR EE 3R I BT AR R A IR, R B B I RAE S BT
K. B 2 A DL BOAR B AN TR - 2 A TR P4 U5 VR H R, A Rhie AT 13 A R e
#,  WIEEIEEEE, Map-Reduce, 45 H) A6 5odia 172 55 22 A 80T 46 22100 ] 22 0900 6 32 BOROR A vk 7530 9
R T L, A A P 2 2 9 L PR A K e 4 )
5.1 XRRBEIBRERG TR
5.1.1 OLAPHIRESTH ZEfHZ

1E2 B ILEHAR PP s, KA M AR HR B T AL 3 OLAP £k & 4t. 2000 4F Jianjun Chen
& NWTH T NiagaraCQ[11], —/MELLEMALIE G %, BELIE web A5 THH I KA. NiagaraCQ
TGN Web 259 B AHBLZE F, 2w or2H, K R T RN I AE R EEAT 3R, AT DK FRR 170 A,
BeAh, X R AT o 4 AT LAV BR K AN B A ) R A . NiagaraCQ 7E 2 1 (194 ZHAR Ak B R FE Atk A% T
ok, B, R EAAINE TR AT AR IS - AR AR, AWM BB S WA, TR R
SSHC TR AEW. Kk, FRAERFRS TR, G ERTFENEAE W5 FHTHROME R 8=,
NiagaraCQ VA%t — 1977 3% 28 T 56 OO 2 1) A1 2 T UT B 48 (I B T 0 . 8 T & NiagaraCQ B A m P45
PE, OCRA T HAER, GG S S W I E VAL, W pull 5 ER push B B SR R I R A4 BN R 1) AR
LA K WA EEAF. SEBR I, B8 NiagaraCQ WG HRAAERIRM, AdX F &Ik web B,
NiagaraCQ M7t s B B T FK RS

2007 4 Marcin Zukowski 554 YEF i H AN 2 25 1) 24745 BEEOR B B T 80l G 5 b, 7RSO
BT AR T PMERIAESE[23], 1ZHELE AL S (R )RS F AT B WME AR AR (FR A CScan) FE 5 22 it



BblE F:5EHEFTHRARLLEE 19
X B2 (ABM)AL . CScan 7= B BT 75 BT 41 00 40040 v BBl SR SR R 51 BUVE I, #1464k )5 1) CScan B FHN
ABM H1.  ABM #5111 £ CScan H 7 RIHAT, LA KRHEFEEMIR S VO A vE A, [0 A Of R 4F 1) A i 28R
Marcin Zukowski 5 A JVE i fE T SEIL—A R I A B 7R FE SRS, 3T 35 2 ) A de /b, ()RS 87 s DR A 1)
PAT A LR R e (B Af GRS BT 2098 19 <A P X6 £5).

2009 4 George Candea 55 A\ % 1111 Cloin T /KA A[22], VT LA 2 VR4S 2 B % T I IF R #:
). Cloin M T HEZERMHHA, AT 2 EWEREFE, HPATREWE 13 Fix:

Aggr
RaHr
TSR
Continuous scan :’ ””””””””””””””””””””””””””””””””””” }
Pk I Tihh # &% o | LI o LU o LU » ARCH | Aggr
Fact table } Preprocessor = Filter ll Filter ll Filter Distributor } BEHT
I~
} |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
KL A5
Pipeline ‘/\Aggr
Manager REsT

Fig.13 The Cjoin pipeline
P 13 Cjoin T 1 7 7K £& A5 7Y

SELECT A, Aggry, ..., Aggry
FROM F,D, ... Dy,

A A
WHERE | i F 2Dy AND ' o, (Dy,) AND o, (F)

GROUPBY B

Fig.14 Star query mode
K 14 R

AR LN B A W T T, BB E 14 BroR. FoASESEER, D N4EE R, Cloin 5] 2R IR 4
TEL BRI, ZEWIGHEIR F 5S4 RDHHMTIER:, &EUURM B 2~ HFMERE&EH. - 13
i, REAWERELR, KooHENDIESRF, JOAHTE filter H X 4EBE R AT join #1E, ZFWIEANRE
FH. Cloin it /K £ 7T [R] By FEAT 2 AW, 75 RIS @ X tuple #EATARIE, A5 A B id 1 tuple $7 IR IEA Wi i
HEN filter P EYEERIATERE, CETHARGETUER N2 BENERE, K/5HELER d B2E
WHET R JCA. IR, Cloin fEMF K EME NS =T, THEERRL RGESL— 1 HEH. H
Cjoin FIW IR AR E WS RE—, W BN, AN TR&NFIERE S, B FH 4SRN0
FEREE N AR, 03 SR 5 4k R R R R K12 B R4

2010 4 Subi FIH &R Z E ML EEAR, Wit 7T =AM UER AT LW ERNEMEEERS, 4R
Datapath[21]. 7E DataPath 1, &G REHE, BONRZRZ, RS E 3B EIRHEES] cpu PTIHE, —
BREZANN AL E, B AT DS A S0 18 AT ER R B AT AT B R o 5, T DataPath 1 () 3L £ HL & 78
THZAMURIE B A IE, ARSI NS B A B L =08 H 1. Datapath $84: /R & i H I i
B HEFFIN— A waypoint, FRME MR AE TIEER, KEEHFE L 5HIF K waypoint & I,
B2 EAHT waypoint I I B4R AW TR, RS — B [ADE 404 push 24 waypoint .

Datapath = [ 589 /> ] @UHEAT 0T 70 458 DR 48 R0V 58 s, AR 38 v o R FE SR an . R R
NELLRE, EEX work queue BHATHEE. 1/ O T RSG5 waypoint f= A —ANBRI, iZ BT AT AH 5 3L
B BN work queue . A EEFE AN W A work queue FRBRHEH . M work queue FR IR EXER I, HEREF
BEAEIE: 1) REVREEA LW H) CPU BHERAF 8, Kb EF iz, 2) W7 rr LUK B (it
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25 H K ) waypoint. waypoint A& 7RI FEFR P LR Lig4T, AR RERE T —F, TSR A PATAEA
B ab s, WA, —A waypoint ¥ &I QB — A LRSI, ZTAERTTBRE S HEL, BF
LA FR % B BT T AT AR E B, BREAEA s, TERomEER)E, HERTR TERT
RIEB TAELAR, BIZLREPAT TAER . WERTFIEE NG CPU WL — /> TAELFE. 1E# Bt 1k
B RAL KBS W T IR BT R AN EE T AR SR, R RBEMN S IEN
N, SR LLECE R B AR R AT B /N 1 U7 2R BT 2 B B BE AR 4R R, 1 R AR Y 2% AR A AR D R T
ARIHEZ A, X T —> waypoint(w)E Ut, 15 t(w)N1% waypoint BT 0 B (1 51 75 ZEPAT T A o, AN
2P HIRAE LA Ywept(W). 1EH BRI A *style 18 22 [19] 52505 5 25 10 42 5l 31 B8 42 R 25w i S 2.

F|H AT N 1E, Datapath FIF783E R FE A RAR SR, 5 oK B JR BR A M 1) 9 R B R K, waypoint (14
BRI AR AR T m, BRI E WA T S E AN waypoint 4T & JF, WIMIEABIFLZHROR. b
I, sharedDB 7E % /5 T #EAT T Z 1, sharedDB A 7 V7 75 25 v BRAT K80 SR 12 AT DN B0 v+ kil b, 7R R4
B 1HH, sharedDB # 2 F3) A 4 R W TR DACHE A TAE MR, 2 G R+, 2B MBEEER
FARVA12] R 2 AR EIE[1S) SRR B 82N £ T sharedDB Hr. A, 1ZFIBANIE & 7] 9 SRR HIAE M 1
sharedDB WA [ 141114k T 3L 5 7.

2012 #F Yasin N. Silva 8 Hi[25], R AR HEEREANLEZERN RS T, ARKERAAN—NES,
X T A A R E R R, Mg R s R)FES AL, ST IR Wk, A RE—
AW RARRARIE R, TR &R R B ORIE W me R A, PR BT — AN TR A
NITFRERXNFEMHELE, ZHELEAE SCOPE[65]FF S8l HsLibas RE W, ¥ 4k 28 4= 5 1 14 R i) e A
BEAR T 21%% 57%.

2018 4F Albert Jonathan ¥ 3t =2 A1 AR 32 FH 343 A0 20 40 i & W) |G [40], SCHERT TET B0R /i
W 2 A AL BIAL 2, TR A 80R) T 3 4 (R ) S B v ek s AR AR IR BT . FEIX I AR,
EF I AT IE 7 AR B N2, R o N8 AT s, o NFL S P B J5 42 th—Fh st
FHITE 2R S0, 1% B0 Fo VF U 20 BT 25 W08 0 36 2 LB AT 10 A JL30 43 12 SR LUA 1) TG 36 B (DAG) R £ B 4
BRI, B WAL 28 LT A RO 1 5 343 B 20000 22 T8) 1 JE M B ) 4 48 (wide-areanetwork) Hr 5 1) 7] FH 14
YE 1 B2 R R 3, AN TT 8 5 B2 P R e 3L =l 2 e 5 AR LA R B W TH R 2 G SO AR T A Tz e SR
DL R RS Sana, 12 RGUKJZ N Apache Flink [61](— TR 108 I AL 22 2 46), 15 #5 I\ C 20K L 802 OF
Xof Fe AT LG, SR I6 45 AR WA FE M R 46 #F 7, Sana LB B AL Z R R G m 1 21%, 1 % FIFH 2 )
P T 33%.

2019 4F Jeyhun Karimov 7£ H:3CH & H T — i S R4 = 2590 19 75 A U AR B AHE B2 (AStream)[39], % HE SR {5
%7 SharedDB[4], 3 X lIfi B 7 1] (ad-hocquery) £t 2l T4k AStream 5 738 b =2 LRI TH 50 R 3 = B8 Ui
A ¥R 2R 5 v I R A ) A e R A ) R B ) AR — B S, B SCPTER BN Sana MR SRR AWM A
SR I AL BEAE S, — 3 B R I X T TE T & AR BE R AR A A AStream J& T GQP R4t N H R EANER
E RN IEEE RO E— A B SLH], T Sana MJE T OMP RS0, H A if] 4 H2 LB BT NP0,
R R RN B QR RSB X AT ESCHTIR T Cloin[22]), Hodhs i i ™4 (push) 9 75 s0#E A %
THESER, R G0 A T B AT 2 4 R B TR B A p-engine R 75K M AT AS SR BT 5 IETE T O 5 T3
SERIRL T A S AN TEUR, IS ) A9 7 A8 DA K B 4R DASA AN A [R], AR B = E Apache Flink b S H
PATHHAR M il S0 L M R 22 57
512 OTLPHIBEH L EifHE

OLTP[3] 5t & A7 72 KB B R AE, X m R 8] 1 2R B m, A KB A EREINENSARNER, K&
HRILE AW BN EEAT STRF OLTP N IR 3T RIZ A 141 AR B i X S8 AR TR 3R, 2018 £F Robin 558 A
FEHICPBI R G JL KB OLTP TAR#R, 57845t 5br OLTP AR Sk b 3L =38 7). th AT S8 1) Mt
M OLTP N FEFAE A T 2 AR E 5?2 2) WA E WA R 2 P R, Xk E R 2k



[P IES STES S T 2
R $ 4 B B F A5 B S (CMDBAC)[57] % I K & OLTP LAE S #k AT 4347, 45 S 89% [ B FH AR 5 R AT 10 M AN
[Fi FF) B 1) 44 R BB 2D, 50% 1R AR 7 FUAE FH B AN AN KB ) 45 1, 100%F2 7 A f8 F BB ) 45, JF AL
I 80%K1 T8 f1) 2 ] B 1) JE TR 0 A 4R A if). M IO S p T LUE H, OTLP AR St AT A 24 1 3L
W, EEZJEMLAES T, fEHHH T —F4 5 OLTPShare [FHAT HE 05, %5H 082 7 OLTP L1 410 25 i
IR, ZITERRIHAT, OLTPShare {4 F £ T BASI I 7 il S AL 3 AT AT 4 NI 2 55, R4 A JL P RE
B I FRI XA AT B O, 7RSI B, OLTPShare J A& 3 J5 004 )& 5 M0 HEAT A0 4k 1 3% 78 30 2 it
JEHEE], ARKM TAES A OLTPShare SEILZ A 71K 10 Ak Semg. 3t RGEA &1 5, OLTPShare & F 1937 5%
BONHZ), WYEEH Y,  OLTPShare AbHE L 5 8 & 77 4k M 1 S A2 58 11301 50%.

5.1.3 N85

2 B ILEEORP Iz N T2 TR R B R G, HhANZ sharedDB, Qpipe, Cjoin,
DataPath S5t 2 &) R 48, HATJLFIrA R GTHAEAS 3.1 Priid s fh &l i, 5T 2R & m
ZEWHATHAMERERRE, Wy Rk, NAVEREET, OB T RIFeREWEREE, DIEAF N L
ZERNPATEAILZH S E L, HAY R, nEngine 2 I8 {1 B A F L6

52 FXRABYEERGHHNA
521 EMEETHZEARE

2012 Wangchao 7EH3CH 266 £ £ i) itk ()3 5 4% N RDF/SPARQL H, fihfi148 i, SPARQL 1% £ if]
At j& — A~ NP-hard i@, 7£.245 | SPARQL & &5 HAHLE, J%5 M T SPARQL WA B J5, 1F&
T —ME R ERRAEE, BRSNS NG TH, DERT U — 2R HE . i EE
HREER O — N ETERE L FERNSHEEREINZ A SPARQL AW MMEH 7451, MLA—NMHE
) A R TR Sfe e e i s AT TH R SRR AR AR 1) BMANE R AN, FA—HAFPMEREE
AIEEN B E S ML EA L TREN; 2) BRELAB WA 1[66]8 1 5 5 N H I AT BRA a2 A
2[66]1HH; 3) PATESHEWIFrREML RRFERRERATH. EENLRERER, HHLERL
1) SPARQL B RA B %A £ B Z & &5 H 40%~75%.

2016 4F- Xuguang Ren #5 Hi [28]0 G (1 I F 448 R BEANBRAR I I S Re 2 25, 7EH A oCHh, AT 48
T Tri-vertex AT, JREH T WA E R B Z A BB AN T, AT SRR A R = R T AL
SCE IR TR AL B g X R % o X R R R, AR b, AR RO T — R Rk LT
Bl A 25 RAFAETE N AE T, I e i e gh 5L

2019 4E Xintong Guo & H [27]30 A 25 T SPARQL & WAL 77 RAFTEWE £ a8, & Joix g 77 v 1 B
S R () A SR ol e WU LB - 0, XD 7T B R A, (AR R A 0 e B[R] DR ORI £ k4, |
TR ARG R, AR 1] BB AR S R T B s A T R R 2 B LR 0 4 A 5 RDF[67]
G, %G| A TR IE A SRR A S RIA S, HF HIEH T [28]4 B A
522 AGPUAHER LM BIEEFHN S EiHHE

2013 4 Kaibo Wang X HA7 & 4% P HOL AL AP E B 0 H0He e &l gt 4T 1 ATk 7E, A A4, /8 00
(¥ GPU Hudis e v, AR GuAd & IR A6 88 R AL BEAEAS AR A ), JF AN SCRFAE I R B ) 2 (A 35 % GPU B
FEJTIR GPU &) 51 % [31] Eiz1T OLAP S F AT PERE M m, AT B 2 GPU BHIRIA R0
25%. T, ZBIAEE BRI T —MEM RS, ZARGTUAEZ N ERZFILE GPU B, %A%
FEKEE GPU & il SRS R L2 Bl IL =, 1200 B i SEL A SR SR L2 )/ Bl ik ). OF HAREF IG5 i
T MR, B ZER AT LCEN GPU EMRIRE R, Wiish&Efft e A, iR
R, EEFEN AT Z A GPU B, 5L, REFEERL AR 55%.



93 Journal of Software ¥4+ 1R

5.2.3 Map-Reduce PRI Z &£ =

2008 4F Parag SFIEILEE M 5 E] T Map-Reduce H, AATTTE X F H[34]98 B B UG TAEMR G
FA) TR P B R TR0 JE AT 55 AR S R B2, 6 i [ B 11 e o) e =2 AR SR B | T e Y R
FEWE A% B RS — PR B, TIRPAT E T INE A R, AR JE A BB A A B R B AR L 4R,
BHATE A — D PATHAL B, SR )5 AL BIR L APHAT IR 7. SR DA L Z L2 Map BB 2 AME L
X AH R S A R A, X BEME R BV B TR, SEUR AR, 1% 5K I Ak 3 S BT i 1) AR f R
I, P BE B A 0 L S O B SR

2010 4F Tomasz 7EFSCH[33HRM T —FiEr Xt MR 3L =HESE, 45 MRShare, ZAELE T DL H B 7E
MR W7 TAEHL S, (EF R4 T MR AR =R L, 20 2 e 2434, L5t map BB 4t A3
= map BRI, MR %O 4452 grouping layer, %4144 HFE T 10 RIS, i & TIEMEEN
i, JEARAE =R LSS 2 A R A . ER R, i AR R AR A A v IR T VR IE B A
NP-hard [7]/8, HUbSCH AT EIR) grouping layer 7ESEIL R BRAR T ARAARTEE. SRo04h SRR, MXF TE 4
MR $44T 51 %, MRShare [ G870 10 M AL A B 1) 4 44 i 52 B[R] IE 2 Fr ki, #8587 B B3t

2011 % Xiaodan Wang 7£ 3 H1[32]# i T Map-Reduce(MR)Z AL 45 77 &, 4N CoScan, EHE T
fE MR THE IR EE 4 K & 50 0 TR T A ER IR A, 5BE3IAFMZ, fEFE T — A8 KA KR
FE 8 TH R PR HEIS SRR join 1 no-join TARV, ZEIESCRFEZ A MR A5 32 A L3050 80, %R
BOE R — P oT O B, AR U B R R R R BT HE R, FETE R OOE AR A IR R T RE 2 B HE T IR T
B A A FE A RAENE, 5 H AT R (R 2. SEse R, B AHARIEZn] DR AR 7 3 5 R
fEHZ. U2 E g D E SO, BRIk =A%, 1B CoScan H Al 1 Al 5 35 £ 4E — L8 ]
Eb B V2 AR 4R S 1T 1 M B8 T T A ) O BRAT 1 0.

2012 4F Joel Wolf %54E HSCH[36] 5t 1 —Ffith H i) MR JE ARk J7 i8R A circumflex, %75 570 N A
BrEE, TESE—B B, cyclic piggybacking $2 4t T —Fh B SR T A R R A SR SL Z R R A, 1B o i
ZATAE N, XEEFIEL S BRI e R LA RM K. 5231244, cyclic piggybacking 7E &R Gt h 4 # — BHIE Lk
PRARIEERT, BIEMAEAER ST R, B POh E—MENIEA R, K5 K 3z
HIRT—YON b, TE3E BB, A5 & B AR AEAR YL T B AR AR e R B I R (RS AR SO IR T sl
AP BRI T FIMERE, T AELE cyclic piggybacking Y530 HI 8 5= FALAL W, 1% FE AT AR 48 & i il A 18w gk
T8, e A Fia br CLFE P 35w BT [R], P33 B AHURIAE ] minimax-type $EARSF &L 11 AN B FRAE T 7.
%77 ZHITEREH MRShare I Coscan B&A AN Je, SR A BE & ANENSZRIBAT, TR EERF, BT EAE
) 5% T iff 2 = b SR s v A /N TR

2013 4 Guoping ZE H & A 3513 T PiFlH T MapReduce HEZL R I ZAEM L ZRAL AR, H—k%
BHAR G EEAR, ZHEARK 2 AEAE I BAE A, TS G I BV M e % =2 N SO 4 4 DL &
A3 Map B BRI . R AR T — R T AR P B A SR AR AL 2 MR BT TR, TR — BB,
1B AR E R Map i tH 8, DU KX REIE L 2 M 3t s, R B, (i — Mt AR
JUAH, HNEHEFABEAR, Dl KFRE M RS TEA AR, 58—, SCPhIRAIN MR TAELER
W% 5 MRShare +73 2518, MHELZF, ZH R 7 iHEAE L ZARSHANEE, I BN R BRit T
BRI ER I RIE S, AR AT, RCE X AR A HE MR, SLZNRHMES, (H387T
BRI A R (B a0, BASE 1 Map % H 58 1007 A2 /5 /R B L), 1 MRShare & & 2 B2 I (8] 5 2% &
90 (n?), T MRShare H0(n3). HHE1E#H 7E Hadoop [ 5200 &5 SRR BH, ASCHE H 9 777% L MRShare H &I
T 107%.

2015 5 Chuan Lei 28 N %11 7 —4 N MapReduce ZEREZEM P E R T/EE S EHIM T B L A=
51 %8[37], BN Helix. X EEYFRABW N, NA TR E DX FFHNE, T3 B 347 1A B H
RN BN B, AR 43 AT I B R H AR BRAT I OGRS, R —FOB R A D) R O,



BOIE %5 EMEFRRFREE >

EEHINERE ORI AT R, XA 2 A B PR A o 45 R, X s g ol H T DR A
BRI 2. AREEFEF R T —A SLA s R8s, AR A0 2304 75 1 1) J8 P (B 4n 8 135 SR SLA
LYHR) A I B S8 5 10 3 200 BE S R AN T A 44 5 0 — 4R R B R AR BT TR, AR R R A se Ania
9 ME DL A S BT HEn, AT DL T B0 2R s ) AR R AT R LA AUE BT IR R R 7 8, AT 7E S B AP A
MRABGERS. MET MRShare, Helix REM L RFMILZN S 2, H H R E G E P40 E & D LM
SLA 3R, 5 CoScan Mk, Helix & Fl T IEAE R WA (b BG4, I LR & R B #4771 k.
S24 R EMUBEPHNZEIGHRE

20034FNicolas Bruno% A8 3L = 25 1) 45 A A 7 3% e 2 T XMLEE P2 R Qb [68], flATIFEH e 2
THMHEZERLEER, —MEETRIIMSERILZRAR, BARITIERindex-filter, AT LLEF B XML
PG Z AN XMLES R 2], R 51 I 25K H T PathStack B1%:[69], F-HIH XML 1% £ 1) 4 1) 5T 2 2o I :UE
ZAEWIPA L ZT . S FRET NN Z ERNLEZER, ZAYLIE(Y-filter). DK
U B AT R R T 2N S R BN M E PR B BTHL(NFA): (i) NFAAR IR B AT A Fir N B 42 2 v i 4 8 L
PIRTI9E S, () 20k B4 RS R, NFAK RS T B2 E AN IE LR, 5HTRINEMES
FINFAAN A, S XMLSCRS B3 i B R 4k St AT A0 3, B BIA BT A AT RE R RS A 1. ANKIXMLI R —
WHEIRET — ARZE, FRNTHE, FFUAFRIC A MRSl A NFAMR B FE e, MRMT G SRARIE ARG, BAT R B3 2 K B 1
AH R AR ARIC BT RS, 1E 00 PR SR 0E 2 AT 7 58560, 45 R B 4 R A EAES00N LAY, R alid Ik
MR T YRS R, T R B W AE 2 A S00AN R, TR Yt 368 11 1k e O 4

20074EMingsheng Hong 7EH SCE[70148 T —Fh 2 BB B R, 2 7 R HIRE 2 #5156 e i 3
A, FHFHBOEAEXMLICAY I IR EB B . % RS (% 0 2 W B2 25 R 0 1 S A A SR L B 21,
JE I T B A B 7 SUFE A 2 A A S AR AT L, B B b B U E LS. (BN — AN A
HMBIERITRE T — N EENRAER, Z.0 BRI EXPath[ 71 B KW AT B =905 107 34
GBS BB T ANy RS B RS, 3 E B 0 L B — e RS, AR
T EARRERZ AL EEREHE. KRR, RAZEELZ T RNALEELREFGRLERT T7100%.

: Y
XML A B XMLIRSCA
Streams of XHAT 47 Streams of
Xpath Witness XML Document
XML Document xERAE PPAG R B - e (SHE
—P s > . —
Xpath Evaluator Join Processor

Fig.15 Two-stage processing mode in large-scale multi-query join processing

P15 R AN 22 25 ) BB 132 A B v £ 1 7Y B b PR 5K
5.2.5 7

ZEWHLZHARMAEI KRG WIEE, 582k T2 B H SR, e 10 F 4]
Map-Reduce (B 70 AT H 1 K U5 2 bR, 9 0E 2 K& H 7 MapReduce 2 4F 55 77 S/ 76 SCF B P onf
S8 R A0 B T ) 2 A0 R A B 5 12 U R B ek T 4% LR TR R

6 RES5REE

MR B FU A SR T DU, 36 AW ORI A TR A 2 A B 55 10 A 3R AT — IR, NTTE B
R BIRAH B, ASON 2 BRI EEAT T VR A A, JFARER 1A 2 Bl v R S AR AL B BL
L2 BRICZIN AL, QJREMRE T 2 EWICEE R E RGOS, B8 T A ER 2
EWHATIA, SAAORY, 2 ERILEEORIIBE TP LA, RAVE FE, BRI N 2 Tl =
FHRBOR IEAE R . BATINA, ZAUFORATAE W T B A3 — AP B FU i i) AL
(1) Etxt 2 EWTHRIATALTT F, DA BRI FUAE A 2 2 T 545 08 AR (B s ~ i i, Blande[21],

Z i TR R AR A T8 AR B G, T[4 558 A 7 RAFEE A WIEIE w, JEIER



o4 Journal of Software ¥4+ 1R
SR M R 7 S i R A, AR A T BT B T AR I 4 R A v TR 1 AR B T O, AN T TV R
SRR R AL R A ) I K 5t Jeyhun Karimov 7E H SCH 3918 B, A6 AR SR I TAE s ARAToF 48 2 T
FAS A A28 A B 3E S W) A I R [ 721 Y e AStream. FRATT A M 0] R (0 e A 2 H T R 2
a)  SURIUE BRI e A SR W TE R AR BT AT [ BA S 5 £ 2 [20] BT R0 AR, SO EE

BRI AW, AT Z AN E W ANETE 2 LR X A 3 F 4 A B,

b) A —AMERANE Y 2 (MachineLearning, LA F AR ML) J7 25, % 25 1) #0888 42 2647 VI 25, AT 3
KX % B 5 B TE. 40 2019 4, Maximilian Schleich %5 A##H LMFAO(Layered Multiple
Functional Aggregate Optimization)[50],1X &% T ML AT 51 2, F T 76 5 N B3 B b it/ A 2 5%
HiEHE SCh R EEWEIE . RE XA R TRIERNZRE I BHE R T IH R, SR DL
)& R 22, IR R 25 S DU D 2 0 A A0 2 o) o 2 v ok ) ) = AR R 2R ek i O Sl T DU T
ZAE WS BT ML [ ORUEEE 53 0 9 VF 2 5008 SR 30 10 B R FR 7 3258 T BL Al 808 A AL X
S NfEY ML AR frh BB 5 8 & A G kR AT T+ 2 W TE B 7 24
T s B0 & 48[ 73, 74, 75]. Arun Kumarz 76 HSCH 7612 T4 T ICE RS, IEo i 706
I 250H i BR B R RN B AR A AT T B A B T = AN EANI T ()% ML HVEFIE 5 5 RDBMS
SIMAEE RGEN, )% LR & A O BRI A AL, 2 XA 46)3& S B ML T
PESERCH B AR08 R 40,3 %K £ s & #LR ML JBAEARSS &, DUM AT 2 5 ML ARy J8 SR AH 5 AT
M FRG T LB AL IRATA N ML 55 2 Bl 2 HoRS5 G AR & S 1] 75 B R

(2) Hur, &L= rER 2 SUR R HE YD, JRATA B A T ReF HilE— L. #in,
TE[8]H ME# X OLTP kAT 7 KEW A5 /341, KL OTLP 8 h A7 18 35 5K W FE 20 1 SR S H B
¥t ¥] OLTPShare i A-TE B i 2 A B IR M E T A RH i A X RERAM R EZEURREGIEBH), A
R B S I B B BRAE R TT LLSE N OLTP M IS #1E4 F 0 A L L =08, 5D
WS BRI SE SRR B, B T C & GA BIBL[39, 4014 £ E R RN A T 5 A AR R E A+,
H G SR WS A7 7E B IR (A 3.2 719 i) FRA 1A B 2 T A Re 0% 5 o ] PR B0 7 T o

(3) HTREZHLEWARL(UW SharedDB,QPipe,Cloin,DataPath 25 )N FFIR, 5 85 4L 7 ok F &, Ho A [ BA
To ik ERE A /b JL = A A B AE R SIS Y B 3.5 WRTIR, R Z ML ERE R A TTIEE
B2 AEMRNETE, TR RIS EA AT S5, an[16], H SEBLAL DT B 1) Java F2 77 RS 4K
Wi PE R Gh i R M A HBEEE A Z B W R AP UL F KSR A B&KE S HEME.
B g E T, A R T 8 38 Te R R X e 4 AR HEAT A AR R 1 % b, R BUE AT R — AN S — HI P Re R
i .

EZ G IR AT & PRS2 GQP PL K& OMP R 4:,3f HAEH Eift—bsLil M2 Bt 25 %

DL R ARAL WS FRAT A5 BB RE NS 76 & PR M A Ak Al b 0 B AT R 2 B W I R R AT — I A T SE IS

5oy, B EEHE K —BZAT G — I LR r Al F I 7 B2 50 2 (AR 78 3 2 5 3RATTI L AE.

References:
[1]  Garcia-Molina, Hector, Jeffrey D. Ullman, and Jennifer Widom. Database system implementation. Vol. 672. Upper Saddle River,

NI:: Prentice Hall, 2000.

[2]  What is the definition of OLAP?. https://olap.com/olap-definition.

[3]  What is OLTP?. https://database.guide/what-is-oltp.

[4]  Giannikis, Georgios , G. Alonso , and D. Kossmann . "SharedDB: Killing One Thousand Queries With One Stone." In:
Proceedings of the VLDB Endowment. 2012. 5(6): 526-537.

[5] Mingsheng Hong, Alan J. Demers, Johannes Gehrke, Christoph Koch, Mirek Riedewald, Walker M. White: Massively multi-query
join processing in publish/subscribe systems. In: Proceedings of the 2007 ACM SIGMOD international conference on
Management of data. 2007. 761-772.



flE F 5B ETHRRTLEGE

(6]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

25

U..S. Chakravarthy and J. Minker. Multiple Query Processing in Deductive Databases using Query Graphs. In: VLDB. 1986.
384-391.

Robin Rehrmann, Carsten Binnig, Alexander B6hm, Kihong Kim, Wolfgang Lehner, Amr Rizk: OLTPShare: The Case for Sharing
in OLTP Workloads. In: Proceedings of the VLDB Endowment. 2018. 11(12): 1769-1780.

S. Finkelstein. Common Expression Analysis in Database Applications. In:Proceedings of the SIGMOD. 1982. 235-245.

A. Rosenthal and U. S. Chakravarthy. Anatomy of a Modular Multiple Query Optimizer. In: VLDB. 1988. 230-239.

Jianjun Chen, David J. DeWitt, Feng Tian, Yuan Wang: NiagaraCQ: A Scalable Continuous Query System for Internet Databases.
In: Proceedings of the 2000 ACM SIGMOD international conference on Management of data. 2000. 379-390.

Georgios Giannikis, Darko Makreshanski, Gustavo Alonso, Donald Kossmann:Shared Workload Optimization. In:Proceedings of
the VLDB Endowment. 2014. 7(6): 429-440.

Sailesh Krishnamurthy, Michael J. Franklin, Joseph M. Hellerstein, Garrett Jacobson: The Case for Precision Sharing. In:
Proceedings of the Thirtieth international conference on Very large data bases. 2004. 972-986

G. Alonso, D. Kossmann, T. Salomie, and A. Schmidt. Shared Scans on Main Memory Column Stores. In:Proceedings of
Technical report/Systems Group, Department of Computer Science, ETH Zurich. 2012. no. 769.

Darko Makreshanski, Georgios Giannikis, Gustavo Alonso, Donald Kossmann: Many-query join: efficient shared execution of
relational joins on modern hardware. VLDB J. 2018. 27(5): 669-692.

Jizhou Sun, Jianzhong Li, Hong Gao: Efficient Batch Grouping in Relational Datasets. In: International Conference on Database
Systems for Advanced Applications. 2017. 376-390

Nilesh N. Dalvi, Sumit K. Sanghai, Prasan Roy, S. Sudarshan: Pipelining in multi-query optimization. Journal of Computer and
System Sciences. 2003. 66(4): 728-762.

Yu Cao, RamadhanaBramandia, Chee-Yong Chan, Kian-Lee Tan: Sort-sharing-aware query processing. VLDB J. 2012. 21(3):
411-436.

Ryan Johnson, Nikos Hardavellas, IppokratisPandis, NajuMancheril, Stavros Harizopoulos, KivancSabirli, AnastassiaAilamaki,
Babak Falsafi: To Share or Not To Share? In: Proceedings of the VLDB Endowment.. 2007. 351-362.

Stavros Harizopoulos, Vladislav Shkapenyuk, AnastassiaAilamaki: QPipe: A Simultaneously Pipelined Relational Query Engine.
In: Proceedings of the 2005 ACM SIGMOD international conference on Management of data. 2005. 383-394.

Subi Arumugam, Alin Dobra, Christopher M. Jermaine, Niketan Pansare, Luis Leopoldo Perez: The DataPath system: a
data-centric analytic processing engine for large data warehouses. In: Proceedings of the 2010 ACM SIGMOD international
conference on Management of data. 2010. 519-530.

George Candea, NeoklisPolyzotis, Radek Vingralek: A Scalable, Predictable Join Operator for Highly Concurrent Data
Warehouses. In: Proceedings of the 35th International Conference on Very Large Data Bases. 2009. 2(1): 277-288.

Marcin Zukowski, SandorHéman, Niels Nes, Peter A. Boncz: Cooperative Scans: Dynamic Bandwidth Sharing in a DBMS. In:
Proceedings of the 33rd international conference on Very large data bases. 2007. 723-734.

IraklisPsaroudakis, Manos Athanassoulis , Anastasia Ailamaki: Sharing Data and Work Across Concurrent Analytical
Queries.In:Proceedings of the 39th International Conference on Very Large Data Bases. 2013. 6(9): 637-648.

Yasin N. Silva, Per-Ake Larson, Jingren Zhou: Exploiting Common Subexpressions for Cloud Query Processing. In: 2012 IEEE
28th International Conference on Data Engineering. 2012: 1337-1348

Wangchao Le, Anastasios Kementsietsidis, Songyun Duan, Feifei Li: Scalable Multi-query Optimization for SPARQL. In: 2012
IEEE 28th International Conference on Data Engineering. 2012. 666-677.

Xintong Guo, Hong Gao, Zhaonian Zou: Leon: A Distributed RDF Engine for Multi-query Processing. In: International Conference
on Database Systems for Advanced Applications. 2019. 742-759.

Xuguang Ren, Junhu Wang: Multi-Query Optimization for Subgraph Isomorphism Search. In: Proceedings of the VLDB
Endowment. 2016. 10(3): 121-132.



2 Journal of Software ¥4+ 1R

[29] U..S. Chakravarthy and J. Minker. Multiple Query Processing in Deductive Databases using Query Graphs. In: Proceedings of the
VLDB Endowment. 1986. 384-391.

[30] Kaibo Wang, Kai Zhang, Yuan Yuan, Siyuan Ma, Rubao Lee, Xiaoning Ding, Xiaodong Zhang: Concurrent Analytical Query
Processing with GPUs. In: Proceedings of the VLDB Endowment. 2014. 7(11): 1011-1022.

[31] Johns Paul, Jiong He, Bingsheng He: GPL: A GPU-based Pipelined Query Processing Engine. In: Proceedings of the 2016
International Conference on Management of Data. 2016.1935-1950.

[32] Xiaodan Wang, Christopher Olston, Anish Das Sarma, Randal C. Burns: CoScan: cooperative scan sharing in the cloud. In:
Proceedings of the 2nd ACM Symposium on Cloud Computing. 2011.1-12.

[33] Tomasz Nykiel, Michalis Potamias, Chaitanya Mishra, George Kollios, Nick Koudas: MRShare: Sharing Across Multiple Queries
in MapReduce. In:Proceedings of the VLDB Endowment. 2010. 3(1): 494-505.

[34] Parag Agrawal, Daniel Kifer, Christopher Olston: Scheduling shared scans of large data files. In:Proceedings of the VLDB
Endowment. 2008. 1(1): 958-969.

[35] Guoping Wang, Chee-Yong Chan: Multi-Query Optimization in MapReduce Framework. In:Proceedings of the VLDB Endowment.
2013.7(3): 145-156.

[36] Joel L. Wolf, Andrey Balmin, Deepak Rajan, Kirsten Hildrum, Rohit Khandekar, Sujay Parekh, Kun-Lung Wu, RaresVernica: On
the optimization of schedules for MapReduce workloads in the presence of shared scans. VLDB J. 2012. 21(5): 589-609.

[37] Chuan Lei, Zhongfang Zhuang, Elke A. Rundensteiner, Mohamed Y. Eltabakh: Shared Execution of Recurring Workloads in
MapReduce. In:Proceedings of the VLDB Endowment. 2015. 8(7): 714-725.

[38] J Yang, Y Zhang, ] Wang, C Xing: Distributed Query Engine for Multiple-Query Optimization over Data Stream. In: International
Conference on Database Systems for Advanced Applications. 2019. 523-521.

[39] Jeyhun Karimov, TilmannRabl, Volker Markl: AStream: Ad-hoc Shared Stream Processing. In: Proceedings of the 2019
International Conference on Management of Data. 2019. 607-622.

[40] Albert Jonathan, Abhishek Chandra, Jon B. Weissman: In: Proceedings of the ACM Symposium on Cloud Computing. 2018.
412-425.

[42] Prasan Roy, S. Seshadri, S. Sudarshan, SiddheshBhobe: Efficient and Extensible Algorithms for Multi Query Optimization. In:
Proceedings of the 2000 ACM SIGMOD international conference on Management of data. 2000. 249-260.

[44] Jingren Zhou, Per-Ake Larson, Johann Christoph Freytag, Wolfgang Lehner: Efficient exploitation of similar subexpressions for
query processing. In: Proceedings of the 2007 ACM SIGMOD international conference on Management of data. 2007. 533-544.

[45] Diestel, Reinard: Graph Theory, Grad. Texts in Math. Springer. 2005. ISBN 978-3-642-14278-9.

[46] Alekh Jindal, Konstantinos Karanasos, Sriram Rao, Hiren Patel: Selecting Subexpressions to Materialize at Datacenter Scale.In:
Proceedings of the VLDB Endowment. 2018. 11(7): 800-812.

[47] Luigi P. Cordella, Pasquale Foggia, Carlo Sansone, Mario Vento: A (Sub)Graph Isomorphism Algorithm for Matching Large
Graphs. IEEE Trans. Pattern Anal. Mach. Intell. 2004. 26(10): 1367-1372.

[48] T. K. Sellis. Multiple-Query Optimization. ACM Trans. Database Systems. 1988. 13(1):23-52.

[49] Duy-Hung Phan, Pietro Michiardi: A novel, low-latency algorithm for multiple Group-By query optimization. In: 2016 IEEE 32nd
International Conference on Data Engineering. 2016. 301-312.

[50] Maximilian Schleich, Dan Olteanu, Mahmoud Abo Khamis, Hung Q. Ngo, XuanLong Nguyen: A Layered Aggregate Engine for
Analytics Workloads. In: Proceedings of the 2019 International Conference on Management of Data. 2019. 1642-1659.

[51] Ravindra Guravannavar, S. Sudarshan: Reducing Order Enforcement Cost in Complex Query Plans. In: 2007 IEEE 23rd
International Conference on Data Engineering. 2007. 856-865.

[52] Thomas Neumann, Guido Moerkotte: A Combined Framework for Grouping and Order Optimization. In: Proceedings of the

Thirtieth international conference on Very large data. 2004. 960-971.

[53] Raghunath Othayoth Nambiar, Nicholas Wakou, Forrest Carman, Michael Majdalany: Transaction Processing Performance



BoIE F: 5B FHAFLL AL 27

Council (TPC): State of the Council 2010. TPCTC. 2010. 1-9.

[54] Zukowski,M., van deWiel, M., Boncz, P.:Vectorwise: a vectorized analytical DBMS. In: 2012 IEEE 28th International Conference
on Data Engineering. 2012. 1349-1350.

[55] Sellis, T. “Multiple Query Optimization.” ACM TODS. 1988. 13(1):23-52.

[56] P. G. Selinger, M. M. Astrahan, D. D. Chamberlin, R. A. Lorie, and T. G. Price. Access Path Selection in a Relational Database
Management System. In: Proceedings of the 1979 ACM SIGMOD international conference on Management of data. 1979. 23-34.

[57] D. V. A. Zeyuan Shang and A. Pavlo. Carnegie Mellon Database Application Catalog (CMDBAC).

[58] N. Roussopolous. View indexing in relational databases. ACM Trans. on Database Systems. 1982. 7(2):258-290.

[59] Goetz Graefe and William J. McKenna. Extensibility and Search Efficiency in the Volcano Optimizer Generator. In: Intl. Conf. on
Data Engineering, 1993.

[60] Pietro Michiardi, Damiano Carra, Sara Migliorini: Cache-based Multi-query Optimization for Data-intensive Scalable Computing
Frameworks. In: Information Systems Frontiers. 2018. abs/1805.08650.

[61] SanketChintapalli, Derek Dagit, Bobby Evans, Reza Farivar, Thomas Graves, Mark Holderbaugh, Zhuo Liu, Kyle Nusbaum,
Kishorkumar Patil, Boyang Peng, Paul Poulosky: Benchmarking Streaming Computation Engines: Storm, Flink and Spark
Streaming. In: 2016 IEEE international parallel and distributed processing symposium workshops. 2016.1789-1792.

[62] Kian-Lee Tan, Shen-Tat Goh, Beng Chin Ooi: Cache-on-Demand: Recycling with Certainty. In: Proceedings 17th International
Conference on Data Engineering. 2001. 633-640.

[63] Christian A. Lang, Bishwaranjan Bhattacharjee, Timothy Malkemus, Sriram Padmanabhan, Kwai Wong: Increasing
Buffer-Locality for Multiple Relational Table Scans through Grouping and Throttling. In: 2007 IEEE 23rd International
Conference on DataEngineering. 2007. 1136-1145.

[64] Lin Qiao, Vijayshankar Raman, Frederick Reiss, Peter J. Haas, Guy M. Lohman: Main-memory scan sharing for multi-core CPUs.
In: Proceedings of the VLDB Endowment. 2008. 1(1): 610-621.

[65] Ronnie Chaiken, Bob Jenkins, Per-Ake Larson, Bill Ramsey, Darren Shakib, Simon Weaver, Jingren Zhou: SCOPE: easy and
efficient parallel processing of massive data sets. In: Proceedings of the VLDB Endowment. 2008. 1(2): 1265-1276.

[66] Wangchao Le, Feifei Li: Query Access Assurance in Outsourced Databases. IEEE Trans. Services Computing. 2012. 5(2):

178-191.

[67] Eric Miller: An Introduction to the Resource Description Framework.Bulletin of the American Society for Information Science
and Technology. 1998. 4(5).

[68] Nicolas Bruno, Luis Gravano, Nick Koudas, Divesh Srivastava: Navigation- vs. Index-Based XML Multi-Query Processing. In:
Proceedings 19th International Conference on Data Engineering. 2003. 139-150.

[69] Enhua Jiao, Tok Wang Ling, Chee Yong Chan: PathStack : A Holistic Path Join Algorithm for Path Query with Not-Predicates on
XML Data. In: International Conference on Database Systems for Advanced Application.s2005. 113-124.

[70] Mingsheng Hong, Alan J. Demers, Johannes Gehrke, Christoph Koch, Mirek Riedewald, Walker M. White: Massively multi-query
join processing in publish/subscribe systems. In: Proceedings of the 2007 ACM SIGMOD international conference on
Management of data. 2007. 761-772.

[71] J Clark, S DeRose: XML path language (XPath) version 1.0.

[72] DEWITT, D., GHANDEHARIZADEH, S., SCHNEIDER, D., HSIAO, H., BRICKER, A., AND RASMUSSEN, R. The Gamma
database machine project. IEEE Transactions on Knowledge and Data Engineering. 1999. 2, 1.

[73] Martin Abadi, Paul Barham, Jianmin Chen, Zhifeng Chen, Andy Davis, Jeffrey Dean, Matthieu Devin, Sanjay Ghemawat,
Geoffrey Irving, Michael Isard, Manjunath Kudlur, Josh Levenberg, Rajat Monga, Sherry Moore, Derek Gordon Murray, Benoit
Steiner, Paul A. Tucker, Vijay Vasudevan, Pete Warden, Martin Wicke, Yuan Yu, Xiaoqiang Zheng: TensorFlow: A System for
Large-Scale Machine Learning. In: 12th symposium on operating systems design and implementation. 2016. 265-283.

[74] MertAkdere, UgurCetintemel, Matteo Riondato, Eli Upfal, Stanley B. Zdonik: The Case for Predictive Database Systems:



28 Journal of Software ¥4+ 1R
Opportunities and Challenges. In:CIDR. 2011. 167-174.

[75] ArashAshari, Shirish Tatikonda, Matthias Boehm, Berthold Reinwald, Keith Campbell, John Keenleyside, P. Sadayappan: On
optimizing machine learning workloads via kernel fusion. ACM SIGPLAN Notices. 2015. 173-182.

[76] Arun Kumar, Matthias Boehm, Jun Yang: Data Management in Machine Learning: Challenges, Techniques, and Systems. In:

Proceedings of the 2017 ACM International Conference on Management of Data. 2017. 1717-1722.

Mt 305 STk

[7]  REERAE K5, WA 5 g A IR 0 B ) B G5 4 A B AR B R 244, 2013, 24(4):761-780.

[41] FRE,FREL ZEEL & E, KGRI R RHRRRIIFE. WF24ik, 2019, 30(1):142-163.

[43] EHEJR, T 248 41/ B, E 3K HHE 2 HT——RDBMS 5 MapReduce [ 554+ 5 342 B00F22417,2012,23(1):32-45.



