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Abstract: Integrating big data and traditional data warehouse (DW) techniques bring demand for real-time big data analysis. The new
demand means DW can not depend too much on the optimization such as materialization and indexing which consume large space, but
instead needs to enhance ability of real-time analysis to handle big data analysis which usually issues complex queries on huge data
volumes. Those queries usually consist in applying group or aggregation operator on the join result between fact table and dimension
table(s). The join and group operation often are the bottle-necks for performance improvement. This paper studies the OLAP performance
under the new hardware platform and big data environment, and develops a new OLAP query execution engine in columnar storage, called
CDDTA-MMDB (columnar direct dimensional tuple access for main memory database query execution engine). The optimized
materialization makes CDDTA-MMDB reduce access to base table and intermediate data structure during join procedure. CDDTA-
MMDB decomposes the query into sub-queries on the fact table and dimension table respectively. If the sub-query on dimension table
only serves as filter, it will produce the binary tuple (surrogate,Boolean value); otherwise, it will produce the triplet in the form of
(surrogate,key,value). Thus, by just scanning the fact table one-pass and utilizing the mapping function of foreign keys in fact table to
directly access the binary tuples or triplets, the executor can accomplish the join, filter and group operations. Consideration is fully placed
on the design principle for the main-memory columnar database. Experimental results show that the system is efficient and can be 2.5
times faster than MonetDB 5.5 and 5 times faster than invisible join used by C-store. Moreover, it scales linearly on multi-core processors.

Key words: Dbig data analysis; OLAP; main-memory columnar database; join algorithm; materialization

RBHEAE 2001 4 45 52 AT 3 A4 BE cvolume (B4 ) s velocity (B 7 A= Rty H PR 52 ) A % variety (A8
[ £ S AR, 2012 4 Gartner ST 17 K Edfs IOBE, e — N 22262 high volume,high velocity,
and/or high variety fC# T 53R 3 AR 4 1 variety ik AT 4 5 X b AR AL 36 W R 30 © 8 W 5 & A4
Ik AH 254,110 volume 55 velocity [R5 4 77 A2 T R B0 & B 7 =k, R34 1 OLAP 1F H 2 A K EHE 43 4 1
— NN A 5 45 RS 1 1Y) A5 AH B, DW (data warehouse) ) AT i (OLAP i)l i IR % W Sy
TCAH B TR D, B A EE LUk 38R OLAP #5141 7 75 AL BRI [ 824, 1 78 KA AR B 1% OLAP Ay ilix
X G RTINSt T A it B0 e R U5 1] 5 2 AR G 1R B0, DR) 0 e e v 00 R P9 A 0 D R B AE
WS VO IR IX — R PEAE 15 20 47 i 3R Ge 70 N0 i s 44l ) OLAP i+ ok i Bk ik i HA 4R KAk
# C-store,SyBase 1Q Fl MonetDB V45 51| 17 4% 2 G 4R UG AIE T 51474k 246 N i3 46 A2 B 3 H b fig . ok 1 et
OLAP 251 (1 1 B, it o6 F A2 N B SQL Server 2012127 v Bl 5 A #7248 B89 K LU & AR A% T [,
T — L B A ) P9 AF 3 A A5 508 22, MonetDB > gt /& 1 o it i 8 SAP HANA %4t 122167V v 1tk i 1)
TR A AL At P9 A7 B0 2 4 B0 43 BT 2% A 57 8T, e SR P 40 A ik 1 500 7 L SR S 3K 26 R G [ P B A
FECT,JCIHIETE G DW HP s B 1153 R B AR S Ol R AR R AT AR R vt — AN B L b
J T veflk OLAP Zrifrh (1) 2 3 3% B2 A0 43 20 2R AR 1 1k e R, L A2 5o DK RASE 50 40 2 A s SR P Bk ke, A S A 40
BAVIF R —A N A7 BT 6% & WP AT 51 28:CDDTA-MMDB. F AT 1 B b2 04T S I 6 SIS B0 43 4, ' Re %
DL 1.5s A2 45 BN TA) 52 6T 100GB ) SSB(star schema benchmark) I3t 4 4% 5 9 725 i) 1t 4, CDDTA-MMDB
R LB o A SR P R (1 A A S BV R X TB HE 42 PB4 1A i B4 o0 T XA R 42
TRATT S0 = AE R TR HAE 5 5N — R AW FTRCRE T — 3 BT IR LR LA
(1) AFiEHT:CDDTA-MMDB R H 43 fif 47 #  (decomposed storage model, {7 #% DSM), I H ¥l 4> K% &
X A1 MonetDB [ — Ju %% (binary association table, & #% BAT), 4E 97— AN = Ju 4 (4C # 5, 5%
B (B U AR A AR X R I B SR B R T RE T L b R T R AE I LU AN A R )
A 1) B B 46 44
(2) 4t E:CDDTA-MMDB iz H /¥ SIS AL L OLAP £ 15 58, W 25 ) 43 i 4 VB A 4 R F R sl 3R
T A AR S AR T A R AR S T A, DUAR i = e L B e A AR G T — B s
2R FH T3 52 3 10 A/ g Wi S bR B8 6 AR N (1) = e A BN oo AL SE BOT VE . B R o LR SRR AE,
(3)  FUAEA# B FE ) A SR 7 3R 40 B4 L — P R A SR s FR N B B A R i A S iR )
A 2 K AR A FE A T ) R SRR (R B i ) A R e U2 DY AF IR U ) K, i OLAP #
W) T L 4 2 SR AR SRR A
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(4)  SEH-FAVAE SSB b AT AR R B A bR v MR EE R HEAT T AT R SE 5 MR R G A 2 AL AL T E
BRI P L DR AR (G 1k B IR R S I B AR P BB S 56 45 L 2 . CDDTA-MMDB 3£ A
B BT S T b e B AR A AR RO R A R TR bR R B 4R R, L MonetDB 5.5 PRt 2.5 f%, L
C-store [FJE % A2 A3 780 50408 6 R 1) &5 1 04T 5 | 2 (invisible join) R 5 fi5.
AR | WAEMRTAES 2 WAHBRESEIEN AREAAGE B, AT, Sl R 1628 3
TSIy B SR T R A R R TAE.

1 HxIE

SRV A B I O AR T 1K1 43 DA SO T 8 (R 1R Lk 4642 1Y, MonetDB Al MonetDB/X 100121
BB A7k R G A ) AT 512 1 56 B . MonetDB Fl MonetDB/X 100 J& 7 H 547 6% i T CPU Al = 3 A7 10
ORI B8 78 LA S 32 18 Y 3 55 P A T 4% Ge (R AT 404 22 MonetDB 1B T 44 5% 45 #4152 B0 48 =007 7 40 T
A8 B HE R 10 35 AN AT, LS 20 P2 B BAR VT AL 09 e & AN OUR T A7 38 48 AL 238080, 1o AL 3R A 4397 1K ¢
BIATAd BIPNAT 51 28, T R s S A7 U (1) B0 45 R AL AK 10 B0, U D M ) 43 2 A7 i 14k 5% 45 /. MonetDB Hif
Uity S TR ) BOHE A T B 4 il — T e B K (binary  association tables, iR BATs)FUR: FH P i A\ At 7 10 4 12 3%
MonetDB %15 3 (MonetDB assembly language, i #% MAL)" MonetDB ¥ % % % 3 B %48, 54~ BAT il
(surrogate,value) ) — JCLAFI R, —JCAH value Hj5E KB E W B KEIE M w.— N HE k ANEER
MonetDB % & & 24 Wbt i k A BAT K. T 77 (8 G A M, e 4l ¢ 1T 8 P #87E BAT 1) 1R — 47 5 . MAL 1)
o0 ERTE BAT F )2 58 R AREOM AT ¢ SR ARECE W AT VI ) 4 2 6 B BAT AR 3, H 4 4 18 B MAL
TP .IX 4 MAL F2)37 &% LL“operator-at-a-time” ¥ 77 U UT A, 9l e 75 0K S5 22 1 I0H 10036t () 48 4 2 AT 45 A~
iy NEHE B L VPAT X SO BRAE AEAS BAT SRR AR 75 #4523 Bl WS B 17 S 1) MAL 384 5 — N 2 IO ERAE #1k 43
filt i — &5 BAT ARBURAERT, B — A ACEHRAE AT 7028 5 Z0d AT 17 50 (R 4 4 (Bl Ab 28, 9802 T 1 B0 A
FH4.

C-storet T B4R W A AN — AN FIIEE RS, EMA VL 5 MonetDB/X100 — R 5 I A 35 414 B 34k
HTE R4 80 B E R L. Costore STREFRUERI O R, A IR 58 SQL.IEY)BEAZE it )=, C-store WH K
AL BiAT A7, A5 MonetDB JRFE X AN & 1 S 4 57— A BAT, I &K — M HRE AN 24N ah -
T H 5% (project). R 4L 4E 471X L4 52, LU R A - 25 1L R F & #5 R 51 ,C-store T UKF I SE B P 52 AR 50K 1) 2.
B,k T EMER THHENRO—NEGE T, T P B — A% 2 6 42 R AT 76 A5 P4k 7 1, C-store K H
FEFARMN I Selinger WURE U RIA A4, ) FH 4 A BB A A ok BRE o e v - Jaal 48 2 22 g U™ 77 sk 34 o H50 4 11
OLAP 5,45 5] S £ e B 7Y K5 70 1 B0 45O JEE 1) #5140, C-store 5133F invisible joint' 45 % Invisible join AE S i3t 7F
FIAT it H s e b A AR (10 3 2 T = /47 e ) 3 2 12k .

MonetDB 5 C-Store #0542 F1) #7-fifi B4 e, 5L, e ATTAS T 3 S b 7 22 70 2o R I A mof 248 )8 T —
JCAL B A 2 ok AN 1 B2 gt A2 0 Ak 3% A A i LK 43 28, AT DK 4 4k SR s 43 g B 4k A5 SR 46T

T O AT I B 2 DL AR F 45 14 T A7 AR 10,0 2 B R B e A IR 4 Bl b 1B AT 48 A6 7 77 SR 10 2 BB AL 1K C-store
SRR AT AR A SR W, 3 A AT 0 A0 BT 45 1, 4810 A 17 B8 R 4 )5 98 C-store Ui T W) 4k SR 2R
FJa & Rk Y s 2 R B Ak 5 2 IR AR SR8, 191 A EL T AT 476k 5 38 T F Ak (10 51 A7 £

5 a8 T A A7 25 B 0 DR A 5 A0 A% I 1 — 20 R B AN AN 45 R B T LK KR 4 AR AR N B P A7 1T
LAY T PR K40 2t RT3 A T 1) R 7 A T SIS A B TR A A PO L FE S R B T B B /O B
I TR A P A7 55 A 22 T 10 2 45 48 A0 LA S 2 2% 1) 2 o X T 2021 DA L ol 28 500 P, P 17 5000 P A 1 i A
R KT

CDDTA-MMDB & —A~ N A7 B A7-6if B0 P 2 AT 51 38, 2 A A BB A 00 5 B OLAP Tii$ H ok
Bk 5 e BT = e Ol T AN T A s 3 e T Rk S IR YA i sk S (R S R G T
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2H 11 ZE SR Ak 7 2 A B B, 9T H,CDDTA-MMDB 2t T invisible join 8%, AE 05— i 1l F 52 8 52 1k
3% e LA W AR AT SRR B T R 1 SR AR

2 CDDTA-MMDB E {KZ2#

CDDTA-MMDB J& —/™ W A7 FUAF it B0 PE AT 51 28, . = ZERE 6] 1 o, A2 P FIH P R 0% A il
SRR G A AR AT EHORE A0 2 i A TR 4E R 5 9 R B0 — R T & i), 1 87 A T R IR R B A A
A A WARATT SRR 46 SRS 1) 2 B2 SR DR 4 3R 10 T 2 i) 5 S 903k B0 T 2 v i S DU ) (1) 7 5 b 2 4
F LA SR PR AR AU A R R LS 5T B R A AR = el s £ 2o
L 1 BRI BT SR B EE B S RGN ARk, R X S E R, B AT 8 A0 7 2
W) S SR RSB A, VAT AR R R SRS A U A M A 4R R S H S e A B R S R A
AL B WAL A A B AT TR A T BAT U R 2R i, M T iR S R e R b vE A B AT
A0 R R AT A R B R B b SR S YR AR FAME R R, BRI R R A
Z AT AR X AEE 25,CDDTA-MMDB ¥ 32 % B 45 41 5 3 sl 150 38 1 AR (1 9 A7 58 A 45 i — i e sk
RUAT 58 R e . a8, SR AR B AR B SRR R G0 A 2 IR I A3 4t I 28 21 P9 A7 T T VE 40 A 48 R G 1) 5 A

Application

SQL o  Query parser

LT ’ | Query optimizer

|System Catalog I __ L J

- Executor
Memory access

) " Dimension
Triplet - table

|E~IE

.

Fact table Raw File
Preload into

Memory

Fig.1 CDDTA-MMDB architecture overview
Kl 1 CDDTA-MMDB Ji k444

2.1 HER/BRRHERE

BTk, RGO AW o) i M IR SRR AR B T AW AR B TR SRS LT A=
JCHL (surrogate,key,value)ysli ¥ jt: — Judl(surrogate,Boolean_value)(*4 ¥ £ ) F A ik U AF H 1%, R 40K S A4~
TR U AE IR AL, A key SR RLZ A value, IR key 15 value SR % 1) X 5 MonetDB () — 7T
HeIh A T value B4 KSR B4 KSR (A i S B AR SO IR T MonetDB [~ JGALH value 1197 X, fi
B EEREBRFENMNPUARSGY, ZJ0H M surrogate 5 MonetDB —JCH ) surrogate #BAS S Br A7 fik). 7E
CDDTA-MMDB H key [f14E I ZSBLF MonetDB /1 — JCZH 1) value,'& AT W25 X
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O ARG E AT LURE 7S E B O R A 1 A A

@ ERIZE AR ID, RG] LU S SR A v R B SR A . HE R AR B R XA ID.

BRI LM RAERERDNRI . RGO = JCA N key F£780T Hhk 2 2209 N A2 25 [BLFR Y key
vector.key ] UL A& HoXF N value WIS A (8, W AT LLIE value B P A7 b, R, = JC AL 1Y) key W LA A LX) o 4 %
HIHE ) — P i BB R 40 T8 R SR B WAT N LV TR AR key HEAT A, T AN 77 240 348 K4
Pt 55 55 2 00N D20, AT 0 I PRAT B A B v 2R G M L I ) ) I B AT T ey B BN I 9B AR B A8 45 96 A
ELAEI) key (AN 0. = JCAL I ¥ 11 AT LA 5 CDDTA-MMDB 41k, S W 38 4 28 38 4 4k 175 8 1 42 B B A o B
SR 55 A TR () B0 58 AR . =TT value B TR i H &5 S A o Bl A8 A bt A, TT DS I T s SR Ah
T L S R BT 2 S A7 4 R A N G 4L, an [R] E A B A R B AE e A G o S U N 4E R T —
—0F I PR R DL — i i B SR e B IR AN A A R AR 2 S T S on i — AN IR AR
AMYER I AN EE B IS A S 4 A M {Sam,Bob,Bob,John} i & 3N 2 1) 4 14 1) Jg 18 K 5 {Sam,Bob}, I
WAL R A 1 B MEAE A B 1) key [EAN K 0.1 5 key vector FICE AL B HSHELF LA MALE —— XN RE
Al AZE A ) U1 R R AN B B B 3R % key (8,58 BSOS I8 . RS HRAE.

Dimension II 5
table PO Sam\0
Fed
L1
1 Bob\0
P2
- FALSE
Triplet L3
producer g T
Key Value

\ (virtual) dense surrogate /

Fig.2 An example of triplets
2 =Rl

22 ERNBEZTHEER

7. CDDTA-MMDB  H12% [T 43 SR u& b 21T 2 (0 75 0. 70 3R 46 70, 35 ) 48 J 40 OB S7. 1) 785 981, 3K 256 1 75 1)
IV B (R 2 HL AN R AS AR ™ 290 70 H b S A R i A A1 X S A bl e s DA AR =0 4L R R 4
V) 4 gt R A A LR B

) 3 A SR O TR (22,2313 Y e S B R R S8 INGRES &) 5 QUEL 1 JF A 4,45
INGRES H b3 22 22 50 25 ) () 55 INGRES 5 75 1) 73 ) — R 51 B 2 50 (R A -

a) VALK 2 S R 2 0 R S AN S T A

b) JCA B AN U B 2 A R AN S

S AL T, 23R 22 1) BB S, 0 1) sl 73 F) > B 8 AN AR AE AT N T 3 trh 3R 2 1)
FR < i G v D e /MR PR I 5% R T A BT AT T ) 0 R A AN e B AR R T AW
DU IRAT B 1) AW 23 R SEVEVRAR AR ¥ ST select 1) 7 1 H bR & 1R 51 3 7] I 30 A 4R R 48 H S & 1
FN )RR P& 13 T — 20 Sl UAE 2% A L I A 1, O A0 S B 5 B (8 AR S S SR
o MR L A T V7 ). I8 3 45 H T SSB P Q4.1(r i) 4. 1)) SQL i, e v] LAKI 43 Ay select 1)1 H Ax J& 1 5115
(target list). #4215 K (link information). idJ& 4% {4 (qualification) 1 5> 2 #% (grouper) 5. LA Q4.1 6,374 B b J&
AR Ja il AR ARG H 5%, 0] PR LR &

d_yearedwdate,c_natione customer,(lo_revenue,lo_suppcost)€lineorder.

FeAT TR F A BROAR S F B ML (deterministic finite automaton, i FX DFA) 43 fif i 38 4 1 1 18] 3 BT/ 1 B2 AU S Y
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e = S RN A R T A DG B R ke TR i, S SR b B A B ET DAVE N R R B B A R s 4L AR X
TG 00T 4l 2 5 25 S ) B4 ) LUV AR BT AR R, LR 1k 38 890 S 471 0 2 ST 3 I 5 277 ) IR L6 4 52 A
I, A S A 20 AR B R RS DRAIE AR SX A I 35 R AR B (1) 7 A 10 78 SN H b i MR 51 R R0 4 A R AR
FAR ERE A G BT RS AW T S T AR A 3 I D04 T B
1) HEERTER BRI 984 AR R %R I 8 P B HIRAE select B AR & 151 % (target list) .
RGN T, R AR TN AUE G 1 SQL i 7)™ A A0 /RAE. BRIk, (U Jig 1) A5 v ) 5 7 T 28481
RO1:SELECT CASE WHEN (p_mfgr="MFGR#1’ or p_mfgr="MFGR#2") THEN 1 ELSE 0 END FROM part
RO2:SELECT CASE WHEN s_nation="AMERICA’ THEN 1 ELSE 0END FROM supplier
2) AFTEAEHITESR LRI 9845 1, IR i, i 3R 1 Pk Al th BAE B A g pE g 2k .

XAk, T 23R P AL T PR AR AT (K Tl X T AR 2 A (K el iz 1] 0, A bR i i A B _E e AT & i

JELAT U5 IS 1) SQL 5 A AL LLR 1) 444
RQ3:SELECT CASE WHEN c_region="AMERICA’ THEN c¢_nation ELSE 0 END FROM customer
3) WATEMIAEZER LI SQL EFRAA 41 A 23R 1 2K 28 e E HH I AE H A s PE A .
I R BT MG 0, ) 7 R M1 LA S R T . S R ) SQL TR A SR ALLL TR S
RQO4: SELECT CASE WHEN TRUE THEN d_year ELSE 0 END FROM dwdate

= 3 ]
S R N !
select i fiiyear’, c_nation, : sum{lo_revenue —lo_supplycost] as proflti

< from dwdate, customer, supplier, part, lineorder U

where
Target list

lo_custkey = c_custkey

and lo_suppkey = s_suppkey
and lo_partkey =p_partkey =Z———=Linkinformation
and lo_orderdate = d_datekey

and c_region = ‘AMERICA
and s_region = ‘AMERICA
and {p_mfgr = 'MFGR&1
or p_mfgr = "MFGR&2")

=o———= qualification

ati o )
group by c_nation, d_year 1.{:: grouper

order by d_year asc, revenue desc;

Fig.3 SQL query components in Q4.1
K3 Q4.1 SQL &y #kf

BIFR tripletProducer 45 1 T 7=t = JUAL ) H %

FEHE key AN key vector;

G AR E CLAE R ZEAL PR (2 1 250 5%, WEARIE FANE A3 I B8 451, 0 E3 K key HIBN 0,

o IR 5 2 A G0 S [R] O A A5 A7 A R A AR, N B SR SR IO SR R key {H,IFIE key IO key

vector; W EATELE, W Z A0 SR NG A5 3R, 38 00 key {5 IF3TE TN key vector.
B% 1. tripletProducer.
B L YER . USRI SQL;
iy = o4l B — oo,
begin
for each dimension table involved in query and corresponding rewritten SQL on it do {
locate the cursor on the first record according to rewritten SQL;
while cursor is not to end do {

get attribute from result set;
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If attribute is FALSE according to rewritten SQL { /43R %47 B (1) )& M AE AN 2 1 9 4 A8,
assign 0 to key; 1R JEPERT NI key 1HR9 0
push back key into the key vecotor;
cursor moves to next record; continue;
Hliend if
use the attribute to probe the hash table;
if attribute not in the hash table { I14E 2 2% R T A e i A A
increment key; /T H B bR @ P i HANTERG A5 R b AR A R key (E
insert the attribute into hash table;
Jelse { 114E3% 132 @ i 2 L IE 45 PF, H. B AR B M RS A Ko 1R 0] C 2 AFAE I key {ELE AT
get the key of the attribute;
Hlend if
push back key into the key vector; 17X . B JEYE key (HAF BT key A 1] 5t
cursor moves to next record;
}//end while
} /lend for
end tripletProducer
23 ET=ndHNEERYKL
DA £5 o 4% B SCHR[24] R 2 X
o o FEHRIE XY SQL 1) WHERE 414
o mHHEAE XN SQL i ) SELECT 15 1;
oy rUURERAR A SQL i £ GROUP BY.
3NN R
T AU T IR ERAE, 1, o PHER R R 93] a 5551 by
>3 = SR EAE W R key AN 0,3R 7] true.>, FH#F a L= AER =0,
O A X T B 1,3 [B] true. @, 331551 a L RIALIEL.
G At 2 X0 BOHs 40 2 T T A8 8, 78 e R I b e S R T AT A4 3 B B B 1 B R, T 1R
B PR AT A7 3 2 50 A it 0 5 VR A T 1o A7 PR 10 DALt B A7 fik s P o 200 8 1 o) K A 0 32
B EJE T30 s 0 & AN B MR RE A SR, XA R A AR W, B B R R A AR Y A (R IR L, T )
WHERAE S Jg Wi 5 B4k (early materialization, 5] #% EM)FIZE IR #) 1k, (late materialization, [ FR LM). & 24 7E#/F b
7 BN FIE I, XA FHE LA CPU, I H 7S INAE T4 i v 18] 2 s b IX AR A6 77 2085 O Rl i T 5
Wik 2 T CPU AT 28T K T, BT LUE J AR B B A7 2 11726 e LR M 35— A BIAT il B ks — A
B AN FNORATAE SR R B S b e AT AR R 77 sCUHE R AR — AN B4 Raa M1 Rb B IEFERAE o
Moo AR R KL PR ) LU AE Raa L7 GROUP BY #4E p 75 R AL IR S 1, 1 1] 4(a) T 7, B0 P AT 1) 4
VE— R N s AF R.a,Rb MEIRI,GIEH Ra 5 Rb(Fp, py ) 385 FIEFEERAERT 07 Fl o K IRAE IR IX
SESEH b AT A DB A A DT A AT BUE R AT B SR AT O S IR AR ARAE y AN 5 IF AN AL e DR A A 1 S
B W LR ARAE 2 1 A AR IR Ik, 45 I T8 P P K 20458 2 T AP AL B 2 8 3 £ — A S v AR 84
SEOR B A TP ) AL F 8 3RF 98 Roa A R B R [R] IS Wi T2 75 3 2 1 9B 4 oy A o 06 T3 A2 0 i
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4P AR HMACKI SN O T A B AW O, RS A = Ju > A5 A A key BLER LAWK 77
AR IR 2

OR.a> OR.b> TR.a> YR.a O,=true, then jz,

Ykey of triplet on R.a

>ra && >Ry

Produce
triplet
from R.a

Produce
triplet
from R.b

Produce Produce
bitmap bitmap
from R.a from R.b

(a) ik (b) HEIRWfL (o) BEY YL

Fig.4 The three kinds of materialization strategy
K4 3 Fhfeseng

2.4 BERHITHR

OLAP AW 43 T R AE — MR I 7 S Sl SR N 3 2 DI R B AE O BE 0l o) 25 4R BadhAT 7 2 TR AR 5%
e R M 304 32 0 53 21 T 45 1 & ROLAP(relational OLAP)YE G (¥ P AN 5 2 vl sz R 32 B 1135 AR Ak 2 vk
AT T R A B S0 A SR D B A WA SV e 8 DL — B R 8 R IE R T UE S AR SRR A AN R
HI R AL T i3 3% B B 1 ——LWMJoin(light-weight materialization join) & H.At4k..
2.4.1 Fh3 LWMJoin 5%

LWMJoin 3 2 invisible join' ) S0k invisible join A 4 e S 70 K00 (i B0 25 17 41 1 ok 10 0 B B v,
Barh 3 AN
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tot(2+1/8)t,

L g Sy A6y J I 5 2R (VT ISF T8y Sy 99 8 2 S 1 ISF ) (21, P IS T 2 A5 0 2 S 3R e SN TR PR 217 A e i I A
FAH e 3L BT 1B A B dne 25 R R JEA 1], R T P B R DR /0N (i R AN 2 A i RS T o ) &5 S S 3 AH [ B ke
T DAGLEABKIA Ay 32 A 1 4 T 8 S TR A ), 2 Db 31 408 e 258 Ao Vol 2 s s R4 T 8 I T

FAAH Jo 2 I PR AT BT T I V20 11/, R invisible join JIT4E 3% ¥ IR ) th ] LA LA R 307 0k
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5 invisible join A tt,LWMJoin R H 28 1 By B ™= A2 ) = o 41, 7T L@ S F 3 i s 3R 2 O BT R S 72
o LR LT EWSE A = e (surrogate, key,value), W R+ & ) LA S EME A BT RO1IBAFEA
T A RS
o SRR < S R R FH S S R MR RS o I A A A R 1 = e L X e = ST A T Y key {H
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Apply RG1 on part table

partkey | P _mfgr P_colors
1 MFGR#1 white
2 MFGR#2 red

Apply RO2 on supply table

suppkey | s_region | s nation
1 AMERICA | AMERICA

2 AFRICA CONGO
Apply R custom tabl
pply RQ3 on mraEe i AMERICA
Custkey | C_region | C_nation | ... - MENCO
1 AMERICA | AMERICA |
2 AMERICA | MEXIO
3 ASIA CHINA
Apply RQ4 on dhwdate table

Custkey | C_region | C_nation
1 AMERICA | AMERICA
2 AMERICA MEXIO
El ASIA CHINA

—
——— Sets of triplet

S as input
partkey custkey suppk dateke revenue suppcost b e s
| L =Y 2z Keys for Values for Keys for Values f_Ul'
2 1 1 2372193 87213 group aggregation group aggregation |
I—b L e .2 e 5158618 54480 | | f’l‘—l
) mle — Oncea | ---- ----a I
I ' S [ L 1107083 92257 H \
e 3 V2 3 2349306 55321 tuple | 2 1 228430 : 1 1 1014835 : I
| [ 2 ][ e 2 1 |[2ess0rs || emera :Sumup ! Sum up
1 1
12 1! [ 10 || 3148078 63429 R | ] ! ! o |
Pipeline | 2336604 1 | 3083625 1
| HE] RN 2 || sesse2s || s7783 | | 1 ' ! 1
: T N S
: . w - = e —
| : I I T
L L Ejy I
| o [ _J
___'_\rmr______l

Fig.5 Query execution process example
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Fig.6 The naive LWMJoin algorithm flow chart
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Fig.7 CDDTA-LWMJoin and CDDTA-LMJoin time-consuming comparison in aggregation and grouping
Kl 7 CDDTA-LWMJoin 5 CDDTA-LMJoin £ 53 41 5 SR 1 1] JirE 95 1) [m] 3 L

3.2 CDDTA-MMDB & &4 88Tk
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Fig.8 Naive LWMJoin and optimized LWMJoin with filter order
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Fig.9 CDDTA-MMDB vs. MonetDB vs. Invisible join time-consuming under different SF
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Fig.10 CDDTA-MMDB scalability on multi-core platform
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