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Abstract Recent researches not only focused on query-at-a-time query optimizations but also focused
on group-at-a-time query optimizations due to the multicore hardware architecture support and highly
concurrent workload requirements. By grouping concurrent queries into shared workload, some high
latency operations, e. g. ,» disk I/O, cache line access, can be shared for multiple queries. The existing
approaches commonly lie in sharing query operators such as scan, join or predicate processing, and try
to generate an optimized global executing plan for all the queries. For complex analytical workloads.,
how to generate an optimized shared execution plan is a challenging issue. In this paper, we present a
template OLAP execution plan for widely adopted star schema to simplify execution plan for
maximizing operator utilization. Firstly, we present a surrogate key oriented join index to transform
traditional key probing based join operation to array index referencing (AIR) lookup to make join CPU
efficient and support a lazy aggregation. Secondly, the predicate processing of concurrent queries is
simplified as cache line conscious predicate vector to maximize concurrent predicate processing within
single cache line access. Finally, we evaluate the concurrent template OLAP (on-line analytical
processing) processing with multicore parallel implementation under the star schema benchmark
(SSB), and the results prove that the shared scan and predicate processing can double the concurrent

OLAP query performance.
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R ff B — 1 2R (LIENORDER, PART,
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TPC-DS AT LLEAEE 2 N+ BB : (Store_
Sales, Date _ Dim, Promotion, Customer — Customer _
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Customer—> Customer_Demographics, Customer —>
Household Demographics — Income _Band, Item,
Store, Time_Dim).

3 At 3 AT BB A ) A B 24 B B

| SUPPLIER | |CUSTOMER|
LINEORDER
| REGION | | PART | ISUPPLIERI |CUSTOMER| | DATE |
(a) TPC-H (b) SSB

Customer_ Customer_ Household_
Address Demographics Demographics
(c) TPC-DS
Fig. 1 Multidimensional models of typical benchmarks.
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Dimension Table : PART 5picategory= ‘MFGR #41” OR p_category=‘MFGR #42’

p_partkey p_name p_category
1 spring MFGR#1
2 metallic MFGR #4 -
3 antique MFGR#42
Dimension Table : CUSTOMER O _tegion=‘AMERICA’
c_custkey c_region ¢_nation
1 AMERICA Cuba |- _
2 Europe France | Tk~ s-)
3 AMERICA India S h
Dimension Table : SUPPLIER O region=AMERICA” ~ R
c_custkey c_region c_nation
1 Asia Russia
2 AMERICA USA
Dimension Table: DATE 6d_monlh= ‘May’
d_dateid d_year d_month
01011997 1997 May
01021997 1997 May =) !
01031997 1997 July =

PR 51 WS 2 4 2 ok U 47 B 57 R Y E B UE 5 D)
T A2 3 45 1 R AR S S R sk E A N AE R G
el JE T AT AT 78 AIR OLAP 2 ify kb 21
IR TR B K 2 4 B B TR o N
S AN ) 2 A TR 1 7 B O, AT RCR S
WAk 4E o3 41 )@k B A TR 7 2 AR T A i Ab
BLIN 7 [ 1 W o i A B S v ST /T S
A PAT I AL 1 3 Hash ROOTF8, 328 7 4
) B SRy R

SELECT c¢_nation, sum(lo_revenue)asrevenue
FROM customer, supplier, part, date, lineorder
WHERE lo_custkey=c_custkey AND lo_orderdate=d_dateid
AND lo_suppkey=s_suppkey
AND lo_partkey=p_partkey
AND c_region=‘AMERICA’
AND s_region=‘AMERICA’
AND (p_category= ‘MFGR#41” OR p_category = ‘MFGR#42”)
AND d_monty= ‘May’
GROUP BY c¢_nation ORDER BY c¢_nation;

Fact Table : LINEORDER

lo_partkey | lo_custkey | lo_suppkey |lo_orderdate | lo_revenue
1 3 1 01011997 43256
T -- 2 3 2 01011997 33333
3 L1 2 01021997 | - 12121
_-- -2 2 1 01021997 23233
! 3 2 2 01021997 45456
: 1 1 2 -1 01031997 43251
L 3 3 2 01031997 34235
: RN N Result Tuple L -7 ‘ Hash Based Aggregator
: Cuba 12121 '*:1 Grouper | Aggregator
| Cuba
=1 India >

Fig. 2 Dimensional bitmap filtering oriented AIR OLAP multidimensional query processing.
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Qo Q1 Q2 O3 Ou

oiloflol1]o]o
ifololo]1]o0
i21folololo]o
Bifol1[o[1]0
[41f1)]0f1]0]0
/[5] 0[0[0]1]0
lo_custkey | lo_suppkey |lo_or —partkey | lo_supplycost | lo_revenue Qo O1 Oz O3 Oy
6 n 5 19926403 4137 2116 823 [o]fojofo]0O]O
6 4 19920101 5 \ 815 4598316 | >[1])|0[0]0[1]0
2 5 19920104 i 355 1 330 960 [2jj0fo0jojojfo [o]1]o]1]0]
6 3 19920103 3 N 4711 2 895 564 (31{0]0J0]1]0 AND
5 4 19920103 2 o123 2 282 448 [MlpLjojrjojo oTo]o]1]0]
2 5 19920103 6 650~ | 4962016 AND
1 1 19920105 6 5 3>Q N 469 446 _
1 4 19920103 1 9793\ | 3405805 Qo 01 Oz 05 O o 1]o]1]1]
5 3 19920101 3 8333 \| 4679647 (oljojofiiolo AND
2 2 19920101 3 7045 3989 088 [pL10101110 [o]oJo]1]o]
1 3 19920103 2 3709 261876 [? g (1) (1’ (1) (1) 4
3 4 19920102 5 8034 3 298 652 {4} TolotiTo [o]oJo]1]o0]
3 1 19920102 3 8 827 2 873\§64
Qo O1 Q2 O3 04
oifofJol1Jo]o
filolofo]t
ieifol1lo[1]0
Bifofolo[1]0
[4]f0o)0f0|1]0
[61{o]1[{0]0]1
Fig. 3 Concurrent AIR OLAP query processing.
K3 Itk AIR OLAP £ 42 ify kb B
(Q3: SELECT d_year, s_city, p_brandl, sum (lo_revenue-lo_supplycost) AS profit
FROM date, customer, supplier, part, lineorder < cuskke)] < name oy <_nation < region 20 00O
WHERE lo_custkey=c_custkey [0] Customer#000000001| [ MOROCCO1 | [ MOROCCO | [_AFRICA
AND lo_suppkey=s_suppkey [ Cuslomer 2000000008} |__JORDANS | __JORDAX__| {MIDDLE EAST
= o ustomer #000000003 NTTNA 5 NTTN. AMERICA
AND lo_partkey=p_partkey % gusimﬁ:% ARE?{ET\ ARE?{ENA MIDDLE EAST|
AND lo_orderdate =d_datekey Eg% 6 g::::::xoooooooos ciﬁ;‘v?:fz si;blg?fntx MI;:;LE:AST
AND ¢_region= ‘AMERICA’
AND s_nation= ‘UNITED STATES’ 022 [ o] [ s 2.0 %00
AND (d_year=1997 OR d_year=1998) [1] Supplier#000000002] [ ETHIOPIA 1 ETHIOPIA g
AND p_category= ‘MFGR#14’ AND c_region=‘AMERICA’ A e O | FRLED STATES - L
GROUP BYy d_year, s_city, p_brandl AND s_nation=‘UNITED STATES’  [4] Supplier#000000005] [ IRAQ 5 0
GROUP BY d_year,s city, p.brandl ™= s\ (d_year=1997 OR d_year=1998)
- - d_datekey | | d_dayofweek || d_month 0, O, 0y 05 04
AND p_category= ‘MFGR#14’ \ [0] [ 18920101 ursday | [ January |
[1][ 19920102 | [ Friday _|[ January |
l [2][ 19920103 | [ Saturday || January |
[3][ 19920104 Sunday _|[ January
GROUP BY d_year, s_city, p_brandl (4) (19920105 ] [ Monday [ Tanvary
p_partkey p_name category 0 O 0 Os O
Cust Supp Date  Part  Fact_Vec E‘H ; riz?;z;?ﬁg = gﬁ: g
(o8 [2] 3 een antique | | MFGR#3 0
0, (3] 4 metallic smoke | | MFGR#14] i 1
0, 73] blush chiffon | [ MFGR#45 0
o, s city|d_year | p_brandl] 11 (5] 6 ivory azure_| [ MFGR#23 0
[}

Fig. 4 Concurrent query grouping and predicate pre-computing.

P4 A iR o3 R A B0 5
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RS R0 ok B R TR 4E SR b i s Ok
F T AT SR Be ) oy R ST 1 B AL S 4
VES5 A% 3 45 A 1) 43 & 4% (distributor) , 4R 45 037 [1]
LA AL R A5 A 6 R A 9 TR Y R AR

PR (aggr operator) , 58 W I & 25 1) X 24 A 35 9L 3R
SRR AR
2.3.3 IR/ UREIREAE

b o3 & A 0 o 4 R AR TR A A ) S
For LGS 2 A B B, W&l 6 BT, B 56 AR L
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Query Queue DimTable 1 DimTable 2 DimTable 3 DimTablen
Aggr
Operator
oo Aggr
| Operator
i
|
: L |_, — Ager
Fact Table E BVecFilter BVeckFilter [BVecFilter| ... |BVecFilter>{ Distributor Operator
] :
1
e R S e S S S S S C S S S SR S e SR R SR S S R S e e | Aggr
Operator
Fig. 5 dimensional filtering bit vector oriented concurrent OLAP.
B 5 BE T4 uE AL e & Y JF & OLAP ik 2
c_cuskkey c_name c_city ¢_nation ¢_region Cust Supp Date Part Fact Vec
[0] 1 Customer#000000001| [ MOROCCO 1 MOROCCO AFRICA - =
[1] 2 Customer#000000002 JORDAN 3 JORDAN MIDDLE EAST] Qo | c_nation p_color 10
[2] 3 Customer#000000003| | ARGENTINA 5_| [ ARGENTINA AMERICA - -
3] 4 Customer#000000004] EGYPT L EGYPT MIDDLE EAST] O, | c_nation | s_nation 1
[4] 5 Customer£000000005| | CANADA 5 CANADA AMERICA 0, | c_region d_year 11
[5] 6 Customer#000000006| | SAUDLARA 2| [SAUDI ARABIA | [MIDDLE EAST] = =
.95 s_city |qd_year |o p_brandl 11
s_suppkey s_name s_city —natt 4
[0] 1 Supplier#000000001 PERU 0 PERU p_category 10
[11 2 Supplier#000000002| | ETHIOPIA 1 ETHIOPIA
[21 3 Supplier#000000003| [ NEW YORK | [ONITED STATES|
[31 4 Supplier#000000004| [ MOROCCO 4 MORQCCO
[4] 5 Supplier#000000005 IRAO 5 IRAO
d_datekey | [ d_dayofweek |[ d_month |[ d_year /
[01] 19920101 Thursday January 1992
[1] [ 19920102 Friday January || 1992
{i} iggggigi S;E:i‘ ;:Ei iggg lofcuRk‘ex lo_suppkey |lo_orderdate| lo_partkey | lo_supplycost | lo_revenue
[4] [ 19920105 Monday January || 1992 o —2—]e19920103 | o 4 4137 2116 823
[) )
p_partkey| p_name p_category p_brand
[0] 1 lace spring MFGR#11| [ MFGR#1121
[11 2 rosy metallic | [ MFGR#43|| MFGR #4318
i E F
o | o ek iFce 7] [T ze [1992 | EmHioPia1L [ MrGRétazs | 4137 | 2u6sm |
[4] 5 blush chiffon | [MFGR#45| [MFGR#4510
[51 6 ivory azure MFGR#23| | MFGR #2325

Fig. 6

Bit vector oriented grouping and aggregate computing.

6 T o i Y o 4 R AR T

AN T gt o 17 A7 RS A i) BA A ) A I SR L AR
Je ARAT AT ) BAF e S 1 43 21 R 1 4 PR R A 5 s R
T ST AN ) B S 380 6T 0 1) 4 3R 43 2L I 1 A b AR
Y5320 Ja PR A I AR 4l = 52 1] o 1 [ %o 17 1) 2 o )
PEAA 2R AT AN 3 e g ol AR TS T
Hash £ 170 R EITH.

ATR B 4E 200 5% 9 A7 B 5 U7 Rl ML) 52 3 T 5
WAL 2 R B RN T B AR L 5 Hash R fF
SRR I KA i o A JE PR e s S T kS
FEAC SRR TIF R AT WA 38 1] 1 45 (0 4 T Vi )7
2.3.4 ZZMIT K OLAP #:4E

FE T2 5 R ) A ) IF & OLAP #rify b 3,
FE RN 2 Y YR AR AR A R AT AL BT R
A0 53 KA X N i E RO O R AR A R
FEAT AR AL TH B0 £ AT G0 38 1L 1% s o AR TR
RE A5 21 78 43 FH 2 100 14 Jon 1 RE AR, 7F 2 A 4k 28

a7 R AR g S R A R AT
P 4y X (RPFZIC Sk R AR D 238 0 A 7R —
AFLRS B LT I T4 U8 ) I R AR Ak
B, H 0 DNYEE ST n A YEd g7 i BVecFilter,

3 1) 4 e B A I LKy o X

(D, |+ IDy |+ |Ds| +-+|D,DFEH, Y n A
BVecFilter /NT Z &AL FRES LLCGE H 20~45 MB)
K/NEF Z LRI Kk OLAP £ i) kb BRAE #6472 435 g
A B 59 cache JRy iRk, B4~ 43 XL A Ab HRL 26 2
TR LRI LI B A A B AT 55 76 58 K 4
AL T A 4y X BB A A (partition aggr operator)
J& » 38 5 42 R B AE #:AF (global aggr operator) A i
&2 b & eIk
2.3.5  ATR B3 % A [ 452 =X 1 3 17 P

U B JE B PR 0 B Al LA B T 2 e R
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Query Queue DimTable 1 DimTable 2 DimTable 3 DimTablen
O DimAttribute
[ FactAttribute
BVeckFilter| BVeckFilter!| BVeckFilter!| BVeckFilter
----------------------- %4
T SO et ST ere o A
| —§—>|_[_|_|,J_u_l_l :
. _ parion |
I 1 artition 1
Fact Table ; ' Lotolof-Jut?] %—) Distributor —>»|  Aggr i
Partitionl |, . . _.-7777% Operator \
Lo :
1 ! 1
""*"""'"'""""""'""""""""""""'""""""J' Global
IIIu-IIII—o—»lIIIIIIII '
: i Ager
| mm.nm' Partition Operator
Fact Table i %—» Distributor —|  Aggr
Partition 2 i Operator
1
1

Fig. 7 Bit vector oriented multi-thread concurrent OLAP.

B7 0 ST B 2 AR I & OLAP A i 4b 2

FEhFLRG SN RZ BB R, WS
fift FIECHE G R AR AL ) S35 7 SR A n] DL
FEWRIR Ry 410 S5 A IR S M ik (%) 4R 2 BV = S SR A
TEYEF%] - 19 array index referencing, M 1 ¥ 1% 4t
Pipeline i 4% 73 fift Ay ) B 1) 22 4t 3% 35 3 08 A S 9 4k
B 4 2 R AT 0, 22 2 3% 2 ok DR AR AR e 5 o
)L E A M AT CPU (Y 548 4 2 8008 i (single
instruction multiple data, SIMD) 5 4544, 25 46 AU
R 4 R R M S G IR 4R 2k, 7]
DL F ATR B89 0 % i )23 Uk 4k 36 1 04 38 0] 5% 1
SR 1) T0 3 J 22 UK 4 3R 10 S b B AR S BB O U )
2R W R B OLAP 5 if b F ft) L il 25 1.
EIEAEAL I kA i) 5 T I s R
I LY IR S A B O PR S AR AR
A TPC-H ., B XN EH A TPC-DS 57] LIFEE =24
BB B P R 5 45 g5 50 3R Z 8] Rl R A7 A -
SNSRI DGR, TESL R P W 2 S SR A i)
AT DR S F a8 S 3k o] -4 ) ATR P [l 49 i 12
AR 5ERIT K& OLAP 2 ] i 22 = 50 36 (] (9 2L = 1 4
AL 2 S7 BB S5 4 2 18] i B [ £ i )
ALK — A BB BRI I & OLAP 3 53 45 VB 75 1 i
HAE R 5 — A BIEBA TR & OLAP 3+ 5 8 AE 75
A TR IE PR Z M 5 TF & OLAP 15

3 XRERSHW
3.1 XBFBAEE

T B — G HP R4 IEA 4 I

Intel® Xeon® E5-4640 @ 2. 40 GHz (8-core, 20 MB
Cache) #bFH£S . 256 GB NAE FAE R 48 Windows 2012
64 137 R - 25 1) B3 42 24 Star Schema Benchmark™* . 7&
SSB it . 5 & X F (scale factor, SF) 44
AL, SF=1 X2 52 R0 s i 2 6000000, 52
Bk B2 A RN I BCSE 9 1,10,100 3F
KA B 53 )l 32.64,128,256, F KWK I &
Bdt o 1024,

TEIf % OLAP 2 ify P e b AT+ 1 6
XX % AIR OLAP B 26 F A i) 4b B 2 42 2
I RATH ATR OLAP 2 i) gb 3 | 5 T4k i i 457 1)
Y AIR OLAP Jf & A 4 3 5T MySQL N £+
F ) OLAP £ if)ab 31 I 51 77 i 205 72 MonetDB,
T ) AL PR N A7 BYE B Vectorwise, 2 % SCHk
IR I A A A oY O IR R R a8 ME T AT A AL
MM e XF . Vectorwise, MonetDB 4§ N 7 545 2
TEF AR G5 Pl Bt n] DA S PR BE AR A, AT L BAT
1 Ry FE Bl fiE 2 RN R B A% O J5 S s FR Ak T 2 1k
M BE

S v 32 A DI AR bR = T K AR AT
8] I % A5 1) ~F- 34 A5 o) PROAT I TR] L A ) A ek PR C
NI PRAT A I ) L S50l R 55 4 R R PR 22 A
i 2t ¥ (symmetric multi-processing, SMP) £ ¥
CPU 224y . ffi i} pthread J pR &S LI K &M 2
LARIAT AL I B O R A i i 2 AR
JDBC 9 [a] 52 3, 78 WK A (8] o 254 JDBC #1) 45 AL st
fi] s 39 & 2 AT ]
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3.2 KGN RIS

F 1R 2HIMTHE SF=100 HHRET I ki
R R 32.64,128,256 B (9 % OLAP 2% i) $k
AT Jel B[] RS- 2 A 0] PIA T B [R) % L

AIR OLAP 3k JHA7 243 4 . 30 1o S 5 {5 - 3 bl
e S5F 24 2 75 1) b BRAIL A o A 980 B ) B AR L AT iR b
PR FE AN R FRBAMACH B AT AT B A7
AT B[R] PR BB 5 MySQL N A7 3 £ i) b 38 ¥ 5 AH
M58 i £ 4RI R HfT AIR OLAP & i 4b B
I A AT 55 BT A AT Bl T O R A i AR
b ) BEAZ O B I 7 A AR U AR A DL BT R A A
Ah PR 7E LLC fr 7= 42 i) cache 4+ JH, Jf & AIR
OLAP £ i) (1% fin 3 H AR 79 BEAZ O B i 32, 78 256

I LR AR I 3k S H5 K L 22, 3T MySQL N 77
F W& OLAP £ if) P ¥ $uA7 B ] 55 2 22 s, 1 57
FEA AU e MonetDB Jf & 2 1) 35 /N - 34 45 1)
PATHTE] A 4. 63 s, AR BL T B A7 Aif A0 G T 15 1768 1Y
PEREE . FF M AL BEAY Vectorwise J& 24 /i M g
R 0 77 A B L S Ty TPC-H st v
SF=100 1 SF= 300 % #& % I (% 14 68 & 14 19 B i
JBE RGP TR R OLAP 2 i) i i B /N 249 2 3 34
FTEFEIR 0.89 s, 53f & AIR OLAP (1) - 3 45 iff $h
AT IR]AH 4. 356 F 45 3 08 07 1) i 5 R 19 9 & AIR
OLAP By /N2 2 W BT B 8] 35 35, AR 0. 48 s,
i g o S R AL R RO R e DR R — P R
TR WA CPU kb3 .

Table 1 Comparison of Total OLAP Query Execution Time (SF=100)
R 1 5 OLAP T #1T B 8 Xf bk (SF=100)

Total Execution Time/ms

Concurrent Serial AIR  C Bit Vector Oriented MySQl
oeria ~oncurrent 1t ector riente - »
Query OLAP AIR OLAP  Concurrent AIR OLAP MemoyryQTable MonetDB Vectorwise
32 635597 59236 34105. 3 1258510 170692 51785
64 1701430 85297. 6 19119 1450580 331730 108930
128 2585990 121676 70734 2845570 701767 157715
256 5134570 233205 123371 5642210 1186 446 227800

Table 2 Comparison of Average OLAP Query Execution Time (SF=100)
R 2 F15 OLAP & HITRS E X bk (SF=100)

Average Execution Time/ms

Concurrent

Serial AIR “oncurrent Bit tor Oriented MySQL
Query Se<)LAP /(\?RC:)L(;\P Concu\r]reecni) A(I)Re()S\P Memoyr?/QTable MonetDB Vectorwise
32 19862, 41 1851.13 1065. 79 39328, 44 5334.13 1618. 28
64 26 584. 84 1332.78 767. 48 22665. 31 5230. 16 1702. 03
128 20203. 05 950. 59 552. 61 22231.02 5482. 55 1232. 15
256 20056. 91 910. 96 481.92 22039. 88 4634. 55 889. 84

Kl 8 o T AN R I BE B Y £ 9f) A ik 1 e (B
/NI A AT B DD L ot MonetDB #1 MySQL 4
fERMAE M E PR B TEE ., i) & AIR OLAP,
T Yk kg A7 10 B AIR OLAP Fl Vectorwise 1y
L) PR R B T & B A 8 0T 0 . 224 9 K A i) 4L
SN R 68 6% A I b B 2 RCHE U 1) BRI RLR L g
i A b ) T IRAR 22 A% A RS 1) I AT 1T B U

9 N 7B T 4E U 47 1 & 1Y AIR OLAP
EBIEE R /IR SF=1,SF=10,SF=100 i}, A [A]
I AR B I AT 1 1 4 A iR a] . AR SRR L 46
FBNIF A AR 5L BRI, L BREEY K
B I T e v KRk o B 2 1S K AR o R 7 ] 5 B

K. B9 PR A B AT e b, AR OF &
A B oy 512 I B fie A 8- 2 A ) AT I )
FE B AR 512 AN I & A ek ) 4E i B A 1]
J& k512 b(64 B) , % i — 4~ cache line 1J5[A] , HE1% B
KAk cache line 48 09 F F 22, 9 A7 U5 5] £ 498 ) H

g5 FRTiR L AIR OLAP 5 55 330 09 N A7 53 Bt
AR PEE OLAP B3 509 I e KWK [A] 2 78 4
AT B G P A 2 B 0 M bk B S Carray index
referencing) F§ 15, SCHL T 3 F 55 92 % A1 Hl W 5 104
FERG| SR T AE R IR A7 BT 1 3% 422 1 g AN s P Ak
BB AR % OLAP 2 1A Ab PR 3o 72 v 1) 25 1)
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8 000
| O Concurrent AIR OLAP
@ BVecFilter AIR OLAP
6000 F O MySQL Memory Table
| B MonetDB
B4 VectorWise
4000

Throughput/query-h!

2000: H
O'H Eg. ﬁgg. BB
32 64

128 256

Threads

Fig. 8 Query throughput of concurrent query workload(SF=100).
K8 Jf & A Ay ik M fE (SF=100)
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Fig. 9 Average concurrent query execution time.
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