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Abstract In big data era, a large computer cluster composed of low-end servers has become one
of the most popular platforms for massive data analysis. While traditional OLLAP query processing
algorithms that are implemented on high-end servers don’t adapt to the large and less reliable
parallel computation environment. To improve its scalability and fault tolerance, we modified the
conventional data schema and processing style of data warehouse, and proposed join-free snow-
flake (JFSS) and TRM execution model. Based on hierarchy encoding, JFSS schema compresses
dimension hierarchies’ information into fact table, which gives a fact table the ability of processing
data independently without dimension tables, and ensures the computation independence of data
from schema level. TRM execution model abstracts all data warehouse processing into three
operations: Transform, Reduce and Merge (TRM execution model), and divides an OLAP query
into massive independent tasks, which ensures the large scalability and fault tolerance of the

system from execution level. To optimize the performance, we proposed Scan-index algorithm
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and jump scan algorithm to reduce I/Os as much as possible, and designed batch evaluation of

predicates algorithm, parallel evaluation of predicates algorithm etc. , to accelerate the processing

speed of each data node. Experimental results show that, the prototype system, LaScOLAP

yields high scalability and fault tolerance, and its performance is an order of magnitude higher

than HadoopDB.
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Jit A ) 30T 2 S5 X T A 38 3R Bk O S (ELTS
Ta. FAT R S R 1] 0 DB P 4 O R A 4R A

mask_e & t.md_skey=constant_e

et mask_e J1F 3l BOHE 38 o vb K& 2] 2 K.
constant_e %Eﬁlﬁlﬁj ':F'#/F&@J E/‘J}z;':{i( E@%ﬁ%ﬁgﬂﬁi
) = 3 il 3.

PLIE 3 o JESS #5881 Sy 5. 25 3F 3 ) Wy
d.year=1996 and c.region = * Asia’, H Xt W 1
mask _e= “11.11.00.00. 00.00.0’, constant _e =
“11. 01. 00. 00. 00. 00. 0. FH & 4 J5 1y ¥ 17 J W7 Ay
md_skey & “11.11.00. 00. 00. 00. 0’ = “11. 01. 00.
00. 00. 00. 07,

5.1.2 LI T A W 4

A AN S 2T 1R TR I 3R AR A Y IR L (A
fi th A 2 9 L ) 0 AT AR A A A O R L (R
0, FEL VA 1 8 B 48 DA — A A ST 3 ) BT S T
W — A S (I 1R T T 25 G X b
JIr AT S ALV 3R] 5 5 — A 2 0 RS ) 300, P 0 5
3 = b i i A R S O TR0 R I AT R A e
JE#.

— A B = Y B A A A5 O TR R
WA gt B, constant_max Fl constant _min. con-
stant_max BT O K B0 09 2 U T BRA 2 IR
5 4t ) 14 2 B 0 DU 205 T R A S99 D R T )
TCZH 1) d5e KAE 3 X5F g b+ constant _min g1 V8 17 95 K 3]
FRJZ2 R AR BIRAF 4 5 T s A2 96 A2 38 370 4] BT 14 O
LY dc /ML BRI A B =X 8 2 UORR B Ao
Fl 4z 0 AU, Rl R 7 A — AR mask_r AN IBGZ
TR ) T O K B 2 R X TR — Ao BT
R IR HI W : Gnask_e & ¢. md_skey=-constant_e)
and ((mask_r & t.md_skey) between constant_min
and constant_mazx). fJ5LLE 3 W JFSS # A 4. 75
[ 1E 18] H] Wr d.year =>1994 and d.year<<1996 and
coregion= ‘Asia’, H. X} W By mask _e fy €00. 11.
00. 00. 00. 00. 07, constant_e 2y ° 00.01. 00. 00. 00.

00. 0” ymask_r A ¢11. 00. 00. 00. 00. 00. 0’ , constant _
min 2N €01.00. 00. 00.00.00. 0", constant _max "N
11. 00. 00. 00. 00. 00. 0 *. ¥ e J5 B i i8] 3 Wr Ky
md_skey & €00. 11. 00. 00. 00. 00. 0’ = “00. 01. 00. 00.
00. 00. 0’ and md_skey &. “11. 00. 00. 00. 00. 00. 0’
between ‘01. 00. 00. 00. 00. 00.0” and *11.00. 00.
00. 00. 00. 07,

5. 1.3 B T A i 4 4

X T Like In 45 %1 3 95 1] J 7, HC 5% 4 HJ2 A
AR e, AR 5 B R S AU TR R S B
5 R H A O T RUTE S i I R AT 3 1) )

Xof kTR b A A AR R0 7 3R] ) B AT
MR ICEALT In 51 3 00 e 4 T B B A5 5 25 1 O 4
JE B 4 JRy 2 A R R B A A A T R
5.1.4 Group by #%#t

Group by 1545 [ e 46 LU TR] B0, 5 277 A —
AT A group by TF 4] o i I B Y JZ WY #E 14
BNA] GE Sl mask_group) s ¥ &—J04H ¢ AT

group by ¢.md_skey & mask_group.
5.1.5  — SRR ) 1

R T 3 v JFSS BRI Y 2 R i)

select d.year, c.nation, sum(revenue)

from fact, d_date, d_customer

where d.year=>1994 and d.year<1996

and c.region=*Asia’

group by d.year, c_nation

)5 19 Reducer Al ] SQL AR5

select md_skey & “11.11.00. 11.00.00.0",

sum(revenue)

from fact

where (md_skey &-¢00. 11. 00. 00. 00. 00. 0’

=*00. 01. 00. 00. 00. 00. 0”) and
(md_skey & “11.00. 00. 00. 00. 00. 0’
between ‘01. 00. 00. 00. 00. 00. 0’

and ‘11.00. 00. 00. 00. 00.07)

group by md_skey & ¢11.11.00. 11. 00. 00. 0’
5.2 Reduce

B R A AT R B A B L R
5 R BRI R K 2 T S PRAT AR B4 Y Ak B
PRl J AL —HE 7. 1 3R] 10 ) i A SR AR R A A R
TE A IEAT Y. Forb R B FE I B Y L B AR
T ZMER T B ST B oR i RE.

5.2. 1 JFATIR R A
IAT V8 1) 4] 1B A e BRI A IR ) 0 i XL T
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B 5811 one-by-one 15 18] ] Wy 77 =H EE 4795 10 K
W7 8 [) B BRUA T 22 4 98 1) 3507 240 7. AH EL F Blink o
(18 15 ) 0T T FRATT A R R X B s
AFELH . X T AR A W DR AT 5. 1.1
B30 I 1) TR B AT T A Y A5 (LT 1) A O 0
— W A A 52 B 5 X 3 L9 1 A 4 B
5. 1.2 1R S B I AT L BT A I R 2
B8 — YR S ] ) R — R 9 L9 ) ) D
5.2.2 b I i ) ok

b 1 1) ) 0BT P T A RN 2R S 4 A X
At AR I AH 4R TG 2H 1) i 6 2 AH W] YV T AR 2B
JCLH A L [ 1 A i ], FEAT 25 A R A [ Y L 1
B T BT — T 1 K J5 22T b 1 )
W R A Bk o AN PR BRAT AN P TR B A

PLIEL S sy A~ o4l . 25 2 A~ o4l BET 25 4
G — A TCLHT 25 AR TR S PR > 3 ) 40 e 1
AT 25 DEIF RS 1 S e R A A E 5 2 A ocdl
WAFA AT LAAS BT 8 1) 40 . [R) B, a5 1 A4
TCHAFF G M5 2 DN ITCH B AT A AR AT 2L
ANFEAT IR TR A . HE P S 00 2 58 3R 80 )2 g
FEERBBKRARKZENRAGER B B,
it 38 1) ) O T A S A 4 1 1 DR ) BRA T
5.2.3  BERHH

Bl 6 A I R R AR T
P4 0 4k 38 T B, KRR 43 1/0 #5 0] BE 2 TR 2% 1.
T R 1 6] AT L% RETE CRey s value) bAE
sG] BEREME B R ] ] B R R E R 5
BR A SR FFRANTIE s (B AR A0S b fE 38 5
) —4E R (B+HR ) R ATATI: Z G5 I
PR B A AT R A2 B
A s T H B G P A AR A L R 2
75 03 5| 7 W L FR0F A% A T g R R — 3K
(. Ean FRATT S DAL 2 1 G B 00 TR B2 1 52 45 i
ST BERRGE M RATE IR Region="Asia’ )
ICSEET T R HBOZE G 59 1 Region J2 006 I
(4 F 4 i 1% BBt sk TG 7k b B

S A SO T B BR A AR . B R U
JE I T RO AR 0 4R L L
RO R 2 Bk 2T 5 A 10 TG O 1 BidE B, Sl ik B
A FRATR 5 — B i 55 1 2510 s il B ok B il —
K Bk K 2 , % ) B R S 9k R 9 I 3 ) R ) i A s
Hen] BEAFTE AT & 2 PR i e 5t 5 () B HE bR R ] BE A7 76
FF G AR SR B e AT 2D 1/0 # 4.

BB Sk R AR WAL (D Ak

A AR A B b hE B i b ik 3 R 5 (2) 3T ik 4R
178 g v ).

BN SUR/MEEM).  KFHEFYATE A
It AT G 18 50 1 e /NS G L T 0 O d /N i 3
5, i i i MCCode.

S/ i 28 ). AR — AR YA R IR
B— 2 KW Jm o 65 0 (8 [ 4 o L1, 4],
[1,7], [1.10], [1.15]). BAEZE AHHERET
*2x 3k (N RIEBME, W2 L E W
1.3.2.3 Mfe/MEES K 2.2.1.3, FRn K T%TF
L3.23AKZE T 2. x 3 iAW R/NE &
T 5 8 1) 4 T A 0 L9 ) T S AR R 2 2R
T 2 M4 ZELEE 4 DRERET 2 iids . A%
Bi% 2.5.3. 2 e /MEEIS S 3. 2. 1. 2. fER A 1
2.5.3. 2 2 AR S CAEEZRE 2 il 438
Bl Z N BT ISR e MCCode I 75 16) 185 2 R 33— , [
P A 1B A S/ IME

o/ IME B 1 SR SEVE WA 1L R 1 |k
A T 1) T B I R — 2 B RR A, R AR
A0 G B 0P 205 1 wprKey s [7) B S ICH T AT
FRAELL L lowKey (T 1~2), 8K J5 M I i )2 B e Ik
JAVIRR L & MCCode T — 21 h _skey: IR S 4
key "I HTJZ IR h_skey /NT RN lowKey H
() h _skey (B 4 T A AR T 8055 T4 /T2 KW 2K CE
N lowKey H X} N B h _skey (47 4 ~6); U0 B H
h_skey KT uprKey WXL h _skey , $ 4k S 1E 5
EEKREERINIE 2R h_skey ¥ 1 J5 576 3
XFIETE N (BT 8 ~ 10D, SR 5 ¥ 1% )2 KR TiZ )2 1
B4 h_skey B R i /ME (A7 11~12). 103 3] 35 &
SR AN TR 1 G HAEE A X key
KT 5 K MCCode  th B key ANTF1E XTI HY
MCCode.

&£ 1. CalMCCode.

BN : key, predicates

it : MCCode

1. Hicrarchy lowKey[ ] := genLowBnd ( predicates)
Hierarchy uprKeyl | := genUprBnd( predicates)
pos = getFirst HierarchyNot InRange(key, predicates)
IF pos>>0 //h_skey<Cits low bound THEN
FOREACH low_h IN pos-++lowest_hrchy DO
6.  key[low_h]:=lowKey[h]
7. ELSE IF pos<<0 THEN //h_skey<tits upper bound

= w o

(921

O ZEBEJE U R I 2 OCR b 2 UCE . L e e 48 B
AR R YO 2 H R YRR )Z K.
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8. FOREACH h IN [ pos]+1-+highest_hrchy DO

9. IF lowKey[h]<key[h]+1<uprKey[h] THEN

10, key[h]=kes[h]+1

11. FOREACH low_h IN h—1++lowest_hrchy DO

12 key[low h]—lowKey[h]

13.  ENDIF

14, 1IF h>>highest_hrchy

15. RETURN NULL //No MCCode

16. END//FOREACH

17. ENDIF

18. RETURN key

EE 1 —Hr s, R RO S A A
FAFR9IC T P R R AH W R T4 T T — B
b die KO 5 1 1Y due /Mg B 1. X T8 1 A dls 3k
SRCH A5 /N2 6 A D LT — Bl DR 8 e R A2 45 S L

. WP il block, A v G B
F b i) e — B s Yo, minKey, 2 block; W i Bz /)
md _skey 0 ,maxKey, N KAH ; c_key J& block,
W R IR P A HEIE S AY md _skey {H , minMCCode;
H minKey,; i) MCCode , maxMCCode; }j maxKey;
) MCCode. FATTRT LAA AN T 4fE 24 .

(D BT A W md_skey {2 A ¥ 1 A HEH -
maxKey, | <minKey,;

(2) iy maxKey;, <minKey, 7] # H} : maxMC-
Code;_, <minMCCode, ;

(3) B HIminMCCode; =min({ key| key>minKey;
I H key Wi EIE P ), c_key & block, T —A3l
T 1) T Y 10 S ) md _skey fH . R I

c_key=minMCCode; = maxMCCode;  ;

(4) H K maxMCCode; | <c_key<maxKey;,
A4 maxMCCode; -, <maxKey;.

AR T AT — B i P28 1 A A
B GZI ) /NS5 ) A S 25 Hi e 9 e K2 6 1.
AR R RS S b b 2] R A SR ISR 2 R

&% 2. GetCandidateBlockAddressList.

BN JumpTable, lowKey, uprKey

Wit addressList

1. minKey=lowKey

2. MCCode=CalMCCode(minKey,[ lowKey,uprKey])

3. FOREACH h_tey IN JumpTable DO
4. IF key=MCCode THEN
5 add corresponding address to addressList
6.  MCCode=CalMCCode(key[lowKey. uprKey])
7. ENDIF
8. ENDFOR
9. RETURN addressList

B2 HRRIR IR I KW predicates, B E )
Uf key RITA 2RI JR 382 KBS h_skey (1) e /IME
(A7 D it H MCCode 15 H 247 MCCode (7 2)
P K Wk BR 3R v g — T[R4 i ) MCCode X 1
(AT 3~4) AN 2R ST Y key T 2 5E B 1, FRATTRE Hm
NSRBI F v 318 1) MCCode (17 5~6). BE
DL 2B RR 2 R ER R b T A URR A 21 Ak 2.

B S I — A S I Bk BR 2R R — > R
I o 28 1] CRUMR SO RN/ BRI X 2 A K
. LA SSB 30 GB #4455 Ay 1] . 4 B A He 4 b =X A7 it
(0 e — J B 6k 7 1Y Bk BR % BT o5 S ] Dy (1. 67 GB/
8 KB) X 10 Bytes, H 5 %4l SC 4419 1. 2%0. Bk R 3R 2
BT Xt 4 R B SCF RS YL AR RS HLEE R LB E
2 Sl RS a ) € R eI WS s R S E DN U €1
SO a ] — R T GB 2%, PR Bk R 36 Y 25 1]
— M JE T MB G, Sy T n s ik BR R A A A B L AT
DAFEBRER R 2 bRy R B 2 kK.
5.2.4 Scan-index

Scan-index 8 1k T B £ 6 I F H A7 A AR
R Z2 5 A 0 5 0 i DAk B 1. S5 S SRR A At AT
DA S BB A L EF BB 1/O AR 5 71 2k 55 41
— AR Y A e A B R X
A e {0 2 A R AT R SRR X L 2 A A A e
VBV Je 22 5 A% 1) I RE AR R R 2 —.

Scan-index J&{EFE 718 17 1 FE P BT EE ) N FF &
518 AT LATE B — A~ BE 5 1 v (0] ok 2 o 3l AS T L
— ™ BE i 0y U5 [a) #A] DL TR — A B R
Scan-index A7 E 4 1Y U7 18] (35 1 A4S B2 & (1 D (8] 2
A 3L T 4 91 4 4 B Bk R S e Oy X B
B FRAT 3 A B 2 R A B R A7 e HEE AR
FORIE T 4R i T [alJ& — > oo 2H 1 2441 Rk 0, 4
HAEF— U 1 F BT A G S5 i oK
AFFE R G B Wl A L 25 R 5 225,
A — LB LI Scan-index & 5], HoHr 4 —
P AR PO A B8 3 19 0 40 5 AR A A true R
NG s false FARATFA.

T I A BHE SR A L T LB G P A A Y
PERE AR iz A [ o 23 R B K i i 22 true
B false. Jy 48 25 [H] X T HE s 48 $od J AR
WF = o [ ZHEwIAR B TR AL E KB DR 46 A7
fith i 7 T I 452 B e ) e s ik mT DA 3o oG 2 O AR
B AR /N B3 1 B i B8 o AT L3 5 o0 41 1
RPN IC SR BOR R TG .

Xof T FE 45 08 - R T AS TR 5000 26 B0 1 B3 R X6 i
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L
&

1R B A5 B TN A7 £t 19 0 A RO AR AN [ o DR 5 HfE AR
JCA R B T e AL T A B B S e 4L TE B
PE e N AL & LRI L T 5 Scan-index 83k Hid
T FITE AR [R50 2 700 09 B i A A5 if). /1 &
FEA N BB A H AR 2R A gD R L BRI T A 2
Xf Scan-index 5k 7E F 45 B04% b W 77 AR 30K
SEOR. FRATT A0 T 45 4 14 55 20 DA B Sh 2R A i 3 T
s 455080 77 A 0 7 181 8 6 2 1 3R] % 1 1 TG 2 1 B
TERAE SCIE () e 7% 1 3 e N oo 48 I A A 14 .
PL SSB 30 GB #4442 A il e B e 1) Q4. 1 &
W Z AL B B s [ 93 KB,

Scan-index 4 L 25 B A7 (1) 4R 42 51
i 5 Bk BR =X 43 1 7 A4E W) 1R 1Y Scan-index 37 K]
(2) PEA AT T 4 18 18] B 28 7 A3 98 0 0 8 S AT o8
LT/ — % 7742 B Scan-index 57 &35 7] 24 71 51 » 4
A7 1) 32 3 A8 5% 149 38 18] JF BB Scan-index % 5] i &
AR 7. b, (2) rp B4 3 B 58 B 2 R ]
JE 5 R O 19 1 1) 4 1T

OLAP £ i) 5 [a] 1) 51 K 2 by 4E B 1 2 ORI = 5
FMEE R (MOLAP o ik T804k 57 J5 K b ) 5 360 B
SEBIUE) s 75 JFSS Al rh LR E G M E &4
ST I YE R R A B B TR 2 A R .
55 1 RIS BT 0 g WP L8 ST A A AL S5 2L 8]
(497 5] 5 AT LA T 0146 1Y scan-index {37 B 3E 17 5 4%
Vilal. DAan T £ 2 #4E 0 i .

Tt o2 (Oomd_skey 8111000001117 —10001000101» ( fact Table)).

H T scan-index FJHAT/R B ANEL 7 PR, 55 1
ASBE R P VT ] AT B R WA 2 A
V7 R AT DA T 58 1 R 77 42 19 Scan-index
Kol HEHATVIN.

Jact_ml Scan-index fact_m?2
md _skey ml md_skey ml
50 10101010101 | 10 10101010101 | 25
Full | [00100010101] 22 00100010101 | 455
SL‘anl 10001011101 | 888 | —» 10001011101 | 773
11101110101 | 45 11101110101 | 12
10101111101 | 765 10101111101 | 845

& 7 Scan-index Z& i

— AN JC 4L X [ Scan-index o — Z HE il 47,
. Scan-Index Jif fj 225 [6] o] Ju 4 0t 5575 1. DA
SSB 30 GB #di 8 9] . K 284 )7 4 1Y) Scan-index
KB i 23 [ AR FE KB g, a3k R 4 H R iz a8
() 7T DA — 20 4 /).
5.3 Merge

B— BT A IT5E H 2 B Reduce #14E

Joi B AR b J 2 0 SR AR B AR B R S T A,
NG md_skey 54 1 v i AR5 4 JEORT P 225K 58
2 BRI AF AR, AR A ) AE7E having 80K HE T
FAE W AE L B B IA T

FABIE T SRR RE G WS LR
A5 BRI I 45 £ A o R R SRR ARt 2 SRR G
A Hr L 6.1 99,

6 SRIESTHT

TR, AT F C+ +F1 MPICHUA Ry
Open MPI 1. 4. 3) 528 T LaScOLAP J5i % £ %5 52
B R FH B I 82 o SSBD 3 i 5. 52 56 HLRE 40
T4 AN 80 B B0E 49 #3217 Ubuntu 10. 10 4544E
R4, B4 — Intel BEE 2 WA HER .2 GB N EM
140 GB i #5755, M 4537 5 A 1 Gbps.

FRATE B KB HE 47 ) £ IR 5 — MapReduce
KW RGANE R R XS4 SO T LaScOLAP (1)
P RRAE VAR SO RE 1Y JUE A3 AT SE T R XE LA
i L S PR RIS I FRATTR T T R 4 BT 1 O XL
6. 1 °19). TEPERE X Lb 250 v BT 4 5 & Al
e T HadoopDB™ fE Ry %t b XF 4 . (1) HadoopDB
FEH T MapReduce F13¢ Z 806 5 1R A =800 5 .
T 21 1 B8 43 A S wg T o ] [6] B H 46 MapReduce
4 JE P N O 2R B0 A i R g s (2) HadoopDB (3%
MapReduce 0l R 4t 19 Fe (BT RE. K Z GO0,
HadoopDB T Hadoop® & Hadoop+ —+.
FEASZ o v FRATT SC3E 2o U Ak 1 B 43 A SR K T
A A AR AR )2 AT . T HadoopDB 1
PERE IR B fe f s (3D Jir A3 A 1) AR A2 5008 5 2 AT
W% G T LaScOLAP [/ 96 22 548 5 1 1k .
6.1 Y REDH

HRAE TRM $hAT LR, 0] LUK LaScOLAP () £
SEFRAR M (TotalCost) 43 Ry 3 ¥R 43 « A5 1) % e A
(TO) s 19 s Reduce fLHr (RO | J 4L 45 2R W 4%
&t K A I A (MO, B TotalCost=TC+ RCH+
MC. 5 if) 5% A8 o 2 8 10 2 AR 1
FRBRAE NG 5 J5 1) 4 2 v 4 s A 30 38 18] vh o
JE U JRy BB )2 R 5 & A B T R AR R
Xof A O 1Y) 1/ O U [ 5 3R B 45 R 1 I 2% A% g M

@ O’Neil P, O’Neil E, Chen X. The Star Schema Benchmark
(SSB). http://www. cs. umb. edu/poneil/StarSchemaB.
PDF

@ Hadoop. http://hadoop. apache. org/
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I A B P T 45 B4 KD

i T A% IR JFSS K80 4 211 4E 2% 7 4 1] — ik
J&T GBHE LT RATH LU IR 4.1 59 ig ik, R
F 4 WAFARAE UL T 28 51 19 A7 A 4, LA L 58
J A 1) Y P 4G KRR O R A R BT o A s
Rl LA SSB O AT Ao — A 5 360 1 i i 0 SR BOHR
1E 1000 25 AT PR o BRIV 4> 35 s ek 1) 1000 2%
(key s value) XF 18, HAL i i 804 B X A 1000 X
14 Bytes=13KB. X 7F 1 Gbps By @ 4 76 Lt B
0. 1ms RIVATS€ 5l A% i TRl . /0N i 4 2R 4 (KB 210
A 25 A & FR B AR PTR80S 0 2% 12 i
B IERAEAN MC H 2 b EAk J (8] 4 %500 He .

TEHEA B BB op , 350 3R 8 4 4 AR 73 =3 1]
PR L %A 5000 1 %) A B s ) O 2% o o A A 36 Ak B
IR 8] F 55 L A9 A 4> 719 6 A Ak BRI ) 32 2 T AR
M= SRR . I RC BIZIE H F 3 52 2 5K
Pt A& 8 o). RIS IR KN F L5 mi L
A N RC=f(F/N). Kl 8 /85 T LaScOLAP %&£
AT R BT Reduce #4F I Chay i SR AR 25 3R 46 Oy
800 A5 s HME BL T » FEPRAT I 1) 18 K 41 BE AR 1 4
AR A1 B8 N R FRATT AT LA HY L RC ) $i 4 J AR
g |V S S D AT I e G D B QT €17
R T B Reduce 5 AE AT B[] 25 2R P 21>

481 -

e

w e
[S%] <
T T

SSB Q3.2 Reduceltf [d] /s
o .
N

g\

8 16 21 32
i #/GB

& 8  Reduce $hA7 ¥ RE Al Ff = 19 ¢ R

HT UL L3 AT A3 e e 1) 3] CTOO A
FEE] (MO 5 S A B 8] ( TotalCost) W H 51 32F 47
TR Hr. SE6 R A 30 GB BiE 45 L 3 T AN
HEAT C— A2 T /R — D T . FRAT i %
Q3. 2 M DA 3. 2 2 i A R AR AR (R
) TCHMC) , Ry 2w ke —A> B2 & 15 7] G/ RY
TC) PRI AR 48 2 A i I s Y B AR 3R R
(TCHMO) / TotalCost {H. MiRkgh B FHH (TCH+MC)/
TotalCost {HESAE 0. 12% LA F. It TotalCost~RC=
SCE/ND Ut W2 58 1 1 BE 8] 45 A K00 4 A ) 2 30

AR B BE R B BIRER % . LaScOLAP
PP LT 2 L .
6.2 THEEESHT

[l HadoopDB X H i, F AT R i %4 o A
SRR P AT A9 A RO R AT (D) R IR R
4t customer F W F 4 o _custKey T HE L EM
customer i'élﬁ"]t']é}v uﬁlﬁ*ﬁ Iﬁl c_custKey E]/J%;Q
FACK A customer FKAYICFAL T 7] —FOHE 15 504 5
2) TR B 1 U B M A 2 3% (O R F T
% 77 S BLA ) DR UE T A AR AT 7E PostgreSQL
ot 2 b AT A 7 A% T HadoopDB #Y Bl
LR A Hadapt® b, J2 fe 00 (4. [A) B 38076 4 4
PostgreSQL K work _mem Z 3 B & N 200 MB,
share_buf fers Z4 2 100 MB, D fi H % ¥ 45 & 1
fE. A< 5236 5% F 500 GB SSB il i ¥ #% . HadoopDB
HY B JE % i PostgreSQL 9. 0. 2 JR 2 , Hadoop H
0. 20. 2 A, iy HE B B 28 249 47 55 %) 14 BE /Y 52 R e
TR B Ul 1.

M9 W] LLE H LaScOLAP K& T 3F JE 4 £
A P AT 1 BE 42 HadoopDB [4 13 4%, LaScOLAP
PEREIL T HadoopDB, 2453 45 T (key, value) fE4if
75 2R T4 4 1 B s Ak BE 7 3. R A S0 s
TABE 1/O A 5 # VG T 2 40 70 1 18
f#r. HadoopDB 2 77 Q3. 1 75 11 i . FE 2 % f i
(] 32 25 A T A i e P R B 5 A= )
AT, T LaScOLAP 25 1 4 A i $hA7 i ] 85
T R AT AE T — e

3200f y XXJ HadoopDB
i LaScOLAP

2400 1

= 1600

AT ] /s

RRRRRXA

RRRRR

800

7

P>

VY o> 5>
fetilietilletilloValieY
i)

B 9 LaScOLAP 1 HadoopDB #:REXT Fb (FEZE])

6.3 LaScOLAP &FLILH LM HE S
HURE AL BRI PRAT AR DU A 2% AN T B BR
A o DR 23 B 45 i 0 AL S8 06 Ik JRATT e 456 1 A1

@ Hadapt Inc. http://www. hadapt. com
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SV BUIDUREHEAT 0 B s — 1 A A 5 — 1
RV B A5 28 A 84 5528 30 GB SSB %44 .
FATHFEE T LaScOLAP KTl He 48 B4 S R 40 5 i
49 T 41 15 P e R0 Bk R =X A 1 g (T 10 Jfr ).

ME 10 AT DL E H , LaScOLAP $AT )T 49 4%
B s R 40 B0A 7 2 A BPE R AR R 4 a% =N 1. 67 45
SR o 55 T He 4 B b Bk B =X 31 4 7 Be A 3 1 46 £k
P b B BR A v B 25 R K. EEE A T
FHH1/0 Sk,

X LaScOLAP-I 44t (HE i)
120 LaScOLAP-II P4 |4t 4F K4 )
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Background

The data in enterprise information systems continue
exploding, which brings a challenge to today’s data warehouse
technologies. To deal with the ever-growing data volumes,
enterprises can choose to deploy a data warehouse in one of
the following two architectures— A traditional parallel DBMS
or a cloud platform.

Parallel DBMS (PDBMS) is usually deployed on
hundreds of high-end servers. where failures are relatively
rare in such an environment. Once a failure happens, a parallel
database can simply re-execute the query. When deployed on
a cloud platform consisting of thousands of cheap machines,
PDBMS meets the scalability wall. As the machines in a
cloud platform are less reliable and more numerous, system
failures become more common and less tolerable. The
performance of PDBMS also reaches its peak quickly as the
system scales out to more than several hundreds of machines.

While MapReduce-based system is superior to PDBMS
in scalability and fault tolerance, it is inferior to PDBMS in
efficiency. In particular, MapReduce-based systems are very
inefficient at join operations, let alone star (snowflake) joins
that involve a significant number of tables.

In recent years, a number of PDBMS have added
MapReduce front-ends to their query processing engines.
The examples include Teradata, Vertica, Greenplum and
Aster Data. However, as such simple extensions do not touch
the internal execution engines, they do not take the full
advantages of either PDBMS or MapReduce. HadoopDB
has started to tightly

(commercialized version Hadapt),

integrate PDBMS and MapReduce. Some improvements have
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been made on both scalability and efficiency. However, the
results are still not satisfactory for data warehouse applica-
tions. If a join operation involves multiple join attributes,
such as a star join, HadoopDB would incur excessive I/O and
data transmission cost and loses its performance advantage.

In this research, we explore the feasibility of building a
data warehouse that yields the scalability and fault tolerance
of MapReduce and the performance of RDBMS based on
relational theory and techniques. Our design considers two
levels: the schema level and the execution level. On the
schema level, we improve the star (snowflake) schema and
propose the decomposed snowflake schema, which eliminates
the star (snowflake) join in query processing. On the execu-
tion level, we propose TRM execution model, which handles
all data warehouse queries by three operations: transform,
reduce, and merge. Based on these techniques, we divide a
data warehouse-style query into many independent tasks,
which can be distributed and executed independently across a
cluster.
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