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Abstract: The SOH (SQL over HDFS) systems usually store the data into distributed file system HDFS (Hadoop distributed file system),
and process queries by the Map/Reduce computing framework or distributed database query engine. Benefitting from the fault tolerance
and scalability provided by Map/Reduce and HDFS, SOH systems perform well in processing analytical queries over big data. However,
the efficiency of such systems is too low to meet the requirement of selective queries or interactive queries which have strict limit on the
query response time. This paper proposes a HDFS-based index, called HIndex, for SOH systems. HIndex can easily be integrated into the
existing SOH systems to improve the efficiency of query evaluation. The process that SOH systems access data stored in HDFS is
analyzed, and the important factors affecting the time cost is highlighted, a two-layer index structure is proposed, and both aggregated and
non-aggregated index techniques are implemented. According to the experiments conducted on standard datasets, HIndex performs much
better than Hadoop++, a state-of-the-art HDFS-based index.
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TR 210 10 245 ), B A B0 (K 28 i\ B A 2 119 SOH(SQL over HDFS) R 4. .11 SOH R4 1E
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SR, HDFS $8AL (14 52 — g B (0 5 100 AL o, B FH R e AN R 00 58 A S AN S0l e e i B0 O T S A 4,
HDFS 58N — A S 2 A 400 427 Ui il HDFS BRSSO HDFS 4 H 3hik B 1% SO R AN 45140,
B S B (block) 4Lk 35 T4 split, 3T LL split Sy B85 SCPE AL i 45 2 il SR IR P

ORC(optimized row columnar) Filel'l iL22307E HDFS U rb 8 fin a7 8 40 = 51N, % 4 A & T 530
Hive 24" (1) RC File?, 254 T 47474 A5 A7 4% 1948 5. ORC File SCBL T B B4R 5], EEARG:(1) CHE
I 11;(2) Stripe JZ M M FE11;(3) R 5141)Z M 148 11 . Parquet(Parquet. https://parquet.apache.org/) ] B ALK J5 T
Google [ Dremel®™, & T [ 73 M7 78 25 ) (1) 1) 2 A7-fik 25 9 Parquet S T 10 S0 310 55 41 25 006, 30 6 200 10 4
SVE R 4K Parquet 7] LLJE & SCHE A B0 — 2 45 T4 2 B AR BF A 4% 1R 10 B 4% . Hadoop++* 2 iy 7
Saarland “K“# Dittrich 25 A& 9% T- HDFS & 515K, Hadoop++K HEAN X & L I+ AN 4% Hadoop AR
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(4998 3%, S B0 2 4% 1 1 3%, 0 W R AR split il i b A 7 S0 s b RGO, s A tERE I H
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Hadoop #H Et ,Hadoop++H. 75 W] %k (1) 14 BB AL 3 SR 1T, Hadoop++i& 41 5 HE AL split = EAT 1L 98, AN BE SR AR SRR &
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B Dremel K T 58 R i R E BB I 5 5 47 AH 45 6, S0 T % E04 1) &1 2549 4ifi.Puma /& Facebook 2 7]
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) H A DLk b AR 1/0.

Map Task FILA I AR =2 B 5 2l TVM B RINLR 25 1A, B /B 0 35 18 47 B BE ) 46 4k 1R B 13D 748 bl
SOH AL I+ A, AL BE i) Bl B AR5 K, Map Task $t H — B#8 AR 2, IR e b 38 20 AR AN R 28 Z AL 1. T
H:J& Hadoop++,0RC File & R 4t o L& i 1/0 HEAT T A04k, LK ,Map Task #4616 7T B8 A — AN THELAT 4R
i) B R A TRENLAE R T 24 s i), 78 TPCH %445 1 (SF=10)%] Hadoop++147 T MA. &l 3 £ A4t
1) Hadoop++Z 45 Map Task 1 4N B 4447 I 8.l Hadoop++5 2% 1/0 #EAT T EL B #F IO H 4k, IR b 3

N B AE 4 Map Task H LIRS &, 1M Map Task ()45 076 284> Map Task 47 19 (8] b L 8 9E5 .
— N ™ Hadoop++Z giMap TaskZHrBt
{ block  block! | Store | B 18] 4 i
! . i 10000 —
i&niﬁ i Scan Scan E i Scan H 9000 neree
Wa—= 44 Vil ; 8000 mspil
B ! split split {1 split H 7000
AN &i _________ - N S rg 6000 OSort
; itemize E 5000 DR maj
- Uni(;?e e l = 4000 L;LZIZBuff“er ’
3000 BRecordReader?]
_ﬁzﬁ Rec[fead Rec]l{ead 2000 e ciyliad
ALI\iE_< map map 1000 BMap Task#IZat
le\ & i ¢ ‘ Hadoop++
L o
Fig.2 Data loading process in a Map Task Fig.3 Time breakdown of a Map Task (Hadoop++
gp p g p P
B2 S s B R 3 Hadoop++# 4t Map Task % M Bt i 7] &g it

BAEFT (R da SN2 WA 0%, L Hidls 2 W A 775 T A A AN AE AR ST 18 T TR DR b, 33 el n 86 Be it e 4k
AT DR 2D s 5 B g A8 170 LA K29 2b Map Task Ff)JH 808 H X 5 77 5

2 HiIndex Z35|#E232

Hadoop++,ORCFile 4% £ A 3 23 i g /b Kt V7 1) O A /O $i vei 2 W0 280 (H R 1 7 2R 3l K& Map
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e An((1,8),(14,22),(46,51)), 3 75 1% split HAH B P A 5 PR 1Y) 90 S 1~8,14~22 FH 46~51.45 FEA A 78 1 Ja
(14 AF 2 [30~40], AR 75 B0 3 % split b ANAEAETF A X w45 A I 208, IR JE 205 3 Map Task InZix A
split.

AR DX ) 78 22, 6 R PG 2 a8 L 10 20 A G v b S BT 0 AR T, 6 45 B 32 48 21 P A7 R 1, DR AR
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N FATN G e B b DL S AE split R F 51T P R G A 4 s Rl 23 X ), DA g KA o i A £
fe .
il R R split R FBTN T A AEEMEEIEERS S={(vi.oval, 508 EAEE L IRE) k ASEOE K E R, 2
ILE S
R={la,b],...[a,,b,1}(a, <b < ..<a, <b)
Minimize Zk:bi —-a;
i=1
st. VxxgR—>x¢ S
FRATTRY H AR AL AFIX AN DX 1R K B2 2 AT g /AN 3R T R R A i S HOHE RO 3005 1 2 JAT )45 HE 1
Ji R IR SRR (R SRR R T SCHR[6]).
BRI X ] S
Input: values, k  //values is a sorted array; k is the number of intervals;
Output: k' (k'<k) data regions.
result<—empty array;
n<«—|values|;
if (n<<k+1)
return values;

end

A O o A

compute the gap between each value and its previous one;
//a gap is a data structure including len, its length, and [a,b], its range.

build a max heap H to store all the gaps according to the length of each gap;
for i=1 to k-1 do

9. G[k—i—1]«extract the root element from H;

10.  heapify-down H;

11. end

12. result[0]<—values[0];

13. for i=1 to k-1 do

14.  result[2*i—1]«G[i—1].a;

15.  result[2*i]«G[i-1].b

16. end

17. result[2*k—1]<values[n—1];

18. return result;

FE 1 X OHER N values BE4T 3 77,15 BIAAE A value 2 TR FIBE B gap 724 gap ™% HAH & KT k-1
A FCHE NS R IR value (B9 26-2 A~ ARG AEIX 2k=2 A value (65 values " 5o/ ME AR KB 4L A Be e 241 k4T
i DX TR A S &5 IR [B]L B0 1 TR ARYE TR gap MK R S R THHE P 3R 7), 88 )5 B A—1 IRHETHOC 3 JF B HECE
B 8~ 1), AT 13 B S B KK k=1 A gap B HE (111 3 I )52 24 85 g O(m) !, A58 A HUHE TH 5 7 S £ it
) 5% A O(logn). R M, B FE I K O(n+kxlogn).
3.2 EfAEERE

AT T BEA- 21 Split J2 I SR A A Wk FR R P A v I, 7RI AR 40 B B R R A . APT 42 11, AN A7 Hh 3R B B
A split I THE B AR REAS split (128 TH {5 5032 A7 I 8B AN 2 A 45 LR 00 splie A2 A0 4 £ 19 split H5
ANFEJE 3l Map Task 4038, WAL= A jh 8t 170 & B AR R 4 R

1) HasE Client i) 315 420 A
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Fig.5 Structure of clustered index
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Fig.6  Structures of Header and Footer
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1) EFXHAECT HDFS 36 304 Map i #2455 HoRI 73 24> split.split HH AN BAE 8 1 map o8 £0dEAT
AbFR A FRHT (key,value) M {pos,record} &3 map MREALFL )Gy {SplitID+a,record} WAk pos JixATTE
split AW e ARG ETERE.CLE 7 5 1 AR CF B, H map BREAEFLRT 1) (key,value)
7940,{3223,1212,2300} }, 43 map A3 2 )5 40 8 {1+3223,{3223,1212,2300} };

2) ik A LR EL Partitioner,$% SplitlD BEAT X 43 B £ AR [R) Split (23 AL 45 7l — 4~ Reducer $E4T AL 2E;

3)  Reducer AbEERY Be% R SplitID BEAT 4341, 355 454 split %8 o BEATHE (0 7 H 3% Order ID
% split B0 AT HEF

4)  HX e BYEAERCRER T ME 7 FiR,R5100 Trojan Index sk T order_id RN NI (i B
5. Header 10 3% 2048 F1'R 5 1) 7615 &, Footer it 387 split [ K /).
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Fig.7 An example of constructing an index
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