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Abstract Big data stimulates a revolution in data storage and processing field, resulting in the
thriving of big data processing systems, such as Hadoop, Spark, etc, which build a brand new
platform with platform independence, high throughput, and good scalability. On the other hand,
substrate platform underpinning these systems are ignored because their designation and optimization
mainly focus on the processing model and related frameworks &. algorithms. We here present a new
loose coupled, platform dependent big data processing system designation &. optimization method
which can exploit the power of underpinning platform, including OS and hardware, and get more
benefit from these local infrastructures. Furthermore, based on local OS and hardware, two
strategies, that is, lock-free based storage and super optimization based data processing execution
engine, are proposed. Directed by the aforementioned methods and strategies, we present Arion, a
modified version of vanilla Hadoop, which show us a new promising way for Hadoop optimization,
meanwhile keeping its high scalability and upper layer platform independence. Our experiments prove

that the prototype Arion can accelerate big data processing jobs up to 7. 7%.

Key words  big data processing system; computing framework; localization; lock free; super

optimization; excecution engine
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% % o8 VB AE 45 447 TaskTracker. Case Study 3£
B RT3 6kE 4.1 & H1E JobTracker #1
%P, 734 2 & MAE TaskTracker. Jir A S5 v,
4345 O R 48 (HDES/ ArionFS) 3 76 2 5 241
S I Ik g5 i b
3.1 xHRFZEMK

AFg L1 A M55 & FHAE 1D MapReduce {1 55
&8 JobTracker ;2) XX £ 4t JC 535 7 A Namenode;
TS 2% P v, Hofh 1~4 & 55 & AR : DA
% 17 TaskTracker; 2) 3CHF & 4t £ #8104
DataNode. fi i Map {T: 55 23 & 2 %) 43 A 2 301 &
BN NEEEE X (B B S & TR SN I (OIS I
Reduce £F: 55 W4 L 431 4% 4> Map T 55 19 10 A1 3¢
giitfE .

ASzg v, HDFS F1 ArionF'S SCF 2 45 1 A
Ay Ky ChunkSize ¥ 25 64 MB; 5 TF ArionFS %
AN FRIARYLE ¥ HDFS W BIAR S & o8 15505
D S AR B Bl 10 A SCF A SCfF 1 GB. 40
SEH A3 IAE 710 UK AR A P 1 Bl i S g R

& 4 Ca) s X T 5 M0, Bl 53 A XS0 R 4
B B I, o8 & HDFES if & ArionFS, H i
A B[] A 348 i 6 34 T A v S el N A R L X2
T DFSIO P42 r o 85080 02 B 20 7 3 19 a5 43 & 310 4%
ASEHE T SR L B BOHE Y 43 A LR BS n, 10GB
S EAE 1 43 A K T 4% TE R S SO AT I [R) 4
s 95— 77 T BE A T B I O k1O 23 ok
IR A IERE M B T L H B 4 Ca) TT AT, 4 Y S
B B PRAT I [E] 53 795 A S A Ve ST A T s

M GE ] E AR 1 ~4 N SRS RS
WP, ArionFS 1958 I [E] 88 HDES J3 591 9 2> 1
2.0%,2.7%, 3. 7%, 3. 1% M & k- ZE F 4> ¥,
ArionFS iy % it % 4% HDFS 4 9l 5 7 2.2%,
3.1%,1.0%.,0.8%. £ I, ArionFS ) 4 5¢ i i
)% HDFS /> 2. 9%, ArionFS % - ¥ % nt % 45
HDFS #25 1. 8%.

AL 4 (b S F 2 Bl 43 A0 XS0 R4
W EBU BG hn. To i & HDFES i & ArionFS, H i
A7 B ) AR AR AN K AT 9820, 3k BB T BsF ] 5 3% 2
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160 | ——— HDFS-Throughput 1160
- —-—- ArionFS-Throughput - &
> I 1 %
£ 120} | i 1120 2
£ I [ =]
& | | =
E 80 | | 180 2
= | [ £
| [ =
40 : : 140
\L\ |
0 l 0
3 4
Number of Nodes
(a) DFSIO writing comparison
240 240
200 . 1 200
w) 8-1
160 | . 1
E C— HDFS-Execution-Time N, 160 %
= ArionFS-Execution-Time =
o 120F —  HDFS-Throughput 1120 &
= —-—- ArionFS-Throughput %"
S st 180 2
40 | : 140
: i r. F
I I I I
0 0
2 3 4

1

Number of Nodes
(b) DFSIO reading comparison

Fig. 4 Distributed file system test based on DFSIO benchmark
{4 2T DFSIO 184 i 70 A XS0 R Ge i il

A SIS T U 30 25 T 0 5B R] B G ST 32 B
B WAL 4G Shuffle, Merge 55487 #2 B Bt » DL S dRc 5 1)
Reduce BB AGE 115 B 43 B B B v ik 2 05 1
AR GE R WE G T aSUBC 3 N L X R T
s oA ok T M IF 8, ArionFS fE & k3 Y
FILREAL T HDFS. FF 2 UL A9 02 A S2 50 rh e
55 58 U A AS B HE i JR 2 DESIO 5256 p 7
R IR 52 R 1] B A R AR 4% 4 Map
155 TP 18 SCAR B IR [R) o T3 1.

AGE B ] B A3 BT s 1~ 4 A5 s SO R G ik
WP, ArionFS 19 58 I ] 88 HDES 43 591 9 2> 1
2.0%,4.2%, 1.8%, 2.9% s M 7 uk % | 4 #7,
ArionFS ) % it Z 8 HDFS 43 JI & 7 0.7%,
7.7%,10. 8% ,4. 7%. Z& |, ArionFS [ - 14 52 i I
(6% HDFS 3/ 2. 7%, ArionFS {4 - ¥ 5 nt % 45
HDFS $25 6.0%.

3.2 Mg T REIK

AL E e MM RE BT XT3 B £ 488 JF Hadoop
55 Arion BYXF b, SEE0 H L SCMF R S8 0 FEAS 43 He KU
ChunkSize F1 % HE 4b 3 5] 2 ) 4b B 8 JC K /b
SplitSize ¥k 64 MB.

H & 5(a), WordCount ZZ 4 A, B35 & Arion
f£ Vanilla Hadoop & fili b b J5 . $0 AT B[] 45 J
3.00052, 3.4 A g L 4 5 45 % 5. 096, 3. 0%
3.0% . P45 % 3.5%. IR 5(b) (c), TeraSort
g p, A3 Vanilla Hadoop, Arion F$AT B [8] 3
Wigesd 7. 7% ; Kmeans S28 i, E 145458 3. 5 %.

FEU s S g 25 R T S A AN S0 v B 1 s AR
B3N, 61 &2 Vanilla Hadoop 3842 Arion, H 4T
i [F1) 7 2 7 4 6 %) 1T WL Arion 78 801 58 43 fifk AR
RGBT A REE A B R G RAF Y k. 3L
., Kmeans S50 J5 1 BE A 55 5000 19 . P 58 2035
BN 2 SR R I ) )5 2 Kmeans
BEE T R 2 81 32 24 P 7E Reduce BB, 2
NS A 43710 w0 B4R B HE R Bl L O OB
gyl gL
3.3 Case Study

A S i B ATTAE M B MapReduce T 55 147 %
Bk Ak s b & 1R 2 o ARIF (R 2 )
SR T AR 9 B KRS AT 55 Ak BB B () AT B[]

1) i B 2 W) 3% # F Reader, W LineRecord-
Reader, 75 ArionFS X} 3%, 1 13 15 741 6 ¢ 10
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g 100 - Arion
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Fig. 5 Performance and scalability test

5 PERE Ry R IENIL

AR WL B3 A 25 7 58 1 E ) 5

2) Mapper, MapReduce fEZ2 ) Map {£ 55 4t 3
B B 5

3) % Partitioner, W 3. 1 TWAFH B Total-
OrderPartitioner, f§ F X Mapper ) % H 45 AR §5
—E MM X

4) #3EM Combiner. A T %} Mapper B4 % 3 45
RAETR 59

5) BN Merger. X Z 47041 5L Mapper ()
i H 45 AR IR AR I

6) %M Sorter, 7E Reduce T4k #1BY B . it £
% Mapper $ BB 19 HE ) 5

7) Reducer,MapReduce fEZE ) Reduce {F 45 4k
BB 5

8) LR Writter, 4l 3. 1 A4 1 LineRecord-
Writer, 1T ArionFS X} 4%, i o iz 174 6 ¢ 10
R 73 A5 KRG E AEURE

9) Others, [ & 3R By Be b i H At I 85, a0
Arion it LLVM 5| % 5 | )2 Hadoop JVM k& il #L
li1] Fr 388 £ 45

AL H R 1 & JobTracker IR %5 #5.2 &
TaskTracker It 55 i A9 88 14 BC &, 55 Map AH 5 AE
55 Kb B B ) AT IS 18] A P R

21 4 WordCount L5, % H 100 MB % 3 4,
M5 %1 Split Size Jy 64 MB, 24153y 2 4
Map {T:45. %5255 Arion [ 14 JiK )2 F &5 W A8 1L 2k
F17E Reader, Mapper, Reducer, Writer PUA4~Hr Bz, 4N
# 1, Arion 1§ Mapper B Bt 28 0 4k H PR AT I 8] 42
Hadoop /> 7. 9% ,{H & , 7F Others ¥y B, Arion [
A R TE B B R BRAT B R] R8T 5. 0%
A, BB E] Arion {X [t Hadoop /0 T 3. 0%.

Table 1 Wordcount Stage Analysis
#& 1 Wordcount HUITH R 2 47

Test Set Hadoop Arion
Combiner 2.78 2.78
Mapper 31.38 28.9

Partitioner 0 0
Combiner 1.833 1.8
Merger 1.8 1.8
Sorter 0.397 0.3
Reducer 0.596 0.5
Writer 1. 407 1.4
Others 18.183 19. 77

3 2 4 TeraSort S5y, K A 1 GB g 3C 4, it
5| B2 Split Size iy 512 MB, 444 2 4> Map
HE55 . 1525 Arion Y T (8] i€ JZ F 5 B0 AL 4 P 7
Reader, Mapper, Partitioner, Merger, Reducer,
Writer SNBr B, W3 2 fr 7~ , A8 % F Hadoop, Arion

Table 2 Terasort Stage Analysis
% 2 Terasort BT B 4547

Test Set Hadoop Arion
Combiner 10. 98 9.76
Mapper 13.45 12.13
Partitioner 7.17 6.37
Combiner 0 0
Merger 9.14 8.13
Sorter 0.02 0.02
Reducer 30.91 26. 46
Writer 16. 82 14.13
Others 6. 64 8.6
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i) Mapper [ Bt /17 B} [0] 38 2> 9. 8 % , Partitioner #f
4%, B TotalOrderPartitioner , $47 B+ [a] y& 2> 11. 2%,
Reducer HAMM 14 4% B LM TH o 535
WA T EIARCRBS A K5 B 2 . 78 Others BBt
Arion A5 I EE 785 58K  $AUA T IS i) S 3% 29. 5%,
K I, B8] Arion /2 e Hadoop 87> T 10. 0%.

ZE b ARG R . Arion X R BOHE Ab B 4 Bh
T B S B By oAb B B B AsCR Bl 25l A
BIAI 0 3E {5 VR BT

4 MHXIIE

KA A 3R G ) R R k). RS ) L 45
A F G W HE SR 5 B ] 58 38 K0 Ak B A7 2800 A 1 Ok
fk. Google ) MapReduce™ & 8051 i 2 [ Bt &b T AE
0 H A — 2 038 FE AR ) 2 R A X R 5
P T ) A UM 52 31, Nokia 4 Disco'™ £ 45t %
FH Tt X o5 R B4 Ak 31T 12 1 B HE R, Microsoft
() Dryad ™ M| J& 3= 2 1 ) T4 3 Ak 21 67 28 00 fE 42,
% ZEAE B f 55 Google 1) Dremel™, Twitter Ay
Storm™ , Yahoo 1y S4™ &5 i [4] & i1 &, Pregel™*!
FIIF PR Giraph® 2 SR ALK, B X MapReduce
ARURE A 1 35 A b 3R 22 B0 FH AR 52 A1) AMP Lab
PEH T 3T RDD Py A7 85040 4 1 2% X A5 0 b 3 AE
B IR T N AR R B AL B R 5t Spark™

MG BB B & 4 REGR A R 5 A 5 W2
Fil 5% 26 HE B2 A B8 580 2 1% 1 9 A+ 94 Y. Hadoop H
S0 TH A 42 h 5 A B — 1) MapReduce 4k T
5T DAG BT R RAG ) Tez; 5 B 1978 B2 AL B —
()4 AT 55 VR & R B T 8 — AR Yarn' ', 43
T JobTracker 9 %% I 45 2 5 1 455 ¥4 & ) fig.
Mesos™" J& 2 B 1 3 G0 N AZ 1T 152 3 14 R 854 % U
B ARG H B2 582 B R B R S 3
YR A B R B TE GO & R #E Hadoop AR A
Frp L HAEHZERLT Yarn,

ZE b B R b 3 R e Kk TS e IR A
£ = = R R B 5 N S B RP R A 5 e
RORJZE B M O ER B R AE A 25 H. Intel 1 [E
WF5E B iy NativeTask!'" i o ¥ 7140 H 09 1155 5] %
B &8 43 Hadoop 115 51 % Py 9 11 55 41 4 3]

D http://giraph. apache. org

Java EUHLZ 4bs B B2 28 Al B Hadoop 9 CH++ 4"
Jr© i i 25 L Pipe B U3 3K Map #1 Reduce
PIBT By Java $hAT 2 B2 ek C+ + 95 I 7 2w
VRIS Z e a) PAT SO BB IAS T — 5 B A MLk
ROR ABIR T AR S R R H Y- &
R 0.

KRB S 2R G KRB AL PR B 47, I Google
AN EIH GFSIY, Amazon ¥ S3.Dynamo''*’, Apache
1y Cassandra® , Hadoop "'y HDFSH™ D Kz %5 T
2 ) FDS™ 25 B AT R L2 Key/Value 1 4F
fift 4l G R TR A 1 T S PR AL S bR R KB
NEFH 55 T — AR AE SCHE R S8 Tachyon™™ LLIN A7
BBy EEA G o b2 PR RO A7 i IRk 55,
FEIAT Lincage ™ (4l 52 34 52 B A A7 K040 14 ) &
PR RRW D T 25 18] o T $ v 7B A 58 (H
WHI AT E 5 B2 S5 )AL [6] #E SR H] Lineage
ME M EA BADFS®Y i SO RG240k T R i)
R AE T % O A AR T P A SRR
Lineage {7 &. th Fi& TR0 REHE SO R G0 T
RETHEAMARS Ll — 2o mamE R, gt
TG G Ak 3L KA AR L R AT S R B A IR 5% L = A
b Ak AH G R BIF 5Y

1155 $UAT 5] 8 75 2132 17 i} (managed runtime
environment, MRE) 3 . i % % 2 th T §2 17 04 f
% S R P iz A7 S 4 0% P A . iUas AT,
Small Talk'#", Self ), VM #5454 () 15 % 8 5
B N type-safe WK A, 7 2T A7 & L MRE
(BT, AR CLIY RE 0 45 2 il & . (H XI5
T HERAETEA A% R AS 3 REJE 5 # (unmanaged)
EE AL . AR, LLVM!? 2 — AN JF U5 1 4
PEAR PO HELE , S 4030 ] L 5L T 28 B — J3 i (static
single assignment, SSA) # 2 A9 X5 & [1] F 7, [
If 245 2 90 T PR 3 SRR 2 A R B S i AE 8
Z A AL » PRI S A SCIE R )T 58

5 HRMBRERARKIE
FRATT R — o 5 T 1 58 00 fi 19 R e b PR 4

st STk E ARG NI RE L
FHIESC I AN RR A B R B A7 i S AT 55 S AT T

@ Hadoop C++ Extension: A Framework for Making MapReduce More Stable and Faster. http://wenku. baidu. com/view/1859f988d0d233d4b14e69c8.

html
® http://cassandra. apache. org
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U BAR B RE R & 2558 1 KB R 48 2 158 B
N R AR R R o il | | R 48 | A IR SO = sl O
FRATTEE T 3 T8 T S ML T % AE A IS 2 O AL SR e
DL RCEE T4 A 8 L A0 B $AT 513 i 2 AR Ak 5 g
ROFP LA T 25 JE U Y T ) AR R HE AR BRI
KIBEEIFAT G & 1B H AN KR A ROEAD
THARZEHA.

HT FiR¥E AR, LI Hadoop YE J 3 25 ke i 1
X4 FRATEE LT R R B b H R G Arion, R
1E 2853 Hadoop MIAT 551 B 5 /24 1T 55| 2
Pror IF o 38 2o 3 15 P 0% 35 B A7 i i3 C ik
B % B BTG 0GR B 4 A XS R S8 ArionFS
AT S AT FUTEN3E T LLVM B A Hb Ak $047 51
2SI R R AE RS R &R . Arion 9 1E BE AR
F Hadoop.

AREAR R BRAE T« 40 J5 B UL & B BUE A7
fitt 5 AT 55 PAT 5 38 7 o Bl B A T £ B =X
ARH R S JIT 5 B S B, X T 54 o0 A 2 4y L Ak 2
4R 17 B R AR AR BT A AR A AT 55, Anff 42 /&
Wik IR EW I RERN T — 22 TAERMES. 7
A L 1E 38 i 7 3 4E Spark SF & B 5N R R Ok
TAEZ —, Spark V- 5 44 8 £ 28 45 Mesos A7 28 45
HDFS 45, B R 74 1 228 43 il AR, Oy Jim 22 T 1) F-
EARAAR Tl AR TR )2 A AR R TR
BN RDD 9 Transformation Fl1 Action 44712 5
o) AR AE AL L FE 4 5 SR AR RE A S JIT 5]
BESIP AE AT DL LRSS 45 ArionFS.
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