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(A) Study on the Efficient Performances of Data Processing

of Sqoop and Tajo

Ko Jung-Hyun
Dept. of Computer Engineering of Pukyong National University

Abstract

Since introduction of ‘Hadoop, big data processing platform, the SQL-
on-Hadoop technology available for data analysis using Hadoop-based
technologies has' attracted attention. With the advent of Hadoop—
related technologies, changes of DW market are being captured but
there are few studies-on their functions and performances. In this
study, using Hadoop-based technologies, an experience about
comparison of data analysis performance with relational database was
conducted for helping to select Hadoop-based DW solutions. For pre-
analysis process, using SQOOP, the most used loading instrument of
Hadoop-based technologies including data loading process for securing
1t, loading performances were compared. And using TAJO, SQL-on-Hadoop
technology, which was developed mainly by Korean developers and
chosen as the highest project of Apache in April 2014, getting

attention from overseas and domestic parties, an experiment about
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comparison of data analysis performances with relational database was
also done. If using Hadoop—based technology through configuring
improper circumstance, both loading and analyzing performances were
not better than relational database. However, after figuring out
experimentally several factors affecting performances of SQOOP and
TAJO, the improved experiment showed the results that it has better
performance than that of relational database. Also, level of open-
source Hadoop technologies has been improved by participation of
various developers and 1t 1s expected that they will contribute

significantly to DW and data analysis.
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]2} (Impala)

- ol AR A Aoz ut
- 4 zolM F¥o] At Aol §¥L HAoR
Y A~E (Presto) | A7

- No Fault tolerance

A5 Ao {3 thsll approximate query A
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Tk oF 42 7] QL A9 EEel YAl sEA=,
b # el FE 7ol ERR(TAJO)olth. ElERE d] JEAtEe] 5
2AERA 2013 39 ofupA] Q15fH|o] A (Incubation) Z =4
ER AR o]F o wdukel 20143 4¢ HJ9 ZRAER A4H B
dAS & s wal Y. BEs she 7IWke] o Yol sk-¢-A
(Data Warehousing) AlZ=8lo]w HDFS B thFst Ao tf-&5F dio]g e
g fAA, A, 220, AE T4 £4s AT, B 9A oE
SQL-on-Hadoop 71s=E53 AFsHAl Relw2 ZQl= thal Aqle]
g A3 AzE Zhzi.
T2 SQL-on-Hadoop”] £XH.th =0 B2 SQL ¥ o] &37bs3)
v JDBC % ODBC, WDFe} =8k 7hgshth. Edh fdstal a&2Ql At

A Aoz uAs B W2 vkeA| Tk AHE7F 7he e FAe] sdd

=

Global Query Engine | ocal

Logical Query Engine -
Parser

Planner Catalog
Global || ¢ peduler Storage
Planner Manager

e
RDBMS
Cluster HDFS Local File
Manager System

a) Master b) Workers

[Z23 7] 8= o719 4

B xE= 19 7(16]13 #Zo] Master-Worker E 29| ol7|elx 2 LA},
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Tajo Master= Egfo|AE 2 ofZgAoldel 84S Helsh Hg A
&g AL WorkerE9 2d< = dghS o). MasterolA] H ol
o 27|mb, A AR, 7+ B M2 JHE 7R e
W, Query 34, Fdvdl, HAsr], SY2E A #2, Query Master
oo Y. Query Mastert AREAL Ao szhs AAdsiH Ao A
& oAl (Execution Block)E A|ojslal 7z} Bl2TES AAEHs= 9T
S 3t} Tajo Workeri= ZZolA Mastero] <old] sd® =S 433}
1 Masterd| Al X&) & F7|4o2 B},
Btz Aol Al 9 HH3 XS HEH TS S-S
H] 8714k %] 4 3} (Cost-Based Optimization)® 2ot} th4=2] A4
2ol g BEHE &Rt AlxHlo] FHA £ ¢AE B 4
L, AREAFl Al o EFeHA ol &4 HAAEE %Y. =
A, 2 7HE 3t Rewrite Rule ANO2 7]& A48 DB o thaydt
Rewrite Rule® &7o] 7hssltt.  AA, #A5d HA5(Progressive
Query Reoptimization)E A|¥stt}, #e] A A|7lo] TA HRE 7|4k
o® Ao H& TS FHAslsle ut Ho A8 393t [16]

1‘N

A=

ot 1@

o\

o,

[o
N
=4
N,

IS

F
olt
_‘d

[¥ 2] e}=9} SQL-on—Hadoop 2| 2®¥l9] H|x

Fault Dynamic Long time - tiH|
Ve Tolerance Schedul ing el A3 | & £ A
Tajo 0 0 0 0
Impala X X X X
Stinger (Hive) 0 0 0 0
Presto X X X X
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3. Bix[ot3

Elxzo] A AF[16]0E MXnta HAE Ao sfolHr) e}
of s © wEvka wrxgsiar vk, BEC] 100G Hlol¥ it TPC-H
Avta s HEE Aiaes 2§ 83 At oif-ite] Ao £ A 3§t
ojHol wua} Hojubw QlFekel st AL Hold ARE
BT

450
400
350
300
5 CTajo
5 250
@ [Mimpala
“ [FR EHive
150
100
50
Q10 Q12 Q14
Some of TPC-H- Queries on 100GB
[23 8] Btx¢] AAvtaA(TPCH) d5
Asad AAAES FAskE A mgel ek el A7 A
A7 2219 o] Aol WAwkA L]l hFEAQl dojtt. AH|AF AES
A4 FulsA @aE AF Sl 4% & & ot AnHA &

2 Abgste Zlol Evbdelt, WgFe A dolHE 97 A @
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& AlZh vlgo] AREnh, wepd g3l vlolE o] MiXwka Al
AS A E oIy BAE7E ol&stru A dHelHet frAlstAl A4
sto] A HEEE @tk g HolEA@ B ad-hoc query®] A%
Aol ALgEE WX ntaE F2 TPC-HE AFR-3h)

et dlolgujo] = Asolgks Aol ojwgt HlolHE 7HAaL, oy
g Aol DA SZ P A wep dxpwEolrt. st=do], +F A
A, MEAAT B2 add o8] Getd o 7] wddd AAl g7 60A
A4 EHRY] Holl= A

olr
o
=)
Ak

o,
N
ut)
2

2 A Al ARdoltk. dA
SQL-On-Hadoop 7|&E°] AAStE tF-Eo) A5 3= drbdedl 9
u AA delol olsiA B oa) wEyh ohd AalSe] frEd 237
oM HIZEZ A#RES Agstes 497 Bo gE ATolA vl
ANE B giEf b 3> =

=
=
of webe A AR HE S g, H =g 5 dua g 0
I:
i

o1
pe:)
4 I
>J
kT
fru
ol
ol
o
Iz
é
=
E
it
E
i
(]
o
of

B AT Y HAES] £XF F8 AR, BT SoM A
A s WAsE e gt WA B AT Asd
FU% 299) srdolS olgate] RIBNSS sl 71w 7)&el Aslm
A9 AYsaa Ak
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A2 sfo]H el W] nls}o]

]_
% H2E A%E WESD AT FAHAY FARE SEo] 87

of A RDBMS®}e] AleS ®lusdts Aye 3] =&u. A B A

o] RDBUS®} 24 A5+ Wlulstal

7] 9 e4E e ATE Fdsi. vold B4 des vl
71 Aol A3 olof 3 Fo] A4S 93k HolE & 38t Aol

Hb o == RDBMS 7]1Rb iFAl=dlolA =88 HolHES w487]

&to] RDBMSZ +5% DV= AAste] Aagsivy, AL Azl =

Holel & Fxshks ARET7E dHolE 2419 A#te]7] miiol E44%

Hwsls Ao 3 vAl= A3 dolElzF s o] o= RDBMSOI A

S 913 RDBUSE AAete Sy AFS Al8d9 3 ZH2H=E
Asts 4e Hlag WA FRn. AR SR S
g o8& FHeka glot & 1ol A RDBUSO] HIAES 9

o

Rele] dolelg Agatel AHS SHIG. N5 HAEE E 349 2

ol 47§ Hlol&, FF 1T Afol=e BIZE dHolHE AAdste] Hlo

A2 dee SAST

[¥ 3] 43 HolE =7 H #HIA=E F

=

Table Name Size(GB) Records
BIG_ORDERS 103.5668 1,677,721,600
BIG_EMPLOYEES 146.359 1,677,721,600
BIG_ORDER_ITEMS 256.5738 11, 156,848,640
BIG_CUSTOMERS 569.6716 5,033, 164,800
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[¥ 4] 243 ®lo|& 27|7

Table Name Column Name Type Length

ORDER_1ID NUMBER 22

ORDER_DATE TIMESTAMP 11

ORDER_MODE VARCHARZ 8

BIG_ORDERS CUSTOMER_ID NUMBER 22
ORDER_STATUS NUMBER 22

ORDER_TOTAL NUMBER 22

SALES_REP_ID NUMBER 22

EMPLOYEE_ID NUMBER 22
FIRST_NAME VARCHARZ 20
LAST_NAME VARCHARZ 25
EMAIL VARCHARZ 25
PHONE_NUMBER VARCHARZ 20

BIG_EMPLOYEES HIRE_DATE DATE 7
JOB_ID VARCHARZ 10

SALARY NUMBER 22

COMMISSION_PCT NUMBER 22

MANAGER_ID NUMBER 22

DEPARTMENT _ID NUMBER 22

ORDER_1D NUMBER 22

LINE_ITEM_ID NUMBER 22

BIG_ORDER_ITEMS PRODUCT_ID NUMBER 22
UNIT_PRICE NUMBER 22

QUANTITY NUMBER 22

CUSTOMER_ID NUMBER 22
CUST_FIRST_NAME VARCHARZ 20
CUST_LAST_NAME VARCHARZ 20

NLS_LANGUAGE VARCHARZ 3
NLS_TERRITORY VARCHARZ 30

BIG CUSTOMERS CREDIT_LIMIT NUMBER 22
- CUST_EMAIL VARCHARZ 30
ACCOUNT_MGR_ID NUMBER 22

DATE_OF_BIRTH DATE 7
MARITAL_STATUS VARCHARZ 20

GENDER VARCHARZ 1
INCOME_LEVEL VARCHARZ 20
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i

o

o]

StHS 19 9, ¥ 5,6 I ).

RDBMS1 RDBMS2

4 ™
Test 03 (5Node)

Test 02 (4Node)
Test 01 (3Node)

O e e Slave 1N0de Slave 1Node

J

Hadoop Cluster

[2" 9] 43 A&" 7=

[3 5] RDBMS A®¥] A}

foll AHgH AMme] AJARl A=} st=do] B dAE AXES)
9

g & &
0/S Window 7
CPU Intel (R) Core™ i5-2400 CPU @ 3.10GHz
RAM 4G (2G * 2)
HDD 1.5 T (500G * 3)
L85 Database Server
A2 SW Oracle 11G
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(& 61 sH5 AW AMY

g5 W&

0/S Cent0S 6.4

Py Intel(R) Core™ i5-2400 CPU @ 3.10GHz
RAM 2G

HDD 500G

&L= Hadoop Cluster
A2 SW Hadoop, Sqoop, Tajo

shiw 2EEe A 3o S¥olH ==k 1di9] wpiH =EE 7
LOR AT AL stogiolE 1AL TR 7 Sdlef SElolH =
=7 E mzpA W H o w HAES Falsith. ROBUSAl AFS-E AlE

o

2 A& A TH Bwe ARES A A = 2.2 (Oracle) DBMSY

1. RDBMSCHE| 2AE 2t Ef=of dlolef XZ| d=

A A AL $d3 & volHE RDBUSSF 8k 7]HE Al s ol A

of dloly A2l e Blalsh=s Aol

1.1 22| HolH Xz| ds

RDBUSZFS] o]l AA] A3 Mab= 19102 2th. RDBMSOlAl DWA
~"log dolHE AL u AFREE o8 7FA  ETL(Extract,

Transform, Load)&EFA o] EAst=d £FAHE AFE3= HH o] Qo=
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7|82 o & RDBUSOIA Al Tete LTE EAFT. old s =TS Algd

o T —

1

o AHgA} MALZZIRS Agatel volHE A%t 3

Fol A Abgstaa e,

(D DB LinkO| & CTAS
(@ CTAS Parallel4

<RDBMS1> (@ Data pump(exp, imp) <RDBMS2>

@D DB Linko]& CTAS
- 1T dYlo]¥] (4 Tables) = DB linkE A}
A A 8= PL/SQL 2HA
= =R}

- 7 HolBe AAad] AF A7 ST Log HolES A4

oo
o,
®
=
w
o
1>
o
fu
rot
(i
2

o] Time &7
@ CTAS parallel 4
- OWHY e WAL Z parallel S T A3
@ Data pump(exp, imp)
- 1T dlo]¥] (4. Tables) & Data pump= A}&3} Import A7)+ W2l
o7 Az

- 7 ol HARL AT LogF A sol Tine 27

[Z23 10] RDBMSZF A A Ay L

e

A A A4 2Ee dolgulol~ HA(DB Link)E o]-&3te A%
© 2 MM AEets 11 AH e HolES IulE st WHol
T}, CTAS® SQL &% % Create Table as Select 7= <9 v|gtt). o]
Huo]~ #Had SgoldE & A dolg o] oA UESL AN
tE dlolguH|o] 2o A&t Ag AE HAAS st o2 3 AA
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otk F wAl AFe 3 WA rEb gAY WHA e o8
A% pagch, iAo A WA WA oeE RBUSIA e
dlole] A4S 99 ATes B9 Data pumpE AHESte] dlolEE A

s AEe AP,

Sqoop

NodeS S 7tAI7 7t 5Node 771 X|

<RDBMS> <Hadoop>

@D SQO0PE o]&3fod RDBMSel| 4] Hadoop Cluster= HDFSE 2l o =2 A )
@ Create external table(TAJO)= Table 234 (HDFS} <12)

@ 7t ®lol& AA A7k Log 54311 Time 574

[23 11] RDBMSS} 31 S 2HZ FAA AUdL

ROBMSAI A 3H5 Fezel AAshs AdE a9 13 g 2§58
AHgate] dhE FelaE o] HFS FulE AAE s otk ROBUSTH

G AP A PERA FFL AR AFE A% AR 2FS A

A
L3 A e HEH Ay IS @5t Mapper TS 42 A A5}
o Hl2EE HaPstr}, =3k ROMBSTHY] A A9l HU3d o] dHolEHE 4

st 94 el BARAE AgaA 2 119 9 Yo EE )
= A7 S,
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35.00
30.00
25.00

< 20.00

Time(

15.00

10.00

5.00

BIG_ORDERS BIG_EMPLOYEES BIG_ORDER_ITEMS BIG_CUSTOMERS

0.00

== Slave Node-3'+ R1 D+M4 mmmmmm Stave Node 4 + R1 D+M4
mmwweeeg Slave Node 5 + R1 D+M4 = «= RDB CTAS-P1
...... CTAS-P4 — D P-P4

[ 12] RDBMS¢} 8l S 2HS AAN T HEZE AH

RDBMSSF 2339 A4 Ao HEES AA| d¥= 19 129 &, 1
HollA & 49050l RDBMSTHY AA A& CTAS W4lew B¥Y HYs
FPade W P e £5=2 Wi, RDBMSZES] A Al RDBMSCl A
sl EY2~HEY AR SEE H]ulsto] ZHE wj %= RDBMSTFO] AA| <&

= WA o dee BY. 25 ¥ FEHM & FE2
./_":

FE SN AP

¢

e
0301:,"

AnA
dhw FElaHRE] AL mEe

I

AT O Be AN AST £ UE 5wEEY 44 Yol 4w
of sl o e H%g Holx| R, Big Customer HloEe] gl

A = RS LR B A2
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1.2 Et=2] Ho|H 2| ds

Al Table % 574

Table®] +A1th/d Column A4

)4 Column®] Distinct Column Value9} WlE=<E Repository
2= Query 23

@ AP AF Tine ZH3H] 7] %

Hm

@
@
&)

1

H

[2¥ 13] RDBMS &4 Al

@ RDBMS &3} 5A3k Query —> Tajo SQL A gkslo]. 2HA]

@ Query2! 3

@ APAZF AZ Time FHst] 715

@ Slave 1Node F7}ske] L3 34 HHESlo] Test02 A )
2 Time 4

® Slave INode F7}3to] &t 7 HEE S} Test03 4 3l

2 Time 34

[Z™ 14] shF 22&H 24 Adele

A dHelEE o= RIS B BEE o]&ste] BAHdeS 4
sbE daks a9 13, 149k 2o DielA 2 AR HE doRd] ¥
t A4 29Row S oz a5 JAZRE &9
of 1¥15, 163 o] YA A= Result_table Hlo]Eel Addt=
S HZ2E g dojio® AAgdrt. efxolA
st AYetA] g7 "Zel F HEE Aol Folgh wol
st AAMAS Agste] JARE F HolEol 2

o WY Ao
1o
™
ftllo

I
2 o

)
ok
1>
rlo
offl
ne
ol
o
ui
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INSERT INTO mdq_rslt_data (rslt_id, st_date, col_value, frequency)
SELECT MAX(r.rslt_id), MAX(r.st_date), DATE_OF_BIRTH, COUNT(0)
FROM BIG_CUSTOMERS,
(SELECT RAWTOHEX(SYS_GUID()) rslt_id
, TO_CHAR(SYSDATE, 'yyyymmddhh24miss') st_date
FROM dual
WHERE rownum = 1) r

GROUP BY DATE_OF-BIRTH

[2¥ 15] RDBMS H|AE A&

Create Table BIG_CUSTOMERS_rslt(col text, cnt int8);
INSERT OVERWRITE INTO BIG_CUSTOMERS_rslt (col, cnt)
SELECT DATE_QF_BIRTH, COUNT(x*)

FROM BIG_CUSTOMERS

GROUP BY DATE_OF_BIRTH;

[23 16] B}= B|2E AFE

H2E oy Hol2oA doe AYe AYF F 1Y
sE Qelwael taln WaAe gae] o ¥ weh F oo Sasiar.

PL/SALS ol &dtel Ao £4& Fasty] AFe] A 1=adn 2

)
oXl
o

M A Adbe a9 179 A2 ZHEe Ao ¥EAE A4 AR

S e A9t ASE A9R ta ge Azl Azon go|ge)
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AA dmE F2ob gagle] Alel=rt 245 BAS Fashed B A

PN
T
7ho] 25,

10.00
8.00

6.00

Time(h)

4.00

2.00

0.00
BIG_ORDERS BIG_EMPLOYEES BIG_ORDER_ITEMS BIG_CUSTOMERS

EZ—=1Tajo Slave Node 3 + R1 [ Tajo Slave Node 4 + R1
EEEEEE Tajo Slave Node 5 + R1 RDB P1
=== RDB P4

[ 17] RDBMS¢} 8l S@2HS E4 4% HAE A%

7} @At Big Order_Items E|o] &< Ayt w]al
=% 3 Big Orders H©]E3 Big Employees EH|o]E9] 9= =4
7} soldel wel 381y Algte] Frkelglth. T Big CustomersH o] &
= A7lel Hla] =g AFbo] A om R B F2 AHRE

A #55et.

)
o
fol
rot
iIn
i
A\

N
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HelEol 7H¢ A2 Big Orders Ho]&9 79 RDBUSS} EBbx 47
0.27Ae 2 &d3 As= Btk Big Employees Hlol&ES A9+
RDBMSol| A 0.39A17F, EFZ 3:=Zof A 0.68A17FC. =2 RDBMSS] A so] ¢
Holw o™ Big Customers E]o]E-2] -9 RDBMSOIA 2.97A1%F EFZE 4%
T 6.37TAIZFe.ZE ElFolA H|WE  wWe A|7Fo] A QEQ
Big Order_Items EH|°o]E2] 7= RDBMSOlA] 1.55A17F E}FE 40 A]
0.71A1ZF o= BFZE7F RDBMSK.U 44 5ol o waA Ykttt Rk
S & RDBMS®] Ad5o] BfxHT £ A3E HIt.

2. Xl dolg xz[E flet 2530 Elxo| Jdees

9129 AAAS M dne 23178 BAA T Mads 2ol
A9e wol 448 58 F FeaH AN § e A5

d Ao oA Ritje] Arp yERe olwoll ois] dde Esl

T 129] Ao A eF o] SQUOPE o] 83 AAA T A
oke] glolEl2 AA|3to|w Bt o] we AYS shgd & 9= &)

o A¥Hglo]l i RDBMS Xt} W 4%S HY

>
offt

°
o
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1) Direct 1A}

2EE VIEHoR TPALY] ZEAZA hElHelal Wiy T H A<
A o2 Awsta Amp T2 yoA dHolElMol A2 oA
13 Qg o] 42l JDBCE AMge}h. 1y A~Fe @y ol
wo] 2o thalA Direct QIAZ E3) do|gu|o] ~oA AFsl= Hlo

B old ZgE ARGste] wE Fio] HolH dF dee Ales 54

& oo
op
[l
U

>

S Awsitt, 19 129 AFAAE Direct UAS AFESHA X7 o
o U2 Aes 98 Direct AAE o83 A& F7H4 &l

bteh.

e
2,

[

[e=)
Oft
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Time(h)
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5,88 B=SI87 —

5.00

0.00 B —
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Ono option Edirect

[Z23 18] Direct &4 H|2E A3}

ey aF 189] A¥tel o] de e maE & o jisledl, o

i Direct & Al@shs dHolE Mol A7F AlgHHo]7] wiolrt. & 4
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o] AFE3F 2 2HF DBMSE Direct 94S ATEA &7 wio] AT
2 = gAA T, MySQLe]Y} PostgreSQLA = Direct =4

& AFEHE ROBISE o83k deolglg Asdd nok g Yug

2 ARESEe] RDBMSOl Sl FlOlEE dhiyom & uf HDFSC]
sy o] Hid==rt WRAQ dad=
of oJajA dlelE =E=o] U= Mapperol Al AA e T Frt
Mapper 7} UHlli==o] AAle]l wehA] dlolHE A A" AA=Z HA k=
S sz, el Hloly =t X ofg JHe| Mapper=E 3743}
ZAle] #ZAde 4~ 9l7] wFo] RDBMSS] Parallel Degree A3} H]5238}

thar Azt 4= tl. Parallel Degreei= CPUS] 704 2 d®lo]E ol u}

e A% d%s geotsta

|

11

T 2k A stede] Aol whebs A-eA A Al Folof gt
= Mapper9] %< AAsle 42 doly ol k) UHs wA
7 Atk Aol

Mapper®] %ol & A5 WHeE 437 Hsl
Fotarat vk, WA HolE w=ro] FRrE g
= =o7FHA AAAE SAst AHee WEE dofrRal, v
Mapper®] +&2 nAAIZ] F dolH x=ro +& =¢7F'HA Mapper <t

doly x== FE7e] #A7F sl mAls F3Fs dotraat g},
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47§] Mapper2 AT 4, 5 HolH mtolrel Hd9 Al I9 2
oM AHE7bs @ st=dof Ahdel S El s Etetal e &
of a3 = 4 sl 29 229 A3k 3789 =EolA Mapper
Al dheel 7l HAGAS AREE A, 4he] oA
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SELECT col_namel, AVG(col_name2), SUM(col_name3*0.7)
FROM tab_name
GROUP BY col_namel

SELECT col_namel, COUNT(*),
MAX(CASE WHEN col_name2 >= 'value' THEN col_name2 + value
ELSE 0 END),
MINCCASE WHEN col_name2 <= 'value' THEN col_name2 + value
ELSE 9999 END),
SUM(col_name3 * (1 - col_name4))
FROM tab_name
GROUP BY col_namel

SELECT col_namel, COUNT(*),
MAX(CASE WHEN col_name2 >= 'value' THEN col_name2 + value
ELSE 0 END)
FROM tab_name
GROUP BY col_namel
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