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7}) IBM Analytics - Oil & Gas
o IBM Analytics<> Oil&Gas #°F At9 Al SAFES S = BIG DATA
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<3 3—17> IBM Analytics A& A|Z~€

1. Integrated Operations
AL 2 AAF 2, Drilling and Surveillance Optimization
3. Asset Analytics for Rotational Equipment
Global Operation | 1. Capital Project Insight and Collaboration
- Upstream and | 2. Health, Safety and Environmental Insights
Downstream 3. Governance, Regulatory Compliance and Risk Management
1. Enterprise Asset Management
2] @8 Sdl | 2. Engineering Insight and Innovation
3

. Supply Chain and Processing Optimization

1) IHS - Bespoke Maritime Data Services

o HS+= siARE] ARte] A3 HjEloe] JRE skl InbaAl, 24
2, #R E3]AL Ship Broker, 7|4 A 5 s 79 o

&
w9 ARE Al AR sk s (FHE Al 2

Contact — Track — Plan — Monitor — Recognise)

<X 3—-18> Bespoke Maritime A& ©|o]|E]

Ships

Ho

- 2321 190,000 7H9] Adut
007112] 57 duF HJr

- AE AR

-9l gl

Port State Control, ISM

I vro] g1

1978 ©] % AFIIAH
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Companies

- AF AR FY
- 248G TR AREN

AIS Movements

- $3M4} Track Records

Ports

- 11,0007 o]/de] &vk Ax
- 4,0007] o]’de] gt AlF

News and Analysis

Images

i data felds

evels of cwrership

ships
casualty and demaiton incidents fo the last years

porisence

ports znd teminas

vessels tracked daly
wilh over 1 milon years of
heury pasiions per &y secondrhand prices

‘anysts supparticg
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t}) EMSA - Integrated Maritime Servicesl08)

o EUGHEATHIIAE B 7} 7ol A wite] F4S A2, 2
Aalgted JRE w2 328l9ls. EMSA Lisbonoll 9]¢
on Ul 1 duiage] 39 Gakg Fn, WHow e

X

393 Bl AR EARES FP AT

<3 3-19> EMSA AFAH| 2~

- Traffic Monitoring
_ ey T2
- A 09 mUEY
A A2 - =7 e
_ 3 ]
2]

St e e

- mho W5 vl

<3t 3-20> EMSA HoJH &2~

- Automatic identification system (AIS)
- Long range identification and tracking
- 914 AIS

- 4 AR

dlolg] 42 - 71 AR

-3 AR

- VMS (Vessel monitoring System)

- %12t Radar

- 4 Feedback X

108) EMSA emsa.europa.eu
109) dlolg A& A== EMSAS] “Procedures for requesting EMSA data from maritime
applications” =,
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<% 3—40> Integrated Maritime Data diagram

Integrated maritime data

«® DATA SOURCES

Automatic Identification J

System, Earth Observation,

Long Range Identification &
Tracking, Vessel Monitaring
System

SYSTEMS =

SafeSeaNet, Long Range
Identification & Tracking,
CleanSeaNet, THETIS

«® FUNCTIONS/APPLICATIONS
Integrated ship tracking
Monitoring areas of interest

Vessel behaviour monitoring
{under development)

=4 1 EMSA

2}) Marine Explore

o gy} Bste] 51709 MEY 7| HoRFE o 40,5267]2] o)< H|
olf AERel Hslal . o= A AlANA 237 o] o] HlolE

£ 78, I 7)ol &8 9l dolHy 3 EHES 208 o]
A
o

=
Fol. olel el ol HeleE sl BAgow Qe sl

110) wjc} AES 93k 3t 4S9 XE, vldolg]” (http : //www.bdtinsights.com/)
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<71% 3—41> Marine Explore A& DB % Activity Feed FHI11D)

SIGNIN  SiGNUP
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<3 3-21> Marine Explore System oA A&%E Filter &5

Oceans
Seas Projects
Location Filter Bays Fomnt Filter Platform types
Gults
Other

Physical-Atmosphere
Optical & Radiation
Chemical

Biological Projects
Parameters Filter . Gridded data Filter Platform Types
Physical-Water Datasource Types
Geology & Seismography
Sea Ice

Sensor Characterization

Institution Filter Institution Radar Filter Projects

111) http : //marinexplore.org/
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(7F) Ocean Track College Education!13)
o NSF] A|9& o} s Tzador WHalsls nitggo] ue
S &S] o]F7 Zol el Aehe =TS

<% 3—-42> EDC Ocean Track < X273 o

Track Species

Elophant Soal

23] : Ocean of Data Institution

°© NASA F¢1o= Mol 7|5k AuiAE Avshes ugZead
o], SMBE-S NASASH NOAAOIA Al&-3h= 1] d ol E]

. JRE o]gst]
54 Aqez e} 7] Feke] g gl tsl e ¢ e

112) http : //oceansofdata.org/
113) http : //oceantracks.org/
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Hb) NAPA

O

A= x4} 2T ES) o] AR NAPACIA = Big Datas 24
afo] AMute] HAFRZS AlFelFE Muls £ T A A AR
ooV, 3T WA Al R Se) mE

ol &=l HEAIA 7 aEHR
I =3

<1% 3-44> 9=* : NAPA, $%* : Kormarine onference 2015

wowow . papa.fi

Optimized Voyage

Refer=nce voyage
based on weather
service provider
advice with 19kn
average speed

&+ e Z
fA decision lo operate | Route changed 1o find new

optimized route #  optimum route in changed
7\, instead of great circle JJ weather conditions
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<718 3—-45> Smart Ship /f¥ =

Smartship - Beyond Greenship

By Utilizing Smartship
Platform for Big Data
Management & Analysis

ICT
Convergence
- Smartship

Platform

v Emission Reduction

v Operational Cost
Minimization

v' Safe Operation

v" In-time Operation

v" Design Optimization

Greenship Safety

- Safe Operation Development Focus

- State-of-art
nav. equipment
- e-Nawv.

- Eco-friendly
- Cost Saving
- GHG Convention

v" Smart ship platform
v Unattended autonomous
vessel (UAY)

=] : Kormarine Conference 2015 (&3] : NAPA)

<13 3—-46> NAPA—-DSME Power

NAPA- DSME Pous®
E——
LNGC-specific features

Boil-off gas Monitoring and Reporting
*  Fuel utilization monitoring
«  Multi-fuel Voyage Optimization

Optimizing
voyages
Upto20%  Repaiting afvakages snd + NAPA Loading Computer
savitg pokuntisl ship performarice data - NAPAOptiFloat
in operating costs. - NAPAVoyage Optimization
+ NAPAReal Time Monitoring
+ NAPA Logbook and Voyage Reporting
= Efficient control, - NAPA Office
operatien and performance - NAPAAnahftics Services

measuremant

Z2] : Kormarine Conference 2015
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<1¥ 3—-47> NAPA, Feedback system for ship design

Design shipbuilding Voyage Reporting
* Hull form % * Moenitoring
« Energy-saving device - Data analysis

il
» Performance estimation

~t Feedback ‘

%] : Kormarine Conference 2015

AP Beijer

(7)) Remote Maintenance

<19 3—-48> 974 F¢t Program /Hd =
Facility Remote Diagnosis

»Sending informative data to the cloud periodically

Failure prevention

Reduce repair time

o
i
'a pri 1
Data process 1‘|7'
ss®

¢ - .u.n ‘ ‘G:L ] ‘
PR

".."
e

Beijer

ELECTRSMICE

%4 : Beijer(Kormarine Conference 2015)

(1}) Failure Prediction Solution
o F&4 dolHE T3l o4 BARES I} 3k &
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E Exp. initial state  B,47% 13,00 9115 71,5%
a - Sim. initial state B,67% 12,88 9096 T4,0%

Currentdensity, J ([mA/cm?)
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Z*] Beijer %4 : Kormarine Conference 2015

(t}h) Alarm Handling Solution
o 7]7] Operaion History®} Alarm HistoryS F3ste] A3 st € 7 dlo]

S
19 5o WEAZR 47 A%kl Al Alam A4S THeld

SMS

Printer

Ve

Mobile
Device

=4 : Beijer(Kormarine Conference 2015)




<9 3-51> 7]|#A Alarm Monitoring System T-A %=

Engine Room Alarm System Architecture

Capeains cabin

bridge
Atarm
FOGE TS e

Dural CAN Dual cAN

"
ECR- engine control room l; Officer cabin 2. Officer cabin

sl -
management |
Dual CAN
—

Dual CAN
~

+

Engine room or direct at engine

- special enviroment: F0°C. 4g vibration
» special enviroment class for DNV, GL, ...

* ahways CAN bus connectivity

<4 : Beijer(Kormarine Conference 2015)
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7}) SK3l¢ - Smart Ship
o SK3ll*-lA]:= Big Data
A 2ES AE, BTsha 713 %@W
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<71¥ 3-52> SK Smart Ship 7% #&F

Utilization of SK Group Synergy JDP with Related Parties

[l - Provide Test bad for testing & Verification I
(Various type of vessel - 63

smasi 2., g
’B', y vessal - 63 Vessals} Blliao” Y, SHPBUIDER
SK shipping - constct optimized communication —

environment for ICT through installation

of VSAT .
I > cao c} = 'I COMMUNICATION
| - Retain Ship ¢ Shore Communication = Fioks
oy technology (Femtocell, MZM, etc) D= COMPANY

1 - Provide Cloud Service

- Construct Communication environment

- Provide Total service (Inmarsat + VSAT)

h’_ - Provide Platform for Gateway & Analyze : T
SK o ' Big data SOLUTION
holdings  _ pe,etopment 1 Operation / Maintenance PROVIDER
Marine Software J 1 ] 114)

Y=A : SK 3+ F=3 : Kormarine Conference 2015
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<9 3-53> SK Smart Ship 7/IE%=

Il. What is SMART Ship ? SK Zhipping
SMART Ship is to utilize various application services with ICT Convergence to achieve optimum ship

operation in terms of safety and energy efficiency

Communication
(Rapid & Large Volume)

-
’,‘ ~

Monitoring

Analysis

Remote Diagnosis & Control

o AulFzadolr= Aol X% Main Engine2| ConditionS HAITF &
Astal, o] ARE SV dg F Azl wo]AZE AAIgE H A 9
NAAS Aol AEH3t] AR EARAS AT F e Al
e A7 v Sl

<71¥ 3—54> Remote maintenance for Main Engine

WVESSEL ; ﬁ\e ASHORE
m v “ ] e | —
h= ENGINE MONITORING SYS. S g l—ol:--- .|
i e MONTORING 535 ==
Tes— @& -

ENGINE

OWNER/MAKER

YEA T HHI, &4 : SK 3, Kormaine Conference 2015

114) “Shipping & ICT Convergence”, SK Shipping Presentation Material at Kormarine
Conference 2015
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<29 3-62> SK Smart Ship 7H'd%=137)

I
Il. What is SMART Ship ? SK’?NW“W

SMART Ship is to utilize various application services with ICT Convergence to achieve optimum ship
operation in terms of safety and energy efficiency

Communication
(Rapid & Large Volume)

Monitoring

LMD Nw Analysis
&> : &t Remote Diagnosis & Control
e

A=A : SKalS-, %4 : Kormarine Conference 2015

b. NAPA
AR=e] YoM sk £TEeo] SAk) NAPASIAE Big Dang 24
sjof Aute] A4PRE AFeTE ANz 29 F A0 A g 9
1, 7ol WA A fF 5o 2E weaEe st

b
ot o
o

[ty

137) “Shipping & ICT Convergence’, SK Shipping Presentation Material at Kormarine
Conference 2015



<71¥ 3-63> NAPA )&l 2 5H38)

Optimized Voyage

Reference voyage
based on weather
service provider
advice with 19kn
average speed

weather conditions

l Route change: ew
aptimum route in changed

YUEA : NAPA, 353 : Kormarine Conference 2015

<E 3-28> FQ dolg H AF

28 dolt] CRE A 7V 71
sAla A o
Legal Data Holol) mhe A

Local Regulation

Port & VTS Data

- &b Reporting System

o v

3 Information

71 Data

Ship Data

Ship’s Particulars
PG

138) NAPA Presentation Material at Kormarine Conference 2015.
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a. Cargo Management
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2}4] Supply Chain Management &892 3
1} Sl A3k ARE A&

duro]l AA|ZE 1A H State, 5-o]A

L b= o] dagh

2

b. Machinery Management
- Autoll A= HE PMS (Planed Maintenance Repair) o'dAH|=2 317
[Trouble®] HAYs}7] el 717] &AAIHARS- 7131l mhe} % ¥]/Repair
5 3k oA 53 3%/ Trouble®] Aot $of] “dH]/Repairs 317]%

B8
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a. Remote Maintenance

<71¥ 3-65> Remote maintenance for Main Engine 140)

Remote Maintenance
VESSEL W ASHORE

s

ENGINE REMOTE .
~~~~~ - MONITORING SYS. ==
@_ @ - OWNER/MAKER

ENGINE ENGINEER

HAEA : HHI, $-%*] : SK 3%, Kormaine Conference2015

140) SK3¢- Presentation Material at Kormarine Conference 2015
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<9 3-66> 97 At Program /HE%E 14D

Facility Remote Diagnosis

= Sending informative data to the cloud periodically

Failure prevention

Reduce repair time

<7 : Beijer(Kormarine Conference2015)

b. Failure Prediction Solution
- AT dolelE Ba ol Ml BARAS FYs B, 4

3} vaste] AE o5

<71%¥ 3—67> Failure Prediction Solution 142)

14
Initial state Curves
12 r
*E' [
B |
= [
E L
- B
_x: L
= [
S 6 F ol
- [
E L Exp. initial state  B.47% 13.00 2115 71,5%
E 4 -_Sirn.ini;ial state B,67% 1288 99,6 74,00
< b £ 2,33% -0,9%% -021%  3,53%
[ Exp.degraded 730% 1263 8%,  64,9%
2 [ sim.degraded 7,39% 1273 8860  655%
L £ 1,29% 0.83% -0,48% 0,90%
O i i | A i " A A i e " i 'l i i i i L
0 0,2 0.4 0.6 0.8 1

Voltage, V (V)

=2 Beijer $%* : Kormarine Conference 2015

141) Beijer Presentation Material at Kormarine Conference 2015
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c. Alarm Handling Solution

717] Operaion History®} Alarm HistoryS 3 &ste] A3t € A dlo]
ElE 153laL o]2]dt ARE Emailolt} SMSTOR A4d 4= 9lon
JEMY SOl MEHAR AA%Eso] A Alarm e e 5= 9

L5 o Al2EL

<71% 3-68> Alarm Handling Systeml143)

=

SAS
]
Cesr)  rrineer

g Mobile —— -
Dewvice \3 Browser

Z*] : Beijer(Kormarine Conference2015)

<9 3—-69> 7|#A Alarm Monitoring System TA%=

Engine Room Alarm System Architecture

Captains cabin

bridge
Alarm
managemant

Dual CAN | Dual CAN
-—

ECR- engine control room 1. Officer cabin 2. Officer cabin
o -
management |
Dual CAN Dual CAN
—

I
Engine room or direct at engine -
= special enviroment: 70°C. 4g vibration ml-
D —

= special enviroment closs for DNV, GL, ...

= always CAN bus connectivity Dol AN

...........

%] : Beijer(Kormarine Conference2015)

143) Beijer Presentation Material at Kormarine Conference 2015



d. Machinery Operation & Maintenance ¥2] X213
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37, ¥ld|o]E)3} ¥ Maintenance History Datas- ©]-8-3}
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<9 3-70> HdolHE &3 0&M 714 145)

Marine Type HMI loT Solution

(

T,
AL
]

[ ——1
Back up System  8g Data Analysis Catabase

=aAlarm Handling Data Integration
Data Interpret
Data Processing

~Optimize operation

=Failure Prevention

Flexible Connection

L | R

L g

~Local Machine Operate

~Raw Data Process

=Data Storage
.—:—"'/ — T "

T Dota Exchange and Share
Large Amount of b e BT 5 | I"'—q- E] -5-1 !
Variowus data From - . = o o =
Machine and - |- - ‘r\\ — lm_l g?
Environment i ] -

#,e "a®

Z4] : Beijer(Kormarine Conference 2015)

144) Beijer Presentation Material at Kormarine Conference 2015
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ZQ dlolH A8 AT 7 713

M

- AZA
FQ 77| AH - PMS
- Trouble Shooting

- BA @Ay 7))

Alarm Monitoring System | - Alarm HH 91A]

Log Data _ 9Jo] BA -8 AL
-2 ZFA| Report

- Logbook -4 peE= il Repo
Maintenance History |- 717" At W4 oT] :]uﬂ o]7]
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b ¥ 22 WS 2 712 el

- 237]7‘5,]/\}- Data _7]]:/]_

Inspection History - S HJAAAL Data

- PSC(Port State Control) <=7 Z 3}

- Cargo Monitoring Result
Cargo & Ship Data |- =&A1Hy, Auk9] %], A8} Status
- ETA to Loading/Discharging Port

o
i)

do AT
Remote Maintenance system 7|72 2 PG AL
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Exploration Engineering 4 Installation Engineering
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*Dialog
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T 80~90%%). WAl FPSO, WH=A A5+, Drillship & Sl ¢=AE
of AAE= 7|AA el thef = FAksHEo] 20%0l Eakal 34l 7
AHE el o=k = AAY

- Q= 71AA A AU A v 2T FHe olEw e
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- Vendor2}2] Communication A (A7ExE, X994 #A))

7o o

BN

3

]_

Oft

- 71EH ] ARRE Al A S A% 2E2 Meetingo] H.2
S Al ARSI EEEE )

- Field Constructability =5 3! Yard Al 3A|9] EUX| Alg 2HA)
AR 7FsA] A o] MRS 75 wAlN AL el (G IRE 49)

- Field Service Engineer 512] oJ&-%1549)

<3 3-32> 7|ARA7} A7Fel] AFR|SF=E H]E8(2010) 155)

Main | 7]7] kA AAA | AR A A VR 7R =akst

A
™ I | pogine ) 3 A AAEE &

HE

VLCC 326 | 6.7 1.5 | 2.7 0.6 0.5 34 43 62.3 90%

BC 426 | 63 9.7 1.6 0.7 0.5 25 49 68.7 90%

Container

. 199 | 98 | l6.1 1.3 0.7 1.6 25 7.0 589 90%
Ship

LNGC 102 | 51 201 38 0.4 1.0 1.6 10.0 52.2 80%

FPSO 4.4 05 | 337 ] 112 0.5 2.0 1.7 29 57.1 20%

Semi- rig | 4.2 3.8 155 | 32 0.9 3.8 24 2.0 35.7 20%

Drill-ship | 3.9 20 | 250 | 28 0.7 2.6 1.3 54 43.8 20%

2013

152) W] = sy 9sF A% Fofell gk A5 £, 2015
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A4, 2014
155) S|FZTAEAY AAY BA 2 Auy) wbd Ak HER A, p-29. (2011.11)
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a. SK3l%, Smart ship
- SK3ll-& SK 15 AI9AFEY Fske] 10T7]18Fe] SMART Shipe 78
SHARaL A1gh vh Sl 71 S SMART Ship datas 7|44 0.2
Feedbackd}e] 335 212 Ao vFdsAIt= AFofo] S A|A|6)9)-S

<19 3-73> SKaf%- Abe

Utilization of SK Group Synergy JDP with Related Parties
= Provide Test bed for testing & Verification s A
[Various type of vessel - 63 Vessals) = ~4i !i‘ SHIPBLIILDER
SK l.hi [_Il‘ji'r '.LJ = Construct optimized commumnication "
environment for ICT throogh installation
of VSAT
L ; =P e COMMUNICATION
= Retain Ship / Shore Communication ]Z I i
E’f" technology (Femtocell, MZM, 2tc) I=':"= COMPANY
SK teleco - Provide Cloud Service
SATELLITE SERVICE
%— = Construct Communication environment PROVIDER &
SK telink + Provide Total service (Inmarsat + YSAT) MAKER OF EQUIP.

= Provide Platform for Gateway & Analyze

Sarvica
sx"r’r = g data Comm. Servic : SOLUTION
holaings - Development | Operation / Maintenance J | PROVIDER

Marine Software

A=A : SK 3> =3 : Kormarine Conference 2015157)
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- NAPAT ]-9-2438] %2 “NAPA-DSME Power 2=
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Smartship - Beyond Greenship

By Utilizing Smartship
Platform for Big Data
Management & Analysis

ICT
Convergence
- Smartship
Platform v Emission Reduction
¥ QOperational Cost
Minimization

v Safe Operation

v" In-time Operation
v Design Optimization

Greenship Safety

Development Focus

- Safe Operation

- State-of-art
nav. equipment

- e-Nav.

- Eco-friendly
- Cost Saving
- GHG Convention

¥v" Smart ship platform
v Unattended autonomous
vessel (UAV)

<4 : Kormarine Conference 2015 (Y&3] : NAPA)

<% 3-75> NAPA-DSME Power

NAPA-DSME "o ©
“——

LNGC
LNGC-specific features

* Boil-off gas Monitoring and Reporting

*  Fuel utilization monitoring
+  Multi-fuel Voyage Optimization

Optimizing
voyages

o300t + Reporting of voyages and

saving potential ship performarice data RebALoaing Gorpuiel

+ NAPA OptiFloat
+ NAPAVoyage Optimization
+ NAPAReal Time Monitoring

in operating costs

NAPA Logbook and Voyage Reporting
MNAPA Office
NAPAAnalytics Services

= Efficient contral,
operation and perfarmance
measurement

%] : Kormarine Conference 2015 (& *] : NAPA)

158) NAPA Presentation Material at Kormarine Conference 2015
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Design
* Hull form
« Energy-saving device

« Performance estimation

b =

Shipbuilding

Voyage Reporting
* Monitoring
+ Data analysis

t Feedback l'

Z2] : Kormarine Conference 201
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1. Feedback System (Eco

ship/Offshore Plant/Arctic) Feedback
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71dE | F=27] | o . ; ; A= A7
sEH| Rk 3.5 22 27 2.1 7.5 11.9 6.2 6.6 33 33
5o A}
0] 6.2 3.7 5.9 3.7 168 | 424 | 140 | 321 5.3 5.9
20%E0] A
0=k 93 7.9 13.9 8.6 88.1 | 1263 | 420 | 668 | 107 | 121
s0E01 11.9 8.5 218 | 124 | 280 | 240.1 | 508 | 227 | 141 | 153
1000 ) ) : . : ) ) : : )
100%0)4F | 249 | 207 | 390 | 229 | 407 - | 2465 1085 | 184 | 27.1

AA oM | 64 4.1 10.2 4.8 213 525 20.0 40.8 7.0 7.5

<HE 3-48> WRAALLS] AnERE FHT G ALY A (HFE )

s T se ws Az oan 2w T om MY
oM | 680 | 195 | 123 | 290 | 119.1 | 119.1 | 843 - 51.6 | 327
3= 160 | 450 | 333 | 351 | 4877 | 4877 | 1,746.8 2104 | 162 | 702
A 878 | 223 141 | 261 | 7127 | 7127 - 330 | 188 | 40.1
o704 | 1052 | 49.1 | 1024 | 493 | 84 | 84 - - 373 | 741
ZIEpd - - 418 | 405 - - - - - 36.1
A | 713 | 283 | 179 | 334 | 261.0 2610 @ 3218 | 974 | 393 | 465
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H i Agen ——| | Collector |~ —, | Structured
it Mewies |~ l|(seconds)| — || (seconds) [~ | | DataSink | —= Storage

' : ' {5 minutes) {forever}
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<3 4-3> Apache Chukwa®] 7]% 2 A/aA

Hadoop®] AH. ZZAEZ FAb H]of Q&= ABox 21 HolHE 3
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messageS 214 thrift Aol writed
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<3 4-5> MongoDB9] 7% 2 A/ohA

NoSQL 714+ Document A|3F Glo]EjH]o]2 A]2H]

Schemas 78kA] @il vlo|HE T-%3}5to] BSON dHi= A%
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KeyE ztom sh}e] Keyoll o2 7l9] Columno] €9 A= FE|o|H,
KeySpacet 2|24 2Z Column FamilyE Fol5+ 7ld

<% 4-8> Cassandra "o =&l T4 Q4

KeySpace
Column Family
Cdharmny hlartay Tl Mame Tl Mame
ey ‘ Wk Wl Walus
g Bame Caplurrn Masme t\\
g ey e s Column
5 A
Coluarnn Harma Caolurmn Mame Column Mama Calumn Mama
e ‘ vakm alm Valus Valn
Column Family
| Cobrmn Nimm | Colamnbless | Column Name
iy
£ Volm Vol Ve
: A
; Cobamn Harre Cobumn Mare
l - ‘ Vol Vs
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<% 4—-9> Cassandra =24 74 g

IE| Token

Data Range 4 Data Range 1
(76+ wrapping range) {1-25)

|

Data Range 3 Data Range 2
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<¥ 4-6> Cassandra® 71% % /a4
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| 18R Ol ERaAe) gl 395 Az b
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- HDFS 4842+ NameNode2} DataNode”} )&
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- NameNodes= HDFS®] Master & &2 31 Slave &&-S- 3}+= DataNode
o VO #t9-& AAsH™, DataNodet= Block ©] " #7%4 «fgks of
WA oY A AL A, o5 2 JEE NameNodeol &

= _
T 9%

<71 4-10> HDFS =& 92

HDFS Architecture

——— | Metadata (Name, replicas, ...): |

E l ool
Metadata ops M /homeffooldata, 3,
. Block ops

Read Datanodes \'-\\‘ Datanodes
e | | — E B
™ . L_ﬂ] - Replication B = .
1] 0 \ Blocks
z III"L i g _ J
¥ I"'. . - ¥
Rack 1 il ~ Rack 2

- MapReduce 74 8A~Z = JobTracker, TaskTracker”} S+
- JobTracker= E¢2F| Node oA A= AREAL o &2 7lolds
2|5}, TaskTracker= Z} Slave Nodeol| e+ 2te] s @



<713 4-11> MapReduce &2} W]

JobTracker

TaskTracker TaskTracker TaskTracker TaskTracker
Map Map Map Map
/ / / /
Reduce Reduce Reduce Reduce

<3 4-7> Hadoop? 7|%s 2 /¢4

Ol sls Rabe Aol ARk Bk hel AlE
7'%s  |UIEY A, Disk VO 5°] ZF Az EAlE o] A&

JAVA 714k Bleo|g A7 &34
| EA AR el dlsle] HelEE AR BAlstel 4%
ST A B AT
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- Splunke= M2l HIoJHE FF, #A sk ERES Alesh HAER
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ABE HEjR Hojs

- Splunk®] T 84~2 A Search Head, Indexer, Forwarder”} )&

- Search Headv Z}7}9] indexerollX] A3} 3t BEUlQ™ FHIsA GUI
sPHE AT, AHE osv FUE A

- Indexer+= indexing®! H|o|E]&} AA] HOJE|E 7HA|aL 1o A 2]
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<% 4-12> Splunk 7# =2

Users

Load Balancer ‘E’
- = Shared Storage
Search Heads | ELTS e ] m splunk L]

=v_'—_§._:-;

In-memory 7|¥F AA7F ~Eg]W w2o] Az
7% Spout®} BoltE DAGE= EZZAE A9
2EF ZaAo] 23] B A AFEE AT AZES
- tlole] B9 2hEl] Bl AAZE Q18 7k
o Google?t 22 34l Keywords &-8310] SQLIEAH AHE- 7hs
,  Web AN S5} v)=8HA wHeo] o | o|HEE 3« 13}
& 713 2719 timestamp "ol 7] AMRSFE raw Ho|E]e} o] WA o] ukA

- Storm AARF 2B AYehr] #5h Apjolx} Zlea

- Storm?] Hlo|E] A7) 4 24 FA] Topology, Spout, Bolt7} 91&-

- Topology+= 121 7l9] Spout ¥} Bolt 7] A AAIE HL|sl|A] dlolH
BE5& Ao, Spout> 9| HoJEIE ¢]o] Eo]al Bolt ¢lo] 21
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<719 4—-13> Storm H|°JE] 74 &

B>

Storm Cluster

Data
Source

Data
Source

Data
Source

- Storm®] &8 74 8.4 = Master node®} Worker node”} -5

=]

- Master nodet= E¢]2Ho| 7= FAKstal HAlEA B35S &9
Skal Asfol] st RUYE® 3}, Worker node< Spout} BoltE 2! 2§35}
- o3k
— Y

<% 4-14> Storm =¥ T4 &4

Master Node(nimbus)

Slave MNode (Supendisor)

Bl riode (Machine)
El Process (JWhi)

D Thread
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- Spark-> | E.2] W A& Ahste] Hldoly #4 3-8 =19 A
A2~ WY A 299

- Spart®] ¥ G4 Q%A Spark Streaming, Spark SQL, MLIib,
GraphX, Bagel(Pregel on Spark)©] &

- Spark Streaming™= A A|F dlo|E] A 2]dhH Spark SQL -3} do]
gol A Hel AL

- MLIibe W& 7|AIsk: gleolBee], GraphXts 13X AzE 3
Spark o] A= API©|™, Bagel(Pregel on Spark)= o712 ©h<=glk 1)

X g 24

<% 4-15> Spark 28] F4 Q4

GraphX
machineg an aph

real-time learning processing

processing

Spark Core
Standalone Scheduler . |




- Spark®] =8| 74 84= X4 Worker Node, Executor”} S+
- Worker Nodei= S=9lo] A, Zel2elolN o} ZelAold =g 2
3 Executors= TaskES 2 3star w2t tjAT ] go]gE B3t

<71% 4-16> Spark &g 74 84

Worker Node
L Executor | cache
Driver Program ///“
e /
SparkContext Cluster Manager
- \ Worker Node |
¥ Executor | Cache
-
<3 4-10> Sparke] 71 2 /A
Wed BHe) B s FeloaEY T
715 WElr2s, Streaming tlolH WEH 71T AT
JAVA 7]5ke] dlol] A &FA4
- Fault tolerance 7|5 #-&-3Fe] oA B3
R} %
f= ]
mxe] 7k we dss AlE
St ol AbEEA S AS AlzEA
o3
w38 kel EA7F HA

* Hivei= HDFS2] &4 HloJE] gojale-2 & 024 HA blo]
HE ETL A28 5 9o, HiveQL ~THEE A

* Hive®] 74 2424 JDBC/ODBC, UDF/UDAF, Metastore”} )+

« JDBC/ODBC= SQL  Query™S  MapReduce® W35 Query
Compiler 2 28§l xlo] UDF/UDAFE= &4 Z Q3% g5 Thso
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* Metastore:= HDFSA2] H|°]E]S DB Table 202 #H2]5}7] 913 o
E} X, table, partitions, column X E A7

<71 4-17> Hive A|2=E o}7| €]

CLI

Driver

Query Physical Plan
Optimizer

Execution

tloly fojsh-~2 4T ¢ A AFe EFA
715 SQLI FAKEE Queny® HHE B
HDSF&} 33ks]= tl-&&F dlojgdl tigh £4& A<
Ly SQLAFEOE AREASl Hige] w
o HGske 8% dloJElE miA= Fedste] A9E 45 W fF8&
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o7
sfel 2 89 QuenyE AUA T QuemyE A7) X

o uElole A 7%
- Apache Mahout-> Collaborative filtering, Clustering, Classification®l] =

e v 2R A B2 TEeRE 7 Shae] dEAS] o &
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- Apache Mahout®] 74 QA FA] Library, Algorithm, Application®] -5
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- Applicationt™ 7=}l A Library$} AlgorithmE %]-8-

<Z1¥ 4-18> Apache Mahout 74 84

Applications

1

Evolutionary Classification Cluslering Recommenders Regmssion
Algorithms

Utilies Math Collections Hadoop
Lucene/Vectorizer Vectors/ Matrics/SVD (Primitives)

<3 4—12> Apache Mahout?] 7| % /<4

& dlolE] HAlo] Flsaln B34S Awshs 7)ASs olnel
PS Hadoop 710 2| Fag o] &) %Eiilﬂ%, BRE, B4 A0S 59
Hele =35 dolE] Ale] A% WAsE V) F9
g VI GREIFE 23RER TaEG] MR 28 F
£571 W2 CF& oAlX]Ql Taste 2lo]H g 3 F7 dXE HE vk
g s FmRIBel b AR} gle] fregol Befd
T 23 storage XA B R0] 271

- RS kst EAA BA Y 948 aed uhAS A0S
- RY F8 7 84%A dava, JRUF U+

- tlavai= ROIA] JavaZ ©]oX] QIE]H o] 2~ (R -> java)

- JRI:= Javaoll Al RZ ©]of%l QIEJH 0]~ (java -> R)
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- T} FEfQ] plot, chart, graph, map 5= A

<% 4-19> D3.js T3 & oA

Box Plols Bubble Chart Bullet Charts Calendar View
g e ST AT
e — - [ [ o e |
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<719 4-20> D3.js t¥s 8 oA

Circle Packing Population Stacked Bars Streamgraph
] Pyramid
2000

Sunburst Node-Link Tree Treemap Voronoi Diagn
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