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|. Real-Time Data Era

>>> Machine Learningat In—-Memory Computing2| A|CH

Memory BIT=X||, Data Era Wi Core ComponentZ 84

Global IT At &I Mobile EraE XLt Data EraZ O|Sot7| AIRIBHCE O Al7| Memory Y|
= Hardware SystemQ| H58 ZRdt= Core ComponentZ2M ZE4SIH, A9 Quantum
JumpE 7|12 ZI02 OJMECH Memory YHeMlE A 1990HHEE 2000E0H SEMHX|C] PC
Era SQf S4fot e HES0| SIS, A x| AR W HISE 15%0] S1HiCt. 2000
ZUIREH 2017@7HX2Q] Mobile Eralils 112 CHHOLR SEYM [AZ Qlof Aol ME4d0| tHE
Ao, MM g AE W HIZE 20%2 22k4CH O M2 X|Lt 2H178 AIXCZ Data
Eralf XIYHOH, Big Data HE ¢lot & 7|&&S A ot UCE Memory BteXl=s O &
oto] 'ttx X% OiM|(Passive Component)OfAl E10{Lt 'Machine LearningE ¢t Core

Component'2M Xt2| OfZotn JACH, SHeX AR W HISE &2 30%0H=Z tHE Jdetg dgolt.

Memory HH=X|| Af: Real Time Data EraZ XIS 2 Quantum Jump Ofkef

Big Fluctuations 3 Quantum Jump

O
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\ ‘Galaxy S
@ Android Market

App Store

RiE: AHERE, JIS5H SRIIE]

Memory EHEX| ARd ARG 20| 9! M Real Time Data EraZ X192 Quantum Jump Off4t
(UAEd)
250 1 mDRAM Sales Revenue Real-Time Data Era

NAND Sales Revenue Memory =X Quantum Jump
200 1

150

100 1 Mobile Era, At} LH H|S avg. 20%

50 A PC Era, BF=H| A L HIS avg. 15%
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Xt WSTS, DRAMeXchange, 71253 2IAXIMIE]
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Z538t= Big DataQl AA|Zt BAE @78t IS
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Smart City, Health Care 7|&9| &rXnt St 2030 1,2502712 238 2O E oAZ|H, & 300
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Zeta Bytesgt= PHL Y| DataZ e Aot

Connected Devices 2014E 1442CHOjIA 2030 1,25097H2 25

1258
Almost 15 connected devices per person on Earth by 2030! &% Connected
Devices
Smart Car
®. %
Al @ Smart Home
Wearable ’ 0‘
14.48 . Bio
! Smart Phone 3 . 85B
PC &b / Cloud " World
6.68 gr‘ 7.6B Population
7.2B
0.5B
2002 2008 2014 2020 2030
T eFdTRt, 7185 H 2RI
AAZIO 2 YXLI= Data Traffic 201840 = Data Traffic ZOIM| X|& &

2 0 1 7 This Is What Happens In An 2 0 1 8 This Is What Happens In An
Internet Minute Internet Minute

facebook. u
Google o000 16miion  YouflID

Logins Text
3.5 Million Messages 4.1 Million
Videos Vi

NETFLIX  averes o

70,017

s 342,000
Watched Apps Downloaded
@ $751,522 46,200 @
Spent Online Posts Uploaded Tnstagare.
1.8 Million
. r 452,000
Snaps
@ Soos SECONDS TueesSen
15,000
GIFs. Slenl via 959:;‘,0,20
Messenger ﬁ
° Gl 156 Million 4 38 Million 187 Million
Emails Sent Messages | Emails Sent
. 5:1 40,000
i loice-First Hours v
Linked ] | /occlt ) Lhtenes D < I i D o
S W @LoriLewis Loril. 22
CLFE l © spotity w@OfficiallyChadd e elyena

) @OfficiallyChadd

XtE: O, 7185 BMANIES X&), 7125 MKW
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Ch 71¥8E2 OlM 420 B2 Datall KO HE A0t XH2|E @6t UCH
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Big Data && Al: S0{L= Data Trafficlt SX6HXl= 24 7|8 7

Pl Big Data &8 Al
Netflix

\J

FIZEQl APY oj2int BY HE, 2K BB 52 ¢8010] XY I X =MW Lu2E He/29

Assurance SMH SUAl TS DA-Z|22h At 2Mg Soff JEEIt =2 A HARez o
Amazon 0249| Data & 7[RtCE, sl Do Fyu H4EFWM & WS 0=

Walmart O 29 Jff O|4Q| Helf Data Mg 7|BICR of Moie| AAH ZQste 2F

Zara HMAH OfEel T Data & &8 HME ZAl AI-/XY/ES SOf O HARF 24

Apple HAAH Aofoll Tt Big Data & E-83t04, Siri o 22U J|& gt

T-Mobile A4 2El Dol 0| ME M2 S 2E Jtsd =2 02 He

Citi Big Data 2418 Sofl thE MAte| Mt gt

ice oMol 10 ES HEol WEY &ol 2E Uy

A= 7I25H elMARIE

Ol2{st Q70 CHE3H7| Qs Google, Microsoft, Amazon S2| Cloud YHEL 'AAIZE Data Xz
7|&(Real-Time Data Analytics)' Q! Software Algorithmd} Hardware ArchitectureE e M3
Ct o) 7|&2 Xred XSKF SttolN d-El= 4TB/hourl P 4ol Datag HAlICE &
At 2= QU 1k SA00, 02 Atelel & WalE JtME Zo|ct.

2018E A2t Big Data T&/E49| AlLl(Real-Time Data Era) &4 st

B
5283 1 Real-time DataEra
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R e TR, 71852 SIMXPE

el XSk AlREE & 4 Tera Bytes©| Data 44

Raw Data Collection Breakdown:
*  40G/hour - sonar
e 6GB/hour — CANbus

Autonomous Test Vehicles Raw Data Collection:
*  4TB/hour

Raw Data Collection Breakdown:
*  600GB/hour - radar

*  140GB/hour - lidar

*  3.2TB/hour - camera

Costs:

*  $1M-$2M/AV vehicle in data center resources

* 10% of global data center infrastructure could be
dedicated to connected car in 2030

XI&Z: Intel(Flash Memory Summit 2018), 7|25 2IAMXMIE]
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Datall &A1t X2| A|2H0| =0| &&= Al7|

Data EraOfAi= Big Datall &AMt M2| A|ZH0| BHES+5 1 JHXP} J[6tEsEoz Ittt £t

QIZto| ot = gl STt Data?l Pattern(0lE ST QI2He| AH| Patternit AR Q| =2 QI

S)2 Computer(Machine)?t AA=Z QlAIGH 20t QICHH 0|F &8t MAZF Data
=)

—

Time-Value of Analyzed Data: Data 21 A|210] =0| &= A]Y|

Time—critical
Decisions

Information Half-Life In Decision-Making

Traditional “Batch”
Business Intelligence

Value of Data to Decision—Making

Real Seconds Minutes Hours Days Months:
Time
Xt&: Amazon, 7125 H 2IMXMIE

7|1Z Hardware?|&2& Big Datal| MAZE 2401 Kot 87Hs01Ct 0 Mt Google, Microsoft,
Amazon, Alibaba, Tencent S9| Cloud Service YHIE2 SHHIE FHOE?| Qo "IHdst T
Server 2HAEO0| F=2"&t SA|0f, In-Memory Computing 7|&8 X8t Machine Leaning
Algorithm2 JHERHCH 1 Z3} In-Memory System2 £% Big Datall AMARF £A40] ISR
0, Machine LeaningE FSAIZCZM 1O SOt Q20| 45 & £~ gl= ST ¥F IES HI=

L20f 28% = A =t

Machine Learning2 &%t Data &4 223}

v

rtificial Intelligenc

(Any technigue that enable
computers to mimic human brain)
—

ITnn

Machine learning

(Any technique that learns
using statistical methods)
_m—

Asics

" Al on cloud
Al on Edge

0 <=

Deep
Learning

(Multi layered e
neutral network L

€66o55>

AU ™

exposed to vast Ormuioe  @rcsiave @Otk Lo
amount of data)

S

f

XI&: IBM(Flash Memory Summit 2018), 7183 2IXXPIE




Il. Machine Learning

>>> Big Data && =Ul2} 7|=, In-Memory Computing =21 ZQ
Machine LearningO|2t 221017}

RIS XIs(Al, Artificial Intelligence)Q| SI2[JHE0| £dt= Machlne Learning2 £%4 Algorithm2

Eoff U2 DataS £M6t1, DataQ| Patterng Q4B & QlASH Patterng HIZ O Z RIS 0
Zdt= 7I1&0ICt Machine Learning®| &4 0td & ’.é-_u%l 0| QUCHH SystemQ| Patterng Sl

=got CHAl ofEotH =0, O oM Qizte] FFOE e Tes Sith seg + Us

o o

DataQ| 27} YS42 =0 I"QPEN =0IX|0, 05 sl =2 El Model Eot G2 FuoslzTICt,
= "
= [¢]

Machine Learning O|™Olli= HREIL y=2x2t= &8 L 7| oliM= QI2ho| y=2x2te &=
2 TF Qs Efoforat §ﬂcr Machine Learning2 &9 °'é 210l (x, y)o Heh & (1, 2), (2,
4), (4, 8), (10, 20), (13, 26), (121, 242) S| = UL DataE UHSIH, Computer?t O|F st&0t =
(19, ?)at (55, ?)2t= =20 y el 381 1102 ZuE UoiF& 7[=0[ch &, o o4 y=2x2t=
g8 A UHOITX| Qfote EOh AH[X; dsT 22 SEt g5 2I7Ho| #Mﬂ@ T L=t
X| 9H2tE Big DataOf CHeH MARF 842 E81 Computer?t dliid Pattern2 QIAIBHY| THZ0f, A

22 HZ S0 et 20| JHsoEct.

Machine Learning: Experience(Historical Data)2| /20t Computer Algorithm2| FeedbackE Stt at&

Class of Tasks
Experience C_omputer _
(Learning Algorithm)
. -7
pf
pe?
"
Feedback
‘\-_—d
.

XI2: Oregon State University, 71252 2IMXIMIE

Al D Machine Learning D Deep Learning Big Datag Machine?| st&2 2ol &g

Machines’ data for machines

Artificial Intelligence - Computers
with the ability to reason as humans

Machine Learning -
Computers with the ability to

learn without being explicitly
programed

Deep Learning -
Network capable of
adapting itself to new
data

(L4
||||l’ﬁ-@

XiE: O, 7185 BN & O, 7125 MKW

MRSEle




|

QUZE AtTIQ] BT S8 AAR US0|, O SO EJts WY ASZ 7tsoHAH ottt

Machine Learning2 M 28 S8 Hel &X| L AARE AP 2M, A0 dF2 MRI/CT S
ZIE Image 248 E%F MAIZE XTh X[ e-Commerce QMO MARF 124 = IHEH 2EM8 &
ot Sales Marketing S0l 2&&7] ARRICtH Y20l I S 27ts AE 714 OfH o=, el
UEY AH IEH 2AM 4 AAMS 9t HARN MY, Smart City, AIEFY Atk S0 2E&H

el Afele] 2 HotE OlF A2 O et

37tX| =2 Machine Learning Algorithm

Machine Learning

= Facial and Gesture Recognition = Recommendation Engines = Robotics

= Speech Recognition = Customer Segmentation = Autonomous Vehicles
* |dentity Fraud Detection = Big Data Visualization = Learning Tasks

= Search Engines = Feature Elicitation * Real-Time Decisioning
* Weather Forecasting = Scientific Discovery = Gaming Al

A& Gartner, 71253 2AXKIE

Data’t ¥E4E QXJt SO|SH, WELES
= =

I.AO

Machine, & Computer?} DataQl e&& Sdf
2I0lA Ztolgt 2= QICt Computer0f Big DataS 26t
o[ = Event7f LHEH 7| FEdE Models Sl ':.JS FEoiCt Q2 ¢ oY E
Hoj| Chot ef=~(0lE ST y=2xEL} 01 STt +A)E TEX| 0te &7 W&of, ol 1
Computer2 ZX| ZHE At FH9| -.-I1| = ofIZY = U 0| Bt 0|F i 212tol
K2 X28
|

Zut 2to| JHKIt STttt

o]
Y UHOFX| 940t Computer AAZI} y=2 > UAS HEo| U2 Data’t WEH &
SO0t SHH, Zat FA| MARICZ TEE|00F 87| CHE0], Machine Learning®| 7152 {loiA]
= DataQ| &M £&7F 7|& UiH| J[6lg+XM22 SIIoofer St

0|E 7ts6HAl 17| 26 In-Memory ComputingOl2t= ME2 Architecture?t Cloud-based Data
Center0f| HEE|7| AIRIRHC

Machine Learning?| &XQl Operational Pipeline

Training
Data N (DETE) (CEEGIES »| Model Training » Model Validation
Feature Eng
|
pp— ! Model
1
v Inference
Live Data » Feature Eng Model Prediction
Business
Application -
¢—— Prediction

Xt&: ParallelM(Flash Memory Summit 2018), 7|85 2IMXMIE



AAH|Of: 2020 A2 23 Exa Bytes &A1 HQ, Machine LearningE &80610{ ZITh

- L o . d Strategic Pillars
oWe oo s e o fe oo
AU VR I
Interoperability
o o Network connecting
Constituents
' $ ¢ }
Develop a Next
Healthcare cloud platform Generation delivery

q o " mechansm basedon a
Data Management Mobility Interoperability secure Cloud Platform
$ $ $

%

| =ii=)
=0

that support dervatve
datadriven solutons

| Healthcare solutions | Integrate Current and
[ [ [ [ [ [ [ Future Solutions
Ayl Electronic Revenue R through the cloud to
Analytics (Tl & Medical Cycle PRV REpEE Others dcij:gy at scnleu
Storage o Solutions & Alerting
Records Services

Xt2: Dell, 7125 SIMXIMIE

7S o&e Tk SA0i| AFRE Machine Learning 71&
ANALYZING SATELLITE IMAGES IN-FIELD MONITORING ASSESSING CROP/SOIL HEALTH
& —— i:;"' é

! S A
GHowGom| Sksaarrel E1 S

. Pescartes  farmshOts BAGRIEYE  SKYCISIXN Aﬁvi\o o ooy X0 TRACE “indigo
Koy & GAMAYA peat.  BENSON HiLI
O Orbital Insight () Omniarth VRESEGNG"CW" E
PREDICTIVE ANALYTICS AGRICULTURAL ROBOTS
°,00, Il

o)

e s—
e . @Dcearearn Tagler i
CBINSIGHTS ecce aWhere® oemma RouwsRyER (@) shundon

XI&: Flash Memory Summit 2018, 71257 2IAXIHIE

Xtg Y A2t 5 Zeta BytesQ| DataOf| Chigh &AIZE 241 R, Machine LearningS &r&%H A{H|A FH|

Connected Cars Driving Data USD$450B - $700B

Value of data per year*
*McKinsey - 2030

Telematics |
_OTA

72GB (
per day

per car

Management
Center

Fleet
Management

Xt&: Western Digital, 7[252 2|AXIMIE
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lll. In-Memory Computing

_

>>> DRAM E{EF 71 HBM M&0| Server AsS X125l

Parallel Processing M892 Server W Main Memory2| EE &5

Ct

o

In-Memory Computing2 &AZt Data &4(Real-Time Analytics)2 QoA 71&(Serial
Processing)t &2 HE H4H(Parallel Processing)2 &&6t= MZ& System ArchitectureO|C},

Ofgf JZI0jlA &olgt 4= QIS0|, CPU-based Processing®| 7|& Servers Input Data®t Control
Program@| Gi&t& & CPUOIA +&3ICt Datat Control Program& SAl0] H2lg &~ Us
CoreQ| =7t 8~32710 €1t5t7| Uf20], JICHSE ¥ 2| Data’t 41 =AE 7|Ct2|H HDD(Hard Disk
Drive)ofl M&E|0| UZ == 54of| QiCt.

In-Memory Computing2 7|& gAlnt &2| 9 Datat 2% Main Memory0| X&EH, HDDE=
Che Back-up 2E2Z0H AF2EICEH 3,072~5,120742 CoreZ 4%l GPGPU(General-Purpose
Computing in Graphics Processing Unit)g 0|&%t HE X2|E VI[85 | 0], HAE= Data-
setQ| A7t 28 & Mega BytesO|A == Tera BytesOl| O|EC}. Data?l 0|50| CPU/GPGPUSt
Main Memory AFO[OflA] EIF 2dsty| Uh20], Computing £&27F @ B2 ATt

Disk-based Computing vs. In-Memory Computing

| Disk-based Computing | | In-Memory Computing |
>
FQ Ho|g Main Memory
Ueak Hj=22|0f Cache \\ Main Memory I
i N (DIMM) s S
9 tlofe] 13 rard Disi
L] Tape Hard Disk, Tape ko]

X2 LG CNS, 7|25 2IMXRIE]

Machine Learning2 2[¢} Parallel Processing: %2 2| DataE SA0f Xg| &

Traditional Sequential CPU-based Processing Heterogeneous Parallel Processing

Input Data PControI Input Data | Input Data  Input Data | Input Data | Input Data | Input Data I
rogram
Input Data
Input Data
Input Data
Input Data GPU (Hundreds of Cores) GPU (Hundreds of Cores)
SOl Input Data H H
Program
CPU (Multiple Cores) CPU [Multiple Cores) . -
H H
' o oo
GPU (Hundreds of Cores) GPU (Hundreds of Cores)
D e = =
H
aa 2
aa :
s

HITE

Output Data Output Data |

A 7IZ5H SIMARIE



Google?| GFS(Google File System), Apache Spark@t Hadoop S92 SoftwareE O|&dt/| &
Ol Sale-out(EEZ A ot Hds P 0|Ex Ihsditt. RE AA T ALAAQ!I Hadoop2
8 DataE §H 2719 Blockl=Z LA 24t MEAP|= YAS EBSHH, 24 MAE Datall
QX HEE Master ServerZ XA O3] Q| Storage(DIMM)ZRE| Datas sHHO|(Parallel)
27| W20, Datall ME A X2| £=It 0L =0t o HE it 7|52 AF8SIER, Server Unit
HEE AZEC =M SystemQ| ds2 & A2 = UCt Apache Sparke HadoopO| 2811 U
AARE 8Mo| SIS EA517| QS T4 AXICZ In-Memory Computing0il £|XS}z|of Qo
Voice Recognition, Facial Recognition, Machine Learning, Graphic Data Analytics& X|/$H},

rir mjo

wRESl

GFS(Google File System) JHEE: &E 2|2 &5 T4t

ile
Chunks 1

Chunk

e —7/  server
e & 7Y

<5 1©

- oct Acce !
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Chunk Chunk ile
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o W A
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o the ChUn '
k Chunk
Server

A= 7S5 2MXPE

System ‘g5 &2 Server Unitg EEE £t 2THMPURL DRAM| AB™ 23)61 s

In—-Memory Computing2| Scale—out
Control

| —

GPU (Hundreds of Cores) GPU (Hundreds of Cores) GPU (Hundreds of Cores)

CPU [Multiple Cores)  CPU [Multiple Cores)
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Server DRAM, Main Memory2M 2| AtEEH 25

In-Memory Computing®ilAf Input Datag X&dH= Main Memory2= DRAM ModuleO| AHZEICE,
ofeff IOl =olgh &~ QU= AN, DRAME SUHHCZ HM JtAS Hifgt =2, J|E Disk O
H| 1,0008f O&el At £EE Computingdll MISOHECH Eot GPGPUS| &E A £E9F =M
Q| Corelf UEY = US =2 X118 DRAMO| AFBE[0{0fTt, In-Memory ComputingE &
8%t Machine Learning0| 7+sdiiZICtH

Server DRAMZ 0| 7[¢te=z SHEI|Hl =9 ZANPt X&E To|Ct.

Main Memory2 7P B2 DRAMEZ ARE. Cost Saving 2Lt High Performance?t 2061t

§ Log scale

=

5 Estimation of Performance vs, Cost

; el

o
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Parallel Processing2 /¢t HBM1} GDDRe| AtEX <y

Main Memory®t HIHZ, & HH S 36t et GPGPUOlE HBM(High Bandwidth
Memory)dt Graphic DRAM(GDDR) S0| Module®t £ Hs2 =Ciet AlZICE. HBM2
TSV(Through Silicon Via) 7|&2& 0|&3%t0{ DRAM Chipof OJAlgt 2HE &0 of 1 el DRAMS
A AZI HECZM, Interposers E6l GPGPURF HZL|H J|Z= HE CHY| o 9 MAHY 1S0|
Jtsdl Tt X2 ZAIE HMB2&= Z Uid] 2df S0t 1,025Gb2| DRAM Dieg AtESHH, HE
IH<=0f w2t | 8GB2| Density/CubeE Xl&dtd QCt

HBM(High Bandwidth Memory)2t GPUE Packaging®t Accelerator?| 7|& F1&

HIGH-BANDWIDTH
MEMORY

HemoRAMDie ' ' 1!
Cai
HBMIDRAM Die

World’s first GPU to feature AN

HBM DRAM Die
advanced HBM technology =
Unprecedented high-bandwidth memory HBM:DRAMIDIE

- 60% higher memory bandwidth than Radeon™ R9 290X2° Logic Die 1 s GPU
'. L Sn .

Engineered to meet and exceed the performance
demands of 4K and VR gaming
ELEHS

- 4X Bandwidth per watt improvement from Radeon™ R9 290X*?
- Increased bandwidth

- 4096-bit memory interface

- Enables Small Form Factors

X2 AMD, 71258 EIMARIE]
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In-Memory Computing s StiatE 2ot HBMQ| =2 =i
Bandwidth T

Machine Learning .ﬂ mo

System Architecture / °|)|
rH

~ Accelerator ®
(GPGPU, FPGA, ASIC) /
HBM ®
+ / -7
@
GDDR6 /./
High Perf. Memory ®
(HBM gdé, GD5)
2016 2018 2020

Xi=: LG CNS, 71858 2IMKIIE

HMB2 HE As: Server®| Hardware Accelerator0f| X|&sIE[0] Q1

4 Cores
}' 2 Cores

B Cores

— Base die

8Gb based i 9mKGSD 5mKGSD 3mKGSD
Density/Cube (GB) 8GB i 4GB i 2GB
10 1024 1024 1024
Speed/pin (Gbps) 1.0 1.6 20 1.0 1.6 20 1.0 1.6 20
Bandwidth (GB/s) 128 204 256 128 204 256 128 204 256
Usage HPC, Server ' HPC, Server, Graphics, Network ' Graphics, Cache
Config. / system 8/ 6/ 4 Cube 4 /2 /1 Cube 2/ 1 Cube

K& SKolo|HA, F1852 2IMXIHIE

NVidia®| DGX-2: GPU2t RAMQ| HE HAS &¢t System &5 =CHSt

Every GPU-to-GPU
at 300 GB/sec

K= NVidia, 71253 2IMXAIE
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DRAM, In-Memory Computing?| d& Zt26= Core ComponentZ2 54

Bl 2, AA)ZE Data M8 SHOZ St= In-Memory ComputingOlAle Server System M
toil 2 DRAMS| ‘g5t 0| X|thet Fek2 71X Tt Input Datag 12| Accelerator2
HESH| QoiMe 10| o50ts 12 Server DRAMO| E4=X(Server DRAMO| Bt EXiE &
71'O|H, O] AcceleratorQ| 11 SXf2 IUI6H| QsHA= 'HBMIF 22 X1 DRAM Package
7t AR (HBME| &t =2 &F) &|0{ofer 517 Wh=OlCt.

Xt 441 A2t DRAME Computing DataZ® T& X&SH= Passive ComponentZM X0 2t
X|g@k, Machine Learning2 Z8%t= Real-Time Data EraOjii= Server System@| Core
Component=M 1 40| =02 AOo|Ct,

L o

M

Ultra High Density
ORAM

Ultra High Density
DRAM

Ll

"8 DRAM + SSD + Hardware Accelerator(GPGPU + DRAM)"2| Scale-outE &% s -1

CPU
T

vy
[YYYY

Scale-out

Accelerator Accelerator
‘ (NSE‘,\?DSPS;%EM) ‘ (GPGPU + DRAM) (GPGPU + DRAM)
(FPGAS + NAND) (FPGAS + NAND)

A& Gartner, 71253 2AXKIE

DGX-2: 1.5TB DRAM(System Memory) + 30TB SSD(Storage) + 512GB HBM2(GPU Memory) M&

16x Tesla V100 32GB
12x NVSwitch

NVLink Plane Card

8x EDR 1B/100 GigE

2x Xeon Platinum

1.5TB System Memory

30TB NVME SSDs PCle Switch Complex

XI&: Nvidia, 7123H 2AXdIg



Network &5 24 Q[6l StorageE HDDOJAM SSDZ HE

NAND 9A| SSD HBAHE Sot AHEF S7t7F Ol ECt Main Systemzt Data A& A (Storage)
2ol MEEE S Qo 71Z HDDIF SSDE CHA|E|ofoFet &t7| WHEOICH $X§ HDDQ| Data M&
£ &= 130MbpsE, Network £&(10Gbps)@t 7649 ZXEH EXfetCt. HDD CHH| 100HH B2 SSD
£ A8 2=2M Network®l Storage?to| £ ZXt0f| THE Bottleneckg oA + U2H, 3D
NANDQ| 7l& gXo| X|&Eat & 0L/ /Xotel HHo| 42 dokE Aot

Xt 2062t0] HIZE 71& &M | Network £&5 % I2tRE= HDD
5 MB/$

7.15 MIPS

143t
7644
25HH 130 Mbps
0.005 MIPS 0.02 MB/$ 100 Mbps 5 Mbps

cPU Memory Network Disk Data
(MB/$) Speed Transfer

A& LG CNS, 71258 2IMAPIIE]

HDD2t SSD9| Low Latency 2&AE HDD2| SSDZ2| WHIZ, Network & 100t 2k

= I 00x ' 10K RPM
RAMAC 350 Access time reduction ~Bms access
600ms

~10,000x @ M. NANDSSD
Access time reduction " ~60us access
—T—

All Flash StorageE Atgst Data Center 74

X2 SNIA, 71553 2IAXRIE

NVMe Scale-Out Performance
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>>> OH| AROf =2t Memory =X E7[ S8A TR Ol

Cloud-based Data Center =2 SNl X|&

SIX TMAH 1T AHO| olmat EXt &= 14% METH0| Cloud-based Data Center2 X|[EED UQH,
LIHX| 86%2| XIEZL OiX5| 7|1Z9] IT Outsourcingdt On-Premise Q1T2t EXt2 Z2{7t1 QUCH,
0| 86%2| EXI X|=2 &= Machine LearningZ}t In-Memory Computing®| =2 70 SHtt|=
Memory Bre=X| A1) H&ol V|5 QQI0= X-8g Zo|Ct,

Machine LearningS &t AI0| FXtot 7|ASE OfE 4% +=F0| Sufstct, LIHX| 7|1¥E2| 21%
= HIE0RE, It 25%= BHV|INoE EAfd A2E #1 U= AOE AT QUCEH 2H170] Al
Zt=l In-Memory ComputingOil CHet EX17F O|X| AXt0| Enf6ithe HE WSO}

LS|

Cloud ServiceE 412dk= OlF Infrastructure AR LH Cloud HIF: OJX|| ARF THA|

Cloud Adoption Is Driven by Real and Perceived Benefits

In Cloud,
14%

Secure
Self-Service  "*" v
Innovative
Cost-Effective
Scalable and Elastic  PayperUse Premise,

86%

Resilient Ad aptive
X2 Garner, 7125 2IMAKIE Xt2: Gartner, 7|85 ZIAXNIE

Machine Learning0i thet 2 7|2S9| EXt A

Organizations' Plans for Al

No interest On the radar, In mid- or In short-term Have already
no action long-term planning or invested and
planned planning actively deployed
experimenting

1D: 341522 © 2018 Gartner, Inc

Question: "What are your organization's plans in terms of artificial intelligence?"
n = 3,138 respondents to the 2018 Gartner CIO Survey (excluding "Don't knows")

X2 Gartner, 7125 2IAXKIH



Public CloudE &0{ Application Oriented Data CenterOf| CHet £Xt 223t

U

=

T Public & Hybrid Cloud Application Oriented D/C oo
Auto, Company ,/' E

s

loT
Telco Compan
— Auto Maker’s

Own D/C
Autonomous Car

N
5G

.Com & Forbes 100
Edge & Core

Hybrid Cloud

US Data Center (On—Premise < Public Cloud)

Forbes
“100-,

China D/C

Time

A= AR 7125 SMAKIE

Machine Learning2} In-Memory Computings S4I9 £ ot Data Center £Xt X|&

o =
G loT Connected
/ Auto
Enablers
Al Connecti In-Memory

56 (Real-time
Analytics)
) .
— | Co—
Industry 4.0 E' ........ e
—

Data Center Data Created
And stored

.
Years

nnectivity

Gaming

Mobile

K2 oA, 71850 SMARIE]
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In-Memory Computing, Memory 9t=H| 7| &M X

Machine Learningdt In-Memory Computing2| AR &I} 2ASHE0| Ut Server MemoryOflAf
XHX[Ste =2 HIFO0| 2018 20%0iA 20234 65% +ENHX| 2T o= YL Fot F
Memory BtE=X0A XtX[SHs Server MemoryQ| HISE 20183 24%0{A 2023E 40%= SIre
o2 J|tiE|t, O]= DRAMZ} NANDO| Blended ASP 4502 XIZE! Ji0|Ct,

Server Memory £=Q H|ZE Zilf — DRAMZ NANDS| Blended ASP A&502 XIE

’ Al and In-Memory portion of Server Memory

» Traditional
In—-Memory

€@ -

Traditional In-Memory

W/W Memory Revenue by Application

‘r\/er Server
- -

Server H|Z 2} HHE0{ PassiveOiAl Core Component22| {4 Wiat= Memory StEH|Q &
7] GEE OIF A= Mt Memory 2HEH|E Core ComponentE AHESHCH= A2 Server 11
HS9| FO0f YZEIF JtHO| Ofl Performanced| S EC= A2 206, MO = JHH0| =
2 Server MemoryQ| H|E &7h= blended ASPQ| &&22Z O0|0{&E Z10|7| W20|ct,

Xf2el TRy, 71852 SMARIE]

Memory Demand A3%HM| X[ Xt

(A

250 1 mDRAM Sales Revenue Core Component29| st st
NAND Sales Revenue Sustainable Growth A|&} 712t

200
150 1

100 1 Memory YHZH|= System U Passive Component2i{o] Sig 43

50 A

0

‘82 '84 '86 '88 90 92 '94 '96 '98 '00 '02 '04 '06 '08 '10 '12 '14 '16 '18E '20E '22E
Xz 7125 SMAHIE



Cloud Service A|%: 0|21 528 S49ZF 3t Data Center E£X} x|
Cloud Service AJROZ ZEA| =2 S2{EX} MMH Cloud ServiceO|| CigH AH|X} X|ZHS 2017
G 71,4509 HE JI2MOH, 2022HE0= = 31809 2{(+17%CAGR)0| EEE ZIOZ oA =ICt

— AM—

Cloud Service End-User Spending: 2017 ~ 20224 +17%CAGR g% MY

NCEE

EEL)
400
318
300 -
200 A
145
) J I I I
0 - T T T T T T T
2015 2016 2017 2018E 2019E 2020E 2021E 2022E

A& Gartner, 7|23 2AXKHIH

2t Segment H0|A= In-Memory Computing® =8 372 0|1 Ue Al Platformit
Database Management Systems, Al Application, laaS(Infrastructure as a Service)2| HHEO0|
AY s 2 Zo= Holg Aoz BMEr

— T1—

Cloud Service End-User Spending: Al/ML 2= Service A%E +21~32%CAGR, A1 Ta THE A3

(CAGR)
40% -
32%
28% o
30% A (e} 25% 27%
o o o
o) 21%
20% A Ao HRENE o
e e e 6 ———
10% 1 14%
0% T T T T T
Al Platform Database Mgmt Al Applications Project Mgmt laasS Others
Systems

Xj=: Gartner, 71253 2IMXMIE]

X2 0|29 X|ZE0| YEXoZ &7|(20179 7|E 63% HIE) R0, In-Memory Computing
o EXto} AH| XE U2 0|=2] Macro gt 2 dudg JHE Aot 3= Cloud Service
A LHOIIM ©FX] 2% &0 sufet HISE XHXA[GH ATt It 22 SAHXD A= 559 37|
9} Server DRAM 0if ZA9| 28 S& Cloud Service AIEDI Memory BHEX| AP TXH|Qf
L=z SftioiM & TaE it

In-Memory Computing?| CapEx £t #HE HAE He laaS 200N = O|=2| HIE2 65%
£ AX[Btn o, 322 T FRECH= GHE STOIA tigXQl ARo| & Zio|ct,
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Cloud Service T AEH ™ AR HISL O|=20] 63%E A=H, S22 2% =5 2120174 J|F)

()
400 - mUS
= China
300 + mEU
m Others
200
e ] I
2015 2016 2017 2018E 2019E 2020E 2021E 2022E

Xt&: Gartner, 71853 2IMXPAIE

laaS AR HY: OI=0| by 2 A, 5= F8ME O

15 "6 ='17 w=m'I8E m'I9E m'20E m'21E m'22E

us China EU Others
A& Gartner, 7123 2IMXKIH

In-Memory Computing Service Market Trend: In-Memory Computing “&& &2}

Revenue

SAP Core + BI
(Business Suite, ECC)

1992 2003 2018 2021
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IV. Memory BI=X| =g ML

>>> DRAM =g Y

3 SS SN oL gt

20199 DRAM M2 200l 0|0f Tightet +=g0| X|&E HYO|Ct 2019 DRAM Q= Server
£ MBS =9 Application® Density(GB/System) St Qlo +19%YoY &6, 3= (Real
Capacity)2 Al HH[el EXHo|e S0t 7|1E HH|Q 3-HMet 280] gd0tH +19%YoY =&
O B2t LIEHd MYOICH Tightet i1 +F0| FX|=|H, Soiet HIxxot 2 SE0| Ot

-

DRAM Yearly Supply and Demand Analysis: 2019E0||< Tightst 5 X|&E Y

Al
:;'OﬂGb) DRAM Supply DRAM Demand —O— DRAM Oversupply Ratio($) o
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E7E0| ME =, 20198 XXt S50 YUY JYOICE 1019 35 UIE(+0.3%) FA| X|
o 1018 =F(+0.5%)2 H|=6H0| W0 3| PZCrot 72 oLt Tt Smartphone?l
Memory Contents 7t £ZI6t7| {iet Mobile DRAMO| 7+ X=HO| LIEfY O 2 O E|H, In-

Memory Computing =2 Xt=2 @[$t Server DRAMO| J1H SlatE AXE LIEHS 540 ZXHSHCL,
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DRAM Quarterly Supply and Demand Analysis: 2Q19 28 £ 20 IHZIQ! oA
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DRAM Supply and Demand Analysis (£+9f: einiGh, etokxl/2)
1Q18 2Q18 3QI18E 4QI8E 1QI%E 2QI19E 3QI%E 40QI% 2017 2018E 2019%E

Oversupply Ratio 05% -1.1% -07% -1.6% 03% -06% -04% -15% -07% -0.7% -0.6%

DRAM Supply 25,721 26,553 27,414 29,230 30,208 31,327 32,971 34,827 90,686 108,918 129,334
Wafer Capa 1.16 1.18 1.21 1.22 1.23 1.24 1.27 1.30 1.12 1.19 1.26
DRAM Demand 25,581 26,857 27,598 29,701 30,114 31,503 33,117 35,362 91,368 109,738 130,096

DRAM Supply 25721 26553 27,414 29,230 30,208 31,327 32,971 34,827 90,686 108,918 129,334
Samsung 10,312 10,828 12,668 13,302 13,036 13,688 14,783 15,078 38,956 47,110 56,585
SK Hynix 6,910 7,982 8620 8793 8529 9467 10,130 10,332 26,390 32,305 38,458
Micron Group 6,994 7,001 7,281 7,427 7,724 7,878 8,272 8,851 24,722 28,702 32,725
Nanya 730 883 963 982 963 991 1,041 1,062 2,409 3,559 4,057
Powerchip 340 371 382 408 396 416 420 449 1,383 1,500 1,682
Winbond 102 107 114 124 132 134 136 141 359 446 543

DRAM Demand 25,581 26,857 27,598 29,701 30,114 31,503 33,117 35,362 91,368 109,738 130,096
Server 7,194 8,634 9,535 10,052 9,240 11,003 12,279 13,982 25,474 35,414 46,504
Desktop PC 1,039 1,072 1,093 1,169 1,058 1,085 1,113 1,195 4,097 4,374 4,450
Note PC 1,538 1,558 1,766 1,833 1,620 1,670 1,911 1,944 6,323 6,695 7,146
Mobile Phone 7,661 8,144 9,429 10,567 8,561 9,484 10,430 11,081 30,917 35801 39,556
Tablet PC 661 708 770 984 678 698 742 871 3,156 3,122 2,988
LCD/OLED TV 939 915 1,101 1,442 1,059 1,087 1,369 1,760 3,591 4,398 5,275
Memory Module 532 549 560 599 542 555 570 612 2,097 2,239 2,278
Graphic Card 260 318 356 358 318 357 418 398 1,010 1,291 1,491

Bit Growth (QoQ/YoY)

DRAM Supply 4% 3% 3% 7% 3% 4% 5% 6% 20% 20% 19%
Samsung -1% 5% 17% 5% -2% 5% 8% 2% 15% 21% 20%
SK Hynix -5% 16% 8% 2% -3% 11% 7% 2% 25% 22% 19%
Micron Group 4% 0% 4% 2% 4% 2% 5% 7% 39% 16% 14%
Nanya 8% 21% 9% 2% -2% 3% 5% 2% -4% 48% 14%
Powerchip -3% 9% 3% 7% -3% 5% 1% 7% 17% 8% 12%
Winbond 3% 5% 6% 9% 7% 1% 2% 3% 9% 24% 22%

DRAM Demand 2% 5% 3% 8% 1% 5% 5% 7% 24% 20% 19%
Server -5% 20% 10% 5% -8% 19% 12% 14% 47% 39% 31%
Desktop PC 7% 3% 2% 7% -9% 3% 3% 7% -1% 7% 2%
Note PC -14% 1% 13% 4% -12% 3% 14% 2% 8% 6% 7%
Mobile Phone -15% 6% 16% 12% -19% 11% 10% 6% 9% 16% 10%
Tablet PC -33% 7% 9% 28% -31% 3% 6% 17% 7% -1% -4%
LCD/OLED TV -22% -3% 20% 31% -27% 3% 26% 29% 16% 22% 20%
Memory Module 7% 3% 2% 7% -9% 3% 3% 7% -3% 7% 2%
Graphic Card -2% 23% 12% 1% -11% 12% 17% -5% 33% 28% 15%

e 7S BIMKHIE]



DRAM £=Q HMYUX| M =H: 20199 Bit Growth +19%YoY

20194 DRAM £=Q XUXIE J|Z& +17%YoYO|A +19%YoYE & ZHOICt Application® %=
Bt Server +33%YoY, Smartphone +11%YoY, Graphic +17%YoY, Tablet PC -4%YoY, TV
+19%YoY, PC +3%YoYZ2 2i2f Of&fotct,

In-Memory Computing ZftHoj| 2 Server DRAMI} Graphic DRAMS| =2 ZNIE O AGHH, Al
20| X5 o =0 et Ay HOXECl & =0t =O0tE 2102t TSt Mobile
DRAMO| HYX|= J|Z ARHS RXISIXIR, 7HCost/bit) Bt2f $70 IZi(Asp/bit) si2re SOls}
= Z2YMISel T2k0| Contents Growth(Smartphone W DRAM Tz B ZIhHE £XIE IHs
40| =O0tX|1 (Tt 2019 Mobile DRAMO| £=Q7t TAO| OIMXIE M3[EH THs/0| &CHes TE
o|ct.

SREEe

DRAM Demand Bit Growth: Machine Learning 5 2|$t In-Memory Computing X} ZHM| K|
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2019 DRAM Demand Bit Growth: In-Memory-& Server DRAM 5! Graphic DRAM =2 ZtA| O &
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Mobile DRAME &7} SHEfRHE9| 714 SH0| Al d&E O| &Lt
7t4 20| O4El= Mobile Memory(Mobile DRAM, eMMC, UFS S) AIEE ItHOZ {7t
(Cost/bit) SIHTIE2| JtAH(ASP/bit) df2fe Sof d¥oiRiCte &2 QXY ERJt UCH of
Mobile DRAMZ} Mobile NAND(eMMC, UFS)Q| Blended ASP Z=0|& EWH X2 & J &7
ot XH9| Memory StEX| % CycleOi= X[EXQ! 71 10| LIEfRICH=: g 2feld 5

Mobile DRAM Blended ASP Z:0|: Cost/bit |2 BF20| ASP/bit B}2H0| A|RF MEF =
(USD/Gb) Mobile DRAM Blended ASP
2.4 r 20%
—O= ASP Growth Rate +13%
I 10%
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1Q12 3012 1013 3QI13 1Q14 30Q14 1QI5 3Q15 1Q16 3Ql16 1017 3Q17 1Q18 3018
A2 7125 2IMARIE
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Equilibrium AEIE QX6 2Tt T2t X| 289202 Server DRAM &2 HIE S7HMobile DRAM
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DRAM Demand Analysis (cr9|: e4aiGh, gty

1Q18 2Q18 3QI18E 4QI8 1QI9E 2QI19E 3QI9E 4QI%E 2017  2018E 2019E

DRAM Demand 3,198 3,357 3,450 3,713 3,764 3,938 4,140 4,420 11,421 13,717 16,262
Server 899 1,079 1,192 1,256 1,170 1,393 1,554 1,770 3,184 4,427 5,887
Desktop PC 130 134 137 146 132 136 139 147 512 547 554
Note PC 192 195 221 229 198 204 233 237 790 837 872
Mobile Phone 958 1,018 1,179 1,321 1,070 1,186 1,304 1,385 3,865 4,475 4,945
Tablet PC 83 88 96 123 85 87 93 109 395 390 373
LCD/OLED TV 117 114 138 180 132 136 168 216 449 550 653
Graphic Card 32 40 44 45 40 45 52 53 126 161 190

%YoY 22% 23% 18% 18% 18% 17% 20% 19% 24% 20% 19%
Server 43% 43% 40% 33% 30% 29% 30% 4% 47% 39% 33%
Desktop PC 6% 9% 8% 5% 2% 1% 2% 0% -1% 7% 1%
Note PC 6% 9% 6% 3% 3% 5% 6% 4% 8% 6% 4%
Mobile Phone 15% 16% 15% 17% 12% 16% 11% 5% 9% 16% 10%
Tablet PC -1% -1% -2% -1% 3% -1% 4%  -11% 7% -1% 4%
LCD/OLED TV 30% 26% 19% 19% 13% 19% 22% 20% 16% 22% 19%
Graphic Card 18% 30% 27% 35% 23% 12% 18% 18% 33% 28% 17%

DRAM GB/System
Server 237 255 270 282 299 318 340 381 194 262 336
Desktop PC 55 5.6 5.6 5.7 58 5.8 5.9 6.0 5.1 5.6 5.9
Note PC 53 53 53 54 55 5.6 5.7 5.7 5.0 53 5.6
Mobile Phone 2.4 2.5 2.6 2.7 2.6 29 2.9 3.0 2.2 2.6 2.9
Tablet PC 2.7 2.7 2.7 2.7 2.7 2.7 2.8 2.8 2.5 2.7 2.8
LCD/OLED TV 2.4 25 2.6 2.7 2.9 3.0 3.1 3.2 2.1 2.6 3.1
Graphic 2.4 2.6 2.7 2.8 2.9 3.1 3.2 33 2.2 2.6 3.1

%YoY
Server 40% 38% 34% 30% 26% 25% 26% 35% 42% 35% 28%
Desktop PC 9% 9% 9% 10% 5% 5% 5% 4% 4% 10% 5%
Note PC 8% 6% 4% 4% 4% 5% 7% 7% 9% 5% 6%
Mobile Phone 22% 20% 16% 11% 11% 16% 12% 10% 13% 17% 12%
Tablet PC 13% 13% 7% 5% 2% 1% 4% 5% 14% 9% 3%
LCD/OLED TV 20% 20% 20% 20% 20% 20% 19% 19% 20% 20% 20%
Graphic 20% 21% 21% 22% 21% 20% 19% 18% 20% 21% 19%

Set Demand
Server 39 43 45 4.6 4.0 45 4.7 48 16.8 17.3 17.9
Desktop PC 24 25 25 26 23 24 24 25 102 100 96
Note PC 37 38 42 44 37 37 42 42 160 161 159
Mobile Phone 413 420 460 493 415 423 453 470 1,809 1,786 1,761
Tablet PC 32 33 37 47 32 33 34 40 164 149 138
LCD/OLED TV 51 47 54 68 47 47 55 68 215 219 218
Graphic 14 16 17 16 14 15 17 16 59 63 62

%YoY
Server 3% 4% 4% 2% 3% 3% 4% 4% 4% 3% 4%
Desktop PC -3% -1% -1% -5% -3% -3% -3% -4% -5% -3% -3%
Note PC -1% 3% 1% -1% -1% 0% -1% -3% -1% 0% -1%
Mobile Phone -5% —4% -1% 5% 1% 1% -2% -5% —4% -1% -1%
Tablet PC -12% -12% -8% -5% 1% -2% -8% -16% -6% -9% 7%
LCD/OLED TV 8% 5% -1% -1% -6% -1% 2% 1% -3% 2% -1%
Graphic —2% 8% 5% 11% 2% —6% -1% 1% 10% 6% -1%
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DRAM Wafer Input Capacity (gt #zl/2)

1Q18 2Q18 3QI18E 4QI18E 1Q19E 2QI%E 3QI9E 4QI19E 2017 2018E 2019E
Wafer Input Capa 1,155 1,175 1,214 1,216 1,220 1,221 1,240 1,257 1,121 1,190 1,234
%YoY 6% 7% 7% 4% 6% 6% 5% 7% 4% 6% 4%
Samsung 365 379 412 413 416 411 424 435 358 392 421
Fabll 25 20 20 20 20 20 20 20 39 21 20
Fab13 100 100 95 85 70 70 65 65 100 95 68
Fabl1s 160 155 150 150 145 140 140 140 165 154 141
Fable 15 40 40 40 40 40 40 24 40
Fab17 80 80 80 80 80 80 75 75 54 80 78
P1 9 27 38 61 61 84 95 19 75
SK Hynix 310 320 330 330 330 325 320 310 290 323 321
M10 80 80 80 80 80 80 80 80 85 80 80
Wuxi (C2) 140 140 140 140 140 135 130 130 136 140 134
Wuxi (C3)
M14 90 100 110 110 110 110 110 100 69 103 108
Micron Group 345 340 335 335 336 347 358 374 338 339 354
Dominion Fabé 25 25 25 25 26 27 28 29 25 25 28
Fab11(Inotera) 130 125 125 125 125 125 120 120 121 126 123
Fab15(Elpida) 100 100 95 95 95 105 120 135 100 98 114
Fab16(Rexchip) 90 90 90 90 90 90 90 90 93 90 90
Nanya 65 68 69 70 70 70 70 70 59 68 70
Powerchip 45 43 42 42 42 42 42 42 52 43 42
Winbond 25 25 26 26 26 26 26 26 25 26 26
% of Total
Samsung 32% 32% 34% 34% 34% 34% 34% 35% 32% 33% 34%
Fabl11 2% 2% 2% 2% 2% 2% 2% 2% 3% 2% 2%
Fab13 9% 9% 8% 7% 6% 6% 5% 5% 9% 8% 5%
Fabl5 14% 13% 12% 12% 12% 11% 1% 1% 15% 13% 1%
Fablé 1% 3% 3% 3% 3% 3% 3% 2% 3%
Fab17 7% 7% 7% 7% 7% 7% 6% 6% 5% 7% 6%
Fab18 1% 2% 3% 5% 5% 7% 8% 2% 6%
SK Hynix 27% 27% 27% 27% 27% 27% 26% 25% 26% 27% 26%
M10 7% 7% 7% 7% 7% 7% 6% 6% 8% 7% 6%
Wuxi Fab2 12% 12% 12% 12% 1% 11% 10% 10% 12% 12% 1%
M14 8% 9% 9% 9% 9% 9% 9% 8% 6% 9% 9%
Micron Group 30% 29% 28% 28% 28% 28% 29% 30% 30% 28% 29%
Dominion Fab2 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Fab11(Inotera) 11% 11% 10% 10% 10% 10% 10% 10% 11% 11% 10%
Fab15(Elpida) 9% 9% 8% 8% 8% 9% 10% 1% 9% 8% 9%
Fab16(Rexchip) 8% 8% 7% 7% 7% 7% 7% 7% 8% 8% 7%
Nanya 6% 6% 6% 6% 6% 6% 6% 6% 5% 6% 6%
Powerchip 4% 1% 3% 3% 3% 3% 3% 3% 5% 4% 3%
Winbond 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
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NAND Supply and Demand Analysis (gt} egicn)

1Q18 2018 3QI18E 4QI18E 1QI19E 2QI9E 3QI9%E 40QI9%E 2017 2018E  2019E
Oversupply Ratio 3% 1% 1% 0% 8% 6% 1% -1% -3% 1% 3%
NAND Supply 50,234 55,257 66,279 71,767 77,629 84,751 94,663 102,399 163,388 243,537 359,442
Wafer Input 1.42 1.39 1.38 1.43 1.45 1.49 1.55 1.61 1.41 1.41 1.53
NAND Demand 48,660 54,499 65944 71,879 72,166 80,105 93,722 103,095 167,944 240,981 349,088
NAND Supply 50,234 55,257 66,279 71,767 77,629 84,751 94,663 102,399 163,388 243,537 359,442
Samsung 18,624 21,604 26,789 30,807 29,267 32,486 40,283 44,714 66,994 97,824 146,749
SK Hynix 6,033 7,209 9,660 10,336 9,199 11,131 14,136 14,843 22,943 33237 49,309
Toshiba/SanDisk 15,055 16,109 17,720 19,669 20,456 21,888 25,171 30,457 51,461 68553 97,971
Micron/Intel 6,069 6,076 7,048 8,528 8,783 9,223 10,237 11,977 20,053 27,720 40,221
NAND Demand 48,660 54,499 65944 71879 72,166 80,105 93,722 103,095 167,944 240,981 349,088
SSD 19,629 24,644 30,662 33,083 37,803 42,431 49,548 53,299 66,850 108,017 183,080
Note PC 431 356 389 511 497 562 668 989 1,123 1,688 2,715
Mobile Phone 22,793 23,705 27,731 30,348 26,550 28,733 33977 38,110 79,294 104,577 127,370
Tablet PC 1,490 1,642 2,041 2,823 2,138 2,248 2,563 3,211 5,927 7,995 10,160
v 425 416 512 657 530 547 720 913 1,576 2,011 2,709
Digital Camera 173 181 204 264 198 207 234 302 702 822 940
usB 1,159 1,370 1,506 1,625 1,631 1,928 2,120 2,287 4,058 5,660 7,966
PMP 113 118 127 130 119 124 133 136 472 488 511
QoQ, YoY
NAND Supply 4% 10% 20% 8% 8% 9% 12% 8% 35% 49% 48%
Samsung -5% 16% 24% 15% -5% 11% 24% 11% 27% 46% 50%
SK Hynix -10% 19% 34% 7% -11% 21% 27% 5% 17% 45% 48%
Toshiba/SanDisk 4% 7% 10% 1% 4% 7% 15% 21% 30% 33% 43%
Micron/Intel 1% 0% 16% 21% 3% 5% 11% 17% 49% 38% 45%
NAND Demand 0% 12% 21% 9% 0% 11% 17% 10% 35% 43% 45%
SSD 12% 26% 24% 8% 14% 12% 17% 8% 49% 62% 69%
Note PC 23% -17% 9% 31% -3% 13% 19% 48% 276% 50% 61%
Mobile Phone -5% 4% 17% 9% -13% 8% 18% 12% 23% 32% 22%
Tablet PC -21% 10% 24% 38% -24% 5% 14% 25% 31% 35% 27%
TV -21% -2% 23% 28% -19% 3% 32% 27% 22% 28% 35%
Digital Camera -25% 4% 13% 29% -25% 4% 13% 29% 11% 17% 14%
USsB 0% 18% 10% 8% 0% 18% 10% 8% -3% 39% 41%
PMP -8% 4% 7% 2% -8% 4% 7% 2% 19% 3% 5%
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NAND =2 MUK AeF =H: 20193 Bit Growth +45%YoY
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NAND Demand Analysis (te} uatcp)

1018 2018 3Q18E_ 4QI8E 1QI19E  2QI% 3QI9E 4QI%E 2017  2018E  2019E
NAND Demand 48,660 54,499 65944 71,879 72,166 80,105 93,722 103,095 167,944 240,981 349,088
SSD 19,629 24,644 30,662 33,083 37,803 42,431 49548 53,299 66,850 108,017 183,080
Note PC 431 356 389 511 497 562 668 989 1,123 1,688 2,715
Smartphone 22,793 23,705 27,731 30,348 26,550 28,733 33,977 38,110 79,294 104,577 127,370
Tablet PC 1,490 1,642 2,041 2,823 2,138 2,248 2,563 3,211 5,927 7,995 10,160
TV 425 416 512 657 530 547 720 913 1,576 2,011 2,709
Digital Camera 173 181 204 264 198 207 234 302 702 822 940
usB 1,159 1,370 1,506 1,625 1,631 1,928 2,120 2,287 4,058 5,660 7,966
PMP 113 118 127 130 119 124 133 136 472 488 511
NAND GB/Set
SSD 4135 457 .4 511.8 531.0 581.0 633.0 683.0 725.0 376.9 483.1 658.2
Note PC 11.6 9.5 9.2 11.7 135 15.0 15.9 233 7.0 10.5 17.1
Smartphone 55.2 56.4 60.3 615 64.0 68.0 75.0 81.0 438 585 723
Tablet PC 470 493 55.2 60.2 67.0 69.1 75.0 81.0 36.2 53.7 735
TV 8.4 8.9 9.5 9.7 11.2 11.7 13.0 133 73 9.2 12.4
Digital Camera 32.1 323 35.2 38.1 38.2 385 420 455 289 34.7 413
usB 31.8 34.8 37.1 383 398 43.6 465 48.0 283 356 447
PMP 31.2 32.2 33.2 345 345 356 36.7 38.1 298 328 36.3
Set Demand
SSD 475 53.9 59.9 623 65.1 67.0 72.5 735 177.4 223.6 278.2
Note PC 36 42 44 37 38 42 44 37 160 161 159
Smartphone 438 466 469 413 420 460 493 415 1,809 1,786 1,761
Tablet PC 32 33 37 47 32 33 34 40 164 149 138
TV 51 47 54 68 47 47 55 68 215 219 218
Digital Camera 5 6 6 7 5 5 6 7 24 24 23
usB 36 39 41 42 41 44 46 48 143 159 178
PMP 4 4 4 4 3 3 4 4 16 15 14
QoQ, YoY
NAND Demand 0% 12% 21% 9% 0% 11% 17% 10% 35% 43% 45%
SSD 12% 26% 24% 8% 14% 12% 17% 8% 49% 62% 69%
Note PC 23% -17% 9% 31% -3% 13% 19% 48% 276% 50% 61%
Smartphone -5% 4% 17% 9% -13% 8% 18% 12% 23% 32% 22%
Tablet PC -21% 10% 24% 38% -24% 5% 14% 25% 31% 35% 27%
TV -21% -2% 23% 28% -19% 3% 32% 27% 22% 28% 35%
Digital Camera -25% 4% 13% 29% -25% 4% 13% 29% 11% 17% 14%
usB 0% 18% 10% 8% 0% 18% 10% 8% -3% 39% 41%
PMP -8% 4% 7% 2% -8% 4% 7% 2% 19% 3% 5%
NAND GB/Set
SSD 6% 11% 12% 4% 9% 9% 8% 6% 21% 28% 36%
Note PC 46% -18% -3% 27% 16% 1% 6% 47% 280% 50% 63%
Smartphone 7% 2% 7% 2% 4% 6% 10% 8% 27% 34% 24%
Tablet PC 24% 5% 12% 9% 1% 3% 9% 8% 40% 48% 37%
TV 6% 5% 7% 2% 15% 5% 1% 3% 26% 25% 36%
Digital Camera 0% 1% 9% 8% 0% 1% 9% 8% 15% 20% 19%
usB 4% 9% 7% 3% 4% 9% 7% 3% 22% 26% 25%
PMP 3% 3% 4% 3% 3% 4% 7% 10% 11%
Set Demand
SSD 6% 13% 11% 4% 4% 3% 8% 1% 23% 26% 24%
Note PC -3% 15% 5% -16% 1% 13% 3% -16% -1% 0% -1%
Smartphone 0% 6% 1% -12% 2% 10% 7% -16% -4% -1% -1%
Tablet PC -36% 5% 11% 27% -32% 2% 5% 16% -6% -9% 7%
TV -26% 7% 15% 25% -30% -2% 19% 23% -3% 2% -1%
Digital Camera -25% 4% 4% 19% -25% 4% 4% 19% -3% -2% 4%
usB 4% 8% 3% 4% -4% 8% 3% 4% -21% 11% 12%
PMP -8% 1% 4% -2% -8% 1% 4% -2% 11% -6% -5%
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NVDIMM FO0Al B2 81 Ql= NVDIMM-N& DRAMZt NAND, Controller, Battery7t 2E3t&(0f
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FHo| dHS FR0| DRAMO| Datag Backupdts =2 AFZEICH In-Memory Computing
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28Xt 2015H0] O]=2] Netlistofl 2,300 HE FXI5HH, NVDIMM-P| 2 HEE2Het IO
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NAND 552 7|& MYX| FX[: YMTCL| Al £ 0jgiE A= Tt

YMTCE AP HMHE Flash Memory Summit 2018 SHEO||A] XtackingOl2H= 3D NAND 7|&8
SMSHH, 20199 SEHEE iret H=loletn LHEYCH YMTCO| W= 64stackS| 3D NAND JH
O] 4RO, MFE 8 GA| UHFATSt =Fo=z STt ot JgjLt H 49| Conceptualdt
JEE HeotH MAMOI Test Zite OJIHet A SIHE|X] QAUCE.

YMTCE| Xtacking2 7|&E NAND XISt &2l 2719 Wafer0f 2t2t Periphery?t Cell Array £&
2 SEHoZ HESH FHojl, 27| HEE 27He| DieE AMZ 20X HE2 290t 71Z 3D NAND
SHO|M =XtHoZ2 XMWHE Periphery®?l Cell Array &80| HE2 T 20| 3H ARME
GAHAS| THEL|W, Periphery 20| Cell Array £20F ZMX|7| HE0] £7| 30 NAND HE CHY|
ChipQ| Die Sizee A% JgiLt X2 UQl SMPE Lt U= CUP(Cell Under Periphery)
TE= PUC(Periphery Under Cell)it= 1 HX0| S 20|t

A= YMTCO 8t | Xtacking®| OFF A AR HEIL HE6| 0|2E Ae=z s
ACH YAt Channel CheckOf| T2, $4X YMTCQ| Xtacking2 XMCO| 2lsf JHEE 180nm S3HS
HMESH0] Periphery WafergE MAtsh= Z102 MRIEICH 180nme 1999E0] Intel Pentium 112] A4
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NAND Wafer Input Capacity (et #zl/2)

1018 2018 3Q18E 4QI8E 1QI19E 2QI19E 3QI9E 4QI%E 2017 2018E 2019E
Wafer Input Capa 1,420 1,390 1,380 1,434 1,453 1,493 1,547 1,614 1,410 1,406 1,506
YoY Growth Rate -1% -1% 0% 1% 2% 7% 12% 13% 3% 0% 7%
Samsung 450 440 420 420 421 427 449 454 433 433 438
Fab12 120 95 70 85 85 75 65 70 120 93 74
Fabl16 120 105 85 70 55 55 55 55 139 95 55
Fab17 40 40 40 40 40 40 40 40 40 40 40
XiAn Fab1 100 100 100 100 100 100 100 100 118 100 100
XiAn Fab2 16 32 64 64 44
P1 70 100 125 125 125 125 125 125 16 105 125
SK Hynix 255 235 230 274 292 316 328 340 230 249 319
MT11 120 120 120 120 120 120 120 120 130 120 120
M12 90 70 40 75 75 75 75 75 88 69 75
M14 45 45 70 70 70 70 70 70 13 58 70
M15 9 27 51 63 75 2 54
Micron 220 220 235 235 235 245 260 285 253 228 256
Dominion Fabé 40 40 40 40 40 40 40 40 40 40 40
TECH 40 35 35 35 35 35 35 35 54 36 35
IMFT 100 100 100 100 100 110 125 150 88 100 121
Dalian 40 45 60 60 60 60 60 60 3] 51 60
Toshiba 490 490 490 500 500 500 505 530 490 493 488
Y-Cube 2 140 140 140 140 140 140 140 140 84 140 140
Y-Cube 3 120 110 100 100 100 90 80 80 131 108 88
Y-Cube 4 210 210 210 210 210 210 210 210 210 210 210
Y-Cube 5 20 30 40 50 50 50 50 50 65 35 50
Y-Cube 6 10 25 50 21
% of Total
Samsung 32% 32% 30% 29% 29% 29% 29% 28% 31% 31% 29%
Fabl12 8% 7% 5% 6% 6% 5% 4% 4% 9% 7% 5%
Fabl16 8% 8% 6% 5% 4% 4% 4% 3% 10% 7% 4%
Fab17 3% 3% 3% 3% 3% 3% 3% 2% 3% 3% 3%
XiAn Fab1 7% 7% 7% 7% 7% 7% 6% 6% 8% 7% 7%
XiAn Fab2 1% 2% 4% 4% 3%
P1 5% 7% 9% 9% 9% 8% 8% 8% 1% 7% 8%
SK Hynix 18% 17% 17% 19% 20% 21% 21% 21% 16% 18% 21%
MT11 8% 9% 9% 8% 8% 8% 8% 7% 9% 9% 8%
M12 6% 5% 3% 5% 5% 5% 5% 5% 6% 5% 5%
M14 3% 3% 5% 5% 5% 5% 5% 4% 1% 4% 5%
M15 1% 2% 3% 4% 5% 0% 4%
Micron 15% 16% 17% 16% 16% 16% 17% 18% 18% 16% 17%
Dominion Fabé 3% 3% 3% 3% 3% 3% 3% 2% 3% 3% 3%
TECH 3% 3% 3% 2% 2% 2% 2% 2% 4% 3% 2%
IMFT 7% 7% 7% 7% 7% 7% 8% 9% 6% 7% 8%
DiLian 3% 3% 4% 4% 4% 4% 4% 4% 2% 4% 4%
Toshiba 35% 35% 36% 35% 34% 33% 33% 33% 35% 35% 32%
Y-Cube 2 10% 10% 10% 10% 10% 9% 9% 9% 6% 10% 9%
Y-Cube 3 8% 8% 7% 7% 7% 6% 5% 5% 9% 8% 6%
Y-Cube 4 15% 15% 15% 15% 14% 14% 14% 13% 15% 15% 14%
Y-Cube 5 1% 2% 3% 3% 3% 3% 3% 3% 5% 2% 3%
Y-Cube 6 1% 2% 3% 1%
Powerchip 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fab12A 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Xtz 25 2IMKIMES
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201,867 239,575 259,636 264,979 270,279
29,241 53,645 65,959 70,117 73,239
49,954 75,762 88,807 93,485 96,532
30,714 56,196 68,302 72,362 75,513
22,726 42,187 49,052 51,868 54,127
XHFFRIEE0|(MHR)) 22,416 41,345 48,766 51,578 53,046
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EPS(®) 3,600 6,809 7,181 7,595 7,812
BUE(%YoY) 247 89.1 55 5.8 2.8
PER(HH) 10.0 7.5 6.1 5.8 5.6
PBR(tH) 1.4 1.6 1.3 1.1 0.9
EV/EBITDA(HH) 43 4.1 33 2.9 2.7
HAHO|AE (%) 14.5 224 254 26,5 27.1
ROE(%) 12.2 20.7 214 19.6 17.7
=21 &(%) -37.8 -30.0 -30.3 -33.4 -35.8




e gTAE AZEH 30| 8l HY el doj
1018 2Q18 3QI8E 4QISE IQI9E 2Q19E 3QI9E 4QI9E 2017 2018E 2019E
o=y 60,564 58,483 67547 73,042 62721 61590 68615 72052 239575 259,636 261,794
%QoQ/%YoY -8% -3% 15% 8% —14% -2% 1% 5% 19% 8% 1%
Semiconductor 20,781 21991 25316 25936 24,079 24547 26,752 27319 74,256 94,023 102,697
Memory 17,331 18501 21,888 22,722 20,381 20,845 23,191 23967 60,293 80,442 88,383
S.LSI/Foundry 3072 3,167 3,138 2873 3300 3366 3265 3003 12601 12250 12,933
Display Panel 7540 5671 8845 11,151 8,137 7233 9900 11,820 34,460 33208 37,090
LCD 1926 1,772 2081 1,881 1,784 1651 1816 1668 10,194 7661 6919
OLED 5464 3682 6462 8962 6193 5354 7773 9832 23428 24570 29,152
IT & Mobile 27,627 24005 26985 28511 26697 24312 27,111 27,298 112,970 107,128 105,417
SUAaS 26,942 22,667 26494 28063 25974 22917 26610 26838 110,005 104,165 102,339
HIEQA/T|E 686 1,338 491 448 723 1,395 501 459 2966 2963 3078
Consumer Electronics 9,742 10,401 10543 11922 9,119 9275 9,059 10,033 45111 42,607 37,486
VD 5843 5940 5998 7538 5091 4715 4510 5625 27531 25319 19,941
o= et 31,909 31275 35781 39919 32502 31,995 36,249 38748 129291 138,884 139,476
HEtE 53% 53% 53% 55% 52% 52% 53% 54% 54% 53% 53%
UiE=E= ] 28,654 27,208 31767 33,123 30,220 29,595 32,366 33305 110,285 120,752 122,318
THOHH|QF2H2|H] 13,012 12339 14,103 15091 13,373 12,873 14,197 14744 56,640 54,545 54,906
Feole 15,642 14,869 17,517 17930 16,775 16,672 18,134 18536 53,645 65959 70,117
%QoQ/%YoY 3% 5% 18% 2% 6% -1% 9% 2% 83% 23% 6%
Semiconductor 11,579 11,639 13,760 14,062 12,537 12916 14,129 14,443 35204 51041 54,025
%Q0Q/%YoY 6% 1% 18% 2% -11% 3% 9% 2% 159% 45% 6%
Display Panel 408 142 1023 1304 444 506 1,014 1440 5434 2848 3,404
%QoQ/%YoY ~71%  —65%  623% 27%  —66% 14%  100% 2%  144%  -48% 20%
IT & Mobile 3380 2,667 2348 2,139 3592 2839 2554 2231 12,179 10534 11217
%Q0Q/%YoY 22% -21% -12% -9% 68%  -21% -10% -13% 13%  -14% 6%
Consumer Electronics 280 510 532 527 272 461 472 447 1,654 1,849 1,652
%Q0Q/%YoY -45% 82% 4% -1%  -48% 69% 3% -5%  -37% 12% -11%
Feo|yE 26% 25% 26% 25% 27% 27% 26% 26% 22% 25% 27%
Semiconductor 56% 53% 54% 54% 52% 53% 53% 53% 47% 54% 53%
Display Panel 5% 2% 12% 12% 5% 7% 10% 12% 16% 9% 9%
IT & Mobile 12% 11% 9% 8% 13% 12% 9% 8% 1% 10% 1%
pConsumer Electronics 3% 5% 5% 4% 3% 5% 5% 4% 4% 4% 4%
HRIMXZ2=0]2 16,176 15,407 18,142 18577 17,326 17,201 18,707 19,128 56,196 68302 72,362
oINS 4487 4363 5138 5261 4907 4,872 5298 5417 14,009 19,250 20,494
go|20|9| 11,689 11,043 13,004 13316 12419 12329 13409 13711 42,187 49052 51,868
710|248 19% 19% 19% 18% 20% 20% 20% 19% 18% 19% 20%
sRLE 12611 12270 13,748 14,078 13,130 13035 14,176 14,495 36,685 52,707 54,835
PN E==N 12517 12,189 13,657 13985 13043 12,949 14082 14399 35888 52347 54473
KRW/USD 1070 1082 1,005 1,00 1,095 1095 1095 1095 1,130 1090 1,095

A= 71258 2IMXPE
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o TR HEEY ST (e dete)
1Q18 2Q18 3QI8E 4QI8 1QI9E 2QI19E 3QI9E 4QI19E 2017 2018E 201%9E
o=y 60,564 58,483 67,547 73,042 62,721 61,590 68,615 72,052 239,575 259,636 261,794
%YoY 20% 4% 9% 11% 4% 5% 2% -1% 19% 8% 1%
Semiconductor 20,781 21,991 25316 25936 24,079 24,547 26,752 27319 74,256 94,023 102,697
Memory 17,331 18,501 21,888 22,722 20,381 20,845 23,191 23967 60,293 80,442 88,383
DRAM 11,076 11,944 14,414 14,765 13,684 14,081 15,055 15387 36,827 52,199 58,206
NAND 6,255 6,557 7,474 7957 6,697 6,765 8136 8580 23466 28,243 30,178
S.LSI/Foundry 3,072 3,167 3,138 2873 3300 3,366 3,265 3,003 12,601 12,250 12,933
Display Panel 7,540 5,671 8845 11,151 8137 7,233 9,900 11,820 34,460 33,208 37,090
LCD 1,926 1,772 2,081 1,881 1,784 1,651 1816 1,668 10,194 7,661 6,919
OLED 5,464 3,682 6,462 8962 6,193 5354 7,773 9,832 23,428 24,570 29,152
IT&Mobile 27,627 24,005 26,985 28511 26,697 24312 27,111 27,298 112,970 107,128 105,417
SR 26,942 22,667 26,494 28,063 25974 22917 26,610 26,838 110,005 104,165 102,339
HEXZ/7IEL 686 1,338 491 448 723 1,395 501 459 2966 2,963 3,078
Consumer Electronics 9,742 10,401 10543 11,922 9,119 9275 9,059 10,033 45,111 42,607 37,486
VD 5843 5940 5998 7,538 5091 4,715 4510 5625 27,531 25319 19,941
Feioe 15,642 14869 17,517 17,930 16,775 16,672 18,134 18536 53,645 65959 70,117
%YoY 58% 6% 21% 18% 7% 12% 4% 3% 83% 23% 6%
Semiconductor 11,579 11,639 13,760 14,062 12537 12916 14,129 14,443 35204 51,041 54,025
Memory 11,099 11,231 13,361 13,757 12,040 12,405 13,644 14,065 33,525 49,447 52,154
DRAM 7,492 7955 9652 9855 9016 9269 9823 10,012 22328 34,955 38,120
NAND 3,606 3,276 3,709 3,901 3,023 3,136 3,822 4053 11,197 14,492 14,034
S.LSI/Foundry 345 311 312 204 378 410 395 273 1,158 1,171 1,456
Display Panel 408 142 1,023 1,304 444 506 1,014 1,440 5434 2848 3,404
LCD 107 =57 -35 -127 -158 -182 -159 -115 1,374 =112 -614
OLED 301 199 1,058 1,431 602 688 1,173 1,555 4,026 2,989 4,018
IT&Mobile 3,380 2,667 2,348 2,139 3592 2839 2554 2231 12,179 10534 11,217
Consumer Electronics 280 510 532 527 272 461 472 447 1,654 1,849 1,652
SeOIYE 26% 25% 26% 25% 27% 27% 26% 26% 22% 25% 27%
Semiconductor 56% 53% 54% 54% 52% 53% 53% 53% 47% 54% 53%
Memory 64% 61% 61% 61% 59% 60% 59% 59% 56% 61% 59%
DRAM 68% 67% 67% 67% 66% 66% 65% 65% 61% 67% 65%
NAND 58% 50% 50% 49% 45% 46% 47% 47% 48% 51% 47%
S.LSI/Foundry 11% 10% 10% 7% 11% 12% 12% 9% 9% 10% 11%
Display Panel 5% 2% 12% 12% 5% 7% 10% 12% 16% 9% 9%
LCD 6% -3% 2% 7% 9% -11% -9% 7% 13% -1% -9%
OLED 6% 5% 16% 16% 10% 13% 15% 16% 17% 12% 14%
IT&Mobile 12% 11% 9% 8% 13% 12% 9% 8% 11% 10% 11%
Consumer Electronics 3% 5% 5% 4% 3% 5% 5% 4% 4% 4% 4%
KRW/USD 1,070 1,082 1,105 1,100 1,095 1,095 1,095 1,095 1,130 1,090 1,095

A= 71258 2IMXPE



ITZESOHIARN (T2 Hdg) THSEAEHE (Tl yodgl)
128 #L IFRS g3 2016 2017 2018E 2019 2020E 128 #it IFRS ¢33 2016 2017 2018E 2019E 2020E
&= 201,867 239,575 259,636 264,979 270,279 SESXHAt 141,430 146,982 156,505 180,387 202,928
OHEITt 120,278 129,291 138,884 139,493 140,749 HSHS YR AL 32,111 30545 33557 54,207 74,765
j=50(9 81,589 110,285 120,752 125,486 129,530 [RSTERR 56,071 52,639 53,165 54,069 54,610
THOfH| S ket d| 52,348 56,640 54,545 55,188 56,291 ESVEIEESES T 32,742 37394 41,168 42,015 42,855
Fo|(2 ) 29,241 53,645 65,959 70,117 73,239 TH XA 18,354 24,983 27,075 28,525 29,095
FolQ(ta) 29,241 53,645 65959 70,117 73,239 J|ELS SH|2 XA 2,151 1421 1540 1,572 1,603
JeelE 1,473 2551 2344 2245 2,275 H|RSXpA 120,745 154,770 175,635 194,144 213,865
O|Xf==2) 1,504 1,614 1,644 1,673 1,692 HIOHSAEEMIQSA 3,875 5,555 6,540 6,674 6,808
Higa+ 240 129 131 134 135 EXtRHeE 13,199 15,487 16,528 17,042 17,560
Qleto| 9,052 7,279 7,687 8,183 8347 [ 91,473 111,666 128,802 146,899 165,832
O|XtH| & 588 655 710 725 739 2Lt 5,344 14,760 14,029 13,725 13,665
Qletey 9,232 7,269 7,405 7,761 7916 J|EtH| RS XLt 6,854 7,301 9,736 9,804 10,000
AT G X 2EH & 20 201 314 192 195 XHESH| 262,174 301,752 332,141 374,532 416,794
EXFUT BRI E&2) 2,120 192 264 280 285 M 54,704 67,175 67,769 67,754 67,474
S8YEYINUIEIFE0Y -58 -210 101 -90 -92 LN [ELFSHHS 32,582 39,023 40,635 40,520 40,708
7|Et -1,586 1,270 317 361 368 IR E 12,747 15,768 10,038 9,803 9,026
HOIMXF2IE0Y 30,714 56,196 68,302 72362 75513 KRESEFIIKNLS 1,233 279 293 282 249
oINS 7,988 14,009 19,250 20,494 21,386 J|Et S 8,142 12,106 16,803 17,149 17,492
SAHOINE (%) 26% 25% 28% 28% 28% CIR=E| 14,507 20,086 21,046 21,397 21,506
g71z0[¢ 22,726 42,187 49,052 51,868 54,127 HI|HUYHEUHIRSHE 3,317 2,044 2,215 2,260 2,306
K|tz =X 22=0]2 (2 2) 22,416 41345 48766 51,578 53,046 AN (KL S 1,303 2,768 2,636 2,742 2,730
EBITDA 49,954 75,762 88,807 93,485 96,532 J|EH| R S5 9,887 15,274 16,195 16,395 16,471
e13¢0|2|(Cash Earnings) 43,439 64,304 71,652 75,055 77,421 SHEH 69,211 87,261 88814 89,151 88,980
FHEI=01Y 21,200 42,200 48,790 51,732 53,989 =32 898 898 893 893 893
Z28(%, YoY) e E i 4,404 4,404 4,404 4,404 4,404
&Y 0.6 18.7 8.4 2.1 20 oAz 193,086 215,811 244,711 286,766 328,414
0|2 1) 10.7 835 230 6.3 45 J|EfXH2 —-11,963 -13,899 -13,899 -13,899 -13,899
0| (HH) 10.7 835 234 6.2 4.2 |t FFX 225 H 186,424 207,213 236,109 278,164 319,812
EBITDA 5.5 51.7 17.2 53 33 HIXHFF X X2 5 A 6,539 7,278 7,218 7,217 8,002
XHi=FX2 g2l=0( 19.9 84.4 17.9 5.8 2.8 X5 192,963 214,491 243,326 285,381 327,813
EPS 247 89.1 5.5 5.8 2.8 =Xda —-72,900 -64,370 -73,756 -95,450 -117,371
=g8&0/9] 13.2 99.1 15.6 6.0 4.4 ENI= 15,282 18,814 12,966 12,826 12,004
SI2SEH (Tl Hdg) EXIXE (THRl: &, b, %)
128 3L IFRS ¢1F 2016 2017 2018E 2019E 2020E 128 &L IFRS ¢33 2016 2017 2018E 2019E 2020E
A EHZTE 47,386 62,162 50,081 71,700 75,239 FYXHEE)
FI1&01Y 22,726 42,187 49,052 51,868 54,127 EPS 3,600 6,809 7,181 7,595 7,812
Aot2t| 19,313 20,594 21,295 21,987 22,139 BPS 26,426 32,011 34,524 40,673 46,763
SR 1,400 1,524 1,304 1,199 1,155 FYEBITDA 6,974 11,325 13,965 13,669 14,115
Q0] 180 -9 -282 -422 -431 CFPS 6,064 9,613 11,267 10,975 11,321
PNEpSEtl] -2,120 -192 -264 -280 -285 DPS 28,500 42,500 1,420 1,440 1,800
X2y -20 =201 -314 -192 -195 Z71H=2~(8H)
AL SRR Z2 -1,181 -10,621 -488 -2,187 -1,000 PER 10.0 75 6.1 5.8 5.6
7|Et 7,088 8,881 -20,222 =274 =271 PBR 1.4 1.6 1.3 1.1 0.9
EXgssasE =29,659 -49,385 -41,929 -41,297 -42,240 EV/EBITDA 43 4.1 33 2.9 2.7
EXIXpLte] Mg -4,144 1,616 -1,124 -1,095 =730 PCFR 5.9 5.3 3.9 4.0 3.9
[ HE 271 308 370 565 568 (%)
[ FE -24,143 -42,792 -38,432 -40,084 -41,072 FHo|AE (R D) 145 22.4 25.4 265 27.1
S HE -1,041 -983 =573 -895 -1,095 YOI E(SHH) 145 22.4 255 265 27.1
7|EL -602 -7,534 -2,171 212 89 EBITDA margin 247 31.6 342 35.3 35.7
WREEFEE -8,670 -12,561 -5,140 -9,754 -12,441 =0|YE 1.3 17.6 18.9 19.6 20.0
CHo|XtIZ0 St 1,351 2,731 -5,730 -235 =777 X}7|XtE0|2E(ROE) 12.2 20.7 21.4 19.6 17.7
|k Z2e It 789 -142 -118 95 —45 E5IXHE0|2E(ROIC) 20.1 328 327 30.8 28.6
Xpo| 7t 0 0 0 0 0 (%)
Y SXl= -3,115 -6,804 -10,213 -9,814 11,694 St 35.9 40.7 36.5 31.2 27.1
J|Et -7,695 -8,345 10,921 200 76 =Xtl3tle -37.8 -300 -303 -334 -358
HAIFUHB YR E=FIt 9,475 -1566 3,012 20,650 20,558 O| Xt el 2 (HH) 49.7 819 929 96.7 99.1
ESE= = RN 22,637 32,111 30,545 33,557 54,207 2E(HH)
P e =Tl =N 32,111 30,545 33,557 54,207 74,765 OhEmAEIHE 6.1 6.8 6.6 6.4 6.4
Gross Cash Flow 48567 72,783 50,569 73,887 76,239 HOxtite|H g 10.9 1.1 10.0 9.5 9.4
Op Free Cash Flow 15,984 7,993 30,654 30,410 32,624 YR 3™E 6.6 6.7 6.5 6.5 6.7
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Stock[Data
KOSPI (8/17) 2,247.05pt
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>>> 15 Memory YAt SHTHO| £3
Cloud Service gXIS2| In-Memory Computing SXt7}
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Data?t DRAMO| 2% XKT|7| WR0f Server DRAMQ|
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EXIX|E, IFRS ¢33 2016 2017 2018 2019 2020E
OHE (A2 e) 17,198 30,109 42394 46,238 47,486
FA0|(HA ) 3,277 13,721 22390 24,117 24,627
EBITDA(M ) 7,733 18,748 27,766 29,781 30,308
Mol (ae) 3216 13,440 22863 24236 24,477
=0 ) 2960 10,642 16,740 17,772 17,948
KHiEFX|220[Q) M) 2,954 10,642 16,746 17,779 17,955
EPS(2) 4,184 15073 23974 25453 25705

ZLE(%YoY) -31.7 260.3 57.4 6.2 1.0
PER(HH) 10.7 5.1 3.1 2.9 2.9
PBR(tH) 1.4 1.6 1.1 0.8 0.7
EV/EBITDA(HH) 4.2 2.7 1.7 1.4 1.2
FRAOIUE(%) 19.1 456 52.8 52.2 51.9
ROE(%) 13.0 36.8 40.0 30.6 24.2
2EK1H|8(%) 0.8 -13.0 -16.4 -19.6 -24.1




SKoto| 5 QIZAE 0| I HY @ dolm

1018 2Q18 3QI8E 40QI8E 1QI9E 2Q19E 3QI19E 4QI9E 2017 2018 2019E

U
DRAM —
S5l [Tt 1Gb] 6910 7982 8620 8793 8529 9467 10,130 10,332 26390 32305 38458 U'lo
%QoQ/%YoY -5% 16% 8% 2% -3% 1% 7% 2% 25% 22% 19% o-la
ASP/Gb [USD] 0.94 0.97 0.98 0.96 0.92 0.89 0.87 0.87 0.78 0.96 0.88 r"'
%Q0Q/%YoY 9% 4% 1% 2% -5% -3% -2% 0% 52% 24% -8% ‘
Cost/Gb [USD] 037 0.35 035 0.34 035 033 032 032 0.36 035 033
%Q0Q/%YoY 6% -6% -1% 0% 1% -5% -2% 1% 5% -1% 6%
Operating Profits/Gb 0.56 0.62 0.63 0.61 0.57 0.56 0.54 0.54 0.42 0.61 0.55
OPm/Gb 60% 64% 65% 64% 62% 63% 63% 62% 54% 63% 63%
NAND
ESIZHHTN. 1IGB Eq] 6,033 7,209 9,660 10,336 9,199 11,131 14,136 14,843 22943 33237 49,309
%Q0Q/%YoY -10% 19% 34% 7% -11% 21% 27% 5% 17% 45% 48%
ASP/GB [USD] 0.26 0.24 0.21 0.19 0.17 0.16 0.16 0.15 0.26 0.22 0.16
%Q0Q/%YoY -1% 9%  -12% -8%  -10% -9% -2% -4% 34%  -14%  -29%
Cost/GB [USD] 0.22 0.20 0.18 0.17 0.16 0.14 0.13 0.13 0.21 0.19 0.14
%Q0Q/%YoY 6% -9% -9%  -10% 3% -11% -9% -3% 8% 9%  -21%
Operating Profits/GB 0.04 0.04 0.03 0.03 0.01 0.02 0.03 0.02 0.05 0.03 0.02
OPm/Gb 16% 16% 13% 14% 7% 10% 16% 15% 20% 14% 13%
U /E=gl] 8,720 10371 11715 11588 10,409 11307 12,176 12,346 30,109 42,394 46,238
YoY Growth 39% 55% 45% 28% 19% 9% 4% 7% 75% 1% 9%
DRAM 6929 8346 9315 9269 8546 9202 9609 9797 23079 33,858 37,154
NAND 1697 1869 2255 2210 1,762 1940 2414 2434 6694 8030 8550
WEXIp 3383 3,762 4335 4255 4001 4298 4624 4705 12,702 15736 17,628
UIE=SShle =y 39% 36% 37% 37% 38% 38% 38% 38% 42% 37% 38%
oi==0(9 5336 6608 7380 7,333 6408 7009 7551 7641 17,408 26657 28610
THOHH|QF22|H] 969 1,034 1,138 1,126 1,011 1,099 1,183 1,199 3,686 4267 4,492
Feoly 4367 5574 6242 6207 5397 5911 6368 6441 13721 22390 24,117
YoY Growth 77% 83% 67% 39% 24% 6% 2% 4% 319% 63% 8%
DRAM 4,154 5326 6028 5940 5315 5792 6042 6,120 12,493 21448 23269
NAND 267 294 283 319 131 189 391 370 1,332 1,164 1,082
gools 50% 54% 53% 54% 52% 52% 52% 52% 46% 53% 52%
DRAM 60% 64% 65% 64% 62% 63% 63% 62% 54% 63% 63%
NAND 16% 16% 13% 14% 7% 10% 16% 15% 20% 14% 13%
SHOIMXI &2 4291 5904 6493 6,175 5370 5958 6,418 6,491 13440 22863 24,236
HRIMHIE 1,169 1575 1,732 1,647 1432 1589 1,712 1,731 2797 6,123 6,464
FII=0l9 3,121 4329 4761 4528 3938 4369 4706 4,760 10642 16,740 17,772
gI1e0|AE 36% 42% 41% 39% 38% 39% 39% 39% 35% 39% 38%
KRW/USD 1072 1080 1,005 1,000 1095 1,095 1095 1095 1,128 1091 1095

Xz IS5 d 2K




|

ILZESOIAIAEN (el dofe)  IHPAENE (EH9l: doie)
128 2M, IFRS 212 2016 2017 2018E 2019E 2020E 128 2, IFRS 212 2016 2017 2018E 2019E 2020E
UIE=gL] 17,198 30,109 42,394 46,238 47,486 QS 9,839 17310 22876 28368 35,620
UIE=CP 10,787 12,702 15736 17,628 18,245 U YR 614 2950 6,638 11341 18,085
=501 6,411 17,408 26,657 28,610 29,241 FE38AR 3525 5608 5664 5760 5818
THOHH| 2 U] 3,134 3686 4267 4492 4614 THEMBEL RS 3,664 6,109 7309 7,706 7914
EELETE ) 3,277 13721 22390 24,117 24,627 T OXpAE 2,026 2640 3261 3557 3,799
F0[Q(HAl) 3277 13721 22390 24117 24,627 JELS SH|Z XAt 10 3 4 5 5
Igele -60 282 473 19 -151 H| R EXHA 22377 28,108 39,055 50,971 59,695
O|xt==2 34 54 55 56 56 B IIHESAISD B R Skt 602 768 848 925 712
g g+ 0 0 0 0 0 EXIXHA 288 430 810 814 820
Qlgto|ef 763 893 1,705 1,400 1,373 SRR 18,777 24,063 34,180 45612 54,504
O|XtH|& 120 124 174 190 195 SR 1916 2247 2457 2790 2855
Qletay 725 1,125 1,156 1,206 1,385 7|EMH| R SXIAt 794 600 760 829 803
BHI | YR 2E 23 12 18 19 19 NN 32,216 45418 61,931 79,339 95315
EXIUT|EfR A 22 22 72 8 8 8 M 4161 8116 8558 9541 9,673
FELEYIIUIIEIFE0IY 1 1 0 0 0 HLMFLI|EFR SR 3036 4867 5179 6016 6,099
J|Et -58 -66 18 33 -27 RPN 0 193 198 216 221
HoIMxt2tHO|2 3216 13,440 22863 24236 24477 SELEIIXYS 705 581 530 470 437
HOIMHIS 256 2,797 6,123 6,464 6528 J|EFRES S 420 2475 2652 2839 2916
LEHOIMIE (%) 80% 208% 268% 267% 267% HI 2SS 4032 3481 3518 3569 3,560
g7|&0]9 2,960 10,642 16740 17,772 17,948 | UL LEM 2 27 8 20 22 23
X|HHZ=FX| 2 2012(A2) 2,954 10,642 16746 17,779 17,955 APHSIE Xt 2 3631 3397 3398 3438 3,426
EBITDA 7,733 18748 27,766 29,781 30,308 J|EHIR S 373 76 100 108 111
elg#0|2|(Cash Earnings) 7,417 15668 22,115 23436 23,629 SXHEH| 8,192 11,598 12,076 13,109 13,233
+3g71201 2,939 10584 16734 17766 17,942 N ] 3,658 3,658 3,658 3,658 3,658
S2E(%, YoY) ESSEIEESni=s 3,626 3,626 3626 3626 3,626
UIE=gl] -85 751 408 9.1 2.7 ojadoz 17,067 27,287 43328 59,709 75,569
Fdo|el(&m) -386 3187 632 7.7 2.1 J|EfRHE -333  -755 -755 =755 =755
S0l () -386 3187 632 7.7 2.1 XU FX | EXH2EH 24,017 33,815 49,856 66,238 82,097
EBITDA -168 1424 481 73 1.8 X=X X2 E | 7 6 -1 -8 -15
L ESEONER= M -31.7 2603 574 6.2 1.0 XHEEH| 24024 33821 49855 66,230 82,082
EPS -31.7 2603 574 6.2 1.0 =X 197 -4,386 -8,175 -12,976 -19,817
+HE0(Y -31.6  260.1 58.1 6.2 1.0 NG 4336 4171 4126 4124 4085
SI2SEH (Tl Hdg) EXIXE (THRl: &, b, %)
128 M, IFRS o1 2016 2017 2018E 2019E 2020E 128 2, IFRS o1 2016 2017 2018E 2019E 2020E
I EISE 5549 14,691 20595 23570 23427 ZFEXIHE(R)

YooY 2,960 10,642 16,740 17,772 17,948 EPS 4,184 15073 23974 25453 25,705
UTH2| 4,134 4619 5053 5298 5245 BPS 32,990 46,449 68483 90,985 112,770
SRR A 2| 323 407 323 366 436 ZSEBITDA 10,622 25,752 38,140 40,908 41632
Qa9 -38 232 -549  -194 12 CFPS 10,188 21,523 30,378 32,193 32,458
PNFRPSt=l] -22 -72 -8 -8 -8 DPS 600 1,000 2000 3,000 3,500
Xega -23 -12 -18 -19 -19 ZE7HHH 2= (HH)
SHEER AR B2 -1459 -3,190 -1,402 256 -78 PER 10.7 5.1 3.1 2.9 29
J|Et -326 2,065 456 98  -109 PBR 1.4 1.6 1.1 0.8 0.7
EXEssISE -6,230 -11,919 16,180 -17,476 -14,551 EV/EBITDA 42 27 1.7 1.4 1.2
EXXHatel K& 91 -2256 -433 -96 -59 PCFR 4.4 36 25 23 23
[UXLAS K& 162 245 108 11 112 221(%)

by N IS -5,956 -9,128 15,171 -16,730 -14,137 Fo|oE(2 ) 191 456 528 522 519
SAUXLAO| K -529 -782 -532 -700 -500 SIS (H ) 191 456 528 522 519
J|Et 1 2 -152 -61 33 EBITDA margin 450 623 655 644 638
WeESHISE 17 =352 =727 -1391 -2132 £0|UE 172 353 395 384 378
chokrelael S0t 0 0 5 18 6 X7|XH20| 2 Z(ROE) 130 368 400 306 242
AI|KIU2 BIt 470 72 -50 -20 -45 EBIXH20|2AE(ROIC) 142 430 487  39.1 325
Xp2o| Eot 0 0 0 0 0 QFEd(%)

Hig3xZ -353  -424 -706 -1397 -2,096 xS 34.1 343 242 19.8 16.1
7|} 0 0 24 8 3 =Xtl3tle 08 -130 -164 -196 -24.1
HAIUHB YR =FIt -562 2,336 3,688 4703 6,744 O|XFE A 2 (HH) 273 1107 1283 1267 1260
PES USRS 1,176 614 2950 6,638 11341 &)

7| LI Z YRt 614 2950 6,638 11341 18,085 =S HE 5.1 6.2 63 6.2 6.1
Gross Cash Flow 7,008 17,881 21996 23313 23504 I InPAESE-ESE =3 87 129 144 136 129
Op Free Cash Flow -472 2,791 4,665 6,175 9,025 LR E 55 7.6 8.4 8.3 7.8
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EAx] 2016-07-29 BUY(Reinitiate) 37,0008 618 -1681 -1681  ERXEE 2016-07-27 BUY(Reiniiate) 42000% 678 -1895 -18.10 OIM

APJERE 2016-08-01 BUY(Maintain) 37,0002 6JH& 1642 -1524  SKSIOMHA 2016-08-01 BUY(Maintain) 42000¢ &M@ -1863 -17.02 rﬂ
(005930) 2016-08-02 BUY(Maintain) 37,0008 &M -1496 946  (000640) 2016-08-02 BUY(Maintain) 42000¢ &M& -1799 -1429

2016-08-23 BUY(Maintain) 39,0002 &I -1613 -1349 2016-08-23 BUY(Maintain) 47,0009 &JH& -2322 -2245 ‘
2016-09-01 BUY(Maintain) 39,0008 &8 -1684 -1349 2016-09-01 BUY(Maintain) 4700021 &JH& -2130 -17.13
2016-09-06 BUY(Maintain) 39,0002/ &8 -1840 -1349 2016-09-12 BUY(Maintain) 47,0002 &JH& -1987 -1596
2016-09-29 BUY(Maintain) 39,0008 &8 -1835-1328 2016-09-27 BUY(Maintain) 53000 &M@ -2231 -2226
2016-10-07 BUY(Maintain) 39,0002 &I -17.96 -1251 2016-09-29 BUY(Maintain) 53000 &8 -2228 -1962
2016-10-12 BUY(Maintain) 39,0002/ &I -18.15 -1251 2016-10-25 BUY(Maintain) 53000 o3& -21838 -1887
2016-10-28 BUY(Maintain) 39,0002/ &2 -18.11 -1251 2016-10-31 BUY(Maintain) 530009 o7& -22.18 -1887
2016-10-31 BUY(Maintain) 39,0002 &I  -17.86 -1251 2016-11-14  BUY(Maintain) 53000 &M@ -2217 -1887
2016-11-14 BUY(Maintain) 39,0008 &M1& -17.98 -1251 2016-11-23  BUY(Maintain) 530009 &JH& -2071 -1274
2016-11-23 BUY(Maintain) ~ 39,00021 &JH& -17.76 1251 2016-12-14 BUY(Maintain) 59,00021 &3 -2126 -1254
2016-11-30 BUY(Maintain) 39,0002 & -1639 -7.95 2017-01-12  BUY(Maintain) 6800021 6&JH& -2669 -2559
2016-12-20 BUY(Maintain) 39,0002/ &8 -1513 -646 2017-01-19 BUY(Maintain) 6800021 &JH& -25.19 -2162
2017-01-09 BUY(Maintain) 39,0002/ &8 -1438 -051 2017-01-31 BUY(Maintain) 680002 &3 -2498 -21.03
2017-01-19 BUY(Maintain) 39,0002/ &JH& -1397 -051 2017-02-01 BUY(Maintain) 680002 &3 -2422 -2059
2017-01-25 BUY(Maintain) 420002/ &8 -532 -500 2017-02-06 BUY(Maintain) 680002 & -2446 -1971
2017-02-01 BUY(Maintain) 44,0002/ &8 -1052 -10.32 2017-02-17 BUY(Maintain) 6800021 &JH& -2654 -1971
2017-02-06 BUY(Maintain) 4400021 &8 974 -327 2017-03-29 BUY(Maintain) 7200021 &JHE -2991 -27.22
2017-03-28 BUY(Maintain) 4800021 &3 -1326 -12.21 2017-04-26  BUY(Maintain) 7200021 &JH& 2665 -2097
2017-04-07 BUY(Maintain) 4800021 &M@ -13.16 -867 2017-05-24 BUY(Maintain) 7200021 &3 -2549 -1958
2017-04-28 BUY(Maintain) 520002/ &8 -1258 -958 2017-06-08 BUY(Maintain) 7200021 &3 -2449 -1583
2017-05-24 BUY(Maintain) 520002/ &8 -1250 -958 2017-06-19 BUY(Maintain) 8300021 &3 -1952 -1494
2017-06-08 BUY(Maintain) 5200021 &JH& -1246 -958 2017-07-14  BUY(Maintain) 9500021 &3 -2496 -23.16
2017-06-15 BUY(Maintain) 56,0002/ 6@ -1557 -13.75 2017-07-25 BUY(Maintain) 9500021 &)@ -2860 -23.16
2017-07-07 BUY(Maintain) 56,0002/ &8 -1324 -857 2017-09-11 BUY(Maintain) 9500021 &JH& -2134  -621
2017-07-27 BUY(Maintain) 5800021 &M@ -1896 -14.14 2017-11-06  BUY(Maintain) 1200008 &JH& -3141  -2767
2017-09-10 BUY(Maintain) 6200021 &JH& -1678 -11.61 2017-12-05 BUY(Maintain) 1200008 &3 -34090 -2767
2017-10-13 BUY(Maintain) 6200021 &8 -1485 -7.71 2018-01-15 BUY(Maintain) 1200008 &JH& -3471 -2767
2017-11-06 BUY(Maintain) 7000021 &8 -2052 -1891 2018-01-25 BUY(Maintain) 1200008 &8 -3527 -2767
2017-11-29 BUY(Maintain) 7000021 &8 -2097 -1891 2018-02-07 BUY(Maintain) 1200008 &8 -3550 -2767
2017-12-01 BUY(Maintain) 7600021 &8 -3339 -31.42 2018-02-13  BUY(Maintain) 1200008 &8 -3544 -2767
2018-01-15 BUY(Maintain) 6800021 68 -2680 -2468 2018-03-08  BUY(Maintain) 1200008 &3 3406 -2442
2018-01-31 BUY(Maintain) 6800021 68 -27.46 -2468 2018-04-18  BUY(Maintain) 1200008 &3 -3389 -2442
2018-02-07 BUY(Maintain) 6800021 68 -2849 -2468 2018-04-24  BUY(Maintain) 1200008 &8 -3361 -2442
2018-02-13 BUY(Maintain) 6800021 &8 -2937 -2468 2018-05-29 BUY(Maintain) 1350008 &3 -3487 -2963
2018-03-07 BUY(Maintain) 6800021 68 -2837 -2385 2018-07-19  BUY(Maintain) 1350008 6713 -3492 -2963
2018-04-09 BUY(Maintain) 6800021 &8 -27.03 -2206 2018-07-24 BUY(Maintain) 1350008 &8 -3507 -2963
2018-05-29 BUY(Maintain) 6800021 &8 -27.17 2456 2018-07-26  BUY(Maintain) 1350008 &8 -3657 -2963

2018-06-21 BUY(Maintain) 6800021 68 -2879 -2456 2018-08-20  BUY(Maintain) 1350002 6&7H

2018-07-06 BUY(Maintain) 6800021 63 -3065 -2456
2018-08-20 BUY(Maintain) 680002 &1
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Sxjoz U HBIIE
21 HBIIE(6ME) A5 HEIIE(67ME)
Buy(O=+) AIETHE] +20% Ol =7t & O Overweight (H|IZZTH) AISTHE] +10% Ol4 ZRut==2| ofle
Outperform(A&=2l& A3l) APETHE] +10 ~ +20% 7t 4& ol Neutral (5&) AIZCHE| +10 ~-10% BT oflat
Marketperform(Al&4=ClE) AIETHE] +10 ~ -10% F7t s ol Underweight (HIS=4)  APECHH| —10% Old X0kstaf o4
Underperform(A&=2=2E &)  ARITHH] -10 ~ -20% =7t 6l2F OfjA
Sell(@i%) AIECHH| -20% Olst =7t 6kt o

EXISZ H|8 £7 (2017/07/01~2018/06/30)
Exsa U HI&(%)
1[{E 160 95.24%
38 6 3.57%

e 2 1.19%




