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Ulitra Wide Camera
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® Cloud A|&2 IT H/W A|Zof HISH|A M QHE X Q1 AlH
» =224 Cloud A|Zt0f| Al Amazon, Microsoft, GoogleS CHA|
» Local SI 214 =2 Global Cloud 7| 2 =2| Brokerage &%

> 7°|-E_1'6'|- II,E.F&% I. I-OE °|‘ M&AE TE-SI'-I— NLOD:‘I -T'—'ﬁ' %

—

® Multi-Cloud M| & 2 IBMO| 5| E &1

> CloudE M2 A|ZSt= 7|9 &2 Amazoni} MicrosoftE

> RO ANE 7|He 2 AEK =S FHfE

F8 Cloud 7| E2| HRE2 01X 455 ('18.3Q 7|F)

ol o
A=

A =

-

=14

L}, 3k Cloud 7| CH| 42l A %
QMHOE MUYt FYO| O
7

T ="

AWS, Azure, Google cloud?| %

I RIEES
7|50 LIEHIX| 941 Yo, Fatd eS| MR E KT
i = Global Cloud 7|2 =9| Local g&tzd =tCj
g Brysin MR Be

71% HEEO0|H, 7}%E AE517| 4|2 Cloud= AWS2} Azure

Industry Analysis

Cloud Infrastructure Services - Market Share
(laaS, PaaS, Hosted Private Cloud)

Amazon
Microsoft
1BM
Google

Alibaba

Fujitsu, NTT, Oracle, Rackspace,
Tencent, Salesforce, etc.

Next 10

Rest of
Market

0% 10% 20% 30%
Worldwide Market Share - Q3 2018

Market Share

Gain - Last
4 Quarters
Amazon
+1%
Microsoft
+2:%
1BM
-Y2%
Google
+1%
Alibaba
+1%
Next 10
1%
Restof Market
-4%

Respondents with 1,000+ Employees

% Adoption

YoY Growth in Adoption

% Adoption in Beginners

% with Footprint
> 50 VMs

YoY Growth in Footprint
> 50 VMs

. AWS leads . Other vendors lead

68% 58% 19% 15%
47% 49% 18% 14%

X}=: Synergy Research Group

XF=: RightScale
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> Server =2 = MEZXQI Non-Cloud =2 = ZtA35t11 99, Public Cloud?} Private CloudO| Al 255t= A
> Dell EMC, Cisco, HPE, Microsoft 59| 7|2 =0| ServerE HN| &AM Cloud 7| ¥ 0f| HES= £+
> Cloud 7| &2 "18'H 7| £Xt= At fe8lS HER Z5HAH 54
o URJ|IUSL S| =2 ol U HrE| 7tH S22 MES YU Ol 77t At2HE > 19 5tHt7| H 4t
> Facebook, Tencent, Huawei S°| =2 ZIA + B2 HIEN| =2 S7I2 23 571 > K 22| 714 5=t
> HRZ2| 7H4 slEte 2 MER U o|F& Al2HE > 193 Huto|7ix] 4 XM 2 35 =1}, 5tit7| =5 edz} o &
719 HAkAo| E2 5 Cloudof] ALEE MH{2| =218t FF 181 AHL7| Hyperscale Y H| £2| Capex SHC|7} X|LIX|A EZ

Industry Analysis

Data Center Infrastructure Market

Hyperscale Operator Capex Growth-

Market Leaders { Onasr
25 i item Top5
ODMs Spenders
= Dell EMC Q22018
t 30 Cisco )
s . +54% HPE o Google
S lelb"g B Microsoft
(=% ou [
g o Dell EMC S Facebook
@ Privt Microsoft g Apple
rivate
: Cloud +45% HPE o} Amazon
3 15 Cisco .
o (or cloud enabled)
@ o Others
T = . .
k> Microsoft 28] Alibaba, Baidu,
g Traditional Dell EMC 2 IBM, JD.com,
Non-Cloud HPE SI\:;I'F:I',_?racIe,
Cisco » Tencent,
i etc.
Q2 Q2
Ql @ @ M Q @ Q@ M Q @ Q3 4 QA @
2016 2018 15 15 15 15 16 16 16 16 17 17 17 17 18 18
XtZ: Synergy Research Group Xt=Z: Synergy Research Group
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S A =27] -9

ot 223 7|120] §

OHAZ QiCt

e = 19 7| [{H| DRAMS 7'
> Mg IE

> DRAMZ FEHMIXIZ} (Server DRAM), O|-E

> Fabless A 4|

;, NAND= 3~5i,

2 (Mobile DRAM)2 11

siielof Hoje MEM MEE B

HE2 Modem, AP S

SHUOA HOfEl= HE0 =etEof =2 = U 20, PC DRAME Ol Servert
HE[XtORRE XM LERAP) 2AE SO A2

Ol A H2FH QI HH > M=

NAND Flash Process Roadmaps éfor i:lolume Production)

IM Flash

2017

H5747}%| DRAMS ‘18142

EE T

Foundry:= 4~5'd 0|At0| 7| 27X} X

AFSEYMTCC| 32E 3D NAND+= 2018 LY F4F (Volume Production) 43 o8& =59

2H i A=
Mobile2 Ultra-low end 0| 2|0j= X
250 XEH5HA E 7tsd ==

Het F2, HEN M4AA XZAHS ol

im
THT
N

!

DRAM Process Roédm:aps (for Volume Production)
i, 013 , 2014 , 2015 , 2016 , 2017

Gnl :m Micron

Fcs0nmn

Samsung

T o

—

SK Hynix

SK Hynix
)

Toshiba/SanDisk

- Note: What defines a process gcncranod." and Ihe start of "volume" production varies from company to
‘.«Z@ company, and may be influenced by marbitmg embehshments s0 these points of transition should be used

WTC

Yangize Memory Technologies

only as very general guidelines.

Sources: Companies, conference reports, I In u@b
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Made in China 2025 vs. Made in USA, Z12H9| &iiAl2 Bojo|7}
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o AXMASFEEZ £ HOX|1 Y= 5304
55 m2fo| g

> =t9| Made in China 2025 *

|2o| s A 2L FHo| sl
2 AL, 0|22 56 7|4k 4XAte]

=
> Z29| Tech 7|HEQ| A|7}=M e 0|20 AMAIE HojAMD Y > R&D
)

Technology2| |

HelE FEAS SIOA LOAE = AS

£ BF2 X #, AL 1 =t S0l S=0| O {2

.I
> HEH 7[R S50 o7 3R, EF ASXS(AI) 7[e] HYSHE 50| 0|72 HOMA E Ao|2ts 2= H7|

o AZ2 7 2 2= "Trump LiEY0| 0|52 BI=N| S O AF2Etn 2Fstn QlChs A"

>

> O|=9| 7}% 2 RiskE £=0| 2025E 771X *| A SF 50%°2] &l &

> B30l WENE HY LA, A MESD, $ENK E £ 9
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SEMICONDUCTOR EQUIPMENT MARKET SHARE

-CY 2016
Hitachi High
Screen Tech ASMI
3.4% 2.0%
KLAC 4.1%

7.8%

TEL
17.0%

ASML
18.5%

LRCX
19.0%
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USTR ZMIF-2} 5= (BHA])) HITH S 9 FHe

® 1-2% N Tt FF

>
>

NBTIY &8 NH SEH

Parts & accessories for instruments and apparatus for measuring or checking semiconductor wafers or devices

Optical measuring/checking instruments/appliances for inspecting semiconductor wafers/devices or photomasks/reticle used to
mfg such devices

Optical instrument & appliance : to inspect masks (not photomask) used to mfg semiconductor devices

Electron beam microscopes fitted with equipment specifically designed for the handling and transport of semiconductor devices or
reticles

Machines and apparatus for the manufacture of boules or wafers
Machines and apparatus for the manufacture of semiconductor devices or electronic integrated circuits

Parts and accessories of the machines and apparatus for the manufacture of semiconductor devices, electronic integrated circuits and
flat panel

Diodes for semiconductor devices, other than light-emitting diodes, nesoi

Machines and apparatus for the manufacture of semiconductor devices or electronic integrated circuits

e 3i BN I} =2 ('18. 8.23)

>

Boxes and similar articles for the conveyance or packing of semiconductor wafers, masks or reticules of sub headings s3923.10 or
8485.90

Fused quarts reactor tubes and holders designed for insertion into diffusion and oxidation furnaces for semiconductor wafer
production

Semiconductor media, “smart cards”

Semiconductor media, nesoi (Not Elsewhere Specified Or Indicated)
28
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o F33lo| £Wo| REAR S AHHX}, YMTCO| IP Piracytl] HES 27| ChThs| SEtAE2 Ay
> 8/06~8/097}X| O|=0| A &€2|= Flash Memory Summit 20180{|A{ 64<t 3D NAND &&
> A FXIe| V-NANDE Reverse engineering JUCH= o|= > AT X} Xian fab Q12 S 2 A7IRSH7| 2 42 YX]
> IP A LZ NIISHH 54 71580 12 =2 A2 MTE|D oL 2o 2K = =2 d7|F A2 ofz{ig A
> DRAM 3! NAND 7|& RRES UX|5}7| fIet 2 =Xl ™ 01 AZ5tH, /4 Xt @122 YMTC 0|2 & 0f B2 o= njo}
> YMTCE ZX £ 8 $HE(HX)0IM HE(English) B7|2 ¥, 912 U 7|2 8% EXlE oS 227t nZxel: 4%

...

ELECTRONICS

WTC

Yanagtze Memory lechnologies
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Soviet Union2| 242 23tA|71 O|=t Star Wars 212F2| 228t : Budget Battle = 2|7

US SDI PROGRAM

BOOST-PHASE
BOOST-BASED
- - RVERLANCE &
SPACE-BASED SURVERLANCE & - LS oo e

INTERCEPTOR TRACKING SYSTEM :
3
— ——

v PARTICLE

BEAM
RELAY

MIRROR
FRONTING

SURVERLANCE &
TRACKING SYSTEM

. GRAUND-
BASED
HIGH ENDO- =l Mg st
ATMOSPHERIC w FHOTrTOR
DEFENSE
GRAUND- L
BASED INTERCEPTOR

LASER

The purpose of SDI program was to create a Missile Defense System protecting
the USA and its allies from a Soviet nuclear missile strike .

O Kas Thomas

Flint needs water but whatever |

\'.
Sy ] \

SPACE PLAN , —

PENCE UNVEILS "SPACE FORCE" PLAN OR "NEXT BATTLEFIELD" | 32
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H|= 2| Bt Down-Cyde 224 52

o X|tt3HZEHRE YA MH2 1K Super Cycle 1Y £ 51 27| M7 223 A|H
» 1x, 1y S DRAM 37dO|M[2te| O{2{S 22 b/g BEQ O2Z > =2 M E[HAM b/ge| st H#E0| 7t X|= AIH
> 3D NANDE g 2tH 0| 2 0 34N EXF 27t0lUo L, 2 /MM HA XM HES 2 Ho{710F & A|™

> INTEL, Micron2| Xpoint ! = YMTC Z4®|Z 9|3t NAND 7}z 9| 82t et x|st Haf

® DRAM A|EO0|Me| MZ& FI[7HX] & L AHM|CH Bt A|of CHet SZ X R&D F£X7F oot AlH
> Server DRAME HBM2 2 &3} Ttoff =icl, DDRS =7| £ 52 E3t £I}7tK| 23} oAb + MRAM S XtM|CH M| Z ZH
> ME2| gz N A0l 2K} Super Cyclel| =42 Al 5G, 8K7} H3IA|Z! Al Server?} Mobile ZHEI X SO A =utst 74

Micron F7} 30| (Et2l: USD)  ASML, AMAT, Lam Research ,TEL 37} 0| H| 2

——Micron ——ASML ——AMAT Lam Research TEL
70 -~ 140 -

60 120

50 - 100

40 A 80 -
30 T T T 60 T T T
2018-01 2018-04 2018-07 2018-10 2018-01 2018-04 2018-07 2018-10

Xt&: Bloomberg, SKZ# X2 Bloomberg, SKZ 3 34



2019'd, 229 Tech 27} £2151 0|

256G Oi7|+=2 8 =7tE gty 52| S22 High-end A0EE AZ0AM & 221 (YOY -3~5%, unit 7| =)
UH Ajlo] EXM X|Ho| 2EHE M : 5GE X| 5= Apple?] iPhonek 2020 £A| 75 =8
2 70 CLOUD YHEE H4H Capex |2l : 20191 AtHIY| 202 X[ HUIA EXFSIAFE £9[7] 1

M

o 9 &l2tvs, =8 OrHSIE oISt 22 Z7} : Seller’'s Market - Buyer’s Marketo 2 Xt

> 20194 FQ C|HI0|A9 =8 F3t 0f & £[Lf, DRAM2| 70| M|2tet Nand2| 3D Nand &= S7t2 S22 &7t
> Ao =E 0| 20194 AHHEZ| K| 22 X7 OFLl 29 XIOf| A2 O| M El AMSt : Capex =AE E3t T X 0| 3jHE7| OrXSlo| MA
ADIEE NE2 B$ 7| 202 Q4T Xg HY Z24 9IE{Y 7| Q50| Capex 30| Y HY (191 M Capex 04

(EHel: 2 2kCH) (Et?l: USD M) B Capex —O—Growth
1600 _ 80,000 n B 40%
1,200 A 60,000 - - 30%
800 - 40,000 A - 20%
400 - 20,000 - - 10%
0 - 0 - - 0%

2010 2012 2014 2016 2018E 2010 2012 2014 2016 2018E
xt2: SKE 3 Xrﬁ SKEH 35
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L= ZIIII-°J: H_IE I.‘F_T'_.:l.i'll. I_J.\_
2018ANAND 13 AR S, T &2 =0 215
o 2018'H Auty| A EHX JAFE M F7I, ofet7| SK 50|42 S5S7t2 7ot E 714 St MY
> MAERHE HEALD W L slety| MHSX S0 278D $8 HHHOZ 40%b/gE XahE Ao W
> SKSlo|HAo| =8 /ML 2 S5 55 > oftt7| NAND 7t4 2 =4| 5t=stA g 2
> TOSHIBA, MICRON, INTELO| QGi7t 2 2L n= XMatx| 88k, 2 YMTCE 4Q 2 A20F MAF 7hs « A|ofo| Atte
Q1-17 Q2- 17 Q3-17 Q4- 17 Q1- 18 Q2- 18 Q3- 18 Q4- 18 2017 2018
Worldwide NAND demand
Removable & Consumer 5,820 5,852 6,727 7,693 7,125 7,694 8,978 10,706 17.0% 32.2%
Mobile 15,970 17,491 20,208 22,565 20,427 22,348 23,830 28,120 36.2% 24.3%
Compute 8,439 8,246 8,028 8,643 9,807 11,469 15,942 17,631 15.8% 64.4%
Cloud/Enterprise 6,765 8,130 8,633 8,980 10,354 11,804 13,539 15,976 76.8% 59.0% Supply/demand ratio
Others 1,339 1,445 1,594 1,753 2,038 2,164 2,246 2,345 43.6% 43.4%|
Total demand 38,333 41,163 45,190 49,634 49,752 55,479 64,535 74,777 34.4% 40.3% Lo P
Q0Q growth 5.3% 7.4% 9.8% 9.8% 02%  11.5%  16.3%  15.9%|  -22.5% 5.9 o ~ /7 /
Worldwide NAND supply 1.00 / ~ \v/
Toshiba (inc. Western Digital) 14,513 15,399 17,666 19,195 20,550 21,789 23,332 25,719 41.1% 36.9% 0.99 \\//
Samsung 13,356 14,090 16,246 17,870 16,907 19,358 23,036 27,643 28.2% 41.2% 0.98
Micron 5,390 5,693 6,003 5,777 6,717 7,320 8,521 9,901 42.5% 42.0% 0-97
SK hynix 4,595 4,439 4,868 5,684 5,172 6,073 7,227 9,539 15.7% 43.0% z:jg . ‘ ‘ ‘ ‘ ‘ ‘
Intel 358 725 1,065 1,298 1,663 1,738 2,346 3,231 1992.9%  160.5% Q117 Q317 Q118 Q318
YMTC - - - - - - - 3 0.0% 0.0%
Total supply 38,212 40,345 45,849 49,824 51,009 56,277 64,461 76,037 35.6% 42.2%
QoQ growth 1.3% 5.6% 13.6% 8.7% 2.4% 10.3% 14.5% 18.0%)
Quarterly supply and demand
Supply (Production) 38,212 40,345 45,849 49,824 51,009 56,277 64,461 76,037
Demand (Consumption) 38,333 41,163 45,190 49,634 49,752 55,479 64,535 74,777
Supply/demand ratio 1.00 0.98 1.01 1.00 1.03 1.01 1.00 1.02
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Industry Analysis

® 2018.4Q-2019.2Q A5} Fab 7}= ZS7}0] L3 SB{= AME
o d T X}, SK 510[H A, TOSHIBA, YMTC2| NAND 4lt FabO| 25 7t5& A|&SHA & 7ts5d0| =2 AlE

» INTELZ} MicronQ| Xpoint A At =L O E= ‘18 INTELS| O M=t 5l QM =& M2k N2 Z-EE Mat

> Mobile2 256, 512GB A& 3! 745t CLOUD =8 =20 3 WE 7tASIE e 2 J|IHX|E 425te =7t Yie = UAS Aoz MY

> Fab2| ojf 37t &t = @ ME|0{Of X[, MH|ZSH2 HeS na2{st0] EHHHO R FIWsH= ZA0| HiZES o= FHTHE

2017 2018 2019 2017 2018 2019

Worldwide NAND demand .
Removable & Consumer 26,092 34,503 47,424 17.0% 32.2% 37.4% Supply/Demand ratio
Mobile 76,233 94,725 124,458 36.2% 24.3% 31.4% 1.05
Compute 33,356 54,849 86,870 15.8% 64.4% 58.4%
Cloud/Enterprise 32,508 51,672 77,917 76.8% 59.0% 50.8% 104 /
Others 6,131 8,793 11,895 43.6% 43.4% 35.3% 103
Total demand 174,320 244,543 348,564 34.4% 40.3% 42.5%
QoQ growth 34.4% 40.3% 42.5% -22.5% 5.9% 2.3% 1.02 /
Worldwide NAND supply
Toshiba (inc. Western Digital) 66,774 91,390 129,945 41.1% 36.9% 42.2% 101
Samsung 61,562 86,944 120,326 28.2% 41.2% 38.4%
Micron 22,863 32,459 45,948 42.5% 42.0% 41.6% !
SK hynix 19,585 28,010 40,805 15.7% 43.0% "‘.--‘4'5'.7’5’/0' ''''' 0.99
Intel 3,447 8,979 24,954  1992.9% 160.5% " 177.9%
YMTC g -7 3’ 311 " 10266.7% %098 ; . .
Total supply 174,231 247,784 362,290 35.6% 42.2% 46.2% H 2017 2018 2019
QoQ growth 35.6% 42.2% 46.2%  -11.8% 6.6 4.0%
Quarterly supply and demand k
Supply (Production) 174,231 247,784 362,290
Demand (Consumption) 174,320 244,543 348,564
Supply/demand ratio 1.00 1.01 1.04 37
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2% Exj0) Folg A

YoY

Global Demand (1Gb Equiv. Millions) 2015 2016 2017 2018 2019 2016 2017 2018 2019
PC 18,384" 19,486 21,309 22,626 23,780 6.0% 9.4% 6.2% 5.1%
Server 10,235 14,687 20,540 28154  37,164| 435%  39.9%  371%  32.0%
Mobile 18,5747 257457 33,7567 42,454  47548| 386%  31.1%  258%  12.0%
Graphics 32767 3,265 14,0797 4,376 4648 -03%  25.0% 7.3% 6.2%
Consumer 2,771 38847 53787 7,371 9,950 402%  385%  37.0%  35.0%
Other 45507 55347 67227 8360 10,300 21.6%  215%  24.4%  23.2%
Total Demand 57,791 72,601 91,785 113,342 133,391 256%  26.4%  235%  17.7%
Global Supply (1Gb Equiv. Millions) 2015 2016 2017 2018 2019

SK Hynix 16,934" 21,065 26,356 31,627  38459| 244%  251%  20.0% : 21.6%
Micron 9,190" 16,2077 21,1787 26,290  31917| 76.3%  30.7% = 24.1% i 21.4%
Nanya 1,604 1,9977 22957 3234 4113 17.9%  15.0%  409% @ 27.2%
Powerchip 479" 508" 566° 6187 693 6.1%  11.3% 93% : 12.1%
Samsung 259327 34,6927 40,3307 48,672 59380 33.8%  16.2%  20.7% . 22.0%
Winbond 354" 4607 474 561/676 9.9% 31%  183% | 19.4%
Others 241" 251" 261" 271 283 \im% 4.1% 41% 4.2%
Total Supply 54,824 75,179 91,460 111,278 135,513| 37N% 21.7%  21.7% : 21.8%
Shipment/Demand 0.95 1.04 1.00 0.9$ 1.02

Industry Analysis

38



2018-20'9 NAND CAGR Y : Sa21t A& > FAL &4 U A7 RS LR
— LLO°* od ] . [l =20 = =2 Y
Industry Analysis
0117 Q217 Q317 Q417  0Q1-18  0Q2-18  0Q3-18 Q418  QL-19 0219  0Q3-19 Q419  QL-20 Q220  Q3-20 Q420 2018 2019 2020
Worldwide NAND demand
Removable & Consumer 5,820 5,852 6,727 7,693 7,125 7,694 8,978 10,706 9,903 10696 12430 14394 13315 14517 16579 19,165 32.2% 37.4% 34.1%
Mobile 15970 17,491 20,208 22,565 20,427 22,348 23,830 28120 25518 28,376 32,963 37,600 34,968 38,885 45170 51,524 24.3% 31.4% 37.0%
Compute 8,439 8,246 8,028 8,643 9,807 11,469 15942 17,631 18225 20,600 23255 24,790 27,269 30,822 34795 37,681 64.4% 58.4% 50.3%
Cloud/Enterprise 6,765 8,130 8,633 8980 10,354 11,804 13530 15976 16375 18668 20,615 22,250 23705 27,024 29,844 35215 59.0% 50.8% 48.6%
Others 1,339 1,445 1,594 1,753 2,038 2,164 2,246 2,345 2,667 2,992 3,039 3197 3,727 4,182 4,247 4,467 43.4% 35.3% 39.8%
Ld Ld Ld Ld Ld Ld L4 Ld Ld Ld L d Ld Ld Ld
Total demand 38333 41,163 45190 49,634 49,752 55479° 64535 74,777 72689 81,332 92303 102240 102,985 115430 130,634 148,053 40.3% 42.5% 42.6%)
Qo0Q growth -5.3% 7.4% 9.8% 9.8% 0.2% 11.5% 16.3% 15.9% -2.8% 11.9% 13.5% 10.8% 0.7% 12.1% 13.2% 13.3%
Worldwide NAND supply i
Toshiba (inc. Western Digital) 14513 15399 17,666 19,195 | 20,550 21,789 23,332 25719 26,773 30,790 34,484 37,808 37,481 43478 48,696 52,501 36.9% 42.2% 40.2%
Samsung 13,356 14,090 16,246 17,870 16,907 19,358 23,036 27,643 25985 28,064 31,712 34566 32,838 39,405 44528 49,871 21.2% 38.4% 38.5%
Micron 5,390 5,693 6,003 5,777 6,717 7,320 8,521 9,901 9505 10,931 12242 13271 12,872 14,803 17,024 19,577 42.0% 41.6% 39.9%
SK hynix 4,595 4,439 4,868 5,684 5,172 6,073 7,227 9,539 8,776 9741 10,715 11,573 10,994 12,973 14,919 16,709 43.0% 45.7% 36.2%
Intel 358 725 1,065 1,298 1,663 1,738 2,346 3,231 4,164 5,366 6,842 8583 9012 10,093 11,608 13,929 | 160.5%  177.9% 78.9%
YMTC - - - - - - - 3 12 31 62 206 260 320 385 460 10266.7%  358.2%
Total supply 38,212 40,345 45849 49,824 51,009 56,277 64461 76037 75215 84922 96,057 106,096 103,457 121,073 137,159 153,138 42.2% 46.2% 42.1%
QoQ growth 1.3% 5.6% 13.6% 8.7% 2.4% 10.3% 14.5% 18.0% 1.1% 12.9% 13.1% 10.5% 2.5% 17.0% 13.3% 11.7%
Quarterly supply and demand
Supply (Production) 38,212 40,345 45849 49,824 51,000 56277 64461 76037 75215 84,922 96,057 106,096 103,457 121,073 137,159 153,138
Demand (Consumption) 38,333 41,163 45190 49,634 49752 55479 64,535 74777 72,689 81,332 92,303 102,240 102,985 115430 130,634 148,053
Supply/demand ratio 1.00 0.98 1.01 1.00 1.03 1.01 1.00 1.02 1.03 1.04 1.04 1.04 1.00 1.05 1.05 1.03
-
Supply/demand ratio ASP/GB
1.07
$0.35
1.05 7["“\ $0.30
1.03 /T::‘\_____ $0.25
101 ~ /_'_\\‘/ / $0.20
) NG o/
N f NS $0.15
0.99
\J/ $0.10
0.97
$0.05
0.95 T T T T T T T T T T T T T 1 $— T T T T T T T T T T T T T T 1
Ql-1/ Ql-18 Q1-19 Q1-20 Q1-17 Q1-18 Q1-19 Q1-20 39
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Global Demand (1Gb Equiv. Millions) Q117 Q217 Q317 Q417 Q118 Q218 Q318 Q418 Q119 Q2-19 Q3-19 Q419 Q120 Q220 Q3-20 Q420 2017 2018 2019 2020 2017 2018 2019 2020
PC 4,953 5,158 5,605 5,892 5,417 5,444 5,880 6,062 5,613 5,782 6,187 6,465 5,987 6,016 6,377 6,601 21,608 22,803 24,047 24,981  10.9% 5.5% 5.5% 3.9%
Server 4,525 5,283 5,616 6,549 6,520 7,310 7,938 8,637 8,559 9,295 10,513 12,363 12,054 13,079 14,324 16,645 21,973 30,405 40,730 56,102  46.9% 38.4% 34.0% 37.7%
Mobile 7,275 7,713 8,307 9,000 8,221 8,904 9,798 11,334 10,012 10,433 10,845 11,529 11,044 11,959 13,190 14,954 32,296 38,257 42,819 51,147  25.5% 18.5% 11.9% 19.4%
Graphics 722 726 1,083 1,991 829 832 1,123 1,348 876 877 1,184 1,984 1,001 1,092 1,398 1,929 4,522 4,132 4,921 5,510 8.5% -8.6% 19.1% 12.0%
Consumer 1,072 1,130 1,347 1,796 1,472 1,601 1,908 2,457 2,187 2,330 2,483 2,660 2,474 2,721 3,037 3,347 5,345 7,438 9,660 11,578  37.5% 39.2% 29.9% 19.9%
Other 1,555 1,717 1,820 1,928 1,899 2,103 2,278 2,461 2,383 2,637 2,833 3,024 2,931 3,257 3,516 3,765 7,020 8,741 10,878 13,470  23.0% 24.5% 24.5% 23.8%
Automotive 95 104 113 121 142 155 168 181 207 226 245 263 302 335 376 408 434 645 941 1,421  45.7% 48.7% 45.9% 51.0%
Wired 697 827 891 954 887 1,028 1,122 1,232 1,127 1,306 1,425 1,565 1,432 1,659 1,810 1,988 3,368 4,270 5,423 6,889  30.2% 26.8% 27.0% 27.0%
Industrial 115 125 135 146 151 165 178 192 195 212 230 248 251 274 297 319 521 686 885 1,140  30.7% 31.7% 28.9% 28.9%
Other 648 661 681 707 719 755 810 856 855 893 934 948 947 989 1,034 1,050 2,697 3,140 3,629 4,019 11.3% 16.4% 15.6% 10.7%
Total Demand 20,103 21,727 23,778 27,157 24,358 26,194 28,925 32,299 29,631 31,354 34,045 38,025 35581 38,124 41,843 47,241 92,764 111,776 133,055 162,789  25.5% 20.5% 19.0% 22.3%
QoQ % -12.6% 6.5% 9.4% 14.2% -10.3% 7.5% 10.4% 11.7% -8.3% 5.8% 8.6% 11.7% -6.4% 7.1% 9.8% 12.9%

YoY % 33.8% 32.4% 25.5% 16.4% 19.4% 20.6% 21.6% 18.9% 21.6% 19.7% 17.7% 17.7% 20.1% 21.6% 22.9% 24.2% 25.5% 20.5% 19.0% 22.3% 25.5% 20.5% 19.0% 22.3%
Global Supply (1Gb Equiv. Millions) Q1-17 Q2-17 Q3-17 Q4-17 Q1-18 Q2-18 Q3-18 Q4-18 Q1-19 Q2-19 Q3-19 Q4-19 Q1-20 Q2-20 Q3-20 Q4-20 2017 2018 2019 2020 2017 2018 2019 2020
SK Hynix 5,375 5,546 6,444 6,663 6,330 7,352 7,719 8,067 7,663 8,506 9,187 9,922 9,425 10,368 11,197 11,757 24,028 29,467 35,278 42,748  25.3% 22.6% 19.7% 21.2%
Micron 4,777 5,016 5,417 5,514 5,570 5,904 6,453 7,034 6,893 7,272 7,781 8,194 7,948 8,743 9,529 10,101 20,724 24,960 30,140 36,321  24.0% 20.4% 20.8% 20.5%
Nanya 532 546 561 657 729 787 853 921 944 1,004 1,054 1,060 1,087 1,196 1,268 1,331 2,295 3,290 4,062 4,882 15.0% 43.4% 23.5% 20.2%
Powerchip 135 139 144 148 150 153 156 158 160 163 165 167 169 171 173 176 566 617 654 689 11.3% 9.0% 6.0% 5.4%
Samsung 9,264 9,838 10,793 11,128 10,795 11,281 12,973 13,946 12,900 13,829 15,212 16,124 14,915 16,407 18,211 20,032 41,023 48,995 58,065 69,565 14.1% 19.4% 18.5% 19.8%
Winbond 108 114 122 130 136 138 141 150 148 150 152 160 157 159 162 170 474 565 609 648 3.1% 19.3% 7.7% 6.3%
Others 64 65 66 66 67 67 68 69 70 70 71 72 72 73 74 75 261 271 282 294 4.1% 4.1% 4.1% 4.1%
Total Supply 20,253 21,264 23,547 24,307 23,778 25,681 28,363 30,344 28,778 30,993 33,621 35,698 33,774 37,117 40,615 43,642 89,371 108,166 129,090 155,147 18.9% 21.0% 19.3% 20.2%
QoQ% -5.5% 5.1% 10.0% 4.8% 3.7% 8.0% 10.4% 7.0% -5.2% 7.7% 8.5% 6.2% -5.4% 9.9% 9.4% 7.5%

YoY% 38.0% 23.9% 16.2% 14.5% 25.6% 20.8% 20.5% 24.8% 21.0% 20.7% 18.5% 17.6% 17.4% 19.8% 20.8% 22.3% 18.9% 21.0% 19.3% 20.2%  18.9% 21.0% 19.3% 20.2%
Sufficiency 1.03 1.00 1.02 0.92 1.00 1.00 1.00 1.01 1.02 1.01 1.01 0.99 1.00 0.99 0.99 0.97 0.99 1.01 1.00 0.99 0.99 1.01 1.00 0.99
Supply/Demand ratio ASP (1Gb Equiv)

1.04 - 110$ -
1.055 -
1.02 -
//\-—\ 1.008 -
+ - LN 0958
0.90$ -
0.98 -
0.855 -
0.96 - 0805 -
AtM, SKO| DRAM EX} Fat 0755 -
0.94 = +o )
2019 : DRAM Ex} SCjECt EXtE 8 )M 0705 -
0.92 - 2020 : Al IoT, 5G =2 Sl 2 EXt=c) & 7| 0655 -
0.60 $ ‘. — e : .
09 T T T T T T T T T T T T
Q1-17 Q1-18 Q1-19 Q1-20

Q1-17

Xt2 : IHS, SKSH
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DRAM 42| sHAl2 Server + MobileQ| DE71712] A3+ M

® DRAM A|ZE0A o] &5 X2 Server DRAMO| &, 2019'H 5}Ht7| . E{ Server > Mobile 0f| &

> Cloud 9|Z=9| Server DRAM £=Q 9| =7}7} ¢f= DRAM MKl =2 74018t 7{o = mtct
» High Performance + Low PowerE S A|0| 7+315t= High-end =2 = A7 X}, SK 50| H A, Micron2| A HEY S X|& A
> Server DRAMO| Cash cow?| 925 5}7| 2|8 A{= DRAM Chip &|F2| THO{O0f| Al HBMYPE S| T EJI HECZ2 HAE EQ
>  ZD[MSEe AAt RA] 2 DDRS z&7| = 8! HBMAYEHZ 0| 715 THij= M= EF2M0| 2 A2 = 7|0y
> HRE| BteX fE20M S 7 HX7L 2 2010|H, AP XL SK 50| A7t M Xo 2 T Hs|of g £0f
> £ AT SoRMO| HIHO Surite) g0 Bas ni
18,000 100% - Server + Mobile + Graphic Demand
16,000 95% | / 3 Major Supply
14,000 0% -
12,000
85% -
10,000 W Server
80% -
8,000
75% -
6,000 Mobile
4,000 70% 7
2,000 65% -
0 60% T T T T T T T T T T T T T
Q1-17 Q1-18 Q1-19 Q1-20 Q1-17 Q1-18 Q1-19 Q1-20
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AMD: GPU 7|8t A|ARHC| |22| 2|2&k= HBM2(High Brandwidth Memory)Z 14 o

bandwidth per pin*

AMDl | RADEON

8X Capacity/stack

<"

Introducing the world's

most scalable GPU
memory architecture

AMDQ1 | RADEON

HBM2

—_

Over 50% smaller footprint
HBM2 vs. GDDR5

AMD1 | RADEON

X2 : AMD, SK=3 42



= fHAEAFE{(HPC), 2ELE M, Znsi4E g 7= S0 &8

GDDR5

80mm X 100mm(Z1&|24=) - 19mm X 19mm(GPU) = 7,639 m

HBM

8mm X 12mm X 2 = 224mr

- - - TN
= = ==

ofejge
- - 'm

afeEs

Si QIE{ZX| XE| =
oF 7Hj 4t
PCB [HBM 73]
0000000000000000
ajg=s
GDDR5 HBM2
1&as) Blo|E} R 52 : 3271 Blo|E] Z B2 : 102471
/]\ HIOJE] X2| £ : 36GB/s HlOJE| X2| 45 : 256GB/s
25D TSV HE &£ XHH|= d2)= c|2o| HBM2 CHH| &%
4Gb GDDR59| £ &&= 9Gbps / 8Gb HBM22 2Gbps
ole o A 3t o] M= 2 ol 3= H|A
X2 : ALERL SKEH TSV £ & E3t 9l mo|A =7} HBM29| /4=50| GDDR5E ¢ £ ol= H| &
4Gb GDDR52| OlE{H{|0| A= 32 bit / 8Gb HBM22 1024 bit 43
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22| YEeR]| HAI2| 22El 815 Persistent Memory

Industry Analysis

® DRAM1I} Nande| &A1

FEHE S Bt + e M22 HizE|ef

oy

=
> DRAM2 =T 7} Nand@t= Hluwg = QIS M2 H=X|3t 3|2 (Volatile Memory)O|2t M@ 22 SELHA| Datas &5 At2HE
> Nand H|Z|gtA (Non Volatile Memory)O|2} M9 22 ZSCHA|0| = Data £410| 9!X|0t, CPU I DRAM CHH| X|LbX| A =2
> DRAMZ HEES & S=oli0F 57| 20 S o Mo T3 48|, H[2|2d K222 Nand= % Gl MY 4H| Aol glg
- “Fast Like Memory, Persistent Like Storage”2t= 7'@ 2 Z NVMe (Non Volatile Memory + Express)E s7tot= 22| 7HE L=
® SSD2} Z2 M1 0| 2 XEEXIZL, LM DRAMOI St e 205 XYS M= A2 CHEHS| o3 H S
> STT MRAM, ReRAM, NRAM & Ctefot Cfots Aot oL, 78 8 &K 7fgtar Fitd 2HE0j M 10 O] A uf
> 2015 &f|'d 20| SFet INTEL2} Micron2| 3D XpointZ QIsj, AtMICH o| 22| 7 3 Xpointo]| Ci e LS OFZ0] AlZ3HH
DRAMS| £ =9 NAND| H|3|%H4 S48 & Hl=2al 9o sty MY HHA CIOJEH £41 B2 £ ol O} WS 8% Hlmao] W Ho
t - Persistent M PM) Visi 9
-t ersisien emor iIsion
o y (PM) SNIA
8 Registers — f—
.
m -
= DRAM p Fast
o : Like Hcmory
= / HPE pmimmmmay\ L’ T .
o % ~ Persistent
; = Flash Like Storage
&.) To Memory Slots
Magnetic
» For system acceleration
« For real-time data capture, analysis and intelligent response

Xt2Z: HPE (Hewlett Packard Enterprise), SKZ#

Xt2: SNIA, SKEH
t&: SNIA, S 45



AS Flet A= = (1) AIZIE7| Al82f ol

® QUIZX|S(AI) MCHe| =2i= AAR X XsHE 2Tt H/W 7157| =8 =
> Al A|CHO|| € 23t Machine Learningdt Deep Learningdj| £E3t=l H/W H& 7t&7| 8= 2dMo 2 St
- GPU, FPGA (Field Programmable Gate Array), ASIC (Application Specific Integrated Circuits) =2 = W=H 7} 0 &
» INTELZ2 CPUQ| tHE 2 E2t517| ?|¢l| FPGA (Field Programmable Gate Array) @A 2! ALTERAE QI

> Google2 Al =2 & 2|3t Tensor Flow0] %|&3}t=l TPU (Tensor Processing Unit)2} 22|= ASICS 217 7j&f

® Microsoft, SKREZ|| Z Al 2 H= SFF AL 7157| 7|2o| wakd
> MSE FPGA 7|8to| Q15X Q= 2} MH|A A2l &H : HOo|HMEH MHE 0/ MR (Mixed Reality) 8| =410 = X| & 0f
> SKHEIZ|Z2 FPGA 7|Hto| AI7}57| i 2 MH|A 55 204 7§ > SK SLO|HAQF CZ2F HMB2 O & 2| 7|Hto| ASIC & 749 of

CPUTte 2= QI X|5 CH30f| H|2 88X, ATH/W 7|£7| =82 57} =28 F2 7|¢9| UIX|s AL 7157
X D
m GPU FPGA ASIC
AL H/W &
m‘ | Accelerator :
[ o ol |c[ofo) Mse) —30
EEl GPU FPGA 7|4t 7147 | TPU
m* SKEE|F, AIL-YA Al 7152|" H[0|E{MIE] X &..GPU CHH|
[ ona AL 5H 1
A= SKSH Kt&: sktinsight
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AIS 2|5t A28 J1= (2) : In-Memory Computing

Industry Analysis

ot

O

® In-Memory Computing2 7|E dtAlql &g| F£Q H|0|E{7} 25 0|2 4220 MHEL|o] AFE £
Xe2|siofF & H|O|HE StorageOf XM 3SHX| @f1, Memory &0l XM &1 X2|5t= A

DRAMO|| M C|O|E{ & X &ota X ALEStCH 2| 7|8 I 7ts5tLt, 2|2d (Volatile) M| 22| 2f T 2I0] 7HX|H OO Ef Af2tE
DRAMO| Gi5|= DIMM 2 =0 Nand®} Super CapacitorE ZHAtstH, M3 3 SCHA|0| = OO E QR SHA HE 8 25 (NVDIMM)

INTEL2 CPU2 NVDIMM 9t S 31E 4= U= ti&T Xpoint 7|8t K ES HESHA HoiM oot A[LH FLHA HE 7ts

ot

714

0

>
>
>
>
® Big DataZ X{2|5]0f }= AI A|Cj2| In-Memory ComputingZ 2|3t X220 NVDIMM 1A

> DRAMO| 2 £ & 28 2|3} + Nando| B1Q17|S 28 + AL A|CHOf CHH|3H 182 > NVDIMMO|A| DRAM Q= 2= Mgt
> PRAM, ReRAM, MRAM 5 CoFst XAH M ZE2 2 E|D 9oL}, DRAMO| £ EE H/0| o RN Uity Suslof 43 7H5E A

In-Memory Computing?| 7| &2 /|E = In-Memory Computing 2L 2 Al 7}%7|7t 21 4| 22| X of
( Mfﬁ_l :
Disk-based 2 = In-Memory ComPUtlng
Computing In-Memory Computing Flash Memory Summit
:"f”ﬁi G0/ E Main In-memory computing
Yo DJI E;"-I Memory ) Z=Q [0 E lets the Al accelerator =
0ff cache Main HE control the memory l i
Memory directly |
zo o/ef | Hard Disk 1-. |
i =
|
- Taise Hard Disk, | we I
Tape E
i

Also great for
encryption
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Al A|2HINM = S5t Persistent Memory

® 20184 CESC| FH|= Smart City, 7}& 2 1232 My 30| #7|H xjYgo| =& = AUCt= Zd
> GoogleS 5GQF AI7} ZTtE|0| HChSt Smart City7} EMMSICHS H| A HA| > M3 Z20| 2
> H[ZAlO] CHH[E = QU= Q

il
=]
e
>
1A
0 T
Tl
o
r_l-
n
g
>x
o
M
X
I
of

ol atet CHH[MO| OrALIX| s BF, 5Ks

!

r

HA MB| A= ZOHE Y0l E = UF

® AT MH|A BHTHAl 7HE 2 2|23 726 SiLhs HHA| BWE 2 9l MH|A X2 U 28 (Re-booting) A|Z+
AL AH|2 HZAl2] AT Logic® 1Lt 24102 ABIOIEl0f HIBE|0{0F hof, HHA| AHE2HE MBI ATt 2202 8 4 28

\4

NVDIMME CH2Z3} T > HPO| 2M|C £2M2 16GB > Micron Crucial2 '18.11% 32GB £ 2M Wx
> 5G AICHe| Eeff 2 AFEQIE U (ToT)7te| Z2HAAR[7F A K1, QZ K& MH|AZ 2siX|7]| et A =H
> X112 DRAM £|32| NVDIMM-N1} 3D Xpoint 7|EtQ| CH-22F Optane DIMMO| ZAM 1= & X|7{ &0 & ™ ZQIET} = 7

—

O1ZX| s ACHZI =ofet5, MEA| 2 &Alof Cist S22 =l MRAMI} NRAM 59| =2|= NVDIMM A|Z+o|A{ DRAM CH &

Recovering From Power Fail

Flash M.t‘arna:uf;'iummii

Lost Revenue Lost Customers

|
=3

[
ol

Data pulled from
main memory

-..0I worse...

s

Backing store —

Data requires Not uncommon for
) Yo, multiple hops data reload to take
e X ) 4C through the 3 minutes or more
N P / Statistics vary but all agree... interconnects .
downtime costs a LOT Before recalculation
can begin!
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3D Xpoint, MRAM, NRAMZ] 0|2} : Persistent Memory A[ 2t5

o X dEo|M 7t FWE DL Aok =R XA T THERE A2, 3D Xpoint > MRAM > NRAM

ServerQ]| A2 E|= CPU AAE NIistD Q= Intel0] 22X O 2 285I= 7|=2 3D Xpoint, FAMAME e M =2tH
'15.7% WEA|0f= Nand CHH| 1,000 W20 +HE ZCtD YE > WA= 75 W2 X| 2 HIW SSD £X0| UX| 2 Y BiiE
Persistent MemoryZ ZQ 2 &= NVDIMM A|RHO| M AEA 7|CH |, HE2| 742 sl2toz 7124 A™ME S5 OfA K|

Intel 2 Xpoint0i| Ciet Zot 2& S #SHX| T Micron2 7| & HIX|L A0 B F=7[E HX| Hot & A2 IVE T2

0

® INTEL, &/d% X}, HPE § 2 £1|0|0{£0| MRAM, NRAM T |5}7|7}X| oS¢t A|zH0] 28 Aez HY
> MRAM, NRAMS DRAMEL} S TQ 7} Q1S > DRAM HC} Of W21, ZFHAMANIK| 2= o

= =2 O
> INTEL2 XpointE ZtCHsliof 5t o' dHxts BAEY =2 HZE A5 EAS > HPE 80| Fibd, 714, -8 EE FAE + 8l

7124 8}2t7| Xpoint= 7}Z ZW2 &2 SCM Yol Cist 22 =g DRAMS| H KL} NAND| &2 £ &5 Hotst 7H540| &2 3D Xpoint
Flash Memory Summit
. . Memory
v Focus on the Future of Solid-State Media
1.0E+14 @—
Flash Memory Summit
. y 10E+12
4 Jru\‘ DRAM
2 111 ®
‘Jrl \SSD SCM E]DEHD
il Hybrid SCM %
QLC and/or ;;; iig g 1.0E+08
Consumer SSD = SCM
3DXP
Capability
1.0E+.06 CBRAM
] e

Shm

‘ Hybrid Flash
HDD | 100

> 1.0E-10 1.0E-09 1.0E-08 10E07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02

Latency (seconds)
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A ZAZ|Q} SK HO|EIA. Nand A|= Z12ko| diskA

Industry Analysis

® X|Z EMoj = Niche Market £= : 3D Nand X{ZtttAlof| 2 E4
» Nand Flash= X%t ghAlof 2 SLC (Single Level Cell), MLC (Multi Level Cell), TLC (Triple Level Cell), QLC (Quad Level Cel)E &
> 22F: QLC (4 bit/Cell) > TLC (3 bit/Cell) > MLC (2 bit/Cell) > SLC (1 bit/Cell) > 222 QLC7} & =X Q2| (== SLCT} 7% {2))
> %= :SLC > MLC > TLC > QLC = 3D Nand =X Z2X|0|L}, Nand HAEZ 2, HQ|0f, Cell EM JjMO 2 BO| 7| M=

® QLCSSD=Z HDDE 37Z5}1, SLC SSD= XpointE ZAN|Sl= Moz Z £+ 4tof giS A
> TLC 7|9t SSD CHH| M7te] ng& ME == QLCS| 2E7HX|= Ui? =& > HDD A|ES WEH S0t & A= 7|

» SLC 7|dt SSD= DataOf CHot ™2 £ E=oF =HO| CHEHS| FO{Lt7| {20, INTELS| Xpoint (Optane SSD)E &&H7|0l= AN = US
> Z3 YMTCO| 3D TLC Nand= Xtacking 7|2 < 0|23f Chip 1742 SHE =] 27§9| Wafer AFE > {5 Lt Q7tzA™Meo| ZAUS
96Et vs. 725+ 3D NANDS| A= H|@ (SK 30| A HE 7|X) TOSHIBA7Z} Xpoint= ZX|87| 2J8} 2743+ SLC 7|4ke| XL-Flash
@ S5H& T = TLC CjHFO|A 9| 1/10
® NVM EtQ] 22| CiH| &2 =HEd
SLC MLC TLC QLC @ CHSH Of7 | Bl KO x| &3} 715
— Conventional XL-Flash
“.' WL WL eeeceoe
Lo . .
— ®e P
L 0w 4 ) s
L o 4 . -
-_—T * :
AE: SK lo|H A, SKS# At=z: TOSHIBA Memory, SKZ#
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Xpoint_?_l EH%HJ I'Z *C,I'*c',l;ﬂZI-P_I Z‘SSDQI' EAIH |'9—| XL-Flash

® INTELS| Xpointoj Ciiete 4 Q1= 2EHXte| £HY| LS 2 Z-SSD

> g A= INTELS| XpointOf| Cietot”| ¢[sff '16.83 Z-NandE Z#SIR '31, 2MICH Z-SSD= 1M|CH AIZ0fl HI3H &7t 40~50% 22

>  2M|CH HIZL 48%HV Nand £ > '19'd 3M|C| Z-SSD+= 64TtV Nand X 2310] 7}dH|E 2 SAA|ZL ZHo 2 7o)
> SLC (1bit/Cell) ¥AlS H2310] 152 FHEE A2 LM US> FCHI|Ho2 2 ME{o|Lt BI|[Ho 2= 3t

® '18.8% TOSHIBAL /4T X}o| Z-SSDe} At X2 FHE|= XL-Flash 3D Nand & &
> H[¥|24 (Non Volatile)2| £45 RX[5ID WHIE SES TS 20| T8 > SLC =& AFE3H0{ TLC M| F CHH| 106) tiHS
> AM/94TRto| Z-SSDet TOSHIBACS| XL-Flash= PCL} = E E2L

= M= 25 XM H 227 ofL, el 7+4 8L &

MO| Ol Enterprise?t Data CenterE st &2 M

|_ =T

2
S8 S Soly Azt B7] feh A > AM|cl =2 JE He

A\

KEMIEH M2 2] 7H 27X XpointS AKX g

AHdo| Z-SSD

AT XLe] 2M|C Z-SSD vs. INTELS| 2M|CHf Optane SSD 45 H|w

Samsung Z-SSD Intel Optane
(5Z985) (P4800X)

Technology Z-NAND 3D Xpoint
Capacity 800GB 750GB
Sequential 2.4GB/s Read
Read/Write (GB/s) 3-2GB/s (Both) 2GB/s Write
Random 750K Read 550K Read
Read/Write (IOPS) 170K Write 500K Write
Random Read Latency 12-20us 10us
Random Write Latency 16us 10us

A= o dTAL SKEH

At=z: ExtremeTech, SKEH
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7+ 51247|2] M= Z42F > 3D Nand 7|& D=3}

o JimE7 5128l Nand A|&H2| 4014 ots}E ato{® 3D Nand 7|20 TE8Hs T4
> 20181 BZATH2 MEE0f Nand Flash 717 #2 7 s}2tstm o0, SK 510|420 ZR0lE XA Heh L2 X7
> 4MtH 725t 3D Nando| 12 48 7|40 2 b/g S5t &7t W0 4Z > SM(TH 965+ 4D NandS S3) '19%d St 9% Ee

> HEAD, Y7 Y M| SEQ TS M5 JHHL 7|2 + Chip size 30% 2, A 20% HTHE Sof 742 SHEHAI0) = 4244 ol

® Single Stack gtAlo| A7) H =1t 2171 25 H 22|, Double Stack B419] TOSHIBAR} SK 50| A= 22F 2l 2 Q
> MM XE Single Stacke 2 194 SHEEY| 120EH2 6M|CH V-Nand QFAH > LH-‘?’-E.QEE Double Stack?|= = O|0O| 7||& Rl =
> Double Stack2 C}ESTXE MBst= AR HETE £0/7/0= fa2lstL, O B2 3E2E 7MY 2261 ds5E Ot g9

>  MMEEXE 193 Single Stack 120%Hg V-Nand2 1Tbit 7+ 7ts > TOSHIBAR} Hynix= Double Stack 128%F TLC, QLC &7| At g

96CH vs. 725+ 3D NANDS| M H|m (SK 3l0|HA HIZ 7|F) 96Ct vs. 725+ 3D NANDS| MAHM H| 1 (SK 310|HIA HE 7|=)
Write Performance Read Performance Bandwidth/Power Chip Size Productivity
30% 25% 150% 30% 20%

e 7 o 7

V4 3D V54D V4 3D V5 4D V4 3D V5 4D V4 3D V5 4D V4 3D V54D
At&: SK 80| A, SKEH At&: SK 5lO|H A, SKE# 52




SK 310|52: 19 M15 Fab2| FAHIZE-2 96'+4D Nand7H & 24

Industry Analysis

® '18.102 Y SK 5}0|:A = 512Gb 4D Nand 25 >MEH A S0 7| AXI =4, |74
» 512 Gb Nand= %! 8}LI2 64GBo| n82F MAALX| A8 7t
>

J
0%

é)l-

7|Z0f|= 0|=2| Micron0O| FG (Floating Gate) d(Cell) £Z&=0f PUC (Peri. under Cell) 7| =&
> SK 8t0| YA L= CTF (Charge Trap Flash) AM(Cell) =0 PUC 7| =€ ZAgtst 40| EZ --> SK 30| LA XM AEZE 2 HQO{E EFXY

ZYoto] dut

e T[22 1Tb 4D Nand?2} QLC =22 7|8 Enterprise SSD 3! Mobile A|H0A AW =t

> 96CHAMAL S| 2 00|32 A I E, HPO|| Enterprise SSD 2

2 = 9 Mobileg 18% 512 Gb 4D Nand2 UFS H|E [
> ANE o dELC) Cha

W2 '19'4 AHE7| 4D Nand 7|8t9| 1Tbit TLC, ‘194 3}t7| 1Tbit QLC (Quad Level Cell) X|Z =A| o &

FG vs. CTF 283t 3D Nand Cell X H|1t PUC (Peri. Under Cell) 84| 7|C§ &1}

@ CTF 3D NANDE FG [iH]| Z2MAZF MESIH &2 Mot

MAMM HG @ PUC M2 Peri. 3|2E& NAND Cell Array 2 0] HiX]|
@ Ci &£ 3D NAND H|XAl= CTF Cell X8 @ PUCE Sl 4 %2 A7|2| HS XA HE2R HZE 7Is
NAND Cell Floating Gate # Charge Trap Flash
Bt Company D Company A,B,C
ssL—]|
Control gate —|| I I h |

L Conventional PUC
_||q Chip Size Small Smaller
= # of Process Steps 1X >1X

FG or CTT7' rG I Control Gate Nitride Overall Cost Good Lower

XtE: SK 8t0| Y, SKEH
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SK 30| £2| Nand 7| ZEY

® SK&5lo|HA9| Nand 7|= &4l ek : 3D 71X, CTF (Charge Trap Flash), PUC (Peri. Under Cell)

= ——

» SK 50| A 9| Density= 2000 256MbOf|A{ 2018 H 512GbZ &7} - 3D Nand, QLC =22 Sl bit MAE 25

_]==

o

H o
» PUCE Peri. CircuitsE NAND Cell Array St20| == £t X Chip size= 20tX| 11, MUIA Ol AL 22O 2|

® CTF= AAFX}, TOSHIBA, SK 10| L A7} o[ 88 X > SK 8}0|=| A 9| PUC + CTF 11X E 4D xat1 YH(H4)
> HAX{ MicronZt Floating Gate (FG) Al S AMESID O, CHE AW YK S2 FG Ao SHAE K| &S XHALHE B2

k=3 A
=

o
> SK3lo|HAE §/40| L8 CTF 7|20 A | X2 PUCE EYUMS

—_—— .

SK 50|l A 9] NAND Flash 7|= 2EH (3D Nand, PUC7} key)

—_ — =

Density 64Gb 256Gb|512Gb 1Tb| 3D vs. 4D
- 3} 104 : 17§2] PKG Chip0i| 17§2] Wafer
Bits/cell SLC MLC TLC QLC - 8% 104 : 1742] PKG Chipofl 8TB SSD
Module
2025 7FX] Wafer T BitsE 30% =7} 74
Architecture 3D
4D
Cell Type Charge Trap Flash TB/wf 20078 ;-i %‘?f 1s0%

150TB *
" O->mkm 7’
100TB os®

Peri. Circuitry Conventional PUC - 500GB 512GB ,%*

2000 2005 2010 2015 2020 2025 2000 2005 2010 2015 2020 2025
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Chapter 6.

Entertainment Ar¢io
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Entertainment £t2| P | 7124{= 7{C|2t s}

® Entertainment 4£t212| 37}X| S & : C|H}O|
> IAHTVEZEO

9| 7§ Qlst, M =9| Ct=}, CLOUD 7|to| ¢l
>

E{Wa}
| 2 0o 27150 ROAM 22 Z2 IS A|H > 7)0 ClHio|A 23 Sz 29
M EAO| EZ 22 LP, Video, CD S O|C|0f AIRE HQE T
> ERELYEE SRFEL 2

Q7 ZOoE > CLOUD 7|Eto] Al E{E| Q!
ALlAH, & A3 20| ADIEE, Table PC &

| CH
2| C|Hjo| A Tof grl= o]2{g EHEE 1Y
- TVZ} 7} Q151El ClHIO|A CHH| XPHSIE Ho|2{™ XCHH =2|0|H 8K 3tHAt s M AmF A|ARIO] 42 F
® 4K/8K #HEIX = 5G =2} SHH| 2021 H K E 5614 & 7Isd =2
> VR/ARQ| 7t% 2 EXE 2 W& A > Refresh rate, Resolution, Contrast, DDIC S 2= ZHOM 230 A2 A2 7=
> BG, X1N5|AE VA/AR, 12X AI2C 7 AstEl o EAMlo| HEfZ TISHE! A > 4K per Eye HE{2| VR/AR > 1ol A x Z4E s
2021'A 0| % 5G A|CHo| 2o} Bl 8K VR/AR X 2504 ZAGIYE ZHXE AR/VR L7t CH7E2+8 G Hasi® A
\—|SB|T Products-  Pricing  Technology  Company Login  Contact Sales - lelll]S.PRESENT
. THE AR AND VR MARKET
P
" I\ — )
Visbit VR Video Services Google Cardboard Samsung Gear Sony’s Playstation VR
Your End-to-End Solution for 8K VR Video Delivery
o A » & m

THE
HUFFINGTON
POST

Oculus Rift
TECHTIMES VentureBeat WSJ '(/fucus techradac

HTC VIVE Magic leapOne  Microsoft HoloLens
, for Developers
XI2: Visbit

Xt&: flatpanelshd
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YouTube?l| 2F2I2 22212 2|0|5t=7}

® SNSo| ERET} X7] 2 S2[7|0AM HojLt 1l 7]

> AfricaTV S 19l OJC|0{E &9

7
» YouTube Creator= StL}O| & AT

Ss¢ot gH BeL

_

o
o BY: SYY T

Industry Analysis

Ay S EHY, 2 8% Y ¥& g2
> FEHQ ZUHXT} 227t Facebooki} &2|, YouTubeld M= XX 0[1 MEXQI HXTL W2 F7t5t= Ml
o i HHX AHM + Q17|2jd 75 + 2 EFE0|M2| Social Networking Z3t2 HAE A
> Asis: HAE(Text)9} AT 215 > Tobe : T3H SY4 9I5| HEX|Y M3 L HRLIE 4
> Google2 FacebookO| H 95+ Messenger A|ZO| MM S 24mst7| @3t RCS chat 7|2 F=H|g 2402 Mot
2016-2017'd Facebook + Instagram@| A=t M/S7} X| = (Ct2; et 2017.4Q cHH| X S}A EHEtEl Facebookd} YouTubel| 9|4t (EtQ|: wH Dt
50 100%
45 e 90% —
e— Facebook YouTube
35 0% —— o —
e I B B e = Twitter
30 nstagram 60% I
- B
25 — — Linkedin 50% 4 e || | - E_ = Linkedin
20 "“ 40% ——  mInstagram
Twitter
15 30% [ Facebook
eessee YouTube
10 20% —
54 - - - 10% —
e ————
9 ————-——r— 0% . . .
1/2016 7/2016 3/2017 9/2017 10/2017 11/2017 6/2/2018 7/2018 8/2018

Xt=Z: Dreamgrow, SKZ#

At=z: Dreamgrow, SKZ#
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Netflix vs. YouTube vs. Disney

Industry Analysis

o ZHEIX A|&o| XIASE = Netflix vs. YouTubeZ [ EE|=

= TEIEEE A
» FacebookO|L} MessengerE SIHA TV, VOD § Y& ZHHIEXE = 5= QS LY}, Netflix?t YouTube= S A0 17| 022

> Netflixo| 7}&F 2 2|A3 = 0|2 AR 3} 9l O/= 0|29 8| F+=Xt =7}

> 8Ko| ZN3PEHE M| HMZet CHEHS S| EA7{0F 5tH, SHR S XI0A Q17| & B + A= SX[SHE HHE M%) 2o

® Google2 7[HMAUXN E2| Smart TV U Local SMAE1IC| VOD A{H|A =Ll 4oz Mt
» Google Home0j| A{ Google Play Movie 5! TVE X|3&}0{, 017| A3} Ol E2t0F S0 AHHX K& SisHA & A

A
> OS FE5|0F & 7| Y2 Disney : QIE{Y 7|%to| VOD AMH|A0| VR/AR/MR 280t A YLt ANX| AAISH0] TEY N = T
'18.2Q G| 4X| Z 3}2| 3t Netflix2| Global Net Adds (Tt M) Netflixs 22 A|Fo|Ae] HHX U =X Sl B (EH91: M)

Number of Netflix subscribers at the end of each quarter

8.3m

[l Domestic International
¢
Actual . 7.1M 7aM 150M
~._ 6IM ® & 2012 2013 2014 2015 2016 2017 2018
) ° 6.2M
Forecast — ¢ 5.2M 5.2M 5.3M © ¢
6.1M 6.3M 6.4M 120M
: o g o o *
5.2M
3.6M 5.2M 5.0M o
& 4.4M 90M
2.5M ¢
& ¢ 3.2m
2.3M
1.:“ 60M |
a1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 30M ‘
0 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
Xt=: Netflix AtE: statista
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8KE 7H2|:= Netflix vs. 8KE Yk ;= Google} Apple

® Netflix= 8K ZIRIX ZL{A| =9 EL} H[E F7Ie 7158 =20, VR/AR S0f Xz T4

Basic plan: 17| 9] C|HIO|A QA BE S A0 Al 7ts, ol & == Standard Definition(SD) = Title download= 171 2| Phone/TabletZt 7}&
Standard plan: 27|Q| C|HIO|AO|A SA|0f| A|H 7hs, 8| & =+ High Definition(HD) - Title download= 27} 2| Phone/Tabletd]| 7t
>  Premium plan: 47} 2| C|HIO|AOA SA|0| A|E 7ts, S|4 == HD/UHD - Title download= 47| 2| Phone/Tabletd]| 7t

> Netflix7} 8K Z4EI X E Premium plan0f E¢&tA|ZICtD 7}H51H, Amazonoj X|26l0f & CLOUD H| 28t Z7}

O L- O

A\ 4

® Google, 4K Contents =L =H| + Apple/Google2 VR/AR S A|0| X|&5}= 8K /M Headset 7jL=
> Google2 TVE &3l YoutubeOj| A ZAEIX A|HSt= H|E =0|7| 216K, 4K A X0 Tt
> TV Platform0j| 2i0}j0|X| %= Googlel} Apple2 2020 £ E| 8K 5|4 == X|93}= AR/VR 2 Headset ZA| 28

27|59l it} M FH|F

Netflix2| 4K Movie L|st, 75”3"%1“ EHI:II “-EIIUF O=! A|ZH0j| = 1}5tC} Google?| Youtube 4K Movie £ & upgrade 7t'54 1=

Google may soon offer 4K movie
upgrades, possibly for free - rumor

Larsen | # 0 Comment

List of 4K Titles on Netflix

Last updated: August 3, 20

Google may be preparing to upgrade customers’ movies from HD to 4K resolution for free and thus
follow Apple's example. That is according to a report by Android Police.

4K movie upgrades
Android Police has discovered code in the latest version (apk 4.8) of the Google Play Movies app, which
s Google's online store for movie purchases and rentals.

The code includes text strings that strongly suggests that Google will offer 4K upgrades free of charge,
ncluding this one: "%1%d of your movies just got a free upgrade to 4K". Android Police explains that
there are no buttons titled "upgrade”, suggesting that it will happen automatically.

Netflix boasts the largest 4K library of titles including movies, series, and documentaries all at stunning 4K
resolution. Looking for the full list of 4K titles streaming on Netflix right now? Then you've found the right
place as we catalog the hundreds of titles available on the service right now.

Xt2&: Netflix Xt&: flatpanelshd
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TV 7|4t Platform A| 22 22t3t Netflix, 0|2 WM AUAIE

o AIEXIE9| AlZHS MF Sl7| £t Global Internet Entertainment Services A|ZH0j| Clist AM2 O ASIE A
> Netflix®} YouTube= 3ixfo| OIE{ 4l HE{EQIHE MHAZ =L dl= 7|02 ZM 2}

—

> HBORL} Disney2| QIE{4ll MH|[A 2tCH, Amazonit AppleQ| AFEALSOf| Ciot I X Tof 7 MEFE F==3[0
> AT&T/Warnet Media, ProSieben (£ ¢!), Salta (Z=2tA) S dX| 7| S0 7AH X &= Gl 3 =l =2 0f A

o USRS EIYUHEEAS ?IT Cloud AZo| =rljet gH|, BCt Lt2 AEEHAHE M

[

E
ﬂIIIIl
=
OH
Ot
rir
e
=
lo

> 18~34M 2| O|= 4 Q=2 Netflix2t YouTubeE & 4= > TV7|t Platform A|Z0fM ot 7H5d2 =8 A2 T

> Broadcast 9! CableOj| A Internet 7|t 29| M3t Z A O|L}, Netflix= XAtZFE0| 2510 S0 HEIX 9 SIAME 0|5

> X}4| CLOUD 2§ 5! X}Z22i0| 253t Apple, Google, Microsoft} Z1El X7} ZH 35t Disney, HBO S Y 4| &2 Netflix 2=

Most Popular Platforms to view video content on TV (TH: %) Most Popular Platforms to view video content on TV (18-34A]) (Et2|: %)
Others Others
Premium Cable Premium Cable
Amazon Prime Video Amazon Prime Video
Hulu Hulu
YouTube YouTube
Broadcast Broadcast
Basic cable Basic cable
Netflix Netflix

| | | | | | S S S ——
0% 5% 10% 15% 20% 25% 30% 0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Xt 2: Business Insider, SKS# Xt2: Business Insider, SKS#
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[Video Streaming] = [Video + Game + Crypto currency + Communication] on CLOUD

=
1]
A

X

® Entertainment Mol 0|2} : *H 1 £7|= A'HM ‘HOStD EFot= A= e
> 7|FLQVRE AOEE &2 A4S =YL UA VR C|HIO|AAM Hoddt= A
> H/WHEds A 4 Ql=Zet B0z xsiME 8 DO HHX Z7(7| OfE LD, oot A e da2 A 2715
5G Sl Q1=2} EClet H/W ds 7|42 #8510] Video, Game, 7}431H|, 7{ 7L A 0| MNX| HASIH =2l SCi3} 7ts
S5t A= 1 XtM| CLOUDE E /ot e 7|2 AHHE AFY 2o 3 MRAO = =80l 2t B HSHH VR/AR/MR FH|[S
% = S = = VR FH]

(1 Tube|

* Daydream

Hw | JAUNT

Google Play
Movies & TV

FOWERS
PP E——p—

VR




SY7|1H 2= 56 Tt +AURE 20| 7fse

® 5G AH|A QHH3} 0| = CIQSH 20l pEl At =
> 2020 0|= Release 16 €74 £| 1 3.5GHz9} 28HGz7t 25 &8&
IGO0, 222 S ChYsh H =L A &5 7|37} SAE ®y

> ZEJ|™Moz 56 £ pao| sHAlS
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2 ARNRQ| Technical H/W Spec = 4K per Eye 7+

IlIIO

St Reality 7M1 2=

Oculus Rift Oculus Go Pimax 8K
OLED 2160x1200 OLED 2560x1440 . Two 3840x2160
90Hz refresh 72Hz refresh ~., 80Hz refresh .

Nintendo Virtual Boy
384x224

20Hz
HTC Vive Pro Sony Playstation VR HDK2
Dual OLED 2880x1600 OLED 1920x1080 Dual OLED 2160x1200
90Hz refresh 120Hz refresh 90Hz refresh
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Microsoft’s Windows Mixed Reality=

= A g5 = UST?

Acer Mixed Realty HMD
LCD 1440x1440 per Eye
$299

$399 with motion controller

Dell Visor
LCD 1440x1440 per Eye
$349

$449 with motion controller

HP Windows MR Headset
LCD 1440x1440 per Eye
$449 with motion controller

® VR/AR/MR C|HIO|AQ| 7}%E 2 Bl W s A2l =2 H/W Spec

KILEK[ A &2 s 4= X Refresh rate2 Q13f| ‘Reality’ 7+340| ({E 11 O{X|HF &
%| 4 1,200ppi O|Ate] X8| At OLEDZO| M2H0| LE > M2, ME4E S 3hA

>

> 'Reality’ 7+& XpA|= 202114 O|= H/Weo| & 81 5G @l=2} &tz &y 7ts

> HMDeo| =ZgEst 8l 27| X ol 287 71410| O|R 0 X|= AlH2 2024~2025H 0f &
>

1440*%1440*20j| A %|2 8GB DRAM A8 > 3840*%2160*2= 7|H DRAM A8 AN F7}

Windows Mixed Reality Ultra PCs Windows Mixed Reality PCs

Windows
Mixed Reality

Windows 10 Fall Creators Update (RS3) - Home, Pro, Business, Education

Windows
Mixed Reality

Operating System

Processor Intel Core i5 4590 (4th generation), quad core (or better) AMD | Intel Core i5 7200U (7th generation mobile), dual core with
Ryzen 5 1400 3.4Ghz (desktop), quad core (or better) Intel® Hyper-Threading Technology enabled (or better)

ERAM 8GB DDR3 (or better) 8GB DDR3 dual channel (or better) :

............................... R R AR AR R AR R R AR R R AR AR AR AR AN AR AR A RN RN AR RN AR

Free disk space At least 10 GB

Graphics Card NVidia GTX 960/965M/1050 (or greater) DX12-capable Integrated Intel® HD Graphics 620 (or greater) DX12-capable
discrete GPU AMD RX 460 (or greater) DX12-capable discrete  integrated GPU
GPU GPU must be hosted in a PCle 3.0 x4+ Link slot

Graphics Driver Windows Display Driver Model (WDDM) 2.2 (7/17/2017 or Windows Display Driver Model (WDDM) 2.2 (7/24/2017 or
later) later)

Graphics display port HDMI 2.0 or DisplayPort 1.2 HDMI 1.4 or DisplayPort 1.2

Display Connected external or integrated VGA (800x600) display (or better)

USB connectivity USB 3.0 Type-A or Type-C

Bluetooth connectivity (for
Bluetooth 4.0
motion controllers)

Expected headset framerate 90 Hz 60 Hz 67



VR/AR/MRE 2|5 = T5ALE Micro OLED 7Hjgt A4 A}

® GojEt HE £ Y HR2E| TN FE2 HZE 7Hs > 8K VR X| 0| 7t58t =18l 4 = OLED 7l|H0| £
> SID20180j A LGLC|AZ3|0|= 4.3"0f| A| 3840*4800 {4} =(1,443ppi)0i| 120Hz Refresh rateS SHAd3H = T34k

= =2 O -

o
- TV Platform0j 2{0j0|X| %o, VR/AR/AOIEE A|ZE 0JF 3| 2|1 9= Google?| Daydream VRO|| M & 7t

=

AN T XES 2.4370] A 3840%2160 (1,200ppi) 3§ AHE 0| 120Hz Refresh rateS SHAISH X N8| At OLED If'd 2 7Y

—

7|Z VR/AR X|E50| 1440*14400]{ A 2880*16000f 60~90 Hz X|Z0| BULCt= M-S ZOtSIH, 27| -0l HIIF LIEFLEA = A

O 5/ 1= = A

=
> 33Ho =2 8KperEyelt 7ttt XY E, ZF TS| HIFS /LS, 2 HMA|2 VR/AR/MR A M3 EQ

o 1=

fo\,'?"’}ﬁﬁ

@ LG Display I BOE

VR (OLED)

Conventional Advanced

1443ppi

SAMSUNG DISPLAY 3.5" 4K X 4K

HDR Headset & PC

BOE

- 3.5" 4K 1,850ppi for VR
- 3.5" 615ppi with mini LED

Contrast Ratio

Response time
FOV 100
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MIA| 2IcH SAIA - S=2| 5G - MIA| 21=2] 8K (4K per Eye) VRE S=0]|A] EFY

e =32 20204 5G A3}

> Z=29| China Unicom2 Huawei?} &4 H|O| &0 & 5G 7| X|= A|H MH|A 74 EM 2O, China Telecom2
(@]

My HE0 3 U A

S0z I EZEO| e 56 Al HEYAS 71X, China Mobile® "XH0| LI I 56 8t HAIME S A A0 X 3GPP BE

7|8t R155G End to end 8K X108l AME HMS A|AH
> E35| 5= %0 E4IALQI China Mobilel| A2 5G Device Guidelineg &gt
— 181 98 H[AE MH| TOj. 194 28 AOLEED} o7 U 833 CPE, VR, AR AE ¢,
191 7€ 2Xt ADEZDL E2, HE3! PC 70f
> 23 | QM| Huaweit 23 5G0|BH 509 9|9 O|AHS EXtE A g, 53 HRL &

ST SHIIYURE 15.2HF0|H 0] F 4G 7IYUX} HIFS2 75.0%0f 2ot= MA| Z[cHo] S4AZeR 4%

ot

77 5G0|| 82

o =7 o)

1600 7 (ot 1,520

1,400 - 310

1,200 - 1,140(75.0%)
1,000 - 214
800 -

600 -

400 -

200 -

TH 7R 4G ZHU Rt

China Unicom
M China Telecom

B China Mobile
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AHSGHEKEZO| HERS BHZHIT HW ARIO| 4521 4= Ot 7[317} 21 4

N
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o
N
o
i
n
=
I.

o M= BN HH2 XSHM =& 2 tY| St 5 H ot X258 T oY
> 2019 2 2Y ADEE Q= 5G 7|8 37t > ANtEE ohof gk JXA| 2 O 22| 2= 42| Contents per boxT= 2t2H5H S 7t
> UAEAs, AgFdRt, 8KTV 5 FAAES 7|tH+E2 52, 56 E50| 2 4%tk 202047 WaEH 38 7ts

® 5G ACjje| =2f 2 C[HIO|AC| H/W SpecE =% = &= Q=2 &K > ZEX 31 MH|A S| > Al Server 34 +2 |
> 2018 with 4G: 8K TV= {5 H|Mt11, 8K+8K X108 A = OLED YAt =7t Network Traffic ZS &7}, & ™ AteFdX S& 27t

o
> 2020 with 5G: 8K TV 2 g 2l 5G ADIEE =9 2}, 8K VR/AR Headset =2, QI3 X|5 U XISF X MH|A =HCY

IOI'

Video, Gaming, Social .22 5G, 8K A|CHe} &HH| 7cClist tHelE o|e 2 S0 YESI Ef= o 66%+= Entertainment0f| A 24 (2018.1H 7|F)

Fixed Access Network Traffic - United States
Almost 58% of downstream traffic on the internet is video 300,000
n AMERICAS TOP 5 EMEA TOP 4 APAC TOP 3
#1 NETFLIX #1 ({3 YouTube PR HTTP Media Strean 250,000
#2 #2 NETFLIX #2 facebook
#3 P HTTP Media Stream #3 NETFLIX
#4 amazonFrime #4 amazonrime . 200,000 m Emerging
#5 o Social Networking
n nvnuTube E m Communications
% 150,000 1 Gaming
H g 1 Marketplaces
ﬁ Storage
n A & W Tunneling
100,000 : .
1 Filesharing
W Web Browsing
m Real-Time Entertainment
u 50,000
il sandvine
Xt &: sandvine, indiewire XtZ: sandvine, CNet
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DRAM 7+ 2 '19.1Q =& O & &|Lt 207 7tA4 S
Q22| A2 7t4 ot 7|0 dE2l2 2= +=2X7t H-T'- =8 AE
193 Bt X| HH|FEXt= -20% $+=ZEHX| &

IMAFY 2 1914 ADLEE THOfE 2.8 5
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rio
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s

119.2Q MEHOZ 7| AN JiM 223}, 20204 S%7| Y Mt

28 MY U EXto|Z

H@2|: ‘18.4QSE| DRAM 72 312t A|%L Bl@a| gz 5}2f0] A%}
gl 27|wC}, O e 27]0] O FHotE | shatsts 20| YuHE. 19.1Q
DRAM 7} 24312 E.2 QoQ -10% +E0f e 402 of At

LSI/Foundry: EUV X} lfj S0 2 High-end ZHM 3 JAZ0|L}, =
07 g0 0222 He Aoz MY

IM, CE: 193 AOIEZE THOj= YoY -4% 94% oA CEBRRE2
TV I Sx SO S0 2t Hls3t £E0| Ao Tt Ml
4 CI2E20(SDC)= FBE0| Hofx| £ LD Fabg QD OLEDZ
ast7| QB Scrap% A|EHE AL,

AL £A|A Of~S FX|StLY, A7t CHH| 1|2| 8 =0t SEF7t
£ 60,000912 2 8}%. SEF7H= 20194 7 EPS 6,0350f Target
P/E 10X X 83}0] A&, Of

HOR WYL, B3 R Sof oluty| &3 O o4

Company Data Stock Data =719 M-I:H-’,“-C_’Q-E
= 8B HUAY  =311811/12) 452009 & sesn e
EIPY 732,295 BizE —_ i
pINES 57453 Q= KOSPI 208044 Pt o .
o417} 100 2
A7 200154 Alojgl 2T Beta 133 o b
FarE 5% 277} 563809 ..
Gees o s . TPwEE| mum] maE
e e .
e a6 OS0LBR US4 HAY g 0% 20%
TAN Y EXRE
e ceol 2015 2016 2017 2018E 2019E 2020E
e NEE 200653 201867 239575 252571 255618 280882
Yoy % 27 06 187 54 12 99
o2l Alojgl 26413 29241 53645 65123 59,068 67931
yoy % 56 107 835 214 93 150
EBITDA Aogl 47304 49954 75762 112493 119616 128577
MNFo|el Mo 25961 30714 56,19 67475 62,905 71632
LO|URHZT) Aot 18695 2416 41345 47,749 44216 50,344
aolojalE% % 132 145 24 258 231 242
EBITDA% % 236 248 316 45 468 458
solo= % 95 113 176 192 177 183
EPS gl 2198 2735 5421 6517 6,035 6871
PER i 115 132 94 69 75 66
PBR i 12 16 18 13 12 10
EV/EBITDA i 34 44 41 21 17 14
ROE % 112 125 210 210 166 167
axpolz Aot 58619 72900 64370 99337 128807  -158457
ExjHIg % 353 359 407 331 275 281
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=842t (005930/KS | Oi=~(FA]) | T.P 60,000

otet))

7|9 EM

(CH: A Rl) 1Q18 2Q18 3Q18P 4Q18F 1Q19E 2Q19E 3Q19E 4Q19E 2017 2018E 2019E
o = 60,564 58,483 65,460 68,065 63,038 60,964 65,127 66,490 239,576 252,571 255,618
IT & Mobile 28,450 24,000 24,913 24,656 29,627 24,144 25,843 23,995 106,669 102,020 103,608
SMAIRE 27,660 22,670 23,990 23,634 28,464 22,481 23,820 22,312 103,617 97,954 97,078
HEQ{Z/7|EL 790 1,330 923 1,023 1,162 1,662 2,022 1,683 3,052 4,066 6,530
Semiconductor 20,783 21,991 24,770 24,780 21,298 21,823 23,056 23,490 74,289 92,325 89,667
Memory 17,333 18,501 21,051 21,549 17,570 17,660 18,722 19,599 60,297 78,434 73,550
DRAM 11,570 12,498 14,674 14,870 12,334 12,429 13,306 14,088 38,560 53,612 52,157
NAND 5,763 6,003 6,377 6,679 5,236 5,231 5,417 5,510 21,737 24,822 21,393
System LSI 3,450 3,489 3,720 3,232 3,728 4,164 4,333 3,891 13,991 13,891 16,116
Display Panel 7,537 5,667 10,091 10,348 7,711 7,277 9,578 9,713 34,463 33,643 34,278
Large Panel (LCD) 1,949 1,772 1,991 1,842 1,757 1,561 1,576 1,551 10,472 7,554 6,444
Mobile (OLED) 5,588 3,895 8,101 8,506 5,954 5,716 8,002 8,162 23,991 26,088 27,834
Consumer Electronics 9,742 10,400 10,179 12,718 10,274 11,182 11,037 13,602 45,106 43,039 46,094
VD 5,842 5,944 5,981 8,090 6,286 6,574 6,698 8,821 26,959 25,856 28,379
CE & Etc. 3,900 4,456 4,199 4,628 3,988 4,608 4,339 4,781 18,147 17,183 17,715
Harman 1,941 2,130 2,201 2,461 2,096 2,300 2,377 2,658 6,560 8,733 9,431
Hoio|2l 15,642 14,869 17,570 17,042 14,936 13,521 15,198 15,413 53,646 65,123 59,068
IT & Mobile 3,770 2,671 2,220 1,870 3,190 2,489 2,278 1,772 11,827 10,530 9,729
Semiconductor 11,551 11,612 13,650 13,431 11,420 10,468 11,467 11,923 35,212 50,243 45,278
Memory 11,207 11,273 13,243 13,061 11,052 10,051 11,016 11,489 34,217 48,783 43,609
DRAM 8,516 8,915 10,752 10,578 9,283 8,469 9,236 9,673 24,626 38,761 36,661
NAND 2,691 2,358 2,491 2,483 1,769 1,582 1,780 1,816 9,591 10,022 6,948
System LSI 344 339 407 370 368 417 450 433 994 1,460 1,669
Display Panel 408 137 1,100 965 385 171 916 877 5,398 2,611 2,349
Large Panel (LCD) 38 -66 15 47 -92 -143 -188 -143 1410 34 -566
Mobile (OLED) 370 203 1,085 919 476 314 1,104 1,020 3,988 2,577 2,915
Consumer Electronics 279 510 560 709 279 482 493 751 1,655 2,059 2,004
VD 315 467 466 606 244 426 391 662 1,212 1,855 1,722
CE & Etc. -36 43 94 103 35 56 102 89 443 204 282
Harman -36 40 8 49 -1 14 12 71 67 61 96
ck7|&0|2! 11,688 11,043 13,164 12,571 11,391 10,286 11,372 12,185 42,185 48,466 45,234
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=842t (005930/KS | Oi=~(FA]) | T.P 60,000

otet))

LERS
e EEEQA MM
o1 ZAAKAI 1 2l) 2016 2017 2018E 2019E 2020E ¥ ZAAAY) 2016 2017 2018E 2019E 2020E
QEXpA 141430 146982 180813 206308 248797  Of= 201867 239575 252571 255618 280,882
32O ARpA 32111 30,545 59,830 84501 120150  O§=AT} 120278 129291 128443 128514 137,543
ESVEIEIRIISVEN 27,800 31,805 34,640 35,058 38523  Of==0[Ql 81589 110285 124129 127104 143339
TYRHAH 18354 24983 26339 26,656 29291 EESIEROA 404 460 492 497 510
H| S S RpAF 120745 154770 160444 166089 172900  mjd|etmtz|H| 52,348 56,640 59,005 68036 75408
A7 28X 7361 8685 8788 8788 8788 Qo2 29241 53,645 65123 59,068 67931
SERpA 91473 111666 116933 120729 123319 0|2l (%) 145 24 258 231 242
D& KA 5344 14,760 12770 9409 7,157 H| @il 1473 2551 2352 3837 3701
XHAFE| 262174 301752 341257 372398 421697  ~28H|8 -916 -959 -861 -571 579
oz oy 54,704 67175 65938 62,588 71,980 Qlsipaiaol -180 9 -266 285 290
Chy |2 g Ex 13,980 16046 12036 8036 12036 DA7|QEXIE DIl 20 201 560 1229 1,898
OIS T 7| EFRHE 18011 22984 24230 24523 26946 HEAZ 02 30714 56,196 67475 62,905 71,632
Ch7| ke 4,597 4295 4528 4582 5035 HEA LA 0212 (%) 152 235 267 246 255
HI Q= E i) 14,507 20,086 18822 17,739 20528 AL QLA 7,988 14,009 19,008 17671 20129
7|28ER 1303 2768 1071 271 2271 AZAFYo|Ql 22726 42,187 48466 45234 51,502
E7|OJ QRS O 7|EpRYE 3317 2,044 2044 1844 2,144 ZChtolQl 0 0 0 0 0
K7\ Eche Ry 358 464 528 515 587 *0| | Z 3} 0 0 0 0 0
SRSA 69211 87,261 84,760 80327 92,508 7|20 2 22726 42,187 48466 45234 51,502
NIEESIEN 186424 207213 248465 282983 318905  20[2Z (%) 113 176 192 177 183
= 898 898 898 898 898 NEEE 22416 41345 47749 44216 50,344
xr2oloiz 4,404 4404 4404 4404 4404 X|HIZEZZ 20[20=(%) 11 1726 1891 173 1792
J|EFRIERAE e A -9,706 6222 4828 4828 4828  H|X|HIES 310 842 718 1018 1,159
EIESN -9,750 -6.228 4875 -4875 4875  £mZO|Q 24717 36,684 50615 47383 53,651
02Uy 193086 215811 253859 286265 320075  X[HfEZ 24311 35,888 49,861 46,328 52456
H| K| HYZ= 25 K] 5 6,539 7,278 8032 9,087 10283 H|X|HiES 407 797 755 1,055 119
XHEEH 192963 214491 256497 292071 329189 EBITDA 49,954 75762 112493 119616 128577
SRS A 262174 301752 341257 372398 421,697
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SgaSEH FREXX| &
2 ZAAKA Q) 2016 2017  2018E 2019  2020E < ZAKAQS) 2016 2017  2018E 2019  2020F
YoEssas2 46168 60950 94659 101,893 106287  AJEHA (%)
Er7| 20| () 2726 42187 48466 45234 51502 EY! 06 187 54 12 99
e = 30754 36211 65389 74382 77074 9102l 107 835 214 93 150
SHXIAIZITFALZH| 19313 20594 43947 56204 57410 MEH LA 0|2 183 830 201 68 139
S XpAALZHH| 1,400 1524 3423 4344 3235 EBITDA 55 517 485 63 75
7|E 2313 415 141 1752 -933 EPS(AIZ AR 245 982 202 74 139
SHREZAEIN 1181 -10621 464 53 2160 2olM (%)
DHS I L7 [EFY R ZAETH 1313 -7676 6,154 418 -3465 ROE 125 210 210 166 167
TRAHAZEAE TP 2831 -8445 2129 318 -2635 ROA 920 150 151 127 130
DHQIKHS T 7|EFEO| S7HZA) 1,345 5102 2614 292 2424 EBITDAD}Z! 248 316 445 468 458
7|E -1,009 398 -6174 390 1515  OFEA (%)
Ol A| 6,132 6827  -19660  -17671  -20129 o=H|g 2585 2188 2742 3296 3457
ExgENISE 27997 47631 48159  -54088  -53984 P vIoE=S 359 407 331 275 281
ZERRIZLAETP -6,340 1285 -1380 0 0 Sxpl 2/l |RHE 378 -300 -387 441 481
QERIAZAETP 23872 42484 50000  -60000  -60,000 EBITDA/O| FH| (k) 850 1156 337 189 200
SHEHRAZLAESTP -1,041 -983 983 -983 983 Z=OR|E (8)
7|E 325 -5449 4,204 6,895 6,999 EPS(AI 2 AR 2735 5421 6517 6,035 6871
Wegssase 9113 -13104  -17854  -23134  -16653 BPS 23131 28126 33930 38643 43549
CH |2 SRS IHUA) 1351 2731 5845 4,000 4,000 CFPS 5263 8321 12983 14299 15149
7| 2SEEIHL L) 789 -142 264 -800 2,000 e =T ==1 28500 42500 18754 1,400 1,400
AHEO|ETHZLA) 7708 -8350 -875 0 0 ValuationX|E (Hf)
Higt2 ol X2 -3115 6804 8188  -11810  -16534 PER(E| 1) 133 106 81 88 77
7|E 431 537 3168 6524  -6119 PER(X| &) 82 66 63 68 60
s2o| ZIHLA) 9475 1566 29285 24671 35650 PBR(%|20) 16 20 16 14 12
ES=! 22637 32111 30545 59830 84501 PBR(E| ) 10 13 12 11 09
7|z 32111 30545 59830 84501 120150 PCR 69 61 35 32 30
FCF 20254 16662 40736 41988 46341 EV/EBITDACX| 1) 44 48 26 22 18
X2 AL SKEH =5 EV/EBITDA(X| K1) 24 30 18 15 12
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Hg RE
EXZQIE

RAM 7t242*19.1Q S2t Of & &|Lt, 2QFH 7+ sl2tE
1914 AtHE7| DRAM 7+2 =7} 82 7|22 2 Server DRAM TLO0j
> }Ht7| Data Center 54 40 U FZZ2™ 22 2 4% /4
96+ 3D NANDQ} 1y DRAM = 1 off o
x| F7H= P/E 3.3X ==0f £t, IT Super Cycle0j|A{2| DRAM ==
H2'18.4Q~'19.2Q H ol DR 2|ZH HEE HA E A

o=

>

S Mo E BHHEY| 200A Y

A

24 MY Y £xjo|Z

SHALO) SK BHO| LA AT 7S DRAM 712 o| Abet7| Z2t 9 Nand &
2 o M M S A LS B $YE A%t0| ALt2| HE
DRAMI} Nand 10| 27 2t3lg|D Q10f, WuxiQt & 0| Al Fab
AHEY Y™ X™F > '194 Capex= 15~20% =2 0f &

b, % Fabol YitdE =0 b/gE FHdt= &+
2} > 96%t 3D Nand@t 1y nm DRAM £ Q|2 2 7Hs
=2 QLC ‘44t =THA|, HDD =82 &% 7ts

%0t Atolo] Tl2lg &

Fe. SEFTH 196 0y P/BO| 1IX 70|,
1t PiEo| 51§ +EB34= 7, 10ias| JIXEN R HOLT AR
20101 B 22| MK o Asge K HsT HoE B

Company Data Stock Data 7} 9 Aol E
es IBUAH xr81112) 745008 2,
dEFENT 72800 2 n -
YN ES 4400 BHZ KOSPI 208044 pt s .
ATt 5000 @ 75100 :
7R 54236 Alojgy 52 Beta 125 moe s
FaFE 523 X7t 95,300 &
%%ﬂ%iixgg) zgﬁ/j = x . OWEE | mwer] sue
sErols 130% 0L BR NS 208 g 2% | 1L0%
YA g EXIX| &7
T | 2015 2016 2017 2018E 2019E 2020E
s Alojel 18798 17,198 30109 41873 40852 47283
yoy % 98 85 751 391 24 157
0|9 ol 5336 3277 13721 223% 18554 22131
yoy % 44 386 3188 632 -172 193
EBITDA Aoigy 9,289 7,733 18748 28846 30,788 35,682
M=ol Mo 5269 3216 13440 22663 18575 22151
=0|YRHFF) Mo 4322 2954 10,642 16521 13513 16115
AR10|2A=% % 284 191 456 535 454 468
EBITDA% % 494 450 623 689 754 755
xo0l22 % 230 172 354 395 331 341
EPS 2l 5937 4057 14617 226% 18562 22136
PER Hi| 52 110 52 32 39 33
PBR BY 11 14 17 11 08 07
EV/EBITDA i 24 43 27 13 09 04
ROE % 219 130 368 396 241 230
e ael= Aol 976 197 4386 -13308 24504 36228
SxHH|S % 388 341 343 295 238 210
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SK5HO| <A (000660/KS | O~(+A]) | T.P 95,000&

otet))

Ar

(EHQ]: Al 2) 1Q18 2Q18 3Q18P 4Q18F 1Q19E 2Q19E 3QI9E 4Q19E 2017 2018E 2019E
0= (Total) 8,719.7 10,371 11,417 11,365 9,684 9,980 10,353 10,835 30,109 41,873 40,852
YoY 38.6% 55.0% 41.0% 25.9% 11.1% -3.8% -9.3% -4.7% 75.1% 39.1% -2.4%
QoQ -3.4% 18.9% 10.1% -0.5% -14.8% 3.1% 3.7% 4.7%
0|2 (Total) 4,368 5,574 6,472 5,981 4,415 4,411 4,709 5,019 13,721 22,395 18,554
YoY 77.0% 82.7% 73.2% 33.9% 1.1% -20.9% -27.2% -16.1% 318.7% 63.2% -17.1%
QoQ -2.2% 27.6% 16.1% -7.6% -26.2% -0.1% 6.7% 6.6%
gdo|dE 50.1% 53.7% 56.7% 52.6% 45.6% 44.2% 45.5% 46.3% 45.6% 53.5% 45.4%
DRA
O =< 6,829 8,321 9,172 8,815 7,519 7,857 8,268 8,817 22,883 33,138 32,460
Bit Growth (QoQ, YoY) -5.0% 16.1% 5.0% 4.5% -5.0% 11.0% 8.0% 7.8% 25.3% 22.6% 19.7%
ASP H3tE (QoQ, Yov) 5.7% 3.0% 1.2% -8.0% -10.2% -5.9% -2.6% -1.1% 53.0% 20.3% -19.6%
geiol el 4,049 5,294 6,073 5,609 4,412 4,513 4,800 5,153 12,013 21,025 18,878
g0l E 59.3% 63.6% 66.2% 63.6% 58.7% 57.4% 58.1% 58.4% 52.5% 63.4% 58.2%
NAN
o= 1,727 1,870 2,077 2,412 1,975 1,918 1,899 1,866 6,598 8,085 7,659
Bit Growth (QoQ, YoY) -10.0% 17.4% 19.0% 32.0% -8.0% 11.0% 10.0% 8.0% 25.3% 44.5% 45.7%
ASP H3lE (QoQ, YoY) -1.0% -9.5% -10.0% -12.0% -11.0% -12.5% -10.0% -9.0% 23.5% -31.5% -27.9%
J ol 304 280 390 364 -3 -102 -101 -142 1,194 1,339 -348
AHo|UE 17.6% 15.0% 18.8% 15.1% -0.2% -5.3% -5.3% -7.6% 18.1% 16.6% -4.5%
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SK5HO| <A (000660/KS | O4~(5+A]) | T.P 95,0002(

o

Ieh)

T R2HEN = EEE A LM
S ZAN A 2l 2l) 2016 2017 2018E 2019E 2020E & ZAKAIOIE) 2016 2017 2018E 2019E 2020E
SEXpAL 9839 17310 29733 41184 54660 D= 17,198 30109 41873 40852 47283
S 2 OIS IARpA 614 2,950 15492 27,087 38851  Oj=Qt 10,787 12702 15390 18971 18770
TESVE=IPIIZSVE 3263 5,564 7,004 6958 8053  Oj==o0|2l 6411 17408 26483 21,881 28512
T LXAF 2026 2,640 3324 3243 3754 DHZ=Z0[2E (%) 373 5738 633 536 603
HISE X Ak 22377 28108 345542 36127 39604  THOjH|QEE[H| 3134 3686 4,088 3327 6,382
7|2 GRpA 154 68 4,090 4,090 4,090 geiolel 3277 13721 223% 18554 22131
SERAL 18777 24063 26159 27771 31,041 SI0|AE (%) 191 456 535 454 468
DERAL 1916 2,247 2486 2405 2,349 H| Q@] -60 -282 269 20 20
NNV 32216 45418 64,275 77311 9264  a~2gHE 86 70 34 -35 -35
SEER 4161 8116 11,243 11,097 12397 Qlstmaiaol 38 -232 293 17 17
Chr |2 g Exy 705 774 1999 2079 1959  IA7|YEXIS B2l 23 12 16 20 20
DI QRIS 9 7| EpRYE 2303 3483 4385 4278 4952 MEA LA 0|2l 3216 13440 22663 18575 22151
Ch7| S ke 43 81 102 100 116 HEAEALS 0212 (%) 187 446 541 455 469
H|S = 4032 3481 3401 3760 3989 S AF I 256 2797 6,142 5,062 6,036
x7|28ER 3631 3397 3406 3726 3886  Al&ArRiolY 2,960 10642 16521 13513 16115
7|0 QRIS QI 7|ERRY S 25 0 10 5 10 =chapio|ol 0 0 0 0 0
K| EchE Ry 62 64 81 83 104 *e 0| M| 1} 0 0 0 0 0
SRSH 8193 11,598 14644 14,858 16,386 &+7|2-0[2] 2,960 10642 16521 13513 16115
NIEEIEN 24017 33815 49625 62449 77875 20|22 %) 172 354 395 331 341
=t 3658 3658 3658 3658 3658 NEE=S 2,954 10642 16521 13513 16115
X2z 4,144 4144 4144 4144 4144 X|HIZEZHE 20|2=(%) 1718 3534 3946 3308 3408
JERMERE QA 772 771 771 771 T HIRHES 7 1 0 0 0
IESN 772 772 772 772 772 BmZO|Y 2,989 10220 16515 13,507 16,109
o|eYoiZ 17067 27287 43078 55907 71338  K|HjZ=Z= 2983 10221 16516 13,508 16,109
H|X| B X2 7 6 5 4 4 HRHZ=Z 7 1 1 1 1
NEES!] 24024 33821 49630 62453 77,878 EBITDA 7733 18748 28846 30,788 35,682
HQIRFE A 32216 45418 64275 77311 94,264
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SiIZSER FQEXIX|®E
2 ZAHA L) 2016 2017 2018E 2019E 2020E o ZHAHAI L) 2016 2017 2018E 2019E 2020E
FsEHISE 5611 14,754 22,840 25,615 29133 MEN (%)
£H7| 2202l (zA) 2960 10,642 16,521 13513 16,115 S -85 751 391 24 157
H|SI2ASRE 4,985 7921 12,523 17,275 19,567 golo|el -386 3188 632 -17.2 193
SERIALZITALZIH] 4134 4619 5916 11,388 12729 MNIE A A0 -390 31738 686 -180 193
SEXFAAIZH| 323 407 535 846 821 EBITDA -168 1424 539 67 159
7|E} 200 105 60 52 52 EPS(H £ AFRY) 317 2603 553 -182 193
SHREZIAE T -1459 3190 -583 -112 -512 201 (%)
ONZXH L7 |ERRH RO ZAESTD 471 2964 873 46 -1,095 ROE 130 3638 396 241 230
X DXFAZEA (S 7 111 -635 671 81 -511 ROA 96 274 301 191 188
OIS 5 7|ERHRO| ZSTHLA) 232 515 1,017 -107 673 EBITDAO}ZI 450 623 689 754 755
7|E} 645 -106 -56 -132 421 OFE M (%)
BHO|N| it -876 619 -5621 -5,062 -6,036 S=Hg 2365 2133 2645 3711 4409
Exgssiass 6167  -11863  -10599  -13245  -16245 =2xH|8 341 343 295 238 210
SR ET 93 2142 2441 0 0 2XFQIZ/R7 | RHE 08 -130 -268 -392 465
SRR E7D -5,794 -8,883 8442 -13000  -16,000 EBITDA/O| XH| 2 (HH) 644 1513 2470 634 735
DS RIAMZAE TN -529 782 -765 -765 -765 ESSNEAE))
7|E} 63 -56 -3,833 520 520 EPS(HI & AFY) 4,057 14,617 22,694 18,562 22136
N S == 9 -472 277 774 -1,124 BPS 32,990 46449 68,167 85781 106970
EH| 28 EMETHLA) 0 0 160 80 -120 CFPS 10179 21522 31,556 35,367 40,750
7|12 EKSIHL L) 470 72 946 320 160 Zoh 3 ga 600 1,000 1,000 1,000 1,000
RHEO|ZTHZA) 0 0 0 0 0 ValuationX| E (HH)
HiEr2ol X|2 -353 424 706 -684 -684 PER(X| 1) 114 61 42 51 43
7|E} -126 -120 -123 -490 -480 PER(| %) 64 31 29 35 29
SIZo| ZIHUD) -562 2336 12,542 11,596 11,764 PBR(%| 1) 14 19 14 11 09
MES< 1176 614 2950 15492 27,087 PBR(Z| ) 08 10 10 08 06
7|gHG 614 2950 15492 27,087 38851 PCR 44 36 23 20 18
FCF 61 6904 13,022 11,855 12374 EV/EBITDA(X| 1) 44 32 19 15 09
XIE : SKSIO|LH|A, SKERH =X EV/EBITDA(X| K1) 25 16 12 07 03
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Compliance Notice

71U EN
A ZH005930/KS) _ azig
U Exer  =Ezsp oA e (@)
CHAMAIE  mazom il = — amao —
80,000
20181115 LTES 60,0002 6742
20180528 LTES 70,0008 671 3427%  -2529% 70,000 |
20180410 ITES 70,0008 67h 2841%  -2429%
20180226 BN 70,0008 6742 2976%  -2603% 60,000
20170807 LTES 640002 6742 2228%  -1059% s0000 |
2017.0622 LTES 64,0002 e 2583%  -2000%
2017.05.16 iTES 64,0008 e7hY 2862%  -2478% 40,000 |
2017.0220 BN 50,0008 I -1891%  -596%
2017.01.09 GBS 50,0002 671e -2358%  -2020% 30,000 ¢
20,000 L L L
16.11 17.6 18.1 18.8
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A e 50000 - —amz) =gz}
20181115 ITES 95,0008 e
20180528 LTES 1300008 Y E| 3861%  -2692% 130,000 -
20180410 LTES 1020008 e 1717%  -657% 100w |
20180226 LTES 1020008 e -1831%  -1108%
2017.0807 ITES 90,0008 672 -1659%  -100% 90,000 |
20170622 LTES 90,0008 674 2433%  -1889%
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