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Veolia group
History

= E=n- . B -1 Ll

1853-1900 1900-1939 1945-1992 1992-201 2014 2019 2021 ~

Drinking water Wastewater services, Environmental services A concern for sustainable In the face of Veolia has a Purpose Veolia has initiated a major

is delivered to waste treatmentand  provide support for development gradually ~ growing scarcity, that is in keeping with project to merge with Suez.

cities to meet access to energy reconstruction andthe ~ €mergesas aglobal resource its mission The Group aims to become

the challenge of ~ expand on a large industrial growth. priority. mana}gement must Reso:Jrcmg the the benchmark company for

urbanization scale be reinvented to world" and reflects the ecological transformation.
create a new fundamental

1853 2003 economic and social - principles Integrated Veolia & Suez on
dynamic. underpinning the Jan 19. 2022

Founding of Compagnie The Group is Group's actions. '

Générale des Eaux renamed Veolia The New Veolia

Environnement Resourcing the world
ECOLOGICAL TRANSFORMATION

Q Veolia Korea 2023 Copyrights



Veolia group
3 main businesses

GLOBAL OVERVIEW BY ACTIVITY*

Energy
21,3%
Water
42.2%
Waste
36,5%

*breakdown by revenue

Q Veolia Korea 2023 Copyrights

111
million people supplied
with drinking water

97

million people connected
to wastewater systems

4,130

drinking water
production plants
managed

3,506
wastewater treatment
plants managed

46

million people provided
with collection services
on behalf of
municipalities

61

million metric tons of
treated waste

533,759

business clients

823

waste processing
facilities operated

44
million MWh produced

46,922
thermal installations
managed

680

heating and cooling
networks managed

2,716

industrial sites managed



Veolia group
Overview

NORTH
AMERICA

8%

Historically French, naturally European and operationally
international, Veolia can support you anywhere in the
world. In the forefront of ecological transformation, we are
committed to the regions, where we contribute to their
economic dynamism and attractiveness.

ges D

Close to
220,000 58 IBERIA AND
employees worldwide countries LATIN AMERICA
@7 10%
il
€42.9 bn

revenue
(App. KRW 60 trillion)

Q Veolia Korea 2023 Copyrights

NORTHERN
EUROPE

11%

CENTRAL
AND EASTERN
EUROPE

22%

FRANCE

AND SPECIAL
WASTE
EUROPE
23% ASIA/
PACIEIC

11%

ITALY AND AFRICA/
MIDDLE EAST

6%

\
WATER \
TECHNOLOGIES

\11% /



Our solutions
For communities and municipalities
Clean-up

Air quality
Ene_l'gy managementA ) c:I\II::ttiin an;iftr:ﬁz::?nt Industrial
services uditin Landfill iliti
Smart 9 . utilities and
ma for buildings Clu?tomﬁ_r consulting, and  equipment and integrated
relationshi . - h
p engineering, biogas oW level waste Soil facilities
recovery L management
diati
remediation Cooling system Smart
industries

cities

design and build
management

services
Industrial
effluent

treatment

Street
cleaning

Energy
distribution
and district

network

Energy
Production

Microgrids

Desalinatio
n

Decommissioning
and dismantling

Industrial

Drinking water
process water

distribution
Hazardous waste

Drinking water
roduction
P Waste Wastewater Wa.ste :
¢ collection Biowaste sorting, reatment Total waste
© energy treatment recycling and recycling ;
Wastewater and recovery managemen
treatment
and reuse Sludge Waste Industrial cleaning
management transfer and maintenance
center

Q Veolia Korea 2023 Copyrights



Business model
Tailor-made & Flexibility

08
W ( Operations & Maintenance \ m

AQT DBOM

Acquire, Operate, Transfer Design, Build, 0&M

Il ]
ROT BOT

Refurbish, Operate, Transfer Build, Operate, Transfer

Q Veolia Korea 2023 Copyrights



3 Business areas
Water - Waste - Energy

= Water and wastewater management for

e Industrial clients
o Supplying and treating process water, cooling
water, RO, demi water, boiler feed water, UPW
and wastewater
o Operating and maintaining treatment facilities
o Managing solids (sludge), recycling/reusing
water and recovery of materials in
wastewater
e Municipalities
o Collecting and treating wastewater
o Operating and maintaining WWTP and its
energy self-sufficiency
o Treating sewage sludge, recycling/reuse
wastewater
o CSO management

= Design & construction of technological
advanced solutions for the provision of water
services

= Providing total solutions & services for

added value
O Veolia Korea 2023 Copyrights

This slide can be used if you want a shorter
version instead of each intro slide for water,
waste and energy in the next slide 20 ~ 25.

WATER WASTE ENERGY

Management and logistics
n Waste management for municipalities
and industrial clients : maintenance,
cleaning, sewer cleaning, collection
and transfer

Treatment and recycling
m Sorting, treatment and recycling
services for hazardous & non-
hazardous waste by incineration,
composting, landfilling & physical-
chemical treatment

m Waste to Energy (SRF Production,
supply of steam and electricity)

m  Waste plastic recycling (Plastic flake
and pellet recycling)

m Biogas generation (Organic by-
products: food waste/sludge/manure)

Industrial energy services:

= Reduction of carbon footprint by:
o  Switch fuel strategy
o Energy recovery
o  Energy efficiency
o  Combined Heat & Power

= Secure Energy Utilities supply
m  Optimization of Energy Utility
systems

Integrated facilities management: BES



3 Business Lines

Water Management o _____

GLOBAL KEY FIGURES

:€17.2 Bil in revenue

: 111 Mil people supplied with drinking water

: 97 Mil people connected to wastewater systems

Build and maintain networks

Desalinate seawater

Supply industry and cities
with desalinated water

Produce and distribute
drinking water

Recycle treated water to industry

Depollute all types of wastewater

Manafge withdrawals
of raw water

Treat sewage sludge

Discharge depolluted water
into natural environment

Recharge water tables

Use sludge as fertilizer in agriculture

Q Veolia Korea 2023 Copyrights
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3 Business Lines
Waste Management

Q Veolia Korea 2023 Copyrights

SECONDARY RAW
MATERIALS

Fuel, solvents,
raw materials

*

SRF
(Solid Refuse Fuel)

.

.

.
.

u

Waste to

Energy plant

Plastics, wood,
metal, paper

Sorting of
recyclables

¢ ™ Municipal .
Solid Waste
Commercial & ; -
Industrial -
Waste <

SERVICES

> Compost platform

Hazardous waste
treatment site

& Anaerobic
digestion plant
Municipal Solid
. Waste Collection

Commercial & Industrial
waste Collection

GLOBAL KEY FIGURES

:€14.6 Bil in revenue
: 46 Mil inhabitants served
1 61 Mil metric tons of treated waste

e e
1
|
|
1
1

TREATMENT

Hazardous waste

collection

LOGISTICS

10



3 Business Lines
Energy Management

District Energy

: 3.4 Million housing units ,
1779 cooling & heating networks P

GLOBAL KEY FIGURES
1 €10 Bilin revenue

1
|
| :44 Mil MWh generated
I

=——1 | . 12,357 ial si
Building Energy Services (BES) | 4 Epergly mux optimizatio 3 Eneqgy Conversion 457 industrial sites managed
.

: 380,000 beds in 6,000 healthcare facilities
: 23,000 education, sports & leisure centers

Industrial Utilities

: 1,802 industrial sites
: 480 biomass facilities

Q Veolia Korea 2023 Copyrights 11



Potential for innovation
key sectors & capabilities

We accelerate the industrialization and deployment of

our future solutions in [l {IVEEHGIE:

New ener New digital
materials 9y 9

services ) A offers
\ loops /S
7 N

new climate
‘ change

j\ pollutants /i

Q Veolia Korea 2023 Copyrights

We accelerate in Research & Innovation with enlarged

capabilitiesy

Research FTEs fully
& technology centers dedicated to R&l

Patents x2 Invested in R&I
compared to 2021 in 2022

12



Water Technologies and Solutions
PORTFOLIO OF ADVANCED SOLUTIONS

Backed by digitally- enabled technologies & services

Industrial water  Industrial process Wastewater Zero liquid Ultrapure Tough to Desalination
treatment enhancement treatment discharge water treat water
o P e
: ' R i
Water treatment Monitoring & Membrane Thermal Disinfection Anaerobic High-precision Mobile &
chemistry automation separation tech separation tech technologies digestion instruments outsourced water

0]



Major Product Groups

P RO D U CTS Filtration & Spiral Wound Membranes

RO/NF/SWSR Configurable Systems

OVE RVI EW AN D M ISS I O N Electrolytic technologies — ED/EDR/BPED/EDI

ZeeWeed MBR/ PUF
Purification & Disinfection (Ozone & UV)
Analytical Instruments measuring TOC, Boron,

Becoming the #1 technology provider for water conductivity, endotoxin *information upon request
and process solutions enabling the global
ecological transformation.

ZeeWeed” — Hollow fiber & [ Purification & Disinfection
pressurized ultrafiltration — Ozonia* & Aquaray”*

Filtration & Spiral Wound Brackish Water Systems & gSElectrolyticiiechnologies
Membranes Components— PROflex* — E-Cell* & lonics*

*Trademark of Veolia; inay be registered i one of mare countHes



GENERAL

VWT ways to deliver technologies

o DENCYMEINE deliver projects to

final clients
e Techno Hub

(0]

S EETC =18 develop

process design packages and
components (distrib. by Delivery
BUs)

Standard Products BUs
design, manufacture & distribute
VWT products (distrib. by Delivery
BUs)

el EIM=I8E design and market

their major specialized
technologies directly.

oy wShared VWT technologies

(Actiflo, Multiflo, Biostyr, Filtraflo...)

Aquaflow

@
)
g
=]
vy)
=

Delivery

BU



ESG partner
Supporting customers' ecological transformation

Decarbonization Regeneration of resources Depollution

Treatment of hazardous waste
Treatment of micropollutants
Soil remediation

IAQ

e Local energy e Recycling of plastics and critical
e Energy autonomy materials PlastiLocop

e Water neutrality
Reuse of wastewater

= o |
Over 100 customized carbon reduction solutions _szfmenﬂ.patrl»

GreenPath offer for the integrated environmental services (water treatment, energy, waste) portfolio.

These solutions can achieve up to an 80% reduction in carbon emissions across the customer's value chain.
Comprehensive environmental performance measurement, including carbon emissions, water footprint, and
biodiversity, is conducted, enabling tailored long-term solutions.

o Integration with Hubgrade digital solutions optimizes energy efficiency.

@ Veolia Korea 2023 ( 16



ESG
2022 performance

14 Mt CO2 eq.

avoided thanks to Veolia’s solutions

320 million m3

of water saved in 2022 compared to 2019
thanks to network performance

490,000t

of recycled plastic with our 37 plants all over
the world

89%

engagement rate

Ipsos engagement survey (+2 points vs
2021)

100%

protected employees with a social benefits
base-CARE Program

1 million

local jobs indirect or induced by Veolia’s
activities

Multifaceted

performance with external engagements on
19 KPIs (including 14 extra-financial)

16,000

employees with a bonus policy based on
multifaceted performance

1 st
shareholder = employees with 6.5% of the
capital

Veolia’s multifaceted performance

Q Veolia Korea 2023 Copyrights



Our commitment:
Multifaceted performance

Veolia's Purpose is the compass that guides its strategic choices
and activities, reflected in a commitment to multifaceted
performance that creates value for all stakeholders.

Veolia is committed to placing the same level of attention and
demands on its economic, financial, commercial, human resources,
social and environmental performance.

In 2020, in conjunction with its Purpose, Veolia has committed
through its Impact 2023 program to a multifaceted performance. 18
progress objectives (KPIs) were defined for 2023. Veolia participates
to a varied extent in the implementation of all 17 SDGs, with a direct
impact on 13 SDGs.

Q Veolia Korea 2023 Copyrights

QuUR
MULTIFACETED

PERFORMANCE
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History
Major projects by year

1999 - 2012 : Veolia Water

1999 Established in Korea
2000 LG/Lotte Chemical (HPC) contract

2001 SK hynix contract
Incheon Songdo-Mansu STP contract

2004 KKPC Rubber Yeosu contract

2005 KKPC Rubber Ulsan, KPC Yeosu contract
2007 KKPC Resin Ulsan contract

2008 Dongbu Steel hot-rolled contract

2010 Dongbu Steel Cold-rolled contract

2012 VWT integration

2013 - 2023 : Diversification of One Veolia

2014 One Veolia
KHNP contract
Hongwon P&P contract

2015 100% Acquisition of Ecocycle
2016 Dongyang Green Bio food waste facility

2017 Hyundai Transys contract
Acquisition of Uniken
Acquisition of HANBUL Energy
Kleannara Water contract

2018 SK Hynix contract renewal
MagnaChip contract
Kleannara SRF boiler contract

2019 Acquisition of Doksan & DSPL
Acquisition of R&E

2020 SK hynix M16 contrac*

2021 KKPC 2 Rubber Yeosu contract
Dongkuk Pharma Energy Performance
Gana Energy WTE O&M contract
Gwangmyeong Chung Ang Univ. Hospital FM
contract

2022 SEETEC #2 Cooling tower BOT
Gyeongju City WTE O&M contract
Jeil Pharma Energy Performance
MagnaChip UPW BOT contract
VPark operation commencement
LG/Lotte Chemical (HPC) demi water BOT

2023 Acquisition of Dongyang Environment (DYR)

20



Veolia Korea

Awards & Certifications

“ Hervé Peneau

Venlia Horea

INTEGRATED MANAGEMENT SYSTEM

AATR. DR TR
ISO ISO ISO
NI g h st vy
1S09001:2015  1S014001:2015 IS0 45001: 2018

Integrated Management System
(IMS)

Q Veolia Korea 2023 Copyrights

IMS certification (1IS09001, ISO14001, ISO45001)

200112 i President citation as one of the best foreign investment companies
200412 E Prime Minister citation as one of the best foreign investment companies
2009 12 i MOE (Ministry of Environment) citation for environmental contribution
2012 06 i Excellent company in labor management culture by Ministry of Employment and Labor
2019 11 E Industrial Service Medal by the President of South Korea
202211 :: Commendation of MOTIE minister of South Korea
:
2007 07 i IMS (1IS09001, ISO14001, OHSAS18001) certification for municipal projects in SDMS
2008 07 i IMS (1IS09001, ISO14001, OHSAS18001) certification for all industrial projects in Korea
2011 06 i IMS (1IS09001, ISO14001, OHSAS18001) certification for Seoul HQ office
2014 06 i IMS certificate for all water projects in Korea
2017 ~ 18 E ISO 14001 certificate for waste projects - DH Recycling, Ecocycle and Uniken
2020 i Transition Certification into 1SO 45001:2018

21



Veolia Korea
Operations

1999

Veolia Korea established

52

Operation sites

1,300

Employee s

O Veolia Korea 2023 Copyrights

(]
Soo
-
¢ tw °
[
([ ]
g
o0
Ll )
o o°

2 Municipal wastewater sites

15 Industrial water sites

8 Waste sites (7 plastic recycling,
1

organic waste treatment)

3 HW treatment sites

(Uniken/Vpark)

2 Industrial Energy sites

1 Industrial WTE site

3 Municipal WTE sites

Hospital /BES sites

© Seoul HQ, ITTC

22



3 Business Lines
Operation sites

Q Veolia Korea 2023 Copyrights

Head Office (Seoul)

OH Recycling [Yonging

EcoCyche (Yeoju)

industrial Technology &
Training Conter

Dongyang Green Bio
(Banghwa)

FlasiiLoop Hwaseong
[(Hwassong)

0¥ Recyeling (Wanju)

SK hyr hoon

Kloannara (

(Ulsan)
Hinamnars (Cheongiu]
Uniken | Orean,
WPark (Ulsan)
| Jul P PYanghn

R & € (Changwon)

R & E (Oksan)

Legends

* KKPC: Korea Kumho Petrochemical Corporation B aieractivity
* 3 projects in SK hynix Cheongju: SK hynix O&M, M15, Happy More project B W0stE pcthty
* 2 projects in SK hynix Icheon: SK hynix 0&M, M16 e Energy nctivity

23



Center (ITTC)

Opened in 2013, dedicated to training & research for Asia
region

Entirely dedicated to industrial services

e Establishment of pilot plants : Process testing for facility and
operational optimization, demonstration of showcase solutions
for potential customers

e Central Lab analysis: Providing world-class water quality analysis
and testing as an accredited organization ’

e Implementation of employee training programs specialized in the
industrial field

Facilities and equipment

e Two story eco-friendly building (3,300m?): designed in
accordance with green building certification standards,
Auditorium, exhibition hall, classrooms, water quality analysis
laboratory, water treatment pilot plant, etc.

Hubgrade monitoring center

e Energy management system that enables efficient energy
management and strategy provision.



Corporate Social Responsibility [V
CSR

Raising Awareness of Importance . Local Community Charity and
: Clean-up Campaigns .
on Environment Internal Campaign
 Sustainable support by visits and
donations to help people in need

* Public Education + Organizing environmental

Experimental tool related in water for volunteering campaigns as

children developed by Veolia in 1995 opportunities to contribute to the
community where Veolia operates

« Site Tour
Tour on water treatment plant for
students, local organizations, citizens to
educate water treatment

Q Veolia Korea 2023 Copyrights 25



O VEOLIA

Q ‘ Hubgrade for

Water Operations

Digital water
solutions by
Veolia




—
o

é 1l Hubgrade for Water Operations
)] Whatis Hubgrade and digital solutions for water services

Intro video #1 Intro video #2

DIGITAL
. Solutions

to make all your water pr

@ Hubgrade for Water Operations

27
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é Hubgrade for Water Operations
_— /] Bringing value to operational teams as well as to our customers

MUNICIPAL
CUSTOMER

HUBGRADE
ANALYST

I
CONTRACT ] '
MANAGER

"l need quality, reliable,
streaming data to keep things
running and to be able to
anticipate future events. | have
to rely on inspiring solutions to
easily build my client's hubgrade
locally"

"l expect Veolia to provide the
best possible service both for
our citizens and for the
planet."

"l need real time figures to
monitor the performance of
the contract and
communicate them"

O Hubgrade for Water Operations 28 -



Hubgrade for Water Operations
)] Torespond to our main stakeholders needs

Aging
infrastructure
and budgetary

constraints

Regulatory
compliance and
performance
reporting

Full awareness
on asset
operations

J
- oo
[~

Reducing the Ensuring the safety
environmental of people and the
impact of the
service

continuity of
activities

Q Hubgrade for Water Operations
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é Hubgrade for Water Operations
)| Functional architecture

G ——

f \)

1 Central access to all modules and user administration ]

[ The Hub ]

I l

................... e e e e ]
| P : I

Hubgrade : _ - Situational awareness ‘@ )
operator i ! : (incl. real time data) : . 1

+ Customer ( i Network Hypervision, Synoptic view ]
I KPI's and ]
_-—-----v---vv---...l--------- emsssssksssnsssssssnnsssssEsssEssse e e B L rEpDﬂll"lg ------- 1
Hubgrade : Analytical modules KPI Engine & :
(deferred time) Operational Report !

oo ‘ Water Loss Management I
manager { )

[} |

.............. R Rt SRR ‘I
I I

Hubgrade | Functional Objects and Data Management tools |
data manager '
g ) Dataprep, Time Series Engine l

\ ]

@ Hubgrade for Water Gperations LOCE’ data sources i o,



(o Hubgrade for Water Operations
‘%’Lf Focus on Water Loss Management

Hubigrade Weter lnss Management

A performance-oriented product T
Water loss calculates indicators
facilitating the decision making, in
particular by distinguishing physical
losses and commercial losses

L
%.T:-:] Prioritize leak research

O
HJq,| Localize the origin of water losses

8888 Increase network efficiency

E;l Enable reporting

Hubgrade Essential

Hubgrade Performance

D Jeemn

O Hubgrade for Water Operations H u bg I'ade Asset Ma nagement

31



{g:; Hubgrade for Water Operations
sl Focus on Synoptic View

Both a commercial and operational
product allowing Plant process and/ or
Hydraulic operation of the networks
data visualization through a synthetic
and user friendly interface
_*‘ Visualize your plant’s process and/ or
networks hydraulics at a glance

NORD OUIEST

| Share the main measurement data through
Lo} a secure web app to your customer

m Overlap several measurements

D:m Drill down data and process steps

A ‘ Hubgrade Essential

o

9‘ Hubgrade Awareness
Q Hubgrade for Water Operations q



“;ﬁ ‘ Hubgrade for Water Operations
L . )] Focus on Operational Report

An operational product allowing KPI
visualization and validation
through tables, detailed graphs and
dashboards

Visualisation of KPI's in table or
%% graph mode

Possibility to parameterize
dashboards

Filters to navigate and aggregate
through several organisational levels

Validation of indicators prior to
sharing with third parties

O Hubgrade for Water Operations

&
Va

Operational

[
Al asihites

Al matadarans

%‘ Hubgrade Essential

Hubgrade Awareness

’ Hubgrade Performance

e @ ¥
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UNDERSTANDING OF ASSET MANAGEMENT FOR WATER
SUPPLY SYSTEM
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T
_é Distribution Networks

4

| ¢ Diagnosis of pipe condition
l § :

o water quality monitoring SRV (&g , X \/ G
WERHIET inrealtime E— ‘ by re-chlorination in WD$
';,;

\\
\
_.___\ -
\

(o

o Auto-drain system for ﬂ_g_v_wgﬁ,_ N
discharging of aged water o Water quality

information

Understanding of Asset Management For water supply system

/
/s Equalization of chlorine residual
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Centrifugal Water Pumps, 2900 Rom, Electri..  Centrifugal Pumps Manufactu...  Centrifugal Pump | Water.. |  MS Butterfly Valve at Rs 120...  Butterfly Valves from Hattersley Kirloskar Butterfly Valves t...
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T
_é Understanding How Our Assets Fail

Monitoring performance is a key to reliability

Excellent

Decay curve

Performance

Poor

Vibration

Qil loss

Heat

Failure

Decreasing

Understanding of Asset Management For water supply system

Increasing

Time



T
_é Understanding How Our Assets Fail

Managing asset deterioration

Excellent

Performance

Poor

Initial design capability

Managed asset W
deterioration curve

Management
Zzone

________ )

Inherent asset
deterioration
curve

Minimal performance level

Increasing

Decreasing TI me

“Failure is...the inability of any asset to do what users want it do to.”

John Moubray

10
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A Best Practices Guide for Asset Management
(USEPA)




AMP based on EPA Guide

- . , :
<EPA Asset Management: A Best Practices Guide

United States

Environmental Protection 3
Agency Introduction

This guide will help you understand:

o What asset management means.

Purpose ¢ The benefits of asset management.
o Best practices in asset management.

o How to implement an asset management program.

Target This guide is intended for owners, managers, and operators of water systems,
Audience | local officials, technical assistance providers, and state personnel.
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FMEA

BRE

PoF

CoF

Red

RPN

ORDM

LCC

CAPEX

OPEX

Level of Service

Failure Mode &Effect Analysis

2

Ho

MH|A(2F22)

HONE I B 2

i

Business Risk Exposure Al Y B
Probability of Failure i &E (7ts8)
Consequence of Failure o Fek oz Fat
Redundancy He=

Risk Priority Number Sz (M) X
Optimized Renewal Decision AT Al AT

Making

Life Cycle Cost HORF71H|E
Capital Expenditures A2EAL
Operating Expenses 29I

ot of

RTF

FM

MEERA

TBL

WM

AMS

GIS

US EPA

[IMM

=

Condition Assessment Protocol

Run To Failure

JEE7HeE

HOH(2E) &l Al 7R 24

Failure Mode

o 7

Modern Equivalent Engineered
Replacement Asset

Triple Bottom Line

FIPIE S8 WA Xt

ARS], ZH, 82 S 3 sy ot
I3 (MHI2, HIE 5) 24

Asset Management Plan

Aerere| 7 &

Water Facility Management

AlEE B2l A2

Asset Management System

Atehge| AlAH

Geographic Information System

Environmental Protection

Agency

K2 YEAIAH

0= &3 238

International Infrastructure
Management Manual

=M Qe Haf i
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T
_é Xj4E2t2] (Asset Management) ?

s is maintaining a desired level of service for what you want

your assets to provide at the lowest life cycle cost. Lowest life

cycle cost refers to the best appropriate cost for repairing rehabilitating or replacing
an asset

= XA @XlAdlHI2irMexuMaM) CF IIMEHl s SAAIA
24%= MUlA=E=E X0 Ol=sA

** is a systematic process of operating, maintaining, and
upgrading assets cost-effectively

= JFg BHIECE 4F THUE& 230t =XI0HH upgrade(V1sIHM)
o EE HIAIM AF M| XL

718 HR2E R = S8 STEAMUILE X551 ¢ Et
dTAld 298 R wAl#z] 58 #EF (FHCHAIFAIAIR 8l EXIHYE)
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1
_é Challenges & Business Environment [T0oi0F 91 Ajd2tA]

Challenges Business Environment

2 Determining the best (or optimal) time « Demand to do more with existing resources.

to rehabilitate/repair/replac ing assets.
. litates rensiifiacicre aging 2 Need to make every dollor work-to better

2 Loss of knowledge with personnel retirements. use capital & operating budgets.

+ Overcoming resistance to rate increases. 2~ Move from reactive to proactive work

. . . . environment.
+ Rising service expectations of customers.

. : 2 Transition from building & operating to
s Increasingly stringent regulatory

) managing assets.
requirements.

> Extending asset life

2 Responding to emergencies as a result of = Optimizing maintenance & renewal
asset failures. = Developing accurate long-term funding
strategies
2 Larger and more sophisticated facilities. > Sustain long-term performance

JEXHES ALY 2, O&MYU T nHotet - 2 XotE SO DHMHA (7, AN HIYLE ) MLHE

Understanding of Asset Management For water supply system 21



A 9l fX|22| Y (Operation & Maintenance Management Practices)

(=
o X

e

22X M £EEX|TX| 2E 8 22 T2 H A0

it EE SFU8 H3d= 882 22

2Y#2|(Operation Management) | QX| #2|(Maintenance Management) |
N 2% HEE 05,5 752 95485 N Y| HAY F24, %7* 8t7, |zh
N 23 HEELAIIE, HESEIEE : | N EAEH|(HA, AR, HiSEAS)
CIOIZN OE EE ABYAS L A o 7| EICt/ QEREICE
™ OX], ©AS ol R N USSALILSA])
o AL(ES) 22, £E A 5 NI - CHA| (M QX 28 EXHA L

LoS, SWM [waterDNAI |

Performance[KPI] : efficiency, improvement, R&D, renewal(3R) |

I ; QU E= BEALO| £

S Bl — 4

R Rt . — P

is maintaining a desired level of service for what you want your assets to provide at the lowest life cycle cost

1) EPAXRMEZHE 2) LIRS EX|2 0 2821 3) ¥, 78 XA 4) ZXSH[RESHE(PI)] 5) LoS, SWM7HE 6) JHIHHIAIZ], 'S, ZX}
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T
—6 xl’f_l"?'_l'al '6_|-I|IA=I_9__¢_ ';:l xE"*I‘ (5 Cores & 10 StepS)

1.Current State @ Asset Register(XHCHE ~
f Asset @ Condition assessment(XtHAERH 7}
O ASSe ® Remaining useful life(Zt=+H0|%)
[XHAOI T S EHE T T AN @ Asset value(XtAH7LHX|E 7}

|

5. Long-term

Funding Plan Asset — LoS
Management

© FH AT TS Framiework ® MHIAHESE(LoS) A
228 8 2 X[ 2 A S]
= XHdE] SEAET

4. Minimum Life "
Cycle Cost 3. Critical Assets
M (5,748, 1 HM) 7/ EA 2 =2 @ OPEX, ® CAPEX ® XHite| 9IE & [criticality] 241 [BRE,PoF,CoF]
[SUEHMF [RPN] 2 ZFINSLHEH [ORDM] [SE TS 2K ME T
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Details for Evaluation of Current State of Asset L Nee

You should ask: Best practices include:
«Abdae U A 0|0 Azto] 7hd Bo| 4R51E KAfHE 5 (On-going process)
 Whatdo L own? S Ereqsiing o THEER 7|= o Ao M2 2E HolE|E LEe 7|F0) 23 AATCE B
« Where is it? system map. e 24 84
» What is its condition? * Developing a 58 TG 2,
« What is its useful life? and system.
* What is its value? = Assessing by e

consulting projected-useful-life tables or e —

BE
- Hog
decay curves. LR
« Determining and e A A5

X 20 oiAE [B

v Bam N
0 REWE @ EBEEn e WrER v NN
( Asset reg|Ster iy Py
EPA Coret [XFAHIH A REAL] = | - ;H;I:O::Tﬂﬂﬂmniﬁj

37% ?;gg( ;S.E':E:.I %Klﬁﬂ&i[‘:l;iﬂ%iﬂiﬁ) o HA AEuY 52 B, Wywges <TY0) T HES BFHYECR BATE Y 503 IAZA, AN 205Y defs ey B 463y MY SEEOLE BETENS 2RE B2 27 QUE NB2s 535 U
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You should ask: Best practices include:

= Analyzing current and anticipated
and satisfaction with the

» What level of service do my
stakeholders and customers
demand?

= What do the regulators
require?

» What is my actual
performance?

* What are the physical
capabilities of my assets?

system.
* Understanding current and anticipated

= Writing and communicating to the public a

level of service that describes

your system’s

» Using level of service standards to track
over time.

EPA Core2

Details for Establishment of LoS & Risk Analysis
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You should ask:

Best practices include:

» Listing assets according to how critical
they are to

» Conducting a failure analy3|s (root cause
analysis, analysis).

» Determining the of failure and
listing assets by failure type.

- How can assets fail?

» How do assets fail?

» What are the likelihoods
(probabilities) and
consequences of asset failure?
* What does it cost to repair the
asset? *» Analyzing failure risk and

« What are the other costs using asset decay curves.

(social, environmental, etc.) that | * your system’s
are associated with asset failure7 vulnerability assessment (if your system

has one).
EPA Core3
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You should ask: Best practices include:

» Moving from reactive maintenance to
maintenance.

* Knowing the costs and benefits of

» What alternative strategies
exist for managing O&M,
personnel, and capital budget
accounts?

» What strategies are the most
feasible for my organization?

» \What are the costs of
rehabilitation, repair, and
replacement for critical assets?

EPA Core4

* Deploying resources based on

+» Analyzing the
develop specific response plans.

Details for Min, Life Cycle Cost & Funding Strategy

* Looking at lifecycle costs, especially for
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You should ask: Some strategies to consider:

« Revising the

« Funding a dedicated reserve from
current
annuity).

» Do we have enough
funding to maintain our
assets for our required level
of service?

* |s our rate structure
sustainable for our system’s
long-term needs?

and replacement through

EPA Core5

(i.e., creating an asset

. asset rehabilitation, repair,
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_é The Big Picture [Xj¢tE2] e EE]

XHAHAERE L [condition assessment] ¢ RISk 0lI=) |8 g XId] DS 112t M

[Risk-cOn-] [ - ]_
sequence
'y ) t

Customer ‘

;

(o}

Growth (New Assets)
Augmentation

/

System Renewal

[ Cost of ]

Service J"

System Improvements
(Environmental, LOS)

Maintenance Program

Business Risk Exposure [BRE] = PoF + CoF ~ Red
Failure Mode : capacity los, motality, efficiency

Understanding of Asset Management For water supply system
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T
_a Idea 5 : Failure Mode - Guided

Failure Mode Definition

Management
Tactical Aspects Strategy

Capacity Volume of demand
exceeds design capacity

Growth, system expansion  (Re)design

LOS Functional requirements
exceed design capability

Codes & permits: NPDES,  (Re)design
CSOs, OSHA, noise, odor,
life safety; service, efc.

Mortality Consumption of asset
reduces performance
below acceptable level

Physical deteriorationdue ~ O&M

to age, usage (including  optimization,
operator error), acts of renewal
nature

Efficiency  Operations costs exceed
that of feasible alternatives

Understanding of Asset Management For water supply system

Pay-back period Replace
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T
_é Ojs [Implementation] % Feed-Back

< The five core questions framework for asset management is the starting point for asset

management.
< Beyond planning, asset management should be implemented to achieve continual
improvements through a series of “plan, do, check, act” steps. J
(e ACT PLAN o)

- Take action based on
review results

. Five core questions framework
(short-term)

- revise asset management plan
(long-term).

- Evaluate progress,

changing factors and « Implement asset management
new best practices. g program.
o CHECK DO ¢)

Xabde HI= ==& [AMPI2 AIEHE 0] Zdt, MHI*[LOS]°II X JHME 0= “PDCA” J1¥40fl W}
o MG IHXI HIKPIQ 213l SF IS tHal toolZ &8, XHHOE ~F HA =200 58

= 1 T O>
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T
_a Business Risk Exposure [BRE] Zzf ZX|H =k

HIGH

Probability
of Asset
Failure
(e.g.,0to 1)

LOW

HIGH RISK ZONE

MEDIUM
(RIS

ZONE Strategy:
Plan for asset
‘ renewal and/or
‘ risk mitigation
Strategy: St.rategy: :
Reacti Mix of reactive
eaclive and proactive
strategies strategies -
#operate to dependent
ailure) on owner
preferences
' and site
specific issues Strategy:
A : ANGCEPEROIMANCE
LOW | ‘ MORLELNG
RISK ZONE Y —
I SR e
Tt (A i 4]
LOW Consequences of Asset Failure HIGH

(e.g., Dollars)
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-
_é Asset Management Model

/

\

Customer

\

Expectations

J

\

Cost
of Service

S

Level
of Service

J

Understanding of Asset Management For water supply system

Your
Business
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1

Understanding of Asset Management For water supply system

T
_é Realistic Expections on Asset Management

® Takes several years of
detailed, nitty-gritty work
to fully deploy

® Requires eventual buy-

in commitment of the
whole organization

® Needs upfront
iInvestment to get

started, with hidden
returns for initial years

32



1
_é Asset Management Payoffs

Reduced life cycle costs
from better-focused
(redirected) resource use

Better value-per-dollar
spending

Confidence in decision-
making

Understanding of Asset Management For water supply system

The right work,

the right
at the
for t

[€ASONS.

investment,
ight time,

e right
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T
_é Making Business Case for AM

160 -
Net Total Annual Costs without
140 — AMIP Benefits
Net 1201 ynital AMIP Outiays EXPSCI AN Bare oo vaaes”
AT“"l Exceed Initial Benefits %’f’l‘?‘.‘".ﬂ '’
a u ,
2‘0‘; L | """..'.'q “...
(AR NI \
($ Million) ._ ; Expected Net Total Annual Cost
- Break Even Point with AMIP Benefits
60 -

Fiscal Year
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Condition Based Maintenance [CBM]

“Nameplate” Data
K ; : ; . Electro-
Vibration Sonic Thermal Electrical ||Performance||Qil Residue :
: : : : , : magnetic
Signature Signature Signature Signature Signature Signature .
Signature
el T — R 7
Curve Desson: [ B
Graph | Detais | = '
A Are mot
(& ]
2 E-Hhxq—“"-ﬁ__ 2 3
K"""ﬂ.._\ a N .
o e Predictive Maintenance Reactive Based Strategies
= 3 i Condition Based Strategies  railure Repair Repair
= ] Occurs Scheduled Initiated
g & ! pailure | Parts, Manuats!  Service
4 E | Reported | & Tools Restored
ks U\ = ! 1 | Located ! !
\ = 1 " | | ! I
5 i t 1 \ [ 1 1 i
[ oy ! I . I
o 1 i [ 1 ! 1
E ; \ Preventive Maintenance Hebt I I I | 1
o 10 20 gl a0 50 E0 70 B0 Time and Usage 1 b 1 I | 1
Age (years) Based Strategies : 1 : : : :
= ' | ! i
o —] JRIPENRELNENEY
. Time
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i) Xpakziz] sHalQ A gl HX} (5 Cores & 10 steps) ey

/ US EPA 5 Core(10step) Framework ModelS Z26}0{, RFP =1} ({22} 2t
XpAr2t2| A (K-AMS : K-water-Asset Management System) DB 7% 5!

K-AMS 78 %! x4 (5Core 10Steps)

EKeV Point

17 XHe] Bixj HEH Wt EHA| 4

Xt AF 2t 2|(Asset management) ?

> Step., Devel.o.p Asset Registry (KHHHEIZHE) v 2| A0| QX|TH2| H|R(SMSX|(Repair), 24
© Step2. Condition Assessment (XFAMATER T} (Refurbish), 4| (Replacement) 22 271&l=
o Step 10. Build Asset Management Plan © Step3. Remaining Useful Life (2E40(Z) MUl 23FE(EBE2TE)E KIS0 ks A
(RHehe] Ale 4~8) ? Step4. Asset Value (RFAFZEX[H7H v Asset management is maintaining a desired
- MY TS| KA A 2] KA level of service for what you want your assets
to provide at the lowest life cycle cost.
Current (US EPA Guideline, 2008)

57 33| 25 X & M AL State
© Step9. Suggest Funding Strategy
(X2 == H=f XAl
At JE 7|8 87| FA AR
Off &k HIA|
- M 25 L 71X Data M|A|

27 XpbE 28 M o

> Step5. Set Target Level of Service(LoS)
(MH|AZE HH)
- 22 (FE, HIA"EHS), £E (B,
tEHA & 85), OfILX] (M AR,

o =
A o
SO S

Management
Framework

3V o (SHA) XA M T

47 7H-Ci SXF 29 3 X £X} A2 8 S
0 ) rﬁ * o Stepb. Determine Business Risk

RPN(41z=21), ORDM(Z|Z{7HZH L) 43
© Step7. OPEX(MRX]) % &}
o Step8. CAPEX(7H- CHA[) x|%j3}

Minimum
Life Cycle
Cost

- FMEA 7 |B1C2 ROiRE A ot &
- AFY YIE=(BRE) APH
(PoF, CoF, Red. 7|& £8)

Criticality
Analysis
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Off SHEHE|= 2 XPAREAR) KA A

EPA (5Core 10Steps)2 & K-AMS SHAIE MIS LHE
Core 1 1
RPAMCHES 71t v WFM 7|8t RS S(QIMIE )1t 2tE @K 0|8 § AI24+H % DB}
a (Develop Asset Register) v Kot S44ut AEH7L FAQIXt S2 et 1535 Kbz BE i
v
RPAH AT} v AEE7 201, XpAHE HOiR-E(Failure Mode) &4
(Current State of Asset) " (Condition Assessment) v Step Approach 7|82 M8 (APS 2&6l1 MEfH7HEZ/HY) 3
Kpetel Gixf e "7} B a
THESH 0% v (AJAXHDAEREIL 7|90] THUXMA /CHS XM Decay Curve(21H4]) 2 &8
(Residuali)seﬁleife) v (B2XMDFailure Mode 7| S 23510 22|, 4AH, 7|SH TIESHoS
RiE7EX] Bt v Xt & SX|E2HIR(LCOT BHH|RS A=, XS XY L8 A
' (Asset Value) HI2 M2 E DBS}
v
(%c;réi?)lishment of LoS) 2 = MH[ASE I3 7 7H- A Ol RUEXF SHAHIBRSHR S8)OR LoSAS % SH(KP)EY
MH|A 22 M / (Set Target LoS) v MHE LoSES I AN R, ZHO| T2} AMREE 5
o a
e = NEPIRE 2%
(Criticality Analysus) 6 B - v S E (IR =&, Hoi2E(PoF)1} Mo HY=(CoF)E 1
SIB(EHA) KA MY A e RIS
> Core 4 , v ZESY, 05, BRE ZLUES 7|02 BT KIS(RPN) A, EXIQAA9| 2T
(Minimum LCO) 578 B Sl v £1% ZAISOHORDM)S 48510 CAPEX/OPEX T £
A 3 Optimize CAPEX/OPEX S
FAedes 3 HHEAAL +8 iz n 18224 v Task LibraryS ZHAJS101 A% KH|M2F £, 17+ CAPEX/OPEX 2] 48
>»> Core 5 THSIRERIE HIA|
(Suggest Fundmg Strategy) v RPN 4129 7|8t A7H ol|atol| = SXHAIE 3 X 27t 0| Atk 7| Data HA|
(Long-Term Funding Plan)
7| M 2t M2t b
XWEEIHIQ 8 v Step1~97HX| ZE HIZO 2 XpACIQ|H TEZ2|Q AFRFTE XAtz
B (Build Asset Management Plan) g % Hepeg
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I Ky Point

vV IHEE 14E BEYE Step Approach 7|8 o2 X2 2F(CAP)SIL 257 7|=0| =

ot A[ZHH| 201 B x|

AF
o

Ef

v AER 7} 0™ ZH0H S (Failure Mode)2 24, 24X

EE VLR

9T I2NA
?‘ XpAHE ZOHQE(FM)ES |
l 1
\ l v v
(2) - [ LoS ] [ Mortality ] [ Efﬁci‘ench [ Capacity ]
(Data 2/2) 1 l |
371X Data| v -
[ —> CAP3 — v
el osY Yy
5 cap2 ] | ' BYEIIIE X8 )
QS = ,
1742t 22 TB% Kbot & MEREL Hil o=
(42 ST AH)
(o) I
Fhgga o UXME ] MEAY ] BREES |
AN D ; : x i ;
D bws { Update ii o= ii (PR
(3¥EI Data

B FM(Failure Mode) 240l 2 ZX|A2 |

(7% AT T T

Capacity
(B
LoS
(MH|A 2=F)

Mortality
=%

Efficiency
(BHX &8)

- #Q0|&0 Stk HHAY 82 Soiol HRINES STHUZIEAS dt g8

. CIIRR SZEZ AR Fl (Re)design, renewal

- Step 2 XK AJEHEI} A| MEIA 438 FHoH= STYS@ESIMY, 7157400 .
1) 71O E19.2 FM AL 4= Mortality 09 XIA2) 8 ejmzt pe  (Reddesign, renewal
- RAO| B2 O MRS YUSUOD YEIWIL 5 Q8M optimbzation,
renewal
- ST AREE & RXITE/HIZO0| HCHY HIBECHS XA T Replace
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T@ XprrE ZoS 8 (Failure Mode)EA
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Cleaning Chemical £/ 5! X{2|

Cleanging 3’8 Chemcial

SPM

BOE

SC-1
(APM)

DHF

FPM

NFAM

IPA

Cu
Solvent

Sulfuric acid Peroxide
Mixture

Buffed Oxide Etchant

Standard Cleaning-1
(Ammonium hydroxide
Peroxide
Mixture)

Diluted Hydrogen Fluoride

hydroFluoric acid Peroxide
Mixture

Nitric acid, hydroFluoric

and
Acetic acid Mixture

Iso Propyl Alcohol

N M
o

—

Ok

Cu

771= HA

Oxide(SiO2) etch

Particle, MetalX| A

Oxide(SiO2) etch

Oxide(SiO2) etch

Polymer(Poly Si) |

Water-mark XA

Polymer &4

T8 Recipe

H,SO, & H,0, =&}t

BOE Class1 (NH4F % HF £9)

S|OH

HNO; & CH;COOH & HF =2t

IPA(C;HgO)

Glycol, amine, NH4F =gt

X
H,SO,(EH ) | (=X2

HY @ 7[=)

il = x|l

X
BOE (I ) (=X

HNO3 (
(H] ) A Chem'
AOH

IPA(H| 24) M o?'d
A

BOE

NH4OH

HF
X2

HF

HF

Solvnet

Cu
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HiZE 7

Batch Type M|’d%H| SHEH HiE gt
T ALK H{ 7| <—
I — o = . by =
|- Y S— = | - | — A2 h | =
|- | voc Hj7| <«— T AS 8 Chemica 2F=E
e — EFYY
I e
ACID bi7| +—5 - | ACID SPM(H0; + H2S04) & geter=E
q i L S ) el N . | ! g
1 1 =T ‘ BOE (NI, 1P
‘ ' ==
— { = oy =]
: 5 A 3 HF HF, H202, H2S04 & ==
s = . i kit i '—i’f-% 7.=::I = A i
—— . i 3 1 2 A% ofmL|0 1= EX PN
i ; 'H,S0, H,PO, | IPA | = 2 = Lo NHA4OH, 5C-1S ° ="
P i | | | o4 I
i v R - ¥ Py £97|EbA
| BOE | HF  ACID i ®7  NH40H SOLVENT Alcohol(IPA), Stripper S
A F R P A E =54
I ; ! i i o -+
BOE HF . ! : i NH,OH |
**DSP = i i /PA *SC-7 ~ =9 7|ElA
H,S0, PO TMAH Tetra Methyl Ammonium e
*SC-1: NH,OHS} H,S0, E&2  ** DSP : H,S0,, H,0,, HFS| E8t8 Hydroxide PPN
*x Cy BEHE: CUSO,, H2.04 282 c ==




227tA KNE| S flet 129 XA 2 2X|/2FB B CHFe 5 A8

(5 A2 X : F-7}A, Powder N2| & H7tA HZh

HH Plasma Wet Burn Wet Heat Wet
a8 Plasma (2,000°C 0|4 Flame (1,500°C 0| 4}) Heat (700~800°C 0| 4})
Helzg 99 % 90% 70~80%
=PNE=RS 2AMTIA(CF4, SF6, NF3 S) 25
Inlet_ v v Inlet_ ¥ v LNG Iniet_,, _
TxE
Plasma : Flame Heat
HF Water tank » HF
Water tank » HF Water tank > >
S | > =




SFEX o2 SF2t A2 T
o= Q| Tl A Al AFE A H A
H| 8 CHH| =[] XM2| 218 et H+ &8 A|AH 14
St N Hs2| B/ g 9 o QHEH X 2| 2
- HNZEH] 2 247k K 2| HH|0A o X| /%l &
= A : ~ =) 0
2 H SIS Az HE SIS F : 100~200mg/L K/
A Hj == ot 2ot 22 E o pH : 1~2 EIPS =
- T Sl A SH/AH
72| TN 3H 3 YHshe T4 Cu': ~8mg/L =25 He Halm)
EE NH,OH 2 NH,F &8 H= T-N : ~40,000mg/L =] ) MESHE Ka|
TMAH H _ T-N : 600~800 mg/L dE=SHE Hel
(Tetra Methyl Ammonium Photo &t S TIMA| HdSH= o= coD : '2000~3 000 ?r{g/L %SE% O/ 2)
Hydroxide) Y '
7| H= F71E(PA) S0 ZehE H == COD : 1,000~1,200 mg/L A2t A
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* BAT(Best Available Technique)



[MBR 2H&2|

[MBR Flame]

SEIER

1)

2)

sEMT

Treated Water

0 2}2k(Membrane, 0.05pm

= =
Treated..WBtBr

] Feed Water

Hollow Fibeh-;';j'-
Membranes ‘ _ ada'ﬁ .
@
= g x| HAH=E
COD(ppm) 85 3.5 95.9%
T-P(ppm) 1.0 0.2 80.0%
T-N(ppm) 25 4.3 82.8%
TOC(ppm) 110 0.8 99.3%




‘AF_Dissolved Air Flotation

O/ M 7| Z(Bubble)S 0| &5t0 H+ L LE=ES 7| =0 73, FA7 HA

SPIRAL SCOOP
CARRIAGE 2%%% I'“7'|'?|L'IEI
1) 7Y+ 32 (E+7IY/Air - A2 ntES}
2) 7tL+E 7| MElel B4=0 Y
H

[= B |
FRICTION VALVE 4) O|M| 7|20 LHESZEO0| BXtg|0] EHOZ HA
AIR DISSOLVING TUBE
5) 2452 X| HAHEX|(Spiral Scoop)E LHEE HA
e O
GAS Buboie 2 GAS Bubble
#7
72 | #2 | N2 | uA=ms
F(ppm) 1.5 1.3 13%
T-P(ppm) 0.8 0.4 50%

[Air Dissolving Tube(A.D.T)]




CF System_Activated Carbon Filter

2 dEtS O[890 R7I=E S5 X FR=E, NHIYS=ES ouols A2H

BACK-WASH

EHEz)

Micropore(r<20 )

Exl= [ZEE 3T E]
e 2% | M2y | AAzE
COD(ppm) 5.5 3.8 30.9%
T-P(ppm) 0.3 0.2 33.3%
SS(ppm) 5.6 2.4 57.1%

[Activated Carbon Filter]
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UF(2t2|0{a})/ RO(H & F &) FilterS S5l

- &g -

MBR

UF Feed UF Unit UF
Treated Water Pump Permeate Tank
LLLLL a 1»
a_ e s
Reuse g p @& )
"! a » =
RO Product RO Unit RO
Tank High Pressure
Pump

[UF System]

[RO System]

IR EES =

RO Feed
Pump

\ 4

RO
Cartridge
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Q9o ..

> 9 < R U,
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1st Scrubber 7}= [As-1Is ] [ To-Bel
a %%‘ﬂ'ﬁ %—.'?’_—5H(Plasma) :'c's_ A.”JEO-ULI x.l El O HYYZ (=M Al) Type O U™ 42 Type " \
— T 4
IO A Chatel 84 AL — ) [oco = '
OO0 p—
B g g L
(Water O o4 & ThA ZHE L2t
Q 1st Scrubber H|== H|=X 2| ZH0f| A  Free |
cru er
e XNe| = CH7|HXAE 2 Tj2H-E2 = 1. EFALEE O H=2M2F X2 - 2,5008/ L
Q2250 2.0 HZ2 2et 1st Scrubber 2. FL S| HEME
T L= X = ES H A XX
2 A0 HZF M2k 0|3 TR 3. 2022'H CESY ©MA|E &% Global BH=X| A %=
2HIA He|AlA” B2

1) CES(Customer Technology Association) : Al|A| Z|Ci 22| 77 K|E EHete| 24, OFO| A2 A X E/QIE/ AV HMAL S MA ITRA CHE 7|YE2| T8 MES MEO|= A
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e AHEE H=2 s Mg =2 I RIS 4= HipO, »
O T-NHEZE
30ppm T
O

7777 <= H,PO
aTaTAYAY A 3P4
o5 —> | |? H 4= —p | T
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“ N 14ppm
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15ppm O X}
PP 15ppm 13ppm AAR 2 2. At
~204 21~234 243~
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AN E CH7L2 Al, Human vs Al s a0

THE ULTIMATE GO CHALLENGE
GAME 5 OF 5

15 MARCH 2016

*().-@

AIphaGo Lee Sedol

Wond4of 5 Won 10of 5

RESULT NUMBER TIME TIME
OF MOVES WHITE BLACK

DO >/

o AlphaGo Lee Sedol ‘
SN \ A |

Google DeepMind “AlphaGo” O|M|= 9Ftt S




AZ CH7FZ Al Human vs Al

2019 S MAAHIEOZ] o d(AfIAET)
Hz AEMS R1 [R2 [R3 |[R4 [R5 | |=9 |sOsS
1 |E=-F=({HanDol) 2+[10+ 4- |9+ |11-] 3-2| 5 | 28
2 |E=-7IHZ(Go Genius) 1-| 7-|5-12+14- 1-4 | 13 | 18
3 |E=-HAYHS(Clear Stone) | 4- |5+ 6- (104 8-| 2-3| & | 28
For older ratings, ch¥ History page. There is also a History of top ladies. - %E = AHEOLAAY) AR B G okl | S |
' i 5 |&t=-EHtEHDolBaRam) 6-|3-|2+[13-|9-| 1-4| 12 | 22
Rank Name d¢ Flag Elo 6 |27|0)-2EtH 2(leclaZero) |5+|8-|3+|7+|4-|3-2| 6 | 26
1 Google DeepMind AlphaGe — Sf= 3611 7 |5F-B0HIS(Octopus Go) | 8- |2+|9+|6-(13- 2-3| 9 | 26
fgﬂk—‘i — - - Zigg 8 |2¥=-AQz 7+|6+[11-14]3+[ 41| 3 | 30
;L‘;ﬁl—m : ere 9 |EZ-=ZHE(MAYAGO) 10124 7-[1- {5+ 23 11 | 16
- o 3535 10 |BEF-FEHAIHandtalk) 9+ 1-|14-[ 3-[124 2-3 | 10 | 20
6 Mi Yuting B 3529 11 | Z=-EW(FineArt) 12+144{8+|4+ |1+ 5-0 | 1 | 28
7. Bin Jiaeck . 3514 12 |B=-284(YaoGo) 11-| 9- [13-| 2- [10-| 0-5 | 14 | 26
8 Lian Xiao Bl 3514 12 |E=2-=#24H(ViXiaoTian) T4-| 4- 12 H5+|7+| 32| T | 20
9 Shi Yue Bl 3509 14 |CHEF-CGI Go Intelligence 13411-[10+ 8- |2+| 3-2 | 4 | 30
10 Tuo Jiaxi Bl 3496 go| 7| ZM K=
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nature

Explore content v About the journal v

tv
L’ZAH

</

Y .

DIF

Publish with us v Subscribe

nature > news > article

®) DeepMind

NEWS | 30 October 2019

Google Al beats
at strategy gam

DeepMind’s AlphaStar beat all but the
game.

Dan Garisto

vy f =

Players of the science-fiction video game

An artificial intelligence (Al) known as Al ‘/ .

DeepMind — achieved a grandmaster rat

DeepMind’s StarCraft 2 Al is now better
than 99.8 percent of all human players
/ AIphaStar is now grandmaster

level in the real-time strategy
game

By NICK STATT / @nickstatt
Oct 31, 2019, 3:00 AM GMT+9 | [[1 O Comments / O New

Image: DeepMind
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BIE [ NEWS =0t *HI|II|E|(ChatGPT)7|- L R CHAR, O IEEl 7 017 Hlx|a|

b © 000

Industry Money Life People Opinion Global

ChatGPT/

HICl2 Lk

Quick View NOW o3

O|>|

S0 HESSH Lot A

*“GPT(ChatGPT), XX S{HZ of| a5t}
& " 22X}74% ...

2x37] + — ZYE & n
Qs J|Zt | @ U 2023.03.26 21 T

fns GLOBAL - =HZH|

: kk
- M43 ol 3 X|5(generative artificial intelligence)0| H|A|St= Hoty Mg
MBCiA 40% "Al H o
= Al
s # [HERF] 2 7[As M2 202 HEZES We] 714X, o2 #0|EQ} thLY SIEZHT BAERE
d SIET H'2(The Wall Street Journal)tf| 7| 23t 21GPT(ChatGPT)U| ChEt 2425 ot ZULICH 38 A9
XI2|0F IH E n d2de 20U ZHo = HE9| HS2 MGPT, XIE HEE 0| 13[THChatGPT Heralds an Intellectual
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. AL
) an-intellectual-revolution-enlightenment-artificial-intelligence-homo-technicus-technology-
202311 3% 12 H A opn N
= T cognition-morality-philosophy-774331c6)0A 2212 5= IELICE 2/0] 2lE 7|AHY =852 =28
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O{EH? 1. Open Source2t Sharing Platform

= ¢
JS =
Python JavaScript Java
C# TypeScript Golang
Ruby Swift

MK A= Programming 20

C)

GitHub

|

PHP

Python?|gt Open-Source Libraries

@ .Eewm

Rust

O PyTOI’Ch Keras

Open-Source Sharing Platform

Machine Learning

Deep Learning
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Platform

O Product v Team Enterprise
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K water
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[0 overview 3 Repositories 22 B3 projects @ Packages

Kwater-AILab / README . md

K-water AlLab GitHubOll 241 A& AT C}

K-water AlLabOf| A 7| 2t O 7ol= 2R UL
o2 S¢2| ™00 clet o S iL|ct,

2 MBS ELCE)

w

Stars

ﬁ 2 =) @
Google @ Open Source ® - ) (<]
& nhttps;/fopensource.google/ W @Google0ss Total Stars Earned: 8
Kwater-AlLab Total Commits (2023): 257
OpenAl rwater-AlLabp Total PRs: 0 A+
5 52 o Folowers B itbe i limencibonts (M Overview [J Repositories 22k @ Packages A Total Issues: 0
Unfollow Contributed to (last year):
Popular repositories Aa 12 followers - 4 following
()l Overview E Repositories 147 E Projects ff 24
material-design-icons p{  Block or Report =X}
Pinned Material Design icons by Google & et
1 Yrasdk P92k . erence & Forum
EH gym Ppublic - minar
aolkit for developing and il | earning algori - |
® Al Ne Letter
@python T3 e material-design-lite P B
Material Design Components in HTML/CSS/JS -
Top languages
0 @HTML  Yy3k %5k @ HTML 302k Y119k prafdis
= muj
; ) @ Python @ C++ @ Go @ Java
Ve tio
" JavaScript
2 X Public leveldb Public
A tool for writing better scripts LevelDB is a fast key-value storage library written at Google that provides an
ordered mapping from string keys to string values. :
Most used topics
H retro  Public L c 5 5
JavaScript ki @c- vromsk ¥ Srlread nuthnr surit i
Retro Games in Gym Procg L Pro ally-Ge 8 i n-Envlronm
®C Trooe ¥ass =) a4z % as cport abuse
I Repositories 15




O{¥H|? 2. Big Data and Sharing Platform

Al@Hub Al COlE 7]

Al ZHEE|H aoia|

BRIS DAEx|H Al =24

DATA ‘& HolEEl  FoEE Hoey

H|0jE] 78F

=i~ Create
@ Home
Explore, analyze, and share quality data. Learn more about data
? Competitions types, creating, and collaborating.
M Datasets
4+ HNew Dataset
M Models
<» Code
Q\ Search datasets

E ns
‘91 Lez All datasets Computer Scieng Educatian Clascification ComputarVision
v Mor . )

® 8

~ Trending Datasets

MK J1X| 7} 9= H|O|E{o] =7} I 16
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« ERHAEDN B S OpAe ASXs 2, HolE, 28 32 - APIS Sl ARE 0 CI270F AA87ts
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— "1 EXs 2EI| GitHub”

'~ Hugging Face Q. Search models, datasets, users... MOdels ¢ Models

~ | Hugging Face U Search models, datasets, user D t t + Madels Datasets Spaces Docs & Solutions  Pric
Libraries  Datasets atasets

Sizes  Sub-tasks Lanpuages Licenses  Other Datasets 26,231 iter by na new Full-text search TS

% Hugging Face Sear taset dels Datasets Spaces Docs W Solutions Pricing ~= ‘

Multimodal o Spaces

Multimadal

E Featu re Ext{a Ctton . H  Feature Extraction Text-to-| ' Spaces
T Textto-Video @ Visual Questi

= ; : Discover amazing M s made o com ity! Create new Space
=, Text-to-Video By \Vis Discover amazing ML apps made by the community!

Graph Machine Leaming

[y  Document Question Answ| computervision

new Full-text search 14 Sert: Recently Updated
Depth Estimation 78 Image Ci4
Computer Vision ;
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53 Video Classification
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Natural Language Processing
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O{EA? 3. Computing Power

/o0

I propase o consider
the question, 'Can

machines think?'

~Al'aln Turing

Vor. Lix. No. 238.] [October, 1950

MIND

A QUARTERLY REVIEW

OF

PSYCHOLOGY AND PHILOSOPHY

I.—COMPUTING MACHINERY AND
' INTELLIGENCE
|
By A .M. Torixe

1. The Imitation Game.

I proPosE to consider the question, ‘Can machines think %’
This should begin with definitions of the meaning of the terms
“machine "and ‘ think ’. The definitions might be framed so as to
reflect so far as possible the normal use of the words, but this
attitude is dangeml:ﬂ. If the meaning of the words ‘ machine’
and ‘ think * are to be found by examining how they are cmnmnnly
used it is difficult to escape the conclusion that the meaning
and the answer to the question, * Can machines think ?’is to be
sought in a statistical survey such as a Gallup poll. But this is
absurd. Instead of attempting such a definition I shall replace the
question by another, which is closely related to it and is expressed
in relatively unamblﬂuuus words.

NOMINACIONES GLOBOS DE ORO ¢

MEJOR PELICULA MEJOR ACTOR DRAMA MEJOR ACTRIZ DE REPARTC

MEJOR GUION ME.

* %k % ok

LA FAVORITA EN Li
CARRERA DE LOS

% 3k ek ok
INTENSO, IMPECABLE,
UNICO, DE OQSCAR

%k ok
GANADORA Y

CC AOVEDORA
UNA GRAN PELICULA

% % %k Kk

UNA MAGISTRAL
INTERPRETACION DE
BENEDICT CUMBERBATCH

EXCEPCIONAL

DESCIFRA

AR LA GUERRA

T H E BENEDICT KEIRA
CUMBERBATCH KNIGHTLEY

IMITATION GAME

FRANDO ENIGMA)

MA2KICHH S =0| AFE}E MA oM 7S 052 &
27| 01I'-IJUP ol =XHYU=S Il

— MIA z[=9| CIX|E AFE SEML (1943H) T
18
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puting Power
“...1: -

OfLISt ZFE] (1946%): ZAH ST HL0|E Y7|0IR, RFHAT 5 B LY UFE

Ef (1951d): x| Xo| #d8 A

Boom 3

“Machine Learning”

Boom 2

“Expert Systems”

Boom 1
“GOFAI"

Winter 1 Winter 2

knowledge

: engineering
heuristic 3 Kokt
search mmg?& lf'
General Probiem Sodver AAAL JSA) P

Samuely’ Oheckers Program

MIT, CML).  Smon, Newedl,
Stanford  McCarthy, Mirnky

1 | !

FGCS, SCI, MCC, Alvey, ESPRIT
Feigenbaum, Brooks

1

AtE|H 30124 2

oI a|HapEA
= (o] g —'l.
(< Jon o

=CI
NEEST
X(EE) 27

Al= AlRIHC =2
0122717

1960s 1970s 1980s 1990s 2000s 2010s

2010°%

WHEE HEE|0] 2 AIQ]
Boom} Winter

O Hojl = F7H 02T LZX|??

= A

19




O{EA? 3. Computing Power

Central Processing Unit
4-8 Cores

Low Latency

Good for Serial Processing

Quickly Process Tasks That
Require Interactivity

Traditional Programming Are
Written For CPU Sequential
Execution

Graphics Processing Unit
100s or 1000s of Cores

High Throughput

Good for Parallel Processing

Breaks Jobs Into Separate Tasks
To Process Simultaneously

Requires Additional Software To
Convert CPU Functions to GPU
Functions for Parallel Execution

CPU 247l Cores =~ 708t

NVIDIA GeForce RTX 4090

GDDR6X

B 1920x1080 M 2560x1440 M 3840x2160

Recommended Gaming Resolutions:

GPU 163847l Cores =~ 2008t
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Al7FAREC] Al7EAES] AEO| AI2| AlZEAIE2
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SRXOZ ARSI S T4 QUAIBICH AZOIS=LD
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718, e S OIS=M 5 ZHA| 22
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. QBN FL| A}

L
(1943, McCulloch®} Pitts) “MAMZES Lt

o A FHS n
M2 e O'Ef

* (1949, Hebb) Z|Z=2| CIZAMAZANN)L| et& %! X2t ANNO| st&= oot
CHe AFAIS H O
. ('50~'60) MBS, AB[SHH SA2AS A0 ANN A4 o1
. ‘58 CHEO| OIZMEZER HZAE MAS|ZU MM E 2 perceptron) 7H2
« Rosenblatt, Widrow?2| Perceptron- L7|0| 2, MME Si&, QIS A|Z
- '69'H Minsky S0 2|3 otA X[H(HHAEEZZ XOR =AH[sHZE =71
- ('70) MBY AR AKX - 7|=2F9| Al =}
+ (80-) 7180 A 871, NBY &7 25
 Hopfield 113 « =2|<to| oKX 7iE =Y
. Q2 AXT} —.ﬁ 2t 1 2| = (Rumelhart, McCIeIand) [t A ER otg
« 19743 SHHEL] SAIPEO|H Paul Werbos?t 11

(Machine Learning)
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rir
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7| AIEt & (Machine Learning) 3. Perceptron
« I M E & (Perceptron)
. 0| A0S D HIGISH M A S| 2 (Rosenblatt, 1958)
- THEO| MATZ T X|EotE LE|F
« UNE|F MM =3 FHS0| CHSI0] Mot a2 A AE EHON XEE 2
of S H 9| XIO|E X[ABIA|Z
 SEHN ZHY U0 RXE SE0LVI= HAOE THSX ME
ol o| Zt X = 2 T;w;
Xl 3"5 1=1
T~ MNEZAS  go|g _
=gt v — {+1 if X>60
@_> J_ L .y =1 if X<#
O i e
X o Y = sign 2 x, w;, — 0
S Y
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7| A 2& (Machine Learning) 3. Perceptron

* Perceptron?| st € 11E|S

- (12=7|2h Z2717FsX[(Wi(0)2F Y AI4x©)E [-0.5, 0.5]77te| Yelite= 47

) A XY EEEY Yd(p)E MBS0 HMEZR B3]
B g+ AMESHY BHE 34 p=10|A AXZH Y(p)& Aldt

Y(p) = step| ) Wi)Xi(p) — 9(p)]

« 37t=X| ek, AEFTAE) =7|7HsX[0f 7tsX| BEUZ Gofl 7t ALl
Wilp +1) = Wi(p) + AW;(p) AWi(p) = a X x;(p) X e(p) e(p) =Yy(p) —Y(p)
Wilp +1) = W;(p) + a X x;(p) X(Ya(p) — Y (p))

e SEE OD<a< 1, YEHO Z 0.1)

- AttE 2XHEE Y SEEE Yd(p) 7F €28 JtSX| Hat Bla

L (44HE) HHEZIS p2 EIIA|F| D 20 2 SOPTEM SRR Hhe
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1,if X=0 | +1,if X =0 . 1 |

Ystep — [ YS|gn — [ Y5|9m0|d = —— Yllnear —
0,if X <0 1 if X <0 l+e

RelU Leaky ReLU 1

max(oj ,f[,') max(0.1z, x)
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7| AlEt& (Machine Learning) 3. Perceptron

. [OH|] HMEES 0| 3 =2| AKX} Al

h

- Zt=X|7F HE= HLo| oto| YA K| 6& Z=1fStH 1, OfL|EH 0
- HE X, X,E SHEY vV,2 =8¢ W7HX] gh= shsA| 710
13 (X)) SEZEH(Y,)
At AND OR Exclusive—OR
X4 Xo
(X1NXy) (X1 UXy) X Xo)

1 0 0 0 0 0

> 0 1 0 1 1

3 1 0 0 1 1

4 1 1 1 1 0

A et g4
X1 7t ‘1 <t SE> a= 0.1
\ ?:IF_/I'—\_ +1—
" &3d . <X7|7bEX D LAY >
A = Z Ly Wy Y 0 X
—1
OO ! A I
Xz/ e ) -
%!7:”7|. Ystep:[l’ if X=0 0-3 _0.1 0.2
0.if X < 0

31



Wilp+1) = Wi(p) + a X x;(p) X(Ya(p) — Y(p))

N~

e
d

Epoch 2/ S £S5 £7|7k5% e o3t T2 B

(p) X1 X2 Ya(p) Wi(p) W2(p) *Y(p) e “Wilp+) | *Walp+1)
0 0 0 0.3 -0.1 0 0 0.3 -0.1
0 1 0 0.3 0.1 H"’o;—-?r 0 0.3 0.1

1 1 0 0 0.3 0.1 ! 1 i 1 0.2 0.1
1 1 1 0.2 -0.1 o & 1 0.3 0.0
0 0 0 0.3 0.0 ] 0 i 0 0.3 0.0
0 1 0 0.3 0.0 ! 0 : 0 0.3 0.0

° 1 0 0 0.3 0.0 I 1 i = 0.2 0.0
1 1 1 0.2 0.0 L o 1 0.3 0.1
0 0 0 0.3 0.1 l 0 | 0 0.3 0.1
0 1 0 0.3 0.1 : 0 I 0 0.3 0.1

° 1 0 0 0.3 0.1 ) 1 i 1 0.2 0.1
1 1 1 0.2 0.1 N : 0 0.2 0.1
0 0 0 0.2 0.1 0 0 0.2 0.1
0 1 0 0.2 0.1 0 0 0.2 0.1

) 1 0 0 0.2 0.1 0 0 0.2 0.1
1 1 1 0.2 0.1 1 0 0.2 01 o,




Epoch el SEEE ZE7|7kE%| AR Z (=¥ 3! PIE2IETPN
(o) x1 X2 Yd wi w2 Y e wi w2
0 0 0 0.3 0.1 0 0 0.3 0.1
0 1 1 0.3 0.1 0 1 0.3 0.0
1 1 0 1 0.3 0.0 1 0 0.3 0.0
1 1 1 0.3 0.0 1 0 0.3 0.0
0 0 0 0.3 0.0 0 0 0.3 0.0
0 1 1 0.3 0.0 0 1 0.3 0.1
° 1 0 1 0.3 0.1 1 0 0.3 0.1
1 1 1 0.3 0.1 1 0 0.3 0.1
0 0 0 0.3 0.1 0 0 0.3 0.1
0 1 1 0.3 0.1 0 1 0.3 0.2
’ 1 0 1 0.3 0.2 1 0 0.3 0.2
1 1 1 0.3 0.2 1 0 0.3 0.2
0 0 0 0.3 0.2 0 0 0.3 0.2
0 1 1 0.3 0.2 1 0 0.3 0.2
! 1 0 1 0.3 0.2 1 0 0.3 0.2
1 1 1 0.3 0.2 1 0 0.3 0.2




Epoch 2E] SEEY X775 % AN =8 X} 7HS X 44l
(p) x1 x2 Yd wi w2 Y e wi w2
0 0 0 0.3 -0.1 0 0 0.3 -0.1
’ 0 1 1 0.3 -0.1 0 1 0.3 0.0
1 0 1 0.3 0.0 1 0 0.3 0.0
1 1 0 0.3 0.0 1 —1 0.2 -0.1
0 0 0 0.2 -0.1 0 0 0.2 -0.1
5 0 1 1 0.2 -0.1 0 1 0.2 0.0
1 0 1 0.2 0.0 0 1 0.3 0.0
1 1 0 0.3 0.0 1 —1 0.2 -0.1
0 0 0 0.2 -0.1 0 0 0.2 -0.1
3 0 1 1 0.2 -0.1 0 1 0.2 0.0
1 0 1 0.2 0.0 0 1 0.3 0.0
1 1 0 0.3 0.0 1 —1 0.2 -0.1
0 0 0 0.2 -0.1 0 0 0.2 —0.1
A 0 1 1 0.2 -0.1 0 1 0.2 0.0
1 0 1 0.2 0.0 0 1 0.3 0.0
1 1 0 0.3 0.0 1 —1 0.2 —0.1
0 0 0 0.2 —0.1 0 0 0.2 —0.1
. 0 1 1 0.2 -0.1 0 1 0.2 0.0
1 0 1 0.2 0.0 0 1 0.3 0.0
1 1 0 0.3 0.0 1 —1 0.2 —0.1
0 0 0 0.2 -0.1 0 0 0.2 -0.1
0 1 1 0.2 -0.1 0 1 0.2 0.0
6 1 0 1 0.2 0.0 0 ] 03 0.0
1 1 0 0.3 0.0 1 —1 0.2 -0.1
0 0 0 0.2 -0.1 0 0 0.2 —0.1
. 0 1 1 0.2 -0.1 0 1 0.2 0.0
1 0 1 0.2 0.0 0 1 0.3 0.0
1 1 0.3 0.0 —1 0.2 -0.1
0 0 0 0.2 -0.1 0 0 0.2 -0.1
g 0 1 | 1 0.2 -0.1 | 0 1 0.2 0.0
1 0 | 1 0.2 0.0 | 0 1 0.3 0.0
1 1 | 0 0.3 0.0 | 1 —1 0.2 -0.1 34
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7|71|§.§(I\/Iachine Learning) 4. Multi-Layer Perceptron(MLP)

FO|Of| BfLt O|&te| 24X B (hidden layer) =X
SR o
2N2|E0| BME 60~70HELH AFHEE|X| 2SS

- '80E LY S G I(Back Propagation) 11 2|F | 2H(Rumelhart)

- O
e | )
=
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- AMu} 12| F(back propagatlon)
- LS B2 OEA =55t=717

1. (=% 1}; Feed Forward)
UHSOAN =HSMNKA| =At8 o2 YHIiH
x

oz =3IE 49

2. (¥ 1}; Backpropagation)
SHIEES SHEIE H w5t QXE ALt
otd, AlLteEl X E =HS0|AM REHSIHK|
Fo =2 HMurotH 7t X =3

Feed Forwa rd e

...............
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- ey
K water Allab -

H M
=< == e~ = — o —
.+ 2t 50| BE KRS 2WHPOR AW S0 YIS M}
=4

M =2
.« ZHA5}8H=(activation function)O 2|8l 4SS MIbA|
- HMEZDN S| AL CIEMEAY 2 A|OE0|E LelU & 7I271E 7I7 &43} et ALE
- 718718 7HE 243l e RO EHE 0~12 LIELH
n . 1
B Y3|gm0|d _
X = XiWi _9 1_|_e—X
i1
” y(p)=—————
Xj(p):iz_llxi(p)xwij(p)_ej J 1_|_expl_)(j(p)J
X (D) =3y, (MW, (p) -6, V(P =
= : 1+expl- X, (p)]
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_ . 3
K water Al Lab <

- AHMIO} QXA S HMat (7S K| &
[ASE EHEM YHEoR Yoz HMi}
- pHIRY HI20M EHS F3 kol ZE0f Chst XA S
e (P) =Yy, (P)—Yc(P)
c O7|M, Y, = HE ko 2H £
- JIEXE AA

W, (p+1) =W, (p)+AW, (p)

« 47| M, AWJkE =X E-™4; Aij(p):aXyJ'(p)X5k(p)

s EES B2 ko Tis 2117127 s (p) = PP .
= =88 T = (P) @Xk(p)xk(p)
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7| HSt& (Machine Learning) 4. Multi-Layer Perceptron(MLP)
« 2Xt7|27|(error gradient)Zt F24Q17}?

. @3} B40| D|20) | EHAOKE I HE

- SRS UK Aol saxrx1|+°* (SSE)2 ZAHSHZ3=% ¥ (gradient-

ot @Xo| Ol Al==7t H40t=

o= (p)
5 (p) = LrelX (o] exp[-X, (P)]

X, (P) “& P exorox, (P
S5 (P) = Y (P)x[1-y, (p)]xe (p)
1

Vi(P) = X(P) = 2 ¥, (P)xw,, ()6,

1+exp[- X, (p)]
41



I

S (Machine Learning) 4. Multi-Layer Perceptron(MLP) ey AiLab
15 w0 Cie 75X= AEA dist=71
W; (p+1) =W; (p) + AW; (p)
. O7|M, AW, E 7HE X 283 AW, (p) =ax X (p)xJ;(p)

qr

|
- 5= 25T wH 0l tizt K727 5, (p) = y,-(p)x[l— y,—(p)]XZf?k(p)W,-k(p)
k=1
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7| Agt& (Machine Learning) 4. Multi-Layer Perceptron(MLP) = miLab O

/s =
- QXS SEL2E HIOAZ|HM 7tEX[E 44
GBS (243
Wi (P+1) =W, (p) + AW, (p) W;; (p+1) =W (p) +AW;(p)
AW, (p) =axy;(p)x5(P) AW; (p) = ax % (p) > 5;(p)
5.(P) =Y (P)x[L- i (P)] e (p) 5(P) =Y, (P)x L=y, ()< X S (PWye ()

e (P) =Y, (P)— Y. (P)

c o dEE 0 <a< 1, gEHOZ 0.1)
| r

®)
Ske]
SE=Y Yy(p) 7t €28 7tSX| Hat GlS

T
i

1ot
1
O
|
ol

ZEAZ| 3 2EHA| 2 ZO0L7HM A7 E(SSE= RS Mi7HX| gh=
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7| AlSt & (Machine Learning) 4. Multi-Layer Perceptron(MLP) Krmer AlLab
- [GlA cFsMEUS 0|83t XOR ALK} =<

-1
" O3 1 1= (X) SEEH(Y,)
13
X1—| 1 ———» = .
Exclusive—OR
W W35 Os
23 X'] X2 (X1 X2)
Ys 1 0 0 0
W
H Wys 2 0 1 1
Xo —>| 2 3 ] 0 ]
©4 4 1 1 0
O
-1
X2 T %, +%-15=0 X2t %, +%,-05=0 Xz
1 S
OT 1 X, ol 1 X, OT 1 X,
(a) 249 =& 30 2| (b) 295 =& 40 2| ol (c) S0| 3ol 2tH St &1 F 20
S Z2HZ A Sd=E Z2HE A ool 2= Z2H HHA|
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7| Agt& (Machine Learning) 5. Al? ML? DL?

Any technique which enables computers
to mimic human behavior.

Subset of Al techniques which use
statistical methods to enable machines
to improve with experiences,

Subset of ML which make the .
computation of multi-layer neural
networks feasible.

https://databilities.wordpress.com/2018/05/29/machine-learning-creare-valore-riducendo-lentro#6/



https://databilities.wordpress.com/2018/05/29/machine-learning-creare-valore-riducendo-lentropia/

7| Agt& (Machine Learning) 5. Al? ML? DL?

>

Simple machine learning

Deep learning




7| Agt& (Machine Learning) 5. Al? ML? DL?

= -

Input

Machine Learning

Weather

Time Hungry’ Bu %
eus [l waic J ous
Decision tree Output

Input

_)

Feature extraction + Classification

_)

NOT CAR

Output



7| Agt& (Machine Learning) 5. Al? ML? DL?

[A classification table of Al and ML techniques useful in the water
systems(Maria Teresa Gaudio, et. al., 2021]

[ Artificial Neural Network |
(ANN)
Deep Learning (DL)
" Principal Component
Machine Learning (ML) L Analysis (PCA)
te}}{iques [ Bayesian Model Averaging |
(BMA)
[ Support Vector Machine |
(SVM)
Artificial Intelligence (Al) Optimization (
techniques Method Random Forest (RF)
Genetic Algorithm (GA)
Search Algorithm ’_<, 1
Genetic Programming (GP)
Other techniques } { Fuzzy Logic (FL)
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25 3

d E 2| (Decision Tree)
7|49t = HIO|E & EElsH7IH 'S 27

IN as decision nodes

salary at least

$50,000 Is size 2 27

W yes

commute more
( than 1 hour yes

no

Y e
offers free , /" decline ™
coffee L\\“x offer |

no
Decision Tree: v l
Should | acceptanew | ~“accept ™  decline ™
job offer? \._offer _/ \__ offer /

;B .
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(Faatwe 3=-0128 )
jri =06

\
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Fnluu6<0033
g *
sa-rp‘e
e = (1 11 J
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(=T
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gni=049
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K water Al Lab

Decision Tree

Random Forest

S|AHEHE 2|0 A
sfLto| AKX Eq|

2 g A (Random Forest)
F

4 gt (Over-fitting) X 'Y= Pl 25 240 52| F=o|
£ UEE IPES o fH5ol0] 0| JEet 4= ==

Entire Dataset

decision_t__ree 1.fit(Subsetl)

using a random
Step2: , " subset of features
1

to split the tree

(%]
=
o
]
14"]
—+
=

decisiontree2.fit(Subset2) decisiontree_n.fit(Subset n)
using a random using a random
“subset of features subset of features
to split the tree to split the tree
2 n

Stepd:

Final Prediction: Use the Majority Vote for Each Candidate in the Test set




7| A 2t&(Machine Learning) 7. Deep Learning NN

Simple Neural Network
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Deep Learning Neural Network
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Unfavorable Conditions for Water Resources Management

Annual Precipitation : 1.6 x Global Avg. Water per Capita : 17% Global Avg.

1,277mm High Population Density 16,42 7ni/person
: 807 mm 2,629 /person e{”“%ﬁ ,
Korea Global Korea Global

2/3 of annual precipitation
: June ~ September

River Regime Coeff.
(Max/Min Discharge)

+ HAN : 390( 90)
« NAKDONG : 372(260)
Drought in winter 158 + GEUM : 300(190)

269 Flood in summer
oy 261

Water Deman, — 144

w/o dam (w dam)
+ SEINE : 34(FRANCE)
* RHINE : 18(GERMANY)
« MISSISSIPI : 3 (U.S.A)

32 38 o0
-l
- . ‘
JAN‘FEB-MAR.AP . . . . I I -
-
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« South Korea is almost covered by forest area, which is 63 %

* Also, Agricultural and grassland field is amount for 20 percentages

 But Urbanization landuse with residential area is only 7%

Landuse legend

B Urbanization
R Agriculture
- Forest
ST 5 1y e B Grassland
RS i

s et
258X 298% 5.8%
3.7%

SHEX

1.0%
CHE]
3.1%

52X
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* In 2019 year, Total water use in S.Korea is 36.6 Bil. Tons/yr

« 24.4 Bil.tons used for domestic & industrial and agricultural supply
 12.2 Bil.tons used for river-ecosystem management

 Among 24.4 Bil.tons,

« the most water use is 63% for agricultural
 water supply

. | o . domestic
« 30% for residential people’s life (=domestic) agricdltural 30
(o]
63%
industrial

1%
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* The source of water supply is various such as Dam and river-
discharge, groundwater, wastewater, etc.

« Main source is Dam, which is consist of 53% in total water supply

wast:;vater rainwater
0
10
groundwater % seawater
8% 0%
river
discharge Dam
35% 53%
Dam river discharge M groundwater
B wastewater M rainwater M seawater

58



« The amount of flowing in rivers is only 61 % except water loss

« Among this amount, only 29% is used for water supply from river intake and
dam, groundwater, etc. [

Total water resources
(unit : 100 mil. m’ / year)

1,273 (100%)
| | |
Watershed runoff Loss (Evapotranspiration. Filtration, etc.)
771 (61%) 502 (39%)
| ‘ |
Flood period Normal period
546 (43%) 225 (18%)
|
Loss into sea River intake Dam groundwater
405 (32%) 133 (10%) 204 (17%) 29 (2%)
|
\
Total usage
366 (29%)

59



120 1Y 2 AHEZ(Ipcd, 2000 ~ 2019)

« (Water Supply) gradually decreasing by improving leak rate of water pipe
« about 30 liters decreased from 380 liter in 2000 to 347 liter in 2019

700.0
=
650.0 |
. 600.0 oA EHe
O . —=—z|CH
o 550.0
5
= 500.0 & 487
p—
g aso.o
2 O s
o £ aoco.o e
o o : 363
361* 362s-359° 365+ 2 —
a Q. asom 34653400 337 3320 333% 335s 3315 334> 333%-335% 3399 331" IVE® 347
5 300.0 &3 s - i} : .
g = i e e e Mﬁ, 268
= 250.0
B 200.0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

« (Water Usage) recently increasing by social factors as less number per household
« about 17 liter increased from 278 liter in 2015 to 295 liter in 2019
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« Unbalance result on each watershed compared with water demand & supply
« High water demand in a few cities such as Seoul and Pusan is needed

 But, there are low water supply ability from dam, reservoir, etc. in the right map

Water demand map Water supply map 61
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LIMITED
EVIDENCE

(Source) https://edition.cnn.com/videos/weather/2015/06/18/climate-change-
explainer-van-dam-cnni-nr-lklv.cnn
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Recent Urban Flood Events (2022)
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Changes in global surface temperature relative to 1850-1900

(a) Change in global surface temperature (decadal average) (b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
DC DC
2.0 3.0

Warming is unprecedented
in more than 2000 years
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coO, Sea level Arctic sea ice Glaciers
concentration rise area retreat

Highest Fastest rates Lowest level Unprecedented

In at least in at least In at least in at least

2 million years 3000 years 1000 years 2000 years
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Increase in the frequency of water-related disasters
such as floods / droughts due to climate change

Seoul Busan Seoul Gan Drought Busan Cheongju
gwon Ulsan . Ulsan, Busan -
Concentration Typhoon Typhoon D h 5 On a National || Concentration i Concentration
Rainfall ‘MAEMI’ ‘EWINIAR’ rought Typhoon ‘SANBA Scale Rainfall Typhoon ‘CHABA Rainfall
0012002 | 2 2003-2004 | 2005-2006 | 2007-2008| 2008~20f0 | 2011 22 2013 2014 0t6] 2016 | 2017
. Seoul Seoul Gyeonggi, Gangwon, .
Busan Busan Jeju ’ Concentration Chungcheon Central Region | West Chungnam ||Central, Southern
Typhoon ‘RUSA'| | Typhoon ‘NABI’ Typhoon ‘NARI’ Concentration : : . Drought Drought Drought

Rainfall Rainfall Drought

* Source: Deok Hyo Bae(2015) 69
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Consecutive Nationwide Droughts for 5 years(’13~'18)

Unmun Dam (2017~2018)

- The lowest storage rate recorded (18.8%) - The lowest storage rate recorded (8.2%)
- Restriction on water supply - Construction of Emergency Supply
for 135 days (Oct.2015~Feb.2016) Facilities connected from Geumho River

70
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- Over 200 yr freq. Taechwa Riv in Ulsan - 300mm (max. 97.8mm/hr) in Cheongju

- Damages from the overflow of 6 local - 4 deaths, 1 missing, 2,900ha
rivers  ( bridges, houses and cars were farmlands & 457 houses were
damaged) inundated

71
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G Flood Madagascar, Flood and Landslide, 10 people dead (Jan 17)

. Storm Madagascar, Mozambique, Malawi, Storm "ANA", 88 people dead (Jan 22~28)
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ofot

O] X2 -

Jf

0=+ @ 2 @ ¥

Ji
oftl

. Storm Madagascar, Storm “BATSIRAI", 120 people dead 125,000 people homeless (Feb 5~11)
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. Storm Mozambique, Storm "GOMBE", 8 people dead, 300,000 people blackout (March 11)
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@ Flood Rwanda, Flood and Landslide, 11 people dead, 13 people injured (April 23)
Democratic Republic of the Congo, Heavy Rain and Landslide, 9 people dead , 9 people injured (April 25)
South Africa, Flood, 443 people dead , 63 people Missing (April 11~12)

Madagascar, Storm "JASMINE", 3 people dead, 7 people Missing (April 26~27) 75




712 2710 IHE =28 Ft (2022, May)
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@ Flood Tanzania, Flood, 5 people dead , 5 people Missing (April 30~May 4)
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) Flood Cote d'lvoire, Flood and Landslide, 5 people dead (June 21)
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712 2710 IHE =28 FF (2022, Aug)
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O Flood Nigeria, Flood, 31 people dead (July ~ August 8)
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712 2710 2 =228 B (2022, Sep)
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O Flood Sierra Leone, Flood and Landslide, 8 people dead, 4 people missing, 79 people injured (August 29 ~ September 7)
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=2t2| Pradigm Shift

Smart Citizen
Smart Energy

Smart Healthcare 1 Y Smart Building

A
Iﬂj 2, L28 o o oo
Smart Technology Smart Mobility 2= y ==

Smart Infrastructure
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Total Mn concentration of raw water in Whasun (09 ~ 15)
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Miho River Mihocheon Br

Watershed Area : 1,860.9 km? 12
Main Channel Length : 89.2 km "

Water Level(m)
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Test Set(20%) Train Set(80%)

<Model Specification>
Data: '14.7~'23.7 (hourly data)
Algorithm: XGBoost (eXtream Gradient Boosting)
Target points: 7 points on the main stream of Miho River

-

et Y R R
> a8 -4 -
-

" TR

Wl e S B /[-

Wolsan Br

Explanatory variables: 24(water level 15, rainfall 9)

Sequence Length: 4hr, Leadtime: 4hr
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AI/MLE| & el & Case study : 2505

Mihe River

Test Results

WOIsan Br Fifil XGB (Sequence Length dhr, Lead Time 4hr) Mlho Br O] &3 XGB (Sequence Length 4hr, Lead Time 4hr)
R2 o 95‘ Observation (Fertarmance)lRMSE 0134558 | RZ 0992 ) MSE 0018214 | MAE® D.0ZEF05 R2: 0.90 Dbservation FertormancelRMEE: 0117066 | F2- 0,506 | MSE: 0.013702 | MAE 018972
—ses. Fradiction ~e== Prediction

‘Water Level{m)
>
Water Level(m)

""-a-._“-_lk-—-—__.__\'\-’wi Lﬂk k )—“J\\-L_LJ e | S R h "Lf‘}wu\ - i i JW\J\A—L_A_L__,_N__“._._ u_.ll'.l_}“u‘u

MIhOCheon Br D] &3 &k X5B (Sequence Length dhr, Lead Time dhr) P?IgyeOI Br
RZ 0.966 Guseriai (FerfarmanceMSE 002318 | RZ 07641 MEE 0010907 | MAE: 026338 R2: 0. 97 — Dheenating

A X6 (Sequence Length dhr, Lead Time 4hr)
Fertormance|RMSE 0072158 | Bz 0576 | MSE: 6005213 | MAE 0.019660

l
e : ‘Ln NJ“"-._IL.J\_‘_M,_ M,L.FM ) \_.f-- . JLKJ ,_,WJLL‘ \(u e J\_,Jk W‘U\

99



Al/MLE| = el &8 Case study : 8

Inflow prediction of 3 weirs in Han River

- Discharge of the Chungju regulation dam dominates the inflow te the 3 weirs

- 159% increase in rainfall in recent rainy seaseon, largest inflow on record this year(10,585CMS to Ipe weir, ‘28.7.15.)

Hoeng seo_ﬁg! Pam
#e <Modeling Specification>

2 Data: *12.7~'23.9 (hourly data)
BB ST M) > Algorithm: Random Forest, GBM, XGBoost
azazzn) | Target points: Gangcheon, Yeoju, Ipo weirs

"oz Explanatory variables: 26(water level 4, weir Inflow 3, weir
IR R discharge 2, dam discharge 2, rainfall 15

Sequence Length: 4hr, 11hr, 83hr

BEA(BED) * 4~11hr : Time of concentration from ChungJu Regulation
Dam to Gangcheon weir

* 83hr: Considering antecedent precipitation day of NRCS-CN
Leadtime: 1, 3, 5,7, 9,11hr

gulation:- Da m}}ﬁ

Location of 3 weirs 100
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Inflow prediction of 3 we

101

"LELOET0T
"T090€T0C
"LOF0ETOT
“TTC0ET0T
"8TCTCI0C
JecoTeoe
"6¢80Cc0C
=750L0¢c0C
“TTS0CE0C
"9TE0CE0T
“0CT0Ze0T
—"9CTITC0C
C00TTe0C
"L080T20C
"ET90TE0C
"6TPOTE0C
A4V T
“e6CClococ
“rOTT0C0C
M "0T60020C

37LTL0020C
T¢es00e0T
“8eelicie
"'Z0T0020T
"BOCT6TOT
JPTOT6TOC
"0¢806TOT
"9¢90610¢
20506 TOT
"L0E06TOT
“TTT06TOC
"LTTT8TOC
_ud £C60810¢

"BCL08TOT
“.:wooomﬁom
"0Tr08TOT
“PTC08TOC
“TOCCTLTOT
T9C0TLTI0C
"TO60LTOT
\"80,0.T0C
"ETS0LTOC
"6TE0LTOT
TECTOLTOC
"6 CTI910¢
“r0O0TITOC
"0T809T0C
"9T909T0C
TTr09T0T
"9CC0910¢
"Z0T09TOT
"BOTTSTOC
“PT60STOT
“0CLOSTOT
"9¢s0510¢
"TOF0STOT
"G0C0STOT
“TTCIPTOT
“LTOTYTOT
{7ECBOVT0C
"BC90v TOT
“r0SOPTOT
"0TEOPTOT
“PTTOPI0C

L

W

Gangcheon weir
b

£'SC60ETOT
" TOBOETOC
“L090ETOL
"ETRFOETOL
"9TZOETOL
TECCICTIOC
“6C0TCT0C
" P0602T0C
401402107,
(=]

15000 |
10000 !
5000 )

FTefTele™ = T 7 & 7

A

i,

oju weir

Ye

>

I
J.J.

—
=

1
. 1
LTLOET0T 90£TLOET0T
“"Z090ET0T 1 veT090E20T I
“£0V0ETOT grsovoezoz |
“TTZ0EZ0T zTITC0EZ0Z |
“8TTTZL0T 908TTIZZOZ |
“¥T0TZI0T | YTETOTZZOZ |
“6CB0TI0T m 816780220T
“S0L0TT0T z1sozozeoe b
“T1S0Z20Z gotts0zz0z |
"L TE0ZT0T ¥zoTE0TZOT |
“07T0ZZ0T 8T0ZTOZZ0Z |
“9TTTIL0T —— ziozirieoz |
“Z00TTZ0T _{ 9ozoottzoe :
"8080T20T ¥2L080TT0T
“€7190T20¢ |4 g1eT90TZ0Z |
“6TPOTZ0T TTETPOTZOZ |
“ECTOTI0T 90ETLOTEOT |
“0ETTOT0T vI6CI020T |
“S0TT0Z0T 8TFOTTOZ0T |
“0T60020T TT0T60020T
£ TL0020T IlM 9047200707 |
“€7S0020T ¥TTTSO0T0T |
“6CE00T0T 8TBTEO0T0T |
"'2020020T | etzozoozoz
“60TT6TOT 1 9os0TT6TOT I
“STOT6T0Z | revtotetoz |
“TZ806T0T ] stoz806T0T |
97906 T0T T19906 10T |
“"Z0S06T0T 902050610 |
“B0E06TOT ¥TL0E06T0T
“ZTT06T0Z grrTI06T0Z |
“£TTT8T0T zrstrigtoz |
"£T608T0T 90£760810Z |
"0EL08TOT YZ6TLO8TOT |
"G0908T0T 8TY0908T0Z |
‘0TP08T0Z — ZTOTP08T0Z
“TT08TOT .nlu 9orTzosToz |
“TTTTLT0T vzozetstoz |
“9T0TLTOT W 8T9T0TLT0T |
“TO60£TOT o M TITO60LTOT |
“'80L0£T0T 9080/0/T07 |
“€TS0£T0T o YZETSOLTOT
“6TE0LTOT - 816TE0LTOZ |
“ECTOLTOT zrecroztoz |
“6CTTITOT 906¢TTTITOT |
“00T9T0T vTrooT9ToT |
“0T809T0T BTOTB09TOZ |
“91909T0Z ZT9T909T0Z
“TTP09TOT gozzroatoz |
“97T09T0T vzaceogtoe |
“"Z0T09T0T 8TTOTO9TOT |
“80TTSTOT ZIBOTTSTOT |
“PT60STOT 90F T605T0T
“07L0STOT 4 veozsostoz |
97505 T0T 819z505T07 |
“TOP0STOT ZTT0k0STOZ |
“S0T05TOT 9050205T0Z |
“TIZTPT0Z YZITZIPTOZ |
“LTOTHTOT 7 suTowror
“ECBOVTOT 3 CIECBOPTOT
62901 T0T 906290t T0Z |
050V TOT YerosorToT |
“0TEOVTOZ 8TOTEOYTOZ |
LVITOYT0C | _ o — 1CIFTIOVIOZ,
WeTIeToe™ = = = = T 7 T{Togerrege 1
“GT60ETOT -4 YTSTE0ETOT |
“TOB0ETOT |lm BTTOB0ETOZ |
“'Z090ET0Z 3 TTL090£T0T
“ETPOETOT 90eTrOETOZ |
“9TZ0ET0T vzotzoetoz |
“ECTTZI0T 8TETCIZIOT |
“6T0TTTOT TI6TOTZTOT |
0602 T0T & 90V0602T0Z |
COL/OZI0T _ = y7oT/00107

[sn iy aw Tl I e Y a o B o

228888

n m CO WD =fF N

150001
10000
5000 |

9

2014.10~2023.

.
.

)

t(80%

In se

Tra

9

2014.

7~

2012

)

20%

(

Test set




AI/MLE| & el & Case study : 2505

Inflow prediction of 3 weirs in Han River : for 3hr lead time

M5 Fel S XGB (Sequence Lenath A4hr. Lead Time 3hr)
rformaonce )M an =71 224 = AnaD FAOOSE | AT CESEE el
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R2: 0.936
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Case study

Hydrodynamic Model Emulation
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Al/MLe| = 22| & Case study : 7| 8532 £

Rainfall (LA REEEN 052 okl 0075 [

Correlation Heatmap (Seasonalty Predicto Variabes vs Water Demand(otal) (Seou!) P it et lertigioieioen
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Al/MLL| = 22| Z& Case study : Detecting Human during Flooding «%ate

C: > yolov7-mov > @ detectpy > ...
1 import argparse
import time
mpdi alert function check : person
663.9ms) Inference, (2.0ms) h
¢ alert function check

from pathlib import Path

import cv2

import torch

import torch backends . cudnn &
from numpy imp

0
1

from models.experimental imp!udeo 17

from utils.datasets import L] person,

from utils.general import chsw
scale_coords, xyxy2xywh, i
from utils.plots import plot !

from utils.torch utils impo

—J

import ctypes

=

= = O = U — e — U1 — D

e 00 P ) b QO

=]

_count = 0
f alert _function(cls, num):
clobal _count
_count += 1
message = f"alert function check :
print(message)
if _count >= 10:
if ctypes.windll.user32.MessageBoxW(0,
print("0K")
else:
exit()
_count = 0

detect(save_img=False): ;
source, weights, view img, save_ txt, imgsz,"‘
save_img = not opt.nosave and not source.e
webcam = source.isnumeric() or source.endsw
("rtsp://", 'rtmp://", "http://', 'http

save_dir = Path(increment_path(Path(opt.project) / opt.name, exist ok=opt.exist_ok))
(save_dir / '"labels' if save_txt else save_dir).mkdir(parents=True, exist_ok=True)

@ Restricted Mode ®0A4 Ln4,Col1 Spaces:4 UTF-8 CRIF {3 Python & 0
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KA O X 2[(NLP: Natural Language Processing)

- XFOf: ApEO| Q0] - O] 91012 HEE(7L 1 Of3E + YT E Nz
XA Of (text data) Computer
0100 DO Something---
1000 lﬁ‘.\‘nyway doing something---
«OpL 7 0110 RNN, LSTM, $2S, Transformer
H THE FMUNE SYSTEM 0
=° 1001 swiam || e
0010
0001
EmbeddingS &2 X} 0{2| W E{SH(=X})
g3 Al ZFHO0{ 22| (NLP) 8 SHE| HIHAA (2023.3.15) - ZFHO0I22|(NLP)2] O|3ff (K-waterH 78l HA 22| AIHTME FZHY MAHTL)
L3 Al AHOIH2|(NLP) #8 SHE T A (2023.3.15) - ZFHO X 2| (NLP)L] Of&l] (K-waterH 78 HRE2| M AT HE 2 HH HYHTFH)
= RNN (&2 A Recurrent Neural Networks) = RNN 2] 5t4|
- Algo] 222 9111 0|3l|5H<0| 2 S5l 222 0I5H5t7| 2I5+0] SequenceE 13 - 280| ZojALE SISHEE A /AIGH] oS

Output Layer y y y(t-2) yit-1) y(t)

A A
q C
HddenLayersE h I; h ] C ht-2) C ht-1) C hit)

!

€
[
A
&

| grew up in France 2l 2170l 2 E3H= RNN I speak fluent French
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A, B and C are the parameters



HO] X 2|(NLP: Natural Language Processing)

* LSTM (Long Short Term Memory)

= =2 Mo =1=F A 7]
RNN2| gt ZR2M 70 A|ZHo]| it 2|24 S Zete = U dAIE YY
® ® ®
f i T
\_._4_;—3"—» S
A L e A
o >
| |
© W R
=] X 5
@ Output : uﬂh
\fiput Gate I X { X
(Cell) state P () =) Next (Cell) State =
it Gate g ‘ o tanh o
Hidden State pi= ) Next Hidden State (1)
@ Wi [xw]
» ZMAAZI (feat. XI5 2H4)
o [ ] =] ol =
v FAEMEOIX]) AM S HE
2 NAVER | #ed
Xpo10] b4 &
XpQ10] A2} Pr il ,
L Rpeio) i .
AQ10] A2| 71% = o n
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L AQI0] Ma| ¢R2lE e - g
Kre1of xj2] 28 Al :
L Ajeiof X2| o EPracas b
Ai0M2] By
MT) A oty sel] S o
L X910} Bajeiof
Google 2444 I'm Feeling Lucky
23 Al 20|22 (NLP) #-8 SHEf HIHBA (2023.3.15) - A O{22|(NLP)2| O|3f (K-water® 7 G 242| 3 AIGAHE FZ HYH2Y

= Z/3& 4 (Sentiment Analysis)

v A80[00 2UHEHT
vV AHIE 2R &4

v G AT|AL 2N

v 11749] 42](VoC)

(00)
=

My experience

| 4

The product is

Your support team is

so far has been ok | guess
; useless
fantastic!
;A X013 2| (NLP) &8 SHE| HHJA (2023.3.15) - AHA0|32| (NLP)2] O|3H (K-water® 2 ABTME 22 MY

- £ DUy

v (HZ=5tg) M FAHE 2

Topics

gene 0.04

Documents

2 AE{2
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ana .02
genetic 8.01

"

1fe 8.0
evolve 6.81
organise 8.61

D SPRING HA

data 0.6
nuaber  0.62

Seeklng Life's Bare (Genetic) Necessities

pon, Nfw Yoax

computer 8.61

\/—
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Kt O X 2|(NLP: Natural Language Processing)

» 2M &5 (Document Classification)
vV ALDIY 2R ) _ .
vV I|lSR0E 24 B2 » 7HA|H Q1A (Named Entity Recognition; NER)
VAR, R3], Y, A2 S ©HOlel RIS 0

24 NS ZHAH Z| OHZt I»OI- o;l.: HH 2=
INBOX v (why?) 2t ZAY IRl aiet Ipof Ydst= A B =5
SPAM ;
J j B-PER I-PER E-PER O O O S-L0C O B-LOCE-LOCO
- Michael Jeffrey Jordan was born in Brooklyn New York
CLASSIFIER : §| @i
; lSoﬂman, CRF, RNN, Point network, I
@
SPAM FOLDER g e Context encoder
o
B @ @ E |CNN, RNN, Language model, Transformer, l
-4 I 4] August 4, 1967 « JESER] American * ENGH
@ @ @ 2 o Distributed representations for input st _
SPAM s’ Pre-trained word embedding, Character-level politician who served as the 44th President of  the United States © from
a embedding, POS tag, Gazetteer,
G January 20, 2009 ~ B¢Y January 20, 2017 » RNREIETIR G ‘ he
2 Al ZFH 012 2| (NLP) &8 HE| HIHAA (2023.3.15) - A42H0{3{2|(NLP)2] O[3 (K-waterH 2 GP2H2|H AIHTHE] ZHY MUAIY) Michael Jeffrey Jordan was born in Brooklyn, New York was the first to serve as president. He was previously a

[SLIEERIEIEERTNEIGCIs from | lllinois © and a member of the [T EICRRE

Y3l Al ZFHOIX 2| (NLP) &8 SHE| T A (2023.3.15) - 2t O{22|(NLP)2| O|3f| (K-waterH 7 GP 22X AIAHE THY HAATY)

= READMEmd

py-hanspell

Spelling £0/8 2 uct
31 Spleling Send
A%
QIWIEIRITIYJURI JO}P _— ;
pip gxzHe 2y 210l0] €} FHOIE LHBAY HESE & u

23 Al 2HHO{ 22| (NLP) &8 SHEf T A (2023.3.15) - 20|24 2| (NLP)2| 0|3} (K-waterH 72l G 242| 3 AIGIAHIE FHY HMAHRL)
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. . U 22N
GPT(Generative Pretrained Transformer) Kooy AlLab 2

' 34'months (2:10)

3
M
. . - 2 I
» - .
. 54

15 months (1:3)

b
o
&~
B
5
=
e
S
a
é
a
5
<

8 months
GPT-1 i G2 - GPT A —— (eGP | GPT-5
Jun/2018 ‘Feb/2019 May/2020 ; Mar/2023 X .. Next...
Data: 1.3B/4.6GB Data: 10B / 40GB Data: 300B trained / SOOB/ 753GB .~ Data: Undisclosed :

Parameters: 11/M  Parameters: 1.5B - Parameters: 175B | - Parameters: Undisclosed



https://lifearchitect.ai/gpt-4/

GPT-3 + 43lsts =

ChatGPT (InstructGPT)
« (STEP-1) M At2to] x| A0 CHSH SHIE CHEHS AAMSI= Bl 3
= (STEP-2) GPT-32| CliEhoj CHolf Al2HO| M+E &= Feedbacka E42

E s
. (STEP-3) HAIS 7|ttO2 8|84 S 810] GPT-37} AFZHO| Cf Mot ZTHE LSHES Fine-Tunning
Step 1 Step 2 Step 3

Optimize a policy against
the reward model using
reinforcement learning.

Collect demonstration data,
and train a supervised policy.

Collect comparison data,
and train a reward model.

A promptis
sampled from our
prompt dataset.

Explain the mioon
landing to a & year old

A prompt and
several model
outputs are

Explain the moaon
landing to a & year old

A new prompt
is sampled from
the dataset.

=

Wirite a stary
about frogs

sampled.
LA ) LB The policy PEO
A labeler ' B generates -4_‘%?:3- i
de I'r_'lonstrates the w? o -.-E... . an output. R S
desired output 2 sato et P T
behavior. Some Dec_-ple- weent
to the moon...
A labeler ranks Once upon & time.,
& the outputs from @
This data is used oy best to worst. The reward model o
to fine-tune GPT-3 Pt 0-0-0-0 calculates a oy
with supervised el reward for S5
: e . | L™
learning. Z the output.
2ERE This data is used _—
== to train our & The reward is
"Q‘:ﬁ' used to update Fy
reward model. N7 P
the policy
©0-0-0-0 using PPO.

2 Training Language models to follow instructions with human feedback (2022'—.}) 4
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Cloud Computing
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Machine learning Amazon SageMaker

Image recognition Amazon Rekognition

Speach Amazon Polly, Amazon
Transcribe

Natural language Amazon Comprehend

processing

Big Data Analytics Databricks

Chat Bot AWS Chatbot

Pricing Per hour

Azure Machine Learning

Azure Cognitive Services

Azure Cognitive Services

Azure Cognitive Services

Databricks

Azure Bot Service

Per minute

Google Cloud AI Platform
Google Cloud Vision
Google Cloud
Speech-to-Text and
Text-to-Speech

Google Cloud Natural
Language APL:

Databricks

Dialogflow

Per minute

Z} 3|Afe] M ARAO| UE MH{Z} Data Center® 2 PEZIx{H
Data Center2| On-Promise= CloudZ O|S5HA| & Z

AWSE

ofop=o0| 70 etajo
HE 72 o

M g2a

Sx) i sAstn JAFLICH

. Every day; AWS adds enough new server capatity

.« to support all of Amazon’s global infrastructare

. v when it was a $7B annual revenue enterprise
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Reality 7|&=(AR/VR/MR)

O

Real Environment Augmented Reality Mixed Reality Virtual Reality

Virtual Objects Overlaid in Direct Objects Projected and Immersion in a Fully
a Realworld Environment Controlled in a Virtual World. Digital Environment

Direct View of the Reality

Augment Virtuality

v ‘RecoveryVR |

Extended Reality

—__ 1 re)
XRe =¢ g s 579 =&t

= —

118



Reality 7|&=(AR/VR/MR)
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Al will not replace you. A person using Al will.
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