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Project Management Process Groups

4.4 Manage Project
Knowledge

4.6 Perform
Integrated Change
Control

Knowledge Initiating Planning Executing Monitoring Closing
Areas Process Process Process and Controlling Process
Group Group Group Process Group Group
4. Project 4.1 Develop 4.2 Develop Project | 4.3 Direct and 4.5 Monitor and 4.7 Close Project
Integration Project Charter Management Plan Manage Project Control Project or Phase
Management Work Work

5. Project Scope
Management

5.1 Plan Scope
Management

5.2 Collect
Requirements
5.3 Define Scope
5.4 Create WBS

5.5 Validate Scope
5.6 Control Scope
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Project Management Process Groups

Knowledge Initiating Planning Executing Monitoring Closing
Areas Process Process Process and Controlling Process
Group Group Group Process Group Group
6. Project Schedule 6.1 Plan Schedule 6.6 Control
Management Management Schedule
6.2 Define
Activities
6.3 Sequence
Activities
6.4 Estimate
Activity Durations
6.5 Develop
Schedule
7. Project Cost 7.1 Plan Cost 7.4 Control Costs
Management Management
7.2 Estimate Costs
7.3 Determine
Budget
8. Project 8.1 Plan Quality 8.2 Manage Quality | 8.3 Control Quality
Quality Management
Management
9. Project 9.1 Plan Resource | 9.3 Acquire 9.6 Control
Resource Management Resources Resources
Management 9.2 Estimate 9.4 Develop Team
Activity Resources | 9.5 Manage Team
10. Project 10.1 Plan 10.2 Manage 10.3 Monitor
Communications Communications Communications Communications
Management Management
11. Project Risk 11.1 Plan Risk 11.6 Implement 11.7 Monitor Risks
Management Management Risk Responses
11.2 Identify Risks
11.3 Perform
Qualitative Risk
Analysis
11.4 Perform
Quantitative Risk
Analysis
11.5 Plan Risk
Responses
12. Project 12.1 Plan 12.2 Conduct 12.3 Control
Procurement Procurement Procurements Procurements
Management Management
13. Project 13.1 Identify 13.2 Plan 13.3 Manage 13.4 Monitor
Stakeholder Stakeholders Stakeholder Stakeholder Stakeholder
Management Engagement Engagement Engagement
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2. XR9 o] 3

2.1.1 FdA /g
7Hdd A (Virtual Reality: VR)2 8HAI7] el T231a, 57d 4 (Augmented
Reality: AR)S 2010 X%, A~nlEE o Zg] A o] AKrojur & AXS &
7] Al#gl o 2§44 (Mixed Reality: MR)-S < w 2 A5 oz g8y
A FEDT] A2 o] Al 714 S ob-25 8ol E 2 4 (Extended

Reality: XR)o]&}ar = 3o},

.............................. Ot L G I ——
i— Mixed Reality (MR) ﬁ
I {
. — —~
Real Augmented Augmented Virtual Reality (VR) over
Environment Reality (AR) Virtuality (AV) Virtual Environment

2% 10 Milgram, “Augmented Reality: A class of displays on the reality—virtuality continuum,” 1994.

T2, Ho| A5, npo|ARAYE A T FEY IT 7|9 7HEA(VR), 544

AAR), EFALMR) e TR 715 FAZ opA) gk gk o] 7% 5L
dael 421e A7e ol B-FFae s v} gtk o] 1E5EL

XRE VR, AR % MRE o}9-2Z+ 7]zo|t}h. XRo|A 9] xi= W9 /fdow &
+ Virtual, Augmented, Mixed & B3t 7]1&S g 4= Aot weba XRS
A7 eE x| FHsH = Y vddAS ofn|si

A1

dl9] AEd= A 2022 3259 @R AT Ao oid

o},

.
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$208 - Virtual Reality Mobile Argumented Reality - Augmented Mixed Reality headsets

2022

$32.5B
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it 2 Felx Ak o] FAS f18) 13 68509 TR HAFEAY A (E
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2.2.2 AR(57434)

AR Augmented Reality(573@4) o] ezfolt}, ‘S7d@ A olgt 8of= 1992 & Z4
(Tom CaudelD®ll oJalf #& AREH AN o™, HAAAI Albe @74 ol 7Hdo = weoixl
B AAE HolFe= WAo|qlth 7)ol A M) digh 2k =2to] Q%=
dl, 22 o= 7HEAA Nt fAksE ] wliel et 1994 & E 13 (Paul Milgram)©]
748 2o) tisl] A2 (reality) 2} 7 (virtuality) AFo]2] 9342 (continuum) 2 7 2]8F1
AL, ojuftE TR A mARE SHAQ HES FofrA Q1A W] ARSIt T A
A HolA]= BE o] 7o ARk Aol vlsl A A AAel 7R
A2 TdE ¥ ARE el SE AR AH2E Brkeks Jihdelth ARt
B Qe AA AAG N 7] s Efete] AlAstaL AR 7FIAAE 2t
shax e et Foake & ¢ AR she wEkH 2] 3k foltk

REAL VIRTUAL

ENVIRONMENT MIXED REALITY (MR) ENVIRONMENT

Tangible User Augmented Augmented Virtual
Interfaces (TUI) Realny (AR) Virtuality (AV) Reallty (VR)
ects » cate ‘ ©a /

onme:
(Regen bech( etal \ 20041

Spatial AR ‘See-through' AR (either optical or video) Semi-immersive VR Immersive VR
\hich

and o o VR using the Barco Projection-based immersive VR
verything else is real ( Fsch Bartz & Srater, 2006; Kolsch, Baron workbench (Drettakis, Roussou,  The users are fully immersed in the
ibbles 5 ane, Hollen “ rk, 2006). Tsingos, Reche & Gallo, 2004). CAVE' (FakeSpace, 2006: Cruz-
Neira, Sandin & DeFanti, 1993)
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Welcome to a world through Glass.
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FQ ZHE AHE ZCHRH Sz QU F1H6H0F St IS | Of RIPNQ JRgMAel g 2RIX 719 43
H o2z S S NS
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of @9lel AAZLOR ukge] Fhe] AR o] ZAe] HT AFE S} Ak 4
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MR)°l2} gk AAAAS 7PHAAR BT AdoR AFE Legos g
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2.2.4 XR #&E7 <=

7]% a4 QX =
QA 7 29 1™
:rLE_ 7]% ]E =20
L8R BAS At EE Ade] g AxA B A
9 7%
A Ao 2 e o2 ALgAe] g Adshs SN %
eZol7t BAHS 9l T BAL AgH o (5o AN
= A 7%
HW
L - bF/EAAA ) A A D WAL FEeks OaZeol A
OlEﬁiﬁﬂ o] o317+ (Presence) ¥ &4 7H(Immersion)& $3) sl %= 2 ¥7]7}
2261 o 5 | *HMD(Head—Mount Display), GPU, tj~Z o], AFo]| ZAA, 7}
71377_ [ele) ] 2
S AlA
SN 37 7% GPS, HAY YR, AEE MM, Aol
A 58 o] gate] AR 919 §49), %, W 5o AU
4 Al A
2 oA 7| 37 1% vhA uk A s wlekA ) g AR
A 1% | QA elu A W AN Ao TR
esfolHals £7 7)% AN Juka) A Tw 24 7)8e B
Hog Agats YA 5
SW
7 2~
= TR 8 HESAAASR)O] 8472
o o1 |*9TA TS ZEE Ao ‘M(NLP)
ToT =R nus/Edes wdow dely shely ey &
=
& go
AESAAA %] AIE P
ARG eAlaA] luk A HX g 2 skEw AN 58 o] gdke] T
D AR | FF ALA o F AE AL EAED F B
AE T o] | eH 71 AR AAZ BAL WAT 27w AT $/1E 5o
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oAbgaL 2 A AA AA Y] YHE Felets V& B Ze
9] AKX gEo] 43k, GPS AFYA o]g, o

F5N 87 o]
opzur | WiFith &5k o] A FA5A 7lad ol &k W
AAE e o) o
AR 7)<
=7l oWi—Fi WLANS 2~5m, Bluetooth:™ 1~10m, RFID¥ 20m,
UWBE 30cm, A9 IR 10~30cm, IrDAE 1~3m A%< ¢
A AgEE zhet
oA} 2} Abslol| ubal o]mX|/9X|/F/AEE TS AN 2Ho
B 2 e AlFaL JetE g Qe o]~
74])31 C . |eAREXE FluglE JEy = AAA BRI AN 2HAo0R HE
a4 71E i, A AvE A3 AR ESo] Bl AR E A E o e
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2.3 el 29] o]

2.3.1 Wl 29 =g

Al

3} (NVIDIA th) < 2020 712} 3)olo A ‘Wels] A7} ¢ 31 9} 2L
i, 7SR Ao S HE tEo] 7 € EYE SUNAE

SR 2EaL o A5 71 A2l e 2]t el vt 2
an

o] Agsthar, 2021 o]% txg wlWe] H=or= Aglwjilsta Stk
713 A A A u&
The Economist | 2020 10€¥ |HEl =9 A7 231 9th(Metaverse is coming)
2~ ?lE Hlo] © % (e} T‘:‘ )\]—5;]/\1 5’~7]—o El 74
NVIDIA 2020 10¥ UﬂE}ﬁ 7k AEe 5 7H ]
(A<&3H
EPIC 2020 10€ [WEM == AEHI(Web) o] b ¥ (H2=9Y)
WIRED 20219 19 [ 999 4 Social Hub7} 2 wlE A7 @ a1 Qlo}
734384 Horizon <Fell 4%t 1,0009F S Eot)
1109 ’
facebook 20194 10¥ (v}=L A 78] 1)

2.3.2 HEl 9] 71g

R P R

011

wahe wiekmeta)'sh AZ-$FE SEabe s
A R 39 AP AR, W eu R HA-AAA

S
3-8l dutelq @A mddol mE g2 3e TP AAE 2R

Meta verse

(universe)'e] &4
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HEPH 2= 7HA 08 3t S84 A EEH o R A TFERte] &
FH(ASF, "etaverse Roadmap, , 2007)3}a, 7Md3} A2 o] A5 =850y F-3213}
Shar 71 ol A ARS]- A A EsE FEo] o] FolAHA A E AEshe AHAZE
AoAFAATA, 2021 ICT 232 Conference, 2020) 0]t}

HER 2= FA oA E7Hs g Al Al =EshAl siFaL, AA AAlE Fxske A

#E F/E gom, e PH o Adue ARUHE F45 #AS A4
A

AFAAL, A2 W7 13kel EAlstaL vk A A7 (Presence)S =7] A
FHA, A2 FEfo] E3tolx} wjA] =& IAS Y= A2 = g

sta gtk ol2 ol Beld A Frku 7bg F3re] AAHWA ol By} A
Wol AbehA AZAZE whEelAa, St ek e Abes
FAlel W@ AZE FxE AFssl wEel 2 Aolvh

Wb ek FPgAAS ok ARIE B3k o Ao ARl /154
Ak A Fro 2R} ohieh BGA

of Wtk AR, Wed TE7 TFR ALGAY 2ENE PR AT AUz T

b BgeE 08w AHgAe sEeE ARt 1S 34T B85} 9

2.3.3 MEt¥ =9 3

2007 v=9] 7]& AFEA ASF(Acceleration Studies Foundation)= M EFH
2 2EY) & Fal FA AAS PEAANT 3 EHE Ao ® Hal o]de] 7MY
AANA F o XA g e ® Wep s FYsqlth. ASF+= Hep =9 +3
S Z7F(Augmentation) ¥ Al E# o] A (Simulation) %, ¢4 (External)®} W3
(Intimate) 842 =& njgo w2 =713 (Augmented Reality), 2Fo]> =7 (Life
logging), A& A|Al(Mirror Worlds), 7FdAAl (Virtual Worlds) & 47H4] WHF=
sk AT

XR 913% 37



8 5
Augmented Reality ‘VOK‘Z’QON Lifelogging\
» 27 * Wearable, NIKE Plus
External ntimate
World \(/0@'70'1}/
ase Mirror Worlds 3 \" SECOND Virtual Worlds |2/
+ Google earth 3D Map, Tour . t @I LIFE + ZEPETO, SecondlLife
&R
hS
< 3 )
Simulation

AY “EARZIE E 5 Ut

gho] Z B S YA E 7ss &l AHEI Abel thek A B AEE
WA, Agetal BAbekE AE Wk do] A& 22 SNS7F tii A o|th A
AAI= T2 912(Google Earth)9} o] €A AAIE 22 HAFSH o] tHEol

RS Wk, 7PgAAE HIFE 719e] 3DE - E 7Pl A o] 84 31, o]
SAkek 71 AA o] FaAEo] Thed AlEdEold e Sdtth

A et A R S ET|Rue S, Bl 24, vY d=, T
AAZE 45 78 F BAVE sleofA= A& Bk

Augmentation
e RN )
Augmented Reality -+ Ghostpacer Lifelogging
(Augmented Reality + a
Lifelogging)
5“'5’”’3’] ' Intimate
L - (ldertity
focused) e earth Map +AR 4 I {g|= | vraconferencetfeiog \-focused)
(Augmented Reaity +Mirror = J, ) T Welogging + ViruaWorids)
Worlds)
» GoogleearthVR
Mirror Worlds (Miror Werkds + i
4 Virtual Worlds
Simulation

| EpH] 2ol A= 8482 (XR) ¥ DNA(Data, Network, A.I)7]&0] AgtE o] t]A]
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Big data...
Block Chain

Artificial Intelligence

Hardware
PC, Mobile, Tablet...

Internet of things

Head Mount Display ———
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Augmented
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Reality i
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Eye tracking ...

Cloud Computing...

Software
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2.3.4 eI 2] FE
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th Aztrtols vt vtol & vt ® Ata el s7]stE o] A7) uii
of 71¥9 3DYAAGA, 7HAE A (Virtual Reality: VR), 5734 (Augmented
Reality: AR), =213 (Hologram) ¢ Z&I=Ev olye} HAFH e~ o
2~Zd o], A A F3E A2 FEo AntjolE vhEo] W 4 QT

- =3
TSN HMD(Head Mount Display)S¢| 7|2 T8l 31210 7IMMpIE Saff et
(Virtual Reality) 2 s i3 sk Tle

: Ax| #4o| 3XH T ojo[XIE A EolA Sl= Jis
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Global Spending on
ARIVR in 2024

Entertainment & ’_51 3B @ . .
ourism \ City Operations
_ Headsets Artificial
» Virtual & Augmented Gaming Intelligence = Augmented Workforce
* Events, Conceris * Public Infrasfructure Maintenance
- €
» Museums, Sites g ' = City Planning
* Virtual Entertainment
Host Extended Platforms

Devices Reality (XR)
Healthcare & Future of Work

Education (;éi)

* Collaboration
= Digital Workspaces
= Immersive/lnteractive Conferencing

* Virtual Learning
* Intemal Videos (Diagnosis, (5G, Wi-Fi 6)
Surgery) .

= Emergency Services $8B ‘

Global Spending on
AR/VRin 2019

Connectivity

(29 5] &84 7]&9 =8 A8 AR IDC 2020

ARUOR 945e] BYSE R Qi Rl B BAE F2a) o
GEAE Fol7] U YAOE XRE BH Wi} FEAE V)5S B A

gatal ek

4.1.3.3 g8 Fof
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[Z1¥ 6] US Navy, virtual test and training center

414 XR & A4l
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(F]=2] & ©AD) NASAS] @25 Z2AE ‘ol2Hu| A (Artemis)” Y% 3l 2
Q3§20 FH4 282 (orion) ZHo| MR”]7] Microsoft HoloLense—2E2 %%
S

A BE AR A2 o AAF BF FAS MFAe B 0 g

in

Qatat Z40] Bag vkl 4913} HolE
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[29 10] E2dq=-25 AME-3F NASA Az T4 -2
(3] A=Y BAS) 7S 2018078 B E (Brexit) 2 218 A=l 4
9 Aok A7) Ash XRE A wFel B3] $E. 1 A% YUY 5

A= E Av7F 2 MR &AM 2o s8] v FdH

(=B 74aS) g =X (Lenovo)s= STEM(Science, Technology, Engineering,
Mathematics) 5, F24%] A3, =2 &2 VRAZAGAL ARFFAHA &

XR IS w8 £4 old #7lo] va) 100 ¥e ol §ES e
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(Hiro9] ®]AAE] ZX]) HIRO =23 974 9l8 7|E+= Microsoft HoloLense
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[723] 14] When Comes to Medical Drones, We Need a HiRO
https://dronelife.com/2017/10/12/comes—medical—drones—need—hiro

(F949 B2 Ao)) VRHealth= W191544 7Pgad £202 AHgsto] 25 &

Aol AuARE A 5 e

(A TZEE) E2uk VR ) AFTS Feto] ole] AHgA7E A A

EF ORI FEAYSE S Fsal

-
ot

¢

(TAE9 ¥4 HAEAX) TAE Aerospace? Fountx #8898 7|&S A%

& 7R A ARkl @ 94 o s dE

ot
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[2¥ 15] IFS, Fountx™ And TAE Aerospace Connect Enterprise Data With Assisted Reality
Technology To Empower Industrial Engineers
https://www.ifs.com/pt/news—and—events/newsroom/2018/05/07/ifs—fountx—and —tae —aerospace —c
onnect—enterprise —data—with—assisted—reality —technology —to—empower—industrial —engineers/

(7] A& 2342 BotAAD v A&} 57 B3 a2 Microsoft HoloLense

AR S =AE ARESte]l XA Ak Hel e Aashe HdEles AA

(GE &elzte] £ 2 ¢h) GEE VRS AHgshe] S ig AlEdoldste] 7]

SApgol A BANA B Aol b} FAY F A= I

(Lufthansa®] 3% &) Lufthansa Cargos AR 7|Whe] 2IA17F mupd s

o1 gl a7l A A/ A BAE F& AEAAste] A5
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[723 16] Lufthansa Cargo "Warehouse Build—Up" Training

https://www.3spin—dream.com/en/references/lufthansa—cargo—warehouse —training

(71323)) GTE Finantial> GTE 3De}= A H]~E Alg3te] 17o] ojulelE b
S5 g GTE Anl2st 4FS AAS=S 8%

(F-54F 7Hg50]) 54 3|4 OTRS OTR VRS 538 H-54F 750 Au|x
E AT B2, A, U 5 S RE UE ook s el vhet
A7 fratetAl FAF OTR VRell wh2d 7pdRol Aul=g &

3] 78 olTtE Ful A Aol 76%7HA] T

(W] VITC Edlo9) 1= 32] VITCE 7HIAIE ¢

and Traning Center) 4, ZFAIES] F5A AlEdo)AdS & AHE AlEQ

e
rlr
[-*N
o
_}\I_,
R
e

El_,

o3t Hig- Algska AA AFTISe] ek ARl G 9lof XRe &
&3 Fdo] kst E&HQl vete® AEE AL
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(Airbus® AvFIE

A vy AL

N

https://www.airbus.com/en/newsroom/news/2017 —03—airbus —sees—the —future —through—the —vision

[Z23 17] Airbus sees the future through the vision of “smart glasses”

—of—smart—glasses
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5. XR¥} HlHo|HEA 48 7=

5.1 " Ho|EFA A7
5.2 ¥ldlo]ly &4



5.1 Hldlo]EsA &0

vl g)o]E] 54| (big data and statistics)i B HO|E S EA15}7] 913 BA4 £4&
ojujgit}, AEA o2 FAES - H(population) 2] 5418 Tkelslr] 9ste] Hi
(sample) S FE3] EA %) S A dolHE #4814 & 3 22 fo]
Bl (small data) #-Ajol] o] 3ozl QIu}, wjio] ~ B34 o)) ukZ=o]x]
U= EAEA] B ofy e} HlHoHE EAE 9 Al o] ol tigk o

T % Abge] Basht

= fo]
AR

rr

5.1.1 ")o]g &}

t]o] e} 78k (data science) HloJE ol st A=
A Ftofz o] Fof A,

(1) dlo]¥ o}7]¥lA] (data architecture): H|o|E] o}7]Elx]= A]2~E] o}7]d]A]
(system architecture)®} A5 7-ZF(data structure)ol] 7]wkape] o] Fojzit},

(2) dl°o]¥] 43 (data acquisition): B H]o]E A A Ho]E|E 4= (collecting) 5}
A ARl TARlE A g4 dHolHE #5(observing) $hof, 3 2
(population) .2 H-E F X A (sampling design)E E3to] T ES FE5t+= IA
R A

(3) dlo]¥ ¥2413} &<5 (data analysis and learning): H|o]EJAFo]l 9] o] &
= oA 7 T8k Fokolth FA S g v SAA 71H, Haled o
g0l EAlgt Hlo]|g Aol A ~Ee] o3| HF LA Aol tigh &8 "Wl
nj9- FQalth 1B HolHA|AE| AEE BAFA D At Holg HA,
A Aol A 4(deployment)ol] thek W3Hak x| 2o] Iz},

(4) dlo]¥ A% (data archiving): Bld|o]E] ZHE 755 913k thefst dlolE A

Z A 9F Heol 714o] Q3 ) (reusable, security, storage, databases, data

A%
e

o T o] 4717

ot

ol

S

warehouse, cloud computing, hadoop, 7HJ™ A1)
o]y Aleld 9] 47) wobs FollA] Hloly #4418 Alesk UwA] 37kA] 22
HAIFE7E A8l & 5 JAIRE dlo]H ol gk #42 HFH o2 vo]E HiL7}el

o8] S w ookt st} ubgbr] ulo]EjAlo| A E]AE AFE 523} glo]E R4
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S BAG 233 glefo} Bk,

5.1.2 dlo|g st} FA Tt
A AAASRE FEFA Foke] tFst wAME JHgk FA AR Ross g
ZASHS g3 Zo] A2 s}l “Statistics is the art of learning from data.”,
, SAIE HolH 25 ShEsle 7w (art) = A Ystqlth o] ef o] EA g
tlolEAto] A 2ol A wl-g- T8 s Tt FASH Bk ol Hloly i
Mg fgh & oshhe] A Aeldoltt, MAle g2 tlo|HZ5E S5
9= AFE] A ~"= gs) Tk Q18X 5 (artificial intelligence; Al) 2]
a9l Lokolth. webA HloJEjAle] A 9] HolE A4S fste] Al del i
o|af 7} RI=A] Hadir} 2 BR HolEAlo]d o] Aol v o] grjd
4= 9t} “Data science is to study BIG DATA as well as SMALL DATA.” =,
dogAtold AE BT RRE FE5F REY FA4d 7|dske 2EdHolH
(small data)¥5F ofuel AFERIEYl 79 AlA dlolE], AFSUEL]AAH] A
(social network service; SNS) &7l A WHAISH= 55 o], AE Ul 42|
A & BHOIHZMA S E38h= HolH Y A g o w2 et o] ef o] Ho]
BAtolAd e diot R AR 39 5, &1, &4, AlZtsh, e 2 2E 3=
H AR A doS B 2gtelr] wiol dlo]HARe| A~ vt HlolE
A 71 o)golt). dlolE Aol AE] A~ E (data scientist) H|O|EJALO]A =
< ZHE HolH dAE7E on|git) o dlo]E Alo]AE| A~EV} Zh5ofof 3 o
Fa HERAT
(1) A& =19 g5 7] (learning skill of application domain): Ho]E|A}O]
A27F A8 = T}l Eoke] HAAA Q] X]2& 853 = v sEo|th SA g
/MAe g A2 ERE ol g} Hlo]EjALo] A~ A E-E = EHQl X[ 2AS wE AJZE
o] £5% 7+ v 892 a3
(2) 2% 59 (communication skill): d]o]EJAFo] A ~ol| A WA sl= 2]
=2}k o] Fof F&sHAl Hrt. o 22 go] &af 3= 9

1 HE
Mz rEetaA EAE AT 5 s T dasit

N

4

o

1

g olf

aH
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0,

(3) A& =dle] gt & 19 & 4 A& 53 (skill of seeing big picture of
domain): Fo1%] Hlo|H & vlE o2 Ho|HAlo]A 7} A &5 = 54 Tl A
L83k Hlol E1 Aol E55 Ags] gotd of gt}

(4) dloJ8] M3 2 =4 (data transformation and analys15)i ] o] E] Al o] &1 2 o] A
g7 He He 52 diolEH = vg3 dlo]H (unstructured data)©]th. Wl
of At} mAleldel A Algsh= dHolE #4 7IWe ol&st7] fsliMe Fox
dolEHE A& dlo]E (structured data)E W& (transformation)dhi= AA 2] A o]
dastAl et ol My 4] 58 dHo|gAlo|AE ~Eo Al 71 T83
S Ho] FHrt}

4

o

(5) dlo]¥] AlZ3} 714 (skill of data visualization): Hlo|Ele] A 7|7} AZAST=
tlole o] HAuA Rl S4ES & Hell Be AL offwo] dnt o]¢t & A5 4HA
L, sl2Eaq], AAad S dHolH Al Zshs WHelH e 54S vke g]lE &=
T e EEe eIt 28 B R R B Pythons o] &3t Hlo|ElE AlZt3}s)
= 58 HolHA A 2E A st dr

(6) dlolg A Az} tfdl H7} 7)< (skill of evaluating the quality of data

Ex SAS wAle e st diolE &4 4 vl
o gk 0431 7HA ”37}5 of thek AAe F&3] ZEFaL qlofof g
& (deployment skill of the results): B]o]E|{A}o]AE] ~
= ‘3] ol &4 75.3401] ek AAl 28 2 AT AN HEE olE &
s

1m

rr

%

=
:\o
:0{::"
o
9
ot
£

o

94 F2 4| (ethical reasoning problems): WFA| SO 2 ©|o]EJA}o]| AE] A

dlolg 4, B4 2 &8l glojq ko] fulAdo] aHr) ojudt 9
i) 75'01—7 1:4;(40] H]o]]ﬂ J_fl_}\—] qul_e z}\ Ho]: 6]_14_

Folxl A A Rk wlole ek BATIHE g7 wiitel AlRkE gl A o
=9 AsHde wole w=Ho] dolgaetatd Al 8.4,
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74 ER oz AolFr}t BE F71A o2 B (complexity), 71X (value), 5 T
B 5AS Tty gtk shAIRE it o] SRS HloEl o] A7), thFA,
£LE FEAoE o]y 5EHo® AAsta Q)

(1) Z7] (volume): Hlo|§ & =77} Ahstth= A2 Hlwlolg o] 71 & 57 0]

=
. HES 10e] FFEI} ohjeh U] RRE ] BAkE we]d ZHELS of
gake] AT HolEE A .
(2) ThdA (variety): W HlolElE= 41, 5244 $uk olue} o]u]x), &4, A1A] Hlo]
B 5 e Feje] dele o] ol itk wele el ojsh ge T 54
wj ol A8t i maled e ES ol g BAe] A Holee] A 3

gol HastA

(3) &= (velocity): SNS, 1, Ab=IE Yl ol B S= HolE o] 2 w5 i
2 SR F7FskaL dvh B3 JIHYl S0 St ol dAA = e
of dlolefell thdt olF Hriz of ol Hsto] v webx]al gt} o] 9} 2 7
Sl A Zehf-= 2378 (cloud computing), 3his (Hadoop) 52 71&o] &4 oz
Askar 7] wiigel WdelE o] W £ S wel d Zow J|gE
dlolH = st=dlo], A Ede] 18]al waE vl=Y 2 R el (business model) <
groto] 4719 dHoz 7 5 Utk
) BlHloly 13z} (infrastructure): HlHO|H & Fx st A7gstal #4sH7] 9
E95Fo] e o] W olHE 3k AZESo] e st=go]F] 1z}
THHIL AT gE2 7] St AvkA7) g ol t
(2) Hldlol® 2] (management): TH¥EE U3 (sources) & 258 Htlo[HE 45
SkaL 42 flste] HolEl A E Fashs A olt). ofu) Akde] A (natural
language processing) 7]<oll 7wk Bl E wlo]yd(text mining)©] AREE T}
(3) Bldloly &4 (analytics): BlHo|HAA 7V Fad Fito|th. 3]
(regression), - (classification), ¥ F3}(clustering) 52 &4 7I'H3} A5 Al
(deep neural networks)oll 7|QFal Wale|d So] Hto] o] AF&E a1 9th

2] d (deep learning) 2] A3 217" (convolution neural networks; CNN)< T}

B B o

S|

—

~
huj
[e}

¢}

It o M

—_
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B ) P P A

Hloo]B o] Fol= AT, AFE e 4G & T wokel webA 254
ztel& yepinh 28y v 22 o % | of3te] A|A]E T

1st) &% dlo]E (large data), Hl°]El2] = 7](volume)

2nd) ©]& A do]E|(heterogeneous data), Hlo|E 2] t}AA (variety)

3rd) AAIZF Ho]El(real time data), Hlo]E 9] <% (velocity)

o]¢} & wlholEle] &8 Fag Vi F shvbe dHoly wloldd(data
mining) o]}, HoJH wieo|d2 tg&F dolE o]~z RE wAX & (hidden
pattern)= Zrohlli= Ax}olt}t (Han et al., 2012).

M
>
o,

5.1.4 d]o]g mlo]y
dlolg mlold2 o83 AAEH dlo]EH| o] ~(relational databases)ZH-E oA A
Aol a3k 228 WA (discovery)sFal AF88l= Addo] B oz vy} 7ho] 2
7HAl el o3 A eHt
(1) #2419 A (knowledge discovery): t-&%F Ho|HZFH 4% € (hidden
patterns)®] st A olvt, FE FATH HAle ol Aleh= tlolE 4
g Fe AREE
(2) #1212 AFE (knowledge deployment): #]412] RF7 ghAl| Al W E =] 2]-&
A Ao At HA Y A AA S Flste Aot F =
dg3fjof gttt = 1A dloly FAS T3 A2 S B9
A= mAE A gk =l 2 2o I 3}5}
uweba] F2 oml o Hloly mpold& x| e] Wb dAgRkS ou|ghrt, oo |
o[ mpolrd wAoll A= o] F2 on e HolE mio]d& AREITE Lefut A
HAoNA = %29 WA A A TR ol A= Aol dAE x4 e] A

= W ono dolE wlo|dS ofw| gt}

(deployment) & ~3$}3}
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A= Hloly mlo]d o] AA| AL-E fote] ou|7t = A A Aol 8ol 7}t
55}al (actionable) 7Fx|7} 91 A H.(novel information)©]o{oF gt} B3k d|o] ]
o]~ 2 o] oo (query language)?l SQL(structured query language)=+= sjA g
T i A Aot HlolE| wmloldo] a3t o]f= thad T
(1) dlo]gle] Z9H4 Z7} (from terabytes to petabytes): A X 7|&2] whgol] 3
of A== dolge A7l FEA o R Frlstal itk webs HolE o
(collection)¥} -8 (availability) o] T A7} SikshA XM= Qo) 53],
s3hE "oy 3 =74, dlolgulol A AlxEl § AFE St ARSlol gk okt
gk aLejAbgke] A7l =L gl
(2) "lo]H mlo]dE on|sh= thE MA: vlolE mlo]d & & tloly £ollA
=AA A= AAE Foldl= Blolth = HolHE A=Fske Aol ofy e} HolH
12& A=ste Alolnt. ek oy wlo|do] Z3E B o] of
U7y g Zom AZE = vk webs dloly mloldolgl= &of Al

Knowledge discovery in databases (KDD), Knowledge extraction, Data(pattern)

o2 N mN o

2
o]

analysis, Information harvesting, Business intelligence 52| 8017} d|o|¥ njo|yd
I} H] 23 o & ALg-E A gtk 53] KDDE vl & shsl vt 2 AlAlel A &=
slebaA A E 1 Yok KDD sH&tisl whd A A7le) elelel whold shal,
A4, APEAAGe] HolA] A Ee] AT i ek gl ol nholy
AnbEe WESIL G oy njoly Fojo] Ug EEEe] ol At

5.1.5 Hlto|E| ¢} Hlo|g wmjo]]d

tlolg mpold 3} HluolBl= EF th-&%9] HolHE At ov| = A4
Fotal Ao Agete IS Aok ey vlolE mlold ¥ vldo|H o] 71
ztol= HlolE] ol thgk Fojth F& dHoly mlo]d& #AY Hlo]Euo]

o elo]E(table) HEN= A7dw Ad3slw dlo]E (structured data) S AHESHA R 1]

tol8 = #AE dolgro] 25 E3ste] §] &4, SNS 84 &l Ja, &

B, AR T g HlolE S AREsty] wiitel olef & niAY HolH

(unstructured data)S A3 3}% dlo]8] & W38 (transformation) 3= A x| 2] 1A o]

Flﬂ %N'

XR 13 92



N

]

astrt Holy 242 i A HAlH el Algshs oy 24
=] = o]
)=

5 AFEEHA HaL olE VIHES BT fE dlolHE BAY dolEH o]~
Hol 53 22 FEstE oy FEE st wiZoltt. tlolE mio]deM=
AAANZHE BAE dolguo] A5 55l thA] 4] HEo = AMEHE A Y
shel dlo]EQl dlelE Yol 3F-9-2(data warehouse) & T3] AF-8-517] ”ﬂ%oﬂ

dlolg Ao & ool glvt ofol Hlste] HlHoJE = #7A] HelHE 2
TR 7] wjZell o]l gk AR5 flete] St HolHE 5ot e T
o[l el #go] Fastar ofof] thgk vhFek A7) AR ATt thEA QL Hlo]
B Ax]g] A= "2E vlolY(text mining) 7]Woll &J&3t}. 3 Hlo]E nlo]
Yol heje thew 7t}

(1) dlel®] mpo]d o] F=A4| A7: dlole] wlold dxfoll A 71 WA Fauojor &
292 oy wlo|'d o] FAIE dA k= Aol HlolE mloldo] 7 Hol ALE-
F)= Bof = kel Ao miAE Holkol A= BQ(business questions)dE 8ol

ARgate] HlolE wlold F=AE A gt BQE A4Sk slo] viE t|o]E] nio]
9 FAE dAste Aol iAo Z BQv wWEd SQLS E5te] & e
th =, SQL A2+ 24T 5 gl BQE sl 4st7] flste] vlo|y mlo]do] H
st "k a2 AA AFEE= BQY ol & UERILL

— 7h=3)AL AlZ Y2 Gold Credit Cardell 7} vb&-& A & what m&?
— B3 AAALR W TheAdo] & S

— &3 A 7 RIS Fste] AR Fols AN e AFTAES?
(vt y A1 Market Basket Analysis)

(2) A& 3 53] Ay BAISe] 215 g o] &S

woke] mAR e o] B2 795kl = Holy mhold A7 oltt. o]
gk 714 W82 B wAje] H Fitol A A= who]d (association rule

mining) 71X ZpAISHA THET-

— Association and Correlation Analysis: W% 3|&l(Frequent patterns or

frequent item sets), T Holl A st/ = |
— A typical association rule: PFE| A &zt

n:Zi

ﬂll

rU

i

=~ o
a
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ntES] AE XEE AT 5 Stk odE 59 7147 (diaper) 2} W5 (beer) 7} &
Aato] 7 AFES 3 1A E A-T F 3

(3) ¥ (classification)

— E5F 7]¥: Decision trees, naive Bayesian classification, support vector

machines, neural networks, logistic regression, ...

— A& Fok Al87t= FAHARE B4 (Credit card fraud detection), 27 #-5F, 9t

=9 A, Ao AlRAdH dd

(4) &3 3} (clustering)

— A3} 71 K—means clustering, Al5%4 33}, Fuzzy clustering, ...

— Ag Fok ME FAEE JIAES v B A4

h=|

—1 O

(5) o]A=] ¥4 (outlier analysis)
= o (e}

- UEST S =A,

5.1.6 Hlg|o]E] ¥4
HdolE] 412 v 2 deoly e el wet tEA
(1) Relational Databases: ¥73 Hlo]Ew|o] 2
(2) Data Warehouses: H|o|E{ o] 3}-9-2
(3) Transactional databases: 72| ©lo]EjH|o]
(4) Advanced DB and information repositories: &% d|o]EHo]
(5) Spatial databases: &%t dlo]EjH|o] 2
(6) WWW: I do] €]

(7) SNS
Data analysisol| 4] &2 A3E AlFsl= B4 7|WHo] WHE=A] data miningoﬂ/\i‘}_ =
2 A= AFsHA = Fe=r BAA 4 =9 (statistical tools) 9} 1-FA] 5 (Al

g5 ZE AfolE 7HxIT

(1) Statistical tools: SAg¥}, dlog 9] 5 %
tB.Eo]:T't}&} ;L@HH )

(2) Artificial Intelligence: A57E 8tz 7| Al g<5(machine learning) (813217,
ARG U

Hl =4 2 B ol A vldoly 42 o33 Zth CRM2 140 24§ 2+ IT

A, A 7R EAEA, o

e
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7qke] wiAE dehs oty

(1) CRM®] 37}4] °]47

— Acquisition 227 F%]: 112 3H. (prospect)

— Retention 22} §-A]: mZo]&4HA] (churn)

— Cross / Up Selling: 2x} 2 F7} vl (items, transactions)
(2) CRM9] <

— A}7] ©A] (fraud detection)

— dlo]E{ o]~ npAE (database marketing, target marketing)

— A58} (scoring): A48T, TG G, adolgd D AA A, St A
do]E] nlo]de] AS5HE 9ste] dutd oz g2 E ZH(Lift value) S AFESHT]
2 vk AP S A= dHoly wlold dAE et EEZE $hE ke

AAE YERdTh
5.2. gldlo]y £
5.2.1 HoE Bt

dHo|E 2 58] 9] SF<5(learning from data)= H]o|EJALo] A2 Fofol| A 713 Q. 35h

o]t} Ross n7F A28k vlof] o]l F A g2 dlo|HZREH 9| 35 7]&o]

2=
(1) dlolg wlold A1 = (analytical tool)
— A% 7Idke] EAVIY + Ay dagE
QR °F(summary) — A|Z}3}(visualization) — 58 3}(modeling)
(2) dlolgl mle]de] AHA =342
— dlolH 9] g5s B3 Ade] 784 (update)
— Md - HAstE A A ek %]
— Notion — Data — Analysis — Interpretation — Notion — ...
(3) BAA 5ol = (statistical learning theory)

— E-F(classification): SVM(support vector machine)
— 4

Z(regression & prediction): SVR(support vector regression)
F 3} (clustering): SVC(support vector clustering)

4) 9 #43 (deep learning)

— A7AEe] S(layer) S B A1 =Y

r—u
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— d & 5o & (Iris)e] EFetEolA 719 g5 54 F(species)d] 545
njg] oo ghFelHA HA o] ERarE(IE ) e

A(HolE)S Bal 227 Sh5EHA Axg Fo] EAS Frohyo] EF3lr)
grEdlolH e HAE HlolH &= v 2

(1) 85 o] (training data)®} HIZE ©|o]E(test data)

— Total data (ZA] H©]¥) = Training data + Test data

— Training data: &<5 dHlo|g, 28L& =3 o Al&=

— Test data: #3 dolH, 758 239 A5S H7/1E o AL&H

(2) dubg o2 AA dlo]E 9 2/32 training data@® 1/3< test data® AF8-3Hc}.
(3) A x=8t5 (supervised learning) ¥ AF&3H5 (unsupervised learning)

— A]E=8H5 (supervised learning): with teacher, WH&-(&-3)H59] S 21 9
-z % =4

O
)

1%
)

t5 (unsupervised learning): without teacher, ¥H-&(3&-3%)¥H 2] 1S
—AEgGF dagEss & ANV AETE dugss £ A Vb TR

Elo] o]

=S

i}

O dt do

|

5.2.2 39 &4

djo|EjAlo] A 20| A oS E & (predictive model) 2 FA AP 3|7} ZA~H 3| HE
Edl=

(1) A33]# (linear regression): W47} 143 (continuous)

(2) 2A 2839 (logistic regression): ¥ =7} 0|18 (binary)

3, A = (scatter plot)ol] 7]WFeE Hlo]E] Az} (visualization) & S8t WS
b2l el BAIE Fetgint. 3|FEA oA 7P dibA 08 ARG = 3] 94
< O 22 AP s A ol

1) Ex¥T7 53 A RdE 55y

(2) "oy mlo]d o] - A HY 37
Hs A5 7 Ude BES 755 A
(3) dlo]y mlo]dellA] 3] A4S v FH LS AFE AAAE S, 14 &
B A (credit score), ...

(4) %1 dloly JFS AT = v A9 WAg 2 v g Fo] EA)eA T
HA o s|ALAAL o7 3 A =4

(5) ths AP 3] 723 (multiple linear regression)

(6) FAENA L] 3ARE S o] &4 el T4 v Ho]El mlo]gof A 3]

B
o

~

1o,
N
=5
oy
N
2
™
1)
i)
N
2,
i)
e
N
5]
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23

| ALgEE B8

sge)

J gk

A
o

g0z uoleelA 7k

oltt.

X
s

oy

W
A

—_—

N

2R ~8 37824 (logistic regression)

o

oF

W

o

=

B
dl.oTMM
o T o
0 —
_ <
+ 3 e
X P
Mo g W
N o]
W 2 o0
® 2F
X &8 %o
5 oo
o K
ﬂﬁﬂﬂ.
we AR 7
o B o)
o oo P
T o)
- ~ ~
Tz

|

0
¥

: B2 (bad)

1

%3 (good) / y

24 (Good or Bad):

(3) y=1

) Al

2

(

o] Z3l(logit) & AHE-3tT}.

& e

pell

(—oo,oo)i

Kol
=

e At

35

ol 03 1A}o] ]

-
T

5

g

dehy 7l 9%
(2) siuF

Ha, 37 2ol

)

BotBx

1A =7] wjgolth. 9

S

o 7V

S|
ax

TH

et gt

B

exp(B,+ B ;%
l+exp(B,+B %

iz

(1) 0%} 1 Abololl A Sa+ P2 F7teh=

97

Ec
H
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(2) AlZLRo|=(sigmoid)<etale 3}
(3) AAGE A NA 71717 553 A AFA F 72 M gig &
= FHdo] . (Cut—off value (threshold) ¢ A%o] A Q3})

=

tlo
iald
)

5.2.3 gldo]g] 42 93 dlo|g Tz

Ro|&?

=

[e)
e 2= %%OH]_E} Re & .
(1) RS Bell d74oA 7iEst S oo 7|wkstar Qo Re] ] AlolE
(www.r—project.org)ollA] #5 2 thER=sle] A AR 4 Ut

(2) 7138] A& EAZZEOI(SAS, SPSS, 9] 7|58 thRE 2 e,
53] Al danelFel e we doeels® Qste] 03l $eU FA £

Edojel vls s 5 drh

(3) GUI(graphic user interface)”} 7]&2] AH8 &4 AXZEojd Hlslo] Hof
A7) wZell A F s A= ofghe] = o éLé} A QE ARG Aol whebA] = RO
o)A thE AE vs] «38|e o Hestthal =4 s gtk

(4) R T2 fY 2~ (Unix, Linux) 2} ¥ %=-9-(Window), Mac OS 5 thi-H2]
AIFE A= F8o] 75t

(5) HZ2Ewnto]d(text mining)e] AAE HAFL XS dolHe =%
(manipulation), #Al4t(calculation), A1Z}8}(visualization) 52| dlo|E 4] 715
sttt

(6) R¥ERE o}l S 1oj & AFE-sto] AREA} RE= =8 A28 $H<=(function)
2 Aoste] Apalo] AREsh= R 7N S SEAIA AMEE

(7) C, C++, Fortran =% R NA 24 7]E¢ RIE=9} A
2 4 7] "ol At Sxel= A7 gl

(8) R ZHo]A oA w7, 7€ R 1A 5 st LA =S Alestal o, d
AA A B2 A2l o thFst 7| e A A=l AlTEHL Uk
(9) R Fd|o] Aol RE &HF-slal Re o]-&slo] A|2~ElS

&S Documentations H+= Manuals @2} 02 A& st}
(10) Re] &5 0]#] 2] “Search” 7|2 7= AR (Google search engine)¥} <A
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Alete] R #E O st A5 5S Fol £

(11) Zt7ke] AFHel RS 12E317] 918te] R 3o A oA AX 9 the2 =
st "o, 2 &9 9]xe] CRAN HolA CRAN Mirrors® FE3}o]
Download and Install R: Download R for Linux / Download R for (Mac) OS
X /oA ZtApl Al g &G AAE AdEsitt, 7Y Bol A= AR5 HSFH
of RS AX]3}7] ¢84+= Download R for WindowsS A ®1&}3l base® <36}
o] Download R 4.0.3 for Windows (85 megabytes, 32/64 bit)S &2 3}o] A X
st Ho) 3 HA MEES glsbd ok

R do]g o

tlo]EAte]Aze] Hlo|B &4 ol A gk o) Q)
environment) |4 7]EA 0.2 A|Fghc) gk HAl o] E5C] o A2 A 7H
&< 371 A (package) FEH= A&t 7Hds] %71

of R dlo]gAto]Ad oA HBQE Sk o

I
Mz
o
)
S~
>
et
-
als
=
X
i)
o
on
=
o)
w
D
=J

R A|&s}17]
(D —?’ﬂ.%’:(comment) O #S 7135 o] &3}
(2) ¥, "oy A, 3t 52 it A A (object) & 7o 1t}

(3) AAsh B 6; = gea P
—1s( ) # @A AAsA ] MA 9 TYAEE Ho =

- rm( ) # A3 AAE AHA A AA

(4) A %™ (naming) S Y3+ R 13

- A (WA} AEAE E3, o2 U, L AR

- 53] 5 AH8] o]&etd i JHA|TE o ﬂfﬂfé— agdoz AT 4+ IS

— stat.m # A FEA

- statf # SASH} ofEAy

ok SR A ool AR 4 81, e Al
— bSstat # ZxE ¥

— .stat # 7}s3F WY

(5) R WEAS £BAT A8 e AAPoR A4,
x'= A8 oE 7—1?4]”30] ot

I
R
Ad

'F‘X}' “X”Q/‘I— i%x‘l_
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(6) Re] doFo](reserved word)© AW o= ARg3H 4= ¢lo)
> if=c(1,2,3) # if + 24T AFEE = R of ok

ol & :unexpected '=" in "if="
(7) R 7182421 A7l 715 9

> 344 # 3}

[1] 7

(8) 71+2Q1 R AH&S v Zth

> x=¢(1,2,3,4,5,6,7,8,9,10) # c( ) FFZS o] 83 HolHYH

> X

[1] 1 2 3 4 5 6 7 8 910

> mean(x) # x A (H)o] AgE dolH e Ht ALt

[1] 5.5

> y=mean(x) # x°| A dlo|8] H1S Ailste] yol A%
>y # yol AE dvolEgs &4

[1] 5.5

5.2.4 R9] dlo]g ZAA

Rl A 7]3E2 o 7 A|-&3t= tlo]g 1A Bl (vector), & (matrix), Ho]E =
# ¢ (data frame), Bl2=E(list) 5] JoH o]& HolH AAE o]&3lo] RollA
T e dolHE Agsta 48 4 dth

o rr

W E
2l
PN

rU

e

(1) #E ¢ 39
HEl = 8k 7)) o] ake] YAaR FARE AE T X(data structure) 2 B H ™ R 7}
712221 dlolE A A o]t
(2) WEE A3t 37H4] 44 (attribute)
HES Aosl= £A4L 3 (mode), Zo](length), Y20l (names)o] UTh.
- (1,2,3,4,5,6,7,8,9,10) : dol7} 1091 X8 #E
— (“A, ‘D", “F7, ") : Zo|7} 491 F=1E 9E
— 1709 %2} : Zol7) 19 42x]3 g
(3) WEe] AA: c( HFF
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> x.0bj=c(1,3,5,7,9) # 571¢] «A} 1,3,5,7,98 Zt+= 9E x.objs A4

> x.0bj
[1] 13579
A=
(1) g3t goz 449 229 Holy +x

— & (mode)
— Zo](length)
— %} (dim)

— A9 o] & (dimnames)
2E

(1) I2=E: AR & FH9 dHolHE= 749 AA

(2) gJ2~Ex= AE(component) 2.2 A2 T2 o] 942 714 4 a1, do|=
s 2
(3) list g5 AFE3t] HRE A

(4) Y=E° £4 — & (mode), 72 Zeol(length), d°] ©]F(names)
(5) P=E oA

> Lst=list(name="Fred", wife="Mary", no.children=3, child.ages=c(4,7,9))
> Lst

$name

[1] "Fred"

Swife

[1] "Mary"

$no.children

[1] 3

$child.ages

[1]1 479

— e

X
» dlo
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dely ZH <

(1) DB H|o]E(table)d} H-AFSF 7%
(2) dlo]H st A thFoix]= 7 71241 AE A
(3) ZF M (D)9 2 g 2EAY sd3A Eole #

(4) 2 5o i@ a5 AFE Sdslel ¢

5.2.5 tlolE HAH

A EA7IHY 7AISE GalglES o] &ste] EAS FaE] s xS}
H (structured) dlo|E7} B o8t} T8y =i, 9 €

Y, Zt% BalA, 71AL 53 59 B dolH e diiiE 23k dHolH 7t ofy7)
uj izl EA WAl oA Aldh= thkst HlolE 4 7HES AHEEH] 9
A= Y AE HolH Y HdAeE & A3t oy F50] WA a3

4% dlolg B4

(1) 7x3t8 dlolH&= thad 2ol a3 d& o] Fofxl HolE x5 Zieth
— 3 (row): T=gk(observation), ¥4 (document), -
— d(column): W4=(variable), ¥l (term), -

(2) Text mining

— Y =E(text) HOlHZFH o] = ARE F=3)

— "2 E glo|g ¢ F+Zx3}(structuring)

rlr

34

5.2.6 Hldo|E| 9] 2t F&

HdolHE T2 FA et e B o8 o] vl 1 Tl % dolge] At
Qo] 7] wio WA= 2ol AF=(the curse of dimensionality)”} 1t} o]l
3te] *-S A )% 3k dx}+= R. E. Bellman (Rand Corporation, 1957)¢] =
“Dynamic programming — Princeton University Press’©] <t} BESk J. H.
Friedman 12<=(Dept. of Statistics, Stanford University)i= AF212] =& “On Bias,
Variance, 0/1—loss, and the Curse of Dimensionality ol A ©]ol ths}e] A3}

=8

(1) %2 A} (high—dimensional spaces, often with hundreds or thousands of

3T -

XR 13 102



dimensions)ol| 41 2] dlo]Ele] Ao += & 2}l (low—dimensional settings such
as the three—dimensional space) oAl WA W o] g-o] WAy,

(2) 4314 (numerical analysis), A% (sampling), &7 & (statistics), 7| Al st5
(machine learning), @o]Eln}o]d (data mining) S2] F-ofol| Al B3] FA|7} €},
(3) #Fo] S71ghel wet o8] 3] A (sparsity )+ WHEA] S7Fgth e &
2k 9] HolH&E A wAE 2

(4) =2 2FdeoAf o] B whe ZpeloA] o] o) nlal] &3 slal(complex) )il
23 e ofHzo] e gt

(5) &3], BAA 294 (statistical significance )©] Q7%= FA oA 3] a4 F-4
= A oF & FAolth (FHZF FAke] AXIThH

(6) 3124 wAS AES A shte] WH o= WA (variable selection), X+
%~ (dimension reduction), | AF&= 4 At}

(7) F-x3} dHlolE 75 HAoA g FAE HAT T Ue e aed
a9tk (A8 2} (restricted dimension): column(term)®] 45 A|3h)

S|
A

A
e

4
digoly 2dFH4E e 7 g4l A4
component analysis, PCA)o|t}, FAEEA L HE S o8
A dlolge] MES 7|E HyEe] AgAag oz AdE FH I A2 HE(FA

)= A

1901 3]oj=(Karl Pearson), 1933 €3 (Herold Hotelling)oll ¢J3l 2tz =
2o &2 PCAS 7do] ZMEFAT F AT A e Feld oz Fdsto] gzt
PCA9] &4 HolE ¢ FHae} sfAolrt, df doleldl p/le] ¥57F & o p
B} 22 79 (r<<p)®] FAHTLLE HANFY FdFEs A8 = Jvhd |
T a4 Aol "k FAES Fote] HlolHE A skal & tlo]E (p7h e

Hp)o] UEhA] e BAIES Ftobdl o2 def dlolEelA stetd 4= Y
A2 AL S ghobd &= it o] o} 2 A A= (latent variable)2hal et

“
PCAS] 7|30 2 vplek Ahg o] Wig (b S 718 wol AXs = Jd24d
(F38)& e Aotk 7hi4 2~3709] F4F o= A Ase WEs s
o= Aol PCA AFelF2e] Jlidoltt. HE A4d F42L ol F F7REA (32

XR 913% 103



XR #3%

104






6. XR¥} HEQY A

6.1 VEHI 71

6.2 EYT =



6.1 MEH A /&
6.1.1 Hlol8 F4l
6.1.1.1 482
dolg T4 Al oAl 7k e as st (Y 1.1 Fx).
O "A A (message). WA A= B419] Ato] B AW, = dolg ot} 9XAE,
22, ¥, &g, S, EBE olEY 2FoE e FIth
O F41AH(sender). $AIAE HIAIAE Bl FX2A AFE, dsh], vde 7}
2t 5ol 2 & gt
O F 2 A (receiver). FAARE HIAAE W= FX 24 AFH, Ad7], TV 59

g 5

h=)

24 Q1 Azolrh A viAldl= A, F5 Aoy, AR AolE, 71
A

O ZEEFH(protocol). ZREZL HlolE BAS A= 1739 Hlo|r}), ==
Exe galstal gl As ke el gtAelv ZEEF] glvi wiA|
TR oW7|ekE AS I Abdo] dokEA Kk AAH, S AT A

2 AAse] Qo Aol AR oltelxx Btk

RS FA 1
= ZREZ ZREZ e
Z1 n: Z]
L — WA 3l
EYII Z=AIX
o ]' | ﬁ—/&ﬂﬂiﬂ s ]'

a3 11 Hole] EA AARS| 571X TARL

6.1.1.2 "lojg ¥4
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T2} glolg F4lo 9lojA A} (character)+= HIE |, = 03} 12 ¥ HEE ]
AR HIE ddog 3ddAH AR & HE ddS AREste] 22 7|SE =
R EE AAFEALE o]9f 11-& 7} v E del o] 33S A= (code) Bt F-21
7155 Fdsles 3HES H33H coding, W)L st} o5 Ay AFEH A 3
= F=+= YA E=(Unicode)2laL sh=H|, 32712] HIEE Al&3sle] A AlAIQ] E&
dolol A ARgHE FIu EAE Uit mlmolA e de sidd

ASCII(American Standard Code for Information Interchange)+ A4 U FAE=2
S 127709] Aol sfEsh, 7] 2}¥l(Basic Latin)o|gtalx stt} 5 A+

fumEe] Qv Egsin vk

57}, S:AH(number) =& M]E HES A-&ake] thebdch, el ASCIIS 2
FEE 542 dehle AHEA et S 2t 204 wakE & 9
7] wolth, g sl olf eAQl A4S heralA) s SlsiA ol

= B ofe] 7 ME v 5o AAlE dWstar vk

o
< hadst Efe] G2 sha(pixel, A e 2 5] FH=E A
9] A7)+ s = (resolution) ol Wl tr2t), o & 5, 942 1,000712] 3+
=AY 10,000709] stAaR vm = vk 7 1A BT H 2 S &
3

1e] sl o Be ARelst nesich 948 aw e

N

NoN
1, O o0&
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Foll, zh shaxoll HIE sj'le A3 sj'le] 7|9 g2 g/l wet tEh

Wl Smozyt T ol shh shiE vehis gl 1E selo]

W) T S0 shavt ok ehd, 34 vehy] g8 WE sEle] 2717 A
Aok gtk ol BT, 4079 84 Yehy] e 20 E AR S AL

Atk F4 Hde 00, e 342 01, @2 342 10, AL 112 ekl

J

n@
>

)

0]
AR

Ae] GA4S Yeldle Hde 2 7EA7F Aok 37X S RGB(red,

Ho 2= YCMolgh= Ao e, o]

(vellow), FEM(cyan), A2 (magenta)2 7] Aoz ALg-3ir),
29L. 22 (audio)E Y 292 7S AY WEete AL Wikt 94
7| o 7 Fa) A B gy thEL QU0 AgH oA o)Ak =y

aly

SRolt 95 e A A1 B

Ag W 98 AEAQ A TV Zhgte] oJsfiA) = e = 3l

H| 2. ¥]t] 2 (video, == 594)

gy
t
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d

6.1.1.3 dlo]H

tjo]E A% %2 (transmission mode)

o]

Al

do (2

ols ¥} olFor 1t

1.2 #=x).

TH

=
o

(full-duplex)

Z
T

o]

==
£

I

Hlo
(half-duplex)

&

T‘:,]_—HOI—“B

(simplex)

AL
el
e o
T W
2l o
Uy
oy
T
E =1l

10®
o

]_

A7k 19 HlolE]

Tlo®
0

5

At 28] EoE

E

1o®
o

-

Azke] Yol el

A=Y

c. HolF

SERFEEREETN

110
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1

s

A} 2

-

s

ekl

ArH2d 1.3a Fx). $87} £3]
] (half—duplex mode)oll Al 7} A=

PN
T

21 (simplex mode) ol 4]
1
%)

E HFA

fpel 21=to] <
0%

v
s

H

°©

of e},
kol %,

H
1~

Nfo

2 kol

bR o)t (18 1.3b ZF).

, 1 9% w}

al

[N

2

°©

o

2702 A% T=2(

4

1
s

=

A|=go] FAlel FA

2=
2

%

1
s

q
(full—duplex mode)°l| A

o

e A4 WA eedes 2Yd AR o

= H}A]

]

g 4 (¥ 1.3¢c #FE). Ao WAL EA)9

;ﬂo

gk}, yho
3.

gt 971 E7]9F e FA 7] (citizens band, AW HIE)

of o] T},

&l of
&
7z 0]

=)

el

ojo

4o
</

P, Aol

A &

)

111

B
=]
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w) AbgATh e Age] Swe o Lol ALgdlol B,

6.1.2 Y EQ =

UIES A (network, T W)= FAlo] 7hHedh A= A4 5 A9 Beloltt o
gejoll A AA= o @ HFH, diaAss, Ha, Ul Beh AlRR e 5
Elhost, &% Al2=¥l(end system)o]g} 2= 7} & = itk o] AHofollA FX| &=
Mz gE HESAE ddsh=
FJHE Wkl BRY(HER7]) 53 22 94 %X (connecting device) 7} € 4=
Atk oelgt GA & Adst= FAE 4 Ad(channel) o2t gtk HIES A
oA o] FAEE AolEH §7|¢ S 4 e FA B4 AE Fste] dF

et

AL
o
me
>
fr
rO
i
o
rir
=
riot
~N
E‘-’;
s
nj
1o

6.1.2.1 924 3
HES A= 45 &5t 27
A T2 ZAE o] BE Agshe B4l FR2olth AZHAQl oEE a7 AA
< ol shutel A st Hlnk § Als sk
of AAx o] lofof gt A4 7% (type of connection)dl] = —ti—%3} v=4

Wajo] Qo (1 1.3 F2).

2 AT Ade] AA 8% & F A e AEL QAT AR g
WA AAe % 2o AH Aol ot AL AL AT TelL) vlol
Az golnn} AFA AAT Lo PAE FHSSHIY L6a F2). B4 2w

Ao Aol AP vk w, Leluld Ao Alsu) @A gkl -
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a4 73
(type of connection)

H-d-d A4 R
(point-to-point connection) (multipoint connection)

J8l 13 ¢F R

9F4. t5% I Z[multipoint connection, WE] =& (multidrop)°] 2t % 3} &
Fshtel JaE ek Waolv (1| 1.6b #x). vde
=& AR FfEn. oY FA7L E

Aol PAE AGFLH, ol BHe] FIH Fholth W AEHT} Aol

E2] 42l H<3H(physical topology, EEZEA| g}l %=
AN HFE Y A H AFEY AlolE 92 9 =A<, S22 =
WAS EE 27) o] A7} 8F v FAol AdEHM, 271 o] e FAaR
shite]l HEFHE olErh IEA IS A& d2 ¢ A
(node)e}ar g gre] wAlol theh 7]8ksh4] Edolrt. 724 S5 o= 1
&% (mesh), A @ (star, 2B} oletar §h), M=% (bus), ¥ @ (ring)eleh= Yl 7HA
7F vk (2# 1.4 Fx).

o 7|&AQl H&EHFH = WEYALY Ao tid =420 mdrnts 4
3 92 WS Y g JE5FUE A9 u agder & He dd" I

s

2A7ke] ARl BAelt S A dA 7F S 5 A=, RSl s dt

o
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p

—}N
o\

2

01
(primary—secondary) ¥Alolty. Hd 3 25 HAEIHE ds-d-ds
Foll Agtela, AL F-F Ao Aggeitt. HAd JAEFEH e 7 A B2

T A gkt

1= % Mg )
(mesh) (star) (bus) (ring)

el A8 H-t-% FAE 2= v dEelThs AL ddH] e F AA
kel FAIWE sk Bk 3lEs ovth nle] mER o] Fofxl ki3] <
29 2= UES DA &2 Fa0] 75 &7 Al HA Z mEs vE BE

=
wE9 Ao B = 12 (n 2 179 sl AAFojof 313, = 2
(n 2 D7RY] =] Ay ojok glar, npX|2to & = n&= (n 2 1)7]9] =t A
Asolof gk, webd n (n2 DAY B a7k Basteh agAw 7 P10t
PP FA(AO)F BE)S 5B Ja) 55 22 vhs 5 ek b 2l
Y MEAZAM 0 (0 - DAY HolF e Y=t Aestdn g 5
Stk olsh ol W WAF £/ AL ENLY) RE FH E (n -

D7he] 158 1/0) 2ES 7HA AL Slofof k(2™ 1.5 =),

(2
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1
s

A48 e (bus topology)

€]

B2

\l =

S

1.7 #x).

el

=
=

7Ael

J8 17 e X[=0] H&

[

IR L]

3

== B (tap) 3} %A (drop line)el ¢
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HESL I

.
ST

ol

BEER

=k
=
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)
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(29 1.8 #x%).
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9
pA

(repeater)
K=y

(R CRC I R
BETET Ve R o
N
X o= < N Mm =
O o o e

T oo oo AR
P 4 F o
wE=® o
Z R 4o - T T O
iy o T g 2w TH

X7 = )
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) dr ~ o] iy n T
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3} A5FH. MEA A= FE A5 H(hybrid topology H+= slo]H 2 =F)
7bE Qv oE B9, 29 1944 B AAT T4 S BE ARt A

& WEN 7 AT o e Aol dAsE magor ¥ & 9

e 2 A2 |

& xs ]

Az | A2 A2 |

1 " z i

Az | Az Az
z - -—

a8 19 288 HSEE: o HAY HEHIE = 4¥ U=

6.1.3 AHY HA}

A7 QeI Qe ZeEse] Jleg Avugton], o)Al ZHe AIEY
o GAHE ASHER Ak o] FEFE YRz o}l SlElle] 40 A HA g
oF Ab HEFIA A AN dENTR S 5 YAEAS 2 o5

= M siE Aol

6.1.3.1 7|9 A}

19601 %= o]l Al (telegraph) ¥ A 3Hy 22 HE 4ol At o] &

EQAEL I GAd 14 AEE Bl Hgett) oA F AR} Alo]o
AZdo] AAE Fof 153} v A A (telegraphy) B &4 (telephony)©] nskE
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l =
Q12 (Leonard Kleinrock)oll 93] S &x AT &2 A7]9], #I=(Rand)
T242¢] ¥ (Paul Baran) ¥} 4= = HE2]A49] dlo]B]2(Donald Davies) & =i

A-maw] ti R A =R FESRA,

ARPANET. 1960 ) SRkl A 7852 Wd A5

o AxGAE A= o0& AFEHe e s & sideh 7 =34 (DOD,

Department of Defense)®] ARPA(Advanced Research Project Agency)© 719

o] H&% Folal, T AUt o] FolAA] FeF AT HES TRY T U
2

% 3] gleto] AFEE A2 QAsHE WS ATeks i $US 2

HES Y 299 49

19673 ACM(Association for Computing Machinery) = o4 ARPA= 5+
ElE 143 28 U E <] ARPANET® tjgh ofolt]o] & A¢tslalt). o] o}o
to]= 72} 32E FAFEHWEA] 22 A Z2H A7) old)E IMP(Interface Message
Processor) et 54 75rE ol st Aol 18 v IMPES A& A48t
Th ZF IMP= 12 % S AERT ofyeh T2 IMPoF B4 == 8= 715 S 7t
Ao AAT

19691l ARPANET> IMPE &3} 47]¢] =91 LA 9= Ao}l 5
HONSH(UCLA) 2} Atepubete] Q)= Z8e] o} S sh(UCSB), ARlE =l
(SRD), 18] 3L frEFd 8 (University of Utah)& 43t WESIAE 4313t

NCP(Network Control Protocol)ZtE AZE9o]7} T AEE 71 BA1L A&3%

d
o
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o},

6.1.3.2 AU &A

197230 ARPANET &2 499l W1 A Z(Vint Cerf) 2} ¥ 2H(Bob Kahn)<
YEYI A5dd T2 A E (Internetting Project)ol] Y& 3}al AATE o] 5& ojwd
HEH T gl BE S2EV 2 UEYAY e S2EER 3218 A%

= 317] fleiM Mz vE ESAE ddstaa s, o= vt 9zl A

olst QlElso) . el wm kR A% SEBW ok AR ThE N 8T 5
Adelok & Be FARE] ATk Aol e ahte] VES AN T U=
AR ANE A S Sesle] VL s Aol ) (gateway) e )

TCP/IP. 1973 M3z} 2k =iol M FE-th-F& 7 AE< A 22Ees
= AQtakAtt. o] 212 NCPo] A 2 B o|Qdt}. o] w=w-oll= TCP 74&3}, o]
Edo] 7%, delH 23 & Jidol 23E AT 7 X124l ofolr]of=
T AR dFE IMPIA S2E=m H7]= Zolqth o]k ARPA Q1Y
ARPANET®] thgt 2 2do] DCA(Defense Communication Agency)= Hoj7l o] %
FH F8 B2 o] HATH

1977 10€0l 371 M2 b2 UEYA(ARPANET, % &2, 97 $14)
2 7AE dEYlo] AeH oz AAEIT. o]ujF-E HEH A 1t FAlo] 7hsst
A FHAJASk aga, FAAES TCPE 279 ZREF TCP(Transmission
Control Protocol) ¢} IP(Internet Protocol) 2 YU-r7|2 A3 th TCP= A1
E AZEH o7 HE T &2 A9 e 7wl digk oS 2aL, P ol

E
B3 9992 A surk oluie UEND 3 9d ZzEIe
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TCP/IPE LA A = A,
1981l DARPA 7 ofell uteha] UC ¥ 2¢] viehe TCP/IPE E3HA1717] 4l
A fdz £IAAE SRR B AR AHgsHE A VEAD
A IES O ek 1717 ok Al HRieh MEe R
gl B B)e BE AZGA A 71 A %

PN
198349 #AAEL Yol ARPANET Z2EZS # X893, TCP/IP7}
ARPANETO] tfgh 2149l 2 & Fo] Ht} & HEY AN = AFEH
H&e17] A5ke] A YS ARG AR W= A] TCP/IPE A @A) A oF a9t

MILNET. 19831d¢] ARPANETS ¥AF8S 913+ MILNET (Military Network) 3}
wARE-o] o ARPANETO|#h= 27¢] HEH AR ol

CSNET. SIEHH Atellr & she] o] 19814 w83k CSNETo|t
CSNET (Computer Science Network)< NSF(National Science Foundation)®l ¢
A ALE MESARA UEHT F2lol #H4lo] UATE DARPAC] 5384 ¢
obx ARPANETO <3k = gli= tisheel oaiA Altsdvk. CSNET M|l
AR NEAAAA oo J=art A glal As =7 =3k

1980 th FHkoj ol MAstar) e vlar thEE-S CSNET &3] A
th 1 ] o] AAe IAER AA A UEYAE FASE L, A A

S §8 TCP/IPE AH&-38F3ith 218 Yl (Internet) o] gk §o]= AH X
YEYFZ AZFEY o) o]lAl= TCP/IP T2 EFS Al835lo] 45 EYIE
o] n]ghe},
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NSFNET. CSNET¢] A&l gdo] 198611 NSFi= NSFNETS A&} =],
= u) e AAlE 5719 779 HAFEE 1.544 Mbps B4 £5 8 7k
2 AAs= Wi (backbone) 0.2 o Ao gk A4S AlFskATt 1990
ARPANETS #2140 2 glojx]al NSFNETLo. 2 thAl = At 199519 NSFNET
< A =EE AFE UEYAZ viAAT

rlr
—
—
ro,
o

ANSNET. 1991l "= A5= NSENETo| el EgjF o] 543 S71E A
92 F v A 3789 FARS] IBM, Merit Z28]al MCIAME
ANSNET (Advanced Networks and Services Network) ©]&h= Al 2% 314 QITEY
WS- F53517] 9138 ANS(Advanced Network & Service)ghi= Hlge] 713
dote] 53 Fatg Hebsiglt

1F

6.

=

3.3 259 AEH
e 8= 7N E(infrastructure) & A28 &-859] W& 434S 5430
ATk 5o e A A A M AS AEsks 7HE YE Folt)h gyl

2 ol el WE A v ARe $85 Wt

L

4= gfol= 4. 1990 d el Y= ofo]= Y(WWW, World Wide Web) o] b
S EA B o8 A= WEE 7HA S 2 A i AE ] At (CERN)
o 2= ¥ 122 (Tim Berners—Lee)oll 23 7= 3ich o] oz eyl

FAAR] S8l deAAl = A

HEJ "o, Voice over I[P(telephony), Video over IP(Skype), View
sharing(YouTube), ~12] 3L Television over IP(PPLive) o} 22 HE|n|T]o] $-8-2]
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Y
rl

HAES AFEAe] 8} ZF AL gA}E o] Y ENAES AFESh= AR SV A
g5 -t -5 & dle—d-tls(peer—to—peer) WESHT E3t 22 FAdE

6.14 ZT2EEZI} FF
o] AollA= Y AMEEE F 7HA €09l ZREFI wFd da] dopirt
AUl gk =ojellA 8= T TREFY XF
S & Uk o] delA TREFI 33, 1Ea #e 2 WS gL
AES f8 aistg AR, 2] (rule) I FARE o2 AlEHE ZEREF
o3

(protoco)& Aelgtt}, 1 ol Fojel F2Ql xF(standard) el

d

il

o
r o
ofo
ki
rr
r
L)
(2
2l
ofrt

6.1.4.1 Z=EF

AFE dEGINN FAL A2 e Azdel Qi A (entity) 1k o] o]
A e AE SAAAY FAEE V15 e 244 FAold,
a2t 3§ T2, B A 9714, BekA (browser), HoleHo] 2 3]

Al Z2ES B T okl AAE E

>4
i)
o
o8]
=
N
L
D)
o
F_EL
[ i:l
[
£
2
ofrt
©
hoed
)

Setal = =4 AAE W dE=s HFH, AW, wsh], g9 Tl

= 7 U= AL ofHth F4lE 8] A MAES ZREFC olafoF gkt
ZREZE FAS Aot AR Jyelth ZREFES FolE, o9, AA
S8 AR S AHeof 3t} TREF FQ QA4AE Y v Z1g]al Elo]
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Wolth(1¥ 1.10 FX).

Falg? - (syntax)
I=2EEH o= A7 olu](semantics)
A2 Eto| R (timing)

38 110 Z2EZQ F2 24

@® 7 (syntax). T2 ‘FSS(what)'ol] sfdsl= A2 - 240+ HolH
TxY 32, FEsh A7) 58 XEste] dHolE7F ofdl AR EdE =T
7H33k o8 59, ojul T2 EZ A dolE Y *& SH|EE

AR Fk, B oA SHEE FAR 2AS o)t tAE AAE 9

@ °|v|(semantics). &JV]= ‘G A (How) ol sdsh= 2oz Holee 54 JH
£ ofgl siMstar, 1 sl el o TS A AR 5 AE Alo] *
7 AYE A% Alo] AH TS XA o F 59, Fhe AT A= =
= HAAY] HE SHAE AR

@ thol9(timing). Bte]l 2 "AA(when) ol Gtz 4= A HolHE A%

ok & ARA7FeL drbut whE Shw HET AARIFe; A2 8-S e
= 5, 2271 100 Mbpse] £E =2 tlo|HE dAEsks o nla] A=
2] 1 Mbps®]| $E2 Aggetd FAA7E 2438 # gles ez doErt

1
wo] e delHE doin A 2 Aol

>~1
o}-}
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|7-¢1 ISOC M= EF(standard) o] gt ‘AF3] o]e] S35 HA 0=

W7l A A3 FEA ARoly olal] dAAY] FHEy BE oA, divo

S2lof o]l A 2P ¥ 714 4 A (technical specification) B+ 1 29| A =2A

=7k A B A ddel A JdAE Al o el Aol et st
o]

A ok L5 o] i elal FAAR A = Al Al 3

H
>
FH
M
bt
N

A, W, AR, 1] A2 A FANA 35 ABAS nAsHe A

il T3k Aot} whebA o]k FFel FaljA el AlEES B A
A

i
N
)
1
b
iu
il
>
)
ki
iu
i
4z
N
N

Y
r o
o
=)
e
o,
>

fru
oft
10
o,
N
N
olf
st
RE
2

o
o

T3k Festal a84¢ S4Als fAe oY 7 srsteElor & 8<lo] ©Y|
o] IE S == el of g 7kA] A o] dasit). webA dHolE F4lds
Ok o] EAls, ojgf ek EES Ul B oA "oy B d7]EAl 7]l
Be Asde B s HaA etk

o8 EAl 52 A (De facto, by factghe 2v]) 3 WE(De jure, by

lawzhs on)EEez FRACIY 111 42). WE 5ee 344 492

ro
o
2
rlo
g
i‘—l‘z
ot
rlo
N
<)
2,
X
X
o
il
=]
MN
o,
£

~
>,
L
=]
MN
rlo
r
Ho
il
o
o
=
rlo
nv
i‘—l‘z

T AAFIY A7 Ve RSk AlxGAdd s rbEolxith

A B A 7 SR E UE 5 e, ol 53] (proprietary) <&
¥} ¥ 53] (non—proprietary) Eolth 58 72 A 2p7] AFe] 712 A&
Bl 71ao] kg Aot Aebgh AL Ao w AE Akl 7] Wi
of 58 ot ghrt ol d S A (closed) FEFoletal sh=t], o]=

U2 3Abe] AR 38ke] HA] &7 wEolt. HISE %
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=2 g Aot} YA3|oA Maste] &7 9 (public domain)oll 3713

Fom, M2 vhEAsYte] FAL AYHEE A open) EFO|HIE ¢

=5

kY

b
FIN

I =
HE g2 ] ’ AL BE ’

(De facto, by fact)

|
I |
E5 2% HIE3] 3F
(Proprietary) (non-Proprietary)

6.1.4.3 =3} 7|7+
o] oM dHlolE Al 2 YEYIS AHEE B A= T3 79k oA

= A sAd e 253 Asks 7 259hs A EW vt g

A EF3} 7). A ¥+38F 7](1S0, Organization for Standardization)
1946 10490l 259 9] FAZFEA dHxAEe] FAe 9 3|ooA =9 4
W 19470 FAHAT A A AA Aol BF A A d3]olA HEE 9
AER TAE o=t V)i, "AAA A mE FoE A% 99

Z1toltk, A A AIA 16570512 St RFGAR FAH glon, o5 F A3
A 117 = 23] 4870 =, IBET53] Y Il So] e, 43S S, +

AN, AW B M ARkE A mAe AFgoRA HAZE AET A

2 9% A3 BES s Yok 53, 4w /1% wokel YoiAe
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ISO/IEC JTC 1(International Organization for Standardization/International
Electrotechnical Commission Joint Technical Commission 1)o|A] #&H ¥ 2=

5 FdstaL vt o] AeA = IS0 AR 7] Fofe] o] 5= ¥l ol
w1, 1S09] :=9e] A3z vESHA e /Y AA8 A5 72 (0SI, Open
Systems Interconnection) 2=o] RF=o] A th(#H2: www.iso.ch). $-2uhebE= 1963

EEEREEROE DI )

A AZ|FA A A4 A7]%A AITU, International Telecommunication
Union, =4 A7]&Al A3)2 19470 UN Abshr|#o = s o] 1953W5H
199374 += CCITT (Consultative Committee for International Telegraphy and
Telephony)2hi= o] 522 ®E3 Z5S distth. CCITT= 7] T4l ik 2 A
shof HlolE FAl A8 F Aol Akt 1993l A H7] FAl

[‘_&

St—d7] B4 % 99(TU-T, Telecommunication Standard Sector) &.& o] &S
AT 20119 19 @A 19270 3] d=o] ot glow, -2vbel= 19529
ITU 7FSi kAT

[TU= 371 9] =93 A [ (Radiocommunication(ITU-R),
Standardization(ITU=T), Development(ITU-D)]Z A% %3t &5S shal
Utt o] T ITU-T+= A3t AF, A3} wsgh, A5y Fol 33k oy £5& 4
askal ok adwith F31E JRH ] ALy S Wbstar =], 1w
oy EA S = Eeste] A Aol w3 ARE 4 5 3l

ITU-T % < dlolg 5417 #HE Ao g= HIAS o]83 tolE A4S

%
kY
)
_91

rir

T8 V A#]2(V.32, V.33, V.42 )¢ 5 UAEES T3 AE5S 4% X
Al] 2(X.25, X.400, X.500 &), AA} @2} ¢ EL] AH]2(directory service),
oA gAY @& 4% gxd F3 AH SAE(ISDN, Integrated Services
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Digital Network), ISDN< &3t Fe ISDN o] At}

v g BFY. vw FH ETY(ANSL American National Standards

MRl 2 1S09] W= thEehA| o]t}
ANSI9| B g2 vl Bl vl ARl 52| 53S Al st ANSI=
W= o] 78] w7 24 7l RA 9T ok, yolrt v=re] AAl SX

Weto 7 258 AYskaL, o] of9d Folste] Hod AS 7o HEE W

ANSI®] 79 A 83, A4 93], w2 oAl 71, 2HA 9A S
grahal gltt. ANSI= ITU-Toll Al E AZEsHH, 1SONA vl=& thitsh=
18 717 DAl Fa qt4 A7)l AARE 4 T vs AA T4
7P = Aol ANSIE] FAMS S F-o = ANSI 502 A gskal 9l

gEA FFo®2E ASCIH(American Standard Code for Information

it

o}

S
M

Oft
il

K
0

2

Interchange) 7} )

A7) A=} F8AF @3], IEEE(Institute of Electrical and Electronics Engineers)+=
19840l A% v A7]8k3] (AIEE, American Institute of Electrical Engineers)
¢} 19120 A H¥ F-A38+3](IRE, Institute of Radio Engineers)”} 1963l &
A BAH A o7 FHste] e v Hoje] g3 = A ml=itnt ofujet A
AA Zb=o] s AErlsAe= A" AA Hd R A7), AAp A7

2

EAl AFE Foko] AE st sks|olt}, A2l FREA IEEEE A7) &8
Azp 8k B Fet AFE s 2 Fate] Ak By Fofo] sk S Aol
AE ZA A1E Bx= st 9u}). IEEE A8 2319 sl AFE ) B9
TA F5S NEstal AHss RS 7AASHE Aol IEEREo+= <A 549
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(LAN, Local Area Network) 5 $193]7} 9lom, $13]oA T 802 = 4)
E(Z 802.15F 802.177+4)7} 9t} IEEE %S ANSI/IEEE ¥3=0] i1, o=
Oy R ISO ¥5F 5 A4 o= Auyr| = 3t}

vl A2 Ak @3], ANSISF @A dAF 4k @3] (EIA, Electronic Industries
Association) = "= HA7]7] AXFAE dists GA|ZA 192439
RMA (Radio Manufacture Association) &% A= o] 1957del] EIAZ 713 & o]
AZ717] B Als Sx1817] 98] A e v ge] 7]Ho|th EIAE= o 2] #ofd
#Fsbe) st B e AVskal e, AR FA okl A= oy EAl
o] HEAQl A4 AH o]~} AE AA FEES FAsE 5o T8 A 3|
stk 53], | ef BAlzke] QIE o] =g f g RS-232-C Fo] st
RS—232—C+= @A) ANSI/EIA 232—-D= 7R A& A a1, o]l %= EIA—449, EIA—530
o] AUk

= =29¢ EF V&g, v =9 2F 7)Y NIST, National Institute
Standards and Technology): W=t AHF-Holl A 19010 FAH vj=k 7|0
ZA] A ok KRS Frslelal ate] A& At WHeE 54 3 35

R Vs ko] )=o) HAld A S S8k Ae HRE skl vk

o7|1AE wdHA R st AHlo] tis] FIPS(Federal Information
Processing Standards)@h= AH A 8] TS wkstar gt oy ds ¥F0

2 7p de AFE-E Al 9l= DES(Data Encryption Standard) %= o714 A7 ¥ &
& 7ol

A8 3} A F3t AFEE. A 3] (Internet Society)<} S1E Yl 2
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7139 (Internet Engineering Task Force)9] & 5= AEHY T2 A3 s}
= A7) Aol Yl g3z TCP/IP ZREZS /A= AS 3t
AR EAlES HFA R vEY. 53], [ETFw Y sfaqks AAshs 7
AA32A oA JHe] FH(area) &= T, ZF GG 3 H o] 4 9
ol olal] ¥ Ark ZF Y2 o 7he] Adwt(working group) &&= T
= B Axtel] ek gojrt o] Folxit) IETF= v 33]¢]
3 JAEHl B Vs ok, ARk o R HA-AS Sote] oA

& @A) S we gHe A g,

rlot
)
¥
fuil])
o,
o,
4
N
o
fru
==
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6.1.4.4 AEY FF
QIH Yl F=(Internet Standard)-2 JAE Y o] 83l 2 sl= AltEol 938 ¢
Agk AlFdS AXHA AFSE = Aot o] AL HHEA] A Aok sk Foke 2k

ool A2 JAHY 35 AdHol wet S A dA)F vk o]= <)
ElYl Z9F(Internet Draft) .2 A]ZFE T} QTE|Yl ZoFS F A A o] o}l Ae]jolA 6

4
M Ao RIS 2t 2] EA ot 1B 3 e R Y e A

s
=

otof] wheba] =<2HS RFC(Request For Comment)® 2H7+%

RFCE Fa7]3t 52t 6719 &4 A (maturity levels)E AX Al H 4], o=

ARb FFE, EUEE HE, JHY EFE, V)F 9, A 9, AR AE Fo 8

’

-
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@ A¢t T+, At 3EF(proposed standard) S SIEY FEAE Esle] e ¥
I FE% =985 AR A E fFolt) o] AN FAL oy a5l
o] AlgS AHA FdHAL)

@ U TE XF Ao 52 Holk 2W 9] 51Xl a3y AT 84 0] o] F
ojxjoput BT E F=(draft standard) AEHIE Fol7lth EY I E T35 WA
oA FA|H o] LAshH F=AHo] w1, FEAHo] glow TAKo R QHY %

Fo= Jojzit,
® Hy nFE SzE gEA Tl &

N

134 ol oW QAHW EF

.

(internet standard)o] ® T}

® 7= ¢ 7= @A (historic) RFCE SA} A Q% ouE Zh=t)
o] RFCe= #& 4l oaf A= AAY, e FFo] ¥7] s gt
AL FHetA gk slojt

@ 23 Tl 23 @Al (experimental) 2 H5-H RFCol&= QQEY &Goll= J 3
= TA @ AFEAQ Ay AEE 2 S yEbdn o] g3 RFC= IE Y
AMH| 2 7502 FEEA S T

@ 5 AF. AKX AF(informational) &2 F-F5 = RFCE g3

WA o] WA GALASl FELY Ausk Bol ik ol A G4 91E

)
r o
)
=2

T,

e
oo
Nops

i

o] obd AZ=JA AL el AT,
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A9 A SRR Ak = An A

ofd

l —
|
|
¥ v
7)% oA

T8 112 RFC 2ty THA|

[T v
RFCE 5709 & 4~F(requirement levels), = 87, Hi, A& AR A3} v
diz e
@ o B QUM A|=Ho A HAghe] Aol ¥ 27 (required) RFC
7} fth o & E9 P9} ICMPO] 87 ZREFEo|th
. A3l(recommended) w2 RFC= HAghe] Aol 8457 om,

al
G84o] 947] wiEo] Ay Holtl oS = FTP¢ TELNETe] @i ==&

tr

v
o T ¢ my
>
[~
i)
2
do
19
et

[

2
)
=

.28 (elective) 559 RFCE @754 97 ATHAE & Aol =1
Btols AR 5 Sl

Agk AHg AlgH(limited use) 79 RFCE Al A3 Avk Agd
C E-Eo] A9l RFCY)Y o] EHoll &3k},

AL, v 3L(not recommended) 532

R
Aoltl, BHE 7]= RFC7} o] &7l &3},

o
>
>

%0,
)
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6.1.4.5 A #z
Z7] AT FFoA T2 o] &Y AU TS AT FPH <l wolo

FEH A e AL AV A AR Bag Fa S 2P
=

ISOC. ISOC(Internet Society)+= 19920l =122l vl 2 Qe = A
AL A7) Y A=A o] 5 9lEte] ISOCE IAB, IETF, IRTF, 18]
IANA(TH A Zx)9} 22 @A4de] b gl dAo gt ]9} A US 7
8kar v I1SOCE B #ele sheA]l a3 A7-E wdatal gl

=1

IAB. IAB(Internet Architecture Board)= ISOCE 9J3F 7|&4 <l
[AB] 528 %22 TCP/IP Z2EF 159 A|&4Q1 /S 3t

A AFLlAl 71EAQ £AS AlFE=s Slolt) o]
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IETF (Internet Engineering Task Force)®} IRTF(Internet Research Task Force)z}
A& Boto] o]Y e A& i) [ABY] E v 932 RECel| dlgk A
goltl, T3 [ABE YUY b2 ¥F 7| 9 27 Apolo] o)Al HE
el

l
EN

N,
e}

o
L

=

IETF. IETF(Internet Engineering Task Force)™= IESG(Internet Engineering
Steering Group)oll &3l &&= 249 59 EHo|th [ETFE 972 LAH
= Hotatar, ol2fgh EAIFol et jAAS Aot AYdS L v I
IETF< IEY 53 22 AgS #4e /st AR 2 2152 99
(area) = UrolA olaL, 24 G4 58 FAE 2obA Addn. dAA= 7719
B LrolA =, 24 992

Ut (general), ¢1E/Yl(internet), %% (routing), 33} 2] (operations and

rlo

FO

<S89} 2 A 7F(application and real—time),
management), % (transport), H.SH(security)©] T}

IRTF. IRTF(Internet Research Task Force) IRSG(Internet Research Steering
Group)oll 9&iA BEs= 2 252 £dolt). IRTFE QY T2EZy} &

8, & /%3 BA8 P ATFAS FAAE 9Fa 9

6.2 VESL3 »d
o] AolAlE HA el YE T 2 o 3 /d ) EH3 TCP/IP T2

EFE OES AEy F 7kx 2del TCP/IP Z2EE 1837 OS] ZHe A
H Y EYA 9 77743517 A&l 7dsiaint. dubdl =491 F Bello] A A&

{o

st L2 e AlSst tisfA Ay EY. 2W oS TCP/IP X2 EF 15 tis)
ATHo7 AvEd g OS] 22 TCP/IP L2 &3 153 vuE ¢ 7t
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6.2.1 T2EZ] A%
YEYA oA TR EZE S} 2417 18]al BE S7F XS] i o

2 5] flste] upetof sh= gt elgtar o) sgi). Bale] ke Wi o

X R2EFol dost A¢-HeH, e L2 EF A5 3 (protocol layering) & A= t}
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6.2.1.1 AlYE L
TREZ AFIE dastths AS t & oldst] flated F 7hA 7hddk Al
Ul g A EAL
A AR Ay
A AA A el AL g AT dojd 5 9= 1hdgk Aolth np
2loH(Maria) ¢t (Ann)> M2 FF4A AZHE 717 o] oltt. whejeolel ol 7o)
AL 19 11400 yepd AA " H-t)—H (face—to—face) .=
ojdtt). o] kel AU el A E wEtof sH TFE o] ASS B 4 Utk 3
A, wielote} Ao A2 whd wf QIAbsok stk S dar Sl
AT bl ALg-shE dolE AldsloF et As & Ak Al ¥
o] wek w Apale] ek AL AASoF Sh=

2% sl glek ol WAl 2 GARRE AR gbe] dis Suje] ofuel dishAlol
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Az | e s | A%

A Air )

J8 114 Y AZ =2ES

92t mjofe} ol Afolel] ALgE EETo] Zol el mieh S Alo]
A Hags A4S % 5 Y Aol delA FAL Ae) mule] sz
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o
N,
O
ol
=
o
)
N
u

F WA Aye

A A ol A, B Akl A 1 2 A AS B Hof, nhgfolREE
el "olxl m=Ale] AR H7A |tk 7pgskat 7 A ase] HAdS
) AHEA AP S A EFSE] Q1% AR ZRAES 3] 9l AlSa Hm
SAlBEAL ofoltjol & eV = Puh. 252 AT S B3 BAE o]&sto]
st& A&7 2 ARk AR 152 AATL Tkl bR A o] thE Abgtol
159 ofoltolE kgt @75 ATt 15 /S sk encrypt/decrypt) 7]

=o ARSI = FYsith TA Y AR Tl PAE 7R Abgo] HA]
o] W8S olsishA oS A W&S dosieitt AR o] A Ao W
&5 271 fal Hastenh of/East Wl disiA s w2 vhelokel o] AL

&k 7IW2 F23lel7] A% 7l(key) 7t 1= A5 H28kel7] ol Hrhar gl
th oAl -2l whElobe} b Abole] FAIE 19 1.159F 7o) Al ATl Ay g
thar e = dvh B3 mpejobe ZF AlTellA Ads Aefstr] f1g 7 (s
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2X)E X3 Yuia 7 s

phelob7k A HA FAE AolAl dEekar 7Pgskak vhelobs vk 1 9] of
715 3L e QoA h7lsk= AR " Al WA ATl Z1ANAl oh71E et L
Al WA A=e] 7 A vlelolr) sl we =1 F WA A9 A A A RuE
i (dolz 2 e wA) S A = A A

il

|Z=2] 71A= 1 H¥(plaintext) &

o} Srastate], 31 MA A5 1A A B oS (ciphertext) & RHEth 25
o2 F5HE A UA AT 7Ae dEES wol, 55 Hol Haxte} 241
Al FA4E Frkste] HAE Hud.

Aol gl FolAl, 3 WAl AFe) AL Aol BAGeNA] BAZ AU, $A
FaEPE vielolrl Bl #A9S A Ak 7AE BRI GRS Ave]
.‘_:r':

A Ao ZANAl ALt F A AT VAl HAIAE H 35 state]
s I, I TS Al WA AT JAlAl At Al fiA AF e 7
A BEE wol x| npg]elrt @t AAF o=t

vtelo} 2 |

A%3| o) E7Ire | A3
2 s U A e B

A% 2 B st drEsst AS 2
% S Gl DA

A% 1| S Bl o mrl) | A%
o —2M | e

ERER S A

TeEE s 24e 49 o o] A4n ved Ao Uk & 9
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A Az} 8 So] a8 2.204, 3709 7|A7} &= 98 BnE @ 4 9= §)
o] 7)1 AMHS o] 88 =% 9t} kA EF wkek mpg]ole}l aho] 1 7)Ao <]l A]

IAE Mz vE ARt A & 5 vk F 71A7F 22 Fiel s 22 ¢
Tue HEAL, e el 22 BES et O 7 AE2 AR

2D AZte 33 F shbs sk Aus F@0) oe Fe@ 5 o)
s Frhz Holth ol 3 AFE oh9l AFOoRRE AHl2E ol 49 A
o7 Aulsg ATk Bk S 1 AFo] ol@s] FAL A talAE A
4 % Bast gk ol F Sol, vhelobz 3 WAl A AAGEE Z1)E A

Y 22Esh 1 de @ % ek vhelobt A AFelA
PPFoE ATHE 4L 22 AT 5 b, FA A2ge gyHos

1o

Aol zrEZ AFstel] el =2 wf ey T2ex ATste &

B2 AFEE A§5A St 27be] F3b A28E B0 A sURFo L} 1
oAl wsoloF & Rolx, o) WAl AsEl ¥§e F7AA Aolrh
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6.2.2 TCP/IP ZE2EEZF :l%

T A AU QoA TR ES AFsY] g Als 31 =gl Sl o
& &A Fof, TCP/IP(Transmission Control Protocol/Internet Protocol) & A] &gk
= ATk TCP/IPE= dAe] B UM AbEshs Z2EE (o8 AlSodA =

Ad ZREZ HIolth A2 e A4Eshs RER ool A LEES
T+

AS TREZL 1) o)de] 39 AF ZREZZEE Algse HHas (a9
Euh= ool A TCP/IP ZREEZE 152 sl=gojo] AXg 4749 AZE
glol AS o2 Aot ARt dA] TCP/IP+= 545 RE=E HHth 19
1.16%= o] -+ 7HA FHE HolFEh
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58 S8 A% 5

% A% A% 4

eyl ECE A% 3

FECEREERPS EEEEE! A% 2
SCEEEE b. o oA ALgSHE A%

72l 116 TCP/IP ZIZEE 189 AZE

6.2.2.1 AF T&x

TCP/IP Z2EF 1§79 ASEC] oJ9A 7 TAE 7he] S4ld #A= =
A BolF7) 98 A% wer])E 2= 3709 LAN(HA) o7 o] Fojx %
B US AREStha g st Bk o] 35S T1F 117 YER ZA T S
2-E el AAE drka 7Hg g

7

A A AHSFE Bo SA1S vkar 7P skak a-el A Bitol, o] A2 5
Mol Al FA, & WA ZAEGSFE A), ¥4 19 A5 w29, ¥
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7] (A) 7] (B)

Application Application
Transport }-$-E Transport
Network 317 Network 23 Network

Data link Data link Data link Data link Data link Data link
Physical Physical Physical Physical Physical Physical

A= Al ol WA B By TREZ
wolth dE 501, 29 117414 g8 3709 Fast d4as o] A
AR Aol B4 7] BR AdEE wAAE 2709 gt ddtso] vt 74 &
= AR UOE a5y BYE TREIS AR 5 o g9 EHE 3 22 E
& 7IWke] YA 125E SjZlE wobA, vhE TREZ S ANt WA 2
A S Asfof gt
AR HA e a5 wEv|E & 2 AS doly a3y 2857
HAAt ofgo] 9ol gl 2 w3 279 AR tE A4S ZEARE o] ¢
AES 22 P bollA shte] ZREF Q3 ARt /a5 wib)e g
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ok Wl 0 suel dold YAE shte] BelEu BT 22 o)
Fey.

6.2.2.2 TCP/IP Z2EZ OF9 AZ

Zt AlZol A il tf Z olsfstr] AA, AT 1k =l A oiE
A Azrsfof stk 17 1,18 gk A Hlel A =g F el 914
th =g AQl dAE ARt A 87 24 AT ATl giE] AAshe As
A stk 1HolA HoFRe] 8%, AT, UEHAT AdFE Tv-—d-
T (end—to—end)o|th. AWt HolE HASTH =T dF= F-d-F
(hop—to—hop)e]H], &I714 &L S AE ®i= g$E S watt), tha] wa|A], A
9 A AT AFE e d9e dHYlela, 1 ok 7 AT AF-E 2te o
o2 ®gAoltt

= Al A dal AAzhs) ®o] 9% vhE e 4 Al wEeAE
dlo]E] wejo] il Azts] ®i= Ro|th A9 Al AlZelAlE dlolE T (3])
7b BEY 23S wdhrlel of&l] WskA] gFotef st 1 ot 7 AT E &
2~Eo| o AAE wjFle] HAT w77} ofd @A k- ARt wgit),
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47|
JAE

Application D-_________________‘__j
Transportlj» ____________________

Network D— _________________

237
SAE

L S s = S SR »D Application

__________________ >D Transport
E ________________ »D Network

Data link D— —————— E——————»DD- —————— E—————»D Data link
ot B~~~ R~~~ -~ -~ P

FEE] et FEE]
LAN oy LAN
p # \‘,’ -
@ = =
AR EER DER) =27
FAE ¢33 SAE
a8 118 TCP/IP Z2EE IE AS 7249 =[xl HE
O 1197 Z2EZ ASstel giE) ol =t T WA 43S HojET)
7} FA| 9] 7t A okl = TU3 AA (objects) ES HolFETh H|E YES T
oA =E Al AAo] F TAE Ato]df| o] FoX ARk, -7} o] Aol A wE
FJdE 93 3 A E F F Abold w3 A7 A3t Aotk
\ @
28 ke
A% ] A%
NIEDE] ] vi=g=
ERERE! 1 EREEE!
=2 A=) ? =
ksl BOE|E Y EY T2 0 21 sh(fragmentation) & %
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6.2.2.3 ZF Aol dig A=
=84 B2 VIS olaldivtd 7 AlSe] A& tis) HeEfEtA =9

7F = Aot o] Aol Zb ATl thal kst

g5 22 2] A HESS T HAam A He] vk v

-~
30,
)
=
Jfu
il
Ach
o]Nr
S

CP/IP T2 EZ IFdA 71 ¥+ AFo|7l kA gk

A AE wAZE 225 ofdoll A7) wfZol &S ellA
T A Abole] FAIE s =el ]l FAlolth F AR AF wA (Aol E &
of ofa AdH Tt 71 AF AL nES AEshs Aol oy 7]
= Fe AT E ASdrs A dolok . Holy ¥AasomiE w2 2y

o] HEESS Hghs o] HF mjAlE Fall dEEH A,
olg] 7HA] ZREFo| AT

dlole] ¥aF. AS7HA AEIHle] gh-E 5o o8 A4 o] /e FA(LANE
I WANS)Z 5o v AS AHE T do]H 19 (datagram)©] T ~E
ZHE E47HA Agd F dE FHEE oY N B3 gl AT 5 e
o, BEES H4 HaE A9 Ao Aot 1y I A5 v B3
7} 2-Eell o8] AAEH doly P35S dlolE s wol sl A= A%
g o] Jut. 1 FAE HAS wIUIE 7R F4 LAN, ¥4 LAN, #4

WAN, == F4 WANo] & 4= v} T3k 53 f-3vit) A= g8 T2 5SS

0

O
O
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TCP/IP= Yol HAZTS 8 oWl 54 T2EZS HoJsiA= &e=t)
<

TCP/IP+= EE v Ads 22 EZS A Yt} dojg s v F 31
IR FAE B8 LGS F duhd ojd T2 el YEYATS HsiME
SEslth dloly €A% oy 1S wrobA] el (frame)ol 2k HFl oz
318t 2t a5 TREZS 247 AR B AHAE A5 FE 9 o'
HAT TEREFS A9 O F A ZAS AFsaL, E o TREZL 03
5 RS AFs)

HEYAZF WEHASTS WX AFEH} 542 AFH Alole] A4E& A
2k MelS JHATE YEY IS BEA1S T AE-|-5 A~ E (host—to—host)©] T}

T A 2 247k o $17] W ol 7ol

iy
k)
o
a
N
i
2
ek
r

AN HEYAZTE T2 T2EZZA YEAZA dole1siolgl:
7o) AL Aol ¢lE Yl L2 EZ(IP, Internet Protocol)& E3H3It} [P+
L3k o] AlFAA AEEE FTAY TR FAS HoJdr). [P Eg

AAZFE SHAMA 2R (A 2A7) S Aol glo, o= s FEol 3=

[e)
A

&,

e

rr
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t}2 2k$-Eol dlo]H 1S A9 (forwarding) e ZF 2H9-E ol ol&f =3 ¥t}
P 35 Ao, &7 Ao, =3 Ao AH|=E AFsHA| EE HAZAF

(connectionless) X2 E Zo|t}, o]Ao

1o
=)
ol
rir
P
rlo
ol
i
lo,
olo
ofo
o
o
i
>,
=
b

& dew v I $82 o4 HET TREZFS T3 SR gtk Ao
th U EYITZSL w3l A —f—< (unicast, one—to—one) ¥} & —t—tH(multicast,
one—to—many) 2H¢-¥ ZREZFS FIFIT H|F gh9Y TR EZo] ghe-gl 3

T
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=
rlr
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rlo
o
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o=
)
o
o
[kl
il
Hﬂ
ik
rlo
=
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Y

oo,
o,
£
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o

o

(&
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=

>,

ﬂl

HEY AT T3 1P AEy) 298 Ade =ob5e BE T2EZS 7ML
Atk QIE Y Ao WA A Z 2 EZ(ICMP, Internet Control Message Protocol)&
IP7} siZls 2988 w A & e 2E EAEs Bistes =9t} <y
Ul 15 3] 22 EZ(IGMP, Internet Group Management Protocol)< IP7} 4
E]7 =" (multicasting) & TR e =o}F= & & TREZO|H. 54 T2E
A7 X 2 &3 (DHCP, Dynamic Host Configuration Protocol)< IP7} & ~EE
A HEALS F2E 52 5 M sErh T4 Ws Z2EI(ARP,
Address Resolution Protocol) [PE =9} WEYASF F47F ToI8S u 312E

U goEe] a3 Fa2 Polrt ZrETolu)

A%, 15730 w249 A4 B F9-0)-F 0 end—to—end)o] T WA 5
rE0] AEFE $EFORNEH XS Wl A5F Zow PLaE F(hE

(
W E2EY AgFe = Hel AR S Bal Agdch oAl BeM A%
i

Aehs S8omNE AAE BE A RS 544

XR 13 148



i olge] mrEES

S

B2EZS A
ojo} Zo] IE e

hya

A

o]
N
N

r7F

2EFE0] S5,

ol 7)€
I A Utk F2 AREE

-
|

glolel & A5 ol

o

T

9

9l

[e)

RERS

('TCP, Transmission Control Protocol)

A}
S,

o]

X E

A3 (connection—oriented)

3l F TCP Ale]ol A

9

9

o

=

2EZE vlo|EEe] 2EY A%

hya

oJt}. ]

o]

=

)

Fo}, TCP

ksl
pud

2 44

hyA

Aal), 2 JEYIL 3

X2 EF(UDP, User
A2} Hlo]E 13

bkl AbgA ol e 1e)

S

™
L._W

A ¢

2 Ao
H] A A3 (connectionless)

Datagram Protocol)

FEZo|t}, UDPoA 7t AFgA} dlo)E L

hyA

s

<
3

4

S
Tl

KeN
=

&

21 shite] Aol tH(o]

k= Ao Y= 549

ojdolut U HolE 1

o] o]u]

ZH
=

)

L=sit}). UDP

ol o
o u=

Had

-
T

v s, sj3le]

149

Ec
H

XR ¢4



of BaE R AES BT+ gl S8l Age. Qe TrEH
O~

[
o
N
2
R
ofy
I
f
T
i
w
@)
ﬁ
]
%
a

ay

m Control Transport Protocol)< sH77}

B Fokeke PEUelE A% AR $EES A8 AATA

olo
ofo
ofj
q
o
&
K3
=
f
1
Ry
)
N
o,
4
i
\i
>
s
lo,
i
)
a2
ro,
re
iR
rlo
o\
T
fu)
|

(message) S w&3sht}, 2o} $-2]= 2 BAlo] BE ASS 5384 o] Fott
=AM S Gotof gtk

&Y FAL T ZEAZ Aol o] Fofxlrt(e] ATl FAskE 2719 =
2a). F2AE& S8 she] ZEAAE e ZEA2 8 WAIAE dEetal
S WAIR S A8 L2 A2 7 54 (process—to—process communication)-<
&5 golty YUY &2 VY Fod B2 TREZFS ¥§gItE 1

L AHEA S EaECN BASHE @ ol ZRALE BEt Ao] sk

Slo|HEIAE K4 X2 EZF(HTTP, Hypertext Transfer Protocol) 2 €= 2}o]

= Y(WWW, Word Wide Web)ell F&3a17] 918 do|t}. & 99 A =8
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el tigh o] /& HoErh
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[ Message | [Application] apo.g] [Application] [ Message |
[4[ Message ] [ Transport | 8 [ Transport | [4] Message |
[3[4] Message | [ Network J| [3][4][Message] |_ J [3[4[Message]| [ Network | [3]4]Message |
[2[3]4] Message | | Data link I [2]3]4]Message] I::l E] [2[3]4]Message] | [ Data link | [2]3[4] Message |
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6.2.3 OSI &4

QAE o] 3t o]elr| & & wjd TCP/IP ZREZF 150l i) o]opr]aix|qt o]
5ol rdstA Aold ZTREF 5 oty
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oF AFE-2L7) “username” @ “root”E “password’el ¢ or '1' = '1"E YHI}H, sql
< “select * from user where username = 'root' and password = " or '1' ='1
limit 17¢] #t} dld SQL &5 At Sul2 HdH S E dEsH7] Fdalx

E38FaL “username”©] ‘root”Ql FEo] AMElE o] Z1Qlo] Y HT)

public boolean login(String username, String password) {
String sql = "select * from user where username = '"" + username

+ " and password = "' + password + "' limit 1";

Connection conn = null;
PreparedStatement pstmt = null;

ResultSet rs = null;

try {

conn = getConnection();
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pstmt = conn.prepareStatement(sql);

rs = pstmt.executeQuery();

if(rs.next()) {

return true;

}

return false;
} catch (Exception e) {

throw new IllegalStateException(e);
} finally {

close(conn, pstmt, rs);

SQL A FHokd & t}o-3 @o] “PreparedStatement” S AFE-3Fe] of-&-&

ut

b
z

public boolean login(String username, String password) {
String sql = "select password from user where username = ? and

password = ? limit 1";

Connection conn = null;
PreparedStatement pstmt = null;

ResultSet rs = null;
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try {
conn = getConnection();
pstmt = conn.prepareStatement(sql);
pstmt.setString(1, username);
pstmt.setString(2, password);
= pstmt.executeQuery();
if (rs.next()) {
return true;
}
return false;
} catch (Exception e) {
throw new IllegalStateException(e);
} finally {

close(conn, pstmt, rs);
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public boolean login(String username, String password) {

Connection conn = null;
PreparedStatement pstmt = null;

ResultSet rs = null;

try {
conn = getConnection();
pstmt = conn.prepareStatement(sql);
pstmt.setString(1, username);
rs = pstmt.executeQuery();
BCryptPasswordEncoder encoder = new BCryptPasswordEncoder();
if(rs.next() && encoder.matches(password, rs.getString(1))) {
return true;
}
return false;
} catch (Exception e) {
throw new IllegalStateException(e);
} finally {

close(conn, pstmt, rs);

String sql = "select password from user where username = ? limit 1",
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[E7es Exception rapart
(e java.fano.ClassNotFoundException: org.apachejsp.index isp

e The server encountered an internal error that prevented it from fulfiling this request.

ax Hia

org.apache.jaspe asperException: java.lang.ClassNotFoundException: org.apache.jsp.i

org.apa .8exrviec,.JspServie apper.getServiec(FapServieclrapper. java:177)
org.aca r.gexrviec. IspServliecWrapper.sexrvice (JspServletWrapper.java: 369)
org.apa .sexvietc.JspServlet.servicedspFile (JspServlet.java:403)

org.apa serviet.FspServiet.service(JspServiet.java:347)
Jjavax.serviet. http.HttpServiet.service (HttpServiet.java:725)
org.apache.vomcat.websocket . aexrver . WaFilter.doFilter (WaFilver.java:52)

Java.lang.ClassNotFoundException
net . URLClasaLoaders
€.URLClasaloaders

urity.hccessCont

i
s i eged (Native Mechod)
{(Unknown So
.gerviet.JasperlLoader adClass (Jasperloader.j
.g3erviet.Jasgerloader adClass (JasperLoader
serviet . JspServietWrapper.getServliet (JspServietWrapper. java:172)
r.aerviet,.IspServiectWrappe. rvice (IspServietWrapper.java:369)
r.3erviec,.JepServiec.servicedspF. (JezpServiet.java:403)
r.gervliet,Jzsp3erviet.service (JspServiet.java:347T)
let.http.HttpServliet.service tpServiet.java:725)
.tomcat.websocket.server WsF; er.doFilter(WsFilter.java:52)

urce)

[T The full stack trace of the root cause s avalable in the Apache Tomeat/8.0.3 logs.
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