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FEAATE, 200790 YA F-35 AR719] B 90%7F SWoll o3 7|50l A=
At
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MEMORY MANAGEMENT Mobile Security
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A millions lines of code
Age of Empires online
B CESM Cli_mate: Mot_iel

F-22 Raptor fighterjet

Linux Kernel .2.2:0
Jurassic Paf’k_code!!ase
Hubble Space Telescope
?Jm.'eal engin.e 3
Winduws: .?:1

Large H:ldrqn .Co].l.i.d.ejr .

US military drone .
I?‘hoto_slh.cp CS. .G .

Windows NT 3.1

10 millions lines of code

Intuit Qumkbc:oks ..l

Windows NT 4 D
Android

=5t [
e at heart of all Mozilla's sofow

MySGQL
S

Linux 3.1

e | |

Google internet service : 2billion 0|&f

O|0|X] £H : hitp:/fwww.informationisbeautiful.net/visualizations/million-lines-of-code/
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O F71AA AZEo]) 37, AF, HFE7] 5 77 ERHEZ gA=H ==
AnEolet FAAAIL} BHAAIAE AEsle] MERo S4adE = 29
g 4 JEE F=5k= C4l(Command, Control, Communication, Computer
& Intelligence)®} &2 A HEAA S AHEEH= AZEAE ougt

O (ATEJ0] H12) F-35 AE7]9 A< 18,200KSLOC (Thousand Source Lines
of Code). =HjollAl 7idE AR AL-olx 19999 K9 AFE= 120KSLOC
oA 2007¢ K2 HA= 620KSLOC & 4.

U B71HA AZES|o] £F

O (ANt EJAA) F71AAY A5} B Vs
AZ RFEA] o130 A7 ol Fojd 7152 HEs] = ojof ofn, E7|A|A<
3= B A UolZE2AAE()7t J‘l-—rLQh 734 AAIZHHard
Real-time) AA7} tiF-E£. THAAD2FAAQ] A9 suto|AZA|AE(us)2]
HrSAIE 83t

O (&2 7HE= #A) d¥e A F7IAA 28 $8% 54 5 shte &<t
gotal, a7 &4 oM AL=o] AFEet A9 100%°] 7k & 7t
4=E FaE 3

O (A=A &) 77144 &

AlZolu S 2Z0A A& or AsS BRI o 3o FBPEL Al2gjo] a1
]

X 9 AASAL Fske Dol glojok o
O (4384 BY) 48 ANEgolt U AAR LFEoIAY FAAL T
AARHE A2 o2 AA% d5o] Ho Lgss Bt By Aadols] Y
o Jregiol BA Holof s, FAAA ALEFOl BT ofe] AAUE
2 g 5 UES MAF] get ol5e AU AREAADS e THEES
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O EY £2ZEL0] 7&4E) AW S22 B=2H, Syt 33 &
LEQ0] 7&FEL (B DI Zo] 20154 7|& F2 1671+ F 12912 F71A
A g Al AZEQQ] V& EHE A8 B2 k=o] 84EHY Qlth "=
100%2 & o 8= 75%9 7I& 52 FAIskL o, Qlwel Hl3t 7
£8S FHSI Q= ZoE A Ho| Aol g2 FoFel.

o T

—_

o]
z g q | = 21 5o | 2 o
=4 13121%19)2)583)8 2482272
— o(ﬂ O‘I_E_ ?_ -i‘)_

71%52(%) | 100 | 90 [ 89 | 89 | 88 | 86 |82 |81 |77 |77 |76 |75 |75 |74 |71 |70

* FY7|IEEEY. (2015.11), "=/HE =LI|IE SEZAM,. p. 633.

O (8478 71853) T AnEYele] 948 7S4S (E D9 2o| &

oW Aag FoplA ofFelAold th AtiHoR We JlasEe Rolu 9l
. 20108 T¥] AXEQo] ojZeAold, AmEFo] nlEgol, AxESo] A
BT 7l So] ggdlel Jlado] Sepzton, AnEde] Fa|&S LuE
gol A=y BY o7, AL Zedx A 5 RAAA AR e Ae A%
welsto] 714 fo] 4SS 920

o

(B 2) IUSWHA 2A7|&E J|aaE

T & 20109 857|&d & 20134 87|EdE &
SW ojZgjAlelAd 80 84
SW mE9of 75 77
Al2HE SW 70 71
SW 7t 70 74
SW EHE 70 69
SW Fe7|& 65 70

2) W7 SEAY. (2013), "RUI|EFAN YNHE A9, p.123.
2015d0E @475 71$425L ZAEA %S



O (AZEfo] EF) FVIAAN AMgElE AZE 0] 7|&2 (O¥ 5)¢ o] 84
SIA| A (Operating System), HlEHol(Middle ware), -8AIEo|(Applications)
o AHEEE= 7R FEH.

O (RIAA) AFEE FsA71L, S8 AZEo7l a8302 Agd 4+ x
E EE AFsts 7|2 2o F gI¥F 2 F Window, Linux, VxWorks
Ao

(o]
=
o, 4 7lEesEe] AHAes W2 Eokd.

O (90 FAAY & AZELo] AlojolA wWi/idEZ st= F7F =21
o2 DDS(Data Distribution System)@} M&S(Modeling and Simulation)

BoloA} HLA(High Level Architecture)7@< ¢l AFRE0IX]= RTI(Runtime
Infrastructure) 5°] AFRE., S8 AT EQo]ls EXTl 7|5 F35eE UEs

=01

o2l ZEIPOR AEAol, AAFA 5O ALEF I UL,

O EIEIANH) A8A7t A4 AgoHA Hi 2nEFolR LA AN A
W A4 a7ARle] AR 7% @ e TEHE AnEFY,

/’ / O 2GHHA 7Is
u ssv ([ 2= - D2MA

| S8 22w
- 22 &
| S & | A|(0S) - CjHpojA B2
| 8tc 9| of - DfUAIAH 22

(28 5) SWd H 2SHH 7Is

o BAAA sw ATER

O @AAA SW 85 AW BARL, AAANL, LEAFBL 82, 14 HPS
24 &nEFePt YSHT, AARE F AALTAYL
27T EEST, 2nEYe] A, FE, AW B3
FEsol AT %L,
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O E71AA AZEHY] TB) AZEJolE BY &

nEQo], ATEo] TA4E,

AZEQo] JAFFLE LAt EREC] BIYEHIL AZEQC F4H84 #

Ae (a9 I 23

- &9 ATE0J(CSU : Computer Software Unit)e= 4 =
AGA NN FAR = FHRAREA EHEo AFE = s AT
ZEHo]

- ATEQo] L4 E(CSC : Computer Software Component)°|gt $hH A

Efo] JAFEY FAHRAEA EY AZEOE AlE

- ATEQo] FAZFE(CSCI : Computer Software Configuration Item)<
S AHE 7152 WSS, g57|80] 4 BEE S EYT AZE 9
AGAZA 715, 3271, 25449 A4, S A8, $8%, 4584, 4
T A 9 A3 B84 59 84F JEste] AT AZE 0]

2= E o5 (Item)

’ 2ZEdo] JIF=
(Computer Software Configuration Item)

AZEo] +YF
(Computer Software Component)

¢ (Computer Software Unit)

(O3 6) AZEQ0 2424 27
omAl EA : FAAIA, FIIAA sW T & e viwd, 2016.
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A2d 14E] AZEQ o] Aluj AL
1. Patriot Missile Defense? AZE o] &4

O (AHl 971 Patriot Missile Defense AZE o]
- AFALA /A 0 1991, 2. 25. 20:40, Saudi Arabia, Dhahran
- & olga AAE wAdo| tiSkek ALY HolA
2% ARE, 987 HA

2 0
(BEEA R X5HATe] et njae] AZEo] 27)3)
- Al-Hussein(Scud) AY : Range(600km), Payload(1,100lb),
Speed(5mach), Error range(1.5~3km)

Patriot I} ILCH{

(& 7) Scud®} Patriot

3) GAO Report, Patriot Missile Defense, Software Problem Led to System Failure at Dhahran,
Saudi Arabia. H11A AR ].

12 -



R 1

4. Tracscdction - Orly Range Gated [
Porfion of Beam Processad

1. Track Adtion - Only Range Gated
Portion of Beam Procisssd

(B)

(2! 8) Patriot OJAIY 20 A
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O Patriot FJAY o] @A (19 8)F} o] o]FojAH, AZLE0] Q7o uz}
B 2o #4 257 TAT.
QI 24)
0.1Z0ICH 0.14 Fots GIMS 3

24bit 18 A4H Registers At2ot0] 4=

0.710 — 0.00011001100110011001100110011001100---2

0.00011001100110011001100110011001100---
- 0.00011001100110011001100

0.0000000000000000000000011001100-++(2f 0.0000000095)

0.0034=/7m X}
7IS: 687m

(0.000000095 X 100h X 60m X 60s X10 = 0.34= 2X}

2. Ariane 5 Flight 501 Rocket

O ofet 5 2719] =& Al

S

European Space Agency

-4 Al 1 1996.6.4. 09:33
SA 2 g Zaad ok} 3% /4
- A WA 372 F W §F 100 AR 109 709 29 &4

(F 7z 70009, & 1,100¢ 718

14 -



O ofIet 5 2A19] kAl A= <OE 9)9F e OBC (Onboard Computer)
7} Aol o]2 2 SRI1 TA] ¥ SRI2 LHEFL] oo & Atarrp whAg)

= Nominal flight

-3s HO 7.058 128 223 27s 36.7s
| | | | | I o
SRl in Vulcain Ignition of Manoeuvre End of pitch End of roll SRI
light mode ignition  solid boosters -roll manoeuvre manoeuvre malfunctions
- pitch
= Accident
s 39.
36s| 36.692s 36.749s| 37s 39.3s 40458 40.55s 4191s 42988 66s
iR Nul'nlml ' ] Y A | v !
Back-up SRI Excessive [Loss ofl Falring and [Senaration] , «  [losso Confirmation
SR oad “Fireball of destruct
malfunction | | ion| SWivelling  [OBC 1 P;wl:'“n t booster OBC 2 of dostruc
reported
' |}
Back-up SRI Transition to Switch to 5‘"‘"“'”' “"‘ m""“;" Lossof  Loss of main
inhibition  degraded mode 0BC2 ml“b"“""’w  stage| VEB telemetry stage telemetry
Directorate of
Launchers CNESS01

(O3 9) ZUAML AIZHZ1t

olu|z] &4 : Ariane Injury Board Report

20l £4))

i
I
0zt

SRl(Inertial Reference System) : RocketQ & 1=t &0

—_

2 OBC(Onboard Computer)7t O
3 SRIT &A|
4 SRI2 64 bit floating point number — 16 bit signed integer
=) Overflow
" The floating point number that was converted had a value grater than
32,768, the maximal value that could be represented using 16 bits, thus
the conversion failed. Furthermore, since the backup system was running
the same software, it could not prevent the failure."
1Byte : Z& 0 @ ~ ZH 11111111 @ = 255 qo)
2Byte @ A 0 o ~ O 111111111 11111111 @ = 65535 (g

- 15 -




I[EEE 754 : half(16bit), Single(32bit), Double(64bit), Quad(128bit)

ARM A : Byte(8bit/char), Word(32bit/short), Integer(32bit/int), IEEE
single—precision(32bit/float), IEEE double-precision(64bit/double), 64 bit
integer(64bit/long long)

X HEHHES T2 (X : wikipedia)

Prefixes for multiples of
bits (b) or bytes (B)

Decimal Binary

Value sl Value  1gc JEDEC
1000 k kilo |/1024 Ki kibi K kilo
10002 M mega | 10242 Mi mebi M mega
10003 G giga | 10243 Gi gibi G giga
10004 T tera ||1024*Ti tebi -
1000° P peta ||1024° Pi pebi -
1000° E exa 1024 Ei exbi -
10007 Z zetta ||10247 Zi zebi -
10008 Y yotta | |10248 Yi yobi -

3. EQE s FHA A

R

O 718
- 20099 %€ 20109714 HAe FEX1 HHH EQE] ZZAH
- 20099 8¢ 289 dolwtd U7IE WS B XA ES3500] 1257HA(195km/h)
o] £E 8 AFoitt = 7S 470l APEE AR
* NI YAl AT 9110f AT 7|2

O (Arg]l) Atzet #d" Yl F shhe ETCS(Electronic Throttle Control
Sytem) AT ESo] o7
- Cyclomatic Complexity 500]4 : 6774
% ERIE 500)40ld SAMF 02 Risk7F Y= Ao B

- 16 -



- Global Variable A& : 10,00070(Z=3F AR
- 3437]9] Switchw® % 105707} default Ao|A7}F glo] ARE-

X PIHA ATEYNH AATE HEZ(Code Metrics) B 7|1&2

HEY I A>tgk H X
Cyclomatic Complexity 200]79]
Number of Call Levels eolst | Wl 2429 Hi $3H(Nesting)] Zlo]
Number of Function Parameters 805
Number of Calling Functions 8olst |o] E=7t E A9 tE dro] Qo ZEEE=IN
Number of Called Functions 100]9] : lgg\—g —/E% 7119%3;5 ?;'\ij] /}; & STk
Number of Executable Code Lines | 200°]5}t

O

HAxA AZE Aloj(Electronic Throttle Control)+= (I8 10)3} o] AR}
AREO] Aol QFE A7} AT

Engine Software

cruise

accelerator

fuel

throttle (“stuck”)

air
—>

spark x

(A& 10) XM AZE HO{&2

olu|zx] &A : Barr 15 RAMEIA]
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A3 2ZEHo] FH3 A4
AE £ZEHo &4

1, £ZEH0] F2

O AZEo] £F) ojgs u|gl AZEF 0] AES S5 UEAY, TH =B
FollA Al 8RS THEAIVIE Vs Ee sEolHL € 5 S A

olu|st 4

* |EEE(Institute of Electrical and Electronics Engineers) : ATEQ] EXS FOX Q
TARRIE TEEAIE = U= ATEY0S| Tis ¥ &4

* |SO(International Standard Organization) Q7S EATIE gt ATEQY HIEO|L

MH|A9 SEHI &9

O

~

AXEgo] £ ¥F) LRSS AUTPNA BE 8] 470 ol
=]

AnEgol7l AEAE S/, UTAE stol=etelo] EAjst 4

=
=9 F244(Traceability)o] FA(ZE=AIL S/ ALADEAL, A=Y, 71574, AF
84 % 384 5 BEEANE UESEEEAL /2D FEEEE sk

O AZEFo] FA&HL [SO/IEC 9126 Software Quality©llA] System and SW Quality
Requirements and Evaluation (ISO/IEC 25010)% H3Rg.
- ISO 9126 : A&/, Ae84, 5801, &54)
- IS0 26010 : A==, 2R84, B804, 714

2. Y - ¢ £2ZEH o FHAF A=

olN

O (&ZEH F4UF TH) 2ZEF0] AFAAY FE4L JASste W &
ZEQ0] MEFuxo =AY, ALER 9 AFd Al =

LZEAl2 IS0l A=

4) A& (2013). “F7IAA F43 £ZEY0] Y ZRAIAT TolElA],, Vol.59. HAAAA.
pp.14-17.°914 £ZEQJ 4 W&S AA=.
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O (AZE0] ZEAA FHF) Z2AA AJAEE (A 3)o YefY Slxol SP
(Software Process), CMMI(Capability Maturity Model Integration)?} SPICE

(Software Process Improvement Capability dEtermination) &2 QIZA =

7k A
(H 3) ADEQ|0{ IZAA QISH|E
T8 SP CMMI SPICE
e =z 7 EIERS CMMI &3](v]=2) ISO/IEC
- = A S NARZ(m]) 2w
SEETY Gy AR AL
(NIPA)
Au CMMI &3]
= Y ES o
a7 3d 3d B
o A 35 5T 62

rr

=
O0l1Z AL Z (I 4)%} Zo] AZEoJAAATH | wE o
TEJojo] Fojx= GS(Good Software) Q&3 %

CC(Common Criteria) °1& 5°] <.

qg Asste]
= =13
)

X
A

JHH S A|Fo] wolof o}

(H4) 2TELN MZE ASH=

T = GS (Good Software) CC (Common Criteria)
=+ A AT EQojArAZIEH =7 R
ol= 73 ;@%&%‘7]%*@;%; _ =734 L
A E A3 A HSA7EE 3
= S SWARY 243} A= A
o A e = SW JERESAE
& 7kt I+ 3d
5 = Alg A A= e 3A A5
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A2d £2ZEHo] A4
1. AzEge] A4

O (HTHA]) F7IAA AZES o] AL ©s] A F+43kd a7ARY
of et ZEst= AlF/dReliability)e] £AI7F obdeh, (1E 11)3} Zo] 7HE
T (Availability), QFA(Safety)®t EM(Security)] 24E Zo] 1zst W&
T Q= AZEoo] gt fgoE gEstojof I

v
* 20{(Dependability@t Reliability)0l T3t 7HE HE Z=Q

ud=Y
(Dependability)

HEE =y M Hoty
(Availability) (Reliability) (Safety) (Security)

(T 1) AZEQ MY £

O 2ZEgo] A=4 B HY
- Michael R. Lyu (1996) (Handbook of Software Reliability Engineering)
The probability of failure-free software operation for a specified
period of time in a specified environment.
- IEEE STD 1633, IEEE Recommended Practice in Software Reliability
(2008) The ability of a program to perform a required function under

stated conditions for a stated period of time

- 20 -



1. Identify Application

2. Specify the Requirement

8. Select Model

3. Allocate the Requirement

\ A

i /

4. Make a Reliability Risk Assessment

9. Collect Data

i 1

I !

10. Estimate Parameters

5. Define Errors, Faults and Failures

I I

11. Validate Model

I [
6. Characterize the Operational
Environment

I I

7. Select Tests

Analysis

12. Perform Assessment and Prediction

(O3 12) IEEE STD 1633 AZEQ|0f A2y

13. Forecast Additional Test duration

I-Il.

- IEEE 610.12.-1990 (IEEE Standard Glossary of SE Terminology)

The ability of a system or component to perform its required

functions under stated conditions for a specified period time
- IEEE 982.1.-2005 (IEEE Standard Dictionary of Measures to Produce

Reliable Software) The process of optimizing the reliability of software

through program that emphasize software error prevention, fault

detection and removal and use of measurements to maximize reliability

in light of project constraints

performance

2. 2ZEJ0 A #E

such as resources,

O 14 AZE0] 7l& A F9 EE
- IEC 60300-1/2/3 (Dependability management)

A=A Be) AxdEe) MET 94e dgsta, A9, 49 @
=4 AAE AA% To) WS g A=olAe] Lur

shi, A= B4 7149 BdE AAH Hee ORI 9e.

- 21 -
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- IEC 61713 (SW dependability through the SW life-cycle processes-

Application guide)
- AEY Qe SW AEEY] €52 Ht AMAR AFH e AlAH|

o=

U I e AEY A=8E At 22310 IRV E £ S

O 41 AZE] 7|l& /T s &&=
- TTAS.KO-11.0062 (SW A1Z4 &%)
- A HFARl BUHE AT RS AASt, SWoAlEAo] HHA" &
ol Azloto] SW Al=E/d THAA NdS FHE.

- SW AIFA A mE(Software Reliability Growth Model, SRGM)& Al
Qbetar, AlQtHE SW A= A% HdlE FollA SW A4S Brkoks W
At AAT

- TTAS.KO-10.0073/R1 (QFdgt SW 28-S 93t A3)
- SW HQof| Qlo] 93 EE H|sd He BAES FEER A
AAetRoH, 7139 Hetdte] i 3 A 7€ R Argstal ZF 23|
Al SW EHIAE FYstazt & Ag-, aEstojof & HRMARIE] o

AdE As

O AZEYo] AFA Hx(measure) EF
- IEEE Standard Dictionary of Measures to Produce Reliable Software

(IEEE 982.1-1988) (HA])
- SW AIFA T Ax 397 A9

- IEEE Guide for the Use of IEEE Standard Dictionary of Measures to

Produce Reliable Software (¥HA])
- IEEE Std 982.1-1988< #8317 93t Guide A&

- 22 -



- IEEE Standard Dictionary of Measures of the Software Aspects of
Dependability (IEEE 982.1-2005) (7§7)
7|& IEEE 982.1, 2-1988< 7HAsto] AZAPHT A9/ided &4
(Dependability) oA F 1671 Hx A9
- AlFAE A 1270 (et 570, 8 40, /A 370
1. Time to Next Failure
2. Risk factor regression model
3. Remaining failures
4. Total test time to achieve specified remaining failures
5. Network reliability
L gARSY AR 2
6. Mean time to repair
7. Network maintainability
g4 HE 27
8. Availability
9. Network availability
- IEEE 982.19} 982.2 3}
1. Fault Density (8X|, 2005)
Defect Density (=7, 2005)
Cumulative failure profile(2tA|, 2005)
Fault-days number (4}{X||, 2005)
Functional modular test coverage (=7, 2005)
Cause and effect graphing (AHX||, 2005)
Requirements traceability (5X|, 2005)
Defect indices (4K, 2005)
Error distribution
10. Software maturity index (&rA|, 2005)
11. Man hours per major defect detected (AFX||, 2005)

A AT A o R

12. Number of conflicting requirements (AHX||, 2005)
13. Number of entries/exists per module (AtH|, 2005)

23 -



14. Software science measures (K|, 2005)

15. Graph-theoretic complexity for architecture (AHK|, 2005)
16. Cyclomatic complexity (4tA|, 2005)

17. Minimal unit test case determination (4%, 2005)

18. Run reliability (AFXf|, 2005)

19. Design structure (&fX||, 2005)

20. Mean time to discover the next K faults (2tH|, 2005)
21. Software purity level (4tK|, 2005)

22. Estimated number of faults remaining (4|, 2005)
23. Requirements compliance (3=74,2005)

24. Test coverage (AHX|, 2005)

25. Data or information flow complexity (2tH|, 2005)

26. Reliability growth function (4%, 2005)

27. Residual fault count (&FX|, 2005)

28. Failure analysis using elapsed time (4tX|, 2005)

29. Testing sufficiency (4tA|, 2005)

30. Mean time to failure (5X|,2005)

31. Failure rate (5=74,2005)

32. Software documentation &source listing (2tK|, 2005)
33. RELY(Required Software Reliability) (ArX|, 2005)

34. Software release readiness (&IA|, 2005)

35. Completeness (AtK|, 2005)

36. Test accuracy (AFX|[, 2005)

37. System performance reliability (AFX||, 2005)

38. Independent process reliability (2HA|, 2005)

39. Combined HW/SW system operational availability (&fX|, 2005)

O AZEFo] A=ZA ZHE HQl IEEE Standard Dictionary of Measures to
Produce Reliable Software (IEEE 982.1-1988)%2} IEEE Standard Dictionary
of Measures of the Software Aspects of Dependability (IEEE 982.1-2005)

H]jﬂ_
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IEEE 982.1, 982.2(1988)

IEEE 982.1 (2005)

Fault Density (£-#],2005)

. Time to Next Failure

Defect Density (=%,2005)

. Risk factor regression model

Cumulative failure profile(4}4, 2005)

. Remaining failures

Fault-days number (34|, 2005)

N | N | —

. Total test time to achieve

specified remaining failures

Functional modular test coverage ($%,2005)

. Network reliability

Cause and effect graphing (AFA|, 2005)

. Mean time to repair

Requirements traceability (f-34],2005)

. Network maintainability

Defect indices (AA], 2005)

. Availability

OO N OV W e

Error distribution

O |00 |3 |O\ |\

. Network availability

. Software maturity index (AA], 2005)

ofafof ¥

U
— O

. Man hours per major defect detected (4(A], 2005)

—_
[\S)

. Numberf conflicting requirements (2], 2005)

—_
w

. Numberf entries/exists per module (A, 2005)

—
S

. Software science measures (A}A], 2005)

—_
n

. Graph-theoretic complexity for architecture (414, 2005)

—_
[}

. Cyclomatic complexity (3FAl, 2005)

—_
~J

. Minimal unit test case determination (A}Al, 2005)

—
(o]

. Run reliability (3A], 2005)

—_
NeJ

. Design structure (414, 2005)

[N}
(=)

. Mean time to discover the next K faults (4}A], 2005)

[N}
—_

. Software purity level (314, 2005)

N
[N

. Bstimated number of faults remaining (4}A], 2005)

NS}
W

. Requirements compliance (4, 2005)

[\)
S

. Test coverage (AHAl, 2005)

[N
N

. Data or information flow complexity (44|, 2005)

[N}
()

. Reliability growth function (34|, 2005)

N
~J

. Residual fault count (AHA], 2005)

[\
[og)

. Failure analysis using elapsed time (A, 2005)

3}
O

. Testing sufficiency (A4, 2005)

(O8]
o

. Mean time to failure (8#], 2005)

(O8]
—_

. Failure rate (=%,2005)

(O8]
3]

. Software documentation &source listing (4}4], 2005)

w
w

. RELY(Required Software Reliability) (AFAl, 2005)

W
S\

. Software release readiness (4}A], 2005)

W
n

. Completeness (3}A], 2005)

(O8]
(@)

. Test accuracy (AHA], 2005)

W
~J

. System performance reliability (AFA], 2005)

(O8]
oo

. Independent process reliability (4}A], 2005)

(SN
\O

. Combined HW/SW system operational availability

(A, 2005)
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3. 2ZEJ0 A ¥ =g

O McCabe’s Cyclomatic Complexity Metric2 19761 7I¥E McCabe2
Cyclomatic Complexity Metric 2% ERJIEE APgsto] £AZEH0]9] =g
A BEJEE AFHoR St 7IMeR =24 BEHEE &5t AZEY]
o AL E HHAFoE wid 4 U BT S S (a9 133 o]
AAFEOA FR2S TR HEsh EHE =

AN

=

Eg
—=

A

%

ust

v=e-n+2p

v . cyclomatic number
e : number of edges
n . number of vertices
p . connected components
Source Codes Control flow ggi?)ﬁifjc;
graphs Metric

(3 13) 2HE 51 ¢y

O Halstead’s Software MetricZ 1977d 7ldt
St 2 g 7o g AR 59t I
Zoj} 2712 olg3to] 24

N =N + Nz
V = Nloga(n;+nz) where N;=nilogzn;, N>=nlog:n:

n; = number of unique or distinct operators
n; = number of unique or distinct operands
Ny
N2
N = length of program

total number of operators

total number of operands

V = volume of program

S 26 -



O RL-TR-92-52 2&L 19921 Rome Labol 2J8] 7Hd=o] AZE0]9]
UL (FD: Fault Density)g 9&ot= B2, AZEo]9 /A 27]|&H
Ago] FaE w7tx] AZE0] /i BAH oy g4ZHE IS

2

FD =A4 x D x S, where S = SaxSrxSpX8; XSxXSyuXSg

FD: Estimated number of inherent faults
A: Application Type (2-14)

D: Development Environment (0.5-2.0)
S: Software Characteristics

Sa-Software anomaly management (0.9-1.1)
Sr-Software traceability (0.9-1.0)
So-Software quality (1.0-1.1)

S.-Software language

Sx-Software complexity (0.8-1.5)
Su-Software modularity (0.9-2.0)
Sr-Software standards review (0.75-1.5)

O Rome Lab%] RL-TR-92-15 HEL& %7]
A AY A7FA] olb Ax AFE LT AT £ JERE
42 27| IFES oA I8 TAF 2T o 2% L E2E, T2 ]/\«4 &
T 5& o]8sto 27 IAES AFESIA Algo] AdPEE= B¢ IFE0] Th

St A 44 2de Fotol ATl 43S A5,

O Jelinski-Moranda R9Z A4 49 H&Z o]&sto] AZE o] A4 B
7He Ul md=E 7] A% N 2= ¢l
Al 217go] WA o] 117go] Y]IQl Ajto] FAEHA AZE o] W gt

F7F A2 Eol=e e e

=
il
N
N
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- A w0 4AE olgste] axEgo] 4124 B7E trehi offel 2
2 o] U
1 27] anESe] A% 2Ab: FeA UA RS 1A A%
2 wAE ATE 24 AAHD AR 2TS W0l Y 2L
3 2 3k Aole] A7 EYolx A4HoE REY HE ¥e
4 RE ol Qi AREFS] AL Aol TS F W 7o

COQUALMOEHES (19 14)%+
Sto] sl ndE ATZEQo] Al

Zo] 7]& COCOMOIe| #4 84F 1Y

ghelE] JAE o]&sto] FojR= A 8Rlo] W H=1 ARG £4E F
oF Ade A 1 A5 S
1 B&H= A/std A4
2 ZAdd= A/ A%
3 9AE 2nEo] T HE BEH ==
4 GAE 2nEQQ] A 4k ¥5 Y =&
5 394 B4 A shE =
COCOMO I
COQUALMO Software development effort

Software size

and schedule

[
>

Software product,
process, platform and
personnel attributes

[

>

Defect removal capabilityf
levels

Defect Introduction
Model

v

Number of residual defects
* Requirements
* Design
» Code

Defect density per unit of size

-

Defect Removal

* Automated analysis

+ Peer reviews

* Execution testing and
tools

Model

(a& 14) COQUALMO 714
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A4 BARA SW A AY D 24
A12 F71AA sSW A=A Jd
1. F71AA A=A

O F71AIAI°IA RAM(Reliability, Availability, Maintainability)S (1™ 15)9]
el Ql%o] AlZ|E(Reliability), 7F-E(Availability), A¥]=(Maintainability)
9] oFol2, AATEH R F7|AA AA Al AAY 1R =Y AZE, AT
Ae, 7 Al FHlo] A8 5= AZRE UEdo RN, F|AA S AEFYsE

< UEY= 83 J=2 HolH.

13ﬁ$§?§ﬂﬂ|?§%§§
SE=HIERMI
= Ro. Aa, Ai IB=E

Availability

Reliability RAM  (maintainabitity

LE|IE HH|=

1. 4018kl TR0 LAMBHET}? 2. 2FA| Ot 22| FH7k
2 HILHAZ JHsEIl FBFHIAZ
= MTBF, MRBF = MTTR, MR

(I3 15) R7IXMA2| RAM

- (W, Reliability) o8 AAZ Folx AN Q4717 5% 14 ¢
o] oJEE e 4T 4 Uk FBRA TAUES BN 24,



- (F¥]%, Maintainability) 78" Zxto| o2t FH|E
717 Woll of® AAF 278 dHiz 572 5 3
sl o 4

O RAM =X 32 &85
_‘I

(Ao) B=

A= A,

T3S A=

=)
=~

28471718014 7
475t B RAM

99 dAl= (29 16y, (O™ 173 2=

SELEYEY
¢ L A -
o 4 s
e T P S -
3,000 30,000 250 000 ?
HEE SE2:100 MTBF > MIBF MTBF M1TOBF
2EREY
* Supply Chain @ QIE|C SH& €d2 Flof £3. 22, &4, HSH
OIZJIDHAl ChainME HEE 22| MZIEI &,
(a8 16) 28 RAM SHZF A% 2 S(0|A])
OMS/MP Mats} xj= 017} 321A|17F 28Al B 840k S
o oy | G| FHSiD], E6|ZIB5 7 90%0| 2
OMS/MP : 22%eliZ& U A e | "Rga|AlZio] 2A|12F o|Lhel
USFY, ® - FA —‘?—FITHM\ A AN
Alg kol cist M2tsiEl Xz
1= | CHst H2kslEl X} upoy foC o 047} 840kn Z=SHA| X DAE?
o7t & 2EAIZH 321H o TRE JHUA| 2E WAIEE?
oizt @z Faziz| | 840 | o Wi ZE AIZHMTBF) @ 34H
A5 | e MDA 7{2|(MKBF) : 200kn
QiZF LhAlEL 3002t s WXy L(MRBF) : 1,000
RAM
gzt & ezt | 637H =g o DRIIBE(A) : 97%
I FIBE | « ME[JIBE(AQ) : 92%
= =2|A| 2t 2H e 2EIIE2E(A0) : 90%
=8 B 90% HH|= | e WR42|AIZHMTTR) :

(d¥ 17) OMS/MPE S8t RAM =1

5) RN,

2717 RAM QI

o HaH(2013)0|A] A|A5H

o 2ECIAD

oA,



2. SIS0 AT £2nE0] A4

O (Bt=ol A= da AZE o] A=A Zo]) Uty oz stegol= AA 9
E£4, ALY Any QR glof 9t 1goF Qs 11 AlgAo] AstE= vt

W, AZEFS] TS YAFo] FEo| 2Holt LuelEe] FRY LA

B BFonRE UAT 4% wov Agte] Aut
o] FE3bol wet M=} Wojd,

P~
[H

, WA 22|(Upgrade = Patch)2 IFEC] W5

I ruzn il
tjo _%
3 K

o
X
2
ox,

e

O
o
X
rr
52

|
P~

=

m
ﬁ
L
P
N,
oz
Hu)
il

O st=dolet £2ZEY0l9] Az WE IZFE e

- St=fo] AFES (O™ 18)F Zo] sk=9o] A4 Bathtub®} #o

Ao £uF7] B 8% TAW 2 S AAH, 59 279

AZIE AvE A
A5}k

X
it

6) https://ko.wikipedia.org/wiki/A12]d-Z-st
7) Jiantao Pan, Software Reliability, Carnegie Mellon University, 1999. xjA2].
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Failure Rate

Failure Rate

Burn in Useful Wearout
Mortality Life (End if Life)
{Upgrade)

ty ty tz time

T4 B3 ATt FHE

AZEold] gt F4 H

EJolE 2835l= B9t AXEoj9 o0& &3

7 o] o2 £ 59 Hes/id EFoE ATEY
o] 1AEL Wzt

Ly

(& 18) St=%0] 41=| Bathtub =4

Test/Debug Useful Life Obsolescence
(Debug and Upgrade) (Outdated)
pgrade
pgrads
t ty tz time

(O3 19) AZEQ MEYM Bathtub =

A
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A2A EAAA SW A AE B

. FZIAA SW AFEAE AR A=

el
i)
offt
)
>,

40 mok
o
L
-
£
I

JIMA SW R & e| MrgE AEE.

@ENAA 2ZEYe] A=Y B) ALY FAAA LZEC] AL A
2 % FANNE AAARY FANY L AgBAHEAA] A Heby

AP L WS HES FRRT AL,

- AT BHEE JISE AES ANESte Ae 9EeR SiH IsHE =
F7F g BLole SW HEI|Q(2nEY ] AFGAEAE B3] 2t

- ARETVE ALEA] s EAR FAE SWe T 5ol Ast
71%5& olgst] Al & 4 9lon sw

Arzka] 3l oo A A|Blutote AA3h

FANY(FEAYE FH)or FES £, ATEY o] AFA AP
2T EF0] FAFE(CSCI) TR AAE. (x AFHA AY F AL &
nEYo] TAE(CSC), G94AmEYOJ(CSU) Tz AL 71

8)

AT EY0]] AFA Al FEE= HHo R H& Al(Static Testing)2 £AFE AQ] ZAshe 7
ke Algog FE9] A9 glo] IGE 5 ERIsk= wo]1, 54 A& (Dynamic Testing) AlA|
AFTT} APEE APES RIS Aoty ALE0] AFHAIL /474, 57 5 o] 1w

SKSafety-Critical) A|Alol= WIEA] 280 HQ3lc},

=
=
EN
iz
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- AIEo] A=/ Al HiRt 71 ZAR(HEHS CSCL Bt A=

3 7IE A E8 AR AANTAFAGAM A WY, A AEA A
ATEY ]o1 ﬁgg_o,] A=} %sﬂ A5}
A

(STP STD, STR)Oﬂ fg}a}oq 2L ]O}L ;.wﬂg} Ao A F A
slst,

O ALLAPANMY SW A=d =3 Y89

- REEQO] ASY WS A AAAY L FHAE

= o 1

X

o
udk
rot

A= GAE

- amego] AFNTRS AEHETE ALt s A

97t A
A AT S, ALAFBHDTREFEC] AHHAFS wrds

tol

- AESH=To] 2%t AnESO] ARGAE AT AldATA B A4t A(DATA
% Log)= Al&stoiof it

O F7AA 2ZEF] ALEA U AZE0 F/AA 2nEFo] At °
NEELS (IY 2003 Zor], AREFSl FRAFDACNA SWAHYA YL
BB RA A ) SW HeH WL FASES Hof g

O (F/AA H3F 2ZES] A=Y TPt AP 20129 24D Fhe]
A WY ALEYel MY BEFRY Hobd Mg Yt (& 59 2

on], Aol FAAA AH A wgslo] i HES AT,

9) RI7IMA AZEY o] /Y H 2] tjRA(2016.7.13.)0] Tr=H AFINEAIG At ZA (<)ol
AnEQ] N AW BH 278 BAL AL %S

10) &7 : 7 23ESlo] el AES0HEA )

11) &4 @ Z5®. (2012). "R7IAA WEE 2nEo] A2/ FEYRt,. =P A7 =H3].
pp.16-17.
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FETTT]
hii: N wany
HEAY |
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L) b L) ¥ A A
HEIEY  4ls dnegid  FEEA  UMEN ]
HENENGH  HEH 2 ZENY  ZEHE zENg
soPHE 15FR HEMIGEH  (POR) WCOR [TRRI

(O™ 20) R7|MA ATEQ 0 JHUHA 2 MES

(2 5) Tl LEE LYY ATEYOf MY &F

- G HR IR B

o= Iz B2 =4 F71AA A

| AR | 22 | 9T | 015 | ¥ | BB A3
SWAIEY Hdl A& A X x X X O X X
SWEEAY 152 O O O O O O O @)
A7 HAE O O O O x A X X
i]‘%;‘;—l@—?g_@E A A A A X X X X
A7 o [EAH A | x O x O O X O x
24 FA O O O O O @) @) @)
Hotya 7k X X X X X X X X
%‘61;26{—3;77]_3 X X X X X X X X
FaEA A &2l X X X x x X X X
SHRAAE O O X o X X O X

s oHE O H8, x D8, A AHYE =g

10, 10
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2. BIAA SW A=Y NF Fu TF
O (W33 AZEM] A4 2 BF) WP 2nEold] IA4H 2 i
3A717] gat AMBFEY FRAY S7, 4F L e, A=Y AF 5

[e)
O u}sh
=2 2 9.

O A=Y AP 2ZEFoIL AT AZEFo], HOpen) LLEY], 45
A4 FE So| o uHe Tl £ZESOIAL(COTS), AZE0IHW
o} W AIBEE SW EDE Tekel GE 63 ol A el AaA 9.

(E6) MEE MY e 2AZEQ

T+ B AE iR
N AT E o] O

717 3 Ego]

AR2(COTS) A2ZEY0] «
(HWet 3 AlgEl= SW xgh

X

37H(Open) AZEL0]

A5 434 Code

% 0%, 48 AZEFols 2mESe] AAAA GANA 4 glo] Aol
3HE 49 AF el A T 5 Ao £HS § A9E A a5l
o |

T &, 7NE AZEojs FVIAA AZES A
FAEA GANA ARE BRAT AFA BE RS AAS
Y A A A 7R

=
o>
ro,
i,
o,
o

% AF B4 Codel BFIR ARE AAT A9 A=A AF ShalA A9 H53.
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3. }\]ﬂ}\-l }\]‘%l A

A4 % AxEge] BAeE Here A9E

-

O 2ZEFo] A4 FHS do) ABHARANA HAY A st B 5
Ut A5 B 7)Y o] WA, olF Agdte FFLL WHEE =
o] W EF Hay A dolgs £1 B4t A 27] WARE A

U A 9o 24 o3 bss A= BE PEol Wag
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A3E FIAA SW A=A 4 9t
S CRERED

O (B9 AZEGe] AFHL ALEYo} FAE Foldl 2ANA AFH A
} A ¥ FER e 5 gon] 54 A

|
t) oA} AZE0] A A|(T) 1AL Yo7 LS 5.

B
.]

- F@) @ 89 74 BEgFEA to]Hjo] 1go] & 52 YE

* ATEQN 1

10
>
0
—
S
10
n
QL
>
52
rlo
iy
&
]
>
|5
im
o
=

>
Ol

(@]
iy
[
hu
ne
rr
N
i

[

O (&A= ((nstantaneous) Failure Rate, Hazard Rate)2 oJ® AZ tA|A
7HA] AA; YA Qtth= RASIO|A Ao £7HHog 1Fo] I WL E ol
=

o AF9 +E5Ee UEde A=Y,

L P<T<t+ N|T>1 f()f@)
AN=lim Ar C1-F() R()

O BH#4H2 MTTF(Mean Time To Failure)2t MTBF(Mean Time To Between
Faﬂures)S_’. YEtUAE 7|44 AZEojoAz on] U= W-ERAA= Al
F2Ql A7t B ash
- MTTF(Mean Time To Failure) : B+ 1% A7k, & 2] 715 otoldl9

% g Hi7iA 9 g+ ARt
- MTBF(Mean Time To Between Failures) : B« 1% 7t4, & 48 71
ofo|gle] 11 7t Bt AIZE

- 38 -



2.

O

SAAA SZESe] AB4HFIE T ALY BelE T Metric
AL Goly %4

AAA 2nEgols] ASNE AP E 0 24T 4

< /st AFtste] F7IAA AnE 0] MErBTTE

BE S25tL AXE o] AFYS Hefstoiof o

- (FIE", Metric) AlAHE, AH] Be ZEA|A7F 03 $4& 296t .
£ Yehd. (IEEE Standard Glossary)

- (AZEfe] HEY) 2ZEQo] AF, ZEAA Ee AU it UielRo
45 AR #ASH: AR

- (@A) AZES0] dAEE Aok A T AAEE IS 5 o] 2k 9

Z35l= Phase Containment Effectiveness for Phase®} 22 HEZS oju|3l,

)

HEZS ’1‘_@13}% ol stuE (1™ 21)3 Zo]Goal- Question-Metric
, WA N Z2EAALY 8 HHRHE GoalE AAstA =
122 oA d&o] '@ob7] A3 JEE AlFot=s SFAU2

Conceptual Level Goal
e Z2Ma0 Fo 28

Question

Operational Level dBE7| 9Bt BlE
=21

Ao
1]
ijru
ml‘l

Quantitative Level HE0 g5t7] ot EEE M S5t

F71A4A 2nEQo] /Y 573 2;7]01] 02 A HEZHZ (O¥
[STFAYG EATAS S TFART BAE, AU Abdret Aok, “74]‘:]'74]
9] Reliability Prediction Model@r Gﬂé

i,
ug_lr‘
=)
H
el
L
2,
4
O
@)
(o
(0]
=
(@}
=
(0]
7



B3t KLOC(E84, =84]), Cyclomatic Complexity, Weighted Methods per
Class, Software coupling and cohesion, HIAY ©AS] A HAE AW
A, 54 "HAE AWF XA, Reliability Estimation Model& 3%t HAE Zsh

2 52 mEFHeR BT + s

Requirements ° o
. Q H O] AmIA ZHshal rJ:IEIE_
Analysis Documents FARHAS mA Zotale o
. Reliability Prediction = Asial
DeSIgn Model 0"—|E=EE

Code Review KLOC, Cyclomatic Complexity, Weighted

Metheods per Class, Software coupling

Implementation i
and cohesion

_ B HAS HH2K|
Testing
S3 HAE HBAX
Testing
Reliability Estimation AE Zsial
Model H==gads

(O3 22) 2AZEQ0f AMzld HEZ

3. SW AHA A2 24S 9T =9 AL

12) Operational Mode Summary(2-8 3£}, Mission Profile(YFS&)2 Z7|AA AQA7]
Al ol R21MAY 28FEEE E 4R R3PS AASteS ofl len, ol & Ay AA

AR W SPEAAE 24 VR TE0] He dYSA=M RS R7IAACE v2idY &
oA "oEA ZEEHAL ofE YR B A7 S R A ARAUE L o

= A3NS
= T o=
B5EA 200] 97 28 % Hulza AAL FLalsiol AT 2A



O £ZEF] AHS 2T BT & Y= UL (2 23)3 o] HHa
MELS oEsts W 49 tELS Fysi WMo BRd % 4 9
o, ol e SA40 wet Y RS2 U o U=

Software Reliability
Static Metrics Dynamic Metrics
Prediction Estimation
Product Process Software [;mbperfe.ct Perfect Fault Dat
Characteristics Characteristics Architecture Ce ugging Debugging ault Yata
overage
(% 23) 2ZEQ0f M2jd It 2™

O F7IAA £~nEo] A=A A& 45 Al (I™ 24 Zo] Md=z7] &
AY AHE & Edi AdDAY AFHS 45T o e EE AEo]
Zaqt

A
Hoad
T 24
R =L
Lk e
AE Sx| 4
2 EH ol H EZs
Metric =&/E4

SW Project £4

HIAE 2ot 0l0lF 43 |

Reliability Prediction

Reliability Estimation

F O]

A
= =

oo

{
o

ol

I

2t

[

= [=13 =
= (=)

=

o SHHAIE AR

(OE 24) SWHLTHAE MY o Zn =

3

- 41 -



O £LEF0] AHE 2 A 27] WARY LnEF] GNHo] S5
A7 ALEgole] e AWH it BA9 Hug suow 4

O £ZESo] ABY F3e 2mEF]l AFHAN ABS Fof S o]
HE 845t AxEY0lY AHEE 25 FEOR AW B $UHE
g dlolE Y 4 BHL Sl KLEeld AHES F3F

= NI &9
q= | g4, 489 84 e o=l
o C Z2AA ST AAT - IE
Sr28E 4% bl 3 A9 A
- Time domain Zd€ - IZE
7 - ASj7re] YHF#AZ, IF= - Holfle 2E &
24 |- Interval domain 2 - O ATZER| 9] AZE
- A% 5 TR - A AlEE

e

WA wet 24 JJ2udy FYudE 1
4Rt ARHOE tiro] AXE 0] g
re WP 91813

O AlE: FriEd2 AZEo] 7

Aoy o= o]HdY EF H

Aloll w2t E&shs (L™ 25)%

- (Early Prediction Models) HIAH ©A o]H 9] &L HIEOZ AT EF|o]

o] AFEE d&dt= RUEE AZEYCY 4, FY MY A= HE

23 59 BAES 7] 44¥ 7MsEE 9%, Rome Lab Modele] H&

o, 7]&°] A Z2AE 4 A 9 A dAlo] #HE dEAE HE
[olE1E FAste] AFEE ST

N

==

[o .(zii

o]
2

b

A,

13) Kuldeep Singh Kaswan, Sunita Choudhary, Kapil Sharma, “A New Classification and
Applicability of Software Reliability Models”, International Journal of Advance Research
in Computer Science and Management Studies, Vol. 2, Issue 7, pp.99-104, 2014.

- 42 -



. ' ' ! i

Requirement Design Coding and Testing and Maintenance
and Analysis Implementation WValidation and
| | Operation

L 4 Yy v !rvl ¢ v v ¢ ¢ | 4
Early prediction Architecture Mixed Mixed SRGM Input Domain User Domain
Model Based Model White-box Black-Box Based Model Based Model
Model
i} l ‘ l ¥
» Nelson Modsl [§] = Yamada [15]
* Rume lboratory Model [10] » A timelstructirsd based - bput domain based + Rammoorthy & Bastmi »  Modifisd Gompertz Model
5 :;h:hmrgﬂdh[:_lllw[m model for estimating software  reliability - Tsoukalas Model [161
+ inusny Da Collcton Made{ 11 software relsbility [12] Frowth model [13] * Waiss & Weynker Modsl [14] i
= Historical Data Collection Model
h 4
+ ‘ + Fa.llure Rate model
State based Path based Additive
Model Model Model
l l l = Telinski & Moranda Model [20] Generalized Goel [21]
s.ﬂ...;k&wm Goel & Olumoto [21]
= Littlewood Modsl » Shooman Model [18] »  Everttmodel [18] - Geometric - Musa-Oknmeto
= Ledox Model [18] * Brishnamurihy and Mathur = ia & Wohlin Model [18] - anﬁ@ﬂmlﬂ Poisson = Modified Dume [21]
= Gokhale et al Model [18] = Gokhale, Lyu & Chen :magsmiﬂw olverion + Logistic Growth [21]
»  Cheung Modal [15] » Yacoub et al Modal [15] Model i N - Gompertz [21]
»  Kubat Model [16] - Wang, Wa & Chen Model e = Delayed S-shaped [21]
= Yamiada exponential [22]
= Yamada Ralsigh [22]
- Yamada imperfect debugging
Model [22]
= PNZmodel
= Pham Zhang IFD model
= Zhang-Tene-Pham
= PZmodsl [23]

(22 25) ATEQ0] HULTOINO| MRlY BY 25

gt op7|ElA AEAS ALY FES ’;‘lo}‘—ﬂ% Ho“ﬂﬂi AA A Age] Alg
T 71—71— 7HHﬂXqO 0}‘7]15]]1:' E}AO]O X]—O}LH}ﬂ 27(401- AF 7]151_ _1_,3_15:231]- ﬂ]
A 7|HE 7Yl 5o] Q&

(Mixed White-Box Models) HIAE TA/o|A AR&o] ™ Early Prediction
Models¥} Architecture Based Modelsg Z%st REEE %7] HAE ©
AollA HAE dA7ZE FRE7] Aol AZF=E o5 7Hd

(Software Reliability Growth Models) HIAE A4 HEEH, AZE
ol E2E AolY] AZE HAS FASHAY dlidEE Zho] EESO WA
ATZEQoY Al=dE FFeet ATEo] A% Hdyg 9 BAZ 5] o

QA Ex CPU AGME 98 A2S 918 A 9912 A3

- 43 -



- (Input Domain Based Models) T2 139 &FA Q0 AREFS UEI|E Q
g ERXZRE HAE AolAE Aot Y EEE d= A2 o
og X

559 SAA5e 221 22 B, 4540 24 e 48 9
2 Aolaol & FuRE 43Hoz A ATl I gAE Aojx9 ¥
Oo_O

AHERE.

- (User Domain Based Models) F-AEe} SFTA /A A HolgHE
7 sk AR ARGANA AlFo] QAEEHT] %
71 e RdEE FAAE.

;

4. SW Z&/SHA™E 71 AL

O RZEdC] A¥L B AHH ) ALEoPL FAY & Ux ThFd 7
99 52 FAFoRH AZEY0} Yo 4 Uk BT APk AP
Wt BAAA AxEe] AW 48T & Y R AAAES 5

27EA saua
| \ AE A9l 4d HAY
1
T AAL EAE
! ,
LTS
o 20|
a | HAE 4
. Cacl pm———— | SUEHAE  |mmmmmeees 3
Al o
ol o]
A A
I
|
1
|
I

(O3 26) 2AZEQ 0] JHL YHFT |9 E|AE

_ 44 -



O BAAA 2nEe] A AW FBE (Y 27y Zo| thesie, ofdel 2

o o] B %

- @ANE) AATe5dE, dolEsE w4, Aols =

@EREPE AT, vetEEAS AR, B2 AR, $EEE 5 AR, A
YE ASAR 5

- BANY) ZEUYE, Audols AW, AAY, T

BE, HAE ACINL7THY, s, A8 +4)

Software Testing

! J
Error Prevention Error Detection
| |
Static Analysis Dynamic Analysis
LA EYE acuws
HOIH=E &4 OlE{m[0] A~ Al
Ao & 24 Al
TEA ds S ddE
Cyclomatic Comp\emty st SEAMTHE
Metrics EHAE 70|~
White Box Testing Black Box & White Box Testing
(32 27y ADEYO| HAY B3
O ATZEJo gAY W9l & AYE(Code Coverage)= ©]-85t0] ALE o]
S SEE 4 qlon, A o] T2t E(Statement) APFE, =71

(Branch) A&, MC/DC(Modified Condition/Decision)® WoiAH, EHA
E AJE B A= (OF 2837 T2

=]
- (Z& A3PE, Code Coverage) 54 Al¥ F£5Z ZHol= 7|02 A4 HA
ATLEY0] AA FEOM APE FEZE HWEE%)Z Yehd Fold, Alg 4

of wa} E4(Statement) AHE, £7](Branch) AYE, MC/DC (Modified



Condition/Decision)& &5l 2.
(B4 AYE, Statement Coverage) T= APEQ 7P 7|EZAQ] $£Zof T

P Aos YT AnEge] n FEle] B F 54 AW Holw

Sk ol AlRlE 49 HlE(%)= oueh

(¥7] A3E, Branch Coverage) AlFA AZEQ o] AA FTU9 BEI|E
% 54 AP H(True), AA(False)o] Zojk 3+ W o4 AlAH Hl&(%)<
o3

(MC/DC, Modified Condition/Decision Coverage) 7F4 &2 $£&9 #
T AYPEEN ARG AZE] A4 F8Y E7&0 e BE 244
T MNE 27149 592 W37t &7 & ARl 9F= vAE Ee
Zoto] dis 538 AlFZE Holx 3 ¥ o] AlFH HlE&%)= 9|, B2

Path Coverage@til &

Coverage Paths

ABDFHI
State Coverage

ACEGHI

Node 3 ABDFH|
Branch Coverage

ACEGI

Node 6 ABDFHI

Path ACEGI

Coverage ABDGI

ACEFHI

(O3 28) AZEQ0 HAE O|A|

|46 -



0]
=
>
i
ox
okl
£
K

2AA HE

AZESO] AHPL TAAA 2mEGC] AT Z7l0] BE AHEE Hda,
Fejste Ao] AmEg o] BANHA) Belo] EnHoln], AmEge] T x
EA2OIA Y AR ohet aTAg B4 AAUACNN FE A=Y 3
o AL 714 483 Aol I3 AXEF] ELS ¥ & UL,

F7IAA AZE o] 4Al=4de dAet o] L€"61 A2
SOl FokAl
SW /\]ﬂxg _L-ol- .u.ilxﬂ_/_\_ 7H1§

lzl

, ALEY]

SERO] AN HE LY Jok m2ALE LB S FEE A
3 AEES olgte] RTARE B4 BN 2T HE AFEE BAske] &
Yot A TEANA AHES ofEsn 2ATES BEstel AW} B
AN NS WG 5 . ol A=A A4S 483 g

LeA29 e UE AE7ts 2E H 7 et d7=go] "agh

by

- 47 -



A5 2 &

O F7IAANA AZEL0]2 FHEE 759 H|Fo| S7iota o, HE79] 7
¢ SW2 FEEE 7152 1960dd AJAtE F-4= U759 8%7F SWoll 23|
Y= ARG, 200790 AR F-35 HAE719] H$ 90%7F SWoll o8 7]l
THEEI 2.

O ATEYo] #HEE= F-35 AE7]9 AL 18,200KSLOC (Thousand Source Lines
of Code), ZHjolA 7&HE AAQ] o= 1999d K9 AFE= 120 KSLOC]
A 20079 K2 A= 620 KSLOC F@E o] EZs)| 1 Q2.

U AAe sd¥cke AAlCIRR ke AlRtely &7
1=

133 4 Qlofok e, Al2glo] o @A HAIsh

[e) =
Ad Fske dol gle e F4e fAste AFAel gHE £ZEY7t
1

O F71AACNA AZEC]S] vFE TR AnEo] FHE 3 JAF AZLET]

of AlmAllE BAST BAAA A= BE AEE BAste] BAAA 2L

_ 48 -



R 3¥

[1] &4, (2016.10.20.). “F7AA WEBSW |FAES AL ZPokRL” R4,

2] 454, (2016.11.16) “F714A AZEQ0] A 9 AW 7ol I57
H AHAAGFEZIAA SW A AL,

3] A&, “FIIAA SW A=A At L R SRty SHATE

o] A3 SANZA. T=PEAE}S], 2013.

[4] Ae5, “F7AA E43 AZEQo] A ZRAA” fopg]A],, Vol.59. 4
AFA3. pp.14-17, 2013.

[5] A&, WZE SWHHFY] g8 Wl A23] FIAA AZEYC] W AHA
2, AAA, 2013.

[6] A4, Zas, WEd, "AZE0] BAHAEE g AFASRE AA", =
JEAS], A333] =P EA LS| AT ==y, Al6H A2s,

p.969-972, 2010.

[7] 01%% Fer, X%, B5d, 'BPMN7[EY] 2d T3 0|83 AH|A A|AHI
HAE Aola A4 71", FEAZSS=wA D A16-D¥, A4ZL pp. 595-612,
2009.08.

8] A719W, F7AAE g AZEo] A Fo ZE2A|A, drAEHY] =E(orEd

0] A2, F71AA W 2% d4E A% WES 7Nt A4 S5t Z2AL, HAL

= (d &), 2015

[10] A &8, F71AA 2ZES 0] 7id x[<do] et 4.

[11] FAAE, F71AA SW A 9 & viwd.

[12] FAd7 e dAlE, 771314 AZE o] d-we AESR, 2015.

[13] =7leF49. (2015), "=7HE 3971& FE2AM.

[14] 9= 9, "F71AA sSW =Atel dejdd 2 et A+ dEFY d+4d
(TAAA HRd, 2011

[15] G52, "F71AA W83 ~ZESC] A4 Eet,, A=FESA 79
(TAAEA HRA), 2012

- 49 -



[16] Bertrand Meyer, ETH Zurich, Dependable Software, 2006.

[17] Donald G. Firesmith, et al. (2009). The Method Framework for
Engineering System Architecture. CRC Press.

[18] Software Engineering body of knowledge(SWEBOK), 2014.

[19] Sommerville, Software Engineering, 9th Edition, 2009.

[20] Kuldeep Singh Kaswan, Sunita Choudhary, Kapil Sharma, “A New
Classification and Applicability of Software Reliability Models”, International
Journal of Advance Research in Computer Science and Management

Studies, Vol. 2, Issue 7, pp.99-104, 2014.

- 50 -



2:-0-1-6

a2 NARAEAA |

<+
T

—0

A

2016, 12,






ﬂ;‘rL7H_9_ .......................................................................................................
1. FFFHRT D QA covereererres e
ZE QTLO] HJT wrerereeereerese e
LF, QITLELIE cevvereremseesesis et
2. AT HIO] T HFH] c s
Th O1TEO] HIQ] oottt s
LF, QITLO] HFH] vttt
] U]EH xd;((])] .....................................................................................................
1 O]l ZAARF FET corveeererenemiiii
2. O] REBL F[d cveerermiensiensimsiintitissusissisisstssisessssecssssssinss
3, ;(HEH/\] ;(43_‘:] ,8_%_ ﬁtg— .........................................................................
4, SHIFE ZFAZAES THTE O QFAF e 10
) U]EH 7Hc3_ _115‘;‘(1]74] tﬂ-;ﬂlﬂ]—o]- ................................................................... 15
1. ;_H} 3_7 gxﬂyj] UCIDS% %@._Q_E) ............................................. 15
2. OFEt TRQUAIEA A «rrverereererreresensssnisinisiisii 19
3. Q] AMAAEAA FHEFFTF -ovevevererrererereeeee, 21
7].. ]—]{- ................................................................................................ 21
1,].. (Q% ................................................................................................ 27
TF, TEEFA et 28
BF, AZAE oot 29
4. nlg] NAAEAA L71d H’—}—E— QIEL i, 30
5. ald] MOIABEA A A8 QT AL s 35



V. }\321]711—_-_ %5;1—_31]_ /\]-ﬂZﬂ' ﬁ]-.‘]l:]l_‘é‘_jq_ ..........................................................

1. o L ZE3L 7|SA TESA] s

2. A7 BAT s SEFL LA NALFAA N AelA 2y} -
V. AE 2 BFET QJILHFBE eveereerrerserisis s
FETTTLD] cooveerseessseeesseees s

46



[ 2-1] BAR ZA TP cwovreersmerrseemssessssssssssssesaes 13
[Z18 3-1] Joint Capability Integration Development Process « 16
[1 3-2] v|=o] Z2ZI5HE PE FPQUAZZ A -oveereeerereerererenesenininnns 22
[ 3-3] LB SAF Y FHQUATLA A «oeveerereeresrresmmsiniiiis 28
[0 3-4] AL ZAB(EAE) oorvereeevommmmsssssssssssssssssssssis 31
[12 3-5] Yu9] 7]EAQ] QIEAL Lm@] crrrerererrrrrererserisesisnnenaes 33
[12 4-1] 33FY X AIATZR MRI GAF e 37
[ 4-2] YIS 0] 83F AFE] S8 v 38
[18 4-3] HTE BZ2ATF Tl o 39
[_-1;-‘;:1 4-4] =0 %Z'ICQQ_E 7&%1‘-_151 3\_7_(]- .................................................... 39
[18] 4-5] u]Z29] DARPAZ} A Z7FAA AEFRF e 40
[ 4-6] U]e] HWALS] VR Z&TF AJBFO]A worrrrrrrrrsssssssssssrnenmmieee 41
(28 4-7] ZZFAA FEGE oo 41
[T 4-8] HZTL ZEAA|A] oveereeeseresserssseesssessssissesssssissssssssssssssssssessses 47
A2 IS I A =T = SRR 43
[718] 4-10] NI AEAA HloJE] B v 43
[C1%] 4-11] 2014 ParalympicsO AR&% Oscar Pistorius®] &< 44
[12 4-12] Exoskeleton Z7]HT e 45
[ 4-13] BFZ27]50] ZFBFE TE oo 46
[_’]_?—‘L:] 4-14] 9x=4 Ho}%‘gﬂw 7H/1Kjlﬂ]ﬂ- %lﬂo}oﬂﬂ. ........................................... 48
(23 4-15] MQAAEAANA BT QITZAIR] 7|& wwovreerereesssssrsesssssssnns 50
[ 4-16] NAXAEAANA THYE QITOFTL o, 50

- il -



(E &5 2

(. 2-1) I8H7)E0] AHisk= ARO] FQEA i, 11
(FE 2-2) AAFA L870E0] HISE oo 12
(F 2-3) 0] A o]Zo] WE AR QFAF crerereiii 12
(FE 3-1) AELT} BOIET|A|A ATHA BT -revvverremeemreens 34

- iv -



AR

AL
e}

r

A oG A e AT 7Y

+=

7_(1

AA 7y 7

1948 7]

7

E
A == ok ‘9

J

Jo

oju

- T2

o] "ojHY A

olgtil & & ok 2A B AFdAE ‘T

(S]

e g

Foll A W55

o] oFslElm o3e WY Ho

A

3

5

=
=

ke A A

=0

H

4

X

-
=

A A

il

A 7] = o

o

T
o

X
ol

i

3

dE = d&olth

A7} 2

3+

¢l

stel 2<59] Block-II o o

e
&

)

5

AE =25

3
2471 S el of

<l

o71a ok ey AEFRNA Al A

=
[}

7}

)=]
=

|

kel
Gl

gol] Hojdk FI|AA S} EA gt A&

~

[~
o

P AEAA

<)
yul

1A HAEL AAE SR

3

F T4

KH

L

)
—
o

NJo
oju

JJo

p—

0

il

el

Jo

A

@ ARAT A5 o)A



1. 93718
1, |tu 9 g8 A

7, @7l w7

2147] A F1%e] 87141 BHE ol HE AYFolth. ole| we} A
4.4 u7]e] NCOEY, Eab/lw 2, 42 e4d, SAST, 440 2,
ARAA 5 A PEs Agel vF AR Ad £5 A Yok

olm] MAHoE AwAe] HAo] M} oA L FAo

=y
rlo
o
o

)
bt
N,

off

X
2
to
ol
%)
ofN
ol
2
i

wo] ArjHoR a7HE A4 44L neln Yk

AT 7lewd A4 A9y ke ¢EIE LRIV EH 2 AT
Ao SO AYE B Pom o AFAFS FAG FAAAE I
Wal7] 9sl EAAATAA BRI AP} TR Fe FA7} olejA: gl
o U B8 B RN (E3) FARR)7E S tuol Jos & Aol
2 | e 22E0) AL oA wAEY 5

M
o rr
po
2
<
N
i
QL
k
¥
r o
N
rlo
2
it
lo
of
o
lo
ull
of\
s
2
o
W)
A
_— Olr
i
o
45

1) Network Centric Operations Environment(UE 3 =4 2x374)
2) Alpha Go (J3A% vl5 AY)



K

oF
G

B

SEORED

7.

mH

& s

ER)

;:-l_

MR AFEAA el o

)
oR

74

1
T

= WA

)

)=
=

?l_
5FA .

9

3ll(Collateral Damage)ll <]

9

43} 557 )

;-I.L

B

B,

0
B

o
N
ol
3

+

B

.?_

| A AEA,

2

AAGAANAE d8&71ed vl

3 SANAE A7 23

A Al

_'__r’_

B

o

)

R

¢
o

Nlo
o

N
o

3t

ko]

=

b Hol

Q



H

=

28718 AA gk bk

A

*

SMd s AAIRH,

[e]
R

-

—_—

%l

[R=d

3

I 71 A A A AL H o oF

T
il
e

A

7

i
AA A

ok A&

o

el HAHFAA A

9

2)

3t

ksl

3 A A

o}
|

A xR =0l A

o
Tor
_y

d A 7N

*

B

B

=

o @ HRFEAF gAY, 2Ee

AA 7

2, A AHe

o

) o}

JJo

.

A A

EI=

ot =3 gl

Evile)
ST

=0e

tol AFTe A

S

T3k C4ISRY) A 2=ElS o] &

o

No

=28 HMDYo) 71489

=9 7l

Y s ok= dA JEE Exoskeleton

3]

@_

o 7SS ol &

;OL

No
B

:Iﬁ.ﬂ

3) Command, Control, Communication, Computer, Intelligence, Surveillance, Reconnaissance

4) Head Mount Display



1, gl A% 243
214 7] A8

I. == A7

o exal

R

I

file)
N
Nlo

o))

£

ol Ao} M %2 (AR

FHI A3

St okAlo BH Y A

[e)
I A 20143 7€ FJAAEA A

F=
b

=]
=

7

3]9]

1

Ae EAE Aw
8

H

Ji

il

}

A RN

=i
=

=A

drE 2 2013d 12¢ =7}

9A WA} 7

3 JE- G99
e Ag

Al
-

il Zd&holl A+t

2] 3]

< HAYeH =A

4

&5l 71o3t= A

o

Y th83he F

=

.

vl gelxeF N £8F

- FARE ol

1
T

o]

=]
A TH

9

&kt

A Al

sk =

st

o

=

=
=

_?4._

=
A7

a o

[¢)

—
o

b 347 22’8 94

S|

7Mooz ‘HH3 x4

Far

stol M93 W3 Foly

¢

Arhe wakol WA

o

el AA= #A
2013 &=t

O]

Azl 71

7], A& wlAk

Ho

Ho

olu] Al w3y

LA 7] AL

=

=

71 A A



—
o

o

Nlo
e
N

i
o

B

o}
"
&

—

<

17,”
P
I~
JiL

oo

Ar

;oL

Aol thn

Ry

=0

7.

™ A

A v Aol st Ao} A

o g ol ot

THY

s
—a

*

g2 g0l A7)

1

S

5

o

2

E

)

3w AAE A7

=4

2l &
S AR AL, A

o] ool A WA A5t 3

HALY WAL 5

3L
o

e

il

e

5, e WA BEALY

o
&+

719} A,

s

—
file)

o

b 1070 Ao, 270 71A 3t

S

FER

o

A&

o]
AP R 117, 10 713AN, 470 71 A8 A

A

5_]__

)=
=

1 Adeqgdez 7451

3

AL F-oF 1370 Hd, 270

3)
=

i 270

3]

K

300Km AFA

A=
Faz 1990t ol AbA 2] 1300Kme| =& H| A

3|

Sl

AR ZEe o] 1980 T o

p/]
2] ¢] SCUD-B%} C

Bis

1=
=

Q)
=/

]

A7 =

=
=

—

200739 AFAE 3000Kme F-SE AR

o
Bo
oF

it

H

o

|

20123 7}A] =2+



.03 ABE SOE GHUL 53 o5 Boks HRE Wiy|Eo] ¥
AR AEstn gom TAREYE wdel & HFERE AHen Ytk
Augae By 71E A8 A

o=
Usrlee AA- TR 722 Yo MEMSSt NEMS, PEMS6) <=
5

.—@
Jm
ﬂ',
SN
>
)
Wi
B
40
=2
>
B
o
s}

p‘h
4%/
kl
M
>
X
2
rjg
=2
>
=
b
N
i
A=)
ao
EEI){_:
2&
£
=
b
=
o
to
Jo
=
2L
=
>
i)
=
m

A=A ok B¢ 71EY FHAE} o g duHA JqJUAE AA
HE AA HEE, 74, AAd|A soz2 THATA A|A S FEA
A AREHRl oE T A &= wet He & E FR7MA st

)

{0

30
N
M

>~
=
)
Wi

]_

-

o A oA E o] L3 HEL?), HPMS), EMPY), $3%-7] 5

5) Network Centric Warfare (M|EY I =4 2+A)

6) MEMS : 10°°08] zZ7E tdF= #7]-714 A28, NEMS: MEMS®¢ 1/1000%
FE= A]2" PEMS : NEMS9] 1/10002 tF= A|~HE

7) High Energy Laser (Lo =#] #o]# )



J]

ks

A A AL )

o

I Heow o2 A=

O]

[€)

L —

o] Az 8ol 7t

o]

i
oo

7] 7ol A

3

W} 4y

i

o

o]
A=

FaL 2 2o}

S

OIF"

.

o] 7

JJo
J)J

e Aol A 7

°

A o]

1T},

AA

o

Az HojEar

1

T

].

o R e e e

©

solE FRAR WA
45282 0] 7} A )
SRR

=i
=

o]
Jo

=i
=

Jjo

Ho
o

)
Ho

NI

>

of FJAFZAAZE FHAFEA 2l s)

—_
o)
0

N

oy
T
o

1T},

AA

o

Ha

/\O]-

& & Aol 4

L=

o

M NCW 749

i

|

a0

q]__

b A=

7]

=
=

te A=

°

?:l‘

=R
L=

e}

g
Holl thgk tiete g AAHAT. A H

g3

A 4

<
o

e 7] AR} L&A A

=

R

10] ofug} o
AAAE A

o

st AR-AA5Lel §
RO EA P IEEA RS

o<

K

fite)

B
ol

A837F 94

9 FAFZIAA

8) High Power Microwave (12&% HA}3})
DBpS okl A A RQD i

9) Electro Magnetic Pulse (Ax}7]3})

10) Alpha Go



]_

AT

°

A7
Het7)%
A o

AT
uhs)
ze

EREBER
.’.’r_

o

2 H3sAY &8

5

s Aaksh 8

i)

JEETE EopAL
3T

i oF
}

)
yil

g2 o
28MEe A WA @ fA9 Adelth T AFE &) Sl

we} A& 5300l

o

del A%F P53 ol

ety
el o

=

T

ol m|

aL

stu glow]

S

7}

==

o

7t B eEe] oM E 2 W oasa glon #olA

ANE=7}
Z1Ee A E A AY =R dAE AL FEAR

1

SO 2 A AbolH F It A HHof

AH3B}E Lopoll AojA ol AbolH

&

bo

)

ol
o

)
oF

pr
o
»AO

¥

oj#A o

.

s

=
=

ol w] A

)

T
T

o

&AWk 32}

1 LADARS 17} Ax7 BQs

9

AA e} AAZE A FAAAZE EHH 2

SREEIE
SRR
ol .

1

=

3

=
=

F

u
Y

=
=

=
=

] A
]_
Ad ZAA

1

o
=]
i

)

ey glo] dA3HY] oy Eokelr] wEolt

Aakol 3 op4]



2

ojm] Al
tel As

°

L

T

Z1AA S AE BHAAAZE 483 2 Aoln. 7]Ee] dFT

T 5
A 48yt A ST

Eas

HE P HTHE T LR T TR TP
< ﬂauT.W%mmu%7mumPurovAmﬂ§
o o 2N 8 ORK M M-
X ‘m\m_lmmo_aox_ o X o T+ ar
s o ®P P ATy M
K G L T TR I B )
B e g PR T g
i CR N P O )
x PR e F EWE W oy g
fuy o W E o KR ooy oo m F
L B T T AR
ol o B iElﬂ%ﬁﬁ/&ﬂ
i Pl Moy Ry T Ty R
< +o T oz Pg s o= gl
s B TR oo B T Ea ol
— _OO o~ B0 5 ,ALrleOMOO_E\A
N mor TP T
o E e R T SO
of B A T AU ST :
N [y of X X — g A o T G T
—_ T o= B0 N w T X N~ o
< - ﬂm#@ﬁﬁ,%%ﬂﬂyﬂﬂ@
T B Oox _m X e T R
oo Mﬂuo_v‘ulio]ho &lﬁlL
= (g Eiﬁ&_qw,muﬂoﬂmﬁgumw,ﬁ
- L TR A SR - e
3 o m_._‘mﬂ]rio,u_uﬁ < _,le_-
S FaTEAEZENfg A7
N e ﬂ__ﬂ:i;oLOtﬂE]%@]ﬂmlwmoﬂuurm
g & W T = T o ~ 4% 9o K i
& Fowgw g 2N gg ¥
Ty X R4+ O EE X ° — 7 & X
o) — NI & Jl;o“_oﬂwoﬂ@.ué.dﬁ%dﬂoﬂuo
> I A s X o & T
7 Y <X w ST o
K m M,_ ﬁwﬂcﬂﬂﬂmuﬂﬁ%wu_.%@%
e B R R ey 5 TR o
g N . TR W dr Hmdw T TR
N ~ G B I SO N 1 T T R N

- 10 -

o] Zv tiFE FTANA &
ol At

=



ot=

2-1) 1tst71=0| K|

I
ar

(

=)

YIRS e IS

IS I
o
=

I -

H) SIS
—_
0

B .

IS

| e
5!

NSRS

R R e

E ~

4r Mﬂf

il B

X | o

W g | < | W

CUN N Hﬁ

X 0

IR R

o | X | Mo

2

=&

S|~

il

eI 7]

o] A

<3 2-1>A4 B vk}

g

@7 o]

P
T

ST -TEAE O 727 A

%1—

oA < o

=
=

o

el

X

g vsFze 4t dA o SA4L <k 2-1>3 &

2-2>04 H&E

-
st

ool Wt AFLEAEL <

uhsl gro] Wk,

0
Az

)

47

¢}

A

d

3.2A48 AEo)A WA
. 7]

d

AL A
&

A}
S,

EECERS

AAE2

o] §7]

=
T

golet T %

E
=

SR

b
il

XO

&

wn 2% PAY g o=

0

=1 T Ao gAE R

- 11 -



ol
&l

mo
0]
OH

K
<0

t 7|.|

(H2-2) K|

sl
o

ST S

%/

K
Ho

—_—

0
i

rvzel

il

Adeltt #H3trje o] Pl AEA

2—3>°ﬂ/‘1 HE= H]—Q]— Z;]"O] q.7]_% U]EH_QI }\Hi%

-
st

NEHAH. <

Hin
53¢
B

b gl

J

ofgE oA YREER,

o] Wslaty VEL A, A2

L

mK

has

B3, WU E I, AR Aol o]

of wet

=
T T

AANA WEHZ EFAAZ A

Z1A A S| 7R

nk

»AO

F

W W

X{XH OFA}
O oo

.I

s

F ) 20/

WU EIHI/ARA, Alolw

(H 2-3) DI2i™ O|20f| WE

coldR T — XY A7

A A

1

%

1 ZFRE AA
-y E9g =
AF F 7] A Al

7

Hn
=K
il

—_—

ol
v

7|

KH

Hn
=K
il

—_—

oF

12 -




mhH] A 7]

=
=

Al

o) EEs} EobAA Hel wet el

?_]__

stel A HRo o
71 8 A

YEY D

o]
=

A4 AU 9= Fuel dol ohd He Bm

=]
=

s
o

w
el
o
JJo

@ Zolw Aleld mpEs Frjsto

o

240 Fo4o] AER ©

J2 Aot

o

+

SRS

Offense

| Stability

Reconstruction

* [nitiatne

il Jo

Dporatinsd, FR3-00 (Waskington, 1D Goneifumernd. Pristing ()

Acliphed fom S Aoy {300F) Ferld Wi,

Flgnore &=

N

I

Kr
K
RO
]

}

PSP

(23 2-1]

H
L

]

7
nlg) Y

3
pul

7kl o

otz Bt ‘BMA-AAA BRFA I

- 13 -



g vhalA

WEN R B R P T P oo W OE B T ™
@ﬂ&l%ﬂ1omhwwwmovx,awwgwmmﬁ%y
A S R IO G I B o i
o o T SRR g oy T T M e
E 23T gmzZzpldgleidmnn iy
Ol‘lﬂHEMM_Gﬂﬁ_vﬁd._rﬂo mLﬁ_Haﬂo‘mvw_/Jlo_oﬂo:‘_mfﬂouOn”&ol
< ) T ~ .-
qwzzﬁﬂgwwzfmm_aﬂﬂgm%w@%aa
T . M Tz ® o E oy s2dagd T AR RT
™o R E e o ~ K 5 ® TER T N =% W
E = U | N %) oy oK =
= Jo M = 4 ™ < W o & o 2R o
ﬂo_awno%o_o&oo_a;lMHﬁn__/uiaﬂﬁezﬁﬁﬁlmﬂro_a
PoopE e 2w N T Soaw o P oo SR T
_67_1,%.01}-%1_.110&'% @ﬂﬂ]x]_.d_iﬂﬁw_.ﬁ%x
Tgd gt Pa renerl ¥ PsE PE
PR 2R iR it s isRaar
T AFX o R ST o My R a NX T
@Efﬁﬂemo#aﬁz%Mﬂ%%@%ﬂ&ﬁLz_owaEg
Ar T T o 0 K-
MXLWMﬁedXLM%ufmh1%wwm%ﬁ;_eﬂ%{M
&Lu_xﬂﬂxﬂﬂA%ﬁoﬂ,_m_uo_auHTHHELEEM,&'E
ey CPT TN g TR TRy N E BN
o m YU PRV T gowoe T by ® o ®ogoew T
S P IR A A ~ I G g T
A At S R SR S S R
o = o o © oy T 0 " = B M <n R’ ™~
T iTSTEYEETL, LR
=r . 2o < o= o K £ ~ X AL T ° =
w "o m&egdr7wi%%ﬁwwﬂoﬁ%%%ariAM
o W - R N R P obog Moy oy "
mﬂ.%ﬂ%%%ﬁﬁzﬁﬁﬂmﬁ@ﬂ ﬁo_ao_oﬂwm_d
e N2 TP o P owyg w W
_AL@E d_ﬂx_lhtﬂdlzxﬁux_lﬁro N_IHE —_— 3
AP T = s pIT mem HET® oy
Mﬂﬂoﬂalﬂ_/uﬁ/ﬁro on_o._n.mo _ﬁﬂﬂ_ﬁx‘l,&m‘l}ﬂu]o]r —_—
AR i A e S A O A
mEXTE TR g E g FERE P
S S BB R S S B O ¢
T X N W oo o T W OB WO N T 3 @ ® T X 5

14 -

A Q@ 34

k=

5



.
o

Ho

o gejz AP

A gy AdE diEE, Ad i A

i
Y

‘mo

al

—_
o

|

T2 A=A

x

P

o
=

A

2ot

FAA3) S @shel 9] 917) 4ol

tA 718 A A

&y

1

9]
yil

7612

o

—_
o

np
T
A
K
o

1. 94 97|3A|4 (JCIDSIVE FAloZ)

4
o

ﬁo

ilin
o

)
yal

o2l A el o

L
| Iy

JCIDS

s}

o A 7 ool BeE

)

0
u

1=

u
=

)

—

W

5}

& (Capability) < 7|Wo2 875

kel

3 =2 A 7|7} o]

S

A 2870 7tel=

NEEE
&

=

=

3)
)

= v

—_
file)

L= A

M =d4 Bledd o

il

2A71&

A

9

A

I

Al
=
3}

A

=
K3

nYp AR T Ay

FF AL AAL APAA o

|
~
o
ul

!

—_—

Jvn
TR

oju
0

s 29 A7I7E A4alolth

S

- 15 -

sH= Atz 27

3:-_]__

49

. Joint Capability Integration and Development System

11) JCID

JCIDS #g-e %



. g . .y, *Analysis of *Technolos +Final Design +Low Rate
Prosident, Identification of Capability  acmaives (A0A) -pomonairated  -Dovelopmental i
SECDEF & Requirements -Acquisition Strategy  -Initial Key T3E (DTSE) Production
Chainman: R 5 +Test & Evaluation Performance *Operational (Lra2;
-Strategic +Operational Planning  +JCTDs/JUON/JEON/ (T&E) Master Plan Parameters/ Assessments *Initial
Guidance +CBAs & Other Studies Experiments (TEMP) Key System (OA) Operational
sExercises/Lessons +JIEDDO Initiatives +System Atftributes +Revise KPPs/  1&E (IOT&E)
0SD/Joint Learned -Defense Business Sys  Engineering Plan (KPPs/KSAs) KSAs «Full-Rate Prod
Staff (SEP) -Acquisition -AS (FRP)
“Integrated [ OUIPUIS —————————  .Operational Mode  Strategy (AS) «Acquisition Pgm *AS
Security *Mission & Problem -Operational Risk Summary/Mission +TEMP Baseline (APB) APB
Constructs -Capability Gaps *Non-Materiel Profile (OMS/MP) *SEP TEMP TEMP
+Joint *Tasks Approaches +OMS/MP -SEP *SEP
Concepts *Performance -Materiel Approaches <OMS/MP «OMS/MP
+Conditions *Recommendations Materiel %[;P %Fele :
Activity Decision A T 57 ED S FRP
Select Joint Develop Capabilities-Based Assessment / Materiel Solution | 2r T““h""‘“!” | j Engineering & Production &
| Concept CONOPS Other ' Analysis co Risk Reducllon cp Development CDF Deploy
Analysis of Competitive Develop, test, LRIP & Full Rate
Alternatives (AoA) Prototyping Production, deploy to warfighter, I0C

Military Services

<=

JROC action for JROC Interest programs (ACAT | &

Validates Reviews AoA 1Bligates validates
IcD Results cop cPD
[SECDEF]  Joint Staff / Joint Requi Oversight Council / 0SD | OSD (AT&L, CAPE], Services and OSD (DOT&E) — Joint Staff (JROC)
Policy Identify Capability Requirements Select Materiel Develop, Test, Produce &
Solution Field

[2& 3-1] Joint Capability Integration Development Process

o
(i
o
=2
X
rir
ot

%39 JCIDs7t obd AFE @AYt oldez uFe
2 208t nAS JaDSE A FSAESHI Frbe) A
% E

f—
aQ
o
N
it
ofy
>
o

AA, s Md, AR, dRARIE FASE nY Fe AFFHS A4
7] % =gA AnARer FAHAJT A A dTHFTHA o
AAT Hrrs B3 vY =2t e Hxeke] AfolHg AMEstal o] A
ol¥E FEE & e HEZHNAY EFAR] HAZUH AA B3l 2T
STFAGS ARG o) F mY FF AFTY AdS Y3 o4 vEAA 3
Aets A AAStL UrA & B3 RE ds) S22 HIUHe o
T3k ve] A9 EFAHQ aFAge] e olF JCIDSet A & F&
o] F& YSAA(DAS2)9} d4te] BE&A AES g =% 7] A A(PPBED))
£ Tl =23 oA dg g5 dap g dEn. d5AAY A9 vE
S B4 Aol AFH o]F HE&E BAS diks FHE T A
FAY AAHS AA Fihul Ao AaE weEpgith ol S FAAE =7t

12) Defense Acquisition System
13) Planning, Programming, Budgeting, Execution

- 16 -



Ry
&Y
fo
o
okt
[
=
o
@
&
=
>
»
&Y
_E

i)
)
|
fo
b~
il
b
i)
P,L
£
i
2
oL
A
N
i

14 %T}. B4 %52 (Capability)o] & £

=
A £ Qe T (ability)S oS 4 2 (Requirement)T ojd

N o 2

N

é —
N

%

i

fo

e

ofr

1B

@)

) [
S

Q.
g

i ol

b
2 rr
N
rO
>,
S
N
lo
il
-0,
1>
ol
(S
;2
lo
H
)
4o

=
2 ANT 4 Qv YiHos e wPow ASE ¥, d AYe 2
sroz WANIE P, EE Hu] 4

=
| ‘& ¥ A(Initial Capability Document)$} HF&H a4 W74 42 4 (DOTMLPF
Change Recommendation) 59| &A7} A4bEAT 2715849 A9 87|
W7HCBA) Aol wet Ay 3y [
Attributes) & 2JE&tA Hed oju] AEE AHEEAHLS AtE A=H
AAS=H & 283 £40=7 & tiF JIEAe AAstL FLAETaL

(KPPI6) 2ol thgh 202 A A Sk

N

r
o
Q

3
[0}
]
o
=
Q
=
=3
=3
(¢}
B,
@]
=
§
O
¢}

I>
T
o

14) Joint Requirement Oversight Council
15) Capability Based Assesment

- 17 -



oA Aol

A7

T
)

A AA

o

A

)
%

el

Tom

—~

;oL
JJo

R

i

)|

s

H
#, oy

=
3

84

JJo

3

A

btk F8

k<]
pul

gt Fhssfor

&
=

A

=
=

913

Ae

A% A

=
pus

] ER A,

)

—
o

._o_._
;OU
o)
oy
Hlo

d

- -
=%

g ohe} g

JCIDS

1
| -y

A Al

2

o oJAAAA

2 2

BRES

s

qAEA THE T8
HA AZ7IRE L7 FAANA 5N 1 GAAR vt

=l;

S

JCIDSE W 8534 o AAES 9

Aekal & 4 Stk

B ARQEol] thell E&fstal o

o
M
il
M
e
o

JJo

0

J_,NO

8 st o] o Bad
sHoE A HE

¥ 5 il Hek.

3

m,o

5

™
el
ey
g
B

Feq w3t 9

S

3r

|

E 5o

%

il

A=z A4

o kol ot

)

—_
o

wjr

AEd & Ak A

o

o

)

.
o

mr
I

LN

0

16) Key Performance Parameter

17) Doctrine, Organization, Material, Leader Development, Personnel, Facilities

- 18 -



= MDA FEAA

2. 9

i B B P = B i o |

S|

5

EAAY 280 Ade YEHA 9o o

Him
=
_EH

oju

[

J]

TR ew HA

M A -AA A

4 3L
o

o

|
&

gH 7t AA

]

NCOE®]| A] il

W Hao AEsh HAre Yo AYHe FUR

Zyo
5

2 Agdxol

J o
= —

S

|
~
file)

oy

53] NCOEIA A %9

L
| Iy

FEHOZ o]To] 7}

Ml AFAe] AEAS A

B

o

N

A9 4

S
T

)
_

N
Nlo

27l

Sls

149 gL 9

Z7}st 24

51y 27

§-_]__

A% 9

D

3 3t

o
KR

)

AAT4, 2011

=
pLE

- 19 -



)

=K

=
=

571 7]

o=

2}

=N
[¢}

B 2 HMD)

hva
I

7133

o
__OU
H

00

[

oAM=

st Aoy, 74

s

J)

AL Aed] oA BA <

4
mk

—

0

il

ToR
H

HAF71AA A

e

Fo]

o

o
o

il

o) Ate} ]

19) Head Mount Display

- 20 -



0

B
el

1=

12l 7HALFAA 7

[

3.

3)

_?,]

517

iy

shar mz) el

Juz 5

=
=

AAHSZ A EAA

WA A F A A

il

AAH =

=
=

7.

]

19903t ZFE u

ZaAoZ AEATL

A4+ F-(Army Material Command)®] NRDCE

= Future Force Warrior

SRR

o)

u

=
=

=
=

57

gl

of At AA <}

=N
[}

2 o] AlZEoe] 1994d oA, REZZ}

o

zo
FA 5= 7] AR A vl

=
-

M

el

= A

l

3 =3l

S

7€l T2

tel 2AS L A=

°]-§3

HA 71E2] AlA -l

s

AW 2L ZEZ )

HAAIL BPADT JAEE, AHFATYE

A A

2 AR

al

o}. 7] Land Warrior ©}

o

)
——
o

o

3 A

7

F2 7N FAAZ FAHL 27 w2} F7HH FAAE

o]

=
=

or A% WENZ

3

=% 74

A

Z.
x5

ot 53] Aol GPS, #olA]

o

71, v 2 v,

N E5 2™ Noise Cancelling 7|

[e]
A

o~
T

21 -



e g 25T F UES A 44 W

B3 AF ROl HEH B dAolqom oy WHE AL olo] H
A 203020744 o] 2 T4 20302 2009'd 0l Al FFE o] o]
WP AL Aulok 7] gl Mk e F SR o F=
A Ved E = B , F7HEY =4 AA 8 A
TAS A Tol TFHIUG. v IHRZRE FHI dakadd bl s
20150 thF-2o Ade HaHAY | ghow JHAAAA 2
= flel Fa ek 7RATE 9l Avfst A ok

Aol ABAEE AATANAE

ol
)
32
)
p
=

RoboTroop

THEUSM'!'I'IIM
for 20030, Many of

o .
effort fnd (] Lﬂ
inerease =3 A
endurince. &
i \.\.-'
sl -
i e L]

20) Future Soldier Initiative 2030, RDECOM, 2009

- 22 -



v WAFEA 20302 20090 AAE
o} Zo] HAFHNOH ul Ko ¢o7 ZFsforsd Ao
& =

& Aol ol WASAA Hake) A

G 2B FYATI] A3 ASY AASY FIL

il T =
A THe WAEY A FASEYY, BE, ABAY, 7154 A%
== =

o] =219 7@ RDEC, PEO-Soldier, Knowledge Centers for the Initial
Future Soldier Concept System® 2] = 3}o] RDECOM |3} NSRDECOI| A
FEAHORE olFAH.

BAES AR Y FEES s v
(Augmented and Virtual Realities)> oty EA3t= 7ol 2 Zlog 3

et itk olE WA ¥ 4 Y= F

o
Atell Al A% M&S Abg-o] Ynkst
TG ANAAT Bl At

P o EAAe] o AXAE g3 BAe] SAH-AA
IBE gL VEET B4F0 AJHe] 7 Ry
Fol 8Osk Adel A AAe] L83 «H ol

Ws ok W E(Protection), X ¢H(Signature Management), 7173

>~

n

=

(Physiological/Medical Management), &%% ¥#Z](System Power Support)E

3}7]*‘ vEYZz st gtk olgd Bs s¥€e Aed 715

Z 9k £ S
9BA Fx GARIE 8 aeldlA wEo] A etk WAES A
EA3 FEREL 4% AN BHORVH BEo dIH N FRIE AA

23 -



g5 S A7t AAe HAAAH FARRE AQALYGA BoE) = 57 9

+ WA JEA A (Soldier Ensemble), o] ®3to|u} vHOERE HIEI =

4 & WA A (Ballistic and Blast Protection), Z&&E2] 3t} At
o

g RE S5HoE HIH = £ A= I
Protection), T3 nlo] 22 AMES ol Al e-AAH A

I AR dEskE, AE o, AT, 2EHE FEES YA H el
=olfle AU FHE Az F= AF-AHAH ZAH EA 7'Q]ﬁ](l’sychologicall
Neurophysiologelcal, and Wound Sensing), "l°|ZE &
Y E=Es FAGH AEE Uk e AdY
gk s el o8] Al AlHo] hedk A

A2 5¥(Chemical/ Biological/ Radiological/ Toxic industrial material

i

(~f

b AAES "HAs
< WAANA BHEstn
W EaEUs 9 A4
protection with self-decontamination capabilities), & * F-9 & 22= A H st
B&stAY MEMS ZA 5 ol &3 AN H7IAE Sl S AdezHE B
3% F e AAH/EE #E AA(Wound/ Bleeding Management), 73 - A
AY ARE Fd g 7dd Hs & F Ae oAF &4 s AA
o

(Multi-Environment microclimate conditioning) s+ Z3%3tal 3l

e WA FAAAE A4 2 FARIE BF Z@AA ARG
3 W REAAD (A 600m, FA IKm)E BASHD Ao Folgls A=
ERHOR AT & AL Aotk AAFAL YAS] A HES 2
A ARHL AR &L Ba) 22 Y A7) BT 53 =
AAY, &, s, AE 5 B AaolA E4d melEE 2Y 5 dE A
A7) EUHo] AART B BAL BBY 5 AL UL dHolth w3
RE PAE UAY 2Ag4Fel ddHc 41 £3 sl FFHL A 5
TASe YRS SYo| Ao Y B FF, A HY 4T/ AAxY
A bsd Ak w4e ferRzn Avel A2E AAE T H5HL T
AAZY A A0 By zEAPe AY DA EAHL A8
gope smPe] EA Agol NsAAEF FoEth 2Fwe @y gl wol
dutsiso] AFHFN L9E UE Zasy JrBAL |88 24T &%



7158 AEA L5 (Mobility and Logistics) > T2 WAL T AA 2
S T3 @Azt 2 Aot o] EofollA HFde AL WAES 293
ATEE FHHor FI7HA71aL ATl et AEA FRE & e Ve
4 EES Sl Y AHE gA S5t B A d3AE T
T A mEA Fg T F s AolH ME 2F FEH Y =4 Al

o B ©

iy
o
oft
:(x:i'_‘,
e
1%
o
o
foi
o
N
o
o
s
e
£
i i}
2
o
o
3
T
o o W
K
NN )
>

ol
ol
X
ry
AR
ol
Lo

% (Lower Body Unit), & =

Enhanced Chassis), Z3t€ 7I37] 2 £o 7], Qoo ue} A FAFAA

of gAlete] Aol ARgstE AUAE WALt AY Fsts BER o] B I

22 o4 A X5 A A (Ballastic & Pulsed Energy Protection), 78 -9-o w&} "5 4

Al FF=ES olssta A2 &4 F A JHA VS H
=

< x7)3)

do] A" 5 e Holth E4AY Axde AA AP P

" [¢)
AR 5 Atk A HAE vRBAAAC AHdES Frhetal Mstes AR
7ol AT = e UENT S4eS EASY] Aot F WAe mE

o de JdEdd A B
A4 sEHe Aolste Aot v UEYZE 9Fo FFHUIE A AU
A F3ta olof wel VEYIAE TE5HOE WMASE AAFH Hg UEYAL
=d€ Zolth 9 Fe] Fol= Holy ST Wkl dfol rxg HAL
ML HAgE T FLAS EF 1T Ageltt 53] UEHA AY
287 §43] 2081 HAEHo] AR FJFL F Ae FF S WEE F

- 25 -



otk AFAo] Aol W ES o

Al 2=¥l(Voice Recognition and Speech

Ao ==

[e) [e) =
=4S 53

Synthesis) = X3 T}

—_—

dstar A7) T4 T4

HE

S

)

=
o

o

o

il

NzEz A4 2RAAZ 7B

1
T

3}

CCEE

a7 2

1
| iy

WAl AA A

3 9%

olue} 4%}

E’_]_—

HH
U

13T B =97 (Visor)

s

Yesdd Yerle

T
)

l

3

il

stAl do

HA RS

o A

<l

3t

JJo

27 7t

oA
LADARS} #lol AlA

Z 9]
1 =

1}, NBC #&=#|7} 7}

o
1=

, 8 9,

A

d

i 7hA3

%‘

o
=

4

@_

T vhola= AlAet A 25 Aul(nte]2=2 UAV, A3t

ofgl thE UAVe A8 FA7EA 7

I Zolth A <t

3]

==
[}

ol

Nlo

S 26 -



AZ Aot

\

wAO
‘_OO

k

A
) WA FAelA 7 F23 BEL ox] Hofolt}

o
T
JJo

e

X

1o
o

of

s

i & 2]

}

9
pil

e 74

[s)
o

=

o] 7}
A e 9
25

=
3

A= A9} A

H
A TAE FRAA A ol

=4

ﬂ]i 1!

[e]
=

£

Al 7] 3L

)

E

o

3013 mRte

HEAZ AL
A7 A 2 &

=
=

A wH HARSA HZY FU1A

o)
=S

l

13} =

a

al

il

3} oA

R

—_—

o
i
No
o

T
A

al

)
=

e FE
prs

[13
of

FARE @A o]

°

o] 254

|

A
Ls

1

Eat 1

A=z A

0

=
=

=
S|

Future Advanced
bl Eggow

1 &

9

L

MR F Aok [

3}
2o

[e)

3}

A

=

=

1

T

A A

A

71 MAAF

1

o =o] v AE 20307

whe} ko] o] A

o] Exolth.

L

ol 84 A2t (Japan Ground Self-Defense Force)

=

S
Soldier Combat System©] 2}

3-3]0ll A H

=

q

A
A719)

Aug dH3, ARG RS, TE,

L
)

ot AlFA oz

2 5

23

o]

]

&

il

il

°

O
Plo
s
.@.O
L
Mﬂ

®
B

2 A, AR, HEIY,

i

O

o]-&

=

=

e AA7I

2=
T

=
=

3l

= Z(j/\]o

=

Ao FR
27 -

3l

F A9 A



R

-
e T B

=D

v
]

».

8

Hy
B
<
2
&l

ﬁ&

o
\'7

[23 3-3] L= = ALI2| JHAHEXA

19963 Al@AH o=

#AA FELIN Al¥S g5 FAth

L
|

T
T

FELIN21) o] 2}
AZbE o] 2007 Hzx AH3E] A

A1

9|

FELIN AAl= 701 A Al (Individual System), S22 A 22¥l(Specific System),

Z XA 28l (Collectde system) & 370¢] =8 A|=®lOo = o] Fof

A sgos 7450

3]

AR A 679 F.

L

;OE

&

oy
Him
oF

)

N

A

o] g3k
2 Stk FAMASZa E2]+= 556mm 7]E AF3 FRE28}aL &

J

o2 HWiHZE

sl

)

52, AAYE FHFOR o Fol

21) French Infantryman Equipment and Communication

- 28 -



q
o
T

e v, v, WA, UVERE PAE REsD AnZ PAEe

S o 2HE ®WF33 NBC vf2=

7t 22} OLED

€]

o

)

Ho
e

npol =9} =

AANZIE o4&
T A AT

=

dolloll aFE WA =xolol om A7}

L

)

A7)
a7

¢

Al AR

FELIN®| A}

il

=

=

T e YEY I FA HEHA

olo

3l FELINS

| A ==

[€)

]

Jl

o

FELIN gl ¢

Ha3 Yo

)
N

4 A Y %

o &

=
=

Ao} WA}

o

o
o

—

Hlo
|

—
fite)

4
e

il
W}

B

Gl

T8l o2 AAY 7lse AL BrlE

ol
JJo

0

-—

i
TH

N
gl
1°

o
ﬁo

3]

(A== 1R =g

al

)

=

- 29 -

AFAAL 3o |4

nl =9 A 20309 A-E
Z|RA o F

T

T

FAIZL 540 ot 3]

3

601:

T9F HAAANA o UE A

A ofelgo] @k,
AT AR

HEH A AA

s
—a



19 AA

1

T

2]

oul, =7je] =

3T

=

1

0
pil

v E

CEE
2

<
o]

|
&

ojtt. w]ey

1

=

=714 - WAL

=

1]

=

Zhell W@k 1

B
=

|

AT RAA ) oA S

o] =AY

4

Z

—_L
=

30

A

Al vt
e

9

4, v AJQAFANA =LA wh

3} ool A
ol o)

o

olel oA npehn

A5 gHo @A A4

0
pil

L UL )

1o

oF

o}
X

,m_..n_wo

ol

o

FL A, FHo] =LA HAao Mo T HGY|3H

ol
A

2 AYe WA Wi

=5

)

o}

RACis

A

=3
=

]

{2

oju
o

Bae = oAzt A B

[e)
-

k!

2484

A&

)
Sa

3+

S

HFEE F71 o

!
o

o)
%

Rk

o

ﬁo

il

2 o Al

[e)

=

A

q_\__

3

= 9
=

7

3

AAA A 2

CRAREER]

__OT

100

o

=

o

57

i B ] R v i

Al

9

5]

8

shol =R ol

ZHto &
[e)

A¥e s olF ¥

A%k A 2

o

=

=
=

g 2

bel #Haol AH HWA

°

3

2=
T

o

Zik=s

2

AAEe] SiEr 7o A2 FAH Ade 1Y
A}

=B

o

20Ul 4

A<

- 30 -



2 F71AA
Far o) = ml Al <

°©

N1

AR g%l HA

7

==

)

0
pil

tog ~uE Aol uzd 4

s

o A} w2 ol
417120 W] o

T
—

—_—

o
-

o
o}
ojp
&

)
R

4
oV

“q
ﬁ

il

[——
1o

o

tel 2 A Ao

ok AbgE Zi7R<lel

5
17 e g7} olie @

A

7hd ol M

7]

T

¢}

iq_
LN

ul

=~

stel A HAF Y

$A Au-BA A

g %

1

o=
.

Aulel BA7E A28 H o]

o,

of

bt
o]

file)

o] 24

o
Al

A
W
J]

o
B

& QA ol

HAl &

)

ko ol A M 4

oH
oy
R
|

o

o] = ol A &=

5.00
4.00
3.00

Rk
2.00

b

B
'15p

438

Cigox 19 8)
'10

4474 (05)
05
)

X
o

552Hg('01)

'95 '00
E(EA

s

623t (87)
90

'85

)
o
B
od
™~
~

‘80

[O2d 3-4]

75

‘70

400

=0
i
g

- 3] -



)

3

J A5 wEm wojH| R A

[e]

nhe} zko] B %

L

)

Aojt}, [ 34)0A H
t22)0] & -2kt

s Pastn Aok WA oA AEAo

ol
u

A
o

o] 204

=ol=

= He} o] F47]

AE AZANA B

A

X
B

% 20159 EAAES]

"
0

)

AH
-

3}

ool weh

7HA

3

T
)

o o

L

o] npAEH R

I~z
T

3

sl
(R A= A

°

Al <]

o

o e ASe o A 1Y 25

b & ZlegdA oA vgE 252 A

A7F HAJ 2R A o]

=
T

_
1o

I

A} ALFY BordA et

o,

o

23] Q

-
—

ojty. LA A AHE-H

o

o

—_

Nd
el
N

p—

)

ob

)

ox

+

L

;OE

el

8

%ol FIAA wow

B

1

S
-

=

h

|

= o
L

71 A A

1

<
=

toh A =744 5%

°©

o7 B4

3T

ol

b gloh A

°

8=

)

)

A
e

i
z7
- 32 -

ko)
pul

v

3

%A
=
=

u}

o

1

1955\ ~1963w

ko3
T

12015\ 21FHA]

hs

Aol

o
23) AlphaGo

22)




1zl 74+

A2k

A

-
d =maxD

3

9

124s s =+ Qo

. Q1Zko] 2R 1
Computer Go Al — An Implementation Idea?

o W oo ! o8
H oo o TR o
T W o — o | i
W ooF o = o
4 ¢ wc T o N ™o
;3 S ERCE =
g 3 D FT — pp B
o F — | ~ 1r1_
¢ 3 N ) o o =
PR -
3 ¢ _ ERR Ny
gy 4 TN ok Y
38 % Emaﬂegidhﬂﬂ
Es 3 o == ™%X 5 m%
s e = = ,OI = °
g8 3 S
8: £ g ol ~ =0
I P o o B X R %
=9 & £ & ol oo RN £
s 2 2 wﬂ il — o o
® 5 4 L - T =
3o Aot
B Mmoo o
=3 A ok o N
LI N B
) = o T -y il
_ — A T o
R =t . S
! o B 5 & 0|
3 O o g3
L _— —_ — o)
mo FﬁlM HA_I o N ojo =2
KNI W ¢ S~
XX o T
ok o B o
ooy ™
w - °l W Wy
T N O® WO W oo
BOF O T R
FORORe W T

o

=
=

- 33 -

S 3y o

SHAl H71aL =y A

[e)
24) David Ricardo (1772 ~1823), 9=r2] AA A}, 1A AT o|=AA4A 44

o AHE W F8

= S B B



0% AL TAY V5ol o)

A @RtECA ZEd v WAE ARAIG SA ™A AW e A
st AE A B9l7leh Wil oF EASAL T 5 YRS A4 U wlay
SAAAE ol g3te] MEA UPE S otk HES| AsAG FE o
2240 EAE 9 td ERAY P ARTE, AWAA, EAAA e}
sleb 9 Heiste] AAWT ol AFEAE PAH WL FAH FE
Bz = 713 oF

(H 3-1) MEA FRILT|MA ZEE Hlz
A5 FAF71A A
* Aibs = o] Hojuth
« HA3tE 7AEEe] Ths sttt
A fEEA de
s deEo] Hojuhr c HAFo] a3 AME Qzte] A
- el Aot RS L I e
g | A} A7) g e * s el st
* SEeH ol Hoiurﬁ} * AFHel et AAA Bt
- ZoA sHol Ao s el A5E mAA &
s aaR A s dsks s ol vk | - gy A En
c T2 A dHlEZL 7t
iy
cTUR ZRIOHS o]y fu
HAA A=
o8, A, 8 5 ARl 2%
Fzho] Al o]
B Qlo] ArksEe] Wojxitk
CHA Az coanm BARAS B AT
c A =Y
# e o}z o Z=ze] Aot}
o | e 4= eJo}ah:]. « A} ¢ FE0] Jh5Ehet
T8 8 2 cagel g
= =) = = H - O
- AFAE HOH =388 2w I7A}E SElE me
ZafoF gt
Zow Aol =7bs st
cAZzaA 9 2 9t
Neuds g se F40 2
{8t}

- 34 -




5. " AJYAFAA ~8 87

o

ol

3
A(EA- A, B, A F

Holl A &

A9 Fel7t ofwatE

]
o

K

T

wK

SR

A4,

=i
=

N

foh 2y Aol W

°

e

L

)

e}

°

3l oF

9

3

2=
T

T

—_
7o)

=

Ste}, 7]

°

3ff oF

9

o vl

frol

—_
file)

o

PG A5}
_\7,].

9

H

o}
Hol A2 €

F5 3 GPS, YA U
AN w Al B2 sHwo] AR ofUn] el o8 A

3

1

|

3

b A% A

o]

o) AW AobyEg vhef
1%

=

o

=

do] AA

=
-

- 35 -

bof A

o]

o F-2t¥l HMD

3l
=

Aol

olm 2 53 glo] Aol oJAE HolA s
Belo] @A 7

Y I EA YELIE
o], AA EYUHH A2"HS F

[e)

R



A= > 3z S AAAINAY
ABeto g AHAAME A= A AHE EEHIAINE A 5 AT 5
t}. Soft-Killo|gt1 =X o]gsh gy

PANS FE A8 sFa

=

1. AZF BA7s FH 74 74

St Aol A HAS BHE 5 Udb J1ERA FARAAA, 9 o
o8 B3 AFAE, Aoln Y T @_zﬂm HEHoR LfE 2 U
A F)Egolth 2Au A AA e AFazelA ANHIL Y 37 &

Astazt o

NJARAEAAE Al 2="olehs 2pdolA HIsi iy v ZhF AAME o
Ao HAAS) ARE FHee A2"o] 7pAHA wEsjord Hofg #oh
t}. Michio Kaku®] The Future of the Mind, & &3 & <A ste] A
ngo] 7Hs A oA oulste= vzl At JA 7 st Aol A
MRI &4 &3 <1z A7+ %aj’/}ﬂo] o] FojA = FF A HI} of

Foxal Yok [2¥ 4-1]S MRIZ 293 ¥ AAEH] dAF ZA=2d o)y
g 71ee $8d o]l we o AFzHol BF AnAAdA oJEgA W
e 319 9o s BAsEE AEE] oojA1 Ytk aEe] TitE M

- 36 -



922
— il
,OWL ©° ‘_ﬂu.wl ‘m ,,.,N_.O m.o a
o _@. B oy e Rl
m.w pree Ry Ea o uT
# 5 P F v 5
:ﬂ ._mm,_ w < oX o XY =
0 = )
qﬂa%mfm:ﬁ%ﬁ KR
_ TR0 iy w__m N T o = NG
= 3 f = o T~ N — W
awfq%ﬂam; jﬂwawsa
o Hu_ﬂ = . g M_.u_ N T 5T M_._m ) Mo I+ R/
ﬂ«awnyarse_aﬂ 5 T
I~ ™ = H_ EE —_ ﬁL
o M jobo o el " J) = 0 do m
Ho Eowﬂyuﬂg. Aﬁyzmr
ralli AR e o 24 <R
X ,UI Ot _ﬂ_ QE o) = X0 0 N~ E.o ,Mu — ‘q_l
(RIS g 2 B <0 o W S =
o) o T = i~y B —~ o
—_— A 0 — 0 .A.._L o 5 vl E._Mv
e P 7o B £} = iy F 9 B o oX
T M o i ioF ok o o%
pul Ho —~ Ho Wr ) Kq ol T Lm wy
e N B i o_E_E%XAi#
b8 i > oo 2 n
=< i) < T [y =
ﬁﬂgﬂ;ﬁ_fﬂ R EME%A
%4@%%%% o mmlmzoﬂ%mol
0o 71_ \ o i} ,.% K =0 Toe 0 0O
ﬂHmzﬂH%wﬂ_@ > xlﬂ_unoaﬁﬂnﬁ
i w;H —_ mmg < ~H 4 X ﬂ__./l ° 1__/| J i
of W T X Ao S ~ o X o A L_m .
so <V T I Y w0 e % o Mo
L% @ﬂwmﬁ a ﬂ&%@@ﬂﬂ
ﬂmow_aiq% =0 mmlh g WD
%ﬂ.%x&@%A AAAMTquhmu_
I 3 T 0 ) o o
mﬂhLQ_MJwEﬂ_ or_]_roﬂaEmomﬂe
< o X X R EE o ,_n_wﬁ E
T T P o N T ~ &
5 ok o < = N %P X0 N
> o X ol - o MIW XC
o g
MEwaamw
KO
B o E R
—~ N M o .
o — Bl
v R S )
0 o
I G
0

- 37 -



F71 fls) AsA Az

Al 3]

o

X0

A

o] At} 1 7}

W

TH

W
X
W

._OL
B

T

—

0

oz

=

(A

H AT [18 4-2]0lAH Henkek Zo] on

o
%E

mr
M

R

G
ol

p—

</
hi
%

J

A Hue

= °]&

Al

o

o

Gl

SRR

3o

7

e 2EHE &

s

A

Al

BRPE]

|
)

3}

a7t A+

o AA7E

3]
=

2 Aol A

[T 4-2] =|otE 0|& ¢t

- 38 -



i

[2E 4-3] kot

kol ot

o
-

g 2ol o

o

e

—_

;01_
g

=u

0

+

)

ﬂo

[es

25 H

A+
il
1

—_
o

=°l A

Zolth, 1

m=o] DARPAZ} AN @ 5484 AEd

KR
L.

ATk [ 4-5]

- 39 -



N

No

HEo] A7

g

A

7He oy AFE

=
T

e mee) ARARe AUl

|

HO]-‘_QO

EB

L
) .

of efsf AA =

2]

[22 4-5] 0|22 DARPAZ} HMA|

Ao AYs wolrt

o

el

)

=
=

Fsoz FAAZ] A vl 74 AEdelde A3

2 Rtk [18 4-6]14A

e
ol

_#o—u

o= Al

=g

il

24 H29 34

F AAE

S
=

7 Zo] 7 A (Augmented

Hoh ATt [1" 47]

Aoz g4

=
=

zt

A the HEY

Aol

E
T

%l

il

ol

e 37

3
=

29 9

o wm 27 WA

std Aol

- 40 -



[12 4-6] D2 HAtS| VR 21t A|Z20]M

daaolth

A 9

L
) .

Bl

WARE o] AAl A 8l oF

A
wjr

J)

~
%)
o
e
el
L
NI
~

;OL

ol

g3tol ol

.

sk 3

=
T

K

4 4-8]7 2ol

e ]

o

_ 41 -



AZke] Ad Alof ZHT ¥ 360% FAoloF 53 FAVE 7 A AL
2 A3dn
(O 4-8] MHS ZAIHA|. 2442t 360° MERQ| FHHAS HISSICE

%ol WAIEAdA ot AFFRE WAESTS % doly #H=a [19
-910]E- T8l Had Aot AHA AZFAE fAdl AR F e T

T A7 el FARNE F3 S7HA7IE e AV e AL
2 ddsta o a8y A FASALLE Eola Tk A"l &
27) 3] %741 Al ©]8% Ad-Hoc A4S Aestd A e F4
A57 FEESA HAAE e B 5 AS AR dFdY. o2 AA
o dytd FHE I, AT, +F AE 5 EE 222 FEH Heh 7Hedl
2 Aol

_ 42 -



PENTAGON DIVISION / BRIGADE / BATTALION COMPANY DISMOUNTED SOLDIERS

[1Z 4-10] JHAHEXNA CIO[E H3

BAES 7158 E dE SHE Aotk 20149 Feid &% 3(2014
Paralympics)oll A Oscar Pistorius”} X<l F[H 4-11]°] A% &
EHdoxl Aol ek ojwf AHEH Y=L VIS AAIALD EAHF o=
obd dxilET A wmEA G F IEF xd de

st AR wlf BEFA oFol

- 43 -



[23 4-11] 2014 ParalympicsOl AF2E Oscar Pistorius2| 2|&

Al2-H]  (Exoskeleton

System)°ll o8 F43 T7IL 7hedol wTh 9=

pa
o))

T

A

A=

o =

=
T

S7HAA 71E 7ol &0 &%

A H A

A

TR ol Rre

U= 838 3oz o=z

3log

Aol A <Azt

Aol T

Be 73

il

0

}

ke
pul

SRR

_ 44 -



[d& 4-12] Exoskeleton

3 B5e AAAATE B3 Aotk Leu )

\

»AO

R SER

7N &3]

=y

[}
—

L= e]
=

=3 AA F3)5e EFaA 1 2o

ot

=

o)
T
B

I+

O

459
57147

13].

T2 At 1E 4-

o)
s

=9 v A dFELAA =2

=
=

g 9=

Fa 71E0 247 R

S|

- 45 -



Moo T B A o oW ow
T oM 4 F T o o ol mp
X o No T B o=
W T T OE T LU
X F oo B [
uT_oLﬂgmmE_m X %o
o NN & w0
M_mor%o_amumﬁ ..,._._.u- < 1
N B Gy N
Nk S o X7 = e
.l%ﬂolﬂu T
BN R T "W
Ro gD "ok
Ao o ) o L o=
X o ~ B K e o
ERIMT ¢ ¥
wOOmW = 5 X

T W kL L X =3
) _ —_
=W T o W [T
anﬂu%._mﬂu._ Iy w
iz_l,._. ®rr
ﬂm_'E._Ur&rxomﬂ. o:.__ -
%mﬁhc.mﬁ%ﬂr i Y
ﬂH]qA ay Z_O ,Nﬂ/lA
W n g ETE _ T
TOW o ooy Ny Jo ) o
_WAEPOXLuT‘%ﬂ,.J ~ s
CE S N L -
g RH W Ry T
%Mﬂﬁ%ﬂm NPT
T E o 7w : T
Tk xow o N T

ez ]
=

2 e}l vl3) 7}

FA% s

T

L

| .

[e)
‘.l:li‘
=22E YgEsel dal 1% B

]_

S

bl ALY AL

ool SH&sfof
[

o

"I_'r

NA E5F
|46 -

dy

H
222 Holk FHlo] AR g,

zgol osf A

2 237 A =0} 9o

g B PaFod AdFe oA
g 1 &l el 7



71& % (Maneuver
7t zghol A B

3L

ol o
283

]

=

ol5el AL WEEdd ALY A (Air
=2

==

7 (NCOE) &
3

od 4 Qe dAolhg. A o7 AR o|E F9
278 7 (Rapid Decisive Operation), 3 ©}

]
)

qLls
Holx] @2 Ao Abdolth. e M3 A3 B

Aggel MEsha wAA AA mele

7

=

=

2=
=
KR
=

]

A
pa

Y EQE
istet, =iy 7

ol o]

9

#7149 27 (Effect Based Operation) AltH7F SQol of
=9

g
wol

l

S

HoAFd

Warfare) ¥

o
o

Land Battle), o|% FT&A oA ojgt=e] FHolE
o

El
W

al

oo
o

o
=

o

=
o] &ol 7+

< olA

AT YR HA T AT

o

H

O

!

KH
|
—~

o]

=
=

ok AL

T

| .

717 A

ols} AAoletE s5 =el BAo| o

o] FA= A,

)}

o
=4

_L
=

1

9]
yil

=7 #sl 2=l A

A2 ofvloin}

JioH

N
0

T
_ﬂ_
i
o
<A
H
o

H& g g7l el datol

)
R

Ho
2
W

S

~H

A
A

T

T

1

T

]_
].

°

(9

A

R

O]

=

=

=

o), ©x] QbR

Ry

9]
- 47 -

AT LA oA FEEE T

o A= A2} s of

Tt

o

Aoz RE elol



T aHA Fastt dadds ST AdEe =
FAAE 2AHIL FUANA FHREoJoF I} o

i E 74 T
55 glof 3t =3 MJAMAFEAAI e AAZ 3

st AAZ A =S

2

s =2 =

= T

1t

o
o & W

&

G k] vhed] S AL QkE--- R i) SA
YL S WA M| o9l e o= v

927k

AR QTR AR Bk WA A7 AR
91 T 2o LY e i

EZ ojjdt

m

il%*ﬂil’.‘_f

wse

200814 T7Z6813(26.8%) | 2676490 L AREIIF-X) £ 4678
2009 8756147(30.2%) 275326 - cazawicy [T |xe

| sfARRbEED| £2 107
20104 971030 (30.8%) xS hexmdsi = LR s

WL LU 2000 IR

2114 9756935(30.9%) 3124031

- BRI ol 522
RIS mreEUReEs =[04 | 5644 W y
| AR CA(RIZ
WU e (0] 20 L, .
AEFISIER @R vl "o AE 22000 A H 2o 2L
WY 1095 300l $5 AR S0 £75009]

[O3 4-14] B8 Y= JHAH[ = Y0l

20124

10754566(31.8%)

20134

=]
3%,

=

=

- 48 -



o] & WiIZtel Spin-Off Al

ity e olgAE o}& Spin-On E+

S

8

o2}
=

A3

=N
==

=

=

Spin-Off

B!
i

RK
el
ol
NI

Ef
)

—
fite)

oA 7HA AAR

A= T A

—
o

A ZA7F glo] A

!

N

JA AN A 2 7}

A Al

A%

o=t 7i<l

1

| Sy

A A

157

A

|

7k Bob WA FH37] oAk e A
£ ARt e BAE FFAA

o

,mo

= AFAA L

N

grkE Al A

Jo

A A o]

/S

XA

_‘1

ZIAA 7 N

A

d o

X
<
Ho

]

= 1
T

1o

=
=

7Hed el AA

N2 &

L
T

a}

Ij

=

AMAl AsstHE 2

o] Y E17] glol

1

T

=
=

I

=

=

Ak A2

< ¥ 9]=7(Exoskeleton) A7

N A

=
=

50}

=]

o] ]
41519 F AR =

1

0]
yil

sHAl 2 Zolt. 7

AMze Atz

T
) .

Bl

2 a7

e

&

o

- 49 -

A AN A= H
AFAA N T



H|A 0| Af It

oIxiE

[J& 4-15] 74

tA 2 Z0|Lt.

e[

d&S X

<

[ 4-16] FHATEHAOIA T}

- 50 -



o]

S|
A

BANAE e A Azsh 77}
= 7

=

NA &

A

A%

|

NS

St oE
,_m_rLdIJIN_.E %.&H,mﬂﬂo —_—
K — Al
ﬂbaAE N N = ~ o 1 g
X _ = =~ ao_e\wrc_a ° T 5 B 1r
o 0 1 Or._._ X 1 L.Jl ﬂ/lA ,‘w _ ‘IU_IL ;ﬁo ﬂ AT lva_ n_u._1_ o ‘mu o Z,.— O_E
K il W% o 22 T 3 = om T
o =~ ¥ éu%.@ﬁﬁio_e]L E%1§H %
q N - Qﬂ ‘HLM —r m n_mo O# ‘aﬁ o ;OE U .Aﬁ ﬁ ™ OT._._ .m_wE
Eaﬁ_lo» il o r,w_mccmq = o ‘_fﬁa N o Eﬂlo_e o ==
ﬂﬂniﬁ qo_eom L_Lmo = mﬂﬂmﬂ‘_t%ﬂﬁ
A X ST of = = () W oox M i
H_,lﬂ.,_&rmh %N..%S%ﬂmﬂu,_aﬂo_a imﬁﬂ;uo» mﬂEw
Xm ! -
3 w ﬂ.HJl‘mE. ~ dﬂcax
oMM E@?%ﬁ%%_s%% ﬂmo_aﬂ%ol_mﬂ
X > oox G e . S
T o i __me%ogﬂoglnyno TN X T
o oo z_.e#u_.a N " = N ~ =
< - N g T N B T 3 wzﬂé%71e_2
e FLEZ 585 E 5T 5
ﬁe_ﬁyﬁ p X - N zegn g_u..@}ﬂrﬁiw
sE or3iiriiaic ESS RN
AT,UIQH_V )Q H.:' O#Llu.w .1712;._ MM_:_._u 1al_lul;oﬂl1_. N5
o Mo oo = F W X o ﬁyﬁomﬂﬁég
ﬂzmgi%é‘_oﬁ%@% T T Ur;ﬂﬂi = ¥ 35
W o o qoﬁa]ﬂlac_agﬂ%_'] ]ﬂol]éz Y
%ﬂ%iﬂ%.aﬁo @ oW A %w.ﬁﬂdrl
mﬂuygazqi%%%ﬂlﬂ% ﬂh_w_ij%A
HT%%% w- o2 ﬂ%ﬁ%laz_o ﬁmWLﬂﬂ@mﬂ%
o ATN%'E Emrﬂmf I __Awa W X _,wm OO muﬂ:
&_u,._.a\l__/l‘ulﬂnmuﬁ U‘wmﬁ:ﬁ;]‘ul‘.ro - o . S~ R B .._,_llyl
HT71ﬂ_ngoLin7n¥],7r mo@ﬁq_ﬁa%_zg R
— o — — XO T
q?.?lj#jfewqwf;;i@m@@a
%Wmlﬁemnﬂw_%mﬂaﬁnﬁﬂmgwo o)) n_rmiﬂoﬁmﬂ
& X ﬂﬂvoﬁao_emﬂ@ﬁ}Lvo_alﬂEﬂaﬂ%aﬁAE
.%LQLEE@éJ%w ux_aﬁ%uﬁfﬂ e )
wow N D B om oy o b e B o X TGN
ﬁ%ﬁafﬂ%_d ﬁmn%%o_@rw&%ﬂ:%M@ﬁﬂ%
W™ B oo ) J%Wﬂﬂoﬂ»&.oﬂﬁﬁﬂ%a%a@aﬁ
uJﬁ;outuﬂ‘_dl._arﬂ_.%ﬂ,_e.__.oﬂl.ﬂao_rﬂo#omﬂi
Moo o M M = W
o o N
o H e oF

- 51 -



3 5

o] AlA

=1

A

SolA Wejd &

4r
£e

Nd
el

3

d 2 WeEs
H i . o =
gk 1y =7}

3]

2

I Aol A

il

B

—

;01_

)

)
R

-
ol
el
y
il

J32 77 F)

3]

‘3‘ HI‘OHEﬂ 7H}\‘]|:] %_ /\I—.%_()] 4 ()q
[e} b | hud ]

- 52 -



njg S A4 A e A 3 (KRIS |, 2013)

A7 E2AA (FH7]eE49, 2014)

] AFAY FIAA NEEF (SFTAFAFGE, 2011)

NEURAL NETWORKS APPLICATIONS (IEEE TECHNICAL ACT4ITIES BOARD,

1996)

stolEla AA - 2E FWat 214)7] AE (X eF=ETA 2011)

Soldiers and Robots :Interaction Studies (Nova Science Pub, 2011)
= A 2014

nd g 9 At AR, AEFH 1, AR, 2011, 7. 7
= A 2014

Aot e Z|GAA ARARRE, HRle, 2006

A% AT A 93, =g, 2014

St AR Bt A AEST B, ol 2014

o Ho A S2TF 715A A E] T A, T, 2012
St vl AEAA TEANE A+, SHlsE4Y, 2009
AFFE7NAA GG, QrEfd, 2007

e e E ARSI ARSY, A5FH 1FZ, R, 2011
o AR Y, olss, 2014

AT 715 nE AGR7IAA LA, o], A19<&, 2015

CJCSI 3170.011, Chairman of the Joint Chiefs of Staff Instruction, 2015
njg ARJNAFEAA &&70d R A4 A9 A, ol&F, 2011

Future Soldier Initiat4de 2030, RDECOM, 2009

AT 9EAA (War and Anti-War), ARIEEY, FHEEH 1993

- 53 -






7 AS} ol 2] F o}
A gHet AT

2016, 12,







—8—9:1':'\_’?_‘ ................................................................................................................. 1
1. QTETPR wovereerersremremsseie i 2
1.1 Qq_:,L HH%] ol ﬁEJ__g_H .......................................................................... 2

1 2 ﬂ;—’L %_j—}_ ............................................................................................ 2
1.3, QT TR T HIO] oo 3

2. 71Ae+5(Machine Learmng) TRHQL cevvereemememmnis s 3
21, ZIABFEO] H O] wooviimrerreessssisimnneeessssssseeeeees s 3
2.0, F|ABFEO] BQ THA| cooovvrrrrresssssmmerersssssseeeees s 4
2.3, 7|AEE0] DAl BREEOE crrrrrrrrrrrrrrrrrrrnrrrsnsssnsssssssssssssssssssnsee 5
2.3.1. dlojgHo]A ulA|®(Database Marketing) - weeeeeeeeesees 5

2.3.2. ]_g_uﬂﬂ.(credlt Scorlng) .................................................... 6

2.3.3. %é,_ﬂl(Quahty CODU‘OD .................................................. 6

2.3.4. 1-?_6] _r]_,] Zq‘”(Fraud Detect1on) .................................... 6

2.3.5. OJu] A EA (Image Analysis) =i 5

3. 7]74]-51_/5_ Q _]—la% ........................................................................................ 7
3 1. ]E’c‘j'-_g_jl]_ H]Z]Eﬂ’g‘ ...................................................................... 7
31,1, ATEBF: worereemsneesiiss i 7

3.1_2_ B Z]Eﬂ’% ............................................................................... 7

3.2, 71AI8S QFIEZO] BE i 3
3.2.1. AFAIHG(ANN, Artificial Neural Network) e 8

3.2.2. AZE #E MAI(SVM, Support Vector Machine) 12

3.2.3. 4o|H H|o|Z(Naive Bayes) ............................................. 14



3.2.4. k-F24 o]% (kNN, k-Nearest Neighborhood) -+ 16

3.2.5. YAFZAUE(DT, decision tree) s e 19

3.2.6 Q:H_El__j ................................................................................ 23

4 -:‘[ILHO]—E_o]: 7] 74]‘65_1—% ﬁ?_ /\]_,';5" ................................................................... 26
4.1. QAFEAUEE 3831 ¥ Ala|E Hdl JEl e 27
4.1.1. BA A 2 GTHP e 27

4.1.2. GIOJE] G wrererereenneis 28

4.1.3. Elﬂ%‘:’ﬂ ................................................................................ 29

4.1.4. GOJE] FEZET] coreveverrrerermenmssstss 30

4.1.5. 9,]/\].%%1/]_1?_ ‘7‘}‘6] ............................................................... 31

4.2. YN SIA O] ZEZAHAA T EfFA BA e 34
4.2_1_ 1-3,:/51 EH/\O} X}E ..................................................................... 35

4.2.2. 71 ZXZ2XAAAAF FETE ETGE TG e 36

4.2.3. 271 RZERAAAAAF FE-S ZETFSE TG e 40

5. THFEOE 8L QTF AJQ] rrererrerererereerse 42
5.1, THHFEOE Q- HFO coverriniiiiiiiti 44
5.2. HlolE T8FHdata scientist)Q] QA «ewwweesssreessesssnesesiiisiians 45

G. AT 46



1> 7|AIBHEO] FG THA] oo 4
2) LRI O] IR v 8
3) 7]% ANN ETHE] .............................................................................. 9
4) EZ]Z:Q ]\]JEO]E ...................................................................... 10
5> SVM 7H1§E .................................................................................... 12
6> 3AFY AT IOA] TS AFPA QA] e 18
7> QYT AHO] A QAFE] ELI v 20
8) TIZITEO] AJELB crrrverererrrerseristisii i 23
0) F|-HELA] TLFJIL e 24
10) AFTGA|Z TG A T oveereresse 28
11) SNS ET 4 ETY 7]QE O] HITESr e 30
12> SNS Hlo|EE n|Zatsl QAR i, 32
13) SNS Hlo|gE :E3Fst 9 ]- 41,]-_[_ .......................................... 34
14> 71A5FS0] &8 7153t ZHF HoF Go]E] «iiniii, 43
15) HIOJE] TFEFO] QG cvrveriririeiiiiii 45

- il -



2 b

H

15
18
29
31

N
H
K
7,0
4r
)

S

™

H

(E 3) 7]1YEE "% G TE-IDF(Q]]) eeerereeeemmmeeiniiiiies

(& 5) SNSHO|EE u]%Z
(I 6) SNSH|o|E]

"32

33

35
36

i

~
_“OO

T

el

Mo
N
™
oR

W

(& 8) Aol 7}

37

il

<))

B

38

(F 10) 7]

39

40

41

42

i 14) 298 4

44

(FE 15) AFHE CSP BZEF covrrrererererssssssiii

- iv -



17149 F4% $A% do] Y= dolge] o] satFsaor Lol
we} eelole AthE solstrt. FYHopIAE AHEA AA, ZiEok At
IAE 5 AF 9 wHF9 ot golg

1o
il
hia
o
el
_k‘L_l,
£
o
o
Y
ol
o
2
of
oz
ille
o,
_lm

T U 9 T 2oklxe 2" dolHel VAR: 7S A8t 45Ed
AlEEol AGHoR HuEHI QAR SREolAE Aoz Holge &80
n &3t Aot webA of¥l AfLH A= ZASkES ou|et V|AlSkE Yl
o 5ol dishA dHstal, ZIAlskEel = Eobll A&d ARlE ageRA =
Fodoly 289 B4 F84e UAsk=tl 7]ostaLAt

HEolAe A, 1A & AMEE 67 dAEE(RISAEE, AZE W
HAlL HolB Hol=, k-FIH olx, AU, JAZA) WA drgstaL,
w02 o] A8 AR B ARLE dSs] AT e 3 B
o] 2FJAGAMN F=Y HIES 24t S a6k vHAYe R ROk
oA FAH EE7HA7E FHT HolHEe Edok= 2 7HA WU HolH 8=
=tietat7] {3l diole Fefrkdata scientis) g BRAGS HE3AUH.

2 AFEINE A AR B AR doly &89 S84% VATs
A& "ade AR H Y b g RoklA Holg &go] &/gstEo] =%
+39 Aol THE AoE 7Y



L. 4718

L1 5 wid ¥ 284

~
~N,
03
e}
|
o
ol

T
P
B

ol PYHL Holee] o] AFLHOE Hold]
jshon, H SeAele B3 L URE Bt
goaoz Aelgor i ek Mol BAols 43}, B

| R7ET 900 FAsEE Holg 2o BhHel 8

il l
P
o

AL £

e
i)

@mk&
(o]

HT Tt 2 FF RopollA 7AEEY AFAR AL AT A&EHoE HuHd
2t golg A9 F/AAET ofyzt o]E &85t HolEY 7IXE =ole AL
LAl ZoR QIAEIL Ut A RopAx ZHE Holgg &8st 4% &
&35 245171 9%t ko] SUiE I ok v Y, £, M&S, 9= 5 ohgEt
Holol A dAo= AL dolgrl HHY glon, o2 ag¥ow gy 9t
Lgo] gLZojr,

o= d#o] Big Data R&D Initiative(2012)E L H3HA Hdojg A 7|&
S8 Ao BEALNA A APE st 9lom 20124 o]F AR HlY|
olg] ZRAE Azt 2950005t FHE FAUSt St} HhojHiE A tEE
o] Tlo|HERE /&% FEE 7] flsiA AHR 7ASs: diEEs A& AY

=

o

g

rr
Euigpol)
o

= F8sith webd A ok mEGE oFsial Witk ol HlolHE
o] AloA HeolHE S Mz 7 FES sl 7IAsksel ditt #ide

2 "ast o

1.2, 97 &%



ot

22073 dole] BAw BAY JAAPA L ATAESC] AANEE §
_]

B AT WA 7AsEe] 4o, A8uA, HEA FEEoEE 275 /1A
st YIHE FOIH 99 ASEH A T & Uk ATAAY, ARE H
w4l

Sg3to] oA A
dagEo] HELEHIL FE3 HEE F52 T ¢ J=AE AT AHE FoA AT
o} o} 7Asks ol&o] FF = Eofof| AL 7hst thget BokE AlARh

2 A9 FA4L v Zrh |1A, 230 ARG 78 A At
1, 3o A= TRt 7IASES EaEES AlsH, 430 TIASES A8t
2 Bob AT A 2MNF 2AFT SYAHE AASIEe FkEol 2g el
s A AAskaL 6o A2E AAIRICE
2. 71A 85 (Machine Learning) 7] &

2.1, 71AI859] A9

QUL 9N, T2, wz A% ES AN Trd B ANE wolSol
1, HE I ZEE SA Aste] §EESH stAY ¥ &of A st Ugof o] 8
T JEF o Eoh 7IAgEelH HFEH AlAEH, AZEo] 59 7|A7F Qxt Z
e B9 T dolHE Uk Foldl Holee Aol WHsky Az A
He 229E 5 AP etk EE U5 ke slee wet

Z1AekE it SdE Fo= ey, o7|9] ETRIY HYE a/igt. 7|Asks
ojgh, QU T2 TF Y 7IAE &9 FAsk= o7 7HA WS Wil A+
e Ae watel, Fold ol Ml R4Y Aneld o 5T FHOI
A2 RS AFHoR F&F IFHORE VAV shsote ants dnE gt
(Hdloly €8 g 7IAsks 7Iesd, ETRD. =L sttt



o
oo
|
N
fru
=
fru
ok
A
L)
il oo
__(7(_1
i)
-,
o
1o

QG WOt FALS Fobal nighe] LY

Hg-o] el AT AAR BHE S Uk FES A S glolth. Pus| W
A AR BERE PG F9 dolde] Selsel AW, TeF 4L B
Loge @ 9 Y ST H3o) 4Ee AFY B 54 /usel 345
S8 wHstA dolg aedor eS| Hglon, Aok 747 Aol

|o
fru

2.2. 71A%s9] A8 24

A7} dolEE AXT stseln Fgsks ol (ad 13 2ol seAel 34
2 AAA o]0l

Hel® 3

(Collect
Data)

A
(Improve
Model)

24 F4A
(Develop
Model)

z2d 371
(Evaluate
Model)




glolg =H(Collect data) FFol& vH|ZFolE AHH HlolHE st 7|At
AT ¢ J=F A} oh= Aotk v AIZkS AEste]l T Ho|E Y HA
T RS s £4 € =

go]g &H|2} &F(Exploring and preparing the data) 7|Ash59] A= sk
of AHgE= dlolH ol do g8 vl = Ilo] ofyrt —41 o= Z1A7F 83,
HIAE S 7HIA &1 EASHARE, oA 7HA] 9] FHY| TlolHE 7IAZF AL A
otz Hole AV JICERE THolHE VAV AT 5 AT vhEo] F= U4
ARl o] FQsitt FAKCE 80%014e Eo] ZASES #Igh HlolE &H|I

Eojzittar gt

dolg2 2d¥ Z#:(Training the model on the data) Ho|E7} &uv|=H 2 &3}
1Ay 21 YES Ad"sty A" garg]go] od dA oA FH[g HolEHE ¢
goto] 7[AE SHAXITE o] BAOA Z|A= oln] E-E o] SlojA 1A Hlo]
HE &85 5= F4 A1Z & Sk

29 7HEvaluate model performance) 7|4 52 oA sk&d 237 Aot
U AAggh] & B3R E=AE SRl A2 Rdo] ARE Ao 4ol rdo] 1§
7t 4% HolHY dFETE ARESHAY 2 Eﬂol‘ﬂ 4ot g 5= Qi
A5 UJ*J’(Improvmg model performance) ¢RIHCZ 2L HolHE= A& =
Ho. wEba F7HHQ1 HlolEE dEste] F7HAR e AIZIAY £ E HlolH
F Ex= ddo] vHH 714 g ¢iEEE WSt XY d5S T AE
=

(a" DA EXo] 7ASK:S] dA= 1
He g A&SA fHEFo s ARt E A

-

ru

F_%

.(Zi

)
09

1
30,

jo_l'
N O_L,

o] okyet dolel7t A% ArlelE
3o} g,

st

2.3, 71ABE0 EH FL B}

2.3.1. Hlo]glHo]A ulAEl(Database Marketing)

Z1Askgol 7Y AEAom AEEHL 9v\ HoF F9] stUE ZHHHAY(Target
Marketing), XA ESHSegmentation), I FH5E4(Churn Analysis), W A}Hof
(Cross Selling), AHMY 4 (Market Basket Analysis) §°ll4 F& o]-&%Ht}t. o]

1
N
|



ElHjo] X AR A, SAIT, S84 H]2,

2.3.2. A1€37HCredit Scoring)

ol

)
—_

oct,

Fao}st7]

i

tef o

o
vzel
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x
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A4z o

7 HgHofz AL 4187}

o
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T

AMulz, AGHRH(FE
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oj

2.3.3. £23(Quality Control)

=~
Hip

AFTL

T

0] A]

o
=

oAM=

A==
[}

S,

RE TGS

olct,
olzHle| T}

AL e, AzGAofA

=
T

ol =4S o

%
¢

19 ¥ (Fraud Detection)

mmo
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o
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T

ol

Ay

®E

2 olgste] A8TE AdA] % Bak

EXNS A AL ASHIEARAE B4

!

3

Z

W i}

P AL 9]

M, =2

S

al,

2.3.5. oJu]xX|&A(Image Analysis)
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3. 7IAks €xEE
3.1, A =&&a} v A =8

71ASRES durdog Foizl duigyt 1 "ol tigk E8gkE A0l 71A=E
XlEﬁiﬁ(supervised learning)¥ Y e Fof SHEAI7|=
learning) 2.2 U= 4 Aot

H] 2| = 5k5(unsupervised

3.1.1. AL

AZdh5S FAIZQ TAGOlH(training Data)25E A¥HHQ] shte] EAAS &2

7] 9IR AASES b dEAS WAS Witk Amsigold Eadolgt ¢
elojelsh EHelelE SAlol /AT Uk olnf Amsky YA duel Y
gt o] ggots BE UGS 2D, A 2EgT BEES LS 52

AEstse Fold dolHEeny Aze WEe Fohlu 8L olZohl: 5
MY A4 AN e SE w2229 942 B 42 A4S
WHSAL FES Bt E3 AEsige Aol wEA sl Alg
2}

i
rx,

5} I(support vector machine),
JAA U (decision trees), 3AEA(linear regressions), UdA1F D (artificial

neural network) &°| Ut}.

3.1.2. HIA =3

Agotgoleie S MR LGl AEsksTt 4 2 Aolde FdolHst ¢l
e Zolth ARRIL Qln Aol e BEA} FoldX gomm Axmol 8
&2 B9 A9E 80| /Mt WACR, Fold dolgRiy Wu/dR 11 @
x 71 A3k ol



I
R
H1
_L?l‘.
o
o
)
ofo
!

o
b
M o
)Y
o
fu
rir
Hd

H3Kclustering), AFF=4A(PCA, SVM), ¢

It EA(associate rule) 5°

=)
=

3.2. 71AIgks ¢ EY TF

3.2.1. AFAIFH(ANN, Artificial Neural Network)

ANNZ Y7} Atz or 42 dY9 A=l disto] w¥(neuron)o] ¥H&sh= A
= R darE|golnh. wEbA 17t 9] 7]EARl 7152 oISk Zlo] ANNS |
Sfot=dl =o] "t (¥ 2)oA Hzo] F9 A=(S, ¥Y 4o)e Y o4
E7](dendrites)o| Al WolEl & AZFA(soma)e WHE 4TS FA6HA ofd 7
ARl =2otd E94eE SME7|(axon)oll AL SMS7|E 514 HAEH
A= SME7] Yi(axon terminals)°1 A setA Al g AP E I A'YWA(synaps)
= A2 =2 BoiA ol og MgHth ojuff AldAEs QY] shEsEde
gkl Jlow, A= whet ”%“‘35]7] stal AEE7| &= S

Direction message travels

Soma Axon terminals
(cell body)

Dendrites

A8 32 Bt 7o SAYHE 89519 Te 9 ANN Edg HoF



(1% 30 UehiE ANNS AE(nput layenol 3719 %=, 2Y&(hidden
layenel 1709] =, E23(output layendl 1719] wS7} QIch. S4E719 8L
She YEBolA W Y NG WS B Toe) 4T SH FE3 2

I A5 (y ¥4 7He] #AE HFF VEYA(directed network)Z YERHIL STk

=

W ~ — __'--.__\_H /__..-- = --.,_\
W 4 ™, { \
xz ? I:: Z f g \ y ..'I
\'—"./“'--___ P \\H______ s
X 3 W 3

(= 3) 7|2 ANN 2 &

AESHY FeH npRR 2 4 SAAE79 AlsE FaE0 et TSA|(w gHE T
A FAKIE 39 7 =59 9Es ste= 2YF0A FeiA
71" @A (activation function)o]] wet A5V AS

52 2% ANNY B4 §4F 402 BE o g

sl

=

d = ANNo| AHE AstAY YET AA= ddst= WH &2 U
ot BESH wHY A AlE FACNA Feid A7 YAA (threshold)oll =
5] Al &5 Af(action potential)7t FM=E71E BolA A== 4

[
o] @Y el FHEEoI AL YANE WEAYA oA off Aw ojut



ot

Al Z=th ANN 802 olF A &4 T<r(threshold activation function)zt
ot o] 5= HAE AEE9 Fol dAA oleW &Y ASE et o Al
dg A9 o] 0HT F o AT E AIsHA sk AFHA A 24 F4(unit
step activation function)& UERHCY.

_Joif x<0
f(x)_{um«zo

bl =
o] AREE= B4 T AlITLEO|E(igmoid)@olH, (I8 4H)& EALY AT
]

0

(J& 4) EX|AE! A|7120|E

B FHE 719 71EHQ Rolk 2 AT Wglelth. I AP A B T

o Fel ALBE 0 EE 10, ZALE B TAE O, 1) Aol g FAB, o
=
ANNY| Bh4e 7452w e 2A5k] Ushe Zegke YLE kX

Aol 7ISAE ™ok WHo g Ay darg]E(back propagation algorithm)

A 1 @ Loss functiong& 95ttt Loss functione XEO] gty Ysh=
ggfol driy Zolu= AE SHTH. dE S0, 2AAHFM(sum of

1

- 10 -



squared errors)°|t AEZT Fo| AREHTH
@A 2 Feed forward I}Z et JEIo| E0l= AN 7A=Y
o] 24YFZ o & So7tal &4 el AAA| O wEbA 8443 R 7 4

A=},

@A 3 : Backward propagation IS 33t} Loss functionS °]8dA &
939 S A vladtt. ¥ske AAGE €71 IsHA Loss
function°] FFT A5 EYF-2HF-UEYS «2& dor A

ANN2 Hlolg9] gHjel 8 st= &3t ASx 5o o=t F9 A, S ol
AE B9 AE 5& 2ot ARRE 4= Atk B35 FH Q) dolHo| disiA &

o

HES 32 F7bSHe ol Qurdom Y
u
h

NN Z+ 39 k& 7j5of wat Ei7go] oefsizint. e
=9 A oY HolHY £4 ez 2AHY, TRVIAE &Y kB9 dee
279 &7 ey EE9 A L7 "ok sHAYE 24939 w4 JieE 2A5ks
3l %&—% SASHA Y=t AT e 49 =29 Vg, 9 dolE e A
olgl9] oF T} Iz} sk EjAT Ol ERAo| gy 9t
AutH oz Eg-g YEYAZ & E7 ANNo| E3eh Ao dig sh52
Tt A w2 S =E=s e Ade 2
Tdo] Y Aitzer 1H|goltt. 7MY AT A
b

e 7MY AL LEE Agshe Wolth

4> A
H‘
o,
[N
r°"

L
e

At E

]o

i)

4o 4> o
ot
2 ru >

for

S

-,
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3.2.2. A ZE #¥g wA(SVM, Support Vector Machine)
SVMZ A= & £/ HolH7t 4o U2 W ol&5 &E75H] A% A e

(2)BWE 2= Rolth sVMel Z1R A olsisialzt e ] svMe A4s
L 7)=A9 soke @ AdAe] wEol At (1¥ 5k sVMel 1R Ade =4
st & Aol

(I8 54 A" 2579 HolEE0] 49 & Wl 24 E57oll &3h= HolH=ERH
22 HEoz I8 HYE ojAEo] S A Ee (B) olﬁ(j-auq]/d #F= A
2= Aot ol#et A Ee (R)BHS o of¥ ZHWH(MMH, maximum margin
hyperplane)olgtal sttt ZF EF0A4 MMHO| 7FY 7H7k2 dlolH&(2"EA 1, 2
qtet.

O

W oHolE)S AZE HHetaL

(O3 5) SVM 7HE

SVME 5] olsist] S1shA He 7|5kehe ol 8k MMHE 2 e 49

o =97t 9}@ SVM2 (¥ 5)¢} Zo] AgFoz F2 7Hs3t Ho|g iyt ofyzt
HAgoR F& 7Hs3t dHolgor H87bssottt. vAdgos & 753 HolHQl
B5ol= A9 Ed(kernal trick)elgh= 7IHE ARSI, 712 7E2 F:01X1 HlolE
£ @83 1Yo R &7 F HEE FhojA SVME AHES] MMHE 2H= Ao|th,

- 12 -



SVM9] olsiE w71 s (2™ 5)9F Zo] Aoz F& 7t HolHl B¢
of MMHE = e A9
MMHE 7 2579 A2E HEIZEEH 5Y3 A 2l skherE "ol# glojof

SHEE, WA WE(w)E AHgstel EdsHA et g,

we x+b=4+0
wex+b<—9§
AlofA - = WAS QulstH, b= ALY Abgeolth AolA E7F A= A2 W
A (0)eh 4001 T %e B 227 o] deje] A% WirolE o
Hel mat Aolnzs 9 g theat Zo] oAl & 4 itk

wexzt+b=+1
wezt+b<—-1

9 = 23 Aojg] Azke - olth (I® 504 27t 42 Holeold

+19] kg 23, B Golsold ~19 ge ZHe old Wh()E =Y SVM
o theat ge HHst gAY} =t

o1
mmEHwH2
st y(we x,—b) =1,V

Fotx WS AN % A sk BAE o || 'S Hast o 24
Q7U]q%ﬂoﬁiiﬁﬂﬁgﬂ@gqu

19 HH3}t 2419 S(w,b9] FH7F MMHE THE™ MMHE ©]-83 £72] Decision
Rule® T4} 2tk (18 54 Aze dole@e) Azg)7t 4249 dolg &
ol SoheA) B0 dole 250 SeleA WP o Holsst MMHE
NZoz g glod A2y dolez #Ratn, Wol o Faze ol &
FoHe Zolth SVME BRSE £4 AES 2y AY BE shegRol Yol s

% et

b



3.2.3. Yo]H H|o]Z(Naive Bayes)
Z2e ABHeEo] AR FYolgh= 7HYsto] Hlolz HPE &% £
F gaEgold, 2 A dHY 7|9t AMS E8% A 70 Bl ARSE
£ Ast7] Ao WA Ho]= Aol disiA Arfeit
oA AFd B7F otz W AR A7F dold SEPUIBE t &

PANB) _ PB|A)P(A)

P(A|B) = P(B) P(B)

o 7] A P(AIB)E ARS8 E(posterior probability), P(4)E AFHEE(prior probability),

P(BIA)E X (likelihood), P(B)E FHE(marginal likelihood)2tal gt} o]A] H]o]
Z JEE H}%}_‘jﬁ Ljo]H Ho]=2E sty 47} mAle] SEiA 7R3, dEgoz Ml

g B={(B,By....5,} 7} B0 %& W, St 4,Y FEL oheT} Lt

P(By By B, | A)P(A,)  P(B|A)P(B,) A)...P(B,] A)P(A,)

PAIB) = P(B) = P(B)

s3gog 7Pgsh] wol). olgat 7
Vol 9od Sio] 248 BE AL ofF AU, FALA ol A
el YHow wrgr

Selected Class = argmin,{ P(A,|B)}

AFgholl diet ¢=E At Al k5 dlojgtel gle grol Aol dvd 54 Bg
o ZAHA FoB=T P(B|A4,)P(B|A)...P(B,14;)°] 0°] ol Lol Ho|=7} &
vteA 25stA] 2 ¢ Ao o] BAE Es] fsiA SHERE $471(laplace
estimator)E AR BREEE 7 4 B HlkS] 1& "ol #E°] 0
o] Hle 4%E UNH2E A= AclH.

Lol2 Holz= AfHd HE| ayEor olgHi Sl=d, o¥A A¥E &
SteA €9 YolH Ho|=E H 7 olsfZ 5 A& Al S5 dHolH= 20779

- 14 -



ALt 40709 LR LS &4

g wol7} ok g

Negs B4 A3
7F (E DI o siAt
(E 1) e THO{E Lo MYl B4
. Al (B,) B (B,) 2] & (B,) F24(B,)
Vo= e W= My W WY WE Mg WE
2 3 5/20 12/20 0/20 11/20
S S 2/40 13/40 0/40 22140
Hlo]= o|EF o]&oto] ot Fadh=s SAE Ziota, B AEE EI5HA|
U mdo] A T AW d(ham)¥ &S AXksHd oS3 2t
P(Spam|Bl7§2,Eg,B4)
P(Bl\Spam)P(EﬂSpam)P(FﬂSpam)P(B4|Spam)P(Spam)
P(B,, B,, By, B,)
P(Ham|B,, By, By, B,)
_ P(By|Ham) P(B,| Ham) P( By| Ham) P(B,| Ham ) P(Ham)
P(B,, By, Bs, B,)
LolH Hlo|2E= &89 I7|E H|wsty EFor] wEo] 9] AoA A= Zo
oz AxkstA ¢

clolw it} med] Loln Hlo|x HEghe hewt 2k
P(Spam|Bl,E’2,E’3,B4)

= P(Bl\Spam)P(EﬂSpam)P(E’QJSpam)P(B4|Spam)P(Spam)
5

20

8

20

20

20

L1120
20 60

0.018
P(Ham|B,, By, By, B,)

= P(B,|Ham)P(B,| Ham)P( Byl Ham) P(B,| Ham) P( Ham)

2

40

13

13 40
40

40

22
40

40

50 =0.006
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AU BE Y o] 2 FRsHol B Hohy F & k. o) BB Ut

— = 0.018 =
Hd Afd SEL2 m: 0.75 o]l wEhA ARt U &2 (0.25°]H.

gREEtAs 4719 AHERE olsfisty] Sl ojWol= sig HWdol RE ©oirt o
23 < o A% = A9 WAL FEL2 P(BylSpam)= 0, P(Bs|Ham)=0 ©]
Hrh, wEbA ¥lego] 1S Hsto] ERghS AlAtehd o2 2t

P(Spam|B1, B,, By, B4)

_ 6 13 1 12 20 _
= o 91 < 91 % 91 % 5o = 0-058

P(Ham|B,, By, By, By)

3 14 1 23 40
—44><44><44>< ><60—00001

f
rlo

A7 AIE vEeR dig WYY AfY SE2 0.990] dutrdd

3.2.4. k-3 o] (kNN, k-Nearest Neighborhood)

FRASEFATEClZHE Tol ot 2 FF 719 ofedth= Holth HolH
T o] MEE FEsHA BT EAS M= MAIES 7H7tol A2 Aolzke AAsH
of /e gagfEolty thREY 7IASE: E1gE2 ¥ HlolE(training data)E
7HA AL S50l HHE A2 HolHE dgdor AxE Woh ®hHo| kNN S+
(Ee EFotA she)HlolE7F F0ix 0|20 shgo] Uojuhr] wiiZo] ALE shs
(lazy learning)e]2tal: Shct

kNNO| Z-sdd= 7tasty o33 2o WA, n7/ie] 53 dHole7t ddal st
1 7+ HolHEY 42 HEE Ui oZoE EFSIA o= AEL HolH
o} 7+ Ho|E &3t AZE AMbste]l 1 FolA 7HE 77 kA9 HolHEE 24,
k7l FollA 2o d3S SoiA A2 HolHE ’E“‘?I‘O]—q oehs] kNN ARE-
Aol 27 A5 AAsloF gttt &, ASA T 4

&4 WY X= {2292, } 2 Y= {y1,00:0,} 7} %1—% o ol& Atel9] AT &H

u
mlm
i
o
%
(o]
o
o]
-,
41
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e t&3 22 URse] Sl

Euclidean distance : \/(xl =) F (g — o)+t (2, — )

Manhattan distance @ |z, =y |+ |2y —yo| + .+ |z, — v,

Minkowski distance : (|, —y; |7+ |20 — yo| T+ .. + |:c,,,—y7,,|q)l/q

ofd AZSA Y A= dHolHe &4 E79 FEA4d A T
et 20X 9 kNN Euclidean distanceE %ol AR&git.

AT SEEFO B4 ol & H40 dFE ¢ Bo] etk dE S0, 99
Fdolzts $40] A2 o AP dukd oz 100015ty g2 ZATE Y2 ojE &
AE 2Ly wEhA Aol 7= HEG EX 2 @S 7H el & wEbA
kNNE& A8 dle 2t $485S BEdlohe Aol St #E3) sk HHolle 4o
-Fd A#3Hmin-max normalization)tt z A4 HEESHz-score standardization)
E A48T 5 ok 4 X= (XX, X, |5 EF3E g X 2 HIshE AL o
¥} 2k

Ba-d) et x = )
an o - Ay maxi(Xi)—min,;(Xi)’j IRZERE
X —X
z A BE8E D X, =——,j=12,..n
j Sy

£ 252 Agshe Ao ot
2 S &AM kKNNS & o FAHoR dudith (E 2)& ol ntES Fd
bl e A=} EESE Amoltt
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(B 2) 04H &4 4 535}
aAE &4 9 59 7Y A%
a7y 1}o] FAE) 74 =T =R 718l o B
1 30 330 1 Y
2 45 410 3 N
3 25 150 1 N
4 60 250 2 Y
5 55 550 4 Y
6 32 280 1 ?
EZ3} dolg
1 0.14 0.45 0.00 Y
2 0.57 0.65 0.67 N
3 0.00 0.00 0.00 N
4 1.00 0.25 0.33 Y
5 0.86 1.00 1.00 Y
6 0.20 0.33 0.00 ?
7HiodE = 0= 12 HAT $ gouz yolel £Q4Z 004140 ghE 7HA|
5 FHA-FHY Aottt
68 o] F|A7IYS &A] A &S, YAFIA NIFUA EF)otax}t st
o oWl 14T} OE I AEI] 3RIYAO|A AE A= (O™ 6y AT

Cards

02 0.4 06 08

0.0

[E=

24
- 08
P o
-+ \ 04
}-.Ja/ Sﬁ 02
0.0
0.0 0.2 04 0.6 0.3 1.0
Age
(O3 6) 3xF IO M DHE0| HTHE /X
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6 AT o2 1A= Euclidean distance:= theat 2t

6-1 14 A = 0.14, 6-2 14 A7 = 0.83
6-3 1 A = 0.38, 6-4 17 AT = 0.87
6-5 1 A = 1.37

FE

o714 k = 3 o, 6 1AL 1,23 1A spATE oeba 1,23 14 o
71514 ke 1Zo] T woug (W TAL 719slK] ¢S HoE HAFY

3.2.5. YJAHEAUYE(DT, decision tree)

DTE %2 #5U ofZo] A8H: 71454 7Iols £ dlole|(raining data)
oA doleel e, 73, BA 52 ol8dtel T g AANARE BAUL o
oJ87e £TFOE Uirol ) DTAIA AGElE Solt theat @

H2 kE(root node) : A&EE BiHE HA A2E G
FI LS(parent node) : 54 ultjo] &0 EAst= uir]
A4 ke E(child node) @ &4 miH 9] o}j&of EASt= HiH
4 E(leaf node) : AHAEIE 7} gl uwlr

7FA(branch) : she] utt=5E Sult7iA] A4E vioE

2a dolsst el vzl {3 dolgst 4 B4 &40 uet BRstd S
A3t 7K 9] Bol SR Yol 2150 S A4 mES] 7] WE
o oA S

(19 7 ofw 280] 14 323%S ToR A8AHY L £LAE DTE
TAT Aol AY glol P w7 B L= =Eold 5749 9 k=
(34,5674 =E)E 71 9k,

AAH DTY B&e JEE Ho| ¥ myolth ofv]4 32399 wAe
Hlolglols 1AL AfAtdo] met 27j0] WRES, YBow TrHEG DTS
S BAe ojw Aol A84EH £24 HEAE oS5k ot wekq DT
9 wEo A9 AgAHe] wetd 153} Hojof dh. DTS T 98 |

St T=
A, Ao AgA e QL IR0 Qe HSAAER 945, A, Id¥S AHsHAT
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©
M= S
LI= 168 52 0%
= 155 48.0%
A 323 (100.0%)

@ | ! ! @
=245 2138HA 0] Bt =5 2130F 0|4
= 143 86.7% L= 25 15.8%
== 2 13.3% == 133 84.2%
A 165 (51.1%) H 158 (48.9%)
| |
| | | |
HO-C.D.E.F =o-A B M3 2654 OjE P 254 014
L= 143 90.5% L= 0 0.0% L= 24 49.0% L= 1 0.9%
== 15 95% == T 100.0% = 25 51.0% == 108 99.1%
A 158 (48.9%) Al 7T (2.2%) 3‘" 49 (15.2%) Al 109 (33.8%)
I
| |
® @ HE-D.E.F HH-A B.C ®
L= 5 55.5% L 19 47.3%
&= 4 455% == 21 2 T7T%
A 9 (2.8%) A 39 (12.4%)
® ®
(27 7y e8Ho| NBMH 22

J9oA Ho] By kEoj= 4A84H7 2 AT Y& Algo] A whhy
Ao ot &, B2 LToAe ofd ARo] A8 ETE £24] YEAE FESH7t
H7 gt 2o €45 2137 V|EoE ERS A3 19, 28 =& A4
Hach 7 = A8 £2 AR UE AR HSo] BA"E AL & F A

. o2 ; 19 wEE 9AE0] 21399 gl AFE 165FolH, o] FolA
13.3%7 A84E7t 3 86.7%7F ARAETE LT wWebd o] wEolM: RA

= o 3 Agstd A8/dE7T U 2Ee] 80%7t Hete Aol

Fo2 Y45 2139 "Hl I5e FY ABE 7K ARES A CDEF
M Ager BR 3 Ay 3¥, 49 =7 JAEAS I 2 38 kEos
SAEH7E G2 AR 90.5%°11, F2 AR 9.5%°It. 7+4d€ DTE si4shd
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Variables Index Explanation
. Ability to determine how many pieces are
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Uit WRY WSl weMst HYuSIgY

7123 (basic course), 154 (advanced course) Zt

E

R

AEIH(training course),

GAE Rl
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Fail Pass
Group t-value
mean sd mean sd
X1 27.7 5.6 31.3 5.7 -3.57%
X2 5.7 3.1 8.1 3.3 —4.31
Training X3 22.3 5.0 24.3 4.6 -2.25%
Course X4 10.7 3.4 12.2 3.2 -2.58*
X5 10.1 3.9 12.6 3.4 -3.64%**
X6 39.0 19.1 48.8 18.5 -2.90™**
‘ X1 30.2 5.8 31.7 5.6 -2.14*
pasic X5 12.0 3.5 12.9 3.4 -2.16"
X6 45.2 18.3 50.1 18.4 -2.15*
X1 29.9 5.9 31.7 5.7 -3.04**
Overall X2 7.2 3.3 8.4 3.3 =3.41%*
Course X5 11.6 3.8 13.0 3.3 -3.88%"
X6 44.2 18.5 50.4 18.5 -3.16™*

E 1)L 712 2FAYA4E APASR 3 414 A4S SaeEe] Be 2
ol

SCAD Ho] BE wa&BANA Mg B FE(accuracy)e 7HIEE, SCAD
2Ye Fon AdE Wi gy Audch A9 BE TN FEAS(XD),
AKX, AZIHEXS), BOHBAMXOE FRARE Zotd] F2G ws
2 Agsgt. 53], 2EIES AL RE PN mHFANXC)E FL
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T2 AYEU=Y ol 7€ AT (e1dd 9, 2007) € ARHAHQ] AHAlAE dWAE
gt Zolgt Aztet
(B 11) 28 Yt 3 Hay MEf A
Group Accuracy(sd)8) Selected Variables
LOG 88.9(0.031) X1, X2, X5, X6
Training SCAD 90.7(0.045) X1, X2, X5, X6
Course DT 88.3(0.022) X1, X2, X3, X5, X6
RF 87.8(0.021) X6 )9 X4
LOG 69.2(0.043) X1, X4, X5, X6
Basic SCAD 72.40.077) X1, X5, X6
Course DT 67.6(0.055) X1, X2, X3, X5, X6
RF 69.0(0.045) X6 ) X4
LOG 78.4(0.236) X2
Advanced SCAD 88.4(0.057) X2, X5
Course DT 85.9(0.045) X1, X2, X3, X4, X6
RF 87.9(0.009) X6 ) X2
LOG 60.8(0.069) X1, X2, X5, X6
Overall SCAD 66.2(0.070) X1, X2, X5, X6
Course DT 58.2(0.061) X1, X2, X5, X6
RF 59.6(0.061) X6 ) X4

% LOG(logistic regression), SCAD(SCAD penalized regression), RF(random forest)

whEe] AERE(X3), AL BE BLAA F
ERE(X)E G271 A7
FE71A A7HE SRR of e
Aoz AzbEt
3 W AE gl

Al

o
=

Jr= T8

Qlo =
= .

nEo o

=

7IALE(X4)=

7z
g ol

8) 10-fold cross validationS 6}@] Accuracy‘_ =1

= yEs) PR B olg
S550) 88 B0 mues s G o

9)
s olc}.
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4.2.3. 7t 2FHA4 F5 239 29
A A7 27k A4y dgws

=
=
£ 2 483 € & U=AE -AFT A= E 1299 2

Fail Pass
Group t-value
mean sd mean sd
Teaini X7 13.5 3.0 14.7 3.3 -2.23*
raining _ *
Course X9 2.9 0.3 3.0 0.3 2.22
X10 2.9 0.3 3.0 0.3 -2.20*
Basic X8 3.0 0.4 3.1 0.4 -2.29*
Course X10 3.0 0.3 3.0 0.3 -2.39*
. q X8 2.9 0.4 3.1 0.4 -2.59*
Advance *
Course X9 2.9 0.5 3.0 0.3 -2.29
X10 2.9 0.3 3.1 0.3 -2.84**
X7 14.1 3.2 15.0 3.2 -2.73**
Course X9 2.9 0.3 3.0 0.3 -3.10**
X10 2.9 0.3 3.1 0.3 -4.15%*
2718 2 oA AT BeE FREXS~X10)0] A BHoIH fole 3B
om yshtow, 7E 2FH4AA BEOIA AHAY B AVIXI)H L8
4, 15, AATHNA ot A= Vel
¥ag Agusse ge £ Auztel Aok \-ARS e 10749 WEY W
o gt 594 dA Zde= &E 133 Eo
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Group Category Fail(%) Pass(%) x>
1st 5.04 16.32
Basic 5
Course X18 2nd 15.13 46.59 7.60
3rd 7.13 9.79
1 st 8.60 13.17
Overa "
Course X18 2nd 23.12 37.90 7.09
3rd 9.68 7.53
et AR 3km DAKIOE folF Aow AHHYL oA o
BEe RE BN 5 e AoR AHEA
GE14HE 3719 2EHAHPA4E 2] B 2009 AYHSE A48T 4717 ]

=
71E 2FAAAA ol itk At vV 2 SCADER S He=rt 7MY =
: IgHrEe TS o AATFl o
15 AEE7F 71.9%% 7€ AgHsstts 2A9S W 2o 5.7% FHEUS

o ot rlo

He
£
N

SCADE o] Adst dyuipss HH Ze oA FEFAXI0)°0] SaHTE
AREJEE ol A A A] SHFAEFAEE o= Ak HEGsior 2 AlARE
o ZAAE IAEAY 2ZH|(odds ratio)s w43 EH FHFHXI0)0] 12
Z7)5he SR P 484 27l Aog BAMEQILh T3k, MBTIAAMA A2

| FARJAA] WFARJMAE UBd= AUAXIH)TE] SaWs= AFE As
g Sl=dl, e=H A7 ARl Aol WFAQl QAYET F57Hs/30] 1
=

2 | &
2 oz B4y
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(B 14) B3 T U 0 Mo 2

Group Accuracy(sd) Selected Variables
LOG 88.7(0.028) X10, X14, X19
Training SCAD 91.7(0.042) X9, X10, X14, X19
Course DT 88.6(0.025) X9
RF 89.3(0.009) XO¥X7 1110 X18)X11
LOG 69.0(0.052) X7, X10, X13, X14, X19
Basic SCAD 75.3(0.070) X7, X8, X10, X13, X14, X18, X19
Course DT 68.7(0.044) X9, X10
RF 70.5(0.038) XOOX4 I X19)X11
LOG 85.4(0.036) X10, X12, X13
Advanced SCAD 89.5(0.055) X10, X12
Course DT 86.0(0.041) X10, X20
RF 88.0(0.000) X100X2 I X19)X11
LOG é%% X7. X10. X13, X14
71.9%*
Overall SCAD 0.72) X7, X10, X13, X14, X18, X19
Course DT ?020176) X8, X10
RF ?040671) X100X4 1| X19)X11

FE719] FRAFA HEo] 2IHAANE FES] A A EojoF Tty 2 AT
Q.

At FF ZFAYPA B AY A IBY PUS] A 7|24 B8 5
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(E 150 Yepd vpel o] MA| ARSFET w2 o CSPE sty &
WS AT Aite] JEEL JS & Uk wEbA FHFEAA S YERd v, &
AR, 271713 HA4 AR ZEEAMTBE, mean time between failure)s< ©]&
sto] AT CSPE A5 &+ U= Aot

of Qo tFet AgEoF H o] lon F7hARl e A4% 2(2014) =
= sty v

5.2. dlo]g I8tx}(data scientist)e] %43

tlolg #skak= HolHE 4, A, 24 B4, 7R & Sl AwvkE g
o oA AES Y2 f8 2 I ZEokolA g 79 HolErt AT
Utk &, T e HolHE #AIstofof sk Ao &4 4= Qv SHARE £4] 58]
ot dlolH= 19 FEE "= 4 9ol |lth

(I¥ 15)= o8 #3Kdata science)°] oF-Ex FEE2 Hitfoloj1H o

DOMAIN
EXPERTISE

~ DATA
. SCIENCE

Source: Palmer, Shelly. Data Science for the C-Suite.
New York: Digital Living Press, 2015. Print.
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