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o PM HIY =%
AN zy | EEp | j2xw | | W zs

HE ' N — gl SO, 824 M, HIS 2 JIN

® HMICT JI&

| H YA N JlE RIS 8 HB & S8 AM, =8, 51, A JlE

8 HT/H% )=

| HW 2! HIE®3 JI= (Infrastructure) |

(a8 3-1) z)AICT 7|12 SE(PM A X7 34

v

022 PM AY Xe] &84 ICT 71& 55 =oltt. I8, 7«59 I89ER
) LE20] ICBMS(oT, Cloud, Big Data, Mobile and Security)2}e] #HHA4S HA|
ST

2) AR 4 Z7|(ILM : Information Life-cycle Management)



- oA
=

[ J XJE XI'E..'._o A@, Z‘]XJ‘ ‘;ll %% E\Zl_% 7]%(Cloud’ Blg Data, MOblle Et:ﬂ_)
- 329 (Crawling) 7|&, Hlolg E4/82% 7&
- Cloud 7]¥F AXOo] BAF A& 9 &8 7|<&

e FX AM A Ry 9 Ad #YH J|&
- AM(Search) ¥ FH(Recommendation) 7|&

- A5 Reporting ¥ Visualization 7|&

e HERSG 4 HE A 7|&(Security)
- flojg ¥&3KData Encryption)
- AREAF QIS H HIEAC] Tl
- AR A H7] W FE SE kx| 7]

2
=

3.1 AR 214 9 A7 #AH 7=

RS st E8o7] fdiie FEY TS 4ok AFH ARt 3.1
A= PM AlY 8 Ao A auﬂo]._ oy AR, &4, olu|x], 94}, 9 5

it Q14T Ao AH 7|EES Alcky, Z4E AE AAS St ToT 71&(dA])
A= SHA A7k
3.1.1 &4 912

14] @ 2] 7]<%(Speech recognition and proce— ssing)

20 AoofA & 4 d%ol, 243 U4 7|&(Speech recognition)> AFEo| Lol=
W&S Q4] HAER AFoF

14 Military Science & Technology Annual Report
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(dlolH] WA

“HFE7} mro|=2et
£ ol EFoE WA= 7E
(Wikipedia)

A9 (acoustic speech signal)

“Speech recognition is the inter-disciplinary sub-field of computational linguistics
that develops methodologies and technologies that enables the recognition and
translation of spoken language into text by computers. It is also known as automatic
speech recognition (ASR), computer speech recognition or speech to text (STT)”

A4 7189 A 343

SRS

(0¥ 3-2)0A4 &
g, 7 B s
HAl2ld(Machine Learning)® 9¢
o14]9] AT} AT WA FX
dHA ATt

Learning)

Sz9] 24

1 John Pierce?t 21047 |g&
off chsh ZHsHA| BlEtshs
BN &7 F A7 |&0
CH&H 17| X 20| ofste

IBM2t E=XIEHR2
ot afafrrgo0|
HEHE 7[R

(Machine-translation)

“Common Task"
20| AEE A
TAS2 HOHE
2R3 Yok

20| & s7liel AOE itz

A|AfE 20
12 77| 2

ol gelE ols

1 “2001: 2802 25l40| "
,Hz;w MRS OFO|Z2)| Sirif ,

EA71¢re] Google #19]

0|2 HE0M 7|H M| ATh A=

S4elajof cigh 7|
Al go| Heg

1965 70 75 80 85 90 95 2000 05 10 16

1954 60

7}2: The Economist(2016. 5. 1), A=+ 72
(a3 3-2) 210{ 7|&(Language Technologies)2| &4H 1t

* 23 1 H29, 0|48, “SAAK Al H|A Ao B AAE," FREAGSH

[N e 2o F)

2017.

s Al 7]e°] &€ "Al 21777}
71&9 T oM

|= dloly 229, 7Pt vy, ofulE o2

A4 7 A2 1

F|2o]
St 7Hgoll BEEEA 244
AH(IHE 3-3) =)

A&HoR

3sta %



T Aot A AP
=Lh-2|
AIAL[ .
H|z
AR "
7|7=ju| L s == 7i7ten|L]
EAl 8|A KT skdziz Ljo[tH 7pie -'l%
P P PloN[ME - o= Elcinl] (W 25
7|7 x| B SRMES gloj= FFt0o|L|C F2E00L]
AZHE 7|7FRIL| = Szt 7712i F2OAAEE
IR EAY 20174 1 20164 9% 20174 88 2017 g 20184 98!
= Am BT soras Sofa o
Mg NE] 24 L I
(O3 3-3) ZLHL| Al ALA H|w
Z4  FAEUEFISE, '18. 9. 11.), http://www.newstomato.com/ReadNews.aspx? no=846307
T3 Z2H9-E(Cloud) 710l =0l 4822 AAG Y&o] HEYIAE S A7
Eof A 1 7o g2 ARE AM A AZF= Al H|A 7]57HA] £3ds9eH, o 7}t
A tgRt Aoj(Languages)E= AYFH(IE 3-4) F).
Amazon Google Apple Microsoft Baidu vinclu
. »
B lad
fs w B B
= s
SW Alexa Assistant Siri Cortana Duer B
(EA9E) (2014) (2016) (2011) (2014) (2015)
8717 Echo Home B Invoke Little Fish Gatebox
(EANER) (2014) (2016) (2017) (2017) (2016)
2] Hd e 271 87H 20597 87H 17H L7H
(o) | (AESeEh | (HE4d) (719¥3h (Z1E973) | (A9EerEh | (AEerEh
EIP | gem | dsm | Asww | dem | 3umd | auwd
Apgod B
a2]7149] )
- el E Windows z]=9]
33 | oA TN wew lame way D00 EE| 220w
-ille o S k! 3
Skills 24 |g]dlo]e] Ef Hot 92 |ojan2 me -o-?!;loﬂi Alpas
ar
A= ZF A FHolA ¥ dEAE FR
(O8 3-4) 32| F7|Y9| SMQIAl Al HIAM MH|AQL AL SHE QOF
* 23 1 A, 0|45, "SR AL A Aol AR ANE,” JREAEAA, 2017

1 6 Military Science & Technology Annual Report
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= - =0 === PN
’g‘ T—T/%], 'UH?I_ o = "T‘%o‘:f‘ ]E
-

=4, AL 718 AR
71EES AHESH] AR
214], A 9] Y5 A4 (motion recognition), A % (object tracking), 1
Al HM(object search) 9 ThgRt Eofoll &&= dom, FHAHAUMAR
Augmented Reality)?} 7FA@A(Virtual Reality) EofolA = &4Fs] AFE 1 Q.

Y A FE FolM A As] 2 W &, FAA ek, FAYE F

317] galAE Theat 2L Y1450l Wasit,

* 918)(recognition) © olul A} GHOIH AFYL TR W A

(T2 3-5) AR 914] 7l 1 YAB0IN ZHRITHE 12510} 01
A]

Ak
* A oW A AWt “Abe 14| 7]e”

(9 3-602 Al 7]&°] A8d BEet 7=z, g0t go] &3t F/dolA A
I AFE FEdE 71sel A



10
0%
2
2
ot

Human
Vehicle IR 75 Vehicle

@D A%sA Fpulete] A Q4] : A} Ak FEsto] Q14

_P_; _ﬂy

Inlelllgent outdoor facial-recognition
4 FHD 2MP security camera robots

208

(1} Al powered Security Camera
(O3 3-6) Al 7|= &8 7iH|2te] F4h 24 2 ZHA| 214

* Z2] : AR4X - The Intelligent Camera Robot that Redefines
https://www.kickstarter.com/projects/555543571/ar4x-the-intelligent-camera-robot-
that-redefines-s

1 8 Military Science & Technology Annual Report



(A8 3-7) A A8 7|s - €29 ETYS FE, HIL/EM00 AE

* S o] FA, "d=IA] 719 483 57" CCTV News, '13. 4. 1.
http://www.cctvnews.co.kr/news/articleView.html?idxno=3003

(09 3-7)2 vl= FBIOIA 3% i s 9 2o d= A4 Z2AEQ] NGI
(Next Generation Identification)®] 7Hg< HQl Z 22, Lockheed Martin& F=C &
sto] IBM & o8 7|&sAEo] 98 A=A Next Generation Identification,”
Wikipedia).

19
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3.2 AH AF 3 & AR/EE B9 e

3.2.1 329 (Crawling) 7| L3 AW A5 £ /2A/M9

Warld Wide
web
ek pages
X
URLs | &dulii-threaded
Scheduler ' dosnloader | |
Tewd amd
kel aia
LELE
G URL:
EhmrRge

(1% 3-8 &4 2&8 &
* &4 : “Web Crawler,” Wikipedia, https://en.wikipedia.org/wiki/Web_crawler

Z Ao} 7)Ho| AA| 93t A, DB 59 XY FE A& A(Local data repository)
E= oF Aol T4 T, olv|A] B, FIY Y 5 SR FHY RS HA
9 ARV} FAE o] EART FRt AtelH 370 JHES FolA Wdot= AEE F
A2k LH of FgstA Zolll= A2 JAs]| of7 ol

E9(Crawling) 71&& 73] B2 AFE O A= = BAE st 34 of
Aro] /SH olog AFA]7|E= , ¥ ZEY(Web crawling T+ Spidering)

71&2 ¥ 388 (Web Crawler)2k= multi-thread ®4]19] agent T2 13- &-85}0] 9|
Ul g ARIEESE A& WhEsto] Zopd ¢ ZA4E £45to] URL 45 F&511 ¢
Aol et 89 E(meta data)?t A AE X (storage)oll AdH= 7|&olth(1H
3-8) Ix). olHT AEY &S &Esto] 2A/71H W YR A7E ot tAd
BFEE HA Zotd & U&F AHA| DBl H=3l6stAY 9= HAE Ho|E & Zotet A

lr
N,
n11>
flilo
(i)
<
v
|
o
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ICT7 |28 &85t PM A/ (Pol-Mil Game) X|IEtot 72

F|Zoll= Al 71 2o weh deEd 71%o] A8H A4 & A& 7Iso] dFHL
Sk Al 7140] %8 9 2BISS AR
B4 A X (unstructure documents or files)5& A Yok= A FE(structured
data)g FZE(extraction)@ &= U= 0] A &, AHFEAE B2st=
9 FZ oo]HEZ & & Ut} o (I™ 3-9) Al 7|e2 483 & JE 5 =

2708 A} FHjo]A] Aol

o
2z,
N
N,

P,L

=
ol
o

i)y

P,L

re

>

o,

i

S,
Mo

Q.

19

-y

g{,\j

rlo

Diffbot Al Web
Extraction

N W Il

s LA
1y
Al technology retrieves clean, Extract data from millions of
structured data URLs in a single job
Mever write another web scraper There's no need to write rules on

a per website basis

(O8 3-9) Al 7|20| M= ¥ HHE £& 2 : Diffbot Al Web Extraction

* 2% : DIFFBOT, https://www.diffbot.com/

3.2.2 Cloud 71& @7°1A¢] Ao B4 A% 4 44 2§

ol AR 9 28 71& 5L BEIN] AFOT P PREL PCLE A A
A%y o

Bl At Had = oy, o= Cloud 7= &8st HdF
- .

=
HENY 455 4=



M

At 2t

o
0%
2
2
1

FH 9 FE7I(PC, l=EX(aptop), 2PEE, HES 5)E &9 L G4 HEE &
€2 4 AH(KE 3-10) D).

Smartphone Documents

Chat
E-mail GAL Laptop

Presentations

i Calendar  Video i

Pictures Training
Tablet

Address Book Spreadsheets Desktop

Cloud Computing

Having secure access to all your applications and data from any network device

(& 3-10) Cloud Computing

* &4 An overview of cloud computing, Western Sydney Univ.

https://www.westernsydney.edu.au/tld/home/how_to/how-to_resources/internet_
resources/the_cloud_-_overview

3.3 AE HA, FH, Hu 3 A B Ve

-

3.3.1 AR AM(Search) ¥ FH(Recommendation) 7]&

%10,
=2 QAo violwy = 52 A4 ZE Apo]EdfA ol ARgekL Q= Wl

4 @Al Jbssiged oIg S, &4 99 AMw oskg 44 Sol ok

24 WY A8 A2 APgolE ol BEFE Al AMAS WeHnd olst 4 Aol
o} o2 Sof, ¥sks RO AN EX gy 23], 3o A4, ool S % Fot Sex
7] 58 2oz Washd Al AuAY 24 WA AAlste] A At 4R A3}

22 Military Science & Technology Annual Report



Ad T LTI APAF & ok 4
TVolA Algste Ad AA 9 AlH, Al HA

20189 WordStreamollAl A5e 54 A4 ¥ 8 SAE EH, 202097H4 2&

9] 50%E w8 Mol & AolH, oF 30%2] HAL stH(AIR)FC] +=BE A
A&kl vt ESE, 20179 @A vl= 7] oF 13%7F AUtE AuAE HG5)
a1 glom 202240] EHH EH{Eo] 55%7H4] 71 ACR dSEsta At 7|E 5A
&2 offiet At

A

J::

ﬁ

General Voice Search Statistics
(WordStream, Gordon Donnelly, 2018.9.)

1. 50% of all searches will be voice searches by 2020, per comScore.
2. About 30% of all searches will be done without a screen by 2020, per Gartner.

3. 13% of all households in the United States owned a smart speaker in 2017, per
OC&C Strategy Consultants. That number is predicted to rise to 55% by 2022.

4. There will be an estimated 21.4 million smart speakers in the US by 2020, per
Activate.

5. The voice recognition market will be a $601 million industry by 2019, per
Technavio.

6. One-in-six Americans (16%) own a voice activated smart-speaker, per Edison
Research and NPR.

7. As of January 2018, there were an estimated one billion voice searches per
month, per Alpine.Al

O (O™ 3-11)2 201793 202299 vl=rat J=19] 24 A AR 28 22
AA 4 =3t Ao|tt.
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Voice Commerce Sales 2017, 2022 in U.S. & U.K.

UINITED STATES

80. 2 BILLION
ITED KNERY 1.8 BILLION

N
2017 2022

Source: OCAL 218 & voscsbot ai
(2" 3-11) 201731t 20224 Voice Commerce Sales (0|= ¥ =)

: Gordon Donnelly, “33 Voice Search Statistics to Prepare You for the Voice Search
Revolution,” September 7, 2018
https://www.wordstream.com/blog/ws/2018/04/10/voice-search-statistics-2018

A

S

N u}

i

kg AA GAT AL 7<) A&H Al AR Y B Al HIA 5o J8H HA

olth, tistg AX 7|&2 AR} SWrt A2 sk B8 AFRAE Yotk AE
2 olsista 1o S HEE HAste] AREALfA Al Fotal =4 F= 7eS
gt ol 719E A9 Uaghe FEot Al 7]&o] E8F H4 FE FM 7]&o|t
Al AFOZE T3 UL, LlOltﬂ Zh2, 717 Al AR 5ol AUt} off 172 ylolH
22 diskg A 71eof Hiet **“‘015}. E3], 13 0220 7}7}0 L t}oFsl 0o
HA7HA] 2 hsto] ol 2 ti3ty AME St o oldfiste] YEoj2 FHHsh= Vs

2 AZHt.

e

- 24 Military Science & Technology Annual Report



ICT7 &2 225t PM Al (Pol-Mil Game) X|&lEtor 2

1

FH9E2 1 e Q =

Yot WIS LEEILICH YRR $H30i2, ®
13048 Y2oiZ WY 4 Blosg.

oRHTAY UTSHZLE W Ew D
“oii-

“Thizsit"

“ehdshag Yot

£ 500

SBoflud THEF 204 aigl 14 e Za
w50

— Q"

BRTRLE ST — AU EeE ML TS,
I Han

TG0 4 (NLE) o o7l SRR Fotur Yaleg?

@ T 1 el
SSTHERITEOGLSIETA?

s

b dlol¥ Z-(LAON) (1)) KAKAO Al Chatbot
(O™ 3-12) Al 7|2t2] That3d X|4| A

*EA L ARAE, HlolH, AFA 5 I HA 22 A7l A& 2016. 3. 21.
http://www.etnews.com/20160321000230,
U E, TR, AL AR TS S A @ 2018. 3. 8.
http://www.hankookilbo.com/News/Read/201803081776934025

3.3.2 A= Reporting ¥ Visualization 7]&

Al 71&9] ¥hdo) met A5 E 1A 2Hd(automated report generation or augmented

reporting)oll et 7l&d} AH|A7E At = i
U2 192 ARRRe) 7ii}do] A9 glo] oF 571 E52] = HlolH
71 Al 7leE €85t s FEE &dolt HIAE Yehd Aol

£ v O &2 coding
o
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Auto-Generated
Healthcare Report

MNote:
* Dec 2017 to April 13 2018

* All charts (except takeaways) are auto-generated by code

@ HarshaAngeri @ @ @-@

Specific start-up deep dive
Ex: Axiobio... US patent landscape (last5 years)

ues + Bleeding, clotting - e | Bleeding dressing

(13 3-13) A sample of Auto—generated Report by Al techniques

(™ 3-14)2 FolA A9 HuM | A5 Aol tigt workflows E&AS
B4 FL&(Schema of repor)?t &Y HolElE ztu AAW &g

daEsE, 924
7I&, Aol AEl 7le 52 AREote] AR e HAastele] RIME Ahse= A4
3 dt.
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LSTM — Recurrent Neural Network

YYvYvyy

Schema of report

Internet Report generation workflow

* Deep leaming

(% 3-14) Report generation workflow

* &%) : Harsha Angeri, "Auto-generate reports via coding & Al," 2018. 4. 26.
https://medium.com/datadriveninvestor/auto-generate-reports-via-coding-ai-29468

cd48956

SHH, PM A E9, 739, I3 A] I A9} ZoQlU9] ofsiE &olil 4+ oJAHEH
< 27 A Lst7] s B2 lo]E ] Al (Visualization) 7]&°] S25HA AHE:
2 4 ot o2 (O¥ 3-15)F SAPOA Al&sk= Digital Boardroom 3402 &
2T 7|Hte] 715 £A47|s3 DBE &-&oto] 39let B9 A Z+E F837F HHO AlE,

o
A A Y& AT touch screen 7|REY] Ald &£FHE ATt




28
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| | | |

Top floor ¥ f t
A wota, il MIEffsetee 2 S &
- ] . W
(11T FEEs
; b daelonl o0 U
: . ~ i -k -
= - _T
= e S
2
@
=
é “
o
=]
-
E “
L
SAP S/4HANAT
Y
Shop floor SAP HANA® SAP* BW OTHER

(19 3-15) SAP Digital Boardroom

* 2] : SAP Digital Boardroom, https://www.sap.com/products/board-room.html

3.4 AHHES 9 HS #AYH J|&

FAICT 71&9 &8 B8 BEY A4, A%, 71, 2ull/28 ZgolA FE9] 7]
U (Confidentiality), FZ2/d(Integrity), 7F&-J(Availability)& EA5t7] oA ot
23 22 AEBE 9 uel sj%o] weA Washt

3.4.1 dlo]g %3 3HData Encryption)

HEAIANA FBEAY PC, Aol A%= mtdo|y DB A&E°] HE(plain text)
FH=Z =of JloH, HE dgto] gl HII7EANA =HEHAY =&d ¥l EAgH

wh2hA, 428K Encryption) 71&2 A&t FZR(cipher text) FHIE F-&3HH A
Aoto] glolgE Hgolojof SHHKI™ 3-16) F=).
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SAMPLE ENCRYPTION AND DECRYPTION PROCESS

5N

y :;:-ﬁj-lélﬁ bssTiOge
Encryption + p """ @ """ cio:
FLIRONCEs =

Plain Text Algorithm Cipher Text
S5 N
BCayIWoEN TBS-43-1616
Decryption ||| # [Dsa e QR R
FLZAQHCEs=
Cipher Text Algorithm Plain Text

(3 3-16) Encryption and Decryption Process

Z£3 : Quora YAIOlE, A} 3kl 7}
3.4.2 AH8A Q15 (User Authentication) @ HA| ] (Access Control)

AFEA}F Q15(User Authentication) @ A o](Access Control) 7]&2 djo|g o] 3]

H A7FHAuthorized Usen)oll ARt /882 31718k, BI7AOAlE A= #F
G5 = 5t glolE 9] 7|UA(Confidentiality)S RAdsH= 7]<&o|t}.

3.4.3 AX &A #7] 2 A= 4F $A 7&

PM Aol S==H EZQ5tAL g0l = HolH& YEA] H7|sto] o=
FEEA] FLE gjof gt} RO A H7| 7|2 AFFA| A S5 LA 7E
ojt}y. PCE& €A &A ZE ol AAGA| 9] AA7|H EAS 8ot & AAsH=
O7Fe-A 5o] Aot FHFol= KAISTOA FA7] B4 &85t wE AIZF Yol A%
ZA219] glolg& &d AAStE 71&g s stAT).

E3SH A=m & WA 7]<(Data Loss Prevention; DLP)2 &9 Q5tAY WS A w
£ &H3s] AAsH| Aol YRA = di7] 5ol 3 FR=E FEETHE ddo] fi=

Aol 8} BeroE A8HA] RIS 714Ql 2N At A T (1Y

3) AA71E &85t glolE A AHA| 7]&(QIAIC]E, http://www.insight.co.kr/news/176214)
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3-17) Data Loss® W4, & W 121 10 ©E 235 A9gsts 1928, Y
EQAE 59l AH FEHAY, ol5F AGEA, ovd E AAHE HAA(IM) 5=
B9 f=9tt (O¥ 3-18)= DLP £F4E A9sh= 19 o2, DLPE Hdf °§AE &
A, deE, AAZE BUEE 2 g 59 7]&o] AHEHTH

Resulting in a Breach

Can Leak
= Account Numbers « Stored on the Network or * Competitors

= Intellectual Property = Copied on External . Users
Media Drives.

+ Transmitted Electronically;
Emad, IM, Onine, ctc

(1% 3-17) Data Loss 2} & A1}

* 234 . CyberSecOn, https://cybersecon.com/data-loss-prevention-dlp/

Data Loss Prevention (DLP)

Education / Regulatory
Training Requirements

Drata loss prevention (DLP} is a strategy for making sura
that end users da not send sensitive or critical information

7 outside the corporate network. The term is also used to
Intelligence / describe sof tware products that help a network
Analytics administratorcontrol what data end users can transter,
Methods for DLP: Text analysis, Metatagging, monitoring,

blocking via Gateway server, or native mobile appor

backing content managementinto applications. H

(1% 3-18) Data Loss Protection Solution

Discovery /

* Z%] 1 SNSKIES, https://snskies.com/services/enterprisess/
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Zﬂiﬂ—‘e J—}"]'é‘ I —rH JJJrO 24 =] g

AE = 24, B4, FolJALE B9 AEES YA E FESete] B/ZEHE, 2

A, 7, Zi*“, Ry 0}741% PM 7ﬂ° o] 7+ A AE Ei*ﬂii =45t quﬂ*]
OoF

2 okl PM AY ATAYES ABHHLZA AL, 2
4 238 & + YR ICT 7148 TH PU A 7%01 29 7ol

-c:)-j__
lﬂli 2) Z"MJ ICT 7l&< %}%0}04 l 4 A 6“4**4 ZP%??}/EEQﬂ 7t F
o]

T

Bo AWty o] BEE ICT 7|& 222 A3t #Holth o]2 vlgog 3t PM A Y
23 A R Qgueto] sl thedl 2o MR 71&sth AY A w9 x| YHiet
(4.2), A AFEA ] A LYH4.3), AYD FEDAL] ALYRY (4.4.). © 2
< 20179 =7IRIESFAS AL FaLste] 7]sgitt



tA A2 7H 4
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(b

VS

.I

Qg 4-1) PM ALY

(leBts Bly Sy hrE ialdy «
‘TR k2R Sid2IdE - BR/E & &S 2 -
BR/E & RS i2lvE - ZlavioR2/RS | (e k2R SiRZ0E -
VR S/IRS - (uonEpUBWWOA) s « (uonEpUAWWON) T « Ele 1l B
2 ok BUMen)REER « | (52 k2R SRIZIdeA « Wi B BuMen)BeaR | W& bk (Bumen)Fo=g -
aseqgeje( « (32uabyj3ju] ssauisng)g « aseqejeq] - aseqeje(] «
(2 QV00)Z1c 2 MS » By kg S+ (S QV00)2lc Bl MS - (2 QV00)Blc 2lle MS *
(2 R&S TRl R T E -
Bl bia/g S izly® -
£R52/ch/BE ARk - Rlv bRERE -
Rly b/ Sl 2R - BleSZ DR ARRk- | REWE RIS ShTRRE-
Rlv loBER - 2 (R k)R Mejdaiaz /Sy Sy FRAL LR - w2 slhly B b bl -
LlEE DR ARRk- Rt WE RS ShTRRE- Bhvi¥ Rl -
2 (RRElo)¥/ied) BE/FE (T2l 3)ER Rl kit - (2g-01)
BE/R Sy ARk IR - Blvd Bl | (212p aaw ‘RiEidlha biefeg (B& 20
Bhr ol DREMTK
BERGEE LTl (RERDIRE AkE -
L2/|ck/Bm B Rk Sl - BBk R RioRk-
AN - EEAER & sivTR &3lzhly =
ARER- RAEY B3hkhivEd- SR lhly-
RS - SlohB AR Rl ARE- S8 bt SRboa -
R & AR AL Rl R & A& AR Rl - oERY & AR AR Rl -
e iTE—Ble/loS—RIVIR Sl e : (151 2R -
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A 6 135 2686 601 497 120
)= 18 265 2663 660 1006 230
e 6 101 1834 268 561 132

Rl =7t =2 TolE Ao E AF
Moz gol ot = .
A2t ©of 749] IAE TDMO =4t A5t QbE1, #A19] Tof SR =E e
d9Ql TF-IDF (Term Frequency-Inverse Document Frequency, ©ojRIES - &4
HlEs)Ehs Zidgel dasith TF-IDFY] 7HdS tha3t 2t
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HT— —

TF—IDF (Term Frequency—Inverse Document Frequency)

EAY ol EX =, 7o) BA0] X3 gojo] FaEE
AEse BAH &

TF IDF= TF X IDF = TF x log(N/ DF)

- IDFE= g dojzt B4 g AA oA E oy FAFPEAE A&
h= oz AA EAQ £E g dolE ESE EA9 =2
UE H 238 %

- IDFOlA] N AA| &A44=0]1l, DF(Document Frequency)=

gol7} Yehd E44-E el Ao & D7 ko
ol7t A4 WollA &30l Erh= ofn|

TF_IDF= @ojdleso] & EA00A 9 Told] 2dnl&d A+E 3 ghe ]85t
o19] TF_IDF7} %21 E4EA oA t& dojx

N
oly
B
il
N

Ir
ok
rE
)
luk
Jlx
Jim
o
ril

41 : The fox chases the rabbit
F42 : The rabbit ate the cabbage
FA43 : The fox caught the rabbit

9) Y&E. (2016). R& °l&3t HHoIE R4, Aol v]: 737 =
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H 3-2) M 7H 2MQ TF &2 of

TE £A411 £412 £A3 vleSs 3t
the 2 2 2 6
fox 1 0 1 2
rabbit 1 1 1 3
chases 1 0 0 1
caught 0 0 1 1
cabbage 0 1 0 1
ate 0 1 0 1

Al 2] EAI] e TF WL CE 3-29 ek Al A9 BAolA ZEHOE ‘the't
5 Ao MEsE 23 gk BA EAL g3 BAE TEsl] JeIAE TF 3o
H

e ol

(H 3-3) Ml 71 2M2 HO{E IDF 3t

T8 DF N/DF IDF

the 3 3/3 log(3/3) = 0

fox 2 3/2 log(3/2) = 0.405
rabbit 3 3/3 log(3/3) = 0
chases 1 3/1 log(3/1) = 1.099
caught 1 3/1 log(3/1) = 1.099
cabbage 1 3/1 log(3/1) = 1.099

ate 1 3/1 log(3/1) = 1.099

(# 3-3)2 Al 7} £419] @oid IDF g2 #AIRE Zloltt. &od IDF g2 HH BE
Aol FEH2E Y2 TolE2 0012 B AR UERd ©ojo] IDFE ghol 2
ok (F 3-2)% <HE 3-3)< ©]834 TF-IDF FEE W= <E 3-49 &t
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H 3-4) Ml 7 2M2| TF-IDF A&

& A1 412 £43 Hy
the 0 0 0 0
fox 0.405 0 0.405 0.810
rabbit 0 0 0 0
chases 1.099 0 0 1.099
caught 0 0 1.099 1.099
cabbage 0 1.099 0 1.099
ate 0 1.099 0 1.099
@ 3-4)914 & % =] TH-IDF W] wol o] 7} 2 golrl £AZ 729
o geptag
Pol-milol A= o2} 7] olgo] Q=d, 7 Folge shje] EAetn & % otk 7t
FolHo) 542 Pasl] AL HoldEe TEY & 9l tolSol Fagd), olg

o] TF-IDF FE& A& 5= U= Aol

= o] el chEgleh Saldolzt
gAE HlolHo] o] MESE BN AR ol AEEE Tolkeyword)E 23l
She uigolete, EojEE feo] AL =x B2 Fal4 27 ot

£ 2olg EHRFS ol&3lo] woﬂ % Johe wolS0] AL EIE HAIS BAIS

TZ(semantic structure)s YA A H
ny

=

oAt BF L B = A el &4 2o A 5
39 0] 0% 30 SolRLlGloln, BH BAE £AS) SoLd TS Y 2

Fot= 2 719 EFE Foldls AS FHEH o= It

LDA(Latent Dirichlet Allocation, A f&&d d3H) = EGEEYy 7|HOoZA
Tojo] ExE HYPslols HHOoE EY RUg oA 7P Wol AREEI Q= ol
THO. LDAE ©@oj7} Ro|d Eyo] =i, Ego] Kol A7} Hrhe dE 7HX 1L
ZF o7t 2 ¥ Efo] &35h=A] dotdl=s HHEC|t f27F AR BA He A
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299 o #7]¥H(Plate Notation)O.&2 Aoz A7 W7t =

A
T 5 gt WolE BAE, YA HFOE FUM AL 1 3ol ¥

(o),

it
o
1o
=)
ot
O

osios

(O 3-5) LDA 2o &t BI|Y

O™ 3-5014 29 2449 Qus v &t

M: B4 A%, K 2B A%, N B4 3 dolo] A%
0: £A9 B3 BE(emBEL BAvT o202 & Mo Bt 98)
P 9| To] Eu(GolBEL Eunit tlzug § KA BTt UL
Z: % dol7t &% £ Wz

10) D. Blei, A. Ng, and M. Jordan. Zatent Dirichlet allocation. Journal of Machine Learning
Research, 3(2003). pp. 993-1022.
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A9 EYEE o telad RS n2l, ofv 27 sl vehud ¢ et
31, o] gk £A9) EHEEA dnht BPso] JeA] ohIAE 2USHE AL %
A Eek T E E99] dolBE ok telad] REES tED, ojff 7] stolx ot
gole g EXEE GolSo] duht mel QA ofdXE A At
LDAZ AAE v Abgio] 248 Folokd g2 o, 4, Kglolth. e oA 0.1, g o
A 0.0012 gl o] glol 10] 7PHY %S BAlo] we FA7L mgHL, FA0] Be

=

227} ATASHE @2 0, = FoiA SlolH HetulE o, 45 B2 Pelad 2
1!

2hal 7Pgstal, Al 41 W gol WE d53urieA gojuitt Adet EgE Foisto]
730 3% A o] ZAYE WE 0, o0 "Eled 2XE dulolEste IS AR
o 7Feet BE A Z# B P et w2 Z3E HotdA Hd, 24 W
Z¥zkel gojEol oy wigEojopstA] FEE 4 UA HH.

LDA 23S 48T 4o FAT A 39 shvt= 2 7ie] Exo] 2t Ao Higt F&

A5} Em,] _,_7} X%o]]];] AR 7] W&o Ex =5 10, 20,

sttt B9 74 7§_J—]r g EXa I
Y Pol-milol 919} &2 EQEARAHYS A-&57] fldiA= 2 olgddz B9

= WEol dsiA EYEAE ot 7 EXE AAE TolE ol&8iA 9u 3l

ol 7t ATA Aoy ASAAY EX(social network analysis)S SdlA] Zolrt=

Aol Bash
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(F 3-5) £} 2410] of
Topic | Topic | Topic | Topic | Topic | Topic | Topic | Topic | Topic | Topic
1 2 3 4 5 6 7 8 9 10
WA | A | Rer | WA | WA | WA | 8 | uZ | g%E | A
o | wA | 2R | B4l | B@ | 2w | WA | ue | 2w | 4%
28 | Ba | B | o= | A% | o= | A2 | 959 | 24 | 298
32 | wz | wa | 3w | 24 | gm | W egn| gw | 23y
27}
24 | 292 | 959 | 99 | o9 | w4 | 24 | o4 | oy | Fu
=% | o | ; B
]?_]_‘qi ;_]‘i,_ ‘l“%} ?l"?_E U]:_HL ?_I'U] ‘E‘XH ?_ Z(j‘]‘?‘ U]:_[l’- 5—(}_‘—]—3 7]_
A - 7l ;
23 | A9 | gw | 0T |asy | e | JL | wa | 2w | 29
ul - _
o | Ao | 24| 2y | ww | wws | 98y | 2w | wws | w4
bkl H} vl X gl o)A | ']AlAd =15 Slu OF Z+H
Dol | ma | B0 oA | A | = ]
Hqz | s | B9 | Aoy | =23 ESph te | 79l | FAJo} | #olH
A L= _ = _ - —
dT | wam | Aw e | 2y | guw | 3% | Awy | wed |z
o & _ gE - _
GEd ma | An | sw | oaA | e | 05D | e | @A | an
H =3
Su | wd | wur | dew | su | =ge | oaa | Y oy | 3T
_ 3137 -
A | 4R | m | g | wE | A" | e | wem | R | A9
SJoiA | @49 | AW | . ol )
53 el il ial, o]9] upe | mape | oAx
EH 74] Q}:ué 7]_ mﬁ E 74] "] ':'E{_ T ] ]'E ]'J'ﬂf
- o - 1= H = . A
Fu | o | wA | gmw | zA | SET TS e | a2
Ther ol | FF | ne | o ;
R RN S O B e L
= A . A N Hc]’
gus | ohe [ Aee | @ | he | ew | sew | e | aw | X
uro] | ®m A} IIE | T3 el
AA | v | 24 | FY | g | HE | g | g |
LA™ otH = =
e | % | ga | | wd | we | my | @y | em | 3%
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3.2.,5 o 44 &4

Tol 227 221 Bol5 o8N BA TR Tolo] AV BAAY, Xk
FARHINE B4 AT BAS BE 94T D58 ERSE S0 EARASY)
AL WA BAGIA S BASS BH AT st BASS Hot 2 Pt B
23}t ZHA(corpus WEA)E ojsle] ] P2 o|FI i HAE AP B
B4 9 744 4%, o] 749 A4 5ol ASHT HAL BE ANEAER T4H
o AAEASC Gl BHES Fela 245 Aol Zo & ATolety U 4 9

TH
ot
iy

A 242 st AR} AF ke &9 ulE gote . AR E(support)
= AAl 2 SolA D9 ©ol Aft ©Hof BE & o 7ML Q= 29 gES Uitk

P(to] A N ©olB) 1)
o] AN =7} AW ZF4F F940] o= AL Yulsich
A Z] %= (confidence)= TOJA7} E3tE 0] Qle= F FolA TolAet TolBE & t} 714
I Qe 29 H[ES Wittt AT A (2)¢F o] EFo| 7Hs6ct

P(ero] plro] 4) = LA N ENB)

o] AFEs} AW 242 TolAe} Tolpzke] ATHol Erke AL ofujgitt. ¥

A TolAg} TolB7t Sl 2o] 1/4 B Brhe £t wojazt EskEold gl
Fol 4 ToiB7IA TS 9 SHEo] 3/40]eHe Eolct. ollst wojzke] ATy
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°F

ke
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e
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é

Hop
e wl ofn 18
2o & =2

11) FHEA(Cluster Analysislel? 2 AR FAHS Z33t0l FA0] 2L TS &
S1, Aol £ AASO) SAT AR THE Ze) &3 ALY Aol 4 FHsHE BARA
Motk thAES BRsh] SIa Beker 7120l £AI5H) QAL Z1%o] Wl AIA) ke AeolAl thel
3 EHE AU AAES Yoz ERokid AL J¥oltt,




Hir

= SolA DolEte] dvA AEE & 5 A HAL ofd golEo] ddAel
Q

o] TA & W= Lot} oA TDM FZol tisfisl= oloF717F E . TDM ¥
EL

= A=

ol

of digt A7} (1™ 3-6)°ltt. B2 &AE UEHaL, P2 DoiE UEH<=tl, Pol-mil

o 4% 10749 aEolA Eod W&ol tiet TDMoletn & 4= 9lck.

Docs
Terms l.txt 10.txt 2.tXt 3.tXC 4.CXt 5.CXCt 6.TXC 7.tXt B.tXC 9.tXT

#24 2 0 0 o] 0 2 ] 0 o] 3
=25 0 6 0 o] 0 1 o] 1 0

HeZ Q 0 2 0 0 v] 1
He2e D 0 1 0 0 0 0 0 5 0
oi=2 0 0 0 0 1 0 0 0 0 5
ojarg 1 0 1 1 i] 2 1 5 0 0
a0l 3 0 3 0 0 2 0
E3z 0 0 0 o] 0 0 0 0 11 0
o/ 0 0 0 o] 0 0 0 = 1
(21123 o] 0 o] o] 4 0 1 2 1 2

(O 3-6) A= FH2HE TDM A of

(Z 3-6)°] co-occurrence matrixs ¥ olF1 9t tho] 7o ZA] b WL E
Elfj= dJgo|t} o] PHL2 FAA FFE= Tol7t Ao 2 H AP E=AE A2
Zoltt, Y HIErl =24 Aol sl & 5 Ut

(H 3-6) HAt0{9| co—occurrence S O
uAld | EFI | ety | SR | FRhvE | 3l | 915 | 334

ujAkd 33 0 11 7 10 3 6

Egzm 0 121 11 0 0 44 44 0

Sht e 11 11 26 2 16 9 6 6

B 7 0 2 38 20 0 0 2

ZFstu)- 10 0 16 20 22 0 0 0

Sto|d 3 44 9 0 0 26 17 3

59 2 44 6 0 0 17 21 3

G 6 0 6 2 0 3 3 17
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=7t =25 AHE AE o Asdl, AR Jojx=o] A= F 719 AdEe
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3] 08 E54(2016). "HAET S o] 83 3t AP E ARG BA, S
JEAHE|A), 429 25
[4] 9EEQ016). RS ©|-83 HlHlo 584, A-FolrtE|n: A7 =
o]

AA T (015). “AHGA A ol AL F 4

Y, A=A THEAAHED]A], 214 35, pp. 101-116.
(6] 319 3](2014). FRE &S FAAA R A, Ao HEn g 7 .
(7] 3198 3](2014). -S-&HolE &4, AFolFHm]:F 7] L.
(8] 319 2](2017). FRuizﬂiUJ Aozt n: 4 7] .
0] oA 2835(2015). "EHEAS 283 34 7|5 14 25 P E”, 3

Eﬂo]ﬂﬂﬂ |28+3]7], 22 12, pp. 77-93.

- 282(2015). “AB|R}F AT o] W R&D #A o[ 49] a1 ol4r 7

7, S=ITA | ASHS]R], 149 13, pp. 237-249.

[12] D. Blei-M. Jordan(2003). “Latent Dirichlet allocation. Journal of Machine
Learning Research”, 3. pp. 993-1022.

[11] D. Blei-J. Lafferty(2009). “Topic Models. Text Mining : Classification,
Clustering, and Applications”.

[13] Lincoln P. Bloomfield(1982). “The Foreign Policy Process A. Modern
Primer”, Englewood Cliffs, New Jersey: Prentice-Hall, Inc.

[14] Margaret M. McCown(2005). “Strategic Gaming for the National Security
Community,” Joint Force Quarterly, No. 39, p. 36.
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HAEDO|YS &85t Pol-mil EQLIE ELIS} HHHE 11

[& ] g2Enteldo] AEH R 2=

Pol-mile] = =o]7] 93] A12% ElAEUlo]Jo REZ AL o] Qa4 23}
Pt REZ TIPS X9} AFGHLS R 29| F4]

2t, of7]A& REEIHS o|-&diA dAEnto|det FEof :Loﬂ I‘HBF et A=
< Aol

1 HaERY Yol @]9 YEZUSE ey
e grEmY go] 9]
> install.packages(c("KoNLP", "wordcloud"))
> library(KoNLP)

> library(wordcloud)
> (- file("FHHIZIAJAPE . txt", blocking=F)

WA 32 HAEO|A BAE FE A2 Balsly] 9siAE ‘KoNLP 2= mj7]x]7} =
3k, YEFeEE 187 YalAE ‘wordcloud B H7|X]7F Qs ol 9
A H{F7IAE =2 HA|5t7] Yol Cinstall. packages = TFHE ARSI

library 42 0] 834 H7]XE R T2 T4 ALRT 4 QIEE ZH]F E}_ ay
Z4QIAPT o]gts HAE AL fileo]gts 7] T2 o] &4 Za

aT =
ol A7gstAdt.

)
é
i
£3

c GAE A4RE F U9lS Holz B
> txtLines {- readLines(f)
> nouns {- sapply(txtLines,extractNoun, USE.NAMES=F)

HAE fHolgoA HAEE & 92 Eyst7] YA ‘readlines T4E o] &84
25191, & 492 B AwE ‘txtlines o2k Ao AAE L &Y &S
YA ‘txtLines ZAA ‘extractNoun °]gh= S o] &4 Tolg2 EE 5Lt

12) http://cran.r-project.org



O] HH % %‘?’]i ]?_E‘Z-]l.g-i 1;;]_'01% —H‘:‘ﬂﬁ}ﬂ —?—]'6—]1/\1 ‘Sapply’ 6&#—% /\]»%‘8]—93\]:]-

o o] HlEs A

> revised = unlist(nouns)
> revised {- revised[nchar(revised))=2]
> wordcount <- table(revised)

> wordcount = sort(wordcount, decreasing=T)

‘extractNoun 0.2 £&% o] AHL list FHo]EE o] AL WA ‘unlist TFE 0]
L[4 BAFO R v Tof = 24} o]4e] ol A5ttt Tolo] Rl 4F AAlok
7] 9154 ‘table’ FE o8BSk, @olo] HlESTt w2 AREH Hestr] oA

'sort’” gE ARSI

o Tho] HlES: v Igue} YEIeE 12

> library(RColorBrewer)
> pal <- brewer.pal(9,"Setl")

> barplot(wordcount)
> wordcloud(names(wordcount),freq=wordcount2,scale=c(5,1),

+rot.per=0.25,min.freq=2,random.order=F,random.color=T,colors=p
+al)

HESTHFES A2 b5t sH7] AsiA RColorBrewer’ 71 E ARSI,

o] MESE vehe dgo® v Iemt barplot $45 o834 AL8HAL,

a2t ‘wordcloud LS 0] 835F9Th
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BMIAEDO|dS &8t Pol-mil EQUiE &

E} O] AFQ
2A4s% [ 5 = 9]
o] HE &

A L0 % o T dfz2lx
xox E 21 I xus
0521 (L Ol A=gd
2710k | = 2Alof

- - i K
gt H otd| el 5
O|_t_|_ =l — f o
Z=3I0| 28 &
ol T ) Df ZH &=A
L- O 1
saoAY

2. ofe} BAERY Qo] 97)9} WA 2]
o oj3] BAETRA(HE EOHR) corpus® TS

nl§_|.

> library(tm)
> dir("data")[1:10]

> content(discuss[[1]])
[1] "$t=9] T 1% u|AtY HolFA(THAAD -AFE) HiX]o]...
[2] "AAFA Aol

[1] "Text” "10.txt" "2.xt” "3oxt’ "4doxt” "Soxt’ "6.txt”
"7.axt" "8.axt" "9.xt

> discuss {- VCorpus(DirSource('data’, pattern="txt"))

> discuss

{VCorpus))

Metadata: corpus specific: 0, document level (indexed): 0

Content: documents: 10

o IR I AT T T FA A

W ot
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F
=
=
1o
ox
B
re
ey

‘data’#t2l = EH 0] = HAE(ixt) HYES dirolgte E S04 Ho
o 1070 o] iohal Ye+=t o] o skt shrt g 7l Pol-mil EQZeaL B
HZ. VCorpus'ghs &E o854 107] 9 AE 1A 51t2] corpus(ZH A,
2x81 $HZ TEL VCorpus TS AMES] YalAE ‘tm’ #7|X]7F BQs)c)
7 28 E9ZTE 2% ‘discuss O] I A AAE L) ‘content = S E B

A discuss ZFH A0 E0] Q&= YEES BT FIAT 7} Ut

(== SV

il

e T G B2 O]

> for(i in seq_along(discuss)){

+ discussl([ill$content <{- paste(discuss[[ill$content, collapse="")
+}

> discussl[[1]]$content

[1] g9 1% A WA A(THAAD - ALE) BiA] ...

A AYL oI WA ol 22 THY IWAS 9 22 upR

o TAES A|A
(discuss, removePunctuation)

> discussl[[1]]$content
(1] "?t=9] 11 v|ARd ®oA| A THAAD - A= Hi]of]

EARSE AASH] YA ‘removePunctuation’ &S ARSI EAE S A|A

o =4
Avte wW ehy BAAY Bs BARSA AAE AL B 4 ot
o« 2% 9@ FAER AA

>discuss = tm_map(discuss, removeNumbers)
>discuss= tm_map(discuss, stripWhitespace)

FAE AASH | YHellA ‘removeNumbers’ g ARSI FHEXE A ASH| 9

A ‘stripWhitespace’ &4+5 ARESH}
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HAEDO|LS &85t Pol-mil EQLIE ETIS} &

o =4+ HiA|

>for(i in seq_along(discuss)){

+discussllill$content {- gsub('"HE5=H9]", "HE57", discuss[[ill$content)

>}

> kst - (P, "I, ", "YU, "X, "AE, "7IA)

> rm_words {- paste(kst, Coﬂapse ="'")

> for(i in seq_along(discuss)){

+ discussllill$content {- stringr::str_replace_all(discussl[[ill$content,
rm_words, " ")

+}

> discussl[ill$content

(1] "I =0 AL H A THAAD 5= E3HAS

ool ZAo Slojd =ZastA oAA

‘str_replace_all’ 3,5 o|-&5A AAT 4 ot

3. A 24 I
o o] 4 L 7

> discuss_tdm {- TermDocumentMatrix(discuss, control
=list(tokenize="scan", wordLengths=c(2, 10)))
> inspect(discuss_tdm)

Docs
Terms l.txt 10.txt 2.txt  3.txt 4.ext S.txt 6.txt  7.txt  8.txt 9.txt
a3 2 0 0 0 0 2 0 0 0 3
e 0 6 0 0 0 1 0 1 0 0
ER 0 0 3 0 0 0 0 0 9 1
2 AJof 0 0 0 1 1 1 0 0 0 2
v 0 0 0 0 1 0 0 0 0 5
o)A 1 0 1 1 0 2 1 5 0 0
Fghu| 0 3 0 0 3 0 0 2 0 0
Egx 0 0 0 0 0 0 0 0 11 0
sH g 0 0 0 0 0 0 3 0 4 1
SHItE 0 0 0 0 4 0 1 2 1 2

Agzolsh A 5 2ol

=2 S



F
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ox
B
re
ey

‘TermDocumentMatrix’ @& ©]-&14 ©o] &4 FES T=rh. o] Tojolat
o] EA7F "t} ‘TermDocumentMatrix’ 49 QA2 ‘wordLengths 7} &°17}4]
ol dol& 2T & Utk o7|AE AR AL A A S it 7P 71 &
ojof A ©olo] Aol& o 1028 s3I

o SAY ol Y W57

> discuss_tdm_m = as.matrix(discuss_tdm)

> word.count - rowSums(discuss_tdm_m)

> word.order <{- order(word.count, decreasing=T)
> freq.words {- discuss_tdm_m[word.order[1:8], ]
> co.matrix <- freq.words %*% t(freq.words)

> co.matrix

Terms
Terms 5 vAld EFT shte IubR Rt shod Bg
=R 91 3 99 11 0 0 37 3
w|ALY 3 33 0 11 7 10 3 6
Efzn 99 0 121 11 0 0 44 0
st 11 11 11 26 2 16 9 6
It 0 7 0 2 38 20 0 2
Z3tu] 0 10 0 16 20 22 0 0
st 37 3 44 9 0 0 26 3
34 3 6 0 6 2 0 3 1

SAEAY ©@of H(co-occurrence matrix)& THE7] 93 g0l 919 FE=o|t
rowSums’ FE oA 7 TolH oA BAESS FAE et thEoE Ho
Al S50 Wt ‘order’ TE ©]&oiA WHAE(decreasing=T)2.= 3t
of dieiA AL To] S5E WE & oy 7A=Y 87 dol=
At

R=x¢])
= A O

H
aly
£ l
(1T

Ho

o SAAY Bol

o2

g o] &df Ay IHE wE7]
> library(qgraph)

> qgraph(co.matrix, labels=rownames(co.matrix), diag=F, layout='spring', edge.color='blue
vsize=log(diag(co.matrix))*2)

‘agraph’#t= TR SAYA ©o] FEZ d¥ IHZE HIAZ 5 Jth
o] &3t7] HsiM= ‘agraph’ FolH |7} H Q5

‘agraph'&rE
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HAED|LS &5t Pol-mil EQIUIE ETSt WH=2 H7

4 9AE HR 2%

> nTerms(discuss_tdm)

[1] 173

> nDocs(discuss_tdm)

[1] 10

> findFreqTerms(discuss_tdm, lowfreq = 5, highfreq = Inf)

(1] "&34" TR 53" "g Ao} "a) A"
[6] "AtERI"  "FEE(E  HRRAY" "Ega’ g

(11] "ehaize"
> findAssocs(discuss_tdm, c("gra]d"), <(0.75))

S
LAY ore g A= TAFE
0.96 0.96 0.76 0.76
A oA olAA zhg HYA79
0.76 0.76 0.76 0.76
43 Zfel] oAlok A
0.76 0.76 0.76 0.76

‘nTerms' &= e DoARMPBEAA 2oj9 & FE3 FiL, 'nDocs'= A

£ F&9 £4. ‘findFreqTerms &<Fe= ©o] FIESE 7|$02 RIE7t lowfreq



£ oI5 530 7= F5olth. 99 dolMe 53] ol BTt s doiwt
F=9 =AUk ‘findAssocs o= 574 ©olete] AJaAG7E dut o]4o]

2 Hi dol52
3o} 2t} 919] oo ‘Y 'oleh Holoh ARAGTE 0.75 ol4Ql HolSu %

>distMatrix <- dist(scale(plan_tdm))

>fit <~ hclust(distMatrix, method = "ward.D")
>plot(fit, xlab="", sub="", main="clustering students")
yrect.helust(fit, k = 6)

doleS A ©9RE 2de WYl AdM WA 2AE W Hi 24 92
scale’ 5 o84 BT BESHE A=E O]83A ‘helust” A2 ASH
THEAE Bt ASH ZHEAL AGEeR dolgg B A4 Z35E AT+
A= ot FAEH 23t (O™ 29-3)% 2. §AE utold E4] & FAE
Ae ARE gae Qo ARSIt dofol] tigt R Eoks EA 0] die 224
o] Z83ith. FAE Pol-mildo2 & 4 Ut 4 48248 B34 ol 30 B
of FA°l et FAETE B2 A ATHeR & & A "o

40
]

20
1

Height

HIIIIHIHIIIHm '

48 Military Science & Technology Annual Report



BIAEDNO|JS &85t Pol-mil EQIUIE ETst HHE A

6. 8 AAY B4

>library(sna)

>library(igraph)

>tdsl {- weightTfldf(plan_tdm)

YM <~ t(as.matrix(tds1))

>g <~ cor(M)

»diag(g) <- 0

>glis.na(g)] <- 0

>elg €0.41<¢0

Yrownames(g) {- colnames(g) {- Terms(tdsl)

>gl (- graph_from_adjacency_matrix(g, weighted=TRUE)
>plot(gl, edge.curved=.1, vertex.label.cex=0.7, edge.color="grey",
+vertex.frame.color="grey",  vertex.size=0,  vertex.shape="none’,
+vertex.color="white", main=pasteO('Pol-mil AY")

oS3t o Ad 7271 = AE AR AT 42 F5iA &4
oA ‘sna’, ‘igraph’ HZ|A7F BR5Ieh AR AAY 42 Pol-mil $F ol AA
Q1 EA4o] "adt 8ol Pol-mil X Ttol] HAIzHHo= HQ3t |
(A8 2Y-DlA ©ol9 AE] A== A 107 183 #A= &
IF79 ARl es AAHCR 37 ddFer 55 U= &



F
>
=
o
ox
12
re
el

Pol-mil A&

(O 2Y-4) M3 AZ2Y 24 2

7. B9 24
o EX pdly HMY

»library(topicmodels)

»library(ggplot2)

# 5719 PR EF IHHe=)

>plan_tdm_1 {- plan_tdml,slam::col_sums(plan_tdm))0]
>dtm (- as.DocumentTermMatrix(plan_tdm_1)

»lda <{- LDA(dtm, k = 5, control=list(seed=123456))
>term <- terms(lda, 5)

Yterm

Topic 1 Topic 2 Topic 3 Topic 4 Topic 5
(1] "\Arg” A R " "EE"
1ol el AR CEAe) EEE
[3.) A olEA  RERALY A gy’
M)W WA CARA R Auely)
e I A G PSR (S L F E

50 Military Science & Technology Annual Report



HAEDO|LS &5t Pol-mil EQUIE ETis} W

EfuddS fsi4= ‘topicmodels’ H7IA7F BRsie Y-S 117 YsiA=

‘ggplot2’h= H7IA = Basitt. EREYoM= FHHez H 7o EYg 7 A

ol5°] ==, f9 ZEdME 4 EYER 10719 ©olE HoiFal it

(AL

o Exo] B2 tholo] AT eE AL B

> x (- posterior(lda)$terms

> v (- data.frame(t(x[, apply(x, 2, max) ) 0.03])
> z {- data.frame(type=paste("Topic", 1),

+ keyword=rownames(y), posterior=yl,1])

> for(i in 2:4){

+ z (- rbind(z, data.frame(type=paste("Topic", i),
+ keyword=rownames(y), posterior=yl,il))

+}

> geplot(z, aestkeyword, posterior, fill=as.factor(keyword)))+
+ geom_bar(position="dodge",stat="identity")+

+ coord_flip() + facet_wrap(~type,nrow=1) +

+ theme(legend.position="none")

Z27sfiok st=tl, o714 5702 EAth 'LDA’ 97} LDA EgREgS Ay +
ol &Y k=57 AR HE EY £F Uittt LDA' AN EodEe o

EUrdy A7 o834 24 BN X dojSe| AFHEL AU ol
291-5)2 B =xd dojo] AjFetgo] o] Ark
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ga: =
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5 =- ]
g algs- |
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MAZS LMy —
AR
Tedg: E—
LR B
HES-
g E- |
glofs - - [
A - m—
GAlgl - — — ] -
szx=d- —] n
EEEE —]
Ere -
ER %—
2o} - ] © -
- S
52851 - H
dagys” |
sa=g- ]
chrg il -
Bt £ = —
*Z@%-— - : -
amg%-—

v ' ' Vo ' ' ¢ ' ' v ' ' v ' ' '
000 005 0.10 0.1%00 0.05 0.10 0.4%00 0.05 0.10 0.¥®00 005 0.10 0.1%00 0.05 0.10 0.15

(O 29-5) EM0| M2 H0{Q| AISEE

® Pol-mil 28 EY FAL H7}t

> tt {- apply(posterior(lda)$topics, 1, which.max)

> data.frame(topic=tt)
topic

1.txt 1

10.txt 3

2.1xt 5

3.txt 3

4.1xt 4

5.txt 2

6.txt 5

7.txt 1

8.txt 5

9.txt 4

‘apply &FE o] &4 BAE fARE EGES ERA
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e
N
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2. DSM WHE &7

2—1. BA3F A A"} AAH md

R 83 — u

A ARSlo A LEI U= ALHES 71e9] T, AAAA 7 AR T
183 o HAAEY TR K TARIES 857 flste] A o ESiAL QL
o} o|= QIsto] AJIAH i H 8o Higt H|-Eo] ZshEA o R Sojual glow
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Design Structructure Matrix (DSM) 7 |gH2| ZHI=E0} ERHtot
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Project Graph

Einish translate
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IoommonN WX

(OJ% 5-1) 32|E|Z A EMH CH2 B 82 DSM 22 B34S 0|

T4 oI9A DSM2 243 ZArtel o] FLHAS EAskE 7IHolth F+ 2de
Fot7] flste] WA &AAQ] AT WAE 1™ 5-200 Hole A Zol APz &

S

Dependent Independent Interdependent
(Series) (Parallel) (Coupled)
(O3 5-2) F e &S t=sh| flet =MS

o
ofl
oX,
HT

® Y (Series): 91 1HY UFo| YEhd A o] 2 A7} L Eofof
= B4 29 BE BUo] F Y HYES Aadch At AE 29 #l



o] £ dAJo|t}.
o = (Parellel): ¢ 1HY

5
o] BA glo] BEAow 7
a9

® J3591EH (Coupled): 9 T1¥9] QEZ| Uehd A Zo] 2y A%} B7F FAll
SR ojof ot FFPE= Fol AR thet FE T E4S w6t 3 Eof

oF 3ttt
479 Z2AE gt T4 o794 DSMEES 55t At 7P FEX
A2 34 T DAste A28 g o8 WAsh= Aol e A 2
2 o2 W sfjof stAY WH AAE FL fIste] thA| sk g0l ol et HHE
A2 AA 374 9 DTy —ErE ( Feedback Loop)i FHo| %‘jr =73 0}7]E_4];‘<{oﬂ/\1

o UAE AZEA (Inherent Coupling): HHZ 07 Wo THE0] & FHEF 9
A5 o)E4Ql JAC|AL HE THANA Yo AIE 7Hgstal 30| &
HotA A A3t Yo oA FHE-E gjof o= AHF97F Wt

o ARHE T4 44 #ld (Poor Activity Sequencing): &35o0] A= wjgo

A| QoA Zo] Elof gk HH I} A|AZIo]| o] HA] goba] sl Fo] s olEA

9l TS0 S uigoR 4R 332 Sk she A Mmulo] wo] walsieh

il
2
%2

r

o EHTH %’—;ﬁ—‘é: (Incomplete Activities): 373 DQ3F FH7} FEA o=l
L.

]_‘g_o"l 5:4 _u_]I:H"FIo] }:ﬂ-}\ﬂo]‘ /\ 2}\]’,]—
e 22 ¥7 (Input Changes): ¥37d0 283 A8 W4 5ol HIHANS of =y
ol AT % Utk
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Design Structructure Matrix (DSM) 7 [&42] =2t}
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A, Az, 2
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® U9kt A% (Poor Communication): AR 7} H&+
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(12 5-3) British Petrolium (BP) At9| 2X 0}7|ElX DSM



F
=
l-'__l
1o
ox
B
re
ey

(O" 5-3)2 9= BP AlM 53 574 ob[EAE 2AT DS

AL 537 o4 934 o= HEophe Wsu guo] 529 ey gt ¥
A% 3% oP19X DSM BAIAL 349 £45 uliol 8F 34 o= Xl x

¢

[©)

34 op 194 DSME TE3He A9 oo AFEL Telshe Ao] 33 ob|EH e
of# W DSM 2P o] §3 % opleH Ao Be Ego] He

® 374 &4 (Sequencing): A3 374 °|€A DSM 5 & o AA EAs
NE T4 =ME AR 3k Aol Fhh

® 7 H3l (Process Decomposition): 552 FHE9] AL 270 +HH AF
=9 +& (Work Breakdown Structure, WBS)7}F &4gtth. 27| HEg A] WBS
7h 22 A& AlFol E 4 gl

e g, &7, ¥tulo g3t :7] (Convention for Input, Output, and Feedback):

DSMol A 2 Alo] 94e, 8, efa el dhat EA] $He BASH gk
Aol AFHL (I 5-4)0] AE BN Aol sk A FAo] oA Fx
7} o] Aol A 9] FHo2RH| gelo] Solew Ao oz HF T4
oM LYK ARt 9] FHo A Teln HF TN 4RO
Agwe vEwo] gjHo s et st B0l g gHoR AuEe vE
wo] 9 2Ho)4 Solert,

(0]

outputs
from task
( upstream)
inputs inputs
into task task *— intotask
(upstream) l (downstream)

outputs
from task (downstream)

(18 5-4) 3 Ol7|Elx DSMQ| H|C{Z Mo| =, &3, T2|17 D=9 FA| Y oA

=1
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Design Structructure Matrix (DSM) 7 |gH2| ZHI=E0} ERHtot

29 3= o9 89] (Building and Verifying the Model): &% o}7]€lx DSM& T+
=S o 7t 3 9EAete] gl #F2 £2 DSMe 5okt 24 8x7dolt

A FAL 1= 297 (Modeling the As-Is Process First): @A 338 1

g2 2Ed otal o] 34 A= &1 o= Ao 34 o9 A dFA 1t

o3t /A meto] F o] HH, /RAQN ARE Al A A aIE Hla &

A 4 ot

A5 4% 3= (Interaction Strength): B2 3% 574 of7|€lx DSMo| & gof A
= Zo] e T B4 4 JjA

T4 Aolo] o]foi A HTAEY] FES H7|5
2

g 2 ¥3 ArE FEo] "ot

AA" FHEY TR (Highlighting Coupled Activities): A% A4H TAHES
2o & IS vF 5 9onz nd JojA FRE i 27

9% B4 BAF of ar.

AZ3}t AA (Visualization Guidelines): E+= AlHEo] o]35l7] =& DSME
e doE oE A2, HE, 2AEY AHE & & Stk

24 Q% (Granularity of the Model): & $39] DSM¥} /A &2 _E'._E“.J
AL}t AL B Y BAE 7HA D ot B2 374 oF7|ElA4 DSMY] F
30 ~ 7070 B2AE 7|gte g ndy st H9r} wrl

QE Qg 9 Z&E| ot 18 (Accounting for External Inputs and
Outputs): 9| 98 4 S LUYs17] sl DSMof| 7 3 2 4
gk & ot © DSM E44] o 3 E2 A|AE FA v Y5t o
2 ALJA I

1d A (Model Boundaries): DSM E%_]% TAo YEZ ey ALY 2
= ok ol A9 DSMEES] HAE B st Zlo] Fasttt

FLU

T4 9 AsAE g5t 371 EAE (Additional Attributes of Activities and
Interactions): &2 DSM &40o] 39| 27} EAE (d: 34 7IZt, H]E, &
A
[e]

A, &E, 98 "] BE IF T A2aso T B4 (@ 38 AF

Lok
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=
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ey

ATARYE, FEY 4%, " &E 5)S o83kl Ut

o 14 AZ (Validating the Model): DSM Zdo] &% &
St= FAARETY] 98 AA 5H DSM 2o vtdH 34 oFIHAE 4
Sh= Zlo] s Rdlo A=) gH, 1121 g% /A mdo] A=) gEo &
=°] Hr}.

5-3. 34 ol7|94 DSM ¥4

9 0PI DSME TEIIE T4 oGS oY TYE BT F e F o A
=)

4oz A74ste] 249 B&E FHhe A7l Aol Utk B4 op|ENE BAske
20 9E M 714 (Sequencing 2 B4 BA9 £A4% A ol 24 A4
oFiere mIXE T HQ WEWS Hast skt ek @A SACIAE olg W 7Y

o
2 MLt o2 & =8| AT

Th 1982 Steward (1981)9] % =F0f U2 A= FF o71€l4 DSMeo] ojd
A 374 o784 7jAo] o] &H=AE HolErh 1o U DSM2 12719 /i 34
o7 FAgEo] Jlow FANA 34 7+ S5 sliE Ao XE #717F Hoj Qlvh
= 3A E, F, 182 L2XE AR Jgo] "asty 34 B= 34 C, F,
K2 JHE BYEth & DSMoA yeid @49 54 o794 & AuE
Jo 29| mrulo] W o= 34 7|7t A% E 71 H& EA 5
4 &X7F gt o 43} 5t7] flste] DSM A2l 578 Al
5-60] vehd 7iAdE 374 oIEAE g5kt

ifie}

< 53l
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Task
Sequence

Design Structructure Matrix (DSM) 7|g12] ZHHE0} Etutot

A B CDETFGHIIJ KL
!
_____:* .
; o XX X
i « X X X
K . X X
_____:j:( . X
X | X X X
X X * X
X X « X X
;( X .
X X X X o
(J& 5-5) 2 Of7|ElX DSM Oj|A|
B CA K VL J F I E DH G
B \‘\\ «—— Sequential
CIX » ____
A X1 e I Parallel
cfx xi
L X Xl X X
s |y« x| x . Coupled
Flx X . X /
v I X X X r/
E X X |« X
D X X X .
H X X X[ X -
G | X X :
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(19 5-6)0] Lrehd 3% ol |EAE 71 op|elAo] Hls) =w 7t Zasha
27F 4T 5 Y NEHse 23 YeE 2ol W) F712 Hag) sttt 9
ol R 3ol Ad 34, WY 24, Teln 4EolE 340] BE o 24
o 9o FelE BHe F7kE A Slstel Tearing 7ol AHEH ] ol (13
5-7)0] ERt Siek.

o

B C A K V1L11J FI1EDUHG B C A K 1L11J FI1 EDUHG
B \"\ — Series B |+ — Series
C ‘-\i____l c|X ‘t\l___ | ”
A X1 e I Parallel A X1 I Paralle
KIx xi o Klx xioo
L X X[« x (X L X X[« X Coupled
Vxox x| . coppled VX ox x[x .
FIX X . X 4 FIX X «7(7/
[ X X X I X XX o
E X X o X E X X . X
D X X X . D X X X .
H X X X X H X X X X
G |X X . G |X X .

fIJlHJ

(O 5-7) 0% 5-6 33 Ot7|HIX

018t Tearing 7|4
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4517] $15t] A 7Hol
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Design Structructure Matrix (DSM) 7 |gH2| ZHI=E0} ERHtot

6. DSM &g oA

A3 A 5A7AE DSM 2Eo] F5Ho]| thst 270, 13 71 % 2a 7|
of A&stgltt. 19909 F5t o]F & DSMo] of ] AHe] Hofoll A HEx7] A]
Al oA, 24 o7|9A, 2|1l 374 o79A DSME2| AAS0] o
o AAA=7] Alztskict. oWl FoflA= o At Zokell DSMe] 284 o
Al B0 DSMo] ofgA] of2] ob7[ElA 7hAde {8l ARSEIIEAlel Histel &
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6—1. oA 1. €9 E29 iz} op7|dlx] &S} D EFE wijE 7jAd
(A& o}7]€1x4 DSM) — Sinha & Suh (2018)

N 1 FaT PR AT AFLS

A
2 Wed ol2jst Ao mEHE S 4
=X

A, 29, FAES 729 HH3E gAsta S0 24 EESOIA AUE #5351 Al
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Journal Box,
Nominal (FR &RR)

Train Bogie Train Bogie DSM

a”6-1) o=y 28 Ixt “GHl 20072 Thxtet tHRIE 22 S DSM

(1" 6-Doll yehd =3 €9 e = Frr|edTFHolA Mdet EatzA
GA7F TS &P Al v e R st YA At 3 712TI(ER)E
BAote A E A8oto] FAE & © HE S22 23T = A ot SIAER
Bl BRI 2@AtE dEA7E e dem EE

B dFoMe g9y datel 382 Sub-System % shHRl tixt Al2#lE DSMO2 2dl
9 ot 7= gEE DSME 9] 2™ 3 Yehd Qi ST iRk AlA'S DSME
T3] flste] dixte] 2R 2 F8 FF EHES FRSHUAL HEo] A A
G| S-S AA DSMO FEdE FEH

SHA AFFRC] AFS] 271 o I9A 4 Al 7P 8% FE2 AES o8 '
3t skl AlF ol AE EFEE 24 BE0] #55H HiEsks Rl AlEF W
e BE Polle Hage] dd #AVE EAStelof EEte] 217 4¥AAL o]z <
o 2Eo] A, AAF A, 21 59 &% FAVE AHA olek HEol e Eelt
o] 271 Az (REE 75 +3) FA| 248} Hojof gt} 1 olf= E&2] A77F AA
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Design Structructure Matrix (DSM) 7 |gH2| ZHI=E0} ERHtot

W #4452 o2 47 @ ALsiol shed] AREE A 9 Aeo] Sojutar ojejdt w
EO| 47 WolE 94 VlskasHoR A5ttt ok Y mE AEY HAE BuE
Yot AARIH 0|2 AFs] Ystod AR e mESY 72

=3} 5to] o]0 ME HEE EFE BIXE 40} ot Zo] siF AlE 7o =20]
flofl At AlFe] BEst A W EFEE AFH 0w S457] fiste] stA A
AE nEsH Ao BT A5 ARSIt BESE 2= Newman (2004)°] A
RESH L (Q & o835t EX-E HEE Sinha & de Weck (2013) ©] 7Hatst
T Hx (C) & ol&st3ith

(T 6-2) ChIe) 417 BES} 01117} DER PSS O 30% SHE B8 HEE LiERIC

(2% 6-2)0] Uehet thiate] Al BESH Aghe 71Ee] ARk vl Ak 11
MY BER LPQIT AT TR BESE ARl 71E T4t oF 30%7t FEE



34

= Eﬂﬁi Jﬂrﬁﬂl—i 474]7}
£ &°l7| fEide Zed
9] ©E3t A=t Wt

Moduarity (Q) vs. Standard Deviation of Module to Module Complexity (Sc)

11 Modules

® Generated Decomposition
—a—Pareio Front Poinis

10 Modules

~a—Current Bogie Design

Standard Deviation (Sc)

Current
Dec iti | 17 Modul |

P

0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.3
Modularity (Q)

(13 6-3) Tito| 258t HTO} BYET RS Hi2O| 27

9 3o et 42 A2 gAolA= T E AA (Pareto Frontier) 2t FEt}
o] AL dfgd AE o}7[elA 7t X} Yol HWAIH F HEo] HAsIE It #7to g
o] AAAE st Hxrt MAEEE o2 Hxr gaFolof o= AL UErdLt

AHE FAsHE o ER S AlEel tiste] o
2 7HA| F—EQ} Hieto] diet AelE & 7} St} ® stdo] Hol= 19719 RER +
e A 2ES ek BEY EFEE AlY #55HA HiEo] Hof AT HEs}
A= 7P U AJHlold. ol2et RESt dgE F5te A B A Yol &

43t AFE E= A2F9 57 (Integration) 7€ HAst 9lor 7 BEE2 &

i Aol ®7]5 g2 A Yol & de gRskal Ftke dAkEolH. Ridiz

H
5 g2 11719 BRee 44 Zecte] 4% Zeske SHet Hof AR 2edt
et B i HkE Y0l w2 ol o AHE F 5t A
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2 Aol AE ol71€X DSME AF83t A Ao BB 8 BPw wE
HAst 24 2] oA AFSIATE. DSME o] 83te] A FAR & Yl ol
BEAS £23 Wi Y A9 3 L ST Aol uet HHst @ sE A4
5} oFS AMEMT} 4= 9l HIHES A ]o}oﬂr/}

= v = =)

Eﬁ

6—2. oA 2: Xerox iGen3 ¥YL ZI g (A= o}7|dx DSM) —
Suh et al. (2010)

|t XeroxAH= ZHE

= T4
ZdY 7] g2 AESS ik B 2ofd] Ve EfEE Fr5kl Sl Aud

A go] ey Aad Fobe] AFE /A5 fdie Alad 45 B Hl&Ed
= A e S5 Az A= AlE 2791 A8stofof ettt Xerox Y A4l
© B2 ¥d 7leso] dFHL A AFHAL e Vles § ok VIesS Al AIE
=0l A-&3foF steA7E S8t AR W=l Qlntk. o]t o]l t&ok] Al A&
gol A= AVled 7S B7eke ZRALZF AREAL, EE ZeA|A0A
AAAQ] g A&7 FUEE AVeS 22T o17] f5ked DSMO] ARSH . Al
Al ZEA20] BS AI5H7] 915t XeroxAe] tiE2Q1 598 ZHERI iGen3
o] oA = AU iGen3 ] XA 2! iGen4ol A-&o] A5 e BAY 7]&
gt A71e 7HAE DSM 223, s 3 H§ §7HE S5 sz 2 AT A
de B4 7leolzt A =L e HolAd A5E AdE EYo g2 A =
Ho]A] AHA] EH Q] F& EASI] Hejt AJor AMste 7er e FES T
SR Aolet Ao ot EFE Ecle MEZ 7Ieelth. ¥ 6-4° iGen3 3U&
LSt Mz AHs U= 24 7le9] FYol ot Wdol et At
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ot & o1 7

iGen3 Digital Printing Press

Auto Density Correction
Technology

(% 6-4) Xerox iGen3 YL TLUEt A5 U HH MY |&

FAE A7) 7HE B71sH] #15te] iGen3 98 ZUHE DSMez 2Ey

At e mAE FEA7) Aatol o 474U V1% U B Sub-SystemES] AL

[¢]

FHst= A AH opF[HEESIY] QIER, AA| iGen3 AAHQ Eaf, 121l A
4 A =HES FX5F F2 Sub-Systems ¥ FEE, o]59 EZQ 92 &
, 2182 8 B4, oyA] ¢ JHOl 55& mpetelit I AXE (O™ 6-5° Y

83
=94 4

4 AR 24, olvA, AHE9 55 52 EEY &+ A

i3 i
It rrint E;gtiﬂe SR
mage Pa YT
a = : / Physical connection
I ass flow

; Print Engine Energy fow
i Media Path . . Infarmation flow
| < :

Paper

Toner

air {purified / ready for use)
Ozone

Dirt

iGen39 DSMO] T5E2 DSMo 8 ##= ¥ Sub-System=, 1
_12__ L

High Voltage
Low Voltage
: ; DG Volta
P"nt.Engme = 1““"‘ : = Mem:m::enemv (translation, rotation, etc?
Marking Path .'-. 3 = Heat energy (Fuser only)
e i, S = Base iGen DSM
SRS 2 Total number of DSM Elements 84
S L Total number of physical connections 572
) o . H Total number of mass flow connections 45
Print Engine IS 2 Total number of energy flow connections 167
Contr?l Path Ers Total number of information flow connections 165
AN N L' Print Engine ,\iumber of Base DSM cells 27972
SR R e T T : Frame Number of non-empty cells 1033
Spamsity (Nonzero Fraction NZF) 0.037

(1% 6-5) iGen3% DSM 24!
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Design Structructure Matrix (DSM) 7 |$H2| =820} EkgHtot

iGen39] DSM<& 5% & A5 9= A 7|&S A&sto] dA7F WA H iGen3d
DSMo| = A2t= 1= (3™ 6-6)°l Ut At

32,
=
o

Impact of Technology Infusion on Current System

Technology Invasiveness Index Count  Subtotal Bas=DSM TI

Technology = Ml ew component/subsystem 5
25 Eliminated component/subsystem 1
L 9/0:- Component redesign 9 15 84 1786%
a .‘ Mew physical connection 20
\ Eliminated physical connection
g | Modified physical connection 33 572 B.77%
| w MNew mass flow connection
po = ADSM Eliminated mass flow connection
s ov — - Maodified mass flow connection 0 45 0.00%

Mew energy flow connection
Eliminated energy flow connection

-
rowooopo

7 187 4.19%

Modified energy flow connection
INew infarmation flow connection

-
ja

Eliminated information flow connection
Modified information flow connection 32 165 19.39%
Total 87

Technology Invasiveness Index Total THl

o
_m e

(O3 6-6) Xt5 U B 7|=00 25t iGen32| MA HZS LiEHH DSM

Hyzl 9 AVles dA Aladol 4T o 2 AT o
71 2 AA ®le A A DANA Al 7SStk SHARE DSME o]-85to] ol&
= B HAE A AA GA 24 ol & a

27] GACIA metsty] fieteltt. ofF|E A 4 dAA =
H (34, 29 99 99 AR ]Iste] DSMI g2 #4211 ¥He
73 WY 5= dISstofor gttt o] @AM Al7]eol %t AlaF A
AZle diet #7 A FAE BAskL A4S 7hes

o Xerox #0404t DSME olg5tol A W 1Y A7l% FYol gt A4d
B W9lE 52T 4 A9tk £ 47142 iGen3o] HSTOE Qs F 8.5%2] Al2d
 REES 771 9

T4 RESS 37 D AA, e AANA stolo} ST olo] HE 27] 44 L A
Hl.8-So0] WSt AT FH Al7|&o] tigt A8 B4 AT 24 F ololg @
Aoz BEL THE ofd] 4171453 3 iGen3®) 4 29l iGendo] 2-8o] 5
o A5t
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6-3. oA 3: GM AE Al A2 (22 o}7IEA DSM) —

Eppinger & Browning (2012)

B AAoIHE S AES oprlE Ao ALe F o HEH0R Sy ol

= MEsh=s 249 o7|9IAE DSME ol-&sto] Astal £ AFRE 47

A7) 8 e gaaia A 19 6-70] Yehd v A Sue

u]=+ General Motors (GM)S] T EH Q] AFAEE= AEAte] 4] &Sl |
H 3t
]

2ot A== SdH EdAR B3 AIAH] (Complex System)2] A4
o|th. GM oflA= stHe xS AA 9 Jfdst=d 22719 RE Y 89S F

Atk (¥ 6-8)2 & A7 32 A A EH A 25 UEH

(O% 6-7) GMQ| Li AIZI

22 PDTs ,Engine Block

/ /Cylinder Heads 1 product release engineer
// ,Camshaft/Valve Train 1 CAD designer
///  Pistons 3 manufacturing engineers

/" ,Connecting Rods 2 purchasing representatives
” ~Crankshaft 2 casting engineers
_~Flywheel machine tool supplier

" _Accessory Drive 1 production control analyst
__-Lubrication 1 financial planner

_—Water Pump/Cocling production personnel

— Intake Manifold

~~Air Cleaner

TALR.

_~Fuel System

““Throttle Body

- “EVAP

“Ignition System

.\, “Electronic Control Module
*\ “Electrical System

“Engine Assembly

(O3 6-8) LI AT LT &M 7=
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22719] BE A "9E2 7 "otk AAE AR AR REES AT A 4

7R skar Qlom ZF g2 199l A <llXYo] (Product Release Engineer), 19

CAD 89, 399 AA7|& dlxYo] (Manufacturing Engineer), 292 7o} Gg#}

(Purchasing Representatives), JJAPgH] QA|, B4t Te] 24 G2, AT GF}, A

Ab @gAt d BREuig etk B4 Ve 7H ARVFEE A A GMolA=
o

o]
A 284S & o B84 Ik TR TYH] te] 22 ob7|EH DSME AH§

~

d 6-9° 42 =AM

PDT Daily Weekly Monthly Never
Engine Block v - - —_
Cylinder Heads _ e _ _
Camshaft/Valve Train - - e -

Connecting Rods
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