ISSN 2383-630X(Print) / ISSN 2383-6296(Online)
Journal of KIISE, Vol. 48, No. 1, pp. 107-118, 2021. 1
https://doi.org/10.5626/JOK.2021.48.1.107

AGBIA LG AEEL B BALAL
A% FAA £

(A Traceability Analysis for Integrated Relationship Analysis

of Development/Safety Artifacts of Cyber Physical Systems)

+ + 'H
g Mz 4 ol M wE Y

(Sejin Jung) (Eui-Sub Kim) (Junbeom Yoo)

2 o Aol TaT rMFEEAEE AR FAAY BAS B8 AAEES] A O &3
= Zo] Fasity rpEEALEe 58, T 4R WA, olF dEA 59 53] 3o g
e F/AF Y 24 T 24T et ok ARt A4 wAE dEHos ddstn
B4%hs Aoze 74 a2 FAH4 9 O B9 S BT Z@s|d A7 k. B =RelMe
TPEEGAIZE Y T AEE P HEAA/E A 840 BRAJA IARMS 93 FH9 4 O
3 PR A LR SR wE FH4 AR BAE Adgth B =RAAME olF Hd) rPEEAILE
o 7y AEE add W F4E BdS Adst 4 a2 FHAS EAEH AF BAE Foldth
B =EoA Aldshs e T JMEEYALE 4 AEE 8ad FHA WAE B4sta d2E
T slen, B9 #AE A F Utk

1= FH4 24, 7PEEEA s, I8 B a4 2d, Y dEs =Y

Abstract A cyber-physical system (CPS), that is to be used a safety important system, needs to
analyze the traceability of development artifacts. The traceability analysis of the CPS should be
performed integrating development artifacts and safety/hazard analysis elements because CPS has
several features such as heterogeneity, dynamic reconfiguration, and interoperability. However, there
is a limitation in terms of expressing all traceability relationships by identically connecting and
analyzing the traceability between development artifacts and safety analysis elements. This paper
proposes an analysis method and relationships of traceability for CPS. The proposed method uses an
abstract model for development artifacts and safety analysis elements that are defined in this paper.
The traceability relationships define the relations between elements of the model. The proposed method
makes it possible to analyze integrated relationships from development artifacts and safety/hazard
analysis elements. The case study shows integrated relationships according to each element of several
artifacts.
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Table 1 Example of FMEA worksheet
Failure Model and Effects Analysis
System: Subsystem: Component:
Item | Failure mode | Cuase | Intermediate effect | System effect | Method of detection | Hazard | Risk | Recomm action
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safety lifecycle for traceability analysis

Azt AsebAd Exe) obd AWEsIse] 7k 34
¥ A% AR e a9 7 AuTs) YRl
o 23 BT ARF7) Aole] 2H4 Eao] Bg
W REe pAsl 53 AAA B9 3 W TR
hazard and risk analysisE %3] ==3F ¢+d QA
e FYa Ades FgelA AL BEETe 2
Ha 2244 240 Bas

274 #Hg FgHoz EEN ARAE S
249 gdo] B 4 dE RAES BET Wast 3
o2 EEOAE ol 98 A B ka8
AEES F4E @ 2Rl EE 24 RY(DEM

development element model)¥} ¢rAA EA g4 »dd
(SAEM: safety analysis element model)S 2|3t
th. DEML A% #2E5 2+ 3 BAZ #4854

4 BHo) BaF QA5
A4 BA aat A4 99
el

golstel A chgol

>
w40 A%e Yy T 5
[e]

Y2 vehd gk o
40 F2 Age 47}

o] FMEA, STPA, FTA, ETAS Uides &

CERES B
=% TN

Recommended Practice for Software Requirements



>

IMEEEAI 2R AEET
Specifications [16]"3} 2& R Fo| we} EA X% =
b F&, 7% BAR A" o F 7% WAV &
At 8FANEe] TP e B9jE & 4 low, 4
A FHH BN dd=EE FAHAHY @ & 5 3
o v R @A) o] AL dAE Ve &l
2 fARHA 288 F Aok £ =RAE 4 T7F
=3 FZ, 7% WAE 27 phase structure, artifact
item structure, element® A3l a, Ztzte] =

A idE Fojal FHEES EYske 712 992 itk

Definition 1 (Phase Structure). A phase structure
defined as a PhS = <id, Pt, Al, E, D>

- Id: a unique id of the PhS

- Pt: a type of system/software development phases,
Let {PFR, SRS, SDS(A), SDS(D), I, TP} be the types
that are ‘preliminary functional requirements, ‘software
requirements specification,’
(architectural), ‘software design specification (detailed),
‘implementation,’ ‘testing plan’ respectively (That is V
Pt € {PFR, SRS, SDS(A), SDS(D), I, TP, SA})

- AL a set of artifact item structures that are
constructed phase structure, {aij, ai,, -}

- E: a set of Elements in PhS, {e;, es, -} (optional)

- D: a simple explanation of current phases, {di, do, -}

‘software design specification

Definition 2 (Artifact Item Structure). An artifact
item structure is defined as Al = <id, name, D, Al, E>,
where

- id: a unique of the item structure

— name: a subject/name of chapter in the structured
artifact that is phase structure

- D: a simple explanation of process structure
(optional), {di, ds, *-}

- Al a set of artifact item structure that are
constructed hierarchically, {aii, aip, -}

- E a set of Elements that are included in AL {ej, e, -}

Definition 1 phase structuredl] tjgh dgoz A
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Definition 3 (Element). An element is a leaf node of
artifacts, process of software/system development phases.
It is defined as a tuple of E = <id, type, name, D, E>
- id: a unique id of the element

- type: a type of the elements, {table, diagram, texts}

— name: a representative subject/function name of the E
— D: a detailed contents of node elements, it is
determined by the type of the E, {d;, da, -}

- E! a set of Elements that are included in E hierarchically,
{er, ez, -}
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FMEA, STPA, FTA, ETAd o3t 2dS ojmsic),

Definition 4 (Safety Analysis Structure). A safety
analysis structure is defined as a tuple of SAS = <id,
H, SR>

- id: a unique id of safety analysis structure

- H: a hazard analysis technique that are applied to
system {provided that V H ¢ {FMEA, STPA, ETA,
FTA}, {hi, hy, -},

- SR: a set of safety requirements derived by
safety/hazard analysis, {sri, srz, -}

Definition 5 (FMEA). An FMEA model, it is defined
as a tuple of FMEA = <id, TC, I, FM, E, CA, CH>
- id: a unique id of FMEA set
- TC: a target component/system of the hazard analysis
- I a set of item/function lists, {i, iz, -}
- FM: a set of failure modes, {fmi, fma, -}
- E: a set of effects/hazards, {h;, hy, -}
- CA: a set of causes, {ci, co, )
- CH: a set of chains for FMEA construction, I x FM x
E x CA, {Chl, cho, e}
- CH = <i,, fmy, er.., cAp>

FMEA[7]& #49] AM8-%+= worksheet tableol] uwh
g st Mol AR VEAHSEE Y item,
1% R (failure mode), d¥(effect), ¥<(cause)Z
TFAEH A wme F7 ¥ (hazard), FH WS
(recommend action) S°] EZ3HTh B =FolA= 7]
24 IEES 7IFEeE FHHS EAMs] 98
FMEA®] &%-& Definition 52 A3tk 2+ 84=
item/function, failure mode, effect, cause % chaing
ZZy 9¥3l= 1, FM, E, CA, CHZ #4519 chaing
3 % 13 22 FMEA worksheet table®] 3t rowE
AAs 2EE = Yok

Definition 6 (FTA). An FTA model, it is defined as a
tuple of FTA = <id, M, TC, E, e; L>

- id: a unique id of the FTA set

- TC: a target component/system of the hazard analysis
- M: a set of minimal cut-sets from fault tree, {m;, mg, ...}
— E: a set of event nodes of fault trees, {ei, e, ...}

- ep- a top accident event node of fault trees

- L: a set of links in fault trees, <E, gate, E>, (gate €
{AND, OR, XOR})

Definition 7 (ETA). An ETA model, it is defined as a
tuple of ETA = <id, TC, E;, E,, O, L>

- id: a unique id of the FTA set

- TC: a target component/system of the hazard analysis
- E An initial event of ETA

- Ep: A set of pivotal events of ETA, {e}, e, )
- E, is defined as a tuple of <D, Boolean>, where D
is description of event and Boolean is a condition of
event occurs (T/F)
= O A set of outcomes of ETA (outcome of ETA), {o1, 0z, -}
- L: A set of links between initial event, pivotal events, and
outcome, Er x Ep x O, <el, epl, ep2, -, epn, on>, {11, 12, -}

FTASt ETAE EF 712202 tree Fejo] 2SS
gt Eo] AT FTAE AR2HE 1 9
9lS BA5ly ETAE 7] AFS 23 pivotal event
2 g 1 AT W HFo AFAE BAIHTL. @
24 FTA ¢ ETA9 2HHE tree 72 2 2429
eventE® Ed#Hs= Aol LR3I Definition 63+
Definition 7 &3l 27+ AeJst3Ath Definition 62
FTAe] thst Ao g FTA+ top-evente] ¥HA A
o] 3l basic eventES =] Alo|EZ AZAd ] HA
st7] Wil ' event R A2 FEE 474 E¢F LE
A olslal top-eventZE epE 3FA T} Definition 6914 M
S top-event7} BAE7] 93 HAG] oWIES xFH

UEH = minimal-cut set® £ failure eventE¢] Al
olg} & & Ut FEF treeS FABIE A L A}
-=8 AloJE-AMAY] ALog FAIE O] fault trees
d3s 4= 9oy ETAT® %7] AM(initial event)Z%F-
o]E WA|3}7] 13 o|HlE S (pivotal event)S ©]Z
Adste 7IHe=z olE xdsty] ¢8| Ei, Ep
Yetle 02 #4=M, vz Eg
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Definition 8 (STPA). An STPA model, it is defined
as a tuple of STPA = <id, TC, L, CS, UCA, SC, LS>
- id: a unique id of STPA set
- TC: a target component/system of the hazard analysis
- L: a set of losses/accidents/hazards at system level
- CS: a control structure of TC, CS = <Con, A, S, CA, F, Lcs>
- Con: a set of controller or controlled process in
con trol structure, {Conj, Cons, -}
- A a set of actuators in control structure, {al, a2, -}
- S! a set of sensors in control structure, {si, sz, -}
- CA: a set of control actions in control structure, {caj,
cag, -}
- F: a set of feedback in control structure, {fi, f, -}
- Les:
- a set of links of control structure, Con x CA x
Fx A xS xCon
- <Cons, CA, A, Cone> // <Cons, S, F, Con>
- UCA: a set of unsafe control actions that are defined
by <Con, CS.CA;, type, description>, {ucal, uca2, -}
- L¢ a set of loss scenarios,

upxjuto 2 STPA+ Al2¥]S control structure®
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Table 2 Traceability relationships of development and safety analysis artifacts for CPS
Connection Relationship Description
Development Relationship between development products according to development
procedure progress/hierarchy
. Relationship of Items defined by dividing the specification for the case where one
Multi-mode . . .
E E function operates in multiple modes
N
: ‘ . . Relationship of Items where the function operates by interactions of external
Interaction point
components
Multi-connection Relationship when one specification is divided into multiple items
Self-reference Items of traceability between elements inside one PhS
Safety requirements | Item relationship between the safety requirement and the function of the
assignment requirement/design specification to which the safety requirement is assigned
SAS. & E Failure/ Item relationship between the SAS item and the function of the requirement/design
s - effect/hazard point | specification to which the failure/effect/hazard occurs
. Item relationship between the SAS item and the function of the requirement/design
Cause point o .
specification which relates to causes of hazards
Safety A connection between items of hazard/failure/effect and safety requirement to
o . requirements mitigate the impact
SASs — SAS; . - p
. Cause-consequence relationships between several SAS items that are not analyzed
Cause-consequence | . . .
in one hazard analysis technique
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E =Y element?} FHA/AFE &4 s
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Aol wet 45 ™ rel typee 3

AR BAE 912 Egle g Fogith

Definition 9 (Traceability Graph). A traceability
graph is defined as a tuple of TG = <N, L>, where
-N: a set of nodes, {nj, ns, -}
N can be defined as tuples of elements and unique id.
That is nm = <id, E>, (Provided that V E; € E, or
SAS,.item)
+L: a set of links(edges) of nodes that are L ={lI, I, -}
L can be defined as tuples of nodes with traceability
relationship types. That is Ly = <ns, n, rel_type>,
(provided that n.E.id # n.E.id)
rel_type: a type of traceability relationships of nodes.
That is a meaning of links (edges).
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X E(communication processor) % Al EE(sensor
processor) 2 TAEM A|2E ejRe] 942 3 F
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A gk gk 58 ’\E\Q oA o] 3
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‘ Driver
Network
(Platoon protocol)
Platoon syst
Communication
pre
Platoon controller
Platoon LiDAR
GPS Sensor processor
Status sensor
Vehicle controller
ag 4 2FY A" 72
Fig. 4 System-level architecture for platooning system
T A REE VA Atk 7R F8e] Fe s <PhS id="PhS_2" Pt = "SRS">
2= 23 74 2 38 o 17 &% WA A :RriSde;?{rSp:iioon controller of platooning system</D>
WA So] 9ol <name>Introduction</name>
3 el Al_q— _ _ <D>Introduction of the SRS</D>
4.2 ZEFTY A AR MES DE I XM 4 2ot
- N = </Al>
2 =AM Az" FEY A9 2 Vs gl <Al id="SRS_2">
Horsl= mi ; : <Sb>Specific requirements</Sb>
H © ol—‘_ preliminary functional fequlrement 9]— platoon <D>Software requirements specification</D>
controller 8] AZEo] Q7 AN, 72 2 4
- - <Al id="SRS_3_3">
Al gAle g A" AEES DEMCOE 2dgsty <Sb>3.3 Functional requirements</Sb>
t} obdA E4e STPA, FMEA 2 FTAS Q8 2 et 5°<f3v>aSr§<e;gl>c functional requirements for platoonig
y3lo] zhzb 98 B md 2 SAEMog wmdd 3 <Eid = "SRS_3_3_E 6">
[ _ <type>text</type>
Atk 1™ 5% platoon controllerd] L FAFSFE A|A €] <F>3.3.6 Platoon join</F>
. ... - - <D>ZF 82| Platoon leader0] join 8% msgE T &3}
zdo] th3k A Definition 1~32] Zd-& 83 0f platoon 38 {22 20 S0 X ME 27t0F SFCL BE
. [ = =2 ol 3
AAEH, @ FAFIE A AS YeERHE phase structure = P'atoon/’;o*ie ZOI0|E $tCt.</D>
< >
FE Ex ol Ulgh artifact item structure 183l </Al>
</Al>

HAWES ZdHI clement?] AFTERE FAAC
SFAR A oleo|x Y] HEE AlXE AY F AL
A 7% EXA(preliminary functional requirements),
Al HAME 22 ge2 2d g3

STPA 43 Z3pol| tigt e 13 1 9 63 Zoh
O3 12 B =FdA 473838 STPAS] control structure®l]
gt 2ol O 62 Ay 2de] Yoty #{FY
Alz=Ee #A 2eo] wl controller & controlled
processZ AJE|9} o] Gt 4 glom I¥ 18 g
tr=e] Ao dig control structure®]t}. Control
action® 2+ join, leave, 7}, 74 5
olX+= 2+ control action®] W38l unsafedt

I SAEME o83 mddg 3 Aie] d¥= ¥

</PhS>
1% 5 Platoon controller®] 71 Ab&E 2dl oA
Fig. 5 Example of development element model of platoon

controller
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<STPA id="STPA_1", TC = "Platoon system">
<L>Accident: At&f FE/FE AtL2 o1F I T4k TSl </L>
<L>Hazard: T/Z¢ Ar2Fato| oA 2| @lgt</L>
<CS>
<Con id="con1">Platoon controller</Con>
<Con id="con2">Platoon controller (f) </Con>
<A id="a1">Communiation processor</A>
<CA id="CA1">Join start</CA>
<CA id="CA2">Split end I</CA>
<Les id="Les1">con1, CA1, al, con2</Lcs>
<Les id="Lcs2">con1, CA2, al, con2</Lcs>
</CS>
<UCA id="uca1">con1, CA1, provided, 2|l 2 £E9| platoon
controller?} join Xt} platoon At2Fe| /= 2|7} 2t A2|
0|8, join start command& A|&3$+C} </UCA>
<UCA id="uca1">con1, CA2, not provided, 2| 2 £ 2| platoon
controller?t leave ZI& & split end | commandE XH&0| [t =
Ol = XN SHX| @ECt.</UCA>
</STPA>

1% 6 Platoon system®] STPA Zdeo] o]
Fig. 6 Example of STPA model for platoon system
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Safety
requirements

[

n_10 (SAS.SR)
<SR>Leader7} join start
commandE £L47| A join
X 3 platoon XH& 22|
o z|g oj2| Ao

BHCE</SR>
n_8 (FTA.MCS)
<M id = "FTA_MCS_1"> Dense fog &
distance < speed " 0.5 m & inappropriate
n_7 (SAS.SR) command & join start command</M>
<SR>72|7t T & WE HE Mo
OlF I AAUE FHO| AL
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Safety Analysis Element Model

n_2 (&)
<Eid = "SRS_3 3 E_ 6">

Development
<type>text</type>

Failure/ ec/

Development

n_11 (FMEA.fm)
<FMid = "SA_3_29"> Fails to occur </FM>

n_9 (STPA.UCA)
<UCA id= "SA_2_10"> E|H 22

n_12 (FMEAE)
<Eid = "SA_330">Xtg BHOf O
HE| 7t BESHA| EB</E>

Failure/@
)

At = = m

n_s (¢
<E id="SDS(D)_3_E_7">

Self-reference

Development Element Model

<type>text</type>

<F>3.13.2 Platoon join</F>

<D>Platooning 2|% 9| X 0|

platoon2 2 E#E3CH</D>
</E>

procedure
+ multi-mode

2% 7 Traceability graph® E3E F2A
Fig. 7 Partial graph model of traceability analysis results

<F>3.3.6 Platoon join</F>
<D>Leader. 2F & #ot
SFAIUCH</D>
<D>None: Leader0il 23310
platoon®i E&3tch</D>
</E>

procedure
i multi-connectior]

)

n3
<E id="SDS(D)_2_E_6_1">
<type>Table</type>

<type >Diagram </type>

<F>Leader mode</F>
<D>Scenario table</D;
</E>

<F>3.7 Platoon join (leader
mode)</F>
<D>sequence diagram</D>

)
<, %
. %,
RN
0 %
o, %S,
% & %
%
> Self-reference
n_6 (E)
na® e .
o 5 £ id="SDS(D)_3_E_8">
cp=sim ey S e
e <F>3.8 Platoon join (follower

<D>Scenario table</D>
</E>

SRR R

mode)</F>
<D>Sequence diagram</D>
</E>
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Table 3 Example of additional application to traceability analysis results
Classification Analysis Point Description
Common failure point Identifying points where multiple failures converge in the specification
Safety hazard Analysis Omission Identifying omission points of hazard analysis
analysis Multi-mode analysis Identifying analysis points of considering multi-mode
Interaction analysis Identifying analysis points of considering components interaction
Development Omission Identifying omission of specifications
process Creation Items with additional specification for defining one function/element
44 control structureE o8] RFoZ AL £ o FHAY Y tef A7E Adolrt. R Ft=
5 gtk old HelA Agshe R34 2N B 54 B34S 2 MFEIAZES 97 EAe
interaction point A% BAE zZhe A9 d4HE ¢ ELo] He 2458 FHA B ARERE £
AY BA 245 gRIE T 5AEC] aEEHEA o k98 BHE FIHE F J= e disiA
EE Qb4 B4 ol 2R $YFYEA 5 ¥ = A7E AYS w3
dated =3 2 F ds AeE Agdnt

JHY B =M Agtse =d 2 PHS 59 References
FH4 BAE 227 k=o wA £3Y & 9o [1] I Sommerville, Software Engineering 10th, Addison
I AfE afFoz FJsta BATE 4 o] A4HA Wesely, Boston, 2007.

o] ZQ3F MIEFAAEY AW 2 kA BAS R [2] Functional safety of electrical, electronic and pro-
A% 5= gtk B3] =AY BAA 72+ @rEz s grammable electronic (E/E/PE) safety-related systems
oAl 2Eo]A] Folo] Das Exo we geow A EJIOEIS,; ni}ili(;i;'I(‘Iegl(l/‘.)ngg.l,OI.ntemdtwnal Electrotechnical
FHAE FAFeEN AL AE=T H/A949 24 [3] ISO 26262, road vehicles - functional safety Tech.
849 FAA A B4 =g 2 F 3 Rep., International Organization for Standardization
(ISO), 2011.
5. 4= ¢ &= ¢ [4]1 J-S. Lee, V. Katta, E-K. Jee, and C. Raspoting,
"Means—ends and whole-part traceability analysis

B =2dAe FPEEEAade A B e/ of safety requirements,” Journal of Systems and
F BAAGEEY FREA BAEAS % FHAH & Software, Vol. 83, No. 9, pp. 1612-1621, 2010.

A 2 R AAS Asan) o2 98§ A NEE [5] J. Kim, D.-A. Lee, J. Yoo, "A detailed relationships
2 obdA/9E BA gaZ 7zt DEMI} SAEMOE of trace”ability analysis for software developmel'qt
Holg wES Aorsa AEE mde] 71 aaw M proc§ss, 20{6: Korea Conference on Sof@are Engi-

e - r = neering (KCSE 2016), pp. 409-411. 2016. (in Korean).
EgA=He] 5 2 A A0 wE FHA AR [6] ISO/IEC/IEEE 24765, "Systems and software
AE At =FoA Adste FHA BEAS engineering - Vocabulary,” pp. 1-418, 2010.
E3] sPFEIALEY A A2 W obEA)/9HA [7] C.A. Ericson, Hazard analysis techniques for
o =0 Sl = Blol= mmlEl A~ o systemsafety, John wiley & Sons, 2015.
;:} iii;/\i\i obﬁsg]j—j]loz_/\;;%j—]_Tii/\q. [81 E. Griffor, C. Greer, D.A. Wollman, M. ]J. Burns,
- Ch — o == = TTe Framework for Cyber-Physical Systems: Volume 1
B4 ARE ol&s Ad A4 H el =fo] H (NIST SP 1500-201), National Institute of Standards
= y8e 44 g 4 Qo) 3 ZAFF A]xH and Technology U.S. Department of Commerce
o g AEE D /AW B4 ARE gom Pubs. 2017

e = o = [9] E-S. Kim, J. Yoo, "A Study on Application of

2 AN At Bl 44 24S T At STPA in Safety Analysis of Platoon System,” 2020
Hog FA4S BAshL 1 #AS 24T F Ues Korea Conference on Software Engineering, pp.
gelstsich 193-196. 2020. (in Korean)

TIFEEA2~EE o]y o]Fo] A|xHE] Alolo] Alm [10] M. Amoozadeh, H. Deng, C.-N. Chuah, H. M.
AANo] Z=Qst A|xHoz Nz g AxHe Au Zhang, D. Ghosal, "Platoon management with coo-
08 44 T B4 0 Sae Awe w e Do el G
Ak FF o] Foll sl o4y PEAageR 74 2015.

= SoCPSs (System of cyber—-physical systems) g

[11] N. G. Leveson, Engineering a safer world, MIT



118

[12]

[13]

[14]

[15]

[16]

[17]

A A A
20159 Axdigta HFEFTEHS Y
(8tAh. 20161 A=oista HAHFE HB
- B4 ZEy Z4(AAh. 2016 ~SA)
Axdga AFE JrRFLFsty g}
A, AR AZE S T3 9F
/AR B
l~éﬁ I

AR AT =EA A487 A5 (2021. 1)

Press, 2009.

V. Katta, T. Stalhane, "A conceptual model of
traceability for safety systems,” Proc. of the com-
plex systems design & management conference, 2011.
V. Katta, T. Stalhane, C. Raspotnig, "Presenting a
traceability based approach for safety argumen-
tation,” Proc. of ESREL 2013, pp. 2037-2046, 2013.
P. G. Larsen et al., "Integrated tool chain for
model-based design of Cyber-Physical Systems:
The INTO-CPS project,” 2016 Znd International
Workshop on Modelling Analysis, and Control of
Complex CPS (CPS Data), pp.1-6, 2016.

H. Tufail, M. F. Masood, et al., "A Systematic
Review of Requirement Traceability Techniques
and Tools,” 2017 2nd international conference on
system reliability and safety (ICSRS), pp. 450-454,
2017.

IEEE 830, IEEE Recommended Practice for Soft-
ware Requirements Specifications, 1998.

Victor Bolbot et al., "Vulnerabilities and safety
assurance methods in Cyber-Physical Systems: A
comprehensive review,” Reliability Engineering and
System Safety, Vol. 182, pp. 179-193. 2019.

Ao A

20129 A=sta HFEHFTESG 9
(3tAh. 20151 A=oista HAHFE JB
B4 ey Z2J(AAD. 20159~ A

S aTstn PRE AREAFSD upA
‘\' /. 34, PRl AxEgo] B, 43

=
a5

(e}
=¥

2005 KAIST ZAApA A a) AAkst A
T FAMD, 20089 A RAFA 34}
FALTL YRTR. 20083~ A A
Sehm ARE TR wp Bk
azEge] 33, A4 BA, 4 7Y




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


