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Analysis of Optimal Haulage Routes for Dump Trucks
in Large Open Pit Mines

Yosoon Choi, Choon Sunwoo and Hyeong-Dong Park*

Abstract : This study presents a novel methodology to determine the optimal haulage routes of dump trucks in
large-scale open pit mines. The proposed methodology for optimal haulage routing considers multiple criteria which
can significantly influence the planning of truck haulage routes. The discrete friction cost which represents adverse
affects of truck movement can be assigned using a fuzzy membership function and the weight of each criterion
can be determined through the Saaty’s pairwise comparisons. The application at the Roto South in the Pasir open-pit
coal mine, Indonesia showed that the proposed methodology could make optimal solutions to determine the haulage
routes of waste dump trucks between loading locations and waste dumps and could approximately estimate the truck
travel time along the optimal haulage route.
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Table 1. Operation costs at the Pasir open pit coal mine, Indonesia in 2006

Cost
Operation Units - - - -
Roth North Pit Roto Middle Pit Roto South Pit
o $ 0.61 / ton $ 0.39 / ton $ 0.52 / ton
Drilling
3% 4 % 5%
. $ 0.84 / ton $ 0.39 / ton $ 0.84 / ton
Blasting
4 % 7 % 5%
. $ 4.51 / ton $ 1.74 / ton $ 2.65 / ton
Loading
23 % 22 % 23 %
$ 10.27 / ton $ 3.97 / ton $ 6.05 / ton
Haulage
53 % 51 % 51 %
) $ 3.24 / ton $ 1.25 / ton $ 1.91 / ton
Maintenance
17 % 16 % 16 %
$ 19.48 / ton $ 7.74 / ton $ 11.97 / ton
Total
100 % 100 % 100 %
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Fig. 1. Comparison between (a) simple haul road networks
and (b) complex haul road networks in open pit mines
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Fig. 2. Example of a complex situation for determining
the haulage route of dump truck in open pit mines
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Fig. 3. Procedures of optimal haulage routing in the developed analysis model
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Table 2. Scale for pairwise comparisons(Bascetin, 2007)
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parisons matrix)& A§/dsfiof gtk vlwPHAA G, j)ol
ART A jiA FEFallel tig i) JFagle
ARl 9% ZHrelative intensity)S 0|5k, Table
20 A 7)ol whet I 3hE AT 4 Uk AE
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=
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Relative Intensity Definition Explanation
1 Of equal value Two requirements are of equal value
3 Slightly more value Experience slightly favors one requirement over another
5 Essential or strong value Experience strongly favors one requirement over another
A requirement is strongly favored and its dominance is
7 Very strong value q . .gy
demonstrated in practice
The evidence favoring one over another is of the highest
9 Extreme value . .
possible order of affirmation
Intermediate values between two L
2,4, 6,8 . . When compromise is needed
adjacent judgments
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&]714] CI(Consistence Index)= HA] A% H|wsy=d
I A ALY g ol-8ste] AkshH, RI(Random
Index)+= Table 3o]A FEFAA] Hax(n)oll HH-&-t=
e ol tjYsttt. YubA © & CR(Consistence Ratio)
Zrol 0.10%ch ZAAY ZA Aitel= Hfole M4 9
I =l tigh Aiu|art 4 Al XE AoR
B71e 4~ QJtiSaaty, 1980).
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A 7199 shEA, AEd Sl3Ay, ERgsl AT
€ 33t 5 choRel shRofoll A me TS wolgitt
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2= RS T8 HHOE 5P, 1T, B, WA %9]
SgHolo] A &g QJci(Berg and Kreveld, 1997).
Hd, HAE 7|Re) AREAL 2 R2 44, JJr 1=
ehel v, AR A2 5 Tk JERcls
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Friction Cost

G, +C, s ) )
e ifi=i ORj=j (casel)
TG+ C ) xR , ,
( (i.j) (;J>) ifi=i ANDj > j (case?2)

®)

1 P case 1 QT A1) A7 o)
2 T3k ALl g, case 2= F e AAr}
AP e s alisiel shgel HAUE SR 7
$-olt}. Table 4= Fig. 4(2)%] 2= 7ﬂ7\]-o1] fale] <14
AALz 9| o] FA] AEdlof sk A8 Attt Ayt
olek, AE SIEA] 22 AR} Afoliz olFo] Erlset
AoR Apgstel AFHIELS TR B B
Ak 2= AREO thete] ] FAAREES
A3 HOH WA 2F =2 AR (1L DO A
Agu8= 002 SATITHFig. 4(b)). ©lofA (1, Dol
IRt 37H-4 AAE (1, 2), (2, 1), (2, 2)9] FAAGH]E
& thgel A2 olgstel A

Table 3. Random Index (RI) values versus “n” (Bascetin, 2007)

n 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

RI 0.00 | 0.00 | 0.58 | 090 | 1.12 | 1.24 | 1.32

1.41 | 145 | 1.49 | 1.51 | 1.48 | 1.56 | 1.57 | 1.59

HE RPN EL R
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1 00]2.005.00| [2.00[8.54 2.&)’65.50 o 3.50(7.45
6.001.00/5.00] | o | o | oo | 55041 o 3.41]6.41

(a) (b) (©) (e)
0.965.566.50 0.40*5.566.50 0.9'_5.566.50 2.506.50
2.?65.56_7.00 2.?65.56?.00 2.?65.56?.00 2.40[3.50[7 .00
5 503 47/6.41 |5.5013.47f6 41 [5.50]3 47641 6.41

() (e (h) )

Fig. 4. An example of the least-cost path analysis (LCPA). (a) Average discrete friction cost. (b) Stage 1 for calculating
accumulated friction cost. (c¢) Stage 2. Accumulated friction cost of grid (2, 2) is updated. (d) Stage 3. (e) Stage 4. (f)
Stage 5. Accumulated friction cost of grid (2, 3) is updated. (g) Stage 6. (h) Stage 7. (i) Stage 8. (j) Optimal route from

grid (3, 2) to grid (1, 1)

Table 4. Adjacency matrix which represents the friction cost of potential routes at each grid in Fig. 4(a)

(row, col) | (1, 1) (1, 2) (1, 3) @ 1 @, 2) 2, 3) G, 1) 3, 2) 3, 3)
(1,1 0 2.50 o0 2.00 3.54 © o0 o0 ©
(1, 2) 2.50 0 4.00 2.12 2.00 495 o0 o0 o
(1, 3) o 4.00 0 o0 5.66 5.50 0 0 ©
@ 1 2.00 2.12 o0 0 1.50 0 3.50 1.41 0
@, 2) 3.54 2.00 5.66 1.50 0 3.50 5.66 1.50 4.95
@, 3) © 4.95 5.50 0 3.50 0 0 424 5.00
3, 1) © © 0 3.50 5.66 0 0 3.50 ©
3, 2) © 0 o0 1.41 1.50 424 3.50 0 3.00
3, 3) © 0 oo o0 4.95 5.00 o0 3.00 0
AFC;({}L)(’ v+ FC, s (ifAFC, \+ FC, A< AFC ) Z]- (2’ 1?01] ?l;‘(jﬁ_-l— 47H91 Z]‘Z]- (-1’ 2),.(2’ 2)’ (3, 1), (3’
- { il qu;;“’“ Ly th’]f; T qffﬁ,ff{jfz o c{',’_’;)) 2y tigh FHAFYH| 8-S ﬁl*@f&ﬂmg. 4c)). A7} (1.
© DA% AR AR AR g o] 412824 7]E9]

71K AL AFC(iy)= 3kl S A FA AT
182 QJu|ste, FC))-(i' j)e AR, jH=e] o]
& flel "agh Agulgolth AFCE, j)e AR
@@, J)7HA olgstetl Badh Ao FAA P8-S
Sujdek. Azt (1, DollA A7 (1, 2)29] o]F- 913)
A ARHEoR 2.50& AEsfoFstH(Table 4), 2
Ol o8 A=} (1, 2)9 FAAFH S 2.500.2 ALt
ek Fig. 4(b)= 3719] A ARl thgh =2 A0
ARt A HolF, W RAARH]go] AE A
3l (1, DO WFe = syt dIEUSE &+ Sl
ok o ARkl A= 3719 AR F A ATEE
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Fig. 5. Study area. (a) Thematic map of Roto South in Pasir open pit coal mine, Indonesia. (b) Grade (%) of terrain surface

Table 5. Parameters for calculating the effective traction on the study area

Parameter Value

loading / dumping area 0.450

U (coefficient of adhesion) rampway 0.600
main haul road (horizontal) 0.700

o (coefficient of weight distribution) 0.667

GRF (Grade Resistance Factor) 0.010

loading / dumping area 0.010

RRF (Rolling Resistance Factor) rampway 0.003
main haul road (horizontal) 0.002

GVW (Gross Vehicle Weight, ton) 163.0

T A A 2| 8 e] A]



dhite ARG euF RN P

Slet dmEeeo) A eubys 84 485

743

(b)

(©)

(d)

Fig. 6. Mechanical friction cost. (a) Effective traction. (b) Fuzzy membership function for rating the mechanical friction
cost. (¢) Mechanical DFC layer (full haul moving to uphill). (d) Mechanical DFC layer (empty haul moving to downhill)

ot 2ja} ool it sty Agulg Aol fa
F20 gt olEo] tiR S HLo] AHAw o] Hdf
47)12(17%) & 7}§ HP }S&E} %, 17% vk
HAARETE) Al o A ATE o b
gate] 7 ““HV‘ s “8H oAsha A 8-S At
Aetglon, 17% FAE olde] FteA: At &
7 A BAglo] oIshE AFHE-S 10,0000
=7 &FslthFig. 6(d)).

A 9 ehEake] Hdoll dist Agule-S APga]
Sfall, A FA 71eAEe] oS whadste] 20 m o]
AE 71EoR 72 WA P55 A olskdckFigs.
7(a) & (b)). 42 #x] Wu4] et #74] 2 g
ZEE 20 m o4 Bolzl Aol AFPue-S 002 W
A sk, 20 m gl A Aol é%OPéMl wha}
A2 G2 B AL o, A9 YRt
HIEYO SRt m HdAo] E7ksshy] wfjol A3
22 100,0000.8 =7 APg5IACKFig, 7(a)). Figs. 7(c)
& (dy= A H S35k HAoll gk tiid=14e] DFC
glojolg AyAdgt Aztolrt.

Sxe] Aaulge] thgk DFC #lolol: thea
= @ AoiE wrgsto] Adstioh ti A Hel A
SRR §ATE Zgel BY sheet AYFuES F

570 =g 2A, ST ARl dis) 242 1) 23
w3 4= Qlek wheba 20079 69 6 HA-LHE 24
o] B 57 AR AN Esl= Eggo] ojd |
zYolE Foll olFsitieiE kR fAlwe] 2do] &
ot AJRtolck. Tt AZE Aol AT EEYF
-7 %t&iq 7S °JE}$H} EﬁA AR A
Ek 2 delA=
d g R A
L ox)ghe) #3u18-2 100, OOOOE 7 &,
A ol %OIUJ U A erteEol tefiAs

82 002 W Fgsiiich
FHFLIUES] DFC Flojo] A& 918l 283 94
WA s @R ofdol whet oA gojd 4 9l
3 Sake] Aol et 01737431 7]
H A o] 2A HYE 4= Slek
wEbA Bk A9l 71502 DFC gololE *3“0}
—t— o] Ak Qg Soll EAs] o

o et gk

ADFC Zolojo| A4 Za}
ws et gaEe] 9Eut oSt ejat 0|54 3

2alelo] oS WAL 20159 Yh FRES 37

A44d Al6%



486

Fig. 7. (a) Fuzzy membership function for rating the waterbody friction cost. (b) Fuzzy membership function for rating

Friction C
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(d

the coal seam friction cost. (c) Waterbody DFC layer. (d) Coal seam DFC layer

Table 6. Pairwise comparisons about 4 criteria considering for the optimal haulage routes in the study area

Haulage Criterion for Comparative Mining engineer Geometric Modified
type evaluation criterion (1) ) 3) mean intensity

ME WA 7.00 7.00 3.00 5.28 5.00

ME (6[0) 9.00 9.00 7.00 8.28 8.00

full haul ME MA 5.00 5.00 0.33 2.03 2.00

(to uphill) WA COo 5.00 0.11 3.00 1.19 1.00

WA MA 0.20 1.00 3.00 0.84 1.00

CcO MA 0.14 7.00 0.20 0.58 0.50

ME WA 5.00 7.00 3.00 4.72 5.00

ME (6[0) 9.00 9.00 7.00 8.28 8.00

empty haul ME MA 5.00 5.00 3.00 4.22 4.00

(to downhill) WA CO 3.00 0.11 3.00 1.00 1.00

WA MA 0.20 1.00 0.20 0.34 0.33

CcO MA 0.14 7.00 0.11 0.48 0.50
st7] 918l 59 olFe] @ Aol Q= FA 71EA 3 B BAske WHoR AdA FaeE A A
e ez HE2AE AT Table 622 H A Sam= ol tiste] Adinla 7S 283 4
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7F AABHA] = 7ol Saaty(1980)7F A|¢HeE W e o oItk HEER S o] ek} WA E= o5t
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Table 7. Priority weights for 4 criteria and consistence ratio
Haul Weights CR
aulage type
wage bp ME WA o MA
full haul (to uphill) 0.57 0.13 0.10 0.20 0.05
empty haul (to downhill) 0.62 0.09 0.09 0.20 0.03

(@)

2 Average DFC
(To Downhill)

(b)

Fig. 8. Average Discrete Friction Cost (ADFC) layer. (a) Full haul moving to uphill. (b) Empty haul moving to downhill
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Fig. 9. Results from least cost path analysis. (a) Accumulated friction cost. (b) Optimal moving direction at each grid.
(c) Division of the pit for determining the waste dump which has the least cost route
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Fig. 10. Optimal haulage routes of dump trucks. (a) Full haul moving to uphill. (b) Empty haul moving to downhill
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Table 8. Approximate velocity of dump truck (100 ton) at different grades in the study area

Haul type Grade (%) Approximate velocity (km/h)
0-4 25
. . 4-8 20
Full haul moving to uphill

8-12 15
over 12 10
. i 0-4 25

Empty haul moving to downhill
over 4 40

Table 9. Comparisons between estimated travel time and measured travel time of dump truck (100 ton) through the suggested

haulage routes

Route in Fig. 10 Haul Distance Rtiﬁo of grade (%) Avera.ge EstimaFed Measur.ed
: type (km) rough the route velocity travelv time travelv time
departure | arrival 0-4 4-8 8-12 |over 12| (km/h) (min) (min)

L1 D1 Full 16.5 10.4 10.1

2.85 0.14 0.23 0.41 0.21
D1 L1 Empty 37.9 4.5 4.7
L2 D1 Full 16.8 10.1 8.9
2.81 0.14 0.26 0.42 0.19

D1 L2 Empty 37.9 4.4 4.4

L5 D3 Full 1.46 0.32 0.23 0.19 0.26 18.1 4.8 43

D3 L5 Empty 1.74 0.24 0.30 0.25 0.22 36.5 2.9 2.8

L4 D2 Full 2.81 0.18 0.31 0.40 0.11 17.8 9.5 -

D2 L4 Empty 3.24 0.27 0.30 0.36 0.07 36.0 5.4 -

L3 D2 Full 2.92 0.22 0.31 0.35 0.11 18.2 9.6 -

D2 L3 Empty 3.37 0.30 0.31 0.31 0.09 355 5.7 -
2 ZH oIS R HS SA] H5S Y8 tH(Table 9). TEQ] A5 o5
wAE 2H PR dijt o] At dEsta,  ® gk AAl ST kY] Aolrh 102 ofskE w2 o

A7) fsto] i) HEEY o]e&met el S S Hlouy TLS AAE 30-602 A o}
ek AZFASH(time study) S 338t lch A=A W 2 g dSEe A AT 5 Al 53] AAAH
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5 RbR o] R o F SRt o) A= A ﬂi—‘ﬂ Bt ol sHETt 75 Eatsto] 349 16.8 km/hE
o]-gsto] GZE= M A FAo|HA o] FAIZE ézé o} ohas Y] el A= HehEnh o FAI7ke o
SEATh AT AR RE eRte FAR w2 100 & AEE Fol7] flsiie ALAQ] ARMATE Sl
£ greelo) o FHES Table 83} o] TAHOE Mo A3 B o|FLES FAY Bt Qo £
A% 5 gtk AR A guAz] dete] 1m @ exxe] Ae AR HE] dhat ZE e
eI AAEE BT Auh SukRE TS A4 ol & Zlolth
o)

=) Ml 12 4 99100, Table 89 A4 o]
2 ovzel AAE THUEE 1SR ERl 2
ol £ugzel tht Hat olSEES AL - 93]
THTable 9). Fig. 109] AAH 5719 Lu42E o
2 B olEdEet MRl o5AE olgstel A=y
TL3 TES el Zalglom, Akiys Ea Aol
A 243 37 A=l TL, TES vlmsks Wios o

2 B
& Jolde the FEallE 7eA 2SR
vl 7t 2l aE GIS 7IREe] 22 24 7

Ho
H=E

2%

WA st thatm AN Greee)
SuRE A 4+ Uk 242U sy

A44d Al6%



490 2ax- A

o} B4 mdl o]Ere], A P27,
A 9 BAIeke] A, §AwE 2ol
3t QolEL Halxdom maEdl 4 glo
Eoll digh 2] Wy T4=E ojst
Zlfoll thet Agalg2 el oz A
SyNjof THAE ARk wATe] R 7}
8o B X xR
DFC #oloj&& AT &
oe MR Zajel A5
ARaIEe] NEAE AT 4
20073 69 691 21¢J A2 vros)
A S35 Axl, 57 H4 HAA
eS| 379 HxgolS ol
jx];gﬂl' A& 1749 ggzjdez
L Zo| 7MY &3t Aow Ul ®
HkA R thsle] e 2ut o]FA] B o
Al 10 oluje] 2SIl SxkAH
=3 5= UITh B Aol Al AR
EELL] 2= oa}ﬁg& Ula]ZJO]J_ Al

ot
;;
oo =
o e
)
41
ol
1

; o,
o

ool off
B
0, ol

N

e

2
% ot
[Hd
m
1
lo
0, o

o2 4y
30

O

o

iz

T
N
2
0.
N
o 12
=2
of & -

-

P

N
I‘_\ui
o &

5‘5 Mo
lo
" 4

Q 5‘~

o
32 on,

il

£
30

e
M o2 _% ol

s
N
i
2

SN

of arg

n
o o
S
o, g

18

2 2
X
i
[o o
= o
L e

o gy
>
%
O Ay |1 KU ol o Ok o@ o dr 1o w

e
Q

=
L g
o odrn
_L‘ELFALI
o Lo

r—{o
rE

;

r\l
ry
>~
)
i)

1z ﬂl[o
5
in)
flo
oo |o

4;‘

1B ¢
o
ol
TR
o

X

>

;;O
lo
|o
fu
)
4 g
l'EI
o
R
5
L
O
g
%
o
10 &

%%—aw 298 & 98 Ao 7

=
o
i)
. H
o
S
ek
it

A

)

=1 =2 0> Zﬂ
ofx7l A4 5ol £ 29| WAl golb] ujRel,
EESIOI el ety Aol Fiie A
N A5t BAERA B89 S 9 Aelnk

° H
i)
o
)
o
gt
)
2
)
I
)
o o
% =
op
2t
o2l
N
8&
R
Y,
O:

Ab AL

Bl SRR AAY AT Yo] SaEtal 9l Al
H ZAAFAA(HTFE A =63 ARAbd
2 YAk FAF A 2007 204 RS
=21 Arej 9l Xl%oi SE]glon, EF =B g
Aestn Zahedqtao] Yo o|Fo|Hrk

TnEL]

Had A9E YT 2006, FAYAE §3 7=
Heb w RGO WSUA AHS, P RYAPFE
3], Vol. 43, No. 5, pp. 429-438.

Aksoy, M. and Yalcin, E., 2000, “A computer program for
open pit mine equipment selection: TruckMac,” In: Pana-
giotou, G. N. and Michalakopoulos, T. N. (eds), Mine
Planning and Equipment Selection 2000, Balkema, Rotterdam,
Netherlands, pp. 499-503.

Alarie, S. and Gamache, M., 2002, “Overview of solution

T A A 2| 8 e] A]

strategies used in truck dispatching systems for open pit

mines,” International Journal of Surface Mining, Recla-
mation and Environment, Vol. 16, No. 1, pp. 59-76.

Atkinson, D. M., Deadman, P., Dudycha, D. and Traynor,
S., 2005, “Multi-criteria evaluation and least cost path
analysis for an arctic all-weather road,” Applied Geo-
graphy, Vol. 25, No. 4, pp. 287-307.

Bascetin, A., 2007, “A decision support system using
analytical hierarchy process (AHP) for the optimal environ-
mental reclamation of an open-pit mine,” Environmental
Geology, Vol. 52, No. 4, pp. 663-672.

Berg, M. D. and Kreveld, M. V., 1997, “Trekking in the
Alps without freezing or getting tired,” Algorithmica,
Vol. 18, pp. 306-323.

Blackwell, G. H., 1999, “Estimation of large open pit
haulage truck requirements,” CIM Bulletin, Vol. 92, No.
1028, pp. 143-149.

Bonates, E. J. L., 1996, “Interactive truck haulage simula-
tion program,” In: Hennies, W. T., Ayres Da Silva, L.
A. and Chaves, A. P. (eds), Mine Planning and Equipment
Selection 1996, Balkema, Rotterdam, Netherlands, pp. 51-
57.

Cardu, M., Sacerdote, 1., Magro, A. and Crosa, M., 2004,
“Analysis of possible alternatives for the exploration and
hauling system in a marl mine (Tavernola BG, Italy),”
In: Hardygora, M., Paszkowska, G. and Sikora, M. (eds),
Mine Planning and Equipment Selection 2004, Taylor &
Francis Group, London, UK, pp. 543-551.

Dijkstra, E. W.,
nection with graphs,” Numerische Mathmatik, Vol. 1, pp.
269-271.

Hauck, R. F., 1979, “Computer-controlled truck dispatching
in open-pit mines,” In: Weiss, A. (eds), Computer Methods

1959, “A note on two problems in con-

for the 80’s in the Mineral Industry, Society of Mining
Engineers of the American Institute of Minning, Metal-
lurgical, and Petroleum Engineers, New York, USA, pp.
735-742.

Hays, R. M., 1990, “Truck,” In: Kennedy, B. A. (eds),
Surface mining, Society for Mining, Metallurgy, and Explo-
ration, Littleton, USA, pp. 672-691.

Meyer, H. 1., 1979, “Truck allocation to shovels in an open-
pit mine: a case study on the initial attempt,” In: Weiss,
A. (eds), Computer Methods for the 80’s in the Mineral
Industry, Society of Mining Engineers of the American
Institute of Minning, Metallurgical, and Petroleum Engineers,
New York, USA, pp. 637-641.

Niemann-Delius, C. and Fedurek, B., 2004, “Computer-
aided simulation of loading and transport in medium and
small scale surface mines,” In: Hardygora, M., Paszkowska,



Fatel ol G

ot =

O

G. and Sikora, M. (eds), Mine Planning and Equipment
Selection 2004, Taylor & Francis Group, London, UK,
pp. 579-584.

Oraee, K. and Asi, B., 2004, “Fuzzy model for truck allo-
cation in surface mines,” In: Hardygora, M., Paszkowska,
G. and Sikora, M. (eds), Mine Planning and Equipment
Selection 2004, Taylor & Francis Group, London, UK,
pp. 585-591.

Ramani, R. V., 1990, “Haulage Systems Simulation Analysis,”
In: Kennedy, B. A. (eds), Surface mining, Society for
Mining, Metallurgy, and Exploration, Littleton, USA, pp.
724-742.

Saaty, T. L., 1980, The analytic hierarchy process, McGraw-
Hill, New York, USA.

Suboleski, S. C., 1975, Mine Systems Engineering Lecture
Notes, The Pennsylvania State University, University Park,

FAL

filo

ot Ymeelo] 24 bR HA) 491

Pennsylvania, USA.

Temeng, V. A., 1997, A computerized model for truck
dispatching in open pit mines. PhD dissertation, Michigan
Technological University, Michigan, USA, pp. 1-12.

Walker, S. C., 1988, Mine winding and transport, Elsevier,
Amsterdam, Netherlands, pp. 460-479.

Xu, J. and Lathrop, R. G., 1995, “Improving simulation
accuracy of spread phenomena in a raster-based geo-
graphic information system,” International Journal of Geo-
graphical Information Science, Vol. 9, No. 2, pp. 153-
168.

Yu, C., Lee, J. and Munro-Stasiuk, M. J., 2003, “Extensions
to least-cost path algorithms for roadway planning,” Inter-
national Journal of Geographical Information Science,
Vol. 17, No. 4, pp. 361-376.

Hpafak

ek thekel o XAl e
Ok Bk 5436 M55 2I9)

N2
A A DAALTY AP el el
Ok Rk 3% B15 20

Ht & =

=/ o O

198841 A gist Zaihet Aelg sty
2}

19904 A gristi ohekel Aelg st
25}

190410 =t el Szl 22|
A)sla, ofshubap

A AL st oA A AR EEE Rad
(E-mail; hpark@snu.ac.kr)

448 A6




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


