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1. Auto ID Data Capture



 !"# $%&' ( )*' +,-%./'0123

 ! " #$ %&'(GIS$)*$+
,-(. " . " /!-01 *-234-51389

90

 !"#$%  !"#$%& '!()*+ ,-$-.&/01!" 23& 4!-$5 6789: ;!<

2781.6*!=>1+.&+ .*#>?6*!&>1 9@+$& /A '!()*+ !5 /BC#+ D!%* # 1+.&+ E+

2782.6-F-1+> 6-!=!G8 /*!&!= 1$7HIJ KF3*

2-2- !"#$
6& /&+1+ >1 /@ 6H"+$& L!%*+ !A 4!-$5.-M6& 2781$BN

)Inoue et al., 2008.(1+.?&+ OL!N PB)QR* >16*!*!?=>
K.B??=> /??01!" 2??3& /??A /??@/??(SG& O.??*+;+$??A +> ;+

TI@6& 1!%-+ /01!" 23& 67-19* >1 /BC#+ ;!<.?GG@.
D!BHIJ '$)G@ # ,-+.< ;+$A ;9@$& .-!A ;.UA L!N >1

11$?N !?:$A 4!-$5.9?@$&  !?7& P?-+K.?B&!* 6<.?*!&$V
6&1F8.

D!??BHIJ E+ .??UA ,??=>1 4!??-$5 ,Q??R* /??H"$&
,QW6& L!%*+ D!%* # FW#1F8. 1>#M  #$?BA E+ X:

/01!" 1+$V+P?I-+ # /?01!" 2?3& E+ K.-1O2?3& ;E!?=
1+.&+6& 2IJ 1>+#  !*!=># .*F8;+$W+ /AY?7- /H"$&
4!-$56&.*E+1$:.1+.&+ /H"$& P-+ >1Z$?[ .?-!A  !*!=>
D.&30= /B*!0# .?G<1 \BR]?5 +> ,?B"#$%& ^S

.??GG@ _!`??C+ +> 4!??-$5 D!`??R]& D>!??@.E+ L+.??@ $??<
D>!@/?A /?@ .*>+1 aF`R& b*> 4!-$5 D!`R]& ;!<

6& /)c!G8 ,B"#$%& ^S=  M TI@1F?8)Sylves,

2008.(
D>!??@ _!`??C+ !??A  !??&9I<O4!??-$5 D!`??R]& ;!??<

1+.?&+ L!?* OD!?Jde+ 1#># f->!5  Fg 65!Jde+O !?=>
^S=1+.&+ !=>) !?=>1+.&+ !?- >!)?=$: O$)@1(P?= O

/01!" ,BQGW Oh#$%& 6i-$(5^S?= !?-  +9B& # K.-1
,?=1 /?A  !?7&+ ." !5 .-!A 1+$V+ /*FN P-+ ,B"#$%&

1F?8 /)?8F*  !=>1+.&+ \R8./?01!" 1+$?V+E+ OK.?-1
/(SG& /A /01!" 23&TI@ /(SG& L!* !A ;+O/?BC#+ ;!<

6??& K1+1 '!??()*+.*F??8."$&/??(SG& >1 4!??-$5 L#1 /??H
TI@T?I@ !?A  !&9I< O/BC#+ ;!</?A /?@ /?BC#+ ;!?<

jB=M \R86?& K1+1 K.-1#  !?7&+ D>F?k >1 O1F?8



 !"#$ %!&' (  )*+, -#./01#, 230#'4" 561%'  , 7#89:";<6RFID=<$  >?@' =$ (4" =.0(GIS

 ! " #$ %&'(GIS$)*$+
,-(. " /!-01. " *-234-51389

91

 !"# $%&'( )*+', $- ./-'( 0*12345*56(4 7& 89:
;<=>5( $?@/# )*+', 0*A"B( 08*C 89 D E8DF9/5@.

G*"?#4 :*?H8*<I- JKH>(99'L.9'5M ND'5O P*5QRS
$T9*&9U<C $VWR( X4 Y7+:*?5H8*<I- P*5# Z$5I[D4 E*S

9/5@ $?5@/# D4 )*+', 0*A"B( 08*C 89 7+*- \7S.89
08*C >?RH ]D8>5KC ^'5- U+ )*+', 0*A"B( E*S

'M _"- $- $C 9849 >R-8*C>( Y949 )*+', >S7#*(9/5@.
U<C $VWR( $- J#`/a(F >?bD94'5M4 Z7IH8 $I[D4 E*S

$T9*&>5( cV?R( :*?H8*<I- $- 48 Y7+975RC.c5O49 89
$T9*& d"@ $- ./-'( 0*1234 eI# J#`/a(FY7+9Z*5,

;5<= Z7@*- 8D7V( $C E7& 'S>5( E8DF'5- D 75#9'L
>( $?@/# )*+', 0*A"B( 08*C ED87#/@.

H:*?H8*<I- 89 $C :*#*H8947(4 '+*Z75#849 8/f& *S
$T9*& 0*1234;<= 48 >[*V?#4 :*L7+9>5( E8DF75RRC.

$5- :*?5H8*<I- $5- :*(D7A( :7#*H8 X4 Jg J#`/a(F
X*- $T9*& $VWR(>(c65@ hI5<S $5- 0*5I%<1 D 99'5L

>( $(4947-*+.9475(4 d"5@ Z B5L'- P*QRS 89:*5H8
8 ^'- U+ J#`/a(F cO490*A5"B( 08*C X4  M'L D

>55( >S755#*('M e55C'( $55- 48 )*55+',7#*55H8.e55C'( 89
Z>S7#*('M 5M'LD8 X4 c5i*& 0*51234Ej5k*C E*5S

;<=>( E8DF]84e5L l[*b 89 D 7#/@e5C4'( $5- >+*5S
m234>( P214 >#*H87#9'L.

>?R5H ]D8 $5- )*5+', E4'- $C >%&4'( $- $=/, *-
>( Z7@ :*I-no5p .*V# :4/,:F9'<5@'- 48.q5p4D'g

;<= ]D8 $C  H4$5T9*& 94'M4 0*1234 E8DFX4 Y75+9
?#4  1'5H '- r+'3 D95V>5( 'ITs5, :48*5<I- t*984j5L.

947(4 >?RH ]D8 89 $6#F  !"#cb475& 89 7+*- :*H8
08*55C 89 48 h556<( 0*551234 h+'?B55I- Z:*55(XE*55S

7!+/R- )*+', 0*A"B()>5WIu( v+4'@ $- $=/, *- $C
cu( 5H4 E84/5@9 8*I!- 8*C $T9*&(89 $56#F '5Q+9 w

$T9*& t*V?#4 D :*?H8*<I- G*"?#4 X4 cab $%&'(:*L7+9
0*1234 $- vVM >#*(89 eC4'( $-D hxI5o(X*5I# >5i*O

9475(4 *5(4 Z 5H4755+*- 0*51234 c5I<6, E4'5- :*#*5H8
X4 _I55g 48 h556<( 0*551234 h+'?B55I-t*55V?#4 $55%&'(

= :*?H8*<I- $- :*&D'y(;<D E8DF48 *z#F 5aT75RRC

>( )*+', 7#D8 E7RC laH 9/O h+4 $C9/@.9'5LE8DF
>?5H9 08/5i $5- Z>?R5H ]D8 89 0*1234 >-*+X*- D

>( P*y#4]84eL $Iz, D 9/@c6B5( *5- 48 E8*5(F E*5S
>55( Y4'55<S9X*55H.{55L t*55<?&4 hI55R|<S*55+ >L755@

Y8*g9849 9/=D )*+', 0*A"B( 08*C >L7@.
D8 >H8'- *-;<= 7#Z)*+', {?!IH 89 0*1234 E8DF

>O'-X4>( }'W(  H9 h+4 X4 >RM E*SX*I#7#9'L:
1-Y949  Io(*=*S1

$T9*& d"@ 0*1234X4  5aT X4 J5g 75+*a# Y75+9
d"@ c(*C 0*1234 >?RH )*+', 7#D8 89 *(4 w9D'- hI-

$T9*&Y7+9Z{5L 08/i 8975@:Y8*5g *5+75@:08*5C
M*+X*- )*+', 0*A"B(9/- 7S4/"# >R?.

2-Y949  aT  1'H*S
Y949 9D8D  1'H*5z#F :75@  5aT D {?!5IH $- *S

7@*- Y*,/C h6<( 7& *, 7+*-.
3-><~49 >H'?H92

75R#4/?- :*56( D :*5(X '5S 89 7+*- :*H8947(4 94'M4
$T9*& d"@ $- ./-'( 0*12347RRC 984D 48 Y7+9.

4-Y949 >Q?�z# :*(X :9/- Y*,/C*S
7+*-$5C >5�%?"( 0*1234 ;+'H >-*+X*- D Y7S*B(

;5<= )*5+', c&4'( 89 :*#*H8947(4>5( E8DF75RRCZ89
:*6(4 >S7#*('M eC'(7@*- '+jg.ZP/5H'( )*+', 7#D8 89

;<= 0*1234)*5+', PD9 D {56+ c5&4'( 89 Y75@ E8DF
�'?5H9 89 Z$5T9*& cu( $- J#`/a(F  BLX*- *- *zR,

>( 84'b >S7#*('M eC'(9'IL.

3-"19'1 A"#+)B*C D%E30#F4
 5H4 >%5i4 _5"- D9 c(*5@ E9*zRBIg }'3:_5"-

>+/5+948 >+*5H*R@ $#*(*H $+*g '- )*+', {?!IH  !"#
'5- >#*56( 0*1234 {?!IH ;b4D 89 PD9 _"- D w H4

 H4 )*+', {?!IH $+*g.>5( 8/5�R( h5+4 E4'-X4 :4/5,
{?!IH X4 >6+#*aI?Bg Y4'<S $- GD  u, E*S$6a@ >

1. Data integrity
2. Availability



3GHI A9+' ( ;>' #J49<K'"1L0

 ! " #$ %&'(GIS$)*$+
,-(. " . " /!-01 *-234-51389

92

 != 9/H 8*IH.c5I<6, E4'- >#*6( 0*1234 {?!IH
$55- D  !55"# _55"-t*55V?#4  +'+755( 9/55az- 8/55�R(

$T9*&>( >&4'3 :*L7+99/@.

3-1-3:#MF#)N  0#'#MF  M:#C %M, O#:%P Q/@*F
3:R:"14
$�[�(>+*5H*R@ E*5Ra('- )*5+', {?!5IH >5H*H4 E*5S

D 04e55Izy, Z)*55+', >+*55H*R@ 08*55C c(*55@ >+/55+948
g$#*+*Y949 >3*a,84 E*SY949 }'5@ $5(494 89 $C Z H*S
>(7#/@.

$5C  5H4 >,*51234 >5(�'M Z)*+', 0*A"B( 08*C
984D :F 89 Y755+9 $55T9*& 9'55M 0*551234 D 0*A55"B(

>(9/@.$5�M*& *5- >+/+948 $H*R@ U+ :F Y4'<S $-E4
:F '- h?@/# D :7#4/O :*6(4 $CD {y& *- Z9849 9/=D

5( lH*R( J#*C'M>5( 84'5b Y9*�?5H4 98/9'5IL.$5#*+*g
Y949E*55SX4 Z)*55+',  !55"# $55%&'($55%<=$55#*+*gE*55S
Y94994755(4 d"55@ $5C  55H4 Y4'55<S E*5S:F X4 :*55H8

>( Y9*�?H47RC.Y949 $#*+*g h+4Y*Q?H9 $- ezy( 7+*- *S
$55H*R@ Y755R#4/O04e55Izy, hI55R|<S D >+/55+948 E*55S

>5- $6a5@ $5- t*A,475@*- {I5H.47(4 d"5@:*5H89
$T9*& d"@ $- ./-'( 0*1234>( 984D 48 Y7+9D 75RC

Z>+/5+948 $5H*R@ Y75R#4/O Y*Q?H9 X4 Y9*�?H4 *- JKH
>5( Y'5IO� >+/5+948 $5H*R@ 89 48 0*1234 h+49X*5H.
>- >3*a,84 $6a@ r+'3 X4 0*1234 hIR|<S$5- {I5H

>( cV?R( EeC'( 8�D'�H7#/5@.4/5( 898$6a5@ $5C E9
>-*a# ciD {IHY949 $5#*+*g 89 0*1234 Z7@*5SY'5IO�
>(Ee5C'( 8�D'5�H $- .*a,84 E84'b'- �u( $- D 7#9'L

>( Y9*?H'M7#/@.Y98 D P*# D �+8*, 7R#*(  -*T 0*1234
947(4 d"@8*5C9/O 08/5i $5- *5zR+4 '+*5�# D :*5H8

$->( 984D $#*+*g �%IHD7#/@.Y949 $#*+*gE*SPD9 $%&'(
g $- $Ia@ Z)*+',$5C  5H4 )*5+',  !5"# $5%&'( $5#*+*

>( Y9*�?H4 :F X4 PD9 $%&'( 89 :*H8947(4 d"@7RC.
984/5( $5- $Ia5@ {5S X*- Z:*?H8*<I- G*"?#4 $%&'( 89

Y949 $#*+*g X4 :*H8947(4 d"@ ZcabE*SY9*�?H4 Y4'<S
>(7RC.

Y949 $#*+*gE*S$#*+48 ZJ#`/a(F cO49D U5�/C E4
7R#4/O Y*Q?H9 $- ezy(04e5Izy, D >+/5+948 $5H*R@ Y

>- $6a@ $- t*A,49/=D J#`/a(F 'S 89 $C  H4 {IH
9849.>( :*H8947(4 d"@./5-'( 0*1234 '+*H 7#4/,

$T9*& d"@ $-984D )*5+', X4 $5%&'( h+4 *, $C 48 Y7+9
7RC  aT  H4 Y7B#.Y949 $#*+*gE*SZ:*?5H8*<I- :D89
Y949 $#*+*g $- $Ia@E*S/a(F cO49J#`>5Ro+ w 5H*S

$#*+48 E4849$6a5@ $5- t*A5,4 04e5Izy, $5- e5zy( E4
>-$5C  5H4 >+/5+948 $5H*R@ Y7R#4/O Y*Q?H9 D {IH

Y9*�?55H4 :F X4 :*?55H8*<I- :D89 :*55H8947(4 d"55@
>(7RC.Y949 $#*+*gE*S$#*+48 Z>S7#*('M eC'(e5zy( E4

$6a@ $->-0*5I%<1 >S75#*('M cu( 89 $C  H4 {IH
)*+',>( 84'b9475(4 d"@ D 9'ILX4 48 0*51234 :*5H8
r+'3 != 5M*+89 Ee5C'( 8D'5H X4 $6a5@ 'L/5=D
>(7RC.

Y949 Y*Q+*g EeC'( 8D'H 89+*S./-'( 0*1234 X4 >
$T9*& 94'M4 $->( cI6B, Y7+9$5C  5H4 '5?z- D w9/5@

9'5IL 84'5b $5T9*& c5u( X4 8D9 >+*= 89 8D'H.8D'5H
EeC'(Z9*?H'M 0*1234Y949 $#*+*g X4 Y7@ Y'5C� E*5S

Y949 Y*Q+*g 89 48 Y7@E*S>5( Y'IO� ./-'($5- D 75RC
 5H4/O89 X4 $C >+*S*p*V,t*5H84 :/L*5#/L :*L75RRC

Y7@>( �H*g 7#47S9.0*51234 EeC'( 8D'H hIR|<S
$T9*& �*"@4 $- ./-'(Y949 $5#*+*g X4 $5C 48 Y7+9E*5S

>( t*H84 n%?"(Rz- *+ 7(FXD8 Z9/@P*Q>( EX*H7RC.

3-2-90(4A"#+)B*C A4#6
;(*5= }'53 89 E8*C n%?"( c&4'( _"- h+4 89

947(4>( Y949 }'@ E9*zRBIg >#*H89/@.9475(4:*5H8
$5T9*& d"@ 'S 0*1234 )*+',  !"# $%&'( t/�!(

Y949 $#*+*g 89 :*6(4 7& *, 48 Y7+9E*S984D {6+ $%&'(
>(0*1234 h+4 JKH D Z9X*H$H*R@ 48>+/5+948 E*5S

>( Y'IO� D  aT ./-'(RCR7.>+/+948 $H*R@ $%i*M2-
$- Z)*+', Ejk*C $H*R@ Y4'<S $-'?BI- :*RI<34 8/�R(
>5( cA5?( PD7A( d"@ $-9/5@.d"5@ 0*51234

$6a5@ *5- .*5a,84 :*56(4 $56R+4 �u( $- ZY7+9 $T9*&



 !"#$ %!&' (  )*+, -#./01#, 230#'4" 561%'  , 7#89:";<6RFID=<$  >?@' =$ (4" =.0(GIS

 ! " #$ %&'(GIS$)*$+
,-(. " /!-01. " *-234-51389

93

>->( Y9*?H'M EeC'( 8D'H $- Z99'L 84'b'- {IH9/5@.
947(4'5S $5- ./5-'( 0*1234 47?-4 PD9 $%&'( 89 :*H8

D4 $5- cA5?( >+/5+948 $H*R@ X4 48 Y7+9 $T9*& d"@
>(7#4/O.'( Y949 $5#*+*g $%IHD $- 48 8*C h+4 D45-$5- ./

>5( P*5y#4 )*+', PD9 $%&'(75S9.89 9/5=/( 0*51234
>( 7(FXD8 *+ Y9DeM4 PDe[ 08/i7#/5@.9475(489 :*5H8

?#4 $%&'('-8*5C v5-48 X4 Y9*�?5H4 *5- :*?5H8*<I- G*5"
Y7+9 $T9*& 9'M t*V?#4 E4'- lH*R( :*?H8*<I- Z9/=/(

>(  M*+89 Y7RS9 0*(7O X4 487RC.:*?5H8*<I- JKH
$5T9*& 9'M $- ./-'( >+/+948 $H*R@ 89 48 Y7@ G*"?#4

Y'IO� D  aT Y7+9>( EX*H7RC.
947(4�?H4 *- 47?-4 ZJ#`/a(F 'S 89 :*H8v-48 X4 Y9*

>5&4'3 >#*56( 0*51234 {?!5IH �/A"( $C '-8*C
:*?5H8*<I- :*<S $C J#`/a(F 7AV( >M'o( *- D Y7@
X4 48 E9*zRBIg 'I!( Z H4 cab $%&'( 89 Y7@ G*"?#4

0*(7O>(  M*+89 >#*6( 0*1234 {?!IH Y7RS975RC.
9'5M 0*1234 cI<6, $- )*+', PD9 $%&'( 7R#*<S JKH

D Y7+9 $T9*&D4 $5- cA5?( >+/+948 $H*R@ 89 :F  aT
>(9X49'g.947(4X4 J5g Ze5I# :*?5H8*<I- '5S 89 :*5H8

t*V?#49'5M '5S$5T9*&>5%I<6, 75#D8 Z*5y#F $5- Y75+9
>( P*y#4 48 D4 0*1234cA?( >+/+948 $H*R@ 89 D 7S9

>(  aT7RC.947(4 '+7(Z)*+', >S7#*('M eC'( 89 >#*H8
*- 48 )*+', E8*C 7#D8$T9*& 94'M4 0*1234 Y7S*B(Y7+9

{S4'5M D4 E4'5- Ee5C'( 8�D'5�H *5- .*5a,84 r+'3 X4 $C
>(49 '�# '+X Z9/@89.89 $5C $5|#F 7R#*<S .*a,84 h+4

$T9*& t*V?#4 D :*?H8*<I- G*"?#4 c&4'(08/i :*L7+9
>( Z M'L != r+'3 X4 7#4/,9/@ P*y#4 $6a@ 'L/=D.

3-3-30#S'  >?@' D%E
4'-0*51234 {?!5IH Z75@ Y949 }'5@ $5C $5|#F �*H

e5C'( G*5"?#4 J+D'5H D9 75+*- Y75@ >5&4'3 >#*6(
7S9 P*y#4 48 >-*+'I!( D >#*(89.947o, Z'Q+9 08*a1 $-

$T9*& 94'M4 X4 >A"B($5- 75+*- $5C 75#849 9/=D Y7+9
 IM'� *- >#*(89 eC4'(7#/@ Y949 t*V?#4 d"B( E*S.
z- D 'T�5( 7+*- t*V?#4 h+475@*- $5RI.>5(n5+'o, :4/5,

h+7- 48 $%�!( ><%1 D qIui$C 9'C :4/R1 $#/L) :$5-
t*�( :4/R1(Y9D7u( 89$5T9*& d"B( E4Y949 �8 E4

$T9*& 947o, $C  H4*5- :*5#F t*5V?#4  5+/[D4 D :*L7+9
 5H4 Y75@ hI5Io, )*5+', n%?"( c&4'( P*y#4.e5C4'(

:*?H8*<I- cIab X4 >#*(89 0*(7OM'� D 5 *S*z#F  I55
Y949 Y*5Q+*g 89 D  H4 hIo(9849 9/5=D e5I# *5S.t*5&

$T9*& $RIz- D 'T�( dIA", ;b4D 89 \7S$5- :*L75+9
Y48 r+'3 X4 >#*(89 eC4'( H4 >3*a,84 E*S.>5(:4/5,

Z98/( h+4 $C 7+989$5RIz-c5<& $6a5@ EX*5Hc5V#D
 H4 }'W(.t7( X4 E9*zRBIg {?!IH 89:*5+'= E*S

$6a@4'- E4$5RIz- $%�!( c& D >p*+8 hIIa, EEX*5H
 H4 Y7@ Y9*�?H4.

3-4- SGN 7#:%T -9'
7IRC �'M !G N,A"$6a@E4 z=48 849D $5~484

7RC >( >M'o(.$R+eS ;-*,ijc:*+'= hI+*g 7& ZijlD
 IM'�iju-$6a5@ h+4 t*+ 'S E4'! i ja ,a ) A#e5I#

 H4 Y7@ Y949.��8 'S E4'-ia N#qIui 971 U+
b(i)dIA", E8/3>( Y9499/@:4e5I( \'5o( $5C

755@*- ��8 :F $55p'1 *55+ *55p*V,.'55L4!  b i 0$755@*-
:F��8 Y*Li$5p'1 ��8 U+'5L4 D w 5H4!  b i 0%

:F 755@*-��8 Y*55Li*55p*V, ��8 U55+w 55H'55L4 D
!  b i 0":F 7@*-��8 Y*Li7S4/O E8/a1 ��8 U+
9/-.�'5M *5-m A"Dn N"!5(�cb475& $%

$W-48 *- $6a@ :*+'= $R+eS)1(9/5@ >( :*I-(Ball

et al., 1995).
$W-48)1(

 !
ij ij

i, j A

min c x
#

&
{+849 hIR|<S:

$W-48)2(

 !' (  !' (
!  ij ji

j: i, j A j: j,i A

x x b i
# #

) "& &ia N* #

$W-48)3(
ij ij ijl x u+ +i j(a ,a ) A* #



3GHI A9+' ( ;>' #J49<K'"1L0

 ! " #$ %&'(GIS$)*$+
,-(. " . " /!-01 *-234-51389

94

849'-!  ijX x"$6a5@ 89 :*5+'= 849'5- P*5# $5-
>( $?O*R@9/@..'5@ $W-48 ra3)2(P*5<, c5p*�, Z

X4 >=D'O :*+'= m/<y( X4 ��8 U+ $- E9D8D :*+'=
*5p*V, E9751 :4e5I( *- 7+*- ��8 :F/��8 :F $5p'1

7@*- '-4'-..'5@ P*5# *5- .'5@ h5+4»:*5+'= t9*5o,«
D'o( H4 \.X4 75+*- t*+ 'S X4 E8/a1 :*+'= hIR|<S

'?<C t*+ :F  IM'�Zn+'o, E8/a1 :*+'= cb47& X4 D
$5W-48 89 $5C 7@*- '?BI- t*+ :F E4'- Y7@)3(Y98DF

 H4 Y7@.Z.'@ h+4»:*+'= 9D7&«>( Y7I(*#9/@.
$%�!5( Z>!5+',*( P'M 89»:*5+'= $5R+eS cb475&

E8/a1«>( :*I- 08/i h+7-9'L9:

$W-48)4(
' (Min CX : NX b , l x u" + +

 ! "# $%N&'" ()*+ ,-.+/0#"120 $345 67/- 2
6.89C7/- :;.< $=->? ,-.+/0@ $3425 :/2?X";#.2<

AB;  /-.C.(20 6DE5  /F< G@.5 $< $C1+ /<$2<  ;12+
#.< (H I/39 J-;:

KL;(/2<  /2-.C 7#/2M+ G@.25 N/O+  #.% POC /<
# QF?;1R .S-E3-A5;:

$T<;")5(
 !

i N

b i
"

#$   !
 !% &

 !
 !% &i N: b i i N : b i

b i b i
" ' " (

# )$ $
0 0

  
  

         U1OV0 /< .<;.< E-/< /?/W/X+ U1OV0 6.S-# I"/4Y $<
$W.Y E5/< /? .  
Z (     $2W.Y U12OV0  #12<  /[23- I"12\ "#  @ /22?

            7#/2M+ G.25 I]#/2M0 (0/2O+  #.% POC /< 6/?/W/X+
   $L#/M0 6 /-.C0X 0#    (20 AB# $<    E2-! .    I"/24Y $2<

                N/2O+ U12OV0 $2=-.) /2< .2<;.< G.25 $2L#/M0 .? 6.S-#
         $2L#/M0 J-;.</2=< @ A2B; .S-# G.5 I]#/M0    A2B; :;

^X_[0.F` .  
  

 !" #$!%:  
&!'()   *+,- ./*':       :.F[0 JFFM+ 6$ab[0 J-; "# cE? 

AdC           &12e" (0/O+ $< &'" f- g; $=->? J-._O% /< ";#
 AB; .S-# .    "# /2<           $ab[20 "# .2-g h-;.25 J_i.2j .289

»   /-.C $=->? ^);Ek «  D/+1% $ab[0 Z;1C     .F[20 J-.+
 #1< E?;1R .     f- D"/O5 &'" :;.< ! ! b n# )1 1   $2% 

n            .2S-# &12e" (0/O+ :;.< @ 6AB; $345 &1e" #;EM+ 
 !b i # )1  0   $=->? P</+ijC     7/- .? :;.< (i, j)   .2<;.< 

       (0 $_i.j .89 "# 7/-  ! 71l /<        /2-.C ^);Ek @ m#15
     7/- .? :;.< :"14Yij(l )#         ;" /? 7/- N/O+ AFi.n @ 

(0     ;1+  /2< .<;.<n  .289 "#  A25;#.   (T-;.25 JF2=o "# 
    $ab[20 Z;1C»      /2-.C $2=->? ^);E2k «     g; E2k;@ f2-

     p-.l g; ;"  /-.CD/+1%   .2S-# &1e" N/O+ $< .F[0 J-.+
E_B.i (0 .  

 1!/*2 34+5+6:        J-._q2F< ^F[2j 6/V=-; "# cE?
       &'" f- g;  /-.C J3O0 Eks        &'" f2- $2< 6$W.Y t 

/W/X+AB.  [0 "# b       7/- f- .j;  /-.C $=->? J-._O% $a
  (i/W;! t,s    $=->? /< tsc # )1     A2Fi.n @ tsu # * 
   .89 "#   #15 $_i.j  @    @ /W/X+ .-#/X0 :;";# &1e" (0/O+
W.Y  r E=5/< .s\   $3=-; .S-# @ 6  7/- (0/O+       7/2- >2C /?

! t,s   >F9        ^k I"1\ J-; "# 6E=5/< .s\ $=->? :;";#
[0b          E2k J-._q2F< "14Y tY/<  /-.C $=->? J-._O% $a

 &'" g;  /-.Cs &'" $< tE5 E?;1R .  
789:;9<  :D#;#   [0 "# /?b    I"/24Y :";u2j;@ $a  ; E29  g;

$Y1OV0       N/9 /< #;.i; g; :;N1  $Y1OV0 @        /2< /2?"/% g; :;
  N/9N2       $23=-; G.25 /< 6N N#1 2m     #;E2M+ (2=M- 

:/vY;           /[23- /2?"/% $Y1OV0 :/vY; /< #;.i; $Y1OV0 
E225/< .  w22+.0 :/22? x@g g; :; $22Y1OV0 JF22=yO? 

A N N+ ,1 2;# ;" E229"I"/224Y $22% A22B;  N/22O+ g; 
D;" "/% :";uj;@ :;.< J3O0 :/?:#.i f- $< .   

   $=->? P</+ijc      w+.0 x@g .? :;.< 6! i, j    .289 "# 
 (0 $_i.j  #15 .         #.2i f- $< z/XF)# "/% .? :";uj;@ cE?

6AB;     $% :1{9 $<   /<    J3O0 $=->? J-._O% E5/< D;.O? .
$ab[0      [0  /O?  ;1+ (0 ;" :";uj;@ b   $=->? J-._O% $a

    $34225 f22- :@" .22<  /22-.C! G N N ,A# -1 2 
        &1e" N/O+ :;.< $% (l.5 $< 6A[9;#    $2< paM_0N1 6



3=>!% *=?- < 34+@6 A!BCD9 !6 0ED!-8> F)9*- 36 1!;G/> HI) RFIDJI% 3KL,- J% <   8> JBD<GIS

   ! " #$ %&'(GIS$ )*$+  
 ,-(. "    /!-01. "    *-234-51389  

95 

 !b i #1 $222< p222aM_0 &1222e" N/222O+ :;.222< @ N2 6
 !b i # )1  E5/<     @ m     :/? 7/- N/O+ :;.<! i, j  paM_0 

 $<A>F9 : ij iju l# #1    
  3KL,-  JBD < JI% :[0b        ._[2< "# ^2X9 @ ^Ok $a

  $345! G N N ,A# -1 2    .89 "#   (20 $2_i.j   #125. 
          |}q20 $2W.Y @ /W/X+  ;>F0 /< (B1e"  ";# #12C@ 29E. 

7/-       AFi.n /< >F9 &1e" J-; JF< :/?       :/2? $2=->? @ /?
   E9";# #1C@ DE5 K-.M+ .       $2< /? $W.Y N/O+ 7/X_9; cE?

 AB/?/W/X+ N/O+6      2% :; $291j $<   $     /2< 7/2X_9;  J-.2_O%
  $=->? E5/< D;.O? . [20b         /2<  /2-.C $2=->? J-.2_O% $a

     (0 .%~ $0;#; "# $% (T-;.5    ̂ e/[0 @>C 6##.j   @ ^Ok 
#1< E?;1R ^X9 .  

D#;# /22? [220 "# ab  I"/224Y ^22X9 @ ^22Ok $ ;E229   g;
$Y1OV0        N/9 /< $W.Y &1e" g; :;N16     g; :; $Y1OV0 @ 

     29 /2< /W/X+ &1e"  N/N2.         [20 c*2R .2< /2V=-; "# b $a
   G.5 6:";uj;@N N#2 1    #";E29 (20@>L  .    &12e" $2<

      (22s=0 #;E2Y; /22W/X+ &12e" $2< @ A224�0 #;E2Y; $2W.Y
  (0 D#;# �/�_R; #15 .        g/2V0 >2F9 :"124Y &1e" #1C@

AB;.  
  

 $T<;")6(  
i

i

b s s Z,s

b d d Z,d

# " '.
/
0
/ # " (1

 

 
  

  
  

   !"# $%&'()*+, -+(.   +))i,j (  /012(34 251A 6
  7%8"9uij  :(; +#        < /="1 >!?@4 $,"AB%# CD!?E!  "F; 

+00=+@. >!?00@4 $,"00A(G CD!?00E!6H004 /00A8"I "00#!"#  J200K .
        /0A8"I "0LE >J "M0N O%E $P(4  >2F1 Q+,"; $,"A(G

H4  J2K .      *+, >J HM&4 Q+,"; 6"R,J S>+F1 /#      J20;< +0)
7K!J ?)!2TE.  

 /U#!>)7(  

 !  !
ij

ij

l

u Max s Min d

"#$
%

" &$'

 
  

4- !"#$%&'(& )*+,(  -".$ /0012   
             -20V WX08 >J C?0K "0GY Z0[+U4 /# /;2. +#6   *+0@AE! 

/\J+]        Z0[+^ >J HE+04>J OG!"4 /# /\J+] W_4 D! Q+I?,J
  /`ab4 /# cV+d     W(] /# e2#"4  !    /E2I /# W@E<    /&%f#  !

   H4 S>2N "\g4 <  J",hd .     H04 i0K2G Q20&G!      +0. JJ"0I
 /\J+] *+@AE!  J    W(] /`ab4 Z[+^ >J Q+I?,    j%N2. W@E<

J2K         /0\J+] /0@U&4 /0P&,! /# /;2. +#       k> l0, C?0,J m
      6/="1 m2n> HE+4>J OG!"4 6+=+@.  Ho+F.>!  +)"%b4 < 

O%E *+,       H4 W%PB. !> /PFK  +)   Qp 6?&)J       "0)  !"0# C+I
J>!J J2;< Qp /# qAT4 /&,O) :#+. < 7%8"9 *+,.  

# 6J"8 /# "X_&4 H#!2; $AK!J  !"# *J+r. e"K ?,+
        JJ"0I 70,+1> /`ab4 S>2N s"o >J Q+,"; .   70[+] >J

         Q+A0V>+(%# 70%8"9 QJ20# Q+bP, "# H`%[J H`G      +0, +0)
/\J+] J!?r.       Q+0,"; *J+0r. e"0K Q+0() /G 0 Q+I?,J

7V!   J>!?E J2;< 0 .       "LE >J 7[+] /V /`ab4 $%%F.  !"#
 H4 /A8"I  J2K . Q+AV>+(%# 7%8"9      C+R,+d >J J2;24  +)

  6CJ!J»    "AB%# +,  <+b4 +, "A(G «  /\J+] J!?r. D!   Q+I?,J
?000K+# .   +000, Q+A000V>+(%# ?000,+# 67b000TE 7000[+] >J

Q+AV>+(%#             +0. JJ"0I /8+0=! CJ!J C+R,+d /#  ?,?;  +)
    /\J+] J!?r. +# HE+AV>+(%# 7%8"9       D! +0,  <+b4 Q+I?,J

 Qp /G 0 J2K "AB%# Qp     ?0)!2t -20V < -<J Su+0] C+I
J2# .   +(%# QJ"G /8+=!  !"#Q+AV>       +0)>+%r4 ?,?;  +)

           >J ?0,+# !> H[+TA%8"9 $AK!J < /\J+] W_4 /# HP,JOE
 78"I "LE .       W%`_. D! CJ+MAV! +# vAb%V >J >+G $,!    +)

    W(] /PFK "Ab# >J HE+P4       H04 -+03E! W0@E<   J",h0d.  >J 
       Q+A0V>+(%# 70%8"9 QJ20# "AB%# S>2N      w+0TAE!  +0)

 D! 6C?K    Q+AV>+(%# $,! $,"tp    %8"9  J!?r. +)   "LE >J 7
 H4 /A8"I        JJ"I >!"^"# Q+,"; *J+r. e"K /G J2K . *+]

  W(] /`ab4 x,!"K       70V! C?0K J+3,! W@E< .   $%0%r. >J
  !"00# Q+A00V>+(%#/00\J+] Q+I?00,J6  ?00,+# 700,2[<! /00G

/\J+]      *+@AE! >J Q+I?,J  /A8"I "LE >J       $%01 >J < J20K 
     JJ"00I Q+00Ep *+00@AE! y"00N Q+004D $,"00A(G *+00] .

/\J+]                 H0`G s"0o >J z+0,". W0]!"4 -+03E! +0# Q+I?0,J
!J!?4   7,2[<! 6HE+V>     H4 H)J       m+V!"# "\g4 *+@AE! < ?E2K

  H4 -+3E! 7,2[<!  J"%I .          Z0[+^ >J *+0@AE! /`ab04 W0] +#

 m2n> -+(.  !"#1N  

 m2n> -+(.  !"#2N  



 134 5'6( 7 8*( "-$'9:(  %&;! 

   ! " #$ %&'(GIS$ )*$+  
 ,-(. "   . " /!-01    *-234-51389  

96 

2A

3A

2B

3B

4B

 W(] /`ab4       H4 S>2N O%E /&%f# *+@AE! 6W@E<  J",hd . >J
   /`ab4 W] $(= /4!J!      /0\J+] *+@AE! 6/E2(E  !    Q+I?0,J

           H420(1 /`ab4 Z[+^ >J H=+,> Q+%# +# HE+4>J OG!"4 /#
W(]   H4 Q+%# W@E<              /0At!J"d W0] C!> /0n!>! /0# < JJ"0I
H4  J2K .         /0@U&4 /V >J /P&,! {"8 +# *+]1A   < 2A  < 
3A         /0\J+] < Q+0]<"34 67V! CJ!J |> /\J+]     Q+I?0,J

     J2;< "LE J>24 /@U&4 >J /G HE+4>J OG"4 >+f} /# ?,+#
  ?E2K W@A&4 ?E>!J .     +# HE+4>J OG!"4 $,!1B   < 2B  < 3B 

  <4B   H4 CJ!J i,+(E  ?E2K ./\J+] J!?r.  Q+I?,J +#1a < 
2a   < 3a6   Q+AV>+(%# 7%8"9 <     +# +)1b < 2b < 3b < 4b 

 H4 qTB4  ?EJ"I .           /`ab04 W0]  !"0# /0G /0'Ep ~Fo
          +0# /E+R, w!2; J2;< 6?K s"U4 Q+,"; /&,O) $,"A(G

7V! H4!O[! e"K $,!  >!"^"# :  
a a a b b b b& & " & & &1 2 3 1 2 3 4   

    /0\J+] ") *+@AE! /&,O)   ?0,J   D! C1A    /0# 1B    +0# 11c 
  H4 CJ!J Q+BE     < �J2K11x         D! C?0K W0@A&4 >+0(%# J!?r. 

1A   /# 1B  70V!  .    WP0K >J3       $0P(4 S+0o+F.>! -+0(. 
7V! C?K CJ!J Q+BE.  

 W@A&4 Q!>+(%#          /0\J+] W0_4 D! C?0K1A     -+0(. /0# 

Q+AV>+(%#  +# "#!"# ?,+# +)1(i)a?&K+# .  
  

X X X X a      (i)& & & "11 12 13 14 1  
$%&'():  

X X X X a     (ii)& & & "21 22 23 24 2  
X X X X a    (iii)& & & "31 32 33 34 3  

  
         Q!>+0(%# 6Q+,"; *J+r. e"K  >!"^"# +# /P&,! "R,J

        Q+A0V>+(%# "0) /# C?K W@A&4  >J J20;24  7,+0V      +0)
?&K+# "#!"# Q+AV>+(%# 7%8"9 +# ?,+# O%E /\J+] .  

  

X X X b        (iv)& & "11 21 31 1  
X X X b        (v)& & "12 22 32 2  
X X X b       (vi)& & "13 23 33 3  
X X X b       (vii)& & "14 24 34 4  

  

    x#!<> l(G +#i  +. viiH4     *<?0; v%0V". /# Q!2.1 
7t!J"d .  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 WPK3 .W_4 < HE+4>J OG!"4 $%# $P(4 S+o+F.>! /\J+] �2^<  +)  



 !"#$ %!&' (  )*+, -#./01 2" 345 #, 670#'8" 951%'  , :#;<RFID=4$  >?@' =$ (   8" =.0(GIS

    !" #$ %&'(GIS$ )*$+  
 ,-(.!"   / -01.!"   *-234-51389  

97

  !"#1 .$%& '()*+ ,-./012"+2 3245 $6-!  

'71.& 12"89 :.;"<1  B4  B3  B2  B1  
,-.+01 =>4+  
  

'71.& $?+  
a1   !X C14 14   !X C13 13   !X C12 12   !X C11 11  A1  
a2   !X C24 24   !X C23 23   !X C22 22   !X C21 21  A2  
a3   !X C34 34   !X C33 33   !X C32 32   !X C31 31  A3  
  b4  b3  b2  b1  :.@/0.%A5 BAC4D  

  
   'E71.&  .6@-2 'F<=G      $E?+ H2 :.;"E<1      'E71.& 3.EG

iA (i , , )" 1 2 3:.@EE/0.%A5 'EE5   3.EEGjB ( j , , , )" 1 2 3 4 I
 'J520 .5 B/2 45245)viii:(  

)viii (  ij ij
i, j

Z c x" #  

          'E5 :.;"<1 '71.& $>  .6@-2 'F<=G I4K<1 L0.MN '5
     'J520 .5 ,-.+01 =>24+)viii ('5    "<O ,+ B/1 .   01 P"EG

 '5 QR2!      B/1O      LS1.8+ 3245 ,52T# 'NT%U+ :10!)i ( .9
)vii (     ,JV Q5.9 '> 3T?- '5 IB/2 )viii (  02"6+ W<4@%>

"X.5 '@X21 20.  
     4;2 ,(> BY.& 01m     ! '71.& $?+ n    ,-.E+01 =>4+ 

    ,+ I"-TX '@C4; 4Z- 01      $E%& '()*E+ :2T9      20 $E6-! .E5 
 [52!0 '@/1814> :.A5  .  

 'J520)8(  

 'J520)8-1  (  i , ,...,m" 1 2   3245    
n

ij i
m

x s"#  

 'J520)8-2(  j , ,..., n" 1 2    3245    
i

ij j
i

x d
"

"

"#
1

1
  

 4<1.6+ \.%9 3245ijx : j, i$    

 'J520)8-3    (   'F<=G Q5.9  
m n

ij ij
i j

Z c x
" "

" ##
1 1

  

  'J520)8-1 (     'E71.& ]TE%U+ 345245 4K-.A5    :.;"E<1
  $?+ H2 ,Y.6@-2       :.@/0.%A5 \.%9 B%/ '5 '71.& 3.G   .EG I

   '71.& 124C2 12"89 .5       BE/2 $?+ 4G 01 ^"<1 .   'EJ520)8-
2 ( ,+ :.A5   '71.& ]T%U+ '> "F>    ̂"EX $E6@F+ :.;"<1

  :O _"EEX \`EEN2 BEEAC4D .EE5 4EE5245 :.@EE/0.%A5 4EEG 'EE5
B/2 :.@/0.%A5.  

   4<1.6+ 'NT%U+ijx      'EJ520 01 20 .EG      3.EG)8-1 ( !
)8-2 (  '-T; '5 "<.5   '5 32    B/1      'EF<=G Q5.9 '> 10!O)8-
3 ("X.5 '@X21 20 1TV 02"6+ W<4@%>.  

  
5- !"#$  %&"'  

:.%G       12"+2 ,(> a4b 01 '> 0Tb       I"EX ^121 a4X ,-./0
 '/.FX 3245   '71.& 302c;      L0.E> 45 ^!`N I:.;"<1    3.EG

   '/.FX H2 d.<49 L.efg+        ^"EX ^1.h@E/2 ,<TE<120 3.EG
B/2 .   '/.FX I0TZF+ W<2 3245     & .5 $8hF+ 3.G   iE< jU

    k-.>4C ! B<.5T(A>56/13           BE/2 'E@C0 0.E> 'E5 =E94G 
)  $lX4 .(    '71.& mfX '5 nT54+ L.N`b2      ! \.E- I^"<1
\.-   12"+2 ,;12T-.V           L.EN`b2 1!0! :.E+H ! o<0.9 ! :./0

 ,EE+ ^4EEAVp ,<TEE<120 'EE/.FX 01 "-TEEX . 31!0! 324EE5
   :.EE5H H2 ^1.h@EE/2 .EE5 I,<TEE<120 'EE/.FX 'EE5 L.EEN`b2

'+.-45 ,*<T- JAVAB/2 ^"X ,&24b 450.> [520 I.  
    ^1.Aq 3245 ^"X r.f@-2 '6JF+      sEX '6JF+ I3H./

    ^20 IS.E5 ,E@A8%# j>24E9 $AY1 '5 :24t9    ,b.EM902 3.EG
           BE/2 ^1T5 :O 01 1"8@+ ,-.+01 =>24+ 1T#! ! jZF+.- .

     'lMEX 3.G=AY.-O :2T@5 'l-O 3245      2"E@52 I121 \.EU-2 20 32
   ̂121 0.@V./ B/2 \HS   3.EG  'lMEX     32   114E; 1.EU<2 . 01

     $%& 'lMX I'lMX H2 0TZF+ .UF<2   B/2 $6-! .   1.EU<2 01
 ̂121 0.@V./  3.G 'lMX     ̂121 H2 I32   'J6- 3.G      ,EJV ! 32

  u14; v<489 !     ,E+ ^1.h@/2 .G   1TEX .^121      ,EJV 3.EG
       ^121 ! ,b.EM902 3.G4A*E+ s<.%- 3245     'EJ6- 3.EG   32

   :.El+ s<.%- 3245        Qb.E69 ! w.EV 3.EG       'lMEX 01 .EG
,b.M902,+ ^1.h@/2  "-TX.  



()*+ %,-. / 01. "23,45.  !678

 !  !" #$ %&'(GIS$ )*$+  
 ,-(.!"  .!" / -01   *-234-51389  

98

  
 $lX4 .^1.Aq 3245 ^"X ^1.h@/2 ,<T<120 '/.FX ^"F-2TV ^.K@/1 ! ,<T<120 '/.FX 3H./  

  

  
 $lX5 . '6JF+ 'g6- klN6 :O $V21 ,-.+01 =>4+ ^24%G '5 I:24t9   

  
    'lMX ^121 0.@V./ 1.U<2 3245     ,b.M902 3.G4A*+ 32

\4EE- H2 :24EEt9 sEEX 'EE6JF+  02=EEC2ArcGIS Desktop 
  B/2 ^"X ^1.h@/2 .^121         1.EU<2 324E5 ^1.h@/2 10T+ 3.G

 ̂121 0.@V./  3.G 'lMX          'E6JF+ ,b.EM902 3.G4A*E+ 32
     'g6- H2 "-1T5 L0.MN :24t9 sX   :.E5.AV      ^20 ! .EG    3.EG

 WEE<2  x.EEA6+ .EE5 'EE6JF+2000/1 L.EEN`b2  !"EE# I
 :.5.AV ,hAyT9         ,-.E+01 =>24+ I:24t9 sX '6JF+ 3.G

     N ! '6JF+ 01 ^"X QR2!         'E6JF+ H2 ,EK-0 ,EhAb kEl
           ̂"EX 'At9 4@+ 0.tz ,-.l+ iAlh9 L0"R .5 I4Z- 10T+

   ̂02TG.+ H2Ikonos .  $lX5  'lMX 0.@V./      ^"X 1.U<2 32
^1.Aq ,<24#2 $&24+ ! ,+ s<.%- 20 3H./ "G1 .  

        "EX ,<.%-.# ! 'At9 ,-.+01 =>24+ L.N`b2 k{/ .
  $lX6  ̂121 0.@V./   3.G 'lMX       '6JF+ 3245 326 :24t9  

      ,+ s<.%- 20 1T#T+ ,-.+01 =>24+ !   "EG1 .    $lEX 017 

 u02=EE; ^TEE?-   :.@EE/0.%A5 BEEAC4D H2 34EEA;  ! .EEG
BAC4D          :.<4#  1.89 n4X 3024R45 3245 H.A- 10T+ 3.G

B/2 ^"X ^121 :.g-.  
    'lMX ^121 0.@V./ 1.U<2 H2 kq  =>24+ :.l+ "<.5 I32

    $?+ .< $?+ WAF|%G I,-.+01  0.@V./ 01 20 '71.& 3.G
21^1  3.G 'lMX   14> WAA89 I32 . ̂.EK<.# W<2 WAA89 .5   I.EG

             }EYT6+ 01 .E~.69 n.E6- ! '~4N n.6- :.l+ B6A6& 01
$EE%& ^"EEX mfgEE+ $EE6-! "EE-2 . 'MEE/.?+ 324EE5 0.EEA8+

    B/2 ,/4@/1 :.+H 'F<=G Ik<49.+ .  ,+ 20 :.+H    .5 :2T9
      $?+ WA5 BC.*+ ! 'A(6- $<./! [/T@+ BN4/ �A>49

    5 ,-.+01 =>24+ .9 '71.&'   10!O B/1 .      4EZ- 01 :.*El< .5
   k-STM+O [/T@+ BN4/ W@C4;      ,(y2 $+.N BC.*+ I.G

      1T5 "G2TV 'F<=G k<49.+ 'M/.?+ 01 02c;4A7�9 .  H2  .&
  ,+ '@/2TV j@*A/          ,E/4@/1 :.+H '5 '#T9 .5 '> 1TX



9:!"; <:=. / 9>#-? @"AB86 C! 04D "? E(8".3! FD6<. 9? G"H,RFIDI4; 91JK. I; /   3! IA8/GIS

 !  !" #$ %&'(GIS$ )*$+  
 ,-(.!"   / -01.!"   *-234-51389  

99

 $?+ H2           3.G4A*E+ �<4b H2 ,-.+01 =>24+ '5 '71.& 3.G
        ME/.?+ 20 'EF<=G k<49.E+ I1T#T+ ,b.M902  "EF> ' .  .E5

   ,+ I'F<=G k<49.+ 'M/.?+          I'E71.& $E?+ 4EG 01 :2T9

:.@/0.%A5      '71.& \2=N2 3245 20 .G    BE<TY!2 :.;"<1    3"EF5
14> .  $lX8 :.@/0.%A5     $?+ ! .G        H2 kEq 20 '71.& 3.G

,+ :.g- 'F<=G k<49.+ 'M/.?+ "G1 .  

  
 $lX6 . '6JF+ 'g6- klN6:O $V21 ,-.+01 =>24+ ^24%G '5 :24t9 

  

  
 $lX7 .u02=; :.@/0.%A5 H2 34A; H.A- 10T+ BAC4D ! .G  



()*+ %,-. / 01. "23,45.  !678

 !  !" #$ %&'(GIS$ )*$+  
 ,-(.!"  .!" / -01   *-234-51389  

100

  
 $lX8 .:.@/0.%A5 $?+ ! .G 'F<=G k<49.+ 'M/.?+ H2 kq '71.& 3.G  

  
  !"#2 .31!0! 4<1.6+  

'71.& 12"89 :.;"<1  4B  3B  2B  1B  
:.@/0.%A5    

'71.& $?+  
a "1 8  C "14 1  C "13 5  C  12 3  C  11 2  A1  

a  2 10  C  24 6  C  23 4  C  22 3  C  21 7  A2  

a  3 20  C  34 2  C  33 7  C  32 1  C  31 4  A3  

b  4 15  b  3 9  b  2 8  b  1 6   !"#$!%&' (&)*+  

  

  
      ,- *./ 0-121 $2 0345- 67 8!&9:;  22*< .  (5=>?

   @AB; $22    ,- 2$AC*' D2A$A *E2!F-    2G=H.     6=7 D1*='
     (=#1 IBH I2!J"#1 0KE:L ME*"%. NA$ O1 0345- .  M=E1

    ,L!PE!; O1 NA$0.       Q&R=>S 0=KE:L ME*"%.   2$12 1$
,==- O!==TC 22*==<.  I!==PE!; A2 @!==U- M==E1 $2 )4 A 1 ( A  

)2   A 3 (   B?$12 1$ 0KE:L ME*"%. .   ,?!E*; B71A ME*"V&'
       ,- I212 W!R"X1 I!PE!; A2 ME1 0' MY%-   2G=H .  *=PE2

I!PE!;                 $B'*=Z !=' [B=?$1B? Q&R=>S 0=' O!=&? 0=. ,E!L

 ,- Q>V- B?2*< .I!PE!;       0KE:L ME*"%. 0. DB\' D!L
,==- BK==H!' 0"==H12 1$  (5==E!' 0==")!E==HB?G) .1 A 1 ( A  

)4 A 3 ( 1$ 0==KE:L ME*=="%. 0==. BK"5==L ,L!==PE!; A2
B?$12 .  I!PE!;)1   A 1 (      ]F) 2$1B? Q&R>S 0' O!&?  G^

 I!==PE!; 0==')4 A 3 (  M==Y%- ,?!==E*; B==71A ME*"V==&'
,- I212 Q&R>S 2GH .,- I$!'A2  I!PE!; _1*# 0' (5E!'

()$ [BH!' 0"H12 1$ 0KE:L ME*"%. 0. DB\' .  
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 @AB;3 .;0KE:L ME*"%. NA$ `1G  

0a2!7 21B\S  !<BE2  B4  B3  B2  B1   !"#$!%&'    
0a2!7 6b-  

8  )1(2      )2(6  1A  
10    )4(9  )3(1    2A  
20  )2(13    )1(7    3A  
38  15  9  8  6   !"#$!%&' (&)*+  

  
I!==PE!;  D!==L)2 A 1 ( A)2 A 2 (   0==' O!==&?  G==^

 c==3\S !==d?C 0==' ,?!==E*; B==71A e&==L B==?$1B? Q&R==>S
,%?  2*&< .I!PE!;           [B=?$12 D*="%. 0=KE:L 0. DB\' D!L  

)3 A 4 ( A)1 A 3 (BK"5==L .  ,?!==E*; B==71A ME*"V==&'
      I212 W!R"X1 !d?C 0' MY%-,-   2G=H .   I!=PE!;)3   A 3 (

,- $B'*Z 2$1B? Q&R>S 0' O!&?  G^ [2$GX .  
        I!PE!; [IB?!- ,f!' 0. ,L!PE!; !dKS  GK.1)1   A 2 (

(#1 .        Q&R>S :&? I!PE!; ME1 0' g#!K"- ,?!E*; B71A
 ,- I212  2GH .  @AB;3       NA$ 0=' Q&R>S ,E!d? @AB; 

(#1 0KE:L ME*"%..  
  

6- A*/0   B%*;  
    -1 ,3. h*i j%. !'21B            C 0=' 0=k!F- ME1 $2 0. ,?!#$

      0a2!7 0K&d' A *al- @!F"?1 [BH 0"X12*m     6b- O1  !<BE2
 6b- !E          ,=- 8$G=n ,?!-$2 :.1*- 0' 0a2!7 D!L   2*=&< .

     (=EGkA1 o!=E*S ,3n1 pBL     0=a2!7 DB=K'     D1*='  !<B=E2
    (#1 ,?!-$2 2ABb- q'!K- Q&R>S .     0=. B=H IBL!V-

    q==%; IG==b? [r==E1$ o!==E*S B==?A$ $2 si1 D$AC 8!==t
0a2!7       D$!&5=' 8sYV-  !<BE2     ,=- uV=^ 0='   2$G=X: 

         (=H12 2G;A 8!tsi1 M")$ M&' O1  !Y-1 0Y?C (5>? .
        2G' BK. $!&5' 8!tsi1 ,'!EO!' A q&%vS B?A$ M&Kw%L .

         x=t!' 0a2!7 y&bn (E*EB- D1*' zO{ 8!tsi1 2G|%.
u&%RS  D*&<           ,=- z!=PKL*E2 !=E (=#$2!? D!=L   B=E2*< .

D!==K|-*' o!==E*S u"5==&# ,E!==#!KH 0?!-!==# O1 I2!J"==#1 
  0Y|H A ,EGE21$   ,' D!L           !=' 0=. B=H I212 2!dKV&m u&#

q%;   0=a2!7 8!R>V- D$AC     8!=tsi1 *=PE2 A  !<B=E2

         ,'!EO!' A D$1BdP? D1*' 0^$!}YE ,%"5&# 2!vE1 A zO{
     BK. 0|3T $G.~- 8sYV- *' [8!tsi1 .   *' o!E*S u"5&#

   (EGkA1 [,EGE21$ ,E!#!KH 0E!m   7 D$1~< 0=a2!     1$  !<B=E2
 ,- 6&d5S             ,?!=-$2 :=.1*- 0'  !?C *al- @!F"?1 0' A BK.

,-  B-!v?1 .      q=%; ,E!?1GS !' ,EGE21$ ,E!#!KH $1:'1   [D$AC
   0===' �G==='*- 8!===tsi1 �DO!===#B-COA$ A D$1B===dP?

0a2!7           M&=K^ 0\=#GS A MEG=YS $2 ,%d- �F? [ !<BE2
5&#" 2$12 ,% . p$o I!P?          M=E1 [IB=H I$!H1 gk!�- 0' *S
&"?    ,- (#2 0' 1$ 0v      u"5=&# 0=. BL2      8!=tsi1 D!=L

     D$A!K) I1*%L 0' ,?!Y-RFID       1G=Kt !' ,S1:&dvS BEG? 
 ,3.GeoPersonal Assistant !E GPA0' 1$   D!;PDA 

212 BKL1GX.  
          2$G- @!F"?1 $2 ,?!Y- 0345- 67 0. BH I212  !V?

   0K&d' 0' *vK- xb'     0Y|H $!"X!# $2 DO!#   ,- D1  2GH .
 E*"%. 0345-         @B=- O1 I2!J"=#1 !='  !E*; 0KE:L M    D!=L
 0Y|H  !E*;      BE2*< M&&|S D1  BH Q>V- A   0345- 0. 

6%7      (=k!7 O1 ,YE 6F?A          ME*="%. 0345=- W!=X D!=L
(==#1  !==E*; 0==KE:L . Q&R==>S ,P?G==P^ M&==&|S !=='

0==a2!7    0345==- g==k!f $2 ,?!==-$2 :==.1*- 0=='  !<B==E2
6%7  @!F"?1 ,PK&d' [6F?A :&?(#1 IBH M&%�S.  
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