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Abstract 
J"&,(%#)+*%&#<,'&%8$)*+,8,'"*'%C$789,(8$8,E"(%9,)#,"*%,"-, $>%,'>899%*+)*+,$8#K#,"-,L/2M,.>%,
E8)*,C&";9%E,-"&,#7'>,8*,87$"E8$)"*,$8#K,)#,>"N,$",O78*$)-D,8*(,-"&E89)P%,$>%,C&"C%&$)%#,"-,
$>%,C&"'%##,8#,8*,)*-"&E8$)"*,#D#$%EM,Q78*$)-D)*+,$>%,%--)')%*'D,8*(,)*-"&E8$)"*,'"*$%*$,"-,
$>%,+%"E%$&)',(8$8,7#%(,;D,$>%,)*-"&E8$)"*,#D#$%E,)#,"*,C8&8E"7*$,)EC"&$8*'%M,,
6*89DP)*+,$>%,)*$%*#)$D,"-,+%"E%$&)',";G%'$#,)*,8,()#8#$%&,)*-"&E8$)"*,#D#$%E,)#,8,'"*#)(%&8;9%,
-8'$"&,)*,$>%,)*#$8998$)"*,C&"+&%##,8*(,(%-)*)*+,$>%,"C$)E89,(8$8M,FC$)E89,(8$8,)#,(%-)*%(,8#,$>%,
E)*)E7E, *%'%##8&D, (8$8, -"&, $>%, 8)E, 8*(, 7#8+%, "-, $>%, #D#$%E, N>)'>, ("%#, *"$, '87#%,
'"EC9%R)$D,"*,$>%,#'&%%*M,
/*$%&%#$, )*, $>%, )*-"&E8$)"*, 8E"7*$, )*, E8C#, (8$%#, ;8'K, $", $>%, 98$%, @5S4#, -"99"N)*+, $>%,
C7;9)'8$)"*,"-,N"&K,"*,O78*$)$8$)T%,E%8#7&%#,"-, )*-"&E8$)"*M,.>%#%,N"&K#,>8T%,'"E%,$",;%,
K*"N*,8#,U)*-"&E8$)"*,$>%"&D<V,8*(,N8#,89#",8CC9)%(,$",'"EE7*)'8$)"*,$>%"&DM,,
0*$&"CD, $>%"&%E, )#, 7#%(, -"&, E%8#7&)*+, $>%, #$8$)#$)'89, )*-"&E8$)"*M, 0*$&"CD, &%C&%#%*$#, $>%,
E%8#7&%E%*$,"-,$>%,7*'%&$8)*$D,"-,8,#D#$%E. .>)#,E%8#7&%E%*$,("%#,>8T%,8*,%RC9)')$,9)*K,$",
)*-"&E8$)"*,'"*$%*$,8*(,)#,8##"')8$%(,N)$>,8$$%EC$#,$",O78*$)-D,)*-"&E8$)"*,$&8*#-%&,N)$>)*,8,
'"EE7*)'8$)"*, #D#$%EM, 69$>"7+>, %*$&"CD, )#, $>%, #%'"*(, 98N, "-, $>%&E"(D*8E)'#<, )$, N8#,
)*$&"(7'%(, )*, $>%, O78*$)-)'8$)"*, "-, )*-"&E8$)"*M, .>%, %*$&"CD, '"*'%C$, -"&, '8&$"+&8C>)',
'"EE7*)'8$)"*<,$8K%#,)*$",8''"7*$,$>%,*7E;%&,"-,%8'>,$DC%,"-,";G%'$#,&%C&%#%*$%(,"*,8,E8CM,,
/*, $>)#, #$7(D<, %(+%, (%$%'$)"*, 8*(, $>&%#>"9()*+, E%$>"(#, 8*(, #%T%&89, 89+"&)$>E#, "-, $>%#%,
E%$>"(#,8&%, $%#$%(, )*,18$98;,#"-$N8&%, $",(%$%&E)*%, $>%,;7)9()*+,";G%'$#, )*, )E8+%#M,!&%N)$$<,
:8**D<,H";%&$#<,W8C98')8*,"-,L87##)8*<,X%&"Y:&"##,8*(,2";%9,89+"&)$>E#,8&%,7#%(, -"&,%(+%,
(%$%'$)"*M, L&%D, T897%, 89+"&)$>E#, 8&%, 7#%(, -"&, $>&%#>"9()*+, E%$>"(#M, .>%, &%#79$#,
8&%,)*T%#$)+8$%(,)*,"&(%&,$",'89'798$%,$>%,%*$&"CDM,

 
1. Introduction 
.>%&%,8&%,-"7&,'"EC"*%*$#,"-,L/2M,.>%#%,)*'97(%,(8$8<,>8&(N8&%<,#"-$N8&%<,8*(,#$8--M,I8$8,)#,
$>%, E"#$, )EC"&$8*$, 8*(, %RC%*#)T%, '"EC"*%*$M, Z8&(N8&%, 8*(, #"-$N8&%, '"*#$)$7$%,
8CC&"R)E8$%9D,@4[Y34[,"-,$>%,"T%&899,;7(+%$<,N>)9%,#$8--,'"#$#,'"EC&)#%,@4[\,>"N%T%&<,$>%,
;7(+%$,-"&,(8$8,'"*#)#$#,"-,*%8&9D,]4[,Y,B4[,"-,$>%,$"$89,#D#$%E,;7(+%$,^0K)*')"!97<,@55B_M,
L%"+&8C>)', /*-"&E8$)"*, 2D#$%E#, ^L/2_, 8&%, C%&-%'$, $""9#, -"&, C98**)*+, 8*(, ()#8#$%&,
E8*8+%E%*$M,,
`8&)"7#, ()#8#$%&#<, )*'97()*+, -9""(#<, -)&%#<, 98*(#9)(%#<, $>"#%, &%#79$)*+, -&"E, $>%, 8'$)"*#, "-,
C%"C9%<,8*(,%#C%')899D,%8&$>O78K%#,>8T%,"''7&&%(M,.>%#%,()#8#$%&#,'87#%a,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1 Dept. of Geodesy and Photogrammetry Eng., 34469, Istanbul-TURKEY, bilgis@itu.edu.tr, 
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!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, AB3

! 2"')89, 8*(, '79$7&89, (8E8+%#, 9)K%, (%8$>, "&, $>%, )EC8)&E%*$, "-, #"')89, 9)T)*+,
%*T)&"*E%*$#<,

! I%#$&7'$)"*, "-, $>%, %*T)&"*E%*$, 9)K%, $>%, #C&%8()*+, "-, >8P8&("7#, E8$%&)89#, 8*(,,
(8E8+)*+,N)9(9)-%<,

! 18$%&)89)#$)', (8E8+%#, 9)K%, 9"##, "-, 8+&)'79$7&89, C&"(7'$#, 8*(, '"998C#%, "-, ')$D,
)*-&8#$&7'$7&%,,

0--"&$#,-"&,&%(7')*+,$>%,9"##,8##"')8$%(,N)$>,()#8#$%&#,'"*#)#$,"-,$>%,#$7()%#,8*(,C&%C8&8$)"*#,
;%-"&%,$>%,()#8#$%&M,!%&-"&E)*+,$>)#,$8#K,&%O7)&%#,&8C)(,8*(,#D#$%E8$)',8''%##<,8*(,7#8+%,"-,$>%,
&%98$%(,)*-"&E8$)"*,)*,$>%,>8P8&("7#,&%+)"*#,^28>)*,%$,89M<,3443_M,
.>%,";G%'$,)#,%T%&D$>)*+,$>8$,'8*,;%,E"*)$"&%(,8*(,>8#,8,>)#$"&)')$D,"&,8,C"##);)9)$D,%R)#$%*'%,
)*,#C8'%M,6*,";G%'$,N)$>,8,#C8$)89,&%-%&%*'%,#>"79(,#8$)#-D,C98*)E%$&)',+%"E%$&D<,$"C"9"+)'89,
&%98$)"*#,8*(,8$$&);7$%#M,
F;G%'$,'8$89"+7%,)#,$>%,'"*'%C$789,(8$8,E"(%9,"-,8,+%"+&8C>)',)*-"&E8$)"*,#D#$%E,8*(,(%-)*%#,
$>%, -&8E%, "-, (8$8,N>)'>,N"79(, ;%, +8$>%&%(, -"&, $>%, #D#$%EM,F;G%'$, '8$89"+7%, '98##)-)%#, $>%,
";G%'$, $DC%#, N)$>, $>%)&, +%"E%$&)', )*-"&E8$)"*, 8*(, 8$$&);7$%#, 7*(%&, ";G%'$, +&"7C#M, .>%#%,
+%"E%$&)',8*(,*"*Y+%"E%$&)',(8$8,(%#'&);%,$>%,$"C"9"+)'89,'>8&8'$%&,"-,$>%,&%+)"*,#7&-8'%M,/*,
$>%,C98**)*+,#$8+%<,$>%,";G%'$,'8$89"+7%,>8#,$",;%,-"&E%(,(7%,$",$>%,8)E,8*(,7#8+%,"-,#D#$%EM,
2"E%,8(T8*$8+%#,"-,$>%,";G%'$,'8$89"+7%,8&%a,
! 1"(%9)*+, $>%, L/2, )*-&8#$&7'$7&%, N)$>, (%-)*)$%, #$8*(8&(#<, $>7#, C&%T%*$)*+, $>%,

%*98&+%E%*$,"-,(8$8,N)$>"7$,8*D,'"*$&"9M,,
! 18*8+)*+,"-,$>%,#8E%,(8$8,;D,()--%&%*$,)*#$)$7$)"*#M,
! 0--)')%*'D,)*'&%8#)*+,N)$>,)*$%&()#')C9)*8&D,N"&KM,
! 09)E)*8$)"*, "-, (8$8, %R'>8*+)*+,C&";9%E#, 8#, 8, &%#79$, "-, $>%, #$8*(8&(#, C&%C8&%(, )*, $>%,

-)%9(M,
6*89DP)*+, $>%, )*$%*#)$D, "-, $"C"+&8C>)', ";G%'$#, )*, 8, ()#8#$%&, )*-"&E8$)"*, #D#$%E, )#, 8,
'"*#)(%&8;9%,#$%C,)*,+8$>%&)*+,(8$8,(7&)*+,$>%,)*#$8998$)"*,C&"+&%##,8*(,(%-)*)*+,$>%,b"C$)E89c,
(8$8M,FC$)E89,(8$8,)#,(%-)*%(,8#,$>%,E)*)E7E,(8$8,*%%(%(,-"&,$>%,8)E,8*(,7#8+%,"-,$>%,#D#$%E,
N>)'>, ("%#, *"$, '87#%, '"EC9%R)$D, "*, $>%, #'&%%*M, .>7#<, (8$8, %R'%##, 8*(, $)E%YN8#$)*+, 8&%,
C&%T%*$%(,;D,+8$>%&)*+,"C$)E89,(8$8,)*,()#8#$%&,)*-"&E8$)"*,#D#$%E#M,
18C#,>8T%,;%%*,'&%8$%(,8*(,7#%(,-"&,'%*$7&)%#,8#,8;#$&8'$)"*#,"-,&%89,d"&9(<,8*(,8#,#7'>,8&%,
'8C8;9%, "-, +)T)*+, 7#, 8, C)'$7&%, "-, "7&, %*T)&"*E%*$,N>)'>, ()#$)9#, )$#, -799, '"EC9%R)$D, )*$", 8*,
%--%'$)T%,+&8C>)'89,&%*(%&)*+M,eD,'"*#)(%&)*+,)$#,+%*%&89,*8$7&%<,$>%,$%&E,U'"EC9%R)$DV,'8*,;%,
(%-)*%(,8#,8CC9)'8;9%,$",$>%,(%#'&)C$)"*,"-,'8&$"+&8C>)',&%C&%#%*$8$)"*#,^E8C#_M,6$$%EC$#,>8T%,
$>7#,;%%*,E8(%,$",E%8#7&%,'"EC9%R)$D,$>&"7+>,C&8'$)'89,$%#$)*+,^J8)&;8)&*<,344S_M,
J"&,(%#)+*%&#<,'&%8$)*+,8,'"*'%C$789,(8$8,E"(%9,)#,"*%,"-, $>%,'>899%*+)*+, $8#K#,"-,L/2M,.>%,
E8)*,C&";9%E,-"&,#7'>,8*,87$"E8$)"*,$8#K,)#,>"N,$",O78*$)-D,8*(,-"&E89)P%,$>%,C&"C%&$)%#,"-,
$>%, C&"'%##, 8#, 8*, )*-"&E8$)"*, #D#$%E, ^eGf&K%<, @55S_M, .>7#<, O78*$)-D)*+, $>%, %--)')%*'D, 8*(,
)*-"&E8$)"*, '"*$%*$, "-, $>%, ;8#%, E8C, 7#%(, ;D, $>%, )*-"&E8$)"*, #D#$%E, )#, "-, C8&8E"7*$,
)EC"&$8*'%M, Z"N%T%&<, $>%&%, &%E8)*#, *", E%$&)', E%8#7&%, -"&, O78*$)-D)*+, $>%, '8&$"+&8C>)',
%--)')%*'D,"-,8,E8CM,6#,#7'><,2>8**"*V#,$>%"&D,;8#%(,"*,%*$&"CD,E8D,;%,8,7#%-79,E%8#7&%,;D,
N>)'>,$","C$)E)P%,8,E8CV#,)*-"&E8$)"*89,'"*$%*$M,,
/*, $>)#, #$7(D<, %(+%, (%$%'$)"*, 8*(, $>&%#>"9()*+, E%$>"(#, 8*(, #%T%&89, 89+"&)$>E#, "-, $>%#%,
E%$>"(#,8&%, $%#$%(, )*,18$98;,#"-$N8&%, $",(%$%&E)*%, $>%,;7)9()*+,";G%'$#, )*, )E8+%#M,!&%N)$$<,
:8**D<,H";%&$#<,W8C98')8*,"-,L87##)8*<,X%&"Y:&"##,8*(,2";%9,89+"&)$>E#,8&%,7#%(, -"&,%(+%,
(%$%'$)"*M, L&%D, T897%, 89+"&)$>E#, 8&%, 7#%(, -"&, $>&%#>"9()*+, E%$>"(#M, .>%, &%#79$#,
8&%,)*T%#$)+8$%(,)*,"&(%&,$",'89'798$%,$>%,%*$&"CDM,
 
2. Map as Communication Tool 
18C#,>8T%,;%%*,7#%(,C&)E8&)9D,8#,8,E%()7E,-"&,C&%#%*$)*+,+%"+&8C>)'89,)*-"&E8$)"*M,.>%&%,
8&%,E8*D,'&)$%&)8,-"&,8,+""(,E8C\,"*%,;%)*+,)*-"&E8$)"*,'"*$%*$M,6#,8,E8C,)#,&%+8&(%(,8#,8,
'"EE7*)'8$)"*,$""9<,'8&$"+&8C>%&#,8&%,)*$%&%#$%(,)*,$>%,%--%'$)T%*%##,"-,;"$>,E8C,(%#)+*,8*(,
$>%,)*-"&E8$)"*,'"*$%*$,"-,8,E8C,^g*"C-9),@5Bh<,eGf&K%,@55S_M,
/*$%&%#$, )*, E8C, )*-"&E8$)"*, (8$%#, ;8'K, $", $>%, 98$%, @5S4V#, -"99"N)*+, $>%, C7;9)'8$)"*, "-,
O78*$)$8$)T%,E%8#7&%#, "-, )*-"&E8$)"*, ;D,2>8**"*, ^@5AB_, 8*(,2>8**"*, 8*(,d%8T%&, ^@5A5_M,,
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.>)#, N"&K, >8#, '"E%, $", ;%, K*"N*, 8#, U)*-"&E8$)"*, $>%"&D<V, 8*(, N8#, 89#", 8CC9)%(, $",
'"EE7*)'8$)"*,$>%"&DM,!)"*%%&)*+,N"&K,)*,O78*$)$8$)T%,E%8#7&%E%*$,"-,E8C,)*-"&E8$)"*,N8#,
("*%, ;D, 27K>"T, ^@5S]<, @5]4_<, N>", '"*#)(%&%(, $>%, #$8$)#$)'#, "-, ()--%&%*$, $DC%#, "-, #DE;"9#,
&%C&%#%*$%(,"*,8,E8C,^W),8*(,Z78*+<,3443_M,
,
3. Statistical Information of a Map: Entropy Analysis 
0*$&"CD, )#, $>%, #%'"*(, 98N, "-, $>%&E"(D*8E)'#, 8*(<, ;&)%-9D, (%-)*%(<, &%C&%#%*$#, $>%,
E%8#7&%E%*$,"-,$>%,7*'%&$8)*$D,"-,8,#D#$%E,^iHW,@_M .>)#,E%8#7&%E%*$,("%#,>8T%,8*,%RC9)')$,
9)*K, $", )*-"&E8$)"*, '"*$%*$, 8*(, )#, 8##"')8$%(,N)$>, 8$$%EC$#, $", O78*$)-D, )*-"&E8$)"*, $&8*#-%&,
N)$>)*,8,'"EE7*)'8$)"*,#D#$%E,^J8)&;8)&*<,344S_M,
27K>"T, ^@5S]<,@5]4_,>8#,8("C$%(, $>%,%*$&"CD,'"*'%C$, -"&, '8&$"+&8C>)','"EE7*)'8$)"*<,;7$,
"*9D,$""K,)*$",8''"7*$,$>%,*7E;%&,"-,%8'>,$DC%,"-,#DE;"9,&%C&%#%*$%(,"*,8,E8CM,.>7#<,W%$,N 
;%,$>%,$"$89,*7E;%&,"-,#DE;"9#,"*,8,E8C<,M $>%,*7E;%&,"-,#DE;"9,$DC%#,8*(,Ki $>%,*7E;%&,
"-,#DE;"9#,-"&,$>%,%8'>,$DC%M,.>%,C&";8;)9)$D,-"&,%8'>,$DC%,"-,#DE;"9,"*,$>%,E8C,)#,$>%*,8#,
-"99"N#a,

jkg@lg3lMMMMMlgE                                                        ^hM@_ 
.>%,C&";8;)9)$D,-"&,%8'>,$DC%,"-,#DE;"9,"*,$>%,E8C,)#,$>%*,8#,-"99"N#a,

!)k,
N
Ki ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,^hM3_ 

Pi )#,$>%,C&";8;)9)$D,-"&,$>%,)$>,#DE;"9,$DC%<,ik@<,3<,M,M,M,1M,
.>%,E8C,%*$&"CD,8*89D#)#,&%O7)&%#,$>%,'89'798$)"*,"-,$>%,-"99"N)*+,%*$&"CD,O78*$)$)%#a,

!
"

#""
M

i
M PiPiPPPHXH

@
3@ _9*^_<MMMM<^_^ ,,,,,,,,,           ^hMh_,

 
4. Object Determination 
/*,"&(%&,$",'89'798$%,$>%,%*$&"CD,T897%<,*7E;%&,"-,;7)9()*+#,>8#,$",;%,K*"N*M,.N",E%$>"(#,
8*(,#%T%&89,89+"&)$>E#,8&%,$%#$%(,$",(%-)*%,$>%,";G%'$#,)*,#8$%99)$%,)E8+%#M,.DC%,"-,$>%,";G%'$#,
)#,;7)9()*+#M,i#%(,)E8+%#,8&%,)*,b./Jc,^T8++%(,IE8+%,F)9%_,-"&E8$,$",7#%,)*,18$98;,#"-$N8&%M,
/E8+%,!&"'%##)*+,.""9#,"-,18$98;,#"-$N8&%,N8#,7#%(,-"&,$>%,#$7(DM,,
Image Processing: /E8+%, C&"'%##)*+, )*T"9T%#, '>8*+)*+, $>%, *8$7&%, "-, 8*, )E8+%, )*, "&(%&, $",
%)$>%&\,

! /EC&"T%,)$#,C)'$"&)89,)*-"&E8$)"*,-"&,>7E8*,)*$%&C&%$8$)"*<,,
! H%*(%&,)$,E"&%,#7)$8;9%,-"&,87$"*"E"7#,E8'>)*%,C%&'%C$)"*,^1'6*(&%N<,344A_M,

 
AM@,0(+%,I%$%'$)"*,1%$>"(,
0(+%#, '"*$8)*, #"E%, "-, $>%, E"#$, 7#%-79, )*-"&E8$)"*, )*, 8*, )E8+%M, 0(+%#, E)+>$, ;%, 7#%(, $",
E%8#7&%,$>%,#)P%,"-,";G%'$#,)*,8*,)E8+%\,$",)#"98$%,C8&$)'798&,";G%'$#,-&"E,$>%)&,;8'K+&"7*(\,$",
&%'"+*)P%,"&,'98##)-D,";G%'$#,^1'6*(&%N<,344A_M,2%T%&89,E%$>"(#,7#)*+,()--%&%*$,89+"&)$>E#,
"-,18$98;,#"-$N8&%,8&%,7#%(M,0(+%,I%$%'$)"*,89+"&)$>E#,8&%,,

! !&%N)$$,89+"&)$>E 
! :8**D,89+"&)$>E 
! H";%&$#,89+"&)$>E 
! W8C98')8*,"-,L87##)8*,89+"&)$>E 
! X%&"Y:&"##,89+"&)$>E 
! 2";%9,89+"&)$>E 

 
AM3,.>&%#>"9()*+,1%$>"(,
.>&%#>"9()*+, '8*, ;%, 7#%(, $", )#"98$%, ";G%'$#, -&"E, $>%, ;8'K+&"7*(, )*, $>%, )E8+%M,L&%D, 9%T%9,
'&)$%&)8,"-,$>%,C)R%9#,8&%,7#%(,$",(%$%&E)*%,$>%,";G%'$#M,/-,"*%,C)R%9,>8#,8,+&%D,9%T%9,T897%,E"&%,
$>8*, 8, $>&%#>"9(<, )$,N)99, ;%,N>)$%<, %9#%, )$,N)99, ;%,;98'KM,.N",'"EE8*(#, 8&%,7#%(, )*,18$98;,
#"-$N8&%M,,

! )E#>"N,
! )E3;N,
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5. Case Study 
6*,8CC9)'8$)"*,)*,)*$&"(7'$)"*,9%T%9,)#,("*%,-"&,(%$%&E)*)*+,$>%,";G%'$#,)*,)E8+%M,J)&#$9D<,$>%,
)E8+%,N>)'>,>8#,8,&%+798&,#%$$9%E%*$,)#,#$7()%(M,
,
mM@,0(+%,I%$%'$)"*,1%$>"(,
:"EE8*(,9)*%,7#%(,)*,18$98;,)#,+)T%*,;%9"NM,F*9D,$>%,89+"&)$>E,*8E%,'>8*+%#,)*,A$>, 9)*%M,
.>%,-)&#$,"&)+)*89,E"*"'>&"E%,)E8+%,^J)+7&%,@_,)#,)*,M$)-,-"&E8$,)*'97()*+,B,;7)9()*+#M,

Command Lines 
,
'9"#%,899\,
'9%8&,899\,
/,k,)E&%8(^n)E8+%o;NoT@M$)-n_\,
ed@,k,%(+%^/<'prewitt'/'sobel'/…_\,
)E#>"N^ed@_\,

J)+7&%,@a,J)&#$,F&)+)*89,/E8+%,

,
.>%,&%#79$#,"-,$>%,89+"&)$>E#,8&%,#>"N*,)*,-)+7&%,@M,,
 

J)+7&%,@M,H%#79$#,"-,I)--%&%*$,0(+%,I%$%'$)"*,69+"&)$>E#,

,
0(+%#,(%-)*%(,N)$>,!&%N)$$,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,:8**D,69+"&)$>E

,
0(+%#,(%-)*%(,N)$>,H";%&$#,69+"&)$>E

,
0(+%#,(%-)*%(,N)$>,

W8C98')8*,"-,L87##)8*,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,,
X%&"Y:&"##,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,2";%9,69+"&)$>E,

 
2%'"*(,E"*"'>&"E%,)E8+%,)#,'8C$7&%(,;D,/K"*"#,#8$%99)$%,N)$>,@,E,&%#"97$)"*,8*(,+)T%*,)*,
-)+7&%,3M,
,

J)+7&%,3M,2%'"*(,F&)+)*89,/E8+%,

 
 

.>%,&%#79$#,"-,$>%,89+"&)$>E#,-"&,#%'"*(,)E8+%,8&%,#>"N*,)*,-)+7&%,3M,,
,



!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, ABm

,
J)+7&%,3M,H%#79$#,"-,I)--%&%*$,0(+%,I%$%'$)"*,69+"&)$>E#,

,
0(+%#,(%-)*%(,N)$>,!&%N)$$,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,:8**D,69+"&)$>E,

0(+%#,(%-)*%(,N)$>,H";%&$#,69+"&)$>E, ,
0(+%#,(%-)*%(,N)$>,W8C98')8*,"-,L87##)8*,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,X%&"Y:&"##,69+"&)$>E,

,
0(+%#,(%-)*%(,N)$>,2";%9,69+"&)$>E,

 
:"*$&8#$#, "-, $>%, ;"$>, )E8+%#, N%&%, )*'&%8#%(, ;7$, $>%, &%#79$#, ()(, *"$, '>8*+%M, 0(+%#, "-, $>%,
;7)9()*+#, '8*, ;%, (%-)*%(, +%*%&899D<, ;7$, $>%, 9)*%#, N%&%, *"$, '9"#%(M, 2", )*#$%8(, "-, C"9D+"*,
+%"E%$&D<, C"9D9)*%, +%"E%$&D, '"79(, ;%, C&"(7'%(M, /*, "$>%&,N"&(#<, 8*"$>%&, #"97$)"*,E7#$, ;%,
8((%(,$",$>%,%(+%,(%$%'$)"*,&%#79$#,-"&,'9"#)*+,$>%,C"9D9)*%#,$",C"9D+"*#,-"&,$>%,&%'"+*)$)"*,"-,
b"*%,C"9D+"*,E%8*#,"*%,#%C8&8$%,";G%'$c,;D,$>%,'"EC7$%&M,
69#",8, $>)&(, )E8+%,-&"E,F&;T)%N,#8$%99)$%, )#, $%#$%(,N)$>,:8**D,89+"&)$>E,"-,%(+%,(%$%'$)"*,
E%$>"(,^-)+7&%,h_M,F&)+)*89,)E8+%,)#,'"9"&%(,(7%,$",$>%,>%)+>$#,"-,$>%,;7)9()*+#M,/$,)#,$>"7+>$,
$>8$,(%$%&E)*)*+,$>%,;7)9()*+#,;D,7#)*+,$>%)&,()--%&%*$,'"9"&#,-&"E,$>%,+&"7*(<,'8*,+)T%,E"&%,
#)+*)-)'8*$,&%#79$#,-"&,(%-)*)*+,$>%,%(+%#M,,



!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, ABS

J)+7&%,hM,F&;T)%N,28$%99)$%,/E8+%,8*(,H%#79$,"-,:8**D,69+"&)$>E,

, ,
,
2)E)98&9D<,%(+%#,"-,$>%,;7)9()*+#,'8*,;%,(%-)*%(,+%*%&899D<,;7$,$>%,9)*%#,N%&%,*"$,'9"#%(M,,
,,
mM3,.>&%#>"9()*+,1%$>"(,
/$,)#,$>"7+>$,$>8$,(%$%&E)*8$)"*,"-,$>%,;7)9()*+#,;D,7#)*+,$>%,+&%D,9%T%9,"-,$>%)&,&""-#,'8*,+)T%,
E"&%,#)+*)-)'8*$,&%#79$#,-"&,$>&%#>"9()*+,$>%E,-&"E,"$>%&,";G%'$#,)*,$>%,)E8+%M,,
.N",'"EE8*(#,8&%,7#%(,-"&,$>&%#>"9()*+,E%$>"(M,.>%,-)&#$,"*%,)#,b)E#>"Nc,'"EE8*(M,.>)#,
'"EE8*(, )#, -"&,E"*"'>&"E%, )E8+%#,"*9DM,e"$>,7#8+%#,"-, )E#>"N,'"EE8*(,8&%, $%#$%(, -"&,
$>&%#>"9()*+,E%$>"(,)*,18$98;,#"-$N8&%M,.>%#%,8&%\,

! 2)*+9%,$>&%#>"9(,T897%,-"&,+&%D,9%T%9,
! /*$%&T89,$>&%#>"9(,T897%#,-"&,+&%D,9%T%9,,

F$>%&, '"EE8*(, )#, b)E3;NcM, .>)#, '"EE8*(, )#, -"&, ;"$>, E79$)#C%'$&89, 8*(, E"*"'>&"E%,
)E8+%#M,,
,
mM3M@,2)*+9%,$>&%#>"9(,T897%,

,,,E"&%,$>8*,#,",)$,)#,N>)$%,
L&%D,9%T%9,"-,$>%,C)R%9\,

,,,9%##,$>8*,#,",)$,)#,;98'K,
.>%,-)&#$,)E8+%,)#,7#%(,-"&,$>&%#>"9()*+M,
,
:"EE8*(,W)*%#,
'9"#%,899\ 
'9%8&,899\#k)E&%8(^n)E8+%o;NoT@M$)-n_\ 
)E#>"N^#_<-)+7&%<)E#>"N^#p@44_\,
,

,
:"EE8*(, 9)*%#, "-, $>&%#>"9()*+, E%$>"(, )*, 18$98;, 8&%, #>"N*, 8;"T%M, b#c, T8&)8;9%, )*, $>%,
'"EE8*(, E%8*#, +&%D, 9%T%9, T897%, "-, $>%, C)R%9M, .>%, &%#79$#, "-, $>&%#>"9()*+, 89+"&)$>E#, 8&%,
#>"N*,)*,-)+7&%,hM,,
,



!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, AB]

,

J)+7&%,hM,H%#79$#,"-,2)*+9%,.>&%#>"9(,`897%,

 
mM3M3,/*$%&T89,.>&%#>"9(,`897%#,
.>%,-)&#$,)E8+%,)#,7#%(,-"&,$>&%#>"9()*+M,/-\,

,,,;%$N%%*,#@,8*(,#3,",)$,)#,N>)$%,
L&%D,9%T%9,"-,$>%,C)R%9\,

,,,%R'97()*+,",)$,)#,;98'K,
:"EE8*(, 9)*%#, "-, $>&%#>"9()*+, E%$>"(, )*, 18$98;, 8&%, #>"N*, ;%9"NM, b#c, T8&)8;9%, )*, $>%,
'"EE8*(,E%8*#,+&%D, 9%T%9, T897%#,"-, $>%,C)R%9M,.>%, &%#79$#, "-, $>%, 89+"&)$>E#,8&%, #>"N*, )*,
-)+7&%,AM,
,
:"EE8*(,W)*%#,
'9"#%,899\ 
'9%8&,899\,  
#k)E&%8(^n)E8+%o;NoT@M$)-n_\ 
)E#>"N^#_<-)+7&%<)E#>"N^#pm4,q,#r@44_\,
 

J)+7&%,AM,H%#79$#,"-,/*$%&T89,.>&%#>"9(,`897%#,

,
6#, $>%, )*$%&T89#, "-, +&%D, 9%T%9, (%'&%8#%#<, )$, ;%'"E%#, ()--)'79$, $", #%9%'$, $>%, ;7)9()*+#M, e%#$,
&%#79$#,)*,$%#$,8&%,";$8)*%(,$>%,)*$%&T89#,@]4r,#,r334,8*(,@B4r,#,r3A4M,

  
^8_a,,,L&%D,W%T%9,p@44 ^;_a,,,L&%D,W%T%9,p@A4, ^'_a,,,L&%D,W%T%9,p@B4,

   
^(_a,,,,L&%D,W%T%9,p344 ^%_a,,,L&%D,W%T%9,p334,s, ^-_a,,,,L&%D,W%T%9,p3A4,

   
^8_a,,,@34rL&%D,W%T%9r@A4, ^;_a,,,@34rL&%D,W%T%9r@S4, ^'_a,,,@34rL&%D,W%T%9r@54 

  
^(_a,,@]4rL&%D,W%T%9r334,s, ^%_a,,@B4rL&%D,W%T%9r3A4,s, ^-_a,,@S4rL&%D,W%T%9r3A4,



!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, ABB

mM3Mh,2)*+9%,$>&%#>"9(,T897%,-"&,179$)#C%'$&89,/E8+%#,,
:"9"&%(,)E8+%,)#,7#%(,-"&,$>)#,'"EE8*(M,.>%,)E8+%,)#,)*,M$)-,-"&E8$,8*(,)*'97(%#,B,;7)9()*+#M,
,

Command Lines 
,
'9"#%,899\ 
'9%8&,899\ 
#k)E&%8(^n)E8+%o;NoT@M$)-n_\ 
)E#>"N^#_<-)+7&%<)E3;N^#<4MAh_\ 
,

J)+7&%,AM,F&)+)*89,/E8+%,

,
,
:"EE8*(, 9)*%#,"-, $>&%#>"9()*+,E%$>"(, )*,18$98;,8&%,#>"N*,8;"T%M,.>%,*7E;%&,7#%(,8-$%&,
)E3;N, '"EE8*(, )#, ;%$N%%*, 4, 8*(, @, ^4"#"@_M, .>)#, *7E;%&, E%8*#, +&%D, 9%T%9tN>)$%, T897%,
^L&%D,W%T%9t3mm_,"-,$>%,C)R%9M,.>%,&%#79$#,"-,$>%,89+"&)$>E#,8&%,#>"N*,)*,-)+7&%,mM,

,
J)+7&%,mM,H%#79$#,"-,2)*+9%,.>&%#>"9(,`897%,

,
6#, #%%*, "*, $>%, "&)+)*89, )E8+%<, &""-#, 8&%, &%(, '"9"&M, H%(, '"9"&, ";G%'$#, '8**"$, ;%, #%%*,
-&%O7%*$9D<,8#,E7'>,8#,&""-#<,)*,*8$7&%M,J"&,$>)#,&%8#"*<,$%#$,>8#,E"&%,#7''%##-79,&%#79$#,$>8*,
E"*"'>&"E%,)E8+%M,,
,
69#",8*, )E8+%,-&"E,F&;T)%N,#8$%99)$%, )#, $%#$%(,N)$>, $>&%#>"9()*+,E%$>"(M,F&)+)*89, )E8+%,)#,
'"9"&%(,(7%,$",$>%,>%)+>$#,"-,$>%,;7)9()*+#M,/$,)#,$>"7+>$,$>8$,#%9%'$)*+,$>%,;7)9()*+#,;D,7#)*+,
$>%)&, ()--%&%*$, '"9"&#, -&"E, $>%, +&"7*(, '8*, +)T%, E"&%, #)+*)-)'8*$, &%#79$#, -"&, (%-)*)*+, $>%,
;7)9()*+#M,

   
^8_a,,H8$)"p4Mh5 ^;_a,,,H8$)",p4Mmm, ^'_a,,,H8$)",p4M]@,

  
^(_a,,,H8$)",p4M]B ^%_a,,,H8$)",p4MBS,s, ^-_a,,,H8$)",p4M5B,



!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, AB5

J)+7&%,mM,F&)+)*89,/E8+%,8*(,H%#79$,"-,.>&%#>"9()*+,1%$>"(,

,
,
!")*$,'97#$%&#,8&%,";$8)*%(,8$,$>%,&%#79$M,0#C%')899D<,#)E)98&,'"9"&%(,;7)9()*+#,N)$>,$>%,+&"7*(,
'"9"&,^;7)9()*+#,>8T%,9%##,>%)+>$_,'"79(,*"$,;%,#%9%'$%(,#7''%##-799DM,,
 
6. Conclusion 
0*$&"CD, )#, '"EC7$%(,N)$>, $>%, *7E;%&, "-, ";G%'$#, )*, $>%, )E8+%M, .>%, &%#79$, )#, &%9%T8*$, N)$>,
%R)#$%*'%,C&";8;)9)$D, -"&,%8'>, $DC%,"-,";G%'$, $>&"7+>, $>%, $"$89,*7E;%&,"-,";G%'$#M,d>%*, $>%,
T897%, "-, u, ^!@<, !3<, v_, )#, '%&$8)*<, !)k@<, $>%*, Z^u_k4M, Z^u_, )#, 8$, )$#, E8R)E7E, N>%*, 899,
C&";8;)9)$)%#,-"&,%8'>,$DC%,"-,";G%'$,>8T%,%O789,T897%#,^W),8*(,Z78*+<,3443_M,,
18C, %*$&"CD, 8*89D#%#, '8*, C&"(7'%, ()--%&%*$, O78*$)$8$)T%, E%8#7&%#, -"&, )*$%&C&%$)*+,
)*-"&E8$)"*, %--)')%*'D, (7&)*+, $>%, E8C, '&%8$)"*, C&"'%##, )*, )*-"&E8$)"*, #D#$%E#M, .>%#%,
E%8#7&%#,E8D,+)T%,#"E%,#$8$)#$)'89,%T)(%*'%,-"&,(%$%&E)*)*+,$>%,";G%'$,&%#"97$)"*,"-,()+)$89,
'8&$"+&8C>)',C&"(7'$#M,
6#, #%%*, )*, $>%, &%#79$#<, (%$%&E)*8$)"*, "-, ;7)9()*+, ";G%'$#, 7#)*+, ()--%&%*$, E%$>"(#, )#, *"$,
#7''%##-79,D%$M,2"E%,*%N,E%$>"(#,8&%,;%)*+,$%#$%(,#$)99M,j%N,$%#$#,8&%,*"$,"*9D,-"&,;7)9()*+#<,
;7$,89#",-"&,"$>%&,$DC%,"-,";G%'$#,"*,$>%,)E8+%#M,2",)$,)#,$>"7+>$,$>8$,899,$DC%,"-,";G%'$#,'"79(,
;%, (%$%&E)*%(,"*, $>%, )E8+%#, 8*(, $>%, &%#79$#, '"79(,;%, $8K%*, )*$", 8''"7*$, -"&, '89'798$)"*,"-,
%*$&"CDM,,
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!"#$%& !&"'%%()*+#,"-,./012,3445,6**789,:"*-%&%*'%,
, ,/#$8*;79<,=7*%<,5$>,?,@@$>,
,

, A54

|#$y*<, eM, ^3443_<, .6e/2a, I%T%9"CE%*$, "-, 8, j8$)"*89, I8$8;8#%, i#)*+, L%"+&8C>)'89,
/*-"&E8$)"*,2D#$%E#,8*(,H%E"$%,2%*#)*+,2D#$%E,8*(,2$8*(8&(#,-"&,8,I)#8#$%&,18*8+%E%*$,
I%')#)"*,27CC"&$,2D#$%E,!&"G%'$<,/M.MiM<,/#$8*;79M,
2>8**"*<,:M,0M,^@5AB_M,6,E8$>%E8$)'89,$>%"&D,"-,'"EE7*)'8$)"*M,.>%,e%99,2D#$%E,.%'>*)'89,
="7&*89<,3]<,h]5?A3h,q,S3h?SmSM,,
2>8**"*<, :M, 0M<, 8*(, d%8T%&<, dM, ^@5A5_M, .>%, 18$>%E8$)'89, .>%"&D, "-, :"EE7*)'8$)"*M,
i&;8*8<,/99)*")#a,i*)T%&#)$D,"-,/99)*")#,!&%##M,
27K>"T<,`M,/M,^@5S]_M,/*-"&E8$)"*,'8C8')$D,"-,8,E8C,%*$&"CDM,L%"(%#D,8*(,6%&"C>"$"+&8C>D<,
u<,3@3?3@mM,,
27K>"T<,`M, /M, ^@5]4_M,6CC9)'8$)"*, "-, )*-"&E8$)"*, $>%"&D, )*, +%*%&89)P8$)"*, "-,E8C, '"*$%*$#M,
/*$%&*8$)"*89,w%8&;""K,"-,:8&$"+&8C>D<,u<,A@?A]M,,
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