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∑

(x,y)∈R

S(x, y) < T2, R()D>,712 0 < T1 < T2 < 1 0H, 4#<#'&20 P%2 &2/&202-'< ,0 /2&27-%'#0 <N7#<, 2



 !"#$%"& '( )%$(*+ '( &- '( )(*( ($%.%'&+ )/-/ &0+%'(-/- / -(.%1& J /0'%'/2/34$)(-%"(02/*"(02(5 '(60%78+( T1 = 0.55 T2 = 0.9539 +&"/2:-%& '/ 4;7/<1& =>3!? )&'( +(- /*7*/'& (6%(02("(02( 7+/0'&%"/.(0+ %02(.-/%+3 @ %"/.(" %02(.-/* A 7"/ -()-(+(02/<1& %02(-"('%#-%/5 0/ ;7/*/'/ )%$(* iS(x, y) &02A" / +&"/ '&+ )%$(*+ /%"/5 B (+;7(-'/5 ( '/ )-:)-%/ )&+%<1&
(x, y) '/ %"/.(" &-%.%0/* S3 C"/ D(E -%/'/ / %"/.(" %02(.-/*5 /'/ +&"/2:-%& )&'(+(- /*7*/'& )&- "(%& '( ;7/2-& &0+7*2/+ B %"/.(" iS3F&-"/*"(02( / %"/.(" %02(.-/* A '/'/ )&-

iS(x, y) =
∑

x′≤x,y′≤y

S(x′, y′), =>3>?&0'( iS(x, y) A & D/*&- '/ %"/.(" %02(.-/* 0& )&02& (x, y)5 ( S(x, y) A & D/*&- '/%"/.(" &-%.%0/* 0& "(+"& )&02&3 G )&++HD(* .(-/- / %"/.(" %02(.-/*5 )(-&--(0'&7"/ I0%/ D(E / %"/.(" &-%.%0/* ( 7+/0'& & +(.7%02( )/- '( -(&--J0%/+K
s(x, y) = s(x, y − 1) + S(x, y)

iS(x, y) = iS(x− 1, y) + s(x, y)
, =>3 ?&0'( s A / +&"/ 7"7*/2%D/ '/ *%0L/5 s(x,−1) = 0 ( iS(−1, y) = 03M&"& 01& +( +/N( &0'( /0'%'/2&+ / O/( )&'(" (+2/- (" 7"/ '/'/ %"/.("5A 0((++#-%& O/E(- 7"/ D/--('7-/ '( 2&'&+ &+ )%$(*+ )&- %02(-"A'%& '( 7"/ P/0(*/'(+*%E/02( J 5 ( /)*%/- & 2(+2( '(+-%2& (" =>3!? )/-/ /'/ P/0(*/3 Q/*%(02/8+( 2/"NA";7( & 2(+2( )/-/ &- '( )(*( '/'& )(*/ &0'%<1& =>3R? A ($2-("/"(02( -#)%'&5 )&%+(0D&*D( 7"/ &")/-/<1& '%-(2/ (02-( /0/%+ '( &-3 @++%"5 2&'& )-A8)-&(++/"(02&N/+(/'& (" &- '( )(*( /)-(+(02/ 7" 7+2& &")72/%&0/* O(N ×M)5 &0'( N ×



 !"#$%&'()* $,-(%'%.$ $ /#01/#$2))',2%&$ .2 $#2) $, ' 3'4(.'56$ /$# '&#(-7&$)82$,0&#($)9 :$%"$#,2 (47)&#' ' ;87#'* "'4)$) /$)(&(3$) )6$ #2,$3(.$) <7'%.$ '#28(6$ .2 -7)' 0 #2)&#(%8(.' /24$ ;4&#$ -')2'.$ %' $# .2 /2429
℄6 -11% %G+$/%"-, 2-, % /-19%32%"-, /- 3--11!2%$ % !3!!%:!@%45+ /%.+1!45+ /% %G-4% +, #,% .+1- .$-9!%,-32- +3O-!/%' V32$-2%32+6 -11- .$+G:-,%7 $-1+:9!/+ W ,-/!/% <#- %+32-- % /-2-45+ /% %G-4% -, .+1- ;$+32%:6 .-:%#2!:!@%45+ /+ /-2-2+$ /- ;%-1 /-1$!2+ 3% 1-45+ %32-$!+$'X %:"+$!2,+ .%$% -12!,%$ % .+1-6 -, :!3O%1 "-$%!16 7 !3!!%:!@%/+ +, % /-2-45+



  !" #"% %& '()% #*(+,"-. /'0) " !%,%12(3 4& &(!%-( *567!( 89 :4% *%'*%)%+," "";%1" < '()77(+"!( %+,*"!( +" #"%. =(& ( &(!%-( '()77(+"!(3 7+77"-7>"?)%4& (+@4+,( 7+77"- !% ",*7;4,() A9 +" 7&"6%& !" #"%. B))%) ",*7;4,()3 '(* )4"C%>3 )2( *"),*%"!() :4"!*( " :4"!*( !4*"+,% " )%:DE+7" !% C5!%(. F"*,7+!( !(!%)-("&%+,( !%))%) ",*7;4,() < '())5C%- %),7&"* 4&" ,*"+)#(*&"12( !( &(!%-( !"";%1" :4% &%-G(* !%)*%C% ") ,*"+)-"1H%) A9 -("7) !% "!" 4& !() ",*7;4,()./( -(+6( !%))" )%12(3 )%*2( !%)*7,") (& &"7) !%,"-G%) "!" 4&" !") %,"'") !('*(%!7&%+,( '"*" %),7&"* " '()%.F*7&%7*"&%+,%3 < +%%))I*7( !%J+7* 4& &"'%"&%+,( !( %)'"1( 89 +( '-"+(!" 7&"6%&. K4"-:4%* '(+,( +( %)'"1( < *%'*%)%+,"!( +( '-"+( !" 7&"6%& '(* &%7(!% 4& ,7'( !% '*(@%12(. L( ,*";"-G( ":47 !%)%+C(-C7!( #(7 4,7-7>"!( ( &(!%-( !%M&%*" (& '*(@%12( '%*)'%,7C". L%))% &(!%-( !% M&%*" NOP℄3 4& '(+,( +( %)'"1(< *%'*%)%+,"!( '(* M = [x, y, z]T % !%J+7!( +4& )7),%&" !% ((*!%+"!") %4-7!7"+(.R '(+,( (**%)'(+!%+,% " M '*(@%,"!( +( '-"+( !" 7&"6%& < *%'*%)%+,"!( '(*
m = [u, v]T . /))4&7+!( :4% " &",*7> !% '*(@%12( !" M&%*" !%'%+!% "'%+") !"!7),M+7" #("- φ3,%&() ( &"'%"&%+,( !() '(+,() M %& m +" #(*&"





u

v



 =
φ

z





x

y



 , S8.PT"))4&7+!( :4% " (*76%& !( )7),%&") "*,%)7"+() !% m % M %),2( +( %+,*( !"7&"6%&. /-<& !7))(3 "))4&%?)% :4% ( (&'(+%+,% z !% M %),I "'(+,"+!( '"*"!%+,*( !" 7&"6%&3 (4 )%@"3 :4"+,( &"7) -(+6% %),7C%* " ";%1" *"),*%"!" '%-" M&%*"3&"7(* )%*I ( z. / U764*" 8.P 7-4),*" %))" *%-"12(. !"!# $%&'(% )*+,&%  -F"*" :4% )% '())" %),7&"* " '()% !" ";%1" (& ;")% +" ,*"+)-"12( !() '(+,()
m3 < '*%7)( "))(7"* %))%) (& () '(+,() M +( %)'"1( %3 %),%) V-,7&()3 '(* )4" C%>3!%C%& )%* *%-"7(+"!() (& " 6%(&%,*7" !" )4'%*#57% !% 4& &(!%-( 89 !" ";%1".9%))" #(*&"3 ;")%"!( +" "-,%*"12( !" '()712( !( (+@4+,( !% '(+,() M 3 (4 )%@"3+" "-,%*"12( !( &(!%-( 893 < '())5C%- %),7&"* " ,*"+)#(*&"12( )(#*7!" '%-" ";%1"./ U764*" 8.W 7-4),*" %))" *%-"12(3 (+!% ( '(+,( Mi +( :4"!*( t3 %& (+)%:DE+7"  !"#$%& ($)*%& +,&&#)$ #$% -.&/(0.% 1,%! -.1)*)0/) +%*% %-% #$ -,& ).2,& u ) v3 4%*%)&&%& ($)*%& 5 +*).&, #/.!.6%* #$% -.&/(0.% 1,%! .0-.7.-#%! 8φu ) φv9 +%*% %-% ).2,3



 !

"#$%&' ()! *  !"#$%& '!&()*+,# !.*+! & /,/*!(# 0! &&+0!.#0#/ 0& 1"#.& 0# ,(#'!( !& /,/*!(# 0! &&+0!.#0#/ 0# !.# 234 5 1&.*& P ′ ) # 1+&6!$%& .# ,(#'!( 0& 1&.*& P 0#!.# 23 0#0# # 0,/*7.,# 8&#" f 4+, -,.#-/01, +' '3/4'5 6 -,.#+, 0' /0' (7 8'&' M ′

i 0, 9%'+&, t + 1) :8;< ,-,.#-/01, +' '3/4'5 mi5 9%/ 6 ' 8&,=/4>, 0, 8?'0, +' #-'$/- +/ Mi5 <,@&/ %-'1&'0<?'4>, <,3&/ /<</ -/<-, 8?'0,5 8'&'0+, /- m′
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0 −ωz ωy dx

ωz 0 −ωx dy

−ωy ωx 0 dz
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−u1y1 φz1 + u1x1 −φy1 φ 0 −u1

−φz1 − v1y1 v1x1 φx1 0 φ −v1

−u2y2 φz2 + u2x2 −φy2 φ 0 −u2

−φz2 − v2y2 v2x2 φx2 0 φ −v2888 888 888 888 888 888
−uNyN φzN + uNxN −φyN φ 0 −uN

−φzN − vNyN vNxN φxN 0 φ −vN
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u1z1 − φ x1

v1z1 − φ y1

u2z2 − φ x2

v2z2 − φ y2888
uNzN − φ xN

vNzN − φ yN
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