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餼垸㑮昌㍭歗 n 䈒㑽䄊辩歗ⶈⱞ䃣䊌迩⛻鳴◦龃丏⪝╒玁 i 䈒㑽䄊⹥棑棕玁 i 煝龃丏㑽䄊歗祀
謹惋 i = 0, 1, 2, . . . , n� 1
墔└⠋偭╒餼垸㑮갡⾝⪏⹹黤偤䪗⭠└垔⪞偯楓偭摎舼歗摎迩挄胡➒楓╊ꙋ偤妢㱍伍⺴䪗⭠
㛁⨘䗸㓈乇䠫傮紋ꂩ墔⠋偭歗偭⮒⺇Ꙙ䃣䊌歗䊌꘳偤鋘㎁⺕秷⪏⹹䫔⭠骘䓍歗䋄锾 {bi}茪
bi = 1♕躳玁 i䈒㑽䄊歗䃣䊌䊌꘳䄗傏楓偭䫔❚⨘䗸⸽╻茪 bi = 0⯎♕躳玁 i䈒㑽䄊歗䃣䊌䊌꘳
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傏鳘鶅茪䆵鬏歗։k☠㚮䷖妢珕偤锾֊✼妢㱍伍⺴䫔❚㛁⨘䗸鍨燿○⪝㳨㵭伍└睚⮊歗䣿濺鶅
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㑽䄊歗ⶈⱞ䃣䊌⹭缆♕躳冗└㔩╻⯖䃵⢖⭠妢珕歗偤锾▖⹭♚♕躳└媻堆䑡歗䋄锾 	奂鶹鞡䠫䫔
❚⨘䗸䠲伍奂鶹⸽㴳䫔❚⨘䗸
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偤锾歗砃兌㝧⺏⪝偤锾⺑煥䐵㱍伍棬鳴 k ⺑♕暳☠鴺躊㚮䷖妢╻䏗棕棑歗砃兌 	鞡䠫䠲⸽㴳䫔
❚楓偭⨘䗸

鳴◦妢珕偤锾偤鴖窢鴺躊 d鬏㎙玁 d亞歗╒⵺䔽㝛⹥偯└㔩։k ☠㚮䷖妢珕偤锾֊鴺躊紙鋲
偤锾歗砃兌㵭偤伍秷⪏⹹歗停矧妢珕餼垸㑮⪏⹹歗秷碆暳 %ZMBO㳨㎙伍┣㛇ョ埛⪏ꙋ歗妢珕偤
锾♄䐳辩醀䏦d鬏妢珕縃頮✼㵭飙 %ZMBO妢珕└喓└喕傮✼㵭䞧鋲伍♄鍨○瑘⺵㴳乇墔└煝
骘䓍䋄锾歗矫⺋ {bi}%ZMBO黤偯蘾♄脈䃴歗䘏娦茪㴩墔└煝骘䓍䋄锾矫⺋躳澢䠫└⠋◒鴺⛦䷖⡡
B = (bn�1bn�2 · · · b1b0)2鹞뚚 %ZMBO歗䘏娦⹭♚輶躳澢惋└⠋⭥䷖ ff(B) 2 {0, 1}
♄䣜┠○騿惋霷鈕黃㴪⿂⛛伍⸶顁瞛䙙⺆挄胡➒楓歗✂䆧䑓鉠鈑⭠墔⠋偭歗։k ☠㚮䷖妢珕
偤锾֊歗锾嶚颛 %ZMBO 歗鄣奍 f%ZMBO 寒涇冗◦⭥䷖墡㝧鍨冗⭥䷖ f 嶚颛 f(0) = 1 ┲
f(2n � 1) = 0
憊娦輶└睚⮊歗妢珕偤锾㳨暦䡵♚♄䫔❚砯✂歗⭥䷖ f ⟃铠缆㚷㎙ d鬏妢珕╻⪃輶
㳨暦
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鮘⪌劲䌋
n k d
S

ۦ S 惋└⠋꘳䈐惋 2n 歗㯏╚棝✼䫓鲃⭥䷖ f
ڶ 㴳乇鉼喁惋 i = (bn�1bn�2 · · · b1b0)2 歗㯏⩉S[i]惋 R茪┲〷茪 f(i)惋 1

鮘⭴劲䌋
m1
x1,1,1 y1,1,1 x1,1,2 y1,1,2 · · · x1,1,k y1,1,k
x1,2,1 y1,2,1 x1,2,2 y1,2,2 · · · x1,2,k y1,2,k
XXX
x1,m1,1 y1,m1,1 x1,m1,2 y1,m1,2 · · · x1,m1,k y1,m1,k

XXX

md
xd,1,1 yd,1,1 xd,1,2 yd,1,2 · · · xd,1,k yd,1,k
xd,2,1 yd,2,1 xd,2,2 yd,2,2 · · · xd,2,k yd,2,k
XXX
xd,md,1 yd,md,1 xd,md,2 yd,md,2 · · · xd,md,k yd,md,k

ۦ 㴳乇䡵偯 t 	1  t  d
mt 	0  mt < 10000
躳澢玁 t亞⺏伧鴺躊歗偤锾䷖ꂩ
ۦ md = 1
ۦ 㴳乇玁 t鬏歗玁 u㔩偤锾鎰鬫⭠鋲偤锾歗 k ⺑♕暳☠䡵♕躳歗騿♾霷鈕

ڶ 玁 v ⺑♕暳☠歗騿♾♚ (xt,u,v, yt,u,v)躳澢
ڶ 茪鋲♕暳☠♕躳歗伍玁 i䈒㑽䄊 	0  i < n
歗ⶈⱞ䃣䊌鹞뚜 xt,u,v = 0┲ yt,u,v = i
ڶ 茪鋲♕暳☠♕躳歗伍玁 t0 鬏 	1  t0 < t
歗玁 u0 㔩 	1  u  mt0
偤锾棕棑歗砃兌鹞뚚
xt,u,v = t0 ┲ yt,u,v = u0

ڶ 茪鋲♕暳☠♕躳歗伍└媻堆䑡歗䋄锾 Z 2 {0, 1}鹞뚚 xt,u,v = �1┲ yt,u,v = Z
ۦ 鬫⭠歗P

tmt ┣䏦顁鶅 10000

��



����䆷㍭꟣霷鈕㜨兆ⵞ◫淒粘挞玁┟坢喓䳙尮꼇

峮鞴꡿⯆
ۦ 2  n  12
ۦ 3  k  11⟃铠伍㛭䷖
ۦ 1  d  8
ۦ 㴳乇䡵偯鬫⩿⟃铠 f(0) = 0┲ f(2n � 1) = 1
ۦ 尮鋘霷丏⟃铠㯑㎙└煝偤锾鶅┣⻀♺⛱։♕躳└媻堆䑡歗䋄锾֊歗♕暳☠

疘❆峮鍲
a�KTH2 AMTmi a�KTH2 PmiTmi

k j R
yRyR

R
y y y y y y

j j R
yyyRyRRR

R
y y y R y k

鍑⮈鐁伺
傮ꬹ⪗偯 ��矫尮鋘霷丏鬫⩿噙前歗鍨仛㝧躳䡵澢㴳乇墔└矫尮鋘霷丏茪✂┠⤾歗鬫⭠噙前
嶚颛鬫⭠券䋩╊┲㳨⛻⭠○ %ZMBO鄣奍歗⭥䷖ f鹞뚚✂偤䏦⮭♚┡⭵䷖

S

1 + 0.3⇥ log2(Qa +Qb + 1)
,

⪝╒ S 伍鋲矫尮鋘霷丏歗⭵䷖墡ꂧQa 伍։♕躳└媻堆䑡歗䋄锾֊歗♕暳☠䷖ꂩQb 伍։憊継歗♕
暳☠֊䷖ꂩ鳴辩歗։憊継歗♕暳☠֊伍䦘♕暳☠歗䣿濺䙃⺕㎙♺⛱骘䓍䋄锾歗矫⺋╒黤伍氊⺏歗
茪✂┠⤾歗鬫⭠噙前┣嶚颛鬫⭠券䋩䠲伍偤锾鶅┣嶚颛 %ZMBO鄣奍歗⭥䷖ f鹞뚚✂㴩䏦⮭ 0

⭵
尮鋘霷丏 ⭵䷖墡ꂧ S 鬫⩿噙⺑ 鬫⭠噙⺑ 鍨仛

� 10 BMTminyRXiti QmiTminyRXiti n = 5k = 5d = 8
� 10 BMTminykXiti QmiTminykXiti n = 7k = 11d = 8
� 10 BMTminyjXiti QmiTminyjXiti n = 12k = 9d = 8
� 10 BMTminy9Xiti QmiTminy9Xiti n = 12k = 7d = 8
� 10 BMTminy8Xiti QmiTminy8Xiti n = 9k = 3d = 5
� 10 BMTminyeXiti QmiTminyeXiti n = 11k = 3d = 5
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尮鋘霷丏 ⭵䷖墡ꂧ S 鬫⩿噙⺑ 鬫⭠噙⺑ 鍨仛
� 10 BMTminydXiti QmiTminydXiti n = 12k = 3d = 5
� 10 BMTminy3Xiti QmiTminy3Xiti n = 7k = 5d = 2
� 10 BMTminyNXiti QmiTminyNXiti n = 9k = 7d = 2
�� 10 BMTminRyXiti QmiTminRyXiti n = 11k = 9d = 2
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