
þ2�Ã)K�w É²1�¥Æ �g�

þ2�Ã)K�w

É²1�¥Æ �g�

1 ÁK5

2015c8Ôèpÿ

2 ÁK�¿

2.1 K8£ã

þ2�ÃöpXo��m"b�o��m¥þ2'%�Ü©�NU§½Â

1iU(å���n�.�·ÏÝ�Xi"du�
g,��Ï§1iUT.�

·ÏÝ¬O\Di§=Xi = Xi−1 + Di"��
.�²ï§zUT.Ñk��·

ÏÝ�þ��Li§=¢SþXi = min(Xi−1 + Di, Li)"

þ2�éTo��m��X�ÿÁ§u´F"\�aïá���."äN

k±en«ÿÁµ

£1¤�½A!BÚK§�¦é���C£A ≤ C ≤ B¤§¦�.±LC−1�Ð©·Ï

Ýl1CUm©uÐò��1K��XB"\�Iw�þ21K��XB�=�"

£2¤�½A!BÚX0§�¦é���C£A ≤ C ≤ B¤§¦�.±X0�Ð©·Ï

Ýl1CUm©uÐò�����XB"\�Iw�þ2���XB�=�£5¿µ

X0�U�uLC−1¤"

£3¤�½AÚB§�¦éu¤k÷vA ≤ C ≤ B�C§¦Ñ.±LC−1�Ð©·Ï

Ýl1CUm©uÐò���XB�ØÓ��«ê"

�,§þ2�¬�âÿÁ�(J?U,
 ��Li"�\�Ïþ2�¤ÿ

Á"
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2.2 Ñ\�ª

1�1�¹ü���êNÚM§USL«oUêÚoö�gê"

1�1�N��K�êD1 − DN§1n1�N + 1��K�êL0 − LN"¹Â�

K8£ã"

1o1å�M1§z11���êtypeL«ö�«a"etype = 0§K�¡

�kü��êuÚx§L«òLuU�x"etype > 0§Ktype�uK8£ã¥éA�

ÿÁ«a?Ò" type = 1��¡�kn��êA!BÚK¶type = 2��¡�kn

��êA!BÚX0¶type = 3��¡�kü��êAÚB"äN¹Â�K8£ã"

2.3 êâ5�

éu10%�êâ§N,M ≤ 100¶

éu20%�êâ§N,M ≤ 5000¶

éu,10%�êâ§type ≤ 1¶

éu,20%�êâ§type ≤ 2¶

éu,15%�êâ§type = 0½3¶

éu100%�êâ§N ≤ 105§M ≤ 2× 105§0 ≤ Di ≤ 104§0 ≤ Li, X0, x ≤ 109§

0 ≤ u ≤ N§1 ≤ A ≤ B ≤ N§1 ≤ K ≤ B − A + 1"

3 �{0�

3.1 �{1

�Ä10%�êâ§N,M ≤ 100"·��±�Ä�["

XJ�½
C§@ol1CUm©uÐ�ª���XBw,�±ÏL�\ú

ªXi = min(Xi−1 + Di, Li)�B/±O(N)��mE,Ý�[Ñ"

ù�§éu?¿��ÿÁ§·���qÞC§©O¦Ñ���XB§éuü

�Î¯�mE,Ý�O(N2)"éu1�«ÿÁ§�±ÏLüS��1K �¶éu

1�«ÿÁ3¦XB�P¹e���=�¶éu1n«ÿÁ§�±üS�qÞ�

HÚOÑØÓ��ê"�u?ULi§�I3Lê|¥?U=�"

N´wÑ§T�{�mE,Ý�O(MN2)"

Ï"�©µ10
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3.2 �{2

�Ä20%�êâ§N,M ≤ 5000"

·�uyþ���{�´¶3u¦XB"·��ÄUÄØzgÑ@^K8£

ã¥�Ñ�úª"

·�kòúª�ügµ

Xi = min (Xi−1 + Di, Li) , (1)

Xi−1 = min (Xi−2 + Di−1, Li−1) . (2)

âd���Xi = min (Xi−2 + Di−1 + Di, Li−1 + Di, Li)"

-S i, j =
∑ j

k=i Dk£�
�B§S i+1,i = 0¤§Ti, j = Li−1 + S i, j§Kµ

Xi = min(Xi−2 + S i−1,i,Ti,i,Ti+1,i)

�daí§�±��±e5Æµ

Theorem 1.
XB = min(XC−1 + S C,B,min{Ti,B | C < i ≤ B + 1})

S i, jÚTi, jÑ�±ÏLý?nDê|��MÚO(1)¦Ñ"�·�uymin{Ti,B |C <

i ≤ B + 1}3qÞC�zg�Cz��"Ïd·���l��cqÞCÒ�±éu

z�C O(1)¦ÑXB
"

(Ü�{1��{§�mE,Ýü�O(mnlogn)"

Ï"�©µ20

3.3 �{3

5¿�k10%�êâ=k1�«ÿÁ"

Ø�-XC,B = min(XC−1 + S C,B,min{Ti,B | C < i ≤ B + 1})"éu1�«ÿÁ§

XC−1 = LC−1§=XC,B = min{Ti,B | C ≤ i ≤ B + 1}"

N´*	Ñ§XC,B�C�~�ØO§¤±¦�XC,B1K��C = B − K + 1"

ù�¯K=z�ü:?UÚ¯�Î¯XB−K+1,B = min{Ti,B | B − K + 1 ≤ i ≤

B + 1}§=«m���"w,¦^�ãä=�"�mE,Ý�O(mlogn)"

Ï"�©µ20£(Ü�{2¤+10=30
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3.4 �{4

éu�e5�20%êâ§I�©Û1�«ÿÁ"

·��±l¼ê��Ý5g�ù�¯K"- f (C) = XC−1 + S C,B = X0 + S C,B§

g(C) = min{Ti,B | C < i ≤ B + 1}"

duDi ≥ 0§¤±S C,B�C�~�Ø~§= f (C)�C�~�Ø~"d�

{3��g(C)�C�~�ØO"·��¦�´ùü�¼ê3«m[A, B]þ���

����"

(Üã/·�éN´uyµ

Theorem 2. e f (C)Úg(C)ü¼êã�Ã�:§K���3>.þ��¶ÄKT

���3�:NC��"

éuk�:��¹§duÑ´üN�¼ê§·��±^�©¯�é��:

 �"�uüg¦g(C)�1�«ÿÁaq§I�O(logn)��mE,Ý§é��

:��mE,Ý�O(log2n)"¦Ñ�:��ÙNC�C ¦Ñ f (C)Úg(C)����

���=�"

�d§éu1�«ÿÁ·���
��üg�mE,ÝO(log2n)��{"o

E,ÝO(mlog2n)"

Ï"�©µ30£(Ü�{3¤+20=50

3.5 �{5

��50%�©êþ�9�1n«ÿÁ"

1n«ÿÁ�1�«ÿÁ�O��ªaq§XC,B = min{Ti,B | C ≤ i ≤ B + 1}"

w,XC,B < XC+1,B ⇐⇒ TC,B < min{Ti,B | C < i ≤ B + 1}"��UÚOÑ÷

vXC,B < XC+1,B� �ê§�Ò´XC,B ~��gê§ÒU��¤�¦�XC,B �«

ê"

lþ¡�©Û�±�Ñ§¯KÙ¢®=z�µ

½ÂpL«�c �§vL«�c���"Ð©p = B§v = min(TB,B,TB+1,B)"

zgé�i = max{x | x < p�Tx,B < v}§,�-p = i§v = Tp,B§48ée�§�

�p < A"¦48�gê§½ö/�/`zglpa�i§¦a�Úê"

Äkùpk��{ü�5Æµ
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Theorem 3. XJl��«mmàm©a§�o��a�T«m����?§�
oØ¬a�T«m�?Û:"

|^ù�5ÆÒ�±^�ãä)ûù�¯K"éu�ãä�!:o £b

�éA�«m[l, r]§�f!:�le f to§mf!:�righto¤§½Âquery(o, qv)L

«Ð©-p = r + 1§v = qv�Ua�Úê§-stepo = query(o,+∞)§minToL

«�ãä�o�«m���"KÜ¿�m!:&E��ÿstepo = steprighto +

query(le f to,minTrighto)"Î¯��ÿòÎ¯«m[A, B]U�ãä©¤�õlogn�«

m�gN^query=�"

y3�e�¯KÒ´XÛ¢yquery¼ê"XJminTrighto ≥ qv§`²Ø

¬a�righto éA�«m§query(o, qv) = query(le f to, qv)¶ÄK§²Lrighto�

¬Ê3Ù���?"ù�·�5¿�ùp��/Ú¦stepo ��/���

�§�e�a�Úê�´stepo − steple f to"¤±3ù«�¹equery(o, qv) =

query(righto, qv) + stepo − steple f to"N´wÑügquery��mE,Ý´O(logn)

�"ù�üg?U½Î¯��mE,Ý�O(log2n)"

^aq�{)û�K8�k¥II[8Ôè�u8Ô2012-2013�¢�ï

�"

�ddK®��)û"o�mE,ÝO(mlog2n)"

Ï"�©µ15½100£(Ü�{4¤

4 o(

�KJ:Ì�3u©Û¯K��
5�"ýO²þ�©ò¬350±þ"
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