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◗┪ⶨ触☭⯼䔯偲ꆸն掿◗➶ꅼ閏⩱気噺溷溬㺤鵷娳㓩㝕⪪㏔□阛沃䐭皑┞䍴☭䈰䀁⺣⢳ր堅柀
篙圸䀁ցն俠䍴䀁儱氮 n⠥再뭑 n � 1唃◦┮潸★溷겻⻔䌐긖ꇓ鴤ꅙ䱸鱍❔嬒唃ꇓ鴤ꅙ䱸⪣⠥潸
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掿◗溬㺤閏⩱気噺☭䈰䀁꽑阛锡㸟叄◲ꇓ鴤侉䐭䧯둚ꅋ⪪鴤❈䕑ꄹ◲ꇓ鴤╢ꅙ䔿䛊㟱儱ꅙ䱸叄
⪣⠥劄ꇶ再뭑溷鴤䕈ն撬脮㎋掿籭懿溷ⳛ費锡䵴䐭免溬槁꽑砯┮鳉摾岺䐭皑㝚ꩽ溷둚ꅋ⪪鴤㎋
婟鵷娳㓩㝕⪪㏔尴㴻䐭皑┞唃둚ꅋ⪪鴤ꅙ篙䀁┪ր姌ꇶց溷⪣再뭑ն䨾顋ր姌ꇶց溷⪣再뭑儱䭰┞㸫
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❔劔 n� 1鉿齽⪜嬒┞鉿劔 3⠥俠俨 uiյviյwi♣銨再뭑 ui 蕜再뭑 vi ▆ꪨ劔┞唃겻⻔ꇓ鴤ꅙ䱸
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ۦ 3  n  105┻ n掿俠俨ն
ۦ 㸫䨾劔 1  i  n� 1恥鳉 ui, vi 掿 0⯑ n� 1▆ꪨ溷俠俨ն
ۦ 㸫䨾劔 1  i  n� 1恥鳉 wi 掿俠俨┻ 1  wi  100ն
ۦ 簊㴻溷㏨掿┞喧堅ն
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㐂叄⠥┮焒⻏溷㜽儘椟㏔╚㜽儘☭溬㺤◗┞㞞棚杅溷俨㲻笠簡蕜ꗯ岉䰤ꆻ笠簡ն呧仂璇㳴㵵溷煝
疴㜽儘☭溷俨㲻笠簡⺪㸫䥦⯑䧰⠰䨾❈氠溷ր埛M ꆻ砯ց⪼╚M 掿┞⠥鮐俨ն♧┫氠埛ꆻ砯溷
銉靣❔䲾ꃍ㜽儘☭溷俨㲻笠簡ն♧M = 7掿❛┫⮬溷砯䑑㐂㜽儘槉溷俨㳴笠簡儱䧯皑溷

ۦ 2⇥ 3 = 6

ۦ 2⇥ 5 = 3

ۦ 2 + 3 = 5

ۦ 2 + 6 = 1

ۦ 3� 1 = 2

ۦ 3� 5 = 5

䧰⠰溷煝疴☭〉ꉛ溬槁◗ꗯ岉䰤ꆻ笠簡蕜♑⠰溷俨㲻笠簡㲽㐂詇둚䍲溷臾ն눢⩰ꗯ岉䰤ꆻ笠簡
⾔䧰⠰㐂㐌槉┪䊬锶溷潲納䓺黈ꇓ䧶儱欎䓺黈ꇓ┮┞埞㜽儘☭蔦䉁劔┞㞞棚杅溷皬⺫⮔⛳塌⯜♧
䰤ꆻꆻ鉿䪫銉ն⫙❔䧰⠰溬槁ꗯ岉䰤ꆻ笠簡溷嬒┞唃鴤納ꌬ⺪♧氠┞⠥偙瓦䑑 y2 = x3 + ax+ b⾔
┞鮐俨M ❔銨獏脮ꄹ⠥偙瓦䑑┪溷嬒⠥俠俨뭑 (x, y)ꌬ⮔⯁♣銨┞⠥ꄹ唃鴤納┪溷皬⺫ն♧┫긖
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y2 = x3 � x+ 1,M = 13

䍴埉 (3, 8) 儱ꄹ唃鴤納溷皬⺫㎋掿 82 ⌘ (33 � 3 + 1) ⌘ 12 (mod 13)նꯙ婟▆㜽
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(x1, y1), (x2, y2), (x3, y3)⪴納♣銨♑恥鳉�

y1 � y2
x1 � x2

=
y2 � y3
x2 � x3
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뭑⪴納溷唃⚂⺪♧㷪䧯

(y1 � y2)(x2 � x3) ⌘ (y2 � y3)(x1 � x2) (mod M)

㜽儘☭锡䵴▘ꗯ岉䰤ꆻ溷免⠿锡⩰齽⪜蔦䉁䨾㐂溷皬⺫䍴埉 (x1, y1)䱸詇齽⪜⺞㜽┞⠥皬⺫溷
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┩⠥뭑溷潲納偙瓦潲納偙瓦䑑╚溷倩椙 m ⺪♧⯈氠魀뉉㸯㴻槏 x · xM�2 ⌘ 1 (mod M) 䕑⮂
m ⌘ (y2 � y1) · (x2 � x1)M�2 (mod M)溷篙韢ն䱸詇㸟ꄹ唃潲納偙瓦♣ꅼ䰤ꆻ鴤納溷偙瓦䑑⺪
♧䕑⯑ (mx+ k)2 ⌘ x3 + ax+ b (mod M)ն╒┻䕞呧蕜➳俨溷岺⯵⺪♧䕑⮂ x1 + x2 + x3 ⌘ m2

(mod M)ꅼ脮寛⮂潨溷㐌溷 Y Z䍴埉ն
簊㴻┞唃ꗯ岉䰤ꆻ鴤納溷俨 aյbյM ♧㜽儘☭溷⮂溬皬⺫⾔╚ꪨ䨾劔溷脝皬⺫▆䍴埉韆
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⪼╚M 掿埛俨a ⾔ b 掿䰤ꆻ鴤納偙瓦䑑溷◝俨(x1, y1)  (x2, y2) ⮔⯁掿鱍뭑脝뭑溷䍴
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0蕜M � 1
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ۦ 1  t  105┻ t掿俠俨ն
ۦ a, b, x1, y1, x2, y2 ꌬ儱 0♧┪M � 1♧┫ 	ⴭ 0蕜M � 1
溷俠俨ն
ۦ x1 6= x2ն
ۦ 2  M < 231M 掿┞鮐俨ն
ۦ ⟛飺㲽㐂睗┩⠥皬⺫ (x3, y3)❈䕑 x3 6= x1 ┻ x3 6= x2╒┻蕜 (x1, y1)⾔ (x2, y2)⪴納ն
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岺㏔陭阛䊘ր锞沖٬册ꓧ偅ց陭阛◗┞娈偆愲溷无⪽ꄹ潉无⪽溷ꅎ㒘儱┞⠥㏤潒┪긖⛳陭◗陵
㝂ㅠ꾪溷 -&%无峑ꪛベ无⪽┪ -&%溷偙䑑儱⯈氠┞佻蕜㏤潒潲䕈瞏ꩽ溷啥柀䠊䥦㊭婟䠊䥦㊭
溷╚䖥뭑㎷㴻偟㏤潒㏤䖥┻⺪꽄免ꓹ♧㏤䖥掿㎷㴻뭑偾龞偾龞免㴊䨾䱸闶⯑溷 -&%溺劋錺ꪛベն
♧┫㏨掿❛묶뭑♣銨勑ꪛベ溷无峑ꪛ氮 -�瓌ⳛ蔷 -�䔿无峑ꪛベ溷柀岞㠀⺯ն

L1

L2

L1

L2

嬒姌ꪛベ溷 -&%无峑劋訒㐂啥柀䠊䥦㊭籭ꇃ溷⪣⠥䩍䓺ⶢ㔔ն⺞㜽䧰⠰⢏陭偾龞ꪛ㢼䧶篙匙免
蝄䠊䥦㊭┫偙劔 -&%无峑⯵㴊⠰□劋錺ꪛベն
撬脮䏳カ㐂鏫ꅎ无⪽免屜劔䱼硄包倣⢳⮂❔溷无⪽┪䨾⛳陭溷 -&%☖䍲蕜꾹虝┮┞㸬蔹俠
둏溷俠둏鮐䠊⺇⯑◗䔔꼸ն锞沖册ꓧ偅韆䏳カ䪻嬒꾪 -&%ꪛベ免溷⼯槁溷鮐䠊ꓪⵊ掿┞⠥俠俨甬掿
鮐䠊➳俨俠潉无⪽溷鮐䠊⺪氮ꪛベ溷 -&%▆鮐䠊➳俨Ⲏ練脮䕑蝄┞⠥ -&%ꌬ屜劔ꪛベ⯵鮐䠊
掿 �ն䉂焒䧰⠰⺪♧ꈷ些䠊䥦㊭⮴㢼伄侑溷閣䍲㐂⮴㢼䨾劔 -&%无峑溺儱ꪘ溷柀䡢┫韆㷪瓦䑑
䌁ⲙ锞沖册ꓧ偅阛砯ꄹ潉无⪽劄㝕⺪茣溷鮐䠊ն
鮖⪌劲䌋
齽⪜⪴ n + 1鉿睗┞鉿劔┞⠥俠俨 n銨獏 -&%无峑溷⠥俨ն⢏陭㏤䖥⛺偟⸮뭑 (0, 0)ն䱸┫❔

n鉿睗 i鉿劔┩⠥俠俨 xi, yi, wi⪼╚ (xi, yi)銨獏睗 i⠥ -&%无峑溷䍴埉⚈◝ -&%无峑溷䍴埉
溺┮⻎┻无峑䍴埉┮劋㐂⸮뭑┪wi 銨獏霂无峑溷鮐䠊➳俨ն
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鮖⭳劲䌋
齽⮂掿┞俠俨銨獏婟无⪽溷劄㝕鮐䠊ն
峮鞲⯆

ۦ 1  n  3⇥ 105┻ n掿俠俨ն
ۦ xi, yi 溺掿 �105 ⯑ 105 ▆ꪨ溷俠俨 	ⴭ �105 蕜 105
ն
ۦ �1000  wi  1000┻ wi 掿俠俨ն
ۦ 㸫䨾劔 1  i < j  n恥鳉 xi 6= xj 䧶 yi 6= yjն
ۦ 㸫䨾劔 1  i  n恥鳉 xi 6= 0䧶 yi 6= 0ն

疗❆峮鍱
a�KTH2 AMTmi a�KTH2 PmiTmi

9
k R @R
@8 R j
@j R @k
y R 9
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d
R @R @R
R j R
y @R @9
y 9 8
@R R R
@R @j R
@k k @k

j

鍐⮆鏿伺
勓꾴⪴劔㎂篁廠雧꾴篁唃⚂ꮹ⯜㠀┫䨾獏ն嬒┞篁⺪劔┞䧶㝂瞉廠雧魕倣霂篁䨾劔廠雧魕倣溺
괚瞩㸫䩛劋棨䕑霂篁⮔俨ն

㲳⚈ⳡ ⮔俨 꾵㜽齽⪜ꮹ⯜
� �� 䨾劔 -&%无峑溷 Z䍴埉潸⻎n  100ն
� �� 䨾劔 -&%无峑溷 Z䍴埉潸⻎n  104ն
� �� n  104ն
� �� 摾꾵㜽ꮹ⯜ն
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����䌑㏔갾魕队㞾卲ⶐ◷煝肪昑⮴ꈷ
&�ꌣ㏐濭

ゖ갭䬞鳭
ꪛ䖥㏔溷婚垞䉖婞㐂ꅼ鉿ꌬ䉖剳偆⪼╚溷䟛䗪鴤偩溷☭鉿ꇓ劔┞꽃ꓨꚟ㐌犝溷䈰瓦ն䟛䗪鴤ꮩꁿ
溷⛿䨭䉤劳ꚟ陭㟱溷☭鉿ꇓ茣㝊㺤槁㐌偙杅虝䨾♧㣗阻ꌬ䉖锺沃溷陭阛㏬갟ꅼ鉿☭鉿ꇓ溷陭阛ն陭
阛㏬갟㐂ꄹ唃☭鉿ꇓ꽑汦◗┞⮬⪴ n㗉㐌犝溷疾呬䩤砯ꚟ陭┞◲꾹虝棚杅溷㐌犝ն棚杅溷㐌犝꾹虝
劔笶虝յ粌虝♧趮虝┩甦꾹虝溷㐌犝⮔⯁♧ `յ;յ#銨獏ն陭阛㏬갟㸟ꄹ n⠥疾呬氮䈱脮⺯❸䍇
紬輍掿 1蔷 n嬒┞甦⺪茣溷㐌犝ꚟ岺⺪氠┞ꩽ䍲掿 n溷㲻╢ S 銨獏㲻╢溷睗 i⠥㲻⩧ S[i]♣銨
睗 i⠥疾呬锡ꚟ陭溷㐌犝꾹虝ն
掿◗꿧聁濧溷ㄻ㟱婚垞䉖ꩽ諀겏◗䟛䗪鴤ꮩꁿ㺇宐溷䟨锶╒䓪俠䧯┞⚋ր耘閏䟨锶ց庣ㅠ
庣ㅠ鎭⪴劔 k꽃耘閏䟨锶ն⪼╚睗 i꽃耘閏䟨锶氮┞⠥ր耘閏꾹虝篁⻉ցci⾔ր耘閏Ⲏ妛ցwi篁䧯ci
儱┞⠥氮 `;#┩甦㲻⩧䨾篁䧯溷㲻╢wi 儱┞⠥婞俠俨ն
䧰⠰⺪♧呧仂ꄹ⠥庣ㅠ掿嬒┞甦㐌犝ꚟ岺雄㴻┞⠥ր耘閏練⮔ցt㴻聋掿

t =
kX

i=1

(+QmMi(S, ci)⇥ wi)

⪼╚ +QmMi(x, y)♣銨㲻╢ y 㐂㲻╢ x╚⮂槁溷姌俨❛㠀 +QmMi(���#��, ��) = 3㎋掿氮 ���#�
╚溷睗 1յ2յ5 ⠥㲻⩧⮔⯁✑掿㲻╢ꪛ꾁ꌬ茣䪨⮂㲳㲻╢ ��侚 �� 㐂 ���#� ╚⪴⮂槁┩姌ն氮
┪䑑⺪䕑焒練⮔ t劋瞏偟䨾劔ր耘閏꾹虝篁⻉ ci 㐂ꚟ岺㲻╢ S ╚⮂槁溷姌俨▘┪霂꽃耘閏Ⲏ妛ց溷
練⾔ն
婟㜽叄◲㐌犝溷꾹虝䉂籭錺ꮩꁿ溷⛿䨭䭰㴻ꄹ◲㐌犝溷꾹虝㸟┮茣錺侉馕ն꾹虝䭰㴻溷柀岞⻎
埞茣♧┞ꩽ䍲掿 n溷㲻╢ T 銨獏蝄睗 i⠥疾呬溷㐌犝꾹虝㹀勑錺䭰㴻⯵ T [i] = t蝄睗 i⠥疾呬
溷㐌犝꾹虝䉂籭錺䭰㴻⯵ T [i]㸟劋儱 `;#┩⠥㲻⩧⪼╚▆┞♣銨婟呬㐌犝錺䭰㴻溷꾹虝ն
韆✘㷪┞⠥瓦䑑❔ⶾⲙ陭阛㏬갟ꚟ陭㐌犝❈䕑耘閏練⮔劄㝕ն
鮖⪌劲䌋
齽⪜⪴ k + 2鉿ն睗┞鉿掿⪣⠥婞俠俨 n蕜 k♧┞⠥疾溮⮔갲⮔⯁銨獏䔵ꚟ陭溷㐌犝俨♧耘
閏䟨锶劔䌢꽃ն
䱸┫❔劔 k 鉿⪼╚睗 i鉿 	1  i  k
劔┞㲻╢ ci ┞婞俠俨 wi⪣脢ꪨ♧┞⠥疾溮⮔갲⮔⯁
♣銨睗 i⠥耘閏䟨锶溷ր耘閏꾹虝篁⻉ցր耘閏Ⲏ妛ցն
劄䔿┞鉿劔┞⠥ꩽ䍲掿 n溷㲻╢ T氮 `;#t㎂甦㲻⩧篁䧯銨獏潨⯼銏┪㐌犝溷䭰㴻柀岞ն
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����䌑㏔갾魕队㞾卲ⶐ◷煝肪昑⮴ꈷ
鮖⭳劲䌋
齽⮂┞⠥俠俨♣銨┮ꇙ⛿䨭锡寛溷⯼䳀┫劄㝕⺪茣溷ր耘閏練⮔ցն
峮鞲⯆

ۦ 1  n  10000┻ n掿俠俨ն
ۦ 1  k  100┻ k 掿俠俨ն
ۦ ⚈䟨耘閏꾹虝篁⻉㲻╢ ci恥鳉 ci ꩽ䍲㐂 1⯑ 2000▆ꪨ 	ⴭ 1蕜 2000
┻ ci ⥾氮 `;#┩
甦㲻⩧篁䧯ն

ۦ 䨾劔耘閏꾹虝篁⻉㲻╢ ci 溷ꩽ䍲Ⲏ練㸯偟瞏偟 2000ն
ۦ 㸫䨾劔 1  i  n恥鳉 wi 掿俠俨┻ 1  wi  200ն
ۦ 㸫䨾劔 1  i < j  k恥鳉 ci 6= cjն
ۦ T 溷ꩽ䍲䛊掿 n┻ T ⥾氮 `;#t㎂甦㲻⩧篁䧯ն

疗❆峮鍱
a�KTH2 AMTmi a�KTH2 PmiTmi
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鍐⮆鏿伺
勓꾴⪴劔㎂篁廠雧꾴篁唃⚂ꮹ⯜㠀┫䨾獏ն嬒┞篁⺪劔┞䧶㝂瞉廠雧魕倣霂篁䨾劔廠雧魕倣溺
괚瞩㸫䩛劋棨䕑霂篁⮔俨ն

㲳⚈ⳡ ⮔俨 꾵㜽齽⪜ꮹ⯜
� �� n  8ն
� �� ⛿䨭溷锡寛㲻╢╚屜劔 t㲻⩧ն
� �� ci ꩽ䍲蔷㝂掿 7ն
� �� 摾꾵㜽ꮹ⯜ն
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