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1.1 ¯K£ã

ù´��J��YK"

\ò��ÑeZ�S�§z�S�Ñ�3��(½�5Æ§\I�éÑù

�5Æ¿�â5Æ¦ÑS��,��"

�¬�Ñ10�Ñ\©�§?Ò�0 ∼ 9"z�Ñ\©�Ñ�¹5�S�§z�

Ñ\©�¥�S�5ÆÑk�½�'5¿��3�½JÝFÝ"

\I�éz�S�¦Ñù�S��½�,��§z�(¦Ñ���Y§\

ò¼�2©"�Y±IO�Y�O§XJ\¦Ñ�,�Î¯��Y�IO�YØ

Ó§éuù�Î¯\ò¼�0©§=¦\uy�5Æ�±¦��Ñ�S�z��

þ÷v"

1.2 Ñ\�ª

?Ò�i�Ñ\©�¶�i.in§z�Ñ\©�¥¬�g�Ñ5|Î¯"

z|Î¯�)ü1§1�1n��ên, p, k" nL«êâ¬�ÑS��

11 ∼ n�" pL«TS�´Ä3�,�ê�¿Âe±9äN��ê§ep = 0§

TS�3�ê��S¶ÄKTS�3�p¿Âe§¤kêiþ�0 ∼ p − 1S��

ê¶�yp ≥ 0"kL«�¦¦ÑTS��1k�§5¿k�±Ø´��ê§Ù¿Â

�±�âS��5Æ��"1�1�¹n��ê§L«�Ñ�S�"�
Bu*

	§z|Î¯(å�¬õ�Ñ���1"

1.3 ÑÑ�ª

éu?Ò�i�Ñ\©�§\I�J���©�¶�i.out��Y©�§XJ

vkJ�§éuù�Ñ\©�\ò¼�0©"
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z��Y©�¥I��¹��Ê1§Ù¥cÊ1z17LTÐ�¹���

ê§�gL«éA�Ñ\©�¥z�Î¯��Y§XJéu,�Î¯\Ã{¦

Ñ�(�Y§ïÆÑÑ−1"XJ\J���Yvkî�Uìù��ª§Ø�y

U�£�(�µÿ(J"

1Ê1���Ü©#NÀÃJ��
�	�&E§�±�)¤uy�5Æ

½´gC�a��§dÜ©éÀÃ�©vk?ÛK�"

2 äN©Û

2.1 ÿÁ:0

�ÿÁ:Ì��	SNµ��ê�!�'ê�"

��1��ÿÁ:§�ÿÁ:JÝ�$§kÏuÀÃ�¯/þÃK8±9

�Ð/n)K¿£�)z�ÿÁ:SS�5Æ�'5�äN¿Â¤"

2.1.1 S�0.1

n = 10, p = 0, k = 20"

S�µ f (n) = 2(n − 1) + 1"

Ä��1§ú��2���ê�"

�~N´*	Ñ5"

2.1.2 S�0.2

n = 10, p = 233, k = −2147483658"

S�µ f (n) = 3(n − 1) + 2"

Ä��2§ú��3���ê�"

�S�0.1Ä��Ó§O\
��§k�Kê���\Ï�úª=�§±9I

�5¿k��Ø3int��S"

2.1.3 S�0.3

n = 5, p = 0, k = 13"

S�µ f (n) = 3 ∗ 13n−1"
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Ä��3§ú'�13��'ê�"

�âS��O��Ý±9c¡��ê��J«§ØJ*	Ñ5"

2.1.4 S�0.4

n = 10, p = 233, k = 23333"

S�µ f (n) = 71 ∗ 47n−1"

Ä��71§ú'�47��'ê�"

du3�¿Âe§ØN´�*/*	Ñ5§�´�âc¡�J«N´ß�

´�'ê�§^¦_�½�åqÞ��{ØJ��ú'§2�y(Ø=�"

2.1.5 S�0.5

n = 10, p = 233, k = 109"

S�µ f (n) = 108 ∗ 23n−1 + 67"

Ä��108§ú'�23��'ê���Ñ\þ67"

��Óu f (1) = 108 + 67, f (n) = 23 ∗ f (n − 1) − (23 − 1) ∗ 67"nÜc¡��

�ê�Ú�'ê�§·��±ß�ù�ê��z��´c��¦��ê2\�

�ê��§dup��§�±�åqÞ�y"

2.2 ÿÁ:1

�ÿÁ:Ì��	SNµ�¼ê"

�ÿÁ:Ó�JÝ�$"

2.2.1 S�1.1

n = 10, p = 0, k = 6666"

S�µ f (n) = n2"

�~N´*	Ñ5§Ó�é�e5�S�äk�½J«õU"

2.2.2 S�1.2

n = 10, p = 233, k = 23333"

S�µ f (n) = n5"
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�ê��§S�Ø
�*§�´N´uy f (1) = 1 = 15, f (2) = 32 = 25§Ø

Juy5Æ"

2.2.3 S�1.3

n = 10, p = 109 + 7, k = 987654321"

S�µ f (n) = n2 + (n + 1)5"

S��O��Ý���n5�Ó§Ó�5¿� f (1) = 33 = 32 + 1 = 25 + 1§�

âz���(n + 1)5���ØJ��Ï�úª"

2.2.4 S�1.4

n = 10, p = 109 + 7, k = 100"

S�µ f (n) = n−1"

êi�5Æ�©²w§ÙG_��ÀÃéN´uy5Æ§¦_�=���

�Y"

2.2.5 S�1.5

n = 10, p = 109 + 7, k = 100"

S�µ f (n) = (n + 2)−3"

�âS�1.4�J«±9êi�5Æ§N´��kòS�¥�z�ê¦_2

?1*	§ØJuy5Æ"

2.3 ÿÁ:2

�ÿÁ:Ì��	SNµ�54í"

2.3.1 S�2.1

n = 10, p = 109 + 7, k = 109"

S�µ f (1) = f (2) = 1, f (n) = f (n − 1) + f (n − 2)"

²;�ÜÅ@êê�§ØJ*	Ñ5"�±^Ý
¯��¦��Y§d

ukØ´AO�§��±^O(1)�m§O(k)�m��å�{¦�"
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2.3.2 S�2.2

n = 10, p = 109 + 7, k = −109"

S�µ f (1) = f (2) = 1, f (n) = f (n − 1) + f (n − 2)"

�S�2.1�Ó§���«O´k�Kê§�â f (n − 2) = f (n) − f (n − 1)�í

£�=�"

2.3.3 S�2.3

n = 15, p = 109 + 7, k = 109"

S�µ f (1) = f (2) = f (3) = 1, f (n) = f (n − 1) + f (n − 3)"

ÜÅ@êê��C«§�âÜÅ@êê��J«c[*	ØJuy5Æ"

2.3.4 S�2.4

n = 15, p = 109 + 7, k = 109"

S�µ f (0) = 0, f (1) = 1, f (n) = 3 f (n − 1) − f (n − 2) + 2"

S��äN¿Â�/[FJOI2007]ÓG¾Ó0"

�±ÏL*	��5Æ£�J¤§��±dc¡S��J«��TÿÁ:�

�54ík'§�â4íª�Ñ�§¦)=�"

2.3.5 S�2.5

n = 100, p = 109 + 7, k = 109"

S�µ f (n) = 0 (n < 0), f (0) = 1, f (n) =
∑10

i=1 i · f (n − i) (n > 0)"

5ÆØ´AO²w§�âc¡S��J«�±ß�´�54íê�§�â

4íª�Ñ�§�^pd��{¦)=�"

2.4 ÿÁ:3

�ÿÁ:Ì��	SNµ�¦�|Üê"

2.4.1 S�3.1

n = 10, p = 0, k = 15"

S�µ f (n) = n!"
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'�N´uy5Æ"Ì�åJ«�^"

2.4.2 S�3.2

n = 10, p = 109 + 7, k = 999997"

S�µ f (n) = Cn−1
2(n−1)"

dS�3.1�J«�êi5ÆØJß�TS���¦Ú|Üêk'"ÏL�


*	Ú}ÁØJuy5Æ"

2.4.3 S�3.3

n = 10, p = 109 + 7, k = 1010"

S�µ f (n) = Cn−1
2(n−1)"

5Æ�S�3.2�Ó"d{üO��� f (k)¥¹k��109 + 7�Ïf§��

Y�0"

2.4.4 S�3.4

n = 10, p = 109 + 7, k = 98765432123456789"

S�µ f (n) = Cn−1
2(n−1)"

5Æ�cü�S��Ó"O��� f (k)¥Ø¹109 + 7�Ïf§O� f (k)�§

·��±�À109 + 7��ê§2�Ä�109 + 7�z«{ê�ê�¦½Ø
õ�

g§ØJ�Ñ�Y"

2.4.5 S�3.5

n = 25, p = 109 + 7, k = 233333"

S�µ f (n) = Cb
2n
3 c

3n−2"

dc¡S��J«9êi5Æß�TS��|Üêk'§éS��z��

�åqÞ¦ÑCM
NL«e�NÚM�ØJ*	Ñ5Æ"

2.5 ÿÁ:4

�ÿÁ:�	SNµ�ê
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2.5.1 S�4.1

n = 10, p = 0, k = 100"

S�µ f (n) = pn§Ù¥pnL«1n���ê"

N´*	��5Æ§^ç{��{N´¦Ñ�Y"

2.5.2 S�4.2

n = 10, p = 0, k = 108"

S�µ f (n) = pn"

�S�4.1�Ó"k'��§��ç�U�mØ
§�±ò��©¤eZãz

ã©O^ç{éÑÙ¥��ê"

2.5.3 S�4.3

n = 10, p = 998244353, k = 233333"

S�µ f (n) = p−2
n "

êi3�¿Âe�wþ�'�,Ï§éXÿÁ:1§�±��kòz�ê¦

_§��ÒØJuyS��5Æ"

2.5.4 S�4.4

n = 100, p = 0, k = 233333"

S�µ f (n) = min{pi|∃p j, pi + p j = 2n + 2}§=���÷v2n + 2 − p´�ê�

�êp"

�'µx�nâß�"

5¿�z�êiÑ´'����ê§�±é��x�nâß�§dux�

nâß��é�´Ø�u4�óê§� f (n)éA�é��2n + 2"

2.5.5 S�4.5

n = 100, p = 0, k = 233333"

S�µ f (n) = n−1 mod pn"
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�â�c�S���TÿÁ:��êk'§5¿�3ù�S�¥z��Ñ

Ø�Lpn§�±ß�1n���pnk'§2éXS�4.3§éz��¦_=�uy

5Æ"

2.6 ÿÁ:5

�ÿÁ:Ì��	SNµ�ê�'Oê

�ÿÁ:SS�5Æ'�Ø´uy§JÝ�p"

2.6.1 S�5.1

n = 30, p = 0, k = 98765432123456789"

S�µ f (n) = φ(n)§=n±Skõ����ê�np�"

ÙGφ¼ê�ÀÃØJuyù�S��5Æ§�åék©)�Ïê�=�O

�Ñ�Y"

2.6.2 S�5.2

n = 100, p = 0, k = 98765432123456789"

S�µ f (1) = 0, f (n) = f (φ(n)) + 1 (n > 1)§=zgö�^φ(n)O�n§��I

�õ�gö�âUònC�1"

ÏL*	�±uyù�S��φ¼êäk�r��'5§�âO��Ý�±

ß���O�úª"

2.6.3 S�5.3

n = 100, p = 0, k = 106"

S�µ f (n) =
∑

i[pi ≤ 10n]§=10n±S��ê�ê"

ÙG�ê©Ù�ÀÃ�±*	uyù�5Æ§S�5.1�Jø
�ÄOê�

g´"

2.6.4 S�5.4

n = 100, p = 0, k = 106"

S�µ f (n) =
∑

i, j[pi + p j = 2n + 2]§=2n + 2U©)¤õ�é�ê�Ú"
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�'µx�nâß�"

x�nâß�3ÿÁ:4¥�kÑy§(Ü�ÿÁ:�'5�§ÏL*	Ú

ß��±��5Æ"

2.6.5 S�5.5

n = 10000, p = 109 + 7, k = 106"

S�µ f (n) =
∑

pi<p[p−1
i mod p ≤ n]§=n±S�p¿Âe�¦{_���ê

�ê��ê"

S�üNØü�O��ú§(Ü�ÿÁ:�'5�ß�´é1 ∼ nS÷v,

«5��ê�Oê§�ÄòO��/�J�Ñ5*	"

5¿êâ¥�Ñ
�êp = 109 + 7§
k�k106§XJ�´ò f (k)ép��

w,pvk¿Â§(Ü�cêâ:��{§òJ�Ñ�êép¦¦{_�§2(

Ü*	¦Ñ�_�§ f (n)O�:�©ÙªÇ±9�ÿÁ:��'5�§�±ß

��´Ä´�êk'§=�uy5Æ"

2.7 ÿÁ:6

�ÿÁ:Ì��	SNµ4í'X"

2.7.1 S�6.1

n = 25, p = 109 + 7, k = 106"

S�µ f (1) = f (2) = 1, f (n) = f (n − 1) · f (n − 2) + 1"

ÏL*	ØJuyz���cü��¦Èk'"

2.7.2 S�6.2

n = 25, p = 109 + 7, k = 106"

S�µ f (0) = 0, f (1) = 1, f (n) = n( f (n − 1) + f (n − 2))"

ÏL*	�±uy f (n)´n��ê��cü��Úk'"

2.7.3 S�6.3

n = 25, p = 109 + 7, k = 106"
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S�µ f (n) = n
f (n−1)"

*	�ÑS��z���±L«�©ê�/ª§=z�©ê�2*	§Ø

Juy5Æ"

2.7.4 S�6.4

n = 100, p = 0, k = 106"

S�µ f (n) = ( f (n − 1)2 + 1) mod n"

*	uy f (n)Ø¬�Ln¿�S�¥�EÑy
/X1, 2, 5, 26�ëYeZ�§

ØJuy5Æ"

2.7.5 S�6.5

n = 1000, p = 0, k = 106"

S�µ f (n) = 1 (n ≤ 3), f (n) = n − f ( f (n − 1)) (n > 3)"

�âcA�S��±uy�ÿÁ:���54í'Xk'§XJUé��

EÜ¼ê/ª�4íª§kÅ¬uyù�S��5Æ"

,	§XJ�S�� f (1) = 1, f (n) = n − f ( f (n − 1)) (n > 1)§ù�S��d

u f (n) =
⌊ √

5−1
2 (n + 1)

⌋
§�
;�ù«�¹§AOéù�S�?1
�N"

2.8 ÿÁ:7

�ÿÁ:Ì��	SNµ $�"

2.8.1 S�7.1

n = 30, p = 0, k = 2020202"

S�µ f (0) = 0, f (n) = f (n − 1) xor n§Ù¥xorL«U É½"

��*	S��±����*�5Æµ f (n) = 1 (n mod 4 = 1), f (n) =

n + 1 (n mod 4 = 2), f (n) = 0 (n mod 4 = 3), f (n) = n (n mod 4 = 0)"

2.8.2 S�7.2

n = 2000, p = 0, k = 2333333"
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S�µ f (n) = n and
∑∞

i=0 4i§Ù¥andL«U �§=n��32�óêg�

��?� ��(J"

*	uy f (n)�3'�AÏ�±Ï5�§ØJuyù�5Æ"

2.8.3 S�7.3

n = 2000, p = 0, k = 1049599"

S�µ f (n) = n or (n+1)§Ù¥orL«U ½§�Óu f (n) = n+ lowbit(n+1)§

Ù¥lowbit(n)L«n��$��1��?� "

�±uy f (n)�n'��C§*	 f (n) − n§ØJuyù�5Æ"

2.8.4 S�7.4

n = 2000, p = 0, k = 2333333"

S�µ f (n) = n xor 2n"

�±uy f (n)�3n'��C§*	3n − f (n)§éXcA�S��±uyTÿ

Á:� $�k'§=z��?��*	�±uy5Æ"

2.8.5 S�7.5

n = 2000, p = 232, k = 23333"

S�µ f (1) = 1, p1(x) = x xor (x << 13), p2(x) = x xor (x >> 17), p3(x) =

x xor (x << 5), f (n) = p3(p2(p1( f (n − 1))))§Ù¥<<��£§>>�m£"

p = 232J«êia.�unsigned int§¿�S�¥I��Ä�?�e�

�32 "�,4íª��E,§�du f (1) = 1§ÏLcA��±*	Ñ�½�

5�"�±ß�z��´dc��ÏL�
 $�£Ì�´É½¤���§�

±�âc���?�ez� é����?�ez� �K��ÑÉ½�§|

)�4íª"

,	§ù�4íª���Åê)¤ì3/[WC2017]]Ô0¥ÑyL"

2.9 ÿÁ:8

�ÿÁ:Ì��	SNµÃnê��"
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2.9.1 S�8.1

n = 100, p = 0, k = 2333333"

S�µ f (n) = b2πnc§=�»�n���±��e��"

�âS��O��Ý±9Ñy�314�êi§ØJuyù�S��5Æ"

2.9.2 S�8.2

n = 20, p = 0, k = 30"

S�µ f (n) = benc§Ù¥e�g,éê�.ê"

S�±�ê¼ê��ÝO�§�â����'ØJuy5Æ"

2.9.3 S�8.3

n = 100, p = 0, k = 2333333"

S�µ f (n) =
⌊
πn2
⌋
§=�»�n���¡È�e��"

�âS��O��Ý±9Ñy�31415�êi§ØJuyù�S��5Æ"

2.9.4 S�8.4

n = 30, p = 0, k = 23333"

S�µ f (n) =
⌊

4
3πn3
⌋
§=�»�n�¥�NÈ�e��"

�âS��O��Ý±9�cS��J«§�±uy5Æ"

2.9.5 S�8.5

n = 30, p = 0, k = 2333"

S�µ f (n) =
⌊

1
2π

2n4
⌋
§=�»�n�o�¥N�NÈ�e��"

�âS��O��Ý±9�cS��J«§�±uy5Æ"

2.10 ÿÁ:9

�ÿÁ:Ì��	SNµ�Ú�õ�ª"
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2.10.1 S�9.1

n = 10, p = 998244353, k = 23333"

S�µ f (n) =
∑n

i=1 ii"

ÏL�
*	�}Á§�±uy5Æ"

2.10.2 S�9.2

n = 10, p = 500, k = 233"

S�µ f (n) = n3 + n2 + n + 1"

ÏL�
*	�}Á§�±uy5Æ"

2.10.3 S�9.3

n = 20, p = 0, k = 233"

S�µ f (n) = 2n5 + 3n4 + 4n3 + 3n2 + n + 3"

�âc¡�S�§�±ß�TÿÁ:�õ�ªk'§�±ÏLÃ�½´�

�úª�y¿¦Ñ�Y"

2.10.4 S�9.4

n = 1000, p = 109 + 7, k = 2333333"

S�µ f (n)���233g�õ�ª§L�ªÑ"

�âc¡�S�§�±ß�TS����õ�ª§ÏL��úª�±�y

¿¦Ñ�Y"

2.10.5 S�9.5

n = 1000, p = 998244353, k = 2333333"

S�µ f (n) = 23333 +
∑n

i=1 i−1"

*	cü�§�±uy f (1) = 23333 + 1, f (2) = 23333 + 1 + 1
2§2ÏL�


ß�Ú}Á=�uy5Æ"
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3 o(

�K±�«AÏ�/ª�	
ÀÃ�âäNê�uy5Æ�5��Uå§

Ó��	
ÀÃõ�¡�êÆ�£"

,	§3ÀÃé�
¯KvkäNg´�§�±ÏL�å�{¦��Y2

*	´Äk5ÆÚ5�§F"�KUå��½�éu�Ôö�J"
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