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f (x) = a0 + a1x + ... + anxn§¡�)¤¼ê

XJù�ê�kÃê�§éA�)¤¼ê��¡�/ª�
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/ªz�½Âµ

XJc = a ∗ bµ
ci =

∑i
j=0 aj ∗ bi−j

��^½ÂO�§qÞi, j
�mE,ÝO(N2)

�±ÏLN = 266666�êâ��
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©£¦

�e5õ�ª�ÝêN%@�2��§õ�ª�Ýê½Â�
õ�ª�gê+1

�Ä�
�¯��{§~X©£"

b�kü�Ýê�N�õ�ªf , g§·��O�f ∗ gµ
Äk-M = N/2
·�rf©¤ü�õ�ªf0, f1§÷vf = f0 + f1 ∗ xM

Ón-g = g0 + g1 ∗ xM

@of ∗ g = (f0 + f1 ∗ xM) ∗ (g0 + g1 ∗ xM)

= f0 ∗ g0 + f1 ∗ g1 ∗ xN + (f0 ∗ g1 + f1 ∗ g0) ∗ xM
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b�kü�Ýê�N�õ�ªf , g§·��O�f ∗ gµ
Äk-M = N/2
·�rf©¤ü�õ�ªf0, f1§÷vf = f0 + f1 ∗ xM
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@of ∗ g = (f0 + f1 ∗ xM) ∗ (g0 + g1 ∗ xM)

= f0 ∗ g0 + f1 ∗ g1 ∗ xN + (f0 ∗ g1 + f1 ∗ g0) ∗ xM

duf0 ∗ g1 + f1 ∗ g0 = (f0 + f1) ∗ (g0 + g1)− f0 ∗ g0 − f1 ∗ g1
�I�©£O�f0 ∗ g0, f1 ∗ g1, (f0 + f1) ∗ (g0 + g1)=�



Polynomial

wÅ½	°¥Æùy¤

õ�ª�)¤¼ê

õ�ªÄ�$�

õ�ª\{Ú~{

õ�ª¦{

õ�ª¦_�Ø{

õ�ªéêÚ�

ÚîS�{

õ�ª:����

�
õ�ªE|

�|Ük'�òÈ

'ug��4íª

�54íª

¦1�adA�ê

�«AÏfwt

�
K8

�*l�õ�ä

¦Ú

Shuffle and Swap
Day Schedule
More

©£¦

b�kü�Ýê�N�õ�ªf , g§·��O�f ∗ gµ
Äk-M = N/2
·�rf©¤ü�õ�ªf0, f1§÷vf = f0 + f1 ∗ xM

Ón-g = g0 + g1 ∗ xM

@of ∗ g = (f0 + f1 ∗ xM) ∗ (g0 + g1 ∗ xM)

= f0 ∗ g0 + f1 ∗ g1 ∗ xN + (f0 ∗ g1 + f1 ∗ g0) ∗ xM

duf0 ∗ g1 + f1 ∗ g0 = (f0 + f1) ∗ (g0 + g1)− f0 ∗ g0 − f1 ∗ g1
�I�©£O�f0 ∗ g0, f1 ∗ g1, (f0 + f1) ∗ (g0 + g1)=�



Polynomial

wÅ½	°¥Æùy¤

õ�ª�)¤¼ê

õ�ªÄ�$�

õ�ª\{Ú~{

õ�ª¦{

õ�ª¦_�Ø{

õ�ªéêÚ�

ÚîS�{

õ�ª:����

�
õ�ªE|

�|Ük'�òÈ

'ug��4íª

�54íª

¦1�adA�ê

�«AÏfwt

�
K8

�*l�õ�ä

¦Ú

Shuffle and Swap
Day Schedule
More

�mE,Ý

{ü©Û�±uy©£¦�E,ÝT(N)�±L«�µ

T(N) = O(N) + 3T(N/2)

@oT(N) = 3logN ≈ N1.59

¿ØUÏLN = 266666�êâ��
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51nodê.t29F
�mÚOÆ

m��m¥�3n�:§÷vz����Iáu8
Ü{0, 1, 2,3}§é?¿�êx ∈ [0,3m]§¦Ñål�x�:éê"

n ≤ 200000,m ≤ 9
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51nodê.t29F
�mÚOÆ

½Â$�a⊕ b�òa,bz�������:§@ob��
3ü�õ�ªf , g§¦f ⊕ g

$^©£¦�g�§·�rf , g©¤f0, f1, f2, f3, g0, g1, g2, g3§
¦Ñ

(f0 + f1 + f2 + f3)⊕ (g0 + g1 + g2 + g3)

(f0 − f1 + f2 − f3)⊕ (g0 − g1 + g2 − g3)

(f0 + f3)⊕ (g0 + g3)

(f0 − f3)⊕ (g0 − g3)

f1 ⊕ g1§f2 ⊕ g2

,�\\~~=�§E,ÝO(Nlog46)
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½Â$�a⊕ b�òa,bz�������:§@ob��
3ü�õ�ªf , g§¦f ⊕ g
$^©£¦�g�§·�rf , g©¤f0, f1, f2, f3, g0, g1, g2, g3§

¦Ñ

(f0 + f1 + f2 + f3)⊕ (g0 + g1 + g2 + g3)

(f0 − f1 + f2 − f3)⊕ (g0 − g1 + g2 − g3)

(f0 + f3)⊕ (g0 + g3)

(f0 − f3)⊕ (g0 − g3)

f1 ⊕ g1§f2 ⊕ g2

,�\\~~=�§E,ÝO(Nlog46)
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-P = A + B ∗ i,Q = A− B ∗ i§�±uyPi,Qi�Ý"

-ω�1�2Nü �§ωi = ωi§dft(f )i = f (ωi)
,��¡§wi,w2N−i�Ý
dua + b = a + b§a ∗ b = a ∗ b
@o·��±y²dft(P)i,dft(Q)2N−i�Ý£<

äNí��±�Xiao Mao�I[8ÔèØ©£ÃÄwÇ

@o·��I�O�Ñdft(P)=�§,�:
dft(A)i = dft(P)i+dft(Q)i

2 §dft(B)i = i dft(P)i−dft(Q)i
2

5¿«Oü �iÚeIi
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þãL§�·�Jø
��òü�õ�ªÜ¿3�å

¦dft��{
ù�·��±rü�dft�å�§ù��I�2g�Ý

�2N�dft

UØU�`Q

XJ·�UòIDFT�L§C¤ü��Ý�N�IDFT§@o
Ò�±���5���~ê

�ÄòÛó©m§

A0 = a0 + a2x + ... + aN−2x
N
2−1, A1 = a1 + a3x + ... + aN−1x

N
2−1

ÓnòBÐm"
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A0 = a0 +a2x+ ...+aN−2x
N
2−1, A1 = a1 +a3x+ ...+aN−1x

N
2−1

B0 = b0+b2x+ ...+bN−2x
N
2−1,B1 = b1+b3x+ ...+bN−1x

N
2−1

XJ-C = A ∗ B§@o�±uy
C0 = A0 ∗ B0 + A1 ∗ B1 ∗ x§C1 = A0 ∗ B1 + A1 ∗ B0
¤±�I�¦ÑA0, A1,B0,B1�DFT§�ÑC0,C1�DFT,�

C�£�=�"

I�4gDFTÚ2gIDFT§$^�c��{�I�2g�Ý
�N�DFTÚ1g�Ý�N�IDFT=�"~êü��5���"
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codechef 2017Oct
XORTREEH

½ÂchefÏ"�C(Y)�µ

C(Y) =
∑a

i=1 y
2yi
i ∗ p

3yi
i §yi�Y¤k�U��§pi�z«��

�VÇ"

�½�Ý�N��K�êS�A§¦e¡ù���chefÏ"
�µ

lS�Ao?ÀX���Ó�fS�§z�S��mex�
�K(K ≤ 10)?�É½Ú"K?�É½=K?�Ø? \{

é330301441 = 2520 ∗ 218 + 1����
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Chef and Horcrux

�±uyK8���Ò´¦K?�fwt

�?�fwt�C�µ(a,b)⇒ (a + b,a− b)

n?�fwt�C�µ
(a,b, c)⇒ (a + b + c,a + bω + cω2,a + bω2 + cω)

�±uyfwtC����Ò´éz��?1�g�Ý
�K�DFT",�·�uy2520TÐ�Ø330301440§Ïd�ì
�?�fwt�C�éz��?1�g�åDFT=�"
�mE,ÝO(NKlogKN)
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�½��Ý�N�õ�ªf (x)§

¦g(x)§÷vf (x) ∗ g(x) = 1 ( mod xN )

�Ä�O§-M = N/2§f0(x)�f (x)�cM §
b�y3®�g0(x)÷vf0(x) ∗ g0(x) = 1 ( mod xM )§@o

(f0(x) ∗ g0(x))2 = 1 ( mod xN )

(f (x)− f0(x))2 = 0 ( mod xN )

Ðm�f 2(x)− 2f (x)f0(x) + f 20 (x) = 0 ( mod xN )

Ó¦g(x)��§f (x)− 2f0(x) + f 20 (x)g(x) = 0 ( mod xN )

¦þg20(x)§£���µ

g(x) = (2− f (x) ∗ g0(x)) ∗ g0(x)

�mE,ÝO(NlogN)
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¦g(x) = ln(f (x))

duln(f (x))′ = f ′(x)
f (x)

�I��gõ�ª¦_=�

�
÷v,
<�ÐÛ%§�Ñ��{ü�y²£%

@lim∆x→0¤µ

ln(f (x))′ = ln(f (x+∆x))−ln(f (x))
(x+∆x)−x =

ln( f (x+∆x)
f (x)

)

∆x =
ln( f
′(x)∆x+f (x)

f (x)
)

∆x =

ln( f
′(x)∆x
f (x)

+1)
∆x = f ′(x)

f (x) ∗
f (x)

f ′(x)∆x ln( f
′(x)∆x
f (x) + 1) =

f ′(x)
f (x) ∗ ln(( f

′(x)∆x
f (x) + 1) f (x)

f′(x)∆x ) = f ′(x)
f (x) ∗ ln(e) = f ′(x)

f (x)
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¦g(x) = ef (x)

(ef (x))′ = f ′(x)ef (x)§©£fft�±)û
�mE,ÝO(Nlog2N)

k
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¦^ÚîS�§�±��O(NlogN)��mE,Ý"

Ó�b�·�¦Ñg0(x) = ef0(x) ( mod xN/2 )

éef (x)�VÐm��µ

ef (x) = ef0(x)

0! + ef0(x)(f (x)−f0(x))
1! + ef0(x)(f (x)−f0(x))2

2! + ...

w,l1n�m©§(f (x)− f0(x))k3�xN¿ÂeÑ�0§Ï
d�±�Ñ

l
��g(x) = g0(x)(1 + f (x)− f0(x))

�mE,ÝO(NlogN)
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få5ék�n§�´��o·wa
º

ef (x) = ef0(x)

0! + ef0(x)(f (x)−f0(x))
1!

⇒ g(x) = g0(x)(1 + f (x)− f0(x))

c�Ü©´vk¯K�§�´I�5¿3mod xN¿Âe§
g0(x) = ef0(x)¿Ø¤á

5¿�¦ln(f (x))´�©N´�§
ln(g(x))Úf0(x)3

�x N
2¿Âew,��"Ïd·�^ln(g0(x))O�f0(x)=�"

g(x) = g0(x)(1 + f (x)− ln(g0(x)))
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�½��Ý�N�õ�ªf (x)ÚN�êa1, ...,an§
¦f (a1), ..., f (an)

�Ä©£§òf (x)�¤f (x) = g(x)Π
N/2
i=1 (x− ai) + r(x)§@o

·�48éa1, ...,aN/2�3r(x)þ�õ:¦�¶éaN/2+1, ...,aN�
aq"

�I��gõ�ªØ{

�mE,ÝT(N) = O(NlogN) + 2T(N/2) = O(Nlog2N)
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õ�ª��

�½Néê(ai,bi)L«f (ai) = bi§¦��Ý�N�õ�
ªf (x)÷v^�"

·���þ¡�L§§b�µ

f (x) = g(x)Π
N/2
i=1 (x − ai) + h(x)ΠN

i=N/2+1(x − ai)§
·��I�éõ�ªΠ

N/2
i=1 (x − ai)ÚaN/2+1, ...,aNõ:¦�§

,��#éA�bê|§,�48?1"48���2Ü¿
�mE,ÝT(N) = O(Nlog2N) + 2T(N/2) = O(Nlog3N)

�oº\`3�log�ú
º
O:�kö�£ÃÄwÇ
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�½Néê(ai,bi)L«f (ai) = bi§¦��Ý�N�õ�
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c[©Ûfâ�L§§é'.�KF��µ

f (x) =
∑N

i=1
bi

ΠN
j=1,j 6=i(ai−aj)

∗ ΠN
j=1,j 6=i(x − aj)

·�uy1�Ü©�48Ò´¦Ñ¤k�ci = bi
ΠN
j=1,j 6=i(ai−aj)

1�Ü©Ò´ÏL8¿ò¤k�ªfÜ¿


1�Ü©�E,Ý´O(Nlog2N)�§Ïd�ÄXÛ¯�¦

Ñ¤k�ci
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ci = bi
ΠN
j=1,j 6=i(ai−aj)

⇒ bi
ci = ΠN

j=1,j 6=i(ai − aj)

â7�{K£�Ñ�
^�¤µ

elimx→a f (x) = 0§limx→a g(x) = 0§@o
limx→a f (x)
limx→a g(x) = limx→a f ′(x)

limx→a g′(x)

-h(x) = ΠN
i=1(x − ai)§

�Äbi
ci = h(ai)

x−ai§�ââ7�{K·��±�

�bi
ci = h′(ai)

(x−ai)′ = h′(ai)§$^õ:¦�=�"
ù�ªf��±ÏLòh(x)��êÐm��"

ù�Ü©Úo��mE,ÝÑ´O(Nlog2N)
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�Äai =
∑i

j=0
(i
j
)
bj

·�r|ÜêÐm£���µ
ai
i! =

∑i
j=0

bj
j! ∗

1
(i−j)!

=z�{ü�òÈ
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'ug��4íª

�Äfi =
∑i−1

j=0 fj ∗ ai−j§f0 = 1

òf ,a��/ª�?ê§@oÒkf (x) = f (x) ∗ a(x) + 1
£���f (x) = 1

1−a(x)§õ�ª¦_ÒU��f (x)
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efi =
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j=1 fi−j ∗ aj§¦fN"
N ≤ 1018, k ≤ 105
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®�a´�§6x5 − 3x2 + x − 4 = 0����§
¦a2333 + a233 + 1��

�{"µ*	uyx = 1´�|)§�\���Y
�{�µ£���x5 = 3x2−x+4

6 §ü�

�{�µ���Ø{
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�54íª

efi =
∑k

j=1 fi−j ∗ aj§¦fN"
N ≤ 1018, k ≤ 105

·�uy�54íªaquü�§
�Ø{Úõ�ªØ{

��©aq"

@o·���¦xNéxk −∑k
j=1 ajxk−j���(J=�"

duNé�§·�I�^¯��"
�mE,ÝO(Nlog2N)
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¦1�adA�ê

1�adA�êsknL«òn�ØÓ�¥�\k��ÓÝf�
Ýf����Yê"

éuskn§·��±^N½Ú|Üê?1L«"
qÞ�õkx����Ýf§·��±��µ
skn =

∑k
x=0
(k
x
)
(−1)k−xxn

·���¦|Üê��{§Ðm��µ
skn
k! =

∑k
x=0

xn
x! ∗

(−1)k−x
(k−x)!

@o3n�½��¹e·��±3O(NlogN)��mS��

¤k�skn
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�«AÏfmt

ci =
∑N

j=0
∑N

k=0 [j + k = i && j|k = i]aj ∗ bk

½Âbit(x)L«x��?�L«¥1��ê
�E#�õ�ªA(x) =

∑N
i=0(aipbit(i))xi§B(x)Ón

,�éA(x),B(x)?1fmt§��C(x)

@oci = [pbit(i)]Ci

�mE,ÝO(Nlog2N)
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bzoj3684
�*l�õ�ä

�Ñ��8ÜD§õ�ä�z���f(:I�÷v¯f�
ê∈ D
¦�f(:�ê�s�÷v^��õ�ä��ê§é�

�ntt�ê����"
1 ≤ max{di}, s ≤ 105

c�EU.�KF�üµ

eG(F(x)) = x§@o[xn]F(x) =
xn−1( x

G(x) )n

n
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�*l�õ�ä

���Ñ)¤¼êF(x) = x +
∑

i∈D F(x)i§

,�⇒ F(x)−
∑

i∈D F(x)i = x

�Ä¼êG(x) = x −∑i∈D xi§w,G(F(x)) = x
�eÒ´��õ�ª¦�
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bzoj4555
TJOI/HEOI2016¦Ú

�½N ≤ 105§¦∑N
i=0
∑i

j=0 s
j
i ∗ 2j ∗ (j!)

�Äsji ∗ 2j ∗ (j!)�¹Â§��ui�¥�\j�ØÓ�Ýf§
¿��z�ÝfæþùÚ½ö7Ú¥��«��Yê

XJ½ÂFi =
∑i

j=0 s
j
i ∗ 2j ∗ (j!)§�ÄqÞ1��Ýf¤¹

¥��êÚôÚµ

Fi = 2∑i
j=1
(i
j
)
Fi−j§$^�c|ÜêòÈÚ'ug�4íª

�E|ÒU��F(x)

�mE,ÝO(NlogN)
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AGC019 E
Shuffle and Swap

�½ü��Ý�N��¹�ê�Ó�1�01GA,B§?1eã
ö�µ

-a1, ...,ak�13A¥� �§b1, ..,bk�13B¥� �
�Å�ÏS�a,b
U^Sl1�k��Aai , Abi

-P�ö�(å�A,B�Ó�VÇ§¦P ∗ (k!)2�3
�998244353¿Âe�Ï""

1 ≤ N ≤ 105
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AGC019 E
Shuffle and Swap

,� �þA,BéA��k11, 10,01n«

·�r/X(b,a)→ (c,b)...→ (z, y)�ö�����¬£5

¿z�UÚa�Ó¤"
@oz�¬�a, ..., z�½´10, 11, 11, ...,01(z 6= a)½

ö11, ..., 11(z = a)

�Äk�z 6= a�¬§qÞù
¬¥11��êx"@
o01Ú10�é��{kk!«§òx�11©���{kkx«§o�
^Sk (2k+x)!

Πk
i=1(si+2)!

«§Ù¥siL«1i¬S�11��ê§ù�Ü©o
�Yêµ

k!kx (2k+x)!

Πk
i=1(si+2)!
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1�Ü©�Yêµk!kx (2k+x)!

Πk
i=1(si+2)!

§Ù¥kL«01��ê§xL
«z 6= a¬¥11��ê"e¡-mL«11�o�ê§

w,z = a¬¥11�±�¿ü�§�Yê�((m− x)!)2"

òü�|Üå5��Yê� N!
(2k+x)!(m−x)!

@oo��YêÒ´µ

(k!)2kx (2k+x)!

Πk
i=1(si+2)!

∗ ((m− x)!)2 ∗ N!
(2k+x)!(m−x)!

= N!k!kx(m−x)!

Πk
i=1(si+2)!

§Ù¥
∑ si = x

�Eõ�ªF(x) =
∑

i=0
1

(i+2)!§¦ÑFk(x)=�"

�mE,ÝO(NlogN)§�,��^O(Nlog2N)�¯��=

�"
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�Ó�ckK���§1����¯@�§¯L�è£Lzg
Î¯�Ñ¤"�e5z���§¦�±ÀJ¯{ê½ö�¯�"

�´Ó�USØUëX¯üî�"�Ó�kA�¯��±�"
QgÎ¯µ
b�1�Uê,kD«ØÓ�è3ø�ÓÀJ§�e5zU

Ñ¬íÑ��#á"�\¦Ñl1�Uå�TU��kõ�«Ø
Ó�Sü§=µ1�U�Yê+1�U�Yê+...+1TU��Y
ê§é�êP��"

K ≤ 105, A ≤ 109, 108 + 7 ≤ P ≤ 109 + 7,
Q ≤ 500, L ≤ D ≤ D + T − 1 ≤ 107
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Äk·�^F(D)L«kD«ØÓ�è3ÀJ��Yê§@o
�YÒ´

∑D+T−1
i=D F(i)


F(D)�±{üÏLÝ
¦{��§�mE,

ÝO(Q(D + T)logK)

·�uyF(D)´'uD��õb K2 cgõ�ª§
�ù�õ�
ª´Ø¬�XÎ¯ëêUC�"�ÄqÞ{ê�êµ

F(D) =
∑

i fi ∗ Di = L ∗∑i
(K−2−i

i
)
∗ AK−1−i ∗ Di

ù�·�rfi£�c¡¦Úµ∑D+T−1
i=D F(i) =

∑
j fj
∑D+T−1

i=D ij

,

∑n

i=0 ik¿Ø�N´¦Ú§·��ÄC�õ�ª�/ª
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·�uy
∑n

i=0(i + 1)(i + 2)...(i + k)'�N´ÏL|Üêþ

�I¦Ú��{¯�¦Ñ"∑n
i=0(i + 1)...(i + k) = (k!) ∗

∑n
i=0
(i+k

k
)

= (k!) ∗
(i+n+1

k+1
)

@ob�·�U¦Ñ��õ�ª/ªXeµ

P(D) =
∑

i pi(D + 1)...(D + i)
@oÒ�±'�N´/3O(K)�mE,Ý¦Ñ�Y

5¿�ù�õ�ª�:��±3O(logN)��mE,Ý¦

Ñ§·��ÄÏL:�5��ù�õ�ª
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b�·�¦Ñ
ù�õ�ª�ck�§·�y3�Ä¦pk"
·��ÄòD = −k − 1�\P(D)§@olxk+1m©Ñ��K


§@oÒkµ

P(−k − 1) = (−1)k ∗ (k!) ∗ pk +
∑k−1

i=0 (−1)i ∗ k!
(k−i)! ∗ pi

�E��õ�ªQ(x)÷vqk = P(−k−1)
k! §@oÒkµ

qk = (−1)k ∗ pk +
∑k−1

i=0 (−1)ipi ∗ 1
(k−i)!

·�N�P(D)�Xêµpi ⇒ (−1)ipi
�¤/ª�?ê/ªÒkQ(x) = P(x) + H(x) ∗ P(x)§õ�

ª¦_=�"

du�êØ´ntt�ê§I�õgntt½ö©£¦
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��`z

Q(x) = P(x) + H(x) ∗ P(x)⇒ P(x) = Q(x)
1+P(x)

1 + P(x) =
∑

i=0
xi
i! = ex

l
P(x) = Q(x) ∗ e−x§

e−x =

∑
i=0

(−1)i
i! xi

�I��gõ�ª¦{
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More

uoj182 a−1 + b problem õ�ªõ:¦�
uoj50óª�A ÚîS�{/©£fft
bzoj4589 Hard Nim fwt
NOI2017 Day2T3 õ�ª��¦�54íª
codeforces# 250�*l���ä õ�ªm�Ò

51nod�{ê.t16 FØÄ: ÚîS�{/©£fft
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a�

a�aå�õ�ª��

a�f(Xiao)�(Mao)��8ÔèØ©
a�CC

F

The End
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