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$a\otimes b=\text{mex}\{a'\otimes b\oplus a\otimes b"\oplus a"\otimes b'|0O\le a'<a,0\le b'<b\}$ O O
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Games[D OO DOODOOODO $sg$ 0000000 nimOO
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e $0\otimes x=x\otimes0=0%$[]$x\otimes y=0$ O 0O O O $x=0\lor y=0%

$1\otimes x=x\otimesl=x$
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000000 $n$0$2° {27~ {n}\otimes x=2"{2~{n}}\times x(0\le x<2” {2~ {n}})$
000000 $n$0%$27~{2~{n}}\otimes

27 {27 {n}}=\frac{3}{2}\cdot2™ {2~ {n}}=2" {2~ {n}Noplus2™{2"~{n}-1}$
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e 0000 $surreal\;number$ $x=\{L|R\}$ 00 $L$ OO OO $I {max}$00 $x=\{l_{max}|R\}$[
OO0 $R$ 0O O

e[ %$a$0%$b$0000O0O0O0O $surreal;numbers 00 $i$ 0000000 $a$0 $b$s 0000
O $i$ 0000 $surreal;numbers OO OOODO

e [ $a<x<b$ 0 $x$0 $a$ 0 $b$ 00O T O ODO $surreal\;numbersl $x=\{a|b\}$

$surreal\;number$ OO OO OO
$x+y=\{X_{L}X_{RIN}+\{Y_{L}Y_{RI\}=\{X_{L}+y,x+Y_{L}X {R}+y,x+Y {R}\}$

$surreal\;numbers OO DO OO0 $-x=-\{X_{L}X_{RN}=\{-X_{R}-X_{L}\}$

$surreal\;number$ 0000 00O $xy=\{X_{L}X_ {RAIN{Y_{L}Y_{RN}=\{X {L}y+xY {L}-
X ALY _{LYOX_{R}y+xY_{R}-X_{R}Y_{R}|X_{L}y+xY_{R}-X_{L}Y_{R}OxY_{L}+X_{R}y-
X {R}Y_{L}\}$

$surreal\;number$ 0 OO 0O OO $\displaystyle{\frac{1}{y}=\{0,\frac{1+(y"~{R}-
y)(\frac{1}{yH~{L}Hy {R}}\frac{1+(y " {L}-y)(\Mfrac{1}{y}) ~{R}H{y~{L} }]\frac{1+(y "~ {L}-
y)(\frac{1}{yH~{L}Hy " {L}}\frac{1+(y " {R}-y)(\frac{1}{y})~{R}Hy {R}N}}$00 O
$y~{L}>0,y"{R}>0%
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$surreal\;number$ O $x_{1}\cdots,x_{n}$00 $P_{1}+\cdots+P {n}$ 0O 0O O $surreal\;number$ O
$x_{1}+\cdots+x {n}$[

O000000000000gg $surreal\;number$

$$ \begin{aligned}\\ &\{0|1,\frac{1}{2} \frac{1} {4} \cdots\}=\epsilon(O O O )\\
&\{0,1,2,3,\cdots|\}=\omega(0 O 0O )\\ &\{\epsilon|1 \frac{1} {2} \frac{1} {4} \cdots\}=2\epsilon\\
&\{0|\epsilon\}=\frac{\epsilon} {2}\\ &\{0,1,2,3,\cdots,\omega|\} =\omega+1\\
&\{0,1,2,3,\cdots|\omega\}=\omega-1\\ &\{\omega|\omega+1\}=\omega+\frac{1}{2}\\
\end{aligned}\\ $$
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$$ \frac{\pi}{2} = \lim_{n \to +\infty \frac{[\frac{(2n)!!}{(2n-1)!1}]~ {2} }{2n+1} $3
StirlingD O

$$ n\sim\sqrt{2\pi n}(\frac{n}{e})~{n} $3$

nd O

$n$0 0 0 00O O 0O[QN$\displaystyle{\frac{\pi™~ {\frac{n} {2} } } {\Gamma(\frac{n}{2}+1)}r~{n}}$

$n$C000onoo
0 O$\displaystyle{\frac{2\pi~ {\frac{n} {2} } } {\Gamma(\frac{n}{2})}r~{n-1}=V _{n}'(n}$

000000 $\Gamma(z)=\int_{0}~{\infty}x”~{z-1}e”{-x}\mathbb{d}x$ 0O O

e $\Gamma(l)=1\Gamma(z+1)=z2\Gamma(z)(z>0)$

e $\Gamma(1-z)\Gamma(z)=\frac{\pi} {\sin(\pi z)}(zZ\notin\mathbb{Z})$
e $\Gamma(z)\Gamma(z+\frac{1}{2})=2"{1-2z}\sqrt{\pi}\Gamma(2z)$
e $\Gamma(\frac{1}{2})=\sqrt{\pi}$
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OOooO0o $f\mathbf{p})$g0 0 OO0
$g9_{1}(\mathbf{p})\le0,\cdots,g_{n}(\mathbf{p})\le0,h_{1}(\mathbf{p})=\cdots=h_{m}(\mathbf{p
N=0$0000000000000000OO

$$ \begin{cases} &nabla f(\mathbf{p})+\sum {i=1}~{m}\lambda {i}\nabla
h_{i}(\mathbf{p})+\sum_{i=1}"{n}\mu_{i}\nabla g_{i}(\mathbf{p})=0\ &h_{i}(\mathbf{p})=0\
&mu_{i}g_{i}(\mathbf{p})=0\\ &mu_{i}\geO\\ &g_{i}(\mathbf{p})\le0 \end{cases} $$
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OS$pn)$00 $N$ 000000000000 0O0O0O $i$000000 $\frac{3i™~{2}-i}{2}$s 0
$\frac{3i™{2}+i}{2}s 00000000000 $f(\frac{3i~{2}-i}{2}) = f(\frac{3i~ {2} +i}{2}) = i$[]
0 $p(n) =\sum_{u,1\le ulle n}(-1)"~{f(u) - 1}p(n-u)$J0 0 $u$s 0O 0O 0ODO

0 O$\displaystyle{\phi(x)=\prod_{i=1}~{\infty}(1-x~{i})}$ 0000 0000000000000

0 0$\phi(x) =\sum_{u}(-1)~{f(u)Ix~{u}s0 0 sus 00000000 DO $O$SOO0SpN)$ 00T OO
0 $1,1,2,3,5,7,11,15,22,30,42,56,77$ [

20000000

${n\choose m}\% 2=!(m\And\sim n)$J0 O O O [J${n\choose m}\% 2=1$J0 000 $n$ O $m$ O $1$
O00D0DO00oO000 $18000g${n+m\choose m\% 2=1$0 000 $n$ 0 $m$ O $1$0 000 OO
00 $0$0

oo

O$M {n}$s00000000O $n$ 00000000000 0O00O0O0O0O0O0ODOOOOQO%$M {0} =
MA{1} =1, M {n+1} =M {n}+\sum {i=0}"{n-1}M {i}M_{n-i-1} =
\frac{2n+3}{n+3}M_{n}+\frac{3n}{n+3}IM {n-1}$0000C 0000 $\{a_{i}\}(0\leiNlen)$ OO
O000Q0%a {0} =a {n}=0,a {i}\geO, |a {it-a {i+1}\lel$gO s0$s000O$M {n}$ 00O 0ODO
0 $$ \begin{aligned} &1,1,2,4,9,21,51,127,323,835,2188,\\
&5798,15511,41835,113634,310572,853467,\\
&2356779,6536382,18199284,50852019,142547559,\\
&400763223,1129760415,3192727797,9043402501,\\
&25669818476,73007772802,208023278209,593742784829 \end{aligned} $$

ooon

0 $C {0}=1,C_{n}=\sum_{i=0}"{n-1}C {i}C {n-i-1}$00 0 O $\displaystyle{C {n} =
\frac{C_{2n}~{n}}{n+1}}$00 0000 0O

e $n$ 000000 OOOODOOOO

e $n$000000O0O0O0OODOOO

$n\timesn$ 0000000 OOOOODOOOODODOOOOOODODOOODOOODOOOOOO
ggooono

O00oooo $n+2¢ 000000000000 OOOO

O $\{1,2,\cdots, "\}$ OO0 00000000000

00 $\{1,2,\cdots, "\}$OOOOOOOOO

O$n$s 00000000000 $n$00000000000

O0s$s000%$C {n}$ 000000 $%\begin{aligned} &1,1,2,5,14,42,132,429,1430,\\
&4862,16796,58786,208012,742900,\\ &2674440,9694845,35357670,129644790,\\
&477638700,1767263190 \end{aligned} $$
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$B_{0} =1, B_{i}=1-\sum_{j = 0}~ {i-1}C_{i}~{j}\frac{B_{j} H{i-j+1}.¢ DO D OO0ODOOOOO0O
$\frac{x}{e~{x}-1}.s 00000000 OCOOOQ%\sum {k=1}"{n}k~{m} =
\frac{1}{m+1}\sum_{k=0}"{m}C {m+1}~{k}B {k}n~{m+1-k}.$ 0 $0$0 0 [O$B {n}$ 00O OO
0 $1\frac{1}{2} \frac{1}{6},0,-\frac{1}{30},0,\frac{1}{42},0,-\frac{1}{30}$

oooooooood

$(x)™{(n)}=x(x+1)(x+2)\cdots(x+n-1)$ 0 0 0 00000 $(x)_{n}=x(x-1)(x-2)\cdots(x-n+1)$ 0 O O
goboogooo

* $(a+b)”{(n)}=\sum_{i=0}" {n}{n\choosei} a)”~{(n-) }(b)~{(j)}$
. $a+b {n} \sum_{i=0}"{n}{n\choose i}(a) {n-j}(b) {j}$
e $(x)_{Mm}(x) {n}=\sum_{k=0}"{m}{m\choose k}{n\choose k}k!(x) {m+n-k}$

ooon

gooooboo

$\begin{bmatrix}n\\k\end{bmatrix}$ 0O $n$ 000000000000 $k$ OO ODODOODOOOO
00 $s(n,k)=(-1)"{n-k}\begin{bmatrix}n\\k\end {bmatrix} $[]
$\begin{bmatrix}n+1\\k\end{bmatrix}=n\begin{bmatrix}n\\k\end{bmatrix} +\begin{bmatrix} n\\k-1\
end{bmatrix}(k>0)$0$\begin{bmatrix}0\\0\end{bmatrix}=1$0$\begin{bmatrix}n\\0\end {bmatrix} =\
begin{bmatrix}0\\n\end{bmatrix}=0(n>0)$0 0 00O OO

. $x) {(n)}=\sum_{k=0}"{n}\begin{bmatrix}n\\k\end{bmatrix}x "~ {k}$
e $(x)_{n}=\sum {k=0}"~{n}s(nk)x"{k}$

000000000000 $n$gs(x)™{(n)}$ 0O $(x {n}$DDD
$\{\begin{bmatrix}n\\k\end{bmatrix}\}$ 0 $\{s(n,k\}$ 0O 0O 0O

0000000 $k$g$\{\begin{bmatrix}n\\k\end{bmatrix}\}$ 00000000
0 O$\displaystyle{\frac{\In" {k}\frac{1}{1-
x}Hk!}=\sum_{n=k}" {+\infty}\begin{bmatrix}n\\k\end{bmatrix}\frac{x~{n}}{n!}}$0

goodd

¢ $\begin{bmatrix}n\\m\end{bmatrix}=\sum_{k}\begin{bmatrix}n+1\\k+1\end{bmatrix} {k\cho
ose m}(-1)~{m-k}$

e $\begin{bmatrix}n+1\\m+1\end{bmatrix}=\sum_{k=0}"~{n}\begin{bmatrix}k\\m\end{bmatri
xH\frac{n'}{k'!}$

e $\begin{bmatrix}m+n+1\\m\end{bmatrix}=\sum_{k=0}"{m}(n+k)\begin{bmatrix}n+k\\k\en
d{bmatrix}$

e $\begin{bmatrix}n\\l+m\end{bmatrix} {I+m\choose
I}=\sum_{k}\begin{bmatrix}k\\end{bmatrix}\begin{bmatrix}n-k\\m\end{bmatrix} {n\choose
k}$
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$\begin{Bmatrix}n\\k\end{Bmatrix}$ OO0 $n$ 000000000 $k$ODOODODOO

[0 [I$\begin{ Bmatrix }n+1\K\end{Bmatrix} =K\begin{Bmatrix} n\Kiend{Bmatrix} +\begin{Bmatrix} n\\k-1\end{ Bmatrix} (k>0)$]
$\begin{Bmatrix}0\\0\end{Bmatrix}=1$[]$\begin{Bmatrix}n\\0\end{Bmatrix}=\begin{Bmatrix}0\\n\e
nd{Bmatrix}=0(n>0)$J 0 000 00O

e $\begin{Bmatrix}n\\k\end{Bmatrix}=\frac{1}{k!\sum_{i=0}"{k}(-1)~{i}{k\choose i} (k-
)7 {n}$

0000000000000 000 $\mathcal{O}n\logn)$ OO OO0 $n$ 00000000000
O

e $\sum_{k=0}"{n}\begin{Bmatrix}n\\k\end{Bmatrix}(x) {k}=x~{n}$
e $B {n}=\sum_ {k=0}"{n}\begin{Bmatrix}n\\k\end{Bmatrix}$00 0 $B {n}$ 00000

0000000 $k$g$\{\begin{Bmatrix}n\\k\end{Bmatrix}\}$ 000000
$\displaystyle{\sum_{n=k}~{+\infty }\begin{Bmatrix} n\\k\end{Bmatrix}x~ {n}=\frac{x" {k} } {\prod
Ai=1}1"{k}1-kx}}$Q00O0O0O0O0O0O0O0O
$\displaystyle{\sum_{n=k} ™ {+\infty }\begin{Bmatrix} n\\k\end{Bmatrix}\frac{x™ {n} } {n!}=\frac{(e
~{x}-1)7{k}H{k!'}}s$0

0o

O%$B {n}$00000O $n$S000000O0O00O0OO $B {n}$s00O

$B {n+1}=\sum {k=0}"{n}{n\choose k}B {k}$[1$B {n}=\sum {k=0}"{n}S(n, k)$00 O $S$ O O
O0000ooooooo $p$d $B {n+p~{m}HequivmB {n}+B {n+1}\pmod{p}$f0 00O OO
00 $\sum_{n=0}"{\infty}\frac{B_{n}}{n!}x~{n}=e~{e~{x}-1}$00 $0$ 000 O$B {n}$ 0O OO
00 $$ \begin{aligned} &1,1,2,5,15,52,203,877,\\ &4140,21147,115975,678570,\\
&4213597,27644437,190899322,\\ &1382958545,10480142147,82864869804,\\
&682076806159,5832742205057,51724158235372,\\
&474869816156751,4506715738447323,44152005855084346,\\
&445958869294805289,4638590332229999353,49631246523618756274 \end{aligned} $$

Burnside [0 [J

0$G$000000000000 $X$ 000 $\forall g\in G$O$X~{g}$ 00 $X$ 00 $g$ 0000
O000D0DO0$X/G$ 00 $X$0$6G$ 0000000000 $|X/G|=\frac{1}{|G|Hsum_{g\in
G}HX"{g}(s0

Polya [0 [

O $\bar{G}$0 $n$ 00 000O000ODOOO0O $m$O00OO0OODO $n$0000O0O0O0OOOOODOOO
$l=\frac{1} {|\bar{G}|}(m~{c(\bar{a_{1}})}+m~{c(\bar{a_{2}})}+\cdots+m~ {c(\bar{a_{g}})})$0
00 $c(\bar{a {i}H$ 0000 $\bar{a {i}}$0000O0O
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00000000000 $T {n}(\cos x)=\cos nx$ 0O O $\displaystyle{[x~{m}IT_{n}=(-1)"{\frac{n-
m}{2} N\frac{n}{m}{\frac{n+m}{2}-1\choose m-1}2~"{m-1}}$ 00000000 O0OO
$U_{n}(\cos x)=\frac{\sin(n+1)x}{\sin x}$ 0O O $\displaystyle{[x~{m}]U_{n}=(-1)"{\frac{n-
m}{2}}{\frac{n+m}{2}\choose \frac{n-m}{2}}2~{m}}$ [

oogooood

gdddddoooooouooooouo

e JODODO $(j)$00000DODODOO0OODOOOODODOOOODDOO
e JODODO $(,))$000 $a {i,j}$00DOO0O00DOODDOUOODODOODODOOOOODODO

$a_{i,j}$ 00
$1\simn$00000000000000000000000
$F {1}=1,F {2}=2,F {n}=F(n-1)+(n-1)F(n-2)$

O0000000000oOoo0oooooooooogpsnsCc0gooooOoUooooOss0nOoOD
gbobogoboodboboooboooboboooboon

0og

$N\simn$s 0000000 $n\sum_{i=0}"~{n}(-1)~{i}\frac{1}{i'}$

Oooon

g0 oooon
O00000 $1,280 $12380 000 $1,234550 000 $45123s0 00000000000 $1s00D0
gobogobobooobboonooooon

0 Schr\ddot{o}der O

0 $S {n}$ 000 $003$00 $(nn$0 000000000000 DO00O0O0DO $0,0)$0
$(nnN)$000000000000000

$S {0}=1,S {1}=2,S {n}=3S {n-1}+\sum {k=1}"{n-2}S {k}S {n-k-1}$0$S {n}$ 00O OODO
$\frac{1-x-\sqrt{x"~{2}-6x+1}}{2x}$[0$S_{n}=\sum_{i=0}"~{n}\frac{1}{n-i+1}\frac{(2n-i)!}{i'((n-
N~ {2}}s0

$S {n}$ 00000000 $n+1$000000O0O0OOO

0$0s$000$S_{n}$ 000000 $%\begin{aligned} &1,2,6,22,90,394,\\
&1806,8558,41586,206098,\\ &1037718,5293446,27297738,\\
&142078746,745387038,3937603038,\\ &20927156706,111818026018,600318853926,\\
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O Schr\ddot{o}der O

0 $s {0}=1,s {i+1}=\frac{S_{i}}{2}s00 0 $s {n}=\frac{1}{n}((6n-9)s {n-1}-
(n-3)s_{n-2})$0%s {n}$ 00000

e 0 $n+1$0000000O0O
eI $n$00000ODODOO

Ooodn

O $p$0000%a,bs 0 $ps 00000 OOOO $\overline{\cdots a {n}\cdotsa {0}}$ O
$\overline{\cdots b_{n}\cdots b {0}}$00 0 ${a\choose b}$ 0D OO0 $p$ 00O ODODO
$\overline{\cdots a_{i}\cdots a_{0} }<\overline{\cdots b_{i}\cdots b {0}}$ 000 $i$ 000000
000 $a<b$ O00O%${a\choose b}=0$0 00000 $i$0000000O0OO0O0O0OO0O0OODOOO
OO0 $b$0 $a-b$ 00 $p$ 0000000000 DOOOODOODOOODOOOODOQO%${a\chooseb}$
O%p$ 000000 $\log_{p}rasd

Joogood

O $f:\{1,2,\cdots,n\}\to\{1,2,\cdots,n\}$[]00 $\overbrace{f\circ\cdots\circ f}~{kO }(i)=f(i)$ O
$\{1,2\cdots,n\}$ 0000000000 $00000000 $\exp(\sum_{i\mid k-1}(x\cdot
\exp(x)) "~ {i}/i)$

guobgbootdoggodn

0000 $S$000o0ooopooooonDoonoooooDooooOo $ssunooooooo
$\sum_{i=1}"{|S|}1..i\text{ is border}]|\Sigma|~{i}$00 O

HEN

$\sum{n\choose2k} {k\choose m}=\frac{n}{n-m}{n-m\choose n-2m}2~{n-2m-1}$
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0 $<x {0}, x {1},x {2},x {3} \cdots> =

X _{0}+\frac{1}{x {1}+\frac{1}{x {2} +\frac{1}{x {3}+\cdots}}}$ 00 O $x {i}>0(i\gel)$ OO
$\frac{p_{n}}{g n}=<x {0} x {1} \cdots,x {n}>$ 0000 $n$ 0000 OO OOOO
$p_{-1}=1,9_{-1}=0$ g0 OO OO
$p_{n}=x_{n}p_{n-1}+p _{n-2},g {n}=x_{n}q_{n-1}+q_{n-2}(n\gel)$ J0 OO OO0OOOOCOOO
$\WXi {n}=<x_{n}x {n+1l}\cdots>$ 00000 $n$ 00 0ODOODO

$\xi {0}=\frac{p_{n}\xi {n+1}+p {n-1}}{q {n}\xi {n+1}+q {p-1}}$00000000CO0O0OO0O
Oo0doooooooooOon
$<x_{0}\cdots,x_{m_{0}-1},<\overline{x_{m_{0}} \cdots,x {m_{0}+I-1}}>>$[000 $I$ O

$\xi {0}$ 00000 $\Wxi_{0}=\frac{\sqrt{d}+c_{0}}{r {0}},q {0}|d-c~{2} {0}$sO OO
$\xi_{n}=\frac{\sqrt{d}+c {n}}{r {n}}$ 000 $r {n+1}=r {n-1}+\frac{c_{n}~{2}-

c {n+1}~{2}}{r {n}}=r {n-1}+(c_{n}-c_ {n+1})x {n}$,$c_{n+1}=x {n}r {n}-
c_{n}$,%$a_{n}=\Ifloor\xi_{n}\rfloor(n\gel)$ [

00000000000$x-dy™{2}=1$ 0 $x-dy~{2}=-1$(0 $d$ 00000000000 O000ODOO
$(\pm1,0)$00 00000000 $d$ 000000000 $\xi_ {0}=\sqrt{d}$00 000000000
O $1s00 0000 $\frac{p_{n}}{q {n}}$00 O

e0$$0000000000000000 $x=p_{jl-1},y=q_{jl-1},j=1,2,3,\cdots$[0 00 O 0 O
O

e0$$0000000000000000 $x=p_{jl-1},y=q_{jl-1},j=2,4,6,\cdots${0 00 00 0
00000 $x=p_{jl-1},y=q_{jl-1},j=1,3,5,\cdots$

gobooobooobboon

e S$$0D0000O0ODODOODOOODODO $x+y\sqrt{d}=\pm(p_{I-1}\pm
g _{I-1}\sqrt{d})~{j}.j=0,1,2\cdots$l0 00O OO DO

e $$0D000000O0ODOOODODOO $x+y\sqrt{d}=\pm(p_{I-1}\pm
q_{I-1N\sqrt{d})~{j},j=0,2,4\cdots$0 00 DO OO OO OO $x+y\sgrt{d}=\pm(p_{I-1}\pm
a_{I-1X\sqrt{d})"~{j}.j=1,3,5\cdots$

OOoO0DOooO0 $x~{2}-ny™~{2}=k$0 O Brahmagupta’s identity O
ags@a~{2}+nb™{2})(c™{2}+nd™{2})=(ac-nbd)~{2}+n(ad+bc)~ {2} =(ac+nbd)”~ {2} +n(ad-
bc)~{2}$0

O $(x_{1}y_{1}$ O $x~{2}-ny~{2}=k$ OO O O0%(x_{2}y_{2})$ O $x~{2}-ny~{2}=1$ 00O
00 $(x_{1}7~{2}-ny_{1}~{2H)(x_{2}~{2}-ny_{2}~{2})=(x_{1}x_{2}+ny_{1}y_{2})~{2}-
n(x_{1}y_{2}+x_{2}y_{1})~{2}=(x_{1}x_{2}-ny_{1}y_{2})~{2}-n(x_{1}y_{2}-
x_{2}y_{1H7~{2}=k$00 O $(x_{1}x_{2}+ny_{1}y_{2}x {1}y_{2}+x_{2}y_{1}H$ O
$(x_{1}x_{2}-ny_{1}y {2} x_{1}y_{2}-x {2}y _{1})$O00D0O0O0OODO

00 $ax~{2}-by"{2}=c$ 0000000000 $(ax)~{2}-aby™{2}=ac$ 0DO00OOC0OOODO

ooon

O $\forall a, b, n\in N~ {+}, b\ge \phi(n)$J0 $a ™ {b} \equiva ™ {b\% \phi(n) + \phi(n)\pmod{n}$[
00 $b\ge\phin)$ 0000000000000 DODDDODODOD $\phin)$0000000O0O0
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Joodn

$$ \prod_{i=1\gcd(i,m)=1}"~{m}i\equiv\begin{cases} & 1&(m=1,2,4,p"{1},2p" {1} \text{ p is odd
prime})\\ &1&(\text{otherwise}) \end{cases}\pmod{m} $$

Oo000dnogmd
0 $f(a,b,c,nt {1},t {2})=\sum {i=0}"~{n}i~{t {1} }\Ifloor\frac{ai+b}{c}\rfloor™~{t {2}}$00 0O
0000000000000 000000000$es00D000nDonoonooonono sonfo}=1s0

00 $m=\Ifloor\frac{an+b}{c}\rfloor$1$g_{t}(x)=(x+1)"{t}-
x™{t}=\sum {i=0}"~{t-1}g {ti}x~{i}$0$h_{t}(x)=\sum {i=1}"~{x}i~{t}=\sum {i=0}"{t+1}h {ti
Ix_A{irs0

o O $t {2}=0$00 0
$$0 0 =h_{t {1} }(n)+[t_{1}=0] $$
e 0 $M=0$00 O
$$0 0 =0%$
e 0 $a=0%$]0 0
$$ 0 0 =\Ifloon\frac{b} {cHrfloor™{t_{2} }(h_{t_{1}}(n)+[t_{1}=0]) $$
e [0 $a\ge c$ O $b\ge c$j0 O

$$0 0 =\sum_{u_{1}+u {2}+u {3}=t {2}}{t {2}\choose
u {1},u {2},u_{3}}(\Ifloon\frac{a}{c}\rfloor)”™{u_{2}}(\Ifloon\frac{b}{c}\rfloor)”~{u_{3}}f(a\%c,b\%
cont {1}4+u {2},u_{1}) $$

e [0 $0\le a,b<c$0 O

$$0 0 =m~{t_{2}}h_{t {1}}(n)-
\sum_{u=0}"{t_{2}-1H\sum_{v=0}"~{t {1}+1}g {t {2}u}h_{t {1}v}f(c.c-b-1,a,m-1,u,v) $$

00000 $t {1}=0,t {2}=1$000 O
e 0 $m=03$]0 O

$$0 0 =0%$
e 0 $a=0$00 O

$$ O O =\Ifloor\frac{b}{c}\rfloor(n+1) $$
e [1 $a\ge c$ O $b\ge c$00 O

$$ 0 O =\frac{n(n+1)} {2 \Ifloor\frac{a} {c}\rfloor+(n+1)\Ifloor\frac{b} {c }\rfloor+f(a\%c,b\%c,c,n) $$
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e [0 $0\le a,b<c$)0 O
$$ 0 O =nm-f(c,c-b-1,a,m-1) $$

HEN

0

$x~{2}+y™{2}=t$ 00000000 $4(\sigma_{1}(t)-\sigma_{3}(t))$00 O $\sigma_{1}(t)$ O O
$t$ 00000 $4$0 $1s0 00 0%\sigma_{3H)$s 00 $t$ 00000 $4$0 L0 OO0 OOOODO
O00 $t$00 $4k+34 0000 $p$ 000000000 ODOO0OO0ODOO $4k+1$ 0000000
0000 $4$0

OO0 $m$ 0000 $c {1},c {2} \cdots,c {m}$J0 000 O000O0O00OOO0O $c {m-1}c {m}sJoO0O
$\gcd(c_{1},c_{2}\cdots,c {m}H)$ OO0 D OOOOOO $m$ 00000000 OOOOOOOO

ooy

gooboooboboooobooobbooobbuooobbooobbooobbooobboobnbog
gobooobobuooobbooobobooon

EREpEEN

Joodoogg

0$G$ 0000000 $|G=n$000 $G$00O0OO0O %$a$0 $a~{n}=e$[]

ooy

oot

ODD0D000 $h$00 00 $R$0O OO O DO $2\pi Rh$[
D00000000 $(A+B+C-\pi)R~{2}$ ]
000 000[g$\frac{\sin A}{a} = \frac{\sin B}{b} = \frac{\sin C}{c}$

000000 [g%$\cos a=\cos b\cos c+\sin b\sin c\cos A$, $\cos A=-\cos B\cos C+\sin B\sin C\cos a$
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000000000000 $S=a+\frac{b}{2}-1$000 $a$ 00000 OCO0OODO0OCQO$$S OO OODO
gooogooo

ooon

O $y=kx+b$ OO0 O $(-k,b)$00 $(k,b)$ OO O $y=-kx+b$0 0000 O0O0OOOOOOOOOOOO
gboboogooooooo

oooon

00000000000000 $i$00000 $k {i}=\pm\frac{1}{r {i}}$0000000000000
0000000000000 $2\sum_{i=1}" {4}k _{i}~{2}=0sum_{i=1}"{4}k {iH~{2}$000 O
$n$ 000 $nsum_{i=1}~{n+2}k_{i}~{2}=(sum_{i=1}~{n+2}k_{iH"~{2}$0

N

ooy gguo
gobooobbooobobooobobooobobda
odooooooooooon

gobooobbodoobooobbuooob bbb booobboobb o
gobooooboooobooon

HEN

HEN

Obodobobooobobgobooob 2o 200b00+00DbD30000)O

LU

Joogood

0000000000000 00 $k+1$00000%$(x {0}y {0})\cdots,(x_{k},y {k})$ 00O
$L(x)=\sum\limits_{i=0}~{k}y {iH {i}(x)$ 00000 $| {i}{x)$ 00 0000000000000 0O
$1_{i}(x)=\prod\limits_{j=0,j\neq i}~ {k\frac{x-x_{j}}{x_{i}-x_{j}}$
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Joodn

$x_{n+1}=x_{n}-\frac{f(x_{n})}{f'(x_{n})}$
Stern-Brocut tree

O000D00000000000000000s$\frac{0}{1}, \frac{1}{0}$0 D00 00DOODOOO
$[\frac{a}{b} \frac{c}{d}Ils Q0O CODOOOO0OOO $[\frac{a}{b} \frac{a+c}{b+d}1$ O
$\frac{a+c}{b+d} \frac{c}{d}I$ (00000 OO0OO00OOOOO0DOOOOODOOO

Tree of primitive Pythagorean triples

OoooOoOooOoooooOooDoDoOoOoOnD $345°{Ts0000000 $$ A=\begin{pmatrix}
1&-2&2\\ 2&-1&2\\ 2&-2&3\\ \end{pmatrix} $$

$$ B=\begin{pmatrix} 1&2&2\\ 2&1&2\\ 2&2&3\\ \end{pmatrix} $$
$$ C=\begin{pmatrix} -1&2&2\\ -2&1&2\\ -2&2&3\\ \end{pmatrix} $$

00000000 $\alpha$0 000000000000 O0ODO0O $A\alpha, B\alpha, C\alpha$fd O O
O0000D00000ooooooooooogsa™{2y+b~{2}=c™~{2}$00

oot

Oo0O00ooooooo s\{t{inNsgoooon $S=\prod {i=1}"{n}\{x|0\le x\le

t {i},x\in\mathbb{Z}\}$00 O $\vec{x}\preceq\vec{y}$ OO OO $\forall 1\le i\le n,x_{i}\ley {i}$0
00s$Ss 000000000000 $x {i}¢nooono
$\displaystyle{\sum_{i=1}"~{n}x_{i}=\Ifloor\frac{\sum_{i=1}"~{n}t {i}}{2}\rfloor}$ O O $\forall
Nleillen, O\lex {iNet {i}$00000000O0O

oo

0 $\oplus,\otimes$ DO OO OO0 $\opluss DO OO DODODODODO[J$\otimes$ OO0 OO O[J%\otimess O
$oplus$ 00O DOODOODOODOOOO $A {nmitimes B_ {m,p}=C {n,p}$J0 O
$c_{i,j}=\bigoplus_{k=1}"~{m}a_{ik}\otimesb {k,j}$00 0000000000000 0O0OO0OO
$\oplus$ DO OO0 $\otimes$ DO OO O0S\oplus$ DO DD DO/0OO0%S\otimess DO OO OO
$[0,+\infty)$ OO0 $\oplus$ 0D O D O/0000$\otimes$ 00D DD O DODODOOOOOOOODO
O00O0O0dpO0ODOOODOOODOO

gecll OO OQ

e builtin popcount(x)OJ0 $x$ 0000 $1$0 000
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e builtin parity(x)00O $x$0000$$O0000O00O0O0

e builtin clz(x)OO $x$000000O $0$C0 0 OO

e builtin ctz(x)DO $x$000000$0$0000

e builtin ffs(x)OO $x$000000000%N$OODO0

0000000000 unsigned intd OO0 unsigned long longO0 00000000 OOODO
O 100  builtin popcountll] builtin clz(x) O builtin ctz(x)OOO $x=0%$ 0O
ggd

oooooooood

000000 $AB\subset\mathbb{N}$00 $0\in A,1\in B,|A|=n,|B|=m$00 O $A+B=\{x+y|x\in A,y\in
B\}$00 $A+B=[1,nm]\cap\mathbb{N}~{+}$000 $(AB)$ 0000000000000 DOO0O

gooooogoon
$$ \begin{cases} &1&(n=1\lor m=1)\\ &f(n,m)+f(m,n)&(n>1\land m>1) \end{cases} $$

00 $f(n,m)=\sum_{i=1}"{+H\infty}g_{i}(n)(g_{i}(m)+g_{i+1}(m))$0$g_{iH(n)$ OO O $n$ OO O
$i$ 000 $1$0000000000000000

0o

O000000 $n$0 00000000000 $v_{0}\cdots,v_{s}$000 $v {0}=1,v {s}=n$000 O
000 $v {1} \cdots,v {s}$0 00000000 DOO0OO0OODODOOOODOOOOOOOOOOO0O
0000000 $n$0000000 %0000 $vin)$jC 0000 DOo0o0oobDOoOn
$\Ifloor\log_{2}n\rfloor+v(n)-1$00 000 $n$ 0000 O OO OO $l(n)$J$Knuth$ O O
$l(n)\ge\lfloon\log_{2}n\rfloor+\Iceil\log_{2}v(n)\rceil$f0 0000 O $v(n\le8$ DO DO OO OO

ooogo

OO0 $-11s0000000000000000000 $\sum_{i=1}~{n}w_{it(x_{i})$00 $f(x)$
000000 $2n-1400000000000000000000 $n=1\simb$ 00 $w$ O $fs 000

$n$ $x_{i}$ $w_{i}$

$1$ $0$ $2$

$2$ $\pm\frac{1}{\sqrt{3}}$ $1%

$3$% $0$ $\frac{8}{9}$
$\pm\sqrt{\frac{3}{5}}% $\frac{5}{9}$

$4$| $\pm\sqrt{\frac{3}{7}-\frac{2} {7}\sqrt{\frac{63} {5} }}$ | $\frac{18+\sqrt{30}}{36}$
$\pm\sqrt{\frac{3} {7} +\frac{2} {7}\sqrt{\frac{6} {5} }}$| $\frac{18-\sqrt{30}}{36}$
$5% $0% $\frac{128}{225}%
$\pm\frac{1}{3}\sqrt{5-2\sqrt{\frac{10}{7}}}$ $\frac{322+13\sqrt{70}}{900}$%
$\pm\frac{1} {3}\sqrt{5+2\sqrt{\frac{10}{7}}}$ $\frac{322-13\sqrt{70}} {900} $
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0000000 $-11s000000000000%$\int_{a}~{b}f(x)\mathbb{d}x=\frac{b-
a}{2hint {-1}~{1}f(\frac{b-a} {2} x+\frac{a+b}{2})\mathbb{d}x$
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