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152. Writing 1/2 as a sum of inverse squares

0000000000000 $\frac{1}{2}s000 $2sim80$ 000D OO0 O0ODODODOOO

O000000000000000D00000D0o00000 s\text{lcem}(2~{2},\cdots,80"{2})$00
00000 meet-in-middle 0000000 $8$0000000000O0O0O0O0OOOODOODODODODOO
00000000000 $\text{lcm}$ 0000000000000 0O0O0ODOOOO$OSOCOO0O00O0O
s$os000UOoOo0O $27{n}$00000DOO00O0DOODOO0OODOOOODOODODOODOOOOOO
OO0 s B8 H88500000000000000DO00DO000DO OO ODODOOO

195. Inscribed circles of triangles with one angle of 60
degrees

0000000000 $a~{2}-ab+b~{2}=c~{2}$ 000000
0000000000000 0000000000000

$$ \begin{aligned} &|a-b\omega|”~{2}\\ =&|a-\frac{b} {2}-\frac{b\sqrt{3} }{2}i|\\ =&a"~{2}-
ab+b” {2} \end{aligned} $$

0 0 0$\omega=\frac{1+\sqrt{3}i}{2}$00 $\omega~{3}+1=0$ 00O

$$ \begin{aligned} &(a”~{2}-ab+b”~{2})" {2}\\ =&|a-b\omega|~ {4}\\
=&la™{2}-2ablomega+b”~ {2 \omega”™ {2}| " {2}\\ =&|a~{2}-b™{2}-(2ab-b™ {2} )\omega| ™~ {2 }\\
=&(@"™{2}-b~{2}) ™ {2}-(a™{2}-b~{2})(2ab-b" {2})+(2ab-b"~ {2})~ {2} \end{aligned} $$

OO0 $a,b$s00000000O0ODOOOOO

251. Cardano Triplets

OO00D00000 $a+b+c\le n$[$\sqrt[3]1{a+b\sgrt{c}}+\sqrt[3]{a-b\sqrt{c}}=1$ 000 O
$(a,b,c)s 000

000000 $a+b\sqrt{c}=(\frac{1}{2}+t\sqrt{c})~{3}$00 $a-b\sqrt{c}=(\frac{1}{2}-
t\sgrt{c})~{3}s00 00O

$$ \frac{1} {8} +\frac{3} {4}t\sqrt{c}+\frac{3} {2}t~ {2}c+t~{3}c\sqrt{c}=a+Db\sqrt{c}\\
\frac{1}{8}-\frac{3}{4}t\sqrt{c}+\frac{3} {2}t {2} c-t~ {3}c\sqrt{c}=a-b\sqrt{c}\\ $$

ogooooooo
$$ \frac{1}{8}+\frac{3} {2}t~ {2}c=a\tag{1l} $$
$$ \frac{3}{4}t+t~{3}c=b\tag{2} $$

OO0 $1$00 $t~{2}$s0000000 00 $t$000000O0O0 $c$0000000O0O0O0O $t$
000 $\frac{2k+1}{2}(k\in\mathbb{Z})$ OO O OO0 $ct$ 000
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253. Tidying up

D00D00000 $1\timesn$ D0 O ODOOD0O $1\simn$ D0 0000000 0O0ODOOOOOODO
gooogao

O000O0dpOOOO TLEODOO
doodooooldoooboodooooooboooooo oo ooooooooooa

0000000 $n$000000000 $n$00

278. Linear Combinations of Semiprimes
$2pqr-pg-pr-qr$(]
291. Panaitopol Primes

000000 $x,y\in\mathbb{N}~{+}$0$p=\frac{x~{4}-y~ {4} }H{x*{3}+y{3}}$00 0 0 $\le n$ O
0000 $p$ 000

oo[

$$ \begin{aligned} p&=\frac{(x~{2}+y~ {2} (x-y) H{x™{2}-xy+y~ {2} }\\ p(x~{2}-
xy+y~ {21)&=(x" {2} +y~ {2})(x-y) \end{aligned} $$

00 $p$ 000000 $p\mid(x-y)$ O $p\mid(x~{2}+y~{2})$00 $p\mid(x-y)$00 O

$(x™ {2} +y~ {2H)\mid(x~ {2}-xy+y~{2})$00 0 0 0 O $p\mid(x~{2}+y~{2})$0$(x-y)\mid (x~{2}-
xy+y~{2})$00 O $(x-y)\mid x~{23}$0$(x-y)\mid xy$0$(x-y)\mid y~{2}$00 $x"~{2}=a(x-
y)$0$xy=b(x-y)$0$y "~ {2}=c(x-y)$00 O $(x-y)~{2}=a(x-y)-2b(x-y)+c(x-y)$00 O $(x-y)=a+c-2b$[0]
00 $x~{2}y~{2}=ac(x-y)~{2}=b"{2}(x-y)~{2}$00 O $ac=b"{2}$00

$$ \begin{aligned} p&=\frac{(a+c)(x-y)" {2} }{(a+c-b)(x-y)}\\ &=\frac{(a+c)(a+c-2b)}{a+c-b}
\end{aligned} $$

0 $g9=\gcd(a,b,c)$00
$$ \begin{aligned} p=g\frac{(a'+c')(a'+c'-2b")}{a'+c'-b'} \end{aligned} $$

00000 $gq\mid\gcd(a’+c'-2b',a'+c'-b")$00 O $a\mid b'$00 O O $a'c'=b'~{2}$00 0 $g\mid a'$
O $g\mid c'$00 O $g\mid a',b',c'$00 00 00O $\gcd(a'+c',a'+c'-b')=1$00 0 $(a'+c'-b")|g$00 O $p$
0000000 $a'+c'-2b'=1$ 00 $g=a'+c'-b'$00 0 $a'c'=b'~{2}$00 O $\sqrt{a'}-\sqrt{c'}=13$[]
00 $p=a'+c'$ O $p=n"{2}+(n+1)"~{2}(n\in\mathbb{N}~{+})$ OO OO
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319. Bounded Sequences

0000000000 $\M{x {n\}$ 000000000

e $x_{1}=2%
e $\forall 1<ille n$0$x_{i-1}<x {i}$
o $\forall 1\le i,j\le n$0$x_{i} ~{j}<(x_{j}+1)"{i}$

OO0 $fn$ 00000 $n$s 0000000 O0ODOODOO $f(10~{10})$0
oog

$$ \begin{aligned} x_{i}" {j}&<(x_{j}+1)~{it\\ j\In x_{i}&<i\In(x_{j}+1)\\ \frac{\In
x_{itHir&<\frac{\In(x_{j}+1)}{j} \end{aligned} $$

OO000O0D000000 $\existsts OO $\forall i\frac{\In x_{i}}{i}\le t<\frac{\In(x_{i}+1)}{i}$00
$e™{it}-1<x_{i}Nle e~{it}s00 O $x_{i}=\Ifloor e”{it}\rfloor$0 $i=1$ O O $\In2\le t<\In3$[

000 $e™{it}$ 00 $t$0000000O0O0O0O $t$0%\In2s 000 $\In3s 00 000O0O0OO
$\exists i$ 00 $e™{it}$ 0000 $t$ 00000000000

O $t=\frac{\In z}{d}$0%$z=\prod_{j=1}"{e}p_{j}~{s_{j}}$00 $\gcd(s_{1}\cdots,s_{e},d)=1$00
O $e~{it}$ 00000000 $djispse~{it}=\prod_{j=1}"{e}p_{j}~{\frac{is_{j}}{d}}$0C
$i\nmid d$00 O $\frac{d}{\gcd(i,d)}|s_{j}$00 O O

000 $g(m)$ 0 $0\Nlet<m$ O $t$ 00O 0O OO0 $9(\In3)-g\In2)$00 00 O $d$[

$$ \begin{aligned} g(m)&=\sum_{d=1}"{n}\sum_{u\mid d\mu(u)(e”~m)~{\frac{d}{u} }\
&=\sum_{d=1}"{nH\sum_{u\mid d\mu(\frac{d}{u})(e”~m)~{u}\\
&=\sum_{u=1}"{n}e~{mu}\sum_{u=1}"{\Ifloor\frac{n} {u}\rfloor}\mu(u)\\ \end{aligned} $$

Ooo0ooooo0 $\mathcal{O}(n~{\frac{2}{3}H)$ 0000

423. Consecutive die throws

J0000000000o0oooo $n$0000o0o0oUoUoUoUUoUoUUUUUoUOOoOO $CNsoooo
00 $\pi(n)$00 000 $n$ 00000000000 0[0$S(n)=\sum {i=1}"~{n}C(n)$00
$S(5\times10~{7})$[]

0000000000 $k$ 0000 $f(n,k)$0

$$ \begin{aligned} f(n,k)=&\sum_{|T|=k}(-1)"{|T|-k}{|T|\choose k}{n-1\choose |T|}|\Sigma|~ {n-
[TIHN\ =8&\sum_{|T|=k}(-1) "~ {|T|-k W\ frac{|T|! }H{k!(|T|-k)! Wfrac{(n-1)! }{|T|*(n-1-[T|)! }\Sigma| ™ {n-|T| }\\
=&{n-1\choose kMsum_{|T|=k}(-1)~{|T|-k frac{(n-1-k)! } {(|T|-K)/(n-1-|T])! }\Sigma| ~ {n-[T| 1\
=&{n-1\choose k}\sum_{|T|=k}(-1)"~{|T|-k}{n-1-k\choose |T|-k}|\Sigma|~ {n-|T|}\\ =&{n-1\choose
k\sum_{t=0}"{n-1-k}(-1)"~{t}{n-1-k\choose t}|\Sigma|”~ {n-t-k}\\ =&{n-1\choose
k}\Sigma|(|\Sigma|-1)~ {n-1-k} \end{aligned} $$

googd
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0000000000000 000oooogoooog $f(n,m)=\sum_{k=0}"{m}{n\choose
k}(|\Sigmal|-1)~{n-k}$00 O

$$ \begin{aligned} F(n,m)&=\sum_{k=0}"{m}{n\choose k}(|\Sigmal-1)"{n-k}\\
&=\sum_{k=0}"{m}{n-1\choose k-1}(|\Sigma|-1)"~{n-k}+\sum_{k=0}"{m}{n-1\choose
k}(\Sigma|-1)~{n-k}\\ &=\sum_{k=0}"{m-1}{n-1\choose k}(|\Sigma|-1)"~{n-1-
k}+()\Sigmal-1)\sum_{k=0}"{m}{n-1\choose k}(|\Sigma|-1)"{n-1-k}\\ &=|\Sigma|F(n-1,m)-
{n-1\choose m}(|\Sigmal-1)~{n-1-m} \end{aligned} $$

443. GCD sequence

000000 $f(4)=13,f(n)=f(n-1)+\gcd(n,f(n-1))(n\ge5)$00 $f(10"{15})$0

O0000000000000 $1$000 $\ged(n,f(n-1))=1$00 000000000000 $f(n-1)-n$
g0 UUUg o

479. Roots on the Rise

000000 $a_{k},b_{k},c_{k}$ OO0 $\frac{1}{x}=(\frac{k}{x})(k+x~{2})-kx$ DO OODO
$\sum_{k=1}"{10"{6} Nsum_{p=1}"{10" {6} }(a_{k}+b_{k})~{p}(b_{k}+c_{k})~{p}(c_{k}+a_
{k}) " {p}s0

00000000 $x~{3}-kx~{2}+\frac{1}{k}x-k~{2}=0$00 O O
$(a_{k}+b_{k})(b_{k}+c_{k})(c_{k}+a_{k})=(a_{k}+b_{k}+c_{k})(a_{k}b_{k}+b_{k}c_{k}+c_{k
Ya_{k})-a_{k}b_{k}c_{k}=1-k~{2}$00 0000000000000 O000O000O000O0000OO
0oooooooooo

oo UUU o

488. Unbalanced Nim

O0do0o0oooooooooooooooooooooooooooooooooooooooon
O00do0o0oo0ooooooooooooooooooooooooooooooooooooon
0000 $a,b,c$[]0 $F(N)$ 0000 $0<a<b<c<n$ DO OOODO $(a+b+c)$ 0000

)
$F(10~{18})\mod10~{9}$0
0D00000000000000

O000000000000000 $i\ge 0, O\le j<2”{i},k\gel,0\le u<2~{i}$ O

$(27{i}+j-1,27 {i+1}k+u-1,27{i+1}k+2~{i}+(j\oplusu)-1)$00 0 0000000000 OO0 0O $1$0
D0000000000000000000 $i\geO, O\le j<2~{i} k\gel,0\le u<2~{i}$ O
$(27~{i}+(\oplus u), 2" {i+1}k+j, 27 {i+1 k+27{i}+u)$00 0000000000 $ab,cla<b<c)$ O
000%0$00000000 $a=a'_{n_{a}}\cdots a'_{0},b=b'_{n_{b}}\cdots

b' {0},c=c' {n_{c}}\cdotsc' {0}$0$b$ 0 $c$ 00D DDOOOOODO $i$ 000 $(a,b,)$ 00000
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O0O00Q0$n_{b}=n {c}$00 $a=bloplusc$0 00 ODOOO0OOODOOOOODO

OO0 $(123)¢000000000000O0

dddodoooooooououoouo

e 0 $n {b}<n {c}$

o 0 $n_{a}=n_{b}$00 $(aloplusb,a,b)$ 0000 ODO
o0 $n {a}<n {b}$
» 0 $b' {n_{a}}=1%$00 $(a,a\oplusb,b)s 0O OO OO

= 0 $b' {n_{a}}=0$00 $(a,b,a\oplus b)$ DO O D DO

e 0 $n_{b}=n_{c}$

o [0 $a>b\oplus c$00 $(b\oplusc,b,c)$ D0 OO OO

o O $a<b\oplus c$

» 0 $n _{a}<i$
e [ $b' {n {a}}=1%$00 $(a,a\oplusb,b)s DO OO OO

e [0 $b' {n {a}}=0%$00 $(a,b,a\oplusb)s 0O OO OO

» 0 $n {a}=i$00 0000 $a\oplus c<b$ O $aloplusb<c$ DO OO OODOO

0 $a$0 $bloplusc$ DO DDODOODOODODO $$0000 $(a'_{n_{c}}Hoplus

c' {n_{c}})\cdots(a' {j+1}\oplus c' {j+1})=b' {n_{c}}\cdots b' {j+1}$ O
$(a'_{n_{b}}oplus b' {n_{b}})\cdots(a' {j+1}\oplus b' {j+1})=c' {n_{b}}\cdots
¢ {j+1}$ 0000000 $a<bloplus c$00 0O $a' {j}=0,b' {j}\oplus ¢’ {j}=1%0
O $a' {jHoplus c'_{j}<b' {j}$ 0 %$a' {jHoplusb' {j}<c' {j}$000C0O00OO0ODO
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$a\oplus c<b$ O $a\oplus b<c$ 0000 O 0O O[0%\Box$
e [0 $a\oplus c<b$0 $(a,a\oplusc,c)s 0O OO OO

e [0 $a\oplus b<c$[]0 $(a,b,a\oplusb)s DO OO OO

gobogoboooobooboooon

e00 $a$0000000 $a$00 $bc$ 000000000 $2$000000000ODO
e 00 $b$000DO
c 0000 $b$ 00000 $$000000000000000000000OO0O0OOOO0
o000 $b$ 00000 $c$ 0000000000 D0ODONSh$S O $c$ 00D ODOODO
O00Q0$a$ 000000000000
e 00 $c$ 000000 $b$ OO0 O [$\Boxs

0000000000000 000 $dp$00000D0O0O0O0O0ODOO

515. Dissonant Numbers

0000000000 $p$00 0 $S(i,p,0)=i"{-1}\bmod p$[C O
$S(n,p,k)=\sum_{i=1}"{n}S(i,p.k-1)$00 $S(p-1,p,a)$[

goodgd

$$ \begin{aligned} &S(p-1,p,a)\\ =&\sum_{i=1}"~{p-1}{a+p-2-i\choose a-1}\cdot\frac{1}{i}\\ =&-
\sum_{i=1}"{p-1}{a+p-2-i\choose a-1}\cdot\frac{1}{p-i}\\ =&-\sum_{i=1}"{p-1}{a-2+i\choose
a-1}\cdot\frac{1} {i}\\ =&-\sum {i=1}"{p-1}\frac{(a-2+i)!}{(a-1)!(i-1)! N\cdot\frac{1}{i}\\ =&-
\sum_{i=1}"{p-1}\frac{(a-2+i)!}{(a-1)!i' }\\ =&-
\frac{1}{a-1}\sum_{i=1}"{p-1}\frac{(a-2+i)!}{(a-2)!i'}\\ =&-
\frac{1}{a-1}\sum_{i=1}"{p-1}{a-2+i\choose i}\\ =&-\frac{1}{a-1}\left({a+p-2\choose
p-1}-1\right)\\ =&\frac{1}{a-1} \end{aligned} $$

545. Faulhaber’s Formulas

Von Staudt-Clausen theorem

581. 47-smooth triangular numbers

Stgrmer’s theorem
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613. Pythagorean Ant

3450 00000000000 0DO000O0DOO0ODODOOOODbDOODObDO

OOobO0oOoDoooo s
goboooboooboobooaon

gobogobboooboooboobooobbooobboobbooobbooobboon

$$ \begin{aligned} &\int\pi-\arctan\frac{3-y}{x}+\arctan\frac{y}{4-x}\mathrm{d}y\\ =&\pi
y+x\left[\frac{3-y} {xHarctan\frac{3-y} {x}-\frac{1} {2 }\In\left(1+(\frac{3-
yHx}) ™ {2 right)\right]+\\ &(4-x)\left[\frac{y}{4-x}\arctan\frac{y} {4-x}-
\frac{1}{2\In\left(1+(\frac{y} {4-x}) "~ {2}\right)\right]+C \end{aligned} $$

00 python[O O scipy[]

622. Riffle Shuffles

Oo0ooooog $p=(0,n,1,n+1,2,n+2,\cdots,n-1,2n-1)$00 00000 OO0 OO0 $60$0 $2n$ O
0ogd

00000 $p$s 0 $p{-1}$00000000O0O%p~{-1}=(0,2,4,\cdots,2n-2,1,3,5,\cdots,2n-1)$[]0 O
000 $2n-1$ 00000 $p~{-1}(x)=2x\mod(2n-1)$00 C $2n-1$ 00000000 0COO0OO0O0O
D000000000000000000000 $2°{x}equivl\pmod{2n-1}$ 0 $x$00 0000 DO
OO0 s$osCc 000
$2n-1\mid2”~{60}-1$0$2n-1\nmid2 "~ {30}-1$[1$2n-1\nmid2"~ {20}-1$[1$2n-1\nmid2"~{12}-1$00 O O
oogon

624. Two heads are better than one

000000000000 0000000000000D $PN$00D000ODOODO0OODO0O0O $n$00
00000 $P(107{18})\mod(10™{9}+9)$0

0000 $f {H}X),f{THx)$ 0OOODO0OO0O0O0O000HO TOOON$f {HH}(x)$0OOODOOO0O
0000000000000 0000

$$ \begin{aligned} f {HH}(x)&=\frac{1}{2}xf {H}(x)+xf_{HH}(x)\\
f {H}(x)&=\frac{1}{2}xf_{T}H(x)+\frac{1}{2}\\
f {THx)&=\frac{1}{2}x(f {H}(x)+f {T}(x))+\frac{1}{2}\\ \end{aligned} $$

$(2)$0 0 $(3)$0 O $\displaystyle{f {T}(x)=\frac{\frac{1}{2}+\frac{1}{4}x}{1-\frac{1}{2}x-
\frac{1}{4}x~{2}}}$00 O $(2)$ 0 O $\displaystyle{f {H}(x)=\frac{\frac{1}{2}}{1-\frac{1}{2}x-
\frac{1}{4}x~{2}}}$00 O $(1)$ 0 O $\displaystyle{f {HH}(x)=\frac{\frac{1}{4}x}{(1-
\frac{1}{2}x-\frac{1}{4}x~{2})(1-x)}}$00 O O O $\displaystyle{(1-

x)f_ {HH}(x)=\frac{\frac{1}{4}x}{1-\frac{1}{2}x-\frac{1}{4}x"~{2}}}$0

000 $9 {0}=0,9 {1}=\frac{1}{4},9 {n}=\frac{1}{2}g {n-1}+\frac{1}{4}g_{n-2}(n\ge2)$0 O
00000000000 $654248003,845752011$0 0 0 0000 0O
$361699202\times654248003"~{n}+638300807\times845752011~{n}$0 0000 0D OO DOODO
0o
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0000000000 $n$ 0000000000 DOOO0ODODOO0OODOOOOODOOOOODOOD
000000 $fn$s 000000000 00noood $\sum_{k=1}"{n}(k)$0

0000000000000 00 $f(n$00000000D0O0O000DO0O0OON$fns000O0On
0000000000000 0O0%$f(n)$ 00000 $i$00 0 $2i<f(n-i$fO00C000DOODOO

711. Binary Blackboard

000000000000 $n$00 000000 $n$0000000DO0O0O0ODOODOOOODOOOO
000000000000 000 $2n$00000000000O$SO0D000O0000O00O00O0ODO0O0O0O
gooogoooo

00000 $f(n)=\text{bitcnt}(n)$[]O $\exists
x+y=n$$y=2"{f(y)}-1,f(n)+f(x)+f(y)\equivl\pmod{2}$00 000000000000 $x$0000
O000O0DoOo0ooDO $ysooooooo

O0$$n$ 00000 $$000 ¢$deO OO COCOOOOOOODOOOssO0O0OOO

e 4$d$00000D000O0O0OODODOO $b$0O S0 000
$x=n-2"{b}+1$0%f(n)+f(x)+f(y)=2f(n)-1-d+1+b$ OO OO O OODOOOOO
e 1 $d$00000DODOUODODO $hSO SISO DODOODO

OO00O0OO0D0ss0 000000 0bOoobO0obobOoDo
0oo0ooooooooooo

e04%d$0000000C0O0OOSISOOOOO0DBOOOOO
e0%d$000000OOOOSISOO0OOO0DOOOOO

741. Binary grid colouring

00000000 $ntimesn$ 0000000000000 O0O00ODOOO0OOODOOODOOOO
gobooobooobboon

D0000000000 burnside0 00000000 $$0000000000000
$90~{\circ}/270~{\circ}$ 000 OO $180~{\circ}$ 000D 00000000000 O0O0

OO000000O00DO0O0DOOoO0DOOo0bOO0bOO0bOOo00oOOo0oDOOooDOooDOoOs2s0bOOODO
OOo0ooO0booOoboOos2s0000bbo0obo00obOoobo0oooooboobobO0bDboObDoOoDooD
000000000000 000000DO000O00D00DO00 20000000000 $15000
000000 $dp$ 000

$$ \begin{aligned} dp_i&=\sum {j=2}"{i}\frac{A {i-1}"~{j-1}}{2}\cdot dp_{i-j}\\
&=(i-1)"\sum_{j=2}"{i}\frac{dp_{i-j} }{(i-))!} \end{aligned} $$

000 $n'dp {n}$00 0O $\mathcal{O}(n)$ O OO
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00 $90~{\circ}/270~{\circ}$ 000 $n$ 000000 DOOOO0OOO$4$000 $0s0 000
Oén$ U0 0D0D0O0000DO0ODOD0O0DOD $4$000000000 $20 0000000000
000 $is000 $is0000000 %0000 %1000 0 0000000000000 dpO
HEN

00 $180~{\circ}$ 000000 $i$000 $n+1-i$0000000O0$NS 00 ODODOO0OOODOODO
0000000000000 000 $$000 $n+1-$0000000000$N$S000O0C0O0O0ODOO
0000000000000 00000000D00O000D0000 $1/n$000000 $1/n$000O0
OO0 $n-3$ 00000000000 $2000000$180 28000001800 0000000 1-2
goboooboboooboboooboboooboobda

OoooooooooO $907{\circ}/270~{\circ}$s 00 00O0O0O0O/000000000O

00000 $\mathcal{O}(n)$[]
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