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Ha caiire https://projecteuler.net| onyOsuKOBaHO Ha JAHHBIII MOMEHT
765 3a71a9 M 9Ta KOJJIEKIUs CO BPEMEHEM ITPOJIOJIZKAeT MONOJTHAThCA. [Ipu-
JIYMBIBAIOT 9TH 33/Ia9M MaTeMaTHUKN CO 3HAHUAMHU B 00JIACTH IIPOrPAMMUPO-
BaHUd. B OOJIbIIMHCTBE CBOEM 3TO 33/1a9N U3 TEOPUN JHCEJ I KOMOMHATO-
PUKH, HO BCTPEYAIOTCS U JIPYTHE TEMBI.

Kaxnas 3ajaqa nMmeer CJI0XKHOCTH B IIporieHTax oT 5 jo 100, B 3aBUCHMO-
CTH OT TOrO Kak OBICTPO ee pelraiT I0Jb30BaTe/n pecypca. Pelrenne, Kak
IIpaBmJIo, TpedyeT HAITMCAHUsT HEKOTOPOIr'o HEOOJIBIIIOro Ko/ia Ha KaKOM-JI00
sI3bIKE IIPOIPAMMUPOBAHUSI, HO JjIs O0JIee CJIOXKHBIX 3aJ1aY OJIHOIO IIPOIPaM-
MHUPOBaHMSA ObIBACT HEJOCTATOYHO - TPEOYIOTCS 3HAHUS U YMEHHUS B 00JIACTH
MaTeMAaTUKH.

Permus 3aj1a1y (BBejisi IPaBUJIBHBIN YHCIEHHBIA OTBET), MOJIH30BATE/b MOy~
JaeT JIOCTYHI K 3aKPBITHIM MaTepHhaJiaM 33Ja9d W PEIIeHUusiM JIPYTUX 10JIb-
30BaTesIeil, a TakKKe MOXKeT OIyOJMKOBAThH CBOe pelrenne. ABTOpPBI pecypca,
€CTECTBEHHO, HE XOTe/N Obl, 9TOOBI PEIIeHus 3a/1a9 U OTBEThl K HUM ITyO.IH-
KOBAJIUCH TJIe-In00 ere. PaspernieHo TONbKO B IEJIAX 00ydeHHs 00CYyKJIATh
uaen pemenud 1nepsbix 100 3a7a4.

[IosToMy, B JaHHOI cTaThe JJIs JEMOHCTPAIUN ITIOMCKA PEIIeHHS 3a/1a9 TAKOT0
pojia, MBI He OyJieM HCIIOIb30BaTh 3aja4l pecypca https://projecteuler.
net, a pacCMOTPHUM CBOIO OPUTMHAIBHYIO 3a/1aTy.
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Bamava. Ha mrockocTtn pacriosiozkena IpsMOyroJibHasi Tab/IuIa, B KJIeTKax
KOTOPO# 3alMcaHbl Bce HATypaJbHbIE YUC/Ia CHA3Y BBEPX 110 JTUATOHAJISAM B
CJIETYIOIIIAM TIOPSIIKE:
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6121|27]...
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1] 1 417 111|16(22]...
1123456l 7]81x

Omupenenum dbyukimo f(x,y) = 4guciay B crojblie X U CTPOKe y TabJuIb,
rorpa f(1,1) =1, f(2,1) =2, f(1,2) =3, f(2,2) =5, f(5,3) = 24, ....
1. Beraucomrs f(123456789, 987654321).
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2. OnpenenuMm QyHKITUIO

n n

s(n) =Y (flz,y) —wy)

z=1 y=1

MozkHo poBepuTh, uTo $(123) = 75367635, $(123456) = 77432320610578913280.
Beranconrs $(1234567890). B kavectse oTBera mcnosnn3osars 10 mocsie Hnx
mudp pe3ysIbTara BBIUUCIEHNUSI.

Pernenne.

1. IlepBoe 3ajanue - OTHOCUTEILHO TIPOCTOE. TyT IMPUCYTCTBYIOT YUCTO TEX-
HUYECKHUe CJI0XKHOCTH 1pu Hanncanuu byuknuu f(z,y). Ecau ve npumensTs
HUKAKOI MaTeMaTHKH, TO MOYKHO MPOCTO CTPOUTH BCIO Tabsmity (x,y) 10
HEKOTOPOTO 3HAYEHUsI N M 3aTe€M UCIIOJIb30BATh ee sl Bbraucaenus f(z,y).
[Iporpamma Ha s3bIKe IporpamMmMupoBanus Julia:

function table(n)
1=1[(1,D]
for i in 2:n
(x,y) = 1l[end]
if x==
x=y+1
y=1
push! (1, (x,y))
else
x-=1
y+=1
push! (1, (x,y))
end
end
1
end



julia> 1 = table(28)
28-element Vector{Tuple{Int64, Int64}}:
(1, O
(2, 1
(1, 2)
(3, 1
(2, 2)
(1, 3
(4, 1
(3, 2)
(2, 3)
(1, 4
(5, 1)
(4, 2)
(3, 3)
(2, 4
(1, 5)
(6, 1)
(5, 2)
(4, 3)
(3, 4)
(2, 5)
(1, 6)
(7, 1)
(6, 2)
(5, 3)
(4, 4)
(3, 5)
(2, 6)
1, 7

julia> 1[25]
(4, 4)

TyT MBI BBIBEJIH BCE KOOPJMHATHI (X, y) J7Is duces ot 1 7o 28, HATpuMeD Jist
25 910 (4,4). Jlydiie, KOHEYHO, HE CTPOUTH TAOJIMILY B MAMSTH, TAK KaK JJIsl
OosbIIUX N oHa OyJleT 3aHUMATh MHOI'O MeCTa, a TOJLKO Ipoberarh 1o Heil.
Tax mosiByIsieTcst HaIa epBast Bepcus jyist pyukmu f(z,y):



function f(x,y)
i=1; j=1;, r=1
while i<x+y&&j<x+y

if i==x&&j==y
return r

end

if i==
i=j+1
j=1

else
i-=1
j+=1

end

r+=1

end
end

julia> £(3,4)
19

julia> £(4,4)
25

Koopaunarer (x,y) Bcerja monajgaroT B KBaJparT cO CTOPOHON MeHee T + ¥,
[O9TOMY JIEHCTBYIOT Orpanuyenus: ¢ < £ +y n j < = + y. DTa Iporpam-
Ma odeHb Hed(p(EKTUBHAsI, C ee MOMOIIBIO PENIUTh MEPBYIO 3a/1ady Mbl He
CMOZKEM:

julia> @time f(12345,54321)
2.457699 seconds
2222132101

(123456, 654321) - yKe T0KIATHCS HEBO3MOYKHO.

[Ipurio Bpems maremaTuu. [Ipugercd HEMHOTO OPaCCyKIaTh, YTOOBI BbI-
Bectn ob1yto hopmysty s f(z,y). B rabauie Ha KapTHHKe B yCJIOBUHT 3a1a-
Y1 BO3bMEM KaKoe-HUOY/Ib YUCII0 B TepBOM psty, Hanpumep 16. Komnaectso
YUCEsT JI0 HEr0 MOXKHO BBIYUC/IMTH Kak cymmy 1 + 2 + 3 +4 + 5 = 15. Do



" 1 1
cymma apudMeTUIecKOil IIpOrpeccuu: 5(5; ), TakuM obpazom 16 = @ +1
16 = -0 4 16
I = —%— + 1, yuurbiBas, 410 - IIeCTOe YUCJIO0 B TEPBOM DPs/Ly.

B obmem ciayuae f(x,1) = + 1. Teneps, jj1g TOro 4TOOLI MOJTYIUTD

dbopmymy st f(x,y), pACCMOTPUM YaCTHBIH CITyJaii:

z(z—1)
2

f(x+y—1,1) :(X+}’-1)2(X+Y'2) 41

[To nocrpoenuto Tabuiiel, pu b < a y Hac cupaseymsa Gopmyia f(a,b) =
fla—1,b+ 1)+ 1. Ilpumenss ee y — 1 pasz k dopmyse misa f(x +y —1,1),
[oJTy 9aeM

f(x,y) = (X+y-1)2(><+y-2) +y

Tenepb MBI MOYXKEM PEIIUTH EPBYIO 3a/1a4y 0€3 IIpodJIeM:

f(x,y) = div((x+y-1)*(x+y-2),2) + y

julia> @time f(123456789,987654321)
0.000000 seconds
617283948703703707

2. Teniepn, Koria y HAC €CTh TaKas pocTasi PopMyJia, KaXKeTCsl, 9TO U CO BTO-
poitl gacThio 3a/1a4u y Hac He OyjeT mpodsieM, HO He TYT TO ObL10. QyHKIINUIO
JJIg BBIMUCJICEHUA CYMMBbI COCTaBUTH HECJIOZKHO!

function sm(n)
f(x,y) = div((x+y-1)*(x+y-2),2) + y
s = Int128(0)
for i in 1:n, j in 1:n
s+=f (i,3)-1%j
end
s
end

3/ech MBI HaKalMBaeM CyMMy B repeMennoii Twura Intl128, Tak kaxk mpwu
OOJIBIINX N OHA MOXKeT rpes3oiitu Int64.



julia> sm(123)
75367635

julia> sm(12345)
7740880282734900

julia> @time sm(123456)
26.305627 seconds
77432320610578913280

Pesynbrarsr Boranciaenus sm(123) u sm(123456) coBnasn ¢ npuBeIeHHBIMU
B YCJIOBUH 3aJIa9H, OJIHAKO CTAHOBUTCS OYEBUIHBIM, 9TO 9Ta (DYHKIIUS TaK-
JKe HemocTaToIHo 3hQEKTHBHA U HE MO3BOJIUT HAM 3a IIPHEMJICMOE BPEMSI
BBIYHCJIUTH Tpebyemoe 3uadenne: sm(1234567890).

Ongarb obpaTumcs K MaTeMaTHKe. e cylnecTByeT BO3MOXKHOCTD BLIYHC-
JIUTEL TpeOyeMyIo cyMMy ObICTpee, 9eM IMOJIHBI IIepefop BeeX CaaraeMbIX, TO
JIOJIZKHO OBITh KaKOe-TO COOTHOIIEHHE (opMysia, TeopeMa), MO3BOJISIONIEee
BBIIUCJIATH TaKne CyMMBbI.

[Ipexxie Bcero, 3aMeTHM, 9TO HaiiieHHY 0 hopmyity juist f(x, i) MOXKHO HEMHO-
ro BUJION3MEHUTDH, PACKPbIBasi CKOOKU:

f(aj"y) — w_i_y — (z+y—1)(z+y)—2(z+y—1)) n

. . y = (r+y)(9;+y—1)) —x41

TO €CTh
f(x,y) = (x+y)(2x+y-1) —x 41

Ob6paruMm BHEMaHUWE Ha TO, YTO B (OpMyJie IMPUCYTCTBYIOT TaK Ha3biBae-
Mble Tpeyrosibable uncia suga: 1), = “““U Tlouckom B MHTEpHET HAXO-
JIIM CJIEJTYIOIIe COOTHOIIEH I JIJIsl HUX (CMOTDH, HAIPHMED, CTAThIO U3 BU-
kuneaun https://ru.wikipedia.org/wiki/%D0%A27,D1%80%D0%B5%D17%83%
D0%B3%D0%BE},D0%BB%D1%8C%D0%BD%D0%BE%D0%B5 _%D1%87%D0%B8%D1%81%D0Y%
BBY,D0%BE):

Toim =T, + T, +mn

3

T+ T+ T+ + T =0+1+3+6+.. 4 22t = n’on


https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B5%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B5%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B5%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE

Takum 0Opa3oM, Ha OCHOBAHWM EPBOrO paBeHCTBa, dhopmynny st f(z,y)
MOKHO II€PENNCcaTh B BUJIE:

[Tpumenss Teneps 51y dopmyiay st f(x,y) 1 BTopoe paBeHCTBO, MOy IaeM

3

sn) =Y N (flay)—ay) = 3. S (Tt Ty—a+1) = Y (nTot" - L

z=1 y=1 r=1 y=1 =1

n—n n*-n  nn+1) 5, 2n(n*—n)—3n*(n+1)+6n?
n G +n G -n 5 +n® = G =

2nt —2n% —3n3 —3n2 +6n> N (20> -3n+1) n*@2n—-1)(n-—1)

6 n 6 N 6

Takum o6paszom, cymmy $(1) MOKHO BBIYUC/ISATH, JazKe He 3Has BCEX ee CJia-
raeMbix. Ternepb, 0e3 MpodeM MIHOBEHHO IOJTyYaeTcs TpebyeMblil pe3y/IbTar:

sm(n) = div(n~2*x(2*n-1)*(n-1),6)

julia> sm(123)
75367635

julia> sm(Int128(123456))
77432320610578913280

julia> sm(Int128(1234567890))
774352408386692628193094876226110850

[Tocsiegane 10 nudp: 6226110850

BoeiBoabl. /s pentenust 1moJIoOHBIX 3a/iad ObIBAeT HEJIOCTATOYUHO YMEHUS
IIPOCTO MPOrPAMMUPOBATH Ha KaKOM-JTO0 g3bike. [lonck acddexTuBHOrO as-
TOPUTMa MOXKET TTOTPe0OBAThH OT BaC HEKOTOPBIX 3HAHUN B 00/IACTH MaTeMa-
TUKU W OIPEJIeJIEHHON MaTeMaTHIeCKOi KyJIbTYPHhI /I IPOBEJIEHNS JIOTTIe-
CKUX PACCYKJCHUI 1 mpeodpa3oBaHmii MATEMATUICCKIX BBIPAYKEHUI.



