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I'm1aBa 1

BBenenune

Arageli — 310 GubIMOTEKA ST TOYHBIX, CHMBOJIbHBIX, aJre0pamIecKux Bbi-
qncsiennit. OHa COIEPKUT ONPE/IeTICHAE TAKUX CTPYKTYP, KaK BEKTOpPa, MaT-
PUIIbI, TIOJIMHOMBI, TIeJIble U PalliOHAJIbHbIE YNCIa HEOTPDAHUYEHHON BeJNYn-
HBl U QJICOPUTMBI JIJIsl PElleHns Pa3IndHbIX 33/1a9 C UX HCIOJIHb30BAHUEM.



I's1aBa 2

JIanHHBIE 1IeJIble Yicja 1
OOBIKHOBEHHbIE Jpo0u

2.1 Co3gaane, BBOJ 1 BBIBOJ

O/tHO# W3 CTPYKTYP, OIpPeIe/IeHHBIX B OMOINOTEKE, SIBJIIOTCS TeJIble 9rC/Ia
HEOIPDAHWYEeHHON JUHBI. [[jisi Toro, 4Tobbl MX HMCIOJIb30BATH, HEOOXO/IMMO
oK II0InTh aii <arageli/big int.hpp>.

JL1st X 3a1aHUs CYIIIECTBYET HECKOJIBKO KOHCTPYKTOPOB. CaMblii TpoCcToit
U3 HUX — KOHCTPYKTOD BUJIA

big_int()
KOTODBINl CO3/IaeT YUCJIO C HYJIeBbIM 3HadenueM. J[pyroit KOHCTPYKTODP BHjIa
big_int (const char *str)

COBJIAET YHCJIO 10 ero CTPOKOBOMY IpejicTasiennio’ . CylecTByeT psiji 10110JI-
HUTEJIbHBIX KOHCTPYKTOPOB, €IMHCTBEHHBIM ITaPAMETPOM KOTOPBIX SIBJISETCSI
YUCJI0 JTI0OOTO CTAHAAPTHOTO TEJI0OUNCICHHOTo Tutia. COOTBETCTBEHHO, Oy/1eT
CO3/IAHO JIJTUHHOE TeJI0€ YUCJI0 CO 3HAUEHUEM, PABHBIM 3HAYEHUIO [TapaMeTpa.

Jpyrum odeHb HYXKHBIM THIIOM JAHHBIX ABJISETCHA KJIACC OOBIKHOBEHHDBIX
npobeit, oIpeie/leHHblit B 6ubmoTeKke Kax mabonHbll Kiaacce?. g paboThl
¢ HUM HYKHO MOJKJIIOUNTH (haitn <arageli/rational.hpp>.

L CTpOKOBBIM TIpeICTaBIeHIeM JTHHHOTO TIeJIOT0 THC/Ia ABIATC MOCIeI0BATeTHHOCT
P B €ro JECITUIHON 3aIUCH.

2B sroit rimaBe 6y/IyT pacCcMaTpPUBATLCS IPUMEPHI, TJIe YHCIUTE/b 1 3HAMEHATE/Th TMEIOT
smbo Tun int, mubo big_int



s 3ajaHns OOBIKHOBEHHBIX JIPO0Eil TaKKe CyIIeCTBYeT HECKOJIbKO KOH-
cTpyKTOpoB. IlepBhie nBa n3 HUX

template<typename T = big_int>
class rational< T > {

rational();

rational(const char *str);

+

UMEIOT TOYHO TAaKOM Ke CMbIC/, 9TO U JIJIs JITUHHBIX 1eJIBIX, C TOU JIUITH OT0-
BOPKOI1, UTO CTPOKOBBIM IIPEJCTABICHUEM JIJIsi OOBIKHOBEHHBIX JIPOOEil siBJIsI-
eTCsl 3aIlUCh BUJIA M/ N, Tjie M — YUCINTE b, N — 3HAMEHATEh, JTUOO IIPOCTO
m, ecjud 3HaAMEHATe/J b paBeH ejuHuie. Kak BUIHO U3 0O0bABJICHUS KJjacca
OOBIKHOBEHHBIX JIpO0Oeil, TUIl YUCANTE s U 3HaAMeHATeJd 10 YMOJIIAHUI0 —
1eJ/1I0e YUCJI0 HeOIrPAHMIEHHOH BeInauHbl. ECTh elne /iBa 09eHb yI00HBIX KOH-
CTPYKTOPA

template<typename T = big_int>
class rational< T > {
template<typename T1>
rational(const T1 &w);
rational(const T &u, const T &v);

+

I[TepBblit n3 HEX co37aeT APOOHL ¢ YMCIUTEIEM, PABHLIM W U 3HAMEHATEJIEM,
paBHBIM ejuHuUIE. Bropoii cosmaer apodb Buga u/v.

JIJist meJIbIx ducesi HeOrpaHMYEHHON JTMHBI U I PaIMOHATBHBIX JPO-
Geit cymecrByer GyHKIMs rand, KOTopas 3aJaeT IICeBI0-CJIydaiiHoe IUC/I0
HEOIPAHMYEHHON JUIMHBI WJIM  PalMOHAJLHYIO Apo0b M3 HMHTEpBasa
[0; Maz|, tne Max — 9T0 e ITMHCTBEHHBI mapaMeTp JaHHOH (yHKIIHA.

JI1st 3a1aHIA e IbIX ICeBI0-CIy JaiiHbIX YHCe]l HeOrPAHMYEHHON BeJInIn-
HBI B OMOJIMOTEKE eCcTh erne JBe DYHKIUN:

static big_int random_with_length(size_t len)

static big_int random_with_length_or_less(size_t len)

[IepBasi Bo3BpaIaeT 49ucjo, KOJUIECTBO OUT B KOTOPOM TOYHO PABHO Iapa-
MeTpy len. Bropast pyHKIS BO3ZBpAIAET YUCI0, KOJUIECTBO OUT B KOTOPOM
< len.

it BBOJIa M BBIBOJA OOBEKTOB 3TUX THUIIOB JAHHBIX MOXKHO HCIIOJIB30-
BaThb CTaHIapTHBIE IIOTOKU BBO/IA U BBIBO/IA std::istream u std::ostream coot-
BETCTBEHHO.



B ciygae, eciin cTpoKoBOe 1Ipe/ICTaBICHUE JTTMHHOTO MEJI0r0 YnCIa 3a/1a-
HO HEIPAaBUJIBHO, TO B XOJI€ BBIIOJHEHUS IIPOTPAMMBI OY/IeT CreHepUPOBAHO
uckJiouenue Arageli::big_int::incorrect_string.

PaccmoTpuMm HekoTopbie pyHKINU J1Jisi OOBIKHOBEHHBIX JIpoOeit, 1101po0-
Hee 0 KOTOPBIX OyJIeT paccKa3aHo B cjeaytorniem pasese. [Ipu nomorm dpyHk-
it numerator() u denominator() MOYKHO IIOJIYYIHUTE JOCTYII K THCIUTEIO 1
3HaMeHaTes i coorBercTBerHo. Dynkuus normalize() coxpamaer B ciaydae
HEeOOXOIMMOCTH OOBIKHOBEHHYIO JIpobb, a dyukius is_normal() tposepsier,
SIBJISIETCS JTH JIpOOB HECOKPATHMOIA.

Pacemorpum nipumep:

#include "Arageli.hpp"

using namespace std;
using namespace Aragelr;

int main(int argc, char *argv[])
//npocmoe cozdarue nepemennotl
big_int zero;
cout << "KOHCTPYKTOp IO yMOJNYaHHK CO3Jajl zero = "
<< zero << endl,

//3adaem wucao cmpokot

big_int big_number =
"101100111000111100001111100000111111000000";

cout << "Really big int: " << big_number << endl,

//6600 ¢ KAQBUGMYDPDL AHAN02UYEH 3A0GHUIO CMPOKOT
big_int number_from_input;

cout << "BBemuTe IJMHHOE IIeJIO€ YUCIJO: ";

cin >> number_from_input;

//co30aem PayUOHANLHOE YUCAO

rational <> rat_zero;

cout << "Jlna panuoHANBHHX 4YKHCeJ zZero = "
<< rat_zero << endl;

cout << "Ero umcaurendb paseH "
<< rat_zero.numerator() << endl,

cout << "Ero 3HaMeHaTelb pasBeH "
<< rat_zero.denominator() << endl,

//PAYUOHANBHOE YUCAO MOHCHO 3a0aMb CIPOKOTL
rational <> fraction = "705/32768";



}

//u 6600 ¢ KaasuaMYPLL KAk 6ce2da npocm
rational <> rational_number_from_input;

cout << "BBemuTe moboe pamnuoHalIbHOE WHCIO: ";
cin >> rational_number_from_input;

//uennle wucaa mostce patuoHaAbHYL
rational <> rational_integer_number = number_from_input;
cout << "DTo pamnuoHaIbHOE YHCIJO - Iejyoe: "

<< rational_integer_number << endl,

//MOIACHO YKA3AMD U YUCAUMEAD U 3HAMENHAMEND
rational <> number_pi(22,7);
cout << "Pi mpubnuxerHO paBHO " << number_pi << endl,
//DAUUOHANBHOE YUCAO MOAHCHO NPUBECTNU K JeUCTNEUMENHOMY
double floating_point_pi = number_pi,
cout << "31o rpyboe mpubnuxenue umucmna Pi: "

<< setprecision(14) << floating_point_pi << endl,
//pi = 3.141592653589793238462643383279502884197
rational <> pi(355,113);
cout << "Bomee TouHo Pi paBHO " << pi << " 7"

<< setprecision(14) << double(pi) << endl;

//eCAU UBMEHAND YUCAUMEAD U 3HAMEHAMEND, MO

//0pobv mootcem 6bims HeobToduMo COKPamMuUmMb
fraction.numerator() += number_from_input;

cout << "Corpamenue mpobu: " << fraction << " =";
fraction.normalize();

cout << fraction << endl;

return 0;

Pesynbrarhl paboThl MPOrpaMMBbI:

KorcTpykTOop mo yMondaHumio co3gan zero = 0

Really big int: 101100111000111100001111100000111111000000
BBemuTe mnumHHOEe Ieyoe umcijo: 9099

[na panuoHanbHHX uucen zero = 0

Ero uucmnurens paser 0O

Ero smamMenaTtenb paseH 1

BeemuTe noboe panumoHanbHOe wucio: -916/929

9To pamuoHalIbHOe dYHCIO - Hemoe: 9099

Pi mpubnuxeHHO paBHO 22/7

9To rpyboe mpubnuxenme umcia Pi: 3.1428571428571
Bomee Toumo Pi paBmo 355/113 ~ 3.141592920354
Cokpamenue npobu: 9804/32768 = 2451/8192



2.2 DJjieMeHTapHBbIE OllepaIu

Jlst TOrO, 9TOOBI IIPOU3BO/IUTH MIPOCTEliie apudMeTHIeCKre OEePAIINI Ha,T
00bEKTaMU PACCMATPUBAEMBIX B JIAHHON TiaBe TUIOB JAHHBIX, MOYKHO WC-
[OJIb30BaTh OOBIYHBIE 3HAKU MaTeMaTHYeCKuX (DOPMYJI, TaKue Kak:

® + — CJIOKEHUE WM YHAPHBIH ILTIOC;

e — — BLIYMTAHUE WU yHAPHBI MUHYC;

e * — yMHOKEHNE;

e / — Jesenue; IUIst JUIMHHBIX TEJIBIX THCE] — HeJIasd 9acTh OT JIEJICHH;

o % — J1g JUIMHHBIX IeJIbIX YHCeJ — OCTATOK OT JIeJICHUS.

Y KazKJI0TO U3 9TUX OIepPaTOPOB €CTh COOTBETCTBYIOIIAs cocTaBHas dopMa,

obpa3oBaHHas BMeCTe ¢ OIepaTOpOM MpHcBauBaHus: +=, —=, ¥*= /= %=.
JInst OOBIKHOBEHHBIX IPOGEi U JVIMHHBIX HEJIbIX YHCET OINPEICTCHBI CTaH-
JIAPTHBIE OIIEPATOpPhl CPABHEHUs, TaKne Kak <, >, <=, >=, ==, |=. Tlpn

9TOM CPaBHUBATHLCA MOTYT UUC/IA HEOOA3ATETbHO OJIHOIO TUIIA JIAHHBIX.

Takke JjIg JJIMHHBIX TEJIBIX YHCEJ €CThb IMPeMPUKCHbIE U MTOCTMUKCHDBIE
orepaTophl ++ W ——, KOTOPbIE NMEIOT TaKOii yKe CMBIC/I, KaK 1, HAIIPUMeD,
Juts aucent tTuna int. JIis Bo3Beienns B HaTypaIbHYIO CTEIICHD IE/IbIX YUCET
HeOorpaHWIEHHON BeJimInHbl B 6ubsnoreke B (aiiie <arageli/powerest.hpp>
ecTh (pyHKImsa power. JlomoaHuresbHO B 3TOM baiiae comepzkarcs (PyHKIINH
square Jiisi BO3BEJIEHUsI YUCa B KBaJpaT, a TakyKe (DYyHKIUU, TPOTOTHUIIBI
KOTOPBIX BBITVISIISAT CJIEIYIONINM 00Pa30M:

template<class T1, class T2, class Q, class R>
void divide(const T1 &a, const T2 &b, Q &q, R &r)

template<class T1, class T2, class Q, class R>
void prdivide(const T1 &a, const T2 &b, Q &q, R &r)

Ob6a sTux Meroja BbIYUCHAIOT @ U R, T.e. COOTBETCTBEHHO IEIYI0 YacTh U
OCTATOK OT JiesieHus @ Ha b. OCTaTOK COOTBETCTBYET MPABUJIAM JICJICHUS JIJTsT
BCTPOEHHBIX THUIIOB. PaBHI/IHa ME2KAY 3TUMU ABYMA ME€TOJaMMU COCTOUT B TOM,
YTO IIPU UCIIOJTb30BAHUU BTOPOH (PYHKITUH MOJydaeMblil ocTaToK, T.e. R, Bce-
rja nosiokuTeseH. TakuM ob6pa3oM, pu HEOOXOUMOCTHU MOJIYUUThH CPasy u
IIEJIYI0 9aCTh, M OCTATOK OT JIeJIeHUs JIydIlle BOCIIOJIb30BAThCSA OJTHOM N3 ITUX
dyuknumii, T.K. 370 Oy/IeT ObicTpee, YeM O0UYEpPE/IHOE UCIIOIHL30BAHUE OllePa-
topos / u %.

3Tlpu neneHny Ha HyJIL reHepuUpyeTcd HCKIodenue Arageli::divizion_by_zero.
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Panmonasibayto 1pobb MOKHO MEPEBECTH B JIECATUIHYIO TIPHU ITOMOIIN
operator double. [l AIMHHBIX IEJIBIX YHCETT €CTh OIEPATOPhI IIPUBEIE-
HUs TUTIA TIOYTU K KaXKJIOMY BCTPOEHHOMY YHCJIEHHOMY THUIY JIAHHBIX, TAKO-
My Kak int, double u 1.1.

IIpu nomomu dyuxnuit numerator() u denominator() MOXKHO HOJIYYIHTD
JIOCTYT K YIUCUTENIO0 U 3HAMEHATEI0 COOTBETCTBEHHO It OOBIKHOBEHHBIX
apobeit. Oyukimst normalize() cokparaer B ciydae HEOOXOIUMOCTH OOBIK-
HOBEHHYIO JIpo0b, a dyHKIws is_normal() nposepsier, siBJsieTcs Jiu JIPpOOh
Hecokparumoit. Qyukiust is_integer() IpoBepsieT, sIBJISIETCA JIU JIPOOD 1EJIbIM
qucstoM. OyHKIws inverse() «mepeBopadnBaeT» OOBIKHOBEHHYIO JpOOb, T.€.
MEHSIET MECTaMW IUCIUTE/Ib U 3HAMEHATE]Tb.

[Ipu pabore ¢ AIUHHBIM IIE€JIBIM YUCIOM, MOYKHO pab0oTaTh HEIIOCPEICTBEH-
HO u ¢ ero Guramu. Qyukiust length() Bo3BpaIaer JJIMHY JTMHHOTO TI€JI0T0
qnciia B Ourax. JlocTyln K KOHKPETHOMY OUTY OCYIIECTBIIAETCS MOCPEICTBOM
KBa/IpaTHBIX CKOOOK. [Ipu 3ToM MOKHO oOparmarbes K OuTaM MJIaJIIne crap-
IIero WK K crapiiemy (¢ uHjekcoM length — 1); u3MeHSATD Ke MOKHO TOJIBKO
Muta IImue 6GUThl (T.e. JIMHA YHc/a MeHAThCs He JoJKHa). Vcmomb3yst onepa-
TOPBI << U >> MOXKHO OCYIIECTBJIATH TOOUTOBBII CJBUT BJIEBO WJIM BIIPABO
JUIMHHBIX TIEJIBIX YHCeJl Ha YKa3aHHOE KOJUYIECTBO Pa3pPsJIOB.

[IpoBepky Ha Y€THOCTH/HEYETHOCTD JIIMHHOIO [EJIOT0 YUC/IA MOXKHO BbI-
HOJIHUTH TIocpeicTBoM byHKImit is_even() u is_odd() cooTBeTCTBEHHO.

JI 151 OOBIKHOBEHHBIX JAPO0eit M JIsd JJIMHHBIX TEJIbIX 9UCesT CYIECTBYeT
PsJT OJIMHAKOBBIX 0A30BBIX (DYHKITHI:

e cmp — cpaBHUBAeET J(Ba dnca (IPUHIMAET Ha BXO/JI JIBA IHCJIA; BO3BPa-
maet +1, ecyin epBoe OoJibIiie Broporo; 0, ecin oHU paBHBI; —1, ecu
[IePBOE MEHBIIE BTOPOIO);

e sign() — ompezensier 3HAK THCIIA;

e is_null() — oupeserser, SBISETCS JIH IUCIO HYIIEM;

e is_unit() — oupejesser, ABJISETCs JIU YUCJIO €JIUHUTIEIH;

e is_opposite_unit() — onpejessier, ABAIETCS JIN TUCI0 MUHYC eJIUHUTIENH;
e abs — Bo3BpaIaer abCOIOTHOE 3HAUEHHE YUCIIA;

® Swap — MEHSET JiBa YUC/Ia MECTAMU.

Pekomentyercs ncrosib30BaTh UMEHHO TIEPBBIE ITATH (DYHKITNN BMECTO SB-
HBIX CPaBHEHUIA.
Paccmorpum mpumep:



#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])

{

//onepayuu ¢ big_int ocyuecmeasomes max grce
//KaK U CO 6CMPOEHHBMU MUNGMU U, KPOME 020,
//MOIACHO CMEWUBAMB 6 00HOM Guipasiceruy big_int,
//rational<> u ecmpoenmvie munoL.
big_int day_seconds = (big_int(60) * 60) * 24;
cout << "OpmuH meHb »To " << day_seconds <<" ceryuz."<< endl;
big_int year_seconds = day_seconds * 365;
cout << "Omuu rogm 3To " << year_seconds <<" ceryug."<< end/,
big_int leap_year_seconds = year_seconds + day_seconds;
cout << "Ho BHCOROCHHYE roxm aTo " << leap_year_seconds
<< " ceryHp." << endl,

if ((big_int(12345678987654321) % big_int(111)).is_null())
{
cout << "12345678987654321 mesmtTca Ha 111" << endl;
cout << "PesynpTaT memeHus: "
<< big_int(12345678987654321) / big_int(111) << endl;
}
else
cout << "12345678987654321 e memuTca Ha 111" << end!;

big_int first_big_number = power(big_int(23),32);
big_int second_big_number = power(big_int(32),23);
if (first_big_number < second_big_number)
cout << "Mm BHACHHIH, YTO 23732 < 32723." << endl;
else
if (first_big_number > second_big_number)
cout << "Mwm BHEcHUIKN, ¥TO 32723 < 23732." << endl;

else
if (first_big_number == second_big_number)
cout << "Too good to be true!" << endl;
else

cout << "It’s very lovely!" << endl,

cout << "2764 =" << (big_int(1) << 64) << endl,



//u ¢ rational ece max orce npocmo
rational <> sqrt.2 = "1/2";
for(int i = 0; i < 10; i++)

sqrt.2 =1/ (2 + sqrt_2);
/*a mootcrno u max:

(sqrt_2 += 2).inverse();

va
sqrt.2 += 1,
cout << "sqrt(2) " " << sqrt.2 << endl,

rational <> two = square(sqrt_2);
if (two.is_integer())

cout << "It couldn’t be further from the truth.";
cout << "(" << sqrt2 << ")"2 =" << two << endl;
cout << two << " 7"

<< setprecision(16) << double(two) << end/;

return 0;

}

Pesynbrarhl paboThl MPOrpaMMBbl:

Omue nmeHp 3TO 86400 cekyHZ.

Omua ron aTo 31536000 cekyHZ.

Ho Bucokocamil rogm 3To 31622400 cekyHE.
12345678987654321 menurca Ha 111
PesyneraTr memenus: 111222333222111

Mb BRISICHMII, 4TO 32723 < 23732.

2764 = 18446744073709551616

sqrt(2) ~ 19601/13860

(19601/13860)~2 = 384199201/192099600
384199201/192099600 ~ 2.000000005205633

2.3 Dba3zoBble 11eJI04YnCcJeHHbIe aJITOPUTMbI

B 6ubsmoreke ectb 60JIbIIOE KOINIECTBO (DYHKIINN, HEOOXOAMMBIX IIPH pa-
6oTe C JUIMHHBIMU TEJTBIMU IHUC/TAMU.
PaccmorpuM HekoTopbie U3 HUX TOJIpobHee:

e template<typename T >
T intsqrt (const T &a);
Haxour HauGoJibilee 1es1oe, KBaJpaT KOTOPOro He TIPEBOCXOJIUT a;
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e template<typename T >
T inverse_mod (const T &a, const T &n);
Haxour obpaTHOoe K @ 10 MOJLYIIIO N;

e template<typename T >
T factorial (const T &a);
Brrauncisier hakTopuas ot ducia a.

JList TOrO, 9TOOBI UCIIOIb30BAThH 3TN (DYHKIINKA, HEOOXOMMO TOIKTIOUNTH
daitn <arageli/intalg.hpp>.

B cnyuae neobxomumoctu Borauciasatb HOK win HOJ mia nByx wuce,
HY?KHO HCITI0JIb30BaTh (pyHKImU lcm u gcd coorsercrBerno. Vlu, a1t BBIYUC-
nenuss HOJ, moxuo umcnonb3osarh Gpyuknuio euclidean, koropasi, paboras
o asroputMy EBkina, kak pa3 Bospparaer HO/I a1Byx ancesn-iapaMeTpos.
Ecim  Bwr  Oygere wucrnonb3oBaTh BMECTO 3TOi  (GyHKIUH  (DYHKIUIO
euclidean_bezout, To kpome HOJI Bor takxke naiijgere xosddunmentor Be-
3y.

Bee st dyukimm naxozusrest B daitine <arageli/ged.hpp>.

st Toro, 9mobbl ONpeIe/INTh, ABASETCS JIH 9UCI0 TIPOCTHIM / COCTaBHBIM,
B OuOIMOTEKe eCcTh METO/bI IS_prime u is_.composite. Jjis HaxoxKIeHus cjie-
JIYIOIIETO WJIM MPEJIBIIYINero MPOCTOro YUCIa JJId 3aJaHHOTO HCIOJIL3YiiTe
dyukUU next_prime u prev_prime coorBeTcTBeHHO. B TOM cityuae, eciiu HeoO-
XOJUMO Pa3/I0KUTh YHUCJIO HA MPOCThIE MHOXKHUTEIU, MOYKHO HCIIOJIH30BATH
dyHKIWIO factorize, mapamMeTpoM KOTOPOii siBJIsieTcss (PaKTOPU3YEMOE THCJIO,
a Pe3yabTaToM paboThl OyJeT BEKTOP, dJEMEHTaMH KOTOPOro W OVIyT sB-
JIATHCA TTPOCThIE MHOYKUTEJIM ITOTO YHCIIA.

Bee stu dynkiun jyis nostydenusi pesyibrata paboraor 1o naumbosee
MOJIXO/SIIEMY K JIAHHON cuTyaruu ajaroputmy. s mosyvaenus mocrymna K
HUM HY?KHO TIOJKJIIOUNTh aiin <arageli/prime.hpp>.

Pacemorpum mpumep:

#include "Arageli.hpp"

using namespace std,;
using namespace Aragelr;
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int main(int argc, char *argv[])

{

//8briucaums Gaxmopuas u KOpeHb 0UEHb NPOCTO:
big_int f = factorial(big_int(16));

cout << "16! =" << f << endl,

big_int sf = intsqrt(f);

cout << "llenas wacTb oT sqrt(16!) =" << sf << endl;
cout << sf << ""2 =" << sf¥sf << endl,

//matidem nepsoe cocmasnoe wucao Pepma:
big_int pow = 1;
big_int fermas_number;
cout << "Yucma ®epma: " << endl;
while(is_prime(fermas_number = (big_int(1) << pow) + 1))
{
cout << fermas_number << " - mpocToe" << endl,
pow <<= 1;
}
cout << fermas_number << " - coctaBmoe" << end/;
//Hatidem €20 Pa3AOHCEHUE HA NPOCTNBLE MHOHCUMEAU
vector<big_int> factorization,
factorize(fermas_number,factorization);
cout << fermas_number << " = ";
output_list(cout, factorization,""," ", "*");

return 0;

}

Pesynbrarsl paboThl IpOrpamMMbl

16! = 20922789888000

lenas vacTp oT sqrt(16!) = 4574143
457414372 = 20922784184449
Yucna depma:

3 - mpocToe

5 - mpocToe

17 - mpocToe

257 - mpocToe

65537 - mpocToe

4294967297 - cocTaBHOE
4294967297 = 641x6700417

12



I's1aBa 3

MaTtpuibl 1 BEKTOPLI

3.1 Co3gaHue, BBOA U BBIBOJ MaTPUIl 1 BEKTO-
POB

B Arageli ecth BO3MOXKHOCTH CO3/IaBATh MATPHUIIBI U BEKTOPHI C POU3BOJIb-
HbIME KO3 durmentamu. /lajiee B 9T0it TyiaBe OYIyT paccMaTpUBaTHCA ITPU-
MepBI C TeJIBIMI U PAINOHAJIBHBIMI KOI(MMUITMEHTAMI, B CJIeIYIONEN IaBe,
MOCBSIIEHHOM TOJMHOMAaM, OyJIyT TaKyKe PacCMOTPEHbI MATPHIILI C ITOJTUHO-
MUAJTbHBIMU KO3 MDUIIUEHTAMET U TIOJIMHOMBI ¢ KO3(MUIiimenTaMu u3 MaTpuil.

st TOoro 9To0BbI MCIOJIB30BATH MATPUIILI, HEOOXOUMO B MPOEKT BKJIIO-
qurh daitn <arageli/matrix.hpp>, a s ucnosb30BaHUs BEKTOPOB aiiil
<arageli/vector.hpp>.

st co3anust MaTpUIl U BEKTOPOB CYIIECTBYET HECKOJIHLKO KOHCTPYKTO-
poB. CaMmble IPOCThIE U3 HUX ITO

template<typename T, bool REFCNT = true>
class matrix< T, REFCNT >
vector();

template<typename T, bool REFCNT = true>
class matrix< T, REFCNT > {
matrix();

-

JIUISI BEKTOPOB M MaTpPHIL, cOOTBeTCTBeHHO. OHM CO31a10T 0OLEKTHI HYJIEBOIO
pasmepa (1yist marpur 310 0 X 0).
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[Ipu momoriu 6ojiee CIOKHBIX KOHCTPYKTOPOB MOYKHO CO3/IaBaTh MaTpHU-
IIbI ¥ BEKTOPHI KOHKPETHOTO pa3Mepa U YK€ WHHUITUATH3UPOBAHHBIC KAKIM-
160 3HaYeHreM (110 yMOJIYaHUIO 9TO Hy/1eBoi Koaddunuent). Tnsa kazxkmoro
KOHCTPYKTOpa €CTh COOTBETCTBYIOIIAasd eMy (DYHKIIUsSI assign, KOTOpasl BBIIOJI-
HeT aHAJIOTMIHYIO 3a/ady, HO MOXKEeT ObITh BbI3BaHa B JIFOOOI MOMEHT.

Hamnpumep, ciiemyrorias 3amch

matrix<int> A(3, 2, diag);

2 00
ornpejiesisier esoduncaeHnyo marpuiy A = [ 0 2 0 |. B gmannom npumepe
0 0 2
HOC/IeTHAI TapaMeTp KOHCTPYKTOpa OIpe/Ie/IseT TUII MATPUIB! (3/1eCh Tra-
rOHAJIbHAsT), BTOPOH IapaMerp — 9HCJI0, KOTOpoe OyJeT PacloIoKeHO 10
JINarOHAJIN, & MEPBBINl — KOJIMYECTBO CTPOK U CTOJIOIOB B HEl.

B 6ubnmoreke cyiiecTByeT oueHb YJIO00OHBIH CIOCOO 3a/laHus BEKTOPOB U
MATPHIL IIPU [TOMOIIM CTPOK (B TOM YHCJI€ U HANPSAMYIO Yepe3 CTaHJIAPTHBIN
NOTOK BBOJ@ Std::istream). Ilpu 3TOM BEKTOpBI 3aJIal0TCA B KPYIJIBIX CKOO-
KaX, IJIe 9JIeMEHTBI pa3JIe/IsdioTcd 3aldThIMI; MATPUIILI TaK:Ke 3a/Ial0TCd B
KPYTUIBIX CKOOKaX, MOCTPOYHO, IJie KaKJas CTPOKa 3aJ[aeTcs TaK Ke, KaK U
BEKTOD (T.€. B KPYIJIBIX CKOOKAX, 3JIEMEHThI BHYTPU PA3JIeJI€HbI 3allsIThIMHE),
a CTPOKM MEK]Iy cODOil TaKKe Pa3Je/sdioTCs 3alsaThIMU.

JL71s1 BBIBOJIA MATPUIL U BEKTOPOB IIPELyCMOTPEHO HECKOJTBKO MEXaHU3MOB:

1. Ilpocroit BBIBOM Buia S<<A, rie S — CTaHJAPTHBIA ITOTOK BBIBOIA
std::ostream, A - MaTpuIla WK BEKTOD;

2. Crhenmam3npoBaHHad KOMaHIa 11 60JIee HAJISTHOIO BBIBOJIA MATPHUIL
u BeKTOPOB output_aligned (cm. nyist 6osiee moapobHOil nHbOpMAaun
JIOKYMEHTAIUIO 110 ITON (DYHKINK);

3. BeiBog B dopme st masbHeiiero ucrosb3oBannsd B cucreme KIEX
JIJIsT KOTOPOIo HY?KHO HCIIOIb30BaTh (PYHKIMIO output_latex (TaK)Ke JLJIsT
6o.1ee opobHOTT HHGOPMAIIUE CM. JIOKYMEHTAIHIO 110 3TOH (DYHKIHN).

Pasmepbr MaTpuil 1 BEKTOPOB MOXKHO OIPEIE/TUTDb [IPU TOMOIIH CJIeJ Ty 0~
mux QyHKIII:

e ncols() — ompeessieT KOJIMIECTBO CTOJIOIOB B MATPHIIE;
e nrows() — ompe/ieJiseT KOJINIECTBO CTPOK B MATPHIIE;

e size() — omnpejessier KOJIMIECTBO 3JIEMEHTOB B BEKTOPe U MaTpuile (Jist
MAaTPHIBL 9TO OyJIeT HPOU3BEJICHIE KOJMIECTBA CTPOK HA KOJIMIECTBO
CTOJIOIOB B HEil).
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PacemorpuMm Ha mmpocToM IpuMepe, Kak BCe 9TO CJIe1aTh.

Ve

Curejtyrornasi mporpaMMa BbIBOJUT MATPUILY A pa3IHIHBIMUA CIOCODAMH,
rnedaraer KOJHIECTBO CTOJIOIIOB U CTPOK B HEH. 3aTeM BBIBOJUT BEKTOD b u
regaTaer ero pasMmep.

Hcxonmpre mannple: MaTpuiia ¢ pardoHaJIbHBIMA KO3(DDUITHEHTaMI

1/2  2/3 3/6
A=|-5/7 6 7/5
8/11 —9/2 11

BEKTOD C parHOHAJbHBIMU KO3 puIuenTaMu

2/3
b= |-1/5
4

Y/

#include <arageli.hpp>
using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])
matrix< rational <> > A,
vector <rational<> > b;

A="(1/2, 2/3, 3/6), (-5/7, 6, 7/5), (8/11, -9/2, 11))";
b="(2/3, -1/5, H";

cout<<"\nA (operator <<) = "<<A;

cout<<"\nA (output_aligned) = \n";
output_aligned(cout, A, " | ", "™ | |", " "),

cout<<"\nA (output_latex) = \n";
output_latex(cout, A);

cout<<"\nCols in A = "<<A.ncols();
cout<<"\nRows in A = "<<A.nrows();
cout<<"\nb = "<<b;

cout<<"\nSize of b = "<<b.size();

return 0;
}

Pesynbrarsl paboThl MporpamMMbi:
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A (operator <<) = ((1/2, 2/3, 1/2), (-5/7, 6, 7/5),
(8/11, -9/2, 11))

A (output_aligned) =

I 1/2 2/3 1/2 ||

Il -5/7 6 7/5 ||

[l 8/11 -9/2 11 ||

A (output_latex) =

$\left (\begin{tabular}{ccc}$1/2% & $2/3% & $1/2% \\[3pt]
$-5/7% & $6% & $7/53\\[3pt] $8/11$ & $-9/2% & $11$
\end{tabular}\right)$

Cols in A = 3

Rows in A = 3

b= (4, -1/5, 2/3)

Size of b =3

3.2 ApudmerndecKkne onmepanum ¢ MaTpPUIAMU
1 BEKTOpaMu

B 6ubsmoreke mcrosib3ysd OObIYHBIE 3HAKU MaTeMaTHYECKUX (DOPMYJT MOXK-
HO BBIYUCIATH apudMeTHdecKne BBIpayKeHWs ¢ MATPHUIAMHU W BEKTOpPaMU.
Takke y KayKJI0OT0 M3 TUX ONEPATOPOB €CTh COOTBETCTBYIOIIAsl COCTABHAS
dopma, obpazoBaHHas BMECTE C OIIEPATOPOM ITPUCBAMBAHMUS.

ObparuTe BHUMAHWE HA TO, UYTO €CJIM B PE3Y/IbTATE BCEX OIEPAIUil I10-
JIy9aeTCsl BEKTOD, TO Pe3yJIbTaT HeOOXOIUMO ITPUCBOUTD JIEMEHTY TUIIA BEK-
TOp, & He THUIla MaTpulla (JJIg Tpeodpa3oBaHusi BEKTOPA K MATPHIE MOYKHO
UCIO0JI30BaTh (DYHKIMH 10 BCTABKE CTPOK WJIM CTOJIOIIOB B MaTPHILY, PAac-
CMaTpUBAaEMbIe B CJICJLYIOIIEM pasjee).

B 6ubsmmoreke 1 MATPUIL 1 BEKTOPOB OIIPEJIC/IEHbI CTAHIaPTHBIE OTlepa-
TOPBI CPaBHEHUS, TaKne Kak <, >, <=, >=, ==, |=,

OmnurreM, Kak CpaBHUBAIOTCS BeKTOpa. BekTopa a u b ¢ pasmepamu sI u
$2 COOTBETCTBEHHO HAXOJATCSA B OTHOIIEHUH a<b, ecym:

1. Ilpu olHOBpEMEHHOM I109JIEMEHTHOM ITPOCMOTPE ITUX BEKTOPOB OT Ha-
Jasia K KOHILY llepBasl apa PasImdaoliXcs 3JIeMeHTOB HaXO[UTCsI 110/
HoMepoM 1, u a[i]<bl[i];

2. eCaM PasIMYAIOIINXCs 3JEMEHTOB IIPU IIPOCMOTPE He OBbLIO HaiigeHo
(T.e. TIp TPOCMOTPE 3AKOHUUIICS OJIMH U3 BEKTOPOB), TO SI<s2.
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Takum obpazom, cpaBHEHHE BEKTOPOB — 3TO JIEKCUKOI'PahUIECKOe CpaBHe-
HUE.

CoorBercTBeHHO, MaTrpuilbl A u B, rime B marpuiie A cojuep:kutcd ml
cTpok 1 nl cTosbios, a B MaTpuile B — m2 cTpok u n2 cToJI0I0B, HAXOIATCS
B orTHoteHun A<B, eciu

1. mI<m?2, nu6o
2. ml=m2 u nl1<n22, mu6o

3. ml=m2, nl=n2, u marpuna A, pa3BepHyTad 10 CTPOKAM, JIEKCUKO-
rpaduvuecKn MeHbIIle MAaTPUILI B, IpeicTaBIeHHO! aHAJOITIHBIM 00-
pa3oM.

TaK}Ke peain30BaHbI CbYHKH‘I/II/I JJIgd IIOKOMIIOHEHTHOI'O CpaBHEHUA BEKTO-
POB, MX OIMCAHUE COJEPXKUTCA B CJIEAYIOMEM pas3Jiee.

Paccmorpum mpumep.

/ *

Crenyroriast mporpaMma rmepeMHokaeT MaTpuilbl A u B, pe3yabraT yMHO-
JKaeT Ha BEKTOP ¢, MOC/Ie 9ero 3 MOJIyIeHHOIO BEKTOPa OTHHUMAETCS BEKTOD
d, yMHO>KeHHDBIH Ha ducjo k2, u Becb pe3yJbTar JAeJUTCS Ha Iucio k1.

Hcxommble janable: MATPHUIA ¢ PAIHOHATBLHBIMIA KO3(hDHUITHEeHTaMI

~1/2 3/4
A=[-2/3 5
)7 —5/2

MAaTpHIfa C palHOHAJbHBIMHA KO3(DDUIImeHTaMu

_(3/4 1/6 —7/8
B—(5/2 2/5 —9/10)

BEKTOD C palHOHAJIbHBIMI KO3(h(pUITHEHTAMHI

1/4
c=|-4/15
5

BEKTOP C paIlHOHAJILHBIMH KOI(D(DUITHEHTAMI

~9/3
d= -1
4
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panuoHaJIbHOE IHCJIO

k1 =1/120

11ej10e 4ncJIo
k2 = -2

¥/
#include <arageli.hpp>

using namespace std;
using namespace Aragelr;

typedef rational<> R;

int main(int argc, char *argv[])

{
matrix< R > A, B;
vector< R > c,d, res;
R kI;
int k2:
A= "((-1/2, 3/4), (-2/3, 5), (1/7, -5/2))";
B = "((3/4, 1/6, -7/8), (5/2, 2/5, -9/10))";
c="(1/4, -4/15, 5)";
d ="(-2/3, -1, 4)";
ki = R(1,120);
k2 = —2:
res = ( (A*B)*c — d*k2 ) | ki,
cout<<"\nResult: \n";
output_aligned(cout, res);
return 0;
}
Pesynbrarsl paboThl IIPOrpaMMBbl:
Result:
| 1-7933/30] |
| 1-20614/9] |
| 143721/21] |
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3.3

Onepanuu ¢ BeKTopaMn

3.3.1 Omnepamuu c 3JIeMEeHTaAMU BEKTOPOB

,B;JIH TOTO YTOOBI O6paTI/ITbCH K KOHKPETHOMY 3JIEMEHTY BEKTOPa, HYy>KHO UC-
II0JIb30BaTh KBa/JpaTHbIC CKO6KI/I7 T.€. 3alliCb B Ja

blk]

rie b — 9To BEKTOp C MPOU3BOJILHLIMU KO3 duipmenraMu, kK — UHIEKC.
Ob6paTuTe BHUMaHIE, 9TO HyMepallid 9J1eMeHTOB BeKTOpoB B Arageli Ha-
YUHAETCS C HYJIS.
PacemorpuMm dyHKIUN, TIPU TTOMOIIKA KOTOPBIX MOXKHO JI00aBJIATD, y/a-
JIATh U IEPECTaBIATH MECTAMU 3JIEMEHTHI BEKTOPOB:

iterator insert (size_type pos, const T &val)
Ora GYHKIMA BCTABIAET B BEKTOD 3JIEMEHT CO 3HadeHueM val Ha 1103u-
IIUIO POS.

iterator insert (size_type pos, size_type n, const T &val)
Ora QyHKIUS BCTABJILACT B BEKTOD N 3JIEMEHTOB CO 3HadenueM val Ha-
YUHAs C HO3UIUKI POS.

void push_back (const T &val)
Berapiisier ssemMenT co 3HaueHneM val B KOHeI[ BEKTOPA.

void push_front (const T &val)
Berapisier sieMeHT co 3HaueHneM val B HaYaJsio BeKTOpA.

iterator erase (size_type pos)
Ota QYHKIUA yAaaseT 3JeMeHT BEKTOpPa, KOTOPBIH HAXOINUTCS Ha I10-
SUIUU POS.

void erase (size_type pos, size_type n)
Ora GyHKIMA yIaasdeT U3 BEKTOPa N 3JIEMEHTOB, HAUMHAA C IIO3HUIUN
pos.

template<typename 72>
void remove (const T2 &v)
YiaisierT U3 BEKTOpa BCe JIEMEHTBI CO 3HAYEHUEM, DABHBIM V.

void swap_els (size_type xpos, size_type ypos)
Memnsier MecTaMu 3/IEMEHTBI BEKTOpa, C UHJIEKCAMU XPOS U ypos.
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I[OCTYH K 9JIEMEHTaM BEKTOPOB TaK2Ke€ MO2KET OCYIIECTB/IATHCA Y€PE3 UTE-
paTopsl. [loromnurebayo nHdOpMaInio 00 9TOM MOXKHO HAUTH B JOKYMEH-
Tanuu K OubJIMoTeKe.

Pacemorpum mpocToit mpumep:

/ *

Cienyrommast mporpaMMa BCTABJISIET B BEKTOD (., B KOTOPOM IIePBOHAYA/Tb-
HO COJIEP>KHUTCS TOJIBKO OJHH JIEMEHT X, IO OJHOMY YHCJIYy B HA4Yajgo U B
KOHEII, IIOTOM €eIIle JIBa IUC/Ia, HATHHAsT CO BTOPOH IO3UIHH, KOTOPHIC PDABHBI
x. Ilocite sT0oro cpemHee 4mucjio B BEKTOPE H3MEHSIETCSI, & BCEe 3JIEMEHTBI, PaB-
HbIE X, YJAJISIIOTCS U3 G. 3aTeM HEPBbIH U MOCJCIHHUI 3JIeMEHThI BEKTOPa O
MeHsI0TCsT MecTaMmu. Iledaralorcst IpOMeXKyTOYHbIE U HTOTOBBIH PEe3YJIbTATHI.

Hcxonnpre ganapie: BEKTOp HYJIEBOIO pa3Mepa, ¢ MeJIbIMU KOd(DHuIimeHTa-
MH a = (3)

¥/

#include <arageli.hpp>
using namespace std,;
using namespace Arageli;

int main(int argc, char *argv[])
{

vector<int> a = "(3)";

int x = a[0];

cout<<"\na = "<<g;
cout<<"\nx = "<<x;

a.push_front(1);
a.push_back(5);
a.insert(1,2,x);
cout<<"\na (after inserting) = "<<a;

int m_index = (a.size())/2;
a[ m_index | = —1,
cout<<"\na (after changing the middle element) = "<<a;

a.remove(x);
cout<<"\na (after removing all elements, "
"that are equal to x) = "<<ag;

a.swap_els(0, 2);
cout<<"\na (after swapping the first and "
"the last elements) = "<<a;
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return 0;

}

Pesynbrarhl paboThl IPOrpaMMBbl:

= (3)

=3

(after inserting) = (1, 3, 3, 3, b)

(after changing the middle element) = (1, 3, -1, 3, 5)
(after removing all elements, that are equal to x) =

1, -1, 5)

(after swapping the first and the last elements) = (5, -1, 1)

(S e S N N - B

3.3.2 IlokoMmoHeHTHOEe cpaBHeHUE BEKTOPOB

Kak y»ke roBopm/och BbIllle, B OUOJIHOTEKE JIJIT BEKTOPOB KPOME JIEKCHKO-
rpahuIecKoro cpaBHEHHS, PEAJTH30BAHO TaKKe IMTOKOMIIOHEHTHOE CpaBHEHHE,
IprYeM IoCaeHee MOXKHO IIPUMEHATDH JIUIIb B TOM CJIy4dae, eCJan pa3Mephl
BEKTOPOB COBIIAIAIOT.

Hwxke npusejienbl nMena (pyHKIH, 00eCIieInBaIONIUX TOKOMIIOHEHTHOE
CpaBHeHUe BEKTOPOB (M3 HA3BAHUsI BUJIHA CBSI3b C COOTBETCTBYIOMUME (DY HK-
IUSIME JIJIsI CKAJISIPOB )

e cach_cmp

e cach_sign

e cach_is_positive

e cach_is_negative

e cach_less

e cach_greater

e cach_lessequal

e cach_greater_equal
e cach_equal

e cach_not_equal.
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Bce st MeTo16I BO3BpAIAIOT BEKTOP, KarK Il JIEMEHT KOTOPOI'O — 3Ha-
YeHUe COOTBETCTBYIONIEN (DYHKIMH, MPUMEHEHHON K COOTBETCTBYIOIIEH Tape
9JIEMEHTOB BEKTODOB-IIAPaMETPOB (MJIM K OJHOMY COOTBETCTBYIOIIEMY 3JIe-
MEHTY UCXOJIHOTO BEKTOPA, €CJIN COOTBETCTBYIOIIAs (PYHKIUS I CKAJISIPOB
HMeeT TOJIBKO OJIMH [apaMeTp).

Hanpuwmep, nyis byHKIun each_cmp, npuMeHeHHOl K BeKTopaM a u b, pe-
3yJbTaTOM OyJIeT BEKTOP C, KayKJbIil 9J1eMeHT KOTOPOro BbIYUCIIEH 10 (dop-
myasie c[i] = cmp(ali], b[i]). dnsa dyukuun each_is_positive, npumeHeHHol K
BEKTODPY &, Pe3y/IbTaToM OyJeT BeKTOp C, rje c[i] = is_positive(a).

Ecnu nHyKHO y3HATD, YIOBIETBOPSIOT JIU BCE 3JIEMEHTHI JJAHHOTO BEKTOPA
HEKOTOPOMY YCJIOBHUIO WJIM HAXOATCS JIM BCE COOTBETCTBYIOIIHE Taphl JIBYX
JTAHHBIX BEKTOPOB B OIPEJIEIEHHOM OTHOIIEHWH JPYT C JIPYTOM, TO CJIE/LyeT
BOCIIOJI30BaThCs OJHON U3 CJIEYIONINX CHeIMaIbHbIX (DYHKITHI:

e all_is_positive

e all_is_negative

e all_less

e all_greater

e all_less_equal

o all_greater_equal

e all_equal

all_not_equal.

Bce onu BosBpamaior true, ecjii yCcJIOBUE BBIIIOJIHACTCS CPa3y JJIsi BCEX
I1ap BEKTOPOB-IIapaMeETPOB UJIN JIJId BCEX 9JIEMEHTOB OAHOT'O BEKTOPA (TaK)Ke
B 3aBUCUMOCTU OT TOI'O, CKOJIbKO apr'yMe€HTOB IIPDUHUMaAET COOTBETCTBYIOIIasd
dbyuknusa s ckanspos), u false B mporuBHOM cityuae.

3.3.3 ®Dyskoun ajsa HaxoxkaeHnsa HOK u HO/JI

B 6ubmoreke cymecTByoT oneparnun, mo3poJistitorniune Haxoautb HOK u HOJI
Kak JIJisl 9JIEMEHTOB OJIHOTO BEKTOPA, TaK ¥ I JIBYX BEKTOPOB (DyHKIMN
gcd u lem coorercrenno). B tom ciyuae, korga HOK u HOJI maxomsires
JUIsL JIBYX BEKTOPOB pe3ysibraroM Oyjer Takxke BekTop, T.K. HOK n HOJL
HaXOJATCS JIJIsT 9JIEMEHTOB BEKTOPOB monapHo. Boobmie B Arageli srobas 6u-
HapHAs ONepalnst HaJl BEKTOPAMHU BBITIOJTHSIETCS TOKOMIIOHEHTHO.
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J1s1 BBITIOJTHEHMST 5THUX OTlepalinii HeOOXO MO MOJKIIOINTh (aiin <arageli/
ged.hpp>.

Pacemorpum mipocToit mpumep.

Ve

Crenyromast nporpamma cHadaJjia Beraucaser HOJI mist sieMeHTOB BeK-
topa a, 3areMm Boeraucaser HOK mis simemeHTOB BekTOpa b, mocje 4ero BbI-
gncsasser HOK uw HOJI nossiemeHTHO J171sT BeKTOPOB @ 1 b. Bce pesysibrars
I1009YEPETHO BBIBOJISITCSL.

Hcxonmbpie maHHbIE: BEKTOD C IIEJIBIMHA KOI(DDHUITHEHTAMI

4

0= 6

|16

8

BEKTOD C IIeJIBIMA KO(huIimeHTaMu

2

3

b= 8

6

Y/

#include <arageli.hpp>
using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])
{

vector<<int> a,b;
a="(4, 6, 16, 8)";
b="(2,3,8, 6)"

cout<<"\na
cout<<"\nb

"<<a;
"< <b;

cout<<"\nGCD for elements in a = "<<gcd(a);
cout<<"\nLCM for elements in b = "<</cm(b);

cout<<"\nGCD for a and b
cout<<"\nLCM for a and b

"<<gcd(a,b);
"< <lem(a,b);

return O;
}

PesyabraThl paboThl IporpaMmbi:
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a= (8, 16, 6, 4)
b = (6’ 8, 3, 2)

GCD for elements in a = 2
LCM for elements in b = 24
GCD for a and b = (2, 3, 8, 2)

LCM for a and b (4, 6, 16, 24)

3.4 Omneparnuu ¢ MaTpullamMun

3.4.1 Omneparuu co CTPOKaAMU M CTOJIOIAMU MATPHIL

C mMarpuriaMu MOYKHO BBITIOJTHSATh Pa3/IMIHbIC OTEPAaIni HAJ[ CTPOKAMU, Ta-
KIe KaK BCTaBKa, yJajleHne, YMHOXKeHUe U jeieHne Ha Koddduiment (ecre-
CTBEHHO COOTBETCTBYIOMUI TUITY KOI(DMDUIMEHTOB CaMOil MATPHIIB), Iepe-
CTaHOBKa CTPOK MeCTaMu, JI00aBjIeHNe K OJTHONW CTPOKE JIPYTOil, YMHOKEHHOM
Ha KaKOW-TO KO MUIIMEHT U T.II.

Paccemorpum HekoTophie n3 5TuX MYHKIUI 1101poOHEE:

e void insert_row (size_type pos, const T &val)
Ota GYHKIMS BCTAB/IAET B MATPHUILy HOBYIO CTPOKY, COCTOMAIIYIO U3
9JIEMEHTOB val, HaunHasi ¢ HO3UIUU Ppos (MPH ITOM OCTAJIbHBIE CTPO-
KN CABUI'alOTCA BHI/IS).

e template<typename T1, bool REFCNT1>
void insert_row (size_type pos,
const vector< T1, REFCNTI1 > &uvals)
Berapisier B MaTpHILy HOBYIO CTPOKY, COCTOSIIILYIO U3 3JIEMEHTOB BEK-
Topa vals, HaunHasi ¢ TO3UIAH POS.

e void insert_rows (size_type pos, size_type n, const T &val)
Ota (DYHKIMS BCTAB/IAET B MaTPUILy N HOBBIX CTPOK, COCTOAINIUX W3
9JIEMEHTOB val, HaurHas ¢ MO3UIUU POS.

e template<typename T1, bool REFCNTI1>
void insert_rows (size_type pos, size_type n,
const vector< T1, REFCNT1 > &vals)
Bcerapisier B MaTpHIly N HOBBIX CTPOK, KarK/asd U3 KOTOPBIX COCTOUT U3
9JIEMEHTOB BEKTOpa vals, HaunHasl ¢ MO3UIUN POS.

e void erase_row (size_type pos)
Yiassier B MaTpHIle CTPOKY, KOTOpast HAXOJAUTCs Ha [MO3UIIUH POS2.
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void erase_rows (size_type pos, size_type n)
Viajsger B MATpUIle N CTPOK, HAUNHASA C ITO3UIUU POS.

void swap_rows (size_type xpos, size_type ypos)
Memnsier nBe CTpOKHU, KOTOPbIE HAXOJATCS Ha TO3UIHUAX XPOS U ypos,
MeCTaMU.

template<typename 71>
void mult_row (size_type i, const T1 &x)
YMHOXKAET [-10 CTPOKY Ha X.

template<typename 71>
void div_row (size_type i, const T1 &x)
enut i-10 CTPOKY Ha X.

void add_rows (size_type dstpos, size_type srcpos)
[IpubapiseT K CTpOKe ¢ MHAECKCOM dStpos CTPOKY € MHIEKCOM SFCPOS.

void sub_rows (size,type dstpos, size_type srcpos)
Bbrauraer U3 CTPOKU ¢ MHAEKCOM dStpos CTPOKY C MHIEKCOM SFCPos.

template<typename 72>
void addmult_rows (size_type dstpos, size_type srcpos,

const T2 &y)
[Tpubasisier K CTPOKe ¢ MHJIEKCOM dStpos CTPOKY C MHJIEKCOM SFCPoS,
YMHOXKEHHYIO Ha Y.

vector< T, true> copy_row (size_type i) const
Bosgpaiaer KOImo CTPOKU ¢ UHIIEKCOM /.

Bcee oneparun, jgocTyiHble SIS CTPOK, JOCTYITHBI TakKzKe W JIJIg CTOJIO-
1IOB, IPUYEM ITPOTOTHUIIBI ATUX (DYHKIINI BBITJISISIT OJIMHAKOBO, HYKHO JIUIIb
3aMEHUTH B UMeHN (DyHKIMKA row Ha col.

CronuT OTMETHUTD, 9TO HyMepallusl CTPOK U CTOJIOIOB /IJIst MATpuIl B Ara-
geli HauMHAETCS € HYJIA.

st obpaliennst K KOHKPETHOMY 3JIEMEHTY MaTPHUIIbI UCIIOJIB3YIOTCS KPYT-
JIble CKOOKH, T.e. 3alliCh BU/IA

A(iJ)

riae A — 3To MaTpuIla ¢ TPOU3BOJIBLHBIMU KO3 dUIMeHTaMu, i, j — HOMeEpa
CTPOKH W CTOJIOIA COOTBETCTBEHHO, HAa IepecevdeHN KOTOPBIX DPACIOJIOXKEH
ZKeJlaeMbIil 9JIEMeHT.
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Ob6paruTe BHUMaHWE HA CHTYAIUIO, KOTJA MPOU3BOIATCSA OIEPAIMH CO
CTPOKOIA (CTOIOIIOM) MATPHIIBI ¥ JIEMEHTOM U3 TO 7Ke caMoil CTPOKH (CToJI0-
na). Hanpumep, takoe MOKeT ObITh IPU JIEJIEHUU CTOJIONA Ha OJUH U3 3JIe-
MEHTOB 9TOr0 cTOJI0Ma (CM. ceyromnuii mpumMep). B arom cirydae Bmecto ca-
MOT0 9JIEMEHTa HaJI0 yKa3bIBaTh TO, YTO BO3Bpalnaer hyHkunsa safe_reference,
CINHCTBCHHBIM HapaMeTpOl\I KOTOpOfI JOJIZKCH ABJIATHCA CaM 3TOT IJICMCHT.
[Toxoxkast cuTyarusi OOCTOUT U ¢ TOJIMHOMAaMH.

PaccmoTpuMm mmpumep Ha IpuMeHEHHe JaCTU BBIIIE OIMUCAHHBIX (OYHKIINA.

/>I<

CJIG,HYIOU_IELH HpOFpaMMa BBIBOJIUT Ha SKpaH ManHI_[y A, 3aTeM HepBny n
BTOpyIo cTpoku B Heil. Ilocsie 4ero K mepBoii cTpoKe IpHOABJISETCS BTOPAs,
VMHOXKeHHAsT Ha k, 0 pe3y/IbTAT BIBOJUTCS Ha SKPaH. 3aTeM IMepBhIi cTo10er]
MAaTPHIBI JICJIATCS Ha 3JeMEHT MATPHIIbI, PACIOJIOXKEHHBIH B 9TOM CTOJIOIE
BO BTOPOIT cTpoUKe, medaraercs pesyabrar. Ilocie dero, HaumHass co BTOPOro
CTOJIOIIA, VIAISIOTCS JIBa CTOJI0IA B MATPHIIE, TeYaTACTCS Pe3YIbTAT. 3aTeM
Ha MeCTO BTOPOI'O CTOJIOIA BCTABJISETCS BEKTOp b, medaraercss pesyiabrar. 1
HaKOHEeIT HUTOTOBBIIT p€3YJIbTaT — B HOﬂquBmeﬁCH ManHL[e HepeCTaB.]THIOTCH
MecTaMy I1epBasi U TPEThbs CTPOKH.

Hcxommble manable: MaTPHUIA ¢ palHOHAIBLHBIMA KO3(hDHUITHEeHTaMU

—2/5 —1/5 3/5 1/2
A= 2/5 —1/4 2/6 1/3
—5/2 5/6 —6/7 1/4

BEKTOD C palHOHAJIbHBIMI KO3(h(pHUITHEHTAMHI

—2/3
b= | 5/2
~1/6

1es1oe 9uc/Io

Y/

#include <arageli.hpp>
using namespace std;
using namespace Aragel;

int main(int argc, char *argv[])

{

matrix< rational<> > A;
vector <rational<> > b;
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int k;

A= "((-2/5, -1/5, 3/5, 1/2), (2/5, -1/4, 2/6, 1/3),"
"(-5/2, 5/6, -6/7, 1/4))";

b= "(-2/3, 5/2, -1/6)";

k = 5;

cout<<"\nA = \n";
output_aligned(cout, A);

cout<<"\nThe first row in A = "<<A.copy_row(0);
cout<<"\nThe second row in A = "<<A.copy_row(1);

A.addmult_rows(0, 1, k);
cout<<"\n\nA[0] = A[1] * k (rows)";
cout<<"\nResult = \n";
output_aligned(cout, A);

A.div_col(1, safe_reference(A(2, 1)));
cout<<"\n\nA[1] = A[1] / A(2,1) (cols)";
cout<<"\nResult = \n";
output_aligned(cout, A);

A.erase_cols(2, 2);
cout<<"\n\nA after erasing two columns"

"from the second one = \n";
output_aligned(cout, A);

A.insert_col(2, b);

cout<<"\n\nVector b = "<<b;
cout<<"\nA after inserting b = \n';
output_aligned(cout, A);

A.swap_rows(0,2);

cout<<"\n\nA after swapping the first and"
"the third rows = \n";

output_aligned(cout, A);

return 0;

}

PesyiabraThl paboThl MpOrpaMmbr:

A:
|1-2/5 -1/5 3/5 1/2]|
l12/5 -1/4 1/3 1/3]||
|1-5/2 5/6 -6/7 1/4]|]|
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The first row in A = (-2/5, -1/5, 3/5, 1/2)
The second row in A = (2/5, -1/4, 1/3, 1/3)

A[0] = A[1] * k (rows)
Result =

|18/5 -29/20 34/15 13/6]1 |
| 12/5 -1/4 1/3 1/3 ||
||-5/2 5/6 -6/7 1/4 ||

A[1] = A[1] / A(2,1) (cols)
Result =

|18/5 -87/50 34/15 13/61 |
[12/5 -3/10 1/3 1/3 ||
| 1-5/2 1 -6/7 1/4 ||

A after erasing two first columns =

|18/5 -87/50] |
|12/5 -3/10 ||
l1-5/2 1 ||

Vector b = (-1/6, 5/2, -2/3, )
A after inserting b =

|18/6 -87/50 -2/3||

l12/6 -3/10 5/2 ||

I1-5/2 1 -1/61 |

A after swapping the first and the third rows =
|1-5/2 1 -1/61 |
112/6 -3/10 5/2 ||
|18/6 -87/50 -2/3]]|

3.4.2 Bpbimosnenune 6a30BbIX onepaliuii ¢ MaTpullamMu

B Arageli cymecrBytor crnennabable (OYHKIUNA IS BBITOJTHEHII HAJI MaT-
puIaMu Takux 6a30BbIX OIEpAINil, KAK BBIUYUCICHUE OIPEIETUTENS, HAXOK-
JileHne obpaTHO MATPHIIBI U T.I.

TaK}Ke €CTh CllenruaJIbHbIe CbYHKI_H/II/I-‘{JIeHbI, IIO3BOJIdIOIIIKE OIIpeae/INTh
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B MaTpPHUIIBIL:

e is_empty() — onpejesisier, sIBISETCS JIM MATPUIA [IYCTOM, T.e. UMEeeT JIn
OHa HYyJIEBbIE Pa3MeEPHI;

e is_null() — onpezensier, SBISETCS JTM MATPHUIA HYJIEBOIA;
e is_unit() — oupeseseT, SABASETCA JIL MATPHIA €IHHIIHONL;

e is_opposite_unit() — onpeJieJisieT, sIBJIsIeTCs JI MaTPUIA OTPUIIATEIbHOI
€IMHUYHON MaTpUIei;

e is_squarte() — ompejesier, SBJSETCs JIM MATPHUIA KBAIPATHOI;

® swap — MeHdeT ABEC MaTpPpHUIbl MEeCTaMM;

Kpowme dyukimnm inverse, Koropas HaXOIUT 0OPATHYIO K JAHHON MaTPHILY,
ecTh Takxke GyHKIUs each_inverse, pe3yabTaToM paboThl KOTOPOH SBJISIETCST
MaTpUIlA, COCTaBJIEeHHAA U3 OOPATHBIX JIJIs [M€PBOHAYAILHON MaTPUIILI dJIe-
MEHTOB.

JL1st TOro 9TOOBI BBIYUCIUTE OIPE/IETUTE/b Y MATPHUIIBI C [1€/IOUUC/ICHHbI-
MU KodhduimeHTaMu, He0OX0JUMO BMECTO OOBIYHON (hyHKIMKN det MCIoJIb-
3oBaTh GyHKIWIO det_int. [Ipyn BbIYUCIEHUN paHTa MaTPUILI CATYAIls aHa-
jgorudHas (BMecTo (byHKIMEU rank Hy»KHO UCHOJIb30BaTh rank_int). s uc-
[0JIb30BAHUS BCEX ITUX YeThIpeX (bYHKINI HEOOXOIUMO TOJK/IIOUATE (ail
<arageli/gauss.hpp>.

PaccmoTpuMm ux npumMenenne Ha IPOCTOM IIPUMEPeE.

/¥

Curesryrornast mporpamMma OIpeIe/IsieT, sSIBISeTCs JIM MaTpula A KBajpart-
HOI, rpeJBapuTe/IbHO Hamedaras ee. Ecin ja, 7o HaxoquT u BHIBOJUT d —
ornpesenresib 31oit marpuiibl. Ecin on me pasen 0, TO HAXOJUT U BBIBOJUT
Ha 9KpaH oOpaTHYI0 K JAHHOH MaTpuily A _inv u OCyIecTB/IsIeT IPOBEPKY
pe3yJbTaTa, T.e. sIBISeTCs JIH MPOU3BeAeHne MaTpull A u A inv eJHHIIHOL
MaTpHIIEH.

Hcxomupie mannpre: MaTpuia ¢ palmoHAJILHBIMA KO3(huIimenTamm

2/3 —3/5 1
A= |-4/7 5/8 1/12
-3 5  —6/7

Y/

#include <arageli.hpp>
using namespace std;
using namespace Aragelr;
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int main(int argc, char *argv[])
{

matrix< rational<> > A, A_inv;
rational<> d = 0;

A= "(2/3, -3/5, 1) , (-4/7, 5/8, 1/12) , (-3, 5, -6/7))";
cout<<"\nA = "<<A;

if (A.is_squarte()) {
d = det(A);
cout<<"\ndet (A) = "<<d,

}
if (d 1= 0) {

A_inv = inverse(A);

cout<<"\nInverted A = \n";
output_aligned(cout, Ainv, ™| | ", " [ |", " "),
cout<<"\nThe result is "<<boolalpha<<
(A*A_inv).is_unit();
}

return 0;

}

Pesynbrarhl paboThl MpOrpaMMbl:

A = ((2/3, -3/5, 1), (-4/7, 5/8, 1/12), (-3, 5, -6/7))
det(A) = -4139/3528

Inverted A =

|| 3360/4139 -79128/20695 11907/20695 | |

|| 2610/4139 -8568/4139  2212/4139 ||

|| 3465/4139 27048/20695 -1302/20695 | |

The result is true

BameTum, 9TO €CJIM MaTpUIla BBIPDOXKJIEHHAsI, TO MPHU BbI30BE (DyHKIMN
inverse renepupyercst UCKodeHne Arageli::matrix_is_singular.

C TOYKM 3peHUsi CKOPOCTH BBIIIOJIHEHUSI JIAHHBIN IPUMEp COCTaBJIEH He
HAWJIYUIIAM CIIOCOOOM, T.K. ¥ MPU BBIYUCIEHUU OIPEJIEJUTENs, U IPH Ha-
XOXKJIEHUN 00paTHO MaTpHIlbl BbI3BIBAETCSA OJIHA U Ta ke (YHKIwus rref .
91y (DYHKIMIO BBI3BIBAET JOBOJBHO MHOI'O METOJOB, 9TO, OE3yC/IOBHO, CJIe-
JlyeT yIUThIBATh.

PacemorpuM ToT 2Ke mpuMep, HO ¢ UCIOJIB30BaHUEM STO (OyHKITUHN:
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#include <arageli.hpp>
using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])

{

matrix< rational<> > A, A_inv, B;
vector< rational<> > basis;
rational<> d = 0;

A= "(2/3, -3/5, 1) , (-4/7, 5/8, 1/12) , (-3, 5, -6/7))";
cout<<"\nA = "<<A;
rref (A, B, A_inv, basis, d);

cout<<"\ndet (A) = "<<d<<"\n";

output_aligned(cout, A_inv, "| | ", " | |", " "),

cout<<"\nThe result is "<<boolalpha<<
(A*A_inv).is_unit();

return 0;

}

PesyabraTsl paboThl 9T0# MPOrpaMMBbI MOJHOCTHIO COBHAIAIOT C PE3YIlb-
TaTaMu pabOTHI IPOrPAMMBI, TEKCT KOTOPOIl IIPUBEJICH BBIIIIE.

JJ1st 1ie10unc/IeHHbIX MATPUIL, HEOOXOAUMO BMECTO (DYHKIUY rref UCIIOJIb-
30BaTh (yHKIUIO rref_int.

3.5 Pemmenune cucremMbl JUHEHHBIX YpPaBHEHUIA

JL71s1 TOrO 9TOOBI PENUTh KB IPATHYIO CUCTEMY JIMTHEHHBIX YpaBHEeHUil, B O1O-
nuoreke ecTh pyHKIus solve_linsys.

Ecyim MmaTpunia BeIpoXKjieHHast, TO IpK BbizoBe (yHKIME solve_linsys rene-
pupyercst uckJiodenue Arageli::matrix_is_singular.

JL1st TOro 9T00bBI UCIOIB30BATD 9TY (PYHKIUIO, HEOOXOIMMO OIKIIOUNTE
daitn <arageli/gauss.hpp>.

Ve

Curejryrornasi mporpaMMa peIraeT CHCTEMY JIMHEHHDBIX ypaBHEHUI BHJIA
Axx = b u BBIBOJHUT pe3yjbTar — BeKTOp x. Ecam marpuna A siBisercs
BBIPOXKJIEHHOI MaTpHIIEi, TO IIporpaMMa coolIaeT 06 3TOM.
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Hexomapre janabIe: MaTpHIa C paIHOHAJIBHBIME KO(DDUIHEeHTaMMI

~1/2 2/3 3/6
A=\ 5/1 =6 7/5
—8/11 9/2 —11

BEKTOD C paIlHOHAaJIbHBIMH KOI(D(pUIHeHTaMI

2/3
b=|-1/5
4

Y/

#include <arageli.hpp>
using namespace std,;
using namespace Aragelr;

int main(int argc, char *argv[])

{

matrix< rational <> > A;
vector <rational <> > b,x;

A="((-1/2, 2/3, 3/6), (5/7, -6, 7/5), (-8/11, 9/2, -11))";
b ="(2/3, -1/5, 4)";

cout<<"A = \n";
output_aligned(cout, A);
cout<<"\nb = \n";
output_aligned(cout, b);

try {
x = solve_linsys(A, b);

cout<<"\n\nx = \n";
output_aligned(cout, x);
cout<<"\nThe result is "<<std::boolalpha<<(A*x == b);

}

catch(matrix_is_singular) {
cout<<"\n\nError! Matrix is singular!";

}
return O;

}

Pesynbrarsl paboThl IporpamMMbi:
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A=

[1-1/2 2/3 1/21]|
|15/7 -6 7/5]]|
|1-8/11 9/2 -11]|

b =
1411

[ 1-1/511
112/3 11

x =
| 1-41469/119498] |
| |-17591/59749 ||
| 1-247709/119498] |
The result is true
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I's1aBa 4

Pazpekennblie 110JIMHOMBI

Bubsmmoreka 1mpejiocTaBiigeT MUPOKUE BO3MOXKHOCTHU JIjisi pabOThI ¢ pa3pe-
JKeHHBbIME TTosTrHOMaMu. Crte Iy Iore IpuMephl JIEMOHCTPUPYIOT PA3/INIHbBIE
BapUaHThl UX UCIOIH30BAHUS ¥ BO3MOKHOCTU OUOJIMOTEKH 110 pabOTe C HUMH.

4.1 Croocobbl co3manus mojmHoMoB B Arageli

Paszpexennsrit mosmuoMm B Arageli sro mabiion Kiacca sparse_polynom, onpe-
nesiénnblii B <arageli/sparse  polynom.hpp >, KOTOpBIil IpeJIcTaBIIsIeT MOJIU-
HOM B BH/IE CITFICKa HEHYJIEBBIX MOHOMOB. [lapameTpsr 3Toro mabiona ompe-
nensior tunsl Koaddurmentos (Coefficient) n creneneit (Degree) nonmuoma

template<typename Coefficient,

typename Degree = int,

bool REFERENCE_COUNTER = true>
class sparse_polynom,

Janee Mbl Gy1eM 3a1aBaTh TOJBKO MEPBLI apaMeTp sparse_polynom, ocras-
Jisisl JIBa TIOCJIEIHIX CO 3HAYEHUMU 110 yMosrdanuio. Hanpumep, onpeesienns

sparse_polynom<int> a;
sparse_polynom<rational <> > b;

BBOJAT JIB€ IIepeMEHHbIC a U b, KaK ITIOJIMHOMBI C II€JIBIMHA U palliOHaJIbHBIMNI
KOSClD(lDI/IHI/IeHTaMI/I COOTBETCTBEHHO.

Jns mommHOMOB B Arageli peasm3oBaH psiji KOHCTPYKTOPOB, 00ECTIETMBAIO-
MU pa3/ImIHble MEXaHU3Mbl PeaIn3aIlin:

1. sparse_polynom();
— CO3/IaeT HyJIEBOM (He co/epKalliii HU OJTHOIO MOHOMA) HOJIMHOM;
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2. sparse_polynom(const char* str);
— MHUIUAIA3UPYET IIOJUHOM ero CHMBOJILHOM 3aIliChIo’;

3. sparse_polynom(const Coefficient& x);
— CO3Ja€T IIOJIMHOM, COCTOHH_[I/Iﬁ n3 OJHOI'0O MOHOMa C HYJIEBBIM IIOKa-
3aTejieM CTEIIeHU;

4. sparse_polynom(const Coefficient& x, const Degree& p);
— CO31a€eT IIOJIMHOM, COCTOHH_H/Iﬁ n3 OAHOI'0O MOHOMaAa,

5. template <typename Coefficientl, typename Degreel >
sparse_polynom(const monom< Coefficientl, Degreel >& x);
— CO3JIaeT HOJIMHOM, PaBHBI 33 IJaHHOMY MOHOMY;

6. template <typename Coefficientl, typename Degreel,
bool REFCNT1>
sparse_polynom
(const sparse_polynom< Coefficientl,Degreel, REFCNTI1>& x);
— CO3JlaeT HOJIMHOM KaK KOIIMIO JIPYIOro HOJTMHOMA, IIPU HEOOXOIUMO-
CTH OCYIIECTBJIsAsI MPUBEJIEHNE TUIIOB KOI(MDMUITMEHTOB W CTEleHeil K
CcOOCTBEHHBIM;

DTH KOHCTPYKTOPBI 00ECIeunBaoT (DYyHKIIMOHATLHOCTD, JTOCTATOYHYIO I
CO3J/IaHUA W WHUITUAJIM3AINANA TTOJJTMHOMOB JIIOOBIM KOPPEKTHBIM 3HAYEHUEM.
Crenyrommuit mpuMep JIeMOHCTPUPYET UX UCIOJIb30BaHUe B ITPOTrPaMMe:

JIucrunr Sparse_Polynom_Creating.cpp
#include "Arageli.hpp"

using namespace std,;
using namespace Aragelr;

int main(int argc, char *argv[])
{
//npocmoe cozdarue noAUHOMA
/ /€ UEAOHUCAEHHDMU KOIPHUUUEHMAMU:
sparse_polynom<int> S = "2xx~2+5xx-7+3*x";
cout << "TloNWHOM C LEJOYNCIIEHHHME Kod>(pbunmenTtamu S = "<< S
<< endl << endl;

IpaBuia MoCTpoeHNs CHMBOJILHOMN 3aIliCH MOJIHHOMA OIMCAHBI B CJIEIYIONEM Pasese
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//co3darue noAuHOMA
//¢ KoopPunuenmamu neozpanuLeHnozo pasMepa:
sparse_polynom< big_int>
B = "1234567891011121314151617181920*x~777"
"+112233445566778899";
cout << "llonuHoM ¢ Ko>¢pdunmenTamMu Tuma big_int B = "<< B
<< endl << endl;

//cozdanue nOAUHOMA ¢ BEULECMBEHHLMU KOEPPHUUUEHMAMU:
sparse_polynom<double>
D = "1.12345%x-1e25%x~2+1234.5678%x~3-0.000002334";
cout << "IlonWHOM C BemeCTBEHHHME Ko3bdunumentamu D = "<< D
<< endl << endl,

//co3danue noAUHOMA ¢ KOIPUULUEHMAMYU DAUUOHAALHOLO TMUNG:
sparse_polynom< rational <> >
R = "1234/56781%x~321+7/9%x+3%x~2-4/256";
cout << "IllonWHOM C palMoHANbHHMEU KOodbduuumenTamu R = "<< R
<< endl << endl;

//B03MOIHCHO CO30AHUE NOAUHOMA C MAMPULHLLMU KOIXPHUBUEHMaAMU:
//obpamume enumanue Ha ONONHUMEABHBIE CKODKU,
//Npasuaa 3anuct MAMPUYHOLL INEMENNOE
//onucanv. 6 npedudywem pasdese
sparse_polynom<matrix<int> > M =

"(((1,2),(3,4))*x~55-((1,2),(4,5))*x+((5,-1),(4,0)))";
cout << "IlonwHOM C MAaTpWYHHME Ko3bdunumentamu M = "<< M

<< endl << endl;

//nocmpoenue NOAUHOMAE U3 0MOEALHBL MOHOMOS:
big_int num = 1, den = 1,
int degree = 0;
sparse_polynom< rational <> > F;
for(int i = 0; i < 6; i++)
{
F += sparse_polynom< rational <> >::
monom(rational <>(num,den),degree);
degree++;
num += den,;
den += num;
}
cout << "IlonuHOM, IOCTPOEHHHN M3 OTHEIbHHX MOHOMOB F = "
<< F << endl << endl;
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//npeobpazosanue NOAUHOMOE € KOIPHUUUEHMAMY PAZHHIT TMUNOG:
//KOHCMPYKMOp NpueedeHus muna 2apanmupyem
//HOPMAAOHYIO POPMY NPEICTNABACHUA TONUHOMA
sparse_polynom<big_int> BD = D,
cout << "IllomuHoM, mONyYeHH:M npeobpasoBanueM "
"us mpyroro mosmHoMa BD = "<< BD << endl << endl;
//npu npeobpazosaHul PAUUOHANLHBIT YUCEA K YUCAAM
//c naasaroweti 3anamoti 603BMONCHA NOMEPS MOYHOCTIU
sparse_polynom<double> FR = R,
cout << "llonuHoM, NONy4YeHHHH IpeobpazoBaHUEM
"usz mpyroro monmHoMa FR = "<< FR << endl << endl;

return O;

Pesybrar paborbl nmporpammbl jguctuara Sparse_Polynom_Creating.cpp
JlemoncTpupyer cosjanue sparse_polynom u3 BCTPOEHHBIX TUIIOB W THUIIOB
Arageli.

[lonuHOM C IEeNOYMCIEHHHMH Ko3bduimueHTaMum S = 2*x”2+8*x-7

[lomuaoM c KosdppunueHTaMu Tuna big_int
B = 1234567891011121314151617181920*x~777+112233445566778899

[lonmvHOM C BemeCTBEHHHMU Ko3(pduimeHTaMu
D = 1234.57*x"3-1e+025%x"2+1.12345*x-2.334e-006

[lonuHOM C paluOHATILHBMU KO3hOUIMEeHTaAMU
R = 1234/56781%x"321+3%x~2+7/9%x-1/64

[lomurEoOM C MaTpHUYHHIME KO3(PuUIKNeHTaMU
M = ((1, 2), (3, 4))*XA55+((_1, _2), (_4, _5))*X+
((5; _1) 5 (4, O))

HOJII/IHOM, HOCTpoeHHHﬁ U3 OTHOEJIbHBIX MOHOMOB
F = 89/144%x~5+34/55%x~4+13/21%x~3+5/8%x~2+2/3%x+1

[lonuHOM, mONMy4YeHHHM HmpeobpasoBaHMEM U3 APYroro IIOJIMHOMA
BD = 1234*x~3-10000000000000000905969664*x~2+x

[lonuHOM, mONydeHHHM IpeobpazoBaHMEM U3 IPYTOro IIOJKHOMA
FR = 0.0217326%x7321+3%x~2+0.777778%x-0.015625
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4.2 Bsoa u BbpIBOA mosmHOMOB B Arageli

B Arageli npeycMoTpeHbI BCTPOEHbIE CPeJICTBa J1JIsi KOHCOJIBHOTO BBOJIA/ BbI-
BO/Ia B CTaHJIapTHBIE IIOTOKU CiN U cout, OCYIECTBIISIEMOTO OllepaTopaMu > >
1 << COOTBETCTBEHHO. ITOJIMHOMBI 3AIMCHIBAIOTCS B MAKCUMAJIHLHO ITPUOJIH-
JKeHHOM K MareMarudeckoil ¢dopme 3amnucu. [IpaBmia s3ammncu ko3ddbdumnumen-
TOB IIOJIMHOMa ¥ TOKa3aTeJseil CTeleHn COOTBETCTBYIOT (bopMaTy, KOTOPDIi
[0 YMOJIYAHUIO UCIIOJIb3YeT CHCTEMa BBOJA/BBIBOJIA IS COOTBETCTBYIOIIIX
TuoB. Kpome paccMOTpeHHBIX B 9TOM pasjiesie B KadeCTBe MPUMEPOB J10-
IIyCTUMOI'O BBOJa MOXKHO PacCMaTPUBATHh BCE CTPOKOBBbIE MHUIIMAIU3AINN B
KOJIe IIPUMEPOB, T.K. KOHCTPYKTOPBI M CHCTEMa BBOJIA/BBIBOJIA HUCIOJIB3YIOT
o0Iuii MeXaHU3M TTOCTPOEHUS MOJUHOMA 110 CTPOKOBOI 3aITUCH.

JI71s1 KOpPEKTHOI'O CO3/IaHus ITOJTUHOMOB HEOOXOIUMO HPUIEPIKUBATHCS Clle-
JIYIOTTUX TTPaBUJI:

® TIOJINHOM JIOJI?KEH 3aIUCHIBATHCsI CIIUTHO (63 mpobesion);

e 1iepeMeHHast 0003HATAETCS CUMBOJIOM X;

® CTEIleHb OTJIE/ISeTCS OT IIEPEMEHHON CUMBOJIOM ~;

e cumBoa ¥ Mexk1y Ko DUIMEHTOM U HEepEeMEHHO 00I3aTe IeH;
® 3HAKW + U — He TPeOYIOT JIONOJHUTE/ILHBIX CKOOOK;

® IIOPSAJI0K MOHOMOB B 3aIIMCH ITPOU3BOJIEH;

® B 3allMCU OJHOI'O ITOJIMHOMa MOI'yT OBITH MOHOMBI C OIMHaKOBbIMU IIO-
Ka3aTeJigddMU CTEIICHU]

o K03 PUIMEHTHI 3aIIMCHIBAIOTCSI COTJIACHO IpaBUIaM IPUHITHIM B C++,
a B ciIydae, eciid 970 Tullbl Arageli, 3alIMChbIBAIOTCS COIJIACHO IIPABUIIAM
BBO/IA 9TUX TUIOB IPUHATHIM B 6ub/inoreke (y3HATH O HUX MOYKHO B CO-
OTBETCTBYIOIIUX PA3/Ie/Iax JAHHOIO JIOKYMEHTa )

e Heobxomumo obparuTh BHUMaHUE (CM. MIEPBBII IPUMEp) HA TOT aCIeKT,
YTO HYKHO OpaTh 3alllCh TOJIMHOMA B CKOOKHM, €CJIi IepBbIit Ko du-
[IUEHT HAYUHAETCSd B CKOOKaX.

Taxum 06pa3oM, IPUBBLIYHOM MaTeMaTndecKoit samucu 75+ 322 + 32+ 1 Gyzer
COOTBETCTBOBATH CTpoKa: X~ 3+3*x~2+3*x+1.

[TostmHOM B OMOIMOTEKE XPAHUTCS B HOPMAJIbHOM popMe, U TP CO3TaHUU 13
CTPOKOBOTO TIPEJICTAB/IEHUSA OH BCerjia IpuBouTcs K Heil. T.e.
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® MOHOMBI YIIOPSJIOYUBAIOTCA IO CTEIIEHAM;
® IIPUBOJIATCS TOJIOOHBIE MOHOMBI;
® JICKJIIOYAIOTCA HYJIEBbIE MOHOMBI;

Cremyromuit mpuMep ere pa3 MosiCHsIeT 0COOEHHOCTH BBOJIA:

JIuctunr Sparse_Polynom_io.cpp
#include "Arageli.hpp"

using namespace std;
using namespace Aragelr;

int main(int argc, char *argv[])

{

sparse_polynom<int> S;//cosdaem nosurom
cout << "lloxany#cTa, BBeIUTE IIOJUHOM "
""Cc ImeloYHCIIeHHHMHN Ko3dpdunumeHTaMu: S = ";

cin >> S;//6600 noaunoma ¢ KAa8UGMYPDL

cout << "S 6mn ycmemro npouuTar" << end/;

//na 6vi600e 6UIUM NOAUHOM, 3ANUCGHHOIT 6 HOPMAALHOU dopme
cout << "CrampmapTHhi BhHBOJ mojuHOMa: S = " << S << end/,

return 0;

}

Pesysbrar paborsl mporpaMMmbl jinctunra Sparse_Polynom_io.cpp

ﬂeMOHCTpI/IpyeT HCIIOJIb30BaHUE OIIEpaTOpPOB BBO,ZL&/BI)IBQH‘& JJ1d IIOJIMHOMOB.

[loxany#icTa, BBeIUTE IOJNKHOM C ILEJIOYMCIECHHHMU KO3PPUIMEHTaMH:
S = b*x"2-7T*x"6+5+x"8-3%x"2+0%*x

S 6BUI yCIeWNHO IPOYMTaH

CTaHZapTHHI BHBOJ NOJMHOMA: S = X 8-7*Xx"6+2%x"2+5

4.3 Apudmerudeckue oreparmn

B ocHoBe OosbIIMHCTBA AJITOPUTMOB, UCIIOJIB3YOIIUX TOJTUHOMBI, JIEXKAT IIPO-
cTeie apudmerndeckue oneparuu. B Arageli 9Tn omepamnyum 3ammchIBaOTCs
IIPU TOMOIIM IPUHATHIX B C4++ CHUMBOJIOB:

e + (cioxkenue),

e — (BBIUMTAHUE),
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o * (ymuoxenmue),

e / (mesenue Haremo),

e % (ocraTok oT JieseHust).

Kazkias onepariust uMeeT MapHyto, COBMEIEHHYIO ¢ TIPHCBanBaHueM (Harpu-
Mep +=). Kpome omepanuit Mexy JByMsI ITOJHHOMAMHU, BO3MOXKHBI OIle-
paryu, BKJIOYAMONME OJHUM U3 APIYMEHTOB MOHOM WJIM KOHCTAHTY (uMe-
IOI[e TUIBI COOTBETCTBYIOIINE [IpaMeTpaM IMab/IoHa JAHHOTO MOJIMHOMA).
JlomycTuMbIMU  BJIAIOTC JIIOOble PAa3yMHBIE C TOYKH 3PEHUA IOJIb30BaTE-
Jisi OMOJIMOTEKN BBhIPaXKEeHUs, He CcoJiepKalliue JieJieHus Ha HyJIb. [loBenenue
[IporpaMMBbl IIPU TIONBITKE JeJIeHNs Ha HYJIeBOW SJIEMEHT He OIpeJeeH0 U
[IOJTHOCTBIO 3aBUCHUT OT THUIa KO3(DDUIINEHTOB.

JIuctunr Sparse_Polynom_Operations.cpp

#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])

{

//cosdarue noauHoMo8

sparse_polynom<rational <> > S = "2/5%x~2+5/7*x-7/8";
sparse_polynom<rational <> > V = "20/53*x~3-1/9%x-1/8";
sparse_polynom<rational <> > Q = "1/15%x~4+5/T*x~3+7*x";

cout << "Ucxommmit sparse_polynom S = " << S << end/;

cout << "HUcxopmnii sparse_polynom V=" << V << endl,

cout << "Ucxommmit sparse_polynom Q = " << Q << endl << endl,

//apupmemuneckue onepatul ¢ NOAUHOMAMU.:
cout << "Omepalnuu C IOJIMHOMAaMHU MCIOJIb30BaTh OUYEHb JIETKO: "
"M+SkV="<< QR+ S*V << end << endl;
cout << "HUcmombzoBaume omepanumii gemerus: Q = (" << Q / S
<<M x ("< S << )+ (Y
<< Q%S << "" << endl << endl,

typedef sparse_polynom<rational<> >::monom ratmonom;
// obpamume eHuMaHUE: HEM 2aAPAHMUL, 4TNO

// sparse_polynom< T>::monom

// u monom<T> smo odun u mom oice mun daHHLLT

// (8 nawem caywae T = rational<> )
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//apudmemuneckue onepatuL ¢ MOHOMAMU U KOHCTNAHMAMU

//maKoice 0CYUWECMBAAIOMCA NO NPAGUAAM AN2EOPDL:

cout << "x = 0 - xoperp nmojueoMa (. Pazgemmm Q Ha x: Q ="
<< (Q /= ratmonom(1,1)) << endl << endl,

cout << "llpuBenem Benymue xoddpdunuents B Vu Q x 1:" << endl,

cout << "V =" << (V /= rational<>(20,53)) << endl,

cout << "Q =" << (Q /= rational<>(1,15)) << endl << endl;

cout << "Temepp Q - V=" << Q — V << endl,

return 0;

}

Pesysibrar pabors! mporpammbl juctunra Sparse_Polynom_QOperations.cpp
JlemoHcTpHUpYeT UCIOIB30BaHIe apuMETHIECKUX OIEPAIINAil ¢ TOJTTHOMAMHU.
Vcxommsiit sparse_polynom S = 2/5%xx~2+5/7*x-7/8

Ucxopmniit sparse_polynom V = 20/53%x~3-1/9%x-1/8
Ucxomusiit sparse_polynom Q = 1/15%x~4+5/7*x"~3+7*x

Onmepanuu C NOJIWHOMAMU KCIOJIB30BaTh O4YeHb Jlerko: ( + S *x V =
8/53*x~5+1871/5565%x~4+11341/33390*x~3-163/1260*x~2+883/126%*x
+7/64

Ucnonrp3oBauue omepanuit memenus: Q = (1/6%x~2+125/84*x-3595/
1568) * (2/bxx~2+5/7*x-7/8) + (10228/1029%x-3595/1792)

X

Q

0 - xopemp momuHOoMa (. Pazgmemmm Q Ha x:
1/15%x~3+5/T*x~2+7

[lpuBenmeM Bemymue Ko3dpdumueHTH B V 1 Q K 1:
V = x~3-53/180*x-53/160
Q = x~3+75/7*x~2+105

Temeps Q - V = 75/7*x~2+53/180%x+16853/160

4.4 Ilosy4veHne OCHOBHBIX IIapaMeTPOB HOJINHO-
MOB
OCHOBHbIe XapaKTEPpUCTUKU U CBOICTBA IIOJJMHOMOB MOXKHO IIOJIYIUTDH IIPO-

CTBIM BBI30BOM COOTBETCTBYIOIIEr0 MeToda (MM aHAJOTHYHON (yHKIueil
Arageli).
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Metox bool is_normal() mpoBepsier, XpaHUTCsI JIK MOJUHOM B HOPMAJIbHOIL
dopme mim oHa HapyIeHa. HeHopMabHOE COCTOsTHIE [T TIOJIMHOMA, CIIeIa-
HO JIJIsI TOrO, 9TO ObI MOXKHO OBLJIO CBOOOIHO MAHUIIYJIMPOBATH MOHOMAMU B
[IOJIMHOME, TIPOU3BOIS PA3/IMIHbIe CHMBOJILHBIE OIlepallin, HapuMmep, aud-
depennupoBanre u HHTErpupoBaHue. B 3TOM ciiydae MOJTMHOM UCIIOIb3YeTC s
MIPOCTO KaK CIIMCOK MOHOMOB U OCTAJIbHBIE ONEPAIINN JIJIsT HETO He JOCTYITHBI.
[TosTomy ji1st OCYIIIECTBIEHUST BBIYUCIEHHUI ¢ TTOJITMHOMAMHI HEOOXOIUMO TTPH-
BOJIUTH UX K HOpMaJIbHOI hopme. D1o jenaer metos void normalize(), Ho Her
HEOOXOIMMOCTH BBI3BIBATH €I'0, €CJIU He OCYIIECTB/ISI/IOCH IIPSIMOe N3MEHEHHe
[peJICTaBICHS TIOJIMHOMA, T.K. BCe MeToj bl u pyHKImn Arageli, mpegna3na-
YeHHBIe JIJIsT PADOTHI ¢ MMOJTMHOMAaMU, He HAPYIIAIOT WX HOPMAJIbHYIO (hOpMYy.

JI1s1 MpOBEpPKM MTPOCTBIX YCJIOBUI MTPEyCMOTPEHBI Cleluaibable MeToabl. C
TOYKU 3PEHUA TMPOU3BOIUTEIHLHOCTH MIPEIIOYTUTEILHO UCTOJIB30BAHUE ITUX
METOJ/IOB, & He dgBHagd 3allUCh YCJIOBUIA.

Merog is_null() nposepsier nosmHoM Ha pasercTso 0 T.e. p.is_null() o3nataer
p = 0.

Metoz is_x(), mpoBepsier paBeHCTBO X T.e. p.is_x() o3Hadaer p = "x".
Meroz is_const() Bo3Bpaimaer true, eciu HOJHHOM HE COJCPIKHUT MOHOMOB C
X.

Cy1ecTByer BO3MOXKHOCTE OBICTPOTO JOCTYIA K BeAylneMy MoHomy. Meroy
degree() BosBpaiaer crenepsb nosmuoma; leading_coef () mo3BoJigeT oy IuTh
Bemynmit Koadduiment, a leading_monom() — HEOCPEICTBEHHO caM MOHOM.

Meroz size() Bo3BpamaeT KOJIMIECTBO MOHOMOB B IIOJIMHOME.

Meton subs( Coefficient& x) ciy»KuT jijist BBIYUCIEHNUs 3HAYEHUST TOJTMHOMA, B
TOUKe.

JlaHHbBIi TpUMep JeEMOHCTPUPYET UCIOIH30BAHNE OITMCAHHBIX BBITIIE METOJIOB!

JIlucrunr Sparse_Polynom_Metrics.cpp
#include "Arageli.hpp"

using namespace std,;
using namespace Arageli;

int main(int argc, char *argv[])
{
sparse_polynom<rational<> > S =
"2/55%x~55+5/567*x~28-56/997*x~5+1/18122006*x~2+567";
cout << "Ucxopmmii sparse_polynom is S =" << §
<< endl << endl,
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//Nposepum ABAAEMCA AU NOAUHOM,

//npusedenivim K HOPMasobHol dopme

if (S.is_normal())
cout << "S mpuBeZmeH K HopMalbHOU dopMe" << endl;

else

{
cout << "S xpaHuTCe He B HOpMasbHOH dpopme! !!!" << end/;
//Heobxoduma HOPMANUSAUUL
//0as Koppexmmot pabomo. bosvwurcmea GyHKkyul
S.normalize();

}

//Nposepra NOAUHOMG HA PABEHCTNEO HYAIO

if (S.is_null())

else
cout << "S - He HyneBoil mommHoM" << end/;

//nposepka wa pasencmeso uxcy (S == “z”)
if (S.is_x())

cout << "S =x 111?77?" << endl;
else

cout << "S me sBngerca urcoM" << endl;

//nposepka: cocmoum AU NOAUHOM
//moavko u3 c60600no20 wnena (S == const)
if (S.is_const())
cout << "S - mpocTo panmoHanbHOe yucio" << endl,
else
cout << "S me sBngeTcsa obHuHHM uncioM" << end!;

//noayuenue cmapwezo koappuyuenma (2 cnocoba)
cout << "Crapmmit koadpduueHT S paseH "

<< S.leading_coef() << " ="

<< S.leading_monom().coef () << endl,

//noayuenue cmenenu noauroma (2 cnocoba)
cout << "CreneHp moymeOMa S paBHa "

<< S.degree() << " ="

<< S.leading_monom().degree() << endl;

//BOMUCACHUE 3HAYEHUA NOAUNOMA 6 TOYKE

cout << "3mavyenme S B Touke x = 1/2: S(1/2) ="
<< S.subs(rational <>(1,2)) << endl;

cout << "3mavemme S B Touke x = 0: S(0) ="
<< S.subs(0) << endl;
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return 0;

}

Pesysbrar paborsl nporpammbl Jiuctunra Sparse_Polynom_Metrics.cpp

,B;eMOHCTpI/IpyeT METO/bI, ITpEAHASHAYEHHDBIC JIJI¢ pa6OTbI OCHOBHBIMH XapaK-
TEPUCTUKaAMU I1IOJIMHOMA.

Vcxopmulit sparse_polynom is S =
2/55*x~55+5/567*x"28-56/997*x~5+1/18122005%x~2+567

S mpuBeIleH K HOpMalbHO# dopMe

S - He HyJIeBOH INOJNWHOM

S He SBIAETCS UKCOM

S He ABJIAETCH OOBYHEIM YMCJIOM

Crapuuit xos>dppunment S paser 2/55 = 2/55

Crenenp mosnmHOMa S paBHa 55 = 55

3mavenye S B Touke x = 1/2: S(1/2) =
104637159911036663774405277796553/184545826870304546417100718080
3Havenue S B Touke x = 0: S(0) = 567

4.5 JlocTyn K npejicTaBJI€HUIO MOJIMHOMA,

Yacro 6b1BaeT HEOOXOAUMO 00pabOTaTh ITOJIMHOM He IIEJIUKOM, & 109/ IEMEHT-
Ho. Arageli mo3BoJisieT cBOOOIHO MaHUILYJINPOBATEH OTAEILHBIMUA MOHOMAMU B
IIpe/icTaB/JIeHI MoJanHOMa. HeoOXomumo UMb IPUBOAUTD ITOJIUHOM K HOP-
MaJtbHOI bopme mpu momoru Metozga normalize(). st osmHOMOB peadiu-
30BaH MEXaHN3M NTePATOPOB aHAJOTUIHBIN nTepaTtopam STL, mpemcraBisiio-
Ui TOJIMHOM KaK JIMHEHHbIN crincok MoHOMOB. CyiecTByeT 3 Bujia UTEpa-
TOPOB, KaKJIblil B IByX dopMax (KOHCTAHTHOW M HEKOHCTAHTHON). DTH UTe-
PaTOPHI MTO3BOJISIIOT PAOOTATH CO CIIMCKOM MOHOMOB M OTJIEIBHO CO CITUCKAMM
K03 urmenToB u crereneil. s mobaBiieHUs B MOJNHOM MU UCKJIIOUEHUS
13 HEr0 MOHOMOB CJTIy?KaT METOJIbI

monom_iterator insert(monom,iterator pos,
const Arageli::monom<F1, 11>& x);
//ecmasasem monom neped nosunuel, Yka3arHol UMePamopom

monom_iterator erase(monom_iterator pos);
//ydansem MoHOM 6 YKa3aHHOU UMEPamopom no3utul

CHQ,ZLyIOH_[I/Iﬁ IIpuMep IMoKa3bIBa€T KaK MOXKHO MCIIOJIB30BaThb 3TOT MEXaHU3M:
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JIuctunr Sparse_Polynom_Tracing.cpp
#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])

{
typedef sparse_polynom<big_int> poly;
//66€dem KOpOMKUE UMENHG
//0as ydobecmea ucnoab306aHUA UMEPAMOPOs
typedef poly::coef_iterator coefs;
typedef poly::degree_iterator degrees;
typedef poly::monom_const_iterator monoms;

poly S =
"213*%x~3443+532%x74432-744%xx~44-4235%x~15+292*x+34254";
cout << "Ucxommmit monuHEOM S = " << S << endl << endl;

//nouck naumenvwiezo Kosphunyuenma nosurnoma:
big_int min_coeff = S.leading_coef ();
for(coefs ci = S.coefs_begin(), ¢j = S.coefs_end();
ci = ¢ ++ci)
if (min_coeff > *ci) min_coeff = *ci;
cout << "MuHuManbHHE KOo3ddunmeHT S paser " << min_coeff
<< endl << endl,

//BULUUCAUM CYMMY BCET CTENEHET NOAUHOMA:

//umepamopu, npednosazaom uUcnoAb306aHUE

//0600uWeHHOIT an20pUMMOS,

//noamomy 6120010 ucnoavzosamy aszopumm uz STL

int dsum =
std::accumulate(S.degrees_begin(), S.degrees_end(), 0);

cout << "CymMa cTemeHell BCeXx MOHOMOB IIOJMHOMa S cocTaBjigeT "
<< dsum << endl << endl;

//6bl6epem U3 NOAUHOMA BCE MOHOMbBL C HEUETMHBIMU CIMENEHAMU
poly oddS;
for(monoms mi = S.monoms_begin(), mj = S.monoms_end();
mi 1= mj; +4+mi)
if (is_odd(mi—>degree()))
oddS.insert(oddS.monoms_end(), *mi);

cout << "llomuHOM TOJBKO C HEYETHHMU IIOoKazaTejnaMu: oddS = "

<< oddS << endl << endl,
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//npedcmasum cmenenu, Kak 4ucaa no modyaio 5
for(degrees di = S.degrees_begin(), dj = S.degrees_end();
di = dj; ++di)

*di %= b;
//Y Mac MO2AU NOABUMBCA MOHOMYL € 0OUHAKOBHIMU CTENEHAMU
/ /HE0BT00UMO 60CCMANOBUMD HOPMANLHYIO HOPMY NPEOCTNABAEHUA:
S.normalize();
cout << "§ =" << S << endl << endl,

return 0;

}

Pesysibrar paborsl mporpaMMmbl Jinctunra Sparse_Polynom_Tracing.cpp

JlemMoHCTPHUPYET HCIOJIB30BAHUE UTEPATOPOB It OOBEKTOB Ssparse_polynom.

VcXOIHHY ITOJIMHOM
S = b32%x74432+213%x73443-744%x~44-4235%x"15+292*x+34254

MuHUManbHHE Ko30dunueHT S paBeH -4235
CyMMa cTemneHe#l BCeXx MOHOMOB IIOJMHOMa S cocTaBigeT 7935

[lonuHOM TONBKO C HEYETHHMHU IIOKa3aTeJsaMH:
oddS = 213%*x73443-4235%x"15+292x*x

S = -T44%xx~4+213*%x~3+532%x~2+292*x+30019

4.6 DJieMeHTapHBIE OIlepPAIN

Ajtroputmbl, paboTaromue ¢ MOJUHOMAME, YaCTO TPEOYIOT BBIOJTHEHUS Ta-
KUX 3JIEMEHTAPHBIX Ollepalluii KaK BhIYHUCJIeHNEe TIPOTUBOIIOJIOZKHOT'O, lIepecTa-
HOBKA JIBYX IOJIMHOMOB MecTaMu, cpaBHeHue. [[1s1 Takmx omeparuit Arageli
[IpeJIoCTaB/IsieT OOl nHTepdeiic JijId BCeX THIIOB, U ITOJIMHOMBI HE ABJISIOT-
Csl UCKJIIOYEHUEM.

int cmp(sparse_polynom<T1> first, sparse_polynom<T2> second);
//ocywecmernem cpasherue noAUHOMOS

void swap(sparse_polynom< T > first, sparse_polynom<T > second);
//S’bLnO./LHﬂem nepecmaHosry d@yﬂj nNoOAUHOMOB Mmecmamiu

sparse_polynom< T > opposite(sparse_polynom<T> p);
//G’bL“tUC,/Lﬂem npOmUBOTLO,/LOOfCH?)Lﬁ/ noAUHOM

JlaHHbIil TpUMep JEMOHCTPUPYET MPOCTOTY WX MCIOTH30BAHUS:
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JIuctunr Sparse_Polynom_Functions1.cpp
#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])
{
sparse_polynom<rational <> >
P = "1/2*%x~8-47/12xx~7-359/84%x~5+349/126%x~4+94/9xx~3+"
"55/14%x~2+10*x",

Q = "-99/13*x"7+834/13%x"6-141/4*x~5+22171/390%x~4-"
"5699/180*x~3+2*x";
cout << "Ucxommmit sparse_polynom P = " << P << endl;
cout << "HUcxommnii sparse_polynom Q =" << Q << endl << endl;

//PynKyuA CPaBHENUA NOAUHOMOS:
//ocywecmennem Aekcukozpaguueckoe cpasrenue
//sosepawaem +1, -1 uau 0 6 caywae pasencmea
int P_vs_.Q = cmp(P,Q);
if(P_vs_Q < 0)

cout << "P MeHbme ueM Q" << end!;
if(P_vs_Q > 0)

cout << "P 6ompme ueM Q" << endl;
if(P_vs_Q == 0)

cout << "P pasen Q" << end/;
//npu cpasrenuu noaunoma ¢ cobol bydem pasencmeo:
int P_vs_P = cmp(P,P);
if(P_vs_.P < 0)

cout << "P MeHbme ueM P" << end/;
if(P_vs_P > 0)

cout << "P 6ombme ueM P" << end/;
if(P_vs_.P == 0)

cout << "P paBer P" << endl;
cout << endl;
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//0ns 6vicmpozo 06MeNa MeCTAMU 08YT NOAUNHOMOS UCTIONB3YEMCA
//Pynryua swap; ee ucnoavaosanue no3eosaem 06oumucy
//6e3 cozdarusa onoAHUMENbHOT NEPeEMENHOT U UCTIOALIYEM
//eHympennue Mexanu3mo, GUBAUOMERY OAA MUNUMUSAUUL 3AIMPATI
//ma nepemeuwienue daHHbLET
cout << "Jlo mepectanoBku P u Q:" << end/

<< "P =" << P << end

<< "Q =" << Q << endl << endl;

swap(P,Q);

cout << "Tlocme nepecTaHoBku P u Q MecTamu:" << end/
<< "P =" << P << endl
<< "Q =" << Q << endl << endl;

//nosyuenue npomueonos0HCHOZ0 NOAUHOMA:

//(s036pawaem noaurom pasnuii -P)

cout << "IlpoTuBomoyoxH# mnsa P momumoM: "
<< opposite(P) << endl,

return 0;

}

Pesybrar paborbl mporpammbl juctudra Sparse_Polynom_Functions1.cpp

JlemoHCcTpUpyeT npuMeHeHne (byHKIMI cmp, swap, opposite K IOJIMHOMAM.

Vcxomumit sparse_polynom

P = 1/2%x78-47/12%x"7-359/84*x~5+349/126%x~4+94/9%x~3
+55/14%x"2+10%x

VUcxopmuit sparse_polynom Q =
-99/13*%x"7+834/13%x~6-141/4%x~5+22171/390%x"~4-5699/180%x"~3+2*x

P 6onpme ueMm Q
P pasem P

o mepecTtanoBku P z Q:

P = 1/2%x78-47/12%x"7-359/84*x~5+349/126%x~4+94/9%x"3
+55/14%x~2+10%x

qQ =
-99/13%x"7+834/13%x~6-141/4*x~5+22171/390%x~4-5699/180%x~3+2*x

[locne mepecTtaHoBku P m ( MecTamm:

P =
-99/13*%x~7+834/13%x~6-141/4%x~5+22171/390%x"~4-5699/180%x"~3+2*x
Q = 1/2%xx"8-47/12xx~7-359/84*x~5+349/126%x~4+94/9%x~3
+55/14%x72+10%*x
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[lpoTrBONONOXHEE A P IOJIMHOM:
99/13%x"7-834/13*x~6+141/4%x"~5-22171/390%x~4+5699/180%x"~3-2%x

4.7 ba3oBble aropuTMBbI

Arageli peanusyer 6a30BbIe aJITOPUTMbBI aJIreOpbl. B OTHOIIEHNN TTOJIMHOMOB
UMEIOT 0coboe 3HaYeHNe omeparysi CiMBOJIbHOTO Juddeperuposanust (diff),
BBIUUC/IEHIE HAMOOJIbIIEro ob1ero jejuress (ged), MOMCK HauMeHbIIero 00-
mero KpatHoro (lcm) u, kak ux 00ob6mieHune, mouck koaddunuentos besy
st AByX mosmHoMOB (euclidean_bezout). Kpome Toro, dyukius is_coprime
[IO3BOJISIET IIPOBEPUTDH MOJIMHOMBI Ha B3AUMHYIO IIPOCTOTY.

Cuteryromuii mpuMep IOKa3bIBaeT UX IIPUMEHEHUE K [TOJMHOMAM:

JIuctunr Sparse_Polynom_Functions2.cpp
#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

int main(int argc, char *argv[])
{
sparse_polynom< rational <> >
P = "x"6+x"4-x"2-1",
Q = "x"3-2%x"2-x+2";
cout << "Hcxopmuit sparse_polynom P
cout << "Hcxopmulit sparse_polynom Q

" << P << endl;
" << Q << endl << endl;

//MOHCHO NPOGEPUMD, ABAAIOMCA AU NOAUHOMDL G3AUMHO-TPOCTIVOLMU
//(m.e. HOJ[(P,Q) == const)
if (is_coprime(P,Q))

cout << "TonuuoMu P u Q Bzaumuo-npocth!" << end/;

//6vriucaerue npoussoonot, OCYULECNEAAEMNCA
//emandapmmuas onepatus cume0avH020 Judhepertuposaru:
sparse_polynom< rational <> > dP = diff(P);
cout << "llepsas mpoussogzHasa P: dP/dx = " << dP << endl,
cout << "Bropas mpousBogHad P: d2P/dx2 = "

<< diff(dP) << endl << endl,

//evraucaenue Hauboavwezo obuezo deaumens:
cout << "Haumbompmmit obmuit memuTens momuHOMOB P m Q: pq = "
<< ged(P,Q) << endl << endl;
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//BbMUCACHUE HAUMEHDULE20 00ULE20 KPATMHOZ0:
cout << "HauMeHbllee obmee KpaTHOe IoJMHOMOB P m Q: "
<< lem(P,Q) << endl << endl,

//svruucaenue Koappuyuenmos Besy:
sparse_polynom<rational<> > U,V, pgq;
pq = euclidean_bezout(P,Q,U,V);
cout << "gcd(P,Q) =P *x U+ Q * V rme" << end/
<< "ged(P,Q) = " << pg << endl
<< "U=" << U << endl
<< "W =" <<V << endl << endl

return 0;
}

Pesysibrar paborsl mporpammbl Jiuctunra Sparse_Polynom_Functions2.cpp

Hemoncrpupyer npumenenue dgyuxnuit diff, ged, lem, euclidean x nonuno-
MaM.

VUcxopmmit sparse_polynom P = x~6+x"4-x"2-1
X"3-2*x72-xX+2

Vcxopumit sparse_polynom Q

llepBas mpomsBogmHas P: dP/dx = 6*x~5+4xx"3-2%x
Bropas mpomsBomHas P: d2P/dx2 = 30%x"4+12*x"2-2

Haubompmmit obmuit menuTenb monuHoMoB P um Q: pq = 25%x72-25

Havmenbmee obmee kpaTHOe monmHOMOB P m Q: 1/25%x"7-
2/25%x"6+1/25*x"5-2/25*xx~4-1/25%x~3+2/25*x"~2-1/25*x+2/25

gcd(P,Q) =P x U+ Q * V rze
gcd(P,Q) = 25*x~2-25
Uu=1

V = -x~3-2%x"2-6%x-12

4.8 IlIpumep ncnoJjib30BaHUs OJIMHOMOB: IIOCTPO-
€HVe MHTEPIIOJAIMOHHOTO MHOTOYJIEHA

Jlo cux 1nmop paccMaTpuBaeMble TPUMEPbI JIEMOHCTPUPOBAJIN TOJIHKO BO3MOK-
HOCTH TIpeiocTaBisieMble Arageli 6€30THOCHTETEHO KAKUX-TM00 KOHKPETHBIX
3aJ1a4. DTOT IIPUMEP MTOKA3bIBAET UCIIOIb30BAHNE ITOJIMHOMUAIBHON apudme-
THKHU Ha [IPUMEPE PEIIeHns 3a/[a9i TOCTPOEHUsT HHTEPIIOJISIIITOHHOTO MHOTO-
wiena Jlarpamxa:
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JIuctunr Sparse_Polynom_Interpolation.cpp
#include "Arageli.hpp"

using namespace std;
using namespace Arageli;

sparse_polynom<rational <> >
Lagrang(rational<> *x, rational<> *y, int size)
{

rational <> tmpDenom;//3namenamens

sparse_polynom< rational <> > poly, //Pesysvomam
tmpPolyNumer(1), //Qucaumenw
mono("x");

//nocmpoenue 3a20mo6Ku OAA HUCIUMENS
for(int i = 0; i < size; i++)
tmpPolyNumer *= mono — x[i];

for(int j = 0; j < size; j++)
{
//6bIMUCACHUE 3HAMEHAMENS
tmpDenom = 1,
for(int kK = 0; k < size; k++)
if(k 1= )
tmpDenom *= x[j]—x[k];
//npubasserue caedyOULE20 CAG2AEMO20
poly +=
(tmpPolyNumer | (mono — x[j])) * (y[j] / tmpDenom);
}
return poly;

}

int main(int argc, char *argv[])

{
rational<> x[] = {0,1,2,3,4,5,6};
rational<> y[] = {rational<>(1,3),-1,0,6,7,—3,—7};
sparse_polynom<rational <> > L = Lagrang(x,y,7);
cout << "WnTepnonauuoHHsi MHOTOuNeH Jlarpanxa L = "
<< L << endl;
return 0;
}

Pesysibrar paborsl mporpaMMmbl jinctunra Sparse_Polynom_Interpolation.cpp

JleMOHCTpPUPYET MCIOJIH30BAHNUE MMOJUHOMOB IIPU ITOCTOEHUN WHTEPIIOJIAIN-
OHHOr'O MHOTO4IeHa Jlarpamnxa.
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VuTepnonanuonHnuil MHOTOuNeH JlarpaHxa
L = 7/2160%x"6+13/144%x~5-709/432*x~4+1115/144%x"3
-12991/1080%x~2+9/2*x+1/3

4.9 HpI/IMep NCIIOJIb30BaHMA ITIOJIMHOMOB: IIONCK
PalOHAJIbHBIX KOpHeﬁ MHOro4JieHa

Cremyromuii mpuMep JIeMOHCTPUPYET B3aMMOICHCTBAE MEXKIY Pa3JIAIHBIMU
JacTIMi OHOJIMOTEKH. 31eCh B X0O/I€ BBIYUCIEHUI UCIIOIB3YIOTCs KJIace vector
u GYHKIUU MOy <prime.hpp>:

JIuctunr Sparse_Polynom_Roots.cpp
#include "Arageli.hpp"

using namespace std,;
using namespace Arageli;
using Arageli::vector,

bool findoneroot(sparse_polynom< rational <> > &poly,
big_int &num, big_int &den)
{

//Pa3A0MHCERUE HA NPOCTNOLE MHOHCUMENU
vector<big_int> num_factorization, den_factorization;
factorize(num < 0 7 —num : num, num_factorization);
factorize(den < 0 7 —den : den, den_factorization);

//eenepayus 6cex 6apuanmMos Pay. kKopHet

//u ux nodcmanoska 6 NoAUHOM

big_int den_variants = power(2, den_factorization.size()),
num_variants = power(2, num_factorization.size());

typedef vector<big_int>::iterator pfactor;

for(big_int den_mask = 0; den_mask <= den_variants;
++den_mask)
for(big_int num_mask = 0; num_mask <= num_variants;
++num_mask)
{
//nocmpoerue wucaumenrs
big_int j = num_mask;
big_int trial_num = 1,
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for(pfactor factor = num_factorization.begin(),
end = num_factorization.end();
factor '= end && j '= 0; ++factor)

if (j.is_odd()) trial_num *= *factor;
j>>=1;

}

//nocmpoerue 3HAMEHAMENS
big_int i = den_mask;
big_int trial_den = 1;
for(pfactor factor = den_factorization.begin(),
end = den_factorization.end();
factor |= end && i = 0; ++factor)

if(i.is_odd()) trial_-den *= *factor;
I >>=1;

}

//nodcmanoska noayueHHbT NPoOHLIT KopHel
if (poly.subs(rational <>(trial_num,trial_den)) == 0)
{

num = trial_num;

den = trial_den;

return true;

}

if (poly.subs(rational <>(—trial_num,trial_den)) == 0)

{

num = —trial_num;
den = trial_den;
return true;

}
}

return false;

}

void findroots(sparse_polynom<rational<> > poly,
vector<rational <> > &tret)

ret.resize(0); //noxa natdennuix Kopred nem
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}

//omoensnem Hysesbie KOPHU
while(poly.subs(rational<>(0)) == 0)
{
ret.push_back(rational <>(0,1));
poly /= sparse_polynom<rational <> >(rational<>(1,1),1);

}

if (poly.is_const()) return;//y xoncmarmu, Kopred mootce Hem

//npusedenue scex KoaPpPuuuenmos K obuemy 3HAMEHAMENO
typedef sparse_polynom<rational<> >::monom_iterator pmonom,
big_int nok = 1;

for(pmonom i = poly.monoms_begin(), j = poly.monoms_end();

i1= i ++i)
nok *= i—>coef().denominator()
/ ged(nok,i—>coef ().denominator());
for(pmonom i = poly.monoms_begin(), j = poly.monoms_end();
il=j; ++i)

i—>coef () *= nok;

big_int num = poly.monoms_begin()—>coef ().numerator();
big_int den = (——poly.monoms_end())—>coef ().numerator();

//omoenerue 001020 KOPHA
while(!poly.is_const() && findoneroot(poly,num,den))
{
//3anomunaem Hatioennuil Kopers
ret.push_back(rational <>(num,den));

//nonusicaem cmenens nosUHOMG

sparse_polynom< rational <> > tmp(rational <>(den,1),1);

tmp += rational<>(—num,1);

poly /= tmp;

//MUCAUMEND U 3HAMEHANEND OAA NOUCKA CACOYIOUL20 KOPHA
num = poly.monoms_begin()—>coef ().numerator();

den = (——poly.monoms_end())—>coef ().numerator();

int main(int argc, char *argv[])

{

sparse_polynom<rational<> > P =
"x~7+167/15%x~6-221/20%x~5-91/12%x~4+27/10%x~3+6/5%x~2";
cout << "TlomuuoM P = " << P << endl;

vector<rational <> > roots;
findroots(P,roots); //eéviuucaenue kopret
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cout << "lMeeT pamnmoHaubHHEe KOpHU: " << roots << endl;
return 0;

}

Pesysibrar pabors! mporpammbl Jiuctunra Sparse_Polynom_Roots.cpp
JleMoHCTPUPYET BOBMOXKHOCTU OUOJIMOTEKN Ha IIPUMEPE TIOUCKa PAIlMOHA -

HBIX KOPHEH ITOJUHOMA.

[TonmuuaoM P =
X~ 7+167/15%x~6-221/20%x~5-91/12%x~4+27/10%x~3+6/5%x"2
UmeeT paumonansusle kopuu: (0, 0, -12, 1/2, -1/2, -1/3, 6/5)
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