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3/1echb 10T CPaBHUMOCTBIO I0/IPA3yMEBAETCSI BO3MOXKHOCTb YCTAHOBUTH
MOPSAIOK HA HEKOTOPOM MHOXKECTBe 00BbeKTOB. 10 ecThb A JIOOBIX JIBYX
00'bEKTOB, TUIIBI KOTOPBIX MOT'YT y4aCTBOBATH BO B3aUMHOM CPABHEHUH, OJ1-
HO3HAYHO OIIPEJIE/IsAeTCs KAaKOW 13 HUX “MeHbIe” MM yCTaHABJIHBAETCS, ITO
OHU PaBHBI (9KBUBAJIEHTHBI). By/IyT paccMOTpEHBI MPUHITHIIBL, 110 KOTOPBIM
IIPOUCXOJIUT CPABHEHUS Pa3JIUYHBIX OOBEKTOB, U CYIIECTBYIONINE (DYHKIINH,
B TOM WJIM MHOM BHJ€ TPENOCTABJIAIONINEC CEPBUC CPABHCHUA.

BameTrnM, 9TO OOBEKTHI He JI0OOH TMapbl TUIOB MOI'YT yIacTBOBATH B
cpaBHenun. [IpaBuia, KOTopble peryampyioT BO3MOXKHOCTH CPaBHEHHUS Tia-
PBI OOBEKTOB PA3HBIX THUIIOB, HE ABJISIIOTCA IIPEJIMETOM JAHHOTO OIUCAHUST W
NPUHA/JIEZKAT OOIIUM TPUHIMIIAM (POPMUPOBAHUSA CMEITAHHBIX BbIPAXKEHUIt
B Arageli. 31ech e paccMaTpuBaeTCss MEXaHH3M CPABHEHHS OOBEKTOB, €CJIN
y2Ke U3BECTHO, 9TO UX MOXKHO cpaBHUBaTh. Halpumep, Mbl MOXKEM CpaBHU-
BaTh IOJIMHOMBI C PA3JIMIHBIMUA THUIIAMH KO3MMUIINEHTOB, MATPHUIILI C pa3-
JIMYHBIMYU THUIIAMU 3JIEMEHTOB, MATPUIILI U CKaJIAPLl U T.II., HO HE IEJ0YUC-
JICHHBIA BEKTOD W IIOJIMHOM HaJl IIeJIBIMA YUCJIaMA U IIPOY.

JlinHHBIe HeJible yucia big_int m panmuoHaJjdbHBIE rational. Yuc-
Jla CPaBHUBAIOTCA TaK, KaK 9T0 IPUHATO B MaTEMaTUKE; IIOACHUM JIAIIb HEKO-
TOpble TeXHUYecKue jetaan. Ecam npu cpaBHeHnn JByX OObeKTOB big_int
BOIIPOCOB HE BO3HUKAET, TO IIPU CpaBHEHUU ABYX rational miu rational u
KaKOTr'0-/In0O0 JIPYToro YuC/JI0BOTO THITA HY2KHO CIe/IaTh HECKOJIBKO MTOsICHEHUA.
Bo-niepBbix, /1Ba 00beKTa Tuna rational<7)> u rational<7h> Bcerya cpas-
HUBAIOTCA Yepe3 CpaBHEHUE C HYJIEM pa3HOCTU MeK 1y HuMU. B 3TOoM ciydae
nndopmalsg 06 ojgHoM u3 TUnoB 1) wiau T, TepseTcs Ha dTalle BbIIUCTIC-
HUS PasHOCTH'. DTO He BJUsET Ha KOHEUYHBLINH pe3yJbTaT CPABHEHUS, eC/IH

LOnuceIBaeMas 1I0CIIEI0BATEILHOCTD AeiiCTBIl 1 BO3MOMXKHBIE 3(EKThI, KOTOPbIE IPH
9TOM MOTYT IIPOUCXOJINTH, BEPHBI JJIsi HACTOSIIEN peasm3anyun oubsmoreku. B ciemyromumx
BepchsiX IIPU CPABHEHUU He OYJeT BBIIOJHSATHCS BBIYUTAHWE W HOoTepu nHMOpMAIUu 00



BBIYATAHUE TTPOUCXOJUT TOYHO W PE3yJIbTaT TOYHO IIPeJICTaBJ/IsAeT PA3HOCTh.
[Toceinee MozKeT He BBIMOJIHATHCH, ecau 11 u Th aBIIAI0TCS OrpaHTIeHHBIME
TUIIAMU U [IPU BBIMUTAHUU IIPOUCXOJIUT MEPETOJIHEHNE.

[Ipu cpaBHEHUM PAIMOHAJIBLHOIO YUCIA C HEPAIUHOHAJBHBIM TIOCJICTHEe
MPUBOJIUTCA K PAITMOHAJILHOMY OJIHUM U3 CYIIECTBYIONIUX CIIOCOOOB ITPEO0-
pa30BaHWs, ¥ CPABHUBAIOTCS JIBA PAIIMOHAJBHBIX UHCJIa, KAK 9TO OIMHUCAHO
BBIIIIE.

BekTopsbl vector. CpaBHeHne BEKTOPOB — 3TO JIEKCUKOTIDadUIecKoe
cpasrenne?. ITpuuém, jekcukorpadudeckoe cpaBHeHIe PACIIIPEeHo TakK, 9To
MOKHO CPaBHHMBATh BEKTOPA PA3HOrO pasMepa (10 CyTH 9TO €CTh JIEKCUKO-
rpadguueckoe cpaBHEHNE MPOU3BOJIBHBIX CTPOK CHMBOJIOB). Takum obGpasom,
9TOT CITIOCOO paboTaeT I JIIOObIX JIBYX BEeKTOpOB vector<T> u vector<Ty>.
[Iycts v1 Tuna vector<7i> u vy Tuna vector<7h>, $; U Sp UX pa3zMephl CO-
OTBETCTBEHHO, TOIJIa V1 < Vg, €CJIH

1) mpu 0JIHOBPEMEHHOM IPOCMOTPE TUX BEKTOPOB € HAYA/IA K KOHILY Iep-
Basl [Iapa Pa3JIMYaloIIXCs SJIEMEHTOB 0/ HOMEPOM 4§ HAXOJUTCS B OT-
HOLIEHUH V1 [i] < vat] mim,

2) eciu Pa3IMYAIONIUXCsT 9JIEMEHTOB He HaiijileHo (Ipu MpocMOTpe 3aKOH-
YHJICST OJIMH M3 BEKTOPOB), HO S < Sa.

B wacTHOCTH TIyCTO# BEKTOD (HyneBoro pa3mMepa, He colepKaluit aneMeHTOB)
MEHBIIE JII0OOTO JIPYTOTO HE IIYCTOr0 BEKTOpa U JIIOOBIE JBa MYCTHIX BEKTO-
pa (¢ JIFOOBIME PA3JIMIHBIME UM OJMHAKOBBIMU THUIIAMU JIEMEHTOB) DaBHBI
MeXKJ1y COOOii.

[Ipu cpaBHEHUM BEKTOpaA U CKaJsIpa, CKAJIAD MPEJICTAB/IAETCA KaK BEKTOD
TOIO K€ pasMepa U3 JEMEHTOB PaBHBIX JaHHOMY cKajdpy. lasee rpouncxo-
JIUT OOBIYHOE CPpaBHEHME JIByX BEKTOPOB.

3aMeTuM, 9TO BBIKJIFOYATE/Ib CUETUNKA CChLIIOK HUKAK HE BJIUSET Ha pe-
3yJIbTAT CPDABHEHUSI U MOYKET OBITH JIIOOBIM (B TOM YHC/IE U PA3JIMIHBIM B U1
U B ’U2>, [IO3TOMY MBI HEe BBEJIM €I'0 B CUTHATYPY IadsoHa. T.e. TO, 4TO MbI
€ro He YKa3bIBAJIM IIPHU 3aIlCH vector<]™> He o3HadaeT, YTO OH JIOJIZKEH OBIThH
00s13aTeIbHO BKJIIOUEH (true). DTO BEPHO JIJIA BCEX OCTAJbHBIX CTPYKTYP B
JIAHHOM 0030pe.

OJIHOM U3 THUIIOB He Oyner. Boobime, jajee mpu ONUCAHUKM TOYHBIX OIEpaIyii, KOTOPHIE
IPOUCXOJIAT NPU CpaBHeHUU (Ipeobpa3oBaHue U3 OJHOTO TUIA B APYTOil U MPOY.) UMEeTCsI
BBU/Ly JIMIIb OOIMUI IPWHIUI, 10 KOTOPOMY WJET CPAaBHEHHUE; PEajM3allus MOXKET OBITb
6ostee 3 PEeKTUBHOMN U He TPebOBATH HEKOTOPBIX 3ATPATHBIX ¢ TOUYKH 3PEHUs PACXOLyeMOit
[AMSTH U BPEMEHU BBIITOJIHEHUST OIT€PAITUii.

2Tax Ke peajn30BaHbl HECKOJIBKO BAPUAHTOB MOKOMIIOHEHTHOTO cpapHeHus. O6 3ToM
CM. HUXKE.



Marpunbl matrix. Xorejoch Obl C/iejiaTh CpaBHEHUE MaTPHI] TaKUM,
9TOOBI MOXKHO OBLIO, KaK U JIJIsi BEKTOPOB, CPABHUBATH MAaTPHUIILI PA3HOIO
pasmepa. [lpeio:keHHbINE METOJ CpaBHEHHS CHadaja IIPOBEPSET Pas3Mepbl
MaTPHIL: €CJIM OHU Pa3JINIHbI, TO PE3YIbTAT OIPEIe/IsIeTcss CPAaBHEHUEM ITUX
pa3MepoB, €CJIM Pa3sMepbl OJMHAKOBBI, TO MaTPHUIlbI PACCMATPUBAIOTCS KaK
BEKTOpa U MeXKJy HUMH IIPOUCXOINT JeKCUKorpahuieckoe cpaBHEHNE.

Boutee opmasibho mporieypa cpaBHeHUs BBITIAIAT Tak. [[ycrs My ume-
eT Tull matrix<7i>, COCTOUT U3 M, CTPOK U Ny CTOJONOB, a My uMeer THII
matrix<Th>, COCTOUT U3 Mo CTPOK U Ny cTOJONOB. Torma My < My ecnn

1) my < mg, 60
2) my = mgy u ny < ng, OO

3) my = may, Ny = ny u Marpuna M; pa3BépHyTas MO CTPOKAM JIEKCUKO-
rpaduvuecKn MeHbIIe YeM Tak »Ke IpejcTaBieHHas M.

[To106HO BEKTOpaM, IyCTas MATPHIIA C HYJIEBBIMU Pa3MepaMu OyIeT MeHb-
e Jiio6oii He mycToit MaTpuipl. K ToMy Ke, Kak He TPYHO BUJETh, PACCMOT-
PEHHDII aJITOPUTM COIVIACOBAH CO CPABHEHUEM BEKTOPOB. 10 €CTh, €C/TH B3ATh
JIBE MATPHIIBI B BUJIE CTPOK (CTOJNOIOB) OJIMHAKOBBIX PA3MEPOB, TO PE3YJILTAT
CpaBHEHHUs OyJIeT TaKUM 7Ke, KaK €CJIi Obl CDABHUBAJIUCH COOTBETCTBYIOIINE
BekTopa. Ecjm ojiHa U3 MaTpull — HelycTasg CTpoKa, & JApyrasg — HeIyCcTon
croJiberr, To 1epBas BCeria He OOJIbIIe BTOPOIi.

[Tpu cpaBHEHNU MATPHILI U CKAIAPA, CKAJIAP MPEJCTABIACTCA KAK MaT-
pHIla TeX K€ Pa3MEPOB U3 3JIEMEHTOB PABHBIX JIAHHOMY CKasapy. Jlasee mpo-
UCXOUT OOBIMHOE CPABHEHME JIBYX MATPHUII.

IMosmmHOMBI sparse_polynom.® [[jist MOJIMHOMOB BBIOpaH Takoil Crocob
CPaBHEHUsI, KOTOPbI IOJIE3eH B PA3JIMIHBIX MATEMATUIECKUX KOHTEKCTAX.
Kax n3BeCTHO, TOJIMHOMBI XPAHATCS B BUJE YIOPSJIOUEHHOM MTOC/IeI0BATE b
HOCTH HeHyJIeBBIX MOHOMOB. Celiqac /1jIf MOHOMOB B IOJIMHOME HEJIb3S yKa-
3aTh Pa3/IMIHBIE CIIOCOObI CDABHEHUS; CYIIECTBYET €MHCTBEHHbIH CIIoCo6 —
9TO cpaBHeHMe JId Kjacca monom<T>. OHO olpeessercsa ecTeCTBeHHBIM 00-
pa3oM: MOHOM ¢ IpejicTaBsgeTca Kak yropsodennas napa (deg(t), £(t))* u
TaKMe Tapbl CPABHUBAIOTCS JIEKCUKOTPADUIECKH.

Ba obbekTa sparse_polynom<T> cpaBHHBAIOTCd JIEKCUKOTpapuiecKn
KaK IENOYKM MOHOMOB, M3 KOTODPBIX OHHM COCTOSAT; HAYMHAETCA CPABHEHUE

3Hapepnoe, s Iab/I0Ha “INTOTHEIX” TTOIHHOMOB polynom HY»KHO CIeJaTh TaK YKe.

4B mammrom o6zope £(P) oboszHauaeT crapmimii KoahbdUIIeHT moguHoMa (TO, 9TO BO3-
Bpamaer GyHKIMs sparse_polynom: :leading_coef_cpy); ecsiu P = 0, 1o {(P) = 0. dusa
MOHOMa, — 3TO TPOCTO €ro KO3 dUInenT.



CO CTApIIKX WIEHOB (T.€. ¢ MAKCHMAJIBHBIX, B CMbIC/IE DEaJN30BAHHOTO CPaB-
HeHusi, MOHOMOB). TakumM 06pa3oM HyJIeBOil MOHOM U HYJIEBOIl MOJIMHOM $IB-
JIAIOTCA MUHUMAJIBHBIMU 3JIEMEHTaMU B MHOXKECTBaX BCEX MOHOMOB U IIOJIU-
HOMOB COOTBETCTBEHHO. Pe3ynprar cpaBHeHUs I JIBYX JAHHBIX MOHOMOB
TaKOI 2Ke, KaK JJI JABYX IIOJIMHOMOB, KaXK/IbIil M3 KOTOPLIX COCTOUT U3 COOT-
BETCTBYIOIIErO0 MOHOMA.

[Tpu cpaBHeHun moJMHOMA (MOHOMA) ¥ CKAJISAPA, CKAJIAD TIPEICTABIISETCSI
Kak 1oJuHOM (MOHOM). Jlajiee mpoucxouT oObIYHOEe CpABHEHUE JIBYX IIOJIH-
HOMOB (MOHOMOB).

st sparse_polynom Mbl He yKa3bIBaJIU THII CTEIIEHEl (BTOPOIi ITapaMeTp
mabiaona). OH He BJIUSET Ha aJTOPUTM CPaBHEHUs (M MOXKET Pa3mdaTbCs
TS JIBYX TIOJIMHOMOB).

DyHKIUN cpaBHeHus. brubmoreka 1peJiocTaBIgeT psiji B3anMOCBA3aH-
HBbIX (DYHKIMIA, KOTOpPbIE BBIIOJHAIOT CPaBHEHHE TEMU METOJaMU, KOTOPbIe
onucansl Bele. Jlasee nmepednciensl Bce PyHKINN.

cmp(a, b) OcHoBHast DyHKIMS CpaBHEHUs, CDABHUBAET @, b U BO3BpaIaeT
+lecma>b,0ecmma=>bu —1 ecim a <b.

sign(a) Ompejenser 3HaK 00beKTa MyTEM cpaBHeHus ¢ HyséM. Hostb mosty-
JaroT myTéM BbI3oBa null(a) (T.e. co3manme HyJs [0 @ Kak 10 0Opas-
1y ). Bosspamaembie 3nauenust: +1 ecim a > 0, 0 ecoim a = 0 u —1 ecym
a < 0.

is_positive(a) Omupesesnsier OoJibiiie Jiu 3jileMeHT HyJisd. Bo3Bpaiaer true
ecau a > 0.

is_negative(a) Omupesesnsier Menbliiie Jiu 3JeMeHT HyJssd. Bo3sparaer true
ecsz a < 0.

onepaTopbl cpaBHeHHus operator<(a, b),operator>(a, b), operator<=(a,
b), operator>=(a, b) operator==(a, b), operator!=(a, b). Oun
UMEIOT IPUBBIYHBII CMBIC B IporpaMmax Ha C-+ -+, peann3yorcs depe3
cmp.

Bce atu dyHKIMM CBA3aHBI CJI€/IYyIONUMUA COOTHOIIEHUSIMU:

a) cmp(a, b)= —cmp(b, a)

6) sign(a)=cmp(a, null(a))

B) is_positive(a)=(sign(a)= +1)

r) is_negative(a)=(sign(a)= —1)
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1) operator<(a, b)=(cmp(a, b)<0)
e) operator>(a, b)=(cmp(a, b)> 0)
0

k) operator<=(a, b)=(cmp(a, b)<

3) operator>=(a, b)=(cmp(a, b)>0

( )
( )
u) operator==(a, b)=(cmp(a, b)=0)
K) operator!=(a, b)=(cmp(a, b)#0)

ITokomItoHeHTHOE cpaBHeHUEe BEeKTOPOB. Hapsy ¢ siekcukorpaguie-
CKHM CPaBHEHHEM JIJIsi BEKTOPOB OMOJIMOTEKA IIPEIOCTaBISIET ITOKOMIIOHEHT-
Hoe cpasHenue (each-cpaBaenue). JlaHHBIH €110CO6 CPaBHEHUSI BbLIEJISIETCS
CpeJii IPYIrUX CPpaBHUBAIONINX (PYHKIUI U JTOCTYIIEH TOJIBKO JIJIsI BEKTOPOB.
[Ipu MOKOMIIOHEHTHOM CpaBHEHUH JIBYX BEKTOPOB MX pa3Mephl JIOJIXKHbBI COB-
najarh. Umena stux dyHkumii creayromue (CBA3b ¢ OCHOBHBIMU (DY HKITHSIMU
CPABHEHUsI MOYKHO MOHSATE 110 UMEHH ):

e cach_cmp

® cach_sign

e cach_is_positive

e cach_is_negative

e cach_less

e cach_greater

e cach_less_equal

® cach_greater_equal
e cach_equal

e cach_not_equal.

PegynbraToMm sBiseTcss BEKTOP TOTO 2Ke pa3Mepa ¢ JIeMeHTaMU, TUIT KOTOPBIX
3aBUCUT OT KOHKPETHOH (PyHKIMM CpaBHEHHA: i each_cmp u each_sign
9TO int, a JyIst BCeX OCTAJbHBIX — bool. 3HaUYeHMEeM KaKJIOTO 3JIEMEHTa pe-
3YJIBTUPYIONIETO BEKTOpA SABJSETCA 3HAUYEHNE COOTBETCTBYIONIEH (DYyHKITI,
IIPUMEHEHHOI K COOTBETCTBYIOIIEH ape 3JIeMEeHTOB NCXO/HBIX BEKTOPOB.
Ecim nHyKHO y3HaTH, YJOBIETBOPAIOT JIU BCE JEMEHTHI JTAHHOTO BEK-
TOpa HEKOTOPOMY YCJIOBUIO MJIM HAXOJIATCS JIM BCE COOTBETCTBYIOIIUE I1aphI



JBYX JaHHBIX BEKTOPOB B HEKOTOPOM OTHOIIIEHUU APYT C JPYTOM, TO CJIEIyeT
BOCIIOJIL30BAThCS OJJHON U3 CJIEJYIONIUX CIelUaIbHbIX GyHkuuii (all-cpaBhe-

HUSI):

all_cmp,

all_sign,
all_is_positive,
all_is_negative,
all_less,
all_greater,
all_less_equal,
all_greater_equal,
all_equal,

all_not_equal.

Jlannble GyHKINN TPUHUMAIOT OJMH WU JIBa BEKTOPHBIX TapaMeTpa B 3aBU-
CUMOCTH OT TOT'O, CKOJIbKO apI'yMeHTOB IPUHUMAET OPUTHHAIbHASA (PYHKIUS
JIJIst CKAJIsIPHBIX TapaMeTpoB (st all_sign, all_is_positive,all_is_ne-

gative — OJ[MH apryMeHT, JIJIsl BCeX OCTAJIBHBIX — JiBa). Tull BO3BpaIraeMoro
3HaveHus y BcexX pyHKImit: bool. OHI BO3BpAIAIOT HCTUHHOE 3HAYMEHUE, €CITN
JJIS BCEX 3JIEMEHTOB JIAHHOI'O BEKTOPa UJIM BCeX Map JABYX JIAHHBIX BEKTOPOB
BBIIIOJIHSAETCA YCJIOBUE CPABHEHU, U JIOZKHOE 3HaYCHUE B [IPDOTUBHOM CJIydYae.



