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JlabopaTtopHas paGora Ne 1.
CIIMCKOBBIE CTPYKTYPbI JAHHBIX

Henp padoThbl: nccinenoBaTh M M3YyYUTh CIIMCKOBBIE CTPYKTYPBI JaHHBIX, HAyYHUTHCS
IIACATh [IPOTPaMMBI I10 UCCIIENOBAHUIO CIIUCKOBBIX CTPYKTYP Ha A3BIKE IIPOrpaMMHUPOBAHUS.

Kp AaTKHUE TCOPETUYECCKHUE CBCACHUA

Cratuyeckie TMpOrpaMMHBIE OOBEKTBI — 3TO OOBEKTBHI, KOTOpPHIE MOPOMKIAIOTCS
HEIIOCPEACTBEHHO IIEPE]l BHIIIOJIHEHUEM IIPOTrPAMMBI, CYIIECTBYIOT B TEUEHUE BCErO BPEMEHU €€
BBITNIOJIHEHUS U pa3Mep 3HAUEHUN KOTOPBIX HE U3MEHSETCS 110 X0y BBIIIOJHEHUS IPOrPaMMBI.

IIporpaMMHBIE OOBEKTBI, KOTOPbIE CO3JAIOTCS B IPOLIECCE BBIIOJHEHHS MPOrPaMMBbl,
Ha3bIBAIOT JMHAMUYECKUMHU 00bEKTAMHU.

Jins paboThl ¢ JUHAMUYECKUMHU OOBEKTaMH IpelyCMaTpUBAETCS CHELMAJIbHBIA THIT
JAHHBIX - TaK HA3bIBAEMbIH CCHUIOYHBIN TUIN. 3HAUEHUEM 3TOTO THUIIA SIBJISIETCS CChUIKA HA KAKOH
- 100 MpOrpaMMHBIA OOBEKT, MO KOTOPOW OCYLIECTBIISETCS HENOCPEICTBEHHBIN J0CTYN K
aTOMy 00BekTy. s onucaHus AEUCTBUIM HaJ AMHAMHUYECKUMH OOBEKTAMH Ka)XIOMY TaKOMY
00BEKTY B HpOrpaMMe COIOCTAaBIISETCS CTaTMYecKass IepeMEeHHas CChUIOYHOTO THUMA - B
TEPMHMHAX 3TUX CCBUJIOYHBIX IEPEMEHHBIX U ONMCHIBAIOTCA JAECUCTBUS HaJl COOTBETCTBYIOLIUMU
JUHAMUYECKUMU 00bEKTaMH.

UToOb! CBS3aTh 3JIEMEHTBI TMHAMUYECKON CTPYKTYpbl MEXAY COOOMH, B COCTaB 3JIEMEHTA
OMUMO HH(OPMAIIMOHHOIO TOJs BXOJAAT HOJS yKa3zarenel (CBSI30K C JIPYTMMH 3JIEMEHTaMHU

CTPYKTYpBHI) .

pl, p2 - ykaszaTenu, coepKallve aJapeca 3JIEMEHTOB, ¢ KOTOPHIMU JaHHBIN 3JIEMEHT
CBSI3aH.

Haubonee pacnpocTpaHeHHBIMH AMHAMHYECKUMH CTPYKTypaMH SIBIISIOTCS CBS3aHHBIE
couckd. C TOYKM 3peHMs JIOTUYECKOTO IMPEACTABICHUS pa3InyaroT JUHEHHbIE W HEJTMHEHHbIe
CIUCKU. B JMHEHHBIX CHHUCKax CBS3M CTPOTO YIHOPAJOYEHBL.  YKa3arelab NPEIbIIyLIETO
AJIEMEHTA JIaeT a/Ipec MOCIEYIOIIETo AIEMEHTa WK Ha000POT.

K nuHEiHbIM CIMCKaM OTHOCSITCSI OJHOCBSI3HBIE U IBYCBA3HBIE CITUCKHU.

K HenuHEWHBIM - MHOTOCBSI3HBIE CITUCKH.

DJeMeHT clucKka B OOIIEeM cllyyae MpeAcTaBiseT co0oi KOMOMHAIMIO IO 3alucu
(MHQOPMAIIOHHOTO TOJIST) U OJJHOTO UIIM HECKOJIBKUX yKa3aTelneH.

JInHelHbIe OAHOHANIPABJICHHbIE CIIUCKHU




ITog ODHOCBSI3HBIMH CIIUCKAMH T[MOHUMAIOT YIOPSIOYEHHYIO IOCIIEA0BATEIbHOCTD
3IIEMEHTOB, KX/ U3 KOTOPHIX UMEET 2 IOJIst: HHpOpMaIMoHHOe moiie iNfo u mose ykasares
ptr .

OCOOEHHOCTBIO yKa3aTellsl SBIAETCS TO, YTO OH JaeT TOJIBKO aJpec MOCIEAYHOIIETO
3JIEMEHTA CIUCKA. Y OJHOHAIPABICHHBIX CIHMCKOB I0JI€ YKa3aTess IOCIEIHEro 3JeMEHTa B
CIHCKe sBIsieTCs mycThiM NUll.

Lst - ykasatenp Hayana crimcka. OH MpEACTaBIIAET CIIMCOK Kak eauHoe Iienoe. Muorma
CIIMCOK MOJKET OBITH IIYCTHIM, T.€. B JAHHOM CIIMCKE HET HU OIHOTO djieMeHTa. B aToM ciryuae Ist
=null.

AJIropuT™M

Onepauml C OAHOCBA3HBIMH CITMCKAMM.
1. BcraBka sneMeHTa B Ha4allo OAHOCBA3HOI'O CITMCKA.

Lst info ptr info pir info ptr

BcraBuM B Hauano JaHHOTO CHHMCKAa DSJEMEHT, HH()OPMAIMOHHOE TIOJe KOTOPOTro
conepkuT mepeMeHHyro D. UToObl 3TO OCYHIECTBUTH, HEOOXOIUMO TPOU3BECTU CIICAYIONIUE
NEeNCTBUL:

a) Co3naTh MyCTOM AJIEMEHT, Ha KOTOPBIM YKa3bIBaeT yKa3aTeilb P.

info ptr

b) NudopmMalimoHHOMY MOJIIO CO3/IaHHOTO JIEMEHTA PUCBOUTH 3HaueHue D.

info ptr

L PR oo

¢) CBs3aTh HOBBIH IEMEHT CO CITCKOM.
Ptr(p)=Ist (Ist - y>xe He yka3pIBaeT Ha HAYaIO CITUCKA)

d) Ilepenectu yka3zarens ISt Ha Havano crimcka.

Lst info P info  ptr info  pir info  ptr

Yianenue 3j1eMeHTA U3 HAYAJIa OJHOCBSI3HOIO CIIMCKA



VYnanum 1-i s1eMeHT crnucka, HO MPU 3TOM 3alIOMHUM HMH(OPMALUIO COJiepXKaliecs B
noste info aToro snemeHTa.

info Ptl" info Ptl" info Ptl"

Lst

UToOBI 3TO OCYIIECTBUTH, HEOOXOMMO TPOU3BECTH CICIYIONINE EHCTBUS :
a) BBectu ykazatenb p, KOTOpBI OyAeT yKka3bIBaTh Ha yadsieMbIil 2JIEMEHT.
P=Ist

b) 3anomuuTh mose iNfo aneMeHTa, Ha KOTOPBII CChUIACTCS yKa3aTelb P, B HEKOTOPYIO
IIEPEMEHHYIO (X).

X=info( P)
c) [lepenectu ykazatensb ISt Ha HOBoe HavaIo CITUCKA.
Ist=ptr(P)
d) Yaanurte 37eMEHT Ha KOTOPBIN YKa3bIBaeT yKa3aTelb .
Freenode(P)

infio ptr info ptr

“ I T

BceraBka pjieMeHTa B CIIUCOK

BcraBuM B paHHBIA CIHCOK IEepes 2JEMEHTOM Ha KOTOPBIM YKa3bIBAET yKas3aTellb p,
3JIEMEHT ¢ MH()OPMAITMOHHBIM TOJIEM X.

Info ptr info ptr infio pPir
Lst

" P T T

UT0oOBI 3TO OCYIIECTBUTH HEOOXOUMO MTPOU3BECTH CIEAYIOIINE IEHCTBUS !

a) COSIlaTL HyCTOﬁ JJICMCHT Ha KOTOpBIﬁ YKa3bIBACT YKA3aTCJIb q
Q=getnode

b) BHecTu X B MH(MOPMALIMOHHOE ITOJIE CO3JAHHOTO HJIEMEHTA.

Info(Q)=x

) CBs13aTh 2JIEMEHT X € eMeHToM B.

Ptr(Q)=Ptr(P) - »To 3HauMT, 4YTO yKa3aTEI CO3JaHHOTO
SIIEMEHTA MPUCBAUBACTCS 3HAUCHHE YKA3aTe sl DIEMEHTa P.
d) CBs13ath 351eMEHT A C DIIEMEHTOM X.

Ptr(p)=Q - 3TO 3HAYUT, YTO CIEAYIOIIUM 3a BJIEMEHTOM A
OyJeT JIeMEeHT Ha KOTOPBIN yKa3bIBaeT ykaszareib Q.



Yiaanenue 3j1eMeHTA U3 OJJHOCBA3HOIO CIHCKA

VY anum u3 cnmcka 3J1€MEeHT, KOTOPBIM CIelyeT 3a 3JIEMEHTOM ¢ pab04MM yKa3aTelIeM p.

info pir info ptr info pir

Lst

UTO0OBI 3TO OCYIIECTBUTH HEOOXOAMMO MPOU3BECTH CICAYIOIINE ICUCTBUS :

a) Bectu ykazarens Q, KoTOpbIii OyeT yka3bIBaTh HA yAaIsE€MbIi DJIEMEHT.
Q=ptr(p)

b) [TocTaBuTh 3a 3MeMeHTOM A 31eMeHT B.

Ptr(p)=Ptr(Q)

¢) 3aroMHHUTH HH(POPMAITHIO, KOTOpasi COEPKUTCS B Tiosie INfO yxassieMoro siemMeHTa.
K=info(Q)
d) YV manum snemeHt ¢ ykaszareneM Q.

Freenode(Q)
OKOHYATENBHO :

info ptr info pir info pir

- - T T
—

IMopsinok BBINMOJTHEHHS PAOOTHI

1. u3y4YHTH KpaTKHe TEOPETUUECKHE CBEICHUS;

2. TO 3aJaHMI0, JAHHOMY IIperojaBaTelieM, pa3padoTaTh aITOPHTM ITPOrPaMMBI
pellIeHus 3a/1auu;

3. Hammcath nmporpammy Ha si3bike C++(z1Ba BapuaHTa: ¢ ucnojb3oBanueM STL, 6e3
ucrojip3oBanus STL);

4. 0oTIanuTh IpOrpaMmmy;

5. ohopMuTh OTYET (B OTUETE JOKHBI OBITh: TEMA, el PabOThI, 3aJaHUE, TUCTUHT
MIPOTPaMMBI, TECTOBBIN TIPUMEP, PE3YJIBTAThI PAOOTHI TPOTPAMMEI.

3aganusa

. Hamucatp nporpammy nepeaBuKeHus 3J1EMEHTa CIIMCKa Ha N TTO3UIUH.
. Co3aTe KOIIMIO CIHCKA.

. Jlo6aBHUTH 3JIEMEHT B HA4aJlO CITHCKA.

. CxJienTh 1Ba CIIMCKA.

. Y 1aauTh N-BIM 3JIEMEHT M3 CIIHUCKA.

. BcTaBuTh 311eMeHT mmocie N-ro JIeMeHTa CIIMCKA.

. Co3niaTh CIMCOK COMIEPIKAINIl DTIEMEHTHI OOIIHNE SIS IBYX CIHCKOB.
. YIOpA10YUTh SJIEMEHTHI B CIUCKE TTO BO3PACTAHUIO.

. Y 1aluTh KaXXJbIi BTOPOU DJIEMEHT CITUCKA.

10. Y nanuth KaXIbIi TPETUH 3JIEMEHT CIUCKA.

11. Yopsao4uTh 371€MEHTHI CIIHUCKA 10 YOBIBAHUIO.

O 0 IO DN W~



BapuanTsl 3a1aHui
1.

CoNoORWN

Cnucok pacteHuit

Cnucok ¢yTOOIBHBIX KOMaH/T

Cnucok npoAayKTOB IUTaHUS

Crucok CYB/]

Crucok HHCTPYMEHTAIBHBIX CpelcTB pazpadorku 110
CIUCOK SI3BIKOB MPOTPaMMHUPOBAHUS

Crmcok mopo cobak

CIUCOK MOpO/T KOIIEK

Cnucok anropuTMosB

10. Criucoxk rpymibl



JlaGopaTopnasi padota Ne 2
KOJIBIIEBBIE CIITMCKH

Leas paboThl: McclIenoBaTh W M3YyYUTh KOJIBLEBBIE CIHMCKH HA TPUMEPE OCHOBHBIX
IPOLEAYP. OBJIAIETh HABBIKAMH HAIMCAHMS IPOTPAaMM IO MCCIIEIO0BAHUIO OCHOBHBIX NPOLETYp
CIHCKOBBIX CTPYKTYp Ha A3bIKe porpammupoBanusi C++, C#.

KpaTKne TCOPETUIECCKHUE CBCACHUSA
PaCCMOTpI/IM KOJBHCBLIC CITMCKH.

Lst info pir info  pir info  ptr

Kak BuAHO Ha pHCyHKE, CIIMCOK 3aMBIKAaeTCsi B CBOEOOpa3Hoe "KOJNbLO": JBUTASICH I10
CCBhIJIKaM, MOHO OT TIOCJIETHErO 3JIEMEHTAa CIUCKAa MEPEXOIUTh K 3arjaBHOMY JJIeMEHTYy. B
CBSI3U C ATHM CIIUCKH IMOAOOHOTO POJIa HA3bIBAIOT KOJIBIIEBBIMU CIIUCKAMM.

UToOBI 3aK0JIBIIEBATH CIIMCOK HEOOXOAMMO MPUCBOUTH YKA3aTeII0 MOCIEIHETO JIEMEHTa
ykazarenb Havyaia crucka (Ptr(p)=Ist).

Ptr(p) - ykazaTesb MOCIeHEro 3JIeMEeHTa,;

Lst - ykazaTenp Havasa CrucKa.

Onepauuu C KoJjibyesvbimu cnuckamu.:
BcraBka 3j1eMeHTa B K0JIbLIEBOI CIIMCOK

Lst info ptr info  ptr info ptr

—ﬁ_ﬂ—'_j

YT00BI 3TO OCYIICCTBUTD HCO6XOI[I/IMO IMPOU3BECTHU CICAYIOIIUC JICNCTBUS:

L info ptr info ptr info ptr
=t

a) Co3gaTh MyCcTOM AJIEMEHT Ha KOTOPBIN YKa3bIBaeT yKa3zaTelb (
g=getnode

b) Baectu x B uH(GOpMAIMOHHOE TI0JIE CO3/IaHHOTO DJIEMEHTA

info(g)=x

C) CesizaTh 271eMeHT X ¢ 2jieMeHToM B

ptr(q)=ptr(p) - 370 03HAYAET, YTO YKA3ATEITIO

CO3JJaHHOTO AJIEMEHTA MPUCBAMBAECTCS 3HAUECHUE yKa3aTells dJIEMEHTa .
d) Ces3zath a5eMeHT A ¢ 3iieMeHTOM X

ptr(p)=q - 3TO 03HaYaeT, UYTO CICAYIOIIUM 32 DIEMEHTOM

A Oyner »IeMeHT Ha KOTOPBIM YKa3bIBaeT yKa3zaTelb (.



Lo info ptr +P e info  ptr info  ptr
m

YaaneHue 3j1eMeHTA U3 KOJbIEBOI0 CIIUCKA

VY nanum 13 CIHcKa 3JEMEHT, KOTOPBIH CIIEAYeT 3a JIEMEHTOM C Pad0YHM yKa3aTelieM p.

- info pir l].'l info ptr info ptr
s _
N x

:

q

YT0OBI 3TO OCYIIECTBUTD, HEOOXOAMMO IMPOU3BECTH CICAYIOIINE TCUCTBUS:

a) Brectn ykaszarens (, KOTOPBIA OyJIeT YKa3bIBaTh Ha yIAISCMBIN 3JIEMEHT.

q=ptr(p)

b) IToctaBuTh 3a 377eMeHTOM A 3jeMeHT B

ptr(p)=ptr(q)

C) 3amoMHUTH HH(POPMAITHIO, KOTOpasi COAEPKUTCS B moJie iNfo ynansemoro syieMeHTa.
k=info(q)

d) Vnanute aeMeHT ¢ ykazaTesneMm (.

Freenode(q)

Lst mfo pir info pir info  ptr

to

ITopsinok BbIMOTHEHHS PA0OTHI:

— H3Y4YHUTH KPATKUE TEOPETUUECKUE CBEICHMUS,

— 10 33/laHuI0, JIaHHOMY IIpenojaBaTeleM, pa3padoTaTb alIrOpUTM
IIPOTPaMMBI PELIEHNS 3a1a4H;

— HammMcarb IporpaMmy Ha s3bike C++

— OTJIaAUTh HPOrpaMMmy;

— odopmutrs oTuer (TemMa, Uenb paldOThl, JUCTHHI TPOTrPaMMBbl,
KOHTPOJIbHBIN IPUMED).

BapuanTsl 3axanuii

JlaH KonbLeBOM crucok, conepxamuii 20 Gpamuanii urpokoB GyTOONBHOM  KOMaHIBL.
Pa30ute urpokoB Ha 2 rpynmnsl no 10 yenoBek. Bo BTOpyto rpynmy nomajnaer Kaxxablid
12-ii yenosex.

JlaHbl 2 KOJBIEBBIX CHHCKA, cojepxaliie (aMuIuKd CIOPTCMEHOB 2-X (PeXTOBaIbHBIX
koMau/. [Ipoussectu xepeObeBKy. B nepBoii komaHze BbIOMpaeTcs Kaxblil n-ii UTPOK,

a BO BTOPOH - KaXIbIi mM-il.

3anaga [xo3edyca.



10.

OTpsa congaT OKPYXKEH IMPEBOCXOAIIMMHU CHUIaMU IpoTHBHUKA. Hamexna Ha mobOemy
0e3 MOJKpEeIUICHUsT MCKIIOYaeTCs, OAHAKO [JIsi TMPOphIBA M3 JIarepsi MMEETCs OJIHA
nomraib. ColiaThl pemaloT BRIOpaTh OAHOrO YeIOBEKa M IOCIIATh €ro 3a MOMOIIb0. OHU
CTAQHOBAITCS B KPYyr W W3 IUIANBl BBIOUPACTCS YMCJAO N U OJHO W3 WX MMEH.
[Ipou3BOIUTCS CUET IO YACOBOM CTpPEJIKE MO KPYIy, HAUMHAS C COJIaTa ¢ BhIOpAaHHBIM
nMmeHeM. Kornma cueTunk mocturaer N, COOTBETCTBYIOLIMMA COJIJIAT yAAJsieTCsl U3 KPyra,
a CYeT TMpOJO0JDKAETCS CHOBa, HaduHas co ciuexyroimlero coigara. [ocaexnui
OCTABIIMICA B Kpyre CcojjaT TochUlaeTcs 3a noamMoro. Onpenenure mopsiioK
yaaJIeHHs COJJaT U3 Kpyra U UMsi OCTABILIETOCS COJI/IaTa.

Jlapl 2 KONBLIEBBIX CHHUCKA, coaepxkamue ¢GaMWIMd YYaCTHUKOB JIOTEpEH W
HauMEHOBaHMS Npu30B. Beiurpaer N uyenoBek (kaxapld K-if). Uncno mis mepecuera
IpU30B - L.

HNanpl 2 choucka, coaepkamux (GaMHiIuu yJamuxcss U HOMepa 3K3aMEHAIMOHHBIX
ouneroB. Uucno nepecyera s 6uneros - E, nns yuanmxes - K. Onpenenuts HoMepa
OWMJICTOB, BBITAIICHHBIX YYAIUMUCH.

Jlan cnmcok cojaep amuii nepedeHb ToBapoB. M3 siaeMeHToB 1-rOo crnucka (ToBaphl
usrotosieHHble pupmoit SONY) co3naTh HOBBII CIIHCOK.

Hanbl 2 cnucka, cojepxaliye paMuminu cTyaeHToB 2-x rpynn. [lepeBectu L crynenToB
u3 1-i rpynmsl Bo BTopyro. Yucio nepecuera -K.

Jlaubl 2 criucKa, cojepskaline mepedeHb TOBapoB, Mpous3BoauMbix Konmepaamu Bosh u
Candy. Co3aTh CIUCOK TOBapOB, BBIMTYCKAEMbIX KaK OJTHOM Tak U APYroi GpupmMoit.

Hanbl 2 cnucka, conepikaiue (aMUIHNH XOKKEHMCTOB OCHOBHOTO COCTaBa KOMaHIbI U
3anacHoro. [Ipoussectu K 3ameH.

Jansr 2 crimcka, coaeprxainiue haMuinu coiaar 1-ro u 2-ro B3Boa0B. Bo Bpems ataku M
4enoBek u3 1-ro B3Bojaa morubmu. [IpousBectu momnonHeHue coagaraMu 2-ro B3BOaA.



JlabopaTtopHast paGora Ne 3
OBPABOTKA CTPOK

Henp paborbi: PaccMoTperh IpencTaBI€HME MJAHHBIX B BUAE CTpokH. M3yunts
OCHOBHBIE CITOCOOBI 00PaOOTKHU CTPOK.

Kparkue Teopernuyeckue cBeeHHsA

[lepBpiif THI CTPOK MPEAINONATaeT, YTO CTPOKA ONpPEAEseTcs] KaK CUMBOJIbHBIA MacCUB,
KOTOPBIi 3aBepiaercss HyJaeBbiM cumBojioM ( '\0' ). Takum oOpa3oM, CTpOKa C 3aBEPIIAOIIAM
HYJIEM COCTOUT W3 CUMBOJIOB U KOHEYHOTO HYJb-CUMBOJIA. [Ipyroil Tum npeacraBieHus CTPOK B
C++ 3akmouaeTcs B NPUMEHEHHHM OOBEKTOB Kiacca string, KOTOPBIM SBIISETCS YacThIO
ouOimotexkn kiaccop C++. Takum oOpa3om, Kiacc string moapasyMeBaeT OOBEKTHO-
OPUCHTHUPOBAaHHBIA MOAXO0JA K 00paboTke cTpok. OOBSABISAS CHUMBOJIBHBIA ~ MacCHUB,
IpelHa3HAYCHHBIA IJIi XpaHEHUsS CTPOKU C 3aBEpUIAIONIMM HYJIEeM, HEOOXOAMMO YUHUTHIBATh
IpPU3HAK €€ 3aBEeplLIeHMs] W 3a7aBaTh JUIMHY MAacCHBa Ha €JUHUIy OoJbllle IJIUHBI camoi
OOJIBIION CTPOKU U3 T€X, KOTOpbIE MpEAroaraeTcsi XpaHuTh B 3TOM MaccuBe. Hampumep, npu
00BsIBICHMM MaccuBa str, B KOTOpBIM mpeanonaraeTcss NoMecTuTh 10-CHMBONBHYIO CTPOKY,
CJIeTyeT UCIIONb30BaTh CIEAYIONIYI0 HHCTpYKIMIo: char st r [ 11] ; 3agannslit 31eck pazmep (11)
MO3BOJIIET 3apE3E€pPBUPOBATh MECTO JJIsl HYJIEBOTO CHUMBOJA B KOHIE CTpoku. C++ mo3Boisier
OTpeAeNATh CTPOKOBbIe JjuTepasibl. CTPOKOBBIA JHUTEpal — 3TO CHHCOK CHMBOJIOB,
3aKJII0YEHHbIN B BOMHBIE KaBbluku. Hampumep: "[lpuser" "Mue npaBurca C++" "Mars" "'
Crtpoka, npuBenennas nociuenseii (" "), Ha3piBaeTca HylneBol. OHA COCTOUT TOJIBKO U3 OJHOTO
HYJIEBOTO CUMBOJIA (IIPU3HAKA 3aBEPLICHUS CTPOKH).

Oneparop ">>" mnpekpaiiaer CYUTHIBAHME CTPOKH, KaK TOJIBKO BCTPEYAeT CUMBOJI
npobena, TaOyasMKM WIM HOBOH cTpoku. Ecim B mporpamme HEOOXOAWMO CYHUTATh CTPOKY C
KJIaBUATYpPHI, BbI30BUTE QYHKIHMIO gets (), a B KauecTBe apryMeHTa IepejaiTe uMsi MaccuBa, He
yka3biBas uHAekca. llocne BbimonaHeHHs 3TOM (YHKIUM 3aJaHHBIA MaccuUB OyIeT coJep:KaTh
TEKCT, BBEACHHBIN ¢ KkiaBuaTypbl. OyHkuus gets () CUMTHIBAET BBOJUMBIC MOJIb30BaTElIEM
CHUMBOJIBI JI0 T€X IMOp, MOKa OH He HaxkMmeT kiaBuiry <Enter>. J[ns Bb3oBa QyHKIuu gets () B
porpaMMmy HeoOXOMMO BKJIIOUUTH 3arojoBoK <cstdio>.

Hanpuwmep:

# include <iostream>

# include <cstdio>

using namespace std;

int main()

char str[80] ;

cout <<"BBenure cTpoky: ";

gets(str);

cout <<"Bort Bama cTpoka: ";

cout <<str;

return O;

¥

S3pik C++ moanepxuBaeT QyHKIMU 00paboTku ctpok. Hampumep: strcpy(), strcat(),
strlen(), strcmp(). Jdns Bb3oBa Bcex 3THX (YHKIHMH B MPOrpaMMy HEOOXOJMMO BKIIOYHMTH
3aroJIoBOK <cstring>.

B s3pike C++ mist ynoOGHO#M paboThI CO CTPOKaMM €CTh KJIacc String, JUIsl UCTIOIb30BAHMS
KOTOPOT'0 HEOOXOJMMO MOAKIIOYUTD 3ar0oJ0BOYHBIN (ailn string.

CTpoKH MOXHO OOBSBIATH U OAHOBPEMEHHO IIPUCBAUBATH UM 3HAYCHHUSI:

string S1, S2 = "Hello™;

K ornenbHbIM CUMBOJIaM CTPOKH MOXKHO OOpamiaTthCsl MO MHJIEKCY, KaK K AJIEeMEHTaM
maccuBa win C-ctpok. Hanpumep S[0]- 310 mepBeiii cuMmBoI cTpoku. [ljis TOro, 4To0B! y3HATh



JUIMHY CTPOKM MOXHO HCIIONb30BaTh MeTon size() cTpoku. Hampumep, mocnenHuil cuMBoOI
ctpoku S 310 S[S.size() - 1].

CTpoKu MOXHO CO371aBaTh C MCIIOJIB30BAaHUEM CIICAYIOIINX KOHCTPYKTOPOB:
string() - KOHCTPYKTOP 1O yMoJTUaHutO (0€3 mapaMeTpoB) CO3/1aeT MYCTYIO CTPOKY.
string(string & S) - konust cTpoku S
string(size_t n, char C) - moBTopeHre CMMBOJIA C 3alaHHOE YHCIIO N pas.
string(size_t c) - ctpoka 13 OHOTO CUMBOJIA C.
string(string & S, size_t start, size_t len) - crpoka, comepskaiias He 6oiee, ueM len cumMBoJI0B
JTAHHOM CTPOKH S, HaUMHasg ¢ CUMBOJIa HOMep Start.

BriBoa cTpoku: cout << S;

CunTbhIBaHHE CTPOKH: Cin >> S;

B aTOM citydae cuuThIBaeTCS CTPOKA, MPOITYCKasi MPOOEIbl M KOHIIBI CTPOK. DTO yI0OHO
JUIS TOTO, YTOOBI pa30MBaTh TEKCT HA CIIOBA, WM YTOOBI YUTATh JaHHBIC 0 KOHIA (hailina mpu
OMOIIIM. MOXXHO CYHMTBHIBATh CTPOKH JIO TOSIBICHUS CHMBOJIA KOHI[A CTPOKM HPU TOMOIIU
¢ynkuuu getline. CaM CUMBOJI KOHIIA CTPOKH CUUTBHIBAETCS U3 BXOJIHOTO MTOTOKA, HO K CTPOKE HE
nobasnsiercs: getline(cin S);

Merton size() Bo3pamaer mmuHy cTpoku. Meton length(), KOTOpbI Takke BO3BpaIiaeT
JUIMHY CTPOKH. MertoJ resize(n) MU3MEHSET [UIMHY CTPOKH, HOBas JIJIMHA CTPOKH CTaHOBHTCS
paBHa n. Merox clear() - ounmaer ctpoky. Meton empty() - Bo3Bpamaer true, €ciii CTpoOKa
nycra, false - eciiu Henycra. Push_back(C) no6asinsier B KOHEI CTPOKH CHMBOJI C, BBI3BIBACTCS C
oaHuM napamerpoMm tuna char. Append() noGaBisieT B KOHEL[ CTPOKH HECKOJIBKO CHMBOJIOB,
JPYTYI0 CTPOKY min (pparMeHT apyroit crpoku. Mmeer MHOTo croco®oB Bei3oBa. Erase(pos) -
yIaiseT U3 CTPOKH S C CHMBOJA C MHIASKCOM POS M 10 KOHIA CTpokH. Insert() BcTaBisieT B
CepeIMHY CTPOKH HECKOJIBKO CHMBOJIOB, IPYTYIO CTPOKY MK (hparMeHT Apyroi ctpoku. Substr()
BO3BpAIIaeT MOJCTPOKY JAaHHOW CTPOKM Ha4yMHAs C CHMBOJIA C WHAEKCOM pOS M J0 KOHIA
cTpokd. Find() uiieT B JaHHOIM CTPOKE MEPBOE BXOXKIEHUE APYroil cTpoku str. Bo3Bparaercs
HOMEp TEPBOT0 CUMBOJIA, HAYWHAS ¢ KOTOPOTO Jajiee UAET MOJICTPOKa, paBHas cTpoke str. Ecim
3Ta CTpOKa HEe HaiijeHa, To -1.

IHopsaok BbINOJHEHUS PA0OTHI
1. W3yuuth KpaTKue TEOPETUUYECKHUE CBEICHHUS;
2. BrmonHuts 3amanuel u 3amadue 2, Ha sa3b1ke C++;
3. OTiaguTth mporpaMmy,
4. OdopMuth oTuUeT (TEMa, 11eTb PabOTHI, TUCTUHT MIPOTPAMMBI, 110 KAXKIAOMY
3aJIaHUI0 IPUBECTHU MO 3 KOHTPOJIbHBIX IPUMEPA).

BapuanTsl 3a1aHui
3aganue 1.

1. Mana crpoxka. [logcuutarh KOJIMYECTBO COEPKAIIMXCS B HEH LUPD.

2. Jlana crpoka. IlogcumTarh KOJIMYECTBO COAEPIKALIMXCS B HEHM NMPOMUCHBIX JIATHMHCKUX
OyKB.

3. Mana ctpoka. Ilogcuntare oOlee KOJUYECTBO COAEPIKAIIMXCS B HEH CTPOUYHBIX

JATUHCKUX U PYCCKUX OYKB.

Hana ctpoka. [IpeoGpa3oBaTh B Hell Bce MPOMKUCHBIE JTATUHCKUE OYKBBI B CTPOYHBIE.

5. Mlana crtpoka. IlpeoOpazoBaTh B Hell Bce cTpouHble OYKBbI (Kak JIaTUHCKHE, TaK M
PYCCKHE) B IPOMHCHBIE.

6. Jlama crpoka. IIpeoOpa3oBarh B Heil Bce CTpOYHbIE OYKBBI (KaK JIATHHCKUE, TaK H
PYCCKHE) B IPOMHCHBIE, a TPOMUCHBIE — B CTPOYHBIE.

7. JHana ctpoka. Eciu oHa npezcraBiser coO0i 3aUCh LIEJIO0ro Yucia, TO BhIBECTH 1, eciu
BEIIECTBEHHOT'O (C IpOOHOM 4acThl0) — BBIBECTH 2; €CIIM CTPOKY HElb3s MpeodpazoBaTh
B umucio, To BeiBecTH 0. CunTaTh, YTO ApOOHAs YacTh BEIIECTBEHHOTO YHCIA OT/EISAETCS
OT €r0 LIEJION YaCTU JECATUIHON TOUKOM «.)».

&



10.

How

~

10.

JlaHO 11eM10€ TOJOKUTENBHOE YMCI0. BBIBECTH CHUMBOJIBI, N300paxkaromue udpsl 3TOro
yucia (B MOPSIKE CIeBa HAMPaBo).

JlaHO 1Ie7I0€ MOJOKUTENBHOE YHCI0. BRIBECTH CHUMBOIIBI, N300pakaroniye Hupsl 3TOro
yuca (B MOPsIKE CIipaBa HAJIEBO).

Jana ctpoka, uzoOpaxkaromasi 1eloe MOJOXKHUTEIbHOE 4Hcio. BeiBectn cymmy mudp
ATOTO YHUCIIA.

3aganue 2.

Hano nenoe yucio N (> 0) u crpoka S. IIpeoOpa3oBars CTpoKy S B CTpOKY IIHHBI N
clenyromuM 00pa3oM: eciii AJinHa CTPoKU S 6osbie N, To OTOPOCUTDH MEePBbIE CUMBOJIBI,
eciu anuHa cTpoku S Menbine N, To B ee Hayasio J00aBUTh CUMBOJIB «.» (TOUYKA).

Hanbl nensie nonoxutenbublie uncia N1 u N2 u crpoku S1 u S2. IlonyuuTs U3 3THX
CTPOK HOBYIO CTPOKY, cojep:xainyto nepBbie N1 cumBoiioB cTpoku S1 u nocieanue N2
CUMBOJIOB CTPOKHU S2 (B yKa3aHHOM IMOPSIKE).

Han cumBon C u cTpoka S. Y IBOUTh Kaxk10€ BXoxKaeHue cuMmBoia C B CTPOKy S.

Han cumBon C u crpoku S, SO. Ilepen kaxnapiM BxoxkaeHueM cumBosia C B CTPOKy S
BCTaBUTH CTPOKY SO.

Han cumBon C u crpoku S, SO. Ilocne xaxngoro BxoxiaeHus cumBosia C B CTPOKYy S
BCTaBUTH CTPOKY SO.

Hanel ctpoku S u SO. IIpoeputs, copepxurca au crpoka SO B crpoke S. Eciam
COJICPIKUTCS, TO BBIBECTH True, €Clii He COACPKUTCS, TO BhiBecTH False.

Jansbl crpoku S u SO. HaliTu konndecTBo BX0oxkAeHH cTpoku SO B CTPOKy S.

Hanet ctpoku S u SO. Yaanute U3 CTpoKd S MEPBYIO MOJICTPOKY, coBMaaaromyo ¢ SO.
Ecnu coBnanaronux moacTpoK HET, TO BEIBECTH CTPOKY S 06€3 U3MEHEHHIA.

Hanet ctpoku S u SO. YanuTe U3 CTpOKUA S MOCIEAHIOI MOJICTPOKY, COBIAIAIONIYIO C
SO. Ecnu coBmaaronmx moacTpoK HET, TO BEIBECTH CTPOKY S 6€3 U3MEHEHHIA.

Hanbl crpoku S u SO. Yanute u3 cTpoku S Bce MOACTPokH, coBnaaaromue ¢ SO. Eciau
COBMAJIAOIIUX MOACTPOK HET, TO BEIBECTH CTPOKY S 03 U3MEHEHUH.



JlabopaTtopHasi pab6ora Ne 4
CTPYKTYPbI JAHHbIX TUITIA JTEPEBO

Heap padorbl: O3HaKOMMTCS C IPENCTaBICHUEM JTAHHBIX B BUJE JIepeBbEB. M3yunTh
OCHOBHbIE aJITOPUTMbI 00X0/1a ICPEBHEB.

Kparkue TeopeTnueckue cBeieHHUs

DJIeMEHTBI MOTYT 00pa30BbIBATH U 00JICE CIOKHYIO CTPYKTYPY, YeM JIMHCHHBIN CITUCOK.
Uacto nmaHHbIe, TOAJEKaNme oO0paboTKe, 00pa3yroT HEPapXUUYECKYIO) CTPYKTYpY, MOJAOOHYIO
n300pakeHHOH Ha puc. 1, KOTOpyH HEOOXOAMMO OTOOpa3HTh B MaMSITH KOMIIbIOTEpa H,
COOTBETCTBEHHO, OIIUCATh B CTPYKTypaX JaHHBIX.

Kaxplii 3JIEMEHT Takod CTPYKTYphl MOKET COJAEP)KaTh CChUIKH Ha 3JEMEHTHI OoJjiee
HU3KOTO YPOBHSI HCPApXHH, a MOXKET ObITh, U Ha OOBEKT, HAXOAIIUICS Ha 00Jice BBHICOKOM
YPOBHE HEPAPXHH.

YpogeHb 1

YpoBeHb 2

IO JONOIO

Puc. 1. Ctpyktypa nepeBa

Ecimm aGcTparmpoBaThCsi OT KOHKPETHOTO COJCpXKaHUS OOBEKTOB, TO TMOJYUHUTCS
MaTeMaTH4ecKuil 00BEKT, Ha3bIBAeMbIi I€PEBOM (TOUHEE, KOPHEBBIM JIEPEBOM).

KopHeBbIM JIepeBOM Ha3bIBae€TCSi MHOXKECTBO JJIEMEHTOB, B KOTOPOM BBIJICIICH OJIMH
DIIEMEHT, HA3bIBAEMBI KOpHEM JIepeBa, a BCE OCTANbHBIE JIEMEHTHl Pa3OUThl Ha HECKOIBKO
HETIEPECEKAOIINXCS MTOJAMHOKECTB, HA3bIBAEMBIX TOJIJICPEBBSIMU MCXOTHOTO JepeBa, KaXKI0€ U3
KOTOPBIX, B CBOIO O4Yepelib, €CTh AEPEBO.

[Tpu npeacTaBIeHUN B MAMSITH KOMITBIOTEpA SJIEMEHTHI JiepeBa (Y3JIbI) CBA3BIBAIOT MEXKTY
co00i1 TakuM 00pa3zoM, YTOOBI KXKIBIA y3el (KOTOPBIA COTJIACHO OMPENEICHUI0 00s3aTENbHO
SBIIICTCS. KOPHEM HEKOTOPOTO JepeBa WJIM TMOjJepeBa) ObUI CBSI3aH C KOPHSIMH CBOHX
MOJI/IEPEBHEB.

Haubonee pacmpocTpaHeHHBIMH — CcIOCOOaMM  TPEACTaBICHUS JepeBa  SIBISIOTCS
crenyromue Tpu (WM UX KOMOUHAINH).

I[Ipn mepBoM crmocobe KakIelid y3el (KpoMe KOpHS) COACPXKHUT yKaszareidb Ha
MOPOJUBIIUHI €ro y3el, T. €. Ha dJIEMEHT, HaXOsIulics Ha 0ojiee BHICOKOM YPOBHE HEpPapXUU.
it KOpHS JiepeBa COOTBETCTBYIOIIMH yKa3aTellb OyaerT mycThiM. [Ipu TakoM crocobe
NpEJCTaBICHUS, WMes HWHPOPMAIIMI0 O MECTOIMOJIOKEHUH HEKOTOPOTo y3lia, MOXKHO,
MIPOCIICKNBAs yKA3aTeH, TTOJTHUMATRLCS Ha 00Jiee BRICOKHE YPOBHU UEPAPXHUH.

struct node {
int key;
node *parent;

}

K coxanenuto, 3TOT crocod MpeACTaBICHUS HETPUTOICH, €CIu TpeOdyeTcs He TOIBKO
«ITOHUMATBCS BBEPX» IO JEPEBY, HO U «CITYCKAThCS BHHU3», U HET BO3MOXHOCTH HE3aBUCHMO
nonydaTh HMHQPOPMAIMIO O MECTOIMOJIOKEHUH VY3JI0B JepeBa. TeM HeE MEHee, Takoe



NpeCTaBICHNUE JIEpPeBa MHOTAA HCIOJIB3YEeTCsS B AITOPUTMAX, TJe MPOXOXKACHUE Y3JIOB BCErna
OCYILECTBIISICTCS B BOCXOMAIIEM MoOpsake. [IpenMyniecTBOM Takoro crocoda MpencTaBIeHUs
JiepeBa SABISETCS TO, YTO B HEM HCIIOJIB3YETCS MHUHHMMAJIbHOE KOJHYECTBO MAMATH, MPHYEM
NPaKTUYECKH BCsl OHA 3(P(PEKTHUBHO MCIIOIB3YETCS JIJIS IPEICTABIICHUS CBSI3CH.

Bropoii crioco6 npencTaBieHus] IPUMEHSIOT, €CJIM KaXIbIi y3el1 1epeBa uMeeT He Ooree
IByX (B Ooyee oOmiem ciaydae — He Oosee A) moanepeBbeB. Torja MOXHO BKIIOYHTH B
IpeCTaBICHNUE y3Ja yKa3aTelld Ha KOPHH MOJIEPEBhEB. B 3TOM citydae NIepeBO Ha3bIBAIOT
JBOMYHBIM (OMHApHBIM), a J[Ba TOJJIEPEBa KAKIOTO y3Jia HA3bIBAKOT COOTBETCTBEHHO JICBBIM U
IPaBbIM MOJCPEBBSIMH 3TOTO y37a.

Pazymeercsi, y3enm MOKET UMETh TOJILKO OJHO — JICBOE WMJIHM MPaBOe — MOJACPEBO (3TH
JIBE CUTYallMd B OMHAPHBIX JEPEBBSIX OOBIYHO CUMUTAIOTCS PA3IMYHBIMU) WM MOXKET BOOOIIE HE
UMETh MOJIZICPEBBEB (M B 3TOM CIIydae y3eJl Ha3bIBAaeTCsl KOHIIEBBIM Y3JIOM HJIH JIICTOM JICPEBa).

[Tpu 3TOM crioco0e mpeacTaBIeHUs JOCTATOYHO UMETh CChUIKY Ha KOPEHbB JepeBa, YTOObI
MOJIYYHTh JOCTYI K JIIO0OMY y3IIy JIepeBa, CITyCKasiCh 110 YKa3aTellsiM, OJIHAKO MaMATh TIPU TAKOM
croco0e MpeCTaBIeH s UCIIONIB3YETCs HE CTONb 3((HEKTUBHO.

Onwucanue CTPYKTypbl OMHAPHOTO JIEPEBa, COACPIKAIICTO ILIEJIbIC YHCIIA B Y371aX, MOXKET
BBITJISICTD TaK:

sruct node {
int key;
node *parent;
node *left;
node *right;

}

Kaxnplii y3ein, COIEp)KUT JONMOIHUTEIBHO JIBE CCHUIKM HAa KOPHHU JICBOIO M IPABOTO
nognepesa (left u right coorBeTcTBEHHO).

Ecnu OunapHoe nepeBo umeer N y3II0B, TO MPH TaKOM CIIOCOOE MPECTABICHHS BCEra
OCTAlOTCsl TYCTBIMH OoJiee TIOJOBHMHBI yKazaTeneil. Tem He MeHee, Takoe NpeACTaBICHUE
SIBIISIETCS. HACTOJIBKO YAOOHBIM, UTO MOTEPSIMH MaMSATH OOBIYHO MPEHEOPETAIOT.

Tpetwnii cioco0 MpeACTaBICHUsI COCTOUT B TOM, YTO B KXKJIOM DIIEMEHTE COJEPKATCS JBA
yKazaresis, IpudeM OJWH M3 HUX CIYKHUT JAJs MpEeACTaBIEHUS CIMCKA MOJIEPEBLEB, a BTOPOU
JUISL CBSI3BIBAHUS DJIEMEHTOB B 3TOT CHUCOK. DopMalbHO OMHCAHWE CTPYKTYPHI IS 3TOTO
MPEJICTABICHUS] MOXKET ObITh TEM K€ CaMbIM, YTO U JiA ciay4yass OMHApHOTO JiepeBa, HO CMBICT
COJIEPIKAIINXCS B 3TOM OIMCAHUH yKa3aTeJel MEeHSIETCH.

ITpu TperbeM crnocobe MpenCcTaBIeHUs JAEPEBbEB YACTO UCIONb3YETCsS MeHeaJornyecKas
TEPMUHOJIOTHSI: Y3JIbI, COJIEpXKAIIUEeCsT B TOIACPEBBAX KaXKIOTO Yy37a, HA3bIBAIOTCS €Tro
NOTOMKaMM, a KOPHH JTHX I[OJIEPEBbEB, PACIOJOKEHHBIE Ha OJHOM YPOBHEHEpapXHH,
Ha3bIBAIOT OpaThIMU. DTy TEPMHUHOJOTHIO MOKHO OTPa3HTh B ONMHMCAHUH CTPYKTYPHI, ¥ TOT/Ia
nons left u right OynyT Ha3eIBaThCs son u brother cooTBETCTBEHHO.

struct node {
int key;
node *parent;
node *son;
node *brother;

}

WHorma wmcnomnp3yroTcss W 0ojee HK30THUECKHE CIIOCOOBI TPEACTaBICHUS JICPEBHEB.
Hanpumep, B HEKOTOpBIX cly4asX CBSI3M MEXAY Yy3JaMH JiepeBa MOXKHO BOOOIE He
NPEICTaBIATh C TIOMOIIBIO YKa3zaTellel, a «BBIYHCIATHY, €CIU Y3IIbl JepeBa 0O0pa3yloT
PETYISIPHYIO CTPYKTYPY, HE MEHSIONIYIOCS WM MEHSIOIIYIOCS OYeHb MaJlo B Ipoliecce paboThl ¢
JICPEBOM.

Paccmotrpum mpumep. IlycTs y3mel OMHApHOTO AepeBa MPOHYMEPOBAHbBI, HAaYMHAS C
KOPHS U Jlajiee BHU3 110 HePAPXUIECKUM YPOBHSIM.



HpI/I 9TOM Y3JbI PACIIOJIOKEHBI HACTOJIBKO IINIOTHO, YTO HPEAKOM Yy3jia ¢ HOMEPOM 1
BCCTraa ABJIACTCA Y3€]1 C HOMCPOM /2. B stom ci1ydac ys3jibl A€pE€Ba MOXXHO pacCIlOJOXUTL B
MAaCCHUBE, IPUYEM MECTOIIOJIOKECHHUE KaXXI0ro ysjia 6YILCT 3aJaHO €ro MHACKCOM B MAacCCHUBEC, a
MaKCUMaJIbHOC 4YHCJIO Y3JIOB YKa3bIBACTCA Cpady KE IIPU CO3JaHHUU JE€pCBa. 10 JAEPEBO
001aJ]aeT eIle OJHUM CBOMCTBOM: KaXKbIi y3€1 A€peBa COACPIKUT LEIO0C YNCIIO0, MCHBIICC, YEM
S3HAYCHU, XPAHAIIHUECI B IOAACPCBBAX I3TOr'0 Yy3ja. Takum o6pa30M, MHUHHUMAJIBHOC YHCJIO
BCEIrJ1a HAXOAUTCA B KOPHE ACPCBAa. Takoe JAC€PEBO MHOrJa Ha3bIBAIOT ((HHpaMHI[OfI)).

BricoToit 6I/IHapHOFO AC€pE€Ba HA30BEM MAKCHUMAJIBHOC YHCIIO Y3JI0B, KOTOPOEC MOXKET
BCTPETUTHCA HA IIyTH U3 KOPHs I€peBa B HEKOTOPBIN APYrOW y3el, IPU YCIOBHH, TO 3TOT IIYTh
IMPOXOAUT TOJIBKO IIO CBA3aHHBIM MEXIY coboii y3J1aM U HUKOI'’Ja HE IMPOXOAUT ABaKIbl UEPE3
OIWH U TOT XK€ y3€II.

By,I[eM JJ1A y,Z[O6CTBa CUHUTaTrb, 4TO HYCTOﬁ YKa3ar€iib MPEACTABIIACT BBIPOXKIACHHOC
IIyCTOC» ACPEBO, BBICOTA KOTOPOI'O0 paBHA HYIIIO. B sTom cliyqa€ BBICOTa 6I/IHapHOI‘O acpeBa
MOXET OBITh BbIpa’KCHa cneﬂyfomeﬁ (bopMynoﬁ:

0, npu(t ==null)
max( h(tleft ! h(tright))1 npu(tlz nU")

Torma onpenenenme ¢ynkuuu height, peamu3yromum BBIYHCICHHUE BBICOTHI JEpeBa,
MOXKCET BBII'JICACTD TaK:
int height(node *root){
inthl =0;
inthr=0;
if (root->left I= NULL)
hl = height(root->left);
if (root->right '= NULL)
hr = height(root->right);
return ((h1 >hr)? hl: hr)+1; }
O06x01 nepeBbeB

h(t) =

Puc. 2. IIpumep GuHapHOrO epeBa

PaccmoTpuM nBOMYHOE AEpEBO, COAEpIKAIIEE B y3JIax CUMBOJIBI, HAIPUMEp, TaKOE, KaK
Ha puc. 2. ['oBOpAT, YTO JEpeBO MPOXOJIUTCS CBEpPXYy BHHU3, €CIM KaXKIBIH y3e1 Bcerja
IPOXOJUTCS paHbllle, YeM MOAJIEpeBbs 3TOro ysna. [[ns n3obpakeHHOro JepeBa Cilenyrolue
MOPSAIKU MIPOXOXKACHUS Y3JI0B OYIyT MOopsAaKaMu 00X0/1a «CBEPXY BHUZN:

ABCDEFGHI



ABDHGCEFI

ACBFIEDGH

B »TOM ciyuae Takke TOBOPST, YTO JEPEBO OOXOAUTCS B HHUCXOISIIEM IOPSIKE.
AHanorn4yso, mpu 00xoJie CHU3Y BBEPX (BOCXOISIINIA MOPSIOK 00X0/1a) y3€Jl IPOXOIUTCS 1OCe
TOT0, KaK MPOIIEHBI €T0 MOJCPEBhS, HATPUMED:

IHGFEDCBA

IFECGHDBA

OueBHIHO, 4YTO JUIA KaKAOTO 00Xoga «CBepXy BHH3» 00XOa TeX K€ Y3JOB B
IPOTHBOIOJIOKHOM MOPIKE OyIeT 00X0I0M «CHU3Y BBEPX».

[Topsimok o0xoma OWMHAPHOTO JepeBa Has3bIBACTCS WHOGUKCHBIM, €CIH KaKIbI y3el
IPOXOJUTCS MOCIIE TOTO, KaK MPONUICHBI BCE Y3JIbI OJTHOTO MOAECPEBA, U IO TOTO, KaK MPOHUICHBI
y3JIBI Ipyroro nojaepesa. OOBIYHO UCIONIB3YIOT JHOO JIEBOCTOPOHHUI MH(UKCHBIN 00X0/1, TIPH
KOTOPOM CHayajia OOXOIWTCS JIEBOE IMOJJCPEBO, MOTOM KOPHEBOH Yy3€l, MOTOM IpaBoe
HOJJIepeBo, MO0 MPaBOCTOPOHHMN HHQUKCHBIM 00XOX, NMpHU KOTOPOM HAOOOPOT, CHadajia
00XO0AMTCS TPAaBOE MOIEPEBO, 3aTEM KOPEHb, U, HAKOHEII, JIEBOE MOEPEBO.

Bor kak, Hampumep, pacmojararoTcsi Y3ibl JiepeBa B IOPSJAKE JIEBOCTOPOHHETrO
uH(pUKCHOrO 00Xxo/a:

GDHBAECIF

JUis HUCXOIIIMX M BOCXOAAIIMX OO0XOZOB OOBIYHO TaKkKe OMPEACISIOTCS HEKOTOPHIS
«CTaHIAPTHBIE» MOPSAAKH 00X0/1a, HampuMep, NpHU HHUCXOAALIEM JIEBOCTOPOHHEM 00X0Je
MOPSIOK TIPOXOXKICHHUS Y3JIOB OIPEIENIeH CIEAYIOUMM 00pa3oM: HENOCPEICTBEHHO II0CIe
00X0/1a KaXJIOro y3j1a IPOXOAATCS Y3JIbl €ro MOIJICPEBhEB B IMOPSAKE ClieBa HampaBo (s
OMHApHOTO JiepeBa — CHayasa JICBOTO MOAIEpPeBa, 3aTeM mpaBoro). s nepeBa, npuBeIeHHOTO
Ha Puc. 2, y37161 B TOpsJKE HUCXOIAIIETO JIECBOCTOPOHHETO 00X0/1a pacIoyararoTcs CleAyOmnuM
o0OpazoM:

ABDGHCEFI

Eme nBa TepMuHa, 4acTO MCHONB3YIOMIMXCS JJISi OTPEACICHUsS MOpsAIKa 00X0/1a Y3JI0B,
— «o0xox B riryouny» (depth first) u «o6xox B mmpuny» (breadth first).

O6xo0x sBisieTCsl 00XOOM «B IIMPUHY», €CIIH Y3JIbl, PACIIONOKEHHbIE ONMKE K KOPHIO
JiepeBa, 00XOAATCS paHblile, YeM Yy3JIbl, OTCTOsIIIUE Janblie oT KopHs. IIpu sToM paccrosiHue OT
y3J1a 10 KOPHS U3MepsieTCs KOJTMYECTBOM pedep Ha KpaTdaiieM IyTH U3 3TOTO y3i1a JI0 KOPHS.
Tak, Harpumep, B AepeBe Ha puc. 2.7 y3iubl D, E u /'HaxogsTcs Ha OTHOM U TOM K€ PacCTOSHUU
0T KOpHA — 2, a y3en B pacronaraercst O1mke K KOPHIO, T. K. paCCTOSTHHE OT HEro JI0 KOpHS
paBHo 1. OOGBIYHO MONArarOT, YTO KOPEHb HaXoAUTCs Ha paccTossHUM 00T ceds, Tak 4YTo MpHU
00X07ie «B IIMPUHY» OH BCETIa O0XOAUTCS TIEPBBIM.

O0xop sBIsieTcss 00X00M «B TITyOMHY», €CIM B JHOOOM MOJIEpEeBE MCXOTHOIO JiepeBa
y3JIBI  OOXOIATCS «IOAPSA», T. €. €cI O00X0J HEKOTOpPOro TOJJepeBa HadaT, TO OH
IpOIoJDKAETCs 10 TeX Iop, MOoKa Bce MojiepeBo He OyneT oboitneHo. Hampumep, HEUCXoaAuMi
00x0Jl «B IIIyOMHY» MOXET OBbITh MPEACTABIIEH TaKOH MOCIIEI0BAaTENbHOCTHIO Y3JI0B TOTO K€
JepeBa:

ABDGHCEFI

Ecnmu B 93TOil mocienoBaTeNbHOCTH Y3JI0B pAaccTaBUTh CKOOKHM st 0003HaueHUs
MOJIIEPEBHEB, TO MOYKHO YBHIIETh, YTO JCHCTBHUTEIHHO, KaXKIO€ TOIJEPEBO 3aHMMAaeT CBOM
«y4acTOK» B 3TOM MOCIIEI0BATEILHOCTH, HE MEPECEKAIOLINIICS C yUaCTKaMH, 3aHATBIMU APYTUMU
TIOJIICPEBBSIMH:

(A(B(D(G)(H)))(C(E(F(I1))))

O6xoabl «B TIIyOMHY» OCOOEHHO YIOOHO peadn30BbIBATH B BHJE PEKYPCHUBHBIX
IpoIelyp, MOCKOJBKY Takas MpoLeaAypa, HOIYyYUB B KAUeCTBE apryMeHTa HEKOTOPOE MOIEPEBO
s o6xona, Oymer oOXOAUTh €ro 0 TeX TOop, MOKa BCE Y3Jbl ATOTO MojajepeBa He OyayT
npoiinensl. HanpoTus, peann3oBaTh 00X07 «B MIMPUHY» C MOMOILBIO PEKYPCUBHON MPOLIETYPhI
NPaKTUYECKH HEBO3MOXHO, BO BCSKOM CJlyd4ae, Takas peamusanusi obOxoma Oyxaer
HEEeCTECTBEHHOU 1 Hed(h(HEeKTUBHOM.



Jlnst mpuMepa npuBeieM OJuH crocold 00Xxo0/1a 1epeBa — JIEBOCTOPOHHU:
void left_walk(node *n){
if(n == NULL) return;
left_walk(n->left);
cout<< n->key;
left_walk(n->right);
¥

O6xoapl «B TIIyOMHY» OCOOCHHO YyIOOHO peadn30BbIBATb B BUJE PEKYPCHUBHBIX
IPOLEAYp, TOCKOJIbKY Takasi IpOLEAYpa, IOJIyYUB B KAUECTBE apryMEeHTa HEKOTOPOE MO/ IEPEBO
st 006xona, OyaeT oOXOAWUTh €ro 10 TeX MOop, MOKa BCE Y3Jbl 3TOTO MOJjepeBa HEe OyAyT
npoiaensl. Harpotus, peanu3oBath 00X01 «B MIMPUHY» C IOMOLIbIO PEKYPCUBHON MPOLENAYPbI
MPAKTUYECKH HEBO3MOXKHO, BO BCSIKOM cllyyae, Takas peanuzauus obxoxa Oyner
HEEeCTECTBEHHOM 1 Hed(h(HEKTUBHOM.

Haunem ¢ o6xoxa B rimyOuny. bynem ucnosnb3oBaTh cieayrouuii anroputM. s toro
9TOOBI OOOWTH HEKOTOPOE MOJJEPEBO, CHAyalla MPOWAEeM KOpPEHb 3TOro MOJAJIepeBa, 3aTeM
CIIyCTUMCSL B €ro JIeBO€ MOJAJIEPEBO, a MpaBOE MOJAEPEBO 3alOMHUM B cTeke. Ecmu seBoe
NOJJIEPEBO IYCTO, TO MOXHO Cpa3y CIYCKaTbCsl B NPABOE IOAJIEPEBO BMECTO TOIO, YTOOBI
3aroMuHaTh ero B creke. Ecnu 06a moaaepeBa mycThbl, TO O4E€pPEIHOE MOAAEPEBO HAZ0 U3BIICYD
U3 CTeKa.

void deep_walk(node *root){

stack = create_stack();
stack_push(stack, root)
// Tloka B cTeKe eCTh y3JIbl
while((node *n = stack_pop(stack)) '= NULL){
do{
//BbIBOAMM TEKYIIYIO BEPIIUHY
cout<< n->key;
if (n->left '= NULL){
// Tlome1iaeM B CTEK JIEBOE TOJAEPEBO
if(n->right 1= NULL)
stack_push(stack, n->right);
n = n->left;
} else
N = n->right;
} while(n!=NULL)
¥

¥

JlaHHBIH (PparMeHT HaredyaTaeT CTPOKY:

ABDGHCEFI

PaccmoTpuMm mpoueaypy Afs HUCXOZSIIEro o0xoJa «B IIHPHHY», HCHOJIb3YIOIIUI
ouepelib JJI XpaHEHUs BEPIIMH B OpsAAKe 00X0a.

Ouepenb HI€IBHO MOXOAUT JJIS OpraHu3anuu 00Xoaa «B WUPUHY». [leficTBUTENbHO, 1O
Mepe MPOJIBUKEHUSI OT KOPHS JIepeBa BHU3 B oUepeb OYIyT Monaaath Bce OoJiee yaaaeHHbIE OT
KOpHs BepUIMHBI JepeBa. [Ipu 3ToM, yeM paHblile BepIIMHA IoTaja B JepPeBO, TEM PaHbIIIEe OHA
Oyner oOpaboTaHa — 3TO OCHOBHOM MPUHLUI XpaHEHUs MH(OpPMAIMHU B CTPYKTYpE OYEpeH.
PaccmoTpuM onsiTh 1epeBo, MpUBEICHHOE Ha pUC. 2.

void deep_walk(node *root){

queue = create_queue();

enqueue(queue, root);

while((node *n = dequeue(queue)) '= NULL){
//CTaBUM B ouepeib MOIIEPEBBS ATOTO y3JIa
if (n->left '= NULL) enqueue(queue, n->left);



if (n->right '= NULL) enqueue(queue, n->right);
cout<< n->key;
¥

¥

Jlo cux mop Mbl BCe BpeMsl FOBOPWJIM TOJbKO O OMHApHBIX AepeBbiX. B HekoTopoii
CTENEHU 3TO OMNPABIAHO, MOCKOJIbKY d JepeBbsX OOLIEro BUIa y3Jbl MOTYT COAEpXKaTh JBa
yKazaTelsi TOYHO TaK e, Kak M B OWHaApHBIX JepeBbsix. COOTBETCTBEHHO, BCE T€ CIIOCOOBI
00Xx0/1a, KOTOpble IPUMEHUMBI K OMHAPHBIM JIEPEBbSIM, MOI'YT ObITh IPUMEHEHBI U K JI€PEBbIM
obmiero Buga. TeM He MeHee, CMBICH, BKJIQJIbIBAEMbI HAMU B 3TH OOXOJIbI, MOKET MEHSTHCA,
IIOCKOJIBKY JIOTUYECKask CTPYKTYpa JepeBa MOXKET HE COBNAZATh C €ro (PM3NYECKON CTPYKTYpOH.

[Tosichum ckazanHoe Ha mpumepe. IlycTb umeercs aepeBo, Joruyeckas CTPYKTypa
KOTOpOTO MOKa3aHa Ha puc. 3.

Puc. 3. IIpumep nepera oOmiero Buaa st 00xo/a

B namsaTu cB3u Mexay y3namu OyayT BBIIAIETh HECKOJIBKO MO-APYroMy: Kbl y3el
OyZIer coaepxaTh yKa3aTelld Ha EPBOT0 HEMOCPEICTBEHHOIO MOTOMKA («CTapIIero CbIHA») U Ha
COCeIHMH y3el, HaXOJSAIIMKCA Ha TOM K€ YpOBHE Mepapxuu («Oparay), Tak 4To (usnueckas
CTPYKTypa CBsI3€ll MEXIy TEeMH K€ y3JaMu OyJeT BBITJISAETh TaK, Kak Ha puc. 4 (JIorHueckue
CBSI3U, OTCYTCTBYIOIINE B (PU3NYECKOH CTPYKTYype JIepeBa, OKa3aHbl IyHKTUPOM).

Puc. 4. Hpe,Z[CTaBJ'ICHI/IC ACpeBa 06LI_IGI‘0 BuJa C IIOMOIIIBIO 6I/IHapHOFO

Ecnu Ttemeps paccMOTpeTh KakoW-1HOO U3 MOPAIKOB 00X0/4a Y3J0B JJS MCXOIHOTO
JIEpeBa, CKa)XeM, JEBOCTOPOHHUI 00X0/ «B LIUPUHY», TO AJISi BTOPOTO JEPEBa TOT XKe MOPSIOK
obxoma yxe He OymeT o0XOoOM «B IIUPUHY». J[7Is HCXOMHOTO JAepeBa y3Ibl B TMOPSAKE
JIEBOCTOPOHHETO 00X0/a «B MHUPUHY» OyAyT pacnoiararbcs Tak:

A,B,C,D,E, F,G,H, LK,



HO /111 BTOPOTO JIEpeBa y3JIbl B MOPsAAKE 00X0/a «B MIHUPHHY» OyIyT pactoiIOKEHbI yikKe
HO-APYroMy:

A,B,C,E,D,F,G H, LK

KoneuHo, HeTpyaHO Hamucath (yHKIMIO, KoTopass OyneT HpeACTaBisATb O00XOI «B
HIMPUHY» Y3JI0OB HCXOJHOTO JepeBa, IOIydas B KauecTBE apryMeHTa ero (u3ndeckoe
IpEeICTaBICHNUE, OJHAKO, peanu3auus 3Toi (yHKIMM Oyner, pasyMmeeTcs, OTJIMYATBCA OT
peanuzanu 00XoJa «B IIMPUHY» Ui OMHAPHOTO JaepeBa. TeM HE MeHee, Ui HEKOTOPBIX
nopsiikoB 00xoxa ¢GyHKuMu OyayT OJUMHAKOBBI B 0o0oux ciydasx. Hampumep, Hucxonsmumi
JIEBOCTOPOHHHI 00X0 «B TIIyOUHY» 7151 000UX JepEeBhEB OyIET OJHUM H TEM XKE:

A,B,CE, F,HLK,D,G.

WNHorna odyeHb BaXKHBIM OKa3bIBA€TCS BOIPOC O KOJUYECTBE JOINOJHUTEIBHON MaMATH,
TpeOyroleiica 11 opraHu3anuu obxoja aepesa. Tak, Hampumep, B CUCTEMAaX, PeaIM3yIOLINX
A3bIK nporpammupoBanus LISP, npakTuuecku Bcsi naMsTh, y4acTBYIOLIasi B pab0oTe IpOrpaMMBbl,
OpraHu30BaHa B BUJIE JEPEBbEB, KOTOPbIE HHOTAA TpeOyeTcs 00XOAUTh B YCIOBUAX HEIOCTAaTKa
namsTH (HampuMmep, AU OpraHM3aluu «yOopku Mycopa»). Bo Bcex NpHBOAMMBIX paHee
QITOpUTMAxX Ui BBIIOJHEHHS 00XOAa SBHO WJIM HESIBHO HCIOJIb30BajlaCh HEKOTOpas
JIOCTaTOYHO CJI0)KHO OpraHU30BaHHas CTPYKTypa HaMsITH — CTEK WM ouepenp. Takas
CTPYKTYpa Hy>KHa Ul TOrO, 4YTOOBI B Mpolecce 00X0a MOMHHUTb, KaKUe 3JIEMEHTHI iepeBa elle
HE IIPOWJICHBI.

KoHeuHo, MOKHO KaKIblil pa3 MCKaTh O4YepeHOI HEeNpOWIEHHBIN 3JIEMEHT, UCXOIs U3
TOr0, Kakoh y3esl JepeBa OOXOOUTCS B HACTOALIMII MOMEHT, HO TAaKOW IOMCK OYEPEIHOIO
JJIEMEHTa «OT KOPHsS» MPHUBOAUT K PE3KOMY 3aMEIJICHHI0O CKOPOCTH pPabOThHl alropurma.
Komnpomuccom sBISIIOTCS BapUaHTbl, B KOTOPbIX B TOM WM MHOM CTENEHU HCIOJIb3YIOTCS
3JIEMEHTHI MaMATH camoro nepeBa. IIpy 3TOM OOBIYHO MPUXOJUTCS OTBOAUTH HEKOTOPYIO
JIOTIOTHUTEIBHYIO NaMSATh HETIOCPEICTBEHHO B y3JlaX JEPEBa, TaK YTO KAKUE-TO MOTEPU MaMSITH
BCE PABHO OCTAOTCS, OJTHAKO UX MOXKHO CBECTH K MUHUMYMY: 4aCTO JIOCTaTOYHO BCErO OJHOTO
JIOTIOJTHUTEIBHOTO OUTa MaMsITH B KaXKJIOM Y3Jie JiepeBa JUisl TOro, 4TOObl OPraHW30BaTh 00X0.
nepeBa 0e3 UCTOIb30BaHUS IOTIOHUTENBHBIX CTPYKTYD.

WNHorpa Takol AOMOJHUTENBHBIA OUT MaMSITH MOXKHO MOJYYUTb «IapoM», €CIU Mpu
XpaHeHMH HWH(pOpMallMM B JepeBe HUMeeTcs HeKkoTopas wu30bITouHocTh. Hampumep, eciu
uH(popMalus, XpaHuMasi B y3J€ JepeBa, COJEPKUT HEOTPHULATEIbHOE LEJN0e YUCIO0, TO YacTo
MOYKHO MCII0JIb30BaTh 3HAKOBBIA paspsii 3TOT0 YMCIA AT XpaHEHHs] HYXHOH HMH(OpMAaIHH.
MoxHO Takke 3a/JelCTBOBaTh HEUCIIOJIb3YyEeMble IIyCThIE YyKa3aTelld Ha HECYLIECTBYIOIINE
HOJ/IEPEBbS U Y3JIbI U1 XpaHEHUs TOTOJIHUTENIbHOW HHPOPMALIUK.

Paccmotpum nBa cioco0a 06xojia IepeBbeB Ha OCHOBE BHYTpEHHEH MH(OpMaLUU y3710B
JiepeBa Juisd opraHuzanuu o0xoaa. B mepBom cnocobe OCHOBHast MJesl COCTOMT B TOM, YTOOBI
3a/IeiCTBOBaTh IyCThl€ YyKa3aTeJd B HUCXOJHOM JIepeBe JMJisi OpraHu3allid Iepexoaa oT
«IIOTOMKOBY K «IIpeikam». Bo BTopoM crioco0e ykaszatenu TpaHC(HOPMUPYIOTCS yKe B Ipoliecce
o0xoJia: MpH ABMXKEHUU IO JEPEBY «BHM3» MPOIIEHHbIE yKa3aTelld 3aMEHSIOTCS yKa3aTelsIMU
«HaBepx», K KOPHIO JiepeBa; MpPU JBUKEHUU 10 HUM OOpPaTHO MPOUCXOJUT BOCCTAHOBJIICHHE
HaIpaBJIEHHOCTU yka3zaTened. B o0oux ciydasx TpeOyercs Hanuuyue JOMOJHUTENILHOTO OuWTa,
KOTOPBII OyneT mpeAcTaBieH B MporpaMMmax JOMOJHUTENbHBIM MoJieM Tumna bool B cTpykType
y3J1a epeBa.

CHauana paccMOTpHUM O0XOJ «CBEpPXY BHM3» Ul JepeBa MPOM3BOJIBHON CTPYKTYPHI
(BoOOIIIE TOBOPSI, HE OMHAPHOTO), MPEACTABICHHOTO TaK, KaK MOKa3aHo Ha puC. 4.

Bynem cuutath, 4TO B y37aX, MPEACTABIAIONINX CAMOT0 MIIJIIET0 «OpaTay, COAEPKUTCS
CCBhUJIKa Ha «POJUTENbCKUI» y3en. JlJis 3TOro MOXHO HCHOJIb30BaTh CBOOOIHYIO CCBHUIKY Ha
«Oparay, a YTOOBI Pa3IMYUTh ITH JIBA CIIOCOOA TPUMEHEHHS

CCBUIKM, BBEJEM JIONOJHUTENbHBIN MNpU3HAK B Kaxabld y3en. [lomyuuBiieecs
npeJcTaBiIeHue JiepeBa M300pakeHo Ha puc. 5. Ha Hem «wammme Oparhs» BBIIECIEHBI
HITPUXOBKOW, a CCBUIKM Ha POAUTENBCKHUE Y3Jbl MPEICTaBICHbl CTPEIKaMU HWHOTO BHUIA, YEM
OCHOBHBIE CCBUIKH.



Puc. 5. IlpencraBnenue aepepa ¢ "oOpaTHBIMU'" CCHIIIKAMHU

B 1ol mpouemype mepexom K - CIEAYIOIIEMY JJIEMEHTY B TIOpsSake o0xona
OCYIIECTBIISICTCS TPEACTBHO MPOCTO: €CIIU Y y3JIa UMEETCSl «CBIH», TO MPOUCXOAUT MEPEXoa K
3TOMY «CBIHY»; €CJIM HMEETCS «OpaT», TO BBIOIHICTCS MEPEXO0Jl K «OpaTy», HAKOHEII, €CIIH HET
U «Oparay, TO MPOUCXOAMT MOKCK «OpaTtay y Ommkaimiero npenka. OOpaTuTe BHUMaHHUE, YTO
MIOUCK CJICAYIOMIETO y3Jla OCYIIECTBISIETCS HE B TOT MOMEHT, KOTJIa 3TOT y3€Jd CTAaHOBUTCS
HeﬁCTBHTeHBHO HYXCH, a «3apaHCc», T. €. B TOT MOMCHT, KOIr'la 3alipamnBacTCA HpeI[I)II[anHﬁ
y3en1. DTO 1aeT BO3MOKHOCTb JIETKO ONPEIEIUTh KOHEI[ UTepaIiu.

walk_tree(node *root){

node *current = root;

while (current 1= NULL){

cout<<current->key; //Bbigaua pe3yibTara

// Teneph UINEM CICAYIOIIUN JIIEMEHT

if (current->son = NULL)

current = current->son;

/I Janee youngest mpuU3HAK TOTO, YTO YKa3aTelb

/I ccplnaercst Ha oTua. M3navansHo Bce FALSE

while (current '= NULL && current->youngest) {

current = current->brother; // mepexos BBepx

¥

if (current != NULL)

current = current->brother;

¥
¥

Ecnmu nmepeBo, mMOCTpOEHO MPABWIIBHO, TO €r0 y3ibl OyayT MPOWIEHBI B CIETYIOIIEM
HOpsI/IKE:

A,B,C,E,F,H,LK, D, G,

YTO JUISI 3TOTO JIepeBa sBISETCS €CTECTBEHHBIM MOPSIKOM 00X0/1a «CBEPXY BHH3Y.

Henocratkom Takoro cmocoba o0xona SBISETCS TO, YTO HEOOXOIUMO aKKypaTHO
HOJ/IEP)KUBATh MPAaBUIBHYIO CTPYKTYpPY CCBUIOK B JepeBe. Ecnu, Hampumep, HEKOTODBIH y3en
ynausieTcsi, To He0OXOAUMO TMPOBEPUTh, HE COACPKUT JIU YyIaJIIeMbIil y3ell CChUIKY BBEpPX IO
JiepeBy Ha mpeaka (TO eCTb He SBIAETCS JIM OH «CaMblM MIIaamuM OpaTtom»). Ecmm sT0
JIEHCTBUTEIILHO TaK, TO HEOOXOIMMO HAWTH €ro OJIMKAUIIero «crapuiero opara» (pazymeercs, ¢
UCIIOJIb30BaHUEM TOH K€ CaMOW CCHUIKU BBEPX M0 AEPEBY), 1 MOAU(PHUIMPOBATH MPEACTABICHUE
9TOT0  «OpaTtay». AHAJIOTMYHO, HEOOXOJUMO AaKKypaTHO CIEIUTh 32 KOPPEKTHOCTHIO
NpEeCTaBICHUS U IPH JOOABICHUH Y3JI0B.

Bropoii ciocob 06xon1a ¢ UCOIb30BaHUEM BHYTPEHHEN CTPYKTYPHI JiepeBa, CBOOOIEH OT
3TOro HejpocraTka. Her HEOOX0IMMOCTH Kak-TO M0-0coO0oMy o0pabaThiBaTh MM MPEACTaBIATH



y3JIBl IepeBa MpHU 3TOM criocode o6xoaa. Bee, uTo HE0OXOIUMO UMETh, — 3TO CBOOOMHBIN OUT
nH(pOpMaIuU sl KICTIOIB30BAHMS €T0 y)Ke BO BpeMs 00Xo0/1a.

Henocrarok »toro cmocoba o0xoma B ApyroMm: CTpPYKTypa JAepeBa JAMHAMUYECKU
MEHSIETCSl BO BpeMs ero 00xoa.

Ha puc. 6 mpexacraBieH NpOMEXKYTOYHBIA 3Tam Npu 00Xoxe OWHApHOTO JepeBa,
n300pakeHHOro Ha puc. 2. [Ipu paboTe anropuT™Ma UCIOIB3YIOTCS CICIYIOIINE YKa3aTeIu:

processed — yKazarenb Ha TMOCJIEIHIO 00pabOTaHHYIO BEPIIUHY, COJCPIKAIIYIO
yKa3aTellb «BBEPX» IO JICPEBY;

current — ykaszaTeJb Ha IEPBYIO BEpIIMHY el1e He 00paboTaHHOI YacTH JiepeBa.

[Tpu nBY>KEHUM BHU3 MO JepeBy (OT KOPHS K JIMCThSIM) HEKOTOPBIC yKa3aTeln B JEpeBE
UCTIOJIB3YIOTCS JIJISl TOTO, YTOOBI 3aIIOMHHUTH 00paTHBIN MyTh. Ilpu ABMKEHHH 0OpaTHO 3HAYEHUS
yKa3aTeliell BOCCTaHABIMUBAIOTCS. [lOMOTHUTENBHBIN OUT WHPOPMAIIMU CITYKHUTIUIS TOTO, YTOOBI
3allOMHUTb, KAaKOW M3 JBYX YyKasaTeJled -— JIEBBIM WM IPaBblii — UCIOJIb3YETCS A
BPEMEHHOT'O COXPaHEHHSI CChUIKH Ha POJUTEIbCKUAN Y3eIl.

.

- processed

=~ gurrent

Puc. 6. O6xox nepeBa ¢ UCIOJIb30BAaHUEM BHYTPEHHUX YKa3aTeseu

Ha puc. 6 nuzo0pakeHa cuTyaiusi, Korja B IByX y3iax jaepeBa - A u C - 1moJisi, B KOTOPbIX
B HOPMaJbHOM COCTOSHUH 3alliCaHbl yKa3aTeNW Ha IPaBOe€ TOAJEPEBO, WCIOIB3YIOTCS IS
XpaHEHHS CChUIOK Ha POJUTEIBCKHUH y3ell.

public class Tree {

* OnpeneneHue y3ia BKIIOYAeT JONOTHUTENbHEIN OuT flag

staticclass Node {

public Object item; // conepxumoe y3na

public boolean flag = false; // paaxok ams 06xoma

public Node left = null; / ykazarens Ha JieBo€ MOAAEPEBO

public Node right = null; / yka3zatens Ha mpaBoe MoaaepeBo

/ | Korctpykrop y3na

public Node(Object item) {

this, item = item;

}

Node root = null; // kopens nepeBa

void traverseWithInversion (Visitor visitor) {

node processed = null; // ykazarens BBepx 1o aepeBy

node current = root; // ykazarenb Ha TEKYILYIO BEpIIUHY

bool down = true; // HanpaBieHNE TBUKEHUS

// Hukn 06xo0/1a y3710B 3aKOHYUTCS,

// Kora MpH IBUKEHUH BBEPX

// OKaXKeTCsl, UTO YK€ BCE Y3JIbl PO IeHBI

while (down || processed !'= NULL) {



if (down) {

if (current ==null) {

// MeHsieM HanpaBlieHUE JIBHKECHUS

down = false;

}else {

// CrryckaeMcsi BHU3 110 ICPEBY Ha OJIUH IIar
node *W = current->left;

current->left = processed;

processed = current;

current = w;

ks

}else {
if (processed.flag) {

// BoccTaHaBinMBaeM yKaszaTellb U
//mpoaBUTaeMcs BBEpX MO JAEPEBY
Processed->flag = false;

node *w = processed->right;
processed->right = current;

current = processed,;

processed = w;

}else {

// TlocemiaeM BepLIMHY MPU MEPEX0e
// A3 IEBOTO TOJ/IEpEeBa B IIPABOE
printf(“%c”,processed->key);

// Tlepexoaum K 00pabOTKe MPaBOTO MOAIEpEBa
node *W = processed->right;
processed->flag = true;
processed->right = processed->left;
processed->left = current;

current = W,
// CHOBa nBUTaeMCs BHU3
down = true;

IMopsiiok BbINOJIHEHUS PA0OTHI

O3HAKOMHTBCS C TEOPETUICCKUMHU CBEICHUSIMH.

[TonyuuTh BapuaHT 3a/1aHUS Y IPETIOAaBATEIS.

BrImoHUTE 3a/1aHue: HamUcaTh IporpaMMy Ha si3bike C++.
[TpoeMOHCTPUPOBATH BBIMTOJHEHHE PAOOTHI MTPEITOIaBATETIO.
OdopMuTh OTUET.

3ammTUTH 1a00PaTOPHYIO padoTy.

ogakrwdE

TpebdoBanust K 0(p)OpMIICHUIO OTHYETA

Otuer o nmabopaTopHoil paboTe AOIKEH COepKaTh CIEeIyIONUe pa3aesbl:
THUTYJIbHBIN JIUCT;

11e1b paboTHI,

3a/laHne Ha TabOpaTOPHYIO padoTy;

XOJI paboTHI;

OTBETHI Ha KOHTPOJILHBIE BOIIPOCHI;

BBIBOJIBI 110 TIPOJICTIaHHOM paboTe.



BapuanTsl 3a1aHui

1.

10.

Peanuzyiite Ha s3blke nporpammupoBaHuss C++ 1epeBO ILENbIX YHUCET,
nobasnenne W ypaneHnwe auctheB. Cosnmaiite mporenypy o0xoma aepeBa «B
IYyOUHY».

Peanusyiite Ha s3pike nporpammupoBaHusi C++ aepeBO LEIBIX YHCE,
nobamieHue U ynaieHwe nucThbeB. Co3maiiTe mpoueaypy oOxoja aepeBa «B
IPUHYY.

Peanusyiite Ha s3bike mporpamMmupoBanust C++ 1epeBO UENbIX 4YHCel,
nobasneHue u yaaneHue aucteeB. Co3naiiTe mporeaypy Noucka 3Ha4eHusl.
CozpaiiTe nporenypy NoCTpoeHuUs: OMHAPHOTO JIepeBa Ha OCHOBE HE OMHApPHOTO.
S3p1k nporpammupoBanus C++.

Peanusyiite Ha s3bike mporpamMmupoBanust C++ 1epeBO UENbIX 4YHCel,
nobasneHue u yaaneHue aucteeB. Co3naiite mporeaypy Noucka 3Ha4eHusl.
Peanusyiite Ha s3bike mporpamMmupoBanus C++ 1epeBO LENbIX YHUCEll,
nobasnenne W ypaneHue auctheB. Cosnmaiite mporenypy o0xoma aepeBa «B
UIUPUHYY.

Peamusyiite Ha s3pike nporpamMupoBaHus C++ JepeBO HEIBIX  YHCE,
noOaBieHne U ynaienwe nuctheB. Co3maiiTe mpoueaypy o0xoja aepeBa «B
TITyOUHY».

Peanusyiite Ha s3bike mporpammupoBanusi C++ [epeBO UENbIX 4YHCel,
nobapiieHne W ypaneHwe JuctheB. CoznmaiiTe mporeaypy o0xoma jaepeBa «B
UIUPUHYY.

Peamusyiite Ha s3pike nporpamMupoBaHus C++ aepeBO HEIBIX YHCE,
no0aBjeHue U ynanenue JuctbeB. Co3naiTe npolenypy moucka 3HauYeHUsI.
Co3paiiTe mpoueaypy MOCTPOCHUsT OMHAPHOTO JIepeBa Ha OCHOBE HE OMHApPHOTO.
Peanusyiite Ha s13bIKe iporpammupoBanus C++.

KoHnTposbHbIe BONPOCHI

1.

2.
3.
4

oo

Uro Takoe nepeBo?

Kakwue ectb criocoObl 3a1aHusi OWHAPHBIX JE€PEBHEB?

Kaxkue ectb criocoObI 3a1aHust He OMHAPHBIX JIEPEBHEB?

Kaxue Buapl 06xoaa Bel 3HaeTe? B uem pasHUIa MEXTY 00XOJOM «CBEPXY BHHU3
U «CHHU3Y BBEpPX»?

OnummMre OCHOBHBIE MIPUHIIUITBI 00X0a «B TTTyOUHY».

Onuimnre OCHOBHBIE MMPUHIMUIIBI 06xoz1a «B INUPHUHY».



JlabopaTtopHnasi pab6ora Ne 5
CTPYKTYPA JAHHbBIX MHOKECTBO

Heab padorei: O3HAKOMUTCS C MPEACTABICHUEM JAHHBIX B BUAE MHOXECTB. M3yuuTh
OCHOBHBIE AJITOPUTMBI PaOOThI CO MHOXKECTBAMM. .

Kparkue Teopernuyeckue cBeeHHsA

MHO0eCTBO — 3TO COCTaBHOM OOBEKT, KOTOPBIM COAEPKUT KOMIIOHEHTHI OHOTO U TOTO
ke kiacca. Hax MHOKECTBOM, B OTJIMYME OT MacCHBA, ONPEIEIIEHbl COBCEM APYTUe OIEpaluu.
Bo MHOXecTBe mOpAAOK 3/1eMEHTOB HecymecTBeH. OCHOBHas omepaius — IpoBepKa
IPUHAUICKHOCTH 3JIEMEHTa MHOXKECTBY. Jlpyrue omepauun — oObEIUHEHUE, IEpPECEUCHHUE,
no0aBlIeHUE HJIEMEHTA, MOLTHOCTh MHOXkeCTBA. D¢ (EeKTUBHAS peannu3alus MHOKECTBA OOBIYHO
[0JIpa3yMeBacT TaKOE€ €ro IpeJCTaBICHHUE, IIPU KOTOPOM 3JIEMEHThl MHOYKECTBA HE XpaHATCH,
BMECTO 3TOIO XPaHUTCS MHPOpPMALUA O TOM, COAEPKUTCS JIM 3JIEMEHT BO MHOXKECTBE. JTO
BO3MOXXHO, KOTJa D3JEMEHTbl MHOXECTBa JOCTaTOYHO IPOCTHI, a MAaKCHUMaJbHOE YHCIIO
3JIEMEHTOB MHOJKECTBA HE BEJIMKO. Torja MOKHO MPHUCYTCTBHE KaXKJAOT0 M3 BO3MOXKHBIX
AJIIEMEHTOB MHOKECTBAa KOAMPOBaTh OoJHUM OuToM. Hampumep, 1 — s1eMeHT NpUHAATIEKUT
MHOXecTBY, 0 — He nmpuHaIe)KuT. Hanbosee 4acTo UCIONB3YyeTCs MHOXKECTBO LIEIBIX YHCEN U3
HEKOTOPOro0 JMana3oHa U MHOYKECTBO CHUMBOJIOB M3 HEKOTOpOro Habopa cumBoioB. /[l
IPECTaBICHNS MHOKECTBA MOKHO C(POPMHUPOBATH OUTOBYIO IIKATY, KaX/IbIi 3JIEMEHT KOTOPOM
OIIpEJIETISIET, COJACPIKUTCS JIM BO MHOXKECTBE HEKOTOPBIH y1eMeHT. Takas OuToBas mkana Oyner
COJIepXKAaTh CTOJILKO OMTOB, CKOJIBKO JIEMEHTOB COJEPKUTCS B YHUBEPCAILHOM MHOXECTBE IS
JAHHOTO IIPOEKTa WU 3aJ1a4H.

1|ojojojolo]1]o|of1{olojo|o]t
171711119876543210
543210
cnoso 0 1{1{1{0|1j0[0[0}0]0]0{0;1{0|O[O
1111119876543210
543210
cnoso 1 [oofofo]o]ofofo]o]ofo]ojo]ojof1)
1111119876543210
543210
cnoso 2

Puc 1. IlpencraBnenne MHOXKECTBA B BBUIE OUTOBOM IITKAJIBI.

JIuctunr 1. Onpenenenue kinacca Set/

[[=mmm————= daitn set.h

class Set {
int minElem; // MMHMMAJIBHEDT SJIEMEHT IMarnasoHa
int maxElem; // MaKCUMANBHEIA BJIEMEHT OMarnas3oHa
WORD *elems; // 6uToBas wkana

int numWords; // myMHa wKaJmE (B CJIOBax)

friend const Set & operator | (const Set & sl, const Set & s2);
friend const Set & operator & (const Set & sl, const Set & s2);
friend const Set & operator - (const Set & sl, const Set & s2);
friend const Set & operator - (const Set & s);

public:

// KoHcTpyxTOop
Set (int min = 0, int max = 255);



// KOHCTPYKTOP KONMUPOBAHUS
Set (const Set & s);

// IecTpykTop
~Set () { delete[] elems; }

// TIpOBEepKa NPMHAIJIEKHOCTM 3SJIEMEHTa MHOXECTBY
bool has(int n) const;

// IlobaBjieHMe 3JIEMEHTa B MHOXECTBO
Set & operator |= (int n);

// DoBaBieHne MHOXEeCTBa B MHOXECTBO (OBBEeIVMHEHME)
Set & operator |= (const Set & other);

// TlepeceueHye MHOXECTBA C MHOXECTBOM
Set & operator &= (const Set & other);

// YnajieHue 3JIEMEHTa U3 MHOXECTBa
Set & operator -= (int n);

// YnajieHue MHOXeCTBa U3 MHOXECTBA (BHMMUTAHME MHOXECTB)
Set & operator -= (const Set & other);

// OBpaumenne (HaXOXOEHUE HNOMNOJHEHUS) MHOXECTBa
Set & inverse();

e daitn set.cpp - - - -
#include <stdexcept>
#include "set.h"

// KOHCTPYKTOp
Set::Set (int min, int max) {
// obecneuym min < max
if (min > max) {
minElem = max;
maxElem = min;
} else {
minElem = min;
maxElem = max;
}
int num = maxElem - minElem + 1; // KomM4ecTBO GUTOB
numWords = (num + 15) >> 4; // KOJIMUECTBO CJIOB
elems = new WORD[numWords];

// VHuMuMaimsaumMs MyCTOTO MHOXECTBA
for (int i = 0; i < numWords; i++) elems([i] = O;

// KOHCTPYKTOp KONMPOBAaHMSI
Set::Set (const Set & s) {

minElem = s.minElem;

maxElem = s.maxElem;

elems = new WORD [numWords = s.numWords];
0; 1 < numWords; i++) |

for (int i

elems[i] s.elems[i];



// TlpoBepKa NPUHAIUIEXHOCTM 3JIEMEHTa MHOXECTBY
bool Set::has(int n) const {
if (n > maxElem || n < minElem)
return false; // 3JIeMeHT HaxomMTCS 3a NpeleslaMyM IPaHul MHOXECTBa
int bit = n - minElem;

return (elems[bit >> 4] & (1 << (bit & 15))) != 0;

// IobGaBiieHue 3JIeMEHTa B MHOXECTBO
Set & Set::operator |= (int n) {
if (n <= maxElem && n >= minElem) {
int bit = n - minElem;
elems [bit >> 4] |= (1 << (bit & 15));
} else {
throw out of range("Cannot add an element: it is out of range");

}
return *this;

// IobGaBiieHye 3JIEMEHTOB IPyTOI'0 MHOXECTBA B IaHHOe (oOBeInvHeHue)

Set & Set::operator |= (const Set & other) ({
if (other.minElem != minElem || other.maxElem != maxElem) {

throw out of range("Sets incomparable");
}

for (int i = 0; 1 < numWords; i++) {
elems([i] |= other.elems[i];
}
return *this;
}
// TlepeceueHye MHOXECTBa C IOPYTMM MHOKECTBOM
Set & Set::operator &= (const Set & other) ({
if (other.minElem != minElem || other.maxElem != maxElem) {
throw out_of_range("Sets incomparable");

}
for (int i = 0; i < numWords; i++) {

elems([i] &= other.elems[i];

}
return *this;

// YoajneHue syeMEHTa U3 MHOKECTBA
Set & Set::operator -= (int n) {
if (n <= maxElem && n >= minElem) {
int bit = n - minElem;
elems[bit >> 4] &= ~(1 << (bit & 15));
}
return *this;
}
// YoaneHue SIEMEHTOB IPYyroro MHOXECTBA M3 OAHHOTO (BEHUMTAHME)
Set & Set::operator -= (const Set & other) ({
if (other.minElem != minElem || other.maxElem != maxElem) {
throw out_of range("Sets incomparable");
}
for (int i = 0; i < numWords; i++) {
elems[i] &= ~other.elems[i];
}
return *this;



// OOpamenne (HaXOXOEHME NOMNOJHEHMA) MHOXECTBA
Set & Set::inverse() {
for (int i = 0; i < numWords; i++) {

elems[i] = ~elems[i];

return *this;

// O6bemMHeHMe MHOXECTB
const Set & operator | (const Set & sl, const Set & s2) {
return Set (sl) |= s2;

}

// TlepeceueHne MHOXKECTB
const Set & operator & (const Set & sl, const Set & s2) {

return Set (sl) &= s2;

// BuuMTaHUME MHOXECTB
const Set & operator - (const Set & sl, const Set & s2) ({

return Set (sl) -= s2;

// IlononHeHue MHOXECTBa OO YHMBEPCAJILHOTO
const Set & operator - (const Set & s) {

return Set (s).inverse();

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI

oakrwdE

O3HAaKOMHTBCS C TEOPETUICCKUMH CBEICHUSMH.

[TonyuwnTh BapuaHT 3a/1aHuUs Y MPETIOAaBATENS.

BrImonHUTE 3a/1aHue; HamUCcaTh IpOrpaMMy Ha si3bike C++.
[TpogeMOHCTPUPOBATH BBIMTOJHEHHE PA0OTHI MTPEITOIaBATEITIO.
OdopMuUTh OTUET.

3alMUTUTH J1a00PaTOPHYIO padoTy.

TpedoBanus k opopmiieHHI0 OTHETA

Otuer o nmabopaTopHOI paboTe JOIKEH COIEPKaTh CIeyIOIIUe pa3/iesbl:
THUTYJIbHBIN JIUCT;

11e1b paboTHI;

3a/laHKe Ha TaOOpaTOPHYIO padoTy;

OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI;

BBIBO/JIbI 110 IIPOJIENIaHHON padoTe.

BapuanTsl 3a1aHui
Peanu3yiite kimacc MHOXecTBO. Peanusyiite Bce HEOOXOaUMBbIE METONBI JJIsl BapHaHTa

3aaHus.

1.

2.

M3BecTHBI copTa po3, BBIPAIIMBAEMBIX TpPEMs IIBETOBOAAMM: «AHXKEIUKay,
«Buxrtopusi», «larapun», «Ave Marian, «Kartapuna», «tO06unelinas».
Onpenenuts T€ cOpTa, KOTOPHIE UMEIOTCS Y KaXJI0T0 M3 LIBETOBOAOB, KOTOPBIE
€CTb XOTS OBl Y OAHOrO M3 MNBETOBOAOB, KOTOPBIX HET HU Yy OJHOI'0 U3
L[BETOBOJIOB.

3aJIaHI)I HUMCHA ICBOYECK. OHpe)IeJ'II/ITI), KaKH€ U3 3TUX MMCH BCTPCHAIOTCA BO BCEX
KJIaccax JaHHOMW Mapajuiesiy, KOTOPbIE ECTh TOJIBKO B HEKOTOPBIX KJlaccaxX U Kakue
U3 3TUX UMEH HE BCTPEYAIOTCSI HU B OTHOM KJIacce.



NmeeTcst ciucok kiacca (Bce MMeHa pasiinyHbl). OnpenenuTs, €cTh JU B Kilacce
YeJI0BEeK, KOTOPbIN MOOBIBAT B TOCTAX Yy BeeX. (11 Kaaoro yuyeHMKa COCTaBUTh
MHOYKECTBO MOOBIBABIINX Y HETO B TOCTAX APY3€i, CaM yYEHHK B 3TO MHOXKECTBO
HE BXOJIHT.)
HmeeTcsi MHOXKECTBO, COJEpXkalllee HaTypaJlbHbIE 4YHCJIa U3 HEKOTOpOro
nuana3ona. ChopMupoBaTh 1Ba MHOXECTBA, MEPBOE U3 KOTOPBIX COJIEPIKUT BCE
IIPOCTBIE YKCIIA U3 JAHHOI'O MHOKECTBA, @ BTOPOE — BCE COCTaBHBIE.
M3BecTHBI MapKu MalllH, U3TOTOBJICHHBIE B JaHHOW CTpaHe U UMIOPTUPYEMbIE
3a pyoex. [lanbl Hekotopeie N ctpan. OnpenenuTs Ui KaKI0H U3 MapoK, Kakue
U3 HUX ObLIH:

* JIOCTaBJIEHBI BO BCE CTPaHbL;

* JIOCTaBJICHBI B HEKOTOPHIE U3 CTPAH;

* HE JOCTaBJICHBI HU B OJHY CTPaHYy.
B o3epe BomutTcs Heckonbko BHIOB pbi0. Tpu pbldaka mnoiimanu pbIo,
IIPEICTABIISIONINX HEKOTOPBIE U3 UMEIOUINXCS BUIOB. OIpeneanTh:

* Kakue BUJBI PbIO €CTh Y KaXKA0Tr0 phlOaKa;

* Kakwue pbIObI €CTh B 03€pe, HO HET HU Y OJIHOTO U3 PHIOAKOB.
CocTaBuTh IporpamMmy, KOTOpasi BHIYUCISET CYMMY TE€X AJIEMEHTOB JABYMEPHOIO
MaccHuBa, HOMEpa CTPOK M CTOJIOIIOB KOTOPBIX HpHYaJIe’KaT COOTBETCTBEHHO
HEIYCThIM MHOKECTBAM S1 U Sj.
3amaHo HEKOTOpOoe MHOXKeCTBO M u MHOxkecTBO | Toro ke tuna. [logcuurars,
CKOJIbKO 3J1eMeHTOB 13 MHOXecTB T u M coBmajaer.
W3 nuana3oHa LenbIX YUCEN M ... 11 BBIACIUTH!

® MHOKECTBO YHCEJI, JeNsIuXcs 0e3 ocTarka Wiu Ha K;
® MHOKECTBO YHCEJI, JeNSIIUXCs Ha K-1 6e3 ocTaTka.

10. Jan TexcT U3 nudp U CTPOUYHBIX JATHHCKUAX OYKB, 32 KOTOPBIMH CJIEIYET TOYKA.

OHpe,Z[eJ'II/ITB, KaKHuXx 6YKB — I'JIACHBIX WIIM COIVIACHBIX — OOJIBIIIE B 3TOM TEKCTE.

KoHnTpoJsbHbIe BONPOCHI

1.
2.
3.

Yro Takoe MHOKECTBO?

Kakue ecTb criocoObl 3aJjaHUs MHOXKeCTBa?

Kaxue ocHoBHBIE omnepaiuu Haja MHOxecTBamMu Bol 3Haere? Ilpuseaure npumep
peanu3anuy OJHOU U3 HUX.



JlabopaTtopHasi pa6ora Ne 6
KPUIITOI'PA®UA

Lesan padoTbl: O3HAKOMUTHCS ¢ METOAaMHU KPUNITOTpaduu.

Kparkue Teopernueckue cBeeHHs

Kpunrorpadguss — 3T0 HccienoBaHue METOAOB O€30MacHOM mepenadn HWHGOpMAIHH,
KOTOpas MOTEHLUAIBHO MOXXET OBITh IepexBaueHa 3j0yMbllluIeHHMKamMu. Ha paHHuX sTamax
pa3BUTHs KpUNTOTrpadus MpeacTaBisuia cOO0H OOBIYHYIO MMCbMEHHOCTH; OHa padoTana mo Tou
IPOCTOH MPUUYMHE, YTO HEMHOTHE TOTJja, Ha 3ape LUBWIN3ALUH, YMEIH YuTaTh. [1o3xke B 00uxos
BOIIUIM CTIeMANbHbIEC all(haBUTHI, U3BECTHBIE TOJIBKO OTIPABUTEIIO U IMONydyaresto. B onqHoM u3
caMbIX paHHMX 00pa3loB 3TOro BUAA KpunTorpaduu HCIOJIB30BAINCh HECTaHJApTHBIE
uepornudsel, Beiceyennblie B rpodHunax (Erumner, 1900 r. mo H. 3.).

3amava mu@poBaHUs — cenaTh TakK, YTOObI OTIPAaBUTEIb MOT IOCIAaTh COOOLIEHHE
MOJy4YaTen0, a TPEeThsl CTOPOHA, KOTOPYIO OOBIYHO 30BYT 3JIOYMBIIUICHHUKOM WA
nepexBaTYMKOM, HE MOTJia JaHHOe cooOlieHne nmoHaTh. [Ipennonaraercs, 4To 3710yMBIIUIEHHUK
B JIIOOOM CiIy4ae MepexBaTHT JaHHBIE, TIOATOMY IOMENIaTh €My UX HMPOYUTATh MOXKET TOJIBKO
mudpoBaHue.

PacimdpoBanHoe cOOOIICHHE HA3BIBAIOT OTKPBITBIM TEKCTOM, a 3amu(poBaHHOE —
kpunrorpaMMmoil. IIpouecc npeBpaileHHs OTKPBITONO TEKCTAa B KPUIITOIpaMMy HMMEHYETCs
mmdpoBaHueM, WIM KOJUPOBaHHEM. BOCCTaHOBIIEHHE OTKPBITOTO TEKCTa M3 KPUITOIPAMMBbI
Ha3bIBaeTCs JeIn(pOBaHUEM, WIN AEKOAUPOBAHUEM.

@®opmanpHO MmHUGpP — Tapa aIrOpUTMOB IS IMHUGPPOBaHHS U JemU(POBAHUS
cooOmennii. Kpunroananus — 3TO HCCIIEIOBaHUE 3JIOYMBIIUIEHHHKOM METOJIOB B3JOMa
mmdpoBaHus.

IlepectanoBounble mudpsl. B nepecranoBoyHoM mugpe OYKBBI OTKPHITOIO TEKCTa
MEHSIOTCS MECTaMU KakKMM-TO OIPEIEIEHHbIM 00pa3oM, pe3yJbTaTOM 4Yero sBISETCS
KpunrorpaMMa. YroObl HpouuTaTh COOOIIEHHE, MoJydaTedb BO3BpallaeT OyKBbI Ha HX
UCXOJHbIE TO3UIMH. Takue mMHU@pPbl YACTUYHO MOJararTcs Ha OE30MaCHOCTh Yepe3 HESICHOCTH,
€CJIM 3JI0yMBIUUIEHHUK HE 3HAeT, KAaKOM HMMEHHO METOJ| IEPECTaHOBKH HCIOIb3YETCH.
BonbIIMHCTBO M3 3TUX METOAMK, TIOMUMO IPOYET0, MPEAOCTABISIIOT K04, KOTOPBI HECEeT B
ceOe ompezeneHHy0 MH(opMaluio o nepectaHoBke. Hampumep, nepecTaHoBOYHBIN mH(p 1O
CTpOKaM/CToJIOaM, ONMCAHHBIH B CIEAYIOIIEM MOJApa3/ese, UCHOJIb3yeT B KayecTBe KIroua
KOJINYECTBO CTONOIOB. OJHAKO TaKHe KJIIOYM OOBIYHO JIOMYCKAarOT JOCTATOYHO OrpaHHMYEHHOE
YHUCIIO 3HAU€HUI, MO3TOMY MX HECJOXKHO Moao0paTh M B3JOMaTh TEM CaMbIM HIM(POBaHUE,
0COOEHHO ecli UCHOJb30BaTh KoMIbioTep. C TakuMU HIM(paMH JOBOJIBHO JIETKO padoTaTh C
MOMOIIBIO KapaHJalia U OyMaru - OHM MOTYT MIpaTh POJIb 3aHATHBIX YINPaKHEHUH (€CIu OHU
Ka)KyTCs BaM CJIMILIKOM IPOCTBIMHU, OMPOOYHTE IPOBOAUTH BHIYUCIICHHS B TOJIOBE).

MapmipytHsle mudpsl. B MapmpyTHOM mugpe OTKphITHIM TEKCT 3alUChIBAETCS B MACCUB
(U ymopsA0YMBaETCsl KAKUM-TO IPYTMM CIIOCOOOM) M 3aT€M CUMTBHIBAETCS U3 HETO B MOPSJIKE,
KOTOPBIN ONPENEIAeTCss KOHKPETHBIM MapUIPyTOM.

udpe moacraHoBkU. B mmdpax moacTaHOBKH OyKBbI OTKPBITOTO TEKCTa 3aMEHSIOTCS
JIPYTUMH.

Cxema OJHOPA30BBIX OJIOKHOTOB — 3TO HEKas pa3HOBUAHOCTH wmudpa Buxkenepa, B
KOTOPOH KJII0YW MMEET Ty e JJIHUHY, 4TO M cooOuieHne. COBUT MPHCBaUBaeTCs KaxJI0i OykBe
OTJIENbHO, IOITOMY JIJISl €0 MOMCKA HeNb3s UCIO0Ib30BaTh YaCTOTHBIN aHAIN3 KPUITOIPAMMBI.

bnounsie mmdpel. B 010unom mmdpe coobiienue pa3duBaercss Ha OJOKH, KOTOpBIE
3aTeM OTHEIbHO MHUPPYIOTCS U 00BEAUHSIOTCS B KpuntorpamMmy. Bo MHOTHX 65104HBIX MG pax
KOJIMPOBAaHUE BBHIMOIHACTCS MyTeM MHOTOKPAaTHOM TpaHchopMmanmu JaHHBIX. TpaHchopmanus
JOJKHA OBITh OOpaTMMOM, 4YTOOBI MO3KE KPUIITOIpaMMy MOXKHO ObLIO pacmudpoBath.
Pa30Ouenne Tekcrta Ha OJMHAKOBBIE OJIOKH MO3BOJSET MPEAYCMOTPETh M3MEHEHHs (parMeHTOB
omnpeneneHHoN auHbL. [loe3Hoe CBOWCTBO OJOYHBIX MU(POB 3aKIIOYAETCS B TOM, YTO OHU



MO3BOJISIOT KPHUNTOrpauyeckoMy MPOrpaMMHOMY OOecCIe4eHUI0 paboTaTh ¢ OTHOCHTEIBHO
HeOospIIMMHU (pparmMeHTamMu Tekcra. llpeacraBbTe, HampuMep, YTO BaM HYXKHO 3alIM(poBaTh
OYCHb JUIMHHOE COOOIIEHHE pa3MepoM, CKaXeM, B HECKOJIbKO TrurabaiitoB. Ecnu ucnonb3oBath
mudp ¢ nepecTaHoBKOH MO cToa0LaM, MporpaMMme MPHUIETCs MEePEXOJUTh B Pa3HbIE YYacCTKH
COOOIICHUS B MAMATH. DTO MOXKET NPUBECTH K COPACHIBAHHMIO JAHHBIX B (Dailyl MOJKAYKH, YTO
CYLIECTBEHHO 3aMeuIUT padoty. biaounsril mudp Bener ceds nnade. OH MOXKET aHAIM3UPOBATh
COOOIllEHHE IO YacTsM, KOTOpbIE JIETKO IIOMEUIaroTcss B namsaTu. Jlaxe eciau mporpamme
HPUIETCS MCIIOJIb30BaTh (hailyl MOJKAUYKH, KaXKbIH (parMeHT cooOIIeHus OyaeT 3arpyxarbcs B
aMsATh BCETO OJUH pa3.

[udp Deticrens. B mmdppe Deiictens, Ha3BaHHOM B 4YecTh Kpunrtorpada Xopcra
Oeiicrens, cooOIIeHNE pa30uBaeTCs MOTOoJIaM Ha JIEBYIO U MpaBylo yactu — Lo u Ro. K npaBoii
YacTU NpuUMeHsieTcss (DYHKIMS, U IOJIY4YEHHBIH pe3ylbTaT COBMEINAETCS C JIEBOW 4YacThIO C
nomompio omnepaund XOR. 3atrem 3T aBa (parmMeHTa MEHSIOTCS MECTaMH M IPOIecC
HOBTOPSIETCSI ONPEAETICHHOE KOJIMYECTBO PayHI0B.

[udpoBanue ¢ OTKPbITHIM KiMouoM U RSA. B mmdpoBanuu ¢ OTKPHITEIM KIHOYOM
UCIOJIb3YeTCsl JIBa OTIENIbHBIX KJIH0Ya — OTKPBITBIA U 3aKpBITBIA. OTKPBITHII Kit0OU OOBIYHO
MyOJUKYeTCs, OATOMY €r0 MOXKET Y3HATh KTO YTOAHO (BKJIIOYAs 3JI0YMBIIIJICHHUKA). 3aKPBITHIN
KJII0Y M3BECTEH TOJNbKO IMonyyarento. OTHIpaBUTENb MCIOAb3YEeT OTKPBITBIM KIIIOY JJIs
mupoBaHUsl COOOIICHUS M TepeaaeT pe3yinbraT mnoirydateno. OmHako pacmmdpoBath €ro
MOYKHO TOJIBKO € TIOMOIIBIO 3aKPBITOIO KJIHOYA.

B npyrux Tumax mudpoBaHHS JUISI KOIUPOBAaHHMS M JIEKOJWPOBAHHS COOOIICHUS
UCIIOJIb3YEeTCsl O/IMH U TOT K€ KJIIOY, [I0ATOMY UX HA3bIBAIOT CUMMETPUUHBIMU. OJTHUM U3 CaMbIX
M3BECTHBIX AJITOPUTMOB IU(POBAHUS C OTKPBITHIM KIIIOUOM siBisieTcss RSA, Ha3BaHHbBIN B UeCTh
TeX, KTO BIlepBbIe ero onucain: Ponansna Pusecra, Anu lllamupa u Jleonapaa Apemana.

udposas moanmuch — 3T0 KpUNTOrpadUIECKHii HHCTPYMEHT, YeM-TO HAIIOMHHAIOIIHIA
Kpunrorpadguueckoe xemupoBaHue. Eciau Bbl XOTHTE JOKa3aTh, YTO KaKOW-TO KOHKPETHBIH
JOKYMEHT HalucaH BaMM, €ro HYXHO mnoanucarb. [lozxe MOXHO OyJneT NnpoBepUTh
NOJJIMHHOCTh Bamied noanucu. EciM KTO-TO Opyrodl M3MEHHUT JOKYMEHT, OH HE CMOXKET
MOJMHUCATh €0 OT BAIllEr0 UMEHHU.

OObIuHO cucTeMa HM(POBBIX MOJNUCENH COCTOUT U3 TPEX YACTEH:

__ aJITOPUTM F€HEPUPOBAHUSI 3aKPBITHIX U OTKPBITHIX KIIIOYEH;

__ QJITOPUTM, KOTOPBIH MOANUCHIBAET JOKYMEHT C IIOMOIIBIO 3aKPBITOTO KIIOYA;

_ JITrOpUTM, IPOBEPSAIOLIUN MOJJUHHOCTh Balllel MOAMHMCH C MOMOIIbIO OTKPBITOTO
KJIIOYa.

[udposas moanuch B HEKOTOPOM CMBICIIE SBJSETCS IPOTUBOIOJIOKHOM 110 OTHOLIECHUIO
K cucteMe HM(POBaHUSA C 3aKpBITBIM Kito4oM. CooOlieHre MOKeT ObITh 3alu(poBaHO C
MOMOIIbIO OTKPBITOTO KJIIOUa JIFOOBIM YMCIOM OTIIpaBUTENEH, HO pacmiudpoBaTh €ro CyMeeT
TOJBKO OJMH W3 IMoJlyyaTenei, oOnajaromuii 3akpbeITBIM KiO4oM. B cucreme nudpoBbix
noJAnucedl cooOleHNe MOAMKMCHIBAETCS OTIpPaBUTENIEM C IOMOIIBIO 3aKpBITOro Kio4a, a
OTKPBITBHINA KJIHOY, TO3BOJISIONIUI TPOBEPUTH €r0 MOJUIMHHOCTD, TOCTYIIEH JIFOOOMY KOJIMYECTBY
MOJTy4YaTesen.

IHopsaoK BbINIOJIHEHHS PA0OTHI

O3HaKOMUTBCS C TEOPETUUECKUMU CBEICHUSIMHU.

[TonyunTh BapHaHT 3a/1aHus y penoaBaTes.

BeinonHuTh 3a1aHKe: HanucaTh Nporpammy Ha si3pike C++.
[IponemMoHCTpHpOBaTh BHINOJIHEHHE PA0OTHI IPEO1aBaATENIO.
OdopMuTh OTUET.

3ammTUTH 1a00PaTOPHYIO padoTy.

ogakrwdE

TpebdoBanusi K 0(p)OpMIICHUIO OTHYETA
Ot4er o 1abopaTopHOit paboTe AOKEH COMEPKATh CICAYIOIINE Pa3AeTIbl:



TUTYJIbHBIN JIUCT;

11e7b PabOoTHI;

3aJlaHue Ha Jab0paToOpHYyIo padoTy;

X0J1 paboTHI;

OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI (MII OTBETUTH YCTHO);
BBIBO/IbI 110 MPOJIEIaHHON padoTe.

BapuanTbl 3a1anui

1.

2.

10.

Hanumure nporpammy, kotopas muppyer u pacmm@poBBIBaeT COOOLICHHS C
IIOMOIIBIO IEPECTAHOBOYHOI'O MU (Pa MO CTPOKAM/CTOJIOIAM.

Hanumure nporpammy, kotopas mudpyer u pacum@poBBIBACT COOOMIEHHS C
IIOMOIIBIO IEPECTAHOBOYHOI'O MU (pa MO CTOIO0LAM.

Hanumure mporpaMmy, koTopas moJoOHa MmU(pPy NEpeCcTaHOBKU CTOJIOILOB, UYTO
MEHSIET MECTaMH HE TOJIBKO CTOJOLbI, HO U CTPOKHU.

Hanumure nporpammy, KoTopas ucnois3yer mmdp Buxenepa mia mudpoBanus u
pacu@poBbiBaHUs cooOleHuid. Pacnmdpyiite ¢ ee momouipl0 KpuUOTOrpammy
VDOKR RVVZK OTUIl MNUUV RGFQK TOGNX VHOPG RPEVW VZYYO
WKMOC ZMBR, npumenus k104 VIGENERE.

Hanumure nporpammy, KOTOpas HCHOJNB3YET IMCEBAOCIYYaWHbIA OJIHOPA30BBIN
6s0kHOT. Ilpu 3amycke oHa JOHKHA FreHEPUPOBaTh OJIOKHOT C MOMOIIbIO F'eHepaTopa
NICEBAOCIYYaliHbIX Yncen (He MyTaTh ¢ FeHepaToOpoM cilydaiHbIX yucen). [Iporpamma
JIOJDKHA CIIEAUTh 3a TeM, KakKhe CHUMBOJBI HCIOJNB3YIOTCS NpU IU(GPOBAHUM U
pacupoBBIBAHUH COOOIICHUN.

Hanummre nporpammy, 4To BBIBOAUT YacTOTy, C KOTOPOW OyKBBbI BCTpEUYaroTCs B
coobieHnu. OTcopTUpyiTE pe3yapTaT MO KOJIMYECTBY BXOKJIEHUN U BBIBEIUTE IS
KaX/10i1 OYKBBI CIIBUT' OTHOCUTENBHO E.

Hanumure mnporpammy s oOMeHa COOOIIEHUSIMH C JPYTUM YEJIOBEKOM C
MOMOIIBIO OOJIBIIOTO OJJHOPA30BOr0 OJIOKHOTA.

Hanumwure nporpammy, koTopas mudpyer U pacmindpoBbIBa€T COOOIIEHUS C
HOMOIIBIO 6JI0YHOTO MHUdpa.

Hanumwure nporpammy, koTopas mudpyer U pacimiudpoBbIBa€T COOOIIEHUS C
MOMOIIBIO0 MapHIPyTHOTO MHupa.

Hanumwure nporpammy, koTopas mudpyer U paciiupoBbIBa€T COOOIIEHUS C
MOMOIIBIO IEPECTAHOBOYHOT'O MU (pa MO CTPOKAM/CTOJIOIAM.

KonTpoJsbHbIe BONPOCHI

Urto Ttakoe kpunrorpadus?

Yro takoe 6:10uHbINi mmdp?

Yro Takoe MojCTaHOBOYHBIE MIH(PHI, TEPECTAHOBOYHbIE U PHI?
Yro takoe mmdp Llesaps?

Uro Takoe MapuIpyTHbI mudp?

Yro takoe mudp Buxenepa?

Urto Takoe 0AHOPA30BBINA OJIOKHOT?

Yro takoe anroputm RSA?

Ob6nacTi npuMeHeHus Kpunrorpapuu?

CoNOR~WNE



JlabopaTtopHas paGora Ne 7
PEKYPCHUBHBIE AJI'OPUTMbI

Heab padoTbl: O3HAKOMUTBHCS C PEKYPCUBHBIMU aJITOPUTMaMHU.

Kparkue Teopernueckue cBeeHHs

B xoxne pexypcuu metop BbI3bIBaeT caM ce0s. Eciu oH JenaeT 3To HEMOCPEICTBEHHO, TO
pPEKypcHsl Ha3bIBACTCS NpAMOU, €CIHU 4epe3 ApPYrol Meroa — kocgennoti. OHa TAKKE MOXKET
ObITh eOunuunotl (OIHOKPATHBIM BBI3OB) JHOO MHOXMCecmgenHOU (BBI30B OCYHIECTBISETCS
HECKOJIbKO pa3). Ha mepBblil B3MUIA[ NOHATHE KaXXeTCS HECKOIBKO CIOXKHBIM, IOCKOJBKY
YeJIOBEK HE MBICIUT PEKYpCUBHO. TeM He MeHee ecTh 3a/lauM, KOTOpPbIE PEKYPCUBHBI 110 CBOEH
IPUPOJIE, @ UX CTPYKTypa

U pEIIEHUE JETKO OTCIEKHUBAIOTCA C IOMOIIBI0 aNropuT™Ma. TakoBbI, HAIpUMED,
IPOTrpaMMbl, BEICTPAUBAIOLIUE JEPEBbs M IPOBOAALINE 10 HUM Mouck. OjHaKo He Bcerzaa 3To
HaWIy4lIui croco0 penieHus 3ajad, B HEKOTOPBIX CIy4asX OH CHUXKAET NMPOU3BOJUTEIBHOCTh
IPOTPaMMBbl, B CBSI3U C YeM HEOOXOAMMO PACCMOTPETH €I11€ U CIIOCOObI YAAICHUS PEKYPCHU.

B crnenyromux nonpasgenax NPUBOAATCA TPU PEKYPCUBHBIX alllOpUTMa [JJIsl pacdyera
dakTopuana, yucen PuOoHayuyM, a TaKXKe pELIeHUs 3aJauyd O XaHoWckod Oambe. OHu
OTHOCHUTEJIBHO IIPOCTBI, HO PACKPBIBAIOT BaXKHbIE MOHATHSA. HeKkoTOpble alropuT™Mbl UCHOIb3YIOT
pPEeKypcHIo, YTOOBI CO3/1aBaTh CIOXKHbIE rpaduueckue n3odpaxeHus. M XoTs KoA y HUX OYEHb
KOMIIAKTHBIH, HA CAMOM JieJieé OHU HUYYTh HE Mpole 0a30BbIX aIrOPUTMOB.

KpuBas Koxa — xopommuii nmpumep camonodobonozo ¢hpaxmana, tiae 4acTh KPUBOK
HarmoMHuHaeT ee ooy Gopmy. [locTtpoenne Takux (pakTasoB HAYWHACTCSA C UHUYUAMOPA —
y4yacTKa, ONpEENSAIONIero OCHOBHbIE ouepTaHus Oyaymel ¢urypsl. B xoxe pekypcum Bce
MHUIMATOPbl WM HEKOTOpble U3 HHUX Ipeodpas3yrorcs (IIpaBWJIbBHO MAacCIITaOUpPYIOTCH,
IOBOPAYMBAIOTCA U T. J.), NPEBpaIlasACh B CBOEr0 poOJAa ceHepamopwvl, KOTOPbIE 3aTeM
3aMEIIAlOTC HOBBIMH BepcusMU reHepatopoB. IIpocreiimas xpuBas Koxa B KadecTse
MHUIIMATOpa UCIIOb3YET JIMHUIO, KOTOpask Ha Ka)KI0M YPOBHE PEKYpCUH pa30MBaeTCsl Ha YeThIpe
yactu. M3 HUX opmupyrorcs Tpu cermMeHnTta qiuHou B 1/3 ot ucxomuoro orpeska. [lepBas u
YyeTBepTask YaCTH HAXOJAATCS B HalpaBJIeHUM 0a30BOW JIMHUU, BTOpas MmoBopauuBaerca Ha —60°,
TpeThs — Ha 120° (puc. 9.4). Ha cienytomieM ypoBHE peKypcUHU MpOrpaMMma 3aMEeHSIET KaxIbli
CErMEHT B TE€HepaTope HOBOW Komluel reHeparopa. B3risHysB Ha pucyHok 9.5, BbI moiimMere,
1oyeMy KpHBas Ha3bIBaeTCsl CaMOIIOJIOOHOM: €€ YacThb BBIMVIAIUT KaK YMEHBUICHHAs KOMHS
nenoit purypsl. [lycts ptl, pt2, pt3, pt4 u ptS — TouKkH, CBSI3aHHbIE C CETMEHTaMH B FeHEpaTope.
Haueptum xpuByro Koxa ¢ nomMoIIbr0 NpUBEAEHHOTO HUKE IICEBJIOKOIA.

// YeptuMm kpuByto Koxa 3a1aHHOM CIIO’KHOCTH, HAUMHAasi ¢ TOYKH pl

// n mpokJazapIBas paccrosiHue length B HanpaBnenun angle.

DrawKoch(Integer: depth, Point: ptl, Float: angle, Float: length)

If (depth == 0) Then

<YepTHuM CErMeHT.>

Else

<Haxomum Toukwu pt2, pt3, and pt4d.>

// PekypCUBHO YepTHM YaCTH KPUBOIA.

DrawKoch(depth - 1, ptl, angle, length / 3);

DrawKoch(depth - 1, pt2, angle - 60, length / 3);

DrawKoch(depth - 1, pt3, angle + 60, length / 3);

DrawKoch(depth - 1, pt4, angle, length / 3);

End If

End DrawKoch

Ecnu depth = 0, To anroputm 4eptut cermeHt oT Touku Pl mmmmuoii length, cnexys B
HanpasineHuu angle. (To kak ocymiecTBIsieTCs PUCOBaHME, 3aBUCHT OT HCIIOJIb3yeMOH BaMH
cpensl iporpammupoBanus.) [Ipu depth > 0 anroput™m onpenensier Touku pt2, pt3 u pt4, a 3aTem



BBICTPAUBAET YEThIPE CETMEHTAa JJIWHOI0 1/3 OT MCXOJHOTO OTpe3Ka: BHAYalle OH CIENYeT W3
TOYKH ptl B HampaBieHun angle 10 Touku pt2, MOoTOM pa3zBopaunBaeTcs Ha 60° BICBO U UIET 10
TOYKH pt3, coBepIlaeT eile oauH moBopotT Ha 120° BropaBo (Ha yroJi, MPEBHIIAIONIUNA UCXOAHBIN
Ha 60°) u aBuraercs 0 TOYKH pt4, U HAKOHEN, W3 Hee, MPUICPKUBASACH HAYAIBHOIO YIJIA,
IPEOI0JIEBACT MOCIEIHIO YacTh nmyTd. Ecnu rmyOuna OGonbine 0, TO anropuT™M peKypCHBHO

BbI3bIBaeT ceOs udeThipe pasa. [Ipemnosnoxum, uto T(N) — KOJHMYECTBO IIaroB, KOTOPHIC OH
coBepmaeT s riyounsr n, torma T(N) = 4  T(N — 1) + C, rne C — xoncranta. Ecnu
npournopupoBars mocieanio, To T(N) =4  T(N — 1), orcroma Bpemst padoter — O(4N).

MaxkcumanbHas TryOuHa peKypcuH, HeoOXoauMmast Uk TOCTpoeHHs KpuBoii Koxa Cli0KHOCTBIO
N, ompenensercs Tonbko N M He JOHKHA BBI3BIBATH MPOOJEM, Belb, KaKk U B MHPEIbITyLINX
anroput™Max (Uit HaxoxacHus uucen DuUOOHAYYM W PEIICHUs TOJOBOJOMKH «XaHOWCKas
OanrHs»), Bpemst paboThl BO3pacTaeT HEBEPOSATHO OBICTPO.

Ecnu coenunuTh Kpas Tpex KpuBbix Koxa TakuM o0pazom, 4TOOBI MX HHHIUATOPHI
00pa30BBIBAIIU TPEYTOJIbHUK, TO MOIYYUTCS TaK Ha3biBacMas cHexkuHKa Koxa.

IMopsinok BbINOJIHEHUS PAOOTHI

O3HAaKOMHUTKCS C TEOPETUICCKUMU CBEICHHUSMH.

[Tomy4ynTh BapuaHT 3a/1aHUS Y MIPETIOAABATEIIS.

BreimonmHuTE 331aHKE: HAMTMCATh IpoTrpamMmy Ha si3bike C++.
[TpogeMOHCTPUPOBATH BBIOJHEHHE PAOOTHI MTPEIIOIaBATEIIIO.
OdopMuTh OTUET.

3amuTUTh 1a00PaTOpHYIO PadoTy.

ocouarwnE

TpebdoBanusi kK 0(p)OpMIIEHUIO OTHETA

Otuer o nabopaTopHOi paboTe JOIKEH COAEPKATh CIEIYIONIUE Pa3aebl:
TUTYJBHBIN JUCT;

1eb paboThI;

3aJjaHMe Ha Ja0opaTOpHYIO paboTy;

X0J1 paboTHI;

OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

BBIBOJIbI 110 IIPOJIENIaHHON padoTe.

BapuanTsl 3a1aHui

1. Hanummre mporpamMmy Ajsl pelIeHHUs TOJIOBOJOMKHM «XaHOMckas OalllHs» M MOKaXHUTE

XO0/J1bl, N300pa3uB MEPEABIKEHUS JUCKOB MEKIY KOJBIIIKAMHU.

Cozpaiite nmporpaMmy AJisl pUCOBaHuUs CHEXXMHOK Koxa.

3. B cranmaprHoii cHexunnke Koxa renepatop co3maer yribl, paBHble 60. P HO MOXHO

MCIIOJIb30BaTh U JPYTUE 3HAYECHMsI Ul NOJyYEHUsI MHTEPECHBIX pe3yapTaToB. Hanmnmmure

IporpaMMy, KOTOpasl pa3pelIuT IO0JIb30BAaTENI0 3aJlaBaTh Yol B KaueCTBE BXOAHOIO

napamMerpa.

Peanusyiite mporpammy Juist uepueHusi KpuBbix [ nnpoepra.

Coznaiite nmporpammy, KOTOpast 4epTUT KpuBble CEpIIMHCKOTO.

Co3zpnaiite mporpammy, KoTopas pucyeT koBep CeprnuHCKOro.

Peanuzyiite nporpammy JUist pelieHust 3aJ1a4i 0 BOCbMHU (pep3siX.

VYcoBepieHCTBYITE 3amady O BOCBMHU (Pep3six: OTClIeIuTe, CKOJIBKO (Qep3eld MOXKeT

aTaKOBaThb OIPEJIEIICHHYIO TO3UIUIO Ha JIOCKE.

9. Hanmmmmute mporpammy, KOTOpas pemiaeT 3agady O XOAe KOHS METOJOM BO3BpaTa W B
KOTOpPOM II0OJIb30BATENI0 PAa3pelIacTCs 3a/laBaTh pa3Mepbl IIaxMaTHOW AockH. KakoBsl
OyIyT HauMEHbIIINE Pa3MeEPbI TOCKHU, YTOOBI X0/1 KOHEM OKa3aJics BOZMOXKEH?

10. Mcnionb3yiiTe M0OMMBIH S3bIK TPOrPAMMHUPOBAHHMS, YTOOBI PELIUTh 3a/1a4y O X0J1€ KOHS C
HCIIOJIb30BaHUEM 3BpUCTHYECKOTr0 adropurma Bapucaopda.

N

o No gk



KoHnTpoJabHbIe BOnpockl
1. Yto takoe pexypcus?
2. Kakwue ectb criocoObI y1aneHust peKypCHH, 3a4eM 3TO IPUMEHSIETCS?
3. YT0 Takoe aIropUTMBI C BO3BPATOM, IIPHUBEIUTE IIPUMEPHI?



JlaGopaTopnas padora Ne 8
OBOBIIEHHOE ITPOI'PAMMMUWPOBAHME B A3BIKE C++

Leap padoThl: U3YyYUTH OCHOBHBIE MOHATUS 000OIIEHHOTO TPOrPaMMUPOBAHUS.

Kpamkue meopemuueckue ceeoenusn

Ha3nauenue wiabnonoe. ANTOpUTM BBITIOTHEHHS KaKOro-TMOO JMEHCTBUS MOXKHO
3alKChIBaTh HE3aBHUCHMO OT TOTrO, KakOro TWIla JaHHble oOpabarteiBatorcs. I[Ipoctedmimm
MPUMEPOM CITYXKUT OMPEICTICHIHE MUHUMYMA U3 JIBYX BEITUYHH.

if (@<b)
X =2
else
X =b;

He3zaBucumo oT TOro, K KakoMy UMEHHO THUILy ITPUHAJJIEKAT IEPEMEHHbIE a, b U X, eciH
3TO OJMH M TOT K€ THUI, /Ul KOTOPOro ONpe/esieHa onepauus "MeHblle", 3anuch OyAeT oJlHa U
Ta k€. bbu10 OBl €cTEeCTBEHHO OMpeAeauTh (PYHKIMIO min, BO3BPALIAIONYI0 MUHUMYM M3 JIBYX
CBOMX apryMeHTOB. Bo3HWKaeT BOmpoc, Kak Omucarh apryMeHThl 3Toi ¢yHkuumu? KoneuHo,
MOYKHO OIpPEJEeNUTh min JUIs BCEX M3BECTHBIX THUIIOB, OJHAKO, BO-TIEPBBIX, NPUILIOCH OBl
HOBTOPSATh OJHY M TY € 3allUCh MHOTOKpPATHO, @ BO-BTOPBIX, C JOOABJIECHUEM HOBBIX KJIacCOB
J00aBIATh HOBBIE (PYHKIIMH.

AHanoruyHas CUTyalusi BCTPEYaeTCsl U B CIIy4ae O MHOTMMHM CJIOKHBIMU CTPYKTypaMu
JNaHHbIX. B Kiacce, peanu3yrolieM CBS3aHHBIA CIIMCOK IIEJIBIX YHMCEJ, aJlfOPUTMBbI 100aBICHUS
HOBOTO arpuOyTa CHHCKa, MOWCKAa HYXHOTO aTpuOyTa W Tak Jajee He 3aBUCAT OT TOTO, YTO
aTpuOYTHI CIIUCKA — LieJble YnciIa. TOUYHO Takue jKe aJrOpUTMbl HY)KHO OyZAeT pealn3oBaTh AJIs
CIIMCKa BEIIECTBEHHbIX YHMCEN WIN YyKazamenel Ha kiacc Book.

Mexanusm wabnonos B a3bike Cu++ no3Bosster 3pGEeKTUBHO pelaTb MHOTHE 10100HbIE
3a/1a4ul.

DynKyuu-wiadonbl.

3anuiieM ajaropuTM MOMCKAa MHUHMMYyMa JIByX BEJIMUYMH, I/I€ B KauecTBE Iapamerpa
MCIIOJIb3YETCSI THUII TUX BEIUYHH.

template <class T>

const T& min(const T& a, const T& b)

{
if (@<b)
return a;
else
return b;
}

JlaHHas 3amuch e€Ile He co3/lajia HU OAHOM (YHKUMH, 3TO JHMIIb wadioH Ui
onpeaeneHHo ¢yHkuu. Tonbko TOrzAa, Korza MNPOUCXOMUT oOpalieHne K (QYHKIUH C
apryMeHTaMu KOHKPETHOTO THIIa, OyJeT BHIMOIHEHA I'eHepalis KOHKPETHOM (DyHKIIUH.

intx,y, z;

String s1, s2, s3;

// reHepanus GyHKIMU min Ui Kiacca String
sl =min(s2, s3);

// renepanus GyHKIIMM min 111 TATIA int
x = min(y, 2);
[IepBoe oOpaienre Kk GyHKIMK mMin TeHEPUPYeT PYHKIINIO



const String& min(const String& a,
const String& b);
Bropoe oOpaienue reaepupyer QyHKITUIO
const int& min(const int& a,
const int& b);

OObsaBneHUE WaboHa yHKYuy min TOBOPUT O TOM, YTO KOHKpETHas (PYHKITUS 3aBHCHUT
oT omgHoro mapamerpa — tuma T. IlepBoe oOpamieHre K min B MPOrpaMMe HCIOJIb3yeT
aprymeHThl tumna String. B wabaon ¢hynkyuu noncrabnsercs tun String BMecto T. [Tomyuaercs
byHKUS:

const String& min(const String& a,

const String& b)

if (a<b)
return a;
else
return b;
}

Orta QyHKIMS KOMIMIMPYETCS U HCIONb3YeTCs B Mporpamme. AHAJIOTUYHBbIE NEHCTBUS
BBITOJIHSIOTCS. ¥ TIPA BTOPOM OOpaIlieHHH, TOJIBKO Tereph BMECTO mapamerpa T mojacraBisercs
turn int. Kak BUAHO U3 IpUBEIECHHBIX MPUMEPOB, KOMIWIATOP CaM OINpPEAETsieT, KaKyro (QyHKIIHIO
HAJIO MCIIOJIb30BaTh, 1 aBTOMAaTHYECKU TeHEPUPYET HEOOXOANMOE ONpeIeTICHHE.

Y @yuxkyuu-wadbrona Moxer ObITh HECKONbKO MapaMeTpoB. Tak, Hampumep, pyHKIUS
find 6ubimotexu STL (cranmapTHON OMOIMOTEKH wiab10H08), KOTOPAs MIIET TIEPBHIM JIEMEHT,
paBHBII 3aJaHHOMY, B HHTE€pBaJIe 3HAUEHUH, UIMEET BUJI:

template <class Inlterator, class T>

Inlterator

find(Inlterator first, Inlterator last,

const T& val);

Kimace T — 310 TMn 2nemenToB uHTepBasna. Tun Inlterator — tun ykaszamensa Ha ero
HAYaJo U KOHEIl.

Hlaénonwsl knaccos

Illabnou knacca UMeeT BUL;

template <crimcok nmapameTrpoB>

class oObsiBIeHHE Kiacca

Crnucok mapaMeTpoB Klacca-ulabiona aHAJIOTUYEH CIHCKY TapaMeTpoB (VHKyuUU-
wabI0Ha: CTIMCOK KJIACCOB U TIEPEMEHHBIX, KOTOPbIE TIOJICTABIISIFOTCS B 00BSABICHUE Klacca MpH
TeHepannuy KOHKPETHOTO KJiacca.

OdeHb 4acTo wab10Hb! UCTIONB3YIOTCS TSl CO3JJaHUs KOJUICKIIHA, T.€. KJIacCOB, KOTOPhIE
IPEJICTaBISIIOT c000i HaboOp OOBEKTOB OAHOIO M TOro ke Tuma. [IpocTedium npumepom
KOJUIEKIIUHA MOXET CIY>KUTh MacCuB. MaccuB, HECOMHEHHO, OY€Hb YJ00HAs CTPYKTypa JaHHBIX,
OIHAKO Yy HEro MMECTCA pAd CYIICCTBECHHBIX HEAOCTATKOB, K KOTOPBIM, HAIIPUMCEP, OTHOCATCA
HEOOXO/MMOCTh 3aJ]aBaTh pa3Mep MaccHBa INPH €ro ONpPEeJeNeHHMH M OTCYTCTBHE KOHTPOJISA
WCITOJTH30BAaHUS 3HAYCHUN HHICKCOB TIPH 0OpaIIeHnH K aTpudyTaM MaccuBa.

[TopoOyeM mnpu TNOMOIIM waOI0HO6 YCTPAHWUTH JBa OTMEUEHHBIX HEJOCTaTKa Yy
OTHOMEPHOTO MaccuBa. lIpM 3TOM TIO BO3MOXXHOCTH TOIBITAEMCS COXPAHUTh CHHTAKCHC
oOpartnenus k aTpuOyraMm MaccuBa. HazoBeM HOBYIO CTPYKTYPY JaHHBIX gexmop VECLOr.

template <class T>

class vector

{

public:

vector() : nltem(0), items(0) {};
~vector() { delete [] items; };



void insert(const T& t)
{ T* tmp = items;
items = new T[nltem + 1],
memcpy(items, tmp, sizeof(T)* nltem);
items[nltem++] = t;
delete tmp; }

void remove(void)
{ T* tmp = items;
items = new T[--nltem];
memcpy(items, tmp, sizeof(T) * nltem);
delete tmp;
}

const T& operator[](int index) const
{
if ((index < 0) || (index >= nltem))
throw IndexOutOfRange;
return items[index];

T& operator[](int index)

if ((index <0) || (index >= nltem))
throw IndexOutOfRange;

return items[index];

}

private:

T* items;

int nltem;

Y

Kpome koHCTpyKTOpa M JECTPYKTOpPA, Y HALIErO0 8eKmopa €CThb TOJBKO TPU METOMA:
METO/ insert I[O63BJ'I$ICT B KOHCL 6eKkmopa HOBBIN QJICMCHT, YBCJIWYHBAA IJIMHY 6eKmopa Ha
CAUHNIY, MCTOA rémove yaajiiacT HOCJIC)IHI/Iﬁ QJICMCHT eexkmopa, yMCHbIIasA €ro JJINHY Ha
eIMHULLY, U onepanus [] oOpamaercs K n-oMy 3J1eMEHTY 6eKmopa.

vector<int> IntVector;

IntVector.insert(2);

IntVector.insert(3);

IntVector.insert(25);

[/ monyuniu BEKTOp M3 TpEeX aTpUOYTOB:

/12,3u25

// mepeMeHHast X oJdy4aeT 3HaueHue 3

int X = IntVector[1];

// IPON30UIET UCKITIOUNTEbHAS CUTYAITUs

inty = IntVector[4];

// I3MEHUTH 3HAYCHHE BTOPOTO aTprOyTa BEKTOpA.

IntVector[1] = 5;

OOparute BHUMaHWE, YTO Olepanus [| ompeaereHa B JBYX BapHaHTaXx — Kak
KOHCTaHTHBIN METOA4 U KakK HEKOHCTaHTHBIN. Ecnu onecpanunsa [] HCIIOJIB3YCTCA CIIpaBa OT
orepanuy NpucBauBaHus (B MEPBHIX IBYX MPHUCBaMBAHMIX), TO UCIHOJIb3YyeTCS €€ KOHCTAHTHBII
BAapHaHT, €CJIHU CJICBa (B IIOCIICIHEM HpI/ICBaI/IBaHI/II/I) — HEKOHCTaHTHBIN. lcmonp3oBaHue
onepanvi MHACKCUPOBAHUA [] CJI€Ba OT OI€pallii MNPHCBAMBAHUA O3HA4YACT, YTO 3HAYCHUC
00BeKTa HU3MCHACTCA, COOTBCTCTBCHHO, HY’>KHA HCKOHCTAHTHAA OIICpalusl.



[Mapamerp wabnona vector — moOOH THII, y KOTOPOTO OIpEeNIeHbl Olepanus
NpUCBaMBaHUs M CTaHAAPTHBIA KOHCTPYKTOp. (CTaHAApTHBIA KOHCTPYKTOP HEOOXOIUM MpHU
oIepanuy new AJis MacCuBa.)

Tak ke, kKak U C @YHKYUAMU-WAOIOHAMY, TIPU 3alaHUU TIEPBOro OOBEKTa THIIA
vector<int> aBTOMaTHYECKU MPOMCXOIUT I'€Hepalus KOHKPETHOro Kiacca U3 wabnona. Ecnm
naiee B nporpamMme OyAeT HCIOJIb30BATbCA 8eKMOp BEIECTBEHHBIX YMCENl WM CTPOK, 3HAYMT,
OyIoyT CreHepupOBaHbl KOHKPETHBIE Kiacchl M sl HuX. ['eHepanusi KOHKpPETHOIO KJacca
03HAYaeT, YTO TEHEPUPYIOTCS BCE €ro METOJbl, COOTBETCTBEHHO, pa3Mep MCXOJIHOTO Koja
pacret. [ToaTomMy U3 HEOONBIIOTO Wab.I0HA MOXKET MOTYIUThCs OoJbIIas mporpamma. Hike Mbl
paccMOTpUM OJHY BO3MOXKHOCTb COKpAIllEHHS pa3Mepa MpOrpaMMbl, HCIOJb3YIOIIEH MOYTH
OJIHOTHUIIHBIE UAOIOHbL.

CrenepupoBaTh KOHKPETHBIN KIIACC U3 UAOI0HA MOXKHO SIBHO, 3aITMCAaB:

template vector<int>;

DTOT omepaTtop HE CO3JacT HUKaKuX OOBEKTOB THMa vector<int>, HO, TeM HE MEHee,
BBI30BET I€HEPALIMIO KJIACCa CO BCEMU €TI0 METOAAMHM.

"Unmennuzenmuulii yrazamenp'"

PaccmoTtpuMm elie oMH NpUMeEp MCHOJIB30BaHUA Kracca-uiadnona. C ero mnoMOouiblo Mbl
nonsiTaeMcst " ycoBeplieHCTBOBaTh" ykazamenu si3bika Cut+. Ecnu ykazamens yka3piBaeT Ha
O00BEKT, BBIJCIICHHBIA C TOMOIIBIO ONEpalli NEew, HEOOXOAMMO SBHO BBHI3BIBATH OMNEPAIUIO
delete Torma, xorma OOBEKT cTaHOBUTCS He HyXeH. OJHaKo [dajJeKko He Bcerja IMpoCTOo
OTIpEeNIeNINTh, HY)KEH OOBEKT WM HET, OCOOCHHO €CITM Ha HEr0 MOTYT CChUIAThCS HECKOJIBKO
pasHbIX ykaszamereti. PazpaboTtaem kiacc, KOTOPBIA BelleT ceOs OUeHb MMOX0XKE Ha yKa3amensb, HO
ABTOMATUYECKU YHMUTOXKAaeT OOBEKT, KOIJa YHHUYTOXKACTCSl IOCJHEIHSAsS CChUIKAa Ha HEro.
HazoBem stOT Knacc "ummennuzenmmuwtit ykazamens" (Smart Pointer). Wnes 3axmrodaercss B
TOM, YTO HACTOSIILIMH yKa3amens Mbl OKPYKUM CIELIMAIbHOW 000710uK0i. BMecTe co 3HaueHneM
VKazamesiss Mbl OyJIeM XpaHUTh CUETUYUK — CKOJIBKO JAPYTrUX OOBEKTOB Ha Hero cchinaerca. Kak
TOJIbKO 3HAU€HUE ITOr0 CYETYMKA CTAHET PaBHBIM HY/IIO, OOBEKT, HA KOTOPBIM yKaszamenw
YKa3bIBAET, I0Pa YHUUTOXKATb.

Crpykrypa Ref XxpaHuT UCXOAHBIN yKazamenb N CYETUUK CCHUIOK.

template <class T>

struct Ref

{

T* realPtr;
int counter;

h

Teneps onpenenum untepdeiic "unmenrucenmnozco ykazamensa'.

template <class T>

class SmartPtr

{

public:

// KOHCTPYKTOP U3 OOBIYHOTO yKa3aTels
SmartPtr(T* ptr = 0);
// KOTIMPYIOLUH KOHCTPYKTOP
SmartPtr(const SmartPtr& s);
~SmartPtr();
SmartPtr& operator=(const SmartPtr& s);
SmartPtr& operator=(T* ptr);
T* operator->() const;
T& operator*() const; private:

Ref<T>* refPtr;

}



VY knacca SmartPtr onpenenens! onepamnuu 0OpaIieHust K JJIEMEHTY ->, B3ATHUS 110 aJIpeCy
"*" g onmepanuu npucBanBaHusg. C 00beKTOM Kiacca SmartPtr MoxHO oOpamarbcsi IpaKTHYECKU
TakK ke, Kak C OOBIYHBIM yKa3amesem.

struct A
t
int X;
inty;
}.

SmartPtr<A> aPtr(new A);
int x1 = aPtr->x;
(*aPtr).y = 3;
// co31aTh HOBBIN yKa3aTelb
// 0OpaTUTHCS K 27eMEHTY A
// 0OpaTUTHCS O aZIpecy
PaccmoTpum peanuzanuio MeToqoB kiacca SmartPtr. KoHCTpyKTOp HHHIMATH3HPYET
00beKT yrkazamenem. Ecnu ykazamens paBeH HyIo, To refPtr ycranaBimBaeTcst B HOb. Ecin ke
KOHCTPYKTOPY TepefacTcs HEHYJICBOW ykazamenb, TO co3faeTcs cTpyktypa Ref, cuerdmk
oOpalieHni B KOTOPOH yCTaHABIMBAETCA B 1, a ykazamens — B IEPEAAHHBINA YKA3amey:
template <class T>
SmartPtr<T>::SmartPtr(T* ptr)

{
if (ptr ==0)
refPtr = 0;
else {

refPtr = new Ref<T>;
refPtr->realPtr = ptr;
refPtr->counter = 1;

¥
¥

HCCTPYKTOP YMCHBIIACT KOJIMYECTBO CCBHIJIOK Ha 1 H, €CJIIM OHO AOCTHUTIJIO 0, YHUUTOXACT
00BEKT
template <class T>
SmartPtr <T>::~SmartPtr()
{
if (refPtr 1= 0) {
refPtr->counter--;
if (refPtr->counter <=0) {
delete refPtr->realPtr;
delete refPtr;

¥
ks
¥

Peanuzarus onepanmii -> 1 * 10BOJIBHO MpOCTA:
template <class T>

T*

SmartPtr<T>:.operator->() const

if (refPtr 1= 0)

return refPtr->realPtr;
else

return O;

¥



template <class T>
T&
SmartPtr<T>::0perator*() const
{
if (refPtr 1= 0)
return *refPtr->realPtr;
else
throw bad_pointer;

¥

CaMble CJIOXHBIE J[UId peald3allud — KOMUPYIOIUKA KOHCTPYKTOP M ONepaluu
npucBanBanus. [lpu co3manmm oObekTa SmartPtr — Komuu wWMeromerocs — Mbl He Oynem
KOIMUPOBATh CaM HUCXOJHBIH 00BbeKT. HoBBI "unmennucenmuuiii yxazamens" OyneT cCblIaThCS
Ha TOT kK€ 00BEKT, MBI JIUIIb YBEIIMINM CUETIUK CCHUIOK.

template <class T>

SmartPtr<T>::SmartPtr(const

SmartPtr& s):refPtr(s.refPtr)

if (refPtr 1= 0)
refPtr->counter++;

¥

HpI/I BBIIIOJIHCHHMU  I[MPUCBAWBAHHWA, IIPEKAC BCCTrO, HYXHO OTCOCAUHHUTHCA OT
HMCHOIIICTOCA O6”beKTa, a4 3aTeM MPUCOCAUHUTLCA K HOBOMY, HO,Z[O6HO TOMY, KaK 3TO CACJIIaHO B
KOITUPYIOIIEM KOHCTPYKTOPE.

template <class T>

SmartPtr&

SmartPtr<T>::operator=(const SmartPtr& s)

{

// OTCOETMHUTBCS OT UMEIOLIETocs yKa3aTels
if (refPtr 1= 0) {
refPtr->counter--;
if (refPtr->counter <=0) {
delete refPtr->realPtr;
delete refPtr;

¥
¥

// MMPUCOCAUHUTLCA K HOBOMY YKAa3aTCJIIO
refPtr = s.refPtr;
if (refPtr 1= 0)

refPtr->counter++;

¥

B cnemyromelr dyHkumm npu ee 3aBepmieHMH 00bekT kiacca Complex Oyaer
YHHUYTOXKEH:

void foo(void)
SmartPtr<Complex> complex(new Complex);
SmartPtr<Complex> ptr = complex;
return;
3adanue ceolicme Knacca
O,Z[HI/IM n3 METOAOB HCIIOJIb30BaHUA wabnoHo8 SBISIETCS YTOUYHCHHUC IIOBCACHUA C
MOMOUIbIO JOMOJIHUTENBHBIX MMapaMeTpoB wiabiona. llpeAmnonoxkum, Mbl OUIIEM (QYHKIUIO
COPTHUPOBKHU 8eKmopa.



template <class T>
void sort_vector(vector<T>& vec)
{
for (inti =0; i <vec.size() -1; i++)
for (intj =1i; j < vec.size(); j++) {

if (vec[i] < vec[j]) {
T tmp = vecli];
vec[i] = vec[j];
vec[j] = tmp;
}
}

¥

Ora ¢yHKIMA Oyaer Xxopomio paboTarh ¢ YHCIaMH, HO €CJIM MbI 3aXOTHM HCIOJIB30BaTh
ee JIUIsl MaccuBa ykasameinetl Ha CTpokH (char®), To pe3ynbrar OyJaeT HECKOJIBKO HEOXKHUIaHHBIM.
CoptupoBka OyIeT BBIMOTHATHCS HE IO 3HAYEHUIO CTPOK, a MO HX aapecam (oreparus
"MeHblIe" I OBYX yKasameneu — 3TO CPABHEHHE 3HAYEHUH 3TUX yKazamenel, T.€. alpecoB
BEJIMYMH, HA KOTOpPHIE OHHM YKa3bIBAIOT, a HE CaMHUX BEJMYMH). YTOOBI HCIPABUTHh JTAHHBIN
HEJOCTaTOK, T00ABUM K u/ab10Hy BTOPOU MapamMeTp:

template <class T, class Compare>

void sort_vector(vector<T>& vec)

{

for (inti =0; i <vec.size() -1; i++)
for (intj =1; j < vec.size(); j*++) {
if (Compare::less(vecli], vec[j])) {

T tmp = vecli];
vec[i] = vec[j];
vec[j] = tmp;
}
}
}

Kinacc Compare mokeH peann30BbIBaTh CTATHYECKYIO (PYHKIHIO less, CpaBHUBAIOMIYIO
JABa 3HAYCHUS TUIIA T. I[J'I}I LEJIBIX YUCCJI 3TOT KJIIACC MOKET BBITJIAACTD CIICAYHOUIUM 06p2130MZ
class Comparelnt
{
static bool less(int a, int b)
{returna<b; };
h
CoptupoBka gekmopa OyJeT BbITIISIETh TaK:
vector<int> vec;
sort_vector<int, Comparelnt>(vec);
st ykazameneii Ha 6aiT (CTPOK) MOXKHO CO3/IaTh KJIacc
class CompareCharStr
{
static bool less(char* a, char* b)
{ return strcmp(a,b) >=0; }
3
", COOTBETCTBECHHO, COPTHPOBATH C ITIOMOIIBIO BBI3OBA
vector<char*> svec;
sort_vector<char*, CompareCharStr>(svec);
Kak merxo 3aMCTUTD, JIS1 BCCX TUIIOB, JJII KOTOPBIX OIICpalusa "MeHbIIe" UMEET Hy)KHBIfI
HaM CMBICJI, MOXXHO HanucaTb wabnon kiacca CpaBHCHMU:
template<class T> Compare



static bool less(T a, T b)
{returna<b; };
Y

U UCIONB30BaTh €ro B COPTHPOBKE (oOparuTe BHUMAaHHME Ha MPOOET MEXIY
3aKPbIBAIOIMUMUCA YIJIOBBIMU CKOOKaMu B mapamMeTpax ma@zona; €CJIN €ro HE IIOCTAaBUTH,
KOMIIWJISITOP CIIyTaeT JABE CKOOKU € Oolepanueil CIBUra):

vector<double> dvec;

sort_vector<double, Compare<double> >(dvec);

YroOnl HE 3arpoMoXKaaTb 3alucCb, BOCIIOJIB3YEMCSA BO3MOXKHOCTBIO 3aJlaTb 3HAYCHHC
napamMeTrpa Mo yMmoindaHuioo. Tak jke, Kak W A apryMeHTOB (YHKIMA W METOAOB, I
mapamMeTpoOB wabnrona MOXKHO OIIPCACIINTG 3HAYCHUA I10 YMOJIYAHHIO. OKOHYATEIbHBIN BU
(YHKINU COPTUPOBKU OYAET CIEAYIOINNA:

template <class T, class C = Compare<T> >

void sort_vector(vector<T>& vec)

{

for (inti=0; 1 <vec.size() -1; i++)
for (intj =1i; j < vec.size(); j++) {
if (C::less(vecli], vec[j])) {

T tmp = vec|i];

vec[i] = vec[j];

vec[j] = tmp;
}

¥
¥

Bropoit mapamerp wabnrona MHOTIAA Ha3BIBAIOT NApPAMEMpPOM-WMpux, MOCKOIBKY OH
T MOIUGUIMPYET TOBEIEHHE Kilacca, KOTOPBI MaHMITYJUPYET THIIOM, OIpPEaeiieMbIM
HEPBBIM MTAPAMETPOM.

IMopsiiok BbINOJIHEHHS PA0OTHI.

1. Ilpu pomamHel TNOATOTOBKE HEOOXOAMMO H3YYUTh JIMTEpaTypy IO TeMme
nabopaTopHOM PabOTHI.

2. [lonyuuTh 3a7aHue y IpenojaBaTess.

3. Pa3zpaboraTh aJropuT™M pelleHus 3aJaud W Hamucarh MmporpaMMmy Ha si3bike CH++,
peaTu3yIoLyIo 3aJaHHe.

4. TIpoBepuTh MPaBUILHOCTH €€ PAOOTHI.

5. CocTaBUTh OTUET U 3AIIUTUTH padoTy.

TpeGoBanus K oT4eTY.

Otuer no nabopaTopHoit paboTe OKEH colepKaTh TUTYJIbHBIN JIUCT, LENH U 337a4H
paboThI, TEKCT 3aJaHMs, ANTOPUTM M TPOTPAMMHYIO PEAJH3AIUI0 pEIICHUsS, KOHTPOJIHHBIE
IPUMEPBI, OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI.

BapuanTsl 3a1aHui.

CropoekTupoBarth 1mabIoH kiacca complex
CrnpoektupoBarts 1madJIoH kiacca vector
CripoexTUpoBaTh M1abI0H Kitacca matrix
CnpoektupoBats mabioH kiacca list
CrnpoexkTrpoBaTh 11a0JIOH Ki1acca Jeue
CnpoekTupoBarth 1madIo0H Kiacca tree
CropoektupoBarth 1mads0H kiacca graph
CrnpoekTupoBath madIoH Kiacca Set
CrpoextupoBarts 1rabion kiacca line
10 CrpoextupoBath 11abioH kiacca triangl

CoNoO~ LN E



KoHTpoJibHBIE BOIPOCHI.

1.

2.
3.
4

Haznauenue mabmoHOB?
[Tonsitue pynkuuu madaona?
[Tabnon knacca?

Yro takoe Smart pointer?



JlabopaTtopHnasi pa6ora Ne 9
KAJHBIE AJIT'OPUTMbI

Henbr padorbl: O3HAKOMUTBCA C METOAAMM pEIIECHUS 3a4ad, HCIOJIb3YS >KaJIHbIE
aJITOPUTMBI.

Iopsiiok BbINOJTHEHUSI PA0OTHI

O3HaKOMUTBCS C TEOPETUIECKUMU CBEICHUSMH.

[TonyunTh BapHaHT 3a/1aHus y MpenogaBaTes.

BrinonHuTh 3a1aHue: HanucaTh Nporpammy Ha sizbike C++.
[IpoaemMoHCTpHpPOBATH BHINOJIHEHHE PA0OTHI PEO1aBaATENIO.
OdopMuts oTUeT.

3alMTUTH J1a0OPAaTOPHYIO padoTy.

ocourwhE

TpebdoBanusi kK 0(p)OpMIIEHUIO OTHETA

Otuer o nabopaTopHOii paboTe JOIDKEH CONEPKaTh CICTYIONINE Pa3aebl:
TUTYJBHBIN JIUCT; 1I€Th paOOThI; 33/1aHKE HA 1Ta0OpaTOpPHYIO paboTy; X0 paboThI;
OTBETHI HA KOHTPOJIbHBIE BOMPOCHI; BBIBOJIBI 10 MPOJIETIaHHON padoTe.

BapuanTsl 3a1aHui

1.

Hanwucate nporpamMMy i1 pelieHus 3ajauu, UCIOb3ysl JKaJHble alropuTMbl. Tonuk
IpUIyMal HOBYIO TEXHOJIOTHIO TporpamMMupoBaHus. OH XOYET yroBOPUTH Apy3e
UCIoJb30Bath ee. OMHAKO BCE HE TaK MPOCTO. - JIPyr COIrNIACHUTCS HCHOJIB30BATh
TexHoJoru TonKMKa, €cliu ero aBTOpPUTeT OyneT He MeHbIle ai (aBTOpUTeT
BBIp)KAeTCsl LeNbIM 4YuciaoM). Kak Tonbko i-if qpyr HauHeT ee HCIOJib30BaTh, K
aBroputery Tonuka npubaBuTcs dmciio bi (monmamarotes Joau, y Kotopsix bi < 0).
ITomorute Tonuky HacCTaBUTh Ha MyTh UCTUHHBIN KaKk MOXKHO OOJIbIIE CBOUX JPY3€EH.
BxomHple naHHBIE: Ha TIEPBOM CTPOKE CoJeprKaTcs JBa Henbix uncia: KommdecTBo
apyse 'y TomumkanNu nepBOHAYaNbHBIA aBTOpUTET ToJMKa dg (—109§ao§109).
Cliefyromme N CTPOK  CofepaT Imapsl Heisix umcen a; u b (—10°< a;, b; <109).
BbixonHble TaHHBIE: HA MEPBOM CTPOKE BBIBEIUTE YUCIO M — MAKCUMAJIbHOE YHUCIIO
py3€en, KOTOPBIX MOJKET YBIIEYb Tonuk. Ha BTOpPOH CTpPOKE
BBIBEJIUTE M YKCENl — HOMEpa Jpy3ed B TOM TMOpAJIKE, B KOTOPOM HX HYKHO
aruTHUPOBATb.

Hanucate mporpamMmy Juisl pelieHusl 3aJadyd, WCHOJb3ys  JKaJHble aJITOPUTMBI.
Manpuuk KocTst oueHb 1r0OMT KOH(ETHl, HO Mama He pas3pelaeT eMy OpaTh HX
ciumkoM MHoro. I[ToaToMy kaxkaelii pa3, korna KocTs xouer cvecTh KOH(peETYy, MaMa
npeularaeT eMmy ceirpath B urpy. M3nauaneHo y Koctu Her koH(eT, a y Mambl
ux N (onu nponymeposanbl oT 1 1o N). Ha kaxnoii koHdere mama Hammcana /Ba
gyucna Al u Ci. Mama oOYeHb CHEOUT 3a yposHeM 6pedHOCmuU KOH(PET, KOTOPBIHA
rosty4aeT ee cbiH. M3HauanmbHO 3TOT ypoBeHb paseH 0. Ha kaxnom xoxy urpsl Kocts
MOXeET B3Th 0JHy KoH(eTy. Eciu Koctst Bo3bMeT KOH(pETY ¢ HOMEPOM |, TO yposeHb
gpeonocmu yBenuuuBaercss  Ha Al.  Ecim  cpasy  mocie  3TOTO yposens
gpedrocmu ctanourcs Oonpmier Ci, To Opare 3Ty KoH(ery 3ampemniaercs. bpath
KOH(ETH MOXXHO B TIPOM3BOJIBHOM TIOPSIIIKE, HO OJHY U TY K€ MOYKHO OpaTh He Oojiee
oxHoro pa3a. [lomorute Kocte B34Th Kak MOKHO OoJible KOH(]ET (BHE 3aBUCUMOCTH
OT (UHAIBHOTO yPosHs 8pedHocmu). BXoaHbIC TaHHBIC: B MEPBOM CPOKE BXOIHBIX
naHHbIX 3anmcaHo 1enoe yuciao N (1<N<1000) — konuuecTBo BUIOB KoH(peT. Bo
Bropoii crpoke 3ammcansl N memsix  umcen Ai (1<Ai<10%). B tpereit  crpoke
3anucanbl N nensix  uuncen Ci (1§Ci§109). BoixonHblE [1aHHBIE: B €IMHCTBEHHOU



CTPOKE BBIBEJUTE LIEJIOC YHUCIO, PaBHOE MaKCUMalbHOMY KOJIMYECTBY KOH(eT,
KOTOpBIE MOXKeT B3sTh KocTs.

Hamucatre nporpammy Juisi peUICHUsS 3aadd, MCHOJNB3YS — JKaJIHBIC aJrOPUTMBIL.
TerbiM  BeceHHMM aHeM rpynma U3 N HIKOJBHHKOB-IIPOIPAMMHCTOB TyJsjia B
okpecTHOCTsIX ropoaa Tynel. K HecyacThio, OHM HaOpenu Ha OONBIIYIO U JOBOJBHO
rayOokyro simy. Kak 3T0O CIy4miioch — HEHNOHSTHO, HO BCS KOMIIQHMSI OKa3ayach B
Toi sme. ['myOmna siMmpl paBHa H. Kaxnaplii MIKOJBHMK 3HAET CBOM pPOCT IO
wieun hi u amuHy cBoux pyk li. Takum o0pa3om, €Ciau OH, CTOS Ha JHE SIMBI,
NOJHUMET PYKH, TO €ro JIaJOHH OKaxyTcs Ha BbicoTe hi+li oT ypoBHs aHa SMBI
[1IKoNBPHUKN MOTYT, BCTaBas APYyr JPYry Ha IUIe4YH, 0Opa3OBBIBATH BEPTHKAJIBHYIO
KoJIoHHY. [Ipu 3TOM 1000# HIKOJIBHUK MOXKET BCTaTh Ha IUICYH JIIOOOTO JPYroro

oTsiHYThCS 10 ypoBHs hjl+hj2+...+hjk+hi+li. Eciu mikoabHUK MOXET HOTSAHYTHCS 10
kpast sambl (To ecth hjl+hj2+...+hjk+hi+li > H), To oH MoxeT BbIOpaThCS U3 Hee.
BriOpaBmmecss M3 sIMbl IIKOJBHUKM HE MOTYT IOMOYb ocraBmmmcs. Haiigure
HauOoJplIee KOJIMYECTBO IIKOJIBHUKOB, KOTOPbIE CMOTYT BBIOpAThCS M3 SIMBI JI0
pUOBITUS TIOMOIIH, U TIEPEUYNCIINTE X HOMepa. BxonHeie nannbie: B mepBoii ctpoke
3alMcaHo HarypanbHOe 4uciio N — KOJMYECTBO IIKOJIbHHUKOB, IOMNABIIUX B SMY.
Janee BN cTpokax yka3aHbl N0 JBa MEJIbIX YHCIA: POCT I-r0 INKOJBHHKA IO
wieun hi u amHa ero pyk li. B mocienneit ctpoke yka3aHo Ie0€ YiCiIo — rIyOrHa
ambl H. Boixonneie nannble: B mepBoil crpoke BbiBeauTe K — MakcumalibHOE
KOJINYECTBO IIIKOJIBHUKOB, KOTOpblE CMOTYT BblOpaTbcs u3 siMbl. Eciu K>0, To BO
BTOPOI CTPOKE BBIBEAUTE WX HOMEpA B TOM IOPSJIKE, B KOTOPOM OHM BBLIE3AIOT U3
aAMbl. [IIKOJIBHUKY HYMEPYIOTCSI C €IUHUILBI B TOM IOPSJIKE, B KOTOPOM OHH 3aJaHbI
BO BXOJHOM (haitie. Ecim cymecTByeT HECKOIBKO PEIISHH, BEIBETUTE JTH000E.
Hanucate mporpaMmy Juisi pelieHust 3aJadd, UCIOJB3YS JKaJHbIE aJITOPUTMBL Y
Bacu B xomMHaTe O4yeHb MHOrO KOPOOOK, KOTOpBIE BaJSIFOTCS B Pa3HbIX MECTax.
Bacuna mama xouet, yToObl OH HpuOpaiicsi. CBOOOAHOTO MecTa B KOMHATe Majio U
nostomy Bacs pemmn coOparh Bce KOpOOKHM M COCTaBUTh UX OAHY Ha Jipyryr. K
COXAJICHUIO, 3TO MOXeT ObITh HEBO3MOXKHO. Hampumep, ecim Ha KapTOHHYIO
KOpPOOKY C €JOYHBIMHM YKpAIIEHUSIMU TOJIOXKHUTh YTO-TO KEJIE3HOE U TSKEI0e, TO
BEpOATHO cienyromuid HoBblil rox npuaercs BCTpedaTrh ¢ HOBBIMU UTpyIIKaMu. Bacs
B3BECHJI KaXAYI0 KOpPOOKY M OLEHWI MaKCHUMaJbHBIH BEC KOTOpPBI OHa MOXET
BblepKaTh. [lomorure emy oOmnpenenuTb Kakoe HauOojblllee KOJIWYECTBO
KOpPOOOK M OH CMOKET COCTABUTh OJIHY Ha JIPYTYIO TaK, YTOOBI IJIs KayKJ0W KOPOOKH
ObUIO BEPHO, YTO CyMMapHBI Bec KOpPOOOK CBEpXy HE MPEBBIIIAET MAaKCHUMAJbHBIN
BEC, KOTOPBIA OHa MOXET BbIJIEp’KaTh. BXO/HbIE NaHHBIE: MepBas CTPOKAa COACPKHUT
ejIoe 4uciao N (1§n§105) - KOJIMYECTBO KOpoOOK B komHare. Kaxmas cremyromas
13 N CTPOK COJEP’KHT JBA LENBIX urcia Wi m Ci (1<wi<10”,1<ci<10%), rxe wi — 1o
BeC KOpPOOKH C HOMEpOM i, aCi—3TO Bec KOTOpBIii OHa MOXET BBIICPKATH.
BrixonHble maHHBIE:

OIHO YUCJIO — OTBCT HA 3a1avy.

5.

Hanmcats mporpammy aiisi pelieHus 3a/1aud, HCIIONIb3ys KaTHbIe alropuTMBL. JlaHa
JIEKIIMOHHAs ayJAUTOPHs, B KOTOPOIl HECKOJIBKO MPO(eccOpoB XOTAT MPOUYECTh CBOU
nexun. [ cocraBineHus pacmucaHus npodeccopa moaanu 3asBKd, Buaa [Si, fi) —
BpeMs Hauaia M KOHIA JEeKIHU. JIEKIus cUMTaeTcsl OTKPHITHIM MOJYUHTEPBAIOM, TO
€CTh KaKas-TO JIEKIIUS MOXET Ha4aThCsl B MOMEHT OKOHYaHUs APYroi, 0e3 mepepriBa.
CocraBbTe pacnucaHue 3aHATHH Tak, YTOObI BBIMOJIHUTh MAKCUMAJIbHOE KOJUYECTBO
3asBOK. BXOIHBIE JaHHBIC: B MEPBOW CTPOKE BBOAMTCS HaTypaibHOe umcio N, He
6onee 1000 — obmiee KoaMuecTBO 3asiBOK. 3aTeM BBOAUTCS N CTpOK € OmMHMCaHUSAMHU
3asBOK - 10 JIBa 4nclia B KoM Si u fi. 'apantupyercs, uro Si < fi. Bpems Havana u
OKOHYaHUS JEKIUN — HaTypaJbHOE YUCIIO, He npeBbimaer 1440 (B MUHYyTax C Hadana



CYTOK). BbIXoaHble NaHHBIE: BBIBEJUTE OJHO YMCIO — MAKCUMAJIBHOE KOJIMYECTBO
3as1BOK, KOTOPbIE MOKHO BBIITOJTHUTD.

Hanucate mporpaMmy J[uisi pellieHUs 3aJayd, UCIOJIb3Yys JKaJHbIE alropuTmbl. B
HEKOell BOMHCKOM YacTHM €CTb CamnoXHHK. Paboumii JeHb  camo)KHUKa
mmatest N MuHyT.  3aBelylomuil  CKJIaJoM OLEHUBAeT paboTy CaloKHUKA 10
KOJMYECTBY MOUYMHEHHOW 00YyBH, HE3aBHCUMO OT TOTO, HACKOJIBKO CIOKHBIA PEMOHT
TpeOoBaiicss B KaxaoMm ciydae. JlaHo K camor, Hykpawommxcs B ITOYHHKE.
Onpenennre Kakoe MaKCUMAJIBHOE KOJIMYECTBO U3 HUX CAMOXHUK CMOYKET IIOYUHUTH
3a OoAuH paboumii jgeHb. BXonmHble [aHHBIE: B TEPBOM CTPOKE BBOJAATCS
yuciao N (marypansrnoe, He mpeBbimaer 1000), u uwmcno K (HarypanapHOEe, He
npesbimaer 500). 3aremM uaeT K uncesnl — KOJIMYECTBO MHHYT, KOTOPbIE TPEOYIOTCS
4TOOBI TOYMHUTH I-i camor (BpeMeHa — HaTypalbHbIe Yuciia, He mpeBocxomaT 100).
BbixoqHble 1aHHBIE: BBIBEAUTE €IUHCTBEHHOE YMCIO — MAKCUMAJIBHOE KOJIUYECTBO
caror, KOTOpble MOXHO TOYMHUTH 32 OJJUH pabOUHil 1eHb.

Hanucate nporpamMmy ans pellleHus 3aiadd, MCIONb3ysd SKaJHbIE aJrOPUTMBI.
Anppeii ener u3 nyHkta A B myHKT B Ha aBTOMOOMie. PaccTosHue Mexay 3TUMH
nyHkTamMd paBHO N kuiomeTpoB. M3BecTHO, YTO ¢ MOJHBIM OakoM aBTOMOOWIIb
criocobeH npoexats k kunmomerpos. JlaHa kaprta, Ha KOTOpOil OTMEUEHbI KOOPAHHATHI
OCH30KOJIOHOK, OTHOCHUTENIhHO TyHKTa A. Ompenenute MHHUMAIbHOE YHCIIO
3anpaBoK, KOTOpPbIE MPHUIETCS caenaTh AHAPEIO 4TOObI YCIEeHO JOCTUYh MyHKTa B.
W3BectHO, yTO mpu Bble3e U3 MyHKTa A Oak ObLI MojoH. BxonHble naHHbIE: B
nepBoii crpoke BBoasarcs yucia N u K (Hatypanbhbie, He mpeBocxoxsT 1000). B
CIIEAYIOMIE  CTPOKE  BBOJIUTCS  KOJHMYECTBO  OCH30KOJIIOHOK S,  IMOTOM
clielyeT S HaTypaibHBIX YHCeN, He mpeBocxoaaumx N — paccTosHUS OT MyHKTa A 10
KOKIOW 3alpaBKU. 3anpasku ynopsoouenwvl hno yoaienHocmu om nywkma A.
BrixoHble JaHHBIE: €CIIM PU JAHHBIX YCJIOBHSAX MMYHKTa B 10CTHYbh HEBO3MOXKHO, TO
BbIBeCTHM uucio -1. Ecium pemieHue cCymecTByeT, TO BbIBECTM MHHHMAJIbHOE
KOJINYECTBO OCTAHOBOK Ha JI03alpaBKy, KOTOPOE HYKHO YTOOBI IOCTUYb ITyHKTa B.
Hanucate nporpammy ansi pelieHust 3ajadyd, HCIONb3ys  METOJaMU KaJHbIe
anroputMel. B Hexotopom koponeBctBe ecTh N nmpoBuniuil. Koponbs mnoxenan
Oo0BEIMHUTh BCE HX IMOJI CBOEH caMmojepxaBHOM BiacTbio. EcTecTBeHHO, YTOOBI
HUKTO HE Jiorajiajicss 00 3TUX IUIaHaX, OH OyJeT 3TO AenaTh O3TalHO, & UMEHHO: Pa3
B ol OH Oyzner OO0bEeIUHATH KaKWe-TO JIBE MPOBUHUMUHU B OJAHY. UTOOBI >KUTENSIM
o0enx MNpOBMHLUI He OBLIO OOMJIHO, HOBOMY TEPPHUTOPUAIBHOMY OOpa30BaHHUIO
OyZeT MpHUCBOEHO HOBOE Ha3BaHUE, KOTOpoe OyleT OTIMYaThCsl OT 00OMX CTaphbIX
Ha3BaHuil. EcrecTBeHHO, 3TO moTpeOyeT BBIMYCKA HOBBIX MACMOPTOB JUIS XKUTeENEH
obeux mpoBuHIMA. OYEBUIAHO, YTO €CIM B MEPBOW MPOBUHIIMU Pi )KUTEICH, a BO
BTOpOW — Pj JKUTeNEH, TO Ui HUX HAIO BBIIYCTUTH Pi+pj HOBBIX mHacmoptoB. Ha
CIIEYIOIUI ToJl KOpOJib 00bEIUHSET ellle Kakhue-To JABe NpoBuHIMH. W Tak nanee, 10
TeX TMOp MOKa BCSI TEPPUTOPHUS KOPOJIEBCTBA HE Oy/JeT 00beJMHEHA B OJTHY OOJIBIIYIO
«rpoBuHIMIO». Omnpenennure, Kakoe HaWMEHbIIEe KOJIMYECTBO HOBBIX MaclopTOB
NPUIETCA BBIIYCTUTh, €CIM KOPOJIb OyJeT o0BbeIUWHATh NMPOBUHIUH ONTHUMAIBHO C
9TOM TOYKM 3peHusd. BXxoaHbsle JaHHBIE: B INEPBOM  CTPOKE  BBOAMTCS
yucio N (HarypanbHoe, He mpeBbimaer 105) — KoOMMYecTBO NPOBUHIMN. 3aTemM
BBOAUTCS N Uncen — KOJMYECTBO JKUTENEH KaxJ0W MPOBUHIMH (HaTypajbHOE, HE
IIPEBOCXOIUT 10%). I' apanmupyemcs, 4mo U3HAUAIbHO 8 KOpOolescmee xoms Ovl 06e
npogunyuyu. BBIXOAHBIE JaHHBIE: BBIBEAUTE E€AMHCTBEHHOE YHUCIO — KOJUYECTBO
HOBBIX MACIIOPTOB, KOTOPBIE MPUIETCS BHITYCTUTb.

Hanucats nporpammy Juist pelieHus 3aja4u, UCIONb3YS KaJHbIE AITOPUTMBL. TONIUK
IIpUAyMall HOBYIO TEXHOJOIHIO NMporpaMMupoBaHus. OH XOYET YrOBOPUTH Jpy3el
UCIoJb30BaTh €. OHAKO BCEe HE TaK MPOCTO. i-il IPyr COTJacuTCs HCIOJb30BATh
TexHoJoruo ToJnMKa, €clu ero aBTOpUTeT OyaeT He MeHbIe ai (aBTOpHUTeT



BBIP@XKACTCsS LENbIM 4KciaoM). Kak TONBKO I-i ApYr HayHET €€ WCIOJb30BaTh, K
aBTopureTy Tosnmka mpubOaButcs umcio bi (momamarorcst moau, y kotopsix bi < 0).
[Tomorute Tonuky HaCTaBUThH Ha MyTh HCTUHHBINA KaK MOXKHO OOJIBIIIE CBOMX JIPY3€H.
BxomHble naHHBIE: Ha TIEPBOM CTPOKE CoJEprKaTcs JBa Henbix ducia: KommdecTBo
apyse 'y TommkaNu nepBOHAYalNbHBIM aBTOpUTET ToJIMKa dg (—109§a0§109).
Crenyrome N CTPOK  COAEPIKAaT Mapbl IEIBIX YHCET @j U b (—1095 a;, b 5109).
BbIxo/iHBIC TaHHBIC: HA MEPBOM CTPOKE BBIBEAUTE YMCIO M — MAKCHMAIBHOE YHCIIO

Tpy3en, KOTOPBIX MOYKET yBJI€Yb Tonuk. Ha BTOpOH CTpOKE
BBIBEJIUTE M YKMCEN — HOMEpa JApy3ell B TOM TOpSAJIKE, B KOTOPOM UX HYXHO
aruTUPOBATb.

10. Hammucate mporpamMmy i pEIICHUs 3aJadyd, HCIOIB3Ys  KAJHBIC alTOPUTMBIL.
Manbunk Kocts oyenb mt00MT KOH(pETh, HO MamMa He pa3peuiaer emy Oparb uX
ciumkoM MHOTO. [losToMy Kaxnblii pa3, korna Kocta xouer checth KoH(peTy, Mama
npejajaraeT emy cbirpath B urpy. M3nauansHo y Koctu Her koHder, a y mMambl
ux N (onun nponymepoBanbl oT 1 no N). Ha kaxmoit xondere mama Hammcana jaBa
yuciaa Al u Ci. Mama OYeHb CIEOUT 3a yposHem 6pedHocmu KOH(MET, KOTOPBII
I0JIy4aeT ee ChlH. MI3HauanbHO 3TOT ypoBeHb paBeH 0. Ha kaxxnom xony urpel Kocts
MOXeT B3Th 0JHy KoH(eTy. Eciu Koctst Bo3bMeT KOH(DETY C HOMEPOM i, TO yposeHs
gpeonocmu yBenuuuBaercss  Ha Al.  Ecnim  cpasy  mocie  3TOTO yposens
gpeonocmu ctanoButcst Oonpiiei Ci, To Opate 3Ty KoH(eTy 3ampemiaercs. bpath
KOH(ETH MOXHO B TIPOU3BOJIBHOM MOPSIJIKE, HO OJHY U TY K€ MOKHO OpaTh He Oojee
onHoro pasa. [Tomorure Kocte B34Th Kak MOXHO Oouibliie KOH(pET (BHE 3aBUCUMOCTH
OT (MHAIBHOTO YPosHsi 8pedHocmu). BXoaHbIC TaHHBIC: B MEPBOM CPOKE BXOIHBIX
naHHbIX 3ammcaHo 1enoe umciao N (1<N<1000) — koawmuecTBo BHaOB KoH(peT. Bo
Bropoii crpoke 3ammcansl N mensix  umcen Ai (1<Ai<10%). B tpereit  crpoke
sarmcanbl N nensix  yucen Ci (15Ci§109). BreixonHele [aHHBIE: B €QUHCTBEHHOU
CTpOKE BBIBEIUTE IIEJIO€ YHCIIO, PABHOE MAaKCHMAJbHOMY KOJIMYECTBY KOHQeET,
KOTOpBIE MOXKET B3sITh KocTs.

KoHnTpoJsbHbIe BONPOCHI
1. Yrto Takoe jxagHblE AITOPUTMBI?
2. Kaxkwue kyiacchl 33/1a4 MOKHO pellaTh ¢ HOMOILBIO KaJHBIX anropuTMoB? [Ipumep.



JlaGopaTopuas padora Ne 10
JUHAMUNYECKOE ITPOI'PAMMUPOBAHUE

Heapb padoTbl: O3HAKOMUTHCS C METOAAMH TUHAMUYECKOIO IPOrPaMMUPOBAHHUS.

IMopsinok BbINOJIHEHHUS PadOThI

1. O3HaKOMHTBCS C TEOPECTUYCCKHUMHU CBEICHUSIMH.

2. Tlonmy4uTh BapuaHT 3aJaHMsI Y MPEIOIaBATEISI.

3. BrImonHMTE 331aHKE: HANTUCATh TPOrpamMMy Ha si3bike C++.

4. TIpoaeMOHCTPHUPOBATH BBHITIOJHEHUE PA0OTHI MPEMOIABATEIIO.

5. OdopmuTts oTUeT.

6. 3ammTuTh 1a00paTOPHYIO padOTYy.
TpedoBaHusi K 0(p)OPMIIEHUIO OTHYETA
Otuyet no nabopaTopHOI padOTE NOKEH COACPKATh CIACAYIOIINE pPa3Ieibl:
TUTYJIBHBIN JIMCT; 11eJTb paOOThI; 3a/IaHUE Ha JIAOOPATOPHYIO PabOTY; X0 pabOTHI;
OTBETHI HA KOHTPOJILHBIC BOIPOCHI; BEIBOJIBI 110 TIPOICIIAHHON padoTe.

BapuanTsl 3a1aHuii

1. Hammcare mporpamMMmy A pelIeHUs  33Jayd  METOJaMHM  JIMHAMMYECKOIro
nporpaMMmupoBanus. TpeOyercsi MoACYUTaTh, CKOJIBKO PA3IHMYHBIX TEKCTOBBIX COOOLICHUN
MO>XKHO HalKcaTh HCIOJB3Ys He Oosiee K HaxxaTuil Ha KJIaBUaType KHOIOYHOro TejaedoHa.

2. Hamumcarp mporpamMmy Ui pEUICHHs — 33aJadyd  METOJaMH  JIMHAMHYECKOTO
nporpamMupoBanus. Ha Beprimze sieceHku, conepxaiieil N cTyneHek, HaxoauTcs MSYHK,
KOTOpBI HayMHAET MpbIraThb 110 HUM BHU3, K OCHOBAaHHIO. MSYMK MOXXET HpPLITHYTh Ha
CJIEAYIOUIYIO CTYNEHBbKY, Ha CTYNEHbKY depe3 oaHy wiu yepe3 2. (To ectb, ecin MAYMK
JEKUT Ha 8-0M CTYNEHbKE, TO OH MOXET IEePEeMECTUTbCS Ha 5-yio, 6-yoo wiu 7-yio.)
OnpenenuTs YUCIIO BCEBO3MOXKHBIX "MapIIpyTOB" MsA4YMKa ¢ BEPIUMHBI HAa 3eMIII0. BxoaHble
nannble: BBoguTcs ogHo uncio 0 <N < 31. BeixogHble JaHHBIC: BBIBEAUTE OJHO YUCIIO —
KOJIMYECTBO MapIIPyTOB.

3. Hammcarp mporpamMmy I peUIeHHs — 3aJadd  METOJaMH  JIMHAMHYECKOTO
IporpaMMHUpPOBaHus. BelumciauTe n-il wieH MociaenoBaTeabHOCTH, 3aJaHHOM (opMysIaMu:
an= apy+ 1 (n>0), aps2= ams1- an(n>0), ap=1, a;=1. BxoaHble IaHHBIC: BBOIUTCS
HaTypaJlbHOE 4Mcio n, He npesBocxonsauiee 1000. BrixonHble naHHBIE: BBIBEAUTE OTBET K
3ajaue.

4. Hanucatb mporpamMmy JUid  pelleHMs ~ 3aJaud  METOJAaMH  JMHAMUYECKOTO
nporpaMMupoBaHus. TpebyeTcsl MoAcYUTaTh KOJMYECTBO MOCIeqoBaTeNbHOCTEN AIUHBI N |
cocrosmux U3 0 U 1, B KOTOPHIX HUKAKHE JIBE €AMHUIIBI HE CTOAT pAloM. BXo/Hble JaHHbIE:
Ha BXOZ TporpaMMbl mocrymaer nenoe umcno N (15N<100). BsIxomHble IaHHBIE:
BBIBE/IUTE KOJIMUYECTBO UCKOMBIX MTOCIIE0BATEIHHOCTEH.

5. Hamucarp mporpamMmy I8 peUIeHMs — 3aJauyd  METOJaMH  JIMHAMHUYECKOro
POrpaMMUpPOBaHUS. Manp4KK MOAOLIEN K IUIaTHOM jiecTHUIE. YTOOBI HACTYNUTh Ha JII0OYI0
CTYINIEHbKY, HY)KHO 3aIJIaTUTh yKa3aHHYIO Ha HEM cymMMy. Manbuumk yMeeT INepeliaruBaTh
Ha CIIEAYIOLYIO CTYINEHbKY, JHOO MepenphiruBaTh 4epe3 CTyHneHbKy. TpeOyercs y3HaTh,
Kakasg HauMeHbIIas CyMMa [IOHAJOOUTCS MAalbYUKy, 4YTOOBI 100paTbcs 0 BEpXHEH
CTyNeHbKH. BXoJHbIe NaHHBIE: B IEPBOM CTPOKE BBOAMTCA OJHO HaTypaibHoe uuciao N <
100 — xommuecTBO cTyneHek. B cienyromeit ctpoke BBoAsATCS N HaTypajdbHBIX YHCEl,
He npeBocxoasmux 100 — cTomMocTh KaxIoi CTynmeHbKH (CHH3Y BBepX). BrIXomHBIC
JaHHBIE: BBIBEAUTE OJHO YHUCJIO — HAUMEHBIIYI0 BO3MOXHYKO CTOMMOCTh IpOX0Ja
IO JIECEHKE.

6. Hamucarp mporpamMmy — Ans  peUIeHHs  3a7ayd  METOJaMH  JIMHAMHYECKOTro
nporpamMmmupoBanus. B npsmoyronsHoi Tabmauiie NXM B Hawanie Urpok HaXOIUTCS B JIEBOM



BEpXHEH KieTke. 32 OJIMH XOJ eMy pa3pellaeTcsl MepeMeniaTbcs B COCEIHIO KIETKY 00
BIIPaBO, JIMOO BHU3 (BJICBO M BBEPX IMEpeMeNIaThcs 3ampenieHo). [locunraiite, CKOJIBKO €CTh
CIoco0OB Y UIPOKa IMOMACTh B MPABYK HUKHIOK KJIETKY. BXOjHBIC JaHHBIC: BBOISATCS J1Ba
gucma Nu M- pasmepsr  Tabmumer  (ISN<10, 1<M<10). BsIxogHble JaHHEIC:
BBIBETUTE NCKOMOE KOJIMUYECTBO CIIOCOOOB.

7. Hamucatp  mporpamMmmy  ais  pelIeHHs — 33Jadyd  METOJaMU  JUHAMHYECKOIo
nporpaMMUpoBaHus. JlaHel JBE TIOCIEIOBATEIBHOCTH, TpeOyeTcss HaWTH [UIMHY WX
HauOobIIeN 001el moAmocIe10BaTeNbHOCTH. BX0oIHbIE TaHHBIE: B IEPBOM CTPOKE BXOJIHBIX
naHHbIX copepxutcs uuciao N — muHa nepsoit nocienosarensHocTd (1 <N < 1000). Bo
BTOPOIl CTPOKE 3aJjaHbl YJICHBI MEPBOIl MOCIEA0BATENLHOCTH (Uepe3 Mpodet) — Heble Yucia,
He npeBocxonsmue 10000 mo moaymo. B Tperbeit cTpoke 3amucano uucio M — nnuHa
BTOpOi mocienoBareabHoCcTH (1 <M < 1000). B "erBepToit CTpoKe 3aAaF0TCS WICHBI BTOPOM
MOCIIE0BATEIFHOCTH (Yepe3 mpoodei) — membie yrcia, He mpeBocxosmue 10000 mo momysro.
Breixoansle naHHble: TpeOyeTcs BBIBECTH OJIHO YHCIO — JJIMHY HauOonblied oOiei
MOJIOCIIEIOBATEILHOCTH  JBYX JAaHHBIX IocienoBarenpHocTed  nimu 0, ecinu  Takoi
MOJIMOCIIEZIOBATEILHOCTH HET.

8. Hamumcarp mporpamMmy I peIICHHS  3aJadyd  METOJaMH  JUHAMUYECKOTO
nporpaMMupoBanusa. B rocymapctBe B oOpallleHHH HaxoJsATCs OaHKHOTHI ONpeAeNeHHBIX
HOMUHAJIOB. HarmoHanbHelii 6aHK X04eT, YToObI OaHKOMAT BbIABAII JTIOOYIO 3aIpOIICHHYIO
CyMMY IpPH MOMOIIYM MHUHHUMAJIBHOTO YKcia OAHKHOT, CYUTAsl, YTO 3amac OAHKHOT KaXKI0TO
HOMHHANIA HeorpaHwueH. [lomorute HanmonansHOMY OaHKY pemiuTh 3Ty 3a1ady. BxomaHbie
JMaHHbIC: TepBas CTPOKA BXOMHBIX JAaHHBIX COJCPKUT HaTypalbHOe 4dHcio N He
npeocxogsiee 100 — KOIMUEeCTBO HOMUHAIOB OaHKHOT B oOpamieHuH. BTopas crpoka
BXOJIHBIX JAHHBIX COAEPKUT N pa3IuyHBIX HATYpPalbHBIX YHCENT X1, X2, .., XN, HE
IIPEBOCXOALIUX 10° — HoMHMHaBI GAHKHOT. Tperbs cTpoUKa COAEPKUT HATYPAIBHOE YHCIIO
S, He npesocxomsmee 10° —CyMMYy, KOTOPYI0O HEOOXOJUMO BbIIaTh. BBIXONHBIE AaHHBIE:
nporpaMMa JI0JDKHA HalWTH MPEICTaBICHUE YHCiIa S BUAEC CYyMMBI CIaraéMbIX U3 MHOXECTBA
Xi, CoZieprKalliee MUHUMAaJIbHOE YMCIIO CIaraeMbIX U BBIBECTH ITO MPEACTaBICHUE HA SKpaH (B
BUJIEC TOCIIEOBATEIBHOCTH YHCEN, Pa3/IelCHHBIX mpoOenamu). Eciam Takux mpeacTaBIeHHN
CYIIECTBYET HECKOIJIbKO, TO MporpamMma J0JKHA BBIBECTH Jt00oe (0aHO) u3 Hux. Ecnu takoe
IpeJICTaBICHUE HE CYLIECTBYET, TO Mporpamma JI0JKHa BeIBeCTH CTpoKy No solution.

9. Hamumcarp mporpamMmmy  Ans  pelIeHHs — 33Jadyd  METOJaMU  JUHAMHYECKOTO
porpaMMHUpPOBaHus. BBl penmim 3aka3arh MUY ¢ JOCTaBKOW Ha jJoM. M3BecTHO, 9TO JyIs
KIIMEHTOB, CAENAaBIINX 3aKka3 Ha cymmy Oomnee C pyOuei, JocTaBka siBIsieTCs OeCIIaTHOM, pu
3akasze Ha C pyOJeiil u MeHbIIIe JocTaBKa CTOUT B pyoneii.

10. Bsl yxe BbIOpanu ToBap, crouMocTbio A pyOnei. B nannuuu umerorcs emie N ToBapos
cTouMocThio di, ..., dy pyOseii, Kaxaplii B €IMHCTBEHHOM OJK3eMIumsipe. X Takke MOKHO
BKIIIOUUTH B 3aKka3. Kak moTpaTuTh MEHbIIIE BCErO JCHET U MOMYyYUTh Ha JIOM YK€ BBIOpaHHBII
ToBap B A pyOneii? BxomHele mgaHHBIC: CcHadanma BBojsATcs umcina A, B, C,N, a
3areM N uucen dy, ..., dy. Bee uncma nensie, 1 <A< 1000, 1 <B< 1000, 1 <C< 1000, 0
<N< 1000, 1 <di< 1 000 000. Beixommble maHHBIC: BBIBEIUTEC CHaAdajga CyMMapHOE
KOJIMYECTBO JICHET, KOTOPOe MPHIETCS MOTPaTUTh. ECIM mpu 3TOM BB IIIAaHUPYETE ClEaTh
JOTIONTHUTEIbHBIA 3aKa3 C pacyeToM Ha OeCIJIaTHYIO JIOCTaBKy, TO Jlajee BBIBEIUTE
KOJIMYECTBO JTHUX TOBApOB M WX HOMEpa B Bo3pacraroiieM mnopsinke. Ecnu xe Bwr Oynmere
OIIJIAYMBATh IOCTABKY CaMU, TO JlaJie€ BHIBEAUTE OJJHO YMCIO —1 (MUHYC OZMH).

KoHTpoJbHbIE BONIPOCHI
1. Yro Takoe AMHAMHUYECKOE MTPOrpaMMHUPOBaHUE?
2. TlpuBemuTe OCHOBHBIC MPUHIIMITHI JUHAMUYECKOTO IIPOTPaMMHUPOBAHUS?
3. Kakme «kmaccel 3ajady  MOXKHO pemiarb € MOMOIIBIO  JMHAMHYECKOTO
nporpamMmupoBanusi? [Ipumepsr.



