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BBenenmne

HanHbIV yueOHVK, HallMICAaHHBIV B cOOTBeTCcTBUM ¢ KyppuKysiymoMm o nHpopMaTy-
Ke, COIEP KT 3HaHIs, HeOOXOAMbIe YUaIlIVMCs 1t popMUpOoBaHys MHPOPMAaIIIOH-
HOVI KYJIBTYPBI ¥ Pa3sBUTHS aJITOPUTMIUECKOTo MbIIUTeHNs. OH 3HAKOMUT YUallMXCs C
dysKIMsAMU U Tiporienypamm sisbika ITACKAJIb, nuHaMyaeckmMy CTpyKTypaMu JaH-
HBIX ¥ MeTOaMV pa3pabOTKM IIPOrpaMMHBIX IIPOAYKTOB, IIPeCTaB/IgeT K M3yUeHIIO
HanOoJlee pacpocTpaHeHHbIe MeTOBI IIPOrpaMMVPOBaHYIs: OJIHBIV ITlepeOop, MeToz
Greedy, niepeGop ¢ BO3BpaTOM, MeTO[I “paszelIsavt U BIACTBYW , METOJ, JIVTHAMMUYECKO-
ro IIporpaMMIMpPOBaHs, METOJ], BeTBeVl VI I'paHMUL], SBPUCTUYeCKe aJlTOPUTMbI, METOIbI
OLIeHKV oO'beMa IIaMATH 1 BpeMeHN, TaeT IIOHSTYe O PEeKYPCUBHBIX M UTEPATVUBHBIX ajl-
rOpUTMaXx.

B Hauasie y4eOHIKa BBOISTCA CMHTAKCWC M CeMaHTVKA M3ydaeMbIX KOHCTPYKIUI
si3bika ITACKAJID, 3a KOTOpBIMM CIIeAYIOT IPVIMepPhl MX IPUMeHEeHMs I peKOMeHIaIum
10 HaIlICaHUIO IIPOrpaMM, IIpeHa3HaYeHHBIX I HeIlIOCPeICTBeHHOTO BBIIIOIHEeH
Ha KoMiipioTepe. [Tpu m3yueHMN MeTOH0B IIPOrpaMMIUPOBaHIS M3/105KeHbI Oa30Bble IT0-
HATVS Y MaTeMaTIdecKyie OCHOBBI COOTBETCTBYIOIIIVIX ITOJIXOJI0B, II0CTIe Yero IIpuBedeHbI
CII0cOOBI OpraHM3alM JaHHBIX, OIVICAHVIS aJITOPUTMOB, peKOMEeHZIALINI IT0 Pa3paboTKe
v ornanake rmporpamM Ha g3bike [TACKAJIb. Ocoboe BHMMaHME yjie/IeHO B3aMO3aB-
CMIMOCTV MEXJIy CITOcO0aMM ITpaKTIN4YeCKOro BHEAPEeHS 13ydaeMbIX METOOB IIporpaM-
MUPOBaHM, TPOU3BOAUTEIEHOCTEIO KOMITBIOTEpa M CJIOXKHOCTBIO pelllaeMBIX Ha HeM
3agad. Peasmsanig HanbosIee HIMPOKO M3BECTHBIX METOIO0B IIPOTrpaMMVPOBAHIS VJIIIO-
CTpUpYyeTcsd Ha IIpMMepe 3a/ia4, KOTOpble YacTO BCTPevaloTcsl B COBpeMeHHOV XU3HU U
M3y4aloTcs B paMKax APYTMX IIpeIMeTOB JIMIIEVICKOTO ITMKJIa.

Tembl yyeOHMKa TeCHO CBS3aHBI CO 3HAHMSMU U3 APYIuX obsacTeit oOIIecTBeHHO
JKVM3HY, HayKn 1 TexHVKn. OHV OpVeHTHPOBaHbI Ha pellleHye 3a/1ad4, TpeOyIomyx 00s1b-
111X 00BeMOB BBIUVCIIEHUV, UTO IOUepKMBaeT CyIeCTBeHHYIO poJIb MaTeMaTUYecKoro
MBIIIUIEHVS] B TIOABIIEHUM ¥ pasBUTUM MHPopMaTuK. [Tpumepsl, ympakHeHs U MH-
OVBYIyasIbHBIE 3a/laHVs, BKJIIOUeHHbIe B y4eOHVIK, [IOMOTYT JIydllle IIOHATh POJIb U Me-
CTO KOMITBIOTepa, ero BIIVsSHIe Ha pa3sBUTe MaTeMaTVKM, (PU3MKW, XMMUM, COITMaIbHO-
ryMaHWUTapHbIX HayK. 17151 GosbImHCTBa TeM yueOHVIKa ObUIN paspaboTaHbl O0ydaroIye
MporpaMMBl, YTO T103BOJIsI€T MHAVBVILYJIM3UPOBaTh IIpoliecc 00yydeHs, OpraHn30BaTh
MpaKTH4ecKye 3aHATVS 1 Pa3BUBaTh TBOPUYECKIe CIIOCOOHOCTM KaKIOTO YUeHVKa.

Marepuann yueOHWMKa OpMEHTMpPOBaH Ha pasBUTHeE CJIeHYIOIMIMX KOMIIeTEeHIINIL:
CTPYKTYPHBIVI aHaJIN3 3a/1a4y; feJleHNe CJIOKHBIX 3a7jad Ha 0oJIiee IIPOCThIe VI CBefleHIIe
UX K yKe paHee pellleHHBIM; OlleHKa CJIOKHOCTU aJITOPUTMOB, IIpeHa3sHaUeHHBIX IS
pelleHs IIpelyIoKeHHBIX 3a/lay; MCIIOIb30BaHe (POpMaIbHBIX METOIOB [IJIst pa3paboT-
KV aJITOPUTMOB, HallVICaHWs U OTJIaJIKV COOTBETCTBYIOMIMX ITporpaMM. OueBmIHO, 4To
IepeurcyIeHHBIMIY HaBbIKaMI JTIOJDKHBI 00JIa/laTh He TOJIBKO OyIyIiie CrieIaIviCThI 10
MHPOPMAaTVKe, HO ¥ KaXKIABIl KYJIbTYPHO Pa3BUTHIVI YeJI0BeK, KOTOPBIVI Oy[IeT XUTh 1
paboTats B 00IIIecTBe, OCHOBAaHHOM Ha IIMPOKOM ITpUMeHeHVN MH(POPMAaIIOHHBIX TeX-
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[naBa 1

®YHKLUUUN U NMPOLUEOYPbI

1.1. Noanporpammsli

JTroGas citoxxHast 3aja4a MOXKeT OBITh pellleHa IyTeM ee pa3OveHs Ha psif, OA-
3amgay. [y pereHMs: KaXkIow IIOf3afjauyyl 3aIlMIChIBAETCS COOTBETCTBYIOIIAS II0-
CJIe[I0BaTeJIbHOCTh OIIEPaTOPOB, HasblBaeMas MopIporpammort. TakuM oOpaszom,
3ajjada pelraeTcs ¢ IIOMOIIBI0 OCHOBHOV IIPOIPaMMBlI, B KOTOPOV VIS peIleHVs
IIo/13a1a4 BBI3BIBAIOTCS MOAIIporpaMMbl. Korfa B OCHOBHOW IporpaMMe BCTpeda-
eTcsi obOpallieHe K IIOAIIporpaMMe, yIIpasJieHye IIepeIaeTcs [IEPBOMY OIlepaTopy
BBI3BaHHOVI TIoATIporpammsl (puc. 1.1). ITocrte 3aBepIieHNsI BBIITOJIHEHMS OIIepaTo-
POB IIOIIIPOrpaMMBbI YIIpaBJIeHVe IlepelaeTcs OIepaTopy OCHOBHOV IIPOrpaMMBbl,
CJIEMIyIOIIEMY 3a OIIepaTOPOM BbI30Ba ITOIIIPOTrPaMMBL.

Ioonpozpamma 1

Ioonpozpamma 2

Bwisos
noonpozpamm

Puc. 1.1. B3anmopelcTame mexay nporpammoit 1 nognporpammon

B aspike ITACKAJIb cymiecTByIoT fBa Byjla HOAIPOrpaMM: (PYHKIINS 1 IIpolie-
Hypa.
<[odnpoepammur> ::= {< Qyukyus >; | < [Ipoyedypa >;}



DyHKIMA - 5TO TIOJIIporpaMMa, KOTopasl BRIYMCIIseT 1 BO3BpalliaeT HeKOTOpoe
sHavenme. SI3pik [TACKAJIb comepXuT psn cTaHOapTHBIX (QYHKIINT, M3BECTHBIX
mobont rporpamme: sin, cos, eof m T.J. IToMrMo 3TOro MpoOrpaMMmCT MOXeT
cosfaBaTh cOOCTBeHHBIe (PYHKIINMM, K KOTOPBIM MOXKHO oOpaIaThCs Tak e, KaK U
K cTaHZapTHBIM yHKIMAM. TakuM obpaszom, KoHIlenmss PYHKLIUN paclInpseT
oHsaTHe BbIpakeHms B s13bIke [IACKATJID.

IMponenypa - 3TO HoAIIporpaMMa, KOTOpas OCYIIeCcTBIIsIeT 00paboTKy JaHHBIX,
repeflaHHBIX B MOMeHT obpamenys. B si3pike [TACKAJID cyImiecTByIOT cTaHIapTHBIE
oporuenypel: read, readln, write, writelnwuT. . ITommmo sTOrO IIpOorpam-
MICT MOXeT CO3[IaBaTh COOCTBEHHBIe ITPOLeyPhl, K KOTOPBIM MOXHO OOpaIaThCs
TakK ke, KaK 1 K CTaHIapTHBIM Iporienypam. Taknm 06pasoM, KOHIIENIIs ITPOIIefy-
PBl pacipsierT IoHsTHe ontepaTopa B g3bike [TACKAJID.

[TonmporpamMmbl OOBSABIISIOTCS B paszesie OIMcaHmit IporpaMMel. O6parieHe K
yHKIIMAM 1 TIpolleTy paM IIPOM3BOINUTCS B pasfiesie oIepaTOpOB.

[Tonmporpamma MoeT oOpalaTbest U K camort cebe, Takoe oOpartieHe Ha3blBa-
eTCsl peKypCUBHBIM.

Bonpocbl un ynpaxHeHus

O6bACHUTE TEPMUHbBI OCHOBHAA NPOPAMMA 1 NOONPO2PAMMA.
Kak B3anmogencTBytoT nporpaMmma 1 nognporpamma?
B uem pasHuLa mexay npouegypamu 1 GyHKLMAMU?

o0 0eQ

Kak nponcxoanT obpalueHmne K GyHKLUM? B Kakrix onepaTopax A3blka MOXET NMOABUTbCA
obpalyeHune K GyHKLMn?
Kak nponcxogut obpalleHue K npouegype?

@0

Ha3soBuTe TMN aprymeHTa 1 TUN pesynbTata CTaHAapTHbIX yHKUMiA abs, chr, eof,
eoln, exp, ord, sin, sqr, sqgrt, pred, succ, trunc.

@ HazoBwuTe T1N paKTUYECKMX MAapamMeTpoB npoueayp read U write.
O Kak obpabatbiBatoTcs flaHHbIE C MOMOLLbI0 Npolelyp read nwrite?

1.2. DyHKUUMN
Ha s3pike I[TACKAJIb (pyHKIIMA OIMCBIBAETCsI CIEIYIONINM 00pa3oM:
function f(x,, x,, ..., x) : t.;
D;
begin
iE§= @f
end;

ITepBasi cTpoka - 3TO 3aroJI0BOK (PYHKITUM, COCTOSIIIV 13!
f - vimst pyHKIMY;



(%), Xy ...; X,,) = IPOV3BOJIBHBIV CITMCOK (POPMaJIbHBIX TaPaMeTPOB, SBJISIOIIVIXCS
aprymMeHTaMy (PyHKIV;

t, — TUII pe3yJIbTaTa; MOXET OBbITh IIPOCTBIM VIV CChUIOYHBIM.

3a 3aroJIOBKOM cJIeflyeT TesI0 (PyHKIIMUM, COCTOsIIIee M3 IIPOU3BOILHBIX JIOKaJIb-
HBIX onrcanmi D 1 coctaBHOro oriepatopa begin ... end.

JIokastbHBIe OIVICaHWS COCTOLT M3 CTIeAYIOIIVIX Pa3/iesioB (HeKOTOPbIe 113 KOTOPBIX
MOTYT OTCYTCTBOBaTh): label, const, type, var, function, procedure.

VM dyHKIMM f [JOIDKHO HOSIBUTECS XOTsI ObI OZIVH pa3 B JIEBOVI YacTU HEKOTO-
poro oreparopa npucsauBaHus: f := e. [lociienHee 3HaueHMe, IIPUCBOeHHOE (PYHK-
LV f, BO3BpaIllaeTcsi B OCHOBHYIO ITIpOTrpaMMy .

Kax mmpasm10, popMastbHBIN ITapaMeTp U3 CIMCKa (X, Xy, ..., X,) VIMEeT B

IJ1e U}, Uy, ..., U — WIEHTUPUKATOPBL, a ¢, - M3l TUTIa.
Obparenme K PYHKITNM f OCYIIIECTBIISETCS CIIeAYIONTIM 00pa3oMm:

rae (a, a, ..., 4,) - COMCOK paKTUIecKnx mapamMeTpoB. OObIYHO, PaKTMIECKIMM
IapaMeTpaMM SIBJISIOTCS BBIpasKeHWsl, 3HaueHVsl KOTOPBIX TlepefaroTcs (PyHKITNA.
CBs13b MeXIy PaKTIUecKmM 1 opMaIbHBIM ITapaMeTpaMy OITpesesIsieTCs VX IO031-
VeVt B paccMaTpUBaeMBIX crivicKax. PaKTyaecKuit mapamMeTp JI0JDKeH ObITh coBMe-
CTMMBIM C TOYKV 3peHNs IIPUCBaBaHMs C TUTIOM (POPMaTbHOTO IapaMeTpa.

Ipumep:

~N



@yHKIMsA Putere nMeeT nBa POpMaIbHBIX ITapaMeTpa: x TUIA real U n TUIA
Natural. @yHKOMS BO3BpalllaeT 3HadeHVe Tuia real. B Tere pyHKIMM onmvicaHb
JIOKaJIbHBIE ITepeMeHHbIe P 71 1.

[Tpu obpamennyt x pyHKIMM Putere (a, b) 3HaueHms 3.0 U 2 ¢aKTUIECKIIX
rapaMeTpoB a, b IepefaroTcs POpMaIbHBIM ITapaMeTpaM — COOTBETCTBEHHO X I N.
OtMeTvIM, 9TO TVII ITapaMeTpa a COBIIaaeT ¢ TUIIOM ITapaMeTpa X, a TVII b — C TVIIOM .

B cirygae obpamenns Kk dpyHKkuum Putere (s, t) TUI daKTUUeCKMX IapaMe-
TPOB s, t He COBIa/aeT C TUIIOM (POpPMaJIbHBIX ITapaMeTPOB — COOTBETCTBEHHO X U
n. OpHaKo Takoe oOpallieHVie KOPPEKTHO, TaK KaK COOTBETCTBYIOIINE TUIIBI COBMe-
CTVIMBI C TOYKM 3peHVs IIPVICBaVIBAHMI.

BOI'IpOCbI n ynpaxHeHua

© [laHbl ciegytowme onmncaHus:

HazoBuTe Tin dopmanbHOro napameTpa 1 TUMN pesynbTaTta, BO3BpaLlaemMmoro GyHKUmen.
YKaxunTe nepemeHHble, onuvcaHHble B Tene GyHKUmMKU. HanuwmTe nporpammy, Kotopas
BbIBOAWT Ha 3KpaH 3HaueHnan! gnan=2,3n7.

® B Kakoll YacT OCHOBHOW NPOrpaMmbl HAXOAATCA onucaHmA GyHKLMIN?
© [poKOMMeHTVpYiTe CriefytoLLyto NporpaMmmy:




begin

writeln (Factorial (4));
readln;

end.

O [laH 3arofoBoK:
function F(x : real; y : integer; z : char) : boolean;

Kakue 13 cnesytownx Bbi30BOB GYHKLMUN KOPPEKTHbI?

a) F(3.18, 4, ’a’) e) F(3.18, 4, 4)
b) F(4, 4, 747) f) F(’3.187, 4, 747)
o F(4, 4, 4) g) F(15, 21, 737)

d) F(4, 3.18, ’a’) h) F(15,21,3)

© HanvwwTe dpyHKUMIO, KOTOPAsA BO3BPALLAET:
a) cymmy IencTBUTENbHbIX Yncen a, b, ¢, d;
6) cpefHee apudmeTUYeCcKoe Lenblx uncen i, j, k, m;
8) MVHMManbHoOe 13 yncen a, b, ¢, d;
2) KONIYECTBO MMACHbIX B CTPOKE CUMBOJIOB;
0) KONNYECTBO COrMMACHbIX B CTPOKE CMMBOJIOB;
e) KopeHb ypaBHeHusA ax + b = 0;
)K) HAMIMEeHbLUUI aenuTenb Lenoro yncia n>0, OTNNYHbIN OT 1;
3) HanbonbLWMIA OB fENUTENDb HaTYPasbHbIX YiCen a u b;
u) obliee HaMMeHblLLEee KPaTHOE HaTypasbHbIX YNCen d u b;
K) nocnefHiot Lndpy B 1eCATUYHOM NPeACTaBAeHUN Lienoro uncna n > 0;
71) cymmy Lundp B AeCATUYHOM NPEACTaBIEHNM Lenoro ymicna n > 0;
M) HanbonbLyio LUMdpy B AeCATUYHOM NPEACTABIEHM Lienoro ymcna n > 0;
H) KONMYeCTBO NOSABMIEHUI 3ajaHHOIO CMMBOJIA B CTPOKE CUMBOJIOB.

O [aHbl ciegytoLme onmncaHns:

const nmax=100;
type Vector=array [l..nmax] of real;

HanuwwTe dpyHKLMIO, KOTOpas BO3BPALLAET:

a) CyMMy 3/1EMEHTOB HEKOTOPOro MaccuBa Tuna Vector;
6) cpefHee apuPmeTUUECKOE SN1EMEHTOB JAHHOIO MacCKBa;
8) MaKCMasbHbIN SNIEMEHT;

2) MVIHUMAJbHbI SNIEMEHT.

@ [laHbl criepylowme TUnbl 4aHHbIX:

type Punct=record
X, y : real
end;



Hanwuwwte dyHKUMIO, KOTOpas BO3BpaLlaeT:
a) pViHY OTpe3Ka;

6) LNVIHY OKPYHOCTU;

8) nnowaab Kpyra;

2) nnowaAb TPEYroNbHKa;

0) nnowaab NPAMOYronbHYIKa.

(8] I'IepemeHHaﬂ A BBOAUTCA C MOMOLLbIO OMNCAHUA:

Hanunwwute (I)yHKLl,I/IIO, KOTOpas BO3BPaALLAET KOIMYECTBO CMBOJIOB B MHOXECTBE A.

© HanuwwTe GyHKUMIO, KOTOPAs BbIYNCIAET B CEKYHAAX PAa3HOCTb MeXAY ABYMA MOMEH-
TaMmn BpemMeHU, 3ajaHHbIMM B Yacax, MUHYTax U CeKyHAaXx.

® TpeyronbHUK 3aaaH KOOPAUHATaMM CBOUX BepLVH. HanuwwnTe GyHKLUK, KOTOpble AN
[BYX 3afJaHHbIX TPEYTONIbHIKOB NPOBEPSAIOT:
a) OLMHAKOBbI NN NOLWAAN JAaHHbIX TPEYTONbHNKOB;
6) ABNAIOTCA SN TPEYTONbHUKM NOAOGHBIMY;
8) HAXOAUTCA NN NePBbIN TPEYTONIbHUK BHYTPU BTOPOTO.

1.3. NMpoueaypsl

Hpouenypa OITVICBIBAETCA CIIETYOIIVIM 06pa30M:

e
p - VIMs IIPOLIeNTy PbI;
(2}, X,y ...; X,) =~ TIPOVI3BOJIBHBIVI CLIVICOK (POPMAJIBHBIX ITaPaMeTPOB.

10



Tes10 niponienypbl BKIIIOYAET:

D - mpowsBosibHBIe JIOKaJIbHBIE OIVICAHWS, CTPYIIIMPOBaHHbBIE TaKVM Xe oOpa-
30M, KaK U B cIydae (pyHKIIUIL;

begin .. end - COCTaBHOV OII€PATOP, B KOTOPOM VMM IIPOLEIY PhI He ITOSBIISI€TCSI
B oIeparysix NpvicBavBaHs.

IIporienrypa MoXXeT BO3BpalllaTh HeCKOJIBKO pe3yJIbTaTOB, HO He yepes CBoe MMs, a
yepes CIelaIbHO IIpelHa3HaueHHbIe IS 3TOT0 IlepeMeHHble (CIIeyIoIie 3a CJI0-
BOM var) us3 crcka popMaIbHBIX ITapaMeTpOB.

[TapameTpbl 13 COVICKa, BBOAVIMBIE Yepe3 ONVICaHV BUia

Wy By ooy @y, 8 tp

Has3bIBAIOTCS MMapaMeTpamMu-3HadeHuamMu. OHY Iy KaT I Iepefadn 3SHaUeHU I 13
OCHOBHOVI ITPOTpaMMBI B IIPOLIEY PY.
@dopmasibHbIe IapaMeTpBbl, BBe[JleHHbIe B CIIVICOK Yepe3 OIVICaHVIS BUIa

var v, Uy .., Ui t,

Ha3bIBAIOTC MapaMeTpaMu-IIepeMeHHBIMM V1 CJTy>KaT U1 BO3BPAIeHs pe3yJIbTa-
TOB W3 IIPOLIeAY PhI B OCHOBHYIO IIPOrPAMMY .
3ar1ycK IIpo1ey phbl BBIIIOJIHAETCS IIyTeM ee BbI30Ba:

play ay ..., a,)

rae (a,, a, ..., 4,) - CIUCOK ¢paKTHMUeCcKMX I1apamMeTpoB. B ominune ot dpyHKIINM,
oOparieHne K Ipolleype siBisieTcs orneparopoM. OmepaTopel BbI30Ba IIPOLIEAY]P
BCTaBJISIOTCS. B OCHOBHYIO IIPOTPaMMYy TaM, T7ie TpeOyeTcs BBIIIOJIHUTb COOTBETCTBY-
IOIIyI0 00PabOTKy TaHHBIX.

1 mapameTpa-3HadeHMs B KadecTBe (PaKTMUECKOTO ITapaMeTpa MOXHO VC-
I10JIb30BaTh JII000€e BBIpaKeHVEe COOTBETCTBYIOIIETO TUIIA, B YaCTHOCTV KOHCTAHTY
VIV IIepeMeHHYIo. VI3MeHeHIs ITapaMeTpOB-3HaUYeHNIT He IIepedaloTCsl BO BHEIII-
Hee OKpY>KeHVe ITOIIIPOrPaMMEI.

)11 mapameTpa-niepeMeHHOM B KauecTBe (DAKTIUECKOTo ITapaMeTpa MOXHO VIC-
II0JIb30BaTh TOJIBKO IlepeMeHHYI0. Bce m3MeHeHNMs yKa3aHHBIX TapaMeTpoB OymyT
IepeiaHbl B IIpOrpaMMy, KOTOpasi BbI3BaJla COOTBETCTBYIOIIYIO IIPOLIEAYPY .

ITpumep:

Program P99;
{OnucaHmMe M MCHOJIb30BaHME HOpolenyps Lac }
var a, b, ¢, t, g : real;

procedure Lac(r : real; var 1, s : real);
{InyuHa OKPYXHOCTM M IJIollalb KpyTa }
{r - pamuyc; 1 - mnmHa; s - mJjgowWanb }
const Pi=3.14159;
begin
1:=2*Pi*r;

s:=Pi*sqr(r) ;
end; {Lac }
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[Tponenypa Lac umeeT Tpu dpopMasIbHBIX TapaMmeTpa: r, 1, s. [lapamerp r
SIBJISIETCS TTapaMeTpOM-3HaveHeM, a 1 M s - IapaMeTpaMu-riepeMeHHBIM.

[Tpu BeImOIHEHMM TpOLIeyphl Lac (a, b, c) 3HadeHue 1.0 nepenaercs dpop-
MaJIbHOMY MapaMeTpy r, a ajpeca IlepeMeHHbIX b 1 ¢ IlepefaroTcs hopMaIbHbIM
napameTrpaMm 1 1 s. Takum oBpasom, IocsIe1oBaTeIbHOCTL OIIepaTOPOB

SKBVBaJIEHTHa I10CJIeJ0BaATeJIbHOCTM

AHaJIorM4HO oreparop

SKBVIBaJIECHTEH IT10CJIeIOBaTeJIbHOCTII

Bonpochbl 1 ynpaxHeHus

O B uem pasHuUa Mexay napamempom-3HadeHuem i NapaMempom- nepemeHHoU?
@ [laHbl onucaHus:

Kakue 13 cnepytoLyix onepaTopoB KOPPEKTHbI?

@ Pomab)

b)




pormsiy
brambe
pormamn

AprymeHTMpyiTe Balll OTBET.

© [pPOKOMMEHTUPYIITE CIIEAYIOLLYIO MPOrPaMMy:

® Yro byzeT BbIBEAEHO Ha 3KpaH crefytoLeri MporpamMmmoit?

AprymeHTupyiTe Balll OTBET.
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© HanuwwuTe npouenypy, KOTopas:

) HAXOANT KOPHU ypaBHeHua ax’ + bx + ¢ =0;

6) ynanseT 13 CTPOKM CMMBOJI, YKa3aHHbI Npy BbI3OBe NpoLeaypbl;

8) obpamnaeT CTPOKy cumBoiamu “#”;

2) ynopagoumBaeT afiemeHTbl MaccmBa array [1..100] of real B nopsApke BO3-
pacTaHus;

0) ynopagouvBaeT aniemeHTbl danna file of integer B nopapake yobiBaHUS;

€) HaxoAWT N 3aHOCUT B MAacCMB NMPOCTblE YNCIA, MEeHbLUME 3aAaHHOIO HaTypPasibHOroO
yucnan.

PaCCManVIBaIOTCFl cnepywouime Tunbl AaHHbIX:

type Data = record
Ziuva : 1..31;
Luna : 1..12;

Anul : integer;
end;
Persoana = record
NumePrenume : string;
DataNasterii : Data;
end;

ListaPersoane = array [l..50] of Persoana;

HanuwwTe npouenypy, KoTopas nonyyaet 13 rnaBHOWN NPOrpaMMbl CMINCOK KL, U BO3-
BpalyaeT:

a) GaMmunumn 1 UMeHa Tex, KTo poausca B IeHb Z MecsaLa;

6) bamunumn 1 NMeHa Tex, KTo poannca B mecal, / roaa;

8) amunnn n MeHa Tex, KTo pOAWUICaA B rod d;

2) daMmmnun 1 MeHa Tex, Ubsa AaTa poxaeHua z.l.a;

0) baMmnuio 1 MMA CamMoro CTapLUEro YenoBekKa;

e) amunuio 1 MA CaMoro MNagLLEero YenoBekKa;

’K) BO3PACT KaXk[10ro YesioBeka B rofax, Mecsauax v aHaAX;

3) CMUCOK NNL, CTApLLE V NIET;

u) CNUCoK nuu, B andaBUTHOM NOPSIAKE;

K) CMIUCOK NUL, YNOPSAOYEHHDIN COTNACHO AaTe POXKAEHMS;

J1) CMVCOK NL, OQHOrO BO3pacTa (PoXAeHHbIX B OQHOM 1 TOM Xe rogy).

HanuwwTe npouenypy, Kotopas:

a) co3paeT pe3epBHYO KOMNMIO Nto6oro TekcToBoro danna;

6) ynanset 13 TekctoBoro darina nycrble CTPOKU;

8) HAXOAUT KONMYECTBO CTPOK B TEKCTOBOM daline;

2) BbIMOJHAET CJINAHE ABYX TEKCTOBbIX (alifioB B OAVH;

0) BbIMOJNHAET CIMAHME N (N > 2) TEKCTOBbIX $alifioB B OAUH.

Ha3zoBem 6o/bwiumMu HaTypasbHble Yncia, cogepalme 6onee 20 3HaUUMBbIX LUPP.
BBepute TN gaHHbIX A 06paboTKM 6ONbLUMX HATYpasbHbIX YMCEN 1 HAaNULWNUTe Npo-
Lenypbl AN1A UX CNIOXKEHWA Y BbIYUTAHUA.



1.4. O6bnacTu BUOAMMOCTHU

Tero mrobomn IIpOrpaMMBI MJIN IIOAIIPOrpaMMbl Ha3biBaeTcs 010KoM. [TockosibKy
OATIIPOrpaMMBbI BKITFOUEHBI B OCHOBHYIO ITPOTpPaMMYy ¥, B CBOIO OYepenb, MOT'YT CO-
JepXaTb Opyrue MOAIpOorpaMMBbl, Os10KM MOTYT OBITH BJIO>KEHHBIMM (BKIIIOUEH-
HBIMU OVH B npyroﬂ). Takoe BjIOXeHMe OJIOKOB Ha3bIBaeTCs OJIOTHOM CTPYKTY-
POV IIpOrpaMMBI.

B Takux cTpykTypax Kaxxmomy 6n0Ky i COOTBETCTBYeT HeKOTOPBIVI YPOBeHb BJIO-
>keHHOCTM. OCHOBHOVI IIpOrpaMMe COOTBeTCTBYeT YPOBeHb BiioxkeHHocTH 0, 6J101<y,
oIrpesie/IeHHOMY B OCHOBHOVI IIpOrpaMMe - YpoBeHb BIoKeHHocTH 1. Brioky, orpe-
ZleJICHHOMY Ha YPOBHE 71, COOTBETCTBYeT YPOBEHb BJIOKeHHOCTU n+1.

B xadectse nipuMepa Ha puc. 1.2 npepcTasieHa OsrouHag CTPYKTypa IIporpam-
MbI P105.

Kak mpaswmto, mro6omt 6110k Ha s3pike [TACKAJID copepXut ommcaHms METOK,
HepeMeHHBIX, (PyHKUMIL, TapaMeTpoB 1 T.A. [Tpu ommcanmy BBOOWTCS 1M, KOTO-
poe moxer OBITH METKOW WWIN npenTudukaropom. OmvcaHne, Haxomsllleecs: BO
BHYTpeHHeM 0JI0Ke, MOXKeT ITepeOollpee/INTh MMS, OIVICAHHOE 3a ero IIpeeiaMu.
Taxvm 06pa30M, OITHO ¥ TO K€ VM B Pas/INYHBIX YaCTIX IIPOrpaMMbI MOXeT 000-
3Ha4aTh pas3jIyHbIe OOBEKTHI.

ITop 06/1acTH¥0 BMAMMOCTYM HEKOTOPOT'O OIICaHVI [IOHMAaeTCs TeKCT Iporpam-
MBI, B KOTOPOM BBeJIeHHBIe MMeHa 0003HaudaroT OOBeKT, OIlperle/leHHbIV JaHHbBIM
onmcanmeMm. O0IaCTh BUAVMMOCTI HaYMHAETCS Ccpasy ke II0oCJIe 3aBepIIeHNs OIu-
CaHV U 3aKaHYMBAETCsI BMeCTe C TEKCTOM COOTBETCTBYIOILIETO Gr1oka. ITockombky
Os10KM MOTYT OBITH BIIOXKEHHBIMM, 00JIaCTh BUIVMOCTY He SIBIISeTCs HeIpepLIBHOM
30HOM B TeKcTe IIporpaMMbl. O0IacTh BUAMMOCTHM OIMCAHMS 13 HEKOTOPOIO BJIO-
JKeHHOTo OJI0Ka ImepeKpbIBaeT 0o0J1acTh BUAMMOCTM OITMCAHWS, B KOTOPOM y4acTBY-
eT 3TO Xe MMSI, HaXOJISAIIeecs: BO BHeIITHeM OJIoKe.

Hamnpumep, B mporpamme P105 0061acTbio BUAMMOCTY OIMICAaHWs var a: real
SIBJISIETCSI TEKCT, 3aK/TFOUEHHBIVI MeXIy ImyHKTamMu {1}-{7}. OO0s1acTh BUIMMOCTU
omycaHusi var c: real COCTOUT U3 ABYX dpparMeHTOB TEKCTA, 3aKJIFOUEHHBIX MEX-
oy {2}, {3} m {5}, {6}.0O0sacTbIO BUAMMOCTY OIIMCAHMS var c: char SBiIseTcs
TEKCT, 3aK/IFOYeHHbIVI MeXy {4} m {5}.

1 HaxoxxaeHMs 00beKTa, 0003HAYeHHOIO HEKOTOPHIM MMeHeM, HeOOXOAMMO
3HATh 00JIaCTV BUIVIMOCTA.

Hampumep, B mporpamme P105 ngeHTHdUKATOp ¢ U3 oneparopa:

c:=chr (d)
obo3HauaeT nepeMeHHYy!O TyIia char. ToT xe caMbIlt nueHTUUKATOP 13 oIlepaTopa:
c:=b+1

o0o3HayvaeT repeMeHHYIO TUIla real.

HamomHmM, uTo onvicaHve viMeHM yHKIVV/ IPOIiey bl 3aBepIllaeTcs B KOHIIe
3arosioBka. Takvm o6pasoM, 001aCTh BUAVMOCTY TAaKOTO OIVICAHMsI BKJIIOYaeT VI TeJI0
COOTBETCTBYIOIeN PyHKINY/ TIPOIIeyphl. DTO JlejlaeT BO3MOKHBIM PeKypPCUBHBI
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BBI30B: B TeJI0 (DYHKIIMV/ TIPOLIeIyPhl MOXKHO BKITIOYAaTh BBI30OB €e caMOVi, TaK KaK
COOTBETCTBYIOIIee MMs HaXOAUTCA B 00acTut BuanMocT. EcrecTBerHo, onmcaHme
J1I000r0 POPMaIPHOTO IapaMeTpa SIBJISIeTCs. BUIVIMBIM TOJIBKO B TeJle COOTBETCTBY-
IOIIIeV! IIOAITPOrPaMMBL.

Puc. 1.2. BnoyHas cTpyKTypa nporpammbl Ha A3bike MACKAJTb

Hampumep, obacTpio BUAMMOCTY OHVCaHVS procedure Q sSBIIsIeTCS TEKCT,
HaXOMAIIUVICS MeXIy IyHKTamMu {3} u {6}. O0O1acTbI0 BUAMMOCTY OIVICAHWS
d:integer gBIgeTCS TEKCT, HaXOMSIIUIICST MeXIy IyHKTamm {3} m {5}.
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Bonpochkl u ynpaxHeHusi

O Kak onpegenseTca 061acTb BUAMMOCT HEKOTOPOTO ONUCaHNA?

® OnpepenuTte 06MacT! BUAUMOCTU ONUCAHUN b: real U x: real U3 nporpammbsl P105
(puc. 1.2).

© Onpegenute 6I0YHYIO CTPYKTYPY MPOrpammbl, MpeacTaBieHHON HuKe. [Ins Kaxaoro
onMcaHNa yCTaHOBUTE 06M1aCTb BUANMOCTU 1 ONpeaenuTe 06beKTbl, KoTopble 0603Ha-
YaloT NAEHTUOUKATOPDI C U X NPY KaXkAOM CBOEM MOABAEHNN.

YTto BbIBEgET Ha SKpaH OaHHaA nporpamma?

® OnpepennTe 06MacTi BUUMOCTU MAEHTUGMKATOPOB P U F 13 nporpammbl P105
(puc. 1.2).

© [lpoKOMMEHTUPYITE CleaytoLLyto NpPorpammy:




begin
a:=3.14;
writeln (x+a) ;
end; { P }
begin
a:=3.14;
P(a);
end.

O Kak onpenenuntb, Kakol 0ObeKT NPeACcTaBAAeT UMsA, KOTOPOe NOABAAETCA B onpefeneH-
HOM 6J10Ke nporpammbl Ha A3bike NMACKAJb?

1.5. CBA3b Yepe3 rnobanbHble NnepeMeHHble

Be13oB mopmporpaMMbl IofipasyMeBaeT Ilepeiaduy ITofjIexalux obpaboTke
JaHHBIX BbI3bIBaeMOVI PYHKIVN VIn mpoueype. Ilocse BBITOIHeHS TTOC/IeTHero
orteparopa IOJITPOrpaMMBI ITOJTyYeHHBIe Pe3ysIbTaThl HeoOXOIMO BO3BPAaTUTD Ha
MecTo BbI30Ba. MBI yke 3HaeM, UToO TojyIexaliye oopaboTke JaHHbBIE U TIOIyYeH-
Hble pe3yJIbTaThl MOTYT IlepefaBaThCs uepes IapameTpbl. DopMasbHEIe ITapamMe-
TPbI yKa3bIBAIOTCS B 3ar0JI0BKe (PyHKIIVV VIV ITPOLIeTy Phl, a (paKTUdecKye — B TOV
YacTy IIPOTpaMMBl, I7le IIPOV3BOIUTCA BBI3OB.

B nomnoriHeHme K criocoOy repeiaun JaHHBIX yepes napaMeTphl, 361k [TACKATIb
JIOIyCKaeT Iepefady JaHHBIX MeX/Ty IPOrpaMMOV M BBI3bIBA@MBIMY TIOAIIPOIpaM-
MaMU yepes r71o0aIbHble ITepeMeHHbIe.

JTrobasi mepemMeHHasi SIBJIAeTCs JIOKaJIBHOV 110 OTHOIIEHUIO K IOJIIpOrpaMMe B
KOTOpOW OHa oObsBsieHa. IlepemeHHas siBiisgeTcs I7100aIbHOV II0 OTHOIIEHWMIO K
MOAIpOrpaMme, ecJIvi OHa OObsBIIsIeTCS B OCHOBHOV ITpOrpaMMe VIV BO BHeIITHe
roJirporpamMmme, 0e3 MOBTOPHOTO 00BsABIIEHN B pacCMaTpUBaeMOVl IIOITporpaMMe.
Tak xak ri106aJIbHBIe TlepeMeHHbIe M3BeCTHBI Kak B ITOJIIporpaMMe, Tak 1 3a ee Ipe-
JiesiaMi, OHV MOTYT WICIIOIb30BaThCs I Iepefiaun JaHHBIX, IToyIeXalx odbpa-
GoTKe, 11 BO3BpallleHs pe3yJIbTaToB.

Ipumep:

Program P108;
{CBg3p uepe3s ryoOaIbHEE IIEPEMEHHBE }
var a, {nepemMeHHas ryioBanbHas B P }
b : real; {nepemMeHHas ryioBbanbHas B P, F }

procedure P;

var c : integer; {nepemMeHHasa ryioBanbHas B P }
begin

c:=2;

b:=a*c;
end; P}
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[anHbIe, TIOyIEXalIe 00paboTKe, TIepeIatoTcs IIpolieflype P uepes r100aIbHyTO
riepeMeHHYI0 a. Pe3ysIbTaT, 110y YeHHBIVI ITPOIie/Ty POVI, BO3BpAIIlaeTcsi Ha MeCTO BbI-
30Ba 4yepe3 II00aIbHYIO TIepeMeHHYI0 b. 3HaueHMe apryMeHTa (PYHKIIMNI F Iiepeia-
eTcsi uepes IJ100a/IbHYI0 TepeMeHHyTo b. OTMeTVM, UTo IepeMeHHasl a SIBJIgeTCs JIO-
KaJIbHOV ISt F V1 He MOYKeT VICTIONIb30BaThCs IS Iepefiaunt JaHHBIX B 3TY (DYHKIIVIO.

Kak mpaBmto, cBsi3b uepe3 IJI00a/IbHBIE TIepeMeHHbIe VICIIONB3YeTCs B TeX CIIydasiX,
KOITIa HEeCKOJIBKO TIOMIIporpaMM OOpabaThIBAalOT OOHM M Te XKe JaHHble. Hamprvep,

pYHKIMM, apryMeHTbI KOTOPBIX OTHOCSITCS K TUITY MAcCu6; IIPOLIey pbl, KOTOpble 00pa-
GaThIBArOT MaCCVBBI VIV (PavUTBI C TAHHBIMI O paOOTHMKAX, YUeHVKaXx M T.JI.

Bonpochkl u ynpaxHeHusi

O OO6bACHWTE TEPMUHBI NepeMeHHAs 27106a/1bHas N0 OMHOWEHUIO K Hekomopoli noonpo-
2pamme v nepeMeHHAsA JI0KAIbHAA 8 HeKomopoU noonpozpamme.

HazoBuTe rnobanbHble U JIOKasbHble NMepemMeHHble, OMvcaHHble B nporpamme P105
(puc. 1.2).

(2]
© MoxeT v fioKasibHas NnepeMeHHas B TO e Bpems ABMATLCA 1 r1o6anbHO Mo OTHOLe-
HII0 K Kakol-nnbo nognporpamme?

O HazoBuTe NloKanbHble 1 rnobasibHble NepemeHHble, ONrcaHHble B CliefyioLLen nporpam-
Me. YTo BbIBOAUT Ha dKpaH JaHHas nporpamMma?
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© [laHbl onncaHusA:

KoMnoHeHTbl nepemMeHHbIX TUna Temperatura NPeacTaBaoT cCO60M 3HaUeHNA Tem-
neparypbl, M3MePAEMON KaxkAblli Yac B TeueHne 24 yaco. HanuwmTte npouenypy, KOTo-
pas:

a) HaxoAWT MAaKCMManbHYI0 1 MUHVMAJTbHYIO TemMnepaTypbl;

6) HaxoguT yac (4acbl), korga bbina 3aperncTprpoBaHa MakcManbHasa TEMNepPaTypa;

8) 3anncblBaeT B TEKCTOBbIN dalin yac, Koraa Obina 3aperncTpripoBaHa MUHMMasbHas

Temnepatypa.
CBA3b C COOTBETCTBYIOLWMMY NPOLeAypPaMmn OCyLLeCTBAAETCA Yepes rnobanbHble nepe-
MEHHbIE.

[laHbl Npor3BoNbHble TEKCTOBbIE dalbl. HanuwunTe GyHKUKMIO, KOTOpas:

a) BO3BpPALLAET KOJIMYECTBO CTPOK B daline;

6) HAXOAWUT KONIMUYECTBO FNAaCHbIX B TEKCTE;

8) HAXOOUT KONMYECTBO CJIOB B TeKCTe (C/IoBa NpefcTaBnsAloT cobol nocienoBaTtesb-
HOCTM CMMBOJIOB, Pa3fefieHHbIX NPobenamMmu AN CMMBOIaMM KOHLIA CTPOKM);

2) BO3BpaLUaeT CpeHIo ASIMHY CTPOK TEKCTa;

0) BO3BpaLLaeT CPESHIO ASIMHY CJI0B TEKCTa;

e) BO3BpaLLaeT YnMCo 3HAKOB MYHKTyaLMm B TeKCTe.

CBsI3b C COOTBETCTBYIOLMMY MPOLEAYPaMU OCYLLECTBAAETCSA Yepes rnobanbHble nepe-
MEHHbIE.



1.6. Mob6ouHbIe 3chpdeKTbI

JTrobast pyHKIMS BO3BpalliaeT eMHCTBeHHBIV pe3y/IbTaT — 3HaueHve PyHKIUN.
Kak mpaBmio, 3Ha4eHMs! apryMeHTOB IepefaroTcss (PYHKIIMM dYepe3 IapaMeTphl-
3HaueHMs, a pe3ysIbTaT BO3BpaIllaeTcs Ha MeCTO BbI30Ba depe3 MM (PyHKIWNL.
ITommmo storo, si3p1k [TACKATID monyckaet niepeady apryMeHTOB dyepes I7100aiTb-
Hble IlepeMeHHBbIe U TTapaMeTphl-TlepeMeHHbIe.

ITon mobouHBIM 3¢ deKToM NOHMMaeTCs NpucBanBaHMe (BHYTPU PyHKIIVIV)
HEeKOTOPOTO 3Ha4yeHMs IJI00aJIbHOV IlepeMeHHON Wi POpMaIbHOMY HapaMeTpy-
repemeHHOV. [ToGouHbIe 3 PeKTH MOTYT HellpeIBUIeHHBIM 00pa3oM BIVSTh Ha
XOI, IIPOTPaMMBI, YCIIOXKHSIS TEM CaMBIM IIPOIIecC ee OTIIafIKMN.

Hwoke ripeicTapiieHBI ITpUIMepPBI IIPOTpaMM, B KOTOPBIX UCITOJTB3YIOTCS (DYHKITNN
¢ To6oYHBIMM 3PpexTamuL.

B mporpamme P110 dpyHKIM F Bo3BpalllaeT 3HaueHMe BeIpakeHnd a* x. Hapsmy
C 5TVM OIlepanyis IpVCBaMBaHM a: =a+1l W3MeHseT 3HaueHle ITI00aIbHOT Iepe-
MeHHOM a. Takum oGpa3oM, /1151 OJHOTO M TOT'O JKe 3HaueHus 1 apryMeHTa x QPyHK-
LIVIsl BO3BpAIlaeT pa3IM4Hble pe3ysIbTaThl, YTO IIPOTUBOPEUYNT OOBIYHOMY OIlperie-
JIEHMIO (PYHKITUAL.
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begin
a:=2;

writeln (F(a)) ; { Ha »sxpaH BEHIBOmDMTCH 4 }
writeln (F(a)); { Ha sxpaH BHBOIMUTCH 6 }
writeln (F(a)); { Ha skxpaH BEHIBOOMTCH 8 }
readln;

end.

B nmporpamme P111 dpyHKUMs F BO3BpalllaeT 3HaueHMe BbhIpakeHMs 2*x. Tak
KakK x — OpMasIbHBIVI ITapaMeTp-TiepeMeHHasl, TO OIlepallyis IIPVCBaMBaHMs X : =x+1
V3MeHseT 3HaueHMe (PaKTUUYecKOoro IapaMeTpa, yKasblBaeMOI'O IPW BbI3OBe, T.e.
3HadeHMe IIepeMeHHON a M3 OCHOBHOV IporpaMMbl. TOT dakT, 4To maeHTUYHbIe
II0 TeKCTy obpareHus F (a), F (a) u F (a) BO3BpaIllaloT pas3INdHbIe pe3yJIbTaThl,
MOJKeT IIPVBECTV K OCJIOXKHEHVISIM B ITpOIiecce OT/IaaKN.

YTo KacaeTcs nporeayp, TO 33ech oreparyy IIpycBanBaHns Hafl IJ100aIbHbIMI
rlepeMeHHBIMY ITPUBOJIAT K TaKVM JKe IOO0UYHBIM 3dpekTam, KOTOpble paccMaTpy-
BaJIVICh B cJIyvae dpyHKImiL. Tak Kak cTaHZapTHBIM CIIocOOOM Bo3Bpara pe3yJibTa-
TOB IIPOLIeyPhI SBJISIeTCS BO3BpaT dyepe3 popMasibHble apaMeTphl-TlepeMeHHbIe,
orepanuy MpuUcBavBaHMs HaJl TaKVMM ITapaMeTpaMy He CUMUTAIOTCH TOO0YHBIMNI
adpdpexTamm.

[Tobounble 3 deKTbl BHOCAT OTKIIOHEHWS B CTaHIAPTHBIV IIPOIIECC CBS3N
IporpamMMa-TIoAnporpamMmma, IIpu KOTOPOM WUCITOJTb3yeMbIe TIepeMeHHbIe YKa3blBa-
IOTCSI IBHO B KauecTBe (popMaJIbHbBIX IlTapaMeTpOoB B OVICAHUM 1 PaKTUIecKyX Iapa-
MeTpoB Ipw BbI3ose. ITocrrencTprist T000UHBIX 3P HEKTOB MOTYT PacIIpOCTPaHATHCH
Ha 00J1acTV BUAMMOCTY I7100a/IbHBIX OIIVICAHVA U B3aMMO/IEVICTBOBATD C IIOA00HBIMM
s dexTamu, BOSHMKAIOIIMMY TPV BBIIOJIHEHWN APYTIvX npouenyp u dpyskunm. B
TaKMX yCJIOBUAX VICIIOJIb30BaHVe IJ100a/IbHbIX IIepeMeHHbIX CTAaHOBUTCS PUCKOBaH-
HbIM. [To3TOMY 151 COCTaB/IeHs CITOKHBIX IIPOrPaMM PeKOMEeH Ty eTCST:

1. CBsi3b PYHKIINIL CO CpeoVl BbI30Ba OCYIIECTBIIATH IIOCPEICTBOM Ilepergadn
JaHHBIX B (PYHKINMIO Uepes popMasibHble MapaMeTpbl- 3HaueHNs, BO3BpaT e/IMHCT-
BEHHOTO pe3yJIbTaTa - yepes ee MMs.

2. Cpasp mpoleyp CO CpefoVi BbI30Ba OCYIIECTBIIATH IOCPEICTBOM Ileperadn
JaHHBIX B pOLle[lypy 4epe3 dopMasibHbIe ITapaMeTpbl-3HaueHNs WM IapaMeTphl-
repeMeHHEbIe, a BO3BpaT pe3yJIbTaToB — uepe3 hopMaJlbHbIe MapaMeTphl-TiepeMeHHbIe.

3. I'nobasbHble mepeMeHHbIe MOXKHO VICIIOJIBL30BaTh [171s ITepeiayun JaHHbIX B II0/1-
IporpaMMbl, OMHAKO BHY TPV HOAITPOrpaMM X 3HaUE€HVsI He [TOJDKHBI MEHSAThCS.

Bon POCbI U ynpaxXHeHUsA

© B uem npuumHa NobouHbIx 3¢pdekToB? K KakM NocneAcTBMAM MOTYT NPUBECTMN YKa3aH-
Hble 3 deKTbI?

® Y10 BbIBOAAT HAa 3KpaH criefytoLre Nporpammb?

Program P112;
{lIoBounrle 30OeKTH }
var a, b : integer;
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© Kak MoXHO 136exaTb NobouHbIX 3¢pdekToB?

1.7. Pekypcus

Pexypcuernt HasblBaeTCs IIpsIMOe I KOCBeHHOe oOpallleHye TTOAIPOrpaMMbl K
camort cebe. [TogmmporpamMma, KOTopas BbI3bIBaeT caMy celsl, Ha3bIBaeTCs peKypcub-
HOU.

[Tpenmonoxmm, 9To 0ObgBIIeH CIeMYIOIINT TUII

OyHKUME hakmopuar
1, ecnu n=0;
n-f(n—-1), ecou n>0

f(n)={

MO>keT OBITh ITpepicTaniieHa Ha s13b1ke [TACKAJID, vicxopst n3 ee onrpenesieHis, B cite-
ZIyIOIeM BuIe:

BeI3oB F (7) BiieueT 3a cobovi psp oOpareHnit K GyHKOUN F ¢ PaKTUIeCcKIMI
mapamerpamm 6, 5, .., 2, 1, O:




ITpu BBI30Be F (0) BBIUMCIISIETCS HEIIOCpe[ICTBeHHOe 3HadyeHre PyHKIIUM, YTO
OCTaHaBJIMBaeT IIpollecc IIOBTOPEeHNUNI; IocjIe 3TOro cyleflyeT IIpollecc Bo3BpaTa U

BbIUVIC/IeHVEe 3HAaUeHUI cpyHKLWM F g aprymedros 1, 2, .., 6, 7, 10-
cJleIHee BBIUMCIIEHHOe 3HaueHue F (7) BO3BpalllaeTcs Ha MeCTO IIePBOrO BHI30Ba
dyHKUMN.

3HaueHMAMI PYHKINN
0, ectu n=0;
fib(n) =11, ecmu n=1,
fib(n=1)+ fib(n—-2), ecniu n>1

SBIISIIOTC umcyia Orborauun. CHe,HYH OIIpeesIeHIIo, I1oJIydaeM:

function Fib (n:Natural) :Natural;
begin
if n=0 then Fib:=0
else if n=1 then Fib:=1
else Fib:=Fib(n-1)+Fib (n-2)
end; {Fib}

KaxmwIvi BbI3OB q)yHKLU/M Fibmwiga n > 1 Bieuers3acoboiaBaBezoBaFib (n-1),
Fib (n-2) uT. O., HaIpuMep:

Fib (4) ->
Fib(3), Fib(2) ->
Fib(2), Fib(l), Fib (1), Fib(0) ->
Fib (1), Fib(O0).

V13 jaHHBIX IPUIMEPOB BUIHO, YTO PEKYPCH VICIIONIb3yeTCs [IJIsl TOrO, YTOOHI 3a-
IIPOrpaMMMpPOBaTh HOBTOPSIOIIECS BhIUMciIeHs. IIoBTopeHe oCyIecTBIIsIeTCsT C
IIOMOIIIBIO TTOJIITPOTPaMMBbl, BHYTPY KOTOPOVI €CTh BBI30B caMoV ceOsi: Korya IIpo-
LIeCC BBIIIOJTHEHVSI ITPOIPaMMBbl TOCTUrAaeT COOTBETCTBYIOIIEr0 MeCTa, BbI3bIBAETCSI
HOBOE BBIIIOJTHEHVE TaHHOVI IIPOLIEIY PBI.

OueBnmHo, 1m00ast peKypcuBHas IIOAIIporpaMMa IOJDKHA COfmepKaTh YCIIOBUIe
OCTaHOBKM IIpollecca mosTopeHms. Hampumep, B ciaydae ¢pakmopuasa mporiecc Imo-
BTOPEHWVI OCTaHaB/IVBaeTCsd, KOIfa n IpuHUMaeT 3HadeHue 0; B cjrydae pyHKIIUM
Fib mpollecc ocTaHaB/IMBaeTCs, Korga n npuHuMaet sHadeHns 0 vom 1.

ITpwm ;m060M BBI30Be TIOAIIPOrpaMMBbl B IaMsITh KOMITbIOTepa 3aHOCUTCS CIIefTyIo-
mas nHdopmarin:

- TEeKyIIVie 3HaUeHVs IlapaMeTpoOB, IlepelaBaeMbIX Yepes3 3HauYeHue;

- MeCcTOHaXOXJIeHue (ajpeca) IlapaMeTpOB-TlepeMeHHBIX;

- azpec BO3Bpara, T. €. ajipec orepaTopa, KOTOPbIV CJIeAyeT 3a OIIepaTOpOM BbI-
30Ba.

Taxum oOpaszom, Ipy peKypCUBHOM BbI30Be 3aHMMaeMasi 001acTh ITaMATH yBe-
JIMYMBAETCS OUYeHb OBICTPO, UTO BeZleT K PUCKY IeperioIHeHVs ITaMsITH KOMITbIOTe-
pa. DTOro MOXHO M30eXaTh IIyTeM 3aMeHbI PeKypPCUI Ha MTepaluio (oImepaTopbl
for, while, repeat). B kauecTBe npumepa mIpencTaBM HepeKypPCUBHYIO pop-
My PYHKITUM IS BBIYUCIIEHUS (PaKmopuaa:
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function F (n: Natural): Natural;
var i, p : Natural;
begin
p:=Li;
for i:=1 to n do p:=p*i;
HEES o)
end; {F}

Pexypcrio HeOOXOAMMO WCIIOIBb30BaTh B CJIy4asix, KOIrZa HalvcaHle HepeKyp-
CUBHBIX aJIFOPUTMOB SBJISIETCSI OUeHb CJIOKHBIM: IIepeBOjf] IIporpaMM Ha S3bIKe
ITACKAJIb Ha s3bIK KOMIIBIOTEpA, MAIIMHHAS rpadmKa, paclio3HaBaHVe 00pa3os
WUT. A

Bonpocbl un ynpaxHeHus

© Kak BbINOHAETCA peKkypcrBHas nognporpamma’? Kakas nHpopmauma 3aHocmTca B na-
MATb KOMIbIOTEPa NPU BbIMOSIHEHNUN PEKYPCUBHOTO BbI30Ba?

® B uem pasHuMLa Mexay pekypcuen n ntepauuen?

]

Hanuwwte HepekypcnBHyto dyHKLMI0 OrGoHavuu.

O HanwvwwTe peKypcrBHYIO NogNporpamMmmy, Kotopas:

a) sbluncnaet cymmy S(n)=1+3+5+ ..+ (2n-1);

6) Bbluncnaet nponsseaeHne P(n) =1x4x 7 x..x (3n-2);
8) NepecTaBnAeT CUMBOJIbl CTPOKM B 0OPATHOM NOPsAKeE;
2) Bbluncnaet npousBegeHne P(n) =2 x4 x 6 x ... x 2n.

© HanuwwTe Nnporpammy, KOTopas BBOAMT C KNaBUaTypbl HaTypasibHble Yicia m, N 1 Bbl-
BOAMT Ha dKpaH 3HauyeHnA GyHKUMM AKkepMaHHa:

n+l, ecim m =0;
a(m,n)=<a(m-1,1), ecu n =0;
a(m-1,a(m,n-1)), ecmu m >0wun>0.

Boiuncnute a(0,0), a(1,2), a2, 1) v a(2, 2). MonpobyiiTte Boluncnutb a4, 4) v a(10, 10).
O6bACHUTE COOOLLEHUS, BbIBOANMbBIE Ha SKPaH.

® [laHo onucaHue
type Vector=array [l1..20] of integer;

HanuwwuTe peKypcuBHyto nognporpammy, kotopas:

ad) BbIBOAMT Ha 9KPaH KOMMOHEHTbI BEKTOPa;

6) BblUMCNAET CyMMY COOTBETCTBYIOLLNX KOMIMOHEHT;

8) nepecTaBnNAeT KOMMNOHEHTbI BEKTOPa B 06paTHOM NMOpPAAKE;

2) BbIUMCIACT CYMMY MOJSTIOXKUTESNIbHBIX KOMMOHEHT BEKTOPA;

0) NpoBepseT, eCTb M CPeAr KOMIMOHEHT BeKTOpa XOTA Obl ofHa oTpuLaTenbHas;

€) BbluncnAeT npov3BefeHre oTpuLaTenbHbIX KOMMOHEHT;

X) NpoBepseT, ecTb NI CPEAN KOMMOHEHT BEKTOPa XOTA Obl OAHA, paBHas 3ajaHHOMY
ymcny.
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@ lepennwuTe cnegytoLlyio GYHKLMIO B HEPEKYPCMBHOM BUAE:

function S (n:Natural) :Natural;
begin

if n=0 then S:=0

else S:=n+S(n-1)
end; {S}

O HanuwuTte pekypcnBHyto GyHKLMIO, KOTOPasA BO3BPALLAET 3HaUEHVEe true, eCsin CTPOo-
Ka CIMBOJIOB S COOTBETCTBYET ClleflyloLLemMy OnpeaesieHnio

<Yucno> == <lugppa> | <Yugpa> <Yucno>

Yka3zaHue. PekypcmBHasa ¢popma Takon GyHKLUMN HenocpeACcTBEHHO BbITEKaeT U3 MeTa-
NUHrBUCTMYeckor Gopmynbl. HepeKypcrBHbIA BapuaHT

function N(s : string) : boolean;
var i : integer;
p : boolean
begin
p:=(s<>77);
for i=1 to length(s) do
p:=p and (s[i] in [707..797]1);
N:=p;
end;

cnepyet 13 onpepeneHns
<Yucno> := <lugpa> {<lugpppa>}

(9] ﬂ,aHbI aliegywuwme meTaJimHreucTnyeckmne ¢OpMyJ1bI:
<Yucno> := <luepppa> {<luppa>}
<3Hak> =+ |-
<BovipaxeHue> = <Hucno> | <BbipaxeHue> <3Hak> <BvlpaxeHue>
HannwwTe pekypcrBHYto GyHKLMIO, KOTOpas BO3BpallaeT 3HayeHue true, eCnm CTpo-
Ka CMMBOJIOB s COOTBETCTBYET OonpeneneHnto NleKCcmnYyeckom eanHnLbl <Bblpa)KeHue>.

1.8. CMHTaKcuc onncaHumn u BbI3OBOB noanporpamMmm

B obmiem cirygae ommcaHve oyHKITNT OCYIIIECTBIISIETCS C IIOMOIIIBIO CIIETYIOITNX
MeTaJIMHIBUCTUYeCKX (POPMYJIL:

<Qyuxyus> = <3aeo1060k pynxyuu>; <biox>
| <3aeos060x pynkyuu>; <lupexmuba>
| function <Mdenmugpuxamop>; <biox>

<3aeo01060k pyHKYUU> =
function <Mdenmugurxamop> [<Cnuicox gpopmarshbix napamempod>|
: <Moenmugpurxamop>

CuHTaKCHMIecKme AviarpaMMBbI ITpeiCTaBJIeHbl Ha puc. 1.3.
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<Pynxuus>

=I 3azonosox Pynxyuu Brox

Hupexmuea

(function)-—' Hoenmuguramop |——|Bn01c

<3azonosox pynxkuuu>

Hfunction)-—' Hoenmugpurxamop ﬁ
C—' Cnucox opmanvrvix napamempos I—@—' Hoenmuguramop |——

Puc. 1.3. CuHTaKcmc onucaHua GyHKUmUm

ITpouenypbl ommcbIBatOTCs C IIOMOIIBIO CJIeAYIOIINX (POPMYIL:

<IIpoyedypa>::=<3aeo1060k npoyedyps>; <biok>
| <3aeo1060x npoyedypor>; <Hupexmuba>
| procedure <Moenmudgpuxamop>; <baok>

<3ae01060k npoyedypsi> := procedure <Moenmudguxamop> [<Cnucox popmarvHbix
napamempo6>|

CuHTaKCcdeckKve AViarpaMMBbI ITPeICTaBJIEHbI Ha puc. 14.

<IIpoueoypa>

3azonosox npouedyput Bnox

Hupexmuea

procedure)—»' Hoenmudpurxamop I——| Bnox

<3azo0m060K npoyedypor>

4>Cprocedure)——| Hoenmuguramop Iﬁ
L—' Cnucox dpopmanvnvix napamempos |—>

Puc. 1.4. CuHTaKcmc onmcaHua npoueaypbl

Cnmcok ¢popmMasIbHBIX IIapaMeTPOB VIMeeT CMHTaKCHC:

<Cnucok hopmarvHbIx napamempos> ::=
(<Dopmarvrviil napamemp> {; <DopmasvHiil napamemp>})
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<DopmasvHblll napamemp> =
[var] <Moenmucpuxamop> {, <Moenmucpuxamop>} : <Moenmucpuxamop>
| <3aeosr0box pyrxyuu>
| <3aeo1060x npoyedypor>

CuHTaKCcH4vecKast AVarpaMMa I1peicTaB/IeHa Ha pluc. 1.5.

<Cnucok ¢opmanvrovix napamempos>

3azonosox ynxuuu

3azonosox npouedypot

\ (D

Puc. 1.5. CuHTakcmyeckas guarpamma <Cnucok popmanbHelx napamempos>

OTMeTM, 9TO IIPY OTCY TCTBUM KJITIOYEBOTO CJI0Ba Var MAEeHTIMMKATOPHI 13 CIVICKA
yKasbIBaloTIIapaMeTpbl-3HaueHMs1. CJI0BO var yKasblBaeTIIapaMeTpbI-TiepeMeHHbIe.
3aros10BOK HEKOTOpOoV (pyHKIMM (IIpoIle/lyPhl) yKasbiBaeT Ha MapaMeTp-(yHKIINIO
(mpouemypy). B Turbo PASCAL Taxme napaMeTpsl OIVCHIBAIOTCS SIBHO, OTHOCATCS K
npoueaypHOMY THILy U MMeIOT Bij] HapaMeTpos-3HadeHMi. fI3pik [TACKAJIb pac-
IIVpsieT OOBIYHBIVI CMBICIT TIOHATS (DYHKITN, TOITyCKasi BO3BpAT 3HAYeHMUII He TOJIb-
KO uepes 1M PyHKIN, HO 1 Yepe3 ITapaMeTphl-TlepeMeHHbIE.

OrnepaTop BhI30Ba (PyHKITMY VIMeeT BUJI:

<Bwi306 pymxyuu> = <Mmsa ¢pynxyuu> [<Cnucox pakmuueckux napamempod>]
a orepaTop BbI30Ba MpPOLIeAyPhL:
<Bui308 npoyedypu> ::= <Vma npoyedyps.> [<Cnucok gpaxmuueckux napamempob>]

dakTHvIecKne apaMeTpbl OIVCHIBAIOTCS C IIOMOIIBIO POPMYIL:

<Cnucox pakmuueckux napamempob> ::=
(<@axmuueckuii napamemp> {, <Paxmuueckuil napamemp>})

<Qaxmuueckuil napamemp> :=<Bovipaxenue> | <[lepemennan>
| <Mma pynxyuu> | <Umsa npoyedypv>
CuHTakcmyeckas JuarpamMma IpejcrapiieHa Ha puc. 1.6.
Casasp Mexy dakTraeckuM 1 pOpMaIbHBIM IIapaMeTPOM OITpeiesIsieTcsl IT03M-
1VieVl, KOTOPYIO OHM 3aHVMAIOT B 3TUX JIBYX CIIVCKAX.
B cirydae mapamerpa-3HaueHMs B KauecTBe (DAKTMUYECKOTO IapaMeTpa MOXKeT
VICTIOJTb30BaThCs JII00Oe BBIpaXkeHMe, B YaCTHOCTV KOHCTaHTa WIM IlepeMeHHas.
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CooTBeTcTByIOIIIee BhIpakeHMe JTOJDKHO OBITh COBMECTMMBIM C TOUKM 3peHMs Ipu-
CBaMBaHM C TUIIOM POpMaIbHOTO IapaMeTpa. VismeHeHns napamMeTpoB-3Ha4eHIt
He IIepeJIaroTcs 3a IpeiesIbl ITOAIIPOrpaMMBblL.

<Bvi306 Pynkuyuu>
——l Umsa pynxuyuu |—>| Cnucox akmuueckux napamempoe |——

<Bw1306 npouedypoi>
—>| Hms npouedypor |——| Cnucok axmuueckux napamempoe |——

<Cnucok axmuueckux napamempoe>
Ilepemenasn

Ums pynxyuu

Puc. 1.6. CuUHTaKcuC Bbi3oBa GyHKLUIA 1 npoueayp

B cjriydae mapameTpa-nepeMeHHOM B KauecTBe PaKTUUeCKVX ITapaMeTPOB MOTYT
VICIIOJIb30BaThCs TOJIBLKO IlepeMeHHbIe. VI3sMeHeHs 1apaMeTpoB-TiepeMeHHbIX I1epe-
JAIOTCH 3a IIPEeIesTbl IIOAIIPOTrPaMMBL.

B ciryuae napamerpa-dyHKInu (Iporeaypsl) B KadecTse paKTIUeCKOro rnapa-
MeTpa MOXeT VCII0JIb30BaThCs JII000e MMst DyHKIMY (IIPOoLiely Phl), 3ar0JIOBOK KOTO-
POVt MeeT BIJl, yKa3aHHBIN B CIMCKe (POpMasIbHBIX [IapaMeTpOB.

Bonpochbl u ynpaxHeHus

O Korpa ncnonb3yetca onvcaHvie Buaa
function <MoeHmugukamop>; <bnok>?

® YKaxunTe Ha CUHTaKCUMYECKMX Aarpammax puc. 1.3 n 1.5 nyTu, KOTopble COOTBETCTBYIOT
onucaHmAam GyHKUUI 13 nporpammbl P10 6, naparpad 1.4.

© B uem paszHuLa Mexay NapameTpoM-3HaueHeM 1 NapameTpoM-nepeMeHHON?

O YKaxnTe Ha CUHTaKCUYECKMX ArarpaMmmMax puc. 1.4 n 1.5 nyTu, KOTopble COOTBETCTBYIOT
onucaHvAM npouenyp 13 nporpammsl P101, naparpad 1.3.

O YKaXuTe Ha CMHTAaKCUYeCKUX ararpammax puc. 1.3 - 1.6 nyTu, KOTOpble COOTBETCTBYIOT
OMVCaHUIo 1 BbI3OBY MOAMNPOrpaMm 13 nporpamMmsl P105, naparpad 1.4.
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[maBa 2

ANHAMUWYECKUE
CTPYKTYPbl OAHHbIX

2.1. AnHamuyeckmne nepemMeHHble. CCbINMOYHbIN TUN

ITepemenHbIe, orvcaHHBIE B pasfiesie var JII000v IIPOrpaMMBbl VIV IIOAIIPOTpaM-
MBI, Ha3bIBAIOTCS CTATMUECKMMM IepeMeHHBbIMM. UNCIO0 CTaTMYeCcKNX IepeMeH-
HBIX yCTaHaBJIMBAa€TCsI B MOMEHT HaIIVICaHVIA IIpOrpaMMbl 1 HEe MOJKET M3MEHATbCA
B IIporiecce ee BbIIOIHeHV. OTHaKO OYeHb YacTO BCTPEYAIOTCS 3a/1a4ll, B KOTOPBIX
HeoOXOIVIMOe UNCIIO IlepeMeHHBIX 3apaHee HeM3BEeCTHO.

INpenmonoxmm, 9To HeOOXOAMMO 00paboTaTh JaHHBIE O JIFOISIX, KOTOPBIE CTOST
B ouepen B Kaccy 3a Ovteramun. [IyinHa ouepeny 3apaHee HemspecTHa. Kaxapin pas,
KOIZIa IIOSIBJISIETCS HOBBIVI YeJIOBeK, HeOOXOIVMMO CO3/IaTh II€PEMEHHYIO COOTBET-
cTByIoIero Tuia. [Tocste Toro, Kak 4eyioBeK yXOJINUT, COOTBETCTBYIOIIAs IlepeMeHHast
CTAQHOBWTCSI VI3JIVIITHEVL.

[TepemeHHBIe, KOTOPBIE CO3MAIOTCS M YHUYTOXKAIOTCS B IIPOLIECCe BBIITOJTHEHVIS
[IPOrpaMMBbl, Ha3bIBAIOTCS AMHAMMYIECKMMY IIepeMeHHbIM.

HocTynl K AMHAMWYECKVM MepPeMeHHBIM OCYINECTBIISIeTCS Jepe3 MHepeMeHHbIe
ccvla0uHo020 muna. Kak mpaBiIo, cCbIIOYHBIV TUIT OIIperiesIsieTcsl OIVICaHMeM BIjIa:

type T, = © T,;

roe T, - wmMs ccputouHoro tura, a 1, - 6asoBemn T 3Hak “/” uMTaeTcs Kak

r

“anpec”. O4eBMIHO, MOTYT WCIIOJIb30BAThCA ¥ aHOHVMHBIE CChUIOYHBIE TWUIIBI.
Cunrakcnueckas auarpamma <Ccbliounbil mun > npepcrasieHa Ha puc. 2.1.

<Ccoutounwiii mun>

4—@—> Tun ————

Puc. 2.1. CuHTakcnyeckas guarpamma <CcbiioyHeit mun>

MHOXeCTBO 3HaUeHMVI CChUIOYHOTO TUIIAa COCTOUT 13 agpecoB. Kaxawi ampec
yKasblBaeT Ha [IMHaMMUYEeCKyIo IepeMeHHyIo, KOTopasl NpUHa/JIeXUT 0a30BoMy
tiiy. K yKasaHHOMY MHOXeCTBY aJipecoB J1o0aBjisieTcs cIielajibHOe 3HadeHwue
nil (HyJIb), KOTOpOE He yKasbIBaeT HMUKaKYIO ITlepeMeHHYIO.

ITpumep:

type Adresalnteger="integer;
AdresaChar="char;
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var 1 : Adresalnteger;
r : “real;
c : AdresaChar;

Tekyiee 3sHaueHMe TIepeMeHHO 1 OyleT yKasblBaTh Ha AMHAMMUYECKYIO IIepe-
MeHHYIO TuIa integer. AHaJIOTMYHO IlepeMeHHble CCBUIOYHOIO TUIIa r U C yKa-
3BIBAIOT Ha IlepeMeHHbIe THUIa real M COOTBETCTBEeHHO char. OTMeTUM, YTO TUIIBI
IODaHHbIX Adresalnteger, AdresaChar M aHOHMMHBIN TUII “real ABILSIOTCH
PasITMUYHBIMU CCbLAOYHBIMU TVTIAML.

K 3HaueHMAM CCHUIOYHOrO THIIA MOXKHO IIPYMEHSITH Oollepalum = 11 <>. 3HadeHMs
CCbLAOYUHO20 TVIIA HE MOTYT OBITH BBEIEHEI C KJIaBMaTy PbI M BbIBEEHBI Ha SKpaH.

[uHamigeckasi mepeMeHHasi Co3aeTcs C IIOMOIIBIO CTaHAaPTHON (PYHKIIUN new
(HOBas1). Be130B maHHOV ITpOIIeAY PBI MMeeT BI/,

new (p)

I7ie p - lepeMeHHasl CChUIOYHOT'O THIIA.

[Tponenypa BbImesieT 00J1aCTh IMaMATH ISl CO3[IaBaeMOVI TIepeMEeHHOV U BO3-
BpalllaeT ajipec COOTBETCTBYIOIIEN 00IacTy Yepe3 IepeMeHHYI0 p. B mapHerem
JOCTYII K AVIHAMMYECKOV IepeMeHHOV MOXKHO IIOJIYYMTh yKa3aHWMeM ajapeca: 3a
VIMEHeM IIepPeMeHHO CCbLI04H020 TUIIAa P HeoOXOoaMMO 1tocTaBuTh 3HaK “”. Ecii B
KauecTBe ajipeca VICIIOJIb30BaTh HEKOTOPYIO IIePEMEHHYIO CCbLI04H020 THTIIA C COflep-
KaHVeM nil, TO 5TO IpUBeeT K OIIOKe BBIIIOITHEHVIS.

ITpumep:

new (i); i”:=1 - co3maHye OUMHAMIYECKOV IIepeMeHHOV T!IIa integer; CO3-
JAHHOVI IIepeMEeHHOV IIPVCBarBaeTCs 3HaUeHme 1;

new(r); r”~:=2.0 - co3maHMe OMHAMIYECKOV ITIepeMeHHOV Tulla real; co3-
TAaHHOW ITIepeMeHHOV IIPUCBaMBaeTCsI 3HaueHne 2 . 0;

new(c); c”:="*" - co3maHue OMHAMUYECKOV IIeEpeMEeHHOV ThIla char; CO3-

TTaHHOW TTepeMeHHOV TIpUCBavBaeTCs 3HaueHme " * ' .
HrHaMmdecKas nepemMeHHasd p”, CO3MaHHas IPY BbI3OBE new (p) , OTJINYAeTCs OT
BCex IIepeMeHHBIX, CO3/IaHHBIX paHee. CIle10BaTeIbHO, BHITIOJIHEHVIE OIIepaTOPOB

new (p); new(p); ...; new(p)

OpuBeneT K CO3IaHVIO II0CIeJ0BaTeIbHOCTI IVIHAMIYeCKX IIePeMeHHBIX U;, U,, ...,
v,. ITpu 3TOM nepeMeHHas p yKasbplBaeT Ha IIOCJIEIHIOIO 13 CO3HAaHHBIX JMHaMM4Ye-
CKVIX IIepeMeHHBIX — Ha v,. Tak KaK 3HadeHWs ITlepeMeHHBIX CCbl104H020 TUIIa ABJIS-
IOTCS afipecaMyt KOHKPeTHBIX oOsIacTell BHyTpeHHel ITaMATV KOMIIbIoTepa, JaHHbIe
HepeMeHHbIe Ha3bIBalOTCA YKa3aTe/IsIMU aJpeca, VIV IIPOCTO yKa3aTe IAMM.

YHUgTOXKEeHMe IMHAMWYeCcKOV IIepeMeHHON M OCBOOOXKIeHe COOTBETCTBYIO-
e o0yacTy IaMATV OCYIIEeCTBIISIOTCS C IIOMOIIBIO CTaHOAPTHOV IIPOIIeTypPhl
dispose (ocBoOOXIeHMe). BbI30B maHHOV ITpOolleAyphl MMeeT BU/L:

dispose (p)
rae p - mepeMeHHasl CCbLA0UHO20 TUTIA.
Ipumepni:

dispose (i) ; dispose(r); dispose(c)
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ITocsie BeITIONIHEHMS TTpOlLleAyPEI dispose (p) 3HadeHwe ITepeMeHHOVI P CCbiA04-
H020 TUITa CTAHOBUTCSI HeOIpeIe/IeHHBIM.

K armamMydeckyM nepeMeHHBIM MOXKHO IIPVIMEHSTh BCe OIlepaliuy, JOIyCTUMbIe
B 0azoBoM THIIE.

ITpumep:

B oTymiunie OT cTaTMUecKX IepeMeHHBIX, KOTOPbIe 3aHMMAIOT 00JIaCTV ITaMSIT, BbI-
IieJIeHHble KOMITVISITOPOM, IVIHAMITUeCKyie IlepeMeHHbIe 3aHVMAIOT 00J1acTVI ITaMsITH,
nperyiaraemele pyHkmmert new. COOTBETCTBYIOIIVIE 00IACTI ITAMSITV OCBOOOXKIAIOTCS
C TIOMOIIIBIO ITPOLIENyPhI dispose M MOTYyT ObITh TIOBTOPHO VCIIOIb30BAHBI IS Pa3-
MeIIeHVsI HOBBIX [IMHaMWUeCKVX IlepeMeHHBIX. TakuM o0pasoM, IIporeaypbl new u
dispose obecIreunBaOT AMHAMMYECKOe pacIpeneIeHye maMsITi: 00JIacTb ITaMsITH
HIPeIOCTaBIISIETCS IVMHAMITYECKOVI [IepEMEHHOVI TOJIBKO Ha BpeMsI ee CyIIIeCTBOBAHVIS.

KoriyecTBo IMHAMIMYECKMX ITe€pEeMEHHBIX, CIIOCOOHBIX CYIIIECTBOBATh OHOBpE-
MEHHO IIPVI BBIIIOJTHEHUV IIPOrPaMMBI, 3aBVICUT OT TUIIA IIepeMeHHBIX M 00J1acTi
[TaMsITH, MMEIOIeVics B pacriopspkeHmn. Korga B maMsTit He ocTaeTcsi CBOOOIHOTO
MeCTa, BBI30B IIPOLIEYPhI new IPVBEIET K OIIMOKe BBIITOJTHEHVIS.

Ipumep:




begin
1

end.

: new (i) ;
goto 1;

HVIHaMVILIeCKOQ paciipeneiieHre ImaMATn Tpe6yeT 0coboro BHMMAaHMSA OT IIpo-
Ir'paMMICTa, KOTOprI?[ 0o0s13aH CO31aBaTb M YHUYTOXXAaTb AVMHaMM4YeCKNe IepemMeH-
HbIe, a TaKXe obecrreunBaTh IIpaBWIbHYIO CCHUIKY Ha HUX.

Bonpocbl un ynpaxHeHus

o
2]
3]

o
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B uem pasHuLa Mexay cTaTUYecKUMy 1 AVMHaMUYeCKMM NepemMeHHbIMI?
Kak ngeHtnouumnpyotcsa uHammyeckre nepeMeHHble?

YKaxkuTe Ha CUHTaKCUYeCKOoM anarpamMmme puc. 2.1 nyTN, KOTOPbIE€ COOTBETCTBYHOT ONnnca-
HWAM CCbITIOYHbIX TUMOB 13 MporpamMmmbl P11 7.

[aHbl onucaHums:

type AdresaReal="real;
var r : AdresaReal;

YKaXKnte MHOXeCTBO 3HaYeHUI TuUMNa AaHHbIX AdresaReal U MHOMXECTBO 3HAUYEHUN,
KOTOpble MOXET MPUHUMaTb ANHaAMYeCcKan nepemeHHasa r”.

Kakue onepauny MOXHO NPUMEHATb K CCbIIOYHbIM TUMAaM AaHHbIX? A K JUHAMNYECKIM
nepemeHHbIM?

[aHbl onucaHma:

type AdresaTablou = “array [1l..10] of integer;
var t : AdresaTablou;

YKaXXnte MHOXEeCTBO 3HaUeHU Thna gaHHbIX AdresaTablou N MHOXECTBO 3HaUeHWUN,
KOTOpble MOXET NPUHNUMaTb AUHaMnyeckas nepeMmeHHas t .

lNpokoMmeHTUpYTE NporpaMmmy:

Program P119;
{Oumbxa }
var r, s : “real;
begin
r*:=1; s*:=2;
writeln(’r*=’, r~, 7 s*=’, s7);
readln;
end.

Hanunwwnte nporpammy, B KOTOpOVI cOo34aloTCA ABe ANHaMn4yeckne nepemMeHHble Thna
CMpOoKa cumeoJsios. Co3paHHbIM nepemMeHHbIM I'IpI/ICBOVITe nobble 3HaUEHUA U BbiBegunTe
Ha 3KpaH pe3ynbTaT KOHKaTeHau M COOTBETCTBYOLNX CTPOK.

YTo BBIBOAWT Ha 3KpaH creaytoLlas nporpamma?

Program P120;
var i : “integer;




begin

new (i); i":=1;
new (i) ; i%:=2;
new (i) ; i":=3;
writeln (i?) ;
readln;
end.

© [MpoKoMMeHTUpYIATE MpOrpammy:

Program P121;
{Ommbxa }

var i, j : “integer;
begin
new (i) ;
ir:=1;
dispose (1) ;
new (j) ;
J"~:=2;
dispose (j) ;
writeln (71i"="
readln;

end.

r 17y j_rj/\)r'

® OO6bAcHUTe BbipaXkeHVe OUHAMUYECKoe pacnpedesieHue namsamu.

2.2. CTpyKTypbl AAaHHbIX

CTpyKTypa JaHHBIX COCTOUT W3 CaMMX JTaHHBIX ¥ CBA3eVl MeXIy HvuMu. B 3aBucn-
MOCTM OT MEeTOIa OpTraHM3aLVN CTPYKTYpa JaHHBIX MOXET OBITH SIBHOVI VTV HESIBHOVA.

MaccuBbl, CTpOKM CMMBOJIOB, 3aIVicK, (pavuIbl I MHOXKeCTBa, U3y4deHHble B IIpe-
IBIIYIIVIX T7IaBaX, OTHOCATCS K HesIBHBIM CTPYKTypaM JaHHBIX. CBs31 MeXITy KOM-
MOHEHTaMV YKa3aHHBIX CTPYKTYP SBJISIOTCS MpeoIIpeeleHHbIMU U HeU3MeHsie-
MbIMU. HanpumMep, Bce KOMITOHEHTBI CTPOKM CHMMBOJIOB MIMEIOT oO1riee MMsI, a CUIM-
BOMI s [i+1], C TOUKM 3peHVs 3aHVMaeMOW IO3VIINI, BCeTda CJIeIYeT 3a CMMBOJIOM
s [1].Tak kaK cTpyKTypa MacCMBOB, CTPOK CIMBOJIOB, 3amicer1, paryIoB I MHOXKeCTB
He M3MeHSeTCs B IIpoliecce BBITOJIHEeHVS JII0001T IPOrpaMMBl VIV IIOAIIPOTPaMMEBL,
COOTBETCTBYIOIIVE CTPYKTYPBI SBJISTFOTCS CTaTUYIECKMMA.

Vicrione3ys maHHBIe CO CTaTUYeCKOVI CTPYKTY POV, MOXKHO pelllaTh JIUIIh OTpaHu-
UeHHBIN KIacc 3axa4d. OueHb 4acTo CBsI3M MeXXy KOMIIOHEHTAaMV He TOJIBKO JIHa-
MUYEeCKU M3MEHSIOTCS, HO M MOTYT OKa3aTbCsI OY€Hb CJIOXKHBIMIAL.

Harmrpumep, B cirydae odepery 3a OwteTaMu B Kaccy CBSA3M MEXIY JIFOIbMU M3Me-
HSIIOTCS: BHOBb IIPMOBIBIIINIE CTAHOBSITCS B OUepellb; Te, Y KOTOPBIX MajIo BpeMeH,
YXOIISIT, TaK M He KYIIUB OwleTnL; OTOIIeIIIe Ha HEKOTOpOe BpeMs BO3BPAIafOTCs
Ha cBOM MecTa U T.1I. [ Tpu rmpoexTrpoBaHmy, C IIOMOIIIBIO KOMITbIOTEPa, pacCaHm
JOPOXXHOI'O ABVDKEHSI, OCTAHOBKM, MapPIIPYThI, IIapaMeTPhl TPAHCIIOPTHBIX CPEICTB

35



VI T. JI. MOTYT MHTepPaKTMBHO yCTaHaBJIMBaTLCs MOJIb30BaTeseM. B Takmx cirydasnx vc-
HOJIb30BaHVIe JaHHBIX CO CTaTWYeCKOV CTPYKTYPOV CTaHOBUTCSA HeeCTeCTBEHHBIM,
CJIOXKHBIM 1 He3PPEeKTUBHBIM.

TakM obpasom, B psme 3amad HeOOXOOVIMO WCIIONIb30BaTh CTPYKTYPbI HdaH-
HBIX, CBSI3U MeXIy KOMIIOHeHTaMM KOTOPBIX IIPefICTaB/ISIOTCs 1 oOpabaThiBatoTcs
SIBHO. DTOTO MOXKHO JOCTWYb, eCJIN K KaKIOV KOMIIOHeHTe J00aBuUTh MHPOpMa-
LIVIIO, XapaKTePU3YIOIIYIO ee CBSI3VI C PYTIVIMY KOMIIOHEHTaM CTPYKTYpbl. B 60s1b-
IIMHCTBE CJIy4daeB [OINOJIHUTeIbHas MHQOpMallMs, HasblBaeMas CTPYKTYpPHON
MHdOpManmer, IIpefCTaBIIsIeTCs ¢ [IOMOIIBIO CCBUIOYHBIX IIepeMeHHBIX.

CTpyKTypbl JaHHBIX, KOMIIOHEHTBI KOTOPBIX CO31Al0TCS ¥ YHUUTOXKAIOTCH BO Bpe-
M BBIIIOJIHEHVS IIPOrPaMMBbl, Ha3bIBAIOTCA JMHAMMYECKMMM CTPyKTypamu. Yacto
VICIIOJIB3y eMbIMY AVHaMWYeCKMMM CTPYKTY PaMU JTaHHBIX SBJISIOTCS OJHOCBSA3HBIE 1
IBYCBsI3HBIe CIIVICK, O4epeliy, CTeK, JIepeBbs 1 1IP.

CrpykTypa HasbIBaeTCsl peKypCUMBHOW, eCIi ee MOXKHO pas/IoKUTh Ha JaHHbIe
TOYHO TaKOV Xe CTPYKTYpblL. B KauecTse ImprmMepa MOXXHO IIPUBECTV OJJHOCBA3HbIE
VI ABYCBSI3HBIE CIIVICKUAL.

Bonpocskl n ynpaxHeHus

O OO6bACHWTE TEPMUH CMPYKMYypa 0aHHbIX. [priBeanTe NpUMepBbI.
® B uem pasHuLa MeXay ABHbIMU U HEABHbIMY CTPYKTYPaMM JaHHbIX?

© CTpyKTypa OaHHbIX SBAAETCS OJHOPOAHOM, €C/IN BCE €€ KOMMOHEHTbl OTHOCATCA K
OLIHOMY ¥ TOMY e TuMy. B NpoT1BHOM cClyyae CTPyKTypa ABNAETCA HEOJHOPOAHOIA.
MpviBeguTe NPUMepPbl OQHOPOAHbBIX N HEOLHOPOAHBIX CTPYKTYP AaHHbIX.

O B yeMm pazHULA MeXIY CTAaTUYECKMMU U SUHAMUYECKMMI CTPYKTYPamMu JaHHbIX?

© OO6bBACHWTE TEPMUH PeKYPCUBHAA CMPYKMYpa OaHHBIX.

2.3. OpHOCBA3HbIE CMUCKMU

OnpHOCBsI3HBIE COMCKU — 3TO ABHBIE AVHaMI4ecKle CTPYKTYPbI TaHHBIX, COCTaB-
JIeHHBIe 113 gJeeK. Kaxkmas siaevika IpecTasiisieT coOOV AMHAMIIECKYIO ITepeMeH-
HyIO0 TuUlla record, KOTOpasi B OCHOBHOM COCTOUT W3 JIBYX IIOJIEV: ITOJI€ JaHHbBIX U
I10J1e CBsi3ell. B mosie maHHBIX 3arl0oMMHaeTcsl o0pabaTbiBaeMast MHpOpMaIsi, CBsI-
3aHHas ¢ sgdevkori. Ilose cBsA3ert comep XXuT yKasaTellb afgpeca S9eriky, B KOTOPYIO
MO>KHO TIOIIACTh M3 TeKYIIe s9evikit. [Tpenmonaraercs, 9To B JIIO0YIO SUEVIKY MOX-
HO IIOTIaCThb, HauMHasl C IIepBO TUeVIKN, Ha3bIlBaeMOVl 023071 cIImcKa.

B xauecTBe mpumMepa Ha puc. 2.2 IpecTasieH OJHOCBA3HBIN CIINCOK, COCTaBjIeH-
HBIVI 13 YeTbIpex siueek. Slueriku comepxar aiemenTsl A, B, Cu D.

[aHHBIe, HEOOXOAMMBIE IS CO3MaHMS M O0OpabOTKNM OIHOCBSI3HOTO CIIVCKA,
OIIPEeIEISIOTCS C TIOMOIIIBIO CJIEIYFOIIVIX OTIVICAHVAVA:

type AdresaCelula="Celula;
Celula=record
Info : string;
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[Tostesnast mHMOpPMAaLVISI, OTHOCSIIASCS K KOHKPETHO sTYeViKe, 3aIlOMIHAeTCs
B mojte Info, a ajrpec CJIeAYIOIIeN S9Yeviki — B moste Urm. JIJ1s1 ITpOCTOTBI CUMTAET-
cs1, uto TiIl Info AByIsAeTCs cmpokoboim. B miore Urm mociteHe S9eviKu CIIicKa co-
IepXXuTcs 3HaYeHre nil. Afpec riepBom siueviku (0a30BbIN a/Ipec) 3allOMMHAeTCs B
IlepeMeHHYIO CCBUIOYHOro Tuma P (puc. 2.2).

p

none
OaHHbIX

yKkazamenv
aopeca

i

Aavetika none cés3eil

Puc. 2.2. OqHOCBA3HbIN CNCOK

OTMeTVM, 9TO IIPU OIMCAHMM CCBUTOYHOTO Tnila AdresaCelula 0a30BbINT THII
Celula eme He m3BecteH. CornacHo npaswiaMm s3eika [IACKAJIb, sTo Bo3MOX-
HO TOJIBKO B CJIy4dae OVMHaMIUYeCKNX IepeMeHHBIX PV YCIOBUM, YTO 0a30BbINI TUII
OITpeaesIseTCs HVKe B 9TOM JKe OIMCaHVIN.

OnmHOCBSI3HBIV CIIMCOK MOXET OBITh CO3/IaH ITyTeM J00aBJIeHNs B BePIIVHY CIIN-
CKa 1o ogHOMY 371eMeHTYy. EcTecTBeHHO, IIepert HadasioM paboTsI cO3/1aBaeMBbIVI CIIN-
COK SIBJISI€TCSI IIyCTBIM, TO €CTh He COAEePIKUT HU OHO STYEVIKI.

ITpumep:




ITpouecc cocTasiieHs JaHHOTO CIIVMCKa IIpefcTasileH Ha puc. 2.3. [1j1s Toro uro-
OBl yCTAaHOBUTH yKasaTeslb afpeca V” .Urm, ajipec TOJIBKO YTO CO3JAHHOV STYEVIKN
3allOMMHaeTCcs B IIepeMeHHOM V (afpec BepIIMHBI). DTO HeOOXOANMO IIOTOMY, UTO
Ha MOMEHT 3aIll0JTHeHMS 1IoJIer R . Info M R” . Urm TeKYIeN SsYeviKi aapec mocsie-
OYIOIIEVI sSTYEVIKU ellle He M3BEeCTEeH.

C moMoIIb0o COOTBETCTBYIOIIVIX IIPOLEAyP M3 IIPOrpaMMbl P12 3 MOXHO CO3/1a-
BaTb V1 BBIBOJUTH Ha 3KpaH CIVICKMU C ITPOM3BOJIbHBIM KOJIMYECTBOM SYEeK:




1 - cnepea cnucox si67semcs nycmvIm
Pl
2 - 0o6asnenue aueiiku A
P Vv

3 - 006aenenue aueiixu B
P vV

4 - 0o6aenenue saueiiku C
P 1%

5 - 0o6aenenue aueiiku D
Vv Vv

Puc. 2.3. Co3paHne ogHOCBA3HOIO CrrcKa
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JTro60¥1 OTHOCBSA3HBIV CIIVICOK MOYKHO OIIPeeINTh peKYPCUBHO CIIeIyIOIINM 00-
pasom:

a) OTAeIIbHas STUeViKa SIBJISeTCs OTHOCBS3HBIM CITVICKOM;

0) siueviKa, KOTOpasi COAePXKUT yKasaTeslb Ha APYTOV OJHOCBSI3HBIN CIIVICOK, TaK-
XKe BJISIeTCS OTHOCBSA3HBIM CITVICKOM.

1151 TOrO YTOOBI ITOTYEPKHYTE TOT (PAKT, UTO OFHOCBA3HBIE CIIVICKV TTIPeICTaBIIse-
10T COOOVI peKypCUBHBIE TUIIBL JAHHBIX, COOTBETCTBYIOIIVIE OIVICAHWS MOXKHO 3allli-
caThb B BUjle:




YacTruHO CBOVICTBA OJHOCBA3HBIX CIIVICKOB MOXKHO BOCITPOVI3BECTU ITyTEM 3aIl0-
MVHaHWS COOTBETCTBYIOIIVX 3JIeMeHTOB B OJIHOMepHbII Maccus. Hampumep, nan-
HBIE U3 puc. 2.2 MOXXHO IIPeICTaBUTh B BUJIE:

var L : array [l..4] of string;

L[{1l]:= "A';
L[2]:= '"B’;
L[3]:= 'C’;
L[4]:= 'D’;

O,Z[HaKO TaKoe IIpecTaB/IeHMe SBJIsIeTCS HellpreMJ/IeMbIM B Cjlydae CIIVICKOB C 3a-
PpaHee HeV3BEeCTHBIM YMCJIOM 3JIEMEHTOB.

Bonpocbl n ynpaxHeHus

© Kak onucbiBaloTca faHHble, HeoOXoanMbIe AA CO3AaHuA cnucka?

® [1na yero Hy>KHO Mose JaHHbIX, BXOAsALLee B COCTaB AYelKn? [1na uero Hy»Ho none caa-
3en? Kakasa nHdopmauma 3anncbiBaeTca B faHHoe none?

© HanuwwnTe nporpammy, KoTopas co3faeT OLHOCBA3HbIN CNNCOK puc. 2.2, [obaBnAs K
6a3e cnmcka no ofHOMY 3/1IEMEHTY.

® HanuwwTe npoueaypy, KoTopad MeHAeT MecTamMu iBa dfieMeHTa crnucka.

© C knaBMaTypbl CUMTBIBAIOTCA UNCA, OTIMYHbIE OT HynA. Co3fariTe fBa CNNCKa, OAUH 13
KOTOPbIX COCTOUT M3 OTpULATENbHbIX YNCEN, @ APYFON — U3 NMONOXNTENbHBIX.

O Yem MOXHO 0OBACHUTbL TOT GAKT, YTO OHOCBA3HbIE CMVUCKUN ABASIOTCA PEKYPCUMBHBIMU
CTPYKTYpaMm flaHHbIX?

2.4. O6paboTka OAHOCBA3HbLIX CNNCKOB

Hawbor1ee yacTo K OIHOCBA3HBIM CIIVICKAM IIPVIMEHSIOTCS CIIeTyTOIIIVie OIepariyi:

- IIPOXOZI, TIO CIMCKY 1 00paboTKa MHMOpMaVM 13 KaXXIOV SIEVIK;

- IIOVICK OIIpe[Ie/IeHHOro 3JIeMeHTa, 3aJJaHHOrO CBOVIM 3HadeHleM;

- BCTaBKa 3a/JaHHOI'O 3JIeMeHTa B YKa3aHHOe MeCTO CIIVICKa;

- yaajleHVie HeKOTOPOT'o JIeMeHTa U3 CIIMCKa ¥ T.J1.

[TpenrooXXmmM, 9TO CyIIeCcTBYeT HEITyCTOW CIMCOK (puc. 2.2), onpenesleHHBI
OIIMCaHMeM:

type AdresaCelula="Celula;
Celula=record;
Info : string;
Urm : AdresaCelula
end;

HepeMeHHaﬂ P siBJIsieTcsi 0A30BBIM aZlpecoM CIIVICKa.
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IIpoxom 10 CIIMCKY OCYIIIeCTBIISIETCS C IIOMOIIBIO CJIEAYIOIIEN! TI0C/IeOBaTe Tb-
HOCTVI OIIepaTOPOB:

ITonck g4eViky, KOTOpasl COOepXUT 3JIeMeHT, 3aJaHHbIV IepeMeHHo! Cheie,
OCYIIECTBIISIETCS C TIOMOIIIBIO CJIEAYIOIIEV ITOCIIeI0BATEIIbHOCTYL OIIEPaTOPOB:

Anpec HaViIeHHOVI SYeVIKV 3aHOCUTCSL B IIePeMeHHYIO R.

OrmernM, UTO NpMBeAeHHas IOC/IeI0BaTeIbHOCTh OIIePaTOPOB BBITOJIHSAETCS
PaBMJIBHO TOJIBKO B CJTy4ae, KOrjia CIMCOK COEPXXWUT, IO KpavHen Mepe, OfHY
A4YeVIKy C MCKOMOV MH(OopMaluert. B mpoTusHOM cilydae, 110 JOCTVKeHUN BepI-
HBI CITVMCKa, TlepeMeHHast R MpuHVMaeT 3HaveHre nil, u onepanus agpecanmm R”
IIpUBeIeT K OIIOKe BBIITOJIHeH V. [1J1s MICKITIoUeHVs TaKyX OIIOOK MCIIOJIb3yeTcs
CJIeyIOIast IOCIIe0BaTeIhHOCTh OIIepaTOpPOB:

Tax Kak OIHOCBs3HbBIE CIVICKM SBJISIIOTCA PeKYPCHMBHBIMM CTPYKTYpaMu HaHHBIX,
orepalliIo IToVICKa MOXKHO peaI30BaTh U C IIOMOIIIBIO peKypPCUBHOVI IOITPOrPaMMBI:
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®ynxumsa Caut Bo3BpalaeT 0a30BBIN a/Ipec CIVICKa, KOTOPBIVI COOEPIXNUT B ITep-
BOVI sTUeVIKe, eCJIVI CYIIIeCTBYeT, 3HaueHne, yKasblBaeMoe mapamerpom Cheie.

BcraBka s4erikv, 3agaHHO yKasaTesleM Q, 3a s'YeVIKOVI, 3aJITaHHOV yKa3aTejieM R
(puc. 2.4), BBIIIOIHSAETCS C TIOMOIIIBIO CJIeAYIOIIEN TIOCIIe0BATeIIBHOCT OIIePaTOPOB!

Puc. 2.4. BcTaBKa anemMeHTa B CMUCOK:
a — CNCOK A0 onepauun BCTaBKy; 6 — CNIMCOK NocC/e onepawmn BCTaBKM

11 ynaneHus 371eMeHTa U3 CIIVICKa HeoOXOIMIMO HaWTH ajipec Q IIpeIblTyIIet
SUeVIKV U MI3MeHUTD yKasaTellb ajipeca Q" .Urm (puc. 2.5):

OrMmeTVM, 4YTO [JII BCTaBKM WM yHaJeHWs 0a30BOro 3JIeMeHTa CIIVCKa
HeoOXOIMMO OOHOBUTE 0a30BBINI a/Tpec P.

Ipumep:




0)

Puc. 2.5. YoaneHue anemeHTa 13 Cnmcka:
a — CMUCOK o onepauun yganeHus; 6 — CMcoK nocsie onepauny yaaneHums







ITpomenypa Creare co3maeT OJHOCBA3HBIN CIIVICOK C IIPOM3BOJIBHBIM KOJIde-
crBoM siueek. [TostesHast mHOpMarus, cBsi3aHHasI C KaXX/I0M SUeVIKOVI, CUUTHIBAeTCS
c xaBmatypel I[Tporenypa Afis BBIBOAWT 371eMeHTHI CIIVICKa Ha 3KpaH. [Iporenypa
Includ CUMTBIBAET C KJIaBUATYPbI 2JIEMEHT, KOTOPBIV [JOJDKEH OBITh BCTABIIEH, VI
3JIeMeHT, I10CJIe KOTOPOro J0JDKHA BBITOJIHATHCSA BCTaBKa. 3aTeM peasii3yeTcs Mo-
VICK STUeVIKM, CofleprKalller YKasaHHBIN 3JIeMeHT. Eciii Takovt aj1leMeHT CyIlecTByeT,
BCTaBJIseTcs HoBas ssuerika. Ilponenypa Exclud ocyliecTsigeT HOUCK sSUeIKy, CO-
OeprKallevt 2JIeMEeHT, CYUTAHHBIV C KJIaBUATYPhI, U YOaJIsIeT ee, eCIIv TaKOBas CyIle-
CTBYET.

Bonpockl u ynpaxHeHus

O HanuwwnTe HepeKypcuBHY0 GYHKLMIO, KOTOpas BO3BpaLlaeT ajpec BepLUMHbl OfHO-
CBA3HOIO CMUCKa.




@ [lepenuwuTe npoueaypbl IncludnExcludu3nporpammbl P12 4 6e3 1cnosib3oBaHus
onepatopa goto.

© [laHbl cniegyowme TUMbl AaHHbIX:

type AdresaCandidat="Candidat;
Candidat=record
NumePrenume : string;
NotaMedie : real;
Urm : AdresaCandidat
end;

HanvwwTe nporpammy, Kotopas:

a) co3faeT OQHOCBA3HbIN CMMCOK C KOMMOHeHTaMu Tuna Candidat;

6) BbIBOAUT CMMCOK Ha 3KPaH;

8) yoanseT U3 Cncka KaHAuaaTa, KoTopblii 3a6M1paeT AOKYMEHTDI;

2) BKJIIOYAET B CMNCOK KaHAMAaTa, KOTOPbIV MOAaeT JOKYMEHTbI;

0) BbIBOAUT Ha 3KpaH CMUCOK KaHAMAATOB, cpeaHuii 6ann KoTopbix 6osbuie 7,5;

€) co3aaeT AOMONHUTESNbHbIN CMNCOK, COCTABMIEHHbIV U3 KaHAMAATOB, CPEAHASA OLeHKa
KoTopbIx 6onbLue 9,0;

) yOansieT 13 Cnrcka BCex KaHAUAATOB, CPeAHU 6ann KoTopbIX MeHbLue 6,0.

® HanuwwTe npoueaypy, KotTopas:
a) ynopsifoUMBaET 3IEMEHTbI OAHOCBA3HOIO CMMCKA COrflAacHO 3ajaHHOMY KpUTEPUIO;
6) cknevBaeT ABa OOHOCBA3HbIX CMNCKaA;
8) pasfaenseT 3afaHHbIA CMUCOK HA 4Ba OTAE/bHbIX CNCKA;
2) BbIOUpaeT 13 Cr1cKa 3NeMEHTbI, KOTOPbIe YA0BETBOPAIOT 3a4aHHOMY KpUTEPUIO.
© DnemeHTbl OAHOCBA3HOrO CMMCKa 3aMOMUHAOTCA B OAHOMEPHOM MaccuBe. HanumwuiTe
npoueaypbl, HeobxoarMble Anis:
a) npoxoAa no CrunckKy;
6) NonCKa onpeaeneHHoro 3/1eMeHTa;
8) BCTaBKW 33[JaHHOTO 3/1EMEHTA;
2) yoaneHus 3afaHHOro anemMeHTa.

KakoBbl NpenMyLiecTBa U HeQOCTaTKN Takoro npeactasneHunn? NogpasymesaeTcs, UTo
CTMUCOK copepKnT He 6onee 100 31eMeEHTOB.

O HanuwwnTe pekypcrBHYIO0 GYHKLMIO, KOTOpasA BO3BpalLaeT KONMUYeCTBO AYeek B OfHO-
CBA3HOM CMKMCKe.

® HanuwwnTe peKkypCUBHYO MOANPOrpaMmy, KOTopas MCKIIOYaeT U3 CNUCKa YKa3aHHYHo
AYENKY.

O [oa cnoBom noHMMaeTcA Noban HenycTasa NocnefoBaTeNIbHOCTb U3 BYKB TATUHCKOrO
andasuTa. Hanvwute nporpammy, Kotopas G¢oOpMUpyeT CNNCOK CJIOB, BCTPEYAIOLMXCA
B TEKCTOBOM aiine, 1 cunTaeT, CKONbKO pa3 NoABNAETCA Kaxaoe cnoso. PaccmoTpuTe
cnegyiolime cyvau:
a) cnoBa BCTaBNAIOTCA B CMNCOK B NOPAAKE VX MEPBOro NOABJIEHNA B TEKCTE;
6) cnoBa BCTaBNAIOTCA B CMUCOK B afipaBUTHOM nopajKe.

rlpOI'IVICHbIe N CTPOYHbIE 6yKBbI CYMTAOTCA NOEHTUYHDbIMW.
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2.5. Cteku

ITort crexoMm (1TO-aHITIUTVICKM Stack) TIOHMMaeTCs OJTHOCBSI3HBIVI CIIVICOK, BCTaBKY U
yIasieHye 3JIeMeHTOB B KOTOPBIVI MOXKHO IIPOM3BOANUTE TOJIBKO C OJHOTO KOHIIA CITN-
CKa. S[uerika, KOTOPYIO 3aHVMMaeT ITOCIIeTHV BBE[IeHHBIV 3JIEMEeHT, Ha3bIBaeTCs Bep-
mmHOM creka. CTeK, He coflep Kalliiil HYi OJHOTO 3JIeMeHTa, Ha3bIBaeTCs Iy CThIM.

B kauecTBe IIpriMepa Ha puc. 2.6 TIpeICTaBIIeH CTeK, KOTOPBIV COIEPXKUT JTeMEHTBI
A, B, C

|

a) 6

Puc. 2.6. YnaneHue snemeHTa 13 Cnncka:
a— peTanbHoe npepacTaBneHne; 6 — 0606LLeHHOe NpefcTaBneHne

[1aHHBIE, HeOOXOVIMBIE [T CO3MaHs ¥ 00pabOTKIVI CTeKa, MOXKHO OIIPEeIesIATh C
TIOMOIIIBIO OIIVICAHWV BUA:

Appec BepILIMHEBI CTeKa 3allOMIHaeTCsd B [IepeMeHHO! cCbl104Ho20 TuIla S. Anpec
OpedbIIyIIen sSYEeVIKM CTeKa 3aTIOMHAETCSI B I1oJIe Prec.

Onepanyst BcTaBKM 371eMeHTa B cTeK (puc. 2.7) BBIIOJIHSAETCS ¢ IOMOIIBIO CITe-
IYIOLLEVI II0CIIeI0BAaTe/IbHOCTY OIIepaTOpPOB:

rae R sBJISIeTCs HHepeMeHHOV Tuila AdresaCelula.
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a) 6)

Puc. 2.7. BctaBka 1 yganeHuve anemeHTa n3 cteka:
a — VICXOAHbIN CTeK; 6 — BCTaBKa anemeHTa D; 8 — nsBneveHune sanemeHtos D, C

VI3B1eueHme sr1eMeHTa U3 CTeKa (puc. 2. 7) BBITIOJTHACTCA C IIOMOIIBIO cnenylom;eﬂ
T10CIIe1OBATEIIBHOCTY OIIEPaTOPOB:

ITpumep:
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Crexmu Ha3bIBaroT eltle cnuckamu LIFO (last in, first out - mocjieHMT 37IeMeHT, BBe-
JIeHHBIN B CTeK, Oy/ieT 13BJIedeH IepBbhIM) 1 YacTO VICIIONIb3YIOT JIJIsl AMHaMUYeCcKOro
BbIJIeJIeHNd ITaMATU B CJTydae peKypPCUBHBIX ITpollenyp 1 dyHKimi. O4eBUIHO, CTe-
KV MOXXHO IMUTUPOBATh, VICIIOJIb3Y 51 ONHOMEPHbBIe MacCuBhL: array[1l. .n] of ..,
OJIHAKO TaKoe IIpeJicTaBJIeHlie OrPaHNYeHO TOJIBKO 71 TUeVIKaMIA.

Bonpochkl ¥ ynpaXxHeHus

(1]
(2]

(3]

B Kakom nopAfKe BCTAaBIAKTCA N yAANAKTCA 3/1EMEHTbI cTeka?

C KnaBuaTypbl BBOAUTCA NOC/ieA0BaTe/IbHOCTb BeleCTBEHHbIX Yncen. BbiBeguTe paH-
Hbl€ Y/CJla Ha 3KpPaH B NOpAAKe, 06paTHOM YTEHUIO.

Ha puc. 2.8 npeanctaBieHa CXemMa ABUMKEHUA XKeJTe3HOAOPOKHbIX BaroHOB B Aeno.

Hanuwwnrte nporpamMmmy, KOTopaAa BBOAUT C KJlaBUaTypbl 1 BbIBOAUT Ha 3KpaH AaHHble O
Ka*QOM BaroHe, KOTOprVI BOLUEN UK BbIlWeN 13 Aeno. 3TU JaHHble AOKHbI BK/OYaTb:

— PerncTpaunoHHbIN HoMep (integer);
- CTaHUMIO peructpaumm (string);

- rop Bbinycka (1960 ... 2000);

- TVn BaroHa (string);

- rpysonogabemMHocCTb (real);

— OaHHble O Brafenble BaroHa (string).

Bve30 —= Buwieso

Puc. 2.8. Cxema BVKEHA XKeNe3HOLOPOXHbIX BarOHOB B Aeno

(4] BPEMEHHbIe pa6oq|/|e rpynnbl CO34al0TCA U yNpa3gHAKTCA B ciefylemMm nopAagke:

“MocnenHuUin NPUHATBINA Ha paboTy byaeT yBoneH nepBbiM”. Hanuwute nporpammy, Ko-
TopasA BBOAWT C K/aBMaTypbl N BbIBOAUT Ha dKPaH AaHHbIE O KaXXAOM MPUHATOM UN
YBONEHHOM CreumanmcTe. 3Tv faHHble JOKHbI BKoYaThb:

- dammnuio (string);

- umA (string);

- rog, poxaeHua (1930-1985);

- [aTty npuemMa Ha paboTy (aeHb, mecsu, rog).

[laHbl KOHeUHble CTPOKM CMBOJIOB, COCTABNEHHbIE U3 CKObOK: (, ), [, 1, {, }. CTpoka sBns-
eTCA NpaBUIIbHOW, eC/NIM OHa COCTaBJIeHa No criefyowWwmmM npaBunam:

a) nycTasa CTpOKa ABNAETCA NPaBUIIbHOWN;

6) ecnu A sBnAeTCA NpaBuiibHON cTpokoi, To (A), [A], {A} - npaBuUnbHble CTPOKY;

8) ecnn A 1 B — npaBunbHble CTPOKK, TO AB — NpaBunibHas CTpoKa.
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Hanpumep, ctpoku: (), [1, {1}, [O1, (T I([]1) - npasunbHbie, a ctpoku: ([, L, (D] - He-
npasunbHble. HanvwmTe nporpammy, KoTopas NpoBepseT, ABAAETCA NN CTPOKa CUMBO-
NIOB, CYNTAHHAA C KNaBuaTypbl, NPaBUIbHON.

YkasaHue. 3afjauy MOXHO peLInTb, OCYLLEeCTBAA NPOBEPKY C MOMOLLbIO eIHCTBEHHO-
ro NpocmoTpa cTpoku. Ecnn tekywmin cumson (, [, nnm {, To oH 3aHoCUTCA B cTek. Ecnu
BEpLUMHA CKCKA 1 TEKYLWMIA CMBO 0bpa3ytoT napy (), [1vnum {}, To cooTBeTCTBYIOW AN
ckobKa yfansietcs u3 cteka. Ecnm nocne npoBepku nociegHero cMBosa CTPOKM CTeK
OCTaeTcs NyCTblIM, TO CTPOKA CMMBOJIOB — MpaBUsibHas.

JnemeHTbl CTeKa 3aMoMUHalOTCS B OHOMEPHOM MaccuBe. Hanuwmte npolenypbl, He06-
XOAUMble 418 BCTAaBKM 1 yAQNeHWs 3N1eMEHTOB U3 CTeKa. KakoBbl HEAOCTaTKM U NpenMyLe-
CTBa TaKoro npeacTaeneHna? CYNTAETCA, UTO CTEK COAEPKUT He 6onee 100 3n1emMeHTOB.

2.6. Ouepean

ITor ouepenpro (IIO-aHIJIMIICKM Jiele) TIOHVIMAeTCs OHOCBS3HBIV CIVICOK, B KO-

TOPOM BCTaBKa 3JIeMEHTOB IIPOM3BOINUTCA B OAMH KOHeIl, a yJajleHue 3JIeMeHTOB
- n3 apyroro koHIia. Ouepenp, He cofepikaliasi Hy OJHOIO 3JIeMeHTa, Ha3bIBaeTcs
nycron. B xauecTse ripuMepa Ha puc. 2.9 npecrasieHa odepellb, KOTOpasi COHepKIT
sreMeHToI A, B, C.

X! f
C B A
a)
K
— C|B|A —
6)

Puc. 2.9. Ouepepb: a — oeTanbHOe NpeAcTaB/eHNE;
6 — 0606L1eHHOe NpeacTaBieHne

[laHHBIE, HEOOXOAMMBIE IS CO3IaHMS M 00pabOTKM ouepey, MOXKHO OIpere-

JIATH OIIVICAHVIAAMU BUIA:
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type AdresaCelula="Celula;

Celula=record
Info : string;



Appec mepBoro sjeMeHTa odepey 3alloMMHaeTcs B IIepeMeHHYIO0 CChbUIOYHOIO
TuMa P, a ajpec IOC/Ie[IHero 3jieMeHTa — B IlepeMeHHyIo U. Ajpec Ioc/IeyIoIero
3JIeMeHTa ouepe/y 3allOMUHAaeTC B 110j1e Urm.

Omnepanyus BKIIOUeHMs 3jleMeHTa B odeperpb (puc. 2.10) peasisyeTcst C IIOMO-
LIBIO CJIeJTYIONIeVE II0C/IelOBaTeIbHOCTY OllepaTOpOB:

U‘ P‘
a)

U‘ P‘
6)

Ut P

)

B

Puc. 2.10. BknioueHre 1 yaaneHue aeMeHTOB 13 ouepean: d — CXOoAHas ouepedb;
6 — BKJIIOUYeHVe 3neMeHTa D; 8 — yaaneHue sanemeHToB A, B



Ynanenmne anemenTa 13 ouepeny (puc. 2.10) BBIIOIHSETCS C IIOMOIIBIO CITETYIO-
11IeV1 I10C/Ie[I0BaTeIbHOCTVL OIIePaTOPOB!




Ouepeny HaswiBaloT eirie cinvuckamu FIFO (first in, first out - IepBBIVI 2JIEMEHT,
KOTOpEIVI OBbUI BBEJIeH B O4eperlb, Oy/IeT IIepBbIM, KOTOPEINT Oy/IeT 3BJIeueH 13 Hee).
OTMeTM, 9TO MMUTAIIVI OYepesIert C TIOMOIIBIO OTHOMEPHBIX MacCUBOB SIBJISETCS
HeaPeKTUBHOV 10 TIPUUNHEe CBUTa 3JIeMeHTOB Ouepe/iyi B CTOPOHY ITOC/IeTHeTO
3JIeMeHTa MacClBa.

Bonpochl ¥ ynpaxHeHus

O HanvwwTe d))/HKLl,I/IIO, KOTOpadA BO3BpallaeT KOMYeCcTBO 3/1IEMEHTOB ovepenn.

® CamoreTbl, 3aMpaLmnBaloLMe paspeLleHme Ha NocaaKy, obpasyoT ouepefb. Hanvwunte
nporpamMmy, KOTopas BBOAMUT C KNaBuaTypbl U BbIBOAWT Ha 3KPaH AaHHbIE O KaXKa0M Ca-
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MoJieTe, 3aMpoCUBLLEM pa3peLleHne Ha NOCafKy U O MpU3eMAIoLLIEMCA camoreTe. DTK
JlaHHble AOMKHbI BK/OYATD:
— PErncTPaUnoOHHbIN HOMep (integer); - TN camornerta (string);
— HOMep pelica (integer).

© Ouepepblo C NpuopUTETaMU FABNAETCA oUepefb, B KOTOPOW 3/IEMEHT BCTaBsSETCA
He rnocne nocsiefHero, a nepef BCEMU 3fIEMEHTaMM C MEHbLUMMK MPUOPUTETaMMU.
MpuropuTeTbl 31EeMEHTOB 3a4al0TCA LieNbIMM YncnaMmy. HanvwwmTe nporpammy, Kotopas:
a) cospaeT oyepenb C NpropUTETAMU;
6) BCTaBNAET B OYepeAb NIEMEHTbI, 3ajaHHble NOoJSib30BaTeNeM;
8) yoansaeT afieMeHTbl U3 oyepeau;
2) BbIBOAUT ouepeb C MPUOPUTETAMU Ha SKPaH.

2.7. IBouYHbIE AepeBbA

Ilop ys3mom moHMMaeTcs OMHaMIYecKas IepeMeHHas TuIla record, KOTopas
COZepXXUT II0JIe, IIpeHa3HaYeHHOe U1 3allOMVIHAHMSL T10JIe3HOV MHQOpManm 1
TIOJIS JIJISI JIBYX YKasaTeJievt ajipeca.

[dBondHOe JepeBo oIIpeiesisieTcs peKyPCUBHO CIIeyIOIIM 00pa3oM:

a) OTHEJIBHBIV y3eJI SIBJISIeTCS ABOVYHBIM JIepPeBOM;

0) y3eJ1, comep KaIuit CBs3M ¢ APYTVIMU ABYMS IBOVIYHBIMMU IePEBbsIMI, TOXKE SB-
JISIeTCSI JBOVIYHBIM JIEPEBOM.

Cunraetcs, 4TO IIyCTOe IepeBo He COAeP>XIT HY OIHOTO y3i1a. B kauecTse mmprme-
pa Ha puc. 2.11 npescTaBIeHO ABOVYHOE JIepeBo, B y3/1aX KOTOPOTO COepKITCH T0-
nesHag iHpopmatmsi A, B, C, D, E, F, G, H, 1, |. [laHHbIe, HeOOXOMMMBIe 71T CO3AaHs
71 00pabOTKVI IBOMYHOTIO JlepeBa, MOXKHO OIIPEeNeIISITh C IIOMOIIIBIO OITVICAHVIV BUA:

type AdresaNod="Nod;
Nod=record
Info : string;
Stg, Dr : AdresaNod
end;
var T : AdresaNod;

[s1s TOro 4TOOBI MOTUYEpPKHYTHh TOT (PaKT, UTO ABOMYHBIE JepeBbs ABJISIOTCS
PeKypPCUBHBIMY CTPYKTYpPaMU JIaHHBIX, 3TV OIIVICaHV MOXKHO IIeperycaTh B BUjie:

type Arbore="Nod;
Nod=record
Info : string;
Stg, Dr : Arbore;
end;
var T : Arbore;

Y3ern, Kk KoTopoMy HeT Hy OHOVI CCBUIKM OT APYTVIX Y3/10B, HA3bIBACTCSA KOPHEM.
Anpec KOpHsI 3alIOMUHAeTCs B TIepeMeHHOVI CChbIOUHOro Tura T. B ciydae 1mmycroro
mepeBa T = nil.
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HepeBbs1, cBsA3aHHbBIE C KOPHEM, Ha3bIBAIOTCS JIEBBIM V1 IIPaBbIM IIO//iepeBOM.
Anpec j1eBoro Iojl/IepeBa 3alloMIHaeTcs B I1ojle Stg, ajipec IpaBoro — B 1oJie Dr.

CunraeTcs, 4TO KOPHEBOW y3eJI HaXOAUTCs Ha HyJ1eBOM YPOBHe, a ypOBeHb y3J1a,
CBA3aHHOTO C Y3JIOM i-TO ypoBHs, paBeH (i+1). OOpIuHO B rpacprrueckoM ImpesicTasiie-
HUM JIBOMYHOTO JlepeBa KaXkIIbIVl y3eJI paclioylaraeTcs Ha CBOeM ypOBHe: KOpeHb — Ha
yposHe 0, y371bl, CBsI3aHHBIe C KOpHeM, — Ha ypoBHe 1 u T. 1. (puc. 2.11). Y3e1 (i+1)-To
YPOBH, CB3aHHBIe C HEKOTOPBIM Y3JI0M i-TO YPOBHS, Ha3bIBAIOTCS €0 MOTOMKaMM.
Ha puc. 2.11 y3en B saBigeTcs jIeBbIM IIOTOMKOM, a y3esI C — mpaBbIM IIOTOMKOM y3J1a
A; ysen D sBrisieTcs j1leBbIM IIOTOMKOM, a y3e1 E - mpaBbIM ITOTOMKOM y31a B u . /1.

T

YPOBEHD () === === == mm e e - e

yposetivl ---------

yposetv 2 - -

yposeHv 3 -----------------------

Puc. 2.11. lBonyHOe AepeBo: a — AeTanbHOoe NpeacTaBieHne;
6 — 0606L1eHHOe NpeacTaBneHne
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Ecimm y3en x sBiIgeTcs IOTOMKOM y37Ia I/, TO y3€eJI J Ha3bIBaeTcsd IIpeaKoOM VUIN
poaouTeneM y3ia x. Ha puc. 2.11 ysen A sasigercs pogureneM y3inos B u C; ysenr B
siBJIAeTcsd poanTereM y3i1oB D n E vt T.1.

Y3er1, Kk KoTOpoMy He HOACOeIVHAETCS HI OHO IIOlepeBo, Ha3blBaeTCcsd TepMu-
HaJIBHBIM y3JIOM. B mpoTmBHOM ciTydae y3ell siBjisieTcss HeTepMuHaIBHBIM. [lof BBI-
COTOVI IBOMYHOTO JlepeBa [OHVMaeTCs HarOOJIBbIINT 113 YPOBHel, Ha KOTOPOM cojiep-
JKaTcsl TepMUHaJIbHBIe Y37IbL. BeicoTa mepesa Ha puc. 2.11 pasuserca 3; ysine1 D, H, F, |
" | ABJISIOTCS TEPMUHAIBHBIMM y371aM, a y37Ibl A, B, C, E 1 G - HeTepMUHaJIbHBIMM.

IBordHbIe [epeBbd MOI'YT CO3/1aBaThCs B IIaMsTV KOMIIbIOTepa C IIOMOIIBIO MTe-
PATVIBHBIX WIN PeKYPCUBHBIX &JITOPUTMOB.

VITepaTHBHBIN aJITOPUTM CO3[1aeT y3JIbl B IIOPS/IKe VX [O4BJIeHNs Ha YPOBHSIX:

- CO3[IaeTCst KOPHEBOW y3eTT;

- KOPHEeBOW y3eJI 3aHOCUTCS B O4epe]ib;

- I KaXOro y3J1a, yAaJleHHOTO 13 ouepeiy, co3laeTcs JIeBblV 1 IIpaBblil I10-
TOMOK, €CJIV TAKOBbIe CYIIeCTBYIOT;

- BHOBB CO3/JaHHBIe y3JIbl 3aHOCATCS B OUepelb;

- IIpollecc co3aHs JepeBa 3aBeplIaeTcs, KOria ouepenb CTAaHOBITCS IIyCTOL

Y3i1b1 fepesa Ha puc. 2.11 OyayT co3gaHbl ¢ IOMOIIIBIO UTepaTUBHOTO aJIrTOpUTMa
B cirepytoriem nopsinke: A, B, C, D, E, F, G, H, L, |.

ITomoGHBIVT AITOPUTM MOXKHO TaK>Ke VCITOJIb30BaTh IS 00X0/1a JIBOVMTYHOTO Jiepe-
Ba 1 BbIBOJIa COOTBETCTBYIOIINX Y3JI0B Ha 3KpaH:

- cO3aeTcs ouepenp, COCTOSIIAs 3 OHOIO 3JIeMeHTa — KOPHEBOTO y3J1a;

- y3eJI, M3BJIeYeHHBIVI U3 ouepe/yt, BBIBOAUTCS Ha SKpaH;

- IIOTOMKM YJIQJIEHHOTI'O y3JIa 3aHOCATCS B OUeperlb;

- IIpollecc BBIBO/a Ha SKpaH 3aBeplilaeTcs, KoIria odyepelb CTAaHOBUTCS IIyCTOL.

Ipumep:

Program P129;
{Co3maHMe IOBOMUHOI'O HepeBa — MUTepalus}
type AdresaNod="Nod;
Nod=record
Info : string;
Stg, Dr : AdresaNod
end;

AdresaCelula="Celula;
Celula=record
Info : AdresaNod;
Urm : AdresaCelula
end;

var T : AdresaNod; {xopeHs }
Prim, {lepBEL BJIEMEHT ouepenu}
Ultim : AdresaCelula; {mocinemHwu) BJIEMEHT ouepenu}

procedure IntrodulnCoada(Q : AdresaNod) ;
var R : AdresaCelula;
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[Tonesnas nHdOpMaIMs, CBA3aHHasl C KaXKIbIM y3JI0M, BBOAUTCS C KJIaBUATYPEL
[TpusHakoM OTCYTCTBMs MOTOMKa sBjIsieTcss HaXaTwe xiasuim <ENTER> (mpo-
rpaMMa CUMTBHIBAeT C KJIaBMaTypPhl IIyCTyIO CTPOKY CUMMBOJIOB). OTMeTVM, 4TO Ode-
penb, co3gaHHas B mporpamme P129, COMeP>XUT He Y3JIbl, a TOJIBKO MX apeca.
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C nomomIpio peKypCHMBHOTO aJITOPUTMa [IBOVYHBIE IePeBbsl CO3AIOTCS B COOT-
BETCTBIM CO CJIeyIOIIVMI IIpaByUIaMIL:

- CO3[aeTCst KOPHEBOW y3eJT;

- CTpOUTCH JIeBoe MOJIJIepeBo;

- CTpOWTCH LIpaBoe II0[IePeBo.

CorracHO peKypCBHOMY aJITOPUTMY Y3JIbI IBOVYHOTO JlepeBa Ha puc. 2.11 6yayT
cosfaHsbl B crefyromieM nopanke: A, B, D, E, H, C, F, G, 1, ].

ITpumep:




AfisArb (T".Dr, nivel+l);
end;
end; {AfisareArb }

begin

writeln (’/BBegure KOpeHB:') ;
T:=Arb;

AfisArb (T, O0);

readln;
end.

@yHKISA Arb BBOAUT C KJIaBMaTYPhl IOJIe3HYI0 MHAOPMAaIINIO TS y3/1a, Haxo-
AAIIerocs B mpoliecce cospanmd. Ecii canTeiBaeTcd MycTast CTpoKa, TO y3eJI He CO3-
maetcsi v (PyHKIIME Bo3BpalliaeT 3HadeHne nil. B mpotusHOM ciTydae pyHKITNSA CO3-
IlaeT HOBBIN y3eJl, 3aI/ChIBaeT CTPOKY CHMBOJIOB B IToJIe Info M BO3BpalllaeT ajapec
CO37IaHHOTO y3J1a. B MOMeHT, Korfga HeoOXOIMMO 3aIloJIHUTE Mo Stg (agpec Jie-
BOTO TofjiepeBa) 1 Dr (ajgpec IIpaBoro rnojjiepesa), PyHKIIN BbI3bIBaeT caMy ce0s,
repexozisi TaKuM 00pa3oM K IIOCTPOEHVIIO COOTBETCTBYIOIIETO TIofJIepeBa.

[Tponenypa AfisArb BEIBOOUT IBOMYHOE JIepeBo Ha 3KpaH. CHavasia OHa BEIBOIIUT
Ha 3KpaH JieBoe IoJIjlepeBo, KOpeHb 1 3aTeM IIpaBoe IofiepeBo. Y poBeHb KaKI0To
y3J1a yKa3bIBaeTCs Ha SKpaHe ITyTeM BbIBOZa COOTBETCTBYIOIIIETO Uriciia IIpobesIoB.

ITpu cpaBHeHV IporpamMM P129 11 P130 BUIHO, UTO IIpoliecc 00paboTKM peKyp-
CUBHBIX CTPYKTY P JJaHHBIX, a IMEHHO: [IBOMYHBIX JIepeBbeB, SIBJIAeTCs Oojlee ecTeCTBeH-
HBIM V1 3P(PEKTMBHBIM B CJTy4ae VICIIOJIb30BaHVs IMEHHO PeKYPCUBHBIX aJITOPUTMOB.

[IBOVYHEIE IepeBbs MMEIOT OYeHb MHOTO IIPVIMEHEHWI, OJHVM M3 KOTOPBIX
gpyisieTcss 00paboTKa apmdMeTdecKnx BBIpaXeHWUN B TPaHCIATOpaxX C S3BIKOB
MpOrpaMMMpPOBaHVIS.

Bonpocbl n ynpaxHeHus

O Kak onpegensetca 0souyHoe 0epedo? O6bACHNTE TEPMUHDBI: KOpeHb, Jiegoe N000epeso,
npasoe noddepeso, NOMOMOK, ypO8eHb, MepMUHAJIbHbIU y3es1, HemepMUHAbHbIl y3er,
8bIcoma 080UYHO20 0epesa.

® Chopmynupyiite nTepaTMBHbIE aNTOPUTMbI, MPefHa3HaYeHHble A Co3haHuA ABOUY-
HbIX lepeBbEB U UX BbIBOJA Ha dKPaH.

© Kak cTpounTca IBOMYHOE epeBO C MOMOLLbIO PEKYPCMBHOIO anroputma?

O HanwvwwTe nporpammy, KOTopasa CTPOUT Ballle reHeanornyeckoe AepeBo, paccunTaHHoe
Ha TpU-yeTblipe NokosneHusA. KopHeBO y3en cogepXnT Bally Gamunmio, UMa 1 rof, poK-
LEeHVsA, @ pa3BeTBNAOLMECA Y3/1bl — COOTBETCTBYOLLYIO MHOOPMaLIMIO O POAUTENAX.

O Kak MOXKHO M3MeHUTb Npouenypy AfisArb u3 nporpammbl P130 Ans Toro, 4tobbl 4BO-
NYHOe epeBo ObIIO BbIBEIEHO Ha dKPaH B CliedytolemM nopsjKke: npaBoe nogaepeso,
KOPHeBOW y3en, neBoe Noaaepeso?

O HanuwwTe pekypcrBHYI0 GYHKLMIO, KOTOpas BO3BPaLLaeT KONMYECTBO Y3/10B BONYHO-
ro fgepesa. lNepenuviwmnte JaHHYIO GYHKLMIO B HEPEKYPCUBHOWN dpopme.

@ OpraHu3auusa TypHUpa “Ha BbiObIBaHME" NPeACTaBEHA C MOMOLLbIO ABOUYHOIO JepeBa.
Y3nbl gaHHOrO iepeBa cofleprKaT CneayoLlyo MHGopMaLmIo:
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- pamunus (string);
- umsA (string);
— faTa poXKAaeHuA (aeHb, mecaw, roa);
- rpaxAaHCTBo (string).
KaXkgoMy MrpoKy COOTBETCTBYET TEPMUHAMIbHbLIN Y3en, a KaXAoMy MaTyy — HeTepmu-
HaJbHbIV Y3es1. B Kax bl HeTepMUHASbHDBIV Y3es 3anunCbiBalOTCA AaHHbIE 0 nobeanTene
MaTya, B KOTOPOM y4YyacTBOBaNu [iBa Urpoka 13 pa3BeTBaALmxca y3nos. OueBnagHo,
KOpeHb CoflepKUT laHHble 0 NobeauTene TypHupa.
Hanuwwunte nporpammy, KoTopas co3faeT B NaMATN KOMMNblOTEPA W BbIBOAUT Ha dKpaH
[epeBo TypHUpa “Ha BblObIBaHE",
Yka3zaHue. BHauane cocTaBnfeTcs CNMCOK UrPoKoB. MNobeanTenu maTyen nepBoro Typa 3a-
HOCATCA BO BTOPOW CNMCOK. [lanee co3paetca CNMcoK nobeputenein BTOPOro Typa u T. 4.
O Kak Hy»KHO M3MeHUTb GYHKUMIO Arb 13 NporpammMbl P130 gns Toro, 4Tobbl ABOMYHOE
JepeBo cTpounoch B cneaytowem nopagke: A, C, G, J, I, F, B E, H, D?
© OyHKUMA Arb 13 nporpaMmbl P130 CTPOWT ABOMYHbIE epeBbA B C/ieAytoLem nopas-
Ke: KOPHEBOW y3en, IeBoe NogaepeBo, NpaBoe noaaepeso. Hannwmnte HepeKkypCuBHyo
npoueaypy, KOTopasa CTPOUT ABONYHbIE AePEBbA B TAKOM e NOopAaKe.
YkazaHue. icnonb3yeTca CTeK, 31eMeHTbl KOTOPOro ABNAIOTCA y3namn. BHauane ctek co-
LEepXNT TONbKO KOpHeBOW y3en. [1nAa KaXKAoro y3na 13 BepLurHbl CTeKa CTPOUTCA NeBoe
noafepeso, a 3atem — npasoe. Co3aHHbIe y3/bl 3aHOCATCA B CTeK. [locne nocTpoeHusa
NpaBoro fepeBa COOTBETCTBYIOLWNI y3eN yaanaeTca 13 cTeka.

2.8. O6xon OBOUYHbIX OepeBbLEB

Onepauvn/[, KOTOPbI€ MOXXHO BBIIIOJIHATE ¢ IBOVMYHBIMI AePeBbsiAMIL, IIOApasie-
JISIIOTCS Ha [1Be OOJIbIIVIe KaTerOput:

- OIepary, KOTOpble M3MEeHSIOT CTPYKTYPY AepeBa (BCTaBKa VIV yIaleHVie y37I0B);

- oIreparyy, KOTOpbIe He 3aTparvBaloT CTPYKTYpPY JepeBa (IIOVCK MHQOopMaInmy,
revaTh MHPOPMAIIMI 13 3aJJaHHOTO y3J1a U T. 11.).

Onron 13 HanbosIee YacTO BCTpedaeMbIX IpOo0OsIeM PV BBITIOJTHEHWN TaKMX OITe-
paLm sBJIsieTcss HeOOXOAIMOCTb 00X0/Ia ABOVIYHOTO JlepeBa.

ITor 06xomoM mepeBa ITOHMMAETCs IIOCIIeIOBaTeIIbHOE VCCIIeIOBaHIe €T0 Y3JI0B,
npvaeM MHPOpMaIIns KaXXIoro y3JIa U3BJIeKaeTcs TOJIBKO ofuH pa3. CyIecTByoT
Tpu criocoba 0Oxof1a IBOMYHBIX JIepeBbeB. DT TP CII0CO0a SIBIIAIOTCS PeKypPCVB-
HBIMIL: €CJIV IEPEBO IIYCTOE, TO IIPV €ro 0OXO0lle He BBIIOIHSIETCS HUKAKMX Ollepa-
LIVVI, IHa4de 0OXOZ, OCYIIIeCTB/ISIeTCS B TPY JTalla.

O06xoxm KJIII:

- VICCIIeyeTCsl KOpeHb;

- obxommTcs J1eBoe TIOIepeBo;

- 06xoIMUTCs IIpaBoe IOofIiepeBo.

Oobxom JIKII:

- 0OxomTCs JIeBOe MOIePeBo;

- VcCTIeTy eTcsl KOpeHb;

- 0OxoamTCs mpaBoe MOLIePEBO.
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O6xon, JITIK:

- 0OxonuTCs JIeBoe MofIIepeBo;

- 0bxopuTCs ITpaBoe MofIiepeBo;

- iccJIeTyeTcsi KOpeHb.

Ob6osnauenws KJIIT, JIKIT v JIIIK yka3bIBaroT mopsiok ooxoma: K - xopens, JI -
JieBoe Tofiiepeso, I1 - mpasoe nozyiepeso. MeTosibl 00xo/ia ABOVUHBIX [ilepeBheB I10-
KasaHbI Ha puc. 2.12.

06x00 KJIIT 06x00 JIKIT 06x00 JITIIK

Puc. 2.12. MeTonbl 06xofa ABOUYHbIX AepeBbEB

ITpu ob6xome mepesa Ha puc. 2.11 metomom KJIIT mosrydaeM Ciey oI IOPSIIOK
TIOCeIIIeH N y3/I0B:

rpu 06xome Metorom JIKII moyyaem cyIemy oIyt IIOPsiOK IOCeIeHMs Y37I0B:

00xoz Metomom JITIK mpMBOANT K CIIEYIOIIEMY ITOPSIKY OCEIeHNs Y37I0B:

Hwoxe nipenicrapiieHa mporpamma o0xofia IBOMYHOIO JiepeBa II0 BCeM TpeM Me-
TOIaM.
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OrmeTny, 9T0 PyHKIINMS Arb CO3MaeT y3JIbl, CoBepIas B IIpoIecce IOCTPOEHVS
o0xort nBomryHOro fAepesa MetomgoMm KJIII. TTponenmypa AfisArb BBIBOOWUT Ha 9KpaH
y3JIBl, COBepIIIasi 00X0f1 ABOMYIHOTO Jlepea MeTomoM JIKI].

Bonpochkl 1 ynpaxHeHus

Kakue onepaun MOXHO NMPMMeHATb K ABONYHbIM Iﬂ,epeBbﬂM?
O6bsicHUTe mMeToAbl 06xop,a ABONYHbIX fepeBbeB. I'IpMBenvlTe nprmepbl.

HanuwwTe cnncku y3nos, nonyyaemble Npu Kaxkaom Metofe 06xoaa IBOMYHOrO epeBa
Hapuc. 2.13.

Mepenuiunte B HepekypcuHo dopme npouenypbl Preordine, Inordine u
Postordine n3 nporpammbl P131.

HanuwwTe nognporpammy, KOTopas BblUMCAAET BbICOTY IBOMYHOIO iepeBa.

Hanunwwnte nporpamMmmy, KOTopaAa BbIBOAUT Ha 3KPaH BCe Yy3Jibl, HaXxo4AWKMeCA Ha 3aaH-
HOM ypoOBHE€ BOVNYHOIO fAepesa.

0 © o0o0e
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Puc. 2.13. BonyHOe gepeBo

HanvwwTe pekypcrBHYyto npoLeaypy, KoTopas 06xoanT ABOUYHOE AEPEBO B MOPALKE:
a) KIMJ1 (kopeHb — NpaBoe nogaepeso — eBoe NOAAEPEBO);

6) [NKJ1 (npaBoe noaaepeBo — KOpPEeHb — ieBOe NoaaepeBo);

8) /1K (npaBoe nopaepeBo — eBOE NOALEPEBO — KOPEHD):

MepenuwnTte co3gaHHyto NpoLuenypy B HEPEKYPCMBHOM BUAE.

Hanuwwute nporpammy, KOTopas BbIBOAMT Ha SKPaH YPOBEHb KaXAoro y3sa 4BOUYHOTO
aepesa.

[aHo aBOMYHOE fiepeBo, B KOTOPOM TePMUHAsbHbIE y3/bl TPeACTaBAAIOT LieNble YNCAa,
a HeTepMUHanbHble — GBUHapHble onepauuu: +, —, *, mod, div.[laHHoe fepeBO MOXHO
paccMaTprBaTh Kak npefcTaBrieHie apndMeTUUeCKoro BblipaXkeHWA. 3HaueHne 3Toro
BbIpa)KeHNA BbIUMCIIAETCA, HauMHaA C KOPHA, NyTem BbINOMHEHWA onepaunin Hag 3Have-
HUAMN NOABbIPaXKeHN, NpeACTaBNEHHbIX JIEBbIMY U MPaBbiMK NOAAEePEBbAMMN.
Hanvwwute ¢yHKLMIO, KOTOpasa BO3BpaLlaeT 3HaueHre apnudMeTUUecKrX BblpaXKeHNi,
npeacTaBieHHbIX BONYHbIMY ePEBbAMMN.

[JaHbl apridmeTyecKme Bbipa)keHs, COCTaBNEHHbIE 13 ONepPaHioB 1 BOMYHbIX onepa-
unin: +, —, *, /. OnepaHgamu ABNAIOTCA NEPEeMEHHbIE, MMeHa KOTOPbIX COCTOAT M3 OHOMN
6YKBbI, U KOHCTaHTbI, COCTOALLME U3 ofHOW Lndpbl. Kaxxgomy aprudmeTryeckomy Bbipa-
YKEHMIO i MOXHO NOCTaBUTb B COOTBETCTBME IBONYHOE [1€PEBO:

a) apudmeTnyeCcKoMy BbipaxeHto, COCTaBlIEeHHOMY 13 OJHOrO onepaHfa i, CTaBUTCA B
COOTBETCTBME IBONYHOE AePEBO, COCTOALLEE TONIbKO U3 KOPHSA, KOTOPbIV COOAEPXKUT CO-
OTBETCTBYIOL NI ONepaHpA;

6) apudmeTnueckomy BbipaxeHuto Buaa E,°E,, rae E, n E, ABnAoTca apudmeTnyecKmm Bbl-
pa)keHUAMU, CTAaBUTCA B COOTBETCTBUE BOMYHOE AEPEBO, B KOPHE KOTOPOro COAEePKUTCA
oneparop “*’, IeBblM NoAAePEeBOM ABMIAETCA BblpaxeHue E,, a npasbiM — BbipaxeHue E,.
3HaueHue BblpaXeHVsA BbIUMCNIAETCSA, HauMHasA C KOPHSA, MyTem BbINOfHeHNA onepauui
Haf 3HaYeHUAMU MOABbIPAXKEHWI, NPeACTaBIEHHbIX JIEBbIMW 1 NPaBbIMX NOAAEPEBLSA-
MU. Hanvwunte nporpammy, Kotopas:

a) CTPOVT ABOVYHbIE AePEBbA 1A apUPMETNUYECKNX BbPAXKEHUIA, BBOAUMbIX C KIaBMaTypbl;
6) BblUMCNISIET apndMETMYECKIME BbIPAXKEHWS, MPeACTaBIeHHblE ABOUYHBIMYI AePEBbAMM.
YkazaHue. ANropuTM JOMKeEH ClieloBaTb PEKYPCUBHOMY ONpefeneHunto paccMaTprBa-
emoro fepe.a. B kauecTBe TekyLLero onepaTtopa “o” MoXeT BbICTyNnaTb 10601 onepaTop
+, NN — 13 BbipaxkeHus, nognexatiero obpabotke. Onepatopbl * 1/ MOTyT BbICTyNaTb
B POJSIV TEKYLLMX OMNepaTOpPOB TONbKO B TOM CJlyyae, KOra BbipaXKeHue, noanexatyee
06paboTKe, He COAEPXKNT ONepaToposB +, —.
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2.9. [lepeBbA M-ro nopsigka

PaccmoTpuM gyHaMmueckue IiepeMeHHble TUlla record, B II0JIe CBs3el KOTOPBIX
cozepxarcst m > 2 ykasaresieit agpeca. Kak u B cyiydae JBOMUYHBIX [lepeBbeB, Oyem
HasbIBaTh TaKye IlepeMeHHbIe y3IaM.

HepeBo m-ro nopsjika orpesessieTcs: peKypCcrBHO:

) OTAEJIbHBIN Y3eI SIBJISeTCS JIePeBOM 11-TO ITOPsiIKa,

0) y3eJ1, KOTOPBIVI COJIepXXUT He Bosiee 11 CBsA3eV C IPYTVIMU JIePeBbsIMMU 111-TO I10-
PpAIKa, TakXKe SIBJIAETCs JepeBOM 11-TO ITOps/IKa.

CunTaercs, 4To JlepeBO CONEPXKUT, 10 KpaviHeyl Mepe, XOTb OJVH y3eJl, OT KO-
TOPOTO OTBETBJIIeTCS POBHO m MopjiepeBbes. I1o cornamennio, mycroe mepeso He
COIEP>KUT HU OJTHOTO y3JIa.

HepeBpst 2-T0 NOpsiIKa Ha3bIBAIOTCA ABOWMYHBIMMU JepPeBbIMM W V3y4dallcCh B
npenpayyx naparpadax. [Jdepesbs 3-ro, 4-ro, 5-ro mopsifka u T. [. Ha3bIBalOTCS
CMJIBHO BEeTBAIIMMICSA iepeBbAMMU (IT0-aHIIMVICKU multiway trees).

B xauectse mpmMepa Ha puc. 2.14 npencrasiieHo gepeso 4-ro nopgaka. OueBuIiHO,
YTO IS IepeBbeB 11-TO MOPsIKa TEPMUHBL KopeHb, 1000epeBo, ypobers, poouteas, nomo-
MOK, epMUHAAbHDLIL Y3eA, HemMepMUHAAbHDbIIL Y3e4, Bblcoma VIMEFOT TaKoe JXe 3HaYeHve, KaK
VI [JIs1 ABOVIYHBIX JlepeBbeB. TepMUHOIIOIV, VCIOJIb3yeMast Il TaKVX CTPYKTYP JaH-
HBIX, BKJTIOUAeT JIaKe TaKyie CJIOBa, KaK CbiH, omey, Opamvs, 0505, 06010pooHsle pamus, npa-
0edyuixa i FIp., CMBICIT KOTOPBIX /IS y3710B, HAXOMIAIIVIXCSL Ha Pa3HBIX YPOBHSX, COBITa-
JaeT CO 3HaYeHMSIMM 3TUX CJIOB B 00bIuHOV peun. ITporre ropops, Takue CTpyKTypbl
JTAaHHBIX BBIPaKafOT OTHOIIIEHVS “pa3BeTBiIeHNs MeX/Iy y3/IaMy, ITO00HO CTPOeHIIO
OOBIYHBIX JIePeBbEeB, C TOV JIMIIL PA3HUIIEN], YTO B MH(POpPMaTHKe JlepeBbs “pacTyT ”
BHW3 T'OJIOBOVAL.

ypoeenv 0

yposenv 1

yposenv 2

yposenv 3

Puc. 2.14. NepeBo 4-ro nopsagka

[lanHble, HeoOXOIVMBIe 1715l CO3aHMs 11 00pabOTKM /TepeBa 11-To IOPsIKa, MOX-
HO OIIVICBIBATH C TIOMOIIIBIO CJIEYFOIIVIX OObSIBIICHIVL:

type Arbore = “Nod;
Nod = record;
Info : string;
Dsc : array [l..m] of Arbore
end;
var T : Arbore;
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A,upeca IMIOTOMKOB y3JIa 3allOMMHAIOTCS B KOMIOHeHTax: Dsc[1], Dsc[2], ...,
Dsc [m] MaccuBa Dsc. Afipec KOPHS COXpaHsAeTCs B IIepeMeHHOV CCbUIOYHOrO TuIa T.

CambIMU pacITpocTpaHeHHBIMY MeTojaMy 00X071a JiepeBbeB 11-To Iops/iKa SBJIs-
I0TC 00XO]I, B IIVPVHY ¥ 00XO7I, B TTyOMHY .

ITpu 06xome B IIMPVHY Y3161 OOXOMISATCS B IIOPSI/IKE VX ITOSIBIIEHNS Ha Y POBHSX.
Hampumep, 15 iepesa Ha puc. 2.14 00xo;1 y3/10B OyeT ocyIIecTBsIeH B CJIeyoliemM
nopsinke: A, B,C,D,E, F,G,H, I ], K.

O06pryHO 00X07] B IMPUHY pean3yeTcs ¢ IIOMOIIBIO MTEePATVBHOIO aJIFOPUTMa,
KOTOPBIV MCIIOJIb3YyeT BCIIOMOraTe/IbHYIO CTPYKTYPY JIaHHBIX, a MMEeHHO: ouepe]ib,
COCTaBJIEHHYIO U3 aflpecoB OOXOIVMBIX Y3JIOB.

O06xop B r71yOMHY onpefiesigeTcs peKypCUBHO: eI JIepeBo — IIyCToe, TO IIpu
00xoj1e He BBHIINOIHAETCS HUKAKMX JIeVICTBU; eCJIv HellycToe, TO CHadaJla IIpous-
BOIMUTCS 00X0/, KOPHS, 3aTeM 00X0I iepeBbeB cyieBa Harpaso. IIpu obxome B miy-
OuHy nepesa Ha puc. 2.14 y351bI TIOCeIatoTCA B cienytomiem nopsake: A, B, C, E, F,
], K, G, H, D, I. Obxon B mi1yOuHYy peasn3yeTcs JIETKO C IIOMOIIbIO PeKYPCUBHOIO
aJIropuTMa.

[Ipumep:
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begin
CreareArbore (T) ;
AfisareArbore (T) ;
writeln (/O6xonm mepeBa B mmpuHy:') ;
InLatime (T) ;
readln;
writeln (/0O6xonm mepeBa B IrutyOmuy:’) ;
InAdincime (T) ;
readln;
end.

INonesnas mHpOpMaLL KaXXIOro y3/1a BBOOWTC ¢ KIaBuarypsl. [IpusHakom oT-
CYTCTBV IIOTOMKOB siBJIsieTcst HakaTye Kiasuiiy <ENTER>. OtMeTriM, uTo IrpoLieftypa
CreareArbore B IIpollecce CO3IaHNs y3JI0B OCYIIIeCTB/IsieT 00X07] flepeBa B IIVPIHY.
OuesnyiHO, uTO TIpOIIeypa AfisareArbore 0OXOAWUT y3IIbI B TIOPSIZIKE VX CO3TAHVIS.

K nmepesbsiM m-To mopsifika HanOosIee YacTO IIPUMEHSIOTCS CJIefIyIole onepa-
LMM: BCTaBKa WIN y/aJleHue y3j1a, HOUCK nHdopMalimy, oOpaboTKa I10J1e3HO VMH-
dpopmanyy, cBSI3aHHO C y371aMu, 1 T. 1. OOBIMHO e peBbs 111-TO TIOPSAKA VICIIOTIB3Y-
IOTCS B IIPWIOXKEHMX, KOTOpbIe BJIEKYT 3a o001 00paboTKy O0JIBIIIOro KoImyiecTBa
IIAaHHBIX, OPTAaHM30BAHHBIX MepapXINIecKy Ha BHEITHMX HOCUTEISIX MHAOPMaIIVL.
B xauecTBe mmpuMepa oTMeTVMM OpraHM3aLMIO JAHHBIX HAa MAarHUTHBIX VI OIITHYe-
CKMX AMCKax B oreparoHHbix cuctemax MS-DOS, UNIX u T.1. [lanHbIe fepeBbs
TaK>Ke VCIOJIB3YIOTCA B rpadyecKyx IIPUJIOKeHMsX I ITpelcTaB/IeHVs JMHaMU-
YeCKVIX CBSA3eVI MeX/y KOMIIOHeHTaMM U300 paskeHUTA.

Bonpochbl u ynpaxHeHus

O [pvBeauTe Nprmepbl fepeBbeB 3-To, 5-T0 1 6-T0 NopsAaKa.

® Kak onpepensetca fepeBo m-ro nopagka? Kakne onepawym MOXHO NPUMEHSATb K laH-
HbIM fepeBbAm?

© O6bacHNTe MeToAbl 06X0Aa AepeBbeB M-ro nopsAgKa. [pusegute npumMepsbl.

O HanuwwnTe pekypcuBHYKO NporpammMy, KoTopas CTPOWUT B NaMAT KOMMblOTEpa [epeBo
m-ro nopAgka. lNonesHasa nHdopmauma, cBA3aHHaA C y31amu, CYATLIBAETCA C KNABMATYPbI.

O HanvwwTe PpyHKUMIO, KOTOPas BO3BPALLAET:
a) KONUYeCTBO Y3/10B AepeBa M-ro NopAaKa;
6) ypoBeHb onpefeNieHHOro y3na fepeBa;
8) BbICOTY AepeBa.

O [lepenuwnte B HepekypcuBHOW ¢dopme npouenypy InAdincime M3 nporpammbl
P133.

@ KakMOXXHO 13MeHUTb Npoueaypy InLatime n3 nporpammbl P13 3, yTobbl 06x04 Y3108
[epeBa Ha puc. 2.14 ocywectBnanca B cnegytowem nopagke: A, D, C, B, I, H, G, F, E, K, J?

O Kak MOXHO 1M3MeHUTb Npouenypy InAdincime 13 nporpammbl P133, ¢ TeM 4Tobbl 06xof
Y3/10B AepeBa Ha puc. 2.14 ocywecTtenanca B cnegytowem nopagke: A, D, |, C, H, G, F, K, J, E, B?

© [laHo gepeBoO M-ro nopsAgKa, B KOTOPOM MHPOPMALMS, HAXOAALLAACA B Y3/1aX, NpeacTas-
nAeT cobon CTPOKU CMMBOOB. BbIBECTY Ha 3KpaH BCe CTPOKU CIMBOJIOB YETHOW JJ/IVHbI.
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® OpraHun3auus gaHHbIX HAa MarHUTHbIX AMCKax 3aaeTca C MOMOLLbIO iIepeBa M-ro nopsij-
Ka. TepMUHanbHble y3/bl NpeacTaBAaloT coboi dparinbl, a HEeTePMUHANbHbIE — KaTaloru.
MNMone3Haa nHGopmauma, CBA3aHHAA C KaXKAbIM Y3/1I0M, BK/IOYAET:
- umsA paina unu Katanora (string[81]);
- pacwupeHue (string[3]);
- JaTy Y Bpems NocnefHero n3MeHeHus (COoTBETCTBEHHO AeHb, MecsL, rof 1 Yac, MUHY-

Ta, CEKYHAA);
- QnHY (integer);
—atpubyTbl ("A’, 'H’, 'R’, ’S’).

Hanvwwnte nporpammy, KOTopasa MMUTUPYET onepaunmn noucka, Co3faHna N yaaneHus
¢$annos 1 KaTanoros.

® VHorpa nopsgok m gepeBa He M3BECTEH HA MOMEHT HaMVCaHUsi MPOrPaMMbl, MO3TOMY
CTAHOBUTCA HEBO3MOXKHbIM MCMOJIb30BaHMe TUMNa AaHHbiX array [1..m] of Arbore.
[nA ycTpaHeHnA 3TOro HegocTaTKa COOTBETCTBYIOLMIA MAaCCUB MOXHO 3aMeHUTb Ha of-
HOCBA3HbIV CMUCOK.

HanuwwuTe nognporpammbl, Heobxoanmble Afsi CO34aHMA U 06pPaboTKM AepeBbeB C
NPOV3BOJIbHbIM 3apaHee HEeN3BECTHbIM NMOPAAKOM.

2.10. Tun gaHHbIX pointer

[anHbm maparpad momHocTeio oTHOCUTCs K Turbo PASCAL.

MHo>KecTBO 3Ha4eHMI ITpeIoNpeie]IeHHOro TUIla pointer (ykasaTesb) COCTO-
UT U3 aJpecoB ¥ CHelyaJIbHOro 3HadeHus nil. B oTymmume OT CCHUIOUHBIX TUIIOB
JaHHBIX, afipeca KOTOPBIX YKa3bIBAIOT TOJIHKO Ha AMHaMMUYecKyie IlepeMeHHbIe, ITpu-
HajyTeXxalryie 6a30BoMy THUITy, 3HAUYeHNs TUIIa pointer yKashlBalOT Ha JIMHaAMIJe-
CKMe IepeMeHHEIe Joboro Tuma. OueBnaHO, 3HaUeHMe nil He yKasblBaeT HU Ha
KaKyIo IMHaMIU4YecKyio repeMenHyio. 1o cornaiienuio, TUII JaHHBIX pointer co-
BMEeCTVM C JIFOOBIM CCBUIOYHBIM TUIIOM.

K sHageHMsaM TuIla JaHHBIX pointer MOXHO HPUMEHSTh OmIeparmL = U <>.
3HaueHVs 3TOTO TUIIA He MOTYT OBbITh CUMTaHbI C KJIaBMATYPhI VIV BbIBeeHbl Ha KpaH.

ITepemeHHas THIIa pointer BBOAUTCS ONVICAaHMEM BUIa:

var p : pointer;

Tax kKak Takoe omucaHVe He COAePXUT MHGPOpMalio 0 0a30BOM THUIIe, THUII -
HaMMI4ecKoV IlepeMeHHoN p” HemsBecTeH. (JlefioBaTeIbHO, Ha IlepeMeHHbIe TuIa
pointer HeIb3s CChUIATHCS C IIOMOIIBIO CMMBOJIa *, HaJIure KOTOPOTo II0CjIe Ta-
KOVI IIepEeMEHHOT SIBJISIeTCS. OIIMOKOTA.

Crenyroriasi mporpaMma IIOKasbIBaeT CIIOIb30BaHVe [lepeMeHHBIX TUllapointer
IJIsI BPEMEHHOTO 3aIlOMMHaHMS 3SHAYeHU I IIepeMeHHBIX CCBUTOYHOIO THTIA.

Program P134;
{ Tun mauuex pointer }
var p : pointer;

i, 3 “integer;
X, y : “real;
r, S “string;
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OcHOBHOM O00JIaCTBIO WCIIOIB30BaHMS IepeMEeHHBIX TUIIa pointer spiseTcs
pactperiesieHie BHyTpeHHel mamsTy KoMmbiotepa. B Turbo PASCAL numamige-
CKVe TIepeMeHHbIe 3aHOCATCS B CIeliaIbHyI0 00J1acTh BHYTpeHHeV! ITaMsATy, Ha3bl-
BaeMol1 heap (Kyda). Afpec Havajla 3TOV 00JIacTV, Ha3bIBaeMblIil 0a30BBIM azpe-
COM, 3aHOCWUTCS B IIpeIOIIpeHe/IeHHYI0 IepeMeHHyi0 HeapOrg Tuila pointer.
[lepemennast HeapPtr Tuma pointer comepXuT agpec IepBovi CBOOOIHON 30HBI,
HasblBaeMOVI BepIIMHOM heap-a (puc.2.15).

HeapPtr

HeapOrg

Puc. 2.15. CtpykTypa obnactu heap

[vHaMygecKye iepeMeHHBIe CO3IAI0OTCA U 3aHOCATCS B Jieap € TIOMOIIIBIO TIpolie-
nypsl new. Korma B Beprmmae oO1actyt heap co3fgaeTcs IyMHaMMYecKas IlepeMeHHasi,
coflepXXaHVe IlepeMeHHON HeapPtr M3MeHseTCs: TeKylllee 3Ha4YeHVe yBeIdlBa-
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eTcsl Ha pasMep o0r1acTyt MaMsTy, HeoOXOAVMMOW Il pasMeleHys JMHaMUYecKo
mepeMeHHOVI.

ITamsiTh, 3aHMMaeMasi B ob1acTit heap AMHaMMUUYeCKOV IlepeMeHHOVI, 0CBOOO0X-
JaeTcs ¢ IMOMOIIIBLIO MpoLeAyprl dispose. Pasmep ocBob00oXgaeMoro mpocTpaHcTBa
3aBVICUT OT TUIIA JUHAMMNYECKOVI ITI€PEMEHHOVL.

ITopamok BeI30Ba IIpoLeAyPhl dispose TPOM3BOILHEIN U, KaK IPaBWIO, He COo-
BIIA/IA€T C IIOPSAIKOM CO3MaHMs IMHAMWYECKIX IIePEeMEHHBIX C IIOMOIIBIO ITPOLIeTy-
pBI new. BateacTsue sToro B 06s1acTy heap BO3HMKATOT ITyCThIe 30HBL ITycThle 30HbBI
MOTYT VCIIOJIh30BAThCSI IIPOLIEAY POV new TOJIBKO B TOM CJIy4ae, eCiivi BHOBb CO3/1a-
BaeMasl AvHaMMJecKas IlepeMeHHas «BMEIaeTCs» B COOTBETCTBYIOIIYIO 30HY.

Ob6racTh mamsATH, 3aHUMaeMyIo AVMHaMUYeCKOV CTPYKTYPOV JTaHHBIX, MOXHO
0CBOOOANTE, MPUMeHsisl MpoIlelypy dispose K KaXgow KoMIloHeHTe. Tak Kak
IporpaMMe M3BeCTHBI TOJIBKO ajipeca OTAe/IbHBIX KOMIIOHeHT, KaK IIpaBwIo: 0asbl
VI BEPILVIHBI CIIVICKA, KOPHS epeBa U T. [I., IIOVICK OCTaJIbHBIX KOMITOHEHT SIBJISIeTCSI
3agiavert mporpaMmucTa. bosiee Toro, mopsmok BeI30Ba IpoLeAyphl dispose 10J1-
JKeH OBITH TaKVM, qTOOBI COXpaHWJIVICh CBA3M K KOMIIOHEHTaM, KOTOpPbIE ellle He
ObUIM YHUUYTOXeHBL. B IIpoTuBHOM cilydae HU OAMH yKasaTellb ajpeca He Oyjer
CCbUIaTBhCS Ha COOTBETCTBYIOIIIE KOMIIOHEHTBI, 11 OHM CTaHOBSTCA HEJOCTYITHBIMIIL.
Taxum obpasom, ncrosb3oBaHMe Mpoleayphl dispose 11 0cBOOOXAeHMs 00s1a-
CTV ITaMATV, 3aHMMaeMOVI CJIOKHBIMM CTPYKTYpaMi JaHHBIX, SABJISIETCS CJIOJKHBIM 11
He3(pPeKTUBHBIM. DTOro MOXHO M30eXaThb, IPUMeHssl CTaHJapTHBIe IIPOLleTy Phl
mark nrelease.

Br13oB mmponieny pel mark vMeeT BUI:

mark (p)

I7e p sBJIgeTcd IlepeMeHHON Tuila pointer. Ipornenypa sanoMuHaeT ajgpec Bep-
IIMHBI M3 HeapPtr B IepeMeHHYIO p.
Br130B mporienypsl release mMeeT BUA:

release (p)

DrTa IIpollefypa IepeBOAUT ajpec BepIIVHBI Ha IO3UIVIO, 3apervcTpupoBaH-
HYIO paHee IPOIeypon mark: 3HaYeHMe, cojiepyKarieecss B IepeMeHHO p TUlla
pointer, 3aHOCUTCA B YKasaTeJib HeapPtr.

Pacripenernenue obs1acTi mamsTy, IpeqHasHAaYeHHOV IS AMHAMUYeCKX IIepe-
MEHHBIX, MOXKHO OCYIIECTBJISITEH C ITOMOIIIBIO CJIETYIOIIEro ajiropuTMa:

1) ¢ IIOMOIIIBIO IpOIIedy pbl mark 3alTOMVHAETCS apec BePIIVIHBL,

2) ¢ IIOMOIIIBIO OpOoIeypbl new CO3MAI0TCS AMHAMUYECKVe [IepeMeHHbIE,;

3) cosmaHHBIe JUHAMMYeCcKye mepeMeHHbBIe MCIIOTb3YIOTCS;

4) xorga OyHaMIYecKye IlepeMeHHbIe y>Ke He HY>KHBI, IPOCTPAHCTBO, 3aHMMae-
Moe 1M1 B oOstacTi heap, ocBoOoXIaeTcs c TIOMOIIBIO MPOLIeAYPHL release.

ITpumep:
JlaHbI cJIeTyIoIIVIe OIVICaHVIS:

var i, j, k, m, n : “integer;
p : pointer;
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Hpe,JIHOJIO)KI/IM, YTO BBIIIOJIHAIOTCA OIlepaTOPhI:

Coctosine obractvt heap ipencrasieHo Ha puc. 2.16 a. Ileper TeMm Kak co3aTh
OVHAMUYECKYIO IlepeMeHHYIo k”, orepaTop mark (p) 3allOMMHAET B IIe€PEMEHHOM
P Tuia pointer (baKTI/IquKoe 3HaueHue u3 HeapPtr.

a) 6)

HeapPtr

n

m
k

HeapPtr

.

HeapOrg i HeapOrg
—i

Puc. 2.16. CoctosiHne obnactun heap o (a) n nocne (6) BbinoNHeHWsA onepaTopa release (p)

Ecmm TeIlepb BbIIIOJIHSAETCS OIlepaTop

TO 0obIacTh MaMATH, 3aHMMaeMasl JIVHAMUYeCKUMI ITlepeMeHHBIMI TT0CJIe BBhI30Ba
nporenypsl mark, a mmeHHo: k~, m”mn”, Oymer ocoboxena (puc. 2.16 0).

Tax Kak IpefionperiesieHHas IlepeMeHHasi HeapOrg coxpaHseT 0a30BBIN ajipec
obracTy heap, TO BCce IPOCTPAHCTBO, ITpeHA3HAaYeHHOe T JTMHAMUYeCKX repe-
MEHHBIX, MOKHO OCBOOOIVITE C TIOMOIIIBIO OIlepaTopa:

Crenyronias mporpaMma HaIIs[HO IOKas3bIBaeT VCIIoJIb30BaHe IIpolieflyp mark
nrelease.










OrmeTnmM, uro B HeIHenTHMX Bepcuax Turbo PASCAL mpormenypsl dispose n
release He NPUCBaMBaIOT 3HaUeHMe nil yKasaTesllo ajgpeca IepeMeHHOV, KOTo-
pasi 6buta yHUUTOXeHa (puc. 2.16 0). Tak Kak ocBoOOXIeHHast 00IacTh MaMsTH YC-
IIOJIB3yeTCsl IIOBTOPHO, TO MPUCBOEHVe 3HAaYeHUV y)Ke YHUUYTOXeHHBIM IlepeMeH-
HBIM MOXXeT M3MEeHUTh 3HaueHVsl BHOBb CO3/JaHHBIX ITHAMUYECKIX [epeMeHHbIX.

Bon POCbI 1 ynpaxHeHuns

© /13 4ero cOCTOMT MHOXXECTBO 3HAYEHWI TUMA AaHHbIX pointer? Kakune onepaynm Mox-
HO MPUMEHATb K 3TUM 3HayeHuAM?

@ [IpoKOMMEHTUPYITE CleaytoLLyto NpPorpammy:

© Koraa uenecoobpa3Ho NCMoNIb30BaHVE NepPEMEHHbIX TUMA pointer?
O fBnaeTca Ny obnacTb heap CTPYKTYPO AaHHBIX TMNa cTek? APryMeHTUPYITe Ball OTBET.
© 3anyctute cnegyowme nporpammbl. OOGbACHUTE pe3ynbTaTbl, BbIBOAUMbIE Ha SKPaH.
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O HanuwwTe Npoueaypy, KOTopasa 0CBOO6OXKAaeT 061acTb NAMATY, 3aHUMAEMY|O:
a) OQHOCBA3HbIM CMINCKOM;
6) ABONYHbBIM iepeBOM;
8) pepeBOM M-ro nopsagkKa.
O6nacTb NaMATH JOMKHA 0CBOOOXKAATbCA MyTeM NPUMeEHeHUA npoueaypbl dispose
KO BCEM KOMMOHEHTaM AMHaMNYeCKOW CTPYKTYPbl AaHHbIX.
® HanuwwrTe NporpammMy, KOTopasi BHauasne co3faeT ouepefb, a 3aTeM AepeBO M-ro no-

pALKa. O6nacTtb namaATtK, OCBO60)K}J,EHHle nocne YHNYTOXKeHuaA ovepean, HEO6XO}J,I/IMO
MCNoNb30BaTb AN1A pa3MeLlleHnA co34aBaeMoro gepesa.



[maBa 3

METOObl PA3PABOTKU
NMPOMPAMMHBLIX MPOAOYKTOB

3.1. MoaynbHoOe nporpaMmmMmupoBaHue

MopypHOe ImporpaMMipoBaHye CHVDKAeT yPOBeHb CJIOKHOCTY OOJIBIINX IIPO-
rpaMM IIyTeM MX pa30ueHns Ha MOJYJIN.

Moy b - 5TO IIpOrpaMMHBIVE IIPOJTY KT, COCTOSIIIVV 113 OIIVICAHWS JAHHBIX U 1071~
Iporpamm 1 nx o6paboTku. B mmporecce Hammvicanus mporpaMMbl MOTYJIVE MOTY'T
Co3/1aBaThCs He3aBUCVIMO VI KOMIIWJIMPOBATLCA OTIEIBHO, 10 MX BKIIIOUeHMs B IIPO-
rpammy. OTMeTMM, YTO cama IIpOrpaMMa Ha3blBaeTCsl IJIaBHBIM MOTYJIeM.

B crampmapTHOM fA3bIKe He IpPeLyCMOTPeHBI CPefCTBa I CO3LAHVS MOJYJIeV.
ITporpamma Ha a3pike ITACKAJID gBiiseTcs eqvHBIM LeJIbIM M JOJDKHA KOMITVIIPO-
BaTbCS BMeCTe CO BceMy CBOMMM nofrporpamMmamu. OHaKo 3To He yA00HO B ciIydae
BOosIBIINX ITPOrpaMM, KOTOPBIe COflepKaT IeCATKY MM JaKe COTHU TIOIIPOTrPaMM.

B Bepcun Turbo PASCAL Moy peanmsytoTcesi ¢ HOMOIIEIO unit-os. OOmas
dopma MopyIs iMmeeT BUL:
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MomyJib mporpaMMbl COCTOUT U3 TpeX pasfiesloB: MHTepdeiCHbIN paszierl, pas3iern
pearmsarivy, pasmgerI MHUITUAIVI3aliui.

VIHTepdericHbIN pa3aesI HaunHaeTCs C KII0UeBOro ¢jiosa interface. 3pmech
HaXOATCH OIMCaHMs KOHCTAHT, TUIIOB, IIePeMEeHHBIX U IIOAIIPOrpaMM, SKCIIOPTH-
PYeMBIX MOAYJIEM. DTU 3JIEMEHTHI JJOCTYIIHBI JIFOOOMY MOAYJIIIO, KOTOPBIV VICIIOIIb-
3yeT paccMaTpuBaeMBbIV MOALYJIb HeIIOCPeICTBeHHO VWIN 110 TpaH3uTuBHOCTHU. OTMe-
TVIM, 4TO B MHTepdeViCHOM pas[esle HaXOAATCS TOJIIBKO 3ar0JIOBKI 3KCIIOPTPYEeMBIX
nporuenyp v dyskunit. Ecamv B 1aHHOM MOJIyJIe MCHOIb3YIOTCsS ApYyTriie MOyJIN, TO
VX IMEHa YKa3bIBalOTCS B CTPOKE uses.

Paspmen peamsanyy HadMHaeTCs ¢ KJIFOUEBOro ¢J1oBa implementation. B stom
Ppaszerie HaxXOIATCs JIOKaJIbHBIE OIVICAHVISI METOK, KOHCTAaHT, TUIIOB, ITepeMeHHbIX M ITO/I-
HporpamMM. DJIeMeHTBl, OlpefieleHHbIe 3[1eCh, «CKPBITbI» 11 He JOCTYIIHBI 11 OPYIVIX
Mopysiert. ITocste JIOKaIbHBIX OMVICAHWIA CITeTyeT TeJIo ITpoLie/lyp M yHKIIVV, 3ar0JI0B-
K11 KOTOPBIX OBUIN OIIperierieHbl B MHTepdericHOM paszerte. Kaxkmas moamporpamma,
yKasaHHasl B MHTepdeViCHOM pasfielle, JI0JDKHa MMeTh Tesio. Ilocste KodeBoro cjiosa
function wm procedure cjieayeT TOIBKO MM IOAIIporpaMMbl. OTMeTVIM, YTO 311ecCh
HeT HeoOXOMIVIMOCTY OMVICHIBATh CIIVICOK ITapaMeTPOB ¥ BO3BpalllaeMbIX 3HAYeHTL.

Paspesn vHMIMaIM3anum, eI TAKOBOVI CYILIeCTBYeT, HaUMHAETCs C KJII0UeBOI0
cJ10Ba begin. Pasmernn cocTonT 13 mociie1oBaTeIbHOCTY OIIePaTOPOB W CITYKWUT I
IPVCBOEHMS VICXOAHBIX 3HauYeHWV IlepeMeHHBIM, OIlpeslelleHHbIM B MHTepderic-
HOM pasziesie. Ecau mporpaMMa  MCHOJIb3yeT HeCKOJIbKO MOJYJIeVl, TO BBITOJIHEHWIO
OpOorpaMMBbI IPEIIIIeCTBYET BLIIIOJIHEHVE Pa3aesioB MHUIIVAIVI3ALUN B IIOPSIIKe X
IOSIBJIEHVS B CTPOKE uses IIPOrpaMMBbL.

IIpumep:

Unit Ul;
{OBbpaboTxa MaccwmBOB}
interface

const nmax=100;
type Vector=array [l..nmax] of real;

var n : 1l..nmax;

function sum(V : Vector) : real;
function min (V : Vector) : real;
function max (V : Vector) : real;

procedure Citire(var V : Vector);
procedure Afisare(V : Vector);

implementation
var i : 1..nmax;
s : real;

function sum;
begin
:=0;
for i:=1 to n do s:=s+V [i];
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Momyne Ul 3KcHOpPTMPYeT KOHCTaHTy nmax, TUII Vector, HepeMeHHYIO n,
cpyHKuVM sum, min, max, mpouenypsl Citire n Afisare. VcxonHoe 3HaueHve
IIepeMEeHHOV N CYMTBIBAETCS C KJIaBMATyPhL. DT 3JIEMEHTHI IOCTYIIHBI JII000VT ITpo-
rpamme, KOTopast COIep>XUT CTPOKY: uses Ul.

ITpumep:




OGJ1acTh BUAMMOCTY OIIMCAHM 3 MOJIyJIell IIPOrpaMMBbl YCTaHaB/IVIBaeTCs CO-
IJIaCHO CJIeAYFOIIVIM ITpaBVIaM:
1. Ormmcanms 13 paszesia peam3aluy BUAVIMBI TOJIBKO B JJaHHOM MOZyJIe.
2. OmmcaHms 13 MHTepdeVICHOTO paszieria BUAVIMBL:
- B JaHHOM MOJLyJIe;
- B MOJIYJISIX, KOTOPBIe HeIIOCPeICTBEHHO VMCIIOIb3YIOT JaHHbIVI MOYJIb;
- B MOJ1yJISIX, KOTOPBIe MCIOJIb3YIOT JaHHBIVI MO/LYJIb 110 TPaH3UTUBHOCTA.
3. Ecyivt ogyH 1 TOT XXe MAeHTN@UKATOP ONMCaH B HECKOJIBKMX MOIYJISX, TO BO
BHVMaHe IIPVHVIMAETCS caMoe II0CjIe[JHee OIIVICaHMe.

ITpumep:




begin
writeln (’Momgyne U3:7) ;
n:=1;
writeln(’n=’, n);

end.

B mmporpamme P140 mMopmyss U2 WCHOIB3YeTC HEIOCPeICTBeHHO, a MOAyJIb U3
110 TpansuTuBHOCTH. CChUIKa Ha IIepeMeHHYI0 N 13 MOAyJIs U3 IIPpOU3BOAUTCS yepes
U3.n. VinenTndmkarop x MosABJIsAETCS B ONMCAaHNUAX var x: real B Mopaysie U2 1
var x: integer Bmporpamme P140. KoMmmwiarop npuHuMaeT BO BHUMaHMe I10-
cJlefiHee OIVicaHue.

Mopynm niporpaMM KilaccuUIMPYIOTCS Ha CTaHAApTHBIE MOJIYJIVM, COpepiKa-
myecst B kommmwiatope Turbo PASCAL, n Momysu, HamvcaHHBIE ITOJIb30BaTeIEM.
Hajtee ciegyer KpaTKasi XxapaKTepPUCTMKA YacTO WCIIOJIb3YeMbIX CTaHJapTHBLIX MO-
OyJ1evi:

System - cOmepXWT Bce CTaHJapTHbIe mopmporpamMbl mn3 Turbo PASCAL.
JJaHHbBII MOAYJIb aBTOMATUUECKM BCTaBJIAeTCS BO BCe IIPOrpaMMBbl, 0e3 BKIIFOUeH
CTPOKM uses.

Crt - IO3BOJIsIeT VCIIOJIL30BaTh IIPOIIeTy Pbl ¥ YHKITNN [171s1 PabOTHI ¢ SKpaHOM
B TEKCTOBOM pPeXMMe, a TakXe C KJIaBUaTypoVl U ITpoMKorosopuresieM. ocTyr K
IOJITpOrpaMMaM OCYIIeCTBIIsIeTC Uepes3 CTPOKY uses crt.

Graph - BKJIIOUaeT IIOITPOrpaMMBl, ITpe/IHa3HaueHHbIe 1 rpadudecKort oopa-
OoTKM: BEIOOP OKOH M CTpaHWUI], BBIOOP 1IBeTa U MaJIuTPhl, CO3/IaHue AyT, OKPYKHO-
CTeVl, MHOTOYTOJIbHVIKOB U APYTITX (PUTYP, COXpaHeHMe 1300pakeHn 1 1 T. . [locTyn
K IIOJIITpOrpaMMaM JJAHHOTO MOTyJIsl OCYIIIeCTB/IsIeTCsl uepes CTPOKy uses graph.

Printer - 3aMeHseT IPUHTep Ha TeKCTOBOM dami c mMeHeM 1st. ITpu mcromne-
30BaHMM JIAHHOTO MOJIyJIs IIPOTPaMMMWCTY He TpebyeTcsi OObsBIIsATh, OTKPhIBATE M
3aKpbIBaTh JaHHBIN darl. Momysb Printer cTaHOBUTCH JOCTYIIHBIM IIpOTrpaMMe
VUIVI MOJTYJIIO IIPOrpaMMBbl TPV HaJIMUMM CTPOKM uses printer.

HasHauenne 11 cr1ioco0 1crionp30BaHMs KOHCTAHT, TUIIOB JIAHHBIX, [IepeMeHHBIX,
dyHKIMI 1 IIpoLleyp CTaHIAPTHBIX MOMYJIell MOXKHO HaWTU B PYKOBOACTBaX II0
VICIIOJIb30BaHMIO U B cyicTeMe rtomorn Turbo PASCAL’s Online Help.

ITpu paspaboTke cOOCTBEHHBIX MOJTyJIeVT JIF0OOT TI0JIb30BaTEIIh MOXKET CO3/IaBaTh
OubMoTeKM TIOAITPOrpaMM, OMNVCBHIBAIOIIVX aJITOPUTMBI M3 pa3/IMUHBIX O0JIacTer:
pellleHVie ypaBHEHUVI, CTaTUCTIYeCKIe BeIuMciIeHns, o0paboTKa TeKCTOB, co3jaHue
7 00paboTKa IMHAMMYECKMX CTPYKTYP IaHHBIX M T. 1. Pasduenne Oosbion 1po-
rpaMMBbl Ha MOJTyJIi objlerdaeT Ipoliecc pa3paboTKM CJIOXKHBIX ITIPOrpaMMHBIX ITPO-
AYKTOB. B Takux ciIydasix IIporpaMMUCT paspadaTbiBaeT ¥ OT/IaXMBaeT HeCKOJIbKO
CPaBHUTEJIHHO ITPOCTHIX MOLYJIeV, UTO yJIydlllaeT KaueCTBO IPOrPaMMHOIO ITPOIyKTa.

BOI'IpOCbI n ynpaxHeHus

© B uem NpeumyLLecTBa MOAYBHOMO NporpaMmmrpoBaHmns? MNpegycMOTPEeHbI Jn B CTaH-
JOAPTHOM fA3blKe CPeACTBa AN MOAY/IbHOIo NPOrpamMmmMrpoBaHNA?

® KakoBa cTaHaapTHas popma mogyna nporpammbl? O6bACHUTE CTPYKTYPY 1 Ha3HaueHue
NHTepdECHOro pasfena, pasgena peanvsauuny v pasgena MHMLnanvsaummn.
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© Kak onpegenserca 061acTb BUAUMOCTY ONCaHWI B MOAYSAX NPOrpammbl?
® Y70 BbIBEAET Ha 3KpaH clefyiolas nporpamMma?

© [pOKOMMEHTUPYIITE ClIeAyIoLLYI0 MPOrPamMmy:




Unit U6;
interface
var k : integer;
implementation
var m : integer;
begin

k:=1;

m:=2;
end.

O [ononHute moaynb Ul U3 JaHHOrO naparpada noanporpaMmmoi, Kotopas:
a) Bo3BpaLlaeT cpefHee apudpmeTnIeCcKoe 3HaUeHNe 351eMEHTOB MaCCUBa;
6) pacrnonaraeT 3/IeMeHTbl MacC/iBa B MOPALKE UX BO3PaCTaHUS;
8) BO3BpaLLaeT Npon3BeAeHe 31eMeHTOB MacCBa;
2) BO3BpALLaeT KOIMYECTBO NMOSIOXKNUTENBHbIX 3IEMEHTOB MAaCcCUBa;
0) pacrnonaraeT 31eMeHTbl MacCMBa B NMOpsiiKe YObIBAHMS.

® HanuwwrTe Moay”nb, KOTOPbIV COAEPXKUT ONMCAHUSA TUMOB AaHHbIX M NOANPOrpammbl 4Jis
06paboTKN MaTpuLl.

O LUenble uncna n, n < 10**, MOTyT ObITb NpeAcTaBieHbl B KOMMblOTepe B BUAe CTPOK,
COCTaBfIEHHbIX U3 CUMBONOB: " +7, /=7, 707, 717, 727, ..., 7 9/. Hannwmnte moayneo,
KOTOPbI COQEPXKNUT Npoueaypbl 1 GyHKUNN, HEOOXoAMMbIe ANA BbINOMHEHUA Ceayio-
LWMX onepaymm:

a) uUTeHue umncen C KnaBuaTypbl;

6) BbIBOA UMCeN Ha 3KpaH

8) +, -, *,mod, div;

2) BbluncreHne paktopuana;

0) uTeHwue 1 3anuncb Yyrcen B Gpanbl NocefoBaTeIbHOrO AOCTYNa.

© B nporpammax Turbo PASCAL cTpoKu CMBOOB AJIMHbI N, N < 500 MOTyT NpeAcTaBAATb-
CA nepemMeHHbIMM Tuna:

type lungime = 0..500;
SirDeCaractere = record
n: lungime;
s: array [1..500] of char
end;

HanvwwnTe moaynb, KOTOPbIN copepXnT npouenypbl 1 GyHKUMK, HeobxoarMble A Bbl-
MOJSTHEHUA CReayLWUX onepayuii:
a) UTeHUe CTPOK C KNnaBmaTypbl;
6) BbIBOA CTPOK Ha dKpaH;
8) KOHKaTeHauus (CKnenBaHne) CTPOK;
2) nekcnkorpaduryeckoe CpaBHEHME;
0) BbluMCNeHMe QJIVHbI CTPOKN.

® HanuwwTe mogynb ana 06paboTku:
a) OJHOCBA3HbIX CMNCKOB;
6) ouepepnen;
8) CTEKOB;
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2) BBOVNYHbIX EPEBLEB;
0) nepeBbeB M-ro NopsAgKa.
[nAa aToro ncnonb3ywTte onucaHna TMNOB, GYHKLUMIA 1 NpoLeayp U3 rnasbl 2.

® Hanpgute B cucteme nomolym Turbo PASCAL's Online Help onvicaHue ctaHZapTHbIX MoZy-
Nei, yCTaHOBJIEHHbIX Ha Ballem KoMMNbloTepe. BbiBeanTe Ha 3KpaH TEKCT KaXKAoro moay-
nsi, onpegenvTe HasHaveHne U Cnocob NCMoNb30BaHNA COOTBETCTBYHOLLMX NpoLeayp 1
byHKUMIA.

3.2. MNpoBepka 1 oTnagka nporpamMmm

[Tporpamma sBJIsIeTCSI IPaBUIBHOV, €CITI:

) Ipoliecc BBIUMCIIeHWII 3aBepIlaeTcs 3a KOHeYHOe BpeMs;

0) TIoJTyYeHHbIe pe3ysIbTaThl ABJIAIOTCS pellleHVeM VIMeHHO TOM 3afadM, JjIs KO-
TOpOVI OBUIa HamMcaHa IIporpaMMa.

B mpoTmBHOM CiTy4dae IIporpaMMa COIep>KUT OIIMOKNA.

Teoperndeckn mpaBMILHOCTE ITIPOrPaMMbI MOXKHO ITIPOBEPUTS, 3allycKas ee IIpu
BCEBO3MOJKHBIX 3HaUeHVISIX BXOIIHBIX JIaHHBIX. B GOJIBIIMHCTBE ITpaKTMYecKnX CIIy-
4JaeB IPOBEPUTD MPaBIIILHOCTH IIPOTPaMMBbI TaKMM 00pa30oM HeBO3MOXKHO, TaK KaK
MHOXXeCTBO 3HaU€HWVI BXOIHBIX [JaHHBIX ITPaKTU4ecKy OeCKOHEUHO, a COOTBETCTBY-
IolVe perteHys HensBecTHEL [ToaToMy B MHpOpPMaTHKe TepMIUH «ITpoBepKa Ipo-
rpaMMBbl» VIMeeT Oojlee y3KMUIL CMBICIL.

ITpoBepka mMporpaMMeI — 3TO 3Tall Pa3pabOTKV IIPOrpaMM, I1eJIbI0 KOTOPBIX SB-
JIeTCs VCIIpaBiieHe omOoK. ITpoBepka peasnsyeTcs IIpy BBITOITHEHNN IIPOrpaM-
MBI [JIsI OIIpe[e/IeHHbIX BXOAHBIX JAHHBIX, Ha3blBA€MbIX T€CTOBBIMM JaHHBIMIL.
Cy1iecTByIOT 1Ba MeTOfIa OTOOpa TeCTOBBIX JTaHHBIX:

- yHKIMOHaIbHAs ITPOBepKa WV MeTOT YepPHOTO SAIINKa;

- CTPYKTYpHasi IIpoBepKa WIN MeTOJI, IIPO3PavyHOro SIMKa.

HanomHMM, UTO TepMUH uepHbiil AujUK VICTIONb3YeTCs I CUCTeMBbl, BHY TPeHHSIS
CTPYKTypa KOTOPOVI Her3BeCcTHa.

B ciiyuae pyHKIMOHAIBHOTO TeCTMPOBaHMS BXOIHBIE [JaHHBIE ITOIOMPAIOTCS
TaK, YTOOBI IIPOBEPUTDH BBIIOJIHEHMe KaXXIom (PyHKIMM IporpaMMsbl. ITporpamma
Ipe/ICTaB/IsIeTCA YePHBIM SIIMKOM, a ee IIpaBiIbHOe (PYHKIMOHMpOBaHe orpere-
JIIeTCSl BBOZIOM OITpefieJIeHHBIX JaHHBIX M aHaIM30M IIOJIy4YeHHBIX pe3yJIbTaToB.
OT160p BXOIHBIX JaHHBIX B OOJIBIIION CTEIIEHV 3aBVICUT OT YMEHMS V1 OIIbITa TOTO, KTO
ocylecTssIgeT MpoBepKy. OOBIYHO 113 MHOXKECTBa BXOIHBIX TaHHBIX OTOMparoTcs
TUOMYHbIE VI HeTUIIMYHBIe 3HaUeHM.

IIpumep. Paccmorpum niporpamMmy P14 3. TekeT camornt mporpaMMbl He ITpeJicTaB-
JIeH, TIOCKOJIBKY ITpY (PYHKITMOHAJIbHOM TeCTMpOBaHMUM OH He HyxXeH. [Iporpamma
BBITIOJIHAET cileflyIomiye PyHKIINN:

- CYMTBIBAET C KJIaBMaTyPhblI II0C/IeJ0BaTeIbHOCTD BellleCTBeHHBIX UlceT;

- BBIBOJIUT Ha 3KpaH cpefHee apudMeTdecKoe 3HaUeHe IT0JI0KUTeIbHBIX Ul-
ceJI I10CIIe/IOBaTe IbHOCTA.

OueBnIHO, MHOXXECTBO BXOIHBIX TAHHBIX COCTOUT U3 BCEBO3MOXKHBIX I10CIIeI0Ba-
TeJIbHOCTeV BelleCTBeHHBIX Uycerl.
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TectoBble maHHBIe OyIyT BKIIIOYATH:

@) HETUIITMYHbIE 3HAYEHVIS:

— Iy CTYIO II0CJIeI0BATe/IbHOCTE;

- HOCJIe[I0BATeJIbHOCTh, KOTOPpasd He COIEePKUT II0JIOKUTEeIIbHBIX Umce;

- IIOCJIe0BATEIIbHOCTD, KOTOPasi COAEPIKUT TOJILKO OTHO IIOJIOXUTEIbHOE YICIIo;

0) TVIITMYHBIE 3HAYEHVIS:

- IIOCJIe0BATEILHOCTD C ABYMSI IIOJIOKUTEIIbHBIMYL UVICIIaM;

- IIOCJIeIOBATEIBHOCTD C TpeMs U 0oJlee MOJI0KUTETbHBIMIY UVCIIaAMIA.

ITpn cTpyKTypHOM TeCTMpPOBAaHWMW BXOIHBIE JaHHBIE BBEIOMPAIOTCS VICXOAS M3
CTPYKTYpbl IIpOrpaMMBL: OMVCaHMe JaHHBIX, IIpOLelypbl M (PYHKIINUM, IPOCThIe
oIepaTophl, COCTaBHbIe OIIepaTOPHI U T. [I. TecToBble JaHHbBIE TOJDKHBI 00eCIIeunTh:

() BBITIOJIHEHVE KaXX[IOTo IIPOCTOrO oIleparopa (orepaTopa IpucBavBaHMs, OIle-
paTopa BBI30Ba IIPOLIey PBI, OIlepaTopa Iepexoa goto);

0) BBITIOJIHEHVIe KaXK[I0To 11Kila for HOIb, OAVH 1 OoJlee pas;

6) BBITIOITHEHE KaXXITOr0o oneparopa if, repeat, while migsHaueHun true,
false COOTBETCTBYIOLINX OyJIEBBIX YIIPABISIOIIVIX BEIPasKEHNIL;

2) BBITIOJIHEHVe KaXXIOTo CJIyvasi, OIMCAaHHOTO B oIlepaTope BbIOOpa case.

IIpumep. PaccMOTpMM TEKCT IIpOrpaMMBbl, KOTOpasi BEIUNCTISET CpefiHee apudMe-
TUYeCcKoe 3HaUeHVIe ITOJIOKUTEIIBHBIX Urcesl HEKOTOPOVI ITOCIIeI0BaTe IbHOCTIA
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BxomHble maHHBIE JO/DKHBI 00eCIIeYnTh BBIIIOJIHEHVE orneparopos while n if
1 3HaueHUM true n false 6yneBLIx BeIpaXeHum: not eof, x>0,n=0 nk=0.
CrenoBaTesIbHO, TeCTOBBIE JaHHBIE OyIyT BKJIFOYAT!

- IIYCTYIO IIOCIIeZIOBATeNIbHOCTE (not eof = false, n=0);

- HeITyCTYIO IT0CJIe[IoBaTeJIbHOCTh (not eof = true, n#0);

- IIOCJIeNOBATEIILHOCTh, KOTOpas COMEPIKUT, 10 KpavHell Mepe, OIHO IIOJIOXKVI-
TeJIbHOe uncio (x>0, k#0);

- HEITYCTYIO II0C/IeH0BaTe/IbHOCTh, KOTOpast COOEPXXUT TOJIBKO OTpUIlaTeIbHBIE
ancia (x<0, k=0).

Meton 1po3pavHOro sIMKa MOXXHO VICIIOJIb30BaTh He3aBVCVIMO WJIV BMeCTe C
MeTOIOM YepHOIrO SAINMKA IS TOTO, YTOOBI yJIYUIINTh Ka4eCTBO BBIIIOJTHSIEMBIX
nposepok. Harpumep, B cirydae riporpamMmel P14 3 mociieoBaTe/IbHOCTD, cofepKa-
IIyIO, II0 KpavHeV Mepe, OOHO ITOJIOXKUTEILHOE YMC/IO0, MOXKHO 3aMeHWUTh Ha TpU
[I0CJIeIOBATe/IbHOCTY, KOTOpbIe COfepXXaT COOTBETCTBEHHO OJHO, JBa, TPWU WIIU
OoJiee MOIOXMUTENIBHBIX YUNMCIIa. DTV JaHHbBIEe oOecIieyaT BBIIIOJTHEHVE OIepaTopOoB
k:=k+1l; s:=s+x U BbIUNCIIEHVE BBIPXXeHMA s/ Kk IJI TUIIMYHBIX VI HeTUIIVNYHBIX
3HAYEHWV [IePEeMEHHBIX k 1 S.

ITpuMeneHMe CTPyKTYpPHOV IIPOBEPKM CBSI3aHO CO 3HAUMUTEIbHBIMI TPYIHOCTH-
MU M3-3a HaJIM4usl yCJIOBHBIX orlepaTopos (1£, case), oneparopos 1mkia (for,
while, repeat)u omeparopos rnepexomna (goto). OueBMIHO, CyIIeCTBYeT OIPOM-
HOe KOJINYecTBO KOMOVHALINIA, /ISl KOTOPBIX He0OXOIMMO BBIIIOJIHSATE BCe oIlepaTo-
PpBI DpyCBaviBaHVIs VI BbI30Ba IIPOLIEAYP.

Oragka mporpaMMbl 3aK/II09aeTcs B JIOKaIM3alyy (BBISIBJIEHNNM) TeX 30H IIPo-
rpaMMBl, KOTOpPbIe IIPVBEIIV K ITOSIBJIIEHNIO OIIMOOK, YCTaHOBJIEHN IIPVUYVH OIIVI-
60k 1 nx ycrpanenun. OTi1ajgKa MOXKeT ITPOBOAUTECA CTaTUYeCKM (IT0cie BhIIIOJIHe-
HVS IIPOrpaMMBI) ¥ AMHaMITIecK (B IIpoliecce BBIIIOJTHEH N IIPOrpaMMBbI).

[Tpn cTaT4gecKo oT/IaAKe IPVYIHBI OIIOOK YCTaHABIVMBAIOTCS Iy TEM aHaJIN-
3a pe3yJIbTaTOB IIPOrPAMMBI VI COOOITIEHNTI OITePallVIOHHO CUCTeMBbI. /11 oOrterye-
HWS IIpoLiecca OT/IaAKNM B IIPOrpaMMy BPeMEHHO BCTaBJISAIOTCS OIlepaTOpPhbl, KOTOpbIe
BBIBOJISAT Ha SKPaH IIPOMEXYTOYHbIe 3HaUYeHWsI OCHOBHBIX ITIePEeMEeHHBIX.

[Ipn nuHaAMWMYecKOV OTJIagKe JIOKaIM3alys OMMOOK OCYIIeCTBIISeTCS IIy-
TeM OTCJIEXMBAHM IIPOIecca BBIITOJIHEHM IIPOrpaMMbl Ha YPOBHE OIepaTOpPOB.
CymecTByromiyie Bepcum A3bIKa JTO0ITyCKaoT IS IMHaMIUYecKOV OT/IafKy IIpyMeHe-
HUe CJIeIYIOIIVIX Oepallvii:

- IIOIIaroBOe BBIIIOJIHEeHVE ITPOrpaMMBbl;

- HaOJTIOZIeHe 3a 3HAYEHVISIMYL BBIOPaHHBIX BBIPaKEHIV;

- co3gaHue M ygajieHvie BpeMEeHHBIX TOUeK OCTaHOBa IIPOrpaMMBbL;

- YCTaHOBKa 3HAYEHWI YKa3aHHBIX IIepeMeHHbIX;

- OTCJIEXXMBaHMe BBI30BOB IIpOLIeyp 1 PyHKLNIL;

- VICIIpaBJIeHVe OIIOOK BBOIA-BBIBOIA, OIINOOK ITepeIToTHEHIS M T.1I.

[TompoOHoe ommcaHMe yKa3aHHBIX CPEICTB MOXKHO HaWTHU B CHICTEMe ITOMOIIN
Turbo PASCAL'’s Online Help.

D deKTMBHOCTL OTIaAKM 3aBUCUT OT CIlocoba HamMcaHWsS ¥ IIPOBEPKM ITpO-
rpaMMBl, KagecTBa coo0IeHmy1 00 ommbKax, BbJaBaeMbIX KOMIIVUISTOPOM ¥ THUIIA
ommbok. Kak mmpasmsio, rocsie iepBovt IpOBEePKM, TIOKa3aBIIel Halidye OIIOKY,
MPOBOAATCS [IPyTUe IPOBePKY, OpraHM30BaHHbIe TaKMM 00pa3oM, YTOOBI M30JIMPO-
BaTh OIIVOKY ¥ ITOJTyYUTh MH(POPMALIVIO [JI ee MCIIPaBIIeHIs.
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ITpoBepka 1 oT/IajiKa IIPOrpaMMBbI 3aHVMaeT OOJIbIlle II0JIOBUHBI BpeMeHw, He-
o0xofmMMoro yisi paspaboTKy ImporpaMMHOro Impoaykra. CI0XHOCTh 3TUX MPO-
11€CCOB CHVDKATCS Iy TeM pa3OmeHnst OOJIbIINX IIPOrpaMM Ha ITOJIIPOrpaMMBbL VI
MOJ1yJIV VI IPVIMEeHeHMsI MeTO/I0B CTPYKTYyPHOTO ITIpOrpaMMIPOBaHML.

OtmeTuM, UTO IIpOBepKa IIpOrpaMM sBJisgeTcs 3P deKTUBHBIM CPeICTBOM BbIAB-
JIeHns1 omm0bOK, a He JoKa3aTe/IbcTBa Mx oTcyTcTBusA. HecmoTpst Ha To, uTO 1Ipo-
BepKa He JJOKa3bIBaeT IIPaBWIbHOCTh IIPOrpaMMbl, OHA ITOKa SIBJISeTCS eVIHCTBeH-
HBIM ITPAKTUYeCKMM MeTOI0M CepTUdMKaLVV IIPOrpaMMHBIX ITPOAYKTOB. B HacTo-
slllee BpeMsi paspabaThIBalOTCs MeTO/Ibl IIPOBEePKY, OCHOBaHHBIe Ha (popMaIbHOM
JO0Ka3aTeJIbCTBe IIPaBUJILHOCTY IIPOrpaMM, OJHAKO TeOpeTHYecKue pe3yJIbTaThbl,
JOCTUTHYTBIE B 3TOM HaIlpaBJIeHWM, He IIPVMEeHVIMBI K CJIOKHBIM ITPOTpaMMaM.

Bonpocbl un ynpaxHeHus

(2]

Korga nporpamma Ha s3bike MACKAJIb aBnsetcs npaBuibHon? Kak obecneunBaeTcs
NpaBUIbHOCTb MPOrpaMmbl?

Kak npov3BoamTcs oT6op BXOAHbIX AaHHBIX MO MeToAY GYHKLMOHANBHOMO TeCTMPOBaHNA?
OcywwecterTte QYyHKUMOHANbHYO NPOBEpPKY Mnporpammbl P124 u3 naparpada 2.4.
Mporpamma BbINONHAET crieaytolmne GyHKLUN:

- CO3[aeT OIHOCBA3HbIN CMUCOK;

— BbIBOAUT CMNCOK Ha SKpaH;

— BCTaB/AET B CMWCOK 3a[laHHbI SNIEMEHT;

— y#ansieT U3 CNYCKa SNIEMEHT, 3aJaHHbIV MOJIb30BaTeNIEM.

Onpepenute GyHKLMN, KOTOPbIE BbIMOMHAT C/IeAytolne nporpammbl, U BbINOAHUTE
bYHKLMOHANbHbIe MPOBEPKY CliedyowmX NPorpamMm:

a) P117n P120 u3 naparpada 2.1;

6) P122 n P123 n3 naparpada 2.2;

8) P127 n3 naparpada 2.5 n P128 n3 naparpada 2.6.

Kak npounsBogutcsi oT60p BXOAHBIX AaHHbIX MO METOAY CTPYKTYPHOW NPOBEPKN?
BbInonHWTe CTPYKTYPHYI0 MPOBEPKY CleayoLLMX NPorpamMmm:

a)P117 n P120 mn3 naparpada 2.1;

6) P122 n P123 n3 naparpada 2.2;

8) P127 n3 naparpada 2.5.

B uem pasHuua mexay cmamuydeckol n ouHamudeckol omiaokol?

Hangute B cucteme nomowm Turbo PASCALs Online Help onvcaHne cpeacTs ana avHa-
MUYecKom oTnagKku. BoinonHnTte otnagKy Bawmx NporpamMmm.

3.3. OnemMeHTbl CTPYKTYPHOIro nporpaMmmMmmpoBaHus

C mepBBIX JIeT KOMITBIOTEPHOV 00PabOTKM JTaHHBIX CTaJIo SICHO, YTO IIPOBepKa,
omIaziKa ¥ MOIaMMUKaIys IporpaMM TpebyroT Oosibiioro oobema paboTel. Bosee
TOT'0, CJIOXKHBIE IIPOrPaMMBI, COfIEpIKAlIlVie COTHU Y THICSYN OIIePaTOpPOB, CTAaHOBST-
sl HETTOHATHBIMMY JTaKe IS VIX CO3/IaTesIev.
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CTpyKTypHOe HporpaMMMpOBaHMe IIPeICTaB/IsseT COOOW OIlpeeIeHHbIN
CTWIb, MaHepy HaIlMCaHMs IIPOrPaMM B COOTBETCTBUM C OIIpele/leHHBIMU IIpa-
BIJIaMI, OCHOBAaHHBIMIM Ha TeopeMe O IoyHOTe. COIjIacHO TeopeMe O IIOJTHOTE,
7100071 aJITOPUTM MOYKHO IIPEJICTaBUTh B BUJle KOMOMHAITMM TPeX yIIPaBIIAIOIIIX
CTPYKTYP:

- OJIoK (IocsIeIoBaTe/IbHOCTD [IBYX WIN Oojlee orepaTopoB IpucBaviBaHUS 1/
VUTVI OTIEPaTOPOB BbI30Ba IIPOLIENY P);

- yciosue (if.. then.wmif.. then.. else.);

- IVIKJI C IIpeftyciioBreM (while.. do...).

CrpyKTypHOe IporpaMMIpoBaHye JI0ITyCKaeT VCIIOIb30BaHMe U IPYIX YIIpaB-
JIIOMIVIX CTPYKTYP, TaKMX KaK:

- BBIOOp (case.. of..);

- IVIKJI C TIOCTYCJIOBMEM (repeat.. until..);

- IIMKII co cyeTunkoM (for.. do..).

OcHoBHBIE IIpaBIUIa CTPYKTYPHOTO IIPOrpaMMIUPOBaHS:

1. Crpykrypa 1106071 ITpOrpaMMBI VIV TIOAIIPOTrPaMMBbI JO/DKHA ITPeJICTaBIISATh
€000V KOMOVIHAIIMIO TOJIBKO JIOITY CTMMBIX YITPaBJIAIOMIVIX CTPYKTY P: OJI0K, yciioBue,
BBIOOP, IIMKIIL.

2. CTpyKTypbl JaHHBIX, UCIIOJIb3YEeMBIX B IIpOrpaMMe, JOJDKHBI COOTBETCTBOBATh
crenduKe perraeMovt 3aIaunt.

3. MakcnmasibHas imHa pyHKiym wiv npoueaypsl 50-100 crpok. He pexo-
MeHJIyeTcsl VICTIOJIb30BaTh I7I00aIbHbIe IlepeMeHHbIe.

4. VinpenTN(MKaTOPHI, UCIIOIb3yeMBble It 0003HaUYeHVIsI KOHCTAHT, TUIIOB, IIepe-
MeHHBIX, PYHKIIWV, IIPOIIeTy P ¥ MOAYJIeV IIPOrpaMMBl, TOJDKHEI HeCTH B ceOe 1H-
dopmMarmIo 0 COOTBETCTBYIOIMINX OOBEKTaX.

5. 17151 TOrOo UYTOOBI TEKCT IIPOrpaMMBbI OBLT SICHBIM, HEOOXOIVIMO BCTAaBJIATh KOM-
MEeHTapWIL M pacIosiaraTb CTPOKV B COOTBETCTBUM C JIOTVIYECKOV 1 CMHTaKCITIeCKO
CTPYKTYPOVI OIIepaTOpPOB.

6. Omeparinv BBOJIa-BbIBOIA HEOOXOAVIMO BBHIIEISATh B OTIEIbHBIE TIOAIIPOrpaM-
MbI. [TpaBW/IbHOCTh BXOAHBIX JAHHBIX HY>KHO IIPOBEPSITh Cpasy IIOCiIe VX CUUTHIBa-
HVSL

7. BitoxxeHHbIe ortepaTophl i £ HeOOXOIVMMO 3aMeHATh OIlepaTOpPOM case.

[TporpamMmel, cocTaB/IeHHBIe COIJIaCHO 3TUM IIpaBWlaM, SIBJISIOTCS IPOCTBIMU,
MIOHATHBIMMY, He coflep’kaT IepexofoB 1 Bo3BpallieHun. HarmomHmM, uTo coriacHo
TeopeMe O IIOJIHOTe, JII00YI0 MporpaMMy MOXKHO HaIlvcaTh 0e3 VICII0JIb30BaHIs OlIle-
paTopa mepexoga goto. OgHaKO HEKOTOPEIE aBTOPHI JIOITYCKAIOT MCIIOIb30BaHMe
3TOro orepaTopa IIpu yCJIOBUM, YTO OHO OyIIeT cBefleHO K MMHUMYMY, a ITepexXObl
OyIyT OCYIIeCTBIIATHCS TOIIBKO II0 XOy YTeHMS TeKCTa.

Bon POCbI U ynpaxHeHUsA

© Uto Takoe CTPYKTYpHOE NporpammmpoBaHiie?

@ YKaxuTe CTPYKTYpbl yrnpaBrieHus, HeobxogMmble Y JOCTaTOYHble s NpefcTaBneHus
noboro anroputma.

© CdopmynupyiiTe OCHOBHbIE NpaBuiia CTPYKTYPHOMO NPOrpaMmMrpOBaHUS.
® B yem NperMyLLeCTBa CTPYKTYPHOIO NPOrpamMmmMmpoBaHua?
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© YpnosneTBOpPAT MM Nporpammbl P124, P130 1 P135 13 rnaBbl 2 OCHOBHbIM NpaBui-
JlaM CTPYKTYPHOrO NporpaMmMmpoBaHma’?

@ Tlporpamma P144 BbIBOQUT Ha 3KpaH BCEBO3MOXHble NMPEACTaBeHVs HaTypasibHOro
umcna n B BUAE CyMMbl MOCIEA0BATENbHbIX HATYPanbHbIX YnCe.

Hanpwumep, gna n = 15 nonyvyaem:
15=1+2+3+4+5;

15=4+5+6;

15=7+8.

3TV NpeAcTaBNeHns BbIYUCIAIOTCA C MOMOLLbI0 MeToAa nepebopa, paccmaTpreas no-
CNlepoBaTenbHOCTY:

1,2,3,..k
2,3,..k
3,..k

N T. A, roe k= (n+1) div 2. YneHbl 1, 2, 3, ... k BbIUMCAAOTCA C NOMOLLbIO PeKYpPPEHTHOIo
CoOTHOWeHuA a = a+1.

Pacnonoxute TeKCT NporpamMmbl COMMIACHO JIOTMUYECKON U CUHTAKCUYECKOW CTPYKType
Ka)kgoro oneparopa.
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[maBa 4

AHAINN3 AITTOPUTMOB

4.1. CNOXHOCTb anroputmMoB

[TpakTrueckas 1eHHOCTD ITporpaMM Ha si3bike ITACKAJIb B 3HaunTes1bHOM CTe-
IIeHV 3aBUCUT OT CJIOXKHOCTU VICIIOJNIb3yeMBIX B HUX ajlropuTMoB. HamoMmumM, uTo
JITOPUTM IIpefiCTaB/IsieT OO0V KOHEUHYIO I10C/IeI0BaTeIbHOCTh M3BECTHBIX OIle-
panvy (MHCTPYKIINT, KOMaH/I), KOTOPBIe BBIITOJIHSIIOTCS B CTOPOTO OITpefieJIeHHOM
HopszKe, obecrieunBasi 3TVIM pellleHVie OIIpeIeIeHHO 3a0adil.

VI3BecTHO, YTO OAVIH U TOT K€ aJITOPUTM MOXKET OBbITh ONVICAH PAa3/IMIHBIMMU CIIO-
cobam: JIOTMYeCKMMM CXeMaMy, MaTeMaTudecKuMy popMysIaMu, TeKCTOM, 3allu-
CaHHOM Ha ITPVBBIYHOM $I3bIKe 00IIIeHs], ¥ HaKOHell, C IIOMOIIIBIO SI3bIKOB ITpOrpaM-
MuposaHus. O4eBUIIHO, B JaHHOM y4ueOHVIKe M3ydaeMble aJIrTOPUTMbI OyI1yT OIVCHI-
BaThCs ITpy Ttomortu cpencts sasbika [TACKAJIb: onepaTopoBs, pyHKINIA, IpoLieayp
Y IIPOrpaMM, KOTOpPbIe MOTYT OBITh BBIIIOJIHEHBI Ha KOMITBIOTEE.

CJI0)KHOCTB a/ITOpUTMa XapaKTepusyeTcs 00seMom mpebdyemon namsamu u Gpeme-
HeM (Npo00/KUIMEALHOCTbI0, 0AUTNEeAbHOCHIbIO) e20 BbinoaHeHus. MeTombl OIleHVBaHMS
3TUX IOKas3aTesleVl M3y4daloTcs B CIelalbHOM pasjiesie MHAPOPMaTUKM, KOTOPbIV
Has3bIBaeTCs aHaJIN3 aJITOPUTMOB. B paMKax 3TOro passesa McIoIb3yIOTCs CIIefTyo-
1yie 0003HaYeHMS:

1 - HaTypaJIbHOe YMCiIo, XapaKTepusyolee pasmep (00beM) JaHHBIX Ha BXojie
V3y4aeMoro ajiropurMa. B OosIbIIMHCTBe ciTydaeB 1 IIpefCcTaBiIsieT co0om KosIde-
CTBO 3JIeMeHTOB OOpabaThIBaeMOro MHOXECTBA, CTeIleHb pPeIllaeMOro ypaBHEHMs,
KOJIVYEeCTBO 3JIeMeHTOB 0OpabaTbiBaeMOro Maccusa M T.I1.;

V(n) - o6beM BHYTpeHHeV IaMsITI, HeOOXOAMMOTVI [IJ11 XpaHeHVs VICTIOJIb3Y eMbIX
aJITOPUTMOM JTaHHBIX;

T(n) - Bpemsi, HeoOxonyMoe ISl BBITOJIHeHMsT ajropuTMa. OObIUHO B HEM He
YUYUTBIBAIOTCS OIlepaliuy 110 BBOJY VICXOJHBIX JJaHHBIX M BBIBOJY pe3yJIbTaToB.

OuesnHO, uTo 00beM namaTy V(1) v Bpems BbinoHeHMs T(1) 3aBUCST, B IIePBYIO
ouepesib, OT XapaKTePUCTVKN 71 BXOTHBIX JJAaHHBIX. YKa3aHHas 3aBUCMOCTD Io1dep-
KuBaeTcsd 1 TeM pakToM, uto V u T nipeyicTapiieHs! B Bujle PyHKIWIL OT apryMeHTa 1.

[IpakTiueckast IPYMEeHVMMOCTE aJITOPUTMa BO3MOXKHA JIMIIL TOIZa, KOrja pac-
XO[I MaMsITV 11 TpeOyemMoe BpeMsi He IIPEBBIIIAlOT OrpaHYe VI, HaK/IaJbIBaeMbIX
Ha HVX CpeoVl IPOrpaMMIPOBAHNS I TEXHMYECKMMI XapaKTepUCTUKaMI VICIIONb-
3yeMOro KOMIIbIOTepa.

Hampumep, mipeAIiosioXmM, 4To I pellieHns HeKOTOPOI 3aaunl CYIeCTBYIOT
IiBa pa3JINYHBIX aJITOpUTMa, 0003HaueHHEIX KaK A; 1 A,. OO0beM HaMsaTi 1 BpeMs
BBITIOJTHEHWSI aJITOPUTMa A, COCTaBJISIOT:
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V,(n) =100n" + 4;
T,(n)=n’-107,
a 1 alrropuT™a A,
V,(n) =10n + 12;
T,(n)=2"-10°.
B mpusenenHbIx dpopMmysiax oObeM HaMATH M3MepsieTcd B OavTax, a BpeMs — B
CeKyH/lax.
OO6beM maMATV ¥ BpeMsi BBITIOJTHeHS allTOPUTMOB A,, A, [T pasINIHbIX BeJIN-
YVH 11 TIpeCcTaB/ieHbl B madiuye 4.1.

Tabauya 4.1
CJ105KHOCTB alITOPUTMOB A, 1 A,
n 10 20 30 40 50
V.(m) | 9,77 KGamr | 39,06 Kbamr | 87,89 KGanr | 156,25 KGawir | 244,14 KGant
V,(n) | 112 Ganros 212 GamitoB | 312 GamitoB | 412 GawvitoB | 512 GamToB
T,(n) 1 cexyHma 8 cexyHz, 9 cexyHZ, 16 cexyHp, 25 cexyHz,
T,(n) | 0,001 cexyrpl | 1,05 cexyH/IpI 18 cexynp, 13 nren 36 j1eT

VI3 mabauypr 4.1 BUAVIM, UTO aJlrOPUTM A, CTAHOBUTCS MPaKTUUYECKN HeIlpriMe-
HIUM IS BXOOHBIX JTAaHHBIX ¢ xapakTepuctukont n>30. 1 Takux TaHHBIX BpeMs
BBITTOJIHEHVS aJITOpUTMa A, HAMHOTO MeHbIIle, HO 00beM Tpebyemont mamsaru V(1)
MOXXeT IIPEeBBICUTh OrpaHNYeHle, HaK/IaJplBaeMoe CpeIoVl IIporpaMMpoBaHs (64
Kbanma pyist craTmdeckmx repeMeHHBIX Iporpamm B Turbo PASCAL 7.0).

Omnpenenenne oobema namsiT V(1) v BpeMeHwM BbIrioyiHeHMs (1) IpeAcTaBiIsgeT
0COOBIVI IHTepecC Ha Talle pa3pabOTKI COOTBETCTBYIOIINX &JITOPUTMOB V1 IIPOTPaMM.
OueBnaHO, YTO MMEHHO Ha 3TOM 3Talle MOXKHO 3apaHee VCKIIIOUNUTD U3 PaccMOTpe-
HW Te aJITOPUTMBI, KOTOPbIe IIOTPeOYOT CVIIIKOM OOJIBIINIX 0ObeMOB ITaMSTH VIV
HeIIpyeMJIeMOr0 BpeMeHVI BBIIIOJIHeH .

OTMeTnM, UTO IIOCTOSTHHOE yBeJIndeHle BHY TPeHHeT ITaMA TV COBPeMeHHBIX KOM-
IIbIOTEpPOB HallpaByiseT OCHOBHOe BHMMaHe MHPOPMaTHUKOB Ha M3y deHle BpeMeH)
BBIIIOJIHEH VS aJITOPUTMOB VIV, JPYTVMMM CJIOBaMM, Ha X BpeMeHHYIO CJIOXKHOCTb.

BOI'IpOCbI n ynpaxHeHus

O O6bAcHUTe TEPMUH CJIOXKHOCMb dJizopummada. Ha3oBuTe nokasartenu, XapakTtepusywune
CJTOXKHOCTb aJITOPUTMOB.

® Kak Bbl cuntaeTte, Kakme dakTopbl BANAIOT Ha CJIOXKHOCTb anroputma?
© OT yero 3aBUCUT pacxod NamATU U BPeMA BbINoNHeHMs anroputma? Korga BO3MOXHO
NpaKTUYecKoe NpruMeHeHve anroputma?

O Anroputmbl A, n A, (cMoTpy mabsauyy 4.1) 6yayT BbINONHATLCA B Cpefie NPOorpaMmmu-
poBaHuA Turbo PASCAL 7.0. Kak Bbl cuntaeTe, Kakom 13 anropuTMOB HYXHO MCMOJb30-
BaTb B CJlyYae BXOAHbIX JAaHHbIX C XapakTepuctukon: a) n = 10; b) n = 20; c) n = 30?7 AnA
KaKux 3Ha4YeHWn n anropuTm A, MoXeT ObITb UCMOJIb30BaH B Cpefie MporpaMmmrpoBa-
HuA Turbo PASCAL 7.0?
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© CnoXHOCTb HEKOTOPOro anropmntMa, 0603HauUeHHOTO Kak A,, onncbiBaeTca Gopmynamm
V,(n)=600n° + 18;
T,(n)=3"-107.
Kak Bbl cuntaeTe, ANiA KaKMX 3HAUYEHWUIA N anropuTM A; MOXKeT BbIMONTHATLCA B Cpefie Npo-
rpammupoaHua Turbo PASCAL 7.0?

@ OnpepenvTe pasmep BXOAHbIX JAHHbIX Hanbonee pPacnpOCTPAHEHHbIX aNrOPUTMOB,
pa3paboTaHHbIX Bamu B npouecce nsyueHus a3bika nporpammupoaHus PASCAL.

4.2. OueHka o6bema namaTun

Orlenka oobema rmamMsaATH V(1) MOXeT OBITh OCyIIleCTBJIeHa ITyTeM CyMMMUpPOBaHMs
KoJIr4decTBa OaiToB, 3aHMMAaeMBbIX KaXKIOV 113 TlepeMeHHBIX ITporpaMMelL. Koriraectso
0OaitToB, 3aHMMaeMBbIX IIPOCTOW IIepeMEeHHOV KaXIoro M3 TUIIOB — integer, real,
boolean, char, nepeuucienue, unmepbasbHo20 U CCbLIOUHOR0, — 3aBUCUT OT KOHKpeT-
HOV peaIn3alini s3blka. Tak, B cpeme mporpammuposanms Turbo PASCAL 7.0 ma-
MSATb [17151 TIepeMeHHBIX BbI/IeJIIeTCs B COOTBeTCTBUM C mabauyeil 4.2.

Tabauya 4.2
Brinenenne BHyTpeHHe namaT B Turbo PASCAL 7.0
Tun nepemennot Yucao baimob
integer 2
real 6
boolean 1
char 1
nepeucierue 1
UHMepBasHbIL B cooTBeTcTBMM C GA30BBIM TUIIOM
CCbIAOUHDLU 4
pointer 4

[1J151 COCTaBHBIX TUIIOB JaHHBIX 00beM HEOOXOIVMOV TTaMSITI IS OJIHOV IIepe-
MEHHOVI BBIUMCIIIETCS ITyTeM CYMMMPOBaHWS Yrciia OaliToB, BBIIEIIIeMbIX IS KaX-
JIOTO DJIEMEeHTa.

Hanpumep, 00beM mamsTi [y1sl IlepeMeHHBIX A, B, p U s 3 00bSIBIIEHU

var A : arrayl[l..n, 1..n] of real;
B : array[l..n] of integer;
p : boolean;
s : string[1l0];

coCTaBIIsieT
V(n) = 6n* + 2n + 11 (6aumod).
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B obrmiem cirydae oobem mamsiTy mponssosibHOV mporpammer Ha ITACKAJIE 3a-
BVICUIT He TOJIBKO OT THUIIA VCIIOJIb30BaHHBIX ITepeMeHHBIX, HO ¥ OT CIioco0a ympas-
JleHMs BHYTpPeHHeN IIaMAThl0 KoMIbioTepa. [Ipm BblIoIHEeHUM IIporpaMMbl Ha
ITACKAJIE BHYTpeHHsI MaMATh KOMITbIOTepa JIeJINTC Ha Tpu YacTu (puc. 4.1):

- cezmenm 0AHHbIX, KOTOPBIV IIpeHa3HaueH /I pa3sMelleHs I7100aIbHbIX I1e-
peMeHHBIX. YKa3aHHBIe IlepeMeHHble 0OBSBIISIOTCS B CEKIIMM var IIporpaMMbl Ha
ITACKAIJIE;

- cmek, NIpe[lHa3HAaYeHHBIV I pasMelleHns paKTUIecKux IapaMeTpoB, JIO-
KaJIbHBIX IIepeMeHHBIX, 3Ha4eHW1, BO3BpalllaeMbIX PyHKIIVSAMU 1 apecoB BO3Bpa-
Ta BBI3BIBaeMbIx toariporpamm ITACKAJISL. BeI30B KaXXmov IIOAIIpOrpaMMbL BefeT
K pa3MellleHNIO COOTBETCTBYIOIINX JJAHHBIX B CTeKe, a BBIXO/, M3 IIOJIIPOrpaMMBI — K
nx ygaieHuto. [loguepkHeM, uTo [y1sl HapaMeTpPOB-IIepeMeHHBIX B CTeKe 3allOMIHa-
eTcs TOJIBKO ajipec IlepeMeHHO 13 BbI3bIBaloIlleVl IIpOrpaMMBl, a B CJIydae apame-
TPOB-3HAYeHNVI B CTeK OyieT TIoMelrieHa KOs JaHHBIX U3 CIMCKa PaKTIMIeCcKMX
IapaMeTpoB;

- xyua (heap), npeqHa3HaueHHas VIS pa3MeIeHNs IMHAMWYeCKIX IlepeMeH-
HBIX. YKa3aHHbIe [lepeMeHHbIe CO3Ial0TCs TPV IIOMOIIV IIPOLe/lyPhl New U yals-
I0TCs M3 HaMSITV PV IIOMOIIIV IIpolleyprl dispose.

Ceamenm
O0aHHbIX Cmex Kyua

Vi(n)

Vd (n) Vh (n)

Puc. 4.1. YnpaBneHve BHYTpeHHeN NaMATbIo

Takum 0Opasom, oreHKa oObeMa IaMSTH IIPeIoslaraeT BhIUVCIIeHNe CIIeIyo-
VX XapaKTePVCTUK ITporpamMmsl (puc. 4.1):

V,(n) - oObeM maMsITVI, 3aHVIMaEMBIVI TJIO0AIBHBIMY IIePEMEHHBIMY B ceeMeHIme
OaHHbIX;

V.(n) - 06peM namsiTy, 3aHMMaeMbIVi PaKTMIECKMMY ITapaMeTpaMy 1 JIOKaJIbHbI-
MW IIepeMeHHBIMU B C1ieke;

V(1) - oOpem maMsITy, 3aHVMaeMBbIV AMHAMITIeCKVIMY ITlepeMeHHBIMI B KYue.

O6srunO B cpenre Turbo PASCAL 7.0 TpeOyertcs, uro0er V,(n) < 64 Kbaum, V (n) <
16 Koaum v V,(n) < 256 Kbaim. Pasmepsl cmeka v Ky4u MOTYT OBITh M3MeHEHBI ITpU
ITIOMOIIIV IVPEKTVB KOMIIWISTOPa WIM Yepe3 CUCTEMY MEHIO CpeJIbl IIPOrpaMMIpo-
BaHVISL.
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ITpumep:

[11o0abHBIE TIEpeMeHHBIe A, 1, p M g IIporpaMMbl P145 OyAyT pasMelleHHI B
cermeHTe HaHHBIX (puc. 4.2). O0beM TaMATV IS STUX IIepeMeHHBIX:

V) =6n"+2+2.-4=6n"+10.
Brizos Ipouenypsl Pr (A) IpuUBEOET K pa3MeIleHNIO B CTeKe ajipeca MaTPWIIbI A,

ajipeca BO3BpaTa B [TIaBHYIO IIPOrPAMMY ¥ JIOKQJIBHOVI IIepeMeHHOT C.
O0ObeM rmaMsaTi, HeoOXOIMMOV IS STUX TJaHHBIX:

V.(n)=6n+S8.

I'Tocse BIXOMIA 13 IIPOLIEly PbI COOTBETCTBYIOLIIE JaHHbIe 6yx:yT yIOaJIeHbI M3 CTeKa.
Ol'[epaTOpBI new (p) v new (q) CO3MAIOT B Kyue AMHAMUYECKNE ITepeMeHHbIe p*
n g” Tnra Matrice. OObeM ITaMSITU [IJIS STUX IepeMeHHBIX::

V,(n) = 6n+ 6n”=12n>.

ITocsie BbIIONIHEHMS ollepaTopoB dispose (p) 1 dispose (q) AMHaMMUYecKue
IlepeMeHHBbIE B Klj1e OyIyT yHUUYTOXEHBI, a 3aHATOe M MeCTO OCBOOOIMTCS.
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Bonpochkl u ynpaxHeHusi

O [lonb3yacb cUCTEMO MOMOLLM Cpefbl MPOrPaMMIPOBAHNSA, B KOTOPO Bbl paboTaete,
onpenenute o6bem NaMATK, 3aHMMaeMbIi MPOCTbIMY NepeMeHHbIMMU.

® Kak BblumcnaeTca o6bem BHYTPEHHEN NamsiTyi, HEOOXOAUMON Afs XPaHEHWA AaHHbIX,
MCMOMb3yeMbIX B ONpeaesieHHOM anroputme?

Cezmenm 0anHvix Cmex Kyua

p

o—i

Puc. 4.2. YnpaBneHve namATblo B nporpamme P145

© OO6bACHNUTE, KaK MPOUCXOAUT yNpaBieHne BHYTPEHHeN NaMATbIO B C/lyyae NporpamMm Ha
MACKANE.

@ Tlonb3yAcb cUCTEMON NMOMOLLM Cpefibl MPOrPaMMMPOBaHUA, onpeaennTe pasmepsbl na-
MATW CermeHTa AaHHbIX, cmeka v Ky4u. Kakum 06pa3om MoryT ObiTb 3MeHeHbI pa3mepbl
cmeka v Kyyu?

© Bbluncinte ob6bem NamsaTy, HEOOXOAMMBIN AN NEPEMEHHbIX U3 MPUBEOEHHbIX HIXe
00bABNEHNN:

a) var A : array(l..n, 1..n] of integer;
B : string;
C : array [l..n, 1..n, 1..n] of boolean;

b) type Vector = array[l..n] of real;
Matrice = array[l..n] of Vector;
var A, B, C : Matrice;
D : Vector;

c) type Elev = record
Nume : string;
Prenume : string;
NotaMedie : real
end
ListaElevi array[l..n] of Elev;
var A, B, C : ListaElevi;

I~
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@ BbluncnnTe 06bEM NAMATU, HEOOXOAUMbIN ANA MPUBELEHHON HIKe NPorpaMmbl. CKOM-

NUAVPYINTE 3Ty Nporpammy ans 3HaveHuii 50, 60, 70, 80 1 100 KOHCTaHTbI n. O6bACHUTE
BbIBOAMMbIE Ha KpaH COO6LLeHMA.

@ PaccMoTpurM CreflyioLLyio NporpaMmy:




B npvBeaeHHONM Nporpamme cymma:
Sn)=0+1+2+..+n
BbIYNCIAETCA NPU MNOMOLLY PEKYPCUBHON GYHKLNN:
0, ecmmn=0;
S(n) — b b
S(n—1)+n, ecmmn>0.
OueHuTe o6bem NamaTK, HeobxoarMoW nNporpamme P147. Onpeaenvte MakcMmanb-
HOe 3HauyeHue n, NPy KOTOPOM NporpaMma P14 7 BbINofHAETCS 6e3 OLWNOOK.

© Onpegenvite 06beM NaMATH, HEOOXOAUMO AJiA NPUBELEHHOW HIXe Nporpammbl. Mpu
KaKMX 3HaYeHUAX n nporpamMma bygeT BbINONHATbCA 63 oLn6oK?

4.3. U3amepeHune BpeMeHU BbINOSIHEHUA anropmuTmMa

1 yxe pa3spaboTaHHBIX ITpOrpaMM BpeMsi X BbioiHeHns T(1) MOXHO M3Me-
puTh HelocpeicTBeHHO. C 3TOVI 11eJTbio Oy IeM MCIT0IIb30BaTh MOy JIb U7:
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[Tporpammub Momyab U7 [1aeT IPOrpaMMUCTY BO3MOXKHOCTH VCIIOJIB30BaTh
npefionipesiesieHHy0 PpyHKIMo TimpulCurent, KOTopas BO3BpalllaeT 3HaueHue
BeIlleCTBeHHOTO TUIIa — TeKylIlee BpeMsl, BbIpakeHHoe B ceKyHaax. [lokasanus cu-
CTeMHBIX YacoB KOMIIbIOTepa (9achl, MUHYTBI, CeKYHIbI ¥ COTBIE JIOJIVI CeKYHJIbI)
CUMTBIBAIOTCS IIPY IIOMOIIM IpoLelyphl GetTime, comepxKamievics B moaysie DOS
cpenpl mporpamMuposanms Turbo PASCAL 7.0.

B xauecTBe npuMepa rpuseeM rporpaMMy P14 9, B KOTOPOV M3MepsieTcs BpeMst
BBITTOJTHEHMsI IPOIIeMTy phl Sortare:




end.

Sortare (A,
T2:=TimpulCurent;

writeln (! JnuTeslbHOCTE BEIIOJHEHMUS' ,
readln;

n);

(T2-T1):7:2, 7

cek’) ;

ITpoutenypa Sortare ymnopsAmodmMBaeT JIeMeHTHI MacCyBa A MeTOIOM ITy3bIpb-
Ka. B aToM MeTome MaccuB A IIpOoCMaTpMBaeTCs 11 pas, IIpudeM IIpV KasKIOM ITIpo-
XOfle BBINIOJIHSAETCA 1-1 cpaBHeHMe coceqHMX 3J1eMeHTOB A[j] m A[Jj+1]. Ecm

A[J]>A[j+1], TO TaKMe DIIEMEHTHI OOMEHIMBAIOTCS MECTaMIA.

115t Toro uToObI M30eXXaTh BBOIA C KJIAaBMATYPbI OOJIBIIIOTO KOJIMYecTBa TaHHBIX,

B Imporpamme P14 9 MaccuBy A IIPUCBaMBAETCS HaYaIbHOE 3SHaYeHMe:

A=(n,n1,n-2..,321).

Hanpumep, mira n=4 McxogHBIV MacCyB VIMeeT BU/L:

A=(4,3,2,1).

B mporiecce copTipoBku miosrygaem:

i=1,
i=
i=3
i=4,

»

~

7
7

7

A=(3,2,1,4)
A=(2,1,3,4)
A=(1,2,3,4)
A=(1,2,3,4).

Bpems BrImosiHeHMA npouenypel Sortare s KomiboTrepa Pentium ¢ TakTo-
Bou1 yacroronn 500 MHz nipuseneHo B madauye 4.3, a COOTBETCTBYIOILINI rpadmK

- Ha puc. 4.3.
Tabauya 4.3
Bpems BeInoTHeHMS IIpoLeAyphl Sortare
n 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 9000 | 10000
T(m),s| 0,27 | 1,10 | 2,47 | 4,50 | 7,03 | 10,16 | 13,84 | 18,02 | 22,85 | 28,18

BOHpOCbIMpramHeHMH

O Kak Bbl cumtaeTe, Kakas CBA3b CyLeCTBYET MeXIy BPeMeHeM, HeobXoaUMbIM AN Bbl-
nonHeHua nporpammbl Ha [MACKAJIE, TakToBOM 4acTOTOW M MPOU3BOAMUTENbHOCTbIO
KomnbtoTepa?

® |3vepbTe BpeMs BbINOSIHEHNA Npoueaypbl Sortare (CMOTpY nNporpammy P149) ans
KOMMbIOTEPA, Ha KOTOpOoM Bbl paboTaeTe. MocTpoliTe rpaduiK, aHanorMyHbIA NpeacTas-

JIeHHOMY Ha puc. 4.3.

© T[pepcTaBbTe rpadUYecKn Ha OGHOM PUCYHKE BPEMS BbIMOSIHEHUA NPUBEAEHHbIX HIXe

npoueayp.

a)

procedure N2 (n
var i,

3

k
r

integer) ;
integer;
real;
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Puc. 4.3. Bpems BbinonHeHnA npouefypbl Sortare
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for j:=1 to n do
for k:=1 to n do
for m:=1 to n do
r:=1.0;
end; { N4 }
[na npumepa, Ha puc. 4.4 npefCcTaBfeHbl COOTBETCTBYOLWME FPadUKm AnA KoMMboTepa

Pentium, c TakToBoI YactoTton 500 MHz.
O KakoBa TOYHOCTb M3MEPEHUs BPEMEHM C MOMOLb0 ¢GYHKUMM TimpulCurent?

O6ocHywTe Balu oTBeT.

AbS
N4
13 '
12 le
l /
11 ¥ 7
! /
10 I 4
ot rL
8 | /
’ ; ]
6
5 i //
4 /
3 —I' N2
2 Vd »7
E y 4 ~
1
2000 4000 6000 8000 10000 n

Puc.4.4. Bpema BbinonHeHns npouedyp N2, N3 n N4

4.4. OueHkKa BpeMeHU BbINOJIHEHUA afirOpUTMa

ITpu mpakTudeckovt peajamsaluy JII0OOro ajiropuUTMa II0sBJIsIeTCs HeoOXomm-
MOCTb B IIpe/IBapUTeIbHOV OlleHKe BpeMeHM ero BbinoyHeHu T(1) 10 OKoHJYaTesIb-
HOIO TeCTMPOBaHMs M OTJIAKV CaMoVi IIporpaMMebl. K coxarieHnio, TeopeTnaeckm
OueHb TsKeJI0 HalTy TouHoe BhipakeHue 11 T(n). I1o aTon mpudnHe oOpI9HO Iy T
BEPXHU IIpefiesl BpeMeHM, TpeOyeMoro /I BEIIIOJIHEHWS aJITOPUTMa, aHAJIU3UPYS

TOJIBKO CaMble HeOJIarOIIpUATHBIE CIIyYan.
[TpenmonoxmM, B ydeOHBIX 11eJIs1X, YTO Ha BBIIOJIHEHWe JII000V 13 orepaiuil Ha

aspike [IACKAJIb (+, -, or, *, /, div, and, <, <=, notump.)3arpaumsa-
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eTcs He Oortee A eyHMIL BpeMeHN. Takoe e BpeMsI A 3aTpaumBaeTcs Ha VHIEKCPO-
BaHMe JIEeMEHTOB IIPOV3BOIBHOIO MaccyBa | |, Ha IIpricBavBaHVe : = VI BBIIOJTHEHVE
orepatopa goto. KoHKpeTHOe 3HaUeHe BeJIMUMHBI A 3aBVICUT OT CPeLbl IIPOrpaMMII-
POBaHVIsL, IIPOVI3BOAMUTEIILHOCTY VICITOJIB3YE€MOT'0 KOMITBIOTEpa ¥ COCTABIISIeT IOPSIIKa
107 ...107 cekyHzIbL B maspHeriiem G6ymem ortenmBath Bpems T(n) o popmyiie

T(n) = Q(n) - A,
rie Q(n) - KoJIM4ecTBO 3jJ1eMeHTapPHBIX OIeparinii — CJIOKeHsI, BBIYUTaHWs, YMHO-
JKeHIs, CpaBHeHVs U T.J1. - He0OXOIVMBIX [T pellleH1sl HeKOTOPOI 3alaul.
HomycTtumM, uro B BeIpaxkeHun E BcTpeuaercs m onepanuit Ha ITACKAJIE u k
BBEI30BOB pyHKIMM F. OueBngHO, 9TO 00IIIee uncio Qp 37leMeHTapHBIX OIepariuy,
HeOOXOAVMBIX 1711 BBIYMCIIEHVISI BBIpaKeHMs E, orrpeneriseTcs: Kak

Qe=m+kQy,
rae Qr - KOJIMYeCTBO 3JIeMEeHTapHBIX OIlepaluii, HeOOXOIUMBIX )i BbIUMCIIeHVS
dynkmym F.

ITpumepoL:
Bopasxerue E Yucao snemenmaprvix onepayuii Q
a) a*btc 2
b) (a<b)or (c>d) 3
¢) sin(x)+cos(y) 1T+ Qun + Qeos
d)  atM[i] 2
e) sin(x+y)+sin(x-y) 3+2Q,,

w10 371eMeHTapHbIX orepatuit Q; , HeOOXOAMMBIX ISl BBIIIOJTHeHWs] HeKOTO-
poro ontepaTopa I s13p1ka ITACKAJID, ortenmBaercst mo dopmysam madauysl 4.4.

Tabauya 4.4
Y10 371eMeHTapHBIX OIlepalyii, He0OXOIMMBIX 1151 BHIIIOJTHEHVS

HeKOTOpbIXx KoMaH/ Ha sa3biKe ITACKAJIb

No Onepamop Yucao 31emenmapnvix onepayuil
1 2 3
1 ITpucBamBanme v == E Q+1
2 Br13oB mponenyper P Qpt1
Br160
3 ; Q: + max{Q,, Q) +1

if E then] elsel,

MHO>XXeCTBeHHBINI BEIOOP

4 caseEof[;1,;..; ], end Qe + max{Qy, Q,, .., Q} +k+1
LIvki1 co cueTumkoM

> for v:=E, to/downto E,do | Qe * Qe+ mQ+m +1

6 Lyt c mpeyciioBuem (m +1)Q, + mQ,+ 1

while Edo
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1 2 3

LMK ¢ mocTycioByieM
! repeat /until E mQ+ mQy+1
CocraBHO orlepaTop
+ WF o ar +

° beginl; [ ...; I, end Q+Q.+..+Q, +1
OmnepaTop

i withvdol Q+1

10 | Ilepexom goto 1

DopMmyItbl U3 mabauysl 4.4 MOTYT OBITH BBIBEIEHBI MCXOJIS M3 CII0cOOa BBIIOII-
HeHus Kaxoro oneparopa [TACKAJIb. B mabauye 4.4 vicrionb3yIoTcs ciefyomye
0o0o3HaUeHIS:

v - IepeMeHHasi Wi M PyHKIINW;

E - BeIpakeHme;

I - onieparop s3bika [IIACKAJIb.

KomnmuecTso nnosropennit onepartopa I BHyTpu 1inkia for, while win repeat
obosHaueHo gepes m. [ToguepxueM, uro nukitel B [TACKAJIE MoryT ObITE OpraHm-
30BaHBbI U IIpY [IOMOLIYM ollepaTopoB if 1 goto, XOT: TaKoe IpUIMeHeHle yKa3aH-
HBIX OIIepaTOPOB HPOTUBOPEUNT paBiIaM CTPYKTYPHOIO IIpOrpaMMIPOBaHMA

[J1 mpyiMepa oIieHVM KOJIMUYEeCTBO 371eMeHTapHbIX oreparinii Q (1), HeoOXOIVIMBIX
U1 YHOPSI0YMBaHM 3JIeMEHTOB MacCyBa MeTOIOM I1Y3bIPbKOBOVI COPTVPOBKIN:

procedure Sortare (var A:Vector; n:integer);

var i, j : integer;
r : real;
{1} begin
{2} for i:=1 to n do
{3} for j:=1 to n-1 do
{4} if A[j]>A[]j+1] then
{5} begin
{6} r:=A[7j];
{7} A[j]:=A[j+1];
{8} A[j+1]:=r;
end;
end; { Sortare }

Ornepatopet I, L, ..., Iy mponienypbl Sortare moMedeHsI IIpy ITOMOIIM KOMMeHTa-
pues {1}, {2}, .., {8} BJIeBoM YacTu CTpOK Iporpammel. Yepes Q. Gyaem obo3HavaTh
KOJIMYECTBO 3J/IeMeHTapHBIX OIeparyii, HeOOXOIVIMBIX [ BBITIOJTHEeHW orepaTopa [;:

Q=2
Q7=4/'
Q=3;

Qs=Qs+ Q,+ Qg +1=10;
Q,=4+Q,+1=15;
Q,=0+1+n-1)Q,+ (n-1)+1=16n-14;
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Q2=0+O+nQ3+n+1=16n2—13n+1;
Q=Q,+1=16n"-13n+2.

CrieioBaTesbHO, KOJIMUECTBO SJIEMEHTaPHBIX OIepariiii
Q(n) =16n" - 13n + 2,
a BpeMsl BBIIIOJIHEHVISI ITPOLIEyPhl Sortare
T(n) = (16n° - 13n + 2)A .

VI3 paccMOTpeHHOTrO BhIIle IIpMMepa 3aMedaeM, 4To IOPSAJOK IIPpoXofa (BBIIOJ-
HEeHWsI) OIlepaTOpPOB JIMKTYeTCs CTPYKTYpOWV caMont mporpaMmbl. O4eBUIHO, 9TO
CHayvaJla aHaJIM3UPYIOTCS ITPOCThIe OIepaToOpPhl, a 3aTeM — cocTaBHBbIe. 171 BJIo)KeH-
HBIX OIIepaTOPOB B IIEPBYIO OUepe/lb aHAJIM3UPYIOTCA BHyTPeHHMe, a 3aTeM — BHelll-
HUe oIlepaTOphI.

AnHanTHueckue BblpaxkeHns 1y1d T (1), mojlydeHHbIe B pe3yJibTaTe aHaIu3a IIpo-
rpamm Ha ITACKAJIE, MoryT GbITh MCITOJIb30BaHBbI 11151 SKCIIepUIMEeHTa/IbHOIO HaX0X-
IleHVs BpeMeH! A, Hy>KHOT'O /UIs1 BBITIOJIHEHVSI OJTHOV 3JIeMeHTapHOV OoIlepaliui.

Hampumep, s nponenypsl Sortare (emorpu mabauyy 4.3) n = 10000 u T(n) =
= 28,18 c. VI3 ypaBHeHwM:

(16n* - 13n + 2)A = 28,18
nonyuaem A~ 1,8 -10% c.

OueBnHO, 4TO HaViZleHHas BeIMYMHA IIPVIMeHMa TOJIBKO 171 Cpellbl IIporpaM-
muposaHusi Turbo PASCAL 7.0 1 xommsiotepa Pentium ¢ takrosom dactotom 500
MHz, vicionb30BaBIIIeroCst B XOZe M3MepeHMsl BpeMeH! BBIIIOJTHEeHVIS POy Phl
Sortare.

Hampumep, B ciydae xommeiotepa Pentium ¢ TakroBon wactoron 150 MHz mo-
sryqaetcs esmanHa A = 6,0 - 108 c.

BOHpOCbIMynpaMHeHMﬂ

© Onpepgenute C NOMOLLbIO NporpamMmbl P149 3HaueHve A Ans KOMMbloTepa U cpeabl
NpOorpaMmMMpoBaHus, C KOTopbiMy Bbl paboTaeTe.

® OnpepenvTe KONMYECTBO 31IEMEHTAPHbIX onepaunii Q, HeO6X0LUMbIX AN BbINOMHEHNS
cnegytowmx onepatopos NACKAJIb nporpammbi:

a) xX:=2*a-6*(y+tz);

b) p:=not(a=b)and(c>d) ;

¢) Pp:=(a in R)and(b in P);

d if a>b then x:=0 else x:=atb;

e) case 1 of

1: x:=0;

2: x:=atb;

3: x:=atbtc;
end;
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© OueHUTe KONMUYECTBO 3NIeMeHTapHbIX onepauunii Q(n) B NpUBEAEHHbIX HUXe npoLe-
Aypax:

a)

| -
C) -
® [nAanpouenypbl Sortare KomnbtoTepa Pentium ¢ TakToBow yactoTton f, = 500 MHz no-

nyueHo A, ~ 1,8 - 108 c. [Ins Takoro e T1na KOMMbioTepa, HO C TAKTOBOW YacToTo f, =
=150 MHz nonyueHo A, = 6,0 - 108 c. ConocTaBnas Nony4YeHHble faHHble, 3ameyaeMm, YTo
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. 10° A . 1078
S 500 106 ~33 oy 4, _ 60 10_8 -~ 33
5 150 - 10 A 1,8 - 10

Kak Bbl cuntaete, uem o6bACHAETCA 3TOT daKT?

B npouecce komnunaumm nporpammbl Ha A3bike NMACKAJIb Kaxkabii onepaTop TpaHc-
nupyeTcsa B OfHY 1 6onee KOMaHZ A3blka MalUUHHBIX KOAOB. KonmyecTBo nonyyaembix
B pe3yfbTaTe KOMNUAALUN KOMaHZ 3aBUCUT OT KOHKPETHOW peanun3aunn cpefbl npo-
rpPaMMMpPOBaHMA 1 TMa UCMONb3yeMOro KomnbioTepa. [praymaniTe nnaH sKCneprmeH-
Ta, KOTOPbI MO3BONMA Obl OLIEHNUTb KOIMYECTBO KOMaHZ MaLUMHHOIO KOAa, B KOTOpble
TpaHcnupyeTca Kaxkabii onepatop MACKAJIA.

M3BeCcTHO, UTO BpemsA BbINOMIHEHNA KOMaHZ A3blKa MALMHHOIO Kofda 3aBWCUT OT UX
Tna. HanprmMep, KOMaHaa CyMMUPOBaHMA ABYX LIENbIX YMCEN BbIMOHAETCA ObicTpee,
yeM KOMaHAa CyMMMPOBaHUA [BYX BelleCTBeHHbIX ymcen. Bcnepgcreme 31oro, 3Have-
HUA A, HangeHHble B pe3ynbraTte U3MepeHUa BPeMeHU BbINOMIHEHWA MPOrpamMmmbl Ha
MACKAIJIE, 3aBUCAT OT TMNa MCNOJIb30BaHHbIX AaHHbIX. [[poBepbTe 3KCNepUMEHTanbHO
3TO yTBEpPXeHe A5iA KOMMbTEPa, C KOTOPbIM Bbl paboTaeTe.

Mpon3BOANTENBbHOCTb COBPEMEHHbIX KOMMbIOTEPOB N3MePAETCA B CNeLmanbHbIX ean-
Huuax Mips — Mera (MMNAIMOHOB) KOMaHA B ceKyHAy. Hanpumep, nepcoHanbHble KOM-
nbloTepbl 06N1afaloT NPon3BoAMTeNbHOCTBI0O 500-800 Mips. InAa n3amepeHUs ykasaH-
HOWN XapaKTepPUCTUKN U3FOTOBUTENN KOMMbIOTEPOB MUCMONb3YIOT KOMaHAb! A3blka Ma-
WIMHHbIX KogoB. OueBuaHO, uto AnA nporpammupytowmx Ha MACKAJIE npeacrasnaet
MHTepec NPOM3BOAUTENIbHOCTb, BbipaxeHHasa B konnyectse NACKAJIb-onepaTtopos B
cekyHpy. PazpaboTalite nnaH 3KCneprMeHTa, KOTOPbIV MO3BOJWA Obl OLIEHNTb 3TY Xa-
PaKTepPUCTUKY AS1A KOMMbloTepa, C KoTopbiM Bbl paboTaeTe.

4.5. BpemeHHasi CNOXHOCTb afiropuTMoB

B vdopmatiike BpemeHHas CJIOKHOCTb XapaKTepuU3yeTcs BpeMeHeM BhIIIOJTHeH Vs
T(n) v KoJmM4ecTBOM 371eMeHTapHEIX omeparii Q(n). TTockobKy coBpeMeHHbIe
KOMITbIOTEePBI 00/1a/1al0T OUeHb OOJIBITION CKOPOCTHIO BBIUVCIIeH M — Hopsaka 108 ... 1010
KOMaH7], B CeKyHJIy, TO ITpo0JieMa BpeMeHM BBIITOTHeHWs BO3HVMKaeT TOJIBKO ITpy O0JIb-
X 3HaueHMsX 1. CrieoBaTelIbHO, B (DOpMYIIax, BBIPaKAIOIIIMX YMCII0 2 IeMeHTapHBIX
onieparyt Q(n), IpeACTaBsIsieT MHTepeC TOJIbKO TOMMHUPYIOMINI WIeH, T.e. TOT, KO-
TOPBIVI ObICTpee OCTaTbHBIX CTPeMIUTCsE K OecKoHeuHOCTH ¢ pocToM 7. ITpeobiaganme
JOMVHVPYIOITIETo WieHa Hafl OCTaJTbHBIMI JIeMOHCTpUpPYeTCcs B madauye 4.5.

Tabauya 4.5
3HaYeHNUs JOMMHVMPYIOIINX YWICHOB
n log,n " "’ n' 2"
2 1 4 8 16 4
4 2 16 64 256 16
8 3 64 512 4096 256
16 4 256 4096 65536 65536
32 5 1024 32768 1048576 4294967296




Hanprmep, KoymaecTso 351eMeHTapHBIX OIlepaliii IIpoLedypbl Sortare BbIpa-
Xaetcst popMyIIon:
Qn) =16n>-13n + 2.

JJoMVHVPYIOMNI WieH B 3TOM BbIpaxkeHUM 1612 O4eBUIHO, YTO IS OOIIBIIINX
3HAYEHWI 11 KOJIMYECTBO JIeMeHTaPHBIX OIlepalluiL:

Q(n) ~ 1617,
a BpeMsl BbIIIOJTHEHVIS:
T(n) =~ 161°A.

B 3aBrcHMMOCTVI OT BpeMeHHOVI CJIOXKHOCTY, aJITOPUTMBI KJTAaCCUPUITMPYIOTCS Ha:

— ITIOJIMHOMWMAJIbBHBIE aHFOpVITMbI,‘

- 9KCIIOHEHIIVaJIbHbIEe aJITOPUTMBL;

- IOJIMHOMMAJIEHO-HeJIeTEPMUHIPOBaHHbIE aJITOPUTMBL.

AJropuTM Has3bIBaeTCsl HOJIMHOMMAIBHBIM, €C/IVI JOMUHVPYIOIINI YWIEH VIMeeT
By Cnk, TO ecThb

Q(n) =~ Cn*; T(n) = Cn*A,
I7e 1 — 3TO XapaKTePUCTMKA BXOTHBIX ITaHHBIX, C — IIOJIOXNUTeJIbHAS KOHCTaHTa, a
k - marypapHOe umcIIo.

BpeMmeHHast CJIOXKHOCTD IOJIMHOMMAJIBHBIX aJITOPUTMOB OTpakeHa B 0003Hade-
"M O(n+), KOTOpoe YnTaeTcs Kak “ajIfOPUTM CO BpeMeHeM BBIIIOJIHEHVIS IIOPSIKa
n¥”, v Kopode, “asiroputm nopsigka n+”. O4eBUIHO, UTO CYIIECTBYIOT ITOJITHOMM-
aJIbHBIE aJITOPUTMEI IIOPpSIIKa 1, n?, n® v T.10.

Hanpumep, ynopsmodnBaHue 371eMEeHTOB IIPOM3BOJIBHOIO MacCyBa METOIOM IIy-
3BIPBPKOBOVI COPTMPOBKM IIPECTABIIIeT COOOVI IIOJIMHOMVAIIBHBIVI aJITOPUTM HOPSIII-
Ka 12 DTo BUAHO 13 rpaduKa 1J1d BpeMeHmM BbIToyHeHMs T(1) Ipoliemypbl Sortare,
IpeJICcTaBIeHHOro Ha puc. 4.3.

ANTOpUTM Ha3bIBAETCS IKCIIOHEHIVAIBHBIM, €CJIV JOMVHVPYIOIINI WieH 1Me-
et Bu Ck", TO eCcTh

Qm)=CK'; T(n)=Ck"A,

rie k>1. BpemeHHas CJI0)KHOCTB SKCIIOHEHIIVAJIBHBIX &JITOPUTMOB OTpakeHa B 000-
saaveHnmn O(kn).

OTMeTNM, U4TO SKCIIOHEHITMaIBHBIMI CUUTAIOTCS TAKKe aJITOPUTMBI CJIOKHOCTY
n'os ", XOTs 3Ta PYHKIVS U He ABJISeTCs SKCIIOHEHIIMAIbHOM B CTPOTO MaTeMaTude-
CKOM CMBICJIE.

IMonnHOMMATFHO-HEIeTEpPMUHMPOBaHHBIE aJITOPUTMBI M3yYalOTCs B YIJIy-
671eHHBIX Kypcax MHPOPMaTUKI.

V3 cpaBHEHMS CKOPOCTeT pOCTa SKCIIOHEHIIVAIbHO V1 ITOJIMHOMMAaIbHOV (PYHK-
v (cMoTpuTe mabauyy 4.5) ciemyer, 4To SKCIIOHEHIIMaIbHbIe aJITOPUTMbI CTAaHO-
BATCS HEIIPVIMEHVIMBIMU J1ake IIpY HeOOIbIIMX 3HaueHMsIX 1. [11g mpumepa obpa-
TiMcs K mabauye 4.1, B KOTOPOWI IIpeCcTaB/IeHO BpeMs BbIIIoJIHeHMs (1) OIHO-
MMaJIbHOrO ajiropuTMa nopsijika O(n®) v Bpems BbirtoyiHeHM T,(11) SKCIIOHeHIIasIb-
HOro ajiropuTMa mopsika O(2n).

B 3aBMCcHMOCTV OT BpeMeHHOVI CJIOKHOCTV CUMTAETCs, UTO 3ajada JerKopaspe-
IIVMa, eCyIv U1 ee PellleHNus CYyIIecTBYeT MOJIMHOMMAIbHBIN aJIfopuTM. 3aadva,
VIS pelleHNs KOTOPOVI He CYIIeCTBYeT IIOJIMTHOMMAJIBHOTO aJIfTOPVUTMa, Ha3bIBAeTCs
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TpysHOpaspemmMmort. [loguepkHeM, UTO yKasaHHas KlaccuduMKaIs OTHOCUTCS
TOJIBKO K aCVMIITOTMYECKOMY aHaJIV3y aJIFOPUTMOB, TO €CTh KacaeTcs JIVIITL OOJIb-
VX 3HAYEeHWVI 1. 17151 MaJIbIX 1 CUTYaIvisi MOXET CVUIBHO OTJIMYAThCSL.

HampumMep, IIpenriooXmM, 9To A1 pelreHsi HeKOTOPOW 3a/1auil CYIIeCTBYIOT
IIBa QJICOPUTMA, IIEPBBIVI 113 KOTOPBIX ITOJITHOMVAIBHBIV CO BpeMeHeM BBIITOTHEHVIS
T,(n), a BTOpOVI — 9KCIIOHEHITMAJIBHBIVI CO BpeMeHeM BBITOIIHeHMs T,(1):

T,(n) = 10001°A ;
T,(n) = 2"A.

HerocpencTBeHHBIMY BBIUMCIIEHNSMI MOXKHO IIPOBEPUTD, uTo wiin =1, 2, 3, ...,
18 Bpems T,(n) < T,(n). CrremoBartespHO, B ciIydae n < 18 mis mpuMeHeHMs Ipero-
YTUTeJIeH SKCIIOHEeHIIVaIbHBIV aJITOPUTM.

Ha npaxTike paspaboTka KOMITBIOTEPHBIX IIPOTPaMM IIpeJrioiaraeT BBIIIOJIHe-
He CJleyIOIIMX 3TaIloB!

- ToyHOe popMyJIMpOBaHMe 3a7aul;

- ompeferieHe BpeMeHHOV CJIOKHOCTM 3a[iadnl — SIBJISIeTCS JIVI OHa JIETKO- VWIN
TPpyOHOpPa3peIInmMors;

- pa3paboOTKy COOTBETCTBYIOIIIErO ajlrTOpPUTMa 1 peasI3alliio ero Ha oIlpefiesieH-
HOVI BBIUVICIIMTEIILHOV CUICTEME.

OueBnHoO, YTO B CIydae JIeTKOpaspellMbIX 3aJad [IPpOrpaMMUCT JO/DKeH Ha-
IPaBUTh BCe YCUIIVS Ha paspaboTKy MOJIMHOMMAIBHOIO aJIFCOPUTMa T.e. aJIF0OPUTMa
HOpsIKa 1k, CTPeMSICh K TOMY, UTOOBI ITapaMeTp k IIPMHSIT KaK MOXXHO MeHbIIIee 3Ha-
ugeHme. B cjiyuae TpyaHOpaspelMbIX 3a1a4 IIPUMOPUTET OTAAETCS TeM aJITOPUTMaM,
KOTOpble MMHVMU3UPYIOT BpeMs BbIIIOJIHEeHMs XOTs Obl 11711 HanboJlee 4acTo BCTpe-
YaOIIMXC Ha IIPaKTHKe pa3sMepoB BXOQHBIX TaHHbBIX. MeTompl KilaccudmKarmm 3a-
7av Ha JIETKO- ¥ TPYJHOpa3pelIMble M3y4daloTcs B yITyOIeHHBIX Kypcax MHPOp-
MaTVKWA.

Bonpocbl n ynpaxHeHus
O YKkaxnTe QOMVHUPYIOLWNI YNIEH B CIeAyOLL X BblpaXKeHUAX:
a 12n+5;
b)  6n*+100n + 18;
c)  15n®+1000n’ - 25n + 6000;
d) 2000n° +2"+13;
e) n°%"+n’+300n+6;
f)  3"+2"+14n° +21;
g) n’+10n"+200n°+300n> + 1000n.

@ Kak KnaccmouLmpyoTca anroputmbl B 3aBUCMMOCTY OT X BPEMEHHOW COXHOCTA?
© OnpepennTe TUN anropyTMa NO ero BPpeMeHHOWN CTOKHOCTU:
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a) Q(n)=200n+15;

b)  Q(n)=2"+25n+1000;

¢ Q(n)=n’+3"+6000n"+ 10%
d Q(n)=3"+2"+n""+4000

e)  Q(n)=n"%"+n*+n’+1500;

f)  Q(n)=100n>+ 15n*+ 8" + 900.

O Kak Bbl cynTaeTe, YeM 0ODBACHAETCA BaXXHOCTb AOMUHMpPYOLWEro 4ieHa npu aHanmse
BpeMeHHOIZ CNOXHOCTU aﬂFOpI/ITMOB?

© PaccmoTpum npoueaypbl N2, N3 1 N4 13 npegbigyLero naparpada. B pesynsrate oueH-
KW KONMYecTBa dNeMeHTapHbIX onepaunin nonyyaem:
Q,,(n) =602n" +2n +2;
Q,s(n)=2n°+2n*+2n +2;
Qu,(n)=2n"+2n*+2n*+2n + 2.
Onpepennte NOPALOK BPEMEHHOW CIIOKHOCTM afirOPUTMOB, OMMCAaHHbIX STUMIK NpoLie-

aypamn. CpaBHUTE CKOPOCTb POCTa BpeMeH BbinonHeHus T,,(n), Tys(n) n T,,(n), ncnonb-
3yA C 3TON Lenbio rpadurKky Ha puc. 4.4.

O PaccMoTpUM anropuTM, COCTOALLNIN 13 K BIIOXKEHHbIX LIVKJIOB:

for i,:=1 to n do
for i,:=1 to n do

for i,:=1 to n do P

Konuuectso 2JIeMeHTapPHbIX OﬂepaLl,l/IVI Qp , BbIMOJIHAEMbIX B npoueaype P, — noctoaH-
HaA BennunHa. OueHnTe BPEMEHHYIO C/TIOXKHOCTb a/lropuTMa.

@ [pugymaiiTe anropuT™ peLleHns ceaytoLel 3agaum:
[aHo mHoxecTBO A, cocTosulee 13 n uenbix uncen. Onpepennte, CyLecTByeT N XOTA
6bl 0OHO MOAMHOXeCTBO B, BCA, cymMa aneMeHTOB KOTOPOro paBHa m. Hanpumep, ans
A={-3, 1,5, 9} n m=7, Takoe NOAMHOXeCTBO CyLLeCTBYeT, a UMeHHo B={-3, 1, 9}.
OueHnTe BpeMeHHY CIIOXHOCTb pa3paboTaHHOro anroprtma.
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[naBa 5

METOObl PA3PABOTKU
AINMTOPUTMOB

5.1. UTepauunsa wnu pekypcusa?

PasuTne nMHpoOpMaTUKM ITOMOITIO YCTaHOBUTH, UTO MHOTVE IIPaKTUYeCcKN BaX-
HbIe 3a7laull MOTYT OBITh pellleHbI ¢ IIOMOIIBIO OIIpeie/IeHHOro Habopa cTaHgapT-
HBIX IIPVEMOB, Ha3bIBaeMbIX MeTO/IAM¥ IIPOrPaMMMPOBAHM: PeKypcum, repebo-
pa, MeTozia rlepebopa ¢ BO3BpaTOM, 3BPUCTUUECKIX METOIOB U IPYTHIX.

OnHayM 13 caMbIX PacIIpOCTPaHeHHBIX MeTOIOB ITPOrpaMMIPOBaHs SIBJISIeTCs pe-
Kypcms. HarmoMHvM, 9To peKypcyid olrpeiesiaeTcs Kak CUTyarys, Koria IofiporpaMmma
obpartiaercs K camor cebe 71160 HerrocpeiCTBeHHO, JIMOO ITOCPeICTBOM APYTOV TIOJIITPO-
rpaMMEl. PaccMaTpriBaeMble MeTO/IBI, M3y4YeHHBIe B paMKax TeMbl , (DyHKIMM v Hporie-
IOypel”, Ha3bIBAIOTCS COOTBETCTBEHHO MPSIMOV peKypcvert VI KOCBEHHOV peKypCHers.

B obriem cirydae, paspaboTka 100071 peKy pCUBHOV IIPOTpaMMbl BO3MOXKHA TOJTb-
KO Torza, Korja cobsoaeTcs cileiyoliiee MpaBMIoO CXOAMMOCTM: pellleHVie 3a/1aun
JIOJDKHO BBIYMCIISTBCS HETIOCPEICTBEHHO JIM00 BBIUMCIISTBCS ITPY IIOMOII HEKOTO-
PBIX HEIOCPeICTBeHHO BhIYMCIIAeMbIX 3HaUeHnUN. [IpyrumMu cjioBaMu, IIpaBuIbHOe
oIperiesieHIe JIIO0O0T0 PeKypPCUBHOIO aJIfOpPMTMa IIperiosaraeT, 9YTo B IIporiecce
OCYIIIEeCTBJIEHVS BbIUVICIIEHVI JOJDKHBI CYIIIeCTBOBATD:

—-3JIeMeHTapHbIe cjIydar, KOTOPble BEIUNCIISIOTCS HEIIOCPEICTBEHHO;

-CJTyda, KOTOpPBIe XOTs VI He MOTYT OBITh PellleHbI IBHO, OJJHAaKO ITPOITeCC BBIUNIC-
JIeHMVI 00513aTeJTbHO CBOJIUTCS K 2JIeMeHTapHOMY CITydaro.

Hampumep, B peKkypcrBHOM omiperierieHny PyHKUIM dpakropuaia fact: N—N,

1, ecnu n=0;

Jact(n) = {
n- fact(n—1), ecmu n >0,
pasdaeM:

- ar1eMeHTapHE C1ydant n = 0. B aTom cirydae 3Hauenme fact(0) BeravcisieTcs He-
IIOCPeICTBEHHO, a MMeHHO fact(0) = 1;

- HedjleMeHTapHBIe caydan 1 > 0. B Takux caydasix sHageHus fact(n) He MOTyT
OBITH BBIUMCIIEHBI HETIOCPeICTBeHHO, HO ITPOIIeCC BHIYVICIIEHUVI CBOAMTCS K dJIeMeH-
TapHOoMY city4daro fact(0).

Hanpumep, msa n = 3 mmoiyvaeM:

fact(3) =3 -fact(2)=3 -2 -fact(1)=3 -2 -1-fact(0)=3 -2 -1 1=6.

CiremoBaTesIbHO, PeKypCUBHOe orperierieHvie PyHKIMM fact(n) sSBIISeTCS cXOms-
myMcs orpeneneHneM. Haromumm, uto pyHKOms fact(n) MoxeT OBITH IIpeCcTaB-
sieHa Ha si3bike PASCAL, B cOOTBETCTBUM C peKyPCUBHBIM OIIpefieieHrieM B popMe:
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Criocob yrpasiieHus cTeKoM [1jIs clydas Bel3oBa pyHKIMM Fact (3) mpeycTas-
JjieH Ha puc. 5.1.

3aneceHue 0anHbLX 8 cMeK

Fact(3) Fact(2) Fact(1) Fact(0)

M3ssneuerue 0antbix

Puc. 5.1. YnpaBneHue cTekom B Cilyyae Bbl3oBa GyHKUMM Fact (3):
AR - appec BO3BpaTa; n — TeKyLee 3HaueHne pakTUYeCKoro napameTpa;
**¥ _ MeCTO ANl 3aNOMVHaHWA 3HayeHni f, Bo3BpallaembIx GyHKLUMeNn Fact

AHaJIOTMYHO B PeKyPCUBHOM orpeeieHny ¢pyHKmm incons: N—N,
incons(n) = {

1, ecmm n=0;

n-incons(n+1), ecmu n >0,

MOJXHO BBIJIeJIUTh 3JIeMeHTapHbIN crydart 1 = 0 u HearlemeHTapHbIe cirydan 1>0. Ho
B oTIMavie OT (pyHKImm fact(n), myis n > 0 3HAUEHNS i11c0ns(11) He MOTYT OBITh BBIUNC-
JIEHBI, IIOCKOJIBKY ITPOIIeCC BBIUMCIIEHVIS BeJIET K i11c0ns(0).
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Hanpumep, msa n = 3 mmoiydaeM:
incons(3) =3 -incons(4) =3 -4 -incons(5) =3 -4 -5 -incons(6) = -

CitefoBaTesIbHO, IpUBEJIEHHOE BBIIIE PeKypPCHMBHOe oOIlperieieHne (PyHKIUN
incons(n) sIBJI€TCA PacXOAAIIMMCSA OIpeeIeHeM VI TeOpeTUYecKy ITpoIlecC Bbl-
umcieHnit OyeT mpoosbkaThesl OeckoHeuHo. Ha mmpakTiike ske BeramcieHus OyayT
OCTaHOBJIEHBI OIlepallIOHHOV CHCTEMOV B MOMEHT IIepellojIHeHMs ITaMATH, Bbllle-
JIEHHOVI 715 CTeKa, VJIV ITpeBbIIIIeHNs pa3spsIHOCTY aprdMeTIUecKoro yCTpoViCTBa.

[TomuepkHeM TOT PaKT, UTO COBpeMeHHBIe CpelIbl I Pa3spaboTKy MporpaMM He
BBITTOJTHSIOT aBTOMAaTIYECKyIO ITPOBEPKY CXOIVMOCTY PEKYPCUBHBIX aJIFOPUTMOB,
OCTaBJIsisl 3TOT KOHTPOJIb IIPOTrPaMMICTY.

Kax 6pu10 TOKa3aHO B IIPeIbIIyIINX I7IaBaX, JII000T peKyPCUBHBIV aJITOPUTM MO-
XXeT ObITh ITpeoOpa3oBaH B UTepaTUBHEBIN 11 00paTHO. Beibop MeToa MporpaMMmpo-
BaHWS — UT€PaTUBHOIO VIV peKypPCUMBHOIO — 3aBVICUT OT JKeJIaHVs IIpOrpaMMIICTa.
OdeBUIHO, UYTO TIPY BHIOOPE MOJDKHBI YUUTHIBATHCS IIPEVIMYIIECTBA Y HeOCTaTKM
KaJKJIOTO METOJIa, KOTOPbIe BapbUPYIOTCs OT CiTydasi K ciIydaro. st mpumepa, B ma-
0auye 5.1 mpefcTaB/IeHbl pe3yJIbTaThl CPaBHEHMs 00OMX MeTOI0B ITpOrpaMMUpOBa-
HVS [IJ1s pellieHNs 3ajiay, CBA3aHHbBIX C KOMITBIOTEPHOV 00paboTKOVI TEKCTOB.

Tabauya 5.1
CpaBHeHMe UTepalu 1 peKypCcun
(komMmprOTEepHasA 00paboTKa TEKCTOB)
No Xapaxkmepucmuxu Umepayusa Pexypcusa
1. | Pacxom mamsTm Mauibiin Bosbron
2. | BpeMs BeIIOTTHEHIIS OIVHAKOBOE
3. | CTpykTypa IporpaMMbl CroxHast ITpocras
4. | TpymoeMKoCTh HalliCaHWsI IIpOrpaMMbl | bostbias Manast
5. | TectmpoBaHme 1 oTiIagka porpammel | [TpocTeie Ci1oxHBIE

[Tpemiaraem umnTaTeslo B KauecTBe YIIPaKHEHWsSI COIIOCTaBUTb UTePaTUBHBIN 1
PeKyPCUMBHBIVI IOAXOABI IIPY Pa3paboTKe aJlrOPUTMOB, pegHa3HauYeHHbIX IS CO3-
HJaHus 11 00paboTKM AMHAMIYeCKMX CTPYKTY P JaHHBIX U3 [1a6bL 2.

B ob1ieM, peKypcuBHBIe aJITOPUTMBI PeKOMeH/YeTCs IIPUMEHSITh IS pelleHs
3aj1a4, OIIMCAHHBIX C [IOMOLIBIO PeKYyPPEeHTHBIX COOTHOIIEHMI, TaKMX KaK: CMHTaK-
CUYeCKMII aHaJIN3 TeKCTOB, 00paboTKa AVMHAMITUeCKX CTPYKTYP JaHHBIX, 00paboT-
Ka M300pakeHMII ¥ T.II. TUIMYHBIM IIpMMEPOM 3a/1a4 ITOI0OHOTO poia SIBJITeTCS
rpammatdeckuit aHainms rmporpaMm Ha ITACKAJIE, cuHTakcmc KOTOPBIX, KaK M3-
BeCTHO, OITpe[iesIsieTCsl TPV IIOMOIIV PeKypPPeHTHBIX COOTHOIIIEHWI.

Bon POCbI U ynpaXxHeHUA

O OO6bACHNTE TEPMUH Memo0obl NPOPAMMUPOBAHUS.
® B uem pazHuLa mexxay npamol pekypcuel  KocgeHHOU pekypcuel? MpueeayTe Npumepbl.

© Kakue ycnoBums JOMKHbI ObITb COGNOAEHBI, UTOOLI ONpeAeneHne PekypCcMBHONO anro-
pviTMa 6bif10 NPaBUIbHBIM?

O B uem pasHMLa MeXAy CXOAALLENCA U pacxofaLLenca pekypcuamm?
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© PaccmoTpuMm criepytolmne pekypcriBHble onpefeneHna GyHKuUmin. Kakue us stux onpe-
AeneHun apnatoTca cxogawmmnca? ObocHyiiTe Baw oTseT.

o 1, ecmu n=0;
. n)=
a) f:N—N, n+ f(n—-1), ecmu n>0;

. T 1, ectu n=0;
. n)=
b) f:N—N, n+ f(n), ecmm n>0;
1, ectm i=0
c) f:Z—2Z, 1+f(1—1) ecnmz;tO
) 1, ecmu n=0;
. n =
d) f:N—N, n+g(n-1), ecou n>0;
(n) = 2, ecmu n=0;
g:N—N, g n+ f(n-1), ecnmu n>0,
1) n, ecnmu n<10;
. n =
e) f:N—N, (nmod 10)+ f'(n div10), ecnmu n>10.

® 3anycTuTe Ha BbINOMHeHVE crieaytoLyio nporpammy. O6bsicHMTe COO6LLEeHNS, BbIBOAN-
Mble Ha SKpaH.

MpencTaBbTe Ha PUCYHKE, aHANOTMYHOM puc. 5.1, cnocob ynpasneHns ctekom anisa ciy-
yas BbizoBa GyHKUMM Incons (3).

@ YKaxuTe 35IeMeHTapHbIE U He3NleMeHTapHble CITyyau AN ClefyloWnxX PeKYPCMBHBbIX an-
rOPUTMOB:

a) dyHKuMM Arb 1 npouegypbl AfisArb nporpammbl P130;
6) npouepypbl Preordine, Inordine n Postordine nporpammbl P131;
8) npouenypbl InAdincime nporpammbl P133.

O Cymma S(n) nepBbIX N HATYPaNbHbIX YNCEST MOXKET ObITb BbIYMCIEHA NPY MOMOLLM UTepa-
TUBHOW GYHKLMN:
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S()=0+1+2+..+n=3i

i=o0

VIV peKypCUBHOV PyHKITU:

0, ectu n=0;
S(n) =
n+Smn-1), ectu n>0.

Ncnonb3ya B kauecTBe Mogenu mabuyy 5.1, yKaxkute OCTOUHCTBA M HE[OCTATKY anro-
PUTMOB BblUMCNEHNA CyMMbI S(N).
PaccmoTpum crnepyouie MeTanuHrencTmyeckne Gopmyrbi:

<Lugppa> == ol1l2]3l4l5l6l718]9

<Yucao> ::= <Uugppa> {<Luppa>}

<Buai> = +|-|*]/

<Bupaxenue> ::= <Hucao> | (<Buipaskenue>) | <Buipaxenue><3nax><Buipaxenue>
HanuwuTe pekypcrnBHyo GyHKLMIO, BO3BPALLAlOLLYI0 3HaYeHNe true, ecnm CTpoka S
COOTBETCTBYET OnpefeNieHNIo IeKCUYeCKoN eanHuLbI <BoipaxerHue> n false — B npo-
TUBHOM CJlyyae.
YKaXKuTe JOCTOMHCTBA 1 HEAOCTATKM UTEPATVBHbIX U PEKYPCMBHbIX aJITOPUTMOB, NpefHa-
3HaUYeHHbIX 418 CO3AaHNA 1 06pPabOTKM CriefyoLWmX ANHAMUYECKUX CTPYKTYP AaHHbIX:
a) OQHOCBA3HbIX CMCKOB;
6) cTeka;
8) ouepepu;
2) BBOVNYHbIX AEPEBLEB;
0) nepeBbeB nopAgKa m.

HanvwwuTe ntepatBHyto GyHKLMIO, BO3BPALLAIOLLYIO 3HAUEHNE true, eC/IN CTPOKa CUM-
BOJIOB S COOTBETCTBYET OnpefeneHnto NeKCnYeckon eauHnLbl <BoipaxeHue> 13 ynpax-
HeHus 9 n false - B NPOTMBHOM CJlyvae. Micnonb3ys B kKauecTBe mogenv mabsuyy 5.1,
npoBeauTe CONOCTaBUTENbHOE CPaBHEHME UTEPATUBHOMO 1 PEKYPCMBHOMO anropuUTMOB.
Hanuwwte peKypcrBHYO NoAnNporpammy, BbIMUCAIOLYI0 CyMMY Ludp NPor3BOSIbHOIO
HaTypanbHoro yncna n. iccnepyite cnydan n <MaxInt nn < 1020,

YepHo-6enble n3obpaxeHus (puc. 5.2) MoryT 6biTb 3aKOAMPOBAHbI C MOMOLLbIO BOWY-
Holt maTpuLpl B = ||b||,.., 1< n, m < 30. dnemeHT b; yKka3sblBaeT LIBET COOTBETCTBYIOLLEN
MUKPO30HbI: YepHbIl (b; =1) nnu 6enbin (b;=0).

1 23 e Jj wom 1 23 . J oom
1
3 3
i A i: A
n n
a) 6)

Puc. 5.2. 3akpacka 3aMKHYTOW NOBEPXHOCTHU:
a — NCXofHoe 1306paxeHue; 6 —M306paXkeHne Nocne 3aKpacku



Pa3paboTaiiTe pekypcrBHYO NpoLeaypy 3akpacku 3aMKHYTO MOBEPXHOCTM, onpefe-
neHHown KoopAanHaTamu (i, j) NPON3BONbHOM BHYTPEHHEN TOUKMN.

® HanvwwuTe npoueaypy, KOTopas ONpefensieT, CKOIbKO OObEKTOB COAEPXUT YepHOo-
6enoe n3obpaxeHue. 3o6parkeHne 1ennMTca Ha MUKPO3OHbI U KOQUPYETCA Npu NoMo-
Ly ABOVYHOW MaTpULbl B = ||b|,..- DNemeHT b, onpefenseT LUBET MUKPO30HbI C KOOP-
avHatamu (i, j).

® YkaxunTe QOCTOVMHCTBA M HEJOCTATKN UTEPATUBHBIX M PEKYPCUBHbIX anropuTMOB, npes-
Ha3HaueHHbIX ANA pelleHnn 3agad 13 ynpaxHeHud 13 n 14.

5.2. MeToa nonHoro nepeodopa

B MeTome nostHOTO ITepebopa IIperiosaraeTcs, YTo pelleHle paccMaTpBaeMo
3a7auy MOXKeT OBITh HalieHO ITyTeM II0C/IefloBaTeIbHOIO aHajli3a 2JIeMeHTOB s,
OpVHaIeXalX KOHEUHOMY MHOXECTBY

S=1s1,5, c-es Sy ooer Sy

Ha3bIBa€MOMY MHO>KeCTBOM BO3MOXXHBIX pelIeHMI. B rpocTenmmx ciydasx, sjie-
MEHTHI §;, §; € S, MOTYT OBITB IIpeICTaBIeHbI 3HAYeHVISIMY KaKOTO-HMOYAb OPSIKO-
BOTO TuUIla: integer, boolean, char, nepeuucieHus Vi uHmepé’a/leoeo. B Gostee
CJIOXKHBIX 3ajiavax I IIPeACTaBIIeHVs TaKMX 3JIEMEHTOB VICIIOJIb3YIOTCS MaCCUBBI,
3amvicy (record) WM MHOXecTBa. [loguepkHeM, UTO B OOJIBIIMHCTBE 3a7ad BO3-
MOXXHBIe PelIeHNs Sy, S, ..., S, He IIpeliCTaB/IeHbl SIBHBIM 00pa3oM 1 paspaboTka aji-
TOpUTMa MX HaXOXIEeHM JIOXKUTCS 11eJIMKOM Ha IIJIeU IIPOrpaMMIICTa.

OOmIas cxemMa aJIrOpUTMa, OCHOBAaHHOTO Ha MeTOfIe IIOJTHOTO Itlepebopa, MOXeT
OBITh IIpeficTaB/IeHa C IIOMOIIIBIO ITMKIIA:

for i:= 1 to k do
if SolutiePosibila(s;) then PrelucrareaSolutiei (s,)

rge SolutiePosibila - 3TO jlormueckas pyHKIIMS, BO3Bpalllaiolias 3HaueHIe
true, eI 2JIEeMEHT s; YOBJIETBOPseT YCJIOBUAM 3a/1ault, U false - B IPOTUBHOM
atydae, a PrelucrareaSolutiei - 3To mporenypa, ocyIrecTssisgomnias o0paboTKy
BBIOpaHHOTO 371eMeHTa. OOBIYHO 3Ta MpoIielypa BEIBOIUT pellleHne s; Ha 3KpaH.

PaccmMoTpum 1Ba IIpuMepa, KOTOpble IOKa3bIBalOT IOCTOMHCTBA M HeJOCTaTKU
aJITOPUTMOB, OCHOBaHHBIX Ha MeTojie Itepebopa.

IIpumep 1. PaccMoTpuM HaTypaJibHBIE UNCIIa, IIpUHaIexalie MHoxecTsy {0,
1, 2, ..., n}. Harmmmre mporpaMmy, OIpenesIsioIyIo, s CKOJIbKIX umcesl K aToro
MHOXKeCTBa CyMMa Imdp KaXkIoro uncia pasHa m. B wactroctn, missn =100 mm =2,
MHoxecTBO {0, 1, 2, ..., 100} comepxuT 3 unciia, yI0B/IeTBOPSIIOIIVe YCIIOBUIO 3aaut:
2,11 u 20. CitegoBaTenbHo, K = 3.

Pewernue. OueBUIHO, UTO MHOXeCTBO BO3MOXHBIX petttennii S =1{0,1, 2, ..., n}. B
CIIeIyIOIIer IIporpaMMe CyMMa Idp JIF000ro HaTypasIbHOTO Ymcia i, i € S, BBIYVC-
jIgeTcs ¢ romomIbio PyHKIMM SumaCifrelor. Beigenenne gecaTmyaHbix Iudp 13
3aMvcy HaTypaJIbHOT'O YMcla i OCyIIecTBIIsieTcs CIIpaBa HajleBo ITyTeM JieJIeHns Ha-
11€J10 4YCiIa § VI COOTBETCTBYIOIIVIX YaCTHBIX Ha OCHOBaHMe cucTeMbl cuncierys 10.
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AmnHass mporpaMMBbI P151 1TOKasbIBaeT, YTO BpeMeHHasi CJIOXKHOCTh COOTBETCTBY -
IOIIeTo aJIropuT™Ma cocrasisieT O(n).

IIpumep 2. Paccmorpyim mHOXecTBO P = {P,, P,, ..., P,}, obpa3zoBaHHOe 1 TOUKaMu
(2 <n <30) na ebxmmoBovt TwtockocTn. Kaxtast Touka P; orrpesiesieHa ee KOOp/MHa-
Tamu X;, y;. Harmimmre mporpaMmy, KOTopast BRIBOJAWUT Ha 5KpaH KOOP/MHATBI TOYEK
P,, P, , paccTosiHuie MeX1y KOTOPBIMU MaKCUMaJIbHO.

Peuierue. MHOXeCTBO BO3MOXHBIX periennii S = PxP. DniemenTsi (P, P,) nekapTosa
rpon3sseeHst PxP MOTyT ObITB IIOJTy9eHBI TPV IIOMOIIIV IBYX BJIOKEHHBIX IIVIKJIOB!
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Paccrogname MEXy TOUKaMM1 P ir P m BBIUMCIISACTCA T10 qJOPMYJ'IEI

dy, =0, =x,) + (v, =»,)"




for j:=1 to n do
for m:=1 to n do
if SolutiePosibila(j, m) then
PrelucrareaSolutiei (P[j], P[m]);

writeln (’/Pemenme: PA=(’, PA.x:5:2, ’,’, PA.y:5:2, 7)7);
writeln (” PB=(’, PB.x:5:2, ’,’, PB.y:5:2, 7)7);
readln;

end.

BpemeHHast CJIOXKHOCTB aJITOPUTMA, OIIMCAHHOTO C TIOMOIIIBIO IIPOrpaMMBbI P152,
cocrasiister O(n2).

PaccmoTpeB fJaHHBIe IIPUMEPH, 3aMedaeM, UYTO B aJIFOPUTMaX, OCHOBAaHHBIX Ha
MeTofie rtepebopa, BBIUMCIISETCS, SBHO VIV HESIBHO, MHOXKECTBO BO3MOYKHBIX pellle-
Hum S. B oTHOCUTEIbHO mpocThIX 3amadax ([Ipumep 1) 371eMeHTHI MHOXeCTBa BO3-
MOJKHBIX PeIIeHUVI MOTYT OBITh Ilepeurc/IeHbI HeTIOCPEICTBEHHO. B Gortee cIToKHBIX
3agadax ([Ipumep 2) reHepmpoBaHVe BO3MOXHBIX peIleHNUi TpeOyeT pa3paboTKu
CHIenMaIbHOTO aJIropuTMa. B ob1iem cirydae, Takve aJIropuTMbl peaIn3yIoT orepa-
LIV, CBSI3aHHBIE C 00PabOTKOVT KOHEYHBIX MHOYXKECTB:

- oOpenuHeHME;

- IIepeceveHne;

- pa3HOCTH;

- TeHepVpOBaHIe BCEBO3MOXXHBIX IIO[IMHOXECTB;

- TeHepUpOBaHe 3JIEMEHTOB JIeKapTOBa IIPOV3BEIEHVISI MHOXECTB;

- TeHepUpOBaHVE BCEBO3MOXKHBIX II€PECTAHOBOK, Pa3MeIleHNI VIV COYeTaHU
3JIEMEHTOB ¥ T.IL.

['71aBHBIM JOCTOVMHCTBOM aJITOPUTMOB ITOJTHOTO IlepeOopa SIBJISIeTCs TO, UTO COOTBET-
CTBYIOIIIVIe IIPOrPpaMMbI OTHOCHUTEJIBHO ITPOCTHI, a X OT/IajIKa He TpeOyeT CJIOKHBIX Te-
CTOB. BpemeHHast CJIOKHOCTB TaKVX aJITOPUTMOB OIIPeJIeIseTcsl KOJIMIeCTBOM 3JIeMeH-
TOB k MHOYKeCTBa BO3MOYKHBIX peltieHu 1 S. [IJ1s1 GOIbIIMHCTBA MPaKTUYeCcKy BaXKHbIX
3a/1a4 MeTofI, Ilepebopa IIPUMBOANUT K SKCIIOHEHIMAIBbHBIM ajropuTtMaM. TTockoreKy
5KCIIOHEHITMaIbHBIE aJITOPUTMBI HellpyieMIeMbI B CJTydae OOJIBITX 00beMOB BXOIHBIX
JTAaHHBIX, MeTOI Tlepebopa MpVIMeHsieTCsl TOJIBKO B Y4eOHBIX 1eJIsIX WIN [IJIs pa3paboT-
KV TaKVIX IIPOrPaMM, BpeMsI BBITIOJTHEHVISI KOTOPBIX He SIBJISIETCS. KPUTIIHBIM.

Bonpocbl un ynpaxHeHus

© OO6bACHKTe 06LLYyI0 CTPYKTYpPY anropuTMOB NOMHOro nepebopa.

® Kak MoXeT 6bITb peanr3oBaH Nepebop BO3MOXKHbIX peLleHnin ¢ UCNOoNb30BaHMEM L-
KnoBwhile n repeat?

© OueHuTte Bpems BbINOSIHEHMA NporpamMm P151 n P152. Mi3ameHuTte nporpammy P152
Tak, UToObl BpeMs ee BbINOSIHEHMA YMEHbLUNIOCh NPUMEPHO B [iBa pasa.

(4] an/IBe,D,I/ITe npumepbl NporpamMmm, BpeMA BbINMOTHEHNA KOTOPbIX HE ABTAETCA KDUTUYHDIM.

© Kakumu npevmyLiecTBamu 1 He[oCTaTKamy 06/1afatoT anropuTMbl, OCHOBaHHbIE Ha Me-
ToAe nosHoro nepebopa?
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O PaccmoTtpum MHoxectBo P ={P,, P,, ..., P} , obpa3oBaHHoe n Toukamu (3 < n < 30) Ha
€BK/IM0BON NNoCKoCTU. Kaxpaan Touka P, onpeaeneHa CBOMMU KoopauHatamu X, Y.
HanvwwnTe nporpammy, KOTOpas HaXo4UT Takue TpY TOUKM U3 MHOXeCTBa P, ansa KoTo-
pbiX MowaAb COOTBETCTBYIOLErO TPEYrofibHMKa MakcMManbHa. OueHuTe Bpems Bbl-
MOJTHEHNA HAMVCAHHOW NPOrPaMMbl.

@ HanvwwTte pyHKumio MACKATIb, kKoTopas, NoyumnB B Ka4ecTBe NapameTpa HaTypasibHoe
4YNCI0 N, BO3BPALLAET 3HaueHne true, eCsiv N ABNAETCA NPOoCTbiM, U false — B NPOTUB-
HoMm cnyyae. OueHnTe BPeMeHHY0 CIOXHOCTb COOTBETCTBYIOLLEN GYHKLMN.

© B o6o3HaueHuu (a), 6ykBa x NpefcTaBiseT OCHOBAHME CUCTEMbI CUMCIIEHNS, a ByKBa a —

yncno, 3anncaHHoe B COOTBETCTBYOLLEN ccTeme. HanuwwmTe nporpammy, KOTopas Bbl-
YMCSET, €CNIN CYLLECTBYET, XOTs Obl OAUH KOPEHb YPaBHEHUS

(a),=b,
rae a u b HatypanbHble Uncna, a x HenseecTHo. Kaxaaa undpa HaTypanbHOro yncna a
npuvHagnexut mHoxecTsy {0, 1, 2, ..., 9}, a uncno b 3anncaHo B AeCATUYHON CUCTEME
cuncneHus. Hanprmep, KopHem ypaBHeHu A

(160), =122

ABNAETCA X = 8, a ypaBHeHNe

(5),=10
He nmeeT pelueHnii. OLeHUTe BPEMEHHYIO C/TIOXKHOCTb pa3paboTaHHOW NPOrpammbl.

© B konuske HaxoauTca N MOHET pasfinyHbIX JOCTOUHCTB 06LWMUM BecoM G rpammoB. Bec
KakOoW MOHeTbl onpeaesieHHOM CTOMMOCTY AaH B Tabnuue, NpuBeaeHHON HUXe.

Cmoumocms MoHembL, 1eil Bec monemut, epamm
1 1
5 2
10 3
25 4
50 5

HanvwwnTe nporpammy, KoTopas onpenennt MUHUMAnbHYIO CyMMy S, KOTopasa MOXeT
HaXoAUTbCA B KOMUJIKe.

® HanuwwuTte nporpammy, KOTopas onpenenseT, CKOJIbKO TOUYEK C LieIOYUCSIEHHBIMU KO-
OpAVHaTamMy cofepXuTca B chepe pagmyca R ¢ LEHTPOM B Havasle CUCTEMbI KOOPA M-
HaT. Mogpa3ymeBaeTca, UTo R — HaTypanbHoe uncno, 1<R<30. PaccToaHue d mexpy
TOYKOW C KoopAMHaTamu (X, ¥, Z) U HayanoM CUCTEMbl KOOPAUHAT onpefenaeTca no
dopmyne d = \Jx* + > +2°.

5.3. Metoa Greedy — “xXagHbIW” anroputm

JlaHHBIVI MeTOf, ITpefiIiojlaraeT, YTo pelllaeMasi 3a7lavua 1MeeT CJIeYIOIIyI0 CTPYK-
Typy:

- 3a/1aHO MHOXecTBO A={a,, a,, ..., a,}, 0Opa3oBaHHOE 13 11 3JIEMEHTOB;

- TpebyeTcsi oIlpefie/iUTh IIOAMHOXeCTBO B, BCA, ynosiieTBopsitolliee oIpesie-
JIEHHBIM YCJIOBVSIM, 9TOOBI OHO MOIJIO OBITH IIPVIHSITO B KA9eCTBe PeIeH s .
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B mpunIinte, 3amaum paccMaTprBaeMoOro THIIa MOTYT OBbITh pellleHbl C IIOMOIIbIO
MeTo7Ia IIOJTHOTO ITepebopa Iy TeM IOC/IeI0BaTeIbHOV TeHeparyyt 2" TIOIMHOXXeCTB
Aj mHOXecTBa A. HermocTaTok MeTorIa IOTHOTO Iiepebopa COCTOUT B TOM, UTO BpeMs
BBITIOJTHEHMSI COOTBETCTBYIOIIEro aJlropuTMa O4eHb BeJIVKO.

YT00B! 1M30€XaTh MOJTHOTO IepeOopa BCeBO3MOXKHBIX ITOAMHOXeCTB A, ACA, B
MeTope Greedy IpyIMeHsieTcsl KpUTepui (IIpaBMJIo) IIPsIMOTO BEIOOpa HEOOXOIVIMBIX
371IeMeHTOB 13 MHOXecTBa A. OOBIUHO KpuTepny oTOOpa He 3a7jaHbl SBHO B OIIVICa-
HWVI 38124V, VI X (POpMyJIVIpOBKa SIBJIsIeTCs 3afjadert Irporpammuicta. O4eByIHO, 9TO
PV OTCYTCTBUV IIOOOHOTO KpuTepus MeTor, Greedy He MOXeT OBITh IIPVIMEHeH.

OOmIas cxema ajiropUTMa, OCHOBaHHOTO Ha Metofe Greedy, MOXeT OBITh ITpe]l-
CTaBJIeHa C IIOMOIIBIO CJIeJIyIOIIero HyKila:

while ExistaElemente do
begin
AlegeUnElement (x) ;
IncludeElementul (x) ;
end

CDyHKLU/M ExistaElemente BO3BpalllaeT 3HaUeHMe true, ecjit BO MHOXKeCTBe
A CyIIeCTBYIOT 3JIEMEHTHI, YAOBJIeTBOpHIOIIVe KpuTepuio otbopa. Ilporenypa
AlegeUnElement u3BjIeKaeT M3 MHOXecCTBa A TaKoOM 3JIeMeHT X, a IpoIedy-
pa IncludeElementul 3ammchiBaeT BBIOPAHHBIV 3JIEMEHT B IIOJMHOXECTBO B.
ITepBoHaYasIbHO HOAMHOXXECTBO B SABJISI€TCS ITyCTHIM.

Kax Bunmm, B MeTone Greedy pellieHne 3aa4n MILIETCS IIyTeM I10CIIeOBaTeIIbHO-
IO TeCTMPOBaHM 3JIeMEHTOB MHOXKeCTBa A 1 BKJIIOUeH s HeKOTOPBIX 13 HYX B I10I-
MHOXecTBO B. OBpa3HO rosops, IOAMHOXeCTBO B mbITaercs “mporioTuts” “BKyc-
Hble” 371eMeHTBl MHOXeCTBa A, OTKy/a ¥ IIPOMCXOAUT Has3BaHMe MeTona (greedy -
JKaIHBIN, HeHaCBITHbIVI).

IIpumep. PaccmoTpum MHOXecTBO A={a,, a,, ..., 4, ..., ,}, 2TIEMEHTBI KOTOPOTO SIB-
JITIOTCSL BEIIeCTBEHHBIMI YVICIIaMVI VI XOTs ObI OIMH 113 HYIX YIOBJIETBOPSIET yCIIOBIIO
a>0. Hanmimmre mporpaMMy, KoTopast BbIUMCIIseT IIOAMHOXecTBO B, BCA, Takoe,
YTOOBI CyMMa 3JIeMeHTOB ITOJIMHOXecTBa B Obula MakcuMaibHa. Hampumep, mis
A={21,5; -3,4; 0; -12,3; 83,6} nmosryunm B={21,5; 83,6}.

Pewenue. 3ameTvim, 9TO eciit HOAMHOXecTBO B, BCA, comepxxwrt sremeHT b<0, TOT-
7la cyMMa 3JIeMeHTOB ITofIMHOXecTBa B\ {b} OoJibIlie wm paBHa cymMMe 3J1eMeHTOB B.
CriertoBaTesbHO, IIPaBIIIO OTOOPa OYeHb IIPOCTOe: Ha KaXKIOM IIIare B IIOJMHOXKECTBO
B BxiTI09aeTcs J1000¥1 IPOM3BOIIBLHBIN TIOJIOKUTEITLHBIV 2/IeMeHT MHOXKeCTBa A.

B mpuBemeHHOV HYDKe IporpaMMe MHOXKecTBa A 71 B mipeicTaBiieHbl BEKTOpaMm
(omHOMEpHBIMI MaccuBaMM) A 1 B, a KOJIMYECTBO 3JIEMEHTOB KaK[JOTO MHOXKECTBa
—- IIeJIBIMI IIepeMeHHBIMI COOTBETCTBEHHO n 1 m. IlepBoHavaribHO B - mmycTroe MHO-
JKeCTBO, COOTBeTCTBeHHO m=(.

Program P153;
{ Tehnica Greedy }
const nmax=1000;
var A : array [l..nmax] of real;
n : 1l..nmax;
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OrmeTnM, uTo poriefypa AlegeUnElement oOHyIIsIeT KOMIIOHEHTY MaccyBa A,
cofiepikalllyo JIeMeHT X, M3BJIeUeHHBIVI 13 COOTBETCTBYIOIIETO0 MHOXECTBa.

BpeMeHHas1 CJIOXKHOCTB aJIFOPUTMOB, OCHOBaHHBIX Ha MeTopde Greedy, MoxeT
OBITH OIleHeHa B COOTBETCTBUM C ODIIeVT CXeMOVI, ITpeJiCTaBIeHHO Bhiire. OOBIYHO
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Bpems, 3aTpaurBaemoe Iiporenypamu ExistaElemente, AlegeUnElement u
IncludeElementul, cocTaBnset #. B cocraBe myxia while >Tu mponemypsl BbI-
MOJIHSIOTCS. He Oostee 1 pas. CriemoBaTelIbHO, aJITOPUTMBI, OCHOBaHHBIe Ha MeTofIe
Greedy, TipeficTaBIIAIOT cOOOVI IMOJIMHOMMAIbHbBIE aJIFOPUTMBL. [1J1s1 cpaBHeHMs OT-
MeTWM, YTO aJIFOPUTMBI, OCHOBaHHBIE Ha Ilepebope Bcex IMOIMHOXeCTB Aj, Aj CA,
SBJISIIOTCS ajiropuTMamMu opsiaka O(2"), T.e. sxcrioHeHImManpHbeIMI. K coxxarteHMIo,
Metop, Greedy TIpYIMEHMM TOJIBKO VIS 3alad4, 3 YCIIOBUS KOTOPBIX MOXET OBbITh BBI-
BeJIeHO IIpaBIo, obecrieunBalolliee MPsIMOVL BBIOOP HY KHBIX 2JIeMEeHTOB 113 MHOXKe-
cTBa A.

Bonpocbl n ynpaxHeHus

o

o000

()

O6bACHUTE 06LLYI0 CXeMy aniroPUTMOB, OCHOBaHHbIX Ha MeTofe Greedy.
KakoBbl npenmMyLLiecTBa 1 HelOCTaTKM afiroOpUTMOB, OCHOBaHHbIX Ha MeTofe Greedy?
OueHunTe BpeMs BbIMOMHEHMA NPOorpaMmmbl P153.

OnuwuTe B 06WKMX YepTax afropuUTMm nosiHOro nepebopa, KOTOPbI onpeaenseT nog-
MHOXeCTBO B 113 BblllenpuBegeHHoro npumepa. OLeHnTe BPeMEHHYIO CIIOXKHOCTb Mo-
NYYEHHOrOo anropuTma.

XpaHeHue ¢paiinoB Ha MarHUTHbIX JIeHTax. PaccmoTtpum n ¢annos f,, f,, ..., f,, Kotopble
[OJIXKHbI ObITb 3anMcaHbl HA MarHUTHYO NeHTY. HanvwwmnTe nporpaMmy, onpeaensiolyto
TaKol NOpsAAOK pasmMelleHns GaiinoB Ha feHTe, yTobbl cpefjHee BpeMs JOCTYNa K HUM
6b1N10 MVMHMManNbHbIM. [peanonaraeTcs, UTo YacToTa obpalleHnsa Ko Bcem darinam (ans
UTeHWs) OAMHaKOBa, a Ha UTeHue dpaina f, (i=1, 2, .., n) 3aTpaunBaeTca t, CeKyHa,.

HenpepbiBHasA 3agaya o proKsake. VimeloTca n npegmeTos. [Ina Kaxxgoro npegmera i
(i=1, 2, ..., n) 3BeCTeH BeC g; U NprbbIIb C;, KOTOpas NonyyaeTcsa Npu TPaHCMOPTUPOB-
Ke. imeeTcA piok3ak, B KOTOPOM MOXXHO NMepPeHOCUTb OfMH 1 6osiee NpeamMeToB, CyM-
MapHbI BEC KOTOPbIX HE MPeBbIWaeT BennunHbl G,,,.. Hanuwnte nporpammy, Kotopas
onpepenseT, Kaknum 06pa3om HeobxoAMMO 3arpy3uTb POK3aK C TeM, YTOObl CyMMapHas
npuobbinb C 6bina makcumarsbHa. [Npu Heo6XoaMMOCTH, MepeHOCHMbIe MPeSMETbl MOXHO
pa3fenAaTb Ha MeHbLUME YacTu.

KpukoBckue nogsanbl. [locne noceweHna 3HaMEHUTbIX KpUKOBCKMNX nonBanoB OAuH
NHGOPMATHK CKOHCTPYMpPOBan poboTa, KOTOPbI MOXET ABUraTbCA NO MOS0, Pa3feneH-
HOMY Ha KBagpatbl (puc. 5.3). POGOT MOXKeT BbINMONHATL ClefAytolime KoMaHabl: BBEPX,
BHI3, HAIIPABO, HAJIEBO, B COOTBETCTBMIM C KOTOPbIMM OH MepemeLlaeTca B OAVH U3
cocefHNX KBagpaTuUKoB. Ecnv B KBagpaTe nmeeTca NpenaTCTBUE, HAaNprMep CTeHa Un
60uKa, TO NPONCXOANT CTOJIKHOBEHME N POOOT TOMaEeTCs.

HanuwwuTe nporpammy, Kotopad no U3BeCTHOMY MJlaHy MofBasioB NpoBeAeT poboTta
Nno MoA3emMHbIM NMOMeLLeHUAM OT BXOAa B MOABasbl 4O BbixOAd. [TOCKONbKY Konnek-
LA BMH OYeHb 6osblias, HET HeoOXOAMMOCTM MOCeLLATb BCE MNOA3eMHble NOMeLLEHS
KprKoBCKux nNogBanos.

BxoOHbie daHHble. naH noABanoB HapMCOBaH Ha nucTe Gymarn B KneTky. 3awTpu-
XOBaHHble KBapaTUKM 0603HayatoT NPenAaTCTBUS, @ HE3aLWTPUXOBAHHbIE — CBOOOAHbIE
NpocCTpaHCTBa. KBagpaTvKu No nepumeTpy niaHa, 3a UCK/oYeHremM BXoda 1 Bbixoaa
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3aKpalleHbl No onpegeneHuto. B undpoBom Bre nnaH nofiBanos NpeacTaBieH B BUAe
MaccrBa A U3 m CTPOK 1 n CToNn6L0B. dnemeHTbl Ali, j1 yKazaHHOro MaccrBa MMetoT cie-
ayowme 3HauyeHust: 0 — cBoboaHo; 1 — NpenATcTBuMe; 2 — BXOA B NMOABasIbl; 3 — BbIXOA 13
noaBanos. [NepBoHavanbHO POOOT HAXOAUTCA B KBapaTuke, Ana kotoporo Alj, jl=2.

1 2 34 5 6 7 8 9

1 Pobom
2 /
3
4 2
5
6
7 A |

| v

Bxoo Buwixoo

Puc. 5.3. Pabouee none pobota

@ain HRUBE.IN copgep»uT B NepBoOi CTPOKe Yncia m, n, pasnenieHHble npobenom. B
KaXkJol 13 cnepyoLmx m CTpoK copepxuTca no n uncen Ali, j1, pasgeneHHbix npobena-
MMW.

BbixoOHble 0aHHbie. ®ann HRUBE.OUT pgomkeH cogep»aTb B KaXKAoW CTPOKe Mo OfHOo
13 KOMaHA BBEPX, BHIM3, HATIPABO, HAJIEBO, 3anMCaHHbIX B MOPAAKE VX BbINOSIHEHWA
po6oTom.

OzpaHuyerua. 5 <m, n < 100. BpemsA BbINOAHEHNA NPOrpaMMbl He AOMIKHO NpeBbIWaTh
3 cekyHApbl.

lpumep:
HRUBE. IN HRUBE.OUT
7 9 BBEPX
111111111 HAIIPABO
100100001 HAIIPABO
101001011 HAIIPABO
100010001 HAIIPABO
101010101 BBEPX
100000101 BBEPX
121111131 HAIIPABO
HAIIPABO
BHU3
BHI3
BHI3

YkaszaHue. Ha kaxgom Liare BblOMpanTe M3 MHOXecTBa {BBEPX, BHIU3, HAIIPABO,
HAJIEBO} No OfHOW KOMaHfe Taknum 06pa3om, 4tobbl poboT Bce Bpems ABUrancs TONb-
KO BOOJSIb HEKOTOPOW CTEHbI.
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5.4. MeTton nepebopa c BO3BpaTOM

B metome Hepe60pa C BO3BpaTOM IIpeAriojiaraeTcs, 4To perieHye 3agadr, KOTo-
pyro H806XOII;T/IMO pennTb, MOXeET OBITH IIpeaCTaBJIEHO C IIOMOIIIBIO BEKTOPa

X=(xy, Xy, o0y Xpy oo, X,).

Kaxmast KoMItoHeHTa X, BeKTopa X MOXET IIPVHVMATh 3HaYeHVs], IIpVHayIeXa-
I1VIe KOHEYHOMY MHOXeCTBY A, k=1, 2, ..., n. [Iperiosiaraercs, 4To Bce 111, 371eMEHTOB
KaXK[IOTO MHOXeCTBa A, YIIOPSIOYeHbI 110 HEKOTOPOMY 3apaHee OIIpereIeHHOMY
KPWUTepUIO, HallpyMep TI0 TOPSIAKY VX 3aIlVICH B IIaMSITV KOMITBIOTepa.

B npwmHITMITe, TaKMe 3a/1aun MOTYT OBITH pellleHbl MeTOIOM IIOJIHOTO Itepebopa,
r7e BeKTop X paccMaTpuBaeTcs KaK JIeMeHT JIeKapToBa IIpom3BelleHns S = A;xA,x
... XA,. HemocTaTok MeTo1a ITOJTHOTO Iiepebopa COCTOUT B TOM, UTO BpeMeHHasI CJTOXK-
HOCTb COOTBETCTBYIOIINX aJITOPUTMOB O4eHb Oosibimas. Hampumep, mis MHOXeCTB
Ay, A,y .., A, , KaXIIO€ 113 KOTOPBIX COCTOUT BCEro M3 IBYX 3JIEMEHTOB, BpeMsi BbIUNIC-
sleHuI iMeeT TTopsinok O(27), T.e. aJITOPUTM SIBJISI€TCS SKCITOHEHIIVIAJIbHBIM.

to6b1 M30exaTh Iepebopa Beex 271eMeHTOB JleKapToBa ITpomsBeieHms A;xA,x ...
xA,, B MeToJle Ttlepebopa ¢ BO3BpaTOM KOMIIOHEHTHI BeKTopa X IIPVHVMAOT 3Haue-
HVIS TI0 O4Yepeny, T.e. 3Ha4eHMe TS X, BBIYVCIISeTCs TOJIBKO TOIZa, KOIza yyke IIpu-
CBOEHBI 3HAYeHVISI KOMIIOHEHTaM Xy, X, ..., X;1. boJIee Toro, mpu nogdope 3HaUEHMI
JUTS X, TIepeXo7] K BEIUVICJIEHVIO 3HAUEeHWV VI X;.,; OCYIIIeCTBIISIeTCS He Cpasy, a I1ocyie
IIPOBEPKM OITpeJIeIeHHBIX YCIOBUVI ITPOTOJDKEH VST, KacaIOIIVIXCs paHee BBIUIICIIeH-
HBIX 3HAYEHWI Xy, X, ..., X;. YKa3aHHbIE YCIIOBVIS BBISBIISIOT CUTYaIVN, TP KOTOPBIX
MOYKHO TIepeVITH K BBIYVCIIEHVIO X;,,. ECJIVI JaHHbIe yCII0BMs He BBIIIOIHSAIOTCS, He-
o0xommMo BEIOpaTh Ipyroe 3Ha4YeHMe IS X, VUIM, eCJIV 9JIeMeHThI MHOXecTBa A,
ViCYepIiaHbl, CJIeflyeT YMEeHBIINTD k Ha eIVIHIUITY, OCYIIIeCTBYB TeM CaMbIM BO3BpaT K
BBIOOPY HOBBIX 3HAUEHU IS X ;.

[TomuepkHeM, 9YTO MMEHHO YIIOMSHYTO€ BBIIIIe YMeHbIIIeHVie 3HaueHMs k 11 ato
HasBaHMe M3ydaeMoMy MeTofy. “Bosspat” o3HauaeT, uTo MBI BO3BpalliaeMcs K Ipy-
I'VIM BapMaHTaM BbIOOpa IIePEMEHHBIX Xy, X, ..., X;;. AHIJINIICKOe Ha3BaHVe M3ydae-
Moro MeTofa - backtracking (back - Hazan, track - ciem).

[ mpumepa, Ha puc. 5.4 pefcTaBIeH MOPSIOK, B KOTOPOM pacCMaTpUBAIOTCA
3JIEMEHTBI MHOXeCTB A; = {ay, ayp}, A, = {ay, Ay} v Ay = {ay,, 43y, a3}, B yuebHBIX 11€7151X
CUMTAEeTCs, YTO KakIoe 13 MHOXeCTB A, 11 A, cofep Kar II0 iBa a711eMeHTa (11, = 2, m, =
= 2), a MHOXeCTBO A; - TpU 371eMeHTa (111; = 3). DIIeMeHTBI a;; COOTBETCTBYIOIIMX MHO-
KeCcTB 0003Ha4YeHb! Kpy>kKouKammu. Pe3ysibTaThl IIPOBEPKM YCIIOBU ITPOAOIDKEHIS
HIpeJICcTaBJIeHbl Ha pUCyHKe AovaHbiMy 3HadeHVsiMm 0 (false) m 1 (true).

Ha puc. 5.4 sameuaeM, 4TO IEPBBIN 3JIEMEHT 4;; MHOXeCTBa A, He YIIOBJIeTBOPsieT
YCIIOBUISIM TTPOJIOJKEHWS M, YICXOZIsl VI3 3TOTO, IIepexoauM KO BTOPOMY 3JIeMeHTY d;,
3TOTO ke MHOXecTBa. [lajiee B BeKTOp X BKITIOUaeM IIePBBIVT JIEMEHT a,; MHOXKeCTBa
A,, KOTOPBIVI yIOBJIETBOPSIET YCIOBMSIM IIPOIOJDKEHNS, U IIePeXOIIM K pacCMOTpe-
HVIO 3JIEMEHTOB V13 MHOXeCTBa As.

ITocKOJIBKY HV OIIVIH W3 3JIEMEHTOB 3, A3y, (33 HE YIOBJIETBOPSIET YCIIOBVSIM IIPO-
JIOJDKEHVIsI, BO3BpalllaeMcsl K MHOXECTBY A,, M3 KOTOPOro BBIOVIpaeM BTOPOW 3J1e-
MEHT, a IMEHHO f,,. [Tocsie 3TOro 3aHOBO IIPOBEPSIOTCS 37IEMEHTHI MHOXKeCTBa A, Tie
3JIEMEHT (1, YIOBJIETBOPSET YCIOBUAM ITPOIOJKEHS.
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Puc. 5.4. TloncK peLueHna meTogom nepebopa C BO3BPaTOM

OO6mas cxemMa peKypCMBHOTO aJIrOPMUTMa, OCHOBAaHHOTO Ha MeToze Iiepebopa ¢
BO3BPATOM, MOXXeT OBITh IIpefiCTaBjIeHa IIPVI IIOMOIIIN CJIeAYIOIIEeNT IIPOIIey PhI:

IIporenypa Reluare oOMeHMBaeTCs C BBI3bIBAIOIIEN IIPOrPaMMOVL U BbI3bIBae-
MBIMVI IOAIIPOTpaMMaMy depe3 I7I00aIbHbIe IlepeMeHHbIe, KOTOPBIe IIPEICTaBIISTIOT
BeKTOp X 11 MHOXecCTBa A;, A,, ..., A,. BbI3bIBaeMble IIOIIIPOr paMMbl BBIITOJIHAIOT Clle-
OyIoIIVie JTeVICTBYIS:

PrimulElement (k) - BO3BpalllaeT HePBLIV 3JI€MEeHT MHOXeCTBa Ay

Continuare (k) - Bo3BpalllaeT 3HaueHMe true, eCJIM SJIEMEHTHI, 3allVICAHHbBIE
B IlepBble k KOMIIOHEHTHI BeKTOpa X, YIOBJIETBOPSIOT YCJIOBVISIM IIPOMOJDKEHVIS T
false - B OpOTMBHOM CIIyvae;

ExistaSuccesor (k) - BO3BpalllaeT 3HaUYeHMe true, eI B YIIOPSIOYEHHOM
MHOJXeCTBe A, 3a 3JIeMeHTOM, 3alVICAaHHOM B KOMIIOHEHTe X, , CJleflyeT JIPyrou J1e-
MeHT 1 false - B IIPOTMBHOM CJIyvae;

Succesor (k) - BO3BpalllaeT 3JIEMEHT, CJIEAYIOIIMI B MHOXXeCTBe A, 3a 3711emeH-
TOM U3 KOMIIOHEHTHI X;;
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PrelucrareaSolutiei - oDOBIUHO 3Ta poIllelypa BRIBOAUT peIleHre, comep-
JKallieecs B IIOJTyYeHHOM BeKTope X , Ha SKpaH.

1 jIydinero moHMMaHMs PeKyPCHMBHOIO IIpollecca IIPOCIIeIVIM BBITOJIHEHVe
nporenypsl Reluare Wi ciIydas, M300pakeHHOTO Ha puc. 5.4.

ITpm BeImONTHEHMM BBI30Ba Reluare (1) B KOMIIOHEHTY X; BeKTopa X 3amViChIBa-
€TCs1 IIePBBIVL 3JIeMEeHT MHOXeCTBa A;:

X=(a,).

ITockonmeKy B cilydae 3TOTO BeKTOopa BbI3OB Continuare (1) Bo3Bpamaer
3HaueHMe false, mepexoaVMM K BBIIIOJIHEHMIO orepaTopa while. OGpareHmue
ExistaSuccesor (1) Bo3BpalllaeT 3HaueHMe true i, Kak CJIefICTBIe, B KOMIIOHEeH-
Ty X; BeKTOpa X 3alMChIBAeTCsl SJIeMEeHT CJIeAYTOIIN 3a ;)

X=(ay,).

B sTtom ciIydae BhI30B Continuare (1) BO3BpalllaeT 3HaueHMe true v, cIemoBa-
TeJILHO, IIePeXOUT K BBIIIOJTHEH IO PeKYPCUMBHOTO BbI30Ba Re luare (2). OueBuiHO,
YTO B KOMIIOHEHTY X, BekTopa X OyIleT 3armicaH IepBbIl 3JIeMeHT MHOXeCTBa A,

X=(a]2/ {121).

st sToro BeKTOpa dpyHKLU/[ﬂ Continuare BO3BpalllaeT 3Ha4YeHe true, 4To Be-
JIeT K HavaJly BBITIOJTHEHWUSI PEKYPCVBHOTO BbI30Ba Reluare (3).
B citydae BeI30Ba Reluare (3) KOMIIOHEHTa X; BeKTopa X IIpVHMMaeT PeKypCuB-
HO 3HAYEHVI 3y, sy VI g
X=(ayy ay, ay);
X=(ayy, Ay, 03);
X=(ayy Ay, zg),
HO HV OOVIH U3 9TMX BEKTOPOB He YIOBJIeTBOPsIeT YCIOBUAM HIpomopkeHms. Ilocre
IIPOCMOTpa MOCJIe[IHero 3JIeMeHTa MHOXecTBa A, PyHKIMA ExistaSuccesor BO3-
BpalllaeT 3HadyeHne false v, cJieqOBaTeIbHO, ITPOLIECC BHIUYMCIIEHVVI BO3BpaIIlaeTC s
B KOHTEKCT BbI30Ba Reluare (2). B maHHOM KOHTeKcTe B KOMIIOHEHTY X, BeKTopa X
3aIIVIChIBAETCS 2JIEMEHT, CJIEIIYIOIIUII 3 2JIEMEHTOM (1,

X=(ayy, ).
HOCKOHBKY " IJI4 9TOTO BeKTOpa @yHKHT/Iﬂ Continuare BOSBpaH_[aeT 3HaueHue

true, CHOBa OCYIIIECTBJISIETCS. PEKYPCUBHBIVI BBI3OB Reluare (3). Ho, B omytitume ot
IIPeIbIIYIIero BbI30Ba, B JIJAaHHOM CJIy4Yae BeKTOP

X=(ayy ayy, )
YIIOBJIETBOPSIET YCJIOBUSIM ITPOJIOJDKEHMsI, YTO 3allycKaeT PeKypPCUBHBIV BBI3OB
Reluare (4).ITpuaromk>nu, kak csiefcTBre, mpoueaypa PrelucrareaSolutiei
BBIBOIVIT KOOPAVHATHI BeKTopa X Ha 9KpaH.

[Ipumep. PaccmorpyM MHOXecTBa Ay, A,, ..., A,, KaXI10e 13 KOTOPbIX 00pa3oBaHO
V3 1, HaTypaJIbHBIX 4ycell. BeiOepure 113 Ka’kgoro MHOXeCTBA 110 OJHOMY UVICITY
TaK, 4TOOBI X CyMMa ObUIa paBHa .

Pewenue. ITpencraBuM MHOXecTBa Ay, A,, ..., A, CTpOKaMM AByMepPHOIO MaccuBa
(MaTpurrer) A = ||ay||. Ymcesto a5iemeHTOB 111, KaXkIoro MHOXKeCTBa A, OyieT comepKaTh-
Csl B COOTBETCTBYIOIIEVI KOMIIOHEHTe OJTHOMEPHOT0 MaccuBa (Bekropa) M = ||my]|.
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V3 onmcanms 3aaun cjleflyeT, 9YTo YCIIOBVs IIPOIOJDKEeH s COOITIOIAIOTCs TOJIBKO
TOT/Ia, KOT/Ia CyMMa 3J1eMeHTOB, 3a/JaHHBIX TIepBbIMM k KOMITOHEeHTaMM BeKTopa X,
He IIPeBOCXOIUT 3HaUYeHMs g 11 k<n v paBHa q s k = n. 11 ynpoleHus: mpo-
rpaMMbl B BeKTOpe X 3aIlTOMMHAIOTCA TOJILKO VIHJIEKCHI j 3JIeMEHTOB ;;, BhIOpaHHbIX
3 MHOXECTB Ay, A,, ..., A,.




V3 agaym3a nporienypsl Reluare W IOPSIKa M3BJIeUYeHs 2JIEeMEHTOB MHOXKECTB
A, A, ..., A, (puc. 5.4) ciemyeT, 94TO TIPY BBIIIOJTHEHUV aJITOPUTMAa, B HaMXy/IIIIeM
citydae, OyJ1y T CreHepypOBaHbI BCEBO3MOXKHBIE BEKTOPBI X JI€KapTOBOTO IIPOM3BeJIe-
Hus A xAx..xA,. CrlemoBaTeIbHO, BpeMeHHas CJI0XKHOCTh aJIFOPUTMOB, OCHOBaH-

HBIX Ha MeTofie Ilepebopa ¢ BO3BpaTOM, KakK ¥ B CJIy4ae MeToJia IIOJIHOTO Iiepebopa,
cocrasisger O(m"), roe m=max(m,, m,, ..., m,).
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Ha nmpakTuke, KOHKpeTHOe BpeMsI BBIIIOJIHeHWs aJIFOPUTMOB Iepebopa ¢ BO3Bpa-
TOM B OOJIBIIIOVN CTEIIeHV 3aBVCUT OT IIPVPOIBI pelllaeMbIX 3a/iad, TOuHee, OT BUa
YCII0BUVL TIPOJIOTDKEHVISE BBIUMCIIEHNVT V1 IIOPSifIKA PACIIONIOKEHVIsI 2JIEMEHTOB ;; BO
MHOXecTBaxX A, A, ..., A,. IIpaBWIbHBIN BEIOOP YCIIOBU IIPOIOJDKEH NS BeJleT K Cy-
IIIeCTBEHHOMY CHVDKEHMIO 0ObeMa BBIUMCIIEHUTL. B yacTHOCTY, B HawsTy dIeM ciIyvae
OydeT paccMOTpPeHO TOJIBKO II0 OHOMY 3JIEMEHTY 13 KaKIOro MHOXecTBa A, A,, ...,
A, 1, cJlefioBaTeIbHO, BpeMs BBIIIOJIHeHVs aJIropuTMa OyJieT IIPOIOpLVOHaIBHO 7.

K coxartennio, B HacTosIIlee BpeMsi He CyIIeCTBYeT YHMBEPCAIIbHOTO IIpaBWIIa,
KOTOpOe ITO3BOJIWIIO ObI cpopMy mMpoBaTh “xoporme” ycIoBs IPOHOIDKeHNS TS
JII000TI 3a1a4n, BCTpeYaroILIeVics Ha IIpaKTHKe. Haxoxmenme Takmx YCJIOBU U, CJI€e-
ZloBaTeJIbHO, YMeHblIIIeHVie BpeMeH BBIUMCIIeHNII 3aBVICUT OT MacTepcTBa Iporpam-
Mmucrta. OT™meTnM, uTO It OONBIIMHCTBA 3a7ad, MHOXeCTBa A, A,, ..., A, 3apaHee
He M3BeCTHBI, a KOMIIOHEHTHI BeKTopa X MOIyT MpMHazjIeXXaTh COCTaBHBIM TUIIaM
- MaccyBaM, MHOXKeCTBAM VI 3aIIVICSIM.

Bonpocbl un ynpaxHeHus

O OO6bsCHNUTE 06LLYI0 CTPYKTYPY a/ITOPUTMOB, OCHOBAHHbIX Ha MeToae nepebopa ¢ BO3-
BpaTOM.

® YKaxuTe >SnemMeHTapHble W HedNeMeHTapHble C/lydan PeKypCUMBHOW MNpoLeaypbl
Reluare.
© HanuwwrTe nTepaTMBHBLIN BapraHT npoueaypbl Reluare.
O ConocTaBbTe NTepaTVBHbIE U PEKYPCUBHbIE alITOPUTMbI, OCHOBaHHbIE Ha MeTofe nepe-
60pa C BO3BPATOM.
© [pepacTaBbTe Ha PUCYHKE, MOXOXKEM Ha puc. 5.4, NOPAAOK, B KOTOPOM M3BMIEKAOTCA Srle-
MEHTbl MHOXeCTB A, A,, ..., A, N3 nporpammbl P154:
a) A,=(1}, A={2}, A={3}, q=4
b) A={1}, A,={2, 3}, A=4, 5, g=10;
c) A|={1 7 21 3}1 A2={4l 5}1 A3={6}l q=1 4;
d) A={1,2}, A=3,4} A={5,6}, A={7,8}, g=20.
O YKkaxunTe yCsoBUS NPOAO/KEHUS BbIUMCIEHNI ANsi MPOrPaMM, B KOTOPbIX HYXKHO cre-
HeprpoBaTb BCEBO3MOXHble 3N1EMEHTbl fleKapToBOro npounssegeHns A,xA,x..xA,. na

NpoBEepKM BalLero oTBeTa HanuLIMTe COOTBETCTBYoLWYI0 nporpammy Ha MACKAJIE n oT-
napbte ee.

@ YkaxuTe Ha puc. 5.4 nopsfoK nepebopa 3NeMEHTOB MHOXECTB A, A,, A; B HaunyyLlem u
HauxygLlem cnyyJasx.

® PaccmoTpum MHOXecTBO B={b,, b, ..., b,}, conepaLlee nepsble n OyKB NaTMHCKOro anda-
BUTa. Hannwwite nporpammy, OCHOBaHHyio Ha MeTofe nepebopa c BO3BpaTOM, KOTOpas
BblUMCNAET BCEBO3MOXKHbIE NOAMHOXeCTBa B, BB, copepxallve poBHO Nno q 6yKB.

YkazaHue. Kaxxgoe nogMHOXKeCTBO Bi MOXeT ObITb npeacTaBneHoO XapakTepnuctnyeCkum

BekTOpom X = ||x,/|., rae
1, ecn b, € B;;
X, =
0, B MpOTMBHOM Cry4ae.

OueBMAHO, YTO MOAMHOXKECTBO B, YOOBNETBOPAET YC/IOBMAM 3aayu, eCnm X, +X,+...+X,=q.

133



© PacKkpacka reorpaduuecKkux KapT. Ha kapTe npefcTasneHbl n cTpaH, n<30. B namatu

KoMMbloTepa KapTa npefcTasneHa npu nomowm matpuubl A=||aj||,.., rae

1, ecnm cTpaHsdl i, j — COCEIHNUE;

a. =
" |0, BIpOTMBHOB Crydae.

HaliguTe MWHVMManNbHOE YKCNO LBETOB M, HEOOXOAMMbBIX AJsi PACKPACKU KapTbl.

EcTecTBEHHO, niobble ABe coCefHMe CTPaHbl JOMKHbI OblTb 3aKpalLeHbl Pa3iYHbIMM

uBeTammn.

©® JlabupuHT. PacCMOTPYM MylaH NPOV3BOJIBHOTO NAabMpPYHTA, U3006PaA’KEHHOTO Ha NUCTe
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6ymaru “B Knetky” (puc. 5.5). 3akpallueHHble KNeTKu NpefCcTaBnAlT NPenaTcTBYSA, a He3a-
KpalleHHble — KOMHaTbl Y KOPUAOPbI NabMpurHTa.

1 2 3 .. J e m
1
B
3
i
C
n

Puc. 5.5. MnaH nabupuHTa

B namati KomnbloTepa nnaH NabupriHTa NpPefacTaBAseTCs npy MOMOLWY MaTpuLbl
A=||a;|| e 1<n, M<30, rpe

1, ecnu knerka (i, j) 3aKpaieHa;

a..
* 10, BmporusHOM cryudae.

MNyTewecTBEeHHMK MOXeT nepemeLlaTbCA U3 OAHOM He3aKpaleHHOW KNeTKM B ApYy-

ry1o TOfIbKO B TOM CJlyyae, eClin Y HUX eCTb obLian ctopoHa. HanvwwTe nporpammy, Ko-

TOpaA onpefenAet, CyweCcTByeT /i NYyTb U3 KNETKU BB KNeTKy C.

HaHo n (n<30) KowenbKoB, MPOHYMEePOBaHHbIX Yncnamu 1, 2, 3, ..., n. Kowenek c Home-
pomi, (i=1,2,3,..,n),COLEPXKUT M, MOHET OLHOIO 1 TOrO Xe JocToMmHCTBa V. Hannwunte
nporpammy, KotTopas BbIBOAWUT Ha 3KpaH, ec/iv 3TO BO3MOXHO, OfUH U3 CNOCO6OB Bbl-
naatbl CyMMbl S POBHO p MOHETaMu, B3ATbIMU 13 PacCMaTPBaEMbIX KOLLEbKOB.

HanuwwuTte nporpammy, KoTopas BbIBOAUT Ha 3KPaH BCe CNOCOObl Pa3noXeHWsa HaTy-
paJibHOro YMcna n B BUAE CyMMbl k B3aUMHO Pas3fIMyHbIX HaTypasbHbIx Yncen. Hanpumep,
ana n=9 n k=3 peleHnAMM ABNAIOTCA CyMMbl 14246, 2+3+4 1 143+5.

BbINonHWTe CpaBHUTENbHBIM aHANU3 afirOPUTMOB, OCHOBAHHBIX Ha MeTofde MOJIHOro
nepebopa 1 MeTofe nepebopa C BO3BPATOM, pPa3paboTaHHbIX ANA pelleHns 3agay 13
ynpaxcHeHut 8 n 12.



5.5. MeTtop “pa3densi u enacmeyu”

Merton “pasdessn u 6aacmbyn” (Ha naremu divide et impera) IpencTaBiIseT cOOOM
00001IIeHHEIVI TIOZIXOTT K pa3paboTKe aJIrOpUTMOB, OCHOBAaHHBIVI Ha:

1) oBTOPSIIOIIEMCS pa3fiesleHN pelllaeMoVt 3a71a4uyt OOJIBIIIOro pasMepa Ha JiBe
vt GoJiee ITOII3a/1a4uyt TAaKOTO JKe TWIIa, HO MEHBIIIETO pa3sMepa;

2) pertieHVM TIOITYYeHHBIX TTof[3a7iad IIPSIMBIM CITOCOOOM, /I X pasMephl 3TO
IIO3BOJISIOT, WUIV VIX PasfieieHnN Ha ApyTue ITo13afaum ellle MeHbIIIero pasMepa;

3) 00paboTKe YaCTUUYHBIX peIIeHnV COOTBeTCTBYIONINX IT0/13a/1a4 C I1eJIBIO TTOJTy-
YeHWs! pelreHsl ICXOIHOV 3a/IaumL.

ITpenIonoxmM, 9To Ha OIIpeJIe/IeHHOM Illare ajIfOpUTMa BBIYNMCIEHO YIIOPSIO-
YeHHOe MHOYKeCTBO:

A=(a, ., .., @)

HO /17151 IOJTy YeHVIs peltieHvisl HeoOxoyMa JTayTbHerIas o0paboTka ero sjieMeHTOB. 11
TOTO YTOOBI PasfIeNTh 3aady Ha /e Ov3Kie 110 pasMepaM Io13a71aun, TTOIOKIIM

m = (j - i) div 2
" pasgeJiiM MHO>KeCTBO A Ha [Ba ITOAMHOXeCTBa, KOTOpPbIe GYJIYT O6pa6OTaHBI I10
OTOEJIbHOCTN:

A=y Ay woor 1) A= Biairr By -oor aj)'

Hasiee, KaXkmoe 13 MHOXeCTB A; 1 A, CHOBA HeJIUTCS Ha JaBa IIOIMHOXeCTBa A, ;,
A,m Ay, Ay, COOTBETCTBEHHO. DTOT Ipoliecc OyaeT IIpooiDKaThCsd 110 Tex IIop,
IIOKa YaCTMYHBIE PeIeHMs I COOTBEeTCTBYIOIINX ITOJIMHOXECTB He MOTYT OBITH
HaviIeHbl HeIIOCPeICTBEHHO, 0e3 IOCIIeAYIOIIero pasaesIeH s

[l ipuimepa, Ha puc. 5.6 TIpeJicTaBiieH crioco0 pasfiesieHys MHOXecTBa A=(a,, a,, ...,
;) B CJIydae pasesIeHns KXo 13 TeKYIIVIX 3a1a4 Ha JBe II0f3a7aurt TOTo JKe THIIa.

A:(ala a4, A3 Ay As, A, a7)

A=(a,; a, a;, a,) A,=(as a, a,)

A =(a, a,) A, =(as; a,) A, =(as a,) A,,=(a,)

Puc. 5.6. PazneneHvie MHOXeCTBa A Ha NOAMHOXeCTBa

OO61mas cxeMa aJIrTOPUTMOB, OCHOBAaHHBIX Ha MeTozie “pasdesail u 6aacmbyi”, Mo-
KeT OBITh IpesICTaB/IeHa C TIOMOIIIBIO CJIEAYIOIIEV PeKYPCUBHOV ITPOIIeYy PhI:

procedure DesparteSiStapineste(i, j : integer; wvar x : tip);

var m : integer;
x1l, x2 : tip;
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ITapameTpsl i 1 j 3arojioBKa IIpolleAyPhl OIIpedesIsaioT TeKyIlee OIAMHOXeCTBO
(a, @y, ..., @), OIEXKaIIee obpaboTke. MyHKIM SolutieDirecta Bo3Bpala-
€T 3HaueHMe true, eCcJIM TeKyIlas II073a/ja49a MOXeT OBITh pellleHa HaIlpsMYIO, 1
false - B nmpotuBHOM citydae. [Iponenypa Prelucrare Bo3BpalllaeT yepes Iapa-
MeTp X pellleHle TeKyIlen 3a7a4uy, BeIIMcJIeHHOoe HerlocpecTseHHo. Eciam npsaMoe
peltreHre HeBO3MOXKHO, TO IIPOVICXOANT JBa PEeKYPCUBHBIX BbI30BA — OIVIH IS IO~
MHOXeCTBA (8, A1, ..., A,;) VI JIPYTOVA JITISA TIOMHOXKECTBA (@441, Aivpisrs -+, 4;)- [IpOTIEITy DA
Combina oOpabaTbiBaeT pemreHns x1 M x2 COOTBETCTBYIOIIMX ITO/I3aad U BO3Bpa-
IIaeT perreHre X TeKYIIe 3agadn.

IIpumep 1. PaccmoTpum MHOXecTBO A={a,, a,, ..., 4,}, COCTOsiIIee U3 11 BellleCTBeH-
HBIX ymces1. Hammmmmire mporpaMMy, KoTopasi HaXOOUT MaKCHMaJIbHOe YMCIIO U3
9TOr0 MHOXeCTBa.

Pewienue. B mpriBeneHHON IIporpaMMe MHOXXeCTBO A IIpeIcTaBIeHO ¢ IIOMOIIIBIO
OITHOMEPHOI'O MacCVBa M3 1 3JIeMEeHTOB (KOMIIOHEHT). [loIycTM, 4To pellieHue Te-
KyIIer TI0713a7jauqy MOXKeT OBITh ITOJTy9eHO HeIIOCPe/ICTBEHHO TOJIBKO TOr7ia, KOTaa
MHOeCTBO (a;, ..., @;) COIePXXUT OJTHO VI [1Ba umciia. OueBmIHO, UTO B TaKMX CITyya-
AX X = a; o X = max(a; , ;).




B mporpamme P155 mpu Kak oM BBI30Be ITpoLeflypbl DesparteSiStapineste
TeKyIllas 3ajada pellaeTcssi HeIOCPeNCTBEHHO OO HeNUTCs Ha [Be Iof3afadu
HpUOIV3UTENIEHO paBHBIX pasMepoB. OueBMIHO, YTO MeTox, “paszdesatt u Baacmbyi”
TT03BOJISIET Pas3feIATh TeKyIye 3aauy Ha IIPOM3BOIbHOe YMCIIo 1of13a/1a4, He 005-
3aTeJIbHO Ha /iBe. B crremyrorieM mprMepe TeKyInas 3ajada - paspe3Ka IUIaCTVHBI
MaKCMMaJIbHOVI TUIOIIAN — pasfiesiseTcs Ha JeThIpe I10f13a7jauy TOro e THIla, HO
MEHBIIIEro pasMepa.

IIpumep 2. PaccMoTpyM IpsIMOYTOJIBHYIO IUIaCTUHY pasMepom LxH. Ha riactmn-
Ke VIMeeTCsl 11 OTBepCTUI ToueuHom ¢popMel. Kaxkmoe oTBepcTme 3amaeTcsi CBOVIMM
KoopamHatamu (X;, y;). Hanmmmre mporpammy, KoTopasi “Belpe3aeT” 13 IUIaCTVHBI
HPSIMOYTOJIBHBIN (PparMeHT MaKCHMaJIbHOV IIomaay 6e3 orBepcTuit. PasperreHbl
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TOJILKO HeIIpepbIBHBIE pa3pe3bl OT OJHOTO [I0 IIPOTMBOIOIOXKHOTO Kpasi IUIaCTVHEI
B HaIIpaBJIEHVSIX, TapaJUIeNIbHBIX €e CTOPOHAM, — BEPTUKaILHOM VUIV TOPMU30HTAIIb-
HOM (puc. 5.7).

AY
H
Ly
3
Yo U
.l
o
0 X; L x
a)
/\y /\y
H N . . H s T
d ------- -—&—4 d ------- P - --o---‘
L _}_)1__*1_132 L) P 3 Il S
P
b --.----| 1 ] b __.___—| : |___-ﬁ
| | * | | ¢
0 a X; c L x 0 a X; c L X
6) B)

Puc. 5.7. Pa3pe3ka nnacTvHbl MakKCUManbHOW MOWaAn: 8 — UCXOAHasA NIacTrHa;
6 - pa3pesKa no BepTrKanu; 8 — paspeska No ropnsoHTanm

Pewenue. 3amagymM TeKyIIyo IUIaCTMHY C IIOMOIIbIO BeKTOopa P=(a, b, ¢, d), rne a
1 b - 3TO KOOP/IMHATHI JIEBOTO HVDKHETO yIJIa, a ¢ U d - KOOP/IMHATHI IIPaBOro BepX-
Hero yria. OueBUIHO, YTO MCXOAHAs IUIacTVHa onpenertsgercs sekropoM (0, 0, L, H).
Merton, " pasdessii u BaacmByi” MOXeT OBITH pea30BaH CIIeAYOMIM 00pasoM:

- CHayYaJsIa MOJIOXKVM MaKCUMaJIbHYTO IUIoanb S,,,,= 0;

- eCJIVI TeKyIIasl IUIaCTMHA He COAEePKUT OTBEPCTUI, TO 3a/1a4a MOXeT OBbITh pe-
IIIeHa HeTIOCPeJICTBEHHO Iy TeM CpaBHEHVs TeKyIIleVi VIO O 3HaueHueM S,,,.;

- B IIPOTVBHOM CJIy4ae, BEIOVIpaeM IIpOM3BOJIBHOE OTBEPCTHE (X, f;), Yepe3