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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

Hecko/bKo 3ameuaHuii BMECTO npearuc/ia0BuUsda

Kuura HamucaHa 10 MaTephasaM 3aHATHW MPOrpaMMHPOBaHUEM CO
IIKOJIbHUKAMH MaTeMaTHUYeCKMX Ki1acCoB Kokl Ne57 . MoOCKBBI H
CTYAeHTaMu MIaJImXx KypcoB (MOCKOBCKUH rOCyIapCTBeHHBIA YHUBEPCHUTET,
He3aBUCUMBII MOCKOBCKHI YHUBEpCUTeT, yHuBepcuter T Uppsala,
[MIeerus).

Knura Hanucana B yOeXxJeHWH, UYTO MPOrpaMMHUPOBaHHWE WMeEeT CBOM
npeaMeT, He CBOAALMMCSA HU K KOHKPETHBIM SI3bIKaM U CHUCTeMaM, HU K
MeTO/,aM MOCTPOeHHUS OBICTPBIX aJITOPUTMOB.

Kto-To OAHAK bl CKd3dJ/l, UYTO MOMHO Y6€.}1HTI: B MPaBH/ILHOCTH a/ITOPHUTMad,
HO He B TIPABUJ/IBHOCTH TIPOrpaMMEI. O,[[HEI H3 ueneﬁ KHHWI'H TMOINBITATBCA
npoaeMOHCTPHUPOBATDL, UYTO 3TO HEe TdK.

B MNpUHLUIIe, BO3MOXHOCTb I[MPAKTHYECKOTO HCIIOJIHEHHWA IIpOorpaMm He
ABJIAETCHA HellpeMeHHBIM YC/JIOBHEM H3y4UeHHUs ITporpaMMHpPOBAHUSA. Or[[HElKD
OHA SIBJIAETCHA CH/ILHEHIINM CTHUMYJIOM - 6e3 Takoro CTHUMYJ1Aa Bps[ JIH Y KOT'O
XBATUT KHTepeCd U TepPIIeHH .

BreiOpaHHBIN  JKaHpP KHWUTM 10 HeOoOXOQUMOCTM  OrpaHHUUMBAaET ee
"MporpaMMHUpOBaHUeM B MajoM'", OCTaB/isisi B CTOPOHE HeoOXOAMMYI0 4acTh
MPOrpaMMHUCTCKOTO 0Opa3oBaHus - paboTy mo MoavduKauu OobIIMX
nporpaMm. ABTOpP MpOZAO/KAeT MeuTaTb 0 Habope yueOHBIX TPOTPAMMHBIX
CUCTEeM 3TaIOHHOTO KauecTBa, JOCTYITHBIX /st MOAUDUKALIMY HIKOJIbHUKAMU.

Kaxetcs, Xoap cka3an, 4To 3CTeTUUeCKas IpesecTb MPOTPaMMbl - 3TO He
apXUTEKTypHOEe W3/IUILEeCTBO, a TO, YTO OT/JIWYAeT B I[POrpaMMHUPOBAaHUU
ycmex OT Heygaud. Ecou, pemasi 3afaud M3 3TOM KHWUTH, UWTaTesb
MIOUYBCTBYeT Ipe/ieCTh XOPOII0 HamMCaHHOW MPOrpaMMEbl, B KOTOPOil "HHU
ybaBUTh, HU TIPpUOABUTL", U COMHEHUs B MPABUJILHOCTA KOTOPOU KaXKyTCS
HeJernbIMU, TO aBTOP OyJeT CUuTaTh CBOK LieJib JOCTUTHYTOM.

Xapakrep /€KUM pa3/MyeH: B OAHUX MpejiaraeTcsd Habop mMano CB3aHHBIX
JIPYT C APYTOM 3a/la4 C pelleHUsMHU, B JPYTUX 1O CYIIECTBY U3/laraeTcsl OfUH-
eMHCTBEHHBIN aJrOpuTM. TeMbl JIeKLIMH BO MHOTOM T€PeceKarTCs, U MbI
MpeATIOuWIN Koe-KaKie TOBTOPeHUsT JOPMasibHBIM CChITKAM.

YpoBeHb TPYJHOCTH 3ahad U JEK[Uil BecbMa pasnuueH. Mbl cTapanauchb
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
BK/IIOUHUTh KdK TIIPpOCTBIE 3d4d4H, KOTOpPbIeé MOTLYT OLITL I10/1€3HBI AJIs
HAUWMHAKWNMX, TdK W TPyOHbI€ 3dd4H, KOTODbIe MOIYT TIOCAJAHTH B JIYXKY
CHJIBHOTO HNIKOJBEHHKA. (X_OT]J H pelko, HO 3TO OniBaer HUHEBHO.)

B kauecTBe #A3blKa A8 3anucu nporpaMm Obin BelOpaH mackans. OH
[I0OCTaTOUHO MPOCT U eCTeCTBEH, MMeeT HeIJIOXWe peanu3aluu (Harmpumep,
ctapeie komnuasTopsl Turbo Pascal dvpmbr Borland 6b11M BBIIOXKEHBI s
fecnaTHOTO CKauMBaHWsA) W TO3BOJSET 3amucaTh peEILIeHHUS BCeX
paccMaTtpuBaemMbIX 3ajad. Bo3mokHo, Mopyna-2 wnu ObGepoH Obimu Obl
Oonee u3sAIHBEIM BEIOOPOM, HO OHU MeHee JO0CTYITHEI.

Heynaunbrit OTIBIT MUCaHusA "monynsipHBIX" yueOHUKOB no
MPOrpaMMHPOBAHUIO YUUT: HUKAKOTO CHOCHOKAHbS - MUCATh HAZ0 Tak, YTOOLI
MOTOM CaMUM OBIJIO He CTBIHO MIPOUYECTh.

[TpakTruecku BCe 3a7aui U aArOPUTMBI, pa3ymMeeTCs, He SBJISIIOTCS HOBBIMMU.
(B HekoTOpBIX peAKUX Caydyasix NMPHUBeJeHbl CChIJKA Ha KOHKPETHYH KHUTY
WUIW KOHKPeTHOro uyesioBeka. CM. TakKe CIUCOK KHUT Ui JajabHeHIIero
yTeHUs1.) BMecTe ¢ TeM Mbl HajleeMcCsl, YTO B HEKOTOPBIX C/y4yasix airOPUTMBI
(1 ocobeHHO [j0Ka3aTeNbCTBA) U3/0KeHBl H0siee KOPOTKO U OTUET/IUBO.

JTO He TOJIBKO U He CTOJILKO }"-IEGHI/IK AJIs1 HIKOJIbHHU KA, CKOJIBKO CITPABOYHHK
H 3aJJd4YHHUK OJIA [TpernogaBaTesis, rOTOBALLIEroCAa K 3aHATHHO.

06 "aBTOpCcKMX mpaBax': TpaBo (OPMYIMPOBATh 3ajjauy U OOBICHATH ee
peleHue SIBSIeTCS HEOTUYXK/JaeMbIM eCTeCTBeHHBIM MPAaBOM BCSKOTO, KTO Ha
3T0 crnocobeH. B COOTBETCTBMM C 3TUM TEKCT SBseTCs CBOOOAHO
pacmpocTpaHsieMbIM. Ajpeca aBTopa: shen@mccme.ru, shen@landau.ac.ru
Cka3zaHHOe OTHOCHTCS K pPYCCKOMY TeKCTy; BCe TpaBa Ha IMepeBOJbI
repe/ilaHbl U3aaTenbCTBy Birkhauser.

[lpu moAroToBKe TEKCTa UCIONB30Basachk (cBoOOmHO pacmpocTpaHsiemasi)
Bepcus LaTeXa, Bxmwouaromias cTuaeBble ¢aiinbl, coctaBieHHbie C.M.
JIbBOBCKUM (cm. CCBIJIKA: ftp:/ftp.mccme.ru/pub/tex/ -
ftp://ftp.mccme.ru/pub/tex/).

I pag cnyuaro nobnarogaputh BcCeX, C K€M HMMeJ UeCTb COTPYJHUYATH,
nperiofaBasi MporpaMMUpoOBaHue, 0COOEHHO Tex, KTo Owl1 'Mo Apyryro
cTopoHy Oappukazbl’, a Takke BCeX IMPUCAABLIMX MHEe 3aMeyaHUus WU
ucnpasneHus (cneruanbHas OmarogmapHocts FO.B. MartusceBuuy). ABTOp
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
bnarogaput B. IllyBasoBa 3a X/10MOTEI 1O BePCTKe, a TaKKe W3JATE/IBCTBO
MIIHMO wu nuuno maBHoro pefgakropa FOpus Huxonaesuua TopxoBa HO.H.
3a TO, UTO W3JaTeNbCTBO OTrPAaHUUUIOCH Au3aliHOM O00/I0KKHA (HeMHOTO
CTpaHHBIM) U He BMELMBAJ0Ch B MPOLECC TOATOTOBKM OpPUTHHAI-MakKeTa
(Bkrouass TeKCT Ha 00moxkke). bmaromapiro Tawke WMHctuTyT mipoGnem
nepegaun wHbopmanuuu PAH, AmMepukaHCkoe MaTemMaTUueckoe oOIIecTBo
(boua momoum 6GweiBimemy CCCP), doug Copoca, yHuBepcuteT TI. bopgo,
tdoun " KynerypHas wununuatuBa”’, ¢ougel STINT (IlIBerusi), CNRS
(Ppannus), Ecole Normale (Jlmon, ®pannus), LIF (Mapcens, ®paHiius),
yuuBepcuteT . Ynrncana (IlIBerus), Poccuiickuii oz dyHmamMeHTaIbHBIX
uccienoBanuii (rpantel 02-01-22001 HIIHWa, 03-01-00475 u gpyrue), a
taroke CoBeT mopfepkku HayuHbIXx mkon npu [lpesaugente P® (rpanT
HIII-358.2003.1) 3a noagepxKy. BMecTe ¢ Tem cofiepKaHUe KHUTH OTPaXKaeT
TOUKY 3peHHs aBTOPA, 3a OLIMOKM KOTOPOTO yKa3aHHbLIe OpPraHU3al{Uu¥ U JH1[a
OTBETCTBEHHOCTU He HecCyT (1 HaobopoT).




A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

HQPEMQHHbIE‘, BbIpa’>Ke€HUs1, TIDUCBAWBAHUA

1.1. 3agauu 6e3 MacCHUBOB

1.1.1. [lanel paBe 1jefble mepemMeHHbie a, b. CocTaBuTh (parmeHT
NporpaMmbl, TOCAe MCIOJHEHUA KOTOPOTrO 3HauyeHUsi IepeMeHHBIX
NOMeHANUCh Obl MecTaMu (HOBOE 3HaueHHe a PABHO CTApOMY 3HAUeHUI0 b U

HaobopoT).

Pewienne. BBeem J0MONMHUTENBHYIO L[e/yI0 TIepeMeHHYIo t.

- a:
a=bhb;
b=t

He TIPUBOAUT K uenu (6e3BO3BPATHO YTPAUMBAETCS HauaJbHOE 3HAUEHUE
repeMeHHOH a ).

1.1.2. PeumTs mnOpeAbiAylllyl0 3afady, He MCI0/b3ys JOMNOJHUTENbHBIX
nepeMeHHBIX (M TMpejrosaras, YTO 3HAUY€HUSMH LIe/bIX MepeMeHHBIX MOTYT
OBITH TPOU3BOJILHEIE LIe/IbIe UK CIA).

Pemenne.HauasipHele 3HaueHus 2 U1 b obo3gaunm a0, bO.

a=a+b;{a=a0+ b0,b=>b0}
b:=a-b;{a=a0+b0,b=a0}
a=a-b;{a=Db0,b=a0}

1.1.3. JaHo 1jes10e UM CI0 a U HAaTypaibkHOe (1jejl0e HeOTPULaTebHOe) UUCII0
n. Beruncmute ™. Jpyrumu cioBamu, HeoOX0O4UMO COCTaBUTH MTPOrPaMMYy,
MpU UCIIOJHEHUM KOTOPOM 3HAueHUs MEePEeMEeHHBIX & U N He MEHSITC, a
3HAUEHUe HEKOTOPO#l JpYyroil mnepeMeHHOU (Harpumep, b ) CTaHOBUTCA
paBHbiM ™. (IIpy 3TOM paspewlaercs MCHOAb30BaTb W Jpyrue
rnepemMeHH&IE.)




A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

Pemennie. Besem 1jenyi0 mepeMeHHyH k, koTopasi MeHsieTrcs oT 0 [0 n,
MPUUEM TOfIeP)KUBALTCS TAKOe CBOMCTBO: | — o~ ).
k=0;b=1;

{b = a B crenenu k}
while k <> n do begin

|k =k + 1;
|b=b*a;
end;

Ipyroe pemeHue TOHU Ke 3aauu:

k=nmb=1;
{aB crenmenu n=b * (a B crenenwu k)}
while k <> 0 do begin

|k =k-1;
|b=Db*a;
end;

1.1.4.PeumTh mpeapIAyIIYyIO 3aauy, ecjiu TpedyeTcs, 4ToObI UMC/I0 AeCTBUM
(BBIMO/THSIEMBIX OMEPAaTOPOB MpUCBanuBaHus1) 6b110 mopsigka [ogr (To ecTsb

He npesocxoguio 6b1 (C'log anst HekoTOpPOU KoHCTaHThl (' ; [0g1. - 3TO
CTeneHb, B KOTOPYIO HY)KHO BO3BECTH !, UTOOBI MONYyUUTh 77, ).

F=E]

Pemenue. BHeceM HeKOTOpble W3MEHEHHs BO BTOPO€ W3 MPEI0KEeHHbIX
peleHui npeabIAyIled 3a1auun:

k=nb:=1;c=a;

{a B crenmenu n=b * (c B crenenwu k)}
while k <> 0 do begin

| if k mod 2 = 0 then begin

|| k= k div 2;
|| = c*c;

| end else begin
||k =k-1;
||b=Db*c;

| end;

end;




A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Kaxzpiii BTOpO#l pa3 (He pexke) OyaeT BBIMOMHATHCS TEPBBIA BapUaHT
onepartopa Bbibopa (ecmu k HeUeTHO, TO MOC/Je BBLIYMTAHUS €AUHUIILI
CTAHOBUTCSl UETHLIM), TaK UTO 3a /IBa L|UK/1Aa BeJIMUMHA k YMEHBLIAeTCS 10
KpaiiHeil Mepe B/IBOeE.

1.1.5.Jausl HaTypanbHble 4yuciaa a, b. BeluMcIuTe mpou3BefeHue j . f,
HCTI0JIB3YA B IPOTPAMMe JTUIIh OTIeparjuu +, —, =, <>.

Pemmenue.

k=0;c=0;

{uHBapuanT:c = a * k}

while k <> b do begin

|k =k + 1;

|c=c+a;

end;

{c=a*kwuk=Db, cnegoBarensHo, c =a * b}

1.1.6. [laHbl HaTypanbHble uucaa a U b. BeruucauTe ux cymmy g + b.
Wcnonb3oBaTh onepaTopsl IpUCBauBaHUA UIIL BUJa

(mepemennasl) : = (mepemennasi2),
(mepeMeHHAS) := (YHCTO),

! 5 ] 5 3

{mepemeHHasl) := (nepemeHHAasiZ) + 1.

Pemenue.

{unBapuanT:Cc = a + k}

1.1.7. Nano HatypansHOe (Ijesioe HeOTpUIaTelbHOE) UMCI0 a U 1ienoe
MOJIOXKUTe/bHOe Ui C10 d. BeIuMC/IUTh yacTHOe ¢ U OCTAaTOK ¥ TIPU fe/leHHUH
a Ha d, He UCMoJb3ys onepauuii div u mod.

Pemernie. CornacHo onpejeneHuto, a — ¢ - d + r, [ = F .

{a>=0;d>0}




A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
r=a;q=0;
{uuBapuant:a=q*d+r, 0 <=r}

while not (r < d) do begin

| {r>=d}

|[r=r-d; {r>=0}

la=q+1;

end;
1.1.8.1ano HatypansHoe 73, BeiuncauTb 72! () = 1, n! = 7 - (n — 1)h.
1.1.9.IlocnegoBatenbHOCT,  PuboHauun onpefensieTcs Tak: ¢ — (,

a1 — 1, ap = ar—1 + a2 npu k > 2. JaHO 72, BBIYMCIUTE &n.
1.1.10. Ta e 3amaua, ecnu TpebyeTcsi, uTOOBI YMCI0 omepanuil ObLIO

npornopiuoHansHo [0t . ([lepeMeHHbIe JODKHBI ObITh 11€/I0UM CIeHHBIMU. )

Ykazanue. [lapa cocegHux yncen ®@uboHaUUM MOTy4aeTcs U3 MpeAbIayIIe
YMHOXKeHHeM Ha MaTpuLy

1 1
I 0

- TdK 4YTO 3d[d4ada CBOAWUTCA K BO3B€JE€HHWIKO MATPHULbI B CTeINeHb 73 . JTO

MOKHO cfiesiath 3a ([0 1 [efCTBUM TeM e ciocob0M, UTO U fJisl UK CeI.

1.1.11. Jano HaTypanbHOE N, BEIUMCIUTh

1 1 1
E+F++;

1.1.12. To xe, ecau Tpebyercs, uTOOBI KOJMWMUYECTBO OmMepanui
(BBIMTOJIHEHHBIX KOMaH/ MpucBauBaHus) Obi0 Obl mopsigka 72 (He Gosnee

(_'11 71 HEKOTOPOM KOHCTAHTHI (| ).

Pewenwe. Wnsapwanr: sum = 1/11+...+1/k!, last=1/k!
(Ba)KHO He BBIYMCJIATH 3aHOBO KaXKAbIM pa3 [ !).

1.1.13./lavbl gBa HaTypanbHBIX UMCIAa & W D, He paBHbIE HYIKH
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
OOHOBPeMEeHHO. Beruuciute HOJIl (a, b) - Haubosbumil obumil genuTens
aumb.

Pemenue. BapuanrT 1.

if a > b then begin

|k = a;

end else begin

| k = b;

end;

{k = max (a,b)}

{VHBapuaHT: HUKaKoe uuC/o, bosbiee k, He sABAETCS
obumm gemurenem }

while not ((a mod k = 0) and (b mod k = 0)) do begin

|k =k-1;

end;

{k - 06mmit genurens, bosbiMe - HET }

BapuanrT 2 (anroput™ EBknuga). bymem cuutats, uto HOI (0, 0) =0. Torga
HOIO (a, b) =HOIO (a-b,b) = HOIO (a,b-a) ; HOIO(a,0)

=HOIlI(0,a) = a pmssecex a,b = 0.

m=a;n:=>b;

{unBapuanT: HO/] (a,b) = HO/I (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin
| if m >= n then begin

||m:=m-n;

| end else begin

|[n:=n-m;

| end;

end;

{m=0umun=0}

if m = 0 then begin

|k = n;

end else begin {n= 0}

|k = m;

end;

1.1.14. Hanucatb MoguduIIMpOBaHHBIA BapuaHT anropuTMa EBknupga,
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

UCMOMB3YIOIMIA cooTHOIeHus HOMl (a, b) = HOI (a mod b, b) mnpu
a > b,H00(a,b) = HOI(a, b mod a) mpu b > a.

1.1.15. Janb! HaTypanbHbIEe & U b, He paBHbIie 0 ogHOBpeMeHHOo. Haiitu d

= HOJIl(a,b) M Takue IjeJible X U v, 4TO ¢l — @+ + D+ 1.

Pemenue. [Jo6aBum B anroputm EBKIH/ja mepeMeHHBIe p, ¢, ¥, S U BITHUILIEM
B MHBApPHAHT YVCJIOBUA M = p*a+g*b;n = r*a+s*hb.

m=a;n=b;p=1;9q=0;r=0;s = 1;

{unBapuanT: HO/] (a,b) = HO/I (m,n); m,n >= 0
m = p*a + g*b; n=r*a + s*b.}

while not ((m=0) or (n=0)) do begin

| if m >= n then begin

|lm=m-np=p-1;,9:=q-5;

| end else begin

|[[n=n-m;r:=r-p;s:=5-q;

| end;

end;

if m = 0 then begin

|k =m;x =1,y =5;

end else begin
[k =m;x=p;y:=q;
end;

1.1.16.PeumTs mnpeAbIAyIIyl0 3ajauy, UCTONb3ys B anroputme EBwinja
JlejleHue C OCTaTKOM.

1.1.17. (3. [Heiikctpa) lobaBum B anropuTM EBKIMJa A0MOJIHUTE/IbHBIE
nepeMeHHBIe U, V, Z:

m=a;n=b;u=>b;v:=a;

{unpapuanT: HO/I (a,b) = HO/l (m,n); myn >=0 }
while not ((m=0) or (n=0)) do begin

| if m >= n then begin

|lm=m-nv:=v+uy

| end else begin

|[In=n-mju=u+v;

| end;

12



A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
end;
it m = 0 then begin
| z= v,
end else begin {n=0}
| z= u;
end;

[okasaTe, 4YTO TMOC/Je WCIOJHEHUS aJAropuT™Ma 3HaueHue =z PaBHO
VIBOEHHOMY HauMeHblleMy oOmemy  KpaTHOMy  uucen a, b

z = 2-HOK(a, b)-

Pemenune. 3amerum, uTO BeAMUMHA 177 - i | 72 -1 He MEHAETCS B XoJie
BBITIONIHEeHUs aaropuTMa. OcTaeTcs BOCT0/Ib30BaTLCS TEM, YTO BHauajie OHa

pasHa 2qh uuro HO/l(a, b) - HOK(a,b) = ab.

1.1.18. Hamwucath BapvaHT anroputMa EBKIWJa, MCIMOAB3YHOIMA
COOTHOLIEHUS

HOJI(2a,26) = 2 - HO/I(a, ),
HOO(2a,b) = HOd(a,b) opu HedeTHOM b,

He BKI]I-O'-IEIIOHJT'[/Iﬁ JgeneHrda C OCTaTKOM, d I/ICHOJ’IBB}?}OHJTHﬁ JIMIIbL Je/IeHHe Hd

2 u mpoeepky ueTHoCTH. (Yucno fgelicTBuUi AO/DKHO ObITh mopsiika [odqk
[JIsI UCXO[IHBIX IAHHBIX, HE TIPeBOCXOASIMX k.)

Pemmenue.

m:= a; n=b; d=1;

{HO/I(a,b) = d * HOI(m,n)}

while not ((m=0) or (n=0)) do begin

| if (mmod 2 = 0) and (n mod 2 = 0) then begin

| | d:=d*2; m= mdiv 2; n:= n div 2;

| end else if (m mod 2 = 0) and (n mod 2 = 1) then begin
| | m:= m div 2;

| end else ifimmod 2 = 1) and (n mod 2 = 0) then begin
| | n=ndiv 2;

| end else if (m mod 2=1) and (n mod 2=1) and (m>=n) then begin
| | m:= m-n;
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

| end else if (m mod 2=1) and (n mod 2=1) and (m<=n) then begin
| | n== n-my

| end;

end;

{m=0 => orBer=d*n; n=0 => orBeT=d*m}

O1leHKa uMc/a JeHCTBUNA: KaXKI0e BTOPOe AeMCTBUE JIeTUT XOTs Obl OHO U3
YKCesa m U n Monojam.

1.1.19. [IononHUTL anrOpuTM TPeAbIAYIIeH 3afauyd TOUCKOM X WU Y, JJIs

xotopeix ar + by = HOI(a, b).

Pemennie. (Maest coobmena /I. 3BoHKMHBIM.) [Ipexae Bcero 3ameTHM, 4TO
OJHOBPEMEHHOE JieleHHe a M b MomojaM He MeHsIeT MCKOMBIX X U V.
[TosToMy MOXXHO CuMTaTh, YTO C CAMOTO Hayajaa OJHO M3 uWcen a U b
HeueTHO. (3 TO CBOMCTBO OyzeT COXpaHSThCS U Janee.)

Ternepb nmonbiTaeMCs, KaK MU PaHblIlle, XDaHWUThb Takke uucia s 4, Iy 5, 4To

m = ap + by,
n =ar+ bs.
[Mpobnema B TOM, UTO TIpU JIeJIeHUM, CKa)XKeM, m Ha 2 Haf[0 pa3fieluTb P U J

Ha 2, U OHM TepecTaHyT ObvITb UensIMH (a CTAaHYT [BOWYHO-
paioHaneHeIMU). JIBOMYHO-paljOHa/IbHOE YUCI0 eCTeCTBeHHO XPaHUTh B

BH/I€ TTapbl .;: YN CTUTENh, TOKA3aTeTh CTeTIeH! IBOMKU B 3HaMeHaTese ::. .B
UTOre MBI ToydaeM d B BUJe KOMOWHAUMM a U b C JBOUYHO-
panuoHaIbHBIMUA Ko3bhduiiueHTaMu. IHBIMU CIOBaMU, MbI UMeeM

2'd = ax + by

[J1sl HeKOTOPBIX LenbiX -, & ¥ HartypaneHOro j . Yro genats, ecimm j = 17
Ecnu x 1 y 4eTHBI, TO Ha 2 MOXXHO COKpaTUTh. ECiM 3TO He Tak, MOI0KeHHe
MO>KHO MCTIPaBUTh Npeobpa3oBaHuem

xz:=x+b,

Y. =y—a
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

(ono He MmeHsieT axr + by ). Ybegumcs B 3ToM. HamomHHM, 4TO MBI
CcuMTaeM, UTO OHO U3 uucen a u b HeueTHO. [IycTh 3TO Oymer 2. Ecnu npu

3TOM y UeTHO, TO U X [AO0/DKHO ObITh ueTHbIM (MHaue ax -+ by Gyger
HeueTHbIM). A NIPY HEYETHOM yBbIUMTAHHWE U3 Hero HeUeTHOro a jenaeT y
YeTHBIM.

1.1.20.CocTaBuTh MporpaMmy, MeuaTarwlllyld KBaJpaThl BCeX HaTypaJbHBIX
yuces oT 0 [0 3aaHHOTO HATYPaJbHOTO N.

Perenue.

k:=0;

writeln (k*k);

{unpapuanT: k<=n, HaneuarTaHk! BCe
KBaZIpaThl 0 k BKIIOUUTENBHO }

while not (k=n) do begin

| k=k+1;

| writeln (k*k);

end;

1.1.21. Ta ke 3aja4ya, HO pa3pelIaeTcss UCIOJb30BaTh U3 apuMeTHUEeCKUX
omeparuii 1UlL CJIOXKeHHe W BBIUUTAHHE, TIpHueM 00ljee uncio gelcTBUu
NOJDKHO OBITh MOPSAKA N.

Pemenue. Beegem rnepemMeHHy0 k square (square - KBajpar), CBA3aHHYHO

€ k COOTHOWIEHUEM [ square — kL

k = 0; k_square = 0;

writeln (k_square);

while not (k = n) do begin

|k =k + 1;

| {k_square = (k-1) * (k-1) = k*k - 2*k + 1}
| k_square := k_square + k + k - 1;

| writeln (k_square);

end;

3ameuanue. MokHO 000HTHCh O€3 BBIUMTAaHUS C TIOMOIILI) TAKOW XUTPOCTH:

while not (k = n) do begin
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
| k_square = k_square + k;
| {k_square = k*k + k}
|k =k +1;
| {k_square = (k-1)*(k-1)+(k-1)=k*k-k}
| k_square = k_square + k;
end;

1.1.22. CocTaBuTh MNpPOTPaMMy, Tle4aTaroOUlyH) pas3joKeHWe Ha MNpOoCThie
MHOXXUTEIN 3aJlaHHOTO HaTypaJbHOro 4ucaa j; == (] (OpyrMMu cjloBamy,
TpeOyeTcs MeyaTaTh TOBKO MPOCTHIE UKC/IA U TPOU3Be/IeHNe HareuaTaHHBIX
4K Cesl A0/DKHO OBITH PaBHO 1 ; €C/IH 73 — |, edyaTaTb HUUEero He Hajlo).

Pemenue. Bapuanr 1.

k=n

{vHBapuaHT: IpoM3Be/jeHUe HalleUuaTaHHbBIX UMCe U K paBHO
N, HareyaTaHbl TOJLKO MPOCThIE UM C/IA }

while not (k = 1) do begin

|1:=2;

| {nuBapuanT: k He umeet genuteneii B uatepsarne (1,1)}

| while k mod 1<> 0 do begin

[[1=1+1;

| end;

| {l- HaumenbMii genutens k, 6oabmia 1, cegoBaTenbHO,
| mpocToii }

| writeln (1);

| k=k div ;

end;

Bapuanr 2.

k=n1:=2;

{npou3Benenue k v HameuaTaHHBIX YMCE/I PABHO N; HareyaTaHHbIe
uKC/ia MPOCTHI; K He UMeeT aenuTeneid, MEHbIIMX 1}

while not (k = 1) do begin

| if k mod 1=0 then begin

| | {k nenmutcs Ha | 1 He umeeT genuTesnei,

|| menbmx |, 3HauuT, | mpocTo}

||k =kdivl
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
| | writeln (1);
| end else begin
|| { k ve genutcs Ha |}
||1=11;
| end;
end;

1.1.23. CoctaBuTh TpOTrpaMMy pelleHWs  TIpeJbIAyIIed  3ajauu,
UCIOJIB3YIOIIYK0 TOT (aKT, UTO COCTaBHOE UMUC/I0 HMeeT J[e/lUTeNlb, He
TIPeBOCXOASAIMI KBAaJpaTHOTO KOPHS M3 3TOT0 YKC/IA.

Pewenne. Bo BTOpoM BapuaHTe pemeHUsi BMecTo 1:=1+1 MOXKHO
Hanucarb

if I*1 > k then begin
I=k;

end else begin

| l=1+1;

end;

1.1.24. TIposepuTh, SBASETCA 1M 3aJaHHOE HATYPaJbHOE YHUCIO 73 = |
MPOCTBIM.

1.1.25. ([Insa 3HakOMBIX C ocHOBaM# anrebper) JlaHo 1je/10e TayCCOBO YHCJIO
1 -+ ¢ (NpuUHaaIexailee Z[g] ).

(a) I[TpoBepuTs, ABASETCS U OHO MPOCTHIM (B 'f_-,[,;'l ).

(6) Hareuarath ero pa3jo)KeHuWe Ha MpocThbie (B Z[gl ) MHO>KUTEJIH.

1.1.26.PazpeuimiMm TpUMEHATbL KOMaH/Jbl write (i) AU  TIpU

1 —0,1,2,...,9. CocraButs mnporpamMmy, T[€YaTAIOIYI [JECITHYHYIO
3anMCh 3aaHHOTO HATYPaIbHOIO Yncia 5, = (). (Cnyuait 53 — () sBucs Gl
HEKOTOPLIM MCKIIOUEHHMEeM, TaK Kak OOBIYHO HYIM B Hayaje u4MC/Ia He
MevaTarnTCs, a A 43 — (] - MeYaTarTCs.)

Pemmenue.

base:=1;
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
{base - cTenens 10, He mpeBoCxOAsIIAs N}
while 10 * base <= n do begin
| base:= base * 10;
end;
{base - makcumanbHas crenens 10, He IpeBoCXoAsIIast N}
ki=n;
{MHBapUaHT: 0CTAJIOCh HaTleyaTaTh K C TeM >Ke YUCIOM
3HAKOB, uTO B base; base = 100..00}
while base <> 1 do begin
| write(k div base);
| k= k mod base;
| base:= base div 10;
end;
{base=1; ocTanocs HareuyaTaTb OHO3HAUYHOE YAC/IO K}
write(k);

Tunuunas oumbka TIpU  pemeHUM  ITOW  3afayd:  HEMpPABUJIBHO
obpabaTbiBalOTCA yMcaa C HyIsIMH TiocepeuHe. [IpuBe/leHHbIA WHBapUaHT
JONyCKaeT C/yyail, KOrjga k < hgse ; B 3TOM cilydae mnedaTaHue k
HAUMHAEeTCS CO CTAPIIMX HYJIeH.

1.1.27. To ke camoe, HO Ha/I0 HareyvaTaTh JAECITUUHYIO 3alUCh B 0OpaTHOM
nopsazaxe. (Ans 13 — 17} Hago Haneuarats 371.)

Pemmenue.

k:=n;

{uHBapuaHT: ocTanock HameuaTats k B oOpaTHOM mopsiike }
while k <> 0 do begin

| write (k mod 10);

| k= k div 10;

end;

1.1.28. [lano wHarypanbHOoe n. [loAcuMTaTh KOMHMUYECTBO peIleHUH

HepaBeHCTBa 12 | yz < 7 B HaTypalbHBbIX (HEOTpPULIATeIbHbIX L|e/bIX)
4K C/I1ax, He UCT0Jb3ys AeUCTBUMN C BEI|eCTBEHHBIMU UM C/IAMU.

Pemmenue.
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
k=0;s=0;
{MHBaApHMAaHT: S = KOJINUECTBO peIlIeHUI HepaBeHCTBa
x*x+ y*y<ncx<k}
while k*k < n do begin
[ ...
| {t = uncno pemenuit HepaBeHcTBa k*k + y*y < n
| ¢ y>=0 (npu manHowm k) }

|k =k+1;

|s=s+t

end;

{k*k >=n, mo3TOMY S = KOTUUECTBO BCEX PeIeH Ui

HepaBeHCTBa}

3ech . .. - TIOKa elle He HAMMCAHHBIM KyCOK MPOrpaMMbl, KOTOPbIN Oymet
TaKUM:

1=0;t=0;

{vHBapuaHT: t = UM IO peleHu i
HepaBeHcTBa k*k + y*y <nc 0<=y<l }
while k*k + I*] < n do begin

[l=1+1;
[t=t+1;
end;

{k*k + I*1 >=n, mo3tomy t = uucmno

BCex pemieHui HepaBeHcTBa k*k + y*y < n}
1.1.29. Ta »ke 3asaua, HO KOJIMYECTBO OTIepallUil [I0/DKHO OBITH MOpsiaKa
ﬁ. (B mpepbiayieM pelleHUWM, KaK MOXKHO ITOACYMATATh, TMOpsgKa N

omepariuii.)

Pemenue. Hac uHTepecyloOT TOUKM pelieTKH (C IeJIbIMHM KOOpAWHAaTamiu) B

MepBOM  KBaJpaHTe, TMOMajamolpe BHYTPb Kpyra paauyca ﬁ
WuTepecyroee HaC MHOXKECTBO (Ha30BeM ero X ) COCTOUT U3 00beauHeHus

BePTHKAJIbHBIX CTOJIOIOB yObIBAIOIIEH BLICOTHI.
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L]
] * @
. & =

*® & @ @

Wpest peiieHUsi COCTOMT B TOM, 4TOObI "ABUraThbCsi BJOMb €ro TPaHUIIbI',
CIyCKasiCb 1O BepXHeMy ero Kpaw, Kak 1o jecTHUle. KoopauHaTsl
NIBUKYIIIEH CA TOUKK 0003HauuMm <k, 1>. BBegem elre ofiHy MepeMeHHYI0 S U
Oyzem mopgep>KUBaTh UCTUHHOCTE TAKOTO YCJIOBUS:

< k1> maxonurTca cpa3y Hal K-bIM cTOIOMOM;
§ - YHCJIO TOUEK B NPEILIIVINNY cTOIDIAX.

dopmansHO:

¢ | - muHuManbHOe cpeau Tex [ == (), ana xoTopeix <k, 1> He
NPUHAIEKUT X ;

® S - YMCJIO N1ap HaTypalbHBIX L'y & , /11 KOTOPBIX 37 < f U < T, Y =
TNIPUHAIEXUT X.

0O603Haunm 3TH ycnoeus uepes (M).

k=0;1=0;

while <0,1> npunagnexxut X do begin
[I=1+1;

end;

{k =0, | - MmunumansHoe cpeau Tex | >= 0,
st koTopeix <k,I> He npuHaanexut X}
s =0;

{vynBapuanT: U}

while not (1= 0) do begin

|s=s+1;
| {s - uncno Touek B cronbIax 10 k-r0 BKIOUMTE/IBHO }
|k =k +1;

| {Touka <k,I> nexxut BHe X, HO, BO3MOXKHO, ee HaJ0 CABUHYTh
| BHM3, yT0OBI BOCCTAHOBUTL U}
| while (1 <> 0) and (<k, I-1> He npunagnexxut X) do begin
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
[[1=1-1;
| end;
end;
{1, 1= 0, mosTomy k-bIii cTO/IOEI] U BCE CAeAYIOIME TTYCThI, a
S paBHO MCKOMOMY YU CJTY }

OueHKa uncia JeHCTBUIM OUeBHUHA: CHAYala Mbl JBUXKeMCsl BBepx He Oosee

yeM Ha {2 11aroe, 4 3aTeéM BHHM3 W BIIPABO - B KXKJAYHO CTODOHY He bonee

ueM Ha /71 IIIAroB.

1.1.30. [danbl HaTypanbHble uucaa n Wk, g5 == |. Hameuarats k

[eCATUYHBIX 3HAKOB 4MCJIa 1;;1. (Ilpyu Hanmuuuu [ABYX [eCATUYHBIX
pa3noKeHUi BHIOMpaeTCsi TO U3 HUX, KOTOPOE He COJEePXUT [JeBATKH B
nepuoge.) [Iporpamma 0/>KHA UCTIOMB30BATh TOTBKO 1ie/1ble TIepeMeHHEIe.

Pemenue. CIBUHYB B JeCATUYHOMN 3aMMCH YUCIA 1;;; 3anAaTyr0 Ha k MecT

BIIPaBo, moydnm uncao ()" /i Ham Hajio HameuartaTh €ro 1je/yr0 4acThb,

TO ecTb pasgenuTb |(}* Ha n Haueno. CTaHjapTHbIM croco6 Tpebyer
WCIOJIb30BaHUs DOMBIIMX TI0 BeTMUMHE UhCesl, KOTOpPble MOTYT BBIUTH 3a
rpaHMUIIbl AMarna3oHa MpeACcTaBUMEBIX yucen. [To3Tomy MBI cieaem WHaue
(cneqyst 06bruHOMY MeTOAY "meneHUsi yronkom') U Oymem XpaHUTH "OCTaTOK"
r:

l=0;r=1;

{unB.: HaneuaTaHo | pa3psinoB 1/n, ocTanock HameuaTaThb
k - 1 pa3psagoB apobu r/n}

while 1 <> k do begin

| write ( (10 * r) div n);

|r:=(10 * r) mod n;

[1=1+1;

end;

1.1.31. [Jano HaTypajipHOe 4MCI0 7 = |. OnpegenuTs AJIUHY Iepuoja

eCITUYHOMN 3amucu Apoou 1;“?; .

Pemenue. [lepuog apobu paBeH mepuofy B IOC/Ie40BATeNIbHOCTH OCTaTKOB
(moKaXKUTe 3TO; B UACTHOCTHU, HAJ0 [0Ka3aTh, YTO OH HE MOXET ObITh
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
MEHbLLIE). KPOME TOTO, B 3TOH rnociaeqoBaTe/IbHOCTH BCE€ IepUuoJuUYeCKH
MOBTOPAKOIIMECH Y/I€HBbI PA3/IMYHEI, a4 IIpeAliepuo nMeeT OJIHHY He foJree n.

[TosTOMy AOCTAaTOYHO HAWTH [-n-|- 1) -bIii ujeH MOC/IeJO0BATELHOCTH
OCTaTKOB U 3aTéM MHUHHMalbHOE k, TIPU KOTOPOM [-n + 1+ k) -1 unen

COBMajaeT C [n L1E 1:] -BIM.

l=0;r=1;

{yHBapuaHT: I/n = pe3ynkrar OTOpPackiBaHus | 3HaKoB B 1/n}
while 1 <> n+1 do begin

|r:= (10 * r) mod n;

[I=1+1;

end;

cCFEr

{c = (n+1)-b1i1 uneH nNocieA0BaTebLHOCTH OCTATKOB }
r:= (10 * r) mod n;

k=1;

{r = (n+k+1)-bl1ii usieH Mocae0BaTeIbHOCTH OCTATKOB }
while r <> ¢ do begin

|r:= (10 * r) mod n;

|k =k + 1;

end;

1.1.32.(Coobumn 0. B. MaTusiceBuu) HMana byHKLMSA
Jf g {1 Soa _."‘.,’} — {1 fasis j\,’} HaiitTu mepuopg mociieoBaTeNEHOCTH

1, ftl] ; f(f(l)‘ st KonuuectBo nerCTBUM JOJDKHO OBITH
MPOMOPLMOHAILHO CYMMAapHOU J/IMHEe TIpeArnepuoaa v repuoga (3ra cymma
MOXKeT OBIThb CYILIECTBEHHO MeHbIe N ).

Pemmenne. Ecnu DTﬁpOCHTb HauaIbHBIA KyCOK, II0C/ed0BaTe/IbtHOCThE
MnmepuoguyiHa, rNpyuyeM BCe YjIeHbl ITepruoaa pa3uyHbI.

{O6o3nauenue: fin,1]=f(f(...f(1)...)) (n pa3)}
ki=1; a:=f(1); b==1(f(1));

{a=flk,1]; b=f[2k,1]}

while a <> b do begin

| k=k+1; a=f(a); b:=f(f(b));

end;
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{a=flk,1]=12k,1]; f[k,1] BXOQUT B mepuOgUYECKYIO YaCTh }
I=1; b==f(a);
{b=flk+11]; f[k,1],...,fik+]-1,1] paznuunsr }
while a <> b do begin
| L=+1; b:=f(b);
end;
{nepuop paseHn I}

1.1.33. (3. [Heiikctpa) PyHkiusi f C HaTypaJbHbIMU apryMeHTaMU W
3HAUEHUSIMU OMpeje/ieHa Tak: f[{]) =], f[l] =, f[jn] = f(ﬂjl,
f(2n+1)= f(n)+ f(n+1). CocTaButh mpOrpaMMmy BbIUHC/IEHHS
f(n) no 3aganHoMy n, Tpebyroutyio nopsaaka [ogi oneparuii.

Pemmenue.

k=na:=1;b:=0;

{unBapuanT:0 <=k, f(n)=a* f(k) + b * f (k+1)}
while k <> 0 do begin

| if k mod 2 = 0 then begin

||1:=kdiv 2;

|| tk=21, f(k)=f(l), f(k+1) = f(21+1) = f(I) + f(I+1),

|| £(n) = a*f(k) + b*f(k+1) = (a+b)*f(]) + b*f(l+1)}
[la=a+bjk=1

| end else begin

||1:=kdiv 2;

|| {k = 21+ 1, f(k) = f(}) + f(1+1),

|| flk+1)=f2l+2) = f(1+1),

|| f(n) = a*f(k) + b*f(k+1) = a*f(l) + (a+b)*f(I+1)}
[Ib=a+b;k=1

| end;

end;

{k=0, f(n)=a* f(0) + b * f(1) = b, uto u Tpeboranock}

1.1.34. To xe, ecmn f(0) =13, f(1) =17, f(2) =20, f(3) = 30,
f(2nr) =43 f(n) + 57 f(rn+ 1),
F2n+1)=91 f(r) + 179 f(n+ 1) npu . > 2.
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Ykazanue. XpaHWUTb KO3(DIUIIMEHTbI B BbIPAKEHUHU f(n,] uepe3 TpHU
CcOoCeiHUX YMCa.

1.1.35. [laHbl HATypanbHBIe YKCaa & U b, npuuem j = (). Haiitu yactHoe n
OCTaTOK [pH [AeNeHWU a Ha b, OMepupysd JIMLL C LeNAbIMA YHCIaMAd H He
UCMOJB3yd onepauuu div U mod, 3a UCKIUYEHWEeM [e/IeHUd Ha 2 YeTHBIX

yyces; YUC/I0 IAroB He J0/DKHO TIPeBOCXOAUTH C-lfog(a,f’b) + (' pna

HEKOTOPBIX KOHCTAHT (', {5
Pemenue.

bl =b;

while b1 <= a do begin

|bl =bl * 2;

end;

{b1 > a, bl = b * (HekoTOpas cTerexHs 2)}
q:=0; r=a;

{WHBapHaHT: q, I - YaCTHOE W OCTATOK IPHU JeeHnH a Ha b1,
bl =b * (HekoTopas cTeneHs 2)}

while b1 <> b do begin

|bl =bldiv2;q=q*2;
|{a=bl*q+r,0<=r,r<2*bl}

| if r >= b1 then begin

||r=r-bl;
[lg=q+1;
| end;
end;

{q, r - yacTHOE ¥ OCTAaTOK MpPH JeJieHuHu a Ha b}

1.2. MaccuBsbl

B cnepyronpx 3asauax nepemMeHHsle &I's I/, © TpeZosaraldTCs ONUCaHHBIMU
Kak array([l..n] of integer (fge n - HEKOTOpPOe HaTypalabHOE
unco, bonbinee 0 ), €C/IM UHOE He OTOBOPEHO SIBHO.

1.2.1. 3anonHUTE MaCCUB X HYISIMHU. (DTO 0O3HAuaeT, UTO HYKHO COCTAaBUThb
(parMeHT mTpOrpaMMbl, TIOC/A€ BBIMOJHEHUS KOTOPOTO BCe 3HAUEeHUS
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
x[1]..x[n ] paBHsAIMCb OBI HYTIO, HE3aBUCUMO OT HAUa/ILHOTO 3HAYEHUSI
repeMeHHOM x.)

Pemmenue.

i=0;

{vunBapuanT: nepssie i 3Hauenuit x[1]..x[i] paBuwI 0}
while i <> n do begin

|[i=i+1;

| {x[1]..x[i-1] = 0}

| x[i] = 0;

end;

1.2.2. TlogcuuTarth KOMUUECTBO Hynei B MaccuBe x. (CocTaBuTh (parmMeHT
NpOrpaMMbl, He MEHSIIOIMI 3HAaueHUs X, TOC/Ie HCIOJHEHUS KOTOPOro
3HAUeHHWEe HEeKOTOPOM Ie/Io MepeMeHHOW k paBHAMOChH Obl UMCIy HYyIeu
CpeJy KOMIIOHeHT MacCUBa X.)

Pemenue.
{unBapuanT: k = uncno uynei cpeau x[1]...x[i] }

1.2.3.He ucrnonp3ya omnepaTtopa MPUCBAaWMBaHUS [/ MAacCUBOB, COCTaBUTh
(parMeHT porpamMMmbl, SKBUBaIeHTHBIN OTIepaTopy x : =v.

Pemmenue.

i=0;

{VHBapuaHT: 3HaUeHUE Y He U3MeHU/10Ch, X[I]=y[l] npu I<=i}
while i <> n do begin

|[i=i+1;

| x[i] = ylil;

end;

1.2.4. Haiitu Mmakcumym U3z x [1] . .x[n].

Pemmenue.
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i=1; max = x[1];
{uHBapuaHT: max = makcumym u3 x[1]..x[i]}
while i <> n do begin
|[i=i+1;
| {max = makcumym u3 x[1]..x[i-1]}
| if x[i] > max then begin

| | max = x[il;

| end;

end;
1.2.5.1an maccuB x: arrayl[l..n] of integer, mnpuuem
WU3BECTHO, UTO ;1-[1l < ;1-[2'-‘] [ x[n]] HaiiTh KoMMuecTBO pa3TuUHbBIX

yKces CpeAu 3/1eMeHTOB 3TOTO MacCHUBa.
Pemenue. BapuanT 1.

i=1;k=1;

{unBapuanT: k - konmuuectBo pasnuuHbiX cpeau x| 1]..x[i]}
while i <> n do begin

|[i=i+1;

| if x[i] <> x[i-1] then begin

[lk =k + 1;

| end;

end;

Bapuaut 2. Uckomoe uucio Ha 1 Oonblie KOJTAYECTBA TeX UMCET 1 W3
l..n-1, 19 KOTOPLIX X [1] He paBHO x [1+1].

k=1;
fori:=1to n-1 do begin
| if x[i]<> x[i+1] then begin

[lk =k + 1;
| end;
end;
1.2.6. Man w™maccuB x: arrayl[l..n] of integer. Hautu

KOJIMUECTBO PAa3/IMUHBIX YMCEN CPpelu 37eMeHTOB 3Toro Maccuma. (Uucio
JeHCTBUH JO/DKHO OBITh MOpsAKa 332 )
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1.2.7. Ta xe 3amaua, ecsiu TpeOyercs, yTOObI KOJUUECTBO JeHCTBUNA ObLIO

nopsigka n2logn .
VYkazanue. CmoTpu aekiuio 4 (CopTUpoOBKa)

1.2.8.Ta ke 3aaua, ecii U3BECTHO, UTO BCE 3JIEMEHTHI MacCHMBa - UKUC/a OT

1 g0 k ¥ unCIo JedCTBUI A0/HKHO ObITh TTOpsigKa 712 + kA .

1.2.9. (Coobmumn A. JI. Bpynuo) IIpsimoyrosisHoe moJie 772 * 1@ pa3duTo Ha
17277 KBAJIpaTHBIX K/IeTOK. HekoTopbie KIeTKU TOKpaleHbl B YepHBIN 1IBeT.
W3BecTHO, UTO BCe uepHBbIe KIETKA MOTYT ObITh pa3bUTBl Ha HECKOIBKO
HeMepeceKawIMxCss W  He HUMeNMX O00mMX BepuMH  UepHBIX
NPAMOYrOILHUKOB. CuMTast, 4YTO LjBeTa KIeTOK AaHbl B BU/Je MacCUBA TUIIA

array [1..m] of array [1..n] of boolean;

MOZICYUMTATE YKC/I0 YEePHBIX MPSIMOYTOTBHUKOB, O KOTOPBIX 11a peub. Yucio
el CTBUM JO/MHKHO OBITH IOPSAAKA 77277 -

Pewienne. Uncno npsAMOyro/sibHUKOB PaBHO UMC/IY UX JIEBBIX BePXHUX YITIOB.
fBnseTca v K1eTKa BepXHUM YITIOM, MOXKHO y3HaTb, [IOCMOTPEB Ha ee LIBeT,
a TakKe LIBET BepXHero u Jjieporo coceneii. (He 3abygere, uTO MX MOXET He
OBITh, C/TH K/IeTKA C Kpar.)

1.2.10. Jan maccuB x[1] ..x[n] uenslx uucen. He ucmonb3yd Apyrux
MacCUBOB, MTepeCTaBUTh JIeMEeHThI MaCCUBA B 0OpaTHOM MoOpsiKe.

Pemienue. OnemeHThl x [1] U x [n+1-1] HY)KHO NTOMEHSTbL MeCTaMH [/

BCeX 1, /15l KOTOPHIX § <. 1. 4+ | — ¢, TO eCTb
dAi<nt+lesi<neasi<ndv2

fori:=1 to ndiv 2 do begin
| ...moMeHaTL MecTamu X[i] u x[n+1-i;
end;

1.2.11. (U3 knuru [1. I'puca) JaH maccuB 1jenslx uucen x[1] . .x[m+n],
paccMaTpUBaeMblii  KaKk COeIMHEHHEe [IByX €ro OTPe3KOB: Havasnaa
x[1]..x[m] pouHBI M U KoHIA x [m+1]..x[m+n] pauHel n. He

HCIIOJIB3Yyd OOTMOMHHUTE/NBbHBIX MACCHMBOB, IIe€PeCTdBHTL HaA4Yad/l0 W KOHEI.
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(Yucno geiicTBuil nmopsaka 11 | it

Pemenuie. BapuanTt 1. IlepeBepHeM (pacrmosio)kuM B 0OpaTHOM TOpS/IKe)
OT/IeJIbHO Ha4asi0 U KOHeI] MAacCHUBA, a 3aTeM MepeBepHEeM BeCh MaCCHB Kak
efMHOe 1]esoe.

Bapuant 2. (A. I KyuHupenko) PaccmatpuBasi MacCHMB 3alMCaHHBIM TI0
KpyTy, BUAuM, uTo Tpebyemoe gaeiicTBue - moBopoT Kpyra. Kak u3BecTHoO,
MOBOPOT eCTh KOMITO3ULIMS ABYX OCEBBIX CHUMMETPHUH.

Bapuaut 3. PaccmoTpum 6osee obmiyio 3amauy - oOMeH [JBYX Y4aCTKOB
mMaccuBa x [p+1]..x[g] U x[g+l]..x[r]. Ilpegmonoxum, UuTO
JNWHA JIeBOr0 yyacTka (Ha3oBem ero 4 ) He Oosble [AJUHBI TIPABOTO
(Ha3zoeem ero J3 ). Beigenum B [ Hauano TOW JKe JIUMHBI, 4TO U 4 ,
HaszoBeM ero f3y, a ocratok Hs. (Takuto B — B + B,, ecin obo3Hauath
IJIFOCOM TPUITKMCBIBAHWUE MAcCUBOB Jpyr K apyry) Ham Hamo wu3

A+ By + By nonyuuts B 4+ Bs 4+ A . Menss mectamu yuyactku 4 u
3| - OHM MMEIOT OJMHAKOBYIO [JIMHY, U C[elaTh 3TO JIETKD, - TOJIy4aem

By + A + B4, u ocranocs noMeHste Mectamu | u [35. Tem caMbIM Mbl
CBE/IM JIe/I0 K TepecTaHOBKe [BYX OTPe3KOB MeHbiled iuHbl. WTak,
MOJIy4aeM TaKkyl0 CXemMy MpOTrpaMMbl:

p=0;g=mr=m+n;

{yHBapuaHT: ocTasock nepectaButh x[p+1..ql, x[q+1..r]}
while (p <> q) and (q <> r) do begin

| {oba yuacTka HemycThI }

|if (q - p) <= (r - q) then begin

|| ..mepectaButh x[p+1]..x[q] u x[q+1]..x[q+(q-p)]
| | pnew = g; gnew :=q + (q - p);

| | p = pnew; q = gqnew;

| end else begin

|| ..mepectaButs x[q-(r-q)+1]..x[q] u x[q+1]..x[r]
|| qnew = q - (r - q); rnew := q;

||q —qnew I = rnew;

| en

end;

OueHka BpeMeHU pabOThI: HA OUepeHOM Illare ocTaBumMics Ajist 06paboTku

Y4aCTOK CTAHOBHUTCS KOpOYe Ha JAMUHY 4 ; 4MCiI0 AelCTBUM MpPU 3TOM
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TaKKe MPOMOPLUOHANEHO AmuHe A .

1.2.12.Ko3¢duiineHTs MHOTOUIEHA JIeXKaT B MacCuBe a: array[0..n]
of integer ( n - HaTypalbHOe UHC/IO, CTeNeHb MHOrOUJIEHA).
BerunciuTe  3HaueHWe ITOrTO0 MHOrOuYIeHa B TOUKe X, TO eCTb

a[n]z™ + ...+ a[l] = + a[0).
Pemenuie. (OnucbiBaeMblii aIrOPUTM Ha3bIBaeTcsi cxemow [opHepa.)

k =0;y:=aln];

{unBapuanT: 0 <= k <=,

y= a[n]*(x B ctenenu k)+...+a[n-1]*(x B ctenenu k-1)+...+
+ a[n-k]*(x B cTenenu 0)}

while k<>n do begin

|k =k + 1;

|y=y*x+al[nk];

end;

1.2.13. (/lns 3HaKOMBIX C OCHOBamMu aHaiu3a; coobuma A. I. KymHupeHko)
JOonoMHUTE aNrOpuTM BBIYMCAEHUS 3HAYeHUs MHOrOYIeHa B 3aJaHHOU
TOUKe 1Mo cxeme [opHepa BhIUMC/IEHUEM 3HAUEHWS ero IMPOU3BOAHOU B TOU
JKe TOUKe.

Pemenue. /lobaBneHue HOBOro Ko3GduiMeHTa COOTBETCTBYET Mepexojly OT
MHOIOU/IeHa P(;rj K MHOTOQUJIEHY ;rP['-_rj -+ r-. Ero nmpou3BogHasa B TOUKe

1 paBHa ;rP’(-_rj + Px). (OTo pemenne obnanaeT 3a6aBHBIM CBONCTBOM:
He HaJi0 3HaTh 3apaHee CTereHb MHorouneHa. Eciiu Tpe6oBaTh BBITTOTHEHUS
9TOTO YC/IOBUS, [a €I1ie TIPOCUTb BBIYMC/IATh TOJBKO 3HaUeHHWe TTPOU3BOHOM,
He YIMOMHHas O CaMOM MHOTOUY/IeHe, TO/JydaeTcsl He Takasi YK TMpocTas
3a/ia4a.)

Oﬁl_uee YTBepKAeHHe O CJIOKHOCTH BBIYUC/IEHH A IMTPOMU3BOJHBIX TAKOBO!:

1.2.14. (B. bayp, &. IlItpaccen) [lana mporpaMma BBIUMC/IEHHS 3HAUEHHUSA

HEeKOTOPOro MHorowreHa [P(urq,... ,-_rn:l, cofieprkairasi TOJMILKO KOMaH7bl
nprucBanBaHus. VX mpaBble YaCTH - BhIPa)KEHHsl, COAEPIKallie C/I0XKEeHHUe,
YMHOJK€HWEe, KOHCTaHThI, TepeMeHHbIe '], - . . , I'p U paHee BCTPeUaBIIMecs

(B nmepoit yactu) nepeMmeHHsble. JlokasaTh, UTO CYIECTBYeT IPOrpaMMa TOTrO
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e TUMa, BBIYMC/AIOURAA BCe 72 Tpoussomueix O F/dxy, ..., dP/dx,,
npuyem oOIree YMcyi0 apudMeTUUeCKUX onepanii He Oonee uem B (' pa3
MPEeBOCXOAUT UMC/IO0 apudMeTHUYeCKUX Oreparjuii B MCXOAHOW MporpaMme.
KoHcTaHTa (' He 3aBUCHT OT 72.

VYkazanue. MoXHO CcuuTaTh, YTO KaXKJasi KOMaHJa - CJIO)KeHHe ABYX umcer,
VMHOXXeHHe [ByX 4HuCe/l WIM yMHOXeHHe Ha KOHCTaHTy. Mcnonb3oBaTh
UHAYKLUIO 10 YMC/ly KOMaH[, TIPUMEHSIST UHAYKTUBHOE TIpeAronoKeHue K
nporpamme, ToJIydyaroIeicst oTopackiBaHUEeM TTepBOi KOMaH/BI.

1.2.15.B wmaccuBax a: array[0..k] of integer u b:
array[0..1] of integer XpaHATCA KO3(GMUIMEHTBI  JBYX
MHOroueHOB cTereHeil k u 1. [lomectuTh B MaccuB c: array[0. .m]

of integer ko3bbunueHtsl ux npoussegenus. (Yucma k[, m -

HaTypaabHbIe, 772 — K -+ [ ; 2/7IeMEHT MacCHBa C MHJEKCOM 1 COHEPIKUT
KO3(UITMeHT NMpU CTerneHu 1.)

Pemmenue.

for i=0 to m do begin

| c[i]=0;

end;

for =0 to k do begin

| for j:==0 to 1do begin

| | cli+j] = c[i+j] + a[i]*b[j];
| end;

end;

1.2.16. Tlpeano)KeHHBIN BBIIIE aAJTOPUTM TMEPEMHOXXEHUST MHOTOUIEHOB

TpebyeT Mopsiaka 3;° AEHCTBUN [l MEPeMHOXKeHWS [ByX MHOTOUJIE€HOB
crerenu 7. Ilpuaymats 6onee 3dekTuBHBIN (715 OONBIIMX 77 ) a/JITOPUTM,

KOTOPOMY /IOCTAaTOUHO TopsifKa j,'2a4/Iead neficteuii.

Ykazanue. IlpeacraBum cebe, uTO HaJO TMEPEMHOXXWUThL [Ba MHOTOUJI€HA
creneHu 7 [-. VIXx MOXXHO Mpe/ICTaBUThL B BHUE

Alz)z* + B(z) = C(z)z* + D(z).
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[Mpou3Begenue Ux paBHO
A(z)C(z) 2®* + (A(z) D(z) + B(z)C(z)) z* + B(z)D(x).

EcrectBennbiii crioco6 Berumcnenus A¢', Al + B(', HI) Ttpebyer
YEeThIPeX YMHOK€HHII MHOTOUY/I€HOB CTETNEeHH J , OJHAKO WX KOJHUYECTBO
MO>XHO COKPATHTb [0 TPeX C MOMOIILI0 TaKOW XATPOCTH: BHIYMCIUTE A(,

BD mwm (A+ B)(C + D), a 3aTem  3amMeTuTh,  4TO
AD+BC=(A+ B)(C+D)- AC - BD.

1.2.17.laubl ABa BO3pacTalwOlMX MacCcMBa x: array[l..k] of
integer m y: array[l..l] of integer. HallTh KonuuecTBo
00X 371eMEeHTOB B 3TUX MaCCHBax, TO eCTh KOJTUUECTBO TeX LebIX t, A/

KOTOPBIX | — _I:[gl = [}l J1s HeKOTOPBbIX 1 U . (Yuco pelcTBUi mopsiaka

k+1.)
Perenue.

k1:=0; [1:=0; n:=0;

{unBapuanTt: 0<=k1<=k; 0<=l1<=];
HUCKOMBIM OTBET = N + KOJTMUECTBO 001X
snemeHToB B x[k1+1]..x[k] u y[l1+1]...y[l]}
while (k1 <> k) and (11 <> 1) do begin

| if x[k1+1] < y[l1+1] then begin

||kl =kl +1;

| end else if x[k1+1] > y[l1+1] then begin
[0 =1+1;

| end else begin {x[k1+1] = y[l1+1]}
||kl =kl +1;

[[IL=11+1;

|[[n=n+1;

| end;

end;

{k1 =k unu 11 = |, no3TOMy 0IHO M3 MHOKECTB, YITOMSHYTbIX
B MHBApUaHTe, MYCTO, a N pABHO HCKOMOMY OTBETY}

3ameuanue. B TpeTweil anbTepHaTHBE AOCTATOYHO ObII0 Obl yBe/JIWUHBATh
OAHY U3 TIepeMeHHBIX k1, 1 1 ; BTOpas aobaBeHa /i CAMMETPUU.
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1.2.18.PeumTh mpeAbIAyIyI0 3afiady, ec/ii NP0 MacCUBBI M3BECTHO JIHIIIb,

uTO ;1‘[1] gl .r[..f.,] u y['l] e inie y[f] (Bo3pacTaHue 3aMEHEHO
HeyObIBaHUEM).

Pemenue. YcnoBue Bo3pacTaHust ObIIO  HWCMOB30BAHO B TPETheH
ansTepHaTUBe BblOOpa: ciBUuHYB k1 u 11 Ha 1, MbI TeM CaMbIM YMEHbIIIA/IH

Ha 1 KO;MMYecTBO OOOMX 3/7€eMEHTOB B ;1-[,f1-1+1]___;1‘[§-l 5|

;1'[{1 + 1] e _;1-[{]. Tereps 3TO MpUAETCA Ae/iaTh CIOXKHEe.

end else begin {x[k1+1] = y[l1+1]}
|t=x[kl+1];

| while (k1<k) and (x[k1+1]=t) do begin
||kl =kl +1;

| end;

| while (I1<I) and (x[l1+1]=t) do begin
[0 =1+1;

| end;

In:=n+1;

end;

3aMeuanue. DTa mporpaMma uMmeeT JedeKT: P MPoBepKe YCI0BUS
(k1<k) and (x[k141|=t)

(v BTOpOTO, aHAJIOTUYHOTO) TIPU JIOXKHOU TepBO# CKOOKe BTOpas OKaXKeTcs
OeccMbicieHHOW (MHJEKC BBIHAET 3a TpPaHULIBI MAacCUBA) U BO3HUKHET
oumbka. Hekotopeie Bepcum mnackans, Beluucass A and B, cHawana
BBIUMC/IAIOT A W TIpU JIOKHOM A He BbiuuciasoT B. (Tak Beger cebs,
Haripumep, cucrema Turbo Pascal Bepcuu 5.0 - Ho He 3.0.) Torma onucanHas
oumbKa He BO3HUKHET.

Ho ecnu MbI He XOTUM MoOJIaraThCs Ha TakKoe CBOMCTBO MCIIO/b3yeMOl HaMH
peanu3aliMu mackans (He mpeaycMoTpeHHoe ero aBtopom H. Buprtom), To
MOKHO TNOCTYNIUTh Tak. BBejeM JOMOJHUTENbHYH) TMepeMeHHYH b :
boolean W HallULLIEM:

if k1 <k thenb = (x[k1+1]=t) else b:=false;
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{b = (k1<k) and (x[k1+1] =1)}
while b do begin

| k1=k1+1;
|if k1 <k then b = (x[k1+1]=t) else b:=false;
end;

Mo>kHO TaKxke caenaTb UHa4e:

end else begin {x[k1+1] = y[l1+1]}
|if k1 + 1 = k then begin

||kl =kl +1;

|[[n=n+1;

| end else if x[k1+1] = x [k1+2] then begin
||kl =kl +1;

| end else begin

||kl =kl +1;

|[[n=n+1;

| end;

end;

Tak Gyzet kopoue, XOTsl MeHee CUMMeTPUUHO.

HaKDHEL[, MO>XHO YBE€/JIHYHUTL pa3Mep MdCCHMB4 B €ro OIMMCAHHWHU, BK/IHOUHUEB B
Hero (lJ[/lKTI/IBHbIE 3JIEMEHTHI.

1.2.19. [Hdaubl paBa HeyOblBarOOMX MaccuBa x: array[l..k] of
integer u y: array[l..l] of integer. Haiitu uyucio
pa3MuyHBIX 3JIeMEHTOB Cpeau ;1-[115 e ]-_I:[L-lj y[ll,_ tEE -y[{l. (Hucno

nerictBui mopsigka k 4 [.)

1.2.20. danbl [OBa MacCHUBa ;1-[11 G -_r[,.!.:] " -y['_[] ot RL y[j]

—

"CoeUHUTL" UX B MacCHUB ;,-[]_] g ;:[m] (m = k+ 1 ; xokgeiid
3/IEMEHT [JOJDKeH BXOIUTh B MAaCCUB z CTOJIBKO Pa3, CKOJIBKO Pa3 OH BXOAUT B
00111e¥ C/I0)KHOCTU B MAaCCUBHI X U v ). UMC/10 1EMCTBUNA TIOPSIKA m.

Pemmenue.

kl1=0;11=0;
{uHBapuaHT: oTBeT noyayuutcs, eciu K z[1]..z[k1+11] nobaBuTh
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cripaBa coeguHenue maccupoB x[k1+1]..x[k] u y[l1+1]..y[1]}
while (k1 <> k) or (11 <> 1) do begin
| if k1 = k then begin
| 1{1 <1}
[[IL=11+1;
|| z[k1+11] = y[I1];
| end else if 11 = I then begin
|| {k1 <k}
||kl =kl +1;
| | z[k1+11] = x[k1];
| end else if x[k1+1] <= y[11+1] then begin
||kl =kl +1;
|| z[k1+11] = x[k1];
| end else if x[k1+1] >= y[11+1] then begin
[[IL=11+1;
|| z[k1+11] = y[I1];
| end else begin
| | { Takoro He ObIBaeT }
| end;
end;
{k1 =k, I1 =1, maccuBbI coeuHeHbI }

OTOT TMpoLecC MOXKHO MNOACHUTHL Tak. [lycTe y Hac ecTs JBe CTONKU
KapTOueK, OTCOPTUPOBAHHBIX 1o andaBuTty. Mbl coeguHsieM UX B OAHY
CTOMKY, BbIOMpas KaXKAbIM pa3 Ty U3 BEPXHUX KapTOueK 0OeuX CTOMOK,
KOTOpasi ujeT paHbile B andaBUTHOM mopsiake. Ecnu B ogHOll cTomke
KapTOUKUA KOHUMJIUCE, OepeM UX U3 Ipyrou CTOMKU.

1.2.21. [daH®l gBa MaccuBa ;1-[” LT _r[,.f,,] u y[l] e y[j]

" -

Haiitu wux nepeceueHue”, TO €CTb MAaCCUB ;,-[]_] g ;:[m],
copiep Kalpii Ux obLpe 31eMeHTbI, TPUYeM KPaTHOCTb KaKAOT0 37eMEeHTa B
MaccMBe z paBHAETCS MUHMMYMY M3 €ro KpaTHOCTeH B MacCHBax x U V.

Yucno gelictBuii nopsigka £ + /.

1.2.22, Jlansl gBa mMaccuBa ;1-[11 R -_r[,!,:] u y[l] s y[j] %
unca0o g. Hailtu cymmy Buza ;1-[-;?] 22 y[jl, HaubOosee OU3KYID K UMCIY d.
(Uucno  pewicTBUid  mopsiaka k+1,  OOMOMHUTeNbHas  MaMsiTh -
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(lJHKCHpOBaHHOE HHUC/I0 LeblX IMepeMeHHbIX, CdMH MdCCHMBBI MEHATH He
paspeliaeTcs.)

Ykazanwue. Ha,n,o HaliTH MHHHMAa/ILHOE pPaCCTOsIHME MeXAy 3/J1eMeHTdMH

;1'[1] T, -_r[,!,;] ug— y[{l T e e y[ll, YTO HEeTPYJHO CAenaTb
B XOfie UX CJTUSIHUS B OfUH (BoOoOpakaemblil) MacCHUB.

1.2.23. (u3 xkauru JI. I'puca) HekoTopoe 4uCI0 COAEPKUTCS B KaXKAOM U3
TPeX 1eJIOYMCIEHHBIX HeyObIBaIMX MacCUBOB ;1-[11 & v -.r[p],

y['l] TR, y[q], ;:[l] S e ;:[:r'l. HaiitT ofHO HM3 TaKUX UKCE.
Yucno gelicTBUi JO/KHO ObITh MopsAaKa 7 + q + 7.

Pemmenue.

pl=1;ql=1;r1=1;

{unBapuanT: x[p1]..x[p], ylql]..y[ql, z[r1]..z[r]
copepykaT o0UMiA 371eMeHT }

while not ((x[p1]=ylq1]) and (y[q1]=z[r1])) do begin
| if x[p1]<y[q1] then begin

|| pl=pl+1;

| end else if y[q1] <z[r1] then begin

|1 ql=ql+1;

| end else if z[r1] <x[p1] then begin

| |rl=r1+1;

| end else begin

| | { Tak He OwIBaeT }

| end;

end;

{x[p1] =ylql] = z[r1]}

writeln (x[p1]);

1.2.24. Ta e 3ajjaua, TOJIbLKO 3apaHee He WU3BECTHO, CYIIIECTBYeT iU OOIMM
37eMeHT B TpeX HeyObIBalOLMX MacCuBax U TpelyeTcss 3TO BBISICHUTH (U
HaWTH OAWH U3 O0IIMX 37IeMEHTOB, eC/IU OHU eCTh).

1.2.25. DnemeHTamMuM wMaccuBa al[l..n] SBASIOTCA HeyObIBarolpe
MaccuBbl [1..m] LieabIX yuCes:
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a: array [1..n| of array [1..m] of integer;
a[llll] <... < a[l][m],...,a[n]]1] <... < a[n|[m].

W3BecTHO, 4YTO CyLUIECTBYeT YMCJIO, BXOAfllee BO BCe MaCCHBBI & [ 1]
(cyijecTByeT Takoe x, UTO [/l BCAKOro 1 w3 1. .n HaWgerca ] u3 1. .m,

JJ1S1 KOTOPOTO a[rj] [}l — 7). HaiiTu 0aHO M3 TakuX uncen x.
Pemienue. Beegem maccur b[ll i _b[nl, OTMeualolMii Hauaso "ocTarnencs
yacTH" MacCUBOB .;1[1]_, s |a[n].

for k==1 to n do begin

| blk]:=1;

end;

eq := true;

for k = 2 to n do begin

| eq := eq and (a[1][b[1]] = a[KI[b[k]]);

end;

{MHBapHaHT: OCTaBIIMECS YaCTH MEPECEKAKTCs, T.€. CYIeCTBYeT
Takoe X, UTO /Jist BCskoro iu3 [1..n] Hakigercs j u3 [1..m],
He meHbinee b[i], ana kotoporo alil[j] = x; eq <=> nepBbie
371eMEeHThbI OCTABIIMXCS YaCTeil paBHBI }

while not eq do begin

ls=1;k=1;

| {a[s][b[s]] - MunumansHoe cpeau a[1][b[1]]..a[k][b[k]]}
| while k <> n do begin

[lk =k + 1;

| | if a[k][b[k]] < a[s][b[s]] then begin

[s=k;

| | end;

| end;

| {a[s][b[s]] - MunumansHoe cpeau a[1][b[1]]..a[n][b[n]]}
|b[s] =b[s]+1;

| for k = 2 to n do begin

|| eq = eq and (a[1][b[1]] = a[k][b[k]]);

| end;

end;

writeln (a[1][b[1]]);
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1.2.26. IlpuBeeHHOe pelieHue MpebIAyIel 3aaun TpebyeT mopsagka 377>
nerictBuid. [Ipuaymats crocob C yMC/IOM IEHCTBUNA TIOPSIZKA mn.

Ykazanue. [Ipusgercs noxxepTBOBaTh CHMMETPUEH U BbIOPAaTh OHY U3 CTPOK
3a OCHOBHYIO. /[IBUrasick MO OCHOBHOUM CTpPOKe, TMOAJEPXXUBAaeM Takoe
COOTHOLIEHHWE: BO BCEX OCTAJBHBIX CTPOKAX OTMEeYeH MaKCHUMabHBIH
37IeMeHT, He MPeBOCXOAAIMIA TeKYIero 371eMeHTa OCHOBHOU CTPOKH.

1.2.27. ([IBonuHbIi Mouck) /laHa mocaeq0BaTeIbHOCTh ;1-[1l s -_r[ﬂl
L[e/IbIX YUCel M UWUCI0 a. DBBISCHUTB, COAEP)KUTCS /A a B ITOM

Moc/aeJOBaTeMbHOCTH, TO €CTh CYLeCTByeT AU i u3 1. .n, A7 KOTOPOro

x|i] = a. (Komuectso geiictuit nopsaxa [ogr .)
Pewenwue. (IIpegnonaraem, uro 33 == (J.)

l=1;r=n+l;

{r > 1, ecin a ecTs BoOOIIIE, TO ecTb u cpeau x[1]..x[r-1]}
while r - 1 <> 1 do begin

|lm:=1+ (r-]) div2 ;

[{l<m<r}

| if x[m] <= a then begin

||1:=m;

| end else begin {x[m] > a}

||r=m;

| end;

end;
(ObpaTtuTe BHMMaHUe, YTO U B CJIydae ;1-[171] — (1 WHBapHaHT He
HapyllaeTcs. )

Kaxzbiii pa3 r — [ yMeHbIIAeTCsi MPUMEPHO BJBOe, OTKyAa W BBITEKaeT
TpeOyemasi o1leHKa uncia JedCTBUM.

3ameuanwue.
l+(r—0div2=2l+ (r—-1))div2 = (r +1)div2.

B 9Toii 3ajaue CyIIECTBEHHO, YTO MAacCCUB YIOPSAOYEH - TIOMCK B
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HeyrnopagoyeHHOM MdCCHBe TpEﬁ)/’ET BpeéMEHH, MPONOPUHOHAJIBHOTO OJTMHE
MdCCHBA. (qTﬂﬁbI yﬁEﬂHTbCH, UTO KdKOro-TO 4MC/jida HeT B Md4CCHBe, HaJ0
IMpoCMOTpETE BCe ero BHEMEHTBI.)

1.2.28. (U3 xuuru . I'puca) Umeerca maccuBx: array([l..n] of
array[l..m] of integer, yNnopsJO4YeHHBLI TI0 CTPOKaM U IO
cTonbiam:

2fillg] < 2fillj + 1],
2li]lJ] < 2li + 1)1,
U uucno a. TpebyeTcsi BBIACHUTb, BCTPeYAaeTCs /AU a cpefd x[1i]
[ j].Pemenue. [Ipeacrapnsisi cebe MacCMBx Kak MaTpULly (MPSIMOYTOTBHUK,

3aroJIHeHHBIN UKC/IaMU), MBI BeiOepeM MpsMOYroJIbHUK, B KOTOPOM TOJTBKO U
MOXKET COfiepXKaTbCsl a, U OymgeM ero cykaTb. [IpsMOyronsHUK 3TOT Oyzer

cogepkatb x [1] [jlmpu 1 < i< [u k<j<m

1 k m

(momycKaroTCs MyCThbie MPAMOYTOJAbHUKM TIpU | — (Ju & — 1 + 1 ).

l=n; ki=1;

{>=0, k<=m+1, eciu a ecThb, TO B ONIKUCAHHOM TIPSIMOYTOJTLHUKE }
while (1> 0) and (k < m+1) and (x[l][k] <> a) do begin

| if x[1][k] < a then begin

|| k =k + 1; {neBbiii cTonbel] He COmEPIKUT a, yaaasieM ero }
| end else begin {x[1][k] > a}

||1:=1-1; {HWKHSA CTPOKa HE COEPIKUT a, YAa/IsIeEM ee }

| end;

end;

{x[ll[k] = a unu NpIMOYrOMBLHUK TTYCT }

answer:= (1> 0) and (k < m+1) ;
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3ameuanue. 3pech Ta ke ommbka: x[1] [k] MOXKET oOKa3aTbCs
HeornpefeneHHbIM. (Ee vcriparneHue npefoCTaBaseTCsl YATATENO.)

1.2.29. (MockoBckasg oOnuMmmnuaja 1[0 0OporpaMMupoBaHuw) [an
HeyOBIBarOIIM A MaccuB MOJIO’KUTENIbHBIX 1{e/IbIX yucen

a{ll < a[ﬁ] S oian a[n]. HaiiTu HauMeHbIllee 11e10e TI0J0KUTETbHOe
YKCI0, HE TMPEACTaBUMOE B BHIE CYMMbI HECKO/JBKUX 3JIEMEHTOB I3TOTO
MaccuBa (KaK[blii 3/1EMEHT MacCHMBa MOXeT ObITh MCIONL30BaH He Oosee
ofHOTO pasa). Yucno gelicTBUM MOPSAKa n.

Pewenne. IlycTh WM3BECTHO, UTO YKMCIA, MPEACTABUMbLIE B BUE CYMMbI
3/IEMEHTOB a[l]ﬁ_ ¢ _19[,1;], 3aMOJIHAKT OTPe30K OT 1 [0 HekoToporo N.
Ecnu a{}; = 1] =N+ 1, 0 N + 1 u Oymer MUHUMANBHBIM UKUCIOM, He
npeACTaBUMBIM B BHZIe CYMMBI 3/IEMEHTOB MacCHBa a[l] s a[n]. Ecnu xe
a{f; + 'l] < N -+ 1, To uncna, npejcTaBUMble B BH/E CYMMbI 3/1eMEHTOB
a[ll . _a[,l;- 4 1], 3aTOHSIOT OTPe30K 0T 1 0 N+a [k+11].

k=0;N =0;

{uHBapuaHT: uKCIa, MpeJCTaBUMBIE B BH/IE CYMMEI 3/IEMEHTOB

maccuBa a[1]..a[k], 3anonustoT otpe3ok 1..N}

while (k <> n) and (a[k+1] <= N+1) do begin

N =N + alk+1];
|k =k + 1;
end;

{(k =n) unmu (a[k+1] > N+1); B 060ux cayuasix orBer N+1}
writeln (N+1);

(CHoBa TOT e AedeKT: B YCJIOBUM IMKIA TPU JI0O)KHOM TEPBOM YC/IOBUM
BTOPOE He OTIpe/iesieH0. )

1.2.30. ([Ins1 3HaKOMBIX C OCHOBamMu anreOpei) B 1emouncieHHOM MaccuBe
a{ll i _a[}g] XpaHUTCSl TlepecTaHOBKa uucen | .. .7 (KaKJoe W3 yducesn

BCTPeYaeTcsi 0 OAHOMY pasy).

(a) Onpegenuth ueTHOCTh TepecTaHoBKU. (M B (a), u B (6) KonmuecTBo
nelcTBUM mopsaka 77 .)
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(6) He ucmonb3ys Jpyrux MacCUBOB, 3aMEHUThH MePeCTaHOBKY Ha 00paTHYO

(ecntu 10 paboTeI MPOrpaMMBl a[-g'] — 4, TO MOC/Ie JO/DKHO ObITH a[jl =3

).

VYkazauwue. (a) YeTHOCTb NepeCTaHOBKU OMpeJe/sieTcsl KOIMUeCTBOM LIUKIOB.
Utobbl OTIMUATH Y)Ke TPOHJeHHBIE LUKIbl, Y WX 3JIEMEHTOB MOJXKHO,
Harpumep, MeHsTh 3HakK. (0) ObpaleHne TPOU3BOAUM M0 LUK/IAM.

1.2.31. Man maccuB a [1. .n] u uhcao b. [lepectaBuTh uKc/ia B MacCUBe
TakuM oOpa3om, uToObI CjleBa OT HEKOTOPOW TpaHULIbl CTOS/IM UMCIIA,
MEHbIIMEe UK paBHbIE b, a CrIpaBa OT TPaHUIIbl - OObIIMEe UK paBHBIE b.
Yucno gelicTBUNA Mopsiika n.

Pemmenue.

1=0; r=n;

{uuBapuanT: a[1]..a[l]<=b; a[r+1]..a[n]>=b}
while I <> r do begin

| if a[l+1] <= b then begin

|| L=1+1;

| end else if a[r] >=b then begin

|| r=r-1;

| end else begin {a[l+1]>b; a[r]<b}
|| ..momensTh a[l+1] u a[r]

|| L=H1; r=r-1;

| end;

end;

1.2.32. Ta »xe 3amaua, HO TpebOyercs, uTOObl CHayaja LUIA 3J€MEHTHI,
MeHbIIMe b, 3aTeéM paBHbIe b, a UMb 3aTeM Oonbime b.

Pemenne. Tenepr moTpeOyrOTCA TpHU TpaHULBI: A0 TepBOil Oyayr uaTH
371eMeHThI, MeHblImMe b, OT TepBoM [0 BTOpOW - paBHBIe b, 3aTeM
HEHU3BECTHO Kakue /10 TPeTheil, a mocie Tpetbeir - Oonbume b. (Bonee
CUMMETPUUHOE pelleHHe HCMO0Jb30Bano Obl YeThIpe TPaHULIbl, HO BPSZ U
urpa CTOUT CBed.) B KauecTBe ouepefHOr0 pacCMaTpHBaeMOro 3eMeHTa
OepeM 3/1eMeHT cripaBa OT CpeJiHel TPaHuIlbI.

1=0; m:=0; r=n;
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{unBapuanT: a[1..1]<b; a[l+1..m]=b; a[r+1]..a[n]>b}
while m <> r do begin
| if a[m+1]=b then begin
| | m=m+1;
| end else if a[m+1] > b then begin
|| ..obMensiTe a[m+1] u a[r]
|| r=r-1;
| end else begin {a[m+1] <b}
|| ..obMensiTe a[m+1] u a[l+1]
|| l=H1; m=mt1;
| end;
end;

1.2.33. (BapuaHT mnpepapigyiieil 3agaud, Ha3BaHHbIM B KHUTe J[]eWKCTpHI
3ajaueil o ro/utasackoM ¢rare.) B maccuBe anmHbI n ctodr uncia 0, 1 u 2.
[lepecTtaBuTH UX B TTOPSiIKE BO3PACTaHUs, €C/IM eMHCTBeHHOU pa3peLeHHOu
oneparueil (MOMUMO UTeHHS) HaJZ, MAaCCUBOM SIBJISIETCA TTepecTaHOBKA [IByX
31eMeHTOB. UUC/Io AeMCTBUH TTOPsAIKA 1.

1.2.34. Nan maccuB a[1..n] ¥ 4kCiIO 112 E 72 . Jns Kaxkaoro yyacTtka u3

m CTOSIIMX PSiIOM WIEHOB (TaKMX YYaCTKOB, OUEBMAHO, 72 — 712 + 1 )
BBIUUCTUTH ero cymmy. O011iee unucio el cTBUi JO/HKHO OBITh TTOPSAKA 1.

Pemenue. [Tepexoas oT yuacTka K cocegHeMy, Mbl fo0aBjsieM OAWH ujeH, a
NIPYrOil BBIUUTAEM.

1.2.35. Jana kBagpaTHad Tabmuma a[l..n] [1..n] W 4hCa0 7712 < n.
Ins kakgoro Keazpata 77t 172 B 9ToW Tab/juile BBIYMCIUTE CyMMY

cTrosipx B HeM umces. O61ee unc/io e CTBUM mopsaka ;2.

Pemenue. CHayana [/ KaXKAOr0 TOPU30HTAJBHOTO TIPAMOYTOJbHUKA
pasMepoM 71 ¥ | BBIUMCIAAEM CyMMY cTosupXx B HeM uucen. ([Ipu casure
TAKOTO TPSIMOYTOJIbHUKA MO TOPU30HTAMM Ha 1 HY)KHO 100aBUTh OJHO YMUCIIO
U OJHO BBIYECTb.) 3aTeM, HCIIOJb3ysS 3TH CYMMbI, BBIYMC/ISIEM CYMMBI B
kBagparax. ([Ipu caBure KBajpata Mo BepTHKaau JobaBiiseTcs MOMOCKa, a
Zpyrasi monocka ybaBnsieTcs.)

1.2.36. B maccuse a['l] s a[n] BCTPEUAKTCA MO0 OfHOMY pa3y Bce Ilieible
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yucaa ot 0 40 n, KpoMe OAHOrO. Haiitn MNponyueHHoe YMC/I0 34 BpeM#A
nopdagka n M C KOHEUYHOH ,I[OHOJ'[HI/ITEH]:HOFI MaMATBIO.

Ykazanue. C/I0KUThb BCe UKMC/a B MAacCUBe.

1.3.upyktuBHble QyHKIMHU (110 A. I KylliHUpeHKO)

[Tycte M - HekoTOpoe MHOXecTBO. PyHKIus f, aprymeHTaMHd KOTOPOM
ABJISIIOTCS OC/e0BAaTeIbHOCTH 371eME@HTOB MHOXKeCTBa M, a 3HauUeHUSAMHU -
3/IeMeHThI HeKOTOPOTO MHOXKecTBa N, Ha3bIBAeTCsl WHYKTUBHOM, eC/id ee

3HAUEHWeE Ha IMMOC/e/[0BaTebHOCTH ;1-[11 iati I[ﬂl MOJKHO BOCCTAaHOBUTE II0

ee 3Ha4YeHUI0 Ha MOC/Ae0BaTeIbHOCTH ;1-[1l e -_1:[?; bt ]_l u o x[n], To ecTb
ecnu cymectByet dyHkuusa [ N x M — [N, ans koTopoi

Flz],coznld) = E{ fl{z]1]; s 2in = 1), 2n]).

Hanpumep, dyHKius sum (CymMMa BCeX UJI€HOB MOC/I€J0BAaTeJIbHOCTH)
WHAYKTUBHA, TIOCKOJILKY  OYepeJHONW  ujleH  [OC/Ae[0BaTeTbHOCTH
npubaBseTcs K ee CymMme:

i/

sum({z[1],...,xz[n)})) = sum({z[1],...,z[n — 1])) + z[n].

]

Hpyro#i mpumMep WHJYKTUBHOU QYHKIUU - [JJIMHA MOC/AeJ0BaTensHOCTU. B

stoM ciaydae F'(n,m) =n + 1.

Hanpotus, cpeaHee apudmeTnueckoe He SIBJASETCS UHAYKTUBHOM (yHKI[Mei:
eCJIi MBI 3HaeM cpegHee apudMeTHUYeCKOe HeKOTOPOU MOC/e[l0BaTe/IbHOCTH,
HO He 3HaeM ee /ITMHBbI, TO He MOXXeM Mpe/CKa3aTbh, KAKUM CTaHEeT CpeJHee
apudmMeTHUeCcKoe mocsie A0MHUChIBaHUS HEKOTOPOTO (M3BECTHOTO HaM) UKca.

Cxema afirOpUTMa BLIYUCIEHUS UHIYKTUBHON QyHKIUU:

k=0;f=10;

{unBapuanT: f - 3HaueHue dyukiuu Ha < x[1],...,x[k] > }
while k<>n do begin

|k =k + 1;

| £=F (£ x[k]);

end;
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BﬂECb £f0 - 3HaueHHe li]yHI{L]HH Ha HyCTOﬁ nmoc/jieJoBaTe/IbHOCTH
(HOCHE,H'OBEITEI[]:HOCTH JAJTAHBI 0 ) Ecnu beHKL[Hf[ f ornpeaeneHa TOJbKO Ha
HEeMyCThIX MOC/IeJOBATE/IbHOCTAX, TO MepBadd CTPOKA 3aMeHAETCA Hd

k=1; f=f(< x[1] > );
WHaAyKTUBHBIE PACIIMPEHUS.

Ecnu d¢ynkuus f He sBAfeTCs WHAYKTUBHOHM, TI0JIe3HO UCKaTb ee

WHAYKTUBHOE paCUMpPeHUe - TaKyld UHAYKTUBHYI (YHKUHUIO g, 3HAUeHUs
KOTOPOM OMpejensitoT 3HaueHusi £ (3TO 3HAUWT, UTO CYIECTBYET Takas

GbyHKIUS t, YTO
Fllll] .. czn]) = tlgl{z1] . 2[r]})

I B 1
Npu  BCex t\;l‘[ll ..,;r[ﬂl; ). MoxHO [gOKasaTb, YTO Cpeid BCeX
WHAYKTUBHBIX pacCHMpeHUM CyLIeCTByeT MHWHHMMAaabHOE pacumpeHue F
(MMHUManMbHOCTb O3HAYaeT, UTO [Jist F000ro WHAYKTUBHOTO pacCIMpeHUsiq
3HAUEeHUsS F OnpezesiioTCs 3HAUeHUAMH J ).

1.3.1. Yka3aTb UHAYKTUBHbBIE PACIIMPEHUS /ISl CIeAYIOIMX MyHKIIUIA:
(a) cpeanee apudmMeTHUeCKOE MTOCTEA0BATEIbHOCTH BEIIeCTBeHHbIX UHCeT;

(6) YHUCIO0 3/eMEHTOB MoC/ieJOoBaTe/JIbHOCTH LeJIbIX 4YHCesl, pPdBHBIX e€e
MdKCHMATEHOMY 3JIEMEHTY,

(B) BTOpO#i 1O BeIMUMHE 37EMEHT MOC/IeI0BaTe/ILHOCTH Lie/bIX yucen (ToT,
KOTOpbI OyIeT BTOpBIM, €CIM TepecTaBUTh U/leHbl B HeyObIBaroleM

nopszKe);
(r) MakcMManIbHOE YUC/I0 UAYLIMX TTOAPAJ, OAUHAKOBBIX 371IeMEHTOB;

(1) MakcuManbHas ~ [JIMHA ~ MOHOTOHHOTO  (HeyOBbIBAIOWIETO WM
HEBO3pACTAlOIIer0) y4acTka M3  MWAYIMX TOApPSA  3JIEeMEHTOB B
MOC/Ie10BaTeIbHOCTH L]e/TbIX UUCeJT;

(e) uKcsI0 TPYIIN W3 eUHULI, PAa3[eJeHHBIX HYIAMU (B MOC/I€I0BATEILHOCTH
HY/ei ¥ eIMHULL).
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Pemmenue.

/ |
(a) l:\. CyMMa BCeX 4/IeHOB IToC/1eJ0BaTe/IbHOCTH, AJIMHA .':I s

(6) ( uMCIO  371€MEHTOB, DaBHBIX MAaKCMMalbHOMY;  3HaueHHe
MaKCHManbHOTO | ;

(8) ( wambosblmii 37€MEHT TOC/e/0BAaTeBHOCTH; BTOPOH MO BelTMUHHEe
3/71eMEeHT :;. ;

(r) { MakcMManbHOE YMC/IO UAYIMX MOAPSA/ OfMHAKOBBIX 3/1EMEHTOB; UMCII0
UAYIMX TOAPAJ OAUHAKOBBLIX 3/IEMEHTOB B KOHI|e T0C/Ie/10BaTelbHOCTH;

HOCHE,[LHI‘If‘I 3JIEMEHT IMOoC/1eJ0BaTe/IbHOCTH ::I ;

(,[l) E: MdKCHMaJ/IbHAA AJTHHd MOHOTOHHOI'O Y4dCTKd, MdKCHUMaJ/IbHasdA OJTWHA
HE}’ﬁ]:IBaI-OLL]EFO Y4aCTKa B KOHLe MOC/JIeJOBATEMIbHOCTH, MAKCHMd/IbHAA
ATHHAa HeBO3paCTarwuiero Y4adCTKa B KOHILIe nmocnegoBpaTe/lbHOCTH,

HOCHE,ELHHf‘I Y/leH MmocjieJ0BaTe/IbHOCTH ::l ’

! ~ |
(e) ( uMCTIO IpyNm U3 eANHMUL], TOC/IJHUM UTeH ) .

1.3.2. (Coobumn /[l. B. BapcanodweB) [lanbl ABe MOCA€A0BAaTeIbHOCTH

L[eIbIX YHCes ;1-[1] i3 ,-_rlnl u y['l] gl y[k]. BriscHuTh, sIBASIETCH U
BTOpasi MOC/IeJOBATE/IbHOCTb TMOAMOC/IEe0BATE/IBHOCTBIO TEPBO#, TO €CThb
MO>KHO /M W3 MEePBON BBIUEPKHYTh HEKOTOPBIE Y/IeHbl TaK, YTOOLI OcTanach

BTOpasi. Yucsio geicTeuil mopsgka 1. + k.
Pemenue. BapuanTt 1. Bygem cBoAMTE 3afauy K 3ajjlaue MeHBIIEr0 pa3mepa.

nl=n;

k1l:=k;

{VHBapUaHT: UCKOMBII OTBET <=> BO3MOKHOCTb M3 X[1]..x[n1]
noayuuthb y[1]..y[k1] }

while (n1 > 0) and (k1 > 0) do begin

| if x[n1] = y[k1] then begin

|nl:=nl-1;
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||kl =kl-1;
| end else begin
|Inl:=nl-1;
| end;

end;

{n1 = 0 ummu k1 = 0; eciu k1 = 0, To oTBeT - ga, ecnu k1<>0
(1 nl1 = 0), To OTBET - HET}
answer = (k1 = 0);

MBI HMCIOMB30BAaTM TO, UTO €C/IH ;1-[7] 1] — -y[,ﬂ;l] " -y['_l_] o y[,&;l] -
MOAITOC/Ie/IOBaTe/IbHOCTh ;1-[11 Gian -_r[nll, TO -y['_l] g y[kl — 1] -
MOAMNOCIe/0BaTeIbHOCTh ;r[ll sl -_1:[7]1 = 1].

Bapuant 2. ®yHKijus {3:[1] i .;i-:[nll} — [MakcumanbHOe k1, ms
KOTOPOTO -y[l] i y[,&;l] eCTb TO/IMOC/Ie/I0BaTe/bHOCTh ;1-[1] et -_zr[nll 1
WHIYKTUBHA.

1.3.3. [la"b! ABE MOCIeA0BATEIBHOCTH ;1-[1] i3 _r[nl U -y[ll TS y[,&_] 1[e/TbIX

uncesn. Haiitu MdKCHUMA/IbBHYHO [IJIMHY MOC/AeJ0BATe/MbHOCTH, HBJ’IHPDLL[EEICFI
nmogrocineaoBaTe/JIbHOCTBHO obenx HOCJ’]E,H,OBHTEI[]:HOCTEFI. KomuuecTtBo

omeparuii mopsiaka 1z . k.
Pemenue (coobmeno M. H. Baiinipaiirom, A. M. [IuMeHTMaHOM).
O603Hauum uyepes flp,q) MaKCUMa/TbH Y JUTUHY o0me

MOATIOC/IeIOBaTeTLHOCTH Moc/ieIoBaTe/IbHOCTe N ;1-[11 it _r[p] 51

y[1]. .. y[q] Torma

to x[p|# vlg]=f(p,q) = max (f(p,q—1), f(p—1,q));
zlp| = 9lg]= f(p,¢) = max(f(p,g—1), f(p—1,9), flp—1,9—1)+1);

(Tocromeky  f(p—1,g—1)+1 > fip,g—1). f(p—1.q), BO
BTOpOM cnyqae MBKCI/IM}’M TPEX yucesqa MOXHO 3dMEHHUTE Hda TpET]:E H3 HHX.)
[TosTOMy MOXKHO 3amo/iHaTh Tabauny 3HaueHUU GyHKUUM f, UMy

pasmep 73 . ;. MoxxHo 000OMTHCH M MaMATBIO TOpsAAKA k (MM n ), eciu

MHAYKTUBHO (10 p ) Beruncaats { f(p, (0], .... f(p, k)) (xax dynkums ot
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P 3TOT HabOp MHYKTUBEH ).

1.3.4. (u3 xkauru [I. ['puca) [laHa mnocjefoBaTe/NbHOCTh I@JbIX UKCes
‘1'[1]1"'!I[”l‘ HaiiTu MakCMManbHYH [JJIMHY €e BO3pacTarollei

MOAMOC/Ie/I0BATEILHOCTH (UKCIO AeHCTBUM opsaka 12 [ogT ).

Pemenue. Wckomasi ¢yHKUMST He WHAYKTUBHA, HO HMeeT CJIe[yrollee
WHAYKTUBHOE PacUIMPeHHe: B Hero BXOAAT MOMHAMO MaKCUMAaJbHOW [JTUHBI
BO3pacTarolleil noAnocaegoBaTensHOCTH (0003HaUUM ee k ) Takke M yMCiIa

-u[l],,,,,u[k], rae -u[q'] - MWHUMAJbHBIM W3 TIOCAEJHUX U/IEHOB
BO3pacTalOIMX  TOAMOCAeA0BATeIbHOCTeH  AauWHBI 1.  OueBMHO,

-u['l] S u[}‘] [Mpu pobaBieHUM HOBOrO usieHa B x 3Ha4eHUs u U k
KOPPEeKTHUPYHOTCAL.

nl:=1;k:=1;ull]:=x[1];

{urBapuaHT: k ¥ U COOTBETCTBYIOT JJaHHOMY BbIIIle OTTMCAHUIO }
while n1 <> n do begin

|nl =nl+ 1;

...

| {i - HaubonbiLIee U3 Tex uncen oTpeska 1..k, ans
| xotopwix uli] < x[nl]; ecnu Takux Her, TO i=0 }

| if i = k then begin

[lk =k + 1;

| |u[k+1] = x[n1];

| end else begin {i < k, u[i] < x[n1] <= u[i+1] }

| |u[i+1] = x[nl];

| end;

end;

dparMeHT ... HUCHOABb3YeT HJEK [JBOWUHOrO TIOMCKa; B WHBApHUaHTeE
ycnoBHO mosaraeM u [0] paBHBIM MHHYC OeCKOHeUHOCTH, a ul[k+1] -

oc beckoHeuHocTH. Haia 11esb: -u[il < :.:_-[-nl] < u[i o4 1].

i=0; j=k+1;

{uli] < x[n1] <= ulj], j > i}
while (j - i) <> 1 do begin
|s=i+(-)div2; {i<s<j}
| if x[n1] <= u[s] then begin
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[j=s;
| end else begin {u[s] < x[n1]}
||i=s;
| end;
end;
{u[i] < x[n1] <= ulj], j-i= 1}

3ameuaHue. bonee Tmipoctoe (HO He MHUHUMA/JbHOE) WHYKTHBHOE
pacumMpeHue MOJYUUTCS, €CAU AJs KaKAOro 1 XpaHUTh MaKCHUMA/bHYH
JMVHY BO3pacTalolleidl TMOANOCAe0BaTeTbHOCTH, OKAHUYMBAIOLIEHCS Ha
x[1]. DTo pacumpeHue TPUBOJUT K aITOPUTMy C UHUCJIOM [JeHCTBUA

nopsifka p2. ECTb W [pyro#l H3sIHBIA aAropuTM C KBaJpaTHUHBIM
BpeMeHeM paboTsl (coobumn M. B. BeloryH): HalTH MakCUMalbHYIO 0OIIyI0
MIOATTOC/IeI0BATEIbHOCTD HCXO[HON MOC/Ie[0BaTebHOCTH u
OTCOPTHUPOBAHHOM TOC/I€[0BAaTEILHOCTH C MOMOIIBIO TIPEbIYILel 3a/iaun.

1.3.5. Kakue u3MeHeHHsI HY)KHO BHECTH B peIlleHue MpeblAyiled 3ajauu,
€CJIA HaJl0 UCKaTh MaKCUMabHYIO HeyObIBaIOIIIYIO MOC/Ie0BaTeTIbHOCTh?
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[TopoxxaeHre KOMOUHATOPHBIX 0ObEKTOB

3peck cobpaHbl 3afjauk, B KOTOPbIX TpeOyeTcst MOMYyUUTh OIUH 3a [PYTUM BCe
371eMeHTbl HEKOTOPOTO MHOJXKeCTBa.

2.1. Pa3mellieHus C MOBTOPEHUSMU

2.1.1. HanmeuaraTh BCe MOC/eI0BaTe/NbHOCTH AJUHBI k U3 urcen 1. . n.

Pemenue. bBygem meuaTtaTh HX B JIeKCHKOrpaduueckom  mopsiike
(mocneoBaTeNbHOCTL & TMpeAlIeCTBYeT MOC/e0BaTeNbHOCTH b, eciu [7d
HEKOTOPOTO S MX Haua/IbHble OTPe3KU JJIMHBI S PaBHbI, @ (s+1) -bIM ujieH
MocjaeJ0BaTeMLHOCTU a MeHbine). [lepBoit OygeT mocnesoBaTe/IbHOCTh
<1l,1,...,1> mnociegHel - TIOC/AeJOBATENLHOCTb <N, N, ..., N>,
Bynem xpanuTh mOC/HeAHIOI HaleyaTaHHYI [OCAeJ0BaTe/IbHOCTh B
MaccuBe x [1] . .x[k].

..x[1]...x[k] monoxxuth papHbIMH 1
...HarmeyvaTarb X

...Jast[1]...last[k] mom0XUTH paBHBIM N
{HameuaTaHbI BCE 0 X BKTFOUUTE/IBHO }

while x <> last do begin

| ...X = cleAyroINas 3a X Moc/ieJ0BaTebHOCTh
| ...HameuaTaTb X

end;

OmnuineM, Kak MOKHO TepeiTH OT x K C/efyHliel Moc/ief0BaTe/bHOCTH.
ComiacHO ompejeneHHI0, Yy C/IeAylOlleld IOC/IeJ0BaTe/IbHOCTH IepBble s
YJIEHOB [JOJDKHBI OBITh TAKMMHU XKe, a (s+1) -blif - Oo/bIle. DTO BO3MOXKHO,
ecim x [s+1] meHble n. Cpegu Takux s HYKHO BbiOpaTh Haubosnbliee
(uHaue moJlyuyeHHas TMOC/eJ0OBaTeNbHOCTL He OyleT HernocpeACTBeHHO
cneayromeit). CooTBeTcTByOIIee x [s+1 ] HYKHO yBenuuuTh Ha 1. UTak,
HaJlo, JIBUTAsICh C KOHI|a MOC/IeA0BaTeIbHOCTH, HAWTH CaMblil TIpaBbIil ujeH,
MeHbIMiI n (OH HaHAeTCs, T.K 10 MPeJIoJ0KeHUI0 x<>1last ), yBeIUYUTh
ero Ha 1, a yAylpe 3a HUM 4I€Hbl N10JI0KUTb PABHBIMU 1.

p=k;
while not (x[p] < n) do begin
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|p=p-1
end;
{x[p] <n, x[p+1] =...= x[k] = n}
x[p] = x[p] + 1;
fori = p+1 to k do begin
| x[i]=1;
end;

3ameuanue. Ecin unenaMu nociefoBaTeIbHOCTH CUMTATh UKC/ia He OT 1 10
n,aor 0 7o n-1, To mepexo/ K CieAyIIeMy COOTBETCTBYyeT npubaBieHuUI0
eVUHUIIbI B 11 -MYHOMN CUCTEMe CUHC/IeHHUS.

2.1.2. B nmipeiyjioKeHHOM airOpPUTMe MCMHOMb3yeTCA CpaBHEHHE [BYX
MaccuBoB ( x <> last ). YcrpaHuth ero, pAo0aBuUB Oy1eBCKyw
rnepeMeHHYI 1 ¥ BKIHOYUB B MHBAPUAHT COOTHOILLIEHHe

1l & IIOCHIe NOLBATCIBHOCTE X- ITOCTIEIEIAA.

2.1.3. HanmeuaraTh BCe MOoAMHOKeCcTBa MHOecTBa {1. . .k}.

Peienue. HO'I[MHO}KECTBEI HaXo0gATCA BO B3aMMHO OAHO3HA4YHOM
COOTBETCTBHH C ITOoC/1e0BaATE/TIEHOCTAMHU H}’.]"IEFI H eJIHHUIl NJTHUHBI k.

2.1.4. Haneuarath BCe MOC/1eJ0BAaTeIbHOCTH MOMOKUTE/TbHBIX L]e/bIX UhCes
JUTUHBI K, Y KOTOPBIX 1 -bI{ U/IeH He MPEeBOCXOAUT 1.

2.2. ITepecraHoBKU

2.2.1. HameuaraTb BCe TmepecTaHOBKM uumcen 1..n (TO ecTb
Noc/aeJ0BaTeNbHOCTU JAJIMHBL 11, B KOTOPBIE KaXKA0e U3 3TUX YMCel BXOJUT Mo

OTHOMY pa3zy).

Pemenue. IlepecraHoBku Oygem XxpaHuTe B MaccuBe x[1]..x[n] #©
neuataTb B jekcukorpaduueckom miopsigke. (Ilepeoit mpu 3TOM Oymer

nepecTaHoBKa {1 Do .-n:: , TIOCTeqHer - {-n fain ) ]_} . IOna cocraBienus
afropuTMa Iepexofa K CaeAyIOleil MMepecTaHOBKe 3afafiiMCsl BOIMPOCOM: B
KAKOM C/Iydyae k -blii 4IeH IepecTaHOBKA MO)KHO YBEIWUYUTb, HE MEHSs
npeabiAynpMx? OTBET: e/ OH MEeHbIIe KaKoro-11ubo0 U3 CaeyiolpX 4IeHOB
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(T.F_'. HJIEHOB C HOMEpaMH Oosbie k ) Mul AOJIAKHBI HaWTH HaubosblIee k,
IMMpH KOTOPOM 3TO TAK, T.€. TdKOe k, uTo

glk] <zlk+1] > ... > z[n]

I[Tocne »sToro 3HaueHWe x[k] HYKHO VBEJIUUUTbH MUHHUMAJBHBIM
BO3MO)XHBIM CrIOCOOOM, T.e. HaWTU cpeau x [k+1]..x[n] HauMeHbIee
uncno, bonbiree ero. [TomeHnsB x [ k] ¢ HAM, OCTaeTCS PACIOI0XKUThL UKC/IA
Cc HoMepaMHu k+1 . .n Tak, 4ToObl MepecTaHOBKa Obljla HaMMEHbIIIeH, T.e. B
BO3pacTarwlleM nopsake. 3To ob6erdaeTcst TeM, UTO OHU Y)Ke PacrioyioKeHbI
B YOBIBAIOIIEM MOPSIZIKE.

AJITOPUTM TIepexo/ia K Cae/yioleii mepecTaHoBKe:

{<x[1]...x[n]> <> <n...2,1>}

k=n-1;

{nocnemoBaresbHOCTL cripaBa oT k yosiBaroias: x[k+1]>...>x[n]}
while x[k] > x[k+1] do begin

| k=k-1;

end;

{x[k] < x[k+1] > ... > x[n]}

t=k+1;

{t <=n, Bce unennl oTpe3ka x[k+1] > ... > x[t] 6onbme x[k]}
while (t < n) and (x[t+1] > x[k]) do begin

| t=t+1;

end;

{x[k+1] > ... > x[t] > x[k] > x[t+1] > ... > x[n]}

... 0bmenars x[k] u x[t]

{x[k+1] > ... > x[n]}

... iepectaBuTh yuacTok x[k+1] ... x[n] B oOpaTHOM niopsigke

3ameuanue. [IporpamMma nmeeT 3HaKOMBIN fAedekT: ecnmu t=n, To x [t+1]
He OIpejiesieHo.

2.3. ITogMmHOXKecTBa

2.3.1. Ina 3ajadHblXx n U k ( f <. 13 ) NepeyuciauTh BCe k -3/eMeHTHhIe
MOAMHOIKeCTBa MHOXeCTBa {1..n} }.
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Pewenue. Bynem Npe/ICTaB/IsATh KaXkgoe TOJMHOKECTBO
MOC/AeJ0BaTeMbHOCTEI0 x [1] . .x[n] HYIEH M eJUHUI] IJUHBI N, B
KOTOpoii poBHO k emunwui]. ([Ipyroii cnocob mnpexacraBneHus pa3dbepem
noxxke.) Takue mocie10BaTeILHOCTA YIOPSAOYMM JIeKCUKOTpaduuecku (CM.
Boile). OueBuAHBIM crnoco0® peweHUs 3agauu - rnepebupats Bce
MOC/e0BaTeIbHOCTU KAaK paHblle, a 3aTeM oTOMpaTh Cpeaid HUX Te, Yy
KOTOPBIX k eIWHUL] - MBI OTOPOCHUM, CUMTas ero HeIKOHOMHYHBIM (YHCIIO0
MOC/Ie[j0BaTeIbHOCTeM C k eUHUIIAMU MOXXeT ObITh MHOTO MEHbIle UMC/a
BCeX TOCHeAoBaTeNbHOCTeH). bygemM uckaTe Takodl anropuTM, YTOOBI
MoJyueHue ouyepeHOM IMocjesoBaTebHOCTH Tpeborano He Gonee {C . n}
JeCTBUM.

B kakoM ciiyuae s -blil UfeH MOC/AeA0BATebHOCTU MOXKHO YBE/IWUUTH, He
MeHsig nipeabiayime? Ecnu x [s] mMeHsietcs ¢ 0 Ha 1, TO A1 COXpaHeHUS
ofbuiero uncna eUHUL] HY)KHO CripaBa OT x [ s ] 3amMeHUTh 1 Ha 0. [Jns aToro
Hajo, uyToObI cipaea ot x [ s ] eauHuLbl OblU. ECiM MBI XOTUM MepedTH K
HEMoCpPeACTBeHHO} CAeAyIOIIeMY, TO X [ S ] J0/DKeH ObITh MepBBIM CrpaBa}
Hy/eM, 3a KOTOPBIM CTOST eAUHHULIbL. JIerko BUaeTh, uto x [s+1] =1 (MHaue
x [s] He mnepBbiii). Takum obpa3om Hajgo uckaTe Haubonbiiee s, A1
KoTOporo x [s]=0,x[s+1]=1:

x| [0]1..1]0..0]

3a x[s+1] MOryT MATH ellle HECKOJBKO e€JUHHI], a MOC/Ae HUX HEeCKOIbKO
Hyleli. 3aMmeHUB x [s] Ha 1, Hago BLIOpaTh UAYIME 32 HUM YIEHBI TakK,
4yTOOBI MOCIeA0BATEeNLHOCTD Obly1a Ob1 MUHUMANbHA C TOUKU 3PEHUSs Halllero
nopsika, T.e. uTOOBI CHauyasa UUTM HYIH, a IMOTOM eAWHULbI. BoT uTo
MOJIy4aeTcs:

nepBas nocienosarenbrocTs: 0..01..1 (n-k mymreit, k eqummm);
mociiegHas nocaegosarensHocTs: 1..10..0 (k eqmnum, n-k Hymeii);
AJITOPATM Nepexofa K caeaytomei 3a x[1]..x[n] nocaerosarensrocTs (npes-
IOJIATAEM, TITO OHA €CTh):

s=n-1;
while not ((x[s]=0) and (x[s+1]=1)) do begin

|s=s-1;
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end;
{s - unen, nmogyexaumii u3meHenuto c 0 Ha 1}
num:=0;

for k = s to n do begin

| num = num + x[k];

end;

{num - uucno eguHUI] Ha yyacTtke Xx[s]...x[n], uncmo Hyneu
pPaBHO (A/MHA - YUCI0 eJUHUIL]), T.e. (n-s+1) - num}

x[s]=1;

for k = s+1 to n-num+1 do begin
| x(k] = 0;

end;

{ocTanock moMecTuTh NUM-1 eAUHUL] B KOHIIE }
for k = n-num+2 to n do begin

| x[k]:=1;

end;

Opyroit cnocob mnpejcTaBieHUsi MOAMHOMKECTB - 3TO TMepeyrcieHre HX
neMeHTOB. YToOBI KaXKJoe TOAMHOXXECTBO HMeJI0 POBHO OfHO
npe/CTaBaeHue, [JOTOBOPUMCS TEepPeUHC/INATh 3JIEMEHThl B BO3pacTaroleM
nopsigke. [Tpuxoaum K Takou 3amaue.

2.3.2. [lepeuncnuTh BCe BO3pacTalOIye [10C/Ae0BaTe/IbHOCTU JJIMHBI kK W3
uyrcesa 1..n B nexkcukorpaduueckom mnopsiake. (IIpumep: npu n=5, k=2
nonyuaem: 12 13 14 15 23 24 25 34 35 45))

Pemenvie. MuHumanbHO#i Oyner mnocnesoBatensHocTs (1 2., k)

MaKCUMAaMbHOU - {{n —k+1)... l:','r][ = 1) n::. . B xakom ciyuae s -biii
4JIeH MOC/Ie0BATeILHOCTH MOXKHO yBeIMUUTh? OTBET: /I OH MEHbIIe n—
k+s. Ilocme yBenMueHUss S -r0 3/7€MEHTAa BCE C/IEAVIOIME [OJDKHBI
BO3pacTaTh C warom 1. [ToiyuaeM Takol anropuT™ repexoja K CaeyroLemy:

S=n;
while not (x[s] < n-k+s) do begin

| s:=s-1;

end;

{s - HOMep 3/1eMeHTa, TTO/I/IeXKAIIEr0 YBeTUUeHNO };
x[s] = x[s]+1;
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for i = s+1 to n do begin
| x[i] = x[i-1]+1;
end;

2.3.3. TlycTb MBI pelMIU TIPeACTaBAATL k -3/IeMEeHTHbIE MOAMHOXECTBa
MHOXecTBa {1..n} yObIBalOIMMH TIOC/IEJOBATeILHOCTIMHM [ITMHBI K,
YHOPAL04YeHHBIMH MO-IIpeXKHeMy JIeKCUKOTpauuecku. (TTpumep:

21 31 32 41 42 43 51 52 53 54.) Kak BRIMISAUT TOT/la ajifOPUTM

repexo/ia K CyieJyrOLIei?

OtBet. Uiiem Haubonbiee s, At kotoporo x [s+1]1+1 < x[s]. (Ecum
TaKOTO S HeT, noaaraem s=0.) YBEHI/I'-II/IB x[s+1] Ha l, KnazeM OCTa/lbHbIE
MUHHMAaJ/IbHO BO3MOXHBIMH ( X [t ] =k+1-t gnsa t>s ).

2.3.4. PeumTh ABe mpeAblAyIMe 3aaud, 3aMEHUB Je€KCUKOTpadruecKuu
nopsifok Ha obOpaTHbell  (paHbIlE UMAYT Te, KOTOpble Oosble B
nekcuKorpauueckoM ropsigke).

2.3.5. Tlepeuncnuth Bce BAoKeHUs (DyHKIMU, TIepeBOJAIME pa3HbIe
371eMEeHThI B pa3Hble) MHOXKecTBa \ {1 ..k} B {1..n} } (nmpeamonaraercs,
uro k <2 n ). [lopokaeHue ouepegHOro 37eMeHTa A0/DKHO TpeboBaTh He
bonee (. |- JelCTBUH.

Ykazanue. JTa 3dgd4d MOKeT OBITH CBeJleHd K MMepevyrucjIeHHK MMoAMHOXKeCTB
H MMepeCTaHOBOK 3/IEMEHTOB KaKIOTO MOAMHOXKeCTBd.

2.4. Pa3bueHus

2.4.1. IMepeuuciuTh Bce pa30ueHUs 11€/10T0 TOJIOKUTE/NBHOTO YMC/Ia N Ha
1jefIble TIOJIOKUTEeNBHBIe cjlaraeMble (pa3bueHus, OT/IMUAKOMeEcs JIUIIb
TOPSJKOM CJlaraeMbIX, CUMTalTCsd 3a oaHo). (ITpumep: n=4, pa3bueHus
14141+1,2+1+1,2+2,3+1,4))

Pemenue. [Joroeopumcs, uto (1) B pasbueHusx cjiaraemele WUAYT B
HeBO3pacTawIeM Topsake, (2) camu pa3bueHUS MBI TEPEUUC/ISeM B
nekcukorpaduueckoM mopsiike. Pa3bueHue XpaHMUM B Hadaje MacCHBa
®x[1]..x%x[n], IpU 3TOM KOJIMYECTBO BXOAAIMX B HEro uuces 0003HauuM
k.Buauane x[1]=...=x[n]=1,k=n,BKoHlUe x[1]=n, k=1.
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B kakom ciy4dae x [s] MOXHO YBE/IMYHUThL, HE MEHAA HpE,HIBIr[[y]_U;[/IX? Bo-
MepBbIX, JO/DKHO ObITh X [s—1]>x[s] umu s=1. Bo-BTOpbIX, S [JO/DKHO
OLITE He nmocjiegHum 3JIEMEHTOM (}?BEJ'IHQEHI/IE S HAOO0 KOMIT€HCHPOBATb
YMEHbIIEHHEM cne,qy}ou_uzlx). YBenuuuB s, BCe cjeayrue 3/71eMeHTBl Haado
B34Tb MMHHMAa/IbHO BO3MOXKHBIMH.

s=k-1;

while not ((s=1) or (x[s-1] > x[s])) do begin
|s =s-1;

end;

{s - moa/ieXkaiiee yBeJTMUE@HUIO C/laraeMoe }
X [s] = x[s] + 1;

sum = 0;

fori:=s+1 to k do begin

| sum = sum + x][il;

end;

{sum - cymma uyleHOB, CTOSBIIMX Mocae X[s]}
fori:=1 to sum-1 do begin

| x [st+i] = 1;

end;

k = s+sum-1;

2.4.2. TlpexactaBnss mo-mipexHeMy pa30veHHss Kak HeBO3pacTawlme
MOC/Ae0BAaTeIbHOCTH,  TEpPeYUC/IuTs WX B TOpsiike, oOpaTHOM
nekcukorpaduueckomy (aast n=4, Haripumep, A0/DKHO ObITh 4, 3+1, 242,

24141, 1-61+1+1).

Yka3zanue. YMeHBIIATE MOXKHO TIEPBBIUM CIIpaBa ujieH, He PaBHBIN 1 ; HaWad
€ro, yMeHbIIIMM Ha 1, a CieAyrolMe BO3bMeM MaKCMMa/lbHO BO3MOXXHBIMU
(paBHBIMHU eMy, TTOKa XBaTaeT CyMMBI, a TIOC/IJHUH - CKOJIBKO OCTaHETCS).

2.4.3. Tlpencrapnsisi pa3dbveHusi Kak HeyOBbIBalOILMe TOC/Ie/10BaTebLHOCTH,
MepeunucIuTs HUX B Jekcukorpaduueckom mopsake. [lpumep ans

=4 TEIe1 + 1. AP 142,143, 242 4.

Yxazauue. [TocsieiHul uneH yBeTMUUTh HeMb3sl, a MPEAMOCIeAHUN - MOXKHO;
ecnu moc/e yBequueHUs Ha 1 Mpejrnoc/e/Hero ujeHa 3a CcueT MOoC/ieHero
HapyLIMTCA BO3pacTaHue, TO U3 [ABYX WIEHOB Ha[0 CAe/aTb OJWH, €C/IU HET,
TO TIOC/IeJHUM ujieH HaJo pa30uTh Ha c1araemMble, paBHBIE MPeILIAYILIEMY, U
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0OCTaTOoK, He MEHBLIIIMH ero.

2.4.4. TlpencraBnsas pa3bueHWs Kak HeyObIBawIMe MOC/Ie0BaTe/bHOCTH,
MepeuyrCcInTh UX B Topsake, obpaTHOM nekcukorpaduueckomy. [lpumep ans

n—=4:4, ¥, 13, H1+2, 1#1+141.

Ykazanue. UToObl 3/1eMEHT X [ S] MOXKHO ObLJIO YyMEHBIIMTH, HEoOXoAMMO,
yToOBI s=1 U x[s-1] < x[s].Ecmm x[s] He mocnegHui, TO 3TOrO
Hu JIOCTaTOUHO. Ecnu OH TOC/IeIHUH, TO HYXXHO, 4TOOBI

x[s-1] < [}g [2] fﬁJ um s=1. (3gech [&-J 0603HaYaeT LeNyrn 4YacTh
x.)

2.5. Kogpbl I'ped 1 aHannoruuHeble 3a1a4yu

WHorga GeiBaeT Mmose3sHO MepeuucisTb OObeKThl B TaKOM MOPsKe, UTOOBI
KOKABIA  CAeylOIMd  MWUHMMAaAbHO  OTJIMYAJICA OT  TPeJbIAYILEro.
PaccmoTpuM Hecko/IbKO 3aJau Takoro poja.

2.5.1. TlepeuncnuTh BCe MOC/AEeA0BaTENbHOCTH AJWHBI 1 U3 uucen 1. .k B
TaKOM TIOPsi/iKe, UTOOBI KaXk[asi Ce/yioljasi OT/IMYanack OT TIPeAblAyIlield B
eIMHCTBeHHOU 1udpe, mpuuem He Oosee, ueM Ha 1.

Pewienne. PaccMOTpUM NpsSIMOYTO/IbHYIO JOCKY HIMPUHBI N1 U BbICOTHI k. Ha
KOKA0W BepTUKand OygeT cToATh miamka. TakuM o0pa3om, MOI0XKeHus
aleKk COOTBETCTBYIOT MOCAeA0BaTeILHOCTAM U3 uucen 1. . k AMUHBL n (s
-blil WIeH TOCAe[0BaTeTbHOCTH COOTBETCTBYeT BBICOTE IIAINKA HA S -OM
BepTukanu). Ha KaKo¥ 1Ialike HApUCyeM CTPeIOUKy, KOTOopasi MOXeT ObITb
Halpae/ieHa BBepX WM BHU3. BHauase BCe LIALIKK MOCTaBUM Ha HWXXHIOK
TOPU30HTAa/b CTPE/IOUKOU BBepX. [lanee ABUraeM IIAIIKU 110 TAKOMY [PaBUIY:
Hal/if CaMyr0 TIPAaBYHO IIAIIKY, KOTOPY) MOXXHO TIOABUHYTb B HarlpaBAe€HUU
(HapuCOBaHHOI Ha Hel) CTpenKW, JBUTraeM ee Ha OAHY KIeTKy B 3TOM
HarpaejeHWM, a BCe CTOsIIMe TpaBee Hee HIANIKA (OHW YIIep/JuCh B Kpai)
pa3BopaynBaemM Kpyrom.

flcHO, 4TO HA KaXK/[OM L1are TOJILKO OJHA LUAllKa CABUTrAeTCs, T.e. OAUH UjieH
MOC/e0BaTeIbHOCTH MeHsieTcsi Ha 1. [lokakeM WHIVKUHEW 10 n, 4TO
MPOXOAATCS BCE MOCAef0BaTeNlbHOCTH U3 uucen 1. .k. Chayuaih n=1
oueBugeH. ITycte n>1. Bce xofbl ogenum Ha Te, Ijje ABUTaeTCs MOC/IeHAsA
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Hialika, U1 Te, re ABHUTdAeTCA He MOC/IegHAA. Bo BTOPOM Ciiydae MnocjaegHsd
HIAlIKda CTOUT ¥ CTE€HbI, H MbI €€ MOBOPDAYHBdEeM, TdK UTO 3d KdAbIM XOAO0M
BTOpOro TWIla cjaeayer k-1 XOOOB TIIepBOro THII4A, 34 BpeMs KOTOPBIX
nmociegHsas IIalllkd nmobpIiBaeT BO BCeX KneTKax. Eciu Mbl Terepb 336}{}18M 0
HOCJ’[E,ELHEﬁ mianike, TO [ABHXKEHHS T[IePBbIX n-1 1o npearoaoXeHH
HHOVKLIUMH HPDGEFBEDT BCe Moc/neoBaTe/ibHOCTH OJ/JIHHBI n-1 1o OOHOMY
pa3sy, ABH)XKEHHA XKe HOCHEﬂHEﬁ MamkK M3 Kam,qoﬁ nmoc/jieJoBaTe/IbHOCTH
AIHUHBI 11— 1 AemarT k HOCJ’[E,I[OBEITET[I:HDCTEEI AJIUHBI 1.

B mnporpamme, mnomuMo mociaefoBaTtesbHOCTH x[1]..x[n], Oygem
XpaHuTh MaccuB d[1]..d[n] u3 uucen +1 u -1 ( +1 COOTBETCTByeT
CTpejiKe BBEPX, — 1 - CTpe/Ke BHU3).

HauanwHoe coctosiHue: x [1]=...=x[n]=1;d[1l]=...=d[n]=1.

[lpuBegem anropuTM TMepexofa K CAeAYIOMIeH MOC/IeI0BaTebHOCTH
(OmHOBpPEMEHHO BBISICHSETCSI, BOSMOXKEH JIH MEepPexXofl - OTBET CTAaHOBHTCS
3HaYeHueM OyleBCKO TepeMeHHOu p ).

{ecii MOXKHO, C/Ie/IaTh AT U TTOJIOXKUTE P = true, ec/ii HeT,
nojoXuTh p = false }

i=n

while (i> 1) and

| (((d[i]=1) and (x[i]=n)) or ((d[i]=-1) and (x[]=1)))

| do begin

| t=i-1;

end;

if (d[i]=1 and x[i]=n) or (d[i]=-1 and x[i]=1) then begin
| p=false;

end else begin

| p=true;

| x[i] = x[i] + d[il;

| for j = i+1 to n do begin

| 1dlj] = - d[jl;

| end;

end;

3ameuanue. [Ins mociegoBaTebHOCTeN HYIeH U eJUHUL] BO3MOXHO Jpyroe
pelleHHe, WCHOB3YIOIee ABOMUHYK cuctemy. (MMeHHO OHO CBA3bBIBaeTCs
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00bIUHO C Ha3BaHueM "koabl ['pes”.)

3anumeM moApsg Bce udcaa ot () Ao 2™ — 1 B ABOUUHOM CHCTEMe.
Hanpumep, ans y; — 3 Hanuem:

000 001 010 011 100 101 110 111

3areM Kak[Jjoe U3 uMcesn MoABeprHeM npeoOpa3oBaHUIO, 3AMEHUB KaXKAYHO
1udpy, KpoMe TIepBOii, Ha ee CyMMY C nipeAbiayiiei qudpoi (o moaymo 2 ).
WubiMu C/I0BaMH, YKnCIo0 1,02, ...,0n npeobpa3yem B

iy, dy] + faz, a3 +as,....0,—1 + @, (cymma mo mopynwo 2 ). s
71 — 3 HOJIy4uM:

000 001 011 010 110 111 101 100

Jlerko mMpoBepUTh, UTO OMKUCAHHOe Tpeobpa3oBaHue uncen obpatumo (U TeM
caMBIM JaeT BCe TIOC/Ie[JOBATEe/ILHOCTH MO OAHOMY pa3sy). Kpome Toro,

JIBOMUHBIE 3aTTMCH COCEJIHUX UMCE/ OTJUYArTCAd 3aMeHod KoHma ()11 ... 1]

Ha wkoHerl ](J){)...(), uTo - ToCc/sie TIpeoOpa30BaHUSI - TIPUBOJUT K
WU3MEHEeHUI0 eIMHCTBEHHOU 1[U(pHI.

[Mpumenenue woma I'pesi. [lycTh ecTh Bpal@OU@SACS OCb, U MbI XOTHM
MOCTaBUTh AATYMK yIjla MOBOpPOTa 3TOW ocu. Hacagum Ha och Gapabaw,
BBIKDACHM T107I0BMHY OapabaHa B uepHBIM I[[BeT, MOJOBUHY B Oenblid u
ycraHOBUM (oTo31emeHT. Ha ero Beixoie GyieT B Mo/IOBHHE C/yyaeB (), a B
MOJIOBHHE | (T.e. Mbl U3MepsAeM yrof ''C TOYHOCTBIO A0 | H(] ).

PasBepTka bGapabana:

0 1
[ B oo Goka

Cpenmae psiioM [JpYryl0 [AOPOXKKY M3 [BYX UepHBIX U Oenbix uacted u
MOCTaBUB BTOPOW (DOTO3EMEHT, T0/ydyaeM BO3MOXXHOCTb MU3MEPUTh YTON C
TOUHOCTBIO 710 ()7 :

g 0 1. 12
0 1 0 1

I
N BN
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Cpaenae TpeTsio,

MBI M3MEpPUM yTOJ C TOYHOCTBIO [0 5% u T.hn. OTa ujaes uMeeTr, OgHAKO,
HeJOCTaTOK: B MOMEHT TIlepeceyeHMUs] TpPaHMl] Cpa3ly HeCKOJIbKO
($0TO3/1EMEHTOB MEHSIIOT CUTHAl, M eC/IHU 3T W3MeHeHUs IMPOU30UAYT He
COBCEM OJIHOBPEMEHHO, Ha Kakoe-TO BpeMs Moka3aHusi (OTOITEeMEeHTOB
Oynyt 6eccmbicneHHbiMU. Kopbl ['pest mo3BonstoT n36ekaTh 3TOM OMAacCHOCTH.
CpemaeM Tak, uToOBl Ha KakKJOM IIare MeHsIOCh MOKa3aHUe UL OJHOr0
toTo3a1emMeHTa (B TOM UMC/Ie U HA MIOCIeJHEM, TTOCTIe 11enoro 060poTa).

e R e Y
—
R ]
- =2

1
1
0

ek
T
e

HanucanHasa Hamu ¢opmyna Mo3BoJifeT jerko npeobpasoBaTh JaHHbIE OT
$hoTO371eMEHTOB B ABOMYHbIH KO yI/ia TOBOPOTA.

3aMeTUM TakkKe, UTO TeOMETPUUECKU CYIeCTBOBaHMWe kofa ['pes o3Hauaet
Hanuuue 'TaMUJIBTOHOBA LMKIA" B 73 -MepPHOM KyOe (BO3MO>XHOCTb 0D0UTH
BCe BepILMHEI KyDa 1o pa3y, ABUTasiCh Mo pebpaM, U BePHYTLCS B UCXOOHYHO
BEpILMHY).

2.5.2. HameuvaraTb BCe TepeCcTaHOBKM uuce/n 1. .n Tak, 4yTOOBI Kakjas

clieiyrolljas moJiydanaack U3 NpeAblyllled nepecTaHOBKOW (TpaHCIO3ULIUEH)
[IByX cocefHUX uncen. Hanpumep, npu n=3 A0NYCTUM TakoH MOPSAOK:

e B A B e B e R e R T T e e B B AR B R B

(Meky rmepecTaB/isieMbIMHA YK CIAaMH BCTAaBJ/IeHbl TOUKH ).

58



A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Pemenue. Hapsly ¢ MHOKeCTBOM IepeCcTaHOBOK PacCMOTPHM MHOXECTBO
nocjaeg0oBaTenbHOCTeH v [1 ] . .y [n] 1LeJbIX HeOTPULIATE/TbHBIX YK CeJI, /s

KOTOPBIX j,f[l] =N, s, j,f[n] < n-1. B Hem CTONBKO Xe 3/1eMeHTOB,
CKOJTBKO B MHOJKECTBE BCEX MepecTaHOBOK, U Mbl CeiiuaC YyCTaHOBUM MEXy
HUMH  B3aMMHO  OJHO3Ha4yHOE  COOTBeTCTBHe. VIMEHHO,  KaXK[OH
repecraHOBKe MMOCTAaBUM B COOTBETCTBHE 10C/IeJ0BaTeIbHOCTh
yv[1]..y[n], mme y[1i] - KOJIMYECTBO 4YMCEJ, MEHBIMX 1 MU CTOALMX
JieBee 1 B 3TOM TepecTaHOBKe. B3avMHas OAHO3HAaYHOCTh BBLITEKAeT W3
Takoro 3ameuaHus. [lepecraHoBka uucen 1..n 0OO0Ay4aeTcs U3
MepecTaHoOBKU uucen 1..n-1 pobaBreHueM uMcia n, KOTOPOe MOKHO
BCTaBUTh Ha /wboe u3 n mect. [Ipy 3TOM K COMOCTaBAsieMOW C HeM
Mocjae0BaTeILHOCTA J00aBaseTcss emle OAWH UWIeH, TPUHUMAaKOIUH
3HaueHus oT 0 Ao n-1, a mpeAwlAyilMe ujieHbl He MeHAWTcA. [Ipu atom
OKa3blBaeTCcHdA, YTO M3MEHEeHHMe Ha eJUMHULY OJHOI0 M3 UJ/IeHOB
MOC/IeJOBAaTeILHOCTA Y COOTBETCTBYET TPAHCIIO3WLUU [BYX COCegHUX
yHces, eCd BCe Clefyrolde 4uc/ia I0C/1e0BaTe/IbHOCTH Y [PUHUMAKT
MAakKCHMaAbHO U/A MHUHHMa/JbHO BO3MOJKHBIE [I/I5 HUX 3HayeHud. VImeHHO,
yBe/jiMyeHue v [i] Ha 1 COOTBETCTBYeT TPAHCIO3UIIMH 4YuC/la 1 C ero
IIpaBbIM COCEJ0M, @ YMEHBLIEHUE - C JIEBBIM.

Teriepb  BCIIOMHUM  pellleHHe  33aaud O  TepPeuYMC/IeHHM  BCeX
MOC/Ie[j0BaTeIbHOCTeHM, Ha Ka)K/]OM 1lIare KOTOPOTO OJWH UjieH MEeHSeTCs Ha
eAUHULY. 3aMeHUB NPSIMOYTOIbHYIO [OCKYy [OCKOH B (opMe IeCTHUI[bI
(BpICOTai -O¥i BEPTHKa/U PaBHA 1 ) U ABUras IIAILIKK 110 TeM JKe TpaBHJIaMm,
Mbl TIEPEUUCIUM BCe TOC/Ie[0BATeNILHOCTH Yy, TIPUUeM 1 -blil wieH Oyger
MEHSITBCSI KaK pa3 TOJILKO eC/Id BCe C/IeAYIOlMe LAIKA CTOAT y Kpas. Hamo
elle yMeTh MapayielbHO C W3MEHEHHEeM y KOPPEeKTUPOBATh MEepPecTaHOBKY.
OueBuaHbINA crioco® TpebyeT OTBICKAHUSI B HEM uuMc/iaa 1 ; 3TO MOXKHO
061eTUUTD, €C/TU TOMUMO CaMOU MepecTaHOBKUA XPAaHUTh (YHKI[UIO

begincenteri v MO3HIHA 4YHCIA 1 B NepecTaHOBKE,

T.e. 00OpaTHOe K mepecTaHoOBKe 0ToOpakeHHe, U COOTBETCTBYIOLMM 06pa3om
ee KOppeKkTupoBaTh. BOT Kakasi moiydyaeTcsi nporpaMmma:

program test;
| const n=...;
| var
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| x:array [1..n] of 1..n; {mepecTtanoBka}
| inv_x:array [1..n] of 1..n; {oObpaTHas nepecraHoBKa }
| y:array [1..n] of integer; {y[i] < i}
| d:array[1..n] of -1..1; {HanpaBienus}
| b:boolean;
|
| procedure print_x;
| | var i integer;
| begin
| | for i=1 to n do begin
| || write (x[i], "");
| | end;
| | writeln;
| end;
|
| procedure set_first;{nepsas: y[i]=0 npu Bcex i}
| | var i:integer;
| begin
|| fori:=1 to ndo begn
[[Ix[i]l=n+1-i
||Jnv X[l] =n+1-i

|

|

|

|

|

|

| procedure move (var done : boolean);

| | vari, j, posl, pos2, vall, val2, tmp : integer;
| begin

[[i=n;

| | while (i> 1) and (((d[i]=1) and (y[i]=i-1)) or
n ((d[1]—-1) and (y[i]=0))) do begin

|
|
|
|
|
|
|

||i=i1
| end;

done = (i>1); {ynpoieHue: nepeBobiii YWieH He/b3s MEHSTh }
if done then begin

| for j = i+1 to n do begin

|
|
| | ylil = ylil+d[i];
|
|| d[jl = -d[j];
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| end;

| posl = inv_x[il;

|vall =i

| pos2 = posl + d[i];

| val2 = x[pos2];

| {pos1, pos2 - HoOMepa mepecTaB/sieMbIX 3JIeMEHTOB;
| wvall, val2 - ux 3Hauenwus; val2 < vall }

| tmp = x[posl];

| x[posl] = X[p052]

| x[pos2] =

| tmp = inv x[vall]

| inv_x[vall] = inv_x[val2];

| inv_x[val2] = tmp;

end;

X.
I
I
[
I
I
I
I
[
I
I
I
I
[
I
| end;
|

begin

| set_first;

| print_x;

| b = true;

| {HameuaTaHbl BCE EPECTAHOBKH /10 TEKYIIEH BKIHOUNUTETLHO;
| ecnu b mokHO, TO TeKyllas - MOCAeAHSS }
| while b do begin

| | move (b);

| | if b then print_x;

| end;

end.

2.6. HeCcko/bKO 3aMeuyaHuil

[TocMoTpuM elje pa3 Ha WCHOAb30BaHHbIE HaMU TpueMbl. Brauasne
yIAaBaJOCh PEIMTh 3ajauy MO0 TakOM cXeme: OMpejesisieM TIOPAJOK Ha
MOJJ/IeXKALMX Tepeunc/leHH0 00beKTax M SIBHO OMUCHIBAeM MPOLeAypy
nepexoja OT AaHHOro o0BeKTa K cefyrwiemMy (B CMbICe 3TOro nopsjka). B
3afade o kofax ['pes morpe6oBasoCh XpaHUTh, MTOMUMO TEKYIlero 00bexTa, u
HEKOTOPYH [JOTMOJHUTENbHYH UHGOpPMAaui (HarpaBieHUusi CTPeJIOK).
Hakoner;, B 3ajaue O mnepeundc/lieHHM MepecTaHOBOK (Ha KaXKJAOM luare
JIOTYCTUMA OfIHA TPAHCITO3UI[Us) Mbl IPUMEHUIA TaKOW TIPUEM: YCTaHOBUIIU
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B3aMMHO O/IHO3HaYHOEe COOTBETCTBUE MEK/Y MepeurucasseMblM MHOXXeCTBOM
U apyruMm, 0Oosee TIpOCTO YCTPOEHHBIM. TakuX COOTBETCTBUH B
KOMOWHATOPUKe W3BECTHO MHOro. Mpl TIpUBeeM HECKOJbKO —3ajad,
CBSI3aHHLIX C TaK Ha3biBaeMbIMHU " unciaMu KaTtamanHa "

2.6.1. [lepeunciuThb BCe MOC/IEA0BATE/ILHOCTH JJIUHBI 211, COCTaBJeHHbIE U3
n eJUHUL] U N MHUHYC eJWHHL], y KOTOPBIX CyMMa Jit000ro HauanbHOTO
OTpe3ka HeoTpULlaTe/bHa, T.e. YUCJI0 MUHYC eJUHUL] B HEM He TPEeBOCXOAUT
yncna eguHul. (YUcao Takux MmocjiefoBaTeMbHOCTEH Ha3bIBAKOT UM CIOM
Karanana ; dpopmyny ans uncen Katanana cm. B cjiefiyroiem paszere.)

Pemenue. M3o00pakas eauHuIly BekTopoM (1,1), a MHHYC eZUHHUIY
BeKTOpoM (1, —1), MOXHO CKa3aTh, YTO MbI HIIEM IYTH U3 TOUKU (0, 0) B
TOUKYy (n, 0), He OMyCKarIIMecs HUKe 0cu abciucc.

Byznem mepeuuciste mocaeoBaTe/IbHOCTA B JIEKCUKOTpaduueckoM Mopsiike,
cuntas, uto -1 mpepnwmecTteyer 1. [lepBoii mocnefoBaTenbHOCTBHO Oyaer
lfl_[Hﬂall

a mocseHe# - "ropka"
QU L N A oo e (PO

Kak mepeliTi OT nocsieoBaTeIkHOCTH K Cefyiorieii? /o HeKOTOporo mecra
OHHU A0J/DKHBI COBIAJATh, a 3aTeM Hajo 3aMeHUTh -1 Ha 1. Mecto 3ameHbI
IODKHO OBITH PACITONOKEHO Kak MOXKHO mpaBee. Ho 3amensats -1 Ha 1
MOXXHO TOJILKO B TOM CJlyuae, eCJii ClipaBa OT Hee eCTh eAuHHLA (KOTOpPYH
MOXXHO 3amMeHUThL Ha —1 ). [Tocse 3ameHbl —1 Ha 1 MBI MIPUXOAUM K TaKOU
3ajaue: GUKCMPOBAH HauanbHBIM KYCOK ITOC/IeA0BaTelbHOCTH, HAJ0 HAWTH
MUHHUMaabHOe Tpojo/skeHue. Ee pemeHue: Ha0 NMPUIMCHIBATL -1, eC/u
9TO He HapyLMT yC/J0BUS HEOTPHULIATebHOCTH, a UHauye MPUMHUCHIBAThL 1.
[Tonyuaem Takyro nporpammy:

type array2n = array [1..2n] of integer;

procedure get_next (var a: array2n; var last: Boolean);
| {B a momer@eTcs caeayroIIAst MOC€0BaTeIbHOCTD, €CJTH }
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| {ona ectb (mpu 3TOM last:=false), unaue last:=true }
| var k, i, sum: integer;
begin
| ki=2%*n;
| {nuBapuanT: B a[k+1..2n] TOMEKO MUHYC eIMHUALLBI }
| while a[k] = -1 do begin k:=k-1; end;
| {k - MmakcumanbHOE cpeau Tex, /s KOTopeix alk]=1}
| while (k>0) and (a[k] = 1) do begin k:=k-1; end;
| {a[k] - camas npaBas -1, 3a KOTOpPOii ecTs 1;
| ecniu Takux HeT, To k=0}
| if k = 0 then begin

| | last = true;
| end else begin
| | last == false;

| | i=0; sum:=0;

|| {sum = a[1]+...+a[i]}

| | while i< >k do begin

| || t=i+1; sum:= sum+ali;

| | end;

|| {sum = a[1]+...+a[k], a[k]=-1}
|| alk]:= 1; sum= sum+2;

| | {Bnnots mo alk] Bce usmeneno, sum=al1]+...+alk]}
| | while k < > 2*n do begin

||| k=k+1;

| || if sum > O then begin

|[]]alk]=-1

||| end else begin

||| alk]:=1;

| || end;

| || sum:= sum+al[k];

| | end;

| | {k=2n, sum=a[1]+...a[2n]=0}

| end;

end;

2.6.2. [IlepeurciuTh BC€ pacCTaHOBKA CKODOK B  TPOU3BEJEHUHN
comHoxuTenen. [Topsagok coMHOKUTeNell He MeHsIeTCs, CKOOKM TTOTHOCTBIO
ompefens0T NMOPSAAOK AeicTBuil. Hanpumep, aAns n=4 eCTb 5 pacCTaHOBOK:
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((ab)c)d, (a(bc))d, (ab)(cd), a((bc)d), a(blcd)).

YkazaHue. Kaxnomy NOPSAKY nercTBUi COOTBETCTBYET
MOC/Ie[|0BaTeIbHOCTh KOMAaH/l CTEKOBOTO Ka/IbKYIsiITOpa, OMHCAaHHOTO B

nyHkre 8.3.

2.6.3. Ha okpykKHOCTH 3aflaHO 21 TOYEK, MPOHYMEPOBaHHBLIX OT 1 A0 2n.
[Mepeuncimute Bce crnoco0Obl TPOBECTH n  HEMepeceKarwIMXcsi Xopa C
BepLIMHAMU B 3TUX TOUKAX.

2.6.4. [TepeunciuTh BCe CriocoObl pa3pe3aTh n -yroAbHUK HAa TPEYrOJbHUKH,
NpoBeJsi n—2 ero AuaroHasiu.

(Mb1 BepHeMcs K pa3pe3aHUI0 MHOTOYro/bHHKA B pasjese 0 AMHaAMHUeCKOM
NMporpaMMHUPOBaHUM, OYVHKT 8.1.)

Eme oguH ®iacc 3ajay Ha TepeurcieHde BCeX 3MeMEeHTOB 3a[aHHOTrOo
MHO>KEeCTBA Mbl PACCMOTPUM HMXKe, 00Cy»KZasi MeTOf TOUCKa C BO3BpPaTaMu
(backtracking).

2.7. Ilogcuer KO/IM4eCTB

HHOI",H,& MOKHO HaHTH KOMIHYeCTBO 0OBLEKTOB C TEM WJ/IH HHBIM CBOﬁCTBOM,

He mnepeunciss uX. Knaccuueckui mnpumep: (‘.*f; - YMCI0O BCeX [ -
3/IEMEHTHBIX TOJMHOXXECTB 77 -3JIeMEHTHOIO MHO)XECTBA - MOXKHO HaWTH,
3anonHssa Tabauny o dopmynam

Ch=C"=1 (n>1)
ol O S S NN ¢ Y-

UM no dopmyse
n!

T

(ITepBbiii crrocob 3hdexkTuBHEe, €CMM HA0 BBIYUCIUTH MHOTO 3HaueHUM

gk
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[TpuBegem apyrue npumMepsl.

2.7.1. (Yucno pa3bueHuid; npeanaranach Ha Bcecows3HoW onummnuaze 1o

nporpammupoBanuo 1988 roga) ITycte (1) - uncno pasbueHuii uenoro
TOJIO’KUTE/IBHOTO §3 Ha 1lefible TIOMOXKUTeNbHBle ciaraeMblie (6e3 yuera

nopsgka, | +2 u 24 1 - ogHoO M TO ke paszdbuenue). Ilpu 7, — (]
nonoxum [(n) = 1 (eAMHCTBeHHOE pa3bueHNe He COepPXKHUT CrlaraeMbix).

IToCcTpOUTB anropuT™ BelYKACIeHUsT (1) AJ1s 3aJaHHOTO 71 .

Pemenne. MOXXHO [0Ka3aTb (3TO HETPUBUAIBHO) Takyro dopmyny anst F(72):
Pin)=Plan-1)4Pln=2)- Pla=b)= Plrn-T)+ Pln-12) 4 P(n - 16)+...

(3HaKu y map uneHOB YepeaylTCs, BBIUMTaeMble B OJHOI TMape paBHBI
[3.;;2 = q}}f? u [3.;;2 + q”? ; CyMMa KOHEUHa - Mbl CUMTAaeM, UTO

P(k)=0mnpu k < 0).
O,[[HEIKO 1 6e3 ee MCIIONL30BAHUA MOXKHO NpHuaymMaTb cr10co6 BBIUKMCIeHUSA

FP(n), xoTopblii cymecTBeHHO >(dekTuBHee nepefopa M TofcyeTa BCex
pa30ueHuil.

O6o3naunm uepes fi(rn, k) (ana r = (0, k = 0 ) uncio pasbuennii 7; Ha
1je/ible TI0JIOXKUTEeNbHBIe claraeMbie, He TipeBocxoasime j . (IIpy 3tom

R({]Ekj cuWTaeM paBHeIM | gans Bcex k= ().) OueBujHo,

P(n) = R{n,n). Bce pa3buenus 1 Ha caraemsle, He IPeBOCXOAAIME f
, pa30obbeM Ha TpyIIbl B 3aBUCHMOCTH OT MakKCHMMAaJbHOTO C/laraéMoro

(obo3Hauum ero j ). Yucno fi(m, k) paBHO cymme (0 BCeM j OT | /0 f )
KOMMUecTB pa3bueHuil Co ciaraeMelMH He Oosblie jJ- U MaKCHMaJbHBIM
cnaraemMelM, paBHbIM j . A pa3bueHusi 72 Ha cnaraemele He Oomee [ c
MepBBIM (C/laraeMbIM, PAaBHBIM 7, 10 CYLECTBY TMpPeACTaBaAsiOT coboit
pasOueHus 7, — i Ha ClaraeMmele, He npesocxoaaume j (npu ; < k). Tak
4TO
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Hin, k) = E R(n —1,1) nmpH k£ < n,

Some

R(r,k) = R(n,n) mpH kK > n,
4TO TTO3BOJISIET 3aMOHATL Tabmuily 3HaueHun GyHKIUU [7 .

2.7.2. (CuactiuBbie OueTsl; Tipefiaranack Ha BececoosHoil onummnuaze mo
nporpammupoBanuto 1989 roma.) IlocnemoBarenbHOCTE U3 Py HUbp
(xaxxgast yudpa ot () A0 § ) Ha3bIBAeTCA CYACTAMBBIM OHIeTOM, eCnu cymma
nepBeix 72 nudp paBHa cymme mnocnefHux i uudp. Haittu umcno
CYACT/IUBBIX MOCIEI0BATE/IBHOCTEeH JAHHOUN [JIUHBL.

Pemenue. (Coo0b1ieHO OJHUM U3 YUACTHUKOB OJIMMITUA/IBI; K COXKAleHUI0, He
MOTy yKa3aTh (aMHJIMIO, TaK Kak paboThl MpOBepsuIUCh 3anum(poBaHHBIMH.)
PaccmoTtpum Gonee obuyro 3ajauy: HAWTH YMCIIO TIOC/ELOBATEILHOCTEH, e

pasHHIla MEXy CYMMOW TIepBbIX 72 IIUGP U CYMMOW TOC/AEIHUX 73 IUbD

paeHa k ( k= —9n,....9m ). Hycrs 1'(n,k) - uncio Takux
Moc/aeA0BaTebHOCTeH.

Pa3obbeM MHOXXECTBO TakKuMX TI0C/IeJOBATEILHOCTEH Ha K/IacChl B
3aBUCUMOCTH OT Pa3HUI[bI MEXy MepBoil u nocnegHel yqudpamu. Ecim 3ta
pasHMLIA paBHa f, TO pa3HUL]a MeXAY CYMMaMmu TPYIN K3 OCTaBIIMXCA

1 — 1 nudp paBHa &k — f. YuuTeiBasg, uTto map 1udp C pa3’HOCTBIO
6eiBaer 1) — |t|, nomyuaem dopmyny
]
Tlm k)= Y (10— |t)T'(n—1,k—1).
i=—=u

(HekoTopble craraemble MOTYT OTCYTCTBOBaTb, TaK Kak f: — f MOXKeT ObITh
C/IAILIKOM BeJIMKO.)

B HEKOTOPBIX C/Ty4asix OTBET YAaeTCs MOAYyYUTh B BU/Ie ABHON GOPMYIbI.

2.7.3. [oka3atb, uro unciao KartanaHa (KOMMueCcTBO TOC/Ie0BaTeIbHOCTEH
OMUHBL 3 W3 73 eOWHUI] M 73, MHUHYC eJWHHUL], B M000M HayaibHOM
OTpe3Ke KOTOpPbIX He MeHblle eJAWHUL], uUeM MHUHYC eJWHUL]) paBHO
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Ykazanue. Uucno Karanana ects umcno nomasblx, uaynmx us ((), () B
(272,0) waramu (],1) wu [1,—1], HEe ONYCKAIIMXCS B HWKHIOI
TO/IyT/IOCKOCTD, T.e. Pa3HOCTh YMC/Ia BCeX TOMaHbIX (KoTopoe ecTh ('3 ) U
4KC/la JIOMaHBIX, OMYCKAIIMXCS B HWKHIOK MOJYIIOCKOCTh. [locneanue

MOXXKHO OMHCATh TAKKe KaK JIOMaHble, repecekawipe mpsmyo i — — .
OTpa3uB UX KyCcOK CrpaBa OT CaMOW TIpaBOil TOUKM TepecedyeHus
OTHOCUTEeNLHO YKa3aHHOW TPSMOM, Mbl YCTaHOBUM B3aMMHO OJHO3HAuHOe

COOTBETCTBHE MEXAY HUMH U JIOMaHbIMH U3 ([}\ [}j B [2& —2]. Ocraetca

1 : .
MpOBEPUTS, uTO ('] — _;: =C%. [(n+1).
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O6xop, nepeea. [Tepe6op ¢ Bo3BparamMu

3.1. ®ep3u, He Oblomme Apyr apyra: o6xon AepeBa
T103ULIMH

B npegpiayineit neKijuu Mbl pacCMaTPUBaId HECKOIBKO 3a/iay OJJHOTO U TOTO
)Ke ThMa: "MepeurcIuTh BCe 3/IeMeHThl HekoToporo MHOXecTBa 4 " Cxema
pemieHusi Obljla TakoBa: Ha MHOXecTBe 4  BBOOWICA TOPSAOK W
OMHUCBIBANACK MPOLje/iypa TepexoAa OT MPOU3BOIEHOIO 3/IeMeHTa MHOXKEeCTBa
A k ciegyromneMy 3a HUM (B 3TOM nopsiike). Takyio cxemy He BCerza yoaeTcs
peasM30BaTh HEMOCPEACTBEHHO, U B 3TOH JIEKITMU Mbl PAaCCMOTPUM JIPYTOM
MOJIe3HBIA TIPHEM TTepeYMCIeHUs] BCeX 371eMEHTOB HEKOTOPOTO MHOXKEeCTBa.

Ero Ha3wieawoT " mouck c Bo3Bparamu ', " MeToj BeTBeil u rpaHul ",
backtracking ". Ha nam B3, Haubonee TouHOe Ha3BaHUe 3TOrO MeTOAA -
obxof nepesa.

3.1.1.ITepeunciuTh BCe CrOCOOBI PAacCTaHOBKU 73 ep3ell Ha IIaXMaTHOU
OCKe 12 11, P KOTOPBIX OHU He ObIOT ApYT Apyra.

Pemenue. OueBHIHO, HA KaXK/I0H W3 72 TOPU30HTAa/Nedl JO/DKHO CTOSTH T10

dep3to. Bygem HaseiBath k-mosunuenn (gua k —=0.1,....n )

MPOU3BOJIBHYIO PACCTAHOBKY j ep3eit HA Jf; HUXKHUX ropu30HTasX (dep3u
MoryT O6uth apyr apyra). Hapucyem "nmepeBo mo3uiuii': ero kopHeMm Oyger

eIMHCTBeHHAs () -TTO3UI[USA, a U3 KaXKJ0H Jj -TIO3UI[UHU BBIXOAUT 77 CTPEIOK
BBEPX B (,.!: + 1) -MO3UIUU. DTH 73 TIO3ULMHA OTIMYAKOTCS TI0I0XKEHHEeM

Gep3siHa (f: + 1) -oit ropu3oHTanu. Bynem cuMTarh, 4TO pacronoXxeHue Ux
Ha PUCYHKe COOTBETCTBYET TOJIOXKEHUIO0 3TOro (ep3si: eBee Ta Mo3ulius, B
KOTOpPO#1 (hbep3b pacriosioxKeH JieBee.
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HepeBo no3unuui aasa n=2

Cpeau mo3uuMii 3TOTO JepeBa HaM Hazo otobpaTh Te 72 -TO3ULUH, B
KOTOpPBIX (hep3u He ObIOT Apyr Apyra. [Iporpamma Oyzet "obxoguTh gepeBo” u
uckath uX. Urobbl He aenath nuiHed paboThl, 3aMeTUM BOT UTO: €CJIA B
KakoM-TO J -mo3uuuu ¢ep3u ObIOT APYr Apyra, TO CTaBUTh JanbHENIIMX
tdep3eit cmbicna Het. IlosTomy, 0OHapyXkuB 3TO, Mbl Oygem MpeKpaiaTh
MOCTPOEHUE [iepeBa B 3TOM HarlpaBJIeHUH.

Tounee, HazoBem [ -MO3ULMI0O JONYCTUMOH, €CIW [OC/Ae yAajdeHUus
BepxHero (ep3s octaBumecs He OpOT Apyr Apyra. Hama nmporpamma Oyzer
paccMaTpuBaTh TOABKO JJONYCTUMbIe MO3UL[UMU.

L] \ L] - | L IE . L] L]
\ ’; .

/
\
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Hepero 1OMYCTUMBIX MO3ULIUH Jj1s1 N=3

Pa3obbem 3agauy Ha aBe uactu: (1) oOxom mpou3BoAbHOTO fAepeBa U (2)
peanu3aluio jepeBa JoMyCTUMBIX TTO3UIUH.

Cdopmynupyem 3agauy o06xofa mpou3BoabHOTO AepeBa. bygeM cunTaThb, UToO y
Hac umeetcs PoOOT, KOTOPBIA B Ka)K/blH MOMEHT HaXOAMTCA B OQHOWU U3
BepIMH [epeBa (BepuMHBI M300pa)keHbl Ha PUCYHKe KpyKoukamu). OH
YMEeT BBIMOJIHSATh KOMaH/IbI:

® sEepx Haneso (MATH IO CaMOil /1eBOM W3 BBIXOAAIMX BBepPX
CTPEJIOK)

® srnpaso (MepelTd B COCeAHIOK CIIPaBa BepPILHHY)

® B3 (CIYCTUTLCS BHU3 HA OfIMH YPOBEHb)

(Ha pucyHkax cTpenkamu MOKa3aHO, Kakue TepeMeleHus COOTBETCTBYHOT
9TUM KOMaH/laM.)

BEEpXHAMEBO BIIpaBo BHH3

Kpome Toro, B peneprtyap Pobora BXoAST mpoBepkd (COOTBETCTBYHOLIME
BO3MO)XHOCTH BBIMOMHUTE KXKAYIO U3 KOMaH[):

® cCTh CBEpPXY,;
® cCcTh cCcOopara,
® ocCTh CHHU3Y ,;

(mocnegHsAs MpoBepKa UCTMHHA BCIOAY, Kpome kopHs). ObpaTtute BHUMaHUe,
UYTO KOMaH/ia BIIPABO IMO3BOJISET MePelTH Ullb K "pogHOMY OpaTy', HO He K
"nBoropoaHOMYy".
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Tak KoMaH/1a BIIPABO He feiCcTByeT!

Bynem cumutats, uto y Po6oTa ecTs komaHza obpaboraTs u 4TO ero 3ajaua -
obpaboTraTs BCe MUCTbs (BEPIIMHEI, U3 KOTOPLIX HET CTPE/IOK BBEPX, TO €CThb
[4e YCIOBHEe eCTh CBepxy J0XKHO). [Insg Hauel IIaxMaTHOHW 3afadun
KomaHze obpaboTaTe OyreT COOTBETCTBOBATH MPOBEpPKA U TeuaTb MO3ULUU

tep3eid.

[ oka3aTensCTBO MPaBUIBHOCTH TIPUBOJUMON [jajiee POrpaMMbl UCTIO/Tb3YeT
Takue ompegeneHus. [lycte dukcupoBaHo nonoxenue Pobora B ofHOU U3
BepumMH JgepeBa. Torga Bce MUCThA AepeBa pa30UBAOTCS HA TPHU KAaTErOPUM:
Hag PobGorom, neeee Pobora u mpaBee Poborta. (IIyte u3 kopHs B juCT
MOXXET MPOXOAUThL uepe3 BepumHy ¢ Pobotom, cBopaunBaTth BjI€BO, He
JoXos A0 Hee W CBOpauMBaTh BMNpaBo, He foxofsa A0 Hee.) Uepe3z (OJI)
obo3naunm ycnoeue "obpabotanbl Bce nucThst neBee Pobota", a uepes (OJIH)
- ycioBue " obpaboTaHbl BCe IUCTRS 1eBee U Haj, PoboTtom".

Jlepee Han Ilpaeee

Ham nonagobutcs Takast mpouegypa:

procedure BBepx_z0_ymnopa_u_obpaboTaTh;
| {mano: (OJI), Hago: (OJIH)}

begin

| {unBapuanT: OJI }

| while ects_cBepxy do begin

| | BBEpX_Ha/eBO;

| end
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| {OJ1, Pobor B nucre}
| obpaborats;
| {OJIH}
end;

OCHOBHOM a/lrOPUTM:

naHo: PoboT B KopHe, ucTes He obpaboTaHbl

Ha0: PoboT B KOpHe, mucThs 0O6paboTaHbl
{ou1}

BBepX_/10_ymnopa_u_obpaboTrats;

{uuBapuanT: OJTH}

while ects_cHu3y do begin

| if ects_cnipaBa then begin {OJIH, ecTs cripaBa}

| | BipaBo;

|| (o)

| | BBepx_po_ymopa_u_obpaboTaTh;

| end else begin

| | {OJIH, He ecThb_cripaBa, €CTb_CHU3Y}

| | BHU3;

| end;

end;

{OJIH, PoboT B kOpHe => Bce nuCTbs 00paboTaHbl }

OcTanock BOCMOMb30BAThCS CAEAVIOIMMM CBOMCTBaMM kKomaH[ Po6Gota (B
Ka)XIO CTPOKe B MepBoil (MrypHOil CKOOKe 3amMcaHbl YCIOBUS, B KOTOPBIX
BBITIOJTHSIETCSI KOMaH/a, BO BTOPOM - YTBEpPXKAEHUS O pe3yibrate ee
BBLITIO/IHEHUA):

(1) {oJ,ne ecTe ceepxy } o6paboTaTs { OJIH }

(2){ 0], ecre ceepxy } Brepx namneso {OJI}

(B){ecTr cnpara OJIH } Bnpaso { OJ1 }

(4){nHeecTr cnpara },ecTs cHu3y,OJIH } Buus { OJIH }

3.1.2./loka3aTh, UTO NMpUBeeHHAs MpPorpaMMa 3aBepiuaeT paboty (Ha 1H000M
KOHEYHOM JlepeBe).
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Pemienue. ITpouenypa BBEepPX OO ynopa u_ obpaboTaTsh }
3aBepiaet paboty (Beicota Po6oTa He MOXKeT yBeTUuuBaThCs DECKOHEUHO).
Ecnu mnporpamma paboTaeT 6eCkOHeUHO, TO, TIOCKOJIBKY JIUCTbSI He
obpabaTeIBalOTCSl MOBTOPHO, HAYMHAs C HEKOTOPOTO MOMEHTAa HU OfUH JIUCT
He obOpabaTeiBaeTcs. A 3TO BO3MOXHO, Tonbko ecnu Pobor Bce Bpems
cniyckaetcsi BHU3. [IpotuBopeune. (O0 o1jeHKe uMc/ia JedCTBUM CM. fanee.)

3.1.3.[1oka3aTh MPaBUIBHOCTE CEAYIOIIEI MporpaMMbl 00Xofia JepeBa:

var state: (WL, WLU);

state .= WL;

while ects_cHu3y or (state <> WLU) do begin

| if (state = WL) and ects_cBepxy then begin

| | BBEpX_Ha/eBO;

| end else if (state = WL) and not ects_cBepxy then begin
| | obpabotats; state .= WLU;

| end else if (state = WLU) and ects_cripaBa then begin

| | BipaBo; state == WL;

| end else begin {state = WLU, not ecTb_cripaBa, eCTb_CHU3Y}
|| BHU3;

| end;

end;

Pemenue. UHBapyuaHT LUK/IA:

state = WL = OJI
state = W LI = QJIH

Hoka3aTenbCTBO 3aBepiieHuWss paboTel: mepexon W3 coctosiHus OJ B OJIH

BO3MOXKEH TO/JBbKO Tpu 00paboTke BepHMHBI, TO3TOMY €C/JIM IpOrpaMma
paboTaeT OeCkOHeUHO, TO C HEKOTOPOTO MOMEHTa 3HaueHWe state He

MEHAETCHA, HTO HEBO3MOXKHO.

3.1.4. Hanmucarb mporpammy obxofa gepeBa, MCTONB3YIOIUIYK MPOIEaYPY
nepexoja B ClAeAyHOIMA TUCT (C BBIXOZHBIM T1apaMeTpoM, COOOIArUMM,
V,AN0Ch I 3TO C/1e/laTh WU JTUCT OKA3ascs MOC/IeJHUM).

3.1.5. Penmth 3amauy o6 o00xome pgepeBa, €CTd Mbl  XOTHM, 4YTOOBI
obpabaTbeiBamMCh BCe BEPILIMHBI (He TOJIBKO JIUCThS).
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Pemenue. HYCTB 1’ - HEKOTOpass BeplIMHA. TOF,[LEI nrobas BeplMHa Y
OTHOCHTCH K O,H'HOFI H3 YeThbIpex KﬂTEFOpI‘Iﬁ. paCCMDTpHM IMyTb U3 KOPHA B Y
. OH MOXerT:

(a) ObITL yACTBIO MYTH U3 KOPHA B 7 ( ¥ HIKE X );
(6) cBepHYTB HaneBo c nyTu B ;7 (Y JEBEee X );
() mpoiiTu wepe3 - (¥ HAI X);

(r) cBepHyTb HanpaBo C NyTU B - (¥ [IpaBee X );

B uactHOCTH, cama BepumHa ;¢ OTHOCHUTCA K KaTeropuu (B). YcioBus
Terneps OyIyT TaKUMHU:

(OHJII) oﬁpaﬁoTaHbl BCE BEPUIMHLI HUKE U JIEBEE;
(OHJIH) oﬁpaﬁoTaHm BCe BepIIMHLI HUJKE, JIeBee U Haj,.
BoT kak OyneT BbIISAETh TpOTpaMma:

procedure BBepx_/0_ymnopa_u_obpaboTaTs;
| {mano: (OHJ), Hago: (OHJIH)}
begin

| {nuBapuanT: OHJT}

| while ects_cBepxy do begin

| | obpaboTaTs;

| | BBEpX_Ha/eBO;

| end

| {OHJI, PoboT B siucTe }

| obpaborats;

| {OHJIH}

end;

OCHOBHOM a/lrOpUTM:

naHo: PoboT B kKopHe, HUuUero He obpaboTaHo
Haj0: PoboT B KOpHe, Bce BepimMHbl 00paboTaHbl

{OHJT}
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BBepX_J10_yrnopa_u_obpaboTats;
{uuBapuant: OHJIH}
while ects_cHu3y do begin
| if ectb_cmipaBa then begin {OHJIH, ects cripaBa}
| | BipaBo;
| | {OHJT}
| | BBepx_po_ymopa_u_obpaboTaTh;
| end else begin
| | {OJIH, He ecThb_cripaBa, €CTb_CHU3Y}
| | BHU3;
| end;
end;
{OHJIH, PoboT B KOpHe => BCe BepumHbl 0O6paboTaHbl }

3.1.6.IlpuBefeHHAas TOJBKO UTO NMporpaMma odpabaTeiBaeT BepUIMHY 0 TOTO,
Kak obpabotan m0boii U3 ee MOTOMKOB. Kak M3MEHUTh MpPOrpaMMy, YTOOLI
Ka)K/asi BeplIMHa, He SIBJISIOMIASACS JUCTOM, obpabaTeiBasacs ABaXK/JbI: OAUH
pa3 [0, a Apyroil pas mocje BCeX CBOMX MOTOMKOB? (JIUCTbs MO-TpexHeMy
obpabarbiBalOTCs TIO pasy.)

Pemennie. Ilog "obpaborano HuKe u jepee" Oygem MOHUMaTh "HUXKE
obpaborano mo pa3y, cieBa o0Opab0TaHO TOMHOCTBIY (JIUCTBSI MO pa3sy,
octaneHble 110 ABa)". [Toxg "obpaboTaHo HUXe, neBee U HaA'" OyneM MOHUMATh
" HiKe oOpaboTaHo 10 pas3y, ieBee U Ha/| - MOJHOCTEIO",

[Mporpamma OymeT Takoii:

procedure BBepx_z0_ymnopa_u_obpaboTaTh;
| {mano: (OHJI), nago: (OHJIH)}
begin

| {unBapuanT: OHJI}

| while ects_cBepxy do begin

| | obpaboTaTs;

| | BBEpX_HaseBo;

| end

| {OHJI, PoboT B nucre}

| obpaborats;

| {OHJIH}

end;
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OCHOBHOM a/lrOPUTM:

naHo: PoboT B kopHe, HUuUero He obpaboTaHo
Haj0: PoboT B KOpHe, Bce BepimMHbl 00paboTaHbl

{OHJT}
BBepX_J10_yrnopa_u_obpaboTats;
{unBapuanT: OHJ/TH}
while ects_cHu3y do begin
| if ectb_cmipaBa then begin {OHJIH, ects cripaBa}
| | BripaBo;
|| {OHIT}
| | BBepx_pao_yropa_u_o6paboTaThb;
| end else begin
| | {OJIH, He ecThb_cripaBa, €CTb_CHU3Y}
| | BHU3;
| | obpaboTaTs;
| end;
end;
{OHJIH, PoboT B KOpHEe => BCe BepiIMHbI 00pabOTaHbI TTOJTHOCTBIO }

3.1.7./loka3aThb, UTO YKC/IO OTEpaliii B 3TOM MpOrpaMMe Io TMOPSIKy PaBHO
yncay BepumH gepeBa. (Kak u B Apyrux nporpaMmax, KOTOpble OTIMYAIOTCSA
OT 3TOH JIUIIb PO YCKOM HEKOTOPBIX KOMaHJ 06paboTaTs.)

Ykazanue. [lpuMepHO Kaxkjoe BTOpOe AEMCTBUE TIPU UCIOMHEHUU ITOM
nporpaMmbl - 00paboTKa BepiMHBI, a KakAas BepumHa obOpabaTbiBaeTcs
MaKCUMYM [BaXK[bl.

Bepuemcss Temepr K Hamedl 3ajzaue o ¢ep3six (rge W3 BCeX IMpOrpaMm
obpaboTku fepeBa moHaA06UTCA MU TepBas, caMasi mpocTas). Peann3syem
omnepanuu ¢ gepeeoM nosunui. [Tosunuuio OyreM npeAcTaB/sATE C TTOMOIIBIO
nepeMeHHOW k: 0. .n (uucno depseii) u maccuBa c: array[l..n]
of 1..n(cl[i1] - koopauHatel dep3s Ha i -0 TOPU3OHTANU; NIPH § = [
3HaueHWe c [i] ponu He wurpaer). [lpeanonaraercda, 4TO BCe IMO3MLIUHU
fJonyctumbl (eciu yoparts BepxHero (ep3s, ocTanbHbie He ObIOT APYT ApyTa).

program queens;
| constn=...;
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| var
| k:0..m
| c:array [1..n] of 1..n;
|
| procedure begin_work; {HauaTs paboTy}
| begin
|1k = 0;
| end;
|
| function danger: boolean; {Bepxuuii dep3n mog 60em }
| | var b: boolean; i: integer;
| begin
| | if k <=1 then begin
| | | danger := false;
| | end else begin

[i=1;

while i <> k do begin
| b= b or (c[i]=c[k]) {BepTukans}
or (abs(c[i]-c[k]))=abs(i-k)); {amaronans}

| function is_up: boolean; {ecTs_cBepxy}

| begin

| |is_up = (k < n) and not danger;

| end;

|

| function is_right: boolean; {ecTs_cmipaBa}

| begin

| | is_right := (k > 0) and (c[k] < n);

| end;

| {Bo3mMoskHa ot bOka: mpu k=0 He onpeneneno c[k]}

| function is_down: boolean; {ectb_cHusy}
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| begin
| |is_down = (k > 0);
| end;
|
| procedure up; {BBepx_HaneBo}
| begin {k < n, not danger}

[lk =k + 1;
||clk]=1;
| end;

| procedure right; {BripaBo }
| begin {k > 0, c[k] <n}
||c[k]=clk]+1;

| end;

|

|

| procedure down; {BHU3}

| begin {k > 0}
||k =k-1;
| end;

| procedure work; {o6paboTtats}

| | var i integer;

| begin

| | if (k = n) and not danger then begin
||| fori:=1 to ndo begin

||| write (<', i, ", c[il, > ");

| procedure UW; {BBepx_mo_ymopa_u_obpaboTaTh}
| begin

| | while is_up do begin

|11 up;

| | end

| | work;
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| end;
|
begin
| begin_work;
| UW;
| while is_down do begin
| | if is_right then begin
|| ] right;
[1UW;
| | end else begin
||| down;
| | end;
| end;
end.

3.1.8.lpuBenenHasi mporpaMma TpPaTAT [JOBOJABHO MHOIO BpeMeHHM Ha
BBINOJIHEHNE TIPOBEPKU €CTh  CBepXy (IPOBepKa, HaXOAUTCA 1A BePXHUN
tdep3p mox Ooem, TpebyeT uucia JedcTBUM TopsAAKa n ). VI3MeHUTb
peanu3anUio Omepaluii C JepeBoM IMO3UIHUI TakK, 4YTOOBI BCe TPU MPOBEPKH
ecTs ceepxy/cnpasa/CHM3Y M COOTBETCTBYIOLME  KOMaH/bI
TpeboBamu Obl KOJIMYECTBA JIeWCTBUN, OTPAHUUYEHHOTO HE 3aBUCSIIEH OT n
KOHCTaHTOH.

Pemienue. J[lng KakA0W BepTUKaMM, KaXKA0W BOCXOIAIIEH W KaXKJOH
HUCXO[sILIEH AuaroHanu Oymem XxpaHUTh OyleBCkoe 3HaueHue - CBEJeHUs O
TOM, HaXO[UTCS I Ha 3TOi MMHUM (ep3b (BepxHuit (ep3b He yUUTHIBAETCS).
(3ameTum, UTO B CHUJIy AONYCTUMOCTH MO3ULIMU HA KOKAONU U3 TMHUNU MOXKET
ObITH He Oomee ogHOTO hep3s.)

3.2. O6xop nepeBa B Jpyrux 3afauax

3.2.1.Ucnonb3oBats MeTon 00x0/1a epeBa [jisi pelieHus CeAyrolei 3a/jauu:

JlaH MaCCUB U3 N LeJbIX MOJ0XUTeNbHbIX UHCes a{ll == [}3] U UHUCIO S ;
TpeOyeTcst y3HATh, MOXET /I UUCJIO S OBITH TPEeACTaBIeHO KaK CyMMa
HEeKOTOPBLIX U3 uncen maccuBa a. (Kaxzgoe uMcio MOXXHO UCHOIB30BaTh He
Honee uem 1Mo ofHOMY pasy.)

Pemenue. B){H'EM 3dJdBaThb k -IMO3UMLIHUK T10C/N1eA0BaTe/IbHOCTBHO M3 k
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OyneBCKMX 3HaueHWH, OMpeAensoOUMX, BXOAAT JU B CYyMMYy UHCIa

a“l"'ﬂ[kl unu He BXOAAT. Ilo3MLMs [JOMyCTMMa, eC/IM ee CyMMa He
MPeBOCXOUT S .

3ameuanue. [To cpaBHeHHIO C MTOMHBIM Mepebopom BCex ™ MOJMHOKECTB
TYT eCTb HEKOTOPBIM BBIMIPbILL MOXHO TakkKe TpeJBApUTEILHO
OTCOPTUPOBAaTh MAacCUB & B YyObIBAawIeM TMOPsSJKe, a TakkKe CUYHUTATb
HEJOTYCTUMBIMUA T€ TMO3WLIMU, B KOTOPBIX CyMMa OTOpOLIEHHBIX W/IEHOB
boneie, uem pa3sHOCTE CYMMBI BCex ujieHOB U s. [locmegHuil mpuem
Ha3bIBAKOT "MeTOloM BeTBell W rpaHul]’. Ho mMpuHIMNUAIBLHOTO YIydileHus
[0 CPaBHEHMIO C TOJIHBIM TepebopoM TyT He ToJydaercs (3Ta 3ajaua, Kak
roBopsaT, N ' -monHa, mogpobHOCTH cM. B KHuUre Axo, Xomkpodra u
Ynbmana 'TlocTpoeHuWe W aHaAU3 BBIYMCAWTENBHBIX aaropuTtmoB”, Mup,
1979, a Taxke B kHure ['3pu u [I)KoHcoHa "BelunMcnuTenbHbBIe MallMHBI U
TpyAHOpemiaeMbie 3agauu’, Mup, 1982). TpaguiuoHHOe Ha3BaHHWE 3TOU
3a/1auM - "3aZlaua 0 prok3ake" (PHOK3ak 00Iel rpy30moAbLeMHOCTBI0 S HY)KHO

YIIAaKOBATh T10J] 3aBA3KY, pacrosjiaras npeaMeTaMu Beca a[ll o o.a [n] ). Cm.
tTawke B nekuuu 8 (Kak oboiiTuchk 6e3 peKypcuu) aliropuTM ee perieHwusl,
TOJTUHOMU AJTbHBI T 1o R+ 8 (ucronw3yroumii "TMHaMUUeCKoe
rnporpaMMHpoBaHue’).

3.2.2. TlepeuncnuTh BCe TIOC/IAEJOBATENILHOCTH W3 7 HYIed, eJUHHL] U
[IBOEK, B KOTOPbIX HHUKakKas rpymnmna uudp He MOBTOPSIETCA JBa pasa Mnojpsj

(Het Kycka Buga X X ).

3.2.3. AHajoruuHas 3ajia4a Jjs Moc/ieJoBaTe/IbHOCTeH Hy/lel U eJUHUI], B
KOTOPBIX HUKaKasi Tpyrna 1{udp He TOBTOPSETCS TPU pa3a nogpsiz (HeT Kycka

Bujga X N X )

K 3Toii ke KaTeropuu OTHOCATCS 3a/laud TUMA "MOXXHO I CJIOXKUTh JJAHHYIO
¢urypy U3 neHtaMuHO" U UM NoJ0OHBIE. B HUX BaXKHO yMesioe COKpalleHue
nepebopa (BOBpeMs pacno3HaTh, UTO UMeEIOLeeCs pacrookKeHue (UTYPOK
y>Ke TPOTUBOPEUUT TpeOOBAHUSAM, U 110 ITON BETBU MOUCK He MPOJ0/IKATH).
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CoptupoBKa
4.1. KBagparuuHsblie ajropyuTMbI

4.1.1. Ilycte a[l]| ks a[n] - 1esbie yrcia. TpebyeTcss mMOCTPOUTL MacCUB
b[ll_ Bkt b['n], cofeprKalmn Te  JKe  4uCia, ISl KOTOPOTO

b1] < ... < b[n|.

3ameuanue. Cpeau uucen a{ll il _a[n] MoryT ObITb paBHBbIe. Tpebyercs,
yTOOBI Ka)KJ0€ 11eJI0e YHC/I0 BXOJU/IO B b[ll,,,b[nl CTO/IBKO JKe pas3,
CKOJIBKO U B a['l] st a[n]-

Pemenue. Ygo0HO cuuTaTh, UTO uMCIA a['l] mai a[n] " b[ll ki k b[ﬂl

Mpe/CTaBAsIIOT 000 Haua/bHOe W KOHEUHOe 3HaueHUs MacCuBa X.
a
TpeGoBauue " U b comepaT OOHU M Te ke uuciaa" OyoeT 3aBenomo

BBITIO/IHEHO, eC/IH B I1ponecce paﬁDThI MBI OTPAHHYHUMCA MepeCTaHOBKAMH
3JIEMEHTOB X.

k =0;

{k HaMMeHBIIM X 3/1EME@HTOB MaCCHBa YCTaHOB/IEHBI HA CBOW MeCTa }
while k <> n do begin
|s=k+1;t=k+1;

| {x[s] - Haumenbumi cpeau x[k+1]...x[t] }
| while t<>n do begin

[|t=t+1;

| | if x[t] < x[s] then begin

[s=¢

| | end;

| end;

| {x[s] - naumenwbumii cpegu x[k+1]..x[n] }
| ... mepectaBuTh X[s] u x[k+1];

|k =k + 1;

end;

4.1.2. [Hate pgpyroe peneHue 3aadd COPTHUPOBKH, MCIOJB3YHOLIEE
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WHBApHaHT 'MepBbie k 3/1eMeHTOB ynopsAaoueHbl' ( ;1-[11 T -_r[,!,:] ).
Peinenue.

k=1;

{nepBsie k 3/71eMeHTOB ymopsijoueHbI }

while k <> n do begin

|t =k+1;

| {k+1-blIii 3/1eMEHT MPOJBUTALTCS K Hauamy, OKa He 3aliMeT
| Haayexariero MecTa, t - ero TeKyiuii Homep }
| while (t > 1) and (x[t] < x[t-1]) do begin

| |...momensTs x[t-1] u x[t];

[|t=t-1;

| end;

end;

3ameuanue. Jledekr mnporpaMMbl: TIPU JIO)KHOM BbIpaKeHWH (t>1)
IIpOBepKa ;1-[fl < ;I‘[f = 1] TpebyeT HeCyecTByOIIero 3HaueHust x [ 0] .

O6a Npe/10XKeHHBIX peLeHus TpebyroT yucaa JeNCTBUH,

MPOMOPLMOHANBHOTO 32, CyiecTByioT 6071ee 3dpeKTUBHBIE aTTOPUTMEI.

4.2. AiropuTMbl Tiopsifika n log n

4.2.1. TlpegnoXXuTh aArOPUTM COPTHPOBKM 3a BpeMs n log n (umcio

omepanuii TIpU COPTUPOBKe 73 37eMeHTOB He 6Gonbue Cn log n pas
HEKOTOpOro (' U A/ BCeX 71 ).

Mpb! npesioKUM ABa pelleHus.

Pemienuie 1 (copTHpOBKa CTUSTHUEM).

Iycte k - monoxutensHoe renoe unucio. Pasobbem maccue (1] ... z(n]
Ha oTpesku quHbl k. (Ilepsoiii - ;1-[1] s ,-_r[}';], 3aTem ;1-[,& - l] 8 ,;r[i’ﬁ:l
u Tak ganee.) [MocneaHuii 0Tpesok GygeT HemoNHbIM, eC/TM N He [AeJIUTCS Ha

k. HaszoBem MaccuB K-yropsiioueHHBIM, €C/Id KaKAbIH M3 3TUX OTPE3KOB B
OoT/eNbHOCTH yropsigoueH. JIroboi maccus 1-ynopsgoueH. Ecnu maccue k-
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YIIOPSAZ0YEH U 72 <. f:, TO OH YIOPSAZOYEH.

Mgl onuieM, Kak TipeoOpa3oBaTh k-yrnopsimoueHHeli MaccuB B 2k-
yIOpSiIOUeHHbI (M3 Tex ke 9jemeHTOB). C  TIOMOIBI  3TOTO
npeobpa3oBaHKs aJITOPUTM 3aMKMCHIBAETCS TaK:

k=1;

{mMaccuB x aBnsieTcs k- yropsgoueHHbIM }

while k < n do begin

| ...nMpeobOpa3oBaTk k-yrmopsiioueHHbI MacCUB B 2K-yropsii0UeHHbI;
|k =2*k;

end;

Tpebyemoe npeoOpa3oBaHKie COCTOUT B TOM,UTO Mbl MHOTOKPAaTHO "ciiBaemM"
[1Ba YIIOPSL0UYEHHBIX OTPe3Ka AJIMHBI He Oonbile k B OQUH yNOPSAOYeHHBIN
otpe3ok. IlycTs npoueaypa

CIHAHHE( D, ¢, T : tnteger)

npu p < g < r cmsaer otpesku z[p + 1| ... zg|u z[g + 1]...zr] B
YI1OPSA0YEeHHbIH OTpe30K;1-[p e 1] - _r[rl (He 3aTparmBasi APYTMX uacTei

MacCHuBa x ).

P 9 r
| YImopsA ,"[{)"-I'D'l—'[l—'l[—al’ﬁ ‘ Yrop H'TI'G"-IQHHHI‘-JI |

|

| VIIOPAAO9CHHBIN |

Torga mpeobpa3soBanue k  -ylmopsiilo4YeHHOT0 MaccuBa B 2k -
YIOPSA0YEHHBIH OCYLIECTBIISIETCS TaK:

t:=0;

{t kxpaTtHO 2k umu t = n, x[1]..x[t] sBAsIETCSA
2k-yriopsiIoueHHBIM; OCTAaTOK MAaCCUBA X He U3MEHUJICS }
while t + k < ndo begin

lp=¢

| q = t+k;
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| r == min (t+2*k, n);
| {min(a,b) - MuHUMyM U3 au b}
| cmusiaue (p,q,r);
[t=r1;
end;

Cnusinue TpebyeT BCIIOMOTraTeIbHOTO MACCHBA JJisi 3allMCH PE3YILTaTOB
cnusHuA - 0603HaumM ero b. Yepe3 p0 u g0 o603HauMM HOMepa MoCaeAHUX
3/IEMEHTOB  YUaCTKOB, TIOABEPrUMXCs CAUsSHUKWO, s0 - TOoCIegHUM
3alMCAHHBIM B MacCUB b 371eMeHT. Ha Ka)K/IOM 11are CUsIHUS TIPOU3BOAUTCS
OJHO U3 ABYX J€MUCTBUIA:

b[s0+1]=x[p0+1];
p0=p0+1;
s0:=s0+1;

HITH

b[s0+1]:=x[q0+1];
q0=q0+1;
s0=s0+1;

(JTrobuTenu sizbika C Hanmucanu Obl B 3TOM cnydae b [++s0]=x [++p0] u
b[++s0]=x[++g01].)

[Teproe peiicTBue (B3ATHe J7eMeHTAa W3 T[IE€PBOTO OTpPe3Ka) MOXKeT
MPOU3BOAUTLCS NTPU OJHOBPEMEHHOM BBITIOJIHEHUH JIBYX YCIOBUM:

(1) mepBbIit oTpe3ok He KoHumscs ( pl < g );

(2) BTOpOI1 O0Tpe3ok koHumsca ( U — 7 ) uIKM He KOHUM/ICH, HO 3/IEMEHT B

HEM He MEHBIIe OYepeJHOro 3jemMeHTa mepeoro orpeska [ (gl < r ) u (
z[p0 + 1] < z[g0 + 1])1.

AHanOTUYHO A1 BTOPOTO AeicTBUs. UTak, momydaem

PO =p; q0 = q;s0 = p;
while (p0 <> q) or (q0 <> r) do begin
| if (p0 < q) and ((q0 =) or ((q0 < r) and
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| [(x[p0+1] <= x[q0+1]))) then begin
||b[sO+1] = x [pO+1];

|| p0 = p0+1;
| |s0 :=s0+1;
| end else begin

|1 {(q0 <) and ((p0 = q) or ((p0<q) and
|| (x[p0+1] >=x[q0+1])))}
|Ib [s0+1] = x [qO+1];

1190 :=q0 + 1;
||s0:=s0+1;
| end;
end;

(Ecnu 0ba oTpe3ka He KOHUYEHBI U MepBble HeBbIODAHHBIE 3/IEMEHTHI B HUX
PaBHEI, TO AOMYCTUMBI 00a AeiCTBUs; B IporpaMMe BeiOpaHo mepBoe.)

OcraeTrcst uLb TepenucaTh pe3ylbraT C/IHSHUSA 00paTHO B MAacCUB X.
(Ilpepynpexxgenve. Ecnu obpaTHOe KONMHMpOBaHHe BLIMOMHSETCS BHE
npoLeayps! CAMSHUA, TO He 3a0yabTe Mpo noc/ieHUN OTPe30K.)

[MporpamMa umeeT TPUBBIUHBINA JedekT: obpaljeHue K HeCyIeCTBYIOIMM
3/IeMEeHTaM MaCCHBA MPU BBIUKUCIEHUU Oy/1eBCKUX BhIPAKEHUH.

Pemienue 2 (copTHpOBKA IeEPEBOM).

Hapucyem "monHoe aBouuHOe JepeBO" - KaPTHMHKY, B KOTOPOW CHU3Yy OAUH
KPY)KOK, U3 Hero BbIXOJAT CTPeJIKU B /iBa [IPYTUX, U3 K&XKJO0T0 - B JBa APYTUX
Y TaxK janee

AVAYAV,

Bynem roBopuTh, UTO CTpPE/NKU BeAyT "OT OTI[OB K CHIHOBBSIM': y KaXKJ0TO
KPY)KKa [IBa CbIHA U OfIMH OTel] (eC/U KPY>KOK He B CaMOM BEepXy WM HU3Y).
[peanonokum Aasi MPOCTOTHI, YTO KOJIMYECTBO TIOAJIEKAIMX COPTHPOBKE
yycen eCTb CTeneHb ABOHWKM, U OHU MOTYT 3aMOHUTL OAWUH U3 PAJOB
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OeaIuKOM. 3anumneM ux Tyad. 3aTeM 3amoJIHUM 4acThb AgepeBa nog HUMH 110
MpaBUJIY:

THCIO B KPYXEe — MHHHMYRM W3 THCET B KPYAHKAX-CHIHOBRAX

Tem cambiMm B KOpPHe [epeBa (HIW)KHeM Kpykke) ©Oyger 3amucaHo
MUHMMaJIbHOE YHCJI0 BO BCEM MAaCCHBeE.

W3biMeM 13 COPTUPYEMOT0 MaCCMBAa MUHUMAJbHBIM 371eMeHT. [I/1s 3TOro ero
HaJ0 BHayale HAUTU. DTO MOXKHO CJenaTh, WA OT KOpPHS: OT OTLa
MepexoJuM K TOMY CHIHY, [Jle 3alTMCaHO TO >Ke uhcii0. V3bAB MUHUMAaNBHBIN
9/IeMeHT, 3aMeHUM ero CMMBOJIOM 3O U CKOppeKkTupyem Oojee HH3KHe
APYCHI (A1 3TOr0 HAJ0 CHOBA MPOWUTH MYTh K KOpHIO). IIpu 3TOM cuuTaem,

yro min(f, +o¢) — f. Torga B KOpHe MOSBUTCS BTOPOW MO BelMUYMHE
371EMEeHT, Mbl HM3bIMaeM €ro, 3aMeHsisi OeCKOHeUHOCTbI0 M KOPPEKTUPYs
nepeBo. Tak TMOCTeMeHHO Mbl W3bIMEM BC€ 3/IEMEHTbI B TIOPSIKE
BO3pacTaHus, MOKa B KOPDHE He OCTaHeTC s 6eCKOHEUHOCTh.

[Mpu 3anmucu 3TOrO anropuTMa I0/Ie3HO HYMEpOBaThb KPYKKHU UM C/1aMU
1,2,... - Ipu 3TOM CBIHOBBSIMU KPY)KKa HOMED n SIBJSIOTCS KPYKKA 21 U

21 + 1. NogpobHoe M3/10KeHHe 3TOTO aJITOPUTMA Mbl OMYCTUM, TTOCKOJ/IBKY
Mbl  u310)kuM  Oonee  3ddexkTuBHBIMN  BapuaHT, He  TpeOyrOIMH
JOTIOJIHUTENIBHOM TlaMsiTH, KDPOMe KOHEUHOr0 uMcjia TMepeMeHHbIX (B
[OTIOJIHEHUE K COPTUPYEMOMY MacCCHUBY).

Me1 Gyziem 3anucbiBaTh COPTUPYEMbIe UKC/a BO BCeX BepPIIMHAX [JePeBa, a He

TOJIBKD Ha BepxHeMm ypoBHe. [lycTs ;1-[11 A -_];[ﬂl - MacCHB, TOAJIeXaMi
coptupoBkKe. Bepuminamu gepeea OyqyT uncia OT 1 o n ; 0 ykC/ie x [ 1] MBI
Oyzem roBOpUThL Kak O WuHC/e, CTOslleM B BepumHe i. B mpouecce
COPTUPOBKM KOJIMUECTBO BepumH JepeBa Oyger cokpaujateca. Ywucno
BepIIMH TeKyllero Aepeea OyneM XpaHUThL B TepeMeHHOU k. Takum obpasom,

B mpoiecce paboTbl ajropuTMa MacCUB ;1-[1] i _-_;:Inl Je/UTC Ha [Be

4acTH: B ;1-[1] i3 _r[,f‘] XpaHsTCs UMC/ia Ha JepeBe, a B ;1-[!; e l] i ;1-[?;]
XPaHUTCS Y’Ke OTCOPTHpPOBAHHAasi B MOPSiIKE BO3pacTaHWs 4aCTh MacCHUBa -
37IEMEHTBI, Y)Ke 3aHSBIINE CBO€ 3aKOHHOE MeCTO

Ha KdKJO0M Ildre ajaropuTm ﬁy,qu M3bIMAaTb MaKCHMAa/bHbBIH 3/1€MEHT Jepeea
W TMOMellaTh ero B OTCOPTHPOBAHHYH) 4YaCTh, Ha OCBOGO,ILHBLUEECF[ B
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pe3ynbTaTe COKpallleHUs JepeBa MecTo.

JloroBOpUMCsi 0 TEPMHAHO/IOTHH. BepiiMHaMu JepeBa CYMTAKOTCA Ykc/ia OT 1
10 TeKyIero 3HaUeHWs MePpeMeHHOU k. Y KaK0il BepHIMHBI S MOTYT ObITh
CLIHOBBA 25 U 2s+1. Ecnmu o06a 3Tux umcna bomneiie k, TO CBIHOBEH HeT;
Takasi BepIlMHa Ha3biBaeTcd AUcToM. Ecnu ¢ — [, TO BepllMHA S UMeEeT
POBHO OJIHOTO ChIHA ( 25 ).

Hns kaxgoro s u3 | . J- pacCMOTPUM "mofjepeBo" C KODHEM B S: OHO
COIEPI)KUT BEPIIMHY S U BCEX ee NMOTOMKOB (ChIHOBei, BHYKOB U TaK jasee -
[0 Tex mop, MoKa Mbl He BhIHJeM U3 oTpe3ka | . .} ). Bepumny s Gygem
Ha3bIBaTh PETYISIPHOM, €C/IM CTOsllee B HeH YHMC/I0 - MaKCUMasbHBIN
37IeMEeHT S -TOJJepeBa; s -IMOAJepeB0 Ha30BeM perylIsipHbIM, eC/iU BCe ero
BepumHbl perynsipHel. (B wactHocTH, mo6oit nuct obpasyer perynspHoe
OAHO3/IEMEHTHOE I104AepeBo.)

3amMeTuM, UTO MCTUHHOCTb YTBEpXAeHUsi " s -MoAJAepeB0 peryisipHo”
3aBHCUT He TOJILKO OT S, HO OT TeKYIIero 3HaueHus k.

Cxema dJICOPHUTMA TAdKOBA:

k=n

... CnenaTb 1-moaiepeBo peryisipHbIM;

{x[1],..,x[k] <= x[k+1] <=..<= x[n]; 1-nogaepeBo peryispHo,
B 4aCTHOCTH, X[1] - MmakcumanbHbIN 31eMeHT cpeau X[ 1]..x[k]}
while k <> 1 do begin

| ... oomensaTe mectamu x[ 1] u x[k];

|k =k-1;

| {x[1]..x[k-1] <= x[k] <=...<= x[n]; 1-mongepeBo

| peryasipHO Be3je, KpOMe, BO3MOXKHO, CAMOT0 KOPHS }

| ... BOCCTAaHOBHTh PETYISAPHOCTh 1-MofepeBa BCOAy

end;

B kauecTBe BCIOMOraTenbHOW MpoLeAypbl HaM MOHaAobuTca mpoueaypa
BOCCTaHOBJIEHUS PETYIAPHOCTU s -TIojJepeBa B KopHe. BoT oHa:

{s-mogmepero perynsipHo Be3ze, KpoMe, BO3MOXXHO, KOPHS }
t=s;
{s-mogmepero peryisipHo Be3ze, KpOMe, BO3MOXKHO, BePUIMHEI t}
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while ((2*t+1 <= k) and (x[2*t+1] > x[t])) or
| ((2*t <= k) and (x[2*t] > x[t])) do begin
| if (2*t+1 <= k) and (x[2*t+1] >= x[2*t]) then begin
||... oomensTs x[t] u x[2*t+1];
||[t=2%+1;
| end else begin
||... oomensTe x[t] u x[2*t];
||t =2%;
| end;
end;

Urtobbl yOeguThCS B MPABUJILHOCTUA 3TOH MpOLEAYpbI, TOCMOTPUM Ha Hee
nopHuMaresibHee. IlycTe B s -nojgepese Bce BepLIMHBI, KpOME pa3Be uTo
BepUMHBI t, perymsipHel. PaccmoTpum cbiHOBedl BepumHbl t. OHH
PerynsipHbl, ¥ TIOTOMY COZiep)KaT HaubobIMe YKucaa B CBOUX TOAJePeBbsX.
Takum obpa3om, Ha ponb Haubosbllero umwcna B t -NofgfepeBe MOTYT
MpeTeH/0BaTh YMC/IO B CaMOil BepuMHe t W uucjia B ee ChIHOBBAX. (B
IepBOM (/1yyae BepllMHa t peryispHa, U Bce B nopsagke.) B sTux repmuHax
LUK/ MOXKHO 3aMucaTh TakK:

while HanbosbinIee uKcio He B t, @ B OAHOM U3 CbiHOBel do begin
| if oHO B IpaBOM chiHe then begin

| | TOMeHSITE t C ee MpaBbIM CbIHOM; t:= MpaBblii ChIH

| end else begin {Hau6onbIIee UM CIIO - B IEBOM ChIHE }

| | TOMEHSITE t C ee /1IeBbIM CBIHOM; t:= JIeBbIi ChbIH

| end

end

[Tocme obmeHa BepumHa t CTAHOBUTCA PperyisipHoil (B Hee Tmomnajgaer
MakCHUMaJIkHOe uucao t -mopagepera). He mpuHsBumii yuactus B obmeHe
CbIH OCTAeTCsl peryisipHbIM, a TPUHSBIIMWA ydyacTHe MOXeT U He ObITh
peryisipHeIM. B ocTanbHBIX BepUmMHax s -MoOfAJepeBa He MU3MEHUIUCh HU
4yKuC/la, HA NOJJepeBbsl UX MOTOMKOB (pa3Be 4TO [Ba 3/IeMeHTa IofJepesa
NepecTaBU/IMCh), TaK UYTO PeryiipHOCTb He HapyLIMIach.

OTa ke Mpole/lypa MOXKeT HCI0Ib30BaThCs AJisi TOro, uTobbl cpenath 1 -
NOJ/IePeB0 PeryIsipHbIM Ha HaualbHOM CTAaJUU COPTUPOBKHU:

k=nu=n
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{BCE S-riogaepeBbs C s>u pPeryispHbI }
while u<>0 do begin
| {ll-HDMGpEBO peryindapHo epe3fe, KpoMe pa3Be uTo KDpHH}
| ... BOCCTAHOBHUTD PeryisipHOCTb U-IIOA4epPeBd B KODHE,
| w=u-1;
end;

Terneps 3anuinemM npoieAypy COPTUPOBKHM Ha Mackase (mpejmnosaras, 4To n -

KOHCTaHTa, x uMeeT T arr — array [1..n| of integer ).

procedure sort (var X: arr);

| var u, k: integer;

| procedure exchange(i, j: integer);
| | var tmp: integer;

| | begin

| [tmp = x[il;
| | x[i] = x[j];

| | x[j] = tmp;
| end;

| procedure restore (s: integer);

| | var t: integer;

| | begin

|| t:=s;

while ((2*t+1 <= k) and (x[2*t+1] > x[t])) or

[ ((2*t <= k) and (x[2*t] > x[t])) do begin
| if (2*t+1 <= k) and (x[2*t+1] >= x[2*t]) then begin
| | exchange (t, 2*t+1);
[ [t=2%t+1;

| end else begin

| | exchange (t, 2*t);

[ | t:= 2%t

| end;

end;

| end,

| while u <> 0 do begin

| | restore (u);
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|[lu=u-1;
| end;
| while k <> 1 do begin
| | exchange (1, k);

||k =k-1;
| | restore (1);
| end;

end;

Heckonbko 3ameuanui,

MeTo/, UCIIOIB30BAaHHBIA TIPU COPTHPOBKE JepeBOoM, ObIBaeT IMO/e3HBIM B
apyrux cayuasx. (Cm. B gekuuu 6 (Tuner ganHeix) 00 ouepeau c
MPUOPUTETAMH.)

CopTupoBKa C/MSHMEM XOpolia TeM, uTO oHa Ha Tpebyer, uToOBI BeCh
COPTHUPYEMBI MaCCUB TIOMeIIAJICS B OTIepaTUBHOM nmaMaTu. Mo>KHO cHauasna
OTCOPTHUPOBATH TaKHe KYCKHM, KOTOPble MTOMEIIAKTCS B MaMATH (Harpumep, C
MOMOIIIBIO ZiepeBa), a 3aTeM C/IUBaTh MOTydeHHbIe (aisibl.

Eme ofuH TMpakTU4YeCcKd BaKHBIM alrOPUTM COPTUPOBKU (ObICTpas
coptupoBka Xoapa) TakoB: uTOOBI OTCOPTUPOBATh MAacCUB, BbibepeM
CTyd4ailHBIN €ro 3/IeMeHT f; , U pa300keM MacCUB Ha TPU YaCTH: MeHbLeE [,
paBHble }; W Oonbnme j. (JTa 3agaua npuBefeHa B jekuuu 1.) Temeps
0CTas0Ch OTCOPTUPOBAThH MEPBYH W TPEThI0 YaCTHU: ITO Je/laeTcsi TeM XKe
cnocobom. Bpemsi paboTel 3TOr0 anropuTMa - ciaydaiiHasi BeTMUMHA; MOXKHO

[l0Ka3aTh, uTO B cpejHeM oH paboraer He H6osbiie C'n log 1. Ha npakruke -
OH OfuH U3 cambIX ObICTPBIX. (MBI ellle BepHeMCs K HeMYy, NpUBeJsl €ro

PEKYPCUBHYIO U HePEeKyPCHBHYIO peanu3aljiu.)
Haxoner], orMeTuM, uTo COpTHpOBKa 3a Bpems nopsgka (n log n moxer
OBITH BBIMTOJIHEHA C TIOMOIILI0 TeXHUKA COANMAaHCHPOBAHHBIX [IePeBLEB (CM.

Jexiuio 14), ofiHaKD TpPOrpaMMbl TYT CAOKHEe W KOHCTAaHTa (| [JOBOJIbHO
BeJTKA.

4.3. [IpumeHeHUs1 COPTUPOBKHU.

4.3.1. HaiiTu KOMMYECTBO pa3MAYHBIX YUCEJ CPeAd I/IeMEHTOB [JaHHOTO
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maccuBa. Yucno geiicteuii mopsigka 1 log n. (OT1a 3amaua yxe 6bina B
gexkiuu 1.)

Pemenmue. OTCOpTHpOBaTL YyHC/ja, a 3aTeM IIOCHMTATb KOJIHYECTBO
PA3/IHYHBIX, TIDOCMATPHUBASA 3JIEMEHTEI MdCCHBA 110 ITOPANOKY.

4.3.2. Jlano n OTpe3KOB [a[é],b[é” Ha npsmou ( § — | ...72 ). Hahitm
MakKCHUMaJIbHOe k, jid KOTOPOrO CYIIeCTBYeT TOUYKA TPSMOM, TOKphITas k
otpe3kamMu ("'MakcuMasbHOe uucio cinoeB'). Yucio gelcTBU - TIOpsigka

nlogn.

Pewienue. Ynopsagouum Bce JieBble U MpaBble KOHIIbI OTPe3KOB BMecTe (Mpu
3TOM JIeBBbIN KOHEI] CUMTAeTCsd MeHbIlle TIPaBOro KOHIIA, PACIOJIOXKEHHOTO B
TOUW >Ke TOuke mpsiMoi). [lanee aBuraeMcs ciieBa Harpapo, CUATAss YUCTIO
cnoeB. BcTpeueHHBIN JieBbI KOHEI| YBeMUMBAeT UMC/IO0 CJI0€B Ha 1,
npaBblil - yMeHbInaeT. OTMETUM, UTO MIPHMBIKAIOIIME APYT K JPYTy OTPe3KH
oOpabaTeIBalOTCS TMPAaBU/IBHO: CHauala WAET JIeBbld KOHel] (MpaBoro
OTpe3Ka), a 3aTeM - MpaBblil (JIEBOrO OTpe3Ka).

4.3.3. [JlaHo 72 TOUeK Ha TUJIOCKOCTH. YKa3aTb (12 — |) -3BeHHYIO
HecaMoIIepeCceKarIlyrCcs He3aMKHYTYI0 JIOMaHYE, MMPOXOJSAIIYyI0 Yepe3 BCe
5t Touku. (COoCeIHUM OTpe3KaM JIOMaHOW pa3pelaeTcs JIeKaTb Ha OJHON

npsimoit.) Uncsio feiicteuil mopsiaka 1 log n.

Pewienue. Ynopsgouum TOUKM MO 7 -KOOpAUHATe, a MPU paBHbIX 7 -
KOOpAMHATax - no I -koopauHarte. B Takom mopsiike ¥ MOXXHO NPOBOAUTH
JIOMaHym.

4.3.4. Ta xe 3afiaua, €C/IM jJOMaHasi 10/DKHA ObITh 3aMKHYTOIA.

Pemenrie. Bo3sMeM caMyto JIeByIO TOUKY (TO €CThb TOUKY C HAUMEHbBIEH 7 -
KOOD/IMHATOW) U TPOBEJIEM M3 Hee Jiyud BO BCe OCTalbHbie TOUKH. Terepb
YIIOPSZIOUMM 3TH JIYYd CHU3Y BBEPX, a TOUKH Ha OJHOM JIyue YIIOpSiJOUMM 110
PacCTOSTHUIO OT Hayasia jiyda (3TO ZieJIaeTCst AJisi BCeX Jydeid, KpOMe HUKHEro
1 BepxHero). JIomaHast BBIXOAUT W3 BeIOpaHHOW (CaMo#i /1eBOM) TOUKH T10
HWKHEMY JIydy, 3aTeéM 10 BCeM OCTaJbHBIM JiydaMm (B OMHCAHHOM TMOPSIKe) U
BO3BpAII[aeTCsi [10 BePXHEMY JIy4y.
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4.3.5. [laHo 73 TOUYeK Ha MIOCKOCTH. [IOCTPOUTHL UX BBITIYK/IYHO 000/0UKY -
MHUHUMA/IBHYIO BBIMYKIYHO QUrypy, ux cogepxariyto. (PesnHoBoe koneuyko,
HaTsHyTOe Ha BOWTHIE B [OCKY TBO3JU - UX Bbinyknaas obosouka.) Yuciio

omepaiuii He 6osee 11 log 1.

Ykazanue. YIoOpsAouMM TOUKM - TOAUTCA M000M U3  TOPSJKOB,
MCITOJIb30BAHHBIX B IBYX MPeABIAYIIMX 3aa4ax. 3aTeM, pacCMaTpPUBasi TOUKH
no ouepeau, OyreM CTPOUThL BBIMYKIYIO ODOMOUKY y»Ke pacCMOTPEHHBIX
Touek. (/171 XpaHeHUs BBIMTYK/I0M 000/I0UKH TTO/Ie3HO UCTIO/IB30BaTh JeK, CM.
ek 6. Bipouem, npu yrnopsg0ueHUH TOYEK 10 YIVIaM 3TO U3/UIIHE.)

4.4. HwkHve OLEHKU [Jjsi UUCJa CPaBHEHUW TIpU
COpPTUPOBKe

[TycTe uMeeTCs 73 Pa3IMUYHBIX 110 BeCy KAMHEeH U BeChl, KOTOPbIE MTO3BOISKOT
3a OZJHO B3BElLIMBaHUe ONpe/le/uTh, KAKOM U3 IByX BbIOpaHHBIX HAMU KaMHeH
Tspkesnee. (B mporpaMMHMCTCKMX TepMHHAX: Mbl MMeeM JOCTyN K (YHKI[UU
Taxenee (1,j:1..n) :boolean.) Hago ynopsifouuTb KAMHU 110 BECY,
CZe/1aB KaK MOXKHO MEHbILIEe B3BeIIMBAaHUN (BbI30BOB YHKI[UU T axejiee ).

PEBYMEETCF[, YMC/I0 B3BEIIMBAHUI 3aBUCHT HE TOJBKO OT BbIﬁpaHHO]"O HaMH
dJITOPHTMd, HO W OT TOr0, KdK OKd34JHMCbh PaCIIO/J0KeHbl KAdMHH.
C0XXHOCTbIO dJITOPUTMAa HA30BeM YHUC/I0 B3BEIIMBaHUHA MMpHU HAUXy[LIEeM
PacCIioIOKEHUH KaMHeH,

4.4.1. Joka3aTb, UTO C/I0XKHOCTb IIPOM3BOJILHOIO airOPUTMa COPTUPOBKU 77

KamHel He MeHbIe [ogan! (e ! —1.2.....1n).

Pewenue. I[IycTb UMeeTCst aITOPUTM CIOXKHOCTU He Gosee o . s Kaxaoro
U3 72! BO3MOXXHBIX PacnoIOKeHUN KaMHel 3arpOTOKOJIMPYeM pe3y/IbTaThl
B3BeIMBaHu¥ (oOpameHUi K QyHKIUM T axesiee ); UX MOXKHO 3alliCaTh B
BH/Ie TIOC/Ie0BaTe/IbHOCTH W3 He bBosee ueM ; Hyled u eguHull. [1ns
eAUHO0Opa3us JOMOJHUM MOC/IeJ0BATebHOCT HYIAMHU, UTOOBI €e AjuHa
cTasna paBHOU ¢ . Tem cambIM y HAac umeeTcs 73 ! moC/Ie[OBaTE/ILHOCTEH U3
¢ Hyiell U eguHUI]. Bce 3TU MocCaeOBAaTeMbHOCTH pa3Hble - WHaue Hall
anropuT™M Jan Obl OJMHAKOBbIE OTBEThI sl Pa3HBIX MOPSJKOB (M OJUH U3

OTBeTOB 6bin Obl HempaBuabHEIM). Ilomyuaem, uto 29 = ! - uTo M
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TpeboBanock A0Ka3aTk.

Hpyro#i cnocob 06bSICHUTH TO e caMoe - PACCMOTPeTh JiepeBO BapUaHTOB,
BO3HMKAIOIIEE B XO[€ BBIMIOJIHEHWs aJfOPUTMa, M COCAaThCs Ha TO, UTO

[lepeBO BBICOTHI (] He MOXKET UMeTh Gosiee 29 NHUCThEB.

HecnoxHo 3ametuTsh, uto [ogam! = ¢n log n npu nogxogsameM ¢ == (),
MOCKOJIBKY B CyMMe

logn! = logl + log2 + log3 + ...+ logn

BTOpasi TIOJIOBMHA CJjlaraéMbIX HEe MeHbIle Jggz(nf’jj :jggzn—l
KaK10e.

Tem cambiM m060H aarOpUTM COPTUPOBKM, HCIOJB3YIOIMH  TOJBKO
CpaBHEHHUs 371eMEHTOB MacCHBa M MX IepecTaHOBKU, TpeOyeT He MeHee

C'n log n gelicTBuii, Tak YTO HAlM AITOPUTMbI GIM3KHA K OMTUMAJLHBIM.
OJHaKo anTOPUTM COPTHUPOBKU, UCTOMNB3YIOLMHA Apyrue Orepailuu, MOXXeT
neiicteoBath U ObicTpee. BoT oguH 13 mpuMepos.

4.4.2. NmeeTca MacCHUB LeJbIX YMCeN a['l] ] _,a[n], MpyUYeM BCe 4dHuC/a
HEOTPHUIlaTebHbI U He TIPeBOCXoadaT m. OTCOPTUPOBATL ITOT MACCUB; UMCJIO

JercTBUM mopsaka 11 | 7t

Pemenue. []n1s kax0ro urciaa ot 0 0 m MOACUUTHIBAeM, CKOJILKO pa3 OHO
BCTpeuaeTcss B Maccue. [locie 3TOro UCXOAHBIM MacCCUB MOXXHO CTEPeTh U
3aMOJIHUTE 3aHOBO B TIOPSiJKe BO3pacTaHUsl, HUCIOb3ys CBeAEHUS O
KPAaTHOCTHU Ka)K[JOTO UM CJIA.

OTmeTyM, 4UTO 3TOT aJTOPUTM He IepecTaB/ifgeT 4yucjia B MacCUBe, Kak
DONIBIIMHCTBO JPYTHX, a "3alUChIBAET UX TYZA 3aHOBO'".

Ectb Takke meTon COPTMPOBKM, B KOTOPOM IOC/Ie/0BAaTe/NbHO MPOBOJUTCSA
psii "JaCTUYHBIX COPTUPOBOK' TIO OTAe/JbHBIM OuTamM. HauHem c Takou
3a/jaui.

4.4.3. B maccuse a['l] mai a[n] 11e/bIX YHACe/ MepecTaBUTh 3JeMeHThI Tak,
yTOOBI UETHBIE UK CJ/IA IIUTH TIepe/l HeUeTHbIMU (He MeHsis B3aMMHbII TTOPSI0K
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B Ka)KJI0U W3 TPYIII).

Pemenue. CHauana Cruiiem (BO BCIIOMOTAaTe/IbHBIA MaCCI/IB) BCe 4YeTHEIe, a
IIOTOM - BCe HeUeTHEIe.

4.4.4. ViMeeTcst MACCHB U3 72 4UCeN OT () A0 2% _ |, KaXgoe U3 KOTOPHIX
Mbl Oymem paccmMaTpuBaTh Kak j; -OMTOBOe C/IOBO U3 HyIed W eJUHWIL].
n

Wcnonb3yst ipoBepku " § -biid 6UT paBeH ()} "u " j -biid OUT paBen | "
BMECTO CPaBHEHH#, OTCOPTUPOBATh BCE UKC/ia 3a BpeMsi TTOPSAKa 77/ .

Pemenue. OTcopTpyeM uucia IO MocjiefHeMy OUTY (CM. TpefbIaVIIyEO
3ajauy), 3aTeM IO TpeArnocaeIHeMy U Tak janee. B pe3ynsrate oHu Oyayr
OTCOPTUPOBaHBI. B camom pgenme, WHAYKIUeH MO j JErko [J0Ka3aTh, UTO
rnocsie j IaroB a0Oble ABa YMCIA, OTIUYAKIMECS TOABKO B j TOCTeIHUX
butax, uayr B mpaBUibHOM mnopsagke. (BapuanT: mocne j maroe § -
OUTOBBIE KOHIIBI YMCET UAYT B TIPABUJIEHOM TOPSIZKE. )

AHaMOTUUHEBII dJ/ITOPUTM MOXKeT OBLITE IMpUMEHEH O/ 777 -UUHOI CHCTeMEI
CUHC/IeHHA BMeCTO ,[LBOH‘-IHOFI. led 3TOM IIOJ/Ie3Hd TdKad BCIIOMOTrdTe/IbHasa
3aJd4d:

4.4.5. Naubr 7 uncen u yHkyus [, OpUHUMAaKIEs (Ha HUX) 3HAUEHUS
1...m . TpebyeTcst mepecTaBUThL uKMC/ia B TAKOM MOPsfKe, UTOObI 3HAUEHUSsI

byukuuu [ He ybObiBamM (COXpaHsisi TOPSZIOK [Jisi UYKCen C pPaBHBIMU

snauenuamu [ ). Yucsno gelicteuil mopsigka 11 | 11

Ykazanue. 3aBeCTU 313 CIHUCKOB CYMMAapHOM [JJMUHBI 77 (KaK 3TO CAenarh,
CMOTPH B jIeKUMHU 6 O TUMax AAHHBIX) U TIOMELATh B ; -bId CITMCOK YMCIIA,

ISl KOTOPBIX 3HaueHue GyHKiuu [ paBHO j . BapuaHT: moCUMTaTh /ISl BCEX
7 , CKOIbBKO MMeeTca uucen 1 ¢ f(x) — ¢ , IOC/Ie Yero erko OnpefenuTh,

C KaKoro MecTa HY>KHO HauWHaTh pa3MellaTh Yucia ; C f(_r) =,

4.4.6. [JaHbl 73 LeIBIX UMCE B AMarna3oHe oT | A0 j2. Kak oTcoptupoBats
WX, CJIe/1aB TIOPSAKA 77 JeHACTBUM?

4.5. PopcTBeHHbIe COPTUPOBKE 3a/1a4u
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4.5.1. KakoBa MMHUMAaJIbLHO BO3MOJKHasi CJIO’KHOCTb (UUC/I0 CPaBHEHUH B
HaUXy/IIeM CJTyyae) aJiIr0PUTMa OTBICKAHUS CAMOT0 TSDKEJIOro U3 73, KaMHei?

Pemenve. OueBUAHBINA aITOPUTM C MHBAPUAHTOM "HAWI€H CaMblil TSDKETbIU

KaMeHb CpeJu TMepBbIX j TpebyeT 72 — | CpaBHeHuUi. AnropuTMa
MeHbILIeH CII0KHOCTH HeT. JTO BhITEKaeT U3 cieaywouero 6omee CUILHOrO

yTBepKAeHHs.

4.5.2. DKcriepT XoueT yOeAuTh Cyd, UTO /JaHHbIM KaMeHb - CAMbIi TSDKETbIU

cpeau 71, KaMHeM, caenaB MeHee 77 — | B3BemmBaHuii. J/lokasaTe, 4TO 3TO
HEBO3MOXXHO. (Beca kamMHell HEU3BECTHEBI CYAY, HO U3BECTHHI IKCITEPTY.)

Pemenue. M300pa3uM KaMHU TOUKAMH, a B3BEUIMBAHUS - TUHHUAMH MEXIY
Humu. [lonyuum rpad c 7 BepumMHAMH U MeHee ueM 7z — | pebpamu.
Taxoit rpad HecBsizeH (nobaB/ieHME KaKIOTO C/IeyIOIIero pebpa yMeHbIIaeT
YKMC/IO CBSI3HBIX KOMIOHEHT He 6osiee uem Ha | ). [ToaToMy cym HHUYero He
3HAeT OTHOCHUTEJbHO COOTHOIIEHHWSI BECOB KaMHEeH B Pa3MUHBIX CBSI3HBIX
KOMITOHEHTaX U MOXKeT [JOTMYCTUTb, UYTO CAMbI TSDKe/bId KaMeHb - B JF000i
U3 HUX.

Bonee mpocroe obGbscHeHue: OygeM cieguTh 3a TeM, CKOJIBKO KaMHeHd K
JaHHOMY MOMEHTY He 'mpourpanu” (TO eCcTb He OKa3aJuCh jerde Jpyrux).
Buavyane ux 73 ; NMpU Ka)KJOM B3BeUIMBAHWUU [POMIPLIBAET TOJIBKO OJWUH
KaMeHb, a eC/Ii eCTb JBOe He MPOUTPABIINX HUKOMY, TH000# M3 HUX MOXeT (C
TOYKM 3PeHMS CYa) 0Ka3aThCsl CAaMbIM TSKeEJbIM.

Pasuuija mexay 3TOW 3ajauedd W TIpeAbIAyIE: B 3TOW 3ajlaue MBI

[0Ka3biBaeM, 4TO 72 — - B3BEIIMBAHUN He [AOCTATOYHO He TOMbKO [Jif
HaXOXKJEHUsI CaMOTO TSDKEJIOro, HO Jake i TOro, 4ToObl ybeguThCs, 4TO
JaHHBIN KaMeHb SIBJSETCSI TAKOBBIM - €CJIU TIPeAIIONOKUTE/NbHBIH OTBeT
u3pected. (B ciayuae coOpTMPOBKM, 3Hasi TIPEANOJIOKUTENBHBIM OTBET, MBI
MOXKeM yOeuThCSI B ero TPaBUIBHOCTH, Ce/laB BCero 7 — | CpaBHEHUWH -
Ka)K/[bli CpaBHUBAaeM CO C/eAyIOIMM 1o Becy. HamoMHKUM, UTO COPTHUPOBKA
TpeOyeT B XyzleM c1ydae 3HaYMTeTbHO DOIbIle CpaBHEHUA. )

4.5.3. loka3aTh, YTO MOXXHO HAWTH CaMbIi JIETKMH M CaMbIM TSDKEIBbIM W3
)17 KaMHel (0MHOBPEMEHHO), ciefiaB 71 — -} B3BelIMBaHUM.

Pemenue. Pa3obrem KaMHU NPOU3BOIBHEIM 00pa3oM Ha 71 Map U CPABHUM
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KaMHU B Kakgou mape ( 72 B3BeumBaHui). OTI0XKUM OTAETBHO
"mobeguteneit” (bosee TsHKeAbIX B CBOeH mape) U "mpourpaBumx’ (Oosee
Nerkux). $IcHO, UTO caMblIil JIeTKUii KaMeHb HaJj0 UCKATh CPeu TPOUTPABIIMX
( 12 — 1 cpaBHeHwUiA), a caMblil TsDKe/IbId - cpeau mobeauTesnei (eme 72 — |
CpaBHEHUN).

4.5.4. [oka3aTb, UTO He CYIIeCTByeT aJropuTMa, M[03BOJSAIOIIETO
rapaHTUPOBAHHO HAWTH CaMblil JIETKWA W CaMbIid TsDKeNMBIA Cpegu  p
KaMHel (OMHOBPEMEHHO), C/iejlaB MeHee 371 — - B3BelMBaHUM.

Pemenue. Ilycte Takoit anroputm cymectByeT. Habmwogas 3a  ero
NpUMeHeHHeM K Kakoh-To rpynmne u3 )y, KamHel, Mbl Oygem cieuThb 3a
UeThIPbMSI TapaMeTpaMu. A UMEHHO, MbI ByIeM CMOTPeTh, CKOJIbKO KaMH el

(a) KOMY-TO y»Ke IpOUTpa/u, a y KOTO-TO y>Ke BbIUTpau;
(b) xomy-TO yKe rpourpanu, HO elle HU y KOTO He BBIMTPAsIH;
(c) y KOro-TO y>Ke BbIUTPaji, HO ellle HUKOMY He TIPOUTPalH;

(d) HM y KOTO He BBIUIPAIM M HUKOMY He TIPOUTpasu (TO eCThb HU C KeM He
CPaBHUBA/IUCH).

(HanmoMHUM, UTO BBIMTPABIIIMM B CPAaBHEHUU Mbl CUHUTaeM 0ojiee TSKemblid
KamMeHb.) KamHu Tuna (a), oueBMHO, He MOTYT yKe 0Ka3aTbCs HU CaMbIMHU
JIETKUMH, HU CaMbIMH TSDKe/BIMM, KakoBbl Obl HHM OBITM  pe3ynkTaThI
JarbHeHmx cpaBHeHuid. JItoOou kameHb Tuma (b) UMeeT IMIAHC OKa3aTbCs
CaMBIM JIeTKMM (B CaMOM [iejie, €r0 MOJKHO TPOM3BOJILHO 00Jieruuth, He
MEeHSIsl Pe3yIbTaTOB YK€ BBITIOJTHEHHbBIX CPABHEHUH ), HO YK€ He MOXeT ObITh
CaMbIM TSDKEJIBIM; JIjIsl KaMHel Turia (c) HaobopoT. HakoHerr, 11000#1 kKaMeHb
tuna (d) Mo>xeT ObITH U CAMBIM JIETKUM, U CAMBIM TSDKEJTBIM.

O6Go3naunm uepe3 i, D, c,fl KonMuecTBa KamMHelW B COOTBETCTBYHOLMX
KaTeropusix ¥ MPOC/e[uM, KaK MEHSIIOTCS TH MapaMeTphl NMPU OUYepeHOM
CpaBHeHUH (B 3aBUCUMOCTH OT TOTO, KAMHU KaKOTO THUIIA CPABHUBAITCS U C
KaKUM pe3ylsTaTom).

cpaBHeHHMe a b ¢ d b+c+(3/2)d
a-a O 0 0 0 O
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a>b 0O 0 0 0 O
a<b +1-10 0 -1
a<c 0 +10 -1 0
a>c +10 -1 0 -1
a>d 0 +1 0 -1 -172
a<d 0 0 +1-1 -172
b-b +1-10 0 -1
b<c 0O 0 0 0 O
b>c +2 -1 -1 0 -2
b<d 0 0 +1 -1 -1/2
b>d +10 0 -1 -372
=@ +10 -10 -1
c<d +10 0 -1 -372
c>d 0 +1 0 -1 -172
d-d 0 +1+41-2-1

HOCJ’IE,I[HI/IFI CTOJ’[GE]_] TEIGIIHLU:I ITOKAa3bIBdeT, KdK MEHSAeTCd Be/IM4YHHAa

lmus =5+ c+ (3/2)d (KOTOpyO MOXHO pacCMaTPUBaTL B KauecTBe
Mepbl "ocTaBiueiicsi paboThl": KAMeHb, PO KOTOPbIA He M3BECTHO HUUErO, C

TOUKMA 3PEeHHs 3TOM Mephl B IMOATOPA pa3a CA0XKHee KaMHs, AJsi KOTOPOro
€CTb OIHOCTOPOHHSIA OlleHKa). M3HauaneHO 5 — 4y, a B KOHLEe 5 — 2 (TIpo
BCe KaMHHU, KpOMe [BYX, U3BECTHO, UTO OHU OTHOCATCS K KaTeropuu (a)). 13
TabMMIBl BUAHO, UTO TIPU JHOOOM B3BEIIMBAaHUU €CTh "HeygauHbId MCXOA',
NpU KOTOPOM 5 yMeHblnaeTcs He Oosiee ueM Ha eAMHULY. Takue HUCXOAbI
eHCTBUTENILHO BO3MOXXHBI (He TPOTUBOpEYAT pe3ynkTaTaM TpebIAYIX
B3BELIMBAHUMN): IPH CPAaBHEHUM }, -KaMHS U ¢ -KaMHsI MOXKeT 0Ka3aTbCd,
YTO (¢ -KaMeHb TsbKejee (ero BeC He OrpaHHuYeH CBepXy MpejblAyIMMU
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BBBE]_LIHBEIHHHMI/I), d INTPA CPaBHEHHWH C y4aCTHEM d -KdMHS pe3ynbraT MOKeT
OLITE ﬂmﬁbIM, ITOCKOJIBKY IIpO d -KdaMeéHb HH4Yero He H3BeCTHO. (KPOME
TOro, MO>KHO 3dMEeTHTb, UTO OJHH H3 UCXOAO0B B3BCIIMBAHHWA HEBO3MOMXEH, TO
3TO B3BeIIMBaHHE BOOGLL]E H3/IUIIHe W ero MOXXHO He ,ELEHEIT]J.) A ecmu
HCX04bl BCeX B3BELIMBAHU I Heyod4Hbl, TO yMeHbIIeHHE 5 C Bﬁ 40 2

=
norpebyer Kak MHUHUMYM 371 — - B3BeIIMBAHWM, uTO W TpebOBanOCh
JI0Ka3aTh.

4.5.5. JlaHo 77 pa3nUUHBIX MO Becy KamHel. HallTu camblii TsDKe/NbIA W
BTOPOU 1O BeCy KaMHH, c/iefae He Ooee 1 - [E 5'9'2'3’1] — 2 B3BelMBaHUM

( [Eggﬂﬂ - HaMMeHblIIee 11eioe j; , IPU KOTOPOM jf" >n ).

Pemenue. CHauana Halijiem nobeauTesis (CaMblid TsDKe/bIA KaMeHBb), a TOTOM
OymeM MCKaTb BTOPOM M0 Becy. $ICHO, UTO BTOPOrO MOXXHO MCKaTb JIMIlb
Cpeau Tex, KTO MpPOUrpan Ju4yHo nobeauTento (MPOUTrpaBilie KOMY-TO elle
nerue cpasy OByX KamHeii). Ecnu onpepensite mobeguTtenss B TypHHUpe MO
O/TUMMUICKON cucTteMe (BCe AeNATCS Ha Maphbl, MPOUTpaBlMe BbIOBIBAIOT,

MOTOM CHOBa [eNATCA Ha Mapbl M Tak jJanee), To gia 2% yuacTHMKOB

noHafobuTcsa j; payH[0B, a A 73 YYaCTHHUKOB - UC‘Q'ER-‘ payHgo0B. B
KaXJ0W Wrpe TypHUpPA BhIOLIBAeT OJWH YYaCTHUK, MO3TOMYy Bcero Oyaer

12 — 1 urp ans onpezenenus mobeauTens U eie UG'Q'E n-‘ — 1 B TypHHpe
3a BTOpOe MeCTO CpeJy MPOUrpaBUmMx nobeauTento.

4.5.6. Jloka3aTb, YTO HWUKAKOW aJTOPUTM HAXOXKJEHWUS CaMOT0 TSDKEIOTO W
BTOPOTO T10 BeCy CpeAi 77 KaMHeH He MO>KeT rapaHTHUPOBAHHO C/e/aTh 3TO

MeHee yeM 3a 17 | [fogz-rﬂ — ) B3BeUMBAHUM.

Pemenue. IlycTs gaH Takoil anroputMm. B KaXkplii MOMEHT €ro UCIOJHEeHUs
pacCMOTPHUM UHMCIO J;; KaMHel-y4yaCTHUKOB, NMPOUIPABLUIMX He MeHee ;
urp-cpaBHeHuil. (KoCcBeHHBIe TPOUTPHILM - €CAU ¢ TPOUTPAN h, a
NpOUrpan ¢, - He YUUTHIBAIOTCS.) JIerko moHATE, UTO CyMMa f; 0 BCEM ;

paBHa YMCJy UTP, TaK Kak MOC/Ie KaKJ0H UIPbl OAHO U3 [k, yBeIMUHUBAETCS
Ha eIUHHUL]Y.

[TosTOMy [OCTaTOYHO TMOKa3aTh, UTO KAaKOB Obl HU OBLI aarOpuTM, MpU
HeyIauHbIX /s Hero pe3yibratax Urp OygeT BLIMOJHEHO HEePaBeHCTBO
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k1 + ko > n+ !-Eogjﬂ'l — 2. Bymem Ha3biBaTh nulepaMu Tex
Y4aCTHUKOB, KOTOPbIE ellle HUKOMY He Tpourpanu. B Hauane ux 7, a B KOHLIe
OCTaeTCsi TOJIBKO OAMH nuzep (MOCKONeKy b0 U3 nuepoB MoXeT ObITb
nobegurenem). [Tostomy k1 == 51 — 1 (BCe MIPOKHM, KDOME OJHOTO, KOMY-TO
npourpanu). OOBACHUM, KaK HaJ0 BBIOMpPATh pe3yIsTaThl MaTyei, UTOOLI

n0OMTHCST HepaBeHCTBa ko = H.ggjﬂ-‘ — 2. Pesynsrat BCTpeuu JByX He-
nUepoB MOXeT ObITb BbIOpaH m0ObIM. Ecnu mugep BCTpedaeTcss C He-
JIUJepOM, TO BBIMTPBIBAET nujep. [Ipu BcTpeue AByX MAJIEPOB BLIUTPLIBAET
DoJiee OMBITHBIN, TO €CTh TOT, KTO BBIMTPaAJ K 3TOMY MOMEHTY OOibIlie UTp
(npu paBeHcTBe - 1H000i1).

YTto0BI OKa3aTh, UYTO B 3TOM CJlyyae BLITIOJHEHO UCKOMOEe HEePaBeHCTBO Ha
k-, BBeJleM OTHOIIeHUS TOAUUHEeHHUs, CYUTast TIPU ITOM, UTO KaXK/blii UTPOK
B 110001 MOMEHT UTPBI MOAUUHEH POBHO OAHOMY nMuJepy. B Hauane Ka)kbrid
cam cebe nuaep u moguuHeH Tosbko cebe. Ilpu BcTpeue nuaepa c He-
nujepoM (MM [IByX He-JIHMJepOB) MOAUYMHEHHEe He MEeHSeTCs; IpU BCTpeue
JBYX /H/IePOB TIPOMTPABIIMA U BCE ero MOAYMHEHHbIe TepernoAYuHAITCA
BBLIMTPABLIEMY.

Jlerko moka3aTb MO MHAYKLMM, UTO €C/AW JIUJep BbIUIpaa }f WIp, TO Tpymmna
ero TMOoJUMHEHHBIX (BK/IKOUas ero CaMmoro) COflepKUT He Gonee 9% uenosek.
Buauane - — () u B ero rpymnmne TOJbKO0 OH caM. Eciu nuzep BeiUrpan j:
urp u nobexxgaeT nMuaepa, BHIUTPABLIero He Oosiee J: WP, TO B KaXKAOU U3

rpyni He GoJiee 2% UrpokoB, a B 00beauHeHHH He Gosee 2511 urpokos.

CHE,H,OBEITEII]:HO, M0 OKOHYdHHMH TYPHHWpa J/HAep BLBIMIDa/l He MeHee

[5092 ?1-‘ UTP, TIOCKOJILKY B €ro IrpyIIie BCe 7 UTPOKOB. Bce mobexxgeHHBIE
UM, KpOMe BTOPOTO IO CUJIe UTPOKA, TPOUTPAJIH ellle KOMY-TO (MHaue rnoueMy
Mbl yBEepeHBl, UTO OHU He BTOpele mo cune?). OTcoAa U TOAydaercs

Tpebyemas oijeHKa Ha k.

4.5.7. [loka3aTb, UTO OIleHKa TIPeJbIAYyIIei 3aJlauM OCTAaeTcss B CUJie, eC/H
TpeOyeTcs HallTU UL BTOPOM IO BECY KaM@Hb, @ CaMbIi TSDKE/IblM UCKaTh
He 00s13aTenbHO.

Ykazanue. Eciu mo OKOHUAHWIO TYpPHHpa OMpeJeu/cs BTOPOU MO cuie
UIPOK, TO OH KOMY-TO mpourpan (OTKyZa Mbl 3HaeM HHaye, uTO OH He
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MepBEIii?), U TeM CaMbIM U3BEeCTeH U nobeauTesns.

4.5.8. laHo 72 pa3nMuYHBIX 10 BeCy KamMHed W uuciao j (ot | mo 72 ).
TpeOyeTcsi HaWTH [ -BIA 1O BeCy KaMeHb, cjenaB He Oosnee ('n
B3BeIIMBaHU, T/l (| - HeKOTOpas KOHCTAHTa, He 3aBUCAIIAS OT f U 17,

3ameuanue. CoprupoBka mo3BossieT cgemate 3o 3a Cnlogn
B3BELMBAHUN. YKkazaHue K 3ToH (TPYAHOMN ) 3a7iaue MPUBEJEHO B JEKLUH PO

peKypcHio.
Cnepyrolljas 3a7iaua MMeeT HeOXKHJaHHO MPOCTOe pelleHue.

4.5.9. meeTcs 73 OJWHAKOBHIX HA BHUJ KaMHeH, HEKOTOpbIE M3 KOTOPBIX Ha
camMoM Jefe pa3uuHbl 1o Becy. Vimeercsi mpubop, Mo3BOSIIOIMNA 1O ABYM
KaMHSIM OTpeJe/uTb, OAMHAKOBEI OHU WJIM PA3TUYHBEI (HO He TOBOPSIMH,
Kakoi Tspkesiee). M3BecTHO, uTO cpeau 3TUX KamHel OonbiumHcTBO (Honee

11;*2 ) opuHakoBBIX. CenaB He Oosiee 77 B3BENMBAHWN, HAWTHU XOTS ObI
OAWH KaMeHb u3 3Toro bonbumHcTBa. ([Ipegocrepekenue. Ecin 1Ba KamHs
OfIMHAKOBBIE, 3TO HE TAPAaHTHPYET UX MPUHA//IE)KHOCTH K OO/IBIIIMHCTRY. )

Ykazanue. Eciu HalfieHbl [gBa pa3TdUHBIX KaMHS, TO WX o00a MOXXHO
BbIOpDOCUTEL - XOTA Obl OJUH W3 HUX TJIOXOW W OOJBIIMHCTBO OCTaHETCS
OOJIBIIIMHCTBOM.

Pewenue. [IporpamMma npocMaTpuBaeT KamMHHU 110 oOuepejM, XpaHf B
MepeMeHHOM 1 UMCA0 TPOCMOTPeHHbIX KamHel. (CuMTaeM KaMHHU
MPOHYMEepPOBaHHBIMU OT 1 A0 n.) [loMrmo 3TOrO0 mporpamma XpaHUT HOMep
"TeKymero KaHgugatra' ¢ W ero "kpaTHOCTh' k. CMBICI 3TUX Ha3BaHUU
00BsICHSIeTCS UHBAPUAHTOM (M) :

eCJIA K HeMPOCMOTPEHHBIM KaMHSM (C HoMepamu 1+1 . . .n ) gobaBuau 6wl
k KOMUU C -TO KaMHs, TO HauboJiee 4aCTbIM Cpeii HUX ObLT Obl TakoW e
KaMeHb, UTO U [IJisl ©CXOJHOTO MacCHBa.

[Tosyuaem Takyro porpammy:
k:=0; &:=0;

{()}
while i<>n do begin
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| if k=0 then begin
| | ki=1; c:=it1; i=it1;
| end else if (i+1-bI1i1 KaMeHb OJUHAKOB C C-bIM) then begin
|| i=it1; ki=k+1;
|| {3ameHsieM MaTepuaabHbIM KAMEHb U 1€a/IbHBIM }
| end else begin
|| i=it1; ki=k-1;
| | {BBIKMIBIBAEM OJUH MaTepPUalbHBIN U OJUH UJeaIbHBIM KaMeHb }
| end;
end;
MCKOMBIM SIBJISIETCSI C-bIi KAM@Hb

3ameuanue. [TockonbKy BO BCeX TpeX BapvaHTax BbiOOpa CTOMUT KOMaHa
i:=1i+1, ee MOXKHO BbIHECTU HAPYXKY.

3ameTum TdKXe, YTO 3Ta NPOrpaMMd TCdPpdHTHUPYET OTBICKAHHE Hauboee
YaCTOr'o KaMH#, JTHIIb €C/IH OH COCTaBJ/JIsdeT OO/BIIMHCTBO,

Crnepyroijas 3aflada He UMEeT Ha MEePBbIH B3IVIA[ HUKAKOTO OTHOLIEHUS K
COPTUPOBKe.

4.5.10. Umeetcs keagpaTHasi Tabmuiaa [1..n, 1. .n]. WU3BecTtHo, uTo gsi
HEKOTOPOro i CTPOKAa C HOMEpPOM 1 3amo/THeHa OHUMHU HYIsSMH, a cTonbery ¢
HOMEpOM 1 - OJHMMM eJHHHUIIAaMM (32 WCKIUEeHHeM HX MepeceueHus Ha
[IWaroHaau, e CTOUT HeW3BecTHO uTo). HaiiTu Takoe 1 (OHO, OUEBHJHO,
eAUHCTBeHHO). UYucno pgeicTBuil mnopsgka n. (3amMeTdm, 4YTO 3TO
CYIIECTBEHHO MeHbIIle Ui C/la 3/IeMeHTOB B Tabnuie.)

Ykazanue. Paccmorpute a [i] [j] kKak pe3ynsTaTr 'cpaBHeHUs" 1 € ] U
BCIIOMHUTE, UTO CaMblid TSDKE/IbIM U3 N KaMHel MOKeT ObITh HaljleH 3a n

cpaBHeHUU. (3ameTuM, uTo Tabmuia MOXKeT He ObITh "TPAaH3UTUBHOM'", HO
BCE PaBHO MpH "'CpaBHEHUU" BYX 3/IeMEHTOB OfJUH M3 HUX OTIafaeT.)
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KoHeuHble aBTOMAThI U OGPHGOTKH TEeKCTOB

5.1. CocTraBHbIe CUMBO/JIbI, KOMMEHTApPHUU U T.II.

5.1.1. B TekcTe BO3BeAeHHWe B CTemeHb 0003HaYanOCh [BYMs HYIIMMU
noApsz 3Be3goukamMu. PemeHo 3aMeHUTh 3T0 0003HAaueHUe Ha ~ (Tak 4TO, K
MpUMepPY, X **y 3aMeHUTCs HaA 171 ). Kak 3To mpome Bcero caenaThb?
WcxogHbIil TEKCT YMTAeTCsl CUMBOJI 3a CHMBOJIOM, TIO/YYAKOIMICA TEKCT
TpeOyeTcs meyaTtaTb CUMBOJI 32 CUMBOJIOM.

Pemenne. B kaxAblii MOMEHT TporpaMMa HaXOJUTCS B OZHOM W3 [IBYyX
cocTostHUU: "ocHOBHOE" ¥ "mocsie” (3Be310YKH ):

CoctosiHue OuepeHoi BxogHOW cuMBoa HoBoe cocTtosinue [lelicTBue

OCHOBHOe * nmocjue HeT
OCHOBHOE £ * OCHOBHO#@ meyartaThb X

El
roce o OCHOBHOE neyarars M
rnocJjie * OCHOBHO#@ rnevararhb *, X

=
=

Ecnu B kOHIle TekcTa MporpaMmMa OKa3bIBaeTCd B COCTOSIHUMU 'mocnie', To
CefyeT HarevaTaTh 3Be3/104KY (M KOHUUTE paboTy).

3ameuanue. Hama mporpamma 3aMeHsieT *** Ha ~# (HO He Ha *~ ). B
YCIOBUM 3a7jadyil MBI He OTOBapUBalM JeTajield, KaK 3TO 4acTo JenaeTcs -
Tpe/Io/iaraeTcsi, uUTO TMporpaMMa '"HO/DKHA [eicTBoBaTh pa3ymHO". B
JaHHOM (/Tyyae, TOXKaayd, CaMbli TIPOCTOW Ccrocob OO6BICHUTh, Kak
rporpamma JIeCTBYeT - 3TO OMUCATh ee COCTOSIHUS U 1eCTBUS B HUX.

5.1.2. Hanucats mporpamMmy, yAaJsiOLIyHO M3 TeKCTa BCe TOACA0BAa BHAA
abc.

5.1.3. B mackajie KOMM@HTapHUH 3aK/IHUa0TCS B QUTYPHBIE CKOOKH:

begin {Hauasno 1uKna}
i=it+1; {yBenuunBaem iHa 1}

Hanmucate mporpammy, koTopas yaansana ObI KOMMEHTapUU M BCTaBJsia Obl
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BMECTO HCKIIOUEHHOrO KOMMeHTapusi npoben (utobsl 1{ommH}2
npeepaTuiock HeB 12,aB 1 2 ).

Pemenue. Ilporpamma wumeeT [gBa COCTOSHHUA: "OCHOBHOe" U "BHyTpH"
(koMMeHTapusi).

OuepeHON BXOHOM Hogoe .
CoctosiHue HelicTBue
CUMBOJI COCTOSIHUE
OCHOBHOe Y BHYTPHU HeT
OCHOBHOE x -+ OCHOBHOE rmevaTarh X
s
) rmevararb
BHYTPH OCHOBHOE
TP npoben
noce x = BHYTPHU HeT
s

3amMeuaHue. DTa NporpaMma He BOCIPUHHUMaeT BJIOKEHHble KOMMEHTapHUH:
CTpOKa Bpofe

{{koMMeHTapuii BHYTPU } KOMMeHTapus }
MPeBPATUTCS B
KOMMEHTapus }

(e Hauanme crtosT ABa mpobena). O6paboTka BIOKEHHBIX KOMMEHTapUeB
KOHEYHBIM aBTOMAaTOM HEBO3MOKHa (HY)KHO '"MOMHMTbL UYMC/I0 CKOOOK" - a
MPOM3BOJIbHOE HATypPa/JbHOE YUC/I0 He TTOMeIIAeTCs B KOHeUHYH NaMsTh).

5.1.4. B mackaneBCKMX mporpaMMax ObIBAlOT TakKe CTPOKH, 3aK/IIOUEHHBIe B
KaBblukd. Ecin ¢urypHasi ckoOKa BCTpedaeTcsi BHYTPU CTPOKH, TO OHa He
O3HauaeT Hayaja WIM KOHLIA KOMMeHTapus. B cBow ouepejb, KaBbluKka B
KOMMEHTapuu He O03HauaeT Hayajla WM KOHLla CTpoKU. Kak HM3MeHUTh
nporpammy, yTo6bl 3TO y4ecTb?

Ykazanue. CoctosiHu#l OyeT TpuU: OCHOBHOE, BHYTPU KOMMEHTapusl, BHYTPH
CTPOKH.

5.1.5. FEme ogHa BO3MOKHOCTH MHOTHMX peaju3aliii mackaas - 3TO
KOMMEHTapuu Buja
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i=it1; (* hereiis increased by 1 *)

IMpH 3TOM 3dKPbIBAKOIAS cxkobKa J0/KHA COOTBETCTBOBATh OTKprBElI-OLL]Eﬁ

(To ecThb { .. .#) He pa3spewaetcs). Kak ynanarb Takue KoMMeHTapuu?

5.2. BBog uucesn

[TycTh mecAaTuuHas 3anuch YMC/a MOAAETCSA HAa BXOJ, NMPOrpaMMbl CUMBOJI 3a
CUMBOJIOM. MBI XO0TUM "MpouecTs’" 3TO YKUCAO (MIOMECTUThH B MEpeMeHHYH
THna real ero 3HaueHue). Kpome Toro, Hago coobumTs 06 onmbke, ecnu
YK C/10 3alIMCaHO HEeBEpHO.

Bonee koHKpeTHO, nipecTaBuM cebe Takyro cutyauuto. [lociegoBaTensHOCTb
CUMBOJIOB Ha BXO[€ [eUTCAd Ha MPOUYUTAHHYI M OCTaBUIYIOCS YacTU. MEI
MOKeM TI0/b30BaThCs GyHKUMel Next :char, KoTOpas [aeT TepBblii
CUMBOJI OCTaBIIEMCS YACTH, a TAKKe MPOoLeypoill Move, koTopas 3abupaer
MEepBBIM CHUMBOJI W3 OCTaBLIEWCS YacTH, TEePeBOAs €ro B KaTerOpur
MPOYUTAHHBIX.

npouuTaHHAg 4acTe |Next| 7

B)ﬂEM HAa3bIBATH ,I[ECHTH‘-IHOFI 3d[TUCBK0 TaAKYH) [MMOCIeg0BdaTe/bHOCTb
CHMEBOJIOB!

(0 mmm Gostee npobenon) {1 min Gostee mudp),
a TaKKe TaKym:
(0 mn Gonee nmpoberon) (1 uim Gonee uudp).(1 wm Gonee wHdp).

3aMeTHM, UTO COTIACHO ITOMY OTPE/IeJIEH U0
i | i | —-1.1

He SBJSIIOTCA JecATUUHbBIMM 3anucsimMu. CdopmynupyeM Terepb 3ajauy
TOYHO:
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5.2.1. IlpouecTb U3 BXOAHOW CTPOKM MAKCUMAabHYK YacCTh, KOTOPas MOXKET
ObITh HauanmoM JgecaTUUHOM 3anucu. OTpeaenuTs, SBASETCA MU 3TA 4YaCTb
JeCSITUUHON 3aMUChI0 WU HeT.

Pemienue. 3anuiiemM TMporpaMMmy Ha mackajie (MCIomb3ys 'MepeurcaIuMbIi
THn" a8 HADIAAHOCTH 3allMCHU: MepeMeHHas state MoXKeT NPUHUMATh
OfHO M3 3HAUEHUM, YKa3aHHBIX B CKOOKaXx).

var state:
(Accept, Error, Initial, IntPart, DecPoint, FracPart);

state = Initial;

while (state <> Accept) or (state <> Error) do begin
| if state = Initial then begin

| | if Next ="' then begin

| | | state := Initial; Move;

| | end else if Digit(Next) then begin

| | | state == IntPart; {mocne Hauana 1je0¥ yacTu}
||| Move;

| | end else begin

| | | state := Error;

| | end;

| end else if state = IntPart then begin

| | if Digit (Next) then begin

| | | state := IntPart; Move;

| | end else if Next ="' then begin

| | | state := DecPoint; {riocsie gecITUUHOIT TOUKH }

||| Move;

| | end else begin

| | | state := Accept;

| | end;

| end else if state = DecPoint then begin

| | if Digit (Next) then begin

| | | state := FracPart; Move;

| | end else begin

| | | state == Error; {no/mkHa 6BITh X0Th OfHA 1M pa }
| | end;

| end else if state = FracPart then begin
| | if Digit (Next) then begin
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| | | state := FracPart; Move;
| | end else begin
| | | state .= Accept;
| | end;
| end else if
| | {Takoro OBITH HE MOXeT}
| end;
end;

3aMeTbTe, UTO IPUCBAUBAHUSA State:=Accept U state:=Error He
COTIPOBOXK/IAKOTCSI CABUTOM (CUMBOJ, KOTOPBIM He MOXET OBITb YacCThHO
unca, He 3abupaetcs).

5.2.2. PeumTh NpeabIAYIYIO 3a/jauy C JOTIOMHUTE/ILHBIM TpeOoBaHHeM: eciu
MPOYUTAHHBIM KYCOK SIBJSIETCS JECATUYHOI 3aliCbi0, TO B TEPEeMEHHYH
val: real cneayeT IOMECTUTD ee 3HaueHUe.

Pemenue. [Ipu uTeHun pApoGHON uacTU TepeMeHHas sStep XPaHUT
MHO>KUTE/Tb TIPU C/IeAYIOIIeH AecaTUUHOU udpe.

state := Initial; val= 0;

while (state <> Accept) or (state <> Error) do begin
| if state = Initial then begin

| | if Next ="' then begin

| | | state = Initial; Move;

| | end else if Digit(Next) then begin

| | | state := IntPart; {riocne Hauana 11e/10¥1 yacT }

| | | val = DigitValue (Next); Move;

| | end else begin

| | | state := Error;

| | end;

| end else if state = IntPart then begin

| | if Digit (Next) then begin

| | | state := IntPart; val ;= 10*val + DigitVal(N ext);
||| Move;

| end else if Next = "." then begin

| | state := DecPoint; {rocyie gecITHUHOI TOUKH }
| | step = 0.1;

| | Move;
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| | end else begin
| | | state := Accept;
| | end;
| end else if state = DecPoint then begin
| | if Digit (Next) then begin
| | | state := FracPart;
| | | val = val + DigitVal(Next)*step; step = step/10;

||| Move;

| | end else begin

| | | state := Error; {momxHa ObITh XO0Tb OfHa 1udpa}
| | end;

| end else if state = FracPart then begin

| | if Digit (Next) then begin

| | | state := FracPart;

| | | val = val + DigitVal(Next)*step; step = step/10;
||| Move;

| | end else begin

| | | state .= Accept;

| | end;

| end else if

| | {Takoro OBITH HE MOXeT}

| end;

end;

5.2.3. Ta e 3ajiaua, ecyiu mepej; YUCJIOM MOXKET CTOSITh 3HAK — UJIU 3HaK + (a
MO>KeT HUYero He CTOSATh).

®opmar uucesn B 3TOH 3a7aue 0OBIUHO UIJTFOCTPUPYIOT TAKOW KAPTUHKOM:

[+] [undppa ]
—{- - [undpal

5.2.4. Ta ke 3ajiaua, eC/i1d K TOMY >Ke TOC/Ie urcjia MOXKeT CTOSATh MoKa3aTenlb
CTEMeHU [JecATH, Kak B 254E-4 ( =0.0254 ) unu B 0.123E+9 (

— 123 000000 ). HapucoBaTs COOTBETCTBYIOIYI KAPTUHKY.

5.2.5. Uro Has0 HW3MEHUTbL B TIPUBEJEHHOW BBIIIIE TIPOrpaMMe, YTOOBI
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pa3pelnmTh MyCThbIe ey U ApoOHYyI0 yactu (kak B " 1."," . 1 " uam paxe "
. - mocneHee YMCI0 CUUTAeM PaBHBIM HYIHO)?

Me1 BepHeMcsi K KOHeuHbIM aBTOMaTaM B jaekuuu 10 (CpaBHeHue C
obpasijom).
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Tunbl faHHBIX

6.1. Cteku

[Tycte T - HEKOTOPBIM THUM. PaccMOTpUM (OTCYTCTBYIOLMI B TacKajae) THI
"ctek 3nemeHTOB TUNa T ". Ero 3HaueHUAMH SIBJISIIOTCS MOC/AE/I0BATEILHOCTH
3HaueHuil Tymna T.

Omnepaiuu:

CpenaTbe_nycThiM ( var s:CTeK 3eMeHTOB Tuna T )
MobaButh (t : T ; var s:CTeK3/J1eMeHTOB Tuma T )
B3t (var t:T; var s:CTek3jeMeHTOB TUMa T )
[Tyct ( s:crek anemeHTOB TMNA T ): boolean

BepumHa ( s: cTek 3nemeHToB TUna T ): T

(Mbl monb3yeMcsi 00603HauUe€HUSIMM, HAMOMMHAKIMMU TacKajlib, XOTS B
nackane tumna 'crek" Het.) [Ipoueaypa "Cpenatb_nycThiM" fAenaeT CTeK s
nycteiM. [Ipoueaypa "Jobaeuts" gobaBisger t B KOHeL| MOC/AeA0BaTeTbHOCTH
s. [Ipoueaypa "B3siTs" nprMeHUMa, eCld MOC/AeJOBAaTENbHOCTh S HEMYCTa;
oHa 3abupaeT U3 Hee MOC/IEJHUIN IEMEHT, KOTOPBIM CTAHOBUTCS 3HAUEHUEM
nepemMeHHo t.  Bwipaxkenwe "Ilyct( s )" MUCTUHHO, eC/H
NMocne0BaTeNBLHOCTh S nycTa. BeipaxkeHue "Bepumna( s )" omnpegesneHo,
eCu TMOC/IelOBaTe/IbHOCTL S HENyCcTa, W pPaBHO MOCAeJHEMY 3/IeMEeHTY
Noc/aeJ0BaTeNbHOCTH S.

MpbI moKa)keM, Kak MOJ,eTMPOBAThL CTEK B MTACKasie U JJif 4ero OH MOXKeT ObITb
HY)KeH.

MO,[[EHI/IPOBE[HI/IE OIrpaHUYEHHOTO CT€Kd B MdCCHBE

BymeM cuuTaTh, UTO KOJMHMUYECTBO 37€MEHTOB B CTEKe HE TPeBOCXOAUT
HeKOToporo uucia n. Torga CTeK MOXKHO MOAETUPOBaTh C MOMOIIBI0 JIBYX
nepeMeHHBIX:

Copepxanue: array [1..n] of T;
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Jnuna: integer;
CYyuTas, YTO B CTEKe HAXOAATCHA 3/IeMEHThI

Copepxanwue [1],...,Conepxanue [[dnuHal.

e Uto0BI Cie/1aTh CTEK MYCTHIM, JOCTATOYHO [T0/I0XKUTh
Hnuna =0
¢ [lo6aBUTH 3/1€MEHT t:

{nuHa < n}
Hnuna = [InunHa+1;
Copepxanue [[Inunal =t;

¢ B34Tb 3/1eMeHT B NTepeMeHHYo t:

{Anuna >0}
t := Copgepxanue [[InuHal;
Onuua = [InuHa - 1;

e Crek nycT, ecu [nmuaa = 0.
¢ BepumHa cTeka paBHa Conmepxadue [JlnmHal.

Takum DﬁpaBOM, BMeCTO HEPEMEHHOFI THIIa CTEK B IIpPpOrpaMMe Ha I1aCKaje
MOKHO HCITOJIB30BATE [Be€ IMepeMeHHbIe Conepxaﬁne U [InrHa. Mo>xHo
TaKyKe onpeaenuTb THII St a ck, 3anucaB

const N = ...
type
stack = record
| Copneprxanue: array [1..N] of T;
| Anuna: integer;
end;

(Mb1 mo3BossieM cebe MCMOBL30BATh UMEHA TMEPEMEHHbIX U3 PYCCKUX OyKB,
x0Tl 00bIYHO mackans 3Toro He mwoburt.) [locne 3Toro moryr OvITE - B
COOTBETCTBUU C IpaBU/aMM IacKals - OMNMCaHbI MpoLeAypel paboTel CoO
ctekoMm. Hanmpumep, MoKHO Hanucarb
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procedure /lobaBuTs (t: T; var s: stack);
begin
| {s.Jmuna < N}
| s.[InuuHa = s./InuHa + 1;
| s.Copeprkanue [s./JnunHal = t;
end;

Hcrnionb30BaHue CcTeka

Bynem  paccmatpuBaTh  1MOC/eOBAaTeNbHOCTH  OTKPBIBAKOLUMXCA U
3aKpBLIBAKIIMXCS KPYIIBIX U KBaApaTtHeix ckobok ( ) [ 1. Cpegu Bcex
TaKUX TOC/e0BAaTe/IbHOCTeH BBIJAEINM TPAaBU/IbHBIE - TE, KOTOPbI€ MOTYT
OBITB MTOTYUEHBI 110 TAKUM MPaBUIAM:

® [IycTafd MoC/le0BaTe/IbHOCTE ITPaBUIbHA.
® ec/i1d A U B MpaBUIbLHEIL, TO U AB NTpaBU/IbHA.
¢ eC/nd A NpaBU/IbHA, TO [ A ] U ( A ) NpaBU/LHEL

[Mpumep. IlocnemoBatensHOCTH (), H H, [U“[]] “ MpaBU/IbHBI, a
rnocnefoBaTeibHOCT 1, ) (, (], ([) ] - HeT.

6.1.1. TlpoBepuTh NOpPaBUJBHOCTH MNOCJIEA0BAaTENBHOCTH 3a BpeMsf, He
MpeBOoCXoAsllee KOHCTAHThl, YMHOXKeHHOUM Ha ee miuHy [lpeamosnaraercs,
YTO U/IeHbl 1OCIe0BaTe/IbLHOCTH 3aKO4UPOBaHbl UHCIAMU:

i
[ i
) =l
i 2
Pemenue. Ilycth a{ll_,_a[n] - mpoBepsiemas I10C/eJ0BaTe/bHOCTb.

Pa3penmm XpaHUTL B CTeKe OTKPBIBAIOIIM ECS KPYITIbIe U KBaJ[paTHbIE CKOOKH
(t.e. 1u2).

Buauane CTeK Jeaem MYCTBIM. ﬂanee MNpoCMaTpHUBdEM UJIEHEI
nmociaeqoBaTe/ibHOCTH C/ieBd HAIIPABO. BCTPETI/IB OTKPBIBAKO YO CA CmﬁKy
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(kpymiyto UM KBafApaTHYIO), TiOMelllaeM ee B CTeKk. Bcrpetur
3aKpBIBAIOIIYIOCS, TIPOBEPsieM, UTO BepIllMHa CTeKa - MapHas el ckoOKa; ec/u
3TO He TaK, TO MOXHO YTBEpPXK 14Tk, UTO MMOC/IeJ0BATE/IELHOCTE HEIIPDABHJIBEHA,
ecru  ckobka mapHas, TO 3abepem ee (BepumMHYy) U3  CTeKa.
HOCJ’IE,I[OBEITEHI:HOCTB IIpdBUJIbH4A, €C/IM B KOHII€ CTEK OKA3bIBA€TCS IMYCT.

CpaenaTb_nOycThIM (S);

i = 0; Obnapyxena_oumbka = false;

{npouMTaHO i CHMBOJIOB MOC/I€A0BATE/ILHOCTH }
while (i < n) and not O6napyxena_oumbka do begin
li=i+1;

| if (ali] = 1) or (a[i] = 2) then begin

| | MobaBuTh (alil, s);

| end else begin {a[i] paBHo -1 unm -2}

| | if ITyct (s) then begin

| | | Obnapyxena_oumbka = true;

| | end else begin

| || B3sts (t, s);

| | | ObHapyxeHa_onmbka = (t <> - a[i]);

| | end;

| end;

end;

[TpaBussHO = (not O6HapyxeHa_oum6bka) and I[TycT (s);

Yb6eauMmcs B MPaBUILHOCTH MPOTPAMMBI.

(1) Ecnu nocnegoBaTenbHOCTL MOCTPOEHA 10 MMpaBU/aM, TO IporpaMma JjacT
oTBeT "ma". ITO NETKO [|0Ka3aThb WHAYKIHEH M0 MOCTPOEHUID TIPaBUJIbLHOM

nmocnaef0BaTe/IbHOCTH. Hano IIpOBEpPUTh st MyCTOH, Ans
IIocaefoBaTe/NIbHOCTH AB B HOPeANONOXKeHHH, 4YTO [Oad A U B yXKe
NpPOBEPeHO, U, HaKoHel, [Jis T[ocjaefoBarenbHocTed [A] u (A) - B

TIpe/II0/I0KEeHUH, UTO Iy A yKe mpoBepeHo. [lns mycTtoi oueBuHO. [lns
AR [eHCTBUS MPOrpaMMbI MPOUCXOAAT KakK A/ A U KOHYAKTCA C MYCTBIM
CTEKOM; 3aTeM BCe MPOUCXOAUT Kak Jid B. [lna [A] cHauasia nOMelaeTcs B
CTeK OTKPbIBAKOIIasi KBaJpaTHasi CKOOKa U 3aTeM BCe UjIeT Kak Ajsi A - C TOM
pasHuilel, yTo B mIyDWHE CTeKa /Ie)KUT nulHsAs ckobka. [lo okoHuaHuu A
CTeK CTAHOBMTCS MYCTHIM - €C/IM HEe CUUTATh 3TOM CKOOKA - a 3aTeéM U COBCeM
IIYCTBIM, AHAJIOTUYHO g (A) .
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(2) IMokaxkem, UTO ec/iud MporpaMma 3aBepinaeT paboTy ¢ oTBeToMm "ma", TO
NOC/Ae0BaTeIbHOCTL TPABUJIBHA. PaccykaaeM WHAYKIUEH TI0 JJuHe
nocsiefoBaTebHOCTH. [Ipocieium 3a COCTOSIHUEM CTeKa B Tipoiiecce paboTsl
nporpammel. Ecii OH B HEKOTOPBIM MPOMEXYTOUHBIH MOMEHT TYCT, TO
MOC/Iel0BaTeIbHOCTL pa30MBaeTCss Ha /IBe YacTH, [/ KaKI0U M3 KOTOPBIX
rporpaMma JaeT oTBeT "fa'; 0CTaeTCs BOCIIOJ/Ib30BaThCs IPeArooKeHueM
WHAVKIUK U ONpejeneHrueM NpaBuUAbHOCTU. [1yCTe CcTeK Bce BpeMsi HelycT.
OTO 3HAUUT, UTO MOJIOXKEeHHAsI B Hero Ha repeoM Iuare ckobka OyneTt BeIHYTa
UL Ha mociegHeM Imare. TeM cambIM, TIepBBIM U TOCAEIHHUNH CHUMBOJIBI
MOC/AeI0BaTeILHOCTH - 3TO TMapHbIe CKOOKH, U TOCIe0BaTeIbHOCTL UMeeT
BUJ (A) wiu [A], a paboTa mporpaMmbl (KpOMe MEpPBOTO M TOC/IE/IHETr0o
IIIAroB) OT/IMUAeTCs OT ee paboThI Ha A JIUIIbL Ha/TMUUWEM JTUIHeH CkoOKu Ha
OHe cTeka (pa3 ee He BBLIHMMAKOT, OHA HUKAK He Bauser Ha paborty
nporpaMmel). CHOBa CCbUJIaeMCs Ha [pejIojoKeHWue HWHAYKLIUHA U
ornpepesieHue MpaBHUIBHOCTH.

6.1.2. Kak yhOopoctuTcs TporpaMma, ecJuM  HW3BeCTHO, UTO B
MoC/ie[j0BaTeIbHOCTH MOTYT ObITh TOJIBKO KPYIJIble CKOOKM?

Pewienne. B 3TOoM csiyuae OT cTeka OCTaeTcs /UMb €ro [JAWHA, U MBI
(akTHueCKM TIPUXOOUM K TakOMYy YTBEPXKJEHUIO: T0C/Ie0BaTe/IbHOCTh
KPYIbIX CkOOOK TpaBU/IbHA TOT[Ja W TOJNBKO TOrAa, Korja B /r0OOM ee
Haua/lkHOM OTpe3Ke YM(J/IO 3aKPhIBAIIMXCA CKOOOK He MPeBOCXOAUT UMCiia
OTKPBIBAIOLIMXCS, A [I/151 BCeH MOC/IeJOBAaTeTLHOCTH 3T UK CJIa PABHBHL.

6.1.3. Peanu3oBaTh C TIOMOIILI) OJHOTO MacCHBa JIBa CTeKa, CYMMapHOe
KOTMYeCTBO 3JIEMEHTOB B KOTOPBIX OTPaHMYEHO [IMHOW MacCHUBa; BCe
eHCTBUS CO CTeKaMHM [O/DKHBI BBITIOMHATBCS 33 BpPEeMsl, OTpaHUUEHHOe
KOHCTaHTOM, He 3aBUCSIIEH OT ATUHBI CTEKOB.

Pemenue. CTeku A0/HKHBI PacTH C KOHLIOB MacCMBa HAaBCTpeuy APYr APYTY:
MepBbIi [0/DKEeH 3aHUMaTh MecTa

Conepzxanne(l] .. . Conepxxanne] Imunnal],
a BTOpOII -
Copepzanue|rn] .. . Conepianne|n — Hnnua2 + 1]

(BepumHbI 060UX CTEKOB 3aMMCaHbl TOCTEHUMH ).
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6.1.4. Peanmu3oBaTh k CTEKOB C 371eMeHTaMu Tuma T, o0Iee KOIMUecTBO
3/IEMEHTOB B KOTOPBIX He MNPEeBOCXOOWT 1, C HUCINOJJb30BAHHEM MaCCHBOB

cyMMapHO#M AmuHbBl ({72 + k), 3aTpauMBas Ha KaKgoe J[eHCTBHe CO
cTekaMu (KpOMe Hauya/ibHBIX IeMCTBUM, [e/allX BCe CTeKM MYCThIMH)
Bpemsi He Oonee HekoTOopoi koHcTaHThl (. (Kak roeopsr, obias AjauHa

MaccHMBOB JO/KHA ObITe ()(772 + 72), @ BpeMsa Ha KaK[yK ONepainuio -

o(1).)

Pemenue. [lpumeHsieMbli MeTOA Ha3bIBaeTCs "CCBIIOYHOUN peanu3anueid'.
OH ucnone3yeT TpU MaccUBa:

Conepxanue: array [1..n] of T;
Cnepyroumii: array [1..n] of 0..n;
Bepumna: array [1..k] of 0..n.

Yno6Ho u300pakaTh MacCMBComepxaHue KaK n sS4eeK C HOMepaMu
1...7, Kakgas M3  KOTOPbIX COJEPXMT  3/JeMeHT Tuama T.
MaccuBC nie nyommit u300pa3suM B BUjIe CTPE/IOK, POBEJs CTPEJKY U3 1 B
j, ecmu Crnenyomuit [1]=7. (Eciu Crnenywommi [1]=0, cTpenok U3 i
He npoBopguM.) Cogepxumoe s -ro creka ( 5 < ] ...k ) XpaHUTCA TaK:
BeplMHa paBHA ConepxaHue [Bepumua [s] ], OCTa/NbHLIE 3JIEMEHTHI S

-ro CTeKka MO>XHO HaﬁTH, HIOA 110 CTpeJaKaM - 40 TexX 110D, MOKda OHHW He
KOHYATCA. HPH 3TOM

(s-b1#i cTek myer) < BepmmHals| = 0.
CTpenouHble TPAeKTOPUH, BLIXOASAILME U3
Bepimnal[l],. . ., BepmmuHalk]

(43 Tex, KoTopbie He paBHbI O ) He JO/DKHBI MTepecekaTbcsi. [loMuMo HUX, HaM
noHafobuTCA elje OgHa CTpesioyHas TPAeKTOpUs, Ccofepikallas Bce
HEUCI0/b3yeMble B IaHHbIM MOMEHT siueliku. Ee Hauano mbl GyeM XpaHUTh
B nepeMeHHOW CezobonxHas (paBeHcTBO (UBobonHaA — () o3Hauaet, uTo
MYCTOTO MeCTa He 0CTanock). BoT mpumep:
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Comepxanme a P q d g t v W
Bepmmra Ceof6omHaa
Comep¥anwe |a p q d 8 t v w
Cnegywoum | 3 0 6 0 0 2 5 4
Bepmmua | 1 7

CrobomHAA = B

Creku: 1-bIi1 CcOep)XUT p, t, g, a ( a - BepumHa); 2-0l CoaepxuT s, v (v -
BEpIIINHA).

procedure HauaTts_paborty; {/les1laeT BCe CTEKH MYCThIMH }
| var i integer;

begin

| fori=1 to k do begin

| | BepumHa [i]:=0;

| end;

| fori=1to n-1 do begin
| | Cnepyroumi [i] = i+1;
| end;

| Cnegytotmii [n] = 0;

| CBobogHas=1;

end;

function Ects_mecTo: boolean;
begin

| Ectb_mecTo = (CBoOogHas <> 0);
end;
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procedure /lobaruTs (t: T; s: integer);

| {106aBUTH t K S-My CTEKY}

| vari: 1..nm;

begin

| {EcTb_mMmecTo}

| i:= CBobogHas;

| CBobognast ;= Cnepyroumii [i;

| Cnepytonmii [i] = BepumHa [s];
| BepumHa [s] =i;

| Conepxanue [i] = t;

end;

function ITycT (s: integer): boolean;
| {s-blii CcTEK mycCT}

begin

| ITyct = (BepumHa [s] = 0);
end;

procedure B3sats (var t: T; s: integer);
| {B35TH U3 S-TO CTeKa B t}

| var i: 1..n;

begin

| {not IlycT (s)}

| i:= BepumHa [s];

| t = Copeprkanue [i];

| Bepumina [s] == Cnepyrormii [i;
| Cnenyrotmi [i] = CBobogHas;

| CBobogHas = i

end;

function BepumHa_cTeka (s: integer): T,

| {BepumHa s-ro cTeka}
begin

TpakTHKYM Mo MeToJaM NOCTPOEHHA ANMTOPHTMOE

| BepumHua_cteka = Cogeprxanue[Beprminals]];

end;

6.2. Ouepenu

3HaueHUSIMM TUMa 'ouepejb 3/eMeHTOB Tuma T "

"

KdKk W [OJd CTeKOB,
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ABJIAKOTCA MOC/IeJ0BaATe/IbHOCTH 3HaueHui tuma T, PaBHI/IL[El COCTOHMT B TOM,
qTo 6EPYTCH 3JIEMEHTBI He C KOHIld, 4 C HaddJja (El ﬂOﬁaBHHI‘OTCﬂ no-
MpexxHemy B KDHEL[).

Onepayuu c ouepejsiMu:

Cpenarb_nyctoil ( var x:ouepefib 3JIeMeHTOB Tuna T );
HNobaButh (t:T, var x:odepeib 3J1eMEeHTOB TUMa T );
B3sats (var t:T, var x:ouepefpb 3/7ieMeHTOB TUma T );
ITycra ( x: ouepenb 3/emeHTOB TUNA T ): boolean;
OuepegHoii ( x:ouepeb 31eMeHToB Tuma T ): T.

[pu BBIMTOHEHUN KOMaHb! "[106aBUTL" yKa3aHHBIN 7eMeHT q00aBisieTcs B
koHel] ouepegu. Komana "B3aTe" BoIMOMHKUMA, /UL €C/TH 0Uepe/jb HeMyCTa,
u 3abupaeT u3 Hee mepBblil (TIOJIOKEHHBIH Tya paHblIe BCEX) 3/7eMEeHT,
rnomerias ero B t. 3HaueHueM ¢yHkiuu "OuepenHoii” (ompeeneHHON s
HEIYCTOW ouepe/in) sIB/ISIeTCS MIePBLIA 37IeMeHT Ouepeu.

AHIMUUCKAEe Ha3BaHUsA CTEKOB - Last In First Out (mocnegHum
BOLIe/T - TEPBBIM BBINIENT), a odepefeil - First In First Out
(mepBbIM BOII1IEN - TIepBbIM Bhillien). Cokpanienusi: LT FO, FIFO.

Peanu3anus ouepezieii B MacCUBe

6.2.1. Peanu3oBaTh omepalnud C Ouepe b0 OTPAaHUYEHHOW [JIMHBI Tak,
yTOOBI KOTMUECTBO AEHCTBUU /IS KaXKAOW omepaluu ObII0 OrpaHU4eHO
KOHCTAHTOM, He 3aBUCSIIEH OT JATUHBI OUepeiu.

Pewenvie. Bynem XpaHUTh 3/1eMEHTBl O4Yepeid B COCEAHUX 3IJe€MEHTax
maccuBa. Torma ouepens OymeT mnpupacTtate cripaBa U yOBIBAThH CleBa.
[MockonbKy TIpU 3TOM OHAa MOXKET JOWTHU [0 Kpas, CBepHeM MAaCCHUB B

OKPY>KHOCTb.

Beenem maccuB
Copeprxanue: array [0..n-1] of T

H ITepemMeHHbIe
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[MepBsiii: 0..n-1,
Jnuna :0..n.

[Tpu 3TOM 371€MEHTaMH ouepean OyayT

Copepreanne|[lepsuiii|, Cogepixanme|[lepseii + 1,. ..,
Copepxxanne [lepsriit + Tuaa — 1|,

e cyoKeHue BoinosHsaeTcs no moaynto n. (Ilpeaynpexxpgenue. Ecnu Bmecto
3TOrO BBECTH IepeMeHHbIe [lepBrii U [lociie mHMM, 3Ha4eHUs KOTOPHIX -
BBIUETHI 110 MOJY/IIO N, TO MyCTasi ouepe/ib MOXKeT OBbITh CITyTaHa C OUepe b0
13 1 3/IEMEHTOB.)

Omepaiuy BHIMOIHAOTCS TakK.
Caenatb myCTO#A:

HJnuna = 0;
[TepBeoiii = 0;

106aBUTh 3/1eMEHT:

{nuHa < n}
Conepxanwue [(ITepsoiit + [Inuna) mod n] := s/1emeHT;
Jnuna = [Inuna + 1;

B3ares snemenT:

{dnuna > 0}

snemeHT = Cogeprkanue [[TepBbriii];
[TepBeiii = (ITepBoIit + 1) mod n;
Jnuna = [InuHa - 1;

Iycra:
HJnuna =0
OuepeHOM:

Conepxanue [[Tepsbiii]
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6.2.2. (Coobumn A.I. Kymnupenko) Ilpugymars crmocob mofenvpoBaHUs
ouepeau C TOMOUILIO JIBYX CTeKOB (M (PMKCHPOBAHHOIO UHC/Ia MepeMeHHBIX
tuna T ). [Ipu 3ToM oTpaboTKa n omepanuii ¢ ouepeiibi0 (HauaThlX, KOT7A
ouepe/ib Obljia TycTa) JO/DKHA TpeOOBaTh MOpsiAKa N e CTBUIA.

Pemienue. WNuBapuanT:

CTEKH, COCTABJIEHHBIE KOHIIAMH, 00pasyIoT oYepes.
(Ilepeuuncnsisi 3n1eMeHTbI OJHOTO CTE€Ka BIIYOb M 3aTeM 3JIeMEHThI BTOPOTO
HAapyXy, MBI IIepeurc/isgeM BCe 3JIeMeHTbl oOdYepeid OT TepBOro [0
nocnenHero.) SicHo, uto gobaBneHue CBOAUTCS K A00aBIeHUIO K OHOMY M3
CTEKOB, a IPOBEPKA MYCTOTHI - K MTPOBEPKe MYCTOThl 000ux cTekoB. Eciu Ml
XOTHM B35IThb 3/7IeMEHT, eCThb JBa ciydas. Ecau cTek, rie HaxoguTCs Hadanio
ouepenu, He MycT, TO Oepem wu3 Hero 3nemeHT. Eciu oH myct, TO
NpeJBapuTe/IbHO TMepenuchiBaeM B HEro BCe 3/IeMeHTHI BTOPOrO CTekKa,
MeHssl TOPSJ0K (3TO MPOUCXOAUT caMo coDOW TpU MepeKnafgblBaHUU U3
CTeKa B CTEK) U CBOJAUM [IeI0 K MePBOMY Ci1ydar. XOTs UYHCJIO AeUCTBUN Ha
5TOM ULAre W He OrpaHuYeHO KOHCTaHTO#, HO TpeboBaHWe 3ajauM
BBITIOJTHEHO, TaK KaK KK/bIWA 3JIEMEHT OuepeJu MOXKeT Yy4aCTBOBATh B 3TOM
niporjecce He 6oyiee OHOTO pasa.

6.2.3. JexoM Ha3bIBAKOT CTPYKTYPY, COUETAIONyI0 OUepelb U CTeK: KIacTb U
3abupaTe 3/1eMeHTBI MOXKHO ¢ ofOoux koHIOB. Kak peanu3oBaTh [eK
OrpaHWUeHHOrO pa3Mepa Ha 0Oa3e mMaccuBa Tak, uTOObI KaXKfasi oreparjus
TpeboBasa OrpaHUYEHHOTO YKC/ia JedCTBUIN?

6.2.4. (Coobumn A.I. Kymumupenko.) Vimeercs aek 371e€MeHTOB Thma T |
KOHEUHOe YHC/I0 TIepeMeHHBIX Tuma T | 1esoro Tuma. B HayanbHOM
COCTOSSHUM B JIeKe HEKOTOpOe 4ucjio 371emMeHTOB. COCTaBUTh MPOrpammy,
1OC/Ie UCTIOJTHEHUs KOTOPO# B JleKe OCTaluCh ObI Te ke camble 37eMeHTHI, a
UX UM 10 Ob1710 OBl B OJJHOW U3 LI@/TbIX MePeMEeHHbIX.

Ykazauwue. (1) D/1eMeHTHI JeKa MOYKHO I[UK/TAUECKH TepecTaB/isTh, 3abupas ¢
OJHOTO KOHIIAa M noMeljas B gpyroii. [Tocse 3Toro, caenae CTOMBKO >Ke 1IATOB
B 00OpaTHOM HarpaB/IeHUM, MOXXHO BePHYTh BCe Ha MecCTo. (2) Kak noHsTs,
MPOLUTA MBI TIOMHBINA KPyr wiu He mpouvti? Eciu O6bl KakoM-TO 371€MeHT
3aBe/JOMO OTCYTCTBOBAJ B [ieKe, TO MO>KHO Ob1/10 OBl ero moACyHyTh U >K/jaTh
BTOPUYHOro nosiBieHus. Ho Takux 3neMeHTOB HeT. BMecTo 3TOro MoXHO
[71s1 TaHHOTO N BBITIOJHUTH LUUKIUUYECKUH COBUT HA N ABAXKIbI, MOACYHYB
pasHble 3/1eMeHTbl, U TTOCMOTPEeThb, MOSBATCSA JIM pa3Hble 3J1eMEeHThl uepe3 n
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niaros.
[TpumeHeHue ouepeseid

6.2.5. HaneuaTaTh B nopsjke BO3pacTaHus MepBbie 1 HaTypaabHBIX YUCeJl, B
pasnoyKeHHue KOTOPbIX Ha MPOCTble MHOXKUTEIHN BXOJAT TOBKO yucaa 2, 3, 5.

Pemenue. Beegem Tpu ouepeau x2, x3, x5, B KOTOPBIX OygeM XpaHUTb
3MeMeHThI, KoTopele B 2 ( 3, 5 ) pa3 Oosbllle HameyaTaHHBIX, HO elle He
HaneuaTaHbl. Onpesenum MpoLesypy

procedure Hareuatatb_u_ao06aBuTh (t: integer);
begin

| writeln (t);

| JobaBuTH (2*t, x2);

| JobaBuTh (3*t, x3);

| HobaBuTh (5*t, X5);

end;

Bot cxema nporpammsi:

...clenatTh X2, x3, X5 NyCTBIMU

HareuaTtaTb_u_J00aBuTh (1);

k :=1; { k - unc/i0 HameyaTaHHBLIX }

{MHBapuaHT: HareuaTaHo B MOPsKe BO3pacTaHusi kK MUHUMATbHBIX
4/IeHOB HY)KHOTO MHOXXECTBA; B OUepe/iax 3/IeMeHTHI, BJBOe,
BTpOe U BsATepo OoJblMe HalleuaTaHHbIX, HO He HarleuaTaHHEIe,
PacmosioKeHHbIe B BO3pacTawIleM Mopsake }

while k <> n do begin

| X ;= min (ouepeaHoN(X2), ouepeaHo(x3), ouepeHOM (X5));

| HarleyaTtaTh_u_100aBUTH (X);

| k = k+1;

| ...B39Thb X U3 TeX ouepezied, rae OH ObIT OuepesHbIM;

end;

Hy{:Tb HHBAPHUAHT BBITTO/THAETCH. paCCMDTpHM HauMeHbIM I H3
HeHale4aTaHHbIX 3JIEMEHTOBE MHOXKeCTBd,; MMYCTb 3TO X. TD]",I[E[ OH Oe/IHTCA
HalleJilo0 Ha OAJHO M3 4YHCen 2, 3, 5, H YdCTHO€ TakKKe MNPUHAOIEeXHT
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MHOKEeCTBY. 3Ha‘-IHT, OHO HalleyaTdaHO. 3Ha’~II/IT, ¥ HAXOOWUTCA B O,H'HOFI H3
O‘-IEpEﬂEFI H, CjaeJoBdaTe/ibHO, ABJAETCA B HeH TepBBIM (MEHBUJHE
HarieddTdaHEBI, 4 3/1eMEeHTEI oqepe,ﬂ,eﬁ He HEII'IE'-IEITEIHBI). HarmeuaTas X, MBI
AOJIXKHBI €r0 U3bATh H r[[OGE[BI‘ITI:; €Tr0 KpaTHBbIE.

,HHI/IHI:I O'-IEpE,H,Ei:I He MPeBoCXoAT YHC/id HAlTeUdTaHHBIX 3/IEMEHTOB.

Crnepyroujas 3afaua cBsi3aHa ¢ rpadaMu (K KOTOPbIM Mbl BepHEMCS B JIEKI[UU
9).

[TycTe 3apaHO KOHEUHOe MHOXKEeCTBO, 3/1eMeHThl KOTOpPOr0 Ha3bIBaKT
BepILIMHA, a TakKKe HEKOTOpPOe MHOXKEeCTBO YIOPSAOUYeHHBLIX Tap BepIMH,
Ha3blBaeMbIX pebpamu. B 3TOoM  cioyyae  roBopsiT, uTO  3ajaH

opueHTHpoBaHHeI# rpad. Tapy (p,g) HaseiBalOT pebpom € HauasoMm p
U KOHLIOM ( ; TOBOPSIT TAKXKe, YTO OHO BBIXOAWUT U3 BEPILMHBI P U BXOJUT B
BepumHy g. OObIYHO BepumHBI rpada M300pakaroT Toukamu, a pebpa -
CTpefkamM#, BeAylIMMM U3 Hadasa B koHer. (B coorBeTcTBuUM C
onpejeneHUeM W3 [JaHHOW BepIMHBLI B JaHHYIO BeJeT He Ooyiee OJHOTO
pe6pa ; Bo3MO>XHBI pebpa, y KOTOPbIX Hauasao COBIAJAeT C KOHI[OM.)

6.2.6. U3BecTHO, UTO OpPMEHTHUPOBAHHBLIM rpad CBs3eH, T.e. W3 JIHOOOM
BepIIMHBI MOXHO TIPOWTH B /00y0 o pebpam. Kpome Toro, w3 Kaxgou
BEpIIMHBI BBIXOAUT CTOJbKO ke pebep, CKOMbKO BXOAUT. JloKas3aThb, uTO
CYILIECTBYET 3aMKHYTBIN I[UKII, IPOXOASIMM M0 KaXKJOMy pebpy POBHO OfiMH
pa3. CoCTaBUTh a/ITOPUTM OTBICKAHUS TAKOTO 1UKJ/IA.

Pemenue. 3meeii Oymem Ha3bIBaTh HEMYCTYIO Ouepe/ib U3 BEPIIMH, B KOTOPOU
nmobble aBe BepHMHBI CoeiMHeHBI pebpom rpada (Hauanom sBASEeTCS Ta
BeplMHa, KoTopas Omke K Hadany ouepean). CTosasa B Hayane ouepeau
BepumHa OygmeT XBOCTOM 3MeH, MocjefHss - ronoeoil. Ha pucyHke 3mes
u3obpasurcsa B Buge tenu pebep rpada, CTpenku BeAyT OT XBOCTA K TOJIOBE.
HobarneHne BepUMHBI B Ouepe/lb COOTBETCTBYeT POCTY 3MeHU C TOJIOBHI,
B3fITHE BePIMHLI - OTPe3aHHI0 KOHUHMKA XBOCTA.

BHauase 3Mesi COCTOMT W3 eIUHCTBEHHOW BepumHbl. [lanee Mbl ciiegyem
TaKOMY TIPaBUIY:

while 3mest BkrouaeT He Bce pebpa do begin
| if U3 rO/I0BBI BHIXOAUT He BXofsiree B 3Mer0 pedbpo then begin
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| | yoAMHUTB 3Mer0 3TUM pebpom
| end else begin
| | {rosloBa 3Meu B TOI )Ke BepUIMHE, UTO U XBOCT}
| | oTpe3aTh KoHell XBOCTa U JODABUTH €r0 K ro/I0Be
| | {"3mes1 oTKyChIBaeT KoHer| xBocTa'"}
| end;
end;

,HOKEUKEM, YTO MBI JOCTUTHEM IL€/TH.

(1) Mas mo 3Mee OT XBOCTa K TOMOBEe, Mbl BXOAUM B KaXK/yH0 BEpIIMHY
CTO/IBKO ’K€ pa3, CKONMBKO BeIXOAUM. Tak Kak B J00OyH0 BepLUIMHY BXOJUT
CTOJ/IBKO Ke pebep, CKOJIBKO BBIXOJUT, TO HEBO3MOXXHOCThH BBIUTH O3HAUaeT,
YTO rOJIOBA 3MeH B TOM )K€ TOUKe, UYTO U XBOCT.

(2) 3mest He yKOpauuBaeTCsl, IO3TOMY b0 OHa OXBaTWUT Bce pebpa, mubo,
HauWHas C HEKOTOPOro MOMeHTa, OygjeT uMeTb MOCTOSHHYH [IWHY. Bo
BTOPOM cJiydae 3mesi Oynetr 6eckoHeuHo "CKOJIb3UTh 110 cebe’. DTO BO3MOXKHO,
TOJILKO €CTM U3 BCeX BepPIIMH 3MeU He BBIXOAUT HEUCII0JIb30BaHHBIX pebep.
B 3TOM Cilyuae U3 CBA3HOCTHU CJIeAYeT, UTO 3Mest TPOXOAUT 0 BceM pebpam.

3aMeuaHue 1O peanu3aluuy Ha nackane. Bepumnuamu rpada Oymem cumTtaTh
urcnaa | ...y . JAns Kakaod BepimHbl 1 Oygem xpaHuTh uuciao Out [ 1]
BBIXOJAIMX U3 Hee pebep, a Tawke HOmepa Num [1] [1], ..., Num[1]
[Out[1]] Tex BepumH, Kyga 3Td peOpa BeayT. B mpoiiecce moctpoeHus
3men Hynem BeibupaTh nepBoe cBoboaHoe pebpo. Torna A0CTaTOUHO XPaHUTH
[71s1 K&KJ0W BEPIIMHBI UKC/I0 BBIXOASIUX M3 Hee UCI0Jb30BaHHBIX pebep -
310 OymyT pebpa, uaynmpe B Hauanae CIUCKA.

6.2.7. Jloka3aTh, UTO /I BCIKOTO N CYIIECTBYET MOC/AeA0BaTebHOCTb HYy/eH
W eUHUI] IJIMHBI 2™ CO C/IeAYVIOIIMM CBOWCTBOM: eC/id "CBePHYTb ee B
KOJIbII0" ¥ pacCMOTPeTh BCe (PparMeHThl AJIMHBI N (MX YUC/I0 paBHO 2™ ), TO
MBI TIOJTYUUM BCe BO3MOJKHBIE [10C/Ie[JOBAaTeTbHOCTH HYIeH U eJMHUL]| JJTUHBI
n. IlocTpouTs anropuT™M OTBICKAHUS TakoW TOCIEI0BATE/IBHOCTH,
TpeOyronmii He Oosee ('™ JeHWCTBUIA [1/11 HEKOTOPOW KOHCTAHTHI C.

Ykazanue. PaccmoTrpum  rpad, BepumHaMM  KOTOPOTO  SIBJISIFOTCS

NOC/e0BaTeIbHOCTH HYIeH U eIUHUL] JJIUHBL 13 — |. Bygem cumrath, uTO
13 BEPIMHEI X BefleT peOpo B BePUIMHY y, €C/IH X MOXKeT ObITh HauanaoM, a y
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- KOHIOOM HEIGJTOPOFI nocaegoBpaTe/IbHOCTH [OJIMHBI 11. TOF,ELEI H3 Ka)K.H‘Oi:I
BepHIIMHBI BXOAWT W BBIXOAUT [JBd peﬁpa. HHK}I, HpO)ﬂ)ﬂﬂH_]I/Iﬁ 1o BCeM
peﬁpaM, W 04acT Tp96y9MyI-O rnmocneqoBaTeibHOCTE.

6.2.8. Peanu3oBath k ouepejeidl C OrpaHUUYEHHOM CYMMapHOW [JIUHOW n,

HCToNb3ys mamate (J}7 + k) [= He Gomee ({7 + k) AN HekoTOpoH
KOHCTaHThl C |, mpuyeM Kakjgasi oreparnus (KpOMe HauyaabHOM, [earolei
BCEe Ouepead MYyCTBIMHU) [0/DKHA TpeOOBaTh OTPaHWYEHHOT0 KOHCTAHTOM
uyKrc/a JeliCTBUH.

Pemenue. /lelicTByeM aHa/JIOTUUHO CCHIJIOUHOW peasn3alid CTEKOB: MBI
MOMHUM (/151 KaXKZ0W ouepenu) MepBOr0, KAaXKAbIM YYaCTHUK Ouepeau
MOMHUT C/IeAYIOLLero 3a HUM (/1 moC/aeJHer0 CUMTAeTCs, UTO 3@ HUM CTOUT
¢ukTHUBHBIN 31eMeHT ¢ HOMepoMm O ). Kpome Toro, Mbl JO/DKHBI [J1ST KaXKOH
ouepeau 3HATh MOCIeAHEro (ec/d OH eCTh) - UHaue He yoacTcsi A00aBATh.
Kak u 151 CTeKoB, OTAE/NBHO eCTh 1[eMb CBOOOAHBIX slueeK. 3aMeTHUM, UTO AJis
nycTtoil ouepeau UH(oOpMaLUs O MOC/TeSHEM 3/eMeHTe TepsieT CMBICT - HO
OHa U He UCMO0JIb3yeTCs Mpu 106aBneHUH.

Copepxanue: array [1..n] of T;
Cnepyroumii: array [1..n] of 0..n;
[Tepssrii: array [1..k] of 0..n;
[Tocnepuuii: array [1..k] of 0..n;
Csobognas : 0..n;

procedure Cenatb_nycTbiM;
| var i integer;

begin

| fori=1to n-1 do begin

| | Cneayrormii [i] =i+ 1;
| end;

| Cnegytotmii [n] = 0;

| CBobogHas = 1;

| fori=1 to k do begin

| | ITepesrii [i]:=0;

| end;

end;

function Ects_mecTo : boolean;
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begin
| Ectb_mecTo = CBobOogHas <> 0;
end;

function ITycTta (Homep_ouepeu: integer): boolean;
begin

| Ilycta = [1epBsiii [HoMmep_ouepeau] = 0;

end;

procedure B3sars (var t: T, Homep_ouepeau: integer);

| var meps: integer;

begin

| {not ITycTa (Homep_ouepenu)}

| neps := [TepBwIi [HOMep_ouepenu];

| t = Comeprkanue [meps]

| [TepBoiit [HoMep_ouepeau] ;= Crexyroumii [meps];
| Cnenytotmii [meps] ;= CBobogHas;

| CBobogHas = neps;

end;

procedure /To6aBuTs (t: T, HOMep_ouepeu: integer);
| var HOB, mocn: 1..1;

begin

| {EcTb_mMmecTO }

| HoB = CBoOoaHas; CBobogHas = Cnegyronmii [CeobogHast];
| {13 cnucka cBOOOAHOTO MeCTa U3bAT HOMEp HOB }
| if [Tycta (Homep_ouepean) then begin

| | [TepebIii [HOMep_ouepeau ] = HOB;

| | TTocneguuii [Homep_ouepeau | .= HOB;

| | Cneayrormii [HOB] = 0;

| | Conep>kanue [HOB] = t;

| end else begin

| |mocn = [Mocneauuii [HoMep_ouepeu |;

| | {Cnenytoumii [mocn] =0 }

| | Cneayroumii [mocn] = HOB;

| | Cnepytorruii [HoB] = 0;

| | Comepxanue [HOB] =t

| | TTocneguuii [Homep_ouepeau | .= HOB;

| end;
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end;

function OuepeaHoii (Homep_ouepeu: integer): T;

begin

| Ouepennoii ;= Cogep>xanue [[TepBbiii [HOMep_ouepeau]];
end;

6.2.9. Ta ke 3a/1aua Jj1s1 JEKOB BMECTO Ouepefei.

Ykazanue. [leK - CTPYKTypa CUMMeTPUYHasi, T03TOMY Ha/[0 XPAHUTh CCHIKU
B obe cropoHsl (Bmepesg u Hazan). [Ipu 3ToM ya06HO K KaXKAOMYy €KY
n06aBUTh GUKTUBHBINA 3/IEMEHT, 3aMKHYB €r0 B KOJIbI[0, U TOUHO TAKOEe K€
KOJTbI10 00pa30BaTh U3 CBOOOJHBIX MO3UITHN.

B cnepyroeit 3ajaue geK UCMONB3YeTCs A1 XPaHEHUs] BEPUIMH BBIMYKIOrO
MHOI'OYTOJIbHUKA.

6.2.10. Ha n/10CKOCTH 3alaHO n TOYeK, TPOHYMepOBaHHbIX C/IeBa Hampaso (a
npu paBHbIX aOciuccax - cHu3y BBepx). CoCTaBUTH NpOrpaMmy, KOTOpas

CTPOMUT MHOTOYTO/IbHUK, ABJIAKOLMKICA UX BBITYKI0H 000/10uK0M, 3a (}{12) [=
He bonee uem ('y; | AeMCTBUHA.

Pemenue. BymgeM TmipucoequHsTH TOUKM K BBIMYKIONW 000/0uke ofHa 3a
apyroii. Jlerko mokasaTh, UTO TOC/eJHSIST MMPUCOeJIUHEHHAsi TOUKa Oyger
OQHOW W3 BEPIIMH BBIMYKI0W 000/10uKK. DTy BepUIMHY Mbl OyeM Ha3bIBaTh
BbIZleieHHOW. OuepefiHasi TIpUCOeuHseMas TOUKa BU/HA U3 BbI/|eIEHHOM
(mouemy?). JloMOJIHUM Halll MHOTOYTOJBHHUK, BBITTYCTUB M3 BBIJEIEHHOU
BepUMHBI "UIMy', BeAVIYlO B TmpucoeAuHsiemyrd Touky. [lonyuuTcsa
BBIDOXK/IEHHBI MHOTOYTOJILHUK, W OCTAeTCcd JIMKBUAWUPOBaTb B HeM "
BITYKJIOCTH".
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Bynem XpaHuTh BepIMHBEI MHOTOYIOIbHUKA B JeKe B MOpsgke obxoga ero
repuMeTpa 1o 4acoBoii crpenke. [Ipu 3TOM BhIjie/IeHHAast BePIIMHA SBJSETCS
Haua/ioM ¥ KOHILIOM (TOJOBOW W XBOCTOM) Jeka. [IpucoeauHeHue "HUT/bI"
Ternepb COCTOUT B A00aB/JeHUH TIPUCOEJUHSIEMOI BepIMHEI B TOJIOBY U B
XBOCT [leKa. YCTpaHeHHe BNYKIOCTeld HecKo/abko Oomee cnoxkHo. Hazorem
MOAXBOCTOM M TOANOAXBOCTOM 3/1€MEHThI feKa, CTOsIIMe 3a ero XBOCTOM.
YcTpaHeHue BIYK/IOCTH y XBOCTA [Jie/1aeTcsl Tak:

while mo gopore 13 xBocTa B MOAMNOAXBOCT MbI TIOBOPaYMBaeM
| y mogxsocTa BiieBo ("Bnykiocts') do begin

| BBIKUHYTB MOAXBOCT U3 JieKa

end

Takum e crrocobom YCTPpaHAETCHA BIIYK/IOCTDL ¥ T'OJIOBBI J€Kd.

3ameuanue. [leficTBUSI C TOAXBOCTOM U TIOATOAXBOCTOM He BXOJAT B
ompejiesieHUe J1eKa, OAHAKO CBOAATCS K HeOObILIOMY UMC/Ty MAaHUNYISALUN C
nekoM (Hafo 3abpaTk TPU 3/IeMeHTa C XBOCTA, CZle/IaTk UTO HaJj0 U BepHYTh).

Emie oo 3ameuanue. ECThb Ba BBIPOXKJEHHBIX CTydasi: €CJIM Mbl BOOOI1e He
NMOBOpavYMBaeM y MOAXBOCTa (T.e. TPU COCeIHME BEpIIMHBI Jie)KaT Ha OfHOU
npsiMOW) U eC/id Mbl TIOBOpauMBaeM Ha |x[)° (Tak ObIBaeT, eciu Hail
MHOTOYTO/IBHUK €CThb [JBYYrOMbHUK). B mepBoM ciiydae MOAXBOCT CTOUT
yn1anuTh (UToOBI B BBIMYK/I0W 00070uKke He ObIJIO TUIIHUX BEpIIMH), a BO
BTOPOM CJlydae - 00513aTe/IbHO OCTaBUTh.

6.3. MHuoXxXecTBa

[Mycte T - HekoTopwiii Tumn. CylecTByeT MHOTo Croco0OB XpaHUTHb
(koHeUHBIE) MHOXXECTBA 2J/MeMeHTOB Tuma T ; BbIOOp MeXAy HUMH
onpepensieTcss Turiom T ¥ Habopom TpeOyeMbIX OTeparuii.

[TogmHOXecTBa MHOXKecTBa {1... n}

6.3.1. Wcnonw3ys namare (J{yz) [=npomopuuoHanbHyw n ], XpaHUTb

MOAMHOXKeCTBAa MHOXKECTBa {]_ o ,}3'} .
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Omnepauuu Yucno geicTBui
Cpenarb MyCTbIM Cn

[TpoBepuThL NpHUHA/IEKHOCTD C

NobaBuTH C
Yaanuth C
MwuHUManEHBIN 371EMEHT Cn
[TpoBepka nmycToThHI Cn

Pemenue. XpaHuM MHOXKECTBO Kak array [1..n] of Boolean.
6.3.2. To xe, HO IpOBepKa MYCTOTHI JO/KHA BBITIOJTHATLCSA 3a BpeMs C.
Pewienne. XpaHuM OMOJHUTENBHO KOTUUECTBO 71€MEHTOB.

6.3.3. To ke mpu CeayIMX OrPAHUUYEHU X Ha UM C/IO 1€ CTBUMA:

Onepatuu Yucno gecTBuit
CaenaTh MyCThIM Cn

[TpoBepuThL NpHUHA/IEKHOCTD C

NobaBuTH C
Ynanuts Cn
MwuHUManEHBIN 371EMEHT C
[TpoBepka mycTOTEI C

Peienue. HOHOI[HHTEHBHO XpdHHUM MHMHHMMa/IbHBII 3IEMEHT MHOKECTBa.

6.3.4. To ke mpu CeayIMX OrPAHUUYEHU X Ha UM CJIO 1€ CTBUMA:

Omnepauuu Yucno geicTBui
Cpenarb MyCTbIM Cn
[TpoBepUThL MPUHAAIEKHOCTD C
obaruTh Cn
Yaanuth C

MUHUMAaNIbHBIN 3IEMEHT C
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[TpoBepka nmycToThHI C

Pemenue. XpaHUM MHUHUMAIBHBIN, a [AAs KOKAOTO - C/IeJyIOUMHA U
NpeAbIAYIIMU 10 BeJIMUUHE.

MHo>xecTBa HejablX YHuceJs

B CneaAyrluX 3ad4dX Be/IM4YHHA 2/IEMEHTOB MHOKeCTBa He OrpaHHUY€Hd, HO
HX KOJIHYECTBO He ITPEeBOCXOONT 1.

6.3.5. ITamsaTe (' .

Onepaiuu Yucso gercTBuin
Cpenarb MyCThIM C
Yucsio 371eMeHTOoB C
[TpoBepUThL MPUHAJIEKHOCTh Cn

I10b6aBUTHL HOBBIH (3aBeZIOMO OTCYTCTBYIOIIMA) C

Ynanute Cn
MwuHUManEHBIN 371EMEHT Cn
B3SITh KaKoii-TO 3/1eMeHT C

Pemenue. MHOXeCTBO npeacraB/jdeM C MOMOIBIO MepeMeHHbIX

aarray [1..n] of integer, k: 0..n;

MHO)KeCTBO COJEeP>KUT k 3/1eMEeHTOB a[l], Sk .a[ﬁ:] ; BCe OHM pas3nuuHsbl. [lo
CYLLIeCTBY Mbl XpaHHUM 3/7IeMeHThbl MHOXeCTBa B cTeke (6e3 moBTopenuii). C
TeM JKe yCI1exoM MOXKHO Ob1/10 661 BOCTI0/IB30BaThCS OUepe b0 BMECTO CTeKa.

6.3.6. [Tamats ( 'n..

Omnepauuu Yucno geicTBui
Cpenarb MyCTbIM C
[TpoBepUThL MyCTOTY C

[TpoBepuTh NprUHagAeXHOCTE C logn
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NobaBuTH Cn
Yaanuth Cn

MuHUMAaNLHEIA 3/1IEMEHT C

Pemierue. CM. perieHue NpeAbIAyILed 3a/1aud C JOTIOJHUTE/LHBIM YCI0BUEM

a{l]_,_a[kl. [Ipy npoBepke MNPUHAAJIEKHOCTH MCIIO/Ib3yeM [BOWUUYHBIU
MMOUCK.

B cnepyromeit 3agaue mosie3Ho KOMOMHUPOBATH pa3Hbie CIIOCOOBI.

6.3.7. Ucrionb3ysi onucaHHble CrIOCOObI MpeACTaB/IeHUsT MHOXKECTB, HAaWTH
BCe BepIIMHBI OPUEHTUPOBAHHOTO rpada, JOCTYITHBIe U3 JAHHOW 10 pebpam.
(BepumHbl cuuTaem uvciaamd | .. .73.) Bpemsi He Gonbme (. (obGiee
uKr 10 pebep, BRIXOAAIMX U3 AOCTYITHBIX BEPIIUH).

Pemenue. ([Ipyroe penieHuve CMOTPU B /€KUM O PeKypcuM, 3ajaada 7.4.6.)
[Myctb num([i] - YUCJIIO pebep, BBIXOAAIIMX U3 1, a

out[i|[1],......,out|i][numli]| - Bepumuel, kyna Besyr peGpa u3
BEpPLIMHELI 1.

procedure /loctynHeie (i integer);

| {HameuaTaTh BCe BEpIIMHBI, JOCTYITHbIE U3 i, BKIOYAd i}
| var X: mogmHOXecTBo 1..n;

|  P:mogmMHOxecTBO 1..1;

| q,v,w:l.n

|  k:integer;

begin

| ...cmenath X, P myCcTbIMU;

| writeln (i);

| ...n06aBuThL ik X, P;

| {(1) P = MHO)XeCTBO HameuyaTaHHbBIX BEPIIMH; P COIEPKHUT i;
| (2) HareyaTaHbl TOMBKO JAOCTYIIHBIE U3 i BEpPIIMHEI;

| (3) X - nogMHOXecTBO P;

| (4) Bce HameuyaTaHHbIE BEPILMHBI, U3 KOTOPBIX BBIXOAUT

| pebpo B HeHameuyaTaHHYIO BEPUMHY, TPUHaIeKaT X }
| while X Henycto do begin

| | ...B39Th Kakoi-HUOYOE 371eMeHT X B V;

|| for k := 1 to num [v] do begin
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||| w = out [v][k];
| || if w He mpunagnexut P then begin
||| | writeln (w);

||| | mobaBuTE W B P;

||| | mobaBuTE W B X;

| || end;

||

CaoiicTBo (1) He HapyIIaeTCs, TaK KakK 1MevaTh MPOUCXOUT OJHOBPEMEHHO C
nobaBnenuem B P. CBoiicTBO (2): pa3 v 0110 B X, TO v JAOCTYITHO, TO3TOMY
w poctynHo. CsoiictBo (3) oueBuaHo. CBOiCTBO (4): MBI ygaauau U3 X
1eMeHT Vv, HO BCe BepIIMHBI, Kyga M3 v uAyT pebpa, mepen 3TuMm
HarevaTaHbl.

6.3.8. Tloka3aTh, UTO MOXXHO MCMO/]b30BaTh W JPyrOd HWHBApWaHT: P -
HarmeyaTaHHble BePIMHBI, Y (~ 7 ; OCTajoCh Hame4araTb BepIIMHBI,
JOCTYIHBbIe U3 X 110 HeHarnevyaTaHHbIM BepLIMHaM.

OueHka BpeMeHu pabOThl. 3aMeTHM, UTO U3bSAThbIE U3 X 3JEMEHThl OOJIbIIe
Tyga He A00aBNAOTCS, TAK KaK OHU B MOMEHT U3bATUS (U, CIeJ0BaTe/bHO,
BCerfla mo3Ke) mpuHajiexaT P, a 100aBAsSIOTCA TOMBKO 7IeMEHThI He U3 P.
[MosTomy Teno 1ukia while [An9 KaXKAOM JOCTYMTHOW BEPIIMHBI
BBITIOJIHSIETCST He Oosiee, ueM MO pas3y, NpuU I3TOM Teno LUKIa for
BBITIOJIHSIETCS CTOJTBKO Pa3, CKOJIBKO M3 BepPILMHBI BRIXOAUT pebep.

[ns X Hafl0 UCTOJB30BaTh MpeACcTaBAeHHe CO CTeKOM WM Ouepelbid (CM.
BBIIIE), J/151 P - OyIeBCKUI MacCHB.

6.3.9. PeumiTh mpegpiAyiyl0 3ajauy, eciu Tpedyercs, uToObI JOCTYIHBIE
BEpIIMHBI MTeUaTaauCh B TAKOM MMOPSAJKe: CHavyasa 3alaHHas BepIIMHA, TOTOM
ee cocesu, ITOTOM COCe/IU cocefiel (elle He HarleyaTaHHbBIE) U T.[.

Ykazanue. Tak momyuuTcsi, €C/id UCMOJ/Ib30BAaTh OUepe/ib /sl XpaHeHus: X B
MPUBEIEHHOM BBIIIE PEIIEHUU: JOKKUTE UHAYKIIMEH 10 k, UTO CYIeCTBYeT

MOMEHT, B KOTOPbIM HameuaTaHbl BCe BepPIIMHBI Ha PacCTOSHUM He Oosiblie
k, a B ouepe/ji HaXOAATCS BCe BEPIUMHbI, ya/JleHHble POBHO Ha k.
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Bonee cnoxkHele criocoObl TpeCTaBIeHUSI MHOXKeCTB OynyT pasobpaHbl B

nekiuax 13 (xenmipoBaHue) ¥ 14 (1epeBbd).

6.4. Pa3Hble 3aauu

6.4.1. Peanu3oBarh CTPYKTYPY AaHHBIX, KOTOpasi UMeeT BCe Te JKe oIepaljuu,
YTO MaCCHB JIMHBI 11, 3 UMEHHO

e HauaTk pabory;
® [I0/IOKUTDb B 1 -10 STUEHKY UMC/IO X |
® y3HATh, UYTO JIEKUT B 1 -0 suUeliKe;

d TAKXKe OImepaluHur
® yKa3aTb HOMEP MUHHMMAaJbHOI'O 3/1eMeHTa

(TouHee, OIHOTO U3 MUHUMA/BHBIX 371eMeHTOB). Konnuecteo gelicTBuil ans

BCeXx omepauuii go/mkHO GbiTh He Gomee ( log 1, He cuMTas omepayuu
"HauaTh paboTy" (koTOpas TpebyeT He OGonee Cn JEHCTBUH).

Pemenue. Vcrnonb3yeTcsi TIpueM, W3/I0KEHHBIM B pasfiejie 0 COPTHPOBKe
nepeBom. VIMeHHO, Ha[ICTPOUM HaJ| 3/IeMEHTaMH MaCCHBa Kak HaJ| TUCTbIMH
JBOMYHOE J[IEPeBO, B Ka)K[OW BepIMHE KOTOPOr0 XpaHUM MHUHHUMYM
3/IEMEHTOB  COOTBETCTBYIOIETO  MofjepeBa. KOppeKTMpOBKa  3TOM
uH(bOpMaI[iK, a Takke MPOCAEKUBAHUE MYTH W3 KOPHS K MHHHUMAaJbHOMY
3neMeHTy TpeOyrT morapuMHUUeCcKoro Yrcia JeCTBUM.

6.4.2. [IpuopuTteTHas ouepeab - 3TO OUepe/lb, B KOTOPOM Ba)KHO HE TO, KTO
BCTas MOCAeJHUM (MOPsAJOK IOMelleHHs1 B Hee He WUrpaeT poO/M), a KTo
miaBHee. bosee TOuHO, MPU TOMELLIEHUU B Ouepe/ib YKa3biBaeTCsd PUOPUTET
nomenjaemMoro oodsekra (Oygem cuMTaTh TIPUOPUTETHI L/LIMU YKCIaMH), a
NpU B3SITUU U3 0Uepead BbIOUPAeTCs 3/1eMeHT C HaubOMbIIMM TTPUOPUTETOM
(unu oauH K3 TakuXx 371eMeHTOB). Peann3oBaTh NpUOPUTETHYIO OUepelb Tak,
uTOOBI TOMEIleHMe U B3SITUE 37IeMeHTa TpeboBamu norapudMuueckoro umcia
nelcTBUiA (OT pa3mMepa ouepean).

Pewenne. Cnenysi anropuTMy COPTUPOBKH iepeBOM (B ero OKOHUaTe/l1bHOM
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BapuaHTe), Oygem pa3mMelaTb 37€MeHThbl ouepeau B MaccuBe x[1..k],
Mojiep)KUBasi Takoe CBOMCTBO: x [ 1 ] crapuie (MMeeT OO/BIIMA TPUOPUTET)
CBOMX CbIHOBeM x[21] u x[21+1], ecid TakoBble CYIECTBYHOT - H,
CnefloBaTe/IbHO, BCSIKUM 3JIEMEHT CTapile CBOMX nmoToMkoB. (CBegeHus o
IIPUOPUTETAX TaKXKe XPaHATCS B MacCHBe, TaK YTO MBI HUMEeM [Jej0 C

MacCUBOM Tiap .;: 3/1eMeHT, T PUOPUTET :;. .) YmaneHue »s1eMeHTa C
COXpaHeHUEeM 3TOr0 CBOWCTBA OMMCAHO B a/IfOPUTMe COPTUPOBKU. Hazno eie
yMeTh BOCCTAHABJMBATb CBOMCTBO mocje JoDaBneHUs 3/IeMeHTa B KOHeI].
JTO AenaeTcs Tak:

t:= HOMep [00aB/IIeHHOTO 3/IeMeHTa

{unBapuaHT: B fepese 1000i MpeloK MPUOPUTETHEe TTOTOMKA,
eCJId 3TOT MOTOMOK - He t}

while t - He kopeHb u t cTapie cBoero oTtija do begin

| TOMEHSATH t C ero OTLOM

end;

Ecnu ouepesnb obpa3yioT rpaxjaHe, CTosiliie B BepLIMHAX JepeBa, T.e. 3a
KaXXJbIM CTOUT BO€, a Mepej KaKbIM (Kpome MepBOro) - OfWH, TO CMBIC/
3TOTO0 aArOpUTMa SCEH: BCTAaB B KOHel], TPUOPUTETHBIA TPa’KZaHUH
HauWHaeT NMpoOMpaThCs K HAuany, BHITECHSS BIepeJu CTOSALMX - MOKAa He
BCTpeTUT O0siee MPUOPUTETHOTO.

3ameuanue. [lpuopuTeTHyH ouepejb eCTECTBEHHO HCMO/Ib30BaTh IMPU
MO/JleTMPOBAHUU TIPOTEKAalLUMX BO BpeMeHU npoueccoB. [Ipu 3TOom
7eMeHThl Ouepeiu - 3TO OXKHUJAeMble COOBITUS, a MX TIPUOPUTET
ompe/iensieTCs BpeMeHeM, KOTa OHU TTPOU30H/IyT.
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Pekypcus

7.1. IIpumepsl peKypCUBHBIX MPOTPaMM

[lpu aHanu3e peKypCMBHOUM MpOrpaMMbl BO3HUKAeT, Kak 0ObIUHO, [Ba
BOIpoOCa:

¢ MoueMy IporpaMma 3akaHuuBaet pabory?
e noueMy oHa paboTaeT paBU/ILHO, €C/IH 3aKaHUMBAeT paboTy?

HOnsi (2) pocTtatoyHoO TIPOBEPUTh, uTO (CoAeprkallasi PeKYPCUBHBIM BbI30B)
nporpamMma paboTaeT MpaBUIbHO, TMPENON0XKUB, UTO BbI3bIBaeMasi €0
OJHOWMEHHas Tmporpamma paboraer mpaBuiIbHO. B camom gene, B 3TOM
cnydyae B IjellOYKe PeKYPCMBHO BbI3bIBA€MBIX IMPOrPaMM BCe TMPOTPAMMEBI
paboTator mpaeunbHO (yOexkgaemMcs B 3TOM, WS OT KOHLIA ILI€MOYKH K
Hauany).

Yrobbl goka3ath (1), 0ObIUHO MPOBEPSIOT, UTO C KaXKAbIM DPEKYPCHBHBIM
BBLI3OBOM 3HaueHHe KAaKOro-TO MapaMeTpa yYMEHBIIAeTCs, U 3TO He MOXKeT
MO 0/DKAThCs OECKOHEUHO.

7.1.1. Hanucatb peKypCHBHYIO NPOLelyPY BEIUUCIeHUs (aKTOpHana 1eyioro
TOJIOXKUTE/ILHOTO uMca 73 (T. e. mpou3BejeHusi | . 2 ...y, obo3HauaeMoro
72 1).

Pemenue. Ucrione3yem pasenctea 1! — 1, n! = (12 — 1:]! -

procedure factorial (n: integer; var fact: integer);
| {monoxxuTts fact paBHBIM (pakTOpUaATy yKcIa n}
begin

| if n=1 then begin

| | fact=1;

| end else begin {n>1}

| | factorial (n-1, fact);

|| {fact = (n-1)!}

| | fact:= fact*n;

| end;

end;
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C ucrnons3oBaHueM npoueayp-GyHKIUE MOXXKHO HaNmMUCaTh TaK:

function factorial (n: integer): integer;
begin

| if n=1 then begin

| | factorial=1;

| end else begin {n>1}

| | factorial:= factorial (n-1)*n;

| end;

end;

OﬁpaTI/ITE BHHMdHHE Ha HEKOTOPYH ﬂBOﬁCTBEHHOCTb HCII0/IB30BdHHUA

uMeHu factorial BHYTpU onucaHus (QyHKIMK: OHO oOO3HauaeT Kak
NMepeMeHHYI0, TaK U BbI3blBaeMyro pekypcuBHO ¢yHkuuio. K cuacteio, B
HallleM cjiydae OHU pa3IMyarTCs M0 CKOOKaM Tociae UMeHHU, HO eciid Obl
tdyHkius Ovis1a 6e3 mapameTpoB, TO geno 6wi10 661 Moxo. (CTaHgapTHas, HO
TPYAHO HaxoAuMasi oumM0OKa BO3HUKAET, eC/IM aBTOP MPOrpaMMbl Ha TackKase
MoJiaraeT, UTO OH MCIIO/b3yeT 3HaUeHUe NepeMeHHOM, a KOMIUSTOP B 3TOM
MeCTe BUJAUT PEKYPCUBHbIN BBI30B.)

7.1.2. O6pruHO (hakTOpHAN OMpEAenstoT W AJjsl Hydas, cuuTas, uto ()| — .
V3MeHUTh MPOTPaMMBl COOTBETCTBEHHO.

7.1.3. Hanwucate pekypCMBHYH TIpOTpaMMy BO3BeJeHUS B LeayrH
HEeOTPUL|aTe/bHYIO CTeleHb.

7.1.4. To e, ecnu TpebyeTcsi, uToOBI IyOMHA PEKYPCUH He TIPEBOCXO/UIIA

(" logn, rge 1 - MOKa3aTe/b CTEMeHH.
Pemenue.

function power (a,n: integer): integer;

begin
| if n = 0 then begin
| | power:= 1;

| end else if n mod 2 = 0 then begin
| | power:= power(a*a, n div 2);

| end else begin

| | power:= power(a, n-1)*a;
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| end;
end;

7.1.5. Uto Oymet, ecmu U3MEHHWTH MPOTPaMMYy, MPUBEJEHHYID B peIeHUU
npeAbIAyLIel 3a5aun, 3aMeHUB CTPOKY

power:= power(a*a, n div 2)
Ha
power:= power(a, n div 2)* power(a, n div 2)?

Pemenue. [Iporpamma ocranercsi mpaBuibHOM. O fHAaKo OHa cTaHeT paboTaTthb
MejmeHHee. /leo B TOM, UTO Temepb BbI30B MOJXKeT MOPOAUTH /[iBa BbI30Ba
(X0Ts1 1 OAMHAKOBBLIX) BMECTO OJHOTO - M YUCJIO BBI30BOB OBICTPO pacTer C
mybuHOo# pekypcuu. [IporpamMma mno-mpexHemMy MMeeT JiIorapu(MuUecKyr
mIyOMHY peKypCuHU, HO YU CJIO0 AroB paboThl CTAHOBUTCS IMHEHHBIM BMECTO
norapugMHUUecKoro.

JTOT HeJOCTATOK MOXHO YCTPAHHTB, HAITMCdB

t= power(a, n div 2);
power:= t*;

UM BOCIO/Bb30BABIIMCh (PYHKI[M eIl BO3BeJeHus B KBajpaT (sqgr ).

7.1.6. Vcnonp3ya koMaHabl wirifelr) MWL OpU 3 — , HammMcarThb

X 5
PEKYPCUBHYIO  TIPOTpPAMMYy  [euYaTH  [JeCATUYHOW  3alucu  11e10T0
MMOJIOKUTEALHOT0 UHC/Ia 77, .

Pemenue. 31ecs ucnonb3oBaHue peKypcuu obreruaer >xu3Hb (rpobiiema
Obita B TOM, uTO IUdpPHI Jlerde Mojy4aTe C KOHLA, a Me4yaTaTb HaJo0 C
Hauasna).

procedure print (n:integer); {n>0}
begin

| if n<10 then begin

| | write (n);

| end else begin

| | print (n div 10);
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| | write (n mod 10);
| end;
end;

7.1.7. Urpa "XaHoiickue OamHu" cocTouT B cieaywoiieM. ECTb TpU CTepPKHS.
Ha nepebiii u3 HUX HajeTa nmupamuaka u3 [\ koser (6osbime kosbia
CHU3Y, MeHBIIMEe CBepxy). ITpeOyeTcsi mepeMeCcTUTH KOJbl[a HAa [JPYrou
cTepykeHb. Pa3pemaercs nepexiajblBaTh KOJblL{@ CO CTEP)KHA Ha CTEPIKEHb,
HO K1acTe Oosblliee KOJBLIO TOBEepX MeHbIEro Henb3s. CocTaBUThb
MpOrpamMmy, yKa3sIBarIly TpedyeMblie J1eiiCTBUS.

Pewienne. Hanuiem pekKypCcMBHYHO TNpOLIeAYPY MepeMelieHUus j BEepXHHUX
KOJIeL] C 773 -TO CTepXKHS Ha 73 -blH (OCTanbHbIe KOJ/bL[a MpPeAINoaratoTcs
HonpIMIMU 10 pa3Mepy U Jie)kaT Ha CTePXKHSX 0e3 IBUKeHUS).

procedure move(i,m,n: integer);

| var s: integer;

begin

| if i = 1 then begin

| | writeln (‘'cmenats xon ', m, '->', n);
| end else begin

| | s=6-m-n; {s - TpeTHii CTep>KeHb: CyMMa HOMEpPOB paBHa 6}
| | move (i-1, m, s);

| | writeln (‘'cmenats xon ', m, '->', n);
| | move (i-1, s, n);

| end;

end;

(CHauana mepeHOCHTCS THMpaMHU/JKa M3 § — | KOjell Ha TPeTbK MNa/0uKy.
[Tocne 3TOTO j_(HE KOMBIIO OCBODOKZAETCS, U €ro MOXKHO MEepPeHecTd Kyaa
cnepyet. OcTaeTcs 1oOJIOXKUThL HA HEro NUPamMHU/IKYy.)

7.1.8. HanucaTs peKypcHBHYK TpOrpaMMy CyYMMHUDOBaHUSI MacCCHUBa
a: array [1..n] of integer.

Ykazanue. PekypcuBHO  ompezensieMas — (QyHKIuUS ~ [I0/DKHA  UMETh
JOTIOJIHUTE/BLHBIN TTapaMeTp - UUCJIO CKIaIbIBAEMbIX 3JIEMEHTOB.

7.2. PexypcuBHasi 00paboTKa JjepeBbeB

136




A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

JIBOHMUHBIM IepeBOM HA3bIBAeTCsI KADTUHKA BPOJe TAKOM:

|ﬁl

heeh
HuxHss BepumHa Ha3bIBaeTcss KOpHeM. M3 Kak/10il BepumMHBI MOTYT U/JTH
[Be /IMHUM: BJIEBO BBepPX M BIpPaBO BBepX. BepumHbl, Kygja OHHU BeIyT,
Ha3bIBAIOTCS JIEBBIM U TIPABBIM CHIHOBBSIMU } MUCXOAHOU BepumMHEI. BepumHa
MO’KeT UMeTh JIByX ChIHOBEH, a MOXXeT UMeTb TOJbKO OJHOTO ChiHA (JIeBOTO
unu npaBoro). OHa MOXKeT U BOBCe He UMETh CHIHOBEH, U B 3TOM CiIydae
Ha3bIBAETCS TUCTOM.

[lycte 77 - Kakas-TO BeplMHA [BOMUYHOro gAepeBa. OHa cama BMeCTe C
CbIHOBBSIMM, BHYKaMU, NIPaBHyKaMu U T.1. oOpa3yeT moAjepeBo C KOPHEM B
T - TIOA/IePEeBO TOTOMKOB X.

B cnepyronpx 3ajauax Mbl  MpeAriosiaraeM, UTO BEepUIMHBI  JlepeBa
MIPOHYMEPOBAHbI 1je/IbIMU TOJIOKUTENbHBIMU UWC/IaMH, TpUYeM HoMepa
BCeX BEePIMH pa3auuHbl. Mbl cuuMTaemM, 4TO HOMep KOpPHSI XPaHUTCA B
rnepeMeHHOH 1ot . MBI cunTaeM, YTo UMEITCS jBa MacCUBa

Lr: array [1..N] of integer

U JIeBbI U TIPaBbIA CbIH BEPIMHBLI C HOMEPOM j; WMMEIOT COOTBETCTBEHHO
HOMepa {[,:j] u r[é]. Ecnmu BepimmHa ¢ HOMEPOM j He HWMeeT JIeBOro (UM

MpaBoOro) ChbIHA, TO {[,:j] (cooTBeTCTBEHHO r[é]j paBHo (). (ITo Tpagmuiuu
Npy 3alHuCU NpPOrpaMM Mbl MCMO/Ib3yeM BMeCTO HYAs KOHCTAHTY 37/,
PaBHVIO HYIIO.)

3aecs [\ - goctatouHo HoJIbIIOe HATYpaAbHOE YKC/I0 (HOMepa BCeX BepIH

He npeBocxofatT [y j. OTMeTHM, YTO HOMEp BepIIMHbI HUKAK HE CBsi3aH C ee

MOJIO’KeHUEeM B JIepeBe M UTO He BCe uucia oT | go [\ o0si3aHbl ObITH
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HOMEpaMH BepIIMH (H, cneqoBaTesibHO, 4YdaCTh JdHHBIX B MdCCHUBAX J hH -
9TO MYCOD).

7.2.1. lycte N = 7, root = 3, MacCUBBI | U 7 TakOBBI:

1 {1
1[i] | O
r[i] 0

HapucoBarb cOOTBeTCTByHOLI[EE [IepPeBo.

s I s Y
o= W
(T o BTN
[ I S |
=2

7
7
7

OTBer.

7.2.2. Hanucats nporpaMMy MoJicueTa UKk cja BepIllMH B JiepeBe.

Pemmenue. PaccmMoTpum  QyHKUMIO 72}, PaBHYW UHCIy BePUMH B

nofiepeBe C kopHeM B BepumHe Homep 7. CuuTaem, 4uTo -n(-njjj =0
(monaras COOTBETCTBYIOIIEE TIOAJAEPeBO MYCTbIM), U He 3aboTUMCS O

3HAYEHUAX -ng'ﬁsj [IJIT UMCeNn 5, He SIBASIIMXCS HOMepaMU BepIlMH.
PekypcuBHas mporpaMma Ajist 2. TakoBa:

function n(x:integer):integer;
begin

| if x = nil then begin

| | n=0;

| end else begin

| | n:=n(l[x]) + n(r[x]) + 1;
| end;

end;
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(LIHCHD BepIIMH B IIogJepeBe Han BEpLUHHOi:I 1’ PpdaBHO CyMMe 4YHCe
BEepIIMH Ha/ €€ CbIHOBbAMH IIJIKOC OHA4 CEIMEI.) FJIYGHHEI PEeKypCHMH KOHE€YHd,
TdK KdK C Ka&XK/IBIM IIIA'OM BbICOT4 COOTBETCTBYHOLIEro Iioggepeed
YMEHbILIAeTCH.

7.2.3. Hanucats nporpaMmy MoJicueTa UKk cja JUCThEB B JlepeBe.
OTser.

function n (x:integer):integer;

begin

| if x = nil then begin

| | n:=0;

| end else if (I[x]=nil) and (r{x]=nil) then begin {nucT}
| |n:=1;

| end else begin

| | n:= n(l[x]) + n(r[x]);

| end;

end;

7.2.4. HanucaTe mniporpaMmy TofiCyeTa BBICOThI JepeBa (KOpeHb HUMeeT
BBICOTY (), €0 CBIHOBBS - BBICOTY |, BHYKM - 2 U T.IL.; BBICOTA Jj€pera - 3T0
MaKCHMYM BBLICOT €ro BepILnH ).

Ykasauue. PexypcusHo onpefensietcs dyHkius f (i) — BblCOTa nogjepesa
C KOpHEM B 7°.

7.2.5. HanucaTts mporpaMmy, KOTOpasi Mo 3aJJaHHOMY 72 CUMTaeT UMCJI0 BCeX
BepLLMH BLICOTHI 72 (B 3aJJaHHOM JepeBe).

BmecTo rnogcyera Ko/JM4YeCcTBa BepHIMH TOro #W/AM HWHOIO pofd MOKHO
MPOCHUTDH HAITeUadTaThb CIIMCOK 3THUX BepPUIMH (B TOM HUJIH HHOM l'IOpH,H,KE).

7.2.6. HanucaTe mnporpammy, koTopasi mieuaTtaeT (10 OAHOMY pa3ly) Bce
BEpIIMHEI lepeBa.

Pewenue. Ilpouenypa print sngiref(;rj reyaTtaeT BCE BEPIIMHBI
MoJjiepeBa C KOPHEM B 77 MO OZHOMY pa3y; [laBHasi MporpaMMa COfIePKUT

BeI30B print subtree(root).
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procedure print_subtree (x:integer);
begin
| if x = nil then begin
| | {Huuero He genats}
| end else begin
| | writeln (x);
| | print_subtree (I[x]);
| | print_subtree (r[x]);
| end;
end;

HNanHas porpaMMa rmeuaTaeT CHadana KOpeHb MOJJepeBa, 3aTeM MOA1epeBo
HaJ JIeBbIM CbIHOM, a 3aTeM HaJ MpaBbIM. 1pu CTPOKHU B g/ g -4aCTH MOTYT

ObITH TIepecTaB/eHbl (j CriocobaMu, U KaXK/Ibli U3 3TUX CIIOCODOB AaeT CBOU
MOPSIJOK MeyYaTH BepILMH.

7.3. ITopoxkaeHre KOMOUHATOPHBLIX 0OBLEKTOB, repebop

PekypcuBHBIE TIpPOrpaMMBbI SBASIFOTCA yAOOHBIM CrocoboM MOpPOXKAEHUs
KOMOUMHATOPHBIX 00BHEKTOB 3a/JaHHOT0 BHUJA. Mbl pelmM 3aHOBO HECKOJIBKO
3a/ja4 COOTBETCTBYIOILEH JIeKIUH.

7.3.1. HammcaTe TmiporpamMMmy, KOTOpasd medaTtaeT IO OJHOMY pa3y BcCe
MOC/e0BAaTeILHOCTH [JIMHBI 73, COCTaBlAeHHble U3 uucen | .. } (ux
KOJIMYECTBO paBHO } ™).

Pemenue. Tlporpamma OygeT omepupoBaTtb C MacCUBOM a{ll - a[n] U
uyuciom {. PekypcuBHas Tipoueaypa @enerafe  medataet  Bce
Moc/iefjoBaTeTbHOCTH, HauyWHAWIMecs Ha a{ll _— a[f] ; TIocie  ee
OKOHYaHUg U a[l] Semit a[f] MMEIT TO JKe 3HAaUeHHe, UTO U B Hauase:

procedure generate;

| var i,j : integer;

begin

| if t = n then begin

| | for i=1 to n do begin
| | | write(a[i]);
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| | end;
| | writeln;
| end else begin {t < n}
|| for j=1 to k do begin
||| t=t+1;
||| alt]=j;
| | | generate;
||| t=t-1;
| | end;
| end;
end;

OcHOBHas nporpaMMa Terepb COCTOUT U3 JABYX OMEpaTOpPOB:
t=0; generate;

3ameuanue. Komaupgwel f:=¢ 4 1 u f:=¢ — 1 A9 3KOHOMHUU MOKHO

BbIHECTH M3 IJHK/ad fﬂ?'.

7.3.2. Hanucatsb nporpaMmy, KOTopasi meuarasna Obl BCe TepecTaHOBKH YHCes
1 ...m 10 OfAHOMY pas3y.

Pemenue. IlporpaMma omepupyeT € MacCHBOM a['l] ) _,a[n], B KOTOPOM
XPaHMUTCS TIepecTaHOBKa umcen | .. .q1. PekypcMBHasi Tpolezypa
generale B Takoll CMTyalluM TevaTaeT BCe TMepPecTaHOBKH, KOTOpble Ha
TMepBbIX f TMO3UIMAX COBMA/AIOT C TMEPECTaHOBKOH ¢ ; 1O BHIXOZE M3 Hee
repeMeHHble { M (1 UMEIOT Te Ke 3HaueHWs, uTo U A0 BxoAd. OCHOBHas
rporpamMma TakoBa:

for =1 to n do begin a[i]:=i; end;
t=0;
generate;

Bot onucanue npoueaypsoi:

procedure generate;
| var i,j : integer;
begin

| if t = n then begin
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| | for i=1 to n do begin
| | | write(ali]);
| | end;
| | writeln;
| end else begin {t < n}
| | for j:=t+1 to n do begin
| | | tomensite MecTamu alt+1] u alj]
||| t=t+1;
| | | generate;
||| t=t-1;
| | | tomensite MecTamu alt+1] u alj]
| | end;
| end;
end;

7.3.3. Haneuartats (1o ofHOMY pa3y) BCe MOC/Ie0BaTeIbHOCTH U3 77 HYyIen
U eJUHUL], COflepyKallie POBHO [ eAUHMULI.

7.3.4. HameuataTb BCe BO3pacTalolle MOCAe10BaTeNBHOCTU [AJWUHBL [,
71eMEeHTAaMH KOTOPBIX ABJAKOTCA HaTypajibHble uucaa OT | [0 7.
(Tpepnonaraerca, uto k < 13, MHaye TaKWX I0OC/I€I0BATEILHOCTEH He
CYILIeCTBYeT.)

Pemenue. Ilporpamma omepupyeT C MacCCUBOM a{ll 8 _a[,l:l U Lenon
nepemenHoii {. [Ilpegmonaras, uTo a[l] o ,a[f] - BO3pacTaroLEs
Mmoc/ieZloBaTeTbHOCTh HAaTypalbHBIX UMCE/T U3 OTpe3ka | . . .11, PEKYPCUBHO

ompejie/ieHHas TMpoLeaypa gernerate Iedaraer BCe ee BO3pacTaroupe

npofo/bKeHus AnuHel j . ([Ipu atom § u a[l] - ,a[f] B KOHILIE Takue xe,
KaK B Hauarsne.)

procedure generate;

| var i integer;

begin

| if t = k then begin

| | meuaTtats a[1]..a[k]

| end else begin

|| t=t+1;

| | for i=a[t-1]+1 to t-k+n do begin
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||| alt]:=i;

| | | generate;
| | end;

|| t=t-1;

| end;

end;

3ameuanue. [lukn for mMor 6el UMeTh BepxHe#l rpaHuieldl 3 (BMecTo
f — k + n ). Ham BapuaHT 3KOHOMMT 4acTb paboTel, yuuThIBasi TOT (aKT,
yTO TipeanocneaHuid ( f; — | -blii) 4ieH He MOXKeT MPeBOCXOAUThb 717 — |,
k. — 2 -0i1 useH He MOXKeT MPeBOCXOAUTh 13 — - U T.II.

OcHoBHasd mporpaMma Terepb BbITTAAHUT TdK:

t=1;

for j=1 to 1-k+n do begin
|al1]=j;

| generate;

end;

MoxxHo OblI0 Obl 100aBUTH K MacCCHUBY ¢ C/ieBa (PMKTUBHBIA 3JIEMEHT

r]_[i:ll — (], monoxute { — (] U OTPAHUUUTHLCA EJUHCTBEHHBLIM BBHI30BOM
npoueaypbl qeneraie .

7.3.5. HEPE‘IHCI{I/IT]’: BCe IIpeCTaBJIEHHUA TTOJT0KHUTE/IBHOTI'O ejIoro 4Yucia ji
B BUE CYMMBI rnmocieaqoBaTe/IbHOCTH HeBO3paACTA MU X enblx
IOJTOHTE/IBHBIX ClldI'deMBIX.

Pemenue. Ilporpamma omepupyeT C MacCHUBOM a[l,,ﬂ] (MakcuMansHOe
YKMCI0 CJIaraeMbIX PaBHO 73 ) W C 1jesod mepemeHHou { }. Ilpeamnonaras,

uTo a[l] s ,a[f] - HeBO3pacTarollas MOC/AeOBaTe/bHOCTh IIe/IbIX UMCell,

CyMMa KOTODBIX He TIPEBOCXOAUT 73, MpoLefypa generale IevaTaeT Bce
npe/CTaBIeHUS Tpebyemoro BU/JA, MPOAO/DKAIOIIHe 3Ty
NOC/Ae0BaTeNbHOCTb. [ns KOHOMUHU BBIUMC/IEHU I cymma

a[ll Sl ore, L a[f] XPaHUTCS B CTIEIIAA/IbHOM MTepeMeHHON 5 .

procedure generate;
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| var i integer;
begin
| if s = n then begin
| | meuaTaTh mocsiepoBaTensHOCTS al1]..a[t]
| end else begin
| | for i=1 to min(a[t], n-s) do begin
||| t=t+1;
||| alt]:=i;
||| s=s+i;
| | | generate;
||| s=s-i;
||| t=t-1;
| | end;
| end;
end;

OcHoOBHas mporpaMma rpu 3TOM MOXKeT OBITh TaKOii:

t=1;

for j=1 to n do begin
|a[1]=j

| 5:=j;

| generate;

end;

3ameuaHue. MOXXHO HEMHOTIO CIKOHOMWTH, BEIHECS Olepalyuu YBeJIUYeHUs
U yMeHbIEHUs { W3 LHUKIA, a TakKe He BO3Bpalas 5 KaKAbld pa3 K
MUCXOHOMY 3HaueHUI0 (yBe/MUMBas ero Ha | M BO3Bpaulas K UCXOAHOMY

3HaUeHUIO B KoHIle). Kpome Toro, 1o6aBUB (MKTUBHEBIN 3/1eMEHT a[l:l] =y,
MO>XHO YIIPOCTUTb OCHOBHYIO MPOTPamMMy:

t:=0; s:=0; a[0]:=n; generate;

7.3.6. HanmucaTh peKypCUBHYI mporpaMmy o0xoga gepeBa (MCIOb3Ys Te »Ke
KOMaH/Ibl ¥ TIPOBEPKH, uTO U B nekuuu 3 (O6xon nepeea) .

Pemenue. Ilporegypa obpaboraTs Han obpabaTbiBaeT BCe TUCTbS Haf
TeKyllleld BepUMHON W 3akaHuuMBaeT pabOTy B TOW ’Ke BepIIMHE, UTO W
Hauasa. BoT ee peKypcuBHOe onucaHue:
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procedure obpaboTaTh_Haz;
begin
| if ecTs_cBepxy then begin
| | BBEpX_Ha/eBO;
| | obpaboTaTh_Hag;
| | while ectb_crnipaBa do begin
||| BripaBo;
| | | obpaboTaTh_Hapm;
| | end;
| | BHU3;
| end else begin
| | obpaboTaTs;
| end;
end;

7.4. [Ipyrve ipyMeHeHus PeKypCcuu

Tononoruueckasi coptupoBka. [IpeactaBum cebGe 73 UYMHOBHUKOB, KaXKIbIH
13 KOTOPBIX BblIaeT CIpaBKU OMpezeneHHOro Buja. Mbl XOTUM MOJy4UThb
BCe 3TH CIIpaBKU, CoOMIOJasi YCTaHOBJ/IEHHbIe OTPaHUYEHUS: Y KaXKAO0ro
YMHOBHUKA €CTb CITMCOK CIpaBOK, KOTOpble HY)KHO coOpaTe mepef
obpaueHuem K Hemy. [leno Ge3HagexHO, €C/M CXeMa 3aBUCUMOCTeH MMeeT

LUK (CripaBKy 4 Henb3s moayuuTs 6e3 /3, [ 6es ', .... Y 6e3 7 u 7
Ge3 A ). Ilpeamonaras, 4To TAKOro LMKIA HeT, TpeOyeTcs COCTABUTh I1aH,
YKa3bIBAIOIMI OfUH U3 BO3MOXKHBIX MIOPSKOB ITOTY4eHHUs CIIPABOK.

N300pakasi YNHOBHUKOB TOUYKAMH, a 3aBUCUMOCTH - CTPEJIKAMH, TIPUXOAUM K
Takoi GopmynupoBke. meeTcsi 72 TOuek, MPOHYMEPOBAHHBIX OT | [0 7i.
W3 kaXgoW TOUKUM BeJeT HeCKOAbKO (BO3MOXHO, () ) CTpe/lioK B [Jpyrue
touku. (Takasi KapTHHKa Ha3bIBaeTCd OPHEHTHPOBaHHBIM rpadom.) Lluknos
HeT. TpeOyeTcs pacmnonoxuTts BepumHbl rpada (TOUKM) B TakOM TMOPSAKe,
uyToOBI KOHer] 00U CTpenku TIpeJlIeCTBOBAA ee Hadany OTa 3ajada
Ha3bIBAeTCSI TOTIOJIOTMYECKOU COPTUPOBKOM.

7.4.1. Jlokazatb, UTO 3TO BCETAd BO3MOXXHO.

Pewenune. V3 yc/10BUsA OTCYTCTBUS LIMK/IOB BBITEKAeT, UTO eCTh BepllMHa, U3
KOTOPOM BOOOIIE He BBIXOAUT CTPEJOK (MHaue MOXKHO [BUTaThCsl IO
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CTpeJjiKaM, IMMOKa He BBLLHK}'[HMCFI). Ee 6}?ﬂEM CUHUTAaThb HEpBOﬁ. BBIKI/I,I[[:IBEIH BCE
CTpeJjiIKhi, B Hee Bedyiluke, Mbl CBOAWMM 3dad4y K rpad)y C MeHBIIMM YHCIOM
BEPIIMH U MTPOAO0/IKdAEM PACCYAKOEHHE 110 HHAYKITHH.

7.4.2. TlpeArionoKum, YTO OPUEHTUPOBaHHbIN rpad 06e3 IUKIOB XpaHUTCS B
TakoW dopme: s KaXkaoro ; OT | A0 72 B -nu'm[,jl XPaHUTCS YMCIIO

BBIXOASILMX W3 § CTPENoK, B adr[ﬁ][l]“,,‘adr[anum [g” - HOMmepa
BEpIIMH, Kylda 3TU CTpenkud BeAyT. COCTaBUTh (PEKYPCHBHBIN) alTOPUTM,
KOTOpBI TPOW3BOAUT TOITOJOTHUECKYHD COPTUPOBKY He O6ojiee uem 3a

(" - (n + m2) pedicTBuiA, tae m - uncio pebep rpada (CTpenok).

3Jameuanue. HemnocpeacTBeHHas peanu3alus [PUBEJEHHOINO  BbILLE
[I0Ka3aTeNnbCTBA CYLLIECTBOBAHUS He JaeT TpebyeMoU OLeHKHU; ee TIPUXOAUTCS
HEMHOTO TOANPABUT.

Pemenuie. Haila mporpamma OyeT meuataTh HOMEpa BepumH. B MmaccuBe
printed: array[1..n] of boolean

Mbl OyieM XpaHUTBL CBeJleHHS O TOM, Kakhe BepIIMHBbI HamedaTaHbl (U
KOPPEeKTHPOBaTh UX OJHOBPEMEHHO C MevaThi0 BepumHbl). byneM roBopuTs,
YTO HanevyaTaHHas MOCAeJ0BaTe/IbHOCTL BEPIIMH KOPPeKTHAa, eC/u HUKaKas
BepllMHa He HareuaTaHa JBaXK/bl U [/isi T0O0T0 HOMepa j , BXOASIIETO B 3Ty
Noc/aeJ0BaTeNbHOCTb, BCE BEpLIMHbI, B KOTOpPble BeAYyT CTpPenKu U3 g ,
HarevaTraHbl, U TIPUTOM 710 7 .

procedure add (i: 1..n);

| {maHo: HameyaTaHHOE KOPPEKTHO; }

| {Haf0: HaMeuaTaHHOE KOPPEKTHO U BK/IIOYAET BEepPIIMHY i}
begin

| if printed [i] then begin {BepimHa i y)ke HareuaTaHa}

| | {Huuero menatb He HAJO }

| end else begin

| | {HarmeuaTaHHOE KOPPEKTHO }

| | for j=1 to num[i] do begin

|| | add(adr(i][j]);

| | end;

| | {HareuaTaHHOE KOPPEKTHO, BCE BEPILMHBI, B KOTOPbIE U3
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|| iBeayT CTpenku, y»Ke HameuyaTaHbl - TAK UYTO MOXKHO
| | meuaTaThb i, He HapyIas KODPEKTHOCTH }
| | if not printed[i] then begin
| | | writeln(i); printed [i]:= TRUE;
| | end;
| end;
end;

OcHoBHas nporpamma:
for i=1 to n do begin
| printed[i]:= FALSE;
end;
for =1 to n do begin
| add(i)
end;
K ouenke Bpemenu paboThl MBI BCKOpEe BepHEMCH.
7.4.3. B npuBeieHHOW NTPOTPaMMe MOYKHO BbIODOCUTH MPOBEPKY, 3aMEHUB
if not printed[i] then begin
| writeln(i); printed [i]:= TRUE;
end;
Ha
writeln(i); printed [i]:= TRUE;
[Mouemy? Kak usmeHUTCs crieluduKaius mpoieypsl?

Pemenue. CrieruuKaiiio MOXKHO BeIOpaTh TaKow:

JAdaHO: HalleydTdHHOEe KOPDPEKTHO
HaAO0: Halle4dTaHHOE KOPPEKTHO M BK/IKYUAET BePIIMHY i;
BCe BHOBL HaAlleUdTaHHbBIE€ BEPUIMHBI JOCTYITHBI U3 i.

7.4.4. Tne ucnonb30BaH TOT (akT, uTo Tpad He UMeeT IUK/IOB?
Pemierue. Mbl OMyCTU/IU [i0KA3aTeIbCTBO KOHEUHOCTH TIYOMHBI PEKYPCHUMU.

Inst KaKI0W BepHIMHBI PACCMOTPUM ee "mTyOMHY'" - MaKCMMa/IbHYIO JJIUHY
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nNyTld 1o CTpe/jKaM, H3 Hee BbIXOAAIIero. Ycnosue OTCYTCTBHSA LHK/IO0B
rapaHTUPYET, UTO 3Ta Be/IMYKMHA KOHEUHA. U3 BEepHIMHBI Hy.TIEBOi:I FJ'IYESI/IHBI

CTPeNoK He BBIXOAUT. I'mybuHa KOHIJA CTpenKu MO KpaiiHel Mepe Ha |
MeHblle, uyeM mnybuHa Hauana. Ilpu pabore npoueaypsl addi() Bce

PeKypCHBHBIE BBI30BbI (1¢/rl( 7 ) OTHOCATCS K BeplIMHAM MeHblIel IyOHHBI.

BepHemMcs Kk orjeHKe BpeMeHU paboTel. CKOJIBKO BBI30BOB add[’f) BO3MOJKHO
[T Kakoro-To (ukcupoBaHHoro j ? Ilpexxae BCero siCHO, UTO MEePBbINA U3
HUX TleyaTaeT j, OCTanbHbIe CBEAYTCA K TIPOBEpPKe TOT0, 4TO ¢ YXKe

HarmewyataHo. SICHO TakkKe, UTO BbI30BBI add(i) MHAYLUPYIOTCS
"mevyaTaouIMu" (TePBEIMHI) BBI30BaMH dd( ) Ans TeX | , U3 KOTOPBIX B {

BegeT pebpo. CnejoBaTesNbHO, YMCIO BBI3OBOB (iflcl(i) PaBHO YMCIy
Bxogsiumx B j§ pebep (ctpenok). IIpu 3TOM BCe BBHI30BBI, KpOME TEpPBOTO,

TpeOyoT (1) oneparui, a mepBblii  TpebyeT  BpemeHw,
MPOMOPIUOHABHOTO YK CTY UCXOASAIMX U3 j cTpenok. (He cuutas Bpemeny,

YXO[AIIET0 Ha BBIMOMHeHMe (¢l j) A1 KOHLOB | BIXOAAIMX pebep.)
OTtcroga BUAHO, uTOo oOIIee Bpemsi MPOMOPLUOHAMBEHO Yucay pebep (mmroc
YK C/I0 BEpILKH).

Ces3Hast koMrioHeHTa rpada. HeopueHTupoBaHHBIM rpad - Habop Touek
(BepuMH), HEKOTOpPbIe W3 KOTOPBIX COEJUHEHBI JUHUAMU (peOpammn).
HeopuentupoBanHblli  rpad MOXHO  CUMTATh  YacTHBIM  C/Iyd4aeM
OPUEHTUPOBAHHOTO rpada, B KOTOPOM /it KaXK/J0¥M CTPeIKU ecTb obpaTHasi.

CBsI3HOI KOMIIOHEHTON BEpHIMHBI ; HAa3bIBAETCS MHOXXECTBO BCEX Tex
BEepUIMH, B KOTOpPBIE MOXKHO TMOMacTe U3 j, UAd 1o pebpam rpada.

(ITockoneky rpad HeOPUEHTUPOBAHHBIM, OTHOILIEHUE ] TIpUHA[IEeKUT

CBSA3HOM KOMIIOHEHTe 3, " ABMAETCSA OTHOILIEHHeM BKBHBEU'IEHTHOCTI/I.)

7.4.5. JlaH HeOpMeHTUPOBaHHBIA rpad (A9 KaKAO0W BEpHIMHBI YKa3aHO
YK CJI0 COCelel U MacCUB HOMEPOB Ccoce/lel, KaK B 3a/jaue O TOTIOJIOTHUeCKOM
coptupoBke). COCTaBUTh aNrOPUTM, KOTOPbIH 110 3a[JaHHOMY § TleuaTaeT BCe
BEpIMHbI CBSI3HOW KOMIIOHEHTBI j [0 OJHOMY pa3y (4 Toibko ux). Yucio
JeCTBUNA He J0/DKHO TPEeBOCXOAUTh (' . (obiee uncio BepumH u pebep B
CBSI3HOM KOMITOHEHTe).
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Pemenue. Ilporpamma B mporjecce paboTel OymeT "3akpammBaTh' HEKOTOPBIE
BepumHbl rpada. HesakpamenHoil uacteto rpada Oygem Ha3biBaTh TO, UTO
OCTaHEeTCsl, ec/ii BbIOPOCUTH BCe 3aKpallleHHbIe BepPIMHBI U BeAylMe B HUX

pebpa. Ilpoueaypa qgd(7) 3aKpauMBaeT CBA3HYI0 KOMIIOHEHTY ; B

He3akpallleHHOW uactu rpada (M He JenaeT HUUEro, ecjid BepilMHa j yxKe
3aKpailieHa).

procedure add (i:1..n);

begin

| if BepumHa i3akparena then begin
| | Huuero menath He HAJO

| end else begin

| | 3akpacuTh i (HameuaTaTb ¥ MOMETUTh KaK 3aKPALIEHHYO)
| | A7t BCEX j, COCAHUX C i

||| add(j);

| | end;

| end;

end;

JloKa)keM, 4TO 3Ta TPOL[eAypa JelCTBYeT MPaBUILHO (B TIPEAINOJI0KEHHUH,
UTO PeKypCHUBHLIE BBI30BLI pPabOTalOT MpaBU/LHO). B camMoM jene, HUUero,
KPOME CBSI3HOM KOMIIOHEHTBI He3aKpalleHHOro rpada, OHa 3aKpacHTh He
moxeT. [IpoBepum, uto BCs oHa Oyger 3akpamesa. [lycte }- - BepumHa,
OOCTYIIHAsi U3 BEPUMHBI § MO MYyTH I — j — ... — k, TPOXOAsIIeMy
TOJIBKO T10 He3aKpallleHHbIM BEpIIMHaM. BygemM paccMaTpuBaTh TOJIBKO MYTH,
He BO3Bpall@aloIMecs CHOBa B j . M3 Bcex Takux mnyrell BuibepeM MyThb C

HAaMMeHbIMM | (B MOpsiiKe MpocMoTpa cocezeid B mpoueaype). Torga npu
pacCMOTpeHMHM MpeAbIAYIIMX COocefjell HHM OfHa M3 BepUMH MNyTH

] — ... — k He Gyger 3akpaueHa (MHaue ] He 6bI710 ObI MUHUMATBLHBIM)
U MOTOMY j- OKa)KeTCSl B CBSI3HOW KOMIIOHEHTe He3akpalleHHOro rpada k

MOMEeHTY BbI30Ba (i¢ldl( 7). YTo u TpeboBanoce.

YTto0Obl yCTAHOBUTH KOHEUHOCTh IMYOMHBI PEKYpPCHM, 3aMeTHM, UTO Ha
Ka)X/[OM YPOBHE PEKYPCHMU UUCI0 HEe3aKPALIeHHbIX BEpUIMH YMEHbIIAeTCs
x0Ts ObI HA ] .

OuenuM umcno peiicteuii. Kaxkjas BepimHa 3akpainmpBaercs He 6osee
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OMHOTO pa3a - TpU TMEepBbIM BbI30Be qgld(7) C pAaHHeIM 5 . Bce
MOC/AeAyIOIe BBI30BBI TPOMCXOAAT TIPM 3aKpallMBaHUU coceliel -
KOTMYeCTBO TaKUX BLI30BOB He Oosblle uuciia cocefieil - U CBOOATCH K
TPOBEpKe TOTO, UTO BEPIIMHA § Y)Ke 3akpauieHa. [lepBbIii ke BBI30B COCTOUT

B MTPOCMOTpeE BCeX cocefiell 1 PeKYPCHBHBIX BbI30BaX (1ldl( 7) A BCeX HUX.
Takum obpa3om, oOrijee 4MCI0 AEMCTBUM, CBSI3aHHBIX C BEPIIMHOW j , HE
MpeBOCXOAUT KOHCTAHTHI, YMHOKEHHOW Ha 4uciio ee cocefieit. OTciofa u
BbIT@KaeT TpebyemMas OlleHKa.

7.4.6. PetmThb Ty XKe 3ajiauy Jjisi OPHEeHTHPOBaHHOTO rpada (HarmevyaraTh BCe
BEpILIMHBI, /IOCTYIHbIE U3 JaHHOMW MO0 CTpe/iKaM; rpad MOXKeT COAepKaTb
LIMKJ/IBI).

Oteet. [oguTCs IO CyIIECTBY Ta ke TporpaMma (CTPOKy "/ BCex cocefiei”
Ha/l0 3aMEeHUTHh Ha "/7151 BCeX BepIlMH, KyJa BeIyT CTPeIKU").

Cnemyoumii BapuaHT 33Jaud O CBSA3HOW KOMIIOHEHTE WMeEeT CKopee
TeopeTUUeCcKoe 3HaueHue (M Ha3eiBaeTcs Teopemoil C3Buua).

7.4.7. OpueHTHpPOBaHHBIA rpad uMeeT ™ BepuMH (JBOWYHBEIE CJIOBA
MJIMHBL 72 ) W 3ajaH B BUJe (QYHKUMM ecTs peOpo, KOTOpas Mo AByM
BepumHaM 1 U Y coobujaer, ecTs u B rpace pebpo us 1 B I . CoctaBUTh
aJITOPUTM, KOTOPBIH /1151 JaHHOM Napbl BePIIMH 14 U 1} ONpeJesseT, eCTh U
nytb (mo pebpam) M3 4y B qr, HCIOAb3ysS MaMATb, OTPaHHUUYEHHYIO
MHOrousieHoM OT 7;. (Bpems mpu 3TOM MOXeT ObITh - U OygeT - o4eHb
OonbIIM. )

Ykazanue. Mcnosb3oBaThb PEKYPCUBHYIO — TIPOLeAYPY,  BBISICHSIOIIYIO,

CYLIECTBYeT M MyTb U3 ° B Y AauHBI He 6onee 2% (4 BeI3bIBaroOLIyIO cebs
C YMEHBbLIEHHbIM Ha e[IMHULY 3HaUeHueM f ).

beicTpasi coptpoBka Xoapa. B 3akmoueHue NpUBeAEeM pPEeKYPCUBHBIH
aNrOPUTM COPTHPOBKA MaCCHBa, KOTOPBI Ha MPAKTUKE SBJISETCS OAHUM M3
cambIx OpicTpbIX. [TyCcTh AaH MaccuB a{ll ol [}3]. PekypcuBHas mpoieaypa
sort(l.r : integer) copTHpPyeT yyaCTOK MacCMBa C MHJEKCaMH U3

MoJyUHTepBana (L-rl, TO €CThb a[i + l] e a[-rl, He 3aTparuBas
0CTa/IbHOTO MacCHBaA.
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procedure sort (l,r: integer);
begin
| if 1 = r then begin
| | HHuero menaTh He HAJO - YUACTOK MYCT
| end else begin
| | BBIOpATH CydaiiHoe unc/o s B monyuHTepBaste (Lr]
|| b= als]
| | mepecTaBUThL 3/1eMEHTHI COPTUPYEMOTO yuacTKa TaK, UTOObI
|| cHauana nvM 3/1eMeHThl, MeHbIme b - yuactok (1,11]
|| 3aTem 3nemeHTHI, paBHbIe b- yuacTok (Ilir]
|| 3aTem 3nemeHTHI, OobImIE b - yuacTok (rr,r]
|| sort (L1D;
|| sort (r;r);
| end;
end;

Pa3geneHue 371eMEHTOB COPTUPYEMOTO ydacTKa Ha TPU KaTeropuu
(MeHbIIMe, paBHBIe, 0OoJbIlie) pacCMaTpUBanack B JeKIUU 1 (3TO MOKHO
cAenartb 3a Bpems, TPOMOPLUOHANBHOE /JIMHe Yy4acTka). KoHeuHOCTb
mIyOMHBI PEeKYPCUM TapaHTUPYeTCs TeM, YTO AJIMHA COPTUPYEMOrO ydacTKa
Ha Ka)XJIOM YPOBHE PeKypCHU YMEHBIIAeTcs XoTs Obl Ha ] .

7.4.8. ([Jn 3HAKOMBIX C OCHOBAMHM TEOPHUM BeposiTHOCTel). Jloka3aTh, uToO
MaTeMaTHueckoe O)KMJaHHWe Yuc/ia ornepanjuil npu paboTe 3TOro ajaropurma

e mpesocxoguT (. 'miogr, npuyeM KOHCTaHTa (' HE 3aBUCUT OT
COPTHUPYEMOT0 MacCHUBa.

Ykasauue. Ilycts ['(n) - MakcMMyMMaTeMaTHYeCKOTO OXHIAHHUS UHCIA
omepanuii A8 BCeX BXOAOB JIUHBI 73. M3 TeKcTa mponeaypbl BhITEKaeT
Takoe HepaBeHCTBO:

Tin)y= En4= E (T(k)+ T(e))
T :
k+l=n—1
HEpBBIf'I WieH COOTBETCTBYeT pacripenejieHHH 3J1eMeHTOB Hd MEHBbIIMe,

paBHBIe U Oonbiume. BTopoil usieH - 3To cpefiHee MaTeMaTUUeCKOe OXKUaHUe
[I/1s1 BCeX BaPUAHTOB CiyyaiiHoro Buibopa. (CTporo roeops, MoCKo/IbKY Cpeu

3/IEeMeHTOB MO ObITH paBHBIe, B npaBoi yactu Bmecto (k) u (]
ryT p p oy
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JOJDKHBI CTOSITh MAKCUMYMBI | {77) TI0 BCEM -, HEe IPEBOCXOISIIMM [ WJIU
{ , HO 3TO He MellaeT AAJBHEUIIMM paccyxaeHusM.) [lanee uHAyKUeH 1Mo

72 HYKHO [OKa3blBaTb OL[E€HKY ]'[ﬂ) E{__"n In. Ilpu stom pns

BLIUMC/IEHUS] CPEHEr0 3HaUeHus 1-[73.7 110 BceM I — |, ..., 71 — | HyXHO

T2 £
BBIYMCJIATD fl xlnx dr no vacTsaMm Kak IF-R.T Ef[_-.r2 ). Tlpu pmocraTtouHO
Gonbumom ¢ uieH (';; B TpPaBOM 4YacTH IMepeBelMBAETCS 3a CueT

HHTerpaﬂaf 72 dlnT | v MHAYKTHBHBIH war TPOXOAHT.

7.4.9. VIMeeTca MacCUB U3 73 Pa3IMUHBIX 1[eAbIX UMCes a['l] ] _,a[n] U
uncao j- . TpeOyercs HallTU j- -Oe MO BeJMYMHE YKMCI0 B 3TOM MAacCHUBe,
cnenaB He Oonee (' mAeicTBUM, TAe (' - HEKOTOpas KOHCTAHTA, He
3aBUCALAA OT f; U 71.

3ameuanue. COpPTHPOBKa IO3BOJsET O4eBUAHBIM 00pa3oM cesaTb 3TO 3a
C'nlogn pelicteuil. OueBUAHBIN COCO6: HAWTH HAMMEHBLIMI J/1EMEHT,

3aTeM HAWTH BTOPOW, 3aTeM TPeTHH, ...,k -biid Tpebyer mopsaka [y
JeMCTBUM, TO eCTh He TOAUTCS (KOHCTAaHTa MPU 72 3aBUCUT OT ).

Ykazanue. M3siuHbli (XOTA TNpakTUU4eCKH W 0Oecrosie3Hbld - KOHCTAHTHI
C/TUIIIKOM BeJIUKH) CI10CO0 C/iesiaTh 3TO TAKOB!

A. Pa3obbem Ham mMaccus Ha 7z /5 TPYNMN, B KaX[OH M3 KOTOPBIX MO f
sneMeHTOB. KaxK/1y10 rpymnny yrnopsgounm.

b. PaccMoTpuMm cpefHue 3/IeMeHTBI BCeX IPYI Y [epernuueM UX B MacCUB
n'r u ]
u3 12 /5 smemeHTOB. C MOMOUIBI0 PEKYPCHMBHOTO BbI30BA Hal/ieM CpeAHHH

10 BEJIMYHMHE 3/7IEMEHT 3TOI'0 MdCCHBA.

B. CpaBHUM 3TOT 3JIEeMEHT CO BCEMH 3/IeMEHTaMH MCXOJHOTO MacCHUBA: OHU
pasgenstcs Ha Oosblie ero W MeHbIMEe ero (M OJWH paBHBIM eMmy).
[TogcunMTaR KOMUECTBO TeX U JAPYIUX, Mbl y3HaeM, B KaKOM W3 ITHUX YacTel

JOJDKEeH HaXOAUTCS UCKOMBIH ( f; -Bli) 37IeMeHT 1 KaKOB OH TaM T10 TIOPSIJKY.

I". TlpyMeHUM peKypCUBHO Hall a/ITOPUTM K BEIOpaHHOM YacTH.

Ilycts /'(71) - MaxkcumanpHO BO3MOXKHOE UMC/IO JeHCTBUHM, eCliu 3TOT
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criocob MNPUMEHATH K MdCCHMBaM H3 He 6osee uem 71 3JIeMEHTOB ( ,;,j MOXKeT
ObITH KAKMM YTOZIHO). VIMeeM O11eHKY:

T'in) < Cn+1(n/5) + T (npumepuo 0,7n).

HOCJ’IE,I[HEE c/iaraeMoe 0OBACHAETCA TaK: 1pu paBﬁHEHI/IH Ha YdaCTH KaxKJds

yacTe cogepxut He menee (J,312 smementoB. B camom pgene, ecmu g -
CpeJHUN W3 CpeJHUX, TO MPUMEPHO MOJOBUHA BCEX CPeAHUX MeHble ' . A
eCy B MsITEPKe CPpeHUN 3JIeMEeHT MeHbIIe 77, TO ellle /1Ba 3aBef,0MO MEeHBbILe

1 . Tem cambIM 1O KpaliHeii Mepe 3};‘5 OT MOJIOBHUHBI 9/IeMEHTOB MEeHbIIe 7

Teneps Mo MHAYKIMM MOXKHO [J0Ka3aTh OUeHKy | (1) <= ('n (pemaroriyio

POJIb TIPH 3TOM UTPaAET TO 0OCTOSTENBCTBO, UTO 1,‘;5 +0T<1)
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Kak oboiituck 63 pekypcuu

HOnsi yHUBepcanbHBIX $3bIKOB IIPOTPAMMHUPOBaHMs (KAaKOBBIM SIB/ISIETCS
rackajib) PeKypCcusi He OaeT HUYero HOBOTO: [/l BCSIKOM PeKypCHUBHOM
MporpaMmbl MOXXHO HalMCaTh KBUBAJEHTHYH MporpamMMmy 0e3 pekypcuw.
Mk He OyeM [0Ka3bIBaTh ITOTO, a MPOJEMOHCTPUPYEM HEKOTOpLIe TIPHEMBI,
MO3B OISO e N30aBUTHCS OT PEKYPCUU B KOHKPETHBIX CUTYal[UsIX.

3aueMm 3TO0 HYKHO? OTBeT mparmaTuka Mor Obl OBITb TAaKUM: BO MHOTHUX
KOMITbIOTEpax (B TOM uuc/le, K COXajeHU, U B COBPEMEHHBIX,
WUCTONB3YIOIMX Tak HaswsiBaemble RISC-mpoijeccopsl), peKypCUBHBIE
NporpaMMbl B HECKOJIBKO pa3 Mej[JIeHHee COOTBETCTBYIOLIMX HePeKyPCUBHBIX
nporpamMm. Eime ofWH BO3MOXHBIM OTBeT: B HEKOTOPBIX s3bIKax
NpOrpaMMHpPOBaHUS PeKypCHBHBIE TPOTPaMMBbI 3ampeleHbl. A maBHoe, pU
yaneHuy peKypCUH BO3HUKAIOT U3SIIHbIE U MOYYUTe/IbHbIe KOHCTPYKLUH.

8.1. Tabmuia 3HaUeHUU (InHaMHuecKoe
MpOTr paMMUPOBaHKUE)

8.1.1. Cneayromas peKypCHMBHasi Mpolieiypa BbIYMC/ISIET YKMC/Ia COUeTaHUM
(buHOMHMANTBHEIE k03hduLeHTHI). Hanucate KBUBA/IEHTHYIO

HepPeKypCUBHYIO IPOrpPaMMy.

function C(n,k: integer):integer;
| {n>=0; 0 <= k <=n}

begin

| if (k = 0) or (k = n) then begin
|| C=1;

| end else begin {0<k<n}

|| C=C(n-1,k-1)+C(n-1,k)

| end;

end;

3aMeuaHue. (‘fﬁ - UACMAO J: -3/IeMEHTHBIX MOJMHOXEeCTB 77 -3JIeMeHTHOTO

* k—1
MHOKecTBa. COOTHOIIEHUE Ci = Cn—'l + C'J'f:_L MMOJYYUTCSH, €CJH Mbl

ClJI/IKCHp}IEM HEKDTOpri;I IJIEMEHT §2 -3JIeME@HTHOTO MHOXKeCTBd M OTAeJIbHO
nogcyrMTaemMm k -3JIeMEHTHBI€ TIOAMHOXEeCTBd, BEK/IWUAKOIHE W He
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BK/TFOUAOIIAE ITOT 3/1eMeHT. Tabnuila 3HaueHui (-.*f;

1

Has3bpIBaeTCsi TpeyronbHUukKoM [lackans (Toro camoro). B HeM KaKzabii
9/IeMeHT, KpOMe KpallHUX eJWHUll, paBeH CyMMe [BYX CTOSIIMX Haf
HuM.Pemenne. M0>XHO BOCITO/1b30BaThCS (OPMYIIO

|
Ti:
=
" kl(n-k)

Mg, ogHako, He Oygem 3TOro Aenarh, TaK Kak XOTUM TPOJEeMOHCTPHUPOBATh
Oonee obume mpuembl yCTpaHeHUsl peKypcuu. BmecTto 3TOro cocraBum

Tabnuuy 3Hauennid  GyHkuuu('(n, k) :{_"E, 3amoNHAsA ~ ee [

n —0.1,2,..., 10Ka He JOWJEM [J0 MHTEPECYIOILEr0 HAC 3JIEMEHTa.

8.1.2. UYto MOXHO CKa3aTb O BpemMeHM pabOTbl PEKYPCUBHOU W
HePeKypCUBHOM BepCcHil B Mpebiayiieil 3agaue? TOT ke BOMPOC O MaMsITH.

Pemenue. Tabnuija 3aHMMaeT MeCTO TIOPSAZKA 332, €r0 MOKHO COKPATUTh [0
72, €CJIH 3aMETHUTh, UTO [J1s1 BEIUUC/IEHUS C/IeAYIOlell CTPOKU TPeYyroJbHUKA

[Mackans Hy)KHa TOJILKO TIpeabIayiias. Bpems paboTel ocTaeTcst mopsiaka }12-
PekypcuBHas mporpamMma TpeOyeT CyeCTBEHHO OO/bIIer0 BPeMEeHU: BbI30B
C(n, k) cBoguTrca K ABYM BbI30BaM s C (n—1, ..), T.e. - K UeTbIpeM
BeI30BaM s C (n-2,..) wu Tak panee. Takum oOpa3om, Bpewms
OKasbIBAETCSl JKCMOHeHI|ManbkHBIM (mopsigka 2™ ). Hcmonb3yemas
PEKYPCUBHOM BepCHEel IMaMsTh MPOIOPIUOHaATbHA 72 - YMHOXaeM myOuHy
pekypcuu ( 72 ) Ha KOJTMUECTBO MaMsITH, UCIIOb3yeMoe OJHUM IK3eMILISPOM
npoueyphl (KOHCTaHTa).

KapauHanbHBIN BBIMTPBIILI BO BPEMEHU TMPHU ITlepexofe OT PeKypCUBHOM
BEPCHUM K HEPEKYPCHUBHOM CBSI3aH C T€M, UYTO B PeKYPCUBHOM BapuaHTe OfHHU
U Te >Ke BBIUMCJIEHUSs TPOUCXOAST MHOTO pa3. Hanpuwmep, Bbi30B C (5, 3) B

KOHEYHOM CueTe MopoXKaaeT ABa Bui3oBa C (3, 2) :
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(5, 3)

(4, 2) C(4,3)
it P v . ¥
c(3,1) OR.2) C(3,3)

3aroiHss Tab/MUIly, MBI KaKAyH0 KIETKY 3alO/IHSIeM TOJILKO OfHaXKIbl -
OTCIOZla W JKOHOMHS. OTOT TIPUEM  Has3bIBAeTCA IMHAMHYEeCKUM
MpOrpaMMHUPOBaHUEM, U TIPUMEHUM B TeX C/Iydasx, Koraa 00bemM XpaHuMOM B
Tabnuie UHGOPMALTUK 0Ka3bIBAeTCS He CITULIKOM O0/IBIIMM.

8.1.3. TlopaccyxgaTb Ha Ty >Ke TeMy Ha TIpUMepe pPeKypCUBHOU W
(mpocTelilieii) HepPeKypCMBHOW TMpOrpaMMm i BBIUHCJIEHUS  UMCeN
®uboHauuu, 3a/]JaHHBIX COOTHOIIEHH EM

D =P3=1, &, =P, 1 +P, 3 (n> 2;].

8.1.4. Jlan BBITIYKIbIA 7 -YrOJBHHUK (3aaHHBIM KOOpAWHATaMH CBOUX
BepIMH B nopsijike 06xoga). Ero pa3spe3atoT Ha TPeyroJbHUKUA JUATOHAJISMHU,
s uero HeoOXomumo 73 — 2 AuaroHanu (3TO MOXKHO J0Ka3aTb UHAYKIHeH
no 72 ). CTouMOCTBIO pa3pe3aHuss Ha30BeM CYMMY [JMH BCeX
UCMONB30BAHHBIX  JUaroHasei. HallTW  MHHUMAaNBHYIO  CTOMMOCTh
paspesanus. Yucio AeWCTBUH AO/MKHO OBbITh OrpaHHUUYEHO HEKOTOPBIM
MHorowieHom ot 7i. (Ilepebop He MOAXOAUT, TaK KaK YUC/IO BAPUAHTOB HeE
OTpaHUY€HO MHOTOQU/IEHOM.)

Pemenue. byneM cuuTaTh, UTO BepUIMHBI IPOHYMEPOBAaHbI OT | A0 71 H
UAYT 1o yacoBoil cTpesnke. Ilycts }, | - HOMepa BepumH, npuuem | = [ .

Yepe3 A(/k, ) 0603HaUMM MHOTOYronbHMK, OTPe3aeMblil OT HAIllero XOpzoii
J - [ . (Orta xopma pa3pe3aeT MHOTOyTOJIbHUK HA [Ba, OfWH W3 KOTOPBIX

BK/IIOYaeT CTOPOHY | - 72 ; uepe3 A(f, /) mbl obGo3Hauaem [pyroii.)

VcXofHBI MHOTOYroMbHMK ecTecTBeHHO o6osHauute A(1,n). Ilpu
| = k + 1 nonyuaercsa "AByyronbHUK" C COBNaJatOIMMU CTOPOHAMM.
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EE—=p
r;""

/ A %

k s’ff T 1
N

\\h—c"
1 1

Yepes a[:},:, ij 0003HaUUM CTOMMOCTb pa3pe3aHusi MHOTOYro/IbHUKa A(L:, EJ
JUaroHaasMM Ha TPeyroJlbHUKUA. Hamuiem peKyppeHTHYIHO GopMmyny ajis

al:,!;1 Ej. MMpu | = |+ 1 mnonyuaercs [JABYYrOMBHUK, W Mbl [107araemM
a(};, Ej — (). Tlpu | — j; + 2 monydaeTcsi TPEYyrojibHUK, U B 3TOM C/lydae
TaKKe al:,!;| [} = 0.Mycrs | > k4 2.

Xoppaj: - | sABASETCA CTOPOHOWM MHOTOYroJIbHUKA A(h [y m,
Cne0BaTe/NbHO, CTOPOHOW OJHOTO W3 TPEYrOJBHUKOB, Ha KOTOpbLIe OH
paspe3ad. [IpoTHBOMONOXHON BEepUMHOW 7 3TOr0 TPEYrOJBHUKA MOXKET

ObiTe mobast u3 BepumH Kk + 1. ....0 — 1, ¥ MuHMManbHas cToMMOCTH
pa3spe3aHusi MOXKeT ObITh BLIUMC/IeHA KaK

-rm’-n{[qmm& xopanl k-1) + I:,:g.."IHHFL XOPIHI '1—1) + a(k, i) + a(i,{) }

no ecem ¢ — k+1,....l— 1. Tlpu sTOM Hamo ydecTb, UTO TIpH

q —p-+ lxopgaP - @ - He xopja, a CTOPOHa, U ee AJMHY HAJ0 CUMTATh
paBHO# () (1O cTOpPOHe pa3pe3 He MPOBOAUTCS).

CocTtaBuB Tabnuuy as a[iﬁ;ij M 3afo0/HAS ee B MOpsSAKe BO3pacTaHUsA
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yucna BepumH (paBHoro | — k1 ), MBI mTonaydaeM TIpOTpamMmy,

UCITOJIL3YIOIIIYI0 MaMATh TOPSAKa 3,2 M BpeMs ropsaka j° (OfHOKpaTHOe
TpUMEHEeHUe pPeKyppeHTHoU (opmynsl TpeOyeT BbIOOpa MMHMMyMa W3 He
Gosiee uem 73 umcen).

8.1.5. Marpuiieii pa3mepa 172 * 7 Ha3bIBaeTCs MPAMOYrojbHas Tabnuia u3
172 CTPOK WU 73 CTOnOL[OB, 3amofiHeHHas 4ucaaMud. Marpuuy pasmepa

1 ¥ 7@ MOXXHO YMHOXXUThH Ha MaTpully pasmepa 1 x A (1mMpuHa /€BOTO
COMHOXXUTeJS JO/DKHA PaBHATLCA BICOTE MPABOr0), U MOMAy4aeTCs MaTpulia

pasmepoM i % k. lleHoii Takoro ymHOXeHusi OygeM cuuTaTh
npousBefeHue pp): (TAKOBO UHC/IO YMHOXKEHWH, KOTOpBbIE HY)KHO
BBITIOJIHUTE TIPU CTAHAAPTHOM crtocobe YMHOXEeHHUS - HO ceiiuac 3TO HaM He
BA)KHO). YMHO)K€HHEe MAaTpPUI] acCOLMAaTUBHO, MO3TOMY IPOU3BEJEHUE 5
MaTpHl] MOXKHO BBIUMC/IATH B pas’HOM mopsake. [Ins kaXaoro mnopsiaka
MOACUMTaeM CYMMapHVIO 1IeHy BCeX MaTPUUHbIX YMHOXeHuit. Haiitu
MHUHUMA/IEHYIO 1[€HY BBIUMCIEHUS MTPOU3BeJeHUSs, eC/TA U3BECTHBI pPa3Mephl
Bcex MaTpuL. Yucio geiicTBUM A0/HKHO OBITE OTPAHUUEHO MHOTOU/IEHOM OT
yKca MaTpHIl.

IMTpumep. Matpuubl pasmepom 2 ¢ 3, 3 = 4, 4 x [ MOXHO TepeMHOXXaTb
ByMsi criocobamu. B TepBoOM 1jeHa paBHa

2:-3-442-4.5 =244+ 40 = 64, BO BTOPOM  1jeHa  paBHa
3-4-54+2.3-5=90.

Pemenue. IlpeacraBum cebe, uTo mepeasi MaTpHila HalMcaHa Ha OTPe3Ke
[[}| 1], BTOpas - Ha OTpe3ke [LQL ..., 5 -as - Ha OTpe3Ke [5 = 1_5].
Matpuiisl Ha OTpe3Kax [-,3' = 1,&] u [-,g"é + l] umeroT obumi pasmep,
MO3BOJIIONMA UX TepeMHOKUTh. (O003Hauum ero uepes d[;il. Taxkum

00pa3om, UCXOHBIM JJaHHBIM B 3ajlaue sIBISIeTCS MaCCUB d[l:}] o d[g] ;

Uepe3 @, 7) 0603HAYNM MMUHUMAJIbHYIO 1I€HY BbIYMC/ICHUS TPOU3BE/eHHs
MaTpUI] Ha y4dacTKe [31}] (mpu 0 < i< j < s ). Uckomasi BesMuMHa

paBHa a[;l], 5). Bemmumnbl ¢@f¢,7 + 1) paBHBl Hymo (MaTpuuja ofHa U
MepeMHOKaTb HUUero He Haflo). PekyppeHTHast popmyna OymeT Takoii:

a(t, j) = min{a(i, k) + a(k, 7) + d[i]d[k]d[5]
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rme MHHUMYM GEPETCH nmo BCeM BO3MOXHBIX MeCTaM TIIOC/IeAHEro

YMHOXEHHUs, TO ecTb 1mo BceM Kk =i+ 1,...,7— 1. B camom pene,
MpOU3BeIeHUeMaTPHUI] Ha OTPe3Ke [,:" f;] eCTb MaTpuija pasmepa d[jld[kl,
MPOU3BEIeHUEMAaTPHUL] Ha OTpe3Ke [kh_j] “MeeT pasMep d[,ﬂ;]d[jl, U lleHa

BBIUMC/IEHUSI UX TPOU3BEIeHUs paBHa d[é]d[k]d[j] A

3ameuanue. ,HBE nocjaegHye 3aJd4M IMOXOKH. 310 CX0OCTBO CTaHeT siCHee,

eCJik HaltucaTb MdTPHULbI-MHOXHTEJ/IH Ha CTOPOHAax J_ — 2,

2—3.....[s —1) — s MHOroyronbHMKa, a Ha KakJoil xopge & — j
HanMCcaTh NPOU3BEIEHNE BCEX MAaTPHUL], CTATMBAEMbIX 3TOU XOP/IOH.

8.1.6. JKene3nast jopora C OAHOCTOPOHHUM JBW)KEHUEM UMEeT 77 CTaHI[Uil.
W3BecTHBI 1eHbI OMIETOB OT j -0 CTaHIuU g0 | -O# (pu & < j - B
oOpaTHyl0 CTOpOHY Tmpoe3aa HeT). HallTh MHHUMAaNBHYIO CTOUMOCTh

rnpoesza OT Hayaja [0 KOHIja (C yueTOM BO3MOXKHOW 3KOHOMHHU 3a CUeT
nepecajiok).

8.1.7. 3amaHO KOHEUYHOe MHOXKeCTBO C OuHapHOW omepanuei (BooOIe
rOBOpS, He KOMMYTaTMBHOM W [Jaxe He accouuatuBHOU). Vmeercss 72
3/IeMEHTOB (1], ...,{ly 9TOr0 MHOXXECTBA U eIle OJUH 3JIeMEeHT i .
[lpoBepuTb, MOXKHO /M TaK PACCTaBUTh CKOOKM B TPOU3BEJEHUU
11 * ... @y, 4TOOBl B pe3yasraTe MOJYUYUJICA ;. Yucao omnepauuii
[OJDKHO He TIPeBOCXOAUTEL ( 'y~ [/ HEKOTOPOW KOHCTaHTHI (| (3aBMCAILEH
OT UMCJ/1a 37IEMEHTOB B BbIOPAHHOM KOHEUHOM MHOJXECTBe).

Pemenue. 3anonHsieM Tabnuiy, B KOTOPOU [l K&XKA0TO yyacTka (i ...
Halero Mpou3BeleHUsI XPaHUTCSA CIHUCOK BCeX BO3MOXKHBIX ero 3HaueHUi
(pu pa3HOU paccTaHOBKe CKOOOK).

ITo CYIIeCTBY 3TOT »Ke IpHeM IMPpUMeHAeTCA B IMTOJTMHOMHMA/IBHOM da/ITCOPDHUTME
MMpOBEPKH NMPpHHAO/TEeKHOCTH CJI0Ba MpOU3BOJIBHOMY KOHTEKCTHO-

cB0OOHOMY S3bIKY (CM. JeKIn0 15).
Cnepnyronas 3aja4a (3aZjada 0 prOK3ake) yKe ylmoMUHan ach B JKIUH 3.

8.1.8. lmeeTcq 77 MOJIOXKUTENbHBIX L1@bIX UUCET L1y« « « sy L'y ¥ udCIO [y .
BoIiICHUTB, MOXHO /1M TIOMYYuThH [V , CKJIaAbIiBas HEKOTODbIE M3 uuces
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Tly...yTpn.Yucno gelicTBU JO/HKHO OBITE mOpsgKa N7 .

Yka3zanwue. [Tocne j MIArOB XpaHUTCS MHOXKECTBO TeX UMCe/J Ha OTpe3ke
()... W, KOTOpBIE TIPeICTABUMBI B BU/IE CYMMbI HEKOTODBIX U3 T'1 ... X5 .

3ameuanue. Mbl BHEIM, UYTO 3aMeHa PEKYPCHBHOW TMpPOTrpaMMbl Ha
3amoJiHeHHe TabMuIlbl 3HAYEHWH WHOIA [03BOJISIeT YMEHBIIMTh YKHCII0
ngericteuid. [IpumepHo Toro e 3hdexkra MOXKHO JO0OUTHCS MHAYE: OCTABUTh
MpoOrpaMMy PpeKYpCHBHOH, HO B XO[e BBbIUMC/IEHWH 3allOMHHATh YXKe
BBIUKMC/IEHHbIE 3HAYEHWSs, a Mepe]] OYepPeJHBIM BBIUMC/IEHUEM IIPOBEPSTh,
HET /I Y)Ke TOTOBOTO 3HAYeHUsI.

8.2. CTeK 0T/I0’KeHHBIX 3a/jaHUM

[pyro#i npuem ycTpaHeHHs PeKYPCHH IIPOAEeMOHCTpPHpPYeM Ha INpuUmepe
3a/1auM 0 XaHOMCKUX DalHsX.

8.2.1. Hamucate HepeKypCHBHYK  TIpOrpaMMmy Uil  HaXOXKAeHUs
MOC/IeI0BaTeIbHOCTH MepeMelIeHHI KoJiel] B 3a/jaue 0 XaHOUCKUX DallHsx.

Pewienue. BCroMHUM peKypCUBHYIO TPOrpamMMy, TepeKIaJbIBarollyl0 i
BePXHUX KOJIeL] C m Ha n:

procedure move(i,m,n: integer);

| var s: integer;

begin

| if i = 1 then begin

| | writeln (‘'cienats xon ', m, '->', n);
| end else begin

| | s=6-m-n; {s - TpeTHii CTep>KeHb: CyMMa HOMEpPOB paBHa 6}
| | move (i-1, m, s);

| | writeln (‘'cmenats xon ', m, '->', n);
| | move (i-1, s, n);

| end;

end;

BujHo, uto 3agaua "mepenoXXuTh 1 BEPXHUX AUCKOB C M -TO CTE@P)KHA Ha 1 -
bIi1" CBOAUTCA K TPEM 3ajiauaM TOTO JKe THIIA: IByM 3ajlauaM € 1 -1 JuCKamu
K OJHOIl 3aZjaue C eJWHCTBEHHLIM AMCKOM. 3aHHUMasiCb THUMH 3aJadami,
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BaXHO He 1'[0336]:ITB, YTO elle OCTa/10Ch COe/aTh.

ﬂﬂﬂ 3TOH nean 3apeleM CTeK OT/I0KEeHHbIX BB,EI'EIHHFI, 31IeMEHTdMH KOTOPOTro

o Tl % u
Oynyr Tpoiiku iz, 7, 72) . Kaxgas Takas Tpoiika MHTEPIPETHUPYETCs Kak
3aKa3 "IepeioKUTh 1 BePXHHUX JUCKOB C M -T'O CTEPXKHS Ha n -bIU'". 3aKa3sbl
yIOpsJ0UeHbl B COOTBETCTBUM C TpebyeMbIM MOPSJKOM UX BBINOTHEHHUS:
camblil CPOUHBIH - BepimMHa cTeka. [ToslydaeM Takyro porpammy:

procedure move(i,m,n: integer);

begin

| cienaTh CTeK 3aKa30B MYCTHIM

| TOMOKUTE B CTEK TPOUKY <i,m,n>

| {HHBapUAHT: OCTAIOCH BBLITIOTHUTD 3aKa3bl B CTEKeE }

| while ctek HenmycT do begin

| | yIamuTh BepXHUN 3/IEMEHT, ePeiokKUB ero B <j,p,q>
|| ifj = 1 then begin

| | | writeln (‘cmenats xon', p, '->', q);

(3ameTum, UTO TEpPBOM B CTEK KIaJeTCS TPOilKa, KOTOPYH HaJ0 BBITIOTHATH
nocneaHeit.) CTeK Tpoek MOXKeT ObITb peasin30BaH KAk TPU OTZAE/IbHBIX CTeKa.
(Kpome Toro, B mackane ecTb CHelHaabHbIA THT, Ha3bIBaeMbli "3amuch” (
record ), KOTOPbIM MOXXET ObITh TIPUMEHEH. )

8.2.2. (Coobumn A.K.3BOHKMH CO cChlTKOM Ha AHmkest JIncoeckoro.) s
3a/laui 0 XaHOMCKUX DalMHsaX eCcTb U Apyrue HepeKypCHBHBIE aJTOPUTMBL.
BoT opuH M3 HUX! TPOCTAaMBAKOUMM CTep)KHeM (He TeM, C KOTOPOrO
TIePeHOCST, U He TeM, Ha KOTOPBIi MepeHOoCsT) A0/DKHBI ObITh BCe CTeP>KHU
no ouepegu. Jlpyroe mnpaBuao: TMOOYEpesHO TepeMeljaTh HauMeHbIlee
KOJTBI]O ¥ HEe HaMMeHbLIee KOMbL0, TPUYeM HauMEeHbIIIee - 10 KPYTY.

8.2.3. Ucnonw30BaTh 3aMEHYy PEKYPCHMU CTEKOM OTJIO)KEHHBIX 3aJlaHUM B
PEeKypPCUBHOM MpOrpaMmMe rmevyaTty AeCITUUHOM 3arMCH 1[eJI0r0 YU Ca.
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Perenue. uHCl]p]:I ﬂOﬁbIBaI{}TCH C KOHLId H 3aKMdAbIBAOTCA B CTEK, a4 3dTeM
neyaTarTCd B DﬁpaTHOM nmopdajgke.

8.2.4. HanucaTth HepeKypCUBHYK) MpPOTrpaMMy, MedaTarlyl0 BCe BepIIMHBI
JIBOMUHOTO JlepeBa.

Pemmenue. B 3TOM ciyyae CTeK OT/IOKEHHBIX 33aflaHuil OyneT comepikaTb
3aKa3bl JBYX COpPTOB: "HamevaTaTb AAaHHYK BepUMHY' W "HameyaTaTb BCe
BepLIMHbBI NOfJepeBa C JaHHbIM KOpHeM" (IIpY 3TOM ni ] CUMTAeTCss KOpHEM

nycroro epesa). Takum 06pasom, 31eMeHT CTeka eCTb Mapa: | THI 3aKasa,
HOMEp BepUMHBI |
BrlHMMas 371eMeHT U3 CTeKa, Mbl 1100 Cpa3y UCIOJHAEeM ero (eciu 3TO 3aKa3

nmepeoro THI'[EI), mmbo nomMen@aeM B CTeK TPH NOPOXKAEHHBIX MM 3dKd3d - B
OAHOM H3 IIECTH BO3MOXKHBIX ITOPAIKOB.

8.2.5. Uto u3meHUTCs, ecmu TpebyeTcss He MmedaTaTh BEPHIMHBI JABOUYHOTO
JlepeBa, a MOACUNTATh UX KOJIMYeCTBO?

Pemenue. [IleuaTaHue BepumMHBI CleAyeT 3aMeHUTh mnpubaBieHueM
eAUHHULBI K CYeTuMKy. [IpyruMu cioBaMu, WHBApUaHT TakoB: (obmee
UMCJIO BeplL[MHzctEETtIMK'FCYMMa umcel BepPUMH B
nonnepeBbsaxX, KOPHM KOTOPHX JIeXaT B CTeke).

8.2.6. [InA HEKOTOpPbIX W3 IIeCTH BO3MOXHBIX TOPSAAKOB BO3MOJKHBI
VIIPOLeHUs, Jefarollie HEeHYKHBIM XpaHeHHe B CTeKe 3/IeMeHTOB [IBYX
BH/IOB. YKa3aTb HEKOTOpbIe U3 HUX.

Pemenue. Ecnu TpeGyemblil TOPSIIOK TAKOB:

KOpeHb, JIeBoe [I0JepeBo, Ipasoe MNoIIepero,

TO 3aKa3 Ha MevyaTaHWe KOPHS MO)KHO He 3aK1aJbIBaTh B CTEK, a BBIMOJIHATh
cpa3zy.Heckonbko Oosee croXkHasi KOHCTPYKIIUSI IPUMEHUMa 1715 TIOpsiiKa

Jegoe [Moj1epeso, KOpeHb, [IpaBoe Mo Iepeso.

B sTtom ciyuae Bce 3aka3bl B CTeKe, KpOMe CaMOIO IepBOro (Hameuararb
NOJ/epeBo) [e1aTcsd Ha Napbl:
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HAIIEYATATH BEPIINHY X, HAIIEUATATL 'IIpaBOe MTOoAAepeno’x

(= mopepeBo C KOPHEM B MPAaBOM ChiHe x ). OObeJUHUB 3TU Mapbl B 3aKa3bl
CHeUaIbHOTO BHUAA W BBeJs TMEPeMEHHYH /ISl OT[eTbHOr0 XpaHeHUs
MepBOro 3aka3a, Mbl 0001 J€MCsi CTEKOM OJHOTUITHBIX 3aKa30B.

To >xe camoe, pa3ymeeTcsi, BEpHO, €C/TU TTOME@HSITh MECTaMH JIPBO€ U TIPaBoe -
MoJiydaeTcd ellle /[Ba Mopsjka.

3ameuanue. [lpyryio mporpaMmy neuyaTH BCeX BepLIMH JepeBa MOXXHO
MOCTPOUTEL HAa OCHOBE MPOrpaMMel 06xo0/a iepera, pa3obpaHHON B ekiuu 3.
Tam ucnons3yercd koMaHaa "BHU3". [IoCKDNIBKY TemepelHee npeACTaB/leHUe
JlepeBa C MOMOIILI0 MAaCCUBOB 1 U r He TMO3BOJISeT HAaWTH Mpe/Ka 3ajaHHOU
BepLIMHBI, TIPUAETCA XPAaHUThL CIIMCOK BCEX BEPILIMH Ha NMYTH OT KOPHA K
TeKylei BepiumHe. CMOTPU TakKe JTeKIuio 9

8.2.7. HanmucaTb HepeKypCMBHBII BapUaHT TMPOTPaMMbl  OBICTPOM
coptupoBku (cMm. gekuuio 7). Kak oboliTHch cTekoMm, myOMHa KOTOpPOTO

orpanuuena (' log n, rge 1. - YMCI0 COPTUPYEMBIX 37IEMEHTOB?

Pemenve. B crek knagyrcs mapel (i, j), HWHTepPHNpeTHpyemMble Kak
OTJIO>KEHHbIE 3a/IaHUs1 HA COPTUPOBKY COOTBETCTBYIOIMX YUaCTKOB MACCHUBA.
Bce 3TH 3aka3bl He TMepeceKkarTCs, MO3TOMY pa3Mep CTeKa He MOXKeT
MPEeBLICUTEL 71 . YTOOBI OTPaHUUYMTHCS CTEKOM JIOTapUMMHUUYECKOW TyOUHBI,
Oyzem npuiep>KUBAThCS TAKOTO MPABUIa: MybXKe B CTeK MOMeLaTh O0bImii

M3 BO3HMKAIOUMX JBYX 3aKa3oB. IIycte f(72) - MakcuManbHas mybuHa
CTeKa, KOTOpas MOXKeT BCTPETUTHLCS MPU COPTUPOBKe MaccuBa u3 He Oosee

ueM 7. 9/IEMEHTOB TakuM crocobom. Ouenum f{72] CBepXy Takum
cnocobom: mocne pa3bueHus MaccMBa Ha [iBa ydyacTKa Mbl CHadasa
coptupyem 0Oosiee KOpOTKUM (XpaHsi B cTeke OoJiee AJMHHBIN NP0 3amac), mpu

3ToM rybuHa cTeka He Ooiblie f{-nfjj] + 1, 3atem coptupyem Oosee
JUIMHHBIN, TaK UTO

f(n) <mazx(f(n/2)+ 1, f(n—1)),

OTKy/|a O4eBU/HOM MHAYKUMel nonydaeM | (12) = (J(log n).
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8.3. bosiee c/i0)KHbIE C/Tyuyau peKypCcyUm

Ilycte dyukyus [ ¢ HaTypalbHBIMH apryMEHTaMM W 3HAUCHUSIMU
onpefjeneHa peKypCUBHO YCIOBUSIMU

f(0) =a,
flx) = hiz, f(l(z))) (z>0)

Ie ¢l - HEKOTOpOe UMCio, a J; U | - u3BecTHele (yHKUU. [pyrumu

C/IOBdAMH, 3HAYEHHE ClJYHI{L]I/II/I f B TOUYKE J° BBIPAKAETCAd Uepe3 3HAYeHHEe f

B Touke [({x). I[lpm 3ToM mnpepmonaraercs, uto Ansg mwoboro 1 B
noc/ae0BaTeILHOCTH

.l HEE)),

paHoO WUJM MO3JHO BCTPETUTCA ().

Ecnu pononHWTeNBHO HW3BECTHO, YTO {(_1-) < 1 [Ans BCeX v, TO

BbIUHMC/IEHHE f He TpeacTaB/AdeT Tpydd: BBIUHUCIAEM IT0C/IeA0BaTe/IBHO
FI0%, FEL Y, HCE ) s

8.3.1. HamucaTth HepeKypCHBHYIK NPOrpaMMy BblunucieHusi | s o6iero
cnyyvasi.

Pemenmue. J_IJ'[H BBIYHMCIIEHHHA fl[ﬁ':l BBIUHUC/IAEM ITOCIIea0BaTe/IbHOCTb

o), L)), (L)),

[0 TIOSIBJICHUS] HY/ISl U 3a[IOMHHAeM ee, a 3aTeM BBbIUMC/ISIeM 3HaueHusi [ B
TOUKAaX 3TO# MOCIe10BaTeIbHOCTH, UAs cripaBa HaneBo.Eme 6oee c/10>KHBIHN
Cydaid U3 C/IeAyrolel 3a7aud BPsi U BCTPETUTCS HA TIPAKTUKe (a ecu |
BCTPETUTCS, TO MpOLIe PeKYPCUK He YCTpaHAThb, a 0CTaBUTh). Ho TeM He

MeHee: MycTb (GyHKUMst [ C HATypaJbHBIMM apryMEHTAMHU U 3HAYEHUSIMUA
onpejensieTcs COOTHOLIEHUSMU
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i) =ay
flz) = &z, £I(=)), firl{z))) (z>0),
rie ¢ - HEeKOTopoe uYuciao, a |, 7 W [ - WU3BeCTHble (QyHKIUM.

ITpearnosnaraercs, 4To €C/y B3ATb IPOU3BOJIBHOE YMC/I0 U HauaTh IPUMEHATH
K HeMy QYHKIMM | M 7 B NPOU3BOJLHOM MOpPsiAKe, TO paHO WX IMO30HO
MMOJIYYUTCS ().

8.3.2. Hanucats HepeKypCHBHYIO ITPOrPaMMy BbIUUCTEHUS | .

Pemenue. MoskHo Ob110 Ob1 CHauasia MOCTPOUTE [IePEBO, Y KOTOPOTO B KOPHE

HaXO[UTCA 77, @ B CbIHOBbSIX BEPIIMHBI § CTOAT J[ij Hu j'(fj’] - eCJIU TOJIbKO

i HEe paBHO HY/I0. 3aTeM BbIUMC/IATh 3HaueHus QyHKI[UU, U/ OT JUCThEB K
KopHi0. O/IHAKO eCTh U APYrou crocob.

O6paTtHOUM MO/MBLCKON 3amMUCBI0 (MU MOCTOUKCHOW 3aMUChi0 ) BBIPAKEHUS
Ha3bIBAIOT 3allHCh, IJie 3HAK (YHKIUM CTOUT IOCe BCeX ee apryMeHTOB, a
CKOOKU He UCTIOMb3YITCS. BOT HECKO/IBKO TIPUMEPOB:

f(2) P

flg(2)) 2 ]

3(2, (7)) -

(2 u(2.2(56.3)) 22 & 3 3 u @

[TocTtduxcHas 3anuch BLIDAKEHUS T03BOJAET yOOOHO BBIYMCIATH €ro C
nomoup CHIEKO6020 KAALKYLATIOPA, DTOT KaabKyIsaTOp UMeeT CTek,
KOTOPBIA MbI OyfeM mpefCTaBiasTh cebe paclosioKeHHBIM TOPH30HTAIBHO
(uMcna BBIHMMAKTCA W KIAAYTCA ClpaBa), W KIABULM - YUCIOBbIE U
¢bynkuonansHele. [1py HaXkaTUM Ha KIABUILY C YMC/IOM 3TO YMC/IO KIAJeTCs
B cTeK. IIpy HakaTuyM Ha (YHKLUMOHA/JBHYIO K/IaBHIIy COOTBETCTBYHOLIAS
GyHKUMS TPUMEHSeTCS K HeCKOJbKAM apryMeHTaM Yy BepILIMHBbI CTeKa.
Hanpuwmep, eciu B cTeke Ob1M uncia

23456

U HaxaTta QyHKUMOHANbHAs KJIAaBUIRA 5, COOTBETCTByHOU@AS (YHKUUU OT
[IByX apTyMeHTOB, TO B CTeKe OKa)KyTCs UM Cia
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23 4 5(5,6).

[Mepefifem Temepb K Hailedl 3afaue. B mporjecce BLIUMCIAEHUS 3HAUCHUS
¢yuxkuuu [ Mmbel  Oygem paborate CcO CTeKOM uucesl, a TakkKe C
10C/1e0BaTe/IbHOCTRI0 YKhCel U CUMBOJOB £, 1, r, h, KOTOpy:0 Mbl Gygem

WHTEePNPeTUPOBATh KaK MOC/Ie0BaTeTbHOCTh HAXKaTUH KJIABUIL HA CTEKOBOM
KanbKynsTope. IHBapuaHT Takoii:

ECIH CTeK YHCeT TpeICTABIaeT coboii TeKyllee COCTOAHIE CTEROBOID KaJTh-
KVJIATOPA, TO [MOC/Ie HAYKATHA BeeX KJIABHIO TOCNEN0BATE/IEHOCTI I CTeRe
OCTAHETCH e IHHCTBEHHOE “HCTI0, I OHO 6}-’IL.E'I HCKOMBIM OTBETOM.

Iycte Ham TpeGyeTcss BHIUMCAMTL 3Hauenue f(x). Torga BHauane Mol
moMeneM B CTe€K UUCJIO 7, a TOC/Iel0BaTe/IbHOCTE CONEPXKUT
equHcTBeHHBbINM cuMBon f. ([Ipu sTOM MHBapuaHT cobmiogaetcs.) [lanee c
MOC/IeI0BaTeIbHOCTBI0 U CTEKOM BBITIOJIHSIFOTCSI TaKKe NpeoOpa3oBaHust:

CTapbilf cTrapas HO BRI HOBasd

CTeK MOCJIe0BATENEHOCTE  CTEK [MOCJIeJ0BATeIEHOUTE
X T P Xz P

Xz i P Xl (;1‘] P

Xz r P X r(z) P

Xawzr hilP X hiz.y.z) P

XD fP X a P

X T FAF X e T i e S o 8 T8 o
3pecs 1, Y, z - uucna, Y - TOCAefOBaTeNBLHOCTH uucen, [* -

MoC/e0BaTeIbHOCTL YhCea U cuMBosioB £, 1, r, h. B mocneaHeit crpoke

£
npearnonaraercs, uto & 7 (). DTa cTpoka COOTBETCTBYET paBeHCTBY

flx) = hlz, f(I{z), fr(z))).

[Tpeo6pa3oBaHusi BBIMONHSIOTCS, TIOKA T0OCAEA0BATEILHOCTh HE CTaHeT
nycta. B 3TOT MOMEHT B CTeKe OKaKeTCs eJUHCTBEHHOEe UMC/IO0, KOTOPOe U
Oyzmet oTBeTOM.

3ameuanue. [locieoBaTe/ILHOCTE MO CYIIECTBY TMPeACTaB/seT co00# CTek
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OTJ/IOKEHHBIX 33/JaHUH (BeplMHa KOTOPOTO HAaXOAUTCS CeBa).
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PasHble a/iropuT™bl Ha rpadax

9.1. Kparuaiuive nytu

B sToM pa3sgene paccMaTpuUBarOTCs pa3/MUHble BAPUAHTHI OJHOUM 3ajau.
[Iycte vmeeTcs n TopofoB, IPOHYMEPOBAHHBIX Yuc/IaMy OT 1 go n. s
Ka)KZIOW Tiapbl TOPOJOB C HOMepaMu i, 7 B Tabmuie a [i] [ ] XpaHUTCA
1jeloe YACJIIO - LeHa TpsaMoro aeuabusera W3 ropoga i B ropop j.

CumTaeTcs, uTo peHChl CyIIECTBYIOT Mex/y moGbiMu ropofamu, ali|[i| = 0
npu Bcex i, a[i] [J] mMoxeT orimuatecst oT a[j] [1]. HaumeHbiuen
CTOMMOCTBIO Tpoe3/ia U3 1 B ] CUMTAeTCsd MUHUMAa/JbHO BO3MOJKHasi Cymma
1jeH OUeToOB /715 MapPyTOB (B TOM YHCJIe C epecajkaMiu), BeAyIMX U3 1 B
j.(Ona He mpeBOCXOAUT a [1] [ 7], HO MOXKeT OBITH MEHBIIIE. )

B npegnaraemeix HUXe 3ajjauax TpebyeTcsi HAUTH HAaUMEHBIIYK) CTOMMOCTD
npoesza A5 HeKOTOPBIX NTap FOPOJOB MPU TeX MM UHbIX OTPAHUUEHUAX Ha
MacCHB a& ¥ Ha Bpems paboTkl aIrOpUTMa.

9.1.1. TlpesmonoXyUM, 4YTO He CYLIECTBYeT 3aMKHYTBIX MapuUIpyTOB, [JIs
KOTOPBIX CyMMa LjeH OTpHullaTenbHa. /loKas3aTb, UTO B 3TOM C/Iydae MapIpyT C
HauMeHblIeH CTOMMOCTBIO CYIIeCTBYeT.

Pemenue. Mapuwpyt anuHo# OoJbllle n BCeria COAEPXKUT LMK, TO3TOMY
MHUHUMYM MOXKHO MCKaThb CpeJyd MapUIPYTOB AJIMHOU He Oosee n, a ux
KOHe4YHOe Y1 CJIo.

Bo Bcex cnepyronmx 3ajjauax npejnoaaraeTcs, YTo 3T0 ycjioBUe (OTCYTCTBUE
LJUKJIOB C OTPULIATE/IbHOW CYMMO# ) BBITIOTHEHO.

9.1.2. HaiiTd HaWMEHBIIYE0 CTOMMOCTb Tpoe3ga u3 1-Tro ropojga BO BCe

OCTajsibHBIE 3a BpeMs D[Jn"} j .

Pemenne. O603Haunm uyepe3 MuuCtT (1, s, k) HaUMEHBIIYIO CTOUMOCTb
npoe3sa u3 1 B s MeHee yeM C k mepecagkaMu. Torja BBIMOJHAETCSA TaKoe
COOTHOIIIEHUE:

MuuCr(l,s,k+1) = min(MMHCTtl.s, k), min MuaCr(1,1, k) + ali]s] ])

1=1..n
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Kak oTMmeuanochk BbIllle, MCKOMBIM OTBETOM siBjsieTcd MuuCt (1, 1, n) aad
BCex § = ... 0.

k=1;

for i:= 1 to ndo begin x[i] := a[1][i]; end;
{unBapuanT: x[i] = MuuCT(1,ik)}
while k <> n do begin

| for s := 1 to n do begin

| | yls] = x[s];

|| fori:=1 to ndo begn

| || if y[s] > x[i]+a[il[s] then begin

||| yls] = x[il+alil[s];

||| end;

| | end

|| {yls] = MuuCrt(1,s,k+1)}

| end;

| fori=1 to ndo begin x[s] = y[s]; end;
|k =k +1;

end;

[lpuBegeHHBIN  aATOPUTM  HA3bIBAKOT  AJFTOPUTMOM  [TUHAMUUECKOTO
NporpaMMHpOBaHus, Uau anroputmom P opga-bennmana.

9.1.3. loka3atb, 4TO MporpaMMa OCTaHETCsl MPaBU/ILHOM, eC/IM He 3aBO/IUTh
MaccuBa y, a TPOW3BOAUThL M3MEHEHMUs B CaMOM MacCHhBe X (3aMeHWB B
nporpaMme BCe BXOXKJeHWS OyKBbI y HAa X W 3aTeM VJaJluTh CTaBILMe
JUIHUMHU CTPOKK).

Pemenue. IHBapuaHT OyeT TakoB:
MuuaCr(1,i,n) < z[i] < MuuaCr(1,4, k).

JTOT dJITOPHUTM MOXKET ObITH VIy4dlleH B ABYX OTHOIIEHH AX: MOKHO 3d TO XKe

Bpems O[’-njj HAWTH HAaMMEHBILYI0 CTOMMOCTh poe3ga I —+ j A BCex
nap i, J (a He TOMBKO MPHU j — | ), @ MOXKHO COKPATUTHL Bpemsi paboTel 10

D[f-nzj. [lpaBaa, B mocsegHeM cjiydae HaM notpebyeTcsi, uToObl BCe 1[eHbI
al[i] [7] ObLIM HEOTPUIATE/bHBI.
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9.1.4. HaiiTu HaMMEHBIIYI0O CTOMMOCTb TIpOe3ia I — j [Jis BCex i, j 3a

BpeMmsi nD‘[_’n:3 ).

Pemenue. Insg f — (). ..y uepe3 A (1,7, k) oDo3HAaUMM HaWMEHbIIYI)
CTOMMOCThL MaplIpyTa u3 1 B J, €C/IM B KauyeCTBe IepecajgovyHblX pasperieHo
HCIO/B30BaTh TOJILKO MYHKTHI C HOMepaMH He Oosbine k. Torga

A(1,),0) = alil[jl,
A(Lj,k+1)=min(A(Lj k), A(Lk+1,k)+{Ak+1,},k))

(,H'Ba BdPpHMdHTa COOTBETCTBYKOT HEHCIIOJIb30BAHHK) KW HCII0J/JIb30BAHHUHK
IMYHKTAd k+1 B KauecTBe nepecagoyHoro, OoTmMeTHM, 4YTO B HEM He3da4em

ObiBaTh OO/IEe OAHOTO pa3sa).

OTOT anropyuTM Ha3bIBalOT anroputMom Pnoiiga.

9.1.5. Kak nmpoBeputhb 3a ({72} AelicTBuii, uMeeT i1 rpad ¢ n BepIIMHAMH
LUK/IBI C OTPUI[AaTeTbHON CyMMOii?

Ykazanue. MoXHO TpUMEHATb anroputMm Poiija, TpuyeM pa3spelaTh
§= j B A(gj ;!;), MOKa He TI0SBUTCS MepPBbI OTPULIATeTbHbBIN UK.

9.1.6. imeeTcst 7 BamoT U Tabyiuija 0OME@HHBIX KypCOB (CKOTBKO (WIOPUHOB
JarT 3a Tasep W T.a1.). KomMMmepcaHT XoueT HeOrpaHWUeHHO 000raTuThCs,

obMeHUBasi CBOW HauyaJbHBI KaruTaa Tyfa-ciofa Mo 3TUM Kypcam. Kak
MPOBEPUTb, BO3MOXKHO JI 3TO?

Ykazanwue. [Tocnie norapudmMupoBaHus JeHBrH YOA00/IAIOTCS PaCCTOSTHHSIM.

9.1.7. W3BecTHO, 4TO BCe IjeHBI HeOTpHULATe/NbHBL. HallTu HauMeHBIIYO
CTOUMOCTL I1poe3ga | —s ¢ AnaBCex ;g — | .. .7: 3a Bpems O[ﬁnzj.

Pemenue. B mnpouecce paboTel anropuTMa HeKOoTOpele ropoga Oyayr
BbI/Ie/IeHHbIMU (B Hauase - TOJbKO ropof 1, B koH1e - Bce). [Ipu sTom:

® /Ui KaXJOro BBIJENEHHOrO Topoja 1 XpaHUTCS HaWMeHbIas
CTOUMOCTb MyTH | —s 7 ; MOPU 3TOM H3BECTHO, UTO MHUHHUMYM
JOCTUTAeTCsl Ha MYTH, TPOXO/AILEM TOJILKO Uepe3 BhlJeseHHble TOPOAa;
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® A KaXXJ0TO HEeBbIAEJTEeHHOro Tropoja i XPAHHUTCA HdUMEHbIIAA

CTOUMOCTb IIYTH J_ —— ,f:, B KOTOPDOM B KdueCTBe IPOMEXYTOUYHBIX
HUCITOJMB3YKOTCA TOJIBKO BbIe/IeHHBIE rOpoJad.

MHO>XecTBO  BbIJje/IeHHbIX TOPOZ0OB  pacUMpsieTci Ha OCHOBAHUMU
CIeyIOLIEro 3aMeuyaHMs: eC/Id Cpejd BCeX HeBblIe/IeHHBbIX FOPOAOB B3ATb
TOT, [/l KOTOPOTO XpPaHMMOEe YHMC/I0 MUHMMAaAbHO, TO 3TO YMUC/IO SBJIAETCA
UCTUHHOM HaMMeHbIeH CTOMMOCTBIO. B camom pgene, mycts ecth Oosee
KOPOTKMi1 yTb. PacCMOTpPUM INepBBIH HeBbIJe/leHHbIA TOPoj Ha 3TOM MYTH -
yKe J10 Hero nyTs gauHHee! (34eck CylleCTBeHHA HEOTPUL[aTe/IbHOCTb L[eH.)

HobaeuB BeIOpaHHBIN rOPOJ K BBIZEEHHBIM, MBI JO/KHBI CKOPPEKTUPOBATh
uH(popMmaluio, XpaHUMYK [Jis HeBbIZeNeHHbIX TopogoB. [Ipu 3ToM
JOCTaTOYHO Yy4YecTb /UMb TYTH, B KOTOPbIX HOBBIM TOPOA SIBISIETCS
MOC/AeHUM TIYHKTOM TIepecajiku, a 3TO JIeTKO CAenaTh, TaK Kak
MHUHHUMA/BEHYI0 CTOMMOCTE ITP0O€e3/1a B HOBBIHM rOPOJ MBI YKe 3HaeM.

[lpu camom BecxuTpocTHOM criocobe XpaHeHHs] MHOXKECTBa Bbl/IeIeHHbIX
ropofoB (B OyieBckoM BekTope) pgobaBiieHMe OZHOTO TOpoJa K YHUCIY

BbIJle/IeHHEIX TpeOyeT BpemeHu ({72 ).
OTOT aNrOPUTM Ha3bIBAOT aITOPUTMOM []eHKCTPHI.

9.1.8. meeTca 1 ropoAoB, COeJUHEHHBLIX AOporamMu (C OQHOCTOPOHHUM
ABrxkerueMm). st mo6bIX TOPOJOB I, ] W3BECTeH MaKCMMalbHbIN BeC rpysa,

KOTOPBI MOXKHO B€3TH M3 j B ] (Tpy30mogseMHOCTh goporu). Haiitu 3a

Bpemst ()(12”) ANA BCEX FOPOJOB MAKCUMANbHbII BEC TPy3a, KOTOPBIHA B HUX
MO’KHO TIPUBE3THU U3 CTOJULIbL.

Ykaszanue. [leficTBOBaTh AaHAJIOTUUHO a/JITOPUTMY JIeHKCTPhI, 3aMEHUB CyMMY
Ha MaKCUMYM.

OTbIicKaHWe KpaTyaullero myTd MMeeT eCTeCTBeHHYH) WHTEepPIpeTaljuio B
TepMuHax Marpul. Ilycte 4 - mMaTpuua LeH OfHOW aBUAKOMIMAHWM, a [ -
maTpuiia el Apyroii. [lycTs Mbl XOTUM JIeTeTh C OAHOM TMepecajikoil, Ipuuem
CHauajla camoJyieToM KoMraHuu A , a 3atem - komnaHuu [ . CKOMBKO HaM
MpU/IeTCs 3aT/IaTUTh, YTOOBI MONACTh U3 ropoja i B ropof, J?
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9.1.9. [loka3ath, UTO 3Ta MaTPUI]a BLIYKC/IsIeTCS 110 00bIuHON opmyne s
NpOU3BeeHUs] MaTpPHUL], TOJBKO BMECTO CyMMbI Hajo OpaTh MUHUMYM, a
BMECTO YMHOXEHUA - CYMMY.

9.1.10. loka3aTtb, yTO TakuM 0Opa3oM orpejie/ieHHOe TTPOU3BeeHe MaTPUI]
accoLMaTUBHO.

9.1.11. [okasaTh, uTO 3afaya O KpaTyallmMX TMyTIX SKBUBAJEHTHA
BBIUYMCIEHUI0 A 11 MaTpuubl LeH 4 : B 1OC/Ie0BaTe/bHOCTH

A, A?. A”.... BCe 37eMeHTHI, HauMHAs C HEKOTOPOTO, PAaBHbLI MCKOMO¥
MaTpulle CTOMMOCTel KpaTuahumx mnyreil. (Eciu Her oTpuijaTensHbIX
LIUKI0B!)

9.1.12. HauMHasi C KakOro 3jeMeHTa MO>KHO rapaHTUPOBaTh PaBEHCTBO B
npeawIAyLIel 3agaue?

O6bryHOEe (He MOAM(UIIMPOBAHHOE) YMHOXKEHHMEe MATpPUI] TOXKe MOXKeT
0Ka3aTbCsl MOJe3HBIM, TOIBKO MaTpHLbl JO/DKHBEI ObITh Apyrue. IIycTh ecth
He BCe pelichl (KaK paHblle), a TOJIbKO HeKOTophie, a [1] [ ] ] paBHO 1, ecH
peiic ectb, u 0, ecnu peiica HeT. Bo3Begem matpuily a (00bIuHBIM 0Opa3zom)
B CTEeTeHb k U MOCMOTPUM Ha ee ( 1 - J )-blid 7IeMeHT.

9.1.13. Yemy oH paBeH?

OtBet. YUncny pa3nuuHbIX crioco00B monacts U3 1 B J 3a k peiicoB (c k-1
nepecajkamu ).

[lpy omucaHuM KpaTU4aWIMX MyTeH C/ydail, KOTAA eCTb He BCe Peuchl,
MOJKHO CBECTM K MCXOJHOMY, BBels (UKTUBHBIE peichl C OeCKOHEeuHO
Oonpiolt (MM AOCTaTOUHO OO/BIION) CTOMMOCTBIO. TeM He MeHee
BO3HMKAaeT TakoMi Bompoc. Yucjio peanbHbIX peHCcoB MOXeT ObITh
CYILIECTBEHHO MEHbIIe 32, TMOITOMY WHTEPECHBI alrOPUTMBI, KOTOpbIE
paboTarT 3¢dgheKkTUBHO B Takoil cuUTyal[uu. VICXoaHble JaHHbBIE €CTeCTBEHHO
Npe/CTaB/sATh TOL[A B TakoM (popme: [jis KaXKAOTO ropofia M3BECTHO UMCIIO
BBIXOJSIMX U3 HETr0 PeiiCOB, UX MYHKThl HA3HAUCHUS U 1|€HBbI.

9.1.14. loka3aTb, 4YTO aJropuT™M [JeWKCTPbI MOXXHO MOAMGMUIMPOBATH TaK,
uToOBI /1 77 TOPOAOB W 777 peicoB (Bcero) oH Tpeboman He Oosee

C'(n + m) log nn oneparuii.
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Ykazauue. UTo Hafo czenaTh Ha KakaoM 1mare? BeibpaTh HeBbIeIeHHbBIH
roposi C MUHUMATbHON CTOMMOCTBI) U CKOPPEKTHPOBATH I|€HBI [/l BCEX
rOpPO/IOB, B KOTOPbIE M3 HEro eCTh MapuIpyThl. Ecjiv BbI KTO-TO co0b1jan Hawm,

A/ KaKOTO TrOpOja CTOMMOCTb MMHMManbHa, TO XBatuno Oet ({1 + 1)
nercTBU. A ToAjep)KaHWe CBeJeHWA O TOM, KakOM 3/IeMEHT B MAacCHBe

MMHMMAaJ/IeH (CM. 3aiauy U3 NyHKTa 6.4.) 0OXOAUTCS elle B MHOXKUTENb 10T 711

9.2. Csi3Hble KOMIIOHEHTbI, IOUCK B TJIYOUHY U ITUPUHY

Haubonee mpocToit cnyuaid 3ajauv 0 KpaTuyallllMX MYyTAX - €CJAU BCE 1IeHbI
paBHBI () i 0 . Ipyrumu cnoBamMu, Mbl HHTEpeCyeMCsl BO3MOXKHOCTBEO

momnacTb U3 j B ], HO 3a L|EHOW He TMOCTOMM. B /IpyrMX TepMHUHAaX: Mbl
“MeeM OPUeHTHPOBaHHbBIN rpad (KapTUHKY U3 TOUEK, HEKOTOPbIe U3 KOTOPhIX
COeUHEHbl CTPeKaMM) U HAC WHTEPeCyT BepIIMHBI, JOCTYIIHbIE W3
JIAaHHOH.

HOns 9sToro ciywass 3ajaud O KpaTyalllMX MYyTIX TPUBEEHHbBIE B
npeAbIAyIeM pa3jesie alrOpUTMBI - He Hawayudume. B camom nene, Gosee
ObiCcTpass peKypCHMBHas MpOrpaMMa peLIeHHWs 3TOM 3aJaud TpUBeJieHa B
JeKuU 7, a HepeKypcuBHasi - B jiekuuu 6. Celfuac HaC WUHTepeCyeT Takas
3ajlaua: He TIPOCTO TMEePeUNCIUTL BCEe BePIMHbI, JOCTYIHbIE U3 OAHHOM, HO
NepeuncIuTh UX B OMNpeJe/neHHOM nopsgke. /IBa momyispHBIX ciaydas -
MOUCK B IIMPUHY U B NyOUHY.

[Touck B nmpuny.

Hazmo nepeunciiuth BCe BepIIMHBI OPUEHTUPOBAHHOTO rpada, JOCTyIHLIE U3
[aHHOU, B TIOpsKe yBelMuuyeHUs AnuHbl nyTh OT Hee. (Tem cambiM MBI

penmm 3aziady o KpaTualllMx MyTsX, Korja 1jeHbl pebep paBHBI | Ui oo

)

9.2.1. lpugymaTh ajJrOpUTM peleHUsI 3TOW 3a/jaui C YUC/OM AeHCTBUM He
bonee (' . (unucno pebep, BHIXOAANMX U3 HHTEPECYIOIMX HAC BEPIIMH).

Pemienue. 3ta 3ajaua paccMaTpUBanach B aekiiuu 6, 3agaua 6.3.9. 3gecs Mol
npuBegem rnoapobHoe pewenue. [lycte num[i] - konuuecTtBo pebep,

Boixogaumx u3 i, out[i|[1],. .., out[i|[num[i]| - Bepumubl, kysa Bemyr
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pebpa. Bot nporpamma, npuBeieHHas paHee:

procedure /ToctynHsie (i integer);
| {HameuaTaTh BCe BEepPUIMHBI, JOCTYIIHbIE U3 i, BK/TIOUas i}
| var X: mogmHOXecTBo 1..n;
|  P:mogmMHOxecTBO 1..1;
| q, Vv, w: 1.m;
| k:integer;
begin
| ...cmenath X, P myCcTbIMU;
| writeln (i);
| ...100aBUTH i K X, P;
| {(1) P = MHOXeCTBO HarmevYaTaHHbIX BEPIIHH; P COnep»KuT i
(2) HameuaTaHbl TOMBKO JOCTYITHBIE U3 i BEPILIMHBI;
(3) X - nogmHOXKecTBO P;
(4) BCce HaneyaTaHHbIE BEPIIMHbBI, U3 KOTOPBIX BBIXOOUT
pebpo B HeHarmeuaTaHHYIO BEPUMHY, IPUHaIexaT X }
while X Herrycto do begin
.B3Tb Kakoii-HUOyIb 371eMeHT X B V;
or k = 1 to num [v] do begin
| w = out [v][k];
| 1fw He mpuHaane>xxuT P then begin
| | writeln (w);
| | nobaBuTH W B P;
| | nobaBuUTE W B X;
| end;
end;
nd;

end;

|
|
|
|
|
e
| | f
[
I
[
I
I
[
I
| e

Torga Ham Ob10 6Ge3pa3nuuHO, Kakol WMEHHO 37eMeHT MHOXecTBa X
BeiOupaerca. Ecmu mbl Oymem cuutate X ouepefbio (MEpBBIM MpPUILENT -
MepBbIM YILiesT), TO 3Ta IporpaMMa HareyaTaeT BCe BepIIMHbI, JOCTYIIHbIE U3
i, B TIOpsAKe BO3pacTaHUsi MUX paccTosiHUs OT i (uucrna pebep Ha
KpaTuaiiiem nytu u3 i ). Jlokakem 3T0.

O6o3naunm uepe3 |7( /] MHOXECTBO BCeX BeIMH, PACCTOSHUE KOTOPBIX OT
i (B OMKMCAHHOM CMBIC/IE) PaBHO [ . ViIMeeT MeCTo Takoe COOTHOILLeHUe:
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Vik + 1) = (konumr pebep ¢ maganamm B V(k)) \ (V(0)U... UV(k))

Noxkaxem, uto ana mobGoro k& — (0, 1.2... B xome paboThl mporpammel
GyeT Takoii MOMeHT (Ioc/e ouepefHON uTepaLuy UuKIa while ), korga

B OYEPEIH CTOAT BCE TEMEHTHI ‘n.-"'(l{) U TOJIBKO OHH;
HalTeuaTaHbl Bee aaemenTsl V(0),. .., V(k).

(Ona Ek — () - o170 cocTrosHUe nepef nukiom.) Paccykpas mo MHAYKUIUH,

TpeATIONOXK|M, UTO B OUepe CKOMHUIUCH Bee dneMeHTel |/ (k). Onu Gygyt
MPOCMaTPUBATLCS B LUK/, [T0KA HEe KOHYATCS (ITOCKO/IBKY HOBBLIE 3/IeMEHThI
n00aB/ISIOTCA B KOHEL|, OHM He TMepeMeIalTcs €O CTapbiMu). KoHI[bI
BeAlyllMX M3 HUX pebep, ec/iM OHW yKe He HareuyaTaHbl, MeYaTaloTCs U
CTaBsITCS B OYepe]b - TO eCTh BCE KAK B 3alMCAHHOM BbIIIE COOTHOIIEHUN

ana V' (J + 1). Tak uTo Korjja BCe CTapble 3/IeMeHTHI KOHUATCs, B OUepeu

GyayT cTosiTh BCe 3meMeHThl V([ + 1).
[Touck B mybuny.

PaccmarpuBas mouck B miybuHy, ygobHo —mpeactaBnaTe  cebe
OpUEeHTHUPOBAHHLIA rpad Kak obpa3 fepesa. bonee TouHO, MycTh ecTb
OPUEHTUPOBAHHBIM rpad, OfHa W3 BepIMH KOTOPOTO BhiflesieHa. Bygem
npeAmnosaraTe, 4YTO BCe BepPIMHBI [JOCTYTHBI U3 BBIIEJICHHOW 110
OpPUEHTHUPOBAHHLIM MyTAM. I[locTpouM [epeBO, KOTOpPOe MOXXHO Obio ObI
Ha3BaTh 'YHUBEpPCa/JbHBIM HakpbiTUeM'" Haiero rpada. Ero kopHem Oyger
BblJle/IeHHast BepumHa rpada. V3 KOpHSI BBIXOAAT Te )K€ CTPe/KH, UTO U B
rpade - UX KOHIIbI OYAYT CBIHOBBSIMU KOPHS. VI3 HUX B [lepeBe BLIXOJST Te e
CTpenikd, 4To U B rpade u Tak ganee. PasHuua mexxay rpadom U JepeBoM B
TOM, UTO TyTM B Tpade, Beayume B OJHY U Ty K€ BepUMHY, B [epeBe
"packneennbl". B Apyrux TepMHHax: BepilMHA JepeBa - 3TO MyTh B Tpade,
BBIXOASLMU U3 KOpHS. Ee CBIHOBBS - 3TO MyTH, MPOAO/DKEHHBIE Ha OfHO
pebpo. 3ametum, uto gepeBo OeckoHeuHo, eciu B rpade ecThb
OPUEHTHUPOBAHHbIE L[UKIIbI.

WmeeTcst ecrecTBeHHOe 0TOOpa)keHUe Aepeea B rpad (BepiumMH B BepIIMHEI).
[Mpu 3ToM Kakjas BepumHa rpada MMeeT CTOMBKO TPo0Opa30B, CKOIBKO
nyreii B Hee BefleT. [ToaTomy 06xo fepeBa (MocelleHHe €ro BepIIMH B TOM
WM WHOM TOpPSIKe) OOZHOBPEMEHHO sB/sieTcss U 00xogom rpada - TOBKO
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KdXX/1dd BepIIMHA ITocemaeTcsd MHOTOKPATHO.

Bynem mpejrnonarath, 4YTo i KaKA0W BepUMHBI rpada BBIXOASIME U3 Hee
pebpa ynopsizoueHsl (Harpumep, MPOHYMEPOBAHLI). TeM caMbIM JJ1s KaXK[0U
BEepUIMHBI [JepeBa BBIXOAfLMEe U3 Hee pebpa Tawke yropsgoueHbl. bynem
0o0XoAUTL [epeBO Tak: CHauajla KOPeHb, a MOTOM TMOAJepeBbs (B MOpsaKe
Beayumx B Hux pebep). Takoii oOxog JepeBa paccMaTpUBAasICs HaMu B
nexkunu 7. Emy cootBercTByeT 06x07 rpada. Eciu BEIKHHYTH U3 3TOTO 00X07a
MOBTOPHBIE TIOCELIeHUS Y)Ke MOCEeILIeHHBIX BepIIMH, TO MOJYYHUTCS TO, UTO
Ha3bIBaeTCs "MOUCK B ITyOUHY'".

IdpyruMu crioBaMHM, Ha TNYTSIX, BBIXOAALMX W3 BbIJJeIEHHOW BEepIIMHEI,
BBeJleM MOPAJOK: MYTh Npe/IeCTByeT CBOeMY NPOJ0/LKeHHI0; eC/I [iBa MyTH
pacxoAsTCs B HEKOTOPOUW BepIIMHEe, TO MEHBIIMM CUUTAETCS TOT, KOTOPBIH
BBIXOAUT U3 Hee 110 MeHbLIeMy pebpy. BepumHb! Teneps yropsiiounBarTCs B
COOTBETCTBUU C MUHUMAJIBHBIMU MYTSMU, B HUX BegyimmMu. O6Oxop BepumH
rpada B yKazaHHOM MOPsAAKe Ha3bIBAETCS [TOMCKOM B ITyOUHY.

9.2.2. Hanucarts nporpaMmy MoucCKa B yOuHY.

Ykazanue. Bospmem miporpammy o6xoma gepeBa (KOpeHb —:  JieBOe
NoJJiepeB0 —: TpaBoe TOAJepeB0) U3 JIeKUUU 7 WM U3 JIeKuuu 8 u
UCIIOJIb3yeM ee TIPUMEHUTENBHO K obcrosTenscTBaM. [MaBHOe uM3MeHeHwHe:
He HAaJ0 MOocelaTh BepUMHBI MOBTOPHO. Tak UTO ecid MBI TOMANH B YXKe
MOCEIIeHHYI0 BepPIIMHY, TO MOXXKHO C Hell Huuero He fenath. (Eciu nyTs He
MHUHMMaJ/leH CpeJy BeAylMX B JaHHYIO BePIIMHY, TO U BCE ero MpoAo/IKeHus
He MUHUMAJIbHBI - KX TPOCMATPUBATEL He HAJl0).

3ameuanue.HanoMHuM, uTo B gekiuy 8 ynmoMMHalIMCh [IB€ BO3MOKHOCTHU
yCTpaHeHus peKypCuu B Tmiporpamme obOxoma aepeBa (myHkr 8.2.). Oba
BapuUaHTa MOXXHO MCIIOIB30BATh U1l TOUCKA B IyOUHY.

[MTouck B myOMHY €XXUT B OCHOBE MHOTHX aJITOPUTMOB Ha rpadax, mopoi B
HeCKO/IbKO MOAU(UIIUPOBAHHOM BU/E.

9.2.3. HeopueHTupoBaHHBLIA Tpad Ha3bIBAETCS [ABYIOJbHBIM, €C/IH €ro
BepIIMHbBI MOXXHO PacKpacuTh B /IBa 1[BeTA TaK, UTO KOHIIbI Jr0Ooro pebpa -
pasHoro 1reeta. COCTaBUTbL anrOpUTM TIPOBEPKH, SIBJIAETCS U 3aJaHHBIN
rpad ABYJO/IbHBIM, B KOTOPOM YK C/IO JeCTBUM He TTPeBOCXOAUT (' . (4uciio
pebep -+ uucio BepumH).
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Ykazanue. (a) Kaxayw CBS3HYHO KOMIIOHEHTY MOXXHO packKpalmBaThb
otaenbHo. (0) BeibpaB 1uBer ofHOW BepumHbl W 00X0As ee CBA3HYHO
KOMITOHEHTY, Mbl OTIpe/ie/isieM eJUHCTBeHHO BO3MOXKHbIN 1IBET 0CTalbHbBIX.

3ameuanue.B 3Toli 3a1aue Ge3pa3TMUHO, TPOU3BOAUTH MOUCK B LIMPUHY U
B IyOUHY.

9.2.4. CocTaBUTh HEPEeKYPCUBHBIN aJfOPUTM TOTIOJIOTMYECKOW COPTUPOBKH
opueHTUpPOBAHHOrO rpada 6e3 nukKIoB. (PeKypCUBHBIN airOPUTM CMOTPH B

JIeKIIUU 7, 3aaua 7.4.2.)

Pemenue. IIpeanonoxkum, uto rpad uMeeT BepUIMHEI C HOMepaMu | . . .71,
/IS KOKJOW BEpPIIMHBI 1 M3BECTHO UYMCA0 num[i] BBIXOJALUMX U3 Hee

pebep U HOMepa BeplMH dgsf[i] [ll e dfsf[g’][nu-}n[é”, B KOTOpBIE 3TH
pebpa Beayr. Bymem ycioBHO cuMTaTh, 4TO peOpa Mepeuyuc/ieHbl ''C/ieBa
HarmpaBo': sieeee TO pebpo, y kKoToporo HoMep MeHbie. Ham Hamo
HareuaTaTb BCe BEPIIMHBI B TakOM MOpsijike, uToObI KoHer] 00oro pebpa
Obl1 HareuaTaH Tepej ero HauajoMm. Mbl MpejrosaraeM, uto B rpade HeT
OPUEHTHUPOBAHHBIX I[UK/IOB - HHaUe TAaKOe HEeBO3MOJXKHO.

HNnst vauana gobasum K rpady BepumHy 0, u3 KoTOpoii pebpa BeayT B

BepumHbl |, ...,7 . Eciu ee ygactcs Hareuatars C COB/IFOIEHHEM TTpaBuI,
TO T€M CaMbIM BCe BepIIMHbI OyAyT HareuaTaHbl.

ANTOPUTM XpPaHUT MYTh, BHIXOAAIIMNA W3 HYIEBOW BePIIMHBI U WUJYIMH IO
pebpam rpada. IlepemenHass 1 OTBOAMTCS AJA JAWHBI 3TOr0 myTu. IlyThb

obpa3oBaH BepIIMHAMHU g_rg-j-f[l]___reg-f[{l U pebpamu, UWMEHIMMU

HOMepa Edgt“.['ll ik E.dge.[f]. Homep edge[s] OTHOCUTCS K HyMepaluu
pebep, BHIXOASAIIMX U3 BepIIMHbl vert [ s]. TeM caMbIM /151 BCEX S JO/DKHBI
BBITIO/THATHCSI HEPABEHCTBO

edge|s| < num|vert|s||
H PABEHCTBO
vert[s + 1] = dest [vert|[s]] [edge|s]).

3ameTuM, UTO KOHel] nocjefHero pedpa Haumero myTtd (TO eCTh BepIlIMHA
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dest[vert[l]] [edge[l] ], He BkAwuaeTcsa B MaccuBvert. Kpome
TOTO, [ TocaeaHero pebpa Mbl [e/aeM WMCKIOUEHWe, paspeliasi emy
yKa3blBaThb 'B  OYCTOTY', T. €. pa3pemaeM edge[l] paBHAThCA
num|[vert [1]]+1.

B npouiecce pabotsl anroputm OyeT meuaTtatb HOMepa BEpIIMH, NTPU 3TOM
cobntogas TpeboBaHue "BepilMHa HareyaTaHa TOJILKO MOC/Ie TeX BepIvH, B
KOTOpble U3 Hee BeAyT pebpa”. Kpome Toro, OygeT BBIMOJHATHCS Takoe
tpebosanue (N):

BEpIIMHBI TIyTH, KpOMe TmocaeaHed (vert[1l]...vert[1l]) He

HadlleyaTdaHbl, HO CBEPHYB C MYTH HaA/JIe€BO, Mbl HEMeAJEHHO YIIHWpaeMCs B
HaAlle4aTdHHYH BepHIMHY.

Bot uTo IMoJIydyaeTCcs:

I=1; vert[1]=0; edge[1]:=1;

while not( (I=1) and (edge[1]=n+1)) do begin

| if edge[l]=num[vert[1]]+1 then begin

| | {myTh KOHUAETCS B MyCTOTE, MTO3TOMY BCE BEPIIMHBI,
| cnemyroume 3a vert[l], HameuaTaHbl - MOXKHO
| meuarats vert[l]}

| writeln (vert[1]);

| LI=1-1; edge[l]:=edge[l]+1;

end else begm

| {edge[l] <= num([vert[l]], myTs KOHUaeTCs B

| BepLLMHe}

| lastvert:= dest[vert[l]][edge[l]]; {mocnennssi}

| if lastvert HareuaTaHa then begin

| | edge[l]:==edge[l]+1;

| end else begin

| | L ]+1 vert[l]:=lastvert; edge[l]:=1;

| en

end,

end;

{nyTb cpa3y xe BeJieT B MyCTOTY, MOITOMY BCe BepPIIMHbI
neBee, TO €CTh 1..N, HarleyaTaHsbl }

9.2.5. [loka3aTt, uTOo eciu B rpade HET IUKIOB, TO 3TOT AJTOPUTM

178



A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

3akaHuMBaeT paboTy.

Pewenue. Ilycte 310 He Tak. Kaxzgas BeplmMHa MOXKeT 1€4aTaTbCA TOJbKO
OAWH pa3, Tak 4YTO C HEKOTOPOTO MOMEHTA BepIIMHEI He meuaTaroTcs. B rpacde
0e3 LUMKIOB [AMMHA TYTU OTPaHHUeHa (BepIIMHA He MOXKeT BXOAWUTh B MYTb
JBaKAbl), TO3TOMY INOAOKAB elle, Mbl MOXKeM [0X[aTbCsl MOMEHTa, I10C/e
KOTOpPOro TIyTb He yaauHdAeTcsa. [locne 3Toro MoxKer pasBe  uTo
yBeTMUUBAThC edge [ 1] - HO ¥ 3TO He DecripesieNibHO.

Tem cambiM MBI TIOCTPOMIM HUCKOMBIM HEPEKYPCUBHBINA  aJrOPUTM
TOTIO/IOTUYECKOW COPTHPOBKM Tpada.
9.2.6. /loka3aTb, uTO Bpems pabOTbl 3TOT0 ajJropuTMa He TIPEBOCXOAUT

O(4HeII0 BepIINH + YHCJI0 pedep).

9.2.7. Kak moauduIiipoBaTh afOPUTM TakK, YTOOBI OH OTBICKHBA/I OJWUH M3
LUUKJIOB, €CIM TakoBble MMEKTCS, W TPOHU3BOJUJ TOIMOJOTHYECKYH)
COPTUPOBKY, €C/H LJUK/I0B HeT?
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CorocraBneHue ¢ o6pa3iiom
10.1. ITpocTelilinii ipumep

10.1.1. UmeeTcs MOC/e/IOBaTe/IbHOCT  CUMBOJIOB ;1-[1] o _-_;:[ﬂl.
OnpegenuTb, UMEIOTCS T B HEH WAYIIMEe APYr 3a APYroM CUMBOJIBI abcd.

(dpyrumu cnoBamu, TpebyeTcsi BBISICHUTB, €CTh JIU B CJIOBE ;1-[1] s -_;:[ﬂl
MoAc/a0B0 abcd.)

Pemenue. Umeetcs nmpumepHo n (ecii ObITH TOUHBIM, n -3 ) MO3UIIUM, Ha
KOTOPBIX MOXKeT HaXoAUTbCS HMCKOMOe TOAC/AOBO B HUCXOAHOM cioBe. [lns
KOKAOHW W3 TO3UIUH MOXKHO TPOBEPUTh, JEHCTBUTE/NBLHO /I TaM OHO
HaXOIUTCS, CPaBHUB uyeThipe cuMBona. OgHako ecTb Gosee 3(deKTUBHEBIN

cnocob. Yuras crnoBo ;1-[1| i -_r[ﬂl CleBa HampaBo, Mbl OXHJAeM
nosisiieHus Oykeel a. Kak TOMBKO OHA MOSIBUIAck, MBI UILIEM 3a Hell OykBy b,
3aTeM C, W, HakoHel, d. Eciu HalmM 0XUJaHWUS OINpaB/bIBAKOTCS, TO CI0BO
abcd obHapyxeHo. Eciu ke Kakas-TO U3 HY)KHBIX OYKB He MOSIB/ISIeTCS, MBI
OKa3bIBaeMcsl y pa3dMTOro KopeITa U HAYMHAeM BCe CHauara.

OTOT MPOCTOM aJrOPUTM MOXKHO OMHUCATh B Pa3HbIX TepMUHaX. Mcmomb3ys
TePMUHOJIOTHIO TaK Ha3blBaeMbIX KOHEUHBIX aBTOMATOB, MOXHO CKa3aTb, YTO
NPy YTEHUHU C/I0BA X CJ/IeBA HAMPaBO MbI B KaXKJbI MOMEHT HAaXOAUMCS B
OOHOM W3 CJIEAVIONMX coCcTosiHUi: "HauaneHOe" (0), "cpa3y mocie a " (1),
"cpa3y nocne ab " (2), "cpa3y nocie abce " (3) u "cpa3y nmocne abcd " (4).
Yurtas ouepeaHyro OykBY, MBI TepexofUM B CJIe[yIOIee COCTOSIHUE II10
MpaBUJIy, yKa3aHHOMY B Tabuuiie.

[TpaBuna nepexoza f/ig KOHEUHOI0 aBTOMaTa
Tekymee coctosinue OuepeaHas bykea HoBoe cocTosiHue
a 1
KpoMe a 0
b 2
a 1

0
3

Kpome a, b

2 B R NS B e

(s
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a
KpoMe a, C
d
a

W W W N N
o B O B

KpoMme a, d

Kaxk Tonbko mMbl rnorajgem B COCTOAHHE 4, pa60Ta 3dKaHYHBAETCA.

HamagHo BBIONIHEHME anropuTMa MOXKHO TIPeJCTaBUThH cebe Tak: ¢uiKa
OBUTAETCS W3 KPY)KKA B KPYKOK 1O CTpe/KaMm; CTpenka BbIOMpaeTcs Tak,
yT0OBI HAJNUCh HA Hell COOTBETCTBOBA/IA OUepe/jHOi OyKBe BXOAHOrO CJIOBA.
YTto0bl 3TOT mpouecc ObIT YCHeMHBIM, HY)KHO, UTOOBI A/ KaXK[0W OyKBBI
Ob1/1a POBHO OJjHA MOAXOAALIAS CTPe/Ka U3 1I000T0 KPYKKa.

5:" A\%

k

CooTBeTCTBYyIOLAas NporpaMMa OueBu/Ha (Mbl yKa3biBaeM HOBOe COCTOsIHUE,
Jlayke eCJii OHO COBIIaZA@eT CO CTapbIM; 3TU CTPOKH MOXXHO ONYCTUTB):

i=1; state:=0;

{i- nepBas HempouuTaHHas OykBa, state - cocTosiHUe }
while (i <> n+1) and (state <> 4) do begin

| if state = 0 then begin

| | if x[i] = a then begin

||| state:=1;

| | end else begin
| || state:= 0;

| | end;

| end else if state = 1 then begin
| | if x[i] = b then begin
| || state:= 2;
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| | end else if x[i] = a then begin

||| state:=1;

| | end else begin
| || state:= 0;

| | end;

| end else if state = 2 then begin
| | if x[i] = c then begin

| | | state:= 3;

| | end else if x[i] = a then begin
||| state:=1;

| | end else begin

| || state:= 0;

| | end;

| end else if state = 3 then begin
| | if x[i] = d then begin

| || state:=4;

| | end else if x[i] = a then begin
| || state:=1;

| | end else begin

| || state:= 0;

| | end;

| end;

end;

answer = (state = 4);

VHBIMM C/IOBaMH, MBI B KaXKIbl MOMEHT XpaHUM HMHMOPMALIMIO O TOM,
Kakoe MakCHMMajbHOe Hauaso Hauero obpa3sua abcd sBAseTCS KOHLIOM
npounTaHHoi yactu. (Ero amMHa u ectb TO " cOCTOsiHHE", O KOTOPOM IIIia
peusb.)

TepmuHonorusi, HamMu HCMIOJb3yeMasi, TakoBa. CyoBo - 3710 mobas
NOC/Iel0BaTeIbHOCTh CUMBOJIOB U3 HEKOTOPOro (PMKCUPOBAHHOTO KOHEUHOT0
MHO)KeCTBA. JTO MHOXXECTBO HAa3bIBaeTCsl an(aBUTOM, €ro 3jJeMeHTH -
bykeamu. Ecmu oTOpocuTh HeCKOMBKO OYKB € KOHLIA CIOBA, OCTAHeTCs JpPYroe
COBO, Ha3blBaeMoe HauajioM mepeoro. Jlroboe coBO Takke cuuTaercs
CBOMM HauasoMm. KoHell ci0Ba - TO, UTO OCTAaHETCs, €CaU OTOPOCUTH
HEeCKOJIBKO TiepBhIx OykB. JIro6oe cioBo cuntaercsi ceouM koHIjoM. [ToacioBo
- TO, UTO OCTAaHETCs, ec/u OTOpOoCHUTL OyKBBI M C Hayasa, W C KOHIA.
(Jpyrumu cnoBamu, MOAC/AOBA - 3TO KOHLIbI Hadal, WM, YTO TO JKe, Hadasa
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KOHIIOB.)

B TepmuHax WHAYKTUBHBIX (yHKUMH (cM. pa3zmen 1.3.) CUTyallui0 MO>KHO
OTMUCaTh TaK: paCCMOTPUM QYHKI[MIO Ha CA0BaX, KOTOpas MPUHUMAaeT [Ba
3HaueHHUs "UCTUHA" U "MOXKB" 1 UCTUHHA Ha CJIOBAaX, UMEKIMX abcd CBOUM
noac/soBoM. OTa GyHKIUMS He SB/ASeTCSd WHAYKTUBHOW, HO HWMeEeT
WHYKTUBHOE paciiMpeHue

£ LIHHA MAaKCHMAJIBHOIO HAYAJIA CA0BA FLbL‘d.L ABJIAHIIETOCH KOHIIOM X.

10.2. IToBTOpeHust B 0Opasije - UCTOYHHUK Mpo6ieM

10.2.1. MoxHo 1 B TIPe/IbIAVIIMX PACCYXK/IeHUSIX 3aMeHUThb CJIOBO abcd Ha
MPOU3BOJIBHOE CJIOBO?

Pemenue. Het, u mpobnemsl cBsizaHbl C TeM, uTO B obpasiie MOryT ObITh
noBTopsitonpecst OykBbl. [lycTh, Harmpumep, Mbl WILEM BXOXKEHUs CJIOBa
ababc. Bot nosBunace OykBa a, 3a Hell ueT b, 3a HeW HUAET a, 3aTeM
CHOBa b. B 3TOT MOMEHT MbI C HeTepmeHUeM >kKaeM OykBbl c. OHaKo - K
HalleMy pa304yapOBAHMIO - BMECTO Hee TOSB/SeTCs gpyrasi OykBa, M Hail
obpaser; ababc He oOHapykeH. OpfHak0 Hac MOXET OXXH/aTh
YTEelMTeNbHbIN TPU3: eCId BMECTO C TMOsiBUach OykBa a, TO He BCe
MOTEPSHO: 3a Hel MOTYT TMoc/aefoBaTh OykBel b U ¢, U obpa3seil-tTaku Oyaer
HalJIeH.

Bot KdPTHHKA, TOSACHAKMIIAA CKA3daHHOE!

X ¥ £a'ba b a b ¢ ... = BoIHbeCIOBD
i ba B ¢ MBI KIATH 00pA3IA 31eCh
T - T T ¢ A OH OKA3AaJCH 31eCh

Takum o6pa3om, K MOMEHTY

x vy za b ab «— BXOJHOE CII0BO
a b a bfc «— MBI JKJaJ0 00pa3la 31eck
A bla b ¢ — A OH OKAZAJICH 3TeCh

€CTb [Bd BO3MOJKHBIX IMOJJIOKEHHUA 06pa3ua, KaXJ0€e W3 KOTODPBIX ITOAIEKHUT
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npoeepke. TeM He MeHee TO-TIPEXXHEMY BO3MOXXeH KOHEUHBIH aBTOMAT,
YMTAIOUMI BXOAHOE CJI0BO OykBa 3a OyKBOM M Mepexofsimi U3 COCTOSHUS B
COCTOsIHUE B 3aBUCHAMOCTH OT NPOUUTAHHBIX OYKB.

10.2.2. Yka3aTb COCTOSIHMS COOTBETCTBYIOIIETO aBTOMara | Tabiuiy
nepexo/ia (HOBOe COCTOSIHUE B 3aBUCUMOCTH OT CTAapOro ¥ YUTaeMou OyKBHI).

Pemenue. [To-nipe)xHeMy COCTOSIHUSI OyyT COOTBETCTBOBAThH HauObOJbLIEMY
Hauany oOpasija, SIBASIOIEMYCS KOHIIOM TMPOUYMTAaHHOW 4YacTu cioBa. Mx
oymer mects: 0, 1 (a), 2 (ab), 3 (aba), 4 (abab), 5
(ababc) . Tabnuia nepexofa Takas.

HpaBHna rnepexoia Ajsi KOHeYHOr'o aBTOMAT4

Texkymee coctosiHue OuepenHas Oykea Hoeoe cocTosiHue

0 a 1 (a)

0 KpoMe a 0

1 (a) b 2 (ab)

1 (a) a 1 (a)

1 (a) Kpome a, b 0

2 (ab) a 3 (aba)
2 (ab) KpoMe a 0

3 (aba) b 4 (abab)
3 (aba) a 1 (a)

3 (aba) Kpome a, b 0

4 (abab) @ 5 (ababc)
4 (abab) a 3 (aba)
4 (abab) KpoMe a, cC 0

[ns npoBepkd INOCMOTPHUM, K NpPUMepy, Ha BTOPYH CHH3y CTpoKy. Eciu
NpoYMTaHHAs 4YacTh KOHYA/lach Ha abab, a 3arem mosBunace OykBa a, TO
Terepb TMPOUYMTAHHAs YacTh KOHYaeTcs Ha ababa. Haubosbliee Hauano
obpasija ( ababc ), aBastoiieecs ee KOHI[OM - 3TO aba.

(I)I‘IHDCOCI}CKHFI BOMNpPOC: Mbl TOBOPHJIM, YTO TPYOHOCTb COCTOWUT B TOM, 4UTO
€CTh HECKO/ILKO BO3MOXXHBIX TTOJIOMKEHHH 06pa3ua, KayKO0e K3 KOTOPBIX
MOJKeT 0Ka3aThCSl MCTHHHBLIM. MM COOTBETCTBYHOT HECKOJIBKO Ha4daJl OGpEBL[Ei,
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ABMAOIMMXCA KOHLdMH BXOJAHOI'O0 CJ/IOBA. Ho koHeuHBIHI aBTOMAT ITOMHUT
JUIIb CaMOe JJIMHHOE M3 HHUX. Kak ke octancHBIE?

dunocodckuii otBeT. [Jeno B TOM, UTO camoe AJTMHHOE U3 HUX OTpejeseT
BCe OCTa/lbHbIe - 3TO €ro KOHLbl, OJHOBPEMEHHO SIBJIAIOIMECs ero HayalaMHu.

He cocraBnser Tpyma pansa mroboro kKoHKpeTHOro o0Opasija Hamucartb
MpOrpammy, OCYILeCTBJISIOLIYIO TTOMCK 3TOr0 00pasija OmuCcaHHbIM CIIOCOOOM.
OpHako xoTenock OBl HamUCaTh MPOrpamMMy, KOTOPas WILET MPOU3BOJBHBIN
oOpa3zel] B MPOM3BOIBEHOM C/I0Be. 3TO MOXXHO Jle/laTh B JIBa JTara: CHayasaa
no obpasiy ctpoutcsa Tabnuila MepexoJoB KOHEUHOrO aBTOMAara, a 3aTeM
YMTAeTCS BXOJHOE CJIOBO U COCTOsiIHMEe TipeoOpa3yeTcs B COOTBETCTBUM C
sToi Tabnuue. [TogoOHEBINH MeTOA YacTo UCMOJB3yeTCs As Ooiee CI0XHBIX
3ajau Toucka (CcM. fganee), HO sl TIOMCKA TOACIOBAa CyuiecTtByeT Oosee
npoctod ¥ 3(MHeKTUBHBINA aJrOpuTM, Ha3blBaeMblid anroputMom KhHyra-
Moppuca-Ilparra. (Panee cxogueie wugen Owiin mpegnokensl H.B.
Marusceeuuem.) Ho  mpexage  Ham  moHA#oOATCS ~ HEKOTOpbIE
BCTIOMOTaTe/IbHbIe YTBepPXKIeHUSL.

10.3. BcriomorarenbHble yTBepsK1eHust

Inst Ipor3BONBLHOTO C/I0Ba X PacCMOTPUM BCe ero Hadana, O4HOBPEeMEHHO
SIBJISIIOLIMECS] €r0 KOHLIaMU, U BbiDepem U3 Hux camoe qauHHoe. (He cuutas,

KOHEeuHO, camoro cioBa X .) bymem obo3Hauats ero h:}{ |
[Tpumepsr: [{aba) = a, {(abab) = ab, [(ababa) = aba,
l(abc) = mycToe cnoBo

10.3.1. [oxkasats, uro Bce cnoBa [(X], [(I[X)], I(f[.{(_\f}}} U T.I.
ABJIAKOTCS HadyalaMH ClIoBa Y .

Pemenue. Kaxaoe u3 HUX (COMIACHO OMpPeAe/NeHUI0) SIBJSeTCS Hadaaom
Npe/bIIyIIeTO.

[To Toii )Ke MpUUKHE BCe OHU SBJSIIOTCA KOHI[aMU c/ioBa X .

10.3.2. [doka3aTe, 4TO TIOCIeAOBATeNBHOCTE MpPeAbIAYIIeH  3ajauu
obpbIBaeTcs (Ha MyCTOM C/I0Be).

185



A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

Pewenne. Kaxxgoe c1oBo kopoue mpejbIAyIiero.

10.3.3. loka3aTts, uTo 1060€e CI0BO, OMHOBPEMEHHO SIBJISIOIIEECS HAaYaa0M U
KOHILIOM cioBa X (kpome camMoro Y ) BXOAMT B TOC/Ae[0BaTelbHOCTh

L, T R

Pemenue. ITycts cnoBo ¥ ecTs O[HOBPEMEHHO Hadano U koHel] Y . CjoBo

[(X ) - camoe anMHHOe M3 TakKKMX C/I0B, Tak uTo Y He gnusHHee [{ X ). Oba
9TH C/0Ba SIBASIOTCA HaualaMd Y , MO3TOMYy 0OoJiee KOPOTKOE W3 HHUX

SIB/II€TCS HauajioM DoJiee AJIMHHOTO: } eCTh Hadaso {(}{). Auanornuso, y

ects koHer [(X ). Paccyxjasa mo MHAYKIIMM, MOXHO Mpejrnojaratb, 4To
YTBEp)K/eHUEe 3alaud BepHO [/isi BCeX CJIOB Kopoue X , B UaCTHOCTH, /st

cnoBa [(X ). Tak uto cnoBo Y, siBnsAwOIleecs KOHLIOM U Havanom [(.X ],

mibo paBHO {( Xj , mbo BXOJUT B MOoC/e/I0BaTe/IbHOCTh

LX), II(E(X))), .. ., uTo 1 Tpe6oBANOCK OKA3aTh.
10.4. Anroputm Knyra-Moppuca-ITparra

Anroputm Kuyra-Moppuca-IIparra (KMII) nonyuaet Ha BX0f, C/IOBO
X = z[]=[2].: xn]

U MpPOCMaTpUBaeT ero cjieBa Hampaeo OykBa 3a OyKBoii, 3arofHsisA MPU 3TOM

MAacCCHUB HaTypajbHbIX U Cen {[1] e ,E[nl, e
l[i] = nnuna cnosa l(z[1]... z[])

(pyukuust | ompeaeneHa B mpeabigyiiem nyHkre). CmoBamu: 1 [1] ecTb
AnuHa Haubosbpllero Havana  C/0Ba ;1-[1] e _-_1:[?], OLHOBPEMEHHO

ABJIAKOIIETOCH ero KOHLIOM.

10.4.1. Kakoe OTHOllIEHHEe BCe 3TO UMeeT K MOUCKYy moacrnoBa? Ipyrumu
CIOBaMM, Kak ucnonb3oBaTh anroput™ KMII pna onpepenenus Toro,
ABJISIETCS JIU CJI0BO A TIOAC/IOBOM C/loBa B?

Pemenue. ITpumenum anroputm KMII k cnoBy A\ # B, tae \ # - cieljuanbHas
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6}’KBE1, He BCTpedYarlUladaCd HHU B A, HU B B. CnoBo A sBAsETCH nmogcioBoM
cjioBa B TOTAa W TOJIBKO TOrd, KOrdad Cpeir 4YHhCe/l B MdCCHUBe 1 6){}18T qMuC0,
pPaBHOE OJIMHE CIIOBd A.

10.4.2. OnucaTh afrOpUTM 3aro/HeHUs TabauLbI {[1] . é[ﬂl.

Pemenue. Ilpegnonokum, 4TO Te€pBbIe 1 3HAYeHUH {[1] R i[-g'] yKe
HaieHbl. Mbl unTaeMm ouepegHyto OykBy coBa (T.e. x [1+1] ) M JO/HKHBI
BBIUMCIUTL 1 [1+1].

1 1 3%l
Y&EEe MpOYHTAHHAA YaCTh X |
g . -l g . -
z Z
IIpyrumu cjioBaMM, HaC MHTEPecylT Hauana  C/IoBa ;1-[1] i '.It[ii + 1],

OJHOBPEMEHHO SB/SIIOLMECS ero KOHIIAMM - U3 HUX HAM HaAo BHIOpaTthb
camoe anuHHOe. OTKyaa Gepyrcs 3Tu Hauana? Kaxgoe u3 HUX (He cuuTas

MyCTOr0) MOJIy4yaeTcss U3 HEKOTOPOro CjioBa 7' TNpPUNUCBIBAHUEM OyKBBHI

x[1+1]. CnoBo 7' sABAsieTCs HayaJoOM U KOHLIOM CJIOBA ;1-[1] i _1:[?]
OpHako He mo0oe C/IOBO, SIB/ASIONIEECS HAuajJioM W KOHIIOM CJIOBa

;1-[1] e _1:[?] , TOIUTCS - Hao, uToObI 3a HUM ciefoBana OykBa x [1+11].

[Monyuaem Tako¥t perenT OThICKaHWS CoBa 7 . PaccmMoTpum Bce Haudana
C/ioBa ;1-[1] _1:[?}, SBJISIIOIMECS] OfIHOBPEMEHHO €ro KoHiamud. U3 Hux
BeiOepeM mogxofdAle - Te, 3a KOTOPbIMH HjeT Oykea ;1-[§i—|-1]. U3
noaxosumMx Bbibepem camoe gauHHOe. [lpunucas B ero koHer x [1+1],
MOJIyYrM HCKOMOE CJIOBO 7 .

Tenepb mopa BOCMO/BL30BAaTLCA CeNaHHBIMM HaMHM [PUTOTOBJIEHUSMHU U
BCIIOMHHUTh, YTO BCe (/I0BA, fAB/AKIMECH OJHOBPEMEHHO HayajlaMd H
KOHILIaMM [1aHHOTO C/I0Ba, MOXXHO MOJYYUTh MOBTOPHBIMU MPUMEHEHHUSIMU K
HeMy QyHKIMU | W3 mpeAblgyiero pasjgena. Bot uto nmonyuaercs:

i=1;1[1]=0;
{rabmuya I[1]..1[i] 3anonHeHa npaBunLHO }
while i <> n do begin
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| len = I[i]
| {len - pnrHa Hauana cimoBa x[1]..x[i], KoTopoe sBAsEeTCS
| ero koHI[OM; BCce Oojiee JIMHHBIE Hauasa OKa3alucCh
| HemogxoASIMMH }
| while (x[len+1] <> x[i+1]) and (len > 0) do begin
| | {Hauano He MOAXOAUT, IpUMEHSsIeM K Hemy dyHKiuto 1}
| | len = I[len];
| end;
| {Hamwm mogxoasiee uIU yoeauIUCh B OTCYTCTBUM }
| if x[len+1] = x[i+1] do begin
|| {x[1]..x[len] - camoe gmvMHHOE MOgXOAsAIIIEE HAYATIO }
| [[i+1] = lent+1;
| end else begin
| | {mogxogsumx HeT}
| [[i+1] = 0;
| end;
|i=it+1;
end;

10.4.3. [oka3aTb, UTO UMUC/IO [AEMCTBUM B TIPUBEJEHHOM TOJBKO UTO
anropuTMe He TIPeBOCXOAUT ( 'y [/ HEKOTOPOM KOHCTAHTHI (.

Pemenue. OTo He BriONHe OueBUAHO: 00paboTKa KaXKaoi ouepefHON OYKBHI
MOXXeT TOoTpebOBaTe MHOTHX MTEpaluii BO BHYyTpeHHeM Ijukne. OJHako
Ka)KJasi Takasi UTepaljusi yMeHbIIAeT [ en Mo KpaiiHe#ll mepe Ha 1, U B 3TOM
cnyuae 1 [1+1] okaxkercs 3ameTHO MeHbitie 1 [ 1 ]. C aApyroit CTOpOHBI, PH
YBeJIMUEHUHU 1 Ha eJIMHUIY BeJIMuMHA 1 [ 1 ] MOXKeT BOo3pacTu He Oosiee uem
Ha 1, Tak YTO 4acTO ¥ CU/BHO YObIBATh OHa He MOXKET - WHaue yObiBaHUE He
OyzeT CKOMIIEHCUPOBAHO BO3paCcTaHUEM.

Bonee TOYHO, MOKHO 3alIMCaTb HEPABEHCTBO

Iz + 1] < I[¢] — (9meso nrepanmii Ha i-m ware) + 1
HIHA

(uncno arepanuii va i-m ware) < ¢ — I[7 + 1] + 1.

OcTaeTcsi CTOXKHUTb 3TH HepaBeHCTBA 10 BCEM iwu TOMYYHTHb OLIEHKY CBEpXy
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[71s1 0011IeT0 UKcia uTeparuil.

10.4.4. Bynem uCIo/b30BaTh 3TOT aATOPUTM, YTOOBI BHISICHUTh, SB/ISAETCS JIA
CcnoBo X [AAWHBI n ToAcsioBoM cnoea Y amuHbl m. (Kak 3To genats c
MOMOLIBIO CIelManbHOro pasgenurtens \#, omucaHo Beie.) [Ipu 3tom

yuCca0 JedcTBui Oymer He Oonee C[_’-n o -m), U MCIOo/b3yeMasi TaMsTh
toxe. [IpugymaTh, Kak 000U THUCH TTaMATEIO He Oonee (33 (UTO MOXKeT ObITh
CYILIECTBEHHO MEHbIIe, eC/IM UCKOMBIM o0Opa3el] KOpOTKHM, a C/I0BO, B
KOTOPOM €ro MIIYT - JJIMHHOE).

Pemenue. Ilpumensiem anroputm KMII k cnosy A . Ilpu 3tom

BBIUMC/IEHHE 3HAaYeHUN {[1],, giicie j[ﬂl MPOBOAUM IS C/I0BA X [IMHBI N U
3arIOMUHAaEM 3T 3HaueHUA. [anblile Mbl TOMHUM TOJBKO 3HaueHue 1 [1]

[T TEKYIIEro 1 - KpOMe Hero U Kpome TabauIlbl {[1] g ,,Z[ﬂl, HaM ISt
BBIUKMC/IEHU HUUYETO He HY)KHO.

Ha npakrtuke cjioBa X ¥ Y MOTYT He HaXOAUTLCS TOAPSA, TO3TOMY IPOCMOTP
cnoBa X ® 3aTeM cjoBa Y yaoOHO odopMUTHE B BHJAE PAa3HBIX LUKIOB. JTO
n30aBsieT TaKKe OT XJIOTNOT C pPa3fe/uTesieM.

10.4.5. Hanmucath COOTBETCTBYHOIIMI anropuTM (TIPOBEPSIONIMMA, SBJISETCS

mi cnoso X = x[1]...x[n| nogcriosom cioa ¥ = y[1]... y[m|).

Pemenne. CHauana BBIUMC/ASIEM Tabauily 4‘[1] = ﬂ[nl KaK paHblle. 3aTem
ITUILIEM TaKyl POrPaMMy:

j:=0; len:=0;

{len - gnuHa MakCMManBHOTO Hauasa cioea X, OAHOBPEMEHHO
ABJIAIOIIErocs KoHoM cioea y[1]..y[jl}

while (len <> n) and (j <> m) do begin

| while (x[len+1] <> y[j+1]) and (len > 0) do begin

| | {Hauano He MOAXOAWUT, MPUMEHsiEM K HemMy GyHKIO 1}

| | len = I[len];

| end;

| {Hamwm mogxoasiee uIU yoeauIUCh B OTCYTCTBUM }

| if x[len+1] = y[j+1] do begin

| | {x[1]..x[len] - camoe gmHMHHOE MOgXOAsAIIEE HavdaIOo }
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| |len = len+1;
| end else begin
| | {mogxopsumx Het}
| |len = 0;
| end;
|j=j+L
end;
{ecsu len=n, cnoBo X BCTPETU/IOCH; WHAUE MBI JIOIITH 10 KOHIIA
cnoBa Y, Tak ¥ He BCTpeTUB X}

10.5. AsiroputMm Boitepa- Mypa

OTOT aNrOPUTM [e/laeT TO, UYTO Ha MepPBbIH B3IIs/] Ka)KeTCS HeBO3MOXKHBIM: B
TUMTUYHOU CUTYallMU OH UMTAET JHIb HeOOoJbliyl0 YacTh Bcex OyKB C/IOBA, B
KOTOPOM WINeTCs 3aflaHHbli obpaser]. Kak tak moxeT ObiT? Waes mpocra.
[Tyctb, Hanipumep, Mbl uieM obpaser; abcd. IlocMOTpUM Ha YETBEPTYIO
OyKBy C/10Ba: €C/id, K IpUuMepy, 3To OykBa €, TO HeT HUKAaKoM HeoOXoauMOCTH
uuTaTh epBbie Tpu OykBel. (B camom fene, B o6pa3siie OYKBBI € HET, TO3TOMY
OH MOJKeT HauaThCsl He PaHblle MATOU OYKBBI.)

Mgl mpuBefeM caMblii TTPOCTOM BapuaHT 3TOTO ajropuTMa, KOTOPBIM He

rapaHTUpyeT OBICTPON paboTbl BO BCeX ciydasx. IlycTe ;r[ll ,_,'_1,‘[?]] -
obpasel], KOTOPBIil Haf0 MCKaThb. [l KaXAOro CUMBOJA S HailjleM caMoe

MmpaBO€ €ero BXoxJaeHue B CJ/I0BO X, TO eCcThb HauboJblee k, NpH KOTOpPOM

;1-[!;] — 5. OTu cBegeHusi OygzeM XpaHUTb B MacChBe pos|[s] ; ecH
CHUMBOJI S BOBCe He BCTpeuaeTcs, TO HaMm Oyger y100HO TMONOXKUTh

pos[s] — (J (MBI YBUIUM [AJIBIIIE, TIOUEMY).
10.5.1. Kak 3ano/IHUTL MacCUB po s?
Pemenue.

MOJI0KUTh BCe pos([s] paBHbIMU 0
for i=1 to n do begin

pos[x[i]]:=i;
end;
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B mnmponecce MorUCka MbI GﬂEM XPAaHHUTL B HEPEMEHHOFI last HOMep GYKBBI
B C/10Be, TIPOTHB KDTOpOi:I CTOMUT MOC/IeaHAsA GYKBH 061333]_]3. Buauane
lﬂ:sf‘ — (,[[J'[I‘IHEI 061333]_]3), 3aTeM last mocTerneHHO YBEIHUYMUBACTCHA.

last:=n;

{BCe npeapIyIHe MOMOXKeHUs: 0Opa3sija y)Ke MpoBepeHbI }
while last <= m do begin {cnoBo He KOHUM/IOCH}

| if x[n] <> y[last] then begin {mocneanue GykBeI pa3HbIe}
| | last == last + (n - pos[y[last]]);

| | {n - pos[yl[last]] - 3T0 MUHUManEHBIA cABUT 00Opa3iia,
| mnpu KoTopom HanpoTuB y[last] BcTaHeT Takas ke

| OykBa B obpa3sije. Eciiu Takoii OykBbl HeT BooOIIIe,

| TO caBuraem Ha BCHO AJMHY obpasiia}

| end else begin

| | ecnu HBIHeIHee TT0I0XKeHUe MOAXOAUT, T.e. eCIH

| | x[1]..x[n] = y[last-n+1]..y[last],

| | TO COOOIMTL O COBMAIeHUH;

| | last := last+1;

| end;

end;

3HaTOKKH PeKOMEeHJYKOT NPOBEpKy COBNaAeHUs MPOBOAWUTHL ClpaBa HajeBo,
T.e. HaUMHag C nocnaefHel OykBel oOpasiia (B KOTOPOH COBMajieHHe 3aBeJ0MO
ecTb). M0OXXHO Takke HEMHOI'O C3KOHOMUTL, IIPOH3Be/ls BEIUMTaHHEe 3apaHee
U XpaHsi He pos[s],an-pos[s], T.e. uncio OykB B oOpasije cripaBa OT
MOC/IeJHer0 BXOXK/JeHUsI OYKBhI S.

Bo3mo)xHBI pasHble MoAUGUKALIMKM ITOro aaroputva. Hampumep, MOKHO
CTPOKY last:=last+1 3aMeHUThL Ha last:=last+ (n-u), rme u -
KOOp/JMHATa BTOPOTO CIipaBa BXoXKeHus Oykebl x [n] B obOpaser.

10.5.2. Kak mipotile BCero yuecTh 3TO B IporpamMme?
Pemenue. IIpu nocTpoeHuu TabmuIbl po s HAMMMCATh
for i=1 to n-1 do...

(manee Kak paHbllie), a B OCHOBHOW TMporpaMMme BMeCTO last:=last+1
Hanucarb
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last:= last+n-pos[y[last]];

[lpuBeAeHHBbIM HaMM YIPOIIEHHBIA BapuaHT aiaroputMa boiiepa-Mypa B
HEKOTOPBIX Cjlydasx TpeOyeT cyilecTBeHHO 0oJsibllle n  AeMCTBUM (UMCIIO
JMeWCTBUN MOpsifika mn ), MpourpeiBas anroputmy Kuyra-Moppuca-Ilpatra.

10.5.3. [lpuBectu mpumep CUTyallMd, B KOTOPOW oOpa3el] He BXOAMT B
CMOBO, HO anropuTMy TpeOyeTcda mopsiika mn  JeHCTBUMA, 4yTOOBI 3TO
YCTaHOBUTb.

Pemwenue. [Tycts obpa3sery umeet BUL hae . . . fls> @ CAMO CJIOBO COCTOMT
To/bKO U3 OykB z. Torga Ha KaXk/I0M 1Iare HeCOOTBETCTBUE BBISICHSETCS JIUIIb
B [1OC/eJHHI MOMEHT.

Hacrosimuii (He ynpoleHHbIW) anroput™ boliepa-Mypa rapaHTUpyeT, uTO

unucao fAedcTBuil He mpeBocxoguT (1 + 1) B Xxygwem ciayuae. OH
UCITONb3yeT uaeu, 6aus3kue K uzgesm anroputma Kuayra-Moppuca-Ilparra.
[MpenctaBum cebe, yTO MBI CpaBHUBAMU 00Opa3er] Co BXOAHLIM C/I0BOM, W/if
cripaBa HaeBo. [IpM 3TOM HEKOTOPBIM KyCOK 7 (AB/AAIOIMHACS KOHI[OM
obpasiia) cosmam, a 3areM 0OHapyKH/IOCh pas3nuuue: nepea 7 B obpasige
CTOUT HE TO, UTO BO BXOAHOM CJIoBe. UTO MOXKHO CKa3aThb B 9TOT MOMEHT O
BXoAHOM cyioBe? B Hem oOHapykeH (parMeHT, paBHBIM [/, a mepej HUM
cTouT He Ta Oykea, uTo B obpasiie. 3Ta UH(POPMAaIUsT MOXKET TO3BOJUTH
cABHHYTH 0Opa3sel] Ha HECKOIbKO MO3WI[UI BIpaBo 0e3 puCKa MPOMYCTHUTHb
€ro BXOXKJeHHEe. DTH CABUTH C/e/lyeT BbIYMCIUTL 3apaHee [/ Ka)KIoro
KOHI[a J/ Hamero obpasija. Kak roBopsAT 3HaTOKW, BCE 3TO (BBIYMC/IEHUE

TaOMMIIBl CABUTOB M €e MCII0/Ib30BaHUE) MOXKHO YIOXKUTB B ({172 + 12.)
JeCTBUM.

10.6. Anroputm PabuHa

OTOT aNropuTM OCHOBAH Ha mpocToi ujee. [Ipeacraum cebe, uTo B CI0BE
JMVHBL 773 MBI ulleM obpaser JyUHEI 73 . Beipexxem OKoIleuko pa3mepa iz 4
Oymem gBUraTh €ro Mo BXOJHOMY CJIOBY. Hac uHTepecyeT, He COBMajaeT ju
CIOBO B OKOLIeUKe C 3afaHHbIM obpa3uom. CpaBHuUBaAThE 1o OykBam Jouro.
BmecTo 3TOrO (uiKCHpYyEeM HEKOTOPYH (PYHKLHIO, OTIpe/ie/IeHHYI0 Ha C/I0Bax
JnuHbl 72. Eciu 3HaueHWsi 3TOM (yHKI[MM Ha CJOBe B OKOIIEUKe U Ha
obpa3sue pa3nuuHbl, TO COBNaZeHus HeT. TOMbKO e/ 3HAUEeHUs OIMHAKOBHI,
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HY)KHO TIPOBEPATh COBMajieHue 1o Oykeam.

Yto MBI BBIUTPBIBAEM MpPU TakoM moaxofe? Kaszanoch Obl, HUUETro - Befb
uyT0OBI BBIUMC/IUTH 3HaueHHe (PYHKIMM HA CI0BE B OKOIIEYKe, BCE PAaBHO
HY)KHO TIPOYeCTh BCe OyKBbI 3TOr0 C/ioBa. Tak yK ydliie ©X Cpa3y CPABHUTH C
obpasijom. Tem He MeHee BBIMTPBILI BO3MOXEH, U BOT 3a cueT uero. [Ipu
C/IBUT@ OKOIlIEYKAa CI0BO HE MEHSIeTCSl TOHOCTBI0, a JIHIb [00aBIIsieTCs
OykBa B KOHIle ¥ yOupaeTcs B Hadasne. Xopoiio Obl, 4TOOBI TT0 3TUM JJAHHBIM
MOJKHO OBIJIO PACCUUTATh, KAaK MEHSIETCsT (QyHKITHSI.

10.6.1. [TpuBectu npumep ynobHOM A/ BeIYUCTeHUs QYHKI[UH.

Pemenue. 3amenum Bce OykBbl B ioBe u obOpasie MUX HOMEpaMmy,
Tpe/ICTaBISIONMMKU  CO00W 1enwsie uucaa. Torga ymoOHoOWM — (yHKIHMeH
seasiercss cymma uudp. (Tlpy caBure okomeuka HY)KHO J00aBUTh HOBOE
YK C/I0 U BBIUECTh MPOIaBIiiee. )

Ins kaxaod QYHKIUM CYIIECTBYIOT C/AOBa, K KOTOPBIM OHAa MPUMEHUMa
naoxo. 3ato pApyrasi (yHKIMs B 3TOM cCJiyuae MOKeT paboTaTh XOpOIIo.
Bo3HukaeT wujes: Hafo 3amactTu MHOro (QyHKUMH ¥ B Hauase paboThl
anroputMa BbIOMpaTh U3 HUX ciaydadiHyto. (Torma Bpar, KesarouUMi
MOAraZiuTh HAIeMy aJifOPUTMY, He OyIeT 3HaTh, C KaKOM MMEHHO (PyHKIHeH
eMy O0pOThCS.)

10.6.2. IlpuBecTu npumep cemeiicTBa ynoOHBIX QYHKI[UI.

Pemenue. Bribepem HekoTOpoe umcio 7 (KenaTenbHO TMPOCTOE, CMOTPH
Janee) U HEKOTOPBIM BbIUeT 77 Mo Mofymo 7. Kaxpgoe c/l0BO JAMUHBL 77
OymeM paccMaTpuUBaTh KakK TOC/IeJOBaTebHOCThL LIeJbIX uucen (3aMeHUB
OykBbl kofamu). DTH uYuciaa OyleM paccMaTpuBaTh Kak Ko3(GUITMEHTE

MHOTOU/IeHa CTeMeHU 73 — | Y BBIUMCIMM 3HAU€HHUE 3TOTO MHOTOU/IeHA MO
MOAyII0 [? B TOuke 7. IDTO W Oymer ogHa W3 GyHKI[UK cemeicTBa (fs
KaXK0¥ mapel ' U ° Tmosydaetcsi, TakuMm obpasom, cBos dyHkius). Capur
OKOLIIKA HAa | COOTBETCTBYET BBIUMTAHWIO CTapiuero uwieHa ( 7! cnenyer
BBIUMC/IMTh 3apaHee), yMHOXKeHHI0 Ha 77 U Jo6aByieHui0 CcBOOOJHOTO ueHa.

Cnenyroiee coobpa’keHHe TOBOPUT B MOJB3y TOT0, YTO COBIAJeHUS He
CUMIKOM BeposiTHBL. [TycTh uncio 7 pUKCUPOBAHO U K TOMY >Ke TIPOCToe, a
X wm Y - ;gBa paymMuHBIX CMOBa JJWHBI 73 . TOTAa UM COOTBETCTBYIOT

pa3/IMuUHble MHOTOYJ/I€HBI (MBI npegriojiaraeém, 4To KoAbl BCEX 6y1{B Pa3/TMYHBI
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- 3TO BO3MOXHO, eciid 7 Oonbie uucia OykB andaeuta). CoBnageHue
3HaueHWW (yHKIIUM O3HAYaeT, YTO B TOUKe ° OSTH /Ba pa3IUYHBIX
MHOTOY/IeHa COBTIAJaT, TO €CTh UX Pa3sHOCThL obpaiaercs B (). PasHocTb
€CTb MHOTOUW/IeH CTeNeHu 73 — | u umeeT He Oonee 73 — | kopHeit. Takum
obpa3oMm, ecniu §;, MHOTO MeHbBIIe [?, TO CAYy4alHOMY :° Majo ILIAHCOB
TMOMAacTh B HEYIaUH Y0 TOUKY.

10.7. Bonee cnoxxHble 06pasiibl U aBTOMAThI

Mb1 MOXeM HCKaTb He KOHKpPeTHOe C/I0BO, a TOAC/I0Ba 3aJaHHOr0 BHUJA.
Hanpumep, MOXXHO MCKaThb CI0Ba BUAA a?b, e BMeCTO ? MOXeT CTOSITh

nmobas OykBa (MHBIMH CIIOBaMM, Hac UHTepecyeT OykBa b Ha paccTosHUH 2
nocse OykKBHI a ).

10.7.1. Yka3aTb KOHEUHbI aBTOMAT, MPOBEPSIOIMNA, eCTh U BO BXOAHOM
cnoBe ¢parMeHT Bujia a?b.

Pemenue. Yurtas c/ioBO, cneayeT MOMHUTh, €CTh M OyKBa a Ha TMOC/IeIHEM
MecTe W Ha TpeArnocieHeM - IMOKa He BCTPETUM HCKOMbBbIM (PparMeHT.
AsTtomat umeet coctosHua 00, 01, 10, 11, HXCMBICI TAaKOB!:

00 Ha oDpeamocaemHeM H IIOCJEIHEM MeCTaX HeT a
01 Ha npeamocieaHeM HET, HA IIOCIETHEM eCTh

10 He mpexmociemsHeM ecTh, HA MOCIETHEM HET

11 ecTh H TAM, H TaM

Tabnuila mepexofoB aBTOMaTa:
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Terymee | OuepenHas Hosoe
COCTOAHIE DYKBA COCTOAHNE
00 a 01
00 HE A 00
01 a 11
01 HE a 10
10 a 01
10 b HAHTeHD

10 He a H He b 00
11 a 11
11 b HAHIeHO
11 He A 1 He b 10

Hpyroii crangapTHbI 3HaK B obpasie - 3To 3Be3qouka ( * ), HA MeCTO
KOTOpOil MOXeT ObITh mojcTaBieHo maoboe cioBo. Hampumep, obpa3sers
ab* cd 03HauaeT, YTO MbI MIIEM IOACIOBO ab, 3a KOTOPBIM CJIeYeT UTO
YroAHO, a 3aTeM (Ha 11060M paccTosiHUM) ujeT cd.

10.7.2. ¥Yka3aTh KOHEUHBI aBTOMAT, MPOBEPSIONIMi, €CTh M BO BXOAHOM
cnoee obpaser ab* cd (B ONUCAHHOM TOJIBKO UTO CMBICTIE).

Pemenue.

Texkymee | Ouepennas Hopoe
COCTOAHNE OyKBa COCTOAHNE
HAYATIBHOE a a
HAYATBHOE He A HAYAJTBHOES

a, b ab

a a a

a He A H He b | HAgATRHOE
ab i abc

ab HE © ab
abc d HAH IeHO
abc [ abc
abe He ¢ H He d ab
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ELHE OOdWH BHUJ IMOUCKA - 9TO MMOUCK nmoboro U3 CIoB HEKOTOPOro CIIHUCKA.

10.7.3. Nan cnucok cnoB X1, ..., X u cioso V. OnpeaenuTs, BXOAUT 1

x0T Obl ofHO M3 0B X; B C10BO Y} (Kak mogciaoBo). KonmuecTBo
OefiCTBUM He [O/DKHO TIPeBOCXOAUThL KOHCTAaHThI, YMHOXKEHHOW Ha
CyMMapHyI0 [AJUHY BCeX CJOB (U3 CNMCKa U TOTO, B KOTOPOM MPOMCXOAUT
TOHUCK).

Pemenue. OueBuAHBIN Cr1OCOO COCTOMT B TOM, uTOOBI Ka)kJoe C/IO0BO M3
CMIMCKA TPOBepATb OTAEeNbHO (C MOMOLIBK OOHOIO M3 PacCMOTPEHHBIX
anroputMoB). OAHaK0 NIpA 3TOM MBI He YKIaJblBaeMCS B 3aJaHHOe 4MC/I0
MelcTBUM (M3-3a YMHOXKEHUS j; Ha JUIMHY cjioBa Y ).

[MocmoTpuM Ha geno c papyroéi ctopoHbl. Kakgomy obpasiy u3 crucka
COOTBETCTBYET KOHEUHBII aBTOMAaT C HEKOTOPBIM MHOKECTBOM COCTOSIHUIA.
OTU aBTOMAThbl MOXHO OOBEJUHUTH B OAWH, MHOXXECTBOM COCTOSITHUU
KOTOpOro OyzeT mpou3BejeHHe MHOXXECTB COCTOSIHUM BCeX TeX aBTOMAaTOB.
OTo - oueHb Hosbioe MHOXKeCTBO. OHaKO Ha camMoM fiesie OO/BIIMHCTBO
€ro 3/IeMeHTOB HeJOCTYHBI (He MOTYT MOSIBUTLCA MPH YTEHUU BXOJZHOTO
C7I0BA) U 3a CYeT 3TOro nony4aercs sxkoHoMus. [IpumepHo 3Ty ugero (Ho B
WU3MEeHEeHHOM BH/jie) MbI U OyzieM MCII0I630BaTh.

Bcnomuum anroputm Knyrta-Moppuca-Ilparra. B Hem, uWTad BXO#HOeE
CIOBO, MBI XpaHWIM Haubosbiee Hauano obpasia, ABSIOIIEeCs KOHLIOM
npounTaHHOW uyacTu. Temepr HaM ciiegyeT XpaHUThL A KaKIOTO U3
o6pasioB Haubosblllee ero Hauano, SIBJISIOLIEECS KOHIIOM TPOUYUTAHHOM
yacTu. PemaronpM OKa3eIBaeTCsl Takoe 3aMeuyaHue: JOCTAaTOYHO XPaHUThb
camoe JIMHHOe M3 HUX - BCe 0CTa/ibHble 110 HEMY BOCCTaHaB/IMBAKOTCA (KaK
Haubosneme Hauana o0pasLoB, SIBJISIOUMECS ero KOHI[aMH ).

Cxneum Bce obpasibl B JepeBo, 00beJUHUB UX COBMAZaloOle HauaabHbIe
yuacTku. Hanmpumep, Habopy obpasiior
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(I)OPMEU'I]:HO roeops, BeplIIMHAMHM [JdepeBd HABJJIAKOTCA BCe€ Ha4d/llda BCex
OGpaBL[OB, d CbIHOBBS BEPIIMHBI MMOJIY4AKOTCA IMMTPHUITHCBIBAHHW €M 6}?'1{3131.

YuTasi BXoAIHOE CJIOBO, MBI JBUTAEMCsI TI0 9TOMY [IePeBy: TeKyllasi BepIiMHa -
5T0 Haubosbiuasgs (camasi TpaBasi) W3 BepIUMH, SBJSKLMXCS KOHI[OM
npounTaHHoW uactu ( -— HauOONBIMU KOHEl] TPOUYMTAHHOW YacTH,
SIBJISIIOLIM I CSI HAUaJI0M OfHOTO U3 00pasijoB).

OnpegenuMm GyHKUUIO |, apryMeHTaMU M 3HAUEHUSIMU KOTOPOU SIBIISIFOTCS

BepumMHbel fAepesa. MWmenno, [{[') — Haubonbmas BepumHa [epesa,
ABfgtomiasca koHoM [?. (HamomHuM, BepumMHBI JepeBa - 3T0 cioBa.) Ham
MOHA00UTCS TaKoe YTBEpXKIeHUe:

10.7.4. Tlycte [* - BepumHa JepeBa. JlokasaTb, UTO MHOXXECTBO BCEX

BepLIMH, ABAAOUMXCA KoHUamu 2, pasro {[( P), I(I( P)), ...}

Pemenue. CM. 10Ka3aTeNbCTBO aHAJOTUUHOTO YTBEPXKEHUS [JIs1 aITOPUTMA
Kuyra-Moppuca-Tlpatra.

Terepb SICHO, UTO HY)KHO fie/laTh, HaX0[sCh B BepuMHe [* U uuTas OyKBy z
BXOAHOro cyioBa. Hajo mpocmaTpuBaTh MOCHeA0BaTe/bHO BEpPLMHbI [7,

{(P], {(j[P’]L__., NMoka He ODOHApyKWUTCS Takas, W3 KOTOPOM BBIXOAUT
cTpenka ¢ OykBod z. Ta BepumHa, B KOTOPYH 3Ta CTpejKa BejeT, U Oyger
HAIMM CJe/IVIOIAM TO0XKeHHEeM.

OcTaetcst MOHATE, Kak Jyis KKJ0H BEpIIMHBI J€peBa BLIUMCIUTH yKa3aTesb
Ha 3HaueHue (YHKUUHW | B TOW BepumHe. DTO Je/laeTCs KakK paHblie, MpU
3TOM 3HaueHusi | s 0Oonee KOPOTKMX CJIOB WCIOJIB3YKOTCS TPU
BLIUMC/IEHUH OuYepejHOro 3HaueHus GyHKuuM [. OTO O3HA4YaeT, uTO
BepLLMHBLI /lepeBa C/leAyeT MPOCMaTpUBaTL B TOPsAKe BO3pacTaHUSl UX
AnuHBL. HeTpyaHO MOHATB, UTO BCE 3TO MOXKHO Y/IOKUTEL B TpeOyemoe uuciio
JelCcTBUM (XOTS KOHCTaHTa 3aBUCUT OT uucia Oyke B andaBure).
OTHOCAIMECs K 3TOMY NTOAPOOHOCTH CM. B jiekuu 9.

Mo)XHO TIOMHTEepecoBaThCs, KaKhe CBOMCTBA CJIOB PAaClO3HAKTCS C
MOMOIIBI0 KOHEYHbIX aBTOMAaTOB. (OKa3bIBaeTCs, UTO CYLIECTBYeT MPOCTO
OMUCKHIBaeMbIii Ki1acc o0OpasioB, 3ajar0lMii BCe TakuMe CBOWMCTBA - Klacc
Pery/IsipHBIX BEIPOKEHUH.
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[TycTh hMkCHMpOBaH KOHEUHBIN andaBUT [, He Ccogep)Kalid CUMBOJIOB A,

=
2

(, ), * u | (oHM OyOyT MCMOAB30BATHLCS A1 TOCTPOEHUS PEryIsapHBIX

BBIDAKEHUN UM He [JO/DKHBI MepeMelnmBathcsi ¢ OykBamu). PerynspHbie
BBIP@KEHHU S CTPOATCSA MO TAaKUM TpaBUJaM:

4.

5.

Oykea andaBuTa I' - peryisipHOe BhIpaXKeHue;

cumBonbl [\, £ - peryispHbie BhIpaKeHus

e A,B,C, ...,E - peryispHsle BelpaeHus, To (ABC...E) -
PeryisipHOe BLIpaKeHue;

ec/iu A,B,C,...,E - perynapHsie BEIPpAyKEeHHS, TO
(A|BIC|...|E) - peryisipHOe BbIpa)KeHHE;

*
ec/u A - peryispHoe BhlpakeHue, TO A - peryasipHOe BhIpayKeHue.

Kaxkmoe perynsipHoe BEIDa’KeHHE 3a7jlaeT MHOXKeCTBO C/I0B B andaBuTe [° 1o
TaKUM INpaBUIaM:

OykBe COOTBETCTBYeT OJHOJIEMEHTHOE MHOXXeCTBO, COCTOsIlee U3
0iHOOYKBEHHOT0 CI0Ba, COCTOSIIETO U3 3TOW OYKBBbI;

CAMBOJIY £ COOTBeTCTBYeT IIYCTOe MHOXKeCTBO, a CHMBOIy A -
O[JHO3JIEMEHTHOE MHOKeCTBO, €JUHCTBEHHBIM 3JIeMEHTOM KOTOpPOro
SIBJISIETCSA ITYCTOE C/I0BO;

peryisipHoMy BLIp&KeHUK (ABC...E) COOTBeTCTBYeT MHOKECTBO
BCEX CJIOB, KOTOPbIe MOJXHO IIOJIyYWUTh, €C/IM K CJIOBY U3 A TIPUIIMCATh

C/I0BO U3 B, 3aTeM U3 C, . .., 3aTeM U3 k£

PErYIAPDHOMY  BBLIPayKEHHIO (A|IBIC|...|E) COOTBETCTBYET
obBveHeHNE MHOXKEeCTB, COOTBETCTBYHOIIMX BBIP&)KEHUAM
A,B,C,...,E;

PeryIspHOMY  BBIpaXeHHIO A { *} COOTBETCTBYET  HTepaljus

MHOXXeCTBA, COOTBETCTBYHILEr0 BbIPAXKEHUK A, TO eCTb MHOXECTBO
BCEX CJIOB, KOTOPbIE MOXXHO TaK pa3pe3aTb Ha KyCKH, UTO KaKIbIH
KyCOK MPUHAJ/IeKUT MHOXECTBY, COOTBETCTBYIOLLEMY BBIPaXKEHUIO A.

N
(B yacTHOCTH, TyCTOE CJIOBO BCETJA COAEPKUTCA B A )

MHosxecTBa, COOTBETCTBYHOLME perylIsipHbIM BbipakeHuaM, Ha3biBaroTcs
perynsipHbIMU. BOT HeCKO/IbKO TPUMEpOB:
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Bripaskenne MuoxKecTBo
(a|b)* BCe CI0BA U3 OYKB a u b
(an)* CJIOBA M3 9eTHOro 4uciaa GyKB a

(A|a|blaa|ab|ba|bb) Bee cnoBa pnunbr He Gonee 2 u3 GyKE A, b

10.7.5. HamwucaTte perynigpHOe BbIpaKe€HHe, KOTOPOMY COOTBETCTBYET
MHO>KEeCTBO BCeX C/10B U3 OYKB a U b, B KOTOPbIX YMC/I0 OYKB & YeTHO.

Pemenue. BripaxxeHue b* 3amaer Bce croBa 0e3 OykBeI a, a BbIpaKeHUe

(b#ab+ab+) - Bce cr0Ba POBHO C [AByMs oykeamu a. Ocraercs
00beIMHUTEL 3TH MHO)KECTBA, a TOTOM MPUMEHUThL UTepalUI:

( (b ab=abs=)|b+)x*
[ pyroii BapuaHT OTBeTa:
(b absa)=b=

10.7.6. HanucaTh peryisipHOe BbIpa)KeHHe, KOTOpOe 3a/laeT MHO>KEeCTBO BCeX

csioB U3 GYKB (i, 1, ¢, B KOTOPBIX CJIOBO b a C ABSETCS MOJC/IOBOM.

Pewenue. ((ab|c)+ bac (a|b|c)+)

10.7.7. Hanncate perynsipHOe BblpakeHHe, KOTOpoe 3aJaeT MHOJKeCTBO BCeX

csioB U3 6YKB (i, 1, ¢, B KOTOPBIX CJIOBO ba cC He SIBJISETCS MOACTIOBOM.

Ykazanue. JTa 3ajaua CJIOXKHee TPeAbIAyIiel; BUJUMO, CaMbld TPOCTOM
crnocob ee pelMTh - MepPelTH K KOHEUHBIM aBTOMAaTaM U BepHYThCsl 06paTHO
(cm. HUXKe 3apauy 10.7.14.).

Teneps 3amauy o moucke obpasiia B C/I0Be MOXKHO TepedopMyTHpOBaTh TakK:
NpOBEPUTb, MNPUHAJMEKUT /U CAOBO MHOXECTBY, COOTBETCTBYHOIIEMY
[JaHHOMY peryasipHOMY BbIpaKeHHUI0.

10.7.8. Kakue BbIpaKeHUsI COOTBETCTBYIOT obpasiam a?b u ab*cd,
paccmoTpeHHBIM paHee? (B oOpa3sie cumMBOn * HMCHOMB3yeTCs HE B TOM
CMbICJIe, UTO B peryaspHbix BbipaxeHnusix!) Ilpeamnonaraetcs, uto andaBut
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conepxuT Oykebl i1, b, ¢, i, £.
Pemenue.

((afblc|d|e)*a(alblc|d|e)b(alb]c|d]e)*)
((alblc|d|e)*ab(a[b|c|d|e)*cd(alb]c|d|e)*)

10.7.9. [loka3aTb, UTO [IJi1 BCSAKOTO PETYIAPHOIO BBIP&KEHUA MOXKHO
MOCTPOUTE KOHEUHBIA AaBTOMAT, KOTOPBIM pacrio3HaeT COOTBEeTCTBYHOLIEe
TOMY BBIPDa>KEHHI0 MHOXXECTBO CJIOB.

Pemenue. Ham morpebyeTrcsi HOBOe MOHATHE - TIOHATHE WCTOYHUWKA, WU
HeJeTePMUHUPOBAHHOTO  KOHeuHoro aBTomarta. [lpeacraBum  cebe
OpPUEHTHUPOBAHHLIN Trpad - KAPTUHKY U3 HECKOJIBKUX TOueK (BepIMH) |
HEKOTOPBIX CTPEJIOK, COeUHSINMX 3TU TOUKU (pebep). [lycTb Ha HEKOTOPBIX
pebpax HamucaHbl OykBbl (He obs3aTensHO Ha Bcex). [lycTh Takke cpeau
BepumH BeIOpaHbl ABe - HavanbHasi H u koHeunass K. Takas kapTuHKa
Ha3bIBAeTCSI UCTOYHUKOM.

Bynem papuraTtecs pasnuuHbiMu crniocobamu u3 H B K, uuras Oykebl 1o
Jopore (Ha Tex CTpenkax, rie oHW ecTh). Kaxxgomy nytu u3 H B K, Takum
o0pa3oM, COOTBETCTBYeT HEKOTOpPOE CJIOBO. A HCTOYHUKY B LI€I0M
COOTBETCTBYeT MHOJKECTBO CJIOB - TeX C/IOB, KOTOpPble MOXXHO MPOYeCcTb Ha
nyrax u3z HB K.

3ameuanue. EciM HapucoBaTh COCTOSIHMSI KOHEUHOTO aBTOMAaTa B BUJe
TOUEK, a Mepexo/ibl IpU uTeHUuU OyKe U300pa3uTh B BU/E CTPEJIOK, TO CTAHET
SICHO, UTO KOHEUHBI aBTOMAaT - 3TO YaCTHbIM ciyuail uctouHuka. (C
[OTIOJIHUTENBEHBIMYU TpeOoBaHUsIMHU: () Ha BCeX CTPE/IKAX, 3a UCKIIUeHUEeM
Beaynmx B K, ectb OykBbI; (0) ans m000M TOUKM Ha BBIXOAAIMX U3 Hee
CTpesiKax Ka)kjas OykBa BCTpeuaeTcsi pPOBHO OfIUH pa3.)

Mkl GyzieM CTPOMTL KOHEUHBIN aBTOMAT M0 PeryisipHOMY BhIDOXKEHUIO B JBa
npuemMa. CHauana MbI TTIOCTPOUM UCTOYHHUK, KOTOPOMY COOTBETCTBYET TO XKe
caMOe MHOJKeCTBO C/IOB. 3aTeM /Jis NPOU3BOJILHOTO UCTOYHUKA MOCTPOUM
aBTOMAT, KOTOPHIH TIPOBEpSieT, TPUHA/JIeXKUT JTU CJI0BO COOTBETCTBYHOLIEMY
MHOJKECTBY.

10.7.10. Tlo perynsipHOMY BBIp@K€HHIO TTOCTPOUTh UCTOYHHK, 3aJaF0LHK TO
»Ke MHO>KeCTBO.

200



A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Perenue. HH,[[YKL[HH Mo TIOCTPOEHHK PEryiipHOTrO BBIDAKeHHA. B}’KBEIM
COOTBETCTBYHOT l"pElebI H3 O,[[HDFI CTPEJIKH. Oﬁ'bE,ELI/IHEHHE peanmn3yeTcs Tak:

L Hi K1 s,

:-HZ KE‘ -

™% H, Kz«

Hapucorana kapTuHKa At 00beJUHEHUS TPeX MHOKeCTB, MPSIMOYTOJTbHUKH
- 9TO UCTOUYHUKHU, UM COOTBETCTBYIOIIME; yKa3aHbl HaualbHble U KOHEUHbIe
BepumHbl. Ha HOBBIX cTpenkax (ux {j ) OyKB He HamucaHoO.

Konkarten dlIlMH COOTBETCTBYET KaDTHHK4A

Hep+H;, K= » Hy Ky » = H; Kzoe—p= K

HEIKDHEL[, UTepalfiH COOTBETCTBYET KAPTHHKA

H K

A

10.7.11. Han wuctouHuk. [ToCTPOUTH KOHEUHBLIN AaBTOMAT, TPOBEPSIONIMH,
MIPUHAJIEKHUT /M BXOAHOE CJI0BO COOTBETCTBYIOLIEMY MHOXECTBY (TO eCThb
MO>KHO JTU IPOUYecTh 3TO CJIoBo, uas u3 H B K).

Pemmenue. CocTossHUSMH aBTOMaTa OylyT MHO)KeCTBa BepIIMH HMCTOYHHKA.
VIMeHHO, TIpOYTA HEKOTOpOe Hauajlo Y BXOAHOTO CJ0OBA, MBI Oygem
MOMHHUTHL MHO)XECTBO BCeX BepIIMH MCTOYHHUKA, B KOTOpPble MOKHO TIPOUTH
13 Haua/bHOM, IPOYMTAB Ha MyTH CI0BO X .

Tem cambIM 3ajaua pelieHa.
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OKEB]JIBE{ETCH, UTO peryidpHble BbIDAXKE€HHA, dBTOMATbl W HWCTOYHHUKH
pPacCrio3HaKWOT OAHH M Te K€ MHOXeCTBd. UT00OBI }IGE,H'HT]:CH B 3TOM, HadM
OCTaJ/IOCh PEMTh TAKYHO 34/1d4y:

10.7.12. Jan uctouHUK. [loCcTpoUTh peryisipHoe BhIpa)KeHHUe, 3ajaroliiee TO
)K€ MHOXXeCTBO, UTO U 3TOT UCTOYHHUK.

Pemenvie. ITycTh MCTOUHWK UMEET BePUMHLI |, ..., k. Bygem cuutaTs, uTo
1 - 970 Hawano, a j - koHen. Yepes [J); ; . 0603HaUMM MHOXKeCTBO BCex

CJ/IOB, KOTOpBIE MOMHO IIpOYeCTE Ha IIYTH U3 3, B J‘ , eCliIi B KduecTBe
MPOMEXNKYTOUHBIX IMYHKTOB pd3pellaeTcd HCIIO0/JIb30BdTh TOJIBKO BEpPUHIMHEBI

]_, ....5.CornacHo onpeneneHrH, HCTOYHHKY COOTBETCTBYET MHOKECTBO

Bigg.

Uupaykiueit no s Gynem [0Ka3biBaTh PEryIsipHOCTb BCeX MHOXKECTB 1) ;.

npu Bcex ; ¥ ] . Ilpu 5 — () 3TO 04eBUAHO (MPOMEKYTOUHBIE BEPILMHBI
3arpereHbl, O03TOMY KaXK/[0e U3 MHO>KeCTB COCTOUT TOIBKO U3 OyKB).

W3 uero coCcTOUT MHOKeCTBO DE;__;',5+1? OTMEeTHM Ha TIYTH MOMEHTHI, B

KOTOPBIX OH 3aXOAWT B (5 + | | -yto BepumHy. [Ipn 3TOM nyTs pasbusaercs
Ha YacTH, KaXjasg K3 KOTOPbIX yKe He 3axoguT B Hee. [losTomy nerko
c000pasuTh, UTO

Dz'__;-'_s+L =D'.i_j.s.'||:D'i.s+l_.s' Ds+l..s'+1_.sx Ds-l—J..j..s:]

(BOJILHOCThL 3aMMCH: Mbl HCIOMb3YeM /Jis Ofnepanuil HajJl MHOXXeCTBaMu
0003HaueHU s KaK /1S PeryIspPHBIX BeIpa)keHui ). OCTaeTcs BOCIOMB30BAThCA
Npe/noi0XKeHueM UHAYKLHH.

10.7.13. I'me eille UCMOMB3YETCS TO K€ CaMOe pacCyKJeHue?

Oteetr. B anroputme ®moiija BEIUMCIEHUS 1[€HbI KpaTyaillllero MyTH, CM.
nexinio 9 (Pa3Hblie anropyuTMbl Ha Tpadax).

10.7.14. [oxka3aTb, UYTO KIacC MHOXECTB, 3a/laBaeMbIX PperyiapHbBIMHU
BBID@KEHUSIMU, He U3MeHUJICs Obl, eciu OBI MBI pa3pemnmiau UCIOIb30BaTh
He TOMBKO 00beJUHeHHWe, HO U OTpUllaHUe (a C/IeJOBATe/NbHO, WU
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nepeceyeHue - OHO BeIpaXKaeTcst uepe3 00beJUHEHHE U OTPULIAHUE).
Pemenue. /1711 aBTOMaTOB Mepexof, K OTPULIAHUI0 OUeBHU/IEeH.

3ameuanue. Ha mpakTrke Ba)KHYH pPOJIb UTPAEeT UMC/IO COCTOSIHUM aBTOMATA.
Oxa3sbiBaeTcs, 4TO TYT BCe He TaK I[POCTO, M Mepexof OT WMCTOUHHKA K
aBTOMary TpebyeT 3KCIIOHEHI[MalILHOTO pocTa uncia coctosiHui. [logpobuoe
pacCMOTpeHHe CBfA3aHHBIX C ITHM TeOPeTUUYeCKUX U TMPaKTUUeCKHX
BOIPOCOB - fesio ocoboe (cM. kuury Axo, Ynbmana U1 CeTH 0 KOMITUIATOPAX).

10.8. CythcbukcHble fepeBbs

o cux mpo HaumM NporpaMMbl CHavasa rojydanud obpasel], KOTOPEIM Hazo
MCKaTb, @ TOTOM TEKCT, B KOTOPOM HaJ0 MCKaTh. B cieayroupx 3ajauax Bce
HaoboporT.

10.8.1. Tlporpamma monydaeT Ha BXOJ CA0BO Y [AMUHBLI 173 U MOXET €ro
obpabateiBaTh (MoKa 6e3 orpaHWuYeHHWil HAa BpeMs W TaMsTh). 3aTeM OHa
MoJjiyuaeT C0BO X /[JIMHBI 72 M J0/DKHA COOOLUMTB, SIBASIETCS U OHO
noacsioBom ciioBa Y. [Ipu 3ToM uncno onepauuii npu obpaboTke cioBa Y
JO/DKHO ObITh MoOpsiiKa 72 (He TMPEeBOCXOAUTH (1%, Tle KOHCTAHTA ( MOXKET
3aBHCeTh OT pa3Mepa andaButa). Kak HamucaTh Takyro mporpammy?

Pemenue. [loka He Hak/IaALIBAETCS HUKAKUX OTPAHUUYEHUM Ha BpeMs U
namate npu obpabotke Y}, 3TO He mpexacraBnseT Tpyma. ViIMeHHO, HazZo
CKIeUTh BCe TIOAC/IOBA CAOBa Y B JepeBo, 0OBeJUHUB CI0Ba C 0OUMMU
HauajlaMM (KaKk Mbl 3TO [ejlajid, paclo3HaBasd BXOKAEHUSA HeCKOJbKUX
obpasuos). Hanmpumep, anst ¥V — ghabhe TOAYUUTCS Takoe J€pPeBO TOJC/OB
(na pebpe HanucaHa OykBa, KoTopasi 106aB/se€TCA IPU ABMXKEHUHU 110 3TOMY
peOpy; BepUMHBI HaxoAATCS BO B3aMMHO OZHO3HAYHOM COOTBETCTBUU C
MoJCc/J0BaMu cjioBa ¥ ):

C
—

[Tycte Takoe pepeBo moctpoeHo. [locne storo, uurtas cnoBo X cieBa
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
HarpaBo, MbI IPOC/IE)KMBaeM Y B JepeBe, HauaB C KOPHsS; CI0BO Y Oyger
MOJC/IOBOM CJIOBA }, eC/IU TIPU 3TOM MBI He BhIHIeM 3a [pejesbl Jepesa.

3amMeTuM, UTO aHAJIOTMUHAS KOHCTPYKLUS FOAUTCS AJis JIF0O0ro MHOXKecTBa
CJIOB {J, @ He TOJIBKO [J11 MHOXKeCTBa BCeX MOAC/I0B JaHHOrO C/0Ba: [10Cje
TOTO KakK COOTBETCTBYKILEe AepeB0 TMOCTPOEHO, MbI MOXKeM mpo jrboe
cjioBo X omnpefenuTe ero NPUHAAJIEKHOCTE K [/ 3a Bpewms,
npornopuuoHansHoe anuHe Y . (Hago TOnbko JOMOAHUTENBHO XPaHUTL B
BepulMHe JepeBa WHGOPMALMIO, MPUHAJJIEKUT JIA COOTBETCTBYIOLEE e
CJIOBO MHOJECTBY {/ HWIM JIHIL SBJISETCS HayaJoM [Jpyroro cJjosa,
npuHajaexarero J;.)

10.8.2. PeniTh mpejbIAyIIyI0 3a7jauyy C JOTOJHUTENbHBIM OTPDAHUUEHUEM:
00BeM UCITo/Ib3yeMO# MaMsITH MPOTIOPI{MOHAJIEeH JIJIMHEe CJIoBa V.

Pemenue. [IpexxHuil crnoco® He TOAWUTCS: YKUC/IO BepLIMH /lepeBa PaBHO
YN CTy TIOAC/IOB C/I0Ba Y, a Y CJIOBA UITMHBI 773 UMCJIO TIOACIOB MOXeT ObITh

nopagka 2, a He 172.. OHaKO MBI MOXXeM "CKaTb" Halle JepeBo, OCTaBUB
BepUIMHAMU JIMIIL TOUKU BeTBieHUs (rge Oonbiue ogHoro cbiHa). Torma Ha

pebpax epeBa HaJj0 HaNMKCcaTh yke He OYKBbI, a KyCKH CjloBa }.

Bort uTo TOJIYUYHUTCA MMPHU CKATHUH HALEro rnpyuMepa:

abe

Bynem cuutaTh (3geck u paanee), uto nociefHss Oykea cioBa ' Oonbiue B
HeM He BcTpeuaeTcsa. (ODTOro Beerja MOXHO JOCTAYb, JOMNHCAB
JOTIOJTHUTeNBHBIN (UKTUBHBIM cuMmBO.) Torga AMCTBS CKAaTOTO [epeBa
COOTBETCTBYKOT KOHIIaM (JioBa Y, a BHYTPeHHHe BepUMHBl (TOYKU
BETBJIEHUS) - TAaKUM IMOJC/I0OBAM 5 C/J0Ba Y, KOTOpPble BCTpeUawTCsl B}
HECKOJIBKO pa3, U MPUTOM C pa3HbIMU OyKBamu mocsue 5.

Y Ka)K[0W BHYTPeHHel BepIMHbI (He JMCTa) CKATOTo fiepeBa ecTb He MeHee
[JBYX ChIHOBeill. B fepeBmfiXx C TakMMu CBOWCTBAMU UHUCJIO0 BHYTPEHHUX
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BEepUIMH He NPeBOCXOAUT uucia aucTteeB. (B camom gene, mpu JBUXXeHUH
CleBa HAMpaBO B KaXKA0H TOYKe BeTBJIeHUS A00aB/feTCS HOBBIM MYTh K
nucty.) IlockonbKy /NUCTBEB 773, BCero BepumH He Oosee 41, U MBI
VIOKUMCSl B JIMHEHHYIO MO 777 NaMATh, ecid Oygem SKOHOMHO XPaHUTb
noMeTku Ha pebpax. Kakzas Takast moMeTKa sB/sIeTCs TOACI0BOM cjioBa Y,
¥ TIOTOMY JOCTaTOYHO YKa3bIBaTh KOOPJWHATY ee Hauana v KOHIja B }. 3To
He TOMeUlaeT BIOC/IeJCTBUU TPOCAEXKUBATH MPOU3BOJLHOE CIOBO X B
3TOM fepeBe OykBa 3a OykBOW, MPOCTO B HEKOTOPbIE MOMEHTHI MbI Oymem
HaxXOUThLCS BHYTPU pebep (M [O/KHBI IOMHUTBL, BHYTPU Kakoro pebpa u B
KaKo# Mmo3uijuu Mel Haxogumcs). [Ipu nosiBieHuu HOBOM OykBEHI C/TOBA Y ee
HY)KHO CpPaBHUTh C COOTBETCTBYyHOIeH OykBOil momeTku 3TOoro pebpa (Uto

MOXHO cAenartb 3a (J(]) AelcTBMM, TaK KaK KOOPJUHATY 3TON OyKBBI MbI
3HaeM.)

[TocTpoeHHOEe HaMHu CXKaToe [epeBO Ha3bIBAKT CXKaTbiM CYhDPUKCHBIM
nepeBoM } cioBa Y (KOHI[bI C/IOBa Ha3eiBawoT ""cydhdukcamu").

10.8.3. Tloka3aTh, UTO MOCTPOEHUE CXKATOTO CY(PDOUKCHOrO JepeBa MOXXHO

BBITIOJIHUTH 3a Bpems D[: ]nzj C UCI0JIL30BAaHHUEM O[ng) IaMsATH.

Pemenue. Bynem nobaBnste B cyddukcHoe gepero cyddukcel mo ouepegu.
HNobaenenue ouepenHoro cyddukca genaeTcss Tak ke, KaK M TPOBepKa
TIPUHAJJIe)KHOCTU: MBI UMTaeM ero OykBa 3a OyKBOM U MpOK/IaJbpIBaeM MYTh B
nepeBe. B HEKOTOPBIN MOMEHT Jl00aB/isieMblil CyhdUKC BBIAAET 3a Mpeebl
nepepa (HalOMHMM, YTO Mbl CUMTaeM, UTO TMOC/AeAHUN CHUMBOJ C/IOBA
VHUKaJIeH).

Ecnu 310 nmpousoiigeT nocepeauHe pedpa, To pedpo MpUAETCS B 3TOM MecTe
pa3spe3aTte. Pebpo mpeBpaTtuTcs B [Ba, ero romeTKa pa3pexeTcss Ha [Be,
NMOSIBUTCA HOBAasl BeplHa (TOYKAa BETBJIEHHSA) U €@ HOBBIM ChIH-MUCT. Eciu
TOUKA BETBJIEHUS COBMAZET C Y>Ke UMEBIIENCS B [lepeBe, TO y Hee TOSBUTCSA
HOBBIM CBIH-TUCT. B mro6om ciyuae nocsie oOHapy>KeHUsI MeCcTa BeTBJIEHUS

TpeOyercsas (}(1) omepauui i TmepecTpoiikM fJepeBa (B 4aCTHOCTH,
pa3pe3aHye IOMeTKHM Ha /|Be BBIMIOJIHAETCS JIeTKO, TaK KaK IOMeTKU XpaHATCSA
B BH/le KOOPAMHAT Hauasa ¥ KOHIja B cjioBe } ).

lopa3go ©6Oonee cioKHOUM 3ajauell  SIB/ISETCS TOCTPOEHHWE  CXKATOrO
cybdukcHoro aepeea 3a nuHeliHOe Bpemsi (BMeCTO KBaJpaTUYHOTO, Kak B
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npeabiayieid 3agaue). UtoObl u3moKuTh anroput™ MakKpeiiTa, KOTOPBIH
pelaeT 3Ty 3ajauy, HaM MOHaAE0ATCA HEKOTOPBIE TPUTOTOBJIEHHUSI.

Hns nauana onwumem Oosiee MoApoOHO CTPYKTYpy AepeBa, KOTOPOE MBI
HCIIO/Ib3yeM, U OMepaljuu C HUM.

Mgl paccmaTpuBaeM JepeBbs C KOpPHeM, Ha pebpax KOTOpPBIX HamMCaHbI
cnoBa (MOMEeTKH); BCe TTOMEeTKU SIBJISIFOTCA MOAC/I0BaMH HEKOTOPOTO 3apaHee
¢ukcupoBanHoro cioBa Y . [Ipu 3TOM BHIMO/HEHBI TAKWE CBOWCTBA:

® Ka)k/1asi BHYTPEHHsIsSI BePIIMHA UMeeT XOTst Obl JBYX CbIHOBEH;
® nomeTku Ha pebpax, BBIXOASIMX W3 JAHHOW BEpPIIMHBLI, HAUMHAKTCA
Ha pa3Hbie OyKBbI.

Kaxmoli BepumHe 1{/ Takoro JepeBa COOTBETCTBYET CJOBO, KOTOpOe
3anycaHo Ha MYTHU OT KOPH#A ¢ K BepumHe {r. Bynem ob03Hauats 3TO C/10BO

5{v). Obo3Haunm nomeTKy Ha pebpe, BeaymeM K 7, yepe3 [(11], a oTua

BepumHbI 1/ - uepe3 f(v).Torma s(r) — A (mycroe cioBo), a

s(v) = s(f(v)) + i(v),
s 1060 BepUMHEI 1/ # T (3HaK " -} " obo3HauaeT coefuHEHUE CTPOK).

[MTomumo BepumH JepeBa, Mbl Oygem paccMaTpUBaTh TMO3WLIMU B HEM,
KOTOpble MOTYT ObITh PACMONOXKeHbI B BEpIIMHAX, a TakkKe "BHYTpU pebep”
(pazmensii momeTKy 3Toro pebpa Ha paBe uactu). dopmanbHO TOBOpS,

no3uLus npejcTasaser cobon napy (4w, i), [ie 17 - BepimHa (0T1MYHas OT
KOPH$), a J - 1[eJI0e YKC/I0 B TPOMEKYTKE [O, |[(1]]), yxasbiBatouiee, Ha
CKOMBKO OyKB HA/I0 BEPHYTBCA OT {¢ K KOPHIO. 371eCh |E(1H - JIJHHa

nometku [(1v) ; 3HaueHue L — [{v/) cooTBeTcTBOBan0 OBl MpepblAyIeit
BeplMHe U TOTOMY He Jomyckaercs. K umcny nosunuii Mel gobaBisiem

Takke mapy (7, ()}, COOTBeTCTBYIOLHO KOpPHIO jgepeBa. Kaxgoh mosuuuu
p — (v, l;) cooTBeTCTBYeT Cl0BO §(p ), KOTOpOE MO/ydaeTcs yaaneHuem j

MocAeHUX CUMBOJIOB U3 5(1.1 ).

[Tycte I? - mpou3Bo/ibHAs MMO3ULUS B JIepeBe, a iy - cy1oBo. [IpoliTu BAo/b
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i/, HauMHasi C [’, O3HAUaeT HAWTU [PYIyW MO3ULMIO0 {f, AN KOTOPOH

5(9) — S(p:] + 1. Ecnu Takast mo3uius ectsb, TO (IpU OMUCaHHOM criocobe
XpaHeHHUs TOMETOK, KOT[a YKas3bIBalOTCS KOOPJAWHAThl WX Hauajaa U KOHLIA
BHYTPH } ) ee MOXKHO HaWTH 3a BpeMs, NIPOMOPLUOHA/IBHOE /IMHE C/I0Ba
. Eciu Takoil MO3MLIMK HET, TO B KAKOW-TO MOMEHT MBI "CBEPHEM C TyTH "
B 9TOT MOMEHT MOXXHO TIOMOJHUTHL [epeBO, CJelaB OTCYTCTBYHOLIYIO B
JlepeBe 4acTh CJIOBAa i} TIOMETKOM Ha MyTHU K HOBOMY nucTty. Haso Tosbko,
yToOBI 3Ta momeTKa Obina mogcioBoMm cioBa Y (mpu Hamem criocobe
XpaHEHUS] TIOMEeTOK); 3TO OyJeT rapaHTHPOBAHO, €CIH MPOCIeKUBAEMOe
CJIOBO 74 fABJISIETCSA MOACIOBOM C/I0Ba Y.

3amMeTuM, UTO TPH 3TOM MOXeT 00pa3oBaTbCs HOBasi BepHmHa (ecau
pasBuU/IKa OKa3ajsack BHYTpU pebpa), a moxeT u He oOpasoBatbca (ecnu
pa3BUJIKa OKa3anach B BepimHe). Y10 1eMCTBUM TIPU Takol MOAU(PUKAITUU
MPOMOPIMOHANBHO [/IMHE MPOH/JeHHON YacTH CJ10Ba ([/1MHA HeTlpOoiIeHH O
He Ba)KHa).

Oka3bIBaeTcsi, YTO HABUTAL[UI0 B [IePEBE MOXKHO YCKODUTh, €C/IA 3apaHee
M3BECTHO, YTO OHa OyeT ycremmHoii.

10.8.4. ITycTb anst ;aHHOUW MO3UIIUKU [} ¥ CJIOBA 14f 3apaHee U3BECTHO, UTO B

Jepeee ecTb nosuuus §, ana kotopo s(g) — s(p) + w. INokasats, uTo
MO3UIUI0 § MOXXHO HAWTU 3a BpeMs, TIPOTOPLMOHA/TBHOE uuciay pebep
nepeBa Ha nytd oT ! K . (3To uMCI0 MOXKeT ObITh 3HAUMTETLHO MEHbIIe
JUTMHBI CJIOBA 147, €C/IA TIOMETKH Ha pebpax JIMHHBIE, )

Pewenue. B camom gene, mpu HaBUraljuu HY)KHO OPHEHTUPOBATLCS /UL B
BepumHax (Beibupate ucxopsiee pebpo B 3aBUCHMOCTH OT OUepeAHOM
OykBBI); B OCTalbHBIX MeCTaX MYyTh OJHO3HAUHBIH U TOTOMY MOXXHO
CABUTATHLCS CPa3y K KOHITY pebpa.

[Mopeenem urtoru. PaccMoTpeHHBIN cioco® XpaHeHUS [IepeBbEB TM03BOJISET
(m1s1 hbukcupoBaHHOTO CloBa V')

® Co3/1aTh /lepeBo U3 ogHoro kopHs [ (J(1) I;

® HaiiT oTija m0boii BepumHbI (Kpome kopHs) [ (I 1) ];
® y3HATb MOMETKY N1000H BepumMHbl (KPOME KOPHS), TO €CThb MOMETKY
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Befywlero K Hel pebpa [ (1) ];
e mpoiiTu w3 M000W mosuuuu 7 BAoAb mM00OOro cioBa iy, €C/IU
3apaHee HW3BECTHO, UTO MbI He BBIHJEM W3 [epeBa; pe3ylsTaTOM

SIBJISIETCS TI03ULUs {f B AepeBe, /it KOTOPOU 5(@] — 5(:]_1:] +w [0
(uncno pebep Ha yTH)];

¢ 100aBUTHL CJIOBO 14f, HaYaB C MO3UIIMU ]! ; eC/IK TIPA 3TOM CJIOBO 147
AB/ISIeTCA TIOACAOBOM Y}, a B JepeBe HeT MO3WLHUU {f, 1/ KOTOPOH

5(9) — S(p:l -+ 1, TO [JepeBO MeHsIeTCd MW Takasg Iosuuus
co3naercs (oHa OygeTt muctom) [ O (uncio 6ykB B w, He BOMIEUMX B
1(a) I

L4 HAKOHeL, OJid HI~060F0 C/TIOBaA X MO>XHO BBIACHHMTE, Haﬁ,ﬂ,ETEﬂ I B

Aepese nosuuusa G, ans kotopot s(q) — X [ O X|) .

B xBagpatHbIX cko0OKax yKa3aHO YMCJIO [JeHMCTBUN TIPU BLIIOTHEHUU
COOTBETCTBYIOILMX OTeparui.

Eme mb1 Oynem XpaHuTh B BepimMHax gepeBa " cydhdukcHbie cCbiiku " (B
KaKJ0W BepumHe Oyner He OoJjiee ofHOM CCBUIKM Ha JAPYIyIH0 BEPIIMHY), HO
CHauasa HaZo OOBSACHUTE, UTO 3TO TAKOE.

Haunem ¢ monHoro (He okaroro) cypdukcHOro nepeea ajsi cioBa Y.
Kaxmoii ero pepunmHe (KpoMe KOpHSI) OTBeuaeT HEKOTOpPOe HeIycToe
nofcnaoBo cyioBa Y. Eciu MbI oTpekeM y 3TOTO MOAC/I0BA MOCAeJHIOW OyKBY,
TO B [lepeBe CIYCTUMCS Ha OfWH 1Ar K kopHio. Ho uto Oyget, eciu Mel
oTpexkeM TepByt0 OykBy? CHOBa IMOJYYUTCS TOACIOBO, HO OHO YKe Oyzer
COBCEM B JIpYTOM MecCTe JiepeBa.

BoT Kak BHIDIAAAT 3TH Mepexofibl B HailleM MpuMepe (OTpe3aHHe TepBOM
OyKBBI COOTBETCTBYET MYHKTUPHOM CTpeKe):

OTU CcTpesik Mbl OyaeM Ha3biBaTh CYGOUKCHBIMU CChIIKAMU, MOCKOTLKY OHU
COOTBETCTBYIOT Tepexofy OT CI0Ba K ero cypdukcy Ha eJUHULY MeHBIIeH
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gauHbl. OHU onpefiesieHbl AJ151 BCeX BepLIMH, KpOMe KOPHSL.

®opmaneHO MOXKHO CKa3aTh Tak. IlycTh 4 03Hauaet crnoBo i 6e3 mepeoi

bykebl ( ¢ omnpegeneHo ans moboro HenmycToro ciaoBa ). Torga
cybdukcHas ccplka BefeT W3 BepuUMHBI 7 B BepumMHYy {f, ecau

5(@) — 5{:pj’ (HamoMHUM, UTO 5(14 :] - CJIOBO, COOTBETCTBYHOIIee BepILIMHE
)

10.8.5. Kak cBsizaHbl Cyh(pUKCHBIE CCHUTKH ABYX COCEAHUMX BEpIIMH (OTLa U
CbiHA)?

Oteetr. OHM yKa3bIBaKOT HA COCEJHHE BepUIMHEBI, U OyKBa Ha COeJUHSIOLIEM
ux pebpe Ta ke camasi.

10.8.6. [Toka3aTh, UTO MpU Tepexofie K KaToMy CyhhUKCHOMY epeBy CChIIKH
MO-TMpeKHeMy UAYT U3 BepIIMHEI B BepLIMHY (a He BHYTPb pebep).

Pemenue. B camom fene, mo HailleMy MpeArio/ioXKeHUI0 nociaeiHss Oyksa
cnoBa Oonblle B HEM He BCTPevyaeTCs, MO3TOMY W3 JIUCTA CChIKA BeJeT B
JUCT. A eciu BepuMHa (OT/IMYHAs OT KOPHS) AB/ISETCS TOYKOW BETBIEHUS, TO
COOTBETCTBYIOLEe €l C/I0OBO 5 BCTpeuaeTcs C pa3TMuYHbIMU OyKBaMu rociie
Hero. [Ipyrumu cnoBamu, 751 HEKOTOPBIX OYyKB ¢ U h CjloBa s U s5h
ABJIAKOTCS TOfCA0BaMH ¢jioBa Y. OTpe3aB OT HUX MepBYH OYKBY, MOJIyuuM

cnoea g’y W g'h, KOTOpble Takke SABJSIOTCS TIOACAOBAaMH cCjoBa Y,
MO3TOMY U g’ fIB/S€TCS TOUKOI1 BETB/IEHHSL.

Bot uTo monyuuTca g5 Hallero npumepa:

abe R

¥

Tenmepb MbI y)Ke TOTOBBI K W3/0KeHHUIO anroputMa MakKpeiita. C)xkaroe
cydbdukcHOe epeBo CTPOUM TOCTENeHHO, AobaBnsas K Hemy cyhdukcel mo

Mepe yMeHblIeHMSI MX JyuHbL. OOo3Haumm uepe3s Y,  cyddmkc,
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HauuHaoUMiicsa ¢ ; -oi Oyksel cnoBa V. (Takum obpasom, Y| = Y, a Y,
COCTOHUT H3 O,I[HOIjl 6y1'CBbI.) ITocne 3, Haroe rnMoCTpoeHHWA Hallle JepeBo 6}?:[ET

XpaHUTh Y71,..., ¥;-

10.8.7. INoka3aTh, 4To Cy(PhUKCHBIE CCBIJIKM B TakOM JIepeBe OTpe/eneHsl
KOPpPeKTHO (BeJyT B APYIyIO BEPIIMHY TOTO )K€ JepeBa) Ui BCeX BEpPIMH,
KpOMe, BO3MOJXKHO, ToOcCaefHero A00aB/IeHHOTO JUCTA (COOTBETCTBYIOIIErO

cnoBy Y, )u ero orua.

Pemenue. B camom giene, cyddukcHas ccbiika U3 nmucta Y BeJeT B JUCT

Y11, u notomy eii ects kyga Bectn. PaccMOTpUM Teneps BHYTPEHHIOK
BepIMHY 17, He SIBJSIOLIYIOCS OTLIOM MocjaefHero aucra. [lycte B Heil

Pa3BeTB/IAIOTCA ABa MyTH B JIUCTbs Y; u Y. Be3 orpanuuenus o6umocTy

MOXKHO CUMTaTh, uTO j, &k < ¢ (ecnu oguH U3 myrtedl Beder B Y, To ero
MOXXHO 3aMeHWUThb [pYyrUM, BeJb BepLIMHA (! [0 MPeANOJ0KeHHI He
nmoc/aefHss pa3BUAKa Ha 3TOM myTu). OTpe3aB OT 3THUX MyTel TMepBHIM

CHMBOJI, [IOJTy4NM IYTH B JIACTbSL ¥ ;{1 ¥ Y} 4| ; 9TU IyTH NPUCYTCTBYIOT B

nepese (mockoneky |+ 1 m L 4+ 1 He mpeBocxomar j ), a TOuka UX
pa3BUJIKU Oyz1eT KOHI[OM CY(hdOUKCHON CCHIJIKA BEPIIMHBI 7.

CydduxcHbie CCbIIKM il TUCTEEB HaM He TOHAA005TCs, U BHIYMC/IATD MBI
ux He Oygem, a i1 BCeX OCTajJbHBIX BEpIIMH [epeBa Mbl UX Oyzem
BBIUHCJIATE U XpaHUTE. bosiee ToOuHO, rocsie ; IATOB anropuTMa

® B epeBe XpaHATCS c1oBa Y7, ... Y, (v Bce ux Hauana);
® ajapec JMCTa, COOTBETCTBYIOLIErO TMOC/HeAHeMy 00aB/eHHOMY

cyddukcy ( Y ) XxpaHUTCA B TepeMeHHON [gsf ;
® sl BCeX BHYTPEHHUX BepIIMH JepeBa, Kpome, ObITb MOXKET, OTIja

BepPLUMHBI [sf, XPAHUTCS NTPaBUJIbHAs CyQhUKCHAs CCBIIKA.

Hamo moHATBH, Kak TMOAAep)KUBaTb 3TO Mpu JAo0aBieHWH oOuepegHOro

cyddurca. MoxXHO, He MyIPCTBYA 1yKaBo, fAobaBnare Y, +| Oyksa 3a OyKBOiA,
HauWHass C KOpHs [fepeBa. (MIMeHHO Tak Mbl paHbllle W Jefadd, U 3TO
TpebOBano KBapaTUUHOTO BPEMeHHU.)

Kakue TYT BO3MOKHBI OHTHMI‘IBEIL[HH? HEpBaﬁ CBfi3dHa C TeM, 4YTO MBI
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MOXXeM OBHUIdTbCAd I10 JepeBy GLICTPEE, eC/ii 3HaeM, 4TO 3aBeJOMO M3 Hero
He Bin:I,[LEM. BTDpElf[ CBf3dHd C MCITIOJIB30BdHHEM qu)ClJPIKCHBIX CCBIJIOK.

O6a BapuaHTa Npejno/araiwT, UTO OTel| i JHUCTAa [gsf He COBHajiaeT C
kopHem. (Ecnu coBnazaet, Ham npugercs 106aBasth Y| oT kopHs.) [Tycts

tail - TIOMeTKa nucTa [gsf, @ fiead — s(w) ; APYTUMH CIIOBaMH, CJIOBO
head COOTBETCTBYeT BepLLMHE 14 . Torza

Y; = head + tail.
OTtpe3as nepByto OyKBY, TTOJ/TydaemM
Yit1 = head” + tail.

3aMeTuM, 4TO fen’ 3aBEAOMO He BBIXOOUT 3a Mpefensl gepeBa. B camom

fene, 74 OblI0 TOUKOI BeTBJIEHHs, TO3TOMY MIOMHUMO JIMCTa Y, uepe3 TOUKY

1, mpoxoaua u ucT Y ¢ § < i . Torga Y, naumnaercs na fegd, a Y+1

HauUMHAeTCs Ha fieopd ' W YKe ecTb B [lepeBe.

[TosTOMy MBI MOXKeM CHauaja NpoCaeUTh feqd’ (HAalTH MO3ULUIO 1, 7S

KOTOpPO#1 5(1: :] = head' ), @ MOTOM Y)Ke 100aBUTh {4/ , HAUUHAS C 1.

- F/ti‘l»-!ast [¥i]

u\m]

ITepBblit cioco6 ONTUMU3ALUU: fend’ 3aBELOMO eCThb B JiepeBe.

JTa ONTUMM3ALUS HUKAK HE MCIMO/b3yeT CYPUKCHBIX CChUJIOK. BTopoii
crnoco® ONMTHUMM3alMM KMX MCMOJIb3YeT U TO03BOJISET (B TOM CjIydae, KOTja

npuMeHuM) 000MTHCH 63 MNpoCIeXuBaHUsi Y;4| OT KOpHS (Kak
YCKODEHHOTrO, Tak u 00biuHOro). Ilycte Ha nytd K Jaucty [gsf,

npejcrapastomeMy cypdukce Y;, umeercs BepumHa ', Y KOTOPOM

cybdukcHas ccbulka ykasbIBaeT Ha BepUMHY 11, Tak uto s(w) — s{v)’.
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Ilycts }* - cioBO Ha MYTH OT 1} K [asf.
Torma
Y, =s(v)+p Y1 =Y =s(v) +p=s(w)+p,

u pans pobaenenusi Y, .| B gepeBo JAocTatouHo J00aBUTH CI0BO 7,
HauMHas C BePUIMHBIL i}

Bropoii ciocob onTumu3anuy coueTaeTcs C epBbIM: OTPE30K cjoBa ! OT
i’ JO OTLUa JAUCTAa [gsf MOXKHO TIPOXOAWTH C YBEPEHHOCTBK), YTO MBI He
BBII/IEM 3a TIpeJiesibl JiepeBa.

HT&K, MBI MOXXKEM OIIHMCAThb ,[[EﬁCTBPIH, BBIMMOJ/JIHAEMbBIE TIPpH r[[C]ﬁElBJ'IEHHE

ouepeanoro cyhdukca Y1 B gepeso, cneayroupm oGpasom.

%L-Ef" [Visi]
w last [Yi]
v

Bropoii cnocob onTumMu3aluu: 1moJib3yemMcs CyhOUKCHOM CChITKON BepIIMHBI
HA IYTU K [gat.

[lycte wu - oTen JaucCTa [gsf, COOTBETCTBYIOIIETO TOCIAEJHEMY YKe
nobasnennomy cyddukcy Y .

Cnyuaii 1: 94 ecTb kopeHb JepeBa. Torma HM OfHA U3 ONTHUMH3ALUN He

npUMeHUMa, U Mbl jo0aBnsieM Y, . |, HauMHasK OT KOPHSL.

Cnyuaii 2: 14 He eCTb KOPeHb JiepeBa, HO OTel] 1 eCTb KOPeHb ZiepeBa (JIUCT
lnst HaxoguTcsa Ha BeicoTe 2 ). Torma ¥, — head -+ tail, toe head ¥
tgil - TOOMeTKM BepumMH 1. W [gsf. Mbl T[pUMeHsieM TI€pByIO
ONTUMH3ALMI0 U TIPOCIEXKUBAEM fieqd’ C TapaHTHeM [0 HEeKOTOpOH
MO3WIUU =, a NOTOM gobaBnsieM fajl OT = .

Cnyuaii 3: 1/ He eCThb KOPEHb JlepeBa U ero OTel] i’ TakkKe He eCTh KOPeHb
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nepesa. Torma anst 17 umeeTcs CydhdUKCHAsE CCbIZIKA HA HEKOTOPYIO BEPIIMHY
w, 1 s(w) = _5(-;_:]’. [Mycts pmiﬂi.ﬂ - TTOMeTKa BepPUMHBI i, a fail -
nmoMeTKa IUcTa [gsf, Ipu 3ToM Y; — s(v) + pr‘emii + tail v notomy
Kogh = Y; = s{w) + pretail + tail . Ocraerca npocneauts preta:l
OT BEpIIMHbBI {f} C rapaHTHel, MOJYUYUB HEKOTOPYIO TO3WI[UI0 =, a MOTOM
n00aBUTH }j] OT BepIIMHBI = .

Ocraercs emie MOHSATh, KaK MOJJEP>KUBATh CTPYKTYPY CYDPUKCHBIX CCBIIOK
(agpec HOBOTO MMCTa y HAC TOIydaeTcs npu gobasneHun cam coboi, Tak uToO
¢ HUM npobJieM HeT) U OLIeHUTb YUC/IO JAeHCTBUM MPU BBITTOTHEHUU ITHUX
npoLeayp MocjeAoBaTenbHo A1 Beex Cyhdukcos.

Haunem ¢ cyddukcHbix cceiiok. ITo mpaBusaMm OHU [JO/DKHBEI OBITE Y BCEX
BHYTPEHHUX BEpIIMH, KPOMEe OTIja TOJBKO UTO /100aB/€HHOTO JHCTA.

[MosTomy Ham Hazo 3a060TUTHLCS 00 OTIIE MUCTa [sf, COOTBETCTBYIOLIETO Y
(3ToT nUcT mepectanm ObITh 'TOMBKO UTO J00aB/IeHHBIM'; HAMpOTHB,
eUHCTBEHHAs HOBafd BepLIMHA KakK pa3 fAB/fAETCA OTLOM TOJBKO UTO
nobaBneHHOro nuMcTa U B Hell cydduKcHas cCbllKa He HYXKHA). ITO
aKTyaJbHO B C/y4asix 2 U 3, HO B 3TUX C/Iydasx Mo Xofy Aena Obina HaiijeHa
HY)KHasi BepIIMHA 2, Kyga U OyneT HampaByieHa cypduKCHasi CChIKa U3 1 .
CTtporo roeops, = Moria ObITh He BePIIMHOMN, a MO3ULUel, HO TOTja rmocje
nobaByieHUsl OHAa CTaHeT BepPUIMHOW (OTLIOM TOMBKO UTO [J00aB/IEHHOTO
MCTA) - BeJb B HOBOM JiepeBe 1 Y)Ke He SIBJISeTCA OTLOM I0C/eJHero
nucTa, U otoMy cybduKcHas cCblKa U3 14, KaK ObUIO J0Ka3aHO, A0J/DKHA
BeCTH B BepumHy. ([Jpyrumu cnoBamu, B ciay4asx 2 U 3, eC/id MO3ULIUA =

Obls1a BHYTpU pebpa, To B Held pebpo pa3pe3aeTtcsi.)

Bce ckaszaHHOe MOXKHO YC/IOBHO 3dllMCATb B BHAE TdKOIro aJAropuTMd

nobasnenus cydpdurca Y, ¢

{ nepeBo copepxxut cydpdukce! Yyq,...,Y;
s(last)=Y;
MUMEIOTCSI KOPPeKTHbIe CyQpUKCHBIe CCBIIKU /IS BCeX
BHYTPEHHUX BEpPIIMH, KpOMe OTija aucTa last}

u:= orer ucTa last;

tail := momeTKka nucTa last;
Y,=s(u)+tail
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if v=kopens gepesa then begin
| {Yi+1=tail’}
| mtobaBuTs tail, HaurHasK C KOpHS,
| To/MydeHHBIN TUCT TOMECTUTD B last
end else begin}
| v i= oTel] BepPIIMHBI ;
| pretail = moMeTKa BepuUMHBI U;
| {Y;=s(v)+pretail} +tail}
| if v = kopeHb fepeBa then begin
| | {Y;+1=pretail +tail}
| | ipocienuTs pretail U3 KOpHS B Z
| end else begin
| | w = cydduKcHas ccbl/iKa BePIIMHBI V;
|| s(w)=s(v)', Y;;1=s(w)+pretail+tail}
| | mpocneauTs pretail i3 w B z
| end;
| {ocTanoce gobaBuTs tail U3 z U CCHINIKY U3 UB Z}
| if mo3uius z siBsieTcst BepumHoi then begin
| | TOMeCTUTE B U CCBIJIKY Ha Z;
| | mobaBuTH tail, HaunHas C z,
|| TO/MyueHHBIN JIUCT TOMECTUTH B last;
| end else begin
| TobaBuTH tail, HaUnHas c z,
| TOAyuYeHHBIN JIUCT TOMECTUTH B last;
| MTOMEeCTUTH B U CCHIJIKY Ha OTLia JiucTa last;
| end
end;

OcTranock OLEeHHUTE YHMCJI0 ﬂEﬁCTBI‘If‘I, KOTOpbI€ BBINIOJIHAKOTCA IIPpH

nocnegoparensHom  gobasnenum  cydpduxkcos  Yi....,V¥,,. Ilpm
nobaBieHUM KaXK0TO Ce1yioiero cyhpdukca BeIMOJIHSIETCS KOHEUHOe YUCI0
NeNCTBUM, eCcauM He CYUTaTh [JeCTBUHA TpU  '"MPOC/IeXXUBAHUU" U
"nobaBsenuu". Ham Hajg0 ycTaHOBUTb, UuTO 00Illlee 4MC/I0 JeHCTBUM €CTh

((112) ; ANs ITOTO JOCTATOYHO OT/E/BHO /I0KA3aTh, UTO CYMMapHOE UMCIIO
NeHCTBUM MPHU BCeX TPOCIEKUBAHUAX €CTh C}[’-mj U CyMMapHOe 4MCJI0

AeficTBuil npu Beex AoGaBnenusx ectb (J(77z). (3aMeTHM, UTO HEKOTOpbIE
NpocneXuBaHuss uau pgobaBneHuss MOryr ObITb JOATUMH - HO 3TO
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KOMIT@HCUPYeTCs JPYTUMHU. )

[Tpocnexxusanus. [InuTesIbHOCTL POC/IEKUBAHUS [TPOITOPLMOHANbHA YU CTY
J 3a7eiiCTBOBaHHBIX B HeM peDep, HO MpPU ITOM BBICOTA TIOC/IeJHErO
nobaepnenHoro nucta (uncio pebep Ha MyTH K HEMY) YBeJMUMBAeTCs Ha

k — O(1) (mo cpaBHenuo ¢ npeabAyLMM J00aB1eHHBIM THMCTOM). UTOORI
yOeauThCsl B 3TOM, AOCTAaTOUHO 3aMETHTh, UTO B TPETBEM C/Iyuyae BbICOTa

BepUIMHBI S 1)) MOXeT ObITh MEHBLIe BLICOTEI BEPLUIMHBI (1) pa3Be 4To Ha
eMHUL]Y, TTOCKOMBKY CYhdOUKCHBIE CCBIIKA U3 BCeX BePIIMH Ha MyTH K 1/ (He
CUMTas KOPHS, re HeT CyhdUKCHON CChIIKKM) BeYT B BEPUIMHbBI HA MYTH K 14
. [Nockonbky BhICOTa /MOOOrO JMCTa OrpaHUUEHA UMCJIOM 177, 3aK/IHOUaeM,

4TO 001IAsA JIMTebHOCTb BCeX MPOCIeKUBAHUM eCcTb (J( 712 ).

HNobGaBnenus. PaccyxpaeM aHaJIOTHYHO, HO CJIAMM HE 3a BBICOTON
MOC/IeIHEr0 JINCTA, a 3a AJTMHOM ero nmomeTku. [Ipu nobaBnenun cioBa fgq)
(M1 g4l ) uncIo AefiCTBUI MPOMOPLMOHANBHO YKCTY MPOCMOTPEHHBIX
OyKB, HO KaxKaas TpOCMOTpeHHass OykBa (Kpome, OBITb MOJKET, OFHOM)
YMEHBIIAET JJIMHY MTOMETKH XOTs ObI Ha €JUHUI[Y: B TIOMETKE OCTAKTCS JTUIIb
HermpocMoTpeHHbIe OyKBbI (He cunTasi mepBoii). [losToMy Ha Bce gobaBieHus

YXOAUT B 00wielt coxkHOCTH ({772 ) BeACTBUR.

Tem camMbIM MbI [j0Ka3anu, YTO OMMUCAHHBIM ANTOPUTM CTPOUT CKATOE
cydduxcHoe fepeso cnosa Y amuHbl 172 3a (1) geiicteuil. Iocne sToro

ans moboro cnoBa X UIMHBL 73, MOXKHO 3a D‘[’}g) NeUCTBUM BBISICHUTD,
ABJAETCS 1A X TMOAC/IOBOM CjioBa Y.

10.8.8. Kak MoguduIMpoBaTh aJirOPUTM MOCTpPoeHus cydduKkcHOro aepeea,
yTOOBI HE TOJ/ILKO Yy3HABaThb, fIBMASETCSA /M JaHHOE CJIOBO Y TOACIOBOM

cnoBa Y, HO U (eciM sIB/ISeTCs) yKas3blBaTb MeCTO, IJie OHO BCTpeuaercs
(ogHO M3 TakUX MECT, eCcId UX HeCKo/IbKo)? Bpemsi moOCTpoeHUsT [JOJI)KHO

ocraeathest (J(|Y|), Bpemsa noncka nogcnosa - O | X |).

Pemenue. Kaxzaas BepumHa ckaToro CyhdUKCHOTO ZiepeBa COOTBETCTBYET
HEKOTOPOMY MOACAOBY €/10Ba } ; B MOMEHT, KOIJa 5Ta BepumHa Oblia
jobaByeHa B JepeBo, M3BeCTHO, B KakOM MeCTe eCThb Takoe IOACIOBO, M
MOJKHO 3alMcaTh B BeplLIMHe, [[jle COOTBeTCTBYHOLIee NOJC/A0BO KOHYAeTC s,
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10.8.9. Kak moguduiiupoBaTh 3TOT aATOPUTM, UTOOBI /151 KaXKA0TO MOJC/I0Ba
MO>KHO Ob110 OBI YKa3bIBATH €r0 MepBoe (caMoe /IeBOe) BXOXKAeHHe?

Ykazanue. [Ipy BO3HUKHOBEHUHU HOBOM BepLIMHBI HAa peOpe Hy)KHO OpaTh ee
nepBoe BXoXxAeHHe (MHQOpMaLua O KOTOPOM ecTh Ha KOoHLe pebpa), a He
BTOpOe, TOTBKO UTO 0OHapyKeHHoe.

10.8.10. Kak wmopuduiupoBaTb 3TOT anropuT™M, uTOOBI [/ KaXKJOTO
NoAc/I0Ba MOXHO Oblio OBl yKasbiBaThb ero IocjiefHee (camoe Ipasoe)
BXOX/leHue?

Ykazanue. Ecmu npu KakZoM Npoxofie KOPpPeKTUPOBaTh HHGOPMAaIUI0 B/0JIb
nytu, 310 OygeT moaro; ObiCTpee MOCTPOUTHL [€pPeBO, 3aTéM BHOBL €ro
oboliTM W [ KaXKAOW BEepIIMHBI BBIYMCANWTL MOMEHT TIOC/Ie[JHEro
MOSAB/IEHUS COOTBETCTBYIOIIETO MOAC/I0BA.

10.8.11. Kak ucrnosib30BaTh ckatoe cypdukcHoe AepeBo, 4ToObl /151 JAHHOTO

croBa Y 3a Bpema (J(|Y'|) malitu camoe AnMHHOE MOACTIOBO, KOTOpOE
BXOOUT B} OoJsiee omqHOrO pasa?

Pemenue. Takoe MOAC/IOBO SIB/ISIETCS BHYTPeHHeH BepUmMHON cyddukcHOro
JepeBa, MO3TOMY /JOCTAaTOUHO M3 BCeX €ro BEPHIMH B3STh Ty, KOTOPOH
COOTBETCTBYET CaMOe AJWHHOe CJI0OBO. [{/1a 3TOro AocTtatroyHo oboWTH BCe
€ro BepUIMHEI (JUITMHY MOXXHO BBIYMC/IATE MO Mepe 00Xoaa, CKi1afbiBast A TMHEI
MOMeTOK Ha pebpax).

Ha mpakTuke MOXHO WCIOJIB30BaTh Takke M APYrodl Crocob HaxoxaeHus
CamMoro JTUHHOTO MOJC/IOBA, BXOAIIET0 ABaXKbl, - TAK HA3bIBAEMbI MacCUB
cybdukcoB. A umeHHO, Oygem paccMaTpMBaTh YMC/IO ; Kak "kKoa" KOHIIA
CnOBa, HauuvHawIero c ;3 -ou OykBel. BBegem Ha Kojax TOPSAJOK,
COOTBETCTBYIOLIMI JIeKCUKOTpaduueckoMy (C/I0BapHOMY) TTOPSIKY Ha CI0BaxX:
KOJ j TIPeAIIeCTBYeT KOy ] , eC/ld KOHel| C/I0Ba, HAuMHAKUMUCI C j , B
NeKcUKorpaduueckoM Mopsiike UAeT paHbllle KOHI]A CJI0BA, HAYMHAKOMIETOCs C

7 . Tocne 3TOro OTCOPTUPYEM KOAbI B COOTBETCTBUU C ITUM TIOPSIKOM,

MOJIy4uB HEKOTOPYI TepecTaHoBKy maccuBa |, 2. 3. ....m (tme m -
AnuHa ucxonHoro cinoea Y ). Eciu kakoe-To cnoBO Y BXOAUT B CJIOBO }
JBa)KAbl, TO OHO SBJISETCA HayajaoM JABYX KOHL0B cioBa Y. Ilpu atom 3T
KOHLIBI MOXXHO BbIOpAaTh COCEIHUMU B JIeKCMKOTpadUueckoM TIOpsKe,
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IMOCKOJIBKY BCe MPOMEXXYTOUYHBIE C/IOBd TOXX€ HAYHUHAKOTCA Ha X 3HE1'-II/IT,
AOCTATOYHO [Ajid BCeX COCeJHHMX KOHIJOB MOCMOTpPETb, CKOJIBKO Ha4Yad/IbHBIX
ﬁyKB Y HUX COBIIAfdeT, U B3ATb MdKCUMYM.

OToT criocob TpebyeT mMeHble MamsATH (HaM HYXK€H JIUIIL OAWH MACCHUB W3
L|e/IbIX UMCeJl TOW JKe JJIMHBI, YTO UCXOJHOE CIOBO0), HO MOXeT TpeOoBaThb
HonbII0TO0 BpEeMeHH : BO-TIePBBIX, COPTUPOBKA caMa 1o cebe TpebyeT mopsika

mlogm cpaBHeHW, BO-BTODBIX, KaX/I0€ CPABHEHHE MOXKET JIUTHCA
JIOJITO, eC/IM COBTAZAIIMU Kycok Oonemoii. Ho B ciyuasx, Koraa JIMHHBIX
COBIMA/IAKIIMX KyCKOB MAasi0, TAKOW anropuTm paboTaeT HemIoxo.

10.8.12. I[IpuMeHUTL OAWH W3 TAaKUX AJITOPUTMOB K JIIOOMMOW KHUTE U
00BSICHUTE pe3y/ibrar.

Ykazanue. [[nuHHbBIE MOBTOPSIOIIMECS KYCKM MOTYT ObITh Xy0XKeCTBEHHBIM
npueMoM (Kak B HM3BECTHOM CTHILKE MPO [0M, KOTOPbIHA mocTpoun JKek)
WM CeiCcTBUeM 3a0bIBUMBOCTH aBTOpa. /[l COBPEMEHHBIX aBTOPOB
BO3MOXKHO TakKkKe HeyMepeHHOe HCMO0/Ab30BaHUe (YHKIUHA BBIpPe3aHUS U
BCTaBKM (3a/IMBKM TEeKCTa B MbIllb W BBUIMBAHUS W3 MBbIIM, €C/IH
UCMO/B30BaTh rpaduuecknii uHTepdeiic) B TeKCTOBOM pe/lakTope.
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AHams urp

11.1. IIpumepsl urp

11.1.1. Ieoe urpatoT B TaKyrO UTPY: Ha CTOJE JEXKUT (]} COUUYEK; Uurparoipe
10 ouepejyd MOLYT B3iTb OT | [0 | CIHYEK; KTO He MOXeT cefnaTh Xoja
(criyexk He OCTanoCh) - MPOUTrpbiBaeT. KTO BBHIMTPLIBAeT MPU MPAaBUIBHOM
urpe?

Pemenue. BTopoii BeIMIPBIBaET, ecau OyeT AOMOMHATh XOf MEepBOro Ao 5
cnuuek (eciu TepBhiM OepeT OfHY, BTOPOW [JOJDKEH B3Th UeThIpe U Tak
panee). Torga mocje ueTblpex payHJAOB CIIMUeK He OCTaHeTCS U TIepBbIid
TIpOUTrpaerT.

11.1.2. KTo BeIMIpaeT - NePBbIA UM BTOPOU - €C/IK ClIMueK He (), a 23?

Pemenue. [TepBbiii: eciu OH BO3bMET TPU CITUUYKH, TO CTAHET BTOPBIM B yXKe
pa3obpaHHOM UTpe ¥ TOTOMY CMOJKET BBIMTPATh.

AHaANOTMYHO MOAy4YaeTcss OTBeT M I MPOM3BOIBHOrO uKcia cnudek ( J\ ):
ecnu [\ KpaTHO MATH, TO BEIUTPBIBAET BTOPOIl, a €C/IU HET, TO MepBhIi.

11.1.3. V3MeHUM VC/IOBHUSI WIPBI: TMYCTh B3fBIIMK TOCAEAHION CIIHYKY
npourpeiBaeT. KTo Terneps BEIMTPLIBAET NPU MPABUILHOM UTpe?

11.1.4. TlycTe Tereps UTPOKaM pa3peiieHo OpaTtk |, 2 WU < CITUUYKU, a KTO
He MOXXeT CjefaTh XOf, MPOUrpbiBaeT. KTO BHIMIPLIBAET MPU TPaBUILHOM
urpe, eciv BHadane Ob110 ‘2() ciuuek?

Pewienue. 3peck y)ke He Tak IPOCTO Cpa3y yKa3aTh BBIMTPBIIHYIO CTPaTeruio
[71s1 IepBOro uiu Broporo. Haunem ¢ HeboJbIOro unciia cnuvek, n3obpasus
paspeleHHble X04bl B BUje cTpesokK (puc. 11.1.): WUrpok, oka3aBumMiics B
NMo3uLUK (), MTPOUTPBLIBAET (TaKOBBI MpaBUJia), TO3TOMY COOTBETCTBYIOIMIA
KPY)KOK romeTuM OykBoii I1. UITpok, oka3aBumiicsi B Mo3uuusax |, 2 umm o,
BBIUTPBLIBAET, TIOCKOIBKY OH MOKeT 3a0paTb BCe CHHUUYKU U TIepeBeCTH
NpPOTUBHUKA MO CcTpenke B mo3unui (). Ilostomy MBI momeTum 3TH
no3unuu Oykeoit B. Tereps sicHO, UTO MO3ULUS [} SBJISAETCS MPOUTPBILIHOMN:
W3 Hee MOXXHO TOWTHU TOJMBKO B | U 2, U TOLAA NMPOTUBHUK (KaK MBI yxKe
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3HaeM) Beiurpaet. [Tometum ee Oyksoii I1. /lanee 3ameuaem, 4To MO3UIUHU |,
5 u T OyayT BBIUIPBIUIHBIMU (TTOCKOJIBKY M3 HHUX MOXXHO TIOMAacTh B
TIPOMTPBINHYIO A1 IPOTUBHUKA MTO3ULIUKD 4§ ; 3aMeTHM, UTO M3 MO3ULIUH
MOXXHO BBIMTPaTh U OvICTpee, mouas B () ). Temeps BUAHO, UTO mO3uLus fj
IIPOMTIPLINIHASA (BCe CTPEJIKM M3 Hee BefyT B BbIMIPLIIIHEIE /19 TPOTUBHHKA
MO3UL|MHU), & - BBIUIPBIIHAA, {j - IPOUIPHILIHAA U Tak jjanee C IepuogoM 3.

i —— — —— e — —
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Puc. 11.1. Wrpa co cnuukamu

Taxkum 06[]&130]\'1, eC/IM 4YMCI0 CHHYeK JendTcsa Ha [, TO M03HLus

MPOUIPBIIIHAS, €CAW HeT - TO BoUrpbiHasA. [lostomy B wurpe ¢ 2()
CMUYKAMHU TTePBLIA UTPOK BHIUTPHLIBAET.

11.1.5. Kak oH j71 3TOTO AOMXKEH UrpaTh?

Pewenne. CTaBUTL NPOTHBHUKA B TPOUTPBIIHYIO [O3ULIUMID, TO €CThb
cneauTh, yTOOBI MOCTAE ero xoja 4YMC/IO Crudek ObIO KpaTHO TpeM (B

YaCTHOCTH, B HavaJie UTPhI B3Th ! CIIMYKH, UTOOBI OCTanoch & ).

11.1.6. Ha cTone nexat JBe Kyuykd CITUUYEK: B OAHOHW 777, B APYrod 3. 3a
OAVH X0l pa3pelaeTcst B3aTh 000e (HeHYIeBOe) YUCI0 CIHUUEeK, HO TOJIBKO
W3 OIHOM KyuKH (MOXXHO B3SITh BCE CITMUKU B HEH); KTO He MOXXeT C/ie/aThb
X0fl, IpourpeiBaeT. KTo BLIUTPLIBAET MPU MPaBUILHOM Urpe?

. — 2 T - 7
OTBeT:1ipu 777 — 72 BBHIMIPBIBAET BTOPOM, TIPU 172 7= 72 - MEPBbIN.

11.1.7. Ha mlaxmaTHOW JOCKe CTOMT Ja[ibs, KOTOPYH) WIPOKA MO OYEepeau
JIBUTAOT, [IPA 3TOM paspelleHO CABWUraTb ee BJeBO U BHU3 (OCTaB/IATh Ha
MecCTe Hefb3s); KTO He MOJXKeT CJe/laTh Xofl, NpourpsiBaeT. KTo BeIUTPBIBaeT
MpU MPaBUILHON Urpe?

VYkazanue. Kak 3Ta urpa cBsi3aHa C nipefplayinei?

11.1.8. Umeetcs J- kyuek U3 11, - - ., 7oL cnuyek; 3a OAUH XOJ MOXKHO B3fITb
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moboe (HEH}U’IEBOE) YHCIIO CITHYEeK, HO TOJIBKO M3 O,I[HOﬁ Ky4H (MO)KHO BE34ATb
BCe CIIMYKHM B HEﬁ); KTO He MOXeT CAendTb X0, IMPOUIPBIBAET. Kto
BBIUTDEIBAET TIPDH HpaBHHbHOﬁ HTPE?

Pemenue. 3anuuiem uucna 71, -..,7f B JIBOMYHON CHUCTEMe CUMC/IEHUS
Opyr mof APYroM, Kak eciad Obl Mbl cobupanucs ux ckinaabiBate. Eciu B
KOKJOM pa3psge Tpd 3TOM 0Ka3ajock 4YeTHOE YMC/I0 eJUHHL, TO
BBIMTPbIBAeT BTOPOM, B OCTaAbHBIX CIydasix - epBbiid. B camoM gene, eciu
BO BCeX pa3psfax ueTHOE YUC/I0 eJUHHL], TO MOC/Ie YMEHbBIIEHUS OTJHOTO 3
yrces KakoW-TO W3 ero paspsiioB U3MEHUTCS U B 3TOM pa3psje MOoJyduTCs
HEUETHOE YMC/I0 eAUHUILl. (3TO COOTBETCTBYET TOMY, UTO U3 MPOUTPHIIIHOM
no3unuu M000i X0 BeleT B BBIUTPBLILHYID.) Eciu ke B HEKOTOPBIX
("mmoxux") pa3psifax HeYeTHOe YUC/IO0 eJWHHIL], BO3bMEM CTapIIMH TIJIOXOU
paspsii U TO U3 YKMCes, KOTOpOe COAEpP)XUT B ITOM pa3psje eaunHuny. Toraa,
WU3MEHUB B 3TOM 4YMC/Ie BCe TJIOXHEe pa3psibl, MOAYYUM MEHBIee 4HCIo,
KOTOpOe TMOCTaBUT TIPOTUBHUKA B MPOUTPBIILHYKO no3unui. (CM. npaBuia
[71S1 BBIMTPHILIHBIX U TPOUTPBILIHBIX MTO3ULUHN B C/IeYIOLIEM pa3zerne.)

11.1.9. B psag nexaT [\ SIMKOB, B K&KA0M M3 HUX IO MOHeTe. 3a OJUH XO[
WUIPOK MOXXET B3ATh JI00OyI0 MOHeTy uiu ro0bie ABe MOHETBEI U3 COCeIHUX
AIIMKOB; KTO He MOXXeT CZenaTh X0, mpourpeiBaer. KTo BeIMIPbIBaeT MpU
NpaBUILHOUN Urpe?

Pemenue. IlepBrlii: OH J0O/DKeH B3Th OfHY WM JBe MOHETHI B LIEHTpe, a
MOTOM CUMMETPUYHO MOBTOPSTh X0Abl BTOPOTO.

11.2. LleHa urpsl

AHanu3upys Urpsl B NpeAblAylleM pasjese, Mbl MCII0/Ib30Balu CaeAyrolpe
(oueBU/IHBIE) TIPABUIA:

1. Eciu W3 HEKOTOpPOW MO3UIMU ! MOXKHO TOWTHU (TI0 CTpe/ikam) B
HEKOTOPYHO IPOUTPLILHYK (/14 [T0NaBLIero B Hee Urpoka) Mo3ULuio,
TO MO3ULUs ! SBISETCS BHIUIPHIIIHON (/71 MOMABLIEro B Hee).

2. Ecnu  v3 HEKOTOpOW MO3WUMU ! MOXHO TIOHTH TOJIBKO B
BBIMTPBIMIHEIE TTO3ULIUHU, TO TTO3ULUS [ SBJISETCS MPOUTPBIILHOMN.

11.2.1. [loka3aTb, UTO €C/IM YKC/IO TO3WULIMHA B UIPe KOHEUHO, HET IUKIOB

(Henw3sT BEepHYTbCA B OJHAKABI TPOWAEHHYIO TO3UIUID) W TIpO BCe
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
3dKMHOYHUTE/IbHBIE T103MLHUH (me Helb3d COenaTb XDr[[El) H3BECTHO, KTO
BBIMI'PBIBAET, TO IMPdBHJ/Id lu?2 OAHO3Hd4YHO pa36HBaIOT BCe IMO3MIIMH Ha
BBIUTDEBINIHEIE W TTPDOUTPBIIIHEIE.

Pemenue. bynem npuMeHsATh 3TH TIpaBUJIa, MOKa 3TO BO3MOXKHO. SICHO, UTO
HUKakasi To3uiius He OymeT oObsBAeHa OJAHOBPEMEHHO BBIUTPBLIINIHOW U
MPOUTPBINIHON (71 TomaBiero B Hee). Hago aumnm Jokas3aTh, uTO He
OCTaHeTCs "COMHUTENbHBIX" TTO3UIUNA (He OTHeCEHHBIX HU K BBLIUTPBIIIHBIM,
HU K TIPOUTPBINIHBIM). 3aMeTUM, UYTO U3 KaXKJ0H COMHUTE/NbHOW TMO3UIUM
BeJIeT CTpe/Ka XoTs Obl B OJHY COMHMTe/IbHYIO no3unuio. (B camom pene,
eCcMi BCe CTPeJKA BeAyT B HECOMHEHHBIE MO3WIMKM, TO JubO BCe OHH
BBIMTPBIIIHBIE, MMO0 eCTh XOTh OflHA TPOUTPBINIHAS, W MOXXHO ObIIO OBbI
BOCMO/Mb30BaThCsA OAHUM W3 [BYX MpaBWJ/.) 3HAUUT, U/ TO CTpPelKaM B
COMHUTE/bHBbIE TIO3UI[MU, Mbl PAaHO WM TO3AHO TIOJYYUM I[UKI, UYTO
TIPOTUBOPEUUT MPEATI0N0KEHUIO.

11.2.2. ChopmynupoBaTth U A0Ka3aTh aHAJTOTUUHOE YTBEpPXKJEeHue /i WTp,
JOMYCKAIOLMX HUUbH.

Urpel ¢ HUYEHHBIM UCXOZIOM SIBJISFOTCS YaCTHBIMH C/Ty4asiMi KOHEUHBIX UTP C
MOoMHON MHdOpMaIueil U HYIeBOM CYMMOU, pacCMaTPUBAeMBLIX B TEOPUH
urp. YtoObl 3a7laTh TaKyr0 MTPY, HEOOXOMUMO:

1. ykasaTb KOHEYHOe MHOJXKeCTBO, 3JIeMeHThl KOTOPOTO Ha3bIBAKTCS
TIO3ULUSAMHU;

2. Ans KaK[OoW TO3WIUM yKa3aTh, SIBJSIETCS M OHA 3aKIHUUTEeTbHOU
(urpa 3aKOHUEHa) UK HET;

3. oA KaKIoW 3aKIIOUATENbHOM TO3WIUM YKa3aTb pe3ylbTaT WIPEHI
(uMc1o); 3TO UKUCIO MOHMMAETCS KaKk CymMMa [eHer, KOTOPYH OAuH
WUTPOK MJIaTUT PYTOMY;

4. pna KaOKAOW He3aKIHUUTeNIbHOW TMO3WIUM YKa3aTh, KTO U3 UTPOKOB
JO/DKeH fefaTh XOf B ITOW MO3WLIMU M KakWe pa3perieHbl Xofbl (B
Kakue MO3ULUU ITOT UTPOK MOJKET TepeiTH);

5. ykKa3aTb Haua/lbHYIO MO3UL[UI0 UTPHI.

[Tpu sTom Tpebyercsi, yToObI He OBIIO LUKIOB (Heb3s ObIIO BEPHYTHCS B
y)Ke TIPOM/IEHHYIO MTO3UIIMIO TTOC/Ie HECKOJIBKUX XOf[OB ).

[Mo3uuuu urpe! y1oOHO paccMaTpUBaTh Kak BepUMHLI rpada u u3obpakartb
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TOUKAaMH; BO3MOXXHBI€ XOJbl TIPU 3TOM CTaHOBATCS pebpamu rpada u
n3o00paxkarTcs cTpenkamu. VIrpy Mo>XKHO paccMaTpUBAaTh Kak MepeiBUKeHue
¢unmu, obo3Hauaomel TeKYIyHd MO3ULUI0 WIPhI, MO 3Tomy rpady B
KOKJ0W BepIIMHe HalHWCaHO, KTO [0JDKeH fenaTb Xof (ecnmu urpa He
KOHUMJ/IaCh) WU KTO U CKOJIBKO BBIUTPana (ecid urpa KoHuuaace). OgHa U3
BEepPIIMH yKa3aHa KakK HadajbHas MO3UL U,

bynem HaseiBate urpokoB Makc U MHUH M CuyMTaTh, YTO pe3yIbTaT UIPHI
onpefensieT, ckonbko MwuH nnatut Makcy (MotuBupoBka: Makc xouer,
yTOOBI 3TO YKC/I0 OBLIO MaKCUMaNBbHBIM, @ MUH - MUHUMaNbHBIM - a JTydile
BCEr0 OTPHUL|aTe/NbHBIM, MOCKOABKY TOrja OH nonydaeT fgeHwbru!) Kro us
WUTPOKOB [leflaeT MepPBbIH X0, ONpeJiesisieTCd Ha4aIbHOW Mo3uLiieil. 3aMeTumM,
YTO MBI TENephb He Mpejro/iaraeM, YTo UTPOKU XOAAT 110 O4Yepejd: OAUH U TOT
»Ke UTPOK MOJKeT JleJlaTb HeCKOIbKO XOZI0B TIOAPS/,.

(Tem cambiM, HampuMep, B UTPe CO CIUYKAMU KaXKJbld KPY)KOK Ha DUCYHKE
11.1 Temepp TpeBpalllaeTcsi B [Be TO3ULMU: C x0A0M Makca U C Xofom
MuHa.)

Wrpa, B KOTOpOW OAWH W3 UTPOKOB BBLIMIPHLIBAET, a [APYroil MPOUTPHIBAET,
COOTBETCTBYeT 3HaueHUsM -] B 3awiounTensHbIX BepumHax ( 41
O3HauaeT BBIUIPhIII Makca, — ] o03HauaeT BeIMIpHIIT MuHa). Urpel c

HHUYEeHHBbIMHU HCX0AdMH I10JIy4aTCHd, eC/Id IMPUITHCATh 4YHC/I0 ] HUYEHHBIM
MMO3HU I HAM.

Omnpeaenum Ternepsb noHsTHe crpateruu. CtpaTerus ayis Makca (i Muna)
ompeesnsieT, KAK OH J0/DKeH XOAUThb B KaXKJO0W U3 MO3ULUi (T4e Xof 3a HUM);
tdopmanbHO 3TO DyHKIUSA 5, OTIpefie/ieHHasi HA MHOXKeCTBe MO3ULINH, Te Xof
3a HUM. 3HAUEHUSAMH ITOW QYHKIUM SIBJISIOTCS TO3ULIMU, MPA 3TOM XOAbI

JOJDKHBI OBITh JOMYCTUMBIMU, TO €CTh U3 [? B 5( 1) AO/DKHA BECTH CTPEJIKa.

CTpaTernd Takoro THUIA Ha3blBalOT B TEOPUM WIP TMO3ULMOHHBIMHU,
noAuepKuBasi, YTO BeIOOP X0fa 3aBUCHUT NHIb OT TeKylljeld MO3UI[HUA, HO He
OT UCTOPHU UTPHI (KaK MbI B 3Ty MO3ULIMIO nonanu). (Jpyrue ctpateruu Ham
He MOHaJ005TCs, Tak YTO C/IOBO "MO3UIIMOHHAA" MbI OyeM OnyCcKaTh.)

Ecnmu  dukcupoBate crparermu ansi Makca u MwuHa, TO HCXO UTPHI
npejonpeesieH: 3TH CcTpaTeruu O[HO3HAuUHO onpezenstoT
MoCc/eJ0BaTeMbHOCTD MO3uLuii ("mapTuio') U pe3ynsraT Urphl.
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11.2.3. [Joka3zaTb, uTo aAjs aA1000W WUIPbl (; MOXKHO HAWUTH UUCIO ¢ H
crpateruu A u 132 A Makca u MuHa, Ipu KOTOPBIX:

(1) Makc, nonb3ysich cTpaTerueid ], rapaHTUpyeT cebe BHIUTPBIII He MeHee
i, Kak Ol HU urpan MuH;

(2) MuH, nob3yACk CTpaTeruei 17z , rapaHTUPYeT cebe rpourpslil He Hosee
i, KaK 061 HU urpaa Makc.

Yucmo ¢ Ha3bIBAOT LEHOW Wrpel (7. 3aMeTuMm, 4YTO LeHa UIPHI
ompeiensieTCss ofHo3HauHo: u3 ycnosui (1) u (2) cneayet, uto y Makca Her
CTpaTeruy, rapaHTUDPYIOLeH eMy BBIMIPBIII Oosbiie ¢ (MOCKOJBKY OHa He
MOXXET 3TO CAenaTb MPOTUB CTpATeruu 7111 ), @ y MuUHa HeT CTpareruu,
rapaHTUPYIOIIEH eMy MPOUTPHIII MEHBIIE .

s urp ¢ AByMSI UCXOJAMM YTBepXKJeHue 3afauu (Ha3biBaeMoe TeopeMoii
Llepmesio 03HauaeT, YTO POBHO y OJHOTO M3 UTPOKOB UMEETCS BBIMTPHILIHAS
crpaterus. Ecnu paspeumTs U HUYBHM, TO MO0 y OJHOTO W3 UTPOKOB €CThb
BBIUTPBIIIHAS CTpaTerusi, 1Mbo y ob0MX ecTb CTparerusi, rapaHTUpPYrOLas
HUYBIHO.

Pewenue. [Iycts 7 - mpou3BonbHas nNo3uLus Urpel (5 . PaccMoTpum urpy

(+,, ¥oTOpas OTAM4YaeTCs OT (, JMIIb HAaYalbHOW TO3WI[Med, M 3Ta
HavanbHas nosuuus ects 7. (Ecnu P - 3akiiounTenbHasi BepimMHa, TO Urpa

GF‘ TPHUBHA/IbHA: UI'Pd KOHYdETCHd, HE HAYdBUIMCbh, 1 UTI'PDOKaAM COOGH.[&ETCF[

pesynsTat urpbl.) Kak mbl cefiuac ysuaum, neny urpsl (=, (kak GyHKIUIO OT
' ) MOXHO OINpeJeTuTh PEKYPCUBHO, HauyWHasi C 3aKTHUUTETbHBIX
MMO3ULIAH,

Bonee TouHO, paccMOTpUM CleAyrOIlee PeKypCUBHOe Ofpee/ieHHe
HeKOTOpoi yHKI[UU ¢, OMpeJie/IeHHOM Ha BepimHax rpada:

® ¢(p) paBHO BhIMTIPBILY Makca (=npourpsinly Muna) B nosuuuu 7,
ec/id Mo3uLus |7 ABSIeTCS 3aK/THYNTeTbHOM;

e c[p) = 'T?EG;E{C(PF:'} , ecmi B BepumHe [? xoauT Makc; MakCHMym

Gepercsi o BCeM BepumMHaM ' , B KOTOpble Makc MoXeT moiitu u3 2
110 IpaBU/aM UTPHI;
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. I . . r M .
q-pj — -mgn{qp )} , el B BepumMHe ' xoauT MWH; MUHUMYM

Gepercs 0 BceM BepumHaM 1, B KOTOpble MUH MOXeT MOHTH U3 J?
110 MPaBUIaM UTPBL.

Jlemma. DTO ompefie/ieHHe KOPPEKTHO: CYIIECTBYeT U eJUHCTBeHHa (QyHKLUS
¢ (aprymeHTHl - BepuMHEI rpada, 3HAUeHUs - UKC/A), YIOBJETBOPSIOIIAS
yKa3aHHBIM TpeboBaHUsAM.

[oka3zatenscTBo eMMbl. HazoBem paHrom BepumMHBI MakKCMMaJbHOE UHUCIO
XO[IOB, KOTOPO€ MOXXHO CJleflaTh M3 95TOM BepPUMHBL. [lOCKO/BKY IO
MpPeATION0KEeHHUIO B UTPe HeT LUK/IOB, TO PaHT /000 BepumHbI He 60biie
yrcia BepumH. JlokakeM WHAYKIUeM TI0 Jj;, 4YTO CYIIeCTBYeT W
eAVHCTBeHHA QYHKLUA ¢, OTIpeJesieHHas Ha BeplIMHax paHra He Oosblie J:
U YOOB/IETBOPSIIOIASL peKypCUBHOMY omnpefeneHuto. [na [ — () 3T0
oueBuaHO. llar HHAYKIIUM KMCO/IB3YeT Takoe (OUeBHAHOE) 3aMedyaHue: eciu

13 BEpPLUMHBI |7 MOXHO CJle/laTh XOf, B BepIIMHY p’, TO paHT BepLIMHBI p’
MeHblle paHra BepumHbl ['. [losTomy pexkypcuBHOe omnpejeneHue
OAHO3HAuUHO 3aJjaeT 3HaueHUs Ha BepLIMHAX paHra J-, eCAu U3BeCTHBI
3HaueHMs Ha BeplIMHaX MeHbIIMX paHros. JleMMa foka3aHa.

Ocranoce [0Kas3aTe, uTO 3HaueHWe ¢(p) sBAseTCs ueHoW wurpel (i,
Paccmotpum  cnepyionlyro  (MO3MIMOHHYK) cTpaTerMio Jas Makca: u3

BepUMHBl [} XOAUTb B Ty BEePUMHY @', Ans KOTOpO# 3HaueHue c(p')
MakcuManbHO (M paBHO ¢(p) ). Ecim Makc cieayeT 3Tol CTpaTeruu, TO

HE3aBUCUMO OT XO[0B MuHa 3HaueHue () /A/isl TEKyled BepUmMHbl  He
yObIBaeT B xo7e Urphl (nMpu xogax MuHa oHO yObIBaTb BOOOIIE HE MOJXKET,
npu xofgax Makca oHO He yObIBaeT M0 MOCTPOEHHK cTpaTeruu). Tem cambiM

B BepumMHe [? Makcy rapaHTHPOBaH BBIMIDPBLIII HE MeHbIIEe ¢ ().
AHanornuHelM 00pasom, ecnu MuH X0gUT B Ty BepumHy ¢, Ife
JOCTUTaeTcsi MUHUMYM c(-p”] (paBHBIM () ), TO 3Ha4eHHe (g ) He

BO3pacTaeT B X0fle UTPbl U TOTOMY MuH npourpeiBaet He Gonee ¢(p).
Teopema Llepmeno gokasana.

11.2.4. WUrpa B KpPeCTUKM-HOJMKK COCTOUT B CJIeAyIOIIeM: Ha OO/bIIOM
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KBaJJpAaTHOM I10JI€ ABd UTPDOKAd 10 oUepeld CTABAT KPeCTHKH U HOJIMKH B elje
He 3aHAThbIe KIeTKH (Ha‘-IHHElI-OT KPECTI‘IKPI). BbII/I['prBElET TOT, KTO TI€pPBLIM
MOCTABUT IIATE CBOWX 3HAKOB IT1OAPAN (HD BEPTHKA/IK, TOPDHU30HTAIH HWJIH
,I[HEH"DHEU'[H). Ecnu Bce moje 3dlMOJIHEHO, 4 TAKOr0 He CIYy4YHJIOCh, TMapTHA
CUMTAETCI HHUYCHHOMH. ,[[01(&33%, yTO Yy KpeCTHKOB eCTb CTpaTerus,
rapaHTUPYHOIIad KM HHYbBHO HJIM BBIWIDBIIIL

Pewenne. Comacno teopeme llepMenio, B MPOTUBHOM (CJlydyae y HOJIMKOB
eCTb CTpaTerus, rapaHTUpPYyHOU@s UM BbIUTpbILIL [loKa)keM, UTO KpeCTHUKU
MOTYT UCTI0JIB30BATh T10 CYILECTBY TY ’Ke CTpaTeryto, 3abbIB 0 CBOeM MepBOM
xofie. A UME@HHO, TipeAcTaBUM cebe, UTO KPeCTUKH [1eIal0T NMPOU3BOIbHbIM
nepBbid Xof (KapaH/ailloM), a 3aTeéM OTBeYaroT (YepHU/IAMH) Ha XO[bl
HOJIMKOB T10 BBIMTPBILIHOM CTpaTervu [ijisi HOJUKOB (CUMTasi X0[bl HOJUKOB
KpecTHKaMu U 3a0bIB O CBOeM MepBOM xofe).

MoykeT nu MpU 3TOM MepBbIM XoA TNomewaTb? MoXKeT, eciu cTpaTerus
VKa3bIBaeT Kak pa3 Ha Ty KIETKY, I[le y)Ke CTOUT KapaH/allHbIi KpecTuK. B
3TOM C/y4ae HaA0 KapaHJAIHBIA KPeCTUK OOBeCcTH uepHUIAMH, a
KapaHJaloM cfenatb xof B o0y cBobopHyro wietky. Eciu cBobogHbIX
KIeTOK HeT, TO MO3UL|Usl COOTBETCTBYeT (C TOUHOCTBIO A0 3aMeHbl KPeCTHUKOB
Ha HOJMKU) 3aKIHUUATEIBHOM TI03ULIMKA B BBIUTPBIIIHOW TapTUM /s
HOJIMKOB, U TIOTOMY SIBJISIETCS] BBIUTPBIILHOMN.

Kpome Toro, urpa MoxKeT KOHUMTHLCS PaHbIE BPEMEeHHU, eC/TU KapaHJAIHbIHI
KpPecTHK 00pa3yeT BBIUIPHILIHBIA P C YePHUIBHBIMU - HO 3TO HaM TOJIBKO
JyulLe.

Takum oOpa3om, MBI [0Ka3a/M, YTO €CAU Y HOJIUKOB €CThb BBIMIPHILIHAS
CcTpaTerusi, TO U y KPeCTUKOB €CTh BBLIMIPBILLHAS CTpPAaTerusl - U eciud JaTh
9THM CTpaTerusiM Urpathb APYr NPOTUB [Ipyra, MOJYUYUTCS IPOTUBOpeUMe.

11.2.5. [loka3atb, uTO 1jeHa a1000W WUrpbl paBHaA BBLIUTPHINY B OAHOW U3
3aK/IFOUMTE/IbHBIX BEPIIMH.

11.2.6. Tlokazatb, uto Teopema llepmesio BbITEKaeT K3 CBOEro 4YaCTHOTO
cny4dasi Urp C AByMs MCX0ZlaMU (BBIMIPBILI ITIEPBOTO U BTOPOTO).

Ykazanue. [lns kaxporo ¢ OygeM cuuTaTe BBIATPHILI MEHBILIE (7
MIpOUTpBIIIeM, a 6o/bllie ¢ - BHIUTPBIIIEM.
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11.2.7. TlycThb jaHa HeKOTOpas Urpa (, . BeibepeM ofiHY M3 3aKTHOUUTE/TbHBIX
BepUIMH U OyjeM MeHSATb BBEIUTPHILI B 3TOM BepIIMHE: TIOJI0KUB €r0 PaBHBIM

¢, TIOJIyYUM UTPY G[C]- PaccMoTpuM 11eHy 3TOi UTPhl Kak QyHKIIUIO OT .
Yo 3TO MOXKeT ObITh 3a PyHKIIUS?

OTBeET. 11€Ha UTPHI G[c] paBHa OmKaliiel K ¢ TOUKe HeKOTOPOro OTpe3Ka

[a| bl (3aBuCALLero OT UIPHI (4 ).

Bor ewje ogun npumep urpel, rje Teopema llepmeno mo3BossieT AoKa3aThb
CYIL]eCTBOBAHUE BBIUTPBIIIHON CTPAaTeTHU [Jis MEPBOTO UrPOKa. JTa WUrpa
Ha3BaHa B kHurax M. 'apanepa ("MaremaTtuueckue gocyru', M.: Mup, 1972;
" MaTemaTHueCKHe TOJTOBOMOMKA W pasBieueHus’, M.: Mup, 1971) urpoi
leiina unu "6pumKk-uT". PacCMOTPUM TIPSAMOYTOMBHYIO CeTh U3 MYHKTUPHBIX

JMMHUHA BBICOTHI 77 YU WIMPUHBI 73 + | (puc. 11.2.);
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Puc. 11.2. Wrpa l'eiina

BEepIUIMHBI CEeTU COeJUHEHBbI MYHKTUPHBIMU OTpe3KamH UIHHBL | . [lepBerii
WUIPOK KaXKABIM CBOMM X0ZoM OOBOAMT (CIJIOHOW JIMHUEH) OJUH U3
otpe3koB. Ero 3asaua - coOeJUHUTH CIJIOIHBIMU JTUHUSMHU JIEBYIO U TIPaBYHO
CTOPOHBI TIPSMOYrOJbLHUKA. 3ajjaua BTOPOTO MIPOKa - €My T[OMellaTh;
KOKABIM CBOMM XOZOM OH CTHpaeT OJWH W3 OTPe3KOB (/UIas TepBOro
BO3MOJKHOCTH BIIOC/eACTBUM ero oOBectu). Mrpa 3akaHUMBaeTCs, Korja Bce
oTpe3ku 00Be/IeHBl U/IA CTEPThI; ME€PBLINA BLIUTPA/, €C/H TP 3TOM JieBas U
rpaBasi CTOPOHBI MPSIMOYTOJTbBHUKA COeIMHEHBEI.

11.2.8. Wcnonws3ys Teopemy Llepmesno, qoKa3aTh, UTO MEPBbIM UIPOK UMEET
BBIMTPBILHYI CTPAaTeTHI0.

Ykazanue. Urpy MOXKHO MpeAcTaBUTH B Oojiee CUMMETPUUHOM BHUJE, €C/H
226




A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
n00aBUTH CeTKy Ajsi BTOporo wurpoka (puc. 11.3.) ¥ cuuTarh, 4TO BTOPOU
XO4eT COeIMHUTHL BEPXHIOK M HH)KHIOK CTOPOHBI CBOEH CETKH, a JIMHUSIM
IIepBOro U BTOPOr0 UIPOKOB 3alpeleHo repecekaTbCsl (TeM CaMbIM IIpoBeJs
CBOK JIMHUK, BTOPOW WMIPOK KakK Obl CTHpaeT MepeceKamwllyld ee JUHUI0
nepeoro). Ecnmu wurpa 3akoHumnack (B KaK[OW BO3MOXKHOM TOUKe
repeceuyeHusl NpoBeJleHa BePTUKAaAbHasA WM TOPU30HTAlbHAasA JMHHA), TO
POBHO OfINH W3 WUTPOKOB BBIUTPAJI: MOXKHO MPOWTH MO JTUHUSM WU CIeBa
HalpaBo, MWIA CBepXy BHHU3, HO He OJHOBPeMeHHO. AKKypaTHOe
[0Ka3aTenbCTBO 3TOT0 HWHTYUTUBHO SICHOTO TOMOJOTHYECKOro ¢akTa,
BIIPOYEM, He Tak IIpOCTO.
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Puc. 11.3. Wrpa lefina, CAMMETPUYHBIA BapUaHT

Kak numer Tapguep, Knox IllenHoHn (co3marens Teopuu WHGOpMaljuu)
MIpUAYMan [/ 3TOW UTPhl THOOONBITHYIO "h13UUecKyro' cTpaTeruto, KoTopas
nerko obobmpercs Ha mw00Oyo ceth smHME. [IpeacraBum cebe, uTo BCe
CTOPOHBI BCeX KJIETOK CeTH (/i1 TepBOTO WMIPOKA) TMpeACTaBJsiOT coboil
pe3uCTOpbl OJMHAKOBOTO COTIPOTUBJIEHUS, KPOME JIeBOil U TMpaBOil CTOPOH
NPAMOYrObHUKA, KOTOPble C/e/laHbl U3 MPOBOJAA HYI€BOT0 CONPOTUB/IEHUS.
[TepBbIii UITPOK CBOMM XO[I0OM 3aKOPAuMBAaeT 3TH COMPOTHUBIEHUS, a BTOPOU
UTPOK pa3pbiBaeT ux (genaer GeckoHeuHblMH). CTpaTerusi MepBoro Urpoka
COCTOUT B TOM, UTO HA/0 TOAKTIOUATE HAMPsDKeHUe MeXY TeBOU U TPaBOM
CTOPDOHaMHM  TPAMOYTOJIbHWKA, W  3akopauuMBaTh  (00BOAUTB)  TO
COTIPOTUBJIEHHE, Yepe3 KOTOpOe HeT MAaKCMMalbHBIA TOK (M/IA, UTO TO JKe
camoe, Ha KOTOPOM magaeT HauOosbIIasi pa3HOCTb TNOTeHUUanoB). Ecam
TaKUX COMPOTHUBJIEHUH OKAa3al0Ch HECKOJBKO, MOXKHO 3akopauyMBaTh Jir0Ooe
u3 Hux.M3 xuur I'apgHepa He sCHO, ABAsIETCA JM 93Ta CTpaTerus
BBIMTPBIIHOW. 3aTo TaM TpHUBeJeHa siBHAs BBIMIPBIIHAA CTpaTerys (CO
ccoinkoi Ha O. I'pocca). UToObl 00BSICHUTE ee, OygeM CcuMTaTh, UTO 1[€/IbIH0
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
TepBOro UTPOKa SIB/ISIETCS He 1aTh BTOPOMY COeJUHUTL Bepx U HUu3. (MsI yxe
JIIOMHUHANIM, UTO 3Ta IjeJib paBHOCU/JIbHA uCXofHOW.) HauanbHbll X0f
MepBOro Urpoka rokasad Ha puc. 11.4.; 9TOT Xof 3ampelaetT ofHO u3 pebep
BTOpPOro Wrpoka. Pa3menum ocranbHble peOpa BTOPOro WUrpoKa Ha Iaphl
COCeIHUX, KaK MOKa3aHO Ha TOM >Ke pUCyHKe. [lepBrIil UTPOK MpensTCTByeT
BTOPOMY TIpoBecTH 00a peOpa Kakoii-1100 mapel: ecii BTOPOil MPOBE OJHO
u3 pebep mapwl, MepBbIii He JaeT TPOBECTH BTOpPoe pedpo 3ToM maphl
(mpoBefsi epecekarolee ero ceoe pedbpo).
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Puc. 11.4. Wrpa l'eitna: BEIUTPBILIHAS CTPATeTUs

Crnenyroias 3a/iaua MoOKa3bIBaeT, YTO 3Ta CTPATErus SBJSETCS BLIMTPBIIIHON
(mepBbIii UIPOK HEe [JaeT BTOPOMY COeAMHWUTb BepX W HU3 U TMOTOMY
COeIUHSIET JIEBYK0 U TPABYI) CTOPOHBI).

11.2.9. [oxka3ath, uro /AH00O0W NyTh MO JUHUAM TIYHKTUPHOH CETKH,
COeIMHAIOIMI BepX MU HU3 pucyHka 11.4., oOsi3aTeslbHO MOKPBIBAeT [Ba
peOpa ofHOH mapel.

Pemenue. [17151 SICHOCTH OCTaBUM HA PUCYHKe TOJIbKO MYHKTHUPHBIE TMHUU U
COOTBETCTByIOLMe BepimHbl (puc. 11.5.). OTmeTtum cepyio 006/1aCTh, Kak
MOKa3aHO Ha PUCYHKe; TeM caMblM peOpa Jensitcs Ha cepele u Oensble.
[peanonokum, yTo UMEeTCs TyTh CHU3Y BBEPX, KOTOPhIN He MOKPHIBAET HU
ofHOU napel pebep. M0)XHO CUMTATh, UTO ITOT MYTh
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Puc. 11.5. Wrpa lefina: aHa/mu3 BBIMTPBIIIHOW CTPaTeTUH

He TIPOXOJUT ABaXKAbI uepe3 ofHy BeplMHy (BbiOpocum nukib). Kakabiii
ar Ha 3TOM MNYTH MOXXET OTHOCUTHCS K OAHOM M3 BOCBMU KaTerOpPHid:
ueThIpe HampaB/eHus (CeBep, BOCTOK, 0T U 3amafi) KOMOMHUPYIOTCS C ABYMS
uBeramu (ceppiM u OGenbim). Kak BUAHO W3 PHUCYHKA, NYTh J0J/DKEH
HauMHATbCsl C CEepOoro Iiara Ha CeBep, a 3aKaHUMBAThCsl OesbIM IIATOM Ha
ceep.lloka)keM, UTO 3TO HEBO3MOXKHO B CHJIY HAIMX OTPAaHUUCHUU (HEeb3si
MCI0/b30BaTh /1IBa pebpa OfHOMN Tapbl ¥ HeJb3s BaXK/]bl NPOXOJUTH uepe3
ofHy BepumHy). YUTo, K MpuUMepy, MOXeT C/leJOBaTh 3a CEepPbIM IIATOM Ha
ceBep? Elile ofiuH cepeii 1Iar Ha CceBep, Cepbli Iar Ha 3amnaj Ui Oenblid mar
Ha BOCTOK. 32 CepbIM IIaroM Ha 3aria/i MOXKeT C/IeZIoBaTh CephbIi LIar Ha 3amaf
WM cepblii miar Ha cepep. Pa3bupasi moouepegHO BCe BapUaHThBI, JIETKO
yOeuThCs,, UTO MYTh, HAUaBIIMCh CEPbIM IIATOM Ha CeBep, HUKOIJa He
BBIW/IET (€C/TM He HaPYILIMT MPaBMJI) 3a MPe/iesibl MHOXKeCTBA

{cepniif mar Ha cesBep, cepblil Al HA 38114/1,
Genwlil AT HA BOCTOK, Genslil mar Ha for}.

[TosTomy Genblii ar Ha ceBep (KOTOPBIA I0/DKEH ObITh TIOC/TEHUM B TTYTH)
HEBO3MOJKeH, ¥ MbI [J0Ka3ajld, UYTO BEPX ¥ HWU3 PUCYHKA HE/b3sl COeJUHUTD
MyTeM, He MPOXOAAINIM IO AByM pebpamM OfiHO# maphbl.

11.2.10. /Ioe urparoT Ha OeCKOHe4YHOW KieT4aTou Oymare, 1Mo ouepeu
00BO/Is KpaCHBIM U CMHUM CTODOHBI KJIETOK (3a OAUH XOf MOXKHO 00OBecTu
OIHYy CTOpPOHY 060 KJIeTKH, ecu OHa eie He obOBexeHa). [JokasaTb, uTO
BTOPOI MOXXET BOCIPEeNSTCTBOBATh MEePBOMY MOCTPOUTh 3aMKHYTBIN MYTh U3
JIUHUI CBOETO LIBeTa.
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Ykazanue. OH MOXKeT ITOMeNIaTh [MepeoMYy, HalipUMep, MOBEePHYTL C 3allajd
Ha ceBep, pa36HB BCe CTOPOHBI KJ/IeTOK HAa IdpPbl U He [ddBafd IMTOKPBITH oba
4UjleHd IT1dp5bI.

11.2.11. ([Ins 3HaKOMBIX C Teopuei BeposiTHocTel) Ha mosie anst urpsel [eiina

(puc. 11.2.) Kakas U3 MYHKTUPHBIX TMHUNA 00BeleHa C BePOSTHOCTBIO 1;*2
HE3aBUCUMO OT JApyrux. /lokas3aTe, 4YTO MyTh OT /IeBOW /10 TIPaBOA CTOPOHBI

(o oOBeeHHBIM JIMHUSAM) CYIIIECTBYET C BEPOSATHOCThIO 1};‘2.

11.3. Belunc/ieHue 1jeHbI: TT0J/IHBIM 00X0/

Kak BujgHO u3 [Joka3zarenbCTBa Teopemsbl llepmeno, a8 HaxoXAeHUS
ONITUMAJILHOW CTPaTernu AOCTATOYHO YMETh BBIUUC/IATE LeHbI BCEX BEPIIMH.
B sTOoM pa3gene Mbl pacCMOTPUM CJly4yai, KOTjja MO3ULIMU UTPHI 00pasyroT
gepeBo (Begyume BBepx pebOpa [gepeBa COOTBETCTBYIOT BO3MOXXHBIM B
JaHHOM TO3ULUM XOflaM) U TIOKakeM, Kak MPUMEHUTh Nporpammy obxoza

JepeBa (nekius 3).

HanmomHuM, uto Mbl paccMatpuBaiud Po6oTa, KOTOPBIM B KaXKAblH MOMEHT
HaxO[JUTCSl B OJHOWM W3 BepPLIMH /lepeBa M YMeeT BbIMOTHSATE KOMAH/IbI
BBEpPX Halepo, Bnpaso UM sHKU3. Pob0T HaunHaerT paboTy B KOpHe
JepeBa (poJjib KOTOPOTO Terepb UrpaeT HauaabHasi MO3ULIUS UTPhI). PaHbiie
Pobot ymen eme obpabaThiBaTh BEpPIIMHBI; Telepb Mbl MPEANOIaraeM, uTo
OH MOJKET OTIPeJe/IUTh T¥ 1 TEKYIlled BepimMHbl (OAMH U3 TPeX: max, min u
final, UTO COOTBETCTBYeT BepiHaM Makca, MUHa U 3aK/IHOUMTe/IbHbIM) U
MOJKET OTMPeJe/NuTh CTOMMOCTE TEeKyL|eld BepUMHbI, eC/Id OHAa SBJISeTCS
3aKTHOUUTeTbHOM.

11.3.1. HanucaTe mporpaMmy, KOTopasi yrpaB/jsgeT PoOOTOM u BBIUHC/SIET
L|eHY UTPBHI.

Pemenue. Hanuiem peKypCUBHYIO TIPOLIeAypPy, KOTOpasi, HAYaB C HEKOTOPOU
BepUIMHBI, OOXOOUT TOAJEpeBO 3TOil BepuUmMHBI, Bo3Bpam@aer Pobora Ha
MeCTO U CO00IIAeT LeHy BepIMHEI (Te OHAa Haya/la U KOHYKIA):

procedure find_cost (var c: integer)
| var x: integer;
begin
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| if Tum = final then begin
| | c:= cToumoCT®h;
| end else if Turm = max then begin
| | BBEpX_Ha/eBO;
| | find_cost (c);
| | {c = MakcMMyM 11€H TeKylleil BepImMHbI U OpaTheB C/ieBa}
| | while ectb_crnipaBa do begin
| || BrpaBo;
| || find_cost (x);
||| c == max (c,x);
| | end;
| | {c=11eHa BepUMHBI N0/ TEKYILEH }
| | BHU3;
| end else begin {Tun = muH}
|| ...aHAMOrUuUHO C 3aMeHO¥ max(c,X) Ha min(c,X)
| end;
end;

MpeI TIo/1b3yeMcst TeM, YTO yV BEPIIMH TUMA max U min ecTb XOTs Obl ofuH
CblH (BepumMHBI 0e3 CbIHOBe#l [JO/DKHBI OBbITh 3aKIHOUWUTENBHBIMU, U MBI
npejnonaraeM, YTo OHU OTHECeH®I K Tuny final).

11.3.2. Hanucate HepeKypCUBHYIO NIPOrpPaMMY [/ BEIYMC/IEHUSA LeHbl UIPHI
(3agaHHOM J1epeBoM, TI0 KOTOPOMY XoauT Pobor).

Pemenue. Kak 00bIUYHO, PEKYPCHUIO MOXHO YCTPaHUTb, UCMONB3YS CTEK. B
MaHHOM C/y4yae KaKAblid 3/7eMeHT CTeka OyneT xpaHuTb WHbOpMaiui 00
OZIHOM M3 TIPEAKOB TEKYILel BepHMHBI (UeM Janblie, TeM Diybxke - Ha AHe
creka Oyzet uHpopmaiusi o kKopHe). Korjja Mbl HAXOZUMCS B KOPHE, CTEK MYCT,
NpU [BUXXEHUM BBEPX IO EepPeBy OH VI/UHSETCS, MPU [IBM)KEHUU BHHU3 -
YKOPauMBaeTCsl.

Kaxkzpiii 3memMeHT cTeka npe/cTaBisieT cob0il mapy; MepBbIid 371eMeHT - TUTI
COOTBETCTBYIOIIEH BepIMHbI ( min/max ), a BTOPOU 3/IeMEHT - MUHUMYM/
MakCUMyM 3HAQUeHWH BCeX ee CLIHOBeH JieBee Tekyulero. B mporpamme u3
JIeKIIMKW 3 CYLLIECTBEHHYH POJib Urpanu ABa yreepxieHus: OJI o3Havano, 4to
obpaboTaHBI BCe BEPIIMHEI JIeBee TeKyIlel (Te, MyTh B KOTOPbIe OTK/IOHSETCS
HaJIeBO OT myTH B TeKyiyt); OJIH o3Hauano, uto 06paboTaHbl BCe BEPIIMHBI
neBee U HaJ Tekyuel (3To ObIBaMo, KOTjla Mbl IPOXOAUIN BePUIMHY BTOPOM
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pa3s).

[Tomumo cTeka (KOTOpBIE Bcerga OyneT XpaHUTh JaHHbBIE, YKa3aHHbIE BBIIIE)
nporpaMMa HCIOJIb3yeT eie mepeMeHHyrw c. B cutyayquu OJI 3ta
nepeMeHHasi He WCroib3yercsi, a B cutyaruu OJIH oHa XpaHWUT IeHY
TeKylleid BepumHbl. [loKa)keM, Kak MOXKHO TMOAJep)KHUBATh 3TO, OMKCaB
OeMCTBUSI C TIePeMEHHOW M CTeKOM [isi KaK[[0TO BapHaHTa [BUIKEHUS
Pobora (cp. 3amaua 3.1.1. ceoiicTBa komaH[ PoboTa):

e [((QI, He €CThb_CBepxy} obpaboTaTh {OJIH}: B
TMepeMeHHYH C 3allMChIBaeM 11€HY TeKYILero J1CTa;

¢ {0JI, ecTs cBepxy} BeBepx Haneso {OJl}:nepesTeM, KaK
WITH BBEpX, A0DaB/IsieM B CTEK TUI TEKYIel BepHmMHbI ( max/min )
U 3HaueHue —o [/ X COOTBETCTBEHHO, HMMes B BHUAY, UTO
MakCHMyM IIYCTOT0 MHOKeCTBA PABeH — ™, 8 MUHUMYM paBeH oo
>

¢ {ecTsr_cnpasa, OJIH} Bnpaso {OJI}: 0DHOBISIEM 3HAUEHUE
B BepIIMHE CTeKa, Oepsi MAaKCUMYM W/TH MUHUMYM (B 3aBUCHUMOCTH OT
TUTIA BEPIIMHBI CTEKAa) CO 3HaUYeHUeM TTepeMeHHOM C ;

¢ {He ecTh_cnpaea, ecTb_cHu3, OJIH} BHu3 {OJIH}:B
MepeMeHHYH C MOMellaeM MakKCUMMyM/MUHHUMYM (B 3aBUCUMOCTH OT
TUMa BepIMHBI CTeKa) ee TMpPeXHero 3HaueHUs U 3HaueHWUsd Ha
BepImMHe cTeKa (0HO 3abupaeTcs U3 CTeKa, U CTeK YKOPAuMBaeTCs).

Jlerko BHUIeTH, UTO IPU 3TOM YTBEPXKJEHHUS O COfeP)KaHUM CTeKa U 3HaueHUH
NepeMeHHOUN C He HapyLIAHTCs, U 10 OKOHYAHUK paboThl MpOrpaMMel CTEK
OyzeT mycT, a 3HaueHHUe TepeMeHHOU ¢ OyaeT paBHO LjeHe UTPHI.

11.4. Anbda-6era-npouieypa

Mpe1 BUZEH, KAK MOXKHO BBIUMCIUTH LIeHY UTPeI, 000§/ BCe BEPIIMHEI ee
nepeBa. OiHaKO MHOTJA MOXKHO CIKOHOMHUTL M UaCTh JiepeBa He MOCelaTh.
[TycTh, HanpuMep, Urpa UMeeT ABa UCXOAA (BLIMIPHILI U MPOWTPHII) U MBI
oOHapyxumu (rocie MPOCMOTpPa YacTH [JepeBa), UTO HEKOTOPHIH Xof
ABJISIETCSL [J1s1 HAC BBIMIPLINMHBIM. Torga HeT CMbIC/Ia pacCMaTpUBaTh
ocTanbHBIE XOABl. bosee 00110, eciM MbI HAaLUIA XO[, TAPAaHTUPYIOIMH HaM
MaKCUMalbHbINA BBIMTPBILI (JOMYCKaeMblil TIPaBUIaMU UTPbI), TO HET CMBIC/IA
WCKaThb Jasblie.
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[TogobHas onmTUMM3aLUsi BO3MOXKHA He TOABKO B TeX CIydasX, KOIZla MBI
3HaeM MaKCUMaabHO BO3MOXKHBIM BeIUTPHIIL [lycTh, Hampumep, [gepeBo
WrPbl MMeeT Takoi BHUJ, Kak Ha puc. 11.6, mpuuem ¢ = b u Mbl 06x0auM
BepLIMHEI lepeBa C/ieBa Harpaeo.

Puc. 11.6. OnTuMH3a1[ig BO3MOKHA €C/TH a He MeHbIIe b

Torga mocsiie MpoCcMOTpa BepUMHBI ¢ Mbl 3HaeM, 4YTO LleHa KOPHEBOM
BepLIMHBI He MeHblle ¢ . [lepelifs K min-BepumHe U MPOCMOTPERB ee MepBoro
CbIHA }, MBI OIpeze/sgeM, YTO IjeHa Mmin-BepumHbl He Oonbiie § u (pu
b < a ) oHa He MOXeT MOBIUATHL Ha LieHy KopHs. [lo3tomy cneayroume
BepumHbl (cepasi 00/aCcTb Ha PHUCYHKe) W HUX TMOAJEPeBbi HaM

IMMpOCMATPUBATE HE HYKHO.

[lpumeHeHHyI B 000MX C/Ay4asX ONTUMH3ALMI0 MOXXHO OMUCATh Tak.
[lpuctynas K OLEHKe HEKOTOPOM BepIMHbI, Mbl 3HAaeM HEKOTOPbIH

MIPOMEXXYTOK [m.ﬂfl, B TIpefenax KOTOPOTO HAC WMHTepecyeT LieHa 3TOU
BEpIMHBI - MO0 MOTOMY, UTO OHA 3aBE/JOMO HE MOXET BBIUTH 3a MPeJesibl

NpOMeXYTKa (Kak B MepBOM Cjy4yae, KOLja Jyyllle BbIMIPbIIIA HHUUYEro He
boiBaeT), 1160 NOTOMY, UTO 3TO HAM HHUUErO He JaeT (Kak BO BTOPOM CiIydae,

KOI7Ia BCe LIeHbl MeHbllle }; /171 HaC HeOTJIUUUMEI OT § ).

Bonee dopmansHo, BBeieM obo3HaueHue L[a.b|, rie 1 - 4MCIO, A [r]_| bl -
MIPOMEXYTOK:
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a, e T < a;
Xaob = (% ecma<z<h

b, ecmu b< x.

Opyrumu cnoBamu, L[a.b|] - Gaurkakmas K @ TOuka NPOMEXKYTKa [a, b],

KOTOPYHO MOJKHO Ha3BaTb "MIPUBEJEHHBIM K [gﬂ .bl 3HaueHueM 7; ". Teneps
MOJXKHO CKa3aTb, UTO MOC/e NPOCMOTpa BepUMHBI ¢ Ha pucyHke 11.6. Hac

HMHTepecyeT NpHUBeJeHHas K [r:l, —I—D{JI 1jeHa Mmin-BeplIMHbI (BCe 3HaueHus,
MeHblIMe ¢1, 0e3pa3nuyHbI), a TMOC/Je TPOCMOTpa BEepPIMHBI }  3Ta
TIpUBeJeHHAs 11eHa YKe u3BecTHa (paBHa ¢ ). AHanOrMuHbeIM 00pa3oM 1eHa

WUTPLI C ABYMSI MCXOAaMu | paBHa ee MPUBEAEHHOU K OTPe3Ky [—13 +1]
1jeHe, U Tocje oOHapy)KeHUsI BBIMTPBIIIHOTO X0/a CTAHOBUTCS SCHBIM, UTO

JTa IjeHa paBHa -} | .

HCHOJ’IEGYH 3TO COOﬁpa)KEHHE, Harimimnem Ol'ITI/IMPIBI/IpOBaHHBIf‘I d/ITOPUTM, B

KOTOPOM PeKyYPCUBHO OIpeJe/sieTCs TpUBeJeHHas K IPOMEeXYTKY [.5;1 E:-] 1jeHa
WTPHI B TEKYILEH BepIIMHE:

procedure find_reduced_cost (a,b: integer; var c: integer)
| var x: integer;

begin

| if Tum = final then begin

| | c:= cToumMocCTh, TpUBegeHHast K [a,b]

| end else if Tum = max then begin

| | BBEpX_HasneBo;

| | find_reduced_cost (a,b,c);

| | {c = MakcuMyM 11€HbI BepUMHBI U OpaTheB C/eBa,

| npuBeaeHHBbIN K [a,b]

| while ectb_cnipara and (c<b) do begin

| | BrIpaBo;

| | find_reduced_cost (c,b,x);

[lc=x

| end;

| {c=uleHa BepIMHBI 11O TEKYILEH, TpuBeeHHast K [a,b]}
| BHU3;

end else begin {Tun = muH }
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||...cMMMETPpUYHO
| end;
end;

EcTecTBeHHEBIN BOMPOC: HACKOMBKO TAaKOTO POZA OMTHMH3alUs TMOMOraeT
yMeHbUMTE 1iepebop? Mel paccmoTpum mpocrednmii mpumep. Ilycts urpa
uMeeT (PUKCUPOBAHHYIO [JIMHY, U3 KaXKIOW MO3ULMU BO3MOXXHBI /IBa XO7a,
WUTPOKU XOfAT 110 OUepeu, KaXK/bli fieslaeT 73 XO0B U 1€Hbl JIUCThEB PABHBI
() unu 1. depeBo Takoil UTPHI - TIOJIHOE JBOWYHOE [1€peBO, Min- U max-
YPOBHU UepeJyITCs, B JIMCThIX HAlHWCaHbl HYIU U eJIUHULIBI, U HYKHO
BBIUMC/IUTL 3HaueHUe B KopHe. (Ecmu cumrath, 4TO0 | — HOTHHA,
() = moykhL, TO MAakKCUMyM U MHUHHMYM COOTBETCTBYKOT oOrepauusMm OR
(MUJIM) u AND (M), mosTomy uHoraa ropopsar o0 AND-OR-gepese.)

CKOJ/IBKO JTHCTLEB HYKHO TIOCeTHUTD, uyTOOBLI BLIYMCIUTL 3HAYEHHE B KDpHE?

HaroMHuM, 4TO BCEro NUCTheB 27 njis fepeBa ¢ 2y yPOBHAMHU (KaXKblid
13 UTPOKOB JiefiaeT 73, XOfOB).

11.4.1. [oka3atb, uTO AJid /OOBIX 3HAYEHUN B JIMCTHSX OMMUCAHHBIA HaMH
ONTUMH3UPOBAHHBIA A/IFOPUTM MTPOCMaTPUBaEeT He MeHee )™ JIUCTHEB.

Pemenuie. Ha ypoBHe 7 HaxogsaTcsi yeThipe BepumHbl. B xome paboThbi
aJITOPUTM JIO/DKEH y3HaTh 11eHY UTPhl X0Ts ObI B IByX U3 HUX. B camom giene,
NYyCTh HUKHSIST BEpPIIMHA eCTh Min-BepiimHa. Eciu B Heil Hy/b, TO B OJHOM U3
ee CbIHOBEH TOXe Hylb. A pa3 3TO Max-BepilMHa, TO [jisi YCTAaHOBJIEHUS
3TOoro (akra HY)KHO 3HaTh 1[eHy 060uX CbIHOBeH (paBHYX0O HYm0). Bropoii
Cydaii: B kopHe eguHuija. Torma B 00€MX ero ChIHOBBAX [JO/DKHA OBITH
euHUIlA, U 4YTOObI OBITb B 3TOM YBEPEHHBIM, HY)KHO B Ka)K/[OM M3 HHUX
MOCMOTPETh KaK MUHMMYM OfIHOTO ChIHa.

AHanorMyHO paju Ka)kJOro 3HaueHHs Ha YPOBHE ) HY)KHBI /jBa 3HaUeHUA Ha

VPOBHE | ¥ TakK jajiee - B KOHIle KOHIIOB Ha YpOBHe 7 HYXHO 3HaTh 2™
3HAYEHUH.

s HAmISIAHOCTUM Mbl TOBOPU/IM O KOHKDPETHOM airOPUTMe, OMUCAHHOM
Beie. Ho cripaBeanmuB u Gonee obumii daxr: mob0it Habop 3HaueHW B
MUCTHSX, KOTOPBIM OJHO3HAUHO OTpe/eisieT 3HaueHue B KOPHEe, COJIePXKUT He
MeHee ™ 3HaUEHMH.
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11.4.2. [IpoBecTH aKKypaTHOe [0KAa3aTelbCTBO 3TOTO YTBEPXKIeHHUS.
Ykasauue. [To cyiiecTBy y»ke BCe J0Ka3aHO, Hafl0 TOAbKO 3TO OOPMUTD.

Toneko 4UTO TOMyueHHasi OLleHKA OTHOCHJACh K CaMOMy O/aronpusiTHOMy
cyuar. YTBepKJeHue CJeAyolleld 3ajaud, HarpOTHB, TOBOPUT O
HaUXyALleM ciaydae.

11.4.3. Ilycts y Hac cripaiMBarOT 3HaueHUs1 B nucTbax AND-OR-aepera B
3apaHee HEM3BECTHOM HaM MOpsAJKe, U Mbl MOXKeM Ha3bIBaTb 3T 3HAYEHUS
no cobCcTBeHHOMY yCMOTpeHu0. [loKa3aTh, UTO Mbl MOXKEM [1eMCTBOBATH Tak,
yTOOBI [0 TOCIEeJHEro MOMeHTa (M0OKa eCcTb XOThb OJHO He Ha3BaHHOe
3HAUEeHUe) 11eHa KOPHS 0CTaBanaoch Obl HEM3BeCTHOMU (TO eCcTh Mora ObITh U
Hy/1eM, U eJUHULIeH B 3aBUCUMOCTH OT ellle He Ha3BaHHBIX 3HAUeHUH ).

OTa 3alaua TOKa3biBaeT, 4TO /060N anroOpuT™M OTHICKAHUA 1[€Hbl KOPHS B
Haubosnee HeOMArompusATHOM Ciay4yae BBIHYXKIEH 00XoguTb Bce NUCTBS (B
YACTHOCTH, Hall OMTHMU3UPOBAHHBIM aJTOPUTM HUKAKOTO BBIUTPHINIA He

J1aeT).

Pemenue. BymeM pmoka3eiBaTb 3TO WH/YKLHMEH 10O BBICOTe AepeBa. [lycTb
kopeHb siBasietcsi  AND-pepumuou. Torma ©Oymem otTtaruBath (10
NpeAToN0KeHUI0 UHAYKIIUH ) OTIpe/ieleHre 3HaueHUH B IeTSX KOpPHS, a Korjaa
Janblie OTTATUBATh OyaeT Henb3s (MOCAEAHUIN JTUCT MOAJEPEeBa CTAaHOBUTCS
WU3BECTHBIM), C/lejlaeM Tak, uTOObI 3TO ToagepeBo ObIIO UCTHHHBIM. Tem
caMbIM 3HAUeHHWe B KOpPHe COBIaflaeT CO 3HaYeHHWEeM B [IPYTOM MOAJepeBe U
MOXKeT OCTaBaThCsA HeONpeAeneHHbIM [0 MOCAeHero MOMeHTa.

Bosiee uHTepecHoil SIBSIETCS OLleHKa CPeiHero urc/a ONpOLIeHHBIX TUCThEB.
bynem cumrarte, uto amroput™ find reduced cost HpUMeHsAETCA K
HekoTOpoMy (ukcupoBanHoMy AND-OR-gepeBy (c ($uKCMpOBaHHBIMH
3HAUEHUSIMU B JIUCTHSX), HO [JIs1 KAXKI0W BEpIIMHBI MOPSAA0K MPOCMOTPA JIBYyX
ee mereit BbiOupaercsi ciaydaiHo. Torma oOiee YMUC/I0O MPOCMOTPEHHBIX
JIUCTHEB CTAHOBUTCSI CTYyUallHOW BeTUUUHOM.

11.4.4. [loka3atb, 4YTO MaTeMaTHUeCKOe OXKUJAHWEe ITOW C/ydalHOU
BeJIMUMHBI (CpeiHee Mo BCEeM TMOopskaM MpocMOTpoB) aas awoboro AND-
OR-pgepeBa BbiCcOTHI 277 (C 4™ BeplMHaMH) He MPEBOCXOAUT ™.

Pemenue. PaccMmoTpum cHauana ciiyuyail j; — |, TO eCTb JepeBo myOuHBI 2.

-
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[TycTh ero kopens siasiercsi AND-BepumHoii. Eciu B kopHe HaxoauTcs (), TO

na nepsoMm ypoeHe 0,00 mmu 0, 1. B mepeom ciyuae Ham [g0CTaTOuHO
MPOCMOTPETH JBE BEPIIMHbI (Haliisl MepBbIil Hylb, Mbl HE HILIEM BTOpOii). Bo

BTOpPOM C/iy4dae C BEepOATHOCTBHO 1;2 HaM XBAQTHUT B d C BEPOATHOCTBIO
g e

1}#’2 noHagobutcs Tpu unu ueteipe. Ecnu ke B AND-kopHe HaxopuTcs ],
To B 0obOeux OR-BepumHax mepBOro ypoOBHs HaxOgWUTCS eQUHMI|A, U Ha

KaX/IyI0 U3 HUX HY)KHO B CpeZiHeM He Gonbie 3 /2 MpoCMOTPOB JMCThEB (C

BEPOATHOCTLIO He MeHee 1};‘:2 MBI Cpa3y MorajaeM B JIUCT C eIUHULIEH U
BTOPOM JTUCT HE CMOTPUM).

JanbHelilee paccy)KaeHue JIeTK0 TPOUCXOAUT 1o UHAYKUUU. [lycTh cpesHee
3HAUEHHUe UMC/Ia 3arpalMBaeMbIX JIMCTHEB JJ1s 1r0boro gepesa mydbuHsr 2 [
He mpeBocxoguT 3%. Paccmotpum gepeBo miybuHbl 2k 4 2 C
(DMKCUPOBAaHHBIMHU 3HAYEHUSIMU B JMUCThAX. [ Kaxgoro Beibopa mopsiika
Ha NepBBIX ABYX YPOBHAX M3BECTHO, KaKue U3 UeThblpexX BepLMH BbICOTHI -

-

BynyT paccmotpensl. [To mpeAnonoKeHu0 CpejjHee UUCI0 UCMOIb30BAHHBIX
JIUCTHEB TIPH PACCMOTPEHUU KaXKA0W BePIIMHBI BBICOTHI 2 (YCpeaHeHHe T0

BCeM mopsagkaMm 00xoma) He Gonbume 3%. JIOMONHUTENLHO YCpeAHSeM IO
MopsiikaM Ha [ByX TepBBIX YyPOBHAX W 3aMeuaeM, uYTO B CpeJHEM

paccmaTtpuBaeTcs He Oosblle Tpex BepIMH BLICOTHI 2.
11.4.5. Tlonyunts OOnee TOUHYKO OII€HKY [/ YWMC/Ia TPOCMOTPEHHBIX
JUCTBEB B mTpeAblgyiled 3agade. lcrmosb3yiiTe pa3sHble OL@HKA B

3dBUCHMOCTH OT 3HAYE€HHSA B KOPHE, 3TO IMO3BOJIMT 3dMEHHUTH v’ﬁ B OLIEHKe

Ha MeHbllee uncio (1 4 4/33)/4.]
11.5. PeTpo CrieKTUBHBIM aHA/U3

CyiecTBeHHO 1Y OMWCAHHOE B TIPOLUIOM pasjesne ylydllleHue ajaropuTrma
(mepexon ot monHoro nepe6opa K v — [ -npoueaype)? C 0gHON CTOPOHBI,
/la: B HalleM NpuMepe nepexog ot 4™ k 3™ naer Buurpei B (4 /3)™ pas, a

[4};‘3)” IKCITOHEHI[UA/bHO pacTeT C poctoM 7. C [Apyroil CTOPOHBI,
JKCMIOHEHTA OCTAeTCs IKCITOHEHTOMH, Jake eC/Id ee MoKa3aTelb YMEHbUIAeTC s
Cc 4 po 3, mMO3TOMY HajexXAbl MOMHOCTBIO TMPOAaHAMU3UPOBATL Jaxke He

237



A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

OUeHb CJIOXKHYIO U [I0/ITYI0 UTPY TAKMM CITOCODOM MOYTH HeT.

[TosTomMy Ha mpakTHKe 0ObIYHO BbIOMPAKOT HEKOTOPYI OLIeHKY TMO3UIUM -
JIETKO BBIUUC/IUMYH (YHKUHIO, KOTOpas MO0 MHEHWUI) TPAaKTUKOB Kak-TO
OTpa’kaeT MPeUMYLIEeCTBO TOTO UM MHOTO MTPOKa (CKaXkeM, MaTepUabHBIN
repeBec B IIaxmarax). 3aTeM BMECTO HACTOSIIEd WTPhl pacCMaTpPUBAKOT
OTPAaHUUEHHYIO UTPY, B KOTOPOU [le/1aeTcsl CpaBHUTENLHO HeDObIoe Yncio
J XomoB, a 3aTeM pe3yIbTaTOM WIPbl CUMTAeTCSl OL|€HKa TMOJy4eHHOU

MO3WIMKA, U B ITOW Wrpe BHIMOAHAIOT mnepebop (npumenss o — 3 -
onTUMH3al{ui0). KoHeuHo, 3TO HUYEro He rapaHTHpyeT B HAcTOsAIIeH urpe,
HO 4TO Nojesaellb.

BuiBalOT, OfHAKO, ¥ CUTYallUM, KOTJA VAAeTCs OMpeJe/UTh LeHy AaHHOM
MO3UIUM TOYHO. DTO YAAeTCs Chenarh /Ui IIAXMATHBIX JSH/AUNIAIEH C
HeOonbUMM uKucAOM (UTYp - Harnpumep, MOXKHO pacCyMTaTh, 3a Kakoe
MHUHHUMA/IBEHOE YHCI0 XOAOB MOXXHO TMOCTAaBUTH MaT KOpOJIeM, CJIOHOM H
KOHEM TIPOTHB OJWHOKOTO KOPOJSi B 33/laHHBIX HAYa/lbHBIX YCIOBUSX.
3aMeTum, UTO MpPU 3TOM UKUCJIO XOLOB MOXKET M3MEpPSThCS [JecaTKaMu, a
KXIBIA X0[ UMeeT JeCATKU BapUaHTOB, IT03TOMY O TTOTHOM repebope (uu
ke 0 HeCKOJIBKO COKPAIlleHHOM) He MOXKeT UJTH U Peun.

11.5.1. [IpuaymaTh APYroi MoAXo[, UCTIO/b3YIOIMI OrPaHUUYEeHHOCTb 0011Iero
YK C/la BO3MOXKHBIX TIO3UI[AN (CKakeM, [J/isl YeThipeX YIOMAHYTBIX GUTyp Ha
MIAXMATHOW fIOCKe 3T0 (4% — 224 — |{ '"meramosupuii"; ¢ yueTom
ouepegHOCTH xofa Oygmer 37 Meramo3uIju¥; MacCCHUB TakKOro pa3mepa
TOMEIIAeTCs B [aMsITh COBPEeMEeHHBIX KOMITBIOTEPOB 0e3 Tpyza).

Pemenue. 3aBeieM MacCuB, OTBeAs AYEHKY [AAS KaKJOW TMO3ULIHUH.
[TpocMoTpuUM ero oguH pa3 ¥ OTMETHM BCe MaTOBBIe TO3UI{UH (3anKCcaB Tyaa
YKMCI0 () B 3HAK TOTO, YTO MMO3ULIUS BRIUTPHIMIHAS U []0 BBIUTPHILIA OCTAI0Ch
() xomoB). 3areM TIPOCMOTPUM MAaCCUB eIlje pa3 U TIOMETUM Kak
TIPOUTPHIIIHEIE BCEe TO3UIUHU, U3 KOTOPBIX MOKHO TOUTH JIMIIL B MaTOBbIE
(Hamumem TaM — | B 3HAK TOTO, UYTO MOJKHO MPOTSHYTh JIUIIb emle | Xof).
3aTeM OTMeTUM BCe TO3UI[UM, U3 KOTOPBIX €CThb X0 B TO3ULIMU C YHUCJIOM

—1, nanucaB Tam 2. 3aTeM - MO3UI[UM, U3 KOTOPBIX BCe XOAbl BeyT B

no3unuu () uam 2, HanucaB Tam — 3, U T.I. Tak Oygem genath g0 Tex mop,
rnoka OyayT MOsSIBASTBCS HOBBIE TOMETKU. Kak TO/NIBKO 3TO KOHUHUTCS, AJiA
KOKJ0H Mo3uluu OyleT M3BEeCTHO, MOXKHO /I B HEel BBIUTPATh U CKOJIBKO
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XOZIOB J1/11 9TOTO HY’KHO.

dakTHuecKd 3Ta npoleaypa NOBTOPsIeT J0Ka3aTe/lbCTBO TeopeMbl Llepmeno
(HO [OTIOMHUTENBHO MBI TIOTy4aeM MH(OPMALIMIO O TOM, CKOJIBKO XOZIOB 70
BBIUTPHIILIA WJIM MTPOUTPHIILA TTPU HaUIydIlei urpe).

11.5.2. MoryT 4 Npy 3TOM OCTaTbCsl HEOTMEUEHHbIE MO3UIUA U UeMy OHM
COOTBETCTBYIOT?

OTBeT. JTO MO3UIIUU, B KOTOPbIX 00a UrPOKa MOTYT rapaHTUPOBATH CKOJb
YrOAHO AJUHHYI Urpy 6e3 mpourpeiiia. BrpoueM, mMpaBuao TPOEKPaTHOTO
MOBTOPEHUsS] TO3ULIMM B IAXMaTax B 3TOM C/lyyae TIO3BOJISIeT CUMTaTh
MapTUI0 HUYeHHOM.

A.JI. BpyaHO 3aMeTH/, YTO ecTh CUTyalUsl, B KOTOPOW Takoil aHanu3 Tpelyer
coBceM HeOO/BIIMX peCypcoB W MOXKeT ObITb peann3oBaH Ha O4YeHb
HeDO/IBIION TTIaMATH, XOTS [J15 UeJIOBeKa COOTBeTCTBYIOLIAS 3a/1aua He MPOoCTa:
nycTb Oesble UMET KOPOJIst Ha ToJie €3, KOTOPOTO UM 3aripemnieHo ABUTaTh, U
¢dep3s (Ha KaKOM-TO [JPYrOM I10Jie) U XOTST TMOCTaBUTh MaT OAMHOKOMY
yepHOMY Kopomto. OrpaHuueHue (HeMoABUXXHOCTbL KOpOJf), 3aTPyAHSAOIee
KU3Hb 4YeNOBeKy-IIaXMaTUCTy, obsieryaer aHanu3 (yMeHblIas KOJUYECTBO
MO3UIUI TIOUTH UYTO B {}-] pasza 3a CUeT TOTO, UTO He Haj0 pPacCMaTPpHUBAThb
pasHbIe MOM0XXeHUs KopoJs!)

Wcnonb3oBanue TabMUIbl OMMCAHHOTO THUIA MOXKHO CYMTATh PUMEHEHUEeM
MeTo/la JUHAMUYeCKOr0 POrpaMMUPOBaHus (Mbl He BBIUHC/ISIEM L|€HY UTPHI
[71s1 OHOUM M TOM >Ke TI03ULIMU CHOBA U CHOBA, 00X04s1 jlepeBo, a 3aroJiHsieM
Tab/UI]Y 1]eH CUCTeMaTHUUeCKH ).
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OnTumanbHOe KOAUPOBadHHE

12.1. Koapl

WNwmess 2™ CHUMBOJIOB, Mbl MOXKeM KOAMPOBATh KK/AbIM U3 HUX 73 OMTamw,
MOCKOJIbKY CYIIECTBYeT ™ kKoMOMHauui u3 33 O6utoB. Hampumep, MOXXHO
3aKOJUPOBATh | — 22 cuMBOJa A, T', T, II(MAcCnOAb3yeMble TIPU 3aTTUCH
TeHOMOB) ABYXOUTOBBIMM KoMOuHauumsmu ()(), ()1, 10 wu 11. HApyrowu
NpuUMep: TOCIeJOBATeNILHOCTAMU U3 K Outo (DaiiTamMu) MOJKHO

3akoAupoBaTtk 25 CUMMBOMOB (M 3TOr0 XBaTaeT Ha JIATUHCKUE U PYCCKHUe
OyKBBI, 3HAKU TIPETUHAHUA U [JIP.).

bBonee dopmaneHO: MycTh HaM AaH aidaBUT, TO €CTh KOHEUHOE MHOXXEeCTBO,
3/IEMEHThI KOTOPOTO Ha3bIBAKOTCS CUMBOJIAMU UK OyKBaMu 3TOro andaBuTa.
Komom ans andaButa /| wHasweiBaeTcs dyHkuus (tabnuia) ¢y, koTopasi gis

Ka)K/IOTO CUMBOJIA ¢1 U3 /| yKasblBaeT ABOMYHOE CI0BO ¢¥( ), Ha3bIBaeMoe
KOZJOBBIM CJIOBOM, WJIM TIPOCTO KOAOM 3TOro cumBoja. ( JJBouuHOe C10BO -
KOHeUHas MMOC/IeOBaTeNbHOCTL Hyneill u eauHur].) He Tpebyercs, uToObI
KO/Ibl BC@X CUMBOJIOB UMEJIU PABHbLIE JJIMHBI.

Mgl fgomyckaeM, uTOOBI pa3Hble CUMBOJBI WMETH OAWHAKOBBIE KOBL.
ComlacHO Hauemy ONpeJeleHUuI0, paspeumaercs Bce OykBbl andaBuTa
3aKOIUPOBATH CJIOBOM (} (M Jake MYCTBIM CJIOBOM) - HO, KOHEUHO, TaKOH KOf
Oyner Oecrone3eH. Xopoumd Kof [AO/DKeH T[103BOJIATh JeKOJUpOBaHHe
(BoccTaHOBJIEHH e TTOCIEOBATEIBHOCTA CUMBOJIOB 10 ee KOZy).

dopmaneHO 3TO onpegensiercs Tak. [Tycts dukcupoBan andasut A u kop oy
st atoro andasuta. s kaxgoro ciosa [ B andasute 4 (TO ecTh Ajist
moboit KOoHeuHOW MmocnegoBaTenbHOCTH OykB andaButa 4 ) paccMOTpuUM

ABOMYHOE C/I0BO (y( '), KOTOpOe MO/ydaeTcs, ec/y 3arnucaTh MOAPAJ KOAb
Bcex OykB u3 [P (6e3 kakux-nubo paspgenutesneii). Kox ¢y HaswiBaercs

OQHO3HAYHBIM, €C/M KO[bl Pa3lMMUHbIX C/IOB pasnuuHbl: ¢x( ) ;’ Q(P'rj

npu P # P

12.1.1. PaccmoTpuM TpexOyKBEeHHBIN angaBuT {aﬂ b, r‘_‘.}' U KO, m:gj =1,

(b)) = 01 n @(e) — 00. Byger 11 3TOT Kog OfHO3HAUYHBIM?
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Pewienne. Het, mOCKONIBKY C/10BaA ¢ U ¢ KOAUPYHOTCS OfMHAKOBO.

12.1.2. s Toro xe andaButa paccmotpum kof ax(a) — 0, a(h) = 10 n

a(e) — 11. Byger 1 3TOT Kol OAHO3HAYHBIM?

Pemenue. Byger. UTtobObl fl0Ka3aTh 3TO, JOCTaTOYHO OOBACHUTHL, KAK MOXKHO
BOCCTAaHOBHUTb C/10BO [ 1o ero kogy (). Ecmum v P) HaunHaeTcs c

HY/ISI, TO ICHO, YTO C/I0BO [* HauumHaeTcs ¢ ¢. Ecmm v ') HaumHaercs ¢
eUHUIIbI, TO CJIOBO [* HAUMHAETCHA C }; UMM C ¢ - uTOOBI y3HATH, C Uero

MMEHHO, J/I0CTAaTOYHO MOCMOTPeTh Ha BTOpoil 6uT cmoBa o ).
BoccranoruB nepeyro Oykey crioea A , mbl 3abbiBaeM 0 Hell U 0 ee Kofe,
NIPOJ0/DKaeM BCe CHauasa.

BepHo u 6onee obiee yreepxgeHue. Hazoeem ko npeMKCHBIM, €C/IH KOfbl
OyKB He SIBJISIFOTCS HaYajaMu ApYr Apyra (CI0Bo ¢x( i) He SBJSETCS HauaaoM

c0Ba m:qj, ecnu OykBbl ! U {f pa3muuHBbI).
12.1.3. loka3ats, uTo MH000# MpehUKCHbBIN KO/ SB/SeTCS O[HO3HaYHBIM.

Pemenue. [lekoqupoBaHHe MOXKHO BecTH cieBa HarpaBo. [lepeas Oykea
BOCCTAHAB/IMBAETCs OHO3HAYHO: ec/in A/ AByx Oyks 1P u  cnoBa a(p) u
v(g) ABNAIOTCS HaualaMM KOAa, TO OAHO M3 CHOB ¢x(p) U (g ABNSeTCS

HauajioM JIpyroro, 4YTo HeBO3MOXKHO [isl ipeduKcHOro kKoga. U Tak ganee.

12.1.4. TlpuBectTu TipUMep OJHO3HAUHOTO KOfia, He SABJSIOIIEroCs
npeUKCHBIM.

Ykazauue. Ilyctb v(a) = 0, a(b) = 01, afe) = 11. OToT xog sBAseTCH
"cypdrkcHBIM", HO He TIpe(UKCHBIM.

12.1.5. HatiTu Tabmuny ans a3oyku Mop3e. OOBSICHUTD, TOYEMY €e MOXXHO
UCIIO/b30BaTh HA TIPAKTHUKE, XOTs OHA HE SBJSIETCS HU TpeQUuKCHBIM, HU
e OJHO3HAUHBIM KOZIOM.

12.2. HepaBenctBo Kpadta-MakmusiiaHa
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3aueM B0OOIIIe HY)KHBI KOZIBI C Pa3HOU AJUHON KOJOBBIX COB? [lesio B TOM,
YTO Ha MPAaKTHKe pa3HbBle CHUMBOJBI andaBUTa BCTPEUAKOTCA C Pa3HOM
YaCTOTOM, ¥ BBITOAHO 3aKOAUPOBATh YaCThIe CUMBOJIbI KODOTKUMHU CIIOBAMMU.
(3TO coobpakeHue, KCTaTH, YUUTHLIBA/IOCh TIPU COCTaB/eHUHU a30yku Mop3e.)

[lycte ans kaxpgon Oykewl ¢ andaButa A4 QukcrpoBaHa ee yactotapia) -
MOJIOXKUTE/IbHOe UUC/I0, TIPUUEM CYMMbI UaCTOT BCeX OYKB paBHbI eJUHMUIIE.
Torpa ans nr0b0ro Koja ¢y MOXKHO OTPEAEeNUTh CPeJHION IMHY 3TOTO KOJa
KaK CyMMY

E =Y pla)lala)l

no Bcem OykBam o & A, 1ae |a(a)| - AnmHa KoAoBOTO C10BA ({1 ) OyKBBI
1. (CMBICJI 3TOr0 Ompeje/eHUs: eCli B CI0Be AMWHBI [\ OykBa

BCTPEYAETCSI C 4YaCTOTOU p[ja,'], To Takux Oyks Oyger Np(a) M Ha ux
xopuposanue yiger Np(a)|w(a)| Outos; obwas pmuHa koga Oyget

Z Npla)|a(a)| » B cpeguem Ha xopupoBanue kaxaoi Oykebl yiaer [
buros.)

Terepb BO3HUKAET 3afiaua: /sl JAHHBIX YACTOT MOCTPOUTH OJHO3HAUHbIH KOJ
MUHUMAa/JbHOW CpefHell [yuHbI. TeopeTHuecku 3TO MOXKHO CiefaTh
nepebopom (ecsiu B Kofie eCTh XOTsi ObI OHO OUeHBb UIMHHOE KOJOBOE CJIOBO,
TO €ero CpefHsAs [JIMHA Be/JWKa, [O3TOMY TakKde KOAbl MOXHO He
paccMaTpUBaTh; OCTAeTCSl KOHEYHOE UMCJI0 BapuaHToB). Ho MOXHO
oboliTuck 1 6e3 mepebopa, ¥ B 3TOM pa3/esie Mbl HAydUMCS 3TO [Ie/1aTh.

Hdns Havama TmolMeM, UYTO MeNAeT HaM BbIOMpPaTh KOJOBBIE CJIOBA
KOpoTKMMH. Okxa3biBaeTcsd, UTO €CTb POBHO OJHO TMPENATCTBHE: [IHUHBI
11, -.., 7} KOLOBBIX CJIOB JO/DKHBI YIOBIETBOPATL HEPABEHCTBY

n—nj p—TD T
2 + 2 +...+2 LAl
Ha3bIBa€MOMY B TEOPHU KoAUPOBaHUsHepaBeHCTBOM Kpadra MakmuniaHa.

12.2.1. TlpoBepuTh, UTO OHO BBINIOJHEHO [/ PacCMOTPEHHBIX BbIIIE
NIPUMEpPOB OJHO3HAYHBIX KOZIOB.
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
12.2.2. [Joka3aTb, 4YTO /Jii BCSKOr0 MpPe(MUKCHOTO KOojla BBITTOJHSETCS
HepaBeHCTBO Kpadra-MakmusiiaHa.

Pemenne. OTpe3ok [[}‘ 1] MOXXHO pa3duTe Ha [Be mojoBUHBL. Ha3zoBem
neByw [, a mpasyw [i. Kaxayio u3 HUX pa3oObem moronam: OTpe3ok [
pa3fenuTcs Ha JIeBYK MOJIOBUHY [;;; U NpaByl [, aHaJOTHYHO [

gemutcs Ha [y 1 [y). W Tak panee: mobomy ABOMYHOMY CIOBY I

COOTBETCTBYeT OTPe30K [ . JlnuHa 3TOro oTpeska ects 9 |=|, e

;1‘| =
AJIMHA C/IoBa 7. Ecnu cnoBo 37 ABNsieTcd HauasioM ciaoBa i, TO OTpe30K II
COOEP>KUT OTPE30K I ; €C/IM HYU OfHO W3 CJIOB ;17 U Iy He sB/IsIeTCs HadyaioM

Apyroro, To oTpesku [. u [, He TepeKpHIBaKOTCA (Ha TOM 3HAKe, [Ie T° M

Y Bnepsbie pacxogatcs, [, u {, monagalT B pasHble MONOBUHBI).

PaccmoTpuM Terneps 0Tpe3Kd, COOTBETCTBYIOIIME C/I0OBaM MPeQUKCHOTO KOAa.
OHU He TepeKpeIBAIOTCA. A 3HAYMUT, CyMMa MX JJUH He OoJblle eJUHULIBI,
uTO U AaeT HepaBeHCTBO Kpadra-Makmunnana.

12.2.3. Ilycte paHBl J; 1eAbIX TOJIOXKUTeNbHBIX uucen 1, -..,7[%,
ynoBneTBopsitone HepaBeHCTBY Kpadra-Makmunnana. /[lokas3atb, 4TO
MO)XHO TOCTPOUTb TpeMUKCHBIM Koj ans j: -OykBeHHoro andaBuTa C
JJIMHAaMHU KOAOBBIX CJIOB 121, . .. T2k,

Pemenune. U 34eChb IOJIeE3HO HUCIIO0JIb30BdTh COOTBETCTBUE MEXAY C/IOBAMH H
OTpe3KaMH MW MpeacTaB/IATh cebe AeJI0 TaK! Y HaC eCTb E,ILHHHQHBIFI OTpe30K

[D‘ J_], H MbI BbIAe/IsIeM €r0 YdCTH MMOJIb30BATE/ISAM I10 Tp96OBaHI/II~O. Ecmu
MOJIb30BATE/Ib MMPHUXOAWUT C YHC/IOM 1%z , TO 3TO 3HAUUT, UTO €My Ha/JO BbIAAdThb

B MOJb30BaHHEe OAWH W3 OTPe3kKoB JUHOH <9 i, COOTBETCTBYIOIIMX
KOZIOBBIM CI0BaM JauHbI 71; . (Tem cambiM rogarcs He mt00Oble OTPe3KH TaKo
IJUHBI, a Julb " TpaBUABHO pacnosokeHHbie".) Kox aomkeH ObITh
npedUKCHBIM, 3TO 3HAYMT, YTO OTPE3KH PA3HBIX MOJIb30BAaTeNeil He JO/DKHBI
nepekpeiBaThCsA. Ham fmaHo, uTOo cymmapHas AnuHa Bcex TpeboBaHUU He
boneie eguHuIbl. Kak ux ynoBneteoputs? MOKHO OTBOAUTH MECTO CIeBa
HarmpaBo, NPy 3TOM paccMaTpuBaTh TpeboBaHuUs B Mopsiike YObIBaHUS JJIMH
(Torma Honee KOpOTKHMe OTpe3ku OyAyT MPaBUIBLHO PAaCMOJIOXKEHBI T0C/Ie

npeAwiAyImMx 6osee JIMHHBIX).
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
12.2.4. Tloka3aTb, UTO BBIJE/NSTh KOJOBBIE C/I0Ba (MECTO Ha OTpPe3Ke) MOXKHO
U B TIOpAAKe MOCTYIIeHUs: TpeboBaHUM (KaK MHOTA FOBOPSAT, B "pesKuMe on-
line"): monwp30BaTeNb MPUXOAAT C UYKUCJAOM 72; W YXOAUT C TPABUJIBHO
pPacrojioKeHHbIM OTpPe3KOM [JJIMHBl 9 ™i, [IPUYEM €eCJd BBIIIOIHEHO
HepaBeHcTBO Kpadra Makmuniana, To HUKTO He yiiJeT o0MKeHHBIM (BceM
XBaTUT MeCTa, U IlepepacripefensiTh ero He IpUAeTcs).

Ykazanue. HyxHO mnogjgepuBaTh CB0OOOJHOe  MPOCTPAHCTBO  Kak
o0BeMHEeHUE TPABUJILHO PaCIOIOKEHHBIX OTPE3KOB MOIMAapHO pa3IuuHbIX
[TV H, BBIJIeJisAs KaXK0MY M0JIb30BATe 0 KYCOK U3 KpaTyaiiero MmoJXoAsIrero
oTpe3kKa U Jopa3buBasi 0OCTaTOK.

12.2.5. Tloka3aTe, 4To HepaBeHCTBO Kpadra-MakmuniaHa BbIMTOJHAETCS He
TONMBKO [ moboro mpedukcHOro kKofma, HO U Boobme aas arboro
onHo3HauHoro koga. (MmeHHo 3To gAokasan Makmuinan; Kpadr gokasan
HEPABeHCTBO /i MPeUKCHBIX KOfIOB.)

Pemenue. EcTs pa3Hble criocobbl pelmTh 3Ty 3aauy; Mbl IPUBeZieM IIPOCTOe
M KpacuBOe, XOT M HECKOJbKO 3arajouHoe, peleHue. IlycTb umeercs

OJHO3HAUHBLIM KOA C Jj KOAOBbIMH cioBamu ', ..., .. Ham Hago

[0Ka3aTh, YTO UX JJIUHBL 77; — ‘Fil YIOBJIETBOPSAIT HepaBeHCTBY Kpadra-
Makmunnana. [IpegcraBum cebe, uTO BMECTO HyIed U eIUHUIL]
WCMOMB3YIOTCA CUMBOJBI ¢ WM | (Kakasg pasHMI]a, U3 4Yero COCTaB/AThb
koAbl ?). 3anuiueM opManbHO CyMMY BCEX KOZIOBBIX CJ/IOB Kak anrebpanueckoe
BbIpaXKeHue

PB+-EB+. ..+ B

(MHOTOU/IEH OT ¢} U h, B KOTOPOM OJHOUYJ/IEHbI 3alIMCaHbl KaK MPOU3BeeHUs
NepeMeHHBIX (3 U |, 0e3 Bo3BeseHus B crereHb). Tenepws (eme 6Gosee
CTPAaHHOe Ha TEepBBIM B3MIAA [JeHCTBHE) BO3BEAEM 3TO BbIpaXKEHWE B
creneHb [\ (TPOM3BONBHOE HATypajibHOE YMCI0) U packpoeM CKOOKH,
COXpaHsisi TIOPS/IOK TepeMeHHbIX (He cobupas BMeCTe OfWHAKOBBIE
repeMeHHbIe) B OfHOU/IeHAX:

(P, + Py +...+ FP) N — CYMMA 0JHOYJIEHOR.

Hanpumep, ans koga co cnosamu (), 11), 11 (kotopeie Terneps 3anuceiBarTes
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KaK i, ba, bb Yu gna N — 2 nonyuaem

(a -+ ba + bb)? = (a + ba + bb)(a + ba + bb) =
= aa + aba + abb + baa + baba + babb + bba + bbba + bbbb.

B sTOoM mpumepe Bce OAHOWIEHBI B TPaBOM YaCTH pa3IUuHbl (eC/IU He
repecTaB/iATh MepeMeHHBIe), U 3TO He CAy4alHOo: Tak Oyger ansa mwoboro
Oo4HO3HauHOro koja. B camom pene, mo ompejeneHUI0 OAHO3HAUYHOCTH
HUKAaKoe CJI0BO He MOXKeT ObIThb TMOJyueHO [AByMsa crocobamu mpu

coelUHEHUU KoOBbIX cnoB.Teneps moAcTaBUM ¢ — [ = 1F;'2 B Halle
pPaBeHCTBO (ecyii OHO BepHO /st OyKB, TO OHO BEpPHO W [Jisl JIIOOBIX MX
YK C/I0BBIX 3HaueHuil). CreBa MmomyduTcs

L I e

(B ckobke Kak pa3 BbIpa)KeHWe W3 HepaBeHCcTBa Kpadra MaxkmunnaHa).
[TpaByt0o uacTb Mbl OLIEHMM CBEpXy, CTPYNIMPOBAaB CJ0OBa MO [AJIWHAaM:

umMeetcs He Gosee D! caraemMbix [UIMHBI | , KaXK/10€ U3 KOTOPbIX paBHO 2 !
, U TIOTOMY C/1araemMble JaHHOUW [JJIMHBEI B CyMMe He TPeBOCXOAAT eIUHUILIE, a
npaBasi YaCTh HE MPEBOCXOJUT MAKCUMAaJbHOW [JIUHBI CJIaTAéMbIX, TO €CTh

N max n; . Utak, nomyuaem, 4to
(2™ 9y Y - Nmaon:

¥ 3TO BepHO mpu jwbom [ . Eciu ocHoBaHMe CTeneHW B JIEBOM 4aCTh
Gonbille eAWHMIILI, TO TMPH OOMBIMX [/ 3TO HEPaBEeHCTBO HAPYIIATCS
(mokaszaTenbHas (QyHKUMA pacTteT ObicTpee suHerHOM). [loatomy anda
OIHO3HAYHOTO KOJ|a BBITIOIHSETCs HepaBeHCTBO Kpadra-Makmusinana.

12.3. Kop, Xadpmena

Terepp 3ajaua 0 Kole MUHUMAIbHOW CpejiHel UIUHBI TIpUODOpeTaeT Takyo
dopmy: A1 AAHHBIX MOJIOKUTENBHBIX P'l,-.., 'k, paBHBIX B CymMe
eAUHUIe, HAWTH Le/ible TIOJ0KUTeNbHble Ti1.....70k, 17 KOTOPBIX
BBITIOJIHEHO HepaBeHCTBO Kpadra-Makmunnana, a cymma
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
|I:l.
E Pin;

=1

SBJISIETCSI MWHUMAa/JbHO BO3MO)KHOUW (cpegu  HabopoB M1, ....Tk
VIOBIETBOPSIONMX HepaBeHCTBY). 3ajaua 12.2.5. moka3biBaeT, UTO CpeJHsA
JJMHA OJHO3HAUHOTO KOJa He MeHbllle 3TOr0 MUHMMYyMa, a 3afjada 12.2.3.
TOBOPUT, YTO ITOT MUHUMYM JIOCTUTAETCS, TIPUUEM Aaxke i TpeduKCHOro
koga. Kak ke Haiith uncna 1. - . .. 12}, mOCTaB/ISIIOIIME 3TOT MUHUMYM?

3

12.3.1. /loka3atb, uTO A5 ABYX OYKB OMTUMalbHBIN KOA COCTOMT M3 JBYX
C/IOB JIUHBI |, HE3aBUCUMO OT 4acTOT OYKB.

Ytobel penmTh 3a7auy B 00mieM c/iydae, HaYHEM C HECKOIBKMX MPOCTBIX
3aMeyaHui.

12.3.2. TIlyctb YacTOThI Ppacro/jioXeHbl B  yObIBAOLIEM  TMOPSifIKe:
Pl = po2 > ... > pj.. [lokasaTh, 4TO TOIrfa [JIMHBI CJIOB OINTHMAaJbHOIO
KOZla UAYT B HEeYObIBAIOIIEM MOPS/IKe: 11 5 9 ;{ s E ML -

Pemenue. Ecnu 661 6omee peakas Oykea umena 0wl Oo/iee KOPOTKOe KOIOBOE
CJIOBO, TO, OOMEHSIB KO[|OBbI€ C/IOBA, MbI COKPATH/IU Obl CPEAHIOI [JIUHY
KofIa.

12.3.3. OcraHercsi 1 yTBep)KJeHWEe TpPeJbIAYIIeld 3a/auv B CUJe, eC/d
4aCTOTHI PACIION0XKEeHbI B HEBO3pacTarIleM Mopsake (BO3MOXKHbBI paBHbIe)?

Pemenue. HeT: ecnu, ckakeM, UMEHOTCA TpPU OyKBbI C 4acTOTOU 1};‘3, TO

ONTUMAaNLHBIN Ko7 byneT umeTs AyiuHel cnoe |, 2, 2 (ecam Gbl gBA KOJOBHIX
CN0Ba UMEJM JJIMHY |, TO Ha TPeTke y)Ke He 0CTanocb Obl MecTa), U OHH
MOTYT U/TH B J1I060M mopsizke.

3ameTuM, OfHAKO, UTO TMpPU [OUCKe ONTUMaJBHOTO Kofja  (pns
HEeBO3pacTaloUMX UYacTOT) Mbl BIpaBe OrPaHUUMBATBLCSA JUIIL KOJAMH, B
KOTOPBIX [UTMHBI KOJJOBBIX C/IOB HEYOBIBAIOT (ITOCKOBKY KOZOBBIE C/IOBA AJif
OYyKE OAMHAKOBBIX YAaCTOT MOXXHO TIepPeCTaBisATh 0e3 u3MeHeHUs CpejHei
JJIMHBI KOJa).

12.3.4. TlycTs uacTOTBl pacnofioKeHbl B HeBO3pacTawileM Mopsagke (

246



A.X. Ilens TpaKTHKYM 10 METO/jaM NOCTPOEHHS aNTOPHTMOB
Pl 2 P2 = ...FpL ), a MHBL (0B B ONTUMAJbHOM Kofe
pacronoXeHsl B HeYObIBAKOILEM MOPSAAKe 711 < 722 < ... < 71 . JloKasaTs,
uro Rg—1 = Tk (mpu k > 2).

Pewenue. [Ipeanonoxum, 4To 3TO He Tak, U YTO €CThb €JUHCTBEHHOE CaMoe
JMUHHOE KOZOBOe «IoBO [JiauHbl 72).. Torma HepaBeHcTtBo Kpadra-
MakmunnaHa He MOXeT o0pam@ateCs B PaBeHCTBO, TIOCKOJIBKY BCe
cnaraemble, KpOoMe HauMeHbllero (MmocnefHero), KpaTHbl yIBOEHHOMY
nocjaeJHeMy ci1araeMoMmy. 3Ha4MT, B 9TOM HepaBeHCTBe eCThb 3amac, puuyem
He MEHbIIMW TOC/leJHero caaraeMoro. A TOr4a MOKHO YMEHBIMTh 71) Ha
eVHNLY, He Hapyllas HepaBeHCTBAa, UTO NPOTUBOPEUUT MPe0I0KEHUID
00 OMITUMaNBHOCTHA UCXOJHOTO KOZa.

OTa 3ajflaua NOKas3blBaeT, YTO MNPU IOMUCKE ONTHUMAJbHOIO KOAa MOXKHO
paccMaTpuBaTh JMLIL KOZAbl, B KOTOPBIX JBe CaMble pefkue OyKBbI HMEIOT
KOZIb! OJMHAKOBOM AJIMHBL.

12.3.5. Kak cBecTu 3ajjauy OTBICKAHUS JJIUH KOAOBBIX CJIOB OMTHUManbHOTO
Koga Afnf - 4acToT

P22 ... 2 Ph—3 2 Pa—1 > Pk

I

1
K 3a7d4e IMTOMCKa IJIMH OINITHMAJIBHOI0 KoJd OJd ,:(_' — J_ HacToT
b1.p2, ... Pi—2, PEk—1 + PE

(4acToThI ABYX CaMbIX peIkux OyKB 0ObenuHeHbl)?PemeHre. Mbl y)ke 3Haem,
YTO MOJXKHO pacCMaTpuBaTh MMUUL KoAbl € T1i—1 — 7. HepaBeHCTBO
Kpadra-Makmuninasa Torja 3anuieTcst Kak

TR PN b o G PTTE-S . QTR L DTRE —
— 2—1'11 _|_j—n:-' _|_ _|_2—1'1_|..-_g + j—n e l

eCnM  TONOXUTL Tij,—) — 1y —n + 1. Takum o6bpasom, umcia
1y-.-..M}—2,7  [ODKHBI  YIOBNETBOPATHL HepaBeHCTBY Kpadra
Makmunnana gns f— 1 Oyke. CpegHss AJMHBI 3THX [ABYX KOJAOB OyayT
CBSI3aHBI:
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

pin+ ...+ De—2Mk—2 + Pr—1Nk—1 + DERE =
=pify + ...+ Pr—2fp—2 + (Pr—1 + DN + [Pr—1 + P&

[Mocnegnee cnaraemoe (kBagpaTHasi CkOOKa) He 3aBUCHUT OT BbIOMpaemoro
KOZla, T03TOMY MUHUMH3HUPOBATh HaJI0 OCTalbHOE, TO €CTh KaK pa3 CpeHI0K
OIMHY Koja C  jAnavHaMu cioB M, ... Tp—2.70 nad 4yacTor

P1,aP24 - Ph—2, Ph—1 + Pk . [Tocne 3TOTO Haj0 MMOJIOXKUTh

Nik—1 —nj —n+ 1, ¥ 3T0 AacT ONTUMaJbHBIA KO [JISi MCXO[HOM
3ajjaui.

Hcnonb3ys 3Ty 3ajauy, HECI0KHO COCTaBUTb PEKYPCUBHYIO MPOrpamMMmy AJis
OTBICKaHUs JIIUH KOAOBBIX (/I0B. C KaKJAbIM BBLI30BOM uMci0 Oyk Oyzer
YMEHBILIATLCS, TOKA MBI He CBeJeM 3aJady K Caydar AByx OykB, Koraa
ONTUMAa/bHbIA KOZ, COCTOUT U3 CIOB () U ]. 3aTeM MOXKHO HalWTH U CaMU
KofoBble cnoBa (comtacHo 3azaue 12.2.3.). Ho mnpome o0beguHUTH 3TH
JeificTBUSL U Cpa3y UCKaThb KOJOBbIe C0BA: BeJb 3aMeHa YMCJIa 73 Ha JBa
yucaa 72 + | COOTBeTCTByeT 3aMeHe KOZIOBOTO CjioBa [? Ha fiBa cjioBa ()
¥ [P'| Ha eguHuLy Oosbled JUHBL (M 9Ta MOC/IeAHSS 3aMeHa COXpaHseT
npeUKCHOCTb KOfja).

Kozn, mocTpoeHHBI TakuM MeTOZOM, HasbiBaeTcsi kKogom Xaddmena. Mer
[I0Ka3aau, 4TO OH MMeeT MMHUMA/IbHYIO CPeJHIOK JJIMHY CpeJiu BCeX KOJOB
(nns maHHbIX uacToT OykB). B cieayiomielt 3agaue OI[@eHUBAETCS UMCIIO
oneparuii, HeobXoAMMBIX /171 TOCTpoeHus koja XaddmeHa.

12.3.6. TlokaszaTh, uto MOXHO 0OpaboTaTh wacToTel [l ....[":, caenaB

()} log k) omepanuii, mocie yero § -oe KoZ0BOe CIOBO MOXKHO yKa3aTh 3a
BpeMs, TIPOMOPLMOHABLHOE ero JIrHe.

YkazaHwue. BEIMETHM, HUTO OL€HKd BpPeMEHH OOBOJIbHO CHJ/IbHAA! TOJIBKO Ha

copTupoBky umcen Pi yxe yxogut ()L log /) pedictBuii. IlosTomy,
NpUMEHsIsE  TPeAbIAYIIYI0  3ajlady, HYKHO MCII0/b30BaTh PE3yIbTaThl
COPTHPOBKH J: YMCe/ NP COPTUPOBKE MEHBINEr0 KOJWUYECTBA YHCel. DTO
MOKHO CfiefiaTh C [OMOIIBI0 OYepeJd C MPUOPUTETAMH, BbIHUMasi [Ba

MUHHUMAa/bHBIX unca ¥ JobaBnss ux cymmy 3a (J(log k) meiictBuii. D70
M03BOJISIET OTpeJeNnuTh, Kakue aBe OyKBbI Ha/J0 COEAWHSATH B OAHY Ha
KaxaoM 1mare. [TapannensHo ¢ coeguHeHUeM OYKB MOKHO CTPOUTHL JIePeBO

KOJIOB, TIpOBOAsA pebpa (momeueHHBIe (} U | ) OT COeAMHEHHOU OYKBBI K
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Kayk701 13 ee 1o710BUHOK. IIpu 3TOM Tpebyetcs (J)( 1) AeliCTBHM Ha KaXKJOM
mare. ITocse 3aBepiieHusi MOCTPOEHUE TIPOCIEKUBATH Kof 000U OyKBBI
MO’KHO CMMBOJI 32 CUMBOJIOM.

12.4. Kop, IllenHoHa-PaHO

Mbl BHJeNnHM, KaK MOXHO TIOCTPOMTh OMNTHUMadbHBIN kKOf (MMEIOLMiA
MHUHUMA/IBHYIO CPeJHIOK IJIMHY) A/ JaHHOro Habopa uactor. OgHako 3Ta
KOHCTPYKL[MSI He 1aeT HUKAKOW OL|eHKH [Jis CPeiHel UIMHBI OTITUMAJILHOTO

Kofa (kak ¢yHkuuu oT yactoT J?; ). Chegyroupe 3a/jaud yKa3blBaeT TaKyko
o11eHKY (C abCo/IOTHOM MOTPeIHOCTEI0 He Oosee | ).

12.4.1. TMoka3aTth, UTO A5 JHOOBIX MOJOKUTENBHBIX YaCTOT 71+ ..., 7k (B
CyMMe paBHBIX eJWHUIIE) CYIIeCTBYeT KOj CpeaHeld JauHOWl He 0Oosee

Hipy,...,pir)+ 1, tne dynkuus [J (nasbiBaemas sHTponued IllenHona
) onpezensieTcs: hopMyoi

H(pi,....on) = ;1(—logapr) + ... + pr(—logapi)

Pemenue. Ecnu yactoTel % mipencTaBisitOT cobo# 1enble (OTpHLlaTebHEIR)
CTeMeHW [JBOWKH, TO I3TO YTBepXKJeHue MouTH oueBUAHO. [lomoxxum
n, — —logp, (3mece u panee Bce norapudmbl  aBouuHbie). Toraa

2™ — p; W moTOMYy A uMcen 7i; BBHINONHEHO HepaBeHCTBO Kpadra-
Maxkmunnada. [To 3agaue 12.2.3. MOXXHO TIOCTPOUThL TIPe(UKCHBIH KOA C
JJIMHaMHU KOJOBBIX C0B T21..-...T0 kL, U cpeAHsisi jjiiHa 3TOro koja Oyner

paBHa f(pq,...,pr ) (M gaxe equaully 100aBIATE He HAZP).

OTa efuHHUL|a TPUTOAMUTCS, ecnu [OG), He Lensle. B 3ToM ciydae Hamgo
B3Tb HauMeHblllee 71;, TPH KOTOpoMm 1~ ™ < P Jns Takux 7i;

BBITIO/IHSIETCs HepaBeHCTBO Kpagra Makmusuiana, u ouu Gosbie —[ogp;
He Oonee ueMm Ha egUHULY (MOTOMY M TIOC/Te yCpeJHEHUs yXyAileHue Oyaer
He Dosiee uem He eIMHULLY.

[TocTpoeHHBI Ha OCHOBe 3TOW 3afauu Ko Ha3wiBaeTcs kogom llleHHOHa-
®aHo. ITO TMOCTPOEHHWEe JIeTKO W3BJeKaeTCd W3 pellleHUs 3afaun 12.2.3.:

paccmaTtpuBasl uudcnaa p; — —L j@gpd (HauMeHbIIME 1iefble YMCaa, s
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KOTOPBIX E_H'; E ?ja' ) B MMOpsAOKe yﬁbIBaHHH, MBI OTBOAHWM [JId KAXKAO0TO M3

HUX KOZOBO€ CJI0OBO M COOTBETCTBYHOIMH Y4aCTOK OTpe3kKa [D,l] cneBa
Harnpageo.

[Ipu 3TOM MBI IPOUTPLEIBaEM B [IMHE KoAa (110 CPABHEHUIO C ONTUMAaIbLHBIM
KogoM) He OoJlee eJUHULIBI: KAK MbI Ceiiyac yBUAUM, CpeIHss JauHa 1H00ro

(B TOM uMC/Ie M ONTUMA/IBHOTO) KOZja He MeHble ff(py, . .. JJ!:)-

12.4.2. ([Ins 3HAaKOMBIX C MaTeMaTUueCcKUM aHanu3oM) [loka3ats, uTo (rIpu
JaHHBIX TOJIOXKUTENbHBIX YacTOTaX, B CyMMe JAalwlUMX eAUHULY) CpejHss

AmiHa mo6oro (0HO3HAUHOTO) Kofja He MeHble i (py, ..., Pk )-

Pemenue. Umest B Buay HepaBeHCTBO Kpadra-MakMunnaHa, Mbl [JO/HKHBI
JI0Ka3aTh Tako (pakT: eciu

n—n] =2 0Tk {1
TO

pin + ...+ pank > Hipr,. . ., 0k).

OTo BepHO s MOOBIX 71; , He 00s3aTeNbHO LenbIX. YI00HO MepelTH oOT 77;

K BeIMUMHaM ¢; — 2~ ™% ; UHTepecyolljee HacC YTBepXK/JeHue TOLa [JIacuT,
4To €CM Ply«« v Pk U §1. -+ .. 4k - ABa HabOpa MONOXKUTENBHBIX UHCeT,
Y CyMMa 4yuCesl B Ka)K/JOM paBHa eJuHuLle, TO

pi(—loga1) + ... + pi(—logar) = pr(—logpr) + ... + pr(—logpr).
,HPYT'HMI/I C/I0BAMH, BbIDaAKE€HHE

m(—logq) + ...+ pe(—logg)

(paccmarpuBaeMoe mpu (UKCHPOBAHHBIX [ KakK QYHKIUS HAa MHOXECTBe

BCeX MOJOXUTENbHBIX {1, - ...}, B CyMMe paBHBIX eJUHUL|e) NOCTHUTAeT
MuHuUMyMa npu §; = P; . Obnacte ompejaeneHusi 3Tou (QyHKIUU €CTh
BHYTPEHHOCTb CHUMIJeKca (TpeyrosbHHKa NpU 73 — ., TeTpasipa MpH

1 — 4 W T.4.) U Npy NpubmKeHUU K IpaHulle OOHO U3 (i CTAaHOBUTCSA
MaJbIM, @ er0 MUHYC JIorapu@M yxoauT B HeCKOHEYHOCTh. 3HAUYUT, MUHUMYM
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¢byHKIIUM fgocTuUraeTcss BHYTpU obsactu. B Touke MMHMMyMa TpafiMeHT

(—p1/q1e. .., —Pn/Qn) BOWKeH ObITH NEPIEH/IUKYISAPEH M/I0CKOCTH, Ha
KOoTOpoi dyHKIUs ompefeneHa (WHade CABUT BJOMAb 3TOH TJIOCKOCTH

yMeHblIan Obl (QYHKUHIO), TO €CTb BCe pip.r’qé paBHbl. [lockosbKy

Zpi = Z ¢; — 1, To 3TO O3Hauaet, uto Pi — {f; .JIpyroe oObACHeHMe:

¢Gyukuusa [og Beiykia BBepX, TMO3TOMY s JHOOGBIX HEOTPHULATENLHBIX
KO3(hUIHeHTOB (¥;, B CyMMe DABHBIX eIMHUILIE, U AJis JIFOOBIX TOUeK .XI'; M3
obnactu onpegeneHus gorapudma BhIMOIHSAETCS HEPABEHCTBO

log (Z az-;r,-) = Z a;logz;.

Ocraerca monoxuth i — Pi, ;= g;/p; ; B JeBoi uvactu Oyner

norapum eAMHUIIBI, TO €CThb HYIb, a sz- 10.%“;!:';“{]3':':' eCTh Kak pa3s
Pa3HOCTb MEXy IeBOH U TIPaBO¥ 4acCTsIMH /JOKa3bIBAEMOT0 HepaBeHCTBa.

Benuka nu 3KOHOMMS OT MCNOAbL30BAHUS KOJOB, OMMCAHHBIX B 3TOM
pa3genie? 3TO, KOHEUHO, 3aBUCUT OT 4aCcTOT OYKB: eC/Id OHU BCe OIMHAKOBhIE,
TO HUKAKOW 3KOHOMHU He OyueT. Jlerko 3aMeTHTh, UTO B PYCCKOM SI3bIKe
pasHbie OyKBbl MMEIOT pa3Hyw uactoty. Ecim, ckaxem, B Tekctax (TeX-
(aiinax) 3TOoro Kypca (Ha MOMEHT 3KCIIEPUMEHTa) OCTaBUTh TOMBKO 3.3

cTpouHble pycckue OykBbl OT "a" g0 "1, a BCe oCTa/lbHble CHMBOJIBI He
YyUUTBIBATh, TO CaMO# wacToii Oyksoi Oymer OGyksa "o" (wactrora (0,105 ), a
camoii peikoit - TBepawii 3Hak (wacrora (,00019 ). 3nauenune suTpONIUM

Illennona mnpu 3tom Oymer paBuo 4,454 (cpauute ¢ 5 6Gutamu,
HeoOXOAUMBIMHU [Tt KofupoBaHus 32 Gyks). Bemurpeiimn He Tak Benuk. OH
Oymer Gosibllle, €C/IM YYUTHIBATH TAKKE M [PYrHe CHUMBOJbI (TIPOMHUCHBIE
OyKBBI, 3HAKW TIPEMTMHAHUS U JIP.), KOTOPbIe BCTPEUAKITCS B TEKCTe ropasio
pe)ke WM BOBCE He BCTpeuarTcsi. HakoHell, MOXHO KOUPOBATh He OyKBBI, a
NBYXOYKBEHHbIe KOMOUHAI[UK UK ellje YTO-HUOyIs. IMEHHO TaK MOCTYMaroT
MOMy/IsSIPHBbIE TPOTPAMMbI  CKaTHsi WHGpOpMaluu (TWma zip), KOTOpbIe
MO3BOJIAIOT COKPAaTUTh MHOTHME TEKCThI B IOJITOpPa-jBa pa3a (a HEKOTOpbIe
apyrue aitel JaHHBIX - U B Oosbliee yKc/o pa3).

12.4.3. Komnanua M. yTBepK/aeT, UTO ee HOBasi mporpaMma CymepcKaTus
(haiiioB MO3BOJIAET CKaTh /0601 daitn anunou 6oseite 1{)() (J(i() baiiToB Mo
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KpaiiHel mepe Ha [()% Oe3 morepu uHQopmauu (MOXHO BOCCTaHOBUTH
MCXOZIHBIM (aii/ Mo ero ¢karomy BapuaHTy). JlokasaTh, UTO OHa BpeT.
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

Hpe,Z[CTaBJ'IEHI/IE MHO>KEeCTB. XE‘H_[I/IPOBEIHI/IE‘

13.1. XempoBaHue C OTKPbITOM ajipecaljpen

B nexiuu 6 ObIIO yKa3aHO HECKOMBKO TIPEACTAB/IEHUM [UIT MHOXXECTB,
37eMeHTaMH KOTOPBIX fIBJISIFOTCSI 1ieJible YKC/Ia TTPOU3BOJBHON BeJMUHHBL.
Opnako B moboM #M3 HUX x0T Obl ofHa W3 oOmepaluil TPOBEPKU
NpUHAIJIeKHOCTH, fAobaBieHus U yAajeHus 3jeMeHTa TpeboBana
KOTMYeCTBa AefCTBUMH, TPONOPLUUOHATBHOTO YACITY 3IEMEHTOB MHOXXECTBA.
Ha mnpaktuke 5T0 ObIBaeT ciuimkoM MHOro. CymecTeyloT crnoco6sl,
MO3BOJISIIOIME TIOMYYUTh /IS BCEX TPeX YIOMSIHYTBIX OTepanjuii OLleHKY

("' log n . OguH U3 TakuX Cr1oc060B MBI PACCMOTPHUM B CJIeAYIOLIEH JIeKI[UH.
B sTo#1 nekiuu mbl pasbepem criocob, KOTOpeIe XOTS U TIPUBOJUT K ('n
IeHCTBUAM B Xy[IleM Caydae, HO 3aTO "B cpeaHeM' TpeOyeT 3HAUMTETBHO
MeHbIIero ux uncsaa. (Mbl He OyneM yTOUHSThL C/I0B "B CpefiHeM", XOTs 3TO U
MO>KHO CJief1aThb.) DTOT Cr10co0 Ha3bIBAGTCS XeIMPOBaHUEM.

[Tlyctb HaM HeoOXOAMMO TIPEACTAB/ISATb MHOXECTBA 3JEMEHTOB Tuma T,
MpUYEeM UKCJIO 3JIEeMEHTOB B HUX 3aBeJJOMO MeHbIle n. BeibepeM HEeKOTOPYIO
GbyHKUMIO h, OMpeAeNeHHYW Ha 3HaueHUSX TUMa T W MPUHUMAIOIIYIO
3Hauenus () ... — 1. Bbuio 6wl xopoio, uToObl 3Ta GyHKIUS MTPUHUMAA
Ha 371eMeHTax Oyaylero MHO>KeCTBa 1o BO3MO>KHOCTH Dosee pazHoobOpa3sHbie
3HaueHus. (XyIumi cjiydail - 3TO KOIZla ee 3HaueHHUsl Ha BCEX 3JIeMEHTax
XpPaHUMOTO MHOXXEeCTBa OfUHAKOBHI.) JTy (pyHKLUIO OymeM Ha3biBaThb Xelll-
(yHKIIMeN, UK, KaK ellle TOBOPSAT, (PyHKI[Mel pacCTaHOBKH.

Beegem aBa maccuea

val: array [0..n-1] of T;
used: array [0..n-1] of boolean;

(Mbl TO3BOMISIEM cebe mucath n-1 B KAadecTBe TPAHULIbI B OMpeJeneHUU
THIA, XOTS B I[lackaje 3TO He paspemiercs). B 3Tux maccupax Oyayr

XPAHUTHCA 3/IEMEHTBI MHOXKeCTBd: OHO DdBHO MHOXeCTBY BCeX E.F[.ﬁir ['zl FinIb: s

Tex i, AN KOTOPBIX 1s5ed] [g] rpuyeM BCe 3TU uai[él pasnuuHbel. Ilo
BO3MOKHOCTHA MBI OyleM XpaHWUThL 37IeMeHT t Ha mecte h (t), cuuTas 3TO
MecTO "MCKOHHBIM" Ansi 3nemeHTa t. OJHAaKO MOXeT CIAYUUThCS TakK, UTO
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HOBBIU 37IEME@HT, KOTOPBII MBI XOTUM ZI00aBUTH, TIPETEH/AYeT Ha yXKe 3aHsToe
MecTo (#n1s KoToporo used HCTHHHO). B 3ToM cjiyuae Mbl OThILEM
Onukaiimee cripaBa cBobomHOe MecTo W 3anuiieM 3iemMeHT Tyga. ("Crnpasa”
3HAUUT 'B CTOPOHY VyBe/JUYEHUS WHJIEKCOB'; [0 [0 Kpasi, MbI
rnepeckakuBaem B Hauasno.) [lo npeanonoskeHur, 4uC/iIO 371eMeHTOB BCerga
MeHBbIIIe 11, TAK UTO MYCTbIe MeCTa 3aBeioMO OyayT.

®opmManbHO TOBOps, B J000i1 MOMEHT J0/DKHO CoOMI0AaThCs Takoe
tTpeboBaHue: Aas M0O0Oro 37eMeHTa MHOXXEeCTBa Y4acTOK CIpaBa OT €ro
MCKOHHOTO MeCTa /Io ero (JaKTHueCcKoro MecTa MmoJIHOCThIO 3aro/HeH.

bnarogapss sTOoMy npoBepka NpPHUHAJ/IEKHOCTH 3alaHHOTO 3JIeMeHTa t
OCYLIeCTB/ISIETCA JIeTKO: BCTaB Ha h (t), [ABUMraeMcs HarpaBO, IOKa He
JouJeM [0 MyCcTOro MecTa WM [0 3jieMeHTa t. B mepBom ciyuae 3memMeHT t
OTCYTCTBYeT B MHOJXXeCTBe, BO BTOPOM - NpUCYyTCTByeT. Eciu snemeHT
OTCYTCTBYeT, TO er0 MOXXHO A00aBUThL Ha HalJeHHOe mycToe Mmecto. Ecmm

MPUCYTCTBYET, TO MOXKHO ero yaanuth (nonoxus used — false ).
13.1.1. B npeapigymiem ab3arje ectb onmbka. HaiiTu ee u MuCIpaBuUTS.

Pemenue. /leno B TOM, 4TO TIpU yaneHUu TpedyemMoe CBOWCTBO "OTCYTCTBUS
nycToT" MO>KeT HapyumThcs. [losTomy Oymem genath Tak. Co3gaB AwIpy,
Oynem ABUraThbCs HarpaBO, MOKAa He HAaTOMKHEMCS Ha 3/1eMeHT, CTOSIIMA He
Ha MCKOHHOM MeCTe, UJIM Ha ellle OJHO MycToe MecTo. Bo BTopom cnyuae Ha
9TOM MOXXHO YCIOKOMTLCA. B mepBoM ciiyyae mOCMOTPUM, He HYXKHO JIH
Hall/JeHHbIN 3/IeMEHT NMOCTABUTh HAa MECTO JbIpbl. EC/M HeT, To mpogokaem
TOUCK, eC/IU /la, TO 3aThIKaeM UM CcTapy Awipy. I[Ipu 3ToM 0bpa3yercs HoBas
[BIpa, C KOTOPOM JlejlaeM BCe TO JKe caMoe.

13.1.2. HanucaTe mporpaMMbl TIPOBEPKH TIPUHAI@KHOCTH, J00aB/IeHUS U
yaneHusl.

Pemmenue.

function npunagnexur (t: T): boolean;

| var i integer;

begin

|i=h(v);

| while used [i] and (val [i] <> t) do begin
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||[i=(+ 1) mod n;
| end; {not used [i] or (val [i] = t)}
| npunagnexxkut = used [i] and (val [i] = t);
end;

procedure nobaBuTts (t: T);

| var i integer;

begin

|i=h(v);

| while used [i] and (val [i] <> t) do begin
||i:=(i+ 1) mod n;

| end; {not used [i] or (val [i] = t)}
| if not used [i] then begin

| | used [i] = true;

| |valli] =t

| end;

end;

procedure uckmounTh (t: T);

| var i, gap: integer;

begin

|i=h(v);

| while used [i] and (val [i] <> t) do begin

||[i=(+ 1) mod n;

| end; {not used [i] or (val [i] = t)}

| if used [i] and (val [i] = t) then begin

| | used [i] = false;

|l gap =i

||[i=(+ 1) mod n;

| | {gap - AbIpa, KOTOpasi MOXKET 3aKPbIThCS OAHUM U3 i,it+1,...}
| | while used [i] do begin

| || if i = h (valli]) then begin

|| {Ha cBOem mecTe, HUUero He fenaTh }

end else if dist(h(valli]),i) < dist(gap,i) then begin
| {gap...h(valli])...i, HUuero He menatb}

end else begin

| used [gap] = true;

| val [gap] = val[i];

||
||
[
||
||
[
||| | used [i] := false;
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[[1]gap =15
||| end;
|||i=(i+ 1) mod n;
| | end;
| end;
end;

3nece (list (a,h) - M3MepeHHOe MO YaCOBOH CTpesKe (CeBa Hanpaso)
paccTosiHUe OT a [0 b, To ecThb

dist (a, ) = (b—a +n) mod n.

(Mbt mpubaBunu n, Tak Kak QyHKiUsS mod MpPaBUALHO paboTaer mnpu
MOJIOXKUTELHOM /IeJTUMOM. )

13.1.3. CyujecTByeT MHOTO BapHaHTOB xellMpoBaHus. OJUH U3 HUX TaKOB:
oOHapyKUB, UTO UCKOHHOE MecTO (0003HauUMM ero j ) 3aHATO, Oygem ucKaTtb

cBobogHoe He cpeau t+1,24+2,..., a cpeau
rii).r(r(i)), r(r(r(z)))...., me 1 - HekoTopoe oTo6GpaxeHue

{0,....,n— l} B cebs1. Kakue ripu 3TOM BygyT TPYAHOCTH?

OTBer. (1) He rapaHTupyeTcsi, 4YTO €C/IM IYCTble MeCTa eCTb, TO Mbl HX
HaiigeM. (2) Ilpu ymaneHUM HeICHO, KAk 3amoiHATh AbIpbl. (Ha mpakTtuke Bo
MHOTMX C/ydasx ylajJeHue He HYKHO, TaK 4YTO Takol crocob Tarke
npumMeHsietcsi. CuMTaeTcsi, uTO ygauHblii mogbop QYHKIUU 7= MOXKeT
NpeoTBPaTUTh 00Opa3oBaHKe "CKOTIJIEHUH " 3aHATBIX SUEeK. )

13.1.4. IlycTs Ans XpaHeHWs MHOXKeCTBa BCEX MPaBUJBHBIX DYCCKUX C/I0B B
nporpamme NpoBepky opdorpaduu UCIonb3yeTcsa XxenmpoBaHue. UTo HY)KHO
n06aBuTh, uTOOBI K TOMY )K€ yMeTb HaXOAMTh aHTIMICKUU mepeBof arboro
NpaBUIbLHOrO C10Ba?

Pemenue. IToMmumo maccuBa val, 3JIEMEHTBI KOTOPOr'o ABJAKOTCA DYCCKUMH
CJIOBAMH, HYKEH HapaHﬂEHBHbIﬁ MaCCHB MX aHIVIMACKUX nepeBoqoB.

13.2. XermupoBaHue CO CIIUCKaMu

Ha XEI.LI-[lJyHKL[I‘IIO C k 3HAYeHHUAMH MOXHO CMOTPETH KdK Hd criocob ceectH
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BOIMpPOC O XpdHEHHWH OAHOTO 00/ILIIOTO0 MHOKECTBA K BOIIPOCY 0 XpdHEHHWH
HECKOJIBKMX MEHBIINX. MMEHHO, ec/in 'y HaC eCTb XEIJ_I-CIJYHKL[I/IFI C k
SHa4eHHAMH, TO noboe MHOXKECTBO paBﬁI/IBaETCﬂ Ha k MOAMHOKeCTB
(BO3MO}KHO, I'IYCT]:IX), COOTBETCTBYHOLUIMX BO3MO>XHBIM 3HdYEHUAM Xelll-
(lJyHKL[I/II/I. BOHPOC 0 TIpoBepke TIMpHUHAANEXHOCTH, '[[OﬁaB.HEHHI/I HUITH
YodaJIeHUuHn [OJjid OOBIIIOr0 MHOXKECTBa CBOOWTCA K TAKOMY K€ BOIIpOCY J1d
OJHOTO HW3 MEHBHIMX ('-ITOﬁ]:I ¥3HaTb, AJid KAKOTO, HaJ0 TIOCMOTPETH Had
3HdUEeHHe XE]J.[-d)yHKL[HH).

OTH MeHbIIMe MHOXeCTBa YA0OHO XpaHUTe C TOMOUBI0 CCBUIOK; HX
CyMMapHbIil pa3mMep paBeH YHCIy 3JIEMEHTOB XelIMpyeMOro MHOXXeCTBa.
Cnepytolljas 3aiaua npejjaraeT peajn3oBaTh 3TOT MJIaH.

13.2.1. Ilycts xemr-dyHKIMS MPUHUMAaeT 3HaueHus | . . k. /s Kaxgoro
3HAUEeHUS Xel-QyHKI[UM PacCMOTPUM CIHUCOK BCEX 37IeME@HTOB MHOJKeCTBA C
NaHHBIM 3HaueHuWeM xell-QpyHKIUM. bygeM XpaHUTb 3TU k CIOUCKOB C
MOMOLLBIO TTepeMeHHBIX

Copepxanue: array [1..n] of T;
Cnepytoumii: array [1..n] of 1..n;
[TepeCB06: 1..n;

Bepumna: array [1..k] of 1..n;

TaK >Ke, KaK MbI 3TO Jle/Ia/d /i1 Kk CTeKOB OrpaHUUEHHON CyMMapHOM [ITUHBL.
Hanucate cooTBeTcTByrOlMe mnporpaMmbl. (YianeHuWe MO CpaBHEHHIO C
OTKPBITOM afipecaijyeil yrpoIaeTcs.)

Pemenue. [Tepen Hauamom pabOThl HaZO TOMOKUTE Bepunua [1]=0 gns
Bcex i=1. ..k, ¥ CcBA3aTb BCe MeCTa B CMHCOK CBOOOHOr0 MPOCTPAHCTBA,
nouoxus llepsCrob=1 U Cnenyoumum [1i]=i+1 gmg i=1...n-1, a
TaKkKe Cnenyomuii [n] =0.

function npunagnexur (t: T): boolean;

| var i integer;

begin

| i = BepumHalh(t)];

| {ocTanock UCKaTh B ClIMCKe, HAYMHas C i}

| while (i <> 0) and (Cogepykanwue[i] <> t) do begin
| |i= Cnemyroumilil;
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| end; {(i=0) or (Cogepxanue [i] = t)}
| npunagnexut = (i<>0) and (Coneprxanueli]=t);
end;

procedure gobaeuts (t: T);
| var i integer;
begin
| if not mpuHagnexxut(t) then begin
| |i:=IlepCB0O;
| | {TlepeCB06 <> 0 - cunTaem, 4YTO He MEPernoTHIeTCs }
| | TlepeCB06 := Cneayroumii[[TepeCB06 |
| | Copeprxanueli]:=t;
| | Cnepytormmii[i]:=Bepumnalh(t)];
| | Bepumualh(t)]:=i;
| end;
end;

procedure uckmouuTs (t: T);
| var i, pred: integer;
begin
| i:= Bepumnalh(t)]; pred = 0;
| {ocTanock uckaTh B cCiUCKe, HaUMHas C i; pred -
| TipemBIAYyIIMiA, €C/TH OH eCThb, U 0, eciu HeT}
| while (i <> 0) and (Cogepykanwue[i] <> t) do begin
| | pred = i; i = Cnegyroumii[il;
| end; {(i=0) or (Cogepxanue [i] = t)}
| if i <> 0 then begin
| | {Coneprkanue[i]=t, 37leMeHT eCTb, HAaJO YAATUTh}
| | if pred = O then begin
||| {3nemeHT oKa3ancsi MepBbLIM B CITUCKE }
| | | Bepumnalh(t)] = Cnemyronmii[il;
| | end else begin
| | | Cnepyrormii[pred] = Cnenyromumii[i]
| | end;
| | {ocTanock BepHYTH i B CTUCOK CBOOOAHBIX }
| | Cneayrormii[i] = [MepBCB00;
| | TlepeCB0O:=i;
| end;
end;
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13.2.2. ([Insa 3HaKOMBIX C TeOpuel BeposiTHOCTei.) [TycTh xemrdyHkius ¢ j
3HAUEHUSIMUA UCTIONIB3YeTCs i XPAHEHUs] MHOXKeCTBA, B KOTOPOM B [JaHHBIH
MOMEHT 73 3/eMeHTOB. /loka3aTb, UTO MaTemMaTUUeCKoe OXHUAAHHWe 4Juc/a

w v s - i
JeHCTBUI B TpeAblAyllel 3anaue He mpesocxogut (1 4+ m/k), ecim
nobaBnsiemblil  (ymansieMbld, WCKOMBIM) 37eMeHT { BblOpaH CydaiiHO,

Tpu4eM BCe 3HaueHUs [i({) UMeIOT paBHbIe BePOATHOCTH (PaBHEIe 1#1','{; ).

Pewenwvie. Ecnu {(7 ] - AnvHA CIIMCKA, COOTBETCTBYHOLIETO Xell-3HAYeHUH0 7 ,

To uWcao onepauuit He mpesocxogut (1 + [(R(t))) ; ycpeaHss,

T0JIy4aeM UCKOMbIH OTBET, TaK KaK Zz- i =m.

OTa oLleHKAa OCHOBaHA Ha TIPeAT0JI0XKeHUH O PaBHBIX BeposATHOCTAX. O JHaKO
B KOHKPETHOU CUTyaluu BCe MOXeT ObITb COBCEM He Tak, M 3HaUeHUs Xelll-
(byHKITUM MOTYT "CKYUMBAaThCS': /151 KXKJ0M KOHKPETHOM Xelll-(yHKIIUU eCThb
"HeygauHble" CUTyalluM, KOTJ@ UYMUCIO0 [eHMCTBUUM OKa3bIBaeTCs OOMBIIMM.
[Tpuem, Ha3bIBaeMblil YHUBEPCA/JbHBIM XEIIMPOBAaHWEM, TO3BOJIsieT 000UTH
3Ty Tipobnemy. igesi cOCTOMT B TOM, uTO Oepercsi ceMencTBO Xemi-(GyHKIUi,
npuuem 00as CUTyal[usi OKa3bIBAeTCS HEYIAUHOW /UMb /18 HeOOobIon
YaCTH 3TOTO CeMeiCTBa.

[Mycte J{ - cemelicTBO GyHKIMHA, KaXkK[as W3 KOTOPBIX OTOOpakaeT

MHO>XeCTBO |’ B MHOXeCTBO W3 jJ. 371eMeHTOB (Hampuwmep, ...k —1).
[oBopsiT, uTOo [| - yHUBEpcaJbHOe CeMeHCTBO xeml-(QyHKIUH, ecnu Ajs
M00BIX BYX pa3/MUHbBIX 3HAYEHUN 5 U { W3 MHOXKeCTBa [ BepOSITHOCTb

cobertua fi(s) — h(f) Aana cayuaiinoit dyHkuuu [f; U3 cemeiictBa [
paBHa 1;‘};. (OpyrumMu cnoBamMu, Te QYHKIIUU U3 [Jf, [/ KOTOPBIX
h(s) = h(t), cocraBnsoT 1[!; -y10 yacTh Bcex hyHKIUH B [ .)

3ameuanue. bonee cunbHoe TpeboBaHMe K ceMeWCTBY [J{ Mormio Obl
COCTOATb B TOM, YTOOBI A/ MOOBIX JBYX Pa3MUUHBLIX 37IEMEHTOB § W |

MHOXKeCTBa ‘[’ 3HadeHus fi(s) u Ji(f) cayuaiiHOW QyHKUMH /) ABISIOTCA
He3aBUCUMBIMHU Cy4aliHBIMU BeJIMUYMHAMHU, paBHOMEpHO

pacnpeneneHHbiMu Ha (), . .k — 1.

13.2.3. Tlycts £1,..., i, - mIpoU3BOAbHAS NOC/IEAOBATEBHOCTE PA3TIMUYHbBIX
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3JIEMEHTOB MHOXKeCTBa I PBCCMDTPHM KOJTH4YeCTBO ﬂEﬁCTBI‘IFI,
MNPpOUCXOOAIUX IIPpM TIOMEIIEeHHH 3JIeMeHTOB i‘]| B i tn B MHOXeCTBO,
XenmMpyemoe C nmoMOIIbHO [l)yHKL[HH h H3 YHHBePCAJIbHOTO ceMeiicTBa _H
r[[OKEIBEITB, 4HTO CpejHee KOJTHYeCTBO ,I[EﬁCTBHi:I (pre,H'HEHI/IE - I10 BCeM h H3

H ) ne npesocxogut C'n(l + n/k).

Pemmenue. O003HaUNM yepes 1 KOJIMYEeCTBO 3JIEeMEeHTOB
MOC/IeI0BAaTeILHOCTH, [Jisi KOTOPBIX Xell-yHKUus paBHa ¢ . (Yucia
M., ..., Thi—1 3aBUCAT, KOHEUHO, OT BbiDoOpa xemnrdyHkiuu.) Konmuecteo
efCTBUM, KOTOpOEe Mbl XOTUM OLI@HUTb, C TOUHOCTBIO [0 TIOCTOSIHHOTO
MHOYXUTesI PABHO mﬁ + -]'i'?,f g ﬂlﬁ_]. (Ecu § 4ducen momajaroT B
OIHY Xell-siuelKy, TO st 3Toro Tpebyercss mpumepHo | + 24+ ...+ s
JercTBUii.) DTy Ke CyMMY KBagpaTOB MOXXHO 3arucaTh Kak YUCIO Tap

{p.q) , ana xoropeix h(t,) = h(ty). TlocnegHee paBeHCTBO, ecnu ero
paccMaTpuMBaTh KakK coObITHe TpU (UKCUPOBAHHBIX 2 W {f, uMeeT

BEpPOSATHOCTh 1;','{; npu P F ¢, TO3TOMY CpejjHee  3HaueHUe
COOTBETCTBYIOILIETO U/leHa CyMMbl paBHO | //:, a /i1 BCe# CyMMBbl MO/Tyuaem

OI[eHKY TTOpsi/iKa nzﬁc, a TOuHee 73 } -ngrr’ f:, ecnu y4ecTb uneHsl ¢ P —

OTa 3a/jaua roKa3bIBaeT, UYTO Ha KK/bIH J00aBIsieMbIi 371eMeHT NPUXOAUTCS

B cpegHeM (1 | nﬁc) orepanuii. B 3T0# o1jeHKe 1pobb n;’ﬁ: nuMeeT
cmbIC "KoadduiirenTa 3amoiHeHus" Xell- TabInIlbl.

13.2.4. [doka3aTb aHalOTUYHOE YTBEepXKAeHUe [Jjisi TPOU3BOILHOU
1oC/1e[j0BaTe/IbHOCTH omepauuii fobaBieHus, MoMcKa U yjgaseHus (a He
TOJIBKO J71s1 j00aB/ieHys], KaK B IIpe/IbIAYIIeH 3ajaue).

Ykazanue. Bygem npepacraBasTte cebe, uTo B Xofe IMoucka, AobaBieHus u
yaneHus 3/1eMeHT NPOTAJKMUBAeTCs M0 CIIMCKY CBOMX KOJUIer C TeM e Xelll-
3HAUEHUEeM, T0Ka He HalJeT CBOero JBOMHMUKA WU/IW He [JOUJEeT [0 KOHI[a

cnucka. Bynem HasbiBaTh j - ]| -CTONKHOBEHWEM CTONKHOBeHue f; ¢ Lj.
(Ouo nubo mpowusoiiget, b0 HET - B 3aBUCMMOCTH OT J; .) Obiee uncio
NeMCTBUI TPUMEPHO PaBHO YKUC/TY BCEX MPOUCIIEIIMX CTOJKHOBEHUH TITHOC

/ = .
UHMC/I0 3/1eMeHTOB. HpH f;i .": tj BepPOATHOCTb 3 - _} -CTOJIKHOBEHHHA He

260



A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

MIPEeBOCXOAUT 1f,i;. Ocranock MpocieguTh 3a CTOJKHOBEHUSIMU MEXAY
paBHBIMU 371eMeHTaMu. DUKCHUPYeM HEKOTOpOoe 3HaueHHue ;- U3 MHOXKeCTBa
|’ ¥ MOCMOTPHUM Ha CBsi3aHHble C HUM onepayuu. OHU UAYT MO LUKIY:
nobaeneHue - MPOBEPKU - yaalieHHe - fobaB/eHue - TPOBEPKH - YAA/IeHHe -

CTONKHOBEHUS TIPOUCXOAAT MexAy [Jo0aBjisieMbIM 3/1€MEHTOM U
CcneAyoUMMHU 3a HUM MPOBepKaMH (A0 yganeHWsl BKAHUHUTENBHO), 03TOMY
of1iee UX YMCI0 He TPEBOCXOAUT UKC/IA I7IEMEHTOB, PABHBIX 7' .

Teriepp mpuBegeM MpUMepbl YHUBepPCalbHBIX ceMelcTB. OueBUAHO, /s
moOBIX KOHEUHBIX MHOXecTB 4 W [ ceMelCTBO Bcex (QyHKUHH,
orobpaxaroumx A4 B [§, sBnsercs yHueepcaabHbiM. OIHAKO 3TOT IPUMeEP
C TIPAKTUYeCKOW TOUKU 3peHUst DOecrionie3eH: Ajs 3allOMUHAHUS CIy4aliHOM
GyHKUIMU M3 3TOTO CEeMelCTBa HY)KeH MacCUB, YMC/IO 3JIEMEHTOB B KOTOPOM
pPaBHO UHCIy 37eMeHTOB B MHoxectBe A . (A ecin Mbl mMoxem cebe
MO3BOJIMThH TAKOW MacCUB, TO HUKAKOTO XelMpoBaHus He TpebyeTcs!)

Bonee mnpakTMuHbIe TIPUMEpPbl YHUBEPCATbHBIX CEMEHCTB MOTYT OBbITh
MOCTPOEHBI C TIOMOIIBI0 HECTOXKHBIX anrebpanueckux kKOHCTpPYKIui. Yepes

.Q.'p Mbl 0003HAaUaeM MHOXKECTBO BLIUETOB II0 MpocTomMy MOAVIHD P, Te.

{D, 1,....p— l} ; apudMeTHuecKhe oOrepardud B 3TOM MHOKECTBe
BBITTOJTHAKOTCS 110 MoAymio 7. YHWBepcaibHOe CemMeicTBo 0bpasyioT Bce

o T -
JIMHeHHEBIe ClJYHKL[I/IDHEU'IBI Ha ""—-'p CO 3HA4YeHHSAMH B g, Bonee HO,I[pDﬁHO,

nyctb  (1,...,@n - TPOU3BOJbHBIE 3/1€MEHTbl iy ; PacCMOTPUM
oTobpaxkeHue

h:{zy...Tn) — o121 + ...+ apTy.

v " ron Ll
Mbl  nonmyuaem  cemeicTBO M3 T oToOpaxkeHmit Ly — Lp

rmapameTpu3oBaHHOe HaGopaMu (1) . .. ¢, ) -

13.2.5. [loka3aTh, UTO 3TO CEMEWCTBO SIB/ISIETCS YHHUBEPCATbHBIM.

Lyt !

Ykaszanwue. [lycte 3- 1 I/ - pasnuuHble TOYKA NMPOCTPaHCTBA ‘5. Kakosa
BEPOSATHOCTb TOTO, UTO CAy4alHbIA GYHKIIMOHA/J TPUHUMAeT Ha HHUX
OAVHAKOBBIE 3HaueHUs? [IpyrumMu c/oBaMM, KakOBa BePOATHOCTb TOTO, UTO

OH paBeH HYIH Ha MX pasHoctM & — 4 ? OTBeT jaerca TakuM
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yIrBepXiaeHruemM: IIyCTb 114 - HEH}’HEBOFI BEKTOp, TOrga BCe 3HAYeHHHA
Cﬂy‘-laﬁHO]"O li]YHI'CL]HOHEI.Ha Ha HEM PABHOBEPOATHHI.

B cneaytome#i 3amaue muoxectso B — {(), 1]» paccMaTpuBaeTcsi Kak
MHOJKECTBO BbIYETOB 110 MOAYI0 .

13.2.6. CemelicTBO BCcex MMHENHBIX 0TOOpakeHnU u3z [F™ B [F™ saBisercs
YHUBEPCaTbHBIM.

PoncTBeHHbIe XeIMPOBAaHUIO M/J€U HEOXKUJAHHO OKa3bIBaIOTCS M0JIe3HBIMU
B cieaytouieir cutyanuu (pacckasan /I. BapcanodweB). IlycTb MBI X0TUM
HamucaTtb MPOTpaMmy, KoTopas oOHapyxuBaia (6OBIIMHCTBO) OMEYaTOK B
TeKCTe, HO He XOTUM XPaHUTh CMUCOK BCEX MPaBUJILHBIX CI0BOGOpPM.
[MpeparaeTcs MOCTYNUThL Tak: BbIOpaTh HekoTopoe A u Habop dyHKIUM

f1-.... [, oTobpaxarwoumx pycckue cioBa fobaenensl 3ansareie B 1,...,N B

I,....N. B maccuse u3 \y GUTOB TOJIOXUM BCe OMUTBEI PaBHLIMU HYJIIO,
KpPOMeE TeX, KOTOpble SB/SKOTCS 3HAUEHUEeM Kakou-To dyHkijuu Habopa Ha
KakoH-TO TIpaBU/bHOU croBodopme. Tenmeps mNpuUOAMIKEHHBIM TECT Ha
MPaBUJILHOCTh C/IOBOGOPMBI TAKOB: IPOBEPUTH, UTO 3HAUEHUS BCeX QYHKI[UM
Habopa Ha 3TOM croBodopMe TMOMAJAl0T HA MECTa, 3aHsAThie eJUHULIAMMU.
(OTOT TeCcT MOXeT He 3aMeTUTh HEKOTOPBLIX OHIMOOK, HO BCe MPABU/ILHBIE

cnoBogopmbl OyayT 0100peHbI.)
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[MpencraBnenvue mMHoecTB. [lepeBbsi. COasaHCUPOBaHHBIE
nepeBbs.

14.1. ITpeacraBieHre MHOKECTB C IIOMOILLBIO [JepeBbeB

[ToHOE ABOMUHOE /iepeBO. T-nepeBbs

Hapucyem Touky V3 Hee mpoBeaem jBe CTpenku (BJ€BO BBEpPX MBIPABO
BBepX) B [Be Apyrve TOUKM. W3 Kakgoil M3 3TUX TOUEK MPOBEAEeM IO ABe
CTpesiku UTak janee. [TonyueHHYIO KapTUHKY (B 72 -OM cioe Oyger 9n L
TOYeK) Ha3bIBalOT MOJHLIM JABOUUHBIM JepeBOM. HU)KHIOI0 TOUKY Ha3bIBalOT
KOpDHEeM. Y Ka)K[JO¥ BepLIMHBI eCTh /IBa CbIHA ([JBe BEpIIMHbBI, B KOTOPLIe YT
CTpeNiK1) - JeBbl M TIpaBblid. Y BCSKOM BepIIMHBI, KPOMEe KODHS, €CTh
eIMHCTBEHHBIN OTel].

[Tlyctb BbIOPAaHO HEKOTOPOE KOHEUHOE MHOXKECTBO BEpPUIMH TOJHOTO
IBOUYHOTO JepeBa, COAeprkalee BMeCTe C KaXK[0i BepIIMHOU U BCEX ee
npeakoB. [lycTs Ha Ka)KJ0W BepIMHEe 3TOr0 MHOKECTBA HAMMCAHO 3HAYeHue
¢ukcupopanHoro tuma ‘[’ (To ecTk 3a7aHO oToOpakeHMe MHOXKECTBa
BepUIMH B MHOXeCTBO 3HaueHu# Ttumna ' ). To, uro monyuutcs, Oyzem
HaselBaTh [' -mepeBomM. MHOXeCTBO Bcex '[° -;epeBbeB 0003HaUMM

1'ree(l).

PekypcuBHOe ompegenenue. Beskoe Hemyctoe [’ -mepeBo pasbupaeTrcs Ha
TPU YaCTH: KOPEHb (HeCylii TOMeTKy U3 [’ ), /ieBoe U MpaBoe TMOJ[ePeBbs
(koTOpBIE MOTYT OBITH MYCTBIMK). DTO pasbueHHe yCTaHABAWBAET B3aMMHO
OIHO3HAYHOE COOTBETCTBUE MEXKY MHOXKECTBOM HEIYCTHIX |’ -/epeBbeB U
npoussegenuem | ['ree(l') x I'ree(]’). Obo3Haune uepes empty
MyCTOE [IepPeB0, MOYKHO HAIKCaTh

Tree(1) = {empty} + 1 x T'ree(1) x Tree(T).

ITopgnepeBwbsi. BeicoTa
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@HKCHPYEM HEKOTOopoe I -AepeBo. ,HHF[ Ka)KﬂOFI €ro BepIMHbI 7
Ooripefie/ieHO ee JjieBoe 1iogaepeBo (J'IEBBIFI CbIlH BEepHIMHBI 3 W BCe €ro
HUTOMKPI), [mpaeoe T1iogagepeso (HpaBbIﬁ CblH BEepHIMHBI 37 W BCeé ero
HOTOMKPI) H 1ogaepeBso C KOPHEM B X (BEplLI]/IHa q U BCe ee HOTOMKH).

NeBOE npagoe

KOpPEHB

Jleeoe u TmIpaBOe MOAJEpPeBbsl BEPIIMHBI ' MOTLYT OBITb NYCTBIMH, a
TOJ/IePeBO0 C KOPHEM B [° BCer[a HenycTo (COfep KUT o KpaiiHell mepe 17 ).
BricoToli mogzaepesa 6ygem cuMTaTh MAaKCUMaNbHYIO UIUHY Henu U1 - - - Yn
ero BepLMH, B KOTOpol U:i+1 - ceiH Ui ansa Bcex 7 . ( Boicota pgepeBa u3
OJHOTO0 KOpHS PaBHa e[JUHMLIe, BLICOTA ITYCTOTO AepeBa - HylH0.)

YnopsigoueHHbie T-m1epeBbsi

[TycTh Ha MHO)KeCTBe 3HaUeHUU Tuma ‘[’ duKcupoBaH nopsgok. Hasoeem |’
-II€PEeBO YIOPSIOUEHHOE [1epeBO, eC/IU BBLINIOHEHO Takoe CBOWCTBO: AJid
n06oii BepiMHbI ;° BCe TIOMETKU B €€ JIeBOM MO/ epeBe MeHbIlle TOMeTKU B
T, a BCe TOMETKHU B ee TIPaBOM TojjepeBe 0oJIbilie MTOMETKH B - .

-'-'::l:‘l - &

i ¥

£I
14.1.1. Joka3aTs, UTO B yIIOPAA0UEHHOM JlepeBe BCe MTOMETKH pa3iuuHblI.

Ykazanue. UHAyKUMS IO BBICOTE JepeBa.
Hpe,[[CTaBHEHI/IE MHO>KeCTB C [TIOMOILUbHO 1epEeBbEB

Kaxxmoe nepeBo OyaeM cuMTaTh NMpeACTABIeHUEM MHOXKECTBa BCEeX MOMETOK
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Ha €ero BepIIMHAax. HpH 3TOM OJHO W TO € MHOXeCTBO MOXKET HMMETb
pa3/IUuHbIE TTIPpeaCTaAB/I€HHU A.

bnarogapsi ymopsifoueHHOCTH KaXKAbIH 3JIEMEHT MOXKEeT JIerko "HalTH CBOe
MecTo" B fiepeBe: MPHUJsS B KaKylO-TO BepILMHY U CPaBHUB cebsi ¢ TeM, KTO
TaM HaxXO4WTCS, 3/IeMEeHT pellaeT, UTH eMy Ha/leBO U/IH Harpago.

y<X V=X

el ——

HauaB c kOpHs U [BUrasiCh MO 3TOMY MPaBUNY, OH MO0 0OHAPYKUT, UTO
TAaKOH 3/IEMEHT Y)Ke eCThb, JIM0D0 HalIeT MecTo, B KOTOPOM OH JJO/DKeH ObITb.

Bcropy manee mbl npejnosiaraemM, UTo Ha 3HaUeHUSAX TUMA [’ 3a/1aH TOPSJOK,
¥ pacCMaTpUBaeM TOJIBKO YIIOPSiIOUeHHbIE [1ePeBbsl.

XpaHeHue JlepeBbeB B pOrpaMmme

MoxHo 6b1710 ObI COMIOCTABUTH BepHIMHBI TTOJMTHOIO ABOHYHOI'O JepeBd C

uncnamu |, 2,3, ... (cuuTas, 4TO NEBLIN CbIH 72 €CTh 7, NPABLIM ChIH 77,
ectb 21 -+ 1 ) M XxpaHUTh OMETKH B MaccuBe val [1...].OaHako 3TOT
crnoco® HEIKOHOMEH, TIOCKO/IBKY TPAaTUTCSI MeCTO Ha XpaHeHUe MYCThIX
BaKaHCHU B TMOJIHOM JBOUYHOM JIepeBe.

bBonee sxoHOMeH Tako#i cioco6. Beegem Tpu maccuBa

val: array [1..n] of T;
left, right: array [1..n] of 0..n;

( n - MakcMMajbHOE BO3MOJKHOE 4YKC/I0 BepumMH JepeBa) U mepeMmeHHyHO
root:0..n. Kakaas BepumHa xpaHumoro ‘[’ - nepeBa OyzeT uMeTs HOMeEp
- yucso ot 1 go n. Pa3Hbie BepumHb OyayT uMeTh pasHblie HoMepa. [TomeTka
B BepIMHE C HOMEpOM x paBHa val|[x]. KopeHb UMeeT HOMep root.
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Ecnu BeplmHa4 C HOMeEpOM i umMmeeT CbIHOBEﬁ, TO MX HOMEpa pPdBHBEI
left[i] u right[i]. OTCYTCTBytOIIIMM CBLIHOBBSAM COOTBETCTBYET
yncno (0. AHAMOTHYHBIM 06p3301\"1 3HaueHUe root=0 COOTBETCTBYET

MYCTOMY JIepeBY.

Jnsa xpaHeHUs [epeBa HCIIOJb3yeTCsd JWIIbL 4acTb MacCHBa; Jjad Tex i,
KOTOpbIe CBODOAHBI (He SIBJIAIOTCS HOMEpaMu BEpIMH), 3HaueHus val [ 1]
6espasnuunbl. Ham 6Gymer ymobno, utobwl Bce cBOOOAHBIE uMcaa OblIH
"CBsi3aHBI B CMUCOK: MepBOe XPaHUTCS B CIEIUaJbHOW TepeMeHHO!
free:0..n, aciegyomee 3a i cBoO0ZHOe UKUC/IO XpPaHUTCA B left[1i],
TaK 4TO CBOOOAHBI UK C/IA

free,left[free],left[left|free]], ...

Ona mocnegHero cBoOogHOrO uMcaa 1 3HaueHWe left[i] paBHO O.
PaBeHcTBO f ree=0 03Ha4aeT, uTO CBOOOAHBIX unces OOJIbILe HeT.

3ameuanue, Mbl UCII0/1b30BaU [J1 CBA3bIBAHUA CBOGO,[[HE;IX BEPIIMH MaCCHUB
left, HO, KOHEUHO, C TeM K€ YCIIeXOM MOJKHO OBIJIO MCMO0J/Ib30BaTh MACCUB
right.

BmecTto 3HaueHus 0 (0003HAYAKOIIETO OTCYTCTBUE BEPILMHBI) MOXHO ObITO
Obl BOCMO/IB30BAaThCsA JHOOBIM  ApyrUM  uuciaoM BHe 1. .n. Ytobwl
MOJUepKHYTh 3TO, Oygem Bmecto 0 MCMOIB30BaTh KOHCTAHTY nul 1=0.

14.1.2. CocTaBuUTL MpPOTpaMMy, ONpeAesIOIyI, COAEPXUTCS U 31eMEeHT
t:T B ynopsijOueHHOM JiepeBe (XpaHMMOM TakK, Kak TOJIbKO YTO OMHCAHO).

Pemmenue.

if root = null then begin

| ..HE IPUHAIEKUT

end else begin

| X := root;

| {nHBapMaHT: OCTaeTCsl MIPOBEPUTH HATMUKE t B HEMYCTOM
| TomaepeBe C KODHEM X}

| while ((t < val [x]) and (left [x] <> null)) or

|| ((t>val[x])and (right [x] <> null)) do begin

| | if t < val [x] then begin {left [x] <> null}
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||| x = left [x];
| | end else begin {t > val [x], right [x] <> null}
| | | x = right [x];
| | end;
| end;
| {nubo t = val [x], tubo t oTCyTCTBYET B fiepeBe }
| ..otBeT = (t = val [x])
end;

14.1.3. YnpocTuTb pellieHUe, UCIOAL3YS C/AeAVIOIMA TpPIOK. Pacumipum
obnacTh onpeaeneHus MaccuBa val, nobaBUB sueiiKy C HomepoM null u
MoNMoXuM val|[null]=t.

Pemmenue.

val [mull] =t

X = root;

while t <> val [x] do begin
| if t < val [x] then begin

|| x = left [x];

| end else begin

| | x = right [x];

| end;

end;

..0oTBeT: (x <> null).

14.1.4. CocTtaBuTh mporpamMmy pao0OaBieHWsI 371eMEHTa t B MHOXKECTBO,
NpejCTaB/leHHOe YNOPSAAOYEeHHbIM [1epeBOM (eClyd 3M1eMeHT t yKe ecCThb,
HUYEro JienaTh He HaJp).

Pemwenue. Omnpegenum mnpoueaypy get free (var 1i:integer),
Jaromyro  ceobogHoe  (He  sIBAAIOIIEECST HOMEPOM) UHCJIO 1 H
COOTBETCTBYIOLMM 00pa30oM KOPPEKTUPYIOLIYI0 CITHCOK CBOOOAHBIX UHCET.

procedure get_free (var i integer);
begin

| {free <> null}

| i:= free;

| free = left [free];
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end;
C ee UCmonb30BaHWEM TIpOTpaMMa NpuodpeTaeT Takon BU/IL:

if root = null then begin

| get_free (root);

| left [root] = null; right [root] := null;

| val [root] = t;

end else begin

| X := root;

| {uHBapuaHT: ocTan0Ch AOOABUTH t K HEMYCTOMY TIOZI€PEeBY C
| kopHeM B X}

| while ((t < val [x]) and (left [x] <> null)) or
|| ((t>val[x])and (right [x] <> null)) do begin
| | if t < val [x] then begin

||| x = left [x];

| | end else begin {t > val [x]}

| | | x = right [x];

| | end;

| end;

| if t <> val [x] then begin {t HeT B gepere}
| | get_free (i);

| | left [i] == null; right [i] == null;

| |valli] =t

| | if t < val [x] then begin

||| left [x] = &

| | end else begin {t > val [x]}

| || right [x] =i

| | end;

| end;

end;

14.1.5. CocraBuTh mporpaMMmy yhajeHuUs 37eMeHTa T M3 MHOXeCTBa,

NpeJCTaBAeHHOr0 YIOPSJAOUeHHBIM JepeBOM (ec/ad ero TaMm HeT, HWUYero

JenaThb He HaJ0).
Pemenue.

if root = null then begin

| {mepeBo mycTo, HUUErO AenaTh He HafO }
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end else begin
| X := root;
| {ocTanock ynanuTh t U3 MOAiepeBa C KOPHEM B X; TTOCKOJIBKY
| 9TO MoXKeT moTpeboBaTh U3MEHEHUH B OTILIe X, BBe/IeM
nepeMmeHHbie father: 1..nu direction: (I, r);
nojJep>KUBaeM Takoli MHBAPUAHT: eC/IU X He KopeHs, To father
- ero oretl, a direction paBHO | unu 1 B 3aBUCUMOCTH OT
TOTO, JIeBBIM UJIH TIPAaBbIM CbIHOM SIBJISIETCS X}
while ((t < val [x]) and (left [x] <> null)) or
| ((t> val[x]) and (right [x] <> null)) do begin
| if t < val [x] then begin
| | father = x; direction = I;
|| x = left [x];
| end else begin {t > val [x]}
| | father = x; direction = r;
| | x := right [x];
|

end

en
{ a] [x] unu t HeT B mepeBe}

if t = val [x] then begin

| ..ymaseHue BepimMHbI X ¢ oTijoM father u
| HampaBneHnuem direction

end;

end;

Yianenue BeplMHBI HCIO/B3YeT NTPOLeAYPY

procedure make_free (i: integer);
begin

| left [i] = free;

| free = i;

end;

OHa BKIHOYAEeT YKUC/A0 1 B CIIMCOK CBOﬁO,I[HbIX. HpH Yod/1eHHUH Pa3/IM4ai0TCA
4 Cly4dadsad B 3dBUCHUMOCTH OT HAJTHUKA UJIKM OTCYTCTBHUA CLIHOBEH ymanﬂemoii
BEepPIIMHEI.

if (left [x] = null) and (right [x] = null) then begin

| {x - 1UCT, T.e. HEe UMEEeT ChIHOBEH }
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| make_free (x);
| if x = root then begin
| | root = null;
| end else if direction = | then begin
| | left [father] = null;
| end else begin {direction = r}
| | right [father] = null;
| end;
end else if (left[x]=null) and (right[x] <> null) then begin
| {x ymansiercs, a right [x] 3aHumMaet mecTo X}
| make_free (x);
| if x = root then begin
| | root = right [x];
| end else if direction = | then begin
| | left [father] = right [x];
| end else begin {direction = r}
| | right [father] = right [x];
| end;
end else if (left[x] <> null) and (right[x]=null) then begin
| ..CMMMETPUUYHO
end else begin {left [x] <> null, right [x] <> null}
| ..yIaIUTh BEPILIMHY C IBYMS CbIHOBBSIMU
end;

YianeHue BepLUIMHBI C IBYMSl CbIHOBBSIMH HeJb35l CAenaTh NPOCTO Tak, HO ee
MOJKHO TIpeIBAPUTE/IbHO TOMEHSITh C BEPIIMHOM, MOMeTKa Ha KOTOpOi
SBJISIETCSI HEIMOCPEJCTBEHHO CaefylolMM (B TOpsiAKe BO3pacTaHuA)
3/1eMeHTOM 3a IOMeTKOH Ha x.

y = right [x];

father = x; direction =r;

{Treneps father u direction oTHOCSTCS K BepumHe y}
while left [y] <> null do begin

| father = y; direction = I;

|y = left [y];

end;

{val [y] - MuHuManbHas u3 momeTok, boabumx val [x],
Y He UMeeT JIeBOT0 ChIHa }

val [x] = val [y];
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.. YAaJIUTh BEPUIMHY ¥ (KEIK YOa/IATh BEPIIHMHY, YV KDTOpOﬁ HeT
JIeBOTO CbIHA, MBI YiKe BHHEM)

14.1.6. ¥npocTuTs nporpaMmy yaaneHHs, 3aMeTHB, UTO HEKOTOphIe Caydyau
(HanpuMmep, TIepBBIE JBA U3 UETHIPEX) MOYKHO 00beJUHUTS.

14.1.7. HWcnonb3oBarth yHopsifioueHHbIE [JepeBbsi [Jisl [peJACTaB/eHUS
¢dyHkuii, o61acTe onpegeneHUus KOTOPBIX - KOHEUHbIe MHOXKECTBA 3HAaYeHU U
Tuna T, a 3HauUeHUS UMEHT HeKOTOpbli Tun U. Omepauuu: BeIYUCIEHUE
3HaueHWs Ha [JaHHOM apryMeHTe, HW3MeHeHHe 3HAUeHWUs Ha JaHHOM
aprymeHTe, JoorpefeneHrne QYHKIUM Ha JAaHHOM apryMeHTe, MCKIHUeHHe
snemMeHTa U3 o0acTu onpegeneHus QyHKIIUHA.

Pemenue. [lesiaeM Kak paHbiie, J00aBUB elle OWH MacCUB
func\_val: array [1..n] of U;

ecmn vall[x] = t, func\_val[x] = U, TO 3HaUeHUE XPAaHUMOMU
(byHKI[MM Ha t paBHO u.

14.1.8. Tlpeamnonoxum, 4yT0 HEOOXOAMMO yMETh TakKe OTBICKUBAThb k -bId
371eMeHT MHO)XeCcTBa (B TMOpsiKe BO3pacTaHUs), IPHYeM KOJHUUYeCTBO

NeWCTBUNA JO/DKHO ObiTh He Oomee (. (BRICOTA nepesa). Kakyio
OTIOTHUTEIbHYI0 MHGOPMAIUI0 HaJJ0 XPaHUTh B BEPIIMHAX JAepeBa?

Pemenue. B kaxx0il BepimHe OygeM XpaHUTb YMCJIO BCeX €€ TOTOMKOB.
HNobapneHue u UCKTIOUEHU e BePIIMHBI TpeOyeT KOPPEeKLUH UL HA TIYTH OT
KOpHA K 9JToM BepumHe. B mporecce mnoucka k -0d BepIIMHEI
MOJ/eP’KUBAETCA Takoi WHBAPUAHT: UCKOMAas BepIIMHA SB/SETCS S -OU
BEpILIMHON MOJJiepeBa C KOpHeM B x (37eChk S U x - IepeMeHHbIe).

OLleHKa Ko/IMueCcTBa J1eMCTBUM

HOns xaxgoit w3 omepayuii (NpoBepkd, [Jo0aB/eHUST W MUCKIHOUEHUS)

KOIMYeCTBO JIeHCTBUH He TMpeBoCXoauT (' . (BBICOTA JAepepa). Hnsa
"DOBHO TIOACTPW)KeHHOro" gepeBa (Korja BCe JIUCThS Ha OJHOU BBICOTE)
BBICOTA TO TIOPSIIKY BeIUUMHBI PaBHA jorapudmy uucna BepimH. OgHaKo

ansi KpuBoOOKOTO AepeBa BCe MOXeT OBITh TOPa3fo XyKe: B HaUXyOIIEM
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Cnydae BCe BepuIMHBI 00pa3yloT 1enb U BBICOTA paBHAa YMCIYy BepumH. Tak
CIYUUTCS, eCJI 3IeMeHThl MHOXKeCTBa 00aB/AOTCS B BO3pacTarolleM MU
yObIBawoleM Tmopsiake. MOXXHO [0Ka3aTh, OfHAKO, UTO TMpU JobaBaeHUU
37IEMEHTOB "B C/IydalHOM TIOpsifike" CpejHss BBICOTA JepeBa OyaeT He

Gonbwe ' |og(vueso gepmyH). Ecm 3Tol onenku "B cpegHem" marno,
HeobxoquMBI JOTIONTHUTE/IbHbIe nencTeus no NOAep)KaHUu0
"cbanancupoBaHHoCcTH" fepeBa. OO 3TOM CMOTpPU B C/IeIVIOIIEM MYHKTE.

14.2. CHbanaHcUpoOBaHHbIE JlepeBbsI

Hepero Ha3wiBaeTcsa cOanaHcupoBaHHbIM (U ABJI-mepeBoM B uecTb
u3obperareneir 3Toro metoga I'M. AnenscoHa-Bensckoro u E.M. Jlanauca),
ecnu Jjst r000OHM ero BepIIMHBI BBICOTHI JIEBOTO U TPABOTO TOAJ€PEBLEB
3TOW BepPUMHBI OT/IMYAKOTCA He OGomee uem Ha |. (B uwactHOCTHM, KOrza
OJHOTO U3 CLIHOBEH HET, IPYroi - eCc/ii OH eCThb - 00513aH ObITh JIMCTOM.)

14.2.1. HalitTu MHUHUMAaILHOE W MaKCUMAaJIbHOE BO3MOKHOE KOJMUEeCTBO
BepIMH B cOa/JlaHCMPOBAHHOM JIepeBe BBICOTHI 77..

Pemenue. MakcumansHOoe uwcio BepumH paBHo 2™ — |. Ecim 1, -
MHHHMAaIbHOE YU CI0 BEPILMH, TO, KaK JIETKO BU/IETh,

Muys2 =1 4+m, +mM,41, oTkyga m, = P12 —1 ( &, - n -oe
yucno @ubonauun, P, — 1, P, =1, 'f[),.,+2 =®d, + lI?n_H ).

14.2.2. loka3atb, uTOo cOa/slaHCUPOBAHHOE [IePeBO C 77 BEePIIMHAMUA MMEeT

BBICOTY He Gosbie (|02 1 411 HEKOTOPOW KOHCTAHTBI (', HE 3aBUCSIIEH
OT 7.

Pemenue. MHAyKIMel no 73 7erko Aokasatb, uto P00 = a™, moe g -

v A -
boneumii  KOpeHb KBaJpaTHOTO ypaBHeHUsT 1~ — | 4, TO ecCTb

a= (-.,fa + 1)/2. Ocraetca BoCTOIL30BATLCA MPe/IbIAYLILH 3ajaueil.
Bpaiuenus

Mu1 XOTHM BOCCTaHaB/IHMBATH CﬁaﬂaHCHpOBaHHOCTb AepeBa rmocimie

272



A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
BK/IIOUEHUS] U YOaleHus 3JIeMeHTOB. [ 3Toro HeoOXOgUMBI KaKue-TO
npeobpa3oBaHus JepeBa, He MEHSAKIME MHOXXECTBa I[OMETOK Ha ero
BepIMHAX U He HapyIAll[e YIOPsSA0UeHHOCTH, HO CIOCOOCTByIOIHE
nyuiret cOamaHcupoBaHHOCTH. OMUIIIEM HECKO/IbKO TakuX npeobpa3oBaHuid.

[TycTe BepumHa ¢ MMeeT mpaBoro ceiHa j. O603Hauum yepe3 [? neBoe
MOJ/epeB0 BepUmMHL 1, uepes () u [} - 7eBoe U TpaBoe MOAJepeBbs
BepILMHbI b. YiopsiioueHHOCTh Jepesa Tpebyer, 4TOOBI

P < a< )< b< R (tounee cnegosano 6el ckazats "mobasi moMeTKa Ha

7 MeHbIlle TTOMETKH Ha ¢ ", 'TTIOMETKA Ha ¢ MeHbIle ar00H MOMETKH Ha

() "u T.4., HO MBI 1103BOIMM cebe 3Toro He Aenats). TouHo TOro xe Tpebyet
VIIOPAL04YEHHOCTh JilepeBa C KOpHeM }, ero JIeBbIM CbIHOM (7, B KOTOpOM [~

u () - neBoe u mpaBoe MOAJepeBbsi (1, [{ - TpaBoe TOAJEPeBO f .
[TosToMy mepBoe gepeBO MOXXHO TpeoOpa3oBaTs BO BTOPOe, He Hapyllas
ynopsijoueHHOCTU. Takoe TmipeoOpa3oBaHWe HA30BeM MajbIM TPAaBbIM
BpallleHHeM (MpaBbIM - TIOCKOJIBKY CYLIECTByeT CHUMMeTPUUYHOe, JieBoe,
MaJibIM - TIOCKOJIBKY eCTh ¥ DO0JIbIIoe, KOTOPOe MbI Ceiuac OMUILeM).

[lycte } - mpaBbIdl CBIH (1, ¢ - J€BBIH CbIH f, [ - neBoe MoAAepeBo (i,
() u [} - meBoe u mpaBoe MOAAEPeBbs -, S - Mpaeoe nogzaepeso j . Torga

Pohia 8 e ROb .S,

Q\, /
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Takoii ke TIOPSIIOK COOTBETCTBYET [lePeBy C KOPHEM ¢, UMEKIIMM JIeBOr0

CbIHA ] W TPABOTO CbiHA }y, AJIs1 KOTOPOTO [P U )} - MOf/IepeBbsi BePIIMHbBI
i, a J§ wm 5§ - mnopgepeBbsi BepumHbl . CoOOTBeTCTByROIIEE
npeobpa3oBanue Oygem Ha3biBaTh OOJMBIIMM  TPAaBbIM  BpALEHHEM.
(AHanoru4Ho ompeenseTCs CAMMeTpUUHOe eMy 00Jiblloe neBoe BpaleHue.)

14.2.3. NaHo nepeBo, cOamaHCMpPOBAaHHOE BCHY, KDOME KODHS, B KOTOPOM
pasHMLIa BBICOT paBHa < (T.e. 7neBoe U TMpaBoe TOAJEPeBbsl KOPHSA
cbasaHCMpOBaHBl U UX BBICOTHI OTIMYArOTCA Ha 2 ). JlokasaTb, UTO OHO
MOXeT ObITb TMpeBpamieHO B cDalaHCUPOBaHHOE OJHUM HU3 UYeThIpex
OMHUCAHHBIX TTpeobpa3oBaHmil, IPUUEM BBICOTA €r0 OCTAHETCS MPEXXHEeH UH
YMEHBIIUTCA HA ] .

Pemenue. [Tycte 60onee HU3KUM SIB/ISIETCS, HarlpuMep, JIeBOe TMOALEPeBo, U
ero BbICOTA paBHa j-. Torga BeICOTA MpaBOro mnojgepesa pasHa [k + 2.
O603HaUNM KOpEeHb uepe3 ¢, a ero NMpaeoro ceiHa (OH 00s3aTeNbHO eCTh)
yepe3 h . PaccmoTpuM s1eBoe U mpaBoe MofjepeBbsi BepuMHbl f . OgHO U3
HUX 00s13aTeTbHO UMeeT BLICOTY £ - 1, a Apyroe MOXXeT UMeThb BBICOTY j:
um J 4+ 1 (meHbme [ ObITh HE MOXET, TaK KakK TOAJepeBbs
cbanancupoBanbl). Eciu BeiCOTa /1€BOro mogaepeBa pasHa L 4 1, a
npaBoro - j-, TO moTtpebyercs Gosbioe TpaBoe BpalleHUe; B OCTaTbHBIX
Cyyasix 1momoraet masoe. BOT Kak BBIIISAAT TpU ciydyas OanaHCUPOBKU
JepeBa:
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14.2.4. B cbanancupoBaHHoe fepeBO A00aBU/IA WK U3 HETO YIalu/d JIUCT.
IlokaszaTb, UTO MOKHO BOCCTAaHOBUThH COANaHCUPOBAHHOCTbL C TIOMOIIBIO
HECKOJIBKUX BPAILIeHUH, TPUYeM UX YU C/I0 He DOJIbLIe BHICOTHI IepeBa.

Pemenue. Bynem noka3siBaTh Ooee o0mmMii hakr:

Jlemma. Eciiu B cbanaHcupoBaHHOM JiepeBe Y OJHO U3 ero MnojjepeBnes Y
3aMeHUIM Ha cbanaHCMpOBaHHOe JepeBo 5/, TpWUYeM BBICOTA
OT/IMYAeTCs OT BBICOTHI }  He Oonee ueM Ha |, TO MOJIyYUeHHOE TaKOU
"MPUBUBKOWH" JepeBO MOJ)KHO TpeBpaTuTh B  cOajaHCUpPOBAHHOE
BpaljeHUsIMU (IpUUYeM KOJIMYeCTBO BpalleHUI He MPeBOCXOAUT BBICOTHI, Ha
KOTOPO# [le/1aeTcsi TPUBUBKA).

YacTHBIM CiydydeM INMpPpHUBHUBKHA ABJIAETCA 3aMe€Ha IyCTOro nogaepeBa Ha JIUCT
HITH HElOﬁOpOT, TdK UTO AOCTATOYHO AOKd3dTb 3Ty JIEMMY.

IlokasaTenbCTBO eMMbl. MHAyKIjMs 1O BBICOTE, HAa KOTOPOM JenaeTcs
npuBuBka. Ecnm oHa npoucxoguT B KOpHe (3aMeHsieTcs BCe [lepeBo
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1[eJINKOM), TO Bce oueBUAHO ("mpuBoi" cbasaHcupoBaH mo ycaioBum). ITycts
3aMeHSIeTCsl HeKOTOpOe T0AJepeBro, HallpuMep, JieBoe MOALepeB0 HeKOTOPOH
BepUMHEI °. BO3MOXHEI ABa Cciiydas.

1. Tlocne npuBuBKM cHalaHCMPOBAHHOCTH B BepUIMHE ;7 He HApyLIMJIach
(x0Ts, BO3MO>KHO, Hapyumaack cbanaHCUPOBAHHOCTbL B TpeAKax 1':
BBICOTA MOAJepeBa C KOPHEM B I° MOIVIa U3MEHUTHLCA). Torma MOXKHO
COC/IaThCs Ha TIPeAnojio)KeHue WHAYKLHUHU, CUYUTasg, UTO Mkl
TIPUBUBA/M LI€TUKOM NOJJepPeBO C KOPHEM B 7.

2. CbanaHcUpOBaHHOCTh B 7° Hapyumaack. IIpu 3TOM pa3HHIla BHICOT
paBHa °} (Oosnble oHa ObITE He MOXKET, TaK Kak BBICOTA 7 OTIMYAETCS
oT BEICOTHI }” He Oonee uem Ha ]| ). Pa3bepem gBa BapuaHTa.

(a) (6)

1. Brime mpaBoe (He 3aMeHfiBllieeCs) TOAJEPEBO BEPIMHBI .

ITycts BBICOTA neeoro (T.e. 7 ) paBHa j;, mpaBoro - [ 4 2.
BricoTa craporo neBoro nojgjepeBa BepumHsl - (T.e. } Oblna

paeHa [ + 1. [loggepeBo C KOpHEM J° HUMEJNO B HCXOJHOM

JepeBe BBICOTY ;\_‘ - 3, H 3Td BBICOTA HE€ H3MeHHJ/IACh I10C/IEe
IMPDHUBHUBKH.

[To mpeppiaymielt 3ajaue BpaljeHWe Mpeobpa3syeT moaaepeBo C
KOpHeM B 7~ B cDajaHCHPOBaHHOe MOJJepeBo BbICOTHI [ 4 2

umi [+ 3. To ects BBICOTA mOAAepeBa C KOpHeEM j° - B
CPaBHEHUM CEro MpPEeKHeil BBICOTONM - He HM3MEHW/IACh WU
VMEeHBIIM/IACb HAa |, W Mbl MOXEM BOCII0JIb30BaTbCA
NpeJIo/a0KeHueM HHAYKLUH.

2. Boie neBoe nopgepeBo BepumHbl . [IycTe BrICOTA neBoro
(r.e. 7 ) paBHa L -+ 2, mpaBoro - } . BeicoTa ctaporo jieBoro
nogzaepeBa (T.e. } ) 6vina paBHa [ -} 1. [logmepeBo ¢ KopHeM
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I B HUCXOQHOM fepeBe X wumeno BeicOTy k -+ 2, mocne
NpUBUBKA OHa crana paeHa kK -+ 3. [locne mnopxopsiero
BpauieHus (CM.MIPeJBIAYIIYIO 3a/auy) MOJAEePeBO C KOPHEM B 1
ctaHer cOanaHCUpPOBAHHBLIM, €ro BbICOTa Oymer paBHa K + 2
um [ 4 3, Tak uTO M3MeHeHHe BBICOTHI O CPAaBHEHUK C
BBICOTOM TIOJIepeBa C KOPHEM 1° B fiepeBe X He MpeBOCXOJuT
] ¥ MOJXXHO COC/IaThCA HA NPeAnoaoyKeHue HHAYKLUH.

14.2.5. CocraButh mnporpamMMmsl A00aBjeHUsT U yOaJeHUs 3IEMEHTOB,
coxpaHsitoie  cOanaHCUPOBAHHOCTb. YMC/IO [eHCTBUH He  [JOJDKHO

npeBocxoauTh (' . (BEICOTA Jepena ). Paspewaercs XxpaHUTh B BeplIMHAX
nepeBa [JOTIOJIHUTe/bHYI0 UHbOpMalHio, Heobxogqumyto pu banmaHCUPOBKe.

Pemenue. Bynem XpaHUTh /1 KaXKA0W BEpIIMHBI PAa3HULY MeXAY BBICOTOU
ee MpaBoro U JIeBOro MO/ epeBheB:

di f f[i] = (BBICOTA IIPABOrO MOLIEPEBA BEPIIHHEL 1) —

— (BBICOTA JIEBOrO NOIIEPenA BepPIIHHEI i),

Ham mnoTpeOyioTcs ueTeipe TMpoLieAyphl, COOTBETCTBYWOIIMEe OOnbUMM U
MalbIM TpaBbIM M JIeBbIM BpaijeHusiMmu. Ho BHauane jgea 3ameuaHus (1)
Ham HyxHO, uT0OBI MpM BpaleHUM TOAJEepeBa HOMED ero KOpHSI He
MeHsics. (B mpoTuBHOM cnyuae mnotpeboBasnock OBl KOPPEKTHPOBATH
MHPOPMALIMI0 B OTIL|e KOPHS, UTO HeXelaTe/lbHO.) DTOr0 MOXXHO J0CTHYb,
TaK KaK HOMepa BepLIMH JepeBa MOXXHO BbIOMpaTh HE3aBUCHUMO OT HX
3naueHui. (Ha kapTuHKax HOMep yka3zaH COOKy OT BepLIMHBI, a 3HaUeHHUE -

BHYTDH.)
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Q| [r YQ
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P b3 alv c|p
T
a |o bl

(2) Mocne npeobpa3oBaHuii Mbl JO/DKHBI TakKe U3MEHUTb COOTBETCTBEHHO
3HaueHus B maccuBe di £ £. Jlnd 3TOro 0CTaTOUHO 3HATh BbICOTHI JlepeBbEB

P,, Q, ... C TOUHOCTBHO 4O KOHCTAHTHI, ITIO3TOMY MOHO IIpeArnojaraTb, 4To
OHA W3 BbICOT PABHA HYIIHO.

BoT mpoueaypsl BpaieHui:

procedure SR (a:integer); {Manoe mpaBoe BpaljeHue C KOPHEM a}
| var b: 1..n; val_a,val b: T; h_P,h_Q,h_R: integer;

begin

| b = right [a]; {b <> null}

| val_a := val [a]; val_b = val [b];

| h_Q = 0; h_R =diff[b]; h_P = (max(h_Q,h_R)+1)-diffla];
| val [a] = val_b; val [b] := val_a;

| right [a] := right [b] {mognepero R}

| right [b] = left [b] {moggepeso Q}

| left [b] = left [a] {monmepero P}

| left [a] := b;

| diff [b] = h_Q - h_P;

| diff [a] = h_R - (max (h_P, h_Q) + 1);

end;
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procedure BR(a:integer);{6osbi10e npaBoe BpailieHWe C KOPHEM a }
| var b,c: 1..n; val_a,val _b,val c:T;
| h_Ph_Q,h_R,h_S:integer;
begin
| b = right [a]; c = left [b]; {,c <> null}
| val_a := val [a]; val_b = val [b]; val_c = val [c];
| h_Q =0; h_R =diff[c]; h_S = (max(h_Q,h_R)+1)+diff[b];
| h_P =1+ max (h_S, h_S-difffb]) - diff [a];
| val [a] = val_c; val [c] = val_a;
| left [b] = right [c] {monnepeBo R}
| right [c] = left [c] {mogmepeso Q}
| left [c] = left [a] {moggepeBo P}
| left [a] = c;
| diff [b] = h_S - h_R;
| diff [c] =h_Q - h_P;
| diff [a] = max (h_S, h_R) - max (h_P, h_Q);
end;

Jlerble BpauieHus (bonbioe U Manoe) 3aMuCLIBAKOTCS CHMMETPUYHO.

[Mpoueaypel qobaBreHUss U yaaaeHWs EMEHTOB THIIYTCS KaK pPaHbIe, HO
TOMBKO [JoDaBjieHUe U yaajeHue [JO/DKHO COTIPOBOXKIATHCS KOPPEKIheH
MaccuBa di £ £ U BoCcCTaHOB/IEHHUEM cﬁanaHCHPOBaHHOCTH.

[Ipu 3TOM HCONB3yeTCs MpoLeAypa C TAKUMU CBOHCTBAMU:

JlaHO: JiIeBOeé W IIpaBOe TIOAJEepeBbs BEpPUMHBI C HOMEPOM a
cbanaHCUpOBaHbl, B CaMOU BeplIMHEe pa3HUI]a BHICOT He Oonbiie 2, B
rnogaepese C KOpHeM a MaccuB di f £ 3aro/sHeH MpaBUIbLHO;

Hajo: TMoajepeBO C KopHeM a cOamaHcupoBaHO W MaccuB diff
COOTBETCTBEHHO U3MeHeH, d - U3MeHeHHe ero BeICOTHI (paBHO 0 umm -1); B
0CTa/IbHOW YaCTH BCEe OCTA/IOCH KaK ObI/I0 - B YACTHOCTH, 3HaueHusa dif f

procedure balance (a: integer; var d: integer);
begin {-2 <= diffla] <= 2}

| if diff [a] = 2 then begin

| | b = right [a];

| | if diff [b] = -1 then begin
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||| BR (a); d = -1;

| | end else if diff [b] = 0 then begin
||| SR (a); d = 0;

| | end else begin {diff [b] = 1}
||| SR (a); d = - 1;

| | end;

| end else if diff [a] = -2 then begin
|| b = left [a];

| | if diff [b] = 1 then begin

||| BL(a); d = -1;

| | end else if diff [b] = 0 then begin
||| SL(a); d = 0;

| | end else begin {diff [b] = -1}

||| SL(a);d=-1;

| | end;

| end else begin {-2 < diff [a] < 2, Huuero menatb He Hazmo}
||d = 0;

| end;

end;

BoccranoBnenue cOanaHCUPOBAHHOCTH TpelyeT ABMIKEHUsI OT JIUCTBEB K
KOPHI0, TI03TOMY Oy/1eM XpaHUTh B CTEKe TyTh OT KOPHS K pacCMaTpPUBaeMOu

~ i
B JIaHHbIA MOMEHT BepUMHe. JJIeMeHTaMH CTeka OylIyT mapel | BepuMHA,

HallpdB/IeHH e JBHXKEHHA U3 Hee ::I , T.€. 3Ha4eHHHd THUIla

record

| vert: 1..n; {BepumHa}

| direction : (1, r); {1 - neBoe, r - nmpaBoe}
end;

Hporpamma r[[OﬁaBJ'IEHI/IFI 3JIeMeHTa T Terepb BLIITISIAUT TaK:

if root = null then begin

| get_free (root);

| left[root] = null; right[root] := null; difffroot] = 0;
| vallroot] == t;

end else begin

| X := root; ..cie1aTh CTeK MyCTBIM

| {unBapuaHT: ocTanock 06ABUTE t K HEMYCTOMY TOJAEePEBRY C
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| KOpHEM B X; CTeK COAeP)KUT IMYTh K X}
| while ((t < val [x]) and (left [x] <> null)) or
|| ((t>val[x])and (right [x] <> null)) do begin
| | if t < val [x] then begin
||| ..100aBUTH B CTEK mapy <x, >
|11 x = left [x];
| | end else begin {t > val [x]}
|||..100aBUTB B CTEK Mapy <X, r>
| || x = right [x];
| | end;
| end;
| if t <> val [x] then begin {t HeT B nepeBe}
| | get_free (i); val [i] =
| | left [i] == null; right [i] := null; diff [i] := 0;
| | if t < val [x] then begin
||| ..100aBUTH B CTEK mapy <x, >
||| left [x] = &
| end else begin {t > val [x]}
| ..106aBUTE B CTEK Mapy <X, r>
| right [x] = i;

end;

|

|

|

|

| {HHBapHaHT CTeK COfIePXKUT MYTh K U3MEeHUBLIEMYCSI
| IofIepeBy, BLICOTa KOTOPOTO YBeIMUMIach MO

| CPaBHEHMIO C BBICOTOM B UCXO/IHOM JlepeBe

| Ha d (=0 wnu 1); 3T0 NoaAepeBo cOanaHCUPOBAHO;
| 3Hauenus diff gns1 ero BepumH NpaBUIbLHBL; B

| ocTankHOM JjepeBe BCe OCTAJOCh Kak ObUIO -

| B wactHOCTH, 3HaueHus diff}
|
|
|
|
|
|
|
|
|
|

Jas

while (d <> 0) and ..ctek Henyct do begin {d = 1}
.B35ITh U3 CTeKa mapy B <V, direct>
if direct = | then begin

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| if diff [v] = 1 then begin
|

|

|

|

|

|

|

I

I

[1lc=0;

| | end else begin
[lle=1;

| | end;

| | diff [v] = diff [v] -
| end else begin
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CPaBHEHHUIO C UCXOAHBIM epeBom; MaccuB diff
COZ@P)KUT MPaBU/IbHbIE 3HAUEHUS [JIsl 3TOTO TO/AepPeBa;
BO3MO>KHO HapyileHue cbaiaHCMPOBaHHOCTH B V}
balance (v, d1); d = c + d1;

nd;

nd;

end;

A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
||| {direct =r}
| || | if diff [v] = -1 then begin
[[][]c=0;
||| |end else begin
[e=1;
|1 end;
||| | diff [v] = diff[v] + 1;
||| end;
||| {c = u3MeHeHUe BBICOTHI MOAAEPEeBa C KOPHEM B V 110
n
n
n
1]
|| e
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
e

Jlerko MpoOBepUTh, UTO 3HaueHHWe d MOXKeT ObITh paBHO TOAbKO 0 wau 1 (HO
He -1 ):ecmm c=0, To diff [v] =0 u OanaHCUPOBKA HE TIPOU3BOAUTCH.

[Tporpamma yjasieHusi CTPOMTCS aHAIO0TUUYHO. Ee 0OCHOBHOM (parMeHT TakoB:

{MHBaApHMaHT: CTEK COAEP)KUT MYThH K U3MEHUBILEMYCS MTOA1EPEeRY,
BBICOTA KOTOPOTO M3MEHH/IaCh IO CPABHEHUIO C BBICOTOH B
ucxogHoM aepese Ha d (=0 unum -1); 3T0 MogAepero
cbanancuporano; 3HaueHus diff 17151 ero BepumMH NpaBUMbHLL
B OCTaaLHOM JIepeBe BCe 0CTanoch Kak ObLIO -

B 4YaCTHOCTH, 3HaueHud diff}

while (d <> 0) and ..ctek HenycT do begin

| {d=-1}

| ..B3Th M3 CTeKa Mapy B <V, direct>

| if direct = 1 then begin

| | if diff [v] = -1 then begin

[lc=-1;

| | end else begin

||| c:=0;

| | end;

| | diff [v] = diff [v] + 1;

| end else begin {direct = r}
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| | if diff [v] = 1 then begin
[lc=-1;
| | end else begin
[1c=0;
| | end;
| | diff [v] = diff [v] - 1;
| end;
| {c = u3MeHeHUe BLICOTHI TIOA€PeBa C KOPHEM B V 110
| cpaBHEHHIO C UCXOHBIM JepeBoM; MaccuB diff comepkut
| MpaBUIBHBIE 3HAYEHUS [/151 3TOTO MO/ JepeBRa;
| BO3MOXKHO HapyieHue cbasaHCMPOBAHHOCTH B V}
| balance (v, d1);
|d=c+dl;
end;

Jlerko npoBepuTh, UTO 3HaUeHHe d MOXKeT ObITh PaBHO TOMBKO 0 UM -1 (HO
He -2 ):ec c=-1,To diff [v]=0 u bamaHCcMpPOBKA He TIPOU3BOAUTCS.

OTMeTHM TawkKe, YTO HaJUuyue CTeka JejaeT M3MUIIHUMU IepeMeHHbIe
father u direction (UX ponb Terepb UrPaeT BepIlMHAa CTEKa).

14.2.6. [loka3atb, 4yTO NIpu A00aBIEHUM 7I€MEHTa

(a) BTOpO# W3 Tpex ciiyuyaeB DanaHCUPOBKMU (CM.PUCYHOK K 3amaue 14.2.3.)
HEBO3MOJKEeH;

(6) monuas GanancupoBKa TpebyeT He Gosnee ogHOTO BpaleHUs (T10CIe Yero
BCe JIepeBO CTAaHOBUTCS cOA/aHCUPOBAHHBIM), B TO BpeMs Kak MpH ylaTeHUu
3/IeMEHTa MOKeT MOHaA00UTECSI MHOTO BpAllleHU .

3ameuanue. Mbl CcTapasMchk 3anucaTh NMPOrpaMMbl 00aBIeHUS U yla/leHUs
Tak, uToObI OHM OBITM Kak MOXKHO 0o0jee TOXOXKUMH Jpyr Ha [pyra.
Wcnonb3ys cnerjuuKy Ka)K oW U3 HUX, MO)KHO MHOTO€ YTIPOCTHTh.

CywmecTeyoT Y Apyrde  Crocobbl  TpeACcTaBIeHUS  MHOXECTB,

rapaHTUPYIOLJE YKCIO JeWCTBUM mopsgka (07l Ha KaKAYI OIepaluio.
Onuiem ofuH U3 HUX (Ha3biBaeMblid b-mepeBbsMu ).

o cux mop Kax/as BepllMHA COofep)Kaja OAWH 3JeMEHT XPaHUMOTO

MHOXeCTBa. ITOT 3JIeMEHT CITYKHJI l"pElHI/ILIEi;I MEXIAY JEeBbIM H IIPpAaBbBIM
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nogaepeBoM. By,ELEM Ternepb XpPaHWTb B BepUHIMHE ;\_‘ :_ 1 3JIEMEeHTOB
MHOXXeCTBa ('-II/ICIIO k MOXeT MEHATHCA OT BEPUHIMHBI K BepPIIMHE, d TdKXKe
npu ,[LOﬁaBHEHHH U yha/ieHWH HOBBIX 3/IEMEHTOB, CM.,H'EU'[EE). ITH k
JIEMEHTOB  CJIYKAT pa3fge/IuTe/ns sMHu  O71d ;\_‘ - J_ nogaepesa. Hy{:Tb

¢ukcupoBaHo HekoTopoe uucio f = ]. Bygem paccmaTpuBaTh JepeBbs,
obJajiatone TaKUMHU CBOMCTBAMM

1. Kaxgas BepumHa CcoAepXXuT oT { Ao 2f 921eMeHTOB (3a
UCK/IIOUEHHEeM KODHS, KOTODBIM MOXKeT Ccojep)kaTb JiHboe dYucio
371eMeHTOB OT () o 2} ).

2. BepumHa c J- snemeHTamu nu00 umeet [ -+ | cbiHa, mub0 He UmeeT
CBIHOBeW BOOOIIe (ABASETCA NUCTILOM ).

3. Bce nucThs HAXOAATCS HAa OHOW U TOU K€ BBICOTe.

HNobaBieHue »31eMeHTa TIPOMCXOJUT Tak. EcaM nMCT, B KOTOpBLIA OH
TOTajiaeT, HeToJIOH (T.e. COAEP)KUT MeHee “)f 3JIeMeHTOB), TO HeT npobJem.
Ecnu on momon, to 2{ 4 1 smemeHT (BCe 3/IeMEHTBbI JHUCTa W HOBBIU
371eMeHT) pa30duBaeM Ha [iBa JIMCTAa MO { 3/IEMEHTOB U Pa3AesailMid UX
CepelUHHBIA 3/1eMeHT. JTOT CepeJWHHBLINA 371eMeHT HaAo [J00aBUTHL B
BEepPIIMHY MPEAbIAYIIIEr0 YPOBHS. JTO BO3MOXXHO, €C/IM B Hel MmeHee 2f
3neMeHTOB. Eciu ¥ OHa mosiiHa, TO ee pa30UBalOT Ha JBe, BbIJEJSIOT
CepeIMHHBIA 37eMeHT U T.J. EciM B KOHIle KOHI[OB MbI 3aX0THM J00aBUTH
37IEMEHT B KOP€Hb, @ OH OKa)KeTCsl TTOJTHBIM, TO KOPeHb PaCIIeniseTcs Ha [Be
BEpIIMHBI, a BLICOTA [J€pPeBa yBeIMUMBAETCS Ha | .

YianeHue 3/1eMeHTA, HAXOASALIETOCS He B JUCTe, CBOAUTCS K VAAJE€HUIO
HeMoCpeJCTBeHHO C/eJyIOLIero 3a HUM, KOTOPbIM HaXOAUTCS B JIUCTe.
[To3TOMy OCTAaTOUHO HAYYUTHLCS YAAAATh 3/1IeMEeHT U3 aucta. Ecam muct npu
3TOM CTAHOBUTCSI C/TUIIKOM MajieHbKUM, TO €ro MOXKHO TIOTIOJIHUTL 3a CUeT
COCefIHero JTMCTa - eC/Id TOMbKO U OH He WMeeT MUHMMAIbHO BO3MO>KHBIH
pasmep { . Eciu xe oba mucra umeroT pasmep {, TO Ha HUX BMecTe 2f

371eMeHTOB, BMecTe C pasgenuteneMm - 2f 4 1. Ilocne ymanenuss ogHoro
J7eMeHTa OCTaeTcsi 2f 371eMeHTOB - Kak pa3 Ha ofuH nucT. Ecnu npu 3tom
BEpPLIMHA TMpeJbIAYIIer0o YpPOBHS CTAHOBUTCA MEHbBIIE HOPMBI, IIPOLIeCC
MOBTOPSETCA U T.J.

14.2.7. Peanu30BaTh OMUCAHHYIO CXeMY XpaHEHUSI MHOJKECTB, YOeAHBIIMCh,
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uTO OHa Takke Mo3possieT obodtuce ('logn gelicTBuil aast omepayui
BK/TOUEHUS], UCK/TIOUE€HHUSI U TIPOBEPKH TIPUHA/Ie)KHOCTH.

14.2.8. MoxHo onpegensiTb cOanaHCMPOBaHHOCTE JiepeBa WHaue: TpeboBaTh,
uyTOOBI [/1S Ka)K/J0W BEpIIMHBI ee JieBOe U TpaBoe TMOAJepeBbsi UMeNU He
CAWILKOM CHUIBHO OTIHvYaroupecss xonuuectsa BepumH. (IIpeumyiectBo
TAKOro OMpejie/ieHUuss COCTOUT B TOM, UTO TNPU BPALeHUSX He HapyllaeTrcs
cbanaHCUPOBAHHOCTL B BEPILIMHAX, HAXOMASAMMXCSA HUXKE TOUKM BPAIeHMSL.)
Peanu3oBaTh Ha OCHOBe I3TOHW HJed Crocod XpaHeHUs MHOXKECTB,

rapaHTUPYOIMI ojeHKy B (' log 11 JelCTBUI /171 BKIIOUEHHUs, yIaneHus U
MPOBEpPKU MPUHA/JIEKHOCTH.

Ykazanue. OH Tawke wucnosb3yer Oonblme U Majble BpalleHUSs.
[MogpobHocT  cm.B  kHure  Pelinronsga, HwuBeprensra u  [leo
"KombuHaTopHbIE anrOpUTMBI".
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KoHTeKkCcTHO-CBO GOﬂHbIE rpaMMdTHUKH

15.1. O61uii anropuT™ pasbopa

YTo06bl ONpesie/IuTh TO, UTO HA3bIBAIOT KOHTEKCTHO-CBOOOHOI rpaMMaTHKOM
(KC-rpaMmmaTukoii), Hafio:

® yKa3aTh KOHEYHOe MHOXecTBO | , Ha3biBaemoe andaBUTOM ; ero
3/IEeMEeHTBEl Ha3bIBAIOT CHMBOJAMM ; KOHEUHBIE IMOC/IeJOBATEeTbHOCTH
CMMBOJIOB HAa3bIBAIOT CJIOBAaMU (B JaHHOM andaBuTe);

® pa3genuTh BCe CUMBOJIBI anidaBuTa 4| Ha ABe IPYINbI: TEPMHUHAIBHbBIE
("okoHuaTe/bHBIE'") U HeTepMUHAJBHBIE ("TPOMEXYTOUHbIE");

e BpIOpaTh Cpegu HETePMUHAIBHBIX CUMBOJIOB OAWH, Ha3blBaeMbId

HauyajbHbIM ;
® VyKa3aTb KOHEYHOe UYMC/I0 IpaBUJ IPaMMAaTHKH, KaXKJ0e H3 KOTOPBIX
JO/DKHO  UMETb  BH[ K —= X, toe K - HEKOTOpPBIU

HeTepMUHAbHBIM CUMBO, @ X - CJI0BO (B HEro MOTYT BXOAWUThL U
TepMUHa/IbHbIE, U HETePMUHATbHbIE CUMBOJIbI).

IMycts dukcuporana KC-rpammaruka (Mbl yacTo Oymem omyckaTh mpedukc
"KC-", Tak Kak [Apyrux rpaMMaTHK y Hac He Oyzmer). BeiBogom B 3TOH

rpaMMaTHKe Ha3bIBAeTCs IMOC/IeoBaTeNbHOCTh cnoB X, X|,.... X, , B
KOTOPO# _Y|; COCTOMUT M3 OHOTO CUMBOJIA, U 3TOT CUMBOJ - Haua/lbHBIH, a
X, | monyuaercst u3 X; 3aMeHO HEKOTOPOTO HETEPMUHAIBHOTO CMMBOJIA
J{ Ha C10BO X TI0 OQHOMY M3 MpaBua rpaMMatuki. C/I0BO, COCTaBI@HHOE
W3 TePMUHAJbHBIX CMMBOJIOB, HA3bIBA€TCS BHIBOAWUMBIM, €C/U CYILECTBYET
BBIBOJ], KOTOPBI MM KOHUaeTCs. MHOXEeCTBO BCE€X BBIBOAUMBIX CJOB (U3
TePMHUHA/ILHBIX CHUMBOJIOB) HAa3bIBAeTCSA SI3bIKOM, TMMOPOXKAAEMbIM [JaHHOM
rPaMMaTHKOM } .

B 3T0i1 1 criegyroiei nekuuu Hac OygeT MHTepecoBaTh TakOW BOTIPOC: JjaHa
KC-rpaMMaTuka; TIOCTPOMTH aarOPUTM, KOTOPBIA MO MwOOMy C/IOBY
NIpOBepsieT, BEIBOJUMO JIM OHO B 3TOM rpaMMaTHKe.

[Mpumep 1. AndaBuT:
i B
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(‘-IETBIPE TepMHHA/JBbHBIX CHMMBOJIa H OJWH HETEpMHHaﬂbeIﬁ CUMBOI E )
HauaneHbiil cumBost: E. [IpaBuna:

E— (E)

E — [E]

E—EE

E —

(B mocnegHeM MpaBuie ClipaBa CTOUT MycToe ¢10B0).IIpumMeps! BBIBOAUMBIX
CJIOB:

(mycToe cnoBo)
0
(C1)
(XTI
[OL10L0]]

[Tpumeps! HEBLIBOAUMBIX CJIOB:

(
) (
Q
K[

OTa rpaMmaTvKa BCTpeuasiacb B pasgene 6.1. (rae BBIBOAMMOCTb B Hel
NPOBEPSNIACh C TOMOIIIBIO CTEeKa).

[Mpumep 2. [Ipyras rpaMmaTHKa, TOPOXKJal01ias TOT e fA3bIK:

Andasut: ( ) [ ] T E

[IpaBuna:
E —

E=1{E
T — (E)
Ti#RE]
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HauanbHbIM CHUMBOJOM BO BCex NpHUBOJWUMBIX [djiee TIIpUMepax 6y,ELEM
CYHUTaTb CHUMEOI, CTOH]_U;[/II:‘I B JIEBOM YacTH nmepBoro rnpasBHjia (B AdHHOM
Ciydde 3TO CMMBOJI E ), He OroBdapHMEBdsd 3TOro ocobo.

[ns KaXk[0ro HeTepMHUHAIBHOIO CUMBOJIA MOXXHO PacCMOTPeTb MHOXECTBO
BCeX CJIOB M3 TEepPMHHA/IbHBIX CHMBOJIOB, KOTOpble M3 HEro BBLIBOAATCA
(aHazorMYHO TOMY, KakK 3TO CJe/laHO JJs HadaJlbHOr0 CHMMBOJIA B
onpejeneHuy BbIBOAUMOCTHU B rpaMmaTvke). Kaxkjoe npaBuio rpaMMaTHKU
MOXXHO pacCMaTpUBaTh KakK CBOWCTBO 3TUX MHOXKecTB. [lokakem 3TO Ha
rnpUuMepe TOJbLKO YTO MpUBEAEeHHOW rpamMmatuku. [lycte [° u  f -
MHO)KeCTBa C/0B (13 ck0OOK), BBIBOOUMBIX W3 HeTepMHHa/IoB T u E
cooTBeTcTBeHHO. Torja mpaBujiaM TpaMMaTHKA COOTBETCTBYKOT TaKue
CBOIiCTBa:

E — E copgep>KUT MyCcTOoe C/I0BO

E- €eC/Td C/I0BO A NMpHUHAAJeXXUT T, a C/IOBO B IpUHAJIEXKUT E, TO
>TE  cnoBo AB NMPUHAAIEKUAT E

ec/v A IPpUHAAIEXKUT £, TO c/1I0BO [ A] mpuHanmexur T

ec/v A IPUHAAIEKUT E, TO C/I0BO (A ) NTpUHAAIeXuT T

CdopMynMpoBaHHbIE CBOMCTBA MHOXECTB [+, [’ He ompeensoT 3TH
MHOXKeCTBa OFHO3HAaYHO (HanmpuMep, OHM OCTAalOTCHd BEpPHBIMU, eC/U B
KauecTBe [ U ‘[’ B39Th MHOXKeCTBO BceX c/0B). OHAKO MOXKHO J0Ka3aThb,
YTO MHOXXECTBA, 3a/jlaBaeMble TPaMMAaTHKOU, SIBJASKOTCS MUHUMAa/JIbHBIMU
CpeM Y40B/IEeTBOPSIOLMX 3TUM YC/IOBUSM.

15.1.1. CdopmynupoBaTh TOYHO W [OKa3aTb 3TO VTBEPXKAEHUE s
MPOU3BOJ/IbHOM KOHTEKCTHO-CBOOOIHOW rpaMMaTHKH.

15.1.2. ITocTpouTh TPaMMAaTHKY, B KOTOPOU BLIBOAUMBI C/TOBA
(@)00..0011..11 (uncs0 HyIeH PaBHO UMCTY €JUHUII);
(6)00..0011..11 (uucno Hynel BABOe DOJIbILE YKCIA IUHHALY);

(8)00..0011..11 (uacno Hynel OobILe YKUC/IA eIUHUALL);
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(1 TONMBKO OHM).

15.1.3. [loka3aTk, uTo He cymectByeT KC-rpaMmMaTHKd, B KOTOpPOW OBl OBI
BBIBOJUMBI CjoBa Buzga 00..0011..1122..22, B KOTOpPBIX 4uC/Ia
HYy/el, eJUHUL U IBOEK PABHBI, U TOJBKO OHH.

Ykazauwue. [loka3aTh CAeAymollyi0 jeMMy O npou3onbHONM KC-rpamMmaTuke:
s n1b0oro [JOCTaTOUYHO [AMHHOTO CJioBa ¢, BBIBOAUMOTO B 3TOM
rpaMMaTHKe, CYIIIeCTBYeT Takoe ero rpejcraBieHue B Bujge A ¢ [} [}, uto

moboe cnoBo Buga AR ... B(’I)... [)F, tne [ u [J) TIOBTOPEHbI

OAVHAKOBOE UMCJIO pa3, Takke BBIBOAMMO B 3TOW rpaMMaTuke. (3TO MOXKHO
YCTAaHOBUTBL, HAU/Jsl HeTePMHUHATbHBIA CHUMBOJI, OKa3bIBAKIIMNICS CBOUM
coOCTBeHHBIM "Hac/eJHUKOM" B TIPOLIECCe BLIBO/A.)

HeTepMuHanbHBIM CUMBOJI MOXKHO pacCMaTpuBaTh Kak "popoBoe ums' s
BBIBOAUMBIX U3 Hero cinoB. B crepyrouiem mpumepe /s HamIsiAHOCTU B
KaueCTBe HETePMHUHA/BHBIX CUMBOJIOB HUCIIOMB30BAaHBl (PParMeHTHl PYCCKUX
CNOB, 3aKMiOUeHHBIe B yrnoBble CKOOku. (C TOUYKM 3peHHs rpaMMaTHKH
Ka)KJIbIi Tako# (hparMeHT - ouH CUMBO/!)

[Mpumep 3. AndaBurt:

TepMHHANE: + * ( ) x
HETEPMHHANEI:  (BEIP) (OCTBHIP) {CJNAr) {OCTCJIAr) (MHOMK)

IMpaBuna:

{BLIp) — {(caar) {OCTBBHIP)

{0CTBEIP) — + (BRIP)

)

{oCTBBIp)
{caar) — (MHOIK) {OCTCJIAT)
(ocrenar) — * (cinar)
(ocTenar) —
(MHOMK ) — X

{ <y P Ly
 MHOFK (BBID)
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CornacHo 3TOM rpaMMaTtuKe, BbIpaKeHHE '::BLIp::' - 9TO
MOC/IeA0BaTeIbHOCTE  C/laraeMbIX {uﬂﬁp} , Ppasfe/NeHHBIX IUIIOCAMH,
cnaraemoe - 9TO  TIOC/I€[AOBATeNbHOCTh  MHOXKHUTE/eH l::]'\,IH{)}I{:?I s

pa3jeneHHbIX 3Be310UKaMU (3HAKaMH YMHOXKEHHsI), @ MHOXKUTENb - 3TO 160
OykBa x, 1100 BhIpa)KeHUE B CKOOKax.

15.1.4. [TpuBecTH puMep APYrol rpaMMaTUKH, 3a/Ial0IIIEH TOT JKe SA3bIK.
OTteet. BoT 01H 13 BapUaHTOB:

’ ! i ! ] i,
(BBIp; — (BRIP) + {BHID;
{BBIp} — {BBIP) * {BHID)
{BLIp) — X

(BeIp) — ( (BEID) )

JTa rpaMMaTHUKa XOTb U IPOLIE, HO B HEKOTOPBIX OTHOLIEHUAX XYXKe, O 4eM
MBI eltle OyreM rOBOPUTE.

15.1.5. Jlana mnpoussonwHasi KC-rpammaruka. IlocTtpouts anroputm
MpOBEPKU TIPUHAMJIKHOCTA 33/jaBaeMOMy el  s3bIKy, paboTatoumii
MOJIMHOMHUA/IbHOE BpeMs (T.e. YMC/IO0 JAeWCTBUN He TPeBOCXOAUT MOMMHOMA
OT JITUHBI IPOBEPSIEMOro C/I0Ba; MOJIMHOM MOXXET 3aBUCEeTh OT TPaMMATHKH ).

Pemenue. 3amerum, uto TpeboBaHHWe TMOJWHOMUATBHOCTU HCKIHOUAET
BO3MOJXKHOCTb peIIeHUs, OCHOBAHHOM Ha mepebope BceX BO3MOXHBIX
BBIBOJOB. TemM He MeHee TIOJIMHOMUANBLHBIM aJrOPUTM  CYILIECTBYET.
[Tocko/bKy TpaKTHUeCKOTO 3HAYeHUss OH He uMeeT (MCIOIb3yeMble Ha
npaktuke KC-rpammatuku 0071a7al0T [JOTMOJHUTENBEHBIMH CBOWCTBaMH,
MO3BOJSIIOINMMU CTPOUTL Bosiee 3¢ddeKTUBHBIE aNrOPUTMbI), Mbl H3/I0XKUM
UL OOIIYI0 CXeMY pelieHus.

(1) Tycte B rpamMmaTuke ecTb HeTepmMuHambl /i1, ..., I\, . Tlocrpoum

HOBYI0 TpaMMaTHMKy C HeTepMUHalaMu I’i_,,,f{” Tak, 4TOOBI

LL!

BBITIOJIHSIOCh TaKOe CBOMCTBO: U3 j'{; BBIBOJSTCS (B HOBOI TpPaMMaTHKe) Te

JKe CJIOBd, 4TO M3 j{i B CTapOﬁ, 3d UCKMIKWYEeHHEeM MMyCcTOoro cjioBd, KOTOpoe
He BBIBOOUTCH.
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YT00b!I BREITOAHUTE TaKOe l'IpEOﬁpElBOBaHHE I'rpaMMAaTHKH, HaJlO BBIACHUTD, U3
KdKMX HeTepMHHAa/TI0B I/ICXDr[[HOﬁ TPaMMATHKH BBIBOOUTCA ITyCTOE€ CJIOBO, 4
34TeM KaxKgoe MpaBHJIO 3dMEHHTE Ha COBOKVYITHOCTB rnpaeumn,
nonydyaronmxcs, ecid B npaBoﬁ HdCTH ONYCTHTB Kakue-nubo wu3
HeTepMHWHA/IOB, M3 KOTOPBIX BBIBOAWTCA INIyCTOE C/I0BO, 4 Y OCTAa/IBHBIX
MOCTAaBHUTh IUTPUXH. Hanpumep, eciin B HCXD,I[HOﬁ rpaMMaTHEKE On110
MmpaBHJIO

K - LMN,

npuyemM M3 Lul BBIBOOAUTCA MIIyCTO€ C/MOBO, d H3 M HeT, TO 3TO MpaBHJIO
HaAO 3dMEHHWTBb Ha IMTpdBHJjld

K - L'MN
K - MN
K —L'M
K' — M

(2) Utak, MbI CBenu fe/10 K TpaMMaTHKe, e HU U3 OHOT0 HeTepMHUHA/a He
BBIBOJUTCS TTyCTOE CI0BO. Termeps ycTpaHuM "IUK/IBL" BUJa

K—=L
L=MNM
M— N
N—K

(B mpaBoii YacTH KaXkA0ro NpaBu/ia OAUH CUMBOJ, U 3TH CUMBOJIbI 00pa3yroT
LUK TIPOU3BOJILHOW [JIMHBI): 3TO JIETKO CJeflaTh, OTOXXZECTBUB BCe
BXOZSAILME B LIMK/I HeTePMHHAJIbI.

(3) Tenepr TipOBepKa MPUHAJIEKHOCTH KAaKOrO-1M00 C/I0Ba  SI3BIKY,
MOPOX/IEHHOMY TPaMMATUKOM, MOXXET BBIMOJHATBCA TaK: A KaXKAOro
MOAC/0BA MPOBEPAEMOro C/10Ba W A/ KaXKJOr0 HeTepMHUHasla BBIACHSEM,
MOPOJKAAeTCa M 3TO MOAC/IOBO 3TUM HeTepMmuHanoM. Ilpu 3tom nopcioBa
IIPOBEpPAIOTCA B TOpsJAKe BO3pacTaHWA [JUH, a HEeTepMHHAAbl - B TaKOM
nopsigke, utoObl TpPWU HaJIUUYUM TipaBuaAa [y — [, HeTepMUHan |,
TIPOBEPSUICS paHbllle HeTepMHUHana Jyi . (OTO BO3MOXKHO B CUY OTCYTCTBUSA
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1uk10B.) [TosicHum 3TOT npoLecc Ha MpUMepe.

[TycTb B rpaMMaTHKe eCThb TIpaBuJjia

K=l
K—=MN L

U [IPYTUX TIpaBUJ, COAepXKaumx K B JeBOW 4acTu, HeT. Mbl XOTUM Y3HATh,
BBIBOJUTCSA /U IaHHOE CIOBO 4 M3 HeTepMuHanaK. 3To OygeT Tak B OIHOM
U3 C/Iy4aeB:

¢ e 4 BEIBOOUTCA K3 L ;

e ecii 4 MoxHO pa3buTe Ha HemycTeie cioBa [, (', [), Anda
KOTOPBIX [J§ BBIBOOUTCA U3 M, (' BBIBOAUTCA U3 N, a [} BBIBOAUTCA
us3 L.

Bes ata undopmaius yxe ectb (coBa /3, (', [) wopoue A4, a L
paccMoTpeH 0 K ).

Jlerko BHUOETb, 4YTO 4YHC/I0 ﬂeﬁCTBHﬁ 3TOr0 a/JropMT™Mad IMMOJHMHOMHAIBHO.
CrerneHb MOJMHOMA 3aBHCHUT OT 4HC/Ia HETEPMHWHA/IOB B IMpPaBbIX YdACTAX
MpaBUI H MOXKET OLITH TTIOHHKEeHa, eC/IH TI'PDAMMATHUKY Hp906pEIBOBaTB K

¢opme, B KOTOpPOW TipaBasi 4YacTb Ka)KJOro TmpaBuna He Oonmee 2
HeTepMHHAIOB (3TO JIerKo CZejaThb, BBOJS HOBble HeTePMUHAbI: HallpuMep,

npasuno J — [\ K MOXHO 3ameHMTb Ha J{ — [N 1 N — MK,
e N - HOBBIM HeTepMUHAN).

15.1.6. PaccmoTpuM TrpaMMaTHKy C eJUWHCTBEHHBIM HeTepMUHaioM K,
HeTepMUHalIaMu 1, 2, 3 U IpaBU/IaMU

K— 0

K—=1K

K—=2 KK

KE—=3KEKZK

Kak mpoBepuTs BEIBOJUMOCTE C/IOBA B 3TOH rpaMMAaTHUKe, UATast CJIOBO CIeBa

HaripaBo? (Uucno meiicTBUM MPU MPOUTEHWH OHOWU OYKBBI AOMKHO OBITH
OrpaHHUEHO.)

292



A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Pemenmue. XpaHHTCH Hejasl rmepemMeHHas 1, UHBAPHWAHT: CJIOBO BBIBOAHWMO
= HEIMpO4YHTaHHAaA 4dCThb npeacraBjsieT coboii KOHKAaTeHaluK
(coegrHeHUE) N BbIBOJUMBIX CJIOB.

15.1.7. Tor >ke BONpOC AJiS TpaMMaTUKU

K— 0O
K—XK1
K—KK?2
K—KEKKS3

15.2. MeToz, peKypCUBHOTO CITyCKa

B otiinune ot anropuTMa npefpiAyliero paszena (MpejCcTaBiiAOLIero YucTo
TEeOpeTUUeCKUN HWHTepec), aArOPUTMbl Ha OCHOBe PEKypCHBHOIO CITyCKa
YaCTO UCIOJIB3YKTCS Ha MPaKkTUKe. DTOT METO[ NMPUMEHUM, OJHAKO, AATeKO
He KO BCeM rpaMmaTtukaM. Mbl 00CyauM HeoOXoAMMble OrpaHUUEHUS
no3gHee.

Wpest meToa peKypCMBHOIO CIycKa TakoBa. [lyig KaK[JOro HeTepMmuHana K
MBI CTPOMM Mpoueaypy ReadK, koTtopasi - B TPUMEHEHUH K 0bomy
BXOJHOMY CJIOBY - - [ie/laeT JBe BeL:

® HaxXOOuT HauOoJiblllee Havaa0 = CA0Ba a1, KOTOpOoe MOXKeT OBITE

Ha4a/1I0M BbIBOOAUMOI'O H3 K cnosa;
. COOGLL[EIET, ABIAeTCS JTH Haﬁr[[EHHOE C/I0BO = BBIBOAWMBIM M3 K.

[pexxge uem omuCHIBATL 3TOT MeTOf, Oosiee MOgPOOHO, JOTOBOPUMCS O TOM,
Kak TIpolielypbl TIOJyYal0T CBeJIeHUSI O BXOAHOM CJIOBe U Kak COO0OIaiT o
pe3yneraTax cBoed pabotel. MblI mpeamnonaraeM, uto OyKBbI BXOAHOTO C/I0BA
MOCTYNMalT K HUM IO OAHOW, T.e. HMEeTCs TpaHMIa, OTJeNsroLas
"MpouYnuTaHHY" YacThb OT quOt;HerpouyuTaHHOH'". bygeM cuuTaTh, UTO €CTh

tdyukius (6e3 mapameTpoB)

Next: Symbol

[aloIas MepBbl HEMpPOUMTAHHBIM CUMBON. Ee 3HaueHusiMu MoOryT ObITh

TePMUHAILHBIE CUMBOJIbI, @ TakKe creluanbHblid cuMBoa1EOT (End Of Input
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
- KOHeL BXO,[[&), OBHEI‘-IEII-O].U;HFI, 4UTO BCe CJIOBO y:Ke MPOYUTAHO. Bri3oB sTOH
(lJYHI{L[I/II/I, pasymeeTcd, He CABWIdeT TI'DAHHLBbI MEXAy ]'IpO‘-IHTElHHOﬁ H
HEHPOQHTBHHOFI YdCTBKHO - [JId 3TOro eCcTk IIponeaypd Mo Ve, KOTOpad
CABHUIAeT TPaHHUL]Y Ha OJWH CHMBOJI. (OHa MNpUMeHHMa, eC/IH Next<>EOI.)
HyCTb, HaKDHEeLl, MeeTCA G}U'IEBCKBH rnepeMeHHas b.

Teneppr MBI MOXXeM chOpPMYTHMpOBaTh HalM TpeboBaHUs K TIpoleaype
ReadK. OHU COCTOAT B C/IEAVIOLIEM:

® ReadK [MTPOYHUTLIBAET H3 OCTaBIUEHCA 4YacTH CJA0BA MAaKCHMMajabHOe
Ha4daao _r-Ll , SABJAAKOIIEeCAd Ha4a/I0M HEKOTOPOTro C/I0Bd, BBIBOAWMMOTIO M3
K3
® 3HaueHHEe b CTAaHOBHUTCA UCTUHHBLIM HWJ/IM JIO>KHBIM B 3aBHUCHUMOCTH OT
TOro, ABJIAETCA JIH _r-Ll BBIBOOAUMBIM H3 K unu nviib HEBBIBOAWUMBIM

Hauya/ioM BBIBOAMMOTrO (13 K ) cioBa.

Hnst yno6cTBa BBEAEM TaKyl0 TEPMHUHOJOTHIO: BEIBOAUMOE U3 K CoBO Oyrem
Ha3blBaTh K -c/I0BOM, a /1r0060e Hauano 1x60oro BEIBOAUMOTO U3 K cyioBa - K
-HauasioM. /IBa copmynupoBaHHBIX TpeOOBaHHSA BMecTe OyneM BhIpaXkaTb
cnoBamu " ReadK woppektHa s K "

Haunewm c npumepa. Ilycts npaBumio
K —=LM

SIB/IIETCSA eJUHCTBEHHBIM MPAaBUJIOM TPAMMATHKH, COflepKalMM K B JIeBOU
YacTH, NycTb L, M - HeTepMUHanbl U Readl, ReadM - KOppeKTHBIe ([/id

HUX) MPOLeTYPHI.
PaccmoTpuM Takyro mpoueaypy:

procedure ReadK;
begin

| ReadL;

| if b then begin

| | ReadM;

| end;

end;
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A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

15.2.1. TlpuBecTy npuMep, Korja 3Ta npoijeaypa OyneT HeKOppeKTHOU s K.

Oteer. Ilycte u3 L BeIBOguTCA mroboe cioBo Buga 00..00, a w3 M
BeiBOAUTCA nulllb cnoBo 01. Torma w3 K BeiBoguTcs ciaoBo 00001, HO
npouenypa ReadK 3TOro He 3aMeTHT.

YkakeM fAoCTaTOUYHBIE YCIOBHUS KOPPEKTHOCTHU MpoleAypbl ReadK. [lna
9TOr0 HaM MOHAA006aTCs HeKoTopeie 0003HaueHus. [TycTh dukcupoBans KC-
rpaMMaTHKa U HeKOTOPBIM HeTepMUHaa [\ 3TOW rpaMmaTuku. PaccmMoTrpum
N -cmoBo 4 , KOTOpoe uMeeT COOCTBEHHOE Havyalo [, TakkKe SBJISIOIIeeCs
A -cioBom (ecnu Takue ecth). [ns moboi mapel Takux cioB 4 u [§
pPacCMOTPUM TEPMUHAJ/IbHBINA CUMBOJI, UAYIMU B 4 HEnocpeACTBEHHO 3a
. MHOXecTBO BCex Takux TepMHHanoB ob6o3Hauum I[Tocu (N). (Eciu
HUKakoe 7/ -CJIOBO He sIB/sseTCsl COOCTBEHHBIM HauajoM jpyroro [ -
C/I0Ba, TO MHOXKeCTBO [loc (N) mycTo.)

15.2.2. Yxkazath (a) Mocs (E) ans mpumepa 1 (cm. myHkr 15.1.); (6)
lMocs (E) wu Tocm(T) pma npumepa 2 (em. oyakr  15.1.); (B)
[Moca({cnar)) u TToca( (Muozx) ) ana npumepa 3 (cm. nyskr 15.1.);

Oteer. (a) Mocn(E) = {[, (}. (6) Docn(E) = {I[, (}
Moca (T) mycTto (HUKakoe T -C/IOBO He ABJSETCS HaualioM Apyroro). (B)

El

[Toca({cnar)) = {*} ; Toca( (MHOXK) ) mycTo.

Kpome Toro, ansi kaxgoro HerepmMuHana [y o6o3Haunm uepe3 Hau (N )
MHO>KeCTBO BCEX TePMHUHAJIOB, SIBJISIFOIIMXCS TEePBbIMU OyKBaMH HEMYCThIX

N -cioB. 310 obo3HaueHWe - BMeCTe C TPeJbIAVIM - MO3BOJUT JaTh
JOCTaTOUHOE YCIOBUE KOPPEKTHOCTH mpoueaypsl ReadK B OnNucaHHOU

BbIIIE CUTYdllHH.

15.2.3. Mlokaszate, uTto eciau Ilocs (L) He mepecekaeTcsi ¢ Hau (M) u
MHOYeCTBO BCeX M -CJI0B HeIycTo, T0 ReadK KOppekrHa.

Pemenue. PaccmoTpum fBa ciyuasi.

(1) Iycts mocne Readl, 3HaueHUe TepeMeHHOW b N0)KHO. B 3Tom criyuae
ReadL uuTaeT CO BX0Ja MakCUMajbHOe L -Hauano A , He sBistomeecs L -
cnosoM. OHO siBisieTcst K -HayanioM (34ech BaXKHO, UTO MHOXECTBO M -C/I0B
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HEHYCTD.). ByﬂET JIU OHO MakCHUMaJ/JbHBIM K -Haua/loM Cpead Hadaj BXO,[[B?
Ecnu HeT, TO _r-Ll AB/IAETCHd Hada/IOM C/I0Ba B{'__' , Iae B ecTs L -CJIOBO, F
eCcTb M -Hayajao u B{'__' - bonee A/IHHHOE Ha4dd/10 BXO/[d, 4YeM A . Ecnu B
AJIMHHEe A , TO A - Heé MdKCHMMAa/IbHO€ Hd4ad/Jd0 BX0[d, ABJAAKOILNEECH L -
Ha4aJIOM, 4YTO IIPOTHBOPEUHT KOPPEKTHOCTH ReadL. Eciu B = 4 , TO A
6b110 OBI L -C/IOBOM, a4 3TO He TakK. 3Ha‘-II‘IT, B KOpoue A , (_T Henycto 4
HEpBbIﬁ CHMBOJI C/TOBa l:_'r cjienyer B _ri!_ 3d nnocjiefHUM CHMBOJIOM CJIOBd
H, 1e. Mocus (L) mnepecekaercsi ¢ Hau (M) . [IpotuBopeune. Utak, A
MakcuManbHO. M3 ckazaHHOTO caieagyer TakxkKe, 4TO A He fABgeTca K -
CJIOBOM. KOppEKTHOCT]: nponeanypnl ReadK B 3TOM Ciy4dae rmpoBepeHa.

(2) Ilycte mocne ReadLl 3HaueHUe TiepeMeHHON b wuctuHHO. Toraa
MpOYUTAHHOE TIpoLeypoli ReadK Hauano Bxoga umeet Buj A 7, roe A
ectb L -cfoBo, a J§ ectb M -Hauano. Tem cambiMm A H ecTb K -Hauano.
[Mpoeepum ero MmakcumanbHOCTh. IlycTh (7 ecTs Gonbluee K -Havano. Toraa
mibo (' ectb L -Hauano (UTO HEBO3MOXKHO, Tak Kak 4 Obuio
MakCUMalbHBIM L -Havanom), mubo (7 — A"RB’, e 4’ - L -cioBo, B -
M -Havano. Ecin A’ xopoue 4, To B’ HemycTo M HauMHAeTCs C CUMBOJIA,
npuHajaexaiero 1 Hau (M), u Iocs (L), uro HeBosMoxkHo. Ecnu A"
InnHHee 4 ,To 4 - He MakcHMasabHOe L -Hayaso.

Wrak, 4’ — 4. Ho B 3TOM C1ywae [’ ecTb NpoAo/DKeHHe [§, 4TO
NPOTUBOPEUYUT KOPpPeKTHOCTH ReadM. Urak, A3 - makcumaneHoe K -
Hauano. OcTaeTcsi MPOBEPUTH MPaBUILHOCTH BbIJABAEMOr0 TPOLeAYpPO
ReadK 3HaueHUs repeMeHHoON b. Eciu OHO MCTUHHO, TO 3TO OUEBHU/HO.
Ecnu oHO n0XHO, TO [ He ecTb M -C/I0BO, U HaJ0 MPOBEpPUTh, UTO A -
He K -cyoBo. B camom gene, ecnu 6v1 BoimonHsnock AR — A'R’, rie A’
- L -cnoeo, " - M -cnoBo, To 4’ He MOXeT ObITb AnuHHee A ( ReadlL
yuTaeT MakCMMa/lbHOe CJI0OBO), A’ He MoxeT 6bITh paBHO 4 (Torma R’
paBHO [§ W He sABAAeTCA M -ci0oBOM) U A’ He MoXeT ObITb Kopoue A
(Torga mepBhIii CUMBON 3’ MPUHAAAEKUT U Hau (M), u Hocu (L) ).
3azjaua peleHa.

[epeiizem Temeps K Apyromy dacTHomy ciydato. [lycts B KC-rpammaruke
eCTb [paBUIa

296



A X, IeHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB

K—=L
K— N
K—N

W [IPYTUX MPABUII C JIeBOM UacThio K HeT.

15.2.4. Cuuras, uto Readl, ReadM u ReadN koppekTHbl (419 L, MU N ) u
uTo MHOXecTBa Hau (L), Hawu (M) w Hau (N) He [OepecekawTcs,
HaIlKUCaTh NPOLeAypPy, KOPPEKTHYIO /i K.

Pemenune. Cxema npoiie/lypsl TakoBa:

procedure ReadK;

begin

| if (Next npunagnexxut Hau(L)) then begin

| | ReadL;

| end else if (Next npunaanexxut Hau(M)) then begin
| | ReadM;

| end else if (Next npunaanexxut Hau(N)) then begin
| | ReadN;

| end else begin

| | b = true unu false B 3aBMCHMOCTH OT TOTO,

|| BbIBOAMMO M mycTOe c10BO U3 K unu Her

| end;

end;

Hokaxkem, uTo ReadK xoppekTHO peanu3yeT K. Ecmm Next He
IIPUHAJIeXKHUT HU OAHOMY W3 MHOXecCcTB Hau (L), Hau (M), Hau (N),T0
MyCTOE CJ0BO SIBJSIETCS HauOOJBIIMM HauyajgoM BX0Aa, SBJISIONMMC K -
HauanoM. Ecin Next mnpuHajnexuT ofHOMy (M, C/efoBaTesbHO, TOJIBKO
OTHOMY) M3 3TUX MHO>KeCTB, TO MaKCMMalbHO€e Hauano BXoa, AB/swolleecs K
-HauyajioM, HeMyCTO U YATAETCS COOTBETCTBYIOMIEH MPOLIeypPOid.

15.2.5. HWcnonw3ya CcKa3aHHOe, COCTaBUThL MpOLeypy Ppacno3HaBaHUA
BBIP)KEHUU [I7Is TpaMMaTUKH (mpumMep 3, CM. IyHKT 15.1.):
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i b} i 1 i 11
{BBIp)} — {caar) {OCTBBIP)
I = b} + i &
{oCTBRIp) — + {(BBIpP)
I !
{oCcTBRIp) —
' A ' oy 1
{cmar) — (MHO3K) {oCTeiar)
{ocTenar) — * {caar)
(ocTemnar) —
(MHOMK) — X
{ <y P Ly
 MHOHK (BBID)

Pemenue. 3Tta rpaMMaTHKd He TMOJHOCTBH) I10AIMaAdeT IMoJ paCCMOTpPeHHEBIe
YdCTHBIE C/Iy4dH: B TIIPABBIX 4YdCTAX €CTb KOM6PIHE1L[I/II‘I TepMHHA/TOB H
HeTepMHHA/IOB

+ (BHIp)
U TPYIINbI U3 TPEX CUMBOJIOB
( (BEp) )

B rpamMmaruke ecTb TaKkKe HECKOJBKO MPaBUJI C OAHOUM JeBOM YacTBIO U C
MpaBbIMU YaCTSAMHU Pa3HOTO poja, HampuMep

i i " e y "

(OCTBBIpP) — + (BEID)

i b

{(OCTBBID) —

It OrpaHUYEeHUSA He ABJANTCA NMPUHIHUITHAIbHBIMHA. TaK, MMpaBUJ/IO THIIA

K — 1. M N MoxHo Obuio Obl 3aMeHUTH Ha jABa mpaBuaa K — L Qu
J — M N, repmuHanbHbIe CUMBOJIBI B IPaBOH 4acTH - Ha HeTePMUHAJbI (C
eIUHCTBEHHBLIM TPaBUJOM 3aMeHbl Ha COOTBETCTBYHOIME TepMHWHA/bI).
Heckonbko mpaBU/I C OZHOM J/IeBOM 4aCTb0 W Pa3sHOPOJHBIMU TIPaBbIMU
TaK)Ke MO>KHO CBECTH K y»Ke pa3o0paHHOMY C/lydaro: Harmpumep,

K—LMIN
K—=PIQ
K —
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MOKHO 3aME@HHTD Had ITpdBHJId

Ho mmu1 He 6}?191\-"[ 3TOro AejdTb - a Cpad3y e 3dlliieM TO, YTO NOJY4YHUTCH,
€CJ/IM TI0ACTABUTEL OIMMUCAHUA ITpOLenyp A1 HOBBIX TEDMHHA/NBHBIX CHMBOJ/IOB
B MeCTda MX MCIIO/Ib30BaHMA. Hanpl-imep, AJid TIpaBWJid

K—=LMXN
9TO AAeT NpoLeaypy

procedure ReadK;
begin

| ReadL;

| if b then begin

| | ReadM;

| end;

| if b then begin

| | ReadN;

| end;

end;

IInsi ee KOPPEKTHOCTH HaAo, uToObl [locui (L) He Tepecekasoch C
Hau (MN) (koTopoe paBHO Hau (M), et U3 M He BBIBOAMTCS MYCTOE
CJIOBO, U paBHO oﬁLe,qHHEHmo Hau (M) u Hau (N), ecnd BBIBOAUTCH), a
TaKKe 4To0bI [TocJt (M) He nepecekanoch ¢ Hau (N) .

AnanornuHbsiM 00pa3oM npaBuna
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K—LMN
R =P
K —

TpakTHKYM Mo MeToJaM NOCTPOEHHA ANMTOPHTMOE

MIPUBOJAT K MpoLieAype

procedure ReadK;

begin

| if (Next npunagnexut Hau(LMN)) then begin
| | ReadL;

| | if b then begin ReadM; end;

| | if b then begin ReadN; end;

| end else if (Next mpunagnexut Hau(PQ)) then begin
| | ReadP;

| | if b then begin ReadQ; end;

| end else begin

| | b = true;

| end;

end;

KODPEKTHOCTh KOTOpPO#l TpeOyeT, uToObl Hau (LMN) He Mepecekanoch C
Hau (PQ).

Uutass mnpuBeJeHHYIO [Jajee IIporpaMMy, TMO0Je3HO UWMeTb B BHUJY
COOTBETCTBHE MEX/Y PYyCCKUMU M aHIJIMUCKUMU CJIOBAMU:

BhIPazkenue EXPRession
OCTarok BbIPaxenus REST of EXPRession
CJTALaemoe ADDitive term
OCTarok CJTATaemoro REST of ADDitive term
MHO K ureas FACTor

procedure ReadSymb (c: Symbol);

| b = (Next = c);

| if b then begin

| | Move;

| end;

end;
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procedure ReadExpr;
| ReadAdd;
| if b then begin ReadRestExpr; end;
end;

procedure ReadRestExpr;

| if Next = '+' then begin

| | ReadSymb (+);

| | if b then begin ReadExpr; end;
| end else begin

| | b = true;

| end;

end;

procedure ReadAdd;

| ReadFact;

| if b then begin ReadRestAdd; end;
end;

procedure ReadRestAdd;

| if Next = '*' then begin

| | ReadSymb (*');

| | if b then begin ReadAdd; end;
| end else begin

| | b = true;

| end;

end;

procedure ReadFact;

| if Next = 'x' then begin

| | ReadSymb ('x');

| end else if Next = '(' then begin
| | ReadSymb ('(');

| | if b then begin ReadExpr; end;

| | if b then begin ReadSymb (")'); end;

| end else begin
| | b = false;

| end;

end;

TpakTHKYM Mo MeToJaM NOCTPOEHHA ANMTOPHTMOE
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Ocrtanock 006CcyauTh TIpoO/eMBI, CBSI3aHHBIE C B3aMMHOM PEKYPCUBHOCTBIO
3TUX Tiponeayp (0gHA WCMOAB3yeT ApPyryio u HaobopoTt). B mackame 3To
JIOTYCKAeTCs1, TOLKO TpebyeTcs aTh MpeBapUTebHOE OMMHUCAHUe TIPOIeyP
("forward”). Kak Bcerma a1 PeKypCUBHBIX TpoOIeAyp, TMOMHUMO
I0Ka3aTe/bCTBa TOTO, UTO KaXKjas mpoijegypa paboTaeT mMpaBUIBLHO B
TIPe/IN0/I0YKeHUH, UTO MCI0/b3yeMble B Hel BBI30BHI Tpoleayp paboTarT
MpaBUIbHO, HAZ0 JI0Ka3aTh OTAE/bLHO, 4TO paboTa 3aBepiiaercs. (OTO He
OUeBUHO: €C/IM B rpaMMaTHUKe ecTh npaBuio K — KK, To U3 K HUUero He
BeIBOJUTCH, [locs (K) ¥ Hau (K) nOycTel, HO HanWCaHHada I10 HalM
KaHOHaM Iponeaypa

procedure ReadK;
begin

| ReadK;

| if b then begin

| | ReadK;

| end;

end;

He 3aKaHuuBaeT paboThl.)

B pganHom cnyuae mpoueaypel ReadRestExpr, ReadRestAdd,
ReadFact nubo 3aBepmarTcs, MM00 yMEHBIAKT JIUHY HENTPOUMTAHHOU
yactu Bxoga. [Tockonbky m000¥ LUK/ BBI30BOB BK/IHOUAET OJHY M3 HUX, TO
3al{MK/IMBAHVE HEBO3MOXXHO.

15.2.6. [lycTs B rpaMmaTHKe UMEKITCS ABA MpaBU/la C HeTeDMUHAa/AOM K B
NeBOY yaCTH, UMEKIMX BU /[

K—L K

By

10 KOTOPBIM K -C/I0BO mpejcTaBisgeT co00i KOHEUHYIO MOC/Ie0BaTe/IbHOCTh
L -cnoe, ipuuyeM MHOXecTBa [locs (L) u Hau (K) (B JaHHOM cjydae
paBHoe Hau (L) ) He mnepecekatoTca. Mcmonb3ys KOPpPeKTHYHO [As L
npouenypy Readl, HanucaTe KOppPeKTHYWO miA K npouenypy ReadK, He
HUCI10/1b3Yyd PEKYPCHH.

Pemenue. ITo Hamm npaBuaaM CiaegoBa/I0 OBl HAMKCaThL
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procedure ReadK;
begin
| if (Next mpunagamexxut Hau(L)) then begin
| | ReadL;
| | if b then begin ReadK; end;
| end else begin
| | b = true;
| end;
end;

3aBepieHue paboThl rapaHTUPYETCS TeM, UTO TepeJ PeKYyPCUBHBIM BbI30BOM
J/TMHA HEMPOUYUTAHHOW YaCTH YMEHbIIAeTCS.

OTa peKypcuBHasi IpoLeAypa SKBUBAJTeHTHA HEPEeKYPCUBHOM:

procedure ReadK;

begin

| b = true;

| while b and (Next npunagne>xut Hau(L)) do begin
| | ReadL;

| end;

end;

@®opmanbHO MOXKHO MTPOBEPUTH 3TY 3KBUBAEHTHOCTh TaK. 3aBepIIaeMoCThb B
oboux cnayuasix sicHa. JlocTaTOYHO TIPOBEPUTH T[IO3TOMY, UTO TeJO
PEeKyPCUBHOM npoLeaypbl KBUBA/IEHTHO HepeKypCHUBHOH B
MpeAToN0KeHUH, UTO ee pPEeKYPCUBHBIM BBbI30B 3KBUBAJIEHTEH BBI30BY
HepeKypcUBHOU npouenypel. [logcraBum:

if (Next nmpunaanesxut Hau(L)) then begin
| ReadL;

| if b then begin

| | b = true;

| | while b and (Next npunaanexxut Hau(L)) do begin
| || ReadL;

| | end;

| end;

end else begin

| b = true;

end;
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HEPBYIO KOMaHAOY b:=true MOXHO BBIKHHYTb (B 3TOM MeECTe U TakK b
HCTHHHO). BTOpy}O KOMaHAY MOKHO IMepeHeCTH B Ha4daJ/10:

b = true;

if (Next npunaanexut Hau(L) then begin

| ReadL;

| if b then begin

| | while b and (Next npunaanexxut Hau(L)) do begin
| || ReadL;

| | end;

| end;

end;

Tenepb BHyTpeHHUI i f MO)XKHO BBIKMHYTH (€C/M b JIOKHO, IIUKT while
BCe PaBHO He BBIMIOJHAETCS) U J0DABUTH B yC/IOBUE BHeEIIHero i f ycioBue
b (koTOpOe BCe paBHO UCTUHHO).

b = true;

it b and (Next npunagnexxut Hau(L)) then begin

| ReadL;

| while b and (Next npunagnexxut Hau(L)) do begin
| | ReadL;

| end;

end;

UTO 3KBUBAJIPHTHO TPUBEJEHHOW BhIllIe HEPeKypCUBHOU mpoieaype (U3
KOTOpPO! BhIHECeHA MepBas UTeparus [UKIa).

15.2.7. Jloka3aTb KOPPEKTHOCTb TIPUBEJEHHOW BbIllle HEPEeKypCUBHOU
MpOrpamMMbl HEMOCPeACTBEeHHO, 0e3 CChUIOK Ha PeKYPCUBHYIO.

Pemenne. Paccmorpum Haubosblee Hauano BXofa, sBjswooLieecs: K o -
HayasioM. OHO npeACTaB/sgeTCs B BHUJe KOHKaTeHaluu (1ocaef0BaTelbHOTO
MIPUTIUCHIBAHUS) HECKO/JbKMX HEMYCThIX L -C/I0B Y, BO3MOXKHO, OFHOTO
HenmycTtoro L -Hauana, He sBjswouerocsi L -cioBoM. VMHBapuaHT nukna:
IIPOYMTAHO HECKDJIBKO U3 HUX; b «= (mociegHee NpoYnTaHHOE AB/IAETCA L -
CJIOBOM).

COXpaHEHPIE HHBdAPHWAHTA: eC/IM OCTa/I0Ch IocdneaHee C10BO, 3TO OUEBHUHO,
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€C/lIHi OCTa/I0OCh HECKOJIBKO, TO 3d IT€PBbIM L -cioBOM (H3 K Cjia OCTaBUJ]/IXEH)
HAeT CUMBOJI M3 Hau (L) , H TIOTOMY 3TO CJOBO - MdKCHMa/IbHOE€ HaA4dJ/10
BX0[4, AB/IAKOLIeeCHd L -Hauamom.

Ha npakTtuke npu 3amucH rpaMMaTHKM HMCOOMB3YKOT cokpaujeHusa. Eciau
NpaBu/a [ KAKOTO-TO HeTepMHUHanaK UMerT BU/J

K—L K

K —

(T.e. K -cioBa - 3TO MOCAeJ0BaTeNbHOCTA L -C/OB), TO 3TUX MPaBU He
MUILIYT, @ BMecTo K numyT L B ¢urypHeix ckobkax. Heckonbko mpaBun c
OZIHOI JIeBOU UaCThIO U Pa3HLIMU TPaBLIMU 3aMUCBIBAIOT KaK OHO TTPaBUIIO,
paspesiss ankTepHaTUBHBIE [TPAaBbie YaCTU BePTHUKATBLHOM UepToi.

Hanpumep, paccMoTpeHHasi Bhlllle FpaMMaTHKa JJis {131:,11}::. MOXKeT OBITh
3anucaHa Tak:

(BeIp) — {(cmar) {+{cmar)}
{cnar) — (MEO0XK) {* (MHOXK) }
! | ! \
(MHOXK)} — X|({BHID))
15.2.8. HanwucaTts mnpolueaypy, KODpPeKTHYW [ -::Bpr::' , Crnenyst 3TOH
rpaMMaTHKe U UCIO/B3Ys [JUKI BMECTO PeKYPCHH, Tje MOXHO.

Pemmenue.

procedure ReadSymb (c: Symbol);

| b = (Next = c);

| if b then begin Move; end;
end;

procedure ReadExpr;
begin

| ReadAdd;

| while b and (Next = '+') do begin
| | Move; ReadAdd,;
| end;
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end;

procedure ReadAdd;

begin

| ReadFact;

| while b and (Next = "*') do begin
| | Move; ReadFact;

| end;

end;

procedure ReadFact;

begin

| if Next = 'x' do begin

| | Move; b = true;

| end else if Next = '(' then begin
| | Move; ReadExpr;

| | if b then begin ReadSymb (")'); end;
| end else begin

| | b = false;

| end;

end;

15.2.9. B mocnepHe# mpoueaype KOMaHAY b:=true MOXHO OMYCTUTh.
[Mouemy?

Pemenue. MoxHo mipearnonaraTb, YTO BCe TPOI[eAYPhI BBI3LIBAKOTCS IIPH
b=true.

15.3. Anroputm pasb6opa aas LL(1)-rpammaruk

B sTOM pasgene mMbl pacCMOTPUM ellle OfWH MeTOJ MPOBepPKU BHIBOJUMOCTH
B KC-rpammaruke, Ha3biBaeMblii mo Tpaauiiuu LL(1)-pa3bopom. BoT ero
uzes B ofHOU ¢pa3e: MOKHO CUMTaTh, UTO B TMPOLIECCEe BLIBOJA MbI BCeT/a
3aMeHsieM CaMbli JIeBbIM HEeTePMUHal U HY)KHO /UL BbIOpaTb OAHO M3
MpaBuJ/; €C/IM HaM MOBe3eT C rPaMMATUKOM, TO BbIOpaTh MPaBUIO MOJXKHO,
DIAAsT Ha TIePBBIM CHMBOJI BBIBOAMMOIO W3 3TOT0 HETEPMHHAIa CJIOBA.
ToBops 6onee hopmanbHO, JaguM TaKoe

Onpegenenue. JIeBbIM BBIBOAOM (C/I0Ba B rpaMMaTHKe) Ha3biBaeTCs BLIBOJ,
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B KOTOPOM Ha KdXXJOM Ildre 3aMeHe I10gBepraeTcda CcaMblil JIeBBIA M3
HeTepMHWHAJIOB.

15.3.1. Insi Ka>xgoro BhIBOAMMOTO C/IOBAa (U3 TePMUHA/IOB) CYIIIECTBYeT €ro
NeBbIN BBIBOJ,.

Pewenne. Pa3nmuuHble HeTepMHMHANbl 3aMEHSIIOTCS HE3aBUCUMO; €C/IA B
mnmpolecce BbIBOAA IOsABHIOCL cimoBo  f [, .., mme K, [, -
HeTepMUHAIBI, TO 3aMeHbl J{ ¥ [, MOXXHO MPOU3BOAUTE B 1H060M mopsjke.
[TosTOMy MOXXHO TIepecTpOMTL BBIBOZ, Tak, uToObl CToAuUMH JseBee
HeTepMUHa/lI 3aMeHsIcad paHblie. (PopmanbHO TrOBOps, HAJ0 [0Ka3blBaTb
WHIYKI[Med 10 /[JMHe BBIBOAA Takod (akT: ecid W3  HEeKOTOPOro
HeTepMHUHana J{ BBIBOAUTCA HEKOTOpPOe CI0BO 4 , TO CyLIeCTByeT JeBbli
BeIBOA A u3 [ .)

15.3.2. B rpammaruke ¢ 4 npaBuiaMu

(1) E—

(2) E—TE
(3) T— (E)
(4) T — [E]

waiitu neseiii BuiBog cimoea A — [(J([])] wm [gokasath, uTO OH
equHcTBeH.Pemennie. Ha mepeoM 1mare MOXKHO TIPUMEHHUTH TOJILKO TPABHUIIO

(2):
E—TE

Yro Oymer manbiie ¢ T? Tak Kak cioBO 4 HauvMHAeTcs Ha [, TO MOXKET
MPUMEHUTHCA TOJBKO NpaBuIo (4):

E— TE — [E]E

[lepBoe E A0/KHO 3aMeHUTLCS Ha TE (MHaue BTOPBIM CHMMBOJIOM Oblia ObI
ckoOka ] ):

B TE— FEIE—TFTEIE

U T JOMKHO 3aMeHATHCA 110 (3):
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E — TE — [E]E — [TEIE — [{E)EIE

Hanee mepBoe E AO/DKHO 3aMEHUTbCA Ha MYyCTOe CI0BO (MHaue TpeTheid
bykBoii cnoBa OygeT ( WM [ - TOJBKO Ha 3T CMMBOJIBI MOXXET HAUMHATHCS
CnoBO, BEIBOAUMOE U3 T ):

E — TE — [E]JE — [TE]JE — [{E)E]JE — [()E]E
U gainee

e [ETE]E 2 FOCR)EIE — [CHTEVEIE— [LFFIEIEIE]E —
— [QCLIEYEIE — [ CL1)EIE — [OCENIE— [O(L]1)]

Yrto TpebyeTcs OT rpaMMAaTHKH, YTOOBI TaKOW METOJ IMOUCKA JIEBOTO BLIBOAA
Ob11 mpumenum? IlycTb, HampuMmep, Ha OYepeHOM IAre CaMbIM JIEBBIM
HETEPMUHA/IOM O0Ka3ajiCd HeTepMHUHas Jy , T.e. Mbl KMMeeM CJI0BO BuU[a

AKTI/, tne A - cioBo U3 TepMUHANOB, a |/ - CJIOBO W3 TePMUHAIOB W
HeTepMuHanoB. [IycTs B rpaMMaTHKe eCTh ITpaBuia

K — LMN
& PO
By R

Ham Hazo BeibpaTth ogHO U3 HUX. MBI OyieM NbITaThCS CAenaTh 3TOT BhIOOP,
IS HA TIePBBIA CUMBOJI TOM YaCTH BXOZHOTO CJIOBA, KOTOPAsi BEIBOAUTCS U3

KU.

PaccmoTpum MHOXkecTBO Hau (LMN) Tex TepMHHAal0B, C KOTOPBIX
HauMHAaKTCSA HeMyCThble CA0Ba, BeIBoAMMBIE U3 [ A . (3ToO MHOXeCTBO
paBHo Hau (L), Oﬁ'bE,[LHHEHHOMy c Hau (M), ecitu U3 [, BBIBOAUTCHA
IyCTOe C/I0BO, a TakKe ¢ Hau (N), eczin U3 [, U U3 [\f BBIBOGUTCS MyCTOE
cnoBo.) Yrtobel onucaHHBI MeTon ObLT TIPUMEHUM, HaJ0, YTOOBI
Hau (LMN), Hau ( PQ) U Hau (R) He nepecekanuck. Ho 3Toro mano. Benb
MOXKeT ObITh Tak, HarpuMmep, uto u3 [, \J \/ OygeT BbIBeJeHO MyCTOe CI0BO,
a u3 cioBa [/ Oyzer BhIBeJeHO C/J0BO, HauuHawIleecss Ha OykBy wu3
Hau ( PQ) . Cnenyroipe oripeje/ieHUsl YYUTBIBAIOT 3Ty ITpobemy.

Hamomuum, uTo omnpefeneHue BeiBoguMocTd B KC-rpamMmMaTiike 6b110 JaHO
TOJIKO /1151 CJIOBA M3 TepMuUHanoB. OHO o4eBUAHBIM 0Dpa3om obobuppercs
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Ha cnyqaﬁ CJIOB H3 TEPDMHHAJIOB H HETEPMHHAJIOB. Mo>KHO Takke FOBOPUTH
O BBIBOJWMMOCTH OAHOTO C/I0BAa (coﬂepmamero TepMHHAJIBI H HETEPMHHBHBI)
H3 APYyroro. (ECHH FOBOPHUTCA O BEIBOOUMOCTH CJ/IOB4 oes YKd3dHHUA TOTrO,
OTKyda OHO BBIBOAUTCA, TO BCergad I1oApd3ymMeBaeTCd BBIBOOUMOCTbL B
rpaMMdaTHEKe, T.e. BBIBOAUMOCTb M3 Ha4d/IbHOTO HETEPMI/IHEU'[&.)

Jns kaxaoro cnoBa X W3 TeDMHHAIOB U HeTePMUHAa/OB uepe3 Hau (X)
ob03HauaeM MHOXECTBO BCeX TEePMMHANIOB, C KOTOPbIX HAuUMHANOTCH
HeIyCThle C/I0Ba W3 TePMHUHA/OB, BeIBOgUMbIe W3 X . (B cioyuae, ecin U3
noboro HeTepMHHAaNa BBIBOAUTCHA XOTh OJHO CJIOBO M3 TEPMHUHAJOB, He
UrpaeT poJjH, pacCMaTpMBaeM /M Mbl IPH omnpegeneHWH Hawu (X) cioBa
TOJILKO U3 TePMUHAIOB UM m00bie cnoBa. Mel Gynem mpeanonarate ganee,
4TO 3TO YCJIOBUE BBINTO/IHEHO. )

[ nsa Kakaoro HeTepMUHana Jy uepe3 [locuien (K) 0003HAaYMM MHOXKECTBO
TepMHHA/IOB, KOTOPbIE BCTPEYAKOTCA B BBIBOJUMBIX (B 'pamMMaTHKe) C/I0Bax
cpasy xe 3a J{. (He cmeumBaTe c [locus (K) mnpeawbigyilero pasjieinal)
Kpome Toro, B locnen (K) BKIOYAETCS CUMBOA KOT, eC/ii CYIIECTBYET
BBIBOJIMMOE C/IOBO, OKAHUMBAMOILIEecs Ha [y .

[nsa Kaxgoro npaBuia
K=V

(tme [ - HerepmuHan, |7 - CJIOBO, Ccofiepkailee TepMHUHaAbl U
HETePMMHAabl) OMNpeJeuM MHOXECTBO HalpaB/JfIMX TEPMUHAJIOB,
obosnauaemoe Harp( K7 — 7). ITo onpegenennto ono pasuo Hau (1), k
kotopomy gobasneno [[ocsesn( /i), ecmn u3 17 BRIBOAUTCA MyCTOE C/IOBO.

Onpegenenue. ['pammatuka HaseiBaercsi LL(1)-rpammaTukoii, ecnu and
moObIX mpaBun Jy — | u ¥ — [}7 C OIUHAKOBBLIMM JIeBBIMU UYaCTAMHU

MHO>KEeCTBa H.cmp[:j{ =y ‘[) U Hanp[:j'( — ]I'J He TepeceKarTCs.
15.3.3. fIBnaeTcsa nu rpaMmMaTHKa

K—=K #

K —
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(BBIBOAMMBIMM CJIOBAMM fABJISIIOTCS MOC/aefoBaTensHOCTH aAue3oB) LL(1)-
rpaMMaTHKO# ?

Pewenne. HeT: cumBOn # NpUHAA/IEXUT MHOXECTBAM HarpaBJsHOLMX
CUMBOJIOB [J/151 000UX TMpaBui (A1 BTOPOTO - TIOCKOJBKY # TPUHAAIEXKUT

[Hocaen( K ') ).
15.3.4. Hamucats LL(1)-rpaMmaTHKy AJ151 TOTO Ke si3bIKa.

Pemmenue.

K—=# K

K —

Kak TOBOPSIT, "nmeBopekypcuBHOe" TpaBUIO 3aMeHeHO0 Ha
"mpaBOpeKypcuBHOe".

Cnepyronjas 3ajada nokasbiBaet, uTto i LL(1)-rpaMMaTHKu CylecTByeT He
Hosee 0HOTO BO3MOXKHOTO MPOJO/DKEHUS IEBOTO BBIBOZA.

15.3.5. Ilycrs mano BeiBogumoe B LL(1)-rpamMmaTuke cioBo X , B KOTOPOM
BbI/IEJIEH caMblil J1eBbIid HetepmuHan i : X — AK S, tme 4 - cioBo u3
TePMHHAJIOB, & - CJIOBO W3 TEPMHHAJIOB W HeTepMuHanoB. [lycTb
CYIIECTBYIOT [IBa PA3/TMUYHBIX MPAaBU/ia TPAMMATUKU C HETEPMUHAIOM [{ B
JIeBOU 4aCTH, U Mbl TIPUMEHUJH UX K BBIIEJICHHOMY B X HeTepMuHany Jy ,
3aTeM MPOJO/DKUIA BBIBOJ, M B KOHLIe KOHLIOB TIONYYU/IM [Ba CJIOBA M3
TePMHHAJIOB, HauMHawmmxcs Ha A . [loka3aTh, 4TO B ITHUX CJIOBax 3a
HauanoM A wuayT pasHbie OykBbl. (37ech K unciay 6ykB Mbl OTHOCUM EOT.)

Pemenue. 3OTtu OykBbl TpUHAA/IEKAT HAMNPaB/SIOIMMM  MHOXXECTBaM
pa3nTUyUHBIX MPaBHUIIL.

15.3.6. lokasaTe, 4TO eciu C10BO BbIBOAMMO B LI(1)-rpammartuke, TO ero
NeBbI{ BBIBOJ, €JUHCTBEH.

Pemenue. [lpegsiyinas 3afada MOKa3biBaeT, UTO Ha Ka)K[JOM Iliare JieBblid
BBIBOJI TIPO/I0/DKAETCSI OJHO3HAUHO.

15.3.7. I'pamMMaTHKa Ha3bIBAeTCsl JIEBOPEKYPCHBHOW, €CIM W3 HEKOTOPOTro
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HeTepMHHa/la [J{ BBIBOOUTCA CJIOBO, HauyuHawleecas C f{ , HO He
copmagaroniee ¢ HUM. JlokasaTh, UTO JIeBOPeKypCUBHasi rpaMMaTHKa, B
KOTOPOH M3 KaXKJO0TO HETePMHHAa/la BBLIBOAUTCHA XOTS OBl OHO HEMyCTOoe
CJIOBO M3 TEePMUHAJIOB U [JI1 KaKJI0r0 HETepMHHAana CYLIeCTBYeT BBIBOJ
(HAUMHAIONIMICA C Haya/bHOTO HEeTepPMHUHA/a), B KOTOPOM OH BCTPeYaeTcs,
He aBsisieTcs LL(1)-rpaMMaTukoid.

Pemenue. Tlycte u3 [ BwiBOmUTCA [ [/, toe J - HerepmuHan, a [/ -
HEMmycToe C/J0BO. MOJXKHO CuUMTaTb, UYTO 3TO JIeBbIM BLIBOA (Ipyrue
HeTepMUHabl MOXXHO He 3aMeHATh). PaccMOTpyUM BHIBOJ,

Kero KU~ KUU ~ . ..

(3HaK ~_: 0D03HAuaeT HECKOJILKO LLIATOB BHIBOJA) U JIEBBIN BBIBO, J{ ~.» A ,
e 4 - HemycToe C/0BO U3 TepMHUHANOB. Ha KakoM-TO 11are BTOPOU BHIBOJ
OTK/IOHSIETCSI OT TEepPBOT0, a MeXAYy TeM Mo 00ouM TyTsM MOXKeT ObITh
MOJIy4YeHO CJIOBO, HaYMHaroleecss Ha 4 (B mMepBOM cCjydae 3TO BO3MOXKHO,
TaK KaK COXPaHSIeTCsl HeTePMUHAl Ji , KOTOPBIA MOXeT BIIOC/IeJICTBUU OBITH
3aMeHeH Ha 4 ). DTO NPOTHBOPEUUT BO3MOXKHOCTU OFHO3HAUHOIO
omnpejeneHUs NpaBuja, MPUMEHsIeMOro Ha OuYepeJHOM Ilare MoMCKa JIeBOTro
BeIBOZA. (OAHO3HAUHOCTL BBIMOJIHAETCA /Ui BBIBOAOB W3 HauyaJbHOTO
HeTepMHHaNa, U HaJ0 BOCIO/b30BaThCA TeM, UTO [y 10 NpeoI0KeHUI0
BCTPEYaeTCsl B TAKOM BBLIBOZIE.)

Takum o6pa3om, K JIeBOPEKYPCUBHBIM IpaMMaTHKaM (KpOMe TPUBHUATBHBIX
cnyuaeB) LL(1)-meTox HempuMeHUM. MX mpuxoauTcs rpeodpa3oBeIBaTh K
SkBUBaneHTHbIM LL(1)-rpamMMaTvikaMm - WAM [OJAb30BaThCAd JAPYTUMU
MeTO/laMH pacrio3HaBaHMUS.

15.3.8. WUcmonw3ya  cKa3aHHOe, TIOCTPOUThL AaATOPUTM  [POBEpPKHU
BBIBOJJUMOCTH C/I0Ba U3 TepMUHanoB B LI(1)-rpammaririke.

Pewienne. Mel crieyeM ONMCaHHOMY BBILLIe MeTOAY MOMCKA 1€BOTO BLIBOJA,
XpaHsi /UMb YacTh CJIOBA, HAXOAMIIYIOCS MpaBee y)Ke MPOUYMTAHHOM YacTH
BXOJHOTO C/10Ba. [JpyruMu C10BaMM, Mbl XPaHUM CJIOBO S M3 TEPMUHA/IOB U
HeTepMUHA/IOB, 00/ajawiee TaKUMU CBOWCTBaMHU (MPOUMTAHHYK YacTb
BX0fia o603Hauaem uepes A ):

1. cnoBo AS BLIBOAMMO B TPaMMAaTHKe;
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2. nro60# neBbId BBIBOJ BXOAHOTO C/IOBA MPOXOJUT Uepe3 CTafuio AS

OT1u cBoiicTBa BMecte Oynem obo3Hauats "(M)".

Buauane A nycro, a S5 COCTOUT U3 €IMHCTBEHHOI0 CMMBOJ/Id - HA4YdJIBHOI'O
HeTepMHHaAJId.

Ecnu B HeKOTOPBIA MOMEHT S HauMHAaeTCsl Ha TepMUHan t U t — Naxt, TO
MOXXHO BBITIOJTHUTE KOMaHAY Move W VIaJuTb CUMBOJ t, SIBJSIOLIMIACS
Ha4yaJILHBIM B S, ITOCKOJIBKY ITPH 3TOM AS He MEHSIEeTCH.

J
Eciu S naunHaerca Ha TepmuHan t u t 7 Next, To BxogHOe cioBo
HEBBIBOAUMO - ubO Mo ycnoBui0 m000# €ro BBIBOJ, AO/DKEH TMPOXOJUTh
yepe3 AS. (D10 e cripaBefuBO U B cayuae oxt — EOT.)

Ecnu S nmycto, To u3 ycnoeus (M) crnepyet, uTo BXOAHOE CIOBO BBIBOJUMO
TOLAA ¥ TOJBKO TOIAA, Korma Naxt — EOT.

OcraeTcs ciayuadl, Korga S HauMHaeTCsl C HEKOTOporo HeTepmuHana K. Ilo
[I0Ka3aHHOMY BbIllle BCe JIeBbleé BBIBOAbl M3 S CJIOB, HauMHAKOLMXCS Ha
cuMBOJ Ne x t, HAUMHAKOTCA C IPUMEHEeHHs K S OJHOTO W TOTO JKe MpaBuJa -
TOrO, [/1s1 KOTOPOro Nex t MPUHA/JIeXUT HalpasJsolleMy MHOXKeCTBY. Eciu
TaKMX NMPaBUJl HeT, TO BXOAHOE CJIOBO HeBbIBOAMMO. Eciu Takoe mpaBuio
€CTb, TO HY)KHO NIPUMEHUTb €ro K MepBOMy CMMBOJIy CJIOBa S - NPU 3TOM
cBoiictBo (M) He HapyumTca. [IpUXoauM K TaKOMY alrOPUTMY:

§ = MyCTOe CJI0BO;

error == false;

{error => BXoJHOE C/IOBO HEBBLIBOAUMO; }

{not error => (1)}

while (not error) and not ((Next=EOI) and (S nycrto))

|| do begin

| if (S HaunHaeTcst Ha TepMuHa, paBHbeli Next) then begin
| | Move; yianuTh U3 S nepBblid CUMBOJT;

| end else if (S HaurHaeTcss Ha TepMuHaI, He paBHbIA Next)
|| then begin

| | error = true;

| end else if (S mycTo) and (Next <> EOI) then begin

| | error = true;
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| end else if (S HaurHaeTcst Ha HeTepMuHaM U Next BXOJUT B
|| HampaBnstOIEe MHOXKECTBO OQHOTO M3 MPABUJI JJIs 3TOTO
|| wHerepmunana) then begin
| | IpUMEHUTH 3TO TIPAaBUJIO
| end else if (S HaurHaeTcst Ha HeTepMuHan U Next He BXOJUT
| | B HanpaB/stoOIee MHOXXECTBO HU OHOTO W3 MPABUJI [/Is1 3TOTO
| | HeTepmuHasna) then begin
| | error = true;
| end else begin
| | {Tak He ObiBaeT}
| end;
end;
{BX0AIHOE CIIOBO BBIBOAUMO <=> nOt error}

AnropuTM 3akaHuuWBaeT pabOTY, MOCKOALKY MPU TOSIBJIEHUU TepMHHA/Ia B
Hayaje CA0Ba S TMPOUCXOAUT UTEeHWe CO BX0oJa H/AM OCTaHOBKa, a
OeCKOHeuHBIM UK/ CMEHSIOIMX APYr Apyra HeTepMUHA/JOB B Hauane S
o3Havyas Obl, 4YTO TrpaMMaTUKa JIeBOPeKYpCHMBHA. (A MbI MOXeM
npeAmnonaraTe, COMIACHO TIpeABIAyIIeH 3ajauye, uYTO 3TO He Tak
HeTepMHHa/Ibl, He BCTpeyvarolyecss B BBIBOJAX, a TaKKe HeTepMHHA/bl, U3
KOTOPBIX He BbIBOAUTCA HEMyCTOrO0 CJI0Ba, HECA0XKHO YIaluTb U3
rpaMMaTHKH. )

3aMeuaHHA.

e [IpuBejeHHBbIA aATOPUTM MCIOAb3YeT S KaK CTeK (Bce AelCTBUSA
TIPOU3BOJSATCS C JIEBOTO KOHIIA).

e [leiicTBUS [IBYX MOC/AeAHUX BaPMAHTOB BHYTPU LIMK/Ia He TPUBOIAT K
YTEHHIO0 OUepeJHOr0 CMMBOJIA CO BXO/a, TO3TOMY MX MOXKHO 3apaHee
MPeBBIUUCINUTD [JIsl KaKJAOr0 HEeTepMHHAAa U KaKAO0ro CHUMBOJIA
Next. Ilocsie 3Toro Ha KaXJOM MIare IUKIAa OyIeT uuTaThCs
ouepeJHOM CUMBOJ BXOJA.

e [lpu mnpakThuueckol peanu3auuu ynobHO cocTaBuTh Tabnuily, B
KOTOPOM 3anucaHbl BAPUAHTHI JMCTBUM B 3aBUCUMOCTH OT BXOAHOTO
CUMBOJIA Y TIEPBOTO CHMBOJa S, U HeDOMbIIyI0 MpOrpaMmy,
BBITIOJTHSIFOIIYIO ZIeHCTBUSI B COOTBETCTBUM C 3TOW Tabiuijeil.

15.3.9. TIpu mnpoBepke TOTO, OTHOCUTCHA JIM JlaHHAsi TPAMMAaTHKa K THUITY
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LL(1), HeobOXoguMO BBLIYMC/IHUTD H(}L',j'[el_:[‘[:rj " Haq(’j'} i BCeX
HetepmuHanoB [ Kak ato cgenats?

Pemenue.Ilycts, Hanipumep, B rpaMMaTUKe ecThb mpaBuao Jy — [, M V.
Torma

Hau (L)  C Hau(K),
Hau(M) < Hau(K),
Hau(N) < Hau(K),
MMocnen (K) ¢ Mocnen (N),
[locnen (K) C Ilocaen (M), ecny H3 N BRIBOJHMMO IIyCTOE ¢JI0BO,
[Tocnen [:K:] C Iocnen (L), ecin 3 M 1 N BrIBogpMo mycroe caoBo,
Hau(N) C Iocaex (M),
Hau (M)  C Iocnen (L),

Hau(N) ¢ ITocaen (L), ecan w3 M BBIBOIMMO mycToe CJI0BO.

ecin i3 L BEIBOIEMO mycTOe ¢710B0,
ecan w3 Lo u M Brsogmvo mycroe cioso,

[TonqobHbIe mMpaBuaa TMO3BOJSIOT TOCTEMEHHO IAr 3a IaroM MOPO’XK/aTh
MHoxkectBa Hau( f' ), a 3arem u Ilocnen( [’ ), pnd Bcex TepMHHA/IOB U
HerepMmuHanoB [’ Ilpu 5ToM HauanOM CITYKUT

EOT € llocnen (K)
I/ Ha4a/IbHOT'O HeTepMUHana jy u
z € Hau (z)

nns moboro TepmuHana = . [lopoXkaeHWe 3aKaHUWBAeTCsl, KOrja PUMeHeHUe
IpaBu/l IlepecTaeT JaBaTb HOBBLIE 3/1eMEHTbl MHOXKeCTB Hau (T) u
[ocnen (T).
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CuHTakcuueckuit pa3bop ciesa HaripaBo (LR)

Celiuac MBI pacCMOTpPUM eIlle OJWH METOJ, CUHTAKCHMueckoro pazbopa,
HaseiBaemblid LR(1)-pa3bopom, a Takke HEKOTOPbie VIIPOIEHHbIE €ro
BapHaHTHI.

16.1. LR-miporjeccel

IOBa otnuuusi LR(1)-pa3bopa ot LL(1)-pa3bopa: Bo-TiepBbIX, CTPOUTCS HeE
NeBbIN BBIBOJ, a MPaBbIii, BO-BTOPBIX, OH CTPOMTCS HE C Hauaia, a C KOHIIa.
(Beirog B KC-rpamMmaTuike Ha3blBaeTCd MMPaBbIM, €C/AM Ha KaXKAOM Ilare
3aMeHe MOJIBepraeTcs CaMblii MpaBbIil HETEPMUHAI.)

16.1.1. doka3aTh, UTO eciHd CA0BQO, COCTOSIIee U3 TePMHHAIOB, BBIBOJUMO,
TO OHO MUMeeT TpaBblil BLIBOJ,.

Ham Oygmer ygoOHO cMoOTpeTh Ha TMpaBbl BBIBOA '3al0M Harepe'.
Onpegenum mnoustue LR-mporjecca Hag cioBom 4 . B 3tom mporgecce,
nomMumo 4 , Oyger ywyacTBOBaTk W [pyroe CJIOBO 5, KOTOpPOe MOXeT
Cofep KaTh Kak TepMUHAlbI, TaK U1 HeTepMUHasnbl. BHauane cioBo & mycro.
B xome LR-mpoiiecca pa3peliieHsl iBa BU/ia AeMCTBUM:

1. MO)XHO TIepeHecTH TepBbId CUMBON cimoBa 4 (ero Ha3bIBaOT
ouepeJHBIM CHUMBOJIOM M 0003HauarOT Next ) B KOHeI| CloBa &,
yoanue ero u3 A (3To gelicTBUe HA3bIBAKOT CABUTOM );

2. ecju mpaBas 4acTb OJJHOTO M3 MPAaBUJ rPaMMaTHUKKU OKa3ajiach KOHLIOM
C/l0Ba 5, TO pa3pellaeTcsl 3aMeHHUTL ee HAa HeTepMHUHasl, CTOSIMA B
7IeBOW YacTH ITOTO MPABUJIA; MPU 3TOM CI0BO A He meHsercs. (OTo
JefCTBUe HA3bIBAIOT CBEPTKOM, U/ MPUBEIEHHUEM.

OtmeTum, uto LR-mipoiiecc He SIB/sieTCs 1eTePMUHHPOBAHHBIM: B OJHOU U
TOMW YK€ CUTyal[ii MOTYT ObITh pa3pellieHbl pa3Hbie JeHCTBUSL.

lToBopsar, uto LR-niponiecc Ha cioBe 4 ychoeuHo 3aBeplliaeTcs, eCu CJI0BO
A craHoBUTCS myCcTBIM, a B CIOBe S5 OCTaeTcsi eJUHCTBEHHBIN

HeTepMHHam - HayaaLHLIA HeTepMHHA/I I'PaMMdTHKH.

16.1.2. [Joka3zaTh, uto ana mwoboro cioBa A (M3 TepMHUHANOB) YCIENHO
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BBBEpmaIOHMﬁCH LR-HPO].]ECC CYIIeCTBYEeT TOIld M TOJILKO TOI[ld, KOTla CJIOBO
A BBIBOAWMMO B I'paMMaTHKe. B Xoae OOKa3aTe/IbCTBd YCTAaHOBHTH B3dMMHO
OAHO3HA4YHOE€ COOTBETCTBHME MexX1y IIPpABBIMH BBIBOJdMKM W  YCIIEIIHO
3aBepuiaronmmMucs LR-nporjeccamu.

Pemenue. Ilpu casure cioBo S 4 He MeHseTcs, MpU CBepTke CJioBo S 4
nogsepraercsi npeo0Opa3oBaHuio, 0OpaTHOMY WIATY BBLIBOAA. ODTOT BBIBOJ
OymeT mpaBbIM, Tak Kak CBOpauMBaeTcs koHell &, a B 4 Bce CUMBOJBI -
TepMuHanbHble. Takum obpasom, kaxgomy LR-mpoueccy cooTrBercTByer
npaBelii BeIBOA. OOpaTHOe COOTBETCTBHME: MYCTh [JaH IMPaBbIii BBIBOZ.
[MpepctaBum cebe, 4uTO 3a MOC/IEJHUM HETEPMUHAJIOM B CJIOBE CTOUT
neperopozka. [IpyMeHHB K 3TOMYy HeTePMHHA/y MPABUIO0 IPaMMAaTUKH, MBI
JOJDKHBI CABUHYTh MEperopojKy BjeBO (ecnu mnpaBad 4YacTb MpaBuIa
KOHUaeTcsi Ha TepMuHan). Pa3buBasg 3TOT COBUT Ha OTZAe/bHbIE IIArW,
TIOJTy4UM TIpOIiecc, B TOUHOCTH obpaTtHbIil LR-miponeccy.

[Tockoneky B xome LR-mpoiecca Bce M3MeHeHHUS B C/I0Be S TPOUCXOAAT C

MpaBOro KoHIla, CJIOBO & Ha3sbIBarT cTekoMm LR-mporuecca .

3ajaua MOCTpOeHUsI MPaBOTO BLIBOAA /11 JAHHOTO C/I0BA CBOAUTCSA, TaKUM
obpasoM, K npaBuibHOMY BbIOOPY ouepeaHoro mara LR-mpouecca. Ham
HY)KHO PelmTh, Oyzem /i Mbl 1ef1aTk CABUT UJIU CBEPTKY, U €C/TU CBEPTKY, TO
10 KakOMy TIPaBUITY - Be/b MMOAXOASNMX MPaBUI MOXeT ObITh HeCKo/bko. B
LR(1)-anropuTme 3TO pellleHWEe TMPUHUMAETCAd HAa OCHOBe & W TIepBOTO
CUMBOJIA COBa 4 ; eC/u UCmonb3yeTcs TOAbKo 5, To roBopsatr o LR(0)-
anroputMe. (TouHble onpeeneHuss CMOTPU HUXKe.)

[Tycts ¢uxkcupoBaHa rpaMMarvka, B KOTOpPoH u3 M000ro HeTepMmHHasa
MOJKHO BBIBECTH Kakoe-11u00 C/I0BO M3 TePMHUHA/IOB. (DTO OrpaHUYeHHEe MBI
OyzeT BCerja npejnosaaraTb BbIMOTHEHHbBIM.)

IMycts [ — [/ - ogHO W3 mpaBua rpamMMaTtuky ( K - HerepmuHan, U -
C/I0BO M3 TEPMHWHAN0B U HeTepMHUHaNoB). OnpesenuM MHOXKeCTBO C/I0B (K3
TepMHHA/IOB U HETepMHMHAJIOB), Ha3blBaeMoe JIeBbIM KOHTEKCTOM IpaBHJjia

K — [7. (O6osnauenue: [JlegKonr(/K — [7).) Ilo ompejenenuto B
Hero BXOAAT BCe CJ0BA, KOTOPble HB/SIOTCA COAEPKUMBIM  CTeKa
HEeMOCPeJCTBeHHO TMepe] CBepTKo U B K B Xoe HEKOTOPOro YCIIeIIHO
3agepmiatonierocsi LR-mporjecca.
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16.1.3. ITepedopMy1HpOBaTh 3TO OTIPe/ie/IEHHE Ha SI3bIKe MMPaBbIX BHIBOJOB.

Pemienue. PaccMoTpuM BCe TIpaBble BBIBObI BH/ja

(HAMATbHBIH HeTepymuHAT) ~+ X K A — XA,

e A - CJI0BO U3 TEPMUHA/OB, X - C/I0BO M3 TEPMWUHA/JI0B U HETEPMHUHAJIOB.
Bce Bo3nukawume mpu 3ToM cjoBa XU W 00pa3ylOT JIeBbI KOHTEKCT
npaeuna Jy — [/. UToObl yOeguThCsi B 3TOM, C/Ie/lyeT BCIIOMHUTh, UTO MBI
npejronaraeM, 4to u3 aH000ro HeTepMHMHANa MOXKHO BBIBECTH KAaKOe-TO
CJIOBO U3 TEPMUHAJIOB, TaK UTO MPaBbli BbIBOA C/oBa XUA MOXET ObITh
NIPOJ,0J/DKEH 10 TIPaBOro BbIBOJA KAKOTO-TO CJIOBA U3 TEPMUHAOB.

16.1.4. Bce cmoBa u3 .HEEKD[—[T‘(H — [/} koHuawTCs, oOueBUJHO, Ha U.
HNoka3aTh, UTO eC/Id y BCeX HUX ITOT KOHel] U OTOPOCUTB, TO MOJydyeHHOe
MHO>XeCTBO CJIOB He 3aBUCHUT OT TOTO, KaK0e U3 MIPaBUJI JJisi HeTepMUHana K

BbIOpaHo. (3T0 MHOXKecTBO 0603Hauaercs ,'.']EE(I{“_].)

Pemenne. W3 npegpiaymied 3agaun sicio, uto Jlen(/{) - 3To Bce, uTO
MOJKET MOSIBUTHCS B MPaBbIX BBHIBOAAX JIEBEE CAMOTO MPAaBOTO HeTePMHHAa
K.

16.1.5. [loka3ath, uTO B TpeAblayiled (¢pase MOXHO OTOPOCHUTH C/IOBa

camoro npasoro”: Jlen( K’ ) - 3TO BCE TO, YTO MOJKET IMOSBJATLCSA B MPaBBIX
BBIBO/IaX JIeBee TI000ro BXOXKAeHH sl HeTepMuHaa K.

Peinenue. HDO,}:LOJI}KHB MOCTpOeHHWe IIPABOr0 BBIBO/ld, BCe HETEePMHHAJLI
cripaBa oT K MOKHO 3aME@HHTL Ha TePMHHAJILI (El cneBa oT K mpHM 3TOM

HHUYEro He U3MEeHHUTCH).
16.1.6. TlocTpouTs TPAMMATHKY, COAEPXKALIYI0 A8 Ka)KJA0r0 HeTepMHUHama K

WUCXO[IHOM TpaMMAaTUKA HeTepMHHAl c:.?]egj'{::. , TpuueM Ccrejymoiiee
CBOWCTBO JOJ/DKHO BBITTOJHATRECS s 1r000r0 HeTepMHHaNa K MCXOOHOM

rPaMMAaTHKWA: B HOBOW TPaMMaTHKe U3 {.T[egj{::. BBIBOAUMEBI BCE 3/IEMEHTHI

Jlen( ') n Tonbko onu. (ITpy 3TOM TepMHUHA/bl U HETEPMHHAbl UCXOAHOU
rpaMMaTHKU SABJIIOTCS TEPMHUHATAMH HOBOM.)
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Pemenue. HYCT]: P - Haua/bHBIA HeTepMHUHA/ITPaMMdTHKHA. TOF,[[EI B HOBOH
rpaMMdaTHEKE 6}’,[[ET [MpaBHJIO

(JIeP) — (ImyeToe ci1ono)
I111s1 Kayk0ro rpaBuia MCXOAHON rpaMMaTHKK, HAallpuMep, IpaBu/ia
K—-LtMN (L, M, N - meTepMHHAIEL, t - TEPMHHA),
B HOBYK) rPaMMaTHKy MbI J00aBUM IpaBuia

(JleL) — (JleBK')
(TeBM) — (JlesK') L t
(JleBN) — (JlesK) Lt M

M aHaJ0TMYHO TOCTYNHUM C APYTMMHU NpaBuiamMud. CMBICT HOBBIX MpaBU
TaKOB: IYCTOE CJIOBO MOXKET IOABUTHLCSA C/IEBA OT P ; ey CJI0BO X MOXKET
MOABUTHLCA CaeBa OT K, TO X MOXKeT MOABUTHLCA cjieBa OT L, XLt MOXKeT
MOSIBUTBCS C/ieBa OT M, XL tM - cieBa oT N. UHayKiMeld mo JuHe TpaBoro
BBIBO/|A /IETKO TIPOBEPUTH, UTO BCE, UTO MOJKEeT ITOABUTLCA C/IeBa OT KaKoro-
TO HeTepMHHaJ/Ia, NOAB/AETCSA B COOTBETCTBUHU C 3TUMU IIPaBUJIAMU.

16.1.7. Tlouemy B TipeAbIAyIeidl 3ajlaue Ba)KHO, YTO MbI pacCMaTpUBaeM
TOJILKO TIpaBble BbIBOAbI?

Oteetr. B npoTuBHOM ciyuae ciefoBano Obl yuuThIBaTh Npeobpa3oBaHus,
MPOMCXOAsALIe BHYTPHU C/I0Ba, CTOSIILIETO CaeBa oT K.

16.1.8. Ins paHHOM TpaMMAaTWKU T[MOCTPOUTH aArOPUTM, KOTOPBIHA MO

moboMy CIOBY BBISICHSIET, KAKUM U3 MHOXXeCTB ,/[ep( /{' ) OHO IPHHA/IeXUT.

(3ameuanue pana 3HaTtokoB. CylIeCTBOBaHHWE TAaKOTO aaropuTMa - U Jjaxe
KOHeYHOI0 aBTOMaTa, TO eCTb WHJYKTUBHOTO PacUMPeHUs] C KOHEeUuHbIM
YK CIOM 3HAUeHWH, cM. pasgen 1.3., - BeITEKaeT U3 MpebIAYIIeHd 3a1aun, Tak
KakK IMTOCTPOEHHAasl B Hell rpaMMaTHKa UMeeT CIel[UaibHbIM BU/: B MPAaBbIX
4acTsAX BCEro OAUH HeTepMHHAas, MPUYeM OH CTOUT y JIeBOro Kpas. Tem He
MeHee MbI TIPUBe/leM SIBHOE MOCTPOeHue.)

Pemenue. BymieM Ha3eiBaTh CUTyaljuell [JaHHOW TpaMMaTHKA OJHO U3 ee
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MpaBuJ, B MPABOM YaCTU KOTOPOTO OTMedeHa OfHA W3 MO3ULUM (0 epBoi
OyKBBI, MEX/ly TIepBOii U BTOPOUW OyKBOH, - --: MOC/Ie MOCAeAHer OyKBBI).
Hanpumep, npaBuno

K—LtMN
(K, L, M, N - HETepMUHa/bl, t - TEePMUHAJI) TOPOK/AAET MATb CUTYyal[M i
K- LitMN K—=L tMN K-Lt MN K=ILIM N K-LIMN_

(Mo3u1ua yKa3biBaeTCs 3HAKOM MOJYePKUBaHUA).

Bygem roBopuTh, UTO CIOBO S COmIACOBaHO C cuTyanuen L — [V 17
ecnmu S KoHuaerca Ha U, To ecte S5 — [/ npu HexkoTopoM T, M, KpoMe

Toro, T mpuHaanexut Ter( X' ). (CMeic1 3Toro ompejeneHus MPHMEPHO
TAaKOB: B CTE€Ke S TMOArOTOBJIeHa uacTh U s Oymymieit ceeptku UV B K.) B

stux TepmuHax JlegKownr(/K — X ) - 3T0 MHOXecTBO BCeX CIIOB,

COMTACOBAHHBIX C cuTyanuen fi — X %, a .?]e[;“{] - 3TO MHO>XECTBO

BCEX (JIOB, CODIACOBaHHbIX € cutyanuein & — X (me K — X -
nmoboe mpaBuUIO J/1s1 HeTepMUHana K ).

OKBUBa/NeHTHOe omnpejeneHue B TepMuHax LR-mipoiiecca: S comacoBaHo c

cutryanqueir /' — 7V, e cymecreyer ycmenmwiii LR-mporecc, B
KOTOPOM COOBITHS Pa3BUBAIOTCS TaK:

® B Xofe poLjecca B CTeKe MOABJISIeTCH CJI0BO S, U OHO OKAHUMBAETCS Ha
u;

¢ HEKOTOpPOe BPeMsl S He 3aTparkBaeTcs, a CripaBa OT Hero MosBiadgeTcs V
>

e UV cBopauuBaeTcaB K ;

® [Ipolecc NpoAo/DKAeTCS U YCIeIHO 3aBepIlaeTcs.

16.1.9. /loka3aTb 3KBUBAJICHTHOCTh 3TUX OTPe/[e/IeHU.

VYkaszanue. Ecu 5 — ['[/ wm T npunagnexurt ,Jep(f{), To MOXHO
IIOJIYUYHUTE B CTeKe CHadasa T, moTtom U, moToMm V, IMOTOM CBepHYTE UV B K H
3aTeM YCHELHO 3aBepumThb Inporecc. (Mbl Mcnob3yeM HECKOJIBKO pa3 TOT
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(ll':lK'I', uTo U3 jroboro HeTepMHHA/la UTO-TO [d BBIBOOAUTCH: GHBTOﬂapﬂ 3TOMY
MBI MOXKeM ﬂOﬁaBHTb B cTeK mroboe CHOBO.)

Haia gejab - IIOCTPOEHHEe a/JITOPHTMA, PaCIIO3HAKIIETrO IMPpHUHAAIEeXKHOCTb

IIPOM3BOJIBHOTO cioBa K Jles(K). PaccmoTtpum byHKUIO,
COTOCTABISIIOIYI0 C K&KJABIM CJI0BOM S (M3 TEPMHUHAJIOB U HeTEPMUHAJIOB)
MHO>KECTBO BCeX CONIACOBAHHBIX C HUM CHUTyallud. IJTO MHOECTBO
HAa30BeM COCTOSIHHEM, COOTBETCTBYIOIMM C/IOBY S }. Bynem ob6o3HauaTh ero
CDL‘.T(S]- JlocTaTouHO MOKa3aTh, UYTO YHKI[US CQL-_T(S] UHAVKTUBHA, TO
€CThb YTO 3HaUeHHe C{:L'.I-[SJj, rge J - TepMHUHAA WU HEeTePMHUHAI, MOXEeT
ObLITL BBLIYMC/IEHO, €C/THM H3BEeCTHO C'QLI.T(SJ u cumeona J. (Mel BUgenu

paHee, KaK NPUHAAIeXHOCTb K lep( J{ ) BblpaxaeTcs B TepMMHaX 3TOi

¢dyHkiun.) 3HaueHUe C{:L'.I'[S,fj BBLIUMC/ISIETCS 110 TAKUM TTPaBUIaM:

(1) Eciu cnoBo S cornacoBaHo € cuTyayuenn K->U V, mpuuem CaoBo V
HaunHaeTcst Ha OykBy J, To ecTb V=JW, To SJ COIIacOBAHO C CATyaluen K-
>UJ W.

OTO mpaBU/IO0 TIOMHOCTBID OMpeZenseT BCe CUTYalUM C HEMYCTOW JIeBOU
TOJIOBUHOU (TO €CTh He HAUMHAKIIMeCs C MOAYePKUBAHUS), COIIACOBAHHBIE
¢ SJ. Ocranoch onpefendThb, [AJisi KaKUX HETEePMUHAJOB K ClIoBO SJ

npuHagnexut J[ep( i ). DTo genaercs no AByM npaBUIam:

(2) Ecm cutyaumsa L->U V comacosaHa ¢ SJ (comiacHo mpasuiy (1)), a Vv
HauWHAaeTCs HAa HeTepMUHal K, To SJ NpUHaAIeKuT Jles (K) .

(3) Eciu SJ BxoguT B Jlee (L) pnas HekoToporo L, mpuuem L->V -
NpaByu/I0 TpaMMaTHKHM W V HauYUMHAETCd Ha HeTepMHHan K, To SJ
MIpUHALIeKUT Jles (K) .

3ameTuM, uTO TpaBu/o (3) MOKHO pacCMaTpUBaTh KaK aHa/ior TipaBumna (2):

B yKazaHHBIX B (3) mpeArnonoXeHUsAX CHATyalus I. — V' comnacoBana c
SJ, a V HauMHAaeTCca Ha HeTepMHHan K.

KoppektHOCTb 3TUX mpaBua B OOIEM-TO OYeBHJHA, €C/IU XOPOLIEHBKO
nogymats. EauHCTBeHHOe, uTO TpeOyeT HEKOTOPBIX MOSICHEHUU - 3TO TO,
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TOYeMy C MoMoIIpio TipaBu (2) u (3) obHapyKarcsi Ece TepMUHaIbl K, qias

koTopelXx SJ mnpuHaanexuT Jlep(Jy). IlonbiTaeMcs 3TO OOBACHUTS.
PaccMoOTpUM TipaBbli BBIBOM, B KOTOPOM SJ CTOUT cieBa oT K. OTKyga Mor
B3ThCSI B HeM HeTepMmuHan K? Eciu mpaBuio, KOTOpOE €ro IMOpOuIo,

MOPOJUIO TaKXKe U KoHel] cjioBa SJ, TO MPUHAIEXHOCTE SJ K .TJE'B(EH_]
bynet obHapyxeHa mo npaBuny (2). Eciu e K Ob1s10 mepBoii OykBo# ciioBa,
MOPOX/IEHHOTO KAKUM-TO J[PYrUM HeTepMuHanoM L, To - O6narogaps

npaBumy (3) - JOCTaTOYHO YCTaHOBUTb MpUHafAexHOCTe SJ K Jlem(L).
OcTanock TPUMEHUTD Te )K€ PacCy)IeHUs K L ¥ Tak jaree.

B Tepmunax LR-mpouecca To e camMoe MOXHO CKaszaTb Tak. CHauana
HeTepMHMHan K MOXeT ydyaCTBOBaTb B HECKOJIBKUX CBEpPTKax, He
3aTpardBaoiX SJ (OHU COOTBETCTBYIOT MPUMEHEHWI0 mpaBuaa (3)), HO
3aTeM OH o00si3aH TIOABEPrHYTbLCS CBepTKe, 3aTparuBaroieil SJ (uTo
COOTBETCTBYET TPUMEHEHU K0 npaBuna (2)).

Ocranock BBIACHHUTB, KdKH€ CHTYyallHH COINIdCOBAHBI C IIYCTBIM C/I0BOM, TO

ecTb ISl KAKUX HeTePMUHA/NOB K MyCTOe CI0BO MpUHAAnexuT ,Jep(fi ).
DTO OMpeJesieTcs 1o CAeyIOIMM MTpaBuiam:

1. HauanbHBIA HETEPMUHAJI TAKOB;
2. ecu K TakoB 1 K —> V - MpaBU/IO TPaMMaTUKH, TIPUUEM CIOBO V

HaAUHHAETCA C HeTepMHWHAJ/Id L, To 1 L TakoB.

16.1.10. [IpogenaTh OMMCAHHBIN aHAMK3 /11 TPAMMAaTHUKA
BE— 4T
T _} '-!I

1
e
£
"y

i o T L T
!
™

(3amarorieit TOT ke 3bIK, YTO U rpaMMaTHKa mpumMepa 3, CM., IyHKT 15.1.).
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A X, IleHs TpakTHKYM No MeTojaM NoCTPOEHHA anropHTMOB
Pemenue. MHOXecTBa CocT (S) /sl pa3/IMuUHbIX S TIPUBE/IeHBI B Tab/uile
(cM. HUXKe).

Cnoeo S Cocr (S)

E->_E+TE-> TT->_T*F

e 15 FR-> xF-> ()
E E->E_+T
T E->T  T->T_*F
F T->F
X F—> X
( F->(_E)E-> E+TE-> T
T> T*F T> F F-> x F->_(E)
. E->E+ TT> T*F T-> F
F-> xF->_(E)
T* T->T* F F-> x F-> (E)
(E F->(E_) E->E_+T
(T =T
(F =F
(x =x

E+F =F

E+x =X

E+ ( = (

e 7 T—->T*F
T*x =X

T*( =i

(E) F->(E) _
(E+ =E+

E+T* =T*
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3Hak PaBeHCTBA O03Ha4deT, UYTO MHOeCTBd CHTyaL[Hﬁ, ABJIAKOIIA €CA

3HAUEHUAMU (QyHKIIUU C{:-L'.I'I:.S'j Ha C/I0Bax, CTOSIIMX CjieBa U CIpaBa OT
3HAKa PaBeHCTBA, O/[UHAKOBHI.

[MpaBuio orpegeneHus C{JL'.I'(SJ), €C/IM U3BeCTHBI C-DL'.I‘I:S:J u J (3mech
S - C/I0BO W3 TEPMHHAIOB W HETePMHUHAIOB, J - TEePMHHAA WU
HeTepMUHA), TAKOBO:

Hajflo HaliTh CocT (S) B MpaBOM KOJIOHKe, B34Th COOTBETCTBYHOLIEE emy
c10BO T B 7€BOM KOJIOHKe, MPUMMCATb K HeMy J W B3STb MHOXECTBO,
crosiiee HaripoTuB cioBa TJ (eciu cnoeo TJ B Tabmuie OTCYTCTBYeT, TO
CocT (SJ) mycTo).

16.2. LR(0)-rpamMmmaruku

HanmomHuum, uTo Halia OCHOBHas 11e/k - 3TO TOKUCK BBIBO/IA 3aJaHHOTO CJIOBA,
WU, IPYTUMH CJI0BaMH, MOUCK ycremmHoro LR-mpouecca Hag Hum. Bo Bcex
paccMaTpUBaeMblX HaMM TIpaMMaTHKax ycnenmbsld LR-mporecc (Hag
JaHHBIM CJIOBOM) €JWHCTBeH. McKaTb 3TOT eAUHCTBEHHBIM YCHeIIHBINA
rporecc Mel OyieM TTOCTeNeHHO: B Ka)K/Jblil MOMEHT MBI CMOTPHUM, KaKOH Iar
BO3MOXeH cieayloumM. [Insi 3Toro Ha rpaMMaTHKy HAAO0 HalOXUTb
JIOTIOJIHUTE/TbHBIe TpeDOBaHUs, MU celuac Mbl PAaCCMOTPUM MPOCTEHIIMI
cnyuait Tak HaseiBaembix LR(0)-rpammaTtuk. Mel yoke 3HaeM:

(1) B ycnenmom LR-mpoijecce Bo3MoXKHa CBepTKa MO mpaBuay K->U mpu
COLepXUMOM CTeKa S TOIfla M TONBKO TOINA, KOTAa S TIPUHALJIeKUT
JlepKoutT (K->U) WM, ApyrUMH C/IOBaMH, KOrja CJIOBO S COIIaCOBAHO C
cuTyaquei K->U .

AHanoruyHoe yTBepxJeHue npo CABUT ITaCUT:

(2) B ycnenmom LR-mipoijecce npy Cofep>KUMOM CTeKa S BO3MOXKEH CABUT C
ouepelHbIM CHMBOJIOM a TOr[a M TOJNBKO TOTAA, KOrga S COIMIACOBAHO C
HEeKOTOpO# cuTyauuen K->U aV.

16.2.1. /loka3aTb 3TO.
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Ykazanue. HYCT]: rpousomesn CABUI M K CTeKy S ,[LOGEIBHI[EICB ﬁyl{Ba d.
PaCCMOTpHTE MePBYHO CBEPTKY, 3aTPATHBAKOILIYIO 3TY GYKB}’

PaccmMoTpuM HEKOTOPYKW TpaMMaTUKy M IIPOU3BOJILHOE CJIOBO S U3

TEePMUHA/IOB W HeTepMUHaNOB. EC/IW MHOXecTBO CQL-_T(S] COJIeP>KUT
CUTYyal[Ul0, B KOTOPOHM CIpaBa OT TOAUYEPKUBAHUS CTOUT TEPMHUHaJ, TO

TOBOPSAT, UTO [Jjisi C/AOBa S BO3MOXeH cABUL Ecmm B CQL'.T(,S'] eCThb
CUTYyals, B KOTOPOH CIipaBa OT MOJYEPKUBAHWSA HUUYETO HET, TO TOBOPHT,
4TO /I C/IOBAa S BO3MOXKHA CBEpPTKa (10 COOTBETCTBYIOIEMY IPaBHIIY).
loBopsT, uTO A/Is CI0Ba S BO3HWKAET KOH(WIMKT THUIa CABWUI/CBEPTKA, €C/IH
BO3MOXHBI W CIBWI, U CBepPTKa. [OBOPAT, YTO [ C/AOBAa S BO3HHKAaeT
KOH(VIMKT THIA CBEPTKA/CBEPTKA, €C/TH eCTh HECKOIbKO TIPABMJI, TI0 KOTOPBIM
BO3MOJ)KHA CBEepTKa.

I'pammaTtrka HasbiBaetcsi LR(0)-rpaMmaTiikoii, eCu B Hel HET KOH(IMKTOB
THUIIA C/IBUT/CBEPTKA U CBEPTKa/CBePTKA HU /i OAHOTO CJI0Ba S.

16.2.2. fIBnsieTcs v npuBeeHHas Boille rpaMmmaTuka LR(0)-rpaMmaTrkoii?

Pemenue. Het, He siBnsieTcsi. st cioB T u E+T UMeOTCS KOHQIUKTBI TUTIA
C/IBUT/CBEPTKA.

16.2.3. fIsnsatorcsa nu LR(0)-rpammaTUKamMu Takue:

) TS 6 T—0
g R o
; G L T
AT Lt e ZETE

Pemenue. ABas0TCA, CM. TabmuiIbI HUXKe (KOH(GIMKTOB HET).

(a)
Cnoro S Cocr (S)
nycroe T-> 0 T-> T1 T-> TT2Z T-> TTT3
0 T->0

T->T 1T1->T T2 T->T_TT3
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T T> 0T>_T1T>_TI2 T->_TT3

T1 T->T1_

T->TT 2 T->TT_T3
TT T>T 1T->T_T2 T->T_TT3
T-> 0T>_T1 T->_TT2 T->_TTT3

TT2  T->TT2_

T->TTT 3 T->TT 2 T->TT_T3
TTT T->T_1T->T_T2 T->T_TT3
T>_0T>_T1 T>)TT2 T->_TTT3

TTO =0

TTT3 T->TTT3_
TTT2 =TT2
TTTT =TTT
TTTO =0

(6)
Cnoro S Cocr (S)
nycroe T-> 0 T-> 1T T-> 1TT T-> 3TTT
0 T->0_

1 T>1 T

T-> 0T-> 1TT-> 2TT T-> 3TT1
5 T->2 TT

T-> 0T-> 1TT-> 2TT T-> 3TT1
3 T->3 TIT

T> 0T>_1TT-> 2TT T->_3TT1
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10 =0
11 -1
12 =2
13 =3
- T>2T T

T> 0T>_1TT-> 2TT T->_3TT1

20 =
21 =1
22 =2
23 =3
- T>3T_TT
T>_0 T>_1T T->_2TT T->_3TTT
30 =0
31 =1
32 =2
33 =
i
2T0 =
2T1 =
2T2 =2
2T3 =3
gpp  TP3TLT
T>_0 T>_1T T->_2TT T->_3TTT
3T0 =0
3Tl =1
3T2 =2
3T3 =3

3TTT T->3TTT_
3TTTO =0
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3TTTO =0

3TTT1 =1
3TTT2 =2
3TTT3 =3

Orta 3ajjaua mnoka3biBaeT, uto LR(0)-rpaMmmaTuku Moryt ObITb Kak
JIeBOPEKYPCHUBHbBIMH, TaK U NIPaBOPeKYPCUBHBIMHU.

16.2.4. Ilycte mana LR(0)-rpammaruka. [Joka3aTh, uto y arwboro c/oBa
cymectByer He Oosiee ogHOrO TmipaBoro BhIBOoAa. [locTpouThs anroputm
npoBepku BeiBoguMocTH B LR(0)-rpammarrike.

Pemenue. Ilycts gaHo mpou3Bo/bHOe c/10BO. bygem ctpoutsk LR-mpoijecc
Haj HUM 1o waram. [Tycts Tekymiee coctosiHue cteka LR-niporjecca paBHo S.
Ham Hazo peumTsb, AenaTth CABUT WM CBEPTKY (M €C/IA CBepPTKY, TO MO
Kakomy npaBuiy). ComacHo omnpefgeneHuto LR(0)-rpammaTuku, B Halliem
COCTOSIHUU S BO3MOJKeH JIM00 TOJIBKO CABWT, MO0 TOJNBKO CBepTKa (puuemM
UL 1O OfHOMY TmpaBuiy). Takum o00pa3oMmM, MNOUCK BO3MOXKHBIX
npozpo/mkeHuit LR-Tiporjecca MpoUCXogUuT AETePMUHUPOBAHHO (HA KaXKaAoM
Imare MO>KHO OTIPeJIeTUTh, KaKoe JelCTBHe TOJBKO U BO3MOJXKHO).

16.2.5. Uto mpou3soiier, eciu aHaIu3upyeMoe CJ0BO He MMEeeT BhIBOJAa B
JAHHOU rpaMMaTHKe?

OTser. JIubo Ha HEKOTOPOM I11are He OyIeT BO3MOXKeH HU C/IBHMT, HU CBepPTKa,
b0 Bce BO3MOXKHBIE CABUTH OyIeT WUMeTb HEMOAXOAAIMI OuepeaHOu
CHUMBOJL.

3ameuanus. 1. Tlpu peanusaiu 3TOTO aIrOPUTMa HET HEOOXOAUMOCTH

Ka)KJbIil pa3 3aHOBO BBIUUC/SATH MHOMECTBO CGL'_TI:,S') AAs1 TeKyllero
3HaueHus S. OTH MHOXXECTBAa MOJKHO TAaKKe XPaHUTh B CTeKe (B Ka)KZbIM

MOMEHT XpaHaTca MHoXecTBa (CoeT( /') Ans Bcex Hayan T TeKylero c/iosa
S).

2. Ha camom Jeme caMoO CJI0BO S MOYKHO He XpaHUTh - AOCTAaTOYHO XPAaHUTH

MHOXecTBa cutyayui CocT([/') Ans Beex ero Hadan T (BK/Iouas camo S ).

B anropuTt™me nipoBepku BeiBOAUMOCTH B LR(0)-rpaMmaTHKe MBI HCII0JIB3yeM
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COCTOSIHUSI W3BECTHO 3apaHee, YTO B HEM BO3MOXKEH TONbKO C/ABUT WU
TOMILKO CBepTKa (MpUYeM B MOCHAeAHEM C/ydyae HW3BeCTHO, MO0 KaKoMy
npaBuiay). bonee u3ompeHHbIN anropuT™M MOr Obl TIPUHUMAThL pelleHue 0
BbIOOpE MEXIy CABUIOM U CBEPTKOU, MOCMOTPEB Ha OuepefHON CUMBOIM (
Next ). I'maas Ha COCTOsSIHUE, MOXKHO CKa3aTh, PU KaKUX 3HaUEHUSAX Next
BO3MOXEH CABUT (3TO Te TepMHHAa/lbl, KOTOpble B CHUTyal[UfiX 3TOTO
COCTOSIHUSL CTOSIT HENOCpeACTBEHHO 3a TnojuepkuBaHueMm). CroxHee
BOCM0/1b30BaThCsl MH(poOpMaliueil o cuMBoje Next /sl pellieHusi BOTpoca 0
TOM, BO3MOXHAa /I CBepTKa. J[lnd 3TOro ecTb YIIPOIIEHHBIA MeTOf
(rpamMMaTHKH, K KOTOPBIM OH NpUMeHHM, Ha3elBaloT SLR(1)-rpaMmaTrkaMu
[cokpamenune ot Simple LR(1)]) u monusiii meton (6osee C/IOXKHBIM, HO
WCITOJIL3YIOIMY BCKO BO3MOXKHYI0 WH(OpPMAlWI0; TPAMMAaTHKH, K KOTOPBIM
OH TpuMeHuM, Has3biBalT LR(1)-rpammaTiikamu). ECTb ¥ MTPOMEXYTOUHBIH
K7acc rpaMMaTHK, Ha3biBaeMblid LALR(1).

16.3. SLR(1)-rpamMmatuku

Hanomuuwm, uto gnst moboro HeTepmMuHana K Mbl onpefensii (CM. OYHKT

15.3.) MHOXXecCTBO HDL‘.J‘IE_LI,(Ifj TexX TePMHUHAJIOB, KOTOPbLIEe MOIYT CTOfATh

HeMmoCpeACTBeHHO 3a J{ B BBIBOJUMOM (M3 HauanbHOTO HeTepMHUHasa)
C/IOB€; B 9TO MHOXXECTBO A00aBAsIOT Takke CUMBOJ EO T, eC/d HeTePMHUHAI
K MOJKeT CTOSITh B KOHLIe BLIBOAUMOIO CI0BA.

16.3.1. [Joka3aTh, UTO eCc1u B JaHHbIM MOMeHT LR-mporjecca mocnegHui
CUMBOJI CTeKa S paBeH K, MpUUYeM MpOoLecc 3TOT MOXKeT B JajbHeHIeM
YCIEIHO 3aBepUMThCA, TO Ne xt IPUHAAIeKUT HDL:J‘IE‘J,UQ-

Pemenune. 3OTOT (QakT sABASeTCS  HEMOCPEJCTBEHHBIM  C/IeJCTBHEM
onpefeneHusi (BCMOMHUM COOTBETCTBHE MeXKJy NpaBbIMU BbiBOZaMHU U LR-
npoijeccami).

PaccmMoTpuM  HeKOTOpPYH) TpaMMaTrHKy, [POM3BOJLHOE CJI0BO S U3

TePMUHA/IOB ¥ HeTePMHHA/NOB ¥ TepMuHan x. Ecin mHOXecTBO CocT( S
CONEPXXUT CUTyal[Ul0, B KOTOPOH CMOpaBa OT TIOAYEPKUBAHUS CTOMT

TePMUHAN X, TO TOBOPAT, UTO /i napbl (S, 1) BO3MOXeH caABUL. Eciu B

Cocr(S) ects curyaums J§ — [J §,, mpuueM x [pHUHAATEXUT
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CQL-_T(S] ecTb cutyanus Jy — [/ §,, TpuueM x TPUHAIIEKUT

[Tocaen( /), TO roBoOpsAT, YTO A/ TaphI {q.;l‘} SLR(1)-B03MOxHa

ceepTka (o mnpaBuny [y — [/ ). ToBopsAr, uto pAns mapel '::5'.;1‘}
Bo3HUKaeT SLR(1)-koHQuUKT TUMa CABUT/CBEPTKA, €C/IM BO3MOXKHBI U CABHT,

THIIA CBEpTKEl;"CBEpTKEl, €C/IM eCTb HECKOJIBKO IMPpaBHJI, MO KOTOPBIM BO3MOHd

U cBepTka. [OBOpSAT, UTO A/d Taphl -:: 5. ;r} Bo3HuKaeT SLR(1)-koH(ukT

CBepTKa.

I'pammatuka HasbiBaeTcsi SLR(1)-rpammatukoit, ecnn B Hert HeT SLR(1)-
KOH(IMKTOB THIAa CABUI/CBEPTKA U CBEPTKa/CBePTKA HU AJid OJHOW Mapbl

Sz .
16.3.2. Ilycts mana SLR(1)-rpammatuka. [loka3aTh, uTo y /a000ro ciosa
cyljectByer He 0osiee ofHOTO TpaBOTO BhIBOAAa. [IOCTPOUTHL aaropuTM
MpoBepKu BeIBOgUMOCTH B SLR(1)-rpammaruke.

Pemenue. AHanorwuHo cayvaro LR(0)-rpaMmaTuk, TOMBKO MpU BbiDOpe
MEXY CABUTOM U CBEPTKOU yUMTBIBAETCSA OuepefHON cumBon ( Next ).

16.3.3. TlpoBeputs, fABAgeTCS /AU TpHBEJeHHas Bbillle B 3agaue 16.1.10.
rpaMMaTHka (C HetepMuHanamu E, T u F ) SLR(1)-rpammaTukoii.

Pemenue. /la, siBisieTcsi, Tak Kak o6a koHGIuKkTa, Memaronpe eid obiTh LR(0)-
rpaMMaTUKOM, Pa3periarTcs C yUeTOM OuepeJHOr0 CUMBOJIA: U /Jisi coBa T,

U 17151 cfoBa E+T CBUT BO3MOXXEH TOMBKO TpU Ve — %, a CAMBON * He
MIPUHA/IIeXKUT HU ITocnen(E) = {__.';'(_]Ih +,) } , HU

Hocnen(1') = {EOI, +,%,)}, u nostomy npu Negxt — + CBepTKa
HEBO3MOXKHA.

16.4. LR(1)-rpammaruiku, LALR(1)-rpammaruku

Onucanubiii Bbiie SLR(1)-moaxonq HMCMOAB3YFOT HE BCH  BO3MOXKHYHO
uH(opMalMi0 TPU BLISICHEHUM TOTO, BO3MOXKHA JIU CBepTka. VIMeHHO, OH
OTZeILHO MPOBepsieT, BO3MOXKHA /1M CBEePTKa MPU [JaHHOM COCTOSIHUU CTeKa
S ¥ OTZAeNbHO - BO3MOXXHA /1M CBepPTKA MO JaHHOMY MpaBU/Iy NpU AAHHOM
cumBojie Next. Mexay TeM 3TU NPOBEPKU He AB/AIOTCS He3aBUCHMBIMU:
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S u ouepeHOM cuUMBOje Next HeBo3moxHa. B LR(1)-nogxome 3TOT
HeJ0CTaTOK yCTpaHseTCsl.

LR(1)-noaxon COCTOMT BOT B UeM: BCe HAalllM OTpeJie/ieHUd U YTBepKAeHUus
MOAUUITUPYIOTCS TakK, uTOOBI yuecTh, KakOl CHUMBOJI CTOMT CIpaBa OT
pa3BOpayMBaeMoro HeTepMuHana (OPYyrMMHU C/IOBaMH, 4eMy paBeH Next
TpH CBEpPTKe).

[Mycte [ — [J - 0jHO U3 TIpaBUJI (PAMMATUKH, a t - HEKOTOPBIN TePMUHAJ
UMW CrelcuMBoa EOI (KOTOPbIM MBI [OMBICTHBaeM B KOHLIe BXOJHOTO

cnoea). Onpegenum muoxecreo JlepKour(/K — [V, {) xak MHOXeCTBO
BCEX CJI0B, KOTOPbIE ABJIAKTCA COeP>KUMbBIM CTeKa HerocpeiCcTBEHHO Iepe]
cBepTKoil U B K B xofie ycriemHoro LR-mipoiiecca, mpu ycimoBuu N egf —
(B MOMEHT CBEPTKH ).

Ecnmu otrbpocuTh y Bcex C/I0B U3 .HEBE{DHTIIH — ]} ux koHeny U, TO
MOJIYYUTCS MHOKECTBO BCeX C/I0B, KOTOpPbleé MOTYT IOSIBUTLCS B TIPaBbIX
BBIBOJaX Tepejl HeTePMUHAJOM K, 3a KOTOPBIM CTOHUT CHMBON t. ITO

MHOKeCTBO (He 3aBucsilee OT TOTO, Kakoe W3 mpaBun Jf{ — [/ [ada

HeTepMuHana K BribpaHo) Mel Oysem obo3nauats [Jep( /1, ).
16.4.1. Hanucare rpaMMaTHKYy Ji1a TOpOXJeHus MHOXecTB ,[en( K, 1.

Pemenue. Ee HeTepMuHanamu OyayT CUMBOJIBI {.?]ELBI{' f} JUISL KOXKJ0T0
HeTepMUHanaK M [/ KaK/J0ro TepMuHana t (a tawke gna + — [f'(}f ). Ee
npaBunaa TakoBel. [lycTb P - HauanbHbIA HETEPMHHA/A UCXOAHOM
rpamMMaTuku. Torga B HOBOM rpaMMaTHKe OyIeT mpaBu/io

(JlesP EOT) — (myceToe exoBo).

Kaxmoe mpaBuio MCXOAHOW TpPaMMaTHUKUA TOPOXKAAeT HECKOIBKO TMPaBUII
HOBOU. Hanpumep, anst npaBuia

K—=LuMN

(L, M, N - HeTepMHUHaJBI, U - TePMUHA) B HOBYIO TPAMMATHKY MbI 100aBUM
npaBua
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(JlesL u) — (JlesK x)
(m/15 BCEX TePMUHAJIOB X );
(JleBM s) — {JleBK y) Lu

(m/1st BCeX s, KOTOPBIE MOTYT HauMHATh C/I0BA, BBIBOAUMBIE U3 N, U /s BCeX
v, a TaKoKe /i1t Bcex map 5 — ¥, ecsii U3 N BBIBOAUMO TYCTOE CJIOBO);

(JleBN sy — (JleBK s) Lu M
(a1 BCEX TEDMUHAOB S ).
16.4.2. Kak MeHsieTCs1 onipejie/ieHue CUTyal[uu?

Pemenue. Cutyaiiveil Ha3sIBaeTcs mapa

[UIII'}-'&I_LI{H B CTAPOM CMBICJE, TEPMEHAJ HLITH EC}I]
16.4.3. Kak u3mMeHUTCS oTnipe/ie/ieHKe COmaCOBaHHOCTU?

Pemenne. CnoBo S wu3 TepMHHA/IOB WM HETEPMHHAJO0B COITIACOBAHO C

cuTyauuein [I{ — UV, f] (3mecy t - TepMuHan uau EOI ), ecnmu S
KOHuaeTcs Ha U, 1O ectb S5 — '[/'[J, U, Kpome TOro, T MPHUHAOIEKUT

Jes( K, 1).

16.4.4. KakoBbl mnpaBuna /sl UHAYKTUBHOIO BBIUUCJEHUS MHOECTBa

CDL:T(S] CUTYal[Ui, COIAaCOBAHHBIX C JAHHBIM CJIOBOM S ?
OTserT.

(1) Ecnm cnoso S cornacoBaHo ¢ cuTyauueid [K->U V, £ ], mpuyem C/I0BO
V HauuHaeTcs Ha OykBy J, To ecth V=JW, TO C10BO SJ COMIAcCOBAHO C
cutyauueid [K->UJ W, t].

OTO MPaBU/O TOJHOCTBIO OMpEZeNseT BCe CUTYallMd C HEemyCToW JeBOi
MOJIOBUHOM (TO €CTh He HAUMHAIIIMECs C MOoAYePKUBaHUs), COTTIACOBAHHBIE
¢ SJ. Ocranoch onpefienTh, [ KAKUX HeTePMUHAIOB K U TePMHUHANOB t
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cnoBo SJ npuHaanexurt Jleg( [, 1). 3To AenaeTcs no AByM NpaBUiaM:

(2) Ecu cutyaumusa [L->U\ V, t] comacosaHa ¢ SJ (comacHo [IpaBumy
(1)), a V HauMHaeTcs Ha HeTepMuHan K, To SJ mpuHaAnexurT Jles (K, s)
[ BCeX TePMUHAJIOB S, KOTOPbIe MOTYT Ha4YMHATh C/10BA, BHIBOAUMBIE U3
cnoBa V\ K (cnoBo V 6e3 nmepBou OykBbI K ), a Takke st s=t, ecsid U3 V\K
BBIBOAMUTCS MYCTOE CIOBO.

(3) Ecnu SJ Bxogut B Jles (L, t) Aad HEeKOTOPBIX L U t, mpuuem L->V -
IpaByu/0 TrpaMMaTHKXM W V HauyWHAeTCsd Ha HeTepMHHan K, To SJ
npuHagnexxur Jles (K, s) pgna Bcex TepMHHAarnoB S, KOTOpPBIE MOTYT
HaulHaTh C/I0Ba, BhIBOAMMBIE U3 V\K, a Tawke ansa s=t, ecam u3 V\K
BBIBOJIUTCSA ITYCTOE CJI0OBO.

16.4.5. Hate ompegeneHuss LR(1)-KOH(QIMKTOB CABUI/CBEPTKA U CBEpTKa/
CBEpTKa 10 aHAJIOTUH C JaHHBIMU BBIILE.

Pewenune. [lycte gana HekoTOopasi rpammartuka. I[lycte S - mpou3sBosnbHOe

CI0BO W3 TEPMHHA/NOB W HETepMHUHANOB. ECIM MHOXXeCTBO CQL'.T(,S']
CONEPXXUT CUTyal[Ul0, B KOTOPOH CMOpaBa OT TIOAYEPKUBAHUS CTOMT

TepMUHaN t, TO TOBOPAT, YTO A/ mapel (S, f{) BO3MOXKeH CABUL (3TO
ornpefie/ieHUe He U3MEHWIOCh Mo cpaBHeHU ¢ SLR(1)-ciyuaem - BTOpBIE

KOMITOHEHTBI Tap U3 C{:-L'.I'I:.S'j He YUUTBIBAKTCSL.)

Ecnu B C'm_'.rl:,S'] eCThb CHUTYyallWs, B KOTOPOW CIIpaBa OT TOJUepPKABAHUS
HHUUEro HeT, @ BTOPbIM U/IeHOM Taphl SIBJISIETCA TEPMUHAI T, TO TOBOPSAT, UTO

AJs  mapsl -::5" f} LR(1)-Bo3MoxxHa cBepTka (M0 COOTBETCTBYHOLIEMY

! %
npasusy). [oBopsr, uro ans napet (S, {) Bo3uukaer LR(1)-koHQUMKT Tuma
CABUT/CBEPTKA, eC/IM BO3MOJKHBI U CABUT, U CBepTKa. [OBOPAT, UTO AJ1s mapsl

-::5'\ f} Bo3HuKaeT LR(1)-koHQUKT THMa CBepPTKAa/CBepPTKAa, €CIH ecCcTh
HEeCKOJIBKO TIPaBUJI, 10 KOTOPbIM BO3MOJXKHa CBepTKa.

I'pammaTuka HaseiBaercs LR(1)-rpammaTukoii, ecnu B Heir Her LR(1)-
KOH(IMKTOB THIAa CABUI/CBEPTKA U CBEPTKa/CBePTKA HU AJid OJHOW Mapbl

I L1
{8,L) .
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16.4.6. TlocTpouTh anropuT™M MNpPOBEpPKM BhIBOAUMOCTHM cioBa B LR(1)-
rpamMMarTHKe.

Pemenne. Kak u pansblie, Ha KaxK/joM 1iare LR-nipoijecca Mo>KHO 0HO3HAUHO
OTIpe/le/UTh, KAKOH LIAT TOIBKO U MOJKeT OBITh C/IeAYFOLM.

[Monesno (B uactHoctH, mais LALR(1)-pa3bopa, cMOTpU HUXKe) MOHSTh, Kak
cBsa3aHbl noHATHA LR(0) u LR(1)-comacoBaHHOCTH.

16.4.7. ChopmynupoBaTh U /10Ka3aTh COOTBETCTBYIOIEE YTBEPIK/IEHUE.

Oteer. Ilycte ¢ukcupoBaHa HekoTopas rpammaTtuka. CioBo S wu3
TePMUHAIOB U HeTepMUHaoB sieaseTcss LR(0)-cormacoBaHHBIM C cUTyaluen

K — U_T"' TOJA U TOJILKO TOraa, korga oHo LR(1)-cornacoeaHo c mapoit
[j{ — 0 V. fl Jl7isl HeKoToporo TepmuHana t (umm mis £ — FL¢)J ). To

ke camoe apyrumu cnoBamu: Jlep( /X ) ects obvegunenue Jlen( [y, {) mo
BceM t. B mocieaHelt ¢popMe 3TO COBCEM SICHO.

3ameuanue. Takum obpa3om, hyHKIuS CDL‘.T(S] B LR(1)-cmbicne siBngeTcs
pacumpennem ¢ynxuu  Cocr(S) B LR(0)-cmbicme: COCTL g o) (=]

MOJIY4aeTcs W3 CDL‘.T]_HH] (5'), eC/IM BO BCEX Mapax BbIOPOCUTH BTOpbIE
YJIeHEI.

Teriepp Mbl MoxeM paTbh onpeaeneHue LALR(1)-rpammaruku. ITycTtb
¢uKcMpoBaHa HEKOTOpas rpaMMaTHKa, S - CJIOBO W3 HETepMUHANOB |
TePMUHAIOB, t - HEKOTOPbIA TepMuHan (unu EOT ). Bymem roBopuTh, uTO

r

Anst Tapsl

q‘f} LALR(1)-B0o3MOXXHa CBepTKa 10 HEKOTOPOMY IIPaBHILY,
ecu cymecTByeT apyroe cioo 51 ¢ CoeTy gy (So) = CoeTyiig (S1),

i b}
npuyeM Ass napel {51, {) LR(1)-Bo3MOXKHa CBePTKa 110 pacCMaTpUBaeMOMy
npaBuny. [anee orpenensitoTCs KOHQUIMKTHI (eCTeCTBeHHBIM oOpasom), u
rpamMmmaTika Ha3biaetcss LALR(1)-rpaMmaTukoi, ecii KOHQIMKTOB HeT.

16.4.8. [loka3ath, uto Bcsikaa SLR(1)-rpammatuka saBisercs LALR(1)-
rpaMMmaTuko, a Bcsakasi LALR(1)-rpammaruka sisnsietcst LR(1)-rpaMmmaTHKOM.

Ykazanue. 3TO - IPOCTOE CJIeAICTBUE OMPeJe/IeHU.
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16.4.9. TIloctpouTs anroputM mnpoBepku BeiBoguMocTd B LALR(1)-
rpaMMaTHKe, KOTOPBIM XPaHUT B CTeKe MeHblle UWH(OpMaUuu, ueM
cootBeTcTBytoumi LR(1)-anropurm.

YkasaHue. JIOCTaTOYHO XPaHWUTb B CTeke MHOXecTBa COCTLgin)(S),
MOCKOABKY cormiacHo omnpefeneHuto LALR(1)-Bo3MOXHOCTE CBEPTKM WMU
onpefensercs. (Tak uTo cam aaropuTM HuUueM He oTauuaercsa oT SLR(1)-
ciyuasi, KpoMe Tabuiibl BO3MOXKHBIX CBEPTOK. )

16.4.10. ITpuBectu npumep LALR(1)-rpammaTtuku, KoTOpag He SB/ISAETCS
SLR(1)-rpaMmMaTHKOM.

16.4.11. TIpuBectu npumep LR(1)-rpammMaTuku, KOTOpas He SBJSAETCH
LALR(1)-rpaMMaTuKoi.

16.5. O611ue 3aMeuaHusi 0 pa3HbIX MeToax pa3dbopa

[TpumeHeHMe 3TUX METOAOB Ha MpPaKTUKe UMeeT CBOU XUTPOCTU U TOHKOCTH,
KOTOpPBIX Mbl He Kacamuck. (Hampumep, Tabnuinel ciemyeT XpaHUTh 110
BO3MO)XHOCTH 3KOHOMHO.) HacTO OKa3blBaeTcs TawkkKe, YTO [/ HEKOTOPOro
BXOJHOTO si3bIKa HauboJsiee ecTecTBeHHass rpaMmarvka He siBisietcs LL(1)-
rpaMMaTUkoM, HO sBjsieTcs LR(1)-rpaMmaTukoil, a TakKe MOXKeT ObITh
3ameHeHa Ha LL(1)-rpammatuky 0e3 u3MeHeHUs1 si3biKa. Kako M3 3THX
BApUAHTOB BHIOpaTh, He Bcerga sicHO. [JuneTaHTCKu coBeT: ecti Bel camu
MpPOeKTHPyeTe BXOJHOM fA3bIK, TO He CJefyeT BbIMEHAPHUBATLCA U
yrnoTpebaTh OAHU U Te K€ CUMBOJIBI JJI1 PA3HBIX 1]efiel - U Toraa 0OBIUHO
HeCJIOKHO HamucaTth LL(1)-rpaMMaTuKy WM PEKYPCUBHBIM aHaIM3aTop.
Ecnu ke BXogHOM s13bIK 33j]aH 3apaHee ¢ moMonpio LR(1)-rpammaruku, He
sasttomeiicst LL(1)-rpaMmaTHKO#, TO Jydllie ee He TPOraTh, a pa3duparh Kak
ectb. [Ipy 3TOM MOryr oOKa3aTbCsl MOJIe3HbIE CpPeACTBa aBTOMAaTU4eCKOTro
MOPOXK/JeHUSI aHA/TU3aTOPOB, Haubosee M3BEeCTHBIMUA U3 KOTOPBIX SIBIISIFOTCS
yacc (UNIX) u bison (GNU).

Bonpioe KOMMueCTBO TMOJIE3HOM M XOPOUIO M3/IOKEeHHOW uH@opMauuu o
TEOPUU U TIPAKTUKe CUHTAaKCHUecKoro pasbopa umeercs B kauure Axo, Cetu u
YnbmaHa (CM. CTUCOK KHUT JJ1S1 YUTEHUS).
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