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Heckonbko 3ameyaHuit BMeCTO npeancnoBsusd

Knuza nanucana no mamepuaiam 3aHamMuUt npo2pammup o6 aHuem co
WKOAL HUKAMYU MAMEMANULECKUT Kiaccos wkoavt N 57 2. Mockeb

u emydenmanu maadwuz xypcos (Mocwoserut, 20cydapemeenmvid
ynusepcumem, Hezasucumbili mockosckutl ynusepcumem, yHusepcumem
2. Uppsala, lseyus).

Knuea nanucamna 8 ybencdenus, wmo npopammuposanie umeem ceot npedmem,
HE C800AWUTCA HU K KOHKDEMHLIM AZLIKAM U CUCTMEMAM, KU K MEMOoJam
nocmpoerus ObICMPbiT aA20PUMMOB.

Kmo-mo 00nancdvl ckazan, 4mo moxcro yoedums 6 npasuibhocmu ai20pumma,
HO HE 8 NPasusbnocmuy npoepammvl. Odna u3 yesel KHU2Y — NONBIMAMbLCA
NPOJemMORCMPUPOBAMb, UMO IMO HE MAK.

B npunyune, 603M0A#CHOCMb NPAKMULECKO20 UCTLOAHEHUA NPO2PAMM HE
ABAALNCA HENPEMEHHBIM YCAOBUEM UBYUECHUA NPO2PAMMUPOBaHUS. DOHAKO OHA
ABAALMCA CUALHETUWUM CMUMYAOM — 03 MAK020 CMUMYAL 6DPA0 AU Y K020
TEAMUM UKMEPECA U MEPTEHUA.

Buibpanmnbith #canp KHu2U N0 HeoOT00UMOCMU 02D AHUUUBAEM, eE
(NPORPAMMUPOBAHUEM 8 MAAOMS, OCTNABAAAL 6 CNOPOHE HEOOTOOUMYW0 YaACMb
nPo2PaMMUCTCKO20 00Da308aKUA — pabomy no modudurayus, 604bUUT
npozpamm. Aemop npodoaxcaem meumamsb 0 HAOOPE YULOHBIT NPOPAMMHBLE
cucmem IMALOHKOZ0 KAUECmEa, d0CmynKubls 044 MoOUPUKAYUL UKOAbHUKGMU.

Kancemesn, Xoap ckazaa, wmo scmemuueckas npesecms npozpammbl, — 3mo He
APTUMERMYPHOE UBAUULECTNE0, G MO, UIMO OMAUUGEM 6 NPO2PAMMUP 06 AHUY
yener om weydavu. Ecau, pewas 3adauu u3 amotdi KHu2u, wumamens
NOUYBCMBYEM NPEAECCMb LOPOULO HANUCAHHKOY NPOPAMMbL, 8 KOMOPOT «Hi
y6asumb, Hu NPUOABUMDbY, U COMHEHUL 6 NPALEUALHOCTUY KOMOPOT KAHCYMCA
HEACNBIMU, MO a8MOP OYdem cuumams c8010 yeib JoCmuHYmot.

Xapaxmep 2408 pasauuen: 6 00KUT NPEOAA2AEMCA HAOOD MAAO CBAAHHLIL IPY2
¢ dpyzom 3aday ¢ pewenuAMU, 8 JPY2UT NO CYUECMBEY UBAA2AEMCA
00un-eduncmaeennvit, aszopumm. Tembl 24068 60 MHOLZOM NEPECEKAOMCA, U Mbl
nPednousl Koe-Kakue nosmopenus GopmaibHblm CCoLAKAM.

Yposeno mpyonocmu 3aday u 2406 6ecoma paszauven. Mvi cmapasucey
BKANOUUMb KK NPOCMbLE 3600%U, KOMOPLIE MO2YM ObiMb NOAE3HbL 044
HAYUHAIOWUT, MAK U MPYOHbIE 3600%U, KOMOPLLE MOYM NOCGLOUMDb 6 AYHCY
cuabno2o wroavhura. (Xomos u pedko, no amo 6visaem noaesno.)
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B xauecmee A3vbika 044 3aNuUCy npoepamm Obia 6vi0par nackass. On
doCmamoumo NPoCm U eCMECmBen, umMeem Henaorue peasusayuy (Hanpumep,
cmapwvie Komnuaamopwv, Turbo Pascal gupmvr Borland 6viau eviaoscenvt das
6€CnAammn020 CKAUUBARUA) U NO360AAET 3ANUCAND PEULEHUA 6CET
pacemampusaemblr 3a0ay. Bozmoscno, Modyaa-2 uau Obepon 6viau 6v1 Gosee
UBAUHBLM 8bLOOPOM, HO OHU MeHee 00CTMYNHbL.

IIpaxmuuecku 6ce 3a0auu U aAZOPUMMDBL, PA3YMEEMCA, HE AEAAOMCA HOBLIMU.
(B nexomopbir pedkus cAyuaas npusedenbl CChlAKY i KOHKDEMHYI0 KHUZY Uil
KOHKPEMH020 ueaosera. CM. makice cnucok kKnuz 044 0aibHetdueeo Ymenus.)
Bumecme ¢ mem mbl Hadeemca, wmo 6 HeKOMOPLIT CAYUAAT (A20PUMMbL

(u ocobenno dokazamenbcmea) uaaonHcenbl 6oaee KOPOMKO U OMUEMAUBO.

OMo He MoAbKo U He CMOoAbKO YueObHUK 044 WKOADHUKE, CKOALKO CNPG6OUHUK
U 3000UNUK 048 NPENOIABAMEAR, 20MOBAULC2OCH K 3AHAMUN.

06 «asmopckuT npasar»r: NPaso GopmyAuPosamb 3a0auy U 00 bACHADL €€
PEULEHUE ABAALTNCA HEOMUYHCIALEMbIM €CTNECTNBEHHBIM NPABOM BCAKO20, KMO Ha
amo cnocoben. B coomsememeuu ¢ amum meKcem A8A4EMCA c60600H0
pacnpocmpansemvim. Adpeca aemopa: shen@mccme.ru, shen@landau.ac.ru,
sasha.shen@gmail.com, alexander.shen@lif.univ-mrs.fr. Ckasannoe
OMHOCUMCA K DYCCKOMY MEKCMY; 6Ce NPasa Ha nepesodvt nepedamnsl
uzdamenbcmey Springer.

IIpu nodzomosxre mexema ucnoab306aaacs (C80600H0 PACHPOCMPAIHAEMAA)
gepcua NTEX a, skarouaowas cmuiesvie Gatiabi, COCMABACHHBLE
C. M. JIvsoeckum (cm. £tp://ftp.mccme.ru/pub/tex/).

A pad cayuarn nobia2odapums 6cer, ¢ Kem uMes YECTb COMPYOHULAMD,
npenodasas NpopamMmuposarue, 0Co6EHHO MeT, KMo Obla «no Ipy2y cmopouy
bappukadolr, 4 MAKHCE BCET NPUCAGBULUT MHE ZAMEUGHUA U UCTDABACHUA
(cneyuaavraa 6aazodaprocmy — FO. B. Mamuscesuuy). Asmop 6aazodapum
B. I[llysaaosa 3a zaonomsl no eépcmike, a makxxce uzdamesscmseo MITHMO

30 MO, UMO 0HO 02PAHUNUAOCH JUBALHOM 0040MCKY (HEMHOZ0 CTNPAHHBLM,)

U HE BMEUWUBAAOCH 6 MPOYECC NOJ2OMOBKY 0PULUNAA-MaKema (6KA0UAL TERCT
na obaoncke). Baazodapio maxace Unemumym npobaem nepedavu un@opmayu
PAH, Amepurancroe mamemamuueckoe obuecmso (Hond nomowsu

ovisuemy CCCP), gond Copoca, ynusepcumem 2. Bopdo, fond «Kyavmyprnas
unuyuamusar, gondvt STINT (IHseyus), CNRS (Ppanyua), Ecole Normale
(MTuon, @panyusa), LIF (Mapceav, Ppanyus), yrusepcumem 2. Ynncaaa
(ITseyua), Poccutickuti fond Pyndamenmanvuviz uccacdosanut (epanmot
02-01-22001 HI[HHa, 03-01-00475 u dpyeue), a maxxnce Cosem noddepircku
nayunniz wros npu Ipesudenme PP (epawm HIII-858.2003.1) 3a noddepircky.
Bmecme ¢ mem codeprcanue Khu2u 0mpaxcaem mouky 3penus asmopa, 3a
0WUOKY KOMOPO20 YKAZAHHbIE 0P2AHUZAUUYL U AUYA

omeememsaennocmu ne necym (u naobopom).
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1. NMEPEMEHHDBIE,
BEIPAXKEHUA,
[MPUCBANBAHUA

1.1. 3apaumn 6e3 maccusos

1.1.1. [Tamer aBe mensle mepemenubie a, b. CocTaBuTh pparMeHT mpo-
T'paMMBI, TIOCJAE UCTOMHEHUA KOTOPOT'O 3HAYMEHUA TEePEMEHHBIX TOMEHSINCH
Obl MecTamMu (HOBOE 3HAMEHUE a PABHO CTAPOMY 3HAYEHUIO b 1 HA060POT).

Pemrenne. Bregém nomomHUTENLHYO HETYIO0 TEPEMEHHYIO t.

a := b;
b :=t; O

ITonwiTka 060UTUCE GE3 TOMOIHUTEALHON IePEeMEHHON, HAINCAB

a := b;
b := a;

He TIPUBOJUT K e (6e3BO3BPATHO YTPAIMBAETCS HAYATLHOE 3HAUEHNE TIe-
DEMEHHON a).

1.1.2. PemuTh mpembpIIyIIyIO 334349y, HE UCHOIL3YA TOMOTHUTETHHBIX
MEPEMEHHBIX (M TPEANONarad, 9TO 3HAYCHUAMY IEIbIX MEPEMEHHBIX MOTYT
OLITH IIPOU3BOJIBHEBIE LEIbIE TUCIA).

Pemrenne. Havanbubie 3uavenus a u b o6o3uavum a0, bo.

a+b; {a=2a0+ b0, b=0>bo}
a-b; {a=2a0+ b0, b =a0}
a - b; {a =b0, b =al0} O

o P
o
"

[\
1]
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1.1. 3adauu 6e3 maccueos 9

1.1.3. Tano mesoe 4mCJI0 a U HATYpPATbHOE (LeJ0e HEOTPUIATEILHOE)
“ueno n. Beraunceauts a®. [IpyruMu croBaMu, HeOOXOIMMO COCTABUTE TTPO-
rpaMMy, IPY UCIOTHEHNT KOTOPOU 3HAYEHUA TIEPEMEHHBIX a U I HE MEHAIOT-
s, a 3HAYEHUE HEKOTOPOU IPYTOU IEePEeMEHHOU (HampuMmep, b) cTaHOBUTCA
pasabiv a”. (IIpu TOM pazpentaeTes UCIOMB30BATh U IPYTHE TePeMeHHEIe. )

Pemenune. Breném 1enyio nepeMennyio k, koTopas MeHseTcsa oT 0 10 n,
TpUYIEM MO AEPKUBACTCA TAKOE CBOUCTBO: b = ak).

k :=0; b :=1;

{b = a B cremenn k}
while k <> n do begin
k : =k + 1;
b :=b *x a;
end; O

[lpyroe peleHne TOU XKe 3a1a9u:

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

k =k - 1;
b :=b *x a;
end;

1.1.4. PemmTs mpembIayIyio 3amady, €cinm TPeOyeTCs, YTOOBI HICIO0
QEUCTBUN (BBIMOJHAEMBIX OIEPATOPOB IIPUCBAMBAHUA) OBLIO IOpsALKa logn
(To ects He mpesocxoauio 66t C'log n nia mekoTopon koucranTel C'; logn —
DTO CTEMEHb, B KOTOPYIO HYKHO BO3BECTU 2, YTOOBI MOIYIUATH N).

Pemenne. BuecéMm HEKOTOPBIE U3MEHEHUSA BO BTOPOE U3 MPEITOKEHHBIX
PelIeHnH IPeqLIIyIIen 3a Jau:

k :=n; b :=1; c:=a;

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

if k mod 2 = 0 then begin

k:= k div 2;

c:= c*c;

end else begin

k :=k - 1;
b :=b *x c;
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10 1. Ilepemennbie, 8bIpaHCEHUSL, NPUCEAUBAGHUSL

Kax e BTopon pas (He pexe) OyAeT BHIIOIHATHCA TEPBHIT BAPUAHT
orepaTopa BLIOOpa (ecau k HEYETHO, TO MOCAE BLIYATAHUA CIUHUIBI CTa-
HOBUTCA Y6THBIM), TAaK 9TO 3a [ABAa LUUK/IA BEIUIAHA K YMEHBIIAETCA IO
KpanHen Mepe BIBOE. O

1.1.5. [Tam®sr HATYpATHHBIE YUCTA &, b. BuraucanTs nmpousBenenue a - b,

HCIOOJB3Ys B IpOorpaMMe JUMIb onepanuu +, —, =, <>.

Pemrenne.
k :=0; c := 03

{unBapuanr: c = a * k}
while k <> b do begin

k :=k + 1;
c :=c + a;
end;
{c =a*xkuk=D>b, cremoBaTenrHO, C = a * b} O

1.1.6. [Jauwul HaTypaabHBEIE YNCIA a U b. BeraueanTs nx cymmy a + b.
Ncnonb3oBaTh 0OnepaTopsl IPUCBAMBAHUA JUIIb BALA

(nepemennasnl) := (mepemennasn2),
(mepemenHas) : = (4ucio),

(nepemennasnl) := (mepemennan2) + 1.

Pemrenne.

{umBapuanr: ¢ = a + k}

O

1.1.7. [Tano marypasbHOe (IIEI0€ HEOTPULATEILHOE) TUCIO a U IeI0e
TIOMOXKUTENBHOE INCI0 d. BEIYUCINTE TacTHOE q U OCTATOK ¥ MPU TEJCHUN a
Ha d, He UCIoIbL3ya omepaunit div u mod.

Pemenue. Cormacuo onpegenenuio, a=q-d+r, 0 <r <d.

{a >=0; d > 0}

r :=a; q := 0;

{unBapmanr: a = q *d + r, 0 <= r}
while not (r < d) do begin

{r >= 4}
r :=r - d; {r > 0}
q:=q+ 1;

end; O
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1.1. 3adauu 6e3 maccusos 11

1.1.8. Mawxo HaTypambHOe n, Beraucanthb n! (0l=1,nl=n-(n—1)!). O

1.1.9. TlocregorarensuocTs PuboHaTIM ompejenseTca Tak: ag = O,
ay =1, ay =ag_1 +ax—o npu k > 2. /laHo n, BEINUCIUTD an. O

1.1.10. Ta xe sagada, ecim TpebyeTcCs, ITOOBI YUCIO OMEPALUN OBLIO
nponopuuoHaabHo logn. (Ilepemennbie [OMKHBL OBITH HEIOIUCICHHBIMU. )

[Ykazanue. [lapa coceguux qucen PubGOHATIN TOLYIASTCA U3 IPEIBLLY-
IIEN YMHOXEHUEM HA MATPUILY
11
1 0

— TaK 49TO 3aJada CBOIUTCA K BO3BEICHMIO MATPHUILI B CTEIIEHbL N. JTO
MOXKHO caenarh 3a C'logn meucTBuUml TeMm Xe CIOCOOOM, 9TO U A YU-
cen.] O

1.1.11. /Tano HATypaJbHOE N, BHIYUCIUTDH
1 1 1

Eﬁ +'ET'+...-+ o O

1.1.12. To xe, eciu Tpelyercs, 9TOOBI KOIUIECTBO OHepanuil (BBIIOI-
HEHHBIX KOMAH] IPUCBAMBAHUA) ObLIO OB mopaaka n (ue 6oaee C'n 11a He-
KOTOpOU kKoHCTAHTHI ().

Pemenue. Mupapuant: sum = 1/1!+ ... + 1/k!, last = 1/k! (BaxuO HE
BLIUAC/IATH 3aHOBO KX AL pa3 k!). O

1.1.13. [lambl 1Ba HATYPAIBLHBIX YMUCIA & U b, HE paBHBIE HYJIIO OTHO-
ppemenHo. Beraucaurs HOL (a,b) — Hauboabmun oOIMNUN IeInTelb a 1 b.

Pemenune. BapuauT 1.

if a < b then begin

| k := a;

end else begin
| k := b;

end;

{k = min (a,b)}

{unBapuanT: Hukakoe wmcno, 6Gombliee k, He ABIACTCA
obmmM pmemuTeneM (oHO 6oIblle ONHOTO M3 YMcCenl a,b)}
while not ((a mod k = 0) and (b mod k = 0)) do begin

| k :=k - 1;
end;
{k - obumu memmTens, GomBlMe — HET}
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BapuanT 2 (aaropurm Epkiuga). Bymem cumrars, uro HOL(0,0)=0.
Torga HOL(a,b) = HON(a-b,b) = HOL(a,b-a); HOM(a,0) = HOO(0,a) = a
11 BCex a,b > 0.

m := a; n := b;
{unBapuanr: HOIL (a,b) = HOL (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 = 0 wmu n = 0}
if m = 0 then begin

| k := n;

end else begin {n = 0}

| k := m;

end; O

1.1.14. Hanmcars MOIupUIMPOBAHHLIN BapuaHT ajropuTMa EBkimia,
ucnons3ytomuu coorHorenus HON(a,b) = HON(a mod b, b) mpu a > b,
HONO(a,b) = HOLI(a, b mod a) mpu b > a. O

1.1.15. [Tambr HaTypaibHBE a U b, He paBHBIe 0 0gHOBpeMeHHO. HauTu
d = HOL(a,b) u Takue mense x 1y, ¥rod=a-x+b-y.

Pemenwe. Jo6aBum B anroputm EBkinaa nepeMeHsbre p, q, r, S U BIU-
IIeM B MHBAPHMAHT YCIOBUA m = p*atqxb; n = rkat+s*b.

m:=a; n:=b; p :=1; q :=0; r :=0; s :=1;
{unBapuanr: HOIL (a,b) = HOL (m,n); m,n >= 0
m = p*xa + q¥b; n = r¥xa + s*b.}
while not ((m=0) or (n=0)) do begin
if m >= n then begin
| m:=m-mn; p:=p-17rr; q:=q- S;
end else begin

| n:=n-m;r:=r-p;s =8 -(q;
end;

end;

if m = 0 then begin

| k :=n; x :=r; y := s;

end else begin
| k :=m; x :=p; y :=q;
end; O
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1.1.16. PemmTh npeapIaynyio 3a1aty, UCIOIL3YA B arroputMe Epkim-
I3 IelreHme ¢ OCTATKOM. O

1.1.17. (3. leukcrpa) Jobasum B anroput™m EBkiInga 10NOIHATEIBHbIE
TepeMeHHbIe U, V, Z:

m :=a; n :=b; u:=b; v := a;
{umBapuanr: HOIL (a,b) = HOL (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin
if m >= n then begin
| m:=m-n; v :=vV + u;
end else begin
| n:=n-m;u:=u+ v;
end;
end;
if m = 0 then begin

| Z:= v,

end else begin {n=0}
| zZ:= u;

end;

[oKka3aTh, 9TO MOCIE UCTIOJIHEHUA AITOPUTMA 3HAYEHUE Z PABHO Y IBOECHHO-
My HAMMEHBIIEMY OOIIeMYy KpaTHOMY Wucen a, b: z =2 - HOK(a,b).

Peurenue. 3amerum, 9TO BeIMYMHA M- U + N - V HE MEHAETCA B XOA€ BBI-
nosHeHus arropurMa. OcTaéTcs BOCIONB30BATLCA TEM, YTO BHAYAIEC OHA
paBHa 2ab u uro HOI(a,b) - HOK(a,b) = ab. O

1.1.18. Hamnwucars BapuadT aaropurMa EBKInma, NCIOABL3YIOMMEA COOT-
HOIIIEH U
HOII(2a, 2b) = 2 - HOI(a, b),

HOL(2a,b) = HOL(a,b) mpu HEIETHOM b,

HE BKIOYAONIAN TEJEHUA ¢ OCTATKOM, a UCTIOAb3YIONIUN JUIIh TeJeHue Ha 2
u nposepky dérHocTu. (Hucio gercrBun JOKHO OBITH mopsagka logk mas
UCXOJHBIX TAHHBIX, HE MPEBOCXOMAIINX K.)

Pemenne.

m:= a; n:=b; d:=1;
{HOL(a,b) = d * HOO(m,n)}
while not ((m=0) or (n=0)) do begin
if (m mod 2 = 0) and (n mod 2 = 0) then begin
| d:= d*2; m:= m div 2; n:= n div 2;
end else if (m mod 2 = 0) and (n mod 2 = 1) then begin
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| m:= m div 2;

end else if(m mod 2 = 1) and (n mod 2 = 0) then begin

| n:= n div 2;

end else if (m mod 2=1) and (n mod 2=1) and (m>=n) then begin

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

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

Orenka Yucta JNCTBUN: KaXK J0€ BTOPOE JEUCTBUE NEIUT XOTA ObI OTHO U3
YUCeI M U N MOMOJIaM. O

1.1.19. [TomosHUTL ATCOPUTM MPEABIAYIIEN 331a91 IOUCKOM X U Y, [IJId
KOTOpHIX ax + by = HO[(a, b).

Pemenme. (Uxesn coodwena [I. 3ouxunniv.) [Ipexae Bcero sameruwm,
YTO OJHOBPEMEHHOE NEICHUE a 1 b IIOMoIaM He MeHAET UCKOMBIX X 1 y. Ilo-
DTOMY MOXHO CIMTATh, ITO C CAMOTO HAYAIA, OTHO W3 IUCET a 1 b HeIETHO.
(910 cBOUCTBO GyIeT COXPAHATLCA U JATee. )

Temepsb TOMBLITAEMCA, KaK ¥ PAHBITE, XPAHUTL TaKNe TUCIA P, d, T, S, ITO

m = ap + bq,

n = ar + bs.

[Tpo6rema B TOM, YTO TpM AeTeHMU, CKaxKeM, M Ha 2 HAJAO Pa3qelInThb P
U q Ha 2, U OHU TEPECTAHYT OLITH HEJABIMU (8 CTAHYT JBOUIHO-DAIMOHATD-
HbIME). [[BOMYHO-PAIMOHAIBLHOE YUCIO €CTECTBEHHO XPAHUTH B BUAE HAPHI
(qucauTenb, NOKA3aTeNb CTEIIeHN ABOUKYU B 3HAMEHaTeae). B uTore Mul 11o-
aydaeM d B Buje KOMOMHAIINY @ U b ¢ ABOMYHO-PAIIMOHAIBHBIMU KO (u-
nneHTamMu. UHBIMU CIOBAMU, MBI IMEEM

2id=ax—|—by

IJIST HEKOTOPHBIX IEJBIX X,y U HATypaJbHOro i. Yro merarts, ecam i > 17
Eciu x v y 9éTHBI, TO HA 2 MOXKHO COKPATUATL. ECIM 5TO HE TaK, IOI0KEHIE
MOXKHO UCIPABUTHL IPEOOPA3OBAHIEM

x:=x+Db,

y=y—a

(oHO He MeHseT ax + by). Yoegumcsa B sTom. HamoMHuM, 9TO MBI cImMTAEM,
4TO OJHO m3 uucel a u b HeuérHo. IlycTe aT0 Gyger a. Ecau mpu sTom
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y 96THO, TO U X NOMKHO ObITH YETHBEIM (MHAYE ax + by OyJeT HEIETHBLIM).
A npu HEUETHOM y BEIYUTAHUE U3 HET'O HEYETHOTO a MeaaeT § Y6THBIM. [

1.1.20. CocraBuTh mporpaMMy, MedaTaloOllyld KBAAPATHI BCEX HATY-
paTBHBIX Yucea oT 0 M0 3aTaHHOTO HATYPATHLHOTO 1.

Pemrenne.

k:=0;

writeln (k*k);

{unBapmanT: k<=n, HamedaTaHH BCe
KBaIpaTH OO K BKINYMTENIBHOJ}

while not (k=n) do begin

k:=k+1;
writeln (k*k);
end; O

1.1.21. Ta xe 3ajgata, HO pa3peIIACTCA UCIOIb30BATE U3 aAPUPMETHIE-
CKUX OTIEPAIINU JWIIb CJIOXKEHUE W BBIYUTAHUE, IPUIEM 0O0IIee Iucio eu-
CTBUU JOTKHO OLITH TTOPAIKA N.

Pemenue. Beeném nepemennyio k_square (square — KBaJpar), CBA3AH-
HyI0 ¢ k cooTHOmeHneM k_square = k?:
k := 0; k_square := 0;
writeln (k_square);
while not (k = n) do begin

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

writeln (k_square);
end; O

3ameganue. MoxHO 060UTUCH O€3 BEIYATAHUA ¢ IOMOMIILIO TAKOU XUT-
pocTu:

while not (k = n) do begin

k_square := k_square + k;
{k_square = kxk + 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 TPOrpaMMy, TEIATAIONIYI0 PA3IOKEHNE Ha, TPOCTHIE
MHOXKUTEIA 33 JAHHOTO HATYPAIBHOrNO YUCIa 1 > 0 (IpyruMu CI0BaMu, Tpe-
OyeTca medaTaThb TOIBKO MPOCTHIE UUCJAA U IPOU3BeleHNe HAIeIaTAHHBIX
“HCeJ NOMKHO ObITH PABHO N €CAM 0 = 1, meYaTaTh HAUEro He HAO).
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Pemrenmne. BapuanuT 1.

k := n;

{uHBapraHT: mpoW3BeLeHMe HalmedaTaHHHX 4YUCel M K paBHO
N, HameYaTaHH TONBKO IPOCTHE YHUCIat

while not (k = 1) do begin

1 := 2;

{unBapuant: k He wMeeT gmemuTeney B muTepBame (1,1)}
while k mod 1 <> 0 do begin

| 1 :=1+ 1;

end;

{1 - HauMenbmmy memuTens k, Gombumu 1, cIeZoBaTembHO,
mpocTou}

writeln (1);

k:=k div 1;

end;

BapuauT 2.

k :=n; 1 := 2;

{mpousBenenue k u HamevaTaHHHX YHUCEN PaBHO N; HaledaTaHHHE
YMCIa TIPOCTH; Kk He MMeeT NemuTenel, MeHbumx 1}

while not (k = 1) do begin

if k mod 1 = 0 then begin

{k memuTca Ha 1 M He WMeeT IemUTeIeH,
MeHBUMX 1, 3Ha4yuT, 1 mpocTol}

k := k div 1;

writeln (1);

end else begin

{ k He memurca Ha 1 }

1 := 1+1;

end;

end;

1.1.23. CocTaBuUTL MPOTpaMMY PEIIEHUA TPEIBIIYIIEN 38, Ia91, UCTOMh-
3VOIIYI0 TOT (PAaKT, ITO COCTABHOE UUCIO UMeeT IeINTeNb, He MPEeBOCXO-

IAIIAN KBAJAPATHONO KOPHA U3 DTOCO IUCIA.

Pemrenne. Bo BTOpOM BapuanTe pemnteHusa BMecTO 1:=1+1 MOXHO HAIU-

CaThb

if 1%1 > k then begin

| 1:=k;
end else begin
| 1:=1+1;

end;
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1.1.24. IlpoBepuTsb, ABAACTCA JU 3aTaHHOE HATYPATHLHOE TUCIO n > 1
TIPOCTHIM. ]

1.1.25. ([Inn 3HAKOMBIX C OCHOBaMu aareOpnl) [aHo Legoe rayccoBO
Tmeao n + mi (mpuHagrexaree Z[i]).

(a) IIpoBepuTh, ABAAETCA JIM OHO TMPOCTHIM (B Z[1]).

(6) Hameuarars ero pasmoxenue Ha npoctoie (B Z[i]) maoxuremn. [

1.1.26. Paspemwum mpumeHATs KOMAaHIE write (i) Jjumb mpu i =0, 1,
2,...,9. CocraBuTh mporpamMmy, MeIATAMIIYIO IeCATUIHYIO 3ANNUCH 33, 1aH-
HOro HaTypaabHOro Yucaa n > 0. (Coayvan n = 0 ABUICA ObI HEKOTOPBIM UC-
KJIIOUeHNeM, TaK KaK OOBIYHO HyJIW B HaYaJIe YUCIA HE MedaTaloTCA, a LA
n =0 — meJaTarnTcs.)

Pemrenne.

base:=1;
{base - cremens 10, He mpeBocxopamas n}
while 10 * base <= n do begin
| base:= base * 10;
end;
{base - Makcumanemas cremens 10, He mpeBocxomAmas n}
k:=n;
{uuBapuanT: ocTamoch HamedaTaTb Kk C TeM Xe YUCIIOM
3HaKOB, 4TO 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; ocTamock HameyaTaThb OLHO3HAYHOE YUCIO K}
write(k); O

Tunuanas omuoKa MPU PEIIEHUN STOU 3a,1a91: HEMTPABUILHO 06padaThI-
BAIOTCA YUCIA C HYJAME ocepequue. [IpuBeqéHHBIN THBAPUAHT TOMYCKAET
caydan, Korga k < base; B 5TOM ciIydae medaTaHue k HAYUHACTCA CO CTap-
X HYJIEH.

1.1.27. To xe camoe, HO HAIO HATIEYATATH AECATUIHYIO 3aIUChL B 00paT-
oM mopsaake. ([Ina n = 173 Hago HamedaraTs 371.)

Pemenmne.

k:= n;
{uuBapuanT: ocramock HameYaTaTb Kk B 06paTHOM HOpALKe}
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while k <> 0 do begin
write (k mod 10);
k:= k div 10;
end; O

1.1.28. [Tamo marypanbHoe n. [logcunTars KOIMIECTBO PEIICHNN HEpa-
BeHCTBA X2 + y? < N B HATYPATbLHLIX (HEOTPUIATETLHEIX IETEIX) TUCIAX, He
UCTIONB3YA IEUCTBUN C BEIIECTBEHHBIMU IUCTAMU.

Pemrenme.

k :=0; s :=0;

{uHBapuaHT: S = KONIMYECTBO DElleHHN HEepaBEHCTBA
x*x + y¥y < n c x < k}

while k*¥k < n do begin

{t = umcmo pemenuy HepaBeHcTBa k*k + y*y < n
c y>=0 (mpz nmammom k) }

k :=k + 1;
s 1= s + t;
end;
{k*k >= n, mo>ToMy S = KOIMYECTBO BCeX pelleHUN
HepaBeHCTBa}
31eCh ... — TOKa eIé He HAMUCAHHBIA KYCOK TPOTPAMMEI, KOTOPHINA

OymeT TakuM:

1 :=0; t :=0;

{unBapuanT: t = wMcIO pemeHUn
HepaBeHcTBa k¥k + y*y < n ¢ 0<=y<l }

while kxk + 1*1 < n do begin

1 :=1+ 1;
t =t + 1;
end;

{k*k + 1%¥1 >= n, modToMy t = 4mcmo
BCeX pelleHMM HepaBeHCTBa k*k + y*y < n} (]

1.1.29. Ta xe 3a1a4a, HO KOJIUMICCTBO ONEPAII JOIKHO OLITEH TOPAIKA
v/n. (B mpegpraymem pemenun, Kak MOXKHO MOJICIATATE, TOPAIKA L OIEPa-
uum.)

Pemenne. Hac unTepecyroT Toukn peméTku (C HEIBIMEA KOOD JUHATA-
MW) B TIEPBOM KBAJPAHTE, MOMATAIONME BHYTPhL KPyra pammyca /n. Un-
Tepecyolee HaC MHOXKECTBO (HA30BEM ero X) COCTOUT ©3 OOBEIUHEHUS
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BEPTUKATLHEIX CTOIOIOB YOLIBAOIIEN BHICOTHI.

Wnes pereHus cOCTOUT B TOM, ITOOBI «IBUTATHCA BIOJIL €0 TPAHUIILD,
CIYCKAsACh IO BEPXHEMY er0o Kpalo, KaK M0 JeCTHUIE. KoopImHATH IBUKY-
IIENCsa TOYKYU 0603Ha4IuM <k ,1>. Beeaéum emmé oquy mepeMenHyo s u OyaemMm
oo IEPXKUBATH UCTUHHOCTH TAaKOI'O YCJIOBUA:

<k,1> HAXOAWUTCA Cpa3y HAJ K-BIM CTOIOIIOM;
S — YHUCIO TOYEK B MPEIBIIVIINX CTOIOIAX.

DopmanbHoO:

e 1 — mMmHEMMAaJBHOE cpeau Tex 1 > 0, mpia KoTopeIx <k,1> He npuHajI-
aexuT X;

e S — YNCJO Iap HATYPAJIBHBIX X, Y, AIA KOTOPHIX X < k u <x,y> npu-
HadaexuT X.

O6o3HauuM st yeaosus depes ().

k :=0; 1 :=0;

while <0,1> mpumammexut X do begin

| 1:=1+1;

end;

{k = 0, 1 - muHuManeHOe cpemu Tex 1 >= 0,
mna xoTopux <k,1> He mpuHammexuT X}

s := 0;

{uuBapuanr: U}

while not (1 = 0) do begin

s := s + 1;
{s - 4mcmo Todek B cTombuax Lo K-ro BKINYUTEIBLHOY}
k :=k + 1;

{Touka <k,1> mexur BHe X, HO, BO3MOXHO, €& HaIo CIBUHYTH
BHM3, YTOGH BOCCTaHOBUTH W}

while (1 <> 0) and (<k, 1-1> He mpunapgmexut X) do begin

| 1 :=1 - 1;

end;

end;

{#, 1 = 0, mosTomMy k-uu cTomber ¥ BCe CIefyluMe IyCTH, a

S paBHO MCKOMOMY 4MCIY}
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OneHka Incra TeMCTBAN OYEBUIHA: CHAMANA MbI IBUKEMCA BBEPX HE 601ee
“YeM HA /I MATOB, & 34TEM BHU3 U BIPABO — B KAXKIYIO CTOPOHY He 60/1ee
YeM Ha /I IaroB. O

1.1.30. [Tawwr HaTypanbHble uucita n u k, n > 1. Hameuarars k gecs-
TUIHLIX 3HAKOB uncaa 1/n. (Ipu HAIMYMU OBYX TECATUYHBIX PA3IOKEHUN
BLIOMPAETCA TO M3 HUX, KOTOPOE HE COAEPKUT AEBATKHU B mepuoge.) IIpo-
rpaMMa JIOJKHA UCIOIB30BATH TOJIBKO IIeJbIe [I€PEeMEHHEIE.

Pemenwve. CBuHYB B eCATUYHON 3aMUCH YUCIa 1/n 3anaTyio Ha k MecT
BIIPABO, MOIYIUM YUCJIO 10K /n. Ham Hamo HamedaTaTh €ro Merylo 9acThb,
TO €CTh pPa3IeInTh 10K ma n maneno. CTaHgapTHEIN CTOCOO TpedyeT uc-
MOJB30BAHUA OOJBINIUX MO BEAXYUHE UUCET, KOTOPLIE MOLYT BBIUTH 34
IPAHULLI UAA30HA IPEICTABAMBIX uucen. [looToMy MBI crenaeM wHAHMe
(cremys OOGBIMHOMY METOMY «IEJEHUS YTOMKOM») W OyZeM XPaHUTh «OCTa-
TOK» T:

1 :=0; r:=1;

{uHB.: Hamewarawo 1 pa3pamoB 1/n, ocramock HamedaTaThb
k - 1 paspamoB npobu r/n}

while 1 <> k do begin
write ( (10 * r) div n);

r := (10 * r) mod n;
1 :=1+ 1;
end; O

1.1.31. [Tamo marypanbuoe umcio n > 1. OnpeneauTs AIMHY Tepuoga
QEeCATUYIHON 3amucu 1pobu 1/n.

Pemrenne. [lepuon npobu paBeH meprogy B MOCIEIOBATETHLHOCTU OCTAT-
KOB ([IOKaXuTe 5TO; B YACTHOCTH, HAIO TOKA3aTh, YTO OH HE MOXKET OBITh
menbine). Kpome Toro, B 3T0I IOCIE0BATEABLHOCTH BCE [IEPUO IUIECKY T10-
BTODPAMOIIAECA WIEHBl PA3JUYHEBL, a IPEINepuo] UMeeT NIuHy He Oomee n.
MosTomy mocTaTodno HauTu (n + 1)-BIM WIEH TOCIEIOBATEILHOCTH OCTAT-
KOB U 3aT€M MUHUMAJILHOE K, Mpu KOTOPOM (n + 1 + k)-BIi WieH coBIaIaeT
¢ (n+ 1)-bim.

1 :=0; r :=1;
{unBapuanr: r/n = pesymbTaTr oT6pacwBaHua 1 3HakoB B 1/n}
while 1 <> n+1 do begin

r := (10 * r) mod n;

1 :=1+1;
end;
c :=

L2}
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{c = (n+1)-Hil 4YTeH NOCIEeLOBATEMIBLHOCTUH OCTATKOB}
r := (10 * r) mod n;
k = 1;

{r = (n+k+1)-Hil YIeH NOCIeLOBATENLHOCTH OCTATKOBY}
while r <> ¢ do begin

r := (10 * r) mod n;
k : =k + 1;
end; O

1.1.32. (Coobummn }O.B.Marusacesna) [Jana dyskuwms f:{1...N} —
— {1...N} Hanru nepuox nocregosareasuoctu 1,f(1),f(£(1)),... Ko-
JUYECTRBO JEUCTBUU JOMKHO OBLITH MPOMOPIMOHATLHO CYMMAPHOU IJUHE
mpeanepuona U mepuoga (sTa CymMma MOXKeT OBITh CYHIECTBEHHO MEHb-
e N).

Pemenue. Eciu 0TOpOCHTH HAMATBHBIN KYCOK, TIOCIEI0BATEILHOCT TIE-
PUOIUYHA, IPUIEM BCE LTEHBI MEPUOIA PABTUTHEI.

{06o3mavenne: fln,1]1=f(£(...£(1)...)) (n pas3)}

k:=1; a:=f(1); b:=£f(£(1));

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

while a <> b do begin

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

end;

{a=f[k,1]1=f[2k,1]; f[k,1] BxomUT B mepHOZMYECKyH HaCTB}
1:=1; b:=f(a);

{b=f [k+1,1]; f[k,1],...,f[k+1-1,1] pasmuumu}

while a <> b do begin

| 1:=1+1; b:=£(b);

end;

{nepuon pasem 1} O

1.1.33. (. leukcrpa) Pynxuus f ¢ HATYpAIBHBIMEA APTYMEHTAMU U
3HaveHMAMH ompegenena Ttak: £(0) =0, £(1) =1, £(2n) =f(n), f(2n + 1) =
= f(n) + f(n + 1). CocTaBuTh mporpammy BerMmcIeHns f(n) mo 3amgaHHO-
My n, TpeOyIIyo mopsaika logn omepamui.

Pemrenne.

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

if k mod 2 = 0 then begin

| 1l :=k div 2;
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{k=21, f&X)=f(1), f(k+1) =
f (n) = a*f(k) + b*f(k+l)
a :=a+b; k :=1;

end else begin

1 :=k div 2;

{k =21 +1, £(k) = £(1) + £(1+1),

f(k+1) = £(21+2) = f(1+1),

f(n) = a*f(k) + bxf(k+1l) = a*f(l) + (a+b)*f(1+1)}

b :=a+ b; k :=1;

end;

end;

{k =0, f(n) = a * £(0) + b * £(1) = b, 4To ¥ TpeboBamocnb} O

£(21+1) = £(1) + f£(1+1),
= (at+b)*f(1) + b*f(1+1)}

1.1.34. To xe, ecmm £(0) = 13, £(1) =17, £(2) = 20, £(3) = 30, £(2n) =
=43f(n) +57f(n+1), £(2n+1) =91£(n) + 179 f(n + 1) mpun > 2.

[Ykazaune. XpanuTsb ko>(dUINeHTH B BhIpaxkenuu f(n) uepes Tpu co-
CeIHVX YnCrIa.) 0

1.1.35. [anbr marypajibHble 9ucaa a u b, npuaém b > 0. HanTu gact-
HOE W OCTATOK IPU [NEJEHUU a Ha b, OMepUpys JUIIb C HEJLIMU TUCAAMA
¥ HE UCTOJIL3Ys omeparuu div u mod, 3a UCKIIOYEHUEM TeJeHUI Ha 2 I6T-
HBEIX 9HCENT; YUCAO MAroB He nokHO mpeocxoauth Cilog(a/b) + Cy mms
mekoTopbix koucTant C, Cs.

Pemrenne.

bl := b;

while bl <= a do begin

| b1 := bl * 2;

end;

{bl > a, bl = b * (HexoTopaa cTemeHb 2)}

q:=0; r:=a;

{uHBapmaHT: q, r - YacTHOe M OCTAaTOK NP HOeleHW:A a Ha bl,

bl = b * (mexoTopas cTemeHb 2)}

while bl <> b do begin
bl := bl div 2 ; q := q * 2;
{a=bl*q+r, 0O r, r <2 * bl}
if r >= bl then begin

r :=r - bl;
q:=q + 1;
end;

end;
{q, r - 4acTHoe ¥ ocTaTok IpM IemeHuu a Ha b} O
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1.2. Maccusbl

B cremyromux 3amavax nmepeMeHHBIE X, ¥, Z TPEIIONaraTCa OMACAHHbI-
mu Kak array[1..n] of integer (rme n — HEKOTOPOE HATYPAILHOE TUCIIO,
6oabiiee 0), eciu UHOE HEe OrOBOPEHO ABHO.

1.2.1. 3amoaHuTh MaccuB X HyJaMA. (DTO O3HAYAET, 9TO HyKHO COCTa-
BUTH (PPArMEHT MPOrPAMMEL, IOCJE BBIIOJHEHUs KOTOPOI'O BCE 3HAYMEHUs
x[1]. .x[n] paBHATUCE OBI HYIIO, HE3ABUCUMO OT HAYAILHOTO 3HAMEHUS TI€-
DEMEHHON X.)

Pemrenne.

i := 0;
{unBapuanr: mepeme i 3mavemmu x[1]..x[i] pammm O}
while i <> n do begin

i =1+ 1;
{x[1]..x[i-1] = 0}
x[i] := 0;
end; O

1.2.2. Togcuurars xonudecTso Hyxen B Maccuse x. (CocraButhb dpar-
MEHT TPOrPAMMBI, HE MEHAOIMNA 3HAYCHUA X, TOCIE UCIOJHEHUA KOTOPOrO
3HAYEHUE HEKOTOPOU IIEION TIEPEMEHHON K PABHATOCH OBI YUCTY HYJIEHN CPeIn
KOMIIOHEHT MaCcCHBa X.)

Pemrenne.

{umBapuanT: k = wucmo mymeu cpemm x[1]...x[i] }

O

1.2.3. He ucmoan3ys omepaTopa MPUCBAUBAHUA IIA MACCUBOB, COCTA-
BUTH (PPArMEHT MPOTPAMMEI, SKBUBAIEHTHLIN OIIEPATOPY X : =Y.

Pemenmne.

i = 0;
{uuBapuaHT: 3HavYeHme y He m3MeHunock, x[1]=y[1l] mpm 1<=i}
while i <> n do begin

i:=1i+1;
x[i] := y[il;
end; O

1.2.4. Hanru maxkcumym m3 x[1] . .x[n].
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Pemrenne.

i :=1; max := x[1];
{uuBapuanr: max = makcumym u3 x[1]..x[i]}
while i <> n do begin
i:=1+ 1;
{max = makcumym m3 x[1]..x[i-1]1}
if x[i] > max then begin
| max := x[i];
end;
end;

O

1.2.5. [dam maccuB x: array[l..n] of integer, mpuuém u3BeCTHO, UTO
x[1] <x[2] ... < x[n]. HanTu Koan9ecTBO Pa3InIHBIX IUCET CPEIN dJIe-

MEHTOB 3TOr'0 MaCCHBA.

Pemenmne. Bapuaut 1.

i::=1; k :=1;
{unBapuanr: k - xommyecTBo paszmuyumx cpemu x[1]..x[i]}
while i <> n do begin

i=1i+ 1;
if x[i] <> x[i-1] then begin
| k :=k + 1;
end;
end;

BapuanT 2. Uckomoe «uciao Ha 1 GOABINE KOAXIECTBA TEX UUCET i U3

1..n-1, mna xoropex x[i] me pasmo x[i+1].

k :=1;

for i := 1 to n-1 do begin
if x[i1<> x[i+1] then begin
| k :=k + 1;
end;

end;

O

1.2.6. [lam maccuB x: array[1l..n] of integer. Haurtu kommecrso
PaBINYHBIX TUCET CPEIN DIEMEeHTOB >Toro Maccupa. (Tucio gencTsun nom-

HO OBITE TIOpAIKA n2.)

O

1.2.7. Ta xke samada, ecau TpebyeTcs, ITOOLI KOJAMIECTBO TEMCTBUI

6bLIO TOPsAAKa n logn.

[Ykazanue. Cmorpu raasy 4 (Copruposka).]

O
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1.2.8. Ta xe 3agava, €CIM M3BECTHO, ITO BCE DIEMEHTHI MAaCCUBA —
qneaa oT 1 10 k ¥ 9UCa0 QeUCTBUM JOTKHO OBITH MOPAAKA n + k. (I

1.2.9. (Coo6umn A.JI. Bpyauo) IIpaMoyronbHoe mose m X n pa3buTo Ha
mn KBAJAPATHLIX KIETOK. HEKOTOpHIE KIeTKM MOKPAIIEHB B YEPHBLIA LIBET.
M3BecTHO, 9TO BCE YEPHBIC KACTKA MOTYT OBITH pa30UTHI HA HECKOIBKO
HEMepeCeKalIMXCa 1 He UMEIOUMX OOMMX BEpIINH IE¢PHBIX MPAMOYTOMIb-
HukoB. CUnTas, 9TO NBETA KJICTOK JAHLI B BUIE MACCUBA TUIIA

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

MOACYUTATE TUCIO0 IEPHBIX TTPAMOYTOJLHUKOB, O KOTOPBIX IILTa, Pedb. Tucio
NEUCTBUN TOJKHO OBITHL [TOPALKA M.

Pemenune. YIucio npaMOyrOIbLHUKOB PABHO TIUCAY WX JEBBIX BEPXHUX
yrioB. fIBmgeTcs qn KmIeTKa BEPXHUM YIVIOM, MOXKHO Y3HATh, TOCMOTPEB
Ha eé uBeT, a Takke uBeT BepxHero u aesoro cocexen. (He sabyabre, aro
UX MOXKET He ObITb, eIl KJIETKa C KPAIo. ) (]

1.2.10. [Taum maccus x[1]..x[n] meawix uucen. He ucmonbsys apyrux
MACCUBOB, MEPECTABUATD HJIEMEHTHI MACCUBA B OOPATHOM TOPAIKE.

Pemenue. DmemenTs x[1] u x[n+1-1] HyXKHO MOMEHATH MeCTaMU /s
BCexX i, maa xOTopeix i<n+1—1, Toecth 2i<n+1 & 2i<n&
&i<n div 2:

for i := 1 to n div 2 do begin
| ...IOMeHATh MecTaMx x[i] u x[n+1-i];
end; O

1.2.11. (U3 xuuru [I.T'puca) Jan maccus neabix qucen x[1]. .x[m+n],
paccMaTpuBaeMbIi KaK COEIMHEHNE IBYX er0 OTPe3KoB: Hadata x [1] . .x[m]
OBl m U KOHIA X [m+1] . .x[m+n] miuusr n. He ucnonb3ys momosHUTE b
HEIX MACCUBOB, TEPECTABATL HAYATO U KOHem. (Iucio mencTBuil mopsaika
m+n.)

Pemenue. BapuanT 1. llepesepuém (pacmonoxum B 06paTHOM TOPAIKE)
OTAETBHO HAYAIO U KOHEI[ MacCHUBa, a 3aTeM MepPeBEepPHEM BeCh MAaCCUB KakK
eIMHOE IEN0E.

Bapuant 2. (A.T'. Kymnupenko) PaccmarpuBas MaccuB 3anucansbIM 110
KPYTy, BUAUM, 9TO TpeGyeMoe IeNCcTBre — MOBOPOT Kpyra. Kak uasecTHO,
MTOBOPOT €CTh KOMIIO3UIAA IBYX OCEBBIX CUMMETPUN.

BapuauT 3. PaccmoTpum Gomee o6rnyio 3agady — OOMEH ABYX yUacT-
xoB maccuBa x[p+1]..x[q] u x[q+1]..x[r]. IIpesnonroxum, 4T0o AIUHA
JaeBoro yvacrka (HazoBém ero A) He Goublie AIUHBI IPABOro (HA30BEM



“progbook” — 2013/10/22 — 18:36 — page 26 — #26

26 1. Ilepemennbie, 8bIpaHCEHUSL, NPUCEAUBAGHUSL

ero B). Boigenmum B B Havaao TOU ke IIUHLBL, 9TO 1 A, Ha30BéM ero By,
a ocrarok By. (Tax uro B = By + Bs, eciu 0603HAMATE TLIFOCOM MPUIIY-
CBIBaHME MaccuBOB Apyr K apyry.) Ham mano uz A + By + By momyduTs
By + B> + A. Mensasa mecramu y9acTku A u By — OHU UMEIOT OJQMHAKOBYIO
IJMHY, U CAEIATEL DTO Jerko, — mnoaydaeM By + A + Bs, u ocTagoch mome-
uaATL Mectamu A u By. TeM caMBIM MBI CBEIM IET0 K MEPECTAHOBKE IBYX
OTPE3KOB MEHBINEN LIUHLI. MTak, moIyIaeM TaKyl CXeMy MpPOTPAMMEL:

p:=0; q:=m; r:=m+ n;

{uuBapuanr: ocramock mepecrtaBuTh x[p+l..ql, x[q+l..r]}
while (p <> q) and (q <> r) do begin

{o6a yuacTka memycTh}

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

. .mepectasuts x[p+1]..x[q]l u x[q+1]..x[q+(q-p)]
pnew := q; qnew := q + (q - p);

P := pnew; q := qnew;

end else begin

. .nmepectaButs x[q-(r-q)+1]..x[q]l =z x[q+1]..x[r]
gnew :=q - (r - q); rnew := q;

q := gnew; r := rnew;

end;

end;

Onenka BpeMeHr pabOTHL: HA OYEPETHOM IIAre OCTABIIMICA IS 00paboTKY
YYIACTOK CTAHOBUTCA KOPOUE HA, IJIUHY A; IUCI0 TEUCTBUY TIPU DTOM TAKKE
TIPOTIOPIMOHATLHO IarHE A. O

1.2.12. KosddunueHTs MHOIOWIEHA JIEXKAT B MaccuBe a: array[0..n]
of integer (n — HATYpAIbHOE YUCJO, CTENEHL MHOTOWICHA). BBIMUCIATD
3HAYEHNE >TOr0 MHOIOWIEHA B TOUKe X, TO ecTh a[n] x® + ... +a[1lx +
+aflo0].

Pemenme. (OnucbiBaeMbill aaropuTM HaszwBaeTcsa cxemon [oprepa.)

k :=0; y := a[n];

{unBapuant: 0 <= k <= n,

y= alnl*(x B crememm k)+...+a[n-1]1*(x B cremenu k-1)+...+
+ a[n-k]*(x B cremenu 0)}

while k<>n do begin

k :=k +1;
y :=y * x + a [nk];
end; O

1.2.13. ([nn 3maxombix ¢ ocHoBaMu aHaam3a; coobmmn A. . Kymmn-
penxo) [JOonoJHUTE ATrOPUTM BBITUCACHUS 3HAYEHUA MHOMOWICHA B 34 1aH-
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HOM TO4YKe IO cxeme ['OpHepa BBIMMCICHAEM 3HAYCHHUSI €0 IIPOU3BOTHOU
B TOHI e TOYKE.

Pemenne. Jo6asrenne HOBOro KO>(DOUIIEHTA COOTBETCTBYET HEPEXOLY
ot muorouiesa P(z) k muorowreny xP(z) + c¢. Ero npoussognas B TOu-
ke x pasua xP'(z) + P(z). (910 pemenne 061a1aeT 3a0aBHBIM CBOUCTBOM:
He HAaJ0 3HATDH 3apaHee CTENeHb MHOrOWIeHa. Ecm TpeGoBaTh BLINOTHEHNS
DTOrO YCIOBUSA, A& €IIE MPOCUTH BEIYUCIATH TOMBKO 3HAYMEHNE TIPOU3BO[-
HOU, HE yIIOMUHAA O CAMOM MHOTOTIEHE, TIOLYIAETCA He TaKasd yK MPOCTAA
3a1a4a.) O

O6mee yTBepxKIeHNE O CIOKHOCTY BBEIYUCIEHUS MPOU3BOIHBIX TAKOBO:

1.2.14. (B.Bayp, ®.Irpaccen) Jana nporpaMma BEIMUCICHUSA 3HATE-
HISL HEKOTOPOro MHorouwnena P(zq,...,z,), cogepxkamas TOIbKO KOMAH IbI
npucBamBaHuA. VX mpaBble 9aCcTH — BBIPAKEHWA, COMEPKAIIME CJIOKEHUE,
YMHOXKEHUE, KOHCTAHTHI, TTIEPEMEHHEBIE L1, ..., T, W PaHee BCTPEIABIINCC
(B leBont wacTu) nepeMenusie. J[oKka3aTh, YTO CYMIECTBYET MPOrPaMMa TOTO
JKe TUIMA, BEIYUCIAIMAL BCe N MPOU3BOAHEIX 0P/, . ..,0P/0x,,, npuiém
obmmee IucI0 apudmeTnieckux onepanun He 6Goaee uem B C' pas mpeBocxo-
AT IUCI0 apupMETHIECKAX ONEPANNN B UCXOAHOU mporpamme. Koncran-
ta C' He 3aBUCUT OT n.

[Ykasaume. MOXHO CUNTATh, 9TO KaXK1asg KOMAHJA — CJIOKEHUE IBYX
qUCes, YMHOXKEHUE IBYX YUCEN WIN yMHOXEHWe Ha KOHCTaHTy. Mcmoab3o-
BaTh WHIYKIUIO II0 YUCIY KOMAaHI, IPUMEHAA NHIYKTUBHOE IIPeATI0N0KeHIe
K IPOrpaMMe, HOLyIalolencs OTOPACHIBAHNEM IIEPBOH KOMAH L. (]

1.2.15. B maccuBax a: array[0..k] of integer mb: array[0..1] of
integer xpaHATCA KO3XPOUIUEHTH IBYyX MHOMOWIEHOB cremenen k u 1. Tlo-
MecTuTb B MaccuB c: array[0..m] of integer kosdpPUIMEHTHI UX IPO-
m3penenus. (Yucaa k,1,m — HaTypaibHble, m = k + 1; IeMEHT MacCuUBa
C MHIEKCOM i COmepxKuT KO3 HUINEHT MPU CTENeH: i.)

Pemrenne.

for i:=0 to m do begin
| c[i]:=0;
end;
for i:=0 to k do begin
for j:=0 to 1 do begin
| cli+jl := cli+j]l + alil*b[jl;
end;
end; O
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1.2.16. TIpemgoKeHHLIN BEHINIE ATTOPUTM MEPEMHOKEHUA MHOTOUJICHOB
TpebyeT mopaiKa n’ JeHCTBUI 1M MepeMHOKEHUA IBYX MHOTOWICHOB CTe-
nenu n. [Ipugymars 60aee dddEKTUBHBIN (115 OOMBIINX 1) AIMOPUTM, KO-
TOPOMY AOCTATOYHO mopsika n'°84/1983 rejcrauil.

[Ykazanue. [IpeacraBum cebe, 4TO HAIO MEPEMHOKUTD JBA MHOTOWICHA
crenenu 2k. X MOXHO peIcTAaBUTL B BUIE

A(x)z* + B(z) = C(z)z* + D(x).
[TIpoussenenune ux paBHO
A(z)C(z) 2** + (A(z)D(x) + B(z)C(z)) z* + B(z)D(x).

Ecrecrrennnin cnioco6 Boraucaenus AC, AD + BC, BD TpebyeT 4eThH-
PEX YMHOXKEHNU MHOTOYIEHOB CTeMeH: Kk, OMHAKO MX KOJIUIECTBO MOMKHO
COKPATUTHL [0 TPEX C MOMOIIBI0 Takou xurpocTtu: Beraucants AC, BD
u (A+ B)(C + D), a sarem 3ametuts, uro AD + BC = (A + B)(C + D) —
— AC — BD.] O

1.2.17. [Taubr g1Ba BO3pacTaommx MaccuBa x: array[l..k] of integer
m y: array[l..1] of integer. HamTm KoIM9IeCTBO OOUIMX DIEMEHTOB
B DTUX MAaCCUBAX, TO €CTh KOAUIECTBO TEX MEABIX t, MIA KOTOPHIX t =
=x[i] =y[j] mna mexoropwx i u j. (Yucro mercrsun nopaika k + 1.)

Pemrenne.

k1:=0; 11:=0; n:=0;

{unBapuanr: 0<=kl<=k; 0<=11<=1;

UCKOMEM OTBET = N + KOIMIEeCTBO obumx
snemenToB B x[k1+1]...x[k] u y[11+1]...y[1]}
while (k1 <> k) and (11 <> 1) do begin

if x[k1+1] < y[11+1] then begin
| ki := k1 + 1;
end else if x[k1+1] > y[11+1] then begin
| 11 := 11 + 1;
end else begin {x[k1+1] = y[11+1]1}
k1 := k1 + 1;
11 := 11 + 1;
n :=n + 1;
end;

end;
{k1l = k wnu 11 = 1, mo>ToMy OLHO U3 MHOXECTB, YIOMAHYTHX
B MHBapMaHTe, IyCTO, a N PaBHO MCKOMOMY OTBETY} O
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3ameuanme. B TpeThen ambTepHATUBE OCTATOYHO OBLIO OLI YBETUYIU-
BaTh OAHY 13 mepeMeHHBIX k1, 11; BTOpas mobaBieHa ATA CUMMETDPUU.

1.2.18. Pemmuth mpenpiayiryio 3agady, €Cau PO MaCCUBBI U3BECTHO
aumib, 9o x[1] < ... < x[k] u y[1] < ... < y[1] (Bospacranue 3amene-
HO HEyOLIBAHUEM).

Pemrenue. YcaoBue BO3pacTaHua ObLTO UCTIONB30OBAHO B TPETHEN albTep-
HaTuBe BhIOOpa: caABUHYB k1 m 11 Ha 1, MBI TeM caMbIM yMeHbIIAaW Ha 1
KOJMYIeCcTBO o0mux »aeMeHToB B x[k1+1] ...x[k] mw x[11+1]...x[1]. Te-
TIepb 3TO MPUAETCA METaTh CAOKHEE.

end else begin {x[k1+1] = y[11+1]}

t = x [ki+1];

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

| k1 := k1 + 1;

end;

while (11<1) and (x[11+1]=t) do begin

| 11 := 11 + 13

end;

n:=n + 1;

end; O

3aMedanue. JTa NPOrpaMMa UMeeT AedeKT: IIPU IPOBEPKE yCJAOBUIL
(k1<k) and (x[ki+1]=t)

(umu BTOPOTO, AHAJOTUYIHONO) TIPU JIOKHOU MEPBOU CKOOKE BTOPAA OKAKeT-
¢ GECCMBICACHHON (MHIEKC BBILAET 33 TPAHUILI MACCUBA) U BO3HUKHET
ommbka. Hexkoropwie Bepcun mackasns, BerIucass A and B, cHavYaga BbIYMM-
castior A u npu goxaOM A He BoramcasioT B. (Tak Begér cebs, manpumep,
cucrema Turbo Pascal Bepcun 5.0 — Ho ue 3.0.) Torga onucaxnas ommoka
HE BO3HUKHET.

Ho eciu MBI He XOTUM MOMAraThCA HA TAKOE CBOUCTBO MCHIOMB3YEMOU
HAMM Dpealu3anuu nackans (He mpegycMoTpenHoe ero asropoMm H.Bup-
TOM), TO MOXHO MOCTYIUTH TakK. BBEIEM IOMOIHUTENLHYIO [EeDEeMEeHHYIO
b: boolean u Hanumem:

if k1 < k then b := (x[kl+1]=t) else b:=false;
{b = (ki1<k) and (x[k1+1] = t)}
while b do begin

k1l:=k1+1;

if k1 < k then b := (x[kl+1]=t) else b:=false;
end;
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MoxHO Takx)e CaoemaTh MHA'E:

end else begin {x[k1+1] = y[11+1]1}

if k1 + 1 = k then begin

ki := k1 + 1;

n :=n+ 1;

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

end else begin

ki := k1 + 1;

n :=n + 1;

end;
end;

Tax 6ygeT kopode, XOTS MEHEee CUMMETPUIHO.
Haxkoner, MOXXHO yBeIMYUTh Pa3Mep MACCUBA B €r'0 ONUCAHUY, BKIIOIUB
B Hero (pUKTUBHBIE DJIEMEHTHI.

1.2.19. [lamsr gBa HeyObIBAOIMX MaccuBa x: array[1l..k] of integer
ny: array[1l..1] of integer. HauTu umcio pasin<aHBEIX STEMEHTOB CPeIn
x[1]1,...,x[x],y[1],...,y[1]. (Hucmo mercrBun mopsaaka k + 1.) O

1.2.20. [Mawmer gBa maccuBa x[1] < ... <x[k]l my[1] <...<y[1]. «Co-
emuuuTH uxX B MaccuB z[1] <... < z[m] (m =k + 1; KO IBIA DIEMEHT I0JI-
JKeH BXOAWTHL B MACCHUB Z CTOJILKO Pa3, CKOJLKO Pa3 OH BXOAUT B OOIIEN
CJIOXKHOCTU B MACCHUBHL X U ¥). JUCIO IEUCTBUU MOPAIKA M.

Pemrenne.

k1 := 0; 11 := 0;

{unBapuanr: orBer momyuurca, ecmum x z[1]..z[kl+11l] mobaBuTn
cmpaBa coepmuHenume MaccuBoB x[ki1+1]..x[k] = y[11+1]..y[11}

while (k1 <> k) or (11 <> 1) do begin

if k1 = k then begin

{11 < 1}

11 := 11 + 1;

z[k1+11] := y[11];

end else if 11 = 1 then begin

{k1 < k}

ki := k1 + 1;

z[k1+11] := x[k1];

end else if x[k1+1] <= y[11+1] then begin

ki := k1 + 1;

z[k1+11] := x[k1];

end else if x[k1+1] >= y[11+1] then begin
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11 := 11 + 1;
z[k1+11] := y[11];
end else begin
| { Taxoro me 6mmaer }
end;
end;
{ki1 = k, 11 = 1, MaccuBH COeIUHEHH} O

DTOT MPOLECC MOKHO MOACHUTE TakK. IIyCTh ¥y HAC €CTh ABE CTONKHU Kap-
TO4YeK, OTCOPTUPOBAHHBIX M0 aixdaBuTy. MbI coequnseM ux B OLHY CTOI-
Ky, BBIOMPAsA KaxX IbI Pa3 Ty U3 BEPXHUX KAPTOIEK 06EUX CTOMOK, KOTOPAs
UAET paHbIe B ATpaBUTHOM MOpsAAKe. FCau B 0 THOU CTOMKE KAPTOIKA KOH-
YUIUCH, 6EPEM WX U3 IPYTOU CTOMKH.

1.2.21. [Tauwr gBa maccuBa x[1] < ... <x[k] mwy[1] <...<y[1]. Hau-
TH UX «Iepecedenues, To ecth Maccus z[1] < ... < z[m] , comepxamunu ux
00IIIe DAEMEHTHI, MIPUIEM KPATHOCTH KaXK JOT'O DIEMEHTa B MaCCUBE Z PaB-
HAETCA MUHUMYMY U3 €r0 KPaTHOCTE! B MACCUBAX X U Y. UUCIO DencTBUn
nopsAagka k + 1. O

1.2.22. [lawer gBa maccuBa x[1] < ... <x[k]l my[1] < ... <y[1] u un-
cao q. Hauru cymmy Buga x[i] + y[j], mauGonee 6auskyto x wmcay q. (Hu-
CJI0 IEUCTBUN MOPAIKa K+1, NOMOJHATEIbHAs MaMAThL — (PUKCHPOBAHHOE
IO UEJIBIX EePEeMEeHHBIX, CAMU MACCUBBL MEHATH HE PA3PEIIASTC. )

[Ykasaume. Hago HAUTH MUHMMAIBHOE DACCTOSHME MEXKIY DIeMeHTa-
vz x[1] <...<x[k] mwq—yl[1l] <...<q—yl[1], 9To HEeTPYAHO creTaATH
B XOJl€ UX CJAUAHUA B OAUH (BOOODAIKAEMBIN) MACCHUB. | O

1.2.23. (U3 xuwru [I.Tpuca) HexkoTopoe 9UUCIO CONEPKUTCA B KarkK-
IOM U3 TPEX LEeJIOYMCIeHHBIX HeyObBaromux MmaccuBoB x[1] < ... < x[p],
y[1] <...<ylql, z[1] <... < z[r]. Hautu oxguo u3 rakux uucena. duciao
IEUCTBUAU JOMKHO OBITH TOPAIKA P + q + T.

Pemenne.

pl:=1; ql=1; ri:=1;

{uuBapuanr: x[p1]l..x[pl, ylqil..ylql, z[ri]..z[r]
comepxaT o6umMM >IeMeHT}

while not ((x[p1l=y[q1]l) and (y[q1ll=z[r1])) do begin
if x[p1l<yl[ql] then begin

| pl:=pl+i;
end else if y[q1]l<z[r1] then begin
| ql:=ql+1;

end else if z[r1]l<x[pl] then begin
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| ril:=ri+1;
end else begin
| { Tax He 6mBaer }

end;
end;
{x[p1] = ylq1] = z[r1l1}
writeln (x[p1l); O

1.2.24. Ta xe 3amada, TOTLKO 3apaHee HE M3BECTHO, CYIIECTBYET JIU
OOIINY DIEMEHT B TPEX HEYOBIBAIOIINX MACCUBAX U TPEOYETCA STO BHIACHUTH
(n HAUTY OAMH W3 OGIINX DIEMEHTOB, €CIN OHU €CTh). O

1.2.25. OmemenTamu maccuBa all..n] ABIAIOTCS HEYOBIBAIOIINE MACCHU-
BuI [1..m] menerx ducen:

a: array [1..n] of array [1..m] of integer;
al11[1]1 <...<al1l[ml,...,an][1]1 <...<aln][m].

WsBecTHO, 4TO CcymiecTByeT 4ucao, BXOAsinee BO Bce MaccuBhl alil (cy-
[IECTBYET TAKOE X, YTO MJIA BCAKOTO i m3 1..n mamaérea j uz 1..m, aas
koroporo ali] [j] = x). Hauitu 0gHO U3 Takux ¥mcen x.

Pemenme. Beeném maccus b[1] ...b[n], orMedaommn Hagamo «0CTao-
menca gactw maccuBos al1l,...,al[n].

for k:=1 to n do begin
| b[k]:=1;

end;

eq := true;

for k := 2 to n do begin
| eq := eq and (a[1]1[b[11] = alkI[b[k11);

end;

{uHBapuaHT: ocTaBuMecA YacTM IePeCeKaWTCA, T.e. CYWeEeCTBYeT
Takoe X, 4To &nA BcAxoro i m3 [1..n] maumérca j ms [1..m],
He Menbliee b[i], mma koroporo alil[j] = x; eq <=> mepsue
SIeMeHTH OCTABUMXCA JacTeM PaBHH}

while not eq do begin

s :=1; k := 1;

{als] [b[s]] - mummmanemoe cpemm al[1]l[b[1]1]..a[k][b[k]]1}

while k <> n do begin

k :=k + 1;
if alk] [b[k]] < a[s][b[s]] then begin
| s := k;

end;
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end;
{als][bls]] - vunumanemoe cpemu al[1]l[b[1]]..a[n][b[n]]1}
b [s] :=b [s] + 1;
for k := 2 to n do begin
| eq := eq and (al[1l[b[1]1] = alk]l[b[kl1);
end;
end;
writeln (a[11[b[111); O

1.2.26. TlpuBeaéunoe perneHne MpeILIAYINCN 3a0a49u TPeOyeT MOpAIKa,
mn? gercTBui. [IpuIyMaTh CIOCOO ¢ MHCIOM AEHCTBUH HOPATKA mN.

[Ykazanue. [Ipugércs moxeprBoBaTH CAMMETPUEN U BHIOPATL OLHY U3
CTPOK 3a OCHOBHYIO. [[BUrasich MO OCHOBHOU CTPOKE, MO IEPKUBAEM TAKOE
COOTHOIIIEHNE: BO BCEX OCTATLHBIX CTPOKAX OTMEYEH MAKCUMATLHBIN BJIe-
MEHT, He MPEeBOCXOJAINN TEKYIIEro SIeMeHTa OCHOBHON CTPOKIL. (I

1.2.27. ([Isowunbint mouck) [lana nocregosareasrocts x[1] <. .. <x[n]
HEJEIX IUCET W IUCIO a. BBEIACHUTDL, CONEPKUTCA U a B DTOU MOCAEI0BA-
TEIBHOCTH, TO €CTh CyIIecTByeT Ju i m3 1..n, mia koroporo x[i] = a.
(Kommectso gencrsuin nopsaka logn.)

Pemrenne. (IIpexmonaraem, 9To n > 0.)

1l :=1; r := n+l;

{r > 1, ecnu a ects Boobme, To ecTh u cpemu x[1]..x[r-1]}
while r - 1 <> 1 do begin

m:=1+ (r-1) div 2 ;

{I1<m<r}

if x[m] <= a then begin

| 1l :=m;

end else begin {x[m] > a}
| r:=m;

end;

end;

(O6paruTe BHUMaHUE, 9TO U B cIydae x[m] = a MHBAPUAHT He HApyIIa-
ercs.)

Kax et pas r — 1 yMEHBIIACTCA IPUMEPHO BABOE, OTKYAA U BEITEKAET
Tpebyemas OIeHKA IUCIA TeUCTBUN. O

3aMmedanue.

14 (r-1)div2= (21 + (r —1))div2 = (r + 1)div2.
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B sToll 3a1ate CYMeCTBEHHO, ITO MACCUB YIOPAI0IEH — IOUCK B HEYTIO-
PAJOYEHHOM MacCUBe TpeGyeT BpEeMeHH, IPOTOPIMOHATLHOTO IJINHE MAaCCh-
Ba. (ITo6BI yGeauThes, ITO KAKOrO-TO TUCAA HET B MACCUBE, HAA0 IPOCMO-
TPEThb BCE ero DIEMEHTEHL. )

1.2.28. (U3 xuurm [.Tpuca) Mmeercs maccus x: array[l..n] of
array[1..m] of integer, ymOpsAOYEHHBIN MO CTPOKAM U MO CTOIOIAM:

x[i] [

1 <x[i1[j+1],
x[1] [3]

x[i+1] [3],

NN

u uciao a. Tpebyercs BuLsICHUTD, BecTpedaercs au a cpexu x[1] [].

Pemenme. [Ipeacrasiasas cebe MaccuB x Kak MaTpuly (IPAMOYTOJbHUK,
3AIOJHEHHBIA YUCJIAMHA), MBI BBIOEDEM IIPAMOYTOIBHUK, B KOTOPOM TOJIBKO
U MOXKET CONEPKATHCA a, U OyIeM ero cyx)arThb. [IpaMoyroisHuK 3TOT 6y 1eT
comepxkarh x[1]1[jlmpr 1 <i<luk<j<m

1 k m

(momyckaroTcA mycThIe TPAMOYTOMBHUKY Tipu 1 =0 u k =m + 1).

1l:=n; k:=1;
{1>=0, k<=m+1, ecmm a ecTh, TO B ONNCAHHOM IPAMOYTONbHUKE}
while (1 > 0) and (k < m+1) and (x[1]1[k] <> a) do begin

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

| k := k + 1; {mesmi crombem He cComepxXuT a, yIamdeM erol
end else begin {x[11[k] > a}
| 1 := 1 - 1; {uuxuAA cTpoka He COLEPXUT a, yLaudeM ed}
end;

end;

{x[1]1[k] = a wmm mpaMOyrombHUK IycCT }

answer:= (1 > 0) and (k < m+1) ;

3ameuanue. 3nech Ta ke ommbka: x[1] [k] mMoxeT okazaThcsa Heompe-
npenéuaeiM. (E€ ucnpasienue npegocTaBIsaeTcs IuTaTedmto. ) O
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1.2.29. (MockoBckasa omuMmuata Mo nporpaMMupoBanuo) [lan HeyObI-
BAOIIANA MACCUB MOJOXKUTETLHEIX meablx uncen a[1] < al2] <... < a[n].
HanTu sanMenblee menoe moJ0KUTeIbHOE YUCIO0, He IPEICTABUMOE B BUIE
CYMMBI HECKOIBKUX DJIEMEHTOB 3TOr0 MACCUBA (KAXKIBIU DIEMEHT MacCUBa
MOXKeT OBITh UCIOIB30BAH He 6osee OHOro pasa). uciao AeNCTBUN HOPII-
Ka n.

Pemrenwe. I[Iycte m3BecTHO, 9TO WUMCIA, IPEICTABUMBIE B BHALE CYMMEI
anemenToB al1],...,alk], sanomuaioT oTpe3ok ot 1 10 HekoToporo N. Ec-
au alk+1] > N+1, 7o N+1 1 Oy e T MUHIMAIBHBIM YUCJIOM, HE IIPEeICTABIMBIM
B Buje CyMMbI diaemeHToB MaccuBa all]...al[n]. Ecm xe al[k+1] < N+1,
TO YUCJA, MPEICTABUMEIE B BUIe CyMMBI daemenToB al[1] ... a[k+1], samon-
HAIOT OTpe3ok or 1 go N+a[k+1].

k :=0; N :=0;
{uHBapuaHT: umMcma, HpencTaBMMHE B BHIE CYMMH DIIEMEHTOB
maccuBa al[1]..alk], zanmommswTr orpesox 1..N}
while (k <> n) and (al[k+1] <= N+1) do begin
N := N + al[k+1];
k : =k + 1;
end;
{(k = n) wnu (alk+1l] > N+1); B obomx cmyvasx oreT N+1}
writeln (N+1);

(CuoBa TOT )€ HedEKT: B yCIOBAW IUKJIA TPHU JOKHOM IIEPBOM YCIOBAU
BTOPOE HE OMPEIEICHO. ) O

1.2.30. (/[Inn 3HAKOMBIX C OCHOBaMu aareGper) B memoduciaennoM mac-
cuse a[1] ...al[n] xpanurcsa nepecranoBka qucea 1...n (Kaxnoe u3 ducen
BCTPEYAETCA 110 OJHOMY Pasy).

(a) Ompenennts wérHoCTh MepecranoBku. (M B (a), n B (6) xomudecTBO
IEUCTBUN TOPAIKA 7. )

(6) He ucnionbays Apyrux MacCUBOB, 3aMEHUTH IEPECTAHOBKY Ha 0OpaT-
HyIo (ecau 10 paboTer nporpammer al[i] = j, To mocae gomkso ObITh 2[j] =
=1i).

[Ykasaume. (a) TETHOCTE MEPECTAHOBKY OMPEIEIAETCA KOAMIECTBOM I[1-

K70B. UTOOB OTIMIATL yKe MPOUIEHHBIC UKL, ¥ WX DIEMEHTOB MOKHO,
Hampumep, MeHATh 3HakK. (6) O6palneHre IPOM3BOAUM IO LUKJIAM.] O

1.2.31. [laum maccus a[1..n] u yucao b. [lepecTaBuTh YnCIa B MaCCUBE
TaKUM OOPaA30M, YTOOHI CJAEBA, OT HEKOTOPOU TPAHUIIET CTOATA IUCIA, MEHb-
M€ UK PABHLIE b, & CIIpaBa OT MpaHUIBl — OOIbiIe nin pasabe b. Tucao
NEUCTBUN MOPAIKA 1.
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Pemrenne.

1:=0; r:=n;

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

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

| 1:=1+1;
end else if a[r] >=b then begin
| r:=r-1;

end else begin {a[l+1]1>b; al[r]<b}
. .moMenaTs al[l+1] u a[r]
1l:=1+1; r:=r-1;
end;
end; O

1.2.32. Ta xe 3agata, HO TpeOyeTCa, ITOOBI CHAYATA ILTU DAEMEHTHI,
MeHbIIe b, 3aTeM paBHbIE b, a Juiib 3aTeM 60abIIMe b.

Pemrenme. Teneps mOTpe6yIOTCA TPU CPAHAILE: 40 TEPBOUW OyAyT UATH
DJIEMEHTHI, MEHBIIe b, OT IIePBOU 10 BTOPOU — paBHLIE b, 3aTeM Hems-
BECTHO KakKue 10 TPeThen, a nocie Tperbern — Odmbmue b. (Boxee cum-
METPUIHOE PEIIeHNE UCTONB30BAIO OBl YeTHIPe TPAHUIILI, HO BPAL JU UTPa,
CTOUT CBed.) B KauecTBe 0UEpeIHOr0 pacCMaTPUBAEMOrO DIEMEHTa Oepém
DIEMEHT CIPaBa OT CPETHEN TPAHUIIL.

1:=0; m:=0; r:=n;

{uuBapuanT: all..1]<b; al[l+l..m]=b; alr+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

..obMenaTs a[m+1] u al[r]

r:=r-1;

end else begin {a[m+1]<b}

..obMenaTs a[m+1] u a[l+1]

1:=1+1; m:=m+1;

end;

end; ]

1.2.33. (BapuadT npepiaymen 3a,1a4Mu, HA3BAHHBIA B KHUTE [[eMKCTPHI
3a1a4er 0 romaHackoM ¢.uare.) B maccuse miumHBL n cToAT "mcaa 0, 1 u 2.
IlepecTaBuTh UX B MOPAIKE BO3PACTAHUS, €CIM €IUHCTBEHHOUN PA3P CIIEHHON
omepaiuen (IOMUMO YTEHW:A) HaJ MACCUBOM ABJAETCS MEPECTAHOBKA ABYX
DJAEMEHTOB. uCI0 IelCTBUH MOPAIKA N. O
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1.2.34. [lam maccuB all..n] u uncao m < n. /19 KaK 1000 yIacTKa U3
m CTOAIIUX PAJOM WIEHOB (TAKUX YIACTKOB, OYEBUIHO, N — m + 1) BBIUU-
cauthb ero cymmy. Obmiee Iucao IeUCTBUN JOMKHO OBITH MOPAIKA N.

Pemenune. Ilepexons oT ydacTka K COCEIHEMY, MBI TOOABISEM OIUH
WIEH, & IPYTOU BBIYUTAEM. O

1.2.35. [lanma xBampatHas Tabmmma all..n][1..n] u yucoo m < n. [Tiaa
KaxkK OO0 KBaApaTam X M B 3TOX TAOJIUIE BEIMUCAUTE CyMMY CTOAIINAX B HEM
mcen. O6mmee IMCI0 TeHCTBUN TOPAIKA n2.

Pemrenne. Cradana mifd KaxXgoro TOPU3OHTAIBLHOIO MPAMOYTOIBHIKA
pasMepoM m X 1 BuruucageM cymmy crosmumx B HéM uncen. (Ilpu casure
TAKOT'O TMPAMOYTOJBHUKA O TOPU3OHTAINA HA 1 HYXKHO NOOABATH OIHO HN-
CJO U OJHO BBIYECTb.) 3aTEM, UCIOIb3YsA STU CyMMbI, BBIMUCIACM CyMMbI
B kBagparax. (Ilpu caBure KBaapaTa Mo BEPTUKAIA JOOABIACTCA MOIOCKA,
a Ipyras molocka yOaBJIaeTcs. ) O

1.2.36. B maccuse al[1]...al[n] BcTpedatoTcsa Mo oqHOMY pa3y Bce Iie-
Jeie uucia ot 0 10 n, KpoMe OAHOro. HauTu mponymeHHoe Yucio 3a BpeMs
TOPAAKA N U C KOHEYHOU TOTOJHUTEIHLHOU MaMATHIO.

[Ykasaume. CIOXUTE BCe UnCIa B MacCcuBe. | (]

1.3. NuaykTusHsle dyHkuun (no A.T. KywHuperko)

[Tycts M — mexoTopoe MuoxkecTBO. Dyukuus f, aprymMmenTaMu KOTOPOU
SABJSTIOTCA MOCJAEIOBATEIBHOCTY DIEMEHTOB MHOXKECTBA M, 8 3HAMEHUAMUN —
DIEMEHTHI HEKOTOPOT0 MHOXKeCTBa N, HaswiBaeTCA undykmuenot, ecan eé
3HadeHne Ha nocaegosarerbHocTy x[1] ...x[n] MOXHO BOCCTaHOBUTH TIO
eé 3mavennto Ha mocaenoBarenbHocTr x[1] ... x[n-1]1 u mo x[n], To ecTn
ecau cymecTyeT pyHKnua F: N X M — N, aaa KkoTopon

f((x[1],...,x[n])) =F(£((x[1],...,x[n-1]1)),x[n]).

Hanpumep, pyuknma sum (CyMma BCEX WIEHOB MOCIEI0BATEILHOCTY) UH-
IYKTUBHA, TOCKOIBKY OUYE€PEIHON WIEH MOCJIeI0BATEILHOCTY TPUOABIACTCA
K eé cymMe:

sum((x[1],...,x[n])) = sum((x[1]1,...,x[n-11)) + x[n].

Ipyrou mpumep MHIYKTUBHOU (DYHKIMU — IIMHA IOCACLOBATEILHOCTH.
B srom caygae F(n,m) =n + 1.
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Hamporus, cpennee apudMeTHIeCKOe He ABIACTCI MHIYKTUBHON (DYHK-
[VEN: eCIM MBI 3HAEM CpelHee apudMeTUIeCKOe HEKOTOPOU MOCIe[OBATE b
HOCTH, HO HE 3HAEM €€ IJIMHBI, TO HE MOXKEM NPEeNCKa3aTh, KAKAM CTa-
HET cpegHee apudMEeTHICCKOE IIOCAe JONUCHLIBAHAA HEKOTOPOTO (M3BECTHO-
ro HaM) 9UCIA.

CxeMa, afropuTMa, BEIYUCTICHUS UHIYKTABHON (DYHKIIUN:

k :=0; £ := £0;

{uuBapuanr: f - 3HaveHme ¢ymkumm Ha <x[1],...,x[k]>}
while k<>n do begin
k :=k + 1;
f :=F (f, x[k]);
end;
3aecs £0 — 3HadveHue QYHKIUM HA IIyCTOU MOCJAEIOBATEILHOCTH (II0-

caenosarensHocTu gauer 0). Eciun ¢yukiua £ ompenenena TOILKO HA He-
IIYCTHIX MOCAEIOBATEIBHOCTAX, TO NEePBAA CTPOKA 3aMEHAETCA Ha

k:=1; f:=f(<x[1]>);

Eciu pyukuua £ He ABIACTCA UHIYKTUBHON, TOJIE3HO UCKATH €6 undyk-
MUBHOE PACUUPERUE — TAKYIO MHIYKTUBHYIO (DYHKIUIO g, 3HATCHIA KOTO-
pou ompeneraoT 3HadeHusa £ (3TO 3HAYUT, YTO CYLIECTBYET Takasd (DyHK-
nusa t, ITo

f((x[1]...x[n])) =t(g((x[1]...x[nl)))

upu Beex (x[1]...x[nl)). Moxuo gokasars, 9TO cpegu BCeX UHIYKTUB-
HBIX DACIIMPEHUA CYMIECTBYET MUHUMAILHOE pacumpenue F (MUHUMATD-
HOCTb O3HAYAET, UTO AJIA JI0OOT0 UHIYKTUBHOIO PACIIAPEHUA g 3HAYeHUA F
OTPENENAIOTCA 3HATCHUAMA ).

1.3.1. YkazaTb UHIYKTUBHBLIE PACIIUPEHUA A CICAYIOMUX (PyHKIUA:

(a) cpeanee apupMETUIECKOE TOCIEIOBATEIBHOCTY BEIIECTBEHHBIX M-
cer;

(6) IMCI0 BAEMEHTOB MOCIEJOBATEIBLHOCTY IEIbIX IUCET, PABHBIX €€ MaK-
CUMAJIBHOMY DJIEMEHTY;

(B) BTOpOU MO BEIUYUHE DIEMEHT MOCJAEIOBATEILHOCTU LEIBIX <UCE
(ToT, KOTOPBIU OyAET BTOPHIM, €CJU I€PECTABATL WIEHBL B HEYOBIBAIOIIEM
HOpSAIKe);

(r) MaxcuManTbHOE YUCI0 UAYIIMX MOAPAL OJUHAKOBBIX DJIEMEHTOB;

(1) MakcUMATbHAA IJIMHA MOHOTOHHOI'O (HEyOBIBAIOUIErO WU HEBO3DA-
CTAIOIIEr0) YIACTKA U3 UAYIIUX MOAPSAL DIEMEHTOB B IIOCIEJOBATEABHOCTH
LIEJIBIX TUCEU;
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(e) 9MCmo TPYNN U3 eIVHUL, Pa3AeJCHHBIX HYJIAME (B TOCIEI0BATEILHO-
CTHU HYJeU U eIUHUIL).

Perenne.

(a) (cymma Bcex €I€HOB MOCAELOBATENLHOCTH; JIMHA);

(6) (umcno >mMeMeHTOB, PABHBEIX MAKCUMATLHOMY; 3HAUEHNE MaKCHMA/b-
HOT'O);

(B) (HAMOONBIIME BIEMEHT MOCIELOBATEIBHOCTH; BTOPOU 110 BEJIMIUHE
DIIEMEHT);

(r) (MakcuMaIBLHOE YMCIO UAYIIUX TOAPSI ONUHAKOBLIX DIEMEHTOB; -
CJIO UAYIIUX TOAPAL OJAMHAKOBLIX DJIEMEHTOB B KOHIIE TOCJIEI0BATEILHOCTH;
MOCEHAN DIEMEHT TTOCIeI0BATENLHOCTH);

(n) (MakcuManbHASA AIMHA MOHOTOHHOI'O YIaCTKA; MAKCAMAIbHAS V-
HA HEyOBIBAIOMIETO YIACTKA B KOHIE TOCIEIOBATEIBHOCTH; MAKCUMATLHAS
[IJIMHA HEBO3PACTAIOIIErN0 yUACTKA B KOHIE MOCJICIOBATEMILHOCTH; MOCAEI-
HUI “UIeH TTOCIEI0BATENLHOCTH);

(e) (umeno rpynm w3 eIVHUL, TOCTEIHUN “LIEH). O

1.3.2. (Coo6umn [I.B.Bapcanodres) [laHbl IBe MOCISIOBATEILHOCTH
uensix uncen x[1] ... x[n] uw y[1] ...y [k]. Boiacuurs, spasercs 1 BTopas
TOCTEOBATETLHOCTD MOAMOCIENOBATETLHOCTHIO TIEPBOM, TO €CTH MOKHO JIN
U3 TIEPBOU BLIYEPKHYTH HEKOTOPBLIE WIEHBI TAK, YTOOBI OCTAIACH BTOPASI.
Yucao mercTBUM mOPAIKa n + K.

Pemenune. BapuauT 1. Bygem cBoauTh 3amady K 3amade MEHBIIETO Pa3-
Mepa.

nil:=n;
kl:=k;
{unBapmanT: uckommi oTBeT <=> Bo3MoxHocTb 3 x[1]..x[n1]
momyyurs y[1]..y[k1] }
while (n1 > 0) and (k1 > 0) do begin
if x[n1] = y[k1] then begin
nl := nl1 - 1;
k1l := k1 - 1;
end else begin
| nl := nl1 - 1;
end;
end;
{n1 = 0 umux k1 = 0; ecax k1 = 0, To oTBeT - ma, ecmum ki<>0
(x n1 = 0), To oTBeT - HeT}
answer := (k1 = 0);

Mzur ucnionszoBanu T0o, 9To ecau x [n1] = y[k1] mwy[1] ... y[k1] — mox-
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nocrenoBaTenbHOCTh x [1] ... x[n1], To y[1] ...y[k1-1] — moamocenosa-
TeabHOCTh x[1] ... x[n1-1].

Bapuant 2. ®yukuus (x[1]...x[n1]) — [makcumauasroe k1, 111 KOTO-
poro y[1]...y[k1] ects moamocaenoBarensuocts x[1]...x[n1]] uanyx-
TUBHA. O

1.3.3. Hamwr gee mocaepoBarembHocTum x[1]...x[n] m y[1]...y[k]
HeIBX ducea. HalTh MakCHMaabHYO IIMHY IOCJAeOBATEILHOCTH, ABJIA-
IOLIENCA TIOAIOCAE[0BATEILHOCTLI0 00enx mociegosaTensaocTen. Kommae-
CTBO OTMEpaIy MOPAIKa 1 - K.

Pemenue (coo6meno M. H. Banausanrom, A.M. Tumenrmanom). O6o-
suauuM 4epes f(p,q) MAKCHUMATBLHYIO IJIUHY OOIIEH MOIOCTENOBATEILHO-
ctu nocregosarensrocten x[1] ... x[p]l m y[1]...y[q]. Toraa

x[pl #ylql = £(p,q) =max(f(p,q—1),f(p—1,9));
x[p]l =ylql = £(p,q) =max(f(p,q—1),f(p—1,q9),f(p—1,9—1)+1);

(Mockoawky f(p — 1,9 — 1) + 1 > f(p,q — 1),£f(p — 1,9), BO BTOPOM CIy-
Jae MaKCUMyM TPEX UHCea MOXKHO 3aMEHNUTb HA TpeThe U3 Hux.) IlosToMmy
MOYKHO 3aOTHATL TAabIUIly 3HadeHun GyHKIuUN f, NMerolyo pa3Mep n - k.
MoxHO 060UTUCE U TAMATHIO HOPALKa K (11x n), ecaiu UHAYKTUBHO (110 P)
Boraucaath (f(p,0),...,f(p,k)) (kak QpyHKIUI OT p B>TOT HAOOD UHIYK-
THBEH). O

1.3.4. (I3 xuuru [.Tpuca) [laxma mocieqoBaTeIbHOCTD LEIBIX HHCET
x[1],...,x[n]. Hautn MakcuMaipHyio IIMHY €€ BO3PACTAIOMIEN [TOIIIOCIE-
IOBATEIBHOCTH (YUCIO TEUCTBUU MOPAIKa n logn).

Pemenme. Vckomas QpyHKIMA HE WHIYKTUBHA, HO UMEET CJICAYIOIICE
UHIYKTUBHOE PACIIUPEHUE: B HECO BXOAAT MOMUMO MAKCUMAIBHOU IJUHBI
BO3PACTAIOLICH TOANOCIENOBATEILHOCTY (0003HAYMM €& k) TaKkKe U IUCIa,
ul1],...,ulk], rge uli] — MUHUMATLHBIA U3 MOCAEIHUX LICHOB BO3DACTA~
OIUX ToATocTIefoBaTenbuocTen mmuabl i. Odesuano, ull1] < ... < ulk].
[Ipu mobaBreHUM HOBOT'O WIEHA B X 3HAMEHUA U U K KOPPEKTUPYIOTCA.

nl :=1; k :=1; u[1] := x[1];
{unBapuanT: k ¥ U COOTBETCTBYWT [LAaHHOMYy BHIlE ONUCAHUL}
while n1 <> n do begin

nl :=nl1 + 1;

{i - maubomblee U3 Tex uMUcCel orpeska 1..k, mma
xoTopux ul[i] < x[n1]; ecmm Takux Her, TOo i=0 }
if i = k then begin
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k :=k + 1;

ulk+1] := x[n1];
end else begin {i < k, ul[i] < x[n1] <= ul[i+1] }
| uli+1] := x[n1];

end;
end;
dparmMeHT ... UCIOAB3YeT UACI0 ABOMYHOIO [IOUCKA; B MHBAPUAHTE YCIOB-
o moaaraem ul0] paBHBIM MuHYyC 6eckonedHocTH, a ulk+1] — mmoc Gec-

koHeuHocTu. Hama meas: uli] < x[n1] <uli+1].

1i:=0; j:=k+1;
{uli] < x[n1] <= uljl, j > i}
while (j - i) <> 1 do begin

s =1+ (j-i) div 2; {i < s < j}
if x[n1] <= u[s] then begin
| j = s;
end else begin {uls] < x[n1l}
| i = s;
end;
end;
{ulil < x[n1] <= u[j], j-i = 1} L

3ameganme. Bomee npocroe (HO HE MUHUMATBHOE) WHIYKTUBHOE PAaC-
[P EHUE MOMYIUTCA, €CAN A KaXKJI0T0 1 XPAHUThL MAKCUMATBHYIO IJITHY
BO3PACTAOIIEH II0AIOCIEI0BATEALHOCTH, OKagIuBatomencsa Ha x[i]. OrTo
paCIIIpEeHUe IPUBOIUT K aICOPUTMY C IUCJIOM AercTBui nopaska n’. Ects
U APYrOW U3SMIHBIA AICOPUTM C KBaADATUIHBIM BPEMEHeM PaboThl (co-
o6umt M. B. Beorus): HaUTH MaKCUMATBHYIO OOLILYIO TOAIOCIEI0BATEb-
HOCTB UCXOJHOU TOCICJOBATEILHOCTI U OTCOPTUPOBAHHON TOCICIOBATEC/IEb-
HOCTHU C TIOMOIIBIO TPEILIAYINEN 33, TaM7.

1.3.5. Kakue u3MeHeHUs HyKHO BHECTU B PEIICHNE MPENLIIyIIeH 3a-
Ja<u, eCau HAIO0 UCKATH MAKCHMAJIBHYIO HEYOBIBAIOIIYIO IOCJEIOBATEIb-
HOCTB? O



“progbook” — 2013/10/22 — 18:36 — page 42 — #42

2. NOPOXAEHUE
KOMBUHATOPHbBLIX
OBBEKTOB

31echb coGpaHbl 330a491, B KOTOPLIX TPEOYeTCs MOAYIUTb OMUH 33 IPY-
I'UM BCe dJeMEHTHI HEKOTOPOI'0 MHOXKECTBA.

2.1. PasmeleHunsa c noBTopeHusmu

2.1.1. Hamewyarars Bce mocaegoBATeILHOCTU JJIMHEL K 13 gucena 1. .n.

Pemenne. Bygem nedarars ux B JaekcukorpaduieckoM nopsike (mocuae-
IOBATEJBHOCTD & MPEAIIECTBYET MOCIEI0BATEILHOCTH b, eCiu I HEKOTO-
pPOT0 8 WX HAYAMBHLIC OTPE3KU IIUHBLI § PABHBI, & (s+1)-LIU WIeH TOCIeI0-
BATEILHOCTH a MeHbIne). [lepBon 6y 1eT MoCIen0BaTeIbHOCTE <1,1, ..., 1>,
MOCJAeTHEN — MOCJAEI0BATEIBHOCTD <n,1, . ..,n>. Bygem XpaHuTs mocaen-
HIOIO HAIEYaTAHHYIO MOCIeIOBATENLHOCTL B Maccuse x[1] . .x [k].

...x[1]...x[k] momoxurs paBHEMuM 1
.. .HameyaTaTb X
...last[1]...last[k] momoxuTe paBHEM n
{HamevaTaHn Bce [0 X BKINYUTEIBHO}
while x <> last do begin
.X = cIenylmad 3a X IOCIELOBaTEIbLHOCTH

...HameyaTaThb X
end;

Omnumem, Kak MOXKHO MEPEUTH OT X K CICAYIOMEN TOCIeI0BATEIHLHOCTH.
CoracHo OTpeeneHnio, y CIeIYOMeN MOCIeI0BATENLHOCTH EPBHIE S e~
HOB [IOKHBI OBITH TAKUMU XKe, a (s+1)-b — GombIre. JTO BO3MOKHO, €C-
au x[s+1] menbue n. Cpegu Takux s HYXKHO BLIOpAaTh HauboJbliee (MHAYE
Oy IeHHAA [MOCAEI0BATEILHOCTD He OyAeT HEMOCPEACTBEHHO CJAELYIOMen).
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Cootrsercraytomee x[s+1] myxHO yBeauwuutsh Ha 1. UTak, HAIO, IBUTAACH
C KOHIIA TIOCIEOBATEALHOCTH, HAUTY CAMBIN MPABBIA WICH, MEHBIIMA n (OH
HAUAETCA, T. K. [0 IPEANOIOKEHNI0 Xx<>last), yBeaIuduTh ero Ha 1, a umay-
M€ 33 HUM “IEHBI OJOXKUTH DABHBIMU 1.

p:=k;

while not (x[p] < n) do begin

| p:=p-1;

end;

{x[p] < n, x[p+1] =...= x[k] = n}

x[pl := x[pl + 1;

for i := p+l to k do begin

| x[i]:=1;

end; O

3ameqanue. Ecau wieHaMu mocie10BaTEIbHOCTU CINTATE YUCAA HE OT 1
non, a or 0 10 n-1, TO mepexoq K CIeIyIIEeMy COOTBETCTBYeT IpubaBiIe-
HUIO €UHUIBI B N-UYHOU CUCTEME CIUCJICHUA.

2.1.2. B npemmokeHHOM alrOpUTMe UCTOIL3YeTCA CPABHEHNE TBYX Mac-
cuBoB (x <> last). YcTpanuThb ero, 1o0aBUB OyJEBCKYH MEPEMEHHYIO 1
7 BKJIIOYWB B MHBAPUAHT COOTHOIIIEHUE

1 & mocIenoBaTeNbHOCTD X — HOCTAeTHAA. O

2.1.3. Hameuararb BCe IIOIMHOXKECTBa MHOXKecTBa {1...k}.

Pemrenwme. [ToxmuOXECTBA HAXOLATCS BO B3aMMHO OJHO3HAYHOM COOT-
BETCTBUU C TOCAEIOBATEILHOCTAMYI HYJEH U €IUHUIL TJUHEL K. 0

2.1.4. HameuaraTh Bce TOCTEIOBATETHHOCTHU TMOJOKUTETHHBIX IIEJBIX
quce] IIVHEL K, ¥ KOTOPBIX i-BIM WIEH He MPEBOCXOMNUT 1. O

2.2. [lepecTaHoBKM

2.2.1. HameuaTaTh BCe MEPECTAHOBKU UucenI 1..n (TO eCTh MOCIen0Ba-
TEILHOCTU IJIWHEL N, B KOTOPBIE KAXKI0€ U3 DTUX YUCET BXOAUT MO OJHOMY
pasy).

Pemenne. Ilepecranosku Oymem xpanuThb B Maccuse x[1]..x[n] u me-
garaTh B Jekcukorpadudeckom nopagke. (Ilepeou mpu >Tom Oymer mepe-
cTaHoBKa (12...n), mocaeguen — (n...21). /I cCOCTaBIEHUs aIrOPUTMA
mepexona K CIeAyIOMen MepecTAHOBKe 333 UMCSA BOIIPOCOM: B KAKOM CJIy-
4ae K-bIll WIeH MePecTAHOBKU MOYXKHO YBEIUYIUTH, HE MEHAA MPENbITYIInX 7
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OTBeT: eCcIu OH MEHBINE KAKOTO-TU00 U3 CICAYIOUIMX WICHOB (T.€. WICHOB
¢ momepamu 6oubine k). Mbl TOKHBL HAUTU HAXGOIBIIEE kK, TPU KOTOPOM
3TO Tak, T.e. Takoe k, 4To

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

[Tocne sToro 3uauenme x[k] HYKHO YBEIMYNTH MUHUMAIBHBIM BO3MOXK-
HBEIM criocobom, T.e. gauTu cpenu x [k+1]. .x[n] maumensiiee quciao, 60/1b-
mee ero. [Tomenss x [k] ¢ HuM, OcTaéTCA PACIONOKATL TUCAA C HOMEPAMU
k+1..n Tak, 9TOOLI EPECTAHOBKA OLLTA HAUMEHBINEH, T.€. B BO3PACTAIO-
IIeM MOPSIIKe. DTO OOMErvIaeTCs TeM, UTO OHU yiKe PACHONI0XKEHHl B yObIBA-
OIIeM TIOPsIIKE.

AsropuTM mepexona K CAeqyIOMIeN IepecTaHOBKE:

{<x[1]...x[n]> <> <n...2,1>}
k:=n-1;
{mocnenoBarensHocTs cmpaBa oT k y6mBawmas: 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 umemm orpeska x[k+1] > ... > x[t] Gomeme x[k]}
while (t < n) and (x[t+1] > x[k]) do begin
| ti=t+1;
end;
{x[k+1] > ... > x[t] > x[k] > x[t+1] > ... > x[n]}
obmMenaTs x[k] u x[t]

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

. mepecTaBUTH y4acTok x[k+1] ... x[n] B o6parHoM mopamke (I

Sameuanue. [IporpaMma nMeeT 3HAKOMBIN qedeKT: ecau t=n, 7o x [t+1]
HE OTpeeNeHo.

2.3. llogmHoxecTBa

2.3.1. [Tnasaganaeix nuk (k < n) nepeducanTs Bee K-DJIeMEHTHBIE [0/~
MHOXeCTBa MHOXecTBa {1..n}.

Pemrenwe. Byaem mpeacTaBaaTh Kax [0€e M0 IMHOXKECTBO TOCICIOBATEIb-
wocthio x[1]..x[n] Hymen u eguuuUI] IIUHEI n, B KOTOPOU POBHO K eu-
uui. ([Ipyrou cmocob npeacrasienua pasbepém nosxe.) Takue mocaenosa-
TEJIBHOCTH yIOPALOYNM JeKCuKorpaduiecku (cM. Boiie). O9eBUIHBIN CIIO-
cO0 peIeHns 3aa4Mu — MepedbupaTh BCe MOGIEIOBATEILHOCT KAK PAHbIIE,
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a 3aTeM oTdUpaTh CPEeau HUX Te, Y KOTOPHIX K eIMHUI] — MBI OTOPOCUM,
CYATAA €r0 HEDKOHOMUUHBLIM (IUCJA0 MOCACIOBATEILHOCTEN C K € IMHUIIAMY
MOXKeT OBITH MHOT'O MEHBILE YUC/Ia BCEX NOCAeRoBaTenbHocTen). Bynem uc-
KATb TAKOU AJICOPUTM, YTOOLI MOMYIEHUEe OUEePETHON MOCAeI0BATEILHOCTH
TpeboBaio He Ootee C-n NeUCTBUN.

B kakoMm ciaydae s-BIi 9IeH MOCAeOBATEILHOCTU MOXKHO YBEIUYIUTh, HE
mvenssa mpensiayimme? Fcanm x[s] mensercs ¢ 0 Ha 1, TO mIIa COXpaHeHUs
o0IIero Jmeaa eIuHuIl HyKHO cripaba oT x [s] samennTs 1 ma 0. [as sTo-
ro HaJI0, 9T00kI crupasa oT x[s] eguuunsl Obutn. Ecim Mbl xoTuM mepentn
K HEMOCPEACTBEHHO caefyiomemy, To x[s] momxeH ObITH HEpBBIM CIPABA
HYJIEM, 33 KOTOPBIM CTOAT eJUHUIEL. JIerko BuaeTs, uro x [s+1]1=1 (unaue
x[s] me mepsem). Takum 06pa3oM HALO UCKATHL HAMOOJBIIEE S, IJIA KOTO-
poro x[s]=0, x[s+1]=1:

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

3a x[s+1] MOryT UATH eIé HECKOTBKO €UHUII, a MOCIe HUX HECKOABKO HY-
naen. 3amenus x [s] Ha 1, HaJO0 BHIOPATH UAYIINE 33 HAM WIEHBI TaK, ITOORI
MOCJIEI0BATEIBHOCTD OBLTA OBl MUHUMAIBHA C TOUKY 3PEHUA HAIIETO MOPSI-
Ka, T.€e. ITOOBI CHAYAMIA LM HYJIU, & TOTOM €UHUIIBL. BOT YTO MOIyIaeTcs:

mepBas MoCIeI0BATEILHOCTD: 0. .01. .1 (n-k myzen, k equnn);
MOCJAETHAA MOCAENOBATEIBHOCTE: 1..10..0 (k equnui, n-k "yxen);

aaropuTMm mnepexoga kK caepyiomen 3a x[1]..x[n] nocremoearensrOCTH
(mpegmosaraeM, 9TO OHA €CTh):

s :=n - 1;

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

end;

{s - umen, mommexaumi um3MeHeHumw c O Ha 1}
num:=0;

for k := s to n do begin

| num := num + x[k];

end;

{num - wmcmo emmmun ma yvactke x[s]...x[nl], umcmo mymen
paBHo (mmuEa - uucno emuuuu), T.e. (n-s+1) - num}

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

end;
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{ocramoce moMecTuTh num-1 emuHMI B KoHIe}

for k := n-num+2 to n do begin

| x[k]:=1;

end; O

[pyrou crnoco6 mpencTaBIieHnsa IOAMHOXKECTB — DTO [MePeInCIeHIe UX
27AeMEeHTOB. ITOOBI KaxKI0€ MOIMHOXKECTBO UMEIO0 POBHO OTHO MPEICTABIIE-
HUEe, TOTOBOPUMCS IEPEINCIATE DJIEMEHTHI B Bo3pacTarorieM nopagke. [Ipu-
XOIUM K TaKOU 3aJade.

2.3.2. TlepeuncauTh BCe BO3PACTAOIINE MOCACIOBATEILHOCTH IIUHBI k
u3 umcen 1..n B aexcukorpaduaeckom mopsaske. ([Ipumep: mpu n=5, k=2
moryaaem: 12 13 14 15 23 24 25 34 35 45))

Pemerwre. MunnmaibHOR Gy €T MOCIEIOBATEILHOCTD (1 2. .. k); MakcH-
manbHOn — ((n-k+1) ... (n-1) n). B xaxoM ciydae s-BII WIEH MOCIEIOBA-
TeIBHOCTH MOXKHO yBeanuuTh! OTBer: ecan oH Menblre n-k+s. Ilocae yse-
JUYEHNs S-TO DIEMEHTa BCe CAeAyIOue TOMXKHBL BO3PACTATH C IIAroM 1.
[Mony<zaem Takol aICOPUTM MEPEXOJa K CICIYIOMeMy:

s:=n;

while not (x[s] < n-k+s) do begin
| s:=s-1;

end;

{s - HoOMep >meMeHTa, HOLNIEXallero yBEIUICHUNL};
x[s] := x[s]+1;

for i := s+1 to n do begin
| x[i] := x[i-11+1;
end; O

2.3.3. IlycThb MBI pemmau TpeacTaBIATh K-3IeMeHTHBIE MOIMHOKECTBA
MHOXecTBa {1..n} yOBIBAIOIIMME MOCTENOBATEALHOCTAMNI [IIWHBL K, YIO-
PALOYEHHBIMU TO-TpexHeMy Jexcukorpadudecku. ([Ipumep: 21 31 32 41
42 43 51 52 53 54.) Kak BuINIAZUT TOra aJrOPUTM [EPEXOaa K CJIeLy-
omen?

Orser. Umem naubGoasmee s, aaa koroporo x[s+11+1 < x[s]. (Ecan
Takoro s Hetr, moiaraem s=0.) Yeeauaus x [s+1] Ha 1, KIa1éM OCTATBHBIE
MUHUMAIBHO BO3MOKHBEIMA (% [t]1=k+1-t m1sa t>s). O

2.3.4. PemmumTh mBe OpebIIyIIve 3amadu, 3aMEHUB JeKCUKOTpaduie-
CKUU MOPAJOK Ha OOPATHBLIA (paHblle UAYT Te, KOTOPHLIE OOMBIIE B JEK-
CUKOTIPAQUIECKOM TIOPAIKE). O

2.3.5. Ilepeunciurs Bce BaokKeHUs (PYHKIUM, MEPEBOISINME DA3HLIE
DJIEMEHTH B pa3Hble) MHOXKecTBa {1..k} B {1..n} (upeamomaraercs, aro
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k < n). Iopoxkgenue 0vepeIHOro BAEMEHTa JOTKHO TpebGoBaThH He 6oJee
C - k JercTBUA.

[Ykasaume. DTa 3ajaua MOKET OBITH CBEIEHA K EPEINCICHUIO TOIMHO-
KECTB U EPECTAHOBOK IEMEHTOB KaxK0r0 IIOAMHOXKECTBA. | O

2.4. PazbueHus

2.4.1. TlepeuncanTb Bce pas3zbUEHUA IEIOTO MOJOKUATEJLHOIO THCIA N
HA I[IeIble TOJOXKUTEIbHBIE ClaraeMble (pasOueHus, OTINIAIOMUeCcs JULlb
HOPAIKOM CIAraeMblX, cauTaorca 3a oxHo). (IIpumep: n=4, pasbuenus
1+1+1+1, 2+1+1, 242, 3+1, 4.)

Pemenue. [Torosopumcsa, ato (1) B pazbueHusax ciaraeMbie UIyT B He-
BO3PACTAIOIEM MOPAAKE, (2) caMu pa3sOMeHUA MBI MEPEIUCIAeM B JEKCUKO-
rpadguieckoM nopanke. Pazbuenue xpanum B Hadauae maccusa x[1]..x[n],
IPU DTOM KOJUYECTBO BXOIAMUX B HEro 4ucen obo3HadmM k. B magasne
x[1]=...=x[n]=1, k=n, B koue x[1]=n, k=1.

B xakom cayuae x[s] MOXHO yBEIMYUTH, HE MEHASA MNPENBIIYIINAX?
Bo-trepBrix, gomxHO OBITH x[s-1]1>x[s] mmm s=1. Bo-BTOpBLIX, 8 JOTXK-
HO OBITH HE MOCJAEIHUM DJIeMEHTOM (yBeIMdeHUE S HaJ0 KOMIIEHCUPOBATH
YMEHBIICHUEM CJCAYIOMNX). YBEAMIUB S, BCE CACIYIOUIME DIEMEHTH HAL0
B3ATH MUHUMAIBHO BO3MOXKHBIMU.

s :=k - 1;

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

end;

{s - mommexamee yBenumueHnuw craraemoe}
x [s] := x[s] + 1;

sum := 0;

for i := s+l to k do begin

| sum := sum + x[i];

end;

{sum - cymMa umenom, crosBumx mocme x[s]}

for i := 1 to sum-1 do begin

| x [s+i] := 1;

end;

k := s+sum-1; O

2.4.2. TlpencTapasas mo-TpexXHEeMY pa30ueHusa Kak HeBO3PACTAIOIINE IO~
CJeIOBATENBHOCTH, MEPEIUCIUThb UX B MOPIAAKE, OOPATHOM JEKCUKOTpadu-
geckoMy (s n=4, HaIpuUMep, JOKHO ObITH 4, 3+1, 242, 2+1+1, 1+1+1+1).
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[Ykazauue. YMeHbIIATH MOKHO MEPBEIN CIIPABA UIeH, He PABHBIN 1; Hall-
I €ro, YMEHBINUM Ha 1, a CAeIyoIMe BO3LMEM MAKCAMATHLHO BO3MOXKHEI-
Mu (PaBHBIMU €My, IIOKA XBATAET CYMMBI, & MOCIEIHUN — CKOIBKO OCTa-
HeTCs). ] O

2.4.3. Ilpencrapias pa3OueHns Kak HEYOBIBAIOIIWE ITOCICIOBATEILHO-
CTH, MEPEYUCINTh UX B JeKcukorpahuaeckom mnopsiake. [Ipumep nas n=4:
1+1+1+1, 14142, 143, 242, 4.

[Ykazanue. [locaegauil <wieH yBeAMIUTH HEJb3sA, a HPEANOCAETHAN —
MOXKHO; €CJIM IOCJe YBeIUdeHus Ha 1 mpesnociefHero WiIeHa 3a CIET IO-
CIeIHer0 HAPYIINTCA BO3pacTaHne, TO U3 IBYX WIEHOB HAIO CIETaTh OJUH,
€CIU HeT, TO MOCASTHUN WICH HAI0 PA3OUTh HA CAAraeMble, PABHBIE TP eIbl-
OYIIEMY, 1 OCTATOK, HE MEHBILIUI ero.| (]

2.4.4. TlpeacraBaaa pas3OueHUs Kak HEYOBIBAIOIINE IMTOCIEIOBATETHLHO-
CTHU, MEPEIUCAUTh UX B MOPAIKE, OOPATHOM JeKcukorpadpuieckomy. [Ipu-
Mep quag n=4: 4, 2+2, 1+3, 1+1+2, 1+1+1+1.

[Ykazanue. YTo0br daemenT x[s] MOXKHO GBLIO YMEHBIIUTDL, HEOGXOIU-
MO, 94T00bI =1 miu x[s-11<x[s]. Ecan x[s] me nocaequuu, To >T0ro u mo-
crarouno. Eciau on mocaegnun, To Hyx)HO, 9T00b X [s-1] < |x[s]1/2| nmm
s=1. (3mecsb || 06o3HATAET LTy JacTh «.)] O

2.5. Kogbl ['pesa u aHanoru4yHbie 3aga4um

Nuorma GuiBaeT MOJE3HO MEPEIUCIATE OOBEKTH B TAKOM MTOPAIKE, ITO-
OBl KaxKABI CJICIYIONMA MUHAMAJLHO OTAMYAICA OT HpeabLaymero. Pac-
CMOTPUM HECKOTBKO 33429 TaKOT'0 POJIA.

2.5.1. TlepeuncauTs Bce TMOCTEAOBATENLHOCTU NIWHBI n U3 umcea 1..k
B TAKOM TIOPAIKE, UYTOOLI KK Iad CICAYIOMAA OTINIATACH OT TPEALITYIIen
B IMHCTBEHHOU Iudpe, TpuIéM He Oosee, 1em Ha 1.

Pemrenne. PaccMoTpuM mpaMOYTOTBHYO TOCKY ITUPUHBI N U BEICOTHI K.
Ha xaxgou BepTukamu OygeT CTOATHL MIAMKa. TakuMm 00pa3oM, MOTOKe-
HUS IIAIIEK COOTBETCTBYIOT MOCAEAOBATEABHOCTAM U3 Yucesa 1. .k IInHBI n
(S-BII WIEH MOCIEJOBATEIBHOCTH COOTBETCTBYET BBICOTE LIALIKKA HA S-OU
Beprukaan). Ha KaxIOW LIAlIKe HAPUCYEM CTPEJOYUKY, KOTOPas MOXKeT
OLITHL HATPABICHA, BBEPX WM BHU3. BHaUaTe BCe MIAMKY TTOCTABUM HA HUXK-
HIOI TOPU3OHTATHL CTPEIOYKON BBepX. /lamee NBUTAEM IIAINKU TO TaKOMY
MPABIWIY: HAUIA CAMYIO MPABYIO IIAIIKY, KOTOPYIO MOXKHO TIOIBUHYTH B Ha-
npaBieHry (HAPUCOBAHHOU HA HEW) CTPEJNKU, IBUTAEM eé Ha OJHY KIETKY
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B DTOM HAMpPABICHWUH, a BCE CTOALIME MpaBee Heé Mamku (OHU yIEpauch
B Kpay) pa3zBOpaIMBAEM KPyTOM.

ScHO, 9YTO HA KaXI0M IIare TOJIBKO OMHA IIAIIKA CABUTAETCS, T. €. OIUMH
WIEH TOCJAE0BATEILHOCTH MeHdaeTca Ha 1. [JokaxkeM MHIYKIWEN [0 n, 9T
IIPOXOAATCA BCE MocaenoBareabnocTy u3 ducen 1. .k. Caydan n=1 oueBueH.
I[Iyctes n>1. Bee xoaur momenuMm Ha Te, TAE TBUTACTCA MOCTACTHAA IIAIIKA,
u Te, Tle IBUTAETCSA HE MOCIeTHSAsA. BO BTOPOM CIyvae MOCTETHS IIAIIKA
CTOUT y CTEHBI, U MBI €€ IOBOPAYUBAEM, TAK UTO 3& KaXKIBIM XOIOM BTOPO-
ro tuna creayeT k-1 XOZOB mepBOro THITA, 3a BPEMs KOTOPBIX ITOCJEIHSIA
mamka moObIBaeT BO BCEX KJIETKAX. KCau MBI Tenephb 3a0yJeM O MOCJe[-
HEW TIAITKe, TO IBUKEHUSA MEPBLIX n—1 M0 MPEITION0KEHII0 WHAYKIIUU TTPO-
6eramoT BCe MOCJAEIOBATEILHOCTY [IIVNHBI n-1 MO OOHOMY Pa3y; IBUKEHU
JKe TMOCHeTHEN MAITKYA U3 Ka¥K I0U MOCIeIOBATeILHOCTH IIMHLI n—1 nematoT
k mocaeqoBaTeIbHOCTEN [IVHLL .

B mporpamme, momumo mocaemosBateabuoctu x[1]..x[n], 6ymxem xpa-
HuThH MaccuB d[1]..d[n] m3 wmcen +1 m -1 (+1 cOOTBETCTByeT CTpeEIKe
BBEPX, -1 — CTpEIKE BHU3).

Hauanbuoe cocrosume: x[1]=...=x[n]=1; d[1]=...=d[n]=1.

[Ipuseném aaropuTM nepexofa K CIeAyOLen MOCAeI0BaTeAbHOCTH (01-
HOBPEMEHHO BBISCHICTCS, BO3MOXKEH JI IIePEX0] — OTBET CTAHOBUTCS 3HA-
“YeHueM OyJeBCKOU IEPEMEHHOU P).

{ecnu MoxHO, cHemaTh war ¥ NONOXUTH p := true, ecnm Her,
nomoxuts p := false }
i := n;
while (i > 1) and
(((d[il=1) and (x[il=n)) or ((d[il=-1) and (x[i]=1)))

do begin

ir=i-1;
end;
if (d[i]=1 and x[il=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+l to n do begin

| aljl := - a[jl;

end;
end; O

3ameuanwe. [[151 10CIEI0BATEILHOCTEN HYICU U €IUHUI] BO3MOXKHO IDY-
roe peleHue, UCnoab3yomee gsondHyo cucremy. (MMenHo 0OHO cBA3BIBA-
eTcs OOBIYHO ¢ Ha3BaHUEM «Konbl ['pesy.)
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SamumieMm noapan Bece dnciaa ot 0 1o 2" — 1 B gBomunou cucreme. Ha-
IpuUMep, IJII N = 3 HAIKUIIEM:

000 001 010 011 100 101 110 111

3areM Kaxaoe U3 YUCeN MOABEPrHEeM MPeOOpPA3OBAHUIO, 3AMEHUB KaXK VIO
uudpy, KpoMe IepBOU, Ha e€ CyMMY C Ipeablayien uudpou (o Moayo 2).
WNuwIvMu cnoBamMu, SIUCIO G, Ao, - - - , G, TPEOOPA3YEM B @1,G1 + Q2,02 + A3, . . .
ey Upo1 + an (cymma mo mMomyaro 2). s n = 3 noaydauM:

000 001 011 010 110 111 101 100

Jlerko mpoBepuTh, Y9TO OMUCAHHOE NPeoOPA3OBaHUE YUCeT OOPATUMO
(u TeM caMbIM Ha8T BCE MOCIENOBATEILHOCTH IO OAHOMY pa3y). Kpome To-
0, IBOMYHLIE 3AIIMCU COCEIHUX IUCEJN OTAMIAIOTCA 3aMeHon kouna 011...1
wa kouerr 100...0, ¥To — mocie npeobpa3oBaHUs — MPUBOIUT K U3MeEHe-
HUIO eIUHCTBEHHOU MU(pPHI.

Ilpumenenne kona I'pesa. IlycTs ecTh BpaAIAOMIAACA OCb, U MBI XOTHUM
[IOCTAaBATEL IaTYMK yIVIa IOBOPOTa »ToU ocu. Hacamum Ha ochb Gapabaw,
BBLIKPACUM IIOJIOBUHY OapabaHa B YEPHLIM [IBET, TOJOBUHY B OCILIA W yCTa-
HoBuUM GoTozaemenT. Ha ero Bwixome OymeT B monoBuHe caydaeB (0, a B
nomosuHe 1 (T.e. MBI U3MEpAEM YrOa «C TOIHOCTBIO 10 180»).

PaseépTika Gapabana:

0 1

[ M - ciens Goka

Crenas pAgoM APYTYIO TOPOXKKY U3 IBYX YEPHBIX U OEIBIX TaCTen U Mo-
CTaBUB BTOPOU (POTODMEMEHT, MOIYIAEM BO3MOKHOCTH U3MEPUTL YTOM C
TOYHOCTBIO 10 90°:

Cruenas TpeTsio,

00001111
00110011
01010101
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MBI U3MEPUM yT'OJ C TOYHOCTBIO 10 45° u T. 1. DTa Uaes UMeeT, OTHAKO, He-
MOCTATOK: B MOMEHT MEePeCceeHNA IPAHUIT CPA3y HECKOIBLKO (hOTOITEMEHTOB
MEHAIOT CUTHAJ, W €CIM DTU U3MEHEHUs MPOU3OUAYT He COBCEM OIHOBPE-
MEHHO, Ha KaKOe-TO BPeMs MOKa3aHUA (PpOTORIEMEHTOB Oy Iy T O€CCMBICICH-
moiMu. Kogwr I'pes mossomsior msbexars sron omacuoctu. CreraeMm Tax,
9TOOBI Ha KA JOM I1are MeHsJIOCH MOKA3aHue JUIIL 0 THOTO (pOTOIIEMEHTA,
(B TOM WMCIE U HA MOCTETHEM, TIOCE IEeI0ro 060poTa).

00001111
00111100
01100110
[
[ N

[

Hanucannaa mamMmu GopMmysa MO3BOAIET JEMKO MPEOOPA30OBATEH TAHHBIE
OT (POTORJIEMEHTOB B IBOUYHBLIN KO yIVIa MTOBOPOTA.

3aMeTuM TaK¥kKe, 9TO MeOMETPUIECKHU CYIIECTBOBAHUE KOa ['pes o3Ha-
YaeT HAIMYUE (CAMUJIbTOHOBA LUKJIA» B N-MEPHOM Ky6e (BO3MOKHOCTH
00OUTU BCE BEPIMUHBI Ky0a MO pa3y, ABUTAACH MO PEOpaM, U BEPHYThHCA
B UCXOIHYIO BEPIIUHY ).

2.5.2. Hamedararh BCe mepPeCTAHOBKM YMCEJa 1..n TakK, ITOOBI KA IasI
CJEAYIOMAA MOy IaIacCh U3 NPEeAbLAYIIEN ePEeCTAHOBKON (TPAHCIO3UIMEN )
IBYX cocemHux udmcen. Hampumep, mpu n=3 QOMYyCTUM TaKOU MOPAIOK:

321 —-23.1—-2.13—-123—-1.32—312
(Mex Iy TepecTaBIAeMBIME IUCAAMY BCTABIEHBL TOUKH).

Pemenue. Hapagy ¢ MHOXECTBOM MepeCcTaHOBOK PACCMOTPUM MHOMKE-
cTtBO mocrenosarensrocTern y[1]. .y [n] menwx meoTpuUmaTEIBLHBIX YUCET,
nast koropeix y[1]1 <0, ..., y[n]l <n-1. B HéM cTOIBKO K€ BIEMEHTOB,
CKOJBKO B MHOXKECTBE BCEX TIEPECTAHOBOK, U MBI CEUYIAC YCTAHOBUM MEXK Iy
HUMJ B3aMMHO OTHO3HAYTHOE COOTBETCTBUE. VIMEHHO, KaxK 10U TepeCcTaHOBKE
ITOCTAaBUM B COOTBETCTBHUE TocaenoBarensHocts y[1]..y[n], rae y[i] —
KOIMYECTBO TUCET, MEHBINX i U CTOAIINX JeBee i B DTOU MEPECTAHOBKE.
Bsanmuas 04HO3HAYHOCTH BBITEKAET U3 TAKOr'O 3amedaHus. [lepecTanHos-
Ka Yucesa 1..n MOAydaeTcs W3 mepecTaHoBku ducen 1..n-1 goOaBieHueM
49UCIa N, KOTOPOE MOXKHO BCTABUTH HA Ji000e u3 n MecT. IIpu sToM K como-
CTaBIAEMON C HEU TOCIC[OBATEILHOCTY NJOOABIACTCA CIE ONUH YIeH, MPU-
HUMAIOUWN 3HaYeHus oT 0 1o n-1, a TpessIIyIe WIeHBl He MEeHSIHOTCH.
[Ipu sTOM OKa3BIBAETCS, 9YTO U3MEHEHUE HA EAWHUILY OJHOT'O U3 JIEHOB I10-
CIeIOBATEJIBHOCTU § COOTBETCTBYET TPAHCIO3UIUU IBYX COCEIHUX IUCEI,
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€CJIN BCe CJAeIYIONINE TUCIa TOCAEeJOBATENLHOCTA ¥ IPUHNIMAIOT MAKCAMATh-
HO WO MUHUMATHLHO BO3MOXKHBIE MM HUX 3HAaUeHUsA. IMEHHO, yBequdeHue
y[i] ma 1 cooTBeTCTBYET TPAHCIO3UIMY YUCAA 1 C €0 MPABBIM COCEIOM,
a YMEHBIIIEHEe — C JEeBBIM.

Temeps BCHOMHZM pemIeHuE 3aAa¥u O MEPEYUCICHUU BCEX MOCJIeI0BaA-
TETLHOCTEN, Ha, KAXKIOM IIare KOTOPOrO OJWH IeH MEHICTCA Ha, eIUHUILY.
3aMeHUB MPAMOYTOJIbHYK JOCKY HOCKOU B (DOPME JECTHUIEI (BBICOTA, i-01
BEPTUKAIM DABHA 1) M ABUTrAs LIALIKA 110 TEM XK€ IIPABUIAM, MbI NIEDEIU-
CJIUM BCE TOCIEAOBATEILHOCTH Y, IPAIEM i-BIM WieH OyIeT MEeHATHCA KaK
Pa3 TOJBKO eciau BCe CIeAyomme mamku cToaT y kpas. Hago emgé ymers
MapaLIeqbHO C U3MEHEHUEM Y KOPPEKTUPOBATE MepecTaHoBKY. OUeBu THEIN
cnoco6 TpedyeT OTHLICKAHUA B HEU YUCTA, i; 3TO MOXKHO OOJErYUThL, €CJIU
TTOMUMO CAMOU MEPECTAHOBKU XPAHUTE (DYHKIUIO

i +— mo3uuuA Yucaa i B mepecTaHOBKE,

T.e. 0OpaTHOE K IMEepEecTaHOBKEe OTOOpaXKeHue, 1 COOTBETCTBYIOIMUM 00pa-
30M €€ KOpPEKTUPOBaTh. BOT Kakasa momydaeTcsa mporpaMMa:

program test;
const n=...;
var
x: array [1..n] of 1..n; {mepecramomka}
inv_x: array [1..n] of 1..n; {ob6paTmHas mepecranoBka}
y: array [1..n] of integer; {y[i] < i}
d: array [1..n] of -1..1; {mampaBmenus}
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;{mepsaa: y[i]=0 mpm Bcex i}
| var i : integer;

begin
for i := 1 to n do begin
x[i] = n + 1 - i;
inv_x[i] :=n + 1 - i;

y[i]:=0;
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| d[i]:=1;
end;
end;

procedure move (var done : boolean);

| var i, j, posl, pos2, vall, val2, tmp : integer;

begin

i := n;

while (i > 1) and (((d[il=1) and (y[il=i-1)) or
((d[il=-1) and (y[il=0))) do begin

i = i-1;
end;
done := (i>1); {ympomeHue: mepBHN UIeH Hemb3A MEHATH}

if done then begin
y[i] := y[il+d[i];

for j := i+l to n do begin
| d[31 := -d[j1;

end;

posl := inv_x[il;

vall := i;

pos2 := posl + d[il;

val2 := x[pos2];

{posl, pos2 - HoMepa mepecTaBIAEMHX DIEMEHTOB;
vall, val2 - ux 3Hadenma; val2 < vall}

tmp := x[posi];

x[posl] := x[pos2];

x[pos2] := tmp;

tmp := inv_x[vall];
inv_x[vall] := inv_x[val2];
inv_x[val2] := tmp;
end;
end;
begin

set_first;

print_x;

b := true;

{HamevaTaHH Bce NmEpPeCTAHOBKU LO TeKylled BKINYUTENLHO;
ecnu b moxXHO, TO TeKymas - MOCHeIHAA}

while b do begin
move (b);
if b then print_x;

end;

end.

53
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2.6. Heckonbko 3amevaHunn

I[TocmoTpuMm emé pas Ha UCTOTHL30BAHHBIE HAMU MpuEMbI. BHavame yna-
BATOCH PEIUATH 33Ja49y MO TAKOW CXEMe: ONpeneaseM TMOPALOK Ha TMOIJe-
JKAIINX TIEPEINCTICHNI0 0OBEKTaX U ABHO OMUCHLIBAEM TIPOIEAYPY TEPEXoaa
OT JAaHHOIO OOBEKTA K CJeAyomeMy (B CMBICAE STOrO mopsaska). B 3agade
o xozxax ['pest noTpeboBaIOCH XPAHUTE, IOMAMO TEKYIIEero OOBEKTAa, U HEKO-
TOPYIO JONOMHUTEJNbHYI0 uHopManuio (HanpasiaeHus crpenok). Hakowern,
B 3a,1a%€e O MepeInCACHIN MEPECTAHOBOK (HA Ka¥K IOM Iare TOMyCTAMA OTHA,
TPAHCIO3ULIAA) MBI IPUMEHUIA TAKOU TPUEM: YCTAHOBUIM B3AUMHO OTHO-
3HAYHOE COOTBETCTBUE MEXK Iy MePEednCAIeMBIM MHOXKECTBOM U APYTruM, 60-
Jiee IPOCTO YCTPOEHHBIM. TaKUX COOTBETCTBUN B KOMOMHATOPUKE U3BECTHO
MHOrO. MBI mpuBeaéM HECKOJBKO 33134, CBA3AHHBIX C TAaK HA3BIBAEMBIMU
«ancaamu Karamanay.

2.6.1. IlepeuncauTs Bce MOCAEIOBATEILHOCTH IJIUHBL 2N, COCTABICHHBIE
U3 N eIUHUII U N MUHYC eIWHUIl, ¥ KOTOPBIX CYMMa JI000r0 HAMAILHOTO OT-
pe3ka HeOTpHulaTeTbHa, T.€. YUCI0 MUHYC €IUHUI] B HEM HE MPEBOCXOIUT
qucna equanil. (ucao Takux mocaenoBaTeIbHOCTEN Ha3bIBAIT 4ucaom Ka-
masana; GopMyay aa ducen Karamana cM. B cleayiomeM pasiese. )

Pemenue. 306paxas equnauiry Bektopom (1,1), a MUHYC eIMHUILY BEK-
Topom (1,-1), MOXHO CKa3aTh, ITO MBI UieM Iyt u3 ToIku (0,0) B TOU-
Ky (n,0), HE OMyCKAIOIMINECS HUXKE OCH abOCIIHCC.

Bynem mepednciaTs moCienoBaTENBHOCTH B JEKCUKOTPAPUIECKOM MO~
psaaxe, cauras, uTo -1 mpemgmectsyer 1. [leprou moCIeIOBATEIHLHOCTHIO
OymeT «mmman

a TIOCTEIHEN — «TOpKay
1, 1, 1,..., 1, -1, -1,..., -1.

Kax mepeutu oT mocremoBaTensHOCTH K caenytomen? /o HEKOTOpPOro
MEeCTa OHU IOJKHBI COBIAIATH, & 3aTeM HAI0 3aMeHuTh —1 Ha 1. MecTo 3a-
MEHBI TOJKHO OBITH PACIOIOXKEHO KaK MOXKHO npasee. Ho samenaTs -1 Ha 1
MOKHO TOJBKO B TOM CJIydae, eCJU CIPaBa OT Heé eCThb eIuHuIa (KOTOPYIO
MOXKHO 3ameHuThb Ha —1). [locme 3amensr -1 Ha 1 MBI IPUXOAUM K TAKOU 3a-
nade: (pUKCUPOBAH HAYATLHBIN KYCOK MOCASIOBATEILHOCTH, HA IO HAUTH MU-
HUMAJbHOE IpogomKenne. Eé perenne: Ha10 NPUINCHIBATEL —1, €CIl 3TO HEe
HAPYIIUT YCJIOBUA HEOTPUIIATEILHOCTH, & MHAME TPUMUCHBATE 1. [Toxydaem
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TAKYIO TTPOTPAMMY:

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

procedure get_next (var a: array2n; var last: Boolean);
{B a moMemaeTcs cmemywwas MOCIeLOBATEIBHOCTH, €CIN}
{ona ects (umpm sTom last:=false), unade last:=true}
var k, i, sum: integer;
begin
k:=2%n;

{unBapuaur: B alk+l..2n] TompkO MUHYC emUHMIE}
while alk] = -1 do begin k:=k-1; end;

{k - maxcumanbHOe cpemm Tex, mma xoTopux alk]=1}
while (k>0) and (alk] = 1) do begin k:=k-1; end;
{al[k] - camas mpaBazs -1, 3a kKoTopo¥ ecTb 1;

ecmu Taxux HeT, To k=0}

if k = 0 then begin

| last := true;

end else begin

last := false;

i:=0; sum:=0;

{sum = a[1]+...+al[il}
while i<>k do begin

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

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

{BmmoTe mo alk] BCé m3MeHeHo, sum=al[l]+...+al[k]}
while k <> 2%n do begin

k:=k+1;

if sum > O then begin

| alk]:=-1

end else begin

| alk]:=1;

end;

sum:= sum+alk];

end;

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

end;

end; O

2.6.2. IlepeuncanThb BCe paCCTAHOBKU CKOOOK B IMIPOU3BEICHUN N COMHO-
xurenen. [[opsagok COMHOKUTEIEN HE MEHACTCA, CKOOKY TOJIHOCTBIO OMpe-
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IEeMAIT MOPANOK gAeucTBuu. Hampumep, m1a n=4 ecTh 5 pacCTaHOBOK:

((ab)c)d, (a(bc))d, (ab)(cd), a((bc)d), a(b(cd)).

[Ykazanue. KaxgoMy HOpsaiky IeUCTBAUN COOTBETCTBYET IIOCJEHOBA-
TEJIBHOCTH KOMaH[ CTEKOBOI'O KAIBKYJIATOPA, OMUCAHHOrO Ha . 143.] (]

2.6.3. Ha oxpyxHOCTHE 33,1aHO 2n TOYEK, MPOHYMEPOBAHHLIX OT 1 10 2n.
[TepeuncanTe BCe crmocoOBI TPOBECTHU N HEIEPECEKAOIIUXC XOP I C BePIIIu-
HAMU B DTUX TOYKAX. O

2.6.4. TlepeuncauTs Bce CIOCOOBI PA3pe3aTh N-YTIOJBHUK HA TPEYTOMb-
HUKW, IPOBELA N—2 ero ANAroHAIH. (]

(MBI BepHEMCA K PA3PE3aHUI0 MHOTOYTOJBHUKA B PA3Ieae O TUHAMUYIC-
CKOM MPOrpaMMupOBaHuH, ¢. 136.)

Emé onue xmacc 3ajad Ha TEPEYUCICHUE BCEX DIEMEHTOB 3aTaHHOTO
MHO¥KECTBA MBI PACCMOTPUM HIKE, 00CYKIAg METO TIOUCKA C BO3BPATAMHI
(backtracking).

2.7. MNoacueT konnuyecTs

NHorga MOXHO HAUTH KOJIUIECTBO OOBEKTOB C TeM WJIM WHBIM CBOU-
CTBOM, He mepeducias ux. Kaaccuaeckuu npumep: C’,’i — 9HCJ0 BCex k-due-
MEHTHBIX MOAMHOXECTB N-3IeMEHTHOTO MHOXKECTBA — MOXKHO HAUTHU, 3a-
TTOJMHAA TAOIUILYy MO (pOpMyIaM

Ch=Ch= (n=1)
ch=ctlyck . (n>1,0<k<n)

uiu 0o gpopmyie

|
Ck — n.
"kl (n—k)!
(Meprerit cioco6 addexTurHee, €CTM HAJO BEMUCTATE MHOTO 3Haxenuit CF )
IIpuBeném mpyrue mpuMepshl.

2.7.1. (Yucno pazbuenun; npegrarazach Ha BcecoiosHon oauMnmage mo
nporpamMupoBaruio 1988 roxa) Ilycre P(n) — 4ucio pa3sbueHuu meaoro
MOJOKUTEIBHOTO 7. Ha [EJBIE TOJ0KUTEIbHEE caaraeMbie (6e3 yaéra 1mo-
pamka, 1 +2 u 2+ 1 — oxuo u To ke pasbuenue). IIpu n = 0 nomoxum
P(n) =1 (eguucTBeHHOE pa3bueHMe HE CONEPKUT caaraeMbx). [locTpours
anroput™ BerauciaeHus P(n) nus 3agasaoro n.
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Peurenne. MoxHO 10Ka3aTh (3TO HETPUBUAIBLHO) TaKyo (GOPMYIY A
P(n):

P(n)=P(n-1)+P(n—2)—P(n—5)—P(n—7)+P(n—12)+P(n—15)+...

(3HAKW y TAD WIEHOB YEPENyIOTCA, BEMATAEMLIE B OJHOU TAPE DABHBI
(3¢> — q)/2 m (3¢ + q)/2; cymma xomewna — mbr cauTaem, ato P(k) =0
npu k < 0).

Oxuako u 6e3 e€é MCIOTb30BAHMA MOXKHO TNPUAYMATH CIOCOO BHIUUCTE-
A P(n), KOTOPBIM CymecTBeRHO > deKTUBHEE TTEPE6OPa U MOACIETA BCeX
pasbueHun.

O6osuauum gepes R(n, k) (masn >0, k > 0) 1ucio pasbueHuit n Ha Le-
JIBIE TIOJOXKUTENbHBIE craraemee, He npesocxogsamue k. (Ipu arom R(0, k)
canTaem paBHbM 1 mia Beex k > 0.) Ouesuguo, P(n) = R(n,n). Bece pa3tu-
eHUs N Ha CJaraeMble, He MPEBOCXOAANMe k, Pa3o0bEéM Ha T'DYNILI B 3aBU-
CHMOCTH OT MaKCHMAIBHOT'O cIaraeMoro (00603uaduM ero i). Jucao R(n, k)
paBHO cymme (1o BceM i oT 1 10 k) KoamdecTs pa3sbUeHUN CO CIaraeMbIMu
He GOnbIIe k N MaKCUMATHLHBIM CIATAeMBIM, DABHBIM . A pa3OueHus n Ha
craraeMble He 6onee k ¢ TepBBIM CTAraeMbIM, DABHBIM i, [0 CYIIECTBY Mpe[-
CTABIIOT COGON pa3OMeHns n — ¢ Ha, ClaraeMble, He TPEeBOCXOIAIINE 4 (Ipu
i < k). Tak aro

k
R(n, k) :ZR(nfi,i) npu k < n,
i=1

R(n,k) = R(n,n) upu k > n,
YTO MO3BOJAET 3AlOJHATEL TAOINIY 3HaUYeHUn QyHKImn K. (]

2.7.2. (CuactauBble OWIETHI; OpeIaraiack Ha BcecoosHou omuMnua-
ne no mporpammuposanuio 1989 roga.) HocregosareasHocTs U3 2n mudp
(xaxnas mudpa oT 0 10 9) HABLIBAETCA CIACTIABLIM OUIETOM, €CAU CyMMAa
mepBEIX N udP paBHA cyMMe nocaeranx 1 mudgp. Hantu ucio caacTanBerx
MOCICJOBATEIFHOCTEN JAHHOU JJINHEL.

Pemenne. (CooOImIEHO OTHAM U3 YIACTHUKOB OJUMIIAAIL; K COXKAICHUIO,
HE MOT'Y yKa3aTh (haMUWINI, TaK KaK pabOThl MPOBEPATUCH 3amudpOBaH-
ueivu.) Pacemorpum Gosee obmiyio 3agady: HAUTU TUCIO MOCIEI0BATEb-
HOCTEH, I'Jie PA3HUIA MeXIy CYMMOHU MIEepPBLIX N nudp U CyMMOU IIOCJIeI-
Hux n uudp pasua k (k= -9n,...,9n). Oycrs T'(n,k) — umcao Takux
TOCIe[OBATEILHOCTEN.

Pa300bEM MHOXKECTBO TAKUX MOCTCIOBATEILHOCTEN HA KIACCHL B 3aBUCH-
MOCTHU OT PA3HUILI MEXK Iy MEePBOU U mocaeauen mudpavu. Ecau sTa pasuu-
11a PaBHA ¢, TO PA3HUIIA MEXKIY CYMMAMU DPYIII U3 OCTABIIUXCA N — 1 mudp
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paBHa k — t. YauTsBas, 9To map uudp ¢ pasHocThio ¢ ObmBaeT 10 — |t], mo-
aydaeM (pOpMyIy

9

T(n, k)= > (10— [t)T(n -1,k —t).
t=—9

(HexoTopEre ciaraeMele MOT'YT OTCYTCTBOBATh, TAK KAk k — t MOXeT OBITH
CJIMIIKOM BETUKO. ) O

B HEKOTOPBIX CAYYIAAX OTBET yIAETCA TIONYIUTh B BULE ABHOU (POPMY.IHL.

2.7.3. [Jokasarb, uTo uucio Kararana (KOIMIeCcTBO HOCIEI0BATEILHO-
CTel IIUHLL 2N U3 N e[UHAL 1 N MUHYC eIUHNL, B JI0O0OM HAYaILHOM OTPE3-

Ke KOTODHIX He MEeHBIIe eIVHNI, 1eM MuHyc egunuin) pasao C3 /(n + 1).

[Ykazaune. YIncro Karanama ects umeno jgoMansrx, naymmx u3 (0,0)
B (2n,0) maramu (1,1) u (1, —1), He OMyCKAIOMUXCA B HIKHIOK HOLYILIOC
KOCTb, T. €. DPA3HOCTb YUCIA BCeX JOMaHBIX (KoTopoe ectb CF) un ducia ao-
MAaHBIX, OILy CKAIOIUXCA B HUZKHIOK IOTYIUIOCKOCTE. [locae e MOXKHO Onm-
caTh TaKKe KaK JOMaHkle, TIepecexatoinme npamyo y = —1. OTpas3us ux ky-
COK CIIPaBa OT CAMOU MPABOM TOYKM MEPECETeHNs OTHOCUTENLHO YKA3AHHON
OPAMOU, MBI yCTAHOBAM B3AMMHO OZHO3HATHOE COOTBETCTBUE MEXKAY HUMA
u movanbivi w3 (0,0) B (2n, —2). Ocraéres mposeputs, uto OF, — Cott =

= Cp,/(n+1)] O
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3. ObXO/[ AEPEBA.
[MEPEBEOP C BO3BPATAMMU

3.1. Pep3u, He bblowme apyr apyra:
06x0/, AEPEBA MO3NLUN

B mpeapiayien riage Ml PACCMATPUBAIA HECKOIBKO 3409 OTHOTO U TO-
TO XK€ TUMA: (MEPEIUCTUTE BCE DIEMEHTH HEKOTOPOro MuoxkecTBa A». Cxe-
Ma pelleHna ObLIa TaKOBa: Ha MHOXKECTBE A BBOIWICA MOPAJOK U OMUCHI-
BaJach MPOLEIypa MEPexoaa OT MPOUM3BOJLHOIO DIEMEHTa MHOXKeCTBa A
K caepyomeMy 3a HuM (B »ToM nopsagke). Taxyio cxemy He Bcerga ynaércs
peanm30BaThL HEMOCPEICTBEHHO, W B DTOU IIABE MBI PACCMOTPUM IPYTOU
TIOJE3HBIN TTPUEM TIEPEUNCICHUA BCEX DIEMEHTOB HEKOTOPOrO MHOXKECTBA.
Ero HasbIBAIOT (IOMCK C BO3BpATaMI», «(METOJ BETBEU M IpaHully, «back-
trackingy. Ha mam B3rusx, mamboree TOYHOE HA3BAHWE DTOTO METONA —
00Xon mepeBa.

3.1.1. Ilepeunciuts BCe cOCOOLI PACCTAHOBKM N (pep3eU Ha IIaxMaT-
HOU TOCKE 7 X N, TPU KOTOPBIX OHU He OBIOT APYT APYTa.

Pemenue. OueBugno, Ha KaxkIOU U3 N TOPUIOHTANEN NOTKHO CTOATH
o ¢depso. Bygem maswBars k-nosunuen (gas k=0,1,...,n) 0pousBoib-
HYIO PacCTaHoBKy k ¢epsenl HA k HIKHUX TOPU3OHTALAX ((dep3um MOryT
6uTh apyr apyra). Hapucyem «1epeBo mosumuin: ero KOpHeM OyAeT eIuH-
crBenHas (-TO3MIMA, & M3 KAXKAOU Kk-TIO3UINM BBIXOTWUT 1 CTPEIOK BBEDPX
B (k 4+ 1)-mosuuun. DT N TO3UIMI OTINIAOTCA MOTOKEHHEM dep3s Ha
(k 4+ 1)-ou ropusonramu. Bygem cauTars, 9T0 PACIONIOKEHNE UX HA PUCYH-
Ke COOTBETCTBYET TIONOKEHUIO STOr0 (hep3s: JeBee Ta MO3UIUA, B KOTOPOU
¢dep3b pacIoNoXKeH JeBee.

Cpenu mosumuu >Toro nepesa HaM HaIo OTOOPATH Te N-MO3UINN, B KO-
TOpLIX (hep3u He ObIT ApyT aApyra. [Iporpamua 6ygeT «00XOIUTH IEPEBO»
7 UCKATL uX. UTOOBI HE METATH JWIIHEH PAOOTHI, 3AMETHM BOT 9UTO: €CJIU
B KaKOU-TO k-nosunuu Gpep3n ObI0T APYT APYTa, TO CTABATHL TATLHEHIIX
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[} [} [} [}
L] [ ] [ ] L]
[ ] [}

llepeBo mo3umuy it n = 2

depsen cvpbicaa mer. [losToMy, OGHAPYKUB 3TO, MBI OyIeM MpEKpaIaTh
TIOCTPOEHUE TePEeBa B DTOM HATTPABICHUM.

Tounee, HA3OBEM k-TIO3UMUIO NOMYCTUMOU, €CIA HOCTE VIAICHUA BEPX-
Hero ¢pep3sa ocTaBIIMecsa He ObIOT Apyr apyra. Hamma nporpamma Oymer
paccMaTpUBATh TOMBKO MOMYCTUMBIE MTO3UIIAN.

oo e B
sttt

[lepeBo MOIMyCTUMBIX HO3UIUN A N = 3

Pazo6bém 3amady Ha e gacTu: (1) 06x01 IPOU3BOIBLHOO nepesa u (2)
peantn3anuio 1epeBa TOMyCTUMBIX TO3ULNLL.
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Cdopuyaupyem 3amady 00Xoma TPOM3BOILHOTO AepeBa. bymgem cum-
TaTh, YTO y HAC UMeeTCsa POGOT, KOTOPHIA B KA ILIM MOMEHT HAXOIUTCA
B OQHOU U3 BEPUIVH fepeBa (BEPIIMHBI U300pPaKEeHbI HA PUCYHKE KDPYyKOU-
KaMI/I). OH yMeeT BBINOJHATH KOMAaHObBIL:

e BBepX_HaNeBo (UATH IO CAMOU JEBOU U3 BBIXOIAIINX BBEPX CTPEIOK)
e BIpaBo (NEPEUTH B COCEIHIOI0 CIIPABA BEPIIVHY )
e BHU3 (CIyCTUTHCA BHU3 HA OAUH YPOBEHD)

(Ha pucyHKax CTperkaMn MOKa3aHO, KaKWe MepeMeNIeHnsl COOTBETCTBYIOT
DTUM KOMAaHIaM.)

<

BBEpX_HAIEBO BIIPaBO BHU3
Kpowme Toro, B penepryap PoGora Bxoasar mposepku (COOTBETCTBYOLIUE
BO3MOXKHOCTY BBIIOMHATE KAK VIO U3 KOMAHT):

® eCTL_CBepXYy;

® ecThL_CIpaBa;

® eCTL_CHU3Y;

(HOCJIe,ZIHf{}I IpOBEPKa UCTUHHA BCIOAY, KpOMe KopHﬂ). Oo6paTuTe BHUMAHUE,
YTO KOMAHA BIPABO MO3BOJAET MEPEUTH JUIIhb K «POTHOMY OPATY», HO HE
K «IBOIODOTHOMY».

Tax kKoMmaHIa
BIIpaBO
He neucrByer!

Bynem cumrars, uro y Pobora ecth xomaHga obpaboTraTh M UTO €ro
3agada — 06paboTaTh BCE JUCTHA (BEPLIMHBI, M3 KOTOPHIX HET CTPEJIOK
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BBEPX, TO €CTh [lle YCJIOBUE eCTh_CBepXy JIOXKHO). [l HAIllel maxMaTHOR
3al1a4Mn KOMaHIe o6paboTaTh OyJeT COOTBETCTBOBATH MPOBEPKA U MeYaTh
no3unuu (peps3en.

JlokazaTelbCTBO MPABUWILHOCTY NPUBOAUMOU [ajee IPOrPaMMBL MC-
nob3yeT Takue omnpenenenus. Ilycts pukcupoBano mogoxenue Pobora
B OQHOU U3 BEPIIMH Oepesa. Torga Bce JUCTbA IepeBa pa3OUBAIOTCA HA
Tpu kareropuu: xad PoboroMm, sesee Pobora u npasee Pobora. (IlyTts us
KOPHA B JIUCT MOXKET MPOXOAUTH Uepe3 BepmuHy ¢ Po6oToMm, cBOpadumBaTh
BJIEBO, HE JOXOId 10 Heé U CBOPAYUBATH BIPABO, HE NOXOAd 10 HEE.) Uepes
(0JI) ob6o3HAMUM ycaoBue «0OpabOTAHBI BCE MUCThA JeBee PoboTay, a depes
(0JIH) — ycaoBue «0OpabOTAHBI BCE JUCThS JeBee u HaL Po6oTomy.

Jleree Hang IIpasee

Hawm nmonazmoburcs Takas mpouenypa:

procedure BBepX_Io_ymopa_K_o6paboTaTh;
| {mamo: (0JI), mamo: (OJIH)}
begin

{uuBapuanT: 0II}

while ecTe_cBepxy do begin
| BBepX_HalleBo;

end

{01, Po6boT B mucTe}
obpa6oTaTs;

{onH}

end;

OCHOBHOU AJITOPUTM:

maHo: Po6oT B KOpHe, NUCTBA He 06paboTaHH
Hano: Po6oT B KOopHe, MUCTBA 06paboTaHH

{om}
BBepX_Jo_ymnopa_u_ob6paboTaTs;
{unBapuanr: OJH}
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while ecTe_cruzy do begin
if ecTws_cmpasa then begin {0/IH, ecTp cmpaBa}
BIIPaBoO;
{on}
BBepX_Lo_ynopa_u_o6paboTaTs;
end else begin
{0JlH, He ecT®h_cmpaBa, ecTb_cHU3Y}
BHI3;
end;
end;

{0lIH, Po6oT B kKopHe => BCe HUCTBA 06paboTaHH}

Ocranock BOCIOIB30BATHCA CAEAYIOMIMME CBOACTBaMK KoMaHg Pobora
(B KaxIOU CTPOKE B MEPBOU (DUTYPHOU CKOOKE 3AMUCAHBI YCIOBUA, B KOTO-
PHIX BBITOJIHAETCS KOMAHIA, BO BTOPOW — YTBEPKAEHUA O Pe3yabTaTe eé
BBIMIOTHEHNA) :

(1)  {OJI, me ecTp_cBepxy} obpaborars {OJIH}

(2)  {OJI, ectb_cBepxy} BBepx Haneso {O.JI}

(3) {ectn_cnpasa, OJIH} Bupaso {OJI}

(4)  {me ectb_cupasa, ects_cuuzy, OJIH} suuz {OJIH}

3.1.2. [ToxaszaTb, 9TO MPUBEICHHAA MPOrPAMMAa 3aBepiaeT paboTy (Ha
JI0O60M KOHEYHOM IepeBe).

Pemrenne. [Iponenypa BBepx_mo_ymopa_z_o6paBoTaTh 3aBepIiaeT pado-
1y (BeicOTa PoGoTa HEe MOKeT yBeamauBaThCa 6eckOHedHO). Ecau nporpam-
Ma paboTaeT GECKOHEYHO, TO, MOCKOIbKY JUCTbSI HEe 00pabaTBIBAIOTCS MO-
BTOPHO, HAYMHAS C HEKOTOPOI'O MOMEHTA HU OAWH JUCT He 00pabaThIBAETCA.
A 510 BO3MOXHO, TOTEKO ecnu Po6GOT BCE Bpemsa crnyckaeTcsa BHU3. [IpoTu-
Bopeune. (O6 OleHKe YucIa TeUCTBUN CM. TaJee.) O

3.1.3. [loxazaTh MPaBUILHOCTE CJAEIYIOMICH TPOTPAMMEL 00X01a IepeBa:

var state: (WL, WLU);

state := WL;

while ecTs_cHusy or (state <> WLU) do begin

if (state = WL) and ecTe_cBepxy then begin

| BBepX_HalleBO;

end else if (state = WL) and not ecTeh_cBepxy then begin
| obpaboraTs; state := WLU;

end else if (state = WLU) and ecTh_cmpaBa then begin

| BIOpaBo; state := WL;

end else begin {state = WLU, not ecTb_cmpaBa, ecTb_CHHU3Y}
| BHU3 ;

end;

end;
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Pemrenne. luBapuanT nukia:

state = WL = 0JI
state = WLU = 0JIH

[lokazaTeabCcTBO 3aBepIeHns padoTHE: mepexon u3 cocrosuus 0J1 B 0JIH
BO3MOXKEH TOIBKO IPpU 06pabOTKe BEPIINHEL, TOXTOMY eCJaU IporpaMMa pa-
OoTaeT HECKOHEYHO, TO C HEKOTOPOT'O MOMEHTA 3HadeHue state He MeHs-
eTCsA, IYTO HEBO3MOXKHO. O

3.1.4. Hamucats nmporpamMMmy 06Xomna mIepesa, UCIOIL3YIOIIYI0 TPOIery-
Py mepexoaa B CAeIyIOMUN JIACT (c BBIXOIHBIM MTApaMeTPOM, COOOIIAIOITIM,
YAAJIOCH JIX 3TO CAEJATh WIN JUCT OKa3JICA HOCJIQ,Z[HI/IM). [l

3.1.5. Pemmurs 3amaty 06 o0xoae mepeBa, €CIM MBI XOTHUM, YTOOBI 00-
pPabATHIBATNACH BCE BEPIIUHLI (HE TOJIBKO JUCTbHA).

Pemrenne. [lycTh ©# — mexoTopas Bepmmua. Torma mobas BeplIinHA Y
OTHOCUTCA K OJHOU M3 YETHIPEX KaTeropuil. PaccMOTpuUM TyTh U3 KOpHA
B y. O moxer:

(a) OBITH YACTBIO Iy THU U3 KOPHA B T (Y Hudce T);

(6) cBepHYTBH HaIEBO ¢ IyTH B T (Y aesee T);

(B) mpouTu uepes z (y nad x);

(r) cBepHYTH Hampaso ¢ myTH B Z (y npasee x);

B wacTHOCTH, cama BEepIIUHA & OTHOCUTCA K KaTeropuu (B). YCJIOBUA TEEPh
OyIyT TAKUMMU:

(OHIT) 06paboTaHBI BCE BEPIINHLI HUKE U JCBEE;
(OHJIH) 06paboTaHBI BCE BEPINUHLI HUXKE, JEBEE W HAI.

Bot xax 6yaeT BEINIAZETH MPOTpaMMAa:

procedure BBepx_Lo_ymopa_u_obpaboTaTh;
| {mamo: (OHIN), mamo: (OHIH)}
begin

{uuBapuanT: OHIT}

while ecTe_cBepxy do begin
o6paboTaTs;
BBepX_HalleBo;

end

{0HII, Po6oT B mmcTe}

obpa6oTaTs;

{OHIIH}

end;
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OcHOBHOU AMTOPUTM:

maHo: Po6oT B KopHe, HUYero He ob6paboTaHo
Hamo: Po6oT B KopHe, BCe BepUMHH 06paboTaHH

{oHI}

BBepX_IO_ymopa_u_o6paboTaTs;

{umBapuanT: OHIH}

while ecTe_crusy do begin

if ecTs_cmpaBa then begin {0HJIH, ecTs cmpaBa}
BIIPaBoO;
{OHI}
BBEpX_Io_ynopa_u_ob6paboTaTs;

end else begin
{0JlH, He ecT®h_cmpaBa, ecTb_cHU3Y}
BHUS

end;

end;

{0OHIH, Po6oT B KOpHe => BCe BepUMHH 06paboTaHH}

procedure BBepx_Io_ymopa_K_o6paboTaTh;
| {zmaro: (OHI), mamo: (OHJIH)}
begin
{uuBapuaunr: OHI}
while ecTrs_cBepxy do begin
o6paboTaTs;
BBepX_HaleBo;
end
{0HII, Po6oT B mmcTe}
obpaboTaTs;
{OHITH}
end;

65

O

3.1.6. Ilpmpenéunas TOJBLKO UTO TpOrpaMMa 06padaTHLIBAECT BEPIITMHY
[0 TOro, Kak 00paboTaH 060 13 €€ MOTOMKOB. Kak M3MEHUTEL IpOrpaM-
My, 9TOOBI KaxJasd BepIINHA, He ABIAIIIAACA JUCTOM, 0OpadaThIBaIach
OBaXKALL: OOWH Pa3 A0, a APYTOU pa3 Mmocae BeeX cBouxX NOTOMKOB? (Jlu-
CThbA MO-TIIPEXKHEMY 06PaGATHIBAIOTCA IO PA3y.)

Pemenne. [lon «o6paboTano HuxKe 1 TeBeey OyIeM MOHUMATDL «HUKE 00-
paboTaHo 1O pasy, cieBa 06pabOTAHO MOTHOCTHIO (IUCTHA 110 Pa3y, OCTAb-
uele 1o g8a)». [log «o6paborano Huxe, JeBee 1 Ha 1y OyAeM HOHUMATH (HUKE
06paboTaHo 1Mo pa3y, JeBee U HaJd — MOJHOCTBHIOY.

ITporpamma GygeT Takom:
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OCHOBHOU AITOPUTM:

maHo: Po6oT B XopHe, HMYero He ob6paboTaHo
Hamo: Po6oT B KOpHe, BCe BepUMHH 06paboTaHH

{0}

BBepX_Lo_ynopa_u_o6paboTaTs;
{unBapuanr: OHIH}

while ecTes_cHusy do begin

if ecrs_cmpasa then begin {0HIIH, ecTs cmpasa}
BIIPaBoO;

{0Hm}
BBepX_Io_ynopa_u_o6paboTaTs;

end else begin

{0JlH, He ecTh_cmpaBa, ecTh_CHU3Y}
BHU3;

obpa6oTaTs;

end;

end;

{0HIIH, Po6oT B kopHe => BCe BepumMHH o6paboTaHH momHOCTEb} [

3.1.7. [loxkasarb, 9TO YUCIO OIEpalUi B DTOU IPOrPAMMeE II0 IIOPAI-
Ky paBHO 4uciay BepmuH gepesa. (Kak u B gpyrux mporpaMmax, KOTOpPbIE
OTIIUIAIOTCA OT HTOU JUIIb MPOMYCKOM HEKOTOPHIX KOMaHI 06paBoTaTh.)

[Ykazauue. IIpumepHO Kax10€ BTOPOE IEMCTBUE MPU UCTIOTHEHNN DTON
IporpamMMbl — 06pabO0TKa BEPIINHEL, a KaxXK/aasd BepInHa 00pabaTHIBAETCA
MAKCUMyM JBaKJBbL.| O

Bepuémcs Teneps K mamen sagade o ¢eps3ax (rge m3 BCeX MPOorpamm
00paboTKU JepeBa MOHALOOUTCA JIUIIb [IepBasd, caMas mpocras). Peamusy-
eM omepanuu ¢ gepesoM mozunuu. [losunmio GyneM MpeacTaBiATb C II0-
MOIIBI0 MepeMenHon k: 0. .n (umeno depsen) n maccuBa c: array[1..n]
of 1..n (c[i] — xoopmumaThHl (epssa Ha i-Ol ropusoHTAIA; Tpu i > k
suadenue c[i] pomu me wurpaer). Ipemmomaraercs, 4To Bce mO3ULUU
gomycTuMbl (ecau yOpaThb BepXHEro (epas, OCTalbHble HE ObIOT APYD

apyra).

program queens;
const n = ...;
var
k: 0..n;
c: array [1..n] of 1..n;
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procedure begin_work; {maware paboTy}
begin

| k := 0;

end;

function danger: boolean; {Bepxmuu dep3p moxm Goem}
| var b: boolean; i: integer;
begin
if k <= 1 then begin
| danger := false;
end else begin
b := false;
i=1;
{b <=> Bepxumm dep3r moxm 6oem dep3ei c Homepamu < i}
while i <> k do begin
b := b or (c[il=c[k]) {mepruxanms}
or (abs(c[il-c[k]))=abs(i-k)); {mmaromams}
i = i+1;
end;
danger := b;
end;
end;

function is_up: boolean; {ecTn_cBepxy}
begin

is_up := (k < n) and not danger;
end;

function is_right: boolean; {ecTs_cmpama}
begin

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

end;

{BosMoxHa oumbka: mpu k=0 He ompememeno c[k]l}

function is_down: boolean; {ecTb_cuusy}
begin

is_down := (k > 0);
end;

procedure up; {BBepx_HameBo}
begin {k < n, not danger}

k :=k 1;

c [x] 1;
end;

+
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procedure right; {Bmpaso}
begin {k > 0, c[k] < n}
|c[k] :=c [k] + 1;
end;

procedure down; {BHu3}
begin {k > 0}

| k :=k - 1;

end;

procedure work; {o6paborarn}
| var i: integer;

begin
if (k = n) and not danger then begin
for i := 1 to n do begin
| write (°<’, i, ’,’ , c[il, ’> ?);
end;
writeln;
end;
end;

procedure UW; {BBepx_no_ynopa_n_oSpaSoraTL}
begin
while is_up do begin
up;
end;
work;
end;

begin
begin_work;
UwW;
while is_down do begin
if is_right then begin
right;
Uw;
end else begin
| down;
end;
end;
end.
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3.1.8. Ilpmpenéunas mporpamMma TPATUT JOBOJLHO MHOT'O BPEMEHU Ha
BBLINOJIHEHAE TIPOBEPKU eCTh_CBepxy (MPOBEpKa, HAXONUTCA JU BEPXHUN
dep3p nmox Goem, TpebyeT dUucaa AEUCTBAN HOpAAKa n). UsmenuTs pe-
AMU3ALAIO ONepalui C JAePeBOM MOBUIUU TakK, ITOOLI BCE TPHU IIPOBEP-
KU eCTb_CBepxXy/copaBa/CHU3y M COOTBETCTBYIOIIME KOMaHIBl TPeGoBa-
a1 OB KOJIUYECTBA MEUCTBUM, OTPAHUYECHHOrO HE 3aBUCAIIECH OT N KOHC-
TAHTON.

Pemenue. /[ kaxk 10U BEPTUKAIN, KAXK JOU BOCXOMAIIEH U KAYKION HUC-
XOMAMEN MUATOHAIA OyJeM XPAHUTH OYJIEBCKOE 3HAYEHNE — CBEICHUS O
TOM, HAXOJAUTCA JU Ha DTON JuHuU (ep3b (BepXHUU Gep3b HE yIUTHIBACT-
cq). (3amMeTuM, 9TO B CWIy IOMYyCTUMOCTY MO3UIVN HA KaXKIOU W3 JUHUK
MOXKeT ObITH He 6ojee 0qHOTO (epas.) ]

3.2. Obxopn anepeBa B Apyrux 3ajavax

3.2.1. Ucnoiwb3oBaTh MeTOH 00XO4a AepeBa IIA PEIIeHUs CJeyIOImen
3a0a4d: JaH MACCUB U3 N IEJLIX HOJOKUATENLHEIX uncer al1] ... al[n] u qu-
c710 8; TpebyeTCsa Y3HATh, MOXKET JIM YUCIO0 S OBITH MPEICTABICHO KAK CYMMa,
HEKOTOPHIX U3 dncen mMaccuBa a. (Kaxkmoe umejao MOKHO UCHOMBb30BATEL HE
60Jee YeM o OTHOMY pPasy.)

Pemenue. Bynem 3amaBaTh kK-ITO3UIIKIO MOCAEIOBATEILHOCTRIO 13 kK Oy-
JIEBCKUX 3HAYEHUN, OIIPeqe/IAI0MNX, BXOLAT Ju B cymmy ducaa al1] ... al[k]
win He BXoaaT. [lo3unusa gomycrumMa, ecau eé cyMMa He mpeBocxoauT s. [

3ameuanwe. [1o cpaBHEHNIO ¢ MOTHBIM Tepe6opoM Beex 2 moIMHOXKeCTB
TYT €CTh HEKOTOPHIA BLIMTPHIIL. MOXHO TakXke MPeIBAPUTEILHO OTCOPTHU-
pOBaTh MacCUB a B yOBIBAIOIIEM MOPALKE, & TAKXKe CINTATH HEIOMyCTHU-
MBIMI T€ MO3UINY, B KOTOPHIX CyMMa OTOPOIIEHHBIX IEHOB OOJbIIE, 9eM
PA3HOCTb CYMMBI BCEX WIEHOB U S. [locaequu mpuéM HA3BIBAIOT (METOIOM
BEeTBeN U TpaHuily. Ho IpUHINIUATLHOTO YAYUINEHUA 10 CPABHEHUIO C TOM-
HBEIM TIepebopoM TYT He moaydaeTca (3Ta 3ajgada, Kak rosopat, N P-mom-
Ha, moApobHocTU cM. B kHUre Axo, Xonkpodra n Yasmana «IlocTpoenue
7 QHAJIN3 BEYUCAUTEIBHBIX aIropuTMony, Mup, 1979, a rakxe B kuure I'»-
pu u [[xoHCOHA «(BBIMUCIUTEILHBIE MAIIUHLL U TPY THOPEIIAEMbIE 32 a0,
Mup, 1982). TpaauuuonHoe Ha3BaHUE DTOU 3a4add — «3agada O PIOK3a-
ke (proK3ax O0MIeN IPY30NOIBEMHOCTBIO S HYXKHO yIAKOBATH MO 3aBA3-
Ky, pacronaras npeaveramu Beca al1] ... a[n]). Cm. Takxe B riase 8 (Kak
00OUTUCH 6€3 PEKYPCUM) AICOPUTM €& PEIIeHNUs , HOINHOMUAIBHBIN 10 1 + S
(MCIOIB3YIOMNT «IUHAMUIECKOE IPOrPAMMUPOBAHUE) ).
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3.2.2. TlepeuucauTh BCE MOCTSAOBATEMILHOCTHA W3 7, HYJEW, eIUHUI 1
IBOEK, B KOTOPBLIX HUKAaKasA CPyIIa Iudp He IOBTOPAETCA IBa Pa3a MOAPAL
(mer kycka Buga X X). O

3.2.3. Ampajoruvnas 3agada I/ IOCJAEOBATEILHOCTEN HYJ/ICH U €IUHNAII,
B KOTOPBIX HUKAKaA IPYNa nudp He MOBTOPACTCA TPU pasa moapan (Het
kycka Buga X X X). O

K »Tou xe Kareropum OTHOCATCA 3a1a9W THUIA (MOXKHO JM CJIOKATH
TaHHYIO GUrYPy U3 DEHTAMUHO» U UM moxo0HBe. B HEX BaxkHO ymenoe co-
Kpamenue nepe6opa (BOBPeMA PACIO3HATE, ITO UMEIOIIEECA PACIOIOKECHIE
QUrypoK yKe MIPOTUBOPEIUT TPEGOBAHMAM, U [0 DTON BETBHU MOUCK HE PO~
JTOJIKATH).
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4.1. KeagpaTuiHble anropuTMbl

4.1.1. Ilycrs a[1],...,a[n] — mense umcra. TpeGyercs mOCTPOUTH
maccus b[1],...,b[n], cogepxammun Te xe ducaa, 511 koroporo b[1] <...
...<b[n].

3ameqanme. Cpenu uucen al1] ...a[n] moryT 6w1TE paBubie. Tpebyer-
Cs1, 9TOOBI KaXK o€ Ienoe umnciao Bxoamiao B b[1] ...b[n] cromsko ke pas,
ckombko u B a[1] ...a[n].

Peurenme. Yno6uo cunrtarh, uro umcaa alll...a[n] m b[1]...b[n]
MIPENCTABMAIT OGO HAYAMLHOE U KOHETHOE 3HAUeHUs MaccuBa x. Tpe6o-
BaHUE «a U b COMEPKAT OTHU W TE€ Ke UUCIay OyIeT 3aBEIOMO BBINOJIHEHO,
ecau B mpormecce paboThl MbI OTPAHUYIUMCS MEPECTAHOBKAMU DJIEMEHTOB X.

k := 0;

{k HamMeHBUMX >IEeMEHTOB MacCUBa yCTAHOBIEHH Ha CBOM MecTal}
while k <> n do begin

s :=k +1; t :=k + 1;

{x[s] - mamvenmbumu cpemm x[k+1]...x[t] }

while t<>n do begin

t =t + 1;
if x[t] < x[s] then begin
| s = t;
end;
end;

{x[s] - mauvempumu cpemm x[k+1]..x[n] }
. mepecrtaButTh x[s] u x[k+1];
k : =k + 1;
end; O

4.1.2. [laTe apyroe pelreHue 3a0a4u COPTUPOBKU, UCIONBL3YIOIMIEe MH-
BapUAHT «IepBble k saeMenToB ynopsagodensd (x[1] < ... < x[k]).
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Pemrenne.

k:=1;

{nmepere k >mIeMeHTOB ymopAmoueHH}

while k <> n do begin

t = k+1;

{k+1-Hli >IeMeHT IpPOXBUraeTCA K HaYamy, IOKa He 3auMET
Ha[leXallero MecTa, t - ero TeKyuMi HoMep}

while (t > 1) and (x[t] < x[t-1]) do begin
...moMeHATH x[t-1] u x[t];
t =t - 1;

end;

end; O

3ameuanue. /[ledexT IporpaMMbL: IPU JOKHOM BeIpaxkeHun (t>1) mpo-
Bepka x[t] < x[t-1] Tpebyer HecymecTByomero suadenus x [0].

O6a TPerToXEeHHBIX PEIMICHUA TPEOYIT YUCIa JEUCTBUU, TPOMOPIINO-
HAJILHOTO n2. CymectBytor 6osee >(pHEeKTUBHBIE ATTOPUTMHI.

4.2. AnropuTmbl nopsigka nlogn

4.2.1. IlpemnoxuTh aIropuT™M COPTUPOBKY 3a Bpems n logn (ducio ome-
panuu mpu COPTUPOBKE N DaeMeHTOB He 6oabite C'n logn ama vekoroporo C'
U IS BCEX N).

Mpur npenaoKuM 1B, PEIeHS.

Pemenue 1 (copTupoBka causaueMm).

IIycts k — nonoxuTeasHoe 1eaoe ducao. Pazobném maccus x[1] ... x[n]
uHa orpesku mauubl k. (Ilepsemr — x[1]...x[k], sarem x[k+1]...x[2k]
u Tak panee.) [Mocaegauil 0Tpe3oK GyAeT HEMOMHBIM, €CJAM N HE JETUTCA
ua k. HazoBéMm MaccuB k-ymopsaIoOvIeHHBIM, €CIN KAk IHIU U3 DTUX OTPE3KOB
B OTAEIBHOCTH ymnopspoded. Jlwobou maccus l-ynopsagoden. Ecin maccus
k-ynopanoder u n < k, TO OH yIOPAZOYIEH.

Mzur onuimenM, Kax npeobpa3oBarh K-yIopsaIovYeHHLI MacCuB B 2K-yIIo-
pATOUCHHBIN (13 Tex ke sreMeHToB). C MOMOLIBI TOrO MPeoOpa3OBaHUA
AMrOpuTM 3aNNUCHIBACTCS TaK:

k:=1;

{mMaccur x aBmgerca k-ymopAmoyeHHHM}

while k < n do begin
...Mpeo6pa30oBaTh Kk-yHNOPALOYEHHHN MacCHB B 2K-yIOPALOYSHHHN;
k := 2 x k;

end;
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Tpebyemoe nmpeobpaszoBaHre COCTOUT B TOM,ITO MBI MHOT'OKPATHO «CJIH-
BaeM» IBa YIOPAIOUYEHHBIX OTPe3Ka AJIWHBI He O0/blIe kK B OMUH yIIOPAIO0-
YeHHLIN OTPe30K. IlycTs mponexypa

cnusuue (p,q,r: integer)

npu p < q < r camBaet orpesku x[p+1] ...x[q] u x[g+1]...x[r] B ymops-
noueHHbI 0Tpe30K x [p+1] ...x[r] (He sarparuBas Ipyrux 4acTen MacCu-
BA X).

p q r
| YIOPAIOICHHBIN | YIIOPAOICHHBIN |

!

| YIIOPAJOTCHHLIN |

Torga mpeobpaszoBaHue k-yrmopsaI0ueHHOTO MACCUBA B 2K-YITOPATOICHHBIN
OCYHIECTBAAETCA TaK:

t:=0;
{t xpatmo 2k wmum t = n, x[1]..x[t] aBuaaercsa
2k-yIOpAKOYEHHHM; OCTATOK MacCHBa X He WU3MEHUICA}
while t + k < n do begin
p := t;
q := t+k;
r := min (t+2%k, n);
{min(a,b) - mumuMyM u3 a u b}
cnuanue (p,q,r);
t :=r;
end;

Cnusrue TpebyeT BCIOMOTATEILHOIO MACCUBA I 3AlKUCU PE3yJbTATOB
causaus — o603HaduM ero b. Hepes p0 u g0 0603HAYMM HOMEPA TOCIETHIX
DIEMEHTOB YIACTKOB, MOABEPIIINXCSA CAUAHUIO, SO — MOCTEIHUN 3AMUCAH-
HBI B MaccuB b »remenT. Ha xakmoM mmrare CIMAHUS TPOU3BOJAUTCA OTHO
3 ABYX NEUCTBUAN:

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

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

(JTroourenu ssvika C mamucamu Obl B dToM caydae b[++s0]=x[++p0] u
b[++s0]=x[++q0].)

Ilepsoe gencrsue (B3ATHE DJIEMEHTA U3 [EPBOO OTPE3KA) MOXKET MIPO-
U3BOAUTHCA NIPU OTHOBPEMEHHOM BBIIOJHEHUN ABYX yCIOBUILL:

(1) mepeei 0Tpe3ok He koHumica (p0 < q);

(2) BTOpOU OTPE30K KOHUMICA (q0 = r) WIM He KOHYMICA, HO dJe-
MEHT B HEM HE MEHBIIE OUepEefHOrO HIeMEeHTa MepBoro orpeska [(q0 < r)
u(x[p0+1] < x[q0+11)].

Apasoruvno aaa Broporo gencreus. Mrax, moaydaem

pO := p; 90 := q; sO := p;

while (p0 <> q) or (q0 <> r) do begin

if (p0 < q) and ((q0 = r) or ((q0 < r) and

(x[p0+1] <= x[q0+1]))) then begin

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

pO := pO+1;

sO := s0+1;

end else begin

{(q0 < r) and ((p0 = @) or ((p0<q) and
(x[p0+1] >= x[q0+11)))}

b [s0+1] := x [qO0+1];

q0 :=q0 + 1;
sO :=s0 + 1;
end;

end;

(Ecau 06a oTpeska He KOHYEHBI U NEPBHIE HEBHIOPAHHBIE DJIEMEHTHI B HUX
PaBHEI, TO JOMYCTUMEL 062 AEUCTBUA; B MPOrPAMME BHIOPAHO MEPBOE. )
Ocraércs auilib mepenucaTsh pe3yabTAT CAUAHUSA 0OPATHO B MaCCUB X.
(Ilpenympex gerune. Eciu 06paTHOE KOMMPOBAHUE BHITIOIHACTCA BHE TIPOLIE-
OYPBL CAUSAHUA, TO HE 3a0yAbTe PO MOCJAETHUN OTPE3OK. )
IIporpamma umeeT NpuBBIYHBIN AedEKT: OOpAIIeHUe K HEeCYIIEeCTBYIO-
UM DJIEMEHTAM MACCUBA TPU BLIYUCJICHUU OYJIEBCKUX BLIPAKECHUM.

Pemenne 2 (COpTUPOBKA NEPEBOM ).
Hapucyem «onmoe IBOMYHOE AepeBO» — KAPTUHKY, B KOTOPOU CHU3Y
OIWH KPYXKOK, U3 HEro BBIXOIAT CTPEJIKN B JBa APYI'UX, U3 KaXIOO —
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B [IBa IPYTUX U TaK Jajee:

Byaem roBopuTh, UTO CTPENKN BEIYT «OT OTIIOB K CBIHOBBAMY: V KaXK 10~
O KPYXKKa [IBA CHIHA U ONWH OTEIl (€CIU KPYKOK HE B CAMOM BEPXY WU
uu3y). [Ipeamnonoxum 1 TpoCTOTEL, 9TO KOAMIECTBO IO LIEKAIUX COPTH-
POBKE YHCeNT €CTh CTENeHb TBOUKU, U OHU MOT'YT 3AIOJIHUTDL OJWH U3 PAIOB
LEIUKOM. 3AIUIIeM UX TYAA. 3aTeM 3al0JHUM YaCTh IepeBa MO HUMU 10
TIPaBUIY:

YUCI0 B KPYKKE = MUHAMYM U3 YUCEI B KPYKKAX-CHIHOBBSIX

Tem caMbIM B KOpHE gepeBa (HUKHEM KPy:KKe) OyaeT 3alrCaH0 MUHUMAb-
HO€ YUCJI0 BO BCEM MACCHUBE.

N3eiMeM U3 cOPTUPYEMOTO MACCUBA MUHUMAILHBIN 3aeMeHT. [[as 53Toro
€ro HaJ0 BHAYAJIE HAUTHU. DTO MOKHO CHETATH, UIA OT KOPHA: OT OTIA Tie-
PEXOAUM K TOMY CHIHY, DA€ 3aMUCAHO TO XKe Ynucao. VU3bis MUHUMATLHBIN
AJIEMEHT, 3AMEHUM er'0 CUMBOJIOM +00 U CKOPPEKTUpyeM OoIee HU3KUE APy-
CHI (711 DTOrO HAJLO CHOBA IPOUTH My Th K KOpHIO). [Ipu sToM cauraem, 9To
min (¢, +00) = ¢. Torga B KOpHE MOABATCA BTOPOU IO BEIUIUHE DIEMEHT, MBI
U3BIMAEM €ro, 3aMeHss OECKOHEYHOCTBIO U KOPPEKTUPYI aepeBo. Tax mo-
CTEMEeHHO MBI U3BIMEM BCE DIEMEHTHI B TIOPAIKE BO3PACTAHU, TIOKA, B KOPHE
He OCTAHEeTCsA OECKOHEYHOCTh.

[Ipu 3amumcu 5TOro arropuTMa MOJE3HO HYMEDPOBATH KPYKKU UACIAMUI
1,2,... — IOpu 5TOM CBIHOBBbAMEI KPYKKa HOMED N ABIAITCA KPYXKKHA 2N
u 2n + 1. [Torpo6HOE U3MI0XKEHNE >TOr0 AMTOPUTMA, MBI OITYCTUM, TTOCKOJIBKY
MBI U3J0KUM 6oee 2(pPEKTUBHLIN BAPUAHT, HE TPEOYIOMINN [OTIOMHUTEIh-
HOU MAMATH, KPOME KOHEIHOIO YUCJIA MEPEMEHHBIX (B JOMOJHEHUE K COp-
TUPYEMOMY MACCHUBY ).

Mur GymeM 3ammchIBATH COPTUPYEMBIE HUHUCJIA BO BCEX BEPIIMHAX Je-
peBa, a He TOIBLKO Ha BepxHem yposue. Ilycts x[1]...x[n] — wmac-
CUB, TOIIEXKAIUA COPTUPOBKE. BepmmHamMu nepesa OyAyT dumcia oT 1
o0 n; o umcae x[i] Mbr OygeM rOBOPUTH KaK O YHUCJIE, CTOSIIEM B BEp-
uwmae i. B mpomecce cOpTUPOBKE KOIMYECTBO BEPIIMH AepeBa Oyaer
COKPAIIATHCA. MCIO0 BEPIUIMH TEKYyIIero nepeBa OygeM XPaHUTL B IIe-



“progbook” — 2013/10/22 — 18:36 — page 76 — #76

76 4. Copmuposxa

pevennoun k. Takum 006pa3oM, B Tpolecce padOTHI aJrOpPUTMa, MACCUB
x[1]...x[n] memurcsa ma mse wactm: B x[1]...x[k] xpamarcs wucaa HA
mepese, a B x[k+1] ...x[n] xpaHuTCa yKe OTCOPTUPOBAHHAA B IOPAIKE
BO3pACTAHUA YaCTb MACCUBA — DJIEMEHTHI, YK€ 3aHABIINE CBOE 3aKOHHOE
MeCTO.

Ha kaxmom 1mare airopuT™ OyIeT U3BIMATh MAKCAMATLHBIA DIEMEHT
IepeBa U MOMeEINATh ero B OTCOPTUPOBAHHYIO YacTh, Ha OCBOOOIUBIIEECS
B Pe3yJabTaTe COKPAIIEHUsA NepeBa MecTo.

[loroBopuMcs 0 TepMuHOJIOrUU. BepmmHamMu nepeBa CIMTATCA IUCIA
oT 1 00 TeKyIIero 3HAYMEHUS MEPEMEHHOU K. Y KaxXJOU BEPIIUHBI S MOLYT
OBITH cbino6ba 2s U 2s+1. Eciu 06a >Tux umcta 6oabine k, TO CHIHOBEH HET;
Takasd BEPIINHA HA3BIBACTCA A4ucmoM. Eciu 2s = k, TO BepUIMHA S UMeEEeT
POBHO OJHOT'O CHIHA (28).

[lna xkaxgoro s w3 1...kK pacCMOTPUM «IIOJIEPEBO» C KOPHEM B S: OHO
COAEPKUT BEPUIMHY S U BCEX €& MOTOMKOB (CBIHOBEW, BHYKOB U TaK Ja-
Jee — M0 TeX TOp, MOKA MbI HE BhIIZeM um3 OTpeska 1...k). Bepmmny s
OyIeM HA3BIBATH PEryJIAPHOW, €CIU CTOAIICE B HEU UUCIO — MAKCUMATb-
HBII DIEMEHT S-TOAAEPeBa; S-TIOMAEPEBO HABOBEM PE2YAAPHbIM, €CIN BCE
ero BepuHbl pery/sapael. (B gacraocTu, ao6ou muct o6pasyeT peryJsp-
HOE OJHOXJIEMEHTHOE IO IAEPERO. )

3aMeTuM, YTO UCTUHHOCTD Y TBEPK IEHUS «S-IOLAEPEBO PErYIAPHO» 3a-
BUCHUT HE TOJBKO OT S, HO OT TEKYIIEero 3HAUYEHUs K.

Cxema aaropurMa TakoBa:

k:=n
CmenaTs l-mommepeBo peryiIApHHM;
{x[1],..,x[k] <= x[k+1] <=..<= x[n]; 1-mommepemo perymapmo,

B vacTHOCTH, x[1] - Makcumamemum smement cpemu x[1]..x[k]}
while k <> 1 do begin
o6MenaTE MecTamu x[1] u x[k];
k :=k - 1;
{x[1]..x[k-1] <= x[k] <=...<= x[n]; l-mommepemo
peryuspHo Besle, KpoMe, BO3MOXHO, CaMOr'0 KODHA }
BOCCTaHOBUTL PEryIApHOCTL l-IonmepeBa BCOLY
end;

B kadecTBe BCIOMOraTeIBLHOU MPOIEAYPHI HAM MOHAJIOOUTCA MPOIELypPa
BOCCTAHOBJEHUA PETyIIPHOCTU S-TIOAAepeBa B KopHe. BoT ona:

{s-monmepeBo perynapHo Besme, KpoMe, BO3MOXHO, KOPHA}
t = s;
{s-monmmepeBo perymgpHo Be3me, KpoMe, BO3MOKHO, BEpPUMHH 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
obMeHATH x[t] m x[2*%t+1];

t 1= 2%t + 1;

end else begin
obMenaTes x[t] um x[2*t];

t 1= 2%t;

end;

end;

Y106b1 yOeIUTHLCA B TPABIILHOCTU 3TOU TPOIEAYPHI, TOCMOTPUM HA,
Heé moBHMMAaTedbHee. IlycTh B s-TogmepeBe BCE BEPIIUMHBLI, KPOME pPa3Be
YTO BEPUIMHEL t, peryaapubl. Paccmorpum coiHOBen Bepmuabl t. Ouu pe-
IYJAPHBI, U HOTOMY COEPKAT HAUOOIBIINE UHCIA B CBOUX IO IEPEBBHAX.
Taxum obpazom, HA POJIH HAMOOIBIIErO YUCTIA B t-IIOJIEPEBE MOLYT IIpe-
TEHI0BATH YUCIO B CAMOU BEpIIMHE t U 4ucia B eé ChIHOBBAX. (B mepsom
clIydae BepIInHA t PEryaapHa, U BCE B TOPALKE.) B DTUX TepMUHAX UK
MOXKHO 3aMNCaTh TaK:

while Haumbombllee YMCIO He B t, a B ONHOM U3 CHHoBell do begin
if omo B mpaBoM chHe then begin
| IMOMEHATH t C e& NPaBHM CHHOM; t:= IpaBHM CHH
end else begin {Haumbombmee umcmo - B ImeBOM CHHe}
| IHOMEHATH t C e& JeBHM CHHOM; t:= JIeBHH CHH
end
end

MMocae 06MeHa BepIuHa t CTAHOBATCA PErYJIAPHON (B HEE MonanaeT MaKCu-
MaJIbHOE 9ucIo t-noggepesa). He npuasasmmn yuactus B 0OMeHe ChIH OCTa-
éTCA peryJaAapHBIM, a NPUHABIIAYA YIACTHE MOXKET U He OBITH PeryJIApPHBIM.
B ocranbuBIX BEPIINHAX S-II0OOAEePpeBa HEe N3MEHW/INCHh HU IUCIa, HU IIOMOe-
PEBbA UX TOTOMKOB (pa3Be 4TO IBa BJIEMEHTA TOJIePeBa TePeCTABUINCh),
TaK 9TO PEeryaapHOCTh HE HapYIIUIaCh.

DTa XKe MpOoIenypa MOXKET MUCIOMB30BATHLCA LI TOrO, ITOOLI CIeIaTh
1-moaIepeBo peryssapHLIM Ha HAYAILHOU CTAIAN COPTUDPOBKH:

k :=n; u := n;
{Bce s-monmepeBba c s>u perymapHa }
while u<>0 do begin
{u-mommepeBo perymapHo Be3me, KpoMe pa3Be UTO KODHA}
BOCCTaHOBUTb DPeryIApPHOCTE U-TNOLLEepeBa B KODHE;
u:=u-1;
end;
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Temepsb 3anuineM TPOLEIYPYy COPTUPOBKM Ha mackaue (mpemoJarasd,
YTO N — KOHCTAHTA, X UMEeT TUll 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[i];

x[1] := x[j];

x[j]1 := tmp;
end;

procedure restore (s: integer);

var t: integer;

begin

t:i=s;

while ((2%t+1 <= k) and (x[2xt+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 1= 2%t+1;

end else begin

exchange (t, 2*t);

t 1= 2%t;

end;

end;

while u <> 0 do begin
restore (u);

u:=u - 1;

end;

while k <> 1 do begin
exchange (1, k);

k :=k - 1;
restore (1);
end;
end; O

Heckonbko 3aMedannn.

MeTom, mCIOTL30BAHHBIN TPU COPTUPOBKE IEPEBOM, OLIBACT MOJE3HBEIM
B apyrux caydasx. (Cm. B rmase 6 (Tumer ganneix) o6 ouepean ¢ npuopu-
TeTaMu. )
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CopTupoBKa CAUAHEEM XOPOIIA TEM, 9TO OHA HA TPeOyeT, YTOOBI BeCh
COPTUPYEMBIN MACCUB TIOMEIIAICA B ONePATUBHON TaMaTu. MOXHO cHAYATA,
OTCOPTUPOBATH TAKUE KyCKHU, KOTOPHIE MOMEIIAITCA B IaMATH (HAIIPUMED,
C IIOMOIIBIO JEPEBA), a 3aTeM CJAUBATH [OTyIEHHBIE (DALLIEL.

Emé ogun npakTuiecku BaxkHBIA aIrOPATM COPTUPOBKE (OBICTPAas cop-
TUPOBKA X0apa) TakoB: 9TOOBI OTCOPTUPOBATH MACCUB, BEIOEPEM CJIydall-
HBIU €0 2JIeMEHT b, 1 pa3o0bEéM MaCcCHUB Ha TPU IaCTU: MeHbIMe b, paBHEBIE b
u 6oabume b. (Dra 3agada npusegera B riase 1.) Teneps ocramocs oTcop-
TUPOBATH HMEPBYIO U TPETHIO YACTU: DTO AEIAETCI TeM ke criocobom. Bpems
PabOTHI HTOr0 ATCOPUTMA — CIyYaUHAS BEIMYUHA; MOXKHO IOKA3aTh, ITO
B cpexneM OH paboraet He Hombine Cnlogn. Ha mpaktuke — ou ogwn u3
caMbixX ObICTPLIX. (MBI emé BepHEMCA K HEMy, MPUBEIA €r0 PEKYDPCUBHYO
U HEPEKYDPCUBHYIO DEaIU3allun. )

Haxouern, ormeTuM, 9TO cOpTUPOBKA 3a Bpemsa mopsaika Cnlogn mo-
JKeT OBITH BBINOJHEHA C MOMOIIBIO TEXHUKUN COATAHCUPOBAHHBIX IE€DEBHEB
(cm. miaBy 14), ogHAKO TPOrPAMMEL TYT CJIOXKHEE U KOHCTAaHTA C' TOBOIBLHO
BEJIUKA.

4.3. [lpumeHeHNs COPTUPOBKMU.

4.3.1. HauTu KOIM4IecTBO PA3IMIHBIX YUCEA CPEIU DIEMEHTOB JaHHOIO
maccusa. Jucno meuctsunn nmopagka nlogn. (Dra sagada yxe Obuia B DIa-
Be 1.)

Pemenue. OrcopTupoBars 4ucia, a 3aTeM MOCIUTATH KOJIUIECTBO Pas-
JIMYHBIX, IPOCMATPUBAA DJIEMEHTEl MACCUBA IO TOPAIKY. (|

4.3.2. Mano n orpeskos [al[il,b[i]] ma mpsamon (i = 1...n). Haurn
MAaKCUMAaJbHOE kK, IJIA KOTOPOrO CyIECTBYeT TOYKA HPAMOU, MOKPBITASL
k orpeskaMu («MAKCUMATBLHOE YUCIO CJAOEB»). TuCao nencTsunl — mopai-
xa nlogn.

Pemrenue. YmopsagoduM BCe JIEBBIE U MPABBIE KOHILI OTPE3KOB BMECTE
(Ipu 5TOM JIEBBIU KOHEI[ CIUTAETCA MEHBIIE IPABOrO KOHILA, DPACIOIOKEH-
HOI'O B TOU ke TodUKe mpsamon). [amee ABUraeMcs CJAEBA HAIPABO, CIUTAL
YUCIO CJIOEB. BCTPEYEHHLIN JEBLIM KOHEI YBEIMIUBAST THUCJIO CIOEB Ha 1,

TMpaBBIl — yMeHbmaeT. OTMeTuM, YTO MPUMBLIKAIIINE IPYT K APYTY OT-
pesku 06pabaThLIBAIOTCA MPABIIBHO: CHAYAMA UAET JEBLIM KOHEI (IpaBoro
OTpe3Ka), a 3aTeM — MPAaBHIK (IEBOMO OTPE3KA,). O

4.3.3. [laHo m TOYEK HA ILIOCKOCTU. YKa3aThb (n — 1)-3BeHHyIO Heca-
MOIIEPECEKAIOMYIOCA HE3AMKHY TYIO JIOMAHYI0, IPOXOIALLYI0 I€Pe3 BCE DTH
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rouku. (CoceqHnM OTPE3KaM JOMAHOU PA3PEIIAeTCA JeKATE Ha OMHOU Tps-
mon.) Hucao geuctsunn mopaaka n logn.

Pemenue. YopsagouuM TOYKM TO Z-KOOPAWHATE, a MPU PABHBIX T-KO-
OpAMHATAX — MO Y-KOOpAWHATE. B TakoM MOpAIKE M MOXHO MPOBOAUTH
JIOMAHYIO. O

4.3.4. Ta xe 3amada, ecau JOMaHaA TOMKHA OBITh 3aMKHYTOM.

Pemenme. Bozbmém camyio JeByI0 TOUKY (TO €CTh TOUKY C HAMMEHDIIEH
Z-KOOPIVHATON) U IPOBEIEM U3 HeE JIy9r BO BCEe OCTAIBHBIE TOYKU. Tenepb
YIIOPATOYIAM >TH Iy I CHA3Y BBEPX, & TOUKU HA OTHOM JIy9e YIOPATOTAM 10
PACCTOAHUIO OT HAYALA Ty4a (3TO NeTaeTCs 1/ BCEX JIyUIer, KPOME HUKHErO
u Bepxuero). JlomMaHas BLIXOAUT U3 BHIOPAHHOU (CAMOU JEBOWM) TOYKHU MO
HIDKHEMY JIy9qy, 3aTeM 0 BCEeM OCTATBHBLIM JydaM (B OMUCAHHOM MOPAIKE)
7 BO3BBPALIAETCA TI0 BEPXHEMY JIyIy. O

4.3.5. [laHo n ToYeK HA IIOCKOCTHU. IIOCTPOUTH UX BBITYKJIYIO 0O0I0-
Ky — MUHUMAJIbHYIO BBIIYKIYIO GUrypy, ux cogepxauryio. (Pesunosoe ko-
JIEYKO, HATAHYTOE Ha BOUTHIE B JOCKY I'BO3JU — UX BBILYKJIAA 00OIOTKA.)
Yucmo onepanun e 60mee n logn.

[Ykazaune. YnopsagoduM TOYKM — TOAUTCS JTOOOW U3 TOPSIKOB, UC-
MOMB30BAHHLIX B IBYX MPEIBIAVIIAX 330a9aX. 3aTEM, PACCMATPUBAS TOU-
KU 0 odepenn, OyJeM CTPOUTH BBINYKIYIO OOOMOYKY YXKe pAaCCMOTPEH-
HbIX TO4ueK. (/i XpaHeHUs BBITYKION OGOJOYKM IIOJIE3HO UCHOIB30BATH
nek, cMm. riaBy 6. Bopodewm, mpu ynmopsgodeHMM TOYEK MO yIVIAM DTO W3-
Jumge. )| O

4.4, HuxKHME OLEHKMN ANA HMCNa CPAaBHEHUN
Npu COpTUPOBKE

ITycTs uMeeTcsa n Pa3TUIHBIX MO BECY KAMHEN W BECHI, KOTOPHIE IO-
3BOMAIOT 32 OJHO B3BENIMBAHUE OMPEICIUTL, KAKOUM U3 IBYX BHLIOPAHHBIX
HaMu KamHen Taxkenee. (B mporpaMMucTCKUX TepMHHAX: MBI UMEEM [I0-
cryn k gynkuuu taxenee(i,j:1..n) :boolean.) Hago ynopsarounts kam-
HU II0 BECy, CIeJaB KAK MOXHO MEHBIIE B3BEIIUBAHUN (BBI30BOB (DYHKIUA
TAXeIee).

Pasymeercsa, 9ucio B3BEINMBAHUNA 3ABUCUT HE TOJBKO OT BLIOPAHHOTO
HaMU aJICOPUTMA, HO U OT TOT'0, KAK OKA3AMNCH PACITOMOXKeHbI KaMuu. Coox-
HOCTBIO AITOPUTMA HA30BEM UUCAO B3BEIIUBAHUU MPU HAUXYIIIEM DPACIIO-
JIOXKEHUU KAMHEN.



“progbook” — 2013/10/22 — 18:36 — page 81 — #381

4.4. Huncnue ouenxu 044 wucaa cpasrenuti npu copmuposke 81

4.4.1. [lokaszaTb, ITO CAOKHOCTH TPOU3BOILHOTO AITOPUTMA COPTUPOB-
K1 n KaMHen He MeHbine log, n! (rnen!=1-2-...-n).

Pemenne. [Iycts umeercs arroputs caoxuocT He 6oaee d. [Ias Kax mo-
ro u3 n! BOBMOXHBIX PACIONOKEHAN KaMHEH 3alpPOTOKOIUPYEM Pe3yIbTa-
THI B3BEIIUBAHUN (OOpAIleHN] K (DYHKIUN TAXeIee); UX MOXKHO 3aIlucaTh
B BUJE TOCTCIOBATEILHOCTY U3 He Oomee deMm d wynaen u equuui. [Ins equ-
HOOOpAa3us AOMOJHUM MOCTIeIOBATENBHOCTD HYIAME, 9TOOBI €€ IINHA CTAIA
pasuon d. Tem cambIM y Hac umeeTcsa n! mocienoBaTenlbHOCTEN U3 d HyJIen
u equuul. Bce 5T nmocieqoBaTensHOCTH pa3Hble — MHAYE HAIN AJICOPUTM
nan OBl OMUHAKOBBIE OTBETHI IJIA PA3HBIX MOPAIKOB (M OIUH U3 OTBETOB
6BLT OB HempaBmabHBIM). [Homyuaem, uro 2¢ > n! — uTo m Tpebomatock
MTOKa3aTh. ]

[pyron cnocob O0BLACHUTE TO XKe CaMOe — PaCCMOTPETh IEPEBO BapU-
AHTOB, BO3HUKAIOIIEE B XOMI€ BBIIOJHEHUs AJICOPUTMA, U COCIATHLCA Ha TO,
YTO IEpPeBO BEICOTHL d HE MOXKET MMEThb Oomee 2¢ ucThes.

Hecnoxuo 3ametuts, 9T0 log, n! > enlogn npu moaxomsmem ¢ > 0, mo-
CKOJIBKY B CyMMe

logn!=log1l+log2+log3+...+logn

BTOpas MOJMOBUHA CIAraeMbIX He MeHble log,(n/2) =log, n — 1 kaxgoe.

TeM caMBIM TI060U ATTOPUTM COPTUPOBKY, UCTIOIB3YIOIIMN TOJBKO CDAB-
HEHUs DIEMEHTOB MaCCUBa U WX MMEPECTAHOBKHU, TpebyeT He MeHee cn logn
IEUCTBUAU, TAK YTO HAIIU AITOPUTMBI OIU3KYU K onTuMaitbaeiM. OnHako ai-
FOPUTM COPTUPOBKU, UCIOAL3YIOIIUA IPYTHUE ONEPAINU, MOXKET NEHCTBO-
BaTh u ObIcTpee. BoT onun u3 mpumepos.

4.4.2. Nwmeerca maccus mensrx uncen al[1] ...a[n], mpuuém Bce umcaa
HEOTPUIATEILHEL 1 He IPeBocxoaaT m. OTcopTUpPOBATL DTOT MACCUB; IUCIO
OEUCTBAN MOPAIKA m + n.

Peurenme. /[1s1 xaxmgoro uucaa ot 0 IO m MOACIYUTHIBAEM, CKOIHLKO Pa3
OHO BCTPEYAETCA B MaccuBe. 11ocme dTOro MCXOMHBIN MAaCCUB MOXKHO CTe-
PeTh U 3aMOTHUTHL 3AHOBO B MOPAIKE BO3PACTAHUSM, UCIOIB3YS CBEIEHUs
0 KPATHOCTH KAXK OO TUCIA. O

OTMeTnM, 9TO 3TOT AICOPUTM HE MEPECTAB/IAET UUCIA B MACCUBE, KaK
OOJBITUHCTRBO APYTUX, & «3AMUCHIBACT UX TYIA 3AHOBOY.

EcThb Takxke METOX COPTUPOBKH, B KOTOPOM IOCICIOBATEILHO IIPOBO-
OUTCA PAJL «JACTUIHBIX COPTUPOBOK» IO OTAEIbHEIM OmTam. Haurém ¢ Ta-
KOU 3a,Ja9H.
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4.4.3. B wmaccuse a[1]...a[n] menwx 4dmcen mepecTaBUThL JIEMEHTHI
Tak, ITOOBI YETHBIE YUCIA, [LIA MEpe] HEeIETHBIMU (HE MEHAA B3aUMHBIN
HOPAJOK B KAXKIOU U3 TPYILI).

Pemenne. Cuauana cnumeM (BO BCIOMOTaTEIbHBIN MACCUB) BCE YETHBIE,
a TIOTOM — BCE HEYETHHIC. O

4.4.4. WNmeerca maccus u3 n uncenx ot 0 1o 2% — 1, xaxkgoe m3 KOTO-
PBIX MBI OyJ€eM paccMaTpuUBaThb KakK k-OMTOBOE CJIOBO U3 HyJEW W €IWHIAL.
Ucnonb3ys mposepku «i-bii 6uT paBeH Oy u «i-bii OUT paBeH 1y BMECTO
CpPaBHEHUN, OTCOPTUPOBATEL BCE YUCIA 34 BpEeMs MOpAIKa nk.

Pemenne. OTcopTupyeM 9ucia mo nocaeaueMy 6uTy (CM. IpeIbLIyILy o
3aady), 3aTeM [0 HPeInocIeqHeMy U TaK gajee. B pesyabrare oHE OyayT
OTCOPTUPOBAHBL. B caMoM fgese, MHIYKIIUER 110 i JErKO [0KA3aTh, 9TO MOCIe
1 IIAroB JIOOBIE MBA YHUCIA, OTIUYAIONIAECS TOJBKO B i MOCIEIHUX OUTAaX,
UIyT B IpaBuibHOM mopaake. (BapuanTt: mocae ¢ maros 4-6UTOBBIE KOHITET
YUCET UIYT B MPABUILHOM MOPAIKE. ) O

AHaJOrMYHBEI AICOPUTM MOXKET OLITH IPUMEHEH A M-UIHOU CUCTEeMBL
CYMCICHUA BMECTO ABOMYHOU. [Ipym 5TOM mOMe3Ha Takas BCIOMOIaTeIbHA
3a1a9a;

4.4.5. [Maubl n aucen u GyHKIWA [, IPUHAMAKIIAA (HA HUX) 3HATCHU
1...m. TpebyeTca nmepecTaBUTh IUCIA B TAKOM MOPAIKE, ITOOBI 3HATEHU
¢yuxuuy f He yObBamu (COXpaHSIA MOPAIOK IS TUCET C DABHBIMU 3HAE-
auamu f). Hucao geuctsum nmopsagka m + n.

[Ykazauue. 3aBeCTy m CIICKOB CYMMAPHOU JIMHEL 1 (KaK 5TO CIETATh,
cMOTpH B TviaBe 6 0 TUMAX JAHHBIX) U MOMEIIATH B (-bI CIUCOK IUCIA, I/
KOTOPBLIX 3HavYeHne pyHKIuU [ PABHO 4. BapwmanT: NOCIMTATL NI BCEX i,
CKOJIBKO UMeeTCs quced = ¢ f(x) =i, mocke 9ero Jerko OnpenelnTh, ¢ Ka-
KOI'0 MECTa HYKHO HAIMHATH Pa3Memars ducia ¢ ¢ f(z) =1.] O

4.4.6. [lanbl n HenbIX umcen B gmamasore oT 1 1o n?. Kak orcoptupo-
BATH UX, CHETAB MOPAIKA N JEUCTBUN? O

4.5. PoacTeeHHble COPTUPOBKE 3a4a4K

4.5.1. KakoBa MUHUMATHHO BO3MOXKHAS CIOKHOCTDH (MUCIO CPABHEHUN
B HAUXYJIIIEM CIydae) alrOPUTMA OTHICKAHUA CAMOrO TAKEIOrO U3 N KaM-
Hen?
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Pemenure. OueBUIHBIN AMTOPUTM C WHBAPUAHTOM (HAUIEH CAMBIT TH-
KEMBIN KAMEHb Cpeln TIEPBLIX i» TpebyerT n — 1 cpaBHenun. Anropurma
MEHBIIEN CJIOKHOCTH HET. JTO BHITEKAET U3 CIACAYIOMIEro Golee CAIBLHOTO
YTBEePK TCHU. O

4.5.2. DkcruepT Xo4eT yOeauTh CyI, UYTO JaHHBIUN KAMEHbL — CAMBIA TH-
KEMBIU Cpelu N KaMHeH, caeqas Meree n — 1 B3pemusauuu. [[okasaTh, 9TO
5T0 HeBO3MOXKHO. (Beca KaMHel HeM3BECTHBI Cy 1y, HO U3BECTHEI SKCIEPTY. )

Pemrenwe. M306pasum KaMHM TOYKAMY, a B3BEIIMBAHUI — JIUHUAMA
Mex a1y HuMmu. [loay<aum rpad ¢ n BepmrmHAME U MeHee deM n — 1 pébpamu.
Taxou rpad HecBA3eH (106aBICHIE KAXK IOT0 CASIYIONIEro pedpa yMeHbIIIa-
eT YMCJIO CBA3HBIX KOMIOHEHT He Gosee dem Ha 1). [losromy cyn Hudero
HE 3HAET OTHOCUTEJIHHO COOTHOIIECHUS BECOB KAMHEW B DPA3JUYHLIX CBSI3-
HBIX KOMIIOHEHTAX M MOXET JOMYyCTUTb, YTO CAMBIA TAKENBLIN KAMEHb —
B JII000U U3 HUX.

Bonee mpocToe o0bAcHeHUE: OyIeM CASIUTHL 33 TeM, CKOTbKO KAMHEN
K TAHHOMY MOMEHTY HE (IpOUrpaImy (TO eCTh HEe OKA3AIUCH Jerde IPyrux).
Bravane nx n; mpu KayXI0M B3BEIIMBAHUU TTPOUTPLIBAET TOJBLKO OJWH Ka-
MEHb, & €CJIU €CThb IBOE He MPOUrPABIINX HUKOMY, JIOOOU U3 HUX MOXKET
(c TOYKM 3peHus Cyja) OKa3aTbCA CAMBIM TAKEIBIM. O

Pasauna Mexay >Ton 3agader 1 OIPeILIIyIIel: B DTON 3a1a9€ MBI JOKa-
3LIBAEM, UTO 7 — 2 B3BEITUBAHUU HE NOCTATOYHO HE TOMBKO /A HAXOXK IE-
HUA CAMOTO TAKENOr0, HO JAXKe [ TOrO, YTOOBI YOSIUTHCA, I9TO JaHHBIN
KAMEHb ABIACTCA TAKOBBLIM — ECJU MPEIIOJOKUTEILHBIN OTBET M3BECTEH.
(B cayvae copTUPOBKE, 3HAA MPEAIOJOKUTEILHBIN OTBET, MBI MOXKeM ybe-
IUTHCA B €r0 MPABAIBHOCTH, CIEJAB BCErO N — 1 CPABHEHUU — KaXK BN
CPaBHUBAEM CO CAEIVIOMNM MO Becy. HamoMHUM, ITO COPTUPOBKA TpedyeT
B XY[IIIEM CIydae 3HAIUTEILHO OOJbIIE CPABHEHUN. )

4.5.3. [lokaszaTb, 9TO MOXKHO HAUTH CAMBIA JEIKUA W CAMBIA TAXKEILIN
u3 2n KaMHeHn (OJHOBPEMEHHO), CAEIAB 31 — 2 B3BELINBAHUIL.

Pemrenne. Pazo06béM KaMHUM MPOU3BOIBLHBIM OOPA30M Ha 1 Map W CpaB-
HUM KaMHHI B Kaxkgou mape (n BapemmBanuin). OTIOKAM OTIETBHO «OGE-
aureneny (6oee TIKEMBIX B CBOEH MAPE) U «IPOUTPABIIIXy (Gomee JErKnx).
flcHO, 9TO caMBIl JETKUE KaMeHb HALO UCKATh Cpeau mpourpasmux (n — 1

CPABHEHUN), a CAMBIN TSKEIbI — cpeau nobegurenen (emé n — 1 cpaBHe-
HUN). O

4.5.4. [lokazaTb, IYTO HE CYIIECTBYET AITOPUTMA, MO3BOJIIOIIETO T'a-
PAHTUPOBAHHO HAUTU CAMBIN JEMKAN U CAMBIA TsKEJALIM CPeIn 21 KaMHen
(OZHOBpPEMEHHO), CIelaB MeHee 31 — 2 B3BELIMBAHMUIL.
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Pemrenme. [lycTs Takon arroputm cymectsyet. Habmogas 3a ero mpu-
MEHEHUEM K KAKOW-TO TPYIIe U3 2n KaAMHEH, MBI Oy IeM CIeIUTh 38, 9e ThIPhb-
MA mapaMeTpamMu. A UMEHHO, MBI OyI€M CMOTPETH, CKOIBKO KAMHEN

(a) KOMyY-TO yXKe IPOUIPAIU, & Y KOI'O-TO Y2Ke BLIATDAIIY;

(b) KOoMy-TO y2Ke mpourpaiu, HO emE Hi y KOr'0 He BLIMIDAJIY;

(C) y KOro-TO y¥e BEIUTDAIN, HO €IIE HUKOMY He IIPOUTPAJIY;

(d) B y KOO HEe BEIUTPATN U HUKOMY HE MPOUrPATA (TO €CTh HU C KeM

HE CPABHUBAJIICE).
(HamomMHUM, 9TO BBIACPABIIMM B CPABHEHUU MBI CIMTAEM 00J€€ TAKEIBIN
kamenb.) Kavuu tuna (a), O9€BUAHO, HE MOT'YT YK€ OKA3aThCA HU CAMBIMUA
JMECKUMY, HU CAMBIMU TSKGTBIMEA, KAKOBLI ORI HU OBLTA PE3yTbTATHI JATh-
Heummx cpapHeHun. Jobon kamens Tuna (b) mMeeT maHC OKazaTHCA ca-
MBIM JECKUM (B CAMOM €€, er0 MOYXKHO TIPOU3BOIBHO OOIErIUTh, HE MEHS
PE3yJabTATOB yKe BLIIOJHEHHBIX CDABHEHUN), HO YK€ HE MOXKET OBITh Ca-
MBIM TSKEIBIM; 1A KaMHen turna (¢) zHao6opor. Hakonern, mo60ou kaMeHb
tumna (d) MOXKeT OBITH U CAMBIM JEMKUM, U CAMBIM TAKETIBIM.

O6o3uauuM Uepes a, b, ¢, d Komm4ecTBa KAMHEN B COOTBETCTBYIONINX Ka-
TEropuaAX U TMPOCIENUM, KAK MEHAITCA STU MapaMETPHLI MPU OYepeIHOM
cpaBHeHuu (B 3aBUCAMOCTU OT TOr'O, KAMHU KAKOT'O THUIIA CPABHUBAIOTC
U C KAKUM DPE3yJIbTATOM).

cpaBHeHEE | a b c d | b+c+(3/2)d
a—a 0 0 0 0 0
a>b 0 0 0 0 0
a<b +1 | —-11] 0 0 -1
a<c 0 0 0 0 0
a>c +1|1 0 | —-1] 0 -1
a>d | 0 |+1] 0 | -1 —1/2
a<d | 0] 0 |+1]-1 ~1/2
b-b +1 | —-11] 0 0 -1
b<c 0 0 0 0 0
b>c +2 | -1]-1] 0 —2
b<d |00 |+1]-1 ~1/2
b>d | +1]| 0| 0 | -1 ~3/2
c—c +1] 0 | -1 O -1
c<d | 4110 ] 0|1 372
c>d 0| +1] 0| -1 ~1/2
d—d 0 | +1 | +1 | =2 -1

Mocaenuanit cToa6en TaGIUNIBI MOKA3BIBACT, KAK MEHACTCA BEIMYMHA § =
=b+c+ (3/2)d (kOTOPYIO MOXKHO PACCMATPUBATE B KAIECTBE MEPHI (OCTAB-
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mIencsa paboThy: KAMEHb, TTPO KOTOPLIN HE U3BECTHO HUYErO, C TOUKU 3De-
HUS DTOU MEPHI B TIOATOPA Pa3a CIOXKHEe KAMHS, 15 KOTOPOT'O €CTh OIHO-
CTOpOHHA OueHKa). U3nagaasuo s = 3n, a B KoHe s = 2 (Ipo Bce KaMHH,
KPOMe [IBYX, M3BECTHO, 9TO OHU OTHOCATCA K kareropuu (a)). U3 rabmuubt
BUHO, ITO IPU JIOOOM B3BEIIUBAHUN €CTh «HEYJAIHBIN UCXOM), TPU KOTO-
POM S YMEHBIIACTCA He 00Mee UeM Ha eAuHuIly. Takue MUCXOIBI IEeUCTBU-
TEILHO BO3MOKHEI (HE MPOTUBOPEIAT PE3YIbTATAM MPEIBIIYIINX B3BEIIN-
BAHUN): IPY CDABHEHUN D-KAMHS 1 C-KaMHS MOXKET OKa3aThCsA, ITO C-KAMEHb
Tskenee (ero BeC He OUPAHUYEH CBEPXY HPEIBIIYIIMMU B3BEIIUBAHWUAMA),
a Npu CPABHEHWU C y4acTHEeM d-KaMHS Pe3yJIbTAT MOXKET OBIThb JIOOBIM,
MOCKOMBKY TIPO d-KaMeHb Hu4Iero He u3secTHO. (Kpome Toro, MoxHO 3ame-
TUTh, ITO €CJAU OJWH U3 UCXOMOB B3BEIIMBAHUI HEBO3MOXKEH, TO DTO B3Be-
[MIUBAHVE BOOOIIE W3JIUIIHE U €r0 MOXKHO HE JeIaTh.) A eClu UCXOIbI BCEX
B3BEIIMBAHUY HEYAAYHBLI, TO YMEHBIIEHUE § ¢ 3n 10 2 moTpebyeT Kak Mu-
HUMYM 3n — 2 B3BENIUBAHUU, 9TO U TPEHOBAIOCH AOKA3ATH. O

4.5.5. [laHO N pa3IUYHBEIX TO Becy KaMuen. HauTum caMbil TAKETBIN
U BTOPOU IO BeCy KaMHHU, caeias He 6onee n + [log,n] — 2 B3pemusanun
([logy n] — manmvenwmee menoe k, mpu koTopom 2F > n).

Pemrenne. Cravana Hanaém nobGegurens (CAMBIM TAXKEILIN KAMEHb), &
noToMm OyAeM UCKATh BTOPOH MO Becy. SICHO, 9TO BTOPOr0 MOXKHO HUCKATH
JIAIIB CPEIA TeX, KTO MPOUTPAT JUIHO TTOOEAUTENO (TPOUTPABIIAE KOMY-TO
emé Jerde cpasy OBYX KamHen). Ecau onmpeneaaTs mobeIuTens B TYPHUDE
N0 OMUMOMUCKOU cucTeMe (BCe TEMATCA Ha TMaphl, IPOUTPABIINE BLIOBIBA-
10T, IOTOM CHOBa [JeJIATCA HA Maphl U Tak gatee), To g 2F ygacTaumkos
nonagoburcsa k payHmoB, a mas n ydacTHuKOB — [log, n] paynmgos. B ka-
K IOU UT'PE TYPHUPA BLIOBIBAET OJWH yIACTHUK, TO3TOMY BCero oyaer n — 1
Urp Ui ompefeneHus nobeaurens u emg [log, n| — 1 B TypHEUpe 3a BTOpOE
MECTO CPey MPOUTPABIINX MOOEIUTEIIO. O

4.5.6. [loxaszaTb, YTO HUKAKOU aJICOPUTM HAXOXKIEHUA CAMOIO TAKEIO-
IO U BTOPOIO MO BECY CPEIU N KAMHEN HEe MOXKET MapaHTUPOBAHHO CIeJATh
5TO MeHee UeM 32 n + [log, n| — 2 B3BemMBaHMIL.

Pemenue. [TycTs manm Takou amropuT™. B Kaxk B MOMEHT €0 MCIOJ-
HEHUA PACCMOTPUM TUCIO k; KAMHEN-YIACTHUKOB, IPOUTPABIINX HE MEHEe §
urp-cpasuenutt. (Kocsenusie npourpeinm — ecau a npourpar b, a b npo-
urpaia ¢, — He yIUTBIBAOTCA.) Jlerko moHaTh, 9To cymma k; IO BCeM i
pPaBHA YUCTY UTD, TaK KaK TOCTE KK IO UTPHI OTHO U3 k; YBEIUIUBACTCA
Ha, eUHUILY.

[TosToMy mOCTATOYHO MOKA3ATH, 9TO KAKOB OBl HUA OBLT aJICOPUTM, IIPU
HEYJAYHBIX I HEro pesyiabTarax urp OymeT BBIIOIHEHO HEPABEHCTBO
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k1 + ka > n + [log, n] — 2. Bygem HasbIBaThH «THIEPAMU» TEX yIACTHUKOB,
KOTOPBIE eIé HUKOMY He mpourpanu. B Havgame mx n, a B KOHIE OCTaETCA
TOMBKO OAuH JuAep (MOCKOIbKY J000U 13 JIUIEPOB MOXKET OBITH HOOeIuTe-
aem). Hostomy k; > n — 1 (Bce urpoku, Kpome 0QHOTO, KOMY-TO IIPOUTDa-
au). O6BACHUM, KAK HA IO BEIOMPATH PE3yAbTATH MATIEH, YTOOBL TOOUTHCA
HepaseHcTBa ke > [log, n] — 1. PesyapTaT BCTpeUM ABYX HE-TUAEPOB MO-
XKeT OBITH BRIOpAH JMOOLIM. EcTu muaep BCTpedaeTes ¢ He-IuaepoM, TO BhI-
urpoiBaeT augep. [Ipu BeTpede qByX AUAEPOB BEIUCPHIBACT GOJIEE OMBITHBIN,
TO €CTh TOT, KTO BEIUT'PAJ K DTOMY MOMEHTY O0ubie urp ([Ipu pABEHCTBE —
JI0601).

YT0o6B J0KA3aTH, YTO B DTOM CIyYae BHEITOJIHEHO NCKOMOE HEPABEHCTBO
uHa ks, BBEAEM OTHOIICHUSA MONIUHEHUS, CIUTAA MPU DTOM, UTO KA IBIN
UCPOK B JI0OOU MOMEHT UTPHI MOJYUHEH POBHO OJHOMY Juiaepy. B Hada-
JIe KaxK OB caM cebe Iuaep n moq9uHés ToabKo cebe. [Ipu Berpede maepa
¢ He-muAepoM (WIu ABYX HE-IUI€POB) MOIINHEHNE HE MEHETCA; IIPU BCTPe-
e IBYX JUIEPOB MPOUTPABIINN U BCE €r0 MOTINHEHHEBIE TIePenoIInHAITCA
BBINT'DABIIEMY .

Jlerko mokas3aTh M0 MHAYKIIAU, YTO €CJIU JUAEP BEIUCPAT k UTP, TO TPYTI-
T4 ero MO TIMHEHHEIX (BKIIOUAL €10 CAMOro) coaepxuT He Gomee 2F qemopex.
Buauane k =0 u B ero rpymnme Toipko oH cam. Ecau augep Bumurpan k urp
7 ToGeXK JAET U AePa, BHIUTPABIIEro He 6oee k Urp, TO B KAXK JOU U3 T'PYIII
He Gomee 2F urpokos, a B 06bequHeHNN He Goee 25! urpokos.

CremoBaTenbHO, MO OKOHYAHWU TYPHUPA JUIEP BLIUTDAJ HE MEHEe
[log, n] Urp, IOCKOABKY B €ro IPyIIe BCe n UCPOKOB. Bce mobex néHHbIe
UM, KPOME BTOPOI'O IO CWIE UIPOKA, IPOUCPAIU emé KOMY-TO (MHAde I10-
“YeMy MBI YBEPEHBI, UTO OHU He BTOpbe 10 cuie?). OTcona u norydaeTcs
TpebyeMas OIeHKa Ha K. O

4.5.7. [loxazaTh, 9TO OLEHKA MPEILIAVIIEN 3aJa49U OCTAETCA B CUIE,
ecau TpebyeTcs HAUTU JUIIL BTOPOU IO BECY KAMEHb, a CAMBIA TAXKEILIN
HUCKATh He 00A3aTeIbHO.

[Ykazaune. Ecin o OKOHYAHMIO TYPHUPA OMPEIENUICS BTOPOU MO CH-
Jie UICPOK, TO OH KOMY-TO mpourpata (OTKyda MBI 3HAEM WHAYE, 9TO OH He
MepBHINT), U TeM CaMbIM U3BECTEH U MOGeUTeNb. O

4.5.8. [Jano n pasiuuHbIx 00 Becy kKamuen u qucio k (ot 1 go n). Tpe-
Oyercsa HaUTHU k-BIX 1O BeCy KaMeHb, caeraB He Oomee C'n B3BEIIUBAHUM,
rae C' — HEKOTOpas KOHCTAHTA, HE 3aBUCAIIAL OT k 1 n.

3ameqanne. COopTUPOBKA MO3BOIAET caeiarh 310 3a Cnlogn B3Bemm-
BaHUU. YKa3aHue K >TOu (TpyaHON) 3a4ade NPUBEIEHO B IVIABE PO PEKyD-
cuio. O
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Crnenyromias 3ajada nMeeT HEOXKUJAHHO MIPOCTOE peIlleHue.

4.5.9. Nmeerca n OOUHAKOBLIX HA BUJ KaMHEN, HEKOTOPLIE U3 KOTO-
pPBIX Ha CAMOM [eJie Pa3lIuYHbLI M0 Becy. VMeeTcsa mpubop, MO3BOIAIOIIAN
MO IBYM KAMHAM ONPEIEIUTh, ONUHAKOBEI OHU WM PA3MUIHBL (HO HE TOBO-
PALIMN, KAKOU Taxesee). U3BECTHO, UTO Cpeay 3TUX KAMHEH OOJBIITHCTBO
(6onee n/2) ogunaxoebix. Caesas He GoJee N B3BELIMBAHUY, HAUTY XOTS Obl
OIVH KaMeHb 13 5>Toro 6onbmuacTsa. ([Ipegocrepexenue. Eciu nBa kamus
ONVHAKOBBIE, DTO HE MAPAHTUPYET UX MPUHAIJICKHOCTU K GOJIBLUIMHCTBY.)

[Ykazanue. Eciu mangensr nBa pasaudHbBIX KaMHA, TO UX 004 MOXKHO
BEIOPOCUTH — XOTA Obl OQUH M3 HUX ILIOXOU U OOJBIIMHCTBO OCTAHETC
OOJBIIMHCTBOM. |

Pemenue. [IporpamMma npocMaTpuBaeT KAMHE [0 OYepenn, XPAHA B e~
DPEMEHHOU i YUC/I0 IPOCMOTPEeHHBIX KaMHen. (CauTaeM KaMHU IIPOHYyMepo-
BanubIME OT 1 10 n.) IToMuMO >TOro mporpaMMa XpaHuT HOMED «TeKYIIEro
KAHIUIATaY C U €r0 «KPATHOCTBY K. CMBICT 3TUX HA3BAHUN OOBACHACTCSA
nuBapuanTom (U):

ecau K HEIPOCMOTPEHHBIM KaMHAM (C HOMepamu i+l...n) mo-
GaBmIN ObI k KOMUU C-T'0 KAMHSA, TO HAM0OIEE TaCTHIM CPEeIu HUX
OBLT OBI TAKOW K€ KAMEHbL, YTO U I UCXOJAHOTO MACCUBA.

[Monywaem Takyio nmporpamMmy:

k:=0; i:=0;

{(n}

while i<>n do begin

if k=0 then begin

| k:=1; c:=i+1; i:=i+1;

end else if (i+1-mii XaMeHBL OLWHAKOB C C—HM) then begin
i:=i+1; k:=k+1;

{3aMenseM MaTepMamBHEM KaMeHL UIEATBHHEM}

end else begin

i:=i+1; k:=k-1;

{BHKUIHBaeM ONWH MaTepUANLHHM ¥ OLWH MIEANLHHM KaMeHb}
end;

end;

MCKOMHM ABIASTCA C—HHM KaMeHb

3ameqanue. [[0CKOIBKY BO BCEX TPEX BAPUAHTAX BHIOOPA CTOUT KOMAH I,
i:=i+1, €€ MOXHO BBIHECTU HAPYXKY. O

3aMeTuM TaK¥ke, 9TO dTa MPOrPpAMMa FAPAHTUPYET OTHLICKAHUE HAOO-
Jlee JaCTOr0 KaMHfA, JUIIb €CIU OH COCTABIAET OOJIBIINHCTBO.
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Caenymolas 3aada He UMEeT Ha TePBBIA B3MVIAL HUKAKOTO OTHOIICHU
K COPTUPOBKE.

4.5.10. Nmeercsa kBagparuas tabmuma all..n,1..n]. U3secTHO, ¥TO
[JISI HEKOTOPOT'O 1 CTPOKA ¢ HOMEPOM 1 3aIlOIHEHA OJHUMU HYJIAMU, & CTOJ-
6€I] C HOMEPOM 1 — OIHUMU eIUHUIAMY (38 UCKIHOYUEHAEM UX [MePeCeueHus]
HA IUATOHAJM, [Ie CTOUT Hem3BeCTHO uTo). Halitu Taxoe i (OHO, OU€BUIHO,
eIUHCTBEHHO). Hucao gercTsui mopaaka n. (3aMeTumM, 9TO dTO CYIIEeCTBEH-
HO MEHBIIIE YUCIA HIEMEHTOB B TaOIuULE. )

[Ykazauue. Paccmorpure alil [j1 kak pesyabTar «cpaBHeHUs» i C j
U BCTIOMHUTE, UTO CAMBIM TAKEMLIM U3 N KAMHEN MOXET ObITh HAWICH
3a n cpaBHeHUWH. (3aMeTuM, ITO TAOJIMAIA MOXKET He OBITh «TPAH3UTUB-
HOW», HO BCE PABHO TIPU (CPABHEHUW» ABYX AJEMEHTOB OJUH W3 HUX OT-
namgaer.)] O
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N OEPABOTKA TEKCTOB

5.1. CocTaBHble CUMBONbI, KOMMEHTapUX U T. 1.

5.1.1. B TexcTe BO3BeleHME B CTeleHb 0003HAYANIOCH TBYMA WIYIIIMUI
mOApAL 3BE3M0YKaMu. Pemeno 3aMeHnTs 5T0 0603HaveHne Ha, ~ (Tak 4To,
K IpuMepy, x**y 3aMenurca Ha x7y). Kax sto npome Beero caenars? Uc-
XOIHBIM TEKCT YUTACTCA CHMBOJ 33 CHMBOJIOM, [TOIYYAOIINICA TEKCT TPe-
OyeTcsa medaTaTbh CIMBOJ 32 CHMBOJIOM.

Pemenne. B xax bl MOMEHT OPOrpaMMa HAXOAUTCA B OZHOM U3 ABYX
COCTOSAIHUM: «OCHOBHOE) U (IOCJIe» (3BE3I0YUKM):

Cocrosune Oqepe;;uﬁoﬁ Hosoe [lenrcTBue
BXOJHOU CUMBOJ | COCTOSHUE

OCHOBHOE * ocJIe HET

OCHOBHOE T F * OCHOBHOE | TI€YaTaTbh &

nocJae * OCHOBHOE nedyaTaTrb

oc.Jie T F* OCHOBHOE | MEYaTaTh *, T

Ecau B KOHIIE TEKCTa MPOrpaMMa OKA3BIBACTCA B COCTOAHUY «IIOCJE) , TO
CJELYeT HANEYATATDH 3BE3M0UKY (M KOHIUTEH paboTy). O

3ameuanue. Hama nporpaMma 3aMeHseT **x Ha ~* (HO He Ha *~). B yc-
JOBUU 3aa9M MBI HE OTOBAPUBAIU [ETajler, KaK dTO YaCTO TeJaeTCAd —
MPEANONATACTCA, ITO TTPOTPAMMA, «IOMKHA, JEUCTBOBATEL PA3yMHO». B maH-
HOM CJIydae, MOXKAIYN, CAMBIA IIPOCTOX CIOCO0 0OBACHUTDL, KAK IPOrPaMMAa
IEUCTBYET — DTO OMUCATHL €€ COCTOAHUA U IEUCTBUA B HUX.

5.1.2. HammcaTh nmporpammy, yIAIAIIIYI0 U3 TEKCTA BCE MOICI0BA, BU-
na abc. [l
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5.1.3. B mackane KOMMEHTapUU 3aKTIOYAOTCA B (UTYPHBIE CKOOKMU:

begin {mavamo umxma}
i:=i+1; {yBemwyuBaemM i mHa 1}

Hamucars mporpammy, KoTopas yaausia ObI KOMMEHTAPUN ¥ BCTABIANA OB
BMECTO UCKIIOUEHHOT0 KOMMeHTapusa npoben (uro6sr 1{onuu}2 mpesparn-
nmock He B 12, a B 1 2).

Pemenwe. [IporpamMMa mMeeT IBA COCTOSHUA: (OCHOBHOE) U (BHYTPID
(xkomMeHTapU).

CocrosiHne Oqepe;xuﬁoﬁ Hogoe IlenctBue
BXOJHOU CUMBOJI | COCTOAHUE
OCHOBHOE { BHYTPHI HET
OCHOBHOE x#A{ OCHOBHOE | MeYaTaTh T
BHyTPHI } OCHOBHOE | MEYATATH MPOOeT
BHYTpU x#% BHYTpU HeT 0

3amevaHue. JTa IPOrpaMMa HE BOCIPUHUMAET BIOKEHHBIE KOMMEHTA~
pun: CTpPoKa Bpoje

{{xommenTaput BHyTpu} KOMMeHTapua}
NIPEBPATUTCA B
KOMMeHTapusi}

(B magane croar aBa mpoGeaa). O6GpPaGOTKA BIOKEHHBIX KOMMEHTADUEB
KOHEYHBIM ABTOMATOM HEBO3MOXKHA (HYKHO (IMOMHUTH IUCIO CKOOGOK» —
a TIPOM3BOIBHOE HATYPATLHOE UUCJIO HE TIOMEIIAETCA B KOHEIHYIO MAMATE).

5.1.4. B nmackameBckux mporpaMmMax ObIBAIOT TaKXKe CTPOKU, 3aKTI0TEH-
HBIe B KaBBIUKU. Ecan durypHas ckoOka BCTPEYaeTCA BHYTPU CTPOKU, TO
OHA He O3HAYAET HAYATIA WM KOHITA KOMMEHTapusa. B cBoo ovepenn, KaBbIu-
Ka B KOMMEHTapUU He O3HAYAET HAJAIa WiM KOHIA cTpoku. Kak mameHuTs
IPOrpaMMy, 9TOOBI ATO yIECTh?

[Ykazanue. CocrosHun OymerT Tpu: OCHOBHOE, BHYTPH KOMMEHTapUI,
BHYTPU CTPOKU. | O
5.1.5. Emé omHa BO3MOXKHOCTL MHOIMX PEAIU3ANUAN HACKALI — DTO

KOMMEHTapPUN BUIA

ir=i+1; (* here i is increased by 1 *)

IPK 3TOM 3aKPLIBAIOMIAA CKOOKA JOJKHA COOTBETCTBOBATEH OTKPBIBAIOIICH
(To ectn {...*) me paspemaercs). Kak yganars rakue kommentapuu? [
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5.2. Bsopg uucen

[IycTs necAaTUIHAA 3aMKUCH TUCTA TOTAETCA HA BXOT TPOTPAMMBI CIMBO.T
3a cuMBOJIOM. MBI XOTUM (IPOYECThb) DTO YUCIO (IOMECTUTH B IEPEMEHHYIO
Tuna real ero sHadenue). Kpome TOro, Hago coodmuTs 06 OmubKe, €Cau
YUCJIO 3AMUCAHO HEBEPHO.

Bonee xoukpeTHo, npeacraBuM cebe Taxyio curyanuio. [locre roBarerns-
HOCTH CUMBOJIOB Ha, BXO/E METUTCA HA TPOUUTAHHYIO U OCTABIIYIOCT TaCTH.
Mer MoxeM TOMB30BaThHCA (yHkiumen Next:char, xoTopas HaéT MEepBLIU
CUMBOJI OCTABIIEUCA YACTHU, a Takke npouerypou Move, koropas 3abupaer
MEPBBLIM CUMBOJ U3 OCTABIIEUCA IaCTU, EPEBOJA €r0 B KATEIOPUIO TIPOUM-
TAHHBIX.

mpoYnTaHHAsg JacTh | Next| 7 ?

Bygem HasbBATH [IECATUYHON 3alUCHI0 TaKyK MOCIEIO0BATEILHOCTH
CUMBOJIOB:
(0 unm Gonee npobenos) (1 wim Goree wudp),

a TaKXKe TaKylo:
(0 nmm Gomee npoGenos) (1 unu Gonee mudp) . (1 wim Goxee mudp).
3aMeTuM, ITO COMVIACHO DTOMY OIpPEIeICHUIO
1. .1 1.1 -1.1

HE SABIAIOTCA AeCATUIHBIMU 3amucsaMu. ChopMyaupyeM Temnepb 3a1ady
TOYHO:

5.2.1. TIpodecTb M3 BXOTHOU CTPOKU MAKCUMATBLHYI YaCTh, KOTOPAsa
MOXKET OBITH HAYAIOM AecATuYIHOU 3amucu. Oupeneaurs, ABAACTCA JU DTa
YACTb TECATUYHOU 3AIMUCHIO WINA HET.

Pemrenne. 3anuiiem nporpaMMy Ha Hackaie (ICIOIb3Y s «IIePEInCIAMBIT
TUID 1719 HAIVIATHOCTHU 3aIIUCHU: IepeMeHHasa state MOXeT NPUHUMATL OJHO
U3 3HAYEHUN, YKA3AHHLIX B CKOOKAX).

var state:
(Accept, Error, Initial, IntPart, DecPoint, FracPart);

state := Initial;
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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; {mocme mawama nemok wacTu}
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; {mocme MeCATUYHON TOYKU}
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; {momxHa 6uTH xoTb onmHa uudpal
end;

end else if state = FracPart then begin
if Digit (Next) then begin

| state := FracPart; Move;
end else begin

| state := Accept;

end;

end else if
| {rakoro 6muTL He MOXeT}

end;

end;

3aMeTbTe, YTO NMpUCBAaMBAHUA state:=Accept u state:=Error me compo-
BOXK JAIOTCsA CABATOM (CI/IMBO.JI, KOTOPBIA HE MOXKET ObITh YACThIO UCIA, He

3abupaercs). O

[TpuBenéunas mporpaMma He 3aTTOMUHAET 3HAMEHUE TPOTUTAHHOTO UCTA.
5.2.2. PemmTs OpeIbIIyHIVIO 3a0a49y C TOMOJIHUTEALHBIM TPEOOBAHUEM:

€CIU MPOYUTAHHBIU KYCOK ABIAETCS TECATUYHOU 3alKUChi0, TO B MEPEMEH-
Hyto val:real cieiyeT MOMECTUTH €€ 3HAYEHUE.
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Pemenue. [Ipu urenun apoOGHOU YACTU MEpEMEHHAsA step XPaHUT MHO-

KUTENL TIPU CIEAVIOMEN IeCATUIHON mudpe.

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

val := DigitValue (Next); Move;
end else begin

| state := Error;

end;

if Digit (Next) then begin

end else begin
state := Accept;
end;

if Digit (Next) then begin

Move;
end else begin
| state := Accept;
end;
end else if

| {raxoro 6uTL He MoxeT}
end;
end;

end else if state = IntPart then begin

end else if state = DecPoint then begin

state := IntPart; {mocme masama LeIoM YacTH}

state := IntPart; val := 10*val + DigitVal(Next);
Move;
end else if Next = ’.’ then begin
state := DecPoint; {mocme mecaTwuHol Touxm}
step := 0.1;
Move;

state := FracPart;
val := val + DigitVal (Next)*step; step := step/10;
Move;

end else begin
state := Error; {momxHa 6HTBL XOTH ofHa Imppa}t

end;

end else if state = FracPart then begin

if Digit (Next) then begin
state := FracPart;
val := val + DigitVal(Next)*step; step := step/10;
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5.2.3. Ta xe 3amava, ecriu mepen UUCJIOM MOXKET CTOATH 3HAK — WIN
3HAK + (& MOXKET HUYEro He CTOATH).

dopmaT Uucea B 3TOU 3aJa49e OOBIMHO WIIICTPUPYIOT TAKOW KapTHH-
KOI:

g

[+] {uudpa)
— - LD (mudpa)]

5.2.4. Ta xe 3amada, ecim K TOMY K€ IOCIE UUCIA MOXKET CTOATH
MOKa3aTenb CTeleHu AecaTH, Kak B 254E-4 (= 0.0254) wm B 0.123E+9

O

(=123000000). HapucoBaTh COOTBETCTBYIOIIYO KAPTUHKY. O

5.2.5. YTo HAMO M3MEHUTL B MPUBEIEHHOU BHIMIE TPOrPAMME, UITOOLI
Pa3pelnTh MyCThIe LeIyo U ApoOHY dactu (kak B «l.», «. 1y wim ga-
KE (.» — MOCJAEHEE YUCAO CIATAEM DABHBIM HYJIIO)? (]

Mur BepuéMca kK KOHEIHBIM aBToMaTaMm B riase 10 (Cpasuenue ¢ o6pas-
1oM) .
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6. TUIMNbl AAHHbBIX

6.1. Cteknu

Mycts T — HekoTOpbI TUIl. PaccMoTpuM (OTCY TCTBYIONIMI B MACKATE)
TUII «CTEK daeMeHTOB Tuma Tr. Ero sHaYeHUAME ABIAIOTCA MMOCIEL0BATE b
HOCTH 3HadeHnn tuma T.

Omneparm:

e Crenarb_nycTeiM (Var s: cTeK »aeMeHTOB Tuma T)

Ho6aBurs (t:T; var s: cTek saeMeHTOB Tuna T)
e Baare (var t:T; var s: crex smemenToB Tuma T)
e Ilycr (s: crek saemenToB Tuma T): boolean

e Bepuwna (s: crex snemenTos tuna T): T

(Mbr mosbayeMcsa OGO3HAMEHUAMY, HAOMUHAIOUMMU MACKATIb, XOTA B
nackase tuna «crek» Her.) [Ipouenypa «CresaTb_mycThIM» Oe1aeT CTEK S
nycteiM. [Iponenypa «obaBuThby 106aBIAET t B KOHEI MTOCTEIOBATEILHO-
ctu s. lIponenypa «B3saTey mpuMmenuMa, eciu mocIeI0BATETHLHOCTD S HEmy-
CTa; OHA 3a0MPAET U3 HEeE MOCTCIHUN HIEMEHT, KOTOPLIM CTAHOBUTCS 3HA-
venuem nepemenson t. Broipaxenue «Ilycr(s)» uctunno, eciu nocienosa-
TeIbHOCTH S mycTa. Beipaxenue «(Bepumna(s)» onpegeaeHo, eciu mocaeno-
BATEJBHOCTH S HEIYCTa, XU PABHO MOCJAETHEMY DJEMEHTY IOCJIeI0BATEIbHO-
CTHU S.

M&br mokaxkeM, KaK MOIETUPOBATH CTEK B MACKAIE U IJIA Ier0 OH MOXKET
OBITH HYJKEH.

Mo,aenuposaHue OFPAaHUYEHHOro CTEKa B MacCcusee

ByﬂeM CIUTAaTh, ITO KOJIUYIECTBO SJEMEHTOB B CTEKe HEe IIPEeBOCXOAUT
HEKOTOPOro Iucjia n. TOF,EL& CTEK MOXXHO MOJEIUPOBATh C IIOMOIIBIO OABYX
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IEepEMEHHBIX!:

Comepxanme: array [1..n] of T;
Inmuua: integer;

CYUTasdA, ITO B CTEKe HAXOJATCA DIeMeHThI
Conmepxauume [1],...,Comepxanue [Imunal].
e Yro6bI cresaTh CTEK MyCTBIM, TOCTATOYHO MMONOXKUTH

Inuuaa := 0

[Mo6aBUTL dJIEeMEHT t:

{Imuura < n}
Inuua := [auua+1;
Comepxanue [[mumal] :=t;

e B3aTh BieMeHT B mepeMeHHyIO t:

{Imuua > 0}
t := Comepxaume [lmuual;
Inuua := [muua - 1;

e Crek mycT, ecau Imuua = O.
e Bepumna creka paBHa Comepxanue [[lnuual.

Taxum 006pa3oM, BMECTO TIEPEMEHHOW TUMA, CTEK B MPOrpaMMe Ha, IMa-
cKaJie MOXHO UCTIOTH30BATh MBe mepeMeHHble Conepxanue u [nuHa. MoxHO
TakxXKe OIpereanTh TUI stack, 3anucas

const N
type
stack = record
Comepxanue: array [1..N] of T;
Inuua: integer;
end;

(Mbr mo3BosIszeM cebe MCIOMb30BATh MMEHA MEePEMEHHBIX U3 DYCCKUX OYKB,
XOTA OOBIMHO MacKaab >Toro He ao6ut.) [locae sToro Moryt 6e1Ts — B CO-
OTBETCTBUHU C IPABUIAMY IACKAJIA — OIUCAHBL IPOLELyPHl PaGOTHL CO CTe-
xoMm. Hampumep, MoxkHO HamucaTsb

procedure Jo6aBute (t: T; var s: stack);
begin

{s.llmura < N}

s.llmuna := s.[muua + 1;

s.Comepxanue [s.[mmual := t;
end;
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6.1. Cmexu 97

Ucnonb3osanue cTeka

Bynem paccMarpuBaTh NOCIE[OBATENBHOCTYE OTKPBIBAIOIIMXCA U 3AKPhI-
BAIOIIUXCA KPYribiX u kKBagpaTHerx ckoGok () [ 1. Cpemnu Bcex Takux
MOCJIEI0BATEIBHOCTEN BBIICIUM TIPABUIBHBIE — T€, KOTOPBIE MOIYT OBITH
IOy IEHBI IO TAKUM MIPABUAIAM:

e MyCTas MOCICIOBATEIBLHOCTE MPABUILHA.
e eciu A u B npaBuibHbL, TO 1 AB mpaBuibHa.

e ecau A npasmisua, To [A] u (A) npaBuIbHLIL

Ipumep. Iocaegosarersuoctn (), [[1], [OL1O1[] nmpasuibubI, a
nocaenosarensaoctu 1, ) (, (1, (D] — =er.

6.1.1. IIpoBepuTh MPaABUIBLHOCTH MOCJAEIOBATEILHOCTH 3a BPEMs, HE
MPEBOCXOAAIIEEe KOHCTAHTHI, YMHOXEHHOU Ha €& miuny. [Ipenmonaraercs,
YTO WIEHBI MTOCTEIOBATETHLHOCTHY 3aKOIUPOBAHBI TUCTAMU:

( 1
L 2
) 1
1 -2

Pemenne. [Iycte al1]...aln] — mnposepsemas mocaeroBaTeIbHOCTD.
PaspemmumM XpaHUTh B CTeKe OTKPHIBAIOIIMECA KPYIVIbIe U KBapaTHEIE CKOO-
ku (T.e. 1m2).

Brauane cTek geraeM mycThIM. Jatee IpOCMaTPUBAEM WICHEI TTOCTIEI0-
BATETLHOCTH CIEBA HAMPABO. BCTPETHE O TKPHIBAIOIIYIOCA CKOOKY (KPYTUIyIo
WM KBAIPATHYIO), MOMEIAEM €6 B CTeK. BCTPeTHB 3aKPBIBAIOLIYIOCS, TPO-
BepseM, YTO BepllnHa CTeKa — HapHasd efl CKOOKa; ecad DTO He Tak, TO
MOXKHO yTBEpPXKIATh, ITO MOCIENOBATETIHLHOCTE HEMPABUILHA, €CIH CKOOKA
napHad, TO 3a0epéM eé (BepmmHy) u3 crexa. [1oCIe10BaTeTbHOCTD TPABAIL-
HA, €CTM B KOHIIE CTeK OKa3LIBACTCA MyCT.

Coemate_nyctem (s);
i := 0; O6umapyxena_oumbka := false;
{mpouyuTano i cUMBOIOB mOCIENOBATENBLHOCTU}
while (i < n) and not O6uapyxena_omubka do begin
i:=1i+ 1;
if (ali]l = 1) or (al[il = 2) then begin
| Io6asuts (alil, s);
end else begin {ali] paBmo -1 mmm -2}
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if Hyct (s) then begin
| O06HapyxeHa_ommbka := true;
end else begin
Bzate (t, s);
06HapyxeHa_omubka
end;
end;
end;
[lpaBunbHo := (not O6mHapyxema_ommbxka) and Iyct (s);

(t <> - alil);

YoequMmcs B IpaBUILHOCTH TPOrPAMMBI.

(1) Ecaun nocaegoBaTeasHOCTb MOCTPOEHA IO MIPABUIAM, TO IIPOrPAMMA
IACT OTBET «Ja». JTO JErko AOKA3aTh WHIYKIIMEW MO TOCTPOEHUIO TPa-
BUJIBLHOU TMOCJIEIOBATEILHOCTU. Haqo MpOBEpUTH MJIA MYyCTOW, I TIOCTe-
noBareasHocTu AB B mpegmoaoxkenuu, 94To ais A u B yxke IpPOBEPEHO,
u, HakoHel, K1a nociegoparensHocren [A]l um (A) — B mpeamonoxenun,
aro mia A yxe nposepeno. [Iia nmycron oueBunno. [laa AB nencTeus mpo-
IPaMMBI TIPOUCXOIAT KaK 11 A M KOHUIAIOTCA C MyCTHIM CTEKOM; 3aTeM BCE
npoucxoauT Kak maa B. [ns [A] cuagana moMernaeTcsa B CTEK OTKPLIBAIO-
mas KBaIpaTHAA CKOOKa U 3aTeM BCE MAET Kak m4aa1 A — ¢ Ton pasuuen,
YTO B DIyOUWHE CTEKa JeXUT JUIHASL cKOOKa. 1o okonyanun A crek cra-
HOBUTCS MyCTHIM — €CIM He CIUTATh dTOU CKOOKUH — a 3aTEeM U COBCEM
nycTeiM. Amamornyano gaa (A).

(2) Tlokaxkem, 9TO eCaM TPOrPAMMa 3aBEPIIAET PAbOTy ¢ OTBETOM «Iay,
TO MOCAENOBATENLHOCTE MPABMILHA. Paccy X 1aeM UHIYKIINEHN 0 [IAHE TO-
caeqoBaTenbHOCTH. [IpocaeauM 3a COCTOSHUEM CTEKa B MPOLEcce paboOThI
nporpaMMul. Ecir OH B HEKOTOPBIU IPOMEXKYTOIHBIU MOMEHT IIyCT, TO IO~
CJIEOBATENLHOCTEL PA3bUBAETCA HA [IBE YACTH, MAA KAXKIOU U3 KOTOPBIX
pOrpaMMa JaéT OTBET «Ia»; OCTAETCA BOCIOMB30BATHCA MPEMOIOKEHIEM
UHIYKIAUA U OTPENeIeHNEM MPaBUILHOCTU. [IyCTh cTeK BCE BpeMs HEMyCT.
DTO 3HAYUT, ITO MOJOKEHHASA B HET'O HA, MEPBOM IIare CKOOKa, Oy IeT BEIHY-
Ta JUIb HA TOCICAHEM Iare. TeM caMbIM, MEePBBIU U MOCASIHUU CUMBOJLI
MOCJIEI0BATEIBHOCTU — 3TO MAPHBIE CKOOKM, U MOCJIEI0BATEILHOCTD UMEET
Bug (A) wmm [A], a paGora mporpaMmel (KpoMe MEpBOrO U MOCAEIHErO
MIArOB) OTJIMYACTCA OT €€ paboThl Ha A JWIIb HATUYIMEM JUIIHEH CKOOKN
Ha qHE cTeKa (pas eé He BEIHUMAIOT, OHA HUKAK HE BAUAECT HA PAGOTY IPO-
rpamumel). CHOBa CCBLIAEMCA HA MPEINOIOKEHNE VHIYKIUU U OIPEIeNCHIe
MIPABUILHOCTH. O

6.1.2. Kak ympocTuTcsa mporpamMma, €CIu U3BECTHO, YTO B IMOCJAEI0BA-
TEIBHOCTH MOT'YT OBITH TOJBKO KPYIVIBIE CKOOKM?
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6.1. Cmexu 99

Pemenne. B sToM ciydae oT cTeka 0CTaETCsA UMb €70 TTUHA, U MBI (haK-
TUYECKU TPUXOAUM K TAKOMY YTBEPKICHUIO: MOCAETOBATETILHOCTH KPYTI-
JIBIX CKOOOK TPABUIBHA TOT/A U TOJBKO TOTIA, KOUAa B JTIOOOM €€ HavdaIb-
HOM OTPE3Ke TUCIO 3aKPBIBAIOIINXCA CKOOOK HE TTPEBOCXO AT TUCAA OTKPHI-
BAIOIIXCA, & [IJI BCEH MOCAEIOBATEALHOCTU DTU IUCJIA PDABHEL O

6.1.3. Peaqu3oBaTb ¢ MOMOIIBIO OJHOIO MACCHBA IBA CTEKa, CyMMap-
HOE KOMUYIECTBO AIEMEHTOB B KOTODPBIX OIPAHUYEHO IMHOU MACCHUBA; BCE
IEUCTBUA CO CTEKAMY TOJKHBI BEIOJHATHCA 32 BPEMs, OPAHMYIEHHOE KOH-
CTaHTOU, HE 3aBUCAIIEH OT IJUHBLI CTEKOB.

Pemenne. CrTexku JOMKHBI PACTH C KOHIIOB MaCCUBAa HABCTPETY APYT
IPYTy: TEPBBIU JOMKEH 3aHUMATH MECTA

Comepxanue[1] ...Conepxanue [[lmunal],
a BTOPOU —
Comepxanue [n] ... Conepxanue [n-Inuna2+1]

(BepIIMHEI 06OUX CTEKOB 3ANNCAHBI MOCIEJHIMNT). O

6.1.4. PeamusoBaThb k CTEKOB C pireMeHTaMu Tuma T, 00IIee KOJInIecTBO
DIEMEHTOB B KOTOPLIX HE MPEBOCXOIUT N, C UCHOTB30BAHNEM MACCUBOB CyM-
mapuon mauael C'(n + k), 3aTpaduBasg HA KaxkI0€ NEUCTBUE CO CTEKAMMU
(kpoMe HAYATBLHBIX NENCTBUM, ACIAMOIIMX BCE CTEKU IIyCTHIMU) BpeMs He
6oaee mexkoropou kouctanTel C. (Kax roeopsar, ofmas pivHa MaCCUBOB
pomxkHa ObiTh O(m + n), a BpeMsa Ha Kaxaywo onepauuto — O(1).)

Pemrenue. [TpuMeHaeMBIT METOI HA3BIBACTCA (CCHLIOTHON DEATU3AIIACH) .
On ucnoap3yer Tpu MacCuBa:

Comepxanue: array [1..n] of T;
Cnenmywoumi: array [1..n] of 0..n;
Bepumra: array [1..k] of 0..n.

Yno6uo m3obpaxars MmaccuB ColepXaHue KAaK N AYEEK C HOMEpa-
Mz 1...n, Kaxmgagd M3 KOTOPBIX COXEPXKUT daemMeHT tuma T. Maccus
Crenyoumy m300pasuM B BHUAE CTPEIOK, MPOBEA CTPEIKY W3 i B j, ec-
mu Crenywoumu[il=j. (Ecin Cremywumu[il=0, cTpemok u3 i He TpOBO-
aum.) Comepxumoe s-ro creka (s € 1...k) XpaHUTCA Tak: BEPIIAHA PABHA
Conepxanue [Bepumua [s]], OCTATHLHBIC DIEMEHTHL S-T0 CTEKA, MOKHO HAUTH,
U5 IO CTPEIKAM — IO TeX MOp, MOoKa OHU He KoH4daTcs. [Ipu arom

(s-bIl cTEK mycT) < Bepumua[s]=0.
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Crpenounble TPAEKTOPUH, BEIXOIAIIAE 13
Bepumua[1],...,Bepumsa [k]

(u3 Tex, KoTOpbie HE paBHBL () HE NOMKHEBI MEPECEKATHLCA. [loMUMO HUX,
HaM MTOHAJO0OUTCA eIé ONHA CTPEIOTHAS TPACKTOPU, COTepXKaIlasi BCe He-
UCTONB3YEMBIE B TAHHLIM MOMEHT gvenku. Eé Hadano Mbl OygeM XpaHuThb
B nepemerHou Ceo6onuas (paBeHCTBO CBoGonHaa = 0 O3HAYAET, ITO MyCTO-
o MecTa He OCTaloch). Bor mpumep:

ComepxaHue a | p q | d s t v W

Bepumua Cobomuasa

Comepxanme |a p q d
Crnemyoum |3 0 6 O
Bepmmra | 1 7

Ceobomuas = 8

Crexu: 1-611 cogepxuT p, t, q, a (a — BepimHa); 2-0U COLEPKUT S, vV (v —
BEPIINHA).

procedure Haware_pabory; {llemaer Bce cTexu mycTsmm}
| var i: integer;

begin

for i := 1 to k do begin

| Bepumua [i]:=0;

end;

for i := 1 to n-1 do begin
| Cremyouwmyn [i] := i+1;
end;

Crenywumu [n] := 0;
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CBob6omuasa:=1;
end;

function EcTe_MecTo: boolean;
begin

EcTe_MecTo := (CBobommaa <> 0);
end;

procedure Jo6aBute (t: T; s: integer);
{lo6aBuTe t ¥ S-My cTeky}
var i: 1..n;

begin

{EcTb_mMecTo}

i := Cobonmuas;

Ceo6omnas := Cmenmywoumu [i];
Cremyoumit [i] := Bepumma [s];
Bepumua [s] :=i;

Comepxanme [i] := t;

end;

function Ilyct (s: integer): boolean;
| {s-mm cTex myct}

begin

| Iyct := (Bepumua [s] = 0);

end;

procedure Bzaare (var t: T; s: integer);

{B3aTe u3 s-ro cTeka B t}
var i: 1..n;

begin
{not Oycr (s)}
i := Bepumua [s];
t := Comepxaume [i];
Bepumua [s] := Cmemywummu [i];
Cnemywumy [i] := Ceo6ogmas;
CBobomHas := 1ij;

end;

function Bepumna_creka (s: integer): T;

| {Bepumna s-ro creka}

begin

| Bepumua_cTeka := Comepxauue [Bepumnual[s]];

end; O
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6.2. Ouepeam

SHAUCHUAMHI THUIA «OICePEIb 2ICMEHTOB Tuna Ty, KaK U III CTEKOB, ABJIA-
IOTCSA TTOCACIOBATEILHOCTY 3HaMeHn Tuna T. PasHuma cocTout B TOM, 9TO
6GEpPyTCA DIEMEHTHI He ¢ KOHIA, a ¢ Hadada (& TOGABIAIOTCA MO-TIPEKHEMY
B KOHeI).

Omnepanuu ¢ ovepenaMu:
e Crerarb_mycTon (var x: odepenb dJaeMeHTOB Tuma T);

e Mo6aBuTh (t:T, var x: ouepens »aeMeHTOB Tuna T);

Baare (var t:T, var x: ouepenb »1eMeHTOB Tuna T);

[Iycra (x: ouepeas saemenTos tuna T): boolean;

Ouepegnon (x: ogepensb snementos tumna T): T.

IIpu BoimomHeHnyn KOMaHIBL «(/00ABUTEY YKA3AHHBIM SJAEMEHT 100aBJIA-
erca B Korer ouepenu. Komanna «BaaTe) BEMOIHUMA, AL €CIM OYEPEIb
HEMmyCcTa, U 3a0MpaeT U3 Heé TEePBBIU (TTOJ0KEHHBIN TY 14 PAHBIIE BCEX) dJe-
MEHT, IOMeIasa ero B t. 3uadenuem Qpyuxiun «Oduepensons (onpeneteéHaon
[JISL HETTyCTOU OYepey) ABIACTCA MEPBLIM DIEMEHT OUepPe/Iu.

Anrmnckue Haspanusa creko — Last In First Out (mocaegsmm BoO-
wén — nepBeIM Bbnen), a odepegen — First In First Out (nepsoiv Bomén —
nepsbiM BeImen). Cokpamenua: LIFO, FIFO.

Peanuzauus ouepenen B maccuee

6.2.1. PeamusoBaTh omepanuu ¢ OIYepeIbld OPPAHUYEHHOU IIWHBI TaK,
9TOOBI KOAUIECTBO AEACTBUN /I KAXK IOU OMEPALMY OBLIO OrPAHMICHO KOH-
CTAHTOU, HE 3aBUCALICN OT IJINHLL OYEpe/In.

Pemenme. Bynem XpaHuTh »IeMEHTHI OYepeIu B COCETHUX DIEMEHTAX
MaccuBa. Torma odepenb OyaeT TpUpacTaTh CIpaBa U yOLIBaTH cieBa. [lo-
CKOJILKY TIPU DTOM OHA MOXKET JOUTHU OO KPas, CBEPHEM MACCUB B OKPY K-
HOCTb.

Beeném maccus

Conmepxamme: array [0..n-1] of T
U TIepeMeHHBIE

Mepeuu: 0..n-1,
Inuea : O..n.
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6.2. Ouepedu 103

[Tpu sToM nremenTamu ouepenu OyIyT

Comepxauue [lleprsii],Comepxarue [llepsrum+1],...,

Comepxanue [[epsru+[nura-1],

re CJIOXKEHUE BBIOAHASTCA 10 Moayao n. ([Ipexynpexenwne. Ecmu BMecTo
HTOr0 BBECTU NepeMeHHbIe [lepBhiit 1 [loce nHUM, 3HAYMEHNA KOTOPHIX — BHI-
YeTHI 0 MOIYJIO N, TO MyCTas OYepeb MOXKET OBITH CIyTaHa C 0YePebio
U3 N DJIEMEHTOB.)

Onep AN BBINIOJTHAKTCA TakK.

Cuenars mycrou:

Inuua := 0;
Hepeui := 0;

[Mo6aBUTL BJIEMEHT:

{lnmuua < n}
Comepxanve [(Ileperm + Imuua) mod n] := >meMeHT;
Inuua := [mauua + 1;

Baarte smemenr:

{lmura > 0}
smemenT := CoZepxamue [Iepsmi] ;
leperm := (Iepeem + 1) mod n;
Onuua := Iiouea - 1;

ITycra:
Inuua = 0

Ouepequon:

Comepxanve [[epssi] O

6.2.2. (Coobmma A.T'. Kyumupenko) [Ipugymars cocob mogeruposa-
HISL OU€Per C IOMOIIBIO IBYX CTEKOB (1 (GUKCUPOBAHHOIO TUCJIA II€PEMEH-
weix Tuna T). [Ipu 3ToM O0TpaboTKa n omepanuii ¢ oYepenbio (HAIaThIX,
KOT'[[a, Ouepeib ObLIa MyCTa) JOMKHA TPeOOBATH MOPAIKA N TCUCTBUIL.

Pemenune. uBapuanT: cTeku, cOCTaBICHHBIC KOHIIAMHU, 00OPa3yioT Ode-
peab. (llepeancisas sIeMeHTH OTHOTO CTEKA BRIyOb U 3aTeM DIEMEHTH BTO-
POro HAPyXKy, MBI IEPEYNCIIEM BCE DJIEMEHTHI O9epeau OT MEPBOrO A0 MO-
caeguero.) flco, yTo gobaBreHME CBOAUTCA K TOOABICHUIO K OLHOMY U3
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CTEKOB, a MPOBEPKA MYCTOTHI — K TMPOBEPKE MYCTOTHI 060UX CTEKOB. Kc-
JIT MBI XOTHUM B3ATH DIEMEHT, eCTh IBa Caydasd. Kcam cTek, rie HaXOauTCsa
HAYAJI0 O4Yepenu, He IMycT, TO OepéM M3 Hero »IeMeHT. Ecau OH mycT, TO
[IPeIBAPUTENBHO [IEPEMUCHIBAEM B HEI'O BCE DJIEMEHTHI BTOPOrO CTEKa, Me-
HAA MOPAIOK (9TO IPOUCXOAUT CaMO COOOU MPU MePEeKJIA ILIBAHUA U3 CTEKA
B CTEK) U CBOAUM M0 K TEePBOMY CIYUar0. XOTsA IUCAO TEUCTBUN HA 3TOM
mare u He OrPAHUYEHO KOHCTAHTOW, HO TPeOOBAHWE 33JaYd BLITIOJIHEHO,
TaK KaK KAXKJBIU DJIEMEHT OYepefud MOXKET yJIaCTBOBATH B DTOM MPOIECCEe
He 60Jee OMHOrO pasa. O

6.2.3. [lexkoM HA3BIBAIOT CTPYKTYPY, COUYETAIOIIYIO OYepeIb U CTEK:
KJACTb U 3a0UPaTh JIEMEHTHI MOXKHO ¢ 000ux KOHIOB. Kak peanm3oBaThb
[IEK OrPAHUYEHHOrO paszMepa Ha 0a3e MacCHBa TaK, YTOOBI KAXKIAs OIepa-
1A TPebOBaNa OCPAHUYEHHOTO YUCIa, TeUCTBUAN? O

6.2.4. (Coo6umr A.T. Kyummmupenxo.) Umeercsa nek siaemenTos tuma T
7 KOHEYHOE YUCIO TepEeMeHHBIX Tumna T 1 1e1oro Tuma. B HavaisHOM coCTOo-
SHUU B J€KE HEKOTOPOEe YMCI0 »aeMeHTOB. COCTaBUTL MPOrpaMMmy, MOCTEe
HCIIOJHEHUA KOTOPOHU B [IEKE OCTAINChL OLI T€ YK€ CAMBIE DJIEMEHTLI, a UX
9UCI0 OBLIO OLI B OMHON U3 LEJILIX IePEMEHHBIX.

[Ykazanue. (1) DaeMeHTH feKa MOXKHO IUKINIECKU [IEPECTABIATD, 3a-
6upas ¢ OJHOTO KOHIIA U MOoMemasa B apyrou. Ilocmae 3Toro, caeaas cTOIBKO
e [MAroB B 0OPATHOM HAIIPABIEHUH, MOXKHO BePHYTh BCé Ha MecTo. (2) Kax
MOHATH, TPOILTA MBI TOJHBIN KPYT Wi He mponntun? Ecau 651 KaKOU-To die-
MEHT 3aBeJOMO OTCYTCTBOBAJI B M€Ke, TO MOXKHO ObLIO OBI €ro MOACYHYTH
¥ XKJATh BTOPUIHOrO mosiBiaeHus. Ho Takux smemenToB Het. BmecTo sToro
MOXHO I TAHHOTO N BBIMOJHUTH MUKIXIECKAN CABUAT HA N ABAXKIBI, IO~
CYHYB Da3HbIE DJIEMEHTHI, U [IOCMOTPETH, MOSBATCS JUA PA3HLIE DJIEMEHTHI
“Yepes n 11aros. | O

MpumeHeHne ovepenein

6.2.5. HamewaraThb B mOpsAAKe BO3PACTAHUS MEPBLIE N HATYPATLHBIX -
Cel, B PA3N0okKeHNe KOTOPBIX HA MPOCTBHIE MHOXKUTETN BXOMAT TOJBKO HU-
cra 2, 3, 5.

Pemrenne. Breném Tpu ovepenn x2, x3, x5, B KOTOPBIX OyIeM XPaHUTDH
DJIEMEHTHI, KOTOpEe B 2 (3, 5) pa3 Gobllle HAEIATAHHBIX, HO CIIE HE Ha-
nedaransl. Oupeneaum npoueaypy

procedure HameyaTaThb_K_Lo6aBuTsk (t: integer);
begin
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writeln (t);

Io6aBute (2%t, x2);

Io6aBute (3*t, x3);

Io6aBute (5*t, x5);
end;

Bot cxema nporpamMuer:

...cmemaTk x2, x3, xb mycTmMm

HamedaTaTh_u_nobaBuTe (1);

k :=1; { k - uMcIo HameyaTaHHHX }

{uuBapuanT: HamevaTaHo B NOpPALKE BO3PACTaHUA K MUHUMAIBHHX
YIeHOB HYXHOU'O MHOXECTBa; B OYepelNAX DIEMEeHTH, BIBOE,
BTpoe U BIATepo 6ONblMe HAleYaTaHHHX, HO He HalleJaTaHHHE,
PaCIOIOXeHHHE B BO3pacTanlleM IOpALKe}

while k <> n do begin

x := min (ouepemmou(x2), ovepexmmou(x3), ouepemmon(x5));
HamevaTaTh_u_nobaBuTh (X);
k := k+1;

...B3ATb X U3 TeX oqepeneﬁ, roe OH OHI OYepemHEM;
end;

[TycTh MHBAPUAHT BHEIMOJHACTCA. PACCMOTPUM HAMMEHBITUY U3 HEHATIE-
YaTAHHBIX 3JEMEHTOB MHOXKECTBA; IIyCTh DTO X. 1Oraa OH IEIUTCS HAIEIO
Ha OJHO U3 4Yucea 2, 3, 5, 1 9aCTHOE TaKXKe MPUHALICKAT MHOKECTBY. SHA-
YUT, OHO HANEYATAHO. SHAYUT, X HAXOAUTCA B OJHOU U3 OYEPEIEU U, Cle-
IOBATEIBLHO, ABIACTCA B HEUM MEPBLIM (MEHBIINE HACIATAHEL, 8 DICMEHTHI
odepenen He HamevaTaHbl). HamedaTas X, MBI JOTKHBL €T0 U3BATH U 100a-
BUTH €r0 KPaTHHIE.

[nuHbI O¥epenen He TPEeBOCXOMAT UCAA HAMEIATAHHBIX AIeMeHTOB. [

Crenyrouas 3aada cBs3ana ¢ rpadaMu (K KOTOPBIM MBI BEDHEMCA B V1A~
Be 9).

[IycTs 3agaHO KOHEYHOE MHOXKECTBO, DIEMEHTHI KOTOPOTO HA3BIBAIOT
BEPUWUHAMU, & TAKKE HEKOTOPOE MHOXKECTBO YIOPATOUEHHBIX Tap BEPIINH,
HA3BIBAEMBIX pEéOpamu. B 3TOM clyuae TOBOPSAT, ITO 3aLaH OPUEHIMUPOE AH-
noiti 2pad. llapy (p, ¢) HA3BIBAIOT PEOPOM C HAUALOM P U KOHUOM (; TOBOPAT
TAKXke, 9TO OHO 8bLZOOUM U3 BEPIIUHLL P U 6x00um B BepmuHy ¢. OObIaHO
BEPIIXHBI Tpada n300paKaT TOYKaMu, a pEOpa — CTPeJKaMu, BeIyIIuMEI
u3 Havana B Kouell. (B cooTBercTBUM C OmpemeseHMEM M3 TAHHOW BEpIIU-
HBEI B TaHHYIO BEAET He 601ee OTHOTO pedpa; BO3MOXKHEI PEOPA, ¥ KOTOPHIX
HAYAJIO COBIALAET C KOHIIOM.)

6.2.6. MsBecTHO, YTO OPUMEHTUPOBAHHLIA Ipad CBA3EH, T.e. U3 JHOO0K
BEpLIMHLI MOXKHO MPOUTH B JIOOyI0 mo pébpam. Kpome Toro, ms xaxmon
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BEPIIUHLI BBIXOIUT CTOILKO XKe pEOep, CKOMbKO BXOMuT. /[okasaTs, ITO Cy-
IIIECTBYET 3AMKHYTBIN UK, TPOXOIAIIMN MO KAXKIOMY PeOpPy POBHO OJUH
pa3. CocTaBUTH ATNOPUTM OTHICKAHUA TAKOTO [IUKJIA.

Pemrenwe. 3meén GyneM HA3BIBATH HEILYCTYIO OYepeqb U3 BEPIINH, B KO-
TOPOMU JIO0BIE ABE BEPIIMHEL COEUHEHBI PeOpoM rpada (HadaaoM ABIAeTCA
Ta BEPLIMHA, KOTOPas Oumxke K Hadary odepean). Crosamas B Havase oepe-
U BEPIINHA, 6y IeT XBOCTOM 3MEH, MOCIEIHAS — DOMOBOU. Ha pucyHke 3mes
n3006pas3uTcea B Bume menu pédep rpada, CTpeIK BeIyT OT XBOCTA K TOJO-
Be. [lobaBieHue BepUIMHLL B OY€PEIb COOTBETCTBYET POCTY 3Meu C OJIOBHI,
B3SITUE BEPIINHBI — OTPE3AHUI0 KOHINKA XBOCTA.

Buadase 3Mes cOCTOUT U3 eIUHCTBEHHOU BepmuHbl. [anee MBI caegyem
TAKOMY TPABUIY:

while 3Mea BkIw4YaeT He Bce pébpa do begin
if U3 romoOBH BHXOLUT He BXoJAllee B 3Meb pebpo then begin
| yOIMHUTE 3Mel DTUM pebpomM
end else begin
{romoBa 3Meu B TOM Xe BepuMHE, UTO ¥ XBOCT}
OTpe3aTh KOHEIl XBOCTa M HO6GaBUTEH €ro K TOJoBe
{"3mMea oTkychBaeT koHell xBocTa'}
end;
end;

[lokaxxeM, ITO MBI JOCTATCHEM LIEJIH.

(1) Uga mo 3Mee 0T XBOCTa K T'OJIOBE, Mbl BXOAUM B KAXKIyH0 BEPIIAHY
CTOJBKO K€ a3, CKOJBKO BBIXOAWM. Tak KaK B JOOYIO BEPIIMHY BXOAUT
CTOMBKO ¥Ke pébep, CKOMBKO BHIXOAUT, TO HEBO3MOXKHOCTD BEINTU O3HAYAET,
YTO COMOBA 3MEUM B TOU e TOUKE, ITO U XBOCT.

(2) 3Mesa He yKOpAIUBAECTCA, MODTOMY JUOO OHA OXBATUT BCE PEOpA,
aub0, HAYMHAS C HEKOTOPOI'O0 MOMEHTA, OyIeT MMETh MOCTOSHHYIO [IIUHY.
Bo BTOpoM ciaydae 3mes OygerT G€CKOHEYHO «CKOJIL3UTL IO cebey. DTO BO3-
MOXKHO, TOJTHKO €CIM U3 BCEX BEPIINH 3MEN HE BBIXOIUT HEUCIOJb30BAHHBIX
pébep. B sToM ciaydae n3 CBA3HOCTH CAEIYET, UITO 3MeA MPOXOAUT MO BCEM
pébpam.

3aMedaHue IO pealu3alun Ha nackante. Bepumaamu rpada OygeM cam-
TaTh Yncaa 1...n. [I1a kaxgon pepmuHsl i 6ygeMm xpaHuThb dncao Out [i]
BBIXO IAMMX 13 Heé pébep, a Takxke HoMmepa Num[i] [1],... ,Num[i] [Out [i]1]
TexX BEpIINH, Kyda STu pédpa BeayT. B mporecce mocTpoeHus 3meu 6yaem
BLIOUPATH MepBOe cBOOOAHOE pebpo. Torma mocTaTOYHO XPAHUTH AMA Ka-
JKJIOU BEPIIMHLL 9HMC/I0 BBIXOMAIINX U3 HEE MCIOAL30OBAHHLIX PEGEP — BTO
OyayT pébpa, uayime B HadaIe CIUCKA. O
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6.2.7. [lokazaTk, 9TO IS BCAKOTO N CYIIECTBYET MOCIEIOBATETLHOCTE
HyJel U eJUHUIl LIAHBL 2 CO CACAYIOIUM CBOUCTBOM: €CIU (CBEPHYTH €&
B KOMBIIO» W PACCMOTPETH BCe (PPATMEHTHI JIUHBL N (AX 9UCI0 PABHO 27),
TO MBI IIOIYIMM BCE BOBMOXKHEIE TOCICIOBATEILHOCTH HYJIEH U €TMHUIL /11~
HEL 1. [IOCTPOUTL ATrOPUTM OTHICKAHUA TAKOU MOCACIOBATEILHOCTH, TPe-
oytomuu He 6onee C™ IEUCTBUN A HEKOTOPOU KOHCTAHTHI C.

[Ykasamme. PaccmorpuM rpad, BepIImHAME KOTOPOTO SBISIOTC TOCTe-
IOBATEJBHOCTU HYJEU U eIUHUIl IuHbl 1 — 1. Byaem caurars, 4To u3 Bep-
IIMHBI T BeAET pebpO B BEPIIUHY Y, €CAU & MOXKET ObITh HAadaIOM, a Y —
KOHIIOM HEKOTOPOU MOCIEAOBATEIHLHOCTH MAJAUHBL 1. Torga u3 KaxIou Bep-
[IIMHBI BXOAUT U BEIXOAUT ABa pebdpa. ukia, mpoxoaamun mo BceMm pébpam,
1 1acT TpeGyeMyio MOCIeI0BATEIBHOCTD. | O

6.2.8. PeamusoBaTh k odepenen ¢ OrpaHNICHHON CyMMAaPHOU JAJIUHON 17,
ucnoassys namars O(n + k) [= we 6omee C'(n + k) 11 HEKOTOPOH KOH-
crauTel O], mpuaéM Kaxas omepanus (KpoMe HAadalbHOU, TeMarolien BCe
OYepenu MyCTHIMU) JOMKHA TPEOOBATH OrPAHUICHHOTNO KOHCTAHTON THUCIa,
JNEMCTBUN.

Pemrenne. /JencTByeM aHAJIOIMYHO CCBLIOYHON PEATM3ANMA CTEKOB: MEI
HOMHUM (/I KaXKIOM OYepenn) MEePBOrO, KaKAbIA YIACTHUK OYepPefu IO-
MHUT CJAEIYIOMIETO 33 HUM (I TOCJAEIHErO CIUTACTCA, YTO 38 HUM CTOUT
ukTuBHBM >1eMeHT ¢ HoMepoM (). KpoMe TOro, MBI TOMKHBL 114 KA J0U
0Yepenn 3HATh MOCIETHEro (CaM OH €CTh) — MHAYE HEe YAACTCA T00ABIATD.
Kax u mis cTekoB, OTAEIBHO €CTh IeNMb CBOOOMHBIX A9EEK. 3aMEeTUM, ITO
[UIA ITyCTOU O¥9epear NHMOPMAINS O TOCISTHEM DIEMEHTE TEPIET CMBICT —
HO OHA W HE UCIOIL3YETCA TP TOOABICHUMN.

Comepxanue: array [1..n] of T;
Cnenmywoumi: array [1..n] of 0..n;
Hepeui: array [1..k] of 0..n;
HNocnmemmuu: array [1..k] of 0..n;
Cobomuag : 0..n;

procedure CmenmaTb_IycCTEIM;
| var i: integer;

begin
for i := 1 to n-1 do begin
| Cremyoumu [i] := i + 1;
end;
Crnemyoumy [n] := 0;
Ceobomuas := 1;

for i := 1 to k do begin
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| Mepmsit [i]:=0;
end;
end;

function EcThk_mecTo : boolean;
begin

EcTe_MecTo := CBobomHaa <> 0;
end;

function Ilycta (HoMep_ovepemu: integer): boolean;
begin

| llycta := lleperm [HOMep_ouepemu] = 0;

end;

procedure Bzare (var t: T; HoMep_odepenu: integer);
| var mepB: integer;

begin
{not Iycra (momep_ouepenu)}
nepe := llepeun [Homep_ovepenu] ;
t := Comepxauue [meps]
Neperit [momep_ovepenu] := Crexywumi [mepr];
Crnenywumy [mepe] := Ceo6ommas;
CBo6opmHasA := IepB;
end;

procedure Jo6aBuTe (t: T; HOMep_odepennu: integer);
var HOB, mocum: 1..n;

begin
{EcTs_mecTO }
HoB := CBobommas; Ceobommas := Cmenywumu [Ceo6oxmmas] ;

{13 cmucka cBO60OOHOrO MecTa U3BAT HOMEp HOB}
if Iycra (Homep_ouepermu) then begin

leperm [HoMep_ouepernu] := HOB;
lNocnenuun [Homep_ouepenmu] := HOB;
Crenywumy [mom] := 0;
Comepxanme [mHOB] := t;
end else begin
mocn := locmenuuu [Homep_ouepenu] ;
{Cnemyoumu [mocx] = 0 }
Crnemyoumy [mocm] := HoB;
Crenywumy [mom] := 0;
Comepxanue [HOB] := t
lNocnenuun [Homep_ouepenmu] := HOB;
end;

end;
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function Ouepeguou (HomMep_odepemu: integer): T;

begin

| Ogyepermuou := Comepxauue [llepsrm [HoMep_ouepenu]];

end; O

6.2.9. Ta xe 3agada g I€KOB BMECTO OYEPEIENn.

[Ykazanue. [lek — CTPyKTypa CUMMETPUYIHAA, II02TOMY HAJLO XPAHUTH
ccbUIKU B 06e CcTOpOHBI (Brepén u Haszan). [lpu 5ToM yIOOHO K KaxkKIOMy
IeKy T00aBUTH (PUKTUBHBIN DJIEMEHT, 3AMKHYB €0 B KOIbIIO, X TOYHO TAKOE
e KOMBIIO 06pa30BaTh U3 CBOOGOJHBIX MO3UIIAIL| ]

B cremyromen 3agade IeK UCTONL3YETCA IS XPAHEHUS BEPIIUH BhI-
IIYKJIOTO0 MHOT'OYTOJBHUKA.

6.2.10. Ha mnocxocTm 3agaHO 1 TOUEK, MPOHYMEPOBAHHBIX CIEBa Ha-
mpaeo (a mpu paBHBIX abcuuccax — CHu3y BBepx). COCTaBUTHL MPOrpaMmy,
KOTOpas CTPOUT MHOIOYIOJILHUK, ABIAKIIANCA UX BBIIYKJION 0OOJOYKOMN,
3a O(n) [= me Goznee 1yem Cn] neiicTBui.

Pemenue. Bynem mpucoeiuHaATh TOYKYM K BBITYKJION OOOJOYKE OMHA 34
apyrou. Jlerko mokasaTh, YTO MOCAENHAS TPUCOCIUHEHHAS TOYKA Oyaer
OMHOU W3 BEPIIUH BLIMYKION OOOMOUKU. DTy BEPIIUHY MBI OyIeM HA3bI-
BaTh BhIgedeHHON. OUYepenuas TpucoeIuHAeMas TOYKA, BUTHA U3 BBIIETCH-
Hou (moduemy?). [JOMOMHUM HAII MHOTOYTOJBHUK, BEILYCTUB U3 BbIIECJCHHOU
BEPIINHBL (UTUIY», BEAYIIYIO B NPUCOEAMHIEMYIO TOYKYy. lloayduTcs BBIPO-
K IEHHBIM MHOTOYTOJBHUK, U OCTAETCA JUKBAIUPOBATE B HEM (BITYKJIOCTH.

Bymem XpaHuUTb BepIMHBI MHOT'OYT'OJBHIKA B IeKe B TOPATKe 00XOTa
€ro mepuMeTpa Mo YacOoBOU cTpenke. [Ipu >ToM BLIIETeHHAS BEPIITHA, ABJIA-
eTCs HAYaIoM U KOHIOM (COJOBOI U XBOCTOM) Aeka. [Ipucoequnenue «arism
Temepb COCTOUT B NOGABIEHUU MPUCOEIUHIEMOU BEPIIUHBI B T'OJOBY U B
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XBOCT [€Ka. YCTpaHEHUe BIYKIOCTEN HECKOIBKO Oomee CI0kHO. HazoBéMm
n00T60CMOM U NOONOITE0CTNOM DIEMEHTHI JeKa, CTOAIINAE 38 €r0 XBOCTOM.
YceTpareHne BOYKJIOCTH y XBOCTA, JEIACTCA TaK:

while mo mopore um3 XBoCTa B HONIOLXBOCT MH IIOBOpPavMBaeM
y momxBocTa BmeBo ("BuykmocTs") do begin
BHKMHYTE ITOLXBOCT M3 JeKa
end

Takum ke croco6OM yCTPAHIETCS BIYKIOCTH ¥ TOJOBBI JEKA.

Samevanue. [[enCcTBUA C MOAXBOCTOM U TOAMOAXBOCTOM HE BXOIAT B
OTIpeIeNieHne NMeKa, OTHAKO CBOIATCA K HEGOMBIIOMY FUCTY MAHUMYJIAIIAN
¢ gexoM (Hamo 3a06paTh TPU DJIEMEHTA C XBOCTA, CACAATH ITO HALO U Bep-
HYTb).

Emé oguo 3amevanue. EcTb 1Ba BBIPOXKIEHHBIX CJOyYasi: €CIU MBI BO-
001IIe He TMOBOPAYUBAECM Yy TOAXBOCTA (T.€. TPU COCETHUE BEPIIMHEL JEKAT
HA ONHOW MPAMOU) W €CaU MBI ToBopauumsBaeM Ha 180° (Tak OwbiBaeT, ecin
HAIIl MHOT'OYTOJBHUK €CTh IBYYTOIbHUK). B mepBoM cIydae moaxBoCT CTO-
UT yAaauTh (YTOOLI B BBITYKJION 000J0YKe HE OBbLIO JUIIHUX BEPIIH), a BO
BTOPOM Caydae — OOS3aTeNbHO OCTABUT. (]

6.3. MHoxecTBa
IIycts T — HexoTopsin Tun. CymecTByeT MHONO CIIOCOO0B XPAHUTE (KO-

HEeYHBIE) MHOXKECTBA DJIeMEHTOB Tuna T; BEIOOD MEXK 1y HUMU OIPEAeNAETCA
TunoMm T 1 HaGOPOM TpeOyeMbIX OIepallii.

MoamHoxecTea mHoxecTsa {1...n}

6.3.1. Ucnomesys nmamsars O(n) [= npomnopuuoHAIBHYIO 1|, XPaHUTDH
noaMHOXKecTBa MHOKecTBa {1...n}.

Onepanun Yucao gercrBun
CrenaTh mycThIM Cn
IIpoBepuTh MPUHAIICKHOCTE C
Mo6aBUTH C
Ynamrs C
MunuMaIbLHBIN 3JEMEHT Cn
[TpoBepka mycTOTHI Cn

Pemenwe. Xpauum MHOXKECTBO Kak array [1..n] of Boolean. (]
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6.3.2. To ke, HO MPOBEPKA MYCTOTHI TOKHA BHIMOMTHATHCA 32 BpeMms C'.

Pemenne. XpaHuMm TOTOTHUTETHHO KOJIUIECTBO DJIEMEHTOB. O

6.3.3. To xe npu caeqyOMUX OrPAHNYICHUAX HA IUCIO TeUCTBUN:

Onepanym Yucno KencTBun

Crenars mycTbIM
IIpoBepuTh NprHAIIEKHOCTE
MobaruTh

Y panuto

MuHuMAaIbLHBEIN DIEMEHT
IIposepka mycToThHI

Pertrenne. ,I[OHOJIHI/ITGJIBHO XpaHuM MUHUMAJBHBIA SJEMEHT MHOKE-

CTBa.

O

6.3.4. To xe npu caenyOMUX OrPAHNYICHUAX HA IUCIO TeUCTBUN:

Onepanun Yucao gercTBun

Crenars mycThIM
IIpoBepuTL TPUHAIICKHOCTD
MobaruTh

Y nanutob

MuHuMaIbLHBEIN DIEMEHT
IIposepka mycToThHI

Qaaalal

Pemrenue. Xpauum MUHUMATBLHEBIN, 8 11 KaXK JOTO — CICIYIOIIUN U TPe-

OBIIVIIAN TI0 BeIUIUHE.

MHuoxecTsa uenbIx yucen

O

B CIeIYIOIIUX 3aJa1aX BeJIN'INHA 3JIEMEHTOB MHOXKECTBa HE O'DaHU'IEeHaA,

HO X KOJUYIECTBO HE IPEBOCXOIUT 1.
6.3.5. Ilamare Cn.
Omneparuu

Crerars mycTbiM

YHucno sreMeHToB

[IpoBepuTHL TPUHAIICKHOCTE

[Mo6aBuTH HOBBIU (3aBELOMO OTCYTCTBYIOLINN)
Y namutb

MunuMaIbHBIN 3JEMEHT

B3aTh Kakou-To 2IeMEHT

Yucao gencTBun
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Pemenme. MHOXeCTBO IpeiCcTaBIAEM C MIOMOIIBIO TePEeMeHHBIX
atarray [1..n] of integer, k: 0..n;

MHOXECTBO coaepxkuT k sremenToB all]l,...al[k]; Bce oun pazmuaunt. I1o
CYIIECTBY MBI XPAHUM DJIEMEHTHLI MHOXKECTBA B CTeke (6e3 MOBTOPEHUN).
C TeMm xe yCcmexoM MOXKHO OBLIO OBI BOCIOJB30BATHCA OYEPENBbI0 BMECTO
CcTeKa. ]

6.3.6. ITamars Cn.

Omnepanun Yucno gencTBun
CrenaTh mycThIM c
[IposepuTsb mycToTy c
[IpoBepuTh mpuHA IICKHOCTH Clogn
[obapuTh Cn

Y pamTs Cn
MuHUMAIBLHBIN SJCMEHT C

Pemerme. CM. perenve mpeqbIayInen 3a1a9u ¢ JOTOMTHUTEILHBIM YCI0-
BueMm al[1] < ... < alk]. IIpu mpoBepke MPUHAIICKHOCTHA UCIOIL3YEM JIBO-
WYHBIN IOUCK. O

B crenyromen 3amate moie3sHo KOMOMHUPOBATL PA3HBIE CIIOCOOHI.

6.3.7. Vcnonw3ysa omucaHHBIE COCOOBI TPEICTABICHUA MHOXKECTB, HAl-
THU BCE BEPIINHBI OPUEHTUPOBAHHOTO rpada, TOCTYIHBIE U3 TAHHOU MO Pé-
opaMm. (Bepumssr cunraem ducaamu 1...n.) Bpems we 6ompuie C - (obmmee
9UCI0 PEGEpP, BBIXOAAMINX U3 NOCTYIIHBIX BEPIIUH).

Pemenmne. (/Ipyroe pemerue cMOTpY B TVIABE O peKypcun, 3agada 7.4.6)
[Mycte num[i] — wuwmcao pébdep, BeIxOgAmmx um3 i, a out[il[1],...
...,out[i] [num[i]] — BepmmubI, Kyga BexyT péOpa M3 BEPIIUHLL 1.

procedure JocTtymuse (i: integer);
{HamevaTaTs BCe BepuUMHH, LOCTyIHHE U3 i, BKIwYad i}
var X: momMHoXecTBO 1..n;
P: momMHOoxXecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmemaTtk X, P mycTemu;
writeln (i);
...mobasuTk i Kk X, P;
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{(1) P = mMHOXecTBO HameYaTaHHHX BepuUMH; P comepxuT 1i;
(2) HamevaTaHH TONBKO LOCTYIHHE M3 i BEpIIMHH;
(3) X - momvHOXecTBO P;
(4) Bce HamevaTaHHHe BepUMHH, X3 KOTODHX BHXOLUT
pebpo B HeHame4YaTaHHYW BepUMHY, IpMHanIexaT X}
while X mHemycTo do begin
...B3ATH KaKOM-HUBYIL 3IeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][k];
if w me mpumammexuT P then begin
writeln (w);
nobaBUTE W B P;
no6aBUTE W B X;
end;
end;
end;
end;

Csoncreo (1) He HapymaeTcs, TaK KaK II€9aTh IPOUCXOLUT OTHOBDE-
MeHHO ¢ go6asnenuem B P. Coucteo (2): pa3 v 66w10 B X, TO V IOCTYITHO,
nosroMy w goctymao. Ceonctso (3) ouesuzgno. CroncTro (4): MBI yxatu-
/M u3 X dIeMeHT V, HO BCe BEepIIWHEL, Ky[a U3 V UIyT PEOpa, mepe STuM
HaIedaTaHbl. g

6.3.8. IlokasaTb, YTO MOXKHO KCIOABL30BATL U APYIOU MHBAPUAHT: P —
HamevaTaHHble BepmuHbl; X C P; OCTAIOCH HAeYaTaTh BEPIIUHEBL, JOCTYII-
HBIE U3 X TIO HEHATIEUATAHHBIM BEPITMHAM. O

Onenxa BpeMeHn paboTHL. 3aMEeTUM, UTO U3BATHIE U3 X DAEMEHTHI 00/Ib-
e Ty1a He 100aBIAKTCA, TaK KAK OHU B MOMEHT U3bATUA (U, CIeI0BATEb-
HO, BCer[a MO3XKe) IPUHALIEKAT P, a NOOABIAIOTCA TOMBKO IEMEHTHI HE
u3 P. [TosTomy Teno nmukiaa while njia KaxXIOW MOCTYIIHOU BEPIINHBL BhI-
IONHAETCA He OoJee, YeM IO Pa3y, IPU STOM Teso IUKIA for BBINOJHAETCA
CTOIBKO Pa3, CKOMBKO 13 BEPIINHEI BEIXOIUT PEGED.

[na X HAZO MCIOMB30BATBH MPEICTABICHUE CO CTEKOM WIN OYepeabIo
(cM. BBIIE), 1ast P — OyJeBCKUN MACCHUB. O

6.3.9. Pemmrs npeasiaymyo 3amady, ecim TpeoyeTcs, ITOOB JOCTYII-
HBIE BEPIIVHBL IEYATAINCH B TAKOM IOPSIKE: CHAYAMA 33IAHHAS BEPIINHA,
mOTOM €€ COCeI’, TOTOM Cocenu cocener (e He HAEIATAHHLIE) U T. 1.

[Ykasaune. Tak HOIyunTCS, €CIM UCIONTB30BATH OUEPe b IS XPAHEeH!s X
B MIPUBEIGHHOM BEIIIE PEICHUN: TOKAKUTE UHIYKIIUEN 0 k, 9TO CYIIECTBY-
€T MOMEHT, B KOTOPBII HAEYATAHBI BCE BEPIIUHBI HA, PACCTOAHUU HE GOTb-
we k, a B oYepenyu HaXOATCA BCE BEPIIUHLL, YIAJEHHBIE POBHO Ha k.| O
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Bonee croxubie crmocoObl TpencTaBICHU MHOXECTB OyayT pa3oOpaHb
B nmaBax 13 (xemmposanue) u 14 (nepesbsn).

6.4. Pa3Hble 3apaum

6.4.1. Peamm3oBaTb CTPYKTYPY JAAHHBIX, KOTOPAsI UMEET BCE Te ¥XKe OIle-
pamuu, 9TO MaCCUB JJIUHEL N, 8 UMEHHO

e HavYATH PabOTYy;
® MOMOKUTH B 1-10 AYEUKY TUCIO X;
® Y3HATH, UTO JEKUT B i-OU AUEUKE;
a TaKXke OIEePAINIO
® YKa3aThb HOMEP MUHUMAIBHOIO HJIEMEHTA

(Tounee, 0AHOrO M3 MUHUMAILHBIX aeMeHToB). KontuvecTso geucrsun pis
BCEX OMepaIui JOMKHO ObITh He Oosee C logn, He cIuTas ONmepannu HadaTh
paboTy» (koTopas Tpebyer He 60aee C'n TeUCTBUN).

Pemenme. Vcnoab3yercsa mpuéM, U3JI0KEHHBIA B Pa3ejae O COPTUPOBKE
nepeBoM. MeHHO, HACTPOUM HA T SJEMEHTAMU MACCUBA, KAK HAI JUCTHAMU
IBOUYHOE IEPEBO, B KAXKIOU BEPIITUHE KOTOPOr0 XPAHUM MUHUMYM DJIEMEH-
TOB COOTBETCTBYIOIIETO TOIAepeBa. KoppekTuposka »Tou uHMOPMAIIUH,
a TaK¥XKe MPOCJIEKUBAHUE MYyTH U3 KOPHA K MUHUMAJIBLHOMY DJIEMEHTY Tpe-
OyIOT JIOrapu(pMUIECKOr0 IUCaa JeUCTBUML. O

6.4.2. IIpuopurerHas odepens, — 3TO OYepPenb, B KOTOPOU BaXKHO HE TO,
KTO BCTAJ HOCAeAHUM (MOPALOK IOMEIIEHUS B HeE He UIPAeT POIH), & KTO
ruaBHee. Bosee TOYHO, npu moOMeIIeHNUN B OYepPenb YKA3ZLIBACTCSI IPUOPUATET
MOMEIAEMOro 00beKTa (OyIeM CIMTATh MPUOPUTETH IETLIMA YUCIAMA),
a TPU B3ATUU U3 OYUepPenN BBHIOMPAETC DAEMEHT € HAUOOIBIIUM MTPUOPUTE-
ToM (WM OVH U3 TAKUX DIEMEHTOB). Peatn3oBaTh IPUOPUTETHYIO OUepPeb
TaK, YTOOLI MOMEIIEHNE U B3SITUE DJIEMEHTA TPEOOBAIY JOrapudMUIeCKOr0
YUCIA AeUCTBUR (OT pa3Mepa Odepein).

Pemenne. Caenys aaropurmy COPTUPOBKE AEPEBOM (B €r0 OKOHIATENb-
HOM BapuaHTe), OyAeM Pa3MelaTh dIeMeHThl ouepenn B maccuse x[1. . k],
O 1epKuBas Takoe cBoucTBo: x[1] crapme (mMeeT GOMBIIME IPUOPUTET)
ceoux cerHOBenm x[2i] m x[2i+1], eciu TakoBBIE CYIIECTBYIOT — U, CJe-
IOBATEIBHO, BCAKAYW DIEMEHT CTapiie cBouX moToMKOB. (CeemeHus o mpu-
OpUTeTaX TAKKE XPAHATCA B MACCUBE, TAK ITO MBI IMEEM IE10 C MACCH-
BOM map (3IEMEHT, IPUOPUTET).) Y IaJeHHe SIEMEHTA C COXPAHEHUEM DTOr0
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CBOUCTBA OMUCAHO B aJropuTMe cOopTupoBku. Hamo emé ymers BOCCTaHA-
BJAUBATH CBOMCTBO MOCTE JOOABICHUA DIEMEHTA, B KOHEIl. DTO NeJaeTCA TaK:

t:= HOMep HO6aBIEHHOTO >IE€MEeHTa

{unBapuanT: B OepeBe mO60N IpeloK NPUOPATETHEe IOTOMKA,
€CIM 5TOT IOTOMOK — He t}

while t - He KopeHBR M t cTapme cBoero orma do begin

| TMOMEHATL t C ero oTIOM

end;

Ecau ouepens o6pasyioT rpaxpaHe, CTOANME B BEPIIMHAX IE€PEBa,
T. €. 32 KaXbIM CTOUT IBOE, & EPeI KaK AbIM (KPOME [ePBOro) — OUH, TO
CMBICT DTOT0 AICOPUTMA, SCEH: BCTAB B KOHEIl, IPUOPUTETHLIN MDA TAHUH
HaYMHAEeT TPOoOUPaTHhCA K HAYATy, BEITECHAA BIepeqn CTOANINX — IOKa He
BCTpeTuT 60JIee TPUOPUTETHOTO. O

3ameqanme. [IpuopurerHyio odepenb €CTECTBEHHO WUCIOIB30BATH IIPU
MO IeJUPOBAHNN [IPOTEKAIINX BO BpeMeHu npomeccos. IIpu sTom smemen-
THI OYepeNN — STO OXUIAEMBIE COOBITUA, & UX TIPUOPUTET OMpEneasIeTCs
BPEMEHEM, KOra OHU TPOU3OUITYT.
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7.1. [lpumepbl peKypCUBHBIX NPOrpaMm

IIpu amanuze pexypCUBHOU MPOTPAMMEI BO3HUKAET, KaK OOLITHO, ABA,
BOIIPOCA:

(a) mouemy mporpamma 3akaHuImBaeT paGoTy?
(6) mouemy oHa paGoTaeT MPABUIBLHO, ECAM 3AKAHIUBAET PabOTy?

[uas (6) KOCTATOYHO MPOBEPUTH, U9TO (COAEPKAIAA PEKYPCUBHBIN BbI-
30B) ImporpamMMa padoTaeT IPABUIBLHO, IPEINOIOKNUB, UTO BEI3BIBAEMAS €10
OMHOMMEHHAA IPOrpaMMa paboTaeT npaBuIbHO. B camom mene, B aToMm ciy-
Yae B IEMOYKE PEKYPCUBHO BLI3LIBAEMEIX TIPOTPAMM BCE TIPOTPAMMBI Pabo-
TAIOT MPABUILHO (YOEKIAEMCA B DTOM, UIA OT KOHIIA [EMOYKA K HATALY ).

YT06bI 10Ka3aTh (a), 0GBITHO MPOBEPAIOT, UTO € KAXK IBIM PEKYDPCUBHBIM
BEI30BOM 3HAYEHUE KAKOIO-TO MAPAMETPa yMEHBLITACTCA, U DTO He MOXKET
IPOOIKATHCA OECKOHETHO.

7.1.1. HanucaTb peKypCUBHYIO IPOIEAYPY BBIYUCACHUSA (PAKTOPUAIA
[EJI0r0 TOMOKATEILHOrO ducaa n (T. e. npoussegenus 1 - 2---n, obo3Ha-
qaemoro n!).

Pemenwe. Vcnonssyem pasencrea 11=1, nl=(n—1)!-n.

procedure factorial (n: integer; var fact: integer);
| {momoxure fact paBHEM QakTopmamy umcma 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; O
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C ucnonb3oBaHmeM mponenyp-PpyHKIMI MOKHO HAMUCATH 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;

O6paTuTe BHUMAHUE HA HEKOTOPYIO IBOUCTBEHHOCTDH UCIONb30OBAHUA UME-
un factorial BHyTpu omucaHusa (PYHKIIUU: OHO O0O3HAYMAELT KAaK TMEPEMeH-
HYI0, TaK U BBI3BIBAEMYIO PEKYPCUBHO GyHKIUIO. K cIacThio, B HAIIIEM CIy-
Jae OHM Pa3InIarTCA [0 CKOOKaM TOCTe UMEeHU, HO ecan Obl (DYHKIMA ObLIA,
6€e3 mapaMeTpoB, TO eo0 66110 66l oxo. (CTangapTHAL, HO TPYIHO HAXO-
OUuMasa OmUOKa BO3HUKAET, €CAU aBTOP IPOrPAMMBI Ha IacKaje MOJaraet,
YTO OH WCMOMBL3YeT 3HAUEHUE MEPEeMEHHOU, 8 KOMIUIATOD B 3TOM MECTe
BUUT PEKYDPCUBHBIN BBLI30OB.)

7.1.2. OO6BIYHO (PAKTOPUAT ONPEEJAAIOT U I Hyas, cauTast, 1To 0! = 1.
NaMmeHuTs mporpaMMbl COOTBETCTBEHHO. O

7.1.3. Hamwmcarb pekypCHBHYIO MPOrpaMMy BO3BEIEHUS B IEIYIO HEO-
TPULIATEILHYIO CTEIeHb. O

7.1.4. To xe, ecmn TpebyeTcs, ITOOBI NIyOUHA PEKYPCUN HE TTPEBOCXO-
nura C'logn, roe n — mokasaTenb CTENeHN.

Pemrenne.

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;

end;

end; O
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7.1.5. Yo 6yaeT, ecin U3MEHUTH TPOTPAMMY, IPUBEIEHHYIO B PEITeHNN
TMPEIBIAYINEN 3aa491, 3aMEHUB CTPOKY

power:= power(a*a, n div 2)
Ha

power:= power(a, n div 2)#* power(a, n div 2)7

Pemenwe. [Iporpamma ocrarercs npaBuibaOn. O qHAKO OHA CTAHET pa-
6oraTh MeaneHHee. /[eno B TOM, MTO Temepb BBEIBOB MOXKET TMOPOAUTH IBA
BLI30BA, (XOTA U OJUHAKOBLIX) BMECTO OJHOI'O — U YUCIO BHI30BOB OLICTPO
pacTér ¢ nayounou pekypcuu. [IporpamMma Mo-TpeKHEMY UMeeT Jorapud-
MUYECKYIO TVIyOUHY PEKYPCUM, HO YUCIO MIAr0B PAGOTH CTAHOBUTCS JUHEH-
HBIM BMECTO JOTapudMUIIeCKOT 0.

ODTOT HEJOCTATOK MOXKHO YCTPAHUTD, HAIIUCAB

t:= power(a, n div 2);
power:= t*t;

WU BOCTIOMB30BABIINCH (DYHKINEN BO3BEIEHUA B KBAApaT (sqr). 0

7.1.6. Ucnonesys xomauasl write(x) Jums mpu x = 0...9, Hanucars
PEKYPCUBHYIO TPOTPAMMY TeUaT JeCATATHON 3AMUCH IEIO0T0 TOIOKUATETbh-
HOT'O YUCTIA, 1.

Penrenwe. 37ech UCOOMB30BAHNE PEKYPCUU OONerdaeT XKU3Hb (Ipooue-
Ma ObLIa B TOM, 9TO mu(pPHI Jerde IOIy<IaTh ¢ KOHOA, & IeIATaTh HALO
C HAIATA).

procedure print (n:integer); {n>0}
begin
if n<10 then begin
| write (n);
end else begin
print (n div 10);
write (n mod 10);
end;
end; O

7.1.7. Urpa «Xamouckue OallHm» COCTOUT B CJaeayiomeMm. ECTb Tpu
crepxkusa. Ha nepsemn u3 Hux Hagera nupamugaka u3 N kosen (Gosbiiue
KOJIbIIA CHU3Y, MEHBINNE CBEpXY). Tpebyerca mepeMecTuTh KOIbla Ha APY-
DO CTEP¥KEHb. Pasperraercsa nepekiabBaTh KOTbIa CO CTEPKHA Ha, CTep-
JKEHb, HO KJIACTH OOJBIIEE KOJBIO MOBEPX MeHbIero Hemb3s. CocraBuThb
MPOTrPaMMYy, YKA3BIBAIOIIYIO TpeGyeMble TenCTBU.
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Pemenune. Hanumiem pexkypCcuBHYO IPOIIEAYPY MEPEMEIICHN 1 BepXHUX
KOJIEI] C M-T'0 CTEPKHA HA N-BIU (OCTAIBHBIE KOMBIA, MPEINOIaralTCa 60Ib-
UMY 110 PA3MePy U JEXKAT Ha CTEPKHAX Oe3 IBUKEHU).

procedure move(i,m,n: integer);
| var s: integer;
begin
if i = 1 then begin
| writeln (’cmemarts xom ’, m, ’->’, n);
end else begin
s:=6-m-n; {s - TpeTum cTepXeHB: cyMMa HOMepoB paBHa 6}
move (i-1, m, s);
writeln (’cmemars xom ’, m, ’->’, n);
move (i-1, s, n);

end;
end;

(Cragamna mepeHOCUTCA MUpaMuIKa U3 i-1 KOJIel Ha TPEThIo MaaouKy. [1o-
CJIe 3TOT0 i-0e KOIhI0 OCBOOOXKIAETCA, U €er0 MOXKHO MepeHecT Kyaa Cre-
ayer. OcTaéTca MOMOKATE Ha, HErO TUPAMUIKY . ) ]

7.1.8. Hammcars pekypCHBHYIO HOPOrpaMMy CYMMHUPOBAHHUS MACCHBA
a: array [1..n] of integer.

[Ykazanue. PexypcusHo onpegensemas GyHKINA JOKHA UMETh TOIOJ-
HUTEILHBIN aPpaMeTp — YUCIO0 CKIABIBAEMBIX DJIEMEHTOB. | O

7.2. PekypcuBHasa o6paboTKa /[epeBbes

[[BOMYHBIM I€PEBOM HA3BIBACTCA KAPTUHKA BPOIE TAKOU:

Huxunaa BepiivHa HA3LIBAETCA KopHem. VI3 KaKAOU BEPIIUHBI MOTYT U[I-
TU [Be JUHUHU: BIEBO BBEPX U BIPABO BBepX. Bepuimubl, kyaa OHE BeAyT,
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HA3LIBAIOTCA AE6bLM U NPAEbLM CbIHOEbAMIU UCXOTHOW BEpIIMHEL. Beprmaa
MOXKET UMETh IBYX CBIHOBEU, 4 MOXKET UMETh TOJBKO OJHOTO CHIHA (IEBOrO
wiu npasoro). OHa MOXKET U BOBCE HE MMETH CHIHOBEH, M B DTOM CJIydae
HABLIBACTCA AUCTIOM.

IIycTts * — Kakaa-TO BepIIMHA ABOMYIHOro gepepa. OHa cama BMecTe
C CLIHOBBAMU, BHYKAMU, TPABHYKAMY 1 T. I. 00pasyeT MO IePEBO ¢ KOPHEM
B I — n0oddepeso nomomKos .

B cregyromux 3agadax Mbl IpegHnoiaraeM, ITO BepIIMHEL JepeBa IPOHY-
MepOBaHbLI HEILIMU HOJOKUTEILHLIME TUCIAME, IPIIEM HOMEpa BCeX Bep-
MIFH pasaudHbl. MBI cauTaeM, 9TO HOMep KOPDHA XPAHUTCA B IIepeMEeHHON
root. MBI cumTaeM, 9TO UMEIOTCA ABA MACCHUBA,

l,r: array [1..N] of integer

U JEeBLIM U TIPABLI CHIH BEPIIUHBI ¢ HOMEPOM i MMEIT COOTBETCTBEHHO
womepa 1[i] u r[i]. Eciu Bepmmua ¢ HOMEpOM i He UMeeT JeBOro (uin
npasoro) ceiHa, To 1[i] (coorsercrsenno rl[il) pasmo 0. (Ilo Tpagunun
[IPU 3AIKUCUA TPOrPAMM MBI UCIOIB3YEM BMECTO HYJIS KOHCTAHTY nil, pas-
HYIO HY.JIIO. )

3aech N — 10CTaTOIHO GOMBIIOE HATYPATLHOE IUCI0 (HOMEpa BCEX BEp-
muH He npeBocxomaT N). OTMeTuM, 9TO HOMEp BEpPIINHBI HUKAK HE CBA3AH
¢ eé MOMOXKEHWEeM B IepeBe M 4TO He Bce ducaa oT 1 1o N oOs3aHbI OBITH
HOMepaMy BepmH (U, CIeq0BATEIbHO, 9aCTh TAHHBIX B MACCUBax 1 U r —
DTO MyCOD).

7.2.1. Ilycte N=7, root =3, MaccuBbI 1 U ¥ TAKOBHI:

i1 2 3 4 5 6 7
i1 {0 0 1 0 6 0 7
rf(iJ] {0 O 5 3 2 0 7

HapucoBars cooTBeTcTByMIOIIEE AEPEBO.

OTBer.

© @

@ \@/

\@/ 0
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7.2.2. Hamwucarh mporpamMMy MOACYETA UUCIA BEPIIVH B IepeBe.

Pemenue. Paccmorpum pyukimio n(x), paBHYO IUCIY BEPIIUH B MO 16~
peBe ¢ kopHeM B BepumuHe HoMep x. Cunraem, uro n(nil) = 0 (moaaras co-
OTBETCTBYIOLIEE TIOIAEPEBO MYCTHIM ), U He 3a00TUMCA O 3HadeHnax nil (s)
[JIST IUCENT S, HE ABJMIONINXCS HOMEPAMU BEPIINH. PeKypCuBHAA TPOTPaAMMa,
IJISI N TAKOBA!

function n(x:integer) :integer;
begin
if x = nil then begin
| n:= 0;
end else begin
| n:= n(1[x]) + n(rlx]) + 1;
end;
end;

(Yucno BepmuH B mOggepeBe HAJT BEPUIMHON X PABHO CyMMe GHCEJ BEp-
[IMH HAJ €€ CBIHOBBAMU ILIIOC OHA, cama.) [yOuHa peKypCcun KOHETHA, TaK
KaK C KaXK[IBIM IaroM BBICOTA COOTBETCTBYIOIIETO MOIAEPEBa yMEHBIIA-
ercs. O

7.2.3. Hamwmcarb nmporpamMmy moacyéra qmuciaa JUCTHEB B IEPEBe.

OTBerT.

function n (x:integer):integer;

begin
if x = nil then begin
| n:= 0;
end else if (1[x]=nil) and (r[x]=nil) then begin {mmct}
| n:= 1;

end else begin

| n:= n(lx]) + n(z[xD);

end;

end; O

7.2.4. HamucaTsb nporpaMmy MOACIETa BHICOTHL AepeBa (KOPEHb UMeeT
BEICOTY (), ero CHIHOBBS — BBHICOTY 1, BHYKM — 2 U T.II.; BEICOTA JepeBa —
DTO MAKCUMYM BBICOT €I0 BEPIINH).

[Ykazaunue. Pexypcusno onpenemnsercsa gynakuus f(x) = BbicoTa M01-
JepeBa ¢ KOPHEM B X.| O

7.2.5. Hamwmcarb mporpammy, KOTOpPas MO 3aJaHHOMY N CIXTAET THCIO0
BCEX BEPIINH BBICOTHL . (B 33JaHHOM IEPEBe). O
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BwmecTo HO,I[C“IéTa KO/INYeCTBa BEPIINH TOr'O WIN WHOI'O poOga MOXKHO
IPOCUTH HalledaTaTh CIUCOK STUX BEPIITUH (B TOM NJIN MHOM nopﬂm{e).

7.2.6. Hamucats nporpaMmy, KOTOpasd meIaTaet (Mo OJHOMY pasy) BCe
BEPIIUHLI TePeBa.

Pemenme. [Iponeaypa print_subtree(x) medaraeT BCe BEPIIUHBL MO~
IepeBa ¢ KOpHeM B X [0 OMHOMY pa3y; MVIABHASA IPOTPAMMa COMEPIKUT BHI3OB
print_subtree (root).

procedure print_subtree (x:integer);
begin
if x = nil then begin
| {uuyero me mematn}
end else begin
writeln (x);
print_subtree (1[x]);
print_subtree (r[x]);
end;
end;

[lanHasg mporpaMMma medaTaeT CHadaaa KOPeHb MOAAepeBa, 3aTeM IIOJme-
PEeBO HAJ JEBBIM CHIHOM, a 3aTeM Ha MpaBbBIM. [pu CTPOKU B else-vyacTu
MOT'YT OLITH MEPECTARICHBI 6 CITOCOOAMY, U KAXK IBIU U3 3TUX COCOOOB TaET
CBOU TOPALOK TeYaTH BEPIIUH. (]

7.3. lNopoxaeHne KOMBUHATOPHBLIX O6BEKTOB,
nepe6op

PexypcuBHbIe TPOrpaMMBI ABMAIOTCA YAOOHBIM CIOCOOOM TOPOXK TCHUS
KOMOWHATOPHBIX 00BEKTOB 3aIaHHOTO BuAa. MBI pemmy 3aHOBO HECKOTHLKO
3a/1a49 COOTBETCTBYIOIIEN TVIABHL.

7.3.1. HamucaThb mporpamMmy, KOTOpas MEIATAET MO OTHOMY Pa3y Bce
IIOCae10BATEJNIbHOCTUA IJINHEBL NI, COCTAaBJACHHBIC U3 TNCEJ] 1...k (I/IX KOJImie-
cTBO pasHO kT).

Pemenue. IIporpamma OGymeT omepupoBaTh ¢ mMaccuBoMm al[1] ...a[n]
u quciaoMm t. PekypcuBHas mporenypa generate me4aTaeT BCE MOCIEHO-
BATENILHOCTH, HadmHatommecsa Ha all]l...al[t]; mocae eé okomdauus t u
al[1]...al[t] umeroT TO Xe 3HAYEHUE, ITO U B HATAJE:

procedure generate;
| var i,j : integer;
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begin
if t = n then begin
for i:=1 to n do begin
| write(al[i]);
end;
writeln;
end else begin {t < n}
for j:=1 to k do begin
ti=t+1;
alt]:=j;
generate;
t:=t-1;
end;
end;
end;

OcHOBHAA TPOTrpaMMa, Temeph COCTOUT U3 IBYX OMEPATOPOB:
t:=0; generate; O

3ameuanme. Komanaer t:=t+1 u t:=t-1 11g DKOHOMUM MOXKHO BLIHECTH
u3 nukaa for.

7.3.2. Hamwmcarhs mporpamMmy, KOTOpas medaTanta Obl BCe TTepeCTaHOBKY
qucesa 1...n mo ogHOMY paasy.

Peurenne. [Iporpavma onepupyer ¢ maccusom al[1] ...a[n], B kxoTopom
XPAHUTCA MepecTaHoBKa ducea 1...n. PexkypcusBHas mpouenypa generate
B TAKOU CUTYAlUN EYATAET BCE MEPECTAHOBKU, KOTOPHIE HA MEPBHIX t MO-
BUIUAX COBIATAIOT C MEPECTAHOBKOU a; MO BBIXOE U3 HeE mepeMeHHbIe t
7 a UMEIOT T€ XK€ 3HAYEHUs, 9TO U 10 BX01a. OCHOBHAS MPOrpaMMa TAKOBA:

for i:=1 to n do begin ali]:=i; end;
t:=0;
generate;

Bot onucanue mponenypsr:

procedure generate;

| var i,j : integer;

begin

if t = n then begin

for i:=1 to n do begin
| write(al[i]);
end;
writeln;
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end else begin {t < n}
for j:=t+l to n do begin
moMenaTs MecTamu al[t+1] u alj]
ti=t+1;
generate;
t:=t-1;
moMeHATE MecTamu alt+1] u a[j]
end;
end;
end; O

7.3.3. Hameuarars (o ogHOMY pa3y) BCe MOCIEIOBATEILHOCTH U3 1 HY-
JIen v eIUHUI], COAEpPKAIINEe POBHO kK €IUHMUII. O

7.3.4. Hameuarars Bce BO3pACTAIOIMIME MIOCIEIOBATENBHOCTH [JIAHEBL K,
DJIEMEHTaMU KOTOPBIX ABJAIOTCA HATypauabHble ducaa or 1 no n. (IIpexmo-
JaraeTcd, 9To k < n, HHaYe TAKUX MOCICNOBATEILHOCTEN HE CYIIECTBYET. )

Pemenme. [Iporpamma onepupyer ¢ maccusom al[1] .. .alk] u menon me-
pemennon t. IIpegmonaras, uro al[1]...a[t] — Bospacraromas nociemno-
BATEIBHOCTH HATYPAJIBHBIX YUCET U3 OTPE3Ka 1...n, PEKYPCUBHO OMpe/e-
JEHHAS IPOLIEYypA generate rmevaTaeT BCe €6 BO3PACTAIINE PO T0TKEHU
nmunbt k. (Tlpu aTom t u al1] ...a[t] B koHme Takue ke, Kak B HAJAJE.)

procedure generate;
| var i: integer;
begin
if t = k then begin
| mevarars al[l]..a[k]
end else begin
ti=t+1;
for i:=a[t-1]+1 to t-k+n do begin
alt]:=i;
generate;
end;
t:=t-1;
end;
end;

3ameganue. [Tukn for Mor OBl MMETh BEpXHEH T'paHUIeCn n (BMECTO
t — k + n). Hamr BapuasT 3KOHOMUT 9YaCThb PabOThI, YIUTHIBAA TOT (DAKT,
uro npeanocienuuil (k-1-bIl1) WIEH HE MOXKET IPeBOCXOAUTb n-1, k-2-on
IEH He MOXKET MPEBOCXOANTH n—2 U T.II.
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OcuoBHAs nporpaMmMa TEnepb BBINIAIUT TaK:

t:=1;

for j:=1 to 1-k+n do begin
al1]l:=j;
generate;

end;

MOoxHO OBLTO OBI TOOABUTH K MACCUBY a CJIEBa, (PUKTUBHLIN daeMeHT a[0] =
=0, TOJMOXKUTL t = 0 ¥ OrPAHUIUTLCA €JUHCTBEHHBIM BEI30BOM IPOIETYPHI
generate. (]

7.3.5. llepeuncauTs Bce MPENCTABICHUSA MOIOKUTEILHOTO IEIOTO HU-
C1a n B BUAE CyMMBI MOCIEIOBATETHHOCTU HEBO3PACTAIOIINX IETHIX TOJO-
XKUTETBHBIX CJIaraeMbIX.

Pemenne. [Iporpamma onepupyet ¢ MaccuBoM all..n] (MakcumanrbHOE
YUCIO CIAraeMBIX PABHO N) U C Hetou mepemenHon t. Ipegnomaras, 9To
al1] ...a[t] — HeBozpacTammAas MOCIEIOBATEILHOCTD ENBIX YUCET, CYM-
Ma KOTOPBIX HE MPEBOCXOAUT N, MPOIEAypa generate medaraeT BCe Mpeq-
cTaBIeHUA TPeGyeMoro BUIA, TPOLOMKAIIAE DTy MOCAEIOBATEILHOCTD.
s sxomomun Beraucaenun cymma alll + ... + alt] xpanurca B cuemnu-
ATHLHOU MMEPEMEHHON S.

procedure generate;

| var i: integer;

begin

if s = n then begin

| meyaTaTh IoCIemoBaTenbHocTh all]l..alt]
end else begin

for i:=1 to min(a[t], n-s) do begin
t:=t+1;
alt]:=1;
s:=g+i;
generate;
s:=s-1ij;
t:=t-1;

end;

end;
end;

OcHOBHAA TPOTPAMMA IPU DTOM MOXKET OBITh TAKOU:

t:=1;
for j:=1 to n do begin
| al1]l:=j
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s:=j;
generate;
end;

3ameqanue. M0oXHO HEMHOI'O COKOHOMHUTB, BEIHECS OMEPALNN YBeJntIe-
HUA U YMEHBIIEHUSA t U3 IUKIA, 4 TAKXKe He BO3BPAIlasd S KaXKIBIU pPa3
K UCXOMHOMY 3HAYEHUIO (yBEJIMYIUBAA €r0 Ha 1 ¥ BO3BpAIIAA K UCXOTHOMY
3HaYEeHUIO B KOHIE). KpoMe Toro, 106aBuB (puKTUBHEIN daeMeHT a[0] =n,
MOYXHO YIPOCTUTH OCHOBHYIO IPOTI'DAMMY:

t:=0; s:=0; a[0]:=n; generate; O

7.3.6. Hanucars pekypcuBHyio mporpamMMmy o0xoaa nepesa (ACIONb3ys
Te e KOMaH[bl 1 IpoBepKu, 4To u B ruase 3 (O6xon mepesa).

Pemrenne. IIponenypa o6paboTaTh _Han o6pabaTHIBAET BCE MUCThA HAT
TeKyIIeN BEPIIMHON U 3aKAHIMBAET paboTy B TOU K€ BEPIIMHE, YTO U Ha-
vamra. Bor eé pekypcuHOe onucanue:

procedure o6paboTaTk_Ham;
begin
if ecTe_cBepxy then begin
BBEPX_HalleBO;
obpaboTaTh_Ham;
while ecTe_cmpaBa do begin
BIIPaBoO;
obpaboTaTh_Han;
end;
BHU3;
end else begin
| obpa6oTaTs;
end;
end; O

7.4. [Ipyrve npuMeHeHUs peKkypcum

Tomosoruveckad cOpTUpoBKa. IIpeacTaBuM cebe n IMHOBHUKOB, KaK-
OB U3 KOTOPBIX BEIIAGT CHOPABKU ONPENeJEHHOrO BuAa. MBI XOTUM HOTy-
YUTH BCE DTU CIPABKH, COOTIONAA YCTAHOBICHHBIE OTPAHWICHNA: y KK OO
YUHOBHUKA €CTh CIUCOK CIPABOK, KOTOPHIE HYKHO COOPATH mepe oOpaiie-
HEEeM K Hemy. Jleqo Ge3HALEXKHO, eCIU CXeMa 3aBUCUMOCTEH MMEET MK
(copaBky A meawssa morayuuts 6e3 B, B 6e3 C,..., Y 6e3 Z u Z 6Ge3z A).
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[Ipeamonaras, 9To TAKOrO MUKIA, HET, TPEOYETCA COCTABUTD ILIAH, YKA3HI-
BAIOIINU OJVH U3 BO3MOXKHEIX MOPSAIKOB MOIYICHUA CITPABOK.

N306paxkas YMHOBHUKOB TOYKAMH, a 3ABUCUMOCTHU — CTPETKAMU, TPH-
XOaUM K Takon gpopmyauposke. meeTcs n TOUeK, MPOHYMEPOBAHHEIX OT 1
10 n. VI3 kax 10U TOYKM BeIET HECKOIBKO (BO3MOXKHO, () CTPENOK B Apyrue
roukn. (Takas Kap TUHKA HABBLIBACTCA 0PUEHIMUPOBanHbIM 2pagdiom.) ITTukios
ueT. TpebyeTcsa pacmoJokuTh BepuHbl rpada (TOUYKN) B TAKOM MOPAIKE,
4TOOBI KOHEIL JI0OOU CTPENKU MPEAIIeCTBOBAI €€ HAYALY. DTa 3aJada Ha-
BBIBACTCA MONOAORUUECKOT COPMUPOBKOT.

7.4.1. [loxasaTb, YTO 3TO BCErJa BO3MOXKHO.

Penrenwne. U3 ycioBus 0TCyTCTBUSA IUKJIOB BEITEKAET, ITO €CTH BEPIIN-
HA, U3 KOTOPOU BOOOIIE HE BEIXOAUT CTPEIOK (MHATE MOXKHO ABUCATHCA MO
CTpeaKaM, TOKa He 3anukanMcs). Eé 6ymgeM cauTarh mepBou. BuIKugbIBasd
STy BEPIINHY U BCE COCETHUE CTPEIKU, MBI CBOIUM 33134y K rpady ¢ MEHb-
[IMM 9UCJIOM BEPIIVH U IPOAOIKAEM PACCYXKIEHUE 10 WHIYKIINAA. (]

7.4.2. Tlpeamonoxum, 9TO OPUEHTUPOBAHHLIN rpad 6€3 IIUKIOB XPAHUT-
ca B Takoum (opme: IId Kaxgoro i or 1 mo n B num[i] xpanuTcsa uum-
cmo BeIxOmAmuX w3 i crpenok, B adr[i][1],...,adr[i] [num[i]] — =oO-
Mepa BEepUIVH, Kyaa »Tu crpenku BeayT. CocTaBuTh (PeKypCUBHBIN) aaro-
PUTM, KOTOPBIA TPOU3BOAUT TOMOJOTHUIECKYIO COPTUPOBKY HE OOIee dem
3a C' - (n+ m) geucTsuin, rge m — 9ucio pédep rpada (cTpesok).

3amedanme. Henocpeacreennas peanwsanus IPUBEIEHHOrO BBIIIE JOKA-
3aTeILCTBA CyIIECTBOBAHUA He TafT TpeOyeMOU OLEeHKH; €€ MPUXOLUTCA
HEMHOT'O TIOIPABUTE.

Pemenune. Hama nporpamma OygeT medaTaTh HOMepa BepmmH. B mac-
cuse

printed: array[l..n] of boolean

MBI OyIeM XPAHUTH CBEJEHUSI O TOM, KAKUE BEpPIINHLL HAIedaTaHbl (1 KOp-
PEKTUPOBATL UX OJHOBPEMEHHO C MEYAThI BEPIIUHLI). ByneM roBOpUTS,
9TO HalevYaTaHHAA MOCAeIOBATEILHOCTh BEPIINH KOPPEKTHA, eCIN HUKa-
KasA BepIINHA He HamedaTaHa IBAXKIBI U A14 JIO60r0 HOMepa i, BXOIAIIETO
B 3Ty HIOCIEJOBATEJBHOCTD, BCE BEPIINHBI, B KOTOPHIE BEIyT CTPEJKHN U3 i,
HalledaTaHbl, X IPUTOM 10 1i.

procedure add (i: 1..n);
{mano: HamevaTaHHOe KOPPEKTHO;}
{Hamo: HamevaTaHHOe KOPPEKTHO M BKINYaeT BepuMHy i}
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begin

if printed [i] then begin {Bepumua i yxe Hamewaraua}
| {Hu4ero memars He Hamo}

end else begin

{Hanevarannoe koppekTHO}

for j:=1 to num[i] do begin
| add(adr[i][j1);

end;

{HaneyaTaHHOe KOPpPEKTHO, BCe BEpUIMHH, B KOTODHE K3
i BefyT cTpenmku, yXe HamedaTaHH — TaK YTO MOXHO
meyaTaTh i, He Hapymwad KOPPEeKTHOCTH}

if not printed[i] then begin

writeln(i); printed [i]:= TRUE;

end;

end;

end;

OcHoBHas mporpamMmmas

for i:=1 to n do begin
| printed[i]:= FALSE;

end;

for i:=1 to n do begin
| add (i)

end;

K ormenke Bpemenu pabOTHI MBI BCKOPE BEPHEMCA.

7.4.3. B mpusegéunon mporpamMmme MOXKHO BHLIOPOCUTEL IIPOBEPKY, 3aMe-
HUB

if not printed[i] then begin
writeln(i); printed [i]:= TRUE;
end;
Ha
writeln(i); printed [i]:= TRUE;
Mouemy? Kak uaMeHUTCS CEMUMUKAIAA TPOIEIYPBI?

Pemenme. Crienuukalimo MOKXHO BHIOPATH TAKOU:

ILAaHO: HanevYaTaHHO€ KOPPeKTHO
Hamo: HanmevYaTaHHOE€ KOPPeKTHO M BKINYaeT BEpIHNHY i;
BCe€ BHOBB HAalleYaTaHHEHE BEPUMHH OOCTYMIHH U3 i. ‘:l
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7.4.4. Tne ucrmonb3oBaH TOT (PAKT, ITO rpad HE UMEET IIUKIOB?

Pemrenme. Mu1 onycTrin 10Ka3aTeIbCTBO KOHETHOCTHU TVIYOWHEBI PEKYP-
cun. [l KaxXIOW BEPIIMHBI PACCMOTPUM €8 «MIYOUHY» — MAKCUMAJIBHYIO
[UIMHY IIyTH IO CTPEIKAM, 13 He€ BBIXOASAMIEr0. Y CIOBIE OTCY TCTBUS IUKJIOB
PapaHTUPYeT, 9TO DTA BETUINHA, KOHEYUHA. V3 BEPIIUHBLI HYJEBOU MIYOUHEI
CTPEJOK He BEIXOAUT. [yOUHa KOHIIA CTPENKH 0 KpanHen Mepe Ha, 1 MeHb-
e, eM miyouHa Hadama. [Ipu pabore npouenypst add (i) Bce peKypCUBHBIE
BBBOBEL add (j) OTHOCATCA K BEpPIIMHAM MEHBIIECU Iy OUHBL. O

Bepuémca x ouenke Bpemenu paborol. Ckonabko BeoBoB add (i) BO3-
MOXKHO I KaKOTO-TO (pukcupoBanuoro i? Ilpexge Bcero scHO, 9TO mep-
BBEIU U3 HUX TIEUYATACT 1, OCTATLHBIE CBEIYTCA K TPOBEPKE TOrO, ITO i yxKe
HamedaTaHo. flcHo Takxke, 9TO BBI3OBBEI add (i) MHIYIUPYIOTCS «II€9aTa-
fouwMuy (mepBeiMu) Ber3oBamu add(j) miA Tex j, U3 KOTOPBIX B i BeAET
pebpo. CrenoBaTenbHo, Iucao BeOBOB add (1) paBHO YUCHY BXOAAMUX B i
pébep (crpenok). IIpu sToM Bce BBI3OBHI, KpoMme nepsoro, tpebyor O(1)
OTIepallny, a MEePBLIU TPeOyeT BPEMEHU, MPONOPIUOHATLHOTO YUCTY UCXO -
mux u3 i crpenok. (He cunras BpeMenu, yxoaamniero Ha Boinoanenue add ()
[JIs1 KOHLIOB j BBIXOZAUX pé6ep.) OTcooga BUAHO, 9TO 00LIee BpeMs Ipo-
HOPLUUOHAILHO YUCLy pE6ep (ILII0C YUCIO BEPIIVH). O

CeasHas kommoHeHTa rpada. Heopuenmuposanusiii 2pad — uabop To-
4Yexk (BEpIIMH), HEKOTOPLIE U3 KOTOPLIX COENUHEHLI JUHUAMU (pébpamn).
HeopuenTupoBauub rpad MOXKHO CUATATHL YACTHLIM CIyIa€M OPUEHTHU-
POBAHHOTO T'pada, B KOTOPOM [UIA KAXKJOU CTPEJIKU eCTh OOpaTHAs.

Ceasnoti Komnonenwmot BEPIIMHBI 1 HA3BIBAETCA MHOXKECTBO BCEX TeX
BEpIIMH, B KOTOPBIE MOXKHO [ONACTb U3 1, mas mo péopam rpada. (Ilo-
CKOJIBKY Tpad HEOPUEHTUPOBAHHBIN, OTHOIICHUE «j MPUHAIJICKUAT CBAIHOU
KOMITOHEHTE i» ABJIAETCA OTHOIICHUEM SKBUBAJICHTHOCTH. )

7.4.5. [lan HEOpUEHTUPOBAHHBIN Ipad (111 KaxKIOU BEPIIUHLI YKA3AHO
YUCI0 COCENer M MACCUB HOMEPOB COCEIeN, KAaK B 3a4a9€ O TOMOJOrNIEeCKON
copruposke). CocTaBuUTh aIropuTM, KOTOPBIU [0 3aTaHHOMY 1 IedaTaer
BCE BEPIIUHLI CBA3HOU KOMITOHEHTHI i MO OfHOMY pa3y (1 TOabKo ux). Hu-
CJIO TEMCTBUU He NOMKHO mpeBocxoauTh C - (00Imee 9ucao BepmH u pédep
B CBA3HOU KOMIIOHEHTE).

Pemenne. IIporpavMma B mponecce pabOThL Oy IET «3aKPAIIMBATE) HEKO-
Topeie BepmuHbl rpada. Hesakpamennoun gacteio rpada GyzeM HA3BIBATE
TO, ITO OCTAHETCS, €CIM BHIODOCUTH BCE 3aKpallleHHBIE BEPIINHLI U BEIy-
mue B Hux pé6pa. [Iporeaypa add (i) 3akpammBaeT CBA3HYIO KOMIOHEHTY i
B HE3aKPAIICHHOH 9acTh rpada (1 He JeTaeT HUIero, eCIu BePIIrHA 1 yxe
3aKPAIIECHA).
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procedure add (i:1..n);
begin
if Bepumua i 3akpamena then begin
| HUYEro JmelaTh He HaNo
end else begin
3akpacuThb i (HameYaTaTh M IOMETUTEH KakK 3aKpalleHHYo)
IIa BCeX j, COCENHMX C i
| add(j);
end;
end;
end;

MokaxkeMm, 9TO dTa MPOLUELYPa AEUCTBYET MPABUILHO (B MPEIMOIOKECHWN,
YTO PEKYPCUBHBIE BHI3OBEI PA0OTAIOT MPABUILHO). B camom geme, Hude-
0O, KpOME CBA3HOU KOMIIOHEHTHI HE3AKPAIIEHHOrO rpada, OHa 3aKPACUTH
me moxer. IIpoBepum, 9TO BCA OHA OymeT 3akparneHa. Ilycts k — Bep-
IIMHA, JOCTYIHAA U3 BEepHIMHEI 1 o nyTu i — j — ... — k, Ipoxoasamemy
TOJBKO IO HE3aKPAIIIEHHBIM BEPIUHAM. BymeM paccMaTpuBaTh TOABKO ITy-
THU, He BO3BPAIIAIOIINECS CHOBA B i. M3 BCeX Takux myTeu BHIOEPEM MyTh
¢ HauMeHbIIM j (B MOPSKe IPOCMOTPa cocenen B mpoueaype). Torga npu
PACCMOTPEHUU TPEABIAYIIUX COCEIeN HU OMHA U3 BEPIIUH MyTH j — ... — k
He OyneT 3axpauieHa (MHade j He ObLIO ObI MUHUMAIBHBIM) U IIOTOMY K OKa-
JKETCA B CBA3HON KOMTIOHEHTE HE3aKPAIeHHOTO rpada K MOMEHTY BBI30BA,
add(j). Yro u Tpe6GoBamoch.

Y1068l yCTAHOBATH KOHEYHOCTH IVIYOWHBI PEKYPCHAU, 3AMETHUM, UTO HA
KaXOM YPOBHE PEKYpPCHM UHUCJIO HE3AKPAIIEHHBIX BEPIIAH YMEHBIIAETCs
xoTs Obr Ha 1.

Onenum uucao geuctsun. Kaxmas BeprivHa 3aKpalinBaeTcsa He 00Tee
OIHOTO pasa — mpu mepBbIM Bb3oBe add (i) ¢ mamuwiMm i. Bee mocaenyio-
€ BBI3OBBI MPOUCXOMAT MPU 3AKPAITUBAHUU COCEIEUN — KOJIUIECTBO Ta-
KUX BBI30BOB HE GOJBIIE YUCIA COCEIEN — U CBONATCA K MPOBEPKE TOrO,
YTO BepIMHA i yxe 3akpaimieHa. [IepBBII e BLI30B COCTOUT B IPOCMO-
Tpe BCEX COCeNeN U PEeKYyPCUBHBIX BhI3oBax add(j) mia Bcex mux. Takum
00pas3oM, 00IIee YUCI0 JeUCTBUAN, CBA3AHHLIX C BEPIIMHOU i, HE MPEBOCXO-
IUT KOHCTAHTHI, YMHOXKEHHON Ha 9nucio eé cocemern. OTCIOa U BEITEKAET
TpedyeMas OIeHKA. O

7.4.6. PemmwTs Ty Xe 3amady 11 OPUEHTUPOBAHHOrO rpada (Harme-
YaTaTh BCE BEPIIUHBI, TOCTYMHLIE U3 JAHHOU MO CTpEIKaM; rpad MOXKET
COMIEPKATD IUKJIBI).

Orser. ['ogurcs no cymecrBy Ta ke mporpaMma (CTPOKY ¢4 BCEX
coceneny HAIO 3AMEHUTH HA «1Js BCEX BEPIIWH, Kyla BeAyT CTPeakm). [
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Cremyronmn BApHAHT 3aJa4M O CBSI3HOU KOMIIOHEHTE MMEET CKODEe Te-
opeTuyeckoe 3HadeHue (1 HazbBaeTCa meopemoti Casuua).

7.4.7. OpuenrupoBanueii rpadp umeer 2" BepmuH (IBOUYIHBIE CIOBA
IJIVHBL 1) W 33JaH B BuAe (PYHKINU eCTb_pebpo, KOTOpasd MO ABYM Bep-
mmHAM T U Y cooOmaer, ectb au B rpade pebpo u3 = B y. CocraBurhb
AITOPUTM, KOTOPBIA [JIsA JAHHOU MAPHI BEPIIUH 1 U ¥ ONPEIEJIAET, eCTh JU
nyTh (10 pé6pam) U3 ¢ B v, UCIOIb3YA MAMATH, OTPAHUICHHY) MHOTOWIe-
HOM OT n. (Bpemsa mpu 3TOM MOKeT OBITH — U OyAeT — OYeHb OOJIBIINM. )

[Ykasaume. Mcnonp30BaTh PEKYPCUBHYIO IPOIEAYDY, BEIACHAIIIYIO, CY-
IeCTBYeT U MyTh U3 & B Yy AMMHHI He 6omee 2F (u BRBBIBaOmyO cebs
C YMEHBIIIEHHBIM Ha eIUHUIY 3HavYeHneM k).] O

BricTtpas copTupoBka Xoapa. B zaximiodenue npusenéM peKypCUBHBIN
ANTOPUTM COPTUPOBKU MACCUBA, KOTOPLIU HA TMPAKTUKE ABIACTCA OTHUM
u3 cambix ObicTpoiX. [lycTs mam maccus al[1] ...al[n]. Pexypcusuas mpo-
ueaypa sort (l,r:integer) copTupyeT y4acTOK MacCHBa C MHIEKCAMU U3
noxyuaTepsana (1,r], To ects a[1+1] ...a[r], me 3aTparusas ocraabHOrO
MACCUBA.

procedure sort (l,r: integer);

begin

if 1 = r then begin
HUYero JelaTh He HANO — YYacTOK NyCT

end else begin

BHOpaTh CIydYalHOe 4MCIO S B moxyuHTepsame (1,r]

b := a[s]

mepeCcTaBUTEL DIEMEHTH COPTUPYEMOrO y4YacTKa TaK, YTOGH
CHavyana WIN >IeMeHTH, MeHbume b - yvactok (1,11]

3aTeM B>IeMeHTH, paBHHe b - yuactox (1l,rr]
3aTeM B>IEMeHTH, 6ombume b - yuacrox (rr,r]
sort (1,11);
sort (rr,r);
end;
end;

Paspgesnenue »1eMeHTOB COPTUPYEMOrO y4acTKa Ha TPU KarTeropuu (MeHb-
mme, paBHBIE, GOJBIINE) PACCMATPUBATACH B Tiase 1, c. 36 (570 MOXHO che-
JIAThb 33 BPEM, MPOMOPLUUOHAILHOE [IUHE YIACTKA). KOHEIHOCTL MIyOuHBL
PEKypCuu rapaHTUPYeTCsS TeM, UTO JAJNHA COPTUPYEMOro ydacTKa Ha Ka-
KIOM YPOBHE PEKYPCHUU yMEHbIIaeTcs XOTsa Obl Ha 1.

7.4.8. ([lna 3HAKOMBIX C OCHOBaMU TeOpuU BeposaTHocTen). Joka3aro,
YTO MaTeMATHICCKOe OXKUIAHWE GUCAA ONepaluil mpu paboTe ATOro afl-
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roputMma He mpeBocxoqut Cnlogn, mpuuém koucranTa C' HE 3aBUCAT OT
COPTUPYEMOr'0 MACCHUBA.

[Ykazauue. [Iycts T'(n) — MakCUMyM MATEMaTHIECKOTO OXKUJAHUA U~
CcJIa OMepaIvi 1A BCEX BXONOB IIUHEL 1. V3 TeKcTa mpouesyphl BEITEKAET
TAKOE HEPABEHCTBO:

T(n) < Cn + ! > (T(k) +T(1))

n
k+l=n—1

[epBBIN WIEH COOTBETCTBYET PACIPEIEICHUAID DIEMEHTOB HA MEHBIIINE, DAB-
HbIE U Gombinre. BTOpOU WwieH — 5TO CpejHee MaTeMaTUIeCKOe OXKUIAHIE
[JISL BCEX BAPUAHTOB CILy9arHoro Beibopa. (CTporo roBops, moCKOIbKY Cpe-
[¥ DJIEMEHTOB MOI'YT ObITh paBHBIE, B npasou dactu Bmecto T'(k) u T'(1)
JQOJLKHBL CTOATH MakcuMmyMbl 1'(z) o BceM 2, He npeBocxoaamuM k wiu [, HO
DTO HE MEIIAET JATLHEUIINM PAcCy kK aeHuaM.) /lanee HHIyKIUEH 110 1 HyXK-
HO nokasbBaTh oterky 1'(n) < C'ninn. Ilpu 5ToM 1/ BEIMUCICHUS CPEIHE-
r0 3Ha¥YeHus lnz mo Bcem £ =1,...,n — 1 HyXKHO BBIYUCIATH fln rlnxdz
no gacram kak [ Inz d(z?). Ipr gocraroano 6ombmom C/ wien Cn B mpa-
BOI1 9ACTHU IEPEBENMBACTCA 3a ¢I6T uaTerpata [ 2 dlnz, u MHAYKTUBHBIA
Imar TPOXOINT. ] O

7.4.9. WmeeTcs MaccuB M3 N PA3IUYIHBIX [EILIX Yucesg n ducao k. Tpe-
Oyerca HauTU k-0€ MO BEIMYUHE YUCAO B DTOM MACCHUBE, CAEIaB HE 6O-
naee Cn meucteun, rge C — HEKOTOpas KOHCTAHTA, HE 3aBUCANAA OT k
un.

3ameuanue. COPTUPOBKA MO3BOMAET OYEBUIHEIM 00Pa30OM CIEIATH DTO
3a Cnlogn menctsuu. OUEBUIHLIN CIOCOO: HAUTYA HAUMEHBIITUN DIEMEHT,
3aTeM HAUTHU BTOPOU, 34TE€M TPETUH, ..., k-LI TpebyeT mopanka kn neu-
CTBUU, TO €CTb HE FOAUTCA (KOHCTAHTA [IPU 1 3ABUCUT OT k).

[Ykazanue. UBamubi (X0 T IPAKTUMECKH U GECIIOIE3HBIN — KOHCTAHTHL
CJUIIKOM BEJIUKM) CIOCO0 CHeJaTh 3TO TAKOB:

A. Pa3o6bém Hamr Maccus Ha n/5 TPy, B KX 0U U3 KOTOPHIX 110 5 HJie-
MeHTOB. Kaxk 1y rpynmy ynopsamgoanM.

B. PaccmoTpuM cpegHme »IeMEeHTHl BCeX TPYII U IIEPENNIIEM UX B MAaC-
cuB u3 n/5 saemenToB. C HOMOLIBIO PEKYPCUBHOI'O BEI30BA HALAEM CPEIHUN
IO BEJIWYUHE DJIEMEHT ATOrO MACCHUBA.

B. CpaBHUM 5TOT DIEMEHT CO BCEMU DIEMEHTAMU MCXOTHOTO MaCCUBA:
OHU DPa3IeMATCSI Ha OOJBIINE ero M MeHbIme ero (1 OIUH PABHBIL €MY).
[MogcanTas KOMMIECTBO TEX U APYTUX, MBI Y3HAEM, B KAKOW U3 DTUX IaCTEH
JOJIKEH HAXOQUTCA UCKOMBIH (Kk-BIN) BJIeMEHT U KAKOB OH TaM 110 TOPALKY .
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I'. TlpuMeHrM peKypCUBHO HAII ATMOPUTM K BEIOGDAHHON UACTH.

IMycrs T(n) — MaKCUMATBLHO BO3MOXKHOE YMCIO AENCTBUM, €CIN DTOT
cnoco6 NPUMEHATH K MACCHBAM W3 HE 0OJee €TeM 7 o1eMeHTOB (k Moxer
OBITH KakuM yroguo). Imeem onenky:

T(n) < Cn+ T(n/5) + T(mpumepno 0,7n).

Ilocnenuee craraeMoe OOBACHACTCA TAK: IPU PA30OMECHIN HA YACTH KAXKIad
qacTh comep:xkuT He menee (,3n naemenToB. B camom nene, eciu x — cpej-
HUH 13 CpeJHUX, TO IPUMEPHO MOJOBMHA BCeX CPEJHUX MeHbIe . A ecin
B IATEPKE CPeJHU AIeMEeHT MeHbIIe T, TO emlé ABa 3aBeJOMO MeHBIIe .
Tem caMBIM [0 KpanHen Mepe 3/5 OT MOJOBUHEI DJIEMEHTOB MEHBIIE 1.
Teneps MO UHIYKIMNA MOXKHO 10Ka3aTh oueHky 1'(n) < Cn (pemaronryto
POJb TIPU HTOM UTPAET TO OGCTOATENLCTRO, UTO 1/5 + 0,7 < 1).] O
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8. KAK OBOUTUCHL
BE3 PEKYPCUWU

[l1s yHUBEDPCATBLHBIX A3BIKOB MPOrPAMMUPOBAHUA (KAKOBBIM ABJIACTCA
MACKAIb) PEKYPCUA He NaET HUYEro HOBOTO: [JIA BCAKOU PEKYPCUBHOU IIPO-
rpaMMBbl MOXKHO HAMCATH SKBUBAJCHTHYIO IporpaMmmy 0e3 pexypcun. Mo
He OyJeM MOKA3LIBATEL ATOrO, & MPONEMOHCTPUPYEM HEKOTOPBIE MPUEMHI,
TTO3BOMAONIME U30ABUTHLCA OT PEKYPCUU B KOHKPETHBIX CUTYAIUAX.

3adeMm 310 Hyx)HO? OTBET MparMaTuka MOT ObI OBITH TAKUM: BO MHO-
CUX KOMTBIOTEPAX (B TOM YHCIE, K COXAICHUIO, U B COBPEMEHHBIX, UCTIOb-
syroumx Tak HasbBaemble RISC-mpoueccopsr), pekypcuBHBIE IPOrPAMMBL
B HECKOJIBKO Pa3 MEIJEHHEE COOTBETCTBYIOIIMX HEPEKYPCUBHEIX TPOrPAMM.
Emgé oqua BO3MOXKHEIN OTBET: B HEKOTOPBIX A3LIKAX IPOCPAMMUAPOBAHAA Pe-
KYyPCUBHBIE TPOTPAMMBI 3aIPEIIeHkl. A mIaBHoe, MpU yIaTeHUNA PEKYpPCUn
BOBHUKAIOT UBAMIHLIC U TTOYINTEILHBIC KOHCTPYKIIAN.

8.1. Tabnuua 3HaueHun (anHamuyeckoe
NpOrpamMMuUpoBaHue)

8.1.1. Crenpyomas pekypCUBHAA MPONELYyPA BHIYUCIAET TUCIA COIETA-
uun (6uroMuanbHBE KO>duimenTsl). Hanucars SKBUBATEHTHYIO HEPEKYD-
CUBHYIO TTPOTPAMMY.

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;
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3ameuanmue. C’T’j — YUCAO k-DIEMEHTHBIX MOIMHOXKECTB 1-3JIeMEHTHOrO
vmoxectra. Coorromenue CF = CK~1 4+ Ck_| nonywmres, econ mur ukcn-
PYEM HEKOTOPLIN BJEMEHT N-3JeMEHTHOI0 MHOXKECTBA U OTAEILHO IOLCYIU-
TaeM k-3JIeMeHTHLIE [IOAMHOXKECTBA, BKIIOYAIOIINE U He BKIIOIAIOIIIE STOT

snement. Tabmna snavennin CF

HA3LIBAETCA TpeyronabHukoM [lackass (Toro camoro). B mém xaxaem sme-
MEHT, KPOMEe KPAWHUX eIUHUIl, PABEH CYMMe ABYX CTOAIIUX HAI HUAM.
Pemrenune. MOXXHO BOCTOMB30BATHCA (POPMYION

kL n!
Cn = k!'(n —k)!

Mzgr1, onHAKO, HE Oy IeM 3TOT0 Ie1aTh, TAK KAK XOTUM TPOIEMOHCTPUPOBATH
6oJiee obIIME MPUEMBI YCTPAHEHUS PEKYypCUr. BMECTO 3TOro cOCTaBUM Ta-
6mumy 3mavenni dyskmm C(n,k) = CF samommas eé mma n=0,1,2,...,
TOKa HE MOUIEM 10 MHTEPECYIOIIEro HAC DIEMEHTA. O

8.1.2. Yro MOXKHO CKa3aTb O BPEMEHHU PA0OTHI PEKYPCUBHOU U HEpe-
KyPCUBHOU Bepcuul B npensiayimen 3agade? ToT ke BOIPOC O maMATH.

Pemrenne. Ta61uia 3aHIMAET MECTO TOPAIKA N2, €T0 MOXKHO COKPATUTE
IO M, €CIU 3aMEeTUTh, 9TO A BEIUUCICHUA CJACIYIOMEN CTPOKU TPEyTrOdb-
wuka [lackans myxua TOabKO mpeasrayimas. Bpems paborwer ocTtaéres mo-
pagka n?. PexypcupHas mporpaMma TpebyeT CYMIECTBEeHHO GOIBIIErO Bpe-
mvenn: Be3OB C(n,k) cBogurcs xk nBy™m Bhi3oBaM misa C(n-1,..) |, Te —
K 9eTHIpEM BhI3oBaM Iia C(n-2,..) um Tak gamee. Takum o6paszomM, BpeMms
OKa3BIBAETCSA DKCIOHEeHIuaIbHbM (mopsaaka 2™). Ucnoasdyemasn pekypcus-
HOU BEpCUEN MAMATH MPOMOPIMOHATILHA 1 — YMHOXKAEM TUIyOUHY PEKYpPCUn
(n) HA KOIMYECTBO MAMATH, UCIOIL3YEMOE OTHUM DK3EMILIAPOM MIPOLELY DB
(xoHCTAHTA). O

KapanHambHBI BLIUTPHIIT BO BPEMEHU TPU MEPEXOAE OT PEKYPCUBHOU
BEPCUU K HEPEKYPCUBHOU CBA3AH C TEM, 9YTO B PEKYPCUBHOM BapPUAHTE OIHU
U Te XK€ BBIYUCICHUSA MPOUCXOAAT MHOro pas. Hampuwmep, Boizos C(5,3)
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B KOHEYHOM CUETE TTOPOXKIAeT ABa BLI30BA, C(3,2):

c(5,3)
/ AN
c(4,2) c(4,3)
/ \ / \
c(3,1) C(3,2) C(3,3)

3anoaHas TabIuIy, MBI KA Y0 KIETKY 3AMOJHAEM TOJBKO OTHANK [bI —
OTCIOA ¥ DKOHOMUSA. DTOT IPUEM HABBIBACTCA UHAMULECKUM TP 02D AMMU-
posanueMm, U TPUMEHUM B TEX CIyIagX, KOUAa OOBEM XPAHUMOU B TAOIUIE
MH(OOPMAINY OKA3LIBACTCA HE CAUIIKOM OOTBITIM.

8.1.3. TlopaccyxaaTh Ha Ty e TEeMy HA IPUMEPE PEKYPCUBHOU U (IIpo-
CTENIeN) HEPEKYPCUBHOU MPOrPAaMM /I BhIYucaeHus uucen PubGonadyn,
34JaHHBIX COOTHOIICHUEM

o =P=1; &,=9, 1+, 5 (n>2). O

8.1.4. [TaH BBINYKJIBIA 7-YCOABHUK (34TAHHBIM KOODIUHATAMU CBOUX
BepIIKH B mopsake o6xona). Ero paspesamoT Ha TPEyrOIbHUKY IUATOHAS-
MU, JJIS 9€r0 HeOOXO0AUMO N — 2 [uaroHaau (3T0 MOXKHO TOKA3aTh UHIYKIY-
e o n). CTOMMOCTBIO PA3PE3aHUA HAZO0BEM CYMMY [IJIWH BCEX HUCIIOIb30-
BAHHBIX UAroHATEN. HalTn MUHUMATLHYIO CTOMMOCTE paspesanusa. ducio
IEeACTBUY TOKHO OBITH ONPAHAIEHO HEKOTOPBIM MHOrOWwIeHOM OT 7. (Ilepe-
60D He MOAXOAUT, TAK KAK TUCIO BAPUAHTOB HE OCPAHUYIEHO MHOIOWICHOM. )

Pemtenme. Byaem cuuTaTh, YTO BEPIIMHBI TPOHYMEPOBAHKBI OT 1 10 n
1 UAyT IO 9acoBOU crpenake. Ilyers k, | — momepa Bepimu, npudém [ > k.
Yepes A(k,l) o603HAIMM MHOIOYTOIBHUK, OTPE3AEMbIA OT HALIErO XOp-
nou k—1. (DTa X0paa pa3pe3aeT MHONOYTOJIbHUK HA IBA, OMUH U3 KOTOPBIX
BKIIOUaET cTOpony 1—n; uepes A(k,[) mer o603naaem apyrou.) Mcexonasim
MHOTOYTOJIBHUK ecTecTBeHHO 0603uauuTh A(1,n). lpu [ = k + 1 noryua-
€TCA «IBYYTOJBHUK) C COBIATAIOIIUME CTOPOHAME.

Ak, 1)
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Yepes a(k,l) obo3nauuM cToMMOCThL paspesanus mMuoroyroabuuka A(k,[)
IWATOHATAMK HA TPEyrOMbHUKW. Hammmmem pekyppeHTHYo (hOpMyTy I
a(k,l). IIpu I = k + 1 monywaercs gByyronbuuk, u Mel motaraem a(k,l) = 0.
Mpu l = k + 2 moayvaercs TpeyroabHUK, U B >ToM cry4dae takxke a(k,l) = 0.
Mycrs | > k + 2.

Xopaa k-1 ssasercsa croponou muoroyroasauka A(k,l) u, cregoBarenbHo,
CTOPOHOU OJHOTO U3 TPEYTOJbHUKOB, HA KOTOPBIE OH paspesan. [Iporuso-
ITOJIOXKHOY BEPIIAHON § DTOI'0 TPEYOJILHAKA MOKET OBITH JI00as 13 BEPIINH
k+1,...,] —1, 1 MUHUMAJIBbHAS CTOMMOCTL PA3PE3AHUSA MOXKET OBLITH BBI-
YUCTEHA KAK

min{(mmua xopaer k—1i) + (nmma xopaet i —1) + a(k,i) + a(i, 1)}

mo BceMm i =k + 1,...,1 — 1. Ilpz »ToM HAZO ydecTb, 9TO mpu ¢ =p + 1
XOpIa p—q — He XOpAa, a CTOPOHA, U €€ UIMHY HALO CIYUTATh paBHou 0
(o cTopoHe paspes He MPOBOIUTCA).

Cocrasus Tabauny i a(k,l) u 3anonHss eé B MOpALKE BO3PACTAHUA
uucaa BepumH (paBHoro | — k + 1), MBI oIy9aeM mporpamMmmy, UCHOIb3Y -
Y10 MaMATh MopAfKa n’ u BpeMs mopsanka n® (0THOKpAaTHOe MPUMEHeHHe
peKyppesaTHOn (popMyILl TpedyeT BEIOOpa MUHIMYMAa U3 He 60JIee 9eM N Iu-

cen). O

8.1.5. Marpumen pasmepa m X n Ha3LIBAETCA MPAMOYTOJbLHAS TaOIAIA
U3 M CTPOK U N CTOAOIIOB, 3alOMHeHHAsA ducaaMu. Marpuily pasmepa m X n
MOXKHO YMHOXKUTHL HA MATPUILy pasmepa n X k (IMpuHa JeBOrO COMHOKU-
Teld TOMKHA PABHATHLCA BBHICOTE MPABOTO), U MOIYyIACTCA MATPUILA Pa3Me-
pom m X k. Ilemou Takoro yMHOXKEHUA OyIeM CUMTATHL MpOou3BeaeHue mnk
(TAKOBO YMCJIO yMHOKEHUN, KOTOPBIE HYKHO BHIIOJHUATH IPU CTAHJAPTHOM
croco6e yMHOXKEHUS — HO CeMIac 5TO HaM He BAJKHO). Y MHOXKEHUE MaTPUILL
ACCOLUATUBHO, TIODTOMY MPOU3BEACHUE S MATPUI] MOXKHO BBIUUCIATE B Pa3-
HOM Topsaake. [[Ia KaxkI0ro MOpAIKa MOACIUTAEM CYMMAPHYIO IIEHY BCEX
MATPUIHBIX YMHOXKEHUN. HalTu MUHUMATLHYIO IIEHY BLIYUCICHUA TPOU3-
BEJICHUS, €CIM U3BECTHBI PA3MEPHI BCEX MATPUIL. TUCAO TEUCTBUU LOTKHO
OBITH OPPAHUYEHO MHOTCOWIEHOM OT YUCJAA MATPHUII.
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IIpumep. MaTpuisr pasmepom 2 X 3, 3 X 4, 4 X 5 MOXHO TIEPEMHOXKATH
aByMs criocobamu. B mepBom nena paBua 2-3 -4 +2-4-5=24+ 40 = 64,
BO BTOpOM 1ieHa paBHa 3-4-5+4+2-3-5=90.

Pemrenme. [IpencraBum cebe, ITO mepBas MATPUIIA HATTUCAHA HA OTPE3Ke
[0, 1], Bropas — ma orpeske [1,2], ..., s-ax — na orpeske [s — 1, s]. Marpu-
UBr HA oTpeskax [i — 1,4] u [i,7 + 1] uMeror obumut pasmep, MO3BOIOMINY
ux nepeMHOXkUThH. O603HaMM ero wepes d[i]. Takum 06pa3oM, NCXOTHBIM
JaHHBIM B 3ajade ssisercsa mMaccus d[0] ... d[s].

Yepes a(i,j) 0003HAYMM MUHUMAILHYIO [EHY BBIYUCJICHWUA IIPOU3BEIE-
Hua MaTpul Ha yaacTke [i, j] (mpu 0 < i < j < s). Uckomas Beruauna paBHa
a(0, s). Bemuuunnt a(i,7 + 1) paBas Hy 10 (MATpPULIA OTHA U TEPEMHOKATD
HUYEro He Hal0). PekyppenTHas Gpopmyna OyIeT Takou:

a(i, j) = minfa(i, k) + a(k, j) + d[ild[k]d[j]}

DIe MUHUMYM GEpETCA MO BCEM BO3MOXKHLIX MECTaM TOCICIHEr0 yMHOKE-
HUs, TO eCcThb 1o BceM k=1i¢ + 1,...,7 — 1. B camom gene, npoussenenue
MaTpuI Ha oTpeske [i, k] ectb marpuia pasmepa d[i]d[k], mpoussegenue
marpurn Ha orpeske [k,j] umeer pasmep d[k]d[j], u uena BbruuciaeHHA UX
upousBegenus pasua d[i]d[k]d[j]. O

3amevanue. [[Be mociegHue 3a1a9u MOXOKU. JDTO CXOACTBO CTAHET fC-
Hee, €CTM HAMMUCATh MAaTPUILI-MHOXUTETN HA CTOpOoHax 1-2, 2-3, ...,
(s — 1)~ s MHOrOYrOJIBHUKA, 8 HA KAXKIOU XOpIe i—j HANUCATH TPOU3Be-
IeHne BCeX MATPUIl, CTACMBAEMEBIX 3TOU XOPIOU.

8.1.6. ZKenmesmaa mopora ¢ OTHOCTOPOHHUM MBUKEHUEM UMEET 7, CTaH-
uun. V3BeCTHBI LeHBI OWIETOB OT i-OU CTaHmuu A0 j-ou (mpu i < j —
B 00paTHYIO CTOPOHY Ipoe3aa HeT). HanTu MUHUMATBHYIO CTOMMOCTB IIPO-
€312 OT HAYAIa 10 KOHIA (C yI6TOM BO3MOKHOM DKOHOMWHU 34 CIET Tepe-
CajIoK). O

8.1.7. 3amaHO KOHEYHOE MHOXKECTBO C OMHAPHOU omepammen (BoOOIIe
TCOBOPA, HE KOMMYTATUBHOU U [NaXKe HE acCOUMATUBHON). Mmeercsa n aie-
MEHTOB @1, ...,0, dTOrO0 MHOXECTBA U EIIé OAWH »IEMEeHT . IIpoBepuTs,
MOXHO JU TaK PACCTABUTH CKOOKU B MPOU3BEAECHUU (1 X ... X Gy, ITOOBI
B pe3yIbTaTe HOTy<ImIcs &. Tue/Io omepanuit JOIKHO He IpeBocxoIuTh Cn’
UL HEKOTOPOU KOHCTAHThI C' (3aBUCAIICH OT YUCIA DIEMEHTOB B BHIODAH-
HOM KOHETHOM MHOXKECTBE).

Pemrenme. 3amomHseMm TabmuIy, B KOTOPOW NI KAaxkKIOTO yIaCTKA
@; ...Gj HAIIErO IPOU3BEJEHNA XPAHUTCA CIICOK BCEX BO3MOXKHBIX €I0 3Ha-
YeHur (IIPU PasHOU PACCTAHOBKE CKOOOK). O



“progbook” — 2013/10/22 — 18:36 — page 139 — #139

8.2. Cmex omaoxcennbiz 3adanuti 139

ITo cymecTBy STOT ke TPUEM MPUMEHAETCA B MOMMHOMUATLHOM aJTro-
pUTME TPOBEPKN MPUHALICKHOCTH CIOBA MPOU3BOIHHOMY KOHTEKCTHO-CBO-
601HOMY A3bIKY (cM. riaBy 15).

Crenyromas 3a1a4a (3a1a49a O PIOK3aKe) yxKe YIOMUHATACH B TIaBe 3.

8.1.8. NmeeTcs n MOJTOKUTEABHBIX MEABIX GUCET X1, ..., L, U IACTO N.
BreuicauTs, MOXHO 71 onyuuTh N, CKIAIBIBAsT HEKOTOPBIE U3 YUCET T, . . .
ooy Ty HUCTO DeMCTBUN JOMKHO OLITH TMOpALKa Nn.

[Ykazanue. ITocse i maros XpaHuTCsa MHOXKECTBO TEX YUCEJA HA OTPE3KE
0...N, KOTOpbIe IPEICTABUMEL B BIE CYMMBI HEKOTOPBIX U3 &1 ... &;.] [J

3amedqanme. Mul Bugem, 9T0 3aMeHa PEKYPCUBHOU MPOrpPaMMEBL Ha, 3a-
TOJHEHUE TAOIUIIEI 3HAYEHUN WHOTAA, TO3BOIAET YMEHBIUThL YUCAO TeU-
creun. [IpumepHo TOTO *e >pdexTa MOKHO JOOUTHCA WHAYUE: OCTABUTH
IPOTPaAMMYy PEKYPCUBHOU, HO B XOJ€ BBIYUCACHUN 3ATIOMUHATL YK€ BLIUU-
CJICHHBIE 3HAYEHUSA, & MEPEe] OYePEeJHBIM BLIYUCJICHUEM TPOBEPATL, HET JIU
y&Ke COTOBOrO 3HAYECHUS.

8.2. CTek OTNOXEHHbIX 3a4aHUN

[pyrou mpuéM yCcTpaHeHUa PEKypCUM MPOAEMOHCTPUPYEM HA TIPUMEpE
347891 O XAHOUCKUX OAIlIHAX.

8.2.1. HamucaTh HepeKypPCUBHYIO MPOTPAMMY [III HAXOXICHUs TOCTE-
IOBATEMBLHOCTH TEPEMEIIEHUN KOJEIl B 3a0a4e O XaHOUCKUX OAITHAX.

Pemenune. BecmoMHUM pekypCUBHYIO TPOTpAMMY, MEPEKJIA,THLIBAIOIITYIO
i BepXHUX KOJEIl ¢ m Ha n:

procedure move(i,m,n: integer);

| var s: integer;

begin

if i = 1 then begin

| writeln (’cmemars xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTum cTepxeHB: cyMMa HOMepoB paBHa 6}
move (i-1, m, s);

writeln (’cmemars xom ’, m, ’->’, n);
move (i-1, s, n);
end;

end;

Bunguo, uTo 3agada «mepeokuTh 1 BEPXHUX AUCKOB C M-I'O CTEPXKHA HA
n-BIM» CBOAUTCA K TPEM 3agadaM TOI'O Ke THIa: ABYM 3ajadaM ¢ i-1 guc-
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KaMU ¥ K OJHOU 33Ja4€ C IUHCTBEHHLIM IUCKOM. SAHUMAACH DTUMU 33,718~
JaMM, BAXKHO HE MO3a0BITH, UTO eIIé OCTAIOCH CACIATE.

[l 5TON Lean 3aBeaEM CMeK 0MAONCERHBIT 3a0aHUll, DIEMEHTAME KO-
Toporo OyayT Tpouku (i,m,n). Kaxnas rakas Tpouka MHTEpIPETUPYETCA
KaK 3aKa3 (IePeJOKNTL 1 BEPXHUX IUCKOB C M-I'0 CTEPXKHA Ha N-BI. aKa-
3Bl YIOPATOYEHBI B COOTBETCTBUU C Tpe6yeMBIM TOPAIKOM UX BBITTOJTHEHUA:
CAMBIU CPOYHBIA — BEPINNHA CTeKa. [lomydaeM Takywo MporpaMMy:

procedure move(i,m,n: integer);
begin
clenaTh CTEeK 3aKa30B IIYCTHM
NONOXUTE B CTEK TPoMKy <i,m,n>
{unBapuaHT: OCTamOCH BHIIONHUTEL 3aKa3H B CTeke}
while cTex HemycT do begin
yOAIUTL BepXHUM DIEMEHT, IepeloxuB ero B <j,p,q>
if j = 1 then begin
| writeln (’cpemars xox’, p, ’->’, q);
end else begin
s:=6-p—q;
{s - TpeTu: cTepxeHr: cyMMa HOMepoB paBHa 6}
IMOJIOXUTE B CTEK TpoﬁKn <j-1,s,9>, <1,p,q>, <j-1,p,s>
end;
end;
end;

(3aMeTuM, 9TO MEPBOK B CTEK KAAAETCS TPOUKA, KOTOPYIO HAIO BEIIOIHATH
nocreguen.) CTeK TPOEK MOKET OBITH PeaTn30BaH KaK TPU OTIEMBHBIX CTe-
ka. (Kpome Toro, B mackae eCTh CIenuaIbHBII THII, HA3BIBAEMBIN (3AIIUCH)
(record), KOTOPBI MOXKET OBITH IIPUMEHEH. ) O

8.2.2. (Coo6umr A.K.3sonkun co ceouikon Ha Anmkes Jlucosckoro.)
[ 381841 O XaHOUCKUX GAIIHAX €CTh U IPYTHe HepeKyPCUBHBIE ATMOPUT-
MBI, BOT OMH M3 HUX: OPOCTAMBAIONMM CTEpXKHEM (He TeM, ¢ KOTOPOTo
MEePEHOCAT, U He TeM, Ha KOTOPHIN MePEHOCAT) TOMKHBI OBITH BCE CTEPXK-
HE 10 odepenn. [pyroe mpaBmio: HOOYEPETHO MEPEMEATH HAMMEHBIIEE
KOJIBLO ¥ HE HAMMEHBIIEE KOIBIO, IPUIEM HAUMEHBIIEE — IO Kpyry. U

8.2.3. Hcnoab3oBaTh 3aMeHy PEKyPCUU CTEKOM OTJIOXKEHHBLIX 3aTaHNAN
B PEKYDPCUBHOU MPOTpPaMMe MeYaTh AeCATUIHON 3aMUCU [EI0T0 IUCIA.

Pemrenne. [Iudpur 100LIBAIOTCA € KOHIIA U 3aKIAIBIBAIOTCA B CTEK, & 3a-
TeM TeYaTalTCa B 0OPATHOM MOPSIKE. O

8.2.4. HammcaTh HepeKypCUBHYIO IPOrpaMMy, MMEIATAIOIIYI0 BCE BEp-
[IUHBI JBOUYHOTO IEPEBa.
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Pemrenue. B 5ToM cayduae CTEK OTIOXKEHHBIX 3a0aHUN OyIeT COIepKaATh
3aKa3bl TBYX COPTOB: «HAMEYATATH TAHHYIO BEPIIMHY» U «HAIEYATATh BCE
BEPIIXHEBL TOLAEPEBa ¢ JTAHHBIM KOpHeM» (Ipu 5TOM nil cuuraeTcs KOpHEM
mycToro gepesa). Takum 06pa3oM, DIEMEHT CTeKa eCTh mapa: (TUIl 3aKa3a,
HOMED BEPIINHEL).

BoiHnMas dIeMEeHT U3 CTeKa, Mbl IubO0 CPasy UCHOMHAEM ero (€Cau 5TOo
3aKa3 MepBOro TUIA), TUOO0 MOMEIIAEM B CTEK TPU MOPOXK ICHHBIX UM 3aKa-
338 — B OJHOM U3 IIECTH BO3MOXKHBIX MTOPSAIKOB. O

8.2.5. Yrto mamenuTcsa, ecau TpedyeTCA HE TMEIATATH BEPUINHBI TBOUY-
HOT'O IEPEeBa, a MOACINTATEL UX KOAUIECTBO?

Pemrenue. [leuaTanue BepIIHBL CICIYeT 3aMEHUTL IPUOABICHACM €I1-
HUIBI K CI6TIUKY. [[pyrUMu CIOBAMEU, MHBAPUAHT TAkKOB: (OOIIEe 9meIo
BepimH) = (CI6TINK) + (CyMMa IUCEea BEPUIMH B MOMAEPEBbAX, KOPHU KO-
TOPBIX JIEXKAT B CTEKE). O

8.2.6. [l HEKOTOPHIX U3 MIECTU BO3MOXKHBIX MOPAIKOB BO3MOXKHEL YII-
POIIEHUsI, TeNalOMINe HEHY KHBIM XPAHEHNE B CTEKe DJIEMEHTOB IBYX BHIOB.
Yka3aTh HEKOTOPHIE U3 HUX.

Pemrenne. Eciu TpeGyeMeiln mOpag0oK TAKOB:
KODEHb, JIEBOE TI0[IIePEBO, MPaBOe MO IePeBo,

TO 3aKa3 Ha IIeIaTaHne KOPHA MOXKHO HE 3aK/IaIbIBATh B CTEK, a BBEIIIOJIHATH

cpaasy.
Heckonpko 6Gomee ciaoxHAs KOHCTPYKIU IPUMEHUMA, /I TOPSIKA

JIeBOE O IEPEBO, KOPEHDb, MTPABOE MO I IEPERO.

B sToM cayuae Bce 3aKa3bl B CTEKe, KDOME CAMOI'O MepPBOro (HamedaraThb
O I€PEBO) IEIATCA Ha MapHL:

HaIlevyaTaTh BEPIINHY X, HAMleYaTaTh «IIPAaBOE MOIIEPEBO» X

(= mommepeBo ¢ kopHeM B mpaBoM ChiHe x). OObEIUHMB >TU HAPHL B 3a-
Ka3bl CHEIUAILHOTO BUIA W BBEISA MEPEMEHHYIO M OTAETHLHOTO XPAHEHUs
TIEPBOTO 3aKa3a, MBI 000U IEMCA CTEKOM OJHOTUIHBIX 3aKA30B.

To xe camoe, pazymeeTcs, BEpHO, €CIU TOMEHATHL MEeCTaMU JIEBOE U TIPa-
BO€ — IIOMYyYAETCs eIIE IBA MTOPSIIKA. (]

3amedanme. /[[pyryio mporpaMMy IeJaTH BCEX BEPIIUH TEPEBA MOXKHO
MOCTPOUTH HA OCHOBE MPOTPAMMBI 00X01a IePeBa, pa3oOPAHHOU B TIaBe 3.
Tam ucmonb3yeTcs KoMaHIa «BHU3». [[OCKOTBKY TemepelHee mpencTaBIe-
HUe Jepera C MOMOIIBI0 MACCUBOB 1 U ¥ HE MO3BOIACT HAUTY MPEIKa 3a,1aH-
HOU BEPIIUHBI, TPUIETCA XPAHUTH CIIUCOK BCEX BEPIIMH HA MyTH OT KOPHA
K Texkymen Bepmuue. CMoTpu Takxke niaaBy 9.
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8.2.7. HamwcaThb HEpEeKypCUBHBIM BAPUAHT TPOCPAMMBI OBICTPOU COP-
tupoeku (cm. ¢. 131). Kak o60uTuch crexkoMm, riyObuHa KOTOPOr'O OCPAHU-
qera C'logn, rae n — YUCIO COPTUPYEMBIX HJIEMEHTOB?

Pemenwe. B crek xmamgyTces mapsl (i,j), MHTEPIpeTUpyeMble KaK OT-
JIOXKEHHBIE 33JaHVA HA COPTUPOBKY COOTBETCTBYIOIINX YIACTKOB MACCUBA.
Bce 5T 3aKa3br He mepecekaTCs, TO3TOMY Pa3Mep CTeKa He MOXKET MPEeBhI-
cuThb n. YTOOLI OrPAHUINTLCA CTEKOM JOrapu(pMUIECKON TIyOUHEL, Oy IeM
NPUIEPKUBATHCA TAKOTO MPABWIA: TNIyOXKe B CTEK MOMEINATH OOJBIINA 13
BO3HMKAIOMUX ABYX 3aka3oB. llycts f(n) — makcumanbHas ruyOuHa cre-
Ka, KOTOPas MOXEeT BCTPETUTHLCS MPU COPTUPOBKE MACCUBA M3 He (ouee
YeM 7 DIEeMEeHTOB TakuM crocoboM. OuenuM f(n) cBepxy TakmM CIOCOGOM:
mocse pa3bueHuss MACCUBa HA [BA yIACTKA MBI CHAYAJIA COPTHUpPyeM Oouee
KOPOTKUU (XpaHsA B CTEKe 0ojee MIMHHBIN [IPO 3amac), IPU DTOM [IyOuHa
creka He 6oabiue f(n/2) + 1, 3aTem copTupyem 6osee NIUHHBIA, TAK ITO

f(n) <max(f(n/2) +1, f(n—1)),

oTKyaa odeBuauon uuaykimen noxygdaeM f(n) = O(logn). O

8.3. Bbonee cnoxHble cnyyaum pekypcun

ITycTs dyukumsa f ¢ HATYpATLHBIMY aPryMEHTAME U 3HAYEHUAMA OIpe-
[IeneHa PeKyPCUBHO yCIOBUAAMU

f(0) =a,
f(z) =h(z, f(I(z))) (z>0)
e @ — HEKOTOPOe Yucio, a h u [ — ussecrusie Gpyukimu. [IpyrumMu cioBa-

MU, 3HAMeHne (PYHKIUY [ B TOUKE I BEIPAXKAETCS Uepe3 3HAUeHue f B TOUKe
[(x). llpu 5TOM TpPEAIOTAraeTCA, YTO A4 JHOOTO I B IOCIEIOBATEILHOCTH

2,1(@), 1(I(2)), ..

pano mwir no3aH0 BeTpeTuTea 0.
Ecau nonoanurensro ussecTHO, uTo [(x) < & 1A BCEX T, TO BBIYUCIE-
Hue [ He mpeacTaBIgeT TPyga: BeraucaseM nocresoBarensuo f(0), f(1),

F2),...

8.3.1. Hanucars HepeKypCUBHYIO IPOrPpaMMYy BBEIYUACICHUA [ IJ1a 0OIIe-
O CIydas.

Pemenwe. /Ins1 Borancienus f(2) BBIMUCAAEM MOCIELOBATEILHOCTh

(), [(1(2)), 1(I(1())), . ..
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IO TIOSIBTIEHUs HYJIA U 3ATIOMUHAEM €€, 8 3aTeM BBIUYUCIAEM 3HAYeHUS [ B TOU-
KaxX DTOU MOCJACIOBATECILHOCTH, WA CIIPaBa HAJICBO. (I

Emé 6omee CIoxHBIN CIydIan w3 CISIYIOMEN 3a1a91 BPAI JA BCTPETUT-
Cs HA IPAKTUKe (A eCIu U BCTPETUTCS, TO IPOIIE PEKYPCUIO He yCTPAHATS,
a ocraButTh). Ho Tem He MeHee: mycTh GyHKIUA f ¢ HATYDAILHBIMEI APry-
MEHTAMU U 3HAYCHUAMUI OMPEAEIACTCA COOTHOMICHUAMEI

=
=
[

h(z, f(I(x)), f(r(z))) (z>0),

rIe @ — HEeKOTOpOe Ymcio, a [, 7 u h — usBecTHbe (pyukmuu. [Ipegmona-
raeTcs, IYTO eCIU B3ATH MIPOM3BOIBHOE YNCAO U HAYATh IPUMEHATH K HEMY
dyukIMYu [ 1 1 B TPOU3BOILHOM MOPAIKE, TO PAHO WIX O3 THO MOy IuTcs (.

8.3.2. HamwmcaTh HEpeKypCUBHYIO IPOrPAMMY BBITHCICHU f.

Pemenune. Moxuo OBLTO OBl CHAYATA TMOCTPOUTH MEPEBO, ¥ KOTOPOTO
B KOpHE HAXOIUTCA I, & B CHIHOBLAX BepIIUHLI { cToAT [(7) u r(i) — ecan
TOMBKO | HE PABHO HYJIIO. 3ATEM BLIUYUCIATH 3HAMCHUA (PYHKINUU, UIA OT
JuCTheB K KOpHIO. O THAKO €CTh U APyrou crnocos.

Obpamuoti noavckotli 3anucelo (Wi nocm@urcnol 3anuchi0) BEIPaKe-
HIS HA3BIBAIOT 3aUCH, Te 3HAK (DYHKIINYU CTOUT TOCTE BCEX €€ apryMeHTOB,
a CKOOKU He UCTIONB3YI0TCA. BOT HECKOMBKO TPUMEDOB:

f2) 2 f

f(9(2)) 2 g9 f

5(2,t(7)) 2 7t s
5(2,u(2,5(5,3)) 2 25 3 s u s

[MocTdukcHas 3amuch BEIPAXKEHUA MO3BOIAET YA0OHO BBEIUUCIATEL €0 C IO-
MOIILIO CMEKOB020 KAALKYAAMOPA. ITOT KAILKYIATODP UMEET CTeK, KOTO-
PBIU MBI Oy IeM TIPEAICTABIATD Ce6e PACTIONOKEHHBIM NOPU3OHTATBHO (TmCaa,
BLIHUMAIOTCA U KIALYTCA CIPaBA), U KIABUIIM — YUCJIOBLIE U (DYHKIMO-
HanbHBIE. [IpU HAXKATUM HA KIABUIILY C TUCIOM 3TO YUCIO KIATETCI B CTEK.
[Tpur maxkaTuy Ha PYHKIMOHAILHYIO KIABHUIILY COOTBETCTBYIOMAA (DYHKITAA
MPUMEHAETCA K HECKOJIBKIM apryMEHTaM y BEpIIMHBI cTeka. Hampumep,
€C B CTeKe ObLIU YUCTIa

23456

7 HaxaTa (PyHKIIMOHANHHAA KIABUIIA S, COOTBETCTBYIOMIAA (DYHKIUU OT
IBYX apr'yMEHTOB, TO B CTeKe OKaXYyTCsA TUCTA

234 5(5,6).
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IMepenaém Teneps K Hamen 3agade. B mpolecce BLIYUCICHUSA 3HAYMCHUS
dyuxunn f Mpr Oygem paboTaTb CO CTEKOM HNCET, a TaKXKe C MOCIeI0Ba-
TEeJbHOCTBIO Yucen u cuMBOIOB f, 1, r, h, KOTOpyI0 MBI OymeM WHTepIpe-
TUPOBATH KAK TOCAEJOBATEILHOCTh HAXKATUN KJIABUII HA CTEKOBOM KaJlb-
KkyaaTope. MHBApUAHT TaKOU:

€CJIM CTEK FUCET TPEACTABIAET COOOU TEKyIee COCTOIHUE CTe-
KOBOT'O KalbKYJATOPA, TO MOCAe HAXKATUA BCEX KIABUII TOC/IE-
MOBATETHLHOCTU B CTEKE OCTAHETCA €IMHCTBEHHOE WHUCIO, M OHO
Oy IeT MCKOMBIM OTBETOM.

[Iycts mam Tpebyerca BoraucauThb 3uadenue f(x). Torga BHaUamE MBI T10-
MeIllaeM B CTeK 9HCIO T, a MOCIeI0BATeILHOCTD COJEPKUT €IUHCTBEHHLIN
cumsoa f. (Ilpu sTom maBapuantT cobmogaercs.) [Janee ¢ mocienoBaTetb-
HOCTBIO U CTEKOM BBIIOJHAIOTCSA TaKHUE MPEOOPaA3OBAHMA:

cTapbin crapas HOBBIN HOBAs

CTeK MOCJAEIOBATEIBHOCT  CTEK MOCJIEIOBATEIBLHOCTD
X z P Xz P

X z 1P X l(z) P

X z r P X r(x) P

Xzyz hP X Wz,y,z) P

X0 fP Xa P

Xz fP X rxlfzxrfhpP

3xech x, Y, z — uuciaa, X — NOCIEIOBATEIBHOCTE ducen, P — mocaenosa-
TEILHOCTh YUCea U cuMBOJOB £, 1, r, h. B mocaequen cTpoke mpeamoiara-
ercs, uTo  # (. DTa CTPpOKa COOTBETCTBYET PABEHCTBY

f(@) = h(z, f(I(2)), f(r(z))).

[Ipeo6pazoBanusa BEIIOJHAIOTCA, IOKA IOCJASI0BATEILHOCTL HE CTAHeT IIy-
cra. B 5TOT MOMEHT B cTeKe OKaXeTCs eqUHCTBEHHOE IUCI0, KOTOpOoe u Oy-
IeT OTBETOM. [l

Sameuanne. [locreqoBATETLHOCTE TO CYIIECTBY MPEACTABIACT COOOU
CTEK OTJOXKEHHBIX 3aJaHul (BEpPIIMHA KOTOPOTO HAXOJAUTCA CJICBA).
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9. PA3HbIE AJICOPUTMBI
HA TPADAX

9.1. KpaTuanwue nyTu

B sToM paszgene paccMaTpUBAIOTCA PA3IAIHBIE BAPUAHTHL OTHOU 3a1a4.
[IycTs umeeTcs n rOpoOIOB, MPOHYMEPOBAHHBIX YnucaamMu OoT 1 no n. /Lasa xa-
JK IO Maphl FOPOJIOB ¢ HOMepamu i, j B Tabaune al[i] [j] xpanuTcsa memoe
YUCI0 — IIEHA MPAMOT0 aBUAOUIeTa U3 ropoaa i B ropon j. Cuuraercs, 9To
PENCHL CyIIEeCTBYIOT MeXIy Jo0bMu ropomgamu, alil] [i] = 0 mpwu Beex i,
alil [j] moxet orauuarsea or al[j] [i]. Haumenbinen crouMocThio mpo-
e3a U3 1 B j CUMTAETCA MUHUMAILHO BO3MOXKHAA CyMMa IEH OWJIETOB /s
MapIpyToB (B TOM €mucie ¢ mepecagkamu), Benynmx w3 i B j. (Ona me
mpesocxoaut al[i] [j], HO MOXKeT OBITH MEHBIIE. )

B mpenmaraemMbrx HUXKe 3a1adax TPeOyeTCsA HAUTU HANMEHBIITYHO CTOU-
MOCTB TIPOE3 1A Il HEKOTOPBIX Map IOPOJIOB MIPU TEX WM WHBIX OrPaHUYIe-
HUAX HA MACCUB @ U HA BPEMsA PabOTHI aJrOpuUTMa.

9.1.1. Tlpeamomnoxum, ITO HE CYHIECTBYET 3aMKHYTHIX MAPIIPYTOB, I
KOTOPBIX CYMMa IIeH OTpuiaTreabHa. [JoKaszaTsh, YTO B 3TOM CIydae MapIi-
PYT € HAMMEHBIIEN CTOUMOCTBIO CYIIECTBYET.

Pemenue. MapiipyT IJUHOU GOJBINE N BCEMAA COACPKUT IIUKJ, TTODTO-
My MUHUMYM MOYXKHO WCKATHL CPEIU MapIIPyTOB MIIUHOW HE GoJee n, a UxX
KOHEYHOE YUCJIO. O

Bo Bcex caenyromumx 3a1auax IpeamnoIaraeTcs, 9To 3TO yCaoBue (0TCyT-
CTBUE IUKJIOB C OTPUIATEILHOU CYMMOU) BBIOJHEHO.

9.1.2. HanTy HaumMeHBIIYIO CTOMMOCTDL IPOE31a U3 1-ro ropomia BO BCe
ocrambubre 3a ppema O(n?).

Pemenune. O603uadum depes MunCt(1,s,k) HAMMEHBIIYIO CTOMMOCTH
mpoesna u3 1 B s MeHee ueMm ¢ k mepecagkavu. Torga BBITOTHAETCS Ta-
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KO€ COOTHOIIIEHUEe:

MunCt(1,s,k+1) :min(MnHCT(l,s,k), ) niin MuaCTt(1,i,k) + a[i][s]))
i=1..n

Kakx ormedanoch Beime, MCKOMBIM OTBETOM aABIgeTCa MunCt(1l,i,n) mia
Bcex i=1...n.

k:= 1;
for i := 1 to n do begin x[i] := a[1][i]; end;
{unBapuanr: x[i] = MunuCr(1,i,k)}
while k <> n do begin
for s := 1 to n do begin
y[s] := x[s];
for i := 1 to n do begin
if y[s] > x[il+al[i]l[s] then begin
| yIs] := x[il+a[il[s];

end;
end
{y[s] = MurCr(1l,s,k+1)}
end;
for i := 1 to n do begin x[s] := y[s]; end;
k :=k + 1;
end; O

[IpuBeAEHHBIN AJTOPUTM HABLIBAIOT AITOPUTMOM IUHAMUYIECKOT'O MPO-
rpaMMupoBaHusA, win aaropurmom Popaa—bBerivana.

9.1.3. [loxazaTh, 9TO TPOrpaMMa OCTAHETCA TPABUILHON, €CIU HE 3a-
BOIUTL MACCUBA ¥, & MPOU3BOIUTH U3MEHEHUA B CAMOM MACCUBE X (3aMEHUB
B IIpOrpaMMe BCe BXOXK IeHUsA OYKBHL ¥ Ha X U 3aTeM yIAIUTh CTaBIINAE JIUII-
HUMU CTPOKH).

Pemenmne. NuBapuanT OygeT TakoB:
MuuCt(1,i,n) <x[i] < MuuCr(1,i,k). O

ODTOT AITOPUTM MOXKET OBITH YJAYUIINEeH B IBYX OTHOMIEHUAX: MOXKHO 34
To ke Bpema O(n®) HAUTH HAMMEHBIIYIO CTOMMOCTBL MPOE3Aa i — j I
BCcex map i, j (a He TOMBKO mpu i = 1), a MOXKHO COKPATUTEL BPEMA PAOOTHL
10 O(n?). TIpasa, B MOCTEIHEM CTyTae HaM TOTPeGyeTCs, ITOOH BCe MeHbT
alil [j] 6wumm HEOTpUIIATETHHEL.

9.1.4. HauTu HaMMEHBIIYIO CTOMMOCTB MPOE3aa 1 — j masa Bcex 1, j 3a
spemsa O(n?).
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Pemrenme. /[11k =0...n vepe3 A(i,j,k) 0603HAYNM HANMEHBIITYIO CTO-
UMOCTb MAapHIpyTa M3 i B j, €CIM B KadeCTBe MEPeCcaTOTHBIX Pa3peIIeHo
UCIOIB30BATHL TOIBKO MYHKTHI ¢ HOMepamu He Gosbine k. Torma

A(i,j,0) =alil[j],
A(i,j,k+1) =min(A(i,j,k),A(i,k+1,k) + A(k+1,],k))

(1Ba BapmaHTa COOTBETCTBYIOT HEUCIIOJIB30BAHUIO U UCTIONbL3OBAHUIO TTYHK-

Ta k+1 B KAYEeCTBE MEPecagsovIHoro; OTMETUM, 9TO B HEM HE3a49eM OBIBATD

60J€e OMHOTO pa3a). O
ODTOT AIrOPUTM HA3BIBAIOT aaroputMoM Diaou a.

9.1.5. Kak mporeputs 3a O(n?) meitcTsmit, mmeeT s rpad ¢ n Beprm-
HAMU IUKJILI ¢ OTPULIATETEHON CYMMOU?

[Ykazanue. Moxuo npumensats arroput™ Daonga, npudém paspemars
i=jBA(,j,k), I0Ka He TIOABUTCA MEPBLIM OTPUIATEILHBEIN I_H/IKJI.] O

9.1.6. Nmeercs n Bamor u Tabiuna OOMEHHBIX KYyPCOB (CKOIBKO (uio-
PUHOB [alOT 3a Tajep u T.I.). KOMMEepCaHT XOUeT HeOrDAHUIEHHO 060ra-
TUTHCA, OOMEHUBAA CBOU HAYATLHBIN KAMUTAT TYIA-CIOIa TI0 DTUM KYpPCaM.
Kak npoeepuTh, BO3MOXKHO i DTO?

[Ykasanue. ITocae morapudMupoBasus JeHBIH YHOLOOMAIOTCA PACCTOS-
HILAM. | O

9.1.7. WaBecTHO, YTO BCE IIEHBI HEOTPUIATEILHEL. HalT HAMMEHBIITYIO
cTOMMOCTE Tpoeafa 1 — i a1a Beex i = 1...n 3a Bpemsa O(n?).

Peurenwe. B npouecce paboTel anropurMa HEKOTOPBIE ropoxa OyAyT
BBLJEJICHHBIME (B Ha9aJIe — TOIBKO ropon 1, B KoHue — Bce). [Ipu sTom:

® /A KayKIOI'O BBLAENTEHHOT'O IOPOJa 1 XPAaHUTCA HAMMEHBIIas CTOU-
MOCTb IyTH 1 — i; IpW >TOM M3BECTHO, YTO MUHUMYM MOCTHUTAETCSA
Ha MyTH, TPOXOAAIIEM TOJBKO Uepe3 BhIIeIeHHbIE MOPOIa;

® I KaXKJOI'0 HeBBLIEJICHHOI'O I'OPOLa 1 XpAHUTCA HAXUMEHBIAA CTOU-
MOCTb IyT 1 — i, B KOTOPOM B KadeCTBe IIPOMEXKYTOTHBIX HCIIOIb-
3YIOTCA TONBKO BBIJENTEHHBIE TOPOIA.

MHOXECTBO BEIIENICHHBIX TOPOIOB PACIIMPAETCA HA, OCHOBAHUY CJIETYIO-
IIIErO 3AMEYAHUA: €CIU CPEIN BCEX HEBLIIEJICHHBIX TOPOIOB B3ATH TOT, I/
KOTOPOrO XPAHUMOE HYHCAO MUHUMAJIBLHO, TO DTO YUCAO ABIACTCA WCTHUH-
HOU HaMMEHbIIE CTOMMOCTRIO. B camoM aene, mycThb ecThb 60/1ee KOPOTKUAN
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nyTh. PacCMOTPUM MEPBLIN HEBBLIACICHHBIN MOPO HA, DTOM MyTH — yKE 10
Hero nyTh guHHee! (31eCh CyIeCTBeHHA, HEOTPUIATEILHOCTD 1IEH. )

[NobaBuB BEIOPAHHEIN TOPON K BLLAEIEHHBLIM, MBI JOJKHBEI CKOPPEKTH-
pPOBATE WHPOPMAIUIO, XPAHUMYIO MIIA HEBLLICIEHHLIX FOPOIOB. IIpm sTOM
NOCTATOYHO YIECTh JUIIL Iy TU, B KOTOPBIX HOBLIM FOPO I ABIACTCA MOCTIEI-
HUM TYHKTOM TEepecaiku, a DTO JerkOo CAETaTh, TaK KAK MUHUMATLHYIO
CTOUMOCTDL TIPOE3a B HOBLIM MOPOJ MBI YK€ 3HACM.

IIpur camom GeCXUTPOCTHOM CIIOCOOE XPAHEHNA MHOKECTBA, BHITEICHHBIX
ropoaoB (B OyJEeBCKOM BEKTOPE) A0OABIEHUE OQHOTO I'OPOAA K YUCILY BbI-
neneHHBIX Tpebyer Bpemenu O(n). O

ODTOT ATMOPUTM HA3LIBAIOT ATTOPUTMOM [[eNKCTPHL.

9.1.8. Nwmeercsa n ropomos, COEAUNHEHHBIX 4OPOraMu (€ OAHOCTOPOHHUM
aBrzKerreM). [l To0bIX TOPOIOB 4, j M3BECTEH MAKCUMAILHBIN BEC IPy3a,
KOTODBII MOXKHO Be3Tu u3 i B j (rpysonogbémuocts goporu). Haunru 3a
spema O(n?) m1a Bcex TOPOJOB MaKCUMATBHEIA BEC I'Py3a, KOTOPHIA B HIX
MOXHO TPUBE3TU U3 CTOJUIIH.

[Ykazanue. [lencTBoBaTh aHAIOrUIHO aaropurMy [lenkcTpbl, 3aMeHUB
CYMMY HA MAKCUMYM.] O

OTpIcKanre KpaTdaulnero My TH UMeeT eCTeCTBEHHYIO0 MHTEePIIPeTaIII0
B TepmuHax Marpum. Ilycte A — MaTpuma IeH OJHOU ABHAKOMITAHWM,
a B — wmarpuna e apyrou. I[IycTh MBI XOTUM JIETETHL ¢ OJHOU MEPECal-
KOU, IpUYIEM CHadaIa CaMOIETOM KommaHmu A, a szarem — xommanuu B.
CKOJIBKO HAM NPUAETCA 3AIATUTE, YTOOBI OMACTH U3 TOPpoAa i B ropox j7

9.1.9. [loxazaTh, 9TO 5Ta MATPUILA BEIYUCAACTCA IO OOBLITHON hOPMY.Ie
[ IPOU3BEJEHUA MATPUI], TOIBKO BMECTO CyMMBI HaJO OpaTh MIUHUMYM,
a BMECTO YMHOXEHUA — CYMMY. O

9.1.10. [loxaszaThb, YTO TaKUM OOpaszOM OMNpeIeléHHOEe MTPOU3BEIeHUe
MaTPUIl ACCOIMNATUBHO. O

9.1.11. [TokasaTh, 9TO 3aJa4a O KPATIAUIINX My TAX SKBUBATCHTHA BhI-
gucaeHnio A® gia MaTpuisl neH A: B moctegoBaTeabHocTH A, A% A% ...
BCE DJIEMEHTHI, HAYUHASA C HEKOTOPOT'O, PABHBI KCKOMOU MATPUIE CTOUMO-
cren kpardanmux nyren. (Ecim Her orpunaTensHeX TUKIOB!) O

9.1.12. Haumuas ¢ Kakoro »IeMeHTa MOXKHO MapaHTAPOBATH PABEHCTBO
B IpennIIyinen 3agade’ O

O6eranoe (He MOAUMUIUPOBAHHOE) YMHOXKEHME MATPUL TOXKE MOXKET
OKa3aThCS MMOJNE3HBIM, TOJIBKO MATPUILI TOMKHEL ObITE apyrue. [lycTs ecTs
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He BCe penchl (Kak paHbIie), & TOAbKO HeKoTopke, alil [§] pasuo 1, ecin
penc ecth, u 0, ecaiu penca Het. Boszseném marpuily a (0OGLIMHEIM 00pa3oM)
B CTENEeHb kK ¥ mocMOTpuM Ha €€ (i-j)-bil dIeMenT.

9.1.13. Yemy ou papen?

Oreer. Yucny pasauyaubix Cmoco6OB TOMACThL W3 1 B j 3a k pencos
(c k-1 mepecagkamn). O

[Ipu onucanuy KpaTdanlmmx IyTeH Caydad, KOTJa €CTh He BCE PEHCHL,
MOXKHO CBECTH K MCXOTHOMY, BBEIA (PUKTUBHEIE PEUCHI ¢ OECKOHETHO OOIb-
mwou (Wi AOCTATOYHO OOMBIION) CTOMMOCTBIO. TeM He MeHee BO3HUKAEeT
TAKOU BOTMPOC. TUCI0 PEATHHBIX PEUCOB MOXKET OLITH CYIIECTBEHHO MEHB-
me n?, HO3TOMY MHTEPeCHLI ATNOPUTMEI, KOTOPEIE paboTa0T 3P ¢PEKTHRHO
B Takou curyaruu. Vcxoqubie TaHHBIE €CTECTBEHHO MPEACTABIATH TOTA
B TakoU (pOpPMe: IIA KaxK IOT0 FOPOIA M3BECTHO YUCIO BLIXOIAMIAX U3 HErO
PEUCOB, NX MYHKTHI HA3HAYMEHUA U LEHEL.

9.1.14. TokaszaTb, YTO aaropuT™m JenKCTPLI MOXKHO MOAU(PUIUPOBATE
Tak, 9TOOBL AJIA 1 COPOAOB U MM DPEUcoB (Bcero) OH TpebGoBax HE Gojee
C(n 4+ m) logn omeparu.

[Ykasaume. ITo Hago creraTs Ha KaxkaoM miare? BeiGpaTh HeBBIIeIEH-
HBIU TOPOJ ¢ MUHUMAIBHON CTOMMOCTBIO U CKOPPEKTUPOBATE IIEHBI I BCEX
TOPOJIOB, B KOTOPHLIE U3 HErO €CTh MAapIIPyTHL. Ecau O6BI KTO-TO cOOOIIan
HaM, 151 KAKOIO [OPOJa CTOMMOCTH MUHUMAIbHA, TO XBaTw/1o 061 C'(n + m)
OEUCTBUN. A monaep:KaHne CBEIEHAN O TOM, KAKOU 3JIEMEHT B MACCUBE MIU-
HuMaseH (cM. 3agady Ha c. 114) obxogurcs emé B MHOXUTEIb logn.] O

9.2. CBsA3Hble KOMMOHEHTLI, MOUCK B FNYyBUHY
W LUNPUHY

HawubGonee mpocTon caydanm 3a0adu O KPATIANUIIMX TMYTAX — E€CTU BCE
meHsl paBHB ) win +00. [[pyruMu CI0BaMu, MBI UHTEPECYEMCS BO3MOKHO-
CTBIO TIONACTL U3 § B j, HO 34 IIEHOU HE MOCTOUM. B APYrUX TepMUHAX: MBI
uMeeM OPUEHTUPOBAHHBLIN rpad (KapTUHKY U3 TOUEK, HEKOTOPHIE U3 KOTO-
DBIX COEIMHEHBI CTPEIKAMHU) ¥ HAC MHTEPECYIOT BEPIIMHBI, TOCTYIHBIE U3
TAHHOMU.

[lna >TOro caydas 3aJaqd O KPATIAWIIMX MYyTAX NPUBEICHHLIE B MpPe-
OBIVIIEM pa3aene alrOpUTMBLI — He Hamryumue. B camom mene, 6omee OBI-
cTpas PeKypPCUBHASA MPOrPAMMAa PEIICHNA >TOU 3a 1441 TPUBEIeHA B IVIase 7,
a HepekypcuBHag — B ruaBe 6. Cenvac HaC uHTEpecyeT Takasd 3aJada: He
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TIPOCTO MEPEIUCTUTE BCE BEPIINHBI, TOCTYIHEIE U3 TaHHOU, HO TIEPEUNCINTh
X B ONPEIEeNEHHOM TIopAaKe. /[Ba MOMYIAPHBIX CIydas — MOUCK B MIUPUHY
u B TIIyOUHY.

Ilonck B nmpuny.

Hazmo mepevucanTs BCe BEPIIMHBI OPUEHTUPOBAHHOTO T'pada, MOCTyI-
HBIC U3 TAHHOW, B MOPAIKE YBEJINIeHUA IIUHLL Ty Tu OT Heé. (Tem caMbiM Mbt
PENmM 33039y O KPATIANIINX Ty TAX, KOTAa IEeHBI pé6ep paBHbr 1 wim +00.)

9.2.1. Tlpugymars alrOpuTM PEIICHNS STOU 34 0a49U C YUCIOM TEUCTBUN
ue Gosee C' - (qucao pédep, BEIXOMAIINX U3 MHTEPECYIOUMX HAC BEPILWH).

Pemenme. JTa 3agada paccmarpusaiack B riiase 6, c. 113. 3gecs Mbr
npuBegéM moapooduoe pererue. Ilycts num[i] — xoamvecTtBo pébdep, BBI-
xomsammx w3 i, out [1][1],..., out[i] [num[i]] — Bepumubl, Kyma BegyT
pébpa. Bot mporpaMma, mpuBeIéHHAA paHee:

procedure JocTtymuse (i: integer);
{HamevyaTaTe BCce BepuMHH, NOCTyIHHe M3 i, BKmoYad i}
var X: mommHoxecTBo 1..n;
P: mommHoxecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmemaTtk X, P mycTemmu;
writeln (i);
...mobasuTk i Kk X, P;
{(1) P = MHOXecTBO HamedaTaHHHX BepuMH; P comepxuT i;
(2) HamevyaTaHH TOIBKO NOCTYIHHE M3 1 BEpUVHH;
(3) X - momvMHOXecTBO P;
(4) Bce HamevyaTaHHHe BEpUMHH, U3 KOTOPHX BHXOIUT
pebpo B HeHaleYaTaHHYl BEpUMHY, OpUHALIeXaT X}t
while X HemycTo do begin
...B3ATb KaKOU-HUOGYIL B>IeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][k];
if w me mpumammexuT P then begin
writeln (w);
nobaBUTE W B P;
nobaBUTE W B X;
end;
end;
end;
end;
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Torga Ham OBLIO 0E3pPa3IUYIHO, KAKOW MMEHHO DJEMEHT MHOXKECTBA X BhI-
oupaerca. Ecau mbr 6ygeM cauraTh X ovepensio (MepBbIM MPUIIET — mep-
BBIM YII&N), TO HTA IPOrpPaMMa HAIEIaTAeT BCE BEPIIUHBI, JOCTYIHLIE U3 i,
B HOPSAAKE BO3PACTAHUA UX PACCTOAHUA OT i (dmcaa pébep Ha KpaTdauineM
oyt u3 i). Joxaxem 5To.

O6osuaaum vepes V (k) MHOXKECTBO BCEX BEPIINH, PACCTOAHUE KOTOPHIX
or i (B ommcaHHOM cMBICTe) paBHO k. VIMeeT MecTo Takoe COOTHOIIEHE:

V(k + 1) = (xonmsr pé6ep ¢ magamamu B V(K)) \ (V(0)U... UV (k))

[oxaxem, aro g o6oro k=0,1,2... B xoqe paboTsl IpOrpaMmsel OyaeT
TaKOU MOMEHT (HOCJe OYepeIHON UTepannu NUKIa while), korga

B Ouepenu CTOAT Bee daeMeHTH V (k) u TOIbKO OHE;
nanegaransl Bee snementsr V (0), ..., V (k).

(Ina k=0 — »T0 cocTosHMe mepen HUKAOM.) PacCyxnas MmO WHIyKIWH,
MPEINOJIOKUM, IYTO B OYEPEIU CKOMMIUCHL Bee saemenTr V (k). Ouu GyayT
MPOCMATPUBATLCA B IIUKJE, TIOKA HE KOHIATCA (MOCKOIBLKY HOBBIE DICMEH-
THI TOOABIAIOTCA B KOHEll, OHU HE MEPEeMEInalTcsa co crapbivu). KoHibr
BEIYIINX U3 HUX PEGED, eC/IM OHU yKe He HAIEeIATAHBI, IeYATAIOTCA U CTa-
BATCA B OYepelh — TO €CTh BCE KaK B BAMMCAHHOM BBIINIE COOTHOIIEHNUN
g V(k +1). Tak 9To korga Bce CTapble BJIEMEHTHI KOHIATCA, B OU€penn
OyAyT cTOATH Bce dmemenThl V(k + 1). O

Tlonck B rry6uny.

PaccvmarpuBas mouck B riayObuHy, yIOOHO MPEICTABIATL Ce0e OPUEHTH-
pOBaHHLIN rpad Kak 00pa3 Aepesa. bomee TOYHO, MYCTh €CTh OPUEHTUPO-
BaHHBIN Tpady, OMHA U3 BEPIIUH KOTOPOT'O BhIIeIeHA. Bynem mpeamosararh,
YUTO BCE BEPIIUHBI JOCTYIHBI U3 BHICJICHHON MO OPUEHTUPOBAHHLIM Ty TAM.
ITocTpoum gepeBo, KOTOPOE MOXKHO OBLIO OBI HA3BATH «YHUBEPCAIBHBIM Ha-
KpuiTHEM» Hamrero rpada. Ero kopuem 6y e BbIgeseHHAsS BepmnHa rpada.
W3 KOpHA BLIXOIAT T€ XKe CTPENKU, ITO U B rpade — UX KOHIILI OYIYT ChI-
HOBBAMU KOpPHA. VI3 HUX B AepeBe BBIXOAAT Te€ XKe CTPENKU, UTO U B Tpade
u Tak panee. Pasuuia Mexay rpadgoM u 1epeBOM B TOM, UTO NyTH B I'pa-
e, Begymue B ONHY U Ty XK€ BEPIIUHY, B JAePeBe «PACKJICEHBD. B apyrux
TEepMUHAX: BEPIIMHA AePeBa — 3TO IMyTh B rpade, BEIXOAAMINN U3 KOPHS.
Eé cbHOBBA — 5TO mMyTH, NPOJOMKEHHBIE HA OJHO PeOpPO. 3aMeTUM, 9TO
IepeBo OECKOHETHO, eCIU B Tpade €CTh OPUEHTUPOBAHHLIE ITUK.IH.

Nmeerca ecTecTBeHHOE OTOOpakeHue nepepa B rpad (BepIMH B BEp-
mmabl). [Ipu sToM kaxnas BepiiuHa rpada UMEeT CTOABKO IPOOOPA3OB,
ckonbKO myTen B Heé Benét. [losTomy 06xon nepesa (mocelnenue ero BepIius
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B TOM WU UHOM MOPAIKE) OJHOBPEMEHHO ABIACTCA U 0OXOMOM rpada —
TOJBKO KAXKIAs BEPIINHA MOCEIIAeTCS MHOTOKPATHO.

Bymem mpegmonarars, 9TO 1A KaxKJIOU BepUIMHBI Mpada BBIXOIAIIME
u3 Heé péOpa ynopsanoveHsl (HAIpUMep, IPOHYMEPOBAHbI). TeM caMbIM [
Kaxk [0 BEPIIMHLI JE€PEBa, BLIXOANME 13 Heé pEOpa TakkKe yIOPAI0IeH.
Bymem 06xoquTh 1epeBo Tak: CHAYAIA KOPEHb, & MOTOM MOAAEPeBbs (B T0-
pAKe Benymux B HUX pédep). Takon 06X01 AepeBa pacCMaTpPUBAICA HAMI
B raBe 7. Emy coorBeTcTByeT 00x04 rpada. Ecau BeikuryTh 13 5TOr0 06-
XO[a MOBTOPHBIE MMOCEIIEHUs YKe MOCEMIEHHBIX BEPIINH, TO MOILYIUTCSA TO,
YTO HA3BIBAETCS (IOUCK B [UIyOUHY».

[pyrumMu cIoOBaMU, HA TYTAX, BLIXOMAINNX W3 BBIJETCHHOU BEPIITUHEL,
BBEIEM MOPAIOK: MYTh MPEAIIECTBYET CBOEMY MPOIOIKEHUIO; eCJAU [B, IIy-
TU PACXOIATCA B HEKOTOPOU BEPINUHE, TO MEHBIIMM CIUTACTCA TOT, KOTO-
PBIU BBIXOIUT U3 HEE 10 MeHblieMy pebpy. Bepiuus Temeps ynopsagounsa-
IOTCA B COOTBETCTBUU ¢ MUHUMAJIBHBIMY Iy TAME, B HUX Bexymumu. O6xon
BepIMH rpada B YKA3AHHOM MOPAIKE HA3BLIBACTCI NOUCKOM 6 2AYOUHY.

9.2.2. Hanmcats mporpaMmy IOUCKA B INIyOUHY.

[Ykazanue. Bosbménm mporpammy 06xona gepeBa (KOpeHb — JEBOE MOJI-
IEepeBo — MpaBOe TOLAEPEBO) U3 DIABHI 7 WIM U3 TVABHL 8 U UCIOIb3YEM
€€ TPUMEHNTENTLHO K O6CTOATENLCTBAM. [ IAaBHOE M3MEHEHUe: He HAJIO0 TO-
CemaTh BEPIIMHLI TOBTOPHO. TaK ITO eCar MBI TOMAIA B yKe MOCEIEHHY IO
BEPIIVHY, TO MOXKHO C Hell Hudero He gejarhb. (Ecau myTh He MunumMameH
Cpequ BEeIyIIMX B NAHHYIO BEPIINHY, TO W BCE €r0 MPOJONKEHUA HE MUHIU-
MaJbHBI — WX TPOCMATPUBATH HE HATO).] O

BHMG'{HHHB. HaHOMHI/IM, YTO B IiaBe 8 YOOMUHAJINCH IBE BO3MOXHOCTHN
YyCTPaHEHUA peKypcuu B mporpamme o6xona aepesa (c. 141). O6a BapuanTa
MOXKHO UCIOJb30BATH 1A MOUCKA B I"JIy6I/IHy.

ITouck B rIyOuUHY JTEKUT B OCHOBE MHOTUX QITOPUTMOB Ha rpadax, mo-
PO B HECKOIBLKO MOAUMDUIMPOBAHHOM BHU/IE.

9.2.3. HeopuenTupopauubl rpad Ha3BIBACTCA 068YJ0AbHbIM, €CIU €ro
BEPIIUHEI MOKHO PACKPACHTE B B IIBETA TAK, ITO KOHIIBL JTI0OOr0 pedpa —
passoro msera. CoCTABATHL AATOPUTM MPOBEPKM, ABIAECTCA JU 3aTAHHBIN
rpad ABYIOIBLHBEIM, B KOTOPOM YHUCIO NeucTBul He npeBocxoaut C - (qucio
pébdep + YMCIo BepIInH).

[Ykazaune. (a) Kaxayio CBA3HYI KOMIOHEHTY MOYXKHO DACKDANIABATH
oTaenbHo. (6) BeIOpaB uBeT 0QHOU BEPUIMHBL U OOXOA €€ CBA3HYIO KOMIIO-
HEHTY, Mbl OIPEIEIAEM €IUHCTBEHHO BO3MOXKHEIN IIBET OCTAILHBIX. | (]
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3amedanue. B >Tou 3amate 6€3pasantTHO, TPOU3BOAUTE TOUCK B IIUPUHY
uIn B NIyOUHY.

9.2.4. CocTaBUTH HEPEKYPCUBHLIU AJICOPUTM TOMOJOIMYECKOU COPTU-
POBKEU OpMEHTUPOBaHHOrO rpada 6e3 mukaos. (PexypcuBnbimr aaropurm
cMoTrpn Ha c. 127.)

Pemrenne. [Ipennonoxum, 410 rpad uMeeT BepUINHLL C HOMepamu 1 .. .1,
I KaXKJOW BEPIIMHEI 1 n3BeCTHO umcyo num[i] BeIxomammx u3 Heé pédep
u HoMepa BeprmH dest[i][1],...,dest[i] [num[i]], B xOoTOpBIE >TU pE-
6pa BenyT. Bygem ycIoBHO cauTaTh, ITO pEOPA MEPEUNCTCHE «CICBA HAIPA-
BO»: JIeBee TO pedpo, ¥ KOTOPOTro HOMEp MeHbIte. HaM Ha 10 HamevIaTaTh BCe
BEPIIMHBI B TAKOM IMOPAIKe, YTOOBI KOHell .TI000ro pedbpa ObLT HalledaTaH
mepen ero HavamoM. Mer mpeamomaraeM, 9To B rpade HeT OPUEHTUPOBAH-
HBIX OUKJOB — MHAYe TAKOe HEBO3MOMKHO.

[1a magana gobaBuM K rpady sepmmHy 0, m3 KOTOPOU pébpa BexyT
B BepmHHI 1, ..., n. Eciu eé yracTesa manedaTaTh ¢ COOMIONEHIEM TTPABULT,
TO TeM CAMBIM BCE BEPIINHBI Oy IyT HaleIaTaHHI.

AnropuT™ XpaHUT MyTh, BLIXOMAIINU U3 HYJEBOU BEPIIUHLI U UIYIIAN
o pé6pam rpada. Ilepemennas 1 orBoguTcs mas gauHel >Toro nytu. [lyTs
obpasosan BepumHamu vert[1] ...vert[1] u pébpamu, nuMemMUMI HOMEe-
pa edgel[1]...edge[1l]. Homep edgels] orHOCHTCA Kk Hy™mepamuu pébdep,
BBIXOAAMUX n3 Bepunasl vert [s]. Tem cambiM 1 BCEX S TOMKHBI BBITOJ-
HATHCSI HEPABEHCTBO

edge[s] < num[vert[s]]
U PaBEHCTBO
vert [s+1] = dest [vert[s]] [edge[s]].

3aMeTuM, ITO KOHel[ MOCJAeIHEro pebpa Hamero myTu (TO eCTh BepIInHA
dest[vert[1]] [edge[1]], me BkmouaeTcs B maccuB vert. Kpome Toro,
IS TIOCTEeTHEro pebpa MBI MelaeM UCKIIYEHNE, PA3PeIas eMy YKA3hLIBATD
«B yCTOTY», T. €. pa3pemaem edge[1] papusaTbcs num[vert [1]]+1.

B mpormecce paboTer arroputM OygeT medaTaTb HOMEDA BEPIIUH, TIPU
5TOM cOoOm0as TpeOOBaHNE «BEPIIVHA HAEYIATAHA TOJIHKO IOCIE TEX Bep-
IIIUH, B KOTOphIe 13 Heé BenyT pébdpar. Kpome Toro, 6yaeT BBIMOTHATHCA
raxoe TpeGosauue (1):

BEPIIUHEL Ty TH, KpoMme mocaenuen (vert[1] ...vert[1]) ue na-
HeYaTaHbl, HO CBEPHYB C MyTH HAJEBO, MBI HEMEIJICHHO yIUIpPa-
eMCA B HAIIEIATAHHYIO BEPIIUHY.
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Bot uTo monyuaercs:

1:=1; vert[1]:=0; edgel[1]:=1;

while not( (1=1) and (edge[1]=n+1)) do begin

if edge[l]l=num[vert[1]]+1 then begin

{myTs KOHYaeTCA B MyCTOTe, IMOSTOMY BCE BEpUNHH,
cmenyoume 3a vert[l], HamevaTaHH - MOXHO
mevyarath vert[1]}

writeln (vert[11);

1:=1-1; edge[l]:=edge[1]+1;

end else begin

{edge[1] <= num[vert[1]], myre xonwaerca B

BepumHe}

lastvert:= dest[vert[1]] [edge[1]]; {mocmemuasa}

if lastvert mamewarama then begin

| edge[1] :=edge[1]+1;

end else begin

| 1:=1+1; vert[l]:=lastvert; edge[l]:=1;

end;

end;

end;

{myTe cpasy xXe BeZéT B IyCTOTy, HOSTOMy BCE BepUMHH

nmeBee, To ecTh l1..n, HameyaTaHH}

9.2.5. [lokazaTb, 94TO eciu B rpade HET MUKJIOB, TO ATOT AITOPUTM
3aKaH4YuBaeT PaboTy.

Pemrenne. Ilycts 570 He Tak. Kaxmas BepImmHa MOXET MeIaTATHCA TO-
JBKO OMMH Pa3, TaK ITO C HEKOTOPOT'O MOMEHTA BEPIIUHLI HE MeYaTaioTCA.
B rpade 6e3 MUKIOB IIMHA Ty TH OrPAHAICHA, (BEPIIMHA HE MOXKET BXOIUTD
B IyTh ABAXK[IBI), IOITOMY MOLOKAAB EIIE, Mbl MOXKEM JOXK IATHCA MOMEH-
Ta, mOCJe KOTOPOro IyTh He yaauusercs. [locae »Toro moxker pasee 4ITO

yBeaumauBaThCsa edge[1] — HO u 5TO He HecupeneabHO. O
Tem camMBIM MBI TOCTPOWIA UCKOMBIA HEPEKYPCUBHBLIA AMTOPUTM TOTO-
JOTUYIECKON COPTUPOBKY Tpada. O

9.2.6. [Toxkaszarb, 9TO BpeMa pabOTHI DTOr0 AJICOPUTMA HE IIPEBOCXOIUT
O (aucno BepmH + 9ucao pédep). O

9.2.7. Kak MoaumpuimpoBaTh airOpUTM TaK, UYTOOBI OH OTBICKUBAT
OIVH 13 ITUKJIOB, €CIN TAaKOBBIE MMEIOTCA, U TMPOU3BOAUI TOTOJOTUIECKYIO
COPTUPOBKY, €CJIU [IUKJIOB HET? (|
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10. COMNOCTABJIEHMNE
C OBPA3LIOM

10.1. lNpocTenwnnt npumep

10.1.1. Nwmeercsa nocienoBarenbHOCTh, cuMBosoB x[1] ... x[n]. Onpexne-
JATH, UMEIOTCA U B HEU UAYIIAE IPYT 34 OPYTOM CUMBOILI abed. ([Ipyru-
MU CJIOBaMu, TpebyeTcsa BBICHUTD, €CTh i B caoBe x[1] ... x[n] moxcroso
abcd.)

Pemenue. Nmeerca npumepHo n (eciu OBITH TOYHBIM, n-3) TO3UINN,
HAa, KOTOPBIX MOXKET HAXOIUTHLCA UCKOMOE MOJACJAOBO B UCXOMTHOM cJaoBe. [lis
KaxK O M3 MO3UINNA MOXKHO IMPOBEPUTDH, NEACTBUTEILHO JU TaM OHO HaXO-
IUTCS, CPABHUB YeThipe cuMBoia. OaHako ecThb Gonee > PEeKTUBHBIA CHIO-
co6. Yuras croso x[1] ...x[n] creBa HAIPaABO, MBI OXKUIAEM TOABICHUA OY-
kBH a. Kak TOMBKO OHA MOABWIACKH, MBI WILNEM 33 HEW OyKBY b, 3aTeM ¢, U,
makonerl, d. Eciau Hamm oxuganmsa onpasIsIBAOTCA, TO CIOBO abed o0HAPY-
xkeno. Ecim xe kakas-To u3 HyKHBIX OYKB HE MOABIAETCS, MBI OKA3BIBAEMCS
y pazOUTOro KOphITA U HAYMHAEM BCE CHAYAJIA. O

OTOT TPOCTOU AITOPUTM MOXKHO ONUCATH B PA3HLIX TepMmuHax. Mc-
MOJIB3YS TEPMUHOJOTUIO TAK HA3BIBAEMBIX KOHEUHbIY (ABMOMAMO8, MOXK-
HO CKAa3aTh, YTO MPU UTEHUM CJIOBA X CJIEBA HAIPABO MbI B KaXKIbIM MO-
MEHT HAXONUMCA B OJHOM U3 CIGIYIOUIAX COCTOAHUE: «HadaabHoe» (0),
«cpazy mocae a» (1), «pasy mocre ab» (2), «cpasy mocre abey (3) u «cpa-
3y mocae abcdy (4). Yuras ouepeaHyr OyKBY, MBI MEPEXOIUM B CIELY-
Iollee COCTOSHME [0 MPABUILY, YKA3aHHOMY B Tabauue (CM. CIeAYIOILyIo
crpanuny). Kak Toabko Mbr nomagém B cocrosHue 4, pabora 3akaHInBa-
eTcs.

Harmsaaso BeIMONHEHIE AIrOPUTMA MOYKHO MPENCTaBUTE cebe Tak: (pull-
Ka IBUTAETCS U3 KPYKKA B KPYKOK IO CTPEIKAM; CTPEIKa BEIOMPAETCs TaK,
4TOOBI HAMKUCH HA HEM COOTBETCTBOBAJIA OYEPEIHON GYKBE BXOTHOTO (JIOBA.
YT06BI 5TOT MPOLECC OBLI YCIEMHEIM, HYKHO, 9TOOLL 111 KaXK 10U OyKBEIL
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Texymee
COCTOSHUE

Ouepenuasn Hogoe
OyKBa COCTOSIHUE

o

LW WNDNNE O

[a—y

a
KpOMe a
b
a
KpoMme a,b
c
a
KpoMme a,c
d
a

O = O = WO NDO

KpoMme a,d

IIpaBuna mepexoga masa KOHETHOT'O aBTOMATA,

OBLIA POBHO OHA MOAXOIAIIAS CTPENKa U3 JI000r0 KPYKKA.

CooTBeTcTBYOIAL IPOrPaMMa, O9eBUAHA (MBI YKa3bIBAEM HOBOE COCTO-
SHUE, TajKe eCIU OHO COBIATAET CO CTAPBIM; DTU CTPOKU MOKHO OILyCTHUTh):

i:=1; state:=0;
{i - mepmBas HempoumrTaHHazZ 6ykBa, state - cocTosHme}
while (i <> n+1) and (state <> 4) do begin

| state:= 1;
end else begin
| state:= 0;
end;

end else if state
if x[i] = b then begin
| state:= 2;
end else if x[i]
| state:= 1;

if state = 0 then begin
if x[i] = a then begin

= 1 then begin

= a then begin
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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);

Nubivu cioBaMu, MBI B KaXK b MOMEHT XPAHUM UHPOPMAIIIO O TOM,
KakKoe MaKCHMAaJIbHOEe Havano Hamero obpasia abed ABMAETCA KOHIIOM TIPO-
qnTanHon Yactu. (Ero mimHa 1 ecTh TO «COCTOAHME) , 0 KOTOPOM IILTA PeUb. )

TepMuHOMOrUsA, HAMYU UCIOJAb3yeMasd, TakoBa. (1080 — >TO JH00asA mMo-
CIeIOBATENBHOCTD CAUMBOJOB U3 HEKOTOPOT'O (PUKCUPOBAHHOI'O KOHEYTHOI'O
MHOXECTBA. DTO MHOXKECTBO HA3BBIBACTCA GAPABUMOM, €TI0 DIEMEHTHl —
bykeamu. Ecau 0TOpOCUTEL HECKOIBKO GYKB C KOHIIA CJIOBA, OCTAHETCS IPY-
Toe CJIOBO, HA3LIBAEMOE Haua.40M TIEpBOTO. JIf060e CIOBO TaKkKe CUUTACT-
ca cBouM HadamoMm. Kowey CI0OBa — TO, UTO OCTAHETCS, €CIU OTOPOCUTH
HECKOJIBKO TEepPBBIX OyKB. JIt060€e C0BO cauTaeTcsa cBouM KOHIOM. [Todcao-

80 — TO, ITO OCTAHETCA, €CAM OTOPOCUTH OYKBBHL U C HAYALA, M C KOHIA.
([pyrumm croBamu, MOICIOBA — 3TO KOHIEI HAYAT, WX, YTO TO XKe, Hadala
KOHIIOB. )

B TepMuHax nuHAYKTUBHBLIX QyHKIUN (M. pasaer 1.3) cuTyannio MOKHO
OMMCATH TAK: PACCMOTPUM (PYHKIUIO HA CJIOBAX, KOTOPAs IPUHUMAET IBA
3HAYEHUs (MCTAHAY U «IOXKb» U UCTUHHA HA CIOBAX, UMEIOIMX abcd cBOUM
MOACTOBOM. DTa (PYHKIUA HE ABIACTCA UWHIYKTUBHOU, HO UMEET UHIYKTUB-
HOE paclInpeHne

T — IJAHA MaKCIMaJBbHOI'O HavaJa CJI0OBa abcd, ABJAOIIETIOCA KOHIIOM T .
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10.2. lloBTopeHus B 06pasue — UCTOUHUK npobnem

10.2.1. MoOXHO Ji1 B IPEABIAYIINX PACCY XK ICHUAX 3aAMEHUTH CJIOBO abcd
Ha [IPOU3BOILHOE CJIOBO?

Pemrenne. Het, u mpo6meMbI CBA3AHBI ¢ TEM, ITO B 0Opa3Ie MOTyT OBITH
noBTopsonnecsa OykBel. [lycTh, HampuMep, MBI WIIEM BXOXKIEHUSI CAOBA
ababc. Bor mossmiack OykBa a, 33 Hel UAET b, 33 HEU UAET a, 3aTeM CHOBA, b.
B sTor MomeHnT MBI ¢ HeTepreHueM K aéM OykBel ¢. OIHAKO — K HAIIeMy
pasodapoBaHUIO — BMECTO HeE MOABIIETCS Apyras OykBa, U HaIl oOpasers
ababc me obHapyx)ed. O IHAKO HAC MOXET OXHUIATH yYTENINTEeIbHbIN TPU3:
€CIM BMECTO C MOABUIACH OYKBA a, TO HE BCE MOTEPAHO: 38 HEU MOTYT IO~
creqoBaTh OYKBEL b U ¢, 1 00pa3eln-Taku OyIeT HauIeH. O

Bor xapTunKa, IOACHAIOMIAA CKa3aHHOE:

X y z a b a b a b c < BXOJIHOE CJIOBO
a b a b c «— MBI XK aaau oOpasia 371ech
a b a b c < a OH OKazaJCs 3I1eChb

Taxum 06pa3oM, K MOMEHTY

X y z a b a b <— BXOJIHOE CJIOBO
a b a bjc < MBI XJaau 00pa3na 31ech
a bjla b c «— a OH OKa3aJICA 3[1eCh

€CTh JBa BO3MOXKHBIX MOJOXKEHUA 00pa3iia, Kax0e 13 KOTOPHIX MO ITeXKNAT
nposepke. TeM He MeHee MO-TIPERHEMY BO3MOXKEH KOHEIHBIN ABTOMAT, M-
TAIONII BXOTHOE CIOBO OYKBA 3a OYKBOU W TEPEXOIANIAN U3 COCTOSHUA
B COCTOSHUE B 3aBUCUMOCTU OT IPOIUTAHHBIX OYKB.

10.2.2. Yka3aTb COCTOSAHUA COOTBETCTBYIOIIEIO ABTOMATA W TaOIU-
uy mepexofa (HOBOE COCTOAHUWE B 3aBUCUMOCTH OT CTAPOrO U TUTAEMOU
OYKBHI).

Pemenme. Ilo-mpexHeMy cocTogHUA OyIyT COOTBETCTBOBATH HAMOOMB-
mIeMy HaMaIy o0pasiia, SB/IOMIEMYCS KOHIIOM IIPOYNTAHHON MaCTU CIOBA.
Nx oyger mwecrs: 0, 1 (a), 2 (ab), 3 (aba), 4 (abab), 5 (ababc). Tabmuna
[IEPEexXoaa TaKasd.
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Tekymiee Ouepennan | Hosoe
cocTosgHne | OyKBa COCTOSTHUE
0 a 1 (a)

0 KpoMme 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) c 5 (ababc)
4 (abab) a 3 (aba)

4 (abab) kpome a,c | 0

[lns TpOBEPKM TTOCMOTPUM, K MPUMEPY, HA BTOPYIO CHU3Y CTPOKY. Ecam
IpounTaHHAA 9acTh KOHYAIACH Ha abab, a 3aTeM mosBmiack GyKBa a, TO Te-
mepb IPOUUTAHHAA IaCTh KOHYaeTcA Ha ababa. HauGoabiee nagano o6pas-
ua (ababc), ABasOmEecsa eé KOHIOM — 3TO aba. O

DurocopcKur BOOPOC: MBI TOBOPWIN, YTO TPYAHOCTHL COCTOUT B TOM,
9TO €CTh HECKOJBLKO BO3MOXKHEIX IIOJOXKEHUN 00pa3ia, KaxkK [0€ U3 KOTOPBIX
MOXKET OKa3aThCA UCTUHHBIM. IM COOTBETCTBYIOT HECKONBKO HAMAM 00pa3-
114, ABIAIIINXCA KOHIIAME BXOIHOO CI0Ba. HO KOHEYHBLI aBTOMAT MOMHUAT
JIIITL CAMOe IINHHOE 13 HuX. Kak xe ocTarbHbie?

Dunocopckun orser. [leno B TOM, UTO caMoe IJIMHHOE M3 HUX OIpe-
IEJIIeT BCe OCTATBHBIE — DTO €0 KOHIIBI, OJHOBPEMEHHO SABJAIOMIAECT ero
HaYaTaAMA.

He cocrasaser Tpyna mis 1006000 KOHKPETHONO 00pasiia HANMCATD TPO-
rpaMMy, OCYIIECTBISIONIYIO MOUCK >TOT0 06PA3Na OMUCAHHBIM CIOCOOOM.
OgHAKO XOTENOCHh OBl HAMKMCATHL TPOTPAMMY, KOTOPas UIIET MPOU3BOIh-
HBIT O0pasel] B MPOU3BOJLHOM CJIOBE. DTO MOXKHO AETaTh B IBA DTarma:
CHAYAJIA O OOPA3Ily CTPOUTCSA TAOJUIA MEPEXOJOB KOHEIHOT'O aBTOMATA,
a 3aTeM YUTAETCS BXOAHOE CIOBO U COCTOAHUE MPEoOpasyeTcsa B COOTBET-
crBun ¢ »ron Tadmunen. [TogoOHLIL METON 9aCTO HUCIONBL3YEeTCA I OO-
Jee CJIOXKHBIX 3a1ad MOUCKa (CM. gajee), HO A MOUCKA IIOACJAOBA CyIIe-
CcTByeT 6osee mpoCTOn U 3(PHEKTUBHEIN ATTOPUTM, HA3HLIBAEMBIN ATTOPUT-
mom KuyTta—Moppuca—IIparra. (Paree cxonubie umgen 65N MpPEII0KEHbL
1O. B. Marusacesuuem.) Ho npex e sHaM moHAZ06ATCA HEKOTOPHIE BCIIOMO-
raTeJbHbIe YTBEepK ICHU;.
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10.3. BcnomoraTenbHble yTBEpXAeHUS

11 mpou3BOIBHOrO C1oBa X PACCMOTPHM BCE €O HAYATA, OTHOBPE-
MEHHO SIB/SIIOIINECS ero KOHIIAMH, U BhIGepeM u3 Hux camoe aauuaHOe. (He
caurTasn, KOHeIHO, camoro ciaosa X .) Byxem obosnatars ero [(X).

IIpumeprr: [(aba) = a, [(abab) = ab, [(ababa) = aba, l(abc) = mycroe
CJIOBO.

10.3.1. [Tokasats, uro Bee caosa [(X), [(I(X)), I(I(I(X))) u T. 1. aBrs-

I0TCA HaYaJIaMu CIoBa X .

Pemenme. Kaxgoe u3 Hux (COrIacHO ONpENENEHUIO) ABIACTCA HAIAIOM
TIPEIBLIYIIero. O
ITo Tou ke MpUYMHE BCE OHU ABIAIOTCA KOHIIAMUI CJIOBA, X .

10.3.2. [TokaszaTh, 9TO MOCIEIOBATEILHOCTL MPEIBIAYIIEH 331291 06-
peIBaeTCA (Ha IIyCTOM CJIOBE).

Pemrenme. Kaxaoe c10BO KOpote TpeabI IVIIETO. ]

10.3.3. /[okasaTh, IYTO MH0O0E CIOBO, OMTHOBPEMEHHO ABJSIOIIEECT HAYa-
JIOM 7 KOHIIOM cIoBa X (kpome camMoro X ) BXOAWUT B MOCIENOBATEIHLHOCTD

1(X),1(1(X)),. ..

Pemenue. [IycTs ci0BO YV ecTh 01HOBpeMeHHO HaMaI0 u KoHer X . CioBo
[(X) — camoe gIuHHOE U3 TAKUX CIOB, Tak 4T0 Y He mmuuHee [(X). O6a sTu
CJI0BA ABIAIOTCA HAYATAME X , TOITOMY 0OMee KOPOTKOE U3 HUX ABIACTCA
HadajoM GoJee gauHHOrO: Y ecth Havauo [(X). Anaroruyano, Y ects koHen
[(X). Paccyxkgas mo MHIYKIMN, MOXKHO MPEANOIAraTh, 9TO YTBEPK ICHIE
3aa491 BEPHO A BCEX CJIOB KOpoue X, B yacTHOCTH, nia caosa [(X). Tax
9TO CI0BO Y, ABagromeecs konuoM u wadaaom (X)), mubo pasuo [(X), 160
Bxogut B nocaegpoBarensHocts [(1(X)),[(I(1(X))),. .., 970 1 TpebGoBatoCch
NOKa3aTh. [l

10.4. Anroputm KHyTa—Moppuca—TIlpaTTa
Aunropurm Kuyra—Moppuca—IIparra (KMII) noxyaaer Ha BX0OA CJIOBO

X=x[1]x[2]...x[n]

U MPOCMATPUBACT €r0 CJAEBA HAMPABO OYKBA, 33 OYKBOU, 3AMOMHAA IPU DTOM
MaccuB HaTypadbHbIXx uncen 1[1]...1[n], rae

1[i] = pmma copa [(x[1] ...x[i])
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(dyukuusa [ onpenenena B npeasiaymem nyakre). Crosamu: 1[i] ects mmm-
Ha, HanOOoIbIero Hadana ciaosa x[1] ...x[1], 0OJHOBpEeMEHHO ABJAIOIICTOCS
€ro KOHIIOM.

10.4.1. Kakoe oTHOIIIEHNE BCE 3>TO MMeeT K MOUCKy nonacmosa’ [Ipyru-
MU CJIOBaMM, KaK UCHOAb30BaTh aaroputm KMII mia ompemenenus Toro,
ABJIACTCA JA CJIOBO A mogciaoBom ciosa BY?

Pemenne. [Ipumenum amropurm KMII k cioBy A#B, rae # — crnenuanb-
Hasa OyKBa, HE BCTpedaomanca Hu B A, #u B B. C10BO A ABIAETCA MOACIOBOM
cJI0Ba B TOrIa M TOMHKO TOT 1A, KOTIa CPEIN YnCcesT B MaccuBe 1 OyaeT Iuco,
paBHOE TIUWHE CIOBA, A. U

10.4.2. Onwucats aaroputwm 3anonanenus Tabaumsr 1[1] ... 1[n].

Pemrennme. Ilpeanonoxum, 9ro mepsele i smadenmmy 1[1]...1[i] yxe
HangeHsl. Mbl quTaeM odepenuyro OykBy ciaoBa (T.e. x[i+1]) u nomxubt
BeIUCINTEL 1[i+1].

1 i i+l
| YK€ TPOUYNTAHHAA JYaCTh X | |

A A

[pyrumu croBamu, HaC MHTEpecyloT Hadaga Z ciaosa x[1]...x[i+1],
OJHOBPEMEHHO SBJISAIOMIMECS er0 KOHIIAMKM — W3 HAX HAaM HAJO0 BHIOPATH
camoe mgiauuHOe. OTKyna GepyTca »tu Hadana? Kaxkmoe us mux (He cuu-
Tas MyCTOr0) MOMYyIAeTCA U3 HEKOTOPOrO CI0BA Z' MPUNUCHLIBAHUEM OYKBbI
x[i+1]. CioBo Z' aBnaeTcsa HadaaoM u KoHIOM ci1osa x[1]...x[i]. OxHa-
KO He JI000e CJIOBO, ABIAIIIEECS HAYaIoOM W KOHIOM caoBa x[1]...x[i],
TOAUTCA — HAJ0, IYTOOBI 38 HUM caegoBana Oyksa x[i+1].

ITomyyaem Takoy pelenT OTBLICKAHWA CI0Ba Z. PaccMoTpuMm Bce Hada-
aa croBa x[1] ...x[1], aBastomuecs oqHOBpEMEHHO ero Koumamu. U3 Hux
BBIOEpPEM TOAXOIAIINE — Te, 38 KOTOphIMU uaAéT Oykea x [1+1]. W3 moxxo-
IAIMIX BeIOEpeM camoe miuHHOe. [Ipunucas B ero koHer x [i+1], moxy<um
HUCKOMOE CJOBO Z.

Teneps mopa BOCHIONB30BATHCS CAEIAHHBIMUA HAMU [IPUTCOTOBJICHUSIMEI
U BCIIOMHUTE, YTO BCE CJI0BA, ABMAIOIINECA OTHOBPEMEHHO HAYAJIAMU U KOH-
[IaMU TaHHOT'O CJIOBA, MOXKHO MOIYIUTh MOBTOPHBIMY TPUMEHEHUAMY K HEMY
dyuKIUYT [ U3 TPeILIAYIEro pasaena. BoT 9To modyydaeTcs:

i:=1; 1[1]:= 0;

{rabmuua 1[1]..1[i] samomHena mpaBumbHO}
while i <> n do begin

| len := 1[il
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{len - gmuna mawama cmoma x[1]..x[i], xoTopoe aBmaerca
ero KOHIIOM; BCe 6ojlee NIMHHHE Hadajla OKa3alUCh
HeIIO X0 NAIMMY }

while (x[len+1] <> x[i+1]) and (len > 0) do begin

{mavano He momxomur, mpuMeHsAeM K HeMmy byHkumo 1}

len := 1[len];

end;

{Hawmm momxomAmee WM y6eIMIUCH B OTCYTCTBHUU}

if x[len+1] = x[i+1] do begin

{x[1]..x[len] - caMoe mnWHHOe HOIXOIAWlCEe HAYaNO}
1[i+1] := len+i;

end else begin

{momxomsumx HeT}

1[i+1] := 0;
end;
i = i+1;
end; O

10.4.3. [oxasaTb, 9TO 9UCIO JEUCTBUN B IPUBEAEHHOM TOJILKO 9TO aJl-
roputme He npeBocxoaut Cn 1is HEKOTOPOU KOHCTAHTHL C.

Pemrenme. D10 He BIOIHE OYCBUIHO: OOPAOOTKA KK IO OUEPEIHON OY-
KBBI MOXET MOTPEOOBATH MHOTUX UTEPAIMK BO BHyTpeHHeM mukiae. O 1Hako
KaXK a1 TaKasd UTePAlnsA YMEHbIIaeT len Mo KpauHen Mepe Ha 1, U B 5TOM
caydae 1[i+1] oxawxerca zamerno menswitne 1[i]. C apyrou cTopoHBI, mpu
yBenmiueHun i Ha enuwuuny BernunHa 1[i] MoxeTr Bo3pacTu He Gosee ueMm
Ha 1, Tak 9TO YaCTO U CUIHLHO yORIBATH OHA HE MOXKET — WHAYE yOLIBAHLE
He OyJeT CKOMIIEHCUPOBAHO BO3PACTAHUEM.

Bomee To9HO, MOXKHO 3amucaTh HEPABEHCTBO

1[i+1] <1[i] — (umcno urepanui Ha i-m mare) + 1

wim
(amcno wrepannn Ha i-m mare) < 1[i] — 1[i+1] + 1.

OcTaércsa CIOXNATEL DTU HEPABEHCTBA II0 BCEM 1 U MOJIYYIUTh OLEHKY CBEPXY
U1 OOIIEro 9UC/Ia UTEPALAN. O

10.4.4. Bynmem uCIoab30BATBH DTOT aJTCOPUTM, 9TOOBI BHIACHUTD, SABJIA-
ercs U CJI0BO X MJIMHBL N HOACHOBOM caoBa Y mauuel m. (Kak sTo mnemars
C MOMOIIBIO CIENUATBHOIO Pa3jeauTens #, onucaHo Boie.) [Ipu sToM 4u-
ciao meucreun Oyger me 6oree C(n + m), U UCTOAB3yeMas MAMATHL TOXKE.
[Mpuaymars, Kak 0O0UTUCH TAMATHIO He 6omee C'n (4TO MOXKET OBITH CyIle-
CTBEHHO MEHBIIE, €CIM UCKOMBIN O0pa3en KOPOTKUU, a CIOBO, B KOTOPOM
€ro UILYT — IJIMHHOE).
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Pemenne. [Ipumensem anroputm KMIT x croBy A#B. IIpu »Tom BBIMH-
crenne suadenun 1[1],...,1[n] npoBoguM mias cioBa X IIUHBI N U 3am0-
MUHAEM OTHU 3HadeHud. [aabine MBI IIOMHUM TOILKO 3Hadenue 1[i] ais
TeKyIero i — kpome "Hero u kpome tabaunsr 1[1] ...1[n], HaM 119 BBI-
YUCJHEHUU HUYErO HE HYKHO. O

Ha npaxTuke croBa X u Y MOTYT He HAXOAUTHCA TIOAPAT, TTOSTOMY TPO-
cMoTp cioBa X u 3aTeM cioBa Y yIO0OHO OPOPMUTE B BUIE PA3HBIX IIUKJIOB.
DTO M30ABIAET TAKKE OT XJIOMOT C PA3IEIUTEIEM.

10.4.5. HamucaTh COOTBETCTBYOIIUY ATCOPUTM (MPOBEPAIONIAN, ABJIA-
erca sm cioeo X =x[1] ...x[n] moxcaosom caosa Y=y[1]...y[m]).

Pemenue. Cuauana seraucassem Tabauiy 1[1] ... 1[n] kak panbme. 3a-
TeM IUIIeM TaKyIo IPOrpaMMy:
j:=0; len:=0;
{len - mmuHa MakCUMambHOIO Hadala ClIoBa X, OLHOBPEMEHHO
ABnAbmerocsa kouuoM cmosa y[1]..y[jl1}
while (len <> n) and (j <> m) do begin
while (x[len+1] <> y[j+1]) and (len > 0) do begin
{Havamo He mMOLXONWT, IpUMeHAeM X HeMy GyHKumio 1}
len := 1[len];
end;
{mawny nmonxonsmee UMM y6eIUTUCH B OTCYTCTBUM}
if x[len+1] = y[j+1] do begin
{x[1]..x[1len] - caMoe muuHHOe HmOLXOIAllee HAYAIO}
len := len+1;
end else begin
{nomxomaumx mHeT}
len := 0;
end;
j = gL
end;
{ecnmu len=n, cmoBo X BCTpeTUIOCH; MHAYe MH LOUWNIU IO KOHILA

cmoBa Y, Tak ¥ He BCcTpeTuB X} O

10.5. Anroputm Bonepa—Mypa

DTOT aICOPUTM [EJAET TO, YTO HA MEPBBIM B3VIAL KAXKETCA HEBO3MOXK-
HBIM: B TUMIAYHON CATYAIUU OH YATAET JUIIL HEGOMBIIYIO YaCTh BCEX OYKB
CJIOBa, B KOTOPOM MIIETCA 3aJaHHBN obpasel. Kak Tak Moxer 6b1Th? U nes
upocra. [Iycts, Hanpumep, Met uiem obpaser abed. I[locmoTpuMm HA YeTBEP-
Ty10 OYKBY CJIOBA: €CJHd, K IIPUMEPY, 5TO OyKBa e, TO HEeT HUKAKOU HeoOXO-
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QUMOCTU YUTATH HepBhie Tpu Oykeel. (B camom nere, B o6pasie GYKBHI e
HET, MODTOMY OH MOXKET HAYATLCA HE PAHBIIE MATON OYKBEL )

Meur mpuBegéM caMbIl IPOCTON BAPUAHT STOrO AArOPUTMA, KOTOPLIU HE
rapaaTupyeT OBICTPOU PabOTHL BO Beex caydasx. Ilycts x[1]...x[n] —
obpasell, KOTOPBIM HALO UCKATL. [/ KaXIOro CUMBOJIA S HAUJAEM CaMOe
IIpaBoO€e ero BXOXKJAeHUEe B CIOBO X, TO eCTh HamboJbIIee k, Mpum KOTOPOM
x[k] = s. OTu cBenenus Oygem XpaHUThb B MaccuBe pos[s]; ecau cuMBOT S
BOBCE He BCTPEYAETCA, TO HaM OyaeT ygoOHO moaoxuTh pos[s] =0 (mbr
YBUAUM JaJblle, IOYeMY ).

10.5.1. Kax sanomauTs maccus pos?

Pemrenne.

momoxuTk Bce pos[s] paBHME O
for i:=1 to n do begin
pos[x[il]:=1i;
end; O

B mporecce moucka MbI OyIeM XpaHUTH B MepeMeHHon last momep Oy-
KBEI B CJOBE, MPOTUB KOTOPOU CTOUT TIOCAeTHAA OykBa oOpasia. Buauane
last = n (gmuna 06pasua), 3aTeM last MOCTENEHHO YBEIUIUBACTCA.

last:=n;

{Bce mpemmpmyume momoxeHus obpasua yKe IpPOBEpEHH}

while last <= m do begin {cmoBo He koHuUMIOCH}

if x[n] <> y[last] then begin {mocmemmue 6ykBH pa3HHe}

last := last + (n - pos[yl[lastl]);

{n - pos[yl[last]] - >To wvuHMManbHHEN cmBUT o6pa3ua,
mpu koTopoM HampoTuB y[last] BcTamer Takas xe
6ykBa B obpasue. Ecimm Tako¥ B6YykBH HeT Boobue,

TO CHBMraeM Ha BCH NIMHY obpasma}l

end else begin

eCIM HHHelHee IOIOXeHNEe MOLXONUT, T.e. eCIH

x[1]..x[n] = y[last-n+1]..y[last],

TO COOBWMTEL O COBIALEHUN;

last := last+1;

end;

end;

SHATOKI PEKOMEHIYIOT MPOBEPKY COBIAAEHUA TPOBOIUTH CIIPABA HAJIEBO,
T. €. HAYUHAA C TOCIeqHen GYKBhI 00pasia (B KOTOPOU COBIA,ICHAE 3aBEI0MO
ecThb). MOXKHO TakKe HEMHOT'O COKOHOMUTh, TTPOU3BEIA BEIYUTAHIE 3aPAHEEe
u xpans He pos[s], a n-pos[s], T.e. uucio 6yxB B 0oOpasie cmpaBa OT
MOCJETHErO BXOXK ACHUA OYKBHL S.
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Bo3MOoXHBI pasHble MOAMDUKAIINYT 3TOr0 aaroputma. Hampumep, MOKHO
cTpoky last:=last+1 3amenuTsb Ha last:=last+(n-u), rme u — KOOpPAU-
HaTa BTOPOT'O CIPaBa BXOXK AeHusa OykBHI X [n] B o6paserr.

10.5.2. Kax mpore Bcero y4ects 3TO B mporpaMmMe?
Pemenne. [Ipu nocTpoeHun TabIuIILI pos HATUCATEH

for i:=1 to n-1 do...

(mamee kax paHbIe), a B OCHOBHOU MpOrpaMme BMecTO last:=last+1 Ha-
mIcaThb

last:= last+n-pos[y[last]l]; U

[IpuBenéHHLI HAMK YIOPOIIEHHLIN BapuaHT aaropurMma Bouepa—Mypa
B HEKOTODBIX CAydasaX TpeGyeT CyLeCTBEHHO OOJbIIe N AeUCTBUU (TUCIO
IEUCTBUN TOPAIKA mn), TpOUrpeBas amropurmy Kuyra—Moppuca— [Ipat-
Ta.

10.5.3. TlpuBecTu mpumep CUTyaIuu, B KOTOPOU OOPA3EIl HE BXOIUT
B CJOBO, HO AITOPUTMY TPEOYEeTCA TOPAIKA MN IEUCTBUN, ITOOLI DTO yCTA~
HOBUTB.

Pemenne. [lycts o6paserr umeeT Bug baaa...aa, a caMO CIOBO COCTOUT
TOJIbKO 73 OykB a. Torga Ha KaXJOM MIAre HeCOOTBETCTBUE BBLICHIETCS
JIMIIb B MOCJAETHUN MOMEHT. (]

Hacrommmuu (e ynpomgénnsm) amroputm Bonepa—Mypa rapantupy-
er, 4To unucao gercteun He npesocxoauT C'(m + n) B xygmem caydae. On
UCTIONB3yeT unen, bmuskue K ugeam aaroputma Kuyra—Moppuca—IIpar-
ta. [IpeacraBum cebe, ITO MBI CpaBHUBAIUA OOPA3EIl CO BXOAHBIM CJIOBOM,
U5 CIpaBa HaJAeBO. [Ipu HTOM HEKOTOPBIA KyCcOK Z (ABIAIOLUMUCT KOHIOM
o0pa3ma) coBmal, a 3aTeM OOHAPYXKWIOCH Dasiudue: nepey Z B obpasue
CTOUT HE TO, UTO BO BXOTHOM CJOBE. ITO MOXKHO CKa3aTh B DTOT MOMEHT
0 BxOmHOM ca0Be? B HéEM o6HapyXkeH (pparMeHT, paBHLIM 7, a Tepe] HUM
crouT He Ta OyKBa, 9TO B 0Opasie. JDTa WHPOPMAIMA MOXKET MO3BOJIUTH
CABUHYTH OOpaser Ha HECKOJbKO MO3UIUU BIPABO 03 PUCKA MPOILYCTUTH
ero BXOXK[IEHUE. DTU CABUTU CJIEIyeT BLIUUCIUTL 3apaHee [ KaxKAoro
KOHIa Z Haiero o6pasua. Kak roBopAT 3HATOKY, BCE DTO (BHIYUCICHUE Ta-
OULBI CABUTOB U €8 NCIIONb30BaHNE) MOKHO yI0KUTh B C'(m + n) 1encTBuiL.

10.6. Anroputm PabuHa

DTOT ATrOPUTM OCHOBAH Ha IPpOCcTOn uaee. [IpexcraBum cebe, 9TO B CJIO-
B€ [IJIWHBLI 1M MBI UIIEM OOPA3el MIWHEBL 1. BEIPeXeM OKOIIEYKO pasMepa n
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u OyIeM IBUTATH €ro MO BXOAHOMY caoBy. Hac mHTepecyeT, HE COBIATAET
JI CJIOBO B OKOIIIEYKE C 33 JaHHBIM 00pasiioM. CpaBHUBATE O OYKBAM IOJITO.
Bumecto sToro ¢gpukcupyem HEKOTOPYIO (PYHKINIO, OMPEIEIEHHYIO HA CI0BAX
nauesl n. Ecau 3Hadenus 5Tou GyHKINKA HA CIOBE B OKOIIEYKe U HA 00pasie
PA3JIUYHBI, TO COBNAAEHUS HET. TONBKO €CIM 3HAYEHUs OJAMHAKOBEBI, HYKHO
TIPOBEPATH COBMAAEHUE TTO OYKBAM.

YTo MBI BHIUTpBIBAEM Tpu TakoMm noaxoge? Kasamoch Obl, HUIEro —
BeIb YTOOBI BHIYUCAUTE 3HAYEHNE (DYHKIUHN HA CJIOBE B OKOILIEYKEe, BCE PaB-
HO HYKHO IIPOYECTh BCe OYKBBI 3TOI'0 CJIOBA. TaK yXK JIydllle uX cpasy Cpas-
HUTH ¢ 00pasnoM. TeM He MeHee BHIUTDHIII BO3MOXKEH, U BOT 33 CUET 9ero.
[Tpu caBure OKoOIMIeYKa CIOBO HE MEHAETCS MOMHOCTHIO, & JUIIb T00ABIACTCA
OyKBa B KOHIIE U YOUPAETCA B HaMaE. XOPOIIO OBI, ITOOBI IO 3TUM TaHHBIM
MOXHO OBITO PACCUNTATH, KaK MEHAETCA (PYHKITUA.

10.6.1. IIpusecTu mpumep yIOOHOU MJIA BEIYUACICHUA (PYHKIWA.

Pemenue. 3aMenum Bce OYKBBI B CJI0BE U 0OpA3Ile UX HOMEPAMHU, TIPEI-
CTABIAIIIUMEI COOOU Ieable Uncia. Torga yIoOHOU (DYHKIUEN ABJIACTCA
cymma 1udp. (Ilpu caBure okoImedKa HyKHO JOOABATHL HOBOE YUCIO U BbI-
YeCThb [IPOMIAaBIIee. ) O

[na Kaxaou pyHKIUW CyIECTBYIOT CIOBA, K KOTOPBIM OHA IIPUMEHH-
Ma ILIOXO0. 3aTO0 APYTas (GYHKINA B DTOM CIydae MOKeT PaBOTATh XOPOIIIO.
BosHuKaeT naes: HAJO 3aMacTH MHOTO (GYHKIUN U B HAUATE PAGOTHI alro-
puUTMa BHIOGMpATH U3 HuX caydanayio. (Torga Bpar, JKemamomui moaraiuThb
HAIIEMY AJITOPUTMY, He OyIeT 3HATBH, ¢ KAKOU UMEHHO (DyHKIWEHn emy 00-
pPOTHCA.)

10.6.2. TIpusecTu mpuUMep CEMEUCTBA YIOOHLIX (hYHKITAN.

Pemenne. BribepeM HEKOTOPOE IUCIO p (JKETATEALHO TIPOCTOE, CMOTPH
Jalee) 1 HEeKOTOPHIU BEIYET T [0 MoAy o p. Kaxnoe cioBo gaunbl n Oyxem
PACCMATPUBATH KAK MOCAEI0BATEILHOCTD LEIbIX IUCE (3aMEeHUB OYKBBL KO-
gaMu). DTU IUCIa OyaeM PACcCMATPUBATH KAK KO(MDMUIMEHTH MHOTOUIe-
Ha CTemeHu N — | ¥ BBIYUCAUM 3HAYMEHUE >TOT'O0 MHOTOWICHA, TTO MOIY.TIO P
B TOYKE x. DTO U OyAeT OIHA U3 PYHKIUN CeMEUCTBa (1A KAk IOU Tmaphl P
U T MOLy9aeTcs, TakuM 00pasoM, cBosa gyukuus). Casur oxomka Ha 1 co-
OTBETCTBYET BEIYHUTAHWIO CTAPIIEro wieHa (r"~! cregyeT BLrMmeauTh 3a-
paHee), YMHOXKEHUIO HA T 1 TOOABICHUIO CBOGOLHOIO ICHA. O

Cuenyrolee coob6pakeHre FOBOPUT B MOIB3Y TOrO, ITO COBIATEHUs HE
CIUAIITIKOM BepOATHEI. [IyCTh YuCIO p (PUKCUPOBAHO U K TOMY K€ MPOCTOE,
a X nY — 1Ba pasaumvHBIX CIOBA IIUHLL n. TOrma uM COOTBETCTBYIOT pas-
JIMYHBIE MHOTOWICHB! (MBI IPENOIAraeM, ITO KOJBL BCeX OyKB PA3IUIHBL —
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DTO BO3MOXKHO, ecau p Oouabine ducia Oyks aapasuta). CoBnageHue 3Haxde-
HUU (DYHKIIUU O3HAYAET, UTO B TOYKE I DTU IBA PABMUIHBIX MHOTOWICHA,
COBIAAAIOT, TO €CTh UX Pa3HOCTh obpamaercs B 0. PasnocTs ecTs MHOTO-
wieH crernedu n — 1 u umeer He 6Goaee n — 1 kopren. Takum o6paszoM, ecan
7 MHOT'O MEHBIIIE P, TO CIYIAUHOMY T MAJO IIAHCOB MOMACTb B HEYIATHYIO
TOYKY.

10.7. Bonee cnoxHble 06pasibl U aBTOMAThI

MEer MOxKeM UCKAThb He KOHKPETHOE CJIOBO, a IO/CJAOBA 3aJaHHOIO BHA.
Hanpumep, MOXHO mcKaTh CIOBa BUAa a?h, TIe BMECTO 7 MOXKET CTOATH
mo6an Oykea (MHBIMU CJIOBAMHU, HAC MHTEpecyeT OykBa b Ha paccToanuu 2
nocse OyKBHL a).

10.7.1. YkasaThb KOHEUHBIN aBTOMAT, MIPOBEPAIOUINN, €CTh JIU BO BXOI-
HOM CJOBe (pparMeHT Buaa a?b.

Pemenune. YuTas c1oBO, cCleayeT MOMHUTD, €CTh 1 OYKBa a Ha MOCIET-
HEM MECTe UM Ha MPEeANOCIeTHEM — MOKA HE BCTPETUM UCKOMBIA (PPATMEHT.
Astomar umeet cocrosuusa 00, 01, 10, 11, ux cMBICT TAKOB:

00 wma mpexmocieIHEM U HMOCIEIHEM MecTaxX HeT a
01 wma mpexmocieIHEeM HET, HA MOCJAETHEM €CThb
10 w©e mpexmocaegHEM €CThb, HA, MOCTEIHEM HET

11  ects m Tam, u Tam

Tabauma mepexoaoB aBTOMATA!

Texymee | Ouepenuas Hogoe
COCTOSTHUE OyKBa COCTOSTHUE
00 a 01
00 HE a 00
01 a 11
01 He a 10
10 a 01
10 b HaICHO
10 He a 1 He b 00
11 a 11
11 b HAal JeHO
11 He au He b 10 0
[pyrou craHgapTHBII 3HAK B 0Opasue — DTO 3BE30YKa (*), HA Me-

CTO KOTOPOHU MOXKET OBITH II0ACTABJICHO J000e ¢10B0. Hanpumep, oGpaser
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ab*cd osHawaeT, IYTO MBI UIIEM MOLCJIOBO ab, 3a KOTOPBIM CJIEAYET YTO
YyTOaHO, a 3aTeM (Ha JI60M paccToAHNM) UAET cd.

10.7.2. YkasaThb KOHEYHBII aBTOMAT, IPOBEPAIONINN, €CTh JA BO BXOI-
HOM CJI0Be O6pa3er ab*cd (B ONMCAHHOM TOJBKO YTO CMBICTE).

Perrenme.

Tekymee | Ouepenuas Hosoe
COCTOAHUE OykBa COCTOAHUE
HAIAJILHOE a a
HAYAJTLHOE He a HAYAJTLHOE

a b ab
a a a
a He a 1 He b | HaYaJIbHOEe
ab c abc
ab HE C ab
abc d HaJICHO
abc c abc
abc He c 1 He d ab m

Eié onus Bu I moncka — 3TO MOUCK JTI0O0T0 U3 CIOB HEKOTOPOT'O CIUCKA.

10.7.3. [dam cnucok caoB X1, ..., X u cioo Y. OnpenennTs, BXOIUT Ju
x0T 66 04HO U3 0B X; B coBo Y (kax moxcaoso). Komugecrso gencreun
HE [OMKHO TPEBOCXOIUTH KOHCTAHTHI, YMHOXKEHHON HA CYMMAPHYIO [IJIUHY
BCEX CJOB (U3 COMCKA U TOTO, B KOTOPOM ITPOUCXOAUT TTOUCK).

Pemenme. O4eBUIHBIN CIIOCOO COCTOUT B TOM, YTOOBI KaxKIO€ CIOBO
U3 CIUCKA MPOBEPATH OTACABHO (C MOMONIBI OTHOTO U3 PACCMOTPEHHBIX
arropuTMoB). O IHAKO TIPU 3TOM MBI HE YKIAIBIBAEMCA B 3aIaHHOE TUCIO
nencTBun (U3-3a yMHOXKeHUs k Ha IauHy caoBa Y).

IMocmoTpum Ha gemo ¢ apyron cTopoHbl. Kaxmomy oOpasily M3 CIMCKA
COOTBETCTBYET KOHEIHBIN aBTOMAT C HEKOTOPHIM MHOXKECTBOM COCTOSHUN.
OTHU aBTOMATH MOXHO OOBEIMHUTL B OMUH, MHOXKECTBOM COCTOAHUU KO-
TOpPOro OyIeT MPOM3BENEHUEe MHOXKECTB COCTOAHUU BCEX TEX aBTOMATOB.
DTO — O0YeHb 6oabIIoe MHOKeCTBO. O THAKO HA cAMOM [eje GOJIBIIUHCTBO
€ro BIeMEHTOB HEJOCTYHHLI (He MOIYT HOABUTHCSA MPU ITEHUM BXOTHOT'O
CJOBA) U 3a CIET DTOrO MOMYIAeTCsA dKOHOMUA. [Ipumepno Ty upewo (HO
B U3MEHEHHOM BUJE) MBI U OyIeM UCIOMb30BATh.

Bemomunm anroputm Kayra—Moppuca—IIparTa. B méMm, unTas Bxom-
HOE CJIOBO, MBI XPAHWIN HAnOOJBbIIEE HAYAJIO 0OpPA3Ia, SBJAIOIIEECS KOH-
[IOM TPOYUTAHHOU 9acTU. Tenepb HAM CISAyeT XPAHUTH IS KaXI0rO W13
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00pasIoB HabOOIbIIEE ero HAYa 0, ABIAIINCECI KOHIIOM MPOYUTAHHON Ya-
cTu. PermamIimM 0Ka3bIBaeTCsA TaKOoe 3aMevaHne: JOCTATOYHO XPAHUTE Ca-
MO€ IINHHOE M3 HUX — BCEe OCTaJIbHBIEC II0 HEMY BOCCTAHAB/INBAIOTCSI (KE‘LK
HarOOIbIINe HAYAMA 00PA3IOB, ABIAIOMINECA €0 KOHIIAMA).

Cxienm Bce 06pa3Ibl B IePEBO, OOBEAMHUB UX COBIAJAIOIINE HATATLHBIE
yuaactku. Hampumep, Habopy 06pasion

{aaa, aab, abab}

COOTBETCTBYET IEPEBO

o=

Y

a b
DopMaILHO TOBOPS, BEPIIMHAME JA€PEBa ABIAIOTCA BCe HAYAIA BCEX 00pa3-
IIOB, & CHIHOBbS BEPIIUHBI TTOTYIAIOTCA MTPUMTACHLIBAHUEM OyKBHI.

Yurasa BXOAHOE CIOBO, MBI IBATAEMCS MO 3TOMY AEPEBY: TEKYIIAsA BEpP-
MIMHA — DTO HAUOOMbIIAA (CaMasn MpaBas) U3 BEPIINH, ABIAOIINXCA KOHIIOM
IPOYUTAHHOU YacT ( = HAUOOJBUINN KOHEll MPOYUTAHHOU YACTH, SABJIAIO-
[IUICA HAYAJIOM OTHOIO U3 00Pa3IoB).

Onpenenum QyHKINO [, ApryMeHTaAMYU U 3HAYEHUAMU KOTOPOU ABIAIOT-
ca BepmHbl gepesa. Unmenno, [(P) = HanGOIbIIAs BEPIIMHA, 1€PEBA, ABIA-
romaaca kounoM P. (HamomauM, Bepummub gepesa — 5o ciosa.) Ham mo-
HAJIOOUTCA TAKOE YTBEPXK ICHUE:

10.7.4. Ilycts P — BepmmHa nepera. /[lokasaTh, YTO MHOXKECTBO BCEX
BepIIyH, AsLtomuxcsa kounaMmn P, pasuo {I(P),l(I(P)),...}

Pemrenme. CM. M0Ka3aTEIHCTBO QHAJOTUYHOTO YTBEPKICHUA I AJICO0-
putma Kuyra—Moppuca—IIparra. O

Tenepb ACHO, 9TO HYXKHO IEIATH, HAXOMACH B BepmmHe P n wmras Oy-
KBy z BXOIHOTO cioBa. Hago mpocMaTpmBaTh MOCIEIOBATETHLHO BEpIIN-
uet P, I(P), l(I(P)),. .., moKa He OGHAPYKUTCA TAKAA, U3 KOTOPOU BHIXOJIUT
cTpenka ¢ 6yksou z. Ta BepimHa, B KOTOPYIO 2T CTPEIKA, BeAéT, u Oyaer
HAIIAM CJEIYIONMM TTOJOKEHIEM.

OcTaéTca MOHATD, KaK IJIA KAXK IOU BEPIIUHEI I€PEBA BEMMUCIUTD YKA3a-
TeJab Ha 3HaYeHue (pyHKOUYU [ B DTOU BEPIIUHE. DTO AEMACTCA KAK PAHBIIE,
MIPY DTOM 3HAYEHUA | 1714 601e€ KOPOTKHAX CIOB UCHOTBb3YIOTCA TP BLEIMUCIC-
HUW OYepeqHOTO 3HAYCHUA (PYHKIWA [. DTO O3HAYAET, 9TO BEPIIMHLI A€PEBa,
CAEIyeT IPOCMATPUBATL B MOPAIKE BO3PACTAHNA WX MIUHBEL HeTpymHo mo-
HATH, YTO BCE DTO MOXKHO YJIOXKHUTH B TpeOyeMoe 4UuciIo AeUCTBUR (XOTs
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KOHCTAHTA 3aBUCAT OT 4ucia Oyks B andasure). OTHOCAIIMECT K DTOMY
TTOAPOOHOCTU CM. B TviaBe 9. ]

MOXKHO TIOMHTEPECOBATHCSA, KAKME CBOUCTBA CJAOB PACIO3HAIOTCSA C TIO-
MOIITBI0 KOHEIHBIX aBTOMATOB. OKAa3BIBAETCS, UTO CYMIECTBYET TPOCTO OIHU-
CHLIBAEMBIN KJIACC 0OPAa3IoB, 380N BCe TAKNEe CBOUCTBA — KJAACC Pery-
JIAPHBIX BBEIPAXKEHUH.

Ompenenenne. IlycTs QpuxkcupoBad KOHEYHBIN aapaBuT I, HE cogepxa-
munt cumBooB A, g, (), * u | (oHEU 6y 1yT NCIONB30BATHCA IJIA TOCTPOCHUA
PEryJIAPHBEIX BLIDAKEHUN W HE MOKHBI IEPEMEInBATELCA ¢ OykBamu). Pe-
DYJIAPHBIE BRIPAKEHUS CTPOATCA TIO TAKUM MPABUIAM:

(a) 6ykma andasura I' — peryspHoe BHIpAKEHUE;
(6) cumBoaBr A, € — peryaspHEE BEIpAKEHNST;

(B8) ecm A, B,C,...,E — perynspHbIe BLIDAKEHN, TO
(ABC'...FE) — peryiasapHoe BbIPAKEHUE;

(r) ecim A, B,C, ..., E — peryiapHble BEIPAXKEHUI, TO
(AIBIC| ... |E) — perymapHoe BEIPDAXKEHUE;

(m) ecim A — peryasapHoe BhIpakeHue, TO A* — DeryJapHOe BhIPAKEHUE.

Kaxnoe peryaspuoe BhipakeHue 3a1a6T MHOXKECTBO 0B B aidasure [’ mo
TAKUM IIpaBUIAM:

(a) GyxBe COOTBETCTBYET OTHODIEMEHTHOE MHOXKECTBO, COCTOSALIEE U3 Of-
HOOYKBEHHOT'O CJIOBA, COCTOSAIIErO U3 DTOU OYKBHI;

(6) cumBOIY € COOTBETCTBYET IyCTOE MHOKECTBO, & CUMBOTY A — OHOIe-
MEHTHOE MHOkKECTBO, €IMHCTBEHHBEIM 3JEMEHTOM KOTOPOI'O ABIACTCA
MyCTOe CIOBO;

(B) perymsapuomy Beipaxkennio (ABC'...E) COOTBETCTBYET MHOXECTBO
BCEX CJIOB, KOTOPBIE MOXKHO TIOIY9IUTh, €CIU K CJIOBY U3 A IPUNNCATD
caoBo u3 B, zarem u3 C,. .., 3arem u3 E (Konkamenayus MHOXKECTB);

(r) peryaspuomy seipaxenuto (A|B|C|...|E) coorBercTByeT 06BEAU-
HEHNE MHOXKECTB, COOTBeTCTBYIommxX peipaxennam A, B,C, ..., E;

(m) peryasprOMY BBIpaxeHuio A* COOTBETCTBYET UMEPAUUAL MHOKECTBA,
COOTBETCTBYIOIIETNO BHIPAXKEHUIO A, TO €CTh MHOXKECTBO BCEX CJIOB,
KOTOPHIE MOXHO TaK Pa3dpe3aTh Ha KYCKW, ITO KAXKALIU KYCOK MpU-
HAUIEXKUT MHOXKECTBY, COOTBeTCTBYyIomeMy Bepaxkenuio A. (B gact-
HOCTH, IIyCTOE CJIOBO BCErIa COAEPKUTCA B A*.)
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MHuoxecTBa, COOTBETCTBYIOIINE PETYIAPHBIM BHIPDAKEHUAM, HA3BIBAIOT-
cA pecyaaprbimy. BOT HECKONTBKO MpUMepOB:

Bripaxenne MHox)ecTBO
(alb)* BCe cJI0Ba u3 OyKB a u b
(aa) * CJI0Ba M3 IETHOrO 4muCaa OYKB a

(Alalblaalablbalbb) Bce croBa gmmuEL He Goaee 2 u3 OyKB a, b

10.7.5. HammcaTh peryaapHOe BBIpaxKeHUe, KOTOPOMY COOTBETCTBYET
MHOXKECTBO BCeX CJIOB U3 OYKB a U b, B KOTOPBIX YUCI0 OYKB & YE€THO.

Pemenne. Bripaxxenue b* 3a1aéT Bce cI0Ba 6€3 OYKBHI @, & BRIPAKEHUE
(bxab*ab*) — Bce cioBa POBHO ¢ AByMsa OykBamu a. Ocraércesa obbenu-
HUATH 5TU MHOXECTBA, & IOTOM IPUMEHUTH UTEPALNIO:

( (bxabxab*) |b*)*

[lpyrou BapuaHT OTBETA:
(b* ab* a)*bx* O

10.7.6. HamumcaTs perymapHoe BhIpaXKeHre, KOTOPOe 3a1aéT MHOXKECTBO
BCeX 0B n3 OYKB a, b, ¢, B KOTOPHIX CJOBO bac ABIAETCA MOICIOBOM.

Pemenne. ((a|blc)*bac (alblc)*) O

10.7.7. HamucaTs perymapHoOe BhIpaXKeHrne, KOTOPOoe 3a1aéT MHOXKECTBO
Bcex coB m3 OYKB a, b, ¢, B KOTOPHIX CJOBO bac He ABIAETCA MOACTIOBOM.

[Ykazaume. Dra 3agaua CIOKHEe MPeIBIIYIIeN; BUINMO, CAMBIN IPOCTON
COCO6 €€ PeIuTh — MePENTH K KOHETHBIM ABTOMATAM U BEPHY ThCA 00PaT-
HO (cMm. Hmxe 3amady 10.7.14).] O

Teneps 3agady o moucke oOpasia B CIOBE MOXKHO TepedOopMyInpoBaTh
TakK: TPOBEPUTH, IPUHAITEKUAT JTU CIOBO MHOXKECTBY, COOTBETCTBYIOIIEMY
JAHHOMY PeryJIIPHOMY BBEIDAXKEHUIO.

10.7.8. Kakwe BeIpaykeHUs COOTBETCTBYIOT oOpasiaM a?b u ab*cd, pac-
cMoTpenHbiM panee? (B obpasue cuMBOI * UCIIOIB3YETCA HE B TOM CMBICIE,
4TO B pery/sapHbx Beipaxenusx!) IIpenmosaraercs, 4To amdasur coxep-
XKuUT OYKBHI &,b, c,d, e.

Pemrenne.

((alblcldle)*a(alblcldle)b (alblcldle)*)
((alblcldle)*ab (alblcldle)*xcd (alblcld|e)*) O
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10.7.9. [lokasaThb, ITO A BCAKOTO PETYIIPHOTO BBIPAXKEHUSI MOXKHO
MOCTPOUTH KOHEUHBIN ABTOMAT, KOTOPHIA PACMIO3HAET COOTBETCTBYIOIICE
DTOMY BBIPAXKEHUIO MHOYKECTBO CJIOB.

Pemenme. Ham moTpebyeTcs HOBOe TOHATHE — IOHATHE UCTOUHU-
Ka, WIT HeJemepMURUPOBAKH020 KOHEUR020 asmomama. IIlpexcraBum ce-
6€ OPMEHTUPOBAHHBLIN I'pad — KAPTUHKY U3 HECKOJIBKUX TOYEK (BEPIIVH)
U HEKOTOPBIX CTPEJIOK, CoeauHaomux >Tu Touku (pédep). [lycts Ha neko-
TOPBIX pé6pax HamucaHbl OYKBBHI (He 00A3aTEIBHO Ha BCex). IlycTh Takxke
cpenu BeplInH BBIOpaHBI aBe — HadanbHad H u xomewynas K. Taxas xap-
TUHKA HA3BIBACTCA UCTNOUYHUKOM.

Bynem mBurartbcs pasmmaabivMu criocobamu u3 H B K, untas 6yksbr Mo
gpopore (Ha Tex cTpeakax, rae ouu ecth). Kaxgomy nmytu us H B K, rakum
00pa3oM, COOTBETCTBYET HEKOTOPOE CJIOBO. A HCTOYHUKY B IEJOM COOTBET-
CTBYEeT MHOXECTBO CJIOB — TeX CJIOB, KOTOPBIE MOXHO MPOYECTh HA Iy TAX
u3 H B K.

3ameuanue. Eciu HAPUCOBATH COCTOSHUS KOHEYHOO aBTOMATA B BU-
o€ TOYEK, a MePEeXOAbl NPU YTEeHUU OyKB M300Pa3UTh B BUIE CTPEJIOK, TO
CTAHET fACHO, YTO KOHEYHLIM aBTOMAT — DTO YaCTHLIU CIydal UCTOIHUKA.
(C momomHWTENLHEIMM TPeGOBAHUAME: () HA BCEX CTPENKAX, 33 NCKIIOUe-
uuem Beaymmx B K, ects Oykser; (6) I TO60U TOYKYM HA BBIXONAIIAX 13
Heé CTpenkax Kaxaaa OyKBa BCTPEYAeTCA POBHO OJUH pa3.)

Mer GygeM CTPOUTH KOHEYHBIA aBTOMAT 0 PEryJAPHOMY BBIPAKEHUIO
B nBa mpuéma. CHadgama MBI TOCTPOUM UCTOYHUK, KOTOPOMY COOTBETCTBY-
€T TO JKe caMoe MHOXECTBO CJIOB. 3aTeM s IPOU3BOJHLHOIO MCTOUYHUKA
MOCTPOUM ABTOMAT, KOTOPBIA MPOBEPSET, MPUHAIIEKUT JU CIOBO COOT-
BETCTBYIOIIEMY MHOXKECTBY.

10.7.10. Tlo peryniapHOMY BBEIPAKEHUIO TTOCTPOUTH UCTOYUYHUK, 334TAF0-
AU TO K€ MHOXKECTBO.

Pemenme. naykiumsa 1Mo mOCTPOEHUIO PEryJAPHOrO BhIpaxKeHus. By-
KBaM COOTBETCTBYIOT Trpadbl U3 OgHOU cTpeiku. OOhequHeHre Peatn3y-
eTcs Tak:

e i ISEN

—NHQ K20—

™ H, K; ¢
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HapucoBana kapTuHKa A1 O0BEIMHEHUA TPEX MHOXKECTB, MPAMOYTOTbLHU-

KU — 3TO MUCTOYHUKN, UM COOTBETCTBYIOIINE; YKA3aHBI HadaJbHbIE U KO-

Heunsle BepmuHbl. Ha HOBBIX cTpeakax (ux 6) OyKB He HAIUCAHO.
Konkarenamuum cooTBeTCTByeT Kap TUHKA

HO——NHl K1 >vH2 K2 >-H3 K30——NK

HaKOHeI_[, uTepanunm COOTBETCTBYET KAaPTUHKA

H K

AN

O

10.7.11. Jan ucrousuk. I[oCTPOUTHL KOHEYHBIN ABTOMAT, IIPOBEPSIO-
AT, TPUHALIEKAT JU BXOJIHOE CIOBO COOTBETCTBYIOIIEMY MHOXKECTBY (TO
€CTb MOXKHO JII MPOYECTh 5TO ¢Ja0BO, uaa u3 H B K).

Peurenme. Cocrosuusamu aBromMara OyIyT MHOXKECTBA BEPIIUH UCTOYU-
Huka. IMeHHO, TpOoUTsa HEKOTOpOe Hadamo X BXOMHOTO CJIOBA, MBI Oyxem
MIOMHUTH MHOXKECTBO BCEX BEPIIUH UCTOYHUKA, B KOTOPBIE MOXKHO MPOUTHU
13 HAYAILHON, IPOYUTAB HA IIyTH CIOBO X . O

Tem cambiv 3axaga 10.7.9 pemena. (]

Oka3bIBaeTCs, ITO PEryJaapHbIE BHIPAXKEHUsA, ABTOMATHI U UCTOIHUKU
PACIO3HAIOT ONHU U TE K€ MHOXKECTBa. ITOOBI yOEMUTHCA B DTOM, HAM
OCTaNOCh PENNTh TAKYI0 331aTy:

10.7.12. [Tam unctounuk. [locTpouTh perymapHoe BBIpAXKEHUE, 3aTa0-
Iee TO K€ MHOXKECTBO, ITO U 3TOT UCTOYHUK.

Pemrenme. IlycTs uctounuk uveer BepmuHs 1, ..., k. Bygem cuamrars,
4T0 1 — »T0 Havamo, a k — xoren. Yepes D; ; s 0603HAMIIM MHOXKECTBO BCEX
CJIOB, KOTOPBIE MOXKHO IPOYECTh HA [IYTHU U3 ¢ B J, €CJAU B KA4eCTBE IPOMe-
JKYTOYHBIX IIyHKTOB Pa3PelaeTcs UCIOIb30BATEH TOJBKO BEPIINHEL 1, . . ., S.
CormacHo ompefgeneHnio, NICTOYHUKY COOTBETCTBYET MHOXKECTBO D j k.

WNH nykimen mo s 6y 1eM I0Ka3bIBATEH PEryIAPHOCTE BCEX MHOXKECTB D; j
upu Beex ¢ u j. [Ipu s =0 570 09eBUAHO (IPOMEKYTOUHBIE BEPIIUHBL 3a-
[PEIIEHEL, TI0O3TOMY KaXJO€ U3 MHOXKECTB COCTOUT TOJBKO U3 OYKB).
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N3 =ero cocrout mMHOXKECTBO Djjor1?7 OTMETHM HA IIyTH MOMEHTHI,
B KOTOPBIX OH 3aX0auT B (s + 1)-yio Bepmmny. [Ipu 5TOM myTh pa3tuBaeTca
Ha 9acTH, KAXIasd U3 KOTOPBIX yxke He 3axoauT B Heé. [losToMmy Jerxo
co00pa3uTh, 9TO

Di,]'7s+1 = Di,J%s | (Di,s+17s Ds+17s+178* Ds+17j78)

(BOIBHOCTD 3aIUCK: MBI UCIONB3YEM /I OEPALUY HAJ MHOXKECTBAMEI 000~
3HAYEHUSA KAK A1 PEryJapHbIX Beipaxenuit). OcraéTcsa BOCIOIB30BATHCA
IPEeIONOXKeHueM WHIYKIINA. (]

10.7.13. Tme emé MCHOIB3YETCA TO Ke CAMOE PACCYXKIeHUe?

Otser. B amropurme Djonga BLIYUCICHUA HEHLI KPATIAUIIETO IIyTH,
cM. raBy 9 (Pasubie anropurMer Ha rpadax). O

10.7.14. Ioxa3aTh, UTO KJIaCC MHOXKECTB, 33TaBAEMBIX PEryIAPHBIMUI
BBIDAKEHUAMU, He U3MEHUICA OBI, eCU ObI MBI Pa3PeNInIn NCIOTH30BATH He
TOMBKO 0OBEJUHEHNE, HO 1 OTPULAHKE (& CIeJOBATEIBHO, U IEPECeTeHne —
OHO BBIPAXKAETCSA Yepe3 OObeJUHEHNE U OTPULIAHE).

Pemrenne. /[ aBTOMATOB TEPEX0] K OTPUIIAHUIO OYUEBU IEH. O

3amevanue. Ha mpakTuke BaXKHYIO POJIb UT'PAET IUCJIO COCTOAHUU ABTO-
vara. OKa3bIBAETCSA, ITO TYT BCE HE TaK MPOCTO, U TMEPEXOT OT UCTOTHUKA,
K aBTOMATY TPeOyeT SKCIOHEHIIMATILHOTO POCTA IUCIa, cocToauuu. [loapoo-
HO€ PAaCCMOTPEHMeE CBA3AHHBIX C 3TUM TEOPETUIECKUX U MPAKTUIECKUX BO-
IpOCcOB — aejo ocodoe (M. kuury Axo, Yapmana u CeTu 0 KOMOUIATOPAX).

10.8. CyddukcHble nepebs

[lo cux PO HAIK TPOrPpAMMBI CHAYAA TTOTYIaIu 00pa3ell, KOTOPLIU Ha-
IO MCKATh, & TOTOM TEKCT, B KOTOPOM HA IO UCKATh. B creayiommx 3amadax
BCE HAOOOPOT.

10.8.1. IIporpamma momydaeT Ha BXOJ CAOBO Y MJIUHBI M U MOXKET €ro
o6pabaTnBaTh (MOKa (€3 OrpaHUYEHUN HA BPEMA U MaMATH). 3aTeM OHA
TIOTYIaeT CI0BO X MIIWHBI N U MOMTKHA COOOIIUTD, ABIICTCA JU OHO TIOICTO-
BoM ciosa Y. Ilpu sToM 4dmeso omeparuu mpu 00paboTKe cIoBa X TOIKHO
OLITH NOPAAKA N (HE MPEBOCXOAUTH CN, Te KOHCTAHTA ¢ MOXKET 3aBUCETH
ot pasmepa andasura). Kak Hanucars Takyo nporpammy?

Pemenwme. [Toka He HAKTAIBIBACTCA HUKAKUX OTPAHUYCHUU HA BPEMs
7 maMATh npu obpaboTke Y, 5T0 He mpencrasiageT Tpyga. VMeHHo, HATO
CKJIEUTH BCE MOJCJAOBA CJIOBA Y B I€PEBO, OOBEIUHUB CIOBA C OOIIIME HAMa-
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JaMu (KaK MBI DTO IETATH, PACTIO3HABAA BXOK ICHUA HECKOILKIX 0OPa3IIOB).
Hanpumep, nia Y = ababe monyuurcsa Takoe gepeBo monacaos (Ha pedpe Ha-
nucana OyKBa, KOTOpas T00aBIAETCsA MPU ABUKEHUU 10 DTOMY peOpy; Bep-
[IMHBI HAXOASATCS BO B3aUMHO OTHO3HAYHOM COOTBETCTBUU C IIONCIAOBAMU
caosa Y):

[Iycts Taxoe mepeBo moctpoeno. Ilocae sToro, unras croBo X creBa Ha-
TIpaBO, MBI IPOCACKUBAaeM X B IepeBe, HAUaB ¢ KOPHA; CTOBO X OymeT mOo-
CJIOBOM CJIOBA Y, €CJIM IIPU DTOM MBI HE BLIAAEM 34 IPEeIeIbl JepPeBa. O

3aMeTuM, 9TO AHAJOTUIHAS KOHCTPYKIUA POMUTCSA I JEOOOTO MHOXKEe-
crBa caoB U, a He TOIBKO A/ MHOXKECTBA BCEX MOACIOB JAHHOI'O CJIOBA: I10-
cJle TOro KaK COOTBETCTBYIOLIEE TEePEBO IMOCTPOEHO, MBI MOXKEM IIPO JI000e
c10B0 X OMpenenuTh ero NPpUHAAICKHOCTE K U 3a BpeMs, TPOMOPIINOHAb-
woe mavue X . (Hamo TOMBKO NOMOMHUTENBHO XPAHUTL B BEPIIUHE NEPEBa
UH(OPMAINIO, TPUHALICKUT JU COOTBETCTBYIOIIEE €l CIOBO MHOKECTBY [
W JIUIIb ABIAETCA HAYAAOM IPYTOro CIOBa, HpuHamiexamero U.)

10.8.2. PemmuTh mpeabIayInyo 3a1a4y ¢ IOIOJHATEILHBIM OrDAHNTCHN-
eM: 00BEM UCIOMB3YEeMOU MAMATH MPOMOPIMOHAIEH IJIAHE CJIOBa Y .

Pemenue. TIpexuun cnocob He TOAUTCA: GUCIO BEPIIUH IePeBa PABHO
YUCAY TMOJCTOB CAOBA Y, & y CIOBA AJAWHBI 1M UCIO MOICIOB MOXKET OBITH
nopaaka m?, a He m. OIHAKO MBI MOXKeM (CKATh» HaIlle JEePEBO, OCTABUB
BEpIIMHAMY JWIIb TOYKA BeTBJACHUA (TIe Gombine oqHOro chiHa). Toraa Ha
pébpax mepeBa HAIO HANKCATDL yKe He OYKBBI, a KyCKH CJIOBa Y .

BoT 4T0 momyduTcs npu cxaTUu HAIIENO IPUMEPA:

¢
b abc

ab
abc

Bymem cuurars (3mech u gamee), 9TO MOCISIHAL OyKBa CIOBa Y GOIBINE
B HEM He BCTpedaeTca. (DTOro BCerga MOXKHO NOCTUYbL, NOMUCAB JOMON-
HUTEILHBIN (PUKTUBHBIA CUMBOJ.) TOrIa JIUCThA CXKATONO AepeBa COOTBET-
CTBYIOT KOHIAM CJOBA Y, a BHYTPEHHUE BEPUIMHBL (TOYKMA BETBJICHUA) —
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TaKUM TOJACIOBAM S CIOBA Y, KOTOPBIE BCTPEYIAIOTCA B Y HECKOTBKO pa3,
U TIPUTOM C PAa3HBIMU OYKBaMU TOCTE S.

Y kaxgoul BHYTPEHHEH BEPLIMHBI (He JIUCTA) CKATOrO AePeBa €CTb He
MeHee IBYX CHIHOBEU. B 1epeBbaX ¢ TAKUMU CBOMCTBAMU UUCIO BHYTPEHHUX
BEPIIKH He IPEBOCXOAUT I1CIa JucTheB. (B camom gene, npu guxenun cie-
Ba HATIPABO B KAXKOU TOYKE BETBICHUA TOOABIACTCA HOBHIM MY Th K JUCTY. )
[TockonbKy JUCTHEB M, BCErO BEPIINH He 6otee 21, M MBI YIOKUMCSA B JH-
HEUHYIO II0 1 aMATh, eCIn Oy1eM SKOHOMHO XPaHUTh IOMETKH Ha PEOpax.
Kaxpgas Takas momeTka sSIBAAETCA MOACJIOBOM CJIOBA Y, M MOTOMY HOCTa-
TOYHO yKA3BIBATH KOOPAUHATY €& HAYAIa U KOHIA B Y. JTO HE MOMENIAeT
BIOCIEICTBUU IPOCIEKNBATE IPOU3BOILHOE CIOBO X B DTOM IepeBe OYKBa
3a OYKBOU, IPOCTO B HEKOTOPHIE MOMEHTHI MBI Oy I6M HAXOTUTHCA BHYTPHU
pébep (M TOMKHBI TOMHATH, BHYTPA KAKOTO pedpa U B KAKOU MO3ULIAYA MBI
HaxonuMmcs). [Ipu mosBaeHvu HOBOU OyKBHI CoBa X €€ HYXKHO CPABHUTH
C COOTBETCTBYIOMEN GYKBOU IIOMETKHU 3TOr0 pedpa (IT0 MOKHO CIeIaTh 3a
O(1) memcTBuu, Tak KaK KOOPIUHATY 3TOU OYKBBI MbI 3HAEM. ) O

ITocTpOCHHOE HAME CKATOE NEPEBO HABLIBAIOT CHCAMbLM CYPPUKCHbIM
depesom cnoBa Y (KOHIBI CJIOBa HABBIBAIOT «Cy(duKcaMumy ).

10.8.3. Ilokazarb, YTO mOCTpOEHHE CKATOrO CypPUKCHOTO [TepeBa
MOKHO BBIIOTHUTH 3a Bpema O(m?) ¢ ucnombsoaruem O(m) mamaTi.

Pemenne. Bynem no6asaaTs B cydppukcHOe 1epeBo cydhPUKCH IO OIepe-
au. Tobasrenue odepequoro cydppukca TegaeTcsa Tak kKe, KaK U IPOBEPKa
MPUHAIEKHOCTU: MBI YUTAEM €0 OyKBa 3a GYKBOU U MPOKJIAILIBAEM MIYTh
B nepese. B HEKOTOPBIM MOMEHT N00aBIACMBIN Cy(h(MUKC BEIALET 34 TPe-
Ierbl 1epeBa (HATIOMHUM, YTO MBI CIATAEM, ITO MOCACIHUN CUMBOM CJIOBA
YHUKAJIEH).

Ecmu sTo npomsongér nocepeaune pebpa, TO pebpo MpUAETCA B 3TOM
MecTe paspesarb. Pebpo npeBparuTcs B [Ba, €r0 IOMETKA Pa3PEekKeTCs Ha
IBe, MOABATCA HOBAA BEPIINHA, (TOYKA BETBICHWUA) U €€ HOBBIU CHIH-TUCT.
Ecmu Touka BeTBICHUA COBMAIET C yXKE UMEBIICUCA B AEPEBE, TO y HeE
TMOABUTCA HOBBIU CHIH-IUCT. B MH060M CIydae TOCTe OOHAPYIKEHUA MECTa,
BerBaenus Tpedyerca O(1) onepanuin 1jus nepecTpouku gepesa (B 9acTHO-
CTH, pa3pe3aHue MOMETKN HA [BE BBIMIOJHAETCS JErKO, TAK KAaK IMOMETKU
XPAHATCA B BUIE KOOPIVHAT HAYATA ¥ KOHIIA B CIOBE V). O

Topazmo Gomee CIOKHOU 3agaden ABIACTCA MOCTPOEHUE CEKATOTO Cyd-
(PUKCHOrO nepeBa 3a JIUHEHHOE BpeMs (BMECTO KBAIPATUIHOIO, KAK B IIpe-
aBLayImen sagade). Urobsr usnoxuTh aaroputm MakKpenra, koTopsi pe-
[IaeT STy 3aJa49y, HaM MOHATOOATCSI HEKOTOPLIE IPUTOTOBICHUA.

[na magana onumreMm 6o0/1ee TOAPOOHO CTPYKTYPY depPeBa, KOTOPOE MBI
UCIONB3YEM, U ONePAIMY C HUM.
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M= paccmaTpuBaeM IEePEBbA C KOPHEM, Ha pEOpPaX KOTOPHIX HATUCAHBI
cJ0Ba (MMOMETKM); BCE MOMETKU ABIAITCA MO ICIOBAMYI HEKOTOPOI'O 3apaHee
duxcupoBannoro ciosa Y . [Ipu 5TOM BBINOIHEHBI TAKUE CBOUCTBA:

e KaX[Iasg BHYTPEHHAA BEPIINHA UMEET XOTA Obl IBYX CHLIHOBEHW;

e MMOMETKM HA PEOpAax, BLIXOIAMINX U3 TAHHOU BEPIIMHBLI, HAYUHAKOTCA
Ha pas3Hble OYKBHI.

Kazx 1ou Bepmmee v TAKOTO IepeBa COOTBETCTBYET CJIOBO, KOTOPOE 3a-
MICAHO HA My TH OT KOPHA I K BepimHe v. Byxem 0603Ha4aTh 3T0 CI0BO S(v).
0603HaIM TOMETKY Ha pebpe, BeaymeMm K v, depes [(v), a oTma Bepm-
uer v — uepes f(v). Torga s(r) = A (mycroe caoso), a

s(v) = s(f(v)) +1(v)

[JIS TIOOOU BEPIIMHEL ¥ # 1 (3HAK «+» 0003HAMAET COCIUHEHUE CTPOK).
IToMuMO BepIIIH AepeBa, MBI Oy IeM PACCMATPUBATEL MO3UYUY B HEM, KO-

TOpBIE MOTYT OBLITH PACTIOJNOXKEHBI B BEPITMHAX, & TAKXKE (BHYTPU pEGep»

(pasmemnss momeTKy »TOro pebpa Ha aBe dactu). POPMAIBLHO TOBOPA, HO-

3unusa npeicrasiger cobou napy (v, k), rge v — BepumHa (OTIMYHAS OT
KopHs), a k — memoe uauciao B npomexytke [0,]l(v)|), ykasbiBawoomee, Ha
CKOJIBKO GYKB HATO BEPHYTHCS OT U K KOpHIO. 37xech |l(v)| — mmmHa mo-

metku [(v); 3Havenne k = [(v) cOOTBETCTBOBATO GbI MPEIBIAYIIEN BEPIINHE
7 TOTOMY He nomyckaeTcsa. K «9meny mosunui Mbl TOGABASEM TAKKe Ia-
py (r,0), coorBercTByMOly0 KOpHIO AepeBa. Kaxgon nosuuuu p = (v, k)
COOTBETCTBYET CJIOBO S(P), KOTOPOE MOLYYAeTCA yAAICHUEM k MOCIeqHUuX
cUMBO/IOB 13 5(v).

[IycTe p — TpOM3BONLHAA TO3WIUA B AEpeBe, a w — Ca0BO. llpouTtn
BIOJBb W, HAYUHAA C P, O3HAYAET HAUTY APYTYIO MO3UIMIO ¢, IJIA KOTOPOU
s(q) = s(p) + w. Ecim rakas nosunmsa ects, TO (IpU OMUCAHHOM CIOCOOE
XPaHEHUA MOMETOK, KOTIA YKA3LIBAIOTCA KOOPIUHATEI UX HAYAIA W KOHILA
BHYTpU Y) €€ MOXHO HAUTHU 34 BPEM, IPOMOPINOHAILHOE JJIWHE CIOBA W -
Ecnu Takon mosuium HET, TO B KAKOU-TO MOMEHT MBI «CBEpHEM C IIyTH»;
B DTOT MOMEHT MOYXKHO MOTOJHUTH JE€PEBO, CAETAB OTCYTCTBYIOIIYIO B 1e-
peBe YacThb CJIOBA W MOMETKOW HA IIyTH K HOBOMY JuCTy. Hamo Tombko,
9YTOOBI 3Ta IOMETKA OBLIA MOACAOBOM CJI0BA Y (Ipu HAIEM CIOCO6e XpaHe-
HUS OMETOK); 5TO OyIeT IrapaHTUPOBAHO, ECIN IPOCIEKUBACMOE CJIOBO W
SABAAETCS TONCIOBOM CJIOBA Y.

3aMeTuM, UTO MpU STOM MOXKET 06pa30BATHCA HOBAA BEPIIMHA, (€Cau
Pa3BWIKA OKA3aIACh BHYTPU PeOpa), a MOXKET 1 He 06pa30BaThCA (ecau pas-
BUJIKA OKA3aJach B BepumHe). Iucio IedcTBUN mpyu TAKOW MOAu(UKAIAN
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MPOMOPIUOHAIBHO IMHE TPOUIEHHON YaCTU CIOBA ([IJIUHA HEMpOUIeHHON
He BayKHA).

OKAa3BIBAETCA, ITO HABUTAIAIO B TEPEBE MOXKHO YCKOPUTD, €CIN 3aPaHee
M3BECTHO, 9TO OHA OyA€T yCIENITHOW.

10.8.4. IlycThs mia mMagHOW MOBUIMHU P U CJIOBA W 3apaHee U3BECTHO,
YTO B IEpeBe ecTb nosunua ¢, naa kotopou s(q) = s(p) + w. Iokaszars,
YUTO MO3UIINI ¢ MOXKHO HAUTHU 33 BPEMs, TPOMOPIUOHATLHOE YUCTy PEGEp
IepeBa Ha MyTU OT P K ¢. (DTO YUCIO0 MOKET OBITH 3HAYUTEIHHO MEHBINE
[JIMHBL CJIOBA W, €CJIM IIOMETKU HA PEOpPaxX IJIMHHEIE. )

Pemrenne. B camowm nene, mpu HABUTAIMY HYKHO OPUEHTUPOBATHCS JIUIIH
B BepmuHax (BHIOUPATH MCXOAsANIEe PeOPO B 3aBUCUMOCTH OT OYEPEIHOU
6yKBBI); B OCTAJBHBIX MeCTaX IyThb ogﬁoaﬁanmmﬁ " MMOTOMY MOXHO CIBU-
raThbCsa cpa3y K KOHITY pebpa. ]

IMoxreném urorn. PaccMOTpEHHBIN CTOCOO XPAHEHUS IEPEBLER MO3BOI-
er (a1 GUKCMPOBAHHOIO CI0BA Y')

e co3uaTh nepero m3 ogHoro xopusa [O(1)];
e HanT; oTua M060u BepuHL (kpome KopHs) [O(1)];

® y3HATH [OMETKY JI000U BEPIIMHBL (KPOMe KODH:), TO €CTh MOMETKY
Beaymero x Hen pe6pa [O(1)];

e IPOUTK U3 JIOOOU MOBUIMK P BAOJIL JIOOOCO CIOBA W, €CAU 3apaHee
M3BECTHO, ITO MBI HE BLIMEM U3 I€PEBA; PE3yTbTATOM ABIACTCA MO3W-
1w ¢ B Aepese, 1 KoTopon s(q)=s(p)+w [O(ancro pébep Ha myTn)];

e 106aBUTH CIOBO W (HEKOTOPOE MOACIOBO CIOBA, Y ), HAYAB C MO3UIINA P;
eCu TP DTOM B IEpeBe HeT MO3WINM ¢, Iaa KoTopou s(q) = s(p) +
+ w, TO DEepeBO MEHAETCA U TaKasd Mo3unusa ¢ cosdnaéres (oHa Oymer
mucroMm) [O(uucao O6yke B w, He Bomeamux B 1(q)];

e HAKOHEI, A JI060r0 CI0Ba X MOXKHO BBIACHUTH, HAUAETCA JX B J€-
peee nosuuus ¢, 11 koropon s(q) = X [O(|X])].

B xBagpaTHBIX CKOOKAX YKA3AHO YUCIO NEUCTBUN TPYU BHIMOJHEHUU CO-
OTBETCTBYIOIIMX OIEPAIH.

Emé mer OygeM XpaHUTb B BEPIIMHAX AepeBa «CyDOUKCHBIE CCHLIKI»
(B kax gou BepruuHe OygeT He GoJee OJHOU CCBLLIKU HA APYTYIO BEPLIMHY ),
HO CHAYATA HALO OOBACHUTD, ITO 3TO TAKOE.

Hauuém ¢ moamoro (He cxkaToro) cyd@UKCHOTO mepeBa IJad CIOBa, Y .
Kaxnon ero Bepumse (KpoMe KOPHf) OTBEYAET HEKOTOPOE HEIyCTOe MOJI-
ca0BO caoBa Y. Ecaum MBI OTpexkeM y »TOro MOACAOBA MOCIEIHIO OYKBY,
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TO B IepeBe COYyCTUMCA Ha OWH IIar K KopHioo. Ho uTo 6yaer, ecaum MbI
orpexeM mepByio OykBy? CHOBa MOMYyYIUTCS MOACTOBO, HO OHO yXKe OyaeT
COBCEM B APYT'OM MECTE IEPEBA.

BoT kax BEINVIALAT 5TU HEPEXOBl B HAIEM npuMepe (OTpe3aHue IepBon
OYKBBI COOTBETCTBYET IIYHKTUPHOU CTPEIKE):

OTHU CTPEJKU MBI OYIeM HA3BIBATH CYPPUKCHBIMU CCLIAKAMU, TTOCKOTb-
Ky OHU COOTBETCTBYIOT MEPEXONy OT CIOBA K €ro Cy(pOUKCy Ha eINHUILY
Menbmen qmHbl. OHM OIpeneaeHsl 118 BCEX BEPIIUH, KPOMe KOPHI.

DopMaTBEHO MOXKHO CKa3aThb Tak. IlycTh w’ O3HAYaeT CI0BO w 6e3 mep-
BOU OyKBEI (W' OmpEmeNeHo Is M0GOr0 HemycToro caoa w). Toraa cyd-
(PUKCHAA CCBLIKA BEIET U3 BEPIIMHLI p B BepmmHy ¢, ecan s(q) = s(p)’ (ma-
MOMHIM, 9TO $(U) — CIOBO, COOTBETCTBYIOLICE BEPIIAHE U).

10.8.5. Kax cBsa3anbl Cy(hPpUKCHBIE CCBUIKY IBYX COCEIHUX BEPUIMH (OT-
1A U CHIHA)?

OrBer. OHE yKA3LIBAIOT HA COCEIHUE BEPIIUHBI, U OyKBA HA COEIUHAIO-
meM ux pebpe Ta ke caMas. O

10.8.6. [loxaszaTh, ITO mpU TMEpPeXoIe K CKATOMY Cy(DOUKCHOMY TepeBy
CCBLIKHU TO-TIPEKHEMY UIYT W3 BEPIIMHBI B BEPIINHY (& HE BHYTPhL PEGED).

Pemenue. B camom mese, mo HAIEMy MOPEANOIOKEHUIO MOCTCTHAT Oy-
KB CJOBA OOJBINE B HEM HE BCTPEYIACTCA, MO3TOMY U3 JUCTA CCHLIKA BEIET
B JuCT. A ecau BepumHa (OTIUYHAA OT KOPHA) ABIACTCA TOYKOU BETBIE-
HUsA, TO COOTBETCTBYIOIIEE €U CIOBO § BCTPEUACTCA C PABIUIHBIMU OyKBAMUI
nocae Hero. [IpyruMu cioBamu, s HEKOTOPBIX OVKB a 1 b caoBa sa u sb
ABJIAIOTCA TOACTIOBaME ¢I0Ba Y. OTpe3aB OT HUX MEPBYIO OYKBY, MOJYUUM
cnoBa s'a m s'b, KOTOpEIE TakXKe ABIAIOTCA MOACIOBAMU CIOBA, Y, TOITOMY
u s’ ABIACTCA TOIKOW BETBICHU. O

Bot uro mosyuuTcs mas Hamero mpuMepa:
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Temepb MBI yiKe TOTOBHI K uaaokenuto anropurma MakKpenrta. Cxa-
Toe cyhPUKCHOE TepeBO CTPOUM MOCTeNeHHO, T00aBIAA K HeMY Cy(hHUKCH
o Mepe yMeHblneHus nx mpiuabl. O6o3HaduM depes Y; cyddukc, HauMHA-
fommucsa ¢ i-on Oyksel cioBa Y. (Takum o6pasom, Y1 =Y, a Y, cocrour
u3 oxHou OykBHL.) [Tocse i maros mocTpoeHus Haie nepeso Oy IeT XPAHUTh
Yi,.... Y.

10.8.7. Ilokaszarb, 9TO Cy(P(PUKCHBIE CCHLIKNA B TAKOM IEPEBE OMpenese-
HBI KOPPEKTHO (BEAyT B APYTYIO BEPIIMHY TOT'O K€ AEPeBa) M1 BCEX Bep-
[IAH, KPOME, BO3MOXKHO, MOCAEIHErO TOOABIEHHOTO JUCTa (COOTBETCTBYO-
IEro CIOBY Y;) U €ro OTIA.

Pemremme. B camom gmerme, cydduxcHas CCBITKa W3 JIUCTa Y, BEIET
B .CT Yj41, ¥ HOTOMY €M €CTh KyJAa BeCTH. PaccMOTpUM Tenepb BHY TpeH-
HIOKO BEPIIUHY ¥, HE ABIAIOIILYIOCSA OTIOM MOCJIeIHero aucta. [lycTs B HEen
Pa3BETBIAIOTCA 1BA IIyTU B JUCThA Y; 1 Yj. Bes orparm4enna o6mHOCTI
MOYKHO CIUTATh, 9TO j, k < i (ecou OMUH U3 myTer BeAET B Y;, TO €r0 MOKHO
3aMEHUTH APYTCUM, Belb BEPIINHA U TO MPEANOIOKEHUIO HE TTOCTSTHIA Pas-
BUIKA HA 5TOM myTH). OTpE3aB OT TUX MyTel MePBLIA CUMBOJ, ITOLYIAM
IyTH B JACTBS Yj41 U Yji1; 9T IyTH NPUCYTCTBYIOT B AepeBe (IIOCKOIb-
Ky j+ 1 u k4 1 me npeBocxomar i), a TOYKa UX PA3BWIKU OyAeT KOHIIOM
CcypPUKCHON CCBLIKY BEPLIMHEL 1. O

CyddukcHbie CCBLUIKU s JUCTHEB HAM He MOHATOOATCA, U BBIUUCIATH
MBI UX He OyaeM, a [ BCeX OCTAJBHBLIX BEPIINH JepeBa MBI UX OyIeM BbI-
YUCIATH U XPAHUTL. Bomee TOYHO, MOCTe ¢ MIAroOB aJaropuTMa,

e B JepeBe XPaHATCA CIoBa Y7, ...Y; (1 Bce ux Hadama);

e aIpec JUCTa, COOTBETCTBYIOMIETO MOCIETHEMY TOOABICHHOMY Cy(d-
¢dukcy (Y;) xpauurcs B nepemenHon last;

e /1A BCeX BHYTPEHHUX BEPIINH JepeBa, KpoMme, OBITh MOXKeT, OTIIA Bep-
IUHEL [aS5t, XPAHUTCA TPABUILHAA CYy(DPUKCHAA CCHLTKA.

Hamo mouaTh, Kak TOAIEPXKUBATHL 3TO NMpU TOOABICHUU OUEPETHOTO
cyddukca. MoxHO, He MyAPCTBYS JIyKaBo, T0OABIATL Y;yi OyKBa 3a Oy-
KBOU, Ha4uHAasA ¢ KOpHA nepesa. (IMeHHO Tak MBI paHbIe U IETATHA, U DTO
TPe6OBAIO KBAAPATUIHOIO BPEMEHH. )

Kakue TyT BO3MOxHBI onTuMusanuu! [lepBas cBs3ana ¢ TeM, 9TO MBI
MOXKeM IBUTATBHCA MO AePeBy OBICTpee, eClIn 3HAEM, UTO 3aBEIOMO 13 Hero
He BRIIAEM. BTopas CBA3aHA C UCTOIL30BAHUEM CY(DPUKCHBIX CCHLTOK.

O6a BapuwanTa MOPEANONATAIOT, YTO OTEIN U JUCTA [ast He COBmATAET
¢ xopueMm. (Ecau coBmagaer, mam npumérca no0aBaATbh Y;iq OT KODHI.)
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Mycts tail — nmomerka mucta last, a head = s(u); IpyruMu CIOBAMU, CJIOBO
head cooTBeTcTBYeT BEpmuHE Uu. Torga

Y; = head + tail.
OTpesas nepeyto OyKBY, ITOLYyIaeM
Yii1 = head’ + tail.

3ameTuM, 9T0 head’ 3aBefOMO He BRIXOAUT 33 MOpeeasl AepeBa. B ca-
MOM [Jeqe, U OBLIO TOYKOU BETBIEHUA, IO3TOMY IOMUMO JHCTa Y; depes
TOUKy 1 npoxoamt u aucT Y; ¢ j < i. Torga Y; saunsaerca Ha head, a Yy
HadnHaeTca Ha head’ u yxe ecTh B gepese.

[MosTOMY MBI MOXKEM CHAYANA TIPOCICAUTD head’ (HAUTYU TO3UIWIO v, I
koTopon s(v) = head’), a moTom yxke 106aBUTH tail, HAMMHASL C V.

head w0 e ast [Yi]

[¥;]

IlepBriit cioco6 onTuMm3anuu: head’ 3aBegoMo eCTh B AepeBe.

DTa ONTUMU3ANUA HUKAK HE UCIOAb3YeT CydhPUKCHBIX CCHLIOK. BTOpoun
croco6 ONTUMUBAIMY WX WUCIOIB3YET U MO3BOIAET (B TOM CIydae, KOraa
OpUMeHuM) OGOUTUCH (€3 MPOCACKUBAHUA Y; 11 OT KOPHA (KaK yCKOPEH-
HOro, Tak u 00br4HOrO). IlycTes HA myTu K Jaucty last, npesCTABLAIOMEMY
cypdukc Y;, uMmeercs BepmnHA v, Y KOTOPOU CY(PPUKCHAA CCBLIKA yYKa3bI-
BaeT Ha BepmmHy w, Tak 910 s(w) = s(v)’. [IlycTb p — ca0BO HA Iy TH OT ¥
K last. Torzga

Vi=s()+p, Y=Y/ =s0)+p=s(w)+p,

u gua gobaBreHus Y11 B JEPEBO JOCTATOYHO NOOABUTH CJIOBO P, HAMHHAA
C BEePIIUHLL W.

Bropon cnoco6 onTUMMU3AIUAU COYETACTCA C TMEPBBIM: OTPE30K CJAOBA P
OT v [0 OTIA JUCTA last MOXKHO TPOXOIUTH C YBEPEHHOCTBHIO, ITO MBI HE
BBEIXEM 32 TPEIETLI IePEBa.

Nrak, MBI MOXKeM OMUCATHL AEUCTBUA, BLINOJIHAEMBIE TIPU AOOABICHUN
ouepenHoro cydduxca Y; {1 B 1epeBo, CAeIYIOImMM 06pa3oM.
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lgL’ [Yit]
.\'Lo last [Y7]

v

Bropon cnoco6 onTuMuszanun: moab3yeMca Cy(pOUKCHON CCBLIKON
BEPIINHLI HA TyTH K last.

IIycte w — orer mmcTa [ast, COOTBETCTBYIOIIETO TOCAETHEMY YKE T0-
6aBreHHOMY cydduxcy Y.

Cay4gan 1: 4 ecTb KopeHb nepesa. Torga HE OJHA U3 ONTUMU3AIAUA HE
NPUMEHUMA, U MBI 100ABAAEM Y1, HAYUHAA OT KOPHI.

Cayuan 2: u He €CTh KOPEHL IepeBa, HO OTell U €CTh KOPEHL Iepe-
Ba (muct last maxonurca ua Boicote 2). Torna Y; = head + tail, rae head
u tail — nomerku BepmmH u u [ast. MbI TpuUMeHseM TIEPBYI0 OMTUMU3AIINIO
u mpocaexnbaeM head’ ¢ rapaETHen IO HEKOTOPOU MO3UIMHA Z, & IMOTOM
nobasiasgeMm tail oT z.

Caydan 3: u He eCThb KOPEHb [epeBa U ero OTell ¥ TaKXke He eCTh
KOpeHb nepema. Torma mas v uMmeeTcsa Cy(p@UKCHAA CCHLTKA HA HEKOTO-
pyo Bepumny w, u s(w) = s(v)’. Hycts pretail — moOMeTKa BEPIIUHLL U,
a tail — nomerka aucra last, upu arom Y; = s(v) + pretail + tail uw moTomy
Yiy1 =Y/ = s(w) + pretail + tail. Ocraéres npocaeauts pretail oT Bepiin-
HBL W C PapaHTHUeN, TOIYIUB HEKOTOPYIO MO3UIUIO 2, & TOTOM A00ABUTH tail
OT BEPINUHLI Z.

Ocraérca emé MmoHATH, KaK MOAMAEPKUBATH CTPYKTYPY CY(hOOUKCHBIX
CCBLIOK (apeC HOBOIO JIUCTA Y HAC MOTYIaeTCA TIPU JOOABICHUN CaM COOOM,
TaK 9TO ¢ HUM NPOOJEM HET) U OUEHUTH GUCIO JEMCTBUU IPU BLIIOJIHEHUN
ATUX NPOLEAYP HOCAEeIOBATENBHO MJIA BCeX CY(PUKCOB.

Hawuéwm ¢ cyddukcunrx cesriok. [lo mpaBuiaM oHU JOMKHBI OBITH y BCEX
BHYTPEHHUX BEPIITUH, KPOME OTIIA TOMLKO ITO T0OABICHHOrO JucTa. [103T0-
My HaM HaI0 3a00TUTLCA 06 oTHe aucta last, COOTBeTCTBYOIEro Y; (3T0T
JIUCT MepecTant OBITh «TOIBKO 9TO JOOABICHHBIMY; HAITPOTUB, € IUHCTBEHHAS
HOBas BEPIIMHA KAK Pa3 ABIAETCA OTIIOM TOJBKO 9TO TOOABICHHOTO JUCTA
u B Hell Cy(pPUKCHASA CCBUIKA HE HyXKHA). JTO aKTyalbHO B CIydasx 2 u 3,
HO B 2TUX CIyYaAX TIO XOAY Mea ObLTa HAWIEHA HYXKHAA BEPUIMHA 2, KYIa
u OymeTr HampasieHa cyddukcHas ccbuika u3 u. CTpOro roBops, z MOTVIA
OBITH HE BEPIIMHOU, a MO3UIMEN, HO TOrAA MOCAe AOOABICHUA OHA CTAHET
BEPIUIMHON (OTLOM TOJBLKO 9TO HOOABIEHHOIO JUCTA) — BeAb B HOBOM [e-
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peBe u yXKe He ABMAETCSI OTIIOM MOCTCTHErO JUCTA, U TTOTOMY CyddUKCcHAA
CCBLIKA W3 U, KAK OBUIO MOKA3aHO, NOMKHA BecTu B BepumHy. ([Ipyrumu
CJIOBAMY, B CAYYafAX 2 U 3, €CAU MO3UNUA 2z ObLIA BHYTPHU pedpa, TO B HEU
pebpo paspesaeTcs.)

Bcé ckazanHOe MOXKHO YCIOBHO 3aNKMCATh B BUAE TAKOIO aJICOPUTMA 10-
6aBrenusa cydduxca Y, q:

{ mepeso cogepxut cypduxce Yi,...,Y;
s(last) =Y;
UMEIOTCA KOPPEKTHBIE CYy(PPUKCHBIE CCBLIKA II1 BCEX
BHYTDEHHUX BepIINH, KpoMe OTIa Jucta last }

u := orer aucrta last

tail := momeTka aucra last;

{Y;=s(u) + tail }

if u = kopeHp mepeBa then begin

{ Vi1 = tail’ }

no6aBuThH tail’, HAYUHAS C KOPHS,

IOy IeHHBIN JUCT TTOMECTUTE B last
end else begin
¥ := OTEIll BEPIINHEL U;
pretail := moMeTKa BEPIIUHLIL U;

{Y; = s(v) + pretail + tail }
if v = kopeHb gepeBa then begin
{ Yiy1 = pretail’ + tail }
OpoCaeuTh pretail’ w3 KOpHA B 2
end else begin
w := cyddUKCHAA CCBLIKA BEPIINHBI U}
{ s(w) =s(v), Yig1 = s(w) + pretail + tail }
npocaeuTh pretail u3 w B z
end;
{ ocranocs no6aBuThH tail U3 z U CCHUIKY U3 U B 2 }
if moswuusa z SABIAETCS BEPUIMHON then begin
[IOMECTUTH B U CCBLIKY HA Z;
n06aBUTH tail, HAMUHAA C 2,

MOJIY Y€HHBIN JUCT TOMECTUTH B last;
end else begin
n00aBUTH tail, HAMUHAA C 2,

MOy IeHHBIN JUCT TOMECTUTE B last;
[IOMECTUTH B U CCBLIKY HA OTHA JuCTa last;
end
end;
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OcTanock OIEHNTH YUCIO TeUCTBUN, KOTOPHIE BEITOIHAIOTCA TIPU TOCIe-
IOoBaTETHLHOM nobaBaeHnu cyddurcoB Yy, ..., Yy,. [Ipu nobaBreHnn Kax mo-
ro cremyiomero cyh@ukca BBIIOTHACTCA OTPAHMIEHHOE KOJIUIECTBO Nel-
CTBUU, €CJIM HE CUNTATL JEUCTBUAN MPU «IPOCICKUBAHUNY U «JOOABICHUN).
Ham mago ycranoBuTb, 9TO 06wee uucao genctsun ectb O(m); nas sTo-
O JOCTATOYHO OTAETBLHO JOKA3ATh, UTO CYMMAPHOE YUCIO NEUCTBUM MIPU
BCEX MPOCACKUBAHUAX ecThb O(m) U CyMMapHOE YUCIO0 NeUCTBUU MPU BCEX
pobasreruax ectb O(m). (3aMeTuM, 9TO HEKOTOPLIE NPOCACKUBAHUS WL
D0OABJIEHUA MOI'YT OBITH JOICUMY — HO DTO KOMIIEHCUDYETCA APYTUMI. )

IIpocaexuBanms. [[1TEILHOCTD MIPOCACKUBAHUA IPOMOPIINOHAIBLHA, -
ciy k 3aIeMCTBOBAHHLIX B HEM PEGEP, HO MPU 3TOM BBEICOTA IOCIEIHErO
ITOGABIEHHOTO JUCTa (MUCI0 pé6ep Ha MyTH K HeMYy) YBeINYIMBAETCS HA
k — O(1) (mo cpaBHeHWIO C TPEILITYIAM IOOABICHHBIM JUCTOM). ITOOLI
yOeInThCA B DTOM, JOCTATOUYHO 3aMETUTh, YTO B TPETHEM CIydae BEICOTA
BepUIMHEBL S(W) MOXKET ObITH MEHBIIE BBICOTHI BEPIIUHLL $(vV) pa3Be 9TO Ha
eIUHULLY, TOCKOIbKY Cy((MUKCHBIE CCHLIKY U3 BCEX BEPILIVH HA MyTU K U (HE
cuuTas KOPHA, rae HeT Cy(QQUKCHOU CCHUIKA) BEAYT B BEPUIMHBL HA IYTH
K w. IToCKOMBKY BBICOTA MOGOTO MUCTA OIPAHIYEHA YUCIOM 1M1, 3AKTI0TAEM,
9TO O6IAs IINTETLHOCTh BCEX MPOCIeknBanuu ectb O(m).

HMobasaenua. PaccyxmaeM aHaIOTUYIHO, HO CIEAUM HE 33 BBLICOTOU TTO-
CJEIHErO JUCTA, a 33 JIMHOU ero moMeTku. [Ipu nrobasrenun caosa tail (nim
tail’) 9ucao KeMCTBUU IPOMOPIMOHAIBLHO YUCIY NPOCMOTPEHHBIX OyKB, HO
Kax 1as IPOCMOTpPeHHas OykBa (Kpome, OBITh MOXKET, OJHOU) yMEHbIIAeT
[ITUHY TTOMETKH XOTsA OBl Ha € IVHUITY: B TTOMETKE OCTAIOTCS JUIIb HETTPOCMO-
TpeHHbIe OYKBHI (He cunmTas nepson). I1oaToMy Ha BCe MOOABICHUA YXOIUT
B obmen croxuoctu O(m) TencTBuiL.

Tem caMBIM MBI TOKa3a/JM, 9TO OMUCAHHBIA QJTOPUTM CTPOUT CKATOE
cyddukcaoe gepeso caosa Y mamaer m 3a O(m) nercrsuu. [locae sroro s
moboro caoBa X AMUHLL N MOXKHO 3a O(n) NeNCTBUAN BLIACHUTH, ABIACTCH
au X MOACJOBOM CIOBa Y .

10.8.8. Kak MoaupuimpoBaTh aIropuTM IOCTPOEHU CYyPPUKCHOTO Ie-
peBa, 9TOOBI HE TOJBKO Y3HABATD, ABIACTCS JIU JAHHOE CJI0BO X IMOICIOBOM
caoBa Y, HO u (eCau ABIACTCA) YKA3BIBATH MECTO, T€ OHO BCTPEIACTCA
(0mHO W3 TAKMX MECT, eClu UX HECKOJIbKO)? BpeMmsa mOCTpOeHusA TOMKHO
ocraBathesa O(|Y']), Bpems noucka mogcaosa — O(| X]).

Pemrenme. Kaxxmas BepmmHa €KaToro cyd@uUKCHOTO AepeBa COOTBET-
CTBYET HEKOTOPOMY ITOICJIOBY CJIOBa Y, B MOMEHT, KOI'Ta 5Ta BEPIITUHA OBLIA
mobaBieHa B I€PEeBO, UBBECTHO, B KAKOM MECTe €CTh TAaKOe TOACIOBO, U MOXK-
HO 3alliCaTh B BepIIMHE, I'T€ COOTBETCTBYOIIEE IIOACI0OBO KOHIACTCA. |:|
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10.8.9. Kax mMoamduiupoBaTh 3TOT aICOPUTM, UTOOBI IIA KaXKIOTO
MOJICTOBA, MOXKHO OBLIO ObI YKa3LIBATHL €r0 MepBOe (CaMoe JeBOe) BXOXK Ie-
uue?

[Ykazauue. [Ipu BOSHUKHOBEHMU HOBOU BEPIIUHEL HA PeOPE HYKHO OPATh
eé mepBoe BXOXIeHMe (MH(DOPMAIA O KOTOPOM €CTh Ha KOHIIE pedpa), a He
BTOPOE, TOJBKO UTO OOHAPYIKEHHOE. | O

10.8.10. Kax mMoandunupoBaTh 5TOT AITOPUTM, YTOOBI IIA KaXKIOTO
HOJCIOBA MOXKHO OBLIO OBl YKA3BIBATH €r0 MOCJAe[Hee (caMoe IpaBoe) BXO-
xaeHne?

[Ykasaume. Eciu mpu Kax 10M IPpoOXofe KOPPEKTUPOBATEH NHMDOPMAIINIO
BIOJB TyTH, 3TO OyAET JOITO; OBICTPEE MOCTPOUTE AEPERO, 3ATEM BHOBL €10
OGOUTH 1 [/ KAXKOU BepIIMHEL BEIYACIATE MOMEHT IOCISTHErO MOABICHIA
COOTBETCTBYIOLIErO MOACJIOBA. | O

10.8.11. Kax ucmoab3oBarh c:xkaroe cypPUKCHOE TePeBO, ITOOBI A
panHoro ciosa Y 3a Bpemsa O(|Y|) manTu camoe IIMHHOE OACIOBO, KOTOPOE
BXOIUT B Y 6omee 0qHOTO pasa?

Pemrenne. Takoe momcaoBO ABIAETCS BHYTPEHHEN BEPIIMHOU CKATOLO
Cy(DPUKCHOTO AepeBa, MOSTOMY MOCTATOYHO W3 BCEX €r0 BEPIIMH B3ATDH
Ty, KOTOPOU COOTBETCTBYET CAMOE IJIMHHOE CJIOBO. [ 5TOro mOCTATOY-
HO OOOUTHU BCE €r'0 BEPIIMHBI ([IIMHY MOXHO BBIYUCIATH MO Mepe 00XO0na,

CKIAIbIBAA IJIMHBEI TOMETOK Ha PEOPax). O
Ha mpaxTuke MOXHO MCOOIB30BATH TAKKE U APYTOU CIOCOO HAXOXKIe-
HUA CAMOTO [IMHHOTO MOACIOBA, BXOMALIETO ABAXKILI, — TAaK HA3BIBAEMBIN

maccus cydpdurcos. A uvmenHo, OyaeM pacCMaTPUBATL UUCIO | KAK «KOI»
KOHI[, CIOBA, HAUUHAOIIETO C §-0U OyKBHI. BBeIéM Ha KOLAX TOPALOK, CO-
OTBETCTBYIOLUMN JEKCAKOrPADUICCKOMY (CIOBAPHOMY) MOPAIKY HA CIOBAX:
KO 4 IPEINIECTBYET KOAY J, €CIU KOHEI] CJIOBA, HAUUHAIOIINUCA C §, B JIEKCU-
KOrpaduIecKOM MOPSIIKe UAET PAHBIIE KOHIA CJI0BA, HAYMHAIOIIEIOCS C j.
[Tocse »TOro orcopTUpyeM KOABI B COOTBETCTBUU C 3TUM IMOPSIIKOM, I1O-
Jy9UB HEKOTOPYIO MEpecTaHoBky Maccusa 1,2,3,...,m (rme m — nauHa
ucxoguoro cjosa Y). Eciu xkakoe-To cioBo X BXOAUT B CIOBO Y IBAXK I,
TO OHO ABMAETCS HAYMAMOM OBYX KOHIIOB caoBa Y. Ilpm >ToM 5Tu KOHITHI
MOXKHO BBEIOPATH COCEIHUMU B JEKCUKOTDAPUIECKOM IMOPIIKE, ITOCKOIBKY
BCE MIPOMEKYTOIHBIE CJIOBA TOXKE HAYMHAIOTCA HA X . 3HAYUT, JOCTATOTHO
[JIST BCEX COCETHUX KOHIIOB IMOCMOTPETH, CKOJBKO HAYAJIBHBIX OyKB y HUX
COBMAIAET, U B3ATH MAKCUMYM.

DTOT €crnocob TpeGyeT MeHbIIle MaMATY (HaM HYKEH JUIb OJUH MACCUB
U3 LEABIX YUCeJI TOU YK€ [IUHBI, 9YTO MCXOQHOE CJIOBO), HO MOXKeT Tpebo-
BaTh OOJBIIOTO BPEMEHU: BO-TIEPBBIX, COPTUPOBKA cama 1o cebe TpebyeT
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mopsaaka m 1og m cpaBHEHUN, BO-BTOPBIX, KAXKI0€ CPABHEHUE MOXKET [IUTh-
€A IOMT0, €CIM COBMAIAIOMINN KyCOK Oombimon. Ho B cayvanx, korga, IInH-
HBIX COBIAJAIMNX KyCKOB MAJIO, TAKOU AJrOPUTM PaboTaeT HEILIOXO.

10.8.12. IlpuMmenuTs OOUH M3 TAKUX AJATOPUTMOB K JIOOUMOU KHUT'E
1 OOBACHUTL PE3yJabTaT.

[Ykazauue. [[IMHHbBIE TOBTOPSIOIMINECT KYCK MOT'YT ObITE XY J0KECTBEH-
HEIM TIPUEMOM (KAK B W3BECTHOM CTHIIKE MPO TOM, KOTOPHIA MOCTPOMT
[:eK) mam CaecTBueM 3a0BIBIMBOCTH aBTOpa. [l COBPEMEHHBIX ABTO-
POB BOBMOXKHO TaKxkKe HEyMEPEHHOE HCIOML30BAHME (PDYHKIUHA BLIPE3AHUA
U BCTABKHU (3AJMBKU TEKCTA B MBI U BLLIMBAHUSA W3 MBIIIIHA, €CIA UCTIOb-
30BaTh rpaduieckuin nHTEpGhENC) B TEKCTOBOM PeIaKkTope.] O
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11.1. Tlpumepsl urp

11.1.1. [Ieoe urpatoT B Takyio urpy: Ha crose Jexkut 20 cnuydek; urpa-
fOIIEe TIO OYepeIu MOTYT B3AThH OT 1 10 4 cnutiek; KTO HEe MOXET CIeraThb
X013 (CIUYeK He OCTATOCH) — MPOUrPLIBACT. KTO BHIUTDLIBACT MPU MPa-
BUILHOU Urpe?

Pemenue. Bropon BLUrpeiBaeT, ecau OygeT MOMOMIHATL XOI TIEPBOTO
10 5 cruiex (ecau mepBeii 6EPET OHY, BTOPOU JOKEH B3ATH Y€ THIPE U TaK
paaee). Torga mocie 4eTHIPEX PAYHIOB CIUYEK HE OCTAHETCSA U MEPBLI

MIPOUTPaeT. O
11.1.2. K70 BBIUTpaeT — MEPBBIM WIX BTOPOU — ecau crmdex ue 20,
a 237

Pemenue. TlepBrin: eciv OH BO3BMET TPU COUYKU, TO CTAHET BTOPHIM
B yXe PazsoOpPAHHOU UTPE U MOTOMY CMOXKET BBIUTDATD. (]

AHATOrIYIHO MOMYIAETCA OTBET U I MPOU3BOIBLHOIO dncia crudek (N):
eciu N KPATHO IATH, TO BHIUTPLIBACT BTOPOU, & €CJAU HET, TO MEPBLIU.

11.1.3. V3meHuM yCIOBUA UTPHL: MYCTh B3ABIINA MOCAETHION CIUYIKY
mpourpeBaeT. KTO Temeps BEIMCPHIBACT IPU NPABUILHON UrPeE?! O

11.1.4. Ilycts Temepb uUrpokaMm paspernieHo 6path 1, 2 mwim 4 cnuku,
a KTO He MOXKeT CIeJaTh XOI, npourpeiBaeT. KTO BEIArPHIBAET HpHU mpa-
BWIBHOU Urpe, eciu BHadasne 0110 20 croudex?

Pemenue. 3nech yxe He TaK MPOCTO CPA3y YKA3ATH BHIUTPHIIIHYIO CTPa-
TEruio s MepBOro win BTOPOro. Haduuém ¢ HEGOMBIIONO YUCIA CIUYEK,
u300pa3uB paspeménnble X046l B Buge crpenok (puc. 11.1): Urpok, oxa-
saumnca B nosumuu (), TPOUrpLIBAET (TAKOBLI TPABUIA), TO3TOMY COOT-
BETCTBYIONIN KPYKOK moMeTuM Oyksou II. VIrpox, oxazaBmmucs B mO3U-
mmax 1, 2 wim 4, BEIMTPBIBAET, MOCKOJIBKY OH MOXKeT 3a0paTh BCE CIUYIKA
U IePeBeCTH MPOTUBHUKA TO cTpenke B mosunuio 0. [losTomy MbI moMeTum
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Puc. 11.1. Urpa co cnuakamu.

stu nozunuu 6ykeou B. Termeps ACHO, UTO TO3UIUA 3 ABIACTCA TPOUTPHIIIT-
HOI: U3 Heé MOXKHO IOUTH TOJBLKO B 1 M 2, 1 TOrQa NPOTUBHUK (KAK MBI
yxke 3uaeMm) Bemurpaetr. [omerum eé Oyxsou II. Janee samedaeMm, 9TO 110-
sunuu 4, 5 u 7 OyAyT BHIMCPBIIHBIME ([HOCKOIBKY M3 HAX MOXKHO HOIACTH
B MIPOUT'PHIITHYIO IJIA TPOTUBHUKA TTO3UINIO 3; 3aMEeTUM, ITO U3 mo3uiinu 4
MOXKHO BHIUTDATh U ObicTpee, nouaa B 0). Teneps BugHO, 9TO MO3UIMA 6
IPOUrPLIMHAA (BCE CTPEJKU U3 HEE BeAyT B BLIUTPHIMIHBIE [ IIPOTUBHUKA
MO3UIWHN), 8 — BLIMCPHIIHASL, 9 — IPOUTPHIIHAL U TAK JaJIee C IEPUOLOM 3.

Takum ob6pazom, ecim 9UCIO COMYEK AETUTCSI HA 3, TO MO3ULIUS IPO-
UTPHINTHAA, €CIU HeT — TO BuIUrpbimHasg. [losTomy B urpe ¢ 20 cnuyuxamu
TIEPBLIN UTPOK BHIUTPLIBAECT. O

11.1.5. Kax on mis 5TOro QoMKeH UrpaTb?

Pemenme. CTaBuTh NPOTUBHUKA B MPOUTPHINIHYIO MO3UIUIO, TO €CTh
CJEIATH, ITOOBI MOCJE €r0 XOIa YUCI0 CIUYEK OBLIO KPATHO TpéM (B 9acT-
HOCTHU, B HAYAJIE UTPHI B3ATH 2 CIUYKA, YTOOLI OCTAIOCH 18). O

11.1.6. Ha cTouse jgexar aBe KydKU CIOUYEK: B OTHOU M, B IPYTOU n. 3a
OJIH XOJ Pa3PELIAeTCA B3ATH JI000€e (HEHYIeBOE) TUCIO CIUYIEK, HO TOJIBKO
U3 OHOU KY9IKU (MOXKHO B3ATH BCE CIIUYKH B HEW); KTO HE MOXKET CIEIATh
X0/, mpourpeiBaeT. KTO BEIMCPLIBACT MpU MPABUILHOU UTpe?

OTBeT: npu M = N BLIUTPBIBAET BTOPOU, TIPU M 7 N — MEPBLIN. O

11.1.7. Ha maxmaTHON JOCKE CTOUT JaIbA, KOTOPYIO UCPOKHU 10 OYepe-
IV IBUTAIOT, IPU DTOM PA3PEIIEHO CABATATH €€ BJACBO W BHU3 (OCTABIATD
HA MECTE HEJIBb31); KTO He MOXKET CAEIATh X0, TPOUTPHIBAET. KTO BLIMTDLI-
BAET MPU MPABUILHOU UTpe?

[Ykazanue. Kax ara urpa cBasana ¢ npeasiaymmen? | O

11.1.8. (Urpa «unmy) Nmveerca k Kydek u3 ny, ..., Ny COUYEK; 33 OIUH
XOI MOXKHO B3ATh JMH000€ (HEHYIEBOE) YUCIO CIIUYEK, HO TOMBLKO W3 OTHOU
Kyun (MOXKHO B3ATH BCE€ CIUYKW B HEM); KTO HE MOXKET CHETATEH XO, MPO-
urpeBaeT. KTO BEIMCPHIBAET NPU OPABUILHOU Urpe?
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Pemenue. 3anuiiem 9ucaa ni, . ..,Nny B IBOUIHOU CUCTEME CIUCICHUA
IPYT TOI APYTOM, KaK e€Cau OBl MBI COOMPATNCH UX CKIAIBIBATh. Ko B Ka-
XKJIOM paspsjie IPU dTOM OKA3AJIOCH YETHOE IUCJIO €TUHUIL, TO BEIUIDLIBAET
BTOPOU, B OCTAIBHBIX CJAydYasX — MepBBIA. B camom meme, ecim BO BCeX
paspagax IE€THOEe UYUCIO0 €IUHUI], TO MOCJTe YMEHBIIEHUA OJHOI'O U3 UHCET
KAKOU-TO W3 €ro Pa3psANOB M3MEHUTCA W B DTOM Da3pALe MOLYIUTCA He-
9ETHOE YMCA0 eAUHUI. (DTO COOTBETCTBYET TOMY, UTO W3 MPOUTPBIIHON
no3unuy J060U X0 BEAET B BRIUCPHILHYIO.) Eciu xe B HeKoTOpsIX («wio-
XUX») pa3psAgax HeIETHOE IUCIO €IUHUL, BO3bMEM CTaPIIUN ILIOXON Pa3psL
¥ TO U3 YUCET, KOTOPOE COIEPXKUT B 3TOM paspsiae exquuuity. Torga, usme-
HUB B 3TOM YHCJE BCE IIOXUE PAa3PAIbI, MTOTYINM MEHBIee INCI0, KOTOPOoe
MOCTAaBUT MPOTUBHUKA B MPOUrpPHIIHYH nosuiuio. (CM. mpaBuwia 1A BbI-
UTPHINIHBIX W TPOUTPHINIHEIX MO3ULIAYN B CIEIYIONIEM Pa3aese. ) (]

11.1.9. B psazg sexar N AMUKOB, B KAXKJIOM I3 HUX 110 MOHETE. 33 OJUH
XOJI UI'POK MOXKET B3ATH JI0OYI0 MOHETY WIH JIOOBbIe IBe MOHETHI U3 COCEI-
HUX SIIAKOB; KTO HE MOXKET CIeJaTh X0, npourpeiBaeT. KTo BeIMrpeBaeT
TIPU MPABUILHON UTpe?

Pemenue. [lepBbit: OH JOMXKEH B3ATH OMHY WM ABE MOHETHI B IEHTDE,
a MOTOM CUMMETPUTHO MOBTOPATH XOIBI BTOPOTO. O

11.2. LleHa urpsl

AHamusupys UrpHl B OPEALIAYIIEM pa3iene, Mbl UCIOIb30BATN CAELYIO-
mue (OUeBUAHBIE) IPABUIIA:

1. Eciz u3 HEKOTOPOU MO3ULUY P MOXKHO IOUTH (IO CTPEIKAM) B HEKOTO-
PYIO IPOUrPHILIHYO (1JIs MOMABLIIErO B HEE UI'POKA) MO3UIUIO, TO HO3ULUA P
ABJACTCA BHIMTPBIMIHON (/11 TOMABIIEr0 B HEE).

2. Ecau u3 HeKOTOPOU TIO3UIMK P MOXKHO TIOUTH TONBKO B BHIUTPHINTHEIE
TIO3UINY, TO TIO3UIUA P ABMACTCA TTPOUTPHIITHON.

11.2.1. [loxas3aTh, YTO €CAU YUCIO TO3UIUYN B UTPE KOHETHO, HET IIUKIOB
(HEeJB31 BEPHYTHCA B OJHAXKABI IPOUICHHYIO HO3ULKIO) U IIPO BCE BAKJIIOYUI-
TeJbHBIE O3UIKUK (TAe HeIb3s Cel1aTh XOIa) U3BECTHO, KTO BBIMTDLIBAET,
TO mpaBwiIa 1 1 2 OMHO3HAYHO Pa3OMBAIOT BCE MO3UIIUKA HA BBIUCPHIITHBIE
U MPOUTPHITITHLIE.

Pemenne. Bynem npuMeHATH 5TU TPaBUIa, MOKA 3TO BO3MOXKHO. flcHO,
UTO HUKAKAA TO3UIUA HE OyAeT OOBABICHA OTHOBDEMEHHO BLIUTDBLIITHON
u npourpsiuaon (aas momasmero B Heé). Hago aumb nokasars, 94T0 HE
OCTAHETCA (COMHUTENBHBIX) MO3UIUN (He OTHECEHHBIX HU K BHIMIDBIIIHBIM,
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HU K MPOUTPHINIHEIM). 3aMETUM, YTO U3 KAXKIOU COMHUTEILHOU TO3UIUA
BEIET CTpENKa XOTA OBl B OOHY COMHUTEIbHYIO mosunuio. (B camom mene,
€CJIU BCE CTPEJKU BEIyT B HECOMHEHHBIE MO3WINK, TO JUOO BCE OHU BHI-
UTPBIIIHEBIE, MO0 €CTh XOTh OHA MPOUTPHIIIHAS, U MOXKHO OBLIO OBI BOC-
[OMB30BATHCSA OJHUM U3 ABYX MPABWI.) SHAYUT, UAA IO CTPEIKAM B COMHU-
TeJbHBIE TTO3UIIAN, MBI PAHO WIN TO3THO MOTYUNM UK, ITO TPOTUBOPEIUT
TIPEAIION0KEHUIO. O

11.2.2. CdopmyaupoBaTh U OKA3ATH AHAJOTUIHOE yTBEPK IEHUE I
Urp, AOMYCKAIOMINAX HUIBH. (]

Wrpost ¢ HUYEUHBIM UCXOIOM ABMAIOTCA YACTHBIMUA CTYIAAMU KOHEUHDLL
uep ¢ noanot unpopmayuet v Hyse801 CyMMol, PACCMATPUBAEMBIX B TEO-
pun urp. YToObI 3a1aTh TAKYIO UTPY, HEOOXOMIUMO:

1) ykasaThb KOHEIHOE MHOXKECTBO, DIEMEHTHI KOTOPOI'0 HA3BIBAIOTCA N0-
BUYUAMU;

2) mIA KaKOOW NMOBUIUM YKa3aTh, ABIACTCA JIA OHA 34KAOUUMEALHOT
(urpa 3akoHYeHa) UIM HET;

3) A KaxK oM 3aKI0YATEIBHON MO3UIUY YKA3ATh PE3yabTaT UTPEL (u-
CJI0); DTO IUCJAO IIOHUMAETCA KaK CyMMa, IeHer, KOTOPYIO OIUH UTPOK
IIATAT APYTOMY;

4) 1A KaxKIO0U HEe3aKTHYATEILHON TMO3UINA YKA3aTh, KTO U3 UT'POKOB
IOMKEH TETaTh XO[ B DTOU MO3UINA U KAKUE PA3PEIIeHBl XOIBl (B Ka-
KUE MO3UIAY 3TOT UT'POK MOXKET MEPErTH);

5) ykaszaTb HAYATBbHYIO MO3UIUIO UTPHL

IIpu >ToM TpebyeTcs, ITOOB He ObLIO NUKJIOB (HEIb3sA ObLIO BEPHYTHCA
B yXKe IPOUIEHHYIO MO3ULUIO OCIEe HECKOIBKIX XOJ0B).

Mosuuuu urper yao6HO paccMaTpuBaTh KaK BEPIIMHLL Ipada u m300pa-
KATh TOYKAMU; BO3MOXKHEIE XOABI TIPU 5TOM CTAHOBATCI péOpamu Tpada
7 M300PAKAIOTCA cTpeakaMu. UTrpy MOXKHO pacCMaTpUBATL KaK MEPEIBU-
KeHue (pUIKA, 0003HAMAIONIEN TEKYIIYIO MO3UIINI UTPHI, IO 3TOMY rpady.
B kax 101 BepuIvHe HAMCAHO, KTO JOJKEH AeJaTh XOX (€Cau Urpa He KOH-
YUIACh) WM KTO M CKOIBKO BeIArpan (ecium urpa xoHumiack). Ongaa u3
BEPIINH YKA3aHA KAK HAYAIBLHAS TO3UIY.

Bynem naseBaTs urpokoB Makc u MuH u cuuTaTh, ITO pe3yIbTaT UTPHI
ompenenser, ckoabko Mun maarur Makcy. (Morusuposka: Makc xoder,
9TOOBI 3TO YUCIO OBLIO MAKCUMAIBHBIM, & MUH — MUHUMAJIBHBIM — a JIyd-
[Ie BCEro OTPULATEJIBHBIM, IIOCKOIbKY Torga oH morydaer aeubru!) Kro
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U3 UTPOKOB IETAET MEPBHIU XOI, ONPEIeNACTCA HAYATHLHOU MO3UINEN. 3a-
METHUM, YTO MBI TEMePb HE MPEINOIAraeM, ITO UCPOKU XOIAT MO OUepenn:
OIVH U TOT K€ UTCPOK MOXKET [eJIATh HECKOJIBKO XOAOB MOAPSILI.

(Tem caMbiM, HAIPDUMED, B UI'PE CO CIUYKAMU KaXkK B KPYXKOK HA DH-
cyuke 11.1 Temeps mpeBpaIaeTcsa B ABE MO3UIUU: ¢ XoqoM Makca u ¢ xomom
Muna.)

Nrpa, B KOTOPOU OMUH U3 UTPOKOB BHIUTPLIBAET, & APYTOU MPOUTPLIBA-
€T, COOTBETCTBYET 3HAYeHUAM £ 1 B 3aKI0UATeNbHBIX BepumHax (+1 o3Ha-
vaet Beurpoin Maxkca, —1 o3uagaer seurpseim Muna). Urps ¢ HudennsivMu
UCXOAAMY TOLYIATCA, €CAU MPUIUCATE 9UCaA0 ) HUIeUHBIM TO3UIAM.

Omnpegenum Tereps nouatue cmpamezuy. Ctparerus mia Makca (wim
Mumna) onpegenseT, Kak OH TOMKEH XOMUTh B KayK 10U U3 no3unuin (rae Xom
3a HUM ); POPMATBLHO 3TO (PYHKIUA §, OMPENeTEHHAS Ha, MHOXKE CTBE O3,
rae XO[ 3a HUM. SHAYEHUAMEI DTOU (PYHKIIUU ABIAIOTCA TO3UIAN, TIPU DTOM
XO[BL NOMKHEBI OBITH IOMYCTUMBIMEU, TO €CTb U3 P B S(p) HOKHA BECTH
CTpeKa.

Crparernn Takoro THUMIA HA3LIBAIOT B TEOPUU UTD NOZUUUOHHBLMU, TTO-
YEPKUBAA, UTO BLIOOD XOAA 3aBUCUT JUIIL OT TEKYINEU MO3UIUU, HO HE
or ucropuu urpbl (Kak Mbl B oTy nosunuio momanu). (/[pyrume crpare-
UM HAM HE MOHATOOATCA, TAK 9TO CJIOBO «IO3UIUOHHASY MBI OyIeM OILyC-
KaTb.)

Ecmu dukcupoBatt crparerun ata Makca u Muna, TO nCXOI UTPHI Ipe-
IOMPEIENSH: DTU CTPATErUN O THO3HAYHO ONPEAEIAIOT MOCIe[OBATEILHOCTh
no3unui (@IAPTUIOY) U PE3YJIbTAT UCDHL

11.2.3. [loxazaTh, 9TO A1 J0O0U Urphkl (G MOXKHO HAUTHU YUUCTO C U
crpareruu M u m maa Makca nu Muna, Ipu KOTOPHIX:

(1) Maxkc, moabsysacs crpareruern M, rapaHTUpyeT ce0e BHIUTDLII HE
MeHee ¢, Kak Obl Hu urpanx MuH;

(2) Mun, MoIb3yACH CTpATEruen m, TApaHTUPYeT cebe MPOUTPHIIT HE
6osee ¢, Kak Ob HU urpan Maxkc.

Yucno ¢ HasBBAIOT yenol urpul (G. 3aMeTuMm, YTO IIeHa UTPHI OMpe-
JenseTcs onHO3HA4HO: m3 ycaouu (1) m (2) cregyer, uro y Makca mer
CTpaTeruu, rapaHTUPYIOMEN eMy BBIUTPHIIT GOIbIIe ¢ (MOCKOILKY OHA He
MOXKET DTO CAEIaTh IPOTUB cTpareruu m), a y Muna Her crpareruu, ra-
PAHTUPYIOLWEH €My IPOUrPLIIL MEHLIIE C.

[us urp ¢ OByMsA MCXOZAMU yTBEPXKICHUE 3a1adu (HA3BIBAEMOE Meo-
pemoti Ilepmeno) 03HAIAECT, ITO POBHO y OLHOT'O U3 UTPOKOB UMEETCA BhI-
UDPLITHAA CTpaTerua. FCau paspermmTs U HAYbUA, TO JU60 Y OJHOTO U3
UIPOKOB €CTh BEIMIPLIIMIHAS CTPATErus, 100 y 000UX eCTh CTPpATernus, ra-
PAHTUPYIOUAA HUILIO.
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Pemenue. Ilycts p — npousBosbHas mosunusa urpel (G. Paccmorpum
urpy Gp, KoTopas oTindaeTcsa or (G IMIIb HAYaIbLHOU TO3UINEH, U 5T Ha-
vaJbHasa no3unus ecTsb p. (Ecin p — 3akmounrensras Bepmnza, T urpa G,
TPUBMAJIBHA: UI'PA KOHYAETCS, HE HAYABIINCH, M UTPOKAM COOOMIAETCS pe-
ayabrar urpsl.) Kax Mer cendac ysuguMm, nexy urpsl G, (kak QyHKIuo
OT P) MOXKHO ONPEAENUTH PEKYPCUBHO, HAYMHAA C 3AKTIOUATEILHBLIX O3U-
IIUH.

Bousee Touno, paccmoTpuM crenyioiiee PeKypCUBHOE OMPEIeIeHIe HEKO-
TOPOU (PYHKIUK ¢, ONPEIeJEHHON HA BEpIIMHAX rpada:

e ¢(p) pasuo BeUrpbmlyy Makca (=npourpeimy Mwuaa) B mosunuu p,
€C/TU MOBWINA P ABIACTCA 3AKIIOIATEIBHON;

e ¢(p) =max{c(p')}, ecau B Bepmune p xogur Makc; makcumym Gepér-
¢ Mo BCeM BepmmmHaM p’, B KOTOpble Makc MOXET MOUTH W3 P IO
IPaBUIAM UTPBL;

e ¢(p) = min{c(p')}, ecru B Bepimue p xoauT Mun; MUHUMYM Gepércs
1o BceM BepmmHEaM p', B KOTOpEle MUH MOKeT MOUTH I3 P IO IPaBU-
JIaM UI'PHL.

JlemMa. ODTO ompeneseHue KOPPEKTHO: CYIIECTBYET W EIMHCTBEHHA
dyHKIUA ¢ (APTYMEHTEl — BEPUIMHEL rpada, 3HAYCHUA — TUCAA), yIOBIe-
TBOPAKIIAA YKA3AHHBIM TPEOOBAHUAM.

HMokazarerscTBo teMMer. Ha30BEM panzom BEPIIMHBEI MAKCUMATLHOE TH-
CJI0 XOJ0B, KOTOPOE MOKHO CIEJNATH W3 >TON BepmmHbL. [[0CKOIBKY 1O pe-
MOIOKEHNIO B UT'PE HET IUKJIOB, TO PAHT JIOOOU BEPIIMHLL HE GOJIBIIE TUCIA
BepimH. [lokaxkeMm HHIyKIUen mo k, 9TO CyIeCTBYET U eINHCTBEHHA, (DYHK-
1A ¢, ONPEIEICHHAA Ha, BEPIIMHAX PAHTa, HE 6OIbIIe k U yI0BJICTBOPAIOMIAL
pexypcusHOMy ompenenenuto. [as k = 0 sTo oueBuguo. llar uunykiun uc-
noib3yeT Takoe (OYeBUIHOE) 3aMEeYaHue: eCJAU U3 BePIIUHBI P MOXKHO Clre-
JATH XOI B BEPIIUHY pP’, TO PAHT BEPUIMHLI p' MEHBIIE PAHTA BEPIIMHEL P.
[MosTOMY PEKypPCUBHOE OMpEeIeIeHne OJHOZHATHO 3a1a6T 3HAMCHUA Ha, BEp-
MIUHAX PAHTa k, €CIM U3BECTHBI 3HAYECHUA HA BEPUIMHAX MEHBIIUX PAHTOB.
Jlemma, mokasaHa.

Ocranock n0Ka3arhb, ITO 3HadeHue ¢(p) ABIAeTcA meHou urpsl Gp. Pac-
CMOTPUM CJleayoulyo (Ho3unuoHHyio) crpareruio Aia Makca: u3 Bepuu-
HEI ) XOIWTH B Ty BepIIWHY D', 1JId KOTOPOU 3HadeHUe ¢(p') MAKCUMATBHO
(n pasuO ¢(p)). Ecim Makc crengyer 5TOU CTpaTeruu, TO HE3ABUCUMO OT
xomoB Muna suadenue c(q) OIA TEKyIed BEPIIMHLI ¢ HE YOLIBAET B XOJ€
urpsl (nmpu xogax Muna oHO yOBIBATH BOOOIIE HE MOXKeT, npu xoxax Maxk-
ca OHO HE yOBIBAET IO IOCTPOEHUIO CTPATEruu). 1eM CaMbIM B BEPIIUHE P
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Makcy rapaHTUPOBAH BLIUTDHIII HE MEHbIIE ¢(p). AHATOrIIHBIM 06pa3oM,
ecau Mun xoquT B Ty BepumHy p’, rae gocturaerca murumywm c(p’) (pas-
uel ¢(p)), TO 3HaUeHUE c¢(g) He BO3paACTAET B XOme UrPhl U noromy Mwua
npourpeiBaeT He Goaee ¢(p).

Teopema Ilepmeno mokasama. O

11.2.4. Urpa B KPECTUKU-HOIMKA COCTOUT B CJAEAYIOMIEM: HA OOJBIIOM
KBAaJPATHOM IIOJE IBA UTPOKA [0 OYePear CTABIT KPECTUKHU U HOJUKY B €IIE
He 3aHATHIE KICTKU (HAIMHAIOT KPECTUKN). BEIUrPBIBAET TOT, KTO IEPBHIM
MOCTABUT MATH CBOMX 3HAKOB MOAPAL (IO BEPTUKAIM, TOPUIOHTAIA WA
nuaronann). Ecin BCé moJe 3amolHeHO, a TAKOro He CAYUIMIOCh, MApPTUL
cuuTaeTCA HUIenHOu. [[0Ka3aTh, 9TO ¥ KPECTUKOB €CTh CTPATEr s, TapaH-
TUPYIOMIAS UM HUYBIO WIN BBEIUTDHIIIL.

Peurenne. Cornacuo Teopeme llepmeno, B IpOTUBHOM CIydae y HOMMKOB
€CTh CTpaTerus, MPapaHTUPYIOUasd UM BLIMTDHIIL. [loKakeM, 9TO KPeCcTu-
K MOT'YT HCIOJIB30BATH IO CYIIECTBY TY XK€ CTPATErHi0, 3a0BIB O CBOEM
HEepBOM XOgxe. A nMeHHO, mpeicTaBuM cebe, 9TO KPECTHKM IEIal0T IPO-
U3BOTBHBIN TIEPBLIN X0 (KapaHIAIIoOM), a 3aTeM OTBEYAIT (YepHUIAMMY)
HA, XOIBI HOMMKOB MO BEIUTPBINHON CTPATErUN I HOMUKOB (CUNTAA XOIBI
HOJIMKOB KPECTUKAMHI U 3a0BIB O CBOEM MEPBOM XOJ€).

Mozxer s npu »ToM mepBuIz X0o4 nomernars? Moxker, ecan crparerus
YKa3bIBaeT KaK Pa3 Ha Ty KJIETKY, Ie yKe CTOUT KaPAHIAIIHBI KPECTUK.
B sroMm ciydae HAToO KapaHIAIIHEIN KPECTUK OOBECTH YePHIIAMH, & KAPAH-
IAIoOM CIeJaTh X0 B 0Oy CBOOOMIHYIO KAeTKY. Ecau cBOOOIHBIX KIeTOK
HET, TO TMO3UIASI COOTBETCTBYET (C TOUYHOCTHIO NO 3aMEHBI KDECTUKOB HA
HOJIVKY) 3aKIIOUUTENBHON MO3NINAN B BHIMTPHIIHON MapTUXA /IS HOJUKOB,
U HOTOMY SBJISETCS BHIATDHIIIHOM.

Kpowme Toro, urpa MoxeT KOHIUTHCA DAHBIIE BDEMEHH, €CJII KAPAH JAII-
HBIN KPECTUK 00pa3yeT BHIMIPHINIHLIN PSAJ ¢ YePHIIBLHBIMI — HO DTO HAM
TOJBKO JTyHIIIe.

TaxuM 06pa3soM, MBI JOKA3ATN, YTO €CIM Y HOJUKOB €CTh BHIUTDHIMI-
Has CTPATErus, TO U Y KPECTUKOB €CTh BEIUTPHIIHAAL CTPATEIUA — U €CJIK
JaTh dTUM CTPATErWAM UCPATH APYT HPOTUB APYTA, MOLYUIUTCA IPOTUBO-
petne. O

11.2.5. [lokasaTb, 9TO LeHa 000N UT'PEL PABHA BLIUTPHIILY B OTHOU U3
3aKJIOYUTEIBHBIX BEPIIH. (]

11.2.6. Ilokasarn, uTo Teopema Ilepmeno BLITEKAET U3 CBOETO YaCTHO-
IO CIydas Urp € ABYMs UCXOZaMU (BBIATPHILL IEPBOrO U BTOPOLO).

[Ykazanue. [Jna kaxgoro ¢ OyeM CIATATH BBIUIPHIL MEHBIIE ¢ IIPO-
UrpHILeM, a GOJIbIIE ¢ — BBIUTPLIIIEM. | (]
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11.2.7. Ilyctes mama mekoropas wurpa (G. Buibepem omHy u3 3aKIOYU-
TENTBLHLIX BEPIIUH U OyIeM MEHATH BEIUTPHIII B 3TON BEPIIIMHE: TIOJIOXKUB €0
paBHBIM ¢, nonyauM urpy G|c]. Pacemorpum neny sTon urpel Kak ¢hyHKIMIO
oT ¢. UTo 5T0 MOXKeT OBITh 38 QPYHKIMA?

Orser. uena urpel G[c¢] paBHa Oaumkanmen K ¢ TOIKE HEKOTOPOTO OT-
peska [a,b] (3aBucsamero ot urpst G). O

Bor emé ommn mpmmep wurpol, rae Teopema llepmeno mosBoaseT mo-
Ka3aTh CYNIECTBOBAHUE BBIUIPHIINIHON CTPATErWM [ TEPBOrO UCPOKA.
Ora wrpa HasBaua B kuurax M.Tlapamepa («(Maremarwdaeckue Kocyruy,
M.: Mup, 1972; «<MaTemaTuteckue TOTOBOTOMKY 1 pasBaetdenusay, M.: Mup,
1971) wrpou Tenna wim «6puax-uTy. PaccMoTpuM mpAMOYTCOIBHYIO CETh
U3 MYHKTUPHBLIX JUHAU BHICOTHL N U mupudsl 1 + 1 (puc. 11.2); Bepmusr

R s S R
| | | | |
R s S R
| | | | |
R s S R
| | | | |
R s S R
| | | | |
B T e i ST

Puc. 11.2. Urpa Tenna.

CeTH COEQWHEHBI MyHKTUPHBIMU OoTpe3kamu auabl 1. [lepBein urpok ka-
KIBIM CBOMM XOIOM OOBOAWUT (CIUIOLIHOW JWHUEN) OJUH U3 OTPE3KoB. Ero
3a/1a4a — COeIWHUTH CILIONIHBIMU JUHUAMHA JIEBYIO U ITPABYIO CTOPOHKI TIPA-
MOYT'OJBHUKA. 331a48 BTOPOr0 UTPOKA — €My MOMEINATh; KK IBIM CBOUM
XOIOM OH CTUPAET ONWH U3 OTPE3KOB (JIUIIAfg MEPBOTO BO3ZMOKHOCTHU BIIO-
caencrsuu ero oosectn). Urpa sakanauBaeTcs, KOorga BCe 0TPe3Kn oOBee-
HBI WA CTEPTHI; TIEPBBIA BEIUTPAJ, €CJAU IIPUA DTOM JEBas U MPABas CTOPOHBI
IPAMOYTOIBHUKA COEINHEHBI.

11.2.8. Hcnonwsys Teopemy llepmeno, nokasarb, 9TO IEPBLIM UIPOK
MMEET BBIUTPHIMIHYIO CTPATErNIO.

[Ykazauue. Irpy MOXKHO mpencTaBuTh B 60J€e CUMMETPUIHOM BUIE, €C-
a1 106aBUTH CETKY 1A BTOPOro urpoka (puc. 11.3) u caurars, 9T0 BTOPOU
XOYeT COCIUHUTHL BEPXHIOI W HUKHIOW CTOPOHLI CBOEW CETKW, & JUHUAM
[EPBOr0 ¥ BTOPOI'O UIPOKOB 3AIIPEIIEHO MePeCeKaThCA (TeM CAMBIM MPOBe-
I CBOIO JIMHUIO, BTOPOU UTPOK KAK ObI CTUPAET MEPECEKAIONLYI0 €€ JTUHUI0
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nepsoro). Eciu urpa sakoHumnack (B KayK 10U BO3MOXKHOU TOYKE Tepecede-
HUA MIPOBEIEHA BePTUKAILHAA UM TOPU3OHTATLHAA JUHUA ), TO POBHO OJUH
U3 UTPOKOB BHIMTPAT: MOXKHO IPOUTH MO JUHUAM WA CIEBa HAIPABO, WA
CBEpXY BHU3, HO HE OJHOBPEMEHHO. AKKYDPATHOE TOKa3aTeIbCTBO ATOrO UH-
TYUTHUBHO ACHOTO TOMOJOTHIECKOTO (DAKTa, BIPOIEM, HE Tak mpocTo.] [J

e

P ‘
i S e
dobded i
dobdaddad

Puc. 11.3. Urpa Tenna, CMMMETPUIHBIN BAPUAHT.

Kak numer Fapauep, Knox Mlennon (cozpareas Teopun undopmanmm)
OPUAYMAJ [IJIs STOU UTPEL JIOOOMBITHYIO «pU3NIECKYIO» CTPATErUI0, KOTO-
pas Jerko o600IaeTcsa Ha, a0y ceTh auuauu. [Ipegcrasum cede, 9TO BCe
CTOPOHBI BCEX KJIETOK CETH (/1A MepBOr0 UTPOKA) MPENCTABIAIT COOOU
PE3UCTOPHI OMUHAKOBOT'O COMPOTUBICHUS, KPOME JEBOU U MPABOU CTOPOH
IPAMOYTOJIBHUKA, KOTOPHIE CIEJAHBL U3 IPOBOA HYJIEBOT'O COIPOTUBICHNUS.
[lepBBIN UTPOK CBOUM XOAOM 3AKOPAMUBAET DTU COMPOTUBICHUA, & BTOPOU
UrpoK paspbiBaeT ux (gemaeT 6eckonedrsivm). CTpaTerus mepBoro nrpoka
COCTOUT B TOM, UTO HAIO TOIKIYATEL HATIPAKEHIE MEXK Iy JEBOU U TPABON
CTOPOHAMMY TIPAMOYTOJBHUAKA, 1 3aKOPAIUBATH (0OGBOAUTE) TO COMPOTUBIIE-
HUE, 9epe3 KOTOPOe UAET MAKCUMAIbHLI TOK (WIX, 9TO TO XKe camoe, Ha
KOTOPOM MAZaeT HAUOOIbIIAA PA3HOCTD MOTEHIUAIOB). Ecau Takux compo-
TUBTEHUN OKA3AJIOCH HECKOIBHKO, MOXKHO 3aKOPAIUBATE JIO00€ U3 HUX.

W3 xuur Tapauepa He sACHO, ABIAETCI JU DTA CTPATEIUS BLIUTPBIII-
HOU. 3aTO TaM MPUBENEHA ABHAA BBIUTPHINHAA CTPATErufa (CO CCBLIKOU
Ha O.Tpocca). YTobsr 06bACHUTE €8, Oy1eM CIUTATH, YTO HEIbI0 IEPBOrO
UrPOKa ABJIAETCA HE JaTh BTOPOMY COAUHUTH Bepx u Hu3. (Mbr yxe ymo-
MUHAJIU, 9TO DTa LEeAb PABHOCWIbHA ucxogHou.) HavaabHb xox mepsoro
UTpOKa MoKa3aH Ha puc. 11.4; >TOT X0 3ampelraeT OaHO 13 pEdep BTOPOro
urpoka. Paszgemum ocranbubie pébpa BTOPOTO WIPOKA, HA Maphl COCETHUX,
KaK MOKA3aHO HA TOM e PUCYHKe. [IepBLIN UCPOK OPEmITCTBYEeT BTOPO-
My mnposecTu 06a pebpa Kakou-1uOO0 Mapbl: €CIM BTOPOHU MPOBET OTHO U3
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pé6ep mapwl, MepBLI HE NAET TMPOBECTU BTOPOE Pebpo 3TOU maphl (IpoBe-
1A TepeceKkawlnee ero ceoé pedbpo). Cremyomas 3a1ava MOKA3EBAELT, ITO

Puc. 11.4. Urpa Tenna: BHIMTPHINHASL CTPATET U

DTa CTPATErus ABIACTCA BHIUTPLIIHON (MEPBLIM UTPOK HE MAET BTOPOMY
COENVHUTH BEPX U HU3 U HOTOMY COEJUHSET JEBYIO U IPABYIO CTOPOHBL).

11.2.9. [lokasaTk, 9YTO MOOOU MYTh MO JUHUAM TYHKTUPHOU CETKMU, CO-
CIVHSIONINYT BepX U Hu3 pucyHka 11.4, 06a3aTeqb5HO TTOKPHIBAET IBa pedpa
OJHOU MapPHL.

Pemrenme. /[ ACHOCTU OCTAaBUM HA, PUCYHKE TOJBLKO MYHKTUPHBIE JIU-
HUM ¥ COOTBeTCTByomue Bepmussl (puc. 11.5). Ormerum cepyio 06aacTsb,
KaK TMOKAa3aHO HA PUCYHKE; TeM caMbIM pEOpa AeasaTCs Ha cepble u Oenble.
[Ipeanonoxum, 9T0 UMEETCs My Th CHU3Y BBEPX, KOTOPHIU HE MOKPLIBACT HU
omHOU Taphl pédep. MoXKHO CINTATH, 9TO 3TOT MYTh HE MPOXOIUT TBAK-

N
=
.

Puc. 11.5. Urpa Teisa: aHATA3 BBIMCPHIIHON CTPATETUH.

OBL 9epe3 OaHy BepimHy (BoIOpocuM nukinl). Kax apm mar Ha 5ToM myTu
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MOXKET OTHOCUTBCA K OJHOU U3 BOCBMU KATETOPUN: YE€THIPE HANPABICHU
(ceBep, BOCTOK, IOT' UM 3amaj) KOMOMHUPYIOTCA C ABYMsA HBETaMU (CepbIM
u 6enbiv). Kak BugHO U3 pucyHka, 0yTh IOMKEH HAYUHATHCA C CEPOrO Ma-
ra Ha CEBep, a 3aKAHIMBATBLCA OEILIM IIATOM HA CEBEP.

[Mokaxkem, 9TO DTO HEBO3MOXKHO B CHUIYy HAMIAX OIPDAHUYIECHUN (HEAB3S
UCIONB30BATE [BA PeOpa OMHOU MAphl ¥ HEIb3A IBAXKIBI IPOXOIUThH U9€pe3
oy BepruHy). UT0, K TIpUMEpY, MOXKET CJICIOBATH 33 CEPHIM IIATOM HA,
cesep? Emé oquu cepelll mar Ha CeBep, CEPLIM MIAr Ha 3alaj] Win Oe/bIn
1A HA BOCTOK. 3a CEPEIM IIANOM HA 3amal MOXKET CIeIOBATL CepPLIA IIar
HA 3aIaj WA CephLlll ar Ha cesep. Pazbupas moouepénHo BCe BAPUAHTHI,
JIETKO YOeIUTHCA, 9TO MyTh, HAYABIINCH CEPBIM MIATOM HA CEBEp, HUKOT'IA
He BRILAET (€C/AM He HAPYIIUT MPABUI) 38 MPEIETbl MHOKECTBA,

{cepbit mar Ha ceBep, CEpHIN HIAT HA 3aMaf,
GBI TIar Ha BOCTOK, GEbIN IAr Ha 10T }.

MosTomy Genbiin mar Ha ceBep (KOTOPHIN JOIKEH OBITh TOCICIHUM B Ty TH)
HEBO3MOXEH, U MBI JOKA3AJIM, YTO BEePX U HU3 PUCYHKA HEIb3s COEIUHUTH
Iy TéM, He IPOXOMAIINM IO ABYM pEéOpaM OTHOU HapHL. O

11.2.10. [Ipoe urparoT Ha 6ECKOHEIHON KJAETIATON OyMare, o O4epean
00BO/IA KPACHBIM ¥ CUMHUM CTOPOHBI KJIETOK (32 OOUH XOI MOXKHO OOBECTH
OIHY CTOPOHY 000U KJICTKU, €CJIU OHA eIé He oOBeneHa). [lokasaTh, 9TO
BTOPOH MOXKET BOCIPENATCTBOBATH MEPBOMY MOCTPOUTH 3AMKHYTHIU IIyTh
U3 IMHUYT CBOEro IIBeTA.

[Ykazanue. OH MOXKET MOMEMIATH IEPBOMY, HALIPUMED, [IOBEPHYTH C 3a-
majga Ha ceBep, pa3buB BCE CTOPOHBI KJIETOK HA TMApPHI U HE JaBasg MOKPHITH
002 “LIeHA MapHL.] O

11.2.11. ([Jna 3makoMbIx ¢ Teopuen BepoaTHocTern) Ha mome nus urpst
Fenna (puc. 11.2) xaxgas u3 OyHKTUPHBIX JUHUUA OOBEJEHA C BEPOATHO-
cToio 1/2 mezaBucumo ot apyrux. JokaszaTsb, 9TO HyTh OT JEBOU A0 MPABOL
CTOPOHBI (M0 OGBEIEHHBIM JIUHUAM) CYIIECTBYET C BEPOATHOCTHIO 1/2. [

11.3. Bbluucnenue ueHbl: noaHbIn obxon,

Kax Bugmo m3 mokasarernbcTBa TeopeMbl llepMeno, naa HaXOXKIECHUS
ONTUMATBLHON CTPATETUN TOCTATOYHO YMETh BEIUUCAATL [EHBI BCEX BEP-
ummH. B 5TOM pasgene Mbl paCCMOTPUM CIyYal, KO TO3UIMA UTPBL 0O6pa-
3yIOT AepeBo (Bemyume BBepX pEOpa AepeBa COOTBETCTBYIOT BO3MOMKHBIM
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B IAHHOU TOBUIMA XOIAM) U MOKAYXKEM, KaK TIPUMEHUTDH MPOrpaMMy 06X01a
nepesa (rmaBsa 3).

HamomuuMm, 9T0 MBI paccmarpuBain Po6oTa, KOTOPBI B KAXKIBIU MO-
MEHT HAXOAUTCA B OJHOU W3 BEPIIUH TEPEBA U YMEET BHIMOIHATH KOMAH LI
BBEpX_HAIEeBO, BIpaBo U BHW3. PoOOT HaYmHAET PabOTy B KODHE IepeBa
(POJB KOTOPOrO TEmephb UTPAET HAYATLHAA TO3UNUA UrPHI). Panbiie Po6oT
yMen emé o6padaTHIBATL BEPIIMHLI; Teepb MBI IPEANOIAraeM, ITO OH MO-
KET ONPEJENUTDH TUI TEKyIIed BepIunHbl (0AuH 13 Tpéx: max, min u final,
4TO cooTBeTcTByeT BepmmHaM Makca, Muna 1 3ak109UTeIBHBIM) 1 MOXKET
ONPENEeNUTh CTOMMOCTE TEKYIIEU BEPIIMHLI, €CIU OHA SABIACTCA 3aKIIOTN-
TETLHOU.

11.3.1. HammcaTes mporpammy, KoTopas ympasiseT Po60oToM u BbIYMu-
CJAET 1IEHY UTPHL.

Pemrenme. Hammummem pexypcuBHyo Tporeaypy, KOTopas, HatdaB ¢ HEKO-
TOPOU BEPIIUHBI, OOXOAUT MO AEPEBO DTOU BEPIIUHEL, Bo3BpammaeT PoGora
HA MECTO ¥ COOOIIAET [eHy BepIIUHBL (IIe OHA HAYala U KOHUWIIA):

procedure find_cost (var c: integer)

| var x: integer;

begin

if Tum = final then begin

| C:= CTOMMOCTH;

end else if Tum = max then begin

BBEpX_HalleBO;

find_cost (c);

{c = MakcuMyM LeH TeKkyllel BepuuMHH ¥ 6paTbeB cIeBa}
while ecTe_cmpaBa do begin

BIIpaEro;
find_cost (x);
c := max (c,x);
end;

{c=nena Bepummm mon Texymen}

BHU3;

end else begin {Tum = mun}

| ...aHaJIOTMYHO C 3aMeHol max(c,x) Ha min(c,x)
end;

end;

Mgl mosb3yemcsi TeM, YTO y BEPIIMH THUIA Max W mMin ecTh XOTs ObI
OUH CBHIH (BepIIUHLL (€3 CBIHOBEN MOMKHEBI ObITH 3aK/II0IUTEAbHBIMU, U MBI
mpenogaraeM, YTO OHU OTHECEeHbl K Tumy final). O

11.3.2. HammcaTh HEPEKYPCUBHYIO MPOrPAMMY /A BBHIYUCJACHUSA IIEHBI
urpel (3a0aHHOU NEPEBOM, II0 KOTOpOMy xoauT Pobor).
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Pemenue. Kax 00BIYHO, PEKYPCUIO MOXKHO YCTPAHUTE, UCTOIL3YS CTEK.
B manHOM Cayvae KaXABII DJAEMEHT CTeKa OyAeT XPaHUTh WH(MOPMAIIUO
00 OJHOM U3 NMPEIKOB TEKYIIEH BEPUIMHBL (YeM Aaiblie, TeM MIyoxke — Ha
aHe creka OygeT mHpopMmanusa O KopHe). Korga MbI HAXOIMMCA B KODHE,
CTeK MyCT, IPU [BUKEHUU BBEPX 110 IePEBY OH YIIUHACTCA, IPU [BUKECHUN
BHU3 — YKOPAIUBACTCA.

Kax Iuim1 p1eMeHT cTeka MpencTaBigeT cOO0U mapy; MePBLIA DIEMEHT —
TUII COOTBETCTBYIOLIEN BEPUIMHLL (min/max), a BTOPOU DJIEMEHT — MUHU-
MyM/MAKCUMyM 3HAYEHUN BCEX €€ CHIHOBEH JieBee TeKyllero. B mporpaMme
U3 TIABHL 3 CYIIECTBEHHYIO POIb urpanu asa yreepxkaenus: OJI ozuadano,
9TO 06pabOTaHBI BCE BEPIIUHLI JIEBEE TEKyIIen (Te, MyTh B KOTOPLIE OT-
KJIOHAETCA HaIeBO OT myTu B Tekyinyw); OJIH o3zrauano, 4To 06paboTanb
BCE BEPIIMHEL JEBEe U HAM TEKYIIen (dTO OBIBATO, KOTJA MbI MPOXOIUAIA
BEPIIUHY BTOPOU pas).

Momumo crexa (KOTOpHIU Bcerga OyAeT XPAHUTH JAHHBIE, YKA3AHHBIE
BBIIIE) MPOrpaMMa UCIOAB3yeT eme nepeMenuyo c. B curyanuu OJI sra
mepeMenHas He ucrnoab3yercs, a B curyamuu OJIH owma xpamut meny te-
Kkymien BepinuHbl. [lokaxkeMm, Kak MOXKHO MO IEPXKUBATL 2TO, OMUCAB IeU-
CTBUA C MEPEMEHHON M CTEKOM [/ KAXKIOT0 BapuaHTa ABUMkKeHus Pobora

(cp. c. 63):

e {OJI, e ecTs_cBepxy} ob6padorars {OJIH}:
B [EPEMEHHYIO C 3AIHCHIBAEM LEHY TEKYIIEro JIUCTA;

e {OJI, ecTs_cBepxy} BBepx Hameso {OJI}:
mepen TeM, Kak UATH BBepX, TOGABIAEM B CTEK THUI TEKYIIEH BEPIITMHEL
(max/min) u 3HAUeHME —00/+00 COOTBETCTBEHHO, UMESA B BUIY, ITO
MAKCHMYM IIyCTOI'O MHOXKECTBA PABEH —00, & MUHUMYM DABEH +00;

e {ectn_cupasa, OJIH} Bnpaso {O.JI}:
OOHOBJIIEM 3HAYEHUE B BEPIIMHE CTEKA, OEpA MAKCUMYyM WIA MUHU-
MyM (B 3aBUCMMOCTY OT TUIIa BEPIINHLI CTEKA) CO 3HAMCHUEM TIepe-
MEHHOH C;

e {He ecTb_cmpasa, ects_cuusy, OJIH} Brus {OJIH}:
B MIEPEMEHHYIO C TTOMeIIaeM MaKCUMYM/MUHUMYM (B 3aBUCHMOCTH OT
THIA BEPIIVHEI CTEKA) eé MPEKHEro 3HAUEHNS U 3HAUEHNUS Ha BepIInHe
cTeka (OHO 3a0UPACTCA U3 CTEKA, U CTEK YKOPAUNBACTC).

Jlerxo BUIETH, YTO IPU DTOM YTBEPKICHUA O COMEPKAHUN CTEKA U 3HA-
YEHUY TIEPEMEHHOU C HE HAPYIIAIOTCA, U [0 OKOHIAHUIO PAOOTHI TP OrPAMMEL
crex Oyger mycT, a 3HAYEHWE MePEMEHHOU ¢ OyIeT PABHO IleHe Urpbl. [
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11.4. Anbda-6eTa-npoueanypa

Mur BUgen, KaK MOXKHO BEIYUCIUTE [IEHY UTPHI, 000U I BCE BEPIIMHEL €6
nepesa. OIHAKO MHOT' I MOXKHO COKOHOMUTE U YaCTh IEPEBa, HE MOCEIIATh.
[IycTs, HATpUMEpP, UTPa UMEET IBA UCXOIa, (BBIMTPHINI U MTPOUTPHIIT) U MbI
obHapyx)uu (IOcJae IPOCMOTPA IACTU AEPEBA), UTO HEKOTOPHIU XO[ ABJIf-
€TCsl V1T HAC BBIUCPBIIHBIM. 1Ora HET CMBICJIA PACCMATPUBATH OCTAJIBHBIE
xoabl. Bosee 06110, e/ MBI HAIILIA X0, TAPAHTUPYIOMIAN HAM MAKCUMATIb-
HBI BHIMTPHIN ([OMYyCKAEMBIM MPABUJIAMU UTPHI), TO HET CMBICIA UCKATH
TanbIIe.

Mogobuas onTuMum3anus BO3MOXKHA HE TONBKO B TEX CIyYasiX, KOTIA
MBI 3HAEM MaKCAMAJIBHO BO3MOXKHBIM BHIUTPHII. [[ycTh, HApuMep, gepe-
BO UI'PBI UMEET TAKOU BUI, Kak Ha puc. 11.6, npuaém a > b u Mbr 06x01uM
BEPIIUHLI IepeBa CIeBa HAMpaBo. Tormga mocae TpoOCMOTPAa BEPUINHBI @ MBI

max

Puc. 11.6. OnTuMusanus BO3MOXKHA Ipu @ = b.

3HAEM, ITO [eHa KOPHEBOU BEPIIMHLI HE MEHBIIE a. [leperaa K min-Bepimae
7 IPOCMOTPEB €€ IEePBOro CBHIHA b, MBI ONPEAENAEM, ITO IEHA MiN-BePITTHEL
He Goubie b u (mpu b < a) OHA HE MOXKET IOBJIUATH HA 1IeHy KOpH:. [loaTomy
CJeIYOIINe BepPUIMHLL (Cepasd 0OJACTb HA PUCYHKE) W UX MO[IePEBbA HAM
MPOCMATPUBATE HE HYXKHO.

ITpuMenéHHy0 B 000MX CIyvaaX OMTUMU3ANMIO MOXKHO OMUCATH TaK.
[IpucTynas K OIEHKE HEKOTOPOU BEPIIMHEBI, MBI 3HAEM HEKOTOPBIX MPO-
MexyTOK [m, M|, B mpememrax KOTOPOrO HAC MHTEPECYET LeHA >TOU Bep-
MIMHBL — JUO0 MOTOMY, UTO OHA 3ABEJOMO HE MOXKET BBIUTH 33 IIPEIETHI
IpoMexXyTKa (KakK B MEPBOM CIydae, KOTJa JIy9Ile BLIMCPBIIA HUYErO HE
ObIBaET), GO TIOTOMY, ITO TO HAM HUYErO He 1aéT (KaK BO BTOPOM CIIy-
“Jae, KOra BCe IIeHBI MEHBIIE ¢ [1Jis HAC HEOTIUIUMBL OT a).

Bosee popmambao, BBEIEM 0603HAMEHNE T[4 4], TIE T — TUCIO, a [a, b] —



“progbook” — 2013/10/22 — 18:36 — page 201 — #201

11.4. Aavda-6ema-npoyedypa 201
MTPOMEKYTOK:
a, ecau x < a;
Tap =T, ecmma<z<b;
b, ecmu b<x.
Nlpyruvu cropamu, T, — OMMKaWIIas K 2 TOUKA TPOMEXKYTKa [a, b], Ko-

TOPYIO MOXKHO Ha3BATh (IPUBEAEHHBIM K [a, b] 3Haenuem ». Teneps MoxHO
CKa3aTh, ITO MOCTE MPOCMOTPA BEPIINHEI a Ha pucyHke 11.6 Hac mHTEpECy-
eT MpUBeJEHHAA K [a, +00] IeHa min-BepumHbl (BCe 3HAYMEHWs, MEHBIINE a,
0€3PA3MNYIHEL), & MOCIEe TPOCMOTPA BEPIIUHLL b 5Ta MpUBENEHHASA IICHA, YIKE
u3BecTHA (paBHA @). AHAIOIMYHBIM 0OPA30M LIEHA UIPBL C ABYMS UCXOAAMEA
+1 pasna eé npusenéunou K orpesky [—1, +1] nene, u mocae oGHAPYKeHUS
BBIUTPHINTHOTO XOMa CTAHOBUTCA SICHBIM, UTO DTa IeHa paBHa +1.

Ncnonb3ys 570 cOOOpaKeHne, HATUIIeM ONMTUMU3UPOBAHHBIN ATTOPUTM,
B KOTOPOM DEKYPCHBHO ONpPENetseTcs MPUBEIEHHAS K MPOMEXYTKY [a, b
[IEHA UTPBI B TEKYIIEN BEPIIUHE:

procedure find_reduced_cost (a,b: integer; var c: integer)

| var x: integer;

begin

if Tum = final then begin

| C:= CTOMMOCTBL, NIpHMBeIEHHasg K [a,b]

end else if Tum = max then begin

BBepX_HAalleBO;

find_reduced_cost (a,b,c);

{c = MakcuMyM IeHH BepumMHH ¥ 6paTheB CleBa,
mpuBenéumEM K [a,b]

while ecTn_cmnpasa and (c<b) do begin

BIIPaBo;
find_reduced_cost (c,b,x);
c = x;
end;
{c=unena BepumHH mon Tekyume¥, mpuBeméHHas k [a,bl}
BHUS3;

end else begin {Tum = mum}
| . . . CHMMETDUYHO

end;

end;

EcTecTBeHHBIN BOMPOC: HACKOIBLKO TAKOTO POIa ONTUMU3AIN TOMOTA~
eT yMeHbIUThL mepebop? Mbl paccMoTpum mpocTeutuu mpumep. IlycTs
urpa uMeer (PUKCUPOBAHHYIO [IIWHY, U3 KAXKJIOU MO3UIUU BO3MOXKHBI IBA
XO0/Ia, UCPOKU XOJAT O OUEePEIH, KAXKIBIU NEIAeT N XOJ0B U IIEHbI JUCTHEB
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paeuer 0 wim 1. [lepeBo Takow UCPLI — TOMHOE ABOMIHOE IEPEBO, Mmin-
7 MAaxX-yPOBHU IEPEIYIOTCS, B TUCTHIX HATTUCAHLI HYJIVM U € [UHUILI, U HYKHO
BLUUCAUTH 3HadeHue B Kopue. (Ecau caurars, 9ro 1 = ucruna, 0 = 10xb,
TO MakcuMyM u MuHEMYM cooTBercTByOT onepammaM OR (MJIN) u AND
(1), mosromy unorga rosopar 06 AND-OR-zepese.)

CKOMBKO JUCTHEB HYKHO MOCETUTh, YTOOBI BHIYUCAUTE 3HAYEHNE B KOP-
we? HamomuanM, 970 Beero mucthes 227 11a gepesa ¢ 2n ypoBHAMY (KasK THIi
U3 UCPOKOB JEMAET 7 XOIOB).

11.4.1. [ToxaszaTb, 9TO I JOOLIX 3HAYECHUN B JTUCTHAX OMUCAHHLIA Ha-
MU OMTUMU3UPOBAHHBIA ATTOPUTM TPOCMATPUBACT He MeHee 2" JMUCThER.

Pemrenme. Ha ypoBHe 2 HaxXomATCsA eTHIpe BepmuHBI. B xome paboTh
aIrOPUTM MOMKEH Y3HATH IeHYy WTPHI XOTdA OBl B ABYX U3 HUX. B camom
[ese, MyCTh HIKHAA BEPIIMHA eCTh Mmin-epimuHa. ECIu B HEW HyJb, TO
B OHOM U3 €€ CBIHOBEU TOXKe HyJIb. A pa3 5TO Max-BepIInHA, TO [JIA yCTa-
HOBJICHUSA 5>TOr0 (aKTa HyKHO 3HATH LEHy OO0UX CHIHOBEH (PABHYIO HYJIO).
Bropon cryuan: B KopHe equauia. Torga B 00€UX €r0 CHIHOBBAX MOMKHA,
OLITH €MUHUIIA, U YTOOBI OBITH B DTOM YBEPEHHBIM, HYKHO B KaXX IOM I3 HIX
TTIOCMOTPETH KAK MUHUMYM OJHOT'O CHIHA.

AHaOruYHO pamu KaxkgIoro 3HAYMEHWUS HA YPOBHE 2 HYXKHBI IBA 3HAYE-
HUs HA ypoBHE 4 M Tak jgajee — B KOHIE KOHIIOB HA YPOBHE 21 HYXKHO
3HATH 2" 3HAYCHUN. O

[l HATIA THOCTH MBI TOBOPUIA O KOHKPETHOM AINOPUTME, OMUCAHHOM
peime. Ho crnpaseanue u 60see o0mumn paxT: 1000u HAOOP 3HAYCHUN B JId-
CTBAX, KOTOPBLIA OJHO3HAYHO OMpENeNAeT 3HAUYCHUE B KOPHE, COMEPKUT HE
MeHee 2" 3HAYCHUN.

11.4.2. IIpoBecTu akKypaTHOE TOKA3ATENILCTBO DTOTO YTBEPK ICHU.

[Ykazanue. Ilo cymecrBy yxe BCE J0KazaHO, HAJ0 TOIBKO DTO O(hOP-
MUTb.| O

Tosnbko 9TO MOy IeHHAs OLIEHKA O THOCIIACH K CAMOMY OJArONPUATHOMY
caydaro. YTBEPK IeHUE CIeAYIOMIEN 3a1a91, HAIPOTUB, TOBOPUT O HAMXY -
IIIeM CIydae.

11.4.3. Tlycts y mac cnpamusatoT 3uadenus B auctbax AND-OR-xepesa
B 3apaHee HEeU3BECTHOM HAM TOPALKE, U MBI MOXKEM HA3BIBATH TU 3HAYCHUA
MO0 COOCTBEHHOMY yCMOTpeHmpo. [[oka3aTh, 9TO MBI MOXKEM IeUCTBOBATH
Tak, 9TOOLI IO TOCICIHEr0 MOMEHTa, (MOKa eCTh XOTh OJHO HE HA3BAHHOE
3HAYEHUE) [EeHA KOPHS OCTABAJIOCH Obl HEM3BECTHOU (TO eCThb MOIUIa OBITh
U HyJEM, U €VHULEHN B 3aBUCUMOCTH OT €IIE HE HA3BAHHBIX 3HAYTECHUN).
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DTa 3a0a49a MOKA3LIBAET, UTO JHOOON AMTOPUTM OTHICKAHUSA IEHBI KOP-
HA B HamOosIee HeOIArOMPUATHOM CIyYae BBIHYKIEH OOXOIUTH BCE JTUCThA
(B 9aCTHOCTH, HAIIl ONTUMU3UPOBAHHBIN AICOPUTM HUKAKOT'O BHIMTDHIIIA HE
1aéT).

Pemrenne. Bynem nokasniBaTh 5TO MHIYKIMEN 10 BLICOTE Aepesa. IlycTo
kopenb apagerca AND-sepmmnon. Torga GygeM oTTAruBaTh (0 MPEIIOIO0-
JKEHUIO MHIYKIIAY) ONPEIeICHNE 3HAYCHUN B TeTAX KOPHA, 8 KOrJa JATbIIEe
OTTArMBATH Oy 1T HeMb3s ([MOCAIHUN JUCT MO/ [ePeBa, CTAHOBUTCS U3BECT-
HBIM), CAEJaEeM TaK, 9TOOBI DTO HOAAEPEBO OBLIO UCTUHHBIM. TeM caMbIM
3HAYEHUE B KOPHE COBIATAET CO 3HAYEHUEM B IPYT'OM IO AEPEBE U MOXKET
OCTaBATBHCA HEOMPEILTEHHBIM M0 TOCJAETHET0 MOMEHTA. O

Bonee uaTEepecHOn ABIACTCA OLEHKA CPEIHErO UUCIA OMPOIIEHHBIX JIM-
cTbeB. bymem cumrarsh, 9ro aaroputMm find reduced_cost mpumenser-
ca k mekoropomy ¢dukcuposannomy AND-OR-nepesy (¢ pukcupoBaHHBI-
MU 3HAYEHUAMU B JUCTHAX ), HO IJIA KAXKIOU BEPIINHEL TIOPALOK IIPOCMOTPA
IBYX €& IeTen BRIOUpaeTCa crydanHo. Torga ooImee 9ucao mpoCMOTPEHHBIX
JIICTHEB CTAHOBUTCA CJIYyIAMHOU BEIUIUHOMN.

11.4.4. [loxa3aTh, 9TO MATEMATUICCKOE OKUJAHNE DTOU CIYIANHON BE-
JUYUHLL (CpeIHee IO BCeM MopAnKaM MpocMoTpoB) mia aoboro AND-OR-
nepeBa BbICOTHL 2n (¢ 4™ BepmumHamu) He npeBocxoauT 3.

Pemenue. PaccmoTpum cHavana caydan n = 1, TO €CTh IepeBO TIyOu-
unl 2. [Iycts ero xopeus apmaeTcsa AND-seprmnon. Eciu B KopHe HAXOAUT-
cs 0, To Ha mepeoMm yposre 0,0 wiu 0, 1. B mepBom ciyuae Ham 10CTATOYHO
IPOCMOTPETH [BE BEPUIMHBL (HAWAA MEPBLIA HYJIb, MBI HE WUIIEM BTODON).
Bo Bropom ciyuae ¢ BepoATHOCTBIO 1/2 HAM XBATUT ABYX, & C BEPOATHO-
cTeio 1/2 monagobures Tpu wim detkipe. Ecim ke B AND-kopHe Haxoamu-
csa 1, To B 06enx OR-Bepumuax mepBoro ypoBHS HAXOIUTCSI eIUHUIA, U HA,
KaXKIYI0 I3 HAX HYXKHO B CpeJHeM He Gomblne 3/2 MpOCMOTPOB JHCTHEB
(c BepoATHOCTBIO He MeHee 1/2 MBI cpady momagaeM B JUCT C €IUHUIEN
U BTOPOU JIUCT HE CMOTPUM).

[MannHenmiee paccyX)IeHUe Jerko MPOUCXOAUT TO WHAyKIuW. IlycTh
cpemHee 3HAMEHUE YUCIA 3aMPAlINBAEMBIX JUCTHEB I TI0O0T0 AepeBa IIy-
ounsr 2k me nperocxout 3F. Paccmorpum gepeBo ruy6uHbr 2k 4+ 2 ¢ uk-
CUPOBAHHBIMU 3HAYEHWAMU B JUCThAX. [[Js1 Kax10ro BEIOOpA MOPSIIKA HA
[IEPBBIX ABYX YPOBHSX M3BECTHO, KAKUE U3 Y€THIPEX BEPIINH BBICOTHL 2 Oy-
OyT paccMOoTpeHsl. 1o npeanono)ennto cpegHee TuCao NCIOIb30BAHHBIX JIM-
CTBEB MPU PACCMOTPEHUY KA JOU BEPIIMHEL BEICOTHI 2 (yCPEIHEHUE 10 BCEM
nopsAkam 06xoa) He 6ombie 3¢, JomomHITeTEHO yepeqHaeM o TOpaIKaM
Ha IBYX IEPBLIX YPOBHAX U 3aMEYaeM, 9TO B CDEJHEM PACCMATPUBAETCS HE
00JBIIIE TPEX BEPIIUH BHICOTHI 2. O
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11.4.5. IlomryuuTs 60Jee TOYHYIO OIEHKY IIA UUCIA TPOCMOTPEHHBIX
JMCTHEB B MpPEILIAYINEN 3ajade. [Ykasauue. VICHOab3ynTe pasHble OLEHKH
B 3aBUCHMOCTH OT 3HAMCHUS B KOPHE; 5TO MO3BOIAT 3aMEHUTE \/3 B OIEHKe

Ha Menbmee aucao (1 + /33)/4.] O

11.5. PeTpocnekTueHbIN aHanus

CyIecTBeHHO M OMUCAHHOE B MPOILIOM Pa3Iee yJIydIIeHre AIrOpPuT-
Ma, (mepexon 0T MOMHOrO mepebopa K a-S-nporenype)? C oqHOU CTOPOHHL,
Ja: B HamleM mpuMepe mepexon oT 4" k 3" naér semrpwin B (4/3)" pas,
a (4/3)" skcoHeHUMAIBHO pacTéT ¢ poctoMm n. C IPYron CTOPOHBI, SKC-
MIOHEHTA OCTAETCA APKCIIOHEHTOW, MAaKe €CIU €€ MOKA3ATeIb YMEHBIIAeTCa
¢ 4 10 3, HOSTOMY HALEXK B HOJTHOCTEIO TPOAHATU3UPOBATE TAXKe HE OIEHD
CJAOKHYIO U IOICYIO UTPY TAKUM CIIOCOGOM MOYTH HET.

IMosTOMY Ha MpPaKTUKe OOBIMHO BLIOMPAIOT HEKOTOPYIO OUEHKY NO03U-
YUy — JEMKO BBEMUCIAMYIO (PYHKINIO, KOTOPasA 1O MHEHUIO TPaKTUKOB
KAK-TO OTPaXkKaeT MPEUMYIIECTBO TOIO WX WHOrO UIPOKa (CKaxKeM, MaTe-
PUAIBHBIA IEPEBEC B MIAXMATAX). 3aTEM BMECTO HACTOSIIEN UIPhI PACCMa-
TPUBAIOT OrPAHUYIEHHYIO UTPY, B KOTOPOU IEJAETCA CPABHUTEILHO HEOOTb-
moe 9ucao k XOAOB, a 3aTeM pe3yTbTATOM HUTPLI CIMTACTCA OIMECHKA, TTOTY-
YEHHOU MOBUIWA, U B 3TOU UT'PE BLITIOJIHAIOT epebop (mpumenan q-B-onru-
mMuzanuo). KoHeIHO, 5TO HUYEro He TapaHTUPYET B HACTOAIICH UIDE, HO
UTO MOETACIID.

BreBaoT, 0gHAKO, 1 CUTyaum, KOraa yIaéTCa OnpeqeauTh IRy TaHHON
MO3UIAN TOYHO. JTO YIAETCA CAEIATH IJA MIAXMATHBEIX DHIMIMUICH C He-
O6OTBIAM IUCTOM (UTYp — HAMPUMEpP, MOXKHO PACCIMTATH, 34 KAKOE MMU-
HUMATBLHOE THUCI0 XOI0B MOXKHO TOCTABATH MAT KOPOJIEM, CTOHOM W KOHEM
IPOTUB OOUHOKOrO KOPOJIA B 3aTAHHBEIX HAYAMLHBLIX YCJAOBUAX. 3aMETHUM,
YTO MPU DTOM TUCIO XONOB MOKET U3MEPATHCA TeCATKAMME, A KAXKIBIA X0
UMeeT JeCATKYM BAPUAHTOB, IIOITOMY O HMOJHOM Hepebope (win gaxke O He-
CKOJTIBKO COKPAIIEHHOM ) HE MOXKET WATY U PEUn.

11.5.1. IIpugymars APyrou MOAXOX, MCIOAL3YIOMUEA OrPAHUIEHHOCTH
OOIIEr0 YMCIa, BO3MOXKHBIX TOBUIMN (CKAXKEM, IIA YeTHIPEX YIOMAHYTHIX
(uryp Ha maxMaTHOH JOCcKe »T0 64* = 224 = 16 «meramosunuiy; ¢ yIéTOM
0UEpPEMIHOCTY XOMa OyaeT 32 MEeramo3WuInuy; MaCCUB TAKOT'O pa3Mepa MmoMe-
[IAETCA B HaMATH COBPEMEHHBIX KOMIBIOTEPOB 06€3 TPYyAa).

Pemenme. 3aBeqém MaccuB, OTBEIA AYCUKY IAA Kaxk 1ou mosuiuu. [Ipo-
CMOTPHUM €ro OJUH Pa3 M OTMETHM BCE MATOBHIE NMO3ULUM (3AMKUCAB TYIa
qucao 0 B 3HAK TOrO, YTO MO3UUUSA IPOUTPAHA U GOMBINE XOAUTH HEIb3).
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3aTeM IPOCMOTPUM MACCHUB elIé pa3 U MOMETUM KaK BRIMTDHIIIHLIE BCE MO-
BUIAY, 13 KOTOPBIX MOXKHO MOUTHU B MATOBLIE (HamuieM TaM 1 B 3HAK TOTO,
YTO MOKHO BHIMI'DATh 33 1 X01). 3aTeM orMeTuM Bee (emé He OTMEedeHHBIE)
MO3UIUY, U3 KOTOPBIX BCE XOALI BEAYT B MO3WUIUU C METKOU 1, HAIUCAB
TaM —2; OHM TPOUCPHIBAIOTCA B ABA XOA. 3ATEM — MO3UIUA, U3 KOTOPHIX
€CTb XO/I B MO3UIAY C METKOU —2 (Hamucas TaM 3), MOCJIe TOr0 — MO3UINH,
U3 KOTOPBIX BCE XOALI BeAyT B 1- win 3-mosunuu (Hanucas Tam —4) u T. 1.
Tax Gymem memars 0O TEX HOP, HOKA OyIyT MOSBIATHCSI HOBBIE IIOMETKH.
Kax ToabKO 5T0 KOHUUTCA, I KaXKIOU TO3UIUA OyAeT U3BECTHO, MOXKHO
JII B HEU BLIUTCPATH U CKOJBKO XOJOB [ DTOT'O HYKHO. (|

dakTuteckn >3Ta TPOIEIypa MOBTOPAET TOKA3ATETHLCTBO TeopeMbl Ilep-
Meso (HO JOTOMHUTEILHO MBI OMYYaeM MHMOPMAIIIO O TOM, CKOJILKO XOI0B
[0 BBIATPHIMIA WINA IPOUTPLIIA [IPU HAWLY IUIENd Urpe).

11.5.2. MoryT /i1 mpu 5TOM OCTATHCA HEOTMEICHHBIE MO3UIUNA U IeMY
OHI COOTBETCTBYIOT?

OrBer. DTO MOBUIMK, B KOTOPHIX 0062 MUI'POKA MOT'YT TapaHTUPOBATH
CKOJMb YIOMHO AMWHHYIO UTPYy 0e3 Mpourpeima. Bmpouem, mpaBmio Tpo-
€KPATHOI'O0 IOBTOPEHUA MO3UIIAM B IIaxMaTax B dTOM CIydae MHO3BOJIAET
caurars nmaptuo Hudennou. (Ha camom geme y4ét sroro mpasmia cyiie-
CTBEHHO OCIOXKHACT CUTYAINI0, MTOCKOMBKY TeNepb B MOHATHE MO3UIIAN Ha-
[0 BKJIOYATH MHMOPMAIINIO O TOM, KaKne KOH(QUrypaluu Guryp Ha ITOCKe
y¥Ke BCTPeIaInch. ) O

A.JI. BpyaHo 3aMeTm1, 9TO €CTh CATYyallds, B KOTOPOU TaKOU «PEeTPO-
CHEKTUBHLINY aHAIN3 TPeOyeT cOBCeM HEeOOBIINX PECYPCOB U MOXKET OLIThH
peaTM30BaH HA OYCHBL HEOOIBION TAMATH, XOTA I I€I0BEKa COOTBETCTBY-
foIasa 3a,1ata He TPOCTa: MyCTh OeIbIe UMEIOT KOPOJA Ha MoIe €3, KOTOPOro
UM 3aNpeieHo IBUraTh, U Gep3sa (Ha KAKOM-TO IPYTOM MOJe) U XOTAT IM0-
CTAaBUTH MAT OIUHOKOMY IEPHOMY KOpOmIo. Orpanudenue (HEmoIBUKHOCTD
KODOJIA), 3ATPYJHAOIIEE KU3Hb IeI0BEKY-IIAXMATHUCTY, OOJerdaeT aHaIu3
(yMeHbBIIIasg KOMUIECTBO MO3UIMK MOYTH 4TO B 64 pasa 3a CIéT TOro, 4TO
HE HAJ0 PACCMATPUBATL PA3HBIE TIOJOKEHUA KOPO!)

Ucnonw3oBanme TaOAUIIBI OMUCAHHOTO TUIMA MOXKHO CIUTATHL MpPUMEHE-
HEEM MEeTOJa JUHAMUYECKOI'0 IPOrPAMMUPOBAHUA (MBI HE BHIUUC/IIAEM LEHY
UCPHL 17 OMHOU U TOU K€ MO3UIUU CHOBA M CHOBA, OOXOMIA MePeBo, a 3a-
HoMHAEeM TAOIUIy UEH CUCTEMATUIECKN ).
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12. ONTUMANBHOE
KOAMPOBAHUE

12.1. Kogpbl

Nmes 2™ cuMBOJIOB, MBI MOXKEM KOAMPOBATL KaXKILIM U3 HUX 1 OuUTa-
MU, TTOCKOIBKY CyIIeCTByeT 2" KoMmMOuHaumu us n 6utos. Hampumep, MOX-
"o 3axogmporath 4 = 22 cumpona A, T, T, II (ucmomssyemele mpu 3armu-
cu reHoMoB) AByx6uToBbiMu KOMOuHAIMAMEu 00, 01, 10 u 11. [Ipyrou mpu-
Mep: HOCIeIOBATEIBHOCTAMY U3 8 6uTOB (GallTaMm) MOXKHO 3aKOAUDPOBATH
256 cuMBOIOB (M DTOrO XBaTAaeT HA JATUHCKUE U PYCCKUE OYKBbI, 3HAKU
[PENuHAHUA U 1. ).

Boree ¢popmanbuo: mycTh HAM 1aH a4faéum, TO €CTh KOHETHOE MHO-
JKECTBO, DIEMEHTHI KOTOPOr'O HA3LIBAIOTCS CUMBOAAMU WA OYKE aMU DTOTO
andasura. Kodom pia anpasura A HaseiBaeTcsa GyHkuus (Tabauna) o, Ko-
Topas 11 KaxJI0r0 CUMBOJIA a 13 A ykasbiBaeT ABOUYHOE CJIOBO (a), Ha-
3BIBAEMOE K0J0B8bLM CAOB0M, WA IPOCTO K0Jom d>TOro cumBoaa. ([Isouanoe
CJOBO — KOHEYHAs MOCJIEI0BATEILHOCTE Hyaen u equnuil.) He Tpebyercs,
9TOOBI KOIBI BCEX CUMBOJIOB UMEJIU PABHBIE JIUHHI.

Mg&r gomyckaem, ITOOBI pa3HbIE CUMBOIBI M OAnHAKOBEIE KOl Co-
TJIACHO HAIIIEMY OIPEeNeIeHUI0, PA3PelIaeTCs Bce OyKBBI anpaBUTa 3aKOIU-
posath ci1oBoM 0 (1 1aKe IMyCTHIM CJIOBOM ) — HO, KOHETHO, TAKOU KO Oy 1eT
6ecrionesed. XOpOomui KO JOMKEH MO3BOMATE AeKOAUPOBAHUE (BOCCTAHO-
BJICHUE TOCJICIOBATEILHOCTU CUMBOJIOB 1O €€ KOTY).

DopmatsHO 3TO ompeaenserca Tak. llycts dgukcuporan anpasut A n
KO « s ororo anpasura. s kaxgoro ciosa P B andasure A (To ecThb
[JISL IEOOOU KOHETHOU MOCJAeI0BaTeAbHOCTU OyKB andasura A) paccMorpum
aBomdHOe 0BO (P), KOTOpOe MOMYIaeTCs, eCIU 3AMUCAThH MOAPAI KOIBI
Bcex Oyks u3 P (6e3 kaxux-1m60 pasgemurenen). Kox o Ha3BIBAETCA 00HO-
3HAUHBIM, €CTU KOTBI DA3TUIHBIX C10B pasandasbl: aP) # «(P’) npu P # P'.

12.1.1. Paccmorpum TpéxGyksenns andasut {a,b,c} u xon ala) =0,
a(b) =01 u a(c) =00. Byzer mu 5TOT KO OAHO3HAYHBIM?
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Pemenne. HeT, mocKOMbKY CI0Ba aa U ¢ KOTUPYIOTCI OTUMHAKOBO. (I

12.1.2. [Tna Toro xke anpasuta paccmorpuMm xon afa) =0, a(b) =10
u a(c) =11. Byger au 5TOT K01 0THO3HAYHBEIM?

Pemenue. Byger. YTobObl q10Ka3aTh TO, JOCTATOYHO OOBACHUTDL, KAK
MOXKHO BOCCTAaHOBUTH cioBO P 1o ero xony «(P). Ecim aP) nauunaercs
C HyJs, TO ACHO, 9TO i10BO P mauunaercsa ¢ a. Ecim «(P) madunaercs
C eIVHUIIEI, TO CIOBO P HAYMHAETCA ¢ b Wil ¢ ¢ — 9TOOLI y3HATH, C 9€r0
UMEHHO, TOCTATOYHO IOCMOTPETh Ha BTOpou 6uT caosa a P). Boccranosus
mepByI0 OYKBY CI0Ba P, MBI 3a0LIBAEM O HEM U O €€ KOfe, U TPOLOTEKACM
BCE CHAJAJIA. (]

Bepuo u 6osee obmee yreepxaenune. HazoséMm ko npegdurcubim, ecan
KOIbl OyKB HE ABIAIOTCA HAadagaMu APYr apyra (CJaoBo a(p) He ABIIETCA
HAYAJIOM CI0Ba (q), eciu OYKBLI P U ¢ PA3TAIHBI).

12.1.3. [loxazaTh, 9TO JMH060N TPEePUKCHBIN KO ABMACTCA OJIHO3HA-
HBIM.

Pemenne. /[exonupoBanre MOXHO BeCTU cJaeBa HampaBo. [lepas Oyksa
BOCCTAHABIMUBACTCA OJHO3HAYMHO: €CIN I ABYX OyKB p U ¢ cioBa a(p)
u a(q) ABIAIOTCA HATAIAME KOJA, TO OAHO U3 0B «(p) u a(q) ABIseTcsa Ha-
“aJIoM APYTroro, 9TO HEBOBMOXKHO 11 npeduxcHoro koga. 1 tak gamee. [

12.1.4. IlpuecTn mpumep OTHO3HATHOIO KOMIA, HE ABJAIOIIETOCA Mpe-
(PUKCHBIM.

[Ykasamnme. Ilycts a(a) =0, a(b) =01, a(c) = 11. DToT Kox ABIAETCS
«Cy(OPUKCHBIMY , HO HE TPeDUKCHBIM. ]

12.1.5. Hantu Tabmumy mis aszoyku Mopse. OOBACHUTDL, mOYeMy €&
MOXKHO KCIOTB30BATH HA MPAKTUKE, XOTA OHA HE SBJACTCA HU IpeduKc-
HBIM, HU JaKe OJHO3HAIHBIM KOJOM. O

12.2. HepaeHncTro KpadpTa—Makmunnana

3adeM BOOOIIE HYKHBI KOJBLI C PA3HOU IIMHOUN KOZOBEIX caoB? [lemo B
TOM, 9TO Ha OPAKTUKE PA3HBEIC CUMBOJLI AJ(PABATA BCTPEIAIOTCA C PA3HON
YaCTOTOHU, U BEICOJHO 3aKOIMPOBATH YACTHEIC CHMBOJILI KOPOTKUME CJIOBA-
mMu. (DTO COOOpakeHume, KCTATH, YIUTHIBAJIOCH MPU COCTABICHUU A30yKU
Mopse.)

IIycre ama xaxmon Oykeel a aapasura A Qpuxcupoana e€ wacmoma
p(a) — HOMOKUTEIBHOE HYUCIO, TPUIEM CyMMBI 9aCTOT BCEX OYKB DABHBL
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enuuuie. Torga mas T060T0 KOMA @ MOXKHO OMPENETUTb CPednionn 0Auny
DTOT0 KOJIa KaK CYMMY

E=) p(a)la(a)l

no BceM GykBaM a € A, rae |a(a)| — mmHa KomoBoro cioBa «(a) GYKBHI a.
(CMBICT TOTO ONpENENCHNA: eCIn B CI0Be NMUHLI N GYyKBa G BCTPEUACTCA
¢ qacroron p(a), To Takux 6yke Oyaer Np(a) 1 HA UX KOOUPOBAHUE YUIET
Np(a)|a(a)| 6uros; obmas gmuna koxa 6yger » . Np(a)|a(a)| u B cpegnem
Ha KOIUPOBAHUE KAaXKI0U OyKBbL yUAET F 6uToB.)

Termepr BO3ZHMKAET 3aada: MIA JAHHBIX 9ACTOT MOCTPOUTH OTHO3HAMT-
HBIU KOJ MUHUMAJILHOU CPeqHen IIUHBL. TeopeTuieckn 5T0 MOKHO CIeIaTh
epe6opoM (ecar B KOJE eCTh XOTA OB OHO OYeHb IJIMHHOE KOJIOBOE CIOBO,
TO €ro CPeqHAsA IIUHA BEIUKA, TOITOMY TAKUE KOILI MOXKHO HE PACCMATPH-
BaThb; OCTAETCA KOHEIHOE Ym0 BapuanTos). Ho MoxHO obouruchk u 6e3
nepebopa, 1 B ATOM Pa3neae MBI HayIAMCA DTO JEIATh.

[l Hadama TOMMEM, ITO MENIAET HAM BLIOUPATH KOTOBBIE CJIOBA KOPOT-
kumu. OKa3bIBAETCA, ITO €CTh POBHO OHO MPEMATCTBUAE: IJIUHLL N1, . . ., N
KOJOBBIX CJOB TOMKHBI YIOBIETBOPATE HEPABEHCTBY

27 427N 4 427 ]

Ha3BLIBAEMOMY B TEOPUN KOIUPOBaHUA Hepasewcmsom Kpagpma— Maxmua-
AAHA.

12.2.1. IIpoBepuTb, YTO OHO BBIIOJHEHO I PACCMOTPEHHBIX BBIIIE
[IPUMEPOB OJHO3HAYHBLIX KOIOB. (]

12.2.2. JTokaszaThb, 9TO IIA BCAKOTO MPE(PUKCHOrO KOMA BBIIOIHACTCS
nepapencTBo Kpadra—Maxkmuirana.

Pemenme. OTpesox [0, 1] moxHO pa3dbuth Ha ABe mOAOBUHBLL. Hazosém
neByio Iy, a mpasyio [1. Kaxayio u3 Hux paszobbém momomam: oTpesok Iy
pa3menuTcsa Ha JeBYO TMOJMOBUHY [og u mpaByio [g;, aHazoruvuo I memuT-
ca Ha [1g n I;;. I Tak nanee: moOOMYy IBOUYHOMY CIOBY & COOTBETCTBYET
otpesok I,. [Jmuma »Toro orpeska ecth 211 rae |z| — mmma crora .
Ecau croBo x sBasercs HadamoMm cCaoBa Yy, TO OTPe3oK I, comepxut oTpe-
30K [y; ecmum HE OJHO M3 CJIOB T U Y HE ABIACTCA HAYAJIOM APYTOro, TO
orpesku I, u I, He mepeKPHIBAIOTCA (HA TOM 3HAKe, Ile ¥ U Y BIEPBLIE
pacxonarcs, I, u I, nomagaioT B pa3HEE MOJOBUHEI).

PaccmoTpum Tenepb OTpe3sku, COOTBETCTBYIOIINE CAOBAM MPEMUKCHO-
ro xkoga. OHU HE MEPEKPBIBAIOTCA. A 3HAYUT, CyMMa UX [IUH HE GOJbIIE
eqUHUILI, 9TO 1 naéT HepaBeHCTBO Kpadra—Makmuiiana. O
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12.2.3. IlycTs gaHbl k IMEJBIX TOMOKUTETBHBIX YUCET T, . ..,M), VIO~
BreTBOpsoue HepaBeHCTBY KpadTa—Makvurtana. /[oka3aTs, ITO MOXK-
HO MOCTPOUTHL NPEPUKCHLIN KO MIA k-OYKBEHHOIO aipaBUTa C IIMHAMIA
KOIOBBIX CJOB N1, . ..,Nk.

Pemenne. 11 31ech mome3HO NCIOTHE30BATH COOTBETCTBUE MEXKTY CJAOBA-
MU U OTPE3KAMU U MPEICTABIATEL cebe Nem0 Tak: Yy HAC €CTh eIUHUIHBIN
orpe3ok [0, 1], n MBI BBIZE/IIEM €r0 YaCTH MOIb30BATENAM 110 TPEGOBAHMIO.
Ecau nonp3oBaTens IPUXOIUT C YUCIOM N, TO DTO 3HAYUT, 9TO €My HAIO
BBIJATH B MOJb30BAHUE OJWH U3 OTPE3KOB MJIUHOU 2~ ", COOTBETCTBYIO-
[IUX KOMOBBIM CIOBaM IIUHGL n;. (TeMm camMbiM TomATca He JH0ble OTPE3KN
TAKOU [JIWHBI, 8 JHUIIb (IPABUIBHO PACIOIOKEHHBIEY.) Kon nomxen ObITH
TpeMUKCHBIM, DTO 3HAYUT, YTO OTPE3KN PAHLIX MOJL3OBATENCH HE TOJTK-
HBI TIEPEKPBIBATHCA. HaM TaHo, 9TO cyMMapHas JJIMHA BCEX TPeOOBAHUN HE
6oabme equuunbl. Kak ux ygosaersopurh? MOXHO OTBOAUTE MECTO Cle-
Ba HAIPABO, IPU STOM PACCMATPUBATL TPeOOBAHWA B MOPsAAKE yOBIBAHUS
navH (Torga 601ee KOPOTKUAE OTPE3KU Oy YT MPABUILHO PACIOIOKEHBI 10
CJIe TPEIBIIYIINX 60JIee NINHHBIX). O

12.2.4. TokasaTb, 9TO BBIIEIATH KOIOBBIE CJIOBA (MECTO HA OTPE3Ke)
MOXKHO ¥ B [OPSAAKe HOCTYILIEHUsA TPEeOOBAHUI (KaK MHOI 1A TOBOPAT, B «pe-
xume on-liney): MOIB30BATENb TPUXOAUT C TUCAOM 71; ¥ YXOMUT C TIPABAILHO
PACTIOMOKEHHBIM OTPE3KOM JAMUHBI 27 MPUYIEM eCIU BBITTOTHEHO HEPABEH-
ctBo Kpadra— Makmuiiana, To HOIKTO HE yUIET OOUKEHHBIM (BCEM XBATUT
MecTa, U [HePePaCIpPeNenaTh ero He IPUIETC).

[Ykazanue. HyxHO nogaepxuBaTs CBOOOIHOE IPOCTPAHCTBO KAK 00b-
€IMHEHVE MPABUIBLHO PACIOIOKEHHBIX OTPE3KOB MOMAPHO PABIUIHBIX [IVH,
BBIIEMAA KAXKIOMY MOMB30BATENO KYCOK U3 KPATIAUIIETO MO IXOIAIIETO OT-
peska u 1opa3buBas OCTATOK.] O

12.2.5. Ilokasars, uTo HepaBencTBo Kpadra—MakMuriana BBITOIHA-
eTCAa He TOTLKO A JI000T0 mpedUKCHOTO KOMa, HO W BOOOIIE A1 JI0O0T0
onuosHauHoro kona. (Mmenno »to mokazan Maxmuwian; KpadT moxasan
HEPABEHCTBO 1A NPEePUKCHEIX KOIOB.)

Peurenwe. Ecth pasbie cnocoObl pemmTh 5Ty 3a4a€y; MBI IPUBEIEM
IPOCTOE U KPACUBOE, XOTs U HECKOJIBKO 3arao4dHoe, pemenue. IlycTs nme-
€TCA OMHO3HAYMHBIA KO ¢ k KOmZoBLIMU cioBaMu P, ..., Pp,. Ham vano moxa-
3aTh, YTO UX IIMHEL n; = | P;| yrormersopsior HepasencTBy Kpadra—Mak-
vuntaga. [IpegcraBuM cebe, 9TO BMECTO HYJEU W EIUHUI] UCIOIb3YIOTCA
cumBOsbl ¢ u b (Kakas pasHUOA, U3 9€ro COCTABIATH KOABI?). SaluileMm
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¢dopMaTBEHO CyMMY BCeX KOTOBBIX CJOB KaK aareOpandeckoe BBIPaXKeHUe
Po+P+...+ P

(MHOTOYIEH OT @ U b, B KOTOPOM OJHOYWIEHBI 3AIUCAHBI KAK [IPOU3BEJE-
HUA [EPEMEHHBIX a u b, 0e3 BO3BeJeHUsa B cTeneHb). lenepn (emé Gomee
CTPAHHOE HA MEPBHIN B3DVIAL AEHCTBUE) BO3BEAEM DTO BLIPAKEHWE B CTe-
nenb N (OpOM3BOIBLHOE HATYPATBHOE UHUCIO0) U PACKPOEM CKOOKHU, COXPAHAA
MOPAJOK MEPEMEHHLIX (He coOUpas BMECTE OQUHAKOBBIE IEPEMEHHEBIE) B OJI-
HO'ICHAX:

(P, + Py 4 ...+ Pp)YN = cymma ogaowIeHOB.

Hanpumep, aia xoga co ciaosamu 0, 10, 11 (koTOpBIe Teneps 3amucbIBAIOTCA
Kak a,ba,bb) u nua N = 2 noaygaem

(a + ba + bb)> = (a + ba + bb)(a + ba + bb) =
= aa + aba + abb + baa + baba + babb + bba + bbba + bbbb.

B 5ToM mpuMepe Bce 0HOWICHB B TPABOU TACTH PA3IAYHEL (€CJIU HE Iepe-
CTABIATH MEPEMEHHLIE), I DTO He CIyYalHO: Tak OyJeT I JTo60ro OJHO-
3HAMHOIO KOja. B caMoM fele, IO OIpeeIeHUI0 OJHO3BHATHOCTH HUKAKOEe
CJIOBO HE MOXKET ObITH MOTYIEHO IBYMSA CIOCOOAMY MPHU COCIMHEHWN KOLO-
BEIX CJIOB.

Teneps mogcTasuM a = b =1/2 B Hale paBeHCTBO (€CAM OHO BEPHO TS
OYKB, TO OHO BEPHO U [JIA JIOObIX UX IUCJAOBBIX 3HadeHun ). CiieBa momyIuTcsa

(27™ 4272 27N

(B ckoOKe Kak pa3 BhIpaxKeHWe U3 HepaBeHCTBa Kpadra—Makvmuiiana).
[IpaByio 9acTb MBI OIIEHUM CBEPXY, CCPYIMIUPOBAB CJIOBA MO IIUHAM: UME-
eTca me Gomee 2! craraeMeIX IIHHBI [, KajkJ0€ M3 KOTOPHIX paBHO 27!
U TIOTOMY CJIaraeMbie JaHHOW [JIUHLI B CyMMe He TPEBOCXOIAT EeIUHUIIHI,
a mpaBas IacTh HE TPEBOCXOIUT MAKCAMAILHOU [IJIUHBL CIATAEMBIX, TO €CTh
N max n;. Urak, noaydaem, 910

(27 427" 4 427N < Nmaxn,,

u 5T0 BepHO npu 1000oM N . Eciu 0cHOBaHME CTEMeHY B JIEBOU YaCTU GOIBIIE
eIUHUIEL, TO TIPU GOABIIAX N 5TO HEPABEHCTBO HAPYIIUATCA (TTOKA3ATEILHAL
¢yukuusa pactér OvicTpee aunennon). [lodToOMYy AIA OTHOZHAYHOIO KOAA
BBIMIOJMHAECTCA HepaBeHCTBO KpadTa—Maxvuiiana. O
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12.3. Kog XadpdpmeHa

Tenepsb 3agada 0 KOjJe MUHUMAILHOU CPEIHEN IJIUHBI TPUOOPETAeT Ta-
Ky10 (pOPMY: [JIsA TAHHBIX TOJOKUTENILHBIX P, . - . , Dk, PABHBIX B CYMMe €U~
HUIE, HAUTHU [EIbIE TOTOKUTEILHBIE Ny, . . ., Nj, II1 KOTOPHIX BHITOJIHEHO
nepaBeHcTBO Kpagpra—Makmuirana, a cymma

k
E pin;
i=1

ABJIACTCA MUHAMATLHO BO3MOXKHOU (Cpeau HaOOPOB N, . . ., Nk, VIOBICTBO-
PAIOLINX HEPABEHCTBY). 3aaa4a 12.2.5 moKa3bBaeT MOKA3BIBAET, YTO CPEI-
HAA IJIWHA OTHO3HAYHOIO KOIa HEe MEeHbBIIIe TOr0 MUHUMYyMa, a 3a1a4da 12.2.3
TOBOPUT, YTO STOT MUHUMYM TOCTUTACTCA, IPUIEM TaXKe IJIA IPePUKCHOrO
xona. Kak xe HauTu aucia ny, . .., Ny, JOCTABIAIOIIAE dTOT MUHUMYM !

12.3.1. [lokasaTb, 9TO mIA ABYX OYKB ONTUMAJILHLIA KOJ COCTOUT U3
IBYX CJIOB IJIUHBI 1, HE3ABUCAMO OT 4aCcTOT OYKB. O

Y7061 penmTh 33,4849y B O0IIEM CIydae, HATHEM ¢ HECKOTBKUX MPOCTHIX
3aMEIAHNIN.

12.3.2. IlycTh, 9acTOTHI PACHOJOXKEHBI B YOBIBAIOMIEM MOPAIKE: P >
> py > ... > pg. loxaszaTh, UTO TOrga NJIUHLI CIOB ONTUMATHLHOTO KO
UIYT B HEYOBIBAIOIIEM MOPAAKE: N1 < No < ... < Ng.

Pemenne. Ecnu 651 601ee penkas OykBa umena 661 601ee KOpOTKOe KOT0-
BOE CJI0BO, TO, 0OMEHAB KOJTOBHIE CJIOBA, MBI COKPATUIN OBl CPEIHIOK IJINHY
KOTIa. ]

12.3.3. OcraneTcsa u yTBEpXKACHUE MPEABIAYIIEH 3408491 B CUIE, €CIU
YACTOTHI PACTIOJIOKEHBI B HEBO3PACTAIOMIEM TOPAIKE (BO3MOXKHBLI DABHBIE)?

Pewenue. Her: ecan, ckaxem, umeorcs Tpu OyKBEHL ¢ qacToTon 1/3, To
OITUMAIBHBI KOJ OyIeT UMETh IJIMHBL CJIOB 1,2,2 (ecau OBl ABA KOLOBBIX
CJIOBA MMEMM JIMHY 1, TO HAa TPEThE yKe He OCTAJOCh OBl MECTA), U OHU
MOTYT UATH B JIOOOM TOPSIKE. 0

3aMeTuM, OJHAKO, YTO IPU MOMCKE ONTUMAIBHOIO KOZa (/11 HEBO3-
paCTaoIX YaCTOT) MBI BIPABE OMPAHMYUBATHCSA JUIIb KOJAME, B KOTO-
PHIX IIMHBI KOJOBBIX CJIOB HEYOLIBAIOT (MIOCKOMTBKY KOJOBHIE CIOBA, s OYKB
OIMHAKOBBIX TaCTOT MOXKHO IEPECTABIATH 063 M3MEHEHWUA CPEJHEN [IMHBL
KOZa).



“progbook” — 2013/10/22 — 18:36 — page 212 — #212

212 12. Onmumanbroe xoduposanue

12.3.4. IlycThr YaCTOTHI PACIONOXKEHBI B HEBO3PACTAOUIEM MOPSIIKE
(p1 2 p2 > ... > pi), & IIVHBL CIOB B ONTUMAILHOM KOJIE PACTIOJIOKEHBI B HE-
yOBIBAIOIIEM TOPAIKE Ny < Ny < ... < Ng. [lokazarsb, ITO nj_1 = nyg (npn
k>2).

Pemenne. IIpeamonoxum, 9T0 5TO HE TaK, U YTO €CThH €IUHCTBEHHOE Ca-
MO€ IJIUHHOE KOJOBOE CJIOBO IJIUHEI nj. Torma mepaBencTBo Kpadra—Max-
MWILTaHa HE MOXKeT 00pamaThCsa B PABEHCTBO, IMOCKOIBLKY BCe CIaraeMble,
KpOMe HAMMEHBIEro (MOCISIHEr0), KPATHLL Y ABOCHHOMY MOCIETHEMY CJIa-
raeMoMy. SHAYUT, B DTOM HEPABEHCTBE €CTb 3AIAaC, NPUIEM HE MEHBIINN
MOCJAETHErO CJAAraeMoro. A TOrga MOXKHO YMEHBIIATDL 7 HA €IUHUILY, HE
HapyIIasg HEPABEHCTBA, UTO IPOTUBOPEYUUT MIPEAIOIOKEHUIO 00 ONTUMAIb-
HOCTHU UCXOTHOTO KOIA. (]

OTa 331344 MOKA3BIBAET, UTO MPU MOUCKE ONTUMATLHOIO KOIa MOXKHO
paccMaTpuBaTh JUIIL KOTBI, B KOTOPKIX IBE CaMble penkue OyKBBI UMET
KOIbI OMUHAKOBOU [JIMHEI.

12.3.5. Kaxk cBecTn 3a1a49y OTBICKAHUA IJIWMH KOTOBBIX CJIOB OMTHMAIb-
HOI'O KOIa maf k 9acTor
D1 Z2D2 2 ... 2 Pk—2 2 Pk—1 2 Dk

K 3aga4e MOUCKa AIUH ONTUMAJIBbHOI'O KOOa. I k — 1 gacTor

P1,P2; -y Pk—2,Pk—1 + Dk
(9acTOTHL ABYX CAMBIX PEIKUX OYKB OOBEIUHEHBI)?

Pemrenme. Mbr yxe 3HaeM, 9TO MOXHO PAaCCMATPUBATHL JUIIL KOILI C
ng_1 = ng. Hepaperncro Kpadra—MaxkMmuirana Torna 3anumeTcs Kak

27 272 272 L QT T —
=27M 4272 4 4272 4 2T,
€CJIN TTONOXKUTL Ny _1 = Ny = n + 1. Takum obpazom, qucaa ni,...,Ng_s,N

IOJKHEI YIOBIETBOPATEL HepaBeHcTBY Kpadra—Maxkmumrana mis k — 1
OoykB. CpeqHsas IIUHBLI DTUX ABYX KOTOB OyIyT CBI3QHBL:

ping + ...+ Pp—oNg—2 + Pr—1Nk—1 + PrNg =
=pini + ...+ pp—2nk—2 + (Pr—1 + D)1 + [Pr—1 + Pi].

Mocaenuee craraemoe (KBagpaTHas CKOOKA) HE 3aBUCAT OT BBIOMPAEMOIO
KOZa, TTO3TOMY MUHUMU3UPOBATHL HALO OCTATHLHOE, TO €CTh KaK pa3 Cpel-
HIOIO [IUHY KONA C IIUHAMU CIOB N, ...,Mk_2,N LIS 9aCTOT Pi,P2, .- .

s Pk—2,Pk—1 + Pr.. Ilocae >TOro Ha 0 MOJOKUATE Nj,_1 = N =N + 1, 1 5TO
NACT ONTUMAIBLHBLIM KOJ IS UCXOTHOU 3aJadHy. O
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Ncnonb3ys Ty 3a1a49y, HECAOXKHO COCTABUTL PEKYPCUBHYIO TPOTPAMMY
[T OTBICKAHUA IJIUH KOTOBBIX CI0B. C Ka¥XKIBIM BLEI3OBOM YHUCJIO OYKB Oy-
IeT YMEHBIIATHCA, IOKA MBI HE CBEIEM 3a1a9y K CAY9Ialo IByX OyKB, KOTIa
ONTUMAILHLEIN KOn cocTouT u3 c¢aoB 0 m 1. 3aTeM MOXHO HAUTH U CAMIU
KOIOBHIe cjIoBa (coracHo 3anade 12.2.3). Ho npome o6bequnuTs 5TU Keu-
CTBUA U CPa3y UCKATH KOJOBLIE CIOBA: BEIb 3AMEHA JIUCIA, 7 HA IBA TUCIA,
n + 1 cooTBeTCTBYET 3aMeHe KOMOBOro c1oBa PP Ha aBa cmoBa PO u Pl ma
equHULY OOMbIIEN AIUHBL (A DTa MOCACLHAA 3aMEHa COXPAHAET IIpeQuKC-
HOCTB KOZA).

Koj, mocTpoeHHBI TakuM METOIOM, HasbBaeTca kodom Xag@mena.
Mer gokaszanu, 9TO OH UMEET MUHUMAILHYIO CPEIHIOK IIAHY CPEIUd BCEX
KOMOB ([ MaHHBIX 9acTOT OykB). B cremyromen 3amade OlmeHUBACTCA UU-
CJIO OTIepalni, HeOOXOAUMBIX [ TIOCTPOEHUA Koaa XaddMeHa.

12.3.6. Ilokasarnb, 9TO MOXKHO 06pabOTATHL YACTOTHL P1, ..., Pk, CACIAB
O(klogk) omepauun, mocae 9ero i-oe KOJOBOE CJIOBO MOXKHO YyKa3aThb 3a
BpeMsi, IPOMOPINOHAIBHOE ero JJInHE.

[Ykasaume. 3aMeTuM, UTO OIEHKA BPEMEHU NOBOJLHO CUIbHAS: TOJb-
KO Ha copTupOoBKy wuucea p; yxe yxomut O(klogk) neuctsun. Iosromy,
TMIPUMEHSA MPEALIIYIIYIO 3a0ady, HyKHO UCIOAB30BATh PE3YILTATH COPTU-
POBKHM k 9MCEN MPU COPTUPOBKE MEHBIIEr0 KOIMIECTBA, TUCET. DTO MOKHO
CIETATH C MOMOMIBIO OYEePENN ¢ MPUOPUTETAME, BEIHUMASA TBA MUHUMAb-
HBIX 4ducia u gobaeaas ux cymmy 3a O(logk) mecreui. DTO mO3BOAAET
ONIpEeIeNTh, KAKME TBe OYKBBEI HAMO COEIUHATHL B OJHY Ha KaxKIOM IIare.
[MapamrensHO ¢ coeuHeHneM OYKB MOYKHO CTPOUTDL I€PEBO KOTOB, TPOBOIA
pébpa (momedenusre 0 u 1) oT coeanHEHHON OYKBBI K KaxKIOW U3 eé 1o-
aoBuHOK. [Ipu srom Tpebyerca O(1) memcrsBun ma kaxgoMm mare. Ilocae
3aBEPIIEHUA TOCTPOEHUE MPOCIEKIBATE KO MO0 GYKBBLI MOXKHO CHMBOJ
32 CHIMBOJIOM. | O

12.4. Kop UlenHoHa—daHo

Mur Bugenn, Kaxk MOXKHO TIOCTPOUTH ONTUMATBLHBEIN KO/ (AMEIOIIAN MU-
HUMAJIbHYIO CPEIHIONn [IIWHY) IJIA JaHHOro Habopa dactor. OnHako sra
KOHCTPYKIAA He JaéT HUKAKOW OIEHKW AT CPEIHEN IIUHBEI OMTUMATLHOTO
koma (kax pyHKIUM OT dacToT p;). Crenyromume 3a1a4Mu YKA3HIBAET TAKYIO
OlIeHKY (C abCOMIOTHOU MOTPENTHOCTHIO He 6omee 1).

12.4.1. Ilokasarb, 9TO I JIOOBIX MOJOKUTEABHBIX TACTOT Pi, ..., Pk
(B cymMMe paBHBIX €IUHWIE) CYLMIECTBYeT KOJ CPeJHed IJIWHOU He Gosee
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H(py,...,pr) + 1, rne ¢yuxuma H (waswesaemas awmponueti [lennona)
onpenenaeTcsa GOpMyIon

H(pi,...,pn) =pi(—logap1) + ... + pr(—logy pr)

Pemenme. Eciu wacTorsr p; npeactasasor cobou nesbie (0TpUmaTenb-
HBIE) CTENEeHU JBOUKU, TO DTO yTBEPKACHUE HOYTH OUeBUAHO. [lomokum
n; = —logp; (3mecy u ganee Bce Jorapudmel aBowdHse). Torga 27" = p;
¥ TIOTOMY [JIsA YUCEN 7; BHIIOJIHEHO HepaBeHCTBO Kpadra—Makmumiiana.
Io 3amade 12.2.3 MOXKHO MOCTPOUTE MPEPUKCHBIA KO C ATUHAMI KOJOBBIX
CJOB Ny, ..., Nk, U CPEIHAA JIUHA >TOr0 Koxa Oyner pasua H(pi,...,pg)
(u maxe eguHULy AOOABIATH HE HALO).

DTa eIUHULA PUTOAUTCS, ecau log p; He mensie. B »ToM caydae HATO
B3ATH HAUMEHBIIIEe N;, Tpu KOTopoM 2~ < p;. [l1a TaKuxX n; BLITOMHACTCA
mepasercTBO Kpadra—Makvumiana, u oun 6oabiie — log p; He Goaee vem
Ha eIuHUIy (MOTOMY U TOCIE yCPeNHEeHWUs yXyaleHue OyaeT He 6omee qem
HA eJUHULLY ). O

IMocTpoeHHBIN HA OCHOBE DTOU 3a1a4M KOJ HA3kIBAeTCA kodom [llenno-
na — Dano. DTO MOCTPOEHUE JEMKO U3BICKACTCA U3 pereHus 3a1adu 12.2.3:
paccmarpuBas qucaa n; = —|logp;| (Haumenbe tenble Wmcaa, AIA KO-
Topeix 27" < p;) B HOpsAKe yObIBAHUA, MBI OTBOAUM [ KAXKIOTO U3
HUX KOJOBOE CJIOBO M COOTBETCTBYIOLMU yIacTOK orpeska [0, 1] caesa na-
IpaBo.

IIpu 5TOM MBI IPOUTPHEIBAEM B IJAMHE KOA (IO CPABHEHUIO C OMTUMATb-
HBIM KOJOM) He 6O0Jee eIUHUILI: KaK Mbl CeMYaC YBUAUM, CPEIHAA IJIMHA,
06010 (B TOM YMCIE U ONTUMAIBHOIO) Koga He MeHbie H(py,...,pg).

12.4.2. (/l1A 3HAKOMBIX ¢ MATEMATHICCKUM aHAIM30M) [l0Ka3aTh, 4TO
(Ipy JAHHBIX TIOMOKATETLHBIX YACTOTAX, B CyMMe JAOIIMX €IUHUILY) CPel-
HAA JuHA I1060ro (0IHO3HAIHOr0) Koaa He Menbine H (pq,...,Dk).

Pemrenne. Nmes B Buny nepaBeuncTBo Kpadra—MakMuniana, MBI 10J-
JKHBI TOKA3aTh TAKOU (BaKT: eCau

274 271

)

TO
ping + . peng = H(pr, - pr)-
DTO BEPHO I JIOOLIX N;, HE 00A3ATEILHO IEABIX. Y JOOHO TIEPEuTH OT Nn;

K BelIMUYWHAM ¢; = 27 "; mHTepecyollee HAC yTBepXKIEeHUEe TOrAa IVIACUT,
9TO €COU Piy...,Pk U (1,...,qr — [IBa HaOOpPa HOJOXKUTENbHBIX HHCET,
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n CyMMa YUCeNI B KaXIOM PDaBHa €IWHUIIE, TO

pi(=logq) + ...+ pr(—logqr) = pi(—logpi) + ...+ pr(—logpy).

[lpyrumu croBamMu, BEIPAKEHUE

pi(—logqi) + ...+ pe(—logqr)

(paccmarpuBaemoe mpu GUKCUPOBAHHBIX P; KAK (DYHKIMA HA MHOKECTBE
BCEX MOJOKUTEMbHEBIX (1, . - ., (i, B CYMME PABHBIX €IUHUIE) JOCTUCAET MU-
HUMyMa npu ¢; = p;. O61acTh onpeneneHEns >Ton GyHKIUA €CTh BHYTPEH-
HOCTb CUMILIEKCA (TPEeyrolbHUKa Ipu 1 = 3, TeTpasapa upu n =4 u 1. 1.)
U IpY OPUOIUKECHIN K TPAHUIE OTHO U3 ¢; CTAHOBUTCA MAJIBIM, a €0 MUHYC
JOrapudM yXOAUT B GECKOHETHOCTD. SHAYUT, MUHAMYM (DYHKIINA JOCTHATA-
eTcs BHYTpHU 061acT. B Touke MuHnMyMa rpagnedt (—p1 /¢, - - -, —Pn/qn)
NOMKEH OBITH MEPIEHIUKYIAPEH MIOCKOCTU, HA KOTOPOU (GyHKIUSA OMpe-
neneHa (MHAYE COBUT BIOIbL ATOU IIOCKOCTU YMEHBIIAT Obl (DYHKIIO), TO
ectb Bce p;/q; pasubl [lockonbky > p; = > ¢; = 1, To 5TO 0O3HAUaeT, ITO
pi = 4.

Ipyroe o6bacHeHNE: GYHKIUA 10g BLITYKIA BBEPX, TOITOMY IS JTIOOBIX
HEOTPULIATETLHBIX KOX(PMUINEHTOB (j, B CyMMe PABHBLIX CIWHWIE, W 111
JMIOOBIX TOYEK T; W3 OOMACTU ONPEACTCHNUA JOrapudMa, BEITOTHACTCA HEpa-

BEHCTBO
log (Z aixi) > Z a; log x;.

Ocraéres MONOKUTEL o = P, T; = ¢;/p;; B JeBOU dacTu OyneT Jorapudm
eQVHUIEI, TO €CTh HyIb, a »_ p;log(q;/p;) ecTh Kak pa3 pasHOCTH MEKIY
JIEBOU U TPABOU YACTAMU JOKA3LIBAEMOT'O HEPABEHCTBA. O

Bemuka 1 5KOHOMUA OT UCHOMB30BAHUA KOIOB, OMUCAHHBIX B 3TOM Pa3-
nee? DTO, KOHEIHO, 3aBUCHT OT YACTOT OyKB: €CAM OHM BCE OTWHAKO-
BbIE, TO HUKAKOW DKOHOMHH He OymeT. JIerko 3aMeTuThb, 9TO B PYyCCKOM
A3bIKE pa3Hble OYKBHI UMEIOT pasHylo acTory. Ecau, ckaxkem, B TekcTax
(TEX-danmax) >TON KHUKKYA (HA MOMEHT BDKCIEPUMEHTA) OCTABUTHL TOJIb-
KO 33 CTPOYHBIE PyCCKME GYKBBI OT «a» JO0 «I», a BCE OCTATBHBIE CUMBOJLI
He yYUTBIBAThH, TO CAMOM 4acTOl OykBou OyaeT Oyksa «o» (dacrora 0,105),
a camon penkou — TBépAbE 3HaK (wacrora 0,00019). 3Hadenue sHTpONUM
[MTennona npu sTom OGyger pasuo 4,454 (cpaBHuTe ¢ 5 Guramu, HEOGXO-
OUMBIMA 1 Konuposauusa 32 Oyks). Bemrpoun we Tak Bemuk. OH Oyner
GOJIBIE, €CIU YIUTHLIBATL TAKKE U IPYTUE CUMBOJBI (IPOMUCHBIE OYKBHL,
3HAKU [PENVHAHUA U IP.), KOTOPBIE BCTPEIAIOTCA B TEKCTE IOPa3ao Pexke.
Hakomer, MOKXHO KOIUPOBATE HE OYKBHI, & ABYXOYKBEHHBIE KOMOUHAIAN VLIV
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emté 9To-HUOYy Ib. IMEHHO Tak MOCTYIAIOT MOMY IAPHEIE MPOrPAMMBL CKATH
uadopManuu (Tuna zip), KOTOPHIE MO3BOIAIT COKPATUTH MHOTHE TEKCTHI
B HOJATOPa-ABa Pa3a (& HEKOTOPBIE Apyrue Qalibl JAHHBIX — ¥ B OOJbIIEe
YUCI0 pas).

12.4.3. Kowmmanua M. yTBepxmaeT, 9TO €€ HOBasg TPOTPAMMA CyIep-
CXKATUA (PAUTOB TO3BOIAET CKATH JE0O0U hamn gmuHou Goasire 100 000 6an-
ToB o kpaunen mepe Ha 10% 6e3 moTepu wHbOpMANUE (MOKHO BOCCTA-
HOBUTH MCXOQHBIN (DAl IO ero c:kaToMy BapuadTy). Joxaszarb, 9TO oHA
BpET. O
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13. NMPEACTABJIEHUE
MHO>XECTB.
XELWWNPOBAHWE

13.1. XelunmpoBaHue C OTKPbLITON aApecaluei

B rmase 6 GBLTO yKa3aHO HECKOMBKO TIPEICTABICHUN I MHOXKECTB, e~
MEHTaMU KOTOPHIX ABIAKOTCA [ENbIE YUCAa, TTPOU3BOILHON BemuanHbl. O qHa-
KO B TIOOOM U3 HUX XOTs ObI OHA, 13 OMEPAIUE TPOBEPKY MTPUHA LICKHOCTH,
NOOABJICHUA U yIATCHUS DJIEMEHTa TPeOOBaIa KOJIMIECTBA AEUCTBUU, TIPO-
MOPIUOHAJBLHOIO YUCIY DJIEMEHTOB MHOkecTBa. Ha mpakTuke 510 ObIBaeT
caumkoM MHOTO. CyHIeCTBYIOT CIIOCOOB, TO3BOMSIONINE TTOMYIUTh [ BCEX
TPEX ynoMAHYTHIX omnepanuu onenky C'logn. Oquu u3 Takux Cnoco60B MbI
PacCMOTPUM B CAEAYIONIEN MIase. B 3Tou riase MbI pazbepém crmocos, KOTo-
puie X0TA 1 TpuBOAUT K C'n IEUCTBUAM B XyAIIEM CIy9Iae, HO 3ATO «B CPEJI-
HeM» TPeOyeT 3HAIUTENBHO MeHbero ux duciaa. (Mer e 6ygeM yTOIHATH
CJIOB «B CPEIHEM», XOTS 3TO U MOXKHO CIEIATh.) DTOT CIOCOO HA3BIBAECTCS
TEULUP 06 AHUEM.

[IycTs HaM HEOOXOMIUMO TPEACTABIATH MHOXKECTBA DIEMEHTOB Tuma T,
OpUYéM 49MCIO DJIEMEHTOB B HUX 3aBEIOMO MeHble n. Beibepem HEKOTO-
pyio dyHKIuoO h, onpeaeréHHY0 HA 3HAYEHUAX TUNA T U TPUHUMAONIIYIO
suadenusa 0...n—1. Bouto 661 XOpoImo, YTOOB 3Ta PYHKIUA TPUHIMAIA, HA
daAeMeHTax OyIyHiero MHOXKECTBA IO BO3MOXKHOCTU OoJee PasHOOODA3HEBIE
suavenusa. (XyIumu crydaill — 5TO KOTAa €€ 3HAYCHUA HA BCEX DICMEH-
TaxX XPAHUMOIO MHOXKECTBA OQUHAKOBHL.) DTy (DYHKIMIO OyIeM HA3LIBATD
rew-Pynryuetd, WIn, Kak emeé roBopaT, Gynkyuet paccmanosKi.

Beeném nBa maccusa

val: array [0..n-1] of T;
used: array [0..n-1] of boolean;

(MBI TO3BOAsIEM ce0e mucaTh n-1 B KAYECTBE PAHULLL B ONPEIEICHUN THIIA,
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XOTA B MaCKaJle >TO He paspemaercs). B aTux MaccuBax OyIyT XpaHUTLCA
DIEMEHTHI MHOXKECTBA: OHO PABHO MHOXKeCTBY Bcex val [i] mma Tex i, ama
koTopuiX used [i], mpuuém Bce »Tm val [i] pasauunsl. [Io BoaMoOxHOCTH
MBI OyeM XPaHUTH djJeMeHT t Ha MecTe h(t), camTas 5TO MECTO «UCKOH-
HBIM» 11 2aeMeHTa t. O IHAKO MOXKET CIyIUTHCA TAK, ITO HOBBIUA DIEMEHT,
KOTODBLI MBI XOTUM NOOABUTHL, MPETEHAYET Ha yKE 3aHATOEe MeCTO (i
KOTOpPOro used UCTUHHO). B 3ToM ciaydae MBI OTHIIEM OIUKANIIEE CIIPABA,
cBOGOAHOE MeCTO U 3amumieM »aeMenT Tyaa. («Cnpasay 3HAIUT «B CTOPO-
HY YBEIUYEHUsA WHIEKCOBY; MOUAA 0 KPas, MBI IIEPECKAKUBAEM B HAYAJO.)
ITo mpeanomoX)eHnto, 9UCIO DIEMEHTOB BCEJa MEHBIIE N, TAK YTO IIyCTHIE
MecTa 3aBegoMO Oy Iy T.

DopMATHEHO TOBOPS, B TIOOOU MOMEHT NOMKHO COOMIONATHLCA TaKOe TPe-
OoBaHme: 171 TIOO0T0 dIeMEeHTa MHOXKECTBA YIACTOK CIPaBa OT €r0 MCKOH-
HOI'O MeCTa 10 €ro PaKTUIeCKOI'0 MeCTa MOTHOCTBHIO 3aIOJHEH.

Braromaps sTomy mpoBepka NPUHALIEXKHOCTU 3aJaHHOIO JIEMEHTa t
OCYIIECTBIACTCA JENKO: BCTaB Ha h(t), IBUrNaeMca Hampaso, TOKA HE JOU-
IEéM [0 TMYyCTOT'O0 MeCTa Win Mo »aeMeHTa t. B mepBoM ciaydae naeMeHT t
OTCYTCTBYET B MHOXECTBE, BO BTOPOM — TPUCYTCTByeT. Eciu smeMeHT
OTCYTCTBYET, TO €r0 MOXHO TOOABUTHL HA HAUIEHHOE mycToe MecTo. Ecan
IPUCYTCTBYET, TO MOXKHO ero yaamuThb (monoxus used = false).

13.1.1. B mpeawigymem a63ane ecTh ommbKa. Hautu €€ 1 ucipaBuThb.

Pemenwme. /[0 B TOM, YTO NPU yIATCHUN TPEOYEMOE CBOUCTBO «OTCYT-
CTBUS MyCTOT» MOXET HApyMUThCA. [looTomy Oymem mernats tax. Cosaas
OBIPY, OyZIeM IBUTATHCSI HAMPABO, IMTOKA HE HATOAKHEMCS HA DIEMEHT, CTO-
AMUKA HE Ha UCKOHHOM MeCTe, WIKM Ha eIlé OJHO IycToe MecTo. Bo BTopom
CIydae Ha DTOM MOXKHO YCIIOKOUTBLCA. B MepBOM caydae MOCMOTPUM, HE
HYXHO JUN HaﬁﬂeHHBIﬁ DJIEMEHT IMOCTAaBUTH Ha MECTO IbIPHI. ECJII/I HET, TO
IPOMOMKAEM TOUCK, €CIU Ma, TO 3aThIKaeM UM cTapyio abipy. [Ipu sTom
00pa3yeTcs HOBAaA ALIPA, C KOTOPOU IEIAaeM BCE TO XKe CaMoe. ]

13.1.2. HammcaTh mporpaMMbl MPOBEPKM TMPUHALICKHOCTH, T0OABIC-
HUS U yIaJCHU.

Pemrenne.

function nmpunagmexut (t: T): boolean;
| var i: integer;

begin
i :=h (t);
while used [i] and (val [i] <> t) do begin
| i := (i + 1) mod n;

end; {not used [i] or (val [i] = t)}
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| npunagnexut := used [i] and (val [i] = t);
end;

procedure po6asute (t: T);
| var i: integer;

begin
i :=h (t);
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;
val [i] := t;
end;

end;

procedure uckmouuts (t: T);
| var i, gap: integer;

begin
i :=h (t);
while used [i] and (val [i] <> t) do begin
| i := (i + 1) mod n;

end; {not used [i] or (val [i] = t)}
if used [i] and (val [i] = t) then begin

used [i] := false;
gap := i;
i := (i + 1) mod n;

{gap - nmEpa, kKoTopad MOXeT 3akKpHTLCA ONHMM 3 i,i+l,...}
while used [i] do begin

if i = h (val[i]) then begin

| {Ha cBoOéM MecTe, HMYEro He IelaThb}

end else if dist(h(val[il),i) < dist(gap,i) then begin
| {gap...h(val[il)...i, Hu4ero He memaTn}

end else begin

used [gap] := true;
val [gap] := val [i];
used [i] := false;
gap := i;

end;

i := (i + 1) mod n;

end;
end;
end;

3aece dist (a,b) — u3MepEHHOE 1O YACOBOU CTPeJKe (CJIeBA HAIPABO)
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paccTosHue OT a 10 b, TO eCcTh
dist (a,b) = (b-a+n) modn.

(Mpr npubasmnn n, Tak Kak GyHKOuA mod IPABUIBHO PA0OTAET IPU HOJIO-
JKUTEIBHOM [ETUMOM. ) O

13.1.3. CymecTByeT MHOrO BApUAHTOB Xemuposauusa. O IuH U3 HAX Ta-
KOB: OOHAPYKUB, ITO UCKOHHOE MeCTO (0603HAIUM €ro i) 3aHATO, Oy IeM UC-
KaTh cBo6oaHOE He cpenu i + 1,4 + 2, ..., acpeau r(i), r(r(7)), r(r(r(i))),- . .,
rge r — Hekoropoe oroopaxenue {0,...,n — 1} B cebs. Kakue npu sTom
OyayT TpyIHOCTH?

Orser. (1) He rapanTupyercs, 94TO €Cau IIyCTBIE MECTA €CTb, TO MBI
ux vauaém. (2) Ipu yaanenun HeACHO, Kak 3anonHATh nuipel. (Ha npaxTu-
Ke BO MHOTUX CIy9adx yJaleHue He HyKHO, TAK 9TO TAKOU CIOCO0 TaKKe
npumenserca. CauraeTcesa, 9TO yIavHLI TOAOOP (DYHKIWMA I MOXKET TIpe-
JTOTBPATUTL OGPA3OBAHNE (CKOILIEHWN) 3AHATLIX ATEEK.) O

13.1.4. IlycTts maa XpaHEeHUS MHOXKECTBA BCEX MPABUIBHBIX PYCCKUAX
CIOB B HpOrpaMMe MIPOBepKu OPdOrpaduu HCIOIB3YETCsS XEUInPOBAHUE.
YTo HyXKHO HOGABUTH, 9TOOBI K TOMY K€ YMETb HAXOAUTH AHTVIUUCKUN
TIEePEBO TI0O0T0 MPABIILHOTO CJIOBA?

Pemrenne. [Tomumo maccusa val, saeMeHTHE KOTOPOT'O ABIAIOTCA PYCCKU-
MU CTOBAMU, HYKEH MAPALTCILHLIT MACCUB UX AHTVIMUCKUX MEPEBOIOB. [

13.2. XewmporaHue CO CnMCKaMu

Ha xem-¢pyuxumio ¢ k 3HAMEHUAMYN MOXHO CMOTPETh KaK Ha, CIIOoco0 cBe-
CTHU BOIPOC O XPAaHEHUU OJTHOI'O OOJBIIONO MHOXKECTBA K BOIPOCY O XpaHe-
HUU HECKOJBKUX MEHBbIUX. IMEHHO, eCu ¥ HAC €CTh XeIl-(DyHKIN ¢ k 3Ha-
YEHUAMU, TO JI0O0E MHOKECTBO pa3buBaeTca Ha k MOIMHOXKECTB (BO3MOXK-
HO, MYCTHIX), COOTBETCTBYIOIINX BO3MOMKHBIM 3HAYCHUAM XeII-(DYHKIUM.
Bompoc o mpoBepke npuHa 11€KHOCTY, JOOABICHUY WX Y IAJEHUN /I OOIb-
IIIOI'0 MHOXKECTBA CBOAUTCA K TAKOMY 2Ke BOIIPOCY 1A OTHOT'O U3 MEHBIINX
(4TO0OBI y3HATD, /11 KAKOI'0, HAJA0 IOCMOTPETH Ha 3HAYEHUE XeIl-(DYHKIIN ).

OTHU MEHBIINE MHOXKECTBA, YIOOHO XPAHUTD C MTOMOIIBIO CCHLIOK; UX CYM-
MAapHBIT Pa3Mep PaBeH UUCTY DIEMEHTOBR XemupyeMoro Muoxectsa. Caeny-
omaa 3ajlada IpefiaraeT pealn3oBaTh 9TOT ILIAH.

13.2.1. Ilycre xem-pyHKIuS mpuHuMaeT 3HadeHus 1...k. [aa kaxmgo-
0 3HAYEHUs XeM-(PYHKIUYM PACCMOTPUM CIIMCOK BCEX DJIEMEHTOB MHOXKe-
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CTBa C MAHHBIM 3HAYEHUEM Xelml-(pyHKIUU. ByreMm XpaHUTL 3THU K CIUCKOB
C TIOMOIIIHI0 TIEPEMEHHBIX

Comepxanme: array [1..n] of T;
Cnenmywoumi: array [1..n] of 1..n;
llepeCBo6: 1..n;

Bepumua: array [1..k] of 1..n;

TaK ke, KAK MBI DTO JEJIAIU A XK CTEKOB OrPAHUYEHHOU CYMMAPHOU U~
uel. Hanucars cooTBercrByonme nporpaMMbl. (Y gajgeHue 1m0 CpaBHEHUIO
C OTKPBLITOU AJPECaluen yIpoIaeTCs. )

Pemenue. [Tepen navanmom paboTh HAIO MONOKUTEH Bepumua[i] = 0 s
Bcex 1 =1...k, 1 CBA3aTh BCE MECTa B CIUCOK CBOOOMTHOTO MPOCTPAHCTBA,
nmonoxus [lepeCeo6 = 1 u Cremywmmu[i] = i+1 mra i = 1...n-1, a Takxe
Crenywoumu [n] = 0.

function mpumagmexur (t: T): boolean;
| var i: integer;
begin
i := Bepumual[h(t)];
{ocTamocs uckaThp B cmucke, HaumHag c i}
while (i <> 0) and (Comepxamme[i] <> t) do begin

| i := Cmemywoumu[i];
end; {(i=0) or (Comepxamme [i] = t)}
mpunagmexut := (i<>0) and (Comepxamme[i]=t);

end;

procedure mo6aBute (t: T);
var i: integer;

begin

if not mpumammexuT(t) then begin
i := llepBCBO6;
{llepeCB06 <> 0 - cuMTaeM, YTO He IEPENONHAETCA}
MepeCBo6 := Crexynoumi[llepeCro6]
Conmepxanume [i] : =t;
Crenywoumu[i] : =Bepumma [h (t)] ;
Bepumua [h(t)]:=1i;

end;

end;

procedure uckmouutes (t: T);

| var i, pred: integer;

begin

| i := Bepummal[h(t)]; pred := 0;
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{ocTramocws uckaTe B cmucke, HauuHag c i; pred -
IpemHAyWME, eCIM OH ecTh, u 0, ecmum HeT}

while (i <> 0) and (Comepxamme[il <> t) do begin

| pred := i; i := Cmemyoumu[i];

end; {(i=0) or (Comepxamme [i] = t)}

if i <> 0 then begin

{Conepxanue[i]=t, smeMeHT ecT®L, Hamo yHamuTh}

if pred = O then begin
{>meMeHT oxa3samca mepBHM B cIHMCKel}
Bepumual[h(t)] := Cmemyoumi[i];

end else begin

| Crnenywumi [pred] := Cremyromwu[i]

end;

{ocTramoces BepHyTH i B cmucox cBOGONHEX}

Crenywoumu[i] := IlepeCBo6;

MepBCBO6:=1;

end;

end; O

13.2.2. ([lnn smakombix ¢ Teopuen BeposaTHocTen.) IlycTs xem-pyHk-
Iua ¢ k 3HAYCHUAMU UCTIOIB3YETCA IJA XPAHEHUA MHOXKECTBA, B KOTOPOM
B NAHHLIM MOMEHT 7, 2IeMEHTOB. [[0Ka3aTh, 9TO MATEMATUYIECKOE OXKUIa-
HUE YnCIa OeNCTBUN B mpeawsiaymen sagade He npesocxoant C(1 + n/k),
ecan 106aBIAEMBIN (yoANAEMBIN, UCKOMBIN) BJIEMEHT ¢ BHIODAH CJLy9ayHo,
npuaéM Bee 3Hadenus h(t) uMmeroT paBuble BeposTHOCcTH (paBHble 1/k).

Pemenme. Ecau [(i) — nauna cnmcka, COOTBETCTBYIOIIETO XEII-3HAME-
HUW i, TO uucao oneparuu He npesocxomut C'(1 + [(h(t))); yepemusas, mo-
JTydJaeM HCKOMEIN OTBET, Tak Kak »_, [(i) =n. O

DTa OLEHKA OCHOBAHA HA TIPEAMOJOKEHIN O PABHBIX BepoATHOCTAX. O1-
HAKO B KOHKPETHOU CUTYAIIMNA BCE MOKET OLITH COBCEM HE TaK, M 3HATMECHUA
Xem-(PpyHKIAM MOTYT «CKYIUBATHCA : IUIA KAXK I0M KOHKPETHOU Xemn-(phyHK-
U €CTh (HEeyJATHBEIE) CATYAIWd, KOTAA YUCAO MEUCTBAN OKA3BIBACTCA
oombiuM. [Ipuém, HABLIBACMBIN YHUGEP CAAbHBIM LEULUPOBAHUEM, TTO3BOISI-
eT oboutu >y mpobaemy. Mges cocTouT B TOM, UTO GEPETCA CEMEUCTBO
Xer-(pyHKIA, TPUIEM JTI00as CATYAIIUA OKA3BIBACTCA HEY TATHOU JIUITE /I
HEOOMIBIION YACTH DTOrO CEMENCTBA.

IIycte H — cemencTBo QyHKIUN, KaxKIad U3 KOTOPLIX O0TOOPaxKaeT
MHOXKECTBO T B MHOXKECTBO u3 k dmemenTos (mampuwmep, ...k — 1). Toso-
pat, uto H — ynusepcaavrnoe cemeticmso xew-Gyniyui, ecam I ToOLX
OBYX PA3JUYHBLIX 3HAYMECHUN § U § U3 MHOXKECTBA T BEPOATHOCTH COOLITHA
h(s) = h(t) pua cayganson pyuakuun h us cemencrsa H pasua 1/k. (Opy-



“progbook” — 2013/10/22 — 18:36 — page 223 — #223

13.2. Xewuposanue co cnuckamu 223

rovmu caoBamu, Te pyukiun w3 H, naa xoropeix h(s) = h(t), cocrasaaor
1/k-y1o gacts Bcex pyukuuu B H.)

3amedanme. Bosee cuibaoe Tpebosanue K cemencTBy H Moriao Obl co-
CTOATH B TOM, ITOOBI IIA JIOOBIX IBYX DA3IMIHLIX IEMEHTOB § W  MHO-
xecrBa T 3uadenus h(s) u h(t) cayganson yHKumu h ABIAIOTCA HE3a-
BUCUMBIMU CITYyIAUHBIMYA BEIMYUHAMUA, DABHOMEDHO DACIPEICTCHHBIMU HA,

0...k—1.

13.2.3. Ilycts tq,...,t, — TIPOU3BOILHAA MOCIEIOBATEILHOCTD PABIAY-
HBIX 3JEMEHTOB MHOXeCTBa 1. PaccMoTpuM KOMMYEeCTBO NEUCTBUU, TPOUC-
XO AKX [PU TTOMEIIEHUN DJIEMEHTOB b1, . .., t, B MHOXKECTBO, XeIIUPyEeMOe
¢ moMompio pyHKInn h 13 yHUBEpCaabHOro cemencrsa H. Joka3aTb, 9TO
cpefHee KOAMIecTBO neuctsuln (ycpennerue — 1o BceM h w3 H) ue npesoc-
xoxut Cn(l+n/k).

Pemrenue. O603HAMMM Uepe3 M; KOTHIECTBO DIEMEHTOBR MOCICI0BAT -
HOCTH, JIA1 KOTOPLIX Xem-pyHKmua pasHa i. (Iucaa my,...,my_1 3aBu-
CAT, KOHETHO, OT BEIOOpa xem-pyHKImu.) KoamdecTso NencTBUd, KOTO-
pO€ MBI XOTUM OIEHUTb, ¢ TOYHOCTBIO DO MOCTOAHHOTO MHOMXKHUTENIA PAaB-
HO mg +m3 +...+mj_,. (Ecim s wmcen monmagaioT B OJHY XelI-uenKy,
TO g >TOro Tpedyerca mpumepHo 1 + 2 + ...+ s geucTBun.) DTy Ke
CyMMy KBAJPATOB MOXKHO B3AMUCATH KAK TUCIO TAap (p,q), MIA KOTOPBIX
h(t,) = h(t,). llocrennee paBeHCTBO, €CIN €r0 PACCMATPUBATHL KAK COOBI-
Tre npu GUKCUPOBAHHLIX P U (, AMEET BEPOATHOCTE 1/k mpu p # ¢, mopTOMY
Cpe/Hee 3HAYMEHNE COOTBETCTBYIONIErO WIeHa CyMMBI pasHO 1/k, a mua Bcen
CYyMMBI TIOTy9aeM oneHky nopanka n’/k, a Tounee n + n’/k, ecmu yuecTs
YJIEHBL C P = . O

JTa 3a/7a4a [MOKA3LIBAET, 9TO HA KAXKABIA OOABIAEMBIN DJEMEHT IIPU-
xonurcs B cpexrem C(1 4+ n/k) onepanun. B aron onenxe 1pods n/k umeer
CMBICT «KO(DPUITIEHTA 3AMOTHEHUAD) XEII-TAOIUIIB.

13.2.4. [lokasaThb aHAJIOIUYIHOE yTBEPKACHNE LA IIPOU3BOJILHON IIOC/Ie-
IOBATEILHOCTHU ONEPaluil JOOABICHUS, IOUCKA U Y IaTeHus (a He TOABKO I
DOOABICHUA, KAK B MPEILIAYIIEH 3a,1a¢e).

[Ykasaume. Bygem mpencrasaaTs cebe, 9TO B XOle TOUCKA, AOOABTE-
HUA U YIAJICHAA DJICMEHT IPOTAIKMBACTCA MO CIOUCKY CBOUX KOJLIET C TEM
JKe XeII-3HAYEHUEM, [IOKa He HaWAET CBOEro NBOMHUKA WIM He JOUIET 10
KOHIIA CIUCKA. ByxeM Ha3LIBATH i-j-CTOJIKHOBEHUEM CTOJKHOBEHUe t; C t;.
(Ono mubo mpomsounér, mbO HEeT — B 3aBucuMocTu oT h.) Obmee uu-
CJIO TEeUCTBUU TPUMEPHO PABHO HUUCTY BCEX TPOUCHICAIIAX CTOJKHOBEHUU
ILIIOC 9UCIO 5aeMeHTOB. IIpu t; # t; BEpOATHOCTS i-j-CTOIKHOBEHNUS He Ipe-
Bocxoaut 1/k. Ocranocs npocaeauTs 3a CTOMIKHOBEHUAME MEXK,1y PABHBIMUA
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anemeHTamMu. PuxkcupyeM HEKOTOPOE 3HAUEHNE T U3 MHOXKECTBa 1 U TOCMO-
TPUM HA CBA3aHHBLIE ¢ HUM onepanuu. OHU UAYT MO IMUKIY: T0OABICHIE —
IPOBEPKU — yaajJeHue — nobaBieHue — MOPOBEPKU — yIAJeHue — ...
CTONKHOBEHUA TPOUCXOIAT MEXKIY TOOABIAEMBIM HIEMEHTOM U CJIE YOI~
MU 33 HUM IIPOBEpKaMu (40 yAAJIEHUSA BKIUUATEILHO), IOITOMY OO0IIee Ux
YUCI0 HE MPEBOCXOAUT HUCIA DIEMEHTOB, PABHBIX .| O

Tenepb npuBeaéM NpUMEPHI YHUBEPCAILHBIX ceMencTs. O4YeBUaHO, s
JMHOOBIX KOHEYHBIX MHOXKECTB A u B cemencTBo BCeX (DYHKIIUN, 0TOOpAXKA-
onwx A B B, apaserca yuusepcambHbiM. OIHAKO DTOT TpUMED € TPAKTU-
YECKOU TOYKU 3PEHUS GECIOIE3eH: A 3aMOMUHAHUA CIyIaAUHON (DYHKIIAN
U3 TOrO CEMENCTBA HYXKEH MACCUB, IUCIO DIEMEHTOB B KOTOPOM PABHO K-
CJIy DaeMeHTOB B MHOkecTBe A. (A eciaum Mbl MOXKeM ce0e MO3BOIUTH TaKOU
MAacCCUB, TO HUKAKOI'O XEIIUPOBAHUA HE TpebyeTcs!)

Bonee mpakTuvHBIE TPUMEPHI YHUBEPCATLHBIX CEMEUCTB MOTYT OBITH
MTOCTPOEHBI € MOMOIIBIO HECAOKHBIX AMreOpandecKuxX KOHCTpyKuun. Te-
pe3 Z;, MBI 0003HAMaEM MHOXKECTBO BEIYETOB IO IIPOCTOMY MOZYJIO P, T.e€.
{0,1,...,p — 1}; apudmerudeckue omepanuu B DTOM MHOXKECTBE BBIIOJ-
HAIOTCA 10 MOAYJIO p. YHUBEPCAIBHOE CEMEMCTBO OOPa3yioT BCE JUHEN-
HBIE (DYHKIIMOHATHI Ha Zg co 3HaveHuAMHu B Z,. Bonee moapob6HO, MycTh
ai,...,0p — IPOU3BOJBHEIE DIEMEHTHI Zy; PACCMOTPUM OTOOpPAKEHIEe

hi{zy...xp) — a1 + ... + apy.

Mgt momyaem cemencTso u3 p" oTobpaxkenun Zy, — Z, mapaMeTpu30oBaH-
HOoe HabopaMmu (aq .. .ay).

13.2.5. [okasaTb, YTO 3TO CEMEMCTRO ABMACTCA YHUBEP CATHLHBIM.

[Ykazauue. IlycTs & 1 y — pasindHbe TOIKA IPOCTPAHCTBA L, . KakoBa
BEPOATHOCTH TOTO, UTO CAYIANHBIN (DYHKIIMOHAT TPUHUMACT HA HUX OJU-
HAKOBBIE 3HaYeHUA! [[PyruMu cIoBaMu, KAKOBa BEPOATHOCTb TOrO, YTO OH
paBeH HyJiO Ha ux pazHocTu T — Y7 OTBET TAETCA TAKUM yTBEPKICHUEM:
MyCTb ¢ — HEHYJIEeBOU BEKTOP; TOrAA BCE 3HAYEHUS CIYIAUHOrO (PyHKIINO-
Ha/a HA HEM PABHOBEDOATHBL O

B caenyromen 3aate muaoxecrso B = {0, 1} paccmarpuBaeTcs Kak MHO-
JKECTBO BEYETOB TIO MOIYTIO 2.

13.2.6. Cemencrso Bcex auHeNHBIX oToOpaxkenuu u3 B B B™ asiserca

HUBEPCATLHBIM. O
y p

PoncTBeHHBIE XCMMPOBAHNIO MAEH HEOXKUTAHHO OKA3LIBAIOTCS TOIE3HBI-
Mu B cregyiomen curyanuu (pacckasan J[I. Bapcanogwes). Ilycts Mbr x0-
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TUM HANUCATH TPOrPAMMY, KOTOPas 0OHAPYKUBATA (GOMBIIMHCTBO) OMeYa-
TOK B TEKCTE, HO HE XOTUM XPAHUTH CIUCOK BCEX MPABUIBHLIX CIOBO(GOPM.
[Ipemraraercsa mOCTynuTh Tak: BHIOpATHL HEKOTOpoe N u HAOOP (DYHKIIUN
fis--+, fr, oTOOpaxkaromux pycckue ciaosa B 1,..., N. B maccuse uz N 6u-
TOB MOJOXKUM BCE OUTHI DABHBIMU HYJIIO, KPOME TeX, KOTOPBIE ABIAOTCA 3HA~
YeHUEeM KaKOU-TO (PYHKIIUU HAOOpa HA KAKOU-TO MPABUILHOU CIOBOMOPME.
Tenepsb NpUOIMKEHHBIN TECT HA TPABIILHOCTE CIOBOGOPMBI TAKOB: TIPOBE-
PUTB, YTO 3HAYEHUS BCeX (PYHKIUN HAGOPA HA DTOU CAOBOPOPME MMOMATAIOT
HA MeCTa, 3aHATHIEe equHunaMU. (DTOT TECT MOXKET HE 3aMETUTh HEKOTO-
PBIX OIKUOOK, HO BCE NPABUIBHBIE CJIOBO(GOPMEL OY1yT 0400DEHHI. )
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14. NMPEACTABJIEHUE
MHO>XECTB. IEPEBbA.
CBEAJIAHCNPOBAHHBIE
ANEPEBbBA

14.1. lNpencTaBneHne MHOXECTB
C MOMOLLIbIO [EPEBLER

MNonHoe psouuHoe mepeso. T-pepeebs

Hapucyeum touxy. I3 meé nposeném aBe cTpeiku (BIEBO BBEPX U BIPABO
BBEPX) B [BE Apyrue TOYKU. U3 KaxKJ0U M3 >TUX TOYEK MPOBEAEM IO ABE
cTperku u Tak gajiee. IloqydeHHy™0 KapTHHKY (B n-oMm caoe Gymzer 271
TOYEK) HA3BIBAIOT TOJHBIM IBOMYHBEIM depesonm. HUKHIO0 TOUKY HA3BIBAIOT
KopHeMm. Y KayKIOU BEPUIMHBLI €CTh ABA CbikG (IBE BEPIIMHBI, B KOTOPLIE
UIYT CTPETKU) — 4A€6bili U npaebit. Y BCAKOU BEPIIUHLI, KPOME KODHA,
€CTh €IUHCTBCHHBIA 0MEY.

ITycTs BBIOpAHO HEKOTOPOE KOHEYHOE MHOXKECTBO BEPIIUH IOJIHOTO TBO-
UYIHOTO JepeBa, COMepKallee BMECTE C KaXKIOU BEPITMHOU U BCEX €€ Mpel-
xoB. [IycTh Ha KA 10U BEPIINHE STOT0 MHOXKECTBA HAMUCAHO 3HAYCHUE (PUK-
cupoBanuoro Tuna I (To ecTh 3a0aH0 OTOOPAKEHUE MHOKECTBA BEPIINH
B MHO)ecTBO 3Hadenunt tuna 1'). To, 4o noayuurcs, Oyaem HasbBaTh 1'-de-
pesom. Muoxkectso Bcex T-gepesbes obosuadum Tree(T).

PexypcuBHoe onpegenenme. Besakoe memycroe T-nepeBo pa3dbuBaeTcsa Ha
TPU YACTU: KOPeHb (Hecymmi noMeTKy u3 1), JeBoe U MpaBoe MO IePeBbs
(kOTOpBIE MOIYT OBITH MYCTHIME). DTO PA3OUEHUE YCTAHABIUBACT B3AUM-
HO OJHO3HAYHOE COOTBETCTBUE MEXKIy MHOXKECTBOM HEMyCTHIX 1-nepeBbeB
u npoussegerueM 1 X Tree(T) x Tree(T'). O603uauuB Uepes empty mycroe
IEPeBO, MOXKHO HAMUCATH

Tree(T') = {empty} + T x Tree(T) x Tree(T).
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Mopnepesbs. BreicoTa

dukcupyem mexkoropoe T-nepeBo. [I1a KaxKI0W €ro BepIIMHLI T OIpe-
aeJeHo e€ sesoe noddepedo (JEBBHIU CHIH BEPIIUHBI T U BCE €r0 MOTOMKH),
npasoe noddepeso (MPABBIU CHIH BEPIIMHBL T U BCE €0 MOTOMKN) U nodde-
peso ¢ koprem 6 x (BepIIMHA T U BCE €€ MOTOMKM).

JeBOE opaBoe

KODEeHb

JleBoe 1 mpaBoe MO AePEeBbS BEPIIMHBEL £ MOTYT OBITH IIYCTHIMU, & MO 16~
PEBO C KOPHEM B I BCEr[a HemycTo (CONEpXKUT MO KpauHen mepe ). Bovi-
comot mogaepesa OyIeM CINTATh MAKCUMATLHYIO LIAHY HETH Y1 - . . Yp €00
BEPIIUH, B KOTOPOU ¥;+1 — CHIH ¥; 1a Bcex 4. (BeicoTa mepesa u3 oqHOrO
KODHJ PABHA eJUHMUIE, BEICOTA IIyCTOIO IepPeBa — HYJIIO. )

Ynopsaouentsie T-aepesbs

IIycTs Ha MHOXKECTBE 3HadeHun Tuma 1 GuKCUpoBad mopagok. Hazosém
T-nepeBo ynopadouennbim, €CIU BBIIOJHEHO TAaKOe CBOUCTBO: A JI000U
BEPIMHLL  BCE TIOMETKU B €€ JIEBOM TIOJIePEBE MEHBINE TIOMETKY B I, & BCE
TIOMETKHU B €€ TPaBOM TIOJEePEeBe OOMBIIE TTOMETKA B L.

T
14.1.1. [loxaszaTh, UTO B YIOPAAOUEHHOM MEPEBE BCE MOMETKU PA3IUY-
HEI.

[Ykasaume. MHAyKIMA O BHICOTE AepeBa.] O

MNpeacTaBneHme MHOXECTB C MOMOLLLIO EPEBLER

Kaxgoe mepeBo OymeM cYuTaATh TpenCTABICHUEM MHOXKECTBA BCEX IO-
METOK Ha ero BepmuHax. [Ipr 5TOM 0IHO U TO K€ MHOXKECTBO MOXKET UMETh
pa3INIHLIE IPEeICTABICHU.
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Ecnu mepeBo ymopamovdeHo, TO KaxkK IbIA DIEMEHT MOXKET JErKO «HAUTH
CBOE MECTO» B JepeBe: PUIS B KAKYK-TO BEPIINHY U CDABHUB CEOSA C TEM,
KTO TaM HAXOJWUTCA, DJAEMEHT PEeMIaeT, UATH €My HAJCBO WIN HAIIPABO.

i

y

HauaB ¢ KOpHS U IBUraschb MO 3TOMY MPABWIY, OH JAOO OOHAPYKUT, ITO
TAKOU JIEMEHT YK€ €CThb, JU00 HAUAET MeCTO, B KOTOPOM OH JOJKEH OLITh.

Bcerony mamee MBI mpenmonaraeM, ITO Ha 3HAUMEHUAX TUHa 1 3amaH MMO-
PAIOK, U pACCMATPUBAEM TOJBKO YIOPATOUYEHHLIE TePEBb.

XpaHeHue fepeBbeB B Nporpamme

MoxHO OBLIO OBI CONOCTABUTEH BEPIINHLI ITOJTHOT'O TBOMTHOI'O IEpPeBa
¢ ancaamu 1,2, 3, ... (cauTas, ITO JeBBIU CHIH N €CTh 27, IPABBIU CHIH 7 €CTh
2n + 1) u xpanuTs nomeTku B Maccuse val [1...]. Ograko sToT cocoG
HEDKOHOMEH, MOCKOJIBKY TPATUTCA MECTO HA XPAHEHUE MyCTHIX BAKAHCUU
B ITOJTHOM JBOUYHOM JI€peBe.

Bonee skonomen Takon cmoco6. Beeaém Tpu Maccusa

val: array [1..n] of T;
left, right: array [1..n] of 0..n;

(n — MaxcuMaabHOE BO3MOXKHOE 9UCIO BEPIIVH [AeDeBA) U IEePEeMEHHYIO
root:0..n. Kaxgas Bepmnna xpanumoro 1-nepesa 6y1eT uMeTs HOMED —
qucao or 1 1o n. Pasueie Bepuinusl 6yayT uMmeTs pasusie HoMepa. [lomeTka
B Bepmue ¢ HOMepoM x pasHa val[x]. Kopeun mmeer momep root. Ec-
JI1 BEPINUHA C HOMEPOM i MMEET CHLIHOBEW, TO WX HOMepa paBHBl left[i]
u right[i]. OTcyTcTByOMMM CHIHOBBAM COOTBETCTBYeT 4IucIO 0. AHao-
TUYHBIM 00Pa3oM 3HadeHre root=0 COOTBETCTBYET IIyCTOMY IEPEBY.

[l XpaHeHusI [epeBa UCIOJIb3YeTCs JIUIb YaCTh MACCHABA; MJA TeX i,
KOTOpBLIe CBOGOMHBI (HE ABJIAKOTCA HOMEpPAMU BEpIIuH), 3HadeHua vall[i]
6espasaununsl. Ham 6ymeT yno6HO, ITOOBT BCe CBOOO IHBIE YUCTA OBLIN «CBA-
34HBI B CMUCOK»: TIEPBOE XPAHUTCA B CICIUATHLHOU TepeMeHHon free:0. .n,
a caemyromiee 3a i cBobomHOoe uncao xpauuresa B left[i], Tak 4To cBO6GOI-
HBI IHCJIA

free, left[free], left[left[freell,...
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[Lna mocmegHero cBob6ogHOrO uucaa i sHadenne left[i] pasmo 0. Pasen-
cTBO free=0 o3HAYaET, ITO CBOOOMHBLIX UUCEN OOMBIIE HET.

3ameganme. Mbr ncnonb30BaIn 1J1s1 CBA3BIBAHUS CBOOO IHBIX BEPIINH Mac-
cuB left, HO, KOHETHO, C TEM XKe YCIEeXOM MOXKHO OBLIO UCIOIB30BATH MaC-
cuB right.

BuecTo snadenns 0 (0603HAMAIOMIETO OTCY TCTBUE BEPIIUHLI) MOXKHO OBI-
JIO OBI BOCTIOJMB30BATHCSA JIOOBIM IPYTHUM IUCIOM BHE 1. .1n. YT0oOLI mOgIepK-
HYTBb 3T0, OyzneM BMecTO O UCHOJB30BATH KOHCTAHTY null=0.

14.1.2. CocTaBuTh NPOrpaMMy, OMPEIEIAIONIYI0, COAEPKUTCA JU DJe-
MeHT t:T B yIOPAZOYEHHOM JepeBe (XPAHMMOM TakK, KAK TOIBLKO YTO OIU-
CaHo).

Pemrenne.

if root = null then begin
| . .He IpUHALIEXUT
end else begin
X := root;
{uHBapmaHT: ocTaéTcA HPOBepUTH HAIM4YMe t B HENYCTOM
mommepeBe C KOpHEM 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}
| x := left [x];
end else begin {t > val [x], right [x] <> null}
| x := right [x];

end;
end;
{mu6o t = val [x], mubo t oTcyrcTByeT B mepemel}
..orBer = (t = val [x])
end; O

14.1.3. YupocTuTh pelieHne, UCIOAb3ys CIeAYIOMUN TPIOK. Pacmmpum
00TACTH OMPEIeIeHUA MACCUBa val, T00aBUB AUYEUKY ¢ HOMEepOM null u mo-
goxuM val [null]=t.

Pemrenne.

val [null] := t;
X := root;
while t <> val [x] do begin
if t < val [x] then begin
x := left [x];
end else begin
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| x := right [x];
end;
end;
..orBeT: (x <> null). O

14.1.4. CocraBuThb IporpaMmy IOOABICHUS DJIEMEHTA t B MHOXKECTBO,
[PENCTABICHHOE YIOPAIOICHHBIM I€PEBOM (€C/IU DIEMEeHT t yXkKe eCTh, HU-
Yero neraTh He HAO).

Pemerme. Oupenemum mpouenypy get free (var i:integer), maro-
Iy CBOGOAHOE (He SBJAIOMIEECS HOMEPOM) YHUCAO i M COOTBETCTBYIOUIUAM
06pa3oM KOPPEKTUPYIOIIYIO CIIUCOK CBOOOMHBIX UNCET.

procedure get_free (var i: integer);

begin

{free <> null}

i := free;

free := left [free];
end;

C eé ucnonn3oBaHMEM MPOTPAMMa, TPUOOPETACT TAKOW BULI:

if root = null then begin

get_free (root);

left [root] := null; right [root] := null;

val [root] := t;

end else begin

X := root;

{uHBapMaHT: ocTamoch LO6aBUTEH t K HEIYCTOMy IOALLEPEBY 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 mepeme}

get_free (i);

left [i] := null; right [i] := null;

val [i] := t;

if t < val [x] then begin

| left [x] := i;

end else begin {t > val [x]}
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| right [x] := i;
end;
end;
end;

O

14.1.5. CocTaBuTh TpOrpaMMmy yIAJEHUs HJIEMEHTa t M3 MHOXKECTBA,

IPeICTABICHHOTO YIOPALOYCHHBIM 1PEBOM (€CJIM €r0 TaM HeT, HIIero je-
JIaTh He HATO).

Pemrenmne.

if root = null then begin

| {mepeBo mycTo, HuW4Yero memaTh He Hamxo}

end else begin

X := root;

{ocTamocy ymamuTe t U3 mommepeBa C KOPHEM B X; IOCKOIBKY
3TO MOXeT IOTpe60oBaTL W3MEHEeHMHA B OTIE X, BBELSM
nepevennse father: 1..n u direction: (1, r);
IonmepXuBaeM TakoW MHBApMaHT: eCIM X He KOpeHb, To father
- ero oremn, a direction paBHO 1 MIM r B 3aBUCHUMOCTH OT
TOr0, JIEBHM WM NpaBHM CHHOM ABIAETCA 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 := 1;
x := left [x];
end else begin {t > val [x]}

father := x; direction := r;
x := right [x];
end;

end;

{t = val [x] wmu t HeT B mepeme}

if t = val [x] then begin

. .yhaleHNe BepIMHH X Cc oTuoM father u
HampaBineHueM direction

end;
end;

Y naseHue BepUIMHBI UCIOMB3YET IPOLELyPY

procedure make_free (i: integer);
begin

left [i] := free;

free := i;
end;
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Ona BKIIOYAET YUCIO i B CIMCOK CBOOOIHBLIX. [Ipu yIameHun pa3indarTcsa

4 cnydas B 3aBUCUMOCTY OT HATAYUA WK OTCYTCTBUA CHIHOBEN Y Y IAIACMON
BEPIIUHEI.

if (left [x] = null) and (right [x] = null) then begin
{x - mMcT, T.e. He UMeeT CHHOBel}

make_free (x);

if x = root then begin

| root := null;

end else if direction = 1 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 ymamaerca, a right [x] 3anumaer mMecTo x}
make_free (x);

if x = root then begin

| root := right [x];

end else if direction = 1 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
| . . CHMME TPUYHO

end else begin {left [x] <> null, right [x] <> null}

| . .yOAIUTE BEPUIMHY C OBYMA CHHOBBLAMHU
end;

Y nameHue BepIINHEL C IBYMS CHIHOBBAMU HETB3s CAEMATH MIPOCTO TaK, HO €€
MOYXKHO MPEIBAPUTEILHO TTOMEHATEH C BEPITUHON, TTOMETKA, Ha, KOTOPOU ABJIA-

€TCs HEIOCPEACTBEHHO CJIeAYIOIUM (B OPSIKE BO3PACTAHUS) DIEMEHTOM 34
IIOMETKO! Ha X.

y := right [x];

father := x; direction := r;

{renepr father u direction oTHocaTca Kk BepumHe y}
while left [y] <> null do begin

father := y; direction := 1;
y := left [yl;
end;

{val [y] - mumumanemas us momeTok, Gombumx val [x],
y He MMeeT IeBOTO CHHal}
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val [x] := val [yl;
. .ymamuThk BepumHy y (Xax ymamATE BepUMHY, y KOTOpPOM HeET
JeBOTO CHHA, MH yXe 3HaeM) O

14.1.6. YmpocTuTh TpOrpaMMy yIaJeHus, 3aMeTHUB, UTO HEKOTOPHIE
ciaydau (Hampumep, mepBble ABa U3 YETHIPEX) MOXKHO 0OBEIUHUTD. (]

14.1.7. Ucnonp3oBaTh yHOPATOYEHHBIE A€PEBbA MJIA IPENCTABICHUA
dyuxIIUN, 06JACTH OMPENETEHNSI KOTOPHIX — KOHEYHBIE MHOXKECTBA, 3HAME-
Hun Tuna T, & 3HAYEHUA UMEIOT HeKOTOphin Tun U. Onepannn: BEMUCTICHTE
3HAYEHUs HA JaHHOM apryMeHTe, I3MEHEHNE 3HAYCHUS Ha JAHHOM apryMeH-
Te, goomnpegeneHne GyHKINN HA JaHHOM apr'yMEHTe, UCKIIOYEHUE DIeMEHTA
3 obiacTu ompeneaeHus QyHKIUN.

Pemrenne. /leraeM kak paHbIe, T00aBUB €€ OTUH MACCUB

func_val: array [1..n] of U;

ecam val[x] = t, func_val[x] = u, To 3HaYeHUE XpaHUMON (DYHKIUMA HA t
PaBHO U. ]

14.1.8. IIpennonoxum, ITO HEOOXOIUMO yMETh TaKXKe OTBICKUBATH
k-BII DJEMEHT MHOXKECTBA (B IODPALKE BO3PACTAHUA), IPUIEM KOIUIECTBO
OEUCTBUN JOKHO ObITh He Gotee C - (BbicoTa gepeBa). Kaxyio pomomHu-
TETbHYI UHMOPMAINIO HATO XPAHUTL B BEPIIMHAX IepeBa’

Pemenue. B kaxgoun Bepimae Oy1eM XPAHUTDL YACTO BCEX €6 MTOTOMKOB.
[MobaBaeHne U UCKIIOYEHUE BEPIIMHBI TPeOyeT KOPPEKIUU JUIIb HA Iy TH
OT KOpHA K DTOHU BepumHe. B mpomecce moucka k-oM BEPIIMHEBL IO I€p-
JKUBACTCA TAKOU WHBAPUAHT: UCKOMAs BEPIIUHA, ABMACTCA S-OU BEPIITHOU
MO/ IepeBa C KOPHEM B X (31eCh S U X — MEPEMEHHBIE). O

OueHka KonM4ecTBa AEUCTBUN

s kax gon u3 onepauuit (IPOBEPKU, JOOABIECHIS U UCKIIOICHN) KOJIU-
gecTBO geuctBun He npesocxonuT C' - (BeicoTa gepesa). [las «poBHO mOA-
CTPUKEHHOr0» nepeBa (KOrga BCE JUCThA HA OMHOM BHICOTE) BBICOTA, TI0
MOPAIKY BeIWYUHEI PaBHA, Jorapudmy ducrta BepumH. O IHAKO 118 KpUBO-
OOKOTO JepeBa BCE MOXKET OBIThL TOPa3J0 XykKe: B HAUXYAIIEM CIydae BCe
BEPIIMHLL 0OPa3ylOT IEOb M BBEICOTA PABHA YMUCIy BepmuH. Tak CIydImT-
CA, €COM AJIEMEHTHI MHOXKECTBA NOOABIAITCA B BO3PACTAIOMIEM WIN yOBI-
BaromeM mopagke. MoXKHO NOKas3aTh, OJHAKO, 9TO OPU JOOABICHUHU dIe-
MEHTOB «B CIYIauHOM TIOPAIKE» CPEIHAA BLICOTA AepeBa OyIeT He OOMIbINe
C'log(aucao sepmun). Ecau 5TOM OLEHKE «B CPEIHEM» MAJO, HEOOXO UMb
MOMOMHUTENLHBIE TEMCTBUA IO MO IEPKAHNIO «COATAHCUPOBAHHOCTI) Aepe-
Ba. O6 >TOM CMOTpH B CJAEIYIOIEM ITyHKTE.
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14.2. CbHbanaHCMpPOBaHHbIE [EPEBbS

lepero masbiBaeTca cOhasancuposanmvim (nm ABJI-nepeBom B decTb
uzobperarenen >roro Mmerona . M. A terscona-Bensckoro u E. M. Jlanau-
ca), ecau A JI0O0U ero BePUIMHEBL BEICOTHL JIEBOT'O U IIPABOrO MO/ IeD EBLEB
STOW BEPIIMHBI OTAMIAIOTCA HE Gotee vem Ha 1. (B wacTrOoCcTH, KOrga ox-
HOT'O U3 CBIHOBEU HET, IPYTOM — €CJAU OH €CTh — O0A3aH ObIThH JUCTOM.)

14.2.1. HanTu MUHUMAJIBLHOE I MAKCUMAILHOE BO3MOXKHOE KOIUTIECTBO
BEPIIMH B COAJTAHCUPOBAHHOM J€PEBE BHICOTHI N.

Pemenme. Makcumanbuoe uuciao seprmud pasuo 2" — 1. Ecan m,, — mu-
HUMAJIBHOE YUCIO BEPIIUH, TO, KAK JErKO BULETh, Myto = 1 + My + Myt
otkyaa m, = P, — 1 (®, — n-oe uucro dPubonauuu, ¢; =1, 5 =1,
¢n+2 - q)n + ¢n+1). O

14.2.2. JToxazaTb, 9TO COATAHCUPOBAHHOE TEPEBO C 7N BEPIIMHAMU UME-
et BeicOTy He Goubiie C'logn mis HeKOTOpOu KOHCTAHTHL C', He 3aBUCAIIEH
OT M.

Pemrenme. Nugykumen mo n jgerko nokaszath, 4to P,io > a”, rae

a — GOMBIINH KOPEHb KBAJPATHOIO ypaBHeHUA a’ = 1 + a, TO ecTh a =
= (v/5 4+ 1) /2. OcTaéTcsa BOCIOIB30BATHCA TPEIBILAYIICH 3a1aTeH. O
Bpawenus

Mer X0THM BOCCTaHABINBATEL COAJAHCAPOBAHHOCTD IePEBa MOCIE BKJIIO-
YeHUs U yAaJeHus daeMeHTOB. /[ 5Toro Heob6XoquMbl Kakue-To Ipeobpa-
30BaHUA IepeBa, He MEeHAIe MHOXKECTBA IOMETOK Ha ero BepIINHAX U He
HAPYIIAOIINE YIOPATIOYEHHOCTH, HO CIIOCOGCTBYIOIINE JTydINen COATAHCH-
posannocTu. OMUIIIEM HECKOMBKO TAKUX TPEOOPa3OBAHUN.

Q R

[IycTe Bepmmua ¢ umeet npaBoro ceia b. O6o3uadum vepes P reBoe mom-
IEPEeBO BEPIINHEL @, Yepe3 () u R — JeBoe u MpaBoe MO 1ePeBbs BEPIIUHEI b.
YnopsagoueHHocTb gepesa Tpebyer, 9To0sl P < a < @ < b < R (Tounee cie-
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IOBAJIO OBI CKA3aTh «II00asg MOMETKA Ha, PP MEHbIITe TOMETKH! Ha G, (TOMETKA,
Ha @ MEHBITE JMH00N MOMETKN Ha (J» U T. ., HO MBI TIO3BOJIUM cebe DTOr0
He geaarTh). ToIHO TOro xe TpebyeT yIopsAg0oIeHHOCTh IepeBa ¢ KOPHEM b,
€ro JIeBBIM CHIHOM @, B KOTOpoM P u () — 71eBoe u mpaBoe mogaepeBbs a,
R — npasoe mogaepeso b. IlosTomy mepBoe IepeBO MOXKHO IPeoOpa3o-
BaTb BO BTOPOE, HE HAPYMIAs YIOPAIOIEHHOCTHU. Takoe mpeobOpasoBaHUE
HA30BEM MAAbIM NPABLIM 6PaUw,eHUeM (IPABBIM — MOCKOJBKY CYIIECTBYET
CUMMETPUYIHOE, JEBOE, MAJIBIM — MOCKOJIBKY €CTh U GOMBIIOE, KOTOPOE MbI
cenvac OIulIeM ).

IIycTts b — mpaBbId CHIH a, ¢ — JEBLIA ChIH b, P — J1eBOe 101 1epeso a,
(Q u R — neBoe m mpaBoe TIOAAepeBba ¢, S — mpasoe nmogaepeso b. Toraa
P<a<@Q<e<R<b<S.

Takon ke mopALOK COOTBETCTBYET NEPEBY C KOPHEM ¢, UMEIOIIUM JEBOrO
CBIHA ( ¥ TIPABOTO CHIHA b, MIa KOTOPOro P u () — nmonnepeBbsa BepIINHEL a,
a R u S — mongaepesbsa Bepmuasl b. CooTBeTCTBYOMEE TPEOGPA3OBAHUE
OyeM HA3LIBATH 004bUWUM NPAGLIM 6pawenuem. (AHATIOMMIHO OnpeaenaeT-
CA CUMMETPUYIHOE eMy 004bU0E A60€ BPAULECHUE. )

14.2.3. [lano mepeBo, cOATaHCUPOBAHHOE BCIOAY, KPOME KODHS, B KO-
TOPOM Pa3HUIA BLICOT paBHa 2 (T.e. JIEBOE W TPABOE MOLAEPEBbA KOPHS
cOATAHCUPOBAHEL U UX BBICOTHI OTIXIAOTCA Ha 2). /[oKkaszaTh, 4TO OHO MO-
KeT OBITh MPEBPAIIECHO B COATAHCUPOBAHHOE OJHUM U3 I€THIPEX OMUCAHHBIX
npeobpa3OBAHUN, TPUIEM BLICOTA €10 OCTAHETCS MPEKHEN WX YMEHbIIT-
caua l.

Pemenne. IlycTs 60/ee HU3KUM ABIAETCA, HAIPUMED, JEBOE IO IEPEBO,
u ero BbicoTa pasHa k. Torma BbIcOTa MpaBoro momgepesa paBHa k + 2.
O603HaIMM KOPEHBb 9Yepe3 a, a ero MpaBoro ChHA (OH 06A3ATEILHO eCTh)
qepes b. PaccmoTpum eBoe u ipaBoe moaaepesbs sepmmHsl b. O 1HO u3 HUX
o0s3aTeIBHO uMeeT BeICOTY k + 1, a Apyroe MOXeT MMeTh BBICOTY k win
k + 1 (menbuie k ObITb HE MOXKET, TaK KaK IIOAJEPEBbsA COAIAHCUPOBAHHI).
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Ecau BrICOTA MEeBOTO MOmaepesa pasHa k + 1, a mpaBoro — k, To moTpeby-
eTcsa OOJBINOE TPABOE BPAINECHUE; B OCTATLHBIX CIyYIaAX MOMOTAET MaJoe.
Bot kak BeIMIAZAT Tpu caydas OATAHCUPOBKM IepeBa:

14.2.4. B cbHamaHCUDPOBAHHOE AEPEBO MOOABUIN WIM U3 HETO YIAJIUIN
auct. [[oka3aTh, YTO MOXKHO BOCCTAHOBUTH COAJAHCHPOBAHHOCTDL C IIOMO-
B0 HECKOJBKUX BPAINEHUU, TPUIEM UX IUCJIO HE OOMBIIE BHICOTHI IEPEBa.

Pemenue. Bynem noxaseiBaTh Ooaee oOmmu GpakT:

Jlemma. FEciu B cbanancuporanHoM jgepeBe X OJHO M3 €ro MOIIepe-
BbEeB Y 3aMEHWIN Ha, COATAaHCUPOBAHHOE NEPEBO 7, MPUYUEM BBLICOTA 7 OT-
JUIAETCA OT BRICOTH Y He 6osee ueM Ha 1, TO MOMyvIeHHOe TaKOU «(ITPUBUB-
KOID IEPEBO MOXKHO [PEBPATUTDH B COATAHCUPOBAHHOE BPAIIECHUAMU ([IPU-
96M KOJUIECTBO BPAIIEHUU HE IPEBOCXOIUT BLICOTEI, HA KOTOPOU JeJaeTCs
[PUBUBKA).

YacTHBIM clIyvaeM MPUBUBKU ABAACTCSA 3aMEHA MyCTOTO TIOAAepeBa Ha
JUCT WIU HAOOOPOT, TAK UTO TOCTATOYHO MOKA3ATh DTY JEMMY.

JlokazaTenscTBO JeMMBL. MHIYKIMA [0 BBICOTE, HA KOTOPOU AEIAeTCA
npuBuBKa. ECIu OHA OPOUCXOAUT B KOPDHE (3aMEHAETCS BCE NEPEBO LEIU-
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KOM), TO BCE& 09eBUIHO («IpUBOM»Y COATAHCUPOBAH IO ycaoBUIO). IlycTh 3a-
MEHAETCA HEKOTOPOE TOAAEPEBO, HAIIPUMED, JEBOE MO IEPEBO HEKOTOPOU
BEPHIMHEL 2. BO3MOXKHBI IBa CIydas.

1) Hocre npuBuBKY COATAHCUPOBAHHOCTH B BEPIIMHE T HE HAPYIIAIACH
(XOTA, BO3MOXKHO, HAPYIIUIACH COATAHCUPOBAHHOCTHL B MPEIKAX T:
BLICOTA TOJAAEPEBa C KOPHEM B I MOTVIA, U3MEHUTHLCA). TOrIa MOXKHO
COCJIATHCA HA IPEANON0KEeHNEe NHIYKINYT, CINTasA, ITO MBI IPUBUBAJIN
LIEeJUKOM IMIOJ1ePEBO C KOPHEM B .

CbanaHCUpOBaHHOCTEL B & HAPYMIMIACH. [Ipum 3TOM pas3HUIA BHICOT
pasHa, 2 (60mbIIe OHA OBITH HE MOXKET, TAK KaK BBICOTA Z OTIAIACTCA
oT BEICOTHL Y He Goaee yem Ha 1). Pazbepém nsa Bapuanta.

2)

Z

Beure npasoe (He 3aMeHsABIIEecs) IOAAePEBO BepuHbL 2. [lycTs
BBICOTA JIeBOrO (T. e. Z) pasHa k, npasoro — k + 2. Bricora cra-
pOro JeBOro moaaepesa Bepimmest & (T.e. Y') Obuia pasaa k + 1.
IMoxnepeBo ¢ KOpHEM T UMENO B UCXOTHOM IepeBe BBICOTY k + 3,
1 5Ta BBICOTA HE UBMEHUNJIACH MMOCIE TPUBUBKU.

Ilo mpewbiayImen 3agade BpallleHue mpeobpasyeT MOLIepeBo C
KOPHEM B & B COATAQHCUPOBAHHOE MO IEPEBO BLICOTHI k + 2 miam
k + 3. To ecTsh BBICOTA TOAJEPEBA C KOPHEM T — B CDABHEHUU
C ero Hpe}KHefI BbICOTOfI — HE€ M3MEHWIAaChb WIN yMEHBHIINJIACh
Ha ]., U MBI MOXKEM BOCIOJB30BATBHCA IIPEAIIOJNOXKEHUEM WHIYK-
NN,

Brime meBoe moggepeBo BepmuHLI Z. IlyCTh BBICOTA JEBOTO
(t.e. Z) paena k + 2, mpasoro — k. BricoTa cTaporo Jesoro
nogaepesa (T.e. V) Obuia pasua k + 1. Ilognepeso ¢ kopueMm x
B UCXOMHOM jaepeBe X UMEIO BBICOTY k + 2, OC/Ie MPUBUBKA OHA
crana pasaa k + 3. Ilocre noaxogsamero spamenus (CM. npebi-
OYILYIO 3a1ady) MOAAEPEBO C KOPHEM B T CTAaHET COATAHCUPO-
BAHHBIM, €r0 BBICOTA Oyaer paBHa k + 2 wm k + 3, Tak 4TO
U3MEHEHUE BBICOTHI 0 CPABHEHUIO C BHICOTOU TMOIIEPEBA C KOP-
HeM x B gepeBe X He MPEBOCXOIUT | ¥ MOXKHO COCIATBHCA HA
MPEANONOKEHNE WHTYKITAN. O



“progbook” — 2013/10/22 — 18:36 — page 238 — #238

238 14. Aepesva. COanrancuposanmvie depesvs

14.2.5. CocTaBuTh NpOrpaMMBl TOOABIEHUS U Y IAJEHIS DIEMEHTOB, CO-
XPAHAOIIAE COATAHCUPOBAHHOCTE. UMUCIO TEUCTBUYN HE JOMKHO MPEBOCXO-
authb C' - (BeICOTA HepeBa). Paspemaerca XpaHuTh B BepIIMHAX JEPEBA 10-
IOTHUTEIBHYI0 THGOPMALNIO, HEOOX0 TUMYIO P OATAHCUPOBKE.

Pemerme. Bynem XpanuTh s KaXKIOU BEPIIMHBI PA3HUILY MEXKIY BbI-
COTOU €€ MPABOr0 U JEBOrO MO IEPEBBEB:

diff [i] = (BbicoTa mpaBoro moAAepeBa BEPIIMHBL i) —

— (BBICOTA JIEBOT'O MO IEPEBA, BEPIIUHEL 1).

Hawm moTpebyroTesa deTrIpe Ipoenyphl, COOTBETCTBYOMINE OOIBIIIM U Ma-
JIBIM TIPABBIM U JeBLIM Bpamenuavu. Ho BHagane nsa 3avedanus. (1) Ham
HYKHO, IYTOOBLI IpU BpAIIeHUU MOJIepeBa HOMED ero KOPHA He MEHAICA.
(B mpoTuBHOM ciydae mOTPEOGOBAIOCH OBl KOPPEKTUPOBATH MHMDOPMALLIO
B OTLE KOPH:, YTO HEXKEJATEIbHO.) DTOr0 MOXKHO AOCTUUb, TAK KaK HO-
Mepa BEepIIUH [epeBa MOXKHO BBIOMpATH HezaBucuMoO OT ux suadenun. (Ha
KapTUHKAX HOMEP yKa3aH COOKY OT BEPIIVHBI, 4 3HAYCHUE — BHYTDH. )

(2) Tloce npeo6pa3oBaHUE MBI JOKHBI TAKKE U3MEHUTEH COOTBETCTBEHHO
3HadeHusa B MmaccuBe diff. /[1a >TOro JOCTATOYMHO 3HATH BHICOTHI IePEBHEBR
P,Q,... c TOYHOCTBIO N0 KOHCTAHTHI, IO3TOMY MOXHO MPEANOIAraTh, ITO
OHA U3 BBICOT PAaBHA HYJIO.
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Bot mpomenypst BpalieHun:

procedure SR (a:integer); {Mamoe mpaBoe BpameHume c KopHeM a}
| var b: 1..n; val_a,val_b: T; h_P,h_Q,h_R: integer;

begin

b := right [al; {b <> null}

val_a := val [a]l; val_b := val [b];

h_Q := 0; h_R := diff[b]l; h_P := (max(h_Q,h_R)+1)-diff[a];
val [a] := val_b; val [b] := val_a;

right [a] := right [b] {mommepeso R}

right [b] := left [b] {mommepeso Q}

left [b] := left [a] {mommepesmo P}

left [a] := b;

diff [b] := h_Q - h_P;

diff [a] := h_R - (max (h_P, h_Q) + 1);
end;

procedure BR(a:integer) ;{6ombmoe mpaBoe BpauleHMe C KOpHeM a}
var b,c: 1..n; val_a,val_b,val_c: T;
h_P,h_Q,h_R,h_S: integer;
begin
b := right [al; ¢ := left [bl; {b,c <> null}
val_a := val [al]l; 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-diff[b]) - diff [al;
val [a] := val_c; val [c] := val_a;
left [b] := right [c] {mommepemo R}
right [c] := left [c] {mommepeso Q}

left [c] := left [a] {mommepeso 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;

Jlepbie Bpamierusa (60TBIIOE U MAJIOe) 3AMUCHIBAIOTCA CAMMETPUATHO.

[Iponenypebr moGaBaeHUA U VIAJCHUSA SIEMEHTOB NMUITYTCA KAaK PAHbIIE,
HO TOJBLKO NOOABJICHUE W yIAJCHUE NOMKHO COMPOBOXKIATHCA KOPPEKIMEN
MaccuBa diff u BoccTaHoBreHUEM COATAHCUPOBAHHOCTH.

[Tpu »ToM ucnonb3yeTca Tpoueaypa ¢ TAKAMU CBOUCTBAMU:

AaHO: JIeBOE U MPABOE MOJAEPEBbSI BEPIINHBI C HOMEPOM a
cOAMAHCUPOBAHBI, B CAMOU BEPIINHE DPA3HUIA BBICOT HE OOJIb-
me 2, B mogaepeBe ¢ KopHeM a MaccuB diff 3amommen npa-
BUJIBHO;



“progbook” — 2013/10/22 — 18:36 — page 240 — #240

240 14. Aepesva. COanrancuposanmvie depesvs

HaJl0: IO 1ePEBO C KOpHEM a cOamaHcupoBaHo 1 MaccuB diff
COOTBETCTBEHHO U3MEHEH, d — U3MEHEHUE €0 BEICOTHI (paBHO O
unu —-1); B OCTAIBHON 9aCTU BCE OCTAIOCH KAK OBLIO — B 9aCT-
HOCTHU, 3HadeHusa diff.

procedure balance (a: integer; var d: integer);
begin {-2 <= diff[al <= 2}

if diff [a] = 2 then begin

b := right [al;

if diff [b] = -1 then begin

| BR (a); d := -1;

end else if diff [b] = O 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 [al;

if diff [b] = 1 then begin

| BL (a); d := -1;

end else if diff [b] = O then begin
| SL (a); d := 0;

end else begin {diff [b] = -1}

| SL (a); d := - 1;

end;
end else begin {-2 < diff [a] < 2, Huvero gmemaTbp He Hamo}
| d := 0;
end;

end;

Boccranosienune cbamancupoBaHHOCTH TPEOyeT ABUKEHUS OT JUCTHEB
K KOPHIO, IO2TOMY OyJeM XPaHUThb B CTEKe MIYTh OT KOPHA K PACCMaTpPUBae-
MOW B JAHHBIN MOMEHT BepIIiHe. DJIeMeHTaMI CTeKa Gy 1yT Naphl (BepuivHa,
HaTpaBJIeHNe IBUKEHUA U3 Heé), T.e. 3HAUeHVs TUMa

record

vert: 1..n; {Bepumua}l

direction : (1, r); {1 - meBoe, r - mpasoe}
end;

[Iporpamma mobaBaeHUs DIeMeHTa t Ternephb BRINIAIUT TaK:

if root = null then begin
get_free (root);
left[root] := null; right[root] := null; diff[root] := 0;
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| val[root] := t;

end else begin

X := root;

. .CHelaTh CTeK IIyCTHM

KOpHEM B X; CTEK COLEpPXAT IyTb K X}
while ((t < val [x]) and (left [x] <> null)) or

if t < val [x] then begin

. .Lo6aBUTH B CTeK mapy <x, 1>

x := left [x];

end else begin {t > val [x]}

. .LO06aBUTH B CTeK Mapy <x, r>

x := right [x];

end;

end;

if t <> val [x] then begin {t Her B mepeme}
get_free (i); val [i] := t;

left [i] := null; right [i] := null; diff [i] := O;
if t < val [x] then begin

. .mo6aBUTE B CTeK mapy <x, 1>

left [x] := i;

end else begin {t > val [x]}

. .006aBUTE B CTeK mapy <x, r>

right [x] := i;

end;

d :=1;

{uHBapuaHT: CTeK COLEpPXUT IYyTh K U3MEHUBUEMYCA

C BHCOTOM B MCXOTHOM IepeBe Ha d (=0 mwmu 1); »>To
mommepeBo cb6amaHcupoBaHo; 3HaveHusa diff gmma ero

KaKk O6HII0O - B YaCTHOCTHM, 3HaueHus diff}
while (d <> 0) and ..crex HemycT do begin {d = 1}
..B3ATH U3 cTeka mapy B <v, direct>
if direct = 1 then begin
if diff [v] = 1 then begin

| c := 0;

end else begin
| c :=1;

end;

diff [v] := diff [v] - 1;
end else begin
| {direct = r}

{uuBapraHT: ocTamock Ho6aBATH t K HEIyCTOMYy IOLLEPEBY C

((t > val [x]) and (right [x] <> null)) do begin

IIonnmepeBy, BHCOTa KOTOPOI'O yBEIWYHIACH IIO CPAaBHEHHI

BEpUINH NPAaBUIBHE; B OCTAJIBHOM [OepeBe BC& 0CTalxoch

241
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if diff [v] = -1 then begin

| c := 0;

end else begin

| c :=1;

end;

diff [v] := diff [v] + 1;
end;

{c = u3MeHeHMe BHCOTH IOILepeBa C KOPHEM B V IIO
CpPaBHEHNO C MCXONHEM HNepeBoM; MaccuB diff
CONEePXUT NpaBUILHHE 3HAYEHUA [JIA DTOTO NOLLEpeBa;
BO3MOXHO HapylleHue CO6alaHCUPOBAHHOCTH B V}

balance (v, d1); d := ¢ + di;

end;

end;

end;

Jlerko mpoBepuTh, 9TO 3HaYeHue d MOXKET OLITH PABHO TOMBLKO O mwiu 1 (HO
He -1): ecaim ¢=0, To diff[v]=0 u GaraHCUpOBKA HE MPOU3BOIUTCA.

IMporpaMMa ymaneHus CTPOUTCA AHAJOTUYIHO. K& OCHOBHOU (hparMeHT
TaKOB:

{uHBapMaHT: CTeK CONEPXUT IyTH K M3MEHUBUEMyCA IOLLEPEBY,
BHCOTa KOTOPOTO M3MEHWIAcCh IO CPaBHEHWO C BHCOTOU B
ucxonuoM gmepeBe Ha d (=0 mmm -1); >To mommepeso
cbamaHcupoBaHo; 3HaveHuMA diff ImA ero BepumH IpPaBWILHH;
B OCTalBLHOM JepeBe BCE OCTaloCh KakK OHIIO —

B YaCTHOCTHM, 3HadeHusa diff}

while (d <> 0) and ..cTex HemycT do begin

{d = -1}

..B3ATH U3 cTeka mapy B <v, direct>

if direct = 1 then begin

if diff [v] = -1 then begin

| c := -1;

end else begin
| c := 03

end;

diff [v] := diff [v] + 1;
end else begin {direct = r}
if diff [v] = 1 then begin

| c := -1;

end else begin
| c := 03

end;

diff [v] := diff [v] - 1;
end;
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{c = usMeHeHMe BHCOTH IOIfepeBa C KOpPHEM B V IO
CpaBHEHM0 C MCXOOHHM HgepeBoM; MaccuB diff comepxutT
NpaBUIbHHE 3HA4YEHUA OIA DTOCO NOLLEpeBa;

BO3MOXHO HapylleHUe c6alaHCUpPOBAaHHOCTU B V}

balance (v, d1);

d := c + di;

end;

Jlerxo npoBepuTs, 9T0 3HavYeHNE d MOXKET OBITH PABHO TOIBKO O mwin -1 (HO

He -2): ecau ¢c=-1, 7o diff [v]=0 u GasaHCUpPOBKA HE MPOU3BOLUTCA.
OrMeTuM TakXke, YTO HAIMYUAE CTEKA NEMAET W3JIUIIHUMUA ePEMEHHBIE

father u direction (UX poOJb TEmEph UTPAET BEPIIMHA CTEKA). (I

14.2.6. [loxaszarb, 9TO IpU TJOOABJCHUU DIEMEHTA,

(a) BrOoponm m3 TpPEX ciydaeB GATAHCUPOBKEU (CM. PUCYHOK Ha c. 2306)
HEBOBMOXKEH;

(6) monmas GataHCUPOBKA TpebyeT He 6olee OMHOTO BpalleHusa (mocse
9ero BCE JE€PEeBO CTAHOBUTCA COATAHCUPOBAHHEIM), B TO BPEMA KaK IIpU
YIAJCHUN IeMEHTa MOXKET MOHAJOOMTHLCA MHOTO BPAILICHUH. O

3amedanme. Mbl cTapaanch 3amMuCcaTh MPOrPAMMEBI TOOABICHUA U yIa-
JIEHUA TaK, ITOOBI OHM OBLIN KaK MOXKHO OOJiee MOXOXUMU IpYT Ha ApyTa.
Ncnonbaysa crenmuduKy KaxK oW U3 HUX, MOXKHO MHOT'OE YIPOCTUTH.

CymecTByIOT 1 Apyrue CIoCOOLI MPENCTABICHUS MHOXKECTB, TaPAHTH-
pyfolme YucJa0 AeUCTBUN MOpAAKa logn Ha kaxayo onepamuioo. Omuirem
onvH u3 Hux (HaswiBaeMbnl B-depesbamu).

o cux mop Kaxk gas BEPIIMHA COTEPKATA OMUH DAEMEHT XPAHUMOT'O MHO-
JKECTBA. DTOT DJAEMEHT CJIYKUI TPAHUIEN MEX Y JEBLIM U MPAaBLIM MO/ 1e-
pesom. Bynem Temeper xpaHuTh B BeprmHe k > 1 DIEMEHTOB MHOXKECTBA
(aucao k MOXKET MEHATHCA OT BEPIIUHBL K BEPLIMHE, a TaKXKe IPU 106aB/Ie-
HUM U YIQJCHUU HOBHIX DJIEMEHTOB, CM. fajee). DTU k DIEMEHTOB CIyKAT
paszgeaureasyvu 1 k + 1 nogaepeebes. IycTh GUKCHPOBAHO HEKOTOPOE
qncao t > 1. Bygem paccMaTrpuBaTh [epeBhs, 0OIATAONINE TAKUMU CBOUCT-
BaMU:

1) Kaxpgas BepumHa cogepxut oT t 10 2t 21eMeHTOB (32 UCKIIOYEHU-
eM KOPHs, KOTOPBIU MOXKET COAEPKATD JI000€ IUCIo 3aeMeHToB OT ()
1o 2t).

2) Bepumna ¢ k snemenTamu 6o uMeeT k + 1 CBIHOBen, 6o He UMeeT
CBIHOBEU BOOOIIE (ABIACTCA AUCTIOM).

3) Bce mucThsa HAXOAATCA HA OLHOU U TOU XKe BBICOTE.
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JobaBrenne >IeMeHTa TPOUCXOAUT TakK. FCIm IucT, B KOTOPLIU OH TIO-
MATaeT, HermodoH (T.e. COTEPXKUT MeHee 2t DIEMEHTOB), TO HET MPOOIEM.
Ecau on nomon, To 2t 4+ 1 sneMenT (BCe 2I1eMEHTHI JUCTA U HOBBIY DJIEMEHT )
pa3buBaeM Ha OB JUCTA MO ¢ DIEMEHTOB U Pa3AeISIONINA UX CepeIuHHbIA
DJIEMEHT. JTOT CepequHHBIN AIeMEHT HAA0 JOOABUTH B BEPIIUHY MPEIBIIY-
IIIer0 YPOBHA. DTO BO3MOXKHO, €CU B HEU MeHee 2t saeMeHToB. Ecmu u oHa
TOJTHA, TO €€ Pa3OUBAIOT HA IBE, BLIICIAIT CEPEIUHHBIN DIEMEHT U T. 1. Kc-
JIX B KOHIIE KOHIIOB MBI 3aXOTUM JOOABUTH DJIEMEHT B KOPEHb, & OH OKaXKeT-
Cs1 TIOJIHBIM, TO KOPEHb PACIICILIIETCS HA ABE BEPIIWHEBL, a BBICOTA JEepPeBa
yBeamyauBaeTcsa Ha 1.

Ynamenue preMeHTa, HAXOMAIIErOCS HE B JUCTE, CBOAUTCA K VIATECHUIO
HEMOCPEACTBEHHO CICIVIOIIEr0 33 HUM, KOTOPHIU HAXOAUTCA B JucTe. 11o-
DTOMY MOCTATOYHO HAYYUUTHCA VIAIATH DJAEMEHT U3 JUCTA. ECau Juct npu
STOM CTAHOBUTCS CJUIIKOM MAaJeHBKUAM, TO €r0 MOXHO IOIOJHUTH 33 CUET
COCEIHErO JIUCTA — eCJAU TOIBKO U OH HE MMEET MUHUMAILHO BO3MOXKHBIN
pasmep t. Eciu ke 06a JaucTa uMeOT pasmep t, TO Ha HUX BMeCTe 2t die-
MEHTOB, BMecTe ¢ pasaenutenemM — 2t + 1. [locre ymanenus omHOTO HJ1e-
MEHTa OCTaETCA 2t DIEMEHTOB — KaK pa3 Ha OAWH JIUCT. Ecau mpu >Tom
BEPIINHA IPEIBIAYIIEr0 YPOBHSI CTAHOBUTCS MEHBIIE HOPMBI, IPOLECC II0-
BTOPSIETCS U T. 1.

14.2.7. Peanm3oBaThb ONMUCAHHYIO CXEMY XPAHEHUs MHOXKECTB, yOeIuB-
IUCh, 9TO OHA TaKXKe To3BoaseT obouTuck C'logn IencTBUn I OTepamun
BKJIIOYUEHNs, UCKIIOUYEHUSA U TPOBEPKYU MPUHATEKHOCTH. O

14.2.8. MoxHO ompeneaaTsh cOATAaHCUPOBAHHOCTD AepPeBa MHAYe: TPeOo-
BATh, YTOOBI I KaXKOU BEPIINHBLI €€ JEBOE U MPABOE O AePEBb UMEIN
HE CJAUIIKOM CHJIBHO OTIXYAMueca KoaudecTsa sepimud. ([IpenvymecTso
TAKOrO OMPEAETCHUA COCTOUT B TOM, UTO TPU BPAILIECHUAX HE HAPYIIALTCA
COAIAHCUPOBAHHOCTD B BEPIIUHAX, HAXONAIMXCA HUXKE TOIKY BDAILECHU. )
PeanusoBaTh HA OCHOBE >TOU UIen CIOCOO XPAHEHUs MHOXKECTB, TAPAHTHU-
pytommun onesky B C'logn IencTBUn i1 BKIIOYEHU, YIAJCHUA U TPOBEPKA
TIPUHA [TCKHOCTH.

[Ykazaune. OH Taxke MCHOMB3yeT GOMBIIME W Maible BpamleHus. Ilo-
apobrocTu cM. B kaure Pennronsaa, Husepreasra n [leo «KoMmbuaaTopHbIe
AJICOPUTMBD .| O
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[PAMMATUNKH

15.1. O6wmn anroputm pasbopa

YTOoOK ONMpeReNnThL TO, UTO HABBLIBAIOT KOHMEKCMHO-CE80000H0T 2pam-
mamurot (KC-rpammaTukon), HaL0:

® yKa3aTb KOHETHOE MHOXKECTBO A, HABEIBAEMOE aAfiasumon; ero die-
MEHTHI Ha3LIBAIOT CUMB0AGMU; KOHEIHBIE TOCIENOBATEILHOCTH CUM-
BOJIOB HA3BIBAIOT C.4068aMU (B JAHHOM auadaBuTe);

® Da3IeIuTh BCE CUMBOJBI apaBuTa A HA IBE TPYMIBL: MePMUHAIbHBLE
(¢COKOHYATENBHBI)) U HeMePMUHAAbHbLE ((IIPOMEKYTOTHBIE) );

e BLIOPATH CPEOU HETEPMUHATLHLIX CUMBOJIOB OJUH, HA3LIBAEMBIN H(-
YAADHDIM;

® yKa3aTh KOHEYHOE YIUCJIO NPa6Us TPAMMATUKY, KaXkKI0€ U3 KOTOPBIX
nomkHo nMmeTh Bug K — X, roe K — HEKOTOPBLIU HETEPMUHAILHLIN
cuMBOJI, 8 X — CJIOBO (B HErO MOI'YT BXOAUTH U TEPMUHAIbHBIE, U HE-
TEPMUHAIBLHBIE CUMBOJIEL).

[Mycts pukcuposana KC-rpamvaTuka (Mbl 9acTo Oy1eM OMyCKATH TPe-
dukc «(KC-», Tak Kak Ipyrux rpaMMaTUK y HAC He OyaeT). Buisodom B 3TOU
rpaMMaTHKe HAa3bIBAETCS MOCIEIOBATEIHLHOCTL CTOB Xg, X1,..., Xy, B KO-
Toporr Xy COCTOMUT M3 OJHOI'O CHMBOJIA, M DTOT CUMBOI — HAYAJLHBIN,
a X;y1 momygaerca w3 X; 3aMEHOU HEKOTOPOrO HETEPMUHAJIBHOTO CUM-
Boma K ma crmoBo X mo ogHomy u3 mpasua rpamvaruku. CaoBo, cocTa-
BJICHHOE U3 TEPMUHAMBHLIX CUMBOJIOB, HA3LIBACTCA 6bl600UMbLM, €CITA CYIIIe-
CTBYET BBIBO[, KOTOPBIA UM KOHYAETCA. MHOXKECTBO BCEX BHIBOIUMBIX CIOB
(43 TePMUHAIBHBIX CUMBOJIOB) HA3BIBAETCA A3bIKOM, NOPOHCIGEMbIM DGHHOT
2P aMMamMUKO .
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B sTom u cremyromen riase Hac OyJeT MHTEPECOBATH TAKOU BOMPOC:
nana KC-rpaMMaruka; mOCTPOUTEH AIrOPUTM, KOTOPHIU TO JI00OMY CJIOBY
IPOBEPAET, BEIBOAMMO JM OHO B DTOU PAMMATHKE,

IIpumep 1. Anpasur:

()YLI1E

("eTsIpe TEPMUHAIBHBIX CUMBOJIA U OJUH HeTepMUHAIbHBIN cumBoa E). Ha-
vanbHbin cuMBoT: E. [pasuna:

E— (E)
E — [E]
E — EE

E—

(B mocJegHEM NpaBWIE CIPABA CTOUT ILyCTOE CJIOBO).
ITpuMepE BEIBOAUMBIX CJIOB:

(mycToe coBO)
0O
(LH
OLD]
(OL10I]1]

[TpumepsbT HEBEIBOTUMBIX CJIOB:

(

) (
a
(D1

DTa rpaMMaTuKa BCTpedanach B pasgeae 6.1 (rge BHIBOAUMOCTD B HEU IPO-
BEPAIACH C TIOMOIIBIO CTEKA).
IIpumep 2. [Ipyras rpaMMaTUKa, TOPOXK TAOIMIAA TOT XKe A3BIK:
Anpasut: ( ) [ I TE
IIpapuna:

E—

E—TE
T— (E)
T — [E]



“progbook” — 2013/10/22 — 18:36 — page 247 — #247

15.1. O6wuii aseopumm pasbopa 247

HavasbHBIM CEMBOIOM BO BCEX MPUBOAUMEIX Tajee MpuMepax OymaeM Cuu-
TaTh CAMBOJ, CTOAIIAN B JEBOU YaCTU MEPBOTO MPABWIA (B TAHHOM CIydae
»To cumBox E), He orosapusas 3Toro oco6o.

s Kax 10ro HeTEPMUHATHLHOIO CAMBOJIA MOXKHO PACCMOTPETH MHOXKE-
CTBO BCEX CJIOB U3 TEPMUHAILHBIX CUMBOJIOB, KOTOPHIE M3 HET'O BBIBOAATCA
(aHATOrUIHO TOMY, KAK 3TO CIETAHO IJIA HAYAILHOIO CUMBOJA, B OMpenee-
HUM BBIBOAUMOCTH B TpammaTuke). Kaxnoe mpaBuio rpaMMaTUKd MOKHO
PACCMATPUBATEL KAK CBOMCTBO DTUX MHOXKECTB. [JOKaxKeM 3TO Ha IpuUMepe
TOJLKO 4TO IpuBenéaHon rpamMaruku. [lycrs T u E — MHOXeCTBa CJIOB
(u3 ckO0OK), BEIBOAUMBIX U3 HeTepMuHaaoB T u E coorsercrsenno. Torga
TIPABUIAM TPAMMATUKNA COOTBETCTBYIOT TaKUe CBOUCTBA!

E— FE comep:xut mycToe CJIOBO

E—TE ecau c1oBo A npunammexur T,
a cioBo B mpumagrexut F, To
cioBo AB mpunagrexut F

T— [E] ecm A npumamiexut E, TO c1oBO
[A] npunaniexur T

T— (E) ecmn A npunagiexut E, To cI0BO
(A) mpunamgrexur T

CdopmyaupoBannbie cBoucTBa MEHOXKECTB F, T HE ONPEeResioT ST MHO-
KECTBA ONHO3HAYHO (HAIPUMED, OHU OCTAIOTCA BEPHBIMU, €CId B Kade-
ctee E u T B3aTb MHOXKECTBO BCeX CJ0B). OMHAKO MOXKHO NOKA3ATh, ITO
MHOXECTBA, 3a/aBACMBIE TPAMMATUKON, ABIAITCA MUHUMATLHBIMUA CPEIU
YV IOBJIE TBOPAIOIINX DTUM yCJOBUAM.

15.1.1. ChopMyaupoBaTh TOYHO U MOKA3ATH DTO YTBEPKICHUE [
TIPOU3BONBLHON KOHTEKCTHO-CBOOOJHOU TPAMMATUKN. O

15.1.2. TlocTpouTh rPaMMATUKY, B KOTOPOU BHIBOAUMEI CIOBA,
(a) 00..0011..11 (YUCIO HyJIEN PABHO YUCILY €IUHWUL);
(6) 00..0011..11 (qucao HyJIeW BABOE GOJBIIE YUCIA EIUHUALL);
(8) 00..0011..11 (quca0 HyJIeH OOJIBIIE TUCIA €IMHILL);
(1 TOMBKO OHM). O

15.1.3. [loxaszaTn, uTo He cymecteyeT KC-rpaMMaTuku, B KOTOPOU OBI-
1 ObI BRIBOAUMEI c0Ba Brga 00..0011..1122..22, B KOTOPBLIX YKUCIa HY-
JIeU, eUHUI] U JBOEK PABHBI, U TOJLKO OHWU.

[Ykasaume. [JokazaTs cregymomuyio JeMmy o nponsBoibHon KC-rpamva-
TUKE: I JI000r0 NOCTATOYHO IIMHHOTO CJoBa F', BBIBOZUMOrO B 3TOU
rpaMMaTHhKe, CyIIeCTBYeT Takoe ero npeacrasienue B suge ABCDE, aro
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mo6oe caoso Buga AB ... BCD...DE, roe B u D MOBTOpPEHBI 0 IUHAKOBOE
YUCTO Pa3, TAKkKe BLIBOAUMO B DTOU CPAMMATHUKE. (DTO MOKHO yCTAHO-
BUTH, HAUIA HETEPMUHAALHEIN CUMBOJI, OKA3LIBAIOMINNICSA CBOUM COOCTBEH-
HBIM (HACJIEIHUKOM» B IIPOLECCE BHIBOAA. )] O

HeTepMuHAMBEHEIN CUMBOT MOXKHO PACCMATPUBATL KAK «POMOBOE MM
I BEIBOAVMEIX M3 HErO CJIOB. B clemyromem mpuMepe Iis HATIATIHOCTH
B KAYeCTBE HETEPMUHAILHBIX CAMBOJOB MCIOIL30BAHBI (DPATMEHTHI PYC-
CKUX CJIOB, 3aKII0UEHHBIE B yruIoBbIe CKOOKH. (C TOYKU 3peHus rpaMMaTuKy
KX B TAKOU (PPACMEHT — OIUH CUMBOJ!)

IIpumep 3. Anpasur:

TepMuHATBEL:  + * () X

)
HerepMuHaibl:  (BuIp) (ocTBBIp) (caar) (ocTcaar) (MHOXK)
[MpaBuna:

(cnar) (ocTBEIp)

+ (BHID)

(BRHID) —
(ocTBREIP) —
(ocTBBID) —

(caar) — (MuOXk) (ocTCaar)

— * (ciar)
(ocrenar) —
x

( (BBID) )

CorzacHo 5TOU T'paMMaTHKe, BHIPAXKEHWE (BLID) — DTO MOCTEIOBATEIb-
HOCTB CJIaraeMbIX (CJIar), pasIeléHHBIX ILII0CAMHE, CJIaraeMoe — HTO MOCKe-
JOBATEILHOCTE MHOXKUTEJIEH (MHOXK), Pa3IeIEHHBIX 3BE3 10UKaMU (3HAKAME
YMHOXKEHUA), 8 MHOXATEIb — 3TO Ju00 OYKBA X, JMOO BLIPAKEHUE B CKOO-
Kax.

)

)

)

)
(ocTcmar)
)

(MHOK) —
(MHOXK) —

15.1.4. TIpusecTu mpuMep APYTOU PPAMMATUAKE, 38, TAFOIICH TOT K A3LIK.

OtBetr. Bor oaun u3 BapuauToB:

Bep) — ( (BBHID) ) .

ODTa rpaMMATAKA XOTb U MPOIIE, HO B HEKOTOPLIX OTHOIIEHUAX XYXKe,
0 UéM MBI emié 6yaeM FOBOPUTh.
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15.1.5. [lama mpomssoabHas KC-rpammaruka. [locTpouTs aaropurm
TMPOBEPKU TPUHAIICKHOCTU 3a0aBACMOMY €U A3LIKY, PAOOTAIOMIMA MO~
HOMMAJIBHOE BpeMsa (T.e. IUCI0 ACUCTBUNM HE MPEBOCXOAUT IOMMHOMA OT
[UIMHBL IIPOBEPAEMOrO CJIOBA; MOJUHOM MOXKET 3aBUCETH OT MDAMMATUKH).

Peurenue. 3amernm, 4TO TPeOOBAHUE MOJIMHOMUAJBHOCTU HCKIOYALT
BO3MOXKHOCTD DEIICHNsA, OCHOBAHHOM HA HePe6OPEe BCEX BO3MOMXKHBIX BbI-
BOIOB. TeM He MEHee IOTMHOMUAIBHBIA AICOPATM CyMEeCTBYeT. 110CKOIb-
Ky TNPAKTUYECKOTO 3HAYeHWs OH He MMeeT (MCIOTb3yeMble Ha MPaKTUKe
KC-rpamMMaTukn 061aJal0T TOMOTHUTEILHEIMI CBOMCTBAMMY, O3BOJIONIN-
MU CTPOUTH Gonee >PHeKTUBHBIE ATTOPUTMBI), MBI U3JI0KUM A OOIIYI0
CXEMy DEIIeHHUA.

(1) IycTe B rpammaTuke ectb HeTepMuHaasl K, . .., K,,. locTpoum HO-
BYIO FDaAMMATHKY ¢ HeTepMuHatamu K, ..., K] Tak, YTOGH BHIIOIHAIOCH
TaKoe CBOUCTBO: U3 K| BHIBOAATCS (B HOBOU IpaMMATHKE) TE XK€ CIOBA, ITO
u3 K; B cTapom, 3a UCKIOUYEHNEM MYCTOrO CJIOBA, KOTOPOE HE BHIBOANUTCS.

Y106l BEIIOTHUTH TAKOE MPEOOPA3OBAHME I'DAMMATHKA, HAJO BBLAC-
HUTb, 13 KAKUX HETEPMUHAJIOB UCXOIHOM IPAMMATUKYA BEIBOIUTCA IIyCTOE
CIOBO, & 3TEM KAz I0€ IPABWIO 3AMEHUTH Ha COBOKYIHOCTH IIPABILI, IIOIY-
YAOMINXCS, eCTU B MIPABOM YACTU OMYCTUTh KAKNE-INO0 U3 HEeTEPMUHAJOB,
13 KOTOPHIX BHIBOAUTCS IIyCTOE CJIOBO, & ¥ OCTATBHBIX MTOCTABUTE IITPUXH.
Hanpumep, ecim B nCXOZHON rpaMMaTHKe GBLIO IPABUIO

K—LMN,

mpuyiéM u3 L u N BBIBOAUTCS IIyCTOE CIOBO, a u3 M HeT, TO 3TO MPABUIO HAIO
3aMEHUTH Ha IIPaBUIa

K — L'MN
K — MN
K —L1'M
Kl — M/
(2) Wrak, MBI cCBEIN 110 K TPAMMATHUKE, [Ie HU U3 OJHOIO HeTepMUHAIA,
HE BBIBO,Z[I/ITC}I nyCToe CJIOBO. Tenepb yCTpaHI/IM (U KJIBDY BI/I,E[a
K— L
L—M
M—N
N—K
(B MPaBOU YaCTHU KAXKIOTO MPABUIA ONUH CUMBOJ, U DTU CAMBOJILI 0Opa-

3YIOT IUKJI HpOHBBOJIBHOfI ,ELJII/IHBI): 9TO JEerKO CaejlaTb, OTOXIEeCTBUB BCE
BXOOANIE B TUKJ HETEPMUHAJIBL.
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(3) Temepb mpOBEpKa MPUHAIIEKHOCTA KAKOTO-TUOO CIOBA ABBIKY, T10-
POX IEHHOMY TPaMMATUKON, MOXKET BLIMOMHATHLCA TaK: MJIA KAXKIOTO TOI-
CJIOBA IPOBEPSEMOr0 CJIOBA U JAJs KAXKIOT'0 HETEPMUHAIA BBIACHIEM, TIOPO-
JK TAETCS JIU 3TO MOACIOBO DTUM HeTepMuHauoM. [Ipu sTom mogcioBa npose-
PAIOTCS B IOPSIKE BO3PACTAHUS [JIUH, 8 HETEPMUHAILI — B TAKOM MIOPSIKE,
4TOOBI mpy Hatuwauu npasuia K — L #HerepMuHan L TpOBEPSICS PaHbIIIE
HerepMuHaaa K. (DTO BOZMOXKHO B CWIy OTCYTCTBUA IUKJIOB.) [logacHUM
STOT MPOLECC HA IPUMEPE.

IIycTes B rpaMmaTuke ecTh IPaBUIA

K— L
K—MN L

U IPYyrux mpaBmi, cogepxkamux K B seBou gactu, HeT. MbI XOTUM y3HATH,
BRIBOUTCA JIU JAHHOE CIOBO A u3 HeTepMmuHaia K. ITo OyaeT Tak B OqHOM
3 CIyvaeB:

e ccmu A BeiBOAUTCA U3 L;

e ccim A MOXHO pa3buTh Ha HemycTwie caoBa B, C', D, maa KOTOPBIX
B BrsoauTca u3 M, C Bemogurca us N, a D BoiBoguTca u3 L.

Bces sra uadopmanus yxe ects (caosa B, C, D xopoue A, a L paccmoTpen
10 K).

JIerko BUAETL, ITO YUCIO AEUCTBUYN STOCO AATOPUTMA TOTAHOMUATBHO.
CreneHb MOMVMHOMA 3ABUCUT OT YMUCIA HETEPMUHAJIOB B TIPABBLIX YACTAX MPa-
BIJI ¥ MOXKET OBITH IMOHMKEHA, €CIN MPAMMATHKY Ipeobpa3oBaTh K popMe,
B KOTOPOU IIPaBas IacTh KAk IOI0 MpaBWIa He 60Jee 2 HeTePMUHAIOB (2TO
JIeTKO CAeJaTh, BBOJAA HOBBIE HETEPMUHAILL: HanpuMmep, npasuio K — LMK
MOXKHO 3aMeHuTh Ha K — LNu N — MK, rge N — HoBBIZ HeTepMuHan). [

15.1.6. PaccMoTpuM rpaMMaTUKy C €IUHCTBEHHBIM HETEpPMUHATOM K,
"HeTepMuHaiaamu 0, 1, 2, 3 u npaBmIaMu

K—0
K—1K
K—2 KK
K—3 KKK

Kaxk npoBepuTh BEIBOAUMOCTE CJIOBA B DTOU MPAMMATHUKE, IUTAA CIOBO CJIe-
Ba Hanpaso? (Yucao nencTBull npu IPOITEHUA OQHOU GYKBBI JOKHO OBITH
OIDAHUIEHO. )
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Pemenne. XpauuTca 1enas mepeMeHHAsI N, UHBAPUAHT: CJIOBO BBIBOIU-
MO < HENPOYUTAHHAA YACThb MPEICTABIACT COOOM KOHKATEHAIMIO (Coenu-
HEHUE) N BHIBOJAUMBIX CJIOB. (]

15.1.7. Tor ke BOmpOC A1 TPpaMMATUKKI
K—0
K—K 1
K—K K 2
K—K KK 3 [l

15.2. MeToa pekypCMBHOro crnycka

B omamume oT airopuTMa OpEIBIIYIIErO pasfens (MpeICTaBIAIIe-
[0 YUCTO TEOPETUYECKUN MHTEPEC), aJrOPUTMELI Ha OCHOBE PEKYDCUBHOIO
CILyCKa 9aCTO UCTOMBb3YIOTCA HA TPAKTUKE. DTOT METO IPUMEHUM, OJHAKO,
IAJEKO He KO BceM rpaMmmarukam. Mur o6cyauM HeOOXOUMBIE OrPAHUIEH U
o3 JHee.

Unea meToga peKypCUBHOIO CIyCKa TakoBa. [l KaxJI0T0 HETEepMUHA-
na K mbr ctponMm nporeaypy ReadK, koTopas — B IpuUMeHEHUN K JTHOO0OMY
BXOJHOMY CJIOBY T — [IelaeT [Be BeIlu:

® HaXOIuT HamOOJIbIIIee HAYAIO 2 CJOBA I, KOTOpOe MOXKeT OBITHL HadYa-
JIOM BBIBOAMMOI'O 13 K CJOBa;

e COO0IIAeT, ABIAETCS JU HANJLEHHOE CIOBO Z BEIBOAUMEIM u3 K.

[Ipex e vem ommCHIBATHL DTOT METOA 0Ooaee MOAPOOHO, TOTOBOPUMCS
0 TOM, KaK MPOIEAYPHI MOIYIAI0T CBEIEHUS O BXOMTHOM CJIOBE U KaK COOO-
AIOT O pe3y/abTaTax CBoeu paboThl. MEI mpeamnosaraeMm, 9To OyKBBL BXOI-
HOI'O CJIOBA IOCTYIAIOT K HUM II0 OJHOW, T.€. UMEETCs IPAHUIA, OTAe/d-
oA «IPOYIUTAHHYK» YaCTh OT «HerOLII/ITaHHOI‘/JD). By;[eM CIYuTaTh, ITO
ecTb gyukuua (6e3 mapaMeTpoB)

Next: Symbol

TAOMIASA MEPBBIA HETPOIUTAHHBIN CUMBOJ. Fé 3HaIeHUuAMEI MOT'Y T OBLITH Tep-
MUHAJbHBIE CUMBOJBL, & Takxke crenuansasi cumsoa E0I (End Of Input —
KOHEII BXOJa), O3HAYAIOIIMY, ITO BCE CJIOBO yKe MPOIUTAHO. BBI3OB TOU
dbyuxIIUU, pazymMmeeTcsa, He CABUTAET T'PAHUILI MEXKIY TPOUUTAHHOU U He-
MPOYUTAHHON YACTBIO — [JA DTOr0 €CTh Mpolueaypa Move, KoTopas CIBU-
raer rpanuiy Ha ogus cuMBoaI. (Ona npumenuma, eciu Next<>EDI.) [Iycs,
HAaKOHeII, UMeeTCA OyJeBCKasa IepeMeHHasd b.
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Temepb MBI MOXeM CHOPMYINPOBATHL HAIM TPEGOBAHUSA K MPOLEIYpe
ReadK. OHU COCTOAT B CEAYIONIEM:

e ReadK mpOYMTHIBAET U3 OCTABIICUCA IACTU CIOBA, MAKCUMATBLHOE Ha-
gano A, ABIAIOIIEECT HAYATIOM HEKOTOPOrO CIOBA, BEIBOAUMOTO 13 K;

e 3HAYEHUE b CTAHOBUTCA UCTUHHBIM WIKM JOXKHBEIM B 3aBUCHMOCTH OT
TOro, ABIACTCA U A BBIBOAMMBIM W3 K WINM JIMIIb HEBBIBOAMMBIM Ha-
“asoM BhIBoAMMOrO (13 K) cioBa.

[lna ynobeTBa BBEIEM TAaKyIO TEPMUHOJOTUIO: BHIBOAUMOE 13 K cJI0BO Oy-
[IeM Ha3bIBATh K-CJIOBOM, a TI000e HavasIo J00ro BEIBOAuMOro u3 K croBa —
K-mauanom. /[Ba chpopMyIUPOBAHHBEIX TPEOOBAHUA BMECTE OyIeM BBIPAXKATH
caoBaMu «ReadK xKOppekTHaA 1 K».

Hawuém ¢ npumepa. Ilycts mpaBmio
K —LM

ABIAETCA €IUHCTBEHHBIM MPABWIOM T'DAMMATHUKM, comepkKamuMm K B J1eBon
yacTu, mycth L, M — merepmunansl u Readl, ReadM — xoppekTHbie (s
HUX) TPOIEIyPHL.

PaccmoTpum Taxyio mpouenypy:

procedure ReadK;
begin
ReadL;
if b then begin
Readl;
end;
end;

15.2.1. IIpuBecTu mpumep, KOrga sTa Ipomenypa OyaeT HeKOPPEKTHOU
nasa K.

Omser. [IycTs u3 L BuiBoguTCa J060e ¢a0BO Buga 00. .00, a u3 M BRIBO-
aurcsa auimb caoBo 01. Torga u3 K BemBoguTCa ciaoBo 00001, HO mporexypa
ReadK »TOro He 3aMeTHUT. O

YkaxeM TOCTATOYHBIE YCAOBUA KOPPEKTHOCTHU Tiponenypsl ReadK. [lms
5TOr0 HAM TOHATOOATCA HEKOTOpBIE OOO3HadeHUsA. [lycTh (UKCUPOBAHBI
KC-rpammaruka u HekoTopbin HeTepMuHai N 5Tou rpamMmmaTuku. Pacemo-
TpuM N-c10Bo A, KOTOpOE MMeeT COOCTBEHHOe Hadaao B, Takke ABIAIO-
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meeca N-croom (eciu Takue ects). g mobou mapsl Takux cios A u B
PACCMOTPUM TEPMUHANLHLIN CUMBOJ, UAyImnu B A menocpencteenHo 3a B.
MuoxecrBo Bcex Takux TepMmuHanos obosuaduM oca(N). (Eciun mHuxakoe
N-ca0BO HE ABIAETCA COOCTBEHHBIM HAIATIOM APYroro N-cIoBa, TO MHOXKe-
creo IToca(N) mycro.)

15.2.2. Yxasarte (a) IMoca(E) mns mpumepa 1 (c. 246); (6) IToca(E) n
Mocna(T) mna mpumepa 2 (c. 246); (B) Hoca((cmar)) n Toca((MHOXK)) m1s
upumepa 3 (c. 248);

Otser. (a) Hoca(E) = {[, (}. (6) Moca(E) = {[, (}; Hoca(T) nycro (uu-
kakoe T-cMoBO He sBAsgeTcsa Hadatom apyroro). (B) IMoca({cmar)) = {*};
Hoca((MHOXK)) myCTO. O

Kpowme Toro, mis kaxgoro merepmunana N o6osuadum gepes Haua(N)
MHOXKECTBO BCEX TEPMUHAJOB, ABIAIIINXCA MePBBIMU OyKBAMU HEIIYCTHIX
N-cmoB. D10 0603HAUEHUE — BMECTE C MPEALIIYIINM — MO3BOIUT AATh
IOCTATOYHOE YCIOBUE KOPPEKTHOCTU MpOIenyphl ReadK B OMUCAHHON BLIIIIE
CATYyaIluN.

15.2.3. okasate, uro ecau [loca(L) me nepecekaerca ¢ Haa(M) u muO-
KecTBO Bcex M-cnoB HemrycTo, TO ReadK xoppekTHAa.

Pemenue. PaccvoTpum aBa cay«as.

(1) Oycts mocme Readl 3HaveHme mepeMeHHOU b JoxkHO. B aroMm ciy-
gae ReadLl umTaeT co BxOJa MakcuMalabHOe L-Hava1o A, He ABIAIOIIEECa
L-croBoM. OHO sBasercsa K-HadaaoM (31eCh BAXHO, 9TO MHOXKECTBO M-CI0B
HemycTo.). Byger au oHO MakcuMaIbHBIM K-HA9aIOM Cpeau Hadal BXoaa!
Ecnu mer, To A apaserca nadanom ciaosa BC, rae B ecrsb L-caoso, C' ectb
M-mauano u BC' — 6omee qiuuHOE HAYATO BXOAa, veM A. Ecmu B nmunnee A,
TO A — He MAKCUMATLHOE HAYANO BXOIA, ABJIIONIEECA L-HAYaIOM, 9TO MPO-
TuBOpEUNT KOppekTHOCTU Readl. Ecmu B = A, 10 A 6110 GBI L-CTOBOM,
a »To He Tak. 3uadut, B kopoue A, C' HemycTo u mepBbi cuMBoOJI C1oBa C'
caepyer B A 3a mocieqaum cuMBoioM caoBa B, T.e. Ioca(L) nepecekaercs
¢ Hau(M). Mporusopeune. Urak, A maxcumansuo. U3 ckazanuoro cruery-
eT Takxke, 9T0 A He apagerca K-crorom. KoppexkTHocTs mpouenypst ReadkK
B DTOM CIydae MPOBEPeHa.

(2) IIycrs mocae ReadL 3Havenue nepemenuon b ucrunno. Torga npouun-
TanHoe nponenypou ReadK magamno exoma umeet sug AB, roe A ects L-cio-
BO, a B ectb M-magano. Tem cambim AB ectsb K-magauo. [Iposepum ero mak-
cuManbHOCTE. Ilycts C' ecTh 60mbiiee K-nagano. Toraa au6o C ecth L-Ha-
90 (ITO HEBO3MOXKHO, TaK Kak A OBLIO0 MAKCUMATLHLIM L-HaIaI0M ), J160
C=A'B',rne A’ — L-cioso, B’ — M-maxaano. Ecim A" xopoue A, To B’ ne-
MyCTO ¥ HAYMHAETCA C CUMBOJA, npuHampiexamero u Haa(M), u Ioca(L),
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aT0 HeBO3MOXKHO. Ecmm A’ mmuaree A, To A — He MaxcuManbHOE L-HAMATO.
Nrax, A’ = A. Ho B aToM ciygae B’ ecTs mpogomxenne B, 9T0 mpoOTUROpe-
anT KoppekTHocTu ReadM. Takum obpasom, AB — makcumaabHOe K-Hada-
J0. OcTaéres mpoBepUTh MPABIILHOCTH BBIAABAEMOrO mpoienypon ReadK
3HadeHua nepemennon b. Ecim oo meTurHO, TO 5TO OveBnano. Ecam orO
JOXKHO, TO B He ecTh M-COBO, 1 HAJI0 TPOBEPUTHL, YTO AB — He K-CI0BO.
B camom geme, ecm 681 Bemomastocs AB = A'B’, rge A’ — L-cioso, B’ —
M-caoBo, To A’ me moxer ObiTh giuaHee A (Readl uuraeT MaKCUMATIBLHOE
caoBo), A’ me moxer ObiTh paBuo A (rorga B’ paBuo B u He ABIsgeTcs
M-caoBom) u A’ He MoxeT GbiTh KOpode A (Torga mepswiil cuMBoI B’ mpu-
Hagrexxut u Haa(M), n Tloca(L)). 3agada pemena. O

IMepenaém Teneps Kk gpyromy dactaoMy ciaydaio. [lycrs B KC-rpamma-
TUKE eCTb IMPABUIA

K—L
K—M
K—N
U APYTUX MPABUI C JEBOU JacThbio K HET.

15.2.4. Cuwmras, ayro Readl, ReadM u ReadN koppekTubr (aasa L, M u N)
n uyto mMuOxkectBa Haw(L), Hau(M) u Hau(N) He mepecekaroTcs, HAMUCATH
Ipoueanypy, KOppekTHYO 11d K.

Pemrerme. Cxema mpouenypsr TakoBa:

procedure ReadK;

begin
if (Next mpumapgmexut Hau(L)) then begin
| ReadL;
end else if (Next mpumammexur Hau(M)) then begin
| Readl;
end else if (Next mpumammexur Hau(N)) then begin
| ReadlV;
end else begin
b := true unu false B 3aBHCHMOCTH OT TOTrO,
BHBOLUMO I NMyCTOe CIOBO U3 K wmu Her
end;
end;

Mokaxem, 1To ReadK koppekTHO peamusyet K. Ecau Next He mpunamiexut
uu ogaomy u3 mEoxkects Haw(L), Haa(M), Ha(N), To mycroe cioBo aBiseTcsa
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HAMOOJBINM HAYATIOM BXO[a, ABAAOMUMCA K-madanom. Eciu Next npunai-
JEKUT OMHOMY (U, CIEIOBATEILHO, TOMBLKO OJHOMY) W3 DTUX MHOXKECTB, TO
MAKCHMATBHOE HAYAIO BXOA, ABIAIOMICECA K-HATATOM, HEITyCTO U IMTAETCA
COOTBETCTBYIOIIEN IIPOLEIYPOU. O

15.2.5. Ucmonb3ys ckaszaHHOE, COCTABUTH TPOIEAYPY PACIO3HABAHUA

BLIDAKEHUU 1A CpamMMmaTuku (mpumep 3, ¢. 248):
(BBIp) — (caar) (OCTBBIP)
(ocTBBID) — + (BBHID)

(ocTBBIP) —

(cnary — (MHOX) (ocTCIar)
(ocrenar) — * (caar)
(ocreaar) —

(MHOXK) — X

NSNSy

(mHOXK) — ( (BBID) )

Penrenme. D 1a rpaMMaTUKa HE MOJTHOCTBIO MOATAIAET MO PACCMOTPEH-
HBIE YaCTHBIE CIyYan: B IPABBIX YaCTAX €CTh KOMOMHAIINY TePMUHAIOB 1 He-
TepMUHATIOB

+ (BHID)

U TPYONLL U3 TPEX CUMBOIOB
( (eBID) )

B rpammaTuke ecThb TakiKe HECKOIBKO MPABUI C OTHOU JEBOU YACTHIO U C
IIPABBEIMU YaCcTAME PA3HOT'O POa, HaIpuUMep

(ocTBBID) — + (BBID)

(ocTBEID) —

OTHU OCPAHUYEHUA HE ABIATCA TPUHIAMUAILHBIMU. Tak, MPaBUIO TUMA
K— L M N MOXHO ObLTO OBI 3aMeHUTH Ha aBa mpaBmaa K —L Qu Q — M N,
TEPMUHATBLHEIE CUMBOJLI B MPABOU YACTU — HA HETEPMUHAILL (C €IUH-
CTBEHHBIM IPABUJIOM 3aMEHbI HA COOTBETCTBYIOLIME TepMuHaisl). Heckomn-
KO TIPABUJ C OJHOU JEBOU YACTHIO U PA3HOPO JHBIMU MIPABBIMU TAKKE MOKHO
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CBECTHU K yKe pa3soOpaHHOMY CIydar: HAIpUMED,

K—LMN
K—P Q

K—
MOYXHO 3aMEHUTH Ha IIPABUIA

K — Ky

K — Ko

K —Ksg
Ki—LMN
Ko —P Q

K3—>

Ho MBI HE OyaeM >TOTO AenaTh — a Cpas3y XKe 3aIUIIeM TO, UTO MOIYIUTCA,
€CJI IOJCTABUTh OIUCAHUA IPOLEAYD 1A HOBBIX TePMUHATIBHBIX CHMBOJIOB
B MeCTa UX UCHOJIb30BaHusa. Hampumep, mis npasmia

K—LMN

5TO TaéT MPOUEnypYy

procedure ReadK;
begin

ReadL;

if b then begin
| Readl;

end;

if b then begin
| ReadlV;

end;

end;

Mna eé xoppekTHOCTH Ha®O, 4To0BI IToca(L) me mepecekamocs ¢ Hawua(MN)
(xoropoe pasuo Haw(M), ecin u3 M He BBLIBOAUTCA MYCTOE CIOBO, M PABHO
obowvequuennio Haw(M) u Haa(N), ecau BeiBoguTes), a Takxke 9To6wr [Toca(M)
He nepecekagocs ¢ Haa(N).

AmanormaabM 06pa3zoM TpaBuIa

K—LMN
K—P Q

K—
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IPUBOJAT K IpoLerype

procedure ReadK;

begin

if (Next mpunammexur Hau(LMN)) then begin
ReadL;
if b then begin ReadM; end;
if b then begin ReadN; end;

end else if (Next mpumammexut Hau(PQ)) then begin
ReadP;
if b then begin ReadQ; end;

end else begin

| b := true;

end;

end;

KOPPEKTHOCTbL KOTOpou Tpebyer, urober Had(LMN) He mepecekanoch ¢
Hax(PQ).

Yuraa npuBeqéHHYO Tanee MPOrpaMMy, TOJE3HO UMETh B BUIY COOT-
BETCTBUE MEXIY PYCCKUMU U QHTIUUCKUMU CIOBAMMU:

BBIP AYKEHUE EXPRESSION

OCTATok BBIPAKEHUA REST orF EXPRESSION
CJIATAEMOE ADDITIVE TERM
OCTATOK CJIATAEMOro REST oF ADDITIVE TERM
MHOZKuTEIL FACToRr

procedure ReadSymb (c: Symbol);
b := (Next = c);
if b then begin
| Move;
end;
end;

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
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| 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;

Ocranoch 06CyAUTL TPOOIEMBI, CBA3AHHBIE C B3AUMHOU PEKYPCUBHOCTHIO
sTux mpouexyp (ogHa mCmoab3yeT APyryoo u HaobGopor). B mackame »to
MOIMyCKAETCA, TOMLKO TPEeOyeTCa NaTh IPeIBAPUTEILHOE ONMCAHKNE TIPOIe-
ayp (dorwardy). Kak Bcerga nus pekypCUBHBIX IPOUELYD, TOMUMO JOKA3a-
TEILCTBA TOTO, UTO KaXKAasd MPOLEIYPa padOTACT MPABIILHO B MPEITIONO-
JKEHWUW, 9TO UCTIOMB3YEMEBIE B HEH BBI3OBHI MPOHEIYP pabOTAI0T TPABAILHO,
HANO J0KA3aTh OTIETbHO, 9TO paboTa 3aBepmaerca. (JTO He OYEBUIHO:
ecau B rpaMmMaTuke ecTb npaBuio K — KK, To u3 K Hu9ero He BBIBOAUTCA,
Moca(K) u Hau(K) mycTsl, HO HamucaHHAs IO HALIMM KAHOHAM IIPOLELYDA

procedure ReadK;
begin

ReadK;

if b then begin
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| ReadK;
end;
end;

He 3aKaHYIMBaeT PabOTHI.)

B mammom cayuae mporenypsl ReadRestExpr, ReadRestAdd, ReadFact
60 3aBEPIIAIOTCA, MO0 YMEHBITAIT IIUHY HEMPOIUTAHHON TaCTH BXOA.
IMockoabKy 060U MUK BEI30BOB BKIIOYAET OMHY U3 HUX, TO 3AIUKJINBAHUE
HEBO3MOXKHO. (]

15.2.6. IlycTs B rpaMMaTHKe UMEIOTCA IBA MPABUIA ¢ HeTepMUHATOM K
B JIEBOU YACTU, UMEFOUIAX BU

K—L K

K—

0 KOTOPBIM K-CJIOBO MPEACTABIACT COOOM KOHEIHYIO MOCAEI0BATENLHOCTE
L-cio, npuuém MuoxkecrsBa Iloca(L) u Havu(K) (B mamHOM caydae pas-
uwoe Hau(L)) me nepecekarorcsa. Ucnonssys kKoppexkTHyto aisa L mpouenypy
Readl, manmucars KOoppekTHyO 114 K npouenypy ReadK, He ucnouabsys pe-
KypCHUH.

Pemenne. [To mammM nmpasmiam cregoBaao ObI HATUCATH

procedure ReadK;
begin
if (Next mpuuammexut Hau(L)) then begin
ReadL;
if b then begin ReadK; end;
end else begin
| b := true;
end;
end;

3aBepIIeHne pabOTEl FAPAHTUPYETCA TEM, 9TO MepPe] PEKyPCUBHBEIM BBI30O-
BOM [IJIVHA, HEMPOUYUTAHHON IACTU YMEHBIIAETCA.
DTa PEKypPCUBHAA MPOIEIYPa SKBUBATCHTHA HEPEKYPCUBHOMU:

procedure ReadK;
begin
b := true;
while b and (Next mpumammexur Hau(L)) do begin
ReadL;
end;
end;
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DopMaNTbHO MOKHO MPOBEPUTH DTY SKBUBATEHTHOCTH TAK. 3ABEPIIAEMOCTD
B 000UX CIy4dasx sAcHA. [[0CTATOYHO TPOBEPUTH MOITOMY, UTO TEJIO PEKYP-
CUBHOH IPOLENyPhl DKBUBAJICHTHO HEPEKYPCUBHOU B IIPEIIOJIOKEHUH, ITO
€6 PeKypPCUBHBIN BLI30B DKBUBAJICHTEH BEI30OBY HEPEKYPCUBHOU IPOLELy PhI.
Hoxcrasum:

if (Next mpumamgmexut Hau(L)) then begin
ReadL;
if b then begin
b := true;
while b and (Next mnpumammexut Hau(L)) do begin
| ReadL;
end;

end;

end else begin
| b := true;
end;

[Mepsyo KoMaHIy b:=true MOXHO BLIKHHYTH (B ®TOM MECTE U Tak b uc-
TUHHO). BTOPYI0 KOMaHIy MOXHO TEPEHECTU B HAIAO:

b := true;
if (Next mpumammexut Hau(L) then begin
ReadL;

if b then begin
while b and (Next mnpunammexut Hau(L)) do begin
ReadL;
end;
end;
end;

Tenepsb BHyTpeHHUY if MOXKHO BHIKAHYTH (€CaM b JOXKHO, UK while BCE
PABHO HE BBLIMOTHACTCA) U TOOABATHL B yCIOBUE BHeIHero if ycaosue b
(koTOpOE BCE PABHO MCTUHHO).

b := true;

if b and (Next mpumammexut Hau(L)) then begin
ReadL;
while b and (Next mnpumammexut Hau(L)) do begin
| ReadL;
end;

end;

YTO DKBUBAJECHTHO [IPUBEIEHHOU BHILIE HEPEKYPCUBHOU mpouenype (u3 Ko-
TOPOU BBIHECEHA [EePBas UTEPALUA [IUKIA). (]
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15.2.7. [loxa3aTh KOPPEKTHOCTH TMPUBEIEHHOW BHINIE HEPEKYDPCUBHOU
TIPOTrPaMMBI HETTOCPENCTBEHHO, 6€3 CCHLTOK HA PEKYPCUBHYIO.

Pemtenne. PaccmMoTpuM HambGOIbINIEE HAMANO BXOMIA, ABJASIONEECS K-Ha-
gamom. OHO OpPeICTABIACTCA B BUJE KOHKATEHANMHU (IIOC/IELOBATEIBHOIO
[IPUNKUCHIBAHUA) HECKOIBKAX HEMYCTHIX L-CJI0B U, BO3MOXKHO, OJHOI'O HeIy-
croro L-uavana, He ABIMomerocs L-cioBoMm. UHBapUaHT MUKIA: TPOYUTAHO
HECKONIBbKO U3 HUX; b & (nocne,que MIPOYNTAHHOE ABIACTCA L—CJIOBOM).

CoxpaHeHre NHBAPUAHTA: €CIN OCTATIOCH MOCTIETHEE CIOBO, DTO OUEBUI-
HO; €CJIM OCTAJIOCH HECKOIBKO, TO 33 MEPBLIM L-CI0BOM (43 IMCIa OCTABIIAX-
cs1) ugér cumBoa u3 Haua(L), 1 moTOMY 5TO CJIOBO — MAKCUMAJIBHOE HATAJIO
BXO0/Ia, ABIAIOMICECT L-HAYMAIOM. O

Ha mpaxTuke npu 3amucu rpaMMaTUKU UCIOJAB3YIOT COKpalnenus. Ecan
IpaBmIa A1 KAaKOTO-TO HeTepMuHanta K mMerT BU I

K—L K

K—

(T.e. K-c0Ba, — BTO MOCICOBATENLHOCTH L-CJOB), TO DTUX MPABUT HE M-
mry T, a BMecTo K iy T L B purypHeIx ckoo6kax. HeckorbKko mpaBmi ¢ o qgHON
JIEBOU YACTBIO M PA3HLIMU MPABLIMU 3AMKMCHIBAIOT KAK OTHO MPABUIO, Pa3-
[eJsisA ATHTEePHATUBHBIE MPABBIE YACTU BEP TUKAILHOU YEPTOU.

Hanpumep, paccMOTpeHHAs BbIIIE PPAMMATUAKA 1S (BBID) MOXKET OBITH
3anrcaHa Tak:

(Bbip) — (caar) { + (caar) }
(cmar) — (mmox) { * (MHOXK) }

(MuOXK) — % | ( (BBID) )

15.2.8. Hamucars mporenypy, KOPpeKTHYI I (BBID), CIEIyS DTOU
rpaMMaTUKe U UCTIONL3YA IUKA BMECTO PEKYPCUH, TA€ MOXKHO.

Pemrenmne.

procedure ReadSymb (c: Symbol);
b := (Next = c);
if b then begin Move; end;
end;

procedure ReadExpr;
begin
ReadAdd;
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while b and (Next = ’+’) do begin
Move; ReadAdd;
end;
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; O

15.2.9. B mocremmen mporenype KOMAHIy b:=true MOXKHO ONyCTUTH.
[Mouemy?

Pemenue. MoxHO mpeamosararsb, 9TO BCE MPOIEAYPHI BEI3LIBAIOTCS MIPU
b=true. O

15.3. AnropuTm pasbopa ans LL(1)-rpammaTuk

B sTom pasmene MBI pacCMOTPUM €I1é OAWH METOI MPOBEPKU BHIBOTUMO-
ctu B KC-rpammaruxe, Hasbisaembin no tpagunuu LL(1)-paz6opom. Bor
ero uaesa B OHOU hpase: MOXKHO CIMTATH, UTO B TPOIECCE BLIBOAA MBI
BCEra 3aMeHseM CAMBIN JIEBBIM HETEPMUHAI U HYKHO JUIIb BEIGPATH OTHO
U3 MPABWT; €CAU HAM MOBE3ET ¢ MPAMMATUKON, TO BHIOPATH TPABUIO MOXK-
HO, TVIAAS HA MEPBLIM CUMBOJ BBIBOAMMOIO U3 DTOIO HETEPMUHAIA CIOBA.
Tl'oBops Gomee popMaIbHO, TaaUM TAKOe

Ompepgenenne. Jleabim 6b16000m (CIOBA B TPAMMATHUKE) HA3BIBACTCA BhI-
BOJ, B KOTOPOM Ha KAXKJIOM IIare 3aMeHe MOABEPraeTCsa CAMBIN JEBBIM 13
HETEePMUHAJOB.
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15.3.1. 151 KaxKJOrO BEIBOAUMOTO CIOBA (M3 TEPMUHAIOB) CYIIECTBYET
€ro JIeBLIU BBIBO/.

Peurenme. Pasnuvubie HETEpMUHAIBL 3AMEHSIIOTCA HE3ABUCUMO; €CIU B
MIPOIIECCe BLIBOAA MOABUIOCH C0BO ... K ... L ..., roe K, [ — werepmuna-
Jbl, TO 3aMeHbl K n [ MOXHO TIpom3BOAUTHL B J060M mopsanke. [TosTomy
MOYKHO TIePECTPOUTEH BHLIBOI TaK, YTOOLI CTOAIINN JEBEE HETEPMUHAT 3aMe-
Hanca pagbiie. (PopMaTbLHO TOBOPA, HAMO JOKA3LIBATH MHIYKIUAEH MO [1JIU-
He BBIBOJA TakouW (haKkT: €CIU U3 HEKOTOPOrO HeTepMuHana K BLIBOIUTCA
HekoTopoe caoBo A, To cymecrsyer aeBbint BeiBog A u3 K.) O

15.3.2. B rpammaruxe c 4 mpaBmiaMu

(1) E—

(2) E—TE
(3) T— (B
(4) T— [E]

manTu jgesbin BuBOL caoBa A = [() ([1)] u gokasaTsh, 9T0 OH eIUHCTBEH.
Pemenue. Ha mepBoM mare MOXHO MPUMEHUTE TOILKO MPABUIO (2):
E—TE

Yro Oymer mamwbmie ¢ T? Tak kak caoBo A maumHaerca Ha [, TO MoxeT
IPUMEHUTHCA TOJIBKO IpaBuio (4):

E —- TE — [E]E

[lepsoe E gomkHO 3aMeHuThCa HA TE (MHAYME BTOPBIM CHUMBOJOM ObLIA ObI
cxobka 1):
E —- TE — [E]E — [TE]E

u T JOMKHO 3aMeHATHCA 1O (3):

Manee nepsoe E 10KHO 3aMEHATHCA HA MyCTOE CIOBO (MHAYME TPeThen OyK-
Bou caoBa Oymer ( mmm [ — TOJABKO HA STU CUMBOJBI MOXKET HAMHHATHCA
CJI0BO, BeIBOAUMOE 13 T):

u nanee

...~ LOTE]JE — [O(E)EJE — [ (TE)EIE — [O) ([E]E)E]E —
— [O(IE)EIE— [ODEIE— [O(DIE—-[OD] U
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Yro TpebyeTca OT IPaMMATUKU, ITOOB TAKOU METO[ MOUCKA JEBOTO
BEIBOJA ObLT mpuMenum? IlycTh, HampuMep, Ha OYEPEIHOM IIare CAMBIM
JIEBLIM HETEPMUHAIOM OKA3AICA HETEPMHUHAT K, T.e. MBI UMEeM CJIOBO BU-
na AKU, rge A — caoBo u3 TepMuHaIOB, a U — CIOBO U3 TEPMUHAIOB
¥ HETEPMUHAJIOB. [lyCThb B rpaMMaTHKe eCTh MPABILIA

K —LMN
K — PQ
K— R

Hawm ma 10 BEIGpaTh OHO U3 HUX. MBI 6y 16M THITATHCA CAEIATH DTOT BRIOOD,
DIALA HA MEPBBIM CUMBOJI TOU YACTU BXOTHOTO CIOBA, KOTOPAsA BHIBOAUTCSA
u3 KU.

Pacemorpum muoxectso Haa(LM N) Tex TepMUHAIOB, ¢ KOTOPBIX Ha-
YUHAIOTCA HEMyCTHIE CI0BA, BRBOAUMEBE U3 LM N. (DT0O MHOXKECTBO PABHO
Haw(L), oobenuuénnomy ¢ Haxa(M), ecin w3 L BBIBOAUTCS IyCTOE CIOBO,
a raxxke ¢ Haa(N), ecim u3 L u w3 M BBIBOZUTCA MyCTOE CJIOBO.) TO-
Obl OMUCAHHBIN METO[ OBLT IpUuMeHnM, Ha 10, 9To6sr Hau(LM N), Hau(PQ)
u Ha4(R) me mepecekaiucs. Ho sroro mano. Benp moxeT ObITH Tax, Ha-
npumep, uTo u3 LM N Oyger BBIBEIEHO IIyCcTOE CJIOBO, a u3 cioBa U Oyxer
BLIBEEHO CJIOBO, HadnHaomeecsa Ha O6yksy us Haa(PQ). Cregyiomue ompe-
IETEHUsT YIUTHIBAIOT DTY MPOOIeMy.

Hamomuwnm, uTo onpenerenune eisogumoctu B KC-rpamvaruke 66110 qa-
HO TOJBKO I CJI0BA U3 TepMuHAIOB. OHO OYeBUIHBIM 00pa3oM 0600mAeTCsa
Ha CAydYayl CIOB U3 TEPMUHAIOB U HETEPMUHAIOB. MOXKHO TakiKe TOBOPUTH
0 BBEIBOJAMMOCTY OJHOI'O CJOBA (COLEPKAIIErO TEPMUHAILL U HETEPMUHAJIBI)
u3 apyroro. (Eciu roBopuTcsa 0 BHIBOAMMOCTH CJIOBA 6€3 YKA3aHUA TOTO,
OTKY/a OHO BBEIBOAMUTCS, TO BCET/Ia TIOIPA3yMeBACTCA BEIBOIMMOCTE B IDaM-
MATUKE, T.€. BHIBOAUMOCTD U3 HAYAILHONO HETEPMUHAJA. )

[us xaxgoro croa X u3 TepMuHAIOB U HeTepMUHAIOB depes Hau(X)
0003HAMAEM MHOXECTBO BCEX TEPMUHAJIOB, C KOTOPBIX HAYUHAIOTCA HEMY-
CThIE CJIOBA, U3 TEPMUHAIOB, BRIBOAUMEIE w3 X . (B caydae, ecau u3 106010
HETEPMUHAJIA, BHIBOIUTCS XOTH OMHO CJIOBO U3 TEPMUHAIOB, HE UTPAET POJIH,
paccmarpuBaeM Jau Mel mpu onpeneaeruu Haxa(X) cioBa TOIBKO U3 Tepmu-
HAJIOB WK J00bIe cioBa. Mbl 6y 1eM mpeanonarars gajiee, ITo 3TO YCIOBUE
BLITIOJHEHO. )

s kax goro nerepmunana K 4aepes Hocaen(K') 0603Ha9uM MHOKECTBO
TEPMUHAIOB, KOTOPHIE BCTPEUAIOTCA B BHIBOAUMEIX (B TPAMMATHUKE) CIOBAX
cpasy xe 3a K. (He cmemmsars ¢ Ioca(K) npeapiaymero paszgeaal) Kpoue
roro, B [locaen(K) Bkmouaercsa cumpor EOL, ecau CymecTByeT BBIBOAUMOE
CJI0BO, OKaHuuBaomeecs Ha K.
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[[151 KaxX TIOT0 TIPABUIA
K-V

(rme K — merepmunan, V — CI0BO, COAepiKallee TEPMUHAILL U HETEPMU-
HAJBI) OMPEIEIUM MHOXKECTBO HANPAGAAOUUT MEPMUHAAL06, ODOZHATAEMOE
Hanp(K — V). Ilo onpegenenuo ouno pasuo Haua(V), k koropomy mobasme-
Ho [Tocnen(K), ecin u3 V' BBHIBOAUTCA IMyCTOE CJIOBO.

Ompegenenne. ['pavvaruxa vasbiBaerca LL(1)-epammamurot, ecmu nua
aiob6eix npasut K — V u K — W ¢ oiuHAKOBBIMU JIeBBIMU 9aCTSIMU MHO-
xecrea Hanp(K — V) u Hanp(K — W) me nepecexatoTcs.

15.3.3. flBmgercsa nu rpamMmmaTuKa

K—K #

K—
(BBLIBOAMMBIME CTOBAMHU ABIAIOTCS MOCIEIOBATETbHOCTH ane3oB) LL(1)-
rpaMMaTUKON?

Pemenne. Het: cuMmBOm # MpUHAIICKUT MHOXKECTBAM HATPABIITIONINX
CUMBOJIOB I 0O60UX MPABWI (1A BTOPOTO — TOCKOABKY # TPUHAIICKUAT

Hocaen(K)). O
15.3.4. Hamucars LL(1)-rpaMMaTuKy s TOTO XKe A3BIKA.
Pemrenne.
K—#K
K— O

Kax roBopaT, «IeBOPEKYPCUBHOE» TTPABMIO 3AMEHEHO HA, (ITPaBOPEKyP-
CUBHOE».

Crenyromaa 3agada mokaswiBaeT, uro mia LL(1)-rpamvaruxu cyrme-
CTBYE€T HE bouee OMQHOT'O BO3MOXKHOT'O IIPOIOI2KEHUS JEeBOI'O BBEIBOIA.

15.3.5. Hycts gaso suiBogumoe B LL(1)-rpamvaruxe cioBo X, B KO-
TOPOM BhIgeIeH cambin JeBbin Hetepmunan K: X = AKS, rge A — cmoBo
73 TEPMUHAIOB, S — CJIOBO U3 TEPMUHAIOB U HETEPMUHAIOB. [lycTh Cyme-
CTBYIOT JBA PA3JUYHBLIX MPABUIA IPAMMATHUKYA C HeTEPMUHAIOM K B J€BOH
YaCTW, U MBI TPUMEHUIA WX K BRIAEICHHOMY B X HeTepMmuHATY K, 3aTem
MPONOKAIA BLIBOI W B KOHIIE KOHIIOB TTOMYIUIA B, CIOBA W3 TEPMUHAIOB,
HaumHaomuxcsa Ha A. [okasars, 9TO B 5THX CJIOBAX 3a HadaaoMm A mmyT
pasuble OyKBHL. (31ech K ducity GykB Mbl oTHOCUM EOI.)
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Pemenue. JTu OGyKBBI TPUHAIICKAT HATIPABISIIOMIAM MHOXKECTBAM Da3-
JTIHBIX TTPaBAI. O

15.3.6. [okasaTh, uTo ecau ca0BO BuiBoAuMO B LL(1)-rpammaruke, To
€ro JIeBBIU BLIBOJ CIMHCTBEH.

Pemrenne. [Ipennraymasn 3amada MOKa3pIBAET, ITO HA KaXKIOM IIare Je-
BBIU BBIBOJ TPOIOIKACTCA OJHO3HATHO. (]

15.3.7. I'pamMMaTHKa HABLIBAECTCS 4€680PEKYPCUBHOU, €CIU U3 HEKOTOPO-
ro HerepMmuHajga K BBIBOIUTCs CJI0BO, HaduHAaIeecs ¢ K, HO He coBmaga-
foree ¢ HuM. [JOKa3aTh, 9TO JEBOPEKYPCUBHASA MPAMMATUAKA, B KOTOPOU 13
KaXXJOT'0 HeTepMUHAIA BEIBOAUTCA XOTA OBl OTHO HEMYCTOE CIOBO M3 Tep-
MUHAJIOB U I KAXKIOT0 HETEPMUHATA CYIIECTBYET BLIBO (HAYUHAIOIAN-
€ ¢ HAYAIBHOI'O HETEePMUHAJA), B KOTOPOM OH BCTPEYAETCS, HE ABIACTCA
LL(1)-rpammarukon.

Pemenwe. [Iycte u3 K BeiBogurcsa KU, rpe K — werepmunan, a U —
HemycToe CI0BO. MOXHO cauTaTh, 9TO 5TO JEBLIY BLIBOA (IpyTrue HeTepMU-
HAJTBI MOXKHO HE 3aMEHATH). PaccMOTpUM BBIBOI

K~ KU ~~ KUU ~> ...

(3HAK ~~ ODO3HAYAET HECKOJBKO IIACOB BBIBOAA) U JEBHIM BHIBOL K ~ A,
rie A — memycToe ClI0BO U3 TepMuUHAIOB. Ha KakoMm-TO Imare BTOPOU BhI-
BOJ OTKJIOHAETCA OT MEPBOTO, & MEX Iy TeM MO 000MM MyTAM MOXKeT OBITh
MO YEHO CJIOBO, HaunHawomeeca Ha A (B IepBoM CIydae 5TO BO3MOXKHO, TAK
KaK COXPAHAETCA HeTepMuHAT K, KOTOPBI MOXKET BIOCAEICTBAN OBITH 3a-
MeHéH Ha A). DTO IPOTUBOPEUUT BO3MOKHOCTHU OJHO3HAIHOTO OLpEIese-
HUsA MPABWIA, IPAMEHAEMOr0 HA OYEPEIHOM IMIAre MOUCKA JEeBOT'O BBIBOA.
(OZHO3HAMHOCTE BBINOJHAETCA AJA BBIBOJOB U3 HAYAILHOIO HETEPMUHA-
JIa, ¥ HAJO BOCIOMB30BATLCA TeM, 9TO K Mo MPeanoNokeHn0 BCTPEIaeT A
B TAaKOM BBLIBOZE.) O

TaxuM 06pa3zoM, K JEBOPEKYDCUBHEIM CPAMMATHKAM (KPOME TPUBUATE-
ueix cayydae) LL(1)-meron mempumenum. VX mpuxoquTcsa mpeoOpasoOBbI-
BaTh B okBUBATeHTHLIE LL(1)-rpaMMaTkn — Wi MOAb30BATHLCA IPYTUMA
METOJAMY PACIO3HABAHUA.

15.3.8. Ucnonb3ysa ckaszaHHOE, MOCTPOUTH AJTOPUTM TPOBEPKU BBIBO-
auMocTu ¢10Ba u3 repmunatos B LL(1)-rpammaruke.

Pemrenwe. Mur ciegyeM omucanHHOMY BHIIE METOAY MONCKA JEBOI'O BBI-
BO/A, XPaHA JUIIb YaCTh (JOBA, HAXOIAILYIOCA MMpPaBee yKe MPOINTAHHOU
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YaCTU BXOJAHOT'O CJIOBA. [I[pyrumu caoBaMu, MBI XPAHUM CJIOBO S U3 TEPMU-
HAJMOB ¥ HETEPMUHAJIOB, OOMANAIONICE TAKUMU CBOMCTBAMHU (TIPOYUTAHHYIO
9acTh BXOJa 0003HAUaeM depes A):

1) cmoBo AS BEIBOAWMO B MPAMMATUKE;
2) 11000U JIEBBIU BBIBOJ BXOIHOI'O CJOBA IPOXOAUT Yepe3 cTaiuio AS

ATu cBoucTBa BMecTe GyxeM 0603HavaTh «(M)».

Buagamre A mycTo, a S COCTOUT U3 €IUHCTBEHHOT'O CUMBOJIA — HAYAIb-
HOI'O HeTepMHUHAJIA.

Eciu B HEKOTOpLIM MOMEHT S HadMHAETCA Ha TepMuHalI t u t = Next,
TO MOYXHO BBITOJHUTL KOMaHIy Move W yIalUTL CUMBOM t, ABIAIOIINUCAT
HAYAJbHBIM B S, MOCKOTBKY IPU DTOM AS He MeHsaeTCA.

Ecmu S mauunaeTcs va TepMuHan t u t ;ﬁ Next, TO BXOIHOE CJIOBO He-
BBIBOAMMO — 100 MO YCJIOBUIO JTIOOOU €r0 BBIBOJ NOMKEH MPOXOAUTD Iepe3
AS. (9To ke cupapemuso u B caydae Next = EOI.)

Ecau S mycro, 7o u3 yciosua (M) creayer, 9T0 BXOIHOE CIOBO BEIBOIUMO
TOrJa U TOMBKO Torga, korga Next = EOT.

Ocraérca caydan, korga S HAYUHAETCA C HEKOTOPOrO HeTepMuHATa K.
ITo poxasamHOMY BEIIIE BCE JIEBBIE BBIBOALI U3 S CJIOB, HAYMHAOIIMXCSI HA
cuMBOTI Next, HAUMHAIOTCA C IPUMEHeHUA K S OJHOI'O U TOr'O XKe MPABUIa —
TOro, M5t KOTOpOro Next IpUHALJIEKUT HAIPABIAIOMIEMY MHOXKeCTBY. Ecian
TaKUX MPABUI HET, TO BXOMHOE CIOBO HEBLIBOAUMO. Ecam Takoe mpaBmio
€CTh, TO HYXXHO NPUMEHNUTh €ro K MepBOMY CUMBOJY CIOBA S — IPU DTOM
ceorcteo (M) me mapymurcs. [Ipuxogum K TakoMy aaropurTmy:

S != IIyCTOe CIOBO;
error := false;
{error => BxogmHOe CIOBO HEBHBOIMMO;}
{not error => ()}
while (not error) and not ((Next=EOI) and (S mycTo))
do begin
if (S maumHaeTcs Ha TepMuHam, paBHmm Next) then begin
| Move; ymamnuTh w3 S NIepBHM CHMBOI;
end else if (S maummaeTca Ha TepMuHanm, He paBHEU Next)

then begin
error := true;
end else if (S mycTo) and (Next <> EOI) then begin
| error := true;

end else if (S mauunaeTca Ha HeTepMuHan u Next BxomZuT B
HalpaBIAbllee MHOXECTBO ONHOT'O W3 IPABUI LIA STOTO
HeTepMuHana) then begin

OpMMEHUTE 3TO IIPaBUIIO
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end else if (S maymHaeTca Ha HeTepMuHan u Next He BxomuT
B HalpaBIdollee MHOXKECTBO HM ONHOI'O W3 IPaBUI OIA 3TOLO
HeTepMuHana) then begin
error := true;

end else begin

| {Trax He 6mBaeT}

end;

end;

{BxomHoe cmoBo BHBomMMO <=> not error}

Anropurm 3akanumBaeT paboTy, MOCKOAbKY TPU MOABJIEHUU TEPMUHAIA
B HavaJse CJI0BA S MPOUCXOIUT UTEHHE CO BXOIA WX OCTAHOBKA, 8 O€CKOHe'-

HBII

OUKJI CMEHAIIIX APYT Ipyra HeTePMUHAJIOB B Havaje S O3HaYAI OBI,

YTO MPAMMATHUKA JEBOPEKYPCUBHA. (A MBI MOXKEM TPEANONAraTh, COMVIACHO
TMPEIBIAYIIEN 3aJa4e, ITO DTO He TAaK: HeTEPMUHAMILI, HE BCTPEUAIOIINEC
B BBIBOZIAX, & TaKXKe HETEPMUHATBI, 13 KOTOPHLIX HE BLIBOAUTCA HEIYCTOr'O
CJIOBA, HECIOXKHO yAAIATH U3 MPAMMATUKHA. ) (]

3aMmedaHud.

[puBeEHHBIN ATTOPUTM UCIOIB3YET S KaK CTeK (BCe TeUCTBUA MPO-
U3BOAATCA C JIEBOTO KOHIIA).

[encTBua ABYX MOCIEIHUX BAPUAHTOB BHYTPHU IUK/IA HE IPUBOIAT
K YTEHUIO OYePEeTHOr0 CHMBOJA CO BXOMA, MOXTOMY MX MOXKHO 3apa-
Hee MPeIBLIYUCINTD 1A KAXKI0r0 HETEPMUHANA W KAXKIOTO CHUMBOJIA
Next. Ilocse »Toro Ha KaxKIOM IHIare MUKIA OYIET YUTATHCA OUepe/-
HOH CHMBOJ BXOJA.

[Ipr mpakTUIecKkon peammsanuu yIOOHO COCTABATHL TAOJAUILY, B KO-
TOPOU 3alMCAaHLl BAPUAHTELL AEUCTBUHM B 3aBUCUMOCTU OT BXOTHOI'O
CUMBOJIA, U TIEPBOTO CUMBOJIA S, U HEOOJBIIYIO TPOrPAMMY, BBITOTHA-
IOIIYIO TEACTBUA B COOTBETCTBUU C DTOU TAOJUIICH.

15.3.9. Ilpu nmpoBepke TOTO, OTHOCUTCA U TaHHAA MPAMMATHUKA K TUY

LL(1

), Heobxoaumo Beraucautsb [locnen(T) u Haa(T) pua Bcex HeTepmuna-

gos T'. Kax »To cnerars?

Pemrenne. IlycTh, HampuMep, B TpaMMaTuKe ecTh mpasuno K — L M N.
Torga

Hau (L) C Hau (K),
Hau (M) C Hau (K), ecan u3 L BEIBOAMMO IIyCTOE CJIOBO,

Hau (N) C Hau (K), ecau w3 L v M BEIBOAUMO IIyCTOE CIOBO,
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Mocaen (K) C Hocren (N),
Mocnen (K) C Tocren (M), ecan u3 N BBIBOZUMO IIyCTOE CJIOBO,
ocnen (K) C Mlocren (L), ecam u3 M u N BBHIBOZUMO IIyCTOE CJIOBO,
Haw (N) C Tlocren (M),
Haw (M) C Mocren (L),
Hau (N) C Ilocren (L),  ecam u3 M BBIBOZUMO IyCTOE CJIOBO.

Hono6HBIE NpPABMIA MO3BOMAIOT IMIAT 34 IIATOM IOPOXKIATH MHOXKECTBA
Hau(T), a sarem u Ilocnex(T'), gria Bcex TepMuUHAJIOB U HeTepMUHAJIOB 1.

[Ipu »TOM HaYAIOM CIyKAT

EOI € [Tocren (K)

[T HAMAJIBbHOI'O HETEpMUHAIA Knu

z € Hau (2)

gaa moboro TepMmuHata z. llopoxieHue 3akaHYIMBAETCA, KOTJA IIPHUMe-
HEHNMe MpPABWI HepecTaéT naBaThb HOBBIE siaeMeHThl MHOkecTB Hau(T)

u Hocnen(T).

O
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16. CUHTAKCUYECKWNIM PA3EOP
CJIEBA HATIPABO (LR)

Ceruac MBI pACCMOTPUM €IIE OJUH METOI CHHTAKCUYECKOT'O pasbopa,
uaszeBaeMbin LR(1)-pazbopom, a Takxke HEKOTODBIE yIPOIIEHHBIE €O Ba-
PUAHTEL

16.1. LR-npoueccsi

[Ba oramaua LR(1)-pas6opa ot LL(1)-pazbopa: Bo-mepBbIX, CTPOUTCA
HE JIeBBLI BBIBOM, a MPABLIN, BO-BTOPBIX, OH CTPOUTCA HE C HAYATIA, & C
kouna. (Beisox B KC-rpamvaTuke HA3BIBACTCA NPABbIM, CIA HA KaXKIOM
mare 3aMeHe TOIBEPraeTCsa CAMBIN MPABLIA HETEPMUHA. )

16.1.1. ToxaszaTb, ITO €CAM CJIOBO, COCTOAIIEE U3 TEPMUHAIOB, BLHIBO-
IUMO, TO OHO MMEET IPABLIN BBIBO[. O

Hawm Gyget y1006HO CMOTPETE HA MIPABBIM BHIBO «3a,10M Hamepém. Ompe-
neaum mouarue LR-npouyecca nad caogdom A. B srom mponecce, momumo A,
OyIeT y9acTBOBATH U IPYTOE CJAOBO S, KOTOPOE MOXKET COMEPKATH KAK TepP-
MUHAJBL, TAK U HeTepMuHAIL. Baadane cioso S mycro. B xoge LR-mponecca
paspellessl 1Ba BUAA, JCUCTBUN:

(1) MOXKHO mepeHeCTH HEPBBIN CUMBOI CIOBA A (€ro Ha3BIBAIOT 0uepedHbiM
cuMBOJIOM U 0603HaYa0T Next) B KoHel croBa S, yamue ero ms A
(3TO menucTBUE HA3BIBAIOT COBU2OM);

(2) ecam mpaBas 9ACTBH OMHOTO W3 MPABWI TPAMMATUKA OKA3AMACH KOHIIOM
croBa S, TO pa3pelaeTcs 3aMeHUTh e€ Ha, HeTePMUHA, CTOALIIA B Jie-
BOU 9aCTH 5TOTO TPABUIA; TIPA 3TOM CI0BO A He MenseTca. (DTo nen-
CTBUE HA3LIBAIOT C8EPMKOT, WA NPUSEIEHUEM. )

Ormerum, uro LR-mponece He ABIETCA TeTEePMUHUPOBAHHBIM: B OTHOU
U TOU K€ CUTYAIUU MOTYT OBITH PA3PEINICHBI PA3HBIE ACUCTBUA.
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TosopsaT, uro LR-mporiece Ha ciose A yenewmno 3a6eputaemes, €CIu Cio-
BO A CTAHOBUTCA TMYCTHIM, & B CIOBE S OCTAETCA €IUHCTBEHHBLIN HETEPMU-
HaJl — HAYaJbLHBIA HETEPMUHAJI I'PAMMATUAKIA.

16.1.2. [okasaTb, 4T0 s a060ro cioBa A (#3 TEPMUHAIOB) yCremr-
HO 3apepmarommica LR-mporece cymecTeyeT Torga n TOTLKO TOT A, KOTIa,
cI0BO A BEIBOAMMO B TpaMMaTuke. B xome 1okasaTeascTBa yCTAHOBUTE B3a-
MMHO OJHO3HATHOE COOTBETCTBUE MEXKIY MPABLIMU BEIBOZAMW W yCIIEITHO
sasepmatommmucsa LR-mporeccamu.

Pemenue. IIpu casure cioBo SA ue mensercs, npu cBépTke cioBo SA
IOBEPraeTCsa MPeoOpa3OBaHUIO, OOPATHOMY MIATY BBEIBOAA. JTOT BBIBOJ
OyIeT TpaBbIM, TaK KaK CBOpaumBaeTca koHer S, a B A Bce cuMBOIBI —
TepMUHAMBHBIE. TakuMm oOpasoM, kaxaoMy LR-mpomeccy cooTBeTcTByeT
npaBeii BEIBOA. OGpaTHOE COOTBETCTBHUE: MIyCTh JaH MPABLIU BLIBOL. [Ipea-
craBuM cebe, 9TO 32 MOCIeJHUM HETEPMUHAIOM B CJIOBE CTOUT MEPEropoOl-
ka. [IpuMeHuB K >TOMY HETEPMUHATY MPABUIO CPAMMATUKU, MbI JOTKHEI
CIBUHYTH MEPErOPOAKY BAEBO (€CJAU MpaBas YacThb MPABUIA KOHIACTCA HA
TepmuHan). PazbuBasg 3TOT CABUT HA OTAEILHLIE IIATY, TIOLYIUM MPOIECC,
B TouHocTH o6patHbm LR-mporeccy. (]

IMockoapky B x0me LR-mponecca Bce uaMeHeHUs B CJIOBE S MPOUCXOIAT
C TIPaBOr'0O KOHIIA, CJIOBO S HA3BIBalOT cmekom LR-mpomecca.

3a/ata MoCTPOEHUS TPABOr0 BHIBOAA I TAHHOIO CJIOBA, CBOAUTCS, Ta-
KM 006pa3oM, K MPABUILHOMY BBIOODY odepenuoro mara LR-mporecca.
Ham myxHO pemmurh, OygeM Ju MBI IeIaTh CABULI WIH CBEPTKY, U €CJIN
CBEPTKY, TO IO KAKOMY IPABUIY — BEIb 1O IXO IAMNX IPABUI MOXKET OBITH
Heckoabko. B LR(1)-aaropurme 5TO pelienue npuHUMAeTCs Ha OCHOBE S
7 TEepBOTO CMMBOJA CJAOBA A; ecim UCIOMB3yeTCs TOMBKO S, TO TOBOPAT
o LR(0)-amropurme. (Tounse onpenenseHus CMOTPYU HUKE. )

[IycTts dpukcupoBana rpaMMaTUKa, B KOTOPOU U3 JIOOOT0 HETEPMUHAIA
MOXKHO BBIBECTHU KAKO€-I1OO CJIOBO U3 TEPMUHAIOB. (DTO OrDAHUTIEHUE MBI
OyeT BCerja NpeinolaraTh BLIIOJHEHHBIM. )

Mycts K — U — oauo u3 npasun rpamvatuku (K — merepmuaan, U —
CJIOBO M3 TEPMUHAMOB U HeTepMuHAIOB). OmpeneanM MHOXKECTBO CJIOB (U3
TEPMUHATOB U HETEPMUHATOB), HA3BIBAEMOE 4C6bIM KOMMEKCMOM TIPABIIA
K — U. (O6osuauenue: JleeKour(K — U).) Ilo onpenenesnio B Hero BXOAAT
BCE CJI0BA, KOTOPBIE ABISAIOTCSI COAEPKUMBIM CTEKA HEITOCPEICTBEHHO IIePe
ceéprkon U B K B XO€ HEKOTOPOT'O YCIEIHO 3aBepinaiomeroca LR-mpo-
ecca.

16.1.3. IlepedopmyaupoBaTh 5TO ONpeaeJeHne Ha A3bIKEe MPABBIX BhI-
BOJOB.
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Pemenue. PaccMoTpum Bee MpaBble BLIBOABI BUIA
(HavaIbHBIN HeTepMuHATL) ~> XKA — XUA,

rge A — CJI0BO U3 TEPMUHAJIOB, X — CJIOBO U3 TEPMUHAJIOB U HETEPMUHAJIOB.
Bce BosHuKaroIue mpu 5ToM ¢1oBa XU 1 06pa3yroT JEBEI KOHTEKCT TTPABU-
1a K — U. YUTo6w1 yOeIUTHCA B DTOM, CAEAYET BCIOMHUTDL, YTO MBI TIPEATIO-
JaraeM, 4To u3 J60ro HeTePMUHAJIA MOXKHO BBIBECTH KAKOE-TO CJIOBO U3
TEPMUHAJIOB, TAK 9TO MPABBIA BLIBOI CI0BA XUA MOXKET OLITHL IIPOJOJIKEH
[0 IIPaABOr'0 BEIBOJA KAKOI'O-TO CIOBA U3 TEPMUHAJOB. (]

16.1.4. Bce ciosa us JlesKont(K — U) xon4arorcs, ogesugso, Ha U. [To-
Ka3aTh, YTO €CIN y BCEX HUX DTOT KOHel U OTGPOCUTH, TO TOTYYeHHOe
MHOXK€ECTBO CJIOB He 3aBUCAT OT TOT'O, KAKOE U3 MPABWI 1/ HeTepMuHata K
BLIOpaHO. (DTO MHOXKECTBO 0603HadaeTca Jles(K).)

Pemenne. U3 npensiaymen 3agadn acuo, 9to Jles(K) — »To BCE, 9TO
MOXKET HOABATHLCA B MPABBIX BEIBOAX JEBEE CAMOTO IPABOTO HETEPMUHA-
aa K. (]

16.1.5. [Joxasarb, 9TO B IpeIbLLAyIIen (gpase MOKHO OTOPOCUTDL CJIOBA
«camoro npasoroy: Jles(K) — 270 BCE TO, 9TO MOXKET IOABIATHCA B MIPABBIX
BBLIBOJAX JeBee J000r0 BXOXKIEHUsA HeTepMuHana K.

Pemenwe. ITpogomKue mOCTPOEHNE TPABOTO BHIBOIA, BCE HETEPMUHAIET
crpaBa oT K MOXKHO 3aMEHUTH Ha, TEPMUHATHI (& C1eBa OT K Ipu 5TOM HUYEro
He M3MEeHUTCS). O

16.1.6. IlocTpouThb rpaMMaTHUKYy, COIEPKAIIYIO I KaxKIOTO HETep-
muHata K wmcxogmou rpammaruku HerepMmuHan (Jlesk), mpuuém caemyio-
Ie€ CBOMCTBO MOKHO BBHIMOJHATHCA /A JOO0TO HeTepMuHALA, K mCxo1HOn
rpaMMATHUKN: B HOBOW rpamMMaruke u3 (JIeBK) BEIBOAUMBI BCE DIEMEHTHI
Jles(K) u Toabko ouu. (IIpu 5TOM TEpMUHAIEI U HETEPMUHATLI UCXOTHOU
CPaAMMATUKK ABIAOTCA TEPMUHAIAMU HOBOU. )

Pemenwme. [lycTs P — HavalbHLIN HEeTEpMUHAI FpamMMmaTuku. Torga B
HOBOU I'PAMMATUKE OyAeT MPABIIO

(JIesP) — (mycToe ca0BO)
I KaXK I0T0 TPaBUIA UCXOJHON IMPAMMATHKY, HATIPUMED, MPABULIA

K—LtMN (L, M, N — "eTepMUHAILL, t — TepMUHAIT),
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B HOBYIO I'DaMMATUKY MBI rZ[O63;BI/IM IpaBUIa

(JIeBL) — (JIeBK)
(JIeM) — (JIeBK) L t
(JIeBN) — (JIeBK) Lt M

U QHAJOTUYHO MOCTYNUM C APYruMu npaBumiaMu. CMBICA HOBBIX MPABUI
TaKOB: IIyCTOE CIOBO MOXKET IOABUTHCA CIeBa OT P; ecam ca0BO X MOXKeT
noABUTHCA cjaeBa OT K, To X MoxkeT nmoAaBuThCA cjaeBa oT L, XLt moxeT mo-
ABUThbCA caeBa oT M, XLtM — caesa or N. MHaykiuen mo mauHe IpaBoOro
BBIBO/IA JIETKO TPOBEPUTH, UTO BCE, ITO MOXKET MOABUTHLCA CJAEBA OT KaKO-
TO-TO HETEPMUHAIA, MOABIIECTCA B COOTBETCTBUU C DTUMU mpaBuwiaMu. [

16.1.7. Tlouemy B mpeabIAyLIEN 3aJa49€ BAXKHO, 9TO MBI PACCMATPUBAEM
TOJIBKO TIPABBIE BHIBOIBI!

OrBer. B mporuBHOM caydae crenoBasio ObI YIUTHIBATHL TPEOOPABOBA-
HUsL, IPOUCXOSAIINE BHYTPU CIOBA, CTOAIIEIO CJIeBa OT K. O

16.1.8. [[1a maHHOW I'paMMATHUKU IIOCTPOUTHL AATOPUTM, KOTOPBIA IIO
JI000MY CJIOBY BBIACHAET, KAKUM 13 MHOXKECTB Jles(K) OHO pUHA IICKUT.

(3amevanue qus 3HaTOKOB. CyLIECTBOBAHNE TAKOO AJIOPUTMA — U 1a-
XKe KOHeYHOT'O aBTOMaTa, TO €CTh MHAYKTUBHOI'O PACIINPEHUA ¢ KOHEIHBIM
YUCAOM 3HAYMEHUM, CM. pazged 1.3, — BBITEKAET U3 MPEIbIAYIIEN 3aJadu,
TaK KaK MOCTPOECHHAA B HEU MPAMMATUKA UMEET CHEeIUATLHLIN BUAIL: B Mpa-
BBIX JACTAX BCET'O OMWH HETEPMUHAM, IPUIEM OH CTOUT Y JTeBOro Kpad. Tem
He MeHee MbI IIPUBENEM SABHOE IIOCTPOEHUE. )

Pemenne. Byaem masnBaTs cumyayueti TaHHON IPAMMATHKYA OJHO U3 €€
IPaBWI, B IPABOU IACTU KOTOPOrO OTMEYEHA ONHA W3 MO3UIMA (10 mepBon
OYKBbI, MEXIY TE€PBOM U BTOPOU OYKBOW, ... , TIOCTE MOCACTHEN OYKBBHI).
Hanpumep, npasuio

K — LtMN

(K, L, M, N — HETepMUHAIEI, t — TEPMUHAI) MOPOKIACT NATH CUTYAIAN
K— _LtMN K—L_tMN K—Lt_MN K—LtM_N K—LtMN._

(o3UIUA YKA3BIBAETCA 3HAKOM IM0TIEPKUBAHIUA).

Bymgem roBopuTh, 9TO CIOBO S cozqaacosano ¢ cutyanuven K — U_V, ecin
S xoruaeTca Ha U, To ectb S = TU npu HekoTopoMm T, u, kpome Toro, T mpu-
HagexkuT Jles(K). (CMBICT 5TOr0 OmpeIeneHns IPUMEPHO TaKoB: B CTEKe S
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moATrOTOBIeHa YacThb U nasa Oyaymen ceéprku UV B K.) B sTux TepMmuHax
JleeKouT(K — X) — 5TO MHOXKECTBO BCEX CJIOB, COVIACOBAHHBLIX C CUTYaIlAEH
K — X _, aJleB(K) — 5TO MHOXKECTBO BCEX CJIOB, COVIACOBAHHBIX C CUTYalluen
K— _X (rge K — X — m060e mpaBwio qus HerepMmuHaia K).

DKBUBAJICHTHOE ompepesnenne B Tepmuaax LR-npomecca: S cormacoBaso
¢ curyanuen K — U _V, ecoim cymecTByeT yemenabin LR-mporece, B KoTopom
COOBITUST PA3BUBAIOTCS TaK:

® B XOJ€ MPOIECCa B CTEKEe MOABIACTCA CIOBO S, 1 OHO OKAHUMBACTCA
Ha U;

® HEKOTOpPOe BpeMs S He 3aTParmBaeTCs, a CIPaBa OT HEro MOABIIET-
caV;

e UV cBOpauuBaeTca B K;

® IIPOLECC IPOJOIKACTCA U YCIIEIIHO 3aBEPIIASTC .

16.1.9. [ToxasaTb SKBUBAJIEHTHOCTEL STUX ONPENeJICHUN.

[Ykazauue. Ecin S = TU u T npunaaiexxut Jles(K), TO MOXHO MOMy9InNTH
B cTeke cHadauaa T, morom U, moTroMm V, moTroM cBepHYThH UV B K u 3arem
YCIENHO 3aBepumTh npouecc. (MBI ncnonb3yeM HECKOTBKO pa3 TOT (akT,
YTO U3 MI0OOr0 HeTepMUHAIA ITO-TO Ia BBEIBOAUTCA: OJIarogapsa STOMY MBI
MOXKEM NOOABUTH B CTEK JI0O0E CJIOBO. )] O

Hama mers — moCTpoeHWe anropuTMa, PACIO3HAIONIErO TPWHALIEK-
HOCTb MpOU3BOIbLHOrO caosa K Jle(K). PaccMoTpuM (dyHKIMO, conocTa-
BIAIONIYIO0 ¢ KAXKIBIM CIOBOM S (M3 TEPMUHAJOB W HETEPMUHAJOB) MHOXKE-
CTBO BCEX COTVIACOBAHHEIX C HUM CHTYalUd. DTO MHOXKECTBO HABOBEM CO-
cmoanuem, coomsememeyouum caosy S. Bymgem o6oznagars ero Cocr(S).
HMocraroyno nokaszarb, uro dyukimua Coct(S) MHIYKTUBHA, TO €CThH UTO
suauenue Coct(SJ), rae J — TEPMUHAT WU HETEPMUHAT, MOXKET OBITH BbI-
qucaeno, ecan uzsectHo Cocr(S) u cumson J. (Mbr Bugenu padee, Kak mpu-
HaMIexKHOCTD K JleB(K) BeIpaxkaeTcs B TepMUHAX STOU (DYHKIWA. ) SHATCHIE
Coct(SJ) BEMUCIACTCA MO TAKUM [IPABUIAM:

(1) Ecim caoBo S cormacoBaro ¢ curyaunuen K — U_V, mpuaém
ciaoBo V HaumHaeTca Ha O6ykBy J, To ecth V= JW, To SJ corna-
coBaHO ¢ curyamuen K — UJ _W.



“progbook” — 2013/10/22 — 18:36 — page 275 — #275

16.1. LR-npovyeccui 275

DTO MPaBWIO MOJHOCTHLIO OMPEIEIAET BCE CUTYAIUN C HEMyCTOU JEBOU
MOMOBUHOU (TO €CTh HE HAYUHAIOIINECA C O TIEPKUBAHAA), COTVIACOBAHHBIE
¢ SJ. Ocranocs onpenenuTs, IId KAKuX HeTepMuHaIoB K cioBo SJ npunai-
nexut Jles(K). DTo memaercsa mo AByM IpPABIIAM:

(2) Ecau curyanusa L — U _V cormacosana ¢ SJ (coruacHo nmpasu-
ay (1)), a V maunnaerca va merepMuuan K, T0 SJ NpUHAIIEKAT

Jles(K).

(3) Ecan SJ sxogur B Jles(L) mns mekoroporo L, mpuaém L —
— V — npaBuio rpaMMaTuky u V HAUnHAETCA Ha HeTepMuHaI K,
To SJ npunamaexut Jes(K).

3ameTum, 9To IpaBuio (3) MOKHO PACCMATPUBATD KAK AHAIOD MTPABUIA
(2): B ykasanubIx B (3) mpeamonokeHumsax curyanmsa L — _V coryacoBaHa
¢ SJ, a V HaunHaeTca Ha HeTepMuHaI K.

KoppexTrHOCTE 5THX mpaBua B OGIIEM-TO OYEBUIHA, €CIA XOPOIIEHb-
KO moayMaTh. EIuHCTBEHHOE, YTO TPeOyeT HEKOTOPHIX MOACHEHUN — DTO
TO, mO¥YeMy C TOMOIIbI Tpasut (2) u (3) obuapyxarca Bce TepMuHAIH K,
s kKoropsix SJ npunamiexut Jles(K). [Tonerraemcs aTo 06bacanTs. Pac-
CMOTPHUM TIPABLIA BBEIBOL, B KOTOpoMm SJ crout caeBa ot K. OTkyma mor
B3ATLCA B HEM HeTepMmHAT K? Ecim nmpapmio, KoTopoe ero mopoamio, mo-
POOWIO TaKXKe U KOHell caoBa SJ, To mpuHamiexuocTs SJ x Jles(K) Oyxer
obuapyxkena o npasury (2). Eciu xe K 66110 mepBon GyKBOU CJIOBA, TOPO-
KIEHHOTO KAKUM-TO APYTAM HETEPMUHAIOM L, TO — 6Jarogaps mpaBULy
(3) — mocrarouHo ycraHOBUTH npuHamiexHocTb SJ k Jle(L). Ocranocs
IPUMEHUTD TE K€ PACCYKIeHUA K L U Tak nasee.

B repmuuax LR-mporecca To x)e camoe MOXKHO cka3arhb Tak. CHavAIa
HeTepMuHAI K MOXKET y4acTBOBATH B HECKOJILKUX CBEPTKAX, HE 3ATPAru-
Barommx SJ (OHU COOTBETCTBYIOT NMPUMEHEHUIO Tpasuia (3) ), HO 3aTeM OH
00s3aH MOJBEPIHYTHCA CBEPTKE, 3arparuBamomen SJ (4T0 coOTBETCTBYET
nprMeHeHuto npasumia (2) ).

OcTanoch BEMCHUTD, KAKUE CATYAIMA COMMIACOBAHBI C MYCTBEIM CJIOBOM,
TO eCTh IJA KaKux HeTepMuHAJIOB K mycrtoe cioso mpunamiexut Jles(K).
DTO ONPEIETACTCA MO CACTYIONMM MTPABIAM:

(1) HAYATLHBIN HETEPMUHAT TAKOB;

(2) ecau K Takoe u K — V — mpaBuio rpaMMaTUKWA, TPUIEM
c10BO V HQUMHAETCA ¢ HeTepMuHanta L, To u L Takos. 0
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16.1.10. TIpomeraTh ONMMCAHHBLIN AHAIU3 I TPAMMATUKY

E—-E+T
E—-T
T—TxF
T—F
F—x

F— (E)

(3amaromen TOT Xe A3BIK, 9TO U TPAMMATHUKA IpuMepa 3, ¢. 248).

Pemrenwe. Muoxecrsa Cocr(S) 1/ pasindHex S IpUBEIEHL B TaOIUIe
Ha c. 277. 3HaK PABEHCTBRA, O3HAYALT, YTO MHOKECTBA CUTYAIUN, SBIAIOIIA-
ecs sHadenuamu Gyukimu Coct(S) Ha €I0BaX, CTOANMX CJIEBA U CIPABa OT
3HAKA PABEHCTBA, OJUHAKOBHL.

IIpasuio onpenenerns Cocr(SJ), ecan ussecrrer Coct(S) u J (3xecs S —
CJIOBO U3 TEPMUHAJIOB U HETEPMUHAJIOB, J — TEpMUHAI WIM HETEPMUHAT),
TAaKOBO:

uano Hantu Coct(S) B mpaBoOll KOJOHKE, B3ATH COOTBETCTBYIO-
mee eMy ca0BO T B IEBOU KOJOHKE, IPUMUCATE K HEMY J U B3ATH
MHOXKECTBO, CToAIIee HanpoTuB ciaosa TJ (ecau cioso TJ B Ta-
6aune orcyrcrByer, To Cocr(SJ) mycro). O

16.2. LR(0)-rpammaTtukn

HanomuwmM, 9TO HAIIA OCHOBHAA IEIb — DTO IMOUCK BBIBOAA 34 TAHHOTO
CJI0BA, WX, IPYTUMU CJAOBAME, TOUCK ycnemHoro LR-npomecca na g aum. Bo
BCEX PACCMATPUBACMBIX HAMU IpaMMaTukax ycnemssl LR-npomece (man
TAHHBIM CJIOBOM) €IMHCTBEH. MCKATH 5TOT €IUHCTBEHHBIN YCIIEIIHbI IPO-
[ECC MBI OyIeM TIOCTENEHHO: B KAXKIBIA MOMEHT MbI CMOTPHUM, KAKOH IIar
BO3MOXKEH CJACAYIOmmM. /I8 5TOro Ha IPAMMATHKY HALO HATOXKUTE JOMOJ-
HUTETbHLIE TPEOOBAHUSA, U CEUYIAC MBI PACCMOTPUM MPOCTEUIIUN CIyYIan
rax HasbiBaembix LR(0)-rpammarnk. Mb yike 3HaeMm:

(1) B ycmemmom LR-mporecce BO3ZMOXHA CBEPTKA TIO TPABUILY
K — U npu cogepxuMoM CcTeKa S TOrga U TOJABKO TOrAa, KOrga
S npunagrexut JlesKour (K — U) wiu, gpyruMu cioBamu, KOria
c1oBO S coryacoBaHo ¢ curyaruen K — U_,
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Cmoeo S | Cocr(S)

mycToe E— _E+T E—_T T— _T*F
T—-F F—_x F— _(E)

E E—E_+T

T E—T. T—Tx*F

F T—F._

X F—x_

( F—(_E) E— _E+T E— T
T—_T*F T—_F F— x F— _(E)

E+ E—E+T T— _T¥F T—_F
F—_x F— _(E)

T* T—-T*.F F—_x F— _(E)

(E F—(E.) E—E_T

(T =T

(F =F

(x =x

«( =

E+T E—E+T. T — T_xF

E+F =F

E+x =x

E+( =

T*F T — TxF_

T*x =X

T ( =

(E) F— (E)_

(E+ =E+

E+Tx* = T*

K samade 16.1.10

277
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Ananoruvnoe yTBepK IeHUE PO CABUT TUIACUT:

(2) B ycmemmom LR-nponecce mpu cogepxumMoM cTeka S BO3-
MOKEH COBUT C OYEPEIHBIM CUMBOJIOM a TOT'Ia W TOABLKO TOrA,
KOr'la S COVIACOBAHO C HeKOTopou curyarmen K — U_aV.

16.2.1. [ToxasaTh 3TO.

[Ykazaune. IlycTb IpOM3OIMIEN CABUN U K CTEKY S T06ABUIACH GYKBA a.
PaccmoTpuTe mepByio CBEPTKY, 3aTPArnBAOIILYIO OTY OYKBY.| (]

PaccMoTpuM HEKOTOPYIO MPAMMATUKY U TIPOU3BONBLHOE CJIOBO S U3 Tep-
MUHAJIOB 1 HeTepMuHAIOB. Eciun muoxecTBo CocT(S) COAEPKUT CUTyAIHIO,
B KOTOPOU CHIpaBa OT MOTIYEPKUBAHUA CTOUT TEPMUHAT, TO TOBOPAT, UTO
das caosa S eozmoncen cdsue. Eciu B Coct(S) ecTs cuTyanus, B KOTOPOU
COpaBa OT MOAYEPKUBAHUA HUYUETO HET, TO TOBOPAT, UTO 44 ¢a08a S 603-
MONHCHA c6EpMKa (TIO COOTBETCTBYIOIIEMY MPABIILY). [OBOPAT, UTO 1A CIO-
Ba S BOBHUKAET KoHPAUKM muna cdeuz/ceépmra, eCI BOSMOKHEL 1 CIBUT,
u cBéprka. [oBOPAT, 9TO I CJIOBA S BO3HUKAET KoHPAuKM muna ceépm-
Ka/c8EpmKa, €Clr eCTh HECKOIBLKO IPABUI, [I0 KOTOPHIM BO3MOXKHA, CBEPTKA.

I'pamvaruka masesaerca LR(0)-epammamuroti, eciu B Hel HET KOH-
(IMKTOB TUMA CABUr/CBEPTKA U CBEPTKA/CBEPTKA HU IS OHOTO CJIOBA S.

16.2.2. fsngercsa au mpuBenéHHasa Bhime rpammaruka LR(0)-rpamva-
TUKOU?

Pemtenne. Her, ne asagerca. [Insa cmoB T u E+T uMe0TCA KOHMDIMKTHI
Tuna caBur/cBéprKa. O

16.2.3. feasmorcsa mu LR(0)-rpammaTukamMm Takue:

(a) T—0 (6) T—0
T—T1 T— 1T
T — TT2 T — 2TT
T — TTT3 T — 3TTT

Pemenwe. fIsmsiores, cM. Tabauier Ha, . 279 — 280 (koudaukToB Her). [J

Ira 3agava nokasuBaer, 9To LR(0)-rpaMMaTukn MOTYT GBITH Kak Jie-
BOPEKYPCUBHBIMU, TaK U MPABOPEKYPCUBHBIMIL.

16.2.4. Tycre gana LR(0)-rpammaruka. JokaszaTsb, 9TO y JHOOTO CIO-
Ba CyIIECTBYeT He GOJee OTHOTO MPAaBOTO BHEIBOAA. IIOCTPOUTH AICOPUTM
nposepku BeiBogumocTu B LR(0)-rpammaruxe.
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Cmopo S | Cocr(S)
IycToe T—0 T—_T1 T— _TT2 T— _TTT3

0 T—0_
T T—T1 T—T.T2 T—T.TT3
T—- 0 T—_T1 T— _TT2 T — _TTT3
T1 T—T1_
TT T—TT2 T— TT_.T3

T—T1 T—T.T2 T—T.TT3

T— 0 T—_T1 T— _TT2 T— _TTT3
TT2 T — TT2_

TTT T—TTT3 T—TT.2 T—TT.T3
T—T1 T—T.T2 T-—T.TT3

T— 0 T—_T1 T— _TT2 T— _TTT3

TTO =0

TTT3 T — TTT3.
TTT2 =TT2
TTTT =TTT
TTTO =0

Cmoso S | Cocr(S)
IIyCcTOe T—0 T—_1T T— 2TT T— _3TTT
0 T— 0-
1 T—1.T

T— 0 T—_1T T— 2TT T — _3TTT
2 T— 2_TT

T— 0 T—_1T T— 2TT T — _3TTT
3 T — 3_TTT

T— 0 T—_1T T— 2TT T — _3TTT

(6), magano

K sagaue 16.2.3.
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Cmoso S | Cocr(S)

1T T— 1T_

10 =0

11 =1

12 =2

13 =3

2T T—2T.T
T— 0 T—_ 1T T— 2TT T — _3TTT

20 =0

21 =1

22 =2

23 =3

3T T — 3T_TT
T— 0 T—_ 1T T— 2TT T — _3TTT

30 =0

31 =

32 =2

33 =

2TT T — 2TT_

2T0 =0

2T1 =

2T2 =

2T3 =

3TT T — 3TT_T
T— 0 T—_ 1T T— 2TT T — _3TTT

3TO0 =0

3T1 =1

3T2 =2

3T3 =3

3TTT T — 3TTT-

3TTO =0

3TT1 =1

3TT2 =2

3TT3 =3

(6), okonuaHue
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Pemenne. [lycts mano mpousBonbHOe caoBo. Byaem crpouts LR-mpo-
necc Hag HuUM 1o maraMm. IlycTs Tekyiee cocTosuue creka LR-mpomecca
pasuo S. Ham mano pemmrTs, gesars CABAr wian CBEPTKY (U ecaum CBEPT-
Ky, T0 1o kKakomy mnpasuiry). Corumacao onpegeneruio LR(0)-rpammaru-
KV, B HAallleM COCTOSIHUU S BO3MOXKEH Ju0OO0 TOJBKO CIBUL, JUOO TOJIb-
KO CBEPTKA (MpUYEM JIWIIb MO OJHOMY mpaBuiy). Takum 06pasoM, MOUCK
BO3MOXKHBIX Tpogomkenun LR-mporecca TpoucxXoauT IeTepMUHUPOBAHHO
(Ha KaxKIOM mIare MOXKHO ONPEIEIUTb, KAKOE AEHCTBUE TOJIBKO U BO3-
MOKHO). O

16.2.5. YTo mpou3onméT, ecau aHAIM3UPYEMOE CJIOBO HE UMEET BLIBOIA
B IaHHOU IpaMMaTuKe?

OtBer. Jlub0o HA HEKOTOpPOM IIare He OyAeT BO3MOXKEH HU CIBUT, HU
cBEPTKA, MO0 BCE BO3MOXKHBLIE COBATU OYIET MMETh HETOIXOMAIINA OYe-
PEIHOU CUMBOJIL. O

3ameqanus. 1. [Ipu peanusanuu >TOro aaropuTMa HeT HEOOXOTUMOCTH
KXk IBIA Pa3 3aHOBO BEMUCIATH MHOXKeCTBO CocT(S) mia Texkymero suatde-
HUSA S. DTU MHOXKECTBA MOXKHO TAKIKE XPAHUTH B CTEKe (B KAXKIBI MOMEHT
xpanaTcs MHOKecTBa Coct(T) nias Beex Hadan T TEKYIIEro CJIOBa S).

2. Ha camom meme camMo CIOBO S MOXKHO HE XPAHUTH — JOCTATOYHO
xparuTh MHOX)ecTBa curyamuin Cocr(T) nas Beex ero Hadan T (BK/IIOUas
camo S).

B amropurme mposepku BoiBogumoctu B LR(0)-rpammaruke mbr mc-
MOJIB3yeM He BCIO HHMOPMAIUIO, KOTOPYIH Momiu Obl. B sToM amropur-
Me I KaKJIOT'O0 COCTOSHUS M3BECTHO 3apaHee, UTO B HEM BO3MOXKEH TO-
JBKO CABUC WIA TOJBKO CBEPTKA (MPUIEM B MOCTETHEM CIydae U3BECT-
HO, 10 KAaKOMy MNpaBuiy). Bosee M3O0MpPEHHBIN aJropuTM MOr Obl TIpU-
HUMATL PEIIeHNe O BBIOOPE MEXAy CABATOM U CBEPTKOU, MOCMOTPEB
Ha odepenuon cumBoi (Next). [ags Ha cocTosHME, MOXKHO CKa3aThb,
Opy KakuxX 3HAYeHUAX Next BO3MOMXKEH COBAT (3TO T€ TEPMUHAIBI, KO-
TOpBIE B CHTYAIUSIX >TOTO COCTOSHUS CTOAT HEMOCPEICTBEHHO 3a MOI-
uépkuBanuem). CloxHee BOCIOIB30BATHLCA UH(OpManuen o cuMmpoge Next
[UIA PEIIeHus BOMPOCAa O TOM, BO3MOXKHA Ju CBEpTKA. [as DTOro ecrh
YIOPOIIEHHBIN MeTOX (MpaMMaTUKU, K KOTOPBIM OH IIPUMEHUM, HA3BIBA-
for SLR(1)-rpammarukamu [cokpamenue ot Simple LR(1)]) u momabm
meTon (6omee CIOKHBIM, HO UCIOML3YIOUMU BCHO BO3MOXKHYI WHDOPMA-
[UI0; TPAMMATUKA, K KOTOPBIM OH TpuMeHnM, HazeBaoT LR(1)-rpau-
MaTukamu). ECTh U IPOMEXYTOYHBIN KIACC I'DAMMATHUK, HA3BIBAEMBIN

LALR(1).
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16.3. SLR(1)-rpammaTuku

Hanomuum, uTo mia awoboro merepMmuuana K mer onpegenama (c. 264)
muOX)ecTBO [locaen(K) Tex TepMUHAIOB, KOTOPHIE MOTYT CTOATH HEMOCDEI-
cTBEHHO 32 K B BBIBOAMMOM (13 HAYAIBHOI'O HETEPMUHAIA) CIOBE; B DTO MHO-
KecTBO T00aBAAI0T Takxke cuMBosa E0QI, eciun HeTepMuHAT K MOXKET CTOATH
B KOHIIE BEIBOJUMOI'O CJIOBA.

16.3.1. [oxasarb, 9TO ecau B JaHHBEIL MOMeHT LR-mpomecca mocaen-
HUU CUMBOJ CTeKa S papeH K, IpuaéM mpoIrece 3TOT MOXKET B JaTbHEHIIeM
YCIEITHO 3aBepmThea, To Next mpunamiexut Hocrern(K).

Pemernme. DTOT GaKT ABIACTCA HEIOCPEICTBCHHLIM CJACICTBUEM OIpE-
geseHus (BCIOMHAM COOTBETCTBHUE MEXK Iy IpaBbiMu BeiBogamu u LR-mpo-
Heccamu). O

PaccMoTpuM HEKOTOPYIO TPAMMATHUKY, TIPOU3BOIBHOE CIOBO S U3 TEPMU-
HAJIOB U HETEPMUHAIOB U TepMuHAT X. Ecmm muoxectBo Coct(S) comxepxuT
CUTYAINIO, B KOTOPOU CIPaBa OT MOIIYEPKUBAHUA CTOUT TEPMUHAT X, TO
TOBODAT, UITO das napwt (S,x) sozmodxcen cdsuz. Ecm B Cocr(S) ecth cn-
ryauus K — U_, npuaém x npunagiexut [Hocren(K), To rosopsar, 9to das
napwt (S, x) SLR(1)-603m00cna ceépmra (no npasuiry K — U). Tosopsar, aro
st mapst (S, x) BosHukaeT SLR(1)-kondaurm muna cdsuz/ceépmra, ecan
BO3MOXHBI U CIBUT, U CBEPTKA. ['OBOPAT, YTO N maphl (S,X) BO3BHUKAET
SLR(1)-kondaurm muna ceépmra/ceépmra, eCu eCTh HECKOIBKO TIPABILT,
[0 KOTOPBIM BO3MOXKHA CBEPTKA.

I'pamvaruka nasweaerca SLR(1)-epammamuxot, eciu B HEW HET
SLR(1)-koudaukToB Tuna casur/cBéprka u cBEpTKa/CBEPTKA HU LI OI-
HOU TapwI (S, x).

16.3.2. Iycrs gama SLR(1)-rpamvaruxa. [JokazaThb, 9T0 y JHOOGOTO CIO-
Ba CYIIECTBYEeT He 607Iee OTHOTO MPABOTO BBIBOAA. IlOCTPOUTHL arroputm
nposepku BeiBoguMOCTH B SLR(1)-rpammaruxe.

Pemenne. Ananoruyano caygaro LR(0)-rpaMMaTuk, TOILKO Tpu BEIGOPE
MEXIy COBUTIOM U CBEPTKOU yIUTHIBAETCA odepenHou cumpoa (Next). [

16.3.3. IIposepurs, SBAsSETCs JU IPUBEIEHHAS BHIIIE HA C. 276 rpaMMa-
ruka (¢ Herepmunanzamu E, T u F) SLR(1)-rpammaruxon.

Pemenme. [la, sapasercs, Tak Kak 00a KOH(IXKTA, MEIIAIOIIME €l OLIThH
LR(0)-rpaMMaTUKON, Pa3pemaiTcsa ¢ yI6TOM O9ePEIHOrO0 CUMBOIA: U /I
caoBa T, u 171 cioBa E+T ¢IBAT BO3MOXKEH TOJABKO Npu Next = *, a CUMBOI *
ue npunagaexut uu Hocren(E) = {EOL, +,) }, uu [locaen(T) = {EOL, +, *,) },
u mopToMy mpu Next = * CBEPTKA HEBO3MOXKHA. O
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16.4. LR(1)-rpammaTtuku, LALR(1)-rpammaTuku

Onucannem Beme SLR(1)-moaxon ucnonb3yoT He BCHO BO3MOKHYO UH-
(opmManuio nmpu BBIACHEHUM TOT'O, BO3MOXKHA Jau cBEPTKA. VIMEHHO, OH OT-
[IEIBHO IPOBEPSeT, BO3MOXKHA JIU CBEPTKA [IPU TAHHOM COCTOSHAU CTEKa S
¥ OTAEIHLHO — BO3MOXKHA JU CBEPTKA [0 JAHHOMY HPABUIY IPU TAHHOM
cumBosie Next. Mexay Tem >Tu mpOBEpPKH HE SBISIOTCA HE3ABUCUMBIMU:
06e MOTYT MaTh MOJOXKUTETLHBIN OTBET, HO TEM HE MeHee CBEPTKA MpU
creke S m odepenHoMm cuMBoie Next HeBosmoxkua. B LR(1)-moaxome sToT
HEJIOCTATOK YCTPAHAETCA.

LR(1)-noaxox cocTouT BOT B 46M: BCE HAIIM OIPEIENCHU U YTBEPXK 16
HUA MOAUDUIUPYIOTCA TaK, YTOOBI yIECTh, KAKOU CUMBOJ CTOUT CIPABA
OT Pa3BOPAYUBAEMOrO HeTepMuHALa, ([PYyTUMU CIOBAMU, YeMy paBeH Next
pu CBEPTKE).

[Iycts K — U — OQHO U3 TpaBUI IPAMMATHAKY, & t — HEKOTOPHIN Tep-
MUHaJ uanm coencuMBoJ EOI (KOTOprfI MBI TOMBICIUBAEM B KOHIE BXOM-
Horo ciosa). Onpegeanm muO)ecTBO JleBKonT(K — U,t) Kak MHOXKECTBO
BCEX CJOB, KOTOPHIE SIBIAIOTCS CONEPKUMBIM CTEKA HEMOCPEICTBEHHO ITe-
pen ceéprrou U B K B xo1e ycmemuoro LR-tiporecca, mpu yerosuu Next = t
(B MOMEHT CBEDPTKH).

Ecau or6pocurs y Beex cios u3 JlesBKour(K — U) ux xonen U, TO mouy-
YUTCA MHOXKECTBO BCEX CJOB, KOTOPBIE MOT'YT IOSBUTHCS B IPABBIX BBIBOAX
nepej HeTepMuHaIOM K, 3a KOTOPBIM CTOUT CUMBOJI t. DTO MHOXKECTBO (HE
3aBUCAIIEE OT TOTO, Kakoe u3 npasut K — U naa merepMuHana K BEIOPAHO)
MBI Gynem o6o3HavaTh JleB(K, t).

16.4.1. HamucaTh rpaMMaTuKy Iid TOPOXaeHus MHOX)eCTB Jles(K, t).

Pemrenue. Eé merepmunanamu 6yayt cumpoasr (JlesK t) mms kaxmoro
HeTepMuHada K u amsa Kaxkaoro repmuHana t (a rakxke mas t = E0I). Eé
MpaBuIa TAKOBHL [IyCcTh P — HaYATLHBIM HETEPMUHAT MCXOJIHOU TPAMMA-
tuku. Torga B HOBOUM TpaMMAaTHUKe OyIeT TPaBUIO

(lleBP EOI) — (mycToe cioBo).

Kax 10e mpaBuio nCX0IHOU MPaMMATUKY MOPOXK JAET HECKOMILKO TTPABIT HO-
Bou. Hampuwmep, mia mpasuia

K— LuMN

(L, M, N — HeTepMUHAJEI, U — TEPMUHAI) B HOBYIO MPAMMATUKY MBI 1O0a~
BIM IIPaBUIA
(MleBL u) — (lleBK x)
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(m1a BCEX TEPMUHAJIOB X);
(JleBM s8) — (lleBK y) Lu

(@1 Bcex s, KOTOpbIE MOI'YT HAYUHATH CJIOBA, BBIBOAUMBbIE u3 N, u s
BCEX ¥, & TAKXKe A BCEX Map s =y, ecau u3 N BEIBOAUMO MYCTOE CJIOBO);

(TleBN s) — (JleBK s) LuM

(@1 BCEX TEPMUHAJIOB S ). O
16.4.2. Kax meHsercs ompeeneHne CUTYaIuu’

Pemrenme. Curyanmen Ha3LIBAETCS Tapa

[cuTyauus B cTapoM cMBICIe, TepMuHAT uin E0I] O

16.4.3. Kax uameHuUTCA OnpeneneHne COrmacoOBAHHOCTH !

Pemrerme. Ci0BO S U3 TEPMUHAIOB M HETEPMUHAIOB COTVIACOBAHO C CH-
ryaumen [K — UV, t] (3gecs t — Tepmmuan wim EOI), eciu S KOHYaeTCs
Ha U, To ectb S = TU, u, kpome Toro, T npunarmexut Jes(K,t). O

16.4.4. KakxoBwl mpaBmaa AJA WHIYKTUBHOTO BBIMUCACHUS MHOXKECTBA
Cocr(S) cuTyanun, CONTACOBAHHBIX C JAHHBIM CIOBOM S7

OTBer.

(1) Eciu cioso S coruacosano ¢ curyauuen [K — UV, t], npuuém
caoo V HadmHaeTcs Ha OykBy J, To ects V= JW, TO ciaoBo SJ
cormacoBaHo ¢ curyamuen [K — UJW, t].

DTO TPABUIO MOTHOCTHIO OMPEIEIAET BCE CUTYAIUU C HEIMyCTOU JEBOU
MOJOBUHON (TO €CTh HE HAYMHAIOIINECA C MOTIEPKUBAHNA), COTVIACOBAHHBIC
¢ 8J. Ocranoch OmpeneIuThb, 11 KAaKUX HeTEePMUHATOB K U TEepMUHAIOB t
caoso SJ npunamgrexut Jles(K,t). DT0O gesaeTcs 0o ABYM IpaBUIAM:

(2) Ecau curyamus [L — U_V, t] cornacosana ¢ SJ (coryiacHo mpasu-
ay (1)), a V mauunaercsa Ha HerepMuHaa K, To SJ IpUHAIIEKAT
JleB(K, s) m1a BCEX TEPMUHAJOB S, KOTOPHIE MOI'YT HAYUHATD
cJ0Ba, BeiBoAuMBIe u3 caoBa V \ K (caoBo V 6e3 nepson Oykset K),
a Takxke q1d s =t, ecmu u3 V \ K BBIBOAUTCA MyCTOE CJIOBO.

(3) Ecam SJ Bxomur B JleB(L,t) mun mHexoTopwix L u t, mpuuém
L — V — mpaBuno rpamMmMaTuka n V HAUUHAETCA HA HETEPMU-
uax K, 7o SJ npunagrexut Jles(K,s) 114 BCeX TEPMUHAIOB S,
KOTOpBIE MOI'yT HAYMHATD CJI0BA, BeiBoguMble u3 V \ K, a Takxke
st s =t, eciu u3 V \ K BBIBOAUTCA IIyCTOE CJAOBO. O
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16.4.5. Mats ompenenernsa LR(1)-kKoubIMKTOB ¢1BUr /cBEPTKA U CBEPT-
Ka,/CBEPTKA MO aHAJIOTUH C JAHHLIMU BHIIIE.

Pemenne. [lycts nana HexoTopas rpaMMmaTuka. IIycTs S — mpousBoOIb-
HOE CJOBO U3 TepMUHAJIOB U HeTepMmuHauIoB. Eciu muoxecrBo Cocr(S) co-
NEePKAT CATYAIUIO, B KOTOPOU CIPAaBA OT MOTIEPKUBAHUA CTOUT TEPMU-
HAJI t, TO TOBOPAT, ITO A7 MapHl (S, t) BoaMoxeH cABUr. (DTO OnpejeIeHne
He U3MeHUT0Ch mo cpasHeHnio ¢ SLR(1)-cryuaeM — BTOpBEIE KOMIOHEHTHI
nap n3 CocT(S) He yIUTHIBAIOTCA. )

Ecau 8 Cocr(S) ecTs cuTyanus, B KOTOPOU CIIPaBa OT MOLIEPKUBAHUS
HUYErO HET, a BTOPLIM WIEHOM MAphl ABIACTCA TEPMUHAT t, TO TOBOPAT,
gro s mapel (S,t) LR(1)-603mosncna ceépmra (mo cooTBeTCTBYyOMEMY
npasuiy). FoBopaT, 9to gms mapsl (S, t) Bosuuxaet LR(1)-kondaurm muna
cdeuz/ceépmia, €CIM BO3SMOXKHEI U CIBUT, U CBEPTKA. [0BOPAT, ITO 115 ma-
pet (S,t) Bosaukaer LR(1)-kongauxm muna ceépmia/ceépmia, eciu ecthb
HECKOJIBKO TIPABWI, TI0 KOTOPLIM BO3MOXKHA, CBEP TKA. O

I'pammaruka HassBaercsa LR(1)-epammamuxot, ecim B e Het LR(1)-

KOH(MDJIMKTOB THUIA CABUL/CBEPTKA U CBEPTKA/CBEPTKA HU A/ OJIHOU HaphI
(8,%).

16.4.6. TlocTpouThb AIrOPUTM MPOBEPKHU BEIBOAUMOCTH cJ0Ba B LR(1)-
TpaMMaTHuKe.

Pemenune. Kak u panbie, na kax gom mare LR-mpomecca Mox)HO 01HO-
3HAYHO ONPEIeINTh, KAKOU IIAl' TOJLKO U MOXKET OLITH CJIEIYIOMIIIM. O

Monesno (B wacruoctu, gua LALR(1)-paz6opa, cMOTpU HUKE) MOHATD,
kak cBa3anel noHATHA LR(0) u LR(1)-cormacosansocTu.

16.4.7. CohopmMyaupoBaTs u JOKA3ATh COOTBETCTBYIOIIEE YTBEPXK ICHUE.

Orser. IlycTs dukcupoBana HekoTopas rpammaruka. Ciaoso S u3 Tep-
MUHAJOB U HeTepMuHaIoB asaaerTca LR(0)-conmacoBaHHBIM C caTyaruen
K — UV Ttorga m Tombko Torma, korga oo LR(1)-cormacoBano ¢ mapou
[K — UV, t] mnsa mekoToporo Tepmunana t (wm mas t = EOI). To ke camoe
apyrumu ciaoBamu: JleB(K) ects oobexunenue Jles(K,t) mo Bcem t. B mo-
caegHen (popMe STO COBCEM ACHO. O

3ameuanme. Takum o6pasom, dyukims Cocr(S) B LR(1)-cmbicae aBis-
erca pacrmuperneM dyakimm Cocr(S) B LR(0)-cmeicne: Coctyg ) (S) momy-
waerca 3 CocTyr(y)(S), ecm BO BCeX mapax BHIGPOCHTH BTODHIE “ICHHI.

Teneps Mbl MoxkeM garh onpenerenune LALR(1)-rpammaruku. IlycTo
dukcupoBaHa HEKOTOPAA 'PaMMaTHUKA, S — CJOBO U3 HETEPMUHAJIOB U Tep-
MUHAJIOB, t — HeKoTopbi Tepmunalt (uiu E0I). Bygem rosoputs, 4To mis
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napst (S,t) LALR(1)-603moocha ceépmia no mexomopomy npasuay, ecin
cymecTByeT apyroe cioo Sy ¢ CocTrg(o)(So) = CocTrr(o)(S1), mpuaénm ara
napet (Sq,t) LR(1)-BosamoxkHA CBEpTKA IO paccMaTPUBAEMOMY MPABUILY.
Manee onpenensoTca KOHPIMKTHL (CTE€CTBEHHBIM 00PA30OM), U TPAMMATHA-
ka HasweiBaeTcsa LALR(1)-epammamurot, ecin KOHDIUKTOB HET.

16.4.8. okasars, uro Besxas SLR(1)-rpamvaruka ssasercs LALR(1)-
rpammarukon, a Beakas LALR(1)-rpamvaruxa seaserca LR(1)-rpammarn-
KOIL.

[Ykazaune. 9T0 — mpoCTOE CIEICTBUE ONpeIeTeHn. ] O

16.4.9. ITocrpours amropurm mposepku BeBogumoctu B LALR(1)-
CPaMMAaTUKE, KOTOPLI XPAHAT B CTEKE MEHBINE WH(MOPMAIUN, YeM COOT-
sercreyommn LR(1)-arropuru.

[Ykasanue. [locTaTodso xpaHuTh B cTeke MHOxecTBa CocTig(o)(S),
HOCKOJIBKY cortacHo onpegenennio LALR(1)-Bo3aMoxkHOCTE CBEDPTKEU uMU
ompenensercs. (Tak 9To cam anroputm HudeM He oTiamdaercs oT SLR(1)-
CIydas, KpoMe TabIUIbl BOBMOXKHBIX CBEPTOK. )] O

16.4.10. Ipusectu npumep LALR(1)-rpamMmmaruku, KoTOpas HE ABJIIA-
ercsa SLR(1)-rpaMmarukon. O

16.4.11. Tpusectu mpumep LR(1)-rpammaruku, KOTOpas HEe ABIACTCA
LALR(1)-rpaMMaTuKOn. O

16.5. O6uwme 3ameyaHmns o pa3Hbix MeToAax pa3bopa

[IpuMenenne >TUX METOIOB HA TPAKTUKE UMEET CBOU XUTPOCTU U TOH-
KOCTH, KOTOPHIX MBI He Kacanuch. (Hampumep, Tabauubl caenyeT XpaHUTb
[0 BO3MOXKHOCTH DKOHOMHO.) 1acTO OKa3bIBAe€TCA TAKKe, YTO [ HEKO-
TOPOrO BXOJHOI'O A3LIKA HAMOOIEEe eCTECTBEHHASA TPAMMATHUKA, He SBIACTCA
LL(1)-rpammaruxon, Ho sasmsercs LR(1)-rpamvaTuxon, a Takke MOXKeT
OobiTh 3amenena Ha LL(1)-rpaMmvaruxy 6e3 maMeHeHUs a3bika. Kakou u3
DTUX BAPUAHTOB BHIOPATH, HE BCEra ACHO. [JUIeTAHTCKUYN COBET: ecau Bor
CaAMU MIPOEKTUPYETE BXOMHOU S3LIK, TO HE CJAELYET BBITEHIPUBATHCA U YIIO-
TPeOIATH OMHU U T K€ CUMBOJBL /I PA3HLIX eI — U TOrIa OOBITHO He-
ca0xkHO HamucaTh LL(1)-rpaMMaTuKy uimm pexypCUBHBIA aHATT3aTOp. Ecan
e BXOJHOU A3BIK 3a0aH 3apanee ¢ momorbio LR(1)-rpamvaruku, He ABIA-
fomencs LL(1)-rpamvaruxon, To aydme eé He TPOraTh, a Pa3bUparTh Kak
ecthb. [Ipu 5>TOM MOTYT OKA3aThCA MOJE3HBIE CPEICTBA ABTOMATUIECKOTO
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16.5. Obwue 3amevanus 0 pa3ubly memodar paszbopa 287

TOPOXK IEHNA AaHATM3ATOPOB, HANOOIEE U3BECTHBIMU U3 KOTOPHIX SABISIOTCSA
yacc (UNIX) u bison (GNU).

Borpmoe KommdecTBO MOME3HOM U XOPOIIO H3/IOKEHHOU MH(OPMALIA
0 TEOpWH U NPAKTWKE CHHTAKCUIECKOrO pa3bopa mMeercsa B KHure Axo,
Ceru u YiabMasa (CM. CIMCOK KHUD I/ 9TCHIUA).
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AND-OR-gepeso 202

backtracking 59
Borland 4

LALR(1)-rpammaruka 286
LL(1)-rpamMaTtuxa 265
LL(1)-paz6op 262
LR(0)-rpammaruka 278
LR(1)-rpammaruka 285
LR-miporecc 270

NP-nmomaoTa 69
SLR(1)-rpammaTuxa 282
Turbo Pascal 4, 29

ABJI-gepeso 234

aproMar KoHedHwn 89, 155, 167
— — HeIeTepMUHUPOBAHHBLIA 172
azbyka Mopae 207

anroputm MaxKpenra 180
andasut 157, 206
anbda-6era-npouerypa 200, 201

B-nepero 243

OMIeTHl CIACT/IUBLIE, TUCTO 57
OUHOMMATBLHEIN KoM duiment 135
ommkanmas cymma 31
Bouepa—Mypa amropurm 163
6pumx-ut, urpa 194

oyxsa 206
—, gactora 207
ObICTpOEe yMHOXKeHue 28

BepimHa rpada 105, 129

BeTBEU M IPAHUIl METOI 59

BpallleHUe JeBoe, paBoe 235

— MaJjoe, 60oJabiIoe 235

BBIBOJ B IpammaTuke 245

— JeBbin 262

— npasbia 270

BeIBOgUMOCTE B KC-rpaMmMaruxe,
MOJMHOMUATBHBIN aIropuTM 249

BBIUTPBINIHBIE 03Uy 189

BHIIyKIasa oboaouxa 80, 109

BBRIpakeHue 248

— peryJusapuoe 170

BeICOTA 227

rayccoBsl uncia 17

lenna urpa 194
rowtagackun guar 36
Tloprepa cxema 26
rpammaruka LALR(1) 286
— LL(1) 265

— LR(0) 278

— LR(1) 285

— SLR(1) 282

— BBIpaxkeHun 248

— KOHTEKCTHO-CBOOOIHAA 245
— JeBopekypcuBHaa 266
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rpad, BeprmHa 105, 129

— IBYZOMBHBIA 152

—, KparJuaumme oyt 145

— HEOPUEHTUPOBAHHBLIN 129

— opuenTupoBauubi 105

—, pebpo 129

—, cBsA3HAS KoMmToHeHTa 112, 129,
149

— ceasubim 105

I'pes xoxer 48

gaTIuK moBopota H0

OBOUYHLIN IIOUCK 33

OBy IOAbHBIN Mpad 152

HenkcTper aaroputM (KpaTdauime
nytu) 147, 149

nek, peanusamusa B maccuse 104

—, ccpuiouHasa peanusanua 109

meqenue ¢ octatkoM 10

— — OBICTpOE 22

nepero 59

—, AND-OR- 202

—, B-nmepeno 243

—, BeprrHa 120

—, BBICOTA 121

— nBouwvHOe 74

—, KopeHb 120

—, obxonm 61, 122, 126, 141

— — m"epexkypcupHbT 140

— noxcaoB 174

— nosunui 59

— —, peamusanus 66

— monHOe mBowdHOE 226

—, pexypcuBHaa oopaboTka 121

— cbamancupoBanuoe 234

— cxaroe cyddukcuoe 176

—, cCchLIOYHAA peanusamusa 120, 228

— cyddukcuoe 174

— ynopsgodueHsoe 227

—, amcao BepmmH 121, 141

— — jquctbeB 121

mecsaTuvHas ApooOb, mepuom 20

— 3anmuchk, mevars 17, 20, 140

— — — pexypcuBHas 118

— —, uyTenue 91

IeTEePMUHU3ANNSI KOHEIHOr'O
aBToMara 173

IUHAMUYECKOE MPOTrPAMMUDOBAHNE
134, 136

— —, kpar4daumme mytu 145

nuopaHnToOBO ypaBuenue 12, 14

TOTIOTHEHUE PETYIAPHOTO
MHOXecTBa, 174

Epknuga amropurm 12, 13
— — IBOWMYHBIA 13

KYIUK Ha nocobun 31

3aaava NP-mmornas 69
— 0 prook3ake 69, 139

urpa Demna 194

— KpecTuku-"Honmuku 193

— MAT C HEMOIBUKHBIM KOPOJIEM
205

— uuM 188

—, peTpocnekTuBHbIN aHanu3 204

— ¢ myaesou cymmon 190

— ¢ monHou uHpopMmannen 187

—, mena, 189

UHIYKTUBHAA DyHKIUA 37

MHAYKTUBHOE pacmuperue 38

UCTOYHUK 172

KATBbKYJIATOP CTEKOBBIN 143

Karanana aucmo 54, 58, 136

Kuyra—Moppuca—IIparra
aaroputm 159

ko1 206

— I'pes 48

— onuo3nadnem 206

— npedukcubm 207



“progbook” — 2013/10/22 — 18:36 — page 291 — #291

Ipedmemmnpiii yraszamenn 291

—, cpenuaa mauna 208

— Xaddwmena 211-213

— [lennona—®amo 213-215

KO 10BOe cJoBO 206

KOJIMIECTBO PA3TUIHBIX 24, 79

KOMMeHTapuu BiIokeHuse 90

—, yaanenue 90

KOHeIl cJaoBa 157

KoHeuHLII apToMaT 89, 155, 167

— — HeIeTepMUHUPOBAHHBLIA 172

KOHTEKCTHO-CBOOO THAS
rpamMmaTuka 245

KOH(MIUKT cBEPTKA/CcBEpTKA 278,
282, 285

— caeur/ceépTka 278, 282, 285

K02 PUIMEHT OMHOMUATLHBIA 135

Kpadra—Makvuriana
umepasercTso 207-210

KPeCTUKU-HOMUKY, urpa 193

KC-rpammaruka 245

Jlen(K) 272

Jles(K, t) 283
JlesKout(K — U) 271
JleeKout(K — U, t) 283

JICBLIM KOHTEKCT mpaBmiaa 271

MakKpenra amropurm 176, 180
Maccus 23

— C MUHUMAJIbHBIM djeMeHToM 114
— cyddukcon 185

MaTpull npousBenenue 148
MaTpuIa 1mex 148

MaTPUIIBI, TTOPATOK YMHOXKeHuA 137
MenuaHa, nouck 86, 132

MUHUMYM, ITOUCK 82
MHOTOYTOJBHUKA TPUAHTYAAIUA H6
MHOTOUJIeH, 3HadeHue 26

—, mpousBogHAA 27

—, ymHOXKeHwme 27, 28

MHOXECTBO, peacTaBrenue 217,
220

— — gepeBoM 226

—, peanuzanus B OUTOBOM MaCCHUBE
110

— — mepevnem 111

— peryasapuoe 171

—, Tun gaHaex 110

MHOXUTENb 248

MOIEIUPOBAHUE, OUE€PEIh COOBITUN
115

MOHOTOHHBIX MOCJAEIOBATEILHOCTEN
nepeyncienue 46

Mopse azbyka 207

HamOOJAbIINKA OOmMy geauTens 11

HauMeHbITlee o0Iee KpaTHoe 13

Hamp(K — V') 265

Hau(X) 253, 264

HaJaIo0 crmoBa 157

HEACCOIMATUBHOE MPOU3BEICHIE
138

HeIeTePMUHUPOBAHHEIN KOHEIHLIN
aBToMar 172

HEOPUEHTUPOBAHHEIN Tpad 129

uepasencTBo Kpadra—
Maxmumrana 207-210

meTepMuHaI 245

HIDKHIE OLEHKM YNC/Ia CPABHEHUN
82

HEuM, urpa 188

HOI 11

HOK 13

0o0OMeH 3HavYeHun 8
obpazert, mouck 155
oOpaTHas MepecTaHoBKa 35
— moJbcKas 3anuck 143
obxon mepesa 59, 197

— — pexypcupHbII 126
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001U >IeMeHT (B YHOPALOICHHBIX
maccuBax) 31

OTeYIATKU, TTOUCK 225

opuenTupoBanubm rpad 105

opdorpadus, mposepka 225

OTKpBITasA anpecanus 218

ouepens 102

— u3 aByX cTexoB 103

— npuopureTtHas 114

—, peanusanusa B Maccuse 102

—, ccputovHas peanmsamus 107

ommbKa: MHAEKC 3a rpaHumen 29,

34, 35, 72, 74

mackanb, A3bIK 4, 29

[Tackana Tpeyromeauk 56, 135

mepebop ¢ BO3BpaTaMu 59

—, cokparrenue 200

TIepeCceveHne PeryasIpHbIX
MHOXKecTB 174

— YIOOPAIOUYEHHBIX MacCUBOB 31

mepecTaHOBKA oOpaTHad 35, 52

— gacTen mMaccusa 25

—, Y€THOCTD 35

[IePeCcTaHOBOK Iepeducaenue 43,
51, 123

mepuos aecATuIHou apobu 20

nogaepeBo 227

[IOMHOXKEeCTB nepedncienue 43, 44

IO ATIOCIE IOBATETHLHOCTE
MaKcuMaTbHas Bo3pacTarormas 40

— o6mmasa 40

—, TIpoBepKa 39

moacaoBO 157

—, mouck 159, 162, 163, 165

nosunuu B cyddukcaom mepese 177

— MPOUTPHIIIHBIE W BEIUTPHIITHLIE
189

mouck k-ro mo nopsanky 86, 132,
233

— B ruryOmnay 151

— B mmpuny 113, 150

— IBOUYHBIA 33

— kpardanmero nyTtu 145

— MuHEMyMa 82

— obpasma 163, 165, 167

— oxHOro u3 cioB 168

— noxcaoa 155, 159, 162, 163, 165

— TPeACTABUTENSI OOTBITUHCTBA 87

TMocn(X) 253

Mocren(X) 264

MOC/IeIOBATEIBHOCTU MOHOTOHHEIE,
nepeduncyienue 124

[IOC/IeIOBATEIBHOCTD, COAEDIKAIIAS
BCe caoBa qauHBL N 107

nocTdUKCHAs 3anuch 143

IOTOMOK BepimHbL 120

mpaBa aBTopckue 4

npusegenue 270

npuopuTeTHas odepens 114

IPOrpaMMa CKATUA UHMOPMALAN
216

MPOrPaAMMUPOBAHUE TUHAMUIECKOE
134, 136, 249

TMIPOUTPHITIHEIE To3utun 189

IPOU3BEIEHNEe MHOTOWICHOB 27

— HeaccolmaTusHoe 55, 138

MpocCThie MHOXKUTETH 15

myTen qucao 149

Pabuna anropurMm 165

pas3bueHnn Ha, CIaraeMble
nepevucaenue 47, 125

— — qucao 56

pasz6op LL(1) 262

— LR(1) 270

—, obomuu KC-arropurm 249

—, PEKYPCUBHBIN crycK 251

pasIoX)eHwe Ha MHOXUTENN 15

pa3MeIeHus ¢ TOBTOpeHnaMu 42,
122

paccranoBku yHKIms 217
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pacmmpenne nHIYKTUBHOE 38

pe6po rpada 129

peryaapHoe Bbipaxenue 170

— MHOXecTBO 171

— —, momoaHeHue 174

— —, niepecevenne 174

pekypcuBHas nporpamma 116

PEKYDPCUBHEIN cryck 251

pexypcus 116

—, ycrpaHenue 134

PETPOCTEKTUBHLIN AHAIN3 UTPEHI
204

prok3ak, 3anonuenue 69, 139

ceéprka 270

CBS3HAS KOMIIOHEHTA,
HEOPUEHTUPOBAHHOTO rpada 129

— — OPUEHTUPOBAHHOI'O r'pada
112, 130, 149

ceasubi rpad 105

casur 270

cxkatue uadopmanuu 216

cxkaToe cyddurcHoe gepeBo 176

cumBoa 206

—, ko1 206

— HaYAILHBIN 245

— HETEPMUHATLHBIN 245

— TepMUHATLHBLIA 245

CUTyaIus rpaMMaTHK 273

CKOOKM, MTPaBUILHOCTL 97, 246

CKOOOK PACCTAHOBKA H)

craraemoe 248

CITUASHUE YIOPSAIOIEHHBIX MAaCCUBOB
30

cmoBo 157

— BBRIBOAUMOE 245

coptupoeka nlogn 72

— mepesom 74, 114

— kBagpaTuaHas 71

—, HUXKHSASA OLeHKa caI0kHOCTH 80

— cauanueM 72, 79

— romonoruveckas 127, 153

— Xoapa (6ercTpas) 79, 131

— — HepeKypcuBHasa 142

— mudposaa 82

—, aucao cpaBuerun 80

Cocr(S) 274

COCTABHBIE CIMBOJIBI, 3aMeHa 89

coueranuu ducao 56, 135

ceuLiku cyddukcuse 178

crex 95

—, 1Ba B maccuse 99

— OTJIOXKEHHBIX 3aganun 140

—, peanu3anusa B Maccuse 96

—, CCBLIOYHAA peanu3anus 99

CTEKOBBIN KATLKYAATOP 143

CTemneHb, OLICTPOE BBRIYUCICHKE 9

—, BEIIUCICHUE 9

—, pexypcuBHasg nporpamma 117

crparerus B urpe 191

— mosunmonHasa 191

CYMMUPOBAaHUE MaCCUBA,
pexypcuBHoe 119

cydpuke 176

cyddukcuoe gepeso 174, 176

cyddukcusre cepriku 178

cypoduxcusu maccus 185

CYACTJINBBIE OWIETHI, IUCIO 57

Teopema [lepmerno 191

TepMmuHan 245

— ganpasagommi 265

TOMOJIOTUYIECKAs COPTUPOBKa 127,
153

Tpeyroabuuk [lackamns 135

TPUAHTYIALUA MHODOYTOIBHIKA

56, 136
VIIOPAIOYUEHHOE mepeBo 227

daxTopuar 11
—, pexkypcuBHasa nporpamma 116
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depaen paccTaHoBka 59

DuboHATIN MOCAE[OBATEILHOCTD
11, 136, 234

— —, beicTpoe Bbraucaenue 11

Daouga anropurm 146, 174

dopaa—Bermmana arroputm 145

dyuxuua nHIYKTUBHAA 37

— paccranoBxu 217

XAHOUCKUE OAITHYU, HEPEKYPCUBHASA
nporpamma 139

— —, PEKYPCUBHAA TPOTPAMMA,
118

Xaddmena xox 211-213

xemr-pyuknus 217

—, VHUBEPCAILHOE CeMencTBO 222,
224

xemupoBanue 217

—, OLICHKA, YMCIa JCUCTBUN 222

— ¢ oTKpuITOU agpecanuen 218

— co couckamu 220

— YHUBepCcaIbHOe 222

Xoapa coptuporka 79, 131

— — HepekypcuBHasa 142
XOPABI OKPYKHOCTH 56

Ieasle TOUYKN B Kpyre 18

nena urpsr 189, 191

— —, BRIUUCIeHe 197
lepmeno Teopema 191

UK 5UaepoB (1o BceM péGpam

rpada) 105

gacrora Oykser 207
YETHOCTH IEPECTAHOBKU 39
quciao Kararnana 54, 58, 136
— 00X HIEMEHTOB 28

— pas6uenun 56

— coueranun 56

— CYaCTIUBBLIX OMIETOB 57

IMennona—Pano ko 213-215
surponusa [[lennona 214

A3BIK KOHTEKCTHO-CBOOOTHELIN 245
— HE KOHTEKCTHO-CBOOOIHEIN 247
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