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Heckonbko 3amMe4yaHui BMeECTO npeancnoBeun4

Knuea manucama no mamepuaisam 3aHAMULT NPO2PAMMUDPOBAHLEM CO
WKOADHUKAMYU MATMEMAMULECKUT KAACCO8 wKoabt N 57 2. Mockew

u cmydenmamy maadwus xkypcos (Mockosckut 2ocydapcmeenmbii
yrnueepcumem, Hezasucumbiti MocKko6ckutl ynueepcumem, yHu6epcumem
2. Uppsala, Hlseyus).

Knuea nanucana 6 yoencoenuy, 4mo npoepammuposarue umeem ceot npedmem,
HE CB00AWULCA HU K KOHKDEMHBIM A3LIKAM U CUCTNEMAM, HU K MEMOIam
nocmpoerus ObICMPbiL aA20PUMMOE.

Kmo-mo o0dnasncdol cxazan, wmo moxucno yoedumsp 68 npasusbHoCcmy ai20Pumma,
HO He 8 NPasusbHocmu npoepammobl. Odna u3 yedet KHU2YU — NONBIMAMbCA
NPOIEMORCTPUPOBATID, UIMO IMO HE MAK.

B npunyune, 603M0%CHOCTD NPAKMUUECKO20 UCTLOAKEHUSL NPOPAMM HE
ABAAETNCA HETPEMEHHDIM YCAOBUEM UBYUEHUA NPOSPAMMUPOBanus. OOnaKo ona
ABAAEMCA CUALHETWUM CTNUMYAOM — 0€3 MAK020 CMUMYAL 6PA0 AU Y K020
TEAMUM UKMEPECA U MEPNEHUA.

Boibpanubili #canp KHu2U NO HE0OTOUMOCTNU 02D AHUUUBAEM, EE
(MPOPAMMUPOBAHUEM 68 MAAOMY, OCTNABAAL 8 CTNOPOHE HEOOTOIUMYIO Uacmb
nPOZPAMMUCTICKO020 00Da3068aKUA — Pabomy no modudurayus 604bUUT
npozpamm. Aemop npodoadcaem meumams 0 Ha6OPE YUEOHLIT NPOPAMMHBLE
cucmem IMAAOKHO20 KAUECTNEa, JOCTYNHHIL 04t MOIUPUKAUUY WKOALHUKAMU.

Kancemes, Xoap cxazan, umo 3cmemuueckas npesecms npo2pammbl, — 3mMo He
APTUMEKMYPHOE UBAUULECTNEO, O MO, UMO OMAUUGEM 68 NPOZPAMMUPOE AHUY
yener om weydavu. Ecau, pewas 3adauu u3 smot xnueu, vumamens
NOUYBCMBYEM NPEAECCTd LOPOULO HANUCAHHOL NPOSPAMMbL, 8 KOMOPOU «HU
y6a6uUmMb, HU NPUOABUMbY, U COMHEHUA 8 NPABUALLHOCTY KOMOPOT KAHCYMCA
HEAENBIMU, O a8MOP 6Ydem Cuumamy ceot yeab docmuzHymot.

Xapaxmep 2406 pasauuen: 6 00HUT NPediaeaemcs Hab0P MaA0 CBAZAHHBIT IPYe
¢ dpyzom 3adayu ¢ peweruAMU, 8 JPY2UT NO CYU,ECMBY UBAA2AETNCA
odun-eduncmeennvili aseopumm. Temvl 2448 60 MHOZOM TEPECEKAIOMCA, U Mbl
nPeonouUslU Koe-KaAKUe NOBMOPEHUSL HOPMALLHLIM CCLLAKAM.

Yposenvy mpydnocmu 3aday u 24a6 eecoma pazauuer. Mol cmapasucy
BKANOUUMD KAK NPOCMbLE 3a400UU, KOMOPbIE MO2YM 6bIMb NOAE3HbL 04A
HAYURAIOWUT, MAK U MPYIHble 3a0a%l, KOMOPIE MO2YM NOCadUmMb 6 AYHCY
cuabnoeo wroabhura. (Xomov u pedro, no 3mo 6bi6aem noae3no.)



B xauecmee sa3vika das 3anucu npozpamm Ovia 8bi6pan nackaav. On
d0CAMOYHO TPOCT U ECTMECTNEEH, UMEET, HENAOTUE PEAIU3ayuy (HANPUMED,
cmapwvie Komnuaamopvr Turbo Pascal gupmvr Borland 6biau 8viaoscenvt das
6eCNaammno2o CKAUUBARUA) U NO3BOALEM 3ANUCAMD PEULEHUS BCET
paccmampusaemorr 3adayu. Boamoscno, Modyaa-2 uau Obepon bviau 6bi boaece
UBAWMHBIM BbLOOPOM, HO OHU MeHEE DOCTMYNHBL.

IIpaxmuuecku 6ce 3a0auu U GAZOPUMMbL, PABYMEETNCA, HE ABAAOMCA HOBLIMU.
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PEWEHUE ABAAETNCA HEOTNUYHCIALEMBIM ECTNECTIE EHHBIM NPABOM BCAKOZ0, KMO HG
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1. NMEPEMEHHBbIE,
BbIPAXKEHWA,
[MPUCBANBAHUA

1.1. 3apgaumn 6e3 maccusos

1.1.1. [Jaumwr aBe mesasie mepemenHsie a, b. CocTaBuTh pparMeHT mIpo-
IPAMMEL, [TOCJE MCIOJIHEHUS KOTOPOr'O 3HAYEHUs [I€PEMEHHEBIX IOMEHSINCh
661 MecTamMu (HOBOE 3HAMEHUE a PABHO CTAPOMY 3HAYEHWIO b 1 HA060POT).

Pemenue. Beegém monosHUTENBHYIO MEAYIO IEPEMEHHYIO t.

t = a;
a := b;
b :=t; O

TTonwiTka o6ouTHCH 6€3 MOMOJHUTEILHON IePEMEHHON, HAINCAB

a := b;
b :

a;

He npuBOANT K neuu (6€3BO3BPATHO yTPAIMBACTCA HATAILHOE 3HATCHUE I1e-
DEMEHHON a).

1.1.2. PemwnTs npempLaymyio 3aqady, HE HCIOAL3Ys TOIOJHUTEIbHBIX
NEePEeMEHHLIX (UM MPEeANoNaras, ITO 3HAYCHAAMY IIEIbIX MePEMEHHBIX MOTYT
OBbITH IPOU3BOILHEIE LIEIBIE TUCIA).

Pemenne. Havanbubie 3HaveHus a u b o6o3uadum a0, b0.

a+ b; {a=a0+ b0, b=>b0}
a-b; {a=a0+ b0, b = a0}
a - b; {a =1b0, b =a0} ]

o
.I.I ]

[}
1]



1.1. Badauu 6e3 maccusos 9

1.1.3. [laHO menoe 4ucjo a ¥ HATYPAIBbHOE (LeJOe HEOTPULATEILHOE)
qmeao n. Berameants a. Ipyrumu cioBaMu, HEOGXOIUMO COCTABUTH IPO-
rpaMMy, IPY UCHOTHEHNU KOTOPOW 3HAYECHNUS TIEPEMEHHEIX a U N HE MEHSAIOT-
s, & 3HAYEHUE HEKOTOPOU APYTOU MEePEeMEHHOU (Hampumep, b) CTaHOBUTCA
pasubM a. (Tlpu 5TOM pa3pemaeTcsa UCIOIBL30BATE U APYTUe IepeMeHHEIE. )

Pemenne. Beeném nenyio mepeMenuyoo k, koropas MenseTcs oT 0 10 n,
TpUYIEM MO AEPKUBACTCA TAKOE CBOUCTRO: b = ak).

k :=0; b :=1;

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

[Ilpyroe pelieHue TOU ke 3aJau:

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

k : =k - 1;
b :=b % a;
end;

1.1.4. PemTs mpegbIAyIIyio 3aAady, eciu TpeOyeTcs, ITOOBI HUCJIO
JOEUCTBUN (BBIIOJHAEMBIX OIEPATOPOB MPUCBAMBAHUA) OBLIO IOpsAaKa logn
(To ects He npeBocxoamio Out C'log n nus nekoropon xoucrautet C; logn —
DTO CTEIEHb, B KOTOPYIO HyKHO BO3BECTH 2, YTOOBI IOLYIUTH ).

Pemenne. Buecém HEKOTOPBIE U3MEHEHUSA BO BTOPOE U3 TIPEIT0KEHHBIX
PEIIEHUN TIPEIBIAYIIEN 3a[aYn:

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

if k mod 2 = 0 then begin
k:= k div 2;
C:= c*cC;
end else begin
k :=k - 1;
b :=b * c;
end;

end;



10 1. Ilepemennvie, 6bIPAAHCEHUA, TPUCBAUBAHUL

Kax e Bropon pas (ue pexe) OyAeT BBIIOJHATHCSI IEPBBI BAPUAHT
omepaTopa BeIOOpa (ecau k HEIETHO, TO MOCJAE BHIYATAHUA €IUHUIBI CTa-
HOBUTCA YETHBIM), TAK 9YTO 34 [BA UUKJIA BEINYUHA K YMEHBIIAETCA IO
KpauHEen Mepe BIBOE. |

1.1.5. [Tambl HATYpATbHBIE MUCIA &, b. BuraucanTs npousBenenue a - b,
HUCIIONBL3Ys B IpOTpaMMe JIUMIb onepanuu +, —, =, <>.

)

Pemenmne.

k :=0; c := 0;
{unBapuanT: c = a * k}
while k <> b do begin

k :=k + 1;
c :=c + a;
end;
{c =a*kuk=>b, cmefoBaTentio, ¢ = a * b} O

1.1.6. [Jamw HaTypanbHBEIE YHCIA a U b. BerameanTs ux cymmy a + b.
HNcnoab3oBaTh omepaTophl IPUCBANBAHUA JIHUIITL BUIA

(nepemennasl) := (mepemenHasn2),
(nepemennas) := (qucio),

(nmepemennasnl) := (nepemennasn2) + 1.

Perrenme.

{unBapuanr: c = a + k}

O

1.1.7. [lano marypaabHoe (L€10€ HEOTPULATENbHOE) YUCIO a U LEIoe
MOJOKUTETBHOE YUCI0 d. BErMue mTs 9acTHOE q ¥ OCTATOK T IPU JETCHUN a
Ha d, HE UCMOJB3Ys omeparui div u mod.

Pemenue. Cornacuo onpepenenuio, a=q-d+r, 0 <r <d.

{a >=0; d > 0}

r :=a; q :=0;

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

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

end; O



1.1. 3adauu 6e3 maccusos 11

1.1.8. [lano marypauasnoe n, Boraucautb n! (0= 1,nl=n-(n—1)!). O

1.1.9. IlocrenomarensuocTs PuboHaw4IM ompejenseTca Tak: ag = O,
ay =1, agy =ay_1 +ax-o mpu k > 2. [laHO n, BEIYUCINTD an. (]

1.1.10. Ta xe 3amada, ecau TPeOyeTCs, ITOOLI IUCJIO ONEPALUU OBLIO
nponopuunoHaibHo log n. (IlepeMentbie JOMKHBL OBITH LEIOYUCACHHBIMU. )

[Ykaszanue. ITapa coceguux ducen PubOHATIN TOTYIAETCS U3 IPEIBLLY-
el YMHOXKEHUEM Ha MaTPUILy

— TaxK 9TO 3aJada CBOJUTCA K BO3BEICHMIO MATPUILI B CTEIEHbL N. JTO
MOXHO caejars 3a C'logn mgeucTBUU TeM Ke CIOCOOOM, YTO WM JJIA M-

ceiL) O

1.1.11. [Tano HATYpaJbLHOE N, BEINUCIUTDH

1 1 1
a+§+...+a. (]

1.1.12. To xe, ecu Tpebyercs, ITOOB KOMMIECTBO OHepanuil (BBIIOJ-
HEHHBIX KOMAHJ IIPUCBauBaHus) ObLIO OBl mopsiaka n (He 6osee Cn 1us He-
KOTOpON KoHCcTaHTH ().

Pewenwe. Nupapuant: sum = 1/1! 4+ ... 4+ 1/k!, last = 1/k! (BaxHO HE
BBIMUC/ATH 33HOBO KX ABIU pa3 k!). O

1.1.13. [laspl gBa HATYPAJILHBIX YUCIA @ U b, HE PABHBIE HYIIO OTHO-
BpemenHo. Berancautes HOL(a,b) — Hanboabmmi OOMKK 1eJuTelb a 1 b.

Pemenne. BapuanT 1.

if a < b then begin

‘ k := a;

end else begin
‘ k := b;

end;

{k = min (a,b)}

{unBapuanT: Hukakoe uucmo, Gompuwee k, He ABIAETCA
o6umM pemuTeneM (oHO 6onblle OTHOTO M3 YMcCenl a,b)}
while not ((a mod k = 0) and (b mod k = 0)) do begin

‘ k :=k - 1;
end;
{k - obumit memuTemp, Gombume - HeET}



12 1. Ilepemennvie, 6bIPAAHCEHUA, TPUCBAUBAHUL

Bapuanr 2 (auropurm Eskimpa). Bygem cuawmrars, aro HOL(0,0)=0.
Torga HOL(a,b) = HOL(a-b,b) = HOO(a,b-a); HOM(a,0) = HOL(0,a) = a
IJIg BCex a, b > 0.

m := a; n := b;
{uuBapuanr: HOL (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 umu n = 0}
if m = 0 then begin

‘ k := n;

end else begin {n = 0}

‘ k := m;

end; |

1.1.14. Hanucars MOAupUUMPOBAHHLIA BApUAHT ajiropurMa EBkimma,
ucnoas3ytomuin coorromenus HOL(a,b) = HOO(a mod b, b) mpu a > b,
HOL(a,b) = HOQI(a, b mod a) mpu b > a. O

1.1.15. [lanel HaTypauabHBIE @ U b, He paBHBIEe 0 OqHOBpeMeHHO. Hanru
d = HOL(a,b) u Takue meiasle x 1y, ¥Tod=a-x+b-y.

Pemenne. /[o6aBum B atroput™m EBkiammga mepemMeHHBIE P, g, T, S U BIU-
IeM B MHBAPUAHT YCJIOBUA m = p*atqxb; n = rkxatsxb.

m:=a; n:=b; p :=1; q :=0; r :=0; s :=1;
{unBapuant: HOL (a,b) = HOL (m,n); m,n >= 0
m = pxa + g*b; n = rxa + s*b.}
while not ((m=0) or (n=0)) do begin
if m >= n then begin
‘ m:=m-mn; p:=p-17r;q:=q-s;
end else begin

‘ n:=n-mr:=r-p; s :
end;

end;

if m = 0 then begin

s - q;

‘ k :=n; x :=1; y := s;

end else begin

‘ k :=m; x :=p; y :=q;

end; O
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1.1.16. PemuTh npeapaymyio 3a1ady, UCIOIL3Ys B aaropurme EBkim-
I3, IeJeH’Ee C OCTATKOM. O

1.1.17. (9. deukcrpa) Jobasum B anroput™m EBkinga qonosHuTe bHbIE
[IEpEMEHHEIE U, V, Z:

m :=a; n :=b; u:=b; v := a;
{unBapuant: HON (a,b) = HOL (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin

if m >= n then begin

‘ m:=m-mn; Vv :i=V+u;
end else begin
‘ n:=n-mu:=u+v;
end;

end;

if m = 0 then begin

‘ Z:= Vv,

end else begin {n=0}
‘ Z:= u;

end;

JlokazaTh, YTO MOCJE UCIOIHEHUs AJTOPUTMA 3HAYEHNE Z PABHO Y ABOCHHO-
MYy HamMeEHbIIEeMy OOIIeMy KpPaTHOMY 4ucena a, b: z =2 - HOK(a,b).

Pemenue. 3amMeTuM, 9TO BIMYIMHA M- U + N - V HE MEHAETCA B XOJ€ BBI-
nosHeHus aaropurMa. OCTaéTcs BOCHONB30BATLCA TEM, YTO BHAYAJIE OHA
paBHa 2ab u uro HOJ(a,b) - HOK(a,b) = ab. O

1.1.18. Hanwucars BapuanT anropurMa EBkiamnma, NCIOABL3YIOMMEA COOT-
HOLIEHUs
HOII(2a, 2b) = 2 - HOIl(a, b),

HOL(2a,b) = HOL(a,b) mpu meaéTHOM b,

HE BKIYAIOIIAN TeJEHUA ¢ OCTATKOM, 8 UCTIOMb3YOIIUN JUIIh JeJeHue Ha 2
u npoBepky 4éTHOCTHU. (IMCI0 JerCTBUU JOKHO OBITH mopsAaka logk i
UCXOJHBIX TaHHBIX, HE IPEBOCXOAAMNUX K.)

Permenme.

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;

end 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 => orBeTr=d*m}

Ouenka 4ucaa IeUCTBAN: KaX I0€ BTOPOE IEUCTBUE AeJUT XOTsA Obl OqHO U3
qUCEeI M U N ITOMOTIaM. (|

1.1.19. [[oTOMHUTE AATOPUTM TPEABIAYIIEN 32191 TIOUCKOM X U Y, I
KOTOpPHIX ax + by = HOI(a,b).

Pewenue. (Uges coobmena /[I. 3Boukunniv.) [Ipexae Bcero samerum,
9TO ONHOBPEMEHHOE [eJIEHne a U b mornosaM He MeHseT UCKOMBIX X u y. 1lo-
5TOMY MOYXHO CIUTATh, YTO C CAMOI'0O HAYaJIa OJHO U3 YUCeJ a U b HeIETHO.
(910 CcBOHCTBO OyneT COXPAHATHCSA U Jajlee.)

Teneps monerTaeMcs, KaK U PaHbIe, XPAHNTD TaKWe YUCIA P, d, T, S, ITO

m=ap + bq,

n = ar + bs.

IIpo6rema B TOM, YTO mpW AEJIEHAX, CKAXKEM, I HA 2 HAJO PA3LEIUTH P
U q Ha 2, U OHU TIEPECTAHYT OBITH HEJIBIMU (& CTAHYT IBOMYHO-DAIIMOHAT-
HBIMY). [[BOMYIHO-DALMOHAILHOE YUCJAO0 €CTECTBEHHO XPAHUTH B BUE Haphl
(qucaurenb, NOKa3aTe b CTENEHN JBOUKU B 3HaMeHaTene). B urore Mur mo-
aydaeMm d B BuJe KOMOWHAIINK @ U b ¢ ABOMYHO-PAIMOHAIBHBIMU KOd(du-
numeHTaMu. VHBIME cioBaMu, MBI IMEEM

Qidzax+by

IJISI HEKOTOPHIX IEJbIX X,y U HAaTypaabHoro i. Yto menars, ecam i > 17
Ecau x u y 9€THBI, TO HA 2 MOXHO COKPATUTL. ECIM 5TO He TaK, MOIOKEHTE
MOXKHO HCIPABUTH IpeoOpa3oBaHUEM

x:=x+Db,

yi=y—a

(oHO He MeHsET ax + by). Y6eaumcsa B oToM. HamoMHEM, YTO MBI CIATAEM,
9TO OJHO W3 4ucel a u b HeuéTHO. llycTs dTO Oyger a. Eciu mpm sToMm
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y 96THO, TO U X QO/LKHO ObITH 46THBIM (MHAYE ax + by Oyger HedETHBIM).
A npu HEUETHOM y BEIMUTAHME U3 HET'O HEUETHOTO a Ne1aeT y Y6THBIM. [

1.1.20. CocraBuTh mpOrpaMMmy, IMEYATAIOUIyI0 KBAAPATHI BCEX HATY-
paubHBIX 4uces oT O 00 3aJaHHOIO HATYPAJILHOI'O ..

Permrenme.

k:=0;

writeln (k*k);

{unBapmanT: k<=n, HamedaTaHH BCe
KBaZpaTH [0 K BKINYUTEILHO}

while not (k=n) do begin

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

1.1.21. Ta xe 3ama49a, HO pa3pEIIAETCA UCIOJB30BATh U3 apudpMeTuIe-
CKUX OIepaluil JUIIb CJIOXKEHUE U BBIYUTAHUE, TPUIEM OOLIee TUCIO Teu-
CTBUU JOJKHO OBITH MOPSIIKA 0.

Pewenue. Beeném nepemennyio k_square (square — KBapar), CBA3AH-
HyI0 ¢ k cooTHOmenneM k_square = k2:

k := 0; k_square := 0;

writeln (k_square);
while not (k = n) do begin

k :=k + 1;
{k_square = (k-1) * (k-1) = k*xk - 2%k + 1}
k_square := k_square + k + k - 1;
writeln (k_square);
end; O

3amedganme. M0OXHO 000UTHUCHL 0€3 BHEIYATAHUA C IOMOIIBI TaKOU XUT-
poctu:

while not (k = n) do begin

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

1.1.22. CocraBuTh IPOrpaMMy, MEIATAOUIYIO PA3IOKEHUE HA TPOCTHIE
MHOXUTENA 33 JaHHOTNO HATYPAJLHOTO Yucia n > 0 (IpyruMu cioBaMu, Tpe-
OyeTca mevyaTaTh TOIBLKO MPOCTHIE YKUCJIA U MPOU3BENCHUE HANEIATAHHBIX
9UCeJ NOMKHO OBITH PABHO 0 €CIXM 1 = 1, meYaTaTh HAYEro HE HALO).
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Pemenne. BapuauT 1.

k := n;

{vHBapuaHT: mpou3sBeleHNWe HaleYaTAaHHHX 4YUCel ¥ kK paBHO
N, HaledaTaHH TONBKO IPOCTHE YHUCIat

while not (k = 1) do begin

1 := 2;

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

| 1 :=1+1;

end;

{1 - Hawvembuml nemuTens k, Gompumit 1, cClenoBaTeNBHO,
mpocTou}

writeln (1);

k:=k div 1;

end;

BapuanT 2.

k :=n; 1 := 2;
{mpousBegsenue k u HameyaTaHHHX 4MCeNl PaBHO N; HaleYaTaHHHE
9YMCIa OPOCTH; Kk He MMeeT NemuTenel, MeHbumx 1}
while not (k = 1) do begin
if k mod 1 = 0 then begin
{k memuTca Ha 1 U He WMeeT IeluTeleH,
MeHbuMx 1, 3HauuT, 1 mpocTol}
k := k div 1;
writeln (1);
end else begin
{ k He pmenuTca Ha 1 }
1 := 1+1;
end;
end; O

1.1.23. CocraBuTh IPOrpaMMy PEIIeHUs NPEIbIAYIIEN 33, 1AM, UCIOAb-
3ylomiyo TOT (paKT, 9TO COCTABHOE HUMCIO MMEET JEMUTENb, HE MPEBOCXO-
IAMAN KBAIPATHOTO KOPHSA U3 3TOTO YUCIA.

Pemenune. Bo BTopoMm BapuanTe pemeHns BMECTO 1:=1+1 MOXKHO HAIIU-
caThb

if 1*1 > k then begin

‘ 1:=k;
end else begin
| 1:=1+1;

end; O
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1.1.24. IIpoBepurb, ABIAETCA JU 3aJAHHOE HATYPAJIBHOE FUCIO n > 1
TIPOCTHIM. O

1.1.25. ([nn 3HAKOMBIX C OCHOBaMu aireOpnl) [aHOo Legoe rayccoBo
qucao n + mi (npuHagaexamee Z[i).

(a) IIpoBepuTH, ABAAETCA JIM OHO MPOCTHIM (B Z[i]).

(6) HamewyaTaTsb ero pasioxkeHue Ha npoctsie (B Z[i]) Muoxuremn. [

1.1.26. Paspemmum npuMeHsaTh KOMaHabl write (i) jaums mpm i = 0,1,
2,...,9. CocTaBuTh MpOrpamMmy, IEIATAMIIYIO JECATUIHYIO 3ANUCH 33 [aH-
HOT'0 HATypaabHOro umcaa n > 0. (Caydan n = 0 ABUICA GBI HEKOTOPBIM UC-
KJIIOYeHneM, TaK KaK OOBIYHO HYJU B HadaJe YUCIa He MeIaTarTCd, a I
n =0 — meJaTarTCs.)

Perrenme.

base:=1;
{base - cremenr 10, He mpeBocxomamas n}
while 10 * base <= n do begin
‘ base:= base * 10;
end;
{base - mMakcuMambHasg cTenenbr 10, He TpeBoCXonAlAad n}
k:=n;
{uHBapuaHT: ocTamock HamedYaTaTb K C TeM Xe HHCIOM
3HaKoOB, 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; ocTamockr HameyaTaTb OJHO3HaYHOE YUCIO K}
write(k); O

Tunuanas onmbka IpyU PEIIeHnN DTOU 3aa491: HEIIPABUILHO 00padaThI-
BAIOTCSA YUCIA C HYJAMHE ocepeauue. [IpuBeqéHHEIN UHBAPUAHT JOMYCKACT
crydan, korga k < base; B 9TOM CIydae TedaTaHUe Xk HAUMHAETCA CO CTap-
IIUX HyJEH.

1.1.27. To xke camoe, HO HAIO HAIEYATATH IECATUIHYIO 3aIUChL B 00paT-
oM mopsaake. ([Iaa n = 173 mago Hanevarars 371.)

Permrenme.

k:= n;
{uHBapmanT: ocTamoch HamedaTaTh k B o6paTHOM mopamkel}
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while k <> 0 do begin
write (k mod 10);
k:= k div 10;
end; O

1.1.28. [lano marypanbHoe n. [loACIUTATH KOJIUIECTBO PEIICHUN HEPa-
BeHCTBA X2 + y2 < N B HATYPATLHLIX (HEOTPHUIATETBHEIX ETBIX) THCIAX, HE
UCIIOJAL3Y S JEMCTBUHU C BEIIECTBEHHLIMU IMCIAMMA.

Permrenme.

k :=0; s := 0;

{uHBapuaHT: S = KONINYECTBO pelleHMN HepaBEHCTBA
x*x + y*y < n c x < k}

while k*k < n do begin

{t = umcmo pememmy HepaBencTBa k*k + y*y < n
¢ y>=0 (upm mammoM k) }

k k +1;
s = s + t;
end;
{k*k >= n, mo>ToMy S = KONMIECTBO BCEX pEUleHUI
HepaBeHCTBa}
31ech ... — TOKa eI He HAMUCAHHBIN KYCOK MPOTPAMMEI, KOTOPHIN

OyzeT TakuM:

1 :=0; t := 0;

{uHBapuanT: t = 4MCIO pelmeHu:
HepaBeHCTBa k*k + y*y < n ¢ 0<=y<l }

while k*k + 1*#1 < n do begin

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

{kxk + 1*1 >= n, moaToMy t = 4mcmo
BCeX pelleHMN HepaBeHCTBa k*k + y*y < n} ]

1.1.29. Ta xe 3aga4a, HO KOIMIECTBO ONEPALUN JOMKHO OLITH IIOPAIKA
/1. (B mpegbiayimem pereHnn, Kak MOXKHO HOACIUTATh, IOPALKA N OIepa-
ui.)

Pemwenue. Hac unTepecyror Toukn peméTku (C MEJBIMEA KOODIUHATA-
MU) B IIEPBOM KBaJPAaHTE, MOMaJalIlNe BHYTPh KPyra paguyca /n. Wu-
Tepecylouee HaC MHOXKECTBO (Ha30BéM ero X) cocTouT u3 OOBEIVHEHUI



1.1. 3adauu 6e3 maccusos

BEPTUKAJIBHBIX CTOIOIOB YOBIBAIOMIEN BHLICOTHI.

19

W nesa pemenus COCTOUT B TOM, ITOOBI «IBUIATHLCA BIOJL €0 I'DAHUILD,
CIIyCKasICh 110 BEPXHEMY ero Kpako, Kak 1o Jectauie. KoopauuaTe nBmxy-
e TOYKU 0003Ha4IuM <k, 1>. Beeném emé oquy mepeMeHHyIo s u OyaeMm

IO ACPXKNBATH NCTUHHOCTH TAKOI'O yCJOBU:

<k,1> HaXOAUTCA CPa3y HA K-BIM CTOJIOIIOM;
S — YNCJIO TOYEK B MPEIBIAYIINX CTOJOIAX.

DdopmanbHO:

e 1 — MMHUMAaJBHOE cpeiu Tex 1 > 0, mia kKoTopeIxX <k,1> He mIpuUHAI-

JeXKUT X;

® S — YNCJIO ITap HATYPAJIbHBIX X,V, AIA KOTOPHIX X < k 1 <x,y> npu-

HaaaexutT X.
O603naanM atu ycaosus depes (1).

k :=0; 1 := 0;

while <0,1> mpunammexut X do begin

‘ 1 :=1+1;

end;

{k = 0, 1 - mvunMMansHOe cpemu Tex 1 >= 0,
mnsa xkoTopux <k,l1> He mpuHammexuT X}

s := 0;

{uuBapuanT: U}

while not (1 = 0) do begin

s := s + 1;

k =k +1;
BHM3, 4YTO6H BOCCTaHOBUTEL W}
| 1:=1-1;

end;
end;

{#, 1 = 0, mosTomMy k-uu cTombem ¥ BCe CIelykiMe IyCTH, a

S paBHO MCKOMOMY 4MCIY}

{s - uucno Todex B cTombuax Mo k-T0 BKINYUTEILHO}
{Touka <k,1> nmexur BHe X, HO, BO3MOXHO, €& HaIo CIBUHYTH

while (1 <> 0) and (<k, 1-1> me mpunammexur X) do begin
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OueHka 4Yucia [edCTBAN OYEBUIHA: CHAYAIa MBI ABUXKEMCS BBEPX He OoJjee
9eM Ha /I [MIAr0B, 8 3aTE€M BHU3 U BIOPABO — B KAXKIYIO CTOPOHY HE (oaee
YeM Ha /N IaroB. O

1.1.30. [lanwr HaTypaapHble Yucia n u k, n > 1. Hamegarars k gecs-
TUYHBIX 3HAKOB “mcaa 1/n. (Ipm HAIMYMU ABYX DECATUUHBIX DA3IOXKEHUN
BBIOMPAETCA TO U3 HUX, KOTOPOE HE COAEPKUT NEBATKHU B nepuoje.) Ipo-
rpaMMa, JOKHA UCIOIB30BATH TOIBKO LIEJIbIE IEPEMEHHEIE.

Pemenue. CIBUHYB B JeCATUYIHON 3aMUCH YUCIa 1/n 3anaTyio Ha Kk MeCT
BIIPABO, MOJIYYUM UUCIO 10k/n. Ham mago mamewaTaTh ero meiryio dacThb,
TO €CThb pPa3IenuTh 10¥ ma n maneno. CTangapTHEIN CTOCO6 TpedyeT uc-
MOJB30BAHUA OOJBINIUX TO BEJUIWHE UUCET, KOTOPBIE MOTYT BBEIUTH 33
I'PDAHUILI qUANa30Ha HpencTaBuMBIX uucen. [looTomy MBI crenaem mHade
(cmegysi OOBIMHOMY METOAY «I€JeHUs YTOAKOM») U OyneM XPaHUTh «OCTa-
TOK» I

1 :=0; r :=1;
{uuB.: Hamewatano 1 paspagoB 1/n, ocTamochk HameyaTaThb
k - 1 paspamoB mpobu 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. [lawo marypaiapHOe umciao n > 1. OupeneauTs QIWHY OEPUOLA
JIeCATUYIHON 3amucu apobu 1/n.

Pemenne. Ilepuoa npobu paBeH mepuony B MOCAEIOBATETLHOCTA OCTAT-
KOB ([OKa:KUTe 3TO; B Ya4CTHOCTH, HAIO0 J0KA3aTh, YTO OH HE MOXKET OBITh
MmenbIne). KpoMe TOro, B 3TON IOCIEJ0BATEIBHOCTH BCE MEPUOAUIECKN 110
BTODAOIIAECA WIEHBI PA3JUYHEBL, A NPEINepuo] UMeeT NINHy He OoJee n.
IosTomy mocrarouno Hautu (n + 1)-bIM WIEH IOCJIELOBATEIHHOCTH OCTAT-
KOB U 3aT€M MUHUMAJIBHOE K, Ipu KOTOPOM (n + 1 + k)-BI WieH COBIaIaeT
¢ (n+1)-biM.

1 :=0; r :=1;

{unBapuanr: r/n = pesymeTar oTbpacHBaHua 1 3HakoB B 1/n}
while 1 <> n+1 do begin

(10 * r) mod n;

1+ 1;

= R
-I‘I 1]

c :=r;
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{c = (n+1)-HE wIeH mOCIEmOBATEIBLHOCTH OCTATKOBY}
r := (10 * r) mod n;
k :=1;

{r = (n+k+1)-HM WIEH NMOCIEMOBATEILHOCTH OCTATKOB}
while r <> c do begin

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

1.1.32. (Coobumn }O.B.Martusacesnd) [Jana ¢dyukuums f: {1...N} —
— {1...N} Hantu nepuog mocregosareasuoctu 1,f(1),f(£(1)),... Ko-
JUYECTBO [IeMCTBUU [OJKHO OBITH IIPOIOPIUOHAJILHO CYyMMAPHOHU [IJIHHE
npeanepuona u nepuoga (3Ta CyMMa MOXKeT OBITh CyIIECTBEHHO MEHb-
e N).

Pemenwme. Eciiz 0TOpOCUTEL HAYANBHBIN KYCOK, TOCAEI0BATEILHOCTD TIe-
PUOMUYHA, TPUIEM BCE WIEHBI TIEPUOIA PASJIUIHEL.

{06o3navenne: f[n,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 mepMomuMvecKyo HacTb}
1:=1; b:=f(a);

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

while a <> b do begin

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

end;

{neproxn pasen 1} U

1.1.33. (9. deukcrpa) Pyuxums f ¢ HATYPATLHBIMU APIyMEHTAMU U
3HadueHUsAMU onpegenena tak: £(0) =0, £(1) =1, £(2n) =f(n), f(2n+ 1) =
=1f(n) + £f(n+ 1). CocraBurs nporpamMmy BbluucaeHusa f(n) mo 3aLaHHO-
My n, Tpebyrommyo nopsanka logn omeparmit.

Pemenme.

k :=n; a :=1; b := 03
{unBapuanr: 0 <=k, f (n) = a * f(k) + b * £ (k+1)}
while k <> 0 do begin

if k mod 2 = 0 then begin

| 1 := k div 2;
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{k=21, £(k)=£(1), f(k+l) =
f (n) = axf(k) + bxf(k+1)
a :=a+b; k :=1;
end else begin

1l := k div 2;

{k = 21 + 1, £(k) = £(1) + £(1+1),

f(k+1) = £(21+2) = £(1+1),

f(n) = a*f(k) + bxf(k+1) = a*f(1l) + (a+b)*f(1+1)}
b :=a+b; k :=1;
end;
end;
{k =0, f(n) = a * £(0) + b * £(1) = b, yTo u TpeboBamocsl} O

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

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

[Ykazanue. XpanuTb k0>pduuueH T B Boipaxenuu T (n) gepes tpu co-
CeJHUX YuCia.] 0

1.1.35. [lanbl HaTypaabHBIE YUCIA a U b, mpuuém b > 0. Hautu gact-
HOE ¥ OCTATOK IPY [NEJeHUHN a Ha b, Omepupys JUIb C HeJLIMU TUCAAMU
¥ He UCHOJb3Ys onepanuu div u mod, 3a UCKIIOYEHUEM JeJIeHUA Ha 2 9€T-
HBIX 9IHCeNT; IMCJI0 WAroB He nokHO npesocxonuts Chlog(a/b) + Cy man
HeKOTOPLIX KOHCTAHT (', Cs.

Perrenme.
bl := b;
while bl <= a do begin
| b1 := bl * 2;
end;

{bl > a, bl = b * (mexkoTopaa cTemeHs 2)}
q:=0; r:=a;
{unBapuanT: q, r - YacTHoe ¥ OCTaTOK IpM HeleHMu a Ha bl,
bl = b * (mexkoTopaa cTemeHs 2)}
while bl <> b do begin
bl :=bl div 2 ; q :=q * 2;
{a=bl*xq+r, 0<&<=r, r <2 * bl}
if r >= bl then begin

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

end;
{q, r - 4acTHoe ¥ ocTaToOk mp¥ HeleHuH a Ha b} O
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1.2. Maccusbl

B crenyroomux 3amatax nepeMeHHbIE X, Y, Z TPEANOIAraloTCSI OMUCAHHbI-
Mmu kak array[1..n] of integer (rme n — HEKOTOPOE HATYpPATLHOE TUCIIO,
Goabiiee 0), €CIu UHOE HE OrOBOPEHO ABHO.

1.2.1. 3amoJHUTH MACCUB X HYJIMHA. (DTO O3HAYAET, 9TO HYKHO COCTa-
BUTH (PPATMEHT MPOTPAMMEI, TOCJE BBIMTOJHEHUsA KOTOPOI'O BCE 3HAYEHUS
x[1]. .x[n] paBuAIUCH OBI HYJIO, HE3ABUCAMO OT HAYAIBLHOI'O 3HAMEHU IIe-
PEMEHHOU X.)

Pemenmne.

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

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

1.2.2. Toacuurars komudecTBo Hysaed B Maccuse x. (CocraBuTh dpar-
MEHT [IPOrPAMMEI, He MEHAIOIINY 3HAYEHUS X, [IOCJIe UCIOJHEHUS KOTOPOro
3HAYEHNE HEKOTOPOU L0 IIEPEMEHHON K PABHAIOCH Obl YMCILY HyJEH CPeau
KOMIIOHEHT MaCCUBa X.)

Pemenme.

{unBapuant: k = uymcmo mymeu cpemm x[1]...x[i] }

O

1.2.3. He ucnoawn3ysa omepaTopa IPUCBAUBAHUA IS MACCUBOB, COCTa-
BUTH (PPArMEHT MPOTPAMMEI, SKBUBAJEHTHLIN ONEPATOPY X :=Y.

Permenme.

i = 0;
{unBapuanT: 3HaveHme y He maMeHunock, x[1]=y[1l] mpm 1<=i}
while i <> n do begin

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

1.2.4. Hautu maxcumym u3 x[1]..x[n].
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Pemenme.

i :=1; max := x[1];
{unBapuanT: max = makcummyM um3 x[1]..x[i]}
while i <> n do begin
i:=1i+1;
{max = makcumym w3 x[1]..x[i-1]}
if x[i] > max then begin
‘ max := x[i];
end;
end; O

1.2.5. [lam maccuB x: array[1l..n] of integer, npuuém U3BECTHO, YTO
x[1] <x[2] <... < x[n]. Hautn KOIM9IECTBO PABIUIHBIX TUCET CPEIU DIIE-
MEHTOB DTOI'0 MACCHUBA.

Pemenne. BapuanT 1.

i::=1; k :=1;
{unBapuanT: k - KommyecTBo pasmuuHux cpemum x[1]..x[i]}
while i <> n do begin

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

Bapuaut 2. Uckomoe unciao Ha 1 6OJBINE KOIXYECTBA TEX UUCET i u3
1..n-1, mus xkoropeix x[i] me paBmo x[i+1].

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

1.2.6. [Jan maccuB x: array[l..n] of integer. Hamru xomawmaectBO
PABJIMIHBIX TUCEJ CPEIN DIEMEHTOB 3TOro Maccusa. (Hucno geuctsuir 1os-
HO OBITH TIOpATKA n>.) |

1.2.7. Ta xke 3agada, eciu TpeOyeTcs, ITOOLI KOJAUIECTBO ACUCTBUU
6vL10 HOpsigKa n logn.

[Ykasauue. CmoTpu rasy 4 (Copruposka).] O
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1.2.8. Ta xe 3amgada, €CIm U3BECTHO, ITO BCE DJIEMEHTHI MAaCCUBA —
qncaa oT 1 10 k ¥ 9UCa0 JeUCTBUM TOTKHO OBITH MOPALKA n + k. (I

1.2.9. (Coo6umt A.JI. Bpyauo) IIpsamoyronsHoe mose m X n paséburo Ha
mn KBAIPATHBIX KIETOK. HEKOTOPBIE KJACTKYA MOKPAIICHE! B YCPHBIN IIBET.
NsBecTHO, 9TO BCE YEPHBLIE KAETKA MOTYT OBITH PA3OUTHI HA HECKOILKO
HEMEPECEeKAIOIINXCA W HE MMEIOMUX OOIMUX BEPIIMH YIEPHBIX MPAMOYOMb-
aukoB. CUnTas, 9TO UBETA KJICTOK NAHLI B BUIE MACCUBA THIIA

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

MOACIUTATE TUCIO YEPHBIX TTPAMOYTOJEHUKOB, O KOTOPHIX TILTa, pedb. Tucao
IEUCTBUAU MOMXKHO OBITH TOPAIKA mn.

Pemrerwe. Tucino npsMOyrOIbHUKOB PABHO YUCIY UX JEBBIX BEPXHUX
yrioB. flBrgeTcs g KmIeTKa BEPXHUM YIVIOM, MOXKHO Y3HATh, ITIOCMOTPEB
Ha eé LBeT, a TakXke UBeT BepxHero u Jesoro coceneu. (He zabyabre, 4T0
UX MOXET He ObITb, €CJIU KJIETKA C KPAIo.) |

1.2.10. [Taum maccuB x[1]..x[n] mensx umcea. He mcnoawssys apyrux
MAaCCUBOB, IEPECTABUTH JEMEHTHI MACCUBA B OOPATHOM MODSIKE.

Pemenue. Onements x[i] u x[n+1-1i] HyXHO MOMEHATH MeCTaMU [/
BCeX i, maa KOTOpPHIX i<n+1—1i, To ecth 2i<n+1 & 2i <n&
& i<n div 2:

for i := 1 to n div 2 do begin
‘ ...NIIOMeHATh MecTaMu x[i] u x[n+1-i];
end; O

1.2.11. (U3 xuwuru [I.T'puca) Jaun maccus meabix gucea x[1] . .x[m+n],
paccMaTpuBaeMbIl KaK COeIMHEHNe IBYX er0 OTPe3KoB: Hadaua x [1] . .x [m]
mauHbl m 1 KOHNA X [m+1] . .x[m+n] mmuuer n. He ucmonb3ys momosHuTe b-
HBIX MACCUBOB, TIEPECTABUTEL HA4Ua®0 u KoHem. (Yucio meucTBuu mopsamka
m+n.)

Pewenue. Bapuant 1. Ilepesepuém (pacmonoxum B 06paTHOM IOPsAKE)
OTIEIHHO HAYATO U KOHEI[ MACCUBA, & 3aTEM IIEPEBEPHEM BECh MACCUB KAK
eIUHOE TIeJI0E.

Bapuant 2. (A.T'. Kymnupenko) PaccMaTpuBas MacCuB 3aIUCAHHBIM 10
KpYT'y, BUAUM, 9TO TpebyeMoe JeNcTBre — MOBOPOT Kpyra. Kak ussecTHO,
[IOBOPOT €CTh KOMIIO3UIUS IBYX OCEBBIX CUMMETPUU.

Bapmaunt 3. PaccmoTpum 6omee obiyio 3amady — OOMEH IBYX yHaCT-
xoB maccuBa x[p+1]..x[q] um x[g+1]..x[r]. lIpeanonoxum, 4TO mAIUHA
JEBOro y4acTka (Ha30BéM ero A) He GOJbBIIE JIUHBEL IPABOrO (HA30BEM
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ero B). Beigeaum B B Hauano Ton xe gauHbl, 9T0 u A, Ha30BéM ero Bi,
a ocratok By. (Tax uro B = B; + Bz, eciu 0603HAYaTh TUIFOCOM TIPUTIN-
CBIBAHME MAaCCUBOB ApYr K apyry.) Ham mamo mz A + By + By moayuurs
By + By + A. Menssa mectamu y9acTku A u By — OHU UMEIOT O IUHAKOBYIO
IVINHY, W CHEJIATh 3TO Jerko, — moaydaeM B + A + Bs, u ocTanoch mome-
uATb MecTamu A u Bs. TeM caMbIM MBI CBeJU 00 K HEPECTAHOBKE ABYX
OTPE3KOB MEHBINEN AMuHbL. MTak, morydaeM TakKyr CXeMy MTpPOTrpaMMb:

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

{unBapuanT: ocramocer mepecrtaBuTs x[p+l..ql, x[q+l..r]}
while (p <> q) and (q <> r) do begin

{o6a yuacTka HemycT}

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

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

P := pnew; q := qgnew;

end else begin

. .mepectaButk x[q-(r-q)+1]..x[q]l u x[q+1]..x[r]
gqnew := q - (r - q@); rnew := q;

q := qnew; r := rnew;

end;

end;

Ouenka BpeMeHr pabOTH: HA OYEPEHOM IIare OCTABUIMUCA I 00pabOTKY
y9aCTOK CTAHOBUTCA KOPOYe Ha, IIUHY A; IMCI0 [edCTBUN IPU DTOM TaKXKe
[IPONOPLUMOHAILHO AJnHe A. O

1.2.12. KosddunuenTs MEHOrOYIeHa JIeXaT B MaccuBe a: array[0..n]
of integer (n — HaTypajJbHOE YUCJIO, CTENEHb MHOI'OYWIEHA). BrraucanTsb
3HAMEHHe >TOr0 MHOIOWIEHA B TOYKe X, TO ecTb a[n] x® + ... +al1]lx +
+aflo0].

Pewenue. (OnuceiBaeMbIll alropuTM Has3eBaeTcsa cxemon ['opHepa.)

k :=0; y := alnl;
{uuBapuanT: 0 <= k <= n,
y= al[nl*(x B cremenm k)+...+a[n-1]*(x B cremenm k-1)+...+
+ al[n-k]*(x B cremenu 0)}
while k<>n do begin

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

1.2.13. (/lna 3maxoMbIX ¢ OCHOBaMu aHaam3a; coobmmun A.T. Kymmuu-
peHKO) [JOnOJHUTL AIrOPUTM BHIUUCJACHWA 3HAUEHNUA MHOCOYICHA B 3a1aH-
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HOU TOYKE IO cxeme ['OpHepa BEIYMCJACHHEM 3HAYCHUA €rO MPOU3BOTHON
B TOH e TOYKe.

Pemenne. /Jo6aBieHre HOBOIO KO3 PUIMEHTA COOTBETCTBYET IEPEXOLY
ot muorowiena P(z) k muorowreny xP(z) 4+ c¢. Ero npoussognas B TO4-
ke z pasua ¢P’(z) + P(z). (JTo pemenune o61anaer 3a6aBHEIM CBOMCTBOM:
HE HA 0 3HATH 3apaHee CTENEeHb MHOIOWIeHA. Keaum TpeboBATH BBIMOJHEHUS
DTOr0 YCJOBUS, Aa €I MPOCUTH BEIMUCAATH TOMBKO 3HAYEHWE MPOU3BOJ-
HOM, He YIIOMUHAS O CAMOM MHOIOWIEHE, IOJIydaeTCs He TaKasd YK IPOCTas
3a1a4a.) O

O6mee yTBEpXKACHUE O CJOXKHOCTU BBIYTUCJICHUA IIPOU3BOMHBIX TAKOBO:

1.2.14. (B.Bayp, @.lIrpaccen) /Jana nporpaMma BEIYUCJICHUA 3HATE-
HUs HEKOTOPOro MHOrowieHa P(x1,. .., xy,), CogepkKalas TOIbKO KOMAHIbI
npucBamBaHuA. VX mpaBble 9aCTH — BBEIPAKEHNA, CONEPKAIINIE CIOKEHUE,
YMHOXEHWUE, KOHCTAHTHL, IIEPEMEHHEIE L1, ..., T, U PAaHEe BCTPEIABIINECA
(B sieBoM wacTu) nepeMennsle. JokazaTh, 9TO CyLECTBYET IPOIPAMMA TOIO
e TUIA, BEYUCIAIOIAL BCe N IPOM3BOAHBIX OP/dxy, ..., 0P /0%, npuiém
ofIree InCI0 apudPMETUIeCKUX onepamui He 6omee uem B C' pas mpeBoCXo-
IUT IUCI0 apu(PMETHIECKAX ONEPAIMA B MCXOAHOU mporpamme. Koncran-
Ta C' HE 3aBUCUT OT 7N.

[Ykazauue. MOXHO CUNTATh, UTO KaXKasg KOMAHAA — CIOKEHUE IBYX
qKCes, YMHOXKEHNE MBYX YHCET WIX YMHOXKEHuEe Ha KOHCTAaHTY. Mcmonb3o-
BaTh WHAYKINIO 10 YUCIY KOMAH I, IPUMEHAA UHIYKTUBHOE IIPEAIOJ0XKEHNe
K IPOrpaMMe, HOJLyIaiolIencs OTOPACHIBAHIEM IIEPBOH KOMAHIHL. | (]

1.2.15. B maccuBax a: array[0..k] of integer mb: array[0..1] of
integer XxpaHATCA KO>(PPUIMEHTH IBYX MHOIOWIEHOB cTenenen k u 1. Ilo-
MeCTUTH B MaccuB c: array[0..m] of integer xosdduUMEHTH UX IPO-
mpepenus. (Yucaa k,1,m — HaTypanbHble, m = k + 1; IeMeHT MacCuBa
C UHIEKCOM i cogepkKuT KOod(PQUUUEHT IPU CTENeHH 1.)

Perrenme.

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+j] := cli+j] + alil*b[jl;
end;
end; O
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1.2.16. IIpenjio:XeHHBIN BLIIMIE AJMOPUTM IIEPEMHOXKEHUS MHOIOYIEHOB
TpebyeT mopAIKa n? IeHCTBUI A1 MEePEMHOKEHU IBYX MHOT'OUICHOB CTe-
neuu n. [Ipugymars 6oaee >PpdekTuBHBE (141 GOABIINX 7)) aJrOPUTM, KO-
TOPOMY JOCTATOYHO mOpAIKa 1'°8 4/1983 reficTrmiL.

[Ykaszauue. IIpegcrasum cebe, 9TO HaJO NEPEMHOKUTH ABA MHOOWIEHA
crenenu 2k. X MOXHO NpeacTaBUTL B BUIE

A(z)z* + B(z) = C(z)z" + D(z).
IIpousBenenne ux paBHO
A(z)C(x) 2** + (A(z)D(x) + B(x)C(x)) 2* + B(z)D(x).

Ecrecrrennriu cnoco6 Beruaucaenus AC, AD + BC, BD TpebyeT 4eThI-
PEX YMHOXKEHUN MHOTOWIEHOB CTEMeHU Kk, OMHAKO UX KOJUIECTBO MOXKHO
COKPATUTL OO TPEX C MOMOIILI0 TAKOW XUTPOCTH: BerdmcauTh AC, BD
u (A + B)(C + D), asarem 3ameruts, uro AD + BC = (A + B)(C + D) —
— AC — BD.] O

1.2.17. [laubr aBa Bo3pacTatomumx MmaccuBa x: array[l..k] of integer
u y: array[1l..1] of integer. Haurtm xommuecTBO OOIIUX DIEMEHTOB
B OTUX MACCHBAaX, TO €CThb KOIMYIECTBO TE€X IEJBIX t, IIf KOTOPHIX t =
=x[i] =y[j] mna mekoropwix i u j. (Hucno gencrsun nopagka k + 1.)

Perrenme.

k1:=0; 11:=0; n:=0;
{unBapumanT: 0<=ki<=k; 0<=11<=1;

HCKOMHM OTBeT = N + KOIMYeCTBO obuux
smemernToB B x[k1+1]...x[k] u y[11+1]...y[1]1}
while (k1 <> k) and (11 <> 1) do begin
if x[k1+1] < y[11+1] then begin
| k1 := k1 + 1;
end else if x[k1+1] > y[11+1] then begin
| 11 := 11 + 1
end else begin {x[ki1+1] = y[11+1]}

k1 := k1 + 1;

11 := 11 + 1;
n:=n+1;
end;
end;

{kl1 = k unx 11 = 1, mo>ToMy OJHO M3 MHOXECTB, YIOMAHYTHX
B MHBapMaHTe, IyCTO, a N PaBHO MCKOMOMY OTBETY} |
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3aMeqanue. B Tperben aipTepHATHBE NJOCTATOYHO OBLIO OBl yBeJUdIu-
BATH ONHY U3 mepeMeHHbIX k1, 11; BTopas m00aBIeHa [4Jisg CAUMMETDUMN.

1.2.18. Pemmth mpegblayIIyio 3a4a4dy, €CAX IPO MACCUBBI U3BECTHO
aumb, 9to x[1] < ... <x[k] m y[1] <... < y[1] (Bospacranue 3amene-
HO HeyOBIBAHUEM ).

Pemenue. YcnoBue Bo3pacTanua ObLIO UCTOMB30BAHO B TPETHEN ATbTEP-
HaTuUBe BhIOOpa: cABUMHYB k1 m 11 Ha 1, MBI TeM CaMBIM yMeHbIIAIW Ha 1
KOJM4IeCTBO o0mux »1eMeHToB B x [k1+1]...x[k] m x[11+1]...x[1]. Te-
[IePh 3TO NPUAETCA NeJaTh CJIOKHEE.

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 + 1

end;

n:=n+ 1;

end; O

3ameqanue. JTa NPOrpaMMa uMmeeT AedeKT: MPU TPOBEPKE YCIOBUSI
(k1<k) and (x[ki1+1]=t)

(unu BTOPOTO, AHAJIOTUIHOTO) TIPY JIOKHOU MEPBOU CKOOKE BTOPAA OKAXKeT-
¢ GECCMBICIEHHON (MHAEKC BBHILAET 33 TPAHUIBLI MACCUBA) U BO3HUKHET
ommbka. HexoToprie Bepcum mackass, BEMUCAAI A and B, cHavgajga BBIYU-
casior A u npu jgoxHOM A He BeraucaaioT B. (Tax Begér cebs, mampumep,
cucrema Turbo Pascal Bepcun 5.0 — Ho He 3.0.) Torga onucansas ommobka
HE BO3HUKHET.

Ho ecim MBI HE XOTUM MONTAraThCA HA TAKOE CBONCTBO HCIIOIB3YEMOU
HAMM pealn3aluyu Hackand (He mpenycMoTpeHHoe ero asropoM H. Bup-
TOM), TO MOXHO NOCTYNUTb TakK. BBegéM IONOJIHUTEILHYIO MEPEMEHHYIO
b: boolean u mHanwuiem:

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

k1:=k1+1;

if k1 < k then b := (x[k1+1]=t) else b:=false;
end;
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MoxHO Takxe CIoeJlaThb MHa'de:

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

if k1 + 1 = k then begin

k1 := k1 + 1;

n :=n + 1;

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

end else begin

k1l := k1 + 1;
n :=n + 1;
end;
end;

Tak 6yaeT Kopote, XOTA MeHee CUMMETPUIHO.
Hakonen, MOXHO yBeIUYIUTEL pa3Mep MACCUBA B €0 OMKUCAHUY, BKIIOYUNUB
B HErO (PUKTUBHBIE DIEMEHTHI.

1.2.19. [lauer gqBa HeyOBIBatommx MaccuBa x: arrayl[l..k] of integer
my: array[l..1] of integer. HauTu 4ncio pasiuIHBIX 2IEMEHTOB CPeau
x[11,...,x[x]1,y[1],...,y[1]. (Hucro mercreun mopaika k + 1.) |

1.2.20. [anwr gBa maccuBa x[1] < ... <x[k] uy[1] <...<y[1]. «Co-
equuuTH ux B MaccuB z[1] < ... < z[m] (m =k + 1; KaxkIbIM DIEMEHT [0J-
KEH BXOIWTHL B MACCUB Z CTOJBKO Pa3, CKOJLKO Pa3 OH BXOIUT B OOIIEH
CJIOXKHOCTU B MACCUBHL X U y). UHCJIO AEUCTBUN MOPAIKA M.

Pemenmne.

k1 :=0; 11 := 0;

{unBapuanr: orBer momyuurca, ecmu k z[1]..z[kl+11l] gmobaBuTs
cupaBa coepuHenue MaccuBoB x[ki1+1]..x[k] = y[11+1]..y[1]1}

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}

k1l := k1 + 1;

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

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

k1l := 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 He 6mBaer }
end;
end;
{kl1 = k, 11 = 1, MaccCuBH COeIMHEHH} O

ODTOT IPOLECC MOXKHO MOSICHUTH TAK. [lyCTh y HAC €CTH IBE CTONKM Kap-
TOYEK, OTCOPTUPOBAHHLIX IO aidaBuTy. MbI coequHAeM UX B OLHY CTOI-
Ky, BBIOMPAs KaX IbIM pa3 Ty U3 BEPXHUX KAPTOUEK 06€UX CTONOK, KOTOPAs
uaET paHblle B aIPABATHOM MOPsAAKe. Kciau B OJHON CTONKE KAPTOIKU KOH-
YUIUCH, GEPEM WX U3 IPYTOU CTOMKMU.

1.2.21. [lamwr ga maccuBa x[1] <...<x[kluy[1] <...<y[1]. Hau-
TH UX «IepecedeHuey, To ectb Maccus z[1] <...< z[m] , cogepxamun ux
00IIIIe DAEMEHTHI, TPUIEM KPATHOCTh KAXK JOT0 DJEMEHTa B MACCUBE Z PAB-
HAETCSA MUHUMYMY W3 €r0 KPATHOCTEN B MACCUBAX X U y. UUCIO IenCTBUN
nopaaka k + 1. ([l

1.2.22. [lanwr gBa maccwBa x[1] <... <x[kl my[1] < ... <y[1] u un-
cao q. Hantu cymmy Buga x[i] + y[j], nanGonee 6muskyto x uucay q. (Hu-
CJI0 MEUCTBUY MOPALKA K+1, NONOJHUTEIbHAS HAMATH — (DUKCUPOBAHHOE
U0 HEJIBX NePEMEHHBIX, CAMU MACCUBBL MEHATH HE PA3PEIIAeTCs. )

[Ykazauue. Hago HalTH MUHMMAaIbHOE DACCTOSHUE MEXKIY SIeMeHTa-
Mz x[1] <...<x[k] mwq—y[1] <...<q—y[1], uTo HETPYAHO CcreTaATH
B XOJl€ UX CJAUAHUA B OAUH (BOOOPAKAEMBIN) MACCHUB.] O

1.2.23. (U3 xuwuru [I.Tpuca) HexkoTopoe 9UUCIO CONEPKUTCA B KarK-
IOM U3 TPEX LEJOYMCICHHBIX HeyOnBarommx MmaccusBoB x[1] < ... < x[p],
y[11 <...<ylql, z[1] <... < z[r]. Hautu oguo u3 takux uucesa. Jucao
IEUCTBUAU JOMXKHO OBITH TOPAAKA P + q + T.

Permrenme.

pl:=1; ql=1; ri1:=1;

{unBapuant: x[p1]..x[pl, ylq1l..ylql, z[r1]..z[r]
coZepxaT obumi 3IeMeHT}

while not ((x[p1l=yl[ql1]l) and (y[qll=z[r1])) do begin
if x[p1l<yl[ql]l then begin

‘ pl:=pl+1;
end else if y[qll<z[r1] then begin
‘ ql:=ql+1;

end else if z[r1]<x[p1l] then begin



32 1. Ilepemennvie, 6bIPAAHCEHUA, TPUCBAUBAHUL

‘ rl:=ri+l;
end else begin
‘ { Tax He 6uBaeT }

end;
end;
{x[p1] = ylq1l = z[r1l}
writeln (x[pll); O

1.2.24. Ta xe 3amada, TOJBKO 3apaHee HE MW3BECTHO, CYIIECTBYET JIU
OOLIUH 3/JIEMEHT B TPEX HEYOBIBAIOUINX MACCUBAX U TPEOYeTC S 3TO BLIACHATD
(n HAMTY OAWH M3 OOIINX DJIEMEHTOB, €CITU OHU €CTh). O

1.2.25. Ouementavu maccuBa all..n] ABIAOTCA HEYOLIBAIOINE MACCH-
Bul [1..m] IeaBIX YmMCer:

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

W3BecTHO, 9TO CyLIECTBYET YUCJIO, BXOAsAINEE BO Bce MaccubBbl ali] (cy-
IECTBYET TAKOE X, UTO JJA BCAKOTO i m3 1..n maugéres j uz 1..m, auas
koroporo ali] [j] = x). Hautu ogno u3 Takux dwucen x.

Pemenue. Breném maccus b[1] ...b[n], oTMeuarommn HAYMATO «OCTaIO-
mencsa gactw mMaccusos al1],... al[n].

for k:=1 to n do begin
‘ blk]:=1;

end;

eq := true;

for k := 2 to n do begin
‘ eq := eq and (a[11[b[1]] = alk]l[b[k]]);

end;

{uHBapmaHT: ocTaBuMecA YacCTH IEPECEKAWTCA, T.e. CYWECTBYeT
Takoe X, 4TO &nA Bcakoro i us [1..n] maumérca j ms [1..m],
He Membllee b[i], mma xoroporo a[il[j] = x; eq <=> mepmme
DIIEMEHTH OCTaBUIMXCA acTell paBHH}

while not eq do begin

s :=1; k :=1;

{als][bls]] - munumanenoe cpemu a[1][b[1]]..alk] [b[k]]1}

while k <> n do begin

k =k + 1;
if alk][b[k]] < als][b[s]] then begin
‘ s := k;

end;
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end;
{als][b[s]] - munumamenoe cpemm al[1][b[1]]..a[n][b[n]]}
b [s] :=b [s] + 1;
for k := 2 to n do begin
| eq := eq and (al11[b[1]1] = a[k][blk]1);
end;
end;
writeln (a[11[b[111); u

1.2.26. TIpuBenéuuoe peleHne MPEILIAYINEN 3a0a9U TPEOyeT TOPAIKA,
mn? geficteui. [puayMaTh CIOCO6 C IUCIOM JEHCTBUH MOPAIKS M.

[Ykazauue. [IpungéTcs moKepTBOBATH CUMMETDHEN U BHIODATH OJHY U3
CTPOK 3a OCHOBHYIO. /[[BUrasch MO OCHOBHOU CTPOKE, MO AEPKUBAEM TAKOE
COOTHOIIEHUE: BO BCEX OCTAJIBHBIX CTPOKAX OTMEYEH MAKCUMAJIBHBIM DJe-
MEHT, He [IPEBOCXOAAIUI TEKYIIErO SJIEMEHTa OCHOBHOU CTPOKH.] (]

1.2.27. ([Isomunnit mouck) [lana mocreqosareabrocts x[1] <.. . <x[n]
HEJIBIX YUCeJa W YUCIO a. BBIACHUTH, COAEPKUTCA JU a B DTOU MOCIELOBA-
TEJIBHOCTH, TO €CTh CylecTByeT ju i m3 1..n, mas xoroporo x[i] = a.
(Koamvectso gencreuil nopsjgka logn.)

Pewenue. (IIpegnonaraem, aro n > 0.)

1l :=1; r := nt+l;

{r > 1, ecnx a ects Boobme, To ecTk ¥ cpemu x[1]..x[r-1]}
while r - 1 <> 1 do begin

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

{1<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 ClIydae x[m] = a uHBApUAHT He HapyIIa-
eTcs.)

Kaxabit pa3 r — 1 yMeHBIIAETCA IPUMEPHO BABOE, OTKY A U BEITEKAET
TpebyeMas OLEHKa YUCIa TeMCTBUN. O

3amevaHue.

1+ (r-1)div2= (214 (r—1))div2=(r+1)div2.
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B sron 3aga4e cymecTBeHHO, 9TO MACCUB YIOPS0YEH — IOUCK B HEYIIO-
PAIOYEHHOM MaccuBe TpebyeT BpeMeHU, TPOTOPIINOHATLHOTO AIMHE MACCH-
Ba. (IT06B yOEIUTHCA, ITO KAKOIO-TO YUCIA HET B MACCUBE, HAJLO0 IPOCMO-
TPETH BCE €r0 HJIEMEHTHL. )

1.2.28. (U3 xuurum [.Tpuca) Uwmeercs maccuB x: array[l..n] of
array[1..m] of integer, ymopsIO9YeHHBIN IO CTPOKAM H IO CTOJOLAM:

x[i] [j+1],

x[1][j]
1 <x[i+11[j],

x[11[j

NN

u vucao a. Tpebyercs BeLICHUTD, BCcTpedaeTcs ju a cpexu x[i] [].

Pewenue. [Ipeacrasisas ce6e MACCUB X KAK MATPUIy (IPAMOYTOJBHUK,
3AIOJHEHHBIN YUCJIAMHE), MBI BEIOEDEM IPAMOYTOILHUK, B KOTOPOM TOJBKO
U MOXKET CONEePKATBLCA a, ¥ OyaeM ero cyKarb. [IpaMoyroibHuK 3T0T Oy aeT
comepxkath x[11[jlmpm 1 <i<luk<j<m

1 k m

(BOImYCKAITCsA MyCTHIE IPAMOYIOABHUKY Ipu L =01 k =m + 1).

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

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

‘ k := k + 1; {meBmut cTonmbem He COXEPXUT a, yHLamdeM ero}
end else begin {x[1][k] > a}
‘ 1 :=1 - 1; {HuxHAA cTpoKa He COLEPXUT a, yhaundeM e&}
end;

end;

{x[1]1[k] = a wmm DpAMOYyromBHMK IyCT }

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

3ameqanne. 3neck Ta xe ommbka: x[1] [k] moxeT okasaTwCsa HEOmpe-
nenéunbiM. (E€ ucnpasiaenue nperocTaBigeTCA IUTATENIO. ) U
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1.2.29. (MockoBckas omuMnuaga 1o nporpaMvupoBanuio) [lan eyObr-
BAOIINN MACCUB HOJOXUTEIRHBIX Hmeabix uncen a[1] <al2] <...<aln].
HanTu sanMeHblee 1eoe IoJ0KUTEILHOE IUCIO0, HE MPEICTABUMOE B BAIE
CYMMBI HECKOJIBKUX DJIEMEHTOB DTOI0 MACCUBA (KaXKAbIM DJIEMEHT MaCCUBa,
MOXKeT ObITh UCIOJB30BaH He 6ojee OHOrO pasa). Jucio AelCTBUN HOPSA-
Ka n.

Pemenwe. IlycTe M3BECTHO, 9TO YUCIA, TPEACTABAMBIE B BHAIE CYMMBI
saemenToB al[1], ..., alk], sanonusor orpesok ot 1 go Hekoroporo N. Ec-
au alk+1] > N+1, To N+1 u 6y 16T MUHIMAJIbHBIM IACJIOM, HE IIPEICTABUMBIM
B BuJe CyMMHI ajaemeHTOB MaccuBa all] ...aln]. Ecan xe alk+1] < N+1,
TO YKCIA, IPEICTABAMBIE B BUIe CyMMBI ojteMenToB al1] ... alk+1], 3amos-
HAKT 0Tpe30K oT 1 mo N+al[k+1].

k :=0; N :=0;

{unBapuanT: umcna, mpencTaBMMHe B BHLE CYMMH SIE€MEHTOB
maccuBa al[l]..al[k], samommawTt oTpesox 1..N}

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

N := N + al[k+1];
k =k +1;
end;

{(k = n) unu (al[k+1] > N+1); B obomx cmyvasax oreeT N+1}
writeln (N+1);

(CuoBa TOT )€ gedeKT: B yCIOBAM LMKJIA [IPU JOKHOM IIEDPBOM YCJIOBUU
BTOPOE HE OIPELENEHO. ) |

1.2.30. (/lna 3HAKOMBIX C OCHOBaMU aareGpel) B memoumciaeHHOM Mac-
cuse a[1] ...a[n] xpanurcs nepecranoBka uucen 1...n (Kaxgoe U3 ducen
BCTPEYAETCA 110 OQHOMY Pa3y).

(a) Onpegenurs yérHOCTb HepecranoBku. (U B (a), u B (6) KommdecTBO
IEUCTBUN TOPAIKA 70.)

(6) He ucnonbays Apyrux MacCUBOB, 3aMEHUTH IEPECTAHOBKY Ha 00paT-
HyI0 (ecau 10 paboTel mporpammel al[i] = j, To mocae go/kHO OBITH alj] =
=1i).

[Ykazanue. (a) JETHOCTE IEPECTAHOBKY OLPELENAETCA KOJMIECTBOM K-
KJIOB. YTOOBI OTINIATE YK€ MPOUICHHBIE UKL, ¥ UX BIEMEHTOB MOXKHO,
HaNpuMep, MeHATH 3HaK. (6) ObparueHne IPOU3BOAUM IO IIUKJIAM. | |

1.2.31. [Tau maccuB al[l..n] u qucmo b. [lepecraBurh 4ncaa B maccuse
TaKIM 06PA30M, IYTOORT CIEBA OT HEKOTOPOU TPAHUIILI CTOSAMA IUCIA, MEHb-
1IMe WK PABHBIE b, & CpaBa OT rpaHuisl — OOnbinue win paBubie b. Yucto
IEUCTBUU TMOPAIKA N.
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Pemenme.

1:=0; r:=n;

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

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

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

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

1.2.32. Ta xe 3agada, HO TpeOyeTCsa, ITOOLI CHAUAIA IILIU DJEMEHTHI,
MeHbIue b, 3aTeM paBHBIE b, a Jumb 3aTeM OOnbiue b.

Pemenue. Teneps moTpeOyOTCA TpU TPAHUIBE: IO TEPBOU OyAyT UATH
DJIEMEHTHI, MEHBINE b, OT MEePBOU IO BTOPOU — paBHBIE b, 3aTeM HEU3-
BECTHO KakKue JO TPeThed, a mocie rperbern — Oduabume b. (Boaee cum-
METPHUYIHOE PEIIeHNE UCIOAb30BAI0 OB YeTHIPE IPAHUIILI, HO BRI JX UIPA
crouT cBed.) B kauecTBe 09epeqHOro pacCMaTPUBAEMOTO DAEMEHTA OepPEM
DJEMEHT CIPaBa OT CPEIHEN TPAHUIILL.

1:=0; m:=0; r:=n;
{umBapuanT: all..1]<b; a[l+l..m]=b; alr+1]..a[n]l>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
.o6menaTs a[m+1] u alr]
r:=r-1;
end else begin {a[m+1]<b}
.o6menaTs al[m+1] u a[l+1]
1:=1+1; m:=m+1;
end;
end; O

1.2.33. (BapuanT npegsiayiien 3a1a49u, HA3BAHHLIN B KHUre [JeNKCTpHI
3aa4ed O ro/LIagackoM ¢uare.) B maccuse giunbl n crosr ucaa 0, 1 u 2.
IepecTaBuThL UX B MOPAIKE BO3PACTAHUSA, €CJIU €IMHCTBEHHON PA3PEIIEHHON
omepamuen (MOMUMO YTEHUA) HAJ MACCUBOM ABIACTCA MEPECTAHOBKA IBYX
2MeMEHTOB. MCI0 JeNCTBUN TMOPAIKA N. O
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1.2.34. [laun maccuB all..n] u wucao m < n. /g kaxmgoro ydacrka us
m CTOANMX PAIOM WIEHOB (TAKUX yYACTKOB, OYEBUIHO, n — m + 1) BLIUK-
cmuThb ero cymmy. OOImee 9ucao JeuCTBAU JOJKHO ObITH MOPAIKA N.

Pemenne. Ilepexoas oT yvJacTka K COCEIHEMY, MBI TOOABIAEM OIUH
WIEH, & JPYTOU BBIUUTAEM. O

1.2.35. [lana xBagparuas tabmuna all..n][1..n] u yucmo m < n. [dus
KAXKJIOT0 KBAAPATa M X M B 3TOU TAOAUIE BEIYUCIUTE CyMMY CTOAIIMX B HEM
uncent. Obmee YUCIO0 AeHCTBUH mOpALKa n2.

Pemenue. Cuavana mis Kaxaoro COPU3OHTAIBHOIO IPAMOYTOJBHUKA
pazMepoMm m X 1 BerauciasgeM cymmy crosmux B uHéM uuceda. (Ilpu casure
TaKOT'0 MPAMOYTOIHHUKA IO TOPU3OHTAIN HA 1 HYXHO TOOABUTH OJHO HU-
CJI0 ¥ OJHO BBIYECTH.) 3ATEM, UCIOIb3Ys DTU CYMMBI, BEIYUCIAEM CYMMBI
B kBagparax. (IIpu caBure kBagpara MO BEPTUKAINA NOOABIAETCA MOJOCKA,
a Apyras moJocKa yOaBiseTcs.) a

1.2.36. B maccuse al[1]...al[n] BcTpedatoTcsa mo oqHOMY pa3y Bce Iie-
Jple ducia or 0 10 n, KpoMe ogHoro. HauTy mpomnyiennoe 9mucio 3a BpeMs
[OPAJKA N ¥ C KOHEYHOU [OMOJHUTENIBHOU IaMATHIO.

[Ykazanue. CIOXKUTE BCe YUCIA B MACCUBE.] O

1.3. NuaykTueHsle dyHkuuun (no A.T. KywHupeHko)

ITycTs M — mexoTopoe MuOXKecTBO. DyHKIM f, apryMeHTaMu KOTOPOU
SIBJSIFOTCS TIOCJIEJOBATEILHOCTY DIEMEHTOB MHOXKECTBA M, a 3HAYeHusAMu —
BIEMEHTHl HEKOTOPOro MHOXkecTBa N, HazwpIBaeTCs uHIYyKmMuenotl, eciu eé
3HadeHUe Ha nocaegoBaTeabHOCTH X[1]...x[n] MOXHO BOCCTAHOBUTH IO
eé sHaveHuio Ha mocaegoBareabHocTu x[1] ...x[n-1] n nmo x[n], To ecTn
ecau cymecTByeT dpyukima F: N X M — N, 111 KOTOpou

f((x[1],...,x[n])) =F(£((x[1],...,x[n-11)),x[n]).

Hanpuwmep, GpyHkms sum (CyMMa BCEX WIEHOB IOCIEIOBATEIBHOCTY ) UH-
IYKTUBHA, TOCKOJbKY OYE€PEIHON WIEH MOCIe[OBATEILHOCTY TPUOABIACTCS
K €€ cymMme:

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

[pyron mpuMep MHIYKTUBHOM (DYHKUNAM — [JIMHA MOCIELOBATEILHOCTH.
B sroMm caygae F(n,m) =n + 1.
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Hanporus, cpegnee apudmeTnieckoe He ABAIETCI UHAYKTUBHON QyHK-
[UeN: eC/M MbI 3HAeM cpejHee apudMeTUIeCKOe HEKOTOPOU OCIEIOBATE b
HOCTH, HO He 3HaeM e€ [UIMHBI, TO He MOXKeM MPEeJCKa3aTh, KAKUM CTa-
HeT cpegHee apudMeTUIECKOE IOCEe JONUCHBAHUA HEKOTOPOrO (M3BECTHO-
ro HaM) 9YUCJIA.

Cxema anropuT™Ma BBIMUACAEHUS UHITYKTUBHOU (DYHKIIUIN:

k :=0; £ := £0;

{unBapuant: f - 3Havenme ¢ymkumm Ha <x[1],...,x[k]>}
while k<>n do begin
k : =k + 1;
f:=F (f, x[k]);
end;
3pecy £0 — 3HaveHue QYHKIUU HA MyCTOU MOCIELOBATEILHOCTH (I10-

caeposareasHocTu guauabl 0). Ecaun @ynkuus £ ompenenena ToIbKo Ha He-
IyCTBIX NOCTELOBATEIBHOCTAX, TO MEPBAasA CTPOKA 3aAMEHACTCA HA

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

Ecan pyuknua £ He ABIACTCA WHIYKTUBHOM, TIOJIE3HO UCKATE €6 UnIyK-
MUGHOE PACUWUPERUE — TAKYI0 NHIYKTABHYIO QYHKINIO g, 3HAYCHNAA KOTO-
POl OmpeaeaAoT 3HadeHusa f (3To 3HAQYUT, IYTO CyLIeCTByeT Takasd (PyHK-
nusa t, ITO

f((x[1]...x[n])) = t(g((x[1]...x[n1)))

npu Beex (x[1]...x[nl)). Moxuo nokasarsb, 9TO cpeau BCeX MHIYKTUB-
HBEIX DACIIMPEHUN CyMECTBYET MUHUMAILHOE pacmmpenue F (MuHMMATE-
HOCTb O3HAYAET, 9TO AJIA JO0r0 MHIYKTUBHOIO PACHIUPEHNUA g 3HadeHus F
OTPEAESIOTCA 3HAICHUAMY ).

1.3.1. YkazaTb UHIYKTUBHBLIE PACIIUPEHUA MJIA CACAYIOMUX (yHKIUA:

(a) cpeanee apudMeTHIECKOE MOCIELOBATEALHOCTY BEILIECTBEHHBIX M-
cer;

(6) 9mCI0 BIEMEHTOB IIOCIEJOBATEABLHOCTY LEbIX YUCE, DABHBIX €€ MaK-
CUMATHLHOMY DJEMEHTY;

(B) BTOPOU MO BEIUYMHE BIEMEHT MOCJAEIOBATENLHOCTH LEIBIX HUCEJ
(TOT, KOTOPHIN GyIeT BTOPLIM, €CJIM MEPECTABATL WIEHH B HEYOBIBAIOLIEM
HOpsAKe);

(r) MaKCHMAIBHOE YMCIO UAYIIUX MO OJUHAKOBBIX DJIEMEHTOB;

(I) MAKCUMATBLHASA IJMHA MOHOTOHHOTO (HEyOBIBAIOIIETO WX HEBO3DPA-
CTAIOIIEro) YIaCcTKa U3 WIYIIUX MOAPAL DIEMEHTOB B MOCJIE[0BATEALHOCTH
LIEJILIX YUCEeT;



1.3. Hndyxmusnvie gynxuyuu (no A. I'. Kywnupenxo) 39

(e) 4mcao rpynn u3 eIMHUL, Pa3geJEHHBIX HylsMU (B IOCJIEJ0BATEALHO-
CTHU HyJEH W €IVHUII).

Pemenne.

(a) (cymMmMa BCeX 9ICHOB OCIEAOBATEIBHOCTY; MIAHA);

(6) (umcno >meMEHTOB, PABHBIX MAKCUMATLHOMY; 3HAUEHNE MaKCUMATb-
HOTO);

(B) (HAMOOMBLINI DIEMEHT OCIELOBATEALHOCTH; BTOPOU MO BEIMYMHE
DIIEMEHT);

(r) (MaxcuMaIbHOE YUCIO UAYMIUX HOAPAL ONUHAKOBBIX DJIEMEHTOB; -
CJI0 UAYIIUX TOAPAL OUHAKOBEIX BJIEMEHTOB B KOHIIE MOCAEI0BATEILHOCTH;
HOCTEJHAN 3NEMEHT IOCIeI0BATENLHOCTH);

(n) (MakcumanbHAsA AIMHA MOHOTOHHOI'O yIaCTKa, MAKCAMAIbHAA M-
Ha HEYOBIBAIOUIEr'0 y9acTKa B KOHIIE MOCJAEIOBATEILHOCTHU; MAKCUMAIbHAL
QJIMHA HEBO3DACTAIOIIEr0 yYACTKA B KOHIE IIOCJIEJOBATEALHOCTH; HOCAEH-
HWU “WIEH TOCJAEIO0BATEIBHOCTH);

(e) (umeno TpyHN U3 €IMHMULL, TOCAEIHUN LIEH). |

1.3.2. (Coo6umn [.B.Bapcanodres) [Janbl gBe moCaeI0BATEILHOCTH
menbx gucen x[1] ... x[n] mwy[1] ... y[k]. Bericaurs, sBiasercs jqu BTopas
MOCTEJOBATEILHOCTD TTOATOCAE IOBATEILHOCTRIO TIEPBOU, TO €CTh MOXKHO JI
73 TEePBOU BBIYEPKHYTH HEKOTOPBIE WIEHBI TaK, YTOOBI OCTATACH BTODAI.
Yucmo geucTBUU MOpAIKa n + K.

Pemenne. BapuauT 1. Bygem cRoauTh 3amady K 3amate MEHBIIIETO Pas-
Mepa.

nil:=n;
k1:=k;
{unBapuanT: mcxoMm oTBeT <=> Bo3MoxHOCTL 3 x[1]..x[n1]
momyuurs y[1]..y[k1] }
while (n1 > 0) and (k1 > 0) do begin
if x[n1] = y[k1] then begin
nl :=nl1 - 1;
k1 := k1 - 1;
end else begin
‘ nl :=nl1 - 1;
end;
end;
{n1 = 0 wmu k1 = 0; ecmx k1 = 0, To oTBeT - ma, ecmu ki1<>0
(¥ n1 = 0), To oTBeT - HeT}
answer := (k1 = 0);

Mgz ucnonp3oBaau To, 4To ecan x[n1] =y[k1] mwy[1]...y[k1] — mox-
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nocrepoBaTeabHOCTh x[1] ... x[n1], o y[1] ...y[k1-1] — moamocrenoBa-
TeabHOCTH x[1] ... x[n1-1].

Bapuant 2. @ynkuusa (x[1]...x[n1]) — [MaxkcumansHOe k1, 17151 KOTO-
poro y[1]...y[k1] ects moamocrenoBarensrocTs x[1] ...x[n1]] uagyk-
THUBHA. O

1.3.3. Hamw gBe mocaemoBarenpHocTr x[1]...x[n] w y[1]...y[k]
nenbix yucen. HauTm MakCUMadbHYH [IIUHY MOCIEIOBATEILHOCTH, SBJIA-
IOIIEUCS TTOANOCJAE[OBATEABHOCTRIO 060enx nocieaoBarenbHocTen. Komnde-
CTBO OIEPAalUU HOPAIKA I - K.

Pemenue (coobmeno M. H.Banuusanrom, A.M. Tumentmanom). O6o-
sHauuM 4depes f(p,q) MAKCHUMAIBHYIO IJIMHY OOIIEH [IOAIIOCJELOBATEALHO-
cru nociegoBarensHocrent x[1] ... x[p]l u y[1]...y[q]. Toraa

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

(Ilockonbky f(p — 1,9 — 1)+ 1> f(p,q — 1),f(p — 1,9), BO BTOpOM CiIy-
Jae MAaKCIMyM TPEX TUCEeJ MOXKHO 3aMEHUTBb Ha TPeThe W3 Hux.) llopTomy
MOKHO 3aMOJHATL TAOINIly 3HAYEHUN (QyHKIUM f, MMEIOIIyo pa3Mep n - k.
MoxHO 060UTUCH U TAMATHIO TOPAAKA kK (WK n), eciu UHIYKTUBHO (110 p)
BoraucaaTh (f(p,0),...,f(p,k)) (kax pyHKIUA OT P BTOT HAGOD UHIYK-
TUBEH). O

1.3.4. (U3 xuurm [I.Tpuca) /laHa HOCAEIOBATEILHOCTL LEJIBIX GUCEN
x[1],...,x[n]. HauTn MakcuMaibHylO IIMHY €€ BO3PACTAIOMIEN IOAIOCTe-
JOBATEILHOCTH (MUCIO AeMCTBUU Hopsaka n logn).

Pemenme. ckoMas QyHKIUSA He WHIYKTUBHA, HO KUMEET CJIEAYIOIIEe
UHIYKTUBHOE PACHIUPEHNE: B HEMO BXOIAT MOMUMO MAKCUMAJIBLHOU IJIWHGI
BO3PACTAIOLIEN HOANOCIEe0BATEILHOCTY (0003HAUUM €€ K) TaKKe U Iucaa
ul1l,...,ulk], roe uli]l — MUHUMAJBHBIN U3 MOCAEIHNX IEHOB BO3pacTa-
IOIUX TMoATnOcaeqoBaTenbuocTen mmuael i. Ouesmano, ull1] < ... < ulk].
IIpu goGaBieHUM HOBOI'O WIEHA B X 3HAYEHUS U U K KOPPEKTUPYIOTC.

nl :=1; k :=1; ul1] := x[1];
{unBapyanT: k ¥ U COOTBETCTBYWT NAHHOMY BHUle ONUCAHUO}
while nl <> n do begin

nl :=nl + 1;

{i - zHambompwee u3 Tex umcen orpeska 1..k, mma
xotopux uli] < x[n1]; ecmu Takux mer, To 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] <= uli+1] }
‘ uli+1] := x[n1];

end;
end;
dparMeHT . .. UCHOML3YET UACI0 TBOUIHOIO MOUCKA; B MHBAPUAHTE YCJIOB-
HO mosiaraeM ul[0] paBHbIM MuHYC OeckoHedHOCTH, & ul[k+1] — maroc Gec-

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

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

s :=1i + (j-1i) div 2; {i < s < j}
if x[n1] <= ul[s] then begin
‘ j = s;
end else begin {uls] < x[n1l}
‘ i:= s;
end;
end;
{uli] < x[n1] <= u[jl, j-i = 1} O

3ameuanme. Bonee npocroe (HO He MUHUMAIBHOE) MHIYKTUBHOE PaC-
MIUPEHNE MOJIYIUTCA, €CAN I KAXKIOTO 1 XPAHUTH MAKCUMAILHYIO IJUHY
BO3PACTAOLIEN IIOAIOCAEI0BATEILHOCTH, OKaHInBapmencsa Ha x[i]. 9o
pacIupenne IPUBOJUT K AITOPUTMY ¢ SHCIOM JeHcTBuil nopaika n?. Ecte
U APYrOM U3SMIHBIA AICOPUTM C KBaAPATWYHBIM BPEMeHeM DaGoThl (co-
o6um1 M. B. Beiorun): HauTu MakCHMaIbHYIO OOLLYIO IIOAIOCIEI0BATEb-
HOCTBb MCXOIHOU IOCAENOBATEILHOCTH U OTCOPTUPOBAHHON II0C/IEI0BATE b~
HOCTH C TIOMOIIBIO MPEIBIAYINEN 3, Ia4N.

1.3.5. Kaxue m3aMeHeHUs HyKHO BHECTU B DEIIEHUE NPEILIIYIICH 3a-
Oavu, eCad HALO NCKATh MAKCUMAIbLHYIO HEYOBIBAIOIIVIO MOCJIEI0BATEIb-
HOCTB? O



2. NMOPOXAEHUE
KOMBUHATOPHbLIX
OBEBEKTOB

31ech cOOpaHBL 33039, B KOTOPBIX TPEOYETCA MOJYyIUThH ONUH 33 IPY-
UM BCE€ dJIEMEHTHI HEKOTOPOI'O MHOXKECTBA.

2.1. Pa3melyeHusi ¢ NOBTOPEHUAMU

2.1.1. HamedaTaThb BCe MOCIETOBATEILHOCTY IINHBLI Kk 13 wmcen 1. .n.

Pewenue. Bynem nedarats ux B JeKCUKOIpapUIeCKOM MOpsKe (moce-
[JOBATEIHHOCTD a MPEAUIECTBYEeT MOCIEI0BATEILHOCTH b, eciu 1 HeKOTO-
pPOro s UX HAYaJIbHBLIE OTPE3KU JJIUHBL S PABHBL, & (s+1)-bI1 WIEH IOCAen0-
BATEALHOCTH a MeHbIne). [lepBon Gy1eT moCIen0BaTeIbHOCTE <1,1, ... ,1>,
MOCJAEHEN — TMOCJIeI0BATEILHOCTD <n,1, . . . ,n>. Bygem xpauuts nocuem-
HIOI HANEYATAHHYIO MOCIEI0BATEIRHOCT B MaccuBe x[1] . .x[k].

...x[1]...x[k] momoxurs paBHEME 1
.. .HamedYaTaTb X
...last[1]...last[k] momoxuTe paBHHM n
{HanevyaTaHn Bce 0O X BKINYMTEIBHOL}
while x <> last do begin
.X := cIefywmad 3a X NOCIEeLOBAaTEIbHOCTH
...HanedYaTaTb X
end;

Omnuiem, Kak MOXKHO IEPEUTH OT X K CJACAYIOMIEN MOCIEI0BATEILHOCTH.
CormacHo OmpeseneHuio, y Caeqyomen IOCIef0BATEIbLHOCTY IePBLIE S [ie-
HOB [OJKHBI OBITH TAKUMU XKe, a (s+1)-bI1 — GOIBITE. DTO BO3MOXKHO, €C-
au x[s+1] mensime n. Cpeau TAKWX S HYXKHO BHIOpPATh HauboJblIee (HHAYE
MOy IeHHAA TOCAEI0BATEILHOCTD HE Oy IeT HEMOCPEACTBEHHO CJIEAYIOIIEN).
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Cooreercryiomee x [s+1] nyxuo yseanuurs Ha 1. UTak, HAM0, 1BUrasCh
C KOHIIA, MOCJIEI0BATEMILHOCTI, HAUTH CAMBIN TPABBLIN WIEH, MEHbIIMA n (OH
HAUAETCA, T.K. N0 TPEIANON0KEHUIO X<>1ast), YBEJIUYUTH €ro Ha 1, a uay-
[IUe 33 HUM “WIEHBI TOJIOXKWUTH PABHBIMA 1.

p:=k;

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

| p = p-1;

end;

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

x[p]l := x[p] + 1;

for i := p+1 to k do begin
‘ x[i]:=1;

end;

O

3aMeanne. Ecan arenamn IOCIEeOBATEIBHOCTU CUYUTATh YNUCTIa HE OT 1
oo n, a oT 0 10 n—1, TO mepexonx K CAeIyIOIIEMY COOTBETCTByeET IpubaBie-
HUIO €IUHUIIBI B Il—PI‘-IHOﬁ CucremMe CInUCJICHUAI.

2.1.2. B npemioxeHHOM aJIrOPUTME UCIOIL3YETCS CPABHEHUE IBYX MacC-
cuBoB (x <> last). YcrpanuTb ero, no6aBuB OyJeBCKyIO IEPEMEHHYO 1
7 BKJIIOYUB B UHBAPUAHT COOTHOIIICHUE

1 < mocaenoBaTETbHOCTD X — IOCJETHSA. O

2.1.3. HameuaraTh BCe MOIMHOXKECTBA MHOXKeCTBa {1...k}.

Pemenue. IlonqvuOXECTBa HAXOAATCA BO B3AMMHO OTHO3HATHOM COOT-
BETCTBUU C IOCJAEJOBATEILHOCTAMY HyJel U eIWHNL, IJINHEBL K. O

2.1.4. HameuaraTh BCe TOCIEIOBATETHLHOCTH MOJOKUTETHHBIX IIEJBIX
YUCeJ IVHGBL K, ¥ KOTOPBIX i-BIM YWIEH He TPEeBOCXOIUT 1. ([l

2.2. llepecTaHoBkM

2.2.1. Hameuarars Bce mepecTaHoBku 4uced 1..n (TO ecTb moCaes0Ba-
TETbHOCTH [IJIUHBI I, B KOTOPBIE KaXkKJO€ U3 DTUX UNCEJ BXOJUT IO OJHOMY

pasy).

Pemenue. Ilepecranosku Oynem xpanuTh B MaccuBe x[1]..x[n] u me-
garaTh B Jekcukorpaduaeckom nopsiake. (Ilepsou mpu srom Gyzer mepe-
cTaHoBka (12...n), mocaeanen — (n...21). 1A COCTABIEHNUs AITOPUTMA
mepexona K CJAIYIOIEN IePeCTAHOBKE 3aJaUMCSI BOIPOCOM: B KAKOM CJIy-
9ae k-BIU WIEH MEPECTAHOBKM MOXKHO YBEIUIATL, HE MEHSAA MPEIbLIyITAX !
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OTBer: ecau OH MEHBIIE KAKOIO-Iub0 U3 CJIeAYIOLMX 9ICHOB (T.€. WICHOB
¢ HoMepamu Ooabine k). MBI TOMKHBI HAUTU HAUGOJBIIEE K, IPU KOTOPOM
3TO Tak, T.€. Takoe k, 4TO

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

ITocne sToro 3uauenme x[k] HyXHO yBeIMYNTH MUHUMATLHBIM BO3MOXK-
HBIM CIIOCOOOM, T. €. HauTu cpenu x [k+1] . .x[n] manmensIinee qucao, 60ab-
mee ero. [Tomenas x[k] ¢ HuM, OCTAETCA PACIONOKUTE IUCAA C HOMEPAMHU
k+1..n Tak, 9TOOLI IEPECTAHOBKA OLLIa HAMMEHBLIIEH, T.€. B BO3PAaCcTalo-
M IOpsigKe. DTO OOIErYaeTCsl TeM, 9TO OHU yXKe PACHOJIOXKEHBI B yOBIBa-
OIIEM TIODSITKE.

AnropuTm mepexoga K CIeIYIOMIEN IepeCTaHOBKeE:

{<x[1]...x[n]> <> <n...2,1>}
k:=n-1;
{nocmemoBarensHocTs 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 umenm orpeska x[k+1] > ... > x[t] 6omemwe 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]}
o6menaTtes x[k] u x[t]
{x[k+1] > ... > x[nl}
nepecTaBuTh y4acTok x[k+1] ... x[n] B obpaTHOM mopanke ([l

3amedqanue. [Iporpamma umeeT 3HAKOMBIN fedeKT: ecan t=n, To x [t+1]
HE OIIPEENEHO.

2.3. lNogmHoxecTBa

2.3.1. [Tnasaganueix nuk (k < n) mepedncanTsb BCe K-DIEMEHTHBIE IO~
MHOXeCTBa MHOXKecTBa {1..n}.

Pemenue. Bygem mpeicTaBasaTh Kax [oe MOIMHOXKECTBO TOCIEI0BATE b
mocTeio x[1]..x[n] Hyjsenm m enuHWI IIMHLL N, B KOTOPOU POBHO K enu-
mu. ([Ipyrou cmocob mpeacrapieHusa pasbepém mosxke.) Takue mocaenosa-
TEJIBHOCTY YIOPALOIUM JEKCUKOrpadudecku (cM. Boime). OUeBUIHBIN CIIO-
€00 peleHus 3a/4a4u — nepedupaTh Bce IOCIeIOBATENbHOCTY KaK PaHbIIE,
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a 3aTeM OTOUPATH CPEIU HUX T€, Y KOTOPHIX K eIMHUIl — MBI OTOPOCHM,
CUATAsA €r0 HESKOHOMUIHBIM (IUCIO MOCAEIOBATEILHOCTEN ¢ k eMHULIAME
MOXKEeT ObITH MHOI'O MEHBIIE UCJIa BCEX MOCJAeI0BaTEIbHOCTEN). By nem uc-
KaTh TAKOU AITOPUTM, YTOOLI MOSYIE€HUE OUE€PEIHON MOCIEI0BATEILHOCTH
TpeboBaio He Gojee C-n NEUCTBUML.

B kaxowMm ciydae s-bli WIEH MOCJAEN0BATEILHOCTU MOXKHO YBEIUIUATD, HE
Menss npeasrayimme? Ecam x[s] mensercs ¢ 0 Ha 1, TO mIs cOXpaHeHUs
00IIero 4uCJaa eIUHUI] HyKHO crpaBa oT x[s] s3amenuts 1 ua 0. [las sTo-
IO Ha 0, 9TOOHI cripaBa oT x[s] enuuuns Obun. Ecau MBI XOTUM TepenTu
K HEIOCPEACTBEHHO Caefyiomemy, TO x[s] momxen ObLITbL HEPBBIM CIIPABA
HyJ€M, 33 KOTOPBIM CTOAT eJUHUNEL. Jlerko Bugers, 4ro x [s+1]1=1 (unaue
x[s] me nepseim). Takum 06pazom Hano UCKATH HAUOOJBLIEE S, A1 KOTO-
poro x[s]=0, x[s+1]=1:

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

3a x[s+1] MOryT uaTH emé HECKOIBKO eUHMUIL, & MOCIE HUX HECKOJIBKO Hy-
qen. 3amenus x[s] Ha 1, HaTO BEIOPATH UAYIINE 38 HUM WICHBI TaK, ITOORI
MIOC/IEIOBATENBHOCTD ObLIA OBl MUHUMAIHHA C TOUYKY 3DEHUS HAIIErO MOPSII-
Ka, T. €. 9TO0BI CHAYAJIa IUIA HyJad, & TOTOM eIuHunbl. BOT 40 momyvaeTcs:

nepBas MOCAeI0BATENbHOCTE: 0..01. .1 (n-k Hysen, k equnun);
NOCJAETHAA MOCIENOBATEIBHOCTE: 1..10. .0 (k equnum, n-k Hymxen);

aaropuT™M nepexoga k caemyoomen 3a x[1]..x[n] mocraemoBaTensHOCTH
(upeamosaraeM, 94TO OHA €CTH):

s :=n - 1;

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

end;

{s - umen, mommexaumi um3MeHeHub c 0 Ha 1}
num:=0;

for k := s to n do begin

‘ num := num + x[k];

end;

{num - wmcno emmmwm ma ywactxe x[s]...x[nl], umcmo mymen
paBHo (mmuHa - uucmo emuHuu), T.e. (n-s+1) - num}

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

end;
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{ocTamocer moMecTuThr num-1 emumHumm B KoHie}

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

‘ x[k]:=1;

end; O

[pyrou cmocob mpencTaBIeHus MOIMHOKECTB — DTO MePEIUCACHNE WX
21eMeHTOB. UTOOLI KaxK J0€ 0 IMHOXKECTBO UMEJIO POBHO OJHO IPEACTaBIe-
HHe, JOTOBOPUMCA IEePEUnCIATE 3IEMEHTEL B BO3pacTaomeM mopagke. Ilpu-
XOJUM K TAKOH 3a1ade.

2.3.2. IlepeuncauThb Bce BO3PACTAIOIINE IOCAEIOBATEILHOCTH IJINHBI K
u3 uucen 1..n B jgexcukorpapuieckom nopsaxe. (IIpumep: npu n=5, k=2
nomydaeMm: 12 13 14 15 23 24 25 34 35 45.)

Pemrerne. MunumansHON Gy €T MOCIEIOBATEILHOCTS (12. .. Kk); MakcH-
MaabHOM — ((n-k+1) ... (n-1) n). B xakoM ciy4uae s-BIIl “WIEH MOCJELOBA-
TEIBPHOCTH MOXKHO yBeamdnTh?! OTBeT: ecau OoH MeHblne n-k+s. ITocae yBe-
JUYEHnsA S-TO BIEMEHTa BCe CIeAyHONue TOMXKHBEL BO3PACTATh € IIAroM 1.
[omy4aeM TAKOH aIrOPUTM IEPEXOAA K CIEAYIOLEMY:

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

end;

{s - HoMep >meMeHTa, HOLIEXaWlero yBeIWICHUN);
x[s] := x[s]+1;

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

2.3.3. IlycTp MBI pemman IpencTaBIATh K-3JeMEHTHBIE [0 IMHOXKECTBA,
MHOXecTBa {1..n} yOBIBAIOIIMME TOCTENOBATEILHOCTAME IJIWHBL K, YIO-
PATOYEHHBIMU TO-TIpexkHeMy Jdekcukorpaduaecku. (IIpumep: 21 31 32 41
42 43 51 52 53 54.) Kax BHINIAAUT TOrAa aIrOPUTM MEPeXofa K CJIexy-
ommen?

OrBetr. Umem nauboasmee s, gia koroporo x[s+11+1 < x[s]. (Ecau
Takoro s Her, noiaraeM s=0.) YBeauuus x [s+1] Ha 1, k1agém ocTaIbHBIE
MUHUMAJIBHO BO3MOXKHBIME (x [t]=k+1-t mus t>s). O

2.3.4. PemmTs aBe mpegbIiayInue 3aadd, 3aMEHUB JEKCHKOrpadumte-
CKUU TIOPAJIOK Ha OOpPATHLIM (paHbINE WAYT T€, KOTOPHIE OOMbIIE B JEK-
CUKOIPaQUIECKOM TOPAIKE). |

2.3.5. Ilepeuncauts Bce BJAOKEeHUA (QPYHKIUU, TMEPEBOIANME DAHBIE
SIEMEHTHl B pa3Hble) MHOkecTBa {1..k} B {1..n} (mpeamomaraercs, 4To
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k < n). [lopoxkgenue odepesHOro siaeMeHTa LOKHO TpebGOBATH He Gouee
C -k JeiCTBUMN.

[Ykazauue. JTa 3a7ada MOXKET OLITH CBEIEHA K TEPEIUCICHUIO O IMHO-
KECTB ¥ EePECTAHOBOK DJIEMEHTOB KaXkKI0r0 MOAMHOKECTBA. | (]

2.4. Pa3bueHus

2.4.1. llepeuucauTb BCce pa3OmeHUsa IEIOr0O MONOXKUTEJBLHOIO HUCAd, N
HA LeJIble IOJOXKUTENbHBIE claraeMmble (pa3sOueHus, OTINIAIOMINECs JULIb
HOPSAKOM CJAAraeMbIX, cauTaiorcs 3a ogHo). (IIpumep: n=4, pasbuenus
1+1+1+1, 24141, 242 3+1, 4.)

Pemerme. /lorosopumcs, 9To (1) B pa3sbueHmUAX CIaraeMele UAyT B HE-
BO3PACTAIOIIEM TOPAAKE, (2) caMu pa3OMeHUsA MBI NEPEIUCAIeM B JEKCUKO-
rpadguieckoM mopagke. Pazbuenne xpanuMm B Hadauae maccusa x[1] . .x[n],
IpU DTOM KOJMYECTBO BXOIAIIMX B HEro dmcen ob6o3HadmM k. B magane
x[1]=...=x[n]=1, k=n, B koure x[1]1=n, k=1.

B kakom caydae x[s] MOXHO yBeaMYNTH, HE MEHASA NPEABIAYIIAX.
Bo-miepBrix, gomxHO ObITH x[s-1]1>x[s] maum s=1. Bo-BTOpHIX, S JOIXK-
HO OBITH HE TOCJIEIHUM DIEMEHTOM (yBEINYEHWE S HAJ0 KOMIIEHCUPOBATH
YMEHBIIEHVEM CJEAYIOIINX). YBEAUIUB S, BCE CAEIYIOUINE DJEMEHTH HAI0
B3ATH MUHUMAJILHO BO3MOXKHBIMU.

s : =k - 1;

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

end;

{s - mommexamee yBemmyeHmw cmaraemoe}

x [s] := x[s] + 1;

sum := 0;

for i := s+1 to k do begin

‘ sum := sum + x[i];

end;

{sum - cymMa umenos, 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. Tlpencrapasas mo-TpexHEMY pa30UeHUs KaK HEBO3PACTAOIINE TTO-
CJIeI0BATENBHOCTH, IEPEYNCIUTEL UX B MOPSIIKE, OOPATHOM JEKCUKOTpadQu-
geckoMy (/i1 n=4, HanpuMep, JOKHO ObITH 4, 3+1, 242, 2+1+1, 1+1+1+1).
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[Ykazanue. YMeHbIIATH MOXKHO [IEPBLIN CIIPABA WICH, HE DABHBIN 1; Hall-
I €r0, YMEHBIIUM Ha 1, a CAeIYIOMME BO3LMEM MaKCUMAILHO BO3MOXKHEI-
MU (PaBHBIMHE €My, IIOKA XBATAET CYMMBI, & MOCAEIHUN — CKOIBKO OCTa-
HeTCs).| O

2.4.3. llpencrapiasasa pa3OueHus Kak HEYOLIBAIOIINE IIOCJIEIOBATEIHLHO-
CTU, IEPEYUCIUTh UX B JeKcukorpapuaeckom nopsagke. [Ipumep aas n=4:
1+1+1+1, 1+1+2) 1+3, 2+2, 4.

[Ykazanue. [locaequuil <9ieH yBeJWIUTH HEJb3s, & NPEANOCIETHAN —
MOXKHO; €CJIN IOCJHe YBeIWYIeHUsa Ha 1 MpeimnociaefHero WieHa 3a CIET IIO-
CJIeIHEro HapyLIuTCsa BO3pacTaHue, TO U3 ABYX WIEHOB HaJIO CAeJaTh OJUH,
€CJIM HeT, TO MOCACTHUN WIeH HATO0 PA3OUTh HA CIaraeMble, PABHLIC MPEIkI-
IYILIEMY, ¥ OCTATOK, He MEHBIIUN ero.] (]

2.4.4. Tlpencrapiasasa pa3OueHus Kak HEYOLIBAIOIINE ITOCJIEIOBATETHLHO-
CTHU, MEPEUUCAUTH UX B MOPAIKe, 00paTHOM Jekcukorpadpuieckomy. IIpu-
Mep mada n=4: 4, 2+2, 1+3, 1+1+2, 1+1+1+1.

[Ykazauue. IToObI dneMeHT x [s] MOXHO GBLTO YMEHBIIUTDL, HEOOXOLU-
MO, 9TOOBI s=1 mmm x[s-1]<x[s]. Ecan x [s] me mocaegquum, TO 3TOro u g0-
crarouno. Eciau on mocaegnun, To Hyx)HO, 9T00BL X [s-1] < |x[s]1/2] nin
s=1. (3gechb || obo3HadaeT Heryo 4acTh )] O

2.5. Kogbl ['pes n aHanoru4yHbie 3aga4m

MNuorma 6LIBaeT MOJE3HO NEPEIUCIATE OOBEKTHL B TAKOM IOPAIKE, ITO-
OBl KaXXILI CAEIYIONMA MUHAMAJILHO OTIMIAJICA OT Ipeablayinero. Pac-
CMOTPHUM HECKOIBKO 3339 TAaKOT'O POJA.

2.5.1. IlepeuncauThb BCe MOCIEIOBATENBHOCTH MJIUHBL N U3 4dmcea 1..k
B TAKOM IOPSAIKE, YTOOBI KaXK1asa CAeIYIOMas OTANIAJACH OT IPEIbLIyIIen
B IMHCTBEHHOU Iu(pe, TpuIeéM He 6omee, 9eM Ha 1.

Pemrenwe. PaccMoTpuM npsiMOyTOMBHYIO JOCKY LINPUHBL NI X BBICOTHL K.
Ha xaxgou BepTukaniu OyIeT CTOATHL MANKa. TakuMm 0O6pa3oM, MOJOXKe-
HUA IIAIEK COOTBETCTBYIOT MOCTEIOBATENBPHOCTAM U3 YuCeT 1. .k IJIUHEBL n
(s-BII WIEH MOCIENOBATEIBHOCTH COOTBETCTBYET BBICOTE LIALIKA HA S-OU
Beprukau). Ha KkaxIou mamke HApDUCyeM CTPEIOYKY, KOTODas MOXKET
OBITH HANIPABJEHA BBEPX WM BHU3. BHadYase BCe MIAINKYM IOCTABAM HA HUXK-
HIOI0 TOPU3OHTANL CTPEJOYKON BBepX. Jlamee MBUTAeM IMANTKA TIO TAKOMY
MPABUWIY: HAUAA CAMYIO MTPABYIO IIAIIKY, KOTOPYIO MOXKHO TOJIBUHYTH B Ha-
npaBJaeHVN (HAPUCOBAHHOU HA HEW) CTPEJKHU, ABACAEM €& Ha OJHY KIETKY
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B DTOM HAIPABIEHUM, & BCE CTOSMME OpaBee Heé mamku (OHU yIEPJIUCH
B Kpal) Pa3sBOPAIMBAEM KPYTOM.

ScHO, 9TO Ha KAXKAOM IIare TOJIBKO OJHA MIAIIKA CABUTACTCH, T. €. OJQUH
“WIEH TOCJAeI0BATEILHOCTH MeHAeTCA Ha 1. [JokaxeM MHAYKIUEN O 1, ITO
IIPOXOAATCA BCE MOCAef0BaTeabHOCTH U3 ducea 1. .k. Ciaydan n=1 oueBuaeH.
IIycte n>1. Bece xoab1 mogeaum Ha Te, I'Ae ABUIAETCS [TOCIEIHSS IIAIIKA,
u Te, Tl IBUTAETCA HE MOCIENHSA. BO BTOPOM CiIydae MOCTETHSsA IIAIIKA
CTOUT Y CTEHBI, ¥ MBI €€ TIOBOPAYMUBAEM, TAK 9TO 34 KAXKABIM XOJI0M BTODO-
ro tumna creayeTr k-1 XOA0B MEPBOrO THIA, 38 BPEMs KOTOPBIX ITOCJIEIHIA
mamka noOBIBAET BO BCEX KIETKAX. Kcam MBI Tenmepsb 3a0ygeM O IOoCJe[-
HEH INAIIKE, TO [BUXKEHUs MEPBLIX N—1 MO MPEIION0KEHIIO UHIYKIUN IPO-
6eramT BCe HOCJIEJOBATEILHOCTH [IWHBL N—1 IO OMHOMY DPa3y; [BUKEHU
XK€ TIOCJAeTHEN MAIKY U3 Ka¥K I0U MOCIeI0BATeILHOCTU IINHLI n—1 neqaroT
k mOCJIeI0BATEIHLHOCTEN [IVHLI N.

B mporpamme, momumo mocaegosareabroctu x[1]..x[n], 6ymzem xpa-
HuTh MaccuB d[1]..d[n] u3 uucen +1 u -1 (+1 COOTBETCTBYET CTPEIKE
BBEDX, -1 — cTpesKe BHU3).

Hauansnuoe cocrosmme: x[1]=...=x[n]=1; d[1]=...=d[n]=1.

ITpuBegém anropuT™ mepexoia K CAEAYIOMEN MOCIeN0BATeIbHOCTH (O1-
HOBPEMEHHO BBIACHAETCS, BO3MOXKEH JIM TIEPEXO] — OTBET CTAHOBUTCS 3HA-
JeHueM OyJEBCKOU IIEPEMEHHOU P).

{ecmnm MoxHO, cmelmaTEk War ¥ HONOXMTL P := true, eciIM HeT,
nmonoxuTs p := false }
i := n;
while (i > 1) and
(((d[i]l=1) and (x[il=n)) or ((d[il=-1) and (x[il=1)))
do begin
i:=i-1;
end;
if (d[i]=1 and x[i]l=n) or (d[i]=-1 and x[i]=1) then begin
‘ p:=false;
end else begin
p:=true;
x[i] := x[i] + a[il;
for j := i+l to n do begin
‘ dljl := - d[j1;
end;
end; O

3ameuanne. [ MOCIEIOBATEILHOCTEN HYJIEN U €IUHUIL BO3MOXKHO IPY-
roe pelleHne, UCIONb3YIomee 1BOnYHy cuctemy. (MMeHHO OHO CBA3BIBA-
eTcsa 0OLIYHO C HaszBaHUeM «KOaul ['pesy.)



50 2. Iloponcdenue KoMOUHAGMOPHBIL 00BEKMO6

Sanuiem noapsag Bee umciaa or 0 go 2" — 1 B gBowunou cucreme. Ha-
mpuMep, I n = 3 HaIWIIeM:

000 001 010 011 100 101 110 111

3aTeM Kax[IOoe M3 JUCe] HOIBEprHEM IPeOOPA3OBAHUIO, 3AMEHUB KaXK VIO
nudpy, KpOMe IEePBOH, Ha €€ CyMMy € IPeAbLIyLied uudpou (1o MoLy o 2).
NupivMu croBamu, IUCIO G, Asg, . . . , Gy TIPEOOPA3YEM B G1,01 + A2,a02 + A3, . ..
vevyGp_1 + @y (Cymma mo momyato 2). s n = 3 moayaum:

000 001 011 010 110 111 101 100

Jlerko mpoBepuTH, YTO ONUCAHHOE NPeoOpa3oBaHUE Hucea 0OpaATUMO
(u TeM caMBIM 1aéT BCE MOCIENOBATEILHOCTH IO OQHOMY pasy). Kpome To-
o, IBOMYIHLIE 3aIIMCH COCEIHUX TMCe] OTINIAI0TCA 3amMenon korna 011...1
Ha komen 100...0, yTo — nocie npeoO6pa3soBaHUsa — IMPUBOIUT K U3MEHe-
HUIO €IUHCTBEHHON IU(PHI.

Ilpumenenue xoga I'pesa. IlycTh ecTh Bpalaiomascsa OCb, U MBI XOTHUM
MOCTAaBUThL TATIUK yIJIa MOBOpOTa »Tou ocu. Hacamum Ha och Gapabaw,
BLIKPACHUM II0JIOBUHY OapabaHa B IEPHBIN [[BET, IIOJOBUHY B O€JLIA U yCTa-
moBuM ¢orosnemenT. Ha ero Beixoge Oyger B mosoBmue ciay4daes 0, a B
nosoBuHe 1 (T.€. MBI HU3MEPAEM YIOM «C TOYHOCTBIO 10 180»).

PaseépTra Gapabana:

0 1

[ N cxents 6oxa

Crenas psAgoM APYTYIO JOPOXKKY U3 IBYX YEPHBIX U OEJBIX YACTEN U MO-
CTABUB BTOPOU (POTODIEMEHT, MOJYIaeM BO3MOXKHOCTb U3MEPUTH YIOI C
TOYHOCTBIO 10 90°:

CruenaB TpeTsio,

o O O
— o O
o = o
== O
oo
—= O
O~
==

)
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MBI U3MEPUM YI'OJI ¢ TOYHOCTBIO 10 45° u T. 1. DTa UAess UMEeT, OTHAKO, He-
MOCTATOK: B MOMEHT IEPECeYeHNA I'PAHNI] CPA3y HECKOIBKO (DOTOIIEMEHTOB
MEHAT CATHAA, U €CIAN DTU U3MEHEHWUs MPOU3OUIYT HE COBCEM OTHOBDE-
MEHHO, Ha KaKOe-TO BpeMs MOKa3aHuA (HOTOITeMEHTOB OyayT O€CCMBICICH-
ueivu. Koawr I'pes mossossior mzbexars sTou onacuoctu. CrenaeMm Tak,
4TOOBL Ha KaKJJOM IIare MEeHAJIOCh MOKA3aHue JIUIIb OTHOI'O (POTOIEMEHTA
(B TOM 4UMCIE U HA TOCIETHEM, TIOCIE IEI0ro 060poTa).

00001111
00111100
01100110
[ I
[ N
[

Hamucannasa mamu ¢popMmya MO3BOAIET JEIKO TPeoOpa3oBaTh TaHHLIE
0T (POTODJIEMEHTOB B IBOUYHBLIN KOJ yIJa MOBOPOTA.

3aMeTuM TakXe, 9TO MeOMETPUYIECKHN CYIIeCTBOBAHUE KOIa I'pes o3Ha-
YaeT HaIMYUe (TaMUJIbTOHOBA LUK/IA» B N-MEPHOM Kybe (BO3MOXKHOCTH
000OUTH BCe BEPIIMHEI Kyba IO pasy, ABUCaiCh IO PEOpaM, ¥ BEPHYTHCA
B UCXOJHYIO BEPILUHY ).

2.5.2. HameuaraThb Bce mepecTaHOBKM YuCea 1..n Tak, ITOOBI KaxK qas
CJIEIYIOWAs OLyIaIach U3 IPEALLAYIIEN [IePeCTAaHOBKON (TPAHCIO3UIEN )
IBYX cocefHux 4ducen. Hanpumep, npu n=3 nomyCcTUM TaKOU HOPSLOK:

3.21-+-23.1—-+2.13—-123—-1.32-—=312
(MeX Iy mepecTaBIAEMBIMYA IACAAMY BCTABIEHBI TOUKH).

Pemrenme. Hapsiny ¢ MHOXKECTBOM mIEepeCTAaHOBOK PACCMOTPUM MHOXKE-
cTBO mocaenoBareasHocTer y[1]..y[n] measx HEOTpUIATENBLHBIX YUCe,
s koropeix y[1] <0, ..., y[n] <n-1. B HéM CTOIBKO XK€ BIEMEHTOB,
CKOJIBKO B MHOXECTBE BCEX TIEPECTAHOBOK, U MBI CEUYAC YCTAHOBUM MEKIY
HUMU B3aMMHO OJHO3HAYHOE COOTBETCTBUE. IMEHHO, KaXK [OU IEPECTAHOBKE
[IOCTAaBUM B COOTBeTCTBHE nociaexoBareabHocts y[1]..y[nl, rae y[i]l —
KOJIMIECTBO YUCETI, MEHBIINX 1 U CTOAMNX JIEBEE i B DTOU MEPECTAHOBKE.
Bsanmuas 0IHO3HAYHOCTL BHEITEKAET M3 Takoro 3amedanus. IlepecTaHos-
Ka 4mucelx 1..n moJaydaeTcsa U3 IepecTaHOBKU uucea 1..n-1 gobaBiaeHueM
4uCaa n, KOTOPOe MOXKHO BCTABUTH HA J1000e u3 n MectT. [Ipu 5ToM K como-
CTAB/SIEMOU C HEH MOCICIOBATEIBHOCTH NOOABIAECTCS el OAUH WIEH, IPU-
HUMAIOMMK 3Ha4YeHus oT 0 mo n-1, a MpeasIayIMe WIeHBl He MEHSIOTCS.
[Ipu 5TOM OKa3BIBAETCS, ITO U3MEHEHNE HA €UHUILY OJHOI'O U3 WIEHOB II0-
CIe[OBATEIBHOCTH ¥ COOTBETCTBYET TPAHCIO3UINU TBYX COCETHUX HUCEl,
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€CcJIy BCe CJIeAYIOMe 9rC/Ia I0CAeJOBATEIbHOCTY § IPUHIMAIOT MAKCUMAIb-
HO WM MUHUMAJIHHO BO3MOXKHBIE IJs HUX 3HAYEHUsd. IMEHHO, yBeIndeHune
y[i] ma 1 cooTBeTCTBYET TPAHCIO3WINMK YUCIA 1 C €r0 IPABBIM COCEIOM,
a YMEHBIIEHNE — C JEBBIM.

Temepsr BCIOMHMM peIleHZE 331a4M O MEPEYUCICHAN BCEX ITOCJIEI0Ba-
TEIBHOCTEN, HA KAXKIOM IIare KOTOPOI'O OJVH “WIEH MEHSIETCs Ha €IMHUILLY .
3aMEeHUB MPAMOYTOJIBHYI JOCKY HOCKOU B (DOPME JECTHUILI (BBICOTA i-O1
BEPTUKAJIN PABHA 1) ¥ IBUTAd MIANIKA 110 TEM XK€ MPABUIAM, MBI [IEDEIU-
CJIUM BCE TOCIEIOBATEILHOCTH Y, TPUIEM i-BIM wieH OyIeT MEHATHCI Kak
Pa3 TOJBKO ecJau BCe Cieayolme Inamkyu ctoar y kpas. Hano emé ymers
[MAPAIEIBHO ¢ UBMEHEHUEM Y KOPPEKTUPOBATH HepecTaHoBKy. O4eBu iHbIN
cr1oco6 TpebyeT OTBICKAHMS B HEW YMC/IA 1; DTO MOXKHO OOJErdUuTb, €C/IH
MOMUMO CAMOU TIEPECTAHOBKU XPAHUTEL (DYHKITIIO

i — mo3uIuA YuCaa 1 B IepeCTaHOBKE,

T.e. 00paTHOE K IEepeCTAHOBKE OTOOpaXKeHue, U COOTBETCTBYIOMIUM OOpa-
30M e€é KOppeKTupoBaThb. BoT kakas morydaercs nporpaMma

program test;
const n=...;
var
x: array [1..n] of 1..n; {mepecranoBka}
inv_x: array [1..n] of 1..n; {o6paTHas mepecranoBka}
y: array [1..n] of integer; {y[i] < i}
d: array [1..n] of -1..1; {manpaBmenua}
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;{mepmaa: y[il=0 mpu Bcex i}
‘ var i : integer;

begin
for i := 1 to n do begin
x[i] :=n + 1 - 1i;
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 = 1i-1;
end;
done := (i>1); {ympomenue: mepBHW UIeH HEIL3A MEHATH}

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

for j := i+l to n do begin
| dl3l := -d[j];

end;

posl := inv_x[il;

vall := i;

pos2 := posl + d[il;

val2 := x[pos2];

{pos1, pos2 - HoMepa mepecTaBIAEMHX SIEMEHTOB;
vall, val2 - ux 3Hadenuma; val2 < vall}

tmp := x[posi];

x[pos1] := x[pos2];

x[pos2] := tmp;

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

set_first;

print_x;

b := true;

{HanevaTaHH BCe NepeCTAaHOBKM [0 TEKylWled BKINIUTEIHHO;
ecimu b IOXHO, TO TeKymas — IOCIEeNHAA}

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

end;
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2.6. Heckonbko 3amevanun

ITocmoTpuMm emé pas Ha UCHOIL30BAHHBEIE HaMU NpuéMbl. Buadase yna-
BAJIOCh PEMINTh 3a4ady II0 TAKOW CXeMe: OIpelelseM IIOPALOK Ha IIOJje-
JKAIMUX TIEPEUUCTIEHNI0 O0BEKTAX U SABHO OMUCHLIBAEM MIPOLEAYPY Mepexona
OT JAHHOTO OOBEKTA K CIeAyomeMy (B CMBICJAE DTOrO mMopaAnka). B 3anade
o kogax I'pesa moTpe6oBaIOCh XPAHUTD, IOMUAMO TEKYIIEro 0OBLEKTa, 1 HEKO-
TOPYIO JONOMHUTENbHYIO uH(opManuio (HampasieHus cTpenok). Hakownern,
B 33846 O [IepPeunuCAeHUH [IePEeCTAHOBOK (HA KaxKJOM LIare JOILyCTUMA OLHA,
TPAHCIIO3ULAA) MBI IPUMEHWIA TAKOU MPUEM: YCTAHOBWIM B3AMMHO OJIHO-
3HAYHOE COOTBETCTBUE MEXK Iy MEPEUNCIAEMBIM MHOXKECTBOM U APYTUM, 6O~
Jiee TPOCTO YCTPOEHHBIM. TakKuX COOTBETCTBUN B KOMOMHATOPUKE U3BECTHO
MHOr'0. MBI mpuBeaéM HECKOJILKO 331a4, CBA3AHHLIX C TAaK HA3LIBAEMBIMU
«anciamu Karananay.

2.6.1. TlepeuncauThb BCe MOCAEIOBATEILHOCTH AJIAHBL 2N, COCTABICHHLIE
73 N €IVHUI X N MUHYC €IUHUL], y KOTOPBIX CyMMa JI0O0ro Ha9albHOrO OT-
pe3Ka HEeOTPULATENbHA, T.€. YUCJI0 MUAHYC €IWHUAL B HEM HE IIPEBOCXOIUT
qucaa equaui. (ucao Takux mocIeI0BaTeIbHOCTEN HA3BIBAIOT 4ucaom Ka-
maaana; GOpMyay I ducen KararaHa cM. B CIEAYIOLIEM Da3iese. )

Pemenme. Nzo6paxas equuuiry BekTopom (1,1), a MUHYC eIUHUILY BEK-
TopoM (1,-1), MOXHO CKa3aTh, ITO MBI uieM myTu u3 ToIku (0,0) B TOU-
Ky (n,0), He OIMyCKAOMNECS HUXKE OCH abCIMCC.

Byzem mepedmcisnTh mocienoBaTeNbHOCTH B JEKCUKOIDADUIECKOM IIO-
psagke, camras, 9To -1 npemmecrByer 1. IlepBoll mOCIEIOBATEIBHOCTHIO
OyZeT «IIviay

a TIOCTeTHEN — «TOPKa»
1, 1, 1,..., 1, -1, -1,..., -1.

Kak mepeuTu oT mocCaeIOBATEILHOCTH K caegywomen? [[o HeKoToOporo
MeCTa OHU JOKHBI COBIA,AATh, & 3aTeM Ha 10 3aMeHuTh -1 Ha 1. MecTo 3a-
MEHBI JOJKHO OBITH PACIONOXKEHO KaK MOXKHO mpasee. Ho 3amenaTs -1 Ha 1
MOXKHO TOJBKO B TOM CJIydae, eCJy COpaBa OT Heé eCTb eIMHULA (KOTOPYIO
MOXKHO 3aMeHuThb Ha -1). [locae 3amensr -1 Ha 1 MBI IPUXOAUM K TAKOU 3a-
nade: GUKCUPOBAH HAYAMBHBIA KyCOK MOCAEIOBATENLHOCTH, HAO HANTU MU-
HUMaJbHOE Iponokenne. Eé permenne: Hano NIPpUNNUCHIBATE —1, ecau 3TO He
HAPYIIUT yCJIOBUA HEOTPUIATEIHHOCTH, & NHAYME IPUIHUCEHBATE 1. Ilory1aem
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TAKYIO IPOrPAMMY:

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

procedure get_next (var a: array2n; var last: Boolean);
{B a noMemaercsa cmezywmad DOCIELOBATEIBHOCTH, €CIU}
{ona ects (upm sTom last:=false), unade last:=true}
var k, i, sum: integer;
begin
k:=2%n;

{uuBapuanT: B alk+l..2n] Tompko MHMHyC eLMHMIE}
while alk] = -1 do begin k:=k-1; end;

{k - makcumambHOe cpemm Tex, mma xoTopux alk]=1}
while (k>0) and (a[k] = 1) do begin k:=k-1; end;
{alk] - camas mpaBas -1, 3a XKOTOpo¥ ecTh 1;

ecnu Takux HeT, To k=0}

if k = 0 then begin

‘ last := true;
end else begin
last := false;

1i:=0; sum:=0;
{sum = a[1]+...+a[il}
while i<>k do begin
‘ i:=i+1; sum:= sumtali];
end;
{sum = a[1]+...+a[k], alk]l=-1}
alk]:= 1; sum:= sumt+2;
{BmnoTe mo alk] Bcé maMeneno, sum=al[1]+...+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:= sumtalk];
end;
{k=2n, sum=al1]+...a[2n]=0}
end;
end; O

2.6.2. IlepeuucauThb Bce PACCTAHOBKYU CKOOOK B IPOU3BEIECHUN N COMHO-
xurenen. [IopAgoK COMHOKUTEIEN HE MEHAETCsA, CKOOKU TIOTHOCTHIO OMpe-
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IeJsIF0T nopsaok peucrsun. Hanpumep, niis n=4 ecTb 5 pacCcTaHOBOK:

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

[Ykasanue. Kaxknomy mOpagky OeHCTBUN COOTBETCTBYET IMIOCIEIOBA-
TEJBHOCTH KOMaH[ CTEKOBOI'O KAJbKYJIATOPA, OMUCAHHOrO Ha C. 143.] |

2.6.3. Ha oxpyxXHOCTU 3a1aHO 2n TOYEK, TPOHYMEPOBAHHLIX OT 1 10 2n.
IlepeuncauTs Bce CiOCOOBI TPOBECTU N HEMEPECEKAIOIIUXCA XOPJ C BEPIIN-
HAMU B DTUX TOYKAX. O

2.6.4. TlepeuncauThb Bce CIOCOOBI pPa3pe3aTh N-YyTOJbHUK HA TPEYTOMb-
HUKU, IPOBEJAA N—2 €ro IUaroHaJIN. (]

(Mb1 BepHEMCA K Pa3PE3aHUI0 MHOTOYTONLHAKA B PA3IENe O JUHAMEAIE-
CKOM IIPOIpaMMUpPOBaHuH, ¢. 136.)

Emé ogme xaacc 3a4ad HA NEPEUUCACHUE BCEX BJIEMEHTOB 34 TaHHOIO
MHOKECTBA MBI PACCMOTPUM HUXKE, OOCYZK1asa METOL MOMCKA C BO3BPATAMU
(backtracking).

2.7. lNopacuyeT konunyecTs

WNuorga MOXHO HAUTU KOJIUIECTBO OOBEKTOB C TEM WJIN WUHBIM CBOU-
CTBOM, HE MEPEIUCAAA uX. Kiaccuiaeckun mpumep: Cﬁ — 9uca0 BCex k-pie-
MEHTHBIX MOAMHOXECTB N-3JIEMEHTHOTO MHOXECTBA — MOXKHO HAUTHU, 3a-
nonHAA Tabuuny 1o GOopMyJIaM

Ch=Ch= (n=1)
ch=ctl+cCk .,  (n>1,0<k<n)

nIm 1o popmy.ie
!
ok — n!
Tk (n—k)!
(Iepsoit cioco6 > deKTuBHee, €M HaA0 BEMUCIATE MEOTO 3Hadenni CF.)
IIpuBeaém apyrue npumMepsi.

2.7.1. (Yucao pazbuenui; npejirarajiach Ha Bcecow3HOU oauMnua,ie mo
nporpammupoBaauio 1988 roga) Ilyctes P(n) — 4ucao pasbueHUn 1eaoro
HOJIOKUTEILHOIO 7 Ha LeJble IOJOXKUTEeIbHBIEe claraemble (6e3 yduéra mo-
pagka, 1 +2 u 2+ 1 — oxso u To ke paszbuenue). [Ipu n = 0 nonoxum
P(n) =1 (eguncTBeHHOE pa3bueHME HE CONEPKUT CaaraeMuix). [loctpouts
anropuT™ Beraucaenus P(n) mis 3agagHoro n.
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Pewenwe. MoxHO 10Ka3aTh (3TO HETPUBUAIBHO) TAKYIO (DOPMYILY /s

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

(3HAKU y map YIEHOB YePEeNyIOTCsA, BEIMUTAEMBIE B OLHOU HAape PABHBI
(342 — q)/2 u (3¢> + q)/2; cymma komeuna — Mbl cauTaeM, 1to P(k) =0
upu k < 0).

OaHako u 6e3 €€ UCMOAB30BAHUA MOXKHO NPUIyMaTh CIOCOO BHIUUCIC-
aus P(n), KOTOPBIU CymecTBEHHO ek TUBHEE mepebopa U MOACIETa BCeX
pa3bueHun.

O6o3uaanm vepes R(n, k) (gna n >0, k > 0) 4ucio pasbueHun n Ha ue-
JIBle MOMOXKUTEIbHbIE craraemble, He npesocxomsamue k. (Ilpu srom R(0, k)
cuanTaem paBHbIM 1 mis Beex k > 0.) Ogesugno, P(n) = R(n,n). Bce pasou-
€HUA N HA CIAraeMble, He MPEeBOCXoadmue k, pa3obbéM Ha CPYINHL B 3aBU-
CUMOCTU OT MAKCUMAJIBHOIO ciaraeMoro (06o3uaduM ero ). Yucao R(n, k)
paBHO cymMme (o BceM i oT 1 10 k) konumdecTs pa3sbUeHUN CO CIaraeMbIMU
He Oojblie k 1 MAaKCUMAJIbLHLIM CIaraeMbIM, PABHBIM i. A pasbueHus n Ha
craraemble He 60see k C EPBBIM CJAAra€MbIM, PABHBIM i, IO CYIIECTBY MPEJ-
CTaBJAIOT COOOU PA3OMEHUA 1L — 4 HA CAAraeMble, He IPEeBOCXOIAIMeE | (TIpu
i < k). Taxk uTo

k
R(n,k) = ZR(n —1,1) mpu k < n,
i=1

R(n,k) = R(n,n) upu k > n,
YTO MO3BOJAET 3ANOJHATH TAOIUILY 3HAYeHUN QyHKIuu R. (]

2.7.2. (CuactauBble OwIeTHl; IpeIararack Ha BcecoosHon onuMnua-
ge no nporpammupoBanuio 1989 roga.) Hocaegosareasnocts u3 2n uudp
(xaxnas mudpa oT 0 10 9) HABLIBAETCA CIACTIUBLIM OUIETOM, €CIU CYyMMA,
mepBLIX 7 udp paBHA CyMMe TOCaequux n udp. Hauntu 9ucio caacTamBeix
MOCJIEI0BATEILHOCTEN JAHHOUW NIUHBI.

Pewenue. (CooO1meHo 0 fHUM U3 yIACTHUKOB OJMMIMALbL; K COXKAJICHHUIO,
HE MOT'Y yKa3aTh (haMIINI0, TaK KaK pPabOTHI MPOBEPAIUCH 3amudpOBaH-
eiMu.) Paccmorpum Gosee OOy o 3aJady: HAUTU TUCIO TOCIEI0BATEb-
HOCTEH, '€ PA3HWUIA MEXIYy CyMMOU MEPBHIX N UMD U CYMMOU TMOCTEI-
Hux n uudp passa k (k= -9n,...,9n). Oycrs T'(n, k) — umcao Takux
IOC/IEJOBATEIBLHOCTEH.

Pa306béM MHOXKECTBO TAKUX MOCAEIOBATEILHOCTEN HA KIACCHI B 3aBUCH-
MOCTH OT PA3HUIILI MEX Y TTEPBOU U TocaeaHen udpamu. Ecau Ta pasau-
I1a PaBHA, ¢, TO PA3HUIIA MEXK Y CYMMAaMU DPYII U3 OCTABIIUXCA 1 — 1 mudp
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paBHa k — t. YauTeBas, 9T0 nap uudp ¢ pasHocThio t 6bBaer 10 — [¢|, mo-
JaydaeM GOpMyIy

9

T(n,k)= > (10— [t)T(n -1,k —1).
t=-9

(HekoTopEIe ciaraemele MOy T OTCYTCTBOBATE, TAK KaK k — ¢ MOXeT OBITH
CJUIIKOM BEJIKKO. ) O

B HEKOTOPBIX CAyYasX OTBET yIAETCA TOIYIUTH B BULE ABHOU (POPMY.JIHL.

2.7.3. Joxasarb, uTo uucjo Karasana (KOIXIECTBO MOCIEI0BATEILHO-
CTeN LIMHLL 21 U3 N €IUHUI U 7 MUHYC eIUHUL, B JI000M HAIAJIBHOM OTPe3-
Ke KOTOPBIX HE MEHbIIEe eqVHUL, 1eM MuHyC egunun) passo CF /(n + 1).

[Ykazauue. Yncro Karanama ects umeno moManbix, uaymmx u3 (0,0)
B (2n,0) waramu (1,1) u (1,—1), He OMYCKAIIUXCA B HUKHIOK IOJLYILIOC-
KOCTB, T. €. PA3HOCTb YUCJIA BCEX JOMAaHBIX (koTopoe ects CF) u ducia ao-
MAHBIX, OIYCKAIOMNXCA B HUKHIOK HOLYILIOCKOCTD. [0oCaeqame MOXKHO O~
caThb TAKXKe KaK JOMaHbIe, epecexkatouye npsamyio y = —1. Orpasus ux xy-
COK CTIPaBa OT CAMOU MPABOU TOYKHU TIEPECEICHUI OTHOCUTENIBHO YKA3AHHON
OPAMOU, MBI yCTAHOBAM B3aMMHO OQHO3HAYHOE COOTBETCTBUE MEXKIy HUMU
u nomauevu w3 (0,0) B (2n, —2). Octaéres mposeputs, uto Cy, — Cort =
=3, /(n+ 1)) 0



3. ObXO/J AEPEBA.
[MEPEBOP C BO3BPATAMU

3.1. Pep3u, He bblowme Apyr Apyra:
06x0/, AepeBa NO3MLUA

B npeapigymien riase Mbl pACCMATPUBAIA HECKOJIBKO 33,1449 OTHOI'O U TO-
rO XK€ TUTA: (TEPEIUCIUTE BCE DIEMEHTH HEKOTOPOro MHOX)ecTBa A». Cxe-
Ma pemieHus ObLTa TAKOBA: HA MHOXECTBE A BBOIUICA MOPATOK W OMUCHI-
Balachb MpOIENypa Mepexoa OT MPOU3BOILHOIO DIEMEHTA MHOXKeCTBa A
K caefgyomeMy 3a HuM (B aToM mopsake). Takyio cxemy He Bcerga ynaércs
pPealM30BaTh HENOCPEICTBEHHO, U B 3TOU [VIABE MBI PACCMOTPUM IPYIOU
TOJE3HBIN TIPUEM TIEPEUNCICHUA BCEX BIEMEHTOB HEKOTOPOrO MHOXKECTRA.
Ero HaspBaloT «IOMCK C BO3BpaTaMM», «METOJ BETBEHM W I'paHuiy, «back-
trackingy. Ha mam B3riag, Hambodee TOYHOE HA3BAHME DTOIO METOMA —
00Xon mepesa.

3.1.1. Tepeuncaurs BCe CIOCOOLI PACCTAHOBKU N (hep3ed Ha MIaxMaT-
HOU JOCKE 71 X 1, TPU KOTOPHIX OHU He OBIOT IPYT APYTa.

Pemenue. OueBuaHO, HA KAXKIOU U3 7 TOPU3OHTAMEN NOTKHO CTOATH
no ¢epsw. Bygem nasweBars k-nosuunmen (aaa k=0,1,...,n) 0pousBoib-
HYIO0 PaccTaHOBKy k ¢epsell HA k HUKHUX TOpU3OHTaLAX (dep3um MOryT
6ure apyr apyra). Hapucyem «izepeBo mosunuiny: ero kopHeM OyAeT equH-
crBerHas (0-mosunus, a U3 KaxkKIOU K-TO3UIMK BBIXOAUT 7 CTPEIOK BBEPX
B (k + 1)-mosuuun. DT N TO3WIMI OTINIAOTCA MOTOKEHWEM dep3s Ha
(k 4+ 1)-ou ropusonTamu. Bygem cauTaTh, 9TO PACIOIOKEHNE UX HA PUCYH-
K€ COOTBETCTBYET IIOJOKEHUIO STOr0 (ep3s: JeBee Ta MO3UIWS, B KOTOPOU
¢dep3b pacroOXKeH JeBee.

Cpenu no3unuu >Toro AepeBa HaM HAL0 0TOOPATH Te N-NO3ULKUY, B KO-
TOpHLIX (depsu He O6bI0T ApyT apyra. [Iporpamma 6ymeT «06XOaUTH AEPEBO»
U UCKATH uX. UTOOBI HE NEMaTh JUITHEN pabOTHI, 3aMETUM BOT UTO: €CIU
B KakOU-TO k-mo3uiiuu dpeps3u ObIOT APYT APyra, TO CTABATH NATLHEUIINX
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llepeBo mozunuu mas n = 2

depsen cumpicaa uer. IlosTOMy, OOHAPYXKUB 3TO, MBI OyaeM MpEKpaIlaTh
TIOCTPOEHUE [EPEBA B DTOM HATIPABICHUU.

Tounee, Ha30BEM k-IO3UNMIO JOMYCTUMOU, €CIU IIOCTE VIATCHUA BEPX-
Hero ¢ep3sa ocrapmmecs He ObIOT apyr apyra. Harmma mporpamma OymgeT
PacCMaTPUBATEH TOJBLKO JOIIYCTUMBIE O3ULINH.

N S 1
g i

[lepeBo TOMyCTUMBIX TO3ULIUAN IJIA 1 = 3

Pazo6ném 3agady Ha ne gactu: (1) 06xX0q IpOM3BOILHOTO Aepesa u (2)
peaTn3anno 1epeBa JOMyCTUMBIX MO3UIUN.
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Cdopmyaupyem 3agady o6X0ga NPOU3BOIBHOIO AepeBa. Bymem cum-
TaTh, YTO ¥ HAC UMeETCA POGOT, KOTOPHIM B KAXKILIM MOMEHT HAXOMIUTCSI
B ONHOU U3 BEPUIVH [epeBa (BEpIIMHBLI U300DPAXKEHbI HA PUCYHKE KPYyIKOU-
kamu). OH yMeeT BBINOJIHATH KOMaHIBL:

e BBepX_HaleBO (MATHU IO CAMON JEBOU U3 BBIXOIAIIMX BBEPX CTPEJIOK)
e BIpaBo (IEPENTH B COCEAHIOI0 CIIPABA BEPIIUHY )
e BHU3 (CIyCTUTHCS BHU3 HA OJUH YPOBEHB)

(Ha pucynkax cTpexaMu HOKA3aHO, KAKAE IIEPEMEIEHNs COOTBETCTBYIOT
DTUM KOMaHJAM. )

BBEpPX_HAJIEBO BIIPaBO BHU3
Kpome Toro, B penepryap Po6ora BxoasT nposepku (COOTBETCTBYyIOLIME
BO3MOXKHOCTH BBIIOIHUATD KAXKIYIO U3 KOMAHL):

® eCTL_CBepXy;

® ecCTL_CIpaBa;

® eCThL_CHU3Y;

(HOCJIe;[HmI IpOBEpPKA UCTUHHA BCIOAY, KpOME KopHﬂ). O6partuTte BHUMaHUE,
YTO KOMAHa BIPABO MO3BOJAET MEPEUTH JUIhL K «POTHOMY OpaTy», HO HE
K «IBOIODOOTHOMY».

Tax koMaHIa
BIIpaBO
He rencTByerT!

Byzem cunrars, uTto y Po6oTa ecTh KOMaHAa 06paboTaTk M UTO €ro
3amada — o0paboTaTh BCE JUCThA (BEPIIMHBLI, U3 KOTOPHIX HET CTPEJOK
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BBEDX, TO €CTh [/l YCJIOBUE €CTb_CBEpXy JOXKHO). [l Hamen maxmMaTHON
3aJa4u KoMaHIe o6paboTaThk OyJeT COOTBETCTBOBATH IPOBEPKA U IEYATh
mo3UIUK (pep3en.

[loxa3aTeabCTBO MPABUIBHOCTH TPUBOAVMOUN Jadee MPOrPpaMMBI UC-
mosab3yer Takue ompenenenus. llycTts ¢ukcupoBano mosnoxkenume Pobora
B OJHOU U3 BepUIMH jgepeBa. Torga Bce JUCTbs JepeBa pPasOMBAIOTCS HA
Tpu kareropun: wad Poborom, sesee Pobota u npasee Pobora. (IlyTsh us
KODHS B JIUCT MOXET IPOXOAUTH Yepe3 BepumHy ¢ Po60ToM, CBOpaInBaTh
BJIEBO, HE NOXO/s 10 Heé U CBOPAIMBATDH BIIPABO, HE IOXOAA A0 HeE.) Uepes
(0JI) o603Ha UM ycaoBue «0O6pabOTAHEBL BCe JUCThsA jJeBee PoboTay, a depes
(0JIH) — ycaoBue «0OpabOTAHBI BCE JUCTh JeBee u Hax PoboTomy.

Jlesee Hax IIpagee

Hawm nmomazoburcs Takas npoueaypa:

procedure BBepxX_ZIo_ymopa_H_o6paboTaTk;
‘ {mamo: (0JI), mamo: (OJIH)}
begin

{unBapuant: 0]}

while ecTp_cBepxy do begin
‘ BBepX_HAaleBo;

end

{0Jl, Po6boT B mmcTe}
o6pa6oTaTs;

{0nH}

end;

OCHOBHOU AJITOPUTM:

LaHO: Po6oT B KOpHe, IUCTBbA He 06paboTaHH
Hano: Po6oT B KOpHe, IUCTBA 06paboTaHH

{03
BBepX_Io_ynopa_u_ob6paboTaTs;
{unBapuanT: OJIH}
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while ecTb_crHM3y do begin
if ecTb_cmpaBa then begin {0JIH, ecTs cmpaBa}
BIIpaBO;
{om}
BBEpX_Jlo_ymnopa_u_o6paboTaTs;
end else begin
{0JIH, He ecThb_cmpaBa, €CTb_CHHU3Y}
BHH3;
end;
end;
{0JIH, Po6oT B KOpHe => BCe IUCTBA o6paboTaHH}

OcTanoch BOCHOAB30BATHCA CIEAYIOIMMMA CBOMCTBaMU KOMaHL PoGoTa
(B KaxKOU CTPOKE B IEPBOU (PUI'YPHOU CKOOKE 3AIMCAHLI YCJIOBUSI, B KOTO-
PBIX BBIIOJHAETCA KOMAHAA, BO BTOPOU — yTBEPXKICHUI O PE3yIbTare eé
BBITIOTHEHNA ) :

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

(2) {OJI, ecTtb_cBepxy} BBepx_Hameso {OJI}

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

(4)  {me ectb_cnpasa, ectb_cru3y, OJIH} sans {OJIH}

3.1.2. [oxasark, 94TO NpUBEAEHHAs IporpaMMa 3aBepmaer pabory (Ha
MI060M KOHEYHOM [epeBe).

Pemenne. IIponenypa BBepx_no_ymopa u_o6pa6oTaTh 3aBepmiaeT pado-
Ty (BBICOTA PO6GOTA HE MOXKET yBEAMIMBATHCA GeCKOHEUHO). Ecau nporpam-
Ma paboTaeT OECKOHETHO, TO, IMOCKOJIBKY JUCThA He 00pabaThIBAIOTCA IIO-
BTOPHO, HAYMHAS C HEKOTOPOr'O MOMEHTA HU OIWH JUCT He 06pabaTHIBAETCA.
A 5T0 BO3MOXKHO, TOALKO eciin PoboT BcE Bpemsa cuyckaercs Bau3. [Iporu-
Bopeure. (O6 oneHke ducaa LeHCTBUM CM. ajee.) O

3.1.3. [lokasaTh IPaBUIBHOCTD CJEAYIOMIEN IIPOrPaMMbI 00X04a 1epeBa;

var state: (WL, WLU);

state := WL;

while ecTs_cHuzy or (state <> WLU) do begin

if (state = WL) and ecTe_cBepxy then begin

‘ BBEPX_HalleBO;

end else if (state = WL) and not ecTh_cBepxy then begin

‘ obpaboraTs; state := WLU;

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

‘ BmpaBo; state := WL;

end else begin {state = WLU, not ecTh_cmpaBa, eCTb_CHHU3Yy}
‘ BHU3;

end;

end;
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Pemenne. UuBapuanT nukia:

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

MokazaTeabcTBO 3aBepieHus padoTH: mepexon u3 cocrosuusa 0JI B OJIH
BO3MOXKEH TOJBKO IIPU 00pab0TKe BEPIIMHEL, IO3TOMY €C/IM IPOorpaMMa pa-
06oTaeT OECKOHEYHO, TO C HEKOTOPOI'O MOMEHTA 3HAYEeHHE state He MeHA-
€TCsA, ITO HEBO3MOXKHO. O

3.1.4. Hamucats nporpaMMmy 06xX0fa AepeBa, UCIOIL3YIOIIYIO MPOIEay-
Py Tmepexoa B CJAEIYIOIIAN JUCT (c BBIXOJHBIM ITapaMeTPOM, COOOIIAIONINM,
YAAJIOCH JIU 3TO COEJATH WIN JUCT OKA3aJICA HOC.JIE,E[HI/IM). O

3.1.5. Pemmthb 3agady o6 o6xome mepeBa, €CIN MBI XOTHM, 9TOOBI 00-
pabaTHIBATUCH BCE BEPLIMHLL (HE TOJIBKO JUCTh).

Pemenne. Ilycte © — mexoTopas BepimHa. Torga Jodas BepIIMHA Y
OTHOCUTCA K ONHOU M3 UETHIPEX KAaTeropuu. PacCMOTpUM MyTh W3 KOPHA
B y. OH MoxerT:

(a) OBITH YACTBIO IIyTHU U3 KODHA B & (Y Hudte x);

(6) cBepHYTBH HaNEBO C IyTH B T (Y sesee T);

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

(r) cBepryTb Hampaso ¢ nyTu B = (Y npasee x);

B qacTHOCTH, CaMa BEPIINHA & OTHOCUTCA K KATEropuu (B). YCJIOBUA TENEPh
OyoyT TaKUMU:

(OHJI) o6paboTaHbl BCE BEPIINHBL HAXKE U JEBEE;
(OHJIH) o6paboTaHbI BCE BEPIIUHLI HUXKE, JeBee U HA.

Bot xax 6yaeT BHIIVIAZETH IpOrpaMMa:

procedure BBepx_Io_yuopa_u_obpaboTaTh;
‘ {zmamo: (OHI), mamo: (OHJIH)}
begin

{unBapuanT: OHI}

while ecTe_cBepxy do begin
obpaboTaTs;
BBepX_HaJIEBO;

end

{0HJI, Po6oT B mmcTe}

o6paboTaTs;

{OHIH}

end;
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OCHOBHOU AJITOPUTM:

LaHO: Po6oT B KOpHe, HMYero He obpaboTaHo
Hano: Po6oT B KOpHe, BCe BepuUMHH 06paboTaHH

{0Hm}
BBepX_IO_ynopa_u_ob6paboTaTs;
{unBapuanr: OHJH}
while ecTb_crHu3y do begin
if ecTs_cmpaBa then begin {OHJIH, ecTe cmpasa}
BIIPaBo;
{OHn}
BBEpX_Jo_ymnopa_u_o6paboTaTs;
end else begin
{0JIH, He ecThb_cmpaBa, e€CTb_CHU3Y}

BHU3;
end;
end;
{0OHJIH, Po6oT B kOopHe => BCe BepUMHH o6pa6oTaHH} ]

3.1.6. IlpuBenéuuas TOJBKO YTO MpOrpamMma OOpaOATHIBAET BEPIIUHY
0 TOro, Kak obpaboran mobon u3 €€ noromkoB. Kak mamernTs nporpam-
My, ITOOBI KaXK[aas BepIINNHA, He ABIAIIIAACA JUCTOM, 0OpabaThIBalIacCh
OBaXKIbl: OOVH pPa3 [0, a APYTOU Pa3 MOCJAe BCEX CBOUX MOTOMKOB? (JIu-
CThbs MO-TIPEXHEMY 0OPAGATHIBAIOTCA 1O Pa3y.)

Pemenne. [lon «o6paboTano HUXKe U TeBeey OymeM MOHUMATDH «HUXKE 00-
paboTaHo 10 pa3y, cieBa 06pabOTAHO MOTHOCTHIO (MUCTHA 110 PA3y, OCTAIb-
Hele 10 g8a)». [log «o6paboTano HuKe, JeBee 1 Haly OyAeM HOHUMATH (HUKE
06paboTaHo Mo pasy, JeBee U HAJ — MOJHOCTHIOY.

IIporpamma Oyger Takou:

procedure BBepxX_Io_ymopa_H_o6paboTaTk;
‘ {zmamo: (OHI), mamo: (OHJIH)}
begin
{unBapuanT: OHI}
while ecTe_cBepxy do begin
obpaboTaTs;
BBepX_HaJIEBO;
end
{0HJI, Po6oT B mmcTe}
o6paboTaTs;
{OHIH}
end;




66 3. O6z0d depesa. Ilepebop ¢ so3spamamu

OCHOBHOU AJITOPUTM:

LaHO: Po6oT B KOpHe, HMYero He obpaboTaHo
Hano: Po6oT B KOpHe, BCe BepuUMHH 06paboTaHH

{0HI}

BBepX_Jo_ynopa_u_obpaboTaTs;
{uuBapuanT: OHIH}

while ecTre_cruay do begin

if ectn_cmpaBa then begin {OHJIH, ecTe cmpasa}
BIIPaBo;

{oHIT}
BBEpX_Jlo_ymnopa_u_ob6paboTaTs;

end else begin

{0JlH, He ecT®h_cmpama, ecTh_cCHU3Y}
BHU3;

obpaboTaTs;

end;

end;

{0HJIH, Po6oT B KopHe => BCce BepumHH o6paboTamH momHocTbl} [

3.1.7. [okasaTb, 9TO YUCJIO OIEpPalUd B >TOU IPOrPaMMe IO IOPI-
Ky paBHO umcay BepummH gepesa. (Kak u B gpyrux mporpammax, koTopse
OTIMYAIOTCS OT DTOU JIUIIb IPOILYCKOM HEKOTODPHIX KOMaHJ[ 06paboTaTs.)

[Ykazanue. IIpumepro Kaxg0€e BTOPOE AeUCTBUE IPU UCIOJIHEHUN STOU
IpOrpaMMbl — 00pabOTKAa BEPIIMHBI, & KaXK/Jas BepIImHa 06padaThIBAETCA
MaKCUMYM [BaX IHL.] O

Bepuémca Teneps k Hamen 3ajgade o (epsax (rge u3 BCEX MpPOrpamMm
06paboTKu Aepesa MOHAIOOUTCS JUIL [MepBasi, caMas npocrasd). Peamusy-
eM omepanuu ¢ gepeBoM no3unuiu. Ilosunumio GygeM NpeacTaBIsTh C IO-
MOIIBIO [epeMeHHOR k: 0. .n (uucao ¢epsen) u MaccuBa ¢: arrayl[l..n]
of 1..n (c[i] — xoopaumaTEl dep3a HA i-OM ToOpu3oHTAMM; mpu i >k
suadenue c[i] pomm me wrpaer). Ilpemmonaraercs, 9TO BCe NO3UIUA
pomycTuMbl (eciu yOpaThb BEpXHErO (epas, OCTadbHBE HE ObIOT ApPYT
apyra).

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

‘ k := 0;

end;

function danger: boolean; {Bepxuuu deps3p mom Goem}
‘ var b: boolean; i: integer;
begin
if k <= 1 then begin
‘ danger := false;
end else begin
b := false;
i=1;
{b <=> Bepxmui Qep3b mox 6oem ¢epser c Homepamm < i}t
while i <> k do begin
b := b or (c[il=c[k]) {Bepruxamp}
or (abs(c[il-c[k]))=abs(i-k)); {mmaromams}
i+1;

i .
end;
danger := b;
end;
end;

function is_up: boolean; {ecTs_cmepxy}
begin

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

function is_right: boolean; {ecTb_cmpaBa}
begin

‘ is_right := (k > 0) and (c[k] < n);

end;

{Bo3Moxna oumbra: mpm k=0 He ompegmemeno c[k]}

function is_down: boolean; {ecTs_cHusy}
begin

is_down := (k > 0);
end;

procedure up; {BBepx_Hameso}
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; {BHm3}
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_o6pa60TaTL}
begin
while is_up do begin
up;
end;
work;
end;

begin
begin_work;
Uw;
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. IlpuBenéunas mporpamMma TPATUT JOBOJBHO MHOI'O BPEMEHH HA
BBLINIOJIHEHUE TIPOBEPKU eCTh_CBepxy (MPOBEpKa, HAXONUTCA JU BEPXHUU
dep3bp nox 6oem, TpebyeT ducJaa NEUCTBAN HOpALKa n). U3MeHUTH pe-
AIM3alKi0 ONMEpAluéd C JEePEeBOM TO3UIUU TaK, YTOOBI BCE TPU MPOBED-
KU eCTb_CBepxy/cIpaBa/CHU3y M COOTBETCTBYIOIIME KOMAaHIBI TPeGoBa-
Jau Obl KOJIMYECTBA MEMCTBUM, OUPAHUYEHHOI'O HE 3ABHUCAIIEH OT N KOHC-
TAHTOMU.

Pemenwue. [[711 kax 10U BEPTUKAIN, KAXK JOU BOCXOMAIIEN U KAXK IOU HUC-
XOAAIEN IUATOHAIM OyA€M XPAHUTH OyJIeBCKOE 3HAYEHME — CBEIEHUS O
TOM, HAXOQWTCS JIU HA DTOU JuHUU (Hep3b (BepXHUU (ep3b He yIUTHIBACT-
cs1). (3amMeTuM, 9TO B CHILYy [OILyCTUMOCTY MO3WLUK HA KAXKJOU U3 JIUHUU
MOXKeT OBITH He Gosee OHOro Qep3s.) O

3.2. O6xopn nepeBa B Apyrux 3ajadax

3.2.1. HUcnoaw3oBaTh MeTON 00XO4a HEpeBa [Js PEIIEHUsA CJAeTYIOIen
3a0a4M: JaH MACCUB M3 N IeJBIX TOJMOXKATEILHEIX unces al1] ...a[n] u 4u-
CJI0 8; TPeOYeTCsa y3HATD, MOXKET JI IUCIO S OBITH MIPENCTABIEHO KAK CyMMa
HEKOTOPBIX M3 YUCET MAaCCUBA a. (Ka)Kr[[Oe YUCJIO0 MOXHO HNCIIOJIB30OBATH HE
60oJee YeM o OJHOMY pPasy.)

Pemenne. ByneMm 3amaBaTh k-mO3uMIMiO MOCJAEI0BATEILHOCTRIO U3 k Oy-
JIEBCKUX 3HAYMEHUN, ONPEINAIOIINX, BXOAAT Ju B cymmy uucaa al[1] ... a[k]
wiu He BxoaaT. [losunmsa gomycruma, ecaiu e€ cyMMa He IPEBOCXOAUT S. [

3amedanue. [o cpaBHEeHNIO ¢ TOTHBIM IHepe6opoM Beex 28 moaMHO«KECTB
TYT eCTh HEKOTOPBIA BHIMIPHII. MOKHO TaKKe IPEIBAPUTEIBHO OTCOPTH-
POBATh MAcCCUB a B YOBIBAIOIIEM MOPSANKE, a TaKkKe CUNTATh HEIOIYCTU-
MBIMU T€ MO3UIUU, B KOTOPBIX CyMMa OTOPOIIEHHBIX WIEHOB OOJBIIE, YeM
PA3HOCTb CYMMBI BCEX WIEHOB U S. [locaequuu mpuéM Ha3BIBAIOT (METOIOM
BeTBen ¥ rpaHuipy. Ho IpUHIUONAIBHONO YIYYIIEHUs 10 CPABHEHUIO C HOJ-
HBIM 11epefopoM TYT He mouaydaercs (9Ta 3ajgada, Kak rosopar, N P-nog-
Ha, moApobHOCTH cM. B kKHUTe Axo, XonmkpodTa u Yasmana «[locTpoenue
¥ QHAIU3 BEIUMUCAUTEIBLHBIX aIropuTMoBy, Mup, 1979, a Taxxe B kaure 1's-
pu u [x0HCOHA «BBIYuCANTENbHBIE MAIIMHEL U TPYJHOPEMIAEMEIE 33 Ja49My,
Mup, 1982). Tpaguumontnoe Ha3BaHUE DTOU 3a4a4U — «334ada O PIOK3a-
Ke» (pIOK3ax O0WEN IPy30N0ABEMHOCTBIO S HYXKHO yIAKOBATH 1IOJ 3aBS3-
Ky, pacmoiaras npeameramu Beca al[1] ... a[n]). Cm. Takxe B ruase 8 (Kak
060UTUCH 6€3 PEKYPCUM) AITOPUTM €€ PEIIEHU, TOTUHOMUATBHBIN 10 1L + S
(MCTIONB3YIOIMT « [UHAMAIECKOE IPOrPAMMUDOBAHUE) ).
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3.2.2. IlepeuncinTh BCe MOCAENOBATEJLHOCTH W3 7. HyJeW, eIUMHWUL U
IBOEK, B KOTOPHIX HUKAKasA IPYNNa Iudp He TOBTOPAETCA IBA PA3a MOIPSL
(meT kycka Buga X X). O

3.2.3. Apasoruvunas 3agada mJs MOCAEIOBATEILHOCTEN HYJ/ICH U €[UHNAII,
B KOTOPBIX HUKAKas IPynna uudp He HOBTOPAETCA TPU pasa moapsp (Her

kycka Buga X X X). O

K >Tol e KaTeropuu OTHOCATCA 3a4a€dM THUIA (MOXKHO JH CJIOXKATH
JaHHYIO0 QUIYPY U3 MEHTAMUHO» U UM NOJOOHEBIE. B HuX BakHO yMmenoe co-
Kpamenue nepeGopa (BOBpeMs PACIO3HATE, ITO NMEIOMEECI PACIOIOKEHIE
GUrypoK yxKe IPOTHBOPEIUT TPEGOBAHUAM, U IO 3TOU BETBU OUCK HE IPO-
JOJLKATB).



4. COPTUPOBKA

4.1. KeagpaTu4Hble anropuTmbl

4.1.1. IIycts alll,...,aln] — wneawie uncaa. Tpebyercsa mocTpouTh
maccuB b[1],...,b[n], cogepxamun Te xe quciaa, mis Koroporo b[1] <...
...<b[n].

3ameuanue. Cpenu gucea a[1] ...a[n] moryr 6viTe paBubie. TpeGyer-
cs, 9TOOBI KaxK0€e 1eaoe dueao Bxoamito B b[1]...b[n] croapko xke pas,
ckoabko U B a[1] ...a[n].

Pemrenme. Ygo6uo cumrars, uro wmcaa all]...aln] uz b[1]...b[n]
[IPEACTABIAIOT COOOU HAYAIBHOE M KOHEYHOE 3HAYEHUs MaccuBa X. Tpe6o-
BAHUE «a U b CONEPXKAT OTHU U T€ XKe YnUCiIay OymeT 3aBeIOMO BBINOJIHEHO,
ecau B mpouecce paboThl MBI OIPDAHUYMMCS IEPECTAHOBKAMY DJIEMEHTOB X.

k := 0;

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

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

{x[s] - nmamvenbumu 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] - nmamvensumu cpemm x[k+1]..x[n] 2}
. mepectaBuTs x[s] u x[k+1];
k :=k + 1;
end; O

4.1.2. [laTs Apyroe pelleHune 33,1a¢Mu COPTUPOBKU, UCIOABL3YIOIIEe MH-
BapUaHT «IIepBbie k daeMeHToB ymopagodensn (x[1] < ... < x[k]).
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Pemenme.

k:=1;

{nmeprre k >IeMeHTOB yMOpPANOYEHE}

while k <> n do begin

t := k+1;

{k+1-ui >meMeHT mpoXBUMTraeTCA K Hadamy, IOKa He 3auMET
HafleXallero MecTa, t — ero TeKyWM! HoMep}

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

end;

end; O

3amedanue. /[ledekT mporpaMMbl: IpHU JOKHOM BeIpaxkenun (t>1) mpo-
Bepka x[t] < x[t-1] Tpebyer HecymecTByIoOmero 3uadenus x [0].

O6a mperIoXeHHBIX peleHus TPeOyIoT YuCIa JeUCTBUAU, IPOMOPIIUO-
uaiproro n2. CymectByioT 6oiaee >pGEeKTUBHBE AINOPUTMEL.

4.2. AnropuTmbl nopsaka nlogn

4.2.1. IlpemsoxuTh aIropuT™M COPTUPOBKY 3a BpeMs 1 log n (dmcio omne-
paLuy Ipu COPTUPOBKE 7 3JeMeHTOB He Goubiue C'n log n mias zexoroporo C'
U 1/ BCEX M).

MubI npemoXuM B3, PEIeHUS.

Pemenue 1 (COpTUPOBKA CAMAHUEM).

IlycTes k — momoxurensuoe unenoe 9ucio. Pazobsém maccus x[1] ... x[n]
Ha orpesku giusbl k. (Ilepeomr — x[1]...x[k], sarem x[k+1]...x[2k]
u tak gajnee.) Iocreguunn orpe3ok OyneT HEIOJHBIM, €CIA N HE JEJUTCS
ua k. HazoBéM MaccuB k-yrmopAgOYeHHBIM, €CIN KaXK IBI U3 3TUX OTPE3KOB
B OTAEILHOCTU yHOpsAgodeH. Jlwobou maccus 1-ymopsagoden. Eciu maccus
k-ynopsagoier u n < k, TO OH yIOpsATOYEH.

Mur onmiiem, Kak npeobpa3soBaTh K-yIOPAOYEHHBIN MacCuB B 2K-yIIo-
psigodeHHbnl (13 Tex ke daeMeHToB). C HOMOLIBIO DTOr0 NIpeobpa3oBaHUsL
QJICOPUTM 3AMUCHLIBAETCH TAK:

k:=1;

{mMaccus x aBmaerca k-ymopamoyeHHmM}

while k < n do begin
...mpeo6pa3oBaTh k-ymOpALOYEHHEW MAacCHB B 2K-yIOpALOYEHHHN;
k := 2 % k;

end;



4.2. Aszopummer nopadxa nlogn 73

Tpebyemoe npeoO6pa3zoBaHMe COCTOUT B TOM,9TO MBI MHOT'OKPATHO «CJIH-
BaeM» [BA YHOPAIOYEHHBIX OTPE3KA MJIUHBLI HE OOJbINE kK B OOUH yIOPSAIO-
YEHHBIN OTPE30K. IlycTh mpomenypa

cousauve (p,q,r: integer)

npu p < q < r camBaet orpesku x[p+1] ... x[q] u x[g+1] ...x[r] B ymops-
JodeHHBI 0Tpe30K x [p+1] ...x[r] (He sarparuBas Apyrux 4acren Maccu-
BA X).

p q r
\ YTOPAJOUYCHHBINA \ YTIOPALOIEHHBIN \

!

\ YIOPAI0IECHHBIN \

Torga npeobpaszoBanue K-yIOpsIO9eHHOrO MAaCCUBa, B 2K-yIOPAI0YCHHBIN
OCYIIECTBIACTCA TAK:

t:=0;
{t xpatso 2k mmm t = n, x[1]..x[t] aBmAercsa
2k-yNOpALOYEHHHM; OCTATOK MAacCHBa X He W3MEHWICA}
while t + k < n do begin
pP = t;
q := t+k;
r min (t+2%k, n);
{min(a,b) - mMumuMyM u3 a u b}
cauaune (p,q,r);
t :=r;
end;

Cionsinne TpebyeT BCIOMOIATEIbHOI'O MACCHBA [ 3AMUCH PE3Y/IHTATOB
causHus — obosHavuMm ero b. Yepes p0 u g0 0603HAYNM HOMEPA MTOCIETHIX
DJIEMEHTOB YyYaCTKOB, [TOJBEPIIINXCS CIUAHUIO, SO — [OCIEIHUN 3aIUCAH-
HBIZ B MacCuB b saeMenT. Ha xax oM mmare CIMAHUSA TPOU3BOAUTCS OTHO
U3 IBYX NEUCTBUL:

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

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

(JIroburemn s3pika C Hanmcaaum Obl B oTOM ciydae b[++s0]=x[++p0] u
b[++s0]=x[++q0].)

IlepBoe nenicTBHe (B3ATHE DIEMEHTA U3 IEPBOIO OTPE3KA) MOXKET IIPO-
U3BOUTHCA [IPU OLHOBPEMEHHOM BHINOIHEHUN IBYX YCIOBUI:

(1) mepsr 0Tpe30K He KoHIMICA (PO < q);

(2) Bropom orTpe3ok koHuUmiACA (QO0 = r) MaM HE KOHYWICH, HO DJje-
MEHT B HEM He MEHBIIE OUePEIHOT0 HIEMEeHTa MepBoro orpeska [(q0 < r)
u(x [p0+1] < x[q0+11)].

Amanoruvso mas BToporo genctsusa. Urak, moaydaem

pO := p; q0 := q; sO := p;

while (p0 <> @) 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 := sO0+1;

end else begin

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

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

q0 :=q0 + 1;
sO := sO0 + 1;
end;

end;

(Ecim 06a oTpeska He KOHYEHBI U [EPBLIE HEBLIODAHHBIE BJIEMEHTHL B HUX
PaBHBI, TO JOLMYCTUMEL 00a JEMCTBUA; B IPOrPaMMe BLIOPAHO LIEPBOE.)
Ocraéres aump NepenucaTb Pe3yabTaT CAUSHUsI 0OPATHO B MACCUB X.
(Ilpenynpexnenune. Ecau 06paTHOE KOMUPOBAHNE BHIMOJIHACTCA BHE IIPOLE-
IYPHL CIUAHUA, TO HE 3a0yAbTe PO HOCICIHUN OTPE30K. )
TIporpammMa umeeT NPUBBIYHBLIN AedEKT: OOPAIIEHUE K HECYIIECTBYIO-
LM DJIEMEHTAM MACCUBA IPU BBIYUCACHUU OYJI€BCKUX BBIPAKEHUN.

Pemenue 2 (cOpTUPOBKA IEPEBOM).
Hapucyem «mosHOE TBOUYHOE AEPEBO» — KAPTHUHKY, B KOTOPOU CHU3Y
OVH KPYXKOK, U3 HErO BBIXOJAT CTPEJKHN B IBa APYIUX, M3 KaXKIOI'O —



4.2. Aszopummer nopadxa nlogn 75

B [Ba IPYI'UX U TaK gaJjee:

Bynem roBopuThb, 9TO CTPENKH BEAYT «OT OTIOB K CBIHOBBAMY: ¥ KAXK,10-
o KPYXKKa [BA CHIHA U OQWH OTeI (€CIu KPYXKOK HE B CAMOM BEPXY WIH
au3y). [IpeamnonokuM 11 IpOCTOTHL, 9TO KOAMIECTBO HOICKAIMX COPTH-
POBKE 9YUCEN €CTh CTENEeHb TBOUKU, U OHU MOT'YT 3aIOJHUTEL OJVH U3 PAI0B
LEJIUKOM. AIUIIeM UX TYAA. 3aTeM 3AM0JHUM YaCTh IePeBa MO HUMU IO
[IpaBUILYy:

YUCIO0 B KPYKKE = MUHUMYM U3 JHCEJI B KPYKKAX-CHIHOBBAX

Tem caMBIM B KOPHE [epeBa, (HUXKHEM KPy¥KKe) OyJeT 3anuCaH0 MAHUMATb-
HOE 4YHCJIO0 BO BCEM MAaCCHUBeE.

N3biMeM U3 cOPTUPYEMOro MACCUBA MUHUMAIBHBIN >JIeMeHT. s 5Toro
€ro HaJO BHAYAJIe HAUTHU. DTO MOXKHO CHEIATH, U OT KOPHSA: OT OTIA IIe-
PEXOAUM K TOMY CHIHY, DA€ 3alUCAHO TO XK€ Ynucao. U3bAs MUHUMATLHBIN
DJEMEHT, 3aMEHUM €r'0 CUMBOJIOM +00 U CKOPPEKTUpPYyeM OoJee HU3Kue Apy-
CBl (/1 TOrO HAJ0 CHOBA MPOUTH Iy Th K KOPHIO). [Ipu 5TOM cuuTaem, 410
min(¢,4+00) = t. Torga B KOpHE NOABATCA BTOPOU IO BEIUUUHE 3JIEMEHT, MBI
U3BIMAeM ero, 3aMeHssi O€CKOHEYHOCTBIO U KOppeKTupys gepeso. Tax mo-
CTEMeHHO MBI U3BIMEM BCE 3JIEMEHTHL B IOPALKE BO3PACTAHUA, IIOKA B KOPHE
He OCTAHETCsl OECKOHEYHOCTh.

IIpm 3ammcu >TOro aaropuTMa MONE3HO HYMEPOBATH KPYKKU TUCIAMHI
1,2,... — 0Opu 5TOM CBHIHOBBAMHU KPYKKA HOMED N ABAAIOTCA KPYXKKHU 2n
u 2n + 1. Illogpo6HOe u3/10XKeHre STOro0 AIrOPUTMA MBI OIIyCTUM, TIOCKOIBKY
MBI #3J10KuM Gojee 3(PHEKTUBHBIU BAPUAHT, HE TPEOYOMUY TOMOJTHATENb-
HOU MaMATH, KPOME KOHEIHOr'O YUCJIA MEPEMEHHBIX (B JOMOJHEHUE K COp-
TUPYEMOMY MACCUBY ).

Mer 6yzeMm 3ammchIBATL COPTHPYEMBIE UHCJIA BO BCEX BEPIINHAX [€-
peBa, a He TOJILKO Ha BepxHem yposue. Ilycts x[1]...x[n] — wmac-
CUB, MONIEXKAUMUI COPTUPOBKE. Bepmmuamu pepeBa OyayT uwmcaa oT 1
o0 n; o umcae x[i] MBI OygemM rOBOPUTH KAK O UHUCJAE, CTOSAIIEM B Bep-
muHe i. B mpomecce COPTHUPOBKU KOMMYECTBO BEPIIMH JAepeBa OyxeT
COKpamaThCa. ucao BepUIMH TeKyIero jgepeBa OyaeM XPaHUTL B IIe-
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pemenuon k. Takum o6pasom, B mpouecce pabOTHl AJTMOPUTMA MACCUB
x[1]...x[n] gemurcsa ma mee wactu: B x[1]...x[k] xpamaTca ducia HA
nepese, a B x[k+1] ...x[n] xpanuTcsa yxe OTCOPTUPOBAHHAA B MOPSIIKE
BO3PACTAHUA YaCTh MACCUBA, — JJIEMEHTEHI, YK€ 3aHABIINE CBOE 3aKOHHOE
MecToO.

Ha kaxgom mare aaropurm OyIeT U3BIMATH MAKCAMAJIBHBIA DJIEMEHT
IepeBa U MOMEIIATh €r0 B OTCOPTUPOBAHHYIO YaCTh, HA OCBOOONUBIIEECS
B pe3yJbTaTe COKPAIIEHUA NePEBA MECTO.

JoroBopumcsa 0 TepMuHONIOrUY. BepmrHaMu gepeBa CUMTAIOTCSA HUCIA,
oT 1 [0 TeKyIero 3HAYeHUs MEPEMEHHON k. Y KaXIOU BEPIIUHBLI S MOLYT
OBITE cbin06ba 28 u 2s+1. Ecin 06a sTux dmcaa 6oblie kK, TO CLIHOBEH HET;
TaKas BEPIIWHA HA3BIBAETCA aucmom. Eciu 2s =k, TO BepmuHA S HMeeT
POBHO OJHOI'O CHIHA (28).

Mg xkaxaoro s u3 1...k pacCMOTPUM «IIOIAEPEBO» C KOPHEM B S: OHO
COJEPKUT BEPUIMHY S U BCEX €6 MOTOMKOB (CBIHOBEW, BHYKOB U TAaK Ja-
Jee — [0 TeX HOp, IIOKA Mbl HE BbIAeM u3 oTpe3ka 1...k). Bepmuny s
OyfeM Ha3bIBATH PErYJAPHOH, €CIA CTOSMIICE B HEU YUCIO0 — MAKCUMAJIb-
HBIA DJIEMEHT S-TIOAIEPEBa; S-TIOAAEPEBO HA30BEM pPe2ydApHbiM, €CIA BCE
ero BepImMHbL pery apHsl. (B dacTHOCTH, 110601 JUCT 06Pa3yeT peryJiap-
HOE OJHOZIEMEHTHOE IO AEPEBO. )

3aMeTuM, YTO UCTUHHOCTD YTBEPKICHUS «S-TIOAIEPEBO PEryJAPHO» 3a-
BUCHAT HE TOJBKO OT S, HO OT TEKYIIero 3HAYEHU K.

Cxema anropurMa TakoBa:

k:=n
CmenaTk 1-mommepeBo pPeryIApHHM;
{x[1],..,x[k] <= x[k+1] <=..<= x[n]; l-mommepeso perymsapso,
B vacTHOCTH, x[1] - Makcumanemmu »mement cpemu x[1]..x[k]}
while k <> 1 do begin
obMenaTr MecTamu x[1] u x[k];
k : =k - 1;
{x[1]. .x[k-1] <= x[k] <=...<= x[n]; l-mommepemo
peryidpHO Be3Le, KpoMe, BO3MOXHO, CAMOI'0 KOPHA }
BOCCTAHOBUTEL PerylIApPHOCTEL l-ToAmepeBa BCOLY
end;

B kadecTBe BCHOMOraTeJbHOU NPOUEAYPBI HAM MOHAIO0UTCA IPOLEAYPA
BOCCTAHOBJICHUsI PETryJIAPHOCTU S-TIOAAepeBa B KopHe. Bot ona:

{s-mozmepeBo perymapHo Be3me, KpoMe, BO3MOXHO, KODHA}
t = s;
{s-monmepeBo perymapHo Be3sZe, KpoMe, BO3MOKHO, BEpUMHH 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
o6MeHATE x[t] m x[2*t+1];

t 1= 2%t + 1;

end else begin
ob6MerATE x[t] m x[2*t];

t 1= 2%t

end;

end;

Y1066 yOeauThCs B OPABUWIBHOCTH 3TOU IPOLEAYPBI, MOCMOTPUM HA
Heé moBHMMAaTedbHee. IlycTh B s-TogmepeBe BCe BEPIIMHBLI, KPOME Da3Be
YTO BEPIIUHEL t, perymapubl. PaccMoTpuMm chiHOBeU BepmuHbl t. OHE pe-
I'yJAAPHBI, ¥ IOTOMY COZAEPXKaT HAMOOJBIINE TUCIA B CBOUX IIOXJIEDPEBBAX.
Takum 06pa3omM, HA POJb HAUOOJBIIEIO YUCIA B t-IOALEPEBE MOIYT Ipe-
TEHOBATH YUCJIO B CAMOM BeplIuHE t U 4mcaa B eé coiHOBbiX. (B mepsom
ciaydae BepLIMHA t peryispHa, u BcEé B mopsake.) B orux Tepmunax mukia
MOXKHO 3aINCaTh TaK:

while Haum6ombllee YMCIO He B t, a B ONHOM M3 CHHoBel do begin
if omo B mpasomM cmHe then begin
‘ IOMEHATb t C €€ IpaBhlM CHHOM; t:= IpaBHH CHH
end else begin {Haubomemwee umcmo - B IeBOM CHHel}
‘ IOMEHATH t C eé JIeBHM CHHOM; t:= JeBHM CHH
end
end

Tocae o6Mena BepIMHA t CTAHOBUTCA PEryJApHON (B HEE MONaIaeT MaKCH-
MaJbHOE YUCIO0 t-nogaepesa). He mpuHaBmmMy yaacTua B 0OMEHE CHIH OCTa-
éTCa peryJsapHBIM, & TPUHABIIMYA yIaCTAE MOXKET U He OBITb PEryIApHBIM.
B ocransnabx BEPIINHAX S-IIOAOEPEBa HE U3MEHUJIUCh HU YINCJIa, HU OO Ie-
PEBbs UX IMOTOMKOB (pa3Be u4TO ABa HJIEMEHTA IOAAePeBa I1ePEeCTABUIUCE),
TaK 9TO PEeryJspHOCTb HE HAPYyILIWIACh.

OTa e Mpolenypa MOXET MUCIOIB30BATHLCS [ TOrO, ITOOHI CIelaTh
1-moIepeBO PEryaIapHBIM Ha HAYAJLHOU CTAIUU COPTUPOBKU:

k :=n; u := n;
{Bce s-mommepeBBsa c s>u perymgapHH }
while u<>0 do begin
{u-nmongmepeBo perymapHo Be3sZe, KpoMe pa3Be HUTO KOPHA}
BOCCTAHOBUTE PeryIAPHOCTL U-NOLLEpPeBa B KODHE;
u:=u-1;
end;
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Tenepp 3anuiiemM Opoueiypy COPTUPOBKM Ha Hackade (mpeamoaras,
9TO N — KOHCTAHTA, X UMeeT TUll arr = array [1..n] of integer).

proc
va

u:

end;

edure sort (var x: arr);
r u, k: integer;

procedure exchange(i, j: integer);
var tmp: integer;
begin
tmp = x[i];
x[1] := x[j];
x[j] := tmp;
end;

procedure restore (s: integer);

var t: integer;

begin

t:=s;

while ((2*t+1 <= k) and (x[2*t+1] > x[t1)) 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, 2xt);

t 1= 2%t;

end;

=n;

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;

O

Heckonpko 3aMmegannn.

MeTo, NCTTOMB30BAHHBIN TPU COPTUPOBKE TEPEBOM, OLIBAET MONE3HBIM
B apyrux caydasx. (Cm. B rmase 6 (Tuner ganuex) 06 0Yepean ¢ IPUOPU-

TeTaMH.)
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CopTupoBKa CIMSHUEM XOPOIIA TE€M, YTO OHA Ha Tpebyer, 4TOOL BECh
COPTUPYEMEBI MACCUB TTOMEIIAJICA B OTIEPATUBHON TaMATH. MOXHO CHada1a,
OTCOPTUPOBATH TAKUE KYCKH, KOTOPHLIE OMEIIAITCA B ITaMATH (HAIPUMED,
C TIOMOILIBIO AEPEBA), & 3aTEM CAMBATH IOy I€HHbIE (DAL

Emé oaun npakTuvecku BaXHBIN aJrOPUTM COPTUPOBKH (OBICTpas cop-
TupoBKa X0apa) TAKOB: YTOOBI OTCOPTUPOBATH MACCUB, BBIOEPEM CJLyIal-
HEIU €0 DJ1eMeHT b, 1 pa3o6béM MaCCHUB HA TPU YaCTHU: MeHbINe b, paBHLIE b
u Goabme b. (Dra 3anada npueegeHa B riase 1.) Teneps ocTamocs 0TCOp-
THUPOBATH NEPBYIO U TPETHIO YACTU: DTO AEIACTCI TeM ke criocobom. Bpems
PabOTHL 3TOr0 AICOPUTMA — CJIyIAUHAA BEIMYUHA; MOXKHO JOKA3ATh, ITO
B cpeaneM OH paboraer e 6ombiie Cnlogn. Ha npakTtuke — on oaun u3
caMbIX ObICTPBIX. (MBI emé BepHEMCs K HEMY, IPUBEIs €0 PEKYDPCUBHYIO
U HEPEKYPCUBHYIO DEATU3AIIUMN. )

Haxkowner, ormeTuM, 9T0 copTupOBKa 3a Bpemsa mopsgka Cnlogn mo-
)eT OBITH BBINOJHEHA C IOMOIIBIO TEXHUKYN COATAHCUPOBAHHLIX AE€DEBHEB
(cM. niaBy 14), 0gHAKO IPOrpAMMBL TYT CJIOXKHEee 1 KOHCTaHTa C' JOBOJIBHO
BEJINKA.

4.3. [lpumeHeHUss COpTUPOBKM.

4.3.1. HanTu KOIM9IecTBO PA3IMIHBIX YUCEI CPEI DJIEMEHTOB TaHHOI'O
maccuBa. Jucno geuctsun nopsagka nlogn. (Dra 3anada yxe Obuia B Mia-
Be 1.)

Pemrenme. OTcOpTUPOBATE YUCIA, & 3ATEM HOCUNTATH KOIUIECTBO Pa3-
JWYIHBIX, TPOCMATPUBAA DIEMEHTHl MACCUBA 10 IOPAIKY. ]

4.3.2. [Tano n orpeskos [a[il,b[i]] #a npamon (i =1...n). Hautu
MaKCUMAaJbHOE K, AIA KOTOPOIO CYIIECTBYET TOYKA NPAMOU, HOKPHITAS
k oTpeskaMu («MaKCHMAIBHOE YHCJIO CI0€B»). ucno gencrBuml — mopsn-
ka nlogn.

Pelmrenme. YnopsgoduM BCE JIEBLIE U MPAaBhLIE KOHIBI OTPE3KOB BMECTE
(Ipy TOM JIEBBIU KOHEI[ CIUTACTCA MEHBIIE MPABOrO KOHIA, PACIONOKEH-
HO'0 B TOU e TOYKe IpsamMon). /lazee ABUTAEMCA CJAEBA HAIPABO, CIUTAA
YUCI0 CI0EB. BCTpeYeHHLIN JeBBIM KOHEI yBeIMIMBAET YUCIO CJIOEB Ha 1,
npaBbil — yMmeHbmaeT. OTMeTuM, 9TO NPUMBIKAIOMKME APYD K APYLy OT-
pe3ku 00pabaTHIBAIOTCA NPABWIBHO: CHAMAAA UAET JIEBBIU KOHEN (IPaBoro
OTpe3Ka), a 3aTeM — TPABHIM (JEBOMO OTPE3KA,). O

4.3.3. [aHo n TOYEK Ha IUIOCKOCTU. YKa3aTh (n — 1)-3BeHHYyIO Heca-
MOIIEPECEKAIILYIOCA HE3AMKHY TYIO JOMAHY0, IPOXOIAILYI0 I€P€e3 BCE DTHU
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rouku. (CocegHuM OTPE3KaM JOMAHOU Pa3PELIAeTCs JeXKATh HAa OJHOU IIPsi-
mou.) Hucao geuctsun mopsanka nlogn.

Pemrenwe. YmopsanounM TOYKEM MO Z-KOODAWHATE, a MPU PABHBIX Z-KO-
OpAWHATAX — IO Y-KoopamHaTe. B TakxoM mopsagke W MOXHO NMPOBOIUTH
JIOMAHYIO. |

4.3.4. Ta xe 3agada, ecim JOMaHasg MOMKHA OLITH 3AMKHYTOU.

Pewenue. BosbMéM camyro J€BYIO TOUKY (TO €CTb TOYKY C HAMMEHBIIEH
Z-KOOPAWHATON) U NPOBEAEM U3 HEE JIydd BO BCE OCTaAbHBIE TOUYKU. Tenepn
YIOPALOYUNM DT JIydU CHU3Y BBEPX, & TOUKHU HA OJLHOM JIyIe YIOPALOIAM IO
PACCTOSHUIO OT HaYaJIa JIyda (2TO Ie1aeTcs AJsd BCEX JIy 1€, KpOMe HIKHErO
u BepxHero). JloMaHas BBIXOAUT U3 BLIODAHHOM (CaMOM JIEBOM) TOYKH IIO
HIZKHEMY Jydy, 3aT€M II0 BCEM OCTAIbHBIM JydaM (B OMUCAHHOM IIODAIKE)
U BO3BPAIAETCA IO BEepXHEMY JIydy. (|

4.3.5. [lano n Touek Ha MIOCKOCTHU. [lOCTPOUTE UX BHITYKIYIO 060JI0-
Ky — MUHAMAJIbHYIO BBIIYKIYIO GUTypy, uxX cogepxkauryio. (Pesunosoe ko-
JIEYKO, HATSAHYTOE Ha BOUTBIE B IOCKY I'BO3AU — UX BBILYKJIas 00OI0YKA.)
Yucao onepanun He 60mee n logn.

[Ykazanue. YHOpAZOIMM TOYKUA — TOLUTCS JIOOOM U3 HOPSAKOB, HUC-
[OJIB30BAHHBIX B ABYX MPEIBIAYIINX 330a9aX. 3aTE€M, PACCMATPUBAS TOY-
KN 1O odepenn, OyJeM CTPOUTH BBINYKIYIO OOOMIOYKY yXKe pPacCMOTPEeH-
HBIX TOYeK. ([l XpaHEHUs BBIMTYKION OOOJOYKM IOJE3HO WUCIONB30BATH
nek, cM. riaaBy 6. Bopodem, mpu ymopsagodeHMEM TOYEK IO yIVIaM DTO W3-
Jumge. )| O

4.4, HuKHnE OLEHKM ANS 4MCNa CPABHEHU
Npu COpTUPOBKE

IIycte mMeeTcss m PA3IMYHBIX HO BECYy KAMHEM U BECBI, KOTOPEBIE IIO-
3BOJIIOT 33 OJHO B3BELIMBAHUE OIPENEIUTb, KAKOM W3 IBYX BBIOPAHHBIX
HaMM KaMmHen Taxkenee. (B mporpaMMUCTCKUX TE€pMUHAX: MBI UMEEM JO-
cryn kK ¢yukuun Taxemee(i,j:1..n) :boolean.) Haxo ynopsagouuTs kaM-
HU II0 BECY, CIEIaB KAK MOXKHO MEHBIIE B3BEIIVMBAHUY (BLI30BOB (DYHKIIUU
TaARelee).

Pasymeercs, 4ucio B3BEIIMBAHUY 3aBHCAT HE TOJLKO OT BEIOPAHHOIO
HAMIJ aTCOPUTMA, HO U OT TOr'0, KaK OKa3aINCh PACHOIOKEHBI KaMHU. C1oXK-
HOCTBIO AICOPUTMA HA30BEM UNCIO B3BEIIMBAHUU IPU HAMXYAIIEM DACIO-
JIOXKEHUY KAMHEN.
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4.4.1. [okaszaTp, ITO CIOKHOCTB IIPOU3BOJBHOTIO AJIIOPUTMA, COPTUPOB-
K1 n KaMHen He Menbine log, n! (rmen!=1-2-...-n).

Pewenne. [Iyctes umeercs amropurym ciaoxuoCcTH HE 6G0mee d. [ kax 1o-
ro u3 n! BO3MOXHEIX PACIOJOXKEHNN KaMHEH 3aIlPOTOKOMUPYEM Pe3yJabTa-
THL B3BemuBaHuU (OOpamieHull K (PyHKIUK TAReNIee); UX MOXKHO 3AIUCATH
B BUE TOCTEIOBATEILHOCTY U3 He 6omee dyeM d wynaen u equnui. [l equ-
HOOOPA3Usa JOMOJHUM MOCTEI0BATENLHOCTD HYIAMU, YTOOBI €€ MIMHA CTAIA
pasuou d. Tem cambiM y HaC UMeeTCs n! mocaeOBaTeILHOCTEN U3 d HyJen
u equnul. Bce 5T mocienoBaTenbHOCTH pa3HbIE — WHAYE HAIN AJICOPUTM
Jaj Obl OJVHAKOBBIE OTBETHI A PA3HBIX HOPIAAKOB (M OLUH U3 OTBETOB
Obw1 Obl HenpaBuiabHBIM). [lomydaem, 4o 2¢ > n! — «4ro M TPe6GOBAIOCH
MOKa3aTh. ([l

[pyrou cmocob 0OBACHUTL TO XKe CaMOe — PACCMOTPETDH JIePEBO BapU-
AHTOB, BO3HUKAIOIIEE B XOJ€ BHITOJHEHUSA AJITOPUTMA, U COCAATHCA HA TO,
9TO IepeBO BEICOTEHL d He MOXKeT uMeThb Ootee 2¢ ucThes.

Hecnoxuo 3ameruts, uto log, n! > cnlogn mpu mogxomsamewm ¢ > 0, mo-
CKOJBKY B CyMMe

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

BTOpas MOJOBUHA ClIaraeMbIX He MeHblue log,(n/2) =log, n — 1 xaxgoe.

Tem caMbIM IH060U AIrOPUTM COPTUPOBKY, HCIOJIB3Y IO TOIBKO CPAB-
HEHNs HIEMEHTOB MACCUBA U X NEPECTAHOBKY, TpeOyeT He MeHee cn logn
JEMCTBUY, TaK ITO HAIIN aJTOPATMBI OIU3KY K onTuMaabHbIM. OgHaKO ar-
COPUTM COPTHUPOBKH, UCIOJB3YIOUUN IDYTUe ONEpPAIUy, MOXKET NeHCTBO-
BaTh u Gercrpee. Bor ogun u3 npumepos.

4.4.2. Nwmeercsa maccus nenwix uucena al[1] ...a[n], npuuém BCce wmcaa
HEOTPUIATEILHEI U HE TPEBOCXOIAT m. O TCOPTUPOBATEH DTOT MACCUB; IUCIO
IEUCTBUU MOPAIKA m + n.

Pemenue. /s kaxmoro ducaa or O 10 m HOACIUTHIBAEM, CKOJBKO Pa3
OHO BCTpedaeTcs B MaccuBe. Ilocie 3TOro MCXOMHBIM MACCUB MOXKHO CTe-
PeTh U 3ANOJIHUTHL 3AHOBO B MOPAIKE BO3PACTAHUSI, UCIOIL3YS CBEIEHU
0 KPATHOCTY KaXJIOT'0 IUCJIA. (]

OTMeTuM, 9TO 3TOT ATCOPUTM HE MEPECTABIAET IUCIA B MACCHBE, KAK
OOJBIIMHCTBO APYTUX, 4 (3AUCHIBACT UX TYAa 3aHOBOY.

EcTes Taxkxe MeToa COPTUPOBKM, B KOTOPOM TOCAEIOBATENHLHO MPOBO-
IUTCA PAM «IACTUIHBIX COPTUPOBOK» MO OTAeIbHEIM OuTaM. Hauréum c Ta-
KOU 3aa4U.



82 4. Copmuposka

4.4.3. B maccuBe al[l]...al[n] meaelx 4ucen mepecTaBUTH SJIEMEHTHI
TaK, 9YTOOLI YETHHEIE YMCJAA LA TEpel HEeYETHBLIMU (HE MEHAA B3aUMHBIN
NOPAJOK B KaXKJOU U3 T'PYIII).

Pewenue. Cravasa cnumeM (BO BCIOMOIaTeJIbHBIN MACCUB) BCE YETHEBIE,
a II0TOM — BCE HEYETHBIE. O

4.4.4. Nmeerca maccu u3 n uncex ot 0 1o 28 — 1, xaxkgoe m3 KOTO-
PBIX MBI OyJeM pacCMaTpUBATh Kak k-OMTOBOE CIOBO U3 HYJIEU W €IUHUIL.
Ucnonb3ys mpoBepku «i-bii 6uT paBer 0» U «i-bii 6uT paBeH 1y BMECTO
CPABHEHUU, OTCOPTUPOBATH BCE UMCIA 33 BPEMs MOPAIKA Nk.

Pemenue. OTcopTupyeM Yucia mo nocaeaueMy 6uTy (CM. IpeIbIyLLyIo
3a1ady), 3aTeM I0 MpenocIefHeMy U TaK najee. B pesyabrare oHU OyIyT
OTCOPTUPOBAHEL. B caMoM fesie, MHIYKIIUEN 10 § JErKO JOKA3aTh, YTO MOC/IEe
1 IIAroB JIOObIE IBA YMUCJIA, OTJAMYAIONIAECS TOJIBKO B i HMOCTeTHUX OUTAaX,
UAYT B IpaBUIbHOM nopsake. (BapuanT: nmocae ¢ maros i-GUTOBbIE KOHIIBI
qucea UAYT B IPABUIBHOM [OPSIKE. ) ]

AHATOrUYIHEIN ANTOPUTM MOXKET OBITH TPUMEHEH [JIA 7M-UIHOU CUCTEMEI
CYUCICHUA BMECTO ABoumvHOU. [Ipu 5TOM mosie3Ha Takas BCIIOMOTATEILHAA
3amada;

4.4.5. Maub n aucen n GyHkumua f, npuHUMAKMAA (HA HUX) 3HAYCHUA
1...m. TpebyeTcs mepecTaBATH YNCIA B TAKOM MOPAIKE, ITOOBI 3HATEHUA
¢yuxuyu f He yObiBaau (COXpaHAsA MOPAIOK [JA GUCEN C DABHBIMU 3HAE-
ausaMu f). Hucno gercTBun mopsaka m + n.

[Ykazanue. 3aBecTy m CHUCKOB CyMMAapHOU JIUHEL 1 (KaK TO CLel1aTh,
CMOTpH B TviaBe 6 0 TUMAX JaHHBIX) U MOMEIATh B j-BIi CIUCOK YUCIA, [1J1
KOTOPBIX 3HA4YeHue (yHKIuu f paBHO i. BapwmauT: moCYUTaTH IJ BCEX 1,
CKOJIBKO UMeeTCs aucea & ¢ f(x) = i, mocae 9ero Jerko OmpeneluTh, ¢ Ka-
KOO MECTa HYXKHO HAYWHATH pa3MelmaTs ducaa x ¢ f(x) =1.] O

4.4.6. Jlamel n measIx ducea B gmamasore ot 1 1o n?. Kak orcoprupo-
BaTh WX, CHEMAB MOPAIKA N TEUCTBUN? O

4.5. PoacTeeHHble COPTMPOBKE 3a/1a4K

4.5.1. KakoBa MUHNMATBLHO BO3MOXKHAS CJIOKHOCTDH (MUCIO CDABHEHUH
B HAWXYAIIEM CIydae) alrOPUTMA OTHLICKAHUS CAMOIO TSXKEIOTO U3 1 KaM-
Hen?
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Pemenve. QueBUAHBIN AITMOPUTM € UHBAPUAHTOM (HAUIEH CAMBIU Ts-
KEMBIN KaMEHb CPeIn TEPBLIX i» TpebyeT n — 1 cpaBHeHuu. Aaropmrma
MEHBINEN CIOKHOCTU HET. DTO BBEITEKAET U3 CJACAYIOMIErO 001ee CUIBLHOTO
YTBEPK ICHUS. |

4.5.2. Jkcmeprt xo4er yOeguThb Cyj, YTO JAHHBIU KAMEHb — CAMBIU Ts-
KEIBIM Cpeay N KaMHeH, caeaas MeHee n — 1 B3pemuBanun. /loka3ars, 9TO
570 HeBO3MOkHO. (Beca kaMHeN HEM3BECTHEI Cy Iy, HO U3BECTHBI DKCIIEPTY. )

Pemenue. N300pa3uM KaMHU TOYKAMU, a B3BEIIMBAHUA — JUHUAMU
Mexay Humu. [loryuum rpad ¢ n BepmmHaMu 1 MeHee deM n — 1 pébpamu.
Takou rpad HecBszeH (g0OABICHHE KAXKAOIO CAEIYIOWEro pebpa yMeHbIIa-
eT YMCJIO CBA3HBIX KOMIOHEHT He Gosee deM Ha 1). IlosrTomy cyn Hudero
HE 3HAET OTHOCUTEIHHO COOTHOIIEHUS BECOB KAMHEW B DPa3IUIHLIX CBIA3-
HBIX KOMIIOHEHTAX M MOXKET JOMYCTUTb, YTO CAMBIA TAKEIBIN KAMEHb —
B JIIO00U U3 HUX.

Bouaee nmpocroe o6bsacHeHune: GygeM CJAEOUTH 33 TeM, CKOJIBKO KaMHEU
K JAHHOMY MOMEHTY HE «IpOUrpaam» (TO €CTh He OKA3AIUCH Jierde IPYIuX).
Buauase ux n; mpu KaxkIOM B3BEIIUBAHUY MPOUTPHIBAET TOJBKO OJWH Ka-
MEHb, & €CIM €CTh IBOE HEe MPOUTrPABIIMX HUKOMY, JHOOOU U3 HUX MOXKET
(c TOYKM 3peHus Cyjla) OKa3aThCA CAMBIM TAXKEIBIM. O

Pasauna mexay 5Ton 3a1a4de U OIPEILIIYIIEH: B 3TOU 3aa9€e Mbl JOKa-
3BIBAEM, YTO 7N — 2 B3BELIUBAHUU HE JOCTATOYHO HE TOABKO [JIsI HAXOXK -
HUA CAMOTO TAXKENOT0, HO JAXKe JJA TOTO, YTOOB YOSIUTHCSA, 9TO JaHHBIN
KaMEHb fABJACTCA TAKOBLIM — €CJU MPEITIOJOKUTENLHEIN OTBET U3BECTEH.
(B cayvae cOpTUPOBKH, 3HAA MPEATIOIOKUTEILHBIN OTBET, MBI MOXKeM ybe-
IUTHCA B €r0 MPABUIBHOCTH, CAEJIAB BCETO N — 1 CPABHEHUU — KaXKIbIN
CpPaBHUBaEM CO (JiefyiomuM 1o Becy. HamoMHuuM, 9T0 copTUpOBKa Tpedyet
B XY/IIEM CIydae 3HATUTENILHO GOJbINE CPABHEHN. )

4.5.3. [oka3aTb, 9TO MOXKHO HAUTU CAMBIA JEIKUA U CAMBIM TAKEIBINA
u3 2n kamHen (OQHOBPEMEHHO), CAJIAB 37 — 2 B3BEIIUBAHUM.

Pemenue. Pazo6bém KaMHM TPOU3BOILHBIM 00PA30M HA N Iap U CPaB-
HMM KaMHU B KaxkJoH nape (n B3emmBanuin). OTJIOXKHUM OTIEIBHO «IOOe-
gureneny (6oaee TAKEMBIX B CBOEH Mape) U «IpOUrpaBumxy» (Gonee JErkux).
ScHo, 9TO caMblll IErKUU KaMEHb HAJ0 UCKATH Cpeau npourpasmux (n — 1
CPaBHEHUN), a CAMBIU TAXKEILI — cpeau nobegurenen (emé n — 1 cpaBHe-

HUN). O

4.5.4. [loxazaTh, UYTO HE CYHUIECTBYET AITOPUTMA, MO3BOJIIOIIETO Ta-
PAHTUPOBAHHO HAUTYU CAMBIU JETKUU U CAMBIN TSXKEIBIN Cpenu 2n KaMHEn
(0OMHOBPEMEHHO), CAeIaB MEHEE 371 — 2 B3BEIIUBAHUM.
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Pemenme. [Iycres Takon anropurm cymecrsyer. Habaonas 3a ero npu-
MEHEHUEeM K KAKOU-TO I'PYTIe u3 27 KaMHEN, MBI Oy IeM CJIeIUTD 38 YeThIPb-
Ms ImapaMeTpamMu. A UMEHHO, MBI OYAeM CMOTPETH, CKOJIBKO KaMHEN

(a) KOMy-TO yK€ IPOUrPAIN, & Y KOI'O-TO YK€ BLIATDAJIY;

(b) xoMy-TO yxKe mpourpaiu, HO emé HU y KOrO He BEIUIDAIY;

(¢c) y KOro-To yxe BBIUIDAJIM, HO €IIE HUKOMY He IIPOUIDAJIY;

(d) Hu y KOr0 He BHIUTPAIU ¥ HUKOMY HE MPOUTrpaIM (TO €CTh HU C KeM

He CPABHUBAJIUCH).
(HamoMHUM, 9TO BHIUTDABLIMM B CPABHEHUUW MBI CIMTAEM 0OJEE TSAKEIBIN
kaMmeHb.) Kamuu Tuna (a), 09€BUAHO, HE MOTYT y2Ke OKA3aThCsA HI CAMBIMU
JErKAMU, HU CAMBIMM TSXKEIBIMU, KAKOBBI Obl HU OBLIX PE3yJAbTATHI IaJIb-
HeMmux cpaBHeHun. Jro6on kamenp tuna (b) mMeeT MMAHC OKA3aTbCA Ca-
MBIM JErKUM (B CAMOM J€JIe, er0 MOXKHO TIPOU3BOILHO OOJIErIUTh, HE MEHAA
PE3yJbTAaTOB YK€ BBLINOJIHEHHBIX CPABHEHWN), HO yXKe HE MOXET OBITh Ca-
MBIM TSKEMBIM; 11 KamHen Tuna (¢) zmaobopor. Hakonen, mo6on kamMeHb
Tuna (d) MOXKeT OBITh U CAMBIM JEMKUM, ¥ CAMBIM TSKEIBIM.

O60o3ua4uM depes a, b, ¢, d KonuiecTBa KAMHEU B COOTBETCTBYOMINX Ka-
TEropusaxX U MPOCTEOUM, KaK MEHSIOTCA DTU MapaMEeTPHI IPU OYePeTHOM
CpaBHEHUU (B 3aBUCHMOCTH OT TOI'O, KAMHM KAKOI'0 THUIA CPABHUBAKOTCA
U C KaKUM De3yJIbTaTOM).

cpaBHeHEE | @ 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|-1| O 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 |+41]-1 ~1/2
b-b +1|-1] 0 0 -1
b<c 0 0 0 0 0
b>c +2|-1|-1| 0 -2
b<d | 0 | 0 |+1|-1 ~1/2
b>d | +1| 0| 0 | -1 ~3/2
c—c +1| 0 | -1] O -1
c<d | +1] 0] 0 |1 —3/2
e>d | 0 | +1] 0 | -1 ~1/2
d—d 0 | +1 | +1 | -2 -1

IMocregaun croaben TabIuILl MTOKA3LIBAET, KAK MEHAETCS BEJNYUHA § =
=b+ c+(3/2)d (koTOPYyI0 MOXKHO PACCMATPUBATH B KAUECTBE MEPBI «OCTAB-
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Wencs paboThIy: KAMEHb, [IPO KOTOPBIU HE U3BECTHO HUYETO, C TOYKU 3Pe-
HUA 3TOU MEPHI B TIONTOPA Pa3a CAOKHEe KAMH:A, IJIsA KOTOPOTO €CTh OJHO-
CTODPOHHAA OLEHKA). V3HAIaIbHO § = 31, a B KOHIE § = 2 (IpO BCe KAMHH,
KpOME [IBYX, U3BECTHO, 9TO OHU OTHOCATCA K Kareropuu (a)). U3 rabruun
BUIHO, 9YTO IPHU JIOO0M B3BEIINBAHUU €CTh «HEYJAIHLIA MCXOM», IIPU KOTO-
POM S yMEHBIIAETCs He Oojee 4eM Ha efuHuny. Takue uCXOmgbl NerCTBU-
TEJIBHO BO3MOXHEI (HE MTPOTUBOPEIAT PE3yIbTATAM MPEIBIIYIINX B3BEIIN-
BAHUN): TPV CPABHEHUN D-KAMHS 1 ¢-KaMHS MOXKET OKa3aThCsA, ITO ¢-KaMEHb
Tsaxenee (ero BeC He OIDAHUYEH CBEPXY MPENBIAYIIMMU B3BEIIMBAHUAMH),
a IpU CPABHEHWM C y4acCTHeM d-KaMHs Pe3yJIbTAT MOXeT OBITH JIOBIM,
HOCKOJIBKY PO d-KaMeHb Hudero He u3BecTHO. (Kpome Toro, moxkuo 3ame-
TUTb, ITO €CJIU ONUH U3 MCXOJOB B3BEIINBAHUA HEBO3MOXKEH, TO DTO B3Be-
MUBAHUE BOOOIIE U3JIUIIHE W €r0 MOXKHO HE IeIaTh.) A eCium MCXOIBI BCEX
B3BEIIMBAHUY HEYAAYHLI, TO YMEHBIIEHUE § C 3n 10 2 mMOTpebyeT KaK MU-
HUMYM 31 — 2 B3BENIUBAHUU, 9TO U TPEGOBAIOCH HOKA3ATH. O

4.5.5. [laHo n pasauYHBLIX IO BeCy KaMHen. HalTu caMbIil TAXKEIBIN
I BTOPOU II0 BECy KaMHHU, clelas He Goxee n + [log, n] — 2 B3pemmuBamuu
([logy n] — mamvenwmee menoe k, mpu koTopom 2F > n).

Pewenue. Crauana nangém mobenurens (CaMbIil TAKEIBI KAMEHB), a
moToM OyaeM UCKATh BTOPOU MO Becy. SICHO, 9TO BTOPOr0 MOXKHO UCKATH
JIMIIb CPEAU TE€X, KTO IPOUrPAJ JAIHO HOOEAUTENO (IPOUrPABILIIE KOMY-TO
emé Jerde cpasy OBYX KamHen). Ecau ompenensaTs moGeauTens B TYPHUPE
N0 OMUMIMUCKON cucTeMe (BCe NEIATCA Ha Mapbl, MPOUTPABIIAE BLIOBIBA-
0T, IOTOM CHOBa JeIATCA HA TMaphl U Tak jgamtee), To mua 2F ygacTamkop
nonagoburcs k payHgoB, a 11 n ydacTHUKOB — [log, n]| paynmnos. B ka-
JKJIOU UT'PE TyPHUPA BLIOLIBAET OAMH yIAaCTHUK, IIO2TOMY BCero Oyaer n — 1
urp aus onpenenenus nobeaurens u emg [log, n| — 1 B TypHEpE 3a BTOpOE
MECTO CPeIU TPOUTPABIINAX TOOEIUTENIO. O

4.5.6. [loxa3aTh, YTO HUKAKOU AJTOPUTM HAXOXK JEHUA CAMOTO TAKEIO-
O U BTOPOTO TIO BECY CPEIU N KAMHEU He MOXET MapaHTUPOBAHHO CAEIATH
5TO MeHee 1eM 3a n + [log, n| — 2 B3BemmBaHU.

Pemenwue. [Iycts mgan Takou anropuT™. B Kaxk AL MOMEHT €0 WCITOJ-
HEHUA PACCMOTPUM YUCIO k; KAMHEN-YIaCTHUKOB, TPOUTPABIINX HE MEHEe |
urp-cpasuenutt. (Kocsenusie npourpomm — ecau a npourpat b, a b mpo-
urpaia ¢, — He YUIATBIBAIOTCA.) JIerko moHsaTh, 4To cymma k; HO BCeM i
PaBHA YUCIY UPP, TAK KAK MOCIE KAXKJIOU UPHL OTHO U3 k; yBEINIUBACTCS
Ha eTUHUITY.

IlosTOMYy HOCTATOYHO MOKA3aTh, UYTO KAKOB OLI HU OBLT AITOPUTM, IPHU
HEYJQIHBIX [ HEro pe3yabTaTaX Urp OygeT BHIIOJIHEHO HEPABEHCTBO
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k1 + ks > n + [logyn] — 2. Bygem Ha3BIBATE WIIAEpAMM» TEX yIACTHUKOB,
KOTOpBIE elIé HUKOMY He mpourpanu. B Hadame mx n, a B KOHIE OCTAaETCsA
TONBKO OAUH Jauep (MOCKOIbKY JI00U U3 JUIEPOB MOXKET OBITH OOEIUuTe-
aem). Ilostomy k1 > n — 1 (Bce urpoku, KpoMe OLHOTO, KOMY-TO IIPOUrDa-
au). O6BACHAM, KAK HA,I0 BEIOMPATH PE3YAbLTATH MATIEH, YTOOLL JOOUTHCA
uepaeercTBa ks > [log, n] — 1. PesyapTar BCTpEdm OBYX He-IMIEPOB MO-
XKeT OBITH BRIOpAH JI0OLIM. Eciau muaep BCTpedaeTCs ¢ He-TUAePOM, TO BBI-
urpuiBaeT augep. [lpu BecTpede qByX JuIepOB BEIUTPLIBACT 60JIe€ OMBITHEIN,
TO €CTb TOT, KTO BEIUTDAJ K 3TOMY MOMEHTY OOubIie urp (IIpyu pABEHCTBE —
I0001).

Y1068 [0KA3aTH, ITO B DTOM CJIy4ae BHIIOJIHEHO UCKOMOE HEPABEHCTBO
Ha ko, BBEIEM OTHOIICHWS IIONYUHEHUs, CIUTAS HPU DTOM, ITO KAKIBIU
UCPOK B JIIOOOW MOMEHT UIPhI MOJYUHEH POBHO OJHOMY Juaepy. B Hada-
Jie KaXK IbIA caMm cebe Juaep U MOIIMHEH TOAbKO cebe. [lpu BeTpede augepa
C He-TuAepoM (MU ABYX HE-IUIEPOB) HOIINHEHNE HE MEHAETCS; IIPU BCTPe-
e IBYX JUAEPOB MPOUTrPABIIAY U BCE €r0 MOAINHEHHBIE €PN [IUHAITCS
BBIA['PABIIEMY .

Jlerko mokasaTh M0 MHAYKIWN, ITO €CJIU JUAEp BEIUTPAT k UT'D, TO TPYII-
Ta ero Mo TIMHEHHMLIX (BKIOYUAA €r0 CAMOT0) COAePKUT He 6oee 2F weopex.
Buauane £k =0 u B ero rpymnme TOIpK0 OH caM. Ecau augep Bemurpan k urp
u o6GeX JaeT Iuaepa, BHIUTPABIIEro He 6ogee k Urp, TO B KaX JOU U3 TPYIII
He 6osee 2% urpokos, a B o6beguuennn e 6oxee 281 urpokos.

CrnemoBaTenbHO, TO OKOHYAHWM TYPHUPA JUIEP BHIUTDAT HE MEHEe
[log, n] urp, moCKoIBKY B €ro I'pymIe Bce n UIPOKOB. Bce moGex 16HHBIE
UM, KpOMe BTOPOrO IO CWIE WIPOKA, IMPOUrPAIU eE KOMY-TO (MHAYe Imo-
9YeMy Mbl yBEDPEHBI, 9TO OHUM He BTOpble 1o cwie?). OTcoa u mosydaeTcs
TpebyeMas OmeHKa Ha, ko. O

4.5.7. [loka3aTh, 9TO OIIEHKA MPEILIAVINEN 3aJa4Yu OCTAETCA B CUIE,
ecau TpeOyeTCsa HAUTHU JUIIL BTOPOU MO BECY KAMEHb, a CAMBIU TAXKEIBIN
UCKATh He 00A3aTEeNTbHO.

[Ykazanue. Eciu o OKOHYaHUIO TypHUPA ONPENEJMICS BTOPOU IO CH-
JIe UI'POK, TO OH KOMY-TO Ipourpai (OTKyga Mbl 3HAEM MHAYE, IYTO OH He
HepBHI? ), M TEM CAMBIM U3BECTEH U TMOGeIuTeb. | O

4.5.8. [Tano n pasim9HbLIX 10 Becy Kamuen u qucao k (ot 1 go n). Tpe-
Oyercsa HauTu k-l MO BECy KaMeHb, caenas He Gosee C'n B3BENIUBAHUMN,
rae C' — HEKOTOpas KOHCTAHTA, He 3aBUCAIIAA OT Kk 1 M.

3ameqanue. CopTUpPOBKA MO3BOIAET cAeraTh 510 33 Cnlogn B3pemmu-
BaHUU. YKa3aHUE K 3TON (TPyIHOU) 3a1a49e IPUBENEHO B IVIABE PO PEKYDP-
CHIO. 0
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Caenyromas 3a1a4a UMeeT HEOXKUAAHHO [IPOCTOE PeLIeHue.

4.5.9. Nmeercs nm OQUHAKOBLIX HA BUJ KaMHEH, HEKOTOPLIE U3 KOTO-
PBIX HA CAMOM [eJie Pa3IudHbl Mo Becy. MMeeTcs mpubop, MO3BOJSIOMIUT
[0 ABYM KAMHAM ONPEJeIUTh, ONMHAKOBBL OHU WM PA3IUYHBL (HO HE I'OBO-
DALY, KAKOU Tsaxenee). 3BECTHO, UTO Cpey dTUX KAMHEN OOTBIINHCTBO
(6onee n/2) ogunakoebix. Cresnas He Go/ee 1 B3BEIINBAHUY, HAUTH XOTS Obl
OJVH KaMeHb 13 »Toro 6onbmmuacTsa. ([Ipegocrepexenue. Eciu nBa kamus
OJVHAKOBBIE, 3TO HE MaPAHTUPYET UX NPUHAIJIEKHOCTU K OOJBIINHCTBY.)

[Ykasauue. Ecin HalgeHs! ABa PA3IMYIHBIX KAMHS, TO UX 002 MOXKHO
BBEIOPDOCUTH — XOTsA OBl OJWH U3 HUX IJIOXOW U OOJBIIUHCTBO OCTAHETCS
GOJIBIIMHCTBOM. |

Pemenwe. [IporpaMma mpocMaTpUBAET KAMHU 110 OYEPEIN, XPAHA B Ie-
PEMEHHOU i IMCI0 IpOCMOTPEHHBIX KaMHen. (CuuTaeM KaMHU IPOHYMepO-
BaHHBIME OT 1 10 n.) [loMuMO TOro mporpaMMa XpaHuT HOMED «TEKYILIEro
KAHIUIATay C U €ro «KPaTHOCTBY K. CMBICA 3TUX HAa3BAHUU OOBACHAETCS
naBapuanTom (U):

ecau K HEIPOCMOTPEHHBIM KaMHAM (¢ HOMepamu i+l...n) go-
GaBuay Obl K KOIIUHU C-I0 KaMHSA, TO HanOoJee 9aCThIM CPeau HIX
ObL1 OBI TAKOU K€ KAMEHb, YTO U [JIsI UCXOJHOIO MACCUBA.

Tlonyuaem Taxyio mporpaMmmy:

k:=0; i:=0;

{(}

while i<>n do begin

if k=0 then begin

‘ k:=1; c:=i+1; i:=i+1;

end else if (i+l-mM xaMeHb oLMHaKOB C c-m) then begin
i:=i+1; k:=k+1;

{3aMeHseM MaTepualbHHI KaMeHb HIealbHEM}

end else begin

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

{BHKUIHBaeM OIOMH MaTepUaIbHHN U OLYH MIealbHHM KaMeHb}
end;

end;

UCKOMHM ABIAETCA C-HH KaMeHb

3ameuanue. [lockoapKy Bo Bcex TPEX BApHAHTAX BHIOOPA CTOUT KOMAHA
i:=i+1, eé MOXKHO BHIHECTHU HAPYXKY. ]

3aMeTuM TaKXe, 9TO HTa MPOrPAMMa, MAPAHTUPYET OTHICKAHUE HANOO-
Jlee 9aCcTOr0 KaMHA, JUIIb €CJAU OH COCTABIAET OOJIBIINHCTBO.
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Cuenyromas 3a1a4a He UMEET HA [EPBBIM B3[VIAA HUKAKOI'O OTHOIIEHMS
K COPTHUPOBKE.

4.5.10. WNwmeercs kBagparHas Ttabauna all..n,1..n]. WsBecTHo, 4TO
[UIA HEKOTOPOT'O 1 CTPOKA € HOMEPOM 1 3amOMHeHa O THUMY HYJIAME, a CTOJ-
6er; C HOMEPOM 1 — OJHUMH efUHULAMY (32 UCKIIOYEHUEM UX [ePeCcedeHus
HA JUArOHAIY, e CTOUT Heu3BecTHO 4To). Hanru rakoe i (oHO, 04eBUIHO,
eIUHCTBEHHO). uca0 qercTBull mopaika n. (3ameTuM, 9YTo STO CyIIeCTBEeH-
HO MEHBIIIE YUCJIa DIEMEHTOB B TaOIuUIE. )

[Ykazanue. Paccmorpure alil [j] kak pesyabTaTr «CpaBHEHWs» i C j
U BCIIOMHHUTE, 9TO CAMBIM TsKEILIM U3 N KaMHEN MOXeT OLITb HalleH
3a 0 CpaBHeHUU. (3aMeTuM, 9TO TAabAMLA MOXKET He OBITb (TDAH3UTUB-
HOW», HO BCE DABHO NIPU (CPABHEHWUW» IBYX DJEMEHTOB ONUH W3 HUX OT-
najgaer.)] O



5. KOHEHHbLIE ABTOMATDbI
N OBPABOTKA TEKCTOB

5.1. CocTaBHble CUMBONbI, KOMMEHTApPUX U T. .

5.1.1. B TekcTe BO3BeJeHUE B CTEIEHb 0O03HAYAIOCH MBYMS HIYIIAMU
noapAn 3Bé3goukaMu. PemeHo 3aMeHnTh 5T0 0603HaYeHne Ha ~ (Tak 4To,
K TIpUMeEpy, X**y 3aMeHuTCA Ha x7y). Kax 510 mporme Bcero caenars? Uc-
XOIHBIN TEKCT YUTAETCA CHMBOJ 3a CUMBOJIOM, MOJYIAIOUIUICA TEKCT TPe-
OyeTcs meYaTaTh CUMBOJ 3 CUMBOJIOM.

Pemenue. B xax bl MOMEHT IPOrpaMMa HAXOAUTCS B OJHOM U3 IBYX
COCTOSIHUYL: «OCHOBHOE» U «IOCJe» (3BE3NOUKH):

CocrosHne Oqepe,quﬂofxi Hosoe [encrsue
BXOOHOU CHMBOJI COCTOsHUE

OCHOBHOE * ocJie HET

OCHOBHOE T F£* OCHOBHOE | IE€YATATH &

nocJe * OCHOBHOE nevaTraTrsb

mocJe T F£* OCHOBHOE | II€YaTaTh *, T

Eciu B KOHIE TEKCTa IPOrpaMMa OKa3bIBACTCA B COCTOSHUAH (TOCIE), TO
CIeyeT HANEeYATaTh 3BE30YKY (M KOHIUTH PAbOTY). |

3ameuanume. Hama nporpamva samensier *** na ~* (Ho e Ha *7). B yc-
JIOBUM 330a9KM MBI HE OFOBAPUBAIN IETAIEH, KAK DTO IaCTO NEJAETCA —
MPEANONATaeTCs, ITO MPOTPAMMA, «[OJKHA JeUCTBOBATEH PA3yMHO». B maH-
HOM CJIy9ae, TIOXKAIYU, CAMBIA IIPOCTOU CIOCO0 OOBACHUTE, KAK TTPOrPaMMa,
IEHCTBYET — DTO OMUCATHL €€ COCTOAHUA U NEUCTBUA B HUX.

5.1.2. HanucaTh mporpamMmy, yIaIAOUIYIO U3 TEKCTA BCE MOICIOBA BU-
na abc. (Il
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5.1.3. B mackaje KOMMEHTApUM 3aKII0OYAI0OTCSA B (PUCYPHBIE CKOOKM:

begin {mavamo umkma}
i:=i+1; {yBemmuumaemM i mHa 1}

Hanucars nporpammy, koTopas ygajiasiia 66l KOMMEHTAPUN U BCTABJLIA OB
BMECTO UCKIIOYEHHOrO KOMMeHTapus npobea (aroosr 1{omuu}2 npesparun-

Jock He B 12, aB 1 2).

Pemrenwme. IIporpamMMa mmeeT nBa COCTOSHUA: «OCHOBHOEY M (BHYTDI»

(koMMeHTapUs).
Cocrosnne Oqepe;;uﬂoﬁ Hosoe [encTpue
BXOJIHOU CUMBOJ | COCTOSHUE
OCHOBHOE { BHYTpH HET
OCHOBHOE z#A{ OCHOBHOE | MeYaTaThb T
BHYTDPHU } OCHOBHOE | meYaTaTb mpobe
BHYTPHU x#3} BHYTPHU HET 0

3ameqanue. OTa MIPOrpaMMa HE BOCIPUHUMAET BJIOKEHHBIE KOMMEHTA~
puu: CTPOKa BPOJE

{{xoMMerTapuy BHyTpU} KOMMEHTapua}

[IPEBPATUTCA B
KOMMEHTapua}

(B magane croar gsa mpobGeaa). O6GpabOTKa BJIOKEHHBIX KOMMEHTADUEB
KOHEYHBIM aBTOMATOM HEBO3MOXKHA (HYXKHO (IOMHUTH IUCIO CKOOOK» —
4 IPOU3BOJBHOE HATYPAILHOE TUCJAO HE HOMEIIAETCS B KOHEIHYIO IIaMATh).

5.1.4. B mackajeBckux mporpaMmax ObLIBAIOT TAKXKe CTPOKM, 3aKII0IEH-
Hble B KaBbluku. Eciu gurypHas ckobka BCTpedaeTcs BHYTPU CTPOKH, TO
OHA He O3HAMAET Havaja WK KOHIIA KOMMeHTapusa. B cBoio ouepenn, KaBbIv-
Ka B KOMMEHTApUM He O3HAYAeT Hadaja WIN KOHIA CTpOoKu. Kaxk maMeHUTH
IPOrpaMMy, 9TOOHI 3TO yIECTh?

[Ykasauue. CocTosHuUE OygeT TPU: OCHOBHOE, BHYTDH KOMMEHTApU,
BHYTDPU CTPOKH. | |
5.1.5. Emé omna BO3MOXKHOCTL MHOIMX PEAJU3ALNN HACKAJA — 3TO

KOMMEHTaApPUMN BU A

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

[PA 5TOM 3AKPHEIBAIOMIAA CKOOKA NOMKHA COOTBETCTBOBATH OTKPHIBAIOMIEH
(to ects {...*) He paspemaercs). Kax yranars Takue koMmenTapuu? [
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5.2. Beopg 4ucen

IlycTh gecATUYHAS 3aNUCh YUCAA TOTAETCA HA BXO TPOrPAMMEI CUMBOJT
3a CUMBOJIOM. Mer XOTHUM «IIPOYIECTh» 3TO TUCTO (HOMeCTI/ITB B IIEPpEMEHHY IO
Tuna real ero 3Hadenue). Kpome TOro, Hago cooOmuThL 06 OMuUOKE, €Cau
YHCJIO0 3AMKMCAHO HEBEPHO.

Bonee xoukperno, mpeacrasum cebe Takyio curyamnuio. IlocaeroBarennb-
HOCTBh CUMBOJIOB Ha BXOa€ OEJNTCA Ha IPOIUTAHHYIO M OCTABIIYIOCA IaCTH.
Mur MoxeM TOaB30BaTHCA (GyHknmen Next:char, koTopas maéT mepBHIT
CUMBOJI OCTABIIEUCA 9aCTHU, a TaK¥XKe Tpoueaypou Move, KoTopasn 3a0upaet
[IEPBBIA CUMBOJI U3 OCTABIIEUCA IaCTH, IEPEBOIA €r0 B KATErOPUIO IIPOIn-
TAHHBIX.

MpOYNTAHHAA JYacTh |Next | 7 ?

BygeM HasblBaTh IECATUYHOM 3AMUCHI0 TAaKyK [OCIEIO0BATEILHOCTH
CHMBOJIOB:
(0 unm Gonee npobenos) (1 uin Gonee nudp),

a TaKXKe TaKylo:
(0 mm 6omee npoGeaos) (1 wmu Gosee mudp) . (1 wim Goree uudp).
3aMeTuM, YTO COMVIACHO 3TOMY ONPEIETEHUIO
1. .1 1.1 -1.1

HEe SABIAIOTCA OecaTudHbiMu 3anucavu. ChopMmyaupyeMm Temepb 3agady
TOYTHO:

5.2.1. TIpoduecTs M3 BXOAHOU CTPOKU MAKCHUMAIBHYK 4YaCTh, KOTOPAs
MOXKET OBITH HAYAJIOM gecATwaHou 3amucu. OmpenenuTs, ABIACTCA JU DTa,
YACTDb TECATUYHOU 3AMUCHIO WX HET.

Pewenue. 3anumem nporpaMmy Ha ackade (UCIOIB3Ys «IePEINCIUMBII
THUID VI HAIVIAJHOCTH 3aIlUCH: IIepEMeHHas state MOXeT NPUHUMATH OTHO
U3 3HAYEHUN, YKA3AHHBIX 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 mawazma memo¥ YacTu}
Move;

end else begin

‘ state := Error;

end;

end else if state = IntPart then begin
if Digit (Next) then begin
‘ state := IntPart; Move;

end else if Next = ’.’ then begin
state := DecPoint; {mocme IeCATUYHOM TOYKMUY}
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; {momxsa 6HTL xoThb onmHa uuppal
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

‘ {Takoro 6uTp He MOxeT}

end;
end;

3aMeTbTe, YTO NPUCBAUBAHUA state:=Accept u state:=Error me compo-
BOXK/JAIOTCS CABUTOM (CI/IMBOJI, KOTOPHBIU HE MOXKET ObIThH YaCThIO YUCIA, HE
3a0UpaeTcs). O

IIpuBenéunas nporpaMma He 3aIIOMUHAET 3HAYEHUE IPOINTAHHOI'O YUCIA.

5.2.2. PemmuTh mpeauIIynIyio 3a1a4y ¢ JOTMOTHUTETLHBIM TPeOOBAHUEM:
€CJIN TIPOYUTAHHBIU KYCOK ABISAETCSA NECATUIHON 3AMUCHIO, TO B IEPEMEeH-
Hy!0 val:real clegyeT MOMECTUTD €€ 3HAUEHUE.
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Pemtenwe. [Ipu urenun apoOGHON 4acTH HEpEMEHHAs step XPAHUT MHO-
KUTENh TIPA CIEAVIOMEN TeCATUIHON nudpe.

state := Initial; val:= 0;

while (state <> Accept) or (state <> Error) do begin
if state = Initial then begin

if Next = ’ ’ then begin
‘ state := Initial; Move;
end else if Digit(Next) then begin
state := IntPart; {mocme mawama memo¥ YacTu}

val := DigitValue (Next); Move;

end else begin

‘ state := Error;

end;

end else if state = IntPart then begin

if Digit (Next) then begin

state := IntPart; val := 10*val + DigitVal (Next);

Move;
end else if Next = ’.’ then begin
state := DecPoint; {mocme IEeCATUIHOM TOYKM}
step := 0.1;
Move;
end else begin
state := Accept;
end;

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

state := FracPart;
val := val + DigitVal(Next)*step; step := step/10;
Move;
end else begin
state := Error; {momxma 6uHTH xoTb ogmHa uudpal
end;

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

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

end else begin

‘ state := Accept;

end;

end else if

‘ {Takoro 6uTH He MoXeT}

end;
end;
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5.2.3. Ta xe 3agada, ecam mepeq UUCIOM MOXKET CTOSATH 3HAK — WK
3HaK + (& MOXET HUYEro He CTOATH).

dopmaT ducesn B 3TOU 3a4aU€ OOBIYHO WLTIOCTPUPYIOT TAKOU KApPTUH-
KOI:

nudpa

iy
Lt ]
— -1 —{(umdpa)

O

5.2.4. Ta xe 3agada, ecim K TOMY XKe IOCJHE YUCIA MOXKET CTOATH
[OKa3aTeJNb CTEHEeHM NecATH, Kak B 254E-4 (= 0.0254) mm B 0.123E+9

(=123 000000). HapucoBarb cOOTBETCTBYIOIYI0 KADTUHKY . O

5.2.5. YTo HAJ0 M3MEHUTHL B MPUBEAEHHOU BHIIIE MPOrPAMME, ITOOLI
Pa3PENINTD IIyCTHIE LEAY U IpOOHYH dacTu (Kak B «l.», «.1» wim ga-
Ke «.» — HOCJAEIHEe IUCJAO0 CINTAEM PABHBIM HYJIO)? |

Mer Beprémcs k koHedHbIM aBroMaTaM B ruase 10 (Cpasrenue ¢ o6pas-
OM).



6. TUINbl AAHHbBIX

6.1. Ctekwu

IIycte T — Hekoropoit Tun. PaccMorpuM (OTCYTCTBYIOIME B ACKAJIE)
THUII «CTEK 2JIeMEHTOB Tuna Tr. Ero sHaYeHUAMY ABIAIOTCA MOCICI0BATE b
HOCTH 3HadeHun tumna T.

Omnepamun:

e Cpemars mycThIM (Var s: CTEK dIeMeHTOB Tuma T)

HoGaputk (t:T; var s: CTeK dIeMeHTOB Tuna T)
e Basre (var t:T; var s: crek saemenToB Tuna T)
e Ilycr (s: cTex anemenToB Tuma T): boolean

e Bepumna (s: crex anemenTos Tuna T): T

(Msr mosnb3yeMcsa OGO3HAYEHUAMY, HAMOMUHAMIIMMUA [ACKAIb, XOTA B
nackasie Tuma «crex» HetT.) Ilpouenypa «CpesaTb myCThIMY AeJaeT CTEK S
nycteiM. [Ipomenypa «JobaBuThb» 106ABIAET t B KOHEI ITOCJTIEIOBATEILHO-
cru s. lIponenypa «B3sTe» npuMenrMa, ecian mociieI0BaTeNbHOCTD S HEILY-
CTa; OHa 3a0UpPaeT U3 HeE MOCACTHUN DIEMEHT, KOTOPHIA CTAHOBUTCA 3HA-
yeHnueMm nepemeHHou t. Broipaxenume «Ilyct(s)» uCTUHHO, €Cau MOCTIELOBA-
TEJIBHOCTH S IycTa. Beipaxenue «Bepmmua(s)» OnpegeaeHo, eciu nocaeso-
BATEJBHOCTH S HEIYCTa, U PABHO MOCJAETHEMY DJIEMEHTY ITOCTIENOBATENIBHO-
CTH S.

Mer mokazkeM, KaK MOJEIAPOBATH CTEK B IACKAJE M I Y€r0 OH MOXKET
OBITH HyJKEH.

Mo,qenwposaHue OrpaHNYEHHOr 0 CTE€Ka B Maccuee

By}leM CIYUTATh, YTO KOIUYIECTBO SJEMEHTOB B CTEKE€ HE IIPEBOCXOIUT
HEKOTOPOr'o YucCja 1n. TO].",E[& CTEK MOXHO MOOEIUPOBATH C IIOMOIIBIO ABYX
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IIEePEMEHHBIX!

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

CIUTadA, ITO B CTEKE HAXOAATCA SJIEMEHTHL

Conmepxanue [1],...,Comepxanue [Imuna].

YrobwI caejlaTh CTEK IIyCTBIM, JOCTATOYHO IIOJOXHUTH

IOnuua := 0

[ob6aBuUTL >IeMeHT t:

{@Inmuna < n}
Iiuua := [auHa+l;
Conmepxanue [lmuual :=t;

e B3aTh dieMeHT B mepeMeHHyIo t:

{Imuna > O}
t := Cogmepxanue [[auual;
Imuua := [nuua - 1;

e Crek mycr, ecau Jnuua = 0.
e Bepmmna creka paBaa Comepxauue [[aunal.

Taxum 06pa3oM, BMECTO MEPEMEHHON THUIA CTEK B IPOUpAMME Ha Ia-
cKaJle MOXHO UCTIOIB30BATH MBE MmepeMeHHble Conepxanue u Jnuaa. MoxHO
TakXke OMpeneIuTh TUll stack, 3amucaB

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

(Mb1 mosBosIsieM ceGe MCMOMB30BATh UMEHA, [TEPEeMEHHBIX U3 DYCCKUX OYKB,
XOTs OOBIYHO MACKATb HTOr0 He J106uT.) ITocie 5Toro MoryT 6HITb — B CO-
OTBETCTBHY C IPABMJIAMI IACKAJIA — OIMCAHBI IPOIEAYyPEl PAGOTEL CO CTe-
koM. Hanpumep, MOXKHO HamucaThb

procedure Jlo6aBute (t: T; var s: stack);
begin

{s.llmura < N}

s.lnuHa := s.lnuHa + 1;

s.Comepxanue [s.[mmual := t;
end;
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WcnonbzoBaHue cTeka

Byaem paccmaTpruBaTh MOCAEI0BATEIBHOCTU OTKPBIBAOIIMXCS U 3aKPhI-
BAIOMIMXCA KPYIVbIX u KBagpaTHex ckoOok ( ) [ ]. Cpexm Bcex Takux
MOCJIEI0BATEIBLHOCTEN BBIIEINM IPABUIBHBEIE — T€, KOTOPHIE MOIYT OBITH
[OJIY Y€HBL TI0 TAKUM [PABUIAM:

® yCTas MOCIEIOBATENBLHOCTE MIPABUILHA.
e cciu A u B mpaBwibHBL, TO U AB NpaBUIbHA.

e ccu A mpasunbua, TO0 [A] u (A) npaBuibHEL

Ipumep. Iocaegosarensroctu (), [[1], [OL[]1O][] mpasuibubI, a
nocaegosarensuoctu 1, ) (, (1, (D] — mer.

6.1.1. IlpoBepuTh HOpPAaBUIBHOCTL IOCIEIOBATENALHOCTH 33 BpEMs, He
MPEBOCXOAAIIEee KOHCTAHTHI, YMHOXEHHOU Ha eé mauny. IIpenmomaraercs,
YTO YWIEHBL TOCIEOBATENIbHOCTH 3aKOIUPOBAHEI INCIAMU:

Pewenme. Ilycte al[1]...aln] — npoepsemas mocienoBaTEIBbHOCTS.
Paspemum XpaHUTE B CTEKE OTKPHIBAIOIINECST KPYTJIbIE U KBAIPATHLIE CKOO-
ku (T.e. 1lu2).

Brauasne crek gemaem mycreiM. [lasee mpocMaTpuBaeM WIEHBL TOCJHELO-
BATEALHOCTH CJEBA HATIPABO. BCTPETUB OTKPHIBAIOLLYIOCA CKOOKY (KPYTUIYIO
WM KBaAPATHYI), HOMEIIAEM €€ B CTeK. BCTPeTUB 3aKPHIBAIOIIYIOCH, IPO-
BepseM, YTO BEPIINHA CTEKA — MapHasd el CKOOKA; eCiu 3TO He TaK, TO
MOXKHO YTBEPKIATh, YTO MMOCIEIOBATENbHOCTh HENPABWIBHA, €CIU CKOOKA
napHas, To 3a0epéM eé (BepumHy) u3 crexa. [locae10BaTeIbHOCTD IPABUIL-
Ha, €CIM B KOHIIE CTEK OKA3LIBAETCA IIYCT.

Coemate_nycTtem (s);
i := 0; O6mapyxena_ommbka := false;
{npounTano i CHMBOIOB IOCIELOBAaTEILHOCTH}
while (i < n) and not O6napyxena_omubka do begin
i:=1i+1;
if (ali]l = 1) or (alil = 2) then begin
‘ Io6asuts (alil, s);
end else begin {al[i] paBro -1 umm -2}
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if Hycrt (s) then begin
‘ O6napyxena_ommbka := true;
end else begin

Bzare (t, s);

O6napyxena_oumbka := (t <> - al[il);
end;
end;
end;
llpaBunbHo := (not 06HapyxeHa_oumbxa) and Iyct (s);

Y6enuMcsa B IPaBUIBHOCTH MPOTPAMMEI.

(1) Ecau nocaeoBaTensHOCTh OCTPOEHA 1O MIPABUIAM, TO IIPOrDAMMa,
IACT OTBET «Ja». IJTO JErKO AOKA3aTh MHIYKIHUEW IO IOCTPOEHUIO Mpa-
BUILHOU TOCTEIOBATETLHOCTU. Haqo MpOBEpUTH MIA TYCTOU, O TOCTe-
noBareabHOoCTH AB B mpemnonoxenun, 9To Aaa A u B yxXe TpPOBEPEHO,
U, HaKOHeIl, misa mocaegoBarenbuocTen [A]l u (A) — B mpenmosoxenuwu,
g0 m1a A yxe nposepeno. s mycrou ogeBuguo. [lia AB mencTsus mpo-
rPaMMBI IPOUCXOAAT KaK I A M KOHYAIOTCA € MyCTHIM CTEKOM; 3aTeM BCE
npoucxoauT Kak mis B. dua [A] cradana nmomemaercs B CT€K OTKPBIBAIO-
Ias KBaIPAaTHAA CKOOKa U 3aTeM BCE MAET Kak mia A — ¢ Tou pasHuien,
9TO B MIyOUMHE CTEKa JEXKWUT JUIIHAA CKOOKa. 1o okonvanum A crex crta-
HOBUTCA MYCTHIM — €CJIU HE CUUTATH DTOU CKOOKU — a 3aTeM U COBCEM
nycTeiM. Aramornyso aia (A).

(2) Tlokaxem, 9T0 ecau IPOrpamMMa 3aBepIIAeT PAbOTy C OTBETOM «Aay,
TO MOCIENOBATENLHOCTE MPABMILHA. Paccy X qaeM WHIYKINEN TIO LIWHE TO-
CIeOBATENBHOCTH. IIpocaeuM 3a COCTOSHMEM CTEKA B IPOIECCe PabOTHI
nporpaMMbl. Ecin OH B HEKOTOPBIU TPOMEKYTOYHBIN MOMEHT MyCT, TO TO-
CIe[OBATENBHOCTh Pa3bUBAETCA HA OBE YACTH, MJAA KAXKIOU U3 KOTOPBIX
mporpaMma JaéT OTBET «Ia»; OCTAETCS BOCIOAb30BATHCS IPEAIOJOKEHIEM
UHIYKIIUU U OTPEIEeJeHNEM TPABUILHOCTU. IIyCTh CTEK BCE BpEMs HEMYCT.
OTO 3HAYUT, UTO MOJOKEHHAA B HET'O HA TIEPBOM IIIare CKOOKa, Oy IeT BLIHY-
Ta JWIh HA TOCIeIHEM Iare. TeM caMbIM, TMEePBBIU U MOCIEIHAN CUMBOJILI
MOCJIE0BATEIBLHOCTH — 3TO MAPHBIE CKOOKU, U MOCIEI0BATEILHOCTD UMEET
Bug (A) wm [A], a paGora nmporpammsl (KpoMe HEPBOrO U HOCJAELHErO
LIAIOB) OTAMYAETCS OT €€ paboThl Ha A /Wb HATAYMEM JUIIHEH CKOOKU
Ha nHE cTeKa (pa3 e€ He BHIHUMAIOT, OHA HUKAK He BAMAET Ha paboTy mpo-
rpamMbl). CHOBa CCHLIAEMCS HA TPEANONOKEHNE UHIYKIUN U ONPENeJCHE
MIPABUILHOCTH. O

6.1.2. Kak ympocTuTcs mporpaMMa, €CJau U3BECTHO, ITO B MOCJIEIOBA-
TEJIBHOCTU MOI'YT OBITH TOJBKO KPYIUIBIE CKOOKH?
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Pemenne. B 5ToMm ciiydae oT cTeka 0CTAaETCs IAIIb €0 IINHA, X MBI (DAK-
TUYECKU TMPUXOAUM K TAKOMY YTBEDKIEHUIO: MOCIEIOBATEIHLHOCTh KPYT-
JBIX CKOOOK MPABWIBHA TOTIA U TOJIBKO TOT'A, KOTIA B JIIOOOM €€ HAYAIb-
HOM OTPE3Ke YMCJIO 3aKPhIBAIIINXCA CKOOOK HE MPEBOCXOLUT UUCIA, O TKPHI-
BAIOIIUXCSA, & /IS BCEU MOCJIEOBATEILHOCTY DT IUCJAA PABHBI. |

6.1.3. PeanmmsoBaTh ¢ MOMOIIBI0O OTHOT'O MACCUBA ABA CTEKa, CyMMap-
HO€ KOJIUYIECTBO 2JIEMEHTOB B KOTOPBIX OI'DAHUYICHO ,E[JII/IHOI>)I MaCCHuBa; BCe
,ELQEICTBI/IH CO CTE€KaMHU OOJI2KHBI BBEIIIOJIHATHECA 3a BPEMsA, O'DAHUYICHHOE KOH-
CTAHTOH, HE 3ABUCAIIEN OT IJIMHBEI CTEKOB.

Pemrerme. CTexy OMKHBI PACTHA C KOHIIOB MACCHABA HABCTPEYUY APYT
IPYTy: MEPBHIU JOMKEH 3AHUMATH MECTA

Comepxanue[1] ...Conepxauue [[nunall,
a BTOpOU —
Conmepxanue [n] ... Conepxanue [n-Jnura2+1]

(BepmIMHBEL 060X CTEKOB 3ALMCAHBL IOCICHAMY). O

6.1.4. Peanmm3oBaTh k CTEKOB C DIeMEeHTAMHU THUIMA T, 00OIIee KOIMIECTBO
DJEMEHTOB B KOTOPHIX HE MPEBOCXOAUT N, C UCIIOIB30BAHUEM MACCHBOB CyM-
mapuon mauabl C(n + k), 3aTpaduBas Ha KaxX[oe AEHCTBUE CO CTEKAMU
(KkpoMe HAYATBLHBIX NeNCTBUN, ICTAIONIMX BCE CTEKU IyCTHIMU) BpeMs HE
6oaee mexkoTopou koHcTanTh C. (Kax roBopaAT, o0mas IJiuHA MacCUBOB
pomkHa OeITh O(m + n), a BpeMsa Ha Kaxayiwo omnepanuio — O(1).)

Pemenue. [IpuMeHaeMbIT METOI HA3BIBAETCA «CCHLIOTHON DEATU3AINCTY.
OH UCTIOAB3YeT TPU MACCUBA:

Comepxanme: array [1..n] of T;
Crenywumu: array [1..n] of 0..n;
Bepumua: array [1..k] of 0..n.

Yaobuo m3obpaxkaTh MaccuB ComepxaHMe KakK N fAUeeK € HOMepa-
Mz 1...n, Kaxgad u3 KOTOPHIX COAEPXKUT »iaemeHT tuma T. Maccus
Crenyoumi m300pa3uM B BUJAE CTPEIOK, MPOBEIA CTPEIKy W3 i B j, ec-
au Crenywuwi[i]l=j. (Ecan Cmemywumi[i]=0, crpesox u3 i He mposo-
aum.) Cogepxumoe s-ro creka (s € 1...K) XpaHUTCs TAaK: BEPLIMHA DABHA
Conepxanue [Bepumua [s]], ocTaqbHbIE DIEMEHTH S-TO CTEKA MOXKHO HAUTH,
U IO CTPEJKAM — O TeX IIOp, IIOKa OHU He KOHYATCsA. [Ipu sTom

(s-m1l cTex mycT) < Bepumua[s]=0.
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Crpenovabe TPAEKTOPUY, BBIXOIAIINE I3
Bepumua[1],...,Bepumsua [k]

(u3 Tex, xoropule He paBHBL ) HE NOJKHBI Iepecekarnes. lloMumo Hux,
HaM IOHALOOUTCA eme OQHA CTPENOYHAsI TPACKTOPHS, COLEePKAIIAI BCe He-
UCTIONb3yeMBIe B TAHHLIM MOMEHT AYenku. B¢ HaIano Mbl OyIeM XpaHUTh
B niepeMeHHou CBo6onHas (paBeHCTBO CBoGonHas = 0 O3HAYAET, ITO ILyCTO-
ro MecTa He OCTalIoCh). BoT mpumep:

Comepxanue ‘ a P ‘ q ‘ d ‘ s t v W ‘
' /
/
/
/
/
/
/
/
Bepumua Cobonuas
Comepxamme |a p q d s t v w
Coepyoumz |3 0 6 0 0 2 5 4
Bepmwra | 1 7

CeobomHasa = 8

Crexu: 1-b11 cogepxuT p, t, q, a (a — BepmmHa); 2-0i COAEPKUT S, vV (Vv —
BEPIINHA).

procedure HauaTe_pab6oTy; {llemaeT Bce CTeKM IyCTHMU}
‘ var i: integer;

begin
for i := 1 to k do begin
‘ Bepuwmra [i]:=0;
end;
for i := 1 to n-1 do begin
Cnemywumu [i] := i+1;
end;
Cnemyouwu [n] := 0;
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Ceobomuaa:=1;
end;

function EcTe_mecTo: boolean;
begin

EcTs_MecTo := (CBobommas <> 0);
end;

procedure Jo6aBute (t: T; s: integer);
{llo6aBuTs t K s-My cTeky}
var i: 1..n;

begin

{EcTp_MecTO}

i := CBobomuas;

Ceo6ommasa := Cmexmyoumu [i];
Crenywumyu [i] := Bepumua [s];
Bepumua [s] :=1i;

Comepxanume [i] := t;

end;

function Iyct (s: integer): boolean;
| {s-mit crex mycr}

begin

‘ Ilyct := (Bepumuma [s] = 0);

end;

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

{B34aTp M3 s-ro cTeka B t}
var i: 1..n;

begin
{not Iyct (s)}
i := Bepumma [s];
t := Copmepxamme [i];
Bepumra [s] := Cmemywommu [i];
Cnemyomuu [i] := CBobogzmas;
CBobomuasa := 1ij;

end;

function Bepuwra_cTeka (s: integer): T;

‘ {Bepumua s-ro creka}

begin

‘ Bepumna_cteka := Comepxauue [Bepumuals]];
end;

101
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6.2. Ouepeam

SHAMCHUAMI THUIIA, «09ePEIhb ICMEHTOB THUIIA, Ty, KAK U JII CTEKOB, IBJIA-
I0TCSA MOCICIOBATEILHOCTH 3HAMeHuN Tuna, T. PasHuma cocTouT B TOM, 9TO
OepyTCsA DIEMEHTH HE C KOHI@A, a ¢ Hadana (& NOGABJAIOTCA MO-TIIPEKHEMY
B KOHel).

Omnepamnuu ¢ ogepensamu:

e Cpenars_mycron (var x: odepeab sneMeHTOB Tuna T);

HobGaBuTs (t:T, var x: ouepens daeMeHTOB Tuma T);

Baare (var t:T, var x: odepenb a1eMeHTOB Tuna T);

Iycra (x: ouepens saementos Tuna T): boolean;

e Ouepengnon (x: ouepens saemenTos Tuma T): T.

IIpu BemoOHeHNET KOMAHALI «/[00ABUTL)Y yKA3AHHBLIA DIEMEHT mT0OABJIA-
erca B xorer ouepenu. Komana «B3aTe» BEIIOIHUMA, JUIIL €CIM O9€PEIb
HeIycTa, u 3abupaeT u3 Heé NepBHIN (IIOI0KEHHBIN Ty A PAHbBLIE BCEX) Die-
MEHT, TOMelIasa ero B t. 3uavenuem Qpyuxnuu «Odepensons (OnpeneneHHon
ISl HEITyCTOU OYepey) ABIACTCA MEPBLIA DIEMEHT OYepE/Iu.

Anrnuiickue maszBanusa crekoB — Last In First Out (mocregaum BO-
wén — mepBBIM Bhlen), a ouepenen — First In First Out (mepsbiv Bommén —
nepsbiM Boimen). Cokpamenus: LIFO, FIFO.

Peanuzaums ouepenen B maccuee

6.2.1. PeamusoBaTh omepanuu ¢ O9€peIbi0 ONPAHUYEHHOU [IWHLI TaK,
YTOOBI KOIUIECTBO JEUCTBUM A KAXK IOU ONEPAINU ObLIO OTPDAHUYEHO KOH-
CTAQHTOU, HE 3ABUCAIICN OT [IWHLI OYEDEe/Iu.

Pemrenwe. Bynem xpaHuTh b1€MeHTHI O4epenu B COCETHUX SIEMEHTaX
MaccuBa. Torga odepens Oyier npupacrarh cnpasa u yObBaTh ciesa. llo-
CKOJMIbKY TIPU 3TOM OHA MOXKET JOUTU IO Kpas, CBEPHEM MACCUB B OKPY K-
HOCTb.

Beeném maccus

Conmepxanme: array [0..n-1] of T
U IepeMEeHHBIe

Hepmrit: 0..n-1,
Imuua : O..n.
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IIpu >Tom sremenTamu odepenu O6yayT

Comepxauve [lepeuu],Comepxanue [lepmam+l],...,

Comepxanue [[epsru+[lnzra-1],

re CJIOXKEHUE BBIIOAHASTCA 10 Moy o n. (IIpexynpexgenne. Ecim BMecTo
5TOro BBeCTH nEpeMeHubIe [lepBrit u [lociefaui, 3HAMEHNA KOTOPBIX — BBI-
“eTHI IO MOZYJIIO N, TO IyCTas OIe€Pesb MOKET ObITH CILyTaHA C OIePEabIo
U3 n DIEMEHTOB.)

OHepaHI/II/I BBIIIOJIHAKOTCA TaK.

Cuenars mycTon:

Imuua := 0;
lepesmt := O;

JMo6aBUTL DIEMEHT:

{Inuna < n}
Comepxanme [(llepsrm + Inumua) mod n] := >meMenT;
Imuua := [nuHa + 1;

Baars saement:

{lnura > 0}
snemenT := Comepxaume [llepssi] ;
Nepesm := (llepeuu + 1) mod n;

Imuua := lnumHa - 1;

IIycra:
Imuua = 0
Ouepenuon:
Comepxanue [[epsrit] O

6.2.2. (Coobmmun A.T. Kymuupenxo) [Ipugymars cnocob Moneanposa-
HUA OY€Per ¢ MOMOMBIO ABYX CTEKOB (1 (PMKCHUPOBAHHOTO TUCIA TIEPEMEH-
werx tuma T). Ilpm sTOM 0TpaboTKa n omepammil € OYepenplo (HAIaTHIX,
KOT1a 09€epeab ObLIa IMyCTa) TOKHA TPeGOBATH HOPANKA N JEUCTBUN.

Pemenue. NuBapuanT: cTeku, cOCTABICHHBIE KOHIIAMHI, 00Pa3yioT Ove-
peas. (Ilepedncisas 3MeMeHTEl OJHOTO CTEKA BIIYOb U 3aTEM 3JIEeMEHTHI BTO-
POr0 HAPYXKY, MBI IEPEUUCIIEM BCE DJEMEHTHI O49e€peau OT MEPBOrO A0 IO-
caenuero.) flcHo, uro mobaBreHMe CBOAUTCA K JOOABICHUIO K ONHOMY U3
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CTEKOB, & IPOBEPKA IIyCTOTHI — K IIPOBEPKE MyCTOTHI 06oux cTekoB. Ec-
JIN MBI XOTUM B3ATH 3JIEMEHT, €CTh OBa CJIYy'asd. ECJII/I CTEK, I'1e HaXOQUTCA
HAYaJI0 Oodepenu, He IMyCcT, TO 6epéM m3 Hero »neMeHT. Ecau OH mycT, TO
IpeaBapUTEIbHO IMEPEMNUCBEIBAECM B HEI'O BCE JJIEMEHTHI BTOPOr'O CTEKa, Me-
HsIsL HOPSAOK (STO IPOUCXOAUT CaMO COGOU IPU NEPEeKIAILIBAHAN U3 CTEKA
B CTEK) U CBOAMM JEJO K IIEPBOMY Caydaro. XOTs UUCIO A€UCTBUU HA DTOM
mare m He OTPAHUYEHO KOHCTAHTOW, HO TPeOOBaHWE 3aJa9M BHIMOJIHEHO,
TaK KaK KaXKIBIU DIEMEHT OYePEeIN MOXKET yIaCTBOBATH B DTOM IMPOIECCE
He Oosiee OMHOT'O Pasa. O

6.2.3. /[lexoM Ha3BIBAIOT CTPYKTYPY, COUYETAIONIYIO OYepPeIb U CTeK:
KJIACTh U 3abUpaTh JEeMEHTHl MOXKHO ¢ 060omx KOHNOB. Kax peamm3oBaThb
IeK OIPAHUYEHHOI'O pa3Mepa Ha 6a3e MAaCCUBA TAK, ITOOBI KaxXKIasd OIepa-
nus TpeboBala OrPAHMYIEHHOIO YUC/Ia, HeUCTBANA ! O

6.2.4. (Coobmmn A.T. Kymmnuupenxo.) Umeerca gex saemeHToB Tuma T
7 KOHEYHOEe JUCJIO IepeMeHHbIX Tuna T u nejoro tuna. B HagamsHOM cocTo-
SHUM B JeKe HEeKOTOpOoe IHCIO »aeMeHTOB. COCTaBUTH MPOrpaMMy, MOCHe
UCIIOJHEHUS KOTOPOU B J€Ke OCTAMUCH OBl T€ XKe CAMBIE DJIEMEHTEHI, 8 WX
YUCJIO0 OBLIO OBl B OJHOU U3 LEIBIX MEPEMEHHBIX.

[Ykazanume. (1) DreMeHTHI JeKa MOXKHO HUKIMYIECKU NEPECTABIATH, 3a-
6upas ¢ OJHOrO KOHIA U moMernas B Apyrou. Ilocre aToro, cieras cTOIBLKO
ke IIAros B 06PaTHOM HAIPABJIEHNUHI, MOXKHO BepHYTh BCE Ha MecTo. (2) Kak
[IOHATD, IIPOILINA MBI IIOJHBIA KPYT uin He nporwiu?! Ecau 66l Kakou-To ie-
MEHT 3aBeJOMO OTCYTCTBOBAJI B IeKe, TO MOXKHO OBLIO OBI €ro MOACYHYTH
U X JIaTh BTOPUIHOrO moseiaeHuA. Ho Takux saemMeHTOB HET. BMecTO 5TOr0
MOKHO [JIA JAHHOT'O N BHITOMHUTDL IUKJIAIECKAN CIABAT HA N IBAXKIEI, TOI-
CYHYB PA3HBIE DJIEMEHTEHI, W IIOCMOTPETb, TMOABATCA JA PA3HBIE DJIEMEHTHI
Jepes3 n [maros. ] O

MpumeHeHne ovepenein

6.2.5. HamewyaraTb B mOpsake BO3PACTAHUA IIEPBLIE NI HATYPATBHBIX U~
CeJl, B PA3JIOKEHNEe KOTOPBLIX HA IPOCTHIE MHOXKUTENN BXOIAT TOJBKO Y-
cra 2, 3, 5.

Pemenue. Beeném tpum ouepenu x2, x3, x5, B KOTOPEIX OyIeM XPAHATH
DIEMEHTHI, KOTOphIe B 2 (3, 5) pas Goiblle HATEYATAHHBLIX, HO €II¢ HE Ha-
neuaransl. Ompeneanm npouesypy

procedure HameYaTaThb_K_Lo6aBuTh (t: integer);
begin
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writeln (t);

Io6aBuTe (2%t, x2);

Io6aBute (3*t, x3);

Io6aBuTre (5*t, x5);
end;

Bot cxema mporpaMMur:

...cmemaTk x2, x3, x5 mycTsnvm

HamnedaTaThb_u_nobaBuTek (1);

k :=1; { k - uuciao HamevyaTaHHHX J}

{unBapuanT: HamevaTaHO B NMOpALKE BO3pACTaHUA K MUHUMAIBHHX
YIEeHOB HYXHOU'O MHOXECTBa; B OYepelAX DIEMEHTH, BIBOE,
BTpoe U BIATEpo 6oiblMle HAaleYaTaHHHX, HO He HalledYaTaHHHE,
pacmolloXeHHHe B BO3pacTanlleM Iopamkel}

while k <> n do begin

x := min (ouepemmou(x2), ovepermmou(x3), ouepexmmou(x5));
HamneyaTaThb_HU_Job6aBuUTE (x);
k := k+1;

...B3ATb X U3 TeX odepelnedl, rLe OH OHI OYepeIHHM;
end;

TlycTh MHBAPUAHT BHIMOMHACTCA. PacCMOTPUM HAUMEHBINAU U3 HEHATIE-
YATAHHBIX DJIEMEHTOB MHOXKECTBA; MyCTh dTO X. Toraa OH AEIUTCA HAIEIO
Ha OJHO U3 4mcesa 2, 3, 5, 1 9aCTHOE TaKXKe IPUHALICKUT MHOKECTBY. SHA-
YUT, OHO HANIEYATAHO. JHAYUT, X HAXOAUTCA B OJHOU U3 OYEPENEU U, CIe-
JLOBATEIBHO, SBSIETCS B HEM HePBLIM (MEHBIINE HAEIATAHBL, 4 3JIEMEHTHL
ouepefen He HamedaTaHbl). HamedaTas X, MBI JOMKHEL €TI0 U3BATH U 100a-
BUTDH €r'0 KPATHBIE.

[luHbI OYepenen He TPEBOCXOAAT YN HATIEIATAHHBIX DJeMEHTOB. [

Caenyromas 3a1a4a cBA3aHa ¢ rpadamMu (K KOTOPBIM MBI BEPHEMCA B TVIa-
Be 9).

IlycTte 3amaHO KOHEYHOE MHOXKECTBO, DJIEMEHTHI KOTOPOI'O HAa3BIBAIOT
8EPULUHAMY, 3 TAKKE HEKOTOPOE MHOXKECTBO YIIOPsLOYEHHBIX [1aP BEPIINH,
HA3BIBAEMBIX pEOpamu. B 5TOM caytuae rOBOPAT, ITO 3ALAH OPUEHINUPOBAH-
noit epad. Ilapy (p, ¢) Ha3BIBAIOT PEOPOM C HAUAAOM D U KOHUYOM ¢; TOBODAT
TaK¥XKe, 9TO OHO 6bIZ00UM U3 BEPIIUHLL P U 6200um B BepiiuHy ¢. OOLIIHO
BepIInHBI Ipada n300paKaT TOUYKaMu, a pédpa — CTpeJKaMu, BeIyIIIMu
u3 Havaua B kKoHewl. (B cooTBercrBuu c onpejeseHueM U3 IaHHOU BepLIW-
HBI B TaHHYIO BeIET He 6omee OTHOTO pebpa; BOZMOXKHEI pE6pa, ¥ KOTOPHIX
HAYaI0 COBIAIAET C KOHIIOM.)

6.2.6. U3BecTHO, 9TO OPUEHTUPOBAHHLIN rpad CBA3EH, T.€. U3 JHO0U
BEPIIUHBI MOXKHO MPOUTH B JH0OOyI0 1O pébpam. Kpome TOro, ms kaxmou
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BEPILINHLI BEIXOAUT CTOJBKO ke pébep, ckoabko Bxoaut. [loka3zars, 9410 Cy-
IIECTBYET 3aMKHYTHIN UK, TPOXOMAIINNA M0 KAXKIOMY PeOPY POBHO OJWH
pa3. CocTaBUTE aJrOPUTM OTHICKAHUS TAKOr'O IIUKJIA.

Pemenue. 3meén OyneM HA3BIBATH HEMYCTYIO OYEPEIb U3 BEPIIUH, B KO-
TOPOU MI00BIE ABE BEPIIXHBI COEAUHEHBI peGpoM rpada (HadagoM SIBIAETCI
Ta BEPIIMHA, KOTOpas buamxke K Hadary odepenn). Crosmas B Hadale ouepe-
1 BepIIMHAa OyIeT XBOCTOM 3MeH, MOCAeqHsAs — rojioBor. Ha pucynke ames
n300pa3uTCcsA B BUe enu pédep rpada, CTpeaKn BeIyT OT XBOCTA K T'OJO-
BeE. l[06aBJIeHI/Ie BEPIINHEI B O4Yepeab COOTBETCTBYET POCTY 3Meu C I'OJIOBHI,
B3ATHUE BEPIINHBI — OTPE3aHUIO KOHYIMKa XBOCTA.

Buagane smes cocTouT u3 eauHCTBEHHON BepinuHbl. Jasee MBI ciegyeM
TAKOMY IIPDABUILY:

while 3Mea Bkiw4yaeT He Bce pébpa do begin
if 3 romoBH BHXOLUT He BXoJAllee B 3Mek pebpo then begin
‘ VOIMHATE 3Mel >TUM pebpoM
end else begin
{romoBa 3Me: B TOM Xe BepuMHe, YTO M XBOCT}
oTpe3aThk KOHEIl XBOCTa M NO6aBUTH €ro K ILOJOBE
{"3Mea oTkycmBaeT kKoHel xBocTa'}
end;

end;

[lokaxeM, 9TO MBI TOCTUTHEM IIEJU.

(1) Uas mo 3Mee OT XBOCTA K T'OJOBE, MBI BXOAUM B KaXKAYH BEPIIUHY
CTOJBKO K€ a3, CKOJBKO BHIXOAUM. Tak Kak B JOOYIO BEPIIMHY BXOJUT
CTOJIBKO ke PEGEP, CKOIBKO BBIXOAUT, TO HEBO3MOXHOCTD BBIUTH O3HAYAET,
YTO IOJIOBA 3MEU B TOU XK€ TOYKE, YTO U XBOCT.

(2) 3Mes He yKOpPauUBAETCA, MOITOMY JUOO OHA OXBATUT BCE pEODA,
anb0, HAYMHAA ¢ HEKOTOPOT'O MOMEHTAa, OyJAeT UMeThb HOCTOSHHYIO NINHY.
Bo BTopom ciaydae 3mes OygeT GECKOHEYHO «CKOJAL3UTE IO cebey. DTO BO3-
MOXKHO, TOJIBKO €CJIH U3 BCEX BEPIINH 3MEU HE BBIXOJUT HEHUCIIOJb30BAHHBIX
pébep. B sTom ciaydae u3 CBA3BHOCTH CIELYET, ITO 3Mest IPOXOAUT II0 BCEM
pébpam.

3aMedaHme 0 peanu3anuy Ha nackasie. Beprmuamu rpada Oygem cau-
TaTh yucaa 1...n. [l kaxkaou Bepmmubl i OygeM xpaHuTh ducao Qut [i]
BBIXOIAIINX 13 Heé pébep, a Takxke Homepa Num[i] [1],... ,Num[i] [Out[i]]
TexX BEpIIrH, Kyxa >Tu péopa BeayT. B mpomecce mocrpoenus 3men Oyaem
BBIOUpATH MEPBOE CBOOOTHOE pedpo. Torga mOCTATOYHO XPAHUTH AJIA Ka-
XKIOW BEPIIUHBI IHCJAO0 BHIXOMANINX U3 HEE UCIOMb3OBAHHBIX pEGEp — DTO
OyayT pébpa, uIymue B Hadade CIIUCKA. U
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6.2.7. TokasaTb, 9TO I BCAKOIO N CYMIECTBYET MOCIEN0BATEIBHOCTD
HyJel ¥ eJUHUIl IIUHBEL 2" CO CIeIYIOUMM CBOUCTBOM: €CJIM «CBEPHYTH €6
B KOJBLO» W PACCMOTPETH BCE (PPArMEHTHl JIUHEL 7 (AX 9UCJAO PABHO 27),
TO MBI MOJIYYUM BCE BO3MOXKHBIE TIOCICAOBATEILHOCTY HYJICH W €IWHUIL [JIV-
HBL 1. [JOCTPONTEL AMrOPUTM OTHICKAHUA TAKOU IIOCAEI0OBATENLHOCTH, TPE-
Oytomuu He 6oee C" 1eNCTBUM [ HEKOTOPOU KOHCTAHTHL C.

[Ykazauue. PaccmoTpuM rpad, BepImHaMu KOTOPOTO ABIAIOTCA HOCTe-
IOBATEIBLHOCTHU HYJIEU U eIUHUIl AMuHbl 1 — 1. BygeMm caurars, 4To U3 Bep-
MIMHLI T BeAET peOpo B BEPIIUHY Y, €CIN T MOXKET ObITh HAYaIOM, a i —
KOHIIOM HEKOTOPOU MOCIEAOBATEIBHOCTH MIMHBL 1. Torga m3 KaxJaou Bep-
LIMHLI BXOAUT U BeIXOAUT aBa pebpa. lluki, mpoxomsimuu mo Bcem pébpam,
U 1acT TpeGyeMyio MOCIeNOBATEIBHOCTD. | (Il

6.2.8. PeamusoBars k ouepenen ¢ OrpaHUYEeHHON CYMMAapPHOU JJUHON 71,
ucnoas3ysa namarts O(n + k) [= we 6oaee C'(n + k) 1is HEKOTOPOH KOH-
crautel C], npuuém kaxgas onepauus (KpoMe HAYATIBHOU, AEJAIOMIEN BCE
Odepeau IMyCTHIMU) JOIXKHA TPeOOBATh OIPAHUIEHHOIO KOHCTAHTON IHCIA,
NENCTBUN.

Pemenue. /[eniCTByeM aHAJOTUIHO CCHLIOYHOU PEANU3ANUU CTEKOB: MBI
NOMHUM (/I KaXKIOW OYepefu) MEPBOrO, KaXKALIM YIACTHUK O9epPequ I0-
MHUT CJAEIYIOWIEro 3a HUM (/I HOCJAEAHErO CIATAECTCS, ITO 38 HUM CTOUT
ukTuBHbM 71eMenT ¢ HoMepoM 0). Kpome Toro, Mbl gO/LRKHBL 411 KaxK 40U
0Yepeu 3HATH MOCIENHETO (€CAU OH €CTh) — UHAYe He yAACTCA J00ABIATE.
Kak u mis cTekoB, OTIENBHO €CTh LeNb CBOOOMHBIX AIEEK. 3AMETUM, ITO
[UIA TIYCTOU Ovepean NHPOPMAIKA O TTOCJAeJHEM DJIEMEHTE TepAeT CMBICT
HO OHA U HE UCIIONb3YeTCA IpU NOOaBIEeHUN.

Conmepxanme: array [1..n] of T;
Crenywumu: array [1..n] of 0..n;
Hepmait: array [1..k] of 0..n;
HNocnenmuu: array [1..k] of 0..n;
Cso6omuaa : 0..n;

procedure CmenaTb_IyCTEM;
‘ var i: integer;

begin
for i := 1 to n-1 do begin
‘ Crmepyoumu [i] := i + 1;
end;
Crnezywumy [n] := 0;
CBobomuasa := 1;

for i := 1 to k do begin
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‘ Hepeau [i]:=0;
end;
end;

function EcTte_mecTo : boolean;
begin

EcTte_MecTo := CBob6ommaa <> 0;
end;

function Iycra (HoMep_odepemm: integer): boolean;
begin

‘ llycta := lleperm [HOMep_ouepemu] = O;

end;

procedure BzaTte (var t: T; HoMep_odepenu: integer);
‘ var mepB: integer;

begin
{not Iycra (momep_ouepenu)}
neps := lleperm [Homep_ouepernu] ;
t := Comepxaume [meps]
Neperit [momep_ovepenu] := Crexywumu [mepr];
Cnenyoumy [meps] := CBo6ogmmas;
CBo6omHasA := IepB;
end;

procedure Jo6aBuTe (t: T; HoMep_odepemu: integer);
‘ var HOB, mocm: 1..n;

begin
{EcTb_mMecTo }
HOB := CBo6ogmmas; CBobomuas := Cmemywumu [CBo6oxmmas] ;
{u3 cmnmcka cBo6GomHOro MecTa M3BAT HOMEp HOB}
if Iycra (HoMep_ouepezu) then begin
lepeuit [HoMep_ouepermm] := HOB;
Nocnenuu# [Homep_ouepermm] := HOB;
Cnenywumy [moB] := 0;
Conmepxaume [moB] := t;
end else begin
mocn := locmemuuu [moMep_ovepernn] ;
{Cnenyoumy [mocx] = 0 }
Cnenywumi [mocm] := HOB;
Cnenywumy [moB] := 0;
Comepxauue [moB] := t
Nocnenuui [Homep_ouepemm] := HOB;
end;

end;
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function Odepenmoi (moMep_odepezm: integer): T;

begin

‘ Ouepermuou := Comepxauume [llepsuu [momep_ouepenu]];

end; O

6.2.9. Ta xe 3agada I IEKOB BMECTO OYepenen.

[Ykazauue. Jlek — CTPYKTypa CUMMETDHUYHAA, IOSTOMY HAT0 XPAHUTH
ccbUIKH B 06€ CTOpOHBL (Buepén u Haszan). llpu 5ToM ygoOHO K Kax IOMy
neKy 106aBUThL PUKTUBHLIN 3JEMEHT, 3AMKHYB €0 B KOJIBIIO, I TOYHO TAaKOe
XKe KOJIbLO 00pa30BaTh U3 CBOOONHBIX ITO3ULUL | O

B crepyromen 3agade nexk MCOOAB3YeTCS [Jsi XPAHEHUs BEPIIAH BbI-
MIYKJIOT'O MHOT'OYTOJBHUKA.

6.2.10. Ha miockocTu 3amaHO N TOYEK, IPOHYMEPOBAHHBIX CIEBA HAa-
npaBo (a mpu paBHBIX abcuuccax — cHu3y BBepx). COCTAaBUTH MPOrpaMmy,
KOTOpas CTPOUT MHOIOYTOJBHUK, SABJSIOUIMUACSI WX BHIIYKJION OOOJOYKON,
3a O(n) [= me Goxee vem Cn] gencTeun.

Pemenue. Bygem mpucoeiuHATL TOYKYM K BBITYKJIOU O0OJOUKE OMHA 32
apyrou. Jlerko moxkasaTh, YTO MOCJAEqHsAA IPUCOEUHEHHAS TOYKA Oyner
OJIHOU W3 BEPIIMH BBHILYKJIOU OOOIOYKU. DTy BEPIUIUHY MBI OyIeM HA3bI-
BaTh BhIgeaeHHOU. OUepenHas TpUCOeAVHIEMas TOYKA BUIHA U3 BHIIETCH-
HOU (movemy?). [JOMOMHUM HAII MHOTOYTOJbHUK, BEILYCTUB U3 BBIIEJICHHON
BEPINUHBLI (UTVY», BEAYIIYI0 B MPUCOCIUHAEMYIO TOUYKY. ILOIyIuTCAa BHIPO-
XK IEHHLI MHOMOYTOJNBHUK, U OCTAETCA JUKBUAUPOBATE B HEM (BITyKJIOCTH.

Byzem xpanuTh BepUIMHBI MHOIOYI'OJBHUKA B A€Ke B IOPsgke 06X0ona
€ro MepUMeTPa, M0 YACOBOU CTpeaKke. [Ipr 3TOM BBLIICICHHAS BEPIINHA ABIA-
€TCA HAYAIOM U KOHIIOM (MOJOBOK U XBOCTOM) AeKa. [Ipucoequuenue «urisn
Tenepb COCTOUT B AOOABICHUM MPUCOEIWHAEMOU BEPIIUHBI B T'OJOBY U B
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XBOCT [€Ka. YCTPaHEeHHE BIIYKJIOCTEH HECKOIBKO Oouee caoxkHo. Hazoeém
Nn00T60CMOM U NOONOITE0CTNOM DIEMEHTEL JeKa, CTOAIINE 33 IO XBOCTOM.
YceTpareHue BIyKIOCTH Y XBOCTA EIA€TCA TaK:

while mo mopore m3 XBoCTa B MONHNOAXBOCT MH IIOBOpavYMBaEeM
y momxBocTa BueBo ("BuykmocTe") do begin
BHKMHYTH IIONXBOCT M3 HeKa
end

Takwum xe crrocoboM yCTPAHSIETCSA BIYKJIOCTH Y COJOBHI A€Ka.

3ameuanue. [[ercTBUA ¢ MOAXBOCTOM U MOANOAXBOCTOM HE BXOIAT B
OTIpele/IeHNe MeKa, OJHAKO CBOMATCA K HEOOMBIIOMY UHUCIY MAHUILYJIAIAN
¢ gexoM (HaLo 3a0paTh TPU BJEMEHTa C XBOCTA, CAEJATH YTO HALO U BEp-
HYTb).

Fwé oguo 3amevyanwe. EcTh nBa BBIPOXKIEHHBIX CIy4as: €CJOU MBI BO-
o0LIe He IIOBOPAYMBAEM Y IOAXBOCTA (T.€. TPU COCEIHUE BEPUIUHEI JEKAT
HA OQHOU HPSIMOM) U ecau MbI noBopadusaeMm Ha 180° (rak ObiBaer, ecau
HAIIl MHOTOYTOJBHUK €CTh OBYYTONbHUK). B mepBoM ciiydae moaxBocT CTO-
UT yAaauTh (9TOOBI B BHITYKJION 000J0YKE HE OBLIO JUIIHUX BEPIIUH), & BO
BTOPOM CJaydae — OOg3aTEIbHO OCTABUTh. |

6.3. MHoxecTBa
IIycte T — mexoropsii Tum. CyIleCTBYeT MHOTO CIIOCOO0B XPAHUTD (KO-

HEYHBIE) MHOXKECTBA 3JIEMEHTOB TUna T; BEIOOD MEX1y HUMU OIPENeNAETCA
TumoMm T 1 HaGOPOM TPeOyeMBIX OIepaIui.

MoamHoxecTsa mHoxecTea {1...n}

6.3.1. Ucnomesys mamars O(n) [= DIpONOpPUUOHATBHYIO 1], XPaHUTH
noaMHOXKecTBa MHOXKecTBa {1...n}.

Onepauun Yucno mencrBun
Crenars mycTbiM Cn
IIpoBepuTh TPUHAITEKHOCTH c
lobaBuTh C
Y namuTs C
MusuMaIbHBEIA 3JEMEHT Cn
ITpoeepka mycToThr Cn

Pemenue. Xpanum MHOXKeCTBO Kak array [1..n] of Boolean. ]
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6.3.2. To ke, HO IPOBEPKA IIYCTOTHL JOJKHA BHIIOAHATHCA 3a Bpems C'.

Pemenue. XpauuM IOMOJTHUTENIBHO KOJXIECTBO DJIEMEHTOB. O

6.3.3. To xe mpu caeqyOIUX OrPAHMYICHUAX HA IUCJAO TeHCTBUN:

Onepanym Yucao gencTBUR

Crenars mycThIM

IIpoBepuTh npuHA IIEKHOCTE
MobaButh

Y nanuth

MuHIMAaIbLHEIA 3JEMEHT
IIpoBepka mycTOTHL

Pemrenme. rZ[OI'IOJ'IHI/ITeJIbHO XpaHUM MUHUMAJBHBIA DJEMEHT MHOXKEe-

CTBa.

O

6.3.4. To xe mpu caeqyOIUX OrPAHMYICHUAX HA IUCJAO TeHCTBUN:

Onepamnym Yucao gencTBUn

Crenars mycThIM

IIpoBepuTh NprHA IIEKHOCTD
MobaBurh

Y nanuth

MuHIMAaILHEIA 3JEMEHT
IIposepka mycToTHI

Qaaalal

Pemenue. Xpanum MUHUMAIBHLBIN, a IS KAXK JOTO — CJEIYOMUI U Ipe-

OBLIYIIUHA 110 BEIUYIUHE.

MHuoxecTBa uenbix yucen

O

B CIeIYyIIINX 3ada9aX BEININHA 3JIEMEHTOB MHOXKECTBa HE OI'DaHU'ICHA,

HO MX KOJINIECTBO HE IIPDEBOCXOOUT M.

6.3.5. ITamars Cn.
Onepanun

Cuenars mycTbIM

YHucao sreMeHTOB

IIpoBepuTh IPUHAIICKHOCTD

[N06aBUTH HOBBIU (3aBENOMO OTCYTCTBYIOLIWN)
Y manuthb

MuHuMaIbLHEIN DIEMEHT

Bsath kakou-To saeMeHT

Yucao gencTBun
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Pemenne. MHOXECTBO MPEACTABIAEM C IIOMOIIBIO IIEPEMEHHBIX
atarray [1..n] of integer, k: 0..n;

MHOXKECTBO conepxkuT kK siaemenToB al[l],...alk]; Bce oun pasmuuusr. Ilo
CYLIECTBY MBI XPAHUM 3JEMEHTHI MHOXKECTBa B cTeke (0e3 IOBTOpEHUn).
C TeM Xke yCrmexoM MOXHO ObLIO ObI BOCHOJIB30BATBHCS OYEPENbI0 BMECTO
CTeKa. (]

6.3.6. Ilamare Cn.

Onepauun Yucno mencrBun
Crenars mycThIM c
[IpoeepuTs mycToTy c
[IpoBepuTh npUHA IIEKHOCTH Clogn
[o6aBuTh Cn

Y nanuTte Cn
MuHuMAIbHBIA 3JEMEHT C

Pemenme. CM. pemenne mpeqbayIen 3a1a9u ¢ JOTOMHUTEILHBIM YCI0-
Buem al[1] < ... < alk]. IIpu npoBepke IpUHAIICKHOCTHU UCIOJIL3YEM IBO-
MYHLIN IOUCK. O

B caenyromen 3aade mome3HO KOMOMHUPOBATL PA3HLIE CIIOCOOHI.

6.3.7. Mcmouab3ys OmuCaHHEBIE CIIOCOOLI MIPENCTABICHU MHOXKECTB, Hall-
THU BCE BEPIINHBEI OPUEHTUPOBAHHOTO rpada, TOCTYIHBIE U3 TAHHOU MO pé-
6paM. (Bepumubl cunraem uucaaMu 1...n.) Bpems me Goasure C - (o6mmee
9UCI0 pEGEp, BBIXOAAIINX U3 TOCTYNHBIX BEPILUH).

Pewenue. (/Ipyroe pemenne CMOTPH B TVIABE O PEKypcuu, 3agada 7.4.6)
Oycte num[i] — wuwmcmo pébep, Bexomamwmx m3 i, a out[i][1],...
...,out[i] [num[i]] — Bepmwmubl, Kyga BegyT peOpa W3 BEPIIWHEL 1.

procedure JocTymume (i: integer);
{HanevyaTaTh BCe BepuMHH, LOCTyIHHe U3 1, BKINYad i}
var X: momMHOXecTBO 1..n;
P: momvmHOXecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmemate X, P mycTemm;
writeln (i);
...mobaButk i k¥ X, P;
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{(1) P = MHOXecTBO HameYaTaHHHX BepuUMH; P comepxuT i;
(2) HamevaTaHH TONBKO LOCTYIHHE M3 1 BEpUMHH;
(3) X - momvHOXecTBO P;
(4) Bce HamevYaTaHHHE BEpUMHH, U3 KOTODHX BHXOINT
pebpo B HeHalleYaTaHHYl BepUNHYy, IpUHa#IexaT X}
while X mHemycTo do begin
...B3ATb KaKOM-HUOGYLb >IE€MEeHT X B V;
for k := 1 to num [v] do begin
w := out [v][kl;
if w He npmuamnexuT P then begin
writeln (w);
no6aBUTE W B P;
no6aBUTH W B X;
end;
end;
end;
end;

Ceoucteo (1) He HapymaeTcs, Tak KaK II€9aThb IPOUCXOAUT OTHOBPE-
MeHHO ¢ goGasiaenueM B P. Csouictso (2): pa3 v 66110 B X, TO V LOCTYIIHO,
noaroMmy w gocrynso. Ceoucrso (3) oueBugno. ConcTso (4): MBI yxaniu-
Jau n3 X DIeMEeHT V, HO BCe BEPINWHBI, KyJa U3 V UAYT peébpa, mepes STUM
HaIe4YaTaHbI. O

6.3.8. ITlokazaTh, YTO MOXHO UCIOJB30BATEH U APYTOM MHBAPUAHT: P —
HamevaTaHHBIe BepmuHLL; X C P; OCTAIOCh HAaedaTaTh BEPUINHEL, TOCTYII-
Hble u3 X 10 HEHANIEYATAHHLIM BEPIIHAM. ]

Ouenka Bpemeru paboThL. 3aMETHUM, 9TO U3BATHIE U3 X DIeMEHTHL 60Ib-
me Tyaa He JOOABIAIOTCA, TAK KAK OHU B MOMEHT U3BATUA (U, CICNOBATEIb-
HO, BCEr[a TO3XKe) NPUHALIEKAT P, a NoOGABIAIOTCA TOABKO JIEMEHTHI HE
u3 P. IlosToMy Teno mukaa while M KaKJI0U JOCTYIHOU BEPIIWHBI BbI-
IONHAETCA He 6oJee, YeM IO Pa3y, IPU DTOM TeJo IUKIA for BHINOJHAETCA
CTOJIBKO Pa3, CKOJBbKO M3 BEPIIMHBLI BEIXOIUT pEbep.

[lnma X HAJO MCHIONB30BATH MPEICTABICHWE CO CTEKOM WJIN OYEPEIBI0
(cM. BoIme), 411 P — Gy/IeBCKAN MaCCUB. O

6.3.9. Pemmthb npegbigymyio 3axady, eciu TpedyeTcsa, 9TOObl JOCTYII-
HBIE BEPIIMHLI IEYATAMNCH B TAKOM HMOPAJKE: CHAYAIA 3aJaHHASA BEPIINHA,
noToMm eé coceau, HOTOM coceau cocefer (emé He HAEYATAHHbBIE) U T. I.

[Ykazanue. Tak nomy<aurcs, eciy UCIOIB30BATH O9€penb A XPaHeHUsA X
B MIPUBEIEHHOM BEIIIE PEIIEHNN: TOKAKNUTE UHIYKIIUNER 1O k, 9TO CYIIECTBY-
€T MOMEHT, B KOTOPBIN HAMEIaTaHbl BCE BEPUINHEI HA, PACCTOAHUA HE GOMb-
me k, a B 0Yepen HAXOIATCA BCE BEPUIMHEI, ¥ IAIEHHBIE DOBHO Ha k.| (|
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Boaee caoxubie criocoObl mpencTaBIeHNs MHOXKECTB OyayT pa3oOpaHbl
B riaBax 13 (xemmposauue) u 14 (nepesbs).

6.4. PasHble 3apaun

6.4.1. Peasm3oBaThb CTPYKTYPY IAHHBIX, KOTOPAs UMEET BCE T€ JKe OIe-
pamuu, ITO MACCUB MINHEI N, 8 UMEHHO

e HavYaTh PaboTy;
® MOMOXUTH B 1-10 AYEUKY TUCIO X;
® Y3HATL, YTO JIEKUT B i-OU SIEUKE;
a TakXke OIepaluio
® YKa3aTb HOMEP MUHUMAIBHOTO 3JIEMEHTA

(TouHEE, OJHOrO M3 MUHUMAILHEIX daeMeHToB). KonmudecTso mercrsun nus
BCEX OIIEpAIN JOMKHO OBITE He 6otee C log n, HE CIMTaA OIEePAIIT (HATATH
paboty» (koTopas Tpebyer He Gosee Cn AeNCTBUN).

Pemrerme. Vcnoap3yerca npuéM, M3I0KEHHLI B Pa3Iene O COPTUPOBKE
nepesoM. VIMEHHO, HAACTPOUM HA SIEMEHTAMEA MACCUBA KAK HAT JACThAME
TBOUYHOE IEPEBO, B KAXKIOU BEPIIMHE KOTOPOI'0 XPAHUM MUHMMYM 3/IEMEH-
TOB COOTBETCTBYIOIIErO TOAAepeBa. KOppekTupoBka »>Tou WH(MOPMAIIUH,
a Tak¥XKe MPOCHEKUBAHUE MYTH U3 KOPHA K MUHUMAILHOMY DJIEMEHTY Tpe-
Oy1oT J0rapudMUIECKOro YUCAa TeUCTBUN. |

6.4.2. IlpuopuTeTHasa OUYepelb — DTO OUYepelb, B KOTOPOU BAXKHO HE TO,
KTO BCTAJ NOCJHeAHUM (IIOPALOK IOMEIIEHUA B HEE HE UCPAET POIH), a KTO
riaBHee. Bosee TOYHO, IpU MTOMEIEHNN B OYePeIb YKA3BIBACTCA IIPUOPUTET
nomeraeMoro o6bexkTa (OyieM CIMTATH NPUOPUTETHL LEIBIMU TUCAAMH),
a IpU B3SITUU U3 O4YePEeIU BBIOMPAETCSA DJIEMEHT ¢ HArOOJIbIIMM IIPUOPUTE-
TOM (WU OVH U3 TAKUX BJIEMEHTOB). Pealn3oBaTh NPUOPUTETHYIO OU9€PeIb
TaK, 9TOOBI IIOMEIIIeHNE U B3ATHE dJIEMEHTa TpeOoBaIn JOrapudMuIIecKoro
quCaa JerCTBUN (OT pasMepa Oduepein).

Pewenue. Crenys arropuTMy COpTUPOBKY AEPEBOM (B €r0 OKOHIATEIb-
HOM BapuaHTe), OyZeM pa3MelaThb 2IeMEeHTHl ouepenu B maccuse x[1. . k],
[0 IePKUBaAsL TaKoe CBOUCTBO: x [i] crapmie (uMeeT GONBIIMN IPUOPUTET )
cBoux coiHoBer x[2i] m x[2i+1], eciu TakoBbLIE CyIIECTBYIOT — U, CJe-
IOBATENIBLHO, BCAKUY DJIEMEHT cTapiie cBoux moToMkoB. (CeemeHus o mpu-
OpUTETAX TAKXKE XPAHATCA B MACCUBE, TAK UTO MBI UMEEM IEI0 C MAaCCH-
BOM map (JIEMEHT, IPUOPUTET).) Y JAJICHUE DIEMEHTA C COXPAHEHUEM DTOrO
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CBOUCTBA ONUCAHO B airopurme coptupoBku. Hano emé ymers BoccTaHa-
BJIMBATH CBOMCTBO MOCHE JOOABICHUS SIEMEHTA B KOHEIl. DTO NeJaeTCA TaK:

t:= HoMep MOOGaBIEHHOTO 3IIeMEHTa

{unBapuanT: B IepeBe m60¥ NpefOK NPUOPUTETHEE NMOTOMKA,
eCIM >TOT IOTOMOK — He t}

while t - He Koper m t cTapme cBoero orma do begin

‘ TMMOMEHATE t C ero OTIOM

end;

Ecauz ouepent o6pasyioT rpaxjgaHe, CTOSMINME B BEPIIMHAX AEPEBA,
T. €. 338 KaXK IBIM CTOUT IBOE, & IEPe KaxkKALIM (KpOMe [ePBOro) — OAUH, TO
CMBICJI BTOIO AICOPUTMA SICEH: BCTAB B KOHEIl, IPUOPUTETHLIN MPAXK JAHUH
HAYMHAET NPOOUPATHCA K HAYALY, BEITECHAS BIEPEIN CTOAMUX — IIOKA HE
BCTpeTUuT 60/Ie€ IPUOPUTETHOTO. ]

3ameqanne. [IpropureTHyio OoYepenb €CTECTBEHHO WCIOAB30BATH IIPU
MO/eJUPOBAHNY NPOTEKAIOMNUX BO BpeMeHu mpoueccoB. [Ipu sTom sremen-
TEL OUepelyu — 3TO OXKHUAAeMbIe COOLITUA, & UX IPUOPUTET OIPETeNAeTCsA
BPEMEHEM, KOI'a OHU IPOU3OUITYT.



7. PEKYPCUA

7.1. [lpumepbl peKypCUBHbLIX NPOrpaMm

IIpu amanumse pexkypCUBHOU IPOrPAMMBI BO3HUKAET, KAK OOBLIYHO, ABA
BOIIPOCA:

(a) mouemy mporpamma 3akaHduBaeT paboTy?
(6) mouemy oma paboTaeT NPABUILHO, CAM 3aKAHIUBAET PAbOTy?

[as (6) 1OCTATOYHO MPOBEPUTH, 4TO (COAEPKALIAA PEKYPCUBHBEIN BhI-
30B) IPOrpaMMa paboTaeT MPABUILHO, TPENONOKAB, 9TO BEIBEIBACMAA €10
OJHOMMEHHAS IporpaMma paboTaeT IPaBUILHO. B caMoM fefe, B 9TOM CJIy-
4yae B IEIOYKe PEeKyPCUBHO BEI3LIBAEMBIX IIPOIPAMM BCe IPOrpaMMbl pabo-
TAIT NPABIWIBHO (y0exXI1aeMCs B DTOM, U OT KOHIA HENOYKH K HAUATY).

Y1068 [OKA3aTh (&), OGEITHO MPOBEPAIOT, ITO € KAXKILIM PEKYPCUBHBIM
BLI3OBOM 3HAYEHUE KAKOT'O-TO MAapaMeTpa YMEHBIIACTCA, U DTO HE MOXKET
PO JOMKATHECA OECKOHETHO.

7.1.1. Hanwucars pPEeKypCHUBHYIO NPOLEAYPY BBIYUCJICHUS (DAKTOPHUAIA
LEJIOro IOJOXKUTEILHOro ducia n (T. e. npoussegenus 1 - 2---n, 0603Ha-
gaemoro n!).

Pemenue. Ucnonbayem pasercrsa 1!=1, nl=(n—1)!n.

procedure factorial (n: integer; var fact: integer);
‘ {momoxure fact paBHHM pakTopuamy umMcia 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 ucnonb3oBaHueM nponenyp-QyHKIUN MOXKHO HANIUCATD TAK:

function factorial (n: integer): integer;
begin

if n=1 then begin

‘ factorial:=1;

end else begin {n>1}

‘ factorial:= factorial (mn-1)3*n;

end;
end;

O6paTuTe BHUMAHUE HA HEKOTOPYIO ABOUCTBEHHOCTH UCHOJIB30BAHUI MMeE-
uu factorial BHyTpu onucanus (PpYHKIUH: OHO ODO3HAYAET KaK IEepEMeH-
HYI0, TAK U BBI3BIBAEMYIO PEKypCUBHO GyHKIMIO. K cIacThio, B HAIIIEM CIy-
Jae OHU PA3JnIarTCA IT0 CKOOKaM IOCTe UMEeHU, HO ecau Obl HYyHKINA ObLIA
6€e3 mapaMeTpoB, TO ne10 66110 66l mIox0. (CTangapTHAL, HO TPYIHO HAXO-
OUMas OIMMOKA BO3BHUKAET, €CJIU aBTOP MPOTPAMMBI HA IMAacKaJje MOJAraeT,
9TO OH HCIOJAL3yeT 3HAa4YeHHe IEPEMEHHOHU, a4 KOMIMUIATODP B 3TOM MECTe
BUJUT PEKYDPCUBHLIA BBI3OB.)

7.1.2. OO6BIYHO (HAKTOPUAT ONPENENAIOT U I Hysd, cauTas, 9To 0! = 1.
M3MmeHuTs MporpaMMbl COOTBETCTBEHHO. O

7.1.3. HanucaThb peKypCHUBHYIO NpPOIPAMMY BO3BEIEHUS B LIEAYIO0 HEO-
TPUIATENbHYIO CTENEHb. O

7.1.4. To xe, eciau TpebyeTcs, ITOOLI TVIyOMHA PEKYPCUHU HE IMPEBOCXO-
ouna C'logn, roe n — moka3aTenb CTENeHN.

Pemenmne.

function power (a,n: integer): integer;

begin

if n = 0 then begin

‘ power:= 1;

end else if n mod 2 = O then begin

‘ power:= power (a*a, n div 2);

end else begin

‘ power:= power(a, n-1)*a;

end;

end; O




118 7. Pexypcus

7.1.5. Yro 6ymet, eciiu U3MEHUTH IIPOrPAMMY, IIPUBEIEHHYIO B PEIICHUN
TMPEeIBIIYIIEN 304U, 3AMEHUB CTPOKY

power:= power(a*a, n div 2)
Ha

power:= power(a, n div 2)* power(a, n div 2)7

Pemenue. [Iporpamma ocranercs npaBuibHou. OIHAKO OHA CTAHET pa-
6orars MexqreHHee. [[e0 B TOM, 9TO Temeph BLI30B MOXKET IOPOAUTH ABA
BBI30Ba (XOTs U OJUHAKOBBIX) BMECTO OJHOI'O — U YKUCJIO BBI30BOB OBICTPO
pacTér ¢ naybunon pekypcuu. IIporpamMma TO-TpeKHEMY UMeeT Jorapud-
MUYECKYIO TVIyOUHY PEKyPCUM, HO YUCJIO MIAr0B PA0OTH CTAHOBUTCA JUHEN-
HBIM BMECTO JOTapu(pMUIECKOT 0.

ODTOT HEJOCTATOK MOXKHO YCTPAHUTD, HAIIUCAB

t:= power(a, n div 2);
power:= t*t;

WY BOCTIOJIB30BABIIACH (PYHKINEN BO3BEJEHUA B KBAAPAT (sqr). 0

7.1.6. Ucnonwsys komaugsl write(x) Jjums npu x = 0...9, Hanucars
PEKYPCUBHYIO IPOrPAMMY EYaTH AECATUTHON 3AMUCH LEJIOT0 TOJ0KUATENb-
HOI'O 9KCIA N.

Pemenue. 31ech NCHIOMB30BAHNE PEKYPCUM OOIEMYAET XKU3HL (IpoOIIe-
Ma 6BUIA B TOM, 9TO OU(PHI Jerde NOIydaTh ¢ KOHIA, a IeIaTaTh Hago
C HadYaAIa).

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 «Xamouckume OaIHW» COCTOUT B ciaepyiomem. EcTs Tpum
crepxkHsa. Ha nepBemn u3 Hux Hajgera nupamuaka u3 N kosern (6oublive
KOJIbLIA CHU3Y, MEHbILINE CBepXy). Tpebyercs nepeMecTuTh KOIbLA HA APY-
oI CTepKeHb. Paspemaercsa nepeknaIsBaTh KOIbIA CO CTEPKHA HA CTep-
JKEHb, HO KJACTH OOJBIIEe KOABIO MOBEPX MeHbIEero Heab3sg. CocTaBUThH
IPOrpaMMy, YKA3BIBAOIILY0 TPEOyeMble TeUCTBUA.
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Pemrenwe. Hanuimem pexypcuBHyIo nponeaypy me€peMeIneHns 1 BepXHIX
KOJIEI] C M-T'0 CTEPKHA Ha N-BIi (OCTaIbHBIE KOMbIA MPEINOIaraloTCa 60Tb-
UMY 110 PA3MEPy U JEeXKAT HA CTEPKHAX 0€3 IBUKEHUA).

procedure move(i,m,n: integer);

‘ var s: integer;

begin

if i = 1 then begin

‘ writeln (’cpmemats xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTu# cTepxeHL: CyMMa HOMepOB paBHa 6}
move (i-1, m, s);

writeln (’cpmemats xom ’, m, ’->’, n);
move (i-1, s, n);
end;
end;

(Cravana mepeHoCUTCs nupaMuiKa u3 i-1 Kouer Ha TPeThio natodky. [lo-
CJIe DTOTO i-0€e KOJIbIO OCBOOOXKIAETC, U €0 MOXKHO IIEPEHECTH Ky I Cle-
ayet. OcTaéTcs MOMOXKATH HA HErO TUPAMUIKY . ) (I

7.1.8. Hamucare peKypCUBHYI NOPOrpaMMy CYMMHUDPOBAHHUSI MAacCUBA
a: array [1..n] of integer.

[Ykazauue. PexypcuBHO onpenenseMasn GyHKIUSA TOKHA UMETh JOIOJ-
HUTEJIBHBIN IAPAMEeTDP — YUCIO CKIAIBIBAEMBIX DJIEMEHTOB. ] |

7.2. PekypcuBHas o6paboTka aepeBbeB

[IBOMYHBIM IePEBOM HA3BIBAETCSA KAPTUHKA BPOIE TAKOU:

Huxusasa BepinvHa HA3BIBACTCA KopHeM. V3 KaKIOU BEPITUHBI MOTYT WI-
TH [Be JUHUN: BIEBO BBEPX U BIPABO BBEpX. BepimHbl, Kyna OHU BeayT,
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HABBLIBAIOTCS AE6bIM U TPAEbIM CbIHOSbAMY MCXOIHOU BepIIMHBEL BepiuHa
MOXKET UMETh JIBYX CHIHOBEW, & MOXET UMETh TOMLKO OJHOIO CHIHA (IEBOMO
i npaBoro). OHa MOXET U BOBCE HE UMETH CHLIHOBEW, U B DTOM CIydae
HA3EIBAETCA AUCTTIOM.

IlycTts £ — Kakas-To BepmmHa ABOMYIHOrO gepesa. OHa cama BMecTe
C CHIHOBBAMH, BHYKAMH, IPaBHYKaMy 1 T. 1. 00pasyeT IO/ IepeBo ¢ KOPHEeM
B T — noddepeso nomomrkos x.

B cregyrommx 3a1aMax MBI MPEATIONATAEM, YTO BEPIIMHLI J€PEBa, ITPOHY-
MEPOBAHLI IEIBIMI HOJOXUTEIBHBIMI IUCAAMHI, IPUIEM HOMEpPA BCEX Bep-
IIMH pa3auydHbl. MBI CIuTaeM, 9TO HOMEp KOPHS XPaHUTCA B IepeMeHHOU
root. MEI cuuTaeM, 9TO UMEIOTCS IBa MACCHBA

l,r: array [1..N] of integer

U JEBBIM ¥ NPABBIM CHIH BEPUIMHBI ¢ HOMEPOM 1 MMEIT COOTBETCTBEHHO
somepa 1[i] u r[i]. Ecim Bepmmna ¢ HOMEPOM i HE MMEET JEBOro (Wiu
npaBoro) ceHa, 1o 1[i] (coorBercrBenno r[i]) pasuo 0. (Ilo Tpaguuun
[PHU 3alKUCU TPOrPAMM MBI UCIOIB3YeM BMECTO HYJIA KOHCTAHTY nil, pas-
HYIO HYJIIO.)

3aecs N — 1ocTaTovHO GOMIBIIOE HATYPAIBHOE YUCIO (HOMEDa BCEX Bep-
muH He npeBocxoaar N). OrMeruM, 4TO HOMEP BEPLIMHBEL HUKAK HE CBSI3aH
C eé TONOXKEHWEeM B JepeBe W 4YTO He Bce uucaa OoT 1 10 N o6sa3aHbI OBITH
HOMEpaMU BEPIIVH (U, CIeIOBATEIbHO, YaCTh JaHHBIX B MACCUBax 1 u r —
DTO MyCOD).

7.2.1. Ilycte N=7, root = 3, MacCuBHl 1 U r TAKOBHIL:

i1 2 3 4 5 6 7
1fiJ |0 0 1 0 6 0 7
r(i1 |0 0 5 3 2 0 7

HapucoBats cOOTBETCTBYIOIIEE TEPEBO.

OTtBer.

® @

@ \@/

\@/ 0
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7.2.2. Hanucartp mporpaMmy IOACIETa TUCIA BEPIIUH B IEPEBE.

Pemenme. PaccmoTpum dysakmmio n(x), paBHYoO YUCIY BEPIIWH B MO 16~
peBe ¢ kKopHeM B Bepumue HoMep x. Cuuraem, uro n(nil) = 0 (moaaras co-
OTBETCTBYIOLIEE IOAAEPEBO MIYCTHIM ), U He 3a00TUMCs O 3HadeHusax nil (s)
[UIsL 9UCEN S, He SIBJSIIOIIUXCS HOMepaMy BepuinH. PekypcuBHas nporpaMma
IJISI . TAKOBA:

function n(x:integer) :integer;
begin
if x = nil then begin
‘ n:= 0;
end else begin
\ n:= n(l[x]) + n(rlx]) + 1;
end;
end;

(Yucno Bepmmu B mOgJepeBe HAJ BEPUIMHON X PAaBHO CyMMe UHCET BEp-
IIKH HAJ €€ ChIHOBbsMU ILIIOC OHA cama.) [uyOuHa pekypcun KOHedHa, TaK
KaK C KaXIbIM IITar'OM BBICOTA COOTBETCTBYIOIICTO NOAAEpEBa yYMEHBIIIA-
eTCA. O

7.2.3. Hanucartb mporpaMmy moACIéTa TIUCIA JACTHEB B I€PEBE.

OTtBer.

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(1lx]) + n(rlxD);

end;

end; O

7.2.4. Hanucars nporpamMmy HoAc46Ta BLICOTHL AepeBa (KODEHb MMeeT
BrICOTY (J, €10 CBIHOBBA — BBICOTY 1, BHYKM — 2 U T. II.; BEICOTA LE€PEBA —
5TO MAKCUMyM BBICOT €O BEPIIVH).

[Ykazanue. Pexypcusno onpegensercs pynkuus f(x) = BbIcOTA 1MOA-
JepeBa C KOPDHEM B X.| a

7.2.5. Hamumcare mporpaMmy, KOTOpas MO 3aJaHHOMY N CIUTAET TUCIO0
BCEX BEPIUUH BBICOTHL 0 (B 3aJaHHOM J€PEBE). |
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Buecro HO,ELC‘IéTa KO/InveCTBa BEPLIIMH TOI'O WJIX MHOI'O POOda MO2KHO
OIPOCUTH HalleIaTaTh CIIUCOK 5TUX BEPIINH (B TOM WJIN MHOM nopﬂ,qu).

7.2.6. Hanucars nporpammy, koTopas nedaraer (10 OZHOMY pa3y) BCe
BEPIIKHEL JEPEBA.

Pemrenwe. IIponeaypa print_subtree(x) meyaraeT BCe BEPIIWHBL ITOJ-
IepeBa ¢ KOPHEM B X IO OTHOMY Pa3y; IVIABHAs MPOIPAMMA CONEPKUT BBI3OB
print_subtree(root).

procedure print_subtree (x:integer);
begin
if x = nil then begin
‘ {HM4ero He memaTh}
end else begin
writeln (x);
print_subtree (1[x]);
print_subtree (r[x]);
end;
end;

[Jaunas nporpamMma edaTaeT CHA4ajla KOPEHb IOAJepeBa, 3aTeM IO[ Ie-
PEBO Ha [ JEBBIM CHLIHOM, a 3aTeM HaJ OpaBbIM. Ipu cTpoku B else-dacTu
MOT'YT OLITH TIEPECTABIEHEI 6 CTOCOOAMU, U KAXK IBIU U3 DTUX CIIOCOOO0B HaéT
CBOU TIOPANOK TIEIaTH BEPIIUH. O

7.3. TlopoxaeHne KOM6UHATOPHLIX O6BEKTOB,
nepebop

PekypcuBHabIe TPOrpaMMBbl SBIAIOTCA yIOOHBIM CIIOCOOOM MOPOXK [EHUS
KOMOWHATOPHBIX OOBEKTOB 33, IaHHOI'O BUJA. MBI pemnM 3aHOBO HECKOIBKO
34489 COOTBETCTBYIOIIEH [VIABHL.

7.3.1. HanucaTh mporpaMMmy, KOTOpas MeYaTaeT MO OJHOMY pa3y BCe
IOC/IEeOBATEIBbHOCTU MJINHBI N, COCTABJICHHBIC U3 YTUCET 1...k (I/IX KOJINn1e-
cTBO paBHO k™).

Pemenme. IIporpamma GymeT omepupoBaTh ¢ maccuBoMm all]...a[n]
n yqucioM t. PekypcuBHas mporenypa generate IevdaTaeT BCe IIOCAENO-
BATEJLHOCTH, HadmHAmOMMecs Ha al[l]...a[t]; mocre eé oxkomvaHus t u
al1]...alt] umeroT TO Xe 3HAUEHME, YTO 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[il);
end;
writeln;
end else begin {t < n}
for j:=1 to k do begin
ti=t+1;
altl:=j;
generate;
t:=t-1;
end;
end;
end;

OcHOBHas mpOrpaMMa Temepb COCTOUT U3 [IBYX OMEPATOPOB:

t:=0; generate;
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]

3ameuanue. Komanaer t:=t+1 u t:=t-1 qJIa SKOHOMUM MOXKHO BLIHECTH

u3 nukJjaa for.

7.3.2. Hanucartp nporpammy, KOTOpas medaTana Obl BCE IEePEeCTAHOBKH

qmucesa 1...n 0o OTHOMY paasy.

Pemenue. [Iporpamma omepupyer ¢ maccuBom a[1] ...a[n], B koTopom
XpaHUTCS IepecTaHoBKa uucea 1...n. PekypcuBHas mporenypa generate
B TAKOU CUTYallUU MEYATAET BCE MEPECTAHOBKU, KOTOPHIE HA TIEPBHIX t MO-
3UMUAX COBNAJTAIOT C MEPECTAHOBKOU a; MO BHIXOAE U3 HEeE ImepeMeHHbIE t
U a UMEIOT Te XKe 3HAYeHUs, 9TO u A0 Bxoga. OCHOBHAsS mporpaMMa TAKOBa!

for i:=1 to n do begin al[i]:=i; end;

t:=0;
generate;

Bot omucanme 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
noMenaTs MecTamu al[t+1] u a[j]
ti=t+1;
generate;
t:=t-1;
moMeHATs MecTamu al[t+1] u a[j]
end;
end;
end; O

7.3.3. Hameuararts (mo ogHOMy pasy) Bce MOCIELOBATENLHOCTY U3 1 Hy-
JIel ¥ IVHULL, COJEPKAIINE POBHO K €qUHMII. (]

7.3.4. HamedaTaTh Bce BO3pacTaoIVE MOCJAEIOBATEJLHOCTH IJINHEL K,
DIEMEHTAaMK KOTOPBIX SBJSAIOTCA HATypaubHble ducaa or 1 1o n. (Ilpeamo-
JaraeTcs, 9To kK < n, uHade TaKUX IIOCIEJOBATEIBHOCTEN HE CYILIECTBYET.)

Pemenue. [Iporpamma onepupyet ¢ maccusoM al[1] ... a[k] u memon me-
pemennon t. IIpexmomaras, uro al1] ...al[t] — Bospacraiomas nocieno-
BATEJbHOCTb HATYPAIBHBIX YUCET U3 OTPE3Ka 1...n, PEKyPCUBHO OMpeIe-
JEHHASA IPOLEIYPA generate meYaTaeT BCe €€ BO3PACTAIOIINE IPOTOKEHUs
muvaet k. (ITpu srom t u al[1] ...al[t] B xoHIE Takwe xe, KaK B HAYATE. )

procedure generate;
‘ var i: integer;
begin
if t = k then begin
‘ mevyaratek 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;

3ameqanume. ukn for mMor Obl mMeThb BepxXHEN I'paHULEd N (BMECTO
t —k + n). Hamr BaprasT 3KOHOMUT 9YaCThb PAbOThI, YIUTHIBAA TOT (DaxT,
9T0 npeamocaeauun (k-1-bli1) WIEH He MOXKET IPEBOCXONUTH n-1, k-2-ou
“WIEH HE MOXKET MPEBOCXOIUThH N—2 U T.TI.
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OcHOBHas IPOrpaMMa Telepb BHINVIAAAT TAK:

t:=1;

for j:=1 to 1-k+n do begin
al1]:=j;
generate;

end;

MokHO OBLTO OBI TOOABUTH K MACCUBY a CI€Ba (PUKTUBHLIN 1eMeHT a[0] =
= 0, DONOXKUTH t = 0 ¥ OIPAHUIUTHCA €JUHCTBEHHBIM BBI30BOM IPOLEIYPHI
generate. ]

7.3.5. lIlepeuucauTh BCe MPENCTABICHUS ITOJOXKUTEJIHLHOI'O IEJIOrO HU-
Cc/1a N B BUZE CYMMBI ITOCJAEIOBATEILHOCTA HEBO3PACTAIOIINX IEIBIX I0JO-
JKUTENTBHBIX CJIAaraeMbIX.

Pewenue. [Iporpamma onepupyer ¢ Mmaccuom all..n] (MakcumanbHOE
U0 CHAraeMBIX DABHO N) U € Oetod nepemenHon t. Ilpegnosaras, aro
al1] ...al[t] — HeBOzpacTammAs MOCAEIOBATEIBHOCTD IENBIX YUCET, CYM-
Ma KOTODHIX He IPEBOCXOIUT N, NPOIefypa generate medaTaeT BCe HpeI-
crapieHus TpeOyeMOoro BHAA, MPOLOIKAIOIIAE DTY MTOCIEIOBATEILHOCT.
s sxonomun Boraucyenun cymma all] + ... + alt] xpanurca B cmemu-
AJIBLHOU IIEPEMEHHON S.

procedure generate;

‘ var i: integer;

begin

if s = n then begin

‘ nmeyaTaTh IoclemoBaTenbHocTh al[l]..alt]
end else begin

for i:=1 to min(a[t], n-s) do begin
t:i=t+1;
alt]:=i;
s:=s+i;
generate;
s:=s-1ij;
t:=t-1;

end;

end;
end;

OcHOBHas mporpaMma Mpu STOM MOXET OBITbH TAKOU:

t:=1;
for j:=1 to n do begin
‘ al1]:=j
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s:=j;
generate;
end;

3ameqanne. MOXKHO HEMHOI'O COKOHOMUTH, BBIHECS OIIE€PALNY YBEIUYIE-
HUs U YMEHBIIEHWS t M3 LIUKJIA, & TAKXKE HE BO3BpAIasd S KAXKIBIU Pa3
K MCXOQHOMY 3HAYEHUIO (yBeIX4IMBas ero Ha 1 ¥ BO3Bpawas K UCXOLHOMY
3HadeHuio B KOHIE). Kpome Toro, nobasus GuxTusHE s1eMeHT al[0] =n,
MOXHO YIPOCTUATH OCHOBHYIO IPOTPDAMMY:

t:=0; s:=0; a[0]:=n; generate; ]

7.3.6. HamucaTb pekypCuBHYIO mporpamMMmy 00Xoma nepeBa (UCIOIb3Ys
Te e KOMAaHAbl ¥ IpoBepKy, 4To u B ruase 3 (O6xon nepesa).

Pemenne. Ilponenypa o6pab6oTaTh Han 06pabaTHIBAET BCE JUCThA HAT
TEKYIIeU BEPIIUHOU U 3aKAHIMBAET pabOTy B TOU K€ BEPIIUHE, 9TO U Ha-
gama. Bor eé pekypcuBHOe onucanue:

procedure o6pa6oTaTh_Han;
begin
if ecTep_cBepxy then begin
BBepX_HAalIeBO;
o6paboTaTh_Haxn;
while ecTtb_cmpaBa do begin
BIIPaBoO;
o6paboTaTh_Han;
end;
BHU3;
end else begin
‘ obpaboTaTs;
end;
end; O

7.4. [lpyrve npumMeHeHUs peKypcum

Tonosorudeckas copTHpoBKa. IIpencrtapuM cebe n IMHOBHUKOB, KaxK-
OB U3 KOTOPBLIX BEIAACT CIPABKHU OMPENEeIEHHOrO BUAa. MBI XOTUM HOIY-
YUTB BCE DTH CIPABKH, COOMIONAA yCTAHOBJICHHBIC OIPAHNICHHA: Y KAXK,I0IO
YMHOBHUKA €CTh CMUCOK CIPABOK, KOTOPHIE HYKHO cOOpaTh mepe obpaiie-
HUeM K Hemy. [leno 6e3HaméX)HO, eCIM CXeMa 3aBUCUMOCTEN MMEET UK/
(cupaBky A Heaw3sa moiyuunts 6e3 B, B 6e3 C,..., Y 6es Z u Z 6e3 A).
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IIpeanonaras, 9To TaKOro nuKJIa HeT, TPeOyeTCs COCTAaBUTH ILIAH, YKA3BI-
BaIOIlII/IIL/i OIVH M3 BO3MOXHBIX IMOPANKOB IMOJYICHUA CIPAaBOK.

M306paxkas IMHOBHUKOB TOUYKAMU, a 3aBUCUMOCTU — CTPEIKAMU, IPU-
XOUM K TAaKOU (popMyaupoBke. ViMeeTcss n TOYeK, IPOHYMEPOBAHHBIX OT 1
10 n. W3 kaxnoi ToUKu BeIET HECKOIBKO (BO3MOXkHO, () CTpenoK B gpyrue
rouku. (Takas kKap TUHKA HA3BIBAETCS 0PUEHMUPOBaKHbIM 2padom.) Tukios
ueT. TpebyeTcsa pacmoJoKuTh BepIiuuHbl rpada (TOUYKN) B TAKOM MOPAIKE,
YTOOBI KOHEIL JI00OU CTPEJKU TPENIIeCTBOBAT €€ HAYALy. JTa 3a4a49a Ha-
3BIBACTCA MON0A0RUUECKOT COPMUPOBKOT.

7.4.1. Jloxa3zaTh, ITO 3TO BCEr[a BO3MOXKHO.

Pemenne. U3 ycaoBusa OTCYTCTBUSA IIUKIOB BLITEKAET, IYTO €CTH BEPIIU-
HA, U3 KOTOPOU BOOOIIE HE BHIXOAUT CTPEJIOK (MHAUE MOXKHO ABUCATHCS IO
CTpeaKaM, IOKa He 3anukauMcs). Eé Oyaem caurars nepBou. Boikuabisas
STy BEPIINHY U BCE COCEIHUE CTPENKN, MBI CBOANM 334249y K I'pady ¢ MeHb-
XM YXCJOM BEPIINH U MPOJONXKAEM PACCYXKIEHUE MO WHIYKIINU. (]

7.4.2. Ilpeamooxum, 9T0 OPUEHTUPOBAHHBIN I'Pad 6€3 MUKIOB XPAHUT-
ca B Takon ¢opme: mia Kaxaoro i or 1 go n B num[i] xpanuTcsa 4u-
c10 BRIXOAAIMMX m3 i cTpenok, B adr[i][1],...,adr[i] [num[i]] — =o-
Mepa BepIIVH, KyIa 3TH cTpeiku BegyT. CocTaBuTh (PEKypCUBHBIN) aIro-
PUTM, KOTOPBIA MPOUZBOAUT TOMOJOTHIECKYIO COPTUPOBKY He Oosee uem
3a C - (n+ m) geucrBun, rge m — 9ucio pédep rpada (CTperok).

3ameqanne. HermocpeacTBenHas peannw3anus IPUBEIEHHOTO BBIIE [OKA~
3aTeILCTBA CYNIECTBOBAHUA HE aéT TpeOyeMOUu OLEHKW; €€ MPUXOIUTCA
HEMHOI'O IIOAINPAaBUTh.

Pemenue. Hamra mporpamma 6ygeT medaTaTh HOMepa BepumH. B mac-
cuBe

printed: array[l..n] of boolean

MBI Oy1€M XPAHUTDH CBEJEHUsA O TOM, KAKUE BePIIMHBL HAeYaTaHbl (1 KOp-
PEKTUPOBATHL MX OJHOBDEMEHHO C IEYaThi0 BEPIIWHBI). ByaeM roBoputs,
9TO HalledaTaHHasA IOCJAEIOBATEIbHOCTb BEPIINH KOPPEKTHA, €CIH HHUKa-
Kasj BEPIINHA He HalledaTaHa JBAXKIBI U A4 JIO0T0 HOMEPA i, BXOAAIIETO
B Ty IOCIEJOBATEIbHOCTD, BCE BEPIINHBI, B KOTOPHIE BEIyT CTPEJKN u3 i,
HaleYaTaHbl, 1 IPUTOM [0 1i.

procedure add (i: 1..n);
{nmano: HameyaTaHHOe KODPEKTHO;}
{Hamo: HamevaTaHHOe KOPPEKTHO U BKIWYaeT BepuMHy i}



128 7. Pexypcus

begin

if printed [i] then begin {Bepumua i yxe HamewaTana}
‘ {uuyero gmematp He Hamol}

end else begin

{nanevaTanHOe KoppekTHO}

for j:=1 to num[i] do begin
‘ add(adr[i] [j]1);

end;

{HamevaTaHHOe KODPEKTHO, BCe BEpUIMHH, B KOTODHE U3
i BemyT cTpemkM, yXe HamedaTaHH — TaK YTO MOXHO
meyaTaTk i, He Hapymad KOPPEKTHOCTH}

if not printed[i] then begin

writeln(i); printed [i]:= TRUE;

end;

end;

end;

OcHoBHas mporpamMmma:

for i:=1 to n do begin
‘ printed[i]:= FALSE;

end;

for i:=1 to n do begin
| add(i)

end;

K omenxe Bpemenu paboThl MBI BCKOPE BEPHEMCA.

7.4.3. B mpupenéuanon nporpamMme MOXKHO BHLIOPOCUTEL IPOBEPKY, 3aMe-
HUB

if not printed[i] then begin
‘ writeln(i); printed [i]:= TRUE;
end;
Ha
writeln(i); printed [i]:= TRUE;
ITovyemy? Kak usmenurTcs cnenudpukanus Iponenypei?

Pemenue. Crienmupukalnio MOXHO BHIOPATHL TAKOU:

LAaHO: HAIlleYMaTaHHOE€ KOPPEKTHO
Hamo: HaneYaTaHHOE€ KOPPEKTHO M BKIKNWYaeT BEpPIMHY i;
BC€ BHOBBP HalleYaTaHHHE BEPUMHH NOCTYIIHH H3 i. I:l
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7.4.4. T'me ucnonb3oBad TOT PAKT, YTO rpad HE UMEET LMUKJIOB?

Pemenne. MBI omycTmin [OKa3aTeI-CTBO KOHETHOCTH TNIYOUHBI PEKYD-
cun. [l KaxXKI0W BEPIINHBI PACCMOTPUM €€ «TUIyOMHY» — MaKCUMATLHYIO
IUIMHY IIyTH IO CTPENKaM, 13 He€ BBIXOLSAMIErO. Y CIOBUE OTCYTCTBUS IUKJIOB
FapaHTUPYET, 9TO DTA BEAUIUHA KOHEIHA. V3 BEPIIUHBI HYJEBOU VIyOMHGI
CTPEJOK He BBIXOAUT. [uyOuHa KOHIIA CTPEIKY [0 KPAWHEN Mepe Ha 1 MeHb-
e, ueM riryOouHa Hadata. [lpu pabore mpouenypst add (i) Bce peKypCUBHBIE
BEI3OBEL add (j) OTHOCATCA K BEPIIMHAM MEHBIIEU TIyOUHHE. (|

Bepuémca k ouenke Bpemenu pa6oTel. Ckoabko BeI30BOB add (i) BO3-
MOXKHO I Kakoro-to ¢uxcupoBanuoro i? Ilpexae Bcero scuo, 9To mep-
BBIU U3 HUX IEYATAET 1, OCTAIBHBIE CBEIYTCS K IPOBEPKE TOrO, YTO 1 yxKe
HamedaTaHo. SICHO Takxke, 9TO BBI30BHI add (i) MHIYIUPYIOTCS «I€9aTa-
roumMmy (mepBeiMu) Boi3oBamu add (j) @A Tex j, U3 KOTOPBIX B i BEmET
pebpo. CrenoBarenbHO, Yucio Ber3oBOB add (i) paBHO YHMCIy BXOLAIIAX B 1
pébep (crpesnok). IIpu sToM Bee BBI3OBHL, KpoMe mepsoro, Tpedyor O(1)
onepaiun, a nepeuiil TpefyeT BPEMEHU, IPONOPIUOHAIBHOTO YUCLY UCXO L5~
mux u3 i crpenok. (He cunras BpemMenu, yxonamero Ha Buinoanerue add ()
IJIS KOHIIOB j BBRIXOAAIIUX pé6ep.) OTcona BUAHO, 9TO 00LIee BpeMs Ipo-
HNOPLUUOHAIBHO YUCIy pébep (IUIIOC YIUCI0 BEPIIVH). |

Ceasnan koMmmoHeHTa rpada. Heopuenmuposanubii epad — uwabop To-
4yek (BepIuMH), HEKOTODbIE U3 KOTOPBLIX COENMHEHbI JuHusaMu (pébpamu).
HeopuenTupoBanubm rpad MOKHO CIMTATH YACTHLIM CIYIA€M OPUEHTU-
POBAHHOTO rpada, B KOTOPOM [ KaXKJOU CTPEIKU eCTh OOpaTHas.

C6a3n01 KOMTOHERMOT BEPIINHLI 1 HA3BIBAETCA MHOXKECTBO BCEX TEX
BEpIIKH, B KOTOPHE MOXKHO [ONACTb U3 i, mas mo pé6pam rpada. (Ilo-
CKOJIbKY I'pad) HEOPUEHTUPOBAHHBLIN, OTHOLICHUE «] IPUHAIJIEKUT CBASHOU
KOMIIOHEHTE i» ABIAETCS OTHOIIEHNEM >KBUBATEHTHOCTH.)

7.4.5. Jlan HEOpUEHTUPOBAHHBIN I'pad (/A KaxK IO BEPIIUHEL YKAZAHO
YHCI0 COCeNer M MACCUB HOMEPOB COCelel, KAaK B 3a4a4Y€ O TOMOJOIMIeCKON
coprupoBke). CocTaBUTh aaropuTM, KOTOPBIU IO 33IaHHOMY 1 II€9aTaeT
BCE BEPIIUHLI CBI3HOU KOMIIOHEHTHI 1 10 OfHOMY pa3dy (u TOAbKO ux). du-
CJI0 TEUCTBUU He JOMKHO mpeBocxoauTh C - (06Iiee Yucao BepimH u pédep
B CBSI3HOM KOMIIOHEHTE).

Pemenne. [Iporpamma B mpouecce paboThI OyJeT «3aKPAIINBATEY HEKO-
Topeie Bepumabl rpada. Hezakpamennon gacTeio rpada OyneM Ha3BIBATH
TO, ITO OCTAHETCS, €CIU BEIOPOCATH BCE 3aKPAIIEHHBIE BEPIIMHBEL Y BETY-
e B Hux pébpa. [Ipomenypa add (i) 3axkpammBaeT CBA3HYIO KOMIIOHEHTY 1
B HE3aKPAIICHHON JacTH rpada (1 He nenaeT HUYero, eCu BepIInHa i yxKe
3aKpalleHa).



130 7. Pexypcus

procedure add (i:1..n);
begin
if Bepumma i 3akpamena then begin
‘ HUYEro [HOejllaTh He HAaJIo
end else begin
3akpacuThb i (HameYaTaTh M NOMETHTH KaK 3aKpalleHHYI)
IOIA BCeX j, COCENHMX C 1
| add(j);
end;
end;
end;

Jokaxkem, 4T0 dTa Hpouesypa AEUCTBYET HPABUIBHO (B IPEANOIOKEHUH,
9YTO PEKYPCUBHBIE BHI3OBEI PAOOTAIOT MPABWIBLHO). B camom meme, HuUde-
0, KPOME CBA3HOU KOMIIOHEHTHI HE3aKPAIIeHHOrO rpada, OHA 3aKPaCUTh
He moxker. IIpoBepum, 9TO BCA oHA OymeT 3akparrena. Ilycts k — Bep-
IIVHA, JOCTYIHAA W3 BEPIIMHBI 1 IO OIyTH 1 — j — ... — k, IpoxoaAmeMy
TOJBKO [0 HE3aKPALIEHHBIM BEPIIMHAM. ByIeM paccMarpuBaTh TOJIBKO IIy-
THU, HE BO3BPAIIAIIINECA CHOBA B i. M3 BCex Takmx myTen BHIGEPEM TyTh
¢ HauMeHbIIUM j (B MOpAIKE IPOCMOTPA cocenen B mpoueaype). Tormga npu
PACCMOTDEHUN TPEALIIYIIUX COCEAEN HU OMHA U3 BEPIIUH IIyTH j — ... — k
He OyeT 3akpamiesa (MHa4Ue j He ObLIO OBl MUHUMAJIBHLIM) U IIOTOMY K OKa-
JKETCsl B CBA3BHOU KOMIIOHEHTE HEe3aKPALIeHHOO rpad)a K MOMEHTY BBI30BA
add(j). Yro u Tpe6oBanOCH.

YT06BI YyCTAHOBUTH KOHEYHOCTH IUIYOWHBI PEKYDPCUM, 3AMETUM, UTO HA
KaXIOM YPOBHE DEKYPCHM HUMCJIO HE3AKPAIIEHHBIX BEPIINH yMEHBIIAETCS
xoTsa Obl Ha 1.

Ouennm uucao peucrsunt. Kaxnas Bepumna 3akpammBaeTcs He Oojee
OJHOTO pa3a — mpu nepBuIM BbI3oBe add (i) ¢ gamaeiM i. Bee mocaenyto-
II[€ BBI3OBLI TPOUCXOMAT TPU 3AKPAIIUBAHUU COCEAEN — KOIMIECTBO Ta-
KIX BLI30BOB HE OOJIBINE YUCIA COCEIEU — U CBOAATCA K MPOBEPKE TOrO,
YTO BepIIMHA 1 yxke 3akpaiieHa. [IepBBHIU ke BBI30B COCTOUT B IIPOCMO-
Tpe BCEX COCEIeU U PEeKyPCUBHBIX Bbr3oBax add(j) mmsa Bcex mux. Takum
00pazoM, 00IIee IUCI0 NEeUCTBUAN, CBA3aHHLIX C BEPIIMHOU 1, HE IMPEBOCXO-
IUT KOHCTAHTHI, YMHOXEHHOU Ha uucao eé cocenen. OTcCroma U BLITEKAET
TpebyeMasa OIEeHKA. O

7.4.6. Pemwth Ty xe 3ajady 1Js OPUEHTUPOBAHHOrO rpada (Hame-
YAaTATh BCE BEPUIMHBI, HOCTYNHBIE U3 JAHHOW MO CTPEIKaM; rpad MOXKeT
COJEpXKATH LUKIIBL).

OrBer. TonuTCA MO CymeCTBY Ta ke OporpamMMa (CTPOKY «IJA BCEX
coceneny HaIO0 3aMEHUATH Ha «I1J BCEX BEPIIVH, KyAa BEIyT CTPeJIKn»). [
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Caenyonmi BApuaHT 3aJa494 O CBI3HOM KOMIIOHEHTE UMEET CKOPEe Te-
opeTuveckoe 3HaveHue (1 HasbiBaeTCa meopemoti Crsuua).

7.4.7. OpuentupoBanubpi rpad umeer 2" BepuH (IBOMYHBIE CJIOBA
IJVHBL 1) U 33JaH B Bule (QYHKIUU eCTb_pebpo, KOTOpas MO ABYM Bep-
mmHAM T 7 Yy coobmmaer, ecThb au B rpade pebpo m3 x B y. CocraBuTh
AITOPUTM, KOTOPBIN [ TAHHOU MAPhI BEPIIUH U U U ONPEIEJNAeT, eCTh Ju
nyTh (10 pébpam) u3 U B ¥, UCHOIB3Ys NaMATh, OPPAHUIEHHYIO MHO['OIe-
HOM OoT n. (Bpems mpu sToM MoxeT GbITH — U OyAeT — OYeHb GOJIBIIUM. )

[Ykazanue. Ucnonb30BaTh PEKypCUBHYIO OPOLEAYDY, BEIACHAIOILYIO, Cy-
IECTBYeT JI MyTh U3 T B Y AamHEL He Gomee 2F (u BombBabomymo cebs
C YMEeHBIIIEHHBIM Ha eIVHUIY 3HadYeHueM k).] |

BricTpas copTupoBka Xoapa. B saxiiodenune npupenéM pexypCUBHBIN
AITOPUTM COPTUPOBKM MACCUBA, KOTOPHIU HA NMPAKTUKE SBIAETCS OIHUM
3 caMbIX ObICTPBIX. IlycTh mam maccusB all]...aln]. PexkypcuBuas mpo-
meaypa sort(l,r:integer) copTuUpyeT y4acTOK MacCHBA C MHIEKCAME U3
noayuHTepBana (1,r], To ects a[1+1] ...a[r], He 3aTparuBas ocTajibHOrO
MAaCCHUBA.

procedure sort (l,r: integer);

begin

if 1 = r then begin
HUYero [gejaTh He HaLO — yYacCTOK IIyCT

end else begin

BHOpPaThH CIydauHoe 4mcio s B momyunTepsame (1,r]

b := als]

IepecTaBUTL DJIEMEHTH COPTUPYEMOr'0 y4YacTKa TaK, YTOOH
CHavyana WIN DIeMeHTH, MeHbume b - yyacTor (1,11]

3aTeM DIJIEeMeHTH, paBHHe b - y4actox (1ll,rr]
3aTeM DIEeMEHTH, Gombume b - yyactox (rr,r]
sort (1,11);
sort (rr,r);
end;
end;

Paznenenne 51eMeHTOB COPTUPYEMOTO y9ACTKA HA TPU KATeropuu (MeHb-
mue, paBHbIE, 60JbIIE) paccMaTpuBalach B raase 1, ¢. 36 (3To MoxHO che-
JaTh 33 BPeMA, IPONOPIUOHAILHOE MINHE yIacTKa). KOHEeIHOCTD NIy OUHBL
PEKYPCHUM TAPAHTUPYETCA TEM, 9TO IJIUHA COPTUPYEMOrO yYacTKa Ha Ka-
KIOM YPOBHE PEKYPCUM YMEHBINAETCA XOTA OBl Ha 1.

7.4.8. ([l 3HAKOMBIX C OCHOBAMHU TeOpUU BEpoATHOCTEN). oxasaTh,
YTO MATEMATHIECKOE OXUIAHWE TWCIA ONMEpAIWi mpu paboTe >TOro aj-
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ropurma He npesocxoauT Cnlogn, npuuém koHcranTta C' HE 3aBUCAT OT
COPTUPYEMOT'O MaCCHBA.

[Ykazanue. Ilycrs T'(n) — MakCuMyM MaTeMATUIECKOIO OXKULAHUS U~
CJIa OIEpAINK /IS BCEX BXOMOB JIMHLL 1. VI3 TexcTa mporenypsl BHITEKAET
TaKO€ HEePABEHCTBO:

T(n) <Cn+ 1 > (Tk) +T()

n
k+l=n—1

[epBBilt WieH COOTBETCTBYET PACIPENEICHUIO SIEMEHTOB HA MEHBIIINE, PAB-
HBIE U GoabInne. BTopon wieH — 5TO cpeHee MAaTeMATUIECKOe OXKUTAHUE
IJIS BCEX BAPUAHTOB CIydIanHOro Beibopa. (CTporo roBops, mOCKOIBKY Cpe-
IV DIEMEHTOB MOLYT OBITH paBHBIE, B npasou dactu Bmecto 1'(k) u T'(1)
JOJKHBL CTOATH MakcuMmyMbl 1'(z) 1o BceM z, He npeBocxoasaumM k wiu [, HO
DTO HE MEIIAeT JATLHENIINM PACCykAeHusM.) Jatee nHIyKIUen 0 n HyXK-
HO noKasbBaTh oneHky 1'(n) < C'nlinn. IIpu aTOM 0s BEMUCICHNA CPEHE-
ro 3uadenus ¢ lnx mo Bcem £ = 1,...,n — 1 HYXHO BBIYUCIATH fln zlnxdr
no sactam kak [ Inw d(z?). pn gocrarouno 6omsmom C aren Cn B mpa-
BOI 9aCTH NEPEBEMUBACTCA 32 ¢I6T uHTerpana [ 2 dInz, n MHAYKTHBHBII
[Iar IpOXOAUT. | O

7.4.9. UmeeTcsa MacCUB U3 1 PA3IMYHBIX HEAbIX dncen u qucio k. Tpe-
Oyerca HaUTU k-O€ MO BEIMYUHE YUCJIO B DTOM MACCHUBE, CAETaB HE 0O-
aee Cn peucrsun, rge C — HEKOTOpas KOHCTAHTA, HE 3aBUCALAA OT k
un.

3amedanue. COpTUPOBKA MO3BOMAET OYEBUIHBEIM O0Pa30M CHEJATH 3TO
3a Cnlogn meucrBuil. O4UeBUAHBIN CHOCOO: HANTY HAUMEHBIIUU DJIEMEHT,
3aTeM HAUTHU BTOPOU, 3aTE€M TPETHH, ..., k-BII TpebyeT mopsanka kn Keu-
CTBUU, TO €CTb HE FOAUTCA (KOHCTAHTA [PU 7, 3ABUCAT OT k).

[Ykazanue. U3saumbint (X0Ta IPAKTUYECK U GECIIOIE3HBIN — KOHCTAHTEL
CJMIIKOM BEJWKH) CIIOCOO CAEIATH DTO TAKOB:

A. Pazo6pém Ham MaccuB HA 11/5 DPYILIL, B KaXKI0U U3 KOTOPLIX 110 5 DJe-
MenToB. Kaxk 1y rpynmy ymopsamgoduM.

B. PaccmoTpuM cpegHUe 2I€MEHTHI BCEX TPYIII U TEPEuIneM X B Mac-
cuB u3 n/5 sneMenToB. C IOMOIIBI0 PEKYPCUBHOIO BEI30BA HAMAEM CPEIHUN
[0 BeJWYIUHE DJIEMEHT 3TOr0 MACCHBA.

B. CpaBauM 3TOT DIEMEHT CO BCEMU IEMEHTAME MCXOJHOIO MACCUBA:
OHV Da3JeqATCS Ha GOJbIINE ero W MEeHbIMe ero (M OJUH DABHBEIN eMy).
IMoacunTas KOIMIECTBO TEX U APYTUX, MBI Y3HAEM, B KAKOU U3 DTUX TaCTEN
IOJKEH HAXOOUTCS UCKOMBIN (K-BIll) DIEMEHT U KAKOB OH TaM IIO IOPAIKY.
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T'. [IpumenuM peKypCUBHO HAIl AIrOPUTM K BEIOPAHHOM YACTH.

IIycts T(n) — MakCHMATbHO BO3MOXKHOE HHUCJAO IEMCTBUM, €CAM DTOT
€roco6 MPUMEHATb K MaccuBaM U3 He 6olee deM 1 51eMeHTOB (k MoxeT
OBITH KaKUM yrogHO). VIMeeM OLeHKY:

T(n) < Cn+T(n/5) + T(upumepso 0,7n).

Iocaennee craraemoe 0OBACHACTCA TAK: IPU PA3OMEHAM HA TaCTH KaxK Iasd
qacTh comep:xkuT He menee 0,3n naemenToB. B camom gene, eciu x — cpej-
HUW U3 CPEIHUX, TO TMPUMEPHO MOJOBMHA BCEX CPEIHUX MEHbINE T. A ecam
B MATEPKE CPENHUN AJIEMEHT MEHBIIE T, TO emé ABa 3aBeJOMO MEHBINE .
Tem cambIM 0 KpanHen Mepe 3/5 0T IIOJOBUHBI DIEMEHTOB MEHBIIE .
Teneps mo uEAYKIMY MOXKHO fOoKazaTh oueHky 1'(n) < Cn (pemarouryio
POJIb IIPU DTOM UI'PAET TO 06CTOATENBCTBO, 910 1/5 + 0,7 < 1).] O



8. KAK OBOUTUCH
BE3 PEKYPCUU

st yHUBEDCAIBHBIX S3BIKOB IPOIDAMMUPOBAHUS (KAKOBBIM SBISIETCS
NACKAJIb) PEKYPCUA HE TaéT HUYEro HOBOT'O: [JIf BCAKOU PEKYPCUBHOU IIPO-
rpaMMBbI MOXHO HANKUCATH DKBUBAJEHTHYIO MporpaMmy 6e3 pekypcuu. Mo
He OyIeM NOKA3BIBATHL HTOr0, & MPOAEMOHCTPUPYEM HEKOTOPBIE IIPUEMHI,
NO3BOJIAIONTE U30ABUTHLCA OT PEKYPCHU B KOHKPETHBIX CATYAIAAX.

3adeM 3710 Hyx)kHO! OTBET mparMaTuKa MOr Obl OBITH TAKMM: BO MHO-
UX KOMIBIOTEPaxX (B TOM UUCIE, K COXKAICHUIO, U B COBPEMEHHBIX, UCTIONb-
3yrommx Tak HasbiBaemble RISC-mporeccopsr), peKypCUBHEIE IPOTrPAMMEI
B HECKOJIBKO Pa3 Me[IeHHee COOTBETCTBYIOUINX HEPEKYPCUBHBIX TPOrPAMM.
Emgé oqun BO3MOXKHEI OTBET: B HEKOTOPBIX A3LIKAX IPOrPAMMUPOBAHUA Pe-
KyPCHUBHBIE TIPOIPAMMEL 3AIPEMEHbl. A MIABHOE, P yIAJEHUN PEKYDCUn
BOBHUKAIOT UBAMIHBIEC U TOYIATEIbHBIE KOHCTPYKIIUN.

8.1. Tabnuua 3HaueHun (anHamn4yeckoe
NporpaMmMupoBaHue)

8.1.1. Creaymom@as peKypCUBHASA MPOLEAYPA BLIYUCIACT YUCIA, COIETaA-
uui (buHOMUANBHEIE KO duumenTsl). Hanucars sSKkBUBaIEHTHY IO HEPEKyD-
CHBHYIO IDOrDaMMy.

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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3ameuanue. C* — «quciao k-1eMEHTHEIX 1OIMHOKECTB N-3I1€MEHTHOTO
muoxecTra. Coornomtenme CF = C*~1 + CF_ | momyuurcs, ecmn et ducn-
pPyeM HEKOTODHIH 3/IEMEHT N-3IeMEHTHOO MHOXKECTBA U OTEIbHO HOACIH-
TaeM k-3JeMEeHTHBIE 10 IMHOXKEeCTBA, BKIIOYIAIONIe ¥ He BKIIOYAIOMe dTOT
sieMeHT. Tabuuna 3Ha IeHUI C’f;

HasbiBaeTCs TpeyronbHukoM [lackans (Toro camoro). B mém xaxawm sie-
MEHT, KPOME KPAUHUX €IUHUI], PABEH CYMME IBYX CTOSIIUX HAI HUM.
Pemenme. MoxKHO BOCIIONB30BATHCA (POPMYJION

kL n!
Cn = El'(n —k)!

Mp&1, ogHaxo, He 6yAeM 3TOro AeJaTh, TaK KaK XOTUM IPOAEMOHCTPUPOBATE
6oJiee oOIIME IPUEMBI YCTpaHEHUA peKypcuu. BMecTo >Toro cocraBuM Ta-
6y suavennin Gymxman C(n,k) = CF, sanommas eé nma n=0,1,2,...,
[IOKA He MOWAEM IO MHTEPECYIOIEr0 HAC DJIEMEHTA. O

8.1.2. YT0O MOXHO CKa3aTh O BPEMEHU PAa0OTHI PEKYPCUBHOU W HEPE-
KyPCUBHOH Bepcui B npenuigyien 3agade? ToT ke BOIPOC O maMATH.

Pemerme. Ta61una 3aHIMAET MECTO TIOPAIKA N2, €T0 MOXKHO COKPATUTE
IO 7, €CJU 3aMETUTh, 9TO [/ BLIUUCICHUA CJACAYIOMEN CTPOKU TPEYTOdb-
HrKa Ilackassa HyXKHA TOJIBKO HMpenbiayinas. Bpems paboThl OCTaéTCsa Imo-
panka n?. PexypcuBHaa mporpaMma TpebyeT CyIIeCTBEHHO GOBIIEr0 Bpe-
Menu: Ber3oB C(n,k) cBoguTcsa x aByMm Be3oBam mist C(n-1,..) , Te —
K 9eTHIpEM BhI3oBaM 111 C(n-2,..) u Tak gamee. Takum o6pasomM, BpeMs
OKa3BIBAETCA DKCIOHEHIUAMLHEIM (mopsaaka 2™). UcnombsyeMan pekypcus-
HOU BEPCHUEN MaMATH MPOIOPIMOHAIBHA, 7 — YMHOXKAEeM TUIyOuHY PEKYDCUu
(n) HAa KOIMYECTBO MAMATH, UCIOAL3YEMO€E OHUM DK3EMILIADOM IPOLELY DB
(xoHCTAHTA). O

KapavHaIbHBIN BLIUTPHINT BO BPEMEHU TIPU TEPEXOAe OT PEKYPCUBHOU
BEPCUU K HEPEKYPCUBHOU CBA3AH C TE€M, UYTO B PEKYPCUBHOM BapUAHTE OLHU
U Te € BLIYUCICHUS MPOUCXOMAT MHOro pas. Hampumep, Bo3os C(5,3)
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B KOHEYIHOM CYETe MOPOXKIAET IBA BbI30oBa C(3,2):

C(5,3)
v\
Cc(4,2) Cc(4,3)
v N N
Cc(3,1) C(3,2) C(3,3)

3amonusAs TAOIUIY, MBI KAXK Y0 KIETKY 3aIIOTHIEM TOJIBKO OJHAXK JBI —
OTCIOA U DKOHOMUSA. DTOT MPUEM HABBLIBACTCA JUHAMUUECKUM NPO2PAMMIU-
POBAKUEM, U TIPUMEHUM B TEX CIydasdX, KOrga 00bEM XPAaHUMOHU B TaOJIUIE
nHPOPMALNY OKA3BIBAETCA HE CJIUIIKOM OOJIBIINM.

8.1.3. Ilopaccyxpaarh Ha Ty Ke TeMy Ha IPUMepe PEKYPCUBHON U (1po-
CTeNIer) HEPEKyPCUBHOU IMPOrpaMM M BeraucaeHus ducen Pubonadan,
3aJaHHBIX COOTHOIICHUEM

S =P=1; &,=P, 1 +P, > (n>2) U

8.1.4. [laH BBINYKJIBIA 7-yTOMBHUK (330AHHBIM KOODPIWUHATAMEA CBOMX
BepIIH B NOpsAake obxona). Ero paspesanT Ha TPEYyrOAbHUKY IUATOHAIA-
MU, IJIS 9€r0 He0OXOAUMO 1 — 2 AuaroHaau (3TO MOXKHO IOKA3ATh UHIYKIW-
e 10 n). CTOUMOCTBIO pa3pe3aHus HA30BEM CYMMY MJIMH BCEX UCIOJIB30-
BaHHBLIX AuaroHaten. HaiTu MuUHEUMAIBHYO CTOMMOCTD pa3pe3anud. 1uciao
IEUCTBUN JOIKHO OBITH OIPAHUIEHO HEKOTOPHLIM MHOTOWwIeHoM OT 7. (Ilepe-
6Op HE MOAXOUT, TAK KAK IUCJIO BAPDUAHTOB HE OCPAHUYIEHO MHOTOUIEHOM. )

Pemenne. BygeM cuuTaTh, YTO BEPIIMHBI MPOHYMEPOBAHBI OT 1 10 n
u uayT no vacosou crpenke. [lycts k, [ — HOMepa BepimH, mpuaém | > k.
Yepes A(k,l) o603HaIMM MHOIOYTOMBHUK, OTPE3aEMBIM OT HAIIEr'O XOP-
pon k—I. (DrTa xopaa paspesaeT MHOI'OYTI'OIbHUK HA, ABA, OJUH U3 KOTOPBIX
BKaIIO4aeT cropony 1—n; gepes A(k, ) mb1 ob6o3nagaem gpyrou.) Uexonusii
MHOTOYTOMBHUK ecTecTBeHHO 0003uauuTh A(1,n). llpu | = k + 1 noxyqa-
eTCA «IBYYTOJIBHUKY C COBIIAIAIONMMHA CTOPOHAMN.

Ak, 1)
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Yepes a(k,l) obosnaduM crouMocThb paspesanus MHOroyroubHuka A(k,l)
IMATOHALAMEA HA TPEYTONLHWKY. Hamumem pexyppeHTHyI0 (OpMY.Ty Iasa
a(k,l). Ipu | = k + 1 noaygaerca AByyroabHuk, u Mol noaaraem a(k,l) = 0.
IIpu | = k + 2 noay4aeTca TpeyroabHUK, U B 9TOM cirydae Takxke a(k,l) = 0.
Mycrs I > Kk + 2.

Xopga k-1 asraercsa croponou muOoroyroasauka A(k,[) u, creqoBaTenbHo,
CTOPOHOU OJHOI'O W3 TPEYyTOJbHUKOB, HA KOTOPBIE OH paspesaH. IIpoTuso-
IIOJIOXKHOK BEPIINHON § 3TOI'0 TPEYTrOJbHUKA MOXKET OBITE JI00as U3 BEPIINH
k+1,...,1 — 1, » MUHUMAJIBbHAsA CTOMMOCTDL PA3PE3aHUSA MOXKET OLITH BbI-
YUCTEHA KAK

min{(mmua xopaet k—1) + (zmra xopast i—1) + a(k,i) + a(i, 1)}

mo Bcem i =k + 1,...,0 — 1. Ilpu »TOM HAZO yd4ecTh, 4TO mpu q = p + 1
XOpa p—¢ — He XOpja, a CTOPOHA, U €€ IIUHY HALO CUMTaTh paBuou (
(o cTOpoHE paspe3 He IPOBOAUTCH).

Cocrasus rabmuuy st a(k,l) u 3amonsss e€ B HOPSAKE BO3PACTAHUA
gucaa BepumH (paBroro | — k + 1), MBI oay9aeM mporpamMMmy, UCIOIb3Y -
IIyIo TaMATH TOpAIKa n’ 1 BpeMs mopaika n° (0JHOKpaTHOE TPUMEHEHTEe
PEKYpPEHTHOU (POPMy.IBl TpeOyeT BLIOOpa MUHUMYMA, U3 HE 00JIee 9eM 71 a1~
cex). O

8.1.5. Marpunen pazmepa m X n Ha3BIBAETCA NPAMOYTOILHAA TAOMUIA
u3 M CTPOK U N CTOAOIIOB, 3aOJHEHHAA YucaaMu. Marpuily pasmepa m X n
MOXKHO YMHOXKWUTBH Ha MATpuly pasmepa n X k (IIMpuHA JEBOIO COMHOXKU-
TeJsI JOJLKHA PABHATHCS BBICOTE LPABOI0), U MOLYy4aeTCs MATPULA Pa3Me-
pom m X k. IleHou Takoro yMHOXEHUA OyJAeM CUMTAThL Mpou3BeneHune mnk
(TAKOBO YUCJIO yMHOXKEHUN, KOTOPHIE HYKHO BHIIOJHATH NIPU CTAHJAPTHOM
croco6e YMHOXKEHUA — HO CEMYac TO HaM HE BajKHO). Y MHOXKEHUE MATDPUL]
ACCOLMATUBHO, TIODTOMY TPOU3BEIEHUE S MATPUI] MOXKHO BLIUUCIATH B Pa3-
HOM mopsigke. [IJIs KaxkI0ro mopsgka MOACIYATAEM CYMMAPHYIO LIEHY BCEX
MaTPUYHLIX YMHOXeHUU. HalTu MUHUMATBLHYIO 1EHY BLIYUCICHUSA MPOU3-
BEJICHUS, €CIM U3BECTHRI PA3MEPBI BCEX MATPUIl. JUCIO TEUCTBUU NOTKHO
OBITH OPPAHUYEHO MHOTOWIEHOM OT YUCJA3 MATPWUII.



138 8. Kax obotmuct 6e3 pexypcuu

IIpmmep. Marpuns: pasmepom 2 X 3, 3 X 4, 4 X 5 MOXKHO IEePEMHOXKATH
nByMs criocobamu. B mepBoMm nena paBHa 2-3-4+2-4-5=24+ 40 =64,
BO BTOpOM IteHa paeHa 3-4-5+2-3-5=090.

Pemenne. [IpencraBsum cebe, 1TO nepBas MaTPUIIA HATMCAHA HA OTPE3KE
[0,1], BrOopas — ma orpeske [1,2], ..., s-an — na orpeske [s — 1, s]. MaTpu-
upl Ha oTpeskax [i — 1,4] u [i,i + 1] umeroT o6muMi pasMep, MO3BOJSLIOLIUN
ux nepeMHOXUTh. O603HaumMM ero depes d[i]. Takum 06pazoM, UCXOTHBIM
JaHHBIM B 3ajade asugeTcs Maccus d[0] .. . d[s].

Yepes a(i,j) 0003HAIMM MUHUMAIBHYI LEHY BBIYUCICHWUS IPOU3BELe-
HUs MaTpul Ha ydacTke [i, j] (mpu 0 < i < j < s). Uckomasn Besmauna pasHa
a(0, s). Bearnaunst a(i,i + 1) paBHbl Hyao (MaTpuna OqHA U HEPEMHOXKATH
HUYEro He Ha10). PekyppenTHas ¢popMyaa OyneT TAKOU:

a(i,j) = min{a(i, k) + a(k, j) + d[i]d[k]d[j]}

rae MUHEMYM GepEéTcs MO BCEM BO3MOXKHBIX MECTaM IOCIEAHErO yYMHOXKEe-
HEs, TO eCTb 1o BceM k=1 + 1,...,5 — 1. B camom mese, mpousBenenue
MaTpuil Ha oTpeske [i, k] ecTs marpuua pasmepa d[i]d[k], nmpousBenenue
maTpuil Ha oTpeske [k,j] umeer pasmep d[k]d[j], n meHa BErMmcaeHUs UX
npousBegenus paesa d[i]d[k]d[j]. O

3ameuanue. [[Be mocaeqHue 3a0a9M MOXOKU. JTO CXOACTBO CTAHET SC-
Hee, €CIU HAIUCATHh MATPUOBI-MHOXKWUTEIN HA CTOpPoHax 1-2, 2-3, ...,
(s — 1) — s MHOIOYT'OJIbHUKA, a HA KaxkKIOU XOpMe i—j HAMUCATH MPOU3BE-
IEHEe BCEX MATPUIl, CTATUBAEMBIX 3TOU XOPI0U.

8.1.6. ZKenesHas gopora ¢ 0JHOCTOPOHHUM [IBVKEHUEM UMEET 1 CTAH-
. W3BEeCTHBI IEHBI OWIETOB OT (-OU CTaHIMU 40 j-ou (mpu & < j —
B OOpATHYIO CTOPOHY poe3aa HeT). HauTu MUHUMAIBHYIO CTOMMOCTSH IIPO-
e34a OT HavYaaa 10 KOHHA (C yI6TOM BO3MOXKHON DKOHOMWU 32 CIET mepe-
CaI0K). O

8.1.7. 3ajaHO KOHEYHOE MHOXKECTBO ¢ OMHAPHOU onepanuen (BooOLIe
COBOpsA, HE KOMMYTATUBHOU W [aykKe HE accouuaTuBHOM). VmeeTca m oie-
MEHTOB @1, - . .,d; dTOTO0 MHOXKECTBA U €II¢ OIWH DJeMEHT Z. IIpOBepuTh,
MOXKHO /I TaK PACCTABUTH CKOOKU B MPOUIBEIACHUU (1 X ... X (y, ITOOLI
B pe3yIbTATe MOMYHmICS 2. IICIO oIepanui JOMKHO He mpesocxoauTs Cn’
[JIs1 HEKOTOPOU KOHCTAHTBL O (3aBUCAIIEN OT YUCJIA DIEMEHTOB B BEIODAH-
HOM KOHEYHOM MHOXKECTBE).

Pemenue. 3amonHseM TaOAUIy, B KOTOPOU [ KaXKIOTO YYACTKA,
@; . .. @ HAIIETO IPOU3BEIEHIUA XPAHUTCA CIICOK BCEX BO3MOXKHEIX €r0 3Ha-
yeHurn (IpU Pa3sHOU PACCTAHOBKE CKOOOK). O
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Ilo cymecTBy >TOT K€ NMPUEM MPUMEHAECTCSI B IMOJIMHOMUAJIBLHOM AJCO-
pUTMe IPOBEPKU MPUHAAICKHOCTH CIOBA, MPOU3BOJLHOMY KOHTEKCTHO-CBO-
6ogHOMY S3BIKY (cM. rmaBy 15).

Caenyromas 3aga4da (3a1ada O PIOK3aKe) yKe yIOMUHAJIACh B [VIaBe 3.

8.1.8. NmeeTcsa n MOJOKUTENBHBIX LIEJABIX TUCET X1,. .., Ly U IUCI0 N.
BrusicauTs, MOXHO 1 OIyunTh N, CKIaIBIBAS HEKOTOPBIE U3 YUCET X1, . . .
. ev, Ty, UuCaO geMCTBUM TOMKHO OLITHL mOpAgKa N7.

[Ykazanue. Ilocae i maros XpaHuUTCs MHOXKECTBO TEX 9YUCEJA HA OTPE3Ke
0...N, KOTOpBIE IPEACTABAMEL B BULE CYMMBI HEKOTOPBIX U3 Z1 ... T;.] O

3ameuanue. MbI Bugenu, YTO 3aMEHA PEKYPCUBHOU MPOrPAMMBI HA 3a-
[OJHEHUE TAOJUIBl 3HAYEHUU WHOTAA MO3BONSET YMEHBIIUTh YUCJIO [Teu-
crBuil. [Ipumepno Toro xe sdgdexkra MOXKHO AOOUTHCI MHAYE: OCTABUTH
IPOTrpPaMMy PEKYPCUBHOU, HO B XOJ€ BBIYUCJICHUU 3ATIOMUHATDL YK€ BLIUM-
CJICHHbIE 3HAYEHUA, a Iepe] OYepeTHBIM BBIUUCAEHUEM IPOBEPATH, HET JU
y2Ke "OTOBOT'O 3HAYEHU.

8.2. CTeK OTNOXEHHbIX 3a4aHUN

Jlpyrou npuém yCTpaHEHUs PEKypPCHM IIPOAEMOHCTPUPYEM Ha IIPUMEpe
338491 O XaQHOUCKUX OAITHAX.

8.2.1. Hammcarp HEpeKypCHBHYIO IPOrPAMMY IS HAXOXK JEHUS MTOCTE-
IOBATEIBLHOCTH TEPEMEIIECHUE KOMEIl B 3a0a¥e O XaHOUCKUX OAITHAX.

Pemenne. BemoMHEM peKypCHBHYIO NIPOrpaMMY, IEPEKJIATBLIBAIOILYIO
i BEPXHUX KOJEI[ C M Ha n:

procedure move(i,m,n: integer);

‘ var s: integer;

begin

if i = 1 then begin

‘ writeln (’cpmemats xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTu# cTepxeHL: CyMMa HOMEpOB paBHa 6}
move (i-1, m, s);

writeln (’cmemars xom ’, m, ’->’, n);
move (i-1, s, n);
end;

end;

Bugno, uTO 3amada «IepeIoXKUTH 1 BEPXHUX TUCKOB C M-TO CTEPKHA HA
n-BIM» CBOAUTCA K TPEM 3aJadaM TOrO XKe TUMA: ABYM 3agadaM ¢ i-1 guc-
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KaM# U K OJHOU 33a1a4e C € IMHCTBEHHBIM IUCKOM. SAHUMAACh DTUMU 33,13~
JaMM, BAXKHO HE MO3A0BITH, YTO €IIé OCTAIOCH CAeMATh.

[l >TON menu 3aBeNEM ek OMAOHCEHHLIT 3adanul, DIEMEHTAMA KO-
Toporo OyayT Tpouku (i,m,n). Kaxngas Takas Tpouka UHTEPIPETUPYETCI
KaK 3aKa3 (IePeJOXUTL i BEPXHUX JUCKOB C M-I'0 CTEPXKHA HA N-BI». 3aKa-
3bI YIIOPAOOYIECHBLI B COOTBETCTBHUU C Tpe6yeMbIM IIOPANKOM UX BBIIIOTHEHUS:
CAMBIN CPOYHBLIM — BEPIINHA CTeKa. [1oMydaeM TaKkyoo MporpaMmMy:

procedure move(i,m,n: integer);
begin
clellaTh CTeK 3aKa30B IIyCTHM
TIONOXUTE B CTEK TPOMKY <i,m,n>
{uHBapuMaHT: 0CTamOCH BHIONHUTEH 3aKa3H B CTEKe}
while cTex memycT do begin
yEAnuTE BepXHUM DIIEMeHT, IepeloXuB ero B <j,p,q>
if j = 1 then begin
‘ writeln (’cpmemaTs xox;’, p, ’->’, q);
end else begin
s:=6-p-q;
{s - Tperum cTepxeHb: cyMMa HOMepoB paBHa 6}
IOJIOXUTE B CTEK Tpoﬁxn <j-1,s,q>, <1,p,q>, <j-1,p,s>

end;
end;
end;

(3aMeTuM, 9TO IEPBOU B CTEK KAAAETCS TPOUKA, KOTOPYIO HA IO BEIIOJIHATH
nocaenuen.) CTek TPOeK MOKeT OBIThH PEATU30BAH KAK TPU OTIEIbHBIX CTe-
ka. (KpoMe TOro, B mackajie eCTh CIEIUATLHBIA TUI, HA3BIBAEMBIN (3ATIACH)
(record), KOTOPBI MOXKET OBITH IPUMEHEH. ) O

8.2.2. (Coo6mma A.K.3ponkun co cebuikon Ha Anmxkes Jlucosckoro.)
[t 3a5aMm 0 XAaHOUCKUX GAIIHAX €CTh U APyTue HEPEKYPCUBHBIE AIrOPUT-
mel. Bor ogun u3 Hux: npocramBaromuM crepxHeM (HE TEM, C KOTOPOrO
MEPEHOCAT, U He TeM, Ha KOTOPHI MEePEHOCAT) JOMKHLI OLITH BCE CTEPXK-
HU O ovepenu. [Ipyroe mpaBmiIo: MOOUEPENHO IMEpeMelaTh HAUMEHbIee
KOJIBIIO U He HaMMEHBbIIee KOJbIO, IPUYEM HaMMeHbIee — o Kpyry.  [J

8.2.3. Hcmoan3oBaTh 3aMeHy PEKyPCUU CTEKOM OTJOXKEHHBIX 3aIaHNuN
B PEKYPCUBHOU IPOrpaMMe MeYaTH JECATUIHOU 3AMUCHU LEJ0r0 YUCIA.

Pemenne. [ludppor 100BIBAIOTCSA ¢ KOHIIA M 3AKJIAIBIBAIOTCA B CTEK, a 3a-
TEM MEYATAIOTCS B 0OPATHOM MOPSIKE. O

8.2.4. HammcaTh HepeKypCUBHYIO MPOrPAMMYy, TEYATAIONIYI0 BCE BEP-
IMIWHBI TBOMYIHOI'O JAepeBa.
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Pemenme. B sToM ciiydae cTeK OTJIOXKEHHBIX 3aJaHUH OyIeT CONEPKATD
3aKa3bl IBYX COPTOB: (HANEYATATH TAHHYIO BEPUINHY» U «HAMEIATATH BCE
BEPIINHEI TOLAEPEBA C TaHHBIM KOpHEeM» (Ipu >TOM nil cumTaeTcs KOpHEM
nycToro gepesa). TakuM 06pa3oM, DIEMEHT CTEKa €CTh Iapa: (TUll 3aKa3a,
HOMED BEpIIUHEL).

Brinumas sneMeHT U3 cTexa, Mbl Jub0 Cpa3y UCIOJHAEM ero (ecau 3To
32Ka3 MEpBOrO TUIA), TUOO TIOMENIAEM B CTEK TPU TIOPOXK IEHHEIX UM 3aKa-
338 — B OJHOM W3 IIE€CTH BO3MOXKHBIX MOPSIKOB. |

8.2.5. Yro mameHuTcs, ecau TpeOyeTCsa HE MeIATATh BEPIIMHBLI JBOUY-
HOI'O JIePEBa, a HOACIUTATH UX KOJUIECTBO?!

Pemenme. [levaTanue BEpPIIMHEBL CIEIYyET 3AMEHUTH NPUOABICHUEM €IU-
HULBL K C9éT4uKy. [pyruMu cioBaMy, MHBAPUAHT TAKOB: (OOLIee TUCIO
BepiuH) = (c46T9MK) + (CyMMa IMCeJ BEPUIMH B IOAAEPEBbAX, KOPHU KO-
TOPBIX JIEXKAT B CTEKE). O

8.2.6. /I HEKOTOPBIX U3 MIECTU BO3MOXKHBIX MOPAIKOB BO3MOXKHBI YII-
pOIIeHusA, geaolmye HEHYKHBIM XPAHEeHNEe B CTEKe dJIEMEHTOB ABYX BUIOB.
YkazaTb HEKOTODHIE U3 HUX.

Pemenue. Eciu TpeGyeMbil MOPAIOK TAKOB:
KOPEHb, JIEBO€ IO IePEBO, IPABOE 101 IEPERO,

TO 3aKa3 Ha IeYaTaHNE KOPHA MOXKHO HE 3aK/JIaJbIBATh B CTEK, & BEIIIOJTHATH

cpasy.
Hecxoabko 6omee cioxHAsT KOHCTPYKIUS IPUMEHUMA JJIs TOPSI KA

JIeBOE O IePEBO, KOPEHDb, TPABOE MO IEPEBO.

B sroMm ciydae Bce 3akasbl B CTEKe, KPOME CAMOI'0 MEPBOrO (HaledaTaTb
[OJIEPEBO0) eIATCs Ha Haphl:

HaIlevYaTaTh BEPIINHY X, HAMeYaTaTh «IIPABOE MO IEPEBOY X

(= mommepeBo ¢ KOpHeM B HpaBoM chiHe x). OObeIUHUB >TH HapHL B 3a-
Ka3bl CHEUAILHOrO BUIA U BBEIs [IEPEMEHHYIO [ OTAEJIbHOIO XPAHEHUs
[IEPBOI'0 3aKa3a, MEL 000N AEMCA CTEKOM OTHOTUIIHEIX 3aKa30B.

To xe camoe, pazyMeeTCs, BEPHO, €CI MOMEHATH MECTAMHU JIEBOE 1 Mpa-
BO€ — IOJYYAETCA €IIé IBA MOPAIKA. (]

3ameqanune. [[pyryio nporpaMMmy IIeYaTH BCEX BEPIIMH NEPEBA, MOMXKHO
MOCTPOUTH HA OCHOBE MPOTrPAMMEI 006X0/1a NepeBa, pa3o0paHHOU B TaBe 3.
Tam ucnonb3yercss komanaa «BHU3». IlockonbKy Temepeminee npexcrasie-
HUe IepeBa C MOMOIIBI0 MACCUBOB 1 U T HE TIO3BOIACT HAUTY MPEIKa 3aJaH-
HOU BEPINUHBI, TPUIETCA XPAHUTH CIIUCOK BCEX BEPIIMH HA MYyTH OT KOPHSI
Kk Texymen Bepmube. CMOTpU Takxke riaBy 9.
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8.2.7. Hamucarb HepeKypCUBHBLII BApUAHT MPOrPAMMEL OLICTPOHU COP-
tupoBku (cM. c. 131). Kak o6outuch cTekoMm, TiuyObuHa KOTOPOT'O OrPAHU-
vena C'logn, rie n — 4YKUCIO COPTUPYEMBIX DJIEMEHTOB?

Pewenwe. B crex knanyrcsa mapw (i, j), uHTEpOpeTUpyeMble KaK OT-
JIOXKEHHBIE 33JaHUS HA COPTUPOBKY COOTBETCTBYIOIINX YIACTKOB MACCHBA.
Bce 5T 3aka3®b! He epeceKanTCs, TO3TOMY Pa3Mep CTeKa He MOXKET IPEBhI-
cuTh n. UTOOBI OrPAHUYUTHCA CTEKOM JOTAPUPMUAIECKOU TUIyOUHEBL, Oy 1eM
OPUAEPKUBATHCA TAKOI'O [IPABUIA: NIyOkKe B CTEK MOMELIATH OOJBIINY 13
BO3HUKAIOWUX ABYX 3aKka30B. llycrs f(n) — mMakcumanbHas ruybuHa cre-
Ka, KOTOPas MOXKET BCTPETUTHCS NPU COPTUPOBKE MaccuBa w3 He Oojee
YeM 1 3TeMeHTOB TakuM crnocobom. Ouennm f(n) cBepxy TakuM CIocoOGOM:
mocjae pas3OueHrs MACCUBA HA IBA YIACTKA MBI CHadalIa COPpTUPYyeM Oojee
KOPOTKUI (XpaHa B CTeKe 0oiee JNJIMHHBIA PO 3aIac), IPYU DTOM [yOuHa,
creka He 6osbie f(n/2) + 1, 3aTem coprupyeMm 6osee QIMHHBIA, TAK YTO

f(n) <max(f(n/2) +1, f(n—1)),

oTKyna odeBugHon nHAykuuen noaydaeM f(n) = O(logn). O

8.3. Bbonee cnoxHble cnyyam pekypcuu

IlycTs Gpyskmms f ¢ HATYPAJBHBIMEU APCYMEHTAMY U 3HAYEHUAMY OIpe-
[eJICHA PEKYPCUBHO YCJIOBUAMU

f(0)=a,
f(x) =h(z, f(l(z))) (z>0)
r'le @ — HEKOTOPOe YUCI0, a h u | — m3BecTHble pyukiun. [pyrumu cioBa-

MU, 3HadeHne QYyHKUUU f B TOUKE T BBIPAXKACTCS Yepe3 3HadeHue [ B TOUKe
[(z). llpu 5TOM TPEAMOIAraeTCA, YTO A/ OO0 X B TOCJIE[0BATEALHOCTH

2,1(@), 1((2)), ..

PaHO WM TO30HO BCTpeTuTCs 0.
Ecau gonosauTensHO u3BeCTHO, 9T0 [(2) < & I1a BCEX &, TO BBIYUCJIE-
Hue f He mpeacTaBaseT TpyAa: BeraucaieM nocaenoBarenasHo f(0), f(1),

7).

8.3.1. Hammcars HEPEKYPCUBHYIO MPOrPAMMY BBIMUCICHUS f I/ OOIIIe-
o CcaIydas.

Pemenue. s Boraucienus f(2) BBIYECIAEM IOCAELOBATEILHOCTD

1), 1(U(2)), l{I(U(2))), - - -
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[0 TIOSIBJICHYS HYJISL ¥ BAIIOMUHAEM €€, a 3aTeM BBIUUCJIsIeM 3Ha49eHus [ B TOY-
KaX 3TOU TOCIEIOBATEILHOCTH, U CIIPABA HAIEBO. (I

Emé 6omee CIOXHBIN CIyYau U3 CASTYIOMEN 309U BPAI JU BCTPETUT-
€A Ha NPAKTUKe (& eCIu U BCTPETUTCA, TO IPOIIE PEKYPCUIO HE YCTPAHATD,
a ocraButh). Ho Tem He MeHee: mycTh GyHKUUA f C HATYPAILHBIMEA apTy-
MEHTAMHU W 3HAYEHUAME ONMPEAETACTCA COOTHONICHUAMM

~
8
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h(z, f(I(x)), f(r(z))) (z>0),

e a4 — HEeKOTOPOe 4ucio, a [, r u h — u3BecTHBIe QpyHKIMHU. [Ipeamona-
raeTcs, YTO €CJAU B3ATh NPOU3BOIBHOE YUCAO U HAYATH IPUMEHATH K HEMY
dyHKIMY | 1 T B IPOU3BOJBLHOM TOPAIKE, TO PAHO WU MO3AHO moayIuTcs 0.

8.3.2. Hamucarb HEpeKypCUBHYIO IPOrPAMMY BEIMUCICHUA f.

Pemernue. Moxuo 010 OBI CHA4YaIa MOCTPOUTH NEPEBO, y KOTOPOrO
B KOpHE HAXOIWTCA Z, & B CHIHOBLAX BEPIIUHLL ¢ cToAT (i) u r(i) — ecan
TOJBKO ¢ He PABHO HYJK. 3aTE€M BLIYUC/AATH 3HAYEHUS (PYHKIWU, U OT
JUCTHEB K KOpHIO. OIHAKO €CTh U IPYIOU CIocod.

Obpamuoti noavckotli 3anuceio (wm nocm@Purcnot 3anuchi0) BEIPAKE-
HUs HA3BIBAIOT 3AIINCh, '€ 3HAK (DYHKIINY CTOUT IIOCJIE BCEX €€ apI'yMEeHTOB,
a ckoOKHU He UCHOJAB3YIOTCSA. BOT HECKOIBKO MpUMEpOB:

f2) 2 f

f(9(2)) 2 9 f

s(2,t(7)) 2 7Tt s
s(2,u(2,5(5,3)) 2 2 5 3 s u s

ITocTduxcHas 3anuch BEIpAXKEHUA MO3BOIAET YIOOHO BEIUUCAATE €r0 C IO-
MOIIBIO CMEKOB020 KAALKYAAMOPG. DTOT KAILKYJIATOP UMEET CTEK, KOTO-
PBIU MBI Oy IeM IIPEACTABIATE Ce0e PACIOIOKEHHBIM POPU30HTAIBHO (ducaa
BBIHUMAIOTCS U KAALYTCA COPABA), U KIABUIIM — YUCIOBLIE U (DYHKIIHO-
HasnbHBIE. [Ipy HaXXaTUM HA KIABUILY C YUCIOM 3TO UUCIO KIATETCI B CTEK.
IIpu HakaTuu Ha PYHKIMOHAILHYIO KJIABUIILY COOTBETCTBYIOIIAA (hYHKIIUS
MPUMEHAETCA K HECKOJBKIM apryMEHTaM y BEpIINHBI cTeka. Hampumep,
€CJII B CTEKe OBbLIN IMCJIa

23456

7 HaXkaTa (PyHKIMOHANBHASA KIABUIIA S, COOTBETCTBYIOMAA (DYHKIUN OT
OBYX apr'yMEHTOB, TO B CTE€Ke OKAXYTCA TUCTA

23 4 5(5,6).
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Tlepenaém Tenepp kK Hamen 3agade. B mpouecce BHIUUCICHUS 3HAYCHUS
dbyuxuun f Mer O6ygeMm paboTaThb CO CTEKOM HKCEN, a TaK¥XKe C MOCTIeI0Ba-
TEeJBHOCTBIO dmces u cuMBOIOB f, 1, r, h, KOTOPYyI MBI OyIeM WMHTepIpe-
TUPOBATH KaK MOCIEJOBATEILHOCTD HAXKATUU KIABUII HA CTEKOBOM KaJlb-
Kyasarope. HBApUAHT Takou:

€CJIM CTEK YUCET MPEACTABIICT COOOU TEKyllee COCTOSHUE CTe-
KOBOI'0 KaJbKYyJ/SITOPA, TO IOCJAE HAXKATUSA BCEX KIABHUII IIOCJE-
MOBATETHLHOCTU B CTEKE OCTAHETCS €IUHCTBEHHOE YUCIO, M OHO
OyIeT MCKOMBIM OTBETOM.

IIycte mam Tpebyercsa BoraucauThb 3uadenue f(z). Torga sHauame Mbl mo-
MEIIAEM B CTEK 9HUCIO T, & MOCACIOBATEILHOCTE COACPKUAT €IUHCTBEHHBIN
cumBoa f. (Ilpu srom waBapuanT cobmogaercs.) Jaunee ¢ mocaegoBaTennb-
HOCTBIO U CTEKOM BBIIOIHAIOTCA TaKue IpeoOpa3oBaHms:

CcTapbin crapas HOBBIN HOBAs

CTeK MOCJAEIOBATEIBHOCTD — CTEK MOCJIEI0BATEIBHOCTD
X z P Xz P

Xz 1P X l(z) P

Xz r P X r(z) P

Xzyz hP X h(z,y,2) P

X0 fP Xa P

Xz tP X zxlfzrfhP

3xech x, Y, z — uuciaa, X — NOCIeIOBATEIBHOCTD dncen, P — mociaenoBa-
TeJLHOCTD Jucea u cuMBouaos f, 1, r, h. B mocaennen crpoke mpeamosara-
ercs, 910 x # (. DTa CTPOKA COOTBETCTBYET PABEHCTBY

f(x) = h(z, f(U(2)), f(r(x)))-

IIpeo6GpasoBanus BBIMOIHAKTCS, TOKA MOCJAEIOBATEILHOCTD HE CTAHET IIy-
cra. B 5TOT MOMEHT B CTeke OKAXKeTCs e[UHCTBEHHOE IUCJI0, KOTOpOoe u Oy-
€T OTBETOM. O

3ameuanue. [locreg0BATEIBHOCTE TO CYIIECTBY HPEACTABIAET COOOU
CTEK OTJOXKEHHBIX 3aaHul (BEpIINHA KOTOPOrO HAXOIUTCSA CJIEBA).



9. PA3HbIE AJIFOPUTMBbI
HA PADAX

9.1. KpaTuanwue nyTu

B sToM pasgese paccMaTpUBAIOTCA PA3NUYHBIE BADUAHTHI O MHOU 3a1a4.
ITycTb uMmeeTcss n TOPOAOB, IPOHYMEPOBAHHBIX Ynciaamu OT 1 1o n. s ka-
KO Hapbl FOPOJAOB ¢ HOMepamu i, j B Tabiuue ali] [j] xpanuTca nemoe
YUCI0 — IIEHA IPAMOr0 aBHAOWIETa 13 ropoaa i B ropon j. Cuuraercs, 9To
PEUCH CYIIECTBYIOT MeX Iy JioObiMu ropogavu, ali][i] = 0 mpu Beex i,
ali] [j] moxer ormmuarscsa ot alj][i]. Haumenbien cTomMoCTBIO IPO-
e3la U3 1 B j CUMTAETCA MUHUMAIBLHO BO3MOXKHAA CYMMa [eH OWJIeTOB [/
MapmpyToB (B TOM 4ucIe ¢ nepecagkamu), Beayuwmx u3 i B j. (Ona mHe
mpesocxoqut al[i] [j], HO MOXeT GLITHL MeHbIIE. )

B mpennaraembrx Humxke 3a1adax TpeOyeTCsA HAUTU HAUMEHBINYIO CTOU-
MOCTB IIPOE31a I/ HEKOTOPKIX Iap IOPOLOB MDY TEX WM UHBIX OUDAHUYE-
HUAX HA MACCUB & W HA BPeMs PabOTHI aJrOpPUTMA.

9.1.1. Ilpexnonoxum, ITO HE CYIMIECTBYET 3AMKHYTHIX MapIIPYTOB, I
KOTOPBIX CYMMa ILIeH oTpuliaTeabHa. /[[oka3aTh, ITO B 2TOM CIydae MapIi-
PYT C HAVMMEHBINEN CTOMMOCTBIO CYIIECTBYET.

Pemrerme. MapuipyT mauuHOM GOJBIIE N BCEIa COLEPAKUT LUKJI, IOITO-
My MUHUMYM MOXHO UCKATh CPEIM MApPIIPYyTOB MJUHOU HE OOJee n, a uX
KOHETHOE 9HCJIO. U

Bo Bcex caenyomumx 3ana4ax npegrosaraeTcs, 9To 3To ycaosue (0TcyT-
CTBUE IUKJIOB C OTPUIATEIBHOU CYMMOU) BBITOJIHEHO.

9.1.2. HanTu HamMeEHLIIYI0 CTOMMOCTDL IIpOe3aa u3 1-ro ropoaa BO BCe
ocrambubie 3a pema O(n?).

Pemrenme. O6Gosuauum wepes MunCr(1l,s,k) HAMMEHBINYIO CTOUMOCTH
mpoe3na m3 1 B s MeHee UeM C k mepecagkamu. 1Orga BBINOJIHAECTCA Ta-
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KOe COOTHOILICHUE:

MuuCt(1,s,k+1) = min(MnHCT(l,s,k), ) rrllin MuaCt(1,i,k) +ali] [s]))
i=1..n

Kak oTrmewanocs Bbeime, UCKOMBIM OTBETOM sBisgercs MurCrt(1l,i,n) mus
Bcex i=1...n.

k:= 1;

for i := 1 to n do begin x[i] := a[1][i]; end;
{uuBapuwant: x[i] = MunuCr(1,i,k)}

while k <> n do begin

for s := 1 to n do begin
yIs] := x[sl;
for i := 1 to n do begin

if y[s] > x[i]+a[i]l[s] then begin
‘ y[s] := x[il+a[il[s];
end;
end
{y[s] = MurCr(1,s,k+1)}
end;
for i := 1 to n do begin x[s] := y[s]; end;
k :=k + 1;
end; O

IIpuBeAEHHBIN AJTOPUTM HA3LIBAIOT AJTOPUTMOM AUHAMUYIECKOTO TTPO-
rpamMmupoBanusa, win arroputmom Popaa—Bemrivana.

9.1.3. [lokasaTb, 9TO ImMporpaMMa OCTaHEeTCA IPABUILHOU, €CIM HE 3a-
BOAUTH MACCUBA ¥, & IPOU3BOAUTH U3MEHEHUs B CAMOM MACCHUBE X (3aMEHUB
B IPOI'DaAMMe BCe BXOXKJEHUA OYKBEL ¥ HA X U 3aTeM YIAIUTH CTABIINE JTUIII-
HUMU CTPOKH).

Pemenune. UuBapuanT OygeT TakoB:
MuaCt(1,i,n) <x[i] < MmrCt(1,i,k). O

DTOT AITOPUTM MOXKET OBIThH YAyUIIeH B ABYX OTHOLIEHUAX: MOXKHO 32
To ke Bpema O(n®) HAMTH HAMMEHDLIIYIO CTOMMOCTBL MpOE3ga i — j A
Bcex map i, j (a He TOABKO mpu 1 = 1), a MOXKHO COKPATUTH BPeMs PaGOTHL
no O(n?). Ilpapa, B mocaeIHEM CIyIae HaM HOTPeOyeTcs, ITOOB BCE TeHbI
ali] [j] 6vLM HEOTpPUIATENBHEL.

9.1.4. HauTu HaMMEHBIIYIO CTOMMOCTD MPOE3aa 1 — j a1 Bcex i, j 3a
spema O(n?).
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Pemrenwme. [lns1k =0...n yepe3 A(i, j,k) 0603HAYNM HANMEHBIIYIO CTO-
MMOCTb MapHIpyTa U3 i B j, €CIM B KaIeCTBe MEePeCaTOTYHBEIX Pa3peIIeHo
KCIIOIB30BATh TOIBKO MYHKTH ¢ HOMepaMmu He 6ombine k. Torga

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))

(IBa BapMaHTa COOTBETCTBYIOT HEUCIIOJIb30BAHUIO U UCTIONIb30BAHUIO TTYHK-

Ta k+1 B Ka4eCTBE MEPECATOTHOrO; OTMETHM, ITO B HEM HE3a9€M OLIBATH

6oJee OQHOTO pa3a). O
OTOT AIMOPUTM HA3BIBAIOT aaropurmoMm Piaonia.

9.1.5. Kax mposeputs 3a O(n®) meircTruir, mmeeT i Tpad ¢ n Bepm-
HAMU IUKJIBI C OTPULATEIHLHOU CyMMOU?

[Ykazanue. Moxuo npumensts arroputm PDaonga, npuaém paspemars
i=jBA(i,j,k), HOKa He NOABUTCS NEPBLIA OTPULATEALHBIN UKL | O

9.1.6. Nmeerca n BaawoT u TabIuna OOMEHHBIX KypCOB (CKOJIBKO (JIO-
PUHOB [alOT 3a Taxep u T.I.). KOMMEepCaHT XO4eT HeOrDaHUIEeHHO 060ora-
TUTHCA, OOMEHMBasA CBOM HAYAJILHLIN KAIUTAI TYAa-CIOLa [0 DTUM KypPCaM.
Kak npoBepuTh, BO3MOKHO JI DTO?

[Ykaszanue. ITocie morapudMupoBaHus JEHBIH YHOLOOSIOTCA PACCTOA-
HUAM. | O

9.1.7. UM3BecTHO, 9YTO BCE LEHBI HEOTPULATEIbLHEL. HalTu HauMeHbIny o
cTomMocTh Tpoe3fa 1 — i ama Becex i = 1...n 3a Bpema O(n?).

Pemenune. B mpormecce paGoTHE aIropuTMa HEKOTOPEIE TOpona OyayT
BBLeJICHHBIME (B Havaje — TOJIBKO ropon 1, B KoHue — Bce). [Ipu sTom:

® 17 KaXKJAOr'0 BBLAEJEHHOI'O I'OPOJa i XPaHWTCS HAMMEHBINAS CTOU-
MOCTBh nyTH 1 — i; OIpy 3TOM H3BECTHO, YTO MUHAMYM JOCTUIAETCS
HA IYTH, IPOXOAAIIEM TOJBKO Uepe3 BhIIeIeHHBIE I'OPO/Ia;

® 1A KaXKIOI'0 HEBBLIEJEHHOI'O I'OPOa 1 XPAHUTCA HAUMEHBIAA CTOU-
MOCTb IyTH 1 — i, B KOTOPOM B KadeCTBe NIPOMEXKYTOIYHBIX HCIOIb-
3YIOTCA TONBKO BBLIEJEHHBIE IOPOLA.

MHOXK€eCTBO BBIIEJIEHHBIX TOPONOB PACIIUPAETCA HA OCHOBAHUU CJIETYIO-
IIeT0 3aMEYaHUs: €CITU CPEIU BCEX HEBBIJEMEHHLIX TOPONOB B3AThL TOT, I
KOTOPOr'0 XPAHWMOE YMCI0 MUHUMAIBLHO, TO 3TO HUUCJIO SBIACTCA UCTUH-
HOU HAMMEHBIIEN CTOMMOCTBIO. B caMoM jese, myCcThb eCcTh 60ee KOPOTKUN
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nyTh. PaccMoTpuM mepBBEIM HEBBIIEJEHHBIN IOPO HA 3TOM IIyTH — YK€ 10
Hero nyTh aauHHee! (31ech CylecTBeHHa HEOTPULATEILHOCTD LIEH. )

[lo6aBuB BEIODAHHBLIM T'OPOM K BLIACICHHBIM, MBI JOMKHBEI CKOPPEKTHU-
POBaThL MHMPOPMAINIO, XPAHUMY I HEBLIICTEHHLIX TOPOIOB. Ilpm 5TOM
DOCTATOYHO yI€CTh JUIIb IIyTH, B KOTOPLIX HOBLIA [OPOI ABIAETCA MOCTIE-
HUM IyHKTOM MEPECATKH, & 3TO JETKO CHEJATh, TAK KAK MUHAMAJILHYIO
CTOUMOCTE TIPOE3/[a B HOBLIU MOPOJ MBI YK€ 3HACM.

TTpu camom 6eCXUTPOCTHOM CIOCOOE XPAHEHUA MHOKECTBA, BB ICICHHBIX
ropofoB (B OyJEBCKOM BEKTODE) NOOABJIEHWE OQHOIO T'OPOa K YUCIY BBI-
nenenubix Tpedyer Bpemenu O(n). O

ODTOT AIrOPUTM HA3BIBAIOT AIropuTMoM [lenKcTpEhL.

9.1.8. Nmeercsa n ropogos, COEIUMHEHHBIX JOPOraMu (C OHOCTOPOHHUM
aBukenueM). s 100BIX TOPOIOB 4, j U3BECTEH MAKCUMAJIBHLIA BeC IPy3a,
KOTODBIM MOXHO Be3Tu u3 i B j (rpysomogbémuocts goporu). Hanru 3a
spema O(n?) m1a BCex ropoIOB MAKCUMAIBHEIA BEC TPY3a, KOTOPLIN B HAX
MOXHO TPUBE3THU U3 CTOJUIIHI.

[Ykazanue. [lencTBoBaTH aHAIOrUYIHO aaroputMmy [ledKcTphl, 3aMeHuB
CYyMMY Ha MaKCAMYM.] a

OTbicKaHNEe KPATIAUIIETO MyTH UMEET €CTECTBEHHYK) MHTEPIPETAIUIO
B TepMMHaX MaTpuil. IllycTe A — MaTpuma IeH OJHOM aBUAKOMIIAHWH,
a B — marpuna ner gpyroi. IlycTb MBI XOTHM J€T€Th C OJQHOH IIE€PECaI-
KOU, IpUYEéM CHadaga CaMoaIeéToM koMmmamuu A, a szareM — xoummaHuum B.
CKOIBKO HAM MPUAETCA 3AIIATUTE, 9TOORI TIOMACTh U3 TOPOoAa i B ropoa j7

9.1.9. [lokasaThb, 9TO >Ta MATPULA BEIYUCIAETCA IO OOLIMHON (POPMYJIe
[UIs IPOUW3BENEHUsI MATPUL], TOJBKO BMECTO CyMMBI HAJ0 OpaTh MUHUMYM,
a BMECTO YMHOXEHUSI — CYMMY. (|

9.1.10. [JoxaszaThb, 4TO TakUM OOpa3OM OMNpEeNeNEHHOE MPOU3BEIEHUE
MaTPUIl ACCOIUATUBHO. O

9.1.11. [JokazaTh, 9TO 3aJa49a O KPATIAUIINX MY TAX SKBUBATCHTHA, BbI-
uucnennio A n1a maTpunsl ne A: B mociegosaremsrocT A, A%, A3 ...
BCE DJIEMEHTHI, HAYMHAA C HEKOTOPOr'O, PABHBI UCKOMOU MaTPUIE CTOUMO-
cren kpardanmux myred. (Eciu mer orpunarenserx nukios!) O

9.1.12. Hauwmnas ¢ Kakoro »JeMeHTa MOXHO FapaHTUPOBATHL PABEHCTBO
B IOpeILIIyIIen 3a1a49e? O

O6branoe (He MOAUMUIUPOBAHHOE) YMHOXKEHUE MATPUI] TOKE MOKET
0Ka3aThCsA MONIE3HBIM, TOJBKO MATPUIILI JOKHEI OBITH apyrue. IlycTs ecTs



9.2. Ceaznbie KOMNOHEHNbL, NOUCK 6 2AYOUHY U UWUPUHY 149

He BCe pelchl (KaK paHblie), a ToabKo Hekoropee, alil [j]1 pasuo 1, ecan
pewnc ects, u 0, ecu perca Het. Bosseném mMarpuily a (O6GLIMHBIM 06PA3OM )
B CTENEHb k 1 mocMoTpuM Ha eé (i-j)-BIil DIeMeHT.

9.1.13. Yemy ou paBen?

Oreer. Ynciay pasaumdHbIX CHOCOOOB MOMACTH W3 i B j 3a k pemncos
(c k-1 mepecankamu). O

Ilpu onucanum KpaTIauux MyTeU CIydau, KOTQa €CTh HE BCE PEUCHI,
MOXKHO CBECTU K UCXOMHOMY, BBEIA (PUKTUBHLIE PEUCHI C OECKOHETHO GOMb-
mwoi (Wi AOCTATOYHO GOJIBIION) CTOMMOCTBIO. TeM He MeHee BO3HUKAeT
TAKO! BOIPOC. UMCIO PEATBbHBIX PEMCOB MOXKET OBLITH CYyIIECTBEHHO MEHb-
me n?, I0PTOMY MHTEpPECHBI AIIOPUTMEL, KOTOPEIE paboTaoT >(pdeKTuBHO
B Takou curyaruu. VCXoquble TaHHBIE €CTECTBEHHO MPENCTABIATH TOTIA
B TaKOM (pOpME: I KAk JOTO IOPOIa U3BECTHO YUCJIO BEIXOAAIINX U3 HETO

PEUCOB, UX MyHKTHI HABHAYEHUS U IIEHBIL.

9.1.14. [okasarhb, 9TO aaropuT™M [[eNKCTPHE MOXKHO MOAUMUIIPOBATH
Tak, IYTOOLI A1 N TOPOJOB W M DPeucos (Bcero) oH TpeboBal He Goaee
C(n + m)logn oneparmi.

[Ykazanue. Uto Hano caenars Ha Kax oM mare? BriGpars HeBbLgeaeH-
HBIZ TOPOJ ¢ MUHIMAJIBLHON CTOMMOCTBIO M CKOPPEKTUPOBATE LEHKI IJIA BCEX
TOPOMIOB, B KOTOphIE M3 HErO €CTh MApHIPYTHL. Ecam 6b1 KTO-TO cOOOIIan
HaM, [1J KAKOT0 MOPOa CTOMMOCTH MUHAMAIbHA, TO XBaTwIo 061 C'(n + m)
OEUCTBUX. A momaep:KaHne CBEIEHAN O TOM, KAKOU 3JIEMEHT B MaCCUBE MIU-
HuUMaseH (cM. 3agady Ha c. 114) o6xoaurcs emwé B MHOKUTEIb logn.] O

9.2. CBsi3Hble KOMMOHEHTHI, MOUCK B rNy6uHY
W LLUMPUHY

Haubomee mpocron caydan 3agadm O KpaTJIAUIIMX OyTAX — €CIM BCE
uenbl paBHEL 0 wim +00. [IpyruMu croBaMu, MbI HHTEPECYEMCs BO3MOXKHO-
CTBIO TIOMACTh U3 | B j, HO 34 IIEHOW He MOCTOUM. B Ipyrux TepMuUHAX: MBI
UMeeM OPUEHTUPOBAHHBLIN rpad (KapTUHKY U3 TOYEK, HEKOTOPHIE U3 KOTO-
PBIX COEIWHEHBI CTPEJKAMU) ¥ HAC MHTEPECYIOT BEPIIMHEBI, JOCTYIIHBIE U3
IAHHOM.

[ist 5Toro ciaydas 3agadum O KpaTUYAWIINX IyTAX [NPUBEAEHHBIE B Ipe-
OBITVINEM pasmene aarOpUTMBLI — He Hamryumue. B camom mene, 6omee ObI-
CTpas peKypCUBHAA TPOTPAMMAa PEIIEeHNU 3TOU 33,1491 MPUBEICHA B TIaBe 7,
a HepekypcusHasg — B ruase 6. Cenyac HAC MHTEpPECYeT TaKas 3a4ada: HE
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[IPOCTO MEPEIUCANTH BCE BEPIINHEL, JOCTYIHBIE U3 JAHHOU, HO IEPEIUCINTH
UX B ONpeNeTéHHOM Hopagke. /[[Ba MONyIAPHBIX CIydas — MOUCK B ITUPUHY
1 B INIyOuUHY.

Ilouck B umpuny.

Hapno mepedncanTs Bce BEPIIMHBI OPUEHTUPOBAHHOIO rpada, AOCTYII-
HBIE U3 JAHHOMW, B IIOPsAKe yBeaudeHus AauHel myTu oT Heé. (Tem cambiM MBI
PeImmM 33139y O KpAaTIalunX [Ty TAX, KOrAa IeHsl PEGep paBHbI 1 niu +00.)

9.2.1. TlpugymaTs aIrOpUTM PEIIEHUA STOU 3404491 C IACIOM IEUCTBUN
He 6osee C - (qucao pédep, BHIXOAAIMMX U3 UHTEPECYIOMUX HAC BEPIIVH ).

Pemrenwe. ODTa 3agada paccmarpuBatack B ruase 6, ¢. 113. 3xecs Mbr
npuseaém moapobuoe permenne. Ilycts num[i] — xoamaecTBo pébep, BhI-
xomsammx m3 i, out[i][1],...,out[i] [num[i]] — Bepmwmubl, Kyna BemxyT
pébpa. Bor mporpamMa, nmpuBenéHHAA paHee:

procedure Joctymuse (i: integer);
{HanevaTaTs Bce BepumMHH, HOCTyHHHE M3 1, BKaw4Yad i}
var X: momMHOXeCTBO 1..n;
P: mommHOoRecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmemaTte X, P mycrTemm;
writeln (i);
...nobaBuTter 1 k¥ X, P;
{(1) P = MHOXecTBO HameYaTaHHHX BepUMH; P comepxuT i;
(2) HamevaTaHH TOIBKO LOCTYIHHE M3 1 BEpUMHH;
(3) X - momvHOXecTBO P;
(4) Bce HamevyaTaHHHe BepUMHH, U3 KOTOPHX BHXOIUT
pebpo B HeHalleYaTaHHYl BepUNHYy, IpUHajIexaT X}
while X memycTo do begin
...B34Tb KaKOM-HUOGYIL >IeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][kl;
if w me mpumammexuT P then begin
writeln (w);
no6aBUTE W B P;
nobaBUTE W B X;
end;
end;
end;
end;
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Torga HaM ObwIO GE3PA3IMIHO, KAKOU MMEHHO DIEMEHT MHOXKECTBA X BbI-
6upaercsa. Eciu Mel Gygem canraTh X odepenpio (MepBBIM MPUMIET — Hep-
BBIM YIIEN), TO 5Ta IPOrpaMMa HaledaTaeT BCe BEPUIMHEI, JOCTYIHbIE U3 i,
B IIOpsAKe BO3PACTAHUA UX PACCTOAHUA OT i (dmcia pébep Ha KpaTdaneMm
nytu u3 i). JokaxeMm 5To.

O6o3nauuM vepes V (k) MHOXKECTBO BCEX BEPILUH, PACCTOSHUAE KOTOPBIX
oT i (B ommcaHHOM cMBICTe) paBHO k. VIMeeT MecTo Takoe COOTHOIIEHUE:

V(k + 1) = (xonust pébep ¢ magamzamu B V (k) \ (V(0) U...UV (k)

Hoxaxem, uTo mus moboro kK =0,1,2... B xoxe pabOTHI IPOrpaMMEI Oy AeT
TAKOU MOMEHT ([OCJe OYepeIHOU uTepanuu uukia while), korga

B odepenu CToAT Bee aieMeHTH V (k) u TOIbKO OHE;
Hanedarassl Bee aneMeHTH V(0), ..., V (k).

(dus kK =0 — 10 cocrosHme mepexy uumkiaoM.) Paccyxpas mo uagyxuuu,
LPEANOIOKHUM, 9TO B odepeau ckonuauch Bee saemeHTsl V (k). Onu GyayT
OPOCMATPUBATLCA B IIUKJE, TIOKA HE KOHYATCA (MOCKONBKY HOBBIE BJIEMEH-
TBHL TOGABIAITCA B KOHEIN, OHM HE IIEPEMENIaroTCa O cTapbivu). KoHubt
BEIYIIMX U3 HUX PEGEpP, €CIU OHU yiKe He HANEYATAHBI, IeIaTAIOTCA U CTa-
BATCS B OY€pPEIb — TO €CTh BCE KAK B BAMUCAHHOM BBILIE COOTHOIIEHUU
st V(k + 1). Tak uro xorga Bce crapble DJeMEHTH KOHYATCS, B OYepesu
OyAyT cToaTh Bce anementhl V(k + 1). O

Ilouck B riry6uny.

PaccmaTpuBas mouck B ruyOuHy, yIOOHO MPEICTABIATEL Ce6€ OPUEHTHU-
poBauHbIN rpad Kak 06pa3 gepesa. bosee TOYHO, IIyCTh €CTH OPUEHTUPO-
BaHHBLIA I'pad), OMHA U3 BEPILIMH KOTOPOr'O BhLAeAeHA. Bynem mpeamnoaarars,
YTO BC€ BEPIINHBI TOCTYIHBI U3 BBI;[eJIeHHOﬁ 10 OPUEHTUPOBAHHBIM ITYTAM.
ITocTpoum mepeBo, KOTOpPOE MOXKHO OBLIO OBI HA3BATH «YHUBEDCATHLHBIM Ha-
KpeITHEMy Hamero rpadga. Ero kopaem OyaeT BLIIETCHHAS BEPIITHA Tpada.
3 KOpHS BEIXOIAT Te XK€ CTPEJKH, ITO U B rpade — UX KOHIILI Oy IyT ChI-
HOBBsIMU KOPHsA. /I3 HUX B JepeBe BBIXOJAT T€ XKe CTPENKH, 9TO U B rpade
7 Tak panee. PazHuia Mexay rpadoM # 1epeBOM B TOM, UTO MYyTH B I'pa-
de, Begymme B OQHY U Ty XK€ BEPIINHY, B AepeBe «PACKJIeeHb. B apyrux
TEePMUHAX: BEPIINHA IEPEeBa — DTO MyTh B rpade, BEIXOIAIINN U3 KOPHI.
Eé cbHOBBS — 5TO myTH, IPONOKEHHBIE HA OTHO peGpo. 3amMeTum, ITo
nepeBo OECKOHEYHO, ecii B rpade eCTh OPUEHTUPOBAHHBIE IUKJIH.

NmeeTca ecTecTBeHHOE 0TOOpaXKeHUWE nepeBa B rpad (BEpUIMH B Bep-
mmus). [Ipu 5ToM Kaxaas BepimHa rpada UMEeT CTOILKO IPOOOPa3oB,
CKOJIBKO Iy Ten B Heé Beaét. [looToMmy 06x0 nepesa (IOCeeHre ero BepIiuH
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B TOM WU WHOM IODPSIKE) OJHOBPEMEHHO sABJSIETCSI U 00x040M rpada —
TOJTHKO KaxKas BEPIINHA TMOCEMIAeTC A MHOTOKPATHO.

Bymem mpegmosaraTh, 9TO A KaXKIOW BePIIUHBI rpada BBIXOIAIINE
u3 Heé pébpa ynopagoueHsl (HanpuMep, IpOHyMepOBaHbl). TeM caMbIM i1
KaxK O BEPIIUHLI JePeBa BLIXOAAIIME U3 HEE PEOPa TaKKe YIOPAIOIEHEL.
Byaem 06xoquTh fepeBo Tak: CHaYaIa KOPEHb, & OTOM IOAAEPEBbs (B 1O-
pAlKe Benymmux B HUX pébep). Taxon 00X01 AepeBa pacCMaTPUBAJICA HAMU
B raee 7. Emy coorBeTcTByeT 06x01 Tpada. Ecan BLIKUHYTE U3 3TOr0 06-
XO/[a TIOBTOPHBIE MOCEIIEHUS YKe MOCEMIEHHBIX BEPIINH, TO MOJIYIUTCA TO,
YTO HA3BIBAETCS (IIOUCK B [VIYOMHY».

[pyrumu caoBaMu, HA IIyTsAX, BBHIXOASAIIAX W3 BBIJEJEHHOU BEPUINHBL,
BBEIEM HOPALOK: IIyTh MPEAIIECTBYET CBOEMY IPOIOKEHUIO; €C/IHN [BA, IIy-
TU PACXOIATCA B HEKOTOPOU BEPIIVHE, TO MEHBIIUM CIUTAETCSI TOT, KOTO-
PBIA BBIXOIUT U3 HEE M0 MeHbIeMy peOpy. Bepmuun Teneps ynopanounsa-
IOTCSL B COOTBETCTBUU C MUHUMAJIBHBIMY TyTAMY, B HUX Begymmmu. Q6xonq
BepinH rpadga B yKa3aHHOM HOPSIKE HA3LIBACTCI NOUCKOM 6 24YOUNY.

9.2.2. Hamucares mporpaMmy MOUCKa B IVIyOUHY.

[Ykazanue. BospméM nporpammy 06xoga gepesa (KOpeHb — JIEBOE MO~
IEPEBO — HPABOE MOAAEPEBO) U3 IVIABLL [ WIM U3 IVIABBL 8 U UCIOIL3YEM
€€ MPUMEHUTEIBHO K O0CTOATEALCTBAM. [VIABHOE M3MEHEHWE: HE HAIO0 IO-
CeIaTh BEPIINHBI HOBTOPHO. TaK 9TO €C/U MBI NONAIN B YKE IMOCEIIEHHY IO
BEPIIKHY, TO MOXHO C Hell Hudero He aenaTsb. (Eciu myTs He MunmManeH
Cpeau BeoyIIuX B JAHHYIO BEPIIMHY, TO U BCE €0 IPOJOKEHUA HE MUHMU-
MAaJIbHBL — UX IPOCMATPUBATH HE HALO).] O

3ameqanne. Hamomuum, 9T0 B rviaBe 8 yIOMUHAINCH TBE BO3MOXKHOCTH
yCTpaHeHus pekypcuu B mporpamme obxona gepesa (c. 141). Oba Bapuanra
MOXHO UCIOJB30BATH [ MOUCKA B TIyOUHY.

Ilouck B rirybuHy J€KUT B OCHOBE MHOTHX aJIrOPUTMOB Ha rpadax, mo-
POU B HECKOJIBKO MOAUMDUIUPOBAHHOM BUJE.

9.2.3. HeopuenTupoBauub Tpad HAZBIBACTCA 06YJ0AbHbIM, €CIU €0
BEPIINHBI MOXKHO PACKPACUTh B [Ba IIBeTa TaK, ITO KOHIIEI TI0OOr0 pebpa —
pasaoro mpera. COCTaBATHL AITOPUTM IPOBEPKHU, ABIACTCA U 33 TAHHLIN
rpad ABYIOILHBEIM, B KOTOPOM YUCIO gedcTBUM He npesocxoaut C' - (qucao
pEGEp + YMCIO BEpIINH).

[Ykazauume. (a) Kaxayio CBA3HYI KOMIOHEHTY MOXKHO DACKPAIMBATD
otaenbHO. (6) BrIOpas nBeT OJHOU BEPUIMHEL U OOXOMA €€ CBA3HYIO KOMIIO-
HEHTY, MBI ONIPEAEJIAEM €UHCTBEHHO BO3MOXKHBIN IIBET OCTATBHBIX. | O
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3amedanue. B 5Toi 3agade 6€3pasin<HO, IPOU3BOAUTE [IOUCK B IINPUHY
uIn B IIyOUHY.

9.2.4. CocCcTaBUTh HEPEKYPCUBHBIU AITOPUTM TOMOJOTUIECKOU COPTH-
POBKHU OpMEHTUPOBaHHOrO rpada 6e3 nuxaos. (PexypcuBnbim1 aaropurm
cMoTpu Ha c. 127.)

Pemenne. [Ipegnonoxum, 4T0 rpad uMeeT BEPUINHLI ¢ HOMepamu 1 ... 1,
IUTA KK OV BEPITUHBI 1 m3BeCcTHO umcsio num[i] BeIXOQAMX U3 HeE pédep
u uHomepa BepuuH dest[i][1],...,dest[i] [num[i]], B xoTOpBIE DTH PE-
6pa BenyT. BygeM ycaoBHO cauTaTh, YTO pEGPA MEPEIUCTEHEI «CICBA HAIPA-
BO»: JIeBee TO pebpo, y KoToporo Homep Mmenbine. Ham Hano HamevaraTs Bee
BEPIIUHBI B TAKOM IHOPALKe, 4TOOBI KOHEI JI000ro pedbpa ObLT HalledaTaH
mepeq ero HadajaoM. Mul mpegnonaraem, 4To B rpade HET OPUEHTUPOBAH-
HBIX [WKJOB — WHAYE TAKOEe HEBO3MOMKHO.

[a magaga mobaBuMm K rpadgy BepmmHy 0, u3 KOTopou pébpa BemayT
B BepumHel 1,...,n. Eciu eé ygactes HamedaraTs ¢ cob/IIO [eHIeM IPABUI,
TO TeM CAMBIM BCE BEPIINHBI OyIyT HAIlEIATAHHL.

AnropuT™m XpaHUT MyTh, BEIXOAAININN U3 HYJIEBOW BEPIIVHLI U UIYIIUN
mo pé6pam rpada. [lepemennas 1 0oTBOIUTCS MJIA LIWHEL 3TOr0 myTu. [lyTs
obpasoBan BepumHamu vert[1] ...vert[1] u pébpaMu, UMEOIIMU HOME-
pa edgel[1]...edgel[1]. Homep edgels] orHOCHTCa K HyM™mepamuu pébep,
BeIXOAAmuX u3 BepumHel vert [s]. Tem cambiM mis BCeX s TOMKHBI BBIIOJ-
HATHCSA HEPABEHCTBO

edge[s] <num[vert[s]]
U PAaBEHCTBO
vert[s+1] =dest [vert[s]] [edge[s]].

3aMeruM, 9TO KOHEI MOCAeqHero pebpa Hamero myTu (TO eCTh BEpIInHA
dest[vert[1]] [edge[1]], me Bxutouaercs B maccuB vert. Kpome Toro,
IJIsL IOCTeAHEr0 pebpa MBI NeJaeM UCKIIOUEHNe, Pa3pelias eMy YKa3biBaTh
«B IIyCTOTY», T. €. pa3pemiaeM edge[1] paBuaTecsa num[vert[1]]+1.

B mpouecce padoTer anroputM OyAeT mevaTaTh HOMEDPA BEPIIWH, MDA
5>TOM cobmonas TpeOOBaHUE «BEPIIMHA HAIEYATAHA TOJBKO IIOCIE TeX Bep-
IIKH, B KOTOpBIe n3 Heé BenxyT pébpar. Kpome Toro, OymeT BBIIOJHATHCS
Takoe TpeGosanue (1):

BEPIIUHEL Ty TH, Kpome mocaenuen (vert[1] ...vert[1]) e na-
MEYATAHBI, HO CBEPHYB C IIYTU HAJEBO, MBI HEMEIJIEHHO YDA~
€MCsI B HAIIEYATAHHYIO BEPIIUHY .
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Bot urTo noxy4aaercs:

1:=1; vert[1]:=0; edge[1]:=1;

while not( (1=1) and (edge[1]=n+1)) do begin

if edge[l]l=num[vert[1]]+1 then begin

{myTe KoHYaeTcA B mycTOTe, MODTOMy BCE BEpUMHH,
cnenyoume 3a vert[l], HamewaTaHH — MOXHO
mevyaraTs vert[1]}

writeln (vert[1]);

1:=1-1; edgel[l]:=edgel[1]+1;

end else begin

{edge[1] <= num[vert[1]], myre komuaerca B
BepumHe}

lastvert:= dest[vert[1]] [edge[1]]; {mocmemuaa}

if lastvert mamewarana then begin

‘ edge[1] :=edge[1]+1;

end else begin

‘ 1:=1+1; vert[l]:=lastvert; edge[l]:=1;

end;

end;

end;

{myTe cpasy Xe BeméT B NyCTOTy, IO>TOMy BCE BepUIMHH

IeBee, TO ecThb l1..n, HameYaTaHH}

9.2.5. [loxazaThb, 9TO ecau B rpade HET IUKIOB, TO dTOT AJITOPUTM
3aKaH4IUBaeT paboTy.

Pemenue. Ilycts 510 He Tak. Kaxmas BepiimHa MOXET Me9IaTATHCA TO-
JIBKO OIMH Pa3, TAK 9TO ¢ HEKOTOPOI'O MOMEHTA BEPUINHBL HE I1€9aTAIOTCA.
B rpade 6€3 NUKIOB IJIMHA Iy TH OrPaHUIeHa, (BEPIINHA HE MOXKET BXOIUTH
B IIyTh OBAXK[HI), OSTOMY MOLOXKIAB €&, MBI MOXKEM JOXKIaThCA MOMEH-
Ta, IOCJe KOTOPOro IyTh He yaauHseTcs. [locme »Toro moxer pasee 4TO

yBeauauBaThesa edge [1] — HO u 5T0 He HecnpeneibHoO. O
Tem camMbIM MBI TOCTPOWIM UCKOMBIM HEPEKYPCUBHBIM AJTOPUTM TOIO-
JIOTUYECKOU COPTUPOBKY Tpada. |

9.2.6. /loka3aTh, 9TO BpeMsa pabOTHI 3TOT'0 AJTOPUTMA HE TMIPEBOCXOIUT
O (aucno Beprun + 4uciao péoep). |

9.2.7. Kak moampuiupoBaTh aJIrOPUTM TaK, ITOOBI OH OTHICKABAJ
OJVH U3 NUKJOB, €CAU TAKOBLIE MMEIOTCS, U TPOU3BOAUI TOTOJOTUIECKY IO
COPTUPOBKY, €CJIN IUKJIOB HET?! O



10. COMNOCTABJIEHMNE
C OBPA3LUOM

10.1. TpocTenwni npumep

10.1.1. Nmeercs nocienoBarenbHOCTh cuMBogoB x[1] ... x[n]. Oupene-
JUTh, UMEIOTCS JU B HEU UAyLme APYT 33 APYIoM cUMBOJHL abced. ([Ipyru-
MU CJIOBaMu, TPeOyeTCs BBLICHATh, eCTh au B caoBe x[1] ... x[n] moacaoBo
abcd.)

Pewenwe. meercs npumepro n (ecau OBITH TOYHBIM, N-3) IO3ULUY,
HA KOTOPBLIX MOXKET HAXOAUTLCSA UCKOMOE TMOACIOBO B UCXOTHOM CioBe. s
KX JIOU U3 TO3UIMUA MOYXKHO MPOBEPUTD, NEUCTBUTEILHO JU TaM OHO HAXO-
IUTCs, CPABHUB deThIpe cuMBosia. OaHako ecTb 6osee 3 PEeKTUBHBIA CIIO-
c06. Yuras croBo x[1] ...x[n] cieBa HampaBo, MBI OXKUIAEM HOABICHUsA Oy-
kBHI a. Kak TOIBKO OHA MOSIBUWIACH, MBI UILIEM 3a Hel OykBy b, 3aTeMm c, H,
uaxouerl, d. Eciu mamm oxuganus onpasIbIBAIOTCA, TO CIOBO abed 0GHAPY-
xkeHo. Ecim e Kakas-To U3 HYXKHBIX OYKB HE MTOABIAETCS, MBI OKA3bIBAEMCS
y pa3buTOro KOphITa U HAUMHAEM BCE CHATAIA. (|

OTOT TPOCTON AITOPUTM MOXKHO OMUCATH B Pa3HLIX TepMmuHax. Wc-
IOJB3YsA TEPMUHOJOTMIO TAK HA3BIBAEMBIX KOHEUHbIT G61MOMAMO6, MOXK-
HO CKA3aTh, YTO TPU YTEHUM CJIOBA X CJIEBA HANPABO MBI B KaXKIBIL MO-
MEHT HAXOAUMCSI B OJHOM W3 CJIEAYIOLMX COCTOAHWE: «HavaabHoey (0),
«cpazy nocte a» (1), «cpasy mocie ab» (2), «cpasy mocie aber (3) u «cpa-
3y mocie abcd» (4). Yurasa ovepenuyro OYKBY, MBI IEPEXOOUM B CJAELY-
IOLIee COCTOAHME MO MPABWIY, YKA3aHHOMY B Tabaume (CM. CIeqyoLLyio
crpanuiy). Kak Toarbko MBI momagéMm B COCTOsHUE 4, paboTa 3aKaHIMBa-
€TCHI.

Harusagso BeIONHEHNE aIropuTMa MOXKHO IPEACTABUTE cebe Tak: (uri-
Ka IBUTAETCA U3 KPYKKA B KPYKOK TIO CTPEITKAM; CTPENKa BEIOUPAETCS TaK,
4TOOBI HAANKUCH HA HEM COOTBETCTBOBAIA, OUePEIHON OYKBE BXOTHOTO CJIOBA.
YTo6BI 5TOT TPOUECC OBLT YCIEIHBIM, HYKHO, YTOOBI M KaXKI0U OyKBHI
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Tekymee | Ouepennas Hogoe
COCTOSHUE OyKBa COCTOSTHUE

o
—

a
Kpome a
b
a
KpoMe a,b
c
a
KpoMme a,c
d
a
KpoMe a,d

W W WNNDN == O
O = kO WO HFHNDO

IIpaBura mepexoga masd KOHETHOT'O aBTOMATA,

OBLTa POBHO OJHA MOAXOIAIIAA CTPEJKA U3 JI0O0r0 KPYKKA.

Co0TBETCTBYIOIIAA IPOrPAMMa, O9E€BUIHA (MBI YKA3LIBAEM HOBOE COCTO-

SHUe, 1ajKe eCIU OHO COBIAIAET CO CTAPLIM; DTU CTPOKU MOXKHO OILyCTHUTD):

i:=1; state:
{i - mepmasa
while (i <>

if x[il]
‘ state:

| state:
end;

if state =

=0;
HempounTaHHad 6ykBa, state - cocToaHme}
n+l) and (state <> 4) do begin

0 then begin

= a then begin

=1;

end else begin

= 0;

end else if state = 1 then begin

if x[i] = b then begin

‘ state:= 2;

end else if x[i] = a then begin
‘ state:= 1;
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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);

WupivMu cioBaMu, MBI B KaXK LI MOMEHT XPAHUM HH(OPMAIIIO O TOM,
KaKoe MaKCHMaJbHOE HA4YaJ0 Hamero obpasiua abced ABIAeTCA KOHIIOM IIPO-
yuTagaon YacTu. (Ero nimna u ecTh TO «COCTOAHUE) , 0 KOTOPOM IILTA PEUb. )

TepMunOMOrHMsA, HAMU UCHOIB3yeMast, TakoBa. C1060 — DTO Ja00asa mMO-
CJIEIOBATECIBHOCTE CHUMBOJIOB U3 HEKOTOPOI'O (bI/IKCI/IpOBaHHOFO KOHEYIHOI'O
MHOXK€ECTBaA. STO MHO2KECTBO Ha3bIBaETCsA angﬁasumowt, ero sJeMEHThI —
oyxeamu. Eciu or6pocuTh HECKOILKO OYKB C KOHIIA CJIOBA, OCTAHETCS LPY-
roe CJIOBO, HA3BbIBAEMOE Hauaa0m IepBoro. Jlroboe cioBO Takxke cauTaer-
cA CBOMM HadanoM. Kowey CIOBa — TO, ITO OCTAHETCA, €CIN OTOPOCUTH
HECKOJIBKO IEPBHIX OyKB. Jlio60e cI0BO cumTaeTcs cBouM KOHIOM. [lodcao-

60 — TO, YTO OCTAHETCA, €Ca OTOPOCUTH GYKBLI U C Hadala, U C KOHIA.
(dpyrumu croBaMu, MOACAOBA — 3TO KOHIBI HAMAT, WA, ITO TO XKe, HATaIa
KOHIIOB. )

B TepMuHax UHIYKTUBHLIX QYHKIUEN (CM. pasaet 1.3) CATyaIuo MOKHO
OIUCATH TAK: PACCMOTPUM (DYHKIIWIO HA CJIOBAX, KOTOPAsA MPUHUMAET IBA
3HAYEHUs (MCTUHA» U WIOXKB» U UCTUHHA HA CIOBAX, MMEIOIINX abcd CBOUM
MOACIOBOM. DTa (PYHKIWS HE ABIAETCA WHIYKTUBHOU, HO UMEET UHIYKTUB-
HOE paCLIupeHue

T — IINHA MAaKCUMAJBbHOI'O HaYaJIa CJIOBa abcd, ABAAIOIEIOCA KOHIIOM &.
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10.2. lloBTOpeHusi B 06pa3ue — UCTOYHUK Npobnem

10.2.1. MoxkHO 11 B IPEABLIYIINX PACCY XK ACHUAX 3aMEHUTH CJIOBO abed
Ha IIPOU3BOJLHOE CJIOBO?

Pemenue. Het, 1 mpo6iemMbl CBA3AHLI ¢ TEM, ITO B 00pasiie MOr'yT OBITh
noBTopsifonmecss Oykeol. llycTh, HanpuMep, MBI HIIEM BXOXIEHUS CIOBA
ababc. Bor mosasunach 6ykBa a, 3a Hel UAET b, 33 HEU UAET a, 3aTeM CHOBA, b.
B sTOoT MOMEHT MBI ¢ HeTepneHueM X aéM OykBel c. OIHAKO — K HAIIEMY
Pa30vIapOBAHUIO — BMECTO He€ MOABJIAETCA Apyras OyKBa, U HAIl 0Opaselr
ababc me obmapyxken. OIHAKO HAC MOXET OXUIATH yTENIUTEeJbHbIN PU3:
eCiu BMECTO C MOSBUIACH OyKBa &, TO HE BCE MOTEPSAHO: 33 HEU MOL'YT IO-
CTeoBATL OYKBEI b U ¢, U 00pasel-Taku OyIeT HAUIeH. O

Bot xapTunka, TOACHAOMAA CKA3aHHOE:

X y z a b ab a b c <— BXOJHOE CJIOBO
a b a b c {— MBI XKJaam o0pa3na 31ech
a b a b c {— a OH OKa3aJCA 31eChb
Takum 06pa3zom, K MOMEHTY
X y z a b a b < BXOJHOE CJIOBO
a b a bjc < MBI X gaau o0paslia 31eCh
a bjla b c <~ & OH OKa3aJCsa 37eChb

€CTh IBa BO3MOXKHBIX ITOJIOXKEHUA 00pa3na, Kaxg0e U3 KOTOPHIX MMONIeXKUT
nposepke. TeM HEe MeEHEe HO-IPEKHEMY BO3MOXKEH KOHEYHBIA ABTOMAT, M-
TAOIINA BXOTHOE CIOBO OyKBa 338 OYKBOU W TEPEXOIAIINN W3 COCTOSHUA
B COCTOSAHUE B 3aBUCUMOCTY OT IPOIUTAHHLIX OYKB.

10.2.2. Yka3aTb COCTOAHHA COOTBETCTBYIOIIEI'O aBTOMATa M Ta0IU-
ny mepexoga (HOBOE COCTOAHWE B 3aBUCUMOCTH OT CTAPOr0 U GUTAEMOU
OYKBBL).

Pemwerme. Ilo-npexuemy cocrosaus GyLyT COOTBETCTBOBATH HAMOOIB-
meMy HA4YaIy o0pasiia, ABMLIIOMIEMYCI KOHIIOM IPOYMTAHHOU YaCTH CJIOBA.
Nx 6yger mects: 0, 1 (a), 2 (ab), 3 (aba), 4 (abab), 5 (ababc). Tabruua
Iepexoa TaKasfl.
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Tekymee Ouepennas | Hosoe
cocTtosaHue | OyKBa COCTOSTHUE
0 a 1 (a)

0 KpoMe a 0

1 (a) b 2 (ab)

1 (a) a 1 (a)

1 (a) kpome a,b | 0

2 (ab) a 3 (aba)

2 (ab) KpoMe a 0

3 (aba) b 4 (abab)
3 (aba) a 1 (a)

3 (aba) kpome a,b | 0

4 (abab) c 5 (ababc)
4 (abab) a 3 (aba)

4 (abab) kpome a,c | 0

[l TPOBEPKM TOCMOTPUM, K MPUMEpY, Ha BTOPYI CHU3y CTpoKy. Ecmm
NPOYUTAHHAA IaCTh KOHIAIACH HA abab, a 3aTeM moABUIACH OyKBa a, TO Te-
nepb IpOYUTaHHAA IaCTh KOHYaeTca Ha ababa. HauGoabiiee Hagano o6pas-
ua (ababc), ABAOmEecs €€ KOHIIOM — 3TO aba. O

Dunocop ckuir BOIPOC: MBI TOBOPUIU, YTO TPYAHOCTH COCTOUT B TOM,
YTO €CTh HECKOJIBKO BO3MOXKHEIX TIOJOXKEHUN 00Pa3ia, Kax10e U3 KOTOPBIX
MOXKET OKa3aThCs UCTUHHBIM. IM COOTBETCTBYIOT HECKOJIBKO Hadal 00pas-
1A, SBJLTIOMIMXCS KOHIIAMEU BXOTHOI'O CJI0BA. HO KOHEYHBIN aBTOMAT MOMHUT
JIUIIL CaMOe [IMHHOE w3 HuX. Kak xke ocTaibHbie?

Dunocopcknir orBer. [leo B TOM, 9TO caMOe [JIVNHHOE U3 HUX OMpe-
JereT BCe OCTATBHBIE — DTO €r0 KOHIHI, OMTHOBPEMEHHO ABIAIOIIAECA €O
HaJaJIaMu.

He cocraBaser Tpyga nis 106000 KOHKPETHOrO 00pa3iia HalucaTh IPo-
rpaMMy, OCYINECTBIAIOIIYIO MOUCK DTOr0 00PAa3Ia ONMMCAHHBIM CIIOCOOOM.
OgHako X0Tenoch Obl HANKCATH NPOrPAMMY, KOTOPAS WINET OPOU3BOJIbL-
HBI OOpaser] B OPOU3BOJBHOM CJOBE. DTO MOXKHO AEIaTh B [IBA 3TAIA:
CHavasna o o6pasuy CTPOUTCs TabIWiia MepexonoB KOHEYHOI'O aBTOMAaTa,
a 3aTeM UUTAETCS BXOJHOE CJIOBO U COCTOSHME IpeobpasyeTcs B COOTBET-
crBuu ¢ >Tou Tabauuen. 110gOOHBIM METOA YaCTO WCIOIL3YETCA I 0O-
Jlee CIOXKHBIX 3aad IOMCKa (CM. Jajee), HO Is IIOMCKA MOACIOBA CyIe-
crByeT 6osiee mpocTor U 3P(PEKTUBHBEIA AINOPUTM, HA3LIBAEMBIN AJOPUT-
mom Kuyra—Moppuca—Ilparra. (Pasee cxonubie ugen GbLIM MTPeEII0KEHEI
FO. B. MaTtuacesuduem.) Ho mpex e HaM mOHAI06ATCA HEKOTOPHIE BCIOMO-
raTeJIbHbIE YTBEPK ICHUS.
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10.3. BcnomoraTenbHble yTBepXaeHUs

[ns mpousBoABHOrO ¢oBa X PacCMOTPUM BCE €ro Hadvala, OJHOBpe-
MEHHO ABJAIONIMECA €r0 KOHIIAMHU, U BhiOepeM u3 Hux camoe giuauoe. (He
CUnTasA, KOHEIHO, caMoro cioBa X .) Byzgem o6osHadats ero [(X).

IIpumepsr: [(aba) = a, [(abab) = ab, [(ababa) = aba, l(abc) = mycroe
CJIOBO.

10.3.1. Jokasats, uTo BCe cioBa (X)), I(1(X)), I(1(I(X))) u T. 5. aBus-
I0TCS HadaJIaMu cJIoBa X .

Pewenme. Kaxnoe u3 Hux (COrIacHo OmpeeneHnio) ABIAETCA HAIAIOM
MIPeIBLIYIIEro. O
Ilo Tou xe npuynMHe BCe OHU ABIAIOTCA KOHIIAMU CJAOBA X .

10.3.2. [lokasaTb, 9TO IOCJIENOBATEILHOCTD HIPEALIAYIIEH 3a0a9u 00-
pHIBaeTCA (Ha MyCTOM CJIOBE).

Pemenme. Kax 1oe ci0BO KOpode IpenbIIyIIEro. O

10.3.3. [loxkaszarb, ITO JIOOOE CJIOBO, OMHOBPEMEHHO SABJIAIOMIEECT HAMA-
JOM ¥ KOHLOM c1oBa X (kpome camoro X) BXOAUT B HOCJAELOBATEILHOCTD

1(X),131(X)), . ..

Pemenne. [Iycts cmoBo Y ecTh 0gHOBpeMenHO HAUam0 u KoHer X . CioBo
[(X) — camoe ZIMHHOE M3 TAKUX CJIOB, TaK 9TO Y He auuHee [(X). O6a atu
CJIOBa, ABIAIOTCA HadataMu X, IO>TOMY 0ojee KOPOTKOE M3 HUX SBJIAETCS
HadatoM Gosee quuHHOrO: Y ectb Havaso [(X). Amamoruyaso, Y ects koHer
[(X). Paccyxaas mo MHAYKOWU, MOXKHO IPEANONIAraTh, YTO YTBEPXK ICHUE
3a4a44 BEPHO A/l BCeX 0B Kopoue X, B yacTHOCTH, nust caoBa [(X). Tax
9TO CI0BO Y, ABJsOIIeeca Kouom u Hadanom [(X), mu6o pasuo (X ), mu60
BxoguT B nocaeroBarensHocTsb [(1(X)), 1(1(1(X))),. .., 970 1 TpeboBaioch
MOKAa3aTh. O

10.4. Anroputm Knyta—Moppuca—IlpaTTa
Anropurm Kuyra—Moppuca—IIparra (KMII) noay4aer za BXOI CIOBO

X=x[11x[2]...x[n]

U IPOCMATPUBAET €0 CIeBa HAPABO OyKBa 3a OyKBOW, 3aII0JIHAA IIPU DTOM
MaccuB HaTypaiabHbIX uncen 1[1]...1[n], rae

1[i] = maumna caosa [(x[1] ...x[i])
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(dyuxuus | oupegenena B npeasiaymem nyukre). Caosamu: 1[1i] ecrs gau-
Ha HanOOJbIIero Hadaaa ciaoBa x[1] ...x[1i], oJHOBpeMEHHO ABJIAIOIICTOCS
€r0 KOHIIOM.

10.4.1. Kaxkoe oTHOIIeHre BCE 3TO uMeeT K MOUCKY mogacaoBa? [Ipyru-
MU CIOBaMU, KaK UCIOAb30BaTh aaroputMm KMII nis onpenenenus Toro,
ABJIACTCA JU CJIOBO A mogcaoBom ciosa B?

Pemenne. [Ipumenum amroputm KMII x croBy A#B, rae # — crenuaib-
Has OyKBa, HE BCTpedaromancsa Hu B A, #u B B. C10BO A ABAAETCA MOACIOBOM
c0Ba B TOra M TOJIBKO TOr'A, KOT'Ia CPeqU Jucel B Maccuse 1 6yxeT 4ucio,
PaBHOE IIMHE CJIOBA A. O

10.4.2. Onwucars aaropurm 3anoanenuns Tabaumer 1[1] ... 1[n].

Pemenme. Ilpennonoxum, 9To mepsele i smadenmuu 1[1]...1[i] yxe
Hangensl. Mbl quraeMm odepeauyio OykBy ciaoBa (T.e. x[i+1]) u nomxub
BeraucauTh 1[i+1].

1 i i+l
’ YK€ TPOUYNTAHHAA YaCTh X

Z A

[pyruMu croBaMu, HAC MHTEpECYOT Havata Z ciaoBa x[1]...x[i+1],
OJIHOBPEMEHHO ABJAIOIMINECS €r0 KOHIAMU — K3 HUX HaM HaJI0 BLIOPATH
camoe mamuuoe. Orkyna Gepyrcs oty nadana? Kaxpoe us mux (me cuwu-
Tas MyCTOro) MOLYIAeTCA U3 HEKOTOPOTO CJ0BA Z' IPUIUCHIBAHWEM OyKBEI
x[i+1]. Cioo Z' asnaeTcsa HadamoM u KOHIOM ci1oBa x[1] ...x[i]. OgHa-
KO He JH000€ CJIOBO, ABJAIONIEECI HAYAJIOM W KOHIOM caoBa x[1] ...x[i],
COQUTCA — HALO0, YTOOBI 3a HUM caegoBata Oyksa x[i+1].

TTonyyaem Takonm pernenT OTHICKaHWUA CIOBa Z. PaccMoTpuMm Bce Hada-
aa caoBa x[1] ...x[i], aBasommecs oTHOBpEMEHHO ero KOoHnamu. M3 Hux
BBIOEpPEM TOAXOIAIINE — Te€, 38 KOTOPuLIMU uaAeT OykBa x [i+1]. 3 momxxo-
OAIUX BeIOEpeM camoe aauHHOe. [Ipunucas B ero kouer x [i+1], nmomxy«uum
HUCKOMOE CJIOBO Z .

Temeps mopa BOCHOIB30BATHLCA CAEJAHHLIMA HAMU MIPUTOTOBICHUAMA
U BCIIOMHUTB, YTO BCE CJIOBA, ABIAIIINECA OTHOBPEMEHHO HAYAJAMU ¥ KOH-
IAMM JaHHOI'O CJIOBA, MOXKHO IIOJLYYATh MOBTOPHBIMY IPUMEHEHUAME K HEMY
dyukImy | u3 TpesbIayInero pasaena. BoT 4To momrydaercs:

i:=1; 1[1]:= 0;

{ra6muua 1[1]..1[i] 3amomHeHa mpaBuIBHO}
while i <> n do begin

‘ len := 1[i]
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{len - mnuua Havama cmosa x[1]..x[i], xoTopoe aBmaeTrca
ero KOHIOM; BCe 6ollee [IMHHHe Hadyala OKa3alUCh
HENOLXONAUMMY ;

while (x[len+1] <> x[i+1]) and (len > 0) do begin

{Havamo He momxomuT, mpuMeHAeM K HeMy ¢yHKumo 1}

len := 1[len];

end;

{Hamwnmm momxopmAmee unuM y6emuUINCh B OTCYTCTBUK}

if x[len+1] = x[i+1] do begin

{x[1]. .x[1len] - camMoe mumMHHOe HOZXOIAWEe HAYAIO}

1[i+1] := len+i;

end else begin

{nomxomaumx nHeT}

1[i+1] := 0;
end;
i = i+1;
end; O

10.4.3. [loxa3aTb, 9TO YUCJIO JEUCTBUU B IPUBEIEHHOM TOJBKO UTO ajl-
ropuTMe He mpeBocxoauT Cn 1as HEKOTOPOU KOHCTAHTHL C.

Pemenue. JT0 He BIOIHE OYEBUIHO: OOPAOOTKA KaXK IOU OUepETHON Oy-
KBEI MOXKET MOTPe6OBATH MHOTMX UTEPAlUK BO BHyTpeHHeM mukae. O 1HaKo
KaXK1asa Takas UTePaIus yMEeHbIIaeT len Mo KpauHen Mepe Ha 1, 1 B 3TOM
caygae 1[i+1] okaxercs 3amerno Menbine 1[i]. C apyrou cTopousbl, npu
yBeJaudeHnM i Ha equHuny BeawduHa 1[i] moxker BospacTu He 6ojee dem
Ha 1, TAK 9TO Y4CTO W CUIBHO YOLIBATHL OHA HE MOXET — WHAYE YOLIBAHUE
He OyIeT CKOMIIEHCUPOBAHO BO3PACTAHUEM.

Bouee TOYHO, MOXKHO 3aNUCATH HEPABEHCTBO

1[i+1] < 1[i] — (umcno mrepanuu Ha i-m mare) + 1

nm
(aucao urepanui Ha i-m mare) < 1[1] — 1[i+1] + 1.

OcCTaéTca CIOXKUTH DTU HEPABEHCTBA, MO BCEM 1 UM MOMYyYUThH OLEHKY CBEPXY
IJIs OOIIEro 9Mc/aa UTEPALIN. O

10.4.4. Byaem mcmonb30BaTh dTOT AICOPUTM, YTOOBI BHIACHUTD, SABJIA-
eTCA JU CJI0BO X [IJMHBL n MOACIOBOM c10Ba Y mmHel m. (Kax »To merars
C IOMOIIBIO CIENUAIBHOIO pa3geauTessa #, onucano Bouue.) [Ipu sToM du-
cao geucrBun Oyger ue Gosee C(n + m), U UCHOJIB3yeMas NAMATH TOXKE.
Ipugymars, Kak 0G0UTUCH TAMATHIO He 6omee C'n (4TO MOXKET GBITH CyIIe-
CTBEHHO MEHBIIIE, €CAU MCKOMBIM O0pa3el, KOPOTKUM, & CIOBO, B KOTOPOM
€ro UILyT — IJIUHHOE).
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Pemenne. Ilpumensem anropurym KMII x cioBy A#B. Ilpu sTOM BbIME-
crenve 3uadenun 1[1],...,1[n] mpoBoguM amsa ca0Ba X IIVHLI N U 3ATI0-
MMWHAEM DTHU 3HA4YeHUsA. /lanbire MBI MOMHUM TOABKO 3Hadenwe 1[i] mus
TeKyIero i — xkpome Hero u kpome tabmuusr 1[1] ...1[n], vam gus BoI-
YUCJIEHUU HUYEro He HyXKHO. |

Ha mpaxTuke cioBa X u Y MOTyT He HAXOAUTHLCA MOAPSI, TO3TOMY MPO-
cMOTp coBa X u 3aTeM ciaoBa Y yIOOHO OpOPMUTH B BU€ PA3HBIX IINKJIOB.
OT0 n36aBsieT Tak:Ke OT XJIONOT C Pa3AelnTeseM.

10.4.5. Hamucars cooTBeTCTBYOMUN aIropuT™ (IPOBEPSIOLINN, ABJLSI-
ercsa au cioso X = x[1] ...x[n] mogcaosom ciosa Y =y[1] ...y[m]).

Pemenue. Crauana Beraucasem Tabauiy 1[1] ...1[n] xak panbue. 3a-
TeM MHIIeM TaKylo IPOrpaMMmy:
j:=0; len:=0;
{len - mmmHa MakcMMamBHOrO Hadama cioBa X, OZHOBPEMEHHO
ABnAwMErocAa Koxuom cmosa y[1]..y[jl}
while (len <> n) and (j <> m) do begin
while (x[len+1] <> y[j+1]) and (len > 0) do begin
{Havamo He momXomWT, mIpuMeHAeM K HeMy ¢yHKumMo 1}
len := 1[len];
end;

{Hawmm momxomAmee wau y6emMIMCH B OTCYTCTBUH}

if x[len+1] = y[j+1] do begin

{x[1]..x[len] - caMoe mIMHHOe HOLXOIAIleEe HAYaJO}
len := len+l;

end else begin

{nmomxomaumx HeT}

len := 0;

end;

j o= 3

end;

{ecnu len=n, cmomo X BCcTpeTHNOCH; MHaye MH IOWIK LO KOHIA

cmoBa Y, Tak u He BCTpeTuB X} |

10.5. AnropuTtm Bonepa—Mypa

ODTOT aICOPUTM AEIAET TO, YTO HA MEPBBIN B3MVIAL KAYKETCA HEBO3MOXK-
HBIM: B TUNXYHOU CATYAIUN OH YATAET JUIIb HEOOJABIIYIO 9aCTh BCeX OyKB
CJTOBa, B KOTOPOM WIETCA 3agaHusi obpaser. Kax Tak moxeT ObTh? U nes
npocta. llycTs, Hampumep, MBI uiieM obpaazelr abed. [locmoTpum Ha YeTBED-
Ty OyKBY CJIOBA: €CIU, K IPUMEPY, 5TO OYKBa €, TO HET HUKAKOU HEOOXO-
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OUMOCTH 9UTATh IepBble Tpu OykBhul. (B camom gene, B 06pasue GykBbl e
HET, TOSTOMY OH MOXKET HAYATHCA He PAHBINE TATON OyKBHI.)

Mui puBeqéM CaMbIA IPOCTON BAPUAHT DTOrO AITOPUTMA, KOTOPHIA HE
rapaETupyeT ObICTPOM pPabOTHI BO BCex caydanx. llycrs x[1]...x[n] —
o6pasel, KOTOPBIU HATO UCKATh. [/ KaXIOro CAMBOJIA S HAUAEM CaMOe
IpaBoe ero BXOXKJAeHue B CJI0BO X, TO ecTh HauboJjbliee K, mIpu KOTOPOM
x[k] = s. OTu cBenenus OygeM XpaHUThL B MaccuBe pos[s]; ecau cumMBOI S
BOBCE HE BCTPEYAETCA, TO HaM OyleT yAOOHO MOJOXUTH pos[s] =0 (Mb
YBUAUM JAJIbBIIE, HOYEMY ).

10.5.1. Kaxk samoaauTts Maccus pos?
Pemenne.

MONOXUTL BCce pos[s] pasurnm 0
for i:=1 to n do begin
pos[x[il]:=1i;
end; O

B mponecce moucka Mbl OyeM XpaHUTH B EPEMEHHOU last HOMmep Oy-
KBEHL B CJIOBE, IIPOTUB KOTOPOU CTOUT MOCJAeHss1 OykBa oOpasua. Bruaganue
last =n (guuna 06pasua), 3aTeM last MOCTENEHHO yBEIUINBACTCA.

last:=n;

{Bce mpepumyume momoxeHua obpasua yXe IpPOBEpEHH}

while last <= m do begin {cmoBo He koHumMmOCH}

if x[n] <> y[last] then begin {mocmemume 6ykBH pas3HHe}

last := last + (n - posl[yl[last]ll);

{n - pos[yl[last]] - »To vumMMambHEHEN cIZBMT o6pa3ua,
mpux KoTopoM HampoTuB y[last] BcTaHeT Takas xe
6ykBa B obpasue. Eciam Tako¥ 6YKBH HeT Booblue,

TO CHEBUTCAaeM Ha BCH IIUHYy obpasmal

end else begin

€CNIM HHHellHee [OIOXeHWe NOLXONUT, T.e. eCIH

x[1]..x[n] = y[last-n+1]..y[last],

TO COO6WMTH O COBIAIEHUN;

last := last+1;

end;

end;

3HATOKU PEKOMEHAYIOT MPOBEPKY COBHALEHUSI MPOBOAUTH CIPABA HAJIEBO,
T. €. HA4UHAA C IOCIeJHel OyKBbI 00pa3nua (B KOTOPOU COBIA,I€HUE 3aBEN0MO
ecThb). MOXKHO Takke HeMHOT'O COKOHOMUTh, TPOU3BEIA BEITUTAHNIE 3aPAHEE
u xpansa He pos[s], a n-pos[s], T.e. uncmo O6yxB B 00pasie CIpaBa OT
MIOC/IEIHEr 0 BXOXK JE€HUs OYKBEHI S.
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Boamoxuzb! pasaeie Mmoaundukanun 3roro aaropurma. Hanpumep, moxHO
cTpoKy last:=last+1 3amenuTsh Ha last:=last+(n-u), rige u — KoOpauU-
HATa BTOPOr'O CIPaBa BXOXIeHUs OyKBHI x [n] B oOpaser.

10.5.2. Kaxk npore Bcero y4ects 3T0O B nporpamme?
Pemenne. [Ipu mocTpoeHun TaOIUIILI pOS HATIMCATDH

for i:=1 to n-1 do...

(manee kak paHblie), a B OCHOBHOU IpOrpaMme BMecTO last:=last+1 Ha-
nucaThb

last:= last+n-pos[y[last]]; U

IIpuBenéHubI HAMY YOPOIIEHHBIN BApUAHT airoputMma bouepa—Mypa
B HEKOTOPBIX CAydasX TpefyeT CymeCTBEHHO GOJbIIE N AEUCTBUU (TUCIO
JEUCTBUN MOPSAKA mn), npourpeiBasi atropurMmy Kuyra—Moppuca—IIpar-
Ta.

10.5.3. IIpuBecTtu mpumep CUTyauuu, B KOTOPOU OOpas3ell He BXOIUT
B CJOBO, HO AITOPUTMY TPEOYeTCA MOPAIKA MmN JeUCTBUU, YTOOLI 3TO yCTa~
HOBUTD.

Pemenne. IIycts o6paserr umeeT By baaa...aa, a caMO CJIOBO COCTOUT
TONMbKO M3 OykB a. Torga Ha KaxJOM IIare HECOOTBETCTBUE BBLACHAETCSA
JIUIIb B TOCJEJHAN MOMEHT. g

Hacroamun (me ynpowénusir) amroput™m Bomepa—Mypa rapantupy-
er, 9T0 4ucao geucrsuil He npesocxoaur C'(m+ n) B xyauwem caydae. On
UCTIONB3yeT uaen, bumuskue K ugeam aaroputma Kuyra—Moppuca—IIpar-
Ta. IIpegcraBum cebe, 9TO MBI CpaBHUBAIKM OOpa3ell CO BXOIHBIM CIOBOM,
ujs CupaBa HaJeBo. IIpu 5TOM HEKOTODBIA KyCOK Z (ABIAIOIIMACA KOHIOM
o0pasma) coBmai, a 3aTeM OOHAPYXKWIOCH pasiu4ue: nepern Z B oOpasue
CTOUT HE TO, YTO BO BXOJZHOM CJIOBE. ITO MOXHO CKAa3aTh B DTOT MOMEHT
0 BxomHOM cJoBe? B HéM o6HapyxkeH (parMeHT, paBHLIM 7, a Tepe] HUM
crouT He Ta OYKBa, IYTO B oOpasie. JTa MHGOPMAIUSI MOXKET I03BOJUTH
CABUHYTH O00pa3el Ha HECKOJBLKO MO3WIXU BIPABO 0€3 PUCKA MPOIYCTUTH
€ro BXOXKJEHUHEe. DTU CABUTHU CJAELyeT BLIUUCIUTL 3apaHee i KaxAoro
KOHIa Z Hamero obpasua. Kak roBopaT 3HaTOKM, BCE 5TO (BBIYUCICHHE Ta-
OUIMLBL CABUIOB ¥ €€ MCIOIb30BaHue) MOXKHO yaoxuTh B C'(m + n) gercTBui.

10.6. AnropuTtm PabuHa

DTOT aIrOPUTM OCHOBAH Ha TPOCTOU uaee. [IpegcraBum cebe, 9TO B CJIO-
Be JJIVHBL 111 MBI UiIeM oOpasel] IIuHBL 1. BripexeM OKOIevYko pasmepa n
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u OygeMm aBurarhb ero no Bxoxnomy ciaoBy. Hac maTepecyer, He coBnagaer
JIX CJIOBO B OKOITIEYKE C 3aJaHHBIM 00pa3ioM. CpaBHUBATE O GYKBAM IOJITO.
BwMmecTo sTOro dpukcupyeMm HEKOTOPYIO (PYHKIINIO, OIPEIETEHHYIO HA CI0BAX
oauHsL 1. Ecan 3uavenns 3Ton GyHKINY Ha CIOBE B OKOIEYKe U HAa 00pa3Ie
PAa3JUYHLI, TO COBIAAeHUS HeT. TOMBKO €C/Iu 3HAYEHUs OANHAKOBEL, HYKHO
[IPOBEPATH COBMAEHUE 110 OyKBaM.

Yo MBI BhIMrpeiBaeM mpu TaxkoMm moaxone? Kasamock Obl, HUYEro —
Belb YTOOBI BEIYUCAUTE 3HAUEHNE (PYHKIINU HA CIOBE B OKOIIEYUKE, BCE PAB-
HO HYKHO IPOYECTDb BCe OYKBEBI DTOI'O CJIOBA. Tak yXK JIydIlne UX Cpa3y CpaB-
HUTH ¢ 06pasnoM. Tem He MeHee BLIUIDHIII BO3MOXKEH, U BOT 33 CIET 9ero.
IIpu caBure okoredka CJIOBO HE MEHSIETCS IMOJHOCTHIO, & JUIIb JOOABIAETCS
OyKBa B KOHIIE U yOMPAETCA B HAYAJIE. XOPOLIO ObI, YTOOBI IO STUM JAHHBIM
MOXKHO OBLIO PACCUNTATH, KAK MEHAECTCA (PYHKITUA.

10.6.1. IlpuBecTu mpumep yIOOHOW [ BHIYUCACHUA (DYHKIUN.

Pemenue. 3amenum Bce GYKBBI B (JIOBE U 0Opasile UX HOMEPAMU, MPE/-
CTABAAIOIMUME COOOHU Lejble umcaa. Torma ymoOHOM (PYHKIMEH SBJIAETCA
cymma muedp. (Ilpu casure okomedxka HyXKHO JOOABAUTHL HOBOE UUCJO U BHI-
YeCThb MpOMAaBIIee. ) O

Jns kaxnou GyHKIUE CYIECTBYIOT CIOBA, K KOTOPBIM OHA IPUMEHH-
Ma IIOXO. 3aTO Apyras (pYHKIKA B HTOM CIydae MOXeT PabOTaTh XOPOLIO.
Bosuukaer maes: HAZO 3amaCTH MHOIO QYHKIUI U B Hadaue paGOTHL ajro-
puTMa BHIOMpATh M3 HuX caydanHyio. (Torga Bpar, JKelamomui ToArajuTh
HAIIIEMY aJIrOPUTMY, He OyZeT 3HATb, C KAKOM UMEHHO (DYHKIMEN eMy 60-
POTHCAL.)

10.6.2. IIpuBecTu mpuMmep ceMenCTBa yIOOHBIX (DYHKIINM.

Pewenue. BriGepeM HEKOTOPOE IUCIO p (KeETATEABHO TIPOCTOE, CMOTPH
JaJee) U HEKOTOPHIU BEIYET & TO MOAy a0 p. Kaxnoe cioBo gauns n Oynem
paccMaTpUBATH KAK MOCJAEI0BATEILHOCTD LIEIbIX IUCE (3aMEHUB OYKBBI KO-
gaMu). DTU 9ucaa OyneM PAacCMATPUBATH KAK KOD(MOUIUEHTH MHOIOIe-
Ha CTemeH:u N — | U BBIYUCANM 3HAYEHUE HTOr0 MHOIOWIEHA 110 MOIYJIO P
B TOYKE . DTO 1 OyAeT OIHA U3 (PYHKIUN CeMErCTBa, (11 KK JOU Taphl P
U X TMOJYydaeTCs, TakuM o0pasom, cBos ¢yskmusa). Casur okomka Ha 1 co-
OTBETCTBYET BEIYMTAHWIO CTApIIEro wieHa (r" ! clegyeT BLIMMCTIATH 3a-
paHee), YMHOXKEHWIO HA T U JOOABJIEHUIO CBOOOLHOrO “IEHA. O

Caenyromiee cOOOpaXKeHne FOBOPUT B MOJIB3Y TOr'O, YTO COBIAIEHUS HE
CIUIMKOM BepPOATHHI. [IycTh “mcao p GUKCUPOBAHO M K TOMY Ke MPOCTOE,
a X nY — 1Ba pasaumvHBIX CIOBA IIUHHL 1. TOrga MM COOTBETCTBYIOT pas-
JVYHBIE MHOTOWIECHH! (MBI IPENOoIaraeM, 9TO KOIbl BCeX OyKB Pa3InTHLL —
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DTO BO3MOXKHO, ecau p Goabiue 4uciaa Oyks audasura). CoBnaneHue 3Hade-
HUU (DYHKIIAU O3HAYAET, UTO B TOYKE I DTU IBA PABMAIHBIX MHOTOWICHA,
COBIAJAI0OT, TO €CTh UX pa3HOCTHL obparaerca B 0. PasHocTs ecTh MHOTO-
wieH cTerneHu n — 1 u umeer He 6omee n — 1 kopuen. Takum 00pa3oM, eciu
N MHOI'O MEHBLIIE P, TO CAYyIadHOMY T MaJO IIAHCOB IIONACTHL B HEYIaIHYIO
TOYKY.

10.7. Bonee cnoxHble 06pa3siubl U aBTOMAThI

Msr MOXkeM UCKATh He KOHKPETHOE CJIOBO, a IOCI0BA 33JaHHOI'O BUIA.
Hampumep, MOXKHO MCKATH CJIOBa BHAa afb, rie BMECTO 7 MOXKET CTOATH
aroban OykBa (MHBEIMU CJIOBAMU, HAC WHTEpeCcyeT OyKBa b HA paccTOAHUU 2
nocse OyKBHL a).

10.7.1. YkasaThb KOHEYHBIN ABTOMAT, IPOBEPAOLINN, €CTh J1 BO BXOI-
HOM CJOBe (pparMeHT Buaa a’b.

Pemenne. YuTas cI0BO, CleAyeT MIOMHUTD, €CTH 1 OYKBa a Ha MOCIET-
HEM MECT€ U Ha MPENNOCIeIHEM — MOKA HE BCTPETUM UCKOMBIU (PPATMEHT.
Asromar umeer cocrosuaus 00, 01, 10, 11, ux cMbBICH TaKOB:

00 wa mpeamocTeTHEM U MOCJAETHEM MECTAX HET a
01 Ha mpeamocJeIHEM HET, Ha MOCAEIHEM €CTh
10 =He mpexmociegHEeM €CTh, HA IOCAETHEM HET

11  ecTb u TaM, 1 TaMm

Tabuuiia mepexog0B aBTOMATA:

Texymee | Oduepennas Hosoe
COCTOSHUE OykxBa COCTOSHUE
00 a 01
00 HE a 00
01 a 11
01 HE a 10
10 a 01
10 b Hal JeHO
10 He a 1 He b 00
11 a 11
11 b HAUJeHO
11 He a m He b 10 0
[pyrou CTaHZAPTHBLIA 3HAK B 00paslle — 3TO 3BE3M0YKA (*), HA Me-

CTO KOTOPOHU MOXKET OBITH IOJCTABICHO JI000€e ¢I0B0. Hampumep, obpaser:
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ab*cd o3HavaeT, YTO MBI UIIEM IIOJCJOBO ab, 3a KOTOPBIM CJIELyeT YTO
YyrOIHO, a 3aTeM (Ha JI60M PACCTOAHUM) UAET cd.

10.7.2. Yka3aThb KOHEYHBIM ABTOMAT, IPOBEPAIOLINN, €CTh JU BO BXOI-

HOM cJ0Be o0Opaser abxcd (B ONUCAHHOM TOJBKO YTO CMBICTE).

Pemenme.

Tekymee | Ouepennas Hogoe
COCTOSTHUE OykBa COCTOSTHUE
HaYaJIbHOE a a
HaYaJIbHOE HE a HaYaJIbHOE

a b ab
a a a
a He a 1 He b | HavaJIbHOE
ab c abc
ab HE C ab
abc d HalJeHO
abc c abc
abc He c 1 He d ab n

Emé onun By moncka — 3TO MOUCK JI0O0T0 U3 CJIOB HEKOTOPOT'O CIIUCKA.

10.7.3. [lau coucok caoB X1, ..., Xg u c1oBo Y. OupeneanTs, BXOIUT Ju
XOTs GBI OJHO 13 cJI0B X; B ¢10BO Y (Kak moxcaoeo). KomnvecTso gercTeun
HE MOJDKHO TIPEBOCXOJANTL KOHCTAHTHI, yMHOXKXEHHON HA CyMMAaPHYIO JJIAHY
BCEX CJIOB (M3 CHUCKA U TOrO, B KOTOPOM HPOUCXOQUT [OUCK).

Pemenme. O4ueBuaHBEIN cIOCO6 COCTOMT B TOM, YTOOBI KaxKA0€ CJIOBO
U3 CIUCKA [IPOBEPATH OTAEJIBHO (C HOMOLIBIO OJLHOIO U3 PACCMOTPEHHBIX
anroputMoB). OQHAKO TIPU 3TOM MBI HE YKIAALIBAEMCA B 3aJAHHOE TUCJIO
neucTBUl (M3-3a YMHOXKEHUs k Ha IJIUHY CJI0Ba Y).

ITocmoTpum Ha gemo ¢ gpyrou cTOpoHBL Kaxmzomy o6pasily U3 CIHCKA
COOTBETCTBYET KOHEYHLIM aBTOMAT C HEKOTOPBIM MHOXKECTBOM COCTOSHUM.
OTHU ABTOMATHI MOXHO OOBEIMHATH B ONUH, MHOXKECTBOM COCTOSIHUU KO-
TOpOro OyIeT MpOU3BENEeHNE MHOXKECTB COCTOAHUU BCEX TEX ABTOMATOB.
OT0 — 0¥eHb 60sbIIOe MHOXKeCTBO. OIHAKO HA CaMOM jeje GOJBLIIMHCTBO
€ro DIEMEHTOB HEJOCTYIHBI (He MOI'YT IOABUTHCA MPU YTEHUUM BXOTHOIO
CJIOBa) W 3a CIET DTOrO mostydaercs skoHomus. [Ipumepno sty mpeio (HO
B U3MEHEHHOM BUJE) MBL U OyAeM UCIOIb30BATh.

Bcemomuum amroputm Kuyra—Moppuca—IIparTa. B #ém, unTas BXOomI-
HOE CJIOBO, MBI XPAHWIN HAmMOOJbIIee Hadaa0 00pasIla, ABJIIIOINICECT KOH-
[IOM TPOYUTAHHOU YacTu. Temepb HAM CIeAyeT XpaHWUTh A KaxXIOrO U3
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00pa3noB HaubOIIBIIEE er0 HAYAJO, ABJIAIOIICECS KOHIIOM [IPOIUTAHHON a-
ctu. PemaromuM oKa3bIBaeTCA TaKoe 3aMevYaHune: TOCTATOYHO XPAHUTD Ca-
MO€ OIWUHHOE U3 HUX — BCE OCTAJBHBIC IIO HEMY BOCCTAHABJUBAIOTCA (KaK
HauOOIbIINE HAYa1a 00PA3L0B, ABIAIIINECA er0 KOHIIAMN).

CxuienM Bce 06pa3ibl B 1€PEBO, OOBEIUHIB UX COBIAIAIONINE HAYAILHBIE
yaactku. Hampumep, Habopy 00pasiion

{aaa, aab, abab}

COOTBETCTBYET AEPEBO

b > >
a b
dopmanbHO rOBOPs, BEPIIKHAMY IEPEBA ABAIOTCA BCE HAYAIA BCEX 00pa3-
LIOB, & CBIHOBbSI BEPIIUHEI IOy 9aI0TCSA IPUINCEIBAHAEM OyKBHI.

Yuras BXOLHOE CJIOBO, MBI IBATAEMCS IIO DTOMY [IEPEBY: TEKYIIAs Bep-
muHa — 3TO HAuGOJbIIAsA (CaMas IpaBas) U3 BEPIINH, ABIAKIINXCA KOHIIOM
OPOYUTAHHOU YacTy ( = HAUOOJIBIIUN KOHEI[ IPOIYATAHHOU YaCTH, ABJLAKO-
LIUICA HAYAIOM OJHOrO U3 06Pa3loB).

Onpegemum GyHKIMO [, ApryMEHTAMEI U 3HAYEHUAMYU KOTOPOU SBJIAIOT-
cs1 BepumHbl gepesa. Umenno, [(P) = Hauboublnas BEPUIMHA A€DEBa, SBJLs-
romasca kounoM P. (HamomuuM, Bepumnb gepesa — 570 ciosa.) Ham mo-
HaJOOUTCA TAKOE YTBEPXKICHUE:

10.7.4. Ilycro P — Bepmmua nepesa. [[okasaTb, 9TO MHOXKECTBO BCEX
BepIvH, Astomuxcsa kounaMu P, pasuo {I(P),I(I(P)),...}

Pemenue. CM. 10KA3ATEABCTBO AHAIOTMYHOTO YTBEPKACHUA NI AJ0O0-
purma Kuyra—Moppuca—IIparra. O

Teneps sACHO, YTO HYX HO IEIAaTh, HAXOMACH B Bepiuue P u uuras Gy-
KBy Z BXOJHOI'O (JioBa. Hamo mpocMaTpuBaTh MOCIEOBATENLHO BEPIIN-
uet P, I(P), l(I(P)),. .., n0Kka He OOHAPYKUTCS TAKAs, U3 KOTOPOU BEIXOAUT
cTpenka ¢ Oyksou z. Ta BepimHa, B KOTOPYIO 3Ta CTPEJIKA BeAET, u OyaeT
HAIIAM CJEIYIOIINM MTOJOKEHAEM.

OcTaéTca NOHATH, KaK [/ KaXK [OU BEPIIUHLI [€PEBA BEIYUCIUTH YKa3a-
Telb Ha 3HAaYeHUe (PYHKIUY [ B 5TON BEPIIUHE. DTO AETAETCA KAK PAHBIIE,
[P BTOM 3HA4YEHUs | 711 60J1e€ KOPOTKUX CJIOB UCIOIb3YIOTCS IPU BBIYUCIE-
HUU OYEPEqHOr0 3HAYEHUA PYHKIUN [. DTO O3HATAELT, ITO BEPIINHLL IEPEBA
CleayeT IPOCMATPUBATDL B MOPAIKE BO3PACTAHUA UX AJuHBI. HeTpyaHo mo-
HATH, YTO BCE DTO MOXKHO YJOXHUTb B TpelyeMOe YuCIO AEUCTBUU (XOTS
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KOHCTAHTa 3aBUCUT OT 4ucia Oyks B aadasure). OTHOCAIMECS K DTOMY
moapoOHOCTHU CM. B riase 9. O

MoOXHO HOMHTEPECOBATLCS, KAKUE CBOUCTBA CJIOB PACIO3HAIOTCA C IIO-
MOIITBI0 KOHEUHBIX aBTOMATOB. OKA3BIBAETCA, UTO CYIIECTBYET MTPOCTO OTU-
CHIBAEMBIN KJIACC 0OPA3IOB, 3aJA0INN BCe TaKNe CBOUCTBA, — KJIACC Pery-
JIAPHBIX BBIDAXKCHUH.

Ompegenernme. IlycThs QpuxkcupoBan KOHEYHLIN aapaBuT I, He comepxa-
iyt cuMBOJIoB A, €, (, ), * u | (oHu Oy 1yT UCIIONB30BATHCS AJIs TOCTPOCHUS
PEryJspHBIX BLIDAXKEHUU U HE JOJKHBL [IePEMEIIUBATHC ¢ OykBamu). Pe-
DYJSAPHBIE BEIPAXKEHUA CTPOATCA TIO0 TAKUM MTPABUIAM:

(a) 6ykea andasuta I' — perynapHoe BHIpaXKeHUE;
(6) cumBomBI A, € — peryaspHBIE BEIDAKEHNT;

(8) ecim A, B,C, ..., E — peryispHbIe BEIPDAXKEHUA, TO
(ABC' ... E) — pery/aapHOe BBIPAKEHUE;

(v) ecim A,B,C, ..., E — peryaspHbIe BEIDAXKEHUsA, TO
(AIBIC]|...|E) — peryaapHoe BLIPAXKEHUE;

(x) ecim A — peryisapHOe BEIpayKeHHUe, TO A% — DeryJsapHOe BHIDAXKEHUE.

Kaxgoe peryniapHoe BeIpaKeHUe 3a1a€T MHOXKECTBO CJIOB B aadasute I’ o
TaKUM TIPABIIAM:

(a) 6yxBe COOTBETCTBYET OZHODIEMEHTHOE MHOXKECTBO, COCTOSIIEE U3 Of-
HOOYKBEHHOI'O CJIOBA, COCTOAIIET0 U3 3TOU OYKBBI;

(6) cuMBoOLy € COOTBETCTBYET IIyCTOE MHOXKECTBO, & CUMBOLY A — OfHODIE-
MEHTHOE MHOXKECTBO, €IMHCTBEHHBIM 3JIEMEHTOM KOTOPOI'O SABJIAETCS
IyCTOE CJOBO;

(8) peryaspuomy Beipaxkenuno (ABC...E) COOTBETCTByeT MHOXECTBO
BCEX CJOB, KOTOPBIE MOXKHO TOMYIUTh, €CIU K CJIOBY U3 A mpunucaThb
caoBo u3 B, satem u3 C,. .., 3areM u3 E (Konkamenayus MHOKECTB);

(r) peryaspuomy Bripaxkenuio (A|B|C|...|E) coorBercrByeT 00BEIU-
HEHVE MHOXECTB, COOTBeTCTByommX Buipaxenuam A, B, C, ... E;

(x) peryaspuOoMy BBIpaxeHuio A* COOTBETCTBYET UMEPAYUAL MHOKECTBA,
COOTBETCTBYIOLIEIO BHIPDAXKEHUIO A, TO €CThb MHOXECTBO BCEX (JIOB,
KOTOPBIE MOXKHO TaK Pa3pe3aTh HA KYCKW, YTO KAXKILIM KYCOK TPU-
HAJIEKUT MHOXKECTBY, COOTBETCTBYOIEMY Bhipaxkenuo A. (B wact-
HOCTH, IyCTOE CJIOBO BCETAA COAEPKUTCA B Ax*.)
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MeuoxkecTBa, COOTBETCTBYIOIINE PEryIAPHBIM BEIPAXKEHUIM, HA3BIBAIOT-
¢ pe2yaaprbimu. BoT HECKOTBKO IPUMEPOB:

Bripaxenne MuoxecTBO
(alb)* BCe CIOBa U3 OYKB a 1 b
(aa)* CJI0Ba M3 IE€THOTO 4dncIa OyKB a

(Alalblaalablbalbb) Bce cioBa aiuHEL He Goaee 2 u3 OyKB a, b

10.7.5. HammcaTs peryiaspHOe BBIpaXKEHUE, KOTOPOMY COOTBETCTBYET
MHOXKECTBO BCEX CJIOB U3 OYKB a U b, B KOTOPHIX YUCJIO OYKB @ UE€THO.

Pemenne. Bripaxxenue b* 3a1aéT Bce cI0Ba 6e€3 OYKBHI @, & BRIPAKEHUE
(b*ab*xab*) — Bce cioBa poBHO ¢ aByMsa OykBamu a. Ocraércs obbenu-
HUATH 5TU MHOXECTBA, & HOTOM IPUMEHUTEH UTEPALNIO:

( (b*abxabx) |b* )x*

[pyrou BapuanT oTBETA:
(b*x ab*a)*bx* ]

10.7.6. Hamucars peryasapHoe BLIpaXKeHrne, KOTOPOe 33 1aéT MHOXKECTBO
BCex CJI0OB u3 OYKB &, b, ¢, B KOTOPBIX CJOBO bac sBIAETCS MOACIOBOM.

Pemenwme. ((alblc)*bac (alblc)*) 0

10.7.7. HamucaTs peryasapHoOe BHIpaXKeHrne, KOTOPOe 33 1aéT MHOXKECTBO
BCex CJIOB u3 OYKB &, b, ¢, B KOTOPBIX CJOBO bac He SBISETCS MOACIOBOM.

[Ykazanue. Dra 3anada CJIOKHEE MPEALIAYIIEH; BUAUMO, CAMBIA IPOCTON
cr10co0 €€ pelmTh — IIePeNTH K KOHEYHBIM aBTOMAaTaM U BEPHYThCA 00paT-
HO (cMm. Hmxe 3anady 10.7.14).] O

Temeps 3azady o nmoucke o6pasua B CIOBE MOXKHO meped)OpMyIrpOBATH
TakK: TPOBEPUTDH, MPUHAMJIEKUT JU CIOBO MHOXKECTBY, COOTBETCTBYIOIIEMY
JAHHOMY DPETryJIPHOMY BBEIDAXKEHUIO.

10.7.8. Kakwue BEIpayKeHUs COOTBETCTBYIOT OOpasiaM a?b u ab*cd, pac-
cMoTpenubIM panee? (B 006pasiie CUMBOI * UCIOJIB3yeTCs HE B TOM CMBICIE,
9TO B pery/sapHbX Beipaxenusx!) IIpenmosaraercs, 9To andasuT copep-
xKuT OyKBHI @, b, c,d,e.

Permenme.

((alblcldle)*a(alblcldle)b(alblcldle)*)
((alblcldle)*ab (alblcldle)*cd (alblcldle)*) |
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10.7.9. [lokasarb, ITO I BCAKOIO PErY/SPHOIO BHEIPAXKEHUS MOMXKHO
MOCTPOUTHL KOHEYHBIM aBTOMAT, KOTODPHIM PACTO3HAET COOTBETCTRYIOIIEE
STOMY BBIPAXKEHUIO MHOXKECTBO CJIOB.

Pemenme. Ham morpebyeTcs HOBOE IMOHATHE — IOHATHE UCMOUHU-
Ka, WIL HedemepMURUPOBaAHH020 KOHeuH020 asmomama. llpeacraBum ce-
6€ OPUEHTUPOBAHHBLIA I'pad — KAPTUHKY U3 HECKOJIBKUX TOYEK (BEPIIINH )
U HEKOTOPHIX CTPEJIOK, CoefuHsomux >t Touku (pébep). Ilycrs na neko-
TOpBIX pE6pax HamucaHbl OyKBhI (He 00s3aTenbHO HA Beex). IlycTs Takxke
cpenu BepumrH BeIOpaHbl aBe — HadaiabHast H u xomeuynas K. Taxas xap-
TUHKA HA3BIBAETCA UCTNOYHUKOM.

Bynem mBuraTtbcsa pasawuyabiMu cniocobamu u3 H B K, unras 6ykBer 11O
gopore (Ha Tex CTpenkax, rae ouu ects). Kaxgomy nytu us H B K, rakum
06pazoM, COOTBETCTBYET HEKOTOPOE CJIOBO. A MCTOYHUKY B IEJOM COOTBET-
CTByeT MHOXECTBO CJIOB — T€X CJIOB, KOTOPBIE MOXXHO IIPOYECTh HA IIy TAX
u3 H B K.

3ameqanne. Ecium HApUCOBATH COCTOAHUS KOHEYHOI'O aBTOMATA B BU-
e TOYEK, & MEePEeXOAbl MPU YTEHUU OYKB M300pa3UTh B BUAE CTPEIOK, TO
CTAHET ACHO, YTO KOHEYHBIM ABTOMAT — 3TO YACTHBIN CIyYall UCTOIHUKA.
(C ponmonHuTENbHEIME TPeOOBAHUAMU: (4) HA BCEX CTPEIKAX, 33 HCKIIOYe-
HueM Beaymwmx B K, ecrs Oykeol; (6) s a000M TOYKM HA BBIXOISIIMX U3
Heé CTperKax Kaxkaas OyKBa BCTPEYAETCA POBHO OJUH Pa3.)

Mui GygeM CTpOUTH KOHEIHBIA aBTOMAT M0 PEryIAPHOMY BBIPAKEHUIO
B gBa mpuéma. CHavYama MBI TOCTPOUM UCTOYHUK, KOTOPOMY COOTBETCTBY-
eT TO K€ CaMO€ MHOXKECTBO CJOB. 3aTEM s IPOU3BOILHOIO UCTOYHUKA
[IOCTPOMM ABTOMAT, KOTOPBIU MPOBEPSET, NPUHAMJICKUT JU CJIOBO COOT-
BETCTBYOIIEMY MHOXKECTBY.

10.7.10. IIo peryaspHOMY BBIPAKEHUIO MOCTPOUTH MCTOYHUK, 33,1a10-
MUI TO K€ MHOXKECTBO.

Pemenue. Nugykiumsa mo MOCTPOEHUIO PEryJsAPHOTO BHIPpAXKEHWA. bBy-
KBaM COOTBETCTBYIOT rpadsl u3 oguon crpeaku. Obbequuenve peanusy-
eTCsl TaK:

L Hi Ki e

—NH2 KQ’—

™, K; o«
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HapucoBana xapruska nis o0bequHEHNs TPEX MHOXKECTB, IPAMOYI OJIbHUI-

KM — 3TO UCTOYHUKN, UM COOTBETCTBYIOIINE; YKA3aHLI HAYAJbHBIE U KO-

HeuHble BepiunHbl. Ha HOBBIX cTpenkax (ux 6) OyKB He HAMCAHO.
Koukarenanuu cOOTBEeTCTByeT KapTUHKA

HO——NHl K1 >vH2 Kg >vH3 KgO——NK

HaKOHeH, UTEepanuu COOTBETCTBYET KapTUHKA

H K

IZEAN

]

10.7.11. Jdan ucrousuk. IlocTpOUTL KOHEYHBIM ABTOMAT, IIPOBEPSAIO-
MY, IPUHALJIEIKUT JU BXOQHOE CJIOBO COOTBETCTBYIOLIEMY MHOXKECTBY (TO
€CTb MOXHO JIU TPOYECTh 3TO 0B, uaa us H B K).

Pemenme. CocTosnusamu aBToMaTa OyIyT MHOXKECTBA BEPIIUH UCTOYU-
HuKa. MeHHO, mMpOoUTa HEKOTOpOoe Hadato X BXOJHOTO CJIOBA, MBI OyIeM
MOMHUTH MHOXECTBO BCEX BEPIINH UCTOYHUKA, B KOTOPHIE MOXKHO TPOUTH
13 HAYAJILHON, IPOYUTAB HA IIYTH CJAOBO X . O

Tem campim 3agada 10.7.9 perrena. ]

OKa3bIBAETCSA, YTO PETryNAPHBIE BHIPAXKEHUsA, ABTOMATHl U MUCTOYHUKHA
PaCIO3HAIOT OJHU U T€ XK€ MHOXKECTBA. ITOOBI yOeAWTHCSA B DTOM, HAM
OCTAJIOCh PEeIIUTh TAKYIO 331a1y:

10.7.12. Mam wcrounuk. IlocTpouTh perymspHOe BBIPAKEHHUE, 34,1a10-
1Iee TO K€ MHOXECTBO, 9YTO U DTOT UCTOIHUK.

Pemenwe. Ilycts uctounuk mmeer Bepmussl 1, ..., k. Bymem cuamrars,
9T0 1 — 5T0 Havamo, a k — koHer. depes D; ; ; 0603HATIM MHOXKECTBO BCEX
COB, KOTOPBIE MOXKHO IPOYECTh HA IIYTH U3 ¢ B j, €CJIU B Ka9eCTBE IIpOMe-
JKYTOYHBIX IIyHKTOB Pa3pelaeTcs UCIOIb30BATh TOJIBKO BEPIINHEI 1, . .., S.
CoracHO OIpefeneHnI0, NICTOIHUKY COOTBETCTBYET MHOXKECTBO Di j k.

Wupyxnueit mo s 6ygeM T0Ka3HBATE PETY.IAPHOCTE BCEX MHOXKeCTB D; ;
npu Beex ¢ u j. [Ipu s =0 5T0 09eBUAHO (MIPOMEKYTOUHBIE BEPIIUHBL 3a-
[PEIIEHBI, TI03TOMY KaX[0€ U3 MHOXKECTB COCTOUT TOJBKO U3 OYKB).
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U3 «ero cocrour muoxkectBO Djj 117 OTMeTHM HA IIyTH MOMEHTHI,
B KOTOPBIX OH 3axX01uT B (s + 1)-yto Bepuny. IIpu 5ToM Iy Th paséusaeTca
Ha YaCTU, Kax7gasd U3 KOTOPBHIX yxke He 3axoguT B Heé. IlopTomy gaerko
€co00pasuTh, ITO

D js+1=Dijs|(Dist1,s Dsy1,s+1,5% Dsiijs)

(BOJBHOCTH 3aNUCH: MBI UCIIONB3YEM A ONMEPAIUN HAZ MHOXECTBAMEU 060~
3HAYEHUSA KaK M/ PEryJapHbIX BhipaxeHun). OcTaéTcsa BOCIOIB30BATHCA
IpeJNoNIOXKeHneM WHIYKINN. ]

10.7.13. T'me emé ucmoab3yeTcs TO xKe caMoe paccyxaeHue?

Oreer. B anmroputme donna BEMMUCACHUA HMEHBI KPATIAUIIErO MTyTH,
cm. raBy 9 (Pasubie anropurMer Ha rpadax). O

10.7.14. lokazaTh, ITO KJIACC MHOXKECTB, 33,IaBAEMBIX PEryJAPHLIMA
BBIDAXKEHUAMU, HE U3MEHWICA ObI, €CIU OBl MBI PA3PENININ NCTIONB30BATh HE
TONBKO 00BEIUHEHVE, HO U OTPULIAHUE (& CJICJOBATEABHO, U TIEPECEICHIE —
OHO BHIPAXKAETCA d€pe3 OOBEIUHEHNE U OTPULAHIUE).

Pemenue. /[ aBTOMATOB IEpeXoq K OTPUIAHUIO OUEBUIEH. O

3ameqanue. Ha npakTuke BaxXHYyI0 POIb UTPAECT TUCAO COCTOSHAN ABTO-
MaTa. OKasbIBAETCS, ITO TYT BCE HE TAK MPOCTO, U NEPEXO] OT UCTOYHUKA
K aBTOMaTy TpebyeT DKCIOHEHIMAILHOIO POCTA I CIa COCTOAHUN. [lonpoob-
HO€ PaCCMOTpPEHUE CBA3AHHBIX C OTUM TEOPETUYIECCKNX N MPAKTUICCKUX BO-
IPOCOB — 1eJ10 0co60e (cM. kaury Axo, Yasmana u CeTu 0 KOMIUIATOPAX).

10.8. CydduKcHble nepeBbs

[lo cux PO HALIM TPOrPAMMBI CHAYAIA MTOLY AT 00PaA3 €L, KOTOPHIN Ha-
IO UCKATh, & IOTOM TEKCT, B KOTOPOM HaI0 UCKaTh. B creayromux 3amatax
BCE HA0OOPOT.

10.8.1. IIporpamma mosy4aeT HA BXO[ CJAOBO Y MJIMUHBL M U MOXKET €ro
o6pabarbBaTh (H0Ka 6e3 OrDAHUYIEHUN HA BPEMs U IAMATH). 3aT€M OHa
TOy4IaeT ¢I0BO X JMUHBI N M MOMKHA COOOIIUTD, ABAAETCSA U OHO TIOICTIO-
BoM caoBa Y. IIpu 3ToM 4mcio onepanuy npu o0paboTKe ¢IoBa X JOIKHO
ObITH TOPSAAKA 7 (HE IPEBOCXOAUTH CI, DA€ KOHCTAHTA ¢ MOXKET 3aBUCETH
ot pasmepa andasura). Kak manucats Taxyio mporpammy?

Pemenue. Tloka He HAKTAIRBAETCA HUKAKUX OTPAHUICHUU HA BPEMS
7 maMAThH npu ob6paboTke Y, 5T0 He mpeacTasaseT Tpyaa. UMenHo, HA IO
CKJIEUTH BCE MOJCJAOBA CJIOBA Y B MepeBO, OOBEINHUB CIOBA C OOIIIMY HAYA-
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JaMu (KaxK MBI DTO [eJaJld, DACIIO3HABAS BXOXK 1€HUs HECKOJIBKUX 00PA3LoB).
Hanpuwmep, m1a Y = ababc nonyaurca Taxoe gepeBo moacios (Ha peGpe Ha-
nuca"a O6yKBa, KOTOpas J00aBIAETCA IIPU JBUKEHUN 10 3TOMY pebpy; Bep-
OIMHBI HAXOAATCA BO B3aMMHO OJHO3HAYTHOM COOTBETCTBUM C IIOOC/JIOBAMH
caoBa Y):

IIycte Takoe mepeBo moctpoeno. Ilocae sToro, umras cioBo X ciaeBa Ha-
TIPaBO, MBI MPOCAEKUBAaEM X B IepeBe, HAUaB ¢ KOPHA; CTOBO X OymeT mO-
CJIOBOM CJIOBA, Y, €CIM TIPU DTOM MBI HE BHEIUIEM 33 TMPENeabl IePeBa. |

3aMeTuM, YTO AHAJOTMIHAS KOHCTPYKIUA TOAUTCS IS JE0OOr0 MHOXKE-
cTBa cjaoB U, a He TONBKO AJIA MHOXKECTBA BCEX MOJACJAOB JAHHOTO CIOBA: MO-
CJIe TOr0 KaK COOTBETCTBYIOIIEE NePEBO MOCTPOEHO, MBI MOXKEM IIPO JI060e
croBo X OmpeNenuTh ero IPUHALIEKHOCTh K U 3a BpeMsi, IPONOPLIAOHAIb-
Hoe mmue X. (Hago TOMBKO MONOMHUTEIBHO XPAHUTH B BEPILIUHE IEPEBA
UH(OPMALINIO, TPUHALICKUT JU COOTBETCTBYIOIIEE €l CAOBO MHOXKECTBY U
WY JIUIIb ABIAETCA HAYAJIOM APYTOro CJI0Ba, HpuHasiexamero U.)

10.8.2. PemmThb mpegbIAyIIyio 33,434y € JOIOJHATEILHBIM OIrDAHUICHN-
eM: 00BEM UCIONB3YEeMOU MAMATHU MPONOPIUOHAIEH [IWHE CIOBa Y .

Pemenme. IIpexunnn cnocob He COAUTCA: YUCIO BEPIIMH IEPEBA PABHO
YUCIY TOICJAOB CJIOBa Y, a y CJIOBA [UIMHBL 11, YUCJIO MOACJIOB MOXET ObIThH
nopaaka m?, a ze m. OIHAKO MBI MOXKEM (CKATb) HAIIe JepeBO, OCTABUB
BEpIIMHAMY JWIIb TOYKA BEeTBJACHUA (TIe 6ombine 0qHOro chiHa). Torga Ha
pébpax gepeBa HaJO HAIUCATHL yKe He OYKBEBI, a KYCKU CIOBa Y .

BoT 4T0 moayuuTCes npu CKATUU HALETO IPUMEPA:

c
b abe

ab

abe

Byaem caurars (3zeck u gasnee), 9To nociequss Oyksa c1oBa Y Gosbiie
B HEM He BCTpeYaeTca. (DTOro BCErga MOXKHO JOCTUYL, NOMUCAB MOMOJ-
HUTEALHBIN (PUKTUBHBIA CUMBOJ.) TOr1a IUCThA CXKATOTO 1ePEBa COOTBET-
CTBYIOT KOHIAM CJOBa Y, a BHYTPEHHUE BEPUIVHBLI (TOYKYM BETBICHUS) —
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TAKUM IIOACIOBAM S CJIOBA Y, KOTOPBIE BCTPEYAOTCA B Y HECKOJIBKO Pas3,
U IPUTOM C PA3HBIMU OYKBAMU TOCIE S.

Y Kaxk[oU BHYTDEHHEN BEPIIMHBL (He JUCTA) CXKATOTO IEPEBa €CTh HE
MeHee IByX CHIHOBed. B nepeBbAx ¢ TAaKMMU CBOMCTBAMY YUCJIO BHY TPEHHUX
BEPIIKH He IPEBOCXOAUT IKCaa JucThes. (B camom gesne, npu gsuxenun cie-
Ba HAIIPABO B KAXKJOU TOYKE BETBICHUs JOOABIETCS HOBLIY Iy Th K JIACTY. )
TTockONbKY JUCTHEB 1M, BCErO BEPIIUH HE 60Mee 21m, U MBI YIOKUAMCSA B JIU-
HEUHYIO 10 17 TaMATb, eCJau Oy [eM S5KOHOMHO XPAHUThb MOMETKY Ha PEGpax.
Kaxnas Takas moMeTKa ABIAETCA IMOACJAOBOM CJIOBA Y, M MOTOMY HOCTa-
TOYHO YKA3BIBATH KOOPIWHATY €€ HAYATa U KOHIA B Y. DTO HE MOMEIIAET
BIIOCJIEACTBUAN IIPOCJAEKUBATEH MPOU3BOIBHOE CJIOBO X B DTOM nepeBe OyKBa
3a GYKBOW, IPOCTO B HEKOTOPBLIE MOMEHTHI MBI OyI€M HAXOOUTHCA BHYTPU
pébep (1 TOMKHBI IOMHUTD, BHYTPU KAKOr0 pebpa 1 B KAKOU MO3UIIAY MBI
Haxogumca). Ilpu mossiaeHuu HOBOU OyKBHI CiIOBa, X €€ HyXKHO CPaBHUTH
C COOTBETCTBYIOIIEN GYKBOU IIOMETKHU 3TOr0 pedpa (ITO MOKHO CAeaThb 3a
O(1) pencrBuill, Tak KaK KOOPAUHATY DTON OYKBBEL Mbl 3HAEM. ) a

IlocTpoeHHOE HAMU CKATOE NEPEBO HABLIBAIOT CHCAMBIM CYPPUKCHOIM
depesom cnoBa Y (KOHIBI CIOBA HABHIBAIOT «CyddukrcaMmy ).

10.8.3. IlokasaTb, UTO HOCTPOEHME CKATOrO CYyPHEPUKCHOTO IePEBaA
MOKHO BBHIMOJTHUTH 3a Bpema O(m?) ¢ ucnomsaopanuem O(m) mamaTu.

Pemenne. By nem 106aBaaTs B cyhdUKCHOE 1epeBO CyPOUKCHL IO OYepe-
ou. [lobaBreHune 09epesHoro cydpuKca HeraeTcs TaK Ke, KaK U IPOBEPKa
[MPUHAIIEXKHOCTH: MEL YMTaeM ero OyKBa 3a OyKBOHU U NPOK/IAJLIBAEM Iy Th
B nepeee. B HekoTOpBII MOMEHT no0aBiseMbll Cy(pPUKC BEIIIET 33 Ipe-
IeTbl NepeBa (HAIOMHUM, 9TO MBI CUATAEM, UTO TOCJICIHUNA CUMBOJ CJIOBA
YHUKAJEH).

Ecian sTo mpomsongér mocepenuue pebpa, TO pebpo MpUIETCA B 3TOM
MecTe paspe3arb. Pe6po mpeBpaTuTCa B [Ba, €ro MOMETKA PA3PekKeTC s Ha
[Be, HOABUTCS HOBas BepIIMHA (TOYKA BETBIEHWs) U €€ HOBBIU CHLIH-JIHUCT.
Ecian Touka BeTBIeHUA COBHAAET C YK€ MMEBLIECHCA B IEPEBE, TO y HEE
MOSIBUTCA HOBBIM CHIH-TUCT. B M0060M CIydae TOCTe OOHAPYKEHUA MECTa,
BerBaeHusa Tpebyerca O(1) omepauuil 1Js mepecTpOUKA AepeBa (B 9aCTHO-
CTH, Pa3pe3daHne IMOMETKHN Ha [OAB€ BBIIIOJIHACTCA JEI'KO, TaK KaK IIOMETKH
XPaHATCA B BUE KOOPAWHAT HAYAIa U KOHIA B cjoBe V). O

T'opaso Gosee CIOKHOU 3aJa9ed SABIAETCA MOCTPOEHUE CEKATOTO Cyd-
(PUKCHOrO epeBa 3a JUHEMHOEe BpeMs (BMECTO KBaIPATUYHOIO, KAK B Ipe-
ABLayInen 3agade). Irobsl usnoxurs aaropurm MakKpenra, koTopsii pe-
IAeT DTY 3a0a9y, HAM TOHALOOATCA HEKOTOPHIE TPUTOTOBICHUS.

[ madana onwuineMm GoJee TOAPOOHO CTPYKTYPY AE€PEBA, KOTOPOE MEI
UCTIOIB3YEM, ¥ OTIEPAINA C HUM.
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Mer paccmaTpuBaeM gepeBbsi C KOPHEM, HA PEOPAX KOTOPHIX HAIACAHEL
ca0Ba, (MOMETKN); BCE TOMETKY ABJIAKTCA MONCIOBAMA HEKOTOPOT'O 3aPaHEee
uxcupoBannoro ciaosa Y. [Ipu 3TOM BLIIOIHEHBI TAKUE CBOUCTBA:

® KaX[as BHYTPEHHss BEPIIMHA UMEET XOTs Obl IBYX CHIHOBEH;

® OMETKM Ha PEOpAxX, BLIXOIAIINX U3 AAHHOU BEPUIMHBI, HATHHAIOTCA
Ha pas3Hble OyKBHI.

Kaxou Bepmmee v TAKOTO Ie€peBa COOTBETCTBYET CJIOBO, KOTOPOE 3a-
MUCAHO HA MYTHU OT KOPHA " K BEPIIMHE v. ByxeM 0603HAYATH 5TO CJIOBO S(v).
O6o3HaunM MOMETKY Ha pebpe, BeayumeMm K v, depes [(v), a oTma Beprum-
uer v — uepes f(v). Torga s(r) = A (mycroe caoro), a

s(v) = s(f(v)) +1(v)

VI TIOOOU BEPIIWHEL U 7 7 (3HAK «+» 0603HAYAET COEUHEHUE CTPOK).

Ilomumo Bepimu gepesa, MBI OyIeM pACCMATPUBATEL NO3UYUYU B HEM, KO-
TOpBLIE MOTYT OBITH PACTIONOXKEHBI B BEPIIUHAX, & TAKXKE (BHYTPH PEGEp»
(pasmessa moMeTKy >TOro pebpa Ha aBe dacTu). POpMaIbHO TOBOPS, IO-
3unusa npegcrasiger cobou mapy (v, k), rae v — BepumHa (OTIXYHAA OT
KOpH:), a k — menoe 1ducao B npomexytke [0,]l(v)|), ykaswiBawoomee, Ha
CKOJIBKO OyKB HaJ0 BEPHYTBCSA OT ¥ K KOPHIO. 3zech |l(v)| — mamHa no-
MmeTKH [(v); 3Havenue k = [(v) cOOTBETCTBOBATO ObI MPEABIAYIIEN BEPIINHE
U MOTOMY He HOmyckaeTcs. K «duciay mosuiuil Mbl JOOABIAEM TAKXKE Ia-
py (r,0), coorBeTcTByMOIYI KOpHIO AepeBa. Kaxkgon mosuuuu p = (v, k)
COOTBETCTBYET CJIOBO S(p), KOTOPOE MONYydaeTCs yAaJeHUEM Kk IOCIeHUX
cuMBOJIOB u3 $(v).

Ilycres p — npousBoJbHAs mO3UIUA B AEpeBe, a w — CIOBO. IIlpouTun
BIOJb W, HAUUHASA C P, O3HAYAET HAUTHU APYTYIO HOBULUIO ¢, 1JI KOTOPOU
s(¢) = s(p) + w. Ecan rakas mosuuua ecThb, TO (IpU OMUCAHHOM CIIOCOOE
XPaHEeHUA MOMETOK, KOT1a YKA3BIBAIOTCA KOOPANHATEL UX HAYANA U KOHIA
BHYTpU Y) €€ MOXHO HAUTHU 33 BPeMs, IPOHOPLUUOHAILHOE JIAHE CIOBA W.
Ecin Takon nmoswnum HET, TO B KAKOU-TO MOMEHT MBI «CBEPHEM C IIyTHY;
B DTOT MOMEHT MOXHO TIONMOJHUTEL NEPEBO, CHEJIAB OTCYTCTBYIOIIYIO B Ie-
peBe YacTh CIOBA W MOMETKOU Ha MyTH K HOBOMY JucCTy. Hamo TOJBKO,
9TOGBL 3Ta IMOMETKA OBLIA HMOACIOBOM CJI0BA Y ([IpU HAIIEM CHOCOOE XpaHe-
HUs [IOMETOK); 5TO OyAeT rapaHTUPOBAHO, €CJIU IPOCIEKUBAEMOE CJIOBO W
SABIAETCSA TOICJAOBOM CIOBA Y .

3aMeTuM, UTO TpHU BTOM MOXKET OOpA30BATHLCA HOBAA BEPIIMHA (eCau
Pa3BUIKA OKA3a1aCh BHYTpHU pedpa), & MOXKET 1 He 00pa30BaTHCA (€Cau pas-
BUJIKA OKa3aJach B BepiiuHe). uciao AeUCTBUM MpU TAKOU MOAW(DUKAIUN
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IPONOPUMOHAIBLHO [IJIMHE IPOUIEHHOU YaCcTH (JIOBa (IJMHA HEIPOHJEeHHON
He BaXKHA).

OKa3BIBAETCS, YTO HABUTALNIO B IEPEBE MOXKHO YCKOPUTD, €C/IN 3apaHee
M3BECTHO, YTO OHA OyJeT YCIEIIHON.

10.8.4. IlycTep @i DAHHOW NO3UIMU P W CJIOBA W 3apaHee M3BECTHO,
9TO B [epeBe ecTb mosuuus ¢, aas koropou s(q) = s(p) + w. Iokasars,
9YTO NOBMIUIO ¢ MOXKHO HAUTH 33 BPEMs, IPOMOPIUOHAILHOE IUCIy PEGEp
I€peBa Ha MyTH OT P K ¢. (DTO YUCIO MOXKET OBITH 3HAUYATEILHO MEHBIIE
[JIMHBL CJIOBA W, €CJAM IOMETKHU Ha pEOpax IJVHHEIE. )

Pemenne. B camoMm zpese, Ipu HABUT AN HYKHO OPUEHTUP OBATHCA JIUIIH
B BepIIMHAX (BLIOMPATH MCXOJsIee PEOPO B 3ABUCUMOCTU OT OYEPEIHOU
OYKBBL); B OCTAJIbHBIX MECTaX IIyTh OJAHO3HAYHBIM U IIOTOMY MOXKHO CJIBU-
raThCA Cpa3y K KOHIY pebpa. ]

TMoxeeném uroru. PaccMOTpEHHBIN CITOCOO XPAHEHUA 1€DEBHEB TTO3BOA-
er (411 PUKCUPOBAHHOIO CIOBA Y)

e co3aaTh nepeBo u3 ogHoro xopHsa [O(1)];
e HanTy OTIA JHO0K BepumHbL (Kpome KopHs) [O(1)];

® y3HATH NOMETKY JIO0OK BEPIIMHBL (KPOME KOPH:), TO €CTh MOMETKY
Benymmero x et pe6pa [O(1)];

® IPOUTH U3 JIOOOU MOBULUKA P BIOIL JIOOOrO CJIOBa W, €CAU 3apaHee
M3BECTHO, YTO MBI HE BLIAEM 13 JE€PEBA; PE3YIbTATOM ABIACTCA 03U~
s ¢ B Aepese, 11 koropon s(q)=s(p)+w [O(aucno pébep Ha myTn)];

e 106aBUTH CJOBO W (HEKOTOPOE HOACIOBO CI0Ba Y ), HAYaB C MO3UIIUH P;
eC; TIpUM DTOM B [IEPeBe HET TMO3WINM ¢, Aas xkoropou s(q) = s(p) +
+ w, TO NEPeBO MEHACTCA W TAKasd TO3WIAA g CO3AaéTca (oHa OyaeT
quctom) [O(uucao 6yke B w, He Bomeamux B 1(q)];

® HAKOHEI, I JI000ro ¢1oBa X MOXKHO BBIACHUTL, HAUAETCSA JU B Je-
peBe mosunus ¢, 11 koropon s(q) =X [O(]X])].

B kBagpaTHBIX CKOOKAX YKA3AHO YMUCJAO JEUCTBUM MPU BLIIOJHEHUN CO-
OTBETCTBYIOIINX OIIEPAIIIL.

Emé mpr OygeM XpaHWTb B BepIIMHAX gepeBa «Cy(OdUKCHBIE CCHLIKNY
(B kaxgoU BepimHe OygeT He OoJee OQHOU CCHLIKA HA APYTYIO BEPIIKHY ),
HO CHa4YaJIa HAJO OOBACHUTD, ITO 3TO TAKOE.

Hauuém ¢ moanoro (He ckaToro) cyp@UKCHOrO mepeBa s CIoBa Y.
Kaxnon ero Bepuvbe (KpoMe KOPHA) OTBEYAET HEKOTOPOE HEMyCTOe TOJI-
cnoBo cmoBa Y. Eciam MEI OTpexeM y 3TOr0 IOICJIOBA NMOCTETHION OYKBY,
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TO B I€peBe CIyCTUMCA Ha OAuH mar K kKopHio. Ho 4ro Oymger, ecaum Mbl
oTpexeM mepByio OykBy? CHOBa MOMYyYIUTCSA MOACIOBO, HO OHO yXke OyaeT
COBCEM B ADPYI'OM MECTE JEPEBA.

BoT Kak BHINIALAT 2TU IEPEXOALL B HAILEM IpuMepe (OTpe3aHue nepBou
OYKBBL COOTBETCTBY€ET IIyHKTUPHOU CTPEIKE):

OTHU CTPEIKH MBI OyeM HAa3BIBATH CYPHUKCHBIMU CCOLAKAMU, TTOCKOTb-
Ky OHHW COOTBETCTBYIOT TEPEXONy OT CIOBA K €ro Cy(ppUKCy HA eIUHUILY
Menbmen gLl OHE OmpeneNeHs 1A BCEX BEpIINH, KpOME KOPHI.

DopMasbLHO MOXKHO CKa3aTh Tak. IlycTs w’ o3HavaeT c10BO w 6e3 mep-
Bou OykBel (w' ompegeneHo mjs Jax060ro Hemycroro ciaosa w). Torma cyd-
(UKCHAsA CCBITKA BENET W3 BEPUIMHLL P B Bepumuy ¢, ecau $(q) = s(p)’ (ma-
NOMHEM, 9TO $(U) — CJIOBO, COOTBETCTBYIONICE BEPIIAHE U).

10.8.5. Kax cBs3anbl Cy(pPUKCHBIE CCBUIKY IBYX COCEIHUX BepUIMH (OT-
Ua u cuiHa)?

OrBer. OHU yKA3LIBAIOT HA COCEIHNE BEPIIWHEBI, U OYKBA HA COEIUHSIO-
meM ux pebpe Ta XKe caMas. O

10.8.6. [lokazaTh, ITO IpH HEPEXOE K CKATOMY Cy(PPUKCHOMY AePEBY
CCBUIKHU TO-TIPEKHEMY UIyT U3 BEPUIVHLI B BEpIIUHY (& HE BHYTPb PEGED).

Pemenue. B camom mene, mo Halemy MpPEANOIOXKEHUIO MOCHETHAST Oy-
KBa CJOBA OOJIbIIE B HEM HE BCTPEYAETCS, IODTOMY U3 JUCTA CCHLIKA BEIET
B JuCT. A ecau BepuvHa (OTIUYHAA OT KOPHA) ABIACTCA TOYKOU BETBIE-
HUsA, TO COOTBETCTBYIOIIEE €U CJIOBO § BCTPEUACTCSA C PABIUIHBIMU OYKBAMUI
mocse Hero. [pyrumu ciaoBamu, I HEKOTOPHIX OykB @ u b cioBa sa u sb
SABJIAIOTCA MOACTAOBAaME cI0Ba Y. OTpe3aB 0T HUX MEPBYIO OYKBY, MOJYIUM
cioBa s'a u s'b, KOTOpEIE TAKXKe ABIAIOTCA MOACAOBAMHU CIOBA Y, MOBTOMY
u s’ ABIAETCA TOYKOU BETBJICHUA. ]

Bot 4To monyuuTca gas Hamero mpumepa:
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Teneps Mbl yke roTOBH K u3noxenuto anropurma MaxKpenta. Cxa-
Toe cyQpPUKCHOE AePEBO CTPOUM ITOCTENEHHO, T00ABIAA K HEMY CY(PDUKCH
mo Mepe yMeHbiieHus ux aauubl. O603uaduM 4depes Y; cyddukc, HaunHA-
roumucs ¢ i-ou Oyksel cioBa Y. (Takum obpasom, Y1 =Y, a Y), cocTour
u3 ogHon Oykshl.) [locse ¢ waros mocTpoenus Haime gepeBo OyAeT XPaHUTh

Yi,.... Y.

10.8.7. Ilokasarb, YTO Cy(PPUKCHBIE CCHLIKKA B TAKOM AEPEBE OIpemeie-
HBL KOPPEKTHO (BeayT B APYI'YIO BEPLIMHY TOI'O XK€ AePEeBa) M/ BCeX Bep-
IIIMH, KPOME, BO3MOXKHO, TIOCJAETHET0 NOGABIEHHOTO JUCTA (COOTBETCTBYIO-
IIEro CIOBY Y;) U €ro OTuA.

Pemerme. B camom pgene, cypduUKCHAA CCBUIKA U3 JHCTa Y; BEIET
B miCT Yj41, U IOTOMY €H ecTh Kyja BecTH. PaccMoTpuM Teneps BHyTpeH-
HIOIO BEPINUHY v, HE ABJIAKNIYIOCA OTIOM MOCIeIHEro JucTa. IlycTs B HEn
Pa3BeTBIAIOTCA JBa IIyTH B JUCTBA Y; U Yj. Bes orpanmdenna o6mHOCTH
MOXKHO CIUTATh, 9TO j, k < i (ecau ogun u3 myTel BeI€éT B Y;, TO €ro MOXKHO
3aMEHUTH APYIUM, BeIb BEPIINHA U IO IPEINOJIOKEHUIO HE [TOCIeIHIA Pa3-
BUIKa HA 5TOM myTu). OTpe3aB OT 5TUX MyTeH MEePBBIA CAMBOJ, MOTYIUM
OyTH B JUCTbA Y41 U Yj11; 9TH IyTH OPUCYTCTBYIOT B AepeBe (IOCKOJIb-
Ky j+ 1 u k + 1 He npeBOCXOAAT %), & TOYKA UX PA3BUIKMA OyAeT KOHIOM
Cy(pPUKCHOU CCBLIKY BEPLINHEL V. O

CydukcHbE CCBUIKU [ JUCTHEB HAM HE MOHAI00ATCSH, M BHIYUCAATH
MBI UX He OyJeM, a Mg BCeX OCTAJbHBLIX BEPIINH NepeBa MBI UX OyIeM BBI-
YUCIATH U XPAHUTH. Bosee TOYHO, MOCHe ¢ MAaroB airopurMa

® B JepeBe XPaHATCA CIoBa Y7, ...Y; (1 Bce ux Hadana);

e ajJpec JUCTa, COOTBETCTBYIOMErO MOCICIHEMY MTOOABJCHHOMY CyQ-
¢dukcy (Y;) XxpaauTcsa B nmepeMeHHOn last;

® Il BCEX BHYTPEHHUX BEPIINH IePeBA, KPOMe, OBITh MOXKET, OTIA BEP-
mIUHGL [ast, XPAHUTCA TPABUILHAS CYy(EOUKCHAS CCHLIKA.

Hano momsaTh, xak mogmep:kuBaTh 3TO IpU NOOABIEHUU OYEPETHOIO
cyddukca. MoxHO, He MyAPCTBYA JIyKaBO, TOOABIATL Y;i; OykBa 3a Oy-
KBOU, HAYUHAA C KOpHA nepeBa. (IMEHHO Tak MBI paHbIIe U JEIAIA, U DTO
TPe6GOBAIO KBAAPATUIHOIO BPEMEHU. )

Kakue Tyt BO3MOxkHBI onTuMusanuu’ [lepBas cBs3ana ¢ TeM, 9YTO MBI
MOXKEM JBUIATHLCA IO AePeBy OBICTPee, eCIy 3HAEM, ITO 3aBeIOMO U3 HEro
He BRIIAEM. BTopas cBA3aHA C UCTONBL30OBAHUEM CY(HPUKCHBIX CCHLIOK.

O6a BapuwaHTa TPEANOIATAIOT, UYTO OTEIl U JUCTA last HE COBHATAET
¢ xopueMm. (Ecam coBmagaer, Ham mpugérca noOaBIATH Yjiq OT KODHA.)
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IIycre tail — nomerka qaucra last, a head = s(u); Apyrumu cjaoBaMu, CIOBO
head coorBeTcTByeT Bepimue u. Torma

Y; = head + tasl.
OTpesas mepByio OyKBy, MOLYyIaeM
Yit1 = head’ + tail.

3ameTuM, 9TO head’ 3aBeIOMO He BLIXOAWT 34 Ipejeasl gepesa. B ca-
MOM fefe, ¢ OBLIO TOYKOUW BETBIEHUs, MOXTOMY MOMUMO JUCTA Y; depe3
TOYKY u mpoxoaut u ucT Y; ¢ j < ¢. Torga Y; naunnaeTcsa Ha head, a Y1
HaumHAeTCAa Ha head’ m yxKe eCThb B AepeBe.

TlosToMy MEI MOXeM CHadaIa IPOCIennTh head’ (HAUTH MO3UIAIO U, AA
koTopon s(v) = head’), a moToMm yxe 106aBUTH tail, HAMWHAL C V.

Ilepsum cnoco6 ontuMmmsanuu: head’ 3aBegoMo ecTh B Aepese.

OTa ONTUMU3ANUA HUKAK HE UCIOAb3YeT Cy(PUKCHBIX CCBHLUIOK. BTopon
cocol ONTMMU3ALUYM UX KUCIOAb3yeT U IIO3BOJIAET (B TOM CIydae, KOrIa
npuMeHuM) OGOUTUCH (€3 MPOCACKUBAHUA Y;y1 OT KOPHA (KaK yCKOPEH-
HOTO, Tak U OOBIYHOrO). IlycTh HA myTH K JucTy last, TPEICTABIIAIIIEMY
cydoduxc Y;, umeercsa Bepumua v, y KOTOPOoUu Cy(POUKCHAA CCHUIKA YKA3hI-
BaeT Ha BepmmHy w, Tak 910 s(w) = s(v)’. IlycTb p — caoBo Ha myTH OT ¥
K last. Torga

Yi=s()+p, Yip =Y/ =s(0) +p=s(w)+p,

u n1a nobaBreHuA Y11 B AepeBO ZOCTATOYHO AOOABUTH CIOBO P, HAYMHAA
C BEPUINHEBL W.

Bropon crmocob onTuMusanny COYETaeTCA C IePBLIM: OTPE30K CJIOBA, P
OT ¥ IO OTIA JUCTA last MOXKHO MPOXOMUTH C YBEPEHHOCTBIO, ITO MBI HE
BEINEM 33 TPENETbl IePEBAa.

Nrax, MBI MOXEM OMUCATH IEUCTBUA, BHIMOIHAEMBIE TIPU TOOABICHUN
odepenHOro cyddurca Y;1; B IepeBO, CAEIYIOMNUM 00pa30M.
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1{’}' [Yit1]
‘\L‘ last Y]

v

Bropon coco6 onTuMusanyuy: noab3yeMca cyPpOUKCHOU CCHLIKOU
BepIINHLI HA OyTH K last.

Ilycte u — oren aucta last, COOTBETCTBYIOIIETO MOCICIHEMY YK€ J10-
6aBieHHOMY cyddukcy Y.

Caydan 1: u ecTh KOpeHb gepeBa. Torga HU OQHA U3 ONTUMU3AIUN HE
OPUMEHNMA, ¥ MBI 100aBIAeM Y41, HAYAHASA OT KOPH.

Caydanm 2: u He ecTb KOPEHb NepeBa, HO OTEIl U e€CTb KOPEHb [epe-
Ba (mmcr last maxogurcs ua Beicore 2). Torma Y; = head + tail, roe head
u tail — momeTku BepunH u u last. MBI TpUMeHsAeM MEPBYIO ONMTUMUBAIINIO
u mpociaexuBaeM head’ ¢ TapaHETHER 1O HEKOTOPOU MO3WIMU Z, & TOTOM
mobasaseM tail oT z.

Caydanm 3: u He eCTb KOPEHb JepeBa M ero OTell ¥ TAKXKEe He eCTh
KopeHb gepeBa. Torma mis v uMmeeTcs Cy(dpPUKCHAs CCBLIKA HA HEKOTO-
pyro BepumHy w, u s(w) = s(v)’. lycts pretail — moOMeTKa BEPIIUHLI W,
a tail — nometka aucta last, mpu srom Y; = s(v) + pretail + tail m moTomy
Yit1 =Y/ = s(w) + pretail + tail. Ocraérca npocrenuts pretail oT Bepruu-
HBI W C TAPAHTUEH, TOIYIUB HEKOTOPYIO MO3UIMIO 2, & TOTOM H00aBUTH tail
OT BEPIIUHEL Z.

Ocraéres emé MOHATH, KAK [OJAIEPKUBATL CTPYKTYPY CyhDPUKCHBIX
CCBUIOK (aIpeC HOBOIO JIMCTA Y HAC IOLYIaeTCA TIpU JOOABICHUM CaM COGO,
TaK 9TO ¢ HUM NPOOJIEM HET) U OUEHUTDH YUCJIO JEVCTBUU NPU BHIIOJHEHUN
3THUX IPOUEAYP HOCAeTOBATENIbHO MJIA BCEX CY(PPUKCOB.

Hauuéum ¢ cyppuxcubix ceouiok. I1o mpaBuiaM OHE JOMKHBL OBITH ¥ BCEX
BHYTPEHHUX BEPLINH, KPOME OTILA TOJBKO 9TO J06aBIeHHOro aucta. [loaTo-
MY HaM Ha0 3a60TUTLCA 06 oTIe JucTa last, COOTBETCTBYIEro Y; (3ToT
JIUCT TIEPECTAN OBITH «TOJBKO UTO JOOABICHHBIMY; HATIPOTUB, € TUHCTBEHHA
HOBAs BEPIIVHA KaK Pas ABIAETCA OTIOM TOJBKO UYTO JOOABIEHHOTO JUCTA,
u B Hel Cy(pPUKCHAS CCHUIKA He HyXkKHA). JTO aKTyaJbHO B CIydasx 2 u 3,
HO B THUX (JIyYasiX IO XOAy fAeja ObLIa HAUAEHA HyXKHAS BEPLIMHA 2, KYIa
u OymeT HampamieHa cyddukcHas ccouika u3 u. CTpoOro roBops, z MOTUIA
OBITH HE BEPINUHOW, a TO3UIMEN, HO TOTa MOCAe NOOABICHUS OHA CTAHET
BEpIIXHON (OTIOM TOJBKO YTO TOGABIECHHOTO JUCTA) — BEAb B HOBOM [e-
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peEBe u yxXKe He ABJAAETCS OTIOM HOCJIEIHEr0 JUCTA, U IIOTOMY Cy(ppuKCHaS
CCBLIKA W3 U, KaK OBLIO NOKA3aHO, NOKHA BeCTU B Bepiuuny. ([Ipyrumu
CIOBaMU, B CAyYaaxX 2 U 3, €CJau MO3ulus 2z ObLia BHYyTpU pebpa, TO B HEU
pebpo paspe3aeTcs.)

BCé CKa3aHHO€ MOXXHO YCJIOBHO 3aIIXCAaTh B BUAE TAKOI'O aJr'OPUTMa JO-
6aBaenus cydduxca Yii1:

{ mepeso conepxkut cydpdukcs Y1,...,Y;

s(last) =Y;

UMEIOTCS KOPPEKTHBIE Cy(OPUKCHBIE CCHUIKU A BCEX

BHYTDEHHUX BepIIUH, KpoMe OoTua jaucta last }
u ;= orer JucTa last;
tail := momeTka saucra last;
{Y;=s(u) + tail }
if u = kopeHp mepeBa then begin
{ Y;q.l = tail/ }
no6aBuTh tail', HauMHAS ¢ KOPHS,

MOy I€HHBIN JUCT IOMECTUTE B last
end else begin
U := OTeI] BepIINHEL U;
pretail := OMETKAa BEPIIVHLI U;
{Y; =s(v) + pretail + tail }
if v = xopeHB gepeBa then begin
{ Yip1 = pretail’ + tail }
npocaeauTs pretail’ U3 xopHA B z
end else begin
w = cyPPUKCHAA CCBUIKA BEPIIUHEL V;
{ s(w) = s(v)’, Y11 = s(w) + pretail + tail }
mpocaenuTs pretail u3 w B 2
end;
{ ocranocey no6aBuTh tail U3 z M CCHUIKY U3 U B 2 }
if mosumnus z ABIgeTCA BEepIIMHON then begin
[IOMECTUTD B U CCBLIKY HA Z;
IO6ABUTH tail, HAMUHAA C Z,
TIOJIY Y€HHBIN JILCT IOMECTUTD B last;

end else begin

I00aBUTH tail, HAMUHAA C 2,

[IOJIy YE€HHBIN JUCT MOMECTUTH B last;
TIOMECTUTD B U CCBLUIKY HA OTIA JUCTA last;
end
end;
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Ocranock OUEHUTD YUCIO ACUCTBUR, KOTOPBIE BBITOJIHIIOTCS IPU MOCHE-
IoBaTEIHLHOM noOaBreHun cyhduKcoB Yy, ..., Y,,. lIpu robaBreHnn Kaxmo-
ro cregymoomero cyd@uKca BBHIIOIHACTCA OIPAHUYEHHOE KOJMYECTBO [Ieu-
CTBUU, €CIM HE CIUTATH MEUCTBUU MPU «IPOCICKUBAHUMY U «I00ABICHUM .
Ham mazmo ycranoBuTb, 9T0 0obmee uucio gercreuil ects O(m); nuas sTo-
O JOCTATOYHO OTIEJBHO A0KA3aTh, YTO CyMMAPHOE YUCJIO NEUCTBUU MIPU
BCEX TPOCICKUBAHUAX ecTh O(m) U CyMMapHOE YUCJO ICUCTBUL TIPU BCEX
npob6asaeruax ectb O(m). (3ameTunM, 9TO HEKOTOPHIE MPOCICKUBAHUA I
I0GABJEHUA MOTYT OBITH JOJTCUMU — HO DTO KOMIIEHCUPYETCA APYTUMU. )

Ipocrexusanma. [[IuTeIbHOCTS IPOCACKUBAHUA IPONOPUUOHAILHA, T1-
cay k 3aIeMCTBOBAHHLIX B HEM PEGEP, HO NMPU 3TOM BBICOTA IOCJIEIHErO
BOOABIEHHOrO JucTa (4uciao pébep Ha MyTH K HEMY) YBEAMIUBACTCSI HA
k — O(1) (mo cpaBHEHHIO C IPEABIAYIIMM JOOABICHHBIM JUCTOM). 1TOOBI
yOequThCA B DTOM, TOCTATOIHO 3aMETUTh, YTO B TPETHEM CIydae BHICOTA,
BepIIKHEL $(w) MOXKET OBITH MEHBIIE BHICOTHI BEPUIMHLL $(v) pasBe 4TO Ha,
eIUHULLY, IIOCKOIBKY Cy(Q(UKCHBIE CCHLIKA U3 BCEX BEPIIMH HA IMyTH K v (HE
cuuTas KOpHs, rae HeT Cy(QQUKCHOU CCHLIKA) BEAYT B BEPUIMHBLL HA [IyTH
K w. [TockompKy BeICOTA JI060r0 JUCTA OrPAHUYEHA UCIOM 171, 3AKII0IaEM,
9ITO O0IIAs AINTEILHOCTh BCEX MpociekuBanui ectb O(m).

[loGarnenua. PaccyxgaeM aHAJIOTUYHO, HO CIEIUM HE 33 BBLICOTOU TO-
CJIEIHEro JUCTA, & 33 IJIWHOU ero noMeTku. [lpu no6asienun ciaosa tail (niu
tail’) 9MCaIO KEMCTBUU MPOMOPIMOHAIBLHO YUCIY IPOCMOTPEHHBIX OYKB, HO
Kaxk1as MPOCMOTPEHHas OykBa (KpoMme, OBITh MOXKET, OJHOU) YMEHBIIAET
[IUIMHY IOMETKHU XOTsI OBl HA @IVHMUIY: B IIOMETKE OCTAIOTCS JIUIIb HEIIPOCMO-
TpenHble OykBeL (He cuuras nepson). [losromy Ha Bce 100ABIEHUs yXOAUT
B o0mien croxkuHoctu O(m) KencTBum.

TeM CaMbIM MBI JOKa3aJdu, ITO OHI/IC&HHBII?I AJITOPUTM CTPOUT CXKaToe
cyddukcHoe nepeso caosa Y maunbt m 3a O(m) geuctsui. [locre s3Toro aus
m060ro caoBa X AAuHBL 1 MOXKHO 3a O(n) NENCTBUN BBUACHUTD, ABIAETCS
au X MmOACIOBOM CJIOBA Y .

10.8.8. Kak MoauduimpoBaTh aIropuTM DOCTPOeHusI cyhOUKCHOTO Ie-
peBa, 9TOOBI HE TOJIBKO Y3HABATH, ABIAECTCA JU JAHHOE CJIOBO X IOLCIOBOM
caoBa Y, HO u (ecau SBASETCs) yKasblBaTb MECTO, e OHO BCTPEYAETCS
(0ZHO M3 TAKMX MECT, eCIu UX HECKOIbKO)? Bpewms mocrpoenus mo/mkHO
ocraBatwcsa O(|Y|), spemsa noucka nogciosa — O(] X]).

Pemrenwme. Kaxnas Bepmmaa cxaTtoro cy(QuUKCHOIO gepeBa COOTBET-
CTBYET HEKOTOPOMY TOICJIOBY CJIOBA Y ; B MOMEHT, KOT'Ia DT BEPIINHA OBLIA
mo6aBIeHA B I€PEBO, U3BECTHO, B KAKOM MECTEe €CTh TAKOEe MOACIOBO, M MOXK-
HO 3aIKCaTh B BEPIINHE, I'Je COOTBETCTBYIOIIEE MTOACIOBO KOHIaeTcsa. [
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10.8.9. Kak mMoampuiupoBaTh 3TOT AJICOPUTM, YTOOBI MJIA KAaXKIO[O
MO/ICTOBA, MOXKHO OBLIO Obl YKAa3bIBATL €r0 MEpBOE (CaMoe JeBOe) BXOXK Ie-
uue?

[Ykazanue. IIpu BOSHUKHOBEHUU HOBOU BEPIIUHEL HA PeOpe HyKHO OPaTh
e€ nepBoe Bxox aeHue (MHMOPMALMs O KOTOPOM €CTh HA KOHIE peGpa), a He
BTOPOE, TOIBKO ITO OOHAPYKEHHOE. | (]

10.8.10. Kax mMoauduumpoBaTh 3TOT AITOPUTM, ITOOBI MJIA KaxKIOTO
HO/ICIOBA MOXKHO OBLIO OBl YKA3BIBATH €r0 MOCJAeIHee (caMoe IpaBoe) BXO-
xaerne’?

[Ykazanue. Eciu npu kaxgoMm mpoxoge KOPPEKTUPOBATH UHMOPMALMIO
BIIOJBb Iy TH, 3TO OyAeT 01r0; OBICTPee IOCTPOUTD 1ePEeBO, 3aTeM BHOBB €10
000OUTY U /IS KaXK JOU BEPIINHBI BEIYUCIUTEH MOMEHT MOCICIHETO MOABICHUS
COOTBETCTBYIOIIErO MOACIOBA. | (|

10.8.11. Kax ucmoab3oBaTh cxkaroe cyp@PUKCHOE XEePEeBO, ITOOLI I
JaHHOro cioBa Y 3a Bpems O(|Y|) maiitu camoe IIMHHOE HOACJIOBO, KOTOPOE
BXOIUT B Y 60Jee 0qHOTO pasa’

Pemenue. Takoe MOACIOBO ABAAETCA BHYTPEHHEW BEPIIMHOU CKATOTO
cydUKCHOrO AepeBa, MOITOMY JOCTATOYHO M3 BCEX €r0 BEpIINH B3ATH
Ty, KOTOPOU COOTBETCTBYET CaMO€ MJIUHHOE CJI0BO. s 3TOro mocrarod-
HO OOOUTHU BCE €r0 BEPIINHBI (,qJIHHy MOXKHO BBIMMCJIATH IO Mepe 006X01a,

CKJIAIbIBASA IJIVHBI IOMETOK HA PEOPax). (]
Ha mpaxTuke MOXHO UCIOIB30BATH TAKXKE U APYTON CIOCOO HAXOXK I~
HUA CaMOT0 IIMHHOTO MOACIOBA, BXOMAIIETO IBAXK LI, — TaK HA3BIBAEMBIN

maccus cyddurcos. A nvmenno, OyaemM pacCMATPUBATL UUCIO | KAK «KOI»
KOHIIA, CJIOBA, HAYMHAIOWIErO C i-0i OyKBLI. BBemnéM Ha Komax moOpsgoK, CO-
OTBETCTBYIOLKH JEKCUKOIPADUICCKOMY (CAOBAPHOMY) HOPSAKY HA CJIOBAX:
KO 4 TIPEANIECTBYET KOAY j, €CJIU KOHEI] CJIOBA, HATMHAIOIIAUCA C §, B JEKCH-
KOrpaduIecKOM HOpALKe UAET PAHBINE KOHIIA CJI0BA, HAUMHAIOUIETOCT C j.
ITocne sToro orcoprupyem KOAbl B COOTBETCTBHAU C 3TUM MOPSAKOM, IIO-
Jy9UB HEKOTODYIO IIepecTaHoBKy Maccusa 1,2,3,...,m (rme m — miauHa
ucxoguoro ciaosa Y). Eciu kakoe-to cioBo X BXoautT B €i0BO Y ABAXKIHL,
TO OHO SIBAAETCA HAYANIOM IBYX KOHIIOB caoBa Y. Ilpm 5ToM 5T KOHIIBI
MOXHO BBIOPATL COCETHUMU B JEKCUKOTPADUIECKOM HOPAIKE, MOCKOJLKY
BCE IPOMEXYTOYHBIE CJIOBA TOXKE HAYUHAIOTCA HA X. SHAYUT, JOCTATOIHO
[UIsI BCEX COCETHUX KOHIIOB IOCMOTPETH, CKOJIBKO HAYAJIBHBIX OyKB y HUX
COBIIAQIAET, U B3ATb MAaKCAMYM.

DTOT €crnoco6 TpeOyeT MEHbIIe MAMATY (HAM HYKEH JUIIbL OJUH MACCUB
U3 LEABIX YUCEJI TOU K€ [IJIUHBI, 9TO MCXOQHOE CJIOBO), HO MOXET Tpe6o-
BaTh OOJIBIIOIO BPEMEHU: BO-IIEPBBIX, COPTUPOBKA caMa II0 cebe TpebyeT
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nopsaka m log m cpaBHEHUN, BO-BTOPBIX, KAXK [O€ CDABHEHUE MOXKET NJIATh-
€A IOTO, €CAUM COBMAIAIOIINN KycoK Goabinon. Ho B caydasx, KOraa, mJIWH-
HBIX COBITAIAIOIIAX KYCKOB MAJO0, TAKOU aJrOPUTM PabOTAET HEILIOXO.

10.8.12. IIpumenwuTs OgUH M3 TAKUX AICOPUTMOB K JIOOMMOU KHUTE
7 OOBACHUTH PE3yJabTaT.

[Ykazauue. [[IHHbBIE TOBTOPAIOMINECA KYCKHA MOTYT OBITh XY 10XKECTBEH-
HBIM TpuEMOM (KAK B M3BECTHOM CTUINKE MPO NOM, KOTOPBIU IOCTPOWI
[xek) win crencTBueM 3a0BIBIMBOCTU aBTOpaA. [lIA COBPEMEHHBIX aBTO-
POB BO3MOXHO TaKXkKe HEYMEPEHHOE HMCIOAB30BAHME (DYHKIIUM BLIPE3AHUA
U BCTABKU (3aIMBKU TEKCTA B MBIIIb W BLLIMBAHUA U3 MBIIIH, €CJIHA UCIOTb-
30BaTh rpaduueckuil uHTEPQENC) B TEKCTOBOM PELaKTOope. | |



11. AHAIN3 UTP

11.1. lNpumepsl urp

11.1.1. [IBoe mrpatoT B Takyio Urpy: Ha crose Jexkut 20 Coudek; urpa-
IOIUE 110 OYePesu MOI'YT B3SATb OT 1 10 4 crmvex; KTO HE MOXET CHelIaThb
xoza (cumvek He OcTadoCh) — mpourpeBaeT. KTo BelUrpeIBaeT mpu mpa-
BUILHOU Urpe?

Pemenue. Bropont BuurpeiBaer, eciau OygeT AOMOJHATH XOI MEPBOIO
10 5 criviex (ecau mepBEIU 6EPET OHY, BTOPOU TOKEH B3ATH Y€THIPE U TaK
nanee). Torga mocae 9eTHIPEX PAyHIOB COIUYEK HE OCTAHETCA U IEPBHIA

IPOUTPAET. |
11.1.2. KT0 BIUTpaeT — MEPBBIM WIX BTOPOU — ecau cnudek ue 20,
a 237

Pemenwue. TlepBrin: €civ OH BO3BMET TPU COUYKU, TO CTAHET BTOPHIM
B yXke pasoOpaHHOU UTPE U MOTOMY CMOXKET BHIUTDATD. ([l

AHaJIOrUYIHO TOLY YA€ TCA OTBET U [JIA MPOU3BOJIBHONO Yncaa cimdek (IV):
eciu N KpaTHO MATH, TO BHIUTPLIBAET BTOPOU, & €CJAU HET, TO MEPBBIN.

11.1.3. V3meHuM yCJAOBUS UTPHI: MyCTh B3ABIINU MOCIETHIOID CIUIKY
npourpeiBaeT. KTo Temeps BEIMTDHIBAET IPU NPABUILHOU Urpe? |

11.1.4. IlycTs Temepb UTpokKaM paspernreHo 6paTh 1, 2 mwim 4 cnudkm,
a KTO HE MOXEeT COeTaTh XOM, MPOUrpPHIBaeT. KTO BEHIUIPHIBAET IpHU Ipa-
BWILHOU WI'pe, ecau BHadasae Obu1o 20 crmaex?

Pemrenme. 31ech yxe He TaK MPOCTO CPA3y YKA3ATH BHIMTPHIMIHYIO CTPA-
TEeruio [ IepBOro wiu BToporo. HauméMm ¢ HeGOIBIIOro 4mcia CrImdexk,
u300pa3uB paspernéHHble X046l B Buge crpetok (puc. 11.1): Urpok, oxa-
sapuncs B no3unuu 0, mpourpeiBaeT (TAKOBBL IPABUIA), IOSTOMY COOT-
BETCTBYIOUIMI KPYKOK moMeTuM Oykeou II. MIrpox, oxasaBmmucs B mo3u-
uuax 1, 2 mau 4, BEIMTPBIBAET, MOCKOIBKY OH MOXeT 3a0paThb BCE CIUIKU
U [epeBeCTy NPOTUBHUKA IO cTpeike B mosunuio (. IlosToMmy Mel moMmeTnm
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Puc. 11.1. Urpa co cnmakammu.

a>Tu mosunuu 6ykeou B. Temepsb ACHO, YTO MO3UIUA 3 ABIACTCSA MPOUTPHIII-
HOU: U3 He€ MOXKHO MOUTH TOJBKO B 1 M 2, M TOrjga NpOTUBHUK (KAK MBI
yxke 3HaeM) Bearpaer. llomerum eé Gyxsou II. [lamee samedaeMm, 9TO 1mo-
sunun 4, 5 u 7 OyAyT BHIMCPBHINHBEIME ([IOCKOJIBKY U3 HUX MOXHO IIONACTH
B IPOUIPBINHYIO /I IPOTUBHUKA TO3UINIO 3; 3aMETUM, 9TO U3 no3unun 4
MOXKHO BHIUTPATh u ObicTpee, nouaa B 0). Teneps BuanHO, uTO mosurmsa 6
OPOUTPBIIHAA (BCE CTPEIKHA U3 HEE BeAyT B BEIUIPHILIHLIE U IPOTUBHUAKA,
NO3UNWN), 8 — BHIUCPHIIHAS, 9 — NPOUTPHIIHAL U TaK JAJEe C IEPUOLOM 3.

Takum 06pa3oM, €Ciau YUCJIO CHUYEK AeJUTCS HA 3, TO MO3ULUSI IPO-
UCPBIIHAS, €CIM HET — TO BeIMIPhIuHAs. [losTomy B urpe ¢ 20 comukaMu
[EPBBLIA UI'POK BHIUTDBIBAECT. ]

11.1.5. Kaxk oH mus 5TOro qOMKeH urparhb?

Pemerve. CTaBuTh NPOTUBHUKA B NMPOUTPHIIIHYIO MO3UIUIO, TO €CTh
CJIEAUTH, 9TOOBL IOCHAE €r0 XO4a UCIO COMYeK OBLIO KPATHO TPEM (B dacT-
HOCTH, B HAYAJE UTPHI B3ATH 2 CIUYKHA, YTOOBI OCTATOCH 18). ([l

11.1.6. Ha cTose JexkaT nBe KyYKU COUYEK: B OQHOU M, B IPYTOU 1. 3a
OJVIH XOJ Pa3pelaeTcs B3ATh J060e (HeHyIeBOe) IUCI0 CIUIEK, HO TOJBKO
U3 OJHOU Ky4KU (MOXKHO B3STh BCe CHMYKY B HEl); KTO HE MOXKET CAEIATh
XO[I, IPOUTPHIBACT. KTO BEIMIPEIBACT IPU IPABUILHOU Urpe’

OTBeT: NpU M = N BHIUTPLIBAET BTOPOU, TIPU 1M 7 1 — TEPBLIN. (|

11.1.7. Ha maxMaTHON JOCKE CTOUT Ja b, KOTOPYIO UI'POKHU II0 OYepe-
[U OBUCAIOT, IPU DTOM Pa3PELIeHO CABUIATH €€ BJIEBO U BHU3 (OCTABJATH
HA MECTE Helb3s); KTO He MOXKET CACNATH X0/, IPoUurpeBaeT. KTo BoMrpel-
BaeT TPU MPABWILHOU Urpe?

[Ykazanue. Kax sta urpa cBsizaHa ¢ npegsraymen?| |

11.1.8. (Urpa «uum») Umeercs k xydek us ny, ..., N CIUYEK; 32 OLUH
XOJ MOXHO B3ATH JM060€ (HEHYJIEBOE) YUCIO CIUYEK, HO TOJBLKO W3 OTHOU
Kydu (MOXKHO B3ATb BCE CIUYKU B HEM); KTO HE MOXET CHEJATH XOI, IPO-
urpeiBaeT. KTO BEIUTPEIBAET PU MPABUILHOU MTpe?
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Pemenwe. 3anumem 4ucaa nq,...,Ng B ABOUIHOU CACTEME CIUCICHUS
IPYT MO APYTOM, KaK €CIM OBl MBI COOMPAIUCH UX CKAAIBIBATEL. KCau B Ka-
XKIOM Pa3psae IMPU dDTOM OKA3AI0Ch YETHOE IUCIO €IUHUI, TO BHIUTPLIBACT
BTOPOU, B OCTAJBHBIX CAydasX — TMepBBIA. B camom meme, ecim BO BCEX
paspagax 9€THOE IUCIO €IWHUI], TO MOCIE YMEHBIIEHUA OTHOI'O U3 THUCE]
KAKOI-TO M3 €r0 Pa3psAn0B U3MEHUTCA WM B DTOM DPa3psAe MOLyIATCA He-
98THOE YIMCAO0 eAUHUI. (DTO COOTBETCTBYET TOMY, UTO W3 MPOUTDLIIIHON
no3unuu 060U X0 BeNET B BEIUTPHILHYI0.) Eciu xXe B HeKOTOPBIX («ILI0-
XUX») Pa3psgax HEIETHOE YMCIO €IUHUL, BO3BMEM CTAPIIUY IIIOXON PA3PAL
U TO W3 YUCEJ, KOTOPOE CONEPKUT B HTOM paspsane ermuuiy. loraa, m3me-
HUB B DTOM 9KCJE BCE ILNIOXWE PA3PAIEL, OLY MM MEHBIIEE IUCI0, KOTOPOE
HOCTABUT IPOTUBHUKA B HPOUrpbILHY0 no3unuio. (CM. npaBuia nis Bbl-
UTPHINIHBIX U IPOUTPHIIIHEX MO3ULIAN B CAEIYIONIEM Pa3aee. ) O

11.1.9. B psax sexar N AMUKOB, B KAXKIOM I3 HUX 10 MOHETE. 3& OIUH
X0 UI'POK MOXKET B3ATH JI00YI0 MOHETY WIN JIOOBIE ABEe MOHETHI U3 COCe-
HUX SIIAKOB; KTO HE MOXET CAEJATh X0, NPOUrPHIBAET. KTO BRIMIPHIBAET
[IpU IPABWILHOU urpe?

Pemenwue. [lepBoili: OH HOKEH B3SATH OJHY WM ABE MOHETHI B IIEHTPE,
a IOTOM CHMMETPUIHO IOBTOPATH XOABI BTOPOI'O. (]

11.2. LleHa urpsl

Anmanmm3upysa urpsl B OpegbIIyIIeM pa3ienie, Mbl UCTIOIB30BAINA CACTYIO-
mue (O9eBUIHBIE) TIPABIIA:

1. Eciin 13 HEKOTOPOY IIO3UIUA P MOXKHO MOUTH (110 CTPEIKAM) B HEKOTO-
PYI0 IPOUrPHITHYIO (/I IONABIIEr0 B HEE UIPOKA) HO3ULKIO, TO IIO3ULUS D
SBJSIETCS BEIACPBIIHON (1JIs [OMABLIEro B Heé).

2. Eciv 3 HEKOTOPOU HMO3UIMK P MOXKHO IIOUTH TOABKO B BHIUI'DBILIHEIE
TIO3UINY, TO TIO3UIUA P ABMACTCA TPOUTPHINTHON.

11.2.1. [loxasaThb, YTO €CJAU IUCJAO TOUIUY B UTPE KOHETHO, HET IUKJIOB
(HEJB3s BEPHYTHCA B OMHAXKIBI IPOUICHHYO TIO3UIINIO) U TIPO BCE 3AKJIHOII-
TeJbHbIE Mo3uLIuK (TIe HeJIb3s CAEJATH XO4a) U3BECTHO, KTO BHIUTDLIBAET,
TO mpaBmia 1 U 2 OAHO3HAYHO Pa3zOMBAIOT BCE MO3UIIAYN HA BHIUTPHIIIHBIE
¥ IPOUCDHIIIHEIE,

Pemrenwe. Bynem npuMensaTs 5Ty npaBmia, MOKa STO BO3MOXKHO. fIcHO,
YTO HUKAKASA TO3UIUA He OyAeT OO0BABIEHA OTHOBPEMEHHO BLIUTPHLIITHON
u mpourpsimHon (s monasmero B He€). Hago aums noxasaTs, 9TO HE
OCTAHETCA «COMHUTEJIBHBIXY MO3UIUN (He OTHECEHHBIX HU K BHIMTDBIIIHBIM,
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HU K [OPOUIDPBIIHBIM). 3aMETUM, 9TO U3 KAXKAOU COMHUTEILHOU IIO3ULUY
BEIET CTPETKa XOTA OBl B ONHY COMHUTEIbHYIO mosunuio. (B camom merne,
€CaM BCE CTPEJKU BEIyT B HECOMHEHHBIE MO3WULKK, TO Ju0OO BCE OHU BHI-
WTPHBIIIHBIE, 00 €CTh XOTh OJHA IIPOUIPHIIIHAA, U MOXHO OBLIO OBI BOC-
HOIB30BATHCA OJHUM U3 ABYX IPABWIL.) SHAYUT, U 110 CTPEIKAM B COMHU-
TeJIbHBIE IO3UINH, MBI PAHO HWJIH 103 JHO [IOLYIUM LUK, 9YTO IPOTUBOPEIUT
TIPEATOI0XKEHUO. (]

11.2.2. CdopMyampoBaTh U JOKA3ATH AHAJOTUIHOE YTBEPKICHUE [T
W'D, JOIYCKAIOIINX HUILU. |

Wrpbl ¢ HUYENHBIM UCXOLOM SABIIOTCA YACTHBIMU CIYYAAMUA KOHEUHbLT
uep ¢ noanotl urnpopmayuel u Hyse60t cymmol, pacCCMATPUBAEMBIX B TEO-
pun urp. YTobbI 331aTh TAKYIO UTPY, HEOOXOAUMO:

1) YKa3aTh KOHETHOE MHOXECTBO, JIEMEHTHI KOTOPOI'O HAa3bIBAIOTCA NO-
3UYUAMU;

2) mns Kaxk[IOM NMOBUINM YKA3aTh, ABIACTCA MU OHA 3AKA0UUMEAbHOU
(urpa 3aKOHYEHA) UIN HET;

3) 1aA KaX[OU 3aKII0IUTEIHHON MO3UIUY YKA3aTh PE3YIbTAT UPHL (Iu-
CJI0); DTO IUCJAO IOHUMAETCHA KaK CyMMa [IeHer, KOTOPYIO OIUH UT'DOK
IIATUT APYIOMY;

4) 1 Kax 0 HEe3aKIIOYUTENbHON IIO3ULUN YKAa3aTh, KTO U3 UI'DOKOB
IOKEH JeMaTh X0 B 3TOU MO3ULIAN U KAKUAE PA3PEIICHBI XOH (B Ka-
KUE TIO3UIUN 3TOT UT'POK MOXKET MEPEuTH);

5) ykasaTh HAYATIbHYIO MO3UINI UTDHL

IIpu sTom TpebyeTcs, 9TOOLI He ObLIO IUKJIOB (HEIb3sA OBLIO BEPHYTHCA
B y2K€e IPOUJEHHYIO HO3UIMIO MOCAEe HECKOIBKUX XOOB).

To3uuuu urper yqob6HO paccMaTpuBaTh KaK BepUINHEI rpada u n3obpa-
J)KAThb TOYKAMU; BO3MOXKHBIE XOOBI DX DTOM CTAHOBATCA pébpamu rpada
u m3o6paxkarcsa crpeakamu. Urpy MOxHO paccMaTpuBaTh KakK IEpeIBU-
xKeHne UIKN, 0603HATAIIEN TEKYIIYIO MO3UIINI0 UTPHI, TIO 3TOMY rpady.
B xax 01 BepUIVHE HAUCAHO, KTO JOJXKEH AeJaTh X0 (eCJau Uurpa He KOH-
YMIACh) WIM KTO M CKOJABKO BBEIUIpal (ecam umrpa KoHumiachk). OnHa u3
BEPIINH YKa3aHA KAK HAYAIBHAS IO3UIYA.

Bynem naseiBaTes urpokoB Makc v MuH u cauTaTh, ITO pE3yaIbTAT UTPHI
ompenenser, ckoabko Mun miarur Makcy. (Morusupoeka: Makc xoder,
YTOOBI 3TO IUCIO OBLIO MAKCUMAIBHBIM, & MUH — MUHUMAJIBLHBIM — @ JIyd-
e BCEro OTPULATENLHBIM, IOCKOIbKY TOrAa OH moiydaer geHbru!) Kto
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U3 UIPOKOB [EIAET MEPBHIU XO[, ONPEIEJSeTCS HAYAIBHOU MO3ULUENn. 3a-
METHM, 9TO MBI TEepb HE MPEIOJAraeM, ITO UTPOKU XOIAT MO OYEPEan:
OJVH U TOT K€ UI'DOK MOXKET [eJaTh HEeCKOJBKO XOJOB ITOADSII.

(Tem caMbIM, HAIPUMED, B UI'PE CO CIUYKAME KaXKABIA KPYXKOK Ha, DU~
cyuke 11.1 Temeps nmpeBparnaeTcsa B ABE MO3UIUU: ¢ X0qoM Makca u ¢ Xonom
Musma.)

Nrpa, B KOTOPOU OJWH U3 UTPOKOB BEIUTPLIBAET, & APYTOU MTPOUTPHIBA-
€T, COOTBETCTBYET 3HAYeHUAM +1 B 3aKII0UNTENbHLIX BepumHax (+1 o3Ha-
gaeT Beiurpoint Maxca, —1 osuagaet seurpoint Musa). Urpo ¢ Hudenssivu
UCXOJAMU TOIYYIATCA, €CAU MPUIUCATE IUCI0 ) HUIeUHBIM TO3UIUAM.

Onpexnemum Teneps moustue cmpamezuu. Crparerus mas Makca (wim
Mumna) onpegensier, Kak OH LOJLKEH XOAUThH B KaXKI0U U3 no3uuui (rie xon
3a HUM); POPMATBHO 3TO (QYHKIUA S, OTPENEIEHHAA HA, MHOXKECTBE O3UINT,
rle XO[ 38 HUM. SHAYEHUAMI STON (HYHKIUY ABIAIOTCA TO3UIUY, IPA STOM
XOJbl JOMKHBEI OBITH NOIyCTUMBIMU, TO €CTb u3 P B $(p) DOMKHA BECTU
CTpeJKa.

Crpareruu TaKOro TUNIA HA3BIBAIOT B TEOPUU UTD TO3UYUOHHBLMY, IO~
YEPKUBASA, UTO BLIOOD XO4A 3aBUCUT JUIIL OT TEKYIIEH MO3UIUU, HO HE
oT ucTopuu Wrpbl (Kak Mbl B 2Ty nosunuioo momanu). ([Ipyrme crpare-
rUu HAM HE MOHAIOOATCA, TAK YTO CJIOBO «IO3UIUOHHAA» MBI OyIeM OILyC-
KaTh.)

Ecan ¢puxcupoBars crparerun pis Makca u MuHa, TO UCXOT UTPHI Ipe-
IOMPEIENEH: DTU CTPATErUN OJHO3HAYHO OMPEAEIAIOT MOCAeJ0BATEILHOCTD
no3uui (IAPTUIO») U PE3YILTAT UTPHI.

11.2.3. [loxasaTb, 9T0 s Jai060n urpsl G MOXKHO HAUTU YUCAO C U
crparerun M u m pias Makca u Muna, npu KOTOPBIX:

(1) Maxkc, noas3ysce crpareruen M, rapanTupyer ce6Ge BBIUIDBILI HE
MeHee ¢, Kak Obl HU urpan MuH;

(2) Mun, monb3ysace crpareruerl m, rapanTupyer ceGe IPOUIDBII HE
6oJee ¢, kak Obl HE urpaa Makc.

Yucno ¢ wHaszweBaIOT yenot urpul G. 3aMeTuM, 9TO UEHA UTPHI Ompe-
JeseTcss OqHO3Ha4HO: u3 ycuosull (1) u (2) caemyer, uro y Maxkca ner
CTpaTeruu, PrapaHTUPYIONUIEN €My BBIUTDHII GOMbIIe ¢ (MOCKOABKY OHA He
MOXKET 3TO CAeJaTh IPOTHUB CTpaTernu m), a y MuHa HeT cTpaTeruu, ra-
PAHTUPYIOLIE €My NPOUIPHINI MEHBIIE C.

[ist urp ¢ OByMs MCXOZaMU yTBep:KJAeHUE 3a1adu (Ha3bBaeMoe meo-
pemoti Ilepmeno) o3HaIAaET, ITO POBHO ¥ OJHOIO U3 UIDOKOB MMEETCA BEHI-
UTPHIIHAA CTPATErusA. ECIM paspelnTs ¥ HAYBH, TO JUO0 y OZHOTO U3
UTPOKOB €CTh BBEIUTDHINIHAA CTPATErns, 1160 y 060UX eCTh CTPATErus, r'a-
PAHTUPYIOWAA HIIBIO.
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Pemenwe. Ilycte p — mpowsBoabHas nosunus urpsl G. Paccmorpum
urpy Gp, koTOpas oTan4daeTcs oT G Juib HAYAILHOU IO3UIMEH, 1 T Ha-
JanbHas mo3unus ecTh p. (Ecau p — 3akmounTensras Bepimsa, T0 urpa G,
TPUBUAILHA: UT'DA KOHYAETCS, HE HAYABIIUCH, U UTPOKAM COOOIIAETCA pe-
syabrar urpsl.) Kak Mer ceruac yBuamm, meny urper G, (kak QyHKIIIO
OT P) MOXKHO OLPENEeJIUTh PEKYPCUBHO, HAYMHASA C 3AKIIOYUTEIbHBIX [103U-
IUN.

Bonee TounO, paccMOTpUM CIeAVIONUIEE DEKYPCUBHOE ONPEIEICHIE HEKO-
TOpOU (PYHKIUU ¢, OMPEACTEHHON Ha BepIuHax rpada:

e ¢(p) paBHO BeIUrphmILy Makca (=npourpeimy Mwuna) B mosuuum p,
€C/IM MTO3ULHUA P ABIACTCA 3AKIIOIATEILHOMN;

e ¢(p) =max{c(p’)}, eciu B Bepmmue p xoauT Makc; MakcuMy™m GepéT-
¢ MO BCeM BepmmHAM p’, B KOTOpEIE Maxc MOXKeT MOUTH U3 P IO
paBUIAM UTPBI;

e ¢(p) = min{e(p’)}, ecin B Bepumue p xonutr Mun; MurEMyM GepéTcs
1O BCeM BepuMHAM p’, B KOTOpBIe MUH MOXET TOUTH U3 P 110 TIPABU-
JIaM UCPHL.

JleMMa. ODTO ompeneseHune KOPPEKTHO: CYIIECTBYET W €IWHCTBEHHA
dyuxuus ¢ (ApryMeHTs — BepLIUHBL rpada, 3HAYEHUs — 9UCIA), YI0BIe-
TBOPAOMAA YKA3AHHEIM TPEOOBAHUAM.

MokazareascTBo JemMMEl. HazoBéM panzom BEPIIMHET MAKCUMATILHOE T~
CJI0 XO0B, KOTOPOE MOXKHO CIEIATH W3 3TON BepmuHLL. [[0CKOMBKY 110 mpes-
MOJOKEHNIO B UT'PE HET IMUKJIOB, TO PAHT JIOOOU BEPIIUHEL HE GOJIBIIE IUCIa
BepmmH. [JokaxkeM MHIyKOuen no k, 9TO CyImecTByeT U €IMHCTBEHHA (hyHK-
nus ¢, OIpeneNéHHAsA Ha BEPUIMHAX PAHra HE OOJbIIe K U yIOBIETBOPAOMAL
pexypcuBaomy onpenenenuto. luas k =0 sto oveBuguo. llar uugykiun uc-
noab3yeT Takoe (OYEeBUIHOE) 3aMEUaHue: €CIU U3 BEPIIUHBL P MOXKHO Cle-
JIATH XOI B BEPIIUHY p’, TO PAHT BEPIIMHEL P’ MEHBINE PAHTA BEPIIUHEL P.
IMosTOMY pexypCcuBHOE ONpeneneHne OMHO3HATHO 3a0a6T 3HAMEHNA Ha Bep-
MHAX PAHra k, €Ciu M3BECTHBI 3HAMEHWA HA BEPIIMHAX MEHBIINX PAHIOB.
Jlemma moxkasaHa.

Ocranoch 10Ka3aTh, ITO 3HaUeHUe ¢(p) ABIAeTCA LeHon urpsl (. Pac-
CMOTPUM CJIeAYIOULylo (HMO3UIMOHHYI0) cTpaTerutno mii Makca: u3 Bepuwm-
HBEL P XOAUTH B Ty Bepuuy p’, 1 KOTOpou 3HadeHue ¢(p’) MaKCHMAIbLHO
(u paBuo ¢(p)). Ecim Makc caegyer sTou cTpaTeruu, TO HE3ABUCUMO OT
xom0B Muna 3Hauenue c¢(g) 014 TEKyUIEHd BEPIIUHEL ¢ HE YOLIBAET B XOJ€
urps (mpu xogax MuHa OHO yORIBATH BOOOIIE HE MOXKET, Ipu xoxax Max-
ca OHO He yOBIBA€T IO MOCTPOEHWIO CTpaTerun). TeM CaMbIM B BEpIIAHE D
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Maxkcy rapasTUpOBaH BHIUIDHIL He MeHbLIe ¢(p). AHAIOrUIHBIM 06Pa3oM,
ecau Mun xoquT B Ty BepumHy p’, rae gocturaerca munumyM c(p’) (pas-
HBIA ¢(p)), TO 3HaYeHUE ¢(¢) HE BO3PACTAET B XOJ€ UIPHL U MOTOMY MuH
npourpeiBaeT He Gouee ¢(p).

Teopema Ilepmeno moxasaa. O

11.2.4. Urpa B KpECTUKU-HOJIUKU COCTOUT B CJAEAVIOUIEM: HA OOJBIIOM
KBAAPATHOM IIOJIE€ IBA UT'POKA 110 OUepeaN CTABAT KPECTUKHU U HOJTUKYU B €IIIE
He 3aHATHIE KJICTKU (HAIMHAIOT KPECTUKH). BEIUrPBIBAET TOT, KTO IEPBHIM
HOCTAaBUT NATH CBOMX 3HAKOB HOAPsAA (IO BEPTUKAIM, MOPU3OHTANM UIH
nuaroHanu). Ecau BCE mose 3aMOMHEHO, 8 TaKOro HE CAYYUIOCH, TapTHd
cIMTaeTCs HuIenHou. /[0Ka3aTh, 9T0 y KPECTUKOB €CTh CTPATEr s, TapaH-
TUPYIOWIAA UM HUYBIO WIN BHIUTPBII.

Pemenue. Coracuo reopeme [lepmeno, B IpOTUBHOM Ciiydae y HOJUKOB
€CThb CTpPATerus, FAPAHTUPYIOMAsA UM BeMrphiml. [lokaxkeMm, 9TO KpecTu-
KJ MOT'YT KCIOJB30BATH IO CYILIECTBY Ty K€ CTPATErWIO, 3a0BIB O CBOEM
mEepPBOM XOJ€e. A MMEHHO, TPEeACTAaBUM cebe, 9TO KPECTUKU NeMAI0T MPO-
U3BOJBHBIM IEPBBIN X0 (KAPAHJAIOM), a 3aTe€M OTBEYaloT (YepHUIAME)
HA XO/Jbl HOIMKOB 110 BBIUI'DHIIHON CTPATErUM [JIsI HOIUKOB (CIUTAas XOLBI
HOJIMKOB KPECTUKAMU U 3a0BLIB O CBOEM TEPBOM XO[I€).

MoxeT Jiu mpu DTOM TEPBBIM X0 moMernaTs? MoxkeT, ecin cTpaTerus
YKa3BIBAET KaK Pa3 Ha Ty KJIETKY, DI yKe CTOUT KAPAHJAITHBIN KPECTUK.
B sToMm ciayuae HAO KapaHIAIIHBIN KPECTUK OOBECTY YEPHUIAMUI, & KAPAH-
IAIIOM CAEJATh XOJ B JI00yI0 CBOOOMHYIO KIeTKY. Ecaum cBOOOIHBIX KIeTOK
HET, TO TO3UIUA COOTBETCTBYET (C TOYHOCTBIO JO 3aMEHBI KPECTUKOB Ha,
HOJIMKN) 3aKI0UYATEIBHON TO3UINU B BHIUTPLINIHON TAPTUY [JA HOMUKOB,
U TIOTOMY ABJAETCA BHIUTPBINTHON.

Kpowme Toro, urpa MmoxkeT KOHYUTHCSA PAHBIIE BPEMEHU, €CIM KAPaH JaIll-
HBI KPECTUK 06pa3yeT BBIUTDLILHLIA Pl ¢ YePHUWIBHBIMYA — HO DTO HAM
TOMIBKO JIy 4IIIe.

Takum 06pa3zoM, MBI TOKA3AJIU, ITO €CIN Y HOJUKOB €CTh BHIUTDHBIII-
Has CTPATErus, TO U Y KPECTUKOB €CTh BBIUT'PBIIIHAS CTPATErUsA — U €CJIN
OATh 3TUM CTPATErUAM UIPATH APYT IPOTUB APYTa, MOLYIUTCSI TPOTUBO-
petne. O

11.2.5. [loxasaThb, 9TO IeHa JI0OOU UTPHI PABHA BLIUTPHIIILY B OTHOU U3
3aKJIIOYINTENbHEIX BEPIINH. |

11.2.6. Ilokasatw, uTO TeopeMa llepmesno BHITEKAET U3 CBOErO IaCTHO-
ro CJIydas Urp € ABYyMs UCXO4aMy (BBIUTPHILI IEPBOIO U BTOPOIO).

[Ykazauume. [lns Kaxgoro ¢ GyeM CIMTATH BBHIUTDHII MEHBIIE ¢ IPO-
UrpBIIEM, a GOJIBIIE ¢ — BBLIATPHIIIEM. | (|
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11.2.7. Ilyctb mama mekoropas urpa G. Beibepem oaHy u3 3akio4u-
TEIBLHBIX BEPIIUH U Oy 1eM MEHATH BRIUTPHIII B 3TOW BEPIIVHE: TOJOXKUB €0
PaBHBIM ¢, noay4uM urpy G|c]. PaccMoTpum nesy >Tou Urpsl Kak QyHKIINO
ot ¢. Yto 510 MOX)eT OBITH 38 QyHKIUA!

Orser. nena urper Gc] paBHa OIMKAMIIEN K ¢ TOYKE HEKOTOPOIO OT-
peska [a,b] (3aBucamero ot urpsl G). O

Bot emé oamu mpmmep urpsl, rie Teopema llepmeno mosBoaseT 10-
Ka3aTb CYIIECTBOBAHUE BBIUTPHIINIHON CTPATErWM [Js TIEPBOTO UTPOKA.
Ora wrpa nasBana B kuurax M.[lapamepa («Maremaruiueckue gocyrmy,
M.: Mup, 1972; <MaTemaTuieckue roJOBOJIOMKY U pa3Biedenusy, M.: Mup,
1971) wrpon Demna waum «Gpumxk-uTy. PacCMOTPUM TNPAMOYTOMBHYIO CETh
U3 MyHKTUPHBIX JUHAM BLICOTHI 1 U wupuHeL 7 + 1 (puc. 11.2); Beprunnbt

e e, ST SIESIE SRS S
| | | | |

| | | | |
e e, ST SIESIE SRS S

| | | | |

| | | | |
e e, ST SIESIE SRS S

| | | | |

| | | | |
e e, ST SIESIE SRS S

| | | | |

| | | | |
e e ST SIS SEER S

Puc. 11.2. Wrpa Tenna.

CeTH COENUWHEHBI MYHKTUPHBIMU OTpe3kamu AauHbl 1. [lepBbil urpok ka-
K IBIM CBOAM XOJOM OOBOAUT (CILIOLUIHOU JMHUEN) OUH U3 OTPE3KOB. Ero
3a/1a9a — COEIUHUTH CILIOITHBIMY JIUHUAMHA JE€BYIO U IPABYIO CTOPOHBI IIPs-
MOYTOJbHUKA. 3313938 BTOPOTr'0 UCPOKA — €My MOMEIATh; KAXK IBIM CBOUM
XOJOM OH CTUDAET OOWH U3 OTPE3KOB (JIUIIAA MEPBOI'O BO3MOXKHOCTHU BIIO-
caencTeuu ero o6Bectn). Urpa 3akaHIuBaETCs, KOT1a BCE OTPE3KU 00Bee-
HEL WK CTEPTEL; IEPBLIM BLIMTPAJ, €CJIN IIPKA DTOM JI€BasA U IPaBas CTOPOHEL
IPAMOYTOJbHUKA, COETUHEHHI.

11.2.8. Hcnoawsys Teopemy llepmeno, nokasaTb, 9YTO HEPBLIA UI'POK
UMEET BBIMIPHIIIHYIO CTPATErHUIO.

[Ykazanue. Urpy MoxHO npencTaBuTh B 60J€€ CUMMETPUIHOM BUAE, €C-
Ju 106aBUTH CETKY A/ BTOporo urpoka (puc. 11.3) u caurars, 4T0 BTrOopon
XOYeT COEIUHUTHL BEPXHIOK W HUKHIOW CTOPOHBI CBOEW CETKW, & JUHUAM
[EepPBOro U BTOPOr0 UTCPOKOB 3AMPENIEHO MePECeKAThCA (TeM CaMbIM IPOBe-
I CBOIO JIMHUIO, BTOPOU UTPOK KaK OBl CTUPAET TEePECEKAOIIYIO €€ JUHUIO
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nepsoro). Ecau urpa 3akonuunace (B Kax O BO3MOXKHOUI TOUKE Iepecede-
HUs TIPOBEIEHA BEP TUKAIBHAA UIM NTOPU3OHTAIBLHAA JUHUA), TO POBHO OJUH
U3 UT'POKOB BHIMTPAJ: MOXKHO MPOUTH IO JUHUAM WA CIEBa HAPABO, WIN
CBEPXY BHU3, HO HE OTHOBPEMEHHO. AKKypaTHOE JOKA3aTeIbCTBO DTOrO WH-
TYATUBHO ACHOI'O TOHMOJOIMYECKOro (GakTa, BIPOIeM, He Tak npocto.] [
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Puc. 11.3. Urpa letnia, cuMMeTPUIHBIN BADUAHT.

Kak numer Fapauep, Kaon Hlennon (cosgarens Teopun uHGOpMAINAn)
OPUAYMAJ [IJIs 3TOU UTPEL JIOOONBITHYIO «pU3NIECKYIO» CTPATErUI0, KOTO-
pas Jerko ob6o0maerca Ha 00y ceThb guHun. [IpencraBum cebe, 9TO BCe
CTOPOHBI BCEX KJIETOK CeTH ([IJA MepBOrO UIPOKA) MPENCTABIAIT COOOU
PE3UCTOPHI OQUHAKOBOT'O COMPOTUBICHUS, KPOME JEBOU W TIPABOU CTOPOH
IPAMOYTOJIBHUKA, KOTOPHIE CAEJAHEBI U3 IPOBOIA HYJIEBOI'O COMPOTUBICHU.
IepBBilt UTPOK CBOMM XOJOM 3aKOPAYUBAET DTU COMPOTUBIEHUS, & BTOPOU
UrpoK paspeiBaetT ux (geaaer Geckonednsivu). CTpaTerus mepBoro urpoka
COCTOUT B TOM, 9TO HAIO HOAKIIOYATE HALIPSKEHUE MEXK Y JEBOU U IPABOU
CTOPOHAMU TPAMOYTOMBHUKA, 1 3aKOPAIUBATL (0OBOIUTE) TO COMPOTUBIIE-
HUE, 9€pe3 KOTOPOe MAET MAKCUMAJIbHLIM TOK (WIX, 9TO TO XKe camoe, Ha
KOTOPOM IAJaeT HAUOOIbIIAA PA3HOCTD MOTEHINAIOB). Eciu Takux comnpo-
TUBJICHUN OKA3aJOCh HECKOIBKO, MOXKHO 3aKOPAIUBATD JI000€ U3 HUX.

U3 xuwur lapgaepa He sCHO, SABISETCSA JU 3Ta CTPATErUs BHIUTDHIII-
HOU. 3aTO TaM MPUBEIEHA ABHAA BBIUTDHIIHAA CTpATErus (CO CCHLIKOU
ra O.Tpocca). YToOb 06BACHUTE €€, Oy1eM CIUTATh, YTO LEIbI MEPBOrO
UIPOKA ABIAETCA He JaTh BTOPOMY COEAUHUTH Bepx u Hu3. (Mbr yxe ymo-
MUHA/IZ, 9TO 3Ta Lelb PABHOCWIbHA UCXOAHOU.) HavambHBIM X014 mepBoro
AI'POKA MOKa3aH Ha puc. 11.4; ToT X011 3ampemaeT ogH0 u3 pébep BTOPOro
urpoka. Paszgemum ocranbubie pé6pa BTOPOr0 WI'POKA HA Maphl COCEIHUX,
KaK TMOKA3aHO HA TOM ¥Ke PUCYHKe. [IepBLIl UTPOK MPEMATCTBYET BTOPO-
My mpoBecTu 00a pebpa KaKOU-Iu0O0 TMaphl: €CJU BTOPOU MPOBEN OIHO U3
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pébep mapbl, HEPBLIU HE NaéT IPOBECTU BTOPOE PeGPO >TOU napsl (Ipose-
I mepeceKkaolnee ero csoé pedpo). Crenyroman 3a1ava MOKA3LIBAET, ITO
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Puc. 11.4. Urpa I'eisa: BEIMIPBIMIHAA CTPATErUA

2Ta CTPATErus ABIACTCA BHIUTPHIIHON (MEPBLIM UCPOK HE JaéT BTOPOMY
COEUHUTH BEPX U HU3 U MOTOMY COEIUHSAET JEBYIO U MPABYH CTOPOHHI).

11.2.9. [lokasaTb, 9TO 000U IIyTh 10 JUHUAM IIyHKTUPHOU CETKM, CO-
eIVHSAIONINYA BepX W Hu3 pucyHka 11.4, 06g3aTeasHO TIOKPHIBAET IBa pebpa
OJIHOU TIAPHI.

Pemenne. /[ ACHOCTU OCTABUM HA PUCYHKE TOJBKO MYHKTUPHBIE JIU-
HUJ ¥ COOTBEeTCTBYyomme Bepmussl (puc. 11.5). OrMerum cepyio 06aacThb,
KaK IIOKA3aHO Ha PHUCYHKE; T€M CAMEBEIM PEOpa AerdATCsa Ha cephble U Oelble.
IIpeanonoxum, 9T0 UMEETCs Iy Th CHU3Y BBEPX, KOTOPHIU HE TOKPLIBAET HU
oxHOU mapsl pédep. MOXKHO CIUTATH, YTO 3TOT IIyThb HE MPOXOTUT ABAK-
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Puc. 11.5. Urpa Tenia: ananus BEIUCPHIMIHON CTPATEMH.

IBL Yepe3 OHy BepmuHy (BHIOpOCUM HukJbl). Kax npii mar Ha 3ToM myTu



11.3. Buiuucaenue yenbt: noanwviti 06100 197

MOXKET OTHOCHUTBCA K O,qHOIjl 13 BOCbMHI KaTeFOpHﬁ: IE€ThIPpE HaIIPpAaBJICHUS
(ceBep, BOCTOK, IOT M 3amal) KOMOMHUDPYHOTCA C OBYMsA IBETAMU (CEPBIM
u Gembiv). Kak BugHO U3 puUCyHKA, Iy Th TOMKEH HAYUHATHCA C CEPOrO IMIa-
ra Ha CEBep, a 3aKAHIMBATHCA OEIBIM IIaroM Ha, CEBED.

Tlokaxkem, 9TO 5TO HEBO3MOXKHO B CUIYy HAIIAX OCPAHUYEHUN (HEIb3s
HCIIOJAL30BATh IBa pedpa OQHOU MapPhl U HEAb3A ABAXKIbLI IPOXOJAUTHL Iepes3
onHy BepimHy). UT0, K IpUMEpy, MOXKET CJICIOBATH 34 CEPHIM IIATOM Ha,
cesep? Emé onun cepwin mar Ha CeBEp, CEPBIM AT HA 3amaf WIn OeTbin
mar Ha BOCTOK. 3a CEPBIM ILIArOM HA 3amaj MOXKET CJIeIOBATH CEPbIN IIar
HA 3aIla] WK CepPBIA mAar Ha cesep. Pazbmpas moOvIepEIHO BCE BAPUAHTHI,
JIErKO YOemIUThCsA, ITO IIYyTh, HAYABIIUCH CEPBIM IIAIOM Ha CEBEP, HUKOIA
He BBIIAET (€c/y He HADYLIMT [IPABUI) 33 IPELEIbl MHOKECTBA

{cepbil mar Ha ceBep, CepHIN WIAT HA 3amaf,
OeJBIN MIAr Ha BOCTOK, GEbIN MAr Ha T }.

TosToMy Gennbint mar Ha ceBep (KOTOPBIU TOMKEH OBITH TOCJACIHUM B ITyTH )
HEBO3MOXKEH, I MBI JOKAa3aJdH, ITO BepX U HU3 PUCYHKA HEIb3s COCIUHUTH
myTéM, He TPOXOIAIIUM TI0 ABYM PEOpaAM OJHOU MapHI. (|

11.2.10. [IBoe urparoT Ha 6€CKOHEYHON KJIETIaTOU Oymare, o odepenu
006BOsI KPACHBIM ¥ CHHUM CTOPOHBI KIETOK (33 OQMH XOI MOXHO 00BECTH
OJIHY CTOPOHY JHOOU KJICTKH, €CIU OHA eII¢ He o0BeaeHa). [loka3aTs, 4TO
BTOPOU MOXKET BOCIPEMATCTBOBATEL TIEPBOMY MOCTPOUTH 3aMKHYTHIN Ty Th
73 JUHUHI CBOErO IIBETA.

[Ykazanue. OH MOXeT [IOMEIATH [IEPBOMY, HAIIPUMED, HOBEPHYTH C 3a-
nana Ha CeBep, pa3buB BCe CTOPOHHI KJIETOK HA MAPHI U HE NaBas IMOKPHITh
00a “wieHa mapst.| O

11.2.11. (/l;na 3HaKOMBIX ¢ Teopuen BepoAaTHOCTer) Ha mome mias urpst
lemna (puc. 11.2) xaxkgas w3 OYHKTUPHBIX JUHUEA OOBEIEHA C BEPOATHO-
crbio 1/2 HesaBucumo oT apyrux. JokaszaTh, 9TO MyTh OT JEBOU IO MPABOU
CTOPOHBI (10 OOBEAEHHBIM JMHUIM) CYIIECTBYET ¢ BeposTHOCTh0 1/2. [

11.3. Bbluucnenune ueHbl: nonHbin obxon

Kak Bugno m3 mokasarenbcrBa Teopembl llepmeno, misi HAXO0XJEeHUs
ONTUMATLHON CTPATETUN JOCTATOYHO YMETH BEIYUCAATEL IIEHBI BCEX BEP-
mH. B 5TOM pasmene Mbl PACCMOTPUM CAydan, KOTIa TMO3UINYA UT'PEI 00pa-
3YIOT JepeBo (Beayliue BBEpX pEOpa JepeBa COOTBETCTBYIOT BO3MOXKHBIM



198 11. Anaaus uep

B JAHHOU IIO3ULMU XOIAM) U IHOKAXKEM, KAK IPUMEHUTDH IPOrpaMMy 06xona
nepesa (ruasa 3).

HamomuuMm, 910 MBI paccmaTpuBaiun Po6oTa, KOTOPHIU B KaXKIBIA MO-
MEHT HaXOOUTCA B OFE[HOIL/,I "3 BEPOIVNH A€PEBa U YMEET BBINOJHATH KOMaH IbL
BBepX_HAJeBO, BIpPaBo U BHW3. PoOOT HavumHaeT paboOTy B KOPHE HePeBa
(pOJIB KOTOPOro Teneps UurpaeT HadaibHasd no3uuus urpel). Pansme PoGot
yMen elré 00pabaThIBAThL BEPIIMHBI; Teeph MBI TPEANIONaraeM, ITO OH MO-
XKET ONpPENeJUTh THI TEKYIIeU BepIIuHbl (0AnH 13 TPEX: max, min u final,
Y9TO COOTBETCTBYET BEpPHIMHAM MaKca, MI/IHa, n 3a,K.TIIO‘-II/ITeJH:>HBIM) 1 MOXKET
OIIpenejinTb CTOMMOCTH TeKyH.Ieﬁ BEPIINHEBI, €CJIN OHA ABJJACTCA 3aKJIIOIH-
TEIbHOU.

11.3.1. Hammcars mporpaMmy, KoTopas ympasiaieT Po6oToM u BbIME-
CJIIeT LEHY UTDHL.

Pemrenme. Hamumiem pexkypCuBHYIO TpOLEnypy, KOTOpas, HAYAB C HEKO-
TOPOU BEPIIMHLI, OGXOAUT MO IEPEBO dTOU BEPIIUHEI, Bo3BpainaeT Po6ora
Ha MECTO U COOOIIAET IeHy BepPUIVHEL (Te OHA HAvala U KOHUWIA):

procedure find_cost (var c: integer)

‘ var x: integer;

begin

if Tun = final then begin

‘ C:= CTOMMOCTE;

end else if Tum = max then begin

BBEPX_HAJIeBO;

find_cost (c);

{c = mMakcUMyM LeH TeKylell BepuMHH ¥ 6paTheB cleBal}
while ecTb_cmpaBa do begin

BIIPaBo;
find_cost (x);
¢ := max (c,x);
end;

{c=uena Bepumsn nox Texymeu}

BHH3;

end else begin {Tun = mun}

‘ . ..aHaJOTMYHO C 3aMeHo# max(c,x) Ha min(c,x)
end;

end;

Mer nmoab3yeMcsi TeM, ITO y BEPIIMH THUIA maX ¥ min ecTb XOTA ObI
OJVH CBIH (BEDIIVHBI 6€3 CHIHOBEU TOJIKHBI OBITh 3aKII0YATEIBHBIMA, 1 MBI
npejanoaraeM, YTO OHU OTHECEeHBl K Tumy final). O

11.3.2. HanmcaThs HEPEKYPCUBHYIO MPOIPAMMY IS BBHIYUCJICHUSA II€HBI
urps (3aaHHOU IEPEBOM, IO KOTOPOMY XoauT Po6oT).
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Pemenne. Kak 0OBI9HO, PEKYPCHIO MOXKXHO YCTPAHUTD, UCIOJAB3YS CTEK.
B mamHOM caydae KaXKABIM DJIEMEHT CTeKa OyJeT XPaHUTh WH(OPMAIIUIO
06 OOHOM W3 MPEIKOB TEKYIUEU BEPUIMHBL (Ue€M Iablle, TeM NIyoxke — Ha
aoHe creka OygeT mH(opManusa O KOpHe). Korma Mbl HaXOIUMCs B KODHE,
CTEK IIyCT, IPU ABUKEHUU BBEPX IO IEPEBY OH yIIWHAETCA, IPU [BUKEHUU
BHU3 — YKOPAIUBAETCI.

Kax bl 21eMeHT CTeKa TPeqCTaBIIeT COO0U Tapy; MePBLIA IEMEHT —
THUI COOTBETCTBYIONIEN BEPIIMHLI (min/max), a BTOPOU BIEMEHT — MUHU-
MyM/MaKCUMyM 3HAQUYEHNN BCeX e€ CHIHOBEH JeBee TeKyIero. B mporpamme
U3 MIABHL 3 CYIIECTBEHHYIO POJb urpaiu asa yreepxkaenus: OJI ozuadano,
9TO 06pabOTAaHBI BCe BEPIUWHLL JeBee TeKylleln (Te, IyTb B KOTOPBIE OT-
KJIOHAETCs HaleBO oT nyTu B Tekyuyo); OJIH osragano, 1ro o6paboranst
BCE BEPIIMHEL JIEBEE U HAI TEKyIIen (3TO OBIBAIO, KOTAA MBI MPOXOIUINA
BEPIIUHY BTOPOU pa3).

Tlomumo crexa (koTopeill Beerga OyAeT XPAHUTDL JAaHHBIE, YKA3AHHBIE
BBILIE) IPOrpaMMa KUCIOAb3yeT e nepeMenHyio c. B curyanuu OJI sra
nepeMeHHas He ucnoab3dyercs, a B curyauun OJIH oma xpanut neny re-
Kymien BepimuHBL. [lokaxkeM, Kak MOXKHO MO IEPXKUBATH DTO, OMUCAB Ieu-
CTBUA C TIEPEMEHHON W CTEKOM [ KaXKIOT0 BapuaHTa nBmkeHus Pobora
(cp. c. 63):

e {OJI, He ecTs_cBepxy} o6padoraTts {OJIH}:
B MEPEMEHHYIO C 3AIMCHIBAEM II€HY TEKYIIEro JUCTA;

e {OJI, ecTe_cBepxy} BBepx Hameso {OJI}:
mepen TeM, KaK UATH BBEpX, JOOABIAEM B CTEK TUM TEKYIIEH BEPITTHBI
(max/min) u 3HaMeHNE —00/+00 COOTBETCTBEHHO, UMes B BUAY, UTO
MAKCAMYM IIyCTOT'O MHOXKECTBA, PABEH —00, & MUHUMYM PAaBEH -+ 00;

e {ectn_cupasa, OJIH} Bupaso {OJI}:
OGHOBJISIEM 3HAYECHUE B BEPLIMHE CTEKA, 0epsi MAKCUMyM WIU MUHU-
MyM (B 3aBUCMMOCTY OT TWIIA BEPIIUHLI CTEKA) CO 3HAYCHUEM TIepe-
MEHHOHU C;

e {He ecTns_cmpasa, ects_cuusy, OJIH} Brus {OJIH}:
B IIEPEMEHHYIO C [IOMEIIAEM MAKCUMyM/MUHAMYM (B 3aBECEMOCTH OT
THNA BEPIIMHEL CTEKA) €6 IPEKHEr0 3HAICHUS 1 3HAMECHN HA BEPIINHE
cTeka (OHO 3abUPAECTCA U3 CTEKA, U CTEK YKOPAUNBACTCS).

Jlerko BUIETH, UYTO MIPU DTOM YTBEPKICHUA O COMEPKAHUY CTEKA U 3HA-
YEHUY TIEPEMEHHOU C HE HAPYIIAITCA, U IO OKOHIAHUIO PAOOTHI TPOTPAMMEL
cTek OymeT mycT, a 3HaYEHUe MepeMeHHOU ¢ OyJeT PaBHO IeHe urpbl. [
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11.4. Anbga-6eTa-npoueanypa

Mui Buein, KAK MOXKHO BBIYUCAUTE IIEHY UTPHI, OOOU s BCE BEPIIUHEI €8
nepeBa. OIHAKO MHOD A MOXHO COKOHOMUTB M YaCTh A€PEBA HE MOCEIIATh.
IIycTs, HanpuMep, Urpa UMEET ABA UCXOa (BHIMTPHIII U TPOUTDHIIT) U MBI
o6HapyX)uiu (MOCJae TPOCMOTPA YACTU JEPEBA), ITO HEKOTOPHIA X0 ABIA-
€TCsA /1 HAC BRIUTPHIIHBIM. 1or1a HeT CMBICIA PACCMATPUBATH OCTATbHELE
xoabl. Bosee 061110, ecaiu MBI HAIILUA X0, PAPAHTUPYIOMIAN HAM MaKCUMATIb-
HBIU BBIAIPHIL ([IOILyCKAEMBIA IPABWIAMU UIPHI), TO HET CMBICAA UCKATH
MaJbIITe.

Ilomo6HAaA onTMMUM3alMsA BO3MOXKHA HE TOJBKO B TeX CAyYadX, KOTIa
MBI 3HAEM MaKCAMAJIBHO BO3MOXKHBLIM BHIUTPHINIL. [lycTh, Hampumep, mepe-
BO UIPHI UMEET TAKOU BUA, KAK Ha puc. 11.6, npuaém a > b u MBI 06X01UM
BEPIINHLI JepeBa CJIeBa HAIPaBo. 1orga mocjie mpoCMOTPA BEPUIUHBL G MBI

max

Puc. 11.6. OnTuMusamnusa BO3MOXKHA TIpK a > b.

3HAEM, UTO IIeHA KOPHEBOU BEPIITMHEI He MEHBINE a. Ilepenna K min-sepumse
7 IPOCMOTPEB €€ MEPBOr0 CHIHA, b, MBI OIpEIesAeM, YTO [EHA Min-BePIINHEL
He Gosbite b u (mpu b < a) OHA HE MOXKET MOBJUATH HA LIEeHY KOpHs. [loaToMy
caefyiomue BePUIMHLL (cepas 00lacTb HA PUCYHKE) W UX MO LEePEBbsI HAM
IPOCMATPUBATH HE HYXKHO.

HpI/IMeHeHHyIO B obOoux CayvadaX ONTUMU3AOUI0 MOXKHO ONNUCATH TakK.
Ilpuctynas K OlEHKE HEKOTOPOU BEPIINHBI, MBI 3HAEM HEKOTOPBLIM MPO-
MeXyTOK [m, M], B mpegesax KOTOPOrO HAC MHTEPECYET LIEHA 3TOU Bep-
MIMHLI — Ju00 IOTOMY, 9TO OHA 3aBEJOMO HE MOMKET BBEINTH 33 IIPeIeJbl
npoMexyTka (KaK B IEPBOM CJIydae, KOIJa JIy4lle BHIMIDBIIIA HUYErO HEe
ObIBaeT), MO0 MOTOMY, UTO 3TO HAM HUYEro He 1aéT (Kak BO BTOPOM CIy-
Tae, KOrga BCE II€EHBI MEHBINE a a4 HaC HEOTINUYIUMEL OT CL).

Bonee popmarbro, BBEIEM 0003HAMEHNUE T[4 5], TAE T — THUCTIO, a [a, b] —
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OPOMEKYTOK:
a, ecau x < a;
Tlap) = (T, ecma<T<Db;
b, ecmm b<z.
Jpyrumu crosamu, r[, 5 — OMDKalas K & TOIKa MPOMEXyTKa [a, b], KO-

TOPYIO MOXKHO HAa3BaTh (IPUBEICHHLIM K [a, b] 3HadenueM x». Teneps MOXHO
CKa3aTh, YTO MIOC]IEe IPOCMOTPA BEPIINHBL ¢ HA pucyHke 11.6 Hac mHTEpECy-
eT mpuBenEHHAS K [a, +00] HeHa min-BepinnHLl (BCe 3HAMEHNS, MEHBIINE a,
0€3Pa3NUYIHEL), & MOCIEe MIPOCMOTPA BEPIIUHLL b 5Ta IPUBEIEHHAS IIEHA, YKE
u3BeCTHA (paBHA a). AHAIOTMYIHBIM 00PA30M LEHA UTPHL C ABYMs UCXOJAMU
+1 pasna eé npusenénnou k orpesky [—1, +1] nene, u nocie oGHApYKeHUA
BHIUTPEHIIIHOIO XOAA CTAHOBUTCA SCHBIM, ITO DTA IEHA PaBHA +1.

Ncnoas3ys 5T0 cOOOpaKeHne, HAIIMIIEM OIITUMU3APOBAHHBIA AJITOPUTM,
B KOTOPOM DEKYDPCHBHO ONpPEIENAeTCs NPUBEIEHHAS K IPOMEXYTKY [a, b]
[IEHA UTPEl B TEKYIIEH BEPIIAHE:

procedure find_reduced_cost (a,b: integer; var c: integer)
‘ var x: integer;
begin
if Tun = final then begin
‘ C:= CTOMMOCTB, NIpMBeIEHHasg k [a,b]
end else if Tum = max then begin
BBEPX_HalleBO;
find_reduced_cost (a,b,c);
{c = MakcuMyM ueHH BepumHH M 6paTBeB CleBa,
npuBenéuuny x [a,b]
while ecTn_cnpaBa and (c<b) do begin
BIIPaBoO ;
find_reduced_cost (c,b,x);
c = x;
end;
{c=nena Bepummm monm Texyme#, mpueBenémHas k [a,bl}
BHUS3;
end else begin {run = munu}

‘ . . . CHMMETPUYIHO
end;
end;

EcrecTBeHHBI BONIPOC: HACKOIBKO TAKOIO POAA ONTUMUAIMS IOMOIa-
eT yMEHBIUTHL mepebop? Mul paccMoTpuMm mpocTeutmuu mpumep. IycTs
urpa uMeeT (PUKCUPOBAHHYIO [IVHY, U3 KAXKJIOU MO3UIUA BO3MOXKHEI 1B,
XO[Ia, UTPOKHU XOIAT MO OYePenu, KaXK BN AeIaeT 7 XOLO0B U IEHHI JUCThEB
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paBabl 0 wiu 1. /[lepeBo TAKOU UIPBI — MOJHOE ABOMYHOE JAE€PEBO, Min-
7 MaX-yPOBHU Y€PEAYIOTCSA, B TUCTHAX HAMUCAHLI HYJIU U IUHUIIEI, 1 HYXKHO
BLIUUCANTH 3HadeHue B KopHe. (Ecau caurars, yTo 1 = uctuna, 0 = J0XKb,
TO MaKCUMyM ¥ MUHUMYM cOOTBeTCTBYIOT onepauuam OR (MJIN) u AND
(M), nosromy unorga rosopar 06 AND-OR-zepese.)

CKOJIBKO JINCTBEB HYXKHO MOCETUTh, YTO0OBI BEIYACIUTD 3HAYEHUE B KOP-
ue? Hamomumu, 910 Beero meThes 227 nua gepesa ¢ 2n ypoBHAME (KasK TbIi
U3 UCPOKOB [IEJAeT 7l XOIOB).

11.4.1. [lokasaTb, 9TO M/ JIOOBIX 3HAYEHUN B JUCTHAX ONMCAHHBLIA Ha-
MU ONTUMU3UPOBAHHLIL aJICOPUTM IIPOCMATPUBACT HE MeHee 2" JIMCTheB.

Pemenue. Ha ypoBHe 2 HAXOmATCsA “eTBIpE BEpIIMHBI. B xome paboThI
QITOPUTM [NOJKEH Y3HATH IEHY UCPBI XOTsA Obl B ABYX U3 HuUX. B camom
nese, MyCTh HUXKHAA BEPINMHA €CTh min-BepummHa. ECiu B HEH HyJ b, TO
B OJHOM 13 €€ CLIHOBEU TOXKEe HYJb. A pa3 »TO max-BepIINHA, TO I yCTa-
HOBJIEHUS 5TOr0 (DAKTA HyKHO 3HATH LEHy 000UX CHIHOBEU (PaBHYIO HYJIIO).
Bropou ciayuan: B kopHe eguHuna. Torga B 06€MX €ro CHIHOBBAX JOJNKHA
OBITH €AVHUIA, U ITOOBL OBITH B TOM yBEPEHHBIM, HYKHO B KAXK JOM U3 HUX
MMOCMOTPETH KAK MAHAMYM OJHOI'O CHIHA.

AHanornvHo pagu KaxJIoro 3HAYEHWS HA YPOBHE 2 HYXKHBI IBA 3HAYE-
HUsA HA ypoBHE 4 m Tak fgajee — B KOHIE KOHIIOB HA YPOBHE 21 HYXKHO
3HaTL 2" 3HAYEHUM. |

[l HArIITHOCTU MBI TOBOPUIA O KOHKPETHOM QITOPUTME, OMUCAHHOM
eeimie. Ho copasemaus u Gomee oOmun (pakT: J0O0N HAOOD 3HAYEHUNU B JIU-
CTBAX, KOTOPBEIU OTHO3HAYTHO ONPEIEIIeT 3HAIEHUE B KOPHE, COJAEPKUT HE
Menee 2" 3HAUCHUN.

11.4.2. IIpoBecTu akKKypaTHOE TOKA3ATEILCTBO DTOT'O YTBEPK ICHU.

[Ykasanue. ITo cymecTBy y:ke BCE IOKa3aHO, HaJO TOJBKO 3TO O(OD-
MUTB.| O

Tonpko 4TO moIyIeHHASA OLIEHKA OTHOCUIACH K CAMOMY OJIarOnpUATHOMY
caydai. YTBepXKIEHUEe CASIYIONIeN 3a0a¥u, HANPOTUB, TOBOPUT O HAUXY/I-
meM CiIydae.

11.4.3. Ilycrs y mac cupammearoT 3Haenus B aucTbax AND-OR-gepesa
B 3apaHee HEM3BECTHOM HaM HOPSAKE, ¥ MBI MOXKEM HA3bIBATH DTHU 3HAIEHUI
no co6CTBeHHOMY ycMOTpeHuio. /Joka3aTb, 9YTO MBI MOXKEM [A€HCTBOBATH
TaK, YTOOBI O TOCJIEIHENO MOMEHTA, (MOKA €CTh XOTh OHO He HA3BAHHOE
3HaquHe) [I€HA KOPHs OCTABAIOCHL Obl HEM3BECTHOU (To eCTh MOIIa OBITH
U HyJ€M, U €IUHULEN B 3aBUCUMOCTH OT €IlIé He HA3BAHHBIX 3HAUCHUN).
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ITa 3a4a4a MOKA3BIBAET, YTO JIOOOU AJIOPUTM OTHICKAHUS LEHBI KO-
HA B HamOosee HEOIATONPUATHOM CIyvae BBIHYXKIEH OOXOIUTH BCE JTUCThA
(B 9aCTHOCTH, HAIIl ONTUMU3UPOBAHHEIA ATCOPUTM HUKAKOTO BHIMTDHIIIA HE
1aér).

Pemenme. ByneMm 1okasniBaTh 3TO MHAYKIMEN IO BLICOTE Aepesa. IlycTn
kopewns spasiercs AND-sepmunon. Torga 6ygem orrsarusars (10 mpeanoso-
KEHUIO UHIYKIIAY) ONPEIENCHIE 3HAYCHUN B JeTAX KOPHA, & KOTJa JATbIIEe
OTTATMBATD OyI€T HeAb3s (MOCJACIHUN JUCT MO I€PEBa, CTAHOBUTCSA U3BECT-
HBIM), CAEJaeM TaK, 9TOOBI DTO MOAAEPEBO OBLIO UCTUHHBIM. TeM caMbIM
3HAYEHUE B KOPHE COBIANAET CO 3HAYEHUEM B IPYI'OM MO JEPEBE U MONKET
OCTaBATHCA HEOIPEIEJEHHBIM N0 IOCJIEJHErO MOMEHTA. ]

Bonee unTEpeCHON ABAAETCS OLEHKA CPEIHErO YNCJIA OMPOIIEHHBIX JU-
cTheB. bymem cumtarn, wro amroputMm find reduced_cost mpuMmeHseT-
cs xk HekoropoMy dukcupoBanaomy AND-OR-gepesy (¢ ¢ukcupoBanHbI-
MU 3HAYEHUSIMU B JUCTHSX), HO A/ KAXK IOU BEPLUIMHBL HOPSAOK IPOCMOTPA
IBYX €€ neTeu BLIOMPAETCS CIydanHo. Torga oblee YucaIo IpoCMOTD eHHBIX
JIICTHEB CTAHOBUTCA CJAYIAUHON BEJININHON.

11.4.4. [lokasaTb, 9TO MATEMATUIECKOE OXKUIAHNAE DTOU C/Ly TallHOU Be-
AUIuHbL (CpeJHee TO BCeM MOpALKaM MpOCMOTpoB) mid aoboro AND-OR-
IepeBa BLICOTHL 21 (¢ 4" BepmmHaMu) He TpeBocxoauT 3.

Pemenme. PaccMorpum cHadama caydad n = 1, TO eCTb IepeBO INIyOu-
uwl 2. [lycTs ero xopeus aemaeTcsa AND-sepimunon. Ecan B kopHE HAXOAUT-
ca 0, To ma mepBoM ypoBHe 0,0 mwtu 0, 1. B nepBom caydae HaAM JOCTATOTHO
OPOCMOTPETH [BE BEPIIUHBI (HAWAA NMEPBLIM HyJb, MBEL HE UILIEM BTODON).
Bo BTOpoMm ciydae ¢ BeposTHOCTBIO 1/2 HAM XBATUT ABYX, & C BEPOATHO-
croio 1/2 nonagoburcsa Tpu wim derwipe. Ecau xxe B AND-kopue naxogut-
¢ 1, To B 06enx OR-Bepiimuax mepBoro ypoBHs HAXOIUTCA €IAHUNA, U HA
KaXIyI0 U3 HAX HYKHO B CpefHeM He Gomblne 3/2 mMpOCMOTDPOB JUCTHEB
(c BepOATHOCTBIO HE MeHee 1/2 MBI Ccpasy momajgaeM B JHCT C €IUHULEH
U BTOPOU JUCT HE CMOTPUM ).

JagpHeninee paccyXAeHue Jerko MOPOUCXOTUT MO WHAyKuuw. IlycTs
cpeJHee 3HAYEHNE YKC/IA 3ANPAIINBAEMBIX JUCTHEB MJII JI0OOI0 NepeBa Iiry-
6unnr 2k He mperocxouT 3F. Paccmorpum gepero ruay6unb! 2k 4+ 2 ¢ uk-
CUPOBAHHBIMY 3HAYEHUSAMU B JUCTBHAX. [/ KaXKIOr0 BBIOOPA MOPALKA HA
[EPBBIX ABYX YPOBHSMIX M3BECTHO, KAKWE U3 YE€THIPEX BEPIINH BBICOTHI 2 Oy-
OyT paccMoTpensl. 1o npeanonoxennio cpegHee IUCI0 UCIOIB30BAHHEBIX JIM-
CTBEB [IPU PACCMOTPEHUY KAXKIOU BEPLUIMHEL BEICOTHL 2 (yCPEAHEHNE 110 BCEM
nopagkam 06xo01a) He 6ombie 3¢, JomomHITeTBEHO YepegHAeM TI0 TOPA KM
HA IBYX NEPBLIX YPOBHAX U 3aMEYAEM, YTO B CDEIHEM PACCMATPUBAETCA HE
60JIbIIIE TPEX BEPIINH BEICOTHL 2. (Il
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11.4.5. IlonyunTes Gosee TOYHYIO OIEHKY VIS HCIA ITPOCMOTPEHHBIX
JIMCTHEB B MpPeALIAyINeN 3a1ade. [Ykasauue. Vcomb3ynTe pasHble OLEHKH
B 3ABUCUMOCTH OT 3HAYCHUA B KODHE; STO MO3BOTAT 3AMEHUTE \/3 B OIEHKe
Ha menbimee Tucao (1 ++/33)/4.] O

11.5. PeTpocnekTuBHbIN aHann3

CyIIecTBEHHO JIU ONMCAHHOE B MPOMLIOM PAa3ese yJIydlleHue aarOpuT-
Ma (mepexon OT mOJHOrO mepe6opa K a-f-upoueaype)? C ogHOU CTOPOHHL,
ga: B HameM npumepe nepexog or 4" k 3" maér Bemrpeuun B (4/3)" pas,
a (4/3)" skcmoneHunanbHO pacTéT ¢ poctoM n. C APYronm CTOPOHHI, DKC-
MOHEHTA, OCTAETCA DKCIIOHEHTOU, MaXKe eI €€ MOKA3ATelb YMEHBIIAeTCS
¢ 4 10 3, m0>TOMY Ha I Al IOJHOCTBIO IPOAHAIU3NPOBATE JaXKe He OUeHb
CIOKHYIO U NOICYI0 UCPy TAKAM CIIOCOOOM MOYTH HET.

TlosToMy Ha mpakTuke OOGBIMHO BHIOMPAIOT HEKOTOPYIO OUEHKY NO3U-
YuU — JEMKO BEMMUCIUMYIO (DYHKINIO, KOTOPasA MO MHEHMIO MPAKTUKOB
KAK-TO OTPaXKaeT MPEUMYIIECTBO TOMO WM MHOrO UIPOKA (CKaxKeM, MaTe-
PUAJBHLIN IEPEBEC B IIAXMATAX). 3aTEM BMECTO HACTOALIEN UTPEI PACCMa-
TPUBAIOT OrPAHUYIEHHYIO UTPY, B KOTOPOU NEJAETCA CPABHUTETHHO HEOOMD-
moe 9ucao k XOmOB, a 3aTeM PEe3yJIbTATOM HIPLI CIUTAETCA OINEHKA IIOMIy-
YEHHOU HO3ULMYU, U B 3TOUM UI'DE BHIIOIHAIT nepe6op (mpumensis a-fS-onru-
muzanuo). KoHedHo, 370 HUYEro He rapaHTUPYET B HACTOALIECH UTDE, HO
YTO MOAENACIIE.

BreBaoT, ogHako, u cuTyanuun, KOrga yIaéTca OnpeqequTh IRy TaHHOK
[O3UIUU TOYHO. JTO YIAETCA CHEIATH MJIA MIAXMATHBEIX DHIMINAICA C He-
GOMBIIIM IUCIOM (PUCYP — HAIPUMEDP, MOXKHO PACCIMTATD, 38 KAKOE MHU-
HUMATBLHOE YUCAO0 XOJO0B MOXKHO TIOCTABATH MAT KOPOIEM, CIOHOM U KOHEM
OpPOTUB OAMHOKOTO KOPOJSA B 3aaHHLIX HAYANTBLHLIX YCIOBUAX. 3aMETHM,
YTO MPHU STOM YUCIO XOMOB MOXKET M3MEPATHLCA JECATKAMM, 8 KAXK IBIA X0
UMeeT AeCATKYM BAPUAHTOB, IODTOMY O HOXHOM HepeGope (uium gaxe o He-
CKOJIBKO COKDAIIEHHOM) He MOXEeT UATH U DEdu.

11.5.1. IIpugymars ApyroW MOAXOI, UCIOAL3YIOINKA OrPAaHMIEHHOCTD
00LIero 4uc/ia BO3MOXKHBIX IO3ULUY (CKAXKeM, N YeTHIPEX YIIOMSHYTHIX
duryp Ha maxmaTHOH gocke aTo 64* = 224 = 16 «eramosunuin; ¢ yaéTom
0oUepéIHOCTY XOoma OyaeT 32 Meramo3ulNd; MacCUB TAKOT'O pa3Mepa MoMe-
[IAETCA B NAMATH COBPEMEHHBIX KOMIIBIOTEPOB 0€3 TPYAA).

Pemenue. 3aBeqémM MaccuB, OTBEAA AUCUKY I KaxkK qou mos3unuu. [Ipo-
CMOTPHUM €r0 OJUH Pa3 U OTMETHM BCE MATOBHIE MO3ULUM (3AMUCAB TY.Ia
qucao 0 B 3HAK TOrO, 9TO MO3ULWA MPOUTPAHA U OOJbINE XOAUTH HEIb3A).



11.5. Pempocnexmuenbiii anaius 205

3areM IpOCMOTPUM MACCHUB €IIE Pa3 U MOMETUM KAK BHIUI'PBILIIHBIE BCE [O-
3ULAY, U3 KOTOPHIX MOXKHO MOUTHU B MATOBLIE (HamumieM TaM 1 B 3HAK TOTO,
9TO MOXKHO BHIUI'DATH 3a 1 x01). 3aTeM oTMeTuM BCe (eIIé He OTMEIEHHBIE )
[OBMLNY, U3 KOTOPBIX BCE XOALI BEAYT B IO3ULIMAU C METKOU 1, Hammcas
TaM —2; OHU MPOUTPBIBAIOTCA B ABA XOAA. 3aTE€M — IO3UINU, U3 KOTOPBIX
€CTb XOJ B O3ULMK C METKOU —2 (Hamucas TaM 3), HOCJIe DTOr0 — HO3ULWH,
13 KOTOPBIX BCE XOAbI BeAyT B 1- win 3-mosunuu (manucaes Tam —4) u T.1I.
Tax 6ygem gesaTb 0O TeX IIOp, HOKa OyIyT MOABIATHCS HOBHIE OMETKH.
Kax TOIBKO 5TO KOHYMTCS, A KAXKIOU HO3UIUY OyAeT U3BECTHO, MOXKHO
JI1 B HEU BBIUCPATH U CKOJIBKO XOMOB [ DTOCO HYKHO. ]

DdaxTrdecku sra npoueaypa MOBTOPSAET N0KA3aTEILCTBO TeopeMsbl Ilep-
MeJIo (HO MOTMOJHUTEIBHO MBI Oy 9aeM NH(MOPMALIUIO O TOM, CKOJIBKO XOI0B
[0 BBIMTDHINA WX TPOUTPHINIA MDY HAULYYIIEd UCPE).

11.5.2. MoryT in mpu 3TOM OCTATBHCA HEOTMEYEHHEIE MO3UIUN U IEMY
OHM COOTBETCTBYIOT?

OtrBer. ITO MO3UIUU, B KOTOPLIX 0038 UI'POKA MOT'YT TapaHTUPOBATH
CKOJb YIOMHO IIWHHYIO Urpy 6€3 mpourpsima. Bmpouem, mpaBmio Tpo-
€KPATHOI'O NOBTODEHUA MO3MINM B IIAXMATAaX B dTOM CIydIae MIO3BOIAET
canrarh mapruio Hudennou. (Ha camom geme y4ét sTOro mpasmia cyiie-
CTBEHHO OCJIOXKHAET CAUTYaUUIO, IIOCKOJIbKY TeIleph B INOHATHE IIO3ULNUHN Ha-
IO BKJIIOYaTh UHMPOPMALKUIO O TOM, Kakue KOHPUrypauuu puryp Ha TOCKe
y¥Ke BCTPevaInch. ) O

A.JI. BpygHOo 3aMeTWI, 9TO €CTh CATYalUs, B KOTOPOU TAKOU «PETPO-
CIEKTUBHLINY aHAIN3 TpeOyeT coBceM HeOOJBIINX PECYPCOB U MOXKET OLITh
pPeAIM30BaH HA OYEHb HEOOJIBIION TAMATH, XOTS I 9€JI0BEKA COOTBETCTBY-
IOIIAs 3343294 HE IPOCTA: IIyCTh Oe/Ible IMEI0T KOPOJIS Ha IIoJe C3, KOTOPOro
UM 3ampemeHo IBUraTh, u Gep3sa (Ha KAKOM-TO IPYTOM MOJe) U XOTAT I0-
CTaBUTH MaT OQMHOKOMY I€pHOMY KOpoiw. Orpanudenue (HEMOJBIKHOCTH
KOPOJIi), 3aTPY JHAIOIIEE JKU3HD I6I0BEKY-IIaXMATHUCTY, OOJIErdaeT aHAIN3
(yMeHbLIAs KOIUYECTBO MO3ULMK Ho4YTU 4T0 B 64 pasa 3a caér TOro, 4ro
He HaJ0 PAacCMaTPUBATL PA3HBIE IIOJOXKEHUsT KOpous!)

Wcnonb3oBanme TaOAUIBI OMUCAHHOT'O TUMA MOXKHO CUMTATH TPUMEHE-
HUEM METOJa JUHAMUYECKOT'O IIPOrPAMMUPOBAHUA (MBI HE BHIYUCIAEM LIEHY
UIPBL 1A OJHOM M TOU K€ MO3WIMK CHOBA U CHOBA, 0OXOAA NEPEBO, a 3a-
nosHseM TabIuIy UEeH CUCTEMATUIECKN ).



12. ONTUMANBHOE
KOANPOBAHUE

12.1. Kogpbl

Nmes 2™ cuMBOJIOB, MBI MOXKEM KOAMPOBATL KaXKILIM W3 HUX 7 OUTa-
MH, IOCKOJIBKY CymmecTByeT 2" xoMmOuHauuy u3 n 6utos. Hampumep, MOx-
1o 3axomuposarh 4 = 22 cumsoma A, I, T, Il (ucnonbayembie mpu 3amu-
cu TeHoMoB) aByxOuToBbiMu KoMOuHAIMAMu 00, 01, 10 u 11. Mpyrou mpu-
Mep: MOCIENOBATEIBHOCTAMY U3 8 6uTOB (6auTaMu) MOXKHO 3aKOAUPOBATH
256 cuMBOMOB (M >TOr0 XBaTAeT HA JATUHCKUE W PYCCKUE OyKBHI, 3HAKU
OPENVHAHUA U 1D.).

Bouaee dpopmanbuo: nycTh HaM TaH aa@aéum, TO eCTh KOHEIHOE MHO-
JKECTBO, DJIEMEHTHI KOTOPOI'0 HA3LIBAIOTCS CUMBOAAMY WIN OYKEaAMYU DTOTO
anpasura. Kodom nia anpasura A HaseiBaeTCA GyHKIUA (TabaIuna) o, Ko-
TOpas 1A KaxkJI0rO CUMBOJA ¢ U3 A yKasblBaeT IBOUYHOE CI0BO «a), Ha-
3BIBaEMOE K0J08bLM CAOB0M, WU IPOCTO K0dom dTOro cumboia. ([IBoudnoe
CJIOBO — KOHEYHAs [OCJIeN0BATEIbHOCTE Hyael u egunul.) He Tpebyercs,
4TOOBL KOABI BCEX CUMBOJIOB MMEJIN DABHLIE [JIAHBEI.

Msur gonyckaeM, 9TOOBI pa3HbIE CUMBOJIBLL IMEIN OAnHAKOBEIE KOabl. Co-
[VIACHO HAIIEMY ONpEJeJeHNUI0, pa3pelnaeTcs Bce OyKBbI aadaBUTa 3aKOIU-
poBaTs cioBoM 0 (1 Jazke MyCTHIM CJIOBOM) — HO, KOHEYHO, TAKOU KO OyAeT
6ecnosesed. Xopomuil KO JOKEH MO3BOJMATH AEKOAMPOBaHUe (BOCCTAHO-
BJICHUE [IOC/IEJOBATEIBHOCTH CUMBOJIOB 10 €€ KOAY).

DdopMankHO 3TO ompenenseTca Tak. llycTts gukcuposan aapasur A u
KOJ « s Toro anasura. i kaxnoro caosa P B anpasure A (TO ecTh
U1 JIFOOOY KOHEIHOU MOCJAEI0BATENILHOCTHU OyKB andasuTa A) paccMoTpuM
aBowdHOe cioBO «(P), KOTOpOe MOLy9aeTCs, eCIu 3aIUCATh TOAPSA] KOLbL
Bcex Oyks u3 P (6e3 xakux-mu6o pasnenmurenenn). Kong o mHaszbiBaeTcs odno-
3HAUNBLM, €CTTI KOIBI DA3INIHEIX CI0B pasaundsbl: o P)# «(P’) npu P# P'.

12.1.1. Paccmorpum TpéxOykBeHHBIN andasut {a,b,c} u xox a(a) =0,
a(b) =01 n a(c) =00. Byger au 3TOT KO OTHO3HAYHBIM?
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Pemerne. HeT, mockonbKy CI0Ba aa u ¢ KOTUPYIOTCSI OIMHAKOBO. O

12.1.2. [dusn Toro xe anpasura paccmorpum kon afa) =0, a(b) =10
u ac) = 11. Byger a1 5TOT KO OQHO3HAYHBEIM?

Pemenne. Byger. YTo6b J0Ka3aTh 9TO, JOCTATOYHO OOBACHUTDL, KaK
MOXKHO BOCCTAHOBUTH ¢0BO P 1o ero xony «(P). Eciu o P) nauunaercs
C HyJs, TO ACHO, 4TO c10BO P Hauunaercs ¢ a. Eciu a(P) maumnaercs
C eIWHUIEL, TO CA0BO P HavmHaeTcsa ¢ b miu ¢ ¢ — 9ITOOBI y3HATH, C I€r0
UMEHHO, JOCTATOYHO IIOCMOTPETh Ha BTOpou 6ut caosa aP). Boccranosus
nepByw OyKBY cI0Ba P, MBI 3a0bIBaeM O HEW M O €€ KOfe, U TPOJOTKAECM
BCE CHAJAJIA. (]

Bepno u 6osee obiiee yrepxaenue. HazoBém xox npedurcrvim, ecan
KOAbl OyKB He SBIAIOTCA HadaJaMu APYr Apyra (cJaoBo a(p) He sBiaseTCs
HAYAIOM CaI0Ba ¢(q), eciu OYKBBL P U ¢ DA3IUYIHEL).

12.1.3. [lokasarb, 94T0 /000N HIPEePUKCHBIN KO SBJIAETCA OTHO3HAY-
HBIM.

Pemenne. /lexonmpoBanme MOXHO BeCTH cJaeBa HampaBo. IlepBas Oyksa
BOCCTAHABINBAETCA ONHOBHAUHO: €CJAM A ABYX OYyKB p U ¢ ciaoBa «(p)
1 «(q) ABIAIOTCA HAYAIAME KOJA, TO OAHO U3 OB «(p) u a(q) ABIIETCA Ha-
4ajJoM JAPYToro, 9To HeBO3MOXKHO 11 npedukcHoro kofa. M Tax namee. [

12.1.4. IlpuBecTr mpuMep ONHO3HAYHOI'O KOMIA, HE SBJAIOIIETOCSA IIpe-
(PUKCHBIM.

[Vkazanue. Ilycte a(a) =0, a(b) =01, a(c) = 11. DTor KOA ABIAETCA
«Cy(OPUKCHBIMY , HO HE TPeDUKCHBIM. | O

12.1.5. Hantu Tabmumy nis asoyku Mopse. OO0BACHUTDL, TOUYeMy €€
MOXKHO WCIONB30BATEH HA NPAKTUKE, XOTA OHA HE FABJAETCA HU MpedUKC-
HBIM, HU JaXKe OTHO3HAIHBIM KOIOM. O

12.2. HepasencTBo KpadpTa—Makmunnana

3adeM BOOOIIE HYXKHBI KOALI C PA3HOU IJIMHON KOJOBHIX caoB? lerno B
TOM, ITO HA MPAKTUKE PA3HBIE CUMBOJLI aadaBUTa BCTPEUAIOTCA C PA3HOU
YACTOTOU, ¥ BBINOJHO 3aKOJAUPOBATH YACTHIE CUMBOJBI KOPDOTKUME CJIOBA-
Mu. (DTO cOOOpaxKeHWe, KCTATH, YIUTHIBAJIOCH IPU COCTABICHUN a30yKu
Mopse.)

IycTs maa xaxgou OykBel a andasura A ukcuposana e€ wacmoma
p(a) — MONOKUTEIBHOE YUCIO, IPUIEM CYMMBI 9aCTOT BCEX OYyKB DAaBHBL



208 12. Onmumasvnoe xKoduposanue

enuaune. Torga s 0600 KOAa @ MOXKHO OINPENEIUThb CPEeowio Jauny
2TOTO KOMa KaK CyMMY

E=Y p(a)la(a)|

o BceM OykBaMm a € A, rae |a(a)| — miuHa K0goBOro cioBa o(a) GYKBHL a.
(Cmblca BTOro onpegeseHus: ecau B caoBe nauibl N OyKBa a BCTPEIaeTcs
¢ wacroron p(a), To Takux 6yks Oygaer Np(a) 1 Ha UX KOOUPOBAHUE YUIET
Np(a)|a(a)| 6uTos; obmas amuHa koga 6yzet » . Np(a)|a(a)| u B cpegnem
Ha KOJUPOBAHUE KaXK 0N OyKBHI yuaéT F GuTOB.)

Teneps BO3HUKAET 3a1ada: AIA TAHHBIX 9aCTOT MOCTPOUTH OTHO3HAY-
HEIU KO MUHAMAJIbHOU CPeIHEN IIMHBL. TeOpeTUIeCKN 3TO MOXKHO CAEIATh
nepe6GopoM (€Cau B KOIE €CTh XOTA OBl OJJHO OYEHb IJIMHHOE KOJIOBOE CJIOBO,
TO €ro CpeqHAs IINHA BeIUKA, MOPTOMY TaKue KOIbI MOKHO HE PACCMATPU-
BaTh; OCTAETCA KOHEYHOE 4ucJ0 BapuaHToB). Ho MoxHO obouTuchk u 6e3
nepebopa, U B 3TOM Pa3neje MBI HAy9IAMCA DTO JEIATh.

s madana TOMMEM, ITO MEIIAET HAM BHIOMPATH KOMOBLIE CIOBA KOPOT-
kumu. OKa3bIBAETCsA, ITO €CTh POBHO OJHO MPENATCTBUE: IAHBL 11, . . . , Nk
KOJIOBHIX CJIOB [OJXKHBI yIOBJICTBOPATH HEPABEHCTBY

27M 427 4 27

HA3BIBAEMOMY B TEOPUU KOAMPOBAHUA Hepasencmeom Kpagdma — Marmua-
AN,

12.2.1. IIpoBepuThb, YTO OHO BBIMOJHEHO I PACCMOTPEHHLIX BBIIIE
IIPUMEPOB OJHO3HAYHEIX KOIOB. ]

12.2.2. [loxazaTb, 9TO MJA BCAKOTO IPE(PUKCHOIO KOJA BBHIIOJHAETCS
HepaBeHcTBO Kpadra—MaxMmuiiaga.

Pemenue. Otpesok [0, 1] MoxkHO pa3buTh Ha gBe monoBuHBEL HazoeéM
aeByio Iy, a mpasyio I;. Kaxayo u3 HuX pas3oObéMm momosam: oTpe3ok Iy
pasgennTcs Ha JeBYO moJaoBuHY lgy u mpaByio lg, anamoruyano Iy menut-
caHa I1g u I11. I Tak masee: 1i060My TBOMYHOMY CJIOBY & COOTBETCTBYET
oTpesox I,. [muma sroro orpeska ecth 2711 rae |z| — mmma crora .
Ecnu croBo x sBIseTCs HAYATOM CIOBA Y, TO OTPE3OK [, COIEPKUT OTpe-
30K [y; ecmm HM OJHO W3 CIOB & M Y HE SABIACTCA HAYAIOM JPYyroro, TO
orpesku I, u I, He mepekpHIBAIOTCA (HA TOM 3HAaKe, Ile £ U Y BIEPBLIE
pacxogarcs, I, u [, monajaioT B PasHEE IIOIOBUHEL).

PaccmoTpum Teneps OTpe3sku, COOTBETCTBYIOIINE CJIOBAM TPE(GUKCHO-
ro xoga. OHU He TMEPEKPHIBAIOTCA. A 3HAYUT, CyMMa UX IIUH HE GOJBIIE
€UHULEL, 9TO U 1aéT HepaBeHCTBO Kpadra—Maxmuirana. (|
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12.2.3. IlycTtp maHbl k TEJBIX MOJOXKUATEJABHBIX IUCET Ni,...,NE, YIO-
BreTBOpsonme HepaBeHCTBY KpadTa—Maxvurtana. /loka3aTs, ITO MOXK-
HO TIOCTPOUTDL MPEMUKCHBIN KOI 1A k-OyKBEHHOrO aadhaBUTa C IJIAHAMEI
KOJOBBIX CJIOB 701, . .., 1.

Pemrenwe. U 31ech mose3HO UCIIOIB30BATH COOTBETCTBUE MEXIy CJIOBa-
MU ¥ OTPE3KAMU U TPENCTABIATEL cebe Nemo Tak: y HAC €CTh eIUHUIHBIN
orpesok [0, 1], # MBI BBIJEIAEM €r0 YaCTH MOTB30BATELIM 10 TPEGOBAHUIO.
Ecau nonp3oBaTens IPUXOAUT € IUCIOM 73, TO TO 3HAUUT, ITO €My HAJO
BBEIJATH B MOJIb30BAHUE OJWH U3 OTPE3KOB MJUHOU 27 " COOTBETCTBYIO-
UX KOAOBBIM cioBaM AauHbl 1;. (Tem caMbiM rogarcs He m00bIe OTPE3KU
TAKOU [JIMHBI, & JIMLIb (IPABIIBHO pacnoaokeHHsier.) Kon gomxen GbiTh
TpePUKCHBIM, DTO 3HAYUT, YTO OTPE3KN PA3HBLIX MOJL30BATENCH HE TOTK-
HBI TIEPEKPLIBATLCA. HaMm TaHO, 9TO CyMMapHas JJIWHA BCEX TPeOOBAHUN HE
6oupine equaunsl. Kak nx ygosrerBoputs?! MOXHO OTBOAUTH MECTO Ce-
Ba HAIIPABO, IIPU DTOM PACCMATPUBATL TPEOOBAHUA B MOPAIKE yOBIBAHUA
i (Torga 6osiee KOPOTKUE OTPE3KU Oy Ay T IPABUILHO PACIOIOKEHBL 110~
CJie TIpensIayIuX 6oee QINHHBIX ). ([

12.2.4. TloxasaTb, 9TO BBIIEIATH KOIOBBIE CJOBA (MECTO HA OTPE3KE)
MOXKHO U B [IOPSIKE MOCTYIIEHUs TPeOOBAaHUN (KaK MHOr LA TOBOPAT, B «pe-
xKume on-line»): moIbL30BaTENb IPUXOAUT C IUCAOM 7; U YXOAUT C IPABUILHO
PACIONOXKEHHBIM OTPE3KOM JIUHEL 2~ npu<éM €C/Iu BHEIIIOJHEHO HEPABEH-
ctBo Kpadra — Makmumiana, TO HUKTO HE yUAET OOUKEHHEIM (BCEM XBATUT
MECTa, U NePePaCIpPeIeIaATh €ro He IPUIETCA).

[Ykazanue. Hyxuo nmognepxuBaTh CBOOOIHOE IPOCTPAHCTBO KAK 00b-
€IMHEHNE IPABIIBLHO PACIOJIOKEHHBIX OTPE3KOB MOMAPHO PABIUIHBIX [JIUH,
BRIJEASA KAXK IOMY TOTL30BATENI0 KYCOK U3 KPATIAUIIETO TIOAXOIAIIETO OT-
peska u Jopa3buBas OCTATOK.] O

12.2.5. Ilokasarnb, uTo HepaBencTBO Kpadra—MaxMuiiana BBITOIHA-
€TCsI He TOJBKO JJI JI000ro mpeduKCHOrO KOAa, HO U BOOOIE /s JIO0ro
oaHo3HadHOro kona. (Mmenno sro gokazan Maxmwuian; Kpadr moxaszan
HEPABEHCTBO [JA NPEePUKCHEIX KOIOB.)

Pemenne. EcTh pasHble CIOCOOLI PEMIUTH 3Ty 3a4ady; MBI IPUBEIEM
[IPOCTOE U KPACUBOE, XOTs M HECKOJIBKO 3arago4dHoe, pemenue. Ilycts nme-
€TCsA OJHO3HAYHEBIN KOI ¢ k KonoBeIMU cioBamu Py, ..., Py. Ham mago moka-
3aThb, 9TO WX IJIWHEL n; = |P;| ynosrerBopsioT HepasencTBy KpadTa—Max-
Muiaaga. [IpegcraBuM cebe, 9TO BMECTO HYJEW U €UHUI] UCIOIL3YIOTCS
CUMBOJIBL ¢ ¥ b (Kakasd pasHUA, U3 Y€ro COCTABIATH KOABL?). Samuinem
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GOpMaTBHO CYMMY BCEX KOJOBBIX CJOB KAK AJIre0pamvecKoe BBIPAKEHUE
Po+P+...+PF

(MHOFO‘IJIeH OT a n b, B KOTOPOM OJHOYIECHBI 3aIllICaHBI KaK IIPOU3BENEC-
HUs TEpEeMEHHBIX a u b, 6e3 BOo3BegeHUsa B cremeHb). Temeps (emgé Goaee
CTPAHHOE HA NEPBHIN B3IVIAJ AEMCTBUE) BO3BELEM DTO BLIDAXKEHUE B CTe-
nenb N (IPOU3BOIBHOE HATYPAIBLHOE YUCIO) U PACKPOEM CKOOKU, COXPAHSIL
HOPSLAOK IIepeMeHHBIX (He cobupas BMECTe OQMHAKOBEIE [IEDEMEHHEIE) B O4-
HOYJICHAX:

(P + Py + ...+ P)N = cymma ogroumerHos.

Hanpuwmep, a1 xoga co caoBamu 0, 10,11 (koTOpBIE TENEPh 3aNUCHIBAIOTCA
Kak a,ba,bb) u nusn N = 2 nonydaem

(a 4 ba + bb)* = (a + ba + bb)(a + ba + bb) =
= aa + aba + abb + baa + baba + babb + bba + bbba + bbbb.

B »ToM mpuMepe Bce O JHOWIEHBI B IPABOU YaCTY PA3IMYHEL (€CJAU HE Tepe-
CTaBJATH MEPEMEHHLIE), U DTO He CAy9alHO: TakK OyAeT s JH00ro OIHO-
3HAMHOIO Koja. B camMoM fene, 1o ompeeJeHUI0 OJHO3HAMHOCTU HUKAKOEe
CIOBO He MOXKeT OLITh MOIYYeHO ABYMs CIOCOOaMM OPH COCIUHEHUH KOIO-
BBLIX CJIOB.

Teneps nogcTaBuM a = b =1/2 B HaIe PABEHCTBO (€CIN OHO BEPHO A
OyKB, TO OHO BEPHO U [JIA JIOOBIX UX YUCJIOBHIX 3HadeHul ). CreBa momyauTcs

(7™ 4272 4 427N

(B ckoOke Kak pa3 BhIpaKeHwe u3 HepaBeHCTBa Kpadra—Maxkmuuiana).
[IpaByio 9acTh MBI OLEHUM CBEPXY, CCPYIOUPOBAB CJIOBA IO JJMHAM: HMe-
ercs me Gomee 2! craraeMerx gimHBL [, Kaxjoe M3 KOTOPHIX paBHO 27!
U TOTOMY CJIaraeMble NAHHOW [JIUHBI B CyMME€ HE TPEBOCXOIAT €IWHUIIHI,
a mpaBas YacTh HE TPEBOCXOIUT MAKCUMAJILHOU [IUHBI CIATA€MbIX, TO €CTh
N max n;. Utak, moaygaem, 910

(@ 27 4+ 27 < Nmaxn,

u 570 BepHO npu ao6om N. Eciu ocHOBaHue cTenenu B J1€BOU 4aCcTU GOJBIIE
eIUHUIIEL, TO TP GOJIBIHX N 3TO HEPABEHCTBO HAPYIIUTCA (TTOKA3ATETLHAL
dyuKma pacTér ObicTpee auHerHOU). [l03TOMY IA OJHO3HAIHOTO KOIA,
BBINIOJHAETCSA HepaBeHCTBO Kpadra—Maxmuiana. U
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12.3. Koa XaddpmeHa

Teneps 3ama4a 0 Koge MUHIMAJILHON CPENHEN MJUHLI IPUOOpeTaeT Ta-
Kyio (pOpMY: IJIST TAHHBIX MMOJOXKUTEAbHBIX D1, . . . , Pk, PABHBIX B CyMMe€ eI1-
HUIIE, HAUTHU LEIbIE HOJOKUTENbHLIE N, . . ., N, A1 KOTOPLIX BBITOJHEHO
HepaBeHCTBO Kpadra—Makmuarana, a cymma

k
E Din;
i=1

ABJISIETCSI MUHUMAJIBHO BO3MOXKHOU (Cpeau HaGOPOB N, ..., 7, YAOBIETBO-
PAIOIINX HEPABEHCTBY). 3aaa4a 12.2.5 MOKa3bIBAeT MOKA3LIBAET, YTO CPEI-
HAA IIMHA OTHO3HATHOI'O KOJIa He MEHBIIEe DTOI0 MUHUMYMA, a 338a4a 12.2.3
COBOPHUT, 9TO 3TOT MUHAMYM TOCTUTAETCA, IPUIEM TaKe NI MPEPUKCHOrO
koga. Kak xe HauTu 4uciaa nq, . .., Nk, JOCTABIAOIIAE STOT MUHUMYM?

12.3.1. [loxasaTb, 9TO A ABYX OYKB ONTUMAILHBIM KOJ COCTOUT U3
OBYX CJIOB MIWHHI 1, HE3ABUCUMO OT 4aCTOT OYKB. |

YToO6kB! pemuTh 3a1ady B OOIIEM CIyUae, HAMHEM ¢ HECKOJBKUX TPOCTHIX
3aMeIaHUN.

12.3.2. IlycTp 49acTOTHI PACIOIOXKEHBI B yOBIBAIOIIEM MOPSAIKE: Pp >
> py > ... > pr. loxazaTh, YTO TOrga MJIUHBI CJOB ONTUMATLHOTO KOMA
UIYyT B HEyOBIBAIOIIEM MOPAAKE: 1] < Ny < ... < Nk

Pemenue. Ecau 6u1 601€e penkas OyksBa umesa Ob1 601ee KOPOTKOE KOI0-
BOE€ CJIOBO, TO, OOMEHsB KOIOBBIE CJIOBA, MBI COKPATUIN ObI CPEIHION [JIUHY
KO[a. (|

12.3.3. Ocramercs au yTBEpPXKICHUE TPEABIAYIIEN 3aJa49U B CHJIE, €CJAH
9aCTOTHI PACIOJIOKEHBI B HEBO3PACTAIOLIEM HOPsAKe (BO3BMOXKHBL DaBHbIE)?

Pewenue. Her: ecan, ckaxem, umerorcsa Tpu OyKBHL ¢ 9acToTon 1/3, To
OITUMAIBHBIN KO Oy1eT UMETh IJIMHBL CJIOB 1,2,2 (ecau OBl BA KOLOBBIX
CJIOBa UMeIu NIMHY 1, TO Ha TpeTbe ykKe He OCTAJIOCH Obl MECTA), U OHU
MOTYT UATH B TIOOOM TIOPSAIKE. ([l

3aMeTuM, OZHAKO, YTO IPHU MOUCKE ONTUMAIBLHONO KOxa ([ HEBO3-
PaCTAOmMUX TaCTOT) MBI BIPABE OIPAHMYIMBATHCA AL KOAAMHU, B KOTO-
PBIX IINHBI KOJOBHIX CJIOB HEYOLIBAIOT (MTOCKOMBKY KOJOBHIE CJIOBA s OYKB
OJVHAKOBBEIX 9aCTOT MOXHO II€PECTABIATH (€3 M3MEHEHUs CPeIHeN IINHEL
KOZa).
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12.3.4. IlycTp 9acTOTBHI PACIOJOXKEHBI B HEBO3PACTAIOIMIEM IOPSAIKE
(pr=p2 > ... 2 Dr), & IIVHEL CJIOB B OMTUMAIBLHOM KOJE PACIOIOKEHBL B HE-
yOBIBAIOLIEM TODPAAKE 11 < N2 < ... < ng. JokaszaTb, 9T0 Ng_1 = ny (upn
k>2).

Pemenue. IIpeamonoxum, 970 3TO HE TaK, U ITO €CTh EIUHCTBEHHOE Ca-
MO€ IJIXHHOE KOJOBOE CJIOBO IJIUHEL Nny. Torna mepaBencTBo Kpagpra—Mak-
MIWILIAHA HE MOXKET 00pallaThCsA B PABEHCTBO, IIOCKOJIBKY BCE CIaraeMble,
KPOME HAUMEHBINEro (MOCAEIHEr0), KPATHLL Y ABOCHHOMY MOCIEIHEMY CJa-
raeMomy. SHAQUUT, B DTOM HEDABEHCTBE €CThb 3arac, MPUIEM He MEHBIIUN
IIOCJHEHEr0 CJAAraeMoro. A Torja MOXHO YMEHBIIUTDL 7y HA €IUHUILY, HE
Hapyllas HEPABEHCTBA, YTO MPOTUBOPEYUT IPEANOJOKEHNIO 00 ONTUMAIb-
HOCTH UCXOJHOI'O KOJIA. O

JTa 3aJada NOKA3BIBAET, YTO IIPU MOUCKE ONTUMAIBHOI'O KOLA MOXKHO
paccMaTpUBaTh JUIIL KOABI, B KOTOPHIX IBE CaMble penKue OyKBBHI NUMEIOT
KOIbI OJMHAKOBOU [JIVHEIL.

12.3.5. Kak cBecTu 3a1a4y OTHLICKAHUA IIMH KOJOBHIX CJIOB ONTUMAJIb-
HOI'O KOJa I k 9acToT

PLZ=2P22 ... 2 Pp—2 2 Dk—1 = Pk

K 33Ja%e IOUCKA [IJINH ONTUMAJIBLHOIO Koaa 1 k — 1 qacTor

P1,D2;s---,Pk—2,Pk—1 + Dk
(4aCTOTHI ABYX CAMBIX PEIKUX OYKB OOBEIUHEHHI)?!

Pemenme. Mu1 yxe 3HaeM, 9TO MOXKHO PacCMaTPUBATDL JUIIL KOIHI C
nyx_1 = ng. HepaBerctBo Kpadra—MakMmuiiana Torma 3anuieTcsa Kak
27 427 4 427 Mkm2 4 2T 4 DT —

=27™M 42772 4 4272 4 27 (],
€CJIU TOMOXKUTD N1 = Ny =n + 1. Takum obpasom, qucaa ny,...,Ng_2,N

MOJIKHBI yIOBJIETBOPATL HepaBeHCTBY Kpadpra—Maxvmmmiana mis k — 1
OykB. Cpensssa IIVHBL DTUX IBYX KOIOB OYAYT CBI3AHBI:

piny + ...+ Pr—2Ng—2 + Pr—1Mg—1 + PpNg =
=ping + ...+ pr—ong—s + (Pr—1 + Pe)n + [Pr—1 + Pr)-

Tocaennee craraemoe (KBagpaTHas CKOOKa) HE 3aBUCUT OT BLIOMPAEMOIO
KOJIa, II03TOMY MHHUMHU3UPOBATH HAMO OCTAIBHOE, TO €CTh KaK Pa3 Cpef-
HIOIO [IUHY KOOA C AJUHAMU CIOB N, ...,Ng_2,7 LIS 9aCTOT Pi,P2,-- -

-, Pr—2,DPk—1 + pr- Ilocae >Toro Hag0 MOTOXKUTE Ng_1 =N =N + 1, 1 5TO
IACT ONMTUMAIBHBIN KO JJISA UCXOTHON 3aJa4N. O
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Ucnonbays 5Ty 3a1ady, HECJI0KHO COCTABUTDH PEKYPCUBHYIO IIPOIDAMMY
IJIS1 OTBICKAHUS OIWH KOTOBHIX CI0B. C KaXKIBIM BBI3OBOM YHUCIO OyKB Oy-
IeT YMEHBIIATHCS, MOKA MBI HE CBEAEM 33 0a4y K CAYYal0 ABYX OYKB, KO
ONTUMATBHBIN KOI cocTouT u3 ¢ioB 0 m 1. 3areM MOXHO HAUTH U CAMU
KOJOBHIe c/10Ba (coriacHo 3anade 12.2.3). Ho npome o6bequuuTs 5TU gen-
CTBUS U CPa3y UCKATHb KOJOBEIE CJIOBA: BEIb 3aMEHA UMC/IA 7 HA [BA THCJIA
n + 1 cooTBeTCTBYeT 3aMeHe KOMOBOro ci1oBa P wa aBa cmoBa PO u Pl Ha
equHUIy OOMbIIeN AIUHBL (A DTa MOCACIHAA 3aMEHA COXPAHAECT MpedUuKC-
HOCTB KOZJa).

Koa, mocTtpoeHHbin TakuM MeTOAOM, HaswiBaeTcsa xodom Xagddmena.
Msr pokasanm, 9TO OH MMEeT MUHUMAILHYIO CPENHIOI [JIMHY CPEeNU BCEX
KOZOB (Jsi JaHHBIX 4acTOT OykB). B ciegyiomen 3agade ouneHuBaeTcs 4u-
CJIO OTIepaIni, HeOOXOMUMBIX [ TOCTPOEeHUs Kona XaddMeHa.

12.3.6. IlokazaThb, YTO MOXHO 00pabOTATH YACTOTHI P1, . - . , Pk, CACIAB
O(klogk) omepauun, mocae 9ero i-oe KOZOBOE CJIOBO MOXKHO yKa3aThb 3a
BpeMs, TPONOPLINOHATILHOE €r'0 MJINHE.

[Ykazanue. 3amMeTuM, UTO OLEHKA BPEMEHU JOBOJIBHO CHJIBHASL: TOJb-
KO Ha coprupoBky umcen p; yxe yxogur O(klogk) meucrsun. Iosromy,
OPUMEHAA TPEIBIIYILYIO 33,039y, HyKHO UCTIOIb30BATh PE3YIbTaThl COPTH-
POBKU k 9MCEJ IPU COPTUPOBKE MEHBIIEr0 KOANIECTBA IUCEI. DTO MOKHO
CAENATH C MOMOIIBIO OYepeny ¢ MIPUOPUTETAMU, BHIHUMASA JBA MUHUMAIb-
HBIX 4ducia U gobapiss ux cymmy 3a O(logk) mercrBui. D10 mO3BOLAET
OLpeleIuTh, Kakue aBe OYyKBbI HANO COEQUHATH B OQHY HA KaxJIOM LIare.
IMapamnensHo ¢ coeauHenueM GYKB MOXKHO CTPOUTH NEPEBO KOAOB, TPOBOA
pébpa (momedenusie 0 u 1) oT coeAuHEHHON OYKBBI K KaXKIOU U3 €é 1mo-
aoBuHOK. IIpum sTom Tpebyerca O(1) mencrBum Ha xaxgom mare. Ilocae
3aBepIIEHUs IOCTPOEHUE MPOCJAEKUBATD KOJ JIO00N OYKBBI MOXKHO CHMBOJ
38 CHMBOJIOM. | O

12.4. Kop LenHona —dPaHo

Meur Bugenn, Kak MOXKHO MOCTPOUTH ONTUMAIBHBIN KO (AMEIOIu Mu-
HUMAJIBHYIO CPEJHION IJAWHY) s JaHHOro Habopa dactor. QgHako sra
KOHCTPYKIIUA He NaéT HUKAKOU OLUEHKH /IS CPEeIHEN MJIMHLI O TUMAJILHOIO
Koza (kax ¢pyHKuuy or dacror p;). Caeayiomue 3312491 yKa3bIBAET TAKYIO
oreHKy (¢ abCOMIOTHON MOTPENHOCTRIO He 6omee 1).

12.4.1. IlokasaThb, YTO AJaA JIOOLIX MOJOXKUTEIBLHBIX IaCTOT Pi,- .., Pk
(B cyMMe paBHBIX €IUHWIE) CYIIECTBYeT KOJ CpeJHed [IJIMHOU He Ooiee
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H(p,...,pr) + 1, rae dynxuus H (uaseiBaemas awmponuet; lennona)
onpenenseTcsa GopMyIon

H(py, .-, pn) =p1(=logyp1) + ... + pr(—log, pr)

Pewenue. Ecau qacTorsr p; npeactasisior cobou neise (OTpuiaTeib-
HBIE) CTENEHU ABOUKU, TO DTO YTBEPKIEHUE IMOYTH OIeBUAHO. Ilomoxum
n; = —logp; (3zecy u gamee Bce gorapudmer gBowunsie). Torga 27 = p;
4 IOTOMY [JIsi IUCeNI N; BBIIOIHEHO HepaBeHcTBO Kpadra—Makmumiiasa.
ITo 3agade 12.2.3 MOXHO TOCTPOUTE MPEPUKCHBIN KO C IIANHAMU KOLOBBIX
CIOB 7, ..,Nj, X CPEIHAA JINHA D>TOrO Komxa OymeT pasHa H(pi,...,pg)
(u maxe eguHULy NOOGABIATL HE HALO).

OTa eIVHUILIA TPUTOAUTCA, ecau logp; He uensie. B sToM caydae Hano
B3ATb HaMMEHbIIee N, Ipu KoTopoM 2~ < p;. s Takux n; BBIIOJIHAETCS
mepaBercTBo Kpadra—Makmuiiana, u onu 6oabine — log p; He 6osee dem
Ha equHUIY (IOTOMY W TOCTE yCpPeNHEHWA yXyaueHue OyneT He 6omee dem
HA eIVHULLY). O

ITocTpoeHHBIT HA OCHOBE DTOU 33434 KO HasbiBaeTcsa xkodom Ilenwno-
na — Pano. ITO MOCTPOEHNUE JETKO U3BIEKASTC U3 pemeHus 3agayun 12.2.3:
paccMmarpuBas qucaa n; = —|logp;| (HaumeHbme Henble YMCIA, LIS KO-
TOpeIX 27" < p;) B NOpAAKe yObIBAHUA, MBI OTBOAUM A KAXKIOIO U3
HUX KOJOBOE CJIOBO M COOTBETCTBYIOmMHA y4acTok orpeska [0, 1] ciea nHa-
paso.

IIpu 5TOM MBI IPOUTPBLIBAEM B IJIUHE KOa (IO CPABHEHUIO C O THMAJIb-
HBIM KOJOM) He 60Jee eIVHWUIBLL: KAaK Mbl CEMYaC YBUIUM, CPEIHAA IJIAHA,
100010 (B TOM YMCIE U ONTUMAJIBHONO) KOAa He MeHbiue H(pi, ..., pg).

12.4.2. (/1 3HAKOMBIX ¢ MaTeMaTudecKuM aHaau3oM) [Jokasars, 4To
(IpM JAHHBIX MONOKATEIBHBIX 9aCTOTAX, B CYyMMe TAONIUX eJUHUILY) CPEeJ-
HAA IIUHA JH060r0 (OIHO3HAIHOrO) Koxa He MeHbiune H(pi, ..., pg).

Pemenune. Nmes B Buny nepaperncTBo Kpadgpra—MaxMmmiiana, MBI 10J-
JKHBI JOKA3aTh TAKON (PAKT: e€Ciu

27 427
TO

pina+ ...+ peng = H(pr, ... pr)-

OTO BEPHO 1A JIOOBIX N;, HE O0A3ATEILHO IEIRIX. YI00HO TIEPEUTH OT N;
K BelnuuHAM ¢; = 27 ; mHTepecyollee HAC YTBEpXKIeHUE TOr'Aa IVIACUT,
9TO €CAh Pi,...,Pk U Q1,-..,qr — [ABa HAOOPa MHOJOXKUTEJBHBIX YHCET,
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u CyMMa 9uCeNI B KAaXK/I0M DaBHA €QUHUIIE, TO

pi(—logq) + ...+ pr(—logqr) = pi(—logpi) + ... + pr(—logpy).

[pyruMmu croBaMu, BEIPaXKEHUE

pi(—logqi) + ...+ pe(—logqr)

(paccmaTpuBaemoe nmpu (GUKCUPOBAHHBIX P; KaK (DYHKIWA HA MHOXKECTBE
BCEX MOJOKUTEIBHBIX (1, - . ., {, B CyMMe DABHBIX €IMHWUIE) TOCTUTAET MU-
HUMyMa Tipu g; = p;. O61acTh onpeneneHns >Ton (GyHKIMYA €CTh BHYTPEH-
HOCTb CUMILIEKCA (TPEYrOMbHUKA pU 1 = 3, TeTpasapa nupu n =4 u T.1.)
1 TIpu pUOIMKEHUN K TPAHUIIE OMHO W3 ¢; CTAHOBATCS MAJIBIM, 8 €r0 MUHYC
Ja0rapudM yXOAUT B GECKOHETHOCTD. SHAYAT, MUHUMYM (PYHKIAN TOCTHATa-
ercs BHyTpu obuactu. B Touke munumyma rpaguent (—p1/qi, ..., —Pn/qn)
DOMKEH OBITh MEPIEHAWKYIAPEH TIOCKOCTH, HA KOTOPOU (QYHKIUSA OTpe-
neneHa (MHAYE COBUT BJIOJbL DTOU INIOCKOCTH YMEHBIIAT Obl (DYHKIWIO), TO
ecThb Bce p;/q; paBHBL IIOCKOTBKY » . p; = Y. ¢; = 1, TO 5TO O3HA4aeT, 4TO
bi =4q;-

[dpyroe o6bacEerne: GpyHKINA log BHITYyK/Ia BBEPX, TOSTOMY /A JIOOBIX
HEOTPUIATENLHEIX KO(P(PUIMEHTOB (vj, B CyMM€ DABHBIX €IUHUIE, W [/
JMIOOBIX TOYEK T; W3 OOJACTHU OMpPeNeJeHUs JOorapudMa BEITOTHACTCA HEPA-

BEHCTBO
log (Z aix,-) > Z a;logz;.

Ocraéres moMOXKUTL Q; = P;, T; = ¢;/Pi; B JeBON 4acTu OyAer Jorapudm
eNVHUIEI, TO €CTb Hyqab, a »_ p;log(q;/p;) ecTh Kak pa3 PasHOCTb MEXKIY
JIEBOU U TIPABOU JACTAMU JOKAZKIBAEMOTO HEPABEHCTRA. O

Bennka nu 5KOHOMUs OT UCMOAB30OBAHUA KOJOB, OMUCAHHBIX B 3TOM Pa3-
neae? IJTO, KOHEYHO, 3aBUCUAT OT 4YacTOT OyKB: €CIM OHU BCE OJUHAKO-
BBIE, TO HUKAKOU DKOHOMUU He Oyner. JIerko 3aMeTUTb, 9TO B PYCCKOM
SI3BIKE pasHble OyKBHI UMEIOT PAa3HyI 4acToTy. Eciam, ckaxem, B TekcTax
(TEX-dainax) 5TON KHUXKKK (HA MOMEHT DKCIEDUMEHTA) OCTABUTH TOJb-
KO 33 CTpOUHBIE pyccKue OYKBBI OT «a» MO «I», & BCE OCTATHHBIE CUMBOJBI
HE yIUTBIBAThH, TO CAMOU JacTon Oyksou OyaeT Oyksa «o» (dactora 0,105),
a camou peakoun — TBépabn 3Hak (dacrora 0,00019). 3Havenue sHTpONUY
lennona npu sTom Gymer pasuo 4,454 (cpaBHuTe € 5 Guramu, HEOGXO-
OUMBIMU LU KogupoBaHus 32 Oyks). Bomrpeun we Ttax Bemuk. Ou Oyzer
GOJIBIIE, €CIM YIUTHLIBATL TAKXKE U IPYTUE CUMBOJBI (IPOMUCHBIE OYKBHI,
3HAKU MPEMUHAHUA U [P.), KOTOPLIE BCTPEIAIOTCA B TEKCTE TOPA3I0 PEXKeE.
Haxorer;, MOXXHO KOIUPOBATH He OYKBHI, & IByXOyKBEHHbIE KOMOMHAIINY WX
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emé 9To-HuOy 1b. IMEHHO TaK HOCTYNAIOT MOIMYJISIPHLIE IPOrPAMMBI CKATHS
uadopmanuu (TUNa zip), KOTOPHIE MO3BOMAIT COKPATATH MHOTHME TEKCTHI
B IIOITOPA-ABa pa3a (& HEKOTOpBIE APYTue (PaliIbl TaHHBIX — U B OOJIBIIEE
IUCIO Pa3).

12.4.3. Komnammsa M. yTBepxkmaeT, 9TO €€ HOBasg IPOrpaMMa CyIep-
cxKaTUsA (PANIOB MO3BOJAET CKATH JI0O0H (pant nnusou Gouasire 100 000 H6an-
ToB mo kpaunen mepe Ha 10% 6e3 morepu wHpOpManUu (MOXKHO BOCCTA-
HOBUTBb UCXOJHBIN (pali IO €ro CKaToMy BapuaHTy). /lokazaTb, 94TO OHa
BpPET. O



13. NMPEACTABJIEHUE
MHOXECTB.
XELWWNPOBAHWE

13.1. XelwmpoBaHue C OTKPbLITOW aapecaumnen

B ruase 6 66110 yKa3aHO HECKONBKO NPENCTABICHUN JIsI MHOXECTB, DJIe-
MEHTAMU KOTOPBIX ABJSIIOTCS LEIBIE YACIA IPOU3BOALHON BemmauHbl. O qHa-
KO B JIFOOOM U3 HUX XOTs ObI OJHA, U3 OMEPAITA MPOBEPKY MTPUHA [ICKHOCTH,
NOOABJICHUA U yAANCHUS DJIEMEHTa TPeOOBala KOIMIECTBA AEUCTBUU, TIPO-
MOPIUOHAJBLHOI'O YUCIY DJIeMEHTOB MHOXkecTBa. Ha mpakTuke 510 ObIBaeT
caumkoM MHOrO. CyImecTByOT CoCOOBI, O3BOAIONINE TOLYIUTh IJIs BCEX
Tpéx ynoMsayThiX onepanui onenky C'logn. Qnuu u3 Takux cnocob0B MBI
PAcCMOTPUM B CJAEAYIONIEN MIase. B 3Tou miase MBI pazbepéM crmocos, KOTo-
pbie XOTA u TPpUBOAUT K C'n NEUCTBUAM B XyAIIEM CIy9ae, HO 3aTO «B CPEI-
HeM» TpeGyeT 3HAIUTENbHO MeHbInero ux duciaa. (Mer e OGygeM yTOYHATH
CJIOB «B CPEIHEM», XOTs TO U MOXKHO CIeIaThb.) DTOT CHOCOO HA3BLIBAETCS
TEUWUP OB AHUEM.

IlycTs HaM HEOOXOAMMO TPENCTABIATH MHOXKECTBA JeMEHTOB Tuma T,
IpUIEM YMCJIO DJEMEHTOB B HUX 3aBEIOMO MeHbIIe n. BeibepeM HEKOTO-
pyio GyHKIUO h, ompeneréHHYI0 Ha 3HAYEHUAX TUNA T M IPUHUMAIOLIYIO
a3uadenusd O...n-1. Beuio 661 XOpoIro, 9To6b 5Ta (PYHKIUA IPUHAMAIA HA,
ajeMeHTax OyayIiero MHOXKECTBA IO BO3MOXKHOCTU 0Oosee pasHoOOpa3HbIE
suadeHust. (Xyguy ciaydall — 5TO KOIJa €€ 3HAYEHUsl HA BCEX DJIEMEH-
TaxX XPaHUMOTO MHOXECTBA ONUHAKOBEL) DTy (pyHKIUI OyIeM HA3HIBATH
rew-Pynryuet, WIN, KaK elme roBOpAT, Pynkyueld paccmanosru.

Beeaém nBa maccusa

val: array [0..n-1] of T;
used: array [0..n-1] of boolean;

(MBI O3BOAsIEM Cce0e MUCATh n-1 B KaYeCTBE IPAHUILL B ONPEICICHUN TUIIA,
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XOTs B IIaCKaJe 2TO He paspewmaercs). B sTux maccuBax O6yayT XpaHUTHC
DIEMEHTHI MHOXKECTBA: OHO PABHO MHOXeCTBY Bcex val [i] mma Tex i, aas
koTOpwIX used [1], mpuuém Bce >Tm val [i] pasawuner. [lo Bo3MOXHOCTH
MBI OyeM XpaHUTh 3JeMeHT t Ha MmecTe h(t), cunTas 3TO MECTO «HUCKOH-
HBIM» [1Jis1 31eMeHTa t. O [HAKO MOXKET CJIyIUThCA TAK, ITO HOBBIU DJIEMEHT,
KOTOPBIM MBI XOTUM 100ABUTH, IPETEHAYET HA YK€ 3aHATOEe MecTO (/s
KOTOpOro used UCTUHHO). B 5TOM caydae MBI OTHIIIEM GIMKaUIIee CIpaBa,
CBOGOIHOE MeCTO U 3amuiieM sreMeHT Tyaa. («Cmpasay 3HAYUT «B CTOPO-
Hy YBEJWYEHUsA MHIEKCOBY; TOMAA M0 Kpas, MBI IEPECKAKUBAEM B HAYAIO.)
ITo mpexnonoxenuto, 9UCIO JIEMEHTOB BCET A MEHBIIE N, TAK YTO MIyCTHIE
MeCTa 3aBeqoMO OyIyT.

DopmanbHO roBOps, B JIOOOU MOMEHT NOJKHO COOIOAATHCA TAKOE TPe-
60BaHMe: 117 JI0OO0T0 dJIeMEeHTa MHOXKECTBA, YIACTOK CIPABA OT €r'0 NCKOH-
HOT'0 MeCTa 10 ero (paKTUIECKOrO MECTa INOJHOCTHIO 3AIOTHEH.

Baarogaps sTomy mpoBepka NPWHAIIEXKHOCTHU 33JAHHOIO JIEMEHTa t
OCYIIECTBIAETCA JEerKo: BcTaB Ha h(t), ABuraeMcs HANPABO, MOKA HE JOU-
OéM 10 IyCcTOro MecTa miau 10 »iaemenTa t. B mepBom ciyuae smemeHT t
OTCYTCTByeT B MHOXKECTBE, BO BTOPOM — IpUCYTCTBYeT. Ecmu saemeHT
OTCYTCTBYET, TO €r0 MOXKHO NOOABATH HA HAUIEHHOE mycToe MecTo. Ecim
OPUCYTCTBYET, TO MOXKHO €ro yIaauThb (monoxus used = false).

13.1.1. B mpeaniaymem ad3ane ecThb omuOKa. Hautu €€ u ucupaBuTh.

Pemenme. /leqo B TOM, 9TO npu ynaneHnn TpedyemMoe CBOUCTBO «OTCYT-
CTBUSA MyCTOT» MOXKET HApPyIUThCA. [lopTomy Oymem merars Tak. Cosmas
OBIPY, OyeM IBUTATHCA HAMPABO, MOKA HE HATOJKHEMCS HA DJIEMEHT, CTO-
AIIAY HE HA, UCKOHHOM MeCTe, WU Ha, €IIé OMHO MyCTOoe MeCcTO. Bo BTOpoM
cIydae Ha DTOM MOXKHO YCIOKOUTHCA. B IIepBOM ciaydae MOCMOTpPUM, HE
HYKHO JI HAWJEHHBIM 3JI€MEHT IMOCTABUTH HA MECTO AbIpH. Ecau Her, TO
[IPOJOJKAEM IOUCK, ECJAU Ja, TO 3aTBIKAEM UM CTapyio auipy. llpum sTom
obpasyeTcsa HOBas ILIPa, C KOTOPOU JEJAaeM BCE TO XKe CAMOE. O

13.1.2. HammcaTs mporpaMMbl IPOBEPKU NPUHAIIEKHOCTH, JOOABJIeE-
HUA U yIaJIeHU.

Pemenmne.

function mpunagmexut (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)}



18.1. Xewuposanue ¢ omxpvimot adpecayuet 219
‘ npuHagmexuTr := used [i] and (val [i] = t);
end;

procedure mo6asute (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 mckmouuthk (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[il) then begin

‘ {Ha cB0OéM MecTe, HMYEro He melaTh}

end else if dist(h(vall[il),i) < dist(gap,i) then begin
‘ {gap...h(vall[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;

3necs dist (a,b) — m3MepeHHOE 1O YacOBOU CTpeiKe (CJIeBa HAIPABO)
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paccrosHue OT a 40 b, TO eCThb
dist (a,b) = (b-a+n) modn.

(Mer nmpubaBunm n, Tak Kak GyHKOua mod IPABUIBHO PAOOTAET P IOJIO-
KUTEILHOM [eJIAMOM. ) O

13.1.3. CymecTByeT MHOrO BApUaHTOB XemupoBauus. QAuH U3 HUX Ta-
KOB: OOHAPYKWB, 9TO KCKOHHOE MeCTO (0603HAMUM €ro i) 3aHATO, Oy 1eM uc-
KaTh cBoGogHOE He cpenu i + 1,0 + 2,.. ., acpeau r(i),r(r(i)),r(r(r(i))),. -,
rae r — HekoTopoe orobpaxenue {0,...,n — 1} B ce6sa. Kakue npu sTom
OyayT TPyIHOCTH?

OrBer. (1) He rapaaTupyercs, 9TO €Cau IMyCTBIE MECTA €CTh, TO MBI
ux vangém. (2) llpu yganenun mesicno, kak 3amonuaTs awipel. (Ha npaxru-
K€ BO MHOI'MX CIy9asiX yJaJeHue He HyXKHO, TAK 9TO TAKOHU CIOCOO TAKKe
npuMenseTca. CauTaeTcsa, 9TO yIad9HLIA MOA0OP (PYHKIWU T MOXKET TIpe-
IOTBPATUTL OOPA30OBAHUE «CKOILUICHUNY 3AHATHIX AIEEK.) (Il

13.1.4. IlycTty mma XpaHEHWS MHOXKECTBA BCEX HPABUILHBIX PYCCKUX
CJIOB B IporpaMme NnpoBepku opdorpaduu HCIOIb3YEeTCA XelInpOBAHUE.
Yro HyX)HO A06ABUTH, 9TOOBI K TOMY K€ YMETb HAXONUTH AHTIUUCKUU
mepeBo| JO0r0 MPABUWILHOIO CIOBAT

Pemrenwe. [lomumo maccuBa val, 31eMeHTHI KOTOPOI'O SIBJIIOTCS PYCCKU-
MU CJIOBAMU, HYXKEH NAPALICAbHBIN MACCUB UX AHIVIMACKUX IEPEBOAOB. [J

13.2. XelwwmpoBaHue CO CNUCKaMu

Ha xem-¢yuxiuio ¢ k 3HaUeHHAMY MOXKHO CMOTPETh KaK Ha Cocob cBe-
CTH BOIIPOC O XPAHEHUU OJHOI'O OOJBIIONO MHOXECTBA K BOIPOCY O XpaHe-
HUM HECKOJbKUX MEHbIINX. IMEHHO, ecin y HAC €CTh Xel-(PyHKIu ¢ k 3Ha-
YEeHWsAMH, TO J000e MHOXKECTBO pa30buBaercs Ha k 0AMHOXKeCTB (BO3MOXK-
HO, I'[yCTBIX), COOTBETCTBYIOIINX BO3MOXHBIM 3HAYCHUAM XeIH—beHKI_II/II/I.
Bonpoc o mpoBepke NpuHAAIEKHOCTH, JOOABJCHIN WK YIAJIEHAN I OOJb-
IIOI'O MHOXKECTBAa CBOOAUTCA K TaKOMY K€ BOIIPDOCY I OOTHOI'O U3 MEHBIINX
(4TOOHI y3HATD, A/ KAKOI'O, HAA0 IOCMOTPETH Ha 3HAYEHNUE XeI-(DYHKIIUY).

OTU MEHBIINE MHOXECTBA YA00HO XPAHUTD C IOMOIIBIO CCBLIOK; UX CyM-
MapHLIU Pa3Mep PaBEH YUCTY DJIEMEHTOB XeIUpPyeMoro MEokecTRa. Caeny-
I0IIasA 33Ja4Ya IpejIaraeT Pealn30BaTh dTOT ILIAH.

13.2.1. IlycTe xem-dyHKIUA TpuHUMAET 3HadeHusA 1...k. aa xaxmo-
IO 3Ha4YeHUsA XeHm-PYHKIUU PACCMOTPUM CIUCOK BCEX 2JIeMEHTOB MHOXKe-
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CTBa C TAHHBIM 3HadeHueM xenl-QyHKiuu. Byzem xpaHuts 5Ty k comckos
C TIOMOIIIBIO TTEPEMEHHBIX

Conmepxanue: array [1..n] of T;
Cnenmyoumu: array [1..n] of 1..n;
llepBCBO6: 1..n;

Bepumra: array [1..k] of 1..n;

TaK XK€, KaK MbI DTO IeJANN 1A K CTEKOB OMPAHUYIEHHOU CYyMMAapPHOU /M-
uel. Hanucars coorBercrBylomume nporpaMMbl. (YajeHue 0O CPaBHEHUIO
C OTKPBLITOU aJpecanuer yIpomaeTcs. )

Pemenne. Ilepen navamoMm pabOTH HAMTO MONOXKUTL Bepumua[i] = 0 aa
Bcex 1 =1...k, u CBA3aTh BCE MECTA B CIKUCOK CBOOOMHOTO MPOCTPAHCTRBA,
nonoxkuB [lepeCB06 = 1 u Crenywumu[i] = i+1 mua i = 1...n-1, a Takxe
Crenywoumu[n] = 0.

function mpumagmexut (t: T): boolean;
‘ var i: integer;
begin
i := Bepumualh(t)];
{ocramocer mckaTh B cmmcke, HaumHag C i}
while (i <> 0) and (Comepxamme[i] <> t) do begin

‘ i := Cmemywumul[i];
end; {(i=0) or (Comepxamme [i] = t)}
npuHagnexur := (i<>0) and (Comepxamme[i]=t);

end;

procedure pmo6aButes (t: T);
var i: integer;

begin

if not mpumapgmexut(t) then begin
i := llepsCB06;
{llepeCB06 <> 0 - cumTaeM, 4YTO He IEPENONHAETCA}
MepeCro6 := Cmexywoumi[MlepeCro6]
Comepxanue [i] :=t;
Crenmywoumit[i] : =Bepumua[h (t)];
Bepumna [h(t)]:=1i;

end;

end;

procedure uckmouutb (t: T);

‘ var i, pred: integer;

begin

‘ i := Bepumral[h(t)]; pred := 0;
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{ocTramoces mckarp B cmucke, HauMHag ¢ i; pred -
IpenHAyuM#, eCIM OH ecTh, u O, ecaum HeT}
while (i <> 0) and (Comepxamme[i] <> t) do begin
‘ pred := i; i := Cuexzywumiu[i];
end; {(i=0) or (Comepxamme [i] = t)}
if i <> O then begin
{Comepxanme [i]=t, >meMeHT ecTh, HaLo yHAIUTB}
if pred = 0 then begin
{>meMeHT oka3samca mepBEM B cIHMCKe}

Bepumual[h(t)] := Cmemywumu[i];

end else begin

‘ Cnenywumi[pred] := Cmermymommu[i]

end;

{ocTamoce BepHyTH i B cmucok cBo6omHEX}

Cnenywumu[i] := llepsCEBO6;

[lepBCBOG6:=1;

end;
end; O

13.2.2. ([nn 3smakoMbix ¢ Teopuen BeposaTHocTen.) IlycTs xem-dynk-
mua ¢ k 3HAMEHWAMM HCIIOAL3YETCA IJIA XPAHEHUA MHOKECTBA, B KOTOPOM
B NAHHBIA MOMEHT 7 21eMeHTOB. [[0Ka3aTh, 9TO MaTEMATUIECKOE OXKKIA-
HUe 4YnCia NeUCTBUU B mpeasiayuien sagade He mpesocxogut C(1 + n/k),
ecan no6aBigeMbI (yoANAEMBIN, UCKOMBIN) BJIEMEHT ¢ BHIODAH CJIy9ayHo,
npuuéM Bee 3HadeHUs h(t) uMmeroT paBHBIE BepoaTHOCTH (paBHbIe 1/k).

Pewenwe. Ecnu [(i) — pauna coucka, COOTBETCTBYIOMIETO XEII-3HAE-
HuO 4, To ducao onepanui He npesocxonur C(1+ I(h(t))); yepeguss, mo-
Jly4aeM UCKOMBII OTBET, TaK Kak y , (i) =n.

OTa OLIEHKA OCHOBAHA HA MPEINOJOKEHNN O PABHBIX BEPOATHOCTAX. O -
HAKO B KOHKPETHOU CUTYALlUU BCE MOXKET ObITH COBCEM HE TaK, U 3HAYCHUS
Xe-(PpyHKIIUA MOTYT (CKYIUBATHCAY: IJIA KAXKIOU KOHKPETHOU Xem-(pyHK-
UM €CTh (HEeyJAIHBIE» CATYAlWU, KOTAA 9YUCJIO AEUCTBUAU OKA3BIBAETCA
6ombmmm. [Ipuém, HABEIBAEMBIN YHUGEPCAADHBIM LEULUD OB AHUEM, TTO3BOILA-
er oboutu >y mpobaemy. Mges coctouT B TOM, 9YTO GEPETCA CEMEUCTBO
XeI-(PYHKIIUN, TPUIEM TI00asa CUTYAIUA OKA3BIBACTCA HEYIaTHOU JIWIITh I
HEOOJBIION TACTU STOIO CEMEUCTBA.

Ilycte H — cemencTBo (yHKINN, KaxKIad U3 KOTOPLIX OTOOpaxKaeT
mHO)KecTBO T’ B MHOXKECTBO U3 k nremenToB (Hampuwmep, 0...k — 1). T'oso-
par, uto H — ynusepcaavroe cemeticmeo rew-@Pynrkyut, ecam 1as JOOBIX
IBYX Da3JUIHLIX 3HAYEHUU § U t U3 MHOXKECTBA 1 BEPOATHOCTH COOLITUSA
h(s) = h(t) pas cayganson gyukuuu h us cemencrsa H pasra 1/k. (Ipy-
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rumu caoBamu, Te pyuxuuu u3 H, mas xoropex h(s) = h(t), cocrasusator
1/k-y10 1acts Bcex pyuxmmi B H.)

3ameuanue. Bonee cuabuHoe TpeboBaume K cemenctBy H mMorio Gwr co-
CTOATH B TOM, 9TOOBI [J JHOOBIX IBYX PA3IMIHBIX DJIEMEHTOB § U ¢ MHO-
xkecrBa T 3uadenus h(s) u h(t) caygaunon (yHxuuu h SBISIOTCI He3a-
BUCUMBIMY CJIyIalHBIMEA BEJIMIUHAME, DABHOMEPHO PaCHPENeJEHHBIMU HA

0...k—1.

13.2.3. Ilycts ty,...,t, — OIPOU3BOILHAA MOCICIOBATEALHOCTE PA3IAY-
HBIX DJEMEHTOB MHOXECTBa 1. PaccMOTpUM KOIMYECTBO NEUCTBUU, TPOUC-
XONSAIINX TIPU TOMEIIEHUN DJEMEHTOB 1, . .., 1, B MHOXECTBO, XEIINPYEMOE
¢ oMOIIBI0 GyHKIMKM h 13 yHuBEpcaabHOro cemencrsa H. JokazaTb, 94TO
cpejAHee KoumaecTBo gencrBunt (ycpeguenue — 1o BceM h u3 H) He npesoc-
xonut Cn(1+ n/k).

Pemrenme. O603Ha9UM 1€pe3 1m; KOIUIECTBO DJIEMEHTOB MOCIEI0BATENb-
HOCTH, A KOTOPHLIX Xem-pyHKUua pasHa ¢. (Yucma mo, ..., mg_1 3aBU-
CAT, KOHEIHO, OT BBHIOOpA Xem-pyHkumu.) KoamdecTso AenCTBU, KOTO-
poe MBI XOTUM OLIEHUTHb, C TOTYHOCTBIO OO IIOCTOAHHOI'O MHOXHUTEJIA DaB-
HO m§ +mi + ...+ mi_,. (Ecau s ducen nonagaioT B OAHY XeLl-9elKy,
TO IS 3>TOro TpebyeTcsa mpumepHo 1+ 2 4+ ...+ s geuctsum.) ATy Ke
CYMMy KBaJDATOB MOXKHO 3alMCAThb KaK IMCJAO Hap (p,q), A1 KOTOPHIX
h(tp,) = h(ty). ocreaHee PaBEeHCTBO, €CIN €r0 PACCMATPUBATHL KAK COOHI-
THe npu GUKCUPOBAHHLIX P U ¢, AMEET BePOATHOCTH 1/k mpu p # ¢, mosToMy
CpejHee 3HAYEHUE COOTBETCTBYIOLIEro WieHa CyMMBI paBHO 1/k, a nus Bcen
CYMMBI TIOIy9aeM OmeHKy nopsanka n’/k, a Tounee n + n’/k, eciu yaecTs
WJIEHBL C P = . 0

OTa 3a0a9a MOKA3LIBAET, YTO HA KAXKIBIU NOOABIAEMBIN DIEMEHT MPU-
xogutca B cpegaeM C(1 + n/k) oneparuit. B sTon onerxe 1po6s n/k nmeer
CMBICT «KO3((PUIIMEHTA 3ATMOJHEHU XEI-TaOJAIIH.

13.2.4. [lokasaTh aHAJOIUYIHOE yTBEPKACHNE [ IPOU3BOJILHON IOC/Ie-
JIOBATEIbHOCTH Oepauuil J0OABIEHNUs, HOUCKA U Y IaaeHus (& He TOABKO s
I0OABIEHUSA, KAK B MPENLIAYIIEN 3a1a4e).

[Ykazauue. Bygem mpencrapaats ceGe, 4TO B XOle MOUCKA, NOOABTeE-
HUS ¥ yIAJEHUsA DIEMEHT MPOTAIKABACTCSA IO CIUCKY CBOMX KOJUIET C TEM
K€ Xell-3HAYEHNEM, TTOKa He HAUAET CBOErO ABOMHUKA WIM HE AOUIET 10
KOHIIA crucka. BygeM Ha3bIBATH 4-j-CTOIKHOBEHHEM CTOJIKHOBEHHE t; C t;.
(Ono mbo mpomsoniér, mmbo Her — B 3aBucumocTu 0T h.) Obmee 4u-
CJI0 IeUCTBUU TIPUMEPHO PABHO YUCIY BCEX TPOUCIIEANINX CTOJIKHOBEHUN
ILTIOC “HCIO daeMeHTOB. 1Ipu ¢; # t; BepOATHOCTS 4-j-CTOIKHOBEHHA HE TIpe-
BocxoauT 1/k. OcTanoch mIpoCieuTh 3a CTOIKHOBEHUAMY MEX 1y DABHBIMI
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siemenTamu. PukcupyeMm HEKOTOPOe 3HAYEHUE T U3 MHOX)ecTBa 1 u mocMo-
TPUM HA CBA3aHHBIE ¢ HUM onepanuu. OHU UIYT MO MUKIYy: n06ABICHTE —
IPOBEPKU — yaajJeHue — no0OaBIeHWe — IPOBEPKW — yIAJIeHuEe — ...
CTOJIKHOBEHUS MPOUCXOAAT MEXKAY AO0ABIAEMBIM DIEMEHTOM U CJIEIY IO~
MU 3a HUM IpPOBEpKaMu (40 yAAICHUS BKIIOYUTEIBHO), II02TOMY OfIee ux
U0 HEe IPEBOCXOAUT YUCIA 3JIEMEHTOB, DABHBIX . ]

Teneps npuBeaéM NpuUMepsl YHUBEPCAILHBIX ceMencTB. O49eBuaHO, 1/
JMIOOBIX KOHEYHLIX MHOXKECTB A 1 B ceMencTBO BCeX (PYHKIUU, OTOOpaxKa-
fomux A B B, siBasiercs yHuBepcaibHbIM. OQIHAKO DTOT HPUMED € IPAKTU-
YECKOU TOUKU 3DEHUS OECIONe3€H: M/ 3AMOMUHAHUA CIyIanHOU (HYHKIIUN
73 DTOrO CEMEUCTBA HYKEH MACCUB, IUCJI0 DJEMEHTOB B KOTOPOM PAaBHO HU-
¢y saeMeHTOB B MHOXKecTBe A. (A ecim MBI MOXeM cebe MO3BOJIUTH TAKOU
MAaCCUB, TO HUKAKOI'0 XEIIUPOBAHUA HE Tpebyercs!)

Bousee mpakTuvHble NpUMEPBI YHUBEPCAIBHBIX CEMEUCTB MOI'YT OBITH
MOCTPOEHEI C TIOMOIILI0 HECAOKHBIX AIrebpanmdeckux KOHCTPyKimu. e-
pe3 Z, MbI 0603HaMaeM MHOXKECTBO BBIYETOB II0 IIPOCTOMY MOIYJIO P, T.e€.
{0,1,...,p — 1}; apudMeTnveckue Omeparuu B >TOM MHOXKECTBE BHINOJ-
HAIOTCA 1O MOAYJII p. YHUBEPCAIBHOE CEMEMCTBO OOPa3ylT BCe JUHEU-
Hble (DYyHKIMOHAIBL Ha Z, O 3HadeHuAME B Z,. Boree moxpo6mno, mycrs
@y, ...,Q, — IPOU3BOJbHLIE JIEMEHTH Zp; PACCMOTPHUM OTOOpaXKeHune

h:{zy...zp)—ayx + ...+ apty.

Mgt momywaem cemencTso u3 p" oToGpaxkenun Z; — Z, napaMeTPU30BaH-
HOe HabopaMu (aj .. .ap).

13.2.5. [loxasaTh, YTO 3TO CEMEUCTRO ABIAETCA YHUBED CATHLHBIM.

[Ykazanme. IlycTs 2 u y — pasmuanbie TOYKE npocTpancTBa Z,) . Kakosa
BEPOATHOCTEL TOT'O, UTO CAYYAUHLIN (hYHKIMOHAT MPUHUMAECT HA HUX OIU-
HAKOBHIE 3HA4YEHUA! [[pyruMu ciroBaMu, KAKOBA BEPOATHOCTDH TOT'O, ITO OH
paBeH HyJi0 Ha ux pasHoctu & — y? OTBeT HaéTCsa TAKUM yTBEDKICHUEM:
MyCTb 1 — HEHYJEBOU BEKTOP; TOIa BCE BHAYEHUSA CILYyIANHOTO (PYHKIIIO-
HaJa HA HEM DABHOBEPOSTHEL | O

B caenyromen 3agage maoxkecrso B = {0, 1} paccmarpusaeTcs kak MHO-
KECTBO BEIIETOB IIO MOIYJIIO 2.

13.2.6. CemencTBo BCex JUHEMHBIX 0TOOpaxkenuu u3 B” B B™ asasercs

VHUBEP CATBHBIM. O

PoacTBEHHLIE XEIMPOBAHUIO WAEH HEOKUIAHHO OKA3LIBAIOTCSA MOJE3HbI-
MU B caepywomen curyanun (pacckasan [I. Bapcanodses). Ilycts MBI x0-
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TUM HAIXCATH IPOrPAMMY, KOTOpas OOHApyKuBaIa (OOMBIIMHCTEO) Oleda-
TOK B TEKCTE, HO HE XOTUM XPAHUTH CIUCOK BCEX MPABUIBHBIX CJIOBO(DOPM.
IIpenmaraeTcsa MOCTYNUTL TakK: BHIOpATh HEKOTOpoe N u HAOOP PyHKIIUU
fi,---, fr, oroOpaxarmmux pycckue crosa B 1,...,N. B maccuse uz N 6u-
TOB IOJIOKUM BCe OUTHI PABHBIMY HYJII0, KDOME T€X, KOTOPHIE ABJIAI0TCS 3HA-
YeHneM KaKOU-TO (PYHKIMKM HaOOpa Ha KAKOU-TO IPABUJILHOU CJIOBO(OpPME.
Temepb TPUOIMKEHHBIN TECT HA TPABIILHOCTE (JIOBOPOPMBI TAKOB: TPOBE-
PUTH, YTO 3HAYEHUs BCeX (PYHKIMM HAOOPA HA DTOU CIOBOGOPME MOMA, TAI0T
HA MECTa, 3aHATHIE equHUIaMU. (DTOT TECT MOXKET HE 3aMETUTH HEKOTO-
PBIX OIKUOOK, HO BCE NPABUIbHEIE CJIOBO(MOPMEL OY1yT OLOODEHHL.)



14. NMPEACTABJIEHUNE
MHOXECTB. [IEPEBbA.
CBEAJIAHCNPOBAHHBIE
ONEPEBbLA

14.1. lNpeacTaBneHne MHOXECTB
C MOMOLLIbIO [EPEBLEB

MNonHoe aBou4yHOe AepeBo. T-aepeBbs

Hapucyem Touky. 3 Heé nposeném aBe cTpeaku (BIEBO BBEPX U BIPABO
BBEPX) B [ABE Apyrue TOYKU. V3 KaxKAOU M3 dTUX TOYEK MPOBENEM IO ABE
cTpenku u Tak ganee. Ilomydennyro xapTurKy (B n-om caoe Gymer 271
TOYEK) HA3BIBAIOT HOMHBIM ABOUYHBLIM depedom. HuxHIO0 TOUKY Ha3bIBAIOT
Koprem. Y KaXKIOU BEpIINHBI €CThb OBA Cbika (IBE BEPINUHBI, B KOTOPLIE
UIYT CTPEIKU) — Ae6blli U Npaswit. Y BCAKOU BEPIIMHBI, KPOME KODHA,
€CTh €IUHCTBEHHBLIN 01Mel.

IlycTe BEIGpAHO HEKOTOPOE KOHEYHOE MHOXKECTBO BEPIIMH IIOJTHOI'O TBO-
UYHOrO JEPEeBa, COAEPKAIIEe BMECTE C KAXKAOU BEPIIMHON U BCEX €€ mpej-
kOB. IlycTh Ha KaX [0 BEPLUINHE 3TOI0 MHOXECTBA HAIMCAHO 3HAYEHUE (PUK-
cupoBanHoro Tuna 7' (TO eCcThb 3aJaH0 OTOOPAKEHNE MHOKECTBA BEPIIUH
B MHOXKeCTBO 3Hadenunt Tuna 1'). To, 94To moaydurcs, OygeM HasbiBaTh 1-de-
pesom. MuoxkecTBo Bcex T-nepesbes o6o3uadum Tree(T).

PexypcuBHoe onpeaenenune. Besikoe menmycroe T-xepepo pazbuBaeTcs HA
TPU 9aCTU: KOpeHb (Hecymuu nomerky u3 1), JeBoe u mpaBoe MO IePeBbs
(KOTOpBIE MOTYT OBITH MYCTHIME). JTO PA3OUEHNE YCTAHABIUBAET B3AUM-
HO OJHO3HAYHOE COOTBETCTBUE MEXIy MHOXKECTBOM HENYCTHIX 1-1epeBheB
u npoussegenueM T x Tree(T') x Tree(T). O603Ha4uB Yepes empty mycToe
IE€PEBO, MOXKHO HANUCATH

Tree(T) = {empty} + T x Tree(T) x Tree(T).
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MNopnpnepesbs. BricoTa

Dukcupyem mekoTopoe T-mepeBo. [lna Kax)mou ero BEpIIMHLL L Ompe-
IeneHo e€ sesoe noddepeso (JEBBHIN ChIH BEPIIUHBL & U BCE €r0 IOTOMKH),
npasoe noddepeso (IPABLIN ChIH BEPLIVHBL T U BCE €I'0 IOTOMKM) 1 nodde-
peso ¢ Koprem 6 T (BepLIMHA T U BCe €6 MOTOMKH).

JEeBOE IpaBoOe

KODEHb

JleBoe u mpaBoe MOXAepeBbs BEPIIMHBEL T MOTYT OBITH IIYCTBHIME, & IO I€-
PEBO C KODHEM B I BCErja HemycTo (COZepKUT O KpauHed mepe z). Bui-
comot moxgaepesa Oy 1eM CIMTATH MAKCUMAJIBHYIO NIUHY LENU Y . . .Y, €ro
BEpIIUH, B KOTOPOU Y; 11 — CHIH y; 0is Beex 4. (BricoTa mepesa u3 0qHOTNO
KODHS PABHA €IUHUIE, BEICOTA IIyCTOrO IE€PEBa — HYJIIO.)

YnopsigoueHHble T-aepeBbs

ITycTs Ha MHOXeCTBe 3HaveHun Tuna T pukcupoBaH mMOpAI0K. HazoséM
T-nepeBo ynopadouennbim, €CAu BBEIIOJIHEHO TAKOe CBOMCTBO: [ JI0OOH
BEPIINHLI £ BCE IOMETKU B €€ JIEBOM IO/ [€PEBe MEHbIIIe IOMETKH B T, & BCe
IIOMETKHU B €€ IIPaBOM IO aepeBe O0JbIIEe IOMETKHA B T.

T
14.1.1. [TokazaTb, 9TO B YIOPAIOUEHHOM NEPEBE BCE IMOMETKU Pa3/IMt-
HBL.

[Ykazauue. IHAyKIMA 10 BLICOTE JepeBa.] (Il

lNpeacTaBneHne MHOXECTB C MOMOLLbLIO [EPEBLEB

Kaxmgoe mepeBo OymeM CIMTATHL MPEACTABICHUEM MHOXKECTBA BCEX TIO-
MeTOK Ha ero BepimHax. [Ipu 5ToM 0THO 1 TO Ke MHOXECTBO MOXKET UMEThH
PA3IUYHBIE TTPEACTABICHUA.
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Ecau nepeBo ynopsigodeHo, TO KaXKIbIM 3JIEMEHT MOXKET JEIKO (HAUTH
CBOE MeCTO» B IepeBe: MpUId B KaKyIO-TO BEPUINHY U CDABHUB CeOs C TEM,
KTO TaM HaXOQUTCA, JEMEHT PeIIaeT, UATA €My HaJeBO MIN HAIPaBoO.

w

Y

HauaB ¢ KOpHA U OBUrasch MO TOMY NPABUIY, OH JUOO OOHAPYXKUT, ITO
TaKOH DJEMEHT YK€ eCThb, 100 HalAET MECTO, B KOTOPOM OH JOJKEH OLITb.

Bcerogy mamee Mbr mpegmosaraem, 4TO HA 3HAYEHUsAX Tuna 1 3agaH mo-
PAIOK, ¥ PACCMATPUBAEM TOJIBKO YIIOPAIOUECHHBIE TEPEBbI.

XpaHeHue fepeBbeR B Nporpamme

MoxHO OBLIO OBI CONOCTABUTBL BEPIIMHEBI IIOJTHOT'O NBOMYHOI'O JepeBa
cuucaamu 1,2,3, ... (cauTas, 9TO JEBBIU CHIH 7 €CTh 27, IPABBIU CHIH 7l €CTh
2n + 1) u xpanuTs nmomerku B Maccuse val [1...]. Oguaxo sToT cnoco6
HEDKOHOMEH, MOCKOIbKY TPATUTCA MECTO HA XPAHEHWE MYCTHIX BAKAHCUU
B IIOJIHOM [JBOUYHOM J€DEBe.

Boaee sxonomen Takou crocob. Breaém Tpu mMaccusa

val: array [1..n] of T;
left, right: array [1..n] of O..n;

(n — MakcuMaJbHOE BO3MOXKHOE UHC/IO BEPIIMH [E€PEeBa) U IEPEMEHHYIO
root:0..n. Kaxras Bepumna xparumoro 7'-gepesa OygeT nuMeTh HOMEpP —
qucao ot 1 1o n. Pasusre Bepuinust 6yayT nMmeTh pasuele Homepa. [Tomerka
B BepmmHe ¢ HOMepoM X paBHa vall[x]. Kopeup mmeer momep root. Ec-
JIU BEPINUHA ¢ HOMEPOM i MMEET CHLIHOBEHW, TO WX HOMepa paBHBI left[i]
u right[i]. OTCyTCTBYIOUMM CBIHOBBAM COOTBETCTBYeT 4uciIo 0. AHamo-
TUYHBIM 00pa3oM 3HadeHue root=0 COOTBETCTBYET IIyCTOMY IEepeBy.

15t XpaHeHUs NepeBa MUCIOJIb3YeTCs JUIIb YaCTh MACCHUBA; MJsA TeX i,
KOTOpbIe CBOOOAHEI (HE SBJSIOTCA HOMEDPAMU BEpIUWH), 3HadeHus vall[i]
6e3pasaunanel. Ham OymeT yno6HO, ITOOBI BCe CBOOOTHEBIE IMCAA OBLIN «CBsI-
3aHBI B CIUCOK»: IEPBOE XPAHUTCSA B CHENUATLHON nepeMeHHon free:0. .n,
a crepyromee 3a 1 ¢cBo60gHOE “ncia0 XpaHuTca B left [i], Tax 9To cBO6OI-
HBI 9UCJIA

free, left[free], left[left[freell,...
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[las mocrenuero ceobomuoro uuciaa i 3madenme left[i] pasuo 0. PaBen-
cTBO free=0 o3Ha4aeT, YTO CBOOOAHBIX YUCEN OOMBIIE HET.

3ameqanue. MBI NCIONB30BANN 111 CBA3BIBAHUA CBOOOIHBIX BEPIINH MaC-
cuB left, HO, KOHEYIHO, C TEM XK€ YCIEXOM MOXKHO OBLIO UCIOJb30BATH MaC-
cuB right.

BuecTo 3nauenus 0 (0603HAMAIOMIEr0 OTCY TCTBUAE BEPIIUHEL) MOXKHO Obl-
JI0 OBI BOCTIONB30BATHCA JIOOBIM IPYTUM YnCJaOM BHE 1. .n. YToOBI MO IepK-
HyTb 2TO, OygeM BMeCcTO 0 HCIONB30BATHh KOHCTAHTY null=0.

14.1.2. CocTaBuThb IPOrpaMMy, OIPEAEAIONLYI0, COLEPKUTCA JIU DJe-
MeHT t:T B ynopsgoueHHOM jgepeBe (XPAHMMOM TaK, KAK TOILKO YTO OIU-
CaHo).

Pemenme.

if root = null then begin
‘ . .He IpHMHALIEKUT
end else begin
X := root;
{unBapmaHT: oCTaéTCA NPOBEpUTH HAIM4YME t B HENMyCTOM
monIepeBe C KOpPHeM 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], mumbo t orcyrcTByeT B gmepemel}
..otBeT = (t = val [x])
end; O

14.1.3. YupocTuTh pereHune, UCIOAb3YS CICAYIOMUU TPIOK. Pacumpum
00JaCThb OIpeNeNeHnsa MaccuBa val, 106aBuB A9erKy ¢ HoMmepoMm null u mo-
JgoxuM val [null]=t.

Permrenme.

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. CocraBuTh mporpamMmy TOOABIEHUS DJEMEHTA t B MHOXECTBO,
[PECTABIEHHOE YIOPSIIOICHHBIM A€PEBOM (eCiId DJIEMEHT t yiKe eCTh, HU-
9ero enaTb He HAJlo).

Pemenwe. Onpenenum npoueaypy get_free (var i:integer), xaio-
1y cBO6GOAHOE (HE ABIAIOUIEECS HOMEPOM) YHMCIO i ¥ COOTBETCTBYIOLIMM
00pazoM KOPPEKTUPYIOUIYIO CIUCOK CBOOOIHBIX YMUCE.

procedure get_free (var i: integer);

begin

{free <> null}

i := free;

free := left [free];
end;

C eé ucnosnp3oBaHmeM MpoOrpaMma npuobpeTaeT TaKOU BUL:

if root = null then begin

get_free (root);

left [root] := null; right [root] := null;

val [root] := t;

end else begin

X := root;

{unBapmanT: ocTamock H06aBMTE t K HENYCTOMy IOLIEPEBY C

KOpHEeM 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. CocraBuTb mporpaMmy yIAJEHUS DJIEMEHTA t U3 MHOXECTBA,
[PEICTABIEHHOTO YIOPAIOIEHHBIM 1€PEBOM (€CJaM ero TaM HET, HUUEro [e-
JaTh He HAJO).

Permenme.

if root = null then begin
‘ {mepeBo mycTo, HuMuero memaTe He Hagmo}

end else begin

X := root;

{ocTanmocs ymamuTe t #3 moxmepeBa C KOPHEM B X; IOCKOIBKY
3TO MOXeT NmoTpe60oBaTh M3MEHeHMH B OTIE X, BBeL&M
nepeMerHne father: 1..n u direction: (1, r);
IoLLepX¥BaeM TakoM MHBAapMaHT: e€CIM X He KOpeHb, To father
- ero oreu, a direction paBHO 1 WIM r B 3aBUCHMOCTE OT
TOro, JIEBHM WM IPAaBHM 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] wmm t HeT B mepeme}

if t = val [x] then begin

. .yOameHue BepumHH X Cc oTuoM father =
HampaBieHueM direction

end;
end;

Y naneHue BepUIMHBI UCIIONB3YET IPOLELYPY

procedure make_free (i: integer);
begin

left [i] := free;

free := 1i;
end;
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Ona BKIOYaeT 4ucio i B coucok ¢Bob6oaubx. [Ipu yaanenuu pazamdaorcs
4 crydas B 3aBUCAMOCTHY OT HAJTUYUA WA OTCYTCTBUA CHIHOBEH Y Y IAIAEMON
BEPIINHEL.

if (left [x] = null) and (right [x] = null) then begin
{x - mucT, T.e. He MMeeT cHHOBeH}

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 ymamserca, a right [x] samumaeTr 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
‘ . . CHMMETPHUYHO

end else begin {left [x] <> null, right [x] <> null}

‘ . .yOAIUTH BEPUMHY C LBYMA CHHOBBAMI

end;

Y najseHue BEPIIMHEL C IBYMSA CHIHOBBLAMHI HEJIB3S CAEIATh IPOCTO TAK, HO €€
MOXKHO MPEJBAPUTEILHO MOMEHATE ¢ BEPIIMHON, IOMETKA, Ha, KOTOPOU ABJIA-
€TCA HEOCPEACTBEHHO CIEAYIOMMM (B MOPAIKE BO3PDACTAHUA ) DIEMEHTOM 34,
IIOMETKOHN Ha X.

y := right [x];

father := x; direction := r;

{Teneps father m direction oTHocATca kK BepumHe y}
while left [y] <> null do begin

father := y; direction := 1;
y := left [y]l;
end;

{val [y] - MunumaneHas u3 moMeTok, Gomeumx val [x],
y He MMeeT JeBOro CHHa}
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val [x] := val [yl;
..ymamuTe Bepumry y (Xak yoamATh BepUMHY, y KOTOpOW HeT
JIeBOTO CHHA, MH yXe 3HaeM) [l

14.1.6. YnpocTuTb TpOorpamMMmy yIaJeHus, 3aMeTUB, UYTO HEKOTOPHIE
caydan (HampuMep, MEPBHIE IBA U3 YETHIPEX) MOXKHO OOBEIUHUTD. (]

14.1.7. HUcmonb3oBaTh YHOPATOYEHHBIE A€PEBbs A IIPENCTABICHUS
dyHKIUN, 06JACTH ONPENeNeHNs KOTOPHIX — KOHEYHBIE MHOXKECTBA, 3HAME-
uuyu Tuna T, a 3HAYEHUA UMEIOT HeKOTOphi Tun U. Omepannn: BEYUCICHTE
3HAYEHUA HA JAHHOM apryMeHTe, U3MEHEHUE 3HAUeHUA Ha JaHHOM apryMeH-
Te, JOOIpeaeaeHne (PYHKIINY Ha JaHHOM apTyMeHTe, NCKIIOYIEHNE dIeMEeHTa
u3 obracTu onpeneaeHus PyHKIUN.

Pemenne. /leraeM Kak paHbIle, T0OABUB €IIE OAUH MACCUB
func_val: array [1..n] of U;

ecim vall[x] = t, func_val[x] = u, To 3HaYeHMe XpaHUMOU PYHKINYA HA t
PaBHO u. O

14.1.8. Ilpemnmonoxum, UTO HEOOXOAMMO yMETh TaK¥XKe OTBICKUBATH
k-BIU DJEMEHT MHOXKECTBA (B MOPALKE BO3PACTAHUA), IPUIEM KOJIXIECTBO
JOEUCTBUN JOKHO ObITh He Gostee C' - (BoicoTa gepea). Kaxyio momomHu-
TEeNbHYI0 NH(POPMAINIO HALO XPAHUTH B BEPIIMHAX jgepeBa’

Pemenue. B kaxgon Bepimue Oy1eM XPAHUTE YUCIO BCEX €€ TOTOMKOB.
[lobaBieHue U UCKIIOYEHUE BEPIIUHLI TPeOyeT KOPPEKIWM JUIIb Ha IIyTH
OT KOpHsA K DTOHM BepiimHe. B mpomecce momcka k-ol BEPIIMHEL IIOJ Aep-
JKMBAETCA TAKOW MHBAPUAHT: MCKOMAasa BEPIINHA, ABJIAETCA S-OU BEPIINHON
HOJAepeBa C KOPHEM B X (314€Chb S U X — [IEDEMEHHBIE). |

OueHka Konn4ecTBa AEUCTBUN

st kax nou u3 onepauuil (IpOBEPKY, TOOABICHUA U UCKIIOYEHI ) KOJIU-
gecTBO geuctBun He npesocxonut C - (BbicoTa gepesa). [Juas «poBHO mOA-
CTPIZKEHHOIO» jepeBa (KOrja BCe JUCTbs Ha OJHOU BBICOTE) BBICOTA IO
HNOPAIKY BeJIMIUHEBI PaBHA Jorapudmy ducaa BepmmH. OQHAKO 1 KpUBO-
OOKOTO JepeBa BCE MOXKET OBIThH TOPa3fo XykKe: B HAUXYAIIEM CIydae BCe
BEPIMHLI 00Pa3yl0T HEMb W BHEICOTA PaBHA YUCIy BepmmH. Tak CayduT-
CAI, €CJU DIEMEHTHl MHOXECTBA HOOABIAIOTCA B BO3PACTAIOIIEM WU YOBI-
BajomeM mopsagke. MOXHO NOKa3aTh, OJHAKO, 9TO IPHU JOOABICHUH DJe-
MEHTOB «B CIyIadHOM IOPALKE» CPEIHAA BLICOTA nepesa OyaeT He GOJbIIe
C'log(uucao sepmmn). Ecau 5TOM OLEHKHU «B CPEIHEM» MAJTO, HEOOXO UMb
TOTOMHUTENLHBIE JEUCTBUA MO MOLIEPKAHNIO «COATAHCUPOBAHHOCTHY Iepe-
Ba. O6 >TOM CMOTpH B CJAEIYIOIEM IIyHKTE.
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14.2. CHbanaHCMpOBaHHbIE AEpPEBbS

[llepeBo HasbBaeTcs coasancuposarwnvim (mwmm ABJI-nmepeBom B wecTb
uzobpetaTenen 3Toro Merona . M. A rerscona-Benbckoro u E. M. Jlanau-
ca), eCau I/ JE0OOW €r0 BEPIIUHBL BEICOTHL JIEBOI'O U IIPABOIO IO JEPEBLEB
DTOU BEPIIMHBI OTAMYIAIOTCA He Gonee deM Ha 1. (B wacTrHOCTH, KOrga on-
HOI'0 U3 CHIHOBEU HET, APYI'OU — €CJIU OH €CTh — 00s3aH OBITH JHUCTOM.)

14.2.1. HauTu MUHUMAJIBLHOE U MAKCIMAJIBLHOE BO3MOXKHOE KOIMIECTBO
BEpPIIVH B COATAHCUPOBAHHOM I€PEBE BLICOTHI 1.

Pemenne. MaxkcumanpHOe dncao BepmH paBHoO 2" — 1. Ecau m, — mu-
HUMAaJbHOE YHCJIO BEPIINH, TO, KaK JeI'KO BUAETh, Mpyt2 = 1 + My + My,
orkyaa m, = @40 — 1 (®,, — n-oe uucio Pudonatau, &; =1, & =1,
Do=D, + D). ]

14.2.2. [loxazaTb, YTO COATAHCUPOBAHHOE NEPEBO C N BEPIIMHAMU UMe-
et BeicOTy He Ooabine C'logn mis HeKOTOpou KOHCTAHTH C, He 3aBUCAIIEN
OT 7N.

Pemenwe. Wunykuuen mo n jgerko jgokasarb, 4to ®,,0 > a™, rue

a — GOTBIME KOPeHb KBAaJIPATHOrO ypaBHeHHA a’ =1 + a, TO ecTh a =
= (v/5 + 1)/2. OcTaéTcs BOCTIOTB30BATLCA MPEAbITYIIeH 3a,1ater. O
BpalueHus

M&u1 xoTuM BOCCTaHABIUBATL COATAHCUPOBAHHOCTEL IEPEBA MOCTE BKIIO-
YeHUA U yAaTeHUA dJeMeHTOB. g 5Toro HeoOX0quMBl Kakue-TO mpeodpa-
30BaHUS IEepeBa, He MEHAMIINE MHOXKECTBA IIOMETOK HA €r0 BePIINHAX U He
HaPYIIAOIIE YIOPAJOI€HHOCTH, HO CIOCOOCTBYIOIIME JIy4len cOalaHCu-
poBarHOCTHA. ONUIIEM HECKOJLKO TAKUX IPEOOPa3OBAHUM.

ycTe Bepmwmua a umeet mpaBoro ceiHa b. O6o3uadum vepes P meBoe mom-
IEPEBO BEPIINHEL a, uepes3 () u R — JeBoe u MpaBoe Mo I AePEeBbs BEPIINHEI b.
YnopsgouerHoCTh gepesa Tpedyet, 9Tobsl P < a < @) < b < R (Tounee cie-
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IOBAJIO OBI CKA3aTh «II00asg HOMETKA Ha P MEHbIIE IOMETKY HA, 4, (IIOMETKA,
HA @ MEHBINE JI00U TOMETKN Ha (J» U T. .., HO MBI TIO3BOJIUM cebe DTOr0
He geaarsb). ToIHo TOro ke TpefyeT yuopALOIeHHOCTDb NePeBa C KOPHEM b,
€ro JIEBBIM CHLIHOM @, B KOTOpoM P u () — /1eBoe u mpaBoe MOJIepeBbs d,
R — npasoe noxgepeso b. IlosTomy mepBoe mepeBo MOXHO mpeobpaso-
BaTh BO BTOpOE, HE Hapyllas ymopsgodeHHocTd. Takoe npeobpaszoBaHue
HAB0BEM MaAblM NPASLIM 6pauwsenueM (IPABEIM — MOCKOJBKY CYIIECTBYET
CUMMETPUYHOE, JEBOE, MAILIM — MOCKOJBKY €CTh U GOJIBIIOE, KOTOPOE MEI
celdac ONUIIEM).

IlycTts b — npaBbiu CBIH a, ¢ — JeBLIA CHIH b, P — J€Boe moaaepeso a,
(Q u R — neBoe u mpaBoe NOAAepeBbs ¢, S — mnpasoe nogaepeso b. Toraa
P<a<@Q<c<R<b<S.

Taxon ke MOPAJOK COOTBETCTBYET AEPEBY C KOPHEM ¢, UMEIIIAM JEBOTO
CBHIHA @ U TPABOTO CHIHA b, M1 KOTOpOro P u () — Mo AepeBba BEPIIUHEL d,
a R u S — noggepesbs Bepmuubl b. CooTBeTCTBYyIIOIIEE MPEOOPA3OBAHLE
Oy1eM Ha3bIBATH 004bWUM NPABbIM 6pauenuenm. (AHAIOrMIHO onpeneseT-
CA CUMMETPUYIHOE €My 60AbUWOE ALB0E 8PAULHUE. )

14.2.3. [lano mepeBo, cOAJAHCUPOBAHHOE BCIOAY, KPOME KODHS, B KO-
TOPOM Pa3HULIA BBICOT paBHa 2 (T.e€. JeBOe U IPABOE IOAAEPEBbi KODHSI
cOANTaHCHPOBAHEL U WX BHICOTHI OTIXYIAOTCA Ha 2). /lokaszaTh, 9TO OHO MO-
KeT OBITh IPEBPAIIEHO B COATAHCUPOBAHHOE OTHUM U3 Y€ THIPEX OMUCAHHBIX
npeo6pPA3OBAHUN, TPUIEM BHICOTA €10 OCTAHETCA MPEXKHEN WIU YMEHbIITT-
ca HA 1.

Pemenne. IlycTs 60/ee HU3KUM ABIAETCA, HAIIPUMED, JEBOE IO AEPEBO,
7 ero BeicoTa paBHa k. Torga BhIcOTa MPaBoOro mogaepeBa paBHA k + 2.
O06o03Ha4MM KOPEHb 4Yepe3 a, a ero HpaBoro ChiHa (OH 0OA3ATENbHO €CTh)
gepes b. PaccmoTpum sieBoe u ipaBoe moaepesbs Bepunasl b. O 1HO u3 HUX
00s13aTEIRHO UMeeT BBICOTY k + 1, a Apyroe MOXeT MMETH BBICOTY k WiIn
k + 1 (menbuie k OGBITH HE MOXKET, TaK KaK IOJAEPEBbA COAJAHCUPOBAHEI).
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Ecaun BeIcOTA JEeBOro mogmepesa paBua k + 1, a mpaBoro — k, To morpeby-
eTCs OOMBINOE MPABOE BPAIIECHUE; B OCTATBHBIX CIYYAAX MOMOIAeT MaJoe.
Bot kxax BeIMIsALAT Tpu caydas OATaHCUPOBKY IEPEBA:

14.2.4. B cbanaHCHpPOBAHHOE N€PEBO MTOOABUIN WIN U3 HETO YIATUIN
auct. [[okasaTh, ITO MOXKHO BOCCTAHOBUATH COAMIAHCUPOBAHHOCTL C IOMO-
B0 HECKOMBKUX BPALIEHUN, IPUIEM UX IUCJIO HE OOIBIIE BHICOTHI IEPEBa.

Pemenme. Bynem nokaswBaTh Gogee oOmmn GpakT:

Jlemma. Ecan B cbamancupoBanHOM jgepeBe X ONHO M3 ero Iofmjaepe-
BbEB Y 3aMeHmWIN Ha COAJAHCHPOBAHHOE NEPEBO 4, MPUIEM BBICOTA Z OT-
JUIALTCA OT BBICOTHL Y He Gosee ueM Ha, 1, TO MOTy9IeHHOEe TAKON «ITPUBUB-
KOI» [IEPEBO MOXKHO MPEBPATUTH B COATAHCUPOBAHHOE BPAIICHUAMY (IIPU-
“EM KOMUIECTBO BPAILIEHUN HE TIPEBOCXOAUT BHICOTHI, HA KOTOPOU NEIACTCS
[IPUBUBKA).

YacTHBIM CiIydaeM NPUBUBKYU SBIAETCSA 3aMEHA IIyCTOrO IO IepeBa Ha
JUCT wiu HA0O6OPOT, TAK YTO JOCTATOYHO NOKA3ATH 3TY JEMMY.

JoxazaTenscTBO JeMMbl. UHIYKIINA MO BBICOTE, HA KOTOPOU NEMAETCS
npuBuBKa. Eciu OHA OPOMCXOOUT B KOPHE (3aMEHAETCS BCE NEPEBO LeJu-
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KOM), TO BCE 04eBUHO («1puBOI» cOanaHcupoBal o ycaosuio). Ilycrs 3a-
MEHAETCA HEKOTOPOE TOMLAePEBO, HATIPUMED, JEBOE TMOAEPEBO HEKOTOPOU
BepIINHBI . BO3MOXKHEL IBa CIyvasd.

1) Hocre npuBuBKE cOATAHCUPOBAHHOCTL B BEPUIMHE T HE HAPYLIMIACH
(XOTs1, BO3MOXKHO, HAPYMIUIACH COAJAHCUPOBAHHOCTHL B IPENKAX I
BLICOTA MOIAEPEBa ¢ KOPHEM B I MOTVIA MU3MEHUTHLCA). Torma MOXHO
COCJIATHCA HA IPEANON0KEHNE NHIYKINY, CINTasA, ITO MBI IPUBUBAIN
IeIUKOM IIOJIepPeBO C KODHEM B .

C6amaHCUPOBAHHOCTL B T HAPYUIMIACH. IpM 5TOM pasHULIA BBICOT
paBHa 2 (60sbIe OHA OBITH HE MOXKET, TAK KaK BLICOTA Z OTIAIAETCA
OT BBICOTHL Y He Gonee ueM Ha 1). Pasbepém nBa BapuanTa.

a)

Z

Briute npasoe (He 3aMeHABIIEECA) MO AePeB0 BepiuHsl . [IycTs
BBICOTA J€BOrO (T. e. Z) pasHa k, npasoro — k + 2. Bricora cra-
poro Jaeeoro noajaepesa sepmussl z (T.e. V) 6bu1a passa k + 1.
IToxgnepeBo ¢ KOpHEM T MMEIO B UCXOQHOM IepeBe BeICOTy k + 3,
7 DTa BLICOTA HE M3MEHUIACH MOCJE PUBUBKHU.

ITo mpenwbiaymen 3agade BpaiieHue mpeobpasyeT MOIIepeBo C
KOPHEM B & B COAJTAHCHPOBAHHOE MOMJIEPEBO BLICOTHL k + 2 min
k 4+ 3. To ecTs BBICOTA TIOAAEPEBA C KOPHEM T — B CPABHEHUU
C ero mpeXxHeW BBICOTOM — HE U3MEHWJIACh WU YMEHBIIUIACH
Ha 1, ¥ MBI MOXEM BOCIOJB30BATHCA IPEANOIOKEHNEM WHIYK-
.

Brime JseBoe moamepeBo BeprmHBL %. IlycTh BBICOTa JEBOrO
(t.e. Z) paBra k + 2, npaBoro — k. Bricora craporo aesoro
nogaepesa (T.e. V) 6buia pasua k + 1. Ilognepeso ¢ KopHeM x
B UCXOMHOM fAepeBe X MMeJo BEICOTY k + 2, mOCje TPUBUBKYU OHA,
crana pasHa k + 3. Ilocae moaxoasmero Bpamenus (CM. IPeIbI-
OYILYIO 3a1ady) MOAAEPEBO C KOPHEM B T CTAaHET COATAHCUPO-
BaHHBIM, ero BbICOTa Oyaer paBHa k + 2 mmu k + 3, Tak 4TO
U3MEHEHUE BBICOTHI IO CPABHEHUIO C BLICOTOU MO AEPEBA C KOP-
HeM x B mepeBe X He TMPeBOCXOAUT 1 M MOXKHO COCAATHCA HA
MPEANONOKEHNE WHIYKIUN. |
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14.2.5. CocraBuTh NpOrpaMMbl JOOABICHUS U yAAJEHUS DIEMEHTOB, CO-
XpaHA©IIMe COATAHCUPOBAHHOCTD. UMCI0 JEUCTBUU HE MJOMKHO MPEBOCXO-
auth C - (BBICOTA HepeBa). Paspemaercsa XpaHUTh B BEPIIUHAX AEPEBA J0-
IOMHUTENBHYIO NHPOPMAIINI, HEOOXOAUMYIO IpU OATAHCUDPOBKE.

Pemenue. Byngem XpaHuTh 1A KaKIOU BEPIIMHBEI PDAHUILY MEXKIY BbI-
COTOU €€ MPABOr0 U JIEBOrO MO/ IePEBhEB:

diff [i] = (BbicoTa mMpPaBOro MOJAEPEBA BEPIIUHLL i) —

— (BBICOTA JIEBOT'O TIO[I€PEBA BEPIIUHEL 1).

Hawm morpebytorcs deTsipe npomesypsl, COOTBETCTBYOMmTE OOIBIINM U Ma-
JIBIM [IPABBIM ¥ JIEBLIM BpaweHusmu. Ho BHagane gsa 3amedanus. (1) Ham
HY2HO, YTOOBI IIPX BPAILIEHUY IOATEePEBA HOMED €r0 KODHA HEe MEHAICA.
(B mpoTuBHOM Ciyduae MOTPEGOBAIOCH OBl KOPPEKTUPOBATHL WH(MOPMALIIO
B OTLE KOPHS, YTO HEXEJATEIbHO.) DTOr0 MOXHO HOCTUYb, TAK KaK HO-
Mepa BepIIUH JepeBa MOXKHO BHIOMpATh He3aBucuMO oT ux 3HadeHun. (Ha
KapTUHKAX HOMEP yKa3aH COOKY OT BEPLIVHBI, & 3HAYEHUE — BHYTDHU.)

clY S

(2) Ilocae npeoGpasoBaHUl MBI JOJKHBL TAKKE U3MEHUTH COOTBETCTBEHHO
3HadeHuA B MaccuBe diff. /[asa 5TOro JOCTATOYHO 3HATH BHICOTHI JEPEBHEB
P,Q, ... C TOYHOCTBIO 4O KOHCTAHTHI, IIOXTOMY MOXKHO IPEANOIAraTh, ITO
OJHA U3 BBICOT PaBHA HYJIO.
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Bor nponenypur Bpamenui:

procedure SR (a:integer); {Mamoe mpaBoe BpameHme c KopHeM a}
‘ var b: 1..n; val_a,val_b: T; h_P,h_Q,h_R: integer;

begin

b := right [a]l; {b <> null}

val_a := val [al]; val_b := val [b];

h_Q := 0; h_R := diff[b]; 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] {mommepemo Q}

left [b] := left [a] {mommepeso 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);{6ombumoe mpaBoe BpameHme c KopHeM a}t
var b,c: 1..n; val_a,val_b,val_c: T;
h_P,h_Q,h_R,h_S: integer;
begin
b := right [a]l; c¢ := left [bl; {b,c <> null}
val_a := val [al; 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] {mommepeso R}
right [c] := left [c] {mommepemo 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;

JleBbie Bpamierusa (60IBIIOE U MATOE) 3AIMUCHIBAIOTCA CAMMETPUIHO.

IIpouenypsr 1o6aBICHUS W yIAJCHUS DJEMEHTOB MUIILYTCSI KAK PAHBIIE,
HO TOJBKO NOOABICHUE W yIAJCHUE NOMKHO COMPOBOXKIATHCA KOPPEKIMEn
MaccuBa diff u BoccTanoBIeHMEM COATAHCUPOBAHHOCTH.

IIpu sToM mcnonb3yeTcs mpoueaypa ¢ TAKUMEA CBOUCTBAMU:

JaHO: JeBOe W IIPaBO€ IIOJJePeBbs BEPIINHLI C HOMEPOM a
COAMAHCUPOBAHEI, B CAMOU BEPIINHE DA3HUIA BHICOT HE OOMb-
me 2, B mogaepeBe ¢ KOpHeM a MaccuB diff s3amoaHeH mpa-
BIJIBHO;
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HaJO: IO 1€PEBO C KOpHEM a cObamaHcupoBaHo u MaccuB diff
COOTBETCTBEHHO U3MEHEH, d — U3MEHEHUE €TI0 BEICOTHI (paBHO O
wi -1); B OCTATbHON YaCTH BCE OCTATOCH KAaK OBLIO — B YaCT-
HOCTHU, 3Ha4YeHuA diff.

procedure balance (a: integer; var d: integer);
begin {-2 <= diff[a] <= 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, Huuero memaTe He Hamol}
‘ d := 0;
end;
end;

Boccranosiaenue cO6aIaHCUPOBAHHOCTH TPEOYET TBUKEHUA OT JUCTHEB
K KOPHIO, TOTOMY OyIeM XPAaHUThL B CTEKE Iy Th OT KOPHA K PACCMaTPUBae-
MO B JAHHBIM MOMEHT BepIIUHE. DJIEMEHTAMU CTeKa Oy 1yT Haphl (BepIINHA,
HANDABJICHUE BUKCHUA U3 HEE), T.e. 3HAYECHUA TUIA

record
vert: 1..n; {Bepumnal

direction : (1, r); {1 - meBoe, r - mpasoe}
end;

IIporpamma mo6aBIEHUS DIEMEHTA t TeNeph BLIMIAIUT 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;
..CHeJaTh CTEK IIyCTHM
{unBapmaHT: ocTamock LO6aBUTE t K HENYCTOMy IOLLEPEBY C
KOPDHEM B X; CTeK COLEpPXAT IyTh K X}
while ((t < val [x]) and (left [x] <> null)) or
((t > val [x]) and (right [x] <> null)) do begin
if t < val [x] then begin
. .n06aBUTH B CTeK mapy <x, 1>
x := left [x];
end else begin {t > val [x]}
. .m06aBUTH 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
. .m06aBUTE 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;
{uHBapMaHT: CTeK COLEPXUT IyTh K U3MEHUBIIEMYCA

TmoIepeBy, BHCOTA KOTOPOrO YBEIWYMIACH IO CpPaBHEHUI
c BHCOTOM B McxomHoM ZepesBe Ha d (=0 mwmm 1); >3To
monmepeBo c6amaHcupoBaHo; 3HayeHua diff mma ero
BepUIMH IIPaBUIBbHH; B OCTAJIbHOM JlepeBe BCE OCTaloCh
KakK OO - B YaCTHOCTM, 3HadeHma diff}
while (d <> 0) and ..crtex HemycT do begin {d = 1}
..B3ATh M3 CcTeKa 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}

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 NOLfepeBa C KOPHEM B V IIO
CpPaBHEHMO C MCXOINHHM JLepeBoM; MaccuB diff
COIepPXUT IIpaBUIbHHE 3HAYEHUA IJIA ITOrO IONNEepeBa;
BO3MOKHO HapylleHMe c6alaHCUPOBAHHOCTH B V}

balance (v, d1); d := ¢ + di;

end;

end;

end;

Jlerxo npoBeputs, 4T0 3HadeHue d MOKET ObITH PABHO TOALKO O mau 1 (HO
He -1): ecau ¢=0, To diff [v]=0 u GanraHCUPOBKA HE IPOU3BOLUTCA.

TlporpamMma ymaneHus CTpOUTCA aHAMOrMYIHO. K€ OCHOBHOU (hparMeHT
TaKOB:

{MHBapMaHT: CTeK COLEPXUT NIyTH K N3MEHMBUIEMYCA IOLLEPEBY,
BHCOTa KOTOPOL'O M3MEHMIAch II0 CPAaBHEHMW C BEHCOTOH B
MCXONHOM HepeBe Ha d (=0 mm -1); >To TonLepeso
c6amaHcupoBaHo; 3HaveHnma diff mma ero BepuwH NpaBMIBHH;
B OCTAIBHOM JlepeBe BCE OCTANIOCh KakK O IO —

B YacTHOCTHM, 3HadeHma diff}

while (d <> 0) and ..crek 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 :=0;

end;

diff [v] := diff [v] + 1;
end else begin {direct = r}
if diff [v] = 1 then begin

‘ c := -1;

end else begin
‘ c := 0;

end;

diff [v] := diff [v] - 1;
end;
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{c = u3MeHeHMe BHCOTH IOLZepeBa C KOPHEM B V IO
CpaBHEHMH C MCXONHHM JnepeBoM; MaccuB diff comepxuT
NpaBMIbLHHE 3HAYEeHUA LA DTOrO IOLLEpPeBa;

BO3MOXHO HapylleHNe COalaHCUPOBAHHOCTUA B V)

balance (v, di);

d := c + di;

end;

Jlerko npoBepuTh, 9TO 3HaUEHNE d MOXKET ObITH PABHO TOIBKO O mwim -1 (HO

He -2): ecmu c=-1, T0o diff[v]=0 u GaraHCUPOBKA HE MPOU3BOLUTCAL.
OTMeTHM TakXKe, 9TO HAINIAE CTEKA MEIACT W3IUIIHUMHA IIePEMEHHLIE

father u direction (UX pOJb Temepb UIPAET BEPILMHA CTEKA). O

14.2.6. [loxazaTb, ITO Ipu JOOABICHUU DIEMEHTA

(a) BrOpOU M3 TPEX CilIydaeB OGATAHCUPOBKY (CM. DUCYHOK Ha c. 236)
HEBO3MOXKEH;

(6) monnas GamancupoBka TpebyeT He Gosee OLHOIO BpamueHus (Iocie
9ero BCE JEPeBO CTAHOBUTCA COATAHCUPOBAHHEIM), B TO BpPEMs KAaK IIpPH
YIAJEHUN JEMEHTa MOXKET IIOHAJOOUTHCA MHOTO BPAILCHUN. O

3amedanue. Mbl cTapaiuch 3amucaTh MPOrPaMMBI JOOABJEHUA U Y-
JIEHUs1 TaK, YTOOBI OHM ObLIM KaK MOXKHO 0o0jiee MOXOXKUMU APYD HA ApyTra.
Ucnonbsys crnenuduky Kax[ou U3 HUX, MOXKHO MHOT'OE YIPOCTUTb.

CywecTByoT U Ipyrue CroCOOBI MPEACTABICHUs MHOXKECTB, MapAHTH-
pyolme YucJa0 JeUCTBUM MOPAAKA logn Ha Kaxkayo onepamuioo. Omuirem
oauH u3 HUX (HasbiBaeMblll B-depesvamu).

[lo cux mOp KaxK 1as BEPIIMHA CONEPKAIa OJUH DIEMEHT XPAHUMOI'O MHO-
KECTBA. DTOT JEMEHT CJIYKUJI TPAHUIEH MEXKIY JEBbIM U MPABLIM MO [e-
pesoM. Byzxem Temepr xpaHuTh B BepruHe k > 1 DJ€MEHTOB MHOXKECTBA,
(aucao k MOXKET MEHATHCA OT BEPIIMHBLL K BEPLIVHE, a TaKkKe IPU T00aBIe-
HUJ U YAaJCHUU HOBHIX DJIEMEHTOB, CM. Jajee). DTU k DIEeMEHTOB CIykKaT
pasgemureasvu s k + 1 moggepesbes. IlycTb (pUKCHPOBAHO HEKOTOPOE
aucio t > 1. Bymem paccmaTpuBaTh [epeBbs, 00JaIAI0NINE TAKUMU CBOUCT-
BaMu:

1) Kaxpan Bepumua COZepXKUT OT ¢ A0 2t >IeMEHTOB (33 MCK/IIOYEHU-
€M KODHs, KOTOPBIM MOXKET COAEPKATH MO0 9Ucao 3aeMeHToB oT 0
10 2t).

2) Bepuuna ¢ k saemenTamu au6o umeer k + 1 coiHoBen, au6o He uMeeT
CBIHOBEU BOOOIIE (ABIACTCA AUCTILOM).

3) Bce JuCTBA HAXOAATCA HA OJHOU U TOU XK€ BHICOTE.
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Jobapienne smeMeHTa TPOUCXOAUT Tak. Ecau aucT, B KOTOPBIM OH 1O-
nagaeT, HemoJoH (T.e. COMepXKUT MeHee 2t BIEMEHTOB), TO HET MPO6IeM.
Ecau ou momon, To 2t + 1 saemenT (BCe 3IeMEHTHI JUCTA ¥ HOBBIM DJIEMEHT )
pasbuBaeM Ha [IBA JUCTA TO ¢ DIEMEHTOB M PA3AeIAIIMA UX CEPETUHHBIN
DIEMEHT. JTOT CEePEeIUHHBIN 3JIEMEHT HAL0 JOOABUTH B BEPIIUHY MPEIBILY-
LEro YPOBHsA. DTO BO3MOXKHO, €CJIu B HEW MeHee 2t 3ieMeHTOB. Eciau u oHa
MOJTHA, TO €€ PA3OUBAIOT HA IBE, BLIICIAIOT CEPEINHHLIA DIEMEHT U T. 1. Kc-
JIX B KOHIIE KOHI[OB MBI 3aXOTUM TO0ABUTH DIEMEHT B KOPEHbB, & OH OKAYXKET-
Csl TIOJIHBIM, TO KOPEHBb PACLIEIUIAETCS HA ABE BEPIIWHBI, 8 BBICOTA JEPEBA
yBeruvIuBaeTca Ha 1.

YaajqeHue >/eMEeHTa, HaXOJSIMIEerocs He B JIUCTE, CBOLUTCI K YIAJTEHUIO
HEIOCPEACTBEHHO (JIEAVIOMIEr0 33 HUM, KOTOPBIU HaxoquTcs B Jjucte. [lo-
5TOMY AOCTATOYHO HAYYUTHCA YIAIATH DJAEMEHT U3 JuCTa. Fcau Juct npu
5TOM CTAHOBUTCS CJIUIIKOM MAJEHBKAM, TO €0 MOXKHO IOMOJHUTE 33 CIET
COCEHEro JIUCTA — €CJIU TOJLKO W OH HE MMEET MUHUMAILHO BO3MOXKHBIN
pasmep t. Ecau xe oba gucTa uMeoT pasmep t, TO HA HUX BMecTe 2t dJe-
MEHTOB, BMecTe ¢ pasgeaunteaem — 2t + 1. Ilocre ymanenms omgHOrO 3i1€-
MEHTa OCTAETCA 2t 2AEMEHTOB — KaK pa3 Ha OAWH JucT. Eciu npu sToMm
BEPIINHA NPEABIAYIIErO YPOBHA CTAHOBUTCA MEHBINE HOPMEI, IIPOILECC IO~
BTOPAETCA U T. 1.

14.2.7. Peann30BaTh ONMCAHHYIO CXEMYy XPAHEHUS MHOXKECTB, yOeIuB-
LIKCh, 9TO OHA TaKXKe no3BosieT obourucsk C'logn nencTBuil nJst Onepanun
BKJIFOYEHUS, UCKIIOUEHUS U TPOBEPKU IIPUHA IJICKHOCTH. O

14.2.8. MoxHO onpeneasaTh cOATaHCUPOBAHHOCTD IepeBa nHade: Tpeho-
BaTh, 9YTOOBI I KAXKIOU BEPIIMHEBL €€ JEBOE U MPABOE IO IePEBbs UMEIN
He CJMIIKOM CUIBHO OoTsm4aomuecs konudecrsa Bepuus. ([Ipemvymecrso
TAKOTO OMPEAEIeHUsI COCTOUT B TOM, UTO TIPU BPAIICHUAX HE HAPYIIACTC
cOANTaHCHPOBAHHOCTD B BEPIINHAX, HAXONAIINXCA HUXKE TOYKM BDAIICHU. )
Peanu3oBaTh Ha OCHOBE >TOU UM CHOCOO XpAHEHUs MHOXKECTB, MapaHTU-
pytoumutt oneuky B C'logn nencTBUU IS BKIOYEHN, YIAJTCHUSA U TPOBEPKI
[PUHA [IEXKHOCTH.

[Ykazauume. OH Taxke MCIONb3yeT GOMBIIME W Maible BpameHus. Ilo-
npo6uocTHu cM. B kuure Peunroasna, Husepremsra u /eo «KomGuaaTOpHBIE
AICOPUTMBD. | |



15. KOHTEKCTHO-CBOBO/IHbIE
[PAMMATWNKH

15.1. O6wun anroputm pasbopa

IT06BI ONIPEENUTE TO, ITO HA3BIBAIOT KOHMEKCMHO-C80600M0t 2pam-
mamuroti (KC-rpaMmmarukon), Hago:

e yKa3aTh KOHEIHOE MHOXKECTBO A, HaseIBaeMoe aafasumon; ero sie-
MEHTBI Ha3BIBAIOT CUM604GMU; KOHEIHEIE TIOCIeIOBATEILHOCTH CUM-
BOJIOB HA3BIBAIOT CA06aMU (B JAHHOM auadaBuTe);

® Da3IeIUTh BCE CUMBOJEL apaBuTa A Ha IBE IPYINIBL MeEPMUHGALHbLE
(¢COKOHYIATEIBHLIEY) U HeMePpMunaibHble («(IPOMEKYTOIHBIE) );

® BLIOPATH CPEIU HETEPMUHAIBLHBIX CUMBOJOB OVH, HA3BLIBAEMBIN Ha-
YAAbHDIM;

® YKa3aTb KOHEYHOE HUCIO NPasusd IPAMMATUKU, KaXKJ0€ M3 KOTOPHIX
nomkuo umeTh Bug K — X, rage K — HEKOTODPHIN HETEPMUHAILHBIN
cuMBOJI, 8 X — CJOBO (B HECO MOI'YT BXOAUTH U TEPMUHAILHBIE, U HE-
TEPMUHAIBLHBIE CUMBOJIH).

IIycte pukcuposana KC-rpammaruka (MBI 9acTo Oy 1eM OMyCKaThb HMpe-
odukc «(KC-», Tak Kak Apyrux rpaMMaTUK y Hac He Oyzger). Buigodom B aTon
rpaMMaTHUKe HA3BIBAETCSA MOCTEIOBATENHLHOCTL CIOB Xg, X1,..., Xy, B KO-
Topon X COCTOUT W3 OQHOT'O CUMBOJA, W 3TOT CUMBOI — HAYAILHEIN,
a X1 monywaercsa m3 X; 3aMEHOM HEKOTOPOI'0 HETEPMUHAIBLHOIO CHUM-
Boma K ma cmoBo X mo ogHomy u3 mpasua rpammaruku. CaoBo, cocta-
BJEHHOE U3 TEPMUHAIBHBIX CUMBOJIOB, HA3BIBACTCS 6b1600UMbLM, ECIA CYIIe-
CTBYET BBIBOJ, KOTOPLI UM KOHUIAETCsSA. MHOXKECTBO BCEX BLIBOAUMEIX CJIOB
(13 TEPMUHATBLHBIX CUMBOJIOB) HA3BIBAETCA A3LIKOM, NOPOHCOLEMBIM JaHHOT
2P amMMamuKot.
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B sronm u caenyromen ruaBe Hac OyneT MHTEPECOBATH TAKOU BOIIPOC:
nana KC-rpaMMaTuka; MOCTPOUTEH AITOPUTM, KOTOPHIU TIO JTI000OMY CJIOBY
TMPOBEPSAET, BHIBOAUMO JU OHO B DTOU MPaMMaTHUKE.

Mpumep 1. Andasur:

()YIL]1E

(4eThIpe TEPMUHATIBHBIX CUMBOJA U OJUH HeTepMUHAAbHBI cumBoa E). Ha-
vaubHb cuMBos: E. IlpaBuia:

E— (E)
E — [E]
E—EE
E—

(B mocseHEM IpaBuWie CHPABA CTOUT IIyCTOE CJOBO).
IIpuMepsl BEIBOAUMEIX CJIOB:

(mycroe caoBo)
O
QD)
OLDH]
[OLIOIL]]

IIprmMeprsr HEBBIBO JUMBIX CJIOB:

(

) (
a
(D]

DTa rpaMMaTHKa BCTpedasach B pasgere 6.1 (roe BBIBOZUMOCTD B HEU IIPO-
BEPSJIACH C IIOMOIIBIO CTEKA).
Ilpumep 2. /[Ipyras rpaMMaTuKa, IMOPOXKIAIONAA TOT XKe A3BIK:
Anpasut: ( ) [ I TE
IIpaBuna:

E—

E—TE
T— (E)
T — [E]
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HaganpHbIM CHMBOIOM BO BCEX NPUBOAWMBIX Jajee mpumepax Oygem cdu-
TaTh CUMBOJ, CTOALIVU B JEBOU YaCTH IEPBOTO MpaBWia (B JAHHOM CIydae
»T0 cuMBo1 E), He OroBapuBas 3TOro 0cofo.

JL1a KaXkI0ro HeTepMUHATHPHOI'O CHMBOJIA MOXKHO PACCMOTPETb MHOXKe-
CTBO BCEX CJIOB M3 TEPMUHAJIBHBLIX CHUMBOJIOB, KOTOPBIE U3 HEr'O BHIBOISTCS
(aHATIOrUYHO TOMY, KAK 3TO CIEIAHO IS HAYaJIbHOIO CUMBOJA B OLpenese-
HUM BBIBOAUMOCTH B rpammaTuke). Kaxnoe npaBuio rpaMMaTuKid MOXKHO
pPacCMaTpUBATL KAK CBOUCTBO >TUX MHOXKeCTB. IlokaxkeM »TO Ha mpuMepe
TOJBKO ITO TmpuBeAéHHOU rpaMmMaTuku. [lycts 7' u £ — MHOXKECTBa CJIOB
(u3 ck06OK), BEIBOAUMBIX w3 HeTepMuHaaoB T u E coorsercrsenno. Torga
[IpaBWIAM I'PAMMATHUKUA COOTBETCTBYIOT TAKUE CBOUCTBA:

E— FE comepxut mycToe CJIOBO

E—TE ecau caoBo A npunaniexur T,
a caoBo B mpunamiexut F, To
c10B0 AB npunamiexur E

T— [E] ecmw A npunagiexut E, TO CI0BO
[A] npunangnexur T'

T— (E) ecan A npunagiexur E, T0o c1oBO
(A) npunamiexur T

CdopmyaupoBaHHBE CBOMCTBA MHOXKECTB F, T' He OnpeaensoT T MHO-
KECTBA OJHO3HAYHO (HAPUMED, OHU OCTAIOTCS BEPHBIMU, €CIU B Kade-
crBe E u T B3saTe MHOXeCTBO Beex ciaoB). OfHAKO MOXKHO AOKA3aTb, ITO
MHOXECTBA, 33aBAEMBIE MPAMMATHUKON, SBJAIOTCSI MUHAMAJIBHBIMU CPenu
V/JOBJETBOPSAIOIINX STUM YCIOBUAM.

15.1.1. CdopmyaupoBars TOYHO M JAOKA3ATH DTO YTBEPKICHUE IS
TMPOU3BOJBHON KOHTEKCTHO-CBOOOTHOU IMPAMMATUKH. |

15.1.2. TlocTpouTh rpaMMATHUKY, B KOTOPOU BEIBOAVMEL CJIOBA
(a) 00..0011..11 (YrCaO HyJIEN PABHO YUCTY €IUHUIL);
(6) 00..0011. .11 (uucao HyJIeN BABOE GOJBIIE YUCIA €IVHNL);
(8) 00..0011. .11 (Yuci0 HyJIeH GOJBIIE YUCIA €IUHUL);
(u TOIBKO OHM). O

15.1.3. [loxasats, uro He cymecTByer KC-rpaMMaTuku, B KOTOPOU ObI-
Jau OBl BBIBOAUMBI c10Ba Buga 00..0011..1122. .22, B KOTOPBIX YUCJIA HY-
Jie, eUHUI] U TBOEK PABHBI, U TOJLKO OHHU.

[Ykazauume. [JoxaszaTs cregymomlyio JeMmy o npousBonbHon KC-rpamma-
TUKe: A JI000T0 JOCTATOYHO [IIWHHOTO CIOBA F', BLIBOMUMOTO B DTOU
rpaMMaTHKe, CYIIECTBYeT Takoe ero npenacrasieHue B suge ABCDE, aTo
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ao6oe caoBo Buga AB...BCD ... DE, rue B u D noBTOpPEHbI 0IMHAKOBOE
YUCI0 Pa3, TAKXKE BLIBOAUMO B DTOU IpaMMaTuke. (JDTO MOXKHO yCTaHO-
BUTDb, HAWA HETEPMUHAILHBIA CUMBOJ, OKA3BIBAIOIINUCA CBOUM COOCTBEH-
HBIM (HACJEJHUKOM» B IIPOLECCE BEIBOJA.)] |

HeTepMuHANLHEIL CHMBOI MOXKHO PACCMATPUBATHL KAK «POMOBOE MM
I BEIBOAMMBIX M3 HErO CJIOB. B ClemyiomeMm mpumepe i HAVIALHOCTH
B KAYECTBE HETEPMUHAILHEIX CUMBOJOB MCMIOML30BAHBI (PPATMEHTHI PYC-
CKUX CJIOB, 3aKIIUEHHDIE B yTUIOBBIE CKOOKHU. (C TOYKU 3pEHUA rpaMMaTUKA
KaXkK B Takou (PPArMEeHT — OJUH CUMBOJ!)

IIpumep 3. Anpapur:

TepMuHaIb:  + * () X

)
HeTepMuHaJbl:  (BhIp) (ocTBHIp) (ciar) (ocTcaar) (MHOXK)

IIpaBuna:
(BBID) — {Ccrar) (OCTBEHID)
(ocTBBIP) — + (BBHID)
(ocTBBIP) —
(cnar) — (MuOXK) (OcTCHar)
(ocTemar) — * (caar)
(ocreaar) —
(MHOXK) — X
(MHOXK) — ( (BBID) )
CorzacHo >TOU I'paMMaTHKe, BBHIpajKeHHe (BbIP) — DTO MOCTELOBATEIb-

HOCTB CIaraeMbIX (CIar), pa3JeJéHHbIX IUIFCAME, CIAraeMoe — 3TO MOCIe-
JOBATEILHOCTH MHOKUTEIEH (MHOXK), Da3IeIEHHBIX 3BE3109KaMu (3HAKAME
YMHOXKEHUsI), & MHOXKUTEIb — 3T0 Ju60 OyKBa X, A1OO BBIPDAXKEHUE B CKOO-
Kax.

15.1.4. TIpusecTu mpuMep APYTOUN MPAMMATUKH, 33,AF0LIEN TOT Ke A3BIK.

OrBer. Bor onun u3 BapuanToB:

BeIp) — ( (BHIp) ) O

ODTa rpaMMATUKA XOTH U MPOIIE, HO B HEKOTOPHIX OTHOIIECHUAX XYKE,
0 4éM MHI emé OyaeM TOBOPUTh.
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15.1.5. [lana npowmsponbuas KC-rpammaruka. Ilocrpours amropurm
MPOBEPKU TPUHAIICKHOCTA 330ABAEMOMY €U A3LIKY, PAOOTAIOIIMN MOIM-
HOMMAJIBHOE BpeMsa (T.e. YUCI0 ACUCTBAM He MPEBOCXOAUT IOJMHOMA OT
[JIMHBL IIPOBEPSAEMOrO CJIOBA; MOIUHOM MOXKET 3aBUCETHb OT IPDAMMATUKH).

Pemrenme. 3ameTnM, 9TO TpeGOBAHME MOIMHOMUATLHOCTH HCKIOTIAET
BO3MOXKHOCTH PEIIeHUsA, OCHOBAHHOM Ha TIepe00ope BCeX BO3MOXKHLIX BEI-
BonOB. TeM He MeHee MOIMHOMMAIBHBIM aICOPUTM CymecTsyeT. I1ockomb-
Ky NPAKTUIECKOTO 3HAYEHWsA OH HE MMeeT (MCIOMb3yeMBle Ha IPAKTHUKE
KC-rpamMmmaTuky 06/1a1a10T JONOJHATENLHEIMU CBOUCTBAMMY, ITO3BOJIAOIN-
MU CTPOUTH 6oJee 3PPEKTUBHBIE AMTOPUTMEI), Mbl U3JI0KUAM JUIIL OOLLYIO
CXEMY pEIICHMS.

(1) ycTs B rpammaTuke ectb HeTepMuHaisl K, . .., K,. lloctponm HO-
ByIO rpaMMaTuky ¢ HerepmuHasamu K7, ..., K] Tak, 9TOGB BBIIOJIHAIOCH
Taxoe CBOUCTBO: u3 K BEIBOAATCS (B HOBOM I'DAMMATHUKE) T€ XK CI0BA, ITO
w3 K; B cTapou, 3a UCKIIOUEHNEM ITyCTOrO CJIOBA, KOTOPOE HE BHIBOIUTCA.

YTo6El BHEIIOMIHATHL TAKOE MPEOOpPa30BAHWE IPDAMMATUKM, HALO BBIAC-
HUTb, N3 KAKAX HETEPMUHAIOB MCXOJTHON IPAMMATHUKN BLIBOAUTCA IIyCTOE
CIIOBO, a 3aTeM KaxK10€ IPABWIO 3aMEHUTE Ha, COBOKYITHOCTDb IPABWI, HOIY-
YAIOMIUXCA, €CAM B MPABOM IaCTU OMYCTUTh KAKWe-TuOO0 13 HETEPMUHAJOB,
13 KOTOPHIX BLIBOJAUTCSA MyCTOE CIOBO, & Yy OCTATBHLIX MOCTABATE MITPUXH.
Hanpumep, eciu B MCXOMHOU TPAMMATHUKE OBLIO TIPABUIO

K — L MN,

npudéM u3 L u N BEIBOAUTCS MyCTOE CIOBO, a U3 M HET, TO DTO IPABUIO HAIO
3aMCHUTH HA IIPABUIA

K — L'M'N
K — M'N
K —L'M
K —M
(2) Wrax, MBI CBEJIU €710 K TPAMMATHKE, i€ HU U3 OJHOI'O HETEPMUHAA,
HE BBIBOAUTCA IIyCTOE CJIOBO. Tenepb YCTPAaHUM «IUKJIBD) BHIA
K—L
L—M
M—N
N—K

(B TIpaBOM YACTU KAXKIOrO TMPABUIA OIUH CUMBOJI, W DTU CUMBOJILI 06pa-
3YIOT LUK MPOU3BOJBHOU [JIMHBI): 3TO JEIKO CIeIaTh, OTOXIECTBUB BCE
BXOJAIIVE B IUKJI HETEPMUHAIEL.
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(3) Teneps npoBepKa NPUHALIEKHOCTH KAKOIO-IUOO CJIOBA A3BIKY, I10-
POXAEHHOMY TPAMMATUKOW, MOXKET BBIMOMHATHLCA TaK: IJIA KAXKIOTO TOI-
CJIOBa, IIPOBEPSIEMOr0 CJI0BA U [JIs KaXK OO0 HETEPMUHAA, BBIACHIEM, TIOPO-
XK JTAETCS JIU DTO MOACAOBO >TuM HeTepMmuHaaoM. [lpu sTom noacmoa npose-
PAIOTCA B TIOPAIKE BO3PACTAHUSA [JINH, a HETEPMUHAILI — B TAKOM TOPSIKE,
9T00BI mpu HaMu4Iuu npasuwia K — L HerepMuHaa L IPOBEPSICS PAHbIIE
verepmunata K. (IT0 BOZBMOXKHO B CHTYy OTCYTCTBUA IUKIOB.) IlogcHuM
STOT IPOLECC HA IpHUMepe.

IlycTs B rpaMmaTuke €CTh IPABUIA

K—L
K—MNL

U APYTUX NpaBWI, comep:xkamux K B JeBou dacTu, HeT. MBI XOTUM y3HATD,
BBIBOJUTCS JIU TAHHOE CIOBO A m3 HerepMmuuaaa K. Dto Oyger Tak B OJHOM
73 CIyvaeB:

e ccu A BHIBOgUTCA 13 L;

e ccm A MOXHO Pa3buTh Ha HemycThie cioBa B, C, D, 111 KOTOPBIX
B BruiBogutca u3 M, C BeiBoguTcsa u3 N, a D BoiBogurcs u3 L.

Bces sTa nadopmanus yxke ects (caosa B, C, D xopoue A, a L paccMoTpen
10 X).

JIerko BUAETH, YTO YUCIO AEUCTBUU DTOrO AITOPUTMA HOJIAHOMUAIBHO.
Crenens MOMMHOMA 3ABUCUT OT YUCJIA HETEPMUHAIOB B MIPABLIX YACTAX MPa-
BII ¥ MOXeT OBITH IIOHIMKEHA, eCJI I'PAMMATHUKY ITpeoOpa3oBaTh K hopMe,
B KOTOPOU NPaBasA 9aCTh KAk IOr0 NpaBWIa He 60JIee 2 HETEPMUHAIOB (2TO
JIETKO CAeJaaTh, BBOJA HOBBIE HETEepPMUHAJIBL: HanpuMmep, npasumio K — LMK
MOXKHO 3aMeHuTb Ha K — LNu N — MK, rge N — noBwil HerepMuHan). [

15.1.6. PaccMoTpuM rpaMMaTHKy C €IUHCTBEHHBIM HETEPMUHAIOM K,
HeTepMuHasaaMmu O, 1, 2, 3 u npaBuramMu

K—0
K—1K
K—2 KK
K—-3 KKK

Kaxk npoBepuTh BEIBOAUMOCTE CJIOBA, B DTOU IMPAMMATHUKE, YUTASA CIOBO Cle-
Ba Hanpaso? (Yucio nencTBUM MpU IPOYTEHUA OTHOU OYKBBI NOMKHO OBITH
OrPAHUYIEHO. )
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Pemrenwe. Xpanurcs nenas mepeMeHHAs N, AHBAPUAHT: CJIOBO BBIBOIU-
MO < HEMPOYUTAHHAA YACThb MPENCTABIAET COOOM KOHKATEHAWIO (Coenu-
HEHUE) N BBIBOIUMBIX CJIOB. (]

15.1.7. Tot xe BOIPOC A1 TPAMMATUKI

K—0

K—K 1

K—K K 2

K—K K K 3 |

15.2. MeToa peKkypCUBHOIro crycka

B orimume or anropurMa mpeablayiero pasgeta (IpencTaBisoLe-
[0 YUCTO TEOPETUYECKUN UHTEPEC), AIrOPUTMELI Ha OCHOBE PEKYDCUBHOIO
CIIyCKa, 9aCTO UCIOIB3YITCA HA MPAKTUKE. DTOT METO IIPUMEHUM, OTHAKO,
JAJIEKO He KO BCeM rpaMMaTukaM. Mur 00cyauM He0OX0 TUMBIe OT'DAHUIEHU
o3 JHee.

W nes meTona pexypcuBHOro cirycka Takosa. [lis xaxgoro HerepMuHa-
na K Ml cTpouM nponenypy ReadK, xoTopas — B mpuMeHeHUHN K JTIOO0OMY
BXOJHOMY CJOBY & — J€JaeT ABE BEIU:

® HAXOAUT HAMOOJBIIEE HAYAJIO 2 CJIOBA I, KOTOPOE MOXKET ObITH Ha4a-
JIOM BBIBOAUMOTO u3 K ci0Ba;

e COO0OIIAeT, ABIACTCA JU HAUJEHHOE CIOBO 2 BEIBOJUMBIM u3 K.

IIpexme deM OmMCHIBATHL 3TOT MeTOa Oojee TMOAPOOHO, TOTOBOPUMCS
0 TOM, KaK MPOLEIyPHI MOIYYal0T CBEIEHUsS O BXOTHOM CJOBE U KaK CO00-
IAIOT O Pe3yJbTaTax CBOer paboThl. MBI mpeamnoaaraeMm, 9T0 OYKBBL BXO-
HOI'0 CJIOBA IOCTYHAKT K HUM II0 OJHOW, T.€. UMEeTCA IPaHUIa, OTAe/d-
IOIIasA (IPOYUTAHHYIO» 9aCTh OT (HEPOYUTAHHOW». Bymem cuumrarhb, 9TO
ecTb QyHkuusa (63 mapaMeTpoB)

Next: Symbol

IAIOLIAs EPBHIN HEIPOIATAHHBIN CUMBOJ. Fé 3HadeHMAMET MOT'Y T OBITH Tep-
MUHAJIBHBIE CUMBOJBL, & Takxke crenuanbaei cumboa EQI (End Of Input —
KOHEIl BXOJa), O3HAYAIOLIMY, ITO BCE CJIOBO yKe NPOIUTAHO. BBI30B 5TOU
(byHKIUU, pasyMeeTCs, He CIBUCAET I'PAHUIBI MEXKAY MPOYUTAHHOU U He-
MPOYUTAHHON YaCTbI0 — [ DTOTO €CTh MPOoIenypa Move, KOTOpas CIBU-
raetr rparuiy Ha ogul cuMBoI. (Ona npuvmenuMa, eciu Next<>EQI.) IlycTs,
HaKOHeII, UMeeTcsA OyJeBCKas IepeMeHHas b.
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Tenepp MBI MOXkeM CHOPMyYJIMPOBATEH HAM TPeOOBAHUA K LIPOLELyDe
ReadK. OHM cOCTOAT B CleAyIOMIEM:

e ReadK mpOYUTHLIBAET U3 OCTABLIEUCA IACTU CJIOBA MAKCAMAJBLHOE Ha-
Y0 A, SBJISIOIIEECS HAYAJIOM HEKOTOPOI'O (JIOBA, BEIBOAUMOrO u3 K;

e 3HAUYEHNWE b CTAHOBUTCS WCTUHHBIM WX JOXKHBEIM B 3aBUCHMOCTH OT
TOrO, ABIAETCA U A BEIBOAUMBIM W3 K Wiy JWIIE HEBBIBOAMMEBIM Ha-
9yanoM BeiBoAUMOro (u3 K) ciosa.

s ynob6cTBa BBEIEM TAaKyI0 TEPMUHOJOTUIO: BEIBOAUMOE 13 K CJIOBO Oy-
IeM Ha3BIBATH K-CI0BOM, a 11060€e Havaso JI000ro BEIBOAUMOro u3 K cioBa —
K-magamom. IBa cpopmynupoBanHbIX TpeOOBaHUSI BMeCTe Oy 1eM BHIPAXKATH
caoBaMu «ReadK koppekTHa mis K».

Haxuém ¢ mpumepa. Ilycts mpaBmio
K—LM

ABIAETCA €UHCTBEHHBIM MPABUIOM T'PDAMMATUKU, COAEpXKAImM K B JeBOU
9acTu, mycTh L, M — HerepMmuHansl u Readl, ReadM — xoppekTHbIe (11
HUX) OPOLELYPHL.

Paccmorpum Takyro mpouexypy:

procedure ReadK;
begin
ReadL;
if b then begin
ReadM;
end;
end;

15.2.1. TlpusecTu mpumep, KOrmga 3Ta mpoueaypa OyIeT HEKOPPEKTHON
nasa K.

OrBer. [lycTs u3 L BeiBoaguTCA 1060€ €10BO Buga 00. .00, a u3 M BeIBO-
auTcs auib caoBo 01. Toraa u3 K BeiBoguTCsa cioBo 00001, HO mporenypa
ReadK >TOro He 3aMeTHT. O

YkaxkeM IOCTATOYHBIE YCJIOBUsA KOPppeKTHOCTH npouenypsl ReadK. s
5TOr0 HaM TOHATOOATCSA HEKOTOpBIE 00O03HadeHUA. IlycTh (UKCUpPOBAHBI
KC-rpamMaTuka u HeKOTOpEIN HeTepMuHaa N 3Tou rpammaTuku. Paccmo-
TpuMm N-c10BO A, KOTOpOe mMeeT COOCTBEHHOE HAYAIO0 B, Takke ABIAI0-
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meecs N-caoBoM (ecau Takue ects). s mobou napel takux cioB A u B
PACCMOTPUM TEPMUHATLHBLIN CUMBOJ, UAyIm B A HemocpeacTBeHHo 3a B.
MHoxkecTBO Bcex Takux TepMuHaIoB 0603HauuM Iloca(N). (Ecan Hukakoe
N-cnoBo He ABAAETCA COOCTBEHHBIM HAYAJIOM Apyroro N-cioBa, TO MHOXKe-
cteo Hoca(N) nycro.)

15.2.2. Ykasare (a) Iloca(E) mis mpumepa 1 (c. 246); (6) Iloca(E) u
Moca(T) ans mpumepa 2 (c. 246); () Hoca({crar)) u Hoca((MHOXK)) A17
npumepa 3 (c. 248);

Orser. (a) Toca(E) = {[, (}. (6) Hoca(E) = {[, (}; loca(T) mycro (uu-
kakoe T-CI0BO He sBasercs HadajgoMm apyroro). (B) Hoca({caar)) = {*};
IMoca((muox)) mycro. O

Kpowme Toro, maa xaxaoro merepmunana N oboznadum depes Haw(N)
MHOXKECTBO BC€X TEPMUHAJOB, ABJIAIONINXCA MEPBBIMU OYKBAaMU HEIIYCTBIX
N-cioB. ITO 0603HAYEHNE — BMECTE C MPEALIIYIIUM — MO3BOJUT AATh
OOCTATOYHOE yCJIOBME KOPPEKTHOCTH Hmponenypul ReadK B ONMMCAHHON BLIIIE
CATYaIIUN.

15.2.3. Mokasats, uro ecau Iloca(L) me mepecekaerca ¢ Haw(M) u muO-
XKeCcTBO Bcex M-cioB HemycTO, TO ReadK KOppeKkTHA.

Pemenue. PaccmoTpum aBa caydas.

(1) IIycte mocie Readl 3madeHue nepeMeHHOU b joxHO. B sTOoM ciy-
gae Readl umTaeT €O BXOJa MakKCuUMaabHOE L-HavaI0 A, HEe ABJIAIOIIEECS
L-croBoM. OHo sBsieTcsa K-HadamoM (34ech BaXKHO, 9TO MHOXKECTBO M-C/I0B
HermycTo.). Byger mu 0HO MakCHMaIbHBIM K-Ha9aqOM cpeau Hadal BXOAa!
Ecau mer, To A asrsercsa maganom caoa BC, rae B ectb L-cioBo, C ecTb
M-naqgaso u BC — 6Gonee mauuHOe Hadajo Bxona, yeM A. Ecan B miunnee A,
TO A — He MAKCUMAIBHOE HAYAJIO BXOAA, ABIAOIEECH L-HATAIOM, YTO IPO-
TuBopeunT KoppekTHocTu Readl. Eciu B = A, 70 A 6buto 6b1 L-c10BOM,
a »To He Tak. 3HauuT, B kopoue A, C' HemyCcTO U MepBLIU CUMBOJ C10Ba C
caenyer B A 3a mocaeguuM cuMBoioM cioBa B, T.e. Iloca(L) nepecekaercs
¢ Haua(M). Iporusopeune. Urak, A makcumansro. U3 ckazannoro creny-
eT Takxke, 4T0 A He aBanercsa K-cioBom. KoppekTHocTs npouenypsr ReadK
B DTOM CIy4ae MPOBEPEHA.

(2) IIycTob nocae Readl 3HaveHue nepemennon b ucturso. Torga npoun-
TaHHOe nporenypou ReadK nadano Bxoga umeer sug AB, roe A ectsb L-ciio-
BO, a B ectb M-magamno. Tem cambim AB ectsb K-magadno. [Iposepum ero mak-
cumanbHOCTh. Ilycrs C' ects Goabimee K-uadano. Torga au6o C' ects L-Ha-
a0 (ITO HEBO3MOXKHO, TaK KaK A OBLIO0 MAKCUMATBLHLIM L-HaYaI0M ), JU60
C=A'B',rne A’ — L-cnmoso, B’ — M-maxano. Ecim A’ kopoue A, To B’ me-
OyCTO U HAYUHAETCA C CUMBOJA, npuHamiexamero u Haa(M), u Ioca(L),
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yT0 Hepo3MOxkHO. Ecin A’ niunnee A, To A — He MmakcumasbHOE L-Hagalo.
Nrax, A’ = A. Ho B aTOM ciydae B’ ecTs mpogomxenne B, 9T0 MpOTHBOpE-
uuT KOppeKTHOCTU ReadM. Takum obpasom, AB — makcumanbHOe K-Hava-
710. OcTaéres mpoBepuTh NMPABUILHOCTH BHIJABAEMOro mporeaypou Readk
3Hadenus nepemennon b. Ecim oo mcturnO, TO 5TO 0veBmano. Ecau oHO
JIOKHO, TO B He ecTb M-CJ0BO, 1 HaI0 HpoBepUTh, 4T0 AB — He K-ciaogo.
B camom gene, ecm 681 Bemonaatock AB = A'B’, rge A’ — L-cioso, B’ —
M-cioBo, To A’ me Moxer OmiTh guuunHee A (Readl umTaeT MakcUMAIbHOE
caoBo), A’ me moxer ObiTh paBuo A (torga B’ paBHO B u He sBIAETCA
M-ciioBom) u A’ He MoxeT ObITh KOpode A (Torga mepseit cumBoa B’ mpu-
magrexur u Haa(M), u IToca(L)). 3agaua pemena. O

Tlepenaém Teneps K ApyroMmy dacTHOMy ciaydawo. Ilycrs B KC-rpammva-
THUKE €CThb IPABUIA

K—L
K—M
K—N
U APYTUX TPABUI C JEBOU JacThio K HET.

15.2.4. Cuwuras, uyro Readl, ReadM u ReadN koppekTHsl (st L, M u N)
u 9ro muoxecrsa Hau(L), Haa(M) u Hau(N) e mepecexatorcs, nanucars
Ipouenypy, KOppekTHyw nisa K.

Pemenue. Cxema nporenypsl TaKoBa:

procedure ReadK;

begin
if (Next mpunapgmexut Hau(L)) then begin
‘ ReadL;
end else if (Next mpumammexur Hau(M)) then begin
‘ ReadM;
end else if (Next mpumammexut Hau(N)) then begin
‘ Readl;
end else begin
b := true mnum false B 3aBHCHMOCTH OT TOrO,
BHBOJMMO M IyCTO€ CIOBO M3 K Mim HeT
end;
end;

[okaxeMm, uTo ReadK xkoppekTHO peanusyeT K. Eciu Next He mpuHa1e:KuT
Hu ogHOoMy u3 MHOXkecTB Hau(L), Hau(M), Haw(N), To mycToe CJIOBO ABIIETCA
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HamOOJIBIINM HAYAJIOM BXOIA, ABAIOmuMC K-aadamom. Ecan Next npunai-
JEXKUT OTHOMY (U, CIEIOBATEILHO, TOILKO OMHOMY) U3 3TUX MHOXKECTB, TO
MAKCAMAIBHOE HAYAIO BXOJA, ABAIOMIEEC K-HATaIO0M, HEIYCTO U TUTACTCS
COOTBETCTBYIOLIEN TTPOILEIYPOU. |

15.2.5. HUcmonb3ysi cka3zaHHOE, COCTABATH HPOIEAYPY PACIO3HABAHUS
BBIDAXKEHUN [ TPAMMATHUKU (mpumep 3, ¢. 248):

(BBID
(ocTBBHID

(ocTBBHID

(ocreaar

) —
) —
) —
(cnar) — (mmox) (ocTCHar)
) —
(ocrcaar) —
) —
) —

Pemenue. OTa rpaMMaTrKa HE TOJHOCTBIO TOANALAET MO PACCMOTPEH-
HBIE YaCTHBIE CJIY9au: B IPABBIX YaCTIX €CTh KOMOMHAIINY TEPMUHAJIOB U He-
TEepMUHAIOB

+ (BHID)

U CPYNIBL U3 TPEX CUMBOJIOB
( (BBID) )

B rpamMMaTuke eCTh Tak¥ke HECKOJIBKO TMPABUI C OJHOU JEBOU YaCThIO U C
IPaBBIMU YaCTAMU PA3HOT'O POJa, HAIpUMep

(ocTBBHIP) — + (BBID)
(ocTBBIP) —

OTHU OrPAHUYEHUS HE SBIAIOTCA TPUHIAMUAILHBIMUA. TaK, MPABUIO THUIA
K— L M N MOXHO ObLIO OBI 3aMeHUTH Ha ABa npaBmwia K —L Qu Q —M N,
TEPMUHAIBHLIE CUMBOJLI B MPABOM YACTH — HA HETEPMUHAMLI (C €IUH-
CTBEHHBLIM MPABWJIOM 3aMEHBI HA COOTBETCTBYIOMME TepMuHaasl). Heckomnb-
KO TIPABUJ C OTHOU JIEBOU YACTHIO U PA3HOPOIHBIMY MTPABBIMU TAKKE MOKHO
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CBECTH K YK€ Pa300paHHOMY CJIydalo: HaIPUMED,

K—-LMN
K—PQ
K—

MO2KHO 3aMEHUTDH Ha IIPpAaBUJIA

K — Ky
K — K

K — K
Ki L MN
Ky —P Q
Ks —

Ho MuI HE 6ygeM >TOro geraTh — a Cpa3y XKe 3aIuIleM TO, UTO MOIYIUTCA,
€CJId IOJCTABUTH ONMUCAHUA IIPOLEAYD A1 HOBBIX TEPMUHATBHBIX CUMBOJIOB
B MeCTa WX ucnosib3oBanus. Hampumep, mis npasmna

K—LMN

5TO JaéT TMPOIEAYPY

procedure ReadK;
begin

ReadL;

if b then begin
‘ ReadM;

end;

if b then begin
‘ Readl;

end;

end;

[ust eé xoppexraocTu Hago, arobel [loca(L) me nepecekanocs ¢ Haa(MN)
(xoropoe pasro Hau(M), ecoiu u3 M He BBIBOAUTCA MYyCTOE CJIOBO, U PABHO
oobexunennio Hax(M) u Hau(N), ecin BeiBOgUTCA), 8 Takxke 4To6w! IToca(M)
He mepecexanocsk ¢ Haw(N).

Amanormaasiv 06pasom npasmia

K—LMN
K—PQ
K—
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IIPUBOJAT K IIpoLenype

procedure ReadK;

begin

if (Next mpuuapmmexut Hau(LMN)) then begin
ReadL;
if b then begin ReadM; end;
if b then begin ReadN; end;

end else if (Next npwmammexur Hau(PQ)) then begin
ReadP;
if b then begin ReadQ; end;

end else begin

‘ b := true;

end;

end;

KOPPEKTHOCTb KOTOpOoU tTpebyer, urober Haa(LMN) He mepecexkaioch ¢

Hau(PQ).

Yuras npuBeiéHHYIO gajgee IPOrPAMMy, [IOJE3HO WMETh B BHAY COOT-
BETCTBUE MEXIY PYCCKUMU U AHDIUACKUMU CIOBAMU:

BBIP AYKEHUE EXPRESSION

OCTATOoK BBIPAXKEHMA REST oF EXPRESSION
CJIATAEMOE ADDITIVE TERM
OCTATOK CJIATAEMOro REST oF ADDITIVE TERM
MHO2?KuTEJb FACToR

procedure ReadSymb (c: Symbol);
b := (Next = ¢);
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




258

Ocranock 06CyAUTHL TPOOJIEMBI, CBA3AHHEIE C B3AUMHOUW PEKYPCUBHOCTHIO
»Tux mponeayp (OLHA WCHOJB3YeT APYLYyK U HAo60poT). B mackaue sTo
IOILyCKAETCs, TOALKO TPeOyeTCsA NaTh NPEIBAPUTEILHOE ONUCAHUE IPOIe-
ayp (dorwardyr). Kak Bcerga mis pekypCUBHBIX IPOLEAYD, IOMUMO NOKA3a-
TEIBLCTBA TOTO, YTO KAXKAAs MPOLEIypa paboTaeT IPABUIBHO B IIPEAIIONO-
JKEHUM, YTO UCIOJB3YEMBIE B HEU BBI3OBHI IPOLELYDP PA0OTAIT NPABUILHO,
HAIO JOKA3aThb OTAEILHO, YTO paboTa 3aBepHIAeTCA. (DTO HE OUYEBUIHO:
ecaun B rpaMMaTuke ecTh npaBuiao K — KK, To u3 K HU4ero He BBEIBOAUTCA,
TMoca(K) u Hau(K) mycTsl, HO HanmucaHHAsA MO HAIIMM KAHOHAM IPOLELYPA

15. Konwmexcmuo-c60600ubie 2pammamuki

‘ 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;

procedure ReadK;
begin

ReadK;

if b then begin
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‘ ReadK;
end;
end;

He 3aKaHIUBaeT PabOTHL )

B pammom cayvae mpouenypsl ReadRestExpr, ReadRestAdd, ReadFact
00 3aBEPIIAIOTCS, IUOO YMEHBIIAIOT IJINHY HEMPOINTAHHOU IaCTU BXOIA.
IMockoabKy MH000U UK BEI3OBOB BKIKYAET OJHY U3 HUX, TO 3AIUKIABAHNE
HEBO3MOXKHO. |

15.2.6. IlycTs B rpamMMaTuke UMEIOTCA IBA MPABWIA ¢ HETEPMUHAIOM K
B JIEBOU YACTU, UMEIOLTAX BU I

K—L K
K—

[0 KOTOPHIM K-CJOBO MpencTaBifeT co60M KOHEUHYIO MOCIENOBATEILHOCTh
L-cios, mpuaéMm muOxkecTBa Iloca(L) m Hau(K) (B mamHOM ciydae pas-
sHoe Hau(L)) me mepecekatorcsa. Mcnonbsys koppekTayio gas L npouenypy
Readl, manucars koppekTHyO 414 K npouenypy ReadK, He ucnonabsys pe-
KypCHH.

Pemenne. [lo mamuM npaBmiaM ciaeioBajio ObI HAIUCATH

procedure ReadK;
begin
if (Next mpuuapgmexut Hau(L)) then begin
ReadL;
if b then begin ReadK; end;
end else begin
‘ b := true;
end;
end;

3aBepIIeHne PaboTH FAPAHTUPYETCA TEM, 9TO IepPe] PEKyPCUBHLIM BBLI3O-
BOM [IMHA HEIPOYUTAHHOU IACTH YMEHBIIACTCA.
OTa PEeKyPCUBHAA MPOIEIYPa SKBUBATCHTHA HEPEKYPCUBHON:

procedure ReadK;
begin
b := true;
while b and (Next mnpumagmexut Hau(L)) do begin
ReadL;
end;
end;
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DopMaIbHO MOKHO IIPOBEPUTH DTy SKBUBAJIEHTHOCTD TaK. SABEPLIAEMOCTD
B 000UX CIydasx scHA. [[OCTATOYHO TPOBEPUTH MODTOMY, UTO TEIO PEKYP-
CUBHOU TIPOLEAYPHI DKBUBAJICHTHO HEPEKYPCUBHOU B MPEATIONIOKEHUU, ITO
€€ PEKyPCUBHBLIN BHI30B DKBUBAJEHTEH BLHI30BY HEPEKYPCUBHOU MPOLEIYPHI.
Ilogcrasum:

if (Next mpmuammexut Hau(L)) then begin
ReadL;
if b then begin
b := true;
while b and (Next mpumammexutr Hau(L)) do begin
‘ ReadL;
end;
end;
end else begin
‘ b := true;
end;

IepByio kKOMaHay b:=true MOXHO BHIKAHYTH (B DTOM MeCTE€ W TAK b uC-
TUHHO). BTOPYI0 KOMaHIy MOXHO MEPEHECTH B HAYAIO:

b := true;
if (Next mpuuammexut Hau(L) then begin
ReadL;

if b then begin
while b and (Next mpumammexutr Hau(L)) do begin
ReadL;
end;
end;
end;

Teneps BHyTpeHHUN if MOXHO BLIKUHYTH (€cau b a0:KHO, uuki while Bcé
PABHO HE BHIMIOJHAETCA) U NOOABUTL B yCJIOBUE BHeIHero if yciosue b
(xoTOpOE BCE PABHO UCTUHHO).

b := true;

if b and (Next mpunammexut Hau(L)) then begin
ReadL;
while b and (Next mpumagmexut Hau(L)) do begin
‘ ReadL;
end;

end;

9TO DKBUBAJICHTHO MPUBEIEHHON BHIIE HEPEKYDCUBHOU mponenype (13 Ko-
TOPOU BBIHECEHA MEePBasA UTEPALWs [IUKIIA). U
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15.2.7. [lokasaTb KOPPEKTHOCTb NPUBEAEHHON BBIIIE HEPEKYPCUBHOU
TMPOTrPAMMBI HETIOCPEACTBEHHO, 6€3 CCHLIOK HA PEKYPCUBHYIO.

Pemenme. PaccmMoTpuM HambObINIEE HAYANIO BXOMA, ABJIAIOIIEECA K-Ha-
ganoMm. OHO TPEICTABIAETCA B BUJE KOHKATEHAIMHU (IIOCIEIOBATEIHHOIO
NPUNUCHIBAHUSA) HECKOIBKUX HEMYCTHIX L-CJIOB U, BO3MOXKHO, OJHOI'O HEILy-
croro L-Havaja, He ABJIAIMErocs L-ciosoM. HBapranT nukia: IpoIuTaHo
HECKOJBKO U3 HUX; b < (mocieHee IPOYUTAHHOE SABIAETCA L-CI0BOM).

CoxpaHeHne UHBAPUAHTA: €CIU OCTAIOCH MOCIEIHEE CIOBO, DTO OUEBUI-
HO; €CJM OCTaJI0Ch HECKOIBKO, TO 38 MEPBBIM L-CI0BOM (M3 IMCIa OCTABIINX-
ca) naér cumsoa u3 Hau(L), 1 moToOMy 5TO CI0BO — MaKCAMAIbHOE HAIAIO0
BXO/Ia, ABJAIOMIEECT L-HAYAIOM. O

Ha mpakTuke npu 3anucu rpaMMaTUKA UCIONB3YIOT COKpameHus. Eciu
IpaBmiIa LI KaKOI'O-TO HeTepMuHaJIa K uMeT BHU[

K—L K
K—

(T.e. K-ci10Ba — 3TO HOCIEAOBATEABHOCTH L-CJIOB), TO DTUX IIPABUI HE I~
uryT, a BMecTo K nuinyT L B purypHbx ckoOkax. Heckoibko npasmi ¢ oqaon
JIEBOU YACTHIO W PA3HBIMU TPABLIMU 3AMUCHBAIOT KAK OJHO TPABUIO, Pa3-
IeJsisa aTbTePHATUBHBIE MPABBIE YaCTU BEPTUKATLHOU YEPTOU.

Hanpumep, pacCMOTpEHHAA BHILIE MPAMMATUKA 1A (BBIP) MOXKET OBITH
3alIMCaHa TaK:

(BEIp) — (caar) { + (caar) }
(caar) — (mmox) { * (MEHOX) }

(MuOXK) — % | ( (BBID) )

15.2.8. HammcaTtb mporeaypy, KOPPeKTHY® N1 (BHID), CAEIys DTOU
FPAMMATHUKE W UCHONb3YA MUK BMECTO PEKYPCHUM, TIe MOXKHO.

Permrenme.

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 mocregnen mpouegype KoMaHay b:=true MOXKHO ONYCTHUTH.
ITouemy?

Pemenne. MoxXHO peAnoaaraTh, UTO BCE MPOIETYPHI BLI3BIBAIOTCS IPHU
b=true. |

15.3. AnropuTm pasbopa ans LL(1)-rpammaTuk

B sTOoM paznene MBI pACCMOTPUM €IIE OMUH METO. TPOBEPKHU BEIBO TUMO-
cru B KC-rpammaruxe, HazeBaeMmbin o rpagunuu LL(1)-paz6opom. Bor
ero maesa B OOHOW (pasze: MOXKHO CIATATb, 9TO B MPOLECCE BHIBOAA MBI
BCEra 3aMEHAEM CAMBIN JEBLIM HETEPMUHAT W HYKHO JHAIIb BLIOPATH OTHO
13 IpaBUI; €CIM HAM MOBE3ET C PPAMMATHUKOW, TO BEIOPATDH IMPABUIO MOXK-
HO, TVIAAA Ha TIE€PBBII CUMBOJ BLIBOAUMOI'O U3 3TOr0 HETEPMUHAJIA CIOBA.
Tosops 6omee GpopMATBHO, TaIUM TAKOE

Ompegenenue. Jlebim 6616000M (CIOBA B TPAMMATHUKE) HALIBACTCA BHI-
BOJ, B KOTOPOM HA KaxX[OM IIare 3aMeHEe TOIBEPraeTCsA CAMBIN JEBLIA 13
HETEPMUHAJIOB.
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15.3.1. s Kax 100 BBIBOAUMOIO CJIOBA (43 TEDMUHAJIOB) CYLIECTBYET
€r0 JIeBLIN BBEIBO/.

Pemenue. Paznuunbie HeTEepMUHAILI 3AMEHAIOTCSA HE3ABICHMO; €CIN B
IIpolecce BLIBOJA MOSBUIOCH C10BO ... K ... L ... roe K, L — HeTepMuHa-
Jabl, TO 3aMeHbl K u [ MOXHO MpOM3BOAUTEL B J0O60M mopsake. [TosTomy
MOXKHO IEPECTPOUTH BEIBOJ TAK, YTOOBI CTOAIIMA JEBee HETEPMUHAT 3aMe-
Hsuicst parbuie. (PopManbHO MOBOPS, HAAO JOKA3LIBATH MHIYKIUEN [0 1JK-
He BBIBOJA TAakou (hbaKT: eCIM U3 HEKOTOPOro HeTepMmMuHana K BEIBOAUTCA
HEKOTOpoe cJI0B0 A, TO cymecTByer aeBbilt BeiBog A w3 K.) O

15.3.2. B rpammaruke ¢ 4 npaBuiaMu

(1) E—

(2) E—TE
(3) T— (E)
(4) T— [E]

HanTu Jeebn BeiBog caoBa A = [() ([1)] u mokasars, 9TO OH €IMHCTBEH.

Pewenwe. Ha nepsom mare MOXXHO IPUMEHUTH TOIBKO HPABUIO (2):
E—TE

Yro Oyaer maawire ¢ T? Tak xkak ciaoBo A maummaerca Ha [, TO MoxeT
OPUMEHUTHCA TOIBKO MPAaBWiIo (4):

E — TE — [E]E

Ilepsoe E gomxHO 3ameHuThCsa Ha TE (MHAYE BTOPHIM CUMBOIOM OBLIA OB
ckoOka ]):
E — TE — [E]E — [TE]E

u T JOIKHO 3aMEHATHCA 1O (3):
E — TE — [E]E — [TE]E — [(E)E]E

Hanee mepBoe E TOKHO 3aMEHUTHCS Ha IIYyCTOE CJIOBO (MHAYE TPeThen OyK-
BoM cioBa OygeT ( mmm [ — TONBKO HAa DTM CUMBOJIBI MOXKET HAYUHATHCS
CJI0BO, BhIBOAUMOE 13 T):

E — TE — [E]E — [TE]E — [(E)EIE — [()EIE

u masiee

...~ [OTEIE — [O (E)EIE — [O (TE)EIE — [() ([E]IE)E]E —
= [OUIBEIE—-[ODEIE-L[OUDIE-TLOWD] O
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Yro TpebyeTca OT rpaMMaTHKU, ITOOBI TAKOH METOJ MOMCKA JEBOI'O
BEIBOJAA ObuT mpuMmenum? IlycTh, HampuMep, HA OYEPEIHOM Iare CaMBIM
JIEBLIM HETEPMUHAJIOM OKa3aJICsA HeTepMuHaI K, T.e. MBI UMEEM CJIOBO BIU-
na AKU, rie A — CJI0BO M3 TE€pMUHAJIOB, a U — CJIOBO U3 TEPMUHAJIOB
u HeTepMuHAJIOB. IlycTh B rpaMMaTHKe €CTh IPABMIA

K—LMN
K — PQ
K—R

Hawm ma g0 Beibpars 0480 u3 HuX. MBI Oy1eM IBITATHCA CAEJATH DTOT BLHIOOD,
DVISLIST Ha, IEPBBIN CUMBOJL TOU 9aCTHA BXOJQHOI'O CJIOBA, KOTOPAs BBIBOJUTCS
u3 KU.

Paccmorpum muoxkecTBo Hau(LM N) Tex TepMUHAIOB, C KOTOPBIX Ha-
YMHAIOTCA HEMyCTHE (I0Ba, BeiBoAuMbIe u3 LA N. (DT0 MHOXKECTBO PABHO
Hau(L), oobeguuénnomy ¢ Haa(M), ecan u3 L BBIBOAUTCA IyCTOE CJIOBO,
a Ttakxe ¢ Haa(N), ecaiu u3 L u us M BelBOgUTCS IycTOE €JI0BO.) HTO-
Obl OMMUCAHHBEIN METO[ OBLT IpuMeHuM, Ha 10, 9To0s Hau(LM N), Hau(PQ)
u Haua(R) me mepecekaaucs. Ho sToro mamno. Begs moxer ObITH Tak, Ha-
npumep, 4T0o u3 LM N GyaeT BHIBEIEHO IIyCTOE CJIOBO, a u3 ci1oBa U OymgeT
BBIBEIEHO CJOBO, HadmHatomeecs Ha Oyksy u3 Ha4u(PQ). Cregyrouwe onpe-
IEeNeHNsI YIUTHIBAIOT DTy Ipodiemy.

Hanomuum, uTo onpenenenune sersogumocTu B KC-rpaMmaTuke OBLIO 13-
HO TOJIBKO 1 CI0BA 3 TepMuHaaoB. OHO 0YeBUIHBIM 0OPa3oM 0006IIaeTCs
Ha CJAydYall CJIOB U3 TEPMUHAJIOB U HETEPMUHAJIOB. MOXKHO TakkKe TOBOPUTH
0 BBIBOAMMOCTH OJHOT'O CJOBA (COLEPKAILEr0 TEPMUHANLL U HETEPMUHAIEL )
u3 gpyroro. (Eciu roBopurcs o BEIBOAMMOCTH CI0Ba 6€3 yKa3aHUs TOrO,
OTKYJa OHO BBEIBOJUTCSI, TO BCEr A [T0APA3YMEBAETCs BEIBOAUMOCTE B IDaM-
MATWKE, T.€. BLIBOAUMOCTD U3 HAYAILHOTO HETEPMUHAJIA. )

st xkax noro cioBa X U3 TEPMUHAIOB U HeTepMUHAIOB Yepe3 Haw(X)
00603HaYAaeM MHOXKECTBO BCEX TE€PMUHAJIOB, C KOTOPBIX HAYMHAIOTCS HEILY-
CThHIE (JIOBA U3 TepMUHAIOB, BeiBoguMble 3 X. (B caygae, ecin us mo6oro
HETEPMUHAJIA BBIBOAUTCA XOTh OLHO CJIOBO U3 TEPMUHAJIOB, HE UI'PAET POJIH,
paccmaTpuBaeM Ju Mul npu onpegesernu Haa(X) croBa TOAbKO U3 TepMu-
HaJIOB Wiu Ji00bIe cioBa. MBI 6yaeM mpeanoaaraTh gajaee, ITo 9TO YCIOBUE
BBINIOJIHEHO. )

[ust xkax noro merepmunana K 4epes [ocaen(K) 0603HaMMM MHOXKECTBO
TEPMUHAJIOB, KOTOPBIE BCTPEYAIOTCsI B BEIBOAUMBIX (B PPAMMATHUKE) CJIOBAX
cpasy xe 3a K. (He cmemusars ¢ Hoca(K) npeasiaymero pasgenal) Kpome
toro, B [Tocaen(K) Bkarodaerca cumBoa EQL, ecan CyIIeCTBYeT BBIBOAUMOE
CJIOBO, OKaH4YmBaIeecs Ha K.
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[ xaxaoro mpaBmia

K->V

(rope K — merepmunan, V — ca0BO, cogepikaliee TEPMUHAILL U HETEPMU-
HAJIbL) ONPEJEIUM MHOXKECTBO HANPABAAMOUUT MEPMUHAA0E, ODO3HATAEMOE
Hanp(K — V). Ilo onpeaenenuto ouo pasao Hau(V'), k koTopomy mobasie-
Ho ITocnen(K), ecin u3 V' BBIBOAUTCA MyCTOE CJIOBO.

Ompegenenne. ['pamvaruka vaszwBaeTca LL(1)-epammamurot, ecin mis
ao6b1x mpaBut K —V u K — W ¢ 0IuHAKOBBIMU JIEBBIMU ACTAMHU MHO-
xecrea Hanp(K — V) u Hanp(K — W) me nepecexaroTcs.

15.3.3. flBagercs mu rpamMMaTHUKa

K—K #
K—

(BBLIBOAVMBIME CJIOBAMHU ABIAIOTCA MOCAe0BaTenbHOCTH Aue3oB) LL(1)-
rpaMMaTUKON?

Pemenue. Her: cumBOn # NpMHAIIEKUT MHOXKECTBAM HATPABIAIOIINX
CHMBOJIOB [1JIs1 0GOMX MPABUWI (/A BTOPOrO — MOCKOJBKY # MPUHALIEKUT
Mocren(K)). O

15.3.4. Hamucars LL(1)-rpaMMaTuKy I/ TOTO XKe S3BIKA.

Pemenmne.

K—# K
K— O

Kak roBopsAT, «IeBOPEKYpPCHBHOE» IIPABUIO 3aMEHEHO HA «IIPABOPEKYP-
CHUBHOE».

Caenmyromas 3anada mokasweiaer, ato mia LL(1)-rpammartuku cyie-
CTByeT He 60Jee OJHOTO BO3MOXKHOIO MPONOKEHNA JEBOrO BEIBOIA.

15.3.5. Hycts gauo BuiBogumoe B LL(1)-rpammaruxe ciaoBo X, B KO-
TOPOM BHIJeJeH caMbil JeBbin HeTepMuuan K: X = AKS, rne A — cioBo
13 TEpMUHAJIOB, S — CJIOBO U3 TEPMUHAJIOB U HETEpMUHAIOB. IlyCcTh cyme-
CTBYIOT IBA PA3MUIHEIX MIPABIIA TPAMMATHUKA C HETEPMUHAIOM K B JeBOH
9aCTW, U MBI IPUMEHWIN WX K BeIAeJeHHOMY B X HeTepMmmHary K, 3aTem
MPONOKAINA BEIBOJ W B KOHIIE KOHIIOB MOJYYWIA IBA CIOBA, U3 TEPMUHAIOB,
HauwHAOmuxca Ha A. JokasaTs, 9TO B DTHUX CJIOBAX 3a HadaaoMm A miyT
pasuble OykBHL. (31ech K aucity Gyks Mbl oTHOCHM EOI.)
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Pemrenvie. DTy OyKBBI IPUHALIEKAT HANPABIAOIIMM MHOXECTBAM Pa3-
JWYIHBIX TTPABUI. (I

15.3.6. TokasaTb, uTo ecau ca0BO BuBoaumo B LL(1)-rpammaruke, To
€r0 JIeBBIN BEIBOJ €IWHCTBEH.

Pemenne. [Ipenpiaymas 3a1ata MOKa3bIBAET, ITO HA KAaXJIOM IIare Je-
BBIU BBIBOJ MPOIOMKAETCA OJTHO3HATHO. |

15.3.7. I'paMMaTUKa HA3BIBAETCA 4€80PEKYPCUBHOU, €CIU U3 HEKOTOPO-
ro HeTepMuHaIa K BBIBOAUTCA CIOBO, HAUMHAIOIIEeCA ¢ K, HO He COBIaga-
romee ¢ HUM. [JoKa3aTh, YTO JEBOPEKYPCUBHAA MPAMMAaTUKa, B KOTOPOU 13
KaxX 00 HeTEPMHUHAJA BBIBOAUTCA XOTS OBI OOHO HEIIyCTO€ CJIOBO M3 Tep-
MMHAJIOB U I KaXKIOI0 HETEPMUHAJIA CYIIECTBYET BBEIBOJ (HaHI/IHanumﬁ—
€A ¢ HAYAIBHOI'O HETEPMUHANA), B KOTOPOM OH BCTPEIACTCS, HE ABIACTCA
LL(1)-rpaMmMaTuKON.

Pemenne. IIyctey u3 K BriBogutca KU, roge K — netepmunan, a U —
HEIIyCTOe CJIOBO. MOXKHO CIUTaTh, 9YTO TO JEBLIU BHIBOJ (Apyrue HeTEpMU-
HAJIbI MOXHO HE 3aMEeHATH). PaccMoTpuM BBIBOL

K~ KU ~~ KUU ~> ...

(3HAaK ~~ 00603HAYAET HECKOJBLKO IIATOB BHIBOLA) U JEBBIM BEHIBOL K ~ A,
rae A — HemycToe CIOBO U3 TepMuUHAIOB. Ha KakoMm-TO mare BTOPOU BEI-
BOJl OTKJOHAETCS OT IIEPBOrO, & MEXKIy TEM II0 OOOMM IIyTAM MOXKET OLITh
HOLYYEHO CJIOBO, HAMMHAOImeec s Ha A (B IepBOM Ciydae 5TO BO3MOXKHO, TAK
KaK COXPAHAETCA HETEePMUHAT K, KOTOPBIA MOXKET BIOCIEACTBUN OBITH 3a-
MeHEH Ha A). DTO IPOTUBOPEYUT BO3MOKHOCTHU OTHO3HAIHOTO OIPEIETIe-
HUS IPABIIA, IPUMEHAEMOrO HA OYE€PEIHOM IIare MOUCKA JEBOI'O BHIBOIA.
(O HO3HAYHOCTD BHINOJHAETCA [JSI BHIBOAOB U3 HAYAILHOIO HETEPMUHA-
JIa, X HAJO BOCIOIB30BATHCA TeM, YTO K IO IPEeIOI0KEeHIIO BCTPEIAeTCA
B TAKOM BBHIBOJE.) O

Taxum 06pazsoM, K JEBOPEKYDPCABHLIM IPAMMATAKAM (KPOME TPUBHAATL-
merx caydaeB) LL(1)-meron menpumenum. Ux npuxogurcs mpeo6pasoBbl-
BaTh B oKkBuBajdeHTHBIE LL(1)-rpaMMaTuKy — WM mOb30BATHCA APYTUMA
METOJAMU PACIIO3HABAHU.

15.3.8. Ucmonb3ys cka3zaHHOE, MOCTPOUTH AJTOPUTM MPOBEPKU BBIBO-
AUMOCTH Cl0Ba u3 TepMuHaaoB B LL(1)-rpammaruxe.

Pemernme. Mur creqyeM ONMUCAHHOMY BBIMIE METONY IMOUCKa JEeBOI'O BBI-
BOJa, XpaHA JUIMb IaCTh CJI0BaA, HAXOIANIYIOCA IIpaBee yiXKe l'IpO‘-II/ITaHHOIL/i
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9acTH BXOAHOI'O CJOBa. Ipyrumu cioBamu, MBI XPAaHUM CJIOBO S U3 T€PMU-
HAJOB ¥ HETEPMUHAJIOB, OOJALAIONICE TAKUMA CBOUCTBAMHU (TIPOUUTAHHYIO
9aCcTh BXOJa 0003HAUaeM depes A):

1) ci0BO AS BBIBOAMMO B IDAMMAaTHUKE;
2) 11060U JIEBBIN BBIBOJ BXOIHOI'O CJOBA IPOXOAUT Y€pe3 CTaiuio AS

ATu cBoucTBa BMecTe OyaeM o6o3HavaTh «(M)».

Brawane A mycTo, a S COCTOUT M3 €IUHCTBEHHOI'O CUMBOJA — HAYalb-
HOI'0O HETEPMUHAJIA.

Ecin B HekoTOpBEII MOMEHT S HadYMHAETCA Ha TepMuHal t u t = Next,
TO MOXKHO BBIIOJHUTH KOMAaHIy Move M yIaiuTb CUMBOJ t, SBJAIOIIAUCS
HAYaAIbHBIM B S, MOCKOJBKY IPU 5TOM AS HE MEHAETCH.

Ecmu S mauymuaeTcs HA TepMuHAT t 7 t ;é Next, TO BXOIHOE CJIOBO He-
BEIBOAMMO — MO0 MO YCIOBUIO JIOOOU €r0 BBEIBOJ NOMKEH MPOXOAUTDH Iepe3
AS. (9To ke cupaBeimuBo u B caydae Next = EOI.)

Ecau S nmycro, To u3 ycaosus (1) creqyer, 970 BXO4HOE CJIOBO BBIBOAUMO
TOI'Ja U TOJBbKO Torja, korga Next = EOI.

Ocraéres cayyan, KOrja S HAYMHAETCA ¢ HEKOTOPOrO HeTepMuHAIA K.
Ilo moxazaHHOMY BBIIIE BCE JEBBIE BHLIBOILI U3 S CJOB, HAMUHAIOIIUXCI HA
cuMBOJI Next, HAUMHAIOTCA C IPUMEHEHUA K S OJHOI'O U TOr'0 XKe MPaBuIa —
TOrO, IJIs1 KOTOpOoro Next nmpuHa IeXKUT HAPABIAIOMEMY MHOx)ecTBY. Ecim
TaKUX IPABII HET, TO BXOJHOE CJIOBO HEBBIBOAWMO. Ecium Takoe IpaBmio
€CTh, TO HYXHO IPUMEHUTh €ro K MepBOMY CHMBOJY CJOBA S — MIpPU DTOM
ceorcTBo (M) e mapymurca. IIpuxoaum K TaKOMy alrOpUTMY:

S = IyCTOE€ CIIOBO;
error := false;
{error => BxomHoe CIOBO HEBHBOIMMO;}
{not error => (M}
while (not error) and not ((Next=EOI) and (S mycTo))
do begin
if (S nauMHaeTca Ha TepwuHam, pamHuM Next) then begin
‘ Move; ymamuTp ¥3 S IepBHM CHMBOI;
end else if (S HaumHaeTca Ha TepMMHanm, He paBHEM Next)

then begin
error := true;
end else if (S mycTo) and (Next <> EOI) then begin
‘ error := true;

end else if (S mHaumHaeTca Ha HeTepMuHan u Next BxomuT B
HalpaBldollee MHOXECTBO OJHOTO M3 IPaBWI IIA 3TOLO
HeTepMuHanma) then begin

IPUMEHUTE 3TO IIPaBUIIO
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end else if (S HaumHaeTca Ha HeTepMuHan ¥ Next He BXOZUT
B HalpaBiAollee MHOXECTBO HM OIHOT'O W3 IIPABUI LIA 3TOTO
HeTepMuHanma) then begin
error := true;

end else begin

‘ {rak He 6mBaeTr}

end;

end;

{BxomHoe cimoBo BHBOZMMO <=> not error}

Anroputm 3akamuuBaeT paboOTy, TOCKONBKY TMPU TOABJEHUN TEPMUHAIA
B HaYaJe CJIOBA S MPOUCXOAUT ITEHHE CO BXOJa MIU OCTAHOBKA, & O€CKOHed-
HBIM [UKJI CMEHAIOMUX APYT APYyra HETEPMUHAJIOB B Hadage S 03HAYAT OB,
9TO IPAMMATHUKA JIEBOPEKYPCUBHA. (A MBI MOXEM IPEAIONAraTh, COIVIACHO
OpEeABLAYIIEN 3a4a4e, YTO dTO He TAK: HeTEPMUHAJBLI, HE BCTPEYAIOIIUECS
B BBEIBO/IaX, & TAKXe HETEPMUHAILI, U3 KOTOPBIX HE BHLIBOAUTCA HEMYCTOI'O
CJIOBA, HECAOXKHO YAAIATH U3 IPAMMATHUKA. ) (]

3aMmevanus.

o [IpuBENEHHEBIN AITOPATM UCHOAB3YET S KaK CTeK (BCE MEHCTBUA MPO-
U3BOJATCA C JEBOI'O KOHIIA).

e JlecTBUA OBYX MOCJAEIHUX BAPUAHTOB BHYTPHU IUKJA HE MPUBOIAT
K YTEHWI) 0YePEeqHOrO CUMBOJIA CO BXOZA, TO3TOMY MX MOXKHO 3apa-
Hee OPEeIBLMUCIATE AJIA KaXIOr0 HETEPMUHAIA U KAaXKJOTO CIMBOJIA
Next. Ilocae aToro Ha KaxaoM Imare mukaa OyJeT IMTaThCA OIepe-
HOU CUMBOJ BXOJA.

e Ilpy mpaxTuUIeckon peaaumsanuy yI00HO COCTABUTL TAOMUIY, B KO-
TOPOU 3alMCAaHLI BADMAHTLL AEMCTBUU B 3aBUCUMOCTHA OT BXOTHOI'O
CHMBOJIA ¥ [EPBOTO CUMBOJA S, 1 HEGOBIIYIO MPOrPAMMY, BBIIOIHA-
IOILYI0 NEUCTBUS B COOTBETCTBUU C DTOU TabO/IMIIEN.

15.3.9. Ilpu nmpoBepke TOro, OTHOCUTCA U JAHHAS TPAMMATUKA K TUIY
LL(1), neotxogumo eeraucauts ocren(T) n Hau(T') gnsa Bcex HeTepMuUHA-
aoB T. Kax »to cuenars?

Pemenne. IlycTs, Hampumep, B rpaMMaTuKe ecTh nmpaBuio K — L M N.
Torga
Hau (L) C Hau (K),
Hau (M) C Hau (K), ecan u3 L BEIBOAUMO IIyCTOE CIOBO,

Hawx (N) C Hau (K), ecan u3 L u M BBIBOAUMO IIyCTOE CIOBO,
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ocaen (K) C Iocren (N),
Mocnen (K) C Mocnen (M), ecan u3 N BHIBOZUMO IIyCTOE CJIOBO,
Iocnen (K) C Mocnexn (L), ecmm w3 M u N BHIBOAUMO IIyCTOE CJIOBO,
Haw (N) C Tlocren (M),
Haxu (M) C locaexn (L),
Hau (N) C Tlocren (L),  ecam u3 M BBIBOZUMO IIyCTOE CJOBO.

ITogo6HBIE TpaBWIa MO3BOMAIOT IIAr 34 IIATOM MOPOXKIATH MHOXKECTBA
Hau(T), a sarem u Ilocaen(7'), m1s Bcex TepMUHANOB U HeTepMuHAIOB 1.
IIpu 5TOM HaYAIOM CIIyXKHUT

EOI € Hocnexn (K)
L5 HAdaJIbHOrO HerepuuHata K u
z € Hau (2)

oA JI00ro TepMumHATa z. llopoxaerwe 3akaH4dmBaeTCA, KOrJa IIpUMe-
HEHVe MpPABWJI IepecTaéT naBaThb HOBBIE siaeMeHTH MHOxkecTs Hau(T)

u Iocaen(T). O



16. CUHTAKCUYECKWIA PA3BOP
CNEBA HAMPABO (LR)

Cenvac MBI PACCMOTPHUM €IIE ONWH METOJ CHUHTAKCUIECKOTO pasbopa,
nasoiBaeMbin LR(1)-pasbopoM, a Takxke HEKOTODHIE YIPOIIEHHBIE €r0 Ba-
PUAHTEHL

16.1. LR-npoueccsi

[Ba orawaumsa LR(1)-pas6opa ot LL(1)-pasbopa: BO-IIEPBLIX, CTPOUTC
HE JIEBBII BBIBON, a IIPABBLIM, BO-BTOPBLIX, OH CTPOMUTCA HE ¢ HAYAIa, & C
kouua. (Beieog B KC-rpaMMaTuke Ha3BIBAECTCA NPAGbiM, €CIA HA KAKIOM
Imare 3aMeHe MOABEPraeTCs CAMBIN MPABLIM HETEPMUHA. )

16.1.1. [loxazaTb, UITO €CaIM CJIOBO, COCTOSAIIEE U3 TEPMUHAJIOB, BBIBO-
IUMO, TO OHO UMEET MPABLIN BHIBOJ. |

Hawm 6yneT y106HO CMOTPETEH Ha TIPABLIN BEIBOJ «3a00M Hamepémy. Ompe-
genmuM noaTue LR-npoyecca nad caosom A. B aToMm mpouecce, momumMo A,
OyeT y9acTBOBATL U IPYTOE CIOBO S, KOTOPOE MOXKET CONEPKATH KAK Tep-
MUHAJBI, TAK U HeTepMUHAILL. Bravase cioBo S mycro. B xone LR-ipouecca
pPa3pelIeHsl [Ba BULA EUCTBUL:

(1) moxHO nepenecTu HEpBBHIU CUMBOIL Ca0Ba A (ero Ha3BIBAIOT 0uepedHblM
CUMBOJIOM U 0603Havan0T Next) B KOHen ciaoBa S, ynamus ero m3 A
(3TO HeucTBUE HA3BIBAIOT CJ6U2OM);

(2) ecsm mpaBas 9acTh OQHOTO U3 MPABUI IPAMMATHUKY OKA3AIACh KOHIIOM
cJI0Ba, S, TO PA3PEIIAeTCs 3aMEHUTD €€ Ha HETEPMUHA, CTOAIIMN B Je-
BOU 1aCTH DTOr'O IPABUIA; IIPU 5TOM ¢10BO A He Mensercs. (JTo nen-
CTBUE HA3LIBAIOT CEEPMKOT, WIA NPUGEICHUEM. )

Ormerum, yTo LR-mpomecc He ABIAETCA e TepMUHAPOBAHHLIM: B OJHON
U TOU K€ CUTYAIlUu MOT'YT OBITH PA3PENIeHBl Pa3HLIe NTeNCTBUA.
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ToBopsar, uro LR-mpouecc Ha cioBe A ycneusno 3a8epuLaemcs, eCIu CJao-
BO A CTAHOBUTCA MYCTHIM, & B CJIOBE S OCTAETCs €IUHCTBEHHBIN HETEPMU-
HAJI — HAYAJIbHBIM HETEPMUHAI IPAMMATUKH.

16.1.2. [okasaTb, 4TO aas a060ro cioBa A (M3 TepMUHAJOB) ycrem-
HO 3aBepmratonmuca LR-nponece cymecTeyeT Torna u TOILKO TOra, KOraa
cI0BO A BHIBOAUMO B rpaMMaTHKe. B X01e MoKa3aTenbCTBa yCTAHOBUTD B3a-
IMHO OJHO3HAYHOE COOTBETCTBUE MEXKAY MPABLIMU BEIBOJAMU W yCIIEITHO
3apepiatomumuca LR-npoueccamu.

Pemenwue. IIpu casure cioBo SA me mensercs, npu cBEPpTKe cI0BO SA
[MOABEPraeTCsa NpeoOpa3OBaHUI0, OOPATHOMY IIArY BBIBOAA. DTOT BBIBOL
OyAeT IpaBbIM, TAK KAK CBOpadMBaeTcs KoHen S, a B A Bce cuMBOJIBI —
TepMuHAIbHBIE. TakuM o6pasoM, kaxaoMy LR-mpoueccy cooTBeTCTByeT
npasbiit BEIBOA. O6paTHOE COOTBETCTBHUE: IyCTh NaH MPABHIN BEIBOA. [Ipes-
craBuM cebe, ITO 3a MOCJIEJHAM HETEPMUHAIOM B CJIOBE CTOUT IIEPEropo-
ka. [I[pumeHuB K >TOMYy HETEPMUHALY NMPABUAJIO IPAMMATUKY, MBI JOIXKHEL
CABUHYTH II€PErOPOAKY BJIEBO (€CaM IpaBas JaCThb IPABUIA KOHIAETCS Ha
TepMuHAT). Paz0buBas 3TOT CABUC HA OTAEMLHBIE IIATH, TOLYIUM TIPOILECE,
B ToyHOCTZ O6paTHE LR-mpomeccy. ]

TTockoarky B x01e LR-mpouecca Bce maMeneHus B cJa0Be S MPOUCXOIAT
€ MPABOro KOHIIA, cJI0BO S HaswBaioT cmexom LR-mpouecca.

3agada MOCTPOEHUs IPABOrO BBIBOA [JIS JAHHOI'O CJIOBA CBOAWTCS, Ta-
KM o06pa3oM, K MpPaBUILHOMY BBIOODPY odepemnHoro mara LR-mpomecca.
Ham myxHO pemmnth, OymeM au MBI ge1aTh CABUTI WA CBEPTKY, W €CIN
CBEPTKY, TO MO KAKOMY MPABUIY  BeIb MOAXOIAIIMX MPABUI MOXET OBITH
Heckoabko. B LR(1)-anropurme 5T0 pelieHne npuHUMAeTCs Ha OCHOBE S
U [EpBOrO CUMBOJA CJIOBAa A; €y UCHOIB3YeTCs TOJABKO S, TO TOBOPAT
o LR(0)-amropurme. (Tounsie onpeeneHus CMOTPYU HUXKE. )

Ilycts pukcupoBana rpaMMaTHKa, B KOTOPOHR U3 JIOOOI0 HETEPMUHAIA
MOXKHO BBIBECTHU KAKOE-I100 (JIOBO U3 TEPMUHAJIOB. (DTO OrpAaHUYIEHUE MBI
OyeT BCerja MpeiroaaraTh BHIIOJIHEHHBIM. )

IIycte K — U — oguo u3 npasut rpamMaruku (K — merepmunan, U —
C/IOBO M3 TEPMUHAJIOB U HeTEPMUHAMOB). Onperemmm MHOXKECTBO 0B (u3
TEPMUHAJIOB ¥ HETEPMUHAJIOB), HA3BIBAEMOE AEBbIM KOHIMEKCINOM TIPABUIA,
K — U. (O6o3nauenue: JleeKout(K — U).) Ilo onpegesnenno B HErO BXOAAT
BCE CJIOBA, KOTOPHIE ABIAOTCA COAEPKUMBIM CTEKA HEOCPEACTBEHHO TIepes
ceéprkon U B K B X01€e HEKOTOPOro ycmemHo 3asepuiatormerocs LR-mpo-
ecca.

16.1.3. IlepedopMyrmpoBaTh DTO OIpeAeNeHNe HAa A3BIKE MPABBIX BBI-
BOJIOB.
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Pemenune. PaccmoTpum Bce mpaBble BBIBOIBLI BUIA,
(HaganTBHBIN HeTepMuHAI) ~> XKA — XUA,

rge A — CcI0BO U3 TepMUHAJIOB, X — CJI0OBO U3 TEPMUHAJIOB U HETEPMUHAJIOB.
Bce Bozuukaroume npu 5ToM ¢1oBa XU 1 06pa3yioT JEBBIA KOHTEKCT IIPABU-
aa K — U. YTo0bI yOeIuTHCSA B DTOM, CIEAYEeT BCIOMHUTH, YTO MBI IPEATIO-
JaraeM, 4TO U3 JTIOO0OT0 HETEPMHUHAIA MOXKHO BBIBECTH KAaKOE-TO CJIOBO U3
TEPMUHAIOB, TAK YTO MPABBIA BHIBOA CJ0Ba XUA MOXeT OBLITH MPOIOMKEH
IO TIPABOI'O BBEIBOJA KAKOI'O-TO CJIOBA U3 TEPMUHAJOB. ]

16.1.4. Bce cnosa us JlesKount(K — U) xonvatoorcsa, oueBugno, Ha U. [o-
Ka3aTb, ITO €CAM y BCEX HUX DTOT KOHeHn U OTOPOCHTB, TO MOJLy<IEHHOE
MHOKECTBO CJIOB HE 3ABHCAT OT TOI'O, KAKOE U3 IPAaBWI AL HeTepMuHaxa K
BBIOpaHo. (DT0 MHOXKECTBO 0603HauaeTca Jles(K).)

Pewenue. N3 npensiaymen 3agadu sacHo, 9To Jles(K) — 510 BCE, 9TO
MOXKET HOABUTLCA B MPABBIX BEIBOJAX JEBEE CAMOIO MPABOTO HETEPMUHA-
aa K. |

16.1.5. [loxasaTh, 9TO B mpeabiayinen ¢ppase MOXKHO OTOPOCUTDH CJIOBA,
«caMoro mpasoroy: Jles(K) — 570 BCé TO, 9TO MOKET MOABIATHCA B IPABBIX
BBIBOJ[aX JIEBEE 0000 BXOXKAeHUs HeTepMuHAaia K.

Pemrenne. I1poxomkus mocTpOEHNE IPABOrO BEIBOAA, BCE HETEPMUHAILL
crpaBa oT K MOXKHO 3aMEHUTH Ha TepMUHAHI (& c1eBa OT K Ipu 5TOM HUIEro
He U3MEHUTCS). O

16.1.6. IlocTpouTh TpaMMaTHKY, COAEPKAIIYIO I KaxKIOrO HETep-
MuHaIa K mcxogHOu rpaMmaruku HeTepmuHaa (JleBK), mpudém ciegyro-
Iee CBOMCTBO NOJIKHO BEIIOJIHATHCA U JI0O0ro HeTepMuHaIa K McXo1HoOn
rpaMMaTHUKK: B HOBOW rpaMmaruke u3 (JleBK) BBIBOAUMBI BCE DJEMEHTEL
JleB(K) u rompko onu. (IIpum 5TOM TepMHUHAJBL U HETEPMUHAILL MCXOLHOH
FPAMMATHKM ABIAIOTCSI TEPMUHATAMEI HOBOU. )

Pemenwue. [lycTs P — HavanbHLIM HEeTEpMUHAI CpamMMmaTuku. Torga B
HOBOU IpaMMaTuKe OyIeT MPABUIO

(JIesP) — (mycToe c10BO)
[s1 KaXX I0T0 TPaBU/IA MCXOTHOM TPAMMATHUKY, HATIPUMED, TPABUIIA

K—LtMN (L, M, N — HETEpMUHAJILI, t — TEPMUHAT),
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B HOBYIO I'DAMMATUKY MBI JOOABUM IIPABUJIA

(JIeBL) — (JIeBK)
(JIesM) — (JIeBK) L t
(JIeBN) — (JIeBK) Lt M

U QHAJOTWYHO TOCTYNUM C APYruMu npaBuiaMu. CMBICA HOBBIX MPABUI
TAKOB: IIyCTOE CIOBO MOXKET MOsABUTHCA CJIEBA OT P; ecam caoBo X MOXKeET
MOABUTHLCA CJIeBa OT K, TO X MOXeT NOABUTHLCA cJaeBa OT L, XLt MoxeT 1o-
aBuThbca caeBa or M, XLtM — caesa ot N. Maykuumen mo mauHe MPaBoOro
BBIBOJA JIETKO IIPOBEPUTH, UTO BCE, YTO MOXKET IOABUTHCA CJIEBA OT KAKO-
[O-TO HETEPMUHAIA, IOABISIETCS B COOTBETCTBUY C DTUMU [IPABAIaAMA. [

16.1.7. Tlouemy B mpemBIAyLIEN 3a4a9€ BaXKHO, IYTO MBI PACCMaTPUBAEM
TOJBKO MPABBLIE BHIBOILI!

OtBer. B npoTuBHOM Caydae CregoBasio OBl YIUTHIBATL TPEOOPABOBA-
HUS, TPOUCXOIAIINE BHYTPHU CJIOBA, CTOAIIETO CIeBa OT K. ([

16.1.8. [I1a magHOM IpaMMaTUKH MOCTPOUTHL AATOPUTM, KOTOPBIA IIO
JM000MY CIOBY BBIACHAET, KAKUM U3 MHOxkecTB JleB(K) OHO IpuHAa 1IeXKuT.

(3amevanue qusa 3HaTOKOB. CyLIECTBOBAHNE TAKOTO JlOPUTMA — U 14~
K€ KOHEIHOT'O aBTOMATA, TO €CTh UHIYKTUBHOIO PACIIUPEHUA ¢ KOHETHBIM
YUCIOM 3HAYEHUH, CM. pasfgen 1.3, — BBITEKAaeT U3 IPEeAbLLIYIIeN 3a1a4u,
TaK KaK MOCTPOCHHAA B Hell TPAMMATHUKA UMEET CHeNMANLHLIN BUI: B IIPa-
BEIX YaCTAX BCETNO ONUH HETEPMUHAT, TPUIEM OH CTOUT Y JEeBOTO Kpad. Tem
He MEHEE MBI IIPUBENEM SABHOE MOCTPOEHUE. )

Pemenue. Bynem nHasbBaTh cumyayueti [aHHON TPAMMATUKY OJHO U3 €8
OPABWI, B IPABOU YaCTU KOTOPOI'O OTMEIEHA OQHA U3 HO3ULUY (40 HepBOU
OYKBbI, MEX[y TIE€PBOM U BTOPOU OYKBOW, ... , MOCTE MOCACIHEN OYKBEI).
Hampuwmep, npasuio

K — LtMN

(K, L, M, N — HeTepMUHAIEL, t — TEPMUHAM) MOPOXKIACT MATH CUTYAIAN
K—_LtMN K—L_tMN K—Lt_MN K—=LtM_N K-—-=LtMN_

(mo3ULMs YKA3BIBAETCS 3HAKOM [OLIEPKUBAHMU).

Bymem roBopuTh, 9TO CIOBO S coz2aacosano ¢ curyaruen K — U _V, ecin
S xkor4aeTcsa Ha U, To ects S = TU npu HekoTopoM T, u, Kpome TOoro, T npu-
uagnexut Jles(K). (CMBICT 5TOrO OmpeIeneHns IPUMEPHO TaKOB: B CTEKe S
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noarorosiaeHa 4actb U mius Oyaywen ceéprku UV B K.) B sTux Tepmunax
JleBKouT (K — X) — 5TO MHOXKECTBO BCEX CJIOB, COTVIACOBAHHBIX C CUTYalluen
K — X _, a.JIeB(K) — 2TO MHOX€CTBO BCEX CJIOB, COMNTACOBAHHEBIX C CUTYAIAen
K— _X (rge K — X — mo60e npaBuio qis HeTepMuHaaa K).

DKBUBAJIEHTHOE onpenenenue B Tepmmuax LR-nponecca: S cormacoBano
¢ curyanuen K — U _V, ecim cymecrByer yenemnsin LR-npouece, B koropom
COOBLITUS PA3BUBAIOTCSA TaK:

® B XOJ€ IIPOIECCa B CTEKe MOABIAETCA CIOBO S, U OHO OKAHYMBAETCS
Ha U;

® HEKOTOpOe BpeMA S He 3aTParmBaeTcsA, a CIPaBa OT HEr'O IOABIAET-
caV;

e UV cBOpauuBaeTca B K;

® TIPOIECC MIPOIOIKAECTCA U YCIEITHO 3aBEPIIACTCA.

16.1.9. [loxa3aThb DKBUBAJEHTHOCTD DTUX OMPEICICHUN.

[Ykazauue. Eciun S = TU u T npunaiexur Jles(K), ToO MOXHO HOLy4ATH
B cTeke cHadajga T, norom U, morom V, morom cBepHyThb UV B K u 3arem
YCIeIHO 3aBepumTh npoiecc. (Mbl ncnonb3yeM HECKOTBKO pa3 TOT (akxT,
YTO U3 JMI0O0r0 HETEPMUHAIA ITO-TO Ja BHIBOAUTCA: 0JAar0Ofaps STOMY MBI
MOXeM JTOOABUTH B CTEK J000e CIOBO. )] O

Hama mens — nocTpoeHme aaropuTMa, PacIO3HAIOMIErO MPUHAIIENK-
HOCTb TPOM3BOILHOTO cioBa K Jles(K). PaccMoTpuM (QyHKIMIO, COMOCTa-
BJLAIOIIYIO C KAXKABIM CJIOBOM S (M3 TEPMUHAJIOB U HETEPMUHAIOB) MHOXKE-
CTBO BCEX COMVIACOBAHHBLIX C HUM CHATyanud. JTO MHOXKECTBO HA30BEM CO-
cmoanuem, coomeememsyrouum cao8y S. Bygem obosnadars ero Coct(S).
Hocrarouno nokaszars, uro gyskuus Coct(S) MHAYKTUBHA, TO €CTH YTO
snadenue Cocr(SJ), rae J — TepMUHAL WU HETEPMUHAI, MOXKET OBITH BbI-
qucieno, ecan uzsectHo Coct(S) u cumson J. (Mbl Bugeau pasee, Kak mpu-
HAIIEKHOCTD K JleB(K) BEIpakaeTCs B TEPMUHAX DTOU (PyHKIWA. ) SHATCHIE
Cocr(SJ) BEIYMUCIACTCA IO TAKAM IIPABUIAM:

(1) Ecau caoBo S corumacoBano ¢ curyanuen K — U_V, npuuém
ciaoBo V HaumHaeTcsa Ha OykBy J, To ectb V= JW, TO SJ coruia-
coBaHO ¢ cuTyanuen K — UJ _W.
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OTO NPABWIO HOJHOCTBIO ONPEIEJNSeT BCE CUTYALUU C HEILyCTOU JEBOU
MOJOBUHOU (TO €CTh HE HAYMHAIOIINECA C TOIIEPKUBAHNIA), COTVIACOBAHHBIE
¢ SJ. Ocranock onpenennTs, 1A KAaKuX HeTepMuHAIOB K cioBo SJ npuHa -
aexut Jles(K). DTo AenaeTcsa mo AByM NpaBUIAM:

(2) Ecom curyanus L — U _V cornacoBasa ¢ SJ (COIVIACHO paBu-
ay (1)), a V mauunaerca Ha HeTepMuHaa K, T0 SJ mpuHAIIEKAT
Jles(K).

(3) Eciu SJ Bxomut B Jle(L) mua mexoroporo L, mpuuém L —
— V — mpaBuIo rpaMMaTUKNA 1 V HAUMHACTCA Ha HeTepMuHAI K,
To SJ npunamiexur Jes(K).

3aMeTuM, 9TO IPaBWio (3) MOXKHO PACCMATPUBATD KAK AHAJIOT MPABUIA
(2): B ykasauueix B (3) mpenmonoxkeHmsx curyaums L — _V corsacoBaHa
¢ SJ, a V HaunHaeTCA HA HeTepMuHATI K.

KoppekTHOCTL 5TUX mpaBul B OOMIEM-TO OYEBHIHA, €CJAM XOPOIICHBb-
KO IOAyMaTh. EMMHCTBEHHOE, 9TO TpeOyeT HEKOTOPHIX MOACHEHUN — DTO
TO, MOYeMy ¢ moMoubio npasut (2) u (3) o6HapyxkaTca Bce TepMuHaIk! K,
s KoTopbix SJ mpunagnexut Jes(K). Ilonerraemcs 510 00bAcHATL. Pac-
CMOTPWMM TIPAaBBIA BLIBOA, B KOTOpoM SJ cromt caeBa oT K. OTkyma mor
B3ATLCA B HEM HeTepMuHAT K? Eciu nmpaBmio, KoTopoe ero mopoamio, mo-
poawio Takxke u KOoHen caosa SJ, To npunamaexuocTs SJ k Jles(K) Oyzer
obuapy:xkena 1o upasuiry (2). Ecau xe K 6bw10 nepsou 6yKBOH €JI0Ba, 1OPO-
XKIEHHONO KAKWM-TO APYTMM HETEPMUHAIOM L, TO — 6aarogaps MpaBUIy
(3) — mocraTouHo ycTaHOBAUTH npuHamIekHOCTH SJ K Jles(L). Ocramocs
OPUMEHUTDL Te K€ PACCYKIeHUA K L U Tak majee.

B Tepmuuax LR-mpomecca To xe camoe MOXKHO ckaszaTh Tak. CHagaua
HeTepMUHAA K MOXKET y9aCcTBOBATH B HECKOABKUX CBEPTKAX, HE 3aTPArd-
Barommx SJ (OHU COOTBETCTBYIOT MPUMEHEHUIO mpaBwia (3) ), HO 3aTeM OH
00s3aH MOJBEPIHYTHCA CBEPTKE, 3aTparuBamommen SJ (YTO COOTBETCTBYET
IPUMEHEHUIo npasuia (2) ).

OcTanock BBIACHUTD, KAKAE CUTYAIlMM CONTACOBAHEI C MyCTBEIM CJIOBOM,
TO eCTh A1 KakuxX HeTepMuHauaoB K mycroe cioBo npunagmexur Jles(K).
ITO OMPETENACTCA TIO CACTYIONIAM TPABUIAM:

(1) HAYATLHBI HETEPMUHAT TAKOB;

(2) ecim K TakoB u K — V — npaBuiIO IpaMMaTHKH, OPUIEM
¢J0BO V HAUMHAETCA ¢ HeTepMuHaia L, To u L Takos. (|
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16.1.10. IIpogenaTs ONUCAHHBIA AHAMU3 IJA IPAMMATUKHA

E—-E+T
E—-T
T—>Tx*xF
T—F
F—x
F— (E)

(3amaroIiern TOT ke A3LIK, 9TO U PPAMMATUKA mpuMepa 3, . 248).

Pemenue. Muoxkecrsa Coct(S) /s pasIndHeIX S IPUBEIEHLI B Ta0JIMIe
Ha ¢. 277. 3HaK paBEHCTBA O3HAYAET, YTO MHOXKECTBA CUTYALUN, ABIAIOIIN-
ecs 3nadenusaMu pyuxnuu Coct(S) Ha CI0Bax, CTOAIIMX CAEBA U CHPABA OT
3HAKA PABCHCTBA, OJMHAKOBLL.

IIpasuio onpegeaerus Coct(SJ), ecan uasectust Coct(S) u J (3mecs S —
CJIOBO U3 TEPMUHAJOB U HETEPMUHAJIOB, J — TEPMUHAJ WIA HETEPMUHAI),
TaKOBO:

mano Hantu Coct(S) B mpaBoll KONOHKE, B3ATH COOTBETCTBYIO-
mee emy cJaoBO T B IEBOM KOJIOHKE, [IPUIIUCATE K HEMY J U B3ATb
MHOXKECTBO, CTOAIIee HAMPOTUB caoBa TJ (ecau cmoso TJ B Ta-
6nuue orcyrersyet, To Coct(SJ) mycro). O

16.2. LR(0)-rpammaTukm

HamomuuM, 4T0 HaIlla OCHOBHAA IEJb — HTO MOUCK BBIBOMA 33 JAHHOTO
CJIOBA, WK, PYyTUMU cIoBaMu, mouck ycnemsoro LR-nporecca vag aum. Bo
BCEX PACCMATPUBAEMBIX HAMU T'pPaMMATHKax ycmemubm LR-mpomecc (man
JaHHBIM CJIOBOM) €IMHCTBEH. VICKaThb 3TOT €IMHCTBEHHBIN YCIEIIHBIN IPO-
[ecc MbI OyZ€M MOCTEIEeHHO: B KAaXKIBIM MOMEHT MBI CMOTPUM, KAKOW IIar
BO3MOXKeH caenyoimmmM. [ 5Toro Ha rpaMMaTUKy HALO HAJIOXKUTDL TOMOJ-
HUTEIbHLIE TPEeOOBAHMUA, U CEMYAC MBI PACCMOTPHUM IPOCTEUIIUN CJIydan
rak HazbBaeMbx LR(0)-rpammaruk. Mer yxe 3HaeM:

(1) B ycmemmom LR-mporecce BO3MOXKHA CBEPTKA 1O MPABUILY
K — U npu COgepXUMOM CTeKa S TOrJa U TOIBKO TOr'Aa, KOraa
S npunagiexut JlesBKour(K — U) unu, apyrumu cioBamMu, KOT1a
cJ10BO S coruacoBaso ¢ cutyanuen K — U_.
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Caoso S | Cocz(8S)

ILycroe E— _E+T E—_T T— _T*F
T—F F—_x F— _(E)

E E—E_+T

T E—-T. T—TxF

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—_TxF T— _F
F—_x F— _(E)

T* T—>T*F F—_x F— _(E)

(E F— (E.) E—ET

(T =T

(F =F

(x =x

«( = (

E+T E—E+T. T— T=xF

E+F =F

E+x =x

E+( = (

T*F T — T*F_

T*x =x

T*( = (

(B F— (BE)_

(E+ = E+

E+Tx* = Tx*

K sagade 16.1.10
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AHajOruIHOE yTBEPK IEHUE PO CABUL [VIACKT:

(2) B ycmemnom LR-mpouecce mpu cogepxKuMoM CTeKa S BO3-
MOKEH CIBUT C O9€PEIHLIM CHMBOJIOM a TOT'a M TOJLKO TOrA,
Korja S COrIacOBaHO ¢ HEKOTOpou curyauuen K — U_aV.

16.2.1. [lokasars oTO.

[Ykazanue. Ilycts npousomén casur u K creky S gobaBmiaach OykBa a.
Paccmorpure nepsyio CBEPTKY, 3aTPAruBaioLLyo 3Ty OyKBY.] O

PaccmoTpuM HEKOTOPYIO PPaMMATHUKY ¥ MPOU3BOJIBHOE CJIOBO S U3 TEp-
MUHAJIOB U HeTepMUHAIOB. Ecau muox)ecTBo CocT(S) COAEPRKUT CUTYAIMIO,
B KOTOPOU CNpaBa OT MOTYEPKUBAHUA CTOUT TEPMUHAT, TO TOBOPAT, UTO
das caosa S sozmosncen cdsue. Eciu B Coct(S) ecTs cuTyauus, B KOTOPOU
CIIpaBa OT MOAIEPKUBAHUA HUIETO HET, TO TOBOPAT, ITO 044 CA084 S 603-
MOKHCHA c8€EpmKa (IO COOTBETCTBYOMEMY npasuiLy). [oBopsr, 4To aus cio-
Ba S BO3HUKAET KOKPAUKM Muna cdeuz/ceEpmra, eCi BOSMOXKHEL U CIBUT,
u cBépTKA. ['OBOPAT, 9TO I CIOBA S BOBHUKAET KOHPAUKM MUNG CEEPM-
Ka/c6€pmrKa, eCIu eCTh HECKOIBKO IPABILI, IO KOTOPEIM BO3MOKHA CBEPTKA.

I'pammaruka masweBaercsa LR(0)-epammamuroi, eciu B HEW HET KOH-
(JIMKTOB THUIIA CABUr/CBEPTKA U CBEPTKA/CBEPTKA HU 1Js1 OQHOIO CJIOBA S.

16.2.2. fsasercs au npusexénHas Boime rpammaruka LR(0)-rpamma-
7
TUKOU?

Pemenne. Her, ne ssasercs. s cioB T u E+T uMmeoTcs KOH(PIMKTHI
Tuna cABUr/cBEPTKA. |

16.2.3. feasmorcsa au LR(0)-rpammaTuxamu Takue:

(a) T—O0 (6) T—0
T—T1 T— 1T
T — TT2 T — 2TT
T — TTT3 T — 3TTT

Pemenne. fIBnsatorcs, cm. Tabnunsl Ha c. 279 - 280 (korduukTos Her). [

dra 3aga4a nokassiBaer, 4To LR(0)-rpaMmmaruku MOryT ObITH Kak Je-
BOPEKYPCUBHBIMU, TaK U MIPABOPEKYPCUBHBIMU.

16.2.4. Tycrs gana LR(0)-rpamMaTuxa. JokaszaTs, 9T0 y JH0OOTO CJI0O-
Ba CymiecTByeT He 60j1ee OJHOTO MPABOr'0 BHIBOAA. llocTpouTs aaropurm
nposepku BeiBoguMocTu B LR(0)-rpamMmmaruxe.
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Cmoeo S | Cocr(S)
IyCcToe T—+0 T—_T1 T— _TT2 T— _TTT3
0 T—0-
T T—-T1 T—-TT2 T-—>T.TT3

T—-0 T—_T1 T— _TT2 T-— _TTT3
T1 T—T1_
TT T—-TT2 T-—TT.T3

T—-T1 T—-TT2 T-—>T.TT3

T—-0 T—_T1 T— _TT2 T— _TTT3
TT2 T — TT2_
TTT T—-TIT3 T—TT2 T-—TT.T3

T—-T1 T—-TT2 T-—>T.TT3

T—+0 T—_T1 T— _TT2 T— _TTT3
TTO =0
TTT3 T — TTT3._
TTT2 =TT2
TTTT =TTT
TTTO =0

(a)

Caoso S | Cocz(S)
IIyCcToe T—-0 T—_1T T— 2TT T — _3TTT
0 T—0-
1 T—1T

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), magamo

K zagaqe 16.2.3.
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Caoso S | Coct(S)

1T T— 1T_

10 =

11 =

12 =

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 =1

32 =

33 =3

2TT T — 2TT_

2T0 =0

2T1 =

2T2 =2

2T3 =

3TT T — 3TT_T
T—-0 T—_1T T— 2TT T — _3TTT

3TO =0

3T1 =1

3T2 =2

3T3 =3

3TTT T — 3TTT-

3TTO =0

3TT1 =1

3TT2 =2

3TT3 =3

(6), okonvanue
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Pemrenwe. I[Iycte mano npowusposisHOe cioBo. Byxem crpours LR-mpo-
1mecc Hag HuM 1o maraMm. IlycTs Tekymee coctosaue cTeka LR-mpouecca
pasuo S. Ham Hano pemmTs, gesaThs CABAT WM CBEPTKY (U €CauM CBEPT-
Ky, T0 1m0 kakomy mnpasury). Coruacuo omnpegeaeruio LR(0)-rpammaru-
KU, B HAallleM COCTOSHUU S BO3MOXKEH Ju00 TOJBKO CABUL, JuOO TOJb-
KO cBépTKa (mpu4éM Juib 10 OAHOMY mpaBuiy). Takum o6pasoM, HOUCK
BO3BMOXKHBIX TPOAOMKeHnn LR-mporecca mpoucxoquT IeTepMUHUPOBAHHO
(HAa KaXKIOM Iare MOXHO ONPEIEIATb, KAKOE MEMCTBUE TOJIBKO UM BO3-
MOKHO). O

16.2.5. YTo mpom3ongéT, ecau aHATU3UPYEMOE (JIOBO HE UMEET BHIBOIA
B JaHHOU IpaMMaTuKe?

OtBer. JIu6o HA HEexOTOpPOM IMare He OyJeT BO3MOXKEH HU COBUL, HU
cBEpTKa, Jub0 BCEe BO3MOXKHEIE CABUrM OyJeT MMeTh HEIOIXOALIUN Ode-
PEOHON CUMBO.L. O

3amevanusa. 1. [Ipu peamusanuu >TOr0 ajJropuTMa HET HEOOXOIUMOCTH
KaXK IBIA Pa3 3aHOBO BEIMUCIATE MHOXKeCTBO CocT(S) s TeKyIero suatde-
HUA S. DTU MHOXKECTBA MOXKHO TAKXKE XPAHUTH B CTEKe (B KAXK IBI MOMEHT
xpanarca muoxectsa Cocr(T) mas Bcex Hadan T TEKyIEro CIoBa S).

2. Ha camoMm meme camo CIOBO S MOXKHO HE XPaHUTH — JOCTATOYHO
xpauuTh MHOXecTBa curyauuin Coct(T) mas Bcex ero Havan T (BkIodas
caMo S).

B amropurme mposepku BeiBoguMocTu B LR(0)-rpamMmmaruke MbI uc-
[OJb3yeM He BCIO MHMOpMAIuo, KOTOpyi Moruiu Obl. B sToM amropumr-
Me s KaX[JOr'0 COCTOSHWS W3BECTHO 3apaHee, YTO B HEM BO3MOXKEH TO-
JBKO CIBUI WM TOJBKO CBEpTKA (HpUIéM B LOCIEAHEM CILydae U3BECT-
HO, M0 KakKOMy MpaBuiy). Bosee M3OMpPEHHBIN airopuT™M MOr Obl TIpU-
HOMATL PEIIEHNe O BBIOOPE MEXAy CABUTOM U CBEPTKOU, MOCMOTPEB
Ha oduepenuon cumBoa (Next). Iags ma cocrosHME, MOXHO CKa3aTh,
Opyu KakuxX 3HadeHusX Next BO3MOXKEH CABUT (PTO Te€ TEPMUHAIBI, KO-
TOpBbIE B CHUTYALUsAX DTOI'O COCTOSIHUA CTOAT HEIOCPEICTBEHHO 3a IO[-
uépkuBanuem). CloxHee BOCIOIB30BATLCA UHMDOpPManuen o cuMmpoge Next
I peIIeHus BOMPOCa O TOM, BO3MOXHa Ju CBEpTKa. [l1a »Toro ecrsb
YIPOIIEHHBIN MeTOX (FpaMMaTUKU, K KOTOPHIM OH IIPUMEHVM, HA3BIBa-
for SLR(1)-rpammarukamu [cokpamenue ot Simple LR(1)]) u nomnbim
meTox (6osee CIOKHBIM, HO UCIOIB3YIOLMU BCIO BO3MOXKHYIO MHDOPMAa-
[U0; TPAMMATHUKA, K KOTOPHIM OH MpUMeHuM, HazweBaoT LR(1)-rpam-
MaTukamu). ECTh M NPOMEXKYTOUHBIN KJIACC I'PAMMATHUK, HA3BIBAEMBIN

LALR(1).
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16.3. SLR(1)-rpammaTuku

Hanomuum, uro g aroboro mHerepmuHana K mer onpegeasimu (c. 264)
muOX)ecTBO [Tocmen(K) Tex TepMUHAJIOB, KOTOPHIE MOTYT CTOATH HETOCPEI-
CTBEHHO 32 K B BEIBOAMMOM (M3 HAYAILHOI'O HETEPMUHANIA) CJIOBE; B DTO MHO-
XKeCTBO 100aBIAIOT Takxke cuMBoJa EQI, ectu HeTepMuHAI K MOXET CTOATH
B KOHIIE BBIBOAMMOIO CJOBA.

16.3.1. [okasarb, 9TO ecau B gaHHbn MoMeHT LR-mpomecca mocaen-
HUII CHMBOJ CT€Ka S paBeH K, mpmaéM mpomece 5TOT MOXKET B JaJbHENIIEM
YCIEITHO 3aBepinThesa, To Next npunaaiexut Iocren(K).

Pemenue. TO0T (pakT ABIACTCA HEMOCPEACTBEHHBIM CJICICTBUEM OIpPe-
JEeJICHUA (BCHOMHI/IM COOTBETCTBUE MEXNY NPABBIMU BBEIBOJAMU N LR—HpO—
[eCCaMu). O

PaccMOTpUM HEKOTOPYIO TPAMMATHUKY , TPOU3BOJIBHOE CJIOBO S U3 TepMU-
HAJIOB ¥ HETEPMUHANIOB U TepmuHan x. Ecam muoxkectso Coct(S) comepxut
CATyanuio, B KOTOPOU CIPaBa OT HOMIEPKUBAHUS CTOUT TEPMUHAIL X, TO
TOBOPAT, 4TO daa napvt (S,x) eozmosxcen cdsue. Eciu B Cocr(S) ects cu-
ryauusa K — U_, npuuém x npunagtexut Hocreq(K), To roBopaT, 9To 044
napot (S, x) SLR(1)-603mo0cna c6épmra (no npasuay K — U). Tosopar, 9To
s mapsl (S, x) BosHukaeT SLR(1)-kondaurm muna cdsue/ceépmra, ecin
BO3MOXKHBI U CIBUT, U CBEPTKA. [OBOPAT, 9TO 11 mapwl (S,X) BO3SHUKAET
SLR(1)-xondaukm muna céépmia/c6épmia, eCiu eCTh HECKOIBKO IPABILI,
[0 KOTOPHIM BO3MOXKHA CBEPTKA.

I'pammartuka nHasweBaerca SLR(1)-epammamuxot, eciu B HEW HET
SLR(1)-xoudauxTos Tuna cisur/ceéprka u cBEpTKa/CBEPTKA HUA I Of-
HOM mapsl (S, x).

16.3.2. Iycrs gama SLR(1)-rpammaruxa. JokaszaTs, 910 y 106000 CI0-
Ba CyIIECTBYeT He 6OJee OJHOIO IPABOrO BHIBOAA. IIOCTPOMTH aaropuTm
nposepku BeiBoguMocTu B SLR(1)-rpammaruke.

Pewenue. Ananoruuno caygaro LR(0)-rpammaTuk, TOIBKO IpU BEIGOPE
MEXK Iy COBUTOM U CBEPTKOU yUUTHIBAETCA odepennon cumbon (Next). [

16.3.3. IIpoBeputs, ABIAETCA U NIPUBEIEHHAA BHIIIE Ha €. 276 rpaMMa-
tuka (c Herepmunanamu E, T u F) SLR(1)-rpammaruxon.

Pemenme. [la, apasercs, Tak Kak 00a KOH(INKTA, MEMIaonme el ObITh
LR(0)-rpaMmmMaTuKon, paspemalTcsa ¢ yI6TOM 09ePEeIHOrO CUMBOJIA: U 1JIS
caoBa T, n niaa caoBa E+T cIBUT BO3MOXKEH TOJBKO Ipu Next = *, 8 CUMBOT *
He npuHaguexut 1A Hocnen(E) = {EOI, +,) }, uu Iocnen(T) = {EOTL, +, *,) },
7 mo>ToMy npu Next = * CBEPTKA HEBO3MOXKHA. U
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16.4. LR(1)-rpammaTukm, LALR(1)-rpammaTuku

Onncannbim Beime SLR(1)-nogxon ucnonp3yor He BCIO BO3MOXKHYIO HH-
hopMaIuo IpY BBUICHEHUM TOr'O, BO3MOXHA JIU CBEpTKA. VIMEeHHO, OH OT-
JeTbHO IPOBEPSET, BO3MOXKHA, I CBEPTKA IPU JAHHOM COCTOSHUZ CTEKA S
M OT[JeTbHO — BO3MOXKHA JM CBEPTKA [0 JAHHOMY OPABHUIY IPU TAHHOM
cumBose Next. Mexgy TeM 5Tu OPOBEPKH HE ABIATCA HE3ABUCUMBIMIU:
006e MOIyT [aTh IIOJOXKUTEIBLHBI OTBET, HO TeM He MeHee CBEpPTKa Ipu
cTeke S u odepenHoM cuMmBoie Next meBosmoxkua. B LR(1)-mogxome sToT
HEIOCTATOK yCTPAHAETCI.

LR(1)-moaxon cocTouT BOT B 4éM: BCE HAIIU ONDPEIETCHUI U Y TBEPXK [e-
HUA MOAUMUUUPYIOTCA TAK, YTOOBI yIeCTb, KAKON CUMBOJI CTOUT CIPABA
OT pa3BOpaYMBAEMOr0 HeTepMUHAJIA (IPYrUMHU CIOBaMu, deMy paBeH Next
upu CBEPTKE).

Ilycts K — U — 0JHO M3 MpABUI PAMMATHUKY, & t — HEKOTOPHIN Tep-
MuHaI win cnencuMBoa EOI (KOTOPHIM MBI JOMBICAMBAEM B KOHIE BXO[-
Horo cioBa). Onpegennm muOX)ecTBO JleBKonT(K — U,t) Kak MHOXECTBO
BCEX CJIOB, KOTOPBIE ABJAIOTCA COLEPKUMBIM CTEKa HEIOCPEICTBEHHO Ie-
pex ceéprrou U B K B xoze ycnemnoro LR-ipouecca, npu ycaosuu Next =t
(B MOMEHT CBEDPTKH).

Ecau or6pocuts y Beex caos u3 JlesBKout(K — U) ux xouer U, TO mouy-
IMTCSI MHOXKECTBO BCEX CJIOB, KOTOPBIE MOI'Y T IOABATHCA B IPABBIX BHIBOLAX
nepen HeTepMUHATIOM K, 33 KOTOPEIM CTOMT CHMBOJ t. DTO MHOXKECTBO (He
3aBUCALIEE OT TOro, Kakoe u3 npasut K — U qis1 HerepMuHana K BEIOPaHO)
Mbl Oygem obosnagars Jles(K, t).

16.4.1. HamucaTs rpaMMaTuKy Iia nopoxaenus MuoxkecTs Jle(K, t).

Pewenue. E€ merepmunanavu OyayT cumsoisl (JleBK t) mis Kaxgoro
HeTepMuHada K u auas kaxgoro tepmuHana t (a takxke mas t = E0I). Eé
npaBmia TAakoBbL IlycTe P — HavalbHBIN HETEPMUHAJI MCXOLHOU I'DAMMA-
Tuky. Torga B HOBOM rpaMmaTuke OygeT IPABUIO

(JleBP EOI) — (mycroe ¢10BO).

Kax noe npaBuio uCX0qHOU MPAMMATUAKYI IOPOK JAET HECKOIBKO IPABUI HO-
Bou. Hampuwmep, n7s mpasuia

K— LuMN

(L, M, N — HeTepMUHAJEL, U — TEPMUHAI) B HOBYIO MPAMMATHUKY MBI 4O0a-
BUM IIPDABUIA
(MeBL u) — (JleEK x)



284 16. Cummaxcuvweckuti pazbop caesa nanpaso (LR)

(3151 BCeX TEPMUHAJIOB X);
(JleBM s) — (NleBK y) Lu

(1A BCeX S, KOTOPBIE MOI'YyT HAYMHATHL CJAOBA, BHIBOAMMBIE w3 N, u s
BCEX ¥, a TaKXKe I BCeX Hap S =y, ecau u3 N BBIBOAUMO IIyCTOE CJIOBO);

(MeBN s8) — (JleBK s) LuM

(I BCEX TEPMUHAJIOB S ). O
16.4.2. Kaxk mensercs ompeeneHne CUTYaIun’

Pemenue. Curyanuen Ha3bIBAeTCS mapa

[cuTyauus B cTapoM CMBICIE, TepMuHAT win EOI] |

16.4.3. Kak usMeHnTCs OmpeneaeHne COrJIaCOBAHHOCTH?

Pemenue. CoBO S ¥3 TEPMUHAJIOB ¥ HETEPMUHAJIOB COVIACOBAHO C CH-
ryauuen [K — UV, t] (3gece t — repmunan umu EQI), eciu S KOHIaeTCs
Ha U, To ectb S = TU, u, kpome Toro, T npunagiexur Jes(K,t). O

16.4.4. KakoBbl mpaBmia s WHIYKTUBHOT'O BBIMUCICHUS MHOXKECTBA
Cocr(S) curyanui, COMVIACOBAHHEIX C JAHHBIM CJIOBOM S7

OTtBer.

(1) Ecin croBo S coracoBaro ¢ curyanuen [K — UV, t], npudém
caoo V HaumuaeTcsa Ha OykBy J, To ectb V= JW, TO ciaoBo SJ
coruacoBaHo ¢ curyanuen K — UJW, t].

OTO NPABWIO MOJHOCTHIO ONPEIEJNAET BCE CUTYALUU C HEILYCTOU JEBOU
HOJOBUHOU (TO €CTh He HAYMHAIOIMECS € IHOAIEPKUBAHU), COIVIACOBAHHBIE
¢ 8J. Ocranock onmpemennThb, 11 KAKUX HeTEPMUHAIOB K U TepMUHAIOB t
caoBo SJ npunagaexut Jles(K,t). DTO gesaeTca mo OBYM MpaBUJIAM:

(2) Ecim curyanus [L — U_V, t] cornacosana ¢ SJ (coryacHo mpasu-
ay (1)), a V mauunaerca Ha HeTepMuHaa K, T0 SJ mpuHAIIeKAT
JleB(K,s) 4ui BCEX TEPMUHAJOB S, KOTOPHIE MOI'YT HAIMHATH
cJ0Ba, BEIBOAUMBIE u3 caoBa V \ K (caoBo V 6e3 nepson Oykset K),
a Takxke Lisg s =t, ecau u3 V \ K BBIBOAUTCS IyCTOE CJIOBO.

(3) Ecm SJ Bxogur B JleB(L,t) ana HekoTopelx L u t, mpuuém
L — V — mpaBuio rpamMmmarukyu 1 V HAUUHAETCA HA HETEPMU-
man K, 7o SJ npunamnexut Jles(K,s) 1A BCEX TEPMUHAMOB S,
KOTOpBIE MOI'YT HAYMHATL CJI0BA, BRIBOAUMEIE u3 V \ K, a Takxke
g s =t, ecau u3 V \ K BEIBOIUTCs IIYCTOE CJIOBO. ([l
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16.4.5. [Jatb oupegenenus LR(1)-kouduuxros casur/cBéprka u cBEPT-
Ka,/CBEPTKA MO AHAJIOTUY C JAHHLIMU BHIIIE.

Pemenne. IlycTs nana HekoTOpas rpaMMaTuka. IlycTs S — mpousBOIb-
HOE CJIOBO M3 TEPMUHAJIOB U HeTepMUHAIOB. Ecaun muoxectBo Cocr(S) co-
IEePKAT CAUTYAIUIO, B KOTOPOHU CIPaBa OT MOTIEPKUBAHUA CTOUT TEPMU-
HaJ t, TO FOBOPAT, 9TO A/ Haphl (S, t) Bo3MOxeH caBur. (DTo onpegeaeHne
He u3MeHu10ch 10 cpaBHeHuto ¢ SLR(1)-cayuaeM — BTOpBIE KOMIOHEHTHI
nap u3 Coct(S) He yIUTHIBAIOTCA.)

Ecau B Coct(S) ecTs cuTyanus, B KOTOPOU CIPaBa OT MOAIEPKUBAHUA
HUYEro HeT, & BTOPHIM WIEHOM Maphl ABIAETCA TEPMUHAJ t, TO COBODAT,
yro mia mapel (S,t) LR(1)-603moscna ceépmra (0 cOOTBETCTBYOIMEMY
npasuiy ). [oBopsT, aro s napet (S, t) Bosaukaer LR (1)-kondauxm muna
cdsue/ceépmia, €CIV BOBMOXKHEL ¥ CABUL, U CBEpTKa. ['0BOPAT, UTO 11 TTa-
psI (S, t) Bosaukaer LR(1)-kondauxm muna ceépmxa/ceéépmra, ecin ecTsb
HECKOJIBKO MPABWI, IO KOTOPHIM BO3MOXKHA CBEPTKA. (|

I'pammaruka HasweBaeTca LR(1)-epammamuroti, ectu B Hen et LR(1)-
KOH(M)JIVKTOB THUIA CABUr/CBEPTKA U CBEPTKA/CBEPTKA HU A/ OLHOU HapHI
(S, t).

16.4.6. ITocrpours amropurm nposepku BeBOauMocTH ciaoBa B LR(1)-
rpaMMaTHKe.

Pemenne. Kak u panbine, Ha kaxaom mare LR-mponecca MOXHO 0mHO-
3HAYHO OMPEAEIUTDH, KAKOU IIar TOJIBKO U MOXKET OLIThH CJIEIYIOIM. ([l

Tonesno (B wacTrocTH, Has LALR(1)-pas6opa, cMOTpU HUXKE) MOHATH,
kax cBa3anel noHATHA LR(0) u LR(1)-cormacoBarnoctu.

16.4.7. CdopmMyaupoBaTs 1 JOKA3ATH COOTBETCTBYIOIIEE YTBEPK ICHUE.

Orger. IIycrs pukcupoBana mHekoropas rpammaTtuka. Ciaoso S us Tep-
MUHAJIOB ¥ HeTepMuHaaoB ssisercsa LR(0)-coracoBanHbiM € cuTyaunuen
K — UV Torga m Tombko Torga, korga oo LR(1)-cormacosano ¢ mapon
[K — U_V,t] gmsa HekoToporo TepmuHana t (wim nas t = E0I). To xe camoe
apyrumu ciaoBamu: JleB(K) ects o6bexunenue Jle(K, t) mo Bcem t. B mo-
crenHen popMe BTO COBCEM ACHO. O

3ameuanue. Takum o6pazom, dyukima Cocr(S) B LR(1)-cmbicie aBia-
erca pacmperueM yrkimu Coct(S) 8 LR(0)-cmercae: Coctpg o) (S) momy-
qaerca w3 CocTyr(1)(S), ecm Bo Beex mapax BHIGPOCATH BTOPHIC “LICHEL.

Temeps Mbl MoxeM gaTh ompenererune LALR(1)-rpammvaruxu. Hycrs
dukcupoBaHa HEKOTOpAsS 'PaAMMAaTHKa, S — CJIOBO U3 HETEPMUHAJIOB U Tep-
MUHAJIOB, t — HeKOTOpbil Tepmunal (wiu E0I). Bygem rosoputs, 4T0 141
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napst (S,t) LALR(1)-803moscna c6épmra no nexomopomy npasuay, eCiu
cymecTByeT apyroe cioBo S ¢ CocTyg(g)(So) = CocTrgr(o)(S1), mpuaém aisa
napel (Sq,t) LR(1)-Bo3aMOxkHA CBEPTKA IO PACCMATPUBAEMOMY IIPABULLY.
[anee ompeneasorcs KOHQIUKTEL (€CTECTBEHHBIM 00pa30M), U IPaMMaTH-
ka HaswBaeTcsat LALR(1)-epammamurot, ecim KOHDIUKTOB HET.

16.4.8. [okasats, uTo Beskas SLR(1)-rpammaruka ssasercsa LALR(1)-
rpaMmaTukon, a Bcskai LALR(1)-rpammaruxa aeasercsa LR (1)-rpammaru-
KOH.

[Ykazauue. DT0O — TPOCTOE CIEICTBUE ONPEIeTeHuN. ] O

16.4.9. Tocrpours amropurm mposepku BoeiBogumoctu B LALR(1)-
rpaMMaTUKe, KOTOPLIM XPAHUT B CTEKE MEHbIIe MH(MOPMAIMU, €M COOT-
BercrByommi LR(1)-aaropurm.

[Ykazanme. [locTaTotno xpaHuTh B cTeke MHOKecTBa CocTpg(o)(S),
nockosibKy corsacuo onpegeneanio LALR(1)-BosMoxHOCTH CBEPTKM wMU
onpegenserca. (Tak 4To cam anropurm HudeMm He orimgaercsa ot SLR(1)-
ciydasi, KpoMe TabIuibl BO3MOXKHBIX CBEPTOK. )] O

16.4.10. Ipusectu npumep LALR(1)-rpamMmmaruku, KOTOpas HE ABJI-
ercsa SLR(1)-rpamMmmaTukon. O

16.4.11. Tpusectu mpumep LR(1)-rpaMmaruxu, KOTOpas HE ABIAETCA
LALR(1)-rpaMMaTHKON. O

16.5. O6uwue 3amevaHns o0 pa3HbIx MeToAax pa3bopa

IIpumenenne >TuX METOLOB HA MPAKTUKE MMEET CBOU XUTPOCTU U TOH-
KOCTH, KOTOPLIX MHI He Kacamuch. (Hampumep, Tabauisl caeqyeT XpaHUTh
O BO3MOXKHOCTH SKOHOMHO.) acTO OKa3BIBAETCA TaKkKe, ITO [J HEKO-
TOPOr'0 BXOAHOI'O S3LIKA HAMOO/IEE€ eCTECTBEHHAS I'PAMMATUKA, HE SBJSETCS
LL(1)-rpammaruxon, o sasagercs LR(1)-rpammaTukon, a Takxke MOXKeT
ObITH 3aMmeneHa Ha LL(1)-rpaMmarnky 6e3 m3MeHeHUs sA3bika. Kaxon u3
STUX BAPUAHTOB BLIOPATH, HEe BCerga AcHO. /[IuneranTckun coeetT: ecan B
CaM¥ IPOEKTUPYETE BXOTHOU SA3LIK, TO HE CJAEIYET BBHIICHIPUBATHCA U YIIO-
TPeOAATH OJHU U T€ K€ CUMBOJIBL /I PA3HBIX 1IN — U TOrAA OOBLITHO He-
caoxHO HanucaTb LL(1)-rpaMMaTuKy uiu peKkypCUBHBIN aHatu3aTop. Ecan
e BXOJIHOU A3BIK 3a0aH 3apaHee ¢ momoinsio LR(1)-rpaMMaTuxu, e apis-
romenca LL(1)-rpaMmaTukon, TO aydiie €€ He TporaTh, a pa3bupaTb Kak
ecThb. [Ipu >TOM MOI'yT OKa3aThCs IONE3HBIE CPEICTBA ABTOMATUIECKOI'O
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HOPOXK ACHU AHAIU3ATOPOB, HAUOOIEE U3BECTHBIMY U3 KOTOPHIX SABIAIOTC
yacc (UNIX) u bison (GNU).

BoJbInoe KOIMYeCTBO MOJE3HOM U XOPOIIO W3JI0XKEHHOU WH(DOPMAIUY
0 TEOpHH U IPAKTUKE CUHTAKCHYECKOrO pa3bopa mMmeeTcsi B KHure Axo,
Ceru n YapMasa (CM. CIECOK KHUD I/ YTEHUA).
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HauMeHbIee o01iee kpaTaoe 13

Hanp(K — V) 265

Hau(X) 253, 264

HaYaJI0 cIoBa 157

HEACCOIMATUBHOE IPOU3BEIECHNE
138

HeJIeTePMUHUPOBAHHEIN KOHEIHLIN
aBromatT 172

HEOPUEHTUPOBAHHBIU rpad 129

HepaBeHcTBO Kpadra—
Maxmumrtana 207-210

HeTepMuHAT 245

HUXKHUE OIEHKU YUCIa CPABHEHUN
82

HuM, urpa 188

HOI 11

HOK 13

00MeH 3HaveHun 8
obpasern, mouck 155
obOpaTHasA epecTaHoOBKa 35
— TOJbCKas 3anuch 143
obxonm mepema 59, 197

— — pexkypcusHbI 126
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00LMY BieMeHT (B yIOPsLOIEHHBIX
maccuBax) 31

OTeYATKM, TIOUCK 225

opuenTupoBaHHbH rpad 105

opdorpacgus, nporepka 225

OTKpBITasA aapecarus 218

ouepes 102

— m3 1ByX cTexoB 103

— mpuopuTteTHas 114

—, peanuzanusa B maccuse 102

—, ccuLIovHasA peanusanus 107

omubOKa: WHAEKC 3a rpaHuanen 29,
34, 35, 72, 74

mackanab, A3bIK 4, 29

ITackana Tpeyrompruk 56, 135

nepebop ¢ Bo3BpaTaMu 59

—, cokpairrenue 200

MEPECEYUEHNE PeryIsapHBIX
MHOXecTB 174

— YHOPAJOYEHHBIX MacCUBOB 31

nepecTaHoBKa obpaTHas 35, 52

— YacTeu MaccuBa 25

—, 9€THOCTD 3D

IIepEeCTAHOBOK IepeducieHue 43,
51, 123

mepuon gecATuIHon apobu 20

mogaepeso 227

IO IMHOXKeCTB nepeuncienue 43, 44

IO ATIOCJIEJOBATEIHHOCTD
MaKCuMaJbHasg Bo3pacTaroras 40

— o6mas 40

—, npoBepka 39

moacIo0BO 157

—, nouck 159, 162, 163, 165

no3unuu B cyddukcHom gepese 177

— IPOUIPHIIIHBIE U BHIUI'PHIMIHBIE
189

mouck k-ro mo mopsaaky 86, 132,
233

— B roybuny 151

— B mupuny 113, 150

— IBOMYHBLIA 33

— Kpardanumero mytu 145

— MHUHEMYMa 82

— obpasma 163, 165, 167

— omHOTrOo u3 c1oB 168

— moxcaoBa 155, 159, 162, 163, 165

— TPEeACTABUTENA OOMBIINHCTBA 87

Toca(X) 253

Tocnen(X) 264

TIOC/IEIOBATENBHOCTH MOHOTOHHEIE,
nepevncaenue 124

IOC/IEIOBATEIBHOCTD, COAEPIKAIIAL
BCe CJI0Ba MauHBL N 107

noCT(UKCHAA 3anuch 143

IOTOMOK BepiiuHbr 120

npaBa aBTOpcKue 4

npusegenue 270

npuopuTeTHAsa odepens 114

IporpamMMa CKaTusi HHQOPMAIUU
216

IPOrpaMMUPOBAHUE AUHAMUIECKOE
134, 136, 249

TIPOUTPHITIHLIE To3utuu 189

TIPOU3BEIEHNE MHOTOWICHOB 27

— HeaccomuaTusHoe 55, 138

MPOCThIe MHOXUTETN 15

myTen uucjao 149

Pabuna amropurm 165

pa3bueHun Ha CJAAraeMbIe
nepeuncaenue 47, 125

— — 1ucao 56

pas6op LL(1) 262

— LR(1) 270

—, obmuu KC-amropurm 249

—, PEKYPCUBHBIN CIIyCcK 251

pasjoXeHre Ha MHOXUTENn 15

pa3MeIeHus ¢ TOBTOpeHuaMu 42,
122

paccraHoBkU QyHKIUA 217
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pacmmpenue uHIYKTABHOE 38

pebpo rpada 129

peryJspHoe Beipaxkenue 170

— MHOXecTBO 171

— —, momnoJauenue 174

— —, nepecevenue 174

pekypcuBHasa mporpamma, 116

PEKYDPCUBHEBIN cmycK 251

pexypcus 116

—, ycrpanenue 134

PETPOCIEKTUBHLIN AHAJIU3 UTPHI
204

prok3ak, 3anoaHenue 69, 139

ceéprka 270

CBS3HAS KOMIIOHEHTA,
HEOPUEHTHUPOBAHHOTO rpada 129

— — OPHMEHTUPOBAHHOI'O Ir'pada
112, 130, 149

cBasubi rpad 105

casur 270

cxkartue naGopmanuu 216

cxkaroe cyddukcuoe gepeso 176

cumBoa 206

—, xkox 206

— HavYaAJIbHBIN 245

— HETEPMUHAIBHBIN 245

— TepMUHAIBHBIA 245

curyanus rpaMMaruku 273

cko0OKku, npaBuwIbLHOCTE 97, 246

CKODOOK PAaCCTAHOBKA Hd

craraemoe 248

CIVSAHUE YIOPAJOUYEHHBIX MACCUBOB
30

croBo 157

— BBIBOAUMOE 245

coptupoBka nlogn 72

— nmepeBoM 74, 114

— KBagpaTudIHag 71

—, HUXKHAA OIleHKa ca0xKHOCTH 80

— causaueM 72, 79

— ronosoruveckas 127, 153

— Xoapa (6ercrpas) 79, 131

— — HepekypcuBHasa 142

— nudposaa 82

—, 4ncao cpasHerun 80

Cocr(S) 274

COCTaBHBIE CUMBOJIBL, 3aMeHa 89

codeTanuu qucio 56, 135

ceoutku cyddurcube 178

crek 95

—, IBa B Maccuse 99

— oTJ0KeHHBIX 3aganun 140

—, peanu3anusa B Maccuse 96

—, CCBLIOYHAA peanu3anus 99

CTEKOBBLIN KAJbKYJIATOp 143

CTemeHb, OBICTPOE BHIYUCICHYE 9

—, BEIYUCIeHIE 9

—, pexypcuBHasa nporpamma 117

crparerusa B urpe 191

— nmosunuonHas 191

CyMMUDOBaHUE MaCCUBA
pekypcuBHOe 119

cyddukc 176

cyddukcuoe nepeso 174, 176

cyddukcuble ccoiku 178

cydduxcusir maccus 185

CYACTJIUBLIE OUIETHI, TUCI0 D7

Teopema Ilepmeno 191

TepmuHan 245

— "ampasasgiomun 265

TOIMOJOTUYecKas COPTUPOBKa, 127,
153

Tpeyronpuuk [lackans 135

TPUAHTYJISLUSA MHOTOYT OJIBHUKA

56, 136
VIOPAIOYUEHHOE nepeBo 227

daxTopuar 11
—, pexypcuBHasa nporpamma 116
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dep3en paccranoBka 59

Ddubonauun MOCIENOBATEILHOCTH
11, 136, 234

— —, 6pIcTpOoe BuIYuUCIeHMe 11

Dmponga arropurm 146, 174

Dopua - Bemnmvana amropurm 145

dyuxuua nHAYKTUBHAT 37

— paccranoBku 217

XAHOUCKUE OAIHY, HEPEKY P CUBHA
nporpamMma 139

— —, PEKypPCUBHAA TIPOTPAMMA,
118

Xaddmena xkox 211-213

xem-pyaxums 217

—, YHUBEPCAILHOE CEMENCTBO 222,
224

xemupoBaHue 217

—, OLIEHKA 4UC/Ia JAedcTBun 222

— ¢ OTKpHITON aapecanuen 218

— co couckamu 220

— YHUBepCATbHOe 222

Xoapa copTupoeka 79, 131

— — HepekypcuBHas 142
XOP LI OKPYKHOCTHU 56

LeJble TOYKHU B Kpyre 18

neHa urper 189, 191

— —, BHMUCIeHnE 197
Hepmeno Teopema 191

LUK 5UnepoB (1o BceM péGpam

rpada) 105

qacTtoTa OykBuI 207
YETHOCTH IEPECTAHOBKU 35
qmncao Karamrana 54, 58, 136
— 0o0mux 2J1eMeHTOB 28

— pasbuenun 56

— coueranun 56

— CYACTJIMBEIX OMIETOB 57

Illennona— Pano ko 213-215
suTponusa [llexnona 214

A3BIK KOHTEKCTHO-CBOOOAHELIN 245
— He KOHTEKCTHO-CBOOOMHBIN 247
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