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Knuza manucama no mMamepuasam 3aHAMUL NPO2PAMMUPO 6 AHUEM CO
WKOALHUKAMY MAMEMATNULECKUT KaacC08 wroavt Ne57 2. Mockeb

u cmydenmamu maadwuz xypcos (Mockoscruti 20cydapemeennvit
ynusepcumem, Hezasucumvili mockoscrull ynueepcumem, ynusepcumen
2. Uppsala, Dlseyus).

Knuea nanucana 8 ybercdenuu, ¥mo npoepammuposanue umeem ceot npedmem,
HE CB00AWULCA HU K KOWKDEMHLIM A3LIKAM U CUCTNEMAM, HU K MEM00aMm
NOCMPOCHUA OLICMPYIT GA20PUMMOB.

Kmo-mo 00nancdbl cka3at, wmo moxncro yoedums 6 npasuibHoCmy aa20pumma,
HO HE 8 NPAsusbHocmy npoepammvt. Odna u3 yeaet KHU2Y — NONBIMAMbCA
NPOJeMOHCPUPOBAME, UMO IMO HE MAK.

B npunyune, 603M0HCHOCTID NPAKTNUYECKOZ0 UCTLOAHEHUA TPOSDAMM HE
ABAAEMCA HENPEMEHHBIM YCAOBUEM UBYUEHUA NPOPAMMUPOBaHUAL. OIHAKO OHa
ABAAEMCA CUSLHETWUM CTNUMYAOM — 03 MAK020 CIMUMYAG 8DPAJ Al Y K020
T6ATMUTN UKTNEPECE U TNEPTLEHUL.

Buibpanunbiii scanp KHu2u no HeobTo0UMOCTU 02PAHUNUEAEM €€
(MPORPAMMUPOBAHUEM 6 MAAOMS, OCTNABAAL 8 CNOPOHE HE0OTOOUMYIO YaACTND
NPOSPAMMUCTICKO20 00Dpa308aKUL — Pabomy no modudurayuu 604bUWUT
npoepamm. Aemop npodoadcaem meumamsb 0 HAOOPE YUEOHBIT NPO2PAMMHHLT
cucmem IMALOHHO20 KAUECMEa, JOCTYNHHIL 044 MOOUPUKAYUY UKO AL HUKAMU.

Kaocemea, Xoap cKa3aa, wmo acmemuseckas npeiecms npo2pammbl — 3mo He
APTUMEKMYPHOE USAUWECTNEO, & TO, YN0 OMAUNGEM 68 NPO2PAMMUPO 6 GHUL
yener om weydavu. Ecau, pewas 3adavu u3 amoti knueu, wvumamens
NOUYBCMBYEM NPEAECTNd TOPOULO HANUCAHHOY NPO2PaMMbL, 8 KOMOPOT (KU
ybasump, HU NPUOABUNLY, U COMHEHUL 6 NPABUALHOCTU KOMOPOT KANCYMCA
HEAENBIMU, MO A8MOP OYdem cuumams c6010 yedb JoCmuHYmMoL.

Xapaxmep 2aa8 pasauuen: 6 00HUT NPEOAA2AEMCA HAOOD MAAO CBAZAHHBIL IPY2
¢ dpyeom 3adan ¢ peweruAMU, 8 JPY2UT NO CYWECMEY U3AA2AEMCA
0dun-eduncmeennviti aszopumm. Tembl 24068 60 MHOZOM NEPECEKAONCA, U Mbl
nPeInousl Koe-KaKue nosmopenus GopmasbHrbim CColakam.

Yposenv mpydnocmu 3aday u 24a8 6ecoma pasauven. Mol cmapaaucsy
BKANUUMb KAK NPocmble 360a%YU, KOMOPIE MO2YM ObIMb NOAE3HBL 044
HAYUHAIOWUT, MaK U MPYOHuble 3a0aut, KOMOPLIE MO2YM NOCAIUND 6 AYHCY
cuabno20 wrosbnura. (Xomv u pedxo, no amo 6vi6aem NOAE3HO.)



B xauecmee 43vika 044 3anucu npoepamm Ovia 6b16pan nackass. On
00CMaAmouHO NPOC U ECTNECTNEEN, UMEETM HENAOTUE Peaudayuy (Hanpumep,
cmapvie Komnuasmopvs Turbo Pascal gupmbr Borland 6viau evisoxcenvt 0as
6ECNAAMH020 CRAUUBAHUA) U TLO3B0AAETT 3ANUCATD DEULEHUA BCET
paccmampueaemblr 3adayu. Boamoscno, Modyaa-2 uau Obepon 6vbiau 6v1 Hoaee
UBAUHDIM BBLOOPOM, HO OHU MeHEe JOCTYNHbL.

IIpaxmuuecky 6ce 360auU U QAZOPUMMDL, PA3YMEEMCA, HE ABAAIOMCA HOBHIMU.
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U 360aUHUK 048 NPEN0IAEAMET, 20MOBAUE2OCA K ZAHAMUN.
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pacnpocmpansemvim. Adpeca asmopa: shen@mccme.ru, shen@landau.ac.ru
Crazannoe omuocumes K PYccrkomy meKcmy; 6Ce npasa wa Nepesoivt nepeianvl
uzdameavcmay Birkhduser.
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1. NEPEMEHHBbIE,
BbIPAXKEHUA,
[MPNCBAVUBAHNA

1.1. 3apayu 6e3 maccusos

1.1.1. [lamwr aBe neasle nmepemensse a, b. CocraBuTh ¢pparmMeHT mpo-
I'PaMMBI, IIOCJE UCIOJIHEHUs KOTOPOr'o 3HAUEHNUs INEPEMEHHBIX IOMEHSINCH
Ob1 MecTamMu (HOBOE 3HAYEHME a PABHO CTAPOMY 3HAYUEHHUIO b 1 HA060DOT).

Pemrenme. Breaém 10NOMHUTENBHYIO LEMYIO IEPEMEHHYIO t.

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

ITonwbiTKa 060UTHUCE 6€3 AOMOJHUTEILHOU IePEMEHHON, HAIMCAB

a := b;
b := a;

HE IPUBOAUT K en (6€3BO3BPATHO yTPAYUBACTCA HAYAILHOE 3HAICHUE IIE-
DEMEHHOU a).

1.1.2. PemwnTh OpeabIAyIIyIO 33434y, HE KUCIOJIL3Ys JOMOIHUTEIBLHBIX
[IEPEMEHHEIX (M IPEeANONAras, YTO 3HAYCHUAMY LEILIX IEPEMEHHEIX MOI'YT
ObITH TPOU3BOJBHLIEC TIEILIE TUCIA).

Pemenwme. Hayannubie 3HadYeHus a u b obosuadum a0, bo.

a + b; {a
a - b; {a
a - b; {a

a0 + b0, b = b0}
a0 + b0, b = a0}
b0, b = a0} O

o p
.|; n

[
n

1.1. 3adauu 6e3 maccueos 9

1.1.3. [laHO mesoe YmMCJAO a ¥ HATYPAIbHOE (LEJ0e HEOTPULATEILHOE)
gmeao n. Berancants a. Jpyrumu ciosamu, HEOOXOAUMO COCTABUTH IIPO-
rpaMMy, IPYU UCHOJHEHUY KOTOPOU 3HAYCHUS IEPEMEHHEIX & U N HE MEHSIOT-
Csl, & 3HAYEHUE HEKOTOPOU APYrOU MePEMEHHOU (Hampumep, b) CTaHOBUTCSH
pasubM at. (IIpu aTOM paspenmaeTcs UCHOIL30BATE U APYTUE TepeMeHHEIE. )

Pemenne. Beeném nenyro nepemennyio k, koropas MeHseTcs 0T 0 10 n,
npudéM oA AePKUBACTCA TAKOE CBOUCTBO: b = a*).

k :=0; b :=1;
{b = a B cTenmenu k}
while k <> n do begin

k :=k + 1;
b :=b * a;
end; O

[lpyroe perieHue TOU XKe 3aJa4u:

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

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

1.1.4. PemuTh npeguIaymyio 3ajady, ecaum TpedyeTcs, 4TOOBI YuUCIOo
[OEACTBUN (BBIIOIHAEMBIX OIEPATOPOB IIPUCBAMBAHUA) OBLIO HOpsgka logn
(To ects e npeBocxoauio 61 C'log n a1 nekoTopon kouctanTe C; logn —
3TO CTENEHb, B KOTOPYIO HYXXHO BO3BECTH 2, YTOOBI HOLYIUTH 1).

Pemenne. BaecéM HEKOTOPEIC M3MEHEHUs BO BTOPOE U3 MPEIIOXKECHHBIX
PEIICHUN MPeILIIYIIEN 38 Ja4n:

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

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

if k mod 2 = 0 then begin

k:= k div 2;
c:= c*c;
end else begin
k :=k - 1;
b :=Db % c;
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Kax e Bropon pas (He pexe) OyAeT BHIIOJHATHLCA NEPBEIU BAPUAHT
ormepaTopa BeI6opa (ecau k HEYETHO, TO MOCHE BLIYATAHUA CIUHUIEI CTA-
HOBUTCA YETHEIM), TAK YTO 33 [Ba LUKJA BEIXYMHA K YMEHBINAETCA IO
KpauHEU Mepe BIBOE. g

1.1.5. [Jaubr HaTypaJbHBIE YACIA @, b. BoruucanTs npoussenenue a - b,
HCIIOJIBb3Ys B IpOorpaMMe JUIIb onepanuu +, —, =, <>,

Pemenne.

k :=0; c := 03
{unBapuanr: ¢ = a * k}
while k <> b do begin

k :=k + 1;
c :=c + a;
end;
{c = ax*kuk=D>b, cregoBaTenkHO, C = a * b} O

1.1.6. [lambr HaTypanbHble uuciaa a u b. BeraucimTts ux cymmy a + b.
Wcnonb3oBaTh onepaTopsl NIPUCBAWBAHUA JUIIb BULA

(nepemennasl) := (mepemennasn?),
(nepemenHas) : = (4ucio),

(nepemennasl) := (mepemennan2) + 1.

Pemenne.

{uuBapumanT: c = a + k}

O

1.1.7. [Jamo maTypambHOE (LEI0€ HEOTPULATEILHOE) YUCIO a U LEJI0e
TTOJIOXKUTEIbHOE YUCI0 d. BEMMUCANTE YacTHOE q U OCTATOK T NIPU JCTICHUU a
Ha d, He UCHOIB3YsA oneparuu div u mod.

Pemenne. Cornacuo ompegenenuio, a=q-d+r, 0 <r <d.

{a >=0; d > 0}

r :=a; q := 0;

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

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

1.1. 3adauu 6e3 maccueos 11

1.1.8. [damo HaTypamsHOe n, BerducamTh n! (0!=1,nl=n-(n—1)!). O

1.1.9. IlocnepoBarensrocTs PuboHaduMm ompegenseTca Tak: ag = 0,
ay1 =1, ax =ax_q +ax—o npu k > 2. /laHo n, BEIUCINUTE ap. O

1.1.10. Ta xe 3ajgada, ecau TpelyeTcs, YTOOL YUCAO ONEPALUU OBLIO
nponopiuoHaIbHO logn. (IlepeMeHHBIE JOKHEL OBITH NEJIOIUCICHHEIMMA. )

[Ykaszanwe. [Tapa cocennux uncen PuboHATIN TOLYIAETCSA U3 IPEIBLLY-
e YMHOXEHUEM HA MATPHUIY
11
1 0

— TaK 4TO 337348 CBOAUTCA K BO3BEIEHUIO MATPUIEI B CTENEHbL . JTO
MOXHO caeaaTh 3a Clogn mgeucTBuu TeMm ke Crnoco60M, YTO W [JA 9u-
ceur.] O

1.1.11. [Tano HaTypasibHOE N, BEIYUCIUTH

1 1 1
6i'+ 1 +...+ o O

1.1.12. To xe, eciu TpeGyeTcsa, YTOOR KOIUIECTBO OHEPAyi (BBIIOI-
HEHHEIX KOMAH/ IPUCBaMBaHusi) ObwIO Obl mopsaaka n (ue 6oaee Cn s He-
KOTOpOU koHCTAHTHL ().

Pemenne. NuBapuant: sum=1/1!+ ... + 1/k!, last = 1/k! (Baxuo He
BHIMUC/IATH 3aHOBO KaxXabll pas k!). O

1.1.13. [lauel nBa HATYpaJbHBEIX YUCIA & U b, HE PaBHBIE HYJIK OTHO-
BpeMenHO. Buraucauts HOJl(a,b) — HauboAbIIMN OOIUN JEJIUTENb a U b.

Pemenune. BapuauT 1.

if a > b then begin

| k := a;

end else begin
| k := b;

end;

{k = max (a,b)}

{unBapuanT: Hmkakoe wMcno, Gombllee k, He ABIAETCA
o6uHUM LemuTemeM}

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

| k :=k - 1;

end;

{k - obumit memwTens, Gompume - HeT}
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Bapuant 2 (auroputm Esxkimpaa). Bygem cumrars, aro HOL(0,0)=0.
Torma HOL(a,b) = HOL(a-b,b) = HOL(a,b-a); HOA(a,0) = HOL(0,a) = a
Js Bcex a,b > 0.

m := a; n := b;
{unBapuanr: HOM (a,b) = HOOL (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin

if m >= n then begin

| m :=m - n;
end else begin
| n :=n - m;
end;

end;
{m = 0 wmu n = 0}
if m = 0 then begin

| k := n;

end else begin {n = 0}

| k := m;

end; O

1.1.14. Hanucare MOauduIupOBaHHBIA BapuaHT anrroputma EBkiuna,
ucnons3ytomuu coorHomenus HOL(a,b) = HOI(a mod b, b) mpu a > b,
HOL(a,b) = HOL(a, b mod a) mpu b > a. O

1.1.15. [auwl HaTypaubHEE a U b, He paBHEe 0 ogHOBpeMeHHO. Hantu
d = HOL(a,b) u Takue menble x uy, yrod=a-x+b-y.

Pemenwe. [lo6aBum B anroput™m EBkiuna nepemMeHHsuie p, q, r, S U BIU-
1IIeM B MHBAPUAHT YCIOBUA m = p*a+q*b; n = r*a+s*b.

m:=a; n:=b; p :=1; q :=0; r :=0; s :=1;
{unBapuanT: HOM (a,b) = HOL (m,n); m,n >= 0
m = p*¥a + g¥b; n = r¥a + sxb.}
while not ((m=0) or (n=0)) do begin
if m >= n then begin
| m:=m-mn; p:=p-17r;q:=q-Ss;
end else begin

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

end;

if m = 0 then begin

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

end else begin
| k :=m; x :=p; y :=q;
end; O
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1.1.16. PemmTs mpeasIAyIIyIO 3a4a4y, UCIOAL3YA B anroputme Erkm-
13 IEJICHUE C OCTATKOM. O

1.1.17. (3. deukcrpa) Jobasum B anrroput™ EBKInAa JONOIHUTEILHEIE
MEPEMEHHEIC U, V, Z:

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

if m >= n then begin

| m:=m-mn; v :=vV + u;

end else begin

| n:=n-m;u:=u+v;
end;

end;

if m = 0 then begin

| zZ:= v;

end else begin {n=0}

| z:= u;

end;

JlokazaThb, 4TO IOCIE UCIOMHEHUA AIMOPUTMA 3HAYEHUE Z PABHO YIBOECHHO-
My HauMEHBIEMY O0LIeMy KpaTHOMY 4ucen a, b: z =2 - HOK(a,b).

Pemenne. 3aMeTuM, 9TO BEINUMHA M - U + N - V HE MEHAETCA B XO1€ BEI-
noasenus arroputMa. OCTaéTcs BOCHONB30BATHCA TEM, YTO BHAYATE OHA
paBHa 2ab u uro HOI(a,b) - HOK(a,b) = ab. O

1.1.18. Hamucarte BapmanT anropuTMa EBkimga, nCoomb3yommi cOOT-
HOIIEHNUA
HOII(2a, 2b) = 2 - HOI(a, b),
HOL(2a,b) = HOL(a,b) mnpu HEIETHOM b,

HE BKJIIOYAOIMN JEJCHUS C OCTATKOM, 8 UCIIOIb3YIOLIUN JUIIb IeJCHUE HA 2
u nposepky 4érHocTu. (Hucio gercrBun JO/LKHO OBITH mopsaaka logk s
UCXOAHBIX IAHHBIX, HE MIPEBOCXOAAIINX K.)

Pemenne.

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

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

| n:= n div 2;

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

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

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

Onenka 4ucia JeUCTBUN: KaX JO€ BTOPOE JEUCTBUE JEIUT XOTA Obl OJHO U3
YHCEJM M U N IOMOJAM. |

1.1.19. /JonosHUTH AIrOpUTM NPEABLAYINEN 33 AU IOUCKOM X U ¥, JJIs
KOTODBIX ax + by = HO[(a, b).

Pewenwe. (Uges coobmena [.3soukunbiM.) IIpexge Bcero samerum,
YTO OJHOBPEMEHHOE [JEeJCHME a U b IOImoiIaM He MEHsIeT UCKOMBIX X u y. [o-
9TOMY MOXKHO CIAUTATH, 9YTO C CaMOI'0O HavaJla O4HO U3 YUCET a U b He‘IéTHO.
(910 cBOKCTBO GyaeT COXPAHATHCA U AAJEE. )

Teneps monelTaeMcs, KaK U PaHbIle, XPAHUTEL TAKUE YUCIA P,q, ¥, S, 9TO

m = ap + bq,

n = ar + bs.

IIpo6uema B TOM, 9TO mpM A€IE€HUU, CKAXKEM, M HA 2 HAAO PA3LEIATH P
U q HA 2, U OHU NIEPECTAHYT OLITH LEILIMUA (& CTAHYT ABOMYHO-DAIMOHAID-
HEIMY). [|BOMYHO-PAIIMOHAIBHOE YUCJIO €CTECTBEHHO XPAHUTD B BUJE APHL
(ducauTeNIb, NOKA3ATENb CTEICHN BOVKY B 3HAMEHATeNne). B urore Mu mo-
ay4daeMm d B Buje KOMOMHAIWM a ¥ b ¢ ABOMYHO-PAIMOHAJIBLHEIMU KO-
ureHTamMu. NHBIMY CI0BAMY, MEI UMEEM

Qidzax—l—by

Ui HEKOTOPBIX LEJBIX X,y ¥ HaTypaabHoro i. Yro mesars, ecam i > 17
Ecmu x u y 9éTHHI, TO Ha 2 MOXHO COKPATUTh. ECIu 3TO He Tak, IOI0XKEHUE
MOXKHO UCIPABUTH NPEOOPA30OBAHUEM

x:=x+Db,

y=y—a

(ono He MenseT ax + by). Yoegumcsa B 5ToM. HanoMHUM, YTO MBI CIATAEM,
4TO OJHO U3 uucel a u b HeuéTHO. IlycTh 51O OymeTr a. Eciu mpu sTom
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y 96THO, TO U X [NOMKHO ObITb Y6THEIM (MHAYE ax + by 6yaeT HEIETHBIM).
A mpu HEYETHOM y BEIYUTAHME U3 HEI'O HEYETHOIO @ AeJaeT y YéTHeM. [

1.1.20. CocrtaBuTh mporpaMmy, MEYQTAOINYI KBaAPATHI BCEX HATY-
panbHEIX yucen oT 0 [0 33AaHHOTO HATYPAILHOIO 1.

Pemenne.

k:=0;

writeln (k*k);

{unBapmanT: k<=n, HamedaTaHH BCe
KBaIpaTH o k BRKINYUTENBHO}

while not (k=n) do begin

k:=k+1;
writeln (kxk);
end; ]

1.1.21. Ta xe 3aa4a, HO Pa3pEINACTCA UCTONB3OBATH U3 apudMeTUIe-
CKUX ONEpPAaIuyl JUIb CJIOKEHUE U BEIYUTAHUE, TPUIEM OO0IIee Yucio Aeu-
CTBUU JOMXKHO OBITH MOPAIKA N.

Pemenwue. Beegém nepemennyio k_square (square — KBaparT), CBA3aH-
HYI0 ¢ k cooTHoleHueM k_square = k2:
k := 0; k_square := O;
writeln (k_square);
while not (k = n) do begin

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

writeln (k_square);
end; ]

3ameuanme. MOxHO 060UTUCH 03 BEIYUTAHUA C MOMOIIBIO 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)=k*k-k}
k_square := k_square + k;
end;

1.1.22. CocTaBuTh IpPOrpamMMy, NEUATAONLYIO0 PA3JIOKECHUE HA IPOCTHIE
MHOXUTENN 33 JaHHOT'0 HATYPAIbHOr O yucaa n > 0 (J_Ipyl"I/IMI/I CJI0BaMu, Tpe-
OyeTcs Me4aTaTh TOMBKO NMPOCTHIEC YUCIA U IPOU3BEJCHUE HAECYATAHHBIX
YHCEN JOMXKHO OBITH PABHO N; €CJU N = 1, me9aTaThb HUYEro He HAJO).
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Pemenne. Bapuanr 1.

k := n;

{uHBapuaHT: mpousBeleHMe HamNeYaTaHHHX YMCeNl ¥ Kk PaBHO
n, HamevaTaHH TONBKO NPOCTHE 4YUCIal

while not (k = 1) do begin

1 := 2;

{unBapuanT: k He uMeeT menuTenen B muTepmame (1,1)}
while k mod 1 <> 0 do begin

| 1:=1+1;

end;

{1 - HauMeHBIM¥ memmTens k, Gomeumu 1, creZoBaTembHO,
mpocTou}

writeln (1);

k:=k div 1;

end;

BapuanT 2.

k :=n; 1 := 2;
{mpousBenenne k u HamevYaTaHHHX YHUCEI PaBHO N; HaleYaTaHHHE
ymcna mpocTH; k He MMeeT IemWTenel, MeHBmWMX 1}
while not (k = 1) do begin
if k mod 1 = 0 then begin
{k memuTca Ha 1 M He WMeeT IeIWTeIewn,
MeHBUMX 1, 3Ha4yuT, 1 mpocTo}
k := k div 1;
writeln (1);
end else begin
{ k He pmemuTca Ha 1 }
1 := 1+1;
end;
end; OJ

1.1.23. CocTaBuTh IpPOrpamMMy PEICHUs NPEIbIIYINCH 33 4a9U, UCTIOMb-
3YIOHIy}0 TOT GAKT, YTO COCTABHOE YUCIO MMEET JAEIUTENb, HE IIPEBOCXO-
ISIIAY KBAAPATHOIO KOPHS U3 DTOr0 YUCIA.

Pemenme. Bo Bropom BapuanTe pernenus BMecTo 1:=1+1 MOXHO Hamu-
caThb

if 1#1 > k then begin

| 1:=k;

end else begin

| 1:=1+1;

end; OJ
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1.1.24. IlpoBepuTh, sBAAETCA JU 33JaHHOE HATYPAJbHOE YUCIO n > 1
IIPOCTHIM. O

1.1.25. ([nn 3HAKOMBIX ¢ OcHOBaMu aare6pei) [laHo 1enoe rayccoBo
4yueao n + mi (mpunagrexaree Z[i]).

(a) IIpoBeputs, ABAsETCA MU OHO HPOCTHIM (B Z[i]).

(6) HamevyaTaThb ero pasioxenue Ha npocTrie (B Z[i]) Muoxuremm. O

1.1.26. Paspemum npumensaTs koMaHasl write(i) Jymms mpu i = 0,1,
2,...,9. CocraBuTh mporpamMmy, MeYaTAILIYIO JECATAIHYIO 3AMUCH 33 JaH-
HOro HaTypajbHoro Yucaa n > 0. (Cxygann n = 0 ABWICS Gbl HEKOTOPHIM UC-
KJIIOYEHUEM, TAK KAK OOBIYHO HYJU B HAYAJE YUCIA HE MEYATAIOTCA, & U
n =0 — meYaTanTcs.)

Pemenne.

base:=1;
{base - cremens 10, He mpeBocxopmamas n}
while 10 * base <= n do begin
| base:= base * 10;
end;
{base - mMakcumamepHas cTemerHs 10, He mpeBocxogamas n}
k:=n;
{uHBapwaHT: ocTamock HamedaTaTh K C TeM Xe 4HCIOM
3HAaKOB, 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 HameyaTaThb ONHO3HAYHOE YUCIO K}
write(k); O

Tunuynas ommOKa TPU PEINEHUN DTOU 33 JA49U: HEMPABUIBLHO 00pabaThI-
BAIOTCA YUCIA C HyJAMHU nocepequue. [IpuBeqéHHBIN NHBAPUAHT [NOMYCKACT
caydau, korja k < base; B TOM caydae medaTaHue k HAYMHACTCA CO CTap-
X HYyJIEH.

1.1.27. To xe camoe, HO HaJO HAMTEYATATD NECATUYHYIO 3AMUCH B 0OpaT-
HoM nopsgake. ([las n = 173 nago nanedarars 371.)

Pemenne.

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

1.1.28. [lauo maTypanbuoe n. [logcunTaTh KOMUIECTBO PEIICHUN HEPa-
BeHCTBA X2 + y2 < N B HATYPAJIbHBIX (HEOTPUIATETBHBIX IIETBX) TUCIAX, HE
UCTONB3YA JEUCTBUAU C BEIIECTBEHHBIMU YUCIAMMU.

Pemenme.

k :=0; s :=0;

{MHBapMaHT: S = KOIMYECTBO pelleHUM HepaBeHCTBa
x*x + y*y < n ¢ x < k}

while k*k < n do begin

{t = umcmo pemenui HepaBeHcTBa k*k + y*y < n
c y>=0 (umpm mammomM k) }

k k +1;
s :=s + t;
end;
{k*k >= n, mo>ToMy S = KOIMYeCTBO BCeX pelleHU:
HepaBeHCTBa}
34eChb ... — IOKa el He HAMUCAHHBIA KYyCOK MPOrPAMMEI, KOTOPBIU

OyneT TaxkuM:

1 :=0; t :=0;

{uHBapyMaHT: t = YMcIO peleHuUH
HepaBeHCTBa k*k + y*y < n c 0<=y<1 }

while k*k + 1%¥1 < n do begin

1:=1+1;
t =t + 1;
end;
{k*k + 1*1 >= n, moaToMy t = wWMcIo
BCeX pelleHWM HepaBeHCTBa k*k + y*y < n} U

1.1.29. Ta xe 3a1a49a, HO KOAXYECTBO OMEPALIAN JOMXKHO OBITH MOPAIKA
/1. (B npeasiaymem pemennn, Kak MOXHO HOACIYATATE, MOPAAKA N Oepa-
un. )

Pemerme. Hac untepecyior Touku pemérku (C HEABIMEA KOODAUHATA-
MU) B IIEPBOM KBaJpaHTE, MONAJAIUe BHYTPbL Kpyra paauyca /n. Uu-
Tepecyolee HAC MHOXKECTBO (Ha30BEM ero X) COCTOMT u3 OObeIUHEHUsS
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BEPTUKAIBHEIX CTOJOIOB yOLIBAIOIIEU BHICOTHI.

Wpes pemieHuss COCTOUT B TOM, YTOOHI «IBUTATHCA BIOJb €0 CDAHUIIBD,
CIIyCKAsICh TI0 BEPXHEMY €ro Kparw, Kak no gectHure. KoopamHaTe aBUXKY-
mencs Touku o6o3uauum <k,1>. Beaém em@ oquy nepeMenuyo s u Oyaem
IO ACPXKUBATH UCTUHHOCTE TAKOI'O YCJIOBUA:

<k,1> HAXOAUTCA CPA3y HAJ K-EIM CTOJIOIIOM;
S — YHCJIO TOYEK B IPELIYIINUX CTOIOIAX.

DdopmansHO:

e 1 — MuHEUMAaJBLHOE cpeau Tex 1 > 0, mua KoTopwix <k,1> He NMpUHAI-
JexuT X;

® S — YNCJO Iap HATYPAJbHEIX X, ¥, A1d KOTOPHIX X < k u <x,y> npu-
HaaaexutT X.

O603uaunM st ycaosus depes (M).

k :=0; 1 :=0;

while <0,1> mpunanmexut X do begin

| 1 :=1+ 1;

end;

{k = 0, 1 - vunuManbHOe cpermu Tex 1 >= 0,
nna xKoTopux <k,l> He mpuHAIIEXHT X}

s := 0;

{uuBapmanT: W}

while not (1 = 0) do begin

s :=s + 1;
{s - uMcmo Touex B cTombmax o k-To BKINYUTEILHO}
k :=k + 1;

{Touka <k,1> mexuT BHe X, HO, BO3MOXHO, €& HaZo CHBUHYTH
BHU3, 4YTOO6H BOCCTAHOBMTEL M}

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

| 1:=1-1;

end;

end;

{#, 1 = 0, mosToMy k-uit cTombem ¥ BCe cIefyllMe IOyCTH, a

S paBHO MCKOMOMY 4HMCIy}
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OueHka ¥mcia AeUCTBAU OYEBHIHA: CHAYANA MBI JBUXKEMCA BBEPX HE 6oee
9YeM Ha /N IIAroB, a 3aTeM BHU3 U BIPABO — B KaXAYIO CTOPOHY He Gosee
9eM Ha /I [IaroB. O

1.1.30. [laswr marypasabueie yncaa n u k, n > 1. Haneuarares k gecs-
Tu4HBIX 3HAKOB 4ncaa 1/n. (Ilpu Hamm4um ABYX ZECATUYHBIX PA3IOKEHUN
BLIOMPAETCA TO U3 HUX, KOTOPOE HE COAEPKUT AeBATKHU B nepuoge.) IIpo-
rpaMMa JOJXKHA UCHOIB30BATh TOIBKO LIEJbIe IePEMEHHEIE.

Pemenwe. CaBuHYB B JECATUYHON 3aNUCH YuCIa 1/n 3anaTyio Ha kK MecT
BIIPABO, MOJLYyYUM YUCIO 10K /n. Ham Hago HamevaTaTh €ro meiyio 4acTh,
TO €CTh PA3qeauTh 10X ma n mameo. CrangapTaeim crmocob TpebyeT uc-
[OJB30BAHUA GOJBIINX [0 BEJUYMHE HUUCEI, KOTOPLIE MOL'YT BBEIUTH 34
CpaHULELl [UAMNA30HA MPENCTABUMEIX 4ucena. [lopToMy MBI chesaeMm uHAYE
(crenys OOBIYHOMY METOAY «[EJCHUSA YTOMKOM») U OyAeM XPAHUTH «OCTa-
TOK» T:

1 :=0;r :=1;
{umB.: HamevaTa®o 1 pa3pagoB 1/n, ocTamochk HameYaTaThb
k - 1 paspazmos 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. [lano maTypaibHoe umuciao n > 1. OmpegeauTs [IWHY IEPUOAA
AECATUYHON 3amucy gpobu 1/n.

Pemenwne. Ilepuon 1pobu paBeH nepuomsy B MOCHEI0BATEIBHOCTU OCTAT-
KOB (IOKQXKUTE 5TO; B YACTHOCTHU, HAJO JOKA3ATb, YTO OH HE MOXKET OHITD
Menbire). Kpome TOro, B 5T0U NOCIEI0BATEIBHOCTA BCE IEPUOAUIECKH 0~
BTOPAIOMUECA WICHBI PA3JUYHEI, a NPEANepuo] uMeeT AIMHY He Ooaee n.
IMosTomy mocTaTouno HanTu (n + 1)-BI WIEH TOCIEJOBATEIBHOCTHA OCTAT-
KOB U 33TEM MUHUMAJIBLHOE X, Tpu KOTOPOM (n + 1 + k)-BIi 9ICH COBIAAaeT
¢ (n+ 1)-b1Mm.

1l :=0;r :=1;
{unBapuanT: r/n = pesympTaTr oT6pacuBaHuMZ 1 3HakoB B 1/n}
while 1 <> n+1 do begin
r := (10 * r) mod n;
1:=1+1;
end;
c :=r;
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{c = (n+1)-Hif YmeH NOCIELOBAaTEeNIBLHOCTH OCTATKOB}
r := (10 * r) mod n;
k :=1;

{r = (n+k+1)-Hif 4YIeH MOCIeLOBATEILHOCTH OCTATKOBY}
while r <> c do begin
r := (10 * r) mod n;
k :=k + 1;
end; O

1.1.32. (Coo6mux }O.B.Maruscesnu) lana dyuxkous f: {1...N} —
— {1...N} Haitu nepmon mnocregosarensroctu 1,f(1),f(£(1),... Ko-
JUYECTBO ACUCTBUU JOMKHO OBITH MPONOPLIMOHANBHO CyMMAPHOU [JUHE
Opeanepuosa u nepuoja (dTa CymMmMa MOXET ObITh CyIIECTBEHHO MEHb-
e N).

Pemenne. Ecim 0T6poCUTh HAMANBHEIN KYCOK, TOCAEI0BATEILHOCTD 16~
PUOIUYHA, TPUIEM BCE WICHBI MIEPUOIA PABJIUIHEL.

{06o3navenue: f[n,1]1=f(£(...£f(1)...)) (n pas)}

k:=1; a:=f(1); b:=f(£(1));

{a=f[k,1]; b=f[2k,1]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 mepmomm4ecKyb HacTbl}
1:=1; b:=f(a);

{b=f[k+1,1]; f[k,1],...,f[k+1-1,1] pa3smumumu}

while a <> b do begin

| 1:=141; b:=£(b);

end;

{nepuon pasen 1} O

1.1.33. (9. deukcrpa) Pyukuus f ¢ HATYPATLHEIMM APryMEHTAMU U
3HaveHuAMHU onpegenena tak: £(0) =0, £(1) =1, £(2n) =f(n), f(2n + 1) =
= f(n) + £f(n + 1). CocTaBuTts mporpammy BerduciaeHus f(n) mo 3agaHHO-
My n, Tpebyomyo nopsaaka logn omepami.

Pemrenne.

k :=n; a :=1; b := 0;
{uuBapuanT: 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, £()=£(1), £(k+1) = £(21+1) = £(1) + £(1+1), 1.2. Maccuebl
f (n) = a*f(k) + b*f(k+1l) = (a+tb)*£f(1) + b*f(1l+1)}
a:=a+b; k :=1; B cueagyromux 3a1a49ax MepEeMEHHEIE X, Y, Z NPEANOIAraloTCsa OMUCAHHEI-
end else begin Mu Kak array[1..n] of integer (rae n — HEKOTOPOE HATYPAIBLHOE YUCIO,
1 :=k div 2; Goubiee 0), eciy NHOE HE OTOBOPEHO SBHO.
{k=21+1, £(k) = £(1) + £(1+1),
£(k+1) = £(2142) = £(1+1), 1.2.1. 3anoJHNTH MAaCCUB X HyJIMHU. (DTO O3HAYAET, 9TO HYKHO COCTA-
f(n) = a*f(k) + b*f(k+1) = a*f(1) + (at+b)*£(1+1)} BUTb (pparMeHT NIPOrPAMMEL, IOCIE BBINOJHEHUS KOTOPOI'O BCE 3HAYEHUA
b :=a+b; k :=1; x[1]. .x[n] paBusmuck 6B HY/II0, HE3ABUCUMO OT HAYAILHOIO 3HAYEHUS II€-
end; DEMEHHOH X.)
end; P
{k =0, f(n) = a * £(0) + b *x £(1) = b, uro m Tpebomamocs} L[] emexue.
i:=0;
1.1.34. To xe, ecau f(O) =13, f(l) =17, f(2) =20, f(3) = 30, f(2n) = {unBapuanT: mepewe i s3mavemmu x[1]..x[i] pammm O}
=43f(n)+57f(n+ 1), f(2n+1)=91f(n) + 179f(n+ 1) npun > 2. while i <> n do begin
i:=1i+ 1;
[Yxazanue. Xpanuts koadduuuenTr B Boipaxenuu f(n) uepes tpu co- {x[1]..x[i-1] = O}
CEAHUX IMCIA.] O x[i] := 0;
. . end; O
1.1.35. [lagwl HaTypaJabHBIE YKcaa a u b, mpuiém b > 0. HauTu gact-
HOE ¥ OCTATOK NpY [eJCHUA & Ha b, ONepUpys JUIMb C HEJIBIMUA 1UCTAMU 1.2.2. IoacunTaTs KomuuecTBO Hyxen B Maccuse x. (CocraButh dpar-
U HE UCTOMB3ys onepanuu div u mod, 3a UCKIIOMCHUEM [JCICHUS Ha 2 9eT- MEHT MPOrPAMMEI, HE MEHAOIIUYA 3HAYCHUSA X, TTOCJAE UCTIOMHEHUSA KOTOPOrO
HBIX YHCEN; YMCIO MAaros He JoxHO npesocxoauts Chlog(a/b) + Co ana 3HAYEHUE HEKOTOPOU LIEIOU TIEPEMEHHOU K PABHAJIOCH OBl YUCIY HYJEH CPEIn
HekoTopuIx koHCTAHT Cf, Cs. KOMIIOHEHT MaCCHBA X.)
Pemenne. Pemrenne.
bl := b; .
while bl <= a do begin {unBapmanT: k = uwmucmo mymeu cpemm x[1]...x[i] }
| b1 := Dbl * 2; . O
end;

{b1 > a, bl = b * (mexoropas crememp 2)} 1.2.3. He ucmoms3ys omepaTopa NPUCBAMBAHUA IS MACCUBOB, COCTA-

C{ll;ﬂgi’ipi;}l:: 4, T - wacTHOe M oCTATOK MpH meremmM a Ha bi, BUTH (pPArMEHT MPOrPAMMEI, SKBUBAJICHTHEIU OIIEPATODPY X : =Y.
bl = b * (uekoTopas cTemens 2)} Pemrenne.
while bl <> b do begin
bl :=bl div 2 ; q := q * 2; i:=0;
{a=bl*xq+r, 0<=1, r<2%* bi} {uHBapwaHT: 3HaYeHwe y He m3MeHuuock, x[1]=y[1l] mpm 1<=i}
if r >= bl then begin while i <> n do begin
r :=r - bl; i:=14d+1;
q :=q + 1; x[i] := y[i];
end; end; |
end;

{q, r - 4acTHoe ¥ ocTaTox mpu HemeHunm a Ha b} O 1.2.4. Hauntu MakcumyM u3 x[1]..x[n].
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Pemenne.

i :=1; max := x[1];
{unBapwanT: max = makcummym m3 x[1]..x[i]}
while i <> n do begin
i:=1i+1;
{max = makcmmym w3 x[1]..x[i-1]}
if x[i] > max then begin
| max := x[i];
end;
end; O

1.2.5. [lan maccuBx: array[1l..n] of integer, npuuém M3BECTHO, ITO
x[1] <x[2] < ... <x[n]. HauTu KOMMYIECTRBO PABTUIHBIX IUCET CPEIU BIIC-
MEHTOB 3TOr'0 MaCCHUBA.

Pemmenwme. Bapuant 1.

i:=1; k :=1;
{unBapuanT: k - xommuecTBo paszmuyHux cpemx 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 uuciao Ha 1 GOJbINE KOAUIECTBA TEX UYUCET i U3
1..n-1, nus xoropeix x[i] me paBno x[i+1].

k = 1;
for i := 1 to n-1 do begin
if x[11<> x[i+1] then begin
| k 1=k + 1;
end;
end; O

1.2.6. [am maccuB x: array[1..n] of integer. Haurtu xommuecrtso
Pa3INYHEIX YHCE] CPEU DIeMEeHTOB dToro Maccusa. (Hucao gercrsun gou-
&HO OBITH TIOpAAKa n2.) 0

1.2.7. Ta xe 3agada, ecau TpebyeTcs, 4TOOLI KOJIMYECTBO [IEUCTBUU
6bL10 mOpsAAKa n log n.

[Ykazanue. CmoTpu riaBy 4 (CopTupoBka).] O
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1.2.8. Ta xe 3ajajda, €Cau W3BECTHO, UTO BCE DIEMEHTHI MACCUBA —
qucaa 0T 1 40 K ¥ 9uciio JeMCTBUU AOJKHO OBITH IMOPALKA N + K. O

1.2.9. (Coo6uma A.JI. Bpyauo) [Ipamoyronsroe mosie m X n pa3buTo HA
mn KBaAPATHBLIX KJACTOK. HEeKOTOpEIE KICTKM MOKPAIIEHE B YEPHLIA IBET.
MsBecTHO, YTO BCe YEpPHBLIE KIETKUA MOTYT OBITH Pa3OUTHI Ha HECKOALKO
HEMEePeCceKaoIUXCA U HEe MMEIOMMX OOMUX BEPIIMH YEPHBIX MPAMOYTOJb-
uukoB. CunTas, YTO UBETA KJICTOK JAHLI B BUE MAaCCABA TUIA

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

MOACYUTATE YUCJIO YEPHBIX MPAMOYTOJBHUKOB, O KOTOPKIX IILIa, Pedb. Jucio
NEUCTBUU OKHO OBITHL MOPALKA M.

Pemenme. Yucno npsMoOyrobHUKOB PABHO YKUCIY UX JEBBIX BEPXHUX
yrioB. flBaseTca gy KIETKa BEPXHUM YIVIOM, MOXHOQ Y3HATBH, IIOCMOTPEB
Ha €€ IBeT, a TakXKe UBeT BepxHero u Jesoro cocefen. (He 3abyabre, 9To
UX MOXKET He OBITh, €U KJIETKA C KPAI.) g

1.2.10. [Taum maccus x[1]..x[n] meawix umucea. He ucmoawsys apyrux
MACCHUBOB, [IEPECTABUTD HJIEMEHTHI MACCABA B OOPATHOM IOPAIKE.

Pemenne. Onements x[1] u x[n+1-1i] HyXHO MOMEHATH MECTaMu s
BCeX 1, maA KOTOpPHIX i1 <n+1—1i, To ecth 2i<n+1 & 2i <n &
< i<n div 2:

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

1.2.11. (U3 xuuru [.T'puca) Jan maccus neabix gucen x[1]. . x[m+n],
paccMaTpUBAEMEBIN KAK COCAUHEHUE ABYX €ro OTPE3KOB: Havata x [1] . .x [m]
MHBl m ¥ KOHUA X [m+1] . .x[m+n] gnwuer n. He ucnons3ys gomossuTens-
HBIX MaCCUBOB, IIEPECTABUTHL HA4Yau0 U KoHem. (Yucao gercTsBuél mopsagka
m+n.)

Pemenne. Bapuant 1. Ilepesepuém (pacmonoxum B 06paTHOM IOPALKE)
OT/EIBHO HAYaJI0 U KOHEI] MACCUBa, a 3aTEM I[I€PEBEPHEM BeCh MACCUB KaK
€JMHOE LEMI0E.

Bapwuant 2. (A.T. Kymmnupenko) PaccmMaTpusas MACCUB 3aIUCAHHBIM 110
KPYry, BUAUM, 9TO Tpebyemoe gercTsue — moBopoT kpyra. Kak mssectHo,
[IOBOPOT €CTh KOMIIO3UIUA JBYX OCEBBIX CUMMETPUU.

Bapuant 3. Paccmorpum 6osee 06miyio 3agady — OOMEH ABYX ydacT-
koB MaccuBa x[p+1]..x[q] u x[q+1]..x[r]. [Ipesmonoxum, 4TO NIMHA
JEBOrO yvacTka (HazoBéM ero A) He GoJblle IJIMHEI IPABOTO (HA30BEM
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ero B). Boiygenmum B B Hawano Tou xe aauHbl, 9TO U A, Ha30BEéM ero B,
a octaTtok Bs. (Tak uro B = By + Bs, eciau 0603Ha4aTh IUIIOCOM IIPUIA-
CBIBAHUME MAaCCUBOB APYr K apyry.) Ham mano uz A + By + B moayuuts
By + By + A. Meunsis mectaMu y9acTku A u B; — OHU UMEIOT OJUHAKOBYIO
IJIUHY, U CAEJIATH 3TO Jerko, — noaydaem By + A + By, m ocTanocs mome-
HATbL MecTaMu A u Bs. Tem caMbIM MBI CBeJIM A€J0 K IEPECTAHOBKE IBYX
OTPE3KOB MEHBbINEN AIuHBL VTaK, moaydaeM TaKyK CXeMy NPOrPaMMEL

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

{unBapuant: ocramocws mepecraBuTe x[p+1..ql, x[q+l..rl}
while (p <> q) and (q <> r) do begin

{o6a yvacTka HemycTh}

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

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

P := pnew; q := qnew;

end else begin

. .mepectaButhk x[q-(r-q)+1]..x[q]l u x[q+1]..x[r]
qnew := q - (r - q); rnew := g;

q := qnew; r := rnew;

end;

end;

Omenka BpeMeH pabOTHL: Ha OYepPEeHOM IIare OCTABIIMUACS /1 00pabOTKY
Y9aCTOK CTAHOBUTCA KOPOUE HA IMUHY A; YUCJI0 AEUCTBUU IPU DTOM TAKKE
MPOMOPIMOHAIBHO JiuHE A. a

1.2.12. Kos>ddpuuueHTs MHOMOWICHA JIEXAT B MaccuBe a: array[0..n]
of integer (n — HaTypaIbHOE YUCIO, CTENEHb MHOrO4YIeHA). Beraucints
3HAYEHME DTOT0 MHOTOWIeHA B TOYKE X, TO ecTh aln] x® + ... +al1]l x +
+alo].

Pemenwe. (OnuceIBaeMEI AIMOPUTM HA3BIBAETCA cxeMon ['opuepa.)

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

{unBapuant: 0 <= k <= n,

y= a[n]l*(x B cremenm k)+...+a[n-1]1*(x B cremenm k-1)+...+
+ a[n-k]*(x B cTremenm 0)}

while k<>n do begin

k :=k +1;
y :=y * x +a [nkl;
end; OJ

1.2.13. ([na 3HAaKOMBEIX ¢ OCHOBaMHU aHau3a; coobumn A.T. Kymmu-
perko) JIOMONHUTE AICOPUTM BEIYUCJACHUS 3HAYCHUS MHOTOWICHA B 3a,1aH-
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HOUM TOYKE MO cxeme ['OpHepa BEIYUCJICHUEM 3HAYEHUs €rO MPOU3BOLHOU
B TOH € TOYKE.

Pemenne. /[06aBienre HOBOrO KO3(D(PUIUEHTA COOTBETCTBYET HEPEXOLY
ot mHorouieHa P(z) k muorowieny xP(z) + ¢. Ero npoussoagnas B TO4-
ke z pasHa P’ (z) + P(z). (910 pemenue 061a1aeT 3a6aBHBIM CBOUCTBOM:
HE HAJO0 3HATH 3aPAHEE CTEMECHb MHOIOUWICHA. Kcim TpebOBaTHL BLITOJIHEHUA
5TOTO yCJOBHA, 14 €ME OPOCATH BEMUCIATL TOMBKO 3HAYCHUE ITPOU3BO/I-
HOU, HE YIIOMUHAA O CAMOM MHOTOWICHE, TOMYIACTCA HE TAKAA YK OPOCTAasA
3a/1a4a.) O

O61ee yTBepK JeHUE O CJIOKHOCTY BEIYUCICHUs MPOU3BOAHBIX TAKOBO:

1.2.14. (B.Bayp, ®.IIrpaccen) [lana nporpaMma BLIYUCICHUAS 3HAYE-
HUs HEKOTOPOro MHOrowieHa P(zq,. .., Z,), COAepXKaIas TOIbKO KOMAH kI
mpucBauBaHusA. VX mpaBble YACTU — BHIPAXKEHUA, CONEPKAIIUE CIOKEHUE,
YMHOXEHUE, KOHCTAHTHI, TEPEMEHHEIE X1, ..., T, U PAHEE BCTPEUYABIIAECCA
(B ieBoM wacTu) nepemennsie. Joka3aTh, 9TO CYIIECTBYET IPOrPAMMA TOI'O
e TUNA, BEYUC/SIONIAA BCe 1 IPOU3BOAHEIX OP /0%y, . . .,0P/dx,,, npuiém
ob1mee yucIo apudmeTryecKkux onepanuy He 6onee yeM B C' pas mpeBoCXo-
[OUT 9UCIO aPUPMETUUECKUX OMEpaluil B UCX0aHOU nporpamme. Koncrau-
Ta C' HE 3aBUCUT OT N.

[Ykazanue. MOXHO CUMTATB, YTO KaXKAaA KOMAHIA — CJIOXKECHUE ABYX
4quces, YMHOXEHUE [BYX YUUCEN WIN YMHOXEHWE Ha KOHCTAHTy. Mcmoab3o-
BATh MHIYKIWIO [10 YUCIYy KOMAH[, IPUMEHAA UHAYKTUBHOE [IPEAION0KEHNE
K IPOrpaMMe, MOJIYYAIoMencs OTOPACKHIBAHUEM [IEPBOH KOMAHEL.| O

1.2.15. B maccuBax a: array[0..k] of integer ub: array[0..1] of
integer xpausaTcs KO3hPUIUEHTHl ABYX MHOMOYWIEHOB creneren k u 1. Ilo-
MeCcTUTh B MaccuB c: array[0..m] of integer KOd(h@PUIMEHTHI UX IPO-
umasegeHuA. (Yucaa k,1,m — HaTypaibHble, m = k + 1; BIeMEHT MacCCUBaA
C UHJEKCOM i COAEPXKUT KOI(DOULUEHT IPU CTEIECHH 1.)

Pemenne.

for i:=0 to m do begin
| c[i] :=0;
end;
for i:=0 to k do begin
for j:=0 to 1 do begin
| cli+jl := c[i+j1 + alil*b[j]1;
end;
end; O
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1.2.16. IIpeayoxeHHEIN BHIIE AITOPUTM MEPEMHOXKEHUSA MHOTOYICHOB
TpebyeT nopsAaka n? neMCTBUM 1/ MEPEMHOXKEHUSA ABYyX MHOTOWICHOB CTe-
nenu 1. [Ipugymars 6onee 9ddekTUBHBIN (415 GOMBIIAX 71) AITOPUTM, KO-
TOPOMY JOCTATOYHO HmOpska n'°8 4/ 1983 nejcrpui,

[Ykaszanue. [Ipegcrasum ce6e, 9TO HALO NEPEMHOXUTE [BA MHOIOWICHA
crenenu 2k. Ix MOXHO mpeacTaBUTL B BU/IE

Az)2* + B(z) = C(z)2* + D().
[Ipoussenenune ux paBHO
A(z)C(z) 2** + (A(z)D(z) + B(z)C(z)) ¥ + B(z)D(z).

EcrectBennniun cnocob Beraucacuus AC, AD + BC, BD TpebyeT 4eThi-
PEX YMHOXEHUU MHOTOYIEHOB CTEMEHU k, OMHAKO UX KOJIUIECTBO MOMKHO
COKPATUTEL A0 TPEX C IMOMOMIBIO TAKOU XuTpocTu: Beruucauts AC, BD
u (A + B)(C + D), azarem 3ameruts, uto AD + BC = (A + B)(C + D) —
— AC — BD.] O

1.2.17. [Tanb 1Ba Bo3pacTamoummx MaccuBa x: arrayl[l..k] of integer
u y: array[l..1] of integer. HawTm xoimm4ecTBO OOMMX BIEMEHTOB
B DTUX MACCHBAX, TO €CTh KOJWYECTBO TEX LEIBIX t, I KOTOPHIX t =
=x[i] = y[j] nas mexoroprix i u j. (Qucno geucrsun nopsasxa k + 1.)

Pemenne.

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

{uuBapuanT: 0<=ki<=k; 0<=11<=1;

UCKOMHM OTBET = N + KOIWYECTBO O6uMX
smemenToB B x[k1+1]...x[k] = y[11+1]...y[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[ki+1] = y[11+1]}

k1l := k1 + 1;

11 := 11 + 1;

n :=n+ 1;
end;

end;
{k1 = k unu 11 = 1, mo>ToMy OLHO M3 MHOXECTB, YIOMAHYTHX
B MHBapMaHTe, IyCTO, a N PaBHO MCKOMOMy OTBeTy} O
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3ameuanwe. B TpeThen asbTepHATUBE JOCTATOYHO OBLIO OBI yBEIXYU-
BaTh OJHY U3 nepeMeHHbIX k1, 11; Bropas 100aBieHa, 4 CUMMETPUH.

1.2.18. Pemmths mpeabgyuiyio 3ajady, €CIM NPO MACCUBHI U3BECTHO
aumib, 910 x[1] < ... < x[k] u y[1] < ... <yl[1] (Bospacranue 3amene-
HO HEyOLIBAHUEM).

Pemenne. YcioBre Bo3pacTanus OBLIO UCIOJIL30BAHO B TPETHEH ANbTEP-
HaTuBe BBHIOOpa: cABUHYB k1 m 11 Ha 1, MBI TeM CaMBIM yMeHbIIAJIN Ha 1
KOJIM4eCcTBO o0mux siaeMeHToB B x[ki1+1] ...x[k] u x[11+1]...x[1]. Te-
Imepb 3TO NPUAETCA JENATh CIOXKHEE.

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

t = x [ki1+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

3amevanue. JTa NPOrpaMMa UMeeT Ae(EeKT: MPU TPOBEPKE yCJIOBUS
(k1<k) and (x[k1+1]=t)

(nm BTOPOro, aHAJOTMYHOrO) DU JIOXKHOU NEPBOU CKOOKE BTOPAsA OKAXKET-
cs1 6ECCMBICACHHOM (MHJAEKC BHIUAET 33 TPAHUILI MACCUBA) ¥ BO3HUKHET
ommbka. Hekoroprie Bepcun mackajsi, Berauciasas A and B, cHavyana BbIdu-
casor A u mpu JoxkHOM A He Beramcamor B. (Tak Beaér ce6s, mampumep,
cucrema Turbo Pascal sepcuu 5.0 — uo ne 3.0.) Torga onucannas ommbKka
HE BO3HUKHET.

Ho ecam MBI HE XOTUM MOJATATHCA HA TAKOE CBOUCTBO UCIOIL3YEMOU
HaMU pealu3aluu nackaias (He OpelycMOTpeHHoe ero aBTopoM H.Bup-
TOM), TO MOXHO HNOCTYOUTHL TaK. BBEAEM [IONOJHUTEILHYI) HNEPEMEHHYIO
b: boolean u Hamwumem:

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

kl:=k1+1;
if k1 < k then b := (x[kl+1]=t) else b:=false;
end;
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Moxn0o Takxke COoe/aTh MHA'EC:

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

if k1 + 1 = k then begin
k1l := k1 + 1;
n :=n+ 1;
end else if x[k1+1] = x [k1+2] then begin
| k1 := k1 + 1;
end else begin
k1 := k1 + 1;
n:=n+ 1;
end;

end;

Tax OyaeT xopode, XOTS MeHee CUMMETPUYHO.
Haxkonen, MOXHO yBeIMYUTh Pa3Mep MACCUBA B €r0 ONMUCAHUY, BKIIOYUB
B HEro (bUKTUBHEIE DIEMEHTHI.

1.2.19. [Taunr nBa HeyObIBaroumx MaccuBa x: array[l..k] of integer
ny: array[l..1] of integer. HauTu 4ucio pasiuyHEIX 2I€MEHTOB CpeIu
x[1],...,x[k],y[1],...,y[1]. (Hucno meucrBun mopsaxa k + 1.) O

1.2.20. [lauwr gBa maccuBa x[1] < ... <x[k] uy[1] <...<y[1]. «Co-
equHuTE ux B MaccuB z[1] <... < z[m] (m=k + 1; KXk ABIA DIEMEHT J0J-
JKEH BXOJWUTH B MACCUB Z CTOJBKO Pa3, CKOJLKO Pa3 OH BXOAUT B OOIIEn
CJIOXHOCTU B MACCUBHL X U y). JUCJIO AEUCTBUN OPSIKA M.

Pemenne.

k1 :=0; 11 := 0;

{unBapuanT: orBeT momyumrcs, ecmm kK z[1]..z[k1+11l] mo6aBuTm
cmpaBa coepuHeHue MaccuBoB x[ki1+1]..x[k] m y[11+1]..y[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[ki1+1] <= y[11+1] then begin

k1 := 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 6uBaeT }
end;
end;
{k1 = k, 11 = 1, MaccuBH coeIWHEHH} O

OTOT IPOLECC MOXKHO NOACHUTE TakK. IlyCcTh y HAC €CTh ABE CTONKU Kap-
TOYEeK, OTCOPTUPOBAHHLIX O aihaBUTy. MEI cOeauHAEM UX B OJHY CTOI-
Ky, BBIOMPAsA KaX b Pa3 Ty U3 BEPXHUX KAPTOUEK 06EUX CTOMOK, KOTOPasa
uAET paHbINe B aapaBUTHOM MOPsaKe. Kcau B OHOU CTONKE KAPTOYKA KOH-
YUIUCH, 6EPEM UX U3 APYTOU CTOIKH.

1.2.21. [Tauwm geamaccuBa x[1] <... <x[k]luy[1] <...<y[1]. Ham-
TH UX «Iepecedenne», To ecTb maccus z[1] <... < z[m] , cogepxammn ux
o0I1Ue DIeMEHTHI, IPUYEM KPATHOCTD KaXK AOr'0 DJIEMEHTAa B MAaCCUBE Z PaB-
HSAETCSA MUHUMYMY U3 €r0 KPATHOCTEU B MACCUBAX X U y. JUCIO IeUCTBUAU
nopaaka k + 1. O

1.2.22. [lauw gBa maccuBa x[1] < ... <x[k]l ny[1] <...<y[1] u un-
cio q. Hanru cymmy Buga x[i] + y[j], nauGonee 6muskyio x ucay q. (Uu-
CI0 JEUCTBUU IMOPALKA k+1, NOMOJIHUTENIbHAS MaMATL — (DUKCUPOBAHHOE
YHUCIO LEJIHX EPEMEHHBIX, CAMU MACCUBBL MEHATL HE PA3PEIIACTCH. )

[Ykazanve. Hago HAUTH MUHUMANBHOE DACCTOAHUE MEXKIY DJIEMEHTA-
vz x[1] <...<x[k] uq—y[1] <...<q-—y[1], uro HEeTpPYAHO CaEIATH
B XOJI¢ UX CJUSAHUA B OAUH (BOOGPAKAEMBIN) MACCUB.] O

1.2.23. (u3 xuuru [.Tpuca) HexoTopoe 4Ymcio CONEpKUTCA B KaxK-
IOM U3 TPEX LEJOYUCICHHBIX HeyOmBarommx maccuBoB x[1] < ... < x[p],
y[1]1 < ... <ylql, z[1] <... < z[r]. Hautu oauo us takux uucenr. Yucao
NEUCTBUAU JOKHO OBITH TOPALKA P + q + T.

Pemenne.

pl:=1; qi=1; ri:=1;

{uuBapmant: x[p1l..x[pl, ylqil..ylql, z[ri]l..z[r]
colmepxaT obumit >IeMeHT}

while not ((x[p1l=y[qll) and (y[qll=z[r1]l)) do begin
if x[p1]<yl[ql] then begin

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

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

end;
end;
{x[p1]l = ylq1l = z[r11}
writeln (x[pi1l); O

1.2.24. Ta xe 3aja4a, TOIBKO 33PAHEE HE W3BECTHO, CYIIECTBYET JIHU
OO DJIEMEHT B TPEX HEyOLIBAIOIUX MACCUBAX U TPEOYETCA 3TO BHIACHUTD
(n HaUTVM OAUH M3 OOIIUX DJIEMEHTOB, €CIU OHU €CTh). O

1.2.25. Onementamu maccusa al[l..n] ABAAOTCA HEYOLIBAIOIINE MACCH-
Bul [1..m] menwx ducen:

a: array [1..n] of array [1..m] of integer;
al[11[1] <...<al1][m],...,a[n][1] <...<a[n] [m].

W3BecTHO, YTO CymecTByeT 4YUCIO, BXOAsmee BO Bce MaccuBl alil (cy-
IECTBYET TAKOE X, YTO JAJsA BCAKOro i m3 1..n mauaéres j ua 1..m, s
koroporo ali] [j] = x). Hauttu oano us Takux 4wmcen x.

Pemenne. Beeném maccus b[1] ...b[n], ormevaromumu HavYamo «ocTaro-
mencs yactmy maccusos al[1],... a[n].

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

end;

eq := true;

for k := 2 to n do begin
| eq := eq and (al11[b[11] = alk][b[k11);

end;

{uHBapuaHT: oCTaBuMecA YacTM IepeceKawTCA, T.e. CYWeEeCTBYeT
Takoe X, 4To mnA Bcaxkoro i m3 [1..n] maumérca j m3 [1..m],
He Membmee b[i], mms xotoporo a[il[j] = x; eq <=> mepsmue
3IeMeHTH OCTABUMXCA JacTeld paBHHE}

while not eq do begin

s :=1; k := 1;

{als][b[s]] - mumumanbroe cpemm al[1][b[1]1]..alk][b[k]1]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]] - mmuumanvuoe cpemu al1][b[1]]..a[n][b[n]]1}
b [s] :=b [s] + 1;
for k := 2 to n do begin
| eq := eq and (al11[b[1]1] = alk][b[k11);
end;
end;

writeln (al[1][b[111); 0

1.2.26. IlpuBeaéunoe pereHue TpEALIAYINCH 3a4a49u TPeOyeT MopaIKa
mn? nesicteuit. IIpuayMaTh cnocod ¢ YUCIOM ACHCTBUM HOPAIKA M.

[Ykazauue. [Ipuaércst moxepTBOBATH CUMMETDUEH U BHIOPATH OAHY U3
CTPOK 33 OCHOBHYIO. [[BUTasCh O OCHOBHOU CTPOKE, MO ACPXKUBACM TAKOE
COOTHOIIIEHUE: BO BCEX OCTAJBHBIX CTPOKAX OTMEYEH MAKCUMAIBHBIN BJIe-
MEHT, He IPEBOCXOAAIIMN TEKYIIErO DIEMEHTa OCHOBHOU CTPOKM. | |

1.2.27. ([Isowunsi nouck) [lana nocregosareasrocts x[1] <... <x[n]
LEJIBIX YUCEd M YUCIO a. BBIACHUTB, COAEPKUTCA JU & B TOU IOCIEL0BA-
TEIBHOCTH, TO €CTb CYIIECTBYeT Jau i w3 1..n, aasa xoroporo x[i] = a.
(KosmuecTso gencTsui nopagka logn.)

Pemrenne. (IIpeamonaraem, aro n> 0.)

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

{r > 1, ecmnm a ectr BoO6me, To ecTh um cpemm x[1]..x[r-11}
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;

(O6parture BHUMaHUE, 4TO U B ciy4ae x[m] = a uHBapuaHT He Hapyma-
ercs.)

Kaxapm pas r — 1 yMEHBIIACTCS IPUMEPHO BABOE, OTKY /1A U BEITEKAET
TpebyemMasa OLEHKA, YUCAA [EUCTBUN. O

3ameuanue.

1+ (r-1)div2=(21+4 (r —1))div2=(r+1)div2.
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B srom 3a1a4e CymecTBEHHO, YTO MACCUB YIIOPAOYEH — IMOUCK B HEYTIO-
PALOYECHHOM MacCUBe TpeOyeT BpEeMeHH, IPOIOPINOHAIBLHOIO JINHE MACCU-
Ba. (UT06bl y6eauThCs, 9TO KAKOT0-TO YUCIA HET B MaCCUBE, HAL0 IPOCMO-
TPETHb BCE €r0O DJIEMEHTHI. )

1.2.28. (U3 xumru [.Tpuca) Umeercs maccus x: arrayl[l..n] of
array[1..m] of integer, ymopsgO4eHHEIN O CTPOKAM U IO CTOXOLAM:

x[i][j
x[i1[]

T <x[il[j+1]1,

1 <x[i+11[jl,

u qucjo a. Tpebyercs BeLACHUTD, BcTpedaeTcs jau a cpeau x [1] [].
Pemenwe. [Ipeacrannan cebe MacCuB X Kak MaTpuiy (IpAMOYTrOAbHUK,

BATOJHEHHBIN YUCJIAMHA), Mbl BHIOEPEM IPAMOYTOJBHUK, B KOTOPOM TOJBKO

¥ MOXET COIepXaThed a, u OyaeM ero cyxarh. [Ipamoyronsuuk sToT OyaeT

comepxkath x[11[jlmpn 1 <i<luk<j<m

1 k m

(mOmyCKaTCA MyCTHIE IPAMOYTOABHUKY Ipu 1 =0 m k =m + 1).

l:=n; k:=1;

{1>=0, k<=m+1, ecmm a ecTB, TO B ONMCAHHOM IPAMOYTOILHUKe}

while (1 > 0) and (k < m+1) and (x[1][k] <> a) do begin
if x[11[k] < a then begin

| k := k + 1; {memsmt cTonbem He comepXMT a, yHmamdeM ero}
end else begin {x[1]1[k]l > a}
| 1 := 1 - 1; {uuxHAa cTpoKa He COLEPXUT a, yIandeM ed}
end;
end;
a MM NPAMOYTONBHUK NYCT }

{x[1]1 [k]

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

3ameuanme. 3aech Ta ke ommbka: x[1] [k] MoxeT okasaTbCs Heompe-
penéunniM. (E€ ucnpapienue mpegocTaBiIseTCs YATATENO. ) O
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1.2.29. (MockoBcKkas omuMuata no nporpaMMuposanu) [lan HeyObI-
BAIOIIUY MAaCCHUB IOJOXATEIBHBIX Heablx uucea all] < a[2] <...<aln].
HanTu HaumMeHbImee menoe moM0KUTEILHOE YUCIO, HE TIPEACTABAMOE B BUIE
CYyMMBI HECKOJIBKUX DJIEMEHTOB TOI0 MACCUBA (KaXKABIM DJEMEHT MACCUBA
MOXKeT OBITH UCHOJB30BAH HE 60Jee OAHOrO pasa). Uuciao AeUCTBUN MOPSA-
Ka n.

Pemenue. [IycTs M3BECTHO, YTO YUCAA, TPEACTABUMBIE B BUAE CYyMMEI
anemenToB al[1],...,alk], sanomusioT oTpesok ot 1 g0 HekoToporo N. Ec-
au alk+1] > N+1, 7o N+1 u 6y 1eT MUHUMATHHBIM YUCJIOM, HE IPEACTABUMBIM
B Byje CyMMbl dinemeHToB Maccusa all]...al[n]. Ecim xe al[k+1] < N+1,
TO YUCJIA, IPEACTABUMEIE B BUJE CyMMHEI demeHToB al[1] ... alk+1], samosn-
HAIT 0Tpe30K oT 1 go N+al[k+1].

k :=0; N :=0;
{unBapmaHT: 4Mcna, mpeLCTaBUMHe B BUAE CYMMH SJIEMEHTOB
maccuBa a[l1]..al[k], 3amommawT orpesox 1..N}
while (k <> n) and (al[k+1] <= N+1) do begin
N := N + al[k+1];
k :=k + 1;
end;
{(k = n) umu (alk+1] > N+1); B obomx cmyvaax orseT N+1}
writeln (N+1);

(CuoBa TOT X*€ AedEKT: B yCJIOBUM LUKIA NPU JOXKHOM IIEPBOM yCIOBUU
BTOPOE HE OMPEEICHO. ) O

1.2.30. (/lna 3HAKOMBIX C OCHOBaMu aare6pel) B menovumciacHHOM MAac-
cuee a[1]...a[n] xpanurcs nepecranoBka uucen 1...n (kaxjgoe u3 ducen
BCTPEYAETCA IO OQHOMY Dasy).

(a) Ompegemuts 9érHOCTDL nepectanoBku. (M B (a), u B (6) xommaecTBO
[OEUCTBUM OPAIKA 71.)

(6) He uconbays Apyrux MacCUBOB, 3AMEHUTH IEPECTAHOBKY HA 06GPAT-
Hy1o (ecam 10 paboTh nporpaMmel alil = j, To mocae g0mxHO ObiTh alj] =
=1i).

[Ykaszanwue. (a) Y THOCTH IEpPECTAHOBKY OIIPEAEAAETCA KOMMIECTBOM {1
KJI0B. UTOOBI 0TIMYATE yKe NPOUJCHHEIE UKL, ¥ UX DIEMEHTOB MOXHO,
HanpuMep, MeHATH 3HaK. (6) Obparuenue TPOU3BOAUM 10 IUKJIAM. ] O

1.2.31. [lau maccus al1..n] u yucmo b. [lepecraBurs vucia B Maccuse
TaKUM 00Pa30M, YTOOHI CJIEBA OT HEKOTOPOU MPAHUIILL CTOSMIN YUACIA, MEHb-
e WM PaBHEIE b, a cIpaBa OT I'paHUIEL — O64JbINe Ui paBHEE b. Yucmao
IEUCTBUU MOPSATKA N.
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Pemenne.

1:=0; r:=n;

{uuBapuant: a[1]..a[ll<=b; al[r+1]..a[nl>=b}
while 1 <> r do begin

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

| 1:=141;
end else if a[r] >=b then begin
| r:=r-1;

end else begin {a[l+1]1>b; alrl<b}
.momenaTs a[l+1] u a[r]
1:=1+1; r:=r-1;
end;
end; 0

1.2.32. Ta xe 3agaga, HO TpeOyeTcCs, YTOOBl CHAYANIA IIUIUA BJEMEHTHI,
MeHbIIUE b, 3aTeM paBHEIE b, a Jub 3aTeM O60abIe b.

Pemernme. Teneps noTpebyoTcs TPU CPAHULEL JO0 [IEPBOM OyAyT UATH
DIEMEHTHI, MEHBINNE b, OT IEPBOU IO BTOPOM —— PABHBIC b, 3aTeM HEU3-
BECTHO KaKue 10 TPeTbeH, a mocae Tperben — Odabmme b. (Boree cum-
METPHUYHOE DelleHNe UCIOIB30BAI0 Obl YeThIpe IPAHUIBI, HO BPA [ JU UrPa
crout cBed.) B kadecTBe 0UEpPEqHOrO PACCMATPUBAEMOrO 3JIEMEHTa Gepém
DIEMEHT CIPABa OT CPEIHEN CPAHUIIELL.

1:=0; m:=0; r:=n;
{unBapmwanT: a[l..1]1<b; a[l+1l..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
.06MeHATE a[m+1] m alr]
r:=r-1;
end else begin {a[m+1]<b}
..o6MenaTe alm+l] m a[l+1]
1:=1+1; m:=m+1;
end;
end; OJ

1.2.33. (BapuanT npegbiayen 3a4a4u, HA3BAHHLIA B KHUre [|eUKCTPEL
3azaven o roaaangckoM ¢guare.) B maccuse guumHBl n cTOAT Ymcaa 0, 1 u 2.
[lepecTaBuTs UX B NOPAIKE BO3PACTAHUSA, €CJIU ¢IUHCTBEHHOU PA3PEIIEHHON
onepauuen (DOMAMO YTEHUA) HAJ MACCUBOM ABIACTCA NEPECTAHOBKA, ABYX
2JeMEHTOB. UuCiI0 JeUCTBUU MOPSAIKA N. O

1.3. Andyxmuenvie gynxyuu (no A. I'. Kywnupenxo) 37

1.2.34. [laun maccuB al1l..n] u umnciao m < n. /s kax0ro y4acTka us
I CTOSMIIUX DPSAJOM WICHOB (TAKUX YYACTKOB, OYEBUAHO, n — m + 1) BRIYU-
cauThb ero cymmy. O6Imee 9ucio IeUCTBUAU JOMKHO OBITH MOPAIKA N.

Pemrenwme. Ilepexons oT ydacTka K coceaHeMy, MBI JOOaB/IAEM OLUH
YIEH, a JPYTOU BHIYUTAEM. g

1.2.35. [lana xBaapaTHas Tabmmma all..n][1..n] u guciao m < n. Mas
KaX/I0r0 KBaApaTam X m B 3TOU TAOAUIE BEYUCIUTE CyMMY CTOAIMX B HEM
umcen. Obmee 4uCIo AeHCTBUN TOPALKA n2.

Pemenne. Crauana Qs KaXXA0r0 TOPU3OHTAILHOIO MPAMOYTOJBHUKA
pazMepoM m X 1 Bbraucasem cymmy crosimmx B HEM uuncen. ([Ipu casure
TaKOIr'0 IIPAMOYT OJBHUKA 110 TOPU30OHTAMM HA 1 HyKHO 100aBUTH OLHO YU-
CJI0 ¥ OJHO BEIYECTH.) 3aTEM, UCIOML3YSA DTU CYMMEI, BEIYUCASAEM CYMMEL
B kBagparax. (Ilpu casure xkBagpaTa mo BepTUKaAMM JOOABIACTCA IOJOCKA,
a Apyras moJoCKa y6aBiaeTCs.) O

1.2.36. B maccuse al[1]...al[n] BcTpevaroTcsa 0 OAHOMY pasy BCE Iie-
abie dncia ot O 10 n, KpoMe 0AHOro. HauTu mponyImesHoe 9ucio 3a Bpems
MOPAAKA N ¥ C KOHCYHOU JOMOJHUTENBHON HaMATHIO.

[yKHBa,HI/Ie. Cl10XuUTEL BCE YMCIa B Maccmse.] Il

1.3. UnpykTtueHble dpyHkuun (no A.T. KywHuperko)

IIycTe M — HexkoTopoe MuOkecTBO. PyHKIUs f, apryMeHTaMu KOTOpOu
ABJIAIOTCA TOCICIOBATEILHOCTY 3JEMEHTOB MHOXECTBA M, a 3HAYCHUAMY —
BJIEMEHTHEl HEKOTOPOTO MHOXECTBA N, HA3BIBACTCA undykmuenol, eciu eé
3HadeHue Ha nociaegoBareabHocTy x[1] ...x[n] MOXHO BOCCTaHOBUTH IO
eé sHaveHuro Ha mocuaenoBaTeapHocTu x[1]...x[n-1] u mo x[n], To ectn
ecau cymecTByeT ¢yukima F: N x M — N, 111 KoTopou

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

Hanpuwmep, pyHxnus sum (CyMMa BCEX YICHOB IOCJIEL0BATEILHOCTH ) UH-
OYKTUBHA, IOCKOJIBKY OYEPEIHON 4IeH IOCAe0BATeIbHOCTY IPUOABIACTCA
K eé cyMmMme:

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

[pyron mpuMep MHIYKTUBHOM (DYHKINYM — [JIMHA MOCIELOBATEILHOCTH.
B srom ciygae F(n,m) =n + 1.
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Hanporus, cpennee apudmMeTudeckoe He ABIACTCA UHIYKTUBHOU (hyHK-
LWEN: eCIX MBI 3HAEM CpefHee apudMeTHIeCKOE HEKOTOPOU HOCIEJOBATEIb-
HOCTH, HO HE 3HAEM €€ [IMHEI, TO HE MOXEM IPEeNCKa3aTb, KAKAM CTa-
HET CpeaHee apudMEeTUIeCKOe IOCIE JONUCHIBAHUA HEKOTOPOro (M3BECTHO-
ro HaM) YHCJA.

CxeMa airopuTMa BEIYUC/ICHUS WHAYKTUBHOU (DYHKIWML:

k :=0; £ := £0;

{unBapmanT: f - 3HaveHue d¢ymkmmum Ha <x[1],...,x[k]>}
while k<>n do begin

k :=k + 1;

£ :=F (£, x[k]);
end;

3mecs £0 — 3HavYeHue (PYHKUIUN HA MyCTOU MOCICAOBATENLHOCTH (IO-
caepoBaTensHocTy Auusbl 0). Ecim gynkuua f ompenencHa TOILKO HA He-
MyCTBIX IMOCICAOBATECABHOCTAX, TO NEPBAsA CTPOKA 3AMECHACTCA HA

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

Ecnu ¢pyukuus f He ABAAETCS UHAYKTUBHOU, HOJIE3HO UCKATH €6 undyk-
MUBHOE PACUWUPEHUE — TAKYIO0 MHAYKTUBHYIO (QPYHKIINIO g, 3HAYCHUSA KOTO-
pPOU OIpEJeJsSIOT 3HAYeHUs f (Z-)TO 3HAYUT, YTO CYyHIECTBYeT Takas (YyHK-
s t, ITO

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

npu Beex (x[1]...x[n])). MoxHO nOKa3aTh, YTO CpeAM BCEX UHIYKTUB-
HBIX DPACIIMPEHUU CyIMIECTBYET MUHUMAJILHOE pacumpenue F (MuHUMAID-
HOCTBH O3HA4aeT, 9TO A4 100010 UHAYKTUBHOI'O PACIINDCHUA g 3HadeHus F
ONPENCNAITCA 3HAYCHUAMY ).

1.3.1. YkaszaTb MHAYKTUBHEIE PACIIMPEHUS N1 CACAYIOUMX (PYyHKIMA:

(a) cpeanee apudMETHIECKOE MOCJIEAOBATEAHLHOCTY BEIICCTBEHHEIX M-
ceu;

(6) 9MCII0 DJIEMEHTOB OCJIEA0BATEILHOCTY LEIBIX YUCE], DABHBIX €€ MaK-
CHMAJIBHOMY JJIEMEHTY;

(B) BTOpOM IO BeJMYMHE DJIEMEHT IOCIENOBATEALHOCTH LEIBIX YUCEI
(ToT, KOTOpPHI GyAET BTOPHIM, €CJIU [EPECTABATH WIEHE B HEYGLIBAIOLIEM
OpAAKE);

(r) MaKCUMAJIBHOE YUC/IO UAYIIUX MOAPSA] OJANHAKOBBIX DJIEMEHTOB;

(1) MakcMMaJBbHAA IJIMHA MOHOTOHHOIO (HEyORIBAIOIIErO WM HEBO3DA-
CTAIOIMIEr0) yYaCTKa U3 UAYIIUX TOAPAL DJIEMEHTOB B HOCICN0BATEALHOCTH
LEJIBIX YUCET;
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(e) 9ucao rpynn U3 eQUHUL, PA3AEHCHHBIX HyIAME (B IOCJIEI0BATEIHLHO-
CTU HyJIEH U €IUHULI).

Pemenue.

(a) (cymMma BCEX WIECHOB MOCIEAOBATEALHOCTY; JIJIVHA);

(6) (umCI0 IEMEHTOB, PABHBIX MAKCUMAIBLHOMY; 3HAYEHUE MAKCAMAJIb-
HOT'O0);

(B) (HamboapImmil DJEMEHT HOCIENOBATEABHOCTH; BTOPOM [0 BEIMYUHE
DIIEMEHT);

(r) (MaxCuMaIbHOE YUCJIO UAYIIUX MOAPA] OJUHAKOBBIX DJICMEHTOB; Y-
CJI0 MAYIUX MOAPA] OAUHAKOBEIX DIEMEHTOB B KOHIE ITOCIEI0BATEILHOCTY;
HOCJEJHAN DIEMEHT OCIE0BATEILHOCTH);

(m) (MakcuManbHAsA AJIMHA MOHOTOHHOI'O yYACTKA; MAKCUMAJBHAA M-
Ha HEYORIBAIOIIErO YYACTKA B KOHIE IOCIEI0BATEIBHOCTH; MAKCUMAILHAS
[UIMHA HEBO3PACTAIOIIEr0 yYACTKA B KOHIE IOCJACA0BATEILHOCTH; MOCAE-
HUI 9WIEH MOCIEN0BATEILHOCTH);

(e) (dqmca0 rpyNn U3 eIMHUL, TOCTEAHAN WICH). O

1.3.2. (Coobumn [I.B.Bapcanodres) [Janbl gBe MOCI€I0BATEIBHOCTH
meabix yncen x[1] ... x[n] uw y[1] ...y [k]. Beisncuurs, spisercs au Bropas
[IOCJIEJOBATEIBHOCTD MO AMOCIEJOBATEILHOCTHIO IIEPBOU, TO €CTh MOXKHO JIH
13 NEePBOU BLIYEPKHYTH HEKOTOPBIE WIEHBl TaK, YTOOBI OCTANACH BTOPASL.
Yucio mercTBUM MOPAIKA 0 + K.

Pemenme. BapuauT 1. Bygem cBoauTh 33434y K 3a1a49€ MEHBINErO Pa3-
Mepa.

nl:=n;
kil:=k;
{unBapmanT: McKoMHE oTBeT <=> Bo3MoxHoCcTh 3 x[1]..x[n1]
momyuure y[1]..y[k1]l }
while (n1 > 0) and (k1 > 0) do begin
if x[n1] = y[k1] then begin
nl :=nl - 1;
ki := k1 - 1;
end else begin
| nl :=nl - 1;
end;
end;
{nl = 0 umn k1 = 0; ecmu k1 = 0, To oTBeT - ma, ecmum ki<>0
(x n1 = 0), To oTBeT - HeT}
answer := (k1 = 0);

Msr1 ucnonp3oBanu To, 4To ecau x [n1] =y[k1] my[1]...y[k1] — moa-
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nmocaenoBaTeasbHocTh x[1] ... x[n1], To y[1] ...y [k1-1] — moxgmocaenosa-
TenapHOCTh x[1] ... x[n1-1].

Bapuant 2. @ynxnus (x[1] ...x[n1]) — [MakcumanbHOe kK1, 1151 KOTO-
poro y[1]...y[k1] ects nmoamocaenoBarensrocts x[1] ...x[n1]] unayk-
THUBHA. U

1.3.3. [laumwmi aBe mocrepoBaremsHoctu x[1]...x[n] u y[1]...y[k]
neaplx yucea. HanTu MaKCHUMAILHYIO NJIMHY IIOCACIOBATEALHOCTH, SABJIsA-
IOIIEUCA TOANOCIE[OBATEIBHOCTRIO 00X mocjaenoBaTeapaocTen. Konnge-
CTBO OMEpPAIUy MOPALKA 1 - K.

Pemenue (coobmeno M. H.Bannusaurom, A. M. Tumentmanom). O6o-
3HauuM 4epes f(p,q) MAKCUMAIBHYIO [IJIWHY OOIIEH MOAIIOC/EAOBATEALHO-
ctu nocaenosarensrocTen x[1] ... x[p] m y[1]...y[q]. Torma

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

(ITockoneky f(p — 1,9 — 1) + 1> £f(p,q — 1),f(p — 1,q), BO BTOPOM CJy-
9ae MAKCUMyM TPEX 9UCET MOXHO 3aMEHUTDH HA TpEThe u3 Hux.) IlosTomy
MOXHO 3AMOJHATH TAOANUIY 3HAYCHUN (PYHKIUU f, UMEIOIIYyIO pa3Mep n - k.
MoxHO 060UTUCH ¥ TAMATHIO HOPAAKA K (WIK n), ecM UHAYKTUBHO (IO p)
BoanciaTh (f(p,0),...,f(p,k)) (kak dyHkuus OT p 3TOT HAOOP UHAYK-
THBEH). O

1.3.4. (w3 xuuru [.Tpuca) [JaHa HOCAEAOBATEILHOCTH LEILIX HUCET
x[1],...,x[n]. HauTu MakCUMaJIbHYIO NJIMHY €€ BO3PACTAOIIEH IIOAIOCE-
JOBATEILHOCTHU (YUCIO AEUCTBUU NOpsaka n logn).

Pemenne. Vckomas dyHKIMA He MHAYKTUBHA, HO MMeEET CJIeAyIOIIee
MHIYKTUBHOE PACIIIPEHUE: B HEI'O BXOAAT INOMUMO MAKCUMAJILHOU [IJIMHEI
BO3PaCTAIOMICH [TOANOCICNOBATEIBHOCTY (0003HAYMM €& k) TAKXKe U IuCaa
ul1]l,...,ulk], rge uli] — MUHUMAILHBIN U3 NOCIEIHUX WIEHOB BO3PACTA-
OMUX TOATNOCTefoBaTeIbHOCTeN nmuabl i. Oderuano, ul1] < ... < ulk].
[Tpu gob6aBneHUE HOBOTO WIEHA B X 3HAYEHUS U U K KOPPEKTUPYIOTC.

nl :=1; k :=1; u[1] := x[1];
{unBapuanT: k ¥ U COOTBETCTBYWT IAHHOMY BHIle ONUCAHUD}
while n1 <> n do begin

nl :=nl + 1;

{i - Hambonmbmee u3 Tex umcen orpeska 1..k, mus
xoTtopux uli] < x[n1]; ecmm Takmx 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, u[i] < x[n1] <= u[i+1] }
| ul[i+1] := x[ni1];
end;
end;

PparMeHT ... UCNOIB3YET UACIO JBOMYHOI'O IIOMCKA; B UHBAPUAHTE YCJIOB-
HO mosiaraeM u[0] paBHEIM MuHyC OecKOHe4HOCTH, a ulk+1] — maroc Gec-
koueunoctu. Hama mens: uli] < x[n1] < uli+1].

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

s 1= i+ (j-i) div 2; {i < s < j}
if x[n1] <= u[s] then begin
| j = s;
end else begin {uls] < x[ni1l}
| i:= s;
end;
end;
{ulil < x[n1] <= u[jl, j-i = 1} L]

3ameganwe. Bonee npocroe (HO HE MUHUMAJBHOE) MHIYKTHUBHOE DAC-
[P EHUE MOMYUUTCA, €CIU I KAXKIOr0 1 XPAHUTHL MAKCUMAIBHYIO [IJIUHY
BO3PACTAONIEN IIOAMNOCIEI0BATEALHOCTH, OKaHYuBarwmencs Ha x[i]. Jro
pacIIMpeHue IPUBOAUT K AIFOPUTMY € UMCIOM JCHCTBUN mopsagka n?. EcTsb
U APYrOM K3SMHBIA AICOPUATM C KBAAPATUYHEIM BDEMEHEM pAaBOTH (Co-
06 M. B. Berorus): HaUTU MakCUMAIBHYIO OOLIYIO IOAMOCJIEIOBATEIb-
HOCTB UCXOJHOU MOCJIE0BATEILHOCTU U OTCOPTUPOBAHHON TOCJIEI0BATEIb-
HOCTHU C MOMOIIBIO MPEALIAYINCH 33,1391,

1.3.5. Kaxue maMeHeHUs HYXHO BHECTU B DEIICHUE MPEALIAYINCH 3a-
Oa9W, €CJU HAJA0 UCKATh MAKCUMAIBHYK HEYOBIBAOILYIO MOCJEI0BATEIb-
HOCTB?! O



2. NOPOXAEHUE
KOMBUHATOPHbBIX
OB BEKTOB

3ech coOpaHbl 331341, B KOTOPLIX TPeOyeTCs MOJAyYnTh OJUH 33 APY-
TUM BCE DJIEMEHTHI HEKOTOPOT'O MHOXECTBA.

2.1. PasmeueHunsa c noBTopeHusmu

2.1.1. HamedaTaThb BCe MOCIEIOBATEILHOCTH IJIVHEI K 13 yucea 1. .n.

Pemenwe. Bynem nevarars ux B JekcukorpaduieckoM nopsaike (mocmie-
AOBATCIBHOCTE a IIpeAmeCTBYEeT MOCACA0BATC/IBbHOCTHU b, eC/Iin IJis1 HEKOTO-
pPOr0 S X HAYAMLHEIE OTPE3KY [IJIUHBL S PABHEL, & (s+1)-BIM YWIEH TOIEH0-
BaTEaLHOCTH a MeHbiue). [lepsou Gy 1eT mocien0BaTeabHOCTE <1,1, ... ,1>,
MOCJACHEN — MOCJAeNOBATEILHOCTE <n,1, . ..,n>. Byrem XpanuTs mocaea-
HIOI0 HAIEYaTAHHYIO IOCIeOBATEILHOCTL B Maccuse x[1]. .x[k].

...x[1]...x[k] momoxure paBHEME 1
. ..HalleyaTaTb X
...last[1]...last[k] momoxuTe paBHEM n
{nanevaTann Bce N0 X BKINYMTENBHO}
while x <> last do begin
.X != cIefywlladg 3a X NOCIeNOBaTEIBLHOCTH
...HaeyaTaTb X
end;

Ormuiem, Kak MOXKHO TIEPEUTH OT X K CICAYIOMIEU MOCICI0BATEILHOCTH.
CoracHO OmpeeseHnIo, ¥ CJIeAYIOMEN IOCAeJOBATEILHOCTU IEPBHIE S ie-
HOB [OJ/KHBI OBITE TAKUMU XK€, a (s+1)-bmu — Gosbine. ITO BO3MOXKHO, €C-
Ju x[s+1] menbue n. Cpegu Takux S HYXHO BHIOpAaTh HauboJblnee (MHAYE
MONYYEHHAA NOCIENOBATEILHOCTE He Y 1eT HEMOCPENCTBEHHO CJACAYIOIEH ).

2.2. Ilepecmanosku 43

CoorBercrByiomee x[s+1] myxHO yBeamunts Ha 1. UTak, nano, asurasco
C KOHI[3 IOCJIEA0BATEILHOCTH, HAUTYU CAMBIM NIPABBLIN WIEH, MEHbIINY n (OH
HAUAETCA, T. K. 10 IPEAIONOKEHUIO X<>last), yBeIuduTh €ro Ha 1, a ugy-
€ 33 HUM YWIEHBI [TOJOXUATH PABHBIMU 1.

p:=k;

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

| p = p-1;

end;

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

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

for i := p+l to k do begin

| x[i]:=1;

end; ]

3ameqa1me. ECJII/I YICHAMHU IIOCJACI0BATCJIBHOCTU CIUTATH YUCIA HE OT 1
gon, a or 0 10 n-1, TO nepexo K CIeAyIOIeMy COOTBETCTBYeT mpubaBie-
HUIO €IUHULIEI B N-WUYHOU CUCTEME CUUCICHUS.

2.1.2. B npeanoxeHHOM aIrOPATME UCHOAB3YETCs CPABHEHUE IBYX Mac-
cuBoB (x <> last). YcTpaHuTb ero, 106aBuB OyJIEBCKYIO MNEPEMEHHYIO 1
¥ BKJIIOYUB B WHBAPUAHT COOTHOIICHUE

1 < nocreoBaTENBHOCTD X —— IOCJIENHAS. |

2.1.3. HameuaraTb BCe MOAMHOXECTBA MHOXecTBa {1...k}.

Pemenue. [lonMHOXECTBA HAXOAATCA BO B3aMMHO OJHO3HAYHOM COOT-
BETCTBUU C MOCJACIOBATEILHOCTAMYI HYJEU U €IVHULL IJUHBL K. U

2.1.4. HameyaTaThb BCE MOCTCIOBATEIHLHOCTU MOJOKUTEILHBIX IIEJIBIX
YUCEN IJIVHBL X, ¥ KOTOPBIX i-BIM WIEH HE MPEBOCXOAUT 1. g

2.2. [lepecTaHoBKU

2.2.1. HameuaTaTs BCe mepecTaHOBKM Yucen 1..n (TO €CTh MOCIEn0Ba-
TEJbHOCTU JJIUHEL I, B KOTOPHIE KaX 0€ U3 DTUX YUCEI BXOAUT IO OLHOMY

paay).

Pemenwme. Ilepecranosku Gyaem xpanuts B maccuse x[1]..x[n] u me-
4aTaTh B Jekcukorpaduyueckom mopsaxe. (Ilepeont mpu sToM Gyaer mepe-
craHoBka (12...n), mocaeanen — (n...21). [1a cocTaBIeHUs AIrOPUTMA
Iepexofa K CJAeYyIOer NepecTaHOBKe 3343 JUMCA BOIIPOCOM: B KAKOM CIy-
4ae k-bIll 4IEH EPECTAHOBKU MOXKHO YBEINYUTH, HE MEHss NPENBIIYIMX?
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OTBeT: eCiM OH MEHBINE KAKOTO-Mub0 U3 CICAYIOUMX 9ICHOB (T.€. YICHOB
¢ HoMepamu Ooubine k). MBl JO/KHEL HauTH HauboJbIIEE K, IPU KOTOPOM
9TO TaK, T.€. Takoe k, 4TO

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

IMocae sToro 3uadenue x[k] HYXHO YBEIMYUTHL MUHUMAILHEIM BO3MOX-
HEIM €OcOO0M, T.e. HauTu cpean x [k+1] . .x[n] maumensinee ducno, 6016~
mee ero. [lomenss x[k] ¢ HUM, OCTaéTCA PACIONOKUATEL YUCIA C HOMEPAMU
k+1..n Tak, YTOOHI [IEPECTAHOBKA OBLIA HAMMEHBINEW, T.€. B BO3PACTAIO-
IIEM HOPAKE. DTO O0MErYaeTCs TeM, 9TO OHU YKE PACIIOJIOXKEHE B YORIBA-
OIIEM TIOPSIKE.

AnropuT™ mepexoja K CIeYIOIIEH IepeCcTaHOBKE:

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

k:=n-1;

{nmocnerorarenbHocTs cmpaBa oT k y6uBawmas: x[k+1]>...>x[n]}
while x[k] > x[k+1] do begin

| ki=k-1;

end;

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

t:=k+1;

{t <=n, Bce umenm orpeska x[k+1] > ... > x[t] 6ompwe 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[nl}
o6MenaTes x[k] u x[t]

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

ImepecTaBUTh ydacTok x[k+1] x[n] B o6paTrHOM mopagke U

3ameuanwme. [IporpamMmma umeeT 3HaKOMBIN AedeKT: ecau t=n, TO x [t+1]
HE OIIPEJEJCHO.

2.3. lNoamHOXecTBa

2.3.1. Massanassbix nu k (k < n) nepevuucinTs Bee k-2I€MEHTHEIE IO~
MHOXECTBa MHOXecTBa {1..n}.

Pemenwe. Bynem npeacraBasaTh Kax q0e mMOAMHOXECTBO MOCIEI0BATEIb-
vocThi0 x[1]..x[n] Hynen u eguuul AIMHEL n, B KOTOPOU POBHO kK eau-
mun. ([Ipyrou coco6 npeacrasieHus paszbepém nosxe.) Takue nocuaenosa-
TEILHOCTY YIOPALOYUM JeKCUKorpadudecku (cM. Buime). OUeBnIHET CIO-
co0 perieHus 3a4a4u — epebupaTh BCe NOCIeJOBATEILHOCTH KaK PaHbIIe,
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a 3aTeM OTOMPATH CPeAu HUX Te, Y KOTOPHIX k eIuHUI] — MBI OTOpPOCHM,
CYMTAs €r0 HEIKOHOMUYHEIM (YUCJIO MOCIEIOBATEILHOCTEN ¢ K eqUHUIAMU
MOXeT ObITH MHOT'O MEHBIIE YUCJIa BCEX MOCAeI0BaTeIbHOCTEN). Bynem uc-
KaTb TAKOU AJICOPUTM, YTOOHI MOMYIEHUE 0UEPEIHON MOCIEI0BATEABHOCTH
TpeboBaso He Gosee C-n NEUCTBUN.

B xaxoM ciaydae s-bIi WIEH MOCJAEI0BATEILHOCTYA MOXHO YBEIUYUTD, HE
Menss npeasigymme? Fceau x[s] mensercs ¢ 0 ma 1, TO mas cOXpaHEHUs
O0IIEero YUCIa eJUHULl HYXKHO cupaBa oT x[s] 3amenuts 1 Ha 0. [us sTo-
ro Haja0, 9To0w crpasa oT x[s] eguuunsl 6puin. Eciu MBI XOTUM HepenTu
K HEIIOCPEACTBEHHO CleayiomeMy, 10 x[s] moumxen OBITL HEPBBIM CIPaBa
HYJEM, 32 KOTOPBIM CTOAT efuHunsl. Jlerko Bugers, 9ro x[s+1]1=1 (unaue
x[s] me nepsem). Takum 06pa3oM HANO UCKATHL HAMOOJBINEE S, AJIA KOTO-
poro x[s]1=0, x[s+1]=1:

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

3a x[s+1] MOryT uATH €mE HECKOIBKO CIUHUILL, a MOCJAE HUX HECKOJIBKO HY-
aen. 3amenuB x [s] Ha 1, Ha KO BEIOPATH UAYIIME 33 HUM WICHBI TAK, YTOOBL
[IOCJI€JOBATENBHOCTD OBLIA OBl MUHUMAJIBHA ¢ TOYKY 3PEHUAS HAIIEr'O MOPAI-
Ka, T.e. YTOOBI CHAYAIa LA HYJId, & IOTOM eauHuIEl. BoT uTo notyyaercs:

nepBas MoCIeI0BATEIbHOCTE: 0. .01. .1 (n-k Hysen, k equnun);
HOCAEHAA OCICNOBATEIBHOCTE: 1..10. .0 (k equnun, n-k Hymxen);

aaropuT™M mepexoga k cireayomen 3a x[1]..x[n] mociaenoBaTenbHOCTH
(mpegnosaraeM, 9TO OHA €CTh):

s :=n - 1;

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

end;

{s - umen, mommexaumi m3MeHeHwnw c 0 Ha 1}
num:=0;

for k := s to n do begin

| num := num + x[k];

end;

{num - wmcmo emumun ma yuactke x[s]...x[n], wucmo mymen
paBHo (mnuHa - uucno epmHmm), T.e. (n-s+1) - num}

x[s]:=1;

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

end;
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{ocramock moMecTuTr num-1 eguHMI B KoHIe}

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

| x[k]:=1;

end; O

[pyrou cmoco6 mpeacTaBIeHUs MOAMHOXECTB — HTO MEPEUNUCACHUE UX
»1eMeHTOB. UTOOH KaxX10€ MOAMHOXKECTBO UMEJIO POBHO OJHO MIPEACTABIE-
HUe, JOTOBOPUMCS NEPEUUCIATE SIEMEHTE B Bo3pacTaromeM nopsaake. [lpu-
XO[UM K TAKOU 3a1a4e.

2.3.2. llepeuncanTh BCE BO3PACTAIOIMINE MOCJACIOBATEALHOCTH JAJIUHBEL K
u3 uucen 1..n B Jexcuxorpaguyeckom mopsike. (IIpumep: mpu n=5, k=2
momydaem: 12 13 14 15 23 24 25 34 35 45.)

Pemenwe. MunnmansHoOn GygeT mOCIef0BATEILHOCTE (1 2. .. k); Makcn-
MaiabHOM — ((n-k+1) ... (n-1) n). B xakoM ciydae s-BIM WIEH IOC/IEN0BA-
TeJIbHOCTH MOXKHO yBeauuuTh? OTBeT: eciu oH MeHbIne n-k+s. Ilocre yBe-
JUYEHHUS S-TO DJIEMEHTA BCE CICAYIOUIME NOJKHBEI BO3PAcCTaTh ¢ marom 1.
IToryuaem Taxkol aIrOpUTM IEPEXOAa K CJACAYIOMEMY:

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

end;

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

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

2.3.3. IlycTe MBI pemmiy OpeacTaBAATL K-DJIEMEHTHEBIE IOAMHOXECTBA
MHOXeCTBA {1..n} yOBIBAIOIMME IOCIENOBATENLHOCTAMY IJIMHEL K, YIO-
PALOYEHHBIMYU MO-TpexHeMy Jdekcukorpacpudecku. ([Ipumep: 21 31 32 41
42 43 51 52 53 54.) Kak BHIIVLAAUT TOr4a AICOPUTM [IEPEXOAa K CIEAy-
omen?

OrBer. Umem nanbouasmee s, aas koroporo x[s+11+1 < x[s]. (Eciam
Takoro s Het, mosiaraem s=0.) Yeeawaus x [s+1] Ha 1, Ki1aaéM OCTAIBHEIE
MMHUMAIBHO BO3MOXHEIME (X [t]=k+1-t s t>s). O

2.3.4. PemuTh aBe mpebiaylIue 3a4a4M, 3aMEHUB JEKCUKOrpadude-
CKUM MOPAJIOK Ha OOpaTHHI (PaHBIIE MAYT TE, KOTOPHIE OOJBLINE B JECK-
CUKOTpahUIeCKOM TIOPAIKE). g

2.3.5. Ilepeunciuts Bce BIOXKeHUs (QYHKUUW, HEPEBOASLME DA3HLIE
DJIEMEHTHL B pasHule) MHOXecTBa {1..k} B {1..n} (mpeanomaraercs, 4To
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k < n). [lopoxaenue oUepeaHOro BIEMEHTa JOKHO TPeGOBaTH HE Goiee
C - k gencTBum.

[Ykazanue. JTa 334292 MOXKeT OBITH CBEAEHA K NEPEYUCJICHUIO OLMHO-
XKECTB U MEPECTAHOBOK DIEMEHTOB KaX I0r0 IOAMHOXKECTBA. | O

2.4. Pazbuenus

2.4.1. IlepeuncauTb BCe pas3bUEHUS LEJIOrO MOJOXKUTEALHOIO YUCIA N
HA LEIbIE TOJOXUTEIbHBIE ClaraeMble (pa3OueHus, OTIUYAOMUECs JUIIh
HOPAAKOM CJAAraeMBIX, CIUTATCA 3a 0AHO). (IIpumep: n=4, pasGuenus
1+1+1+41, 2+1+1, 242, 3+1, 4.)

Pewenne. [lorosopumcsa, uto (1) B pa3bueHusx ClaraeMele UAyT B HeE-
BO3PACTAIOMIEM NOPAAKE, (2) camMu pa3bueHus Mbl IEPEIUCIIEM B JEKCUKO-
rpadudeckom mnopsake. Pazbuenue xpanuM B Hadase Maccusa x[1] . .x[n],
[P DTOM KOJMYECTBO BXOIAIMAX B HEro 4mcen ob6ozuauuMm k. B Hagame
x[1]=...=x[n]=1, k=n, B kouue x[1]=n, k=1.

B xaxom caydae x[s] MOXHO yBeIMYuThH, HE MEHAA NPEABILYIIAX?
Bo-nepBrix, momxkHO ObITE Xx[s-11>x[s] mimm s=1. Bo-BTOpHIX, S [1OJIXK-
HO OLITH HE HOCJICIHUM JJIEMEHTOM (yBEINYCHUE S HAL0 KOMIECHCHPOBATH
YMEHBIICHUEM CIEIYIOMNX). YBEIUYUB S, BCE CJACAYIOIIME DIEMEHTH Hal0
B3ATh MUHUMAJILHO BO3MOXHEIMHU.

s =k - 1;

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

end;

{s - nmommexamee yBenuwyenuw craraemoe}
x [s] := x[s] + 1;

sum := 0Q;

for i := s+l to k do begin

| sum sum + x[i];

end;

{sum - cyvmMa umenom, cTogBumx mocme x[s]}

for i := 1 to sum-1 do begin

| x [s+i] := 1;

end;

k := s+sum-1; O

2.4.2. Ilpeacrapiss mo-mpexHeMy pasOueHus KaK HEBO3PACTAIOIINE [T0-
CIe0BATENBHOCTH, IEPEUYUCIUTE UX B MOPALKE, OOPATHOM JEKCUKOrpabu-
4ecKoMy (s n=4, HanmpuMep, JOJIKHO OLITh 4, 3+1, 2+2; 2+1+1, 1+1+1+1).
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[Ykazanue. YMEHBIIATH MOXKHO NEPBLIY CIPABA WIEH, HE PABHBLIN 1; HAll-
I ero, YMEHBIIMM Ha 1, a cJaeAyiomue BO3bMEM MAKCUMAJILHO BO3MOXKHEI-
MU (paBHBIME €My, IIOKa XBATAaeT CYMMEH], & HOCACIHUN — CKOIBKO OCTa-
HeTCs). ] O

2.4.3. llpeacrapisas pas3bueHus Kak HEyOBIBAIOIIUE ITOCICIOBATEILHO-
CTHU, MEPEYUCIUTh UX B JeKCUKOorpaduieckoMm mnopsagke. [Ipumep nisa n=4:
1+1+1+1, 14142, 143, 242, 4.

[Vkazanue. [locaequuy 49ieH yBEIMYUTDL HEABL3A, a MPEANOCICTHUN —
MOXKHO; €C/IA MOCJIE YBEeIUWYeHUs Ha 1 ImpenmocaefHero 4ieHa 3a CYET Io-
CJIeIHErO HAPYIINTCA BO3PACTAHUE, TO U3 JBYX YIEHOB HA IO CAEIATh OJAUH,
€C/IU HeT, TO NOCIENHUN YIeH HAJO0 PA30UTh HA CIATAEMble, PABHEIC IPEIbl-
AYLIEMY, 1 OCTATOK, HE MEHBIINN €ro.] g

2.4.4. Ilpeacrasisia pasbueHus Kak HEYyOLIBAIOIINE I1OC/IEIOBATEIBHO-
CTHU, MEPEYUCIUTL UX B MOPAAKe, 0OpaTHOM JeKcukorpadudeckomy. Ilpu-
Mep aas n=4: 4, 2+2, 1+3, 1+1+2, 1+1+1+1.

[Yxazanue. UTo0b1 seMeHT x[s] MOXHO OBLIO yMEHBIIUTL, HEOOXOAU-
MO, YTOORI =1 miam x[s-1]<x[s]. Eciau x [s] He mocaequun, TO 3TOro u go-
crarouno. Eciu on mocaexnuit, To HyxHO, uTo6H x[s-1] < [x[s1/2] wm
s=1. (3gecp |a] obo3HauaET Heryo YacThb a.)] O

2.5. Kogbl ['pes u aHanoru4Hbie 3aga4um

Nuorpa 6uIBaeT MOJE3HO NEPEUUCHATH OOBEKTHI B TAKOM MOPSAIKE, ITO-
OBl KAXJBIU CJACAYIOIMA MUHUMAJILHO OTIMYAICA OT MPEAbLAyInero. Pac-
CMOTPUM HECKOJIBKO 33734 TaKOr'o PoJa.

2.5.1. IlepeuyncanTs BCE MOCAENIOBATEILHOCTY [JIVHBEL N u3 yucesa 1..k
B TaKOM MOPsAAKe, 9TOOBI KaXK Aas CACAYIOMAsa OTINYANACH OT IPEIBIAYINen
B eJUHCTBEHHOU nudpe, npuuéM ue Goree, yeM Ha 1.

Pemenne. PaccmoTpuM npsaMOyroibHY0 JOCKY MIMPUHEL N U BBICOTHI K.
Ha xaxgon BepTukanu OygeT CTOATH MAIMKA. TakuMm 006pasoM, MOJIOXKEe-
HIA IIAIIEK COOTBETCTBYIOT MOCIEI0BATEALHOCTAM U3 YUCET 1. . K MJIMHEI 1
(s-BI WIEH MOCJIEOBATENLHOCTH COOTBETCTBYET BLICOTE INAIIKYA HA S-OU
BepTukaau). Ha Kaxgou mamke HAPUCyeM CTPEJIOYKY, KOTOPas MOXKET
OLITEH HAIIPABJCHA BBEPX WMJIN BHU3. BHaqa.ne BCE€ IIAIIKN TIOCTAaBUM HA HUX-
HIOI0 TOPU3OHTAIbL CTPEJOYKOU BBEpX. Jlajsee ABUraeM IMAIKU MO TAKOMY
NPaBUILY: HAUAA CAMYIO MPABYIO IIAIIKY, KOTOPYIO MOXHO IIOABAHYTH B Ha-
npaBienuy (HAPUCOBAHHOM Ha HEM) CTPEIKW, ABUTAEM €& Ha OHY KICTKY
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B DTOM HANPABJICHUM, 8 BCE CTOAIME MpaBee Heé mamku (OHU yIEpJauch
B Kpall) Pa3dBopaIuBaEeM Kpyrom.

ScHO, 9TO HA KAXK IOM IIare TOJIBKO OJHA INAIIKA CABUTACTCH, T.€. OQUH
WIEH MOCJAEN0BATEALHOCTH MeHseTCa Ha 1. [okaxkeM MHAyKOUEN mo n, 4To
MIPOXO0 AATCSA BCE MOcIeqoBaTenbHocTy u3 yucen 1. . k. Cayvyan n=1 odeBuieH.
Iycte n>1. Bece xogm mogemum Ha Te, rae ABUCACTCS MOCICAHSS IIAIIKA,
7 Te, DA ABUTACTCs HE HOCJenHsss. Bo BTopoM ciyuae mOC/HeIHss IIAIIKa
CTOUT y CTEHBI, ¥ MBI €6 TOBOPAYMBAEM, TAK UTO 33 KAXKIBIM XOA0M BTOPO-
ro Tumna ciegyer k-1 XoqoB mepBOro TWma, 3a BPEMs KOTOPBIX MOCJIETHSIA
mamka mobsIBaeT BO Beex KiaeTkax. Eciau Mbl Temephb 3abyaeM O mocJae[-
HEU TIAIKE, TO JBUXEHUA MEPBHIX N—1 MO MPEANON0KEHUIO UHIYKIIUA TTPO-
6eramT BCE MOCJIEJOBATEILHOCTY [JIWHBI n-1 IO OOHOMY Pa3y; ABUKEHUs
XK€ MOCACTHEN MANKYA U3 KaXKI0U MOCAEI0BATEILHOCTU JIMHEI n—1 NeJaoT
k mocaeoBaTEIbHOCTEN JJIUHEL 1.

B mporpamme, momuMo nocaeaoBaTeabHocTu x[1]..x[n], 6yaem xpa-
vuTh Maccus d[1]..d[n] us umcen +1 u -1 (+1 COOTBETCTBYET CTpEIKE
BBEPX, -1 — CTpEJIKE BHU3).

Hauansnoe cocrosame: x[1]=...=x[n]=1; d[1]=...=d[n]=1.

ITpuBeaém anrropuT™ Mepexoa K CJACIyIIMel MoCIeq0BATeIBHOCTY (O
HOBPEMEHHO BRISACHSIETCS, BO3MOXKEH JIM TIEPEXO]] — OTBET CTAHOBUTCS 3HA-
4geHueM OyJIeBCKOU IIEPEMEHHOU P).

{ecam MoxHO, cpemaTh mar ¥ NONOXUTH p := true, ecam Het,
momoxuTk p := false }
i := n;
while (i > 1) and
(((d[il=1) and (x[il=n)) or ((d[il=-1) and (x[il=1)))

do begin

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

p:=true;

x[i] := x[i] + 4[il;

for j := i+l to n do begin

| d[jl := - a[jl;

end;
end; O

3ameuanwe. /11 MOCIEIOBATEILHOCTEN HYJIEH U €IUHUL] BO3MOXHO APY-
roe peIleHue, UCIoIb3yomee ABonuHy cucteMmy. (AMeHHo OHO CBA3BIBa-
eTcs OOBIYHO ¢ HazBaHUeM «koaul ['pesy.)
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Sanumem noapag Bee yucaa or 0 go 2" — 1 B gowunon cucreme. Ha-
npuMep, LA N = 3 HAIUIIEM:

000 001 010 011 100 101 110 111

3areM Kax[oe W3 YUCe1 MOABEPrHEM MPeOoOpa3OBAHMIO, 3AMEHUB KaX VIO

mudpy, KpOME IEPBOU, Ha €¢ CyMMy C Opeasaymen uudpou (o Moayo 2).

WubiMu ciioBaMu, 9ucio ag, ds, - . - , G, IpeodpasyeM B a1, a; + as,as + as, . . .
3 Qp—1 + a, (cymma mo mogymo 2). duas n = 3 nomyuaum:

000 001 011 010 110 111 101 100

Jlerko mpoBepuUTh, YTO OHNUCAHHOE NPeoOpPa3OBaHUE YUCET 00PATUMO
(u TeM caMBIM JaéT BCe MOCACLOBATEILHOCTH IO OAHOMY pa3y). Kpome To-
0, JBOUYHBIE 3AMUCA COCEIHUX YUCET OTIMYAITCA 3aMenon kouma 011...1
Ha koHen 100...0, 9yTo — mocne mpeo6pa3OBaHUA — NPUBOAUT K U3MEHeE-
HUIO €UHCTBEHHOU IU(PHI.

Ilpumenenne xoga I'pes. IlycTb ecTh BpaIAmOMAACA OCb, ¥ MBI XOTUM
MOCTABUTHL NATYUK yrJa MOBOPOTa 3Tou ocu. Hacagum Ha ock Gapabaw,
BEIKDACUM TOJOBUHY OapabaHa B YEPHBIM I[BET, MOJOBUHY B OCIBIA U yCTa-
uoBuM orosnement. Ha ero Beixome Oyger B mosoBuHe cay4daeB 0, a B
nonoBuse 1 (T.e. MBI U3MEPAEM YUOJ «C TOYHOCTBIO 10 180»).

PaseépTka 6apabana:

0 1
[ T «— CkaCuTh OOKa

Crenas pAgOM APYTYIO AOPOXKKY U3 ABYX YEPHBIX U OEJIBIX 9aCTEU U MOo-
CTAaBUB BTOPOU (POTORIEMEHT, MOIYYA€M BO3MOXHOCTH U3MEPUTHL YrOJ C
TOYHOCTBIO 10 90°:

Caenas TpeTwIO,

00
00
01

(=
=)
oo R
—_0
O =
—

2.5. Kodw I'pes u ananocuunvie 3a0a4u ol

MEI U3MEPUM yI'OJI C TOYHOCTBIO 10 45° u T. 1. ITa uaes umeeT, O JHAKO, HE-
[JOCTATOK: B MOMEHT [I€PeCeYeHUs IPAHUI] CPA3Y HECKOIBKO (hOTOIEMEHTOB
MEHAIT CUTHAJ, U €CAU DTU U3MEHEHUS MPOU3OUAYT HE COBCEM OJHOBPE-
MEHHO, Ha KaKOEe-TO BPeMs ITOKa3aHUs (POTOJIEeMEHTOB OyAyT 6€CCMEICICH-
meiMu. Kogwl I'pes nossossior usbexars sTon omacuoctu. ChenaeM Tax,
‘-ITOGBI Ha KaXJOM IIare MEHAJOCH IIOKa3aHUE JINIIb OJHOIO CI)OTOSJIeMeHTa
(B TOM YmMCIE M HA TOCIEAHEM, IOCIE LEIOro 060poTa).

00001111
00111100
01100110

[ I
I N
[

Hanwucannas samu ¢dopMmy/a MO3BOAAET JIEIKO IPeoOpas’oBaTh LAHHBIC
0T (POTORIEMEHTOB B ABOUYHLIN KO YIVIA [IOBOPOTA.

3aMeTUM TaKXe, YTO MeOMETPUICCKH CYIIeCTBOBaHue koaa I'pes o3Ha-
YAeT HAMMYUE (CAMUILTOHOBA LUKJAY» B 7N-MEPHOM Kybe (BO3MOXHOCTHL
0o6OUTH BCe BEPHIMHEI Ky0a [0 Pasy, ABUCAACH MO PEOPaM, M BEPHYTHCA
B UCXOJHYIO BEPIIUHY ).

2.5.2. HameuyaraThb Bce mepecTaHOBKU 4ucest 1..n Tak, YTOOH KAXAasA
CJEAYIONIAs TIONYYANACh U3 IPELIIYIIEN IePeCTAHOBKON (TPAHCIO3UIMEN )
OBYX cocenHux 4ucen. Hampumep, npu n=3 IOMyCTUM TAKOU MOP:LOK:

3.21 —-»23.1—-2.13—-123—1.32—312
(Mex 1y mepecTaBIAeMBEIMEA YUCAAMY BCTABJICHBL TOUKH).

Pemenne. Hapsny ¢ MHOXECTBOM EPECTAHOBOK PACCMOTPUM MHOXKE-
cTBO mocaegoBaTeabHocTer y[1]..y[n] mennlx HEOTPULIATEILHBIX YUCEl,
o xkoropeix y[1]1 <0, ..., y[n] <n-1. B HéM CTOJBKO XK€ BJIEMEHTOB,
CKOJIbKO B MHOXECTBE BCEX [IEPECTAHOBOK, M MBI CEMYAC YCTAHOBUM MEXIY
HUMY B3aMMHO OJHO3HAYHOE COOTBEeTCTBUE. VIMEHHO, KK 10U IepeCTaAHOBKE
[IOCTaBUM B COOTBeTCTBHUE mociaegoBarenbHocts y[1]..y[n], rae y[i]l —
KOJIXYECTBO YUCEJ, MEHBIINX i U CTOAIMUX JEBee 1 B DTOM IEPECTAHOBKE.
Bzaumuas 0JHO3HAYHOCTHL BEITEKAET M3 TAKOro 3amedanus. [lepecrtanos-
Ka 4uces 1..n moaydaeTcsa U3 mepecTaHoBku umcea 1..n-1 gobaBieHueM
4pCIa n, KOTOPOe MOXKHO BCTABUTH Ha Jr06oe u3 n mect. [Ipu sToM k como-
CTABJAEMOU C HEU MOCIEIOBATEILHOCTU NO0ABIACTCA €IIE OJUH JICH, TPU-
HUMAOUWK 3HaYeHus oT 0 g0 n-1, a HpesBlAyIMe WIEHBl HE MEHSIOTCH.
IIpm sTOM OKa3BIBaETCS, YTO U3MEHEHUE HA €JUHUILY OJHOI0 U3 YICHOB IT0-
CJIeJOBATEIBHOCTH § COOTBETCTBYET TPAHCIO3UINU NBYX COCEJHUX HUUCEI,
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€CJIU BCE CIEAYIOMNE YACIa MOCIEI0BATEIBHOCTH ¥ TPUHUMAKT MAKCUMAb-
HO WM MUHMMAJBLHO BO3MOXKHBIEC IS HUX 3Ha4YeHUs. VIMEHHO, yBeludeHue
y[i] Ha 1 COOTBETCTBYET TPAHCHO3UIUM YUCIA 1 C €r0 MPABEIM COCEIOM,
a YMEHBIIICHUE — C JIEBBIM.

Tenepb BCIOMHUM PEIIEHUE 330a49U O MEPEYUCICHUU BCEX MOCJIEIOBA-
TEIBHOCTEN, HA, KAXKAOM IIare KOTOPOrO OJWH WIEH MEHACTCA HA €IUHUILY.
3aMeHUB MPAMOYTOJIBHYI AOCKY AOCKOU B (hOPME JIECTHULEL (BEICOTA i-O1
BEPTUKAIM DABHA 1) M ABUras IIAINKYU [0 TEM € NPABAJIAM, MEI I€DEIU-
CJIUM BCE HOCAEIOBATEALHOCTH Y, IPUYEM i-bIi WIEeH OyAeT MEHATHCA KAK
pPa3 TOJBKO €CIU BCE CJACAYIOIIME IIAIKYA CTOAT y Kpasd. Hano emé ymers
MapaIeTbHO C U3BMEHEHUEM ¥ KOPPEKTUPOBATE MEPECTAHOBKY . O4eBu MHBEIN
cnoco6 TpefyeT OTHICKAHUA B HEU YUCIA 1; 3TO MOXKHO OOJErYUTDH, €CIU
MOMUMO CAMOU MEPECTAHOBKU XPAHUTE (DYHKIIUIO

i+ mo3unusa 4Yucaa i B mepecTaHOBKE,

T.e. 00paTHOE K IIEpECTAHOBKE OTOOpakeHue, ¥ COOTBETCTBYIOMUM 00Opa-
30M eé KOppekTupoBaTh. BoT Kakas mosydyaeTcs nporpamma;

program test;
const n=...;
var
x: array [1..n] of 1..n; {mepecramoBka}
inv_x: array [1..n] of 1..n; {o6paTHas mepectanoBka}
y: array [1..n] of integer; {y[i] < i}
d: array [1..n] of -1..1; {manpaBmenus}
b: boolean;

procedure print_x;

| var i: integer;

begin
for i:=1 to n do begin
| write (x[i]l, °’ ?);
end;
writeln;

end;

procedure set_first;{mepmasa: y[i]=0 mpm Bcex i}
| var i : integer;

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

y[il:=0;

2.5. Kodw I'pes u ananocuunvie 3a0a4u 23

| 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[i]=1) and (y[i]=i-1)) or
((d[il=-1) and (y[il=0))) do begin

i = i-1;
end;
done := (i>1); {ympomesue: mepBHM UIeH Hemb34 MeHATH}
if done then begin
y[i]l := y[il+d[il;
for j := i+l to n do begin
| dljl := -d[j1;
end;
posl := inv_x[il;
vall := i;
pos2 := posl + d[il;
val2 := x[pos2];

{pos1l, pos2 - HoMepa mepecTaBIAEMHX >SIEMEHTOB;
vall, val2 - ux 3Havemma; val2 < valil}

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;

{HamevaTaHH Bce IepecTaHOBKH KO Texymeﬁ BKIWYATEIBHO ;
ecau b IOXHO, TO Tekymas - IOCIeFHAA}Y

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

end;

end. O
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2.6. Heckonbko 3amevaHum

ITocmoTpum emé pa3 Ha UCHONB30BAHHBIE HAMU IMpPUEMEL. BHagane ypa-
BaJOCh PEIIUTH 334a4y MO TAKOU CXEME: ONMPEAeNsAeM IMOPAJOK HA IMOMJe-
JKAIUX TIEPEUNCICHN0 00BEKTAX U IBHO OMUCHIBAEM IPOLEAYPY IEPexona
OT JAHHOTO OOBEKTA K CJCAyHoImeMy (B CMBICAE 3TOTO MOpALKa). B 3anade
o xozax I'pes moTpe6oBaAIOCE XPAHUTE, IOMUMO TEKYIIEro OOBEKTA, U HEKO-
TOPYIO JONOMHUTEJIBHYIO uHpOpManuio (HanpasiaeHus CTpeaok). Hakowern,
B 33a49€ O EPEIUCACHUN IEPECTAHOBOK (HA KaXKAOM IIare JOIMyCTUMA OfHA
TPAHCIIO3ULUA) MBI IPUMEHWINA TAKOU NMPUEM: YCTAHOBWIM B3AMMHO OJHO-
3HAYHOE COOTBETCTBUE MEX Iy ITEPEINCAIEMBIM MHOXKECTBOM U APYTHUM, 60-
Jiee IPOCTO YCTPOECHHBIM. TakuX COOTBETCTBUU B KOMOUHATOPHUKE U3BECTHO
MHOrO. MBI mpuBeaéM HECKOJIBKO 3334, CBS3AHHBIX C TaK HA3BLIBAEMBIMU
«aucnamu Karananan.

2.6.1. IlepeuncanTs BCE MOCACIOBATENHLHOCTHY JJIUHEL 2N, COCTABICHHBIC
W3 N €eIVHUIl ¥ I MUHYC €IWHUII, ¥ KOTOPBIX CyMMa JIOOOT0 HAYAJIBHOI'O OT-
pe3Ka HEOTPUILATENbHA, T.€. YUCJI0 MUAHYC €JUHUI] B HEM HE IMPEBOCXOIUT
yucaa eguaun. (Uucao Takux mocie10BaTeIbHOCTEN HA3BIBAOT wucaom Ka-
maaana; opmyay mua uucea Katanana cM. B CaefyomeM paserne. )

Pemenmne. N3o6paxasn equuuiy BektopoM (1,1), a MUHYC eIUHNLY BEK-
TopoM (1,-1), MOXHO CKa3aTh, YTO MEI uieM IyTu u3 To4yku (0,0) B TOU-
Ky (n,0), HEe ONYCKAIOIIMECs HUXKE OCH abCLUCC.

Byngem nmepeuncisTh HOCI€I0BATENHHOCTH B JIEKCUKOIPAMUUIECKOM II0-
psaake, cauras, 94To -1 mpemmecTyer 1. IlepBou mocien0BATEIBLHOCTHIO
OymeT «mmiay

Kax mepenTu or mociemnoBaTensHOCTH K caegywoomen? [lo HexoToporo
MECTa OHU JOJKHBI COBHAAATE, & 3aTeM Ha A0 3aMeHuThb -1 Ha 1. MecTo 3a-
MEHBI JO/KHO OBITH PACIOIOXKEHO KaK MOXHO pasee. Ho samenaTs -1 Ha 1
MOXKHO TOJBKO B TOM CJIy4ae, €CIU CIPaBa OT Heé eCThb eauHuna (KOTOPYIO
MOXHO 3amMeHuTh Ha —1). [locae 3amMensr -1 Ha 1 MBI IPUXOAUM K TAKOH 34~
nade: (pUKCUPOBAH HAYANBHEIU KyCOK MTOCJAEI0BATEILHOCTH, HA 10 HAUTY MU-
HUMaJbHOE npojomkenue. E¢ pelenue: Hano npunuckBaTh —1, ecau 9To He
HapPYIIUT YCJIOBUA HEOTPUIATEIHLHOCTH, & HHAYE NpunucHBaTh 1. [lonyydaem

2.6. Hecxoavko 3ameuanuii 55
TaKyI0 IPOrpaMMYy:

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

procedure get_next (var a: array2n; var last: Boolean);
{8 a moMemaeTcsa cmexywmas mocrefoBaTeIBHOCTH, €CIH}
{ona ects (mpm sTomM last:=false), mnHade last:=true}
var k, i, sum: integer;
begin
k:=2%n;

{uuBapuant: B alk+l..2n] Tompko MUHyC eIWHMIE}
while alk] = -1 do begin k:=k-1; end;

{k - makcumanpHOe cpemm Tex, mua xkoropux alk]=1}
while (k>0) and (alk] = 1) do begin k:=k-1; end;
{a[k] - camas mpaBas -1, 3a kKoTopol ecTb 1;

ecmM Takux HeT, To k=0}

if k = 0 then begin

| last := true;

end else begin

last := false;

i:=0; sum:=0;

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

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

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

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

k:=k+1;

if sum > O then begin

| alk] :=-1

end else begin

| alk] :=1;

end;

sum:= sum+alk];

end;

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

end;

end; O

2.6.2. IlepeuucauThb Bce paCCTAHOBKU CKOOOK B IPOU3BEJEHUU N COMHO-
xuTenen. [Iopsagok COMHOXUTENEH HE MEHACTCS, CKOOKY MOJIHOCTBIO OIpe-
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eS0T mOopsAAoK aeucteuu. Hampumep, nas n=4 ecTs 5 pacCTaHOBOK:

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

[Yxazanue. Kax oMy mopsixky OeACTBAR COOTBETCTBYET IOCJEAOBA-
TEJIBHOCTH KOMaH[ CTEKOBOI'O KAJIbKYJIATOPA, OMUCAHHOIO Ha C. 143.] O

2.6.3. Ha oxpyxHOCTHU 331aHO 2n TOYEK, IPOHYMEPOBAHHEIX OT 1 10 2n.
[TepeuncanTsb Bee crrocoOBI IPOBECTU N HETIEPECEKAIOIIUXCA XOPA € BEpIIU-
HaMU B dTUX TOYKAX. g

2.6.4. Ilepeuncants BCe COOCOOBI PA3pe3aTh N-yrOJIBHUK HA TPEYTOJdb-
HUKY, IPOBEA N—-2 €ro AUaroHAaJIN. g

(Mbl BepHEMCA K PA3PE3AHUI0 MHOTOYTOJBHUKA B PA3AeIe O AMHAMUYC-
CKOM IpOrpaMMupoBaHuu, ¢. 136.)

Emé oaun xiacc 3ajad HA NEPEUNCICHUE BCEX DICMEHTOB 3a4aHHOIO
MHOXECTBA MBI PACCMOTPUM HUXKE, O6CYXAaA METO TOUCKA C BO3BPATAMU
(backtracking).

2.7. lNoacyeT konnyecTs

Nuorga MOXHO HAUTU KOJIUYECTBO OOBEKTOB C TEM WJIU UHBIM CBOU-
cTBOM, He mepeuncaaa ux. Knaccuueckun npumep: CK — uucao seex k-ame-
MEHTHEIX MOAMHOXECTB 7-3JEMEHTHOT'O MHOXECTBA, — MOXKHO HAUTHU, 3a-
moJTHsAA TabauIy no GopMyaam

C0=cCr=1 (n>1)
Ck=ctlyck ., (n>1,0<k<n)

nm 10 ¢popMyie
ok — n!
Tkl (n—k)!
(Iepruiit cnioco6 adexTuBHEE, €CJH HAJO BEMUCIATE MHOrO 3HaveHnt CF )
IIpuBeném apyrue mpuMepsHl.

2.7.1. (Yucao pasbueHuy; IpeAIaraIach Ha BCeCOI3HON OMUMITUALe 110
nporpamMupoBanuo 1988 roxa) Ilycte P(n) — uucio pazbueHuu weaoro
[IOJIOXUTEIBHOI'O N HA LIEJIbIe MOJOXKUTEAbHBIE ciaraeMule (6e3 yuéra mo-
pagka, 1+2 u 2+ 1 — oguo u 1o xe pasbuenue). IIpu n = 0 nonoxum
P(n) =1 (eguuCTBeHHOE pa3bueHUE HE COAEPKUT caaraeMux). [loctpouts
ICOPUTM BBIYUCIeHUs P(n) mis 3a1aHHOIO 7.

2.7. IIodcuém woauuwecme 57

Pewenne. MOXHO [10Ka3aTh (3TO HETPUBUAILHO) TAKYIO (POPMYJLy OJs
P(n):

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

(3HAaKM y map WJICHOB YEPENYIOTCA, BRIMUTACMLIC B OJHOU IIAPE PABHEI
(3¢ — q)/2 u (3¢*> + q)/2; cymma komeuna — wmul cauTaeM, uto P(k) =0
npu k < 0).

Omnaxo u 6e3 €¢ MCHOIb30BAHUA MOXKHO TPUAYMATL CIOCO0 BEIMUCIE-
Husa P(n), KOTOpEIM CymecTBeHHO dddeKTUBHEE Iepe6opa U MoACIETa BCeX
pasbueHun.

O6osnaaum uepes R(n, k) (mas n > 0, k > 0) ducao pasbuenuir n HA 1e-
JIBIE TIOJIOXUTEIbHBIE caaraeMeie, He npesocxoasmue k. (Ipu arom R(0, k)
cunraeM paBHbIM 1 gus Beex k > 0.) Ogesngno, P(n) = R(n,n). Bce pas6tu-
€HUA N HA CJAraeMele, He OPEBOCXOAANIME K, Pa300béM Ha I'DYNILL B 3aBU-
CHMOCTY OT MAKCUMAJIBHOI'O c1araeMoro (o6osuaduM ero ). Yucao R(n, k)
paBHO cymme (mo BceM ¢ 0T 1 10 k) KOIMYeCcTB pa3bUEHUN CO CJAaraeMbBIMU
He Oosbine kK ¥ MaKCUMAJILHBIM CIATa€MbIM, PABHBIM 4. A pas3bueHus n Ha
caaraemeie He 6omee k ¢ IePBLIM CJIAraeMbIM, PABHEIM §, IO CYMECTBY Npe.-
CTABJIAIT COOG0U PA3GUEHUA N — 4 HA CJIaraeMble, He IpeBocxoasmue ¢ (mpu
i < k). Tax uto

k
R(n, k) ZZR(n—i,i) opu k < n,
i=1

R(n,k) = R(n,n) opu k > n,
YTO NO3BOJACT 3ANOJHATE TAGIUILY 3HAYEHUN ByHKIMEA R. O

2.7.2. (CyacTiuBeie GUICTEHI; OpEIIAranach Ha BcecowsHou omumnua-
ne no nporpammvupoBanuio 1989 roga.) ocregosaTeasrnocTs u3 2n uudp
(xaxnas nuppa ot 0 10 9) HABBLIBAETCA CIACTIUBLIM OWIETOM, €CJIU CyMMa
[EepBHIX N Iudp paBHA cymMMe nocaesuux n nudp. Hantu gucio cyacTanBeix
[TOCJICIOBATEALHOCTEN HAHHON IJIVHEL.

Pemenne. (Coo0mmeno oqHUM U3 yYaCTHUKOB OJMMINA L K COXKAJICHUIO,
HEe MOT'Y yKa3aTh GaMWINI, TAaK KAK PA0OTHI MPOBEPAIACH 3amudpPOBAH-
ueiMu.) PacemoTpum Gosnee ofmiyro 3anady: HAUTH YUCIO HOCIEJOBATENb-
HOCTEH, I'Jie PA3HUIA MEXIYy CYMMOHU HEpPBHIX 1 mudp U CyMMOHU IOCIE.-
vux n uadp pasua k (k= -9n,...,9n). ldycte T(n,k) — 4ucao Takux
[TOCJICIOBATECALHOCTEN.

Pa306béM MHOXKECTBO TAKUX MTOCJAE0BATEILHOCTEN HA KIACCHI B 3aBUCH-
MOCTHU OT PA3HULEI MEX Iy IEPBOU U mocaenHen uudpamu. Eciu sTa pasau-
11a PaBHA ¢, TO PA3HULIA MEXAY CYMMaMU CPYII U3 OCTABIIUXCA N — 1 mudp
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paBsHa k — t. YauTeiBas, 9T0 nap uudp ¢ pasHocTeio ¢ 6eBaer 10 — |¢], mo-
Jay4daeM popMyLy

9
T(n,k)=>_ (10— [t)T(n -1,k —t).

t=—9

(HexkoTopsie ciaraeMble MOIyT OTCYTCTBOBATD, TAK KaK k — t MOXeT OBITh
CJIMIIKOM BEJIUKO.) O

B HEKOTOPBIX CIyYanx OTBET yAAETCA HOLYIUTh B BUAE ABHOU (POPMY.IEL.

2.7.3. loxasars, uTo unciao Karamana (KOIMIeCTBO MOCICAOBATEILHO-
CTe! IJIMHEL 27 W3 N €AVHALL ¥ 7. MUHYC €UHUIL, B JIOGOM HAIAILHOM OTDE3-
Ke KOTOPHIX HE MEHBINE eIWHUL], YeM MUHYC egunun) pasao C3 /(n + 1).

[Ykazanue. Yucao Karanana ects umcio gomanbrx, uxymux us (0,0)
B (2n,0) maramu (1,1) u (1,—1), He OMYCKAOMUXCsS B HUXKHIOK IOLYILIOC-
KOCTb, T.€. Da3HOCTb YUCJIA BCEX JOMAHBIX (KoTopoe ectb CF,) u 4ucia Jo-
MAaHBIX, OILyCKAIOMIAXCS B HUXKHIOI HOIYIIOCKOCTh. [lociaesnne MoxHO onu-
caTh TaK¥Xke KaK JOMAaHBIE, epecekaromue npsamyio y = —1. Orpasus ux Ky-
COK CIIPAaBa OT CAMOU MPABOU TOYKHU MEPECEYCHUA OTHOCUTEIBHO YKA3AHHON
IIPAMOM, MBI yCTAHOBMM B3aMMHO OJHO3HAYHOE COOTBETCTBUE MEXKIY HUMU
u somansivu u3 (0,0) B (2n, —2). OcTaéres mposeputs, uto Cf, — Cootl =

= C3,/(n +1)] O

3. ObXOJ AEPEBA.
[MEPEBEOP C BO3BPATAMMU

3.1. dep3u, He Gblowme Apyr apyra:
06x0[, AEPEBA MO3MLUN

B npeasigyimen riase Mbl pACCMATPUBAIA HECKOIBKO 33,1849 O JHOT'O U TO-
O XK€ TUMA: (IEPEIUCIUTH BCE DIEMEHTHI HEKOTOPOoro Mmuoxectsa A». Cxe-
Ma perieHus ObLIa TAKOBA: HA, MHOXECTBE A BBOJUICA MOPSAJIOK U OMUCHI-
BaJaCh MPOLEAYPa MEPEX0na OT MPOU3BOJLHOIO DIEMEHTA MHOXKECTBa A
K CJeAyromeMy 3a HuM (B 5TOM mopsagke). Takyio cxemy He BCerga yaaércs
peanM30BaTh HEMOCPEACTBEHHO, U B DTOU TVIABE MBI PACCMOTPUM APYTOU
HOJIeBHI::Iﬁ HpI/IéM IEePEYINCICHUA BCEX JJIEMEHTOB HEKOTOPOr'O MHOXKECTBA.
Ero HaseIBalOT «IIOMCK C BO3BpATaMW», «(METOH BE€TBEUM U rpaHuiny, «back-
trackingy. Ha mam B3rusig, mambosee TOYHOE HA3BAHUE >TOrO METOAA —
00xon aepesa.

3.1.1. Ilepeuucaunts BCE CHOCOGHI PACCTAHOBKY 7 (hEP3EM HA IAXMAT-
HOU JOCKE 7 X 7, IPU KOTOPBIX OHU HE OBIOT APYT APyra.

Pemenme. OueBuHO, HA KaXKIOU U3 71 TOPU3OHTAICU JOJKHO CTOATD
o ¢epso. Bygem HaswmBarh k-nosunuen (gaa k=0,1,...,n) opousBoib-
HYIO DAaCCTAaHOBKY k ¢ep3ell HA k HUKHUX TOPU3OHTAMAX (epau MOryT
6ute apyr apyra). Hapucyem «aepeBo mosunuiny: ero KopHeM OyAeT equH-
cTBeHHas (-mosunms, a U3 KaxKOUu k-TO3UIUU BEIXOAUT 71 CTPEJIOK BBEPX
B (k 4+ 1)-nosuuuu. DTu N HO3ULUK OTINYAOTCA MOJOXKEHHEM (dep3s Ha
(k + 1)-ou ropusonTam. Bynem cauTaTh, 9YTO PACHOJIOKEHNE UX HA PUCYH-
Ke COOTBETCTBYET MOJOXKEHUIO DTOr0 (hep3as: JeBee Ta MO3ULUs, B KOTOPOU
dep3b pacmonOXeH JeBee.

Cpenu mo3umuu 3TOro A€peBa HAM HAI0 0TOOPATDH TE N-TIO3ULNA, B KO-
TOpHIX (hep3u He 6bi0T Apyr apyra. IIporpamma Gyaer «06xoquTH IEpEBO»
U UCKATH uX. UTOOBI HE AenaTh JUINHEN pabOThI, 3AMETUM BOT YTO: €CJIU
B KaKOU-TO k-mo3unuu ep3u ObIT APYT APYyra, TO CTABATDH NATLHEUIINX
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Jepero nosunun mas n = 2

depsen cvuicaa mer. [losToMy, 06HAPYXUB DTO, MBI OyaeM NPEKPANATH
IIOCTPOEHUE JepeBa B 9TOM HAIIPABJICHUU.

Tounee, HA30BEM k-ITO3UIUIO [NOMYCTUMOU, €CIU IOCTE VAAJEHUS BEPX-
Hero ¢ep3sa ocrasmmecs He ObioT apyr apyra. Hama mporpamma 6yaet
pacCMaTPpUBATE TOJBKO AOIIYCTUMBIC IIO3UITUN.

o 1
sttt

[lepeBo AOMyCTUMBIX MO3ULIUU I N = 3

Pa3o6bém 3agady Ha aBe gacTu: (1) 06X04 IPOU3BOILHOIO AepeBa u (2)
PeANN3AIMIO 1ePeBa AOMYCTUMBIX IO3UIUH.
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Chopmyaupyem 3agady ob6xoxa MpOM3BOIBHOrO gepeBa. Byxem cum-
TaTh, YTO y HAC uMeeTcs PobOT, KOTOPHIA B KAXABIM MOMEHT HAXOLUTCS
B OJHOU U3 BEPUIVH AepeBa (BePIIMHBLI U300PAXKEHBI HA PUCYHKE KDPYXKOU-
kamu). OH yMeeT BHIIOJIHATH KOMAHIBL:

e BBepX_HaneBo (UATU IO CAMOU JEBOU U3 BEIXOIALIIUX BBEPX CTPEJOK)
e BIpaBo (MEPEUTHU B COCEAHION CIPABA BEPIIUHY )
e BHU3 (COYCTUTHLCS BHU3 HA OJQUH YPOBEHB)

(Ha pucyHKax CTpelkaMu IMOKA3aHO, KAKUE NEPEMEIIEHNsT COOTBETCTBYIOT
DTHM KOMaHJAM.)

BBEpPX_HAalIeBO BIIPaBO BHHU3
Kpome Toro, B penepryap Po6oTa BXOAAT NpPOBEPKHU (COOTBETCTBYIOIIME
BO3MOXHOCTHU BBIIIOJTHUTH KAXAYI0 U3 KOMaHI[)Z

® eCTbL_CBEpXY;

® eCThL_CIIpaBa;

® eCTL_CHHU3Y;

(mocuaegHss IPOBEPKA UCTUHHA BCIOLY, KpoMe KopH:). O6GpaTuTe BHUMaHUE,
YTO KOMAaH/A BIPABO MO3BOJACT MMEPEUTH JUIIb K «POJHOMY OpaTy», HO HE
K «IBOIOPOJHOMYY.

Tax komanga
BIIPaBO
He 1eucTByeT!

Bygem cuurare, uyTo y PoboTa ecTh kOoMaHAa 06paboTaTh M UTO €ro
3ajada — 00paboTaThb BCE MUCThS (BEPIIMHBI, U3 KOTOPHIX HET CTPEJIOK
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BBEpPX, TO €CTh Ii¢ YCJIOBUE eCTh_CBepXy JOXHO). [l HAmen maxMaTHou
33,4244 KOMaHJe o6paboTaTh OyAeT COOTBETCTBOBATH IIPOBEPKA U II€YATH
no3uuu epaen.

[lokasaTenbCTBO MPABUILHOCTY MPUBOAUMOU [AJNEE TPOrPAMMBI UC-
moab3yeT Takue ompenencHusa. [lycTs dukcupoBano nosoxenuwe PoboTa
B OJHOU U3 BEPUIMH jgepeBa. Lorga BCe JUCTbA AEPEBa Pa30OUBAIOTCA HA
Tpu kareropuu: xad Po6orom, seeee Pobora u npasee Pobora. (IlyTe us
KOpPHs B JIUCT MOXET IPOXOAUTH Yepe3 Bepmuny ¢ Po6oTom, cBOpauuBaTh
BJIEBO, HE JOXOJs O Heé U CBOPAYMBATH BIPABO, He JOXOAA A0 Heé.) Uepes
(0J1) o603HaMuM ycaoBue «06pabOTAHEI BCE JIUCThA JeBee PoboTay, a yepes
(0JIH) — ycaoBue «06pabOTAHBL BCE JUCTDS JeBee u Hag Po6oTomy.

Jlesee Hang Ilpasee

Hawm monazo6utcs Takas mponeaypa:

procedure BBepx_Ko_ymopa_u_o6paboTaTs;
| {mamo: (0lI), magmo: (OQJH)}

begin

{unBapumanr: 0/}

while ecTb_cBepxy do begin

| BBepX_HaleRo;

end

{0JI, Po6boT B mmcTe}

obpaboTaTh;

{0nH}

end;

OCHOBHOU AJIrOpUTM:

LaHo: Po60T B KOpHe, IMCTBA He o6paboTaHH
Hagmo: Po6oT B KOpHe, MHUCTBA o6paboTaHH

{0m}
BBEpX_Jo_ynopa_u_o6paboTaTs;
{unBapmanT: OJIH}
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while ecTek_cHu3y do begin
if ecTs_cmpaBa then begin {0JIH, ecTs cmpaBa}
BIpaBo;
{on}
BBepX_Jo_ymopa_u_o6paboTaTh;
end else begin
{0JlH, He ecT®n_cmpaBa, ecTb_cHuU3Y}
BHU3;
end;
end;
{0JlH, Po6oT B XOpHe => BCce IUCTBA obpaboTaHH}

Ocranoce BOCIOIB30BATHCS CACAYIOMMMY CBOMCTBaMu kKoMaHg Pobora
(B KQXOU CTPOKE B NEPBOU (PUI'YPHOU CKOOKE 3aNUCAHBL YCJAOBUA, B KOTO-
PHIX BBHIIOIHACTCA KOMAHJA, BO BTOPOM — yTBEPXK/ICHUA O PE3y/IbTaTe ed
BBIIIOIHEHNU) !

(1) {OJI, me ecTs_cBepxy} o6paborars {OJIH}

(2) {OJI, ects_cBepxy} BBepx Hameso {OJI}

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

(4)  {me ectn_cmpaBa, ects_cuusy, OJIH} saus {OJIH}

3.1.2. [loxasars, 9TO NPUBEAEHHAA MPOrpaMMa 3aBepmaeT pabory (Ha
J060M KOHEYHOM [EpeBe).

Pemrenne. IIponenypa BBepx_no_ymopa_m_o6pa6oTaTh 3aBepiaeT pabdo-
Ty (BRICOTA PO60TA HE MOXET yBEAMIUBATHCA 6€CKOHEUHO). Ecmu nporpam-
Ma paboTaeT OECKOHEYHO, TO, MOCKOIbKY JUCTbSI He 00pabaTHIBAIOTCA IIO-
BTOPHO, HAYMHAsA ¢ HEKOTOPOI'0O MOMEHTA HU OJWH JUCT He 00pabaTHIBACTCA.
A 5710 BO3MOXHO, TOIBKO eciu Po6oT BCE BpeMs cmyckaeTcs Buua. [IpoTu-
Bopeuue. (O6 OUeHKe YucaIa IEUCTBUM CM. naJee.) O

3.1.3. [loxasaTh NpaBUILHOCTD CJACAYIOMIEN IPOrPAMMEL 00X04a A€ EBa;

var state: (WL, WLU);

state := WL;

while ecTws_cHu3y or (state <> WLU) do begin

if (state = WL) and ecTs_cmBepxy then begin

| BBepX_HalleBo ;

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

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

| BmpaBo; state := WL;

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

end;

end;



64 3. O6zod depesa. Ilepebop ¢ so38pamamu

Pemrenwe. IHBapuaHT 1uKIA:

state = WL = 0]
state = WLU = QJIH

[JlokazaTenbcTBO 3aBepiieHus paboTHL: nepexon u3 coctosHus 01 B 0JH
BO3MOXKEH TOJIBKO Ipy 00pabOTKe BEPIIVHEL, IOXTOMY €CJU IporpaMMa pa-
60TaeT OECKOHEYHO, TO C HEKOTOPOI'0 MOMEHTAa 3HadeHue state He MeHsA-
€TCsl, YTO HEBO3MOXHO. O

3.1.4. Hammcath nporpamMmMmy 06X0[a AepeBa, UCIONb3YIOIIYIO MPOLEay-
Py mepexofia B CACAYIOMUY JUCT (€ BHIXOHEIM MapaMeTPOM, COOOIIAIOMIUM,
YAAI0OCH JU DTO CIEIATh WA JUCT OKA3AICA MOCJIETHUM). O

3.1.5. Pemmth 3agady 06 006x04e mepeBa, €CIU MBI XOTUM, 4TOOBI 00~
pabaThIBAINCH BCE BEPIIMHEL (HE TOIBKO JUCTH).

Pemenwme. Ilycts @ — nmexoropas Bepmwmua. Torga Jrobas BeprmumHa Y
OTHOCUTCS K OAHOU U3 YETHIPEX KaTeropuil. PaccMOTpum myTh U3 KOpHA
B y. O moxer:

(a) 6BITH YACTBIO IIyTHU U3 KOPHA B 2 (Y Hudtce T);

(6) cBepHyTDH HaNEBO ¢ myTU B = (Y 1e6ee T);

() mpoutu 4epes z (y nad x);

(r) cBepuyTH Hanpaso ¢ myTu B T (Y npasee I);

B wacTHOCTH, CaMa BEPIINHA £ OTHOCUTCA K KaTeropud (B). YCIOBUA Tenephb
OyayT TaKUMU:

(OHIT) 06paboTaHbl BCE BEPIIUHEI HUXKE U JICBEE;
(OHJIH) o6paboTaHbl BCE BEPIIUHBI HUXKE, JEBEE U HA.

Bor xak 6ygeT BHIIVIAAETH IPOrpaMMa;

procedure BBepX_Jo_ymopa_M_o6paboTaTh;
| {mamo: (OHIN), magmo: (OHJIH)}
begin
{unBapuanr: OHI}
while ecTb_cBepxy do begin
o6paboTaTs;
BBepX_HalleBo;
end
{0HN, Po6oT B mucTe}
obpaboTaTsh;
{OHIIH}
end;
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OcHOBHOU aIrOpuUTM:

nmaHo: Po6oT B kopHe, HHM4Yero He obpaboTaHO
Hagmo: Po60oT B kKOpHe, BCe BepIMHH o6pa6oTaHH

{0HIT}
BBepX_Jo_ymopa_K_o6paboTaTh;
{uuBapuanT: OHIH}
while ecTe_cHu3y do begin
if ecTs_cmpaBa then begin {0H/IH, ecTs cmpama}
BIIPaBoO;
{OHI}
BBepX_Jo_ymopa_u_o6paboTaTh;
end else begin
{0JlH, He ecT®s_cmpaBa, ecTb_cHuU3Y}
BHU3;
end;
end;
{0HNH, Po6oT B XopHe => BCe BepumHH o6paboTaHH} g

3.1.6. IlpuBenéunas TOABKO YTO ImporpamMma o6pabaTHIBAET BEPIIMHY
[0 TOro, Kak 00paboTaH Ja060u u3 eé moTOMKOB. Kak u3aMeHUTh mporpam-
My, 4TOOBI KaXK[Jas BEPIINHA, HE ABJAOMIAACA JUCTOM, 00pabaThIBalIach
OBaXKIBL: OQVH pa3 10, a APYrOU pa3 Mmocje BCeX cBouX moToMKOB? (Jlu-
CThbA MO-TIPEXHEMY 00pabaTLIBAIOTCA O Pa3y.)

Pemenue. [lon «obpaboTano Huxe u JeBeey OyaeM MOHUMATL «HUXKE 00-
paboTaHo O pa3y, c1eBa 06paboTAHO MOMHOCTHIO (JUCTHA MO PA3Y, OCTAIb-
HEIe 110 ABa)». [log «06paboTaHo HUXKe, JeBee 1 HaLy GY1eM IOHUMATE (HUKE
00paboTaHO MO paly, JeBee U HaJQ — HOJHOCTBIOY.

IIporpamma Gy et Takou:

procedure BBepx_go_ymopa_u_o6paboTaTs;
| {maro: (OHI), mamo: (OHJIH)}
begin

{unBapuanr: OHI}

while ecTb_cBepxy do begin
o6paboTaTsh;
BBepX_HalleBo;

end

{0Hll, Po6oT B mucTe}

obpaboTaTs;

{OHIH}

end;
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OcHoBHOI AJICOPUTM: procedure begin_work; {mayaTs paéoTy}
begin
LaHo: Po6oT B kKOopHe, HMYero He obGpaboTaHO | k :=0;
Hagmo: Po6oT B KOpHe, BCce BepIMHH o6paboTaHH end;
{0H} function danger: boolean; {Bepxuu¥ ¢ep3p mox Goem}
BBepX_Jo_ynopa_u_o6paboTaTs; | var b: boolean; i: integer;
{unBapuanT: OHIH} begin
while ecTb_cHm3y do begin if k <= 1 then begin
if ecTs_cmpaBa then begin {OHJH, ecTe cmpama} | danger := false;
BIIPaBo; end else begin
{0HIT} b := false;
BBepX_Jo_ynopa_u_o6paboTaTs; i:=1;
end else begin {b <=> Bepxmmit dep3p mox 6oeM ¢ep3eir c HoMepamm < i}
{0JIH, He ecTh_cmpaBa, ecThH_CHU3Y} while i <> k do begin
BHU3 b := b or (cl[il=c[k]) {meprmkanms}
o6paboTaTs; or (abs(c[il-c[k]))=abs(i-k)); {mmaromams}
end; i = i+1;
end; end;
{OHIIH, Po6oT B KopHe => BCe BepumMHH o6paboTaHH momHOCTEh} [ danger := b;
end;
3.1.7. [TokaszaTb, 9TO YMCIO ONEPALUA B 3TOU MPOrPaMME IO HOPA- end;

Ky paBHO umcixy BepmmH aepesa. (Kak u B gpyrux mporpaMmax, KOTOpbIe

N function is_up: boolean; {ecTb_cmepxy}
OTJINYAIOTCA OT 3TOU JUIIb IPONYCKOM HEKOTOPBIX KOMAaH [ o6pa60TaTL.)

begin
[Vkazanue. [Ipumepno kax10€ BTOPOE ACUCTBUE MPYU UCTIOIHCHUA 3TOM is_up := (k < n) and not danger;
nporpaMMel — 00pabOTKa BEPIIUHBI, & KAXKAasg BEPIIUHA 00pabaTHIBACTCA end;
MAKCAMYM JBAXK 5L ] O .
function is_right: boolean; {ecTe_cmpasa}
Beprémes Teneps Kk Hamen 3agade o ¢epsax (rge u3 BCeX MpOorpamm begin
06paboTKu [epeBa MOHANOOUTCA UL MEPBasd, caMasd mpocTas). Peamusy- | is_right := (k > 0) and (c[k] < n);
eM omepauuu ¢ jgepeBoM mnosunuu. Ilozunwmio OyaeM HpeacTaBIATH C I0- end;
MOIIBIO nepeMeHHon k: 0. .n (uucao ¢gepsen) u MaccuBa c: array[1..n] {Bosmoxna oumbxa: npu k=0 He ompegemenmo c[k]}
of 1..n (c[i] — xoopaumaTel dep3sa HA i-oM ropusoHTammM; opu i >k

. function is_down: boolean; {ecTb_cuusy}
suavenue c[i] posm me wurpaer). Ilpeamomaraercs, 4TO BCE NO3ULAY begin

gonycTuMbl (ecimu y6paTh BEpXHErO (ep3s, OCTAILHEIC HE OBIOT APYT is_down = (K > 0):
apyra). end;

rogram queens;
prog q ’ procedure up; {BBepx_HameBo}

const n = ...; begin {k < n, not danger}
var k :=k + 1;
k: 0..n; c [k] :=1;

c: array [1..n] of 1..n;

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

procedure down; {BHm3}
begin {k > 0}

| k :=k - 1;

end;

procedure work; f{o6paboraTn}
| var i: integer;

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

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

begin
begin_work;
UwW;
while is_down do begin
if is_right then begin
right;
Uw;
end else begin
| down;
end;
end;
end.
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3.1.8. IlpuBenéunas nporpamMma TPATUT JOBOJIBHO MHOI'O BDEMEHU HA
BLINOJIHEHUE IPOBEPKU €CThH_CBepXy (IPOBEpKa, HAXOLUTCA JU BEPXHUU
¢depa3p mog GoeM, TpeOyeT HMCaa AEUCTBUM IHOPAAKa n). UsMeHUTH pe-
AIM3AIUI0 ONlEPAllMy C [IePEBOM MO3UIUU TaK, YTOOLI BCE TPU IIPOBEP-
KU ecTb_CBepxy/clpaBa/cHU3Y M COOTBETCTBYIOIIUE KOMAaHALI TPeOOBa-
Ju OBl KOJIMYECTBA ACUCTBUM, OCPAHUYEHHOIO HE 3aBUCAIIEM OT N KOHC-
TAHTOMU.

Pemenwne. /1711 Kax 10U BEPTUKAIN, KAXK JOU BOCXOIAIICH U KAXKJOU HUC-
XOISAEN IUATOHAIM OyAeM XPAHUTH OyJeBCKOE 3HAYEHUE — CBEACHUS O
TOM, HAXOAUTCA JU HA >TOU JUHUU pep3b (BepxHUM (Hep3b HE YUUTHIBACT-
ca). (3ameTuM, 9TO B CULy AOIMYCTUMOCTY IO3ULUY HA KAXKAOU U3 JUHUU
MOXET OBITH He 6omee OAHOrO dep3s.) O

3.2. Obxon pepeea B Apyrux 3ajgavax

3.2.1. HUcmoab30BaTh MeTO 00XO/a [NEPEBa [JsA PEIICHUS CJIEIYIOMen
3a/4a49M: JAH MACCUB U3 N [EJALIX MONOXKUTEIbHBIX uncena a[1] ... a[n] u un-
cJI0 s; TpebyeTcs y3HATH, MOXKET JI YUCIO S OBITH IPEACTABICHO KaK CyMMa,
HEKOTOPBIX U3 YUCEJT MaCCHUBA a. (Ka)K,qoe YUCJI0 MOXHO UCIIOJAB30BATH HE
6oJee 9eM o OJHOMY pasy.)

Pemenue. Bynem 3amaBaTh K-IMO3UINIO MOCACIOBATEILHOCTRIO U3 k Oy-
JIEBCKUX 3HAYCHUU, OIP €ICJIAIOIUX, BXOLAT Jiu B cyMmmy uucaa al[1] ... alk]
nan He BxoaaAT. [lo3unus nonycruma, ecim eé cymMMma He IPEBOCXOAUT s. [

3ameuanwe. [[o cpaBHEHMIO ¢ MOTHEIM Tepe6opoM Beex 2 mogMHOXKECTB
TYT €CTh HEKOTOPBIM BHIATPHII. MOXHO TaKXe IPeqBaPUTEIBHO OTCOPTH-
pOBaTbH MacCUB a B yOBIBAOIIEM MOPALKE, 4 TAKXKe CUYATATL HEJOMyCTU-
MBIMU T€ TO3ULUUA, B KOTOPBIX CYMMa, OTOPOIIECHHEIX WICHOB (OJbIIE, YeM
PAa3HOCTb CyMMEI BCEX WIEHOB U s. [locaequuu mpuéM Ha3BIBAIOT «(METOI0M
BeTBeﬁ U I'PAHUID . HO OIPUHIUNNAJBHOIO YJAYYHICHUA 110 CDABHEHUIO C I10JI-
HBIM IepeGOpOM TYT HE moaydaeTcs (3Ta 3ajgada, Kak rosopar, N P-moa-
Ha, moaApobHOCTU cM. B KHure Axo, Xonkpodra u Yabmana «IlocTtpoenue
¥ QHAJIN3 BEIYUCAATEABHBIX aIropuTMoBy, Mup, 1979, a Takxe B kuure I's>-
pu u JKOHCOHA «BLIMUCIUTENbHEIE MAIIKHEL ¥ TPYJHOPEIIAEMBIE 33,14,
Mup, 1982). TpaauuuonHnoe HA3BaHWE DTOU 3a4a4U — 3343498 O PIOK3a-
ke (pIOK3ax 00MEl IPy30NOABEMHOCTBIO S HYXKHO YIAKOBATH IOJ 3aBA3-
Ky, pacnonaras npeameramu Beca al1] ... a[n]). Cu. Takxe B ruase 8 (Kak
00OUTUCH 0€3 PEKYPCUM) AITOPUTM €& PEIICHNU, MOINHOMUAILHEIN 10 1L + S
(MCIONB3YIOMNY «JUHAMUYIECKOE IPOrPAMMUPOBAHUE) ).
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3.2.2. IlepeuncauTs BCE MOCACHOBATEALHOCTH W3 7 HYJEH, CIUHUIL] U
[JBOEK, B KOTOPBIX HUKaKasA I'PYIIa Iudp He NOBTOPAETCS ABa Pa3a MOAPAL
(et xycka Buga X X). O

3.2.3. Amnanormunas 3a1a4a AJ TOCAEJOBATEILHOCTEN HYJICH U €UHMALL,
B KOTOPBIX HUKAKasA IPynna uudp He HOBTOPAETCA TPU pasa moapsaa (HetT
Kycka Buga X X X). O

K »5Toil Xe KaTeropum OTHOCATCA 3a4a49M THUIA (MOXKHO JU CIOXKUTH
JaHHYIO QUIYPy U3 IEHTAMUHO» U UM HOAOOHEIEC. B HUX BaxHO ymenoe co-
KpaieHue nepe6opa (BOBpeMs PACIO3HATE, YTO NMEIOIIEEC s PACHIONOKEHUE
bUrypoK yxe IpOTUBOPEYUT TPEOOBAHUAM, U [0 HTON BETBHU IOUCK HE IIPO-
JOJIKATH).

4. COPTUPOBKA

4.1. KeaspaTuiHble anropuTMbl

4.1.1. Ilycre al1l,...,aln] — wenwe umcaa. Tpebyercs mocTpomTh
maccus b[1],...,b[n], comepxammu Te xke yucia, g1 koroporo b[1] < ...
...<b[n].

3ameqanwme. Cpeau uucen al1] ...a[n] moryT O6wiTe paBuwie. TpeGyer-
cs1, 9TOOBI Kax goe 1esnoe 4ucyao Bxoamio B b[1] ...b[n] cromsko xe pa3s,
ckoapko u B a[1] ...a[n].

Pemrenme. Yno6u0 cumrars, uro wmcaa all]l...aln] u b[1]...b[n]
IPEACTABIAIT COO0UM HAYAJLHOE M KOHEYHOE 3HAYEHUs MAcCuBa X. Tpebo-
BaHUE «a U b COAEpKAT ONHU U TE XKe YuciIay OyJeT 3aBeJIOMO BBINOTIHEHO,
ecau B mponecce paboThl MBI OTPAHUYIUMCS [IEPECTAHOBKAMY DJIEMEHTOB X.

k := 0;

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

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

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

while t<>n do begin

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

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

4.1.2. [laTb Apyroe pelieHue 334a4u COPTUPOBKU, UCIOAL3VIOIIEE MH-
BAapUAHT «IIepBLIE k saeMeHTOB ynopsajgodensh (x[1] < ... < x[k]).
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Pemenne.

k:=1;

{mepeue k smeMeHTOB ymopagzodeHu}

while k <> n do begin

t := k+1;

{k+1-m# >IeMeHT IpoXBUraeTcA K Hadaly, NoKa He 3aMET
HalleXallero MecTa, t — ero TeKyWMH HoMep}

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

end;

end; ]

3ameuanme. /[edekT nporpaMMel: Ipu JOKHOM BrIpaxkenuu (t>1) mpo-
Bepka x[t] < x[t-1] Tpebyer mecymecTByomero 3uadenus x [0].

O6a mpeaToXeHHBIX peleHus TPeOyT YucIa [IeUCTBUM, IPOMIOPIMO-
manreHOTO n2. CymecTByoT 6omee 3(pEKTUBHEIE aTTOPUTMEL.

4.2. AnropuTwmbl nopsaka nlogn

4.2.1. IIpennoxuTh aIropuT™ COPTUPOBKE 33 BpeMs N 1og n (qucio ome-
pauuu mpu COPTUPOBKE 7 daeMeHTOB He Goabine C'n log n ausa vekoroporo C
U [Js BCEX N).

Meur npeayioxuM fBa PeIeHus.

Pemenwe 1 (COPTUPOBKA CAUAHUEM).

[IycTe k — mosoxuTensHoe neoe yucio. Pazoboém maccus x[1] ... x[n]
na orpesku miauHel k. (Ilepsem — x[1]...x[k], zaTem x[k+1]...x[2k]
u Tak gauee.) Ilocaenuuil OTpe3ok GyAeT HEMOMHBEIM, €CJAM N HE JCIUTCA
Ha k. HazoBém maccuB k-ynopsijO4eHHBIM, €CIU KAX BN U3 DTUX OTPE3KOB
B OTJEJbHOCTH yIopsgodeH. Jlrobou Maccus 1-ymopspoden. Ecaiu maccus
k-ynopsgodeH u n < k, TO OH yIOpsJOUeH.

M=ur onuiieM, Kak npeobpa3oBaTh k-yIOPsJOYEHHBEIN MACCUB B 2K-yII0-
pAgoueHHBI (U3 Tex ke d1eMeHTOoB). C HOMOLIBI0 3TOro npeobpa3oBaHus
AJITOPUTM 3aMUCHIBACTCS TAK:

k:=1;

{Maccue x sBmgerca k-ymopAnodeHHHM}

while k < n do begin
...npeobpa3oBaTh k-yHOPALOYeHHHM MacCHB B 2k-yIOpALOYeHHH;
k = 2 % k;

end;
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Tpebyemoe npeobpasoBaHme COCTOUT B TOM,9TO MBI MHOTOKPATHO «CJIM-
BaeM» [IBa YVIOPALOYECHHBEIX O0TPE3Ka JIUHEL He Ooablle XK B OAMH YIOPSLO-
YeHHBIN OTPE30K. IlycTs mponenypa

cnusave (p,q,r: integer)

npu p < q < r cimBaeT orpesku x[p+1] ...x[q] u x[g+1]...x[r] B ymops-
OOYEHHBIN 0TPe30K x [p+1] ... x[r] (He sarparuBas Apyrux 4acTen MacCu-
BA X).

p q r
| YHOPAA0YCHHBIN | YHOPSALOYCHHBIN |

!

| YTIOPS[OYCHHBIN |

Torpa npeobpasoBanue k-ymopsagoueHHOrO MACCUBA B 2K-yIOPSAJOYCHHEIN
OCYLIECTBIAETCA TAK:

t:=0;

{t xpatno 2k mmu t = n, x[1]..x[t] aBuagerca
2Kk-yHOpALOYEHHHM; OCTATOK MAacCHBa X He WM3MeHMICA}

while t + k < n do begin

p :=t;
q := t+k;
r := min (t+2%k, n);

{min(a,b) - MumumymM u3 a u b}
cmuanue (p,q,r);
t :=r;

end;

Cimsiaue TpeGyeT BCIOOMOraTeIbHOI'O MACCUBA [ 3AMUCA PE3yJIbTATOB
causiaus — 0603Ha4uuM ero b. Yepes p0 u q0 0603HAYMM HOMEPA MOCIETHUX
JJIEMCHTOB yYaCTKOB, IIOABEPIrIINXCA CIAUAHUIO, s0 — nocne,aHmﬁ 3aIIUCaH-
HEIA B MaccuB b saemenT. Ha kaxqoMm mare CIMAHUA IPOU3BOAUTCA OJHO
U3 ABYX IEUCTBUU:

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

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

(Jlrobutesnu samika C mamucanu O6e1 B 3TOM caydae b[++s0]=x[++p0] u
b[++s0]=x[++q0].)

IlepBoe penicTBUE (B3ATHE IEMEHTA U3 IEPBOrO OTPE3KA) MOXKET MIPO-
U3BOJUTHCSA [IPYU OJHOBPEMEHHOM BEHINOJHEHUN JBYX YCJIOBUM:

(1) mepsbint 0Tpe3ok He KoHuMIACa (p0 < q);

(2) BTOpOM OTpe30K KOHuUWICA (Q0 = r) MIM HEe KOHYWICS, HO DIe-
MEHT B HEM HE MEHBIIE OYEPEJHOr0 BJIEMEHTAa MepBoro orpeska [(q0 < r)
u(x[p0+1] < x[q0+11)].

Ananoruano mia sroporo aeuctsus. Urak, morydaem

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

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

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

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

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

pO := pO+1;

s0 := sO0+1;

end else begin

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

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

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

end;

(Ecan 06a oTpeska HE KOHYEHEI U NEPBHIC HEBHIOPAHHBIC DJIEMEHTHI B HUX
PABHEL, TO JOIYCTUMEL 062 JEUCTBUA; B IPOrPAMME BHIOPAHO MEPBOE. )
Ocraércs auib nepenucaTs pe3yJabTaT CIUSHUsS 0O0paTHO B MACCHUB X.
(ITlpegynpexaenue. Ecmu 06paTHOE KOMMPOBAHUE BEITIOIHACTCA BHE TPOLE-
IyPHI CIUAHUA, TO HE 3a0yAbTE PO MOCIEIHUN OTPE3OK. )
[IporpaMMa mMeeT NPUBLIYHBLIA AeeKT: OOpAIeHUE K HECYIIECTBYIO-
MM 3JIEMEHTAM MACCUBA IIPYU BHIYUCJICHUU OyJEBCKUX BBIPAXKEHUN.

Pemrenwe 2 (copTUpPOBKA AEPEBOM).
HapucyeM «monHoe ABOMYHOE AEPEBO» — KAPTUHKY, B KOTOPOU CHUIY
OJWH KPY¥KOK, U3 HEro BEIXOAAT CTPEJIKW B [IBA APYIUX, U3 KAXJIOIO —
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B [IBa APYTHX U TaK Jajee:

Byaem roBopuTh, 9TO CTPEIKY BEAYT «OT OTUOB K CHIHOBBAMY: Y KaXK 10-
O KPyXKa B ChIHA U OAWH OTel (€Cau KPYXKOK HE B CAMOM BEDXY WU
Hu3y). [IpeanonoxuM nJs IpOCTOTHL, YTO KOAMYECTBO MO AIEKAIINX COPTHU-
POBKE 4KCeNI €CTh CTENEeHb IBOUKU, U OHM MOT'YT 3AIOJHUTEL OJWH U3 PSAI0B
LUEIUKOM. JalUIIEM UX TY/I3. SATEM 3AMOJHUM YACTh AEPEBA MOJ HUMU IO
IIPaBUIY:

YUCJIO B KPYXKKE = MAUHUMYM K3 YUCENI B KPYKKAX-CHIHOBBIAX

Tem caMBEIM B KOPHE [IEPEBa, (HUXHEM KPYXKKe) OyJeT 3anuCaH0 MUHUMAIb-
HOE YUCIO0 BO BCEM MAaCCHUBE.

Nabivem u3 cOPTUPYEMOr0 MACCUBA MUHUMAJIBHBINA 3jaeMeHT. [[ias a3Toro
€ro HaJ0 BHAYAJE HAUTHU. DTO MOXKHO CAEIATH, UIA OT KOPHsA: OT OTIA Ie-
PEXOAUM K TOMY ChHIHY, T€ 3aIUCAHO TO XK€ 9ucio. U3biB MUHUMAILHEIN
DJIEMEHT, 3AMEHUM €r'0 CUMBOJIOM +00 U CKOPPEKTUPYEM 00Jee HU3KUE APY-
CHI (/151 5TOr0 HAZO CHOBA IIPOUTH Iy Th K KOPHIO). [Ipu 5TOM cuuTaem, 94To
min(t, +00) = t. Torga B KOpHE NOABATCA BTOPOU 110 BEIUUUHE DIEMEHT, MBI
U3BIMAEM €r0, 3aMeHsAsA OECKOHEIHOCTHIO U KOPPEKTUPYsA Aepero. Tak mo-
CTEMEHHO MEI U3BIMEM BCE DJIEMEHTHI B TIOPAAKE BO3PACTAHUSA, TOKA B KOPHE
HE OCTaHEeTCSA 6€CKOHEYHOCTb.

IIpu 3anucu TOro AITOPUTMA MOJE3HO HYMEPOBATHL KPYKKU HUCIAMU
1,2,... — OpU DTOM CHIHOBBAMU KPYXKKa HOMEpP N ABIAIOTCA KPYXKKUA 2n
u 2n + 1. [logpo6HOE U3I0KEHUE HTOTO AITOPUTMA MBI OILYCTUM, TOCKOIBKY
MBI U3J10XKuM Gosee 3 PEKTUBHBIN BAPUAHT, HE TPEOYIOMMU JONOJHATEIb-
HOU MaMATH, KPOME KOHEYHOI'O YUCJIA NEPEMEHHBIX (B JOMOJHEHUE K COP-
TUPYEMOMY MACCHUBY ).

Mo 6ygeM 3anuChIBATH COPTUPYEMBIE YHCJIA BO BCEX BEPIIMHAX [€-
peBa, a He TOabKO Ha BepxHeM yposHe. Ilycte x[1]...x[n] — wmac-
CUB, TOMJICKAIIAA COPTUPOBKE. Bepmmuavu gepesa OyayT ducia oT 1
00 n; 0 uuciae x[i] mubI GygeM roBOpUTHL KaK O HYUCIE, CTOAIEM B BEp-
mmHe i. B mpomecce COpTUPOBKE KOIMYECTBO BEPIIUMH JepeBa OyAeT
COKPAIIATHCA. UMCIO BEPIIMH TEKYLEro AepeBa OyjeM XpaHUTbh B Ie-



76 4. Copmuposxa

pemennou k. Takum ofpasoMm, B mpomecce pabOTHI AITOPUTMA MACCUB
x[1] ...x[n] memuTcsa ma ase vactu: B x[1]...x[k] Xpauarca 4ucia Ha
nepese, a B x[k+1]...x[n] xpanurcs yxe OTCOPTUPOBAHHASA B IOPSIIKE
BO3PACTAaHUA YaCTb MACCUBA — DJIEMEHTHI, YK€ 3aHABIINE CBOE 3aKOHHOE
MECTO.

Ha xaxpgom mare anropuT™m OyAeT M3BIMATL MAKCAMAIBLHBIA DJEMEHT
[epeBa U MOMEIIATH €r0 B OTCOPTUPOBAHHYIO YacTh, HA OCBOOOLUBIIICECS
B PE3yJbTaTe COKPAILICHUA NEPEBa MECTO.

[orosopumcs o TepMmuHOOruu. BepmuHamu nepeBa CUMTAOTCA YUCIA
oT 1 10 TEKyIero 3HAYEHUS [IEPEMEHHOU K. Y KaX[OU BEPIIUHBI S MOL'YT
OBITE CbiH06bA 28 u 2s+1. Ecim 06a 5Tux 4uciaa 60mbime k, TO CBIHOBEU HET;
Takas BEPIINHA HA3BIBACTCA aAucmom. Ecimm 2s =k, TO BepimHa s UMeeT
POBHO OJHOr'O CHIHA (28).

[na xkaxnoro s u3 1...k pacCMOTPUM (IO 1€PEBO» C KODHEM B S: OHO
COAEPKUT BEPUIVHY S U BCEX €€ MOTOMKOB (CHIHOBEW, BHYKOB M TaK Ja-
Jee — [0 TeX HOp, MOKa MBI HE BHIAAEM U3 OTpe3ka 1...k). Bepmmny s
OyleM HA3BIBATL PErYJADHOM, €CJIU CTOAINECE B HEU YUCIO — MAKCUMATb-
HBIM BJIEMEHT S-TIOJAEPEBa; S-TIOAAEPEBO HA3OBEM pPE2YAAPHbIM, €CIU BCE
ero BepmuHbl peryaapHel. (B 9acTHOCTH, MH060U MCT O6PA3yeT peryJisap-
HOE OJHOZJIEMEHTHOE TIO/11ePERO. )

3amMeTuM, YTO UCTUHHOCTD YTBEPKCHUS «S-TIO[AEPEBO PErYJAPHO» 3a-
BUCUT HE TOJBKO OT S, HO OT TEKYIIEro 3HAYEHUS K.

Cxema anropurma TakoBa:

k:=n
CnemaTe 1-mommepeBo peryIApHHM;
{x[1],..,x[k] <= x[k+1] <=..<= x[n]; 1-mommeperBo perymspmo,
B vacTHoCTH, x[1] - makcumamemmm smement cpemm x[1]..x[k]}
while k <> 1 do begin
o6MeHATE MecTamu x[1] m x[k];
k :=k - 1;
{x[1]..x[k-1] <= x[k] <=...<= x[n]; 1-mommepero
peryndpHo BesLe, KpoMe, BO3MOXHO, CaMOTO KODHA }
BOCCTAaHOBUTH DEryIAPHOCTEL 1-TonMepeBa BCOLY
end;

B xauecTBe BCIOMOraTeILHOU MPOLEAYPHl HAM MOHALOOUTCA MPOLEAYpPa
BOCCTAHOBJICHUs PETrySIPHOCTU S-TIOJAepeBa B KOpHe. BoT ona:

{s—nonnepeso peryndpHo Be3me, KpoMe, BO3MOXHO, Kopnﬂ}
t := s;
{s—nonxepeso perynapHo Be3Ne, KpoMe, BO3MOXHO, 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
06MeHATE x[t] m x[2*t+1];

t 1= 2%t + 1;

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

t 1= 2%t;

end;

end;

Y1o6er yOeAuTHCA B HPABUILHOCTH DTOM NPOLEAYPHI, HOCMOTPUM HA
Heé moBHuMMaTenbHee. IlycTe B s-mognepeBe BCe BEPIIMHEI, KPOME Da3Be
YTO BEPUIMHH t, peryaapHel. PaccMoTpuMm ceiHOBeu Bepruubl t. OHu pe-
I'YJAAPHBL, ¥ IOTOMY COJEPXAT HAUOOJBINNE YUCIa B CBOUX IO J1EPEBBAX.
Takum 06pa3oM, HA POJb HAUOOJBINETO YMCIA B t-IIOfAEepeBe MOTYT Ipe-
TEHJOBATH YUCJIO B CAMOU BepIIMHE t U 4mcaa B eé ChHOBbAX. (B mepsom
Cly9ae BEPIIMHA t Pery/sipHa, W BCE B mopsake.) B oTux TepMunax muka
MOXKHO 3allACATh TaK:

while Hambompmee uMciIo He B t, a B ONHOM M3 chHHOBeM do begin
if omo B mpaBoM cmHe then begin
| IOMEHATH t C €& IpaBHM CHHOM; t:= IOpaBHM CHH
end else begin {Haumbompmee umcmo - B meBoM chHe}
| TIOMEHATE t C €& MeBHM CHHOM; t:= IeBHM CHH
end
end

ITocre o6Mena BepIuHA t CTAHOBATCA PEryJAPHOM (B HEE MOMALAET MAKCU-
MaJbHOE YUCIO t-moaaepesa). He mpunasmmn yuacTus B 0OMEHE CHIH OCTa-
€TCA peryJsapHBIM, & IPUHABIIMNA YIACTUE MOXKET U HE OBITH PEryJAPHLIM.
B ocTanbHBIX BepIIUHAX S-TTOAEPEBA HE U3MEHWINCH HU YUCIA, HU MO 1e-
PEBBS UX IMOTOMKOB (pa3Be 4TO [Ba DJEMEHTA IO/ACPEBa IEePECTABUINCE ),
TAK 9TO PEryJsapHOCTb HE HAPYIINIACH.

IJTa XKe MpoUeaypPa MOXKET UCIOJb30OBATHCA [ TOTO, YTOORI CAEIATH
1-Mo11ICPERO PEryJIAPHEIM HA HAYANLHOU CTAUU COPTUPOBKU:

k :=n; u := n;
{Bce s-momgmepeBBa c s>u perymapHH }
while u<>0 do begin
{u-monmepeBo perynspHo Besme, KpoMe pa3Be YTO KOpPHA}
BOCCTaHOBUTE pPEeryIAPHOCTE U-TOJAepeBa B KOpHE;
u:=u-1;
end;
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Tenmepr 3anmimeM Opoueaypy COPTUPOBKM HA Hackane (IPeamoJaaras,
YTO L — KOHCTAHTa, X UMeeT Tull arr = array [1..n] of integer).

procedure sort (var x: arr);

var u, k: integer;

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

begin

tmp := x[il;

x[il := x[j1;

x[j] := tmp;
end;

procedure restore (s: integer);

var t: integer;

begin

t:=s;

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

if (2#t+1 <= k) and (x[2#t+1] >= x[2*t]) then begin

exchange (t, 2*t+1);

t 1= 2%t+1;

end else begin

exchange (t, 2xt);

t 1= 2%t;

end;

end;

end;

begin

k:=n;

u:=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;
end; ]

Heckonpko 3ameyannn.

MeTo[, UCOIL30BAHHBIN TIPU COPTUPOBKE AEPEBOM, GBLIBACT TOJE3HEIM
B aApyrux caydaax. (Cm. B riase 6 (Tunbl nanubrx) 06 oUepesu ¢ OPUOPHU-
TETaMH.)
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CopTupoBKa CausHMEM XOpPOIIA TE€M, 9TO OHA HA TpedyeT, YTOOHI BECh
COPTUPYEMBIN MACCUB MOMEIIAJICA B OMEPATUBHON maMsaTu. MOXKHO CHadaIa
OTCOPTUPOBATH TAKUE KyCKHU, KOTOPEIE IOMEIIAIOTCA B IAMATH (HAIPUMED,
C HOMOLIBIO AEPEBA), 8 3aTEM CAUBATH IIOJLy4CHHbIE (DAL

Emg oaun npakTuvecKn BaXHBIU aJrOPUTM COPTUPOBKHU (GBICTpasA COp-
TUPOBKA X0apa) TaKOB: YTOOEI OTCOPTUPOBATL MACCUB, BHIOEPEM CJLydal-
HEIU €0 2JeMeHT b, 1 pa3o0bLéM MacCuB Ha TPU 9aCTU: MEHLIIME b, paBHEIE b
u Gosbmuue b. (JrTa 3anava npusenena B raase 1.) Temeps ocTatocs 0Tcop-
THUPOBATH NEPBYIO U TPETHIO YACTHU: 3TO JEIACTCS TEM ke crnocobom. Bpems
pPabOTHL 3TOr0 AICOPUTMA — CIYYAUHAS BEIMYUAHA; MOXHO J0KA3aTh, YTO
B cpeaneM OH paboraet He Ooubine Cnlogn. Ha nmpakTtuke — oH oauH u3
cambrx OviCTpEIX. (MBI emé BepHEMCA K HEMY, IPUBEASA €r0 PEKYPCHUBHYIO
1 HEPEKYPCUBHYIO DEATU3ALN. )

Haxouern, ormeTum, 4TO COPTUPOBKA 3a BpeMs mopsaaka Cnlogn mo-
JKeT OBITh BBINOJHEHA, ¢ IOMOMIBI0 TEXHUKU COATAHCUPOBAHHEIX AE€DEBLEB
(cMm. riaBy 14), oqHAKO IPOrpaMMBL TYT CJIOXKHEE U KOHCTAaHTA C' OBOJBHO
BEJIVKA.

4.3. [lpyUMeHeHNUs COpTUPOBKM.

4.3.1. HanTu KOAM9eCcTBO PA3IMIHBEIX YUCEJA CPEAU DJIEMEHTOB JAHHOIO
maccuBa. ducao geuctsun nopsagka nlogn. (dra 3agada yxe Obuia B Iia-
Be 1.)

Permrenne. OTCOpTI/IpOBa.TB Yucja, a 3aTeM IIOCYUTATh KOJUYICCTBO pa3-
JINYHBIX, IPOCMATPUABAA 3JICMCHTEI MaCCUBaA IIO IOPAOKY . O

4.3.2. Jlano n orpeskos [al[il,b[i]] na npsmon (i = 1...n). Hautu
MaKCUMAIBHOE K, I KOTOPOrO CyMIECTBYET TOYKA NPAMOM, MOKPHITASA
k orpeskaMu («MAKCUMAIBHOE YUCJIO0 CJAOEB»). Yucio peucTsuul — nopsj-
kxa nlogn.

Pemenne. Ymopsgodum Bce JICBBIE U [IPABBIE KOHIEBI OTPE3KOB BMECTE
(Ipu 5TOM JIEBEIU KOHEI[ CIUTACTCA MEHBIIE NMPABOrO KOHLA, PACIOIOKEH-
HOr'O B TOU Xe TOdYKe mpsmon). [anee ABUraeMcs CJI€Ba HANPABO, CUUTAA
YUCIO CJIOEB. BCTpEYEHHBIN JIEBHIM KOHEI[ YBEIUYMBALT YUCJIO CJIOEB HA 1,
mpaBeid — yMeHbmaeT. OTMeTUM, YTO NPUMBIKAIOIMKE APYT K APYTY OT-
pe3ku 06pabaThIBAIOTCA MPABUIBHO: CHAYAAA UAET JEBHI KOHEN (IPaBOro
OTDE3KA), 4 3aTE€M — HPABLIU (JIEBOI'O OTPE3KA). O

4.3.3. [lano m TOYEK HA ILUIOCKOCTH. YKazaThb (n — 1)-3BeHHyIO Heca-
MOIIEPECEKAMNIYIOCA HE3AMKHYTYIO JIOMAHYI0, IPOXOJALIYI0 Yepe3 BCe DTHU
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touku. (CoceHUM OTPE3KAM JOMAHOU PA3PEIIACTCA JEKATH HA OJHOU IIPsA-
mou.) Hucuo gercrBun mopsaaxa nlogn.

Pemrenwe. YropsigouuM TOYKHU IO L-KOOPAWHATE, & MPU PABHBIX X-KO-
OpAMHATAX — IO Y-KOoOpauHaTe. B TakoM mopsjike u MOXHO MPOBOAUTH
JOMaHYIO. O

4.3.4. Ta xe 3amada, eciu JOMaHasA NOJKHA ObITH 3aMKHYTOMU.

Pemenwe. Bo3pMéM camyro J€By10 TOYKY (TO €CTh TOYKY C HAUMEHBINICH
Z-KOOPIMHATON) U TPOBEAEM U3 HEE JIydr BO BCE OCTANBHEIE TOYKU. Tenepnb
YIOPAJOYUM DTU JIYyYH CHU3Y BBEPX, & TOYKU HA OJHOM Jyde YIOPOUAM II0
PACCTOAHUIO OT HAYAIA Iy4a (3TO AeJaeTCs 1JIA BCEX JLyder, KPOME HIKHETO
u BepxHero). JlomaHas BHIXOAUT u3 BHIOPDAHHOU (CAMOU JIEBOU) TOYKH IO
HIDKHEMY Jydy, 32Te€M IO BCeM OCTAILHLIM JAy4aM (B OMUCAHHOM HOPAIKE)
U BO3BPAIIAETCA IO BEPXHEMY JIy4y. ]

4.3.5. [ano n Touek Ha maockocTu. [locTpouTk UX BHIDYKIYIO 000J0Y-
Ky — MEHMMAJIBHYIO BBHIITYKIYIO GUTYpY, ux cogepxaityo. (Pesunosoe ko-
JIEYKO, HATSAHYTOE Ha BOUTHIE B JOCKY I'BO3JU — UX BBIIYKJIasA 00O0IOYKA.)
Yucno onepanun He 6osee nlogn.

[Ykazanue. YnopsagouuM TOYKM — COZUTCS JIOOOU U3 IOPAILKOB, UC-
[TOJB30BAHHBEIX B IBYX NPEIBIAYINNAX 334a4Yax. 3aTEM, PACCMATPUBAT TOY-
KN 10 odepenu, OyJeM CTPOUTH BBIIYKJIYIO OOOJOYKY YK€ PaCCMOTPEH-
HBIX TO4YeK. ([liA XpaHEHUs BBHITYKION OOOJNOYKY IOJE3HO HUCIOIBL30BATH
IeK, cM. riaBy 6. Brpouem, mpu ymopsgodeHUM TOYEK IO yIVIaM DTO W3-
Jmise. )| O

4 4. Hu)KHue OUEHKMW ANSi 4MCna CPaBHEHUH
Npu COpPTUPOBKE

ITycts umeeTcsa n PasIuYHBIX MO BECYy KAMHEU U BECHI, KOTOPHIE IO-
3BOJAIOT 33 OJHO B3BEIIUBAHUE OMPEIEIUTH, KAKOU U3 [BYX BLIOPAHHBIX
Hamu kKamHen Tsaxenee. (B mporpamMmucTckux TepMumHax: MBI MMEEM [10-
cryn K Qpyukuuu Taxenee(i,j:1..n) :boolean.) Hago ynopsagouuts xam-
HU II0 BECy, CJEJIaB KAK MOXHO MEHBIIE B3BCIIMBAHUYU (BHI30BOB (DyHKIMU
TAXeee).

Pasymeercs, 4ucio B3BEIIMBAHUM 3AaBUCAT HE TOJBKO OT BHIOPAHHOTO
HaMU JICOPUTMA, HO U OT TOr'0, KAK OKA3aAUCh PACIOIOXKeHBI Kamuu. Ciox-
HOCTBIO AITOPUTMA HA30BEM YUCIO B3BEIIVBAHUU IPU HAUXYAIIEM PACIIO-
JIOXKCHUY KAMHEH.
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4.4.1. [lokasaThb, YTO CIOKHOCTH IPOUIBOIHHOIO AITOPUTMA COPTUPOB-
K1 1 KaMHen He MeHbie logyn! (rgen!=1-2-...-n).

Pemrenne. [IycTs umeeTcs anroputm caoxuocTu He 6osee d. [ kax go-
ro u3 ! BO3MOXHEIX PACIONOXKEHUN KAMHEN 3AMPOTOKOIUPYEM PE3yabTa-
THI B3BemUBaHUN (OOpAICHU K (PyHKIUM TAXelee); UX MOXKHO 3AMUCATH
B BHU/€ MOCIENOBATEILHOCTU U3 He Gosee deM d Hyqeu u egunui. s eau-
HOOOPA3Ms JOIMOIHUM [TOCIELOBATEILHOCTD HYAAMH, YTOOLI €€ JINHA CTaJIa
pasuou d. Tem cambiM y HAC uMeeTcs n! mocaeqoBaTeabHOCTEN U3 d HyJIeU
u efuHUI. Bee 5TH mOCHEI0BATENLHOCTH PA3HEIE — MHAYE HAII AJCOPUTM
gaa OBl OJUHAKOBBIE OTBETHL A/ PA3HBIX HNOPAAKOB (M OAUH U3 OTBETOB
6Bl Ob1 HempaBuabHbIM). [loayuaem, uro 2¢ > n! — uro u TpeGosarocs
IOKa3aTh. O

[pyrou cnocob 06BACHUTL TO XK€ CAMOE — PACCMOTPETDH [EPEBO BAPU-
AHTOB, BO3HMKAIOIIECE B XO/I€ BLIIOJHCHUA AJITCOPUTMA, U COCIATLCA HA TO,
4TO JepeBO BEICOTHI d He MOXKeT uMeTh 6omxee 2¢ mucTheB.

Hecaoxuo 3amernts, uro log, n! > e¢nlogn npu nogxonsamem ¢ > 0, mo-
CKOJILKY B CyMMe

logn! =logl+1log2 +log3+...+1logn

BTOpas MOJOBUHA CIAraeMbIX He Menbine log, (n/2) =log, n — 1 xaxgoe.

Tem caMbIM 110601 AATOPATM COPTUPOBKY, UCIOAB3YOIAN TOIBKO CPAB-
HCHUS HJIEMEHTOB MACCUBA M MX IIEPECTAHOBKH, Tpebyer He McHee cnlogn
JEVCTBUM, TAK YTO HAIIK AITOPUTMbI OIN3KK K onTuMaabHbIM. OgHaKo ar-
COPUTM COPTUPOBKHM, HCIOJAB3YIOUMN ADYTUe ONEPAIMHU, MOXET AeHCTBO-
BaTh U OeIcTpee. BoT oaun us npuMepos.

4.4.2. Nwmeercs maccuB nenwix yucen al1] .. .a[n], npuuém Bce uymcaa
HEOTPULATEIBHEL U HE TPEBOCX0AAT m. OTCOPTUPOBATE DTOT MACCUB; YUCJIO
IEUCTBUAU MOPSAAKA M + 1.

Pemrenwme. /s xaxgoro yucaa or 0 40 m MOACYATHIBAEM, CKOJIBKO DPa3
OHO BCTpeYaeTcsa B Maccuse. Ilociae 5TOro MCXoAHBIM MaCCUB MOXKHO CTe-
PeTh U 3aNOJHUTHL 3aHOBO B MOPAIKE BO3PACTAHUSA, UCIOJAL3YSA CBEICHUA
0 KPaTHOCTH KaXK OO YUCIIA. O

OTMmeTuM, YTO 3TOT AITOPUTM HE IEPECTABIACT YMUCIA B MACCUBE, KAK
GOMBIIMHCTRO APYTHUX, & «3AMUCHIBACT UX TYa 3AHOBOY.

Ectes Takxe MeTon COPTUPOBKHA, B KOTOPOM MOCAEAOBATEILHO MPOBO-
OUTCA PAJ «JACTUIHBEIX COPTUPOBOK» MO OTAeAbLHEIM 6uTam. Hauuém ¢ Ta-
KOU 3a,/1a4H.
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4.4.3. B maccuse a[1]...a[n] mesrpix 4duces mepecTaBATH DJIEMEHTHI
Tak, 9TO0Bl Y6THHIE YMCJA LI [epel HEeYETHBIMU (HE MEHAA B3aUMHEIN
MOPAJOK B KaXKA0U U3 T'PYIII).

Pemenwe. Crauana crumeM (BO BCIOMOTaTeABHBIN MACCUB) BCE YETHEIE,
a IOTOM — BCE HEYETHEIE. |

4.4.4. Nmeerca maccur u3 n uucea oT 0 go 2% — 1, xaxgoe u3 KoTo-
PHIX MBI OyJeM pacCMaTpUBATL KakK k-GMTOBOE CIOBO U3 HYJEU U CIVHMIL.
Ucnone3ys nposepku «i-bit 6uT paBeH O» U «i-bii GUT paBeH 1» BMECTO
CPaBHEHMM, OTCOPTUPOBATEL BCE YUCJIA 38 BPEMSA HOPAAKA Nk.

Pemenme. OTcopTupyeM ducia no nmocaeqHemMy 6uty (CM. OpeasIyITyo
3aa4y), 3aTeM IO IPEANoCiIeJHEMY U TaK jJajee. B pesyibrare onu OyayT
OTCOPTUPOBAHEL. B caMoM fene, MHIYKIUEN 10 § JETKO JOKA3aTh, YTO MOCJIE
1 MAaroB JioOLIe JBa YHUCJIA, OTIUYAKIMECI TOJIBKO B ¢ MOCIeIHUX OUTAX,
uayT B npaBuwibHOM nopsaxe. (Bapuant: nocae ¢ maros i-6UTOBBIE KOHIIEL
9UCea UAYT B MPABUJIBHOM IOPAIKE. ) |

AHaIOrMYHBIN AJICOPUTM MOXKET OLITH IPUMEHEH [JIA M-UIHOU CUCTEME
CYUCJICHUSA BMECTO ABOMYHOU. IIpu 5TOM moJesHa Takas BCIOMOrATEIbHAA
3ajJa4a:

4.4.5. [lanbi n yuces u GpyHkuus f, npuHUMAaKOmasn (HA HUX) 3HAYCHUA
1...m. TpebyeTcs mepecTaBUTH YUCIA B TAKOM MOPALKE, YTOOBI 3HAUCHUA
dbyukuun f He yOnBamu (COXpaHAA NOPALOK [JA YUCET C PABHBIMYU 3HAUEC-
Huamu ). Hucno geucTBun mOpAIKa m + n.

[Yxazanue. 3aBecTu m CHUCKOB CyMMAapHOU AIUHEL 7 (KAK 3TO CAEIATH,
CMOTpH B ruaBe 6 O TUIIaX JAHHBEIX) U [IOMEMATH B {-bI CIMCOK 9UCIA, 1JIA
KOTOPHIX 3Ha4YeHne PpyHKuuy f paBHO 4. BapmaHT: moCYUTAThL IJIA BCEX i,
CKOJIBKO MMeeTCs ducea z ¢ f(z) =4, mocae 4ero Jerko ONpejeuTh, ¢ Ka-
KOI'0 MECTa HYXXHO HaYMHATDH PasMemnaTh Yucia ¢ ¢ f(z) =1i.) O

4.4.6. [aun n nenwx umcen B guamasone ot 1 1o n?. Kax orcopTupo-
BATHb UX, CACIAB MOPAIKA N JEUCTRUNT O

4.5. PoacTeeHHble COPTUMPOBKE 3a4a4u

4.5.1. KakoBa MUHUMAJBHO BO3MOXKHASA CJIOXKHOCTH (YMCIO CPABHEHUU
B HAWXyJIIEM CIydae) alrOPUTMAa OTHICKAHUA CaMOr0 TSKEIOr0 U3 1 KaM-
Hen?
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Pemrenne. O4ueBUAHLIM AICOPUTM C MHBAPUAHTOM «HAWAEH CAMBIM Ts-
XKEIBIN KaMEHb CpeAu MEPBHIX §» Tpebyer m — 1 cpaBHenuu. Anropurma
MEHBIIEH CAOKHOCTH HET. DTO BHITEKAET U3 CJAEAYIOIIEro 0ojee CUILHOIO
yTBEpXK ICHUS. O

4.5.2. OkcnepT X049eT y6eauTh Cy, YTO JaHHBIU KAMEHb — CaMBbIU Ts-
KEJILIM CPeau N KaMHen, caeaas MeHee n — 1 B3pemmBanun. [Joka3aTs, 94TO
5TO HeBO3MOXHO. (Beca KaMHel HEU3BECTHEI Cy1y, HO U3BECTHEI DKCIIEPTY .)

Pemrenne. M306pasuM KaMHUM TOYKAMU, 8 B3BEIIMBAHUA — JUHUAMHA
vex a1y Humu. [loxyyuum rpad ¢ n Bepmmuamu u MeHee dem n — 1 pébpamu.
Takou rpad HecBaseH (106aBJICHNE KX J0r0 CJAEAYIOMEro pe6pa yMEeHbIIa-
€T YMCJIO CBA3HBIX KOMOOHEHT He Gosee vem Ha 1). [losromy cyn mHudero
HE 3HAET OTHOCUTEJIBHO COOTHOIICHUS BECOB KAMHEU B PA3JUYHLIX CBSI3-
HBIX KOMIIOHEHTAX ¥ MOXET JOMYCTUTb, YTO CAMBIA TAXKENLIN KAMEHb —
B JII000U U3 HUX.

Boaee nmpocToe o6bacCHeHUE: OyAeM CICOUTH 33 TEM, CKOJILKO KaMHEU
K JAHHOMY MOMEHTY HE «IpOoUrpaam (TO €CThb HE OKA3AINUCH JIErde APYrUX).
Brauane ux n; npu Kax[OM B3BEIIUBAHUU MPOUTDPHEIBAET TOJBKO OJWH Ka-
MEHb, 8 €CJIU €CTh JBOE HE NMPOUTPABIIUX HUKOMY, JIOOOU U3 HUX MOXKET
(c TOUKM 3peHus Cyna) OKa3aThbCsA CAMBIM TAKEIBIM. (]

Pasuuna mexay >Tou 3a1a9€u U IPEABIAYIIEH: B 3TOU 334a9€ Mbl JOKa-
3BIBAEM, 9TO 7 — 2 B3BEIIUBAHUU HE NOCTATOYHO HE TOJBKO [ HAXOXKIE-
HUA CAMOTO TAXKENIOr0, HO JAXKE [JIA TOrO, 9TOORI yOSAUTHCA, 9TO JAHHBIU
KaMEHb SABIACTCSA TAKOBLIM — €CJIU MPEIIOIOXUTEILHEIN OTBET U3BECTEH.
(B cay4ae COpTUPOBKY, 3HAA MPEAIOIOKUATEILHEIN OTBET, MEL MOXeM yOe-
OUTHCA B €r0 MPABUJILHOCTH, CIEJIAB BCETO 7 — 1 CPABHEHUU — KAXK LI
CPaBHUBAEM CO CIeAYIOMMM 0 Becy. HamomuuM, 4T0 copTUpOBKa TpebyeT
B Xy/IIEM CJIy4ae 3HAIUTEABHO GOJIBINE CPABHCHUN )

4.5.3. [[okaz3aTb, YTO MOXKHO HAUTU CAMBIN JEIKUM ¥ CAMBIM TAXKEIBIN
u3 2n kamHen (OQHOBPEMEHHO), CACIAB 31 — 2 B3BEIIUBAHUML.

Pemenune. Pa3o6béM KaMHUM IIPOU3BOJIBLHBEIM OOPA30M HA N AP U CPaB-
HUM KaMHHZ B Kaxjou nape (n eapemuBanuit). OTJ0XKUM OTIeIbHO «mOGe-
auTenen (6osee TAKEMBIX B CBOCH [Aape) U «IPOUrPABIIMX» (Gosee J6rkKux).
SAcHo, 94TO caMbIll JIErKu¥ KaMeHb HAJ0 UCKATH CPeAn mpourpasmmx (n — 1
CPABHEHUN), & CAMBIU TXKEMRIN — cpexu nobeautenen (emé n — 1 cpasne-
HUL). O

4.5.4. [loxazaTb, 9TO HE CYWIECTBYET AJCOPUTMA, MO3BOJSIIOMIErO I'a-
PAHTUPOBAHHO HAUTHU CAMBIN JETKUM U CAMBIM TSKEIBIN CPEAU 271 KaMHEH
(oZHOBpPEMEHHO), CAeIaB MeHee 31 — 2 B3BEIIVBAHUL.
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Pemenme. [IycTs Takon aaroputm cymectsyer. Habmogas 3a ero npu-
MEHEHUEM K KaKOU-TO IPYINIE U3 21 KaMHER, MBI Oy 4eM CJIEAUTh 33 YeThIPb-
Ms napaMeTrpaMu. A uMeHHO, MBI Oy4eM CMOTPETh, CKOIBKO KAMHEH

(a) KOMy-TO y¥Xe MpPOUrpajn, a y KOrO-TO YK€ BHIULDAIY;

(b) xoMy-TO yx)e mpourpanu, HO emé HU y KOO He BEIUTDAJIV;

(¢) y KOro-To yxe BBIUIDAIM, HO €IIE HUKOMY HE IPOUrDAIIY;

(d) HE y KOr0 HE BHIMIpAIU U HUKOMY HE NPOUrpaau (TO eCTh HU C KEM

HE CPABHUBAJINUC).
(HamoMHMM, 9TO BLIUIDABIIAM B CPABHEHUU MBI CUATAEM G0JEe TAKEIHIN
kaMmenb.) Kavuu Tuna (a), 046BUAHO, HE MOT'YT yKe OKA3aThCA HUA CAMBIMU
JETKUMU, HU CAMBIMU TAXKEJIBIMYA, KAKOBBI OBl HU ObLIA PE3YJIbTATEL 1aJb-
Henmmx cpaBHeHuu. Jo6ou xamens Tuna (b) mmeeTr maHc OkazaTHCA ca-
MBEIM JETKUM (B CAMOM JeJIe, €r0 MOXHO NPOU3BOJILHO O0JIErYUTh, HE MEHAA
PE3yIbTATOB YK€ BHIIOJIHCHHLIX CPABHEHUM), HO YK€ HE MOXET OHITH Ca-
MBIM TXKEIBIM; 1 KaMHen Tuna (¢) nao6opor. Hakonern, m1060i KaMeHb
Tuna (d) MOXeT OBITH U CAMBIM JETKUM, ¥ CAMBIM TAXKEIBIM.

O603nauum gepes a, b, ¢, d KoMu4ecTBa KAMHEU B COOTBETCTBYOMIUX Ka-
TErOpUAX U MPOCIEAUM, KAK MEHAITCA OTU MapaMETPhI [IPU OYEPEIHOM
cpaBHeHUU (B 3aBUCHMOCTU OT TOrO, KAMHU KAKOT'O THUIMA CPABHUBAIOTCA
U C KAKUM DPE3yJabTATOM).

CpaBHCHUE | a b c | d |b+c+(3/2)d
a-a 0 0 0 0 0
a>b 0 0 0 0 0
a<b +1|-1] 0 0 -1
a<c 0 0 0 0 0
a>c +1| 0 |-1] 0 -1
a>d 0 [+1] 0 | -1 —1/2
a<d 0 0 | +1]| -1 -1/2
b—b +1|-1] 0 0 -1
b<ec 0 0 0 0 0
b>c 42| -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
c>d 0O |+1] 0 | -1 -1/2
d-d 0 | +1 | +1| -2 -1

Hocrequut cTonber TabIulbl MOKA3LIBAET, KAK MEHACTCA BEIUYMHA § =
=b+ ¢+ (3/2)d (x0TOPYIO MOXHO PACCMATPUBATEL B KAYECTBE MEPHL «OCTAB-
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MEUcs paboThl: KAMEHb, IIPO KOTOPLIM HE U3BECTHO HUYErO, C TOYKU 3pe-
HUSI DTOU MEPEHL B IOITOPA Pa3a CJIOXKHEe KaMHs, 1 KOTOPOr'o €CTh OLHO-
CTOPOHHAA OLEHKA). M3nauanbHo § = 3n, a B koHUE § = 2 (PO BCE KAMHH,
KPOMe [BYX, U3BECTHO, YTO OHU OTHOCATCA K Kareropuu (a)). M3 Tabmuiet
BUJHO, YTO NP JIOOOM B3BEIIMBAHUY €CTh (HEYAAYHBIA UCXOL), IPU KOTO-
pPOM § yMeHbINAeTCsA He Gojee 4eM Ha efuHuNy. Takme MUCXOABI NEUCTBU-
TEJIBHO BO3MOXHEI (HE MPOTUBOPEYAT PE3yIbTATAM IPEABIAYIIUX B3BEIIN-
BAHVN): IPY CPABHEHUM b-KAMHS U ¢-KAMHS MOXKET OKa3aThCsA, YTO C-KAMEHb
TsKenee (ero BeC HE OrPAHWYEH CBEPXY NPEABIAYIIAMY B3BEIIUBAHUIMMU),
a IpU CPABHEHUM C Y4acTUeM d-KAMHs PE3yJbTaT MOXeET ObITH JIHOOBIM,
MOCKOJIBKY TIPO d-KaMeHb Hu4ero He uaBecTHO. (Kpome Toro, MmoxHO 3ame-
TUTH, YTO OJWH U3 UCXOOB B3BEIINBAHNS HEBO3MOXEH, TO 3TO B3BEIINBAHNE
BOOOIIE M3IUIIHE U €r0 MOXKHO HE JeIaTh.) A eCJM UCXOIBl BCEX B3BEIId-
BAaHMUYU HEYJA4HBLI, TO YMEHbIIEHNE s ¢ 3n 4O 2 nmoTpebyeT KaK MUHUMYM
3n — 2 B3BEMIUBAHUU, YTO U TPEOOBAJIOCH AOKAZATH. O

4.5.5. [JaHo n pas3AMYHBIX [0 BeCy KaMHEN. HauTu camMblil TsXEnnin
1 BTOPOU IO BECy KaMHWU, caejas He 6osee n + [log, n] — 2 B3pemmBanui
(Mlogy n] — mammenwmee nenoe k, mpu koTopom 2F > n).

Pemenne. Cravana nangém mobegurens (CAMBIN TAXKEIBIA KAMEHB), a
moToM OyAeM UCKaTh BTOPOU MO Becy. SICHO, 9TO BTOPOr0 MOXHO UCKATH
JIWIIb CPEAHU TEX, KTO MIPOUTPAT JUIHO HOGEAUTENO (IPOUTrPABIIME KOMY-TO
em@ Jgerde cpasy AByx kamuen). Ecau onpegesasaTs nobeaurens B TypHUDE
[0 OMUMIMUCKOU cucTeMe (BCe NeIATCA Ha Maphl, IPOUrDABIIAE BLIOHIBA-
10T, TOTOM CHOBA [GJATCA HA MApH U Tak naixee), To mua 28 ygacTrukos
noHago6utcs k payHaoB, a muA n y4acTHUKOB — [log, n| paynpgos. B ka-
X [IOU UT'Pe TYPHUPA BHIOBIBAET OUH YYACTHUK, IOITOMY BCero Oyaer n — 1
Urp s onpegenenus nobesurens u emg [log, n| — 1 B TypHEUpPE 32 BTOpOE
MECTO CPeA¥ MPOUTPABIINX TOGEIUTEIIO. O

4.5.6. [JoxazaTh, YTO HUKAKOU AJTOPUTM HAXOXKJCHUSI CAMOTO TSKEI0-
IO ¥ BTOPOLO IO BECY CPEAM 7 KAMHEU HE MOXET IapaHTUPOBAHHO CHEJATH
5TO MeHee 4eM 3a 1 + [log, n] — 2 B3BelUBAHUTL.

Pemenwne. [Iycts nan Takou amroputm. B Kaxk bl MOMEHT €ro UCIOJ-
HEHUS PACCMOTPUM YUCIO k; KAMHEN-YYACTHUKOB, IPOUTPABIIUX HE MEHEE §
urp-cpapHenut. (KocBeHHBIE TIPOUrpHIIM — ecau a npourpan b, a b mpo-
Urpajs ¢, — HE YYUTHIBAOTCA.) JIerko moHATH, 9TO cymma k; IO BCEM i
PaBHA YUCIY UTD, TAK KAK MOCIE KX O UTPHI OAHO U3 k; yBEIUIUBACTCA
HA eIUHUILY.

IMosTOMy HOCTATOYHO MOKA3aTh, YTO KAKOB Obl HU OBLI AITOPUTM, TIPU
HEYJAYHBIX [JI HEro pe3yJbTaTaX urp OydeT BBIIOJHEHO HEPABEHCTBO
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k1 + ko > n + [logyn] — 2. Bygem HasbBaTh «iugepaMm» TEX yIaCTHUKOB,
KOTOpHIE elI¢é HUKOMY He mpourpanu. B Hadame ux n, a B KOHIIE OCTAETCs
TOIBKO OAUH Juiep (HOCKOIBKY JI000U U3 JIUAEPOB MOXKET OBIThH HOGeuTe-
aem). osromy k1 > n — 1 (Bce urpoku, Kpome OZHOrO, KOMY-TO IIPOUTPaA-
au). O6BACHUM, KAK HA,10 BEIOMPATH PE3YAbTATHl MATIEH, YTOOBL JOOUTHCA
HepaseHCTBa ko > [logy | — 2. Peaysibrar BCTpEdn ABYX HE-JMIEPOB MO-
keT ObITh BEIOpaH J00sM. Eciu gmugep BCTpedaeTcs ¢ He-IuaepoM, TO BhI-
urpriBaet augep. [Ipu BecTpeye qByX 1M A€pOB BEIATPHIBACT GOJIEE ONBITHEBIN,
TO €CTb TOT, KTO BEIUT'PAJ K YTOMY MOMEHTY 60JbIie Urp (IIPU PABEHCTBE —
JH060H).

Yr0o6bI 40KA3aTH, YTO B 3TOM CJIy4Yae BHIIOJHEHO UCKOMOE HEPABEHCTBO
Ha ko, BBEAEM OTHOIICHUS MONYUHEHUs, CIUTAA MPU DTOM, UTO KaAXKIBIU
WUCPOK B JIHO0OUM MOMEHT UCPHI MOJYUHEH POBHO OJHOMY Jauiepy. B naua-
Jie KaxX bl caM cebe Jmaep U moa4uHéH Toabko cebe. Ilpu BecTpede maepa
¢ He-Ju aepoM (WX JBYX He-JUEPOB) MOAYUHEHUE HE MEHACTCS; IPU BCTPE-
9e IBYX JUEPOB MPOUTPABIIUY U BCE €O MOJYNHEHHEIE TIEPerno IuHAITCA
BBIUTPABIIEMY .

Jlerko 10kazaTh M0 MHAYKIUY, YTO €CJU JUAEP BEUTPAI k Ur'p, TO TPYyI-
Ta ero Mo YMHEHHBIX (BKII0OUAA €r0 CAMOT0) COAepKuT He Goaee 2F vemonex.
Buauane k =0 u B ero rpynmne ToibK0 OH caMm. Ecau sugep Bumurpaa k urp
7 06eX JAET JUAePa, BHIUIPABINErO He 6oee k Urp, TO B KAXK[OU U3 T'PYIII
He 6osee 2F urpokos, a B 06beaunennu e 6oaee 281! urpokos.

CaenoBaTeabHO, MO OKOHYAHWU TYPHUPA JUAEP BHIUCPAN HE MEHEe
[logy, n| Urp, HOCKOABKY B €ro T'pynIe BCe N UTPOKOB. Bee mobex néHubie
UM, KpOME BTOPOr'O IO CUIE UTPOKA, MPOUTPAIH €Ié KOMY-TO (MHAYE I0-
YeMy MEI YBEDEHHI, 9TO OHU He BTOpHE no cuie?). OTcoa u norydaercs
TpebyeMas OLeHKa Ha Ko. O

4.5.7. [lokasaThb, YTO OICHKA TNPEALIAYINCH 3aJa49u OCTAETCA B CUIE,
ecau TpebyeTcss HAUTHU JUIb BTOPOU MO BECY KAMEHb, a4 CAMBIU TXKEIBIN
HCKATh He 005132 TeNbHO.

[Yxazanue. Eciu o 0koH4YaHUIO TypHUPA ONPEAEIMICS BTOPOU IO CU-
JIe UTPOK, TO OH KOMY-TO mpourpas (OTKyna MbL 3HAEM MHAYE, 9TO OH HE
[epBEIA? ), X TeM CaMbIM U3BECTEH U MOOeAUTelb. O

4.5.8. [laHo n pasauvHbIX 10 BeCy Kamuen u 4ucio k (ot 1 go n). Tpe-
Oyercs HauTu k-bBIM MO BECy KaMeHb, caetaB He 6onee Cn B3BEIIUBAHUN,
rae C — HEKOTOpas KOHCTAHTA, HE 3ABUCAIIASA OT Kk u Nn.

amedaHue. COpTI/IpOBKa IO3BOJIACT CAEJIATH 3TO 3a Cn logn B3BCIIIN-
BaHUM. YKa3aHUE K 3TOU (pr,ﬂHOﬁ) 3a1a4e IMIPpUBCACHO B INVIaBE IIPO PEKYP-
CHIO. 0
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Cuaenyromas 3a1a4a UMeeT HEOXKUJAHHO IPOCTOE PEIIeHUE.

4.5.9. MmeeTcs n OJMHAKOBHEIX Ha BUJ KaMHEHM, HEKOTODHIE U3 KOTO-
PBIX Ha CAMOM JeJle PA3AUYHBLL 1O Becy. VMeeTcs mpuGOp, MO3BOIAOIIAN
[0 ABYM KAMHsM OIPEJEJINTh, OJUHAKOBLI OHU WX PA3IUYIHE! (HO HE TOBO-
PAIMAIN, KAKOU Tsaxkesee). U3BECTHO, 9TO Cpeay 3TUX KAMHEN OOJBIIUHCTBO
(60nee n/2) ogunakoseix. Caenas He 60J€e N B3BEIIUBAHUY, HAUTY XOTs ObL
OIVH KaMeHb u3 3Toro 6oapmumacTBa. (IIpegocrepexenne. Ecau npa xamus
OJVHAKOBBIE, 3TO HE TAPAHTUPYET UX NPUHALJIEKHOCTA K GOIBIIMHCTRY. )

[Vkazanue. Eciu HangeHsl gBa PA3IMYHBIX KAMHA, TO UX 0062 MOXHO
BBIOPOCUTH — XOTsA ObI OAUH M3 HUX ILIOXOU U OOJBIIMHCTBO OCTAHETCA
GOJIBIINHCTBOM. |

Pemenwne. [IporpaMma npocMaTpuBaeT KaMHU IO OYEPEIU, XPAHA B II€-
PEMEHHOU 1 YUCJI0 IPOCMOTPEHHBIX KaMHen. (CuuTaeM KaMHU IPOHYMEpO-
BaHHBIME OT 1 70 n.) IloMuMO >TOr0 mporpaMMa XpaHuT HOMED ¢TEKYIIEro
KaHIUIATA» C U €r0 «KPATHOCTBY K. CMEICH 3TUX HA3BAHUU OOBACHACTCA
nuBapuanTom (M):

€CIU K HEIPOCMOTPEHHEIM KaMHAM (¢ HOMepamu i+1...n) go-
OaBuiu GBI kK KOMUU C-T'0 KAMHSA, TO HAMOOJIEE IaCTHIM CPEIu HUX
OBLT OBI TAKOU XK€ KAMEHb, YTO U IS UCXOJHOT'O MACCUBA.

ITonyuaem Takyro mporpammy:

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+1-mMi kKaMeHP OLMHAKOB C C—HM) then begin
i:=i+1; k:=k+1;

{3aMenseM MaTepuanbHHN KaMeHb MIeambHEM}

end else begin

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

{BHKUIHBaeM OLWH MaTepMambHHN ¥ ONMH HIeaIbHHN KaMeHS}
end;

end;

MCKOMHM ABIAETCA C-HN KaMeHb

3ameuanue. [TockoabKy BO Bcex Tpéx BapraHTax BHIOOpA CTOUT KOMAHAA
i:=i+1, €6 MOXHO BEIHECTUA HAPYXKY. O

3aMeTuM TakXke, 9TO 3Ta IPOrpaMMa FAPAHTUPYET OTHICKAHUE HAaubO-
Jiee 9aCcTOr0 KaMHs, JUIIb €CIX OH COCTABIAET OOIBIIMHCTRO.



88 4. Copmuposxa

Caenymommas 3a/1a49a HE UMEET HA TEPBBIM B3IVIA] HUKAKOTO OTHOIICHUS
K COPTUPOBKE.

4.5.10. Umeercs xBaapaTHas Tabauna al[l..n,1..n]. U3BecTHO, YTO
[JIs1 HEKOTOPOI'O 1 CTPOKa C HOMEPOM 1 3alOJIHEHa OJHUMY HYJIAMHU, 8 CTOJ-
6e1; C HOMEPOM 1 — OHUMU eAUHUNAMY (33 UCKIIOYEHUEM UX MIEPECEUECHU
HA AUATOHAMM, T4€ CTOUT Heu3BeCTHO 4T0). Hantu Takoe i (oHo, 0ueBUAHO,
€IMHCTBEHHO). Yucio gencTsuil mopsaika n. (3aMeTuM, 4To HTO CYIIECTBEeH-
HO MEHBIIE YUCJIa DJIEMEHTOB B TAGIUIE. )

[Vkazanue. Paccmorpure alil [j] kax pesyapTar «CpaBHeHUsD» i C j
¥ BCIOMHUTE, YTO CAMEIU TAXKEILIM U3 N KAMHEU MOXET ObITh HAWICH
33 n cpaBHeHu#. (3aMeTuM, 9TO TAOJMIA MOXKET HE OBITH «TPAH3UTUB-
HOU», HO BCE PaBHO IIPU (CPABHEHUW» ABYX DJIEMEHTOB OAUH U3 HUX OT-
nanaet.)] O

5. KOHEHYHbLIE ABTOMATGI
N OEPABOTKA TEKCTOB

5.1. CocTaBHble CUMBOJIbl, KOMMEHTApUn N T. 1.

5.1.1. B Texcre BO3BeseHHME B CTENEHb 0003HAYANIOCH ABYMS WAYIIAMEA
NOAPAJ 3BE3n0YKaMu. Pereno 3aMeHuTs 5TO 0603HAYEHUE HA ~ (TaK 4TO,
K IpuMepy, x**y 3amenuTcs Ha x7y). Kax o mpome Beero caenars? Uc-
XOJHBIN TEKCT YUTACTCA CUMBOJ 33 CUMBOJIOM, IIOLYYAIOMIUANCT TEKCT TPe-
OyeTCs nevaTaTb CUMBOJ 33 CUMBOJIOM.

Pemenne. B kax1blil MOMEHT IPOrpPaMMa HAXOAUTCA B OJHOM U3 IABYX
COCTOSAHUU: «OCHOBHOE» U «IOCTE» (3BE3I0YKN):

Cocrosmune Oqepe,auﬂoﬁ Hosoe llencTBue
BXOOHOU CHUMBOJ COCTOsAHUEC

OCHOBHOE * nocJe HET

OCHOBHOE T F* OCHOBHOE | MEYATATH X

nocnie * OCHOBHOE€ ne4aTaThb

rocJe T F * OCHOBHOE | IIEYATATH *, T

Ecim B KOHIIE TEKCTA IPOrPaMMa OKA3bIBAETCA B COCTOSHUAU (IIOCJE), TO
CJIEyeT HANEYATATH 3BE3109KY (M KOHIUTH PaboTy). O

3ameuanue. Hama nporpamma 3amensieT *** Ha ~* (HO He Ha *~). B yc-
JOBUM 33aja4M MBI HE OFOBAPUBAIN ACTANCH, KAK TO 9aCTO AENACTCA —
[PEANoIaraeTcs, YToO IporpaMMa «JOMXKHA JeNCTBOBATHL PAa3yMHO». B nan-
HOM ClIydae, HOXAaLyl, CAMBIN IIPOCTOK CHOCO0 OOBACHATE, KaK IPOrPaMMa
JEUCTBYET — DTO OIUCATH €& COCTOAHUA U NEUCTBUS B HUX.

5.1.2. HanwucaTts nporpaMmy, yIaafOUIyi0 U3 TEKCTa, BCE MOACIOBA BU-
nIa abc. O
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5.1.3. B nackame xOMMEHTApUU 3aK/IOYAI0TCA B GUIyPHBIE CKOOKU:

begin {mavamo muxma}
i:=i+1; {yBemmuuBaem i ma 1}

Hanucares nporpammy, kOTOpas yaaJsia Obl KOMMEHTAPUNA U BCTABIAIA OBl
BMECTO UCKJIIOYEHHOrO KOMMeHTapusa npobea (4tober 1{onue}2 nmpesparu-

Joch He B 12, a B 1 2).

Pemenmne. [Iporpamma mMeeT nBa COCTOSHUSA: «OCHOBHOE» W «BHYTPU»

(xoMMeHTapus).
Cocrosanue Oqepe,quﬂoﬁ Horoe [lencTBue
BXOIHOU CHUMBOJ COCTOsAHUEC
OCHOBHOE€ ] BHYTDH HET
OCHOBHOE T # OCHOBHOE | meYaTaThb &
BHyTpU } OCHOBHOE | MEYaTaTh MPOGE
BHYTpU T F# BHYTpHU HET [

3amevanue. JTa IPOrpaMMa HE BOCIPUHUMAELT BJIOXKEHHBIE KOMMEHTA-
puu: CTPOKAa BpoJe

{{xoMenTapuit BHyTpPH} KOMMeHTapHA}
NIPEBPATUTCA B
KOMMEHTapHA}t

(B mauase crosT aBa mpobesa). OOGPAGOTKA BIOKEHHBIX KOMMCHTADUCB
KOHEYHBIM ABTOMATOM HEBO3MOXKHA (HYXHO (IOMHUTH YUCJIO CKOGOK) —
4 IPOM3BOJILHOE HATYPAIBHOE TUCIO HE MOMEIIACTCA B KOHEUHYIO TTAMSATD).

5.1.4. B nackajeBckux IporpamMmax OBIBAIOT TAKKe CTPOKHU, 3aKII0YEH-
HEIEe B KaBuuku. Ecmu ¢urypHas cko6ka BCTpE4aeTCs BHYTPU CTPOKH, TO
OHA HE O3HAYAET HAYAJIA MIU KOHIIA KOMMeHTapus. B cBoo ouepenb, KaBbId-
Ka B KOMMEHTAPUU HE O3HAYAET HA4YaJIa uin koHna crpoku. Kak mameHuTs
[IPOrpaMMy, YTOOBL 3TO YYECTh?!

[Ykazanue. CocTosHuu GyJeT TPU: OCHOBHOE, BHYTPU KOMMEHTADHUI,
BHYTpU CTPOKWU. ] O

5.1.5. Emé oaHa BO3MOXHOCTH MHOIMX PEAJUIANUANA HACKAIA — DTO
KOMMEHTAPUU BUA

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

[IPY HTOM 3aKPHIBAOMIAsg CKOOKa TONKHA COOTBETCTBOBATH OTKPHIBAIOICH
(to ectn {...*) He paspemaerca). Kax yganars Takue kommenTapuu? [
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5.2. Beopg 4ucen

Iycte pecaTuvnas 3anuch 4ucia DOAAETCSI HA BXOJ NPOrPAMMEL CUMBOJI
3a cuMBOJIOM. MEI XOTUM (IPOYECTD) DTO YUCIO (IOMECTUTH B IEPEMEHHYIO
Tumna real ero suadenue). Kpome Toro, Hago coo0mmTs 06 OMMOKE, €Can
YUCJIO 3AMUCAHO HEBEPHO.

Bounee koukpeTHo, npeacrasum cebe Takyro curyanuio. [locrenoBarens-
HOCTBH CUMBOJIOB Ha BXO/J€ ACIUTCA HA IPDOYUTAHHYIO U OCTABIIYIOCA IaCTHU.
Mur MoxeMm moab30BaThCA yHKumen Next:char, koTopas maéT mepBuIU
CUMBOJI OCTABIIICUCS YaCTHU, & TaK¥Ke Ipoueaypou Move, koTopas 3abupaeT
[IEPBBEIM CUMBOJ U3 OCTABIIEUCSA YaCTHU, IEPEBOISA €r0 B KATETOPUIO IIPOYN-
TAHHBIX.

[IPOYUTAHHAA 4acTh |Next| 7 ?

Bysem HA3LIBATL AECATUYHON 3ANUCHIO TAKYKO NOCIENOBATEILHOCTD
CHMBOJIOB:
(0 nnm Gosnee npobenos) (1 uiu Goaee mudp),

a TakXe TaKyIo:
(0 wim 6omee nmpo6enos) (1 wmm Gonee udp) . (1 wim Gonee uudp).
3aMeTuM, 9YTO COTVIACHO 3TOMY OITPENCJICHUIO
1. .1 1.1 -1.1

HE SABIAIOTCA AeCATUIHEIME 3amucamu. ChopMyaupyem Temepb 33139y
TOYHO:

5.2.1. IIpovyecTs M3 BXOAHOM CTPOKM MAKCUMAJILHYIO YaCTh, KOTOPAs
MOXET OBITH HAYAJIOM JeCATUYHOM 3amucu. ONpeneinTh, ABIACTCA JU 3Ta
9aCTh JAECATUYHON 3AMMUCHLIO WM HET.

Pemenne. anumem nporpaMmy Ha HackaJe (MCIOAb3YS «IePeInCIUMbIN
THUI» 1A HATJIATHOCTY 3AIUCH: IEPEMEHHAA state MOXeT IPUHUMATHL OLHO
13 3HAYECHUN, YKA3AHHLIX B CKOOKAX).

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

state := Initial;
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3aMeTbTe, 9TO NPUCBAUBAHUA state:=Accept u state:=Error He compo-
BOX JAIOTCsA CABUIOM (CI/IMBOJI, KOTOPBIU HE MOXKET OBITh YACTBHI0 YU, HE

5. Koneunvie agmomamut u 00pabomya mekcmos

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 nmemo# wacTu}
Move;

end else begin

| state := Error;

end;

end else if state = IntPart then begin

if Digit (Next) then begin

| state := IntPart; Move;

end else if Next = ’.’ then begin
state := DecPoint; {mocme necarnqnoﬁ TOYKUY}
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; {momxma 6uT®H X0oTH ofHa mudpal}
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 6uTE He MoxeT}
end;

3abupaeTcs).

[Tpusepéunas nporpaMmMa He 3AMOMUHAET 3HAYCHUE TPOUNTAHHOIO YUCJIA.

5.2.2. Pemmts npeapigyuryio 3a1a4y ¢ JONOJHUTEJILHEIM TPEOOBAHUEM:
€C/IU IPOYUTAHHBIA KYCOK ABIACTCSA NECATHYHOM 3aMUCHIO, TO B IEPEMEH-

HyI0 val:real clefyeT MOMECTUTH €€ 3HAUEHUE,

5.2. Beod uucea
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Pemenwne. [Ipu yrenun apo6GHOU YacTU NMEpeMEHHAsA step XPAaHUT MHO-
XKUTEIb TPU CICAYIOMEH AeCATUIHOU nudpe.

state := Init
while (state
if state =
if Next =
| state
end else
state

val :=
end else
| state

end;

end else if
if Digit
state

Move;
end else
state

step :=
Move;
end else
state
end;
end else if
if Digit
state
val :=
Move;
end else
state
end;
end else if
if Digit
state
val :=
Move;
end else
| state
end;
end else if
| {raxoro
end;
end;

ial; val:= Q;
<> Accept) or (state <> Error) do begin
Initial then begin

> ? then begin

:= Initial; Move;

if Digit(Next) then begin

:= IntPart; {mocme Havama memo# wacTu}

DigitValue (Next); Move;
begin

:= Error;

state = IntPart then begin
(Next) then begin

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

if Next = ’.’ then begin

:= DecPoint; {mocme mecaTmumol Touxm}
0.1;

begin

1= Accept;

state = DecPoint then begin
(Next) then begin

:= FracPart;

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

begin

:= Error; {gomxHa 6uTE xoTB ofHa muppal

state = FracPart then begin
(Next) then begin

:= FracPart;

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

begin

:= Accept;

6HTE He MOXeT}
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5.2.3. Ta xe 3agava, eciu mepej YUCIOM MOXKET CTOATH 3HAK — WA
3HAK + (4 MOXET HUYEro He CTOATH).

dopmaT yuces B 9TOU 3aJa4e OOBIYHO WILIOCTPUPYIOT TAKOU KAPTUH-

KOH:

(mdpa)

T
Lo
— - —{(mdpa)

O

5.2.4. Ta xe 3ama4ya, ecii K TOMY XK€ IOCJAE YUCIA MOXKET CTOATDH
[OKa3aTeJIb CTENEHU NeCATH, Kak B 254E-4 (= 0.0254) wm B 0.123E+9

(= 123000 000). HapucoBaTb COOTBETCTBYIOUIYI0 KADTUHKY. U

5.2.5. YTo HaJ0 U3MEHUTL B NMPUBEACHHOU BEIIIE IPOrPaMMe, ITOOLI
Pa3peIuTh MyCThIe LEAYI0 U APOOHYK dacTu (Kak B «l.», «.1y wim ga-
XKe «.» — MOCAEIHEE YUCIO CINTAEM DABHEIM HYJIO)? O

Mu1 Bepuémcs k koneunbiM aroMaTaM B ruase 10 (Cpasuenue ¢ 06pas-
OM).

6. TUMbl AAHHbBIX

6.1. Cteku

IIycts T — mexoropoin Tun. PaccMoTpusM (OTCYTCTBYOIIUY B TACKAJIE)
THUI «CTEK 3JeMEHTOB Tuna T». Ero sHaYCHUAMY ABIAIOTCA HOCJICL0BATECIb-
HOCTH 3Had4eHun tuma T.

Onepanumn:

e Cpuenarb_nycTeiM (var s: CTeK 21eMeHTOB Tuna T)

Jo6asuts (t:T; var s: cTeK d1eMeHTOB Tuna T)
e Baare (var t:T; var s: CTeK 5aeMeHTOB Tuna T)
e Ilycr (s: crex saemenTos Tuma T): boolean

e Bepmwuna (s: crex anemenTos tuna T): T

(Mbl mosabayeMcsi OOO3HAYEHUAMY, HAMOMUHAMOIIMMHU IACKAIb, XOTS B
nackanae tuna «ctek» HetT.) IIpoueaypa «CpenaTs myCThIMY IEIAET CTEK S
nycteiM. [Iponeaypa «/Jo6aButey mobaBiasieT t B KOHEI[ MOC/IEI0BATEILHO-
ctu s. [Iponenypa «B3sTey npuMenuma, ecau noCIe10BATENBHOCTD S HEITY-
CTa; OHA 3a0MpaeT U3 HeE MOCJHCAHUY DIEMEHT, KOTOPHIN CTAHOBUTCS 3HA-
4yeHueM nepemenHon t. Bruipaxkenue «Ilyct(s)» uctunno, ecau nocienosa-
TEJIBHOCTB S IycTa. Bripaxenue «Bepmmua(s)» onpegesaeHo, eciu mocaeio-
BAaTEABHOCTH S HENIyCTA, U PABHO IIOCACAHEMY 3JEMEHTY IIOCJACIOBATEIBHO-
CTH S.

M=ur IOKAaXEM, KaK MOICINPOBATH CTCK B IMACKAJIC U 1A 9€Tr0 OH MOXET
OBITH HYXKEH.

Mo,aenmpoaaume OrpaHNUY€HHOr 0 CTEKa B MaCCUBE

By,qu CIUTAThb, 9TO KOJUYCCTBO JJICMCHTOB B CTEKE HE IIPEBOCXOOUT
HEKOTOPOro 4ucja n. Tor;;a CTEK MOXHO MOJACINPOBATH C IOMOIIBIO ABYX
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IepeMEHHEIX:

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

CYuTasA, 9YTO B CTEKEC HAXOAATCA 3JCMECHTHI

Comepxamme [1],...,Comepxanme [[muma].

YT06w! Ce1aTh CTEK MyCTHIM, JOCTATOYHO HOJOXKUTH

Imuua := 0

obaBuTh dIeMeHT t:

{Inmuna < n}
Iimnua := lInuHa+l;
Comepxanme [[ammal :=t;

e Baarh sneMent B IIePEMECHHY IO t:

{lnuna > 0}
t := Copmepxaume [[muual;
IOnuua := [auHa - 1;

e Crek mycr, ecim Imuaa = 0.
e Bepmmna creka paBua Comepxanue [lnuual.

Taxum 00pa3zoM, BMECTO MEPEMEHHOW TUNA CTEK B MPOrpAMME Ha Ia-
CKaJle MOXXHO UCIOJIB30BATHL nBE nepeMennsie Cogepxanue u Imuna. MoxuHo
TaKXKe OIpeJeNIuTh TUll stack, 3anucas

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

(Mer nosBosieM ceGe UCIOIB30BATH UMEHA, IEPEMEHHBIX U3 PYCCKUX OyKB,
X0Ts 0OBIYHO HacKaab 3Toro He Jobut.) I[locae 5Toro moryr 6eiTe — B CO-
OTBETCTBUM C NIPABMIAMH [TACKAJISL — OMUCAHBI IPOLELYPHI PabOTHI CO CTE-
xoMm. Hampumep, MOXHO HanucaTob

procedure Jo6aeute (t: T; var s: stack);
begin

{s.lmuua < N}

s.lmuua := s.lnuma + 1;

s.Comepxanue [s.lmuual := t;
end;

6.1. Cmexu 97

Ucnonb3oeanune cTeka

Byaem paccmaTpuBaTh MOCIEI0BATEIBHOCTY OTKPEIBAIOIIUXCA U 3aKPHI-
BAIOIIUXCsI KPyrubix U kBaapaTHeix ckobok ( ) [ 1. Cpeau Bcex Takux
MOCJE0BATEIBHOCTEN BhIICJAUM TPABUIBHEIE — T€, KOTOPHEIE MOIYT OBITH
MIOJIYYEHBI 10 TAKUM IIPABUIAM:

® IIyCTas MOCICIOBATEIHLHOCTD MPABUIBHA.
e ccim A u B npaBuibhbel, TO u AB mpaBuibHA.

e ccm A mpaBuiabHa, T0 [A] u (A) npaBuIbHEL

IIpumep. ITocaemosareasuoctu (), [[1], [O[]JO][] npasmibuul, a
nocaenosareasroctu 1, ) (, (1, (D] — mer.

6.1.1. IlpoBepuTh MPAaBUILHOCTH IOCACAOBATEALHOCTU 33 BpEMs, HE
MPEBOCXOAAINECEe KOHCTAHTHI, YMHOXEHHOU Ha eé miuny. [Ipenmonaraercs,
YTO WICHBI TOCIEJ0BATEILHOCTY 3aKOUPOBAHEI IUCIAMU:

¢ 1
[ 2
) -1
1 -2

Pemenwe. Ilycte al[l]...a[n] — npoBepsiemas MmOCIEIOBATEILHOCTD.
Paapemmym XpaHUTh B CTEKE OTKPHIBAOIINECI KPYIUILIE U KBA APATHLIE CKOO-
ku (1. e. 1 m 2).

Brauase crex gemaem mycteiM. [lasee npoCMaTpPUBaEM WIEHBI ITOCJAELO0-
BaTEILHOCTH CJIEBA HAPABO. BCTpeTHUB OTKPHIBAIONIYIOCs CKOOKY (KPYIULYIO
WV KBAIPATHYIO), IOMEIIAeM €€ B CTeK. BCTpETUB 3aKPHIBAIOLIYIOCH, IIPO-
BepseM, YTO BEpIIMHA CTEKA — IApHAasA er CKOOKa; €Cau >TO He TaK, TO
MOXKHO YTBEPXKIATh, YTO NOCIEI0BATEILHOCTh HEIIPABUILHA, €CIU CKOOKA
napHas, TO 3ab6epém eé (Bepmuny) u3 crexa. [locien0BaTeIbHOCTE IPABUIb-
Ha, €CJIU B KOHIIE CTEK OKA3LIBAETCS IIYCT.

Crenmatb_nycTemM (s);
i := 0; O6HapyxeHa_oumbka := false;
{mpouuTano i cuMBONOB mocmemoBaTembHOCTH}
while (i < n) and not O6mapyxena_ommbka do begin
i:=1i+1;
if (ali]l = 1) or (al[il = 2) then begin
| Io6aBute (alil, s);
end else begin {alil paBmo -1 umm -2}
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if Hyct (s) then begin
| 06HapyxeHa_oumbka := true;
end else begin

Bzate (t, s);

O6uapyxena_oumbka := (t <> - a[il);
end;
end;
end;
IpaBunbHo := (not O6Hapyxena_ommbka) and Illyct (s);

Yb6enumcs B IPaBUIBEHOCTU MPOrPAMMEI.

(1) Eciu nocnegoBaTelbHOCTD IOCTPOEHA [0 NPABUIAM, TO IPOrPaMMa
OACT OTBET «Ja». DTO JErKO AOKA3aTh UHAYKIUEU IO MOCTPOCHUIO MPa-
BWIBHOU MMOCJEIOBATEILHOCTU. Hano mpoBepuTh MJsA MyCTOU, AJIA TOCHIE-
noBaTeabHOCTH AB B mpeamonoxenuu, 9To mia A m B yxe mposepeHo,
U, HAKOHel, N mociaegoBaTensHocTen [A] u (A) — B mpeamosnoxenun,
qro misa A yxe nposepeno. /s mycrou oueBuguo. [lis AB mencTBus mpo-
TPaMMBI IPOUCXOIAT KAK M1 A M KOHYIAIOTCA C MyCTHIM CTEKOM; 3aTEeM BCE
npoucxoauT Kak mias B. [lna [A] cuavana moMemaeTcsa B CTEK OTKPHIBAKO-
Ias1 KBaJPATHAA CKOOKa M 3aTeM BCE MAET KakK MJad A — ¢ TOU pasHUIEH,
9TO B MUIyOUMHE CTEKA JEeXUT JUIHAsg ckoOka. [1o oxomyanum A crexk cra-
HOBUTCS MyCTHIM — €CIM HE CUUTATh dTOU CKOOKU — a 3aTE€M U COBCEM
nycTeiM. Ananoruyso s (A).

(2) Hoxaxem, 9TO eciu MPOrpaMMa 3aBEPIIACT PAOOTY C OTBETOM Ay,
TO IIOCJIEI0BATC/IBHOCTD IIPaBUJIBHA. Paccym,uaeM PIH,Z[yKI_IHeﬁ II0 OJIMHE I10-
CJeI0BATEMILHOCTH. [IpocaeauM 3a COCTOAHMEM CTEKA B MPOLECCEe pabOTHI
nporpaMMul. Ecay 0H B HEKOTOPEIN IPOMEXKYTOYHEIA MOMEHT IIYCT, TO IO-
CJIEIOBATEILHOCTE PA3OUBAETCA HA ABE YaCTHU, 1A KAXKIOM U3 KOTODPHIX
mporpaMMa JaéT OTBET «1a»; OCTAETCSA BOCIOAB30BATHCA [IPEAION0XKECHUEM
VHIYKIUY U ONpEeJeNeHreM NPaBWIbHOCTH. [IyCcTh cTek BCE BpeMs HemyCT.
OTO 3HAYUT, YTO MOJOKEHHAS B HErO HA MEPBOM IIare CKOOKa OyAeT BBIHY-
Ta JUIIb HA HOCIEAHEM mare. 1eM CaMbIM, NEPBHIU U MOCIEJHUN CUMBOJLI
[IOCTEJOBATEIBHOCTH —— DTO HNAPHEIE CKOOKH, ¥ MTOCIEI0BATEALHOCTE UMEET
Bug (A) wm [A], a paGora mporpaMmel (KpOMe MEPBOrO U MOCAEIHETrO
MIArOB) OTJAMYAETCA OT €€ paGoTh Ha A JMIIb HATAYUEM JWIIHEH CKOOKU
Ha AHE cTeka (pa3 €€ He BLIHMMAIT, OHA HUKAK HE BAUAET HA PAabOTy MpO-
rpamumer). CHOBA CCHUIAEMCA HA TPEINONIOKCHUE UHAYKIAU U ONPEICACHUEC
MIPABUIBHOCTH. g

6.1.2. Kak ympocTuTcsa mporpaMmma, €I U3BECTHO, UYTO B MOCJACIOBA-
TEIBHOCTU MOL'YT OBITH TOJBKO KPYIVILIE CKOOKU?
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Pemennme. B 5ToMm ciyuae oT cTeka 0CTAETCS UL €0 IINHA, U MBI (haK-
TUYECKU MPUXOAUM K TAKOMY YTBEPXKIEHUIO: IOCIENOBATEIHLHOCTH KPYT-
JBIX CKOOOK NMPABUIBHA TOT[a M TOJBKO TOrJA, KOTAa B JOOOM €€ HaYa/Ib-
HOM OTPE3KE YUCJI0 3aKPHIBAIOIINXCSA CKOOOK HE IPEBOCXOAUT YUCJIa OTKPHI-
BAIOIIUXCA, & [ BCEU MOCICAOBATEILHOCTY DTHU YUCAA PABHEI. O

6.1.3. PeanmmsoBaTh ¢ MOMOIIBI0 OJHOTO MACCHUBA JBa CTEKA, CyMMap-
HOE KOJUYECTBO DJIEMEHTOB B KOTOPHIX OTPAHUYEHO [JIMHOU MACCHUBA; BCE
AeﬁCTBMH CO CTEKaMHU NOJIZKHBI BBITIOJHATHCA 3a BpEMsA, OTDAHUYICHHOEC KOH-
CTAHTOU, HE 3aBUCAIICU OT [JIUHEI CTEKOB.

Pemenne. CTexku NOKHEL PACTU C KOHIIOB MAaCCUBA HABCTPEYY APYT
OPYTY: HEPBHIA [NODKEH 33aHUMATh MECTa

Comepxanwe[1] ...Cogmepxanwue [[lmural],
a BTOpOU —
Comepxanue [n] .. .Conepxanue [n-[nuna2+1]

(BepIIMHBEL 060UX CTEKOB 3AMUCAHBI IOCICIHUMY). O

6.1.4. PeanmmsoBaTh k CTEKOB € ajieMeHTaMu Tuna T, o011ee KOIMIecTBO
JJIEMCHTOB B KOTOPBIX HE IPEBOCXOAUT N, C UCIIOJIB30BAHUEM MaCCUBOB CyM-
mapuon mmubl C(n + k), 3aTpaduBas Ha KAX[O€ ACUCTBUE CO CTEKAMU
(KpOoMe HAYATBHBIX NEUCTBUM, IEIAMIIMX BCE CTEKU IIyCTHIMU) BPEMs HE
6osee nekoropon koucranTel C. (Kax roeopsar, ofmas QJivHA MaCCUBOB
pomkHa OeiTe O(m + 1), a BpeMst Ha kaxayo onepanuio — O(1).)

Pemenmne. [IpumensieMuit MeTO1 HA3EIBAETCS «CCELIOYHON PEATN3aLueny.
Ox ucnonb3yeT Tpu MacCUBA:

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

Yano6uo msobpaxars maccuB ComepxaHve KAaK N A4YEEK C HOMEpa-
Mz 1...n, Kaxaas U3 KOTOPHIX COjJepXkuT diaemeHT Tuma T. Maccus
Crenywmmy u300pa3suM B BUAE CTPEIOK, MPOBEAA CTPEIKY U3 i B j, ec-
au Crenyomui[il=j. (Ecim Cmemywommu[il=0, cTpenok u3 i me mpoBo-
auM.) Comepxumoe s-ro creka (s € 1...k) XpaHUTCA Tak: BEPIIMHA PABHA
Conepxanue [Bepuwra[s]], ocTaabHBIE DIEMEHTHI S-TO CTEKA MOXHO HAUTH,
U IO CTPeIKaM — JO TeX IOp, moka oHu He koH4arTcs. [lpu aTom

(s-BIM cTeK mycT) < Bepumua[s]=0.
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CTpenovHBe TPAEKTOPUY, BLIXOIALE U3
Bepuwra[1], ..., Bepumsa [k]

(u3 Tex, KoTophie HE paBHBL () HE NOMKHEI MEPECEKATHCA. IloMuMO HuUX,
HaM IOHAJOOUTCA €€ OHA CTPENOYHAsA TPACKTOPUA, COAEePXKAaIIasd BCE He-
UCIOAB3yEMEIE B JAHHBIM MOMEHT s4enku. K€ Hadamo Mel OyjAeM XpaHUTH
B nepemMenHou Ceo6opuas (paBeHCTBO CBo6oaHas = 0 O3HAYAET, ITO MyCTO-
ro MeCTa He OCTaIoCh). BoT npumep:

Comepxanue a P q d s t v w
Bepumnua CBob6onmHasA
Comepxamme |a p q d s t v w
Cmegyomm |3 0 6 0 0 2 5 4
Bepmmra | 1 7

Cobomuasa = 8

Creku: 1-B101 cOnepXkuUT p, t, q, a (a — BepumHa); 2-0U COREPKUT s, V (V —
BEPIIVHA).

procedure Hauate_paGory; {llemaeT Bce cTexm mycTsMu}
| var i: integer;

begin

for i := 1 to k do begin

| Bepumura [i]:=0;

end;

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

Crnenywoumu [n] := 0;

6.1. Cmexu

Ceobomuan:=1;
end;

function EcThk_MecTo: boolean;
begin

EcTe_MecTo := (CBo6ommaz <> 0);
end;

procedure Jo6aBute (t: T; s: integer);
{llo6aBuTe t k¥ s-My cTeky}
var i: 1..n;

begin

{EcTbp_MecTo}

i := CBo6onmHasd;

Ceobonmas := Cmermywmmu [i];
Crepywoumit [i] := Bepumma [s];
Bepumua [s] :=i;

Comepxanme [i] := t;

end;

function Ilyct (s: integer): boolean;
| {s-mit crex myct}

begin

| IOyct := (Bepumra [s] = 0);

end;

procedure Bzate (var t: T; s: integer);
{B3aTe ¥3 s-ro cTeka B t}

var i: 1..n;

begin

{not Oyct (s)}

i := Bepumna [s];

t := Cogmepxanme [il;

Bepumua [s] := Cmemywoumn [i];
Cnemywmmi [i] := CBo6oxmas;
Ceobomuag := 1ij;

end;

function Bepmwmna_cTera (s: integer): T;

| {Bepumnua s-ro creka}
begin

| Bepumna_cTteka := Comepxanue [Bepumual[s]];

end;

101
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6.2. Ouepeam

SHAYCHUAMH TUIIA, «0UePeIb JJICMEHTOB TUNa T», KaK U [ CTCKOB, ABJIA-
J0TCA MOCAC0BATEILHOCTY 3HadeHni Tuna T. PazHuma cocTouT B TOM, 9TO
GepyTCA DIEMEHTHL He ¢ KOHIA, a ¢ Hadaua (& TOGABIAIOTCA HO-TPEKHEMY
B KOHEII).

Onepauuu ¢ ouepeasamu:

e Caesarb_nycTon (var x: ouepenb daeMEeHTOB Tuna T);

[dob6aButs (t:T, var x: Ovepenb dIeMEHTOB Tuna T);

Baate (var t:T, var x: ouepeab naeMeHTOB TUna T);
e Ilycra (x: ouepens saeMentos Tumna T): boolean;

e Ouepegnon (x: ovepenb saeMeHTOB Tuna T): T.

[Tpu BEImONTHEHUN KOMAHABL «/[[06ABUTHY YKABAHHLIN BJIEMEHT A00ABIIs-
ercsa B koHer ouepenu. Komauga «BaAThby BHEIIOIHUMA, JUIIL €CIA 04€PElb
HEmyCTa, U 3a6MpaeT u3 HeE NEePBEIU (IOJOXKEHHEIN Ty 13 PAHBIIE BCEX) DJIe-
MEHT, TOMeIas ero B t. 3uadenueMm ¢pyuxnuu «Ouepennoiny (onpeneaéHson
JUIA HEITyCTOU 0Y€Pen) ABIACTCA HEPBHI 2IEMEHT OUepPeiu.

Aunrmvuckue nassanus ctekoB — Last In First Out (mocaegnum BO-
é1 — MePBLIM BHIIIEN), a odepener — First In First Out (mepsrimM Bomén —
nepsbiM Beimea). Cokpamenusa: LIFO, FIFQO.

Peanuzauus ouepenen B maccuee

6.2.1. PeasusoBaTh omepamuu C 09€pPeIbId OrPAHUYEHHOU [IJIWHBI TAK,
9TOOBI KOAUYECTBO JCUCTBUM IS KAXK JOU OIepauuy ObLIO0 OCPAHUYEHO KOH-
CTAHTOU, HE 3ABUCSIIEU OT [IAHBI OUE€PE/IN.

Pemrenme. Bynem XxpaHuTh 371€MEHTH O4epeay B COCEIHUX DJIEMEHTAX
maccuBa. Torga ouepens OyaeT npupacraTh cnpasa u yowiBaTs caesa. [lo-
CKOJIbKY TIPUM 3TOM OH3 MOXET JOUTHU A0 KPas, CBEPHEM MACCUB B OKPYXK-
HOCTb.

Beeaém maccus

Comepxanme: array [0..n-1] of T
¥ NIEPEMEHHEIC

Hepeuit: 0..n-1,
Inuna : 0..n.
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ITpu sT0oM DnemenTamu ouepean GyLyT

Comepxanue [lepsmit],Conepxanve [lepsuu+l],...,

Conmepxarue [lleperi+[nuna-1],

rje CIOXKeHue BEoHAeTcs o Moaymo n. (IIpenynpexgenune. Eciu BmecTo
5TOro BBeCTU HepemeHHble [lepehit u [locmennuyt, 3Ha4eHNsE KOTOPEIX — BEI-
YeTHl [0 MOAYJIO N, TO IMyCTas O4Yepelb MOXET OBITH CIyTaHA C 0Yepenbio
U3 N DJEMEHTOB.)

Onepam/m BBIIIOJIHAKTCA TaK.
Cpenars mycrou:

IOnuua := 0;

’
Hepeuit := 0;
JobaBuTh d1eMEHT:

{Imuna < n}
Comepxamme [(Ileperm + Jmuma) mod n] := >meMeHT;
IOnuHa := [IamHa + 1;

BasaTe snement:

{lmura > O}
anevenT := Cozepxanme [llepemu];
Hepsrmt := (llepest + 1) mod n;

IOnuua := [ImumEa - 1;

IIycra:
Inuua = 0
Ouepenuon:
Conepxauue [lepsrni] O

6.2.2. (Coobumn A.T. Kymuunpenko) IIpugymaTs crocob MoaeInpoBa-
HUS OYepey ¢ OMOLIBI0 ABYX CTEKOB (M (MKCHPOBAHHOI'O YUCIA IE€PEMEH-
ueix tuna T). Ilpu sTOoM 0TpaboTKa n omepanuy ¢ o4epenbio (HAYATHIX,
KOr'J1a Ouepeb ObLIa MyCTa) JOMKHA TPEOGOBATH MOPALKA N ICUCTBUM.

Pemrenne. uBapuanT: CTeKH, COCTABIECHHBIE KOHIIAMH, OOPa3yIOT 04e-
peas. ([lepeduciss saeMeHTE OIHOrO CTEKA BIUIyOb U 3aTEM BIEMEHTEL BTO-
POrO HAPYKY, MBI IEPEUYUCIAEM BCE DJEMEHTHI O4epequ OT MEePBOro A0 IO-
caeanero.) flcuo, uTo HO0aBJEHUE CBOAUTCA K JOOABICHUIO K OJHOMY U3
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CTEKOB, & MPOBEPKA MyCTOTHl — K IPOBEPKE IMyCTOTHI 060MX CTEKOB. Ec-
JIZ MBI XOTUM B3ATH DJIEMEHT, €CTh ABa caydasd. Eciu cTek, rae HaxoauTcsa
Ha4aJ0 odepenu, He MycT, TO OepéM u3 Hero »aeMeHT. Ecau oH mycT, TO
NpeJBapPUTENBbHO MIEPEMUCHIBAEM B HEI'O BCE DJIEMEHTHI BTOPOrO CTEKa, Me-
HAA MOPAAOK (3TO NPOUCXOAUT CaMO COOOU IPU NEPEKJIA ALIBAHUA U3 CTEKA
B CTEK) U CBOAUM J€JO K IEPBOMY CJIydar0. XOTs 9UCJAO IECUCTBUM HA 3TOM
Imare U He OrPAHUYEHO KOHCTAHTOU, HO TPeOOBAHUE 334aYU BHITIOJHEHO,
TAK KAaK KAXKJBIU DJIEMEHT OYepEeAUd MOXET y4aCTBOBATH B DTOM IIPOLIECCE
He 6oJiee OMHOrO pasa. O

6.2.3. /lekoM HA3BIBAIOT CTPYKTYPY, COYCTAMOIIYIO OYEpelb M CTEK:
KJIACTh U 3a0UPaTh DJEMEHTH MOXHO ¢ 000mX KOHIOB. Kak peanu3oBaThb
J€K OIPaHUWYEHHOI'O pa3Mepa Ha 0ase MaccuBa Tak, YTOOBI KaxXAas Oepa-
uuA TpebOBaIa OrPAHUYEHHOTO YUCAA JCUCTBUU? a

6.2.4. (Coobmun A.T. Kymnuupenxo.) Umeercs gex saemeHTOB Tuma T
U KOHEYHOE YUC/IO0 IepeMeHHbIX Tuna T u nenoro tuna. B navaasHoM cOCTO-
AHUM B [IE€KE HEKOTOPOE 4uCaO jeMeHTOB. COCTaBUTH MPOrpamMmy, HOCJIE
UCIIONHEHUS] KOTOPOU B [IEKE OCTAINUCH OBl T€ XK€ CAMEIE DIEMEHTEHI, 4 UX
9UCI0 OBLIO OB B OJHON U3 LIEJBLIX IEPEMEHHBIX.

[Vkazanwue. (1) DieMEHTH 1eKa MOXHO [UKJIMYECKN NEPECTABIATD, 3~
6Upas ¢ OJHOrO KOHIA U nomemas B apyrou. [locie »Toro, caenas cTOIBKO
e MAroB B 0GPATHOM HAIIPABJICHUN, MOXHO BepHYTh BCE Ha MecTo. (2) Kak
MOHATH, TPOIILIX MbI IIOJHLIM KPYT win He mponuu? Eciu Obl KaKOU-TO 3ie-
MEHT 3aBeJ0MO OTCYTCTBOBAJI B [eKe, TO MOXHO ObLIO OBl €ro IOACYHYTH
¥ XJaThb BTOPUYHOrO NosABIeHus. Ho Takux saemMeHTOB HET. BMecTo 3Toro
MOXHO I JAHHOI'O N BHIIOJHUTD IMUKIAYECKUN CABUT HA N ABAXK IBI, TO-
CYHYB PA3HEIE DJIEMEHTHI, U MOCMOTPETD, MOABATCA JU PA3HBLIE DJEMEHTHI
4Yepes n IIaros. O

MpumeneHue ouepeneit

6.2.5. HameuaraThb B mOpsaKe BO3PACTAHUS IEPBLIE N HATYPAJIBHEIX M-
ceJll, B PA3JIOXKEHUE KOTOPHIX HA IPOCTHIE MHOXUTEIN BXOAAT TOJBKO YU-
cia 2, 3, 5.

Pemenme. Beeném tpu ouepenu x2, x3, x5, B KOTOPLIX Oye€M XPaHUTH
DIEMEHTHL, KOTOPEIE B 2 (3, 5) pa3 GoJblue HAEYATAHHEIX, HO €INé HE Ha-
nevyaransl. Qupeneaum npouesypy

procedure HamevyaTaThb_K_Lo6aBuTk (t: integer);
begin

6.2. Ouepedu 105

writeln (t);

Io6aBuTh (2*t, x2);

Io6aBute (3*%t, x3);

Io6aBute (5%t, x5);
end;

BoT cxema nporpaMMs:

...cmemaTk x2, x3, x5 mycTHMH

HamedaTaTh_u_no6asBuTh (1);

k :=1; { k - uMcmo HamevaTaHHHX }

{unBapuanT: HamevaTaHo B NMOpAIKe BO3pAaCTaHWA K MUHUMAIBHHX
YIeHOB HYXHOI0O MHOXEeCTBAa; B OoYependAX DIEMEHTH, BIBOE,
BTpoe U BIATepo 6bonblMe HaleYaTaHHHX, HO He HaleYaTaHHHe,
paclonoXeHHHe B Bo3pacTablleM MopaAxKe}

while k <> n do begin

x := min (ouepemmon(x2), ovepexmmou(x3), oduepemmou(x5));
HaleYaTaTh_M_Ko6aBuTh (X);
k := k+1;

...B34Th X M3 TeX odepefedl, I'e OH OHI OYepelIHHM;
end;

IIycTh MHBAPUMAHT BHIMOJHACTCA. PacCMOTPUM HAUMEHBLININN U3 HEHAIIE-
YaTAHHEIX JIEMEHTOB MHOXECTBA; IyCTh 3T0 X. Torga OH AEIUTCA HAEIO
Ha OJIHO U3 4ucen 2, 3, 5, 1 YaCTHOE TaK¥Ke MPUHAIJICKUT MHOXKECTBY. JHA-
YUT, OHO HAMEYATAHO. SHAYUT, X HAXOAUTCA B OJHOU U3 OUEPEACU U, ClIe-
rZ[OBaTeJH::HO7 SABJSACTCSA B Heﬁ I'IepBI::IM (MeHBIIH/Ie HaHe‘{aTaHbI, a JJIEMECHTHI
ouepejier He HanedaTaHbl). HamedaTas X, MBI JOJKHEL €T0 U3BATH U 100a-
BUTH €T 0 Kpa.THI:Ie.

JlTuHBI OYepenen He MPEBOCXOAAT YMCIA, HATICYATAHHBIX DJCMEHTOR. [

Cureayromas 3a1a4a cBsa3ana ¢ rpadaMu (K KOTOPBIM MBI BEPHEMCA B TJIa-
Be 9).

HyCTB 3aJaHO KOHEYHOEC MHOXECTBO, 3JEMEHTHI KOTOPOI'O HA3BIBAIOT
BEPUWLUHAMU, 8 TAKIKE HEKOTOPOE MHOXKECTBO YIIOPSJOYEHHEIX AP BEPIINH,
Ha3BIBAEMEIX pébpamu. B 5TOM ciydae rOBOPAT, YTO 3aaH 0PUEHMUPOE AH-
noith epad. Ilapy (p, ¢) Ha3LIBAIOT PEOPOM C HAUAAOM P U KOHYOM ¢; TOBOPAT
TaK¥Xke, 9YTO OHO 8bIX00UM U3 BEPIIUHEL p U 6x0dum B BepumHy ¢. OOBIYHO
BepIIMHEI Ipada n3006pakanT TOYKAMH, & pEOpa — CTPEIKAMU, BELYIITNMU
u3 Havasa B koHel. (B cooTBercTBUM C OmpexgeseHMEM W3 IAHHOU BEpIIV-
HEI B JaHHYIO BeJET He 6osee OgHOr0 pebpa; BO3MOXHEL PEOpa, ¥ KOTOPHIX
HAYAIO0 COBIIANAET C KOHIIOM.)

6.2.6. l3BecTHO, YTO OPUEHTUPOBAHHEIU rpad CBA3EH, T.€. U3 JHOOOU
BEPIIMHLI MOXHO HpOouUTH B Jio0yioo mo péopam. Kpome Toro, ms xaxaou
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BEpIIMHLI BEIXOAUT CTOJBKO XKe pébep, CKoIbKO BxoauT. /lokazars, uTo cy-
IIECTBYET 3aMKHYTHIY LUK, IPOXOIALME 10 KAXAOMY peOpy POBHO OAUH
pas. CocTaBUTh AITOPUTM OTHICKAHUSA TAKOI'O LUKIA.

Pemenne. 3veéu OyaeM HA3BIBATH HEMYCTYIO OYEPELb U3 BEPIIUH, B KO-
TOPOU JI00BIE BE BEPIIUHLL COEAUHEHEL peGpoM rpada (HA4aioM ABJILETCA
Ta BEPIIMHA, KOTOPas Oumxe K Hauary odepenun). Crosmas B Hadae ouepe-
v BepimHa, Oy 1eT XBOCTOM 3Meu, MOCJAeHAA — TonoBou. Ha pucynke ames
un300pas3uTcsa B Buje nenu pébdep rpada, CTPEIKu BEAyT OT XBOCTA K TOJIO-
Be. [lo6aBreHue BepIIMHLI B OY€pEIb COOTBETCTBYET POCTY 3MEU C ['OJIOBHI,
B3ATHUE BEPIIUHL] — OTPE3aHUI0 KOHYUKA, XBOCTA.

Brauase 3Mes COCTOUT U3 eJUHCTBEHHOU BepiiuHeL. /lasee MEI cregyem
TAKOMY IIDABUILY:

while 3Mea BKIwYaeT He Bce pébpa do begin
if 3 romoBH BHXOIWT He BXoJAullee B 3Meb pebpo then begin
| yOIMHUTEL 3Meo 3>THM pebpoM
end else begin
{romoBa 3Meu B TOM Xe BepuMHe, YTO ¥ XBOCT}
OTpe3aTh KOHEN XBOCTa M HNO6aBUTE ero K ToJIoBe
{"3Mes oTkycmBaeT KoHem xBocTa"}
end;
end;

[JlokaxkeM, 9TO MBI JOCTUTHEM LIEJIU.

(1) U asn mo 3Mee OT XBOCTA K TOJOBE, MEL BXOAUM B KAXKAYIO BEPIIAHY
CTOJIBKO K€ Pa3, CKOJIbKO BHIXOAUM. Tak Kak B JiOOYI BEPIIUHY BXOJUT
CTOJIBKO ke pE6ep, CKOIBKO BEIXOAUT, TO HEBO3MOXKHOCTD BHIUTH O3HAYAET,
9TO I'0JI0OBa 3M€EU B TOﬁ XK€ TOYKE, IYTO U XBOCT.

(2) 3mes He ykopadumBaeTCsA, MOITOMY JubO0 OHA OXBATUT BCE PEODA,
aunb0, HaAYMHAA ¢ HEKOTOPOT'O MOMEHTa, OyAeT MMETh IHOCTOSHHYIO [JIUHY.
Bo BTOpOM ciydae ames OygeT GECKOHEYHO «CKOIL3UTH IO cefey. ITO BO3-
MOXHO, TOJBKO €CJI1 U3 BCEX BEPIINH 3MEU HE BBIXOAUT HCUCIIONB30OBAHHBIX
pébep. B aTom ciayuae u3 cBA3HOCTHU CleyeT, 9TO 3Mesi MPOXOLUT IO BCEM
pébpam.

3aMedaHue IO pearu3anuu Ha mackajie. Bepumnamu rpada Oygem cuu-
TaTh Yncaa 1...n. /g kaxmgou BepmuHbl i 6yaeM XpaHuThb 4ucao Out [i]
BBIXOAAIUX U3 HeE pédep, a Takxke Homepa Num[i] [1],... Num[i] [Qut[i]]
TeX BepuuH, Kyaa 3Tu péopa BenyT. B mpouecce mocrpoenus 3men OyjgeMm
BEIOMpATH nepBoe cBoboaHoe pebpo. Toraa nOCTATOYHO XPAHUTH s Ka-
JKJJOU BEPUINHEI YUCJIO BBIXOIAINX U3 HEE UCIONB30BAHHEIX pEGep — 5TO
OyayT pébpa, uayime B Ha4aJe CIIACKA. |
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6.2.7. [loxazaTh, 9TO /s BCAKOI'O 7 CYIIECTBYET HOC/ICI0BATEILHOCTH
HyJeU ¥ eJUHUI JIUHEL 2" CO CICAYIOMMM CBOMCTBOM: €CJAM CBEPHYTH €€
B KOJIBLIO» ¥ PACCMOTDPETHb BCE (DPArMEHTHl AIUHEL N (MX 9UCJIO PABHO 27),
TO MBI IIOJIyY9UM BCE€ BO3BMOXHBIC ITIOCACAOBATC/IBHOCTHU HyJIeﬁ n €IUHNL NJIN-
HEl 1. [locTpouTs aIropuTM OTHLICKAHUA TAKOH MOCJIEA0BATEILHOCTH, TPe-
Oytommuu e 6oaee C™ meuCTBUM [1J HEKOTOPOU KOHCTAHTHL C.

[Ykazanue. PaccMoTpuM rpad, BepIIMHAMY KOTOPOTO SBJSIOTCA HOCTE-
JOBATEJIBLHOCTY HyJeU U euHuL fiuHel n — 1. BygeM cuuraTs, 4To u3 Bep-
IIHLL £ BeAET peOpo B BEPIIMHY Y, €CIM T MOXET OBITH HAYAIOM, & Y ——
KOHIIOM HEKOTOPOU MOCJIEA0BATEILHOCTH MJAUHEL 1. TOrga u3 Kaxka0u Bep-
[IMHEL BXOAUT U BEIXOAUT aBa pedpa. [uki, mpoxoasamuu mo Bcem pébpam,
U 1acT TpefyeMyio HOCIeN0BATEIbHOCTS. | |

6.2.8. PeanusoBaThb k odepenen ¢ OCPAHMYEHHON CYMMAPHOU JIJIUHOU 71,
ucnoasaysa namats O(n + k) [= #e 6onee C(n + k) 0js HEKOTOPOM KOH-
crauTel C|, mpudém Kaxas onepauus (KpoMe HAYaJIbHOM, [JETAIOel BCe
OYepeau MyCTHIMU) JODKHA TPEGOBATH OrPAHUICHHOIO KOHCTAHTOU IMCJIa,
JNEUCTBUN.

Pemenne. /[encTByeM AHAJOTUYHO CCHLIOYHOW PEATU3ANUUA CTEKOB: MEI
nOMHUM ([JIg KaXI0U OYepean) MEePBOTO, KAXK LI YIACTHUK OYCPELH IIO0-
MHUT CJIEAYIOWIEro 338 HUM (Ui MOCJAEAHErO CIUTACTCH, YTO 33 HUM CTOUT
ukTuBHET 3aeMeHT ¢ HOMepoM (). KpoMe TOro, MBI qOKHEL 118 KaXK 40U
oYepeny 3HATH NOCJeAHEro (€CaM OH €CTh) — UHAYE He YAACTCA NOOABIATE.
Kak u jis CTEKOB, OTEIBHO €CTh LENb CBOOOAHBIX SYEEK. 3AMETUM, YTO
[ ITyCTOU o4uepean nHGOPMAIUS O MOCASTHEM DJIEMEHTE TePAeT CMBICI —
HO OHA ¥ HE UCIHOJB3YEeTCsA IpU N00aBIeHUN.

Comepxanue: array [1..n] of T;
Cnenywoumi: array [1..n] of 0..n;
Hepsrm: array [1..k] of 0..n;
Mocmenuui : array [1..k] of 0..n;
Ceob6omuag : 0..n;

procedure CmemaTk_IIyCTHM;
| var i: integer;

begin
for i := 1 to n-1 do begin
| Cnemyommu [i] := i + 1;
end;
Cnemyoumi [n] := 0;
Ceobomuasg := 1;

for i := 1 to k do begin
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| Heperm [i] :=0;
end;
end;

function EcTek_mMecTo : boolean;
begin

EcTe_MecTo := CBo6omuaa <> 0;
end;

function IIycTa (Honep_oqepenn: integer): boolean;
begin

| lycra := Hepesmt [momMep_ouepemu] = 0;

end;

procedure B3aTe (var t: T; HOMep_odepenn: integer);
| var mepB: integer;

begin
{not Ilycta (HomMep_ouepezm)}
neps := llepsrm [momep_ouepenu];
t := Cogmepxanme [mepn]
Hepesmt [HomMep_ouepemu] := Cnexyoumiu [meps];
Crnenywumy [meps] := CBobormuas;
CBo6omHaA := IepB;
end;

procedure Jo6aeute (t: T; HomMep_odepegmm: integer);
| var HoB, mocm: 1..n;

begin
{EcTp_MecTO }
HoB := CBobonmas; CBo6ommas := Caenywumit [Ceo6oxmmas];

{u3 cmmckxa cBo6omHOro MecTa W3BAT HoMep HOB}
if Nlycra (HoMep_odepernm) then begin

lepeu#t [HoMep_oduepemu] := HOB;
Hocnemuuu [Homep_ouepenmu] := HOB;
Cnenyoumi [moB] := 0;
Comepxanue [Homr] := t;
end else begin
mocn := Iocmemmuut [Homep_ouepenmu];
{Cnenyoumu [mocn] = 0 }
Cnemyoumy [mocm] := HOB;
Cnenymmnﬁ [EoB] := 0;
Comepxanue [Hom] := t
HNocnemuuu [Homep_ouepenu] := HOB;
end;

end;

6.2. Ouepedu 109

function Oqepennoﬁ (HoMep_ouepepu: integer): T;

begin

| Ouepexnmon := Comepxamme [llepemit [momep_ovepernm]];

end; ]

6.2.9. Ta xe 3ajga4da 1A JEKOB BMECTO OYEPEICH.

[Ykaszanwe. Jlek — CTPyKTypa CUMMETPUYHAL, TOITOMY HANO XPAHUTH
CChUIKM B 06€e CTOPOHBL (Brepén u Haszan). Ilpu 5TOM yao6HO K KaXIOMY
Ky 100aBUTH (PUKTUBHBIN DJIEMEHT, 3aMKHYB €0 B KOJIbIO, U TOYHO TAKOE
e KOIBIO 06pa30BaTh U3 CBOOGOAHBIX MO3ULALL. ] U

B creayromen 3anade AeK WCHOAB3YETCSA [ XPAHEHUs BEPIIUH BhI-
IYKJIOI'O MHOI'OYT OJBbHUKA.

6.2.10. Ha mockocTu 3amaHO 1 TO4YEK, MPOHYMEPOBAHHEIX CJIEBA Ha-
mpaBo (a mpu paBHEIX abcuuccax — CHu3y BBepx ). COCTABUTHL IpOrpaMmy,
KOTOpass CTPOUT MHOIOYI'OIBHUK, ABJAIOLIIMUACA UX BEIIYKIOU OOONOUKON,
3a O(n) [= ue 6omee yem Cn] gencTBUn.

Pemenne. Byem mpucoeiuHaTh TOYKM K BBITYKJIOU 000JOYKE OJHA 33
apyrou. Jlerko moxkasaTh, 9TO MOCAENHAS TPUCOCIUHEHHAA TOYKA OyneT
OJIHOU W3 BEPIIUH BHIMYKJIOU O0O0JOYKW. DTy BEPIIUHY MBI OyAeM HA3bI-
BaTh BhIeacHHOU. QuepenHas MPUCOCAUHACMAA TOYKA BUIHA U3 BHIJCICH-
Hou (moueMy?). [JomosHUM HAII MHOTOYTOJbHUK, BEITYCTUB U3 BBLJCJICHHOU
BEPIIUHEI «UIIY», BEAYIIYIO B IPUCOEAUHAEMYIO TOUKY. [loayuuTcs BEIpO-
XK IEHHBIM MHOTOYTOJbHUK, U OCTAETCA JUKBU JUPOBATD B HEM (BIYKJIOCTHY.

Byzem xpanuTh BepuIMHBEI MHOIOYIOJIBHAKA B J€KE B MOpPsiake 00xona
€ro mepuMeTpa 1o 4acoBou crpeike. [Ipu 5ToM BHIIEIeHHAS BEPIIMHA, ABJIA-
€TCs HAYaI0M U KOHIIOM (TOIOBOM U XBOCTOM) geka. IIpucoeaunenue «uriasn
Tenepb COCTOUT B H0OABJICHUM IPUCOCAMHIEMOU BEPIIMHBI B [OJOBY U B
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XBOCT [€Ka. YCTPAHEHUE BIYKJIOCTEU HECKOJBKO Gosee Ca0xkHO. Hazosém
Nn00T60CMOM U NOINOJTLE0CMOM DJIEMEHTEL 1€Ka, CTOAIINE 33 €r0 XBOCTOM.
yCTpaHeHI/Ie BHyKJIOCTI/I y XBOCTa [ACIaCTCA TaK:

while mo mopore m3 xBocTa B HOLNOIXBOCT MH IIOBOpauMBaeM
y momxBocTa Bremo ("BmykmocTs") do begin
BHKMHYTEB IOLXBOCT M3 JeKa
end

Taxum xe crocoboM yCTPaHAETCsS BOYKJIOCTH Y TOJOBHI IEKA.

3ameyanme. [lencTBUA C MOAXBOCTOM U MOAMOAXBOCTOM HE BXOIAT B
OIpEJeNeHNe NEeKA, OMHAKO CBOIATCA K HEGOJABIIOMY YUCIYy MAHUMYJLALUAN
¢ gexoM (Hano 3a0paTh TPU DJIEMEHTA C XBOCTA, CAEJATH YTO HALO U BEp-
HYTB).

Emé oguo 3amevanve. EcTb 1Ba BBIPOXJIEHHEIX CAydYas: €CIU MBI BO-
o0IIe He IOBOPAaYUBAEM Y MOAXBOCTA (T.€. TPU COCENHUE BEPIIUHEL JEKAT
HA OJHOM MPAMOK) WM €Cau MEL HOBOpauuBaeM Ha 180° (rTak OmiBaer, eciu
HAIIl MHOT'OYT'OJBHUK €CTh NBYYTOJbHUK). B mepBoM ciaydae mOAXBOCT CTO-
uT yAamuTh (4TOOH B BHITYKJIOU OGOJ0OYKE HE GBLIO JUIIHUX BEPIIXH), & BO
BTOPOM CaIydae — 0013aTeIbHO OCTABUTh. g

6.3. MHoxecTBa

IIycts T — HexoTOph# Tuil. CymecTByeT MHOTO CIIOCOG0B XPAHUTD (KO-
HEYHBIE) MHOXKECTBA DJEMEHTOB TUla T; BEIOOD MEXAY HUMU OMPeIeIAeT s
TunoM T u HAGOPOM TpeOyeMbIX ONepAaIui.

MoamHoxecTea mHoxecTea {1...n}

6.3.1. Ucnomways mamare O(n) [= OpONOPUMOHATLHYIO 1], XPaHUTH
HOAMHOXECTBa MHOXKecTBa {1...7n}.

Onepanyn Yucao gencTBun
Caenars mycTeIM Cn
IIpoeepuTs NpuHAAICKHOCTE C
Jlo6aBuUTH C
Y namrtb C
MuHUMAaNBHEIA BJIEMEHT Cn
IIporepxka mycToTH! Cn

Pemenne. Xpanum MHOXecTBO Kak array [1..n] of Boolean. O
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6.3.2. To xe, HO mpOBEPKA IYCTOTHI [OJKHA, BHIIOIHATHCS 3a Bpems C.
Pemenne. XpasnuMm [ONOIHATEIBLHO KOJIXIECTBO DJIEMEHTOB. U

6.3.3. To xe mpu CIeAYIOMUX OrPAHUYCHUAX HA YUCIO JEUCTBUMN:

Onepanun Yucao geucTBun
CuenaTs mycThIM Cn
IIpoeepuTh NpUHAIICKHOCTE C
lobaButnb C
Y qannte Cn
MUHUMAJBHELIN DJIEMEHT C
[Iposepxka mycToTH! c

Pemrenne. ﬂOHOJIHI/ITeJIBHO XpaHUM MI/IHI/IMaJIBHBIﬁ JJIEMEHT MHOXEe-
CTBa. H

6.3.4. To xe mpu creqyOIMUX OrPAHUYCHUAX HA YUCJAO ICHUCTBUU:

MuUHUMAJIBHBEINA 3JEMEHT
ITpoBepxa mycroThr

Onepanun Yucao nencTBUn
Caenars mycThIM Cn
ITpoBepuTh NpuUHAIIEKHOCTD c
llo6aBuTh Cn
Y nanunte C

C

C

Pemenne. Xpanum MUHUMANBHEIN, 8 JJA KAXKJOTO — CJIEIYIOIIUN U IPe-
OBIIYIIUAY 110 BEJIUYUHE. O
MuoxecTea uensbix yucen

B CIeAYyIOIMUX 3adav9aX BEINYNHA 3JCMECHTOB MHOXCCTBA HE OI'DAHUYICHA,
HO UX KO/IMYIECTBO HE IIPEBOCXOOUT N.

6.3.5. ITamare Cn.

Omnepauun Yucao gencTBun
Crenare mycThIM C
YHucao s1eMenToB C
IIpoBepuTs IPUHALICKHOCTD Cn
[No6aBuThL HOBEI (3aBEIOMO OTCYTCTBYIOIINN) C
Y namute Cn
MuHUMAIBHBIN DJIEMCHT Cn
B3aATh KaKOU-TO 3JCMEHT C



112 6. Tunvt dannviz

Pemrerne. MHOXeECTBO IIPEACTABIAEM C MIOMOIIBIO IEPEMEHHBIX
a:array [1..n] of integer, k: 0..n;

MHOXKECTBO cogepxkuT k siaeMenToB alll,...alk]; Bce oun pasmamunsnl. Ilo
CYyIIECTBY MBI XPAHUM DJIEMEHTHI MHOXKECTBA B cTeke (6€3 MOBTOpEHUN).
C Tem xe ycmexoM MOXHO ObLIO GBI BOCIOJIB3OBATHCS OYEPEABI0 BMECTO
cTeKa. g

6.3.6. Ilamars Cn.

Omneparuu Yucno gencrsun
CaenaTs mycTHIM C
IIposeputs mycToTy C
IIpoBepuTh npuUHANTEKHOCTD Clogn
JobaButh Cn

Y nanuTth Cn
MuHUMATBHEIN 3JIEMEHT C

Pemenne. CM. perenne npeabIIyIed 3a1a4u ¢ JOIOJHUTEABHBIM YCJIO-
BueM al1] < ... < alk]. [Ipu npoBepke NpUHAIIECKHOCTH UCIOJL3YEM IBO-
WYHEBIN TIOUCK. O

B cieayromen 3anade moie3sHo KOMOMHUPOBATL PA3HEIE CIIOCOOHI.

6.3.7. Hcnous3ys onmucaHHbIe CIIOCOOBI MPEICTABICHUA MHOXECTB, HAN-
THU BCE BEPIIUHBI OPUEHTUPOBAHHOIO rpacda, JOCTYIHEIE U3 IAHHOU 1O Pé-
6paM. (Bepumuel cauraem uucaamu 1...n.) Bpems we Goxpme C - (06mmee
4uCI0 pé6ep, BHIXOAAMMX U3 TOCTYIHBIX BEPILNUH).

Pemenwe. (/Ipyroe pemenue CMOTPH B TUaBE O PEKypcuu, 3a4a4a, 7.4.6)
[Iycte num[i]l — wumcao pébep, BexOmsamux u3 i, a out[il[1],...
...,out[i] [num[i]] — Bepmuubl, Kyna BegyT pébpa U3 BEPIIMHEL i.

procedure loctymHie (i: integer);
{nanevaTraTr Bce BepumHH, FocTymHHe 3 i, Bkmwyas i}
var X: momMHOXecTBO 1..n;
P: momMHOXecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmenate X, P mycTemm;
writeln (i);
...mo6aBuTe i ¥ X, P;
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{(1) P = MHOXecTBo HameYaTaHHHX BepuMH; P coZepxuT i;
(2) HamevaTaHH TONBKO LOCTYIHHE U3 i BEpUMHH;
(3) X - mommMHOXecTBO P;
(4) Bce HamevyaTaHHHe BepUMHH, U3 KOTOPHX BHXOIUT
pebpo B HeHameYaTaHHYW BEpUMHY, TMpUHAmIeXaT X}
while X mHemycTo do begin
...B3ATh KaKoW-HUOYIb DIeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][k];
if w He mpuHapmmexuT P then begin
writeln (w);
no6aBUTE W B P;
no6aBUTE W B X;
end;
end;
end;
end;

Csouctso (1) He HapymaeTcs, Tak KakK [Ie4aTh IPOMCXOAUT OJHOBpE-
MeHHO ¢ gobasnenuem B P. Couctso (2): pa3 v 66110 B X, TO V JOCTYIIHO,
nosromy w gocrynso. Ceoucteo (3) ouengno. CeoucTso (4): MBI yiamuu-
Ju u3 X DIEMEHT V, HO BCE BEPIIWHBL, Ky[a U3 V uAyT pé6pa, mepes STuM
HaINe4aTaHH. O

6.3.8. IlokasaThb, 4TO MOXKHO HCIOIB30BATH U APYTCOM MHBAPUAHT: P —
HamedaTaHHble BepinuHbl; X C P; 0CTaIOCh HAMEYATATH BEPIIUHEL, NOCTYII-
HEule u3 X [T0O HEHANIEYATAHHEIM BEPIITMHAM. |

Ouenka BpeMenu paboOThI. 3aMETUM, YTO U3BATHIE U3 X DIEMEHTHI 60Ib-
e Ty a He J00aBIAITCS, TAK KAK OHU B MOMEHT U3BATUSA (U, CIe0BATEIb-
HO, BCErJa TO03Xke) NPUHALIERKAT P, a JOGABJIAIOTCA TOILKO DJIEMEHTH He
u3 P. IlosTomy Teno umkia while misi KaxkIOU AOCTYIHOU BEPIIVHEI BbI-
nosHAeTCsa He 6oJiee, YeM MO pa3y, IpU 3TOM TeIO IUKIa for BHIIOTHAETCA
CTONBKO pPa3, CKOIBKO U3 BEPIIUHEI BEIXOAUT pEbep.

s X HAOO MCIONB30BATH IMPEACTABJICHUE CO CTEKOM WM OYEPEIbIO
(cM. BoumIE), 11t P — GyJEBCKUU MACCUB. O

6.3.9. Pemuth mpeabiaymryio 3a1a4y, ecau TpedyeTcs, YTOOBI JOCTYII-
HBIE BEPIIMHLI IEYATAMUCH B TAKOM MOPSAIKE: CHAYAIA 33 1aHHAA BEPIIUHA,
moTOM €€ COCea’, MOTOM COCenu coceler (e He HAMEYATAHHBIE) U T. 1.

[Ykazanwue. Tak noay4uTcs, eciu uCIoIb30BATH OUePeAb A XPAHEHUA X
B [IPUBEACHHOM BHIIIE PEICHUN: JOKAXKUTE UHAYKIUEN 0 K, 9TO CyIIECTBY-
€T MOMEHT, B KOTOPLIU HAIleYaTAHEI BCE BEPIIUHLI HA, PACCTOAHUHN HEe 0O0Jb-
me k, a B OUepen HAXOAATCA BCE BEPIIUHE], YAAICHHBIE DOBHO Ha k.] O
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Bonee caoxubie cnocoObl TpPENCTARICHU MHOXECTB OyayT pa3oOpaHbl
B riaBax 13 (xemmposanue) u 14 (nepebs).

6.4. PasHble 3agaum

6.4.1. Peamm3oBaTh CTPYKTYpPY AAHHBIX, KOTOPAs UMEET BCE TE XKe OIe-
pamuu, 9YTO MaCCUB [JJIUHEL I, 8 UMEHHO

® HAYATH paboOTY;
® [OJIOXUTH B i-10 AYEUKY YUCIO X;
® Y3HATB, YTO JIEXKUT B 1-OU AYEUKE;
a TaKXe OIePALUIO
® yKa3aTbh HOMED MUHUMAJIBLHOI'O DJIEMEHTA

(To4Hee, 0OHOrO U3 MUHUMAJBHEIX daeMeHToB). KonudecTBo gencTsun nias
BCEX OIEpaui JOMIXKHO OBITE He Gosee C logn, He CYMTAsA ONEPALNYN (HAYATH
paboTy» (koTopas Tpebyer me 6oaee Cn neucTBuUl).

Pemenne. Vcnonbayercs npuém, U3JI0KEHHBIN B Pa3jieie O COPTUPOBKE
nepeBoM. UMeHHO, HAACTPOUM HA DIEMEHTAMU MACCUBA KAK HA JUCThAMUA
ABOUYIHOE NEPEBO, B Ka}K,QOI;JI BEPIIMHE KOTOPOT'O XPAaHUM MUHUMYM 3JEMCH-
TOB COOTBETCTBYIOIIErO MOAAepena. KoppekTupoeka 5Tou uH(pOpMAIUY,
a TaK¥Xe MPOCICKUBAHUE ITYTU U3 KOPHA K MUHUMAJBHOMY 3JEMEHTY Tpe-
OyIOT JOrapupMUIECKOr0 YUCIA TEUCTBUNL. |

6.4.2. IlpuopurerHas ouepesb — 3TO 0YEPE/b, B KOTOPOU BAXKHO HE TO,
KTO BCTAJ NOCAeAHUM (TIOPALOK MOMEINECHUA B HEE He UCPAET POJIH), 8 KTO
riuaBHee. Bosee TOYHO, Ipu MOMEIIEHUY B O4epeSb YKA3BIBACTCS IPUOPUTET
mOMemaeMoro 06bekTa (Oy1eM CYUTATH MPUOPUTETH LEIBIMU YUCIAMHA),
a [IpY B3STUM U3 OYePEeAU BHIOMPACTCS DJIEMEHT C HAUOOJBIIAM IPUOPUTE-
TOM (WIKM OJVH U3 TAKUX JIEMEHTOB). Pealn3oBaTs IpUOPUTETHYIO OUepelb
Tak, YTOOBI IIOMeEIIIEHNE U B3SATHUE dJeMeHTa Tpe6oBalu JorapudMuieckoro
YuCIa AeUCTBUR (OT pasMepa Ouepein).

Pemenwe. Cregys atropuTMy COPTUPOBKHA AEPEBOM (B €r0 OKOHYATEIb-
HOM BapuanTe), Gy1eM PasMelaTh JIEMEHTHL odepenu B Maccuse x[1..k],
01 1epKUBasA Takoe cBOUCTBO: x [1] crapme (umeeT GOMBIIUE TPUOPUTET)
cBoux cumHOBen x[2i] m x[2i+1], eciu TakoBBIE CYMIECTBYIOT — W, CJE-
JOBATEIbHO, BCAKUI DJIEMEHT CTapiie cBoux moToMkos. (CeegeHus o npu-
OpUTETAaX TAKXKE XPAHATCSA B MAaCCUBE, TAK YTO MBI UMEEM [IEI0 C MACCH-
BOM Tap (IEMEHT, IPUOPUTET).) Y JAJICHNE DICMEHTA ¢ COXPAHEHUEM DTOrO
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CBOUCTBA OMUICAHO B aAropuTMe cOpTupoBKu. Hano emé ymeTs BOCCTaHA-
BIMBATH CBOMCTBO HOCHE JOOABICHUS DIEMEHTA B KOHEIl. JTO JeIaeTCsA TaK:

t:= HoMep Ho6aBIEHHOTO >IeMeHTa

{¥nBapMaHT: B HepeBe M060M MpeLoOK IPMOPUTETHee MOTOMKa,
eCIM 3TOT NOTOMOK — He t}

while t - He KopeHs M t cTapme cBoero orma do begin

| MOMEeHATL t C ero oTmoM

end;

Ecmm ouepens o6pasyioT rpaxjaHe, CTOANE B BEPIIMHAX JEPEBA,
T. €. 38 KX IEIM CTOUT JBOE, & IIEPE]] KX ARIM (KPOME IEPBOro) — O/IUH, TO
CMBICJ DTOr0 AITOPUTMA SCEH: BCTAB B KOHEIl, TPUOPUTETHHIU I'PAXK JAHUH
Ha4YMHAET NTPOoOUPATHCA K HAYaJNy, BEITECHAS BIEPENU CTOAMMX — IIOKA HE
BCcTpeTuT 60JIee IPUOPUTETHOIO. U

3ameuanwe. [IpuopureTHyio odepeib €CTECTBEHHO UCIOIBL3OBATH IIPU
MOJEIUPOBAHNY NPOTEKAIOIMNUX BO BpeMeHu npoueccoB. [Ipu sTom sremen-
THL O4Yepeau — DTO OXKUAAEMBIE COOBITHUA, & UX MPUOPUTET OIPEIENACTCA
BPEMEHEM, KOT'/]a OHU TPOU3OUILYT.



7. PEKYPCUA

7.1. [Npumepbl peKypCUBHBIX NPOrpaMm

[Ipu amanuse peKypCUBHOU MPOrPAMMEI BOBHUKAET, KAK OOBIYHO, OBA
BOIIPOCA:

(a) mouemy mporpamma 3akaHuuBaeT paboTy?
(6) mouemy oma pPaBGOTAET MPABUILHO, €CIM 3AKAHIMBAET PAGOTy?

[ast (6) BOCTATOYHO MPOBEPUTH, YTO (COAEPKAIIASL PEKYPCUBHEIU BEI-
30B) IpOrpaMMa pab0oTaeT IPABUILHO, IPEANOJIOKUB, YTO BLI3BIBAEMAS €0
OJHOMMEHHAs IporpaMma paboTaeT NpaBuiIbHO. B camMoMm nere, B 5TOM ciy-
4ae B IEHOYKE PEKYPCHUBHO BBHI3BIBACMEIX IPOTPDAMM BCE MIPOrPAMMEL PAbO-
TalOT IIPABUJIBHO (yﬁe}K,ﬂaeMCﬂ B OTOM, U OT KOHIA LICIIOYKHU K Haqa.ny).

Yro6rl 40KA3aTH (&), OGEIYHO IPOBEPSIOT, YTO C KAXKABIM PEKYDCUBHEIM
BBI3OBOM 3HAYEHUE KAKOI'O-TO IapaMeTPa YMEHBIIACTCH, U DTO HE MOXKET
IPOJOIXKATHCA OECKOHEYHO.

7.1.1. Hamucate peKypCUBHYIO NPOLEAYDPY BBEIMUCICHUS (HAKTOPUAIA
LIEJOT0 TOJNOKUTEILHOrO uyucia n (T. e. mpouseegenus 1-2---n, 0603HA-
gaemoro n!).

Pemenwme. Vcnonsayem pasenctsa 1!1=1, nl=(n—1)!-n.

procedure factorial (n: integer; var fact: integer);
| {momoxute fact paBHEM ¢akTopwamy umcima 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 ucnonb30BaHUEM NPOUEAYP-(PYHKINU MOXKHO HANKUCATH TAK:

function factorial (n: integer): integer;
begin

if n=1 then begin

| factorial:=1;

end else begin {n>1}

| factorial:= factorial (n-1)*n;

end;
end;

O6paTuTe BHUMAHUE HA HEKOTOPYI JBOMCTBEHHOCTDH UCIOIL30OBAHUI UME-
Hu factorial BHyTpu onucaHus YHKIIUUA: OHO 0003HAYAET KAaK IIE€PEMEH-
HYIO, TAK ¥ BEI3BIBAEMYIO PEKypPCUBHO (yHKIM. K C4aCTBIO, B HAIIEM CJIy-
4ae OHM Pa3JIMYarTCs [0 CKOOKAM IOCJIe UMEHU, HO ecau Obl (pyHKIUA ObLIA
66€3 mapaMeTpoB, TO AeJ0 OBLIO Obl moxo. (CrangapTHAL, HO TPYIHO HAXO-
nuMas OmmOKa BO3HUKAET, €CIU aBTOP IPOrPAMMEI Ha IacKaJje II0JIaraer,
YTO OH HUCIOJIB3YET 3HAYCHUC HepeMeHHOﬁ, a KOMIILIATOD B 3TOM MeECTE
BUVUT PEKYDPCUBHEIN BBLI30B.)

7.1.2. OOBIYHO (PAKTOPUAT ONPECAAIOT U I HyIs, cauTast, 4To 0! = 1.
M3MeHnTH IPOrpaMMEI COOTBETCTBEHHO. U

7.1.3. HamwucaTp peKkypCUBHYIO IPOr'PaMMY BO3BEICHUS B IEIYI0 HEO-
TPUIATEABbHYIO CTEICHb. g

7.1.4. To xe, ecu TpebyeTCs, YTOOBI TIIyOUHA PEKYPCUM HE IPEBOCXO-
muna C'logn, rge n — mokasaTeab CTEIIeHU.

Pemenne.

function power (a,n: integer): integer;

begin

if n = 0 then begin

| power:= 1;

end else if n mod 2 = 0 then begin

| power:= power(a*a, n div 2);

end else begin

| power:= power(a, n-1)*a;

end;

end; O
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7.1.5. Yro 6yzeT, ecu U3BMEHUTH IPOrPAMMY, IPUBEAEHHYIO B PEIICHUN
[IPEeABIAYINEH 3313490, 3AMEHUB CTPOKY

power:= power(a*a, n div 2)

Ha

power:= power(a, n div 2)#* power(a, n div 2)7

Pemenmne. [Iporpamma ocranercs npasuibHou. OIHAKO OHA CTAHET pa-
6oTaTh MegreHHee. /leno B TOM, 4TO Temephb BEI3OB MOXET IOPOJWUTH 1BA
BBHI30BA, (XOTA U OJUHAKOBBIX) BMECTO OJHOIO — U YUCJIO BEI3OBOB OHICTPO
pacTéT ¢ riybuHon pexypcuu. IIporpaMmma mo-mpexxHeMy UMeeT Jorapud-
MUYECKYIO TUIYOUHY PEKYPCUM, HO YHCIO MIArOB PAOOTHL CTAHOBUTCSA JUHEU-
HBEIM BMECTO JOrapUpMUIECKOro.

OTOT HELOCTATOK MOXHO YCTPAHUTH, HAIUCAB

t:= power(a, n div 2);
power:= t*t;

WM BOCIOABL30BABIIUCH (DYHKIMEN BO3BECHUS B KBAAPAT (SqT). g

7.1.6. Ucnonp3ys xomaHgul write(x) Jjumsb mpu x =0...9, HanucaTs
PEKYPCUBHYIO TIPOrPAMMY MEYaTU JECATUIHON 3AMUCH LEJIOTO TMOJIOKUATCIb-
HOT'O YUCJIA, 7.

Pemenwe. 31ech uCIOIB30BAHUE PEKYyPCUM OOJErdaeT XU3Hb (Ipobue-
Ma OBlIa B TOM, 9TO OUQPHL Jerde MOIYYaTh ¢ KOHIA, a NeYaTaTbh HAL0
¢ HavaIa).

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 «XaHouckue OallHW» COCTOMT B caeayiomeMm. ECTb Tpu
crepxkusa. Ha nepswin u3 Hux Hajgera nupaMuaka u3 N xosen (6ouabmme
KOJIbIIA CHU3Y, MEHBINUE CBEPXyY). TpefyeTca mepeMecTuTs KOJIbLa HA ADPY-
oM CTepKeHb. Paspemaercs nepeksansBaTh KOJIbIA CO CTEPXKHA HA CTep-
JKEHb, HO KJIACTh OOJBINEE KOJBIO MOBEPX MEHbINEro Heib3s. CocTaBuTb
NPOrpaMMy, YKa3bIBAKIIYIO TpeOyeMble NerCTBUS.
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Pemrenne. Hanuimem pexypCcuBHYIO ODpOIEAYPY IEepeMeIeHns 1 BepXHUX
KOJIEI] C M-I'0 CTEPXKHA HA N-bIU (OCTaIbHEIE KOJIbIA MPEANoIararoTcs 60b-
[MIUMU 110 Pa3Mepy U JEXKAT Ha CTEPIKHAX 6e3 IBUKECHUA).

procedure move(i,m,n: integer);

| var s: integer;

begin

if i = 1 then begin

| writeln (’cpemaTe xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTmhl cTepXeHB: cyMMa HOMepOB paBHa 6}
move (i-1, m, s);

writeln (’cpemaTe xo0m ’, m, ’->’, n);
move (i-1, s, n);
end;

end;

(Cravana mepeHOCUTCA nupaMuaKa us i-1 Koser Ha TPEThIo majaouky. Ilo-
CJ1e 9TOro i-0e KOJIBIIO OCBOOOXKAETCA, U €r0 MOXKHO IIEPEHeCTU KyAa Cle-
ayeT. OcTadTcs NOMOXUTE Ha HErO MUPAMUAKY. ) O

7.1.8. HamucaTp peKypCUBHYIO HOPOrpaMMy CyMMHDOBAHHA MACCHUBA
a: array [1..n] of integer.

[Yxasanue. PexkypcusHo onpegenseMas GyHKINA JO/DKHA UMETh JOIOI-
HUTEIbHEIN apaMeTp — YUCIO CKIAALIBAEMBIX DJIEMEHTOB. | O

7.2. PekypcuBHas 06paboTKa AepeBbLER

[lBOMYHEIM AE€PEBOM HA3BIBAETCA KAPTUHKA BPOJE TAKOU:

Huxuss BepinuHa HAa3BIBACTCA Kophem. V3 KaxkIOU BEPIIUHEI MOLYT W-
TU [B€ JUHUU: BJICBO BBEPX U BIPABO BBEpX. BepIMHEI, Kyna OHU BeIyT,
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HABBLIBAIOTCA A€6bLM U TPABLIM CbIHO6bAMU UCXONHOU BEpIIMHEL Beprmmua
MOXET UMEThb ABYX CbIHOBeﬁ, a MOXKET MMETHb TOJBKO OJHOI'O CBIHA (JIeBOFO
wmu npaeoro). OHa MOXKET U BOBCE HE MMETH CHIHOBEH, M B DTOM CJIydae
HA3BLIBACTCA AUCTOM.

IIycte £ — xakas-To BepmumHa ABOMYHOrO nepesa. OHa cama BMecTe
C CBIHOBbsIMU, BHYKaM4, IPABHYKAaMU 4 T. . 00pa3yeT MOJ4epeBO ¢ KOPHEM
B T — noddepeeo nomomkos .

B creayromux 3a1a9aX MBI IPEAIOIATAEM, YTO BEPIIMHLIL JEPEBA IPOHY-
MEpPOBAHLI HEMBIMU HOMOKATCILHEIMYA YUCIAME, IPUIEM HOMEPA BCEX BEp-
MUH pa3audHbl. MBI CYuTaeM, YTO HOMED KOPHS XPAHUTCA B ICPEMCHHOU
root. Mel cunTaeM, YTO UMEIOTCA [BA MACCUBA,

1,r: array [1..N] of integer

¥ JIEBHI ¥ NPABHIN CHIH BEPIIUHEI C HOMEPOM i MMEIT COOTBETCTBEHHO
momepa 1[i] u r[i]. Eciu Bepmmna ¢ HOMEPOM i HE UMeEeT JEBOro (miau
npasoro) cuHa, To 1[i] (coorsercTBenno rl[il) pasuo 0. (Ilo Tpaguuum
IIpU 3aMUCHU IPOTPAMM MBI UCIONB3yeM BMECTO HyJs KOHCTAHTY nil, pas-
HYIO HYJIO.)

3aecs N — 10cTaTOoYHO 6OMIBIIOE HATYPAIBHOE YUCIO (HOMEPA BCEX BEP-
mmH He npesocxogaT N). OTMeTuMm, 9TO HOMED BEPIIUHEI HUKAK HE CBA3AH
¢ €€ MoJIoKEHUEM B [EpeBe W YTO He BCe 4uuciaa oT 1 10 N obsa3aHbl OBITH
HOMEepaMu BepivH (¥, CJIeI0BATEIbHO, YaCTh JaHHLIX B MACCUBaX 1 U r —
2TO MYCOD).

7.2.1. Ilycte N=7, root =3, MaccuBHl 1 U I TAKOBHL:
i1 2 3 4 5 6 7
(i1 |0 0 1 0 6 0 7
rf(iJ] {0 0 &5 3 2 0 7
HapucoBaTk cOOTBETCTBYyIOIIEE JEPEBO.

OTBerT.

G @

@ \@/

\@/ 0
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7.2.2. HamwucaTes nporpaMMmy HOACYETA YUCIA BEPIIAH B [IEPEBE.

Pemrenne. PaccmoTpuMm dyHKINIO n(X), pABHYO YACIYy BEPIIVH B IO f€-
peBe ¢ kopHeM B BepmmHe HoMep X. Cumraem, uto n(nil) = 0 (moaaras co-
OTBETCTBYIOLIEE MO ACPEBO MyCTHIM ), U HE 3a60TUMCA O 3HaYeHuax nil (s)
[JISL 9UCEJ S, HE ABJIOMIUXCSA HOMEPAMU BEPIIMH. PeKypCcuBHAs IporpaMma
[JISI N TAKOBA!

function n(x:integer):integer;
begin

if x = nil then begin

n:= 0;

end else begin

| n:= n(1[x]) + n(x[x]) + 1;

end;
end;

(Yucno BepmiuH B mOAAepeBe HA BEPIIMHON X PABHO CyMME YUCEJ BEpP-
[MIUH HAJ €¢ CBIHOBbAMU ILIOC OHA cama.) [uyOuHa pexypcunm KOHEYIHA, TAK
KaK C KaX/[BIM IIaroM BEICOT3 COOTBETCTBYIOLIErO MOAAEPEBA yMEHBIIA-
eTCs. O

7.2.3. Hamwucares nporpaMMmy mojaCcyéTa Yucia JUCTHEB B [IEPEBE.

OTBerT.

function n (x:integer) :integer;

begin
if x = nil then begin
| n:= 0;
end else if (1[x]=nil) and (r[x]=nil) then begin {mmct}
n:= 1;

end else begin

| n:= n([x]) + n(rlx]);

end;

end; O

7.2.4. HamucaTte nporpamMmy moAc4éTa BLICOTH! AepeBa (KOPEHb UMeeT
BEICOTY (), ero CHIHOBbA — BHICOTY 1, BHYKM — 2 ¥ T.II.; BEICOTA JepeBa —
5TO MAKCUMYM BBICOT €0 BEPIIVH).

[Ykazanue. PexypcusHO ompenensercs ¢pyukuua f(X) = BBEICOTa MOJ-
I€peBa ¢ KOPHEM B X.| O

7.2.5. Hamucars oporpaMMy, KOTopas 110 3aJaHHOMY n CIUTaeT IUCIO
BCEX BCPIIMH BBEICOTEI N (B 3a,JaHHOM ,qepeBe). O
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Bwmecto HOJIC‘IéTa KOJNYIECTBA BEPIIWH TOI'O0 UJAU UHOT'O POJa MOXHO
IOIPOCUTH HAalledaTaTh CIIUCOK 3TUX BECPIIUH (B TOM MJIU MHOM nopa,qu).

7.2.6. Hamucats nporpaMmy, koTopas nedataer (o O4HOMY pa3y) BCe
BEPIINHE JePEeBa.

Pemrenwme. IIpoueaypa print_subtree(x) meuaraeT BCe BEPINUHEBL [I0/I-
IepeBa ¢ KOPHEM B X II0 OJHOMY pPa3y; [VIABHAs IPOrPAaMMa COAECPKUT BEI30B
print_subtree (root).

procedure print_subtree (x:integer);
begin
if x = nil then begin
| {uuyero me memaTn}
end else begin
writeln (x);
print_subtree (1[x]);
print_subtree (r[x]);
end;
end;

[lannas mporpaMma me4aTaeT CHA4Yana KOPEHb MO AePeBa, 3aTeM IO ae-
PEBO HA[ JEBBIM CHIHOM, a 3aT€M HaJ IPaBbIM. Tpu CTpoKu B else-yacTu
MOT'YT OBITH IEPECTABICHEI 6 CIOCO0AMY, U KAXK JBIN U3 3TUX CIOCOO0B 1aET
CBOU TOPAJOK T€YaTHU BEPIIUH. g

7.3. lopoxaeHne KOM6MHATOPHbLIX O6BEKTOB,
nepebop

PexypcuBHEIe IDOrpaMMEL ABIAIOTCA YAOOHEIM CIIOCOOOM IOPOXJCHUA
KOMOWHATOPHBIX OOBEKTOB 33 JaHHOI'O BUAA. MBI pEIIuM 3aHOBO HECKOIBKO
347189 COOTBETCTBYIOIICU TVIABH.

7.3.1. Hamucars mporpammy, KOTOpas IedaTaeT IO OJHOMY pasy BCe
[OCJIEI0BATEILHOCTY JIUHEL N, COCTABJCHHLIE U3 uyucea 1...k (ux Koamde-
cTBO paBHO ko).

Pemrenwe. IIporpamma Gymer omepupoBats ¢ maccuBoMm al[l]...a[n]
u uucaoM t. PexypcuBHas mpoleaypa generate medaTaeT BCE MOCAEIO-
BaTEIBHOCTY, HaumHaoumecsa Ha all]...al[t]; mocre eé oxonuaHusa t u
al1] ...alt] umeroT TO Xe 3HAYEHUE, YTO U B HAYAJE:

procedure generate;
| var i,j : integer;
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begin
if t = n then begin
for i:=1 to n do begin
| write(a[i]);
end;
writeln;
end else begin {t < n}
for j:=1 to k do begin
ti=t+1;
alt]l:=j;
generate;
t:=t-1;
end;
end;
end;

OcHOBHAs TPOrpaMMa Tenepb COCTOUT U3 JBYX OMEPATOPOB:
t:=0; generate; O

3ameqanwme. Komane: t:=t+1 u t:=t-1 15 5KOHOMUU MOXKHO BHIHECTU
u3 1nukia for.

7.3.2. Hamwucarb mporpamMmy, KOTOpas mevaTana OBl BCE MEPECTAHOBKU
qucea 1...n 0o ogHOMY paa3y.

Pemenwue. [Iporpamma onepupyer ¢ maccuBom a[1] ...a[n], B koTropom
XPaHUTCs nepecTaHoBka uucea 1...n. PekypcusBnas mpouenypa generate
B TaKOU CHUTYallM IEYaTACT BCE IEPECTAHOBKY, KOTOPEIE HA IEPBLIX t I10-
BULMAX COBHAJAIOT C IEPECTAHOBKOU @; MO BEIXOJE U3 HEE NEePEMEHHEIE t
U a UMEIOT Te XK€ 3HAYEHUs, YTO u 40 Bx0o1a. OCHOBHAsA mIPOrpaMMa TAKOBA!

for i:=1 to n do begin al[i]:=i; end;
t:=0;
generate;

Bor onucanue nponexypsr:

procedure generate;

| var i,j : integer;

begin

if t = n then begin

for i:=1 to n do begin
| write(al[il);
end;
writeln;
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end else begin {t < n}
for j:=t+l to n do begin
moMeHATE MecTamu al[t+1] = a[j]
t:=t+1;
generate;
ti=t-1;
moMeHATE MecTamu al[t+1] = a[j]
end;
end;
end; ]

7.3.3. Hameuarats (1o oguOMy pasy) BCe MOCIEIOBATEILHOCTH U3 TL Hy-
JIEW ¥ CAVHUILL, COAEPKAUE POBHO K €IMHMUIL. O

7.3.4. HameuaraTws BCe BO3paCTaOIIUE MIOCICAOBATEILHOCTH IJIUAHEHL K,
DIEMEHTAMY KOTOPBIX SBJSAIOTCA HaTypaabHble yucaa ot 1 no n. (IIpegmo-
JAraeTcs, 9To k < n, HHAYE TAKUX MOCICHOBATECIBHOCTEN HE CYIIECTBYET. )

Pemenme. [Iporpamma onepupyer ¢ maccusoM al1] ... alk] u neaou me-
pemennon t. Ilpeamomaras, uro al1]...alt] — Bospacrarmas mociemo-
BAaTEILHOCTb HATYPAJIBHBIX YUCEN U3 OTPE3KA 1...n, PEKyPCUBHO Ompeje-
JEHHAs IPOLIEAYDA generate me4aTaeT BCe €€ BO3PACTAIONIME PO, I0IKEHU
mmeel k. (Ilpu sTom t w al1] ...al[t] B xkOHIE Takwe xe, KAK B HAYATE. )

procedure generate;
| var i: integer;
begin
if t = k then begin
| mevarats al[l]..a[k]
end else begin
ti=t+1;
for i:=a[t-1]+1 to t-k+n do begin
alt]:=1i;
generate;
end;
t:=t-1;
end;
end;

3amevanme. [ukn for mMor OBl MMETH BEPXHEW TI'pPaHULEH N (BMECTO
t — k + n). Ham BapuanT 3KOHOMUT 9aCTb PAGOTHI, yIUTHIBAA TOT (PAKT,
4r0 npeamocieauui (k-1-bIl) YiIEH He MOXET IPEBOCXOAUTH n-1, k-2-ou
YJIeH HEe MOXeT INPEeBOCXOAUTb n-2 U T.II.
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OcHOBHAs TPOrpaMMa TEmepb BHITJSAIUT TAK:

t:=1;

for j:=1 to 1-k+n do begin
al1l:=j;
generate;

end;

MoxH0 6bLI0 ObI JO0ABUTH K MACCUBY a C1eBa (PUKTUBHBIN dieMeHT a[0] =
= 0, moI0XNUTh t = 0 U OrPAHMYNTHCS €JUHCTBEHHLIM BEI30BOM IIPOIEAYPHL
generate. g

7.3.5. llepeuncanTs BCE HNPEACTABICHUS MOJOXKUTEILHOT'O IEIOr0 HU-
CJa N B BUJE CYMMEI [TOCJEJOBATEIBHOCTA HEBO3PACTAIOMINAX IEJIBIX ITOJIO-
XKUTENBHBIX CJIAraCMBbIX.

Pemrenne. [Iporpamuma onepupyer ¢ maccusoM all..n] (MakcumanbHOE
YUCIO CIAraeMBIX PABHO n) u ¢ neaou mepemenHon t. Ilpegnomaras, uro
al[1] ...a[t] — HeBoapacTaromas NOCICLOBATENILHOCTD LEIBIX YUCET, CyM-
Ma KOTODHIX He IPEBOCXOUT n, IPOIeLypa generate mevyaTaeT BCe Mpel-
CcTaBJeHUsaA TpebyeMoro BHJA, IMPOLOIKANINE DTY IOCICIOBATEILHOCTD.
[ns sxoHOMUM Berumcaenuu cymma al[l] + ...+ al[t] xpanuTcsa B cnemu-
AJIBHOU TIEPEMEHHOU S.

procedure generate;

| var i: integer;

begin

if s = n then begin

| TmeyaTaTk mMoclemoBaTembHocTh al[l]..al[t]
end else begin

for i:=1 to min(a[t], n-s) do begin
t:=t+1;
alt] :=i;
s:=s+i;
generate;
s:i=s-ij;
t:=t-1;

end;

end;
end;

OcHOBHAsA TPOrpAMMA TIPU DTOM MOXKET OBITH TAKOU:

t:=1;
for j:=1 to n do begin
| a[1]:=j
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s:=j;
generate;
end;

3ameuarme. MOXHO HEMHOI'O COKOHOMUTD, BEIHECS ONEPAINM YBEINde-
HUS U YMEHBIIEHUs t M3 IUK/IA, 8 TAKXKE He BO3BPALAA S KAXKILIM Pas
K UCXOJHOMY 3HAYEHUIO (yBEJIMYIMBAA €r0 Ha 1 ¥ BO3Bpamas K UCXOJHOMY
3HavYeHuo B KOHIE). Kpome Toro, n106aBuB pukTuBHEN daeMeHT a[0] =n,
MOXHO YIPOCTUTH OCHOBHYIO IIPOI'PaAMMY:

t:=0; s:=0; a[0]:=n; generate; O

7.3.6. Hamucate pekypcupHyo mporpammy o6xoja aepesa (UCIOIb3YA
TE e KOMaH[bl ¥ IPOBEpPKHU, 4TO u B ruase 3 (O6xon nepesa).

Pemenmne. [Iponeaypa obpaboraTs Han 00pabaTHBAET BCE JUCThS HAJ
TEKYIIECU BEPIIUHOU U 3aKAHYUBAECT PpabOTy B TOU XK€ BEPIIUHE, YTO U Ha-
qana. Bot eé pekypcuBHOe onucaHue:

procedure o6paboTaThk_Han;
begin
if ecTe_cBepxy then begin
BBEpX_HalleBo;
o6paboTaThk_Han;
while ecTb_cmpaBa do begin
BIpAaBo;
o6pa6oTaTh_Han;
end;
BHE3;
end else begin
| ob6paboTaTs;
end;
end; OJ

7.4. [Ipyrve npuMeHeHUs pekypcum

Tononornyeckas coprupoBka. [IpeacraBum ce6e n YUHOBHUKOB, KaXK-
IBIA U3 KOTOPHIX BHLAAET COPABKU OMPEACIEHHOrO BUAa. MBI XOTUM TOJIy-
YUTH BCE DTU CIPABKHU, COOJIIO a5 YCTAHOBIEHHEBIE OrPAHUYEHUS: ¥ KAXK JOT'0O
YUHOBHUKA €CThH CIIMCOK CIIPABOK, KOTOPHIE HYKHO cOOpaTh mepes obparre-
HueM K HeMmy. Jleno 0e3sHafEXKHO, €CIM CXEeMa 3AaBUCUMOCTEU UMEET UK
(cnpaBky A Henbas monyuuthb G6e3 B, B 6e3 C,..., Y 6e3 Z u Z Ges A).
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IIpegmonaras, 9To TakOro NUKJIA HET, TpeOyeTCs COCTABUTH ILIAH, YKA3HI-
BAOMMA OJIMH U3 BO3MOXHLIX MOPAJKOB MTOJYYCHUSA CIIPABOK.

N3006paxkas YMHOBHUKOB TOYKAMU, 8 3aBUCUMOCTHU — CTPEIKAMU, [IPU-
XOIUM K Takou popMmyauposke. meeTcs n ToYeK, MPOHYMEPOBAHHEIX OT 1
10 n. U3 kax0i TOUYKM BeAET HECKOIBKO (BO3MOXHO, ) CTPEIOK B Apyrue
Touku. (Takas KapTUHKA HABEIBAETCA 0PUEHMUPOBarHbIM 2padom.) uknos
uer. TpebGyercsa pacnoaoXuTh BepiuuHbl rpada (TOYKU) B TAKOM HOPSAKE,
YTOOLI KOHEIL JI06OU CTPEIKA IPEAIICCTBOBAI €€ HAYalLy. JTa 3aJa49a Ha-
3LIBACTCA MONO0A0UNECKOTE COPMUPOEKOT.

7.4.1. [loxasaTb, IYTO HTO BCErJA BO3MOXKHO.

Pemrenne. U3 ycioBus OTCyTCTBUSA IUKJIOB BHITEKAET, YTO €CTH BEPIIN-
HA, U3 KOTOPOU BOOOIIE HE BHIXOAUT CTPEIOK (MHAYE MOXHO ABUIATHCA IO
CTperKaM, NOKa He 3anukauMcsa). Eé Oyaem caurars nepeou. Boikuarisas
BCE CTPEJKM, B HEE BEAyIUe, Mbl CBOAUM 33434y K rpady ¢ MEHLIIUM Yu-
CJIOM BEPIIUH U NPOOIKAEM PACCYXKICHUE IO UHIYKIIUU. O

7.4.2. Ilpegnonoxum, 9TO OPUEHTUPOBAHHLIN rpad 6€3 UUKIOB XPAHUT-
cA B Takoum ¢opme: mad Kakaoro i or 1 1o n B num[i] xpanuTca 4u-
c1o BeIXOAsAmuX m3 i crpenok, B adr[i][1],...,adr[i] [num[i]] — =HO-
Mepa BepIIuH, KyAa 3Th cTpeaku BeayT. CocTaBuTh (PEeKypCUBHEIN) aaro-
PUTM, KOTOPHIN [IPOU3BOAUT TOIOIOIHIECKYI0 COPTHPOBKY He Oojee deMm
3a C - (n+ m) geucTsBui, rge m — 9ucio pédep rpada (CTPeoK).

3amequanme. HemocpencTBenHas peaau3alnus IPUBEIEHHOIO BEIE TOKa-
3aTEILCTBA, CYIIECTBOBAHUA HE AAGT TpeOyeMOU ONEHKU; €€ MPUXOAUTCA
HEMHOT'O MOMPABUTD.

Pemenue. Hama nporpamma OygeT medaTaTh HOMEpa BepmmH. B mac-
cuBe

printed: array[1..n] of boolean

MBI OyA€M XPAHUTDL CBEAEHUA O TOM, KAKUE BEPIIUHEL HANEYATAHH! (U KOD-
PEKTUPOBATHL MX OJHOBPEMEHHO C MEYATHIO BEPIIUHEI). ByaeM roBopuTs,
YTO HANEYATAHHAA MOCIEJOBATEIbHOCTh BEPIIMH KOPPEKTHA, €CJIU HUKA-
Kas BepIINHA HE HAICYaTaHa ABAaXKJBI U [ JI000r0 HOMepa i, BXOAAIIero
B 3Ty IOCIEAOBATEIBHOCTD, BCE BEPIIMHEI, B KOTOPBIE BEAyT CTPEIKU U3 i,
HaIe4vaTaHbl, ¥ IPUTOM [0 i.

procedure add (i: 1..n);
{mano: mHamevaTaHHoe KOppeKTHO;}
{Hamo: HamevyaTaHHOe KOPpPEKTHO M BKINYaeT BepumMHy i}
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begin

if printed [i] then begin {Bepumua i y®e HamewaTanal}
| {HU4ero memaTe He Hamo}

end else begin

{nanevaTannoe xoppexTHO}

for j:=1 to num[i] do begin
| add(adr[i1[j1);

end;

{HanmevaTaHHOEe KOpPpeKTHO, BCe BepUMHH, B KOTOpHE U3
i BeZyT cTpenmkM, yXe HamedaTaHH - TaK 4TO MOXHO
TmevaTaTk i, He Hapymas KOPPeKTHOCTHU}

if not printed[i] then begin

writeln(i); printed [i]:= TRUE;

end;

end;

end;

OcHoBHas mporpamma:

for i:=1 to n do begin
| printed[i]:= FALSE;

end;

for i:=1 to n do begin
| add(i)

end;

K ouenke BpeMeHu paOOTH MBI BCKOpPE BEPHEMCS.

7.4.3. B npusenéuHOU mporpamMMe MOXHO BHIOPOCUTH MPOBEPKY, 3aMe-
HUB

if not printed[i] then begin
writeln(i); printed [i]:= TRUE;
end;
Ha
writeln(i); printed [i]:= TRUE;
[Mouemy? Kak mamenuTcs crienudukanus IpOLueayphl?

Pemenme. Crerudpukanuio MOXHO BEIOPATEL TAKOU:

LaHO: HaleYaTaHHO€ KOPPEeKTHO
Hanmo: HanmevYaTaHHOE€ KOPPEeKTHO M BKINYaeT BEpPIMHY i;
BCe BHOBBR HalleYaTaHHHE BEPUMHH NOCTYIITHH M3 i. D
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7.4.4. T'ne ncnonp3oBan ToT BakT, YTO rpad HE UMEET IUKJIOB?

Pemenne. Mb1 omycTmiiv 10Ka3aTEILCTBO KOHEYHOCTHU TUIyOUHEL PEKYP-
cuu. [l KaxkI0U BEPIIUHBL PACCMOTPUM €€ «TuyOuHYy» — MaKCUMAJIBHYIO
[JIUHY IYTH 10 CTPEIKAM, U3 HEE BEIXOAALIETO. Y CIOBAE OTCYTCTBUS LUKJIOB
FapaHTUPyeT, 9TO DT BEIUYUHA KOHEYHA. V3 BEpIIMHLI HYJEBOU Ty OUHED
CTPENOK HE BEIXOAUT. [ ryOuHa KOHIIA CTPEIKY [0 KPAUHEW Mepe HA 1 MeHb-
e, ueM rrybuna Havaga. [Ipu pa6ore mpoueaypet add (i) Bce pekypCUBHEBIE
BeI30BEL add (j) OTHOCATCA K BEPIIMHAM MEHBIICU IyOUHEL. O

Bepuémcs k ouenke Bpemenu pa6orel. CkoabKo BeI30BOB add (i) Bo3-
MOXKHO s KAKOro-To ¢gukcuposansoro i? IIpexpge Bcero sAcHO, 9TO mep-
BEIU U3 HUX MEYATAET 1, OCTAIBHBIE CBEAYTCA K MPOBEPKE TOrO, 94TO i yxe
HamedyaTaHo. SICHO Takxe, 4TO BbI30BBEI add (i) MHIYIUPYIOTCA «TedaTa-
romuMuy (nepBbiMu) Be3oBaMu add (j) 414 Tex j, U3 KOTOPHIX B i BeaéT
pebpo. CienoBaTebHO, IUCIO BEI3OBOB add (i) paBHO YMCIy BXOAAIMX B i
pébep (cTpesok). Ilpu 5TOM BCe BBI3OBEI, KpoMme nepsoro, Tpedyor O(1)
onepanuu, a NepBeU TpebyeT BPEMEHU, MPONOPIUOHATLHOTO YUCHY UCXO M-
mux u3 i crpenok. (He cuuras Bpemenn, yxonsamero Ha seinoisHenue add (j)
[JIS KOHIIOB j BHIXOMAmuX pé6ep.) OTcona BugHO, 9TO 06Iee BpeMs mpo-
NOPUUOHAILHO Yucry pébep (MIC YucIo BEPIIuH). O

Ceasuas kommoHeHTa rpada. Heopuenmuposanuvit 2pag — uabop To-
4yek (BEpIIMH), HEKOTOPHIE U3 KOTOPHIX COCAWHEHHl JuHusMu (pébpamum).
HeopuenTtupoBanusiu rpad MOXKHO CIMTATH YACTHHIM CJAYYaEM OPUEHTU-
POBAHHOI'O rpada, B KOTOPOM [Is KAXIO0U CTPEJKU eCTh 0OpaTHas.

Cea3not Komnonenmotli BEPIIMHLI 1 HA3LIBACTCSA MHOXECTBO BCEX TEX
BEPIIKH, B KOTOPHIE MOXHO MONACTb u3 i, mas mo pébpam rpada. (Io-
CKOJIbKY T'pad HEOPUEHTUPOBAHHLIN, OTHOIICHUE «j TPUHAIJICKUT CBAZHOU
KOMITOHEHTE i» ABJIAETCA OTHOMICHUEM DKBUBAJICHTHOCTH. )

7.4.5. [lan HeOpUEHTUPOBAHHEIN Ipad (/s KaxKJOU BEPIINHEI YKA3AHO
YUCIO COCEEN U MAaCCUB HOMEPOB COCEIeN, KaK B 33,1a9€ O TOMOJIOTUIECKOU
copruposke). CoCTaBUTh aArOpUTM, KOTOPHIU [0 33aHHOMY i medaraer
BCE BEPIIUHEI CBA3HOU KOMIIOHEHTEI i 110 OAHOMY pa3dy (u TOabKO ux). Hu-
CJI0 IEUCTBUU HE JOLKHO mpeBocxoauts C - (obmee 4ucao BepumH u pédep
B CBA3HOU KOMIIOHEHTE).

Pemenne. IIporpamma B mponecce paboTH Oy JeT «3aKPAIUBATLY HEKO-
Topele BepumHE rpada. HesakpamenHon gacToio rpada OygeM HA3EIBATH
TO, 9TO OCTAHETCH, €CIu BHIOPOCUTH BCE 3aKPAIICHHBIC BEPIIUHLI U BELY-
mue B Hux péopa. [Ipouenypa add (i) sakpammBaeT CBSI3HYI KOMIIOHEHTY i
B HE3AKPAIIEHHOH 9aCTH rpagda (1 He JeJaeT HUYEro, eCIu BEpIIMHA 1 yxe
3aKpalleHa).
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procedure add (i:1..n);
begin
if Bepumma i 3akpamena then begin
| HUYero meraTh He HaJMo
end else begin
3akpacuThk i (HameyaTaTh ¥ IOMETHTH KaK 3aKpalleHHYN)
II4 BCeX j, COCemHHMX C i
| add(j);
end;
end;
end;

[oxaxem, 9TO BTa NpPOUEAYPA AEUCTBYET NPABWILHO (B IIPEANONOKCHUN,
YTO PEKYPCUBHBLIC BEI3OBH PaGOTAIOT MPAaBWILHO). B camom nerne, Hude-
o, KpOMe CBA3HOU KOMITOHEHTHI HE3aKPAIIEeHHOrO rpada, OHa 3aKPaCUTh
He MoxeT. IIpoBepuMm, uTO Bcsi oHa Oyner 3akpamena. IIycts k — Bep-
IWHA, JOCTYMHAA U3 BEPHIMHHL i MO nyTy i — j — ... — k, IpoxXoAsAmeMy
TOJIBKO IT0 HE3AKPAIIIEHHBIM BepIiuHaM. Byaem paccMaTpuBaTh TOJBKO IIy-
TU, HE BO3BpaINAomuecs cHoBa B i. I3 Bcex Takmx myTeu BhIGEpeM IyTh
¢ HauMeHbIIUM j (B MOpAAKe IPOCMOTpa coceaen B npoueaype). Toraa mpn
PACCMOTPEHUN NPEABIAYIINX COCEAECU HY OJHA U3 BEPIIUH IyTH j — ... — Kk
He OyaeT 3akpamena (uHade j He ObLIO Obl MUHUMAILHEIM) U IIOTOMY kK OKa-
JKETCS B CBA3BHOM KOMIIOHEHTE HE3aKPAIIEHHOrO rpacda K MOMEHTY BBI30BA
add(j). Yro u TpeboBajioOCH.

YT106B YCTAHOBUTH KOHEYHOCTH TUIyOUHBI PEKYPCUU, 3AMETUM, ITO HA
KaX/JOM YPOBHE PEKYPCUU YHUCJIO HE3AKPAIICHHBIX BEPIIMH YMEHBIIACTCS
xoTs OBl Ha 1.

Onenum uucno geucteuu. Kaxkjpas BepmmHa 3aKpamuBaeTcs He GoJee
OJHOI0 pa3a — mpu nepBuIM BbI3oBe add (i) ¢ gamubM i. Bee mocrenyro-
7€ BBI3OBBI MIPOUCXOAAT IPU 3AKPAIIMBAHUY COCELEU — KOIUIECTBO Ta-
KUX BBI30BOB He OOJbBINE YHCIA COCENed — U CBOLATCS K IIPOBEPKE TOrO,
YTO BepUIMHA 1 yxKe 3akpaiieHa. [lepBriu ke BEI3OB COCTOUT B IIPOCMO-
Tpe BCEX COCENEU U PEKYyPCUBHBIX BhI3OBax add(j) mmsa Bcex mux. Takum
00pa3om, o0IIee 9ucao NeUCTBUU, CBA3AHHBIX C BEPIIMHOU i, HE MPEBOCXO-
IUT KOHCTAHTHI, YMHOXKEHHOU Ha 4ucao eé cocegen. OTcoga u BuITEKaeT
TpeOyeMas OLICHKA. O

7.4.6. Pemuth Ty Xe 3a4ady 1Jsg OPUEHTUPOBAHHOrO rpada (Hame-
9aTaTh BCE BEPIIUHBI, JOCTYNHEIE U3 JAHHOU MO CTPEIKaM; rpad MOXKeET
COIEPKATH IUKJIEI).

OrBer. loguTcsa mo cymecTBy Ta ke mporpaMMa (CTPOKY «IJsI BCEX
coceleny HaI0 3aMEHUATH Ha, «1Js BCEX BEPIIWH, KyAa BEAyT CTPeJkm). [
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Caeayromuit BAPUAHT 334394 O CBA3HOU KOMIIOHEHTE UMEET CKOPEee Te-
operuyeckoe 3HaveHue (U HazbBaeTcsa meopemotli Casuua).

7.4.7. OpuentupoBanuel rpadp umeer 2" BepmuH (JABOWYHEIE CJIOBA
[QJUHBL 1) ¥ 334aH B Buae (YyHKIMU ecTb_pe6po, KOTOpas MO ABYM Bep-
mmHaM T ¥ Yy coolbmaer, ecTb Ju B rpade pebpo uz z B y. CocraButh
AJICOPUTM, KOTOPBIN [Jis JAHHOU MAPhl BEPINUH U U U ONPEAEIsACT, €CTh JIU
myTh (1o pébpam) u3 ¢ B ¥, UCHOIB3Ys NAMATH, OTPAHUYEHHY) MHOIOYJIE-
HOM OT n. (Bpemsa npu 5ToM MOXeT GBITH — u OyAeT — OYEHb GOJIBIINM. )

[Ykaszanue. Mcnonp30BaTh PEKyPCUBHYIO IPOLEAYDY, BEIACHAIOMYIO, Cy-
IECTBYeT JiM MyTh U3 T B Y AauHEL He 6osee 28 (u BeBEBIBaIOmyO Ccebs
C YMEHbBIIEHHBIM HA €JVHUIYY 3HadeHueM k).] O

Bricrpas coptupoBka Xoapa. B sakiaouenue mpusenéM peKypCUBHBIN
QJITOPUTM COPTUPOBKU MACCUBA, KOTOPHIU HA MPAKTUKE ABIACTCA OMHUM
u3 cambix OwicTpeix. Ilycrs mam maccus al1] ...al[n]. Pexypcusnas mnpo-
ueaypa sort(l,r:integer) copTUpyeT y4aCTOK MaCCHUBA C UHICKCAMU U3
noayuntepsaia (1,r], To ects a[1+1]...alr], ve saTparusas ocraibHOro
Maccusa.

procedure sort (1l,r: integer);
begin
if 1 = r then begin
HHYero JelaTh He HAZO — yYacTOK HIyCT
end else begin
BH6paTh CIyYa#HOe WUMCIO S B moaymuTepeame (1,r]
b := a[s]
TIepeCTaBUTE BIEeMEHTH COPTHUPYEeMOTr'o yYacTKa TaK, YTOOH
CHavaZa WM DJIEeMEeHTH, MeHbuMe b - ydactok (1,11]
- yuactox (11,rr]
- yuacTtox (rr,r]

3aTeM 3JIEMEHTH, DaBHHE b
3aTeM JJIeMeHTH, 6onpure b

sort (1,11);
sort (rr,r);
end;

end;

Pasenenue 54eMEHTOB COPTUPYEMOrO y4acTKa Ha Tpu Kareropuu (MEHb-
mme, paBHbIE, OOJBINE) paccMaTpuBaJach B riase 1, ¢. 36 (310 MoxHO cae-
JIATBH 33 BPEMs, MPONOPUUOHAILHOE JIuHE yIacTKa). KoHedHOCT riry GuHEL
PEeKypCUu rapaHTUPYeTCsa TeM, UTO [JIUHA COPTUPYEMOr'O YIaCTKa Ha Ka-
JKJOM YPOBHE PEKYPCUU YMEHBINAETCSA XOTA OBl Ha 1.

7.4.8. ([na 3HAKOMEIX C OCHOBaMU TeOpuu BeposaTHOCTen). JokasaTs,
YTO MATEMATUYECKOE OXUJAHUE YUCAA OMepAlMU MpU PabOTe dTOro al-
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ropurma He npeBocxoauT Cnlogmn, npuyuém xouncranta C' He 3aBUCUT OT
COPTUPYEMOr0 MACCHUBA.

[Yxazanue. IIycts T'(n) — MakcuMyM MaTeMaTHIECKOrO OXKUIAHUA U~
CJIa, OHEpalUy Ui BCEX BXOAOB AIUHE 1. VI3 TeKcTa mpomeayphl BHITEKAET
TaKOe HEPABEHCTBO:

T(n)ganr1 > (k) +T())

n
k+l=n—1

[MepBBilt WwieH COOTBETCTBYET PACIPEAECICHUIO DICMEHTOB HA MEHBIINE, PAB-
Hble u Ooubiuue. BTopon wieH — 3TO CpeAHee MaTEMATUIECKOE OXKUTAHUE
JJI BCEX BAPUAHTOB CIYyIauHOro BLIGopa. (CTporo roBops, HOCKOIBKY Cpe-
JU DJIEMEHTOB MOI'yT OLITb paBHBIE, B mpasou dactu sBMmecto T'(k) u T'(1)
JOJKHBL CTOATH MakcumyMel 1'(x) 1o Bcem z, He npeBocxo asmuM k wim [, HO
DTO HE MEIIAET AATBHEUIIUM PACCyXAcHUAM.) Jlanee MHAyKIUEn IO N Hy K-
HO n0Ka3uBaTh ouerky 1'(n) < C'nlnn. llpu 5TOM /17 BEIMMCICHUS CPEAHE-
ro 3HadeHusa rlnz mo BceM £ =1,...,n — 1 HYXHO BEIYUCIATD fln zlnzdx
no vactam xak [ Inzd(z?). lIpu gocrarouno Goapmom C’ wren Cn B mpa-
BOUl 9aCTH NEPEBEIMBACTCA 34 CIET UHTerpata [ 22 dIn, ¥ UHAYKTUBHEIA
Iar IpOXOAUT.] O

7.4.9. UmeeTcsa MacCUB U3 N PA3IMYHBIX LEALIX dncen u ducio k. Tpe-
OyeTcs HaUTH k-0€ MO BeJMYMHE YUCIO B DTOM MACCHBe, CAeraB He 6o-
aee Cn peuctsun, rge C — HEKOTOpas KOHCTAHTA, HE 3ABUCAINAA OT k
un.

3ameuanme. CopTUPOBKA [TO3BOIAET OYEBUAHLIM 00Pa30M CIEJATH DTO
3a Cnlogn meuctsun. OuUeBUAHBLIN CIOCOG: HAUTH HAUMEHBITUU BJIECMEHT,
3aTEM HAUTHU BTOPOU, 3ATEM TPETUH, . .., k-Bli TpebyeT nopsagka kn neu-
CTBUH, TO €CTb HE FOAUTCHA (KOHCTAHTA IIPU 7 3ABUCUT OT k).

[Yxazanue. Ussamuem (X0Ts8 DpaKTUYECKU U OECIOJIE3HBIN — KOHCTAHTEL
CJMIIKOM BEJMKH) CIOCO0 CAENATH DTO TAKOB:

A. Pazo6bém Ham Maccus Ha n/5 rpynm, B KaxX 40U U3 KOTOPBIX IO 5 dJe-
MeHTOB. Kax 1yl rpynmy ymnopsamgoduM.

B. PaccmoTpuM cpeHme 3JeMEHTHI BCEX IPYIII U IEPEIUIIeM UX B Mac-
cuB u3 n/5 saeMenToB. C IOMOIIBIO PEKYPCUBHOIO BEI30BA HAMAEM CPEIHUN
[0 BEJIWYUHE DIEMEHT 3TOr0 MACCUBA.

B. CpaBHuUM 3TOT 3JEMEHT CO BCEMU BIEMEHTAMU UCXOJHOTO MACCUBA!
OHM Da3JeMATCs Ha OOJBIINE ero M MeHbIIHe ero (M OAUH PABHBIN eMy).
[MogcyuTaB KOIUIECTBO TEX U APYIUX, MBI Y3HAEM, B KAKOU U3 DTUX YaCTEU
JOJIKEH HAXOAUTCA UCKOMBIN (K-BIll) DIEMEHT U KAKOB OH TaM II0 MOPAIKY.
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I'. [IpumenuM peKypCUBHO HAIl AATOPUATM K BHIODAHHOU YACTH.

IIycte T(n) — MaKCUMAJIBbHO BO3MOXHOE YUCJIO AEUCTBUH, €CAU ITOT
€rocob NPUMEHATH K MACCUBaM M3 He 0ojee 4eM 1 DJeMeHTOB (k MoxeT
ObITh KakuM yroano). meem ouenky:

T(n) < Cn+ T(n/5) + T (upumepuo 0,7n).

Iocaeanee caaraemMoe OOBACHACTCA TAK: MTPU PA3OMEHUN HA Y9ACTU KaXK 1A
4acTb cogepxkut He Menee (,3n saemenToB. B camom gene, ecniu x — cpen-
HUU U3 CPEJHUX, TO IPUMEPHO MOJOBUHA BCEX CPEIHUX MEHbINe x. A ecim
B NATEPKE CPEJHUM DJIEMEHT MEHBIIE T, TO emé [Ba 3aBeJOMO MEHBIIE Z.
TeMm caMbIM 10 KpauHen Mepe 3/5 OT MOMOBUHEI DJIEMEHTOB MEHBIIE Z.
Teneps mo UHAYKIUYM MOXHO 10Ka3aTh onerky 1'(n) < Cn (pemaromntyo
POJIb IPU HTOM UI'PAET TO 06CTOATENBLCTBO, 94TO 1/5 + 0,7 < 1).] O



8. KAK OBOUTUCH
BE3 PEKYPCUU

51 yHUBEPCATBHBIX A3BIKOB MIPOrPAMMUPOBAHUA (KAKOBEIM SABJACTCA
HacKalb) PEKYPCUA He NaéT HUUErO HOBOTO: [JIS BCAKOU PEKYDPCUBHOM IIPO-
rpaMMbI MOXHO HAMCATH SKBUBAICHTHYIO IporpaMmy 6e3 pekypcuu. Mur
He OyZeM JOKAa3blBaTh DTOr0, & MPOJEMOHCTPUPYEM HEKOTOPHIE IPUEMHI,
MO3BOJAIONINE N30aBUTHCA OT PEKYPCUU B KOHKDETHBIX CUTYAIUAX.

3adeMm 510 Hyx)HO? OTBeT mparmMaTuKa MOr Obl OBITH TAKUM: BO MHO-
X KOMIBIOTEPAX (B TOM YMCIE, K COXKAJICHUIO, U B COBPEMEHHEIX, UCIIOIb-
ayromux Tak HasbBaeMmule RISC-mpomneccops), peKypCUBHBIE TPOrPAMMEL
B HECKOJIBKO Pa3 MEJICHHEE COOTBETCTBYIOIMIUX HEPEKYPCUBHBIX IPOrPAMM.
Emé o g BO3MOXHEI OTBET: B HEKOTOPHIX A3BIKAX TPOrPAMMUPOBAHUS Pe-
KyPCUBHBIC MIPOTPAMMEI 3aNPEIIEHEl. A TVIABHOE, NPU YAAJCHUN PEKYpPCUA
BO3HUKAIOT U3ANIHBIC U IIOYYINTEJABHBIC KOHCTPYKIIUHA.

8.1. Tabnuua 3Ha4eHuN LQMHaMMHeCKoe
NporpamMMupoBaHue)

8.1.1. Curexpyromas peKypCUBHAs NPOLEAYPA BHIYUCIAET YUCIA COYETA-
nuit (GuHOMUANBHEE KO3 uimenTh ). HanucaTs SKBUBATEHTHY IO HEPEKYD-
CUBHYIO IIPOrPaMMY.

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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3ameganme. C* — umciio k-3/1€MEHTHEIX TIOAMHOXECTB 1-DIEMEHTHOTO
muoxecrsa. Coornomenne CK = C* 1 + CF_| momyuurcs, eciu bt pukcn-
PYyeM HEKOTOPEIH IEMEHT N-3JEeMEHTHOIO MHOXKECTBA U OTJEJIbHO HOACUU-
TaeM k-3IeMEHTHEIE [TOMHOXECTBA, BKIIOYAIOMIE I He BKIIOYAIONUIUE dTOT
anement. Tabmuna snavenuit CF

Ha3BIBaeTCs TpeyroabuukoM Ilackams (Toro camoro). B uéMm kax g sie-
MEHT, KPOME KPAUHUX €IUHUI], PABEH CyMME ABYX CTOSAIIAX HAJ HUM.
Pemenne. M0oxHO BOCIIOAB30BATHCA HhOPMYJION

kL n!
Cn = k!'(n — k)!

Me1, ogaako, He 6y 1eM 5TOro AeIaTh, TAK KAK XOTUM IPOIEMOHCTPUPOBATH
6osee obIMe TPUEME] YCTPAHEHNU PEKYPCUM. BMECTO 5TOro coCTaBuM Ta-
6auny 3madenuin dbynxmuu C(n,k) = C¥, sanommas eé ans n=0,1,2,...,
[I0KA HE JOUAEM 10 MHTEPECYIOIEro HAC DJIEMEHTA. O

8.1.2. YT0 MOXHO CKa3aTh O BPEMEHM PAOOTHI PEKYPCUBHOU U HEpE-
KyPCUBHOU BepCUM B mpeabiayien 3aaade? ToT ke BOOPOC O maMATH.

Pemrenne. Ta6una 3aHIMAET MECTO HOPAAKA N2, €MO MOXKHO COKPATUTE
IO M, €CIU 3aMETUTh, YTO [JISA BLEIYUCICHUSA CJACIYIOMEA CTPOKU TPEYTOdb-
unuka [lackans myxHa Toabko npeawrayinas. Bpems paboTwl ocTaéresa mo-
pagka n?. PexypcusHas mporpamMma TpefyeT CyMECTBEHHO GOJBIIErO Bpe-
venu: Ber3oB C(n,k) cBogurTcs x aBym BrmoBaMm gias C(n-1,..) , Te —
K 4eThIpéM Bu3oBaM mjs C(n-2,..) u Tak gasee. Takum o6pas3om, BpeMs
OKAa3bIBAETCS DKCIOHEHIMAIBHEIM (mopsagka 2™). Vcnonbayemas peKypCus-
HOM BEPCUEHU MAMATH IIPOMOPIUOHANBLHA Tl — YMHOXKAEM [IyOuHy peKypCcun
(n) HA KOIMYECTBO MAMATH, UCIOIBE3YEMOE OJHUM DK3EMILIAPOM NPOUELY DB
(xoHCTAHTA). O

KapauHaibHBIA BEIUTPHII BO BPEMEHU IOPU MEPEXOJAE OT PEKYPCUBHOU
BEPCUU K HEPEKYPCUBHOU CBA3AH C TEM, YTO B PEKYPCUBHOM BAPUAHTE OJHU
U T€ XK€ BLIYUCICHUS MPOUCXOAAT MHOro pa3. Hampumep, BoizoB C(5,3)
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B KOHEYHOM CU€Te MOpOXAaeT ABa Bur3oBa C(3,2):

c(5,3)
/ N
Cc(4,2) C(4,3)
/ \ / \
c(3,1) c(3,2) €(3,3)

3anosHss TabauIy, Mbl KaX VIO KJIETKY 3A0JHIEM TOJBKO O JHAXK JBI —
OTCIO/Ia ¥ DKOHOMUS. DTOT NPUEM HABEIBACTCA JUHAMUYECKUM TPO2P AMMU-
poBaNUEM, U TIDUMEHUM B TEX CIy9asaxX, KOrga OObEM XPAHUMOU B TAOIUIE
nHbpOpMAIUY OKA3LIBAETCA HE CJAUIIKOM OOJIBIINM.

8.1.3. IlopaccyxaaTh Ha Ty Xe TeMy HA IPUMEPE PEKYPCUBHOU U (IIpo-
CTEUINEN) HEPEKYPCUBHOU NPOrPAMM U BeIYucacHus uucenl PuGonadun,
33/IaHHBIX COOTHOIICHUEM

1 =0,=1 &,=%, 1+%,5 (n>2). O

8.1.4. [laH BBIOYKJIBIA N-YyCOJBHUK (33JaHHBIM KOODAMHATAMY CBOUX
BepIINH B mopsjake o6xona). Ero paspesaroT Ha TPEyrOJIbHUKY AUATOHALA-
MU, [JIs1 9er0 HEOOXOAUMO N — 2 MaroHamu (3TO MOXKHO JOKA3aTh UHAYKIW-
et 10 n). CTOMMOCTBIO PA3pPE3aHUA HA30BEM CyMMY [JMH BCEX WUCIOJIB30-
BaHHBIX AuAroHateu. HauTu MUHUMAIBHYIO CTOMMOCTD Pa3pe3anusa. Jucio
JEUCTBUI JOKHO OBITH OIPAHUIEHO HEKOTOPEIM MHOrowieHoM ot n. (Ilepe-
60p He MOAXOAUT, TaK KaK YMCJIO BAPUAHTOB HE OIPAHUYEHO MHOTOWICHOM. )

Pemenwme. ByneM cunTaTh, YTO BEPIIUHBEI MPOHYMEPOBAaHLI OT 1 10 N
¥ UOYT IO 4acoBou cTpeike. Ilycts k, | — Homepa BepiuuH, mpuydéMm [ > k.
Yepes A(k,l) 0603HaMM MHOrOYTOJBHUK, OTPE3AEMBIA OT HAIIETO XOp-
aou k1. (DrTa xopaa pa3pe3aeT MHOrOYTOJIBLHUK HA JBA, OJUH U3 KOTOPHIX
BKIOYaeT cTOpony 1-—n; gepes A(k, 1) mur 0603nauaem apyrou.) Ucxonusi
MHOTOYTOJBHUK eCTeCTBeHHO 0603HauuTh A(1,n). IIpu | =k + 1 nonyqa-
€TCsl «IBYYTOJbHUKY C COBIIAJAIOUMMY CTOPOHAMU.

Ak, 1)
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Yepes a(k,l) obo3nauuM cToMMOCTb paspe3anus MHOroyroubHuka A(k,l)
[OUArOHAIAMYU HA TPEyronbHUKM. Hamumem pekyppeHTHY (GOpMYTdy M
a(k,l). Opu | = k + 1 nonyyaeTcs AByyroJbHUK, U MH nojaraeM a(k,l) = 0.
IIpu | = k + 2 noxy4aeTcs TPEyroabHUK, U B 3TOM ciydae Takxke a(k,l) = 0.
IMycre | > k + 2.

Xopaa k-1 ssasercsa croporon muoroyronsauka A(k,l) u, ciegoBaTensHo,
CTOPOHOU OJHOI'0 U3 TPEYrOJBLHUKOB, HA KOTOpEIE OH paspesaH. [Iporuso-
MTOJIOXKHOU BEPIIMHON § 9TOr0 TPEYTONBbHUKA MOXKET OBITH JI00asa U3 BEPIIUH
k+1,...,1 —1, v MUHUMAIBLHAA CTOMMOCTDL PA3PE3AHUA MOXKET OBLITH BhI-
YHUCJICHA KaK

min{(gmua xopast k—14) + (amuna xopaet i —1) + a(k,i) + a(i, 1)}

mo Bcem i =k + 1,...,l — 1. IIpu >TOM HAAO y4ecTb, 9YTO mpu q =p + 1
XOpaa p—q — He XOpfa, & CTOPOHA, W €€ IIWHY HAAO CUUTaTh paBHou (
(o cTOpoHE paspes He IPOBOAUTCA).

Cocrasus Tabmuy gus a(k,l) u 3anonHss €€ B IOpALKE BO3PACTAHUA
gucaa sepmud (paBHOro [ — k + 1), MBI HOIy9aeM IpOrpamMmy, UCHOAL3Y0-
Iy1o IaMATH TOPAAKA N° U BpeMaA MopAfka n° (OJHOKPATHOE MPUMEHEHHUE
PeKyppeHTHOU GOpMyILl TpeOyeT BEIOOPa MUHUMYMA U3 He 60jiee 9eM n du-

ceun). O

8.1.5. Marpuuen pasmepa m X n Ha3BIBAETCA NPAMOYTOJIbHAA TAOIUIA
13 M CTPOK U N CTOJOLOB, 3al0oNIHeHHAs yncaaMu. MaTpuny pasmepa m X n
MOXKHO yMHOXWUTBH Ha MATDPUIy pasMmepa 7 X k (IupuHa JeBOrO COMHOXKU-
TeJs NOMKHA PABHATHCA BEICOTE IIPABOIO), U MOJLYyIACTCA MATPULA Pa3Me-
pom m X k. Ilenou Takoro ymuHoxeHus OyjeM CUMTAThL MpOU3BEACHUE MNnk
(TAKOBO YMCJIO YMHOXKEHUN, KOTOPBIE HYKHO BEIIOIHUATH IPY CTAHJAPTHOM
croco6e YMHOXEHUA — HO CENvac 5TO HAM HE BAXKHO). YMHOXEHUE MATPUILL
aCCOLUATUBHO, IIOITOMY NPOU3BEAEHUE § MATPUL] MOXKHO BEIYUCAATEL B Pa3-
HOM mopsigke. [l Kaxaoro mopsika MOACYUTAEM CYMMAapPHYIO LEHY BCEX
MATPUYHBIX YMHOXKeHUN. HalTu MUHUMAABHYIO LEHY BBIYUCICHWUS IPOU3-
BEJCHUS, €CIM U3BECTHBI PA3MEPHI BCEX MATPUL. JUCIO NEUCTBUU JOJKHO
OBITH OrPAHUYEHO MHOT'OWICHOM OT YUCJIA MATPWUII.
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IIpmmep. MaTpuier pasmepom 2 X 3, 3 X 4, 4 X 5 MOXKHO MEPEMHOXKATH
aByMms criocobamu. B mepBom nena paBua 2-3-4+4+2-4-5=24+440= 64,
BO BTOpPOM IieHa paBHa 3-4-5+2-3-5=090.

Pemenwe. [IpeacrasuM cebe, 4T0 nepBas MaTPULA HAIMCAHA HA OTPE3KE
[0,1], BrOpas — na orpeske [1,2], ..., s-as — Ha orpeske [s — 1, s]. MaTpu-
uel Ha OTpe3kax [i — 1,4] u [i,i + 1] umeroT o6mumi pasmep, MO3BOLAIOLIMI
ux nepemHoxuThb. O603HaduM ero uyepes d[i]. Takum 06pazoM, UCXOLHEIM
JAHHBIM B 3anade ssigeTcsa maccus d[0]. .. d[s].

Yepes a(i,j) 0603HAIMM MUHUMAILHYIO LEHY BLIYUCICHUS [IPOU3BEIE-
HUsA MaTpul Ha y4acTke [i, j] (mpu 0 < i < j < s). Uckomas BeJuvuHa DAaBHA
a(0, s). Bemnaunn a(i,i + 1) paBuel Hyao (MaTpuua OQHA ¥ NEPEMHOXKATH
HUYEro He Hajl0). PekyppenTHas popmyna OygeT TaKOu:

a(i,7) = min{a(i, k) + a(k, 7) + d[i]d[k]d[]}

rie MUHUMYM OEepETCA MO BCEM BO3MOXKHBIX MECTaM IOCJAEIHEr0 YMHOXKEe-
Hus1, TO ecThb 10 BceM k=1 + 1,...,7 — 1. B camom gene, nmpousBenenue
MaTpul Ha oTpeske [i, k] ects maTpuna pasmepa d[i|d[k], npouseesenue
maTpur Ha orpeske [k,j] umeer pasmep d[k]d[j], u ueHa BErYmMCICHUS UX
npousseaenus paesa d[i]d[k]d[]. O

3ameuanme. /[Be mocaegHue 334a4M MOXOXKHU. JTO CXOACTBO CTAHET SC-
Hee, eClIM HAIUCATh MATPULB-MHOXUTEIM HA CTOpoHax 1-2, 2-3, ...,
(s — 1)— s MHOrOYroJbHUKA, a HA KAXKI0U XOPJE {—j HANUCATH [IPOU3BE-
IEHNe BCEX MATPHUIl, CTACMBAEMEIX DTOU XOP IOU.

8.1.6. ZKenesmas mopora ¢ OJHOCTOPOHHUM [IBHKCHUEM MMEET 1 CTaH-
. W3BECTHBI LEHBI GWIETOB OT 4-OM CTaHmmu 10 j-ou (mpu ¢ < j —
B 06GPATHYIO CTOPOHY Npoe3Aa HeT). HauTu MUHUMANBHYIO CTOUMOCTD IIPO-
€3/1a OT HaYaAa 10 KOHHA (C yIETOM BO3MOXKHOM DKOHOMUHU 33 CIET mepe-
CaI0K). O

8.1.7. 3ajaHO KOHEYHOE MHOXKECTBO C OMHAPHOU omepanuen (BoOOIIE
rOBODPs, HE KOMMYTATUBHOM U [aXe He accouuaTusHOu). Vmeercsa n sie-
MEHTOB @1, ...,d; TOM0 MHOXECTBA U €II¢ OAWH dIeMEHT z. IIpoBeputs,
MOXKHO JII TaK PACCTABATH CKOOKY B IIPOU3BELEHUU A1 X ... X Gp, ITOOBL
B pe3yJIbTaTe MOTydImics x. Tuco onepammit 10IKHO He TTpeBocxoauTsh Cnd
[JIs1 HEKOTOPOU KOHCTAHTH (' (3ABUCAIIEN OT YMCJIA DJIEMEHTOB B BHIOPAH-
HOM KOHEYHOM MHOXKECTBE).

Pemenne. 3anomusem Tabauily, B KOTOPOU [ KAXKAOTO YdYaCTKA
@; .. .a; HAIIETO IPOM3BECHUA XPAHUTCSA CIIMCOK BCEX BO3MOXKHEIX €I'0 3Ha-
yeHUU (IPU PA3HOU PACCTAHOBKE CKOOOK). g
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ITo cymecTBy sTOT X€ mpuéM HPUMEHSETCA B MOJUHOMUAILHOM AJCO0-
PUTMe IPOBEPKY IPUHAMIEKHOCTH CJIOBA IPOU3BOJILHOMY KOHTEKCTHO-CBO-
6oaHOMY S3BIKY (cM. ruaBy 15).

Cuaegyromas 3ana4a (3a1a4a 0 PIOK3aKe) yke YyIOMUHAJIACH B TUIABE 3.

8.1.8. NmeeTcsa n MOJOXUTENIBHBIX HEABIX YUCET T1,...,L, 1 9uCI0 N.
BuIACHUTDL, MOXHO JU MONYIUTDH N, CKIAABIBAS HEKOTOPHIC U3 YUCET L1, . . .
ey Ty HUCTO neUCTBUN JOKHO ORITH TOpAgka Nn.

[Ykaszanwue. Ilocae 4 maroe XpaHuTCs MHOXKECTBO TE€X YMCEJ HA OTPE3KE
0...N, x0TOpHIE IPEACTABUMEL B BUAE CYMMEI HEKOTOPHIX U3 T ... &L;.] [

3ameuanwe. Mul BUjeU, YTO 3aMEHA PEKYPCUABHOU MPOrPAMMEI HA, 3a-
MOJHEHUE TAOMUIBI 3HAYCHUNM WHOTA MO3BOJAET YMEHBIIUThL YUCJAO [EU-
ctBuu. [Ipumepro Toro xe 3¢dp@exkTa MOXKHO AOOUTHCA MHAYE: OCTABUTH
MPOTrpaMMy PEKYPCUBHOU, HO B XO/I¢ BEIYUCICHUU 3ATIOMUHATEL YK€ BHIYU-
CJICHHBIE 3HAQYEHWs, & Iepe]] OYepeIHBIM BHEIYMCJICHUEM IPOBEPATh, HET JIA
y2e IOTOBOI'O 3HAYEHWUS.

8.2. CTek OTNOXEHHbIX 3a4aHUN

[pyrou mpuém yCTpaHeHUs PEKyPCUM MPOAEMOHCTPUPYEM HA TPUMEPE
33891 O XaHOUCKUX OAIlIHAX.

8.2.1. Hammcars HEpeKypCHBHYIO HPOrPAMMY [JISI HAXOXK IEHUS II0CIE-
[NOBATEIBHOCTHY MEPEMEIIECHUN KOJEIl B 334a49€¢ O XaHOUCKUX OAIIHAX.

Pemenwe. BecnomMHuM pexkypcuBHYI0O NpOrpaMMmy, MEPEKJIaJbIBAMOILYIO
i BepXHUX KOJell ¢ m Ha n:

procedure move(i,m,n: integer);

| var s: integer;

begin

if i = 1 then begin

| writeln (’cmemats xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTm:l CTepXeHB: cyMMa HOMepOB paBHa 6}
move (i-1, m, s);
writeln (’cmematrs xom ’, m, ’->’, n);
move (i-1, s, n);

end;

end;

BI/I,EHO, YTO 3a/ja49a «IICPEIOXUTH i BEPXHUX AMCKOB C mM-I'O CTCP2XHA Ha
n-LI» CBOOUTCA K TpeM 3ajladaM TOr'o XK€ TUIla: ABYM 3ajavdaM C i-1 JAUC-
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KaMu ¥ K OJHOU 33]a4€ C ¢AUHCTBEHHBIM [UCKOM. SAHUMAACH DTUMU 33,13~
YaMu, BaXHO He N033a0bITh, 9T eIé 0CTal0Ch CIeJaTh.

[ 5Ton menm 3aBenéM cmex 0MaoHCERHBIL 300anul, DIEMEHTAMU KO-
TOporo 6yayT Tpouku (i,m,n). Kaxnas Takas Tpouka MHTEPIPETUPYETCA
KAaK 33Ka3 (IEPEJOXUTH 1 BEPXHUX AUCKOB C M-T'O CTEPXKHS HA N-BIAY. 3aKa-
3Bl YIIOPSOYEHEL B COOTBETCTBUY ¢ TPEOYEMEBIM HOPSIIKOM UX BHIIOIHEHUS:
CaMBIU CPOYHBIA — BepmuHa cTeka. [loryyaem Taxkyo nporpammy:

procedure move(i,m,n: integer);
begin
CIeNaThk CTEeK 3aKa30B INYCTHM
IONOXMTL B CTEK Tpouky <i,m,n>
{uHBapwaHT: ocTamoch BHIIONHMTH 3aKa3H B CTeKel}
while cTex HemycT do begin
yEaIuT: BepXHMH dJIeMeHT, IepeloXuB ero B <j,p,q>
if j = 1 then begin
| writeln (’cpgemars xoxm’, p, *->’, q);
end else begin
s:=6-p-q;
{s - Tpermi cTepXeHB: cyMMa HOMepoB paBHa 6}
MONOXUTE B CTEK Tpoﬁxn <j-1,s,9>, <1,p,q>, <j-1,p,s>
end;
end;
end;

(3ameTum, 9TO IEPBOK B CTEK KJIAAETCA TPOUKA, KOTOPYIO HAA0 BHIIOJIHATE
nocnegnen.) CTek TPOEK MOXKET GBITH PEANM3OBAH KAK TPU OTAECJIBbHEIX CTE-
ka. (Kpome Toro, B mackaie eCThb CHeNUAIbHEIN THII, HA3BIBACMEIN (3AIUCH)
(record), KOTOpEIN MOXET OLITH IPUMEHEH. ) O

8.2.2. (Coobmmu A.K.3Boukun co ccrukon HA Anpxkes JIucoBCkoro.)
Jlist 3aa4m 0 XaHOUCKUX OAIIHAX €CTh U APYLUE HEPEKYPCUBHEIE AT OPUT-
Mel. BOT 0auH w3 HuX: DPOCTAMBAIOLMM CTEpXKHEM (HE TeM, ¢ KOTOPOro
[IEPEHOCAT, ¥ He TeM, HA KOTOPHIM HNEPEHOCAT) AOKHEI OBITH BCE CTEPXK-
HU IO odepeau. [pyroe mpaBmiIo: MOOYEPENHO IEpeMelaTh HauMeHbIIee
KOIIbIIO ¥ He HauMeHbINee KOMbI0, IPUYéM HAauMeHblee — IO Kpyry. [

8.2.3. Hcnomb3oBaTh 3aMEHY PEKYPCUM CTEKOM OTJIOXKEHHEIX 33 1aHUN
B PEKyPCHUBHOU NMPOrPAMME MEYATH NECATUIHON 3AMUCHU UEJOTO YUCHA.

Pemrenwe. [Tudgper 100BIBAIOTCS C KOHIA U 3AKJIAABIBAIOTCS B CTEK, A 3a-
TEM NEYaTAIOTCA B OOPATHOM MOPSIKE. |

8.2.4. HanucaTh HEPEKYyPCUBHYK NPOrpaMMy, IMEYATAMOIIYI BCE BEp-
IIUHEL JBOMYHOI'O JEPEBA.
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Pemenne. B 5ToM cayyae CTEK OTIOXKEHHBIX 3aJaHUN Oy1eT CONCPKATD
3aKa3bl [BYX COPTOB: (HAMlEYaTaTh JAHHYIO BEPIIUHY» U «HAIEYATATL BCE
BEPIIKHEL HOAAEPEBa ¢ JaHHBIM KOPHEM» (IpU 9TOM nil CUMTAETCA KOPHEM
mycTOro gepena). Takum 06pa3oM, DIEMEHT CTeKa eCTh mapa: (THUIl 3aKa3a,
HOMEp BEPIIUHEL).

Briumas sieMeHT u3 CTeKa, MBI Au00 CPa3y UCIOJHAEM €ro (ecau 3T0
3aKa3 MEPBOrO THUIA), 1100 IOMEIIAEM B CTEK TPU IOPOXK JCHHEIX UM 33Ka-
33 — B OJHOM U3 IIECTH BO3MOXKHELIX ITOPAIKOB. O

8.2.5. YTo mamenurcs, eciu TpebyeTCs HE MEYATATH BEPIIUHLI TBOMY-
HOI'O JepeBa, a MOACYNTATEH UX KOJUIECTBO?!

Pemwenne. [leuaranue BepIIUHEL CIEAYET 3aMEHUTH HPUOABICHUACM €U-
HULBL K CYéTuuKy. Jpyrumu CroBaMu, MHBAPUAHT TAKOB: (06IIEE YUCIO
BepiumH) = (c46T9MK) + (CyMMa 9uCeJ BEPIIVH B MOJACPEBbAX, KOPHU KO-
TOPBIX JI€XKAT B CTEKE). O

8.2.6. /I HEKOTOPHBIX U3 MIECTH BO3MOXKHBIX [TOPSAIKOB BO3MOXHEI YII-
pOLICHNSA, NCNAOIINE HEHYXXHBIM XPAHCHUEC B CTECKE DJEMEHTOB ABYX BUJOB.
Yka3aTe HEKOTOpHIE U3 HUX.

Pemenne. Eciiu TpeGyeMbll OpAJ0K TAKOB:
KOPEHb, JICBOE IO/ ICPEBO, IPABOE IO AEPEBO,

TO 3aKa3 Ha II€YaTaHUEC KOPHA MOXHO HE 3aKJ/IaAbIBATh B CTCK, a4 BBEIIIOJIHATH

cpaay.
HeCKOJIBKO 6oJee CIoXHasA KOHCTPYKIUA NPUMEHUMA 1A MIOPAIKA

JIEBOE 101 1€PEBO, KOPEHb, IPABOE MOAEPEBO.

B 5TOM caydae BCE 3aKa3Bl B CTEKE, KDOME CAMOrO MEPBOro (HAMECYATATH
O[] IEPEBO) NEJIATCA Ha MAPHL:

HaIlleyaTaTh BEPIIMHY X, HAllE4aTaTh «IIPABOE IIOLIEPEBOY X

(= moaaepeBo ¢ kopHeM B mpaBoM ChiHE X). OOBEAUHMB 3TU HAPHL B 3a-
Ka3bl CIICOUAJBHOI'O BA A U BBECAA IIEPEMECHHYIO AJId OTACJIBHOI'O XPAaHCHUSA
MEPBOTO 3aKa3a, MBI 000U AEMCA CTEKOM OJHOTUIHEIX 3AKA30B.

To xe camoe, pazymeeTcsi, BEPDHO, €CJIM IOMEHATH MECTAMU JICBOE U IIPa-
BOE — IIOJIYYAETCA €IE ABA MOPAIKA. O

3ameuanwe. [[pyryio nporpaMmy Me9aTu BCEX BEPIIUH JE€PEBA MOXKHO
[IOCTPOUTH HA OCHOBE IIPOrpaMMEI 00X04a AepeBa, pa3soOpAHHOU B rJase 3.
Tam ucnonsayercs xkomanaa «BHu3y. [lockonbky Temepemnee mpeacTasie-
HUE JEePEBa C MOMOIIBI0 MACCUBOB 1 U T HE MO3BOJACT HAUTY MPEIKA 3a0aH-
HOU BEPIIUHLI, TPUAETCA XPAHUTH CIIUCOK BCEX BEPIIUH HA IIyTU OT KOPHSA
K Texkymen Bepruue. CMoTpu Takxke riasy 9.
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8.2.7. Hanucars HEpeKypPCUBHBIA BAPUAHT NPOrPAMMEL OBICTPOR COp-
tupoBku (cM. ¢. 131). Kak o6outuce crekoMm, riyfuHa KOTOPOro OrDaHU-
qgena C'logn, rge n — YUCIO COPTUPYEMBIX DJIEMEHTOB?

Pemenwe. B crex xnagyrcs mapwer (i,j), MHTEPOPETUPYEMBIE KAK OT-
JIOXKCHHEIEC 33/aHUs HA COPTUPOBKY COOTBETCTBYIOIIUX YIACTKOB MACCHUBA.
Bce 5Tu 3aka3ml He epeceKkanTCs, TO3TOMY Pa3Mep CTeKa He MOXKET PEBhI-
cuTb n. YTOOBI OrPAHUYINTEHCA CTEKOM JOrapudpMUIECKON TiyOuHE, Oy aeM
NPUAEPKUBATLCA TAKOO MPABUIA: TUIyHKe B CTEK MOMEMATH OOMBIINYA U3
BO3HMKAIOMUX ABYX 3aka3os. llycts f(n) — makcuManbHas riyOuHa cTE-
Ka, KOTOPasi MOXET BCTPETUTHCS IPU COPTUPOBKE MaccuBa u3 He Oouee
9eM 7 31eMeHTOB TakuM crocobom. OuenuM f(n) cBepxy Takum CIoco6oM:
mocje pa3bueHus MacCuBa HA [BA yYacTKa MBI CHadala copTupyeM Oouee
KOPOTKUU (XpaHs B CTeke (ojee IIMHHBIU [P0 3amac), IPU DTOM [uIyOuHa
creka He 6oabie f(n/2) + 1, 3aTem copTupyem Gosee IIUHHEBIN, TAK 9TO

f(n) < max(f(n/?) + 1,f(’I’L - 1))7

oTKyaa odeBuanou uuaykumen noxygaeM f(n) = O(logn). O

8.3. Bbonee cnoxHble cnyyaun pekypcuu

IIycts dyukuus f ¢ HATYpAIBHBIMY APIyMEHTAMU U 3HAYMECHUSMU OIpPe-
JeeHA PEKYPCUBHO yCIOBUAMU

f(0)=a,
f(@) =h(z, f(l(z))) (z>0)
rjie @ — HEKOTOPOe Yucio, a h u | — usBecTusie pyukuunu. pyrumu ciosa-

MU, 3HaUeHUe QYHKIUU f B TOUKE L BHIPAXKAECTCA Uepe3 3HAYeHUE [ B TOUKE
I[(z). Ilpu 5TOM IPEAmoONAraeTcs, YTO Aas OGOr0 Z B HOCIENOBATEALHOCTH

z,l(x),l((x)),...

PaHo mim no3aH0 BeTpeTuTea 0.
Ecan gonosnurensno masecTHo, 4To () < A1 BCEX Z, TO BHIYUCIC-
Hyue [ He HpEeACTABIAET Tpyaa: BEUUCIseM mnocaegosarensuo f(0), f(1),

£2),...

8.3.1. HamwucaTb HEPEKYPCUBHYIO TPOrpaAMMY BBIMUCICHUS f 17 OOLIe-
TO cIydad.

Pewenwe. [[ns Boraucienus f() BEMUCIIEM IOCIEL0BATEILHOCTD

Uz), (), l(((x))), ...
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[0 TIOSABJICHUSA HYJIA U 3AIOMUHAEM €€, & 3aTeM BLIUUCIAEM 3HAUCHUA f B TOY-
KaX >TOU MOC/IEA0BATEILHOCTH, U CIIPABA, HAJIEBO. O

Emgé 6osee CIOXKHLIN Coyday U3 CACAYIOMEH 334349 BPAL J BCTPETHUT-
€l HA OPAKTUKe (& €CIu ¥ BCTPETUTCS, TO NPOIIE PEKYPCUI0 HE YCTPAHATD,
a ocrasuth). Ho Tem He MeHee: nycTh GyHKUUS f ¢ HATYPAJIBHBIMEA apry-
MEHTAMU U 3HAYCHUAMHU ONPEAEIACTCA COOTHOMICHUAMUI

f(0)=a
f(@) = h(z, f(U(z)), f(r(z))) (z>0),
rjie a — HEKOTOpPOe 4ucio, a [, 7 u h — wusBecTHwle pyukmuu. [Ipeanona-

raeTcs, 9YTO €ClIU B3ATh NPOU3BOJBHOE YHUCJIO U HAYATh NPUMEHATH K HEMY
dyuxuuu [ 1 r B IpOU3BOIBHOM HOPSAKE, TO PAHO WK O3 HO moxyauTcs .

?

8.3.2. Hamwcars HEpEKypPCHUBHYIO IPOrPAMMY BBIYUCACHUS f.

Pemrenme. MoxHO OBLIO OBl CHAYAIA MOCTPOUTH AEPEBO, ¥ KOTOPOrO
B KOPHE HAXOOWTCA I, & B CHIHOBbAX BEePIIUHEL { cToAT [(i) u r(i) — ecan
TOJBKO i HE PABHO HYJI0. 3aTEM BHEIYUCIATDL 3HAYCHUSA (DYHKIUY, UIAA OT
JuCTbEB K KOpHIO. O IHAKO €CTh U APyrou crnocob.

Obpammnoti noavckoti 3anucvro (Wim nocm@urcnot 3anucvio) BEIPaXKe-
HUS HA3BIBAIOT 3aIUCH, I 3HAK (PYHKINYU CTOUT IOCJE BCEX €€ apIyMEHTOB,
a CKOOKU HE UCTIONL3YITCA. BOT HECKOIBKO MPUMEPOB:

f(2) 2 f

f(9(2) 2 9 f

s(2,t(7)) 2 7Tt s
s(2,u(2,s(5,3)) 2 2 5 3 s u s

IlocTdukcHas 3anuCh BBIPAKCHUA MMO3BOJIET YA0OHO BEIMUCAATEL €0 C II0-
MOIIBIO CMEKOB020 KAALKYAAMOPG. ITOT KAIBLKYJIATOP UMEET CTEK, KOTO-
pBIZ MBI Oy IEM TIPEACTABIATE C6€ PACIOIOXKEHHEIM MOPU3OHTAIBHO (IMCaa
BLIHUMAIOTCA U KIAAYTCA CIPABA), U KIABUIIA — YUCJIOBHE U (DyHKIUO-
HasbHEIE. [Ipy HaXXaTUM HA KJIABUIILY C YUCIOM 3TO YUCJIO KJIAAETCI B CTEK.
IIpn nHaxxaTuu Ha GYHKIUOHAILHYIO KJIABHUIILY COOTBETCTBYIOMIAA (PYHKIIUA
MPUMEHACTCA K HECKOJIbKAM apryMEHTAaM y BEpIIUHBI cTeka. Hampumep,
€Cc/Iu B CTEKe ObLTU YUCIa

23456

1 HaxaTa CI)yHKL{I/IOHaJIBHaﬂ KJaBUIlla S, COOTBETCTBYIOIIAA q)yHKIJ;I/II/I oT
ABYX aPI'YMEHTOB, TO B CTCKE OKaXYTCA YUCJIA

234 5(5,6).
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Iepenaém Teneps K Hamen 3ajgade. B mpomecce BHIUUCICHUA 3HAYCHUS
dyukmuu f Mer OygeM paboTaTb CO CTEKOM YHUCET, a TAKXKE € IOCAeNOBa-
TEJBHOCTBIO 4ucesa u cuMBOIOB f, 1, r, h, KOTOpy!0 MEI OyAeM MHTEpIpe-
TUPOBATH KAK IIOCICJOBATEILHOCTD HAXKATUAU KIABUII HA CTEKOBOM KaJlb-
kyasTope. NuBapuanT Takou:

€CJIU CTEK YUCe] MPEACTABIACT COOOU TEKYIee COCTOIHUE CTe-
KOBOT'O KaJbKYJAATOPA, TO MOCJAE HAXKATUA BCEX KJIABUII IOCJIC-
IOBATEIHLHOCTA B CTEKE OCTAHETCA CIMHCTBEHHOE YUCIO, M OHO
OyeT MCKOMBIM OTBETOM.

IIycte Ham Tpelyercsa BuraucauTh 3Hadenue f(z). Torga Bravame Mbl mo-
MEIIAaeM B CTEK YUCIO T, a MOCACIOBATECALHOCTL COACPKUT €IUHCTBCHHBIN
cumBon f. (IIpu sTom muBapuant cobmogaercs.) Jauee ¢ mocaesoBaTennb-
HOCTBIO U CTEKOM BBINOJHSIOTCSA TAKUe IPeoOpa30oBaHUS:

CTapell  cTapas HOBLIN HOBas

CTEK [OCIEJOBATEILHOCTL  CTEK [OCJIE [OBATEIBHOCTD
X z P Xz P

Xz 1P X U(z) P

Xz r P X r(x) P

Xzyz hP X h(z,y,2z) P

X0 fP Xa P

Xz tP X zxlfzrfhP

3xech x, ¥y, 2 — 4ucia, X — HOCIeJOBaTeIbHOCTD ducel, P — mocaenosa-
TEIBHOCTH umcen u cuMBosoB £, 1, r, h. B mocreguen cTpoke mpegmonara-
ercs, 94T0 2 # 0. ITa CTPOKA COOTBETCTBYET PABEHCTBY

f(@) = h(z, f(I(2)), f(r(2))).

IIpeobpasoranus BEIMOMHAIOTCS, MIOKA MNOCAEJOBATEILHOCTh HE CTAHET IIy-
cTa. B 5TOT MOMEHT B CTE€KEe OKAXKETCs €AUHCTBEHHOE YUCJI0, KOTOPOeE U Oy-
IeT OTBETOM. 0

3ameuanme. Ilocien0BaTENBHOCTE TO CYIIECTBY MPEACTABIACT COOOU
CTEK OTJIOXEHHEIX 33JaHUN (BEPIIMHA KOTOPOr'0 HAXOAUTCA CJACBA).

9. PA3HbLIE AJITOPUTMbI
HA PADAX

9.1. KpaTuaiwue nytu

B sToM pasgene paccMaTPUBAIOTCS PA3IMYHEBIC BADUAHTEL OJHOU 33,134,
ITycTs umeercst n rOposoB, IPOHYMEPOBAHHEIX Yuciamu oT 1 no n. [lus xa-
X0 MapLl FOPOJAOB ¢ HOMepamu i, j B Tabaune a[i] [j] xpanuTcsa memoe
YUCJI0 — LIEHA NPSAMOro aBuabuiera u3 ropoga i B ropog j. Cauraercs, 4To
PEUCHL CYIIECTBYIOT MeXy JioOsiMu ropogamu, a[i] [i] = 0 mpu Beex i,
alil[j] moxer ormmuarsca or al[j][i]. Haumenbmenn cTOMMOCTEIO IPO-
€31a U3 1 B j CYMTACTCA MUHUMATHHO BO3MOXHAA CyMMa IIeH OMJIETOB /s
MapmpyToB (B TOM 4ucie ¢ mepecagkamu), Beaymmx w3 i B j. (Ona me
mpesocxoaut ali] [j], HO MOXeT 6BITH MEHBIIE. )

B mpemnaraemMerx Huxke 33a4aX TPeOYyETCsA HAUTHM HAMMEHBIIYIO CTOU-
MOCTB IIPOE3/a [AJIsi HEKOTOPKIX Iap TOPOJOB IPU TEX WU WHBLIX Or'paHUHYe-
HUsX HA MaCCUB a ¥ HA BpeMs PabOTHI aJrOpuTMa.

9.1.1. I[Ipeanonoxum, 9TO HE CYIIECTBYET 3AMKHYTHIX MAPIIPYTOB, IS
KOTOPBIX CYMMa LIEH OTpulaTenbHa. /[[oka3aTh, YTO B HTOM CIydae MapIi-
PYT C HAMMEHBITNICN CTOUMOCTBIO CYIICCTBYET.

Pemenne. MapmpyT AiuHOU GOJBINE N BCEMAA COACPKUT IUKJI, TIODTO-
My MUHUMYM MOXHO UCKATh CPEAM MAPIIPYTOB IJUHOU HE GOJee n, a ux
KOHEYHOE YMUCJIO. O

Bo Bcex cregyomumx 3aa49aX IPEAIOIAraeTC s, YTO 3TO yCIoBue (OTCyT-
CTBUE IUKJIOB C OTPULATEALHOU CyMMOU) BBIOJIHEHO.

9.1.2. HauTu HaMMEHLIIYIO CTOMMOCTD Mpoe3aa u3 1-ro ropojaa BO Bce
ocrambube 3a Bpema O(n?).

Pemenne. O603uauum depes MurCt(1l,s,k) HAMMEHBIIYIO CTOMMOCTH
npoe3sa u3 1 B s MeHee 4eM ¢ k mepecagkamMu. Toraa BBIMOJIHACTCSA Ta-
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KO€ COOTHOIIICHUE:

MunrCt(1,s,k+1) :miII(MHHCT(l,S,k), ) rr11in MuaCt(1,i,k) +ali] [s]))
i=1..n

Kak oTme4asoch BEHIIIE, MCKOMBIM OTBETOM sABjseTcs MurCt(1,i,n) mia
BCex i=1...n.

k:=1;
for i := 1 to n do begin x[i] := a[1][i]; end;
{uupapuanr: x[i] = MuuCr(1,i,k)}
while k <> n do begin
for s := 1 to n do begin
y[s] := x[s];
for i := 1 to n do begin
if y[s] > x[il+a[i]l[s] then begin
| yIs1 := x[il+a[il[s];

end;
end
{y[s] = MunCT(1,s,k+1)}
end;
for i := 1 to n do begin x[s] := y[s]; end;
k :=k + 1;
end; O

[TpuBeaEHHBIN ANCOPUTM HA3LIBAIOT AJTOPUTMOM AUHAMUYECKOT'O IPO-
rpaMMupoBanus, win aaropurmom Popga—Bemwvana.

9.1.3. [loxazaTh, 9TO TPOrpaMMa OCTAHETCsA MPABUIBHOU, €CJIU HE 3a-
BOAUTH MaCCUBA ¥, & IPOU3BOJUTH U3MEHEHUS B CAMOM MaCCUBE X (3aMEHUB
B IPOIPaMMe BCE BXOXJEHUA OYKBEI y HA X U 3aTEM yJAJIUTH CTABIIAE JUIII-
HVUMU CTPOKH).

Pemrerne. nBapuasnT 6y1eT TaKOB:
MuuCt(1,i,n) < x[i] < MuaCt(1,i,k). ]

OTOT AICOPUTM MOXKET OBITH YIYYIIEH B ABYX OTHONICHUAX: MOXKHO 34
To xe Bpemsa O(n®) HAWTH HAMMEHBLINYIO CTOMMOCTB TPOE3fa i — j s
Bcex map i, j (a He TOMBKO mpu i = 1), & MOXKHO COKPATUTH BPEMs PAGOTHL
no O(n?). TlpaBja, B moCIEIHEM CIy¥ae HAM NOTPEByeTCs, 9TOOBI BCE ICHBI
ali] [j] OvLIM HEOTPUIIATENLHEL

9.1.4. HavTy HauMEHBIIYI0 CTOMMOCTD NpOe3aa 1 — j s Bcex i, j 3a
spemsa O(n?).

9.1. Kpamuatwue nymu 147

Pemenwe. [lnsk =0...n gepe3 A(i,j,k) 0603HaYMM HAWMEHBIIYIO CTO-
UMOCTb MapuIpyTa U3 1 B j, eCI B Ka4eCTBe NEPECaJOYHBIX Pa3peIIeHO
KCIONB30BAaTh TOALKO IIYHKTHl ¢ HOMepaMu He 6oabine 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,j,k))

(zBa BapMaHTa COOTBETCTBYIOT HEUCIOIBL3OBAHUIO U UCIOJB30BAHUIO IIYHK-

Ta k+1 B KayecTBe MEPECATOYHOIO; OTMETHM, YTO B HEM He3adeM ObIBAThH

6oJsee OLHOIO Pa3a,). O
OTOT ANTOPUTM HA3KIBAIOT aaroputMom PDaouaa.

9.1.5. Kax nposeputs 3a O(n®) newicTeuir, mmeeT i rpacd ¢ n Bepmm-
HAMU IUKJLI C OTPULIATEILHON CyMMOU?

[Vkazanue. MoxHO npuMeHaTs arroput™ Duaonta, IpudéM pa3peraThb
i=jBA(i,j,k), mOKa HE MOABUTCA MEPBLIM OTPULATEILHBIN III/IK./’I.] U

9.1.6. Umeercs n BamoT u Tabuuna OGMEHHBIX KYPCOB (CKOIBKO (JIO-
PUMHOB JAIOT 33 Tajep u T.I.). KOMMepCaHT X04eT HEeOrpaHWYeHHO 060ra-
TUTHCA, OOMEHUBAA CBOU HAYAILHBIA KATMUTAA TYAa-CI01a [0 3TUM KypPCaM.
Kak nposeputsb, BO3MOXHO Ju 5TO?

[Yxazanue. Iocse morapudMupoBanus qeHbIU YIog00IAI0TCS PACCTOMA-
HUAM. | O

9.1.7. UsBecTHO, 9TO BCE IEHBI HEOTPUIATEILHEL. HallTu HAMMEHBIY IO
cTouMocThb mpoe3aa 1 — i aas Beex i =1...n 3a spemsa O(n?).

Pemrenwe. B mpouecce paboTH aaropuTMa HEKOTOpPBIE rOpoja OyAyT
BBIJEICHHEIME (B HAYaJE — TOMBKO ropof 1, B KoHne — Bce). Ilpu sToMm:

e 1 KaXXJO0r'0 BBIJEICHHOI'O I'OPOJAa i XPaHUTCA HAaUMEHBIAs CTOU-
MOCTb IyTu 1 — i; OpM 5TOM M3BECTHO, YTO MUHUMYM JOCTULAETCA
Ha OyTH, TPOXOJAIIEM TOJBKO Yepe3 BhLAEICHHEIE TOPOA;

e I KaXKIO0r'O HEBBLIAEGJCHHOI'O I'OPO/JA 1 XpAHUTCA HAMMEHBIIAA CTOU-
MOCTBb IyTU 1 — i, B KOTOPOM B KA4YECTBE IPOMEXKYTOYHEIX UCIOIb-
3YIOTCS TOJBKO BBIACJCHHLIC TOPOJA.

MHOX€ECTBO BHIIEIEHHBIX MOPOJOB PACIIUPACTCA HA OCHOBAHUU CJIEIYIO-
LIErO 3aMEYAHUSA: C€CIN CPEAU BCEX HEBBLACJICHHBIX T'OPOJOB B3ATH TOT, A
KOTOPOT'0 XPAHUMOE YUCJIO MUHUMAJIBHO, TO 3TO YUCIO ABIAECTCA UCTUH-
HOU HAMMEHBIIIEN CTOMMOCTBIO. B caMoM fese, mycTh ecTh 601ee KOPOTKUU
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myTh. PaccMOTpUM mepBLIM HEBBIAEAEHHEIN [OPO HA DTOM IIyTHA — YK€ 10
Hero myTh gaunHee! (34eCh CyIeCTBEHHA HEOTPULATEILHOCTD LIEH. )

[o6aBuB BEIOPAHHEIN IOPOJ K BBLAEIEHHBIM, MBI JOJKHEI CKOPPEKTH-
pPOBaThH MHQPOPMAIWIO, XPAHUMYIO A/ HEBBLIEIEHHBIX roponoB. Ilpu sTom
JLOCTATOYHO y4€CTh JUIIb IIyTH, B KOTOPBLIX HOBBIA [OPOJ ABJIAETCS MOCTIE]-
HUM OYHKTOM II€PECaAKU, & DTO JErKO CAEJATH, TAaK KAK MUHUMAILHYIO
CTOMMOCTB IPOE€3/a B HOBBIA IOPOJ MEI YK€ 3HAEM.

[Tpu camom 6eCXUTPOCTHOM CIOCOOE XPAHEHUA MHOXKECTBA BB ICICHHBIX
ropoaoe (B GyJEBCKOM BEKTOpE) AOOABIEHWE OJHOIO IOPOJA K YUCIY BHI-
neneHubrx Tpebyer Bpemenu O(n). O

OTOT aIrOPUTM HABHIBAOT AATOPUTMOM [eUKCTPEL

9.1.8. Uwmeercsa n ropoaos, COEAUHEHHEIX 40POraMu (€ OAHOCTOPOHHUM
asuxkenueM). [lust 106X TOPOIOB 4, j U3BECTEH MAaKCUMAJbHEIA BEC IPy3a,
KOTODEIM MOXHO Be3Tu u3 ¢ B j (rpysomogbémuocTts goporu). Hauru 3a
Bpemsa O(n?) nuas BCex ropojI0B MAKCUMATBHEIR BEC TPY3a, KOTOPHIA B HUX
MOXHO MPUBE3TU U3 CTOJUIBI.

[Vkazanue. [lencTBOBATL QHAMOIUYHO AICOPUTMY J[€MKCTDHI, 3aMEHUB
CYMMY Ha MAKCUMYM.] O

OTpicKaHME KPATYANIIIErO IYTH UMEET €CTECTBEHHYI UHTEPIPETAIUIO
B TepmMuHax Marpuil. Ilycts A — marTpuma meH OJHOU ABUAKOMITAHUU,
a B — wmarpuna uex apyrou. I[lycTb MEI XOTUM JIETETH C OJHOU MEPECA-
KOU, MpUYEéM CHAYAIA CAMOIETOM Kommauuu A, a sarem — xommanuum B.
CxOIbKO HAM TPUAETCS 3AIIATUT, YTOORI TONACTh U3 TOpoja i B ropox j7

9.1.9. [loxazaTh, 9TO 5Ta MATPUIA BEIYUCAACTCA TI0 OOBLIYHON hOPMYy.Ie
[JIs1 TPOU3BEJEHUsI MATPHUL], TOJBKO BMECTO CyMMHBI Ha0 OpaTh MUHUMYM,
a BMECTO YMHOXEHUA — CYMMY. g

9.1.10. [JokasaTb, YTO TakuM OOPA3OM OMPEJECIEHHOE MPOU3BEICHUE
MaTpHUll aCCOIUATUBHO. OJ

9.1.11. [JoxasaTh, 9TO 33432494 O KPATIAMUIIUX [Ty TAX SKBUBAJICHTHA, BhI-
umenenuo A® niaa mMaTpuubl e A: B mocaenoBaremsHocTn A, A2, A3, ...
BCE DJIEMEHTHI, HAYUHAS C HEKOTOPOr'O, PABHBEI UCKOMOU MATPUIE CTOUMO-
crenn kparyanmux nyTten. (Ecau HeT oTpunaTessHBIX 1ukiIoB!) O

9.1.12. Hauwmuas ¢ KakOro AeMEHTA MOXHO MapaHTAPOBATH PABEHCTBO
B IOpEABIAYIIEH 3a1a4e? |

O6Br4HOE (He MO,ZII/ICI)I/II_II/IpOBaHHOG) YMHOXCHNC MATPHUI[ TOXE MOXKET
OKa3aThCdA INOJC3HBIM, TOJIBKO MAaTPUNBI JOJXHBI OBITH Apyrue. HyCTb €CThb
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HE BCe peuchl (KaK PaHbIle), & TOAbKO HeKoTopwe, ali] [j] pasno 1, ecan
peuc ecTb, u 0, ecau penca Het. Bossegém MaTpuny a (0GLIYHEIM 00PA30M )
B CTEIEHb kK ¥ NOCMOTPUM Ha €€ (i-j)-BIi DIeMeHT.

9.1.13. Yemy ou pasen?

OtBer. Yucny pasiauyubix cnocoGoB momacTh w3 i B j 3a k peucos
(c k-1 mepecaakamn). O

IIpu onucanum KpaTYAUNUX MYyTEN CIy4au, KOTJA €CTh HE BCE PEUCHL,
MOXHO CBECTU K UCXOJHOMY, BB (PMKTUBHBLIE PEUCH ¢ OECKOHEYHO (OJIb-
mou (Wim JOCTATOYHO GOJBIION) CTOMMOCTBIO. TeM HE MEHEe BO3HUKACT
TAKON BOOPOC. MCI0 PEANBLHBIX PEUCOB MOXKET OBITH CYIIECTBEHHO MEHb-
me n?, II03TOMY MHTEPECHE! AJI'OPUTMEL, KOTOPBIE paboTanT 3hdHEKTUBHO
B Takoy curyauuu. VCXoaHBIE TaHHBIC €CTECTBCHHO NMPEICTABIATL TOL A
B Takou (popMe: A1 KaxKI0I'0 FOPOJA U3BECTHO YUCIO BLIXOIAINX U3 HEIO
PENCOB, UX IYHKTH HA3HAYCHUS U LIEHEL.

9.1.14. Joka3aTb, 4TO aIropuTM™M [erKCTPEl MOXKHO MOJUPUINDPOBATD
TaK, 4TOOBL Mg 7 TOPOJOB U M DPEUcoB (BCero) oH TpebGoBal He Gouee
C(n +m) logn onepauun.

[Ykazanue. Yro Hago caesars Ha KaxkaoM mare? BriGpaTs HeBwigenen-
HBEIU TOPOJ] C MUHUMAJIBHOU CTOMMOCTBIO U CKOPPEKTUPOBATH LIEHBI I BCEX
rOPOJOB, B KOTOPKIE U3 HErO €CTh MapmpyThl. Kcau 6b1 KTO-TO COOOIIAT
HaM, 1A KAKOr0 IOPOJa CTOMMOCTh MUHUMAIBHA, TO XBATWIO 661 C (1 + m)
JEUCTBUU. A momaaepxKaHne CBEICHUN O TOM, KAKOU 2JEMEHT B MACCUBE MU-
HuManeH (cM. 3ajgady Ha c. 114) o6xoguTcs emé B MHOXUTETD logn.] O

9.2. CBs3Hble KOMMOHEHTbI, MOUCK B FNy6UHY
U LINPUHY

HawubGonee mpocTon caydan 3agadu O KPATYAMIIUX MyTAX — €CJAU BCE
uennl paBHel 0 wim +00. [Ipyrumu cioBaMu, Mbl HHTEPECYEMCS BO3MOXKHO-
CTBIO MOMACTh U3 § B j, HO 3a IEHOU HE MOCTOUM. B Apyrux TepMuHAX: MEI
UMeeM OPUEHTUPOBAHHLIN Ipad (KAPTUHKY U3 TOYEK, HEKOTOPHIE U3 KOTO-
PHIX COENVHEHH CTPEIKAMY) U HAC WHTEPECYIOT BEPUIVHEI, JOCTYIHEIE U3
JAHHOMU.

s 5TOrO Cciaydas 3a4a9M O KPATYAUIIUX MYTAX NPUBEAEHHEIEC B MPE-
OBIAYIIEM Pa3jee aIropuTMbl — He Hawiydmme. B camom gene, 60see Obi-
CTpas pEeKypPCUBHASA MPOrPAMMA, PEIICHUSA DTOU 33 Ja4U IPUBE/ICHA B TIIaBe 7,
a HepekypcuBHasg — B ruase 6. Cenyac Hac MHTepecyeT Takas 3aj4ada; HE
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[IPOCTO HEPEYUCINTE BCE BEPIIUHEL, JOCTYIHLIE U3 JAHHOU, HO IEePEIUCINTD
¥X B OnpeAesEéHHOM mopsjake. [[Ba NOMy/sIPHBIX CIydas — [IOUCK B IIUPHUHY
¥ B IIyOUHY.

ITonck B nmpumy.

Hano mepevyncianThs BCe BEPIIMHEI OPUEHTUPOBAHHOIO rpada, AOCTyII-
HBIC U3 JAHHOU, B NOPSAAKE yBeJaudeHus aauHbl myTu oT Heé. (Tem cambiv MbL
pelmM 33434y 0 KpaTIalIluX Iy TsX, KOT 4 UeHBl pé6ep paBHEL 1 umu +00.)

9.2.1. [IpuaymMaTh aIrOpUTM PEIICHUS 3TOU 384U C YUCAOM NEUCTBUN
He 6onee C - (aucao pébep, BHIXOAAMNX U3 UHTEPECYIOMUX HAC BEPIIVH ).

Pemenne. JTa 3ajgada paccmarpusBajack B riiase 6, c¢. 113. 3gecs Mul
npusenéM noapobuoe pemenue. [Iycrs num[i] — xomumuecTBO pébep, BhI-
xogsmumx u3 i, out [i][1],...  out[i] [num[i]] — Bepmunusl, Kyaa BegyT
pébpa. Bor nporpamma, npusenéunas pasee:

procedure Joctymuue (i: integer);
{HanevaTaTs Bce BepumHH, FocTymHHe W3 i, Bkmwyas i}
var X: momIMHOXecTBOo 1..n;
P: mommMHOXecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cmenate X, P mycTemum;
writeln (i);
...mob6aBuTte i ¥ X, P;
{(1) P = mMHOXecTBO HameYaTaHHHX BepumMH; P comepxuT i;
(2) HamevaTaHH TONBKO HNOCTYNHHE U3 i1 BepUUHH;
(3) X - momMHOXecTBO P;
(4) Bce HamevaTaHHHE BepUMHH, U3 KOTOPHX BHXOIUT
pebpo B HeHaledaTaHHyl BEpUMHY, OpHHagIexaT X}
while X mHemycTo do begin
...B34Tb KaKOM-HUGYIb >IeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][k];
if w He mpmuamnexuT P then begin
writeln (w);
no6aBuTE W B P;
no6aBUTE W B X;
end;
end;
end;
end;
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Torga maMm 6bLIO GE3PA3IMYHO, KAKOU MMEHHO DJIEMEHT MHOXECTBA X BhI-
oupaercs. Ecim mMer Oygem cauraTs X 0depeanio (HepBbIM NpUIET — Iep-
BBIM yII&I), TO 9Ta IPOrPaMMa HAEYaTAET BCE BEPIIUHEL, JOCTYIHEIE U3 i,
B HOPsAKE BO3PACTAHUA UX PACCTOAHUA OT i (dmucia pébep HA KpaTIauIneM
nytu u3 i). Jokaxem sT0.

O6o3unauum yepes V (k) MHOXKECTBO BCEX BEPUIMH, PACCTOAHUE KOTOPHIX
oT i (B ommcanHOM cMBICIe) paBHO k. IMeeT MecTO Takoe COOTHOIIEHUE:

V(k + 1) = (xonusr pébep ¢ maganamu B V(k)) \ (V(0)U... UV (k))

Joxaxem, uro mus aoboro k =0,1,2... B xoae paboThl IPOrpaMMEl Oy AeT
TAKOU MOMEHT (IOCJE OYePEIHOU UTepanuu UuKIa while), korjga

B Oouepenu CTOAT Bee daeMeHTH V (k) u TOJbKO OHE;
HanedaTansl Bee saeMeHTs V(0),. ..,V (k).

(Ina k=0 — 5T0 cocTrosHME mepea HNMKIOM.) PacCyXaas mo WHIyKIuW,
PENIOJIOKUM, 9YTO B OYEPEAU CKOMUIUCh Bee saemenTr V (k). Onu GyayT
IPOCMATPUBATHECA B TUKJIEC, ITIOKAa HE KOHYATCA (HOCKOJH)Ky HOBBEIEC 3JICMEH-
TH JOGARJAIOTCA B KOHEI, OHW HE TEPEMEMATCA CO cTaphivu). Konis
BeIYIIUX W3 HUX PEOEp, €CJAM OHU yKE HE HATICUATAHLI, IEYATAIOTCA U CTa-
BATCA B 09€PEIb — TO €CTh BCE KAK B 3AMMCAHHOM BHIIE COOTHOIMICHUU
aast V(k + 1). Tax uTo korga BCe CTapHIE BJEMEHTHL KOHYATCA, B OYepeau
OyAyT cTosaThb Bce snementhl V(k + 1). O

Ilonck B rury6uny.

PaccmaTpusas mouck B riiyOuHy, yaA00HO IPEACTABIATL Ce6e OPUCHTHU-
poBauuBIM rpad Kak 00pa3 aepesa. bosee TOYHO, MYCTh €CTh OPUEHTUPO-
BaHHEIN rpad, OLHA U3 BEPIIUH KOTOPOTO BHAECICHA. Bynem nmpeamosarars,
YTO BCE BEPIIUHEBI JOCTYIHLL U3 BBIACJICHHON MO0 OPUEHTUPOBAHHEIM Ty TSIM.
ITocTpoum nepeBo, KOTOPOE MOXHO OLLIO OBl HA3BATH «YHUBEPCAJLHBEIM Ha-
KpEITHEM» Halero rpada. Ero xopuem 0yaeT BhlgeneHHasA BepmmHa rpada.
U3 x0opHs BEIXOAAT TE XK€ CTPEJKHU, 9TO U B rpade — UX KOHLEBI OyAyT CHI-
HOBBsAMU KOPHs. /I3 HUX B JepeBe BHIXOAAT TE XK€ CTPEJIKU, 9TO U B rpade
7 Tak gasnee. Pasuuna mexay rpadoM U J€PEBOM B TOM, YTO IIyTU B IPa-
de, BegyImme B OMHY U TY XK€ BEpIINHY, B AEPEBE «PaCKICEHED. B npyrux
TEPMUHAX: BEPIIMHA, IE€PEBA — BTO IyTh B rpade, BRIXOIAIMEA U3 KOPHI.
FEé criHOBBA — DTO myTH, NPOJOJKEHHEBIE HA, OJHO PeOpo. 3aMeTuM, YTO
IepeBO GECKOHEYHO, €C/ii B rpade eCTh OPUEHTUPOBAHHEIE IMKJILI.

Nmeerca ecrecTBenHOE 0TOOpaXkeHUME aepeBa B rpad (BepmuH B BEp-
mmnel). [Ipu aTOM Kaxas BepumHa rpada MMeeT CTOJILKO HPOo06pa3oB,
CKOJIBKO Iy Ted B Heé BenéT. [loaTomy 06x01 AepeBa (IIOCEIeHne €ro BePIIUH
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B TOM WA UHOM IOPAJKE) OJHOBPEMEHHO ABIACTCA U 00XOA0M rpada —
TOJBKO KaX/Jas BEPIINHA IOCELIAeTCs MHOI OKPATHO.

Byngem mpeamosaraTs, 9TO 1A KaXI0U BepHIMHBL rpada BHIXOAAIIME
u3 Heé pEOpa ynopsAn0veHsl (HaIpuMep, IPOHYMEPOBaHb]). TeM caMbIM s
KaX/I0M BEPIIUHEL [EPEBA BHIXOAAIME 13 HeE péOpa TakXke ymopsI0dYeHE.
Byaem 06x0auTh 4epeBO Tak: CHAYAIA KOPEHb, & HOTOM IOAAEPEBbA (B IO~
pAake Begymux B HuX pédep). Takou 06x04 AepeBa pacCMaTPUBAICA HAMU
B ri1aBe 7. Emy coorBeTcTBYyeT 06%01 rpada. Ecau BEIKUHYTH U3 TOr0 00-
XOJja TIOBTOPHELIE ITOCEIICHUSA YK€ IMOCEMEHHBIX BEPIIUH, TO MOJIYIUTCA TO,
YTO HA3BBIBACTCA (IIOUCK B LIIYOHHY».

[dpyrumu croBaMu, HA MyTAX, BHIXOAAIINX U3 BBIJEJEHHON BEPIIUHEL,
BBEAEM IMOPAJOK: IyTh NPEAIIECTBYET CBOEMY IPOJIOIKEHUIO; €CIM IBA ITy-
TU PACXOJATCSA B HEKOTOPOU BEPIINUHE, TO MEHBIIUM CIUTACTCA TOT, KOTO-
PBIU BRIXOAUT U3 Heé M0 MeHbleMy pebpy. Bepmuus Teneps ynopsagouusa-
I0TCA B COOTBETCTBUU ¢ MAUHUMAJIBHLIMY IIyTAME, B HUX Begymumu. O6xon
BepiiuH rpada B YKA3AHHOM MOPSAIKE HA3LIBACTCI NOUCKOM 6 2AYOUHY.

9.2.2. Hanucars mporpaMmy moucKa B [UIyOuHY.

[Ykazanue. Bospmém nporpammy 06xoga nepesa (KOpeHb — JIEBOE HMOJ-
JE€PEBO — IPABOE MOAAEPEBO) U3 [VIABHI 7 WM U3 [VIABEL 8 M UCIOIB3YyeM
eé IOPUMECHUTEIBHO K 00CTOATECILCTBAM. FﬂaBHoe MU3MEHCHUE: HEC HALO IIO-
CelaTh BEPIIMHEL HOBTOPHO. Tak 4TO €C/u MHEI HONAJIM B Y2KE IOCEIIEHHYIO
BEPIIKHY, TO MOXHO C Hel Hudero He geaarsh. (Ecau myTs He MunumaneH
cpean BeaAyIuX B JAaHHYIO BEPINWHY, TO U BCE €r0 NpOAOIXKECHUA HEC MUHU-
MaJbHBl — WX IPOCMATPUBATHL HE HATO).] O

Sameuanme. Hamomuum, 9T0 B ruiaBe 8 ymoMuHAMNCH BE BO3MOXHOCTHA
yCTpaHEHUs peKypcuu B mporpamme o6xona aepesa (c. 141). O6a sapuanTa
MOXHO KCIOIb30BATh [JIs MIOUCKA B INIyOUHY .

ITouck B riyOuHy JIEXKUT B OCHOBE MHOTUX AJICOPUTMOB Ha rpadax, Mmo-
PO B HECKOJIBKO MOAUDUIMPOBAHHOM BUIE.

9.2.3. HeopuenTupoBauHbIU rpad HABBIBACTCA 06YJoabHbIM, €CIU €O
BEPIIUHEL MOXHO PACKPACUTD B BA IIBETA TAK, YTO KOHIIE JI0OOr0 pedpa —
passoro nsera. COCTaBUTH AATOPUTM IPOBEPKHU, ABIAETCS JU 33JAHHEIN
rpad ABYAOJBHBIM, B KOTOPOM YUCIO AeucTBun He npesocxoaut C - (qucio
pébep + 9ucIo BepIuH).

[Ykazanue. (a) Kaxayio CBA3HYI0O KOMIIOHEHTY MOXHO DAaCKPAIIMBATH
oTAeabHO. (6) Bribpas UBET OAHOU BEPIIMHLL U O0X0/A €€ CBA3HY KOMIIO-
HEHTY, MBI ONpeJeIaeM ¢IUHCTBEHHO BO3MOXKHBIU [BET OCTAIBHEIX. | O
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3ameuanwe. B 5Tou 3a5a4e 6€3pasandHO, IPOU3BOAUTE [IOUCK B IIUPUHY
UM B DIIyOuHY.

9.2.4. CocTaBUTH HEPEKYPCUBHEIM AJITOPUATM TOMNOJOIUYECKOH COPTHU-
POBKM OpPMEHTUPOBaHHOro rpada 6e3 nukioB. (PekypcuBHBM aaropur
cMoTpH Ha c. 127.)

Pemrenwe. [Ipennonoxum, yro rpad umeer BepmuHsl ¢ HOMepamu 1. .. n,
VIS KaXKOW BEPIIUHBl 1 u3BeCTHO 4nciio num[i] Brxomsmmx u3 Heé pébep
u nHomepa BepmuH dest[i] [1],...,dest[i] [num[i]], B xoTOpEIE B>TH Pé-
6pa BeayT. Bynem yciaoBHO cuuTaTh, 4TO pE6PA MEPEUUCICHE] «CJIEBA HAIPA-
BO»: JIEBee TO PeOpo, y KOTOPOro HoMep MeHbine. Ham Hafo HamedaTaTs BCe
BEPIIMHLI B TAKOM MOPsAAKe, YTOOBI KOHel J1000ro pebpa ObLT HaIedaTaH
mepef ero HadaaoM. Mel mpeamosiaraeM, 4To B rpade HeT OPUECHTUPOBAH-
HBEIX IUKJIOB — MHAYE TAKOE HEBO3MOXKHO.

Mis Hadana mobaBuM K rpadgy BepmmHy 0, U3 KOTOpou pébpa BeayT
B BepmmHEHI 1,...,n. Ecau eé ygacTes HanedaTaTs ¢ COOIIOIEHUEM TPABUI,
TO TE€M CAMBIM BCE BEPIIUHBI Oy1yT HANCYATAHEL.

AnropuT™M XpaHUT OyTh, BHIXOAALIMNA U3 HYJEBOU BEPIIUHBI U UYIIAN
o pébpam rpaga. [lepemennas 1 oTBOAUTCA MIA AJIUHEL DTOrO nyTu. IlyTh
obpasoBan BepumHaMu vert[1] ...vert[1] u pébpamu, uMeommMu HOMeE-
pa edgel[1] ...edge[1]. Homep edgels] ornocuTcs x Hymepauuu pébep,
BeIXOAAmKX n3 Bepmuusl vert [s]. Tem cambiM miis1 BCEX S JIOJKHBI BEITIOJ-
HATHCS HEPABEHCTBO

edge[s] <num[vert[s]]
U PaBEHCTBO
vert [s+1] =dest [vert[s]] [edgel[s]].

3aMeTuM, 9TO KOHEI MOCIEAHEro pebpa Hamero myTu (TO €CTb BEPIIUHA
dest [vert[1]] [edge[1]], me Bxmouaercs B maccuB vert. Kpome Toro,
[ IOCJIeAHero pebpa MBI JesaeM UCKIIOYEHNe, paspemas eMy YKa3bIBaTh
«B MyCTOTY», T. €. paspemmaeM edge[1] paBHaTbCa num[vert [1]]+1.

B mpomnecce pabotsl aaroput™m OygeT medaTaTb HOMEDPA BEPIIWH, IIPU
3TOM €000 nas TpeOOBaHUE «BEPIIMHA HAIIEYaTaHA TOMIBKO MOCIE TeX BeEp-
IMH, B KOTOpHIE u3 Heé BenyT pébpar. Kpome Toro, 6yaeT BHINOIHATBHCA
Takoe TpeGosanue (M):

BEPIIUHEI Iy TH, KpoMme nocaeanen (vert[1] ...vert[1]) ue na-
[IEYaTAHL], HO CBEPHYB C MyTH HAJEBO, MEl HEMELICHHO YIUPa-
€MCs B HAEYATAHHYIO BEPIINHY.
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Bot uTo monyuaercs:

1:=1; vert[1]:=0; edge[1]:=1;

while not( (1=1) and (edge[1]=n+1)) do begin

if edge[1]=num[vert[1]]+1 then begin

{myTs kOHYaeTca B MycTOTe, NMOSTOMy BCE BEPUMHH,
crnenywume 3a vert[l], HamewaTaHH - MOXHO
mevyaTaTs vert[1]}

writeln (vert[1]);

1:=1-1; edge[l]:=edge[1]1+1;

end else begin

{edge[1] <= num[vert[1]], myTe koHYaeTca B
Bepumue}

lastvert:= dest[vert[1]] [edge[1]]; {mocmemmas}

if lastvert mamewaTana then begin

| edge[1] :=edge[1]+1;

end else begin

| 1:=1+1; vert[l]:=lastvert; edge[l]:=1;

end;

end;

end;

{oyTe cpasy xe BeZéT B NyCTOTy, IO3TOMy BCE BEpUMHH

neBee, TO eCTh 1..n, HameyaTaHH}

9.2.5. [loxasaTb, 4TO ecau B rpade HET HUKJIOB, TO 3TOT AITOPUTM
3aKaH4YUBaET PaboTy.

Pemrenme. [Iycts 510 He Tak. Kaxgas BeprmmHa MOXET Me4aTaATHCSA TO-
JIBKO OJIVH Pa3, TAK YTO C HEKOTOPOI'0 MOMEHTA BEPIIUHEI HE MEYATAKOTC.
B rpade 6e3 nuKIOB AIuHA IyTH OrpaHUYeHa (BEPIIMHA HE MOXET BXOJUTH
B IIyTh ABAX/H), IOITOMY IOAOXKJAB €IIE, MBI MOXEM NOXKIATHCA MOMEH-
Ta, IOCJe KOTOpOoro myTh He yaauusercs. [locme sToro moxer passe 4To

yBenmuuBaThbes edge[1] — HO u BTO He HecnpenenbHO. O
TeM caMBIM MBI HOCTPOUIN UCKOMEIN HEPEKYPCUBHBIA AICOPUTM TOIO-
JIOTUYECKOU COPTUPOBKU rpada. O

9.2.6. [lokaszaTb, 4TO BpeMs pabOTHI 9TOr'0 AJIrOPUTMA HE MPEBOCXOAUT
O(uucao BepruuH + 9uciao pébep). O

9.2.7. Kak MoampuumpoBars airopuTm Tak, 9TOOBI OH OTHICKUBAJI
OJUYH W3 IUKJOB, €CIA TAKOBHIC UMEIOTCS, U IPOU3BOANI TOIOJOTUIECKYIO
COPTUPOBKY, €CJAU [UKJIOB HET? g

10. COMNOCTABIJIEHUE
C OBPA3LIOM

10.1. lNpocTehwnt npumep

10.1.1. Nwmeercs nocienoBaTensHOCTs cuMBOJIOB X [1] ... x[n]. Onpeae-
JIUTH, UMEIOTCA JU B HEU UAYIIME OPYT 3a APYTOM CUMBOJH abcd. ([Ipyru-
Mu cioBamu, TpebyeTcs BEIACHUTH, €CTh Ju B c1oBe x[1] ... x[n] moxcroBo
abcd.)

Pemenne. Nmeerca npumepHo n (ecau OBITH TOYHBEIM, n-3) HO3UIWY,
Ha KOTOPBIX MOXET HAXOAUTHCSI UCKOMOE IT0/ICJIOBO B UCXOAHOM ciaoBe. [lus
KaxXJOW M3 MO3UIMNA MOXKHO IIPOBEPUTD, ACACTBUTEALHO JU TaM OHO HAXO-
ouTCsi, cpaBHUB YeThipe cuMBoia. Oauako ecth Gonee >dHEKTUBHBIN CIO-
c06. Yuras cimoo x[1] ... x[n] caeBa HanpaBo, MBI OXUgaEM HOABICHUsA Oy-
kBH a. Kak TOJBKO OHA MOABWIACH, MBI UILEM 33 HEU OyKBY b, 3aTeM c, u,
nakonerl, d. FEciu mamm oxuganus onpasasIBaOTCs, TO CIOBO abed o6HApyY-
xkeHo. Ecim ke Kakas-To U3 HyXHEIX OYKB HE HOABJIAETCA, MBI OKA3bIBAEMCSA
y pa3bUTOro KOPLITA M HAYMHAEM BCE CHAYAJA. O

OTOT OPOCTOU AIMOPUTM MOXKHO OMUCATHL B Pas3HeIX TepmuHax. Wc-
HOIB3ys TEPMUHOJOTMIO TAK HABLIBACMBIX KOKEUHLIT ABMOMATNOB, MOXK-
HO CKa3aTb, YTO IIPpU YTCHUHU CJIOBa X CJICBa HaIIPpaBO MBI B Ka,}K,quﬁ MO-
MEHT HAXOAUMCA B OJHOM U3 CICAYIOLMX COCTOAHUL: «HadaasHoey (0),
«cpazy nocae a» (1), «cpasy mocre ab» (2), «cpasy mocie abey (3) u «cpa-
3y mocie abcdy (4). Yuras ouepeanyno OykBy, MBI IIEPEXOAUM B CJIELY-
IOIee COCTOSHWE HO [PAaBWILY, YKAa3aHHOMY B Tabauue (CM. CICAYIOILYIO
crpanuny). Kak Tonpko Mbl monagéM B cocTosHue 4, paboTa 3aKaHIUBA-
eTCA.

Harusaso BEIONHEHTE AIrOpUTMa MOXKHO IPEACTABUTE cebe Tak: (uIi-
Ka ABUTAETCSA U3 KPYXKKA B KPYXKOK 10 CTPENIKAM; CTPEJIKA BEIOUPaeTCs TaK,
9TOOLI HAANUCH Ha, HEW COOTBETCTBOBAJIA 0YEPEAHON OYKBE BXOJHOI'O CJIOBA.
Yro681 5TOT mponece ObLT YCIEIIHEIM, HYXKHO, YTOORL 1Js KaXKAOU OyKBEI
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Texymee | Ouepenuas Hosoe
COCTOsIHUE OykBa COCTOsIHUE
a 1
KpoMme a
b
a
KpoMe a,b
c
a
KpoMme a,c
d
a
KpoMme a,d

o

LW WNNDNEMFRMO
O I O M WOHNO

Hpa,BI/IJIa nepexoa Aass KOHEYIHOI'O aBTOMAaTa

OBLIA POBHO OJHA MOJXOAAINASA CTPENKA U3 JIOO0r0 KPYXKKa.

CooTBeTCTBYOIIAA IPOrPAMMA OYEBUAHA (MBI YKA3LIBAEM HOBOE COCTO-
SIHVE, JAXKe eCJIU OHO COBIAJAET CO CTAPHIM; OTU CTPOKU MOXKHO OIYCTUTD):

i:=1; state:=0;

{i - mepmBas HempoumTanHas 6ykBa, state - cocToaHme}
while (i <> n+1) and (state <> 4) do begin

if state = O then begin

if x[i] = a then begin

| state:= 1;
end else begin
| state:= 0;
end;

end else if state = 1 then begin
if x[i] = b then begin

| state:= 2;

end else if x[i] = a then begin
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| state:= 1;
end else begin
| state:= 0;

end;
end else if state = 2 then begin
if x[i] = c then begin

| state:= 3;

end else if x[i] = a then begin
| state:= 1;

end else begin

| state:= 0;

end;

end else if state = 3 then begin
if x[i] = d then begin

| state:= 4;

end else if x[i] = a then begin
| state:= 1;

end else begin

| state:= 0;

end;

end;

end;

answer := (state = 4);

Wubivu cI0BaMU, MBI B KAX[BIU MOMEHT XPAHUM UH(MOPMAIIUIO O TOM,
KakKOoe MaKCMMaJbHOE Ha4Ya/I0 Hamero oo6pasna abced ABIAETCA KOHIIOM IIPO-
unTanHon YacTu. (Ero qumHa u ecTh TO «COCTOAHUE) , 0 KOTOPOM IILIA PEUb. )

TepMmunosorus, HaMu UCHOAb3yeMas, TakoBa. Ca080 — TO m0Oas MO-
CJI€J0BATENBHOCTh CUMBOJIOB U3 HEKOTOPOr'O (PMKCUPOBAHHOI'O KOHEYHOI'O
MHOXECTBA. JTO MHOXECTBO HA3LIBACTCHA GAPABUMOM, €00 DIEMEHTH —
byxeamu. Eciu 0oTOpocuTh HECKOIBKO OYKB C KOHIA CJIOBA, OCTAHETCS APY-
roe CJIOBO, HA3BIBAEMOE HOUA.A0M HEpBOro. JIrboe CioBO Takxke CUMTAELT-
cs1 cBouM HadaaoM. Kowey caoBa — TO, YTO OCTAHETCS, €CIM OTOPOCUTH
HECKOJIBKO HepBuIX OykB. Jlro6oe cioBoO cumTaeTcs cBouM KoHoM. [lodcao-
680 — TO, YTO OCTAHETCs, €Cau OTOPOCUTH OYKBBI U C HAYAAA, U C KOHIIA.
(ApyruMu caoBamu, MOACJAOBA — DTO KOHIIEL HAYAJ, WIX, 9TO TO XKe, HAYaIa
KOHIIOB. )

B TepMunax uHAYKTUBHLIX GyHKIUN (CM. pazaen 1.3) caTyanuo MOXHO
ONUCATL TAaK: PACCMOTPUM (DYHKIIMIO HA CJIOBAX, KOTOPAd IPUHUMAET IBA
3HAYEHUA (MCTUHAY U «IOXKb» U UCTUHHA HA CJIOBAX, UMEIOIMX abcd CBOUM
MOACIOBOM. JTa (PYHKIUA HE ABIACTCA UHAYKTUBHOU, HO UMEET UHIYKTUB-
HOE paCIIupeHue

I — NJMHA MAaKCUMAJBHOI'O Ha4aJsa CJI0Ba abcd, ABJIAIOIICTIOCA KOHIIOM I.
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10.2. lNoeTopeHusa B obpasue — UCTOYHUK Npobnem

10.2.1. MoxHO 7 B IPEABIAYIINX PACCY XK ACHUAX 3aAMEHUTL CJIOBO abcd
HAa [IPOU3BOJLHOE CJIOBO?

Pemenwe. Her, u npobueMer CBA3aHEL ¢ T€M, 4TO B 00pasie MOryT OBITh
noBTopsitormecs: Oykeol. IlycTh, Hanpumep, MBI UINEM BXOXACHUS CJIOBA
ababc. Bor mossunaces 6ykBa a, 3a Heu uAET b, 33 HEU UAET a, 3aTEM CHOBA b.
B sTOoT MOMEHT MEI ¢ HeTepneHreM X aéM OykBel ¢. O IHAKO — K HAIEMy
Pa30YaPOBAHUIO — BMECTO HEE MOABJIAETCA APyras OyKBa, U HAI 0Opasers
ababc ne obmapyxen. OgHAKO HAC MOXKET OXUIATH yTEIMUTEIbHBIN TPU3:
€CIM BMECTO C MOABUIACH OyKBa a, TO HE BCE MOTEPAHO: 38 HEU MOTYT IO-
crenoBaTh OyKBEL b u ¢, u 06pasen-Taku OyaeT HAUIEH. U

Bot kapTuHKa, HOACHAIOMAA CKA3AHHOE:

Xy z a b a b a b c <— BXOJHOE€ CJOBO
a b a b c < MBI XJa7du o0pas3na 3/1ech
a b a b c <— a OH 0Ka3aJCs 31eChb
Takxum 06pa3oM, K MOMEHTY
X y z a b a b < BXOJHOE CIOBO
a b a bj|c «— MBI X jaaiau 00pasua 37ech
a bjla b c <— a OH OKa3aJICA 3/]eChb

€CTh [Ba BO3MOXKHEIX IOJOXEHUSA 00pa3na, KaxXa0€ U3 KOTOPHIX MOLJICKUAT
nposepke. TeM He MeHee MO-TPEXHEMY BO3MOXKEH KOHEYHBIM ABTOMAT, YU-
TAKIMYA BXOJHOE CJIOBO OYKBa 33 OYKBOU U MEPEXOIANMUA U3 COCTOSHUS
B COCTOSIHUE B 3aBUCUMOCTU OT NIPOYUTAHHHIX OYKB.

10.2.2. Yxa3aTb COCTOSHHA COOTBETCTBYIOWIEI'O aBTOMAaTa ¥U Tabiu-
Iy mepexoja (HOBOE COCTOSIHUE B 3aBUCHMOCTH OT CTAPOr0 U YUTAEMOU
OyKBBI).

Pemerme. ITo-npexxnemy cocTosHus 6yayT COOTBETCTBOBATH HAMGO/Ib-
meMy Hadary 00pasua, ABIIOMEMYCS KOHIOM NPOYUTAHHOU YaCTH CIOBA.
Ux 6ymer mects: 0, 1 (a), 2 (ab), 3 (aba), 4 (abab), 5 (ababc). Tabauma
IEPEex01a TaKas.

10.2. Hosmopenus 6 06pasye — uCMOUHUK NPoOIEM
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Texymee Ouepenuasn | Hosoe
cocTosinme | OykBa COCTOsIHUE
0 a 1 (a)

0 KpoMme a 0

1 (a) b 2 (ab)
1(a) a 1 (a)
1(a) kpome a,b | 0

2 (ab) a 3 (aba)

2 (ab) KpoMme 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 | O

Jlust mpoBepKU MOCMOTPHUM, K IPUMEPY, HA BTOPYIO CHuM3Y CTPOKy. Ecim
IPOYUTAHHAA YaCTh KOHYAJIACh HA abab, a 3aTeM nosBuiach OyKBa a, TO Te-
[epb NPOYMTAHHASA YaCTh KOHYAETCA HA ababa. Haubousinee navano o6pas-
ua (ababc), ABusOmeecsa eé KOHIOM — 3TO aba. O

Dunocopckurr BOIpoc: MBI TOBOPWIU, YTO TPYAHOCTH COCTOUT B TOM,
YTO €CTh HECKOIBKO BO3MOMXKHEIX TOJOXEHUN 00pasiia, KaXk10€ U3 KOTOPBIX
MOXET OKa3aThCA UCTUHHBIM. IM COOTBETCTBYIOT HECKOIBKO HAYAI 06pa3-
11, ABJIAIOMIMXCSA KOHI[AMI BXOAHOTO CI0Ba. HO KOHEYHEIU aBTOMAT TTOMHUT
JIMIIL camoe JIuHHOe u3 HuX. Kak ke octanbubie?

Duiocopckun orer. [leno B TOM, YTO CaMOe [AJIUHHOE M3 HUX OIpe-
[eIgeT BCe OCTAIBHEIE — DTO €r0 KOHIIBI, OMHOBPEMEHHO ABJIAIOIIMECS €ro
HAYAIAMU.

He cocrasusier Tpyga st 06000 KOHKPETHOTO 06Pa3ia HAIUCATh IPO-
rpaMMy, OCYIIECTBJAIIIYI0 MOUCK 3TOr0 00pasla OMUCAHHBIM CIOCOOOM.
OaHako X0TenoCh OBl HAMKMCATHL MPOrPAMMY, KOTOPAs HUIIET MPOU3BOJb-
HEIM 00pasel B MPOM3BOJBHOM CJOBE. DTO MOXHO AEIaTh B [IBA DTANa:
CHaYaIa MO 00pPaslly CTPOUTCA TAOIUIA MEPEXON0B KOHEYHOTO aBTOMATA,
a 3aTeM YUTAETCS BXOJHOE CJIOBO M COCTOsAHUE IMPeoOpasyeTcs B COOTBET-
cTBuM C >Tou Tabamuen. [IonoOHBEIN MeTOn YACTO UCIOIL3YeTCsa I 60-
Jiee CJIOXKHBIX 33139 MOUCKA (CM. gajee), HO [JA MOUCKA IOACJAOBA CyIIe-
cTByeT 6osee mpocTou U 3 PEKTUBHBIN ANTOPUTM, HA3EIBAEMEIU ANITOPUT-
mom Kuyra— Moppuca—IIparra. (Panee cxoqubie nnen 6bum mpeaaoKeHs:
TO. B. MaTuscesuuem.) Ho mpex e HaM mOHA106ATCA HEKOTOPHE BCIOMO-
raTeJbHbIC YTBEPXK ACHU.
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10.3. BcnomoraTensHble yTBepXAEHUS

Jlist 0poM3BOIBHOrO CI0Ba X DPACCMOTPUM BCE €r0 Hadanla, OgHOBpE-
MEHHO ABISIOIMECA €r0 KOHIAMH, U BhIGepeM u3 Hux camoe gmmuuoe. (He
cuuTas, KOHEe4HO, camoro ciaoBa X.) Byaem o6osnavars ero I(X).

IIpumepsr: [(aba) = a, [(abab) = ab, [(ababa) = aba, l(abc) = mycroe
CJIOBO.

10.3.1. [okasats, uto Bce cioBa [(X), I(I(X)), I(1(/(X))) u T. x. aBus-
I0TCs HaYaJIaMu CIoBa X .

Pemenme. Kax 10e us Hux (COIVIACHO ONPEJEIEHUIO) ABIACTCA HAYAIOM
NIpeaBIIyIIEero. |
ITo Tou xe npuvuHE BCE OHU ABIAIOTCA KOHIIAMU CJIOBA X .

10.3.2. [lokazaTh, 9TO MOCJAEAOBATEILHOCTD MPEABIAYIIEH 3aaa49u 06-
pEIBaeTCs (HA IIyCTOM CJOBE).

Pemrenwme. Kaxoe ci0B0 kOpode npeasigymero. U

10.3.3. [lokasarn, 4TO JI000E CIOBO, OJHOBPEMEHHO SABJIIOMICECS HAYA-
JIOM M KOHIIOM cJoBa X (KpOMe camoro X ) BXOJUT B IIOCIEIOBATEJIBHOCTDL

0(X), LX), -

Pemenmne. [Iycts cioBo Y ects ognoBpemenno Hadano u koxern X . CioBo
[(X) — camoe JIMHHOE U3 TAKUX CJOB, Tak 4T0 Y He giunHee [(X). O6a atu
CJIOBa SBIAIOTCSA Hadadamu X, IOITOMY Golee KOPOTKOE U3 HUX SBJSAETCA
HadajaoM GoJee AIuHHOrO: Y ecth Havauo [(X). Ananorudso, Y ects koHen
[(X). Paccyxaas mo MHAYKIMU, MOXHO IPEANOIAraTh, 9TO yTBEPKACHUE
33,2494 BEPHO A/ BCEX CJIOB Kopodue X, B yacTHOCTH, nus caoBa [(X). Tax
9TO CI0BO Y, sBsAIOmeecs KOHIoM u HadatoM [ (X)), mu6o pasuo [(X), 6o
BxoauT B nociegosarensHocTs [(I(X)), 1(1(1(X))),.. ., 94T0 u Tpe6oBATOCH
NOKAa3aTh. O

10.4. Anroputm KHyTa—Moppuca—TIlpatTa
Anropurm Kuyta—Moppuca — [Iparra (KMII) noayvaer Ha BX0J CIOBO

X=x[1]x[2]...x[n]

¥ IPOCMATPUBAET €ro CJIeBa HAIPaBO OyKBa 33 OYKBOU, 3aIIOIHSIA IIPU DTOM
MaccuB HaTypauabHbix yucen 1[1] ...1[n], rae

1[i] = gnuna caosa [(x[1]...x[1])
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(pyukuus | onpenenena B npeasiaymem nyskre). Crosamu: 1[i] ecTs pum-
Ha HanOOJIbIero Hadauaa ¢ioBa x[1] ...x[1], oqJHOBpEMEHHO SABJAIOMIETOCS
€ro KOHIIOM.

10.4.1. Kakoe oTHOIIEHNE BCE 3TO MMeeT K MOUCKY mnoncaosa? [Ipyru-
MH CJOBAMH, KaK UCIOAb30BaTL aaroputM KMII maas onpeneneHus Toro,
SIBJISIETCA JIA CJIOBO A moAcaoBoM ciosa B?

Pemrenwe. [Ipumvenum anroputm KMII k caoBy A#B, rae # — cnenuanb-
Has OykBa, He BCTpedaromancs H B A, uu B B. CJ10BO A SABJIAETCA MOACIOBOM
CJI0Ba B TOr1a ¥ TOJIBKO TOr'[a, KOT'/1a CPEAU YUCEN B MaccuBe 1 OyaeT 4ucio,
paBHOe [qiIuHE CJIOBA A. U

10.4.2. Omwmcars aaroputm 3anoaneHus Tabmnsr 1[1] ... 1[n].

Pemennme. Ilpeanonoxum, 4To mepBele i smadvenmmu 1[1]...1[i] yxe
HaugeHsl. Mol qutaem ovepenHyio OykBy ciaoBa (T.e. x[i+1]) u gomxubl
BeruucanThb 1[i+1].

1 i i+l
| ye MpOYNTAHHAA YaCTh X | ]

VA Z

Jpyrumu croBaMu, HaC MHTEPECYIOT Hadajda Z ciaoBa x[1]...x[i+1],
OJHOBPEMEHHO ABJIAIIINAECS €ro KOHIIAMM — M3 HUX HaM HAJ0 BHIOPATH
camoe mmmuHOEe. OTKygna 6epyrcsa stu Havana? Kaxgoe us Hux (me cuu-
Tag MyCTOr0) MOIYy9aeTCA U3 HEKOTOPOr'O CJOBA Z' NPUNUCHIBAHUEM OyKBEI
x[i+1]. Cinoso Z' asnseTrca madaaoMm u koHHoM ciaosa x[1]...x[i]. Oxna-
KO He JI000€ CIOBO, ABJIAMIIEECA HAYAJIOM U KOHIOM ciaoBa x[1]...x[i],
TOMUTCA — HALO0, YTOOBI 34 HUM caegoBaaa Oyksa x [i+1].

Ilonyyaem Taxou pement OThICKaHus caoBa Z. Paccmorpum Bce Hava-
aa caoBa x[1]...x[1], sBasrommecs: ogHOBpeMeHHO ero Kouuamu. U3 mux
BBIOEPEM MOAXOASIINE — T€, 38 KOTOpuIMU uaéT Oykea x[i+1]. U3 moxgxo-
oammx Beibepem camoe miaunHoe. [Ipunucas B ero konen x [i+1], monyyum
HCKOMOE CJOBO Z .

Teneps mopa BOCHOJIB30BATHCS CAEIAHHEIMA HAMU MPUCOTOBJICHUIMU
¥ BCIOMHUTB, YTO BCE CJIOBA, ABIAIOMINECA OJHOBPEMEHHO HAYAJIAMY U KOH-
aM¥ JAaHHOI'O CJIOBA, MOXKHO HOLYYUTh IOBTOPHBIMY IPUMEHEHUAMY K HEMY
dyHKIMYN | U3 OpeaLIAYIero pasjeia. BoT 4To noaydaercs:

i:=1; 1[1]:= 0;

{rabmuua 1[1]..1[i] 3amomHena mpaBumBHO}
while i <> n do begin

| len := 1[i]
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{len - pnuua mavama cmoma x[1]..x[i], xoTopoe aBnseTcs
ero KOHIIOM; BCe 6ollee NIMHHHE Hayala OKa3alUCh
HeIOoLX O NAUMMHE }

while (x[len+1] <> x[i+1]) and (len > 0) do begin

{navano He momxomur, mpuMeHseM K HeMy ¢yHKImMB 1}

len := 1[len];

end;

{Hawnm mopxogmsmee unuM y6emMmIMCE B OTCYTCTBHH}

if x[len+1] = x[i+1] do begin

{x[1]..x[len] - camMoe mIMHHOe MOILXOIAllee HaYaloO}

1[i+1] := len+i;

end else begin

{momxomaumx HeT}

1[i+1] := 0;
end;
i = i+1;
end; O

10.4.3. [[oKasaThb, YTO YUCJIO JEUCTBUN B MIPUBEAEHHOM TOJBKO YTO aJl-
roputMme He npeBocxoauT Cn 1 HEKOTOpOU KOHCTAHTH C.

Pemenne. JTO HE BIOIHE OYEBUIHO: 06PA0OTKA KAXK JOU O49epPeIHOu Oy-
KBBI MOXET [TOTPEOOBATH MHOI'MX UTEPAIMY BO BHyTpeHHeM Iukiae. OxgHako
KaXJasd Takasg UTEPaIus yMEHbIIAeT len O KPauHen Mepe Ha 1, ¥ B 5TOM
caygae 1[i+1] okaxercsa 3ameTHO Menbine 1[i]. C apyrou cTOpoOHEI, mpu
yBenmyueHun i Ha enmuHmny BeawumHa 1[i] Moxer BOo3pacTu He Gosee uem
Ha 1, Tak YTO YacTO ¥ CUIbHO yOLIBATHL OHA HE MOXET — WHa4de yOLIBaHUE
He OyJeT CKOMIIEHCMPOBAHO BO3PACTAHUEM.

Bonee ToYHO, MOXHO 3amucaTh HEPABEHCTBO

1[i+1] <1[i] — (umcno urepanuin Ha i-M mare) + 1

wim
(umeno wrepanui Ha i-M mare) < 1[i] — 1[i+1] + 1.

OcTaéres CIOXNUThL 3TU HEPABEHCTBA II0 BCEM i U MOJYYUTDH OLEHKY CBEPXY
[ OOILIEro YMC/Ia UTEPAInN. O

10.4.4. Byaem uCIoib30BaTh 3TOT AJATOPUTM, IYTOOBI BEIACHUTD, SBJIS-
eTcs U CAOBO X JIMHEI n moAcaoBoM ciaoBa Y guuubl m. (Kak 1o gerato
C NOMOIIBIO CHENUAIBHOrO pasjeauTens #, onucano seie.) [Ipu sToM um-
cao gencteuu Oyger me 6oree C(n + m), U UCHOIB3yeMas MAMATH TOXKE.
[IpugymaTs, kak 060ATUCH TAMATHIO He 60siee Cn (YTO MOXKeT OBITH CyIIe-
CTBEHHO MEHbINE, €CIM UCKOMBEIU 00pasel KOPOTKUHU, & CJIOBO, B KOTOPOM
€ro MIyT — IJIWHHOE).
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Pemrenwe. Ilpumensem anrroputm KMII x croBy A#B. IIpu 3TOM BBIYE-
caenue 3uadenun 1[1],...,1[n] npoBogum s caoBa X MJIMHEL N U 3AI0-
MUHAEM DTHU 3HA4YeHUs. [lajblle MBI MOMHMM TOJBKO 3HadeHue 1[i] mis
TeKymero i — xkpome Hero u kpome tabimuer 1[1] ...1[n], vam s BeI-
YUCJICHUN HUYErO HE HYKHO. O

Ha npaxtuke cioBa X u Y MOryT HE HAXOAUTHCS MOAPSL, TOITOMY IPO-
cMOoTp cjaoBa X u 3aTeM c1oBa Y yI0oO6HO 0(pOPMUTH B BUIE PA3HBIX IIUKJOB.
IT0 n36aBIACT TAKXKE OT XJOMOT C Pa3AeIUTEIEM.

10.4.5. HamucaTb COOTBETCTBYIOMUNA AIrOPUTM (IPOBEPAIOMINYA, ABJIA-
ercsa ym cioBo X =x[1] ...x[n] moxcaosom caosa Y =y[1] ...y[m]).

Pemenne. Cuauana BerauciseM Ttabauiy 1[1] ... 1[n] kxak paubue. 3a-
TEM IHIIEM TAKYIO IPOrpPaMMYy:
j:=0; len:=0;
{len - nmmuHa MakcUMambHOrO Hadvama CIoBa X, ONHOBPEMEHHO
ABnABmerocsa KoxumoM cmoBa y[1]..y[jl1}
while (len <> n) and (j <> m) do begin
while (x[len+1] <> y[j+1]) and (len > 0) do begin
{navamo He momXomWT, NpUMeHAeM K HeMy ¢yHKumo 1}
len := 1[len];
end;
{mawn¥ monxonsmee UMM y6eIUTUCEH B OTCYyTCTBUM}
if x[len+1] = y[j+1] do begin
{x[1]..x[len] - camoe mauMHHOe MmOAXOZnAlee Havamo}
len := len+i;
end else begin
{monxomaumx Her}

len := 0;
end;
j o= gL
end;
{ecam len=n, cmoBo X BCTpeTHNOCH; MHaYe MH NOWIM IO KOHIA
cnoBa Y, Tak um He BcTpeTuB X} g

10.5. Anroputm Bonepa—Mypa

3TOT aArOpUTM AeaaeT TO, ITO Ha HepBI::IfI B3IJVIAL KAaXETCA HEBO3MOXK-
HBIM: B THHM‘IHOﬁ CUTyanuu OH YUTaACT JUIIb He6OJII:>HlyIO 9aCTh BCEX 6yKB
CJI0BA, B KOTOPOM HIIETCA 3a4aHHEIN oOpasern. Kak Tak moxet 6uiTe? U ges
npocTa. [IycTs, Hanpumep, Mbl nmeMm obpasen abed. [TocmoTpum Ha YeTBED-
Ty OYKBY CJI0Ba: €CIU, K IPUMEPY, 3T0 OYKBa e, TO HET HUKAKOU He0OXo-
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IUMOCTHU YUTATH mepeele Tpu Oykeel. (B camoMm gene, B o6pasue GyKBH e
HET, MODTOMY OH MOXKET HAa4aThCA HE PAHBINE HNATON OyKBHI.)

Mul mpuBenéM caMblli IPOCTON BAPUAHT 3TOrO AITOPUTMA, KOTOPLIU HE
rapasTupyeT ObICTpOU paboThl BO Beex caydasx. llycrs x[1]...x[n] —
o0paszel, KOTOPEIM HAL0 UCKATh. [l KaxkAoro CUMBOJIA S HAUAEM CaMOe
IpaBO€e €r0 BXOXJEHue B CJIOBO X, TO eCThb HamboJblee k, Ipu KOTOPOM
x[k] = s. OTu cBegenusa OyaemM XpaHUTh B Maccuse pos[s]; eciu cumBon s
BOBCE HE BCTPEYAETCs, TO HaM OyaeT yaoOHO mouoxuTh pos[s] =0 (Ml
YBUUM JAJBIIE, TOYeMY).

10.5.1. Kaxk 3anomnuts maccus pos?

Pemenne.

monoxuTs Bce pos[s] paBremMu 0
for i:=1 to n do begin
pos[x[il]l:=1i;
end; ]

B mpornecce noucka mel 6yqeM XpaHUThL B IEPEMEHHOU last Homep Oy-
KBHI B CJOBE, IPOTUB KOTOPOU CTOUT MOCJAEAHss OykBa obpasua. Buauane
last =n (gauna 06pasua), 3aTeM last NOCTENEHHO yBEIUIUBACTCA.

last:=n;

{Bce mpemunyume momoxeHHA o6paslla yKe IpOBepPEeHH}

while last <= m do begin {cmoBo He koHummocs}

if x[n] <> y[last] then begin {mocmemume 6ykBu pa3HHe}

last := last + (n - pos[yl[lastl]);

{n - pos[y[last]] - »To MuEHWManbHHE cEBAr obpas3na,
npu KoTopoM HampoTuB y[last] BcTaHeT Takad Xe
6ykea B obpasme. Ecmu Taxolr 6yKBH HeT Boobille,

TO CEBUTCaeM Ha BCH LAMHY obpasma}

end else begin

€CIIN HHHEIHee IONOXKEHME NMONXOMNMT, T.€. €CIH

x[1]..x[n] = y[last-n+1]..y[last],

TO COOBUMTE O COBIHALEHHH;

last := last+1;

end;

end;

SHATOKU PEKOMEHAYIOT NPOBEPKY COBIAJEHUS IPOBOAUTH CIPABA HAJICBO,
T. €. HAYUHAA C OCIeHeN GyKBhI 00pasua (B KOTOPOU COBIA,ACHUE 3aBEIOMO
eCTB) . MO}KHO TaKX€ HEMHOI'O COKOHOMUTSH, IIPDOU3BEAA BEITUTAHUC 3apaHee
u xpaHs He pos[s], a n-pos[s], T.e. yucio 6yxkB B 00pasiie CIpaBa OT
MIOC/IEAHETO BXOXK A€HUA OYKBEL S.
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Bo3moxHEI pazHbie MOAUPUKAIINY STOTO0 aaroput™a. Hampumep, MOXHO
cTpOKy last:=last+1 samenuTsh Ha last:=last+(n-u), rae u — KoOpau-
HaTa BTOPOrO CIpaBa BxOxgeHus Oykshl x [n] B obpaser.

10.5.2. Kaxk mporire Bcero y4ecTb 3TO B porpaMmme?
Pemrenne. [Ipu nocTpoenun Tabauibl pos HAIUCATD

for i:=1 to n-1 do...

(manee kak paHbIe), a B OCHOBHOM HpOrpaMMe BMeCTO last:=last+1 Ha-
IIICaTh

last:= last+n-pos[y[last]]; O

IIpuBeaéuubii HaMu yOPOINEHHBIN BapuaHT anroputma Bouepa—Mypa
B HEKOTOPHIX CIydYasx TPeOyeT CYMECTBEHHO GOJbINE n AeUCTBUU (YUCJIO
[NEUCTBUN MOPAIKA mn), IPOUrpeBas anropurmy Kuyra—Moppuca — [Ipar-
TA.

10.5.3. IlpusecTu npumep cuTyamuu, B KOTOPOU OOPA3EI[ HE BXOAUT
B CJIOBO, HO AITOPUTMY TPEeOyeTCs MOPALKA MmN AeUCTBUU, YTOOHI 3TO yCTa-
HOBUTbD.

Pemrenwe. Ilycte o6pasen umeer Buj baaa. .. aa, a caMO CJIOBO COCTOUT
ToubKO u3 OykB a. Torga Ha KaX[OM Iare HECOOTBETCTBHUE BBIACHACTCSH
JIUIIb B IIOCJAEIHAN MOMEHT. O

Hacrosmmuu (me ynpowénuni) anroput™ Bonepa—Mypa rapantupy-
er, 94T0 4ucao gercreun He npesocxogut C(m + n) B xygmem caygae. On
ucrnoas3yer uaeu, dumskue kK uaesm anropurma Kuayra—Moppuca-—Ilpar-
Ta. [IpeacraBum cebe, YTO MBI CPABHMBAIU OOPA3EIl CO BXOJHEIM CJIOBOM,
U copaBa HAEBO. IIpu 5TOM HEKOTOPHIM KYCOK Z (ABIAIOIIUMCA KOHIIOM
o6pasna) COBHAL, a 3aTeM OOHAPYXWIOCH pasiumdme: nepeg Z B obpasue
CTOUT HE TO, YTO BO BXOJHOM CJIOBE. UTO MOXHO CKa3aTh B DTOT MOMEHT
o BxoauoM cioBe? B HEM oOHApyXeH (pparMeHT, paBHEIU Z, a Iepej HUM
crouT He Ta OyKBa, YTO B o0pasie. JTa MHGOPMAIMI MOXET I03BOIUTH
COBUHYTH 00pa3sel] Ha HECKOJIBLKO O3UIKYU BIPABO 0€3 PUCKA MPONYCTUTH
€ro BXOX[JEHue. DTU CABUTHU CAELYeT BLIUUACIUTL 3apaHee A KaXJOr0
KOHIA Z Hammero obpasua. Kak roBopsAT 3HaTOKHU, BCE 5TO (BLIYUCIEHUE Ta-
GIULBL CABATOB U €8 UCIIOIb30BAHNE) MOXKHO yI0XuTh B C'(m + n) gercTeuil.

10.6. Anroputm PabuHa

ODTOT AIrOPUTM OCHOBAH Ha pocTou uaee. [IpegcraBum cebe, 4TO B CJI0O-
Be [JIMHBI M MBI UIEM O0Opasel] IIWHLI 7. BEIpexXeM OKOIIeYKO pasMepa 7
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u OyjJeM ABUCATHL €ro mo BxOAHOMY ciaoBy. Hac maTepecyer, He coBnagaer
JIM CJIOBO B OKOITIEUKE C 33, aHHBIM 00pasnoM. CpaBHUBATE MO GyKBaM JOJTO.
BwmecTo 5TOr0 hukcupyem HEKOTOPYIO (PYHKIWIO, ONPEAEIEHHYIO HA CJIOBAX
nuuHbL 1. Fciu 3HaveHns 3Ton GyHKINU HA CJIOBE B OKOIIEYKE U Ha 06pasne
PAas3JUYHBI, TO COBIAJEHUSA HET. TOIBKO €CJU 3HAYEHUS OJAUHAKOBEL, HYXHO
IPOBEPATH COBIAfeHUE IO OyKBaM.

Yto Mel BhurpeBaeMm mpu TakoM moaxoge? Kaszamocw Ovi, Huuero —
BeJb YTOOBI BHIYUCIUTDL 3HAYUCHNUE (DYHKIMY HA CIOBE B OKOIIICYKE, BCE PaB-
HO HYXHO IPOYECTh BCe OYKBEI 3TOrO0 CJIOBa. Tak yxX JydIlne ux cpasy Cpas-
HUATH ¢ 00pasioM. TeM He MeHee BHIUTDHII BO3MOXEH, 1 BOT 33 CUET Yero.
ITpu caBure okoreydka CJIOBO HE MEHAETCS MOJHOCTBIO, 8 JIAIIL [0OABISAETCS
OyKBa B KOHIIE 1 yOUPAETCSA B HAYAJIE. XOPOIIO Obl, 9TOOKI IO DTUM JAHHBIM
MOXKHO OBLIO PACCUUTATh, KAK MEHACTCA DYHKITUA.

10.6.1. IlpusecTu npumep ygoOHOU i BEIYUCICHUSA (DYHKIUU.

Pemenwe. 3amenum Bce OYyKBHI B CJIOBE U 00pa3lie UX HOMEpaMU, Mpe/-
CTABIAIOIIUMEU COOOU Teabie umcaa. Torga yno0HOU (GYHKIIMEN ABJIACTCS
cymma nudp. (Ipu casure oxoredxka HyXHO J06ABUTHL HOBOE YUCJIO U BEHI-
9eCTh NPOMABIIee. ) O

[na xaxaon GyHKIUMA CYIIECTBYIOT CJIOBA, K KOTOPLIM OHA MPUMEHU-
Ma IJIOX0. 3aTO APyras PYHKIUA B DTOM CIy9ae MOXET paboTaTh XOPOIIO.
BosuukaeT uges: HAJ0 3aMACTU MHOTO (DYHKIUYA U B HAYAIEC PAGOTHI AIro-
puTMa BHIGMPATH U3 Hux cayvanHyio. (Torga Bpar, xenaromuil mOAraIuThL
HAIeMy AIrOPUTMY, He OyJEeT 3HATH, C KAKOU UMEHHO (yHKuuen emy 60-
poOTHCA.)

10.6.2. IlpusecTu npumep CEMEUCTBA yAOOHBIX (DYHKIWU.

Pemernme. Bribepem HEKOTOPOE YnCIO P (EKEIATEIBHO IPOCTOE, CMOTPH
Jajiee) ¥ HEKOTOPHIU BEYeT x 110 Moy o p. Kaxnoe cioso aumub 1 Gy aem
PacCMaTpPUBATH KAK MOCAEI0BATEILHOCTD LEIbIX YUCEI (3aMEHUB OYKBEI KO-
gaMu). ITu 4ucaa OyaeM PacCMaTPUBATL KAK KOI(PQPUUUEHTH MHOTOYIE-
Ha CTEneHu N — 1 ¥ BHIYUCIUM 3HAYEHUE DTOrO MHOTOWICHA 10 MOLYJII P
B TOYKE Z. DTO u OyAeT OAHA U3 PYHKUUN CeMEUCTBA ([JsA KaXKJOU Iaphl P
U x NOXyYaeTcs, TakuM o6pasoM, cBos gyukmus). Casur okomka Ha 1 co-
OTBETCTBYCT BHIYMTAHUIO CTApIIero wiexa (z"~! cienyeT BLMUCIUTE 3a-
paHee), YMHOXKEHUIO HA T U JOOABIEHUIO CBOGOAHOrO UJIECHA. O

Caenyromee cooOpaxkeHue roBOPUT B MOJIB3Y TOrO, YTO COBIAICHUS HE
CIUIIKOM BepOATHBL. IlycTh 4ucao p GpUKCUPOBAHO M K TOMY K€ IPOCTOE,
aX uY — 1Ba pasIMYHBIX CIOBA AJUHEL 1. TOrga UM COOTBETCTBYIOT Pa3-
JIMYHEIC MHOTOWIEHE! (MBI IPEANOIAraeM, YTO KOIE BCeX OYKB Pa3/InIHbL —
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5TO BO3MOXHO, ecau p Goubine ducia 6yks aadasura). CoBnaacHue 3uade-
HUU (DPYHKIUAU O3HAYAET, YTO B TOYKE T DTU [BA PABIUIHBIX MHOTOUICHA
COBITQ AT, TO €CTh UX Pa3HOCTHL obpamaercs B 0. PasnocTs ecTh MHOrO-
wieH crerneHu 1 — 1 u umeeT He 6omee n — 1 xkopuen. Takum o6pazoM, eciu
7 MHOT'O MEHBIIE P, TO CIYYAUHOMY I MaJO IMAHCOB MONACTH B HEYIAYHYIO
TOYKY.

10.7. Bonee cnoxHbie 06pa3Lbl 1 aBTOMAThI

Mer MOXeM MCKATh HE KOHKPETHOE CJIOBO, a IIOACIOBA 331aHHOT'O BUAA.
Hanpumep, MOXHO mckaTh CJa0Ba BuAa a?b, riae BMECTO 7 MOXET CTOSTH
moban OykBa (MHEIMU CJIOBAMHU, HAC MHTEpECcyeT OykBa b Ha paccTosanuu 2
nocJe OyKBHI a).

10.7.1. Yxa3aTh KOHEYHBLIM ABTOMAT, MPOBEPAIONIUN, €CTh JU BO BXOI-
HOM CJOBe (pparMeHT BUJa a7b.

Pemrenwe. Yuras c10oBo, CreayeT NIOMHUTH, €CTh Ju OYKBa a Ha MOCTIE]-
HEM MECTE U Ha MPEANOCACIHEM — MOKA HE BCTPETUM UCKOMBIA (PPArMEHT.
Apsromar umeer cocrosuus 00, 01, 10, 11, ux cMBICT TaKOB:

00 wma mpeamoCiAeIHEM U MOCAEIHEM MECTaX HET a
01 wma mDpeamociegHEM HET, HA MOCJAEIHEM €CTh
10 He mpeanmociegHeM €CTb, HA HNOCJICIHEM HET

11 ectb u Tam, U TaM

Tabaua nepexog0oB aBTOMATA!

Texymee | Ouepennas Hogoe
COCTOsIHUE OykBa COCTOSIHUE
00 a 01
00 HE a 00
01 a 11
01 HE a 10
10 a 01
10 b HaNJCHO
10 HC au HE b 00
11 a 11
11 b HaNJCHO
11 He au HE b 10 0
[pyrou cTaHIapTHLIM 3HAK B 00paslle — 2TO 3BE3A0UKA (*), Ha Me-

CTO KOTOPOU MOXKET OBITH MOACTABJICHO JI000e caoBo. Hampumep, obpasern
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ab*cd 03Ha4YaeT, YTO MBI UIIEM IOACIOBO ab, 3a KOTOPBIM ClrefyeT |TO
yroaHo, a 3aTeM (Ha J000M paccToaHuM) uaéT cd.

10.7.2. Yxa3aTh KOHEYHBLIN aBTOMAT, IPOBEPSIONIUN, CTh JU BO BXOJ-

HOM CJI0Be O6paser ab*cd (B ONMCAHHOM TOJBLKO U4TO CMBICIE).

Pemenne.

Texymee | Ouepexnnas Hogoe
COCTOAHUE OyKBa COCTOAHUE
HAYAJIBHOE a a
HAYAJIBHOE HE a HAYaJIbHOE

a b ab
a a a
a He a 4 He b | HAYaJIBHOE
ab c abc
ab HE C ab
abc d HaNJCHO
abc c abc
abc He c 1 He d ab 0

Emé oaun Bug IOMCKA — 3TO HOKUCK JIOOOT0 U3 CJIOB HEKOTOPOI'O CIIUCKA.

10.7.3. [au criucok cioB X7, ..., Xi u cioso Y. Oupenemuts, BXOAUT Ju
x0Ts GBI O4HO 13 c10B X; B ¢10BO Y (kak noxcioso). KoiugecTso nencrsun
HE [JOJDKHO IPEBOCXOAUTH KOHCTAHTHL, YMHOXEHHOU Ha CYMMAapHYIO JJIAHY
BCEX CJOB (M3 COMCKA U TOrO, B KOTOPOM IPOUCXOJUT IIOUCK).

Pemenne. O4eBuaHbEU CIOCOO COCTOUT B TOM, YTOOBI KAXKAOE CJIOBO
U3 CIUCKA NMPOBEPATH OTAEABHO (C MOMOMIBIO OQHOIO U3 PACCMOTPEHHBIX
anroputMoB). OQHAKO IPU 3TOM MEI HE YKIAABIBAEMCA B 334AHHOE IUCIO
AeuCTBUN (M3-33 YMHOXKEHUs k HA QJUHY CJI0BA Y).

IMocmoTpum Ha geno ¢ gpyrou cToponsl. Kaxaomy o6pasiyy u3 CIucka
COOTBETCTBYET KOHEYHEIN ABTOMAT ¢ HEKOTOPHIM MHOXXECTBOM COCTOSHUU.
OTU aBTOMATHI MOXHO OOBEIUHUTH B OJUH, MHOXECTBOM COCTOSHUU KO-
Toporo OyieT mPOM3BEIEHUE MHOXKECTB COCTOSHUU BCEX TEX ABTOMATOB.
IT0 — OYeHb Ooabimoe MHOxeCTBO. OLHAKO HA CAaMOM jeje GONBIIMHCTBO
€ro DJIEMEHTOB HEIOCTYIHHl (HE MOI'YT MOABUTHLCA IIPU YTEHUU BXOJHOLO
CJOBA) W 3a CYET DTOro nosmydaerca skoHomus. [Ipumepno sty maero (HO
B U3MEHEHHOM BUJ€) MBI 1 OyA€M UCIOIB30BATh.

Bcenmomuum anroputm Kayra—Moppuca—Ilparra. B wém, unras Bxox-
HOE CJIOBO, MBI XDAaHW/IM HauboJbllee Hadaldo o0pasna, ABJIAoIeecs KOH-
IIOM IIPOYUTAHHOU 4YacTu. Tenmepb HaM CleLyeT XPAHUTDL I KaXKI0TO U3
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00pa3IoB HAMGOJBINEE €r0 HAYAIO, ABIAIONICECA KOHIIOM MPOYUTAHHON 4Ya-
cTu. PemamomuM 0Ka3eIBA€TCsA TAKOE 3aMEYaHue: JOCTATOYHO XPAHUTE Ca-
MO€ NJIMHHOEC M3 HUX —— BCC OCTAJBHBIC IIO HEMY BOCCTAHABJIUBAIOTCA (Ka,K
HauboUIbIIMe HAYaAa 00PA3LOB, ABISIOIUECA €r0 KOHIIAMH).

Cxuienm Bce 06pa3Ibl B 4€PEBO, OOBEAUHUB UX COBIAJAIONIME HAYATLHEIE
yuactku. Hanpumep, Habopy o6pasuos

{aaa, aab, abab}

COOTBETCTBYET JAEPEBO

> >
> >

DopMaIbHO TOBOPS, BEPIIXHAME AEPEBa ABIAIOTCSA BCE HAYAIA BCeX 00pas-
IIOB, & CHIHOBbs BEPIIUHLI OLYYAIOTCA TPUMACHIBAHUEM OyKBHI.

YuTasa BXOAHOE CIOBO, MBI JBATAEMCS 10 3TOMY AEPEBY: TEKYIIAsA BEpP-
muHa — 3T0 HauGoJbIIAs (CaMas IPABas) U3 BEPIUVH, ABJIAIOIIAXCA KOHIIOM
IPOYUTAHHOU YacT ( = HAUOOJBIIUY KOHEL MPOYATAHHOU YaCTH, SABJIAIO-
IUUCsA HAYAA0M OQHOIO U3 00Pa3LoB).

Onpegenum GyHKIMIO [, APryMEHTAMYU U 3HAYCHUAMU KOTOPOU ABIAIOT-
cs BepmuHbl gepesa. Umenno, [( P) = HauOOabInas BEPIIMHA A€PEBa, ABJ-
romasnca kounoM P. (HamomuuMm, Bepmmnbl gepesa — 310 ciosa.) Ham mo-
HAJOOUTCA TAKOE YTBEPK ACHUE:

10.7.4. Ilycres P — Bepmmna gepera. [lokasaTs, 9TO MHOXECTBO BCEX
BepIIVH, ABasiomuxcs kounamu P, pasro {I(P),l(l(P)),...}

Pemenne. CM. 10Ka3aTEILCTBO AHAJIOTMYHOTO yYTBEPXK ICHUS [JIS AJIC0-
purma Kuyra—Moppuca—I[Iparra. |

Teneps ACHO, YTO HYXKHO A€IaTh, HAXOAACH B Bepruuue P u uuras Oy-
KBy z BXOZHOro cjioBa. Hano mpocMarTpuBaTh HOCIEIOBATENHLHO BEpINU-
uet P, [(P), I(I(P)),. .., m0Ka HE OOHAPYKUTCA TAKAsA, U3 KOTOPOU BHIXOAUT
crpenka ¢ Oyksou z. Ta BepmmHa, B KOTOPYIO 3Ta CTPEIKA BEAET, u OyaeT
HAIIUM CJIEIYIOIIUM [TOJOXKECHUEM.

Ocragrcs NOHATh, KaK /IS KaXKJOU BEPIIUHEL 1EPEBA BHIYUCIUTD YKA3a-
TEJIb HA 3HAYEHUE PYHKIUM [ B DTOU BEPIIUHE. DTO AEIACTCA KAK PAHBIIE,
npu >TOM 3HAYeHUs | 151 601e€ KOPOTKUX CJIOB UCHOJIB3YIOTCS IPYU BEIYUCIE-
HUY O4ePEeJHOrO 3HAYeHUs GyHKIUY [. DTO 03HAYAET, YTO BEPIIUHEI 1EPEBA
CefyeT IpOCMAaTPUBATE B HOPAJKE BO3PACTAHUA UX JiuHbl. HeTpyaHo mo-
HATBb, YTO BCE DTO MOXKHO YJIOXATHL B TpefyeMoe UuCIo AeUCTBUM (XOTA
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KOHCTAHTA 3aBUCUT OT 4ucia Oyks B angasure). QOTHOCAIMECT K 3TOMY
moapoOHOCTH CM. B rviaBe 9. O

MoxxHO HOMHTEPECOBATHCS, KAKUE CBOUCTBA CJIOB PACIO3HAOTCA C IIO-
MOIIBIO KOHEYHBIX aBTOMATOB. OKa3bIBAETCA, 9TO CYyMIECTBYET IPOCTO OIU-
CBIBAEMBIN KJIacC 0OPa3loB, 3a,JaI0IUH BCe TAKUE CBOUCTBA — KIACC PEry-
JIADHEBIX BBIPAXKEHUH.

Onpegenenue. [Iycts duxkcupoBan koneunnn andasut I', He coxepxa-
i cuMBOJIOB A, g, (, ), * u | (oHU Oy1yT UCIONB30BATHCA IJIA TOCTPOECHUA
PEryJApPHEIX BHIPAXKEHWU U HE JOIKHBI IEPEMEMUBATELCA ¢ OykBamu). Pe-
TyJISAPHEIC BEIPAXKEHUS CTPOATCA MO TAKUM MPABUIAM:

(a) 6yksa andasura I' — peryJspHOe BHIpAXKEHUE;
(6) cuMBOmEI A, & — peryJispHbLIe BEIPAXKEHU;

(8) ecim A, B,C,...,E — perynspHbe BHIPDAXEHUS, TO
(ABC'...E) — peryJspHOe BHIPAXKECHUE;

(r) ecm A,B,C,...,E — perynspHbIe BHIDAXKEHUS, TO
(AIBIC]|...|E) — peryisapHOe BLIPAXKEHUE;

(r) ecim A — peryaspHOe BhlpaxkeHue, T0 A* — peryispHOe BEIPAXKEHHUE.

Kaxnoe peryaspHoe BeIpakeHue 33,1a6T MHOXECTBO CJOB B aapasute I' o
TAKUM NPABUAIAM:

(a) GykBe cOOTBETCTBYET OJHOIIEMEHTHOE MHOXECTBO, COCTOAIIEE U3 OJ-
HOOYKBEHHOI'O CJIOBA, COCTOSILErO U3 DTOU OYKBEHL;

(6) cumBOIy € COOTBETCTBYET IyCTOE MHOXKECTBO, & CUMBOIY A — OfHOIe-
MEHTHOE MHOXECTBO, €MHCTBEHHBIM JJIEMEHTOM KOTOPOrO ABJIACTCA
yCcTOE CJIOBO;

(B) perymspromy sripaxkenuto (ABC...E) COOTBETCTBYET MHOXECTBO
BCEX CJIOB, KOTOPHIE MOXKHO MOJYyYNTh, €CJIU K CIOBY U3 A mpunucats
caoso u3 B, zarem uz C,. .., 3aTem u3 E (xonkamenayus MHOXECTB);

(r) perymspuomy Bripaxkenuoo (A|B|C|...|E) coorsercTByeT 06BHEaU-
HEHUE MHOXECTB, COOTBETCTBYIOmmMX Bruipaxenusm A, B,C, ..., E;

(x) peryasproMy BhIpaxeHu:0 A% COOTBETCTBYET UMEPQyUAs MHOXKECTBA,
COOTBETCTBYIOIIETO BLIPAXKCHUIO A, TO €CTh MHOXECTBO BCEX CJOB,
KOTOPBLIE MOXHO TaK Pa3pe3aTh HA KyCKHU, 9TO KAXKALIA KyCOK IPU-
HaIIEKUT MHOXECTBY, COOTBETCTBYyIEeMy Bhipaxenuo A. (B gact-
HOCTH, IyCTOE CJIOBO BCETAA COAEPKUTCA B Ax*.)
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MuoxecTBa, COOTBETCTBYIOIINE PErY/SIPHBIM BHIPAXKCHUAM, HA3LIBAIOT-
cs1 peeyaaprbimu. BoT HECKOIBKO IIPUMEPOB:

Bripaxenue MHuoxecTBO
(alb)* BCe c1oBa 3 OykB a 1 b
(aa) * CI0Ba M3 Y€THOrO 4ncia OyKB a

(Alalblaalablbalbb) Bce cioBa miaunbl He Gosee 2 u3 OykB a, b

10.7.5. HamucaTp peryJspHOE BBIpaXKeHUE, KOTOPOMY COOTBETCTBYET
MHOXECTBO BCEX CJIOB U3 OYKB a U b, B KOTOPHIX YUCJI0 OYyKB a 4ETHO.

Pemenue. Bripaxenue b* 3a1aéT Bce ¢I0Ba 6€3 OYKBLI @, & BLIPAKCHUE
(b*ab*ab*) — Bce ciioBa poBHO ¢ AByMsa OykBamu a. Ocraércs obbenu-
HUTBb DTU MHOXECTBA, a IOTOM NPUMEHUTH UTEPALUIO:

((b*ab*abx*) |bx)*

[pyrou BapuanT oTBeTA!
(bx ab*a)*bx* O

10.7.6. Hanwucats peryaspHoe BEIpakeHue, KOTOPOe 3a1a8T MHOXKECTBO
BCeX CJIOB 13 OyKB a, b, ¢, B KOTOPBIX CJIOBO bac ABIAETCA ITOLCJAOBOM.

Pemenne. ((alblc)*bac (alblc)*) O

10.7.7. Hanucats perymaspHOe BEIpaXKeHUe, KOTOPOe 33 JaéT MHOXECTBO
BCeX cJ0B 13 OyKB a, b, ¢, B KOTOPBIX CJOBO bac He ABIAETCA IOCIOBOM.

[Ykazanue. DTa 334349 CJIOKHEE IPEALLAYIIEH; BUAUMO, CAMBIA IPOCTON
€roco0 €€ permuTs — MEPEUTH K KOHEYHBIM aBTOMATAM U BEPHYThCA 00paT-
HO (cM. Huxe 3agady 10.7.14).] O

Teneps 3agady 0 moucke obpasna B CIOBE MOXKHO IepedOpMyInpOBaTh
TaK: IPOBEPUTH, IPUHAIEKUT U CIOBO MHOXKECTBY, COOTBETCTBYIOIIEMY
[JAHHOMY DPEryJsgpHOMY BHIDAKCHUIO.

10.7.8. Kaxkue Bripaxenus cOOTBeTCTBYIOT obpasuam a?b u abkcd, pac-
cmoTpenubiM paree? (B o6pasie CUMBOJ * UCIOIL3YETCS HE B TOM CMEICTE,
9TO B pery/apHbix Buipaxenusx!) [Ipegnomaraercs, 94To ampasutT comep-
XuT OyKBHI a,b, c,d,e.

Pemenne.

((alblcldle)*a(alblcldle) b (alblcldle)*)
((alblcldle)*ab (alblcldle)*cd (alblcld]e)*) O
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10.7.9. [loxazaTb, 9TO IJs BCAKOIO PEryJAPHOrO BEIPAKEHUS MOXKHO
MOCTPOUTH KOHEUHHIM ABTOMAT, KOTOPHIU PACHO3HAET COOTBETCTBYIOIICE
9TOMY BBHIPAXKEHUIO MHOXECTBO CJIOB.

Pemenne. Ham norpefyercs HOBOE MOHATHE — IOHATHE UCTNOUHU-
Ka, WA HeJeMmePMURUPOB8AHH020 Koneuno20 asmomama. IlpegcraBum ce-
6€ OpUEHTUPOBAHHEIN Ipad — KAPTUHKY U3 HECKOABKUX TOYEK (BEpIIUH)
U HEKOTOPHIX CTPEIOK, COeAUHAIMUX >Tu Touku (pébep). IlycTs na Hexo-
TOpeIX pé6pax HamucaHbl OyKBHI (He 00s13aTEABHO HA BCex). IlycTs Takxke
cpexu BepivH BhIOpaHbI nBe — HadvaupHasg H u koneunas K. Takas xap-
TUHKA HA3BEIBACTCS UCTOUHUKOM.

Bynem aBurarbes pasimuusbivu criocobamu u3 H B K, yuras 6ykshHl o
nopore (Ha Tex CTpeikax, rje ouu ecthb). Kaxaomy nytu uz H B K, Takum
06pa3oM, COOTBETCTBYET HEKOTOPOE CJIOBO. A MCTOYHUKY B LIEJOM COOTBET-
CTBYET MHOXECTBO CJIOB — T€X CJOB, KOTOPBIE MOXXHO IIPOYECTDb HA Iy TAX
n3 H B K.

3ameuanme. Eciu HapuCOBATH COCTOAHUA KOHEYHOI'O aBTOMATA B BU-
[ie TOYEK, a MePexXobl Ipu YTEHUH OyKB u300pas3uThb B BUAE CTPEIOK, TO
CTAHET SICHO, YTO KOHEYHEIA ABTOMAT — DTO YACTHLIU CAy4ayl MCTOYHUKA.
(C pomonuuTensHBIMEU TpeGoBaHUAMY: (a) HA BCEX CTPEIKAX, 33 UCKIIOYe-
uueMm Beaymmx B K, ects Oykser; (6) a1 060U TOYKY HA BEIXOIAIIMX U3
Heé cTpeJkax Kaxad OyKBa BCTPEYAeTCs POBHO OVH Pas.)

Meur 6ygeM CTPOUTH KOHEYHBIM ABTOMAT [0 PErYAAPHOMY BBIPAXKEHUIO
B aBa npuéma. CHavanra MBI IOCTPOUM UCTOYHUK, KOTOPOMY COOTBETCTBY-
€T TO K€ CaMO€ MHOXECTBO CJOB. 3aTeM sl IPOU3BOJHHOIO MCTOYHUKA
[IOCTPOMM ABTOMAT, KOTOPBLIM MPOBEPSET, MPUHAIIEKUT JU CJAOBO COOT-
BETCTBYIOIIEMY MHOXECTBY.

10.7.10. Ilo peryaspHOMY BBIPAXEHUIO IMOCTPOUTH UCTOYHUK, 331A0-
WU TO XK€ MHOXECTBO.

Pemenmne. Wnayknus 1no mOCTPOEHUIO PEryJsipHOIO BBIpaXkeHus. By-
KBaM COOTBETCTBYIOT rpadnl um3 ogHou crpeisku. OObeauHeHure peanusy-
eTcs Tak:

L Hi Ky o
H Ky o—

H [ 2 K
™, K; ¢
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Hapucosana xapTunka n1s1 00beJUHEHUA TPEX MHOXKECTB, MPAMOYIOIbHU-

KA — DTO UCTOYHUKH, UM COOTBETCTBYIOIIME; YKA3aHBI HaYaJIbHBIC U KO-

Heunsle BepmuHb. Ha HOBEIX cTpeakax (ux 6) OykB He HAIUCAHO.
KonkaTeHnanmu cOOTBETCTBYEeT KapTUHKA

H —»H; K; » Hy, K, pe Hy Kjze—1»e K

HaKOHeH, urepanuu COOTBETCTBYET KapTUHKA

H K

IZEAN

O

10.7.11. [Jau ucrounuk. [locTpOUTH KOHEYHBIM ABTOMAT, MPOBEPAIO-
Ul TPUHAICKUAT U BXOAHOE CIOBO COOTBETCTBYIOMIEMY MHOXECTBY (TO
€CTb MOXHO JII IPOYECTh 5TO cJaoBo, uaa u3 H B K).

Pemenne. CocrossHusMu aBroMaTa OyAyT MHOXECTBA BEPIIMH HUCTOY-
HuKa. VIMEHHO, poYTA HEKOTOpOe Hadano X BXOJHOI'O CJIOBA, MBI OyaeMm
[IOMHATH MHOXECTBO BCEX BEPIINH UCTOYHUKA, B KOTOPEIE MOXHO IPOUTH
13 HAYAJBHOU, IPOYUTAB HA IIyTH CJIOBO X . |

Tem cameim 3agaga 10.7.9 pemena. g

Oxa3bIBaeTCs, YTO PEryJIApHbLIC BLIPAXKEHUS, aBTOMATHL ¥ UCTOYHUKH
PACIO3HAIOT OJHMA W TE€ XK€ MHOXECTBA. UTOOBI yOequThCsS B DTOM, HAM
OCTAJIOCh PEIIUTh TAKYIO 3a4a4y:

10.7.12. [Jau ucrounuk. llocTpouTh peryaspHOe BHIpaXKCHUE, 331a10-
Imee TO K€ MHOXECTBO, YTO U DTOT UCTOYHUK.

Pemenwe. IlycTes ucrounuk mveer Bepmmust 1, ...,k. Bygem cumrars,
9T0 1 — 3T0 Hawano, a k — konemn. Yepes D; j ; 0603HAMUM MHOXKECTBO BCEX
CJIOB, KOTOPBIE MOXHO IPOYECTh HA IYTU U3 i B J, €CAU B KAYECTBE IIPOME-
JKYTOYHBLIX IIyHKTOB PAa3PeIaeTcs UCIOIb30BAThH TOJBKO BEPIIUHEI 1, .. . .
CormacHo onpejeneHmnio, NICTOYHUKY COOTBETCTBYET MHOXECTBO Dy f k.

Wupgykuuen mo s 6y jeM GOKA3BIBATE PEryIAPHOCTD BCeX MHOXKeCTB D; ;
mpu Beex ¢ ¥ j. [Ipu s =0 570 04eBUAHO (IPOMEXYTOUHBIE BEPIIUHEL 3a-
[PEIIEHE], TIO3TOMY KaXJ0€ U3 MHOXECTB COCTOUT TOJBKO U3 OYKB).
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N3 gero cocroutr muOXKECTBO D; j,117 OTMETHM Ha IyTH MOMEHTHI,
B KOTOPHIX OH 3aX0AuT B (8 + 1)-yio Bepumny. [Ipu sToMm myTs pasbusaercsa
Ha YaCTH, KaX[asd U3 KOTOPHIX yxKe He 3axoauT B Heé. IlosTomy Jerxo
€c000pa3uTh, YTO

D;js+1=D;js| (Disti,s Dsti,s41,8% Dsti,js)

(BOMBHOCTD 3aNUCH: MBI UCIOB3YEM J[JIA ONEPALUY HAJ MHOXECTBAMU 060-
3HAYCHUA KAK [ PEryJApHBLIX BeIpaxenui). QcTaéTcsa BOCIOIB30BATHCA
NPEANOJOXKCHUCM WHIYKIUA. g

10.7.13. Tae em@ ucnomb3yeTcs TO Xe CaMoe PACCyX aeHue?

OtBer. B amroputme dona BEYMUCICHUA IEHBI KPATYAUIIErO MyTH,
cM. raBy 9 (Pasubie anropuTME Ha rpadax). O

10.7.14. [Joxasarb, 4TO KJIACC MHOXKECTB, 3a/aBAEMBIX PEryJIsAPHBIMUI
BBIPAXEHUAMY, HE U3MEHMJICS Obl, eciau OBl MBI PA3P eIIWIN UCHOIB30BATH HE
TOJIBKO OOBEIUHEHNE, HO U OTPULIAHYE (& CJIeJOBATEILHO, U EPECeICHUe —
OHO BBIPAXKAETCA Yepe3 OOBEIUHEHNE U OTPULIAHUE).

Pemrenwe. [l1s1 aBTOMATOB IEPEXO] K OTPULIAHUIO OYEBHUIEH. U

3ameuanme. Ha mpakTuke BaXXHYIO POJIb UI'PAECT YUCJIO COCTOAHUN aBTO-
mara. OKaspIBaETCS, YTO TYT BCE HE TAK IPOCTO, U IEPEXO] OT UCTOIHUKA
K aBTOMATY TpeOyeT SKCIOHEHIMATBLHOIO POCTa, YUCIa cocTosAnun. [loapoo-
HOE PACCMOTPEHUE CBA3AHHLBIX C DTUM TEOPETUYECKUX U IPAKTUICCKUX BO-
IIPOCOB — AeJ0 0co60e (M. KHUry Axo, Yabpmana u CeTu 0 KOMIUIATOPAX).

10.8. CyddukcHble aepeBbs

[lo cux mpo HAIM TPOrpaMMBI CHAYAJA TTOLYYaau 00pa3ell, KOTOPHIU Ha-
[0 UCKATh, & IOTOM TEKCT, B KOTOPOM HAJO0 UCKATh. B creayromux 3anayax
BCE HAOOOPOT.

10.8.1. Ilporpamma mosyvaeT Ha BXO[ CJIOBO Y [JIUHBI M U MOXET €ro
06pabaTeBaTh (MOKa (€3 OrPAaHUYEHUN HA BPEMsA U IAMATH). 3aTEM OHA
mosy4aeT ¢a0BO X JJUHBI 1 U [JOJKHA COOOLIUTD, SIBJISETCS JU OHO MOICJI0-
BoM ciioBa Y. Ilpu 5ToM 4Ymcio omeparuu mpu 00paboTKe caoBa X MOJKHO
ObITH OPAAKA 1 (HE IPEBOCXOJAUTH €N, TAe KOHCTAHTA ¢ MOXET 3aBUCETD
ot pasmepa andpasuta). Kak manucaTs Takywo nporpammy?

Pemenne. [loka He HAKIAABIBACTCA HUKAKAX OTPAHUYCHUU HA BPEMsA
¥ maMATh npu o6paboTke Y, 3TO He mpeacTaBiIseT Tpyda. UMeHHO, HALO
CKJIEUTBh BCE IOJICJAOBA CJIOBA Y B IEPEBO, OOBEIUMHUB CJIOBA C OOIUMU HAYA-
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JaMu (KaK MBI 9TO [IETAIH, PACIIO3HABAA BXOXK ICHUA HECKOJIBKUX OOPA3IIOoB).
Hanpuwmep, a1s Y = ababc nomyuurcs Takoe gepeBo moicios (Ha pefpe Ha-
nucaHa 0yKBa, KOTOpas A00ABIAETCA [IPU ABUXKEHUU IO DTOMY pebpy; Bep-
[IUHBl HAXOATCA BO B3aUMHO OJHO3HAYHOM COOTBETCTBUM C ITOJCJIOBAMU
caoBa Y):

IIycte Taxoe gepeBo nocrpoero. Ilocae sToro, unras cioBo X crieBa Ha-
IpaBo, MHI IpocaexuBaeM X B nepese, HAYaB C KOPH:A; cI0BO X OyaeT mop-
CJIOBOM CJIOBa, Y, €C/iu IIpY 3TOM MBI HE BEIUEM 33 IpPees! AepeBa. U

3aMeTuM, YTO AHAJOTUYHASA KOHCTPYKIIUS TOAUTCA IJIs JEIOOOr0 MHOXKE-
cTBa cioB U, a HE TONBKO UIsI MHOXECTBA BCEX MOJACJIOB JAHHOIO CJIOBA: MO-
¢JIe TOrO KaK COOTBETCTBYIOMIEE JEPEBO IOCTPOCHO, MBI MOXEM IIPO JH0H0E
ca0B0 X ONpEeNenuTh €ro IPUHAIERHOCTh K U 3a BpeMs, IPONOPLIAOHAIb-
Hoe gmuue X . (Hano TOMBKO JOMOJHUTENLHO XPAHUTHL B BEPIIMHE N€PeBa
UHOOPMANNIO, IPUHAICKUT JU COOTBETCTBYIOIIEE €U CIOBO MHOXECTBY U
WY JIWIIL ABIAETCA HAYAJIOM APYTOrO CJIOBA, NpuHAjIexamero U.)

10.8.2. PemmTs npegbiayuiyio 3a4a4y ¢ JOIMOJIHATEILHEIM OrDAHUYCHU-
eM: 00BbEM UCHOIB3YEeMOU MAMATH MPOMOPIMOHAIEH IJIUHE CJIOBA Y .

Pemenwne. [Ipexnaunn croco6 He TOAUTCA: YUCIO BEPIIUH IEPEBA PABHO
YUCILy MOJCJOB CJIOB3 Y, & y CJIOBA [JIMHEL 1 YUCJIO MOJCJIOB MOXET OBITH
nopsaaka m2, a He m. OQHAKO MBI MOXEM («CKATb» HAIE JIEPEBO, OCTABUB
BEPIIVHAMY JHUIIL TOYKU BeTBIeHUs (rje 6osbine O4HOro cuiHa). Torga Ha
pébpax nepeBa HAOO HAKMCATDL yKe HE OYKBBI, 8 KYCKM CJIOBa Y.

BoT 4T0 momy4yuTcs npum CKATUM HAErO MPUMEPA:

c
b abc

ab
abce

Byaem cauraTs (31€ch u ganee), 9T0 nocaesHsas Oyksa caoBa Y 6odblie
B HEM He BCTpedaeTca. (DTOro BCErga MOXHO JOCTUYb, JOMKUCAB [OIMOJ-
HUTEIbHEIN (GPMKTUBHBIM CUMBOJ.) Toraa JuUCThA CKATOrO AepeBa COOTBET-
CTBYIOT KOHI[AM CJOBA Y, a8 BHYTDEHHUE BEDIIWHBI (TOYKYM BETBICHUA) —
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TAKUM TOACAOBAM § CJIOBA Y, KOTOPHIE BCTPEYAOTCA B Y HECKOIBKO DPas,
U IIPUTOM C PA3HBIMU OyKBaMU HOCIE S.

Y KaxkJoU BHYTDEHHEU BEPUIMHBL (HE JMCTA) CXKATOIO AEPEBA, €CTh HE
MEHee AByX CHIHOBeld. B nepeBbsax ¢ TakuMmu CBOMCTBAMYU YUCJIO BHY TPEHHUX
BEPIIKH HE IPEBOCXOAUT YUCIA JUCThEB. (B camoMm gese, npu gBukenuu cie-
Ba HAIIPABO B KAXKJOU TOYKE BETBJICHUSA JOOABIACTCA HOBEIA Iy Th K JUCTY.)
ITockonbKy JIMCTBEB M, BCEro BEPIIUH HE Gosee 2/M, U MBI YIOKUAMCA B JIX-
HEUHYIO 110 M [IaMATh, €CJIu Oy AeM SKOHOMHO XPAHUTH IOMETKHU HA PEGpPax.
Kaxpas Takas moMeTka SBIAETCA MOACIOBOM CJIOBA Y, M IMOTOMY A0CTa-
TOYHO YKA3HIBATH KOOPAMHATY €€ HAYALA U KOHIA B Y. DTO HE IIOMEIIAeT
BIIOCJIEICTBAN [IPOCAECKUBATE IPOU3BOILHOE CIOBO X B BTOM jepese OyKBa
3a 6yKBOU, IPOCTO B HEKOTOPHIE MOMEHTHI MBI Oy 1€M HAXOAUTHCA BHYTDPU
pébep (M DOMKHEI HOMHUTH, BHYTPU KAKOr'O peOpa U B KAKOU MMO3ULUYM MEI
maxoauMcs). [Ipu mosBaeHun HOBOU OYyKBHI CI0Ba X €€ HYXKHO CPaBHUTH
C COOTBETCTBYIOIIEH GYKBOYM IIOMETKH 3TOr0 pedpa (4T0 MOXKHO CIeIaTh 34
O(1) meucTBuM, TaKk KaK KOOPAUHATY STOU OYKBHI MBI 3HACM. ) O

ITocTpoeHHOE HAMHU CXATOE JEPEBO HABBIBAIOT CHCAMbIM CYPPHurchbim
depesom cnoBa Y (KOHIEBI CIOBA HA3BIBAIOT «Cyhdukcamm ).

10.8.3. IlokaszaTb, YTO HOCTPOEHHE CKATOrO CyPPUKCHOrO JIepeBa
MOXKHO BRIOJHUTE 3a BpeMa O(m?) ¢ ucnomszosanuem O(m) mamaTu.

Pemenwme. Byaem 106aBaaTh B CyppuKCHOE 1€PEBO CYPPUKCH ITO Oepe-
nu. [lobaBieHue 04epefHOro cydduKca geraeTcs TaK XKe, KaK U IPOBepKa
MPUHAICXKHOCTU: MBI YATAEM €r0 OyKBa 338 OYKBOU U MPOKJIAJEIBAEM IIyTh
B nepese. B HEKOTOPBLI MOMEHT H00aBIAEMEIU Cy(hPUKC BEIULET 34 MpPe-
Jerbl nepeBa (HATOMHMM, 9TO MBI CIATAEM, 9TO IOCIEAHUN CAMBOJ CJIOBA
YHUKAJCH).

Ecan 5T0 npomsonzér nocepesune pedbpa, To pebpo mNpuiéTcs B 3TOM
MecTe pa3pe3aThb. Pebpo npeBpaTuTCs B 4Ba, €ro IOMETKA Pa3pekeTcsa Ha
[IBE, TIOABUTCA HOBASA BEPIIMHA (TOYKA BETBJCHUA) U €€ HOBHIA CHIH-JUCT.
Eciu Touka BeTBICHUS COBHAAET C yXKE€ UMEBIICUCA B AEPEBE, TO y HEE
MOABUTCA HOBHIU CHIH-IUCT. B 11060M CiIydyae mociae OOHAPYKEHUs MECTa
BereacHua Tpebyerca O(1) onepanuu ajas nmepecTpouku AepeBa (B 9aCTHO-
CTU, pa3pe3aHue MOMETKU HA [ABE BHIMOJHIETCS JETKO, TAK KAaK MOMETKU
XPaHATCA B BUE KOOPAVHAT HAYAIA U KOHLA B CJIOBE Y). U

Topasno Gosee CIOXKHON 3a1a49€H ABIACTCA MOCTPOCHUE CKATOTO Cyd-
(bUKCHOrO nepeBa 3a JIUHENHOE BPeMs (BMECTO KBaAPATUIHOIO, KAK B Ipe-
A aymen 3agade). Yrobu usnoxuts aaropur™m MakKpenTa, KoTopeim pe-
[IaeT Ty 334349y, HaM MOHAL00ATCA HEKOTOPEIE IIPUTOTOBICHU.

[ Havama omumeM 6ozxee MOAPOOHO CTPYKTYPY AepeBa, KOTOPOE MBI
UCHONB3YEM, U ONEPAIUY C HUM.
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Mur paccmaTpuBaeM IepeBbs C KOPHEM, HA PEOPAX KOTOPHIX HANKUCAHEI
CJI0Ba, (IIOMETKM ) ; BCE MOMETKY ABJIAITCA MOACJIOBAMU HEKOTOPOI'O 3apaHee
uxcupoBanuoro ciosa Y . [Ipu 5TOM BEINOJIHEHBI TaKUe CBOUCTBA:

® KaX/1asA BHYTPEHHsAS BEPIIXHA UMEET XOTA Obl ABYX CHIHOBEU;

e MOMETKM HA PEOPAX, BHIXOAAIINX U3 JAHHOU BEPINUHEI, HAYUHAIOTCSA
HA pasHble OYKBHI.

Kax10ou BepmuHe v TAKOTO NEpPeBa COOTBETCTBYET CJIOBO, KOTOPOE 3a-
MUCAHO HA Iy TH OT KOPHA T K BepmuHe v. Bynem 0603na4aTh 310 €10BO $(v).
O6o3nauum momeTky Ha pebpe, BeaymweMm K v, depes [(v), a oTua Bepim-
el v — uepes f(v). Torga s(r) = A (mycroe caoBo), a

s(v) = s(f(v)) +1(v),

[JIs1 JEIOOOU BEPIIMHEL U # 7 (3HAK «+» 0003HAYAET COCIUHEHUE CTPOK).

ITomuMmo BepruuH AEpEBa, MBI Oy €M PACCMATPUBATE NO3UYUY B HEM, KO-
TOpBIE MOT'YyT OBITH PACIHOMOXKEHBI B BEPIIMHAX, a TaKXKe «BHYTPHU pEOEp»
(paspenss noMeTKy sToro pebpa Ha ape dactu). PopMasbHO FOBOPS, IMO-
3unusA mpeacrasiseT cobou mapy (v, k), rae v — BepmmHA (OTIUYHAA OT
KOpHs), a k — wmenoe uucao B npomexytke [0, [l(v)|), ykasuBaroomee, Ha
CKOIBKO OyKB HAM0 BEPHYTHCSA OT ¥ K KOPHIO. 3aech |l(v)| — pamma mo-
MeTku [(v); 3HadeHue k =[(v) COOTBETCTBOBAIO ObI IPEABLIAYIIEN BEPIIUHE
u moToMy He gomyckaerca. K dumciay mosunuit MBI 106ABIAEM TAKXKE IIa-
py (r,0), coorBeTcTBy0OMmYH0 KOpHIO Aepesa. Kaxnou nosutuu p = (v, k)
COOTBETCTBYET CJIOBO 5(p), KOTOPOE MOLYYACTCA yAANCHUEM K MOCIEIHUX
CUMBOJIOB 13 $(V).

Mycte p — mpoumsBoabHAA TO3ULIUA B AEpPEBE, & w — CJAOBO. IIpouTu
BJOJb W, HAYMHAA C P, O3HAYAET HAUTHU APYLYI HO3UIMIO ¢, 1JsA KOTOPOU
s(¢) = s(p) + w. Ecim Takas nmosunusa ecTh, TO (OpU OMUCAHHOM CIOCOGE
XPAHEHUs MOMETOK, KOI'4a YKA3LIBAIOTCA KOOP AVHATHL UX HAYaJIa U KOHIA
BHYTpU Y) €€ MOXHO HAUTHU 33 BPEMs, IPOMOPIUOHAILHOE JJIVHE CJIOBA W.
Eciu Takou mosunuum HET, TO B KAKOU-TO MOMEHT MEI «CBEPHEM C ILyTH»;
B DTOT MOMEHT MOXHO IONOJHUTDH JEPEBO, CAECJAB OTCYyTCTBYIOMIYIO B Ae-
peBe 9acThb CIOBA w MOMETKOUM HA MyTU K HOBOMY JuCTy. Hamo ToabKo,
9TO6HL 5T IOMETKA OBLIA MOACIOBOM CI0Ba Y (Ipu HAImeM croco6e XpaHe-
HUA NOMETOK); 3TO OyJeT TapaHTUPOBAHO, €CJAU IIPOCICKUBAEMOE CJIOBO W
SABJAETCSA MO/ICIOBOM CJIOBa, Y.

3aMeTuM, YTO IPU DTOM MOXKET 00Pa30BATLCA HOBAs BEPIIMHA (ecu
Pa3sBUIKa 0KA3alach BHYTPH Pebpa), a MOXKET 1 He 00pa30BaThCA (ecau pas-
BIJIKA OKA3alach B BepimHe). TuCa0 JEUCTBAN NPU TAKOU MOAUDUKAIUN
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IPONOPIUOHAIBHO [JIVHE IPOUIEHHON YaCTU CIOBA ([IIMHA HEIPOUICHHOU
HE BaXKHA).

Oxa3eIBAaeTCsl, YTO HABUTAIWIO B €PEBE MOXHO YCKOPUTD, €C/IX 3apaHee
M3BECTHO, YTO OHA OyAeT yCIEIIHOU.

10.8.4. IlycTh s GaHHOW HO3ULMK P U CJIOBA W 3APAHEE UIBECTHO,
9TO B [EpPEBE eCTb Ho3unusA ¢, aua koropou s(q) = s(p) + w. Ilokaszars,
9TO MO3UIUI ¢ MOXKHO HAUTHU 33 BPEMs, MPOMOPIUOHAILHOE YuUcIy pédep
J€PEeBa HA IYTH OT P K ¢. (DTO YUCIO MOXKET OLITH 3HAYUTEILHO MEHBIIE
JJIMHEL CJIOBA W, €CJIA IIOMETKY Ha PEOpax IJIMHHEIE.)

Pemenne. B camoMm gese, mpu HABUraNUyU HYXKHO OPUEHTUPOBATHCSA JIUIID
B BepmuHax (BHOUPATH UCXOAAMEE PeOPO B 3aBUCUMOCTH OT OYEPEIHOU
OyKBBI); B OCTAJbHEIX MECTAX MyTh OJHO3HAYHLIA U IIOTOMY MOXHO CIBU-
raThCs Cpa3y K KOHILy pebpa. 0

IMoaseném uroru. PaccMOTpeHHLIN CIOCO0 XPAHEHNS 1ePEBbEB HO3BOJLA-
eT (1A GUKCUPOBAHHOTO Ci0Ba Y)

e co31aThb gepeeo us oaHoro xopus [O(1)];
e HanTu oTua Mobon BepmmHb (kpoMe kopHs) [O(1)];

® Y3HATHL MOMETKY JIIO00M BEPIIMHEI (KPOME KOPH:A), TO €CTh TOMETKY
Begymero K Hen pebpa [O(1)];

e NPOUTU U3 JOOOU MO3UIUKA P BAOJIL JHOOOTO CJAOBA W, €CAU 3APAHEE
U3BECTHO, YTO MBI HE BHIUIEM U3 IEPEBA; PE3YIBTATOM ABIACTCA TO3U-
nus ¢ B Aepese, aus kotopon s(q)=s(p)+w [O(ancio pébdep na myTn)];

e 106ABUTE CIOBO W, HAYAB C IO3ULMY P; €CJIU IIPY DTOM CIOBO W ABIAECT-
caAmoACaOBOM Y, a B IEPEBE HET TO3UIMH ¢, 11 KOTopou s(q) = s(p) +
+ w, TO AepeBO MEHAETCA M Takas Mo3uus ¢ cosgaéresa (oHa OyieT
auctoM) [O(uauciao 6yks B w, He Bomenmmx B 1(q)];

e HAKOHEN, JI JO0ro caoBa X MOXKHO BBEUICHUTH, HAUAETCA JU B 1€~
pese mosuuus ¢, aas koropou s(q) = X [O(|X])].

B xBaapaTHBIX CKOOKAX YKA3aHO YUCIO JEUCTBUU MPU BHITOJHEHUU CO-
OTBETCTBYIOIMX ONCPAIUH.

Em¢ Mb1 6yseM XpaHUTbL B BEPIIMHAX AEPEBA «Cy(DPUKCHEIC CCBLIKID
(B xaxgou BepuHe OygeT He 60Jee OJHOU CCHUIKK HA APYTYIO BEPIIUHY ),
HO CHAYAJIA HAAO0 OOBACHUTD, YTO DTO TAKOE.

Hauném ¢ mosmoro (me cxaroro) cyddukCHOro gepesa s CIOBa Y.
Kaxaou ero sepimue (KpoMe KOPHA) OTBEYAET HEKOTOPOE HEMYCTOE MO/~
ca0Bo caoBa Y. Eciu MBI OTpexkeM y 5TOro MOACIOBA MOCICAHION OyKBY,
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TO B [€peBe CIOyCTUMCS Ha OAWH mar kK kopHio. Ho dro Oyger, ecau MEI
oTpexeM nepByoo OykBy? CHOBa MOLYYUTCA MOACIOBO, HO OHO yiKe OyxeT
COBCEM B APYI'OM MeCTe JepeBa.

BoT Kak BHINIAAAT 5TU HEPEXOALl B HAIIEM IpuMepe (OTpe3aHue nepBou
OYKBBI COOTBETCTBYET IyHKTUPHOU CTPEIKE):

OTHU CTPEJIKM MBI OyeM HA3HBATH CYPPUKCHBIMU CCOIAKAMY, TTOCKOIb-
Ky OHM COOTBETCTBYIOT IEPEXOAy OT CJIOBA K €ro CyddUKCY HA €IUHUALY
Menbiten gauael. OHU ONpENENeHE] Ui BCEX BEPINUH, KPOME KOPHSI.

DopMaTbLHO MOXKHO CKa3aTh Tak. IlycTs w’ o3HadaeT CI0BO w 6e3 mep-
Bou OykBHL (w' OHmpEAeaeHO As M0GOro HemycToro caosa w). Torpa cyd-
(bUKCHAA CCBLTKA BEAET U3 BEPIIMHLL P B BepuHy ¢, ecau s(q) = s(p)’ (ma-
mOMHEM, 9TO $(U) — CJIOBO, COOTBETCTBYIOLIECE BEPIIUHE U).

10.8.5. Kax cBszanbl Cy(pPUKCHEIE CCBLUIKY ABYX COCEIHUX BEpIIMH (OT-
Ua u ChiHA)?

Oteer. OHM yKA3BIBAIOT HA COCEJHUE BEPIIUHBI, U OyKBA HA COCAUHAIO-
meM ux pebpe Ta xKe caMas. O

10.8.6. [lokasaTn, YTO Ipu IEpexone K CKATOMY CYPPUKCHOMY IepeBy
CCBUIKM TIO-TIPEXHEMY UAyT U3 BEPIIMHEI B BepIIUHY (a HE BHYTpbL PEGeEp).

Pemenne. B camoM jgefe, IO HameMy IPEAHONOKCHUIO MOCICAHAS Oy-
KBa CJI0Ba OOJBIIE B HEM HE BCTPEYACTCS, TIOITOMY U3 JUCTA CCHLIKA BEAST
B jucT. A ecim BepmmHA (OTJIMYHAA OT KOPHA) ABIACTCA TOYKOM BETBJIC-
HUSA, TO COOTBETCTBYIOMIEE €1 CIOBO § BCTPEYACTCA C PA3MAIHEIMYU OyKBAMU
nocae Hero. JlpyruMu caoBaMu, A1 HEKOTOPEIX OyKB a u b cioBa sa u sb
ABIAIOTCA moAcaoBaMu ¢1oBa Y. OTpesas oT HUX NEPBYIO OYKBY, HOIydUM
cnoBa s'a u s'b, KOTOpEIE TaKXKe ABIATCA MOACAOBAMHU CIOBA Y, IOATOMY
u 8’ ABAAETCA TOYKOHN BETBJCHUSA. O

Bot uro TIOIYyYINTCA AJIA HAIICrO IIpUMeEpa:
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Temeps MBI y2e TOTOBHL K u3jaoxkenuto anrroputma MakKpenrta. Cxka-
TO€ CydPUKCHOE AEPEBO CTPOUM MOCTENEHHO, 100aBMAsA K HEMY CYyDOUKCH
mo Mepe yMenbinenus ux aimusl. O0o3HaduM depes Y; cyddukc, HauMHA-
fommiuca ¢ {-ou OykBul cioBa Y. (Takum obpasom, Y1 =Y, a Y, cocrour
u3 ogHou Oykewl.) Ilocse 4 waros mocTpoeHus Hame gepeso Oy1eT XPAHUTH
Yi,...,Y,.

10.8.7. TlokasaTb, 4TO Cydh(PUKCHBIE CCHUIKU B TAKOM [EPEBE OIPeiese-
HBI KOPPEKTHO (BEAyT B APYTYIO BEPIIMHY TOr'O XK€ AEPeBa) [Js BCEX BEp-
[IXH, KPOME, BO3MOXHO, OCJAEIHEr0 NOOABIEHHOrO JUCTA (COOTBETCTBYIO-
IIero CJOBY Y;) U ero oTua.

Pemenwe. B camom pgene, cyddukcHas cChLIKa U3 JUCTa Y; BEAET
B JuCT Y41, ¥ IOTOMY €l eCTb KyAa BecTu. PaccMoTpuM Temepb BHYTpeH-
HIOIO BEPIIUHY v, HE ABJAIOIIYIOCA OTIOM HocjaenHero jaucra. IllycTts B Hen
Pa3BETBIAIOTCA [Ba IIyTU B JUCTbA Y; U Y. Bea orpaHuvenns o6mHOCTH
MOXHO CYUTATh, YTO j, k < i (€cau OfuH U3 myTent BeJéT B Y;, TO ero MOXKHO
3aMEHUTH APYTUM, BeJb BEPIIMHA ¥ [0 IPEAIOI0KEHUIO HE TOCACIHAS Pa3-
Buika Ha 3TOM myTn). OTpe3aB OT TUX IMyTel MEePBBIU CUMBOJ, MOJLYIUM
oyTu B MACThS Yj1q U Ypiq; 9TV IyTU IPUCYTCTBYIOT B jepeRe (IIOCKOMb-
Ky 7+ 1 u k 4+ 1 He npeBoCxoaaT ), & TOYKA WX PA3BUIKHA OyAET KOHIIOM
CyHUKCHOU CCHLIKYA BEPINUHBI V. a

CyddukcHbIe CCHUIKU /s TUCTHEB HAM HE MOHANOOATCSA, U BBEIYUCIATH
MEL UX He OyjaeM, a [ BCeX OCTAJNbHBIX BEPIINH JepeBa MEI uX OyJeM BbI-
YUCIATH U XPAHUTL. BoJiee TOYHO, MOCE ¢ MIArOB AJIrOPUTMA

e B JepeBe XPAHATCA CI0BA Y7, ...Y; (u BCe ux Havana);

e aJpec JHUCTa, COOTBETCTBYIOMIECIO MOCACTHEMY AOOABICHHOMY Cyd-
oduxcy (Y;) xpanurcs B mepemenson last;

e [JIs1 BCEX BHYTPCHHUX BEPIIUH [E€PEBA, KPOME, OBITh MOXET, OTIIA Bep-
muHL [ast, XpAHUTCS NPABUILHAA Cy(HEPUKCHASA CCHLIKA.

Hango mousTh, Kak moggepXuBaTh 3TO HIpU J0OABIECHUU OYEPEIHOrO
cydduxca. Moxno, He MyapCTBys JIyKaBo, fo6aBiaTh Y;y; OykBa 3a Oy-
KBOU, HAYUHAsA C KOPHs aepeBa. (VIMEHHO Tak MBI PAHBINE U [IEIAIH, U DTO
TPe6OBAIO KBAIPATUYIHOIO BPEMEHU. )

Kakue Tyt BO3MOxHuEl onTumusauuu? [lepBas cBs3ama ¢ Tem, 9TO MEI
MOXEM [JBUCATHCA IO [AEPeBy OLICTPEE, €CJIu 3HAEM, YTO 3aBEJOMO U3 HErO
HE BEIAEM. BTOpas CBA3aHA C UCTOIB30BAHUEM CY(D(HUKCHBIX CCHLIOK.

O6a BapuaHTa NPEAMOJATAIOT, YTO OTEN U JUCTA last HE COBIALAET
¢ xopueM. (Eciu coBnanaer, Ham mpuaérca NOGABIATHL Y1 OT KOPHA.)
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IIycte tail — nomerka qucta last, a head = s(u); aApyrumu ciaoBaMu, CIOBO
head cooTBeTCTBYeT BepmuHe 4. Torga

Y; = head + tail.
OTpesas nepeyio GyKBY, MOTydaeM
Yii1 = head’ + tail.

SameTum, 4To head’ 3aBeJOMO He BHLIXOAUT 3a MpPEIEIHl JepeBa. B ca-
MOM Jefie, % ObLUIO TOYKOU BETBJECHUsA, IOITOMY IIOMUMO JUCTA Y; 4Yepes
TOUKy u mpoxojun u quct Y; ¢ j <. Torga Y; naumnaercs na head, a Y41
HavuHaeTca Ha head’ m yxe ecTh B nepese.

IosToMy MEI MOXeM CHauana npocteauTs head’ (HauTu MO3UNUIO U, A1
koTopou s(v) = head’), a noTom yxe n06aBuTh tail, HauMHAA C V.

il ,
head -t)o last [Y;]

l\[Yj]

[Mepeun cioco6 ontuMusanuu: head’ 3aBenomMo eCTh B Aepese.

OTa ONTUMU3AIMSA HUKAK He UCIOIb3yeT CyQUKCHBIX CCELIOK. BTopon
CIOCO6 ONTUMU3ANUYN UX UCHOAB3YET U MO3BOJAET (B TOM CIydae, KOrIa
npuMeHuM) OGOUTUCH (€3 MPOCACKUBAHUA Y;y1 OT KOPHA (KAK yCKODEH-
HOrO, Tak U OOErYHOrO). IlycTe HA myTu K Jucty last, nIpeaCTABIAIOIEMY
cydduxc Y;, numeeTcsa BepnHa v, y KOTOPOU Cy(pPUKCHAA CCBLIKA YKA3hI-
BaeT Ha BepmmHy w, Tak 410 $(w) = s(v)’. IlycTs p — Ca0BO HA ImyTH OT U
K last. Torga

YVi=s(v)+p, Y1 =Y/ =5() +p=s(w)+p,

u jis no6aBiaeHus Yy B 4EPEBO ZOCTATOYHO NOOABUTH CJIOBO P, HAYMHASL
C BEpILIUHEL W.

Bropou cmoco6 onTuMMU3ANUM COYETAETCA C IMEPBBIM: OTPE3OK CJIOBA P
OT ¥ [0 OTHA JUCTA [ast MOXHO HPOXOAUTH C YBEPEHHOCTBIO, YTO MEI HE
BEIUJEM 33 MPEAEILI AePEBa.

Nrax, MBI MOXEM ONUCATH ACUCTBUS, BHIIOJHAEMEIC HPU JOOABICHUE
odepesHoro cydpduxca Yii1 B JePEBO, CAEAYOMAM 06pa3oM.
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w 2 (Vi
.\‘Lc last [Y;]

v

Bropon cnoco6 ontuMusanyu: moas3yeMcs cyGhOUKCHON CCHLIKOU
BEpILKHLL HA IIyTH K last.

MycTte u — oren aucta last, COOTBETCTBYIOMIErO MOCICIHEMY YXKE [IO-
06aBiIeHHOMY cyddukxcy Y;.

Caydan 1: u ecTsb Kopenb aepeBa. Torga HU OJHA U3 ONTUMU3ALUU HE
NPUMEHUMA, U MBI O0aBAAEM Y1, HAYUHAA OT KOPHA.

Cay4yan 2: v He eCTb KODEHb [IEepPEeBa, HO OTEIl U €CTh KOPEHb [Aepe-
Ba (muct last maxogurca Ha BeicoTe 2). Torna Y; = head + tail, rae head
u tail — nomerku BepmuH u u last. MbI npuMeHsieM NEpBYIO ONTUMU3ALNIO
u mpocaexuBaeM head’ ¢ TapaHTHEN IO HEKOTOPOU MO3WLUU 2, & MOTOM
nobasasaeM tail oT z.

Caydan 3: u He €CTb KOPEHb AEPEBAa M €ro OTEIl ¥ TAKXKE HE €CTh
KOpeHb jgepeBa. Torga mis v umeercs Cy(p@UKCHASA CCHLIKA HA HEKOTO-
pyo BepumHy w, u s(w) = s(v)’. lycts pretail — momerxa BepIMHBL U,
a tail — nomerxa aucta last, npu sTom Y; = s(v) + pretail + tail u moTomy
Yit1 =Y/ = s(w) + pretail + tail. Ocraérea npocenuts pretail 0T Bepruu-
HBEI W C TAPAHTUEH, IOIYYUB HEKOTOPYIO MO3UIUIO 2, & IOTOM 106aBUTH tail
OT BEpIIUHHL 2.

Ocraércs emé moHSATH, KaK IIOAAEPXKUBATH CTPYKTYPY CYy(PPUKCHBIX
CCBUIOK (apec HOBOIO JIUCTA Y HAC MOJIYydaeTCs IpU JoOaBICHUN caM cobon,
TaK 4TO C HUM NPOOJIEM HET) U OLEHUTDH YUCJIO JEUCTBUU DU BHINTOJIHEHUN
9TUX TPOLEAYP MOCAEIOBATEABHO A BCEX CYPHUKCOB.

Hauuém ¢ cypdukcunix ccouiok. [lo npaBuiam oy HOMXKHEL OBITH Y BCEX
BHYTPEHHUX BEPIIUH, KPOME OTILA TOJBKO YTO A00aBaeHHOro aucta. [losro-
My HaM HaJ0 3a00TUTLCA 00 oTue aucta last, coorBeTcTByOMWEro Y; (310T
JIUCT HepecTal ObITh «TOABKO 9TO JOOABICHHEIMY; HAIPOTUB, €JUHCTBEHHAS
HOBAsl BEPIINHA KAK PA3 ABIAETCA OTLOM TOJBKO YTO JOOABICHHOIO JUCTA
U B Heu Cy(pPUKCHAA CCHUIKA HE HyXKHA). JTO aKTyaJbHO B ClIydaax 2 u 3,
HO B DTUX CIyYasAx 10 XOAYy feaa ObLIa HAUAEHA HYXKHAA BEPIIUHA 2, KyIa
u OygeTr HamnpasieHa cydpdukcHas ccouika u3 u. CTpOro roeBops, z MoOria
OBITb HE BEPIIMHOU, 3 MO3UIMEN, HO TOra MOCJAe JOOABICHUS OHA CTAHET
BEPIIMHOU (OTIOM TOJBKO YTO AOGABICHHOrO JUCTA) — Beb B HOBOM [I€-
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peBe u yxXe He ABIACTCA OTLOM HOCICLHErO JMUCTa, U MOTOMY CydhdUKCHAA
CCHUIKA W3 U, KaK OBLIO JOKAa3aHO, AOKHA BecTd B BepruHy. (/pyrumu
CIOBaMU, B CAy4Yasax 2 u 3, ecau mosuius 2z Oblia BHyTpu pebpa, TO B HEH
pebpo paspesaercs.)

Bcé cxasannOE MOXHO yCJIOBHO 3alACATH B BAJE TAKOI'O AJITOPATMA 10-
6aBienus cydbdukca Y;iq:

{ mepeso cogepxut cydpduxce Yi,...,Y;
s(last) = Y;
MMEIOTCSI KOPPEKTHEBIE CY(HIUKCHBIE CCBLIKA I BCEX
BHYTPEHHUX BEpIIMH, KpoMe oTua aucta last }

u := orer JaucTa last;

tail := momeTKa nucta last;

{Y:=s(u) + tail }

if u = kopensb gepeBa then begin

{ Yiy1 =tail’ }

no6aBuTh tail’, HaUMHAA C KOPHS,

[IOJIy Y€HHBIN JUCT [TOMECTUTH B last
end else begin
U 1= OTEI BEpPIINHEL U;
pretail := MOMETKa BEPIIUHEL U;

{Y; = s(v) + pretail + tail }
if v = xopeHp gepeBa then begin
{ Yiy1 = pretail’ + tail }
npocaenuTs pretail’ w3 KopHA B 2
end else begin
w := Cy(pPUKCHAA CCBLIKA BEPIIUHEI U;
{ s(w) = s(v)’, Y41 = s(w) + pretail + tail }
IpOCAeUTh pretail M3 w B z
end;
{ ocTanoce n06aBUTE tail M3 z U CCHUIKY U3 U B 2 }
if mosuius z sABIsETCsA BepiuHOU then begin
[IOMECTHUTH B U CCHLIKY HA Z;
n00aBUTL tail, HAYUHAA C 2,
[IOJIyY€HHBIN JIUCT IOMECTUTE B last;
end else begin
100aBUTL tail, HAYMHAA C 2,

IIOJIy YeHHBIN JUCT IIOMECTUTE B last;
[IOMECTHUTH B U CCBHUIKY Ha OTUA JuCTa last;
end
end;
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OCTanoCh OIEHUTE YUCIO AEUCTBUN, KOTOPHIE BHIIOJIHAIOTCA IPU IOCIC-
J0BaTEIbHOM A0baBieHuu cypdukcos Yy, ..., Y, . [Ipu go6aBienun kax go-
IO CJAEAYIOMEro Cyd(pUKCa BHINOIHACTCA KOHEIHOE YUCIO JEUCTBUN, €CIN HE
CYNTATh NEUCTBUN [IPU (IPOCICKUBAHU U «100aBieHuwy. Ham Hano ycra-
HOBUTB, 4TO obmee uucao geucteun ectb O(mM); AIA DTOCO AOCTATOYHO
OTEIBbHO JOKA3aTh, 9TO CyMMAPHOE YUCJIO NEUCTBUU IIPU BCEX MPOCACKU-
BaHusx ectb O(mM) u CyMMapHOE YMCJIO ACUCTBUM NPHU BCEX AOOABICHUAX
ectb O(m). (3ameTuM, YTO HEKOTOPHIE NPOCACKVBAHUA WIA JOOABICHUS
MOr'YT OBITH JOACUMU — HO DTO KOMIIEHCUPYETCs APYTUMU. )

IIpocaexuBanwsa. [JIUTEIbHOCTD IPOCICKUBAHNS IPOIOPIMOHAIBHA YU~
cry k 3aJeUCTBOBAHHBIX B HEM pEOGEp, HO OPHU DTOM BBHICOTA MOCJIEIHErO
I0GABICHHOrO JUCTa (YUCI0 PEGEp HA MyTU K HEMY) YBEIMIUBACTCA HA
k — O(1) (mo cpaBHeHMIO ¢ IpeALIAYIIAM AOOABICHHBIM JUCTOM). ATOGBL
y6e,I[I/ITBCf{ B 3TOM, NOCTATOYHO 3aME€TUTH, YTO B TPETHEM CIy4a€ BHICOTA
BEPIIMHEL $(W) MOXET GbITH MEHBINE BHICOTHI BEPIIUHLL $(V) pa3Be 9TO HA
€IVHUILY, TOCKOJBKY CY((PUKCHBIE CCHLIKU U3 BCEX BEPIIUH HA MyTH K v (HE
cuuTas KOPHA, e HeT Cy(pOUKCHOU CCHUIKU) BEAYT B BEPIIMHBI HA IIyTH
x w. [Tockoabky BEICOTA JI060r0 JUCTA OTPAHUYEHA YUCIOM 1M, 3AKII0YAEM,
9TO 00IIas AJINTEIbHOCTD BCEX MpociexuBanui ectb O(m).

Ho6armenus. PaccyxgaeM aHaJOrMYHO, HO CIEAUM HE 33 BBICOTOM IIO-
CJIEJHETO JIACTA, & 33 JIUHOU ero nomeTku. [Ipu go6asnennu ciosa tail (wmm
tail’) 4UCIO HEUCTBUM IPONOPIMOHAILHO YHUCIY IPOCMOTPEHHHIX GYKB, HO
Kaxkjas IPOCMOTPeHHas OykBa (Kpome, OBITH MOXET, OJHOM) yMEHBIIAET
JJIMHY IOMETKHU XOTsA OBl Ha €AMHUIIY: B IOMETKE OCTAITCA JIUIIb HEIIPOCMO-
TpenHsle OykBhl (He cumTas nepson). IlooTomy Ha Bce 1oGaBIeHUs yXOAUT
B obmen cioxkuocTH O(m) AeiCTBULL.

Tem caMBIM MEI JOKA3aJU, 9TO OMUCAHHBIM AATOPUTM CTPOUT CKATOE
cyddukcHoe gepeBo caoBa Y pauuel m 3a O(m) geucrsui. [locae aToro mis
moboro cinoBa X AIuHBL 1 MOXKHO 3a O(n) N€NCTBUN BHIACHUTD, SBJIAETCS
au X TOJACIOBOM CJIOB3 Y .

10.8.8. Kak MoauduiupoBaTh aIrOpUTM IOCTPOECHU CyHEPUKCHOTO ae-
peBa, YTOOLI HE TOJBKO Y3HABATH, ABIACTCA JIU JAaHHOE CJIOBO X IOJACIOBOM
caoBa Y, HO u (eciu ABJAAETCA) yKa3BIBATH MECTO, T€ OHO BCTPEIACTCA
(omHO W3 TAKMX MECT, eCu WX HECKOJAbKO)? Bpemsa moCTpoeHus IOLKHO
ocrasareca O(|Y]), Bpemsa moucka mogcaosa — O(| X ).

Pemenme. Kaxas Bepumua CkaToro Cydgp@uKCHOro aepeBa COOTBET-
CTBYET HCKOTOPOMY ITOACJOBY CJIOBaA Y, B MOMEHT, KOI'/la 3Ta BEPIINHA OnLIa
no6aBieHa B EPEBO, U3BECTHO, B KAKOM MECTE €CTh TAKOE MOACJA0BO, ¥ MOX-
HO 3alKCaTh B BEPIIWHE, Ie COOTBETCTBYIOIIEE MTOACJIOBO KOHYaeTCa. [
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10.8.9. Kak mMoxmdpuumpoBaTh DTOT AICOPUTM, UTOOBI IS KaXKI0IO
MOJCIOBA MOXHO OBLIO Obl YKa3LIBATHL €0 IEPBOE (CaMoe JeBOe) BXOXK Je-
uue?

[Vkazanue. [Ipy BO3HUKHOBEHUM HOBOM BEPIIUHEI HA PeOpPE HyKHO OPAThH
eé nepBoe BxoxaeHue (MHMOPMALUA O KOTOPOM €CTh Ha KOHIE pebpa), a He
BTOPOE, TOJIBKO 9TO OOHAPYXKEHHOE. | O

10.8.10. Kax mMoauduuupoBaTh 5TOT AICOPUTM, ITOOBI MAA KAXKIAOLO
HOJCJI0BA MOXHO GBLIO OBl YKA3EIBATL €0 MOCJEAHEe (CaMOoe IMPaBoe) BXO-
xaeuue?

[YKaBaHMe. FEcun npu xkax oM npoxone KOppeKTupoBaTh UHGOPMALIUIO
BJOJB ITYyTH, 3TO Oy €T 10ar0; OBICTPEE NOCTPOUTH AEPEBO, 3aTEM BHOBB €I'0
O0OUTY U [JIs KAXK JOU BEPIIUHBI BEIYUCIUTH MOMEHT MOCJIEHErO MOSBICHUSA
COOTBETCTBYIOIIErO TOACJIOBA. | (]

10.8.11. Kax ucmonb3oBaTh cxkarToe CypPUKCHOE AEPEBO, UTOOBI s
panHoro ciosa Y 3a Bpemsa O(|Y|) naiitu camoe QIMHHOE OACJIOBO, KOTOPOE
BXOAUT B Y Gosee 0aHOro pasa’

Pemenne. Takoe moacioBO ABJIAETCA BHYTPEHHEU BEPIIMHOU Cydukc-
HOT'O [JI€PEBA, OTOMY JOCTATOYHO U3 BCEX €r0 BEPIIUH B3ATH Ty, KOTOPOU
COOTBETCTBYET CaMOe JIUHHOE CJIOBO. [l 5TOro 4ocTaTovHO 000UTH BCE
€ro BEPIIVHEL (JINHY MOXHO BBIYUC/IATH IO Mepe 06X04a, CKJIAILIBAA [1JIV-

HBI IOMETOK HA PEOPax). O
Ha mpakTuke MOXHO MCIOJb30BATHL TAKXKE U APYTOM CIOCOO HAXOXK Ie-
HUA CAMOrO [IJIMHHOTO HOCIOBA, BXOAAINECTO NBAXKALI, — TAK HA3LIBACMBIN

maccus cyPdurcos. A uMmeHHo, OyaeM paCCMATPUBATL YUCIO ¢ KAK KO
KOHI[A CJIOBA, HAYMHAOLIETO C -0 OyKBhLI. BBEIEM Ha KOLAX MOPALOK, CO-
OTBETCTBYIOIMYU JEKCUKOT PAPUICCKOMY (CIOBAPHOMY) MOPAIKY HA CAOBAX:
KOJ i IIPEIIECTBYET KOAY J, €CJIU KOHEI] CJIOBA, HAYUHAIOIIUUC C §, B JICKCU-
KOrpaduIecKoM MOpsAaKe UAET PaHBIIE KOHIA CI0BA, HAYMHAIOIIETOCA C j.
ITocne sTOro oTcopTUpyeM KOABI B COOTBETCTBUU C ITUM MNOPAAKOM, IO-
Jy49MB HEKOTOPYIO IEPECTAHOBKYy MaccuBa 1,2,3,...,m (rge m — nuuHa
ucxogsoro caosa Y). Eciu xakoe-1o cioBo X BXOAUT B CIOBO Y ABAXKIHL,
TO OHO FBJISETCS HAYAJIOM [ABYX KOHLOB CiI0Ba Y. IIpu 5TOM 5T KOHUEI
MOXHO BBIOPATH COCEIHUME B JEKCUKOIDPA(GUUIECKOM IMOPSAIKE, ITOCKOIBKY
BCE IIPOMEXYTOYHBIE CJIOBA TOXE HAYMHAIOTCA HA X . SHAYUT, JOCTATOIHO
[JIS BCEX COCEIHUX KOHIIOB IMOCMOTPETh, CKOJBKO HAYAJBLHEIX OyKB y HUX
COBIIQIAET, U B3ATH MAKCAMYM.

IToT cnocob TpebyeT MeHbIne naMATH (HaM HyXKEH JUIIb OJUH MACCUB
U3 UEJLIX YMCET TOU K€ [IJMHEI, YTO UCXOAHOE CJOBO), HO MOXET TPebo-
BaTb OOJBIIIOIO BPEMEHU: BO-IIEPBHIX, COPTUPOBKA, cama mo cebe Tpebyer
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mopsaaka m log m cpaBHEHUN, BO-BTOPBIX, KAXKI0€ CPABHEHUE MOXKET [JIUTh-
€A I0T0, €CIN COBIAIAOIMUU KycOK Goubimon. Ho B ciayyanx, korjga AamMH-
HBEIX COBIIAIAIOIIKX KYCKOB MAJO, TAKOU AJICOPUTM PA0OTAET HEIIOXO.

10.8.12. IlpuMeHUTH OAWH U3 TAKUX AJTOPUTMOB K JOOMMOU KHUTE
U OOBACHUTH Pe3yabTaT.

[Yxazauue. [luHHbBIE TOBTOPAIOMUECA KyCKYU MOy T OBITH XY 1OXECTBEH-
HEIM IpUéMOM (KAaK B M3BECTHOM CTUINKE NPO [IOM, KOTOPHIM HOCTPOMI
[xex) wiu caefcTBUEM 3a0BIBYMBOCTU aBTOpPA. [[1f COBPEMEHHEIX ABTO-
POB BO3MOXHO TaKXkKe¢ HEyMEPEHHOE HCIONL30BAHME (PYHKIUM BLIPE3AHUA
7 BCTABKU (3aJUBKU TEKCTA B MEIIb U BHUIMBAHUA U3 MBIIIN, €CJIUA UCIOIb-
30BaTh rpadudeckuit nHTEPQENC) B TEKCTOBOM PeaKTOope. ] O

11. AHAIU3 UTP

11.1. lNpumepsl urp

11.1.1. [IBoe urparT B TaKyio Urpy: Ha cTose JexkuT 20 cnudek; urpa-
IOLIUe 110 OYepenu MOryT B3sATh OT 1 10 4 couyek; KTO HE MOXET CAeJaThb
x0fa (CnmYek He OCTaJ0Ch) — mpourpeBacT. KTo BLIMrpEBaET mpu mpa-
BWILHOU urpe?

Pemenne. Bropou BoiurpeiBaer, ecau OygeT AOMOJHATHL XOI MEPBOTO
10 5 cmuex (ecau nepBoil 6EPET OHY, BTOPOU JOJKEH B3ATH Y€ THIPE U TAK
nanee). Torga mocae 4eTHPEX PAYHJOB COUYEK HE OCTAHETCS U MEPBBIN
MIPOUrPaeT. O

11.1.2. K70 BhIMrpaeT — MEPBBIM WJIU BTOpOU — ecau coudek ze 20,
a 237

Pemenne. Ilepsoiin: ecim OH BO3BMET TPU CIUYKU, TO CTAHET BTOPHLIM
B YK€ pa3s0OpPAHHOU UT'PE U MOTOMY CMOXET BLIUTPATH. O

AHaIOrMYHO NOLYYaeTCA OTBET U I IPOU3BOJIBHOIO YuCaa cudek (IV):
eciu N KpaTHO MATH, TO BEIUTPLIBAET BTOPOU, & €CJAU HET, TO MEPBLIN.

11.1.3. WameHuM yCIOBUS UrPBL MYCTh B3ABIIMU MOCJICIHION CIUYKY
npourpsiBaeT. KT0O Tenepsb BHIUTPEIBACT MPU MPABUILHOU Urpe? O

11.1.4. Ilycts Temepb urpokam pasperieHo 6pats 1, 2 wim 4 coumdku,
a KTO HE MOXET C[EeJATh XOJ, NpOUrpuiBaeT. KTO BEIUTDLIBAET NpU Npa-
BWIBHOU Ur'pe, ecau BHavase 0sw10 20 coumdex?

Pemenne. 31ech yxe He TaK MPOCTO CPA3y YKA3ATH BEIMTPHIIHYIO CTPA-
TEruio s NepBOro uiyx BrToporo. HauuéMm ¢ HEGONBIIOrO 4MCIa COUYEK,
u300pa3uB pa3peméHuble X046l B Buge crpeqok (puc. 11.1): Urpok, oxa-
saBmmnca B nodutuu 0, OpOUrpHIBAET (TAKOBHI IPABUIA), HO3TOMY COOT-
BETCTBYIOIMI KPYXOK moMetuM Oyksou II. Mrpox, oxasapmmucs B mo3u-
musax 1, 2 win 4, BEIMCPBIBAET, MOCKOILKY OH MOXET 3a0paTh BCE CIUYKH
U IIepeBecTy IPOTUBHUKA [0 cTpenke B mosuimio 0. IlosToMy MBI moMeTuM
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Puc. 11.1. Urpa co cnuuxkamu.

o1y nosuuu 6yksou B. Teneps siCHO, 9YTO mo3unus 3 ABIAETCSA IPOUTPHIII-
HOU: U3 Heé MOXHO ITOUTHU TOJBKO B 1 M 2, 1 TOrjAa HPOTUBHUK (KAK MBI
yxke 3HaeMm) Beiurpaer. [lomerum eé Gyxson II. /lanee sameuaem, 9TO mo-
sunuu 4, 5 u 7 OyAyT BHIUCPHIMIHEIME ([IOCKOIBKY U3 HUX MOXKHO HOIACThb
B IIPOUTPHIMIHYIO 1A MIPOTUBHUKA MO3UINIO 3; 3aMeTUM, YTO U3 mo3unuu 4
MOXKHO BHIMIPATh U ObicTpee, nouga B 0). Temeps Buano, 94TO mosunus 6
IPOUTPHINHASA (BCE CTPEIKY U3 HEE BeAyT B BLIUIPHIMIHEIE 1/ IPOTUBHUKA
[O3UIUY ), § — BHIMCPHIMIHAA, 9 — NPOUTPHINIHAA ¥ TAK JAJEE C IEPUOAOM 3.

Taxum o6pa3oM, eCaM YUCJIO CIHYEK AEIUTCA HA 3, TO MO3WLIUA HIPO-
WUIPBIIIHAA, €CIU HeT — TO BuIMIpHINHAAL. [lodToMy B urpe ¢ 20 comykamu
[IEPBEIY UIPOK BLIMUTPLIBAET. ]

11.1.5. Kaxk OH a5 5TOr0 JOKEH UrpaTh?

Pemenne. CTaBuTh NPOTUBHUKA B NPOUTPHINIHYIO MO3UIHUK, TO €CTh
CIeUTH, YTOOI IOCJE €r0 X018 YUCIO CIUYEK ObLIO0 KPATHO TPEM (B 9acT-
HOCTH, B HAYAJE UTPHL B3ATH 2 CIUYKH, YTOOLL OCTAIOCH 18). g

11.1.6. Ha crTone nexar nBe Ky4Ku COUYEK: B OAHOU M, B APYTOU Nn. 3a
OJVIH XOJ Pa3PEIaeTCsa B3ATh J060€e (HEHYJIEBOE) YUCIO CIUYEK, HO TOJIBKO
73 OJHOU KydYKU (MOXHO B3ATh BCE CIIMYKU B HEW); KTO HE MOXET CIEIaTh
X0, IPOUrPEIBAeT. KTO BLIMIPHIBAET MPU IPABUILHON UTpe?

OTBeT: py M = N BHIUTPBLIBAET BTOPOU, IPHU M 7 1 — MEPBLIN. g

11.1.7. Ha maxmaTHOU NOCKE CTOUT JIa Ibs, KOTOPYIO UT'POKU MO O¥Yepe-
¥ OBUTAIOT, IPU DTOM PA3PEINeHO CABUrATH €€ BIEBO M BHU3 (OCTABIATH
HA MECTe HeMb3:); KTO He MOXKET CAeNATh X0, IPOUrPHIBAET. KTO BRIMIPEHI-
BAET IPH MIPABUILHOU Urpe?

[Yxazanue. Kax sra urpa cBssana ¢ npegsiaymen?| O

11.1.8. (Urpa «uum») Umeerca k Kydek us nq,...,Nj CIUYEK; 33 OJUH
XOJ[ MOXHO B3ATh JM000€ (HEHYJIEBOE) YUCIO CIIUYEK, HO TOJBKO U3 OJHOU
Ky4d (MOXKHO B3ATH BCE CIUYKY B HEM); KTO HE MOXKET CACJIATH XOJ, IPO-
urpniBaeT. KTO BEIUTPHIBAET NPU MPABUILHON Urpe?
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Pemenue. 3anuiem 9ucaa nq,...,7N; B IBOUYHOU CUCTEME CUUCICHUA
OPYT IO APYIOM, KaK eciu Obl MBI COOMPAJIMCh UX CKJIAAHBATEL. Eciau B Ka-
JKJOM Pa3psje IPU 3TOM OKA3aJ0Ch YETHOE YUCIO €AUHMAI, TO BEIUTDHIBACT
BTOPOU, B OCTAIBHBEIX CJAydYasX — MEepBeIA. B camoMm gesme, eciu BO BCEX
pa3psajax 4€THOE YHUCIO €JUHUIl, TO MOCJIE YMEHBINEHUS OJHOI'O U3 YUCe
KaKOU-TO U3 €ro Pa3psjoB U3MEHUTCA U B DTOM DA3PsALEe MOLYUUTCSA He-
9éTHOE YMCI0 eauHuL. (DTO COOTBETCTBYET TOMY, YTO U3 HPOUCPLIIIHON
no3unuy JOGOU X0 BEAET B BLIMIPHINHYI.) Ecim e B HeKOTOPHIX (¢I1710-
XUX») PaspsAAaX HEYETHOE YUCIO €UHUL], BO3BMEM CTAPIIUY [LUIOXOM PA3PAL
¥ TO U3 4YUCETI, KOTOPOE COAEPXKUT B 3TOM paspsie eauHuny. Torga, uame-
HUB B DTOM YUCJE BCE ILIOXUE PA3PAIEI, IOIYIUM MEHBIIEE YUCJI0, KOTOPOE
[IOCTABUAT NPOTHUBHUKA B NPOUrpPHINHYO mozunuio. (CMm. npaBuia Ais BeI-
UTPHIMIHEIX ¥ OIPOUCPHIIHLIX TO3ULIUN B CIEIYIOMEM pa3jede. ) (]

11.1.9. B psapg mexar N smmKoB, B KaXX0M U3 HUX [0 MOHETE. 3a OIuH
XOJ UTPOK MOXKET B3ATh JTI00YI0 MOHETY WM JT00bIE [BE MOHETHI U3 COCE[-
HUX SIMAKOB; KTO HE MOXET CIEJATh XOJ, IPOUTrPHIBAET. KTO BHIMIDHIBACT
[IPU NPABUIBLHOU Urpe?

Pemenne. [lepBriit: OH JOMKEH B3ATH OAHY WX IBE MOHETHI B IIEHTDE,
a MOTOM CUMMETPUYHO MOBTOPATH XOABI BTOPOLO. ]

11.2. LleHa urpsl

ABanm3upys urpel B OPEABIAYIIEM PA3AEIE, MBI UCIOIB30BATHA CIEAYIO-
e (OYeBUAHEIE) IPABUIA:

1. Eciii u3 HEKOTOPOU MOBUIMYU P MOXKHO HOUTH (ITO CTPEIKAM) B HEKOTO-
PYIO IPOUTPHIIIHYIO ( 1/ HOMABIIEro B Heé UIPOKA) MO3UIMIO, TO HO3ULUS P
SIBJIS€TCS BHIMTPHIIHON (/151 ONABIIErO B HEE).

2. Eciu u3 HEKOTOPOU TO3ULMK P MOXKHO MOUTH TOJBKO B BHIUTDHIITHEIC
MO3UIUY, TO TO3UIUA P ABIACTCA TPOUTPHIIMIHON.

11.2.1. [ToxasaThb, YTO €CJAU YUCJIO MO3UIUYN B UT'PE KOHEIHO, HET IIUKJIOB
(HeJB3s BEPHYTHCA B OJHAXK,ALI IPOUICHHYIO HO3UINIO) U PO BCE 3AKIIOYN-
TeJbHEIE MO3ULUY (Te HeMb3s CACJIATH X04a) U3BECTHO, KTO BEIUTDLIBACT,
TO nmpaBuia 1 u 2 OJHO3HAYHO PA30MBAIOT BCE NMO3UIKAU HA, BHIUTDLIIIHEIC
¥ IPOUTDHIIIHEIE.

Pemenwe. Bynem npumensTs 5Ty OpaBmia, MOKa DTO BO3MOXHO. flcHO,
YTO HUKAKas MO3UIUA HE OyaeT OOBABICHA ONHOBPEMEHHO BHIUTPBIIIHOU
u npourprimHou (aas momapmero B Hed). Hago mumm gokaszaTsb, 94TO He
OCTAHETCA «COMHUTEILHBIXY MO3UIUY (HE OTHECEHHBIX HU K BHIUTDBIIIHBIM,
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HU K [MPOUTPHIIHEIM). 3aMETUM, YTO U3 KaXKI0M COMHUTEJIBHOU MO3ULMA
BeAET CTpPEIKa XOTs Obl B O4HY COMHUTEAbHYIO nosuuuio. (B camom geue,
€Cc/u BCE CTPEJKHU BEIyT B HECOMHEHHBIC IO3WUUIMU, TO Ju0O BCE OHU BHI-
WUI'PHIIHEIE, JU00 €CTh XOTh OJHA IPOUIPHIIIHAA, U MOXHO OBLIO OBI BOC-
[OIB30BATHCA OfHUM U3 ABYX NPABUI.) SHAYUT, UAA IO CTPEIKAM B COMHU-
TEJbHBIE TO3ULNY, Mbl PAHO MJIU [103 JHO MOJYYUM [UKJI, YTO IPOTUBOPEUYUT
IPEAIIOJIOXEHUIO. U

11.2.2. CdopmMynupoBaTh U AOKA3ATH AHAJOTUYHOE YTBEPKICHUE IS
WUr'D, AONYCKAIOMWINAX HUYBH. g

Urpel ¢ HUYEUHBIM UCXO0M ABIAIOTCA YACTHBIMU CIyYaaMU KOHEUHLIL
uep ¢ Noanot urndopmayuet v HYse60% CYMMmol, PACCMATPUBAEMBIX B TE€O-
pun urp. YToOH 3a4aTh TAKYI0 UTCPY, HEOOXOAUMO:

1) yxasaTb KOHEYHOE MHOXECTBO, 3IEMEHTHI KOTOPOI'0 HABKEIBAIOTCA NO-
BUYUAMY;

2) i KaxAOU MO3WUIMM YKA3ATb, ABIACTCA JU OHA 3AKA0UUTNEALHOU
(urpa 3aKOHYEHA) WIU HET;

3) A KaxXIOU 3aKII0YATEILHON MO3UIMY YKA3ATh PE3yIbTAT UrPHL (du-
CJI0); 3TO YUCJIO IOHUMAECTCA KAK CyMMa, [IEHEr, KOTOPYIO OJUH UTPOK
IJIATUT APYTOMY;

4) 1A KaX[I0W HE3AKIIYUATENbHOU MO3ULUU YKA3aTh, KTO U3 UTPOKOB
JOJDKEH AeIATh X0 B DTOU MO3ULINY U KAKWUE PA3PEIIEHEL XOAH! (B Ka-
KVe TO3ULUK DTOT UTPOK MOXKET HEePEUTH);

5) yKa3aTh HAYATBLHYIO MO3UIAIO UCPHL

IIpu sToM TpebyeTcs, 9TOOH He OBLIO IUKJIOB (HEIb3s OLLIO BEPHYTHCA
B yXe IPOUJCHHYIO MO3UIMIO MOCJIE HECKOIBKUX XOJ0B).

IMo3unuu urper yao6HO paccMaTpUBaTh KaK BEePIIUHEI Ipada 1 n3obpa-
XKaTh TOYKAMU; BO3MOXKHBIE XO[bI IIPU DTOM CTAHOBATCA péOpamu rpada
u uzobpaxawTcs crpeakamu. Urpy MOXHO paccMaTpuBaTh KAaK IEPEIBU-
JKeHue pUuIKu, 0003HAYAIOMIEN TEKYIIYI0 MO3UIUI0 UTPHL, IO 3TOMY Tpady.
B kax /01 BepIIMHE HAMCAHO, KTO NOJIKEH AeI1aTh XOf (€CaIu urpa He KOH-
YMIACh) WM KTO ¥ CKONBKO BHIApAX (ecaum urpa koHumiack). Oxana us
BEPIIUH YKA33HA KAK HAYAIBLHASA TO3UIU.

Byuaem nasriBars urpokos Maxc u Mun u cantaTh, 94T0O pE3yIbTAT UTPHL
ompenenser, ckoabko Mun mmatur Makcy. (Morusuposka: Makc xoder,
4TOOBI 9TO YUCIO OBLIO MAKCUMAILHEIM, & MUH — MUHUMAILHBEIM — @ Jy4-
e BCEr0 OTPULATENBHBIM, MOCKOABKY TOraa OH mouaydaer genoru!) Kro
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U3 UrPOKOB [EJAET MEPBBLIM XO[, ONPeNeJseTCs HAYAILHOU MO3ULUen. 3a-
MEeTHM, YTO MBI TE€Nepb He MPEAIONIAraeM, YTO UIPOKYU XOAT IO OYepesu:
OJWH M TOT XK€ UI'DOK MOXET [eJaTh HECKOJIBKO XOLOB IIOAPAL.

(Tem cambiM, HApUMED, B UIPE CO CIUYKAMYU KaXK BN KPYXKOK Ha, PU-
cyuke 11.1 Teneprs mpeBpamaeTcs B ABe DO3unuu: ¢ X010M Makca u ¢ xoqom
Musna.)

HNrpa, B KOTOpOU OJIVH U3 UTPOKOB BEIUTPHIBAET, a APYTOU MPOUTPHIBA-
€T, COOTBETCTBYET 3HAYCHUAM +1 B 3aK/IIOUUTEIBHEIX BepmmHax (+1 o3una-
vaet Buurpeim Makca, —1 oznagaeT euurpeim Muna). VIrper ¢ HudenssMu
UCXOJaMU IOJIYYIATCs, €CAU MPUOUCATE YucI0 ) HUYEUHBIM MO3ULVSIM.

Omnpegemum Teneps nousatue cmpameeuu. Ctpaterus mas Maxca (wmm
Mumna) onpegenseT, Kak OH JOMXKEH XOAUThb B KaXK A0 U3 no3uuuil (rae Xoq
3a HUM ); GOPMATBLHO DTO QYHKIUA §, OIPEACIEHHASL HA MHOXECTBE TO3UIINN,
rae X0 3a HUM. SHAYCHUAMY STOU (DYHKIUY ABIAIOTCSA IO3ULAN, IIPU DTOM
XOABl JOJKHEI OBITH NOMYyCTUMBIMHA, TO €CTb U3 p B $(p) AOIKHA BECTH
CTpenKa.

Crparerun Takoro TUIA HA3LIBAIOT B TEOPUU ULD NO3UYUOHHBLMY, TIO-
4€pKUBAsA, YTO BHIOOP X013 B3aBUCUT JUIIb OT TEKYIIEW MMO3UIUK, HO HE
OT wucTOpumM Wrphl (KaK Mul B 3Ty nosunuipo nomanu). (/[pyrue crpare-
Uyl HAM He MOHaA00SATCA, TAK YTO CJIOBO «ITO3ULMOHHAMY MBI OygeM Omyc-
KaTh.)

Ecun ¢puxcuposars crpareruu gus Makca u Muna, To ucxos urpst mpe-
[OIPENEISH: DTU CTPATEIUK OTHO3HAYHO ONPEACIAIOT MOCAC[0BATEILHOCTD
no3unuy (IAPTUIOY) U PE3YALTAT UTPHL.

11.2.3. [loxasaTh, 9TO Ajs Ja000u urpbl G MOXHO HAUTU YUCIO C U
crpareruu M u m ana Maxca u Muna, npu KOTOPBIX:

(1) Makc, moas3ysce crparerueu M, rapanTupyer ce6e¢ BEIUTDHII HE
MeHee ¢, Kak Obl Hu urpan Mus;

(2) Mun, noassysce cTpaTeruen m, TapaHTUPyET cebe MPOUTPHIN HE
Oouee ¢, Kak Obl HU urpax Makc.

Yucao ¢ naswBaoT yenoli urpel G. 3aMeTuM, YTO LIEHA UIPHL OIpe-
JeIseTcss OqHO3HA4YHO: u3 ycaouil (1) u (2) cregyer, uro y Makca Her
CTpaTeruu, rapaHTUPYOMEN €My BBIACPHII (oublie ¢ (IOCKOAbKY OHA HE
MOXET 5TO CAeJaTh IPOTUB CTpaTeruu m), a y Muna Her crpareruu, ra-
PAHTUPYIOLIEH €My [IPOULPHIII MEHBIIE C.

[as urp ¢ gByMsa MCXOZAM¥ YTBEDXKICHUE 331a49u (HA3EIBAEMOE 1MEO0-
pemot Ilepmeno) 03HaIaET, YTO POBHO ¥ OFHOIO U3 UTPOKOB MMEETCS BBI-
UCPBINHAA cTpaTerus. Ecim paspemmTs U HUYbU, TO JubO y OAHOIO U3
UTPOKOB €CTh BEIUIPHIIHAA CTPATErus, 1U60 y 000UX €CTh CTpATerus, ra-
PaHTUDPYIOLIAs HUYBIO.
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Pemenwne. [lycte p — mpousBombHas nosunus urpsl G. Pacemorpum
urpy Gp, KOTOpas OTIn4aeTcsa 0T G JMIIb HAYAIBHON IO3UIUEH, U DTA Ha-
waabHas no3uuus ecthb p. (Ecim p — sakmounrensras BepmmHa, TO urpa G,
TPUBUAIBHA: UT'PA KOHYACTCSH, HE HAYABIIUCH, M UI'POKAM COOOIIAETCsA pe-
syabTar urpsl.) Kak mer cenvac yBugum, neny urpsl G, (kax ¢GyHKIuio
OT P) MOXHO ONPEAEIUTH PEKYPCUBHO, HAYUHAA C 3AKIIOYATEILHBIX 103K~
UH.

Bonee Touno, paccMOTpuM CleayIomiee PEKyPCUBHOE ONPEICICHNE HEKO-
TOPOM (PYHKIWMK C, ONPEICIEHHON HA BEPIIMHAX Ipada:

e ¢(p) paBHO Brmrpoiny Makca (=npourpeiny Mwuna) B mosuuuu p,
€CJM TIO3ULUA P ABIACTCA 3AKIIOIYUTEILHON;

e ¢(p) = max{c(p’)}, eciu B Bepruune p xoauT Maxc; MakcuMyM GepéT-
€A MO BCeM BepmmHaM p', B KOTOpble Makc MOXET IOUTH U3 P IO
NpABUIAM WCPHI;

e ¢(p) =min{c(p')}, ecan B Bepmmue p xogur Mun; MmuruMym G6epéres
[0 BCeM BepmmHaM p', B KOTOpEIe MUH MOXET IOWTH U3 P IO IPaBU-
JIaM UCPHL

Jlemma. OTO ompeneneHMe KOPPEKTHO: CYIIECTBYET U €IUHCTBEHHA
dysKuMa ¢ (ApryMeHTH — BEepUIMHEL rpada, 3HAYCHUA — YUCIA), yAOBIC-
TBOPAIOIIAA YKA3aHHBIM TPeOOBAHUAM.

llokasaTeabcTBO JeMMBL. HazoBEM paxeom BEpIIMHLI MAKCUMAJILHOE YU~
CJIO XOJ[0B, KOTOPOE MOXHO CIeJaTh u3 dTou BepmuHbl. [lockonbky mo npe-
MIOJIOXKEHUIO B UI'PE HET LUKJIOB, TO PAHT JOOOU BEPIIUHEI HE GOJBIIE YUCAA
BepruH. [Jokaxem uHayKIuen mno k, 9T0 CyIIECTBYET U €IUHCTBEHHA (hyHK-
LUUs ¢, ONPEIENEHHAS HA BEPIIMHAX PAHIra He 60ibIne k U yI0BIC TBOPSAIOMIASL
pexypcuBHOoMy onpegenenuto. Juas k = 0 sTo oueBuguo. llar unaykium uc-
[OIB3yeT Takoe (OYeBUAHOE) 3aMEYaHUe: eCJAU U3 BEPIIUHEL D MOXKHO Cle-
JaTb XOJ B BEPHMIUHY p’, TO PAHT BEPIIMHLI p' MEHBLIIE PAHIa BEPIIMHEL P.
IMosTomMy pekypcuBHOE OnpeneeHne OJHO3HAYHO 33,/4a6T 3HAYCHUS HA BEP-
IMUHAX PAHTa K, €CJIU U3BECTHHI 3HAYCHUS HA BEPIIMHAX MEHBLIIUX PAHTOB.
Jlemma, gokaszana.

Ocraloch 10Ka3aTh, 4TO 3HA4YeHUE ¢(p) ABIAETCA UeHon urpsl G,. Pac-
CMOTDPHUM CIeAyIOIyo (MO3UINUOHHY0) CTpaTeruio A1 Makca: u3 Beprum-
HBEL P XOAWTH B Ty BepmuHy p’, mjsa KOTOpou 3Hadenue ¢(p’) MakCUMAIBLHO
(n pasuo ¢(p)). Ecim Makc caegyer 5TOM cTpaTeruu, TO HE3ABACUMO OT
xo10B Muna 3nadenue c(q) 4A TEKylmel BEPIIUHEI ¢ HE yOBIBAET B XOJ€
urpsl (npu xogax Muna oHO yORIBATH BOOOIIE He MOXeT, npu xonax Mak-
ca OHO He yOBIBAET II0 IOCTPOEHUIO CTpAaTeruu). TeM caMbIM B BEpIIUHE P
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MakcCy rapaHTUPOBAH BLIMTPHINI HE MEHBIIE ¢(p). AHAJOTUYIHEIM 06PA30OM,
eciu Mun xoauT B Ty Bepmuny p’, e gocTuraerca MunumyM c(p’) (pas-
HEW ¢(p)), TO 3HadeHue ¢(g) He BO3PACTAET B XOAE UIPHL U MOTOMY Muu
IpOUrpHIBaeT He Gouee ¢(p).

Teopema Ilepmenio noxazana. O

11.2.4. Urpa B KPECTUKU-HOJIUKHU COCTOUT B CJACAYIOMIEM: HA GOJBIIOM
KBaJPATHOM IIOJIE [BA UTPOKA IO OYEPEAU CTABAT KPECTUKYU U HOJUKY B €IIIE
HE 3AHATHIC KJICTKU (HAYMHAIOT KPECTUKH). BEIUTPHIBAET TOT, KTO IEPBEIM
IIOCTAaBUT IATH CBOUX 3HAKOB IIOADAL (HO BEPpTUKaAJAU, "OPU3OHTAJIN UJIN
auaronanu). Ecim BCE mOse 3amonHEHO, a TaKoro He CAy9WIOCh, MAPTU
cuuTaeTcsa Hu4YenHou. [[0Ka3aTh, 9TO y KPECTUKOB €CTh CTPATEr s, TapaH-
TUPYIOMIAS UM HUYBIO UIN BHIATDHIII.

Pemenue. Cornacuo Teopeme llepmeno, B npOTUBHOM Cly4ae y HOJIUKOB
€CTb CTpaTErus, MapaHTUPYIOWas UM BuIMrphI. IlokaxkeMm, 4TO KpecTu-
KM MOL'YT HCIOJB30BATH IO CYIIECTBY TY XK€ CTPATErHIO, 3a0BIB O CBOEM
HEepBOM XOfe. A mMeHHO, mpeacTaBuM cebe, 9TO KPECTHKM [IEJNA0T IIPO-
U3BOJILHEIM NIEPBHIN X0 (KapaHJAIIoM), a 3aTeM OTBEYAT (YepHUIaMMU)
Ha XO[B! HOIMKOB IO BHIUTPBINHOM CTPATErUN A HOJIUKOB (CUATAA XOABI
HOJIVMKOB KPECTUKAMHU U 3a0BIB O CBOEM MEPBOM XOJE).

MoxeT i1 Ipu 3TOM IEPBHIM X0 moMernars! Moxer, eciu crpaTerus
YKa3bIBaeT KaK pa3 Ha Ty KJIETKY, [Je yKe CTOUT KapaHIaIlHEI KPECTHK.
B sToM cayvae HAZO KApAaHIANIHBIN KPECTUK 0OBECTH YEPHUIAMH, & KaPaH-
[AIIOM CJeJaTh X0/ B IOy CBOOOIHYIO KIeTKY. Eciamu cBOOOJHBIX KIETOK
HeT, TO MO3ULUSI COOTBETCTBYET (C TOYHOCTBHIO 4O 3aMEHBEI KPECTUKOB HA
HOJIMKY) 3aKIIOYATENLHON HO3UIUY B BEIUCPHIIHON MAPTUX A HOIUKOB,
U IOTOMY SBJICTCA BHIUTPHIIIHOM.

Kpome Toro, urpa MoxeT KOHIUTHCA PAHBIIE BpEMEHH, €C/IN KapaH 1alll-
HEIM KPECTUK 00pa3yeT BHIMIPHIIHGIN PSAJ ¢ YePHUIBHBEIMA — HO DTO HaM
TOJIBKO JIydIIe.

Taxum 00pa3zoM, MBI TOKA3ald, YTO €CIN y HOJIMKOB €CTb BBEIUIDBIII-
Has CTPATErus, TO U y KPECTUKOB €CTh BEIUTPBIIHAS CTPATEIUSA — U €CJIN
JaTh 9TUM CTPATErWsM UIPAThH APYT OPOTUB APYTa, HOJIYYUATCS MPOTUBO-
pedne. U

11.2.5. [lokasaTb, YTO 1EHA 1000 UIPEl PABHA BLIUTPHIILY B OJHOU U3
3aKJIIOYUTENBHBIX BEPIINH. (]

11.2.6. Iloxasats, uTo Teopema llepMeno BEITEeKaeT U3 CBOEIO YACTHO-
IO CIydYas Urp ¢ AByMs UCXOAamMu (BBIUTPHII OEPBOrO U BTOPOLO).

[Vkazanue. [lna xaxgoro ¢ GyjeM CYATATH BEIACPHII MEHBINE ¢ IPO-
UTpHIIEM, a GOIbINE ¢ — BLIMCPHIIIEM. O
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11.2.7. Ilycte mana mekoropas urpa (G. Bribepem onny m3 saxiodm-
TEJbHBIX BEPIIUH U OyeM MEHATH BLIUIPHIII B DTOU BEPIIVHE: IOJ0XKUB €I0
PaBHBIM ¢, nonyuuMm urpy G|c]. PaccMorpum neny 5Tou urpsl kax (GyHKIUO
oT ¢. UT0 5T0 MOXeT ObITh 38 QYHKIWA?

OtBert. nena urpet Gc¢] paBHa OamKalnend K ¢ TOYKE HEKOTOPOIO OT-
peska [a,b] (3aBucsumero ot urpu G). a

Botr emé oauH mpumep urpel, rie Teopema llepMeno MmO3BOAAET 10~
Ka3aTh CyLIECTBOBAHWE BLIUIDHINIHOU CTPATErUU [ MEPBOCO HUI'POKA.
Ora urpa HasBana B kuurax M.[lapamepa («Maremarwueckue pocyrmy,
M.: Mup, 1972; «MaTemaTuyeckue rOJIOBOJIOMKY U pa3BaedeHus», M.: Mup,
1971) wrpou Tenna wm «Gpugx-uty. PaccMOTpUM IpAMOYTOMBHYIO CEThb
U3 MyHKTUPHBIX JUHAU BHICOTH 7 u mmpuHel 7 + 1 (puc. 11.2); Beprmumab
I A S A

| | | | |
e e St SIS SIS S
I I I I I

| | | | |
e e ot SIS SRS S

| | | | |

| | | | |
e e ot SIS SRS S

| | | | |

| | | | |
e e ot SIS SRS S

| | | | |

| | | | |
e e T SIS SRS S

Puc. 11.2. Urpa Tenna.

CeTU COEAVHEHBI MYHKTUPHHEIMU OTpe3kamu aiubbl 1. IlepBoii urpok ka-
XKIBIM CBOMM XO0M 06BOAMT (CILIONIHON JWHUEN) OAuH U3 OTPE3KOB. Ero
33/1a4a — COEJWHUTH CILIOMIHBIMY JUHUAMHA JIEBYIO U IPABYIO CTOPOHBI IPs-
MOYTOJBHUKA. 33,1243 BTOPOr0 UI'POKA — €My HOMEIMIATD; KAXALIM CBOUM
XOJOM OH CTUPAET OAWH U3 OTPE3KOB (JIMIIAS MEPBOTO BO3MOXHOCTHU BIIO-
caencTsud ero o6sectu). Arpa 3akaHIMBaeTCs, KOIa BCE OTPE3KU 00Befe-
HEI WX CTEPTHI; TIEPBRIU BEIUTPAJ, €CJAU IIPU DTOM JIEBAs U MIPABAA CTOP OHEI
IPAMOYT OJBHUKA COEJUHEHHEL.

11.2.8. Ucnoawsysa Teopemy Ilepmeno, nokasaTh, 9TO TMEPBEU UTPOK
VMEET BHIUTPHINIHYIO CTPATErUIO.

[Ykazanue. Urpy MOXHO npeacTaBuTh B 60/1€€ CUMMETPUYHOM BUJE, €C-
Ju 106aBUTH CETKY /1 BTOPOro urpoka (puc. 11.3) u caurars, 910 BTOPOU
X0YeT COENUHUTHL BEPXHIOK W HUXKHIOK CTOPOHBLI CBOEUM CETKW, & JUHUAM
[IEPBOrO ¥ BTOPOI'0 UI'POKOB 3AMPEIIEHO HEPECeKaThCA (TeM CaMBIM IIPOBE-
I51 CBOIO JIMHUIO, BTOPOU UTPOK KAK OBl CTUPAET MEPECEKAOIIYIO €6 JUHUIO
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nepeoro). Eciu urpa sakonumiack (B Kax 10U BO3MOXHOM TOYKE [epecede-
HUs IPOBEJECHA BEPTUKAIBHAS WX DOPU3OHTANBHAS JIUHUS), TO DOBHO OAWH
U3 UCPOKOB BHIUIPAJL: MOXHO INPOUTH IO JUHUAM WX CJIEBA HANIPABO, WX
CBEPXy BHU3, HO HE OJHOBPEMEHHO. AKKyPAaTHOE 10KA3aTEIbCTBO 3TOrO UH-
TYUTHUBHO SCHOI'O TOMOJOTMYECKOro (axTa, BIpodeM, He Tak mpocTo.] [

T T
SN TP TD N TSGR SNSGU NP

T

T

T

T

[

Puc. 11.3. Urpa letina, ciMMeTPUYHBIN BADUAHT.

Kak mumet Tapanep, Kaon Mennon (co3garens Teopun nHGOPMAINAN)
OPUAYMA 1A DTOU UTPHL JIOOONBITHYIO «(PU3UIECKYIO» CTPATETUI0, KOTO-
pas Jerko o6obimaerca Ha a0y ceTb Juuuu. [Ipegcrasum cebe, 9TO BCE
CTOPOHBI BCEX KIETOK CeTU ([Js MEPBOr0 MIPOKA) MPEACTABIAIT COGOU
PE3UCTOPHI OJUHAKOBOT'O CONMPOTUBICHUS, KPOME JEBOU U MPABOU CTOPOH
IPAMOYTOJIBHUKA, KOTOPHIE CACJAHEBL U3 IPOBO 1A HYJIEBOT'O COIPOTUBICHUS.
IlepBBI UTPOK CBOMM XOJ0M 3aKOPAYUBACT HTU CONPOTUBICHUS, & BTOPOU
Urpok paspeiBaetT ux (genaet 6eckonednbvMu). CTpaTerus mepBoro Urpoka
COCTOUT B TOM, 9YTO HA A0 MOAKJIIOYUTH HAIPDAXKCHUC MCXK Y JIeBOIL/,I n HpaBOﬁ
CTOPOHAMU IPAMOYTOIBHUKA, U 3aKOPAYUBATL (0OBOAUTE) TO COIMPOTUBIIE-
HEE, Yepe3 KOTOPOe UAET MAKCUMAJIbHEIA TOK (WM, 9TO TO XKe caMmoe, Ha
KOTOPOM IAJAeT HAubOIbIIAsA PA3HOCTh MOTEHIMAI0B). Eciu Takux compo-
TI/IBJIeHI/Iﬁ OKa3aJIOCh HECKOJIIBKO, MOXXHO 3aKOPA1IUBATH .7110608 13 HUX.

W3 xuur Tapaumepa HE ACHO, ABIACTCA JU 3TA CTPATETUS BLIUTPHIIII-
HOU. 3aTO TaM MNPUBEJEHA SBHAA BBIUTPHINHAA CTPATErus (CO CCHLIKOU
Ha O.Tpocca). YTo6w 06BACHUTE €€, 6y 4eM CUUTATH, YTO LA IEPBOrO
UTPOKA SBJAETCA HE 1aTh BTOPOMY COENUHUTHL Bepx u Hu3. (Mbl yxe ymo-
MUHAJIM, 9TO T4 LEIb PABHOCWIBHA uCxOaHOHU.) HavamsHem x01 mepBoro
UI'POKA MOKa3aH Ha puc. 11.4; >ToT X041 3ampemaeT 0410 u3 pédbep BTOPOro
urpoka. Pazgemum ocranbabie pEOPa BTOPOro UIPOKA HA MAPHI COCEIHUX,
KaK MOKA33HO HA TOM Xe PUCYHKE. [IepBLIM UrpOK HPEmsaiTCTBYET BTOPO-
My mpoBecTu 06a pefpa KAKOU-1u060 MAphL: €CAU BTOPOU MPOBET OQHO U3
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pé6ep mapel, NEPBLIN HE AAET IPOBECTH BTOPOE PE6PO 3TOU Haphl (IpoBe-
Ast mepecekaromee ero ceoé pebpo). Cuenyrmomas 3a4a49a NOKA3bIBAET, 9TO

|

=g g g e

e T B

Puc. 11.4. Urpa lenna: BEIMCPHIIHASL CTPATETUA

2Ta CTPATErus ABIACTCA BHIUIPHINHOU (NEPBBIM UIPOK HE AAET BTOPOMY
COEIUHUTH BEPX U HU3 U IOTOMY COEAUHSACT JEBYIO U IPABYI0 CTOPOHHL).

11.2.9. [lokasaTb, 94TO 060U IMyTh IO JUHUAM IYHKTUPHOU CETKM, CO-
EIUHAIOIIMYI BEepX U HU3 pUCYHKA 11.4, 00s13aTeIbHO MOKPEIBAET ABa pebpa
OIHOU IIAPHI.

Pemrenwe. [luist sCHOCTU OCTAaBUM HA PUCYHKE TOJBKO IIYHKTUPHEIE JIU-
HUM U COOTBETCTBYyMomue BeprumHsl (puc. 11.5). Ormerum cepyio 06aacTs,
KaK ITOKA33aHO HA PUCYHKE; T€M CAMBIM DPEOpa AENATCA Ha Cephle u Oennle.
[Ipeamnonoxum, 9TO UMEETCS Iy Th CHU3Y BBEPX, KOTOPHIU HE TOKPLIBACT HU
ojaHOU mapel pédep. MOXHO CYUTATDH, YTO DTOT IYTh HE NPOXOAUT [BAK-
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Puc. 11.5. Urpa letsia: aHaM3 BRIUCPHIIHOU CTPATETUN.
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OBl 9epe3 OnHy BepimHy (BEOpocuM nukisl). Kaxaum mar Ha 3T0M myTH
MOXKET OTHOCHUTBCA K O,C[Hoﬁ 13 BOCbMHU KaTeFOpHﬁZ YEeThIPE HAIIPABJCHUA
(ceBep, BOCTOK, IO U 3amaj) KOMOMHUPYIOTCS C ABYyMs LBeTaMu (CEPbIM
u 6enbiv). Kak BUAHO U3 pUCyHKA, OyTh NOKEH HAYUHATHCS C CEPOrO MIa-
ra Ha CeBep, a 3aKAHYMBATHCA OEJILIM IIArOM HA CEBEP.

IlokaxeMm, 9TO 5TO HEBO3MOXHO B CULY HAIIUX OCPAHUYCHUN (HEIB3S
UCIONB30BATh ABa pebpa OLHOU Maphl U HEJIb3S ABAXKALI IPOXOAUTH Yepe3
oy BepmuHy). UTO0, K IpUMepy, MOXET CJICJOBATH 33 CEPHIM IMATOM HA
cesep? Emé oauu cepni IAr HA CEBEP, CEPBIM IIAr HA 3amaj WM OebIl
[IAr HA BOCTOK. 3a CEPHIM IIArOM HA 3aMal MOXKET CJAeIOBATL CEpPBIM Iar
HA 3ama; WIA CephI mar Ha ceBep. Pasbupas moouepéaHo BCe BAPUAHTHI,
JEr'KO yﬁe;[I/ITBCﬂ, YTO IIYyTh, HAYABIINUCH CEPHIM IMIAaroOM Ha CEBEP, HUKOI' 1a
He BBIZAET (€C/AM He HAPYIIUT NPABWI) 33 OPEeIbl MHOXECTBA

{cepril war HA CeBep, CEphLIN Al HA 3ama,
GBIl ar Ha BOCTOK, GEJBIN Iar Ha 0T }.

IosTomy Gennint mar Ha ceBep (KOTOPBIU [IOMKEH ObITH NOCJACIHUM B ITyTH )
HEBO3MOXEH, ¥ MBI JOKA3aJH, YTO BEpX U HU3 PUCYHKA HENb3s COEIUHUTD
nyTéM, HE MPOXOIAIIUM TI0 ABYM pPEOpaM OJHOU MapHI. O

11.2.10. [IBoe urpawoT Ha GECKOHEYHOU KJIETYATOU Gymare, mo O4epeau
00BOJsI KPACHBIM M CUHUM CTOPOHBI KJAETOK (33 OJMH XOI MOXHO OOBECTH
O[IHy CTOPOHY JI000U KJICTKM, CCJIU OHA emé He o6BeneHa). [lokasaTs, 4To
BTOPOU MOXET BOCIPEMATCTBOBATEL MEPBOMY MOCTPOUTH 3aMKHYTHIN My Th
U3 JUHUU CBOErO I[BETA.

[Ykasaume. OH MOXKET IOMEIIATDH [IEPBOMY, HALIPUMED, IOBEPHYTH € 3a-
maja Ha CeBep, pa3bUB BCEe CTOPOHBI KJIETOK HA MAPHL ¥ HE 4aBas MOKPHIThH
06a “IeHA MAPHL.] O

11.2.11. ([Jns 3sHaKoMBbIX ¢ Teopuen BeposaTHocTen) Ha mone gis urps
Tenna (puc. 11.2) kaxaas U3 MYHKTUPHHIX JUHUU OOBELEHA C BEPOATHO-
cToio 1/2 HezaBucuMoO oT apyrux. JJokasaTs, YTO NyTH OT JEBOU [0 IPABOU
CTOPOHH! (II0 06BEAEHHBIM JIMHUAM) CYIIECTBYET ¢ BepoaTHOCThI0 1/2. [

11.3. Bbluucnenue ueHbl: nonHbin obxon,

Kak Bugno m3 pokasarenncTBa Teopembl llepmeno, mis HaXOXgeHus
OI'ITI/IMaJIBHOIL/,I CTpaTeruu AOCTATOYHO YMETH BBIUYUCAATH IICHBI BCEX BEP-
umH. B 5TOM pasgene Mbl pacCMOTPUM CJIydYau, KO MO3ULKUYA UPEL 00pa-
3YIOT AepeBo (Beayume BBepX pEOpA AepeBa COOTBETCTBYIOT BO3MOXHEIM



198 11. Anaaus uep

B [JAHHOU MO3UIMU XO[aM) U MOKAXKEM, KAK IPUMEHUTD IPOrpaMMy 06X04a
aepesa (ruasa 3).

Hamomuum, 4T0 MBI paccMaTpuBain Po60Ta, KOTOPHIM B KAXKABIA MO-
MEHT HAXOAUTCA B OJHOU U3 BEPIIUH [IEPEBA U YMEET BHIIOJIHATH KOMAH JbI
BBepX_HaleBO, BIPaBO U BHU3. POOOT HaUYMHAET PabOTy B KOPHE AEPEBa
(pPOJIB KOTOPOro TEnEph UrPACT HAYAIBbHAA O3unusA urpkl). Pansme PoGot
yMe emé 00pabaThIBATEL BEPIIUHLL; TEIEPh MBI IPEANONIATaEM, ITO OH MO-
XKET ONPEeAENUTD THI TEKYIICH BEpIIUHL (0AKMH U3 TPEX: max, min u final,
9TO COOTBETCTBYeT BepumHaMm Makca, MuHA ¥ 3aKIIOYUTENbHEIM) U MOXET
OIIPENEIUTh CTOMMOCTD TEKYIIEU BEPIIWHEI, €CJIU OHA SBJISACTCS 3aAKJII0YM-
TEIBLHOU.

11.3.1. HamucaTts mporpaMmmy, KOTopas ymnpasiaseT Po60TOM ¥ BbIMU-
CJIeT LIEHY UTPHI.

Pemenme. Hanummem pexypcuBHyio npoueaypy, KOTOpas, HAYaB C HEKO-
TOPOM BEPIUMHEL, 0OXOAUT IO EPEBO 9TON BEPIIMHEL, BO3BpainaeT Pobora
Ha MeCTO ¥ COOOIIAeT [EeHy BepPIIUHLL (D¢ OHA HAYANa, U KOHUMIA):

procedure find_cost (var c: integer)
| var x: integer;
begin
if Tunm = final then begin
| C:= CTOMMOCTB;
end else if Tum = max then begin
BBepX_HalleBO;
find_cost (c);
{c = MakcuMyM IeH Texylleld BepuUMHH ¥ 6paTbeB creBa}
while ecTb_cmpaBa do begin
BIIPABO ;
find_cost (x);
c := max (c,x);
end;
{c=nena Bepummu mox Texymei}
BHU3;
end else begin {Tunm = muu}
| . ..aHAIOTrMYHO C 3aMeHo# max (c,x) Ha min(c,x)
end;
end;

Mz mosb3yemcsi TeM, YTO Y BEPIIMH THUIA mMax ¥ min ecTh XOTs OHI
OIVH CHIH (BEPUIIVHEI 6€3 CHIHOBEU NOJIKHEL OBITH 3aKII0YUTEIBHEIMU, U MEL
[IPEAIoaaraeM, 9TO OHU OTHECEHbl K Tury final). 0

11.3.2. HamucaTh HEpeKypCUBHYIO NMPOrPAMMY [JA BBIYUCICHUSA IIEHEI
urpsl (3aJaHHOU AEPEBOM, IO KOTOpOoMy xoauT Pobor).
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Pemenne. Kak 06BI4HO, pEKYDPCUIO MOXKHO YCTPAHUTD, UCIOAB3Ys CTEK.
B pmamHOM CiIy4yae KaxABIM DIEMEHT cTeKa OyJeT XpaHUTb UH(MOPMALUIO
00 OJHOM W3 MPEJKOB TEKYIIEeH BEPIIUHLL (YeM Jajblle, TeM IIybxke — Ha
aHe cTeka Oyner mHbopManusa O KopHe). Korga MBI HaXoouMcs B KOpDHE,
CTEeK IIyCT, DU IBUXKEHUY BBEPX II0 1€PEBY OH YAJIUHACTCS, IPU [BUKECHUN
BHU3 — YKOPA4YUBAETCA.

Kax quizt 21eMeHT CTeKa TPEeACTABIAET COOOU Mapy; MEPBLIU DJEMEHT —
TUI COOTBETCTBYIOIEH BEPIIUHLI (min/max), a BTOPOU DJIEMEHT — MUHU-
MyM/MaKCUMyM 3HAYEHUN BCEX €€ CLIHOBEHU JieBee TeKymmero. B mporpamme
U3 TIABHL 3 CYIIECTBEHHYIO PoJb urpanu nsa yreepxkgenus: OJI ozuagano,
49T0 06pabOTaHBI BCE BEPINUHBI JEBEE TEKYyMIEH (Te, MyTb B KOTOPHIE OT-
KJIOHAETCA HAJEBO OT nyTu B Tekyury); OJIH osznauano, uto o6paboTanst
BCE BEPIIMHEL JeBee W HajJ TEeKyInen (3TO OBIBAIO, KOIAA MBI IPOXOAUIN
BEPIIUHY BTOPOU Da3).

IlomMumo cTexa (KOTOpHIM Beerjga OyAeT XPAaHUThL NAaHHEIE, YKA3AHHEIE
BHIIIIE) [IPOrpaMMa UCIOAL3YeT eme mepeMenHyo c. B curyamuu OJI sta
mepeMeHHas He ucrnoasdyercs, a B curyauuun OJIH oma xpanuT neny Te-
Kymien BepimuHbl. [lokaxeMm, KaKk MOXHO MOAAEPKUBATEL 3TO, ONUCAB [IeU-
CTBUSA C TIEPEMEHHOU U CTEKOM [ KaXKJIOT0 BAPUAHTA, ABMXKeHUs Pobora
(cp. c. 63):

e {OJI, e ects_cBepxy} obpaborars {OJIH}:
B NEPEMEHHYIO C 3ANMCLIBAEM HEHY TEKYIIErO JUCTA;

e {OJI, ecTe_cBepxy} BBepx Hameso {0J}:
nepej TeM, KaK 1Ty BBEpX, J06ABIAEM B CTEK TUI TEKYIIEH BEPIIUHEL
(max/min) m 3HaYeHWE —00/+00 COOTBETCTBEHHO, M€ B BUIY, UTO
MAKCUMyM IIyCTOrO MHOXECTBA PABEH —O0O, & MUHUMYM DABEH +00;

e {ectn_cmpasa, OJIH} Bupaso {OJI}:
OOCHOBJISICM 3HAYEHUE B BEPIIMHE CTEKA, 6EPA MAKCUMYM WJIA MUHU-
MyM (B 3aBUCMMOCTH OT TWIIA BEPIIMHEI CTEKA) CO 3HAYCHUEM IIEPE-
MEHHOU C;

e {He ecTn_cmpasa, ectb_crusy, OJIH} Brus {OJIH}:
B IIEPEMEHHYIO C HOMEIMAEM MAKCUMYM/MUHAMYM (B 3aBUCUMOCTH OT
THIA BEPIIVHEL CTEKA) €€ IPEXHEr0 3HAYCHUA U 3HAYCHAA HA BEPIIMHE
cTeka (OHO 3a6MpAeTCs U3 CTEKA, U CTEK YKOPAYUBACTCA).

Jlerko BugeTh, YTO NPpU 3TOM yTBEPKACHUAS O COAEPKAHUM CTEKA, U 3HA-
YEHUY IEPEMEHHOU C HE HAPYIIAITCSA, U IT0 OKOHYAHUIO PA0OTHI TPOrPAMMEI
cTek OyAeT mycT, a 3HaUYEHUe mepeMeHHOU ¢ OyAeT paBHO ueHe urpel. [
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11.4. Anbda-6eTa-npoueaypa

Mer Bu e, KaK MOXHO BBIYHACIUTE [IEHY UI'DPBL, 000U 151 BCE BEPIIUHEL €6
pepeBa. OHAKO MHOI 1A MOXHO COKOHOMUTH U YaCTh JEPEBa HE IIOCEIIATh.
IIycTe, HanpuMep, Urpa UMEET ABA UCX04a (BBIATDHII U OIPOUCPHIII) U MEL
obHapyxuiu (IOCAE MPOCMOTPA YACTU AEPEBA), YTO HEKOTOPHIA XO[ ABJA-
€TCsl [UIsl HAC BRIMTPHIMIHEIM. TOrja HEeT CMBIC/Ia PACCMATPUBATE OCTAILHEIC
X0l Bosee 06110, ecix MBI HAILIKA X0, TAPAHTUPYIOUNYA HAM MAKCAMAIb-
HEIU BEIUCDHIN (JOMYCKAEMEIU PABUIAMY UTPHI), TO HET CMEICIA UCKATD
JaJblIIe.

ITogobuas omTmMmm3anus BO3MOXKHA HE TOJBKO B TEX CIyYasX, KOIJa
MBI 3HAEM MAKCHMAJIBHO BO3MOXKHEIU BHIUrDHII. [lycTs, Hampumep, nepe-
BO UI'DBI UMEET TAKOW BUJ, KaK HA puc. 11.6, mpuuém a > b u Mu1 06xoum
BEpIINHEL JepeBa cJeBa Hampaso. Torja mocje IpOCMOTDPA BEPUIMHBEI ¢ MBI

max

Puc. 11.6. OnTuMusanus BO3MOXKHA TP @ > b.

3HAEM, YTO IEHA KOPHEBOU BEPIIMHLI HE MeHbIne a. [lepenisa k min-sepinune
¥ IPOCMOTPEB €€ MEePBOro CHIHA b, MBI OIpeaeaseM, YTO [eHA Min-BepIIHEL
He Goupire b u (mpu b < a) OHA HE MOXKET NOBJIUATH HA IeHy KOpHa. [loaTomy
CJeAyomue BepumHbl (cepas 06IaCTh HA PUCYHKE) W UX MOAAEPEBbA HAM
IPOCMATPUBATH HE HYXKHO.

I[Mpumenéunyo B 000MX CiIydasx ONTUMU3ANUIO MOXHO OINCATHL TAaK.
[lpucrynas x ouEHKE HEKOTOPOU BEPIIWHEI, MBI 3HAEM HEKOTOPBLIM IIPO-
MeXyTOK [m, M], B mpegenax KOTOPOrO HAC MHTEPECYET LEHA DTOU BEp-
IMUHBI — JU60 MOTOMY, 9TO OHA 3AaBEJOMO HE MOXET BHIUTU 33 MPEIEIHI
IpOMEXYTKA (KaK B IEPBOM CIy4ae, KOTJAA JYd4Ile BEIUIPHINIA HAYErO HE
OBIBAET), u6O0 IMOTOMY, 9TO 3TO HAM HUYErO HE 1aéT (KAK BO BTOPOM CIy-
4ae, KOra BCE LEHEl MEHBIIE b Ui HAC HEOTIWYUMEL OT b).

Bonee popmansro, BBeAEM 0603HAMECHUE T[q 5], TAE T — TUCIO, & [a,b] —
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MIPOMEXKYTOK:
a, ecmuz <a;
Tlap) =\ T, ecma<zT<h;
b, ecau b<zx.
JlpyruMu cIoBaMu, [, — OMMXKaNIIAg K T TOUKA TPOMEXKYTKa [a, b], Ko-

TOPYIO0 MOXKHO HA3BATH «IPUBEJEHHBIM K [a, b] 3Ha4YenueM z». Teneps MOxHO
CKa3aTh, YTO MOCJE IPOCMOTPA BEPIINHE @ Ha pucyHke 11.6 Hac unTepecy-
eT mpuBeAEHHAA K [a, +00] IeHa min-BepmmHE! (BCe 3HAYEHUs, MEHBINNE a,
6€3pa3InuYHE), & HOCIE IPOCMOTPA BEPIINHEL b 5Ta MPUBEAEHHAS [IeHA yXKe
u3BeCTHA (paBHA a). AHANIOrUYHEIM 06PA30M IIEHA UTPEL C ABYMs UCXOJaMU
+1 pasHa eé npuBeEHHON K 0Tpe3Ky [—1,+1] mene, u mocae o6HAPYKEHUSA
BHIUTPLIIIHOTO XO[a CTAHOBUTCA ACHLIM, YTO T4 IeHa pasHa +1.

HNcnoasays 310 cOOOpaxkeHune, HAUINEM ONTUMU3UPOBAHHBIN aJITOPUTM,
B KOTOPOM DEKYPCUBHO ONPENEIACTCA NPUBEICHHAS K MPOMEXYTKY [a,b]
[EHA UTDHL B TEKYIIEH BEPIIUHE:

procedure find_reduced_cost (a,b: integer; var c: integer)

| var x: integer;

begin

if Tum = final then begin

| C:= CTOMMOCTBL, NIpHUBeINEHHag X [a,b]

end else if Tum = max then begin

BBepX_HalleBo;

find_reduced_cost (a,b,c);

{c = MakcuMyM IleHH BepuMHH u 6paTbeB CIeBa,
npuBenéHms# K [a,b]

while ecTts_cmpaBa and (c<b) do begin

BIIPaBO;

find_reduced_cost (c,b,x);

c = x;
end;
{c=nena BepumuH mon Texyme}, mpuBenéHHaz X [a,b]}
BHUS3;

end else begin {Tum = mun}
| . . . CHMMeTDPHUYHO

end;

end;

EcTecTBeHHEIN BOIPOC: HACKOJIBKO TAKOO POJa ONTUMU3ALMSA TOMOT'a-
eT yMeHpmuThL nepebop? Mur paccmorpum npocreummuu npumep. Ilycrs
urpa uMeeT GUKCUPOBAHHYIO JIMHY, U3 KAXJOU [TO3ULIUU BO3MOXKHEI 1B
X0Ja, UTPOKU XOIAT II0 OYepeay, KaXK BN IeIaeT 1 XO4OB U LIEHEL JUCTHEB
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paeubl 0 wiu 1. /lepeBo Takou WPl — IMOJHOE JBOWYHOE JE€PEBO, min-
7 MaX-ypPOBHU Y€PEYIOTCS, B IUCThIX HAMCAHBI HYJIN U €UHAIEL, 1 HYXKHO
BLIYMCAUTH 3Ha4YeHue B KopHe. (Ecau canrars, uto 1 = ucruna, 0 = 10xb,
TO MAaKCUMYM ¥ MUHUMYM cooTBercTByioT onepauusMm OR (UJIN) u AND
(1), nosromy unoraa rosopsar 06 AND-OR-zepese.)

CKOIIBKO JIMCTBEB HYKHO MOCETUTH, YTOOB! BHIYUCIATE 3HAUCHNUE B KOP-
ue? Hanmomuum, 910 BCero mctees 22" nuis qepesa ¢ 2n ypOBHAME (KaxK IIH
U3 UIPOKOB JEIAeT N XO[O0B).

11.4.1. [loxasaTh, 9TO [IJia JIOOKIX 3HAYCHUN B JUCTHAX OMUCAHHEIU Ha-
MU ONTUMU3UPOBAHHBIA AJITOPUTM MPOCMATPUBACT HE MEHEE 2" JUCTHEB.

Pemerme. Ha ypoBHe 2 HAXoaaTCs YeTHIpE BEPIMHEL B x01e paboThl
AICOPUTM [O/KEH Y3HATH IeHy UrPHl XOTsA Obl B ABYX U3 HUX. B camom
JeJe, MyCTb HUXKHSASA BEPIIMHA €CThb min-sepmmua. Eciu B HEU HyJ b, TO
B OJHOM U3 e¢ CHIHOBEU TOXE HyJb. A pa3 3TO max-BepIlmHa, TO MJIA yCTa-
HOBJICHUSA 3TOr0 (paKTa Hy>KHO 3HATH LEHY O00UX CHIHOBEU (PABHYIO HYJIIO).
Bropou cayuau: B kopae equauna. Torga B 06€uX €ro CHIHOBBAX NOKHA
OLITH €IUHUIIA, U YTOOBI OBLITH B 9TOM YBEPECHHEBIM, HY2KHO B KaXA0M U3 HUX
MOCMOTPETh KAK MUHUMYM OJHOI'O CHIHA.

AHaOruvHO paau KaxIoro 3HAYEHUs HA YPOBHE 2 HYXKHLI JABa 3HAYE-
HUS HA ypOBHE 4 M TaK majlee — B KOHIIE KOHIIOB HA YPOBHE 2N HYXKHO
3HATHL 2" 3HAYCHUU. O

[l1a HATIAHOCTY MBI TOBOPUJIU O KOHKPETHOM AJICOPUTME, OMUCAHHOM
Brmme. Ho copaBeqaus u Gosee o0mun hakT: Jax060u HAOOP 3HAYCHUU B JIM-
CTBAX, KOTOPBIM OJHO3HAYHO ONPEEJNACT 3HAUYCHUE B KOPHE, COACPKUT HE
MeHee 2" 3HAYCHUN.

11.4.2. IIpoBecTy akKypaTHOE JAOKA3ATEABLCTBO DTOrO YTBEPK JEHUS.

[Yxazanue. Ilo cymecTBy yxe BCE I0Ka3aHO, HAI0 TOJIBKO DTO 0(OP-
MUTh.] O

ToabKo 4TO MONyYEHHAS OLIEHKA OTHOCUIACH K CAMOMY OJAarOnpUATHOMY
CIIy4aro. YTBEPXK/ICHUE CICAYIOMICU 33134y, HANPOTUB, TOBOPUT O HAUXY -
meM CIIydae.

11.4.3. Ilyctb y Hac copamuBaior 3uadenus B mcTbix AND-OR-nepesa
B 3apaHEEC HECU3BECCTHOM HAM IMIOPAIKE, 1 MBI MOXKEM HA3bIBATH 3TU 3HAYCHUA
Mo COOCTBEHHOMY yCMOTpeHmio. /loKasaThb, 9TO MBI MOXEM [IEUCTBOBATH
Tak, 9TO0BI 4O MOCJIEAHEr0 MOMEHTA, (IIOKA €CTh XOTh OJHO HE HA3BAHHOE
3HAYEHUE) IIeHa KOPHS OCTABAJIOCH ObI HEU3BECTHOU (TO €CTh MOIVIa, OHITD
U HyJIEM, ¥ ¢UHULEHA B 3aBUCAMOCTY OT €IIE He HA3BAHHBIX 3HAYCHUN).
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OTa 3a4a49a MOKA3LIBAET, YTO JIOOOU AITOPUTM OTHICKAHUA IEHEI KOP-
Hs B HauboJee HeOJIArONPUATHOM CIydYae BHIHYXKAECH OOXOAUTH BCE JUCThSA
(B 9acTHOCTH, HAII ONITUMU3UPOBAHHEIN AICOPUTM HUKAKOT'O BLIUCDHIIIA HE
1aéT).

Pemenne. Bynem 10ka3eiBaTh 3TO MHIYKIMEH 110 BEICOTE Aepena. IlycTs
kopenb spasercs AND-seprmuon. Torga 6yaem oTTarusaTts (10 mpeanoo-
XKEHUIO MHAYKUNY) ONPEACACHUE 3HAYCHUN B AETAX KOPHA, & KOIAA JAJIbIIE
OTTArUBATL Oy AET HEAb3A (MOCASAHUN JUCT IO I€PEBA CTAHOBUTCS U3BECT-
HEIM), CA€JaeM TakK, 9TOOLI 5TO HOAAEPEBO OBLIO UCTUHHEIM. TeM caMbIM
3HAYEHNUE B KOPHE COBIAIACT CO 3HAYECHUEM B ADPYTOM IO AEPEBE U MOXKET
OCTABATHCS HEOIMPEIEJEHHBIM [0 MOCJAEIHEr0 MOMEHTA. O

Bouee unaTepecHon ABIAETCS OLEHKA CPEIHErO YUCJIa ONMPOIICHHEIX JIU-
cTheB. bynem cumraTh, uyTo anroputMm find reduced_cost mpumeHser-
csa xk HekoTopoMy dukcupoBanaomy AND-OR-aepesy (¢ pukcupoBanHbI-
MU 3HAUEHUAMHU B JUCTHAX), HO A/ KAXKOU BEPIIMHBL IOPSAI0K IPOCMOTPA
IBYX €& neTer BeIOUpaeTcs crydauHo. Torga obiee 4ucio npoCMOTPEHHBIX
JINCTHEB CTAHOBUTCA CJIyIANHOU BEIUIUHOU.

11.4.4. [loxa3aTh, 9TO MATEMATUICCKOE OXKUJAHNAE DTOU CLYyIANHOU Be-
Ju9uHEL (CPEJHEE IO BCEM MOpAAKaM IpocMoTpoB) misa aoboro AND-OR-
nepeBa BLICOTHL 21 (¢ 4" BepmuHamu) He mpeBocxoauT 3.

Pemenne. PaccmoTpum cradana caydau n = 1, 70 ecTb gepeBo riybu-
unl 2. [Iycts ero xopens spiserca AND-sepmmuon. Eciu B kopae HaxoauT-
ca 0, To Ha nepBoMm yposHe 0, 0 wau 0, 1. B mepBoM ciiyydae HaM ZOCTATOYHO
OPOCMOTPETH JABE BEPUIMHLI (HAUA [MEPBEIA HYJIb, MBEl HE UIIEM BTOPOH).
Bo BTOpOM Ciiyuae ¢ BepOATHOCTHIO 1/2 HAM XBATUT OBYX, & C BEPOATHO-
ctoio 1/2 nonanoburcs Tpu miu dersipe. Eciu e 8 AND-kopre Haxonut-
ca 1, To B o6enx OR-Bepmuax mepBOro ypoBHS HAXOAUTCA IUHUIIA, U HA
KaXAYI0 U3 HUX HYXXHO B cpefHeM He Goublue 3/2 mMpOCMOTPOB JHCTHEB
(c BeposTHOCTBIO He MeHee 1/2 MBI cpa3y momajaeM B JUCT C €IUHUALEH
U BTOPOU JIUCT HE CMOTPUM).

JlanbHenmee paccyXkAeHUE JErkO MPOUCXOAUT MO uHAyKmuu. IlycTs
CcpeJHee 3HAYCHNE YKNC/Ia 3ANPAIINBAEMEIX JUCTHEB 1JIs1 JIOOOr0 1€peBa Iriry-
6unb 2k He nperocxoaut 3¥. Paccmorpum jgepeBo ruybuns: 2k + 2 ¢ uk-
CUPOBAHHBIMK 3HAYCHUSAMU B JUCThsX. [y Kaxk10ro BHIGOpA MOPSIKA HA
[IEPBLIX IBYX YPOBHSIX M3BECTHO, KAKUE U3 YETHLIPEX BEPIINH BLICOTHI 2 Gy-
OyT paccMoTpensl. [1o npeanosoxennio cpegHee Yucio UCHOIB30BAHHEIX JI-
CTBEB IIPU PACCMOTPEHNY KaXK 0U BEPIIMHBL BEICOTH 2 (yCPEIHEHUE 110 BCEM
nopsAakam 06x0/1a) e 6oabme 3. [JomoIHuTEeTBEHO yepeqHaeM 110 MOpS KM
Ha IBYX IEPBHIX YPOBHAX U 3aMEYa€eM, YTO B CPEIHEM PACCMATPUBACTCA HE
0oJIbITNIe TPEX BEPIIUH BLICOTHI 2. O
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11.4.5. IlonyuwmTs Gosiee TOYHYIO OLEHKY IS UUCJIA MPOCMOTPEHHBIX
JICTHEB B MpPEAbIAYINER 3ajgade. [Ykasanue. VcnoapsynTe pasHble OLEHKY
B 3ABUCUMOCTH OT 3HAMCHUA B KOPHE; TO MO3BOJUT 3aMCHUTD /3 B ONCHKe
Ha Menbimee uncao (1 + v/33)/4.] O

11.5. PeTpocnekTusHbIi aHanu3

CyLIeCTBEHHO I OMKMCAHHOE B MPOILIOM Pa3jele YJIy4IIeHUE aJrOPUT-
Mma (mepexon oT moJaHOro nepeéopa k a-F-upoueaype)? C 0gHOU CTOPOHHL,
Ja: B HameM npumepe mepexof oT 4" x 3" paér mwmrpemn B (4/3)" pas,
a (4/3)" skcmoHeHnMaABbHO pacTéT ¢ pocToM n. C APYrol CTOPOHBI, DKC-
[TOHEHTA OCTAETCA DKCIIOHEHTOM, JAXKE €CIN €€ MOKA3ATENb YMEHBIIAETCA
¢4 10 3, HOSTOMY HAAEXK B HOJTHOCTHIO IPOAHAIU3UPOBATE 1AXKE HE OYEHb
CJIOKHYIO U JOJCYI0 UTPY TAKUM CIIOCOO0M MOYTH HET.

IlosToMy Ha mpakTUKE OGBIYHO BHIOMPAIOT HEKOTOPYIO OUEHKY NO3U-
YU — JEMKO BEMUCIMMYI (DYHKIUIO, KOTOPAsA 1O MHEHUIO MPAKTUKOB
KaK-TO 0TPaXKaeT IPEUMYIIECTBO TOTO WIX MHOTO UIPOKa (CKaxkeM, MaTe-
PUAIBHEIN IEPEBEC B MAXMATAX). 3aTEM BMECTO HACTOAIIEH UI'PH PACCMa-
TPUBAIOT OrPAHUYECHHYIO UTPY, B KOTOPOU NEJACTCA CPABHUTEILHO HEGOMb-
moe 9ucao k XOJ0B, & 3aTEM PE3yJAbTATOM UTPHl CIUTACTCA OLECHKA IMOJTy-
YEHHOU MO3UIVY, U B 3TOU UI'PE BHIIOJIHAKOT 1epebop (mpumensas a-F-ontu-
Mu3aruio). KOHEIHO, 5TO HUYErO HE TAPAHTUPYET B HACTOAIICH UIDE, HO
YTO MOACTACTITE.

BriBaroT, 0HAKO, U CUTyauu, KOrAa yaaéTCsa ONPEIeIUTh ICHY TaHHON
MO3UIKU TOYHO. JTO YAAETCA CACJATH NJIA MAXMATHBIX SHANINUICH C He-
60OBLIIMM YUCIOM (PUTYP — HAMTPUMEP, MOXKHO PACCIATATD, 38 KAKOE MU-
HUMAJIBLHOE YMCIO XO0B MOXHO HMOCTABATE MAT KOPOJIEM, CIOHOM UM KOHEM
[IPOTUB ONUHOKOIO KOPOJA B 3aJAHHEIX HAYAJLHBLIX YCJAOBUAX. 3aMETHUM,
YTO MPHU HTOM YUCIO XONOB MOXKET U3MEPATLCA ACCATKAMU, & KAXKILIA X0
UMeeT JECATKYA BAPUAHTOB, IOITOMY O MOJHOM nepebope (wim gaxke O He-
CKOJIBKO COKPAIIEHHOM ) HE MOXET UATY U PEUH.

11.5.1. Ipugymats Apyrou MmMOAXO[, UCIOJIL3YOMUA OrPAHUYECHHOCTH
00ILIEr0 YMCiIa BO3MOXKHBIX MO3ULMN (CKAXKEM, AJIA YETHIPEX YIOMSHYTHIX
duryp Ha maxmaTHOH gOcKe 310 641 = 224 = 16 «eramosunuiy; ¢ yuérom
o4epénHoCcTU X042 OyaeT 32 Meramo3unuy; MaCcCUB TAaKOr'0 pasMepa IoMe-
[IAETCS B HAMATH COBPEMEHHBEIX KOMIBIOTEPOB 6€3 TPyaa).

Pemenne. 3aBeqém MaccuB, OTBEAA AUCUKY 1A Kax qou nosunuu. [Ipo-
CMOTDPHUM €r0 OJVH Pa3 ¥ OTMETUM BCE€ MATOBLIC MO3UIUK (3alUCAB TYAA
qucao 0 B 3HAK TOrO, YTO MO3ULUSA BEIUCPHINHAA U [0 BBIATPHIIIA OCTaA-
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Jock 0 x00B). 3aTeM NPOCMOTPUM MACCUB €IIE Pa3 U MOMETHUM KaK IIPO-
UIPHIIHEIE BCE HO3UIUY, U3 KOTOPEIX MOXHO HOWTH JIUIIbL B MATOBLIE (HAIIW-
meM TaM —1 B 3HaK TOr0, YTO MOXKHO IIPOTAHYTH JUIIL emé 1 xoa). 3aTem
OTMETHUM BCE€ MO3UIUU, U3 KOTOPHIX €CTh X0 B IMO3ULIUU C YUCIOM —1, Ha-
mUCcaB TaMm 2. 3aTeM — MO3UIUH, U3 KOTOPBIX BCE XOALI BeAyT B mosurmu (
wimu 2, Hanucas TaM —3, u T.m. Tak OygeM nesarb A0 TeX HOp, moka Oy-
OYT MOSBJIATHCA HOBBIE MOMETKU. KaK TOIBKO 3TO KOHUUTCSH, I KAXK IO
mo3unuy OyAeT U3BECTHO, MOXKHO JIX B HEM BHIUTPATHL M CKOJIBKO XOAOB A
3TOr0 HYXKHO. O

daxTudecku >Ta IPOIEAYPaA MOBTOPAET JOKAZATEILCTBO TeopeMul Llep-
MeJ10 (HO JOMOJHUATEIBHO MEI ITOTY9aeM UHPOPMALUIO O TOM, CKOJIBKO XOI0B
[0 BHIMCPHINIA WIKA IPOUTDHIIIE, IPU HAULYYIIEH UTPE).

11.5.2. MoryT /i1 mpu 3TOM OCTAThCA HEOTMEUYCHHEIC [TO3UIUN U IEMY
OHU COOTBETCTBYIOT?

OTBeT. DTO MO3UIUK, B KOTOPEIX 004 UIPOKA MOTYyT [apaHTUPOBATH
CKOJb YTOAHO [NJIUHHYIO Urpy 6e3 mpowurpeima. Bmpodem, mpasuio Tpo-
€KPATHOrO TMOBTOPEHUs MO3UINMU B IMIAXMATAX B DTOM CAYYa€ MO3BOJAET
CYUTATDH MAPTUI HUYEUHOU. O

A.JI. Bpyauo 3ameTui, 9TO €CThb CUTyalds, B KOTOPOU TAKOU AHAIU3
TpebyeT CoOBCEM HEOOIBIINX PECYPCOB U MOXET OBITH PEATU30OBAH HA OYEHb
HEOOJIBINON MAMATH, XOTA [JIA YEJI0BEKA COOTBETCTBYIOMIAA 33,1398 HE TIPO-
CTa: MyCTh OEJble UMEIT KOPOJS HA MHOJNe €3, KOTOPOrO MM 3AIPEIIeHO
JOBUTATH, U (ep3sa (HA KAKOM-TO APYLOM MOJ€) M XOTAT MOCTABATL MAT
OAUHOKOMY 4épHOMY KOpouwo. Orpanunvenue (HEmoaBUKHOCTD KOPOJIA), 3a-
TPYAHAIOLICE XKU3Hb YEJI0BEKY-IIAXMATUCTY, O0Jer4aeT aHamms (yMEHbIIAA
KOJIWYECTBO TO3ULMK MOYTH 9TO B 64 pasa 3a c4éT TOro, 4TO HE HALO PaC-
CMaTPUBATL PA3HEIE TOJOXEHUA KOPOus!)

Ucnonb3oBanue Tabauubl OMUCAHHOIO TUIA MOXKHO CUUTATL IPUMEHE-
HEEM MEeTOJa JUHAMUYECKOr0 IPOrPAMMUPOBAHUA (MBI HE BEIYUCAAEM LIEHY
WUIPHL [AJIA OJHOM U TOU K€ IMO3WLMKM CHOBA M CHOBA, 0OXOAs IEPEBO, a 3a-
IIOJIHACM Taﬁ./'II/ILIy IcH CI/ICTeMa,TI/I‘-IeCKI/I).



12. ONTUMANBHOE
KOAMPOBAHUE

12.1. Kogbl

Nmes 2™ cuMBOIOB, MBI MOXEM KOAUPOBATH KAXKIALIM U3 HUX N OUTa-
MU, TIOCKOJIBKY CyImecTByeT 2" komOuuanuu u3 n 6utos. Hanpumep, Mox-
HO 3axoguposath 4 = 22 cumsoma A, T, T, Il (ucnonsayemsie mpu 3armm-
cu reHoMoB) aByx6uToBbIMU KOMOuHammamu 00, 01, 10 u 11. [dpyrou npu-
Mep: MOCIEI0BATEALHOCTAMYA U3 8 6GuTOB (GauTaMu) MOXKHO 3aKOAUPOBATH
256 cuMBOIOB (M HTOr0 XBATAET HA JATUHCKUE U PYCCKUE OYKBHI, 3HAKU
[PEMUHAHUA U AD.).

Boaee popmanbuo: mycTs HAM HaH G4Haéum, TO €CTh KOHEIHOE MHO-
JKECTBO, DJIEMEHTHI KOTOPOI'0 HA3LIBAIOTCA CUMBOAAGMU WIA OYKBAMY DTOTO
andasuta. Kodom pusa anpasuta A HaswBaeTca QyHkusa (Tabiuna) o, Ko-
TOpas s KaXkJI0rO CUMBOJIA a U3 A yKasblBaeT JBOMYHOE CIOBO afa), Ha-
3BIBAEMOE K0006bIM CA0680M, WIA IPOCTO K0dom 3TOro cuMmBoia. (Isondnoe
CJIOBO — KOHEYHAs MOCJEI0BATEIbHOCTE Hyaen u egunui.) He Tpebyercs,
‘-ITO6]::I KOJbI BCEX CUMBOJIOB UMECIU DABHBIC NJUHBI.

M=ur gomyckaeMm, YTOOBI pa3HEIE CUMBOJIEL MU OAUHAKOBEIE KOl Co-
[JIACHO HAINEMY ONPEEJNCHUIO, PA3PEIIaeTCs BCe OYKBhI aidaBUATa 3aKOIU-
poBaTh c10BoM () (4 faxe MyCTHIM CIOBOM) — HO, KOHEYHO, TAKOU KO 6y AeT
6ecrionesen. Xopomuil KO JOIKEH MO3BOMATH JCKOAUPOBAHUE (BOCCTAHO-
BJICHUE TIOCJIEA0BATEILHOCTU CUMBOJIOB II0 €€ KOfy).

dopmanbHO 31O ompeaeasercs Tak. llycts ¢ukcuposan andpasutr A u
KOJ o A1 5Toro aidasura. [luas kaxaoro ciosa P B andasure A (TO ecTh
A1 JE060M KOHEYHOU TOCIe0BATEALHOCTH OyKB atdasuTta A) paccMoTpuMm
aBowdHOE CI0BO (P), KOTOPOE MOMY9YaETCA, €CIU 3ATUCATH MOAPAL KOMIbL
Bcex Oyks u3 P (6e3 kakux-ym60 pasaeaurenen). Kox o HazwBaeTcs 00no-
3HAUHBIM, €CIN KOJIBI PA3INYHEIX CJIOB pasandssl: o P) #a(P’) npu P# P'.

12.1.1. PaccmoTrpum TpéxOyksenunm ajadasut {a,b,c} u xox a(a) =0,
a(b) =01 u a(c) = 00. BygeT am 5TOT KOA OIHO3HAYHEIM?
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Pemrenne. Het, mockonbky c1oBa aa u ¢ KOGUPYOTCA OAUHAKORO. U

12.1.2. [na Toro xe anpasuta paccmorpum kon afa) =0, a(b) = 10
u a(c) =11. Byger mm 5T0T K01 OMHO3HAYHEIM?

Pemenue. Byner. YToOB 10Ka3aTh 5TO, AJOCTATOYHO OOBACHUTDH, KaK
MOXKHO BOCCTAHOBUTH C10BO P 1o ero xoxy a(P). Eciu a(P) nadunaercs
C HyJs, TO ACHO, 4TO CJI0BO P Hauunaerca ¢ a. Ecm «aP) nadunaercs
C eIUHUIBI, TO CI0BO P HaumHaeTcs ¢ b wiu ¢ ¢ — YTOOBI y3HATH, C 9€ro
UMEHHO, JOCTATOYHO IOCMOTPETH Ha BTOpou 6uT caosa o P). Boccranosus
nepBy0 OykBy C10Ba A, MBI 3a0BIBAEM O HEU U O €€ KOfe, U IPOJOJKAECM
BCE CHAYAJIA. g

Bepuo u 6osee obmee yrBepxaenue. HazoéMm kox npedurcnvim, ecin
KOABI OyKB HE ABIATCA HAadaJaMu ADPYr apyra (CaoBo a(p) He ABIAETCS
HAJaIOM (I0Ba (q), ecau OyKBHL P U ¢ PA3JIAYHEL).

12.1.3. [loxasaTh, 94TO JaH060U MPEPUKCHBIN KO ABIACTCA OJIHO3HAY-
HBIM.

Pemenne. [lexoqupoBanue MOXHO BECTHU CJIeBa Hamparo. llepeas Gyksa
BOCCTAHABJIUBACTCA OJHO3HAYHO: €CIU AJsA ABYX OYKB p U ¢ cioBa a(p)
1 a(q) ABIAIOTCA HAYANAMHI KO/, TO O4HO U3 0B (p) u a(q) ABIACTCA Ha-
YaJ0M ApPyroro, YTO HEBO3MOXHO A/ npedukcHoro koga. U rak gasee. [

12.1.4. IlpmBecTu npuMep OLHO3HAYHOI'O KO/A, HE SBJIAIOIIEIOCS IIpPe-
(DUKCHBIM.

[Ykazanue. ITycts a(a) =0, a(b) =01, a(c) = 11. SToT KOA ABIAETCH
«Cy(pPUKCHBIMY , HO HE TIPEPUKCHEIM. | O

12.1.5. Haurtu tabauny aaa as3byku Mopse. O6bACHUTH, mouemy eé
MOXHO MCIIONB30BATh Ha MPAKTUKE, XOTA OHA HE SABIAETCA HU NpedUuKc-
HEIM, HU JaXX€ OJHO3HAYHBIM KOJOM. g

12.2. HepaeeHncTro KpadpTa—Makmunnana

3aueM BOOOIE HYXHBI KOABLI C PA3HOM IMHOU KOMOBHIX CJIOB? [leso
B TOM, YTO HA INPAKTUKC PA3HLIC CUMBOJLI a/I(paBUTa BCTPEYAIOTCA C Pa3-
HOU 9aCTOTOU, ¥ BEITOAHO 3aKOAUPOBATE YACTHIE CUMBOIBI KOPOTKUMU CJIO-
Bamu. (ITO cOOOpaXkeHue, KCTATH, yIUTHBAIOCH IPU COCTABACHUN a30yKu
Mopae.)

Ilycts mis kaxgou OykBul a andasuTa A duxkcupoBana e€ wacmoma
p(a) — MONOXKUTENBHOE YUCIAO, IPUYEM CYMMEI YaCTOT BCEX OYKB DABHEL
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enunuie. Torga aas Jax60ro KOga (¢ MOXKHO OMPENETUTh CPEdnIon 0auny
DTOr0 KOJia KaK CyMMY

E=3 p(a)|a(a)|

no BceM GyksaMm a € A, rae |a(a)| — piamHa xonoBOro ciaosa a(a) GyKBH @.
(CmeIca »TOrO onpegencHus: ecau B ¢ioBe AauHbl N GyKBa G BCTPEYACTCA
¢ wacrorou p(a), To Takux 6yks Oyaer Np(a) u Ha UX KOAUPOBAHUE YUIAET
Np(a)|a(a)| 6utos; obmasn mmua koga 6yget » . Np(a)|a(a)| u B cpeanem
Ha KOAMPOBAHUE KaX A0 OyKBHI yuaéT E 6uToB.)

Tenepb BO3HMKAET 334343 IJA JaHHBIX 9aCTOT MOCTPOUTH ONHO3HAY-
HBIU KOJ MUHUMAJILHOU CPEeNHEN NIUHEL. TeOpeTuvdecKn 3TO MOXHO CACIaTh
nepe6opoM (ecau B KOJIE €CTh XOTA OBl OJJHO OYCHBb IIMHHOE KOJOBOE CJIOBO,
TO €ro CpeqHsAs JINHA BEIUKA, TOSTOMY TAKUE KOJbl MOXKHO HE PACCMATPHU-
BaTh; OCTAETCA KOHEIHOE YMCJIO BapuaHToB). Ho MOXHO o6ouTuCh U 6e3
nepe6opa, U B 3TOM Pa3[eie MBI HAYIUMCA DTO NEIaTh.

s Hagasa mouMEM, 9TO MEIAET HAM BEIOMPATH KOLOBLIE CIOBA KOPOT-
kuMu. OKa3BIBaETCA, YTO €CTH POBHO O4HO NMPENATCTBUE: JJIUHBL 11, . . . , i
KOJIOBEIX CJIOB JOJIKHEL YAOBJICTBOPIATL HEPABEHCTBY

97M y9Tm2 4 49Tk L]

HA3LIBAEMOMY B TEOpUU KOAUPOBAHUA Hepasencmeom Kpagma— Maxmua-
AAHA.

12.2.1. IlpoBepuTb, YTO OHO BHINOJIHEHO I PACCMOTPEHHBLIX BBIIIE
NPUMEPOB OJHO3HAYHEIX KOJOB. U

12.2.2. [lokasaTb, YTO [Jas BCAKOr'O MPEPUKCHOIO KOIA BEITOJHACTCS
HepaBeHcTBO Kpadra—Makmuiarana.

Pemenwe. Otpesok [0, 1] M0oxHO pa3buTh Ha jABe MOIOBUHEL. HazoBém
aeBywo Ig, a mpasyio [;. Kaxayo ua HuX pa3obbéMm momosaM: 0Tpe3ok o
pasgeaurTcs Ha JeByo nonoBuHy Iog m mpasyio Iy, ananoruyuo I; meamt-
csi vHa I1g m I11. U Tak masee: 1060My ABOMYHOMY CJIOBY & COOTBETCTBYET
orpesok I,. [lumna aroro orpesxa ects 2% rue || — mmma ciosa z.
Ecim ci0BO X ABIsAETCA HAYAJIOM CJIOBA Y, TO OTPE3OK I, COAEPKUT OTpe-
30K Iy; ecim HUM OJHO U3 CJIOB & U Yy HE ABIACTCA HAYAJIOM JAPYroro, TO
orpesku I, u I, He mepekpHIBaOTCA (HA TOM 3HAKe, I'le T U Y BIEPBHIE
pacxogarcs, I, u I, monajaioT B pasHbLIC IOJOBUHEL).

PaccmoTpum Teneps OTpesku, COOTBETCTBYIOIIUE CJIOBAM IPEPUKCHO-
ro xojfa. OHU He MEPEKPHIBAIOTCA. A 3HAYUT, CyMMa UX JIUH He OOJBIIE
equHUIE], 4To u faéT HepaBeHcTBO Kpadra - Makmumiiana. g
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12.2.3. IlycTes gaHbl k HEJBIX MTOJOXUTEIBHBIX YUCET 711, . ..,Tk, YIO0-
BreTBopsiromue HepaBencTBy Kpadra - Makmmiana. [JokasaTs, 4TO MOX-
HO NOCTPOUTH MPEPUKCHBIA KO st k-OyKBEHHOrO andaBUTa C IJUHAMUA
KOJOBBIX CJOB N, ...,MNk.

Pemenne. U 31ech moe3H0 uCIOIB30BATH COOTBETCTBUE MEX Y CJIOBA-
MU ¥ OTPE3KAMU U IPEICTABIATH cebe JeN0 TaK: y HAC €CThb €IUHUIHEIN
orpesok [0,1], ¥ MBI BBLAEJISIEM €r0 YACTH NOMB30BATENAM II0 TPEGOBAHMUIO.
Ecan nonp3oBaTens IPUXOIUT € YUCIOM N, TO DTO 3HAYUT, YTO €My HAIO
BBIJATHb B IOJb30BAHUE OJWH U3 OTPE3KOB [JIUHOU 27" COOTBETCTBYIO-
IUX KOJOBBIM CJIOBaM AJuHE n;. (TeM caMbIM rogsaTcs He M00BIE 0OTPE3KU
TAKOU [JIUHEI, & JWIIb (IPABAILHO PACIOIOKEHHEIS.) Kong nomken GuITh
IpedUKCHEIM, 9TO 3HAYUT, YTO OTPE3KU PA3HEIX [OJIL30BATENCH HE NOJIXK-
HBI TepeKpLIBaThCA. HaM faHo, 4TO cyMMapHas IJIMHA BCeX TPeOOBAHUN HE
oonbme eauuunsl. Kak ux ygoBrerBoputh? MOXHO OTBOAUTH MECTO CJIe-
Ba HAIIPaBO, IIPU 3TOM PACCMATPHUBATHL TPEOOBAaHUsA B NMOPAJKE yOBIBAHUA
v (Toraa 60Jee KOPOTKUE OTPE3KU Oy YT NPABUIBHO PACIIOJIOXKEHBI 110
caie mpeabLAymmx 60ee IINHHBIX). U

12.2.4. TloxasaTb, 9TO BEIAEIATH KOMOBHIE CJIOBA (MECTO HA OTPE3KE)
MOXHO ¥ B IOPSAKE MOCTYIUIEHUs TPEeGOBAHNN (KAK WHOr 14 TOBOPAT, B «Pe-
xume on-line»): moaB30BaATENb NIPUXOAUT C YUCAOM 7; U YXOAUT C IPABUILHO
DPACIOJIOXKEHHBIM OTPE3KOM JAJIUHEL 2~ ™, MpUYEM €CJIX BHEIITOJIHEHO HEPABCH-
ctBo Kpadra—MakMuiana, TO HUKTO He YUAET OOMXKEHHBIM (BCEM XBATUT
MeCTa, U [EePepaclpeenaTh ero He IPUAETCS).

[Ykazanue. HyxHo mognepxusaTs CBOGOLHOE IPOCTPAHCTBO KaK 00b-
CAVNHCHUE IIPABUJIBHO PACHOJIOXEHHBIX OTPE3KOB IIOIIAPHO PA3INYHBIX IJIVH,
BRIJEIAA KAXK OMY MTOJB30BATENI0 KYCOK U3 KPATIAUIIETO 1O [XO0 AAIMIETO OT-
pe3Ka u Jopa3buBas OCTATOK.] O

12.2.5. Ilokasarp, uro HepaBencTBo KpadTa - MakMmuiiana BEITOIHSA-
€TCsA He TOJIBKO [JIs1 JI0OOro nmpeduKCHOr0 KO4a, HO U BOOOIE 1 JO0ro
oaHo3Ha4HOro kona. (MUmenno sto gokaszan Maxmwuian; KpadT mgoxasan
HEPABEHCTBO 1/ PEDUKCHEIX KOJOB.)

Pemenue. EcTh pasubie cnocoObl pemuTh 3Ty 33Aa4y; MBI IPUBEIEM
POCTOE U KPACUBOE, XOTs M HECKOJIBKO 3arano4dnoe, pemenue. [lycts nme-
€TCsA OMHO3HAYHBIN KO € k KOmoBbIMU caoBaMu Py, ..., P,. Ham nano goxa-
3aTb, 9TO UX JWHEL n; = |P;| ynosaereopsioT nepasenctsy Kpadra—Max-
vuiasa. [IpegcraBum cebe, 9TO BMECTO HYJEH U EIUHUI UCIOIL3YIOTCSA
CUMBOJEHL @ ¥ b (Kakas DasHUI@, U3 Yero COCTABIATL KOALI?). 3aIuIleM



210 12. Onmumaabroe Koduposanue

G opMaNTBbHO CyMMy BCEX KOAOBBIX CJIOB KAK AAre0pamvecKoe BHIPAKEHUE
P+P+...+F

(MHOrOUIEH OT @ ¥ b, B KOTOPOM OJHOWIECHBI 3alUCAHLI KaK IIPOU3BEAE-
HUSA [EPEMEHHEIX a U b, 6e3 BO3BeleHUs B creneHb). Temepn (emé Gouee
CTPAHHOE HA NEPBHIA B3IVIAJ AEUCTBUE) BO3BEAEM DTO BHIDAXKEHUE B CTE-
nesb N (OpOU3BOIBHOE HATYPAIBHOE YUCJIO) U PACKPOEM CKOOKHU, COXPAHAA
MOPSAI0K NEPEMEHHBIX (He COOUpas BMECTE OJUHAKOBEIE IEPEMEHHEIE) B O~
HOYJICHAX:

(P, + Py + ...+ P,)N = cymma oHO4ICHOB.

Hanpuwmep, mia xoga co ciosamu 0, 10,11 (KoTOpEIE TENEph 3aMUCHIBAIOTCA
Kak a,ba,bb) u gua N = 2 noaygaem

(a + ba + bb)*> = (a + ba + bb)(a + ba + bb) =
= aa + aba + abb + baa + baba + babb + bba + bbba + bbbb.

B 5ToM mpuMepe Bce OHOWICHBL B IPABOU YACTU PA3IUYHE (€CIU HE mepe-
CTABIATL [EPEMEHHEIE), U DTO He CIYyYaWHO: TaK OyAeT Js J60ro OfHO-
3HAYHOI'O KOAa. B caMOM jeJe, IO OMpEeeJeHUIO OJHO3HAYHOCTYA HUKAKOE
CJIOBO HE MOXET OBITH TIOJNYYICHO OBYyMA criocobamu npu COCAUHEHUU KOJI0-
BBIX CJIOB.

Teneps mogcTaBuM ¢ = b =1/2 B Hame paBeHCTBO (€CIU OHO BEPHO s
OyKB, TO OHO BEPHO U JJIs JIOOLIX UX YUCJIOBEIX 3HadeHun ). CleBa MOy YuTcsa

(7™ 4272 4 427N

(B ckOOKe Kak pa3 BHIpAXKEHWE U3 HepaBeHCTBa Kpadra—Makmuwiana).
IIpaByio yacTh MBI OLIEHUM CBEPXY, CUPYIIUPOBAB CJIOBA 10 [IJIAHAM: UME-
erca me Oonee 2! craraeMbix AImHEL |, KaxJO€ M3 KOTOPHIX paBHO 27,
¥ IOTOMY CJaraeMble JAHHOW [JIMHLI B CyMME HE IPEBOCXONAT CAUHUIIEL,
a [paBas 4acTh HE IPEBOCXOIUT MAKCUMAILHOU JJIUHEL CIATAEMBIX, TO €CTh
N max n;. Utak, noaydaem, 94T0

2™ 427m 4+ ank)N < N maxn;,

u 5T0 BepHO npu Jr0o6oM N. Eciau ocHOBaHUE CTEmeHY B JI€BOU 9acTU GOIbITIE
€IUHUIEL, TO NPHU 60X N 3TO HEPABEHCTBO HAPYIMUTCA (TIOKA3ATEIbHAA
dyuxma pactér OwicTpee aunenHoun). [losToMy A1 OQHO3ZHAYHOIO KOAA
BBINOJIHAETCSA HepaBeHCTBO Kpadra - Makmuiiana. g
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12.3. Koa XadpdpmeHa

Teneps 3a4a49a 0 KOJe MUHUMAILHOU CPENHEN NJIMHBI MPpUOGpeTaeT Ta-
Kyt GOPMY: IS JAHHBIX MOJOKUTEIBHBIX P1, - . . , Pk, PABHEIX B CyMME €/IU-
HUIE, HAUTHU LEIBIE TOJOXKUTEIBHBIE Ny, ..., N, 11 KOTOPHIX BHIIOJIHEHO
HepaBeHcTBO Kpadra—Makmuinana, a cymma

k
Zpini
i=1

SABJSAETCSA MUHAMAIBLHO BO3MOXKHOU (Cpeau HaGOPOB 7Ny, . .., Nk, YAOBJIETBO-
PAIOIIMX HEPABEHCTBY). 3ajada 12.2.5 noKashBaeT MOKA3LIBAET, YTO CPEl-
HSA IIVHA OJHO3HAYHOI'O KO3 HE MEHBIIE DTOr0 MUHUMYMA, a 3a1a4a 12.2.3
COBOPUT, YTO DTOT MUHUMYM JOCTUTCACTCS, IPUYEM JaXKe IS P EPUKCHOTO
xona. Kak xe mauTtu qucia ny, . .., Ny, JOCTABJIAOIINAE 3TOT MAUHUMYM?

12.3.1. [lokasaTb, YTO MasA OBYX OYKB ONTUMAJIBHEIA KOI COCTOUT U3
IBYX CJIOB NJIWHBI 1, HE3ABUCUMO OT 4aCTOT OYKB. O

Yr10o6w! pemuTs 33434y B 00IIEM CIy4ae, HAYHEM C HECKOIBKUX MPOCTHIX
3aMCYaHUNA.

12.3.2. IlycTte 4acTOTHI PACHONOXKEHHI B yOBIBAIOIIEM NOPAAKE: pp >
> py > ... > pi. dokazaTh, YTO TOrAa AJUHBL CIOB ONTHMAILHOIO KOXA
AAYT B HEYOBLIBAIOIIEM IOPAAKE: N1 < N2 X ... < N

Pemrenne. Ecin 651 6onee penkas 6ykBa uMesa 6s1 601ee KOPOTKOE KOI0-
BOE€ CI0BO, TO, 0OMEHAB KOJOBBIE CJIOBA, MBI COKPATUIN OBl CPEIHION LIUHY
KO/a. O

12.3.3. OcraneTcs qu yTBEPXKACHUE MPEABIAYIIEH 3a4a49U B CUJIE, €CJAA
9aCTOTHI PACIOJIOXKEHBI B HEBO3PACTAIOLIEM HOPsAAKE (BO3MOXKHLL DABHBIE)?

Pemenwue. Her: ecin, ckaxkem, nmeoTcss Tpu GyKBEI ¢ 9acToTon 1/3, To
OIITUMAJBHBIN KO Oy1eT UMETh AJauHBL CJIOB 1,2, 2 (ecau OBl ABA KOJOBBIX
CJI0Ba, UMEMU AauHYy 1, TO Ha TPEThHE yXKE HE OCTAIOCH ObI MECTA), U OHU
MOCL'YyT UATHU B JIOOOM HOPSIKE. O

3aMeTuM, OQHAKO, YTO [PU [OUCKE ONTUMAIBHOIO KOAa (/11 HEBO3-
PACTAKIMMX YaCTOT) MbI BIPABE OFPAHUYUBATHCA JWIIb KOAAMU, B KOTO-
PBIX [JJIMHEI KOJOBEIX CJIOB HEYOBIBAOT (ITOCKOJBKY KOAOBEIE CJI0BA A OyKB
OJMHAKOBBLIX 9aCTOT MOXKHO [IEPECTABIATL 063 M3MEHEHUs CPeJHEN [JIUHEL
KOZJa).
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12.3.4. IlycTte 4acTOTHI pACIOJOXKEHEI B HEBO3PACTAIOIIEM ITOPSIKE
(p1 2 p2 > ... > Dpk), a JIUHLL CJIOB B OITUMAJIBLHOM KO/I€ PACIIOJIOXKEHEI B HE-
yOBIBaOIEM HOpAAKE Nq < Mg < ... < ng. Joxasars, 910 ng_1 = ny (opu
k>2).

Pemrenwe. [Ipeanonoxum, 4T0 3TO HE TaK, X YTO €CTh €JUHCTBEHHOE Ca-
MO€ [MIMHHOE KOJOBOE CJIOBO IJIWHEL N,. Torga uepasencTBo Kpadra—Maxk-
MU/IIAHA He MOXeT Oo0paIaThCA B PABEHCTBO, MOCKOIBLKY BCE ClIaraeMhble,
KPOMe HAMMEHBIIEro (IOCACAHEr0), KPATHLL Y ABOCHHOMY TOCJACIHEMY CIa-
raeMoMy. SHAYUT, B HTOM HEPABEHCTBE €CTh 3AIAC, NPUYEM HE MEHBIINUU
MOCJEHEr0 CJAraeMoro. A Torja MOXHO YMEHBIIUTDL 7 HA CAUHUILY, HE
HapyIIasg HEPABEHCTBA, YTO IPOTUBOPEYUT MPEANONOXKEHNAI0 006 ONTUMATb-
HOCTHU UCXOJHOTO KOAA. |

OTa 33/a9a NOKA3BIBAET, YTO IPU MOUCKE ONTUMATLHOI'O KOAA MOXKHO
PacCcMaTpUBATE JUIIb KOJbI, B KOTOPHIX JABE CaMble pefkue OYKBEI UMEIOT
KOJbI OJIMHAKOBOU JJIMHEL.

12.3.5. Kak cBecTu 3a1a4y OTHICKAHUA [JIUH KOMOBBIX CJIOB ONTUMAJIb-
HOr'O KOjAa s k 9acToT

P12p22...2DPk—2 2 Pk—1 2 Pk
K 3a/a4e TOMCKa, IJUH ONTUMATLHOrO Koaa a1d k — 1 gacToT
P1,P25 -+, Pk—2,Pk—1 + Dk
(4aCTOTHL IBYX CAMEIX peakux OyKB 0ObeAuHeHb])?

Pemenme. MEI yxXe 3HaeM, YTO MOXHO PACCMaTPUBAThL JUIIL KOALI C
ng_1 = ng. Hepasencrso KpadTa— MakMuiana TOa 3alUIIETCA KAK
97N 497N g 49Tz 4 9 M1 49k =

=My 4 42 42N

eClM MONOXKUTB Ny_1 = N = n + 1. Takum o6pas3om, 4ucaa ny,...,Nk_2,n
JOJKHEL yIOBJAETBOPsATHL HepaBeHcTBy Kpadra—Maxkmmnrana mas k — 1
6ykB. Cpenssis IIUHBEL DTUX ABYX KOLOB OyAyT CBSI3aHBL

ping + ..o+ Pp—2Ng—2 + Pr—1Mg—1 + DNy =
=pin1+ ...+ pr_2ng_2 + (Pr—1 + pr)n + [Pr—1 + Pi)-

IMocaepnee craraemoe (KBagpaTHas CKOOKA) HE 3aBUCUT OT BHIOMPAEMOrO
KO/a, IO3TOMY MUHUMU3UPOBATH HAJO0 OCTAILHOE, TO €CTh KAaK Pa3 Cpei-

HIOI0 JJIWHY KOJA C MJUHAMU CIOB N1i,...,Nkg—2,N IJI1 9aCTOT P1,P2, .- -
.y Pk—2,Pk—1 + Pk Ilocae 5TOro HAO MOJMOXKUTE Ng_1 = N =n + 1, U 3TO
IACT ONTUMAILHBIN KO JJIS UCXOJAHOU 33 JaA4u. g

12.4. Kod llennona — Dano 213

Ucnonb3ys 3Ty 3a1a4y, HECIOXKHO COCTABUTL PEKYPCUBHYIO IPOIDAMMY
[JI1 OTBICKAHUSA JJIUH KOAOBBIX CJIOB. C KaXABIM BEI30BOM 4uUCJIO OykB Oy-
€T YMEHBbIIATHC, IIOKA MBI HE CBEAEM 33,434y K CIyYalo ABYX OYKB, KOI'Ia
ONTUMAILHEIA KO4 cocTouT u3 caoB 0 m 1. 3aTeM MOXHO HAUTH M CAMU
KOJOBHIE cJa0Ba (corviacHo 3anade 12.2.3). Ho npome o6bequnuTs 910 gel-
CTBUA U CPA3y UCKATH KONOBHIC CJIOBA: BEIb 3aMEHA YUCJAA 1 HA IBA YUCJAA
n + 1 coorBeTcTByeT 3amene k040BOro caosa P ma gBa cioBa PO u Pl ua
eqUHUILY GOMBbINEN AIUHEL (M 3Ta MOCIEHAA 3aMEHA COXPAHAET MpeduKc-
HOCTB KOJA).

Koa, mocTpOeHHEIM TAaKuM METOAO0M, HaswiBaeTcsa xodom Xagddmena.
Mur gokasanu, 9TO OH UMEET MUHUMAJIBHYIO CPEJHION IJIVHY CPEIU BCEX
KOOB (A/s maHHEIX 9acTOT OykB). B caepyromen 3agade oneHuBaeTcsa 4u-
CJI0 Omepanun, HeoOXOAUMEIX Il MOCTPOeHus Koga Xaddmena.

12.3.6. Ilokasarb, 4TO MOXHO 06PaOOTATHL YACTOTHL P1, ..., Pk, CACIAB
O(klogk) omeparnuu, mocae 4ero i-oe KOJOBOE CIOBO MOXKHO YKA3aTh 33
BpEMs, POMOPLUOHATBHOE €r0 [IJINHE.

[Ykasanue. 3ameTuM, 9TO OLEHKA BPEMEHU [JOBOIBHO CHUIBHAS: TOJb-
KO Ha cOpTupOBKy 4ucea p; yxe yxogur O(klogk) meuctsuir. IlosTomy,
[IPUMEHsAA IPEIBIIYILYIO 33,14y, HYKHO UCIOJIb30BATh PE3yJbTaThl COPTU-
POBKU k {1CeJ OPU COPTUPOBKE MEHBIIErO KOAXIECTBA, IUCEI. JTO MOXKHO
CIeIaTh C MOMOIIBIO OYepeqyl C MIPUOPUTETAMU, BLIHUMASA 1B MUHUMAJb-
HBIX 9ucaa u g06asasas ux cymmy 3a O(logk) mencTsuii. ITO MO3BOIACT
OIPENEINTh, KAKUE NBe OYKBHI HAAO COCNUHATH B ONHY HA KAXKIOM IIare.
IMapamnensHo ¢ coeauHeHuEeM GYKB MOXKHO CTPOUTH NEPEBO KOJAOB, IPOBOAA
pébpa (momedennsie 0 u 1) oT coeauHEHHOU OYKBBI K KaxXJ0U u3 eé 1o-
J0BuHOK. Ilpu sToMm Tpebyerca O(1) mercrBunn Ha kaxgoMm mare. Ilocae
3aBEPINECHUSA TOCTPOECHUE TPOCICKUBATEL KO JHOO0U OYKBHI MOXKHO CAMBOJI
33 CHMBOJIOM. ] O

12.4. Kop lllenHoHa —daHo

MuiBugemm, KaK MOXHO HOCTPOUTH ONTUMAIBHEIM KOJ (MMEIOIIUN MU-
HUMAJILHYIO CPEQHIOK [IKHY) AAsA JaHHOro Habopa vactor. QaHaxo sTa
KOHCTPYKIMA He 1aéT HUKAKOU OLEHKY /IS CPEIHEU NIUHEL ONTUMAIBLHOIO
koga (kax pyHkIuu OT 9acToT p;). Creayromue 3318491 yKA3EIBAET TAKYIO
OleHKy (C aGCOMIOTHOU MOrPEMHOCTHIO He 6omee 1).

12.4.1. IloxazaTb, YTO A JIOOBIX MMOJOXUTEIBLHEIX YaCTOT D1, . .., Pk
(B CcymMMe DaBHBIX €IUHHUIE) CYLIECTBYET KOJ CPEIHEeN IJIWHOU He Gouee
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H(pi,...,pr) + 1, rae dyuxuua H (maswiBaemas anwmponuet [llennona)
onpezenseTcs GopMyJIon

H(p1,...,pn) =p1(—logayp1) + ...+ pr(—log, pr)

Pemenwe. Eciu wacToTsl p; npeacTapasioT cobon ueasie (OTPULATEIb-
HBIE) CTENEHU ABOUKU, TO DTO yTBEpXKJAeHUE HOuTH odueBugHO. [lomoxum
n; = —logp; (3ecy u gasnee Bce Jorapudmel aBoudnse). Torga 27" = p;
¥ DOTOMY I YUCEN 7; BHIIOJIHEHO HepaBeHCTBO Kpadra—Makmumiiaua.
ITo 3anade 12.2.3 MOXHO MOCTPOUTH NPEGUKCHBIA KO/ C IIUHAMU KOJOBEIX
CJIOB N1,...,Ng, U CPEAHASA IJIXHA >TOrO Kona Oyxer pasHa H(pi,...,Dpr)
(u naxe eguuuily JOOGABIATEL HE HAJO).

OTa eAMHUNA OPUroAUTCs, ecau log p; He uensie. B sToMm caydae Hano
B3SITb HAUMEHBIIEE 7;, TPU KOTOPOM 2~ < p;. [lus Takux n; BEIIOIHAECTCS
HepaBencTBO Kpadra—Makvwmwinana, u ouu 6ouasimie — logp; He 6osee dem
Ha eauHULy (IOTOMY U MOCJE YCPENHEHUs yxyAuenue OyaeT He Gojee deM
HE eIVHUILY. OJ

ITocTpoennslt HA OCHOBE 3TOU 3343491 KOJ Ha3bBaeTCa xodom Ilenno-
na — Dano. ITO MOCTPOEHUE JIETKO UBBJICKAECTCS U3 permenus 3agayuu 12.2.3:
paccMaTpuBas uucaa n; = —|logp;| (HauMenbIMe Ueble YUCTA, AIA KO-
TOpEIX 27" < p;) B NOpsAAKe YOLIBaHWs, MbI OTBOAUM [JS KaXKIOTO U3
HUX KOJOBOE CJIOBO U COOTBETCTBYIOIIUM y4acTOK orpeska [0,1] caesa Ha-
IIpaBo.

HpI/I 9TOM MBI IPDOUT'DBEIBACM B IJIVHE KOJda (HO CPaBHEHUIO C OIITUMAJNb-
HBIM KOJIOM) HE GOJIeE CNVHUIBL KAK Mbl CEMYAC YBUAUM, CPENHAA [IJIMHA
JM060T0 (B TOM YMCIC U ONTUMAIBHOTO) KOAa He Menbie H(py,. .., pg).

12.4.2. (/lna 3HAKOMEIX C MATEMATUYECKUM aHaam3oM) /lokaszaTsb, 9To
(Ipu AHHBIX TOMOXUTEIBHBIX YACTOTAX, B CyMME JAOIIUX CAUHUILY) CPE/-
HAA AauHA 106000 (0AHO3HAYHOrO) KoAa He Menbie H(py,...,pr).

Pemrerwe. Unmest B Bugy HepasencTBo Kpadra - Maxmumiana, Mbl foJ-
JKHBI [OKA3aTh TAKOU (PAKT: €CIu

2™ 427 L1,
TO

pint + ...+ peng = H(pr,- -, pr)-

OTO BEPHO AJisA JHOOLIX N;, HE 00A3ATEIBHO IEAbIX. Y JOOHO TEpEeuTH OT Ny
K BeIWYUHAM ¢; = 27 ™; UHTEpecyollee HAC YTBEPXKACHUE TOrAA TVIACUT,
9TO €CIU P1,...,Pk 4 q1,...,qr — J[ABa HAOOpA MOJOKUTEILHBIX HUCEI,
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n CyMMa 4YUCEJI B KaX10M paBHA €QUHUILIEC, TO

pi(—loggi) + ...+ pr(—logqr) = p1(—logp1) + ... + pr(—logpk).

Jpyrumu croBaMu, BEIPAXKEHUE

pi(—logq) + ...+ pr(—logqr)

(paccmaTpuBaeMoe mpu (PUKCHPOBAHHEIX P; KAK (DYHKIUA HA MHOXKECTBE
BCEX MOJOXUTEIbHEIX (1, . - ., (k, B CYMME PABHEIX €IUHUIE) JOCTUCACT MU-
HuMyMa npu ¢; = p;. ObracTs onpeaeneHus 3Tou GyHKIUA €CTh BHY TPEH-
HOCTb CUMILICKCA, (TPEyTrOMbHUKA Ipu 1 = 3, TeTpasapa npu n=4 u T.1.)
¥ TIpu TPUOIMXCHUN K TPAHUIE OJHO U3 ¢; CTAHOBUTCA MAJBIM, 8 €M0 MUHYC
J0orapudM yXOAUT B 6ECKOHEIHOCTb. SHAYUT, MUHUMYM (DYyHKIMK TOCTHATA-
ercs BHyTpu obxactu. B Touke Munumyma rpaauest (—p1/qi, - .-, —DPn/qn)
NOMKEH OBITH MEPICHIUKYJIAPEH MIOCKOCTU, HA KOTOPOU (GyHKIUSA Ompe-
geneHa (MHAYE COBUT BJIOJb DTOU IUIOCKOCTY YMEHbINAN Gbl (DYHKIWIO), TO
ecThb BCe p;/q; paBHbL IIOCKOIBKY Y . p; = Y. ¢; = 1, TO 5T0 0O3HAYaeT, 9TO
bi = 4qi-

[pyroe o6bacaenue: GpyHKIuA 10g BEIMTYKIA BBEPX, MOXTOMY A JIOOBIX
HEOTPULIATEILHBIX KOX(P(MUIUEHTOB (;, B CyMME PABHBLIX CIWHUIE, U /IS
JEOOBIX TOYEK T; U3 00IACTH ONPEACICHUs JOrapudMa, BEIIOJIHACTCA HEPa-

BCHCTBO
log (Z aixi) > Zai log ;.

Ocraéresa monoXuTL O = P;, T; = ¢;/p;; B JeBOU HacTu OyneT Jorapudm
eNUHUIEI, TO €CTh HyJb, & » p; log(g;/p;) ecTb Kak pas pPasHOCTH MEXAY
JIEBOU U MPABOM YaCTAMHU JOKA3BIBAEMOI'O HEPABEHCTBA. O

Benuka 1 5KOHOMUS OT UCIONBL30BAHUSA KOJOB, ONMACAHHLIX B 9TOM Da3-
gene? OTO, KOHEYHO, 3AaBUCUT OT YacCTOT OYKB: €CAM OHU BCE OJUHAKO-
BEIE, TO HUKAKOM DKOHOMUU He OyxeT. JIerko 3aMeTUTh, YTO B PYCCKOM
SI3BIKE PasHBle OyKBLI MMEIOT DAa3HYI0 4acToTy. Ecim, CKaxeM, B TEKCTaX
(TEX-dannax) 3TOM KHUXKKHA (HA MOMEHT DKCIEPUMEHTA) OCTABUTH TOJb-
KO 33 cTpouHEBIE pyccKue OYKBEI OT «a» OO «I», a BCE OCTAJIbHEIE CHMBOJEL
He yYUTHIBATh, TO CAMOU YacTou Oyksou OyaeT Gyksa «o» (uactora 0,105),
a camon peakou — TBEpAb 3HaK (wacrora 0,00019). 3nadenue sHTpOIUM
Mlennona nmpu sTom Gyaer pasuo 4,454 (cpaBuuTe ¢ 5 6Guramu, HEOGXO-
OUMBIME 1S KOAupOoBaHusA 32 Oyks). Bemrpomn we tak Bemuk. On Gyaer
GOJIBIE, €CIM YIUTHIBATL TAKXKE U APYTHUE CUMBOJEL ([IPOMUCHBIE OYyKBHI,
3HAKU NPEOUHAHUSA U JP.), KOTOPHIE BCTPEIAITCA B TEKCTE TOPAa3j0 Pexke.
Haxoser, MOXXHO KOAUPOBATH HE OYKBEHI, a IBYX0yKBEHHBIC KOMOUHAIUY WU
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emg 9T0-Huby Ab. IMEHHO TaK MOCTYNAIOT MOMyJIAPHBIE IPOrPAMMEL CKATHA
uHpopManuu (TUNA zip), KOTOPLIE MO3BOIAIOT COKPATATH MHOTHME TEKCTHL
B [OJTOpPa-ABa pasa (a HEKOTOpbe Apyrue dhauibl JaHHLEIX — U B GOJbIIee
YHUCIO Pas).

12.4.3. Komnanuss M. yTBepxgaer, 9T0 €€ HOBasg NPOrpaMMma, Cylep-
cKaTusa PANIOB MO3BOMACT CXKATH 000K dani aiuaon 6oasme 100 000 6an-
TOB 10 KpauHeun mepe Ha 10% 6Ges morepu mHpoOpManuu (MOXHO BOCCTA-
HOBUTH MCXOJHBIU (GAlJ [0 €ro CKAToMy Bapuanty). JokasaTs, 9TO OHA
BpET. O

13. NMPEACTABJIEHUE
MHO>XECTB.
XEWWNPOBAHUE

13.1. XewmpoBaHue C OTKPbLITON aapecaLmen

B ruraBe 6 6BLI0 yKa3aHO HECKONBKO MPENCTABICHUN [ MHOXECTB, D16~
MEHTAaMU KOTOPBIX ABJAOTCA TEAbIC INCIA I'IpOHBBOJIBHOfI BC/IUNYNHEI. O;[Ha,—
KO B JII000M U3 HUX XOTs OBI 0JHA U3 ONEPALUYN IPOBEPKY IPUHALICKHOCTH,
NOOABICHUA U yAATCHUS DIEMEHTa TpeOoBala KOINIeCTBa NEUCTBUY, [IPO-
TOPIIMOHAJBLHOIO YUCIY DJIEMEHTOB MHOXecTBa. Ha mpakTuke 510 ObIBaeT
CJIUIIIKOM MHOI'O. CyIHeCTByIOT CHOCO6I:>I, MMO3BOJIAKOINNE TTONYYIUTH 1/ BCEX
Tpéx ymoMaHyThx onepanui onenky C'logn. Oauu u3 Takux cnoco60B MEI
pPaccMOTpUM B CeLyromen riaase. B »Tou riase Ml pazéepém cnocob, KoTo-
pBie x0T u TpuBOAUT K C'n IEUCTBUAM B XYAIIEM CIy4ae, HO 34TO «B CPE]I-
HeM» TPeOYeT 3HAYUTENLHO MEHBIIEro ux Yucaa. (Mer He 6y1eM yTOYHATE
CJIOB «B CPENHEM», XOTA DTO U MOXHO CAEIATh.) DTOT CHOCOO HA3EIBACTCSH
TEWUPOBARUEM.

IIycte HaM HEOOXOAMMO MPEACTABIATH MHOXECTBA, DIEMEHTOB Tuna T,
OpuYéM YKUCIO JIEMEHTOB B HUX 3aBEIOMO MeHbIne n. BriGepeM HEKOTO-
pyoo dyuxuuo h, onpenenéHHy0 Ha 3HAYEHUAX TUNA T U NPUHUMAOIILYIO
sHadeHus 0...n-1. Buuto 661 XOpoIo, YTOOBI 5Ta PYHKIUA IPUHAMAIA, HA
aJieMeHTax OyAyliero MHOXECTBA IO BO3MOXHOCTHU Oosiee pasHOOOpa3HEBIE
suavenus. (Xyammu ciaydail — 5TO KOrjga €€ 3HAYCHUSA HA BCEX DJICMEH-
TaX XPaHUMOI'O MHOXECTBA OJUHAKOBEL) DTy (DyHKUUIO OyAeM HA3HIBATH
rew-Pynryuet, U1K, KaK elé rOBOPAT, Pynkyued paccmanosKuy.

Beeném nBa maccuBa

val: array [0..n-1] of T;
used: array [0..n-1] of boolean;

(MH no3BoJsgeM cebe mucaTh n—1 B KayecTBe I'PaHULEBI B OIIPpEACJICHUNA TUIIA,
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XOTsA B MACKAJE 5TO HE paspemaeTcs). B aTux maccuBax GyayT XpaHUTHCA
DJIEMEHTHI MHOXKECTBA: OHO PABHO MHOXeCTBY Bcex val [i] ams Tex i, ams
KOTOpHIX used [i], mpuuém Bce aTu val [i] pasmuunsl. [lo BoaMoxHOCTH
MEI OyJeM XpaHUTH dJeMeHT t Ha MecTe h(t), cuuTas >TO MECTO «UCKOH-
HBEIM» 11 2aeMeHTa t. O IHAKO MOXKET CIyYUTHCSA TAK, YTO HOBBIU DJICMEHT,
KOTODHIM MBI XOTUM [400aBUTH, IPETEHAYET HA YK€ 3aHATOE MeCTO (s
KOTOpPOro used UCTUHHO). B 3TOM cay4ae MBI OThIIEM Gvkauiee Crpasa
cBO6OAHOE MeCTO U 3anumeM djieMeHT Tyaad. («CmpaBay 3HAYUT «B CTOPO-
HY YBEJIXYEHUSA UHAEKCOBY; JOUASA 10 KPAas, MBI IEPECKAKUBAEM B HAYAIO. )
ITo mpeanonoxeHuso, YUCIO HJIEMEHTOB BCET1a MEHBINE N, TAK YTO IIYCTHIE
MecTa 3aBeJoMO Oy ayT.

DopmatbHO TOBOPS, B JIIOOOU MOMEHT JOJXKHO COOMIO[ATHCA TAKOE TPe-
OoBaHue: 1Js JI000r0 DIEMEHTa MHOXKECTBA YIAaCTOK CIPABa, OT €r0 UCKOH-
HOI'0 MeCTa [0 €ro (GakTUIeCKOr'0 MeCTa IIOJHOCTHIO 3aIIONHEH.

Braronaps sToMy nmpoBepKa NPUHAATEXKHOCTU 33JaHHOIO JIEMEHTA t
OCYIIECTBIACTCA JIETKO: BCTaB Ha h(t), qBUraeMcsa HampaBo, MOKA HE JOU-
IéM IO TMyCTOrO MECTa Wau 10 dnaeMeHTa t. B mepBoMm ciaydae saemeHT t
OTCYTCTBYET B MHOXECTBE, BO BTOPOM — IpUCyTCTByeT. Eciu dmemeHT
OTCYTCTBYET, TO €r0 MOXHO JOOABAUTH HA HAUJACHHOE IMyCcTOE MecTO. Kcam
OPUCYTCTBYET, TO MOXHO €ro yaamuThb (monoxus used = false).

13.1.1. B mpeasigymenm absane ectsb ommubka. Hautu €€ u ucupaBuTh.

Pemenne. /[eno B TOM, 9TO mpu yaaneHuu TpefyeMOe CBOUCTBO «OTCYT-
CTBUs IIyCTOT» MOXeT HapymuThes. Ilosromy 6ynem penars Ttak. Cospas
OBIPY, OyeM IBUTCATHCA HAIPABO, TOKA HE HATOJKHEMCS HA DIEMEHT, CTO-
AU HE HA UCKOHHOM MECTE, WX Ha, eé OLHO MyCcToe MecTo. Bo BTOpoM
CJIy4ae Ha DTOM MOXHO YCIIOKOUTHCA. B mepBOM Ciiydyae mOCMOTPHUM, HE
HYXHO JU1 HaIl/)I,E[eHHBII;,I AJIEMEHT IIOCTAaBUTHh Ha MECTO OBIPHI. ECJII/I HET, TO
NPOJOJKAEM IOUCK, €CJAM [a, TO 3aTHIKAEM UM CTapywo Auipy. [Ipu sTom
00pasyeTcs HOBas AEIPA, C KOTOPOU [eJaeM BCE TO Xe CaMoe. O

13.1.2. HamucaTs mporpaMMbl IPOBEPKHU IIPUHAIICKHOCTHU, NOOABJIC-
HUSA U yJAJCHUSA.

Pemenne.

function mpumammexur (t: T): boolean;
| var i: integer;

begin
i :=h (t);
while used [i] and (val [i] <> t) do begin
| i := (i + 1) mod n;

end; {not used [i] or (val [i] = t)}
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| npuHagnexur := used [i] and (val [i] = t);
end;

procedure no6asurs (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 uckmouurs (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;

while used [i] do begin
if i = h (val[il) then begin
| {Ha cBoéM MecTe, HMYero He HenaThb}

| {gap...h(val[il)...i, mHu4ero He memaTn}
end else begin

used [gap] := true;

val [gap]l := val [i];

used [i] := false;
gap := ij;
end;
i := (i + 1) mod n;
end;
end;

end;
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gap := i;
i := (i + 1) mod n;
{gap - nmEpa, KoTopas MOXeT 3akKpHTHCA ofZHUM M3 i,i+l,...}

end else if dist(h(val[i]),i) < dist(gap,i) then begin

3aech dist (a,b) — m3MepeHHOE MO YaCOBOU CTPeKe (CJIeBa HAIIPABO)
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paccTosHuEe OT a A0 b, TO eCcTh
dist (a,b) = (b-a+n) modn.

(Mb! npubaBuin n, Tak Kak QyHKIUA mod NPABUILHO paboTaeT IpH IOJO-
KUTEIHHOM [EIUMOM. ) O

13.1.3. CymecrByeT MHOrO BapuaHTOB XemupoBauus. O quH U3 HUX Ta-
KOB: OOHAPYKUB, 9TO UCKOHHOE MeCTO (0603HAYUM €ro §) 3aHATO, Oy,1eM UC-
KaTb cBoOOAHOE He cpeau i + 1,4 + 2,.. ., acpeau (i), 7(r(0)), r(r(r(1))),. ..,
rae r — HekoTopoe orobpaxkenue {0,...,n — 1} B ce6sa. Kakue npu sTom
OyayT TpyaHocTH?

Orget. (1) He rapanTupyercs, 9YTO €CAM IyCTHIE MECTA €CTb, TO MEI
ux Hauaém. (2) [Ipu yaanenun HeAcHO, Kak 3anouHATh Abpel. (Ha npaxTu-
Ke BO MHOT'MX CIy4YasX yJaJeHUE HE HYXKHO, TAK 9TO TAKOU CIOCOO TaKXKe
mpumensieTca. CuuTaeTcs, 9TO yAavHLIA TOAO0P (PYHKIMM T MOXKET Ipe-
JAOTBPATUTL 06PA30BAHUE «CKOILICHUI) 3AHATHIX AICEK.) O

13.1.4. IlycTtp ana XpaHeHMs MHOXECTBA BCEX IPABUIBLHBIX PYCCKUX
CIOB B IpPOTrpaMMe NPOBEpKU Opdorpaduu UCHOIB3YEeTCS XEIIUPOBAHUE.
Y10 HyXHO N00ABUTH, YTOOEI K TOMY XK€ YMETb HAXOAUTH AHTJIUUCKUU
epeBo J60ro MPABUIBHOIO CJIOBA?

Pemrenwe. [lomumo maccuBa val, 3/eMEHTEL KOTOPOT'O ABIAIOTCA PYCCKHI-
MU CJIOBAMU, HYXKEH MAPAICIbHLIM MACCUB WX AHIVIMUCKUX HepeBoaoB. [

13.2. XewwuporaHue CoO CnmMckamm

Ha xerm-¢yukuio ¢ k 3HAYEHUAME MOXKHO CMOTPETH KaK Ha Cocob ce-
CTH BOIIPOC O XPAHEHUH OJHOr'O OOJIBIION0 MHOXECTBA K BOIPOCY O XpaHe-
HUY HECKOJBKUX MEHBbIUX. IMEHHO, eciiu y HAC €CTh Xem-(pyHKuus ¢ k 3Ha-
YEHUAMU, TO JIOO0E MHOXKECTBO Pa3buBaeTcs HA k MOAMHOXECTB (BO3MOXK-
HO, IIYCTHIX), COOTBETCTBYIOUIMX BO3MOXHEIM 3HAYCHUAM Xell-(QyHKIUU.
Bompoc o npoBepke npuHa II€XHOCTH, JOOABICHUYN WIN Y IAJCHUY 11 OOIb-
IIOT'0 MHOXKECTBA, CBOJUTCA K TAKOMY K€ BOIPOCY A OJHOI'O U3 MEHbIINUX
(4TO6HI y3HATD, /1A KAKOT'O, HAJ0 MOCMOTPETh Ha, 3HAYCHUE XCII-(DYHKIUY).

OTH MEHBIINE MHOXECTBA Y J00HO XPAHUTD C IIOMOIIBIO CCBLIOK; UX CyM-
MApPHBIU PA3MEP PABEH YUCIY DJIEMEHTOB XelpyeMoro MHoxkecTsa. Caeny-
oA 3aa4a NpeAaaraeT Pealn3oBaTh HTOT ILIAH.

13.2.1. IlycToe xem-¢yHKuus npuHUMaeT 3HadeHus 1...k. g xaxno-
0 3HAYEHUsA XeHl-PYHKIIUYA PACCMOTPUM CIUCOK BCEX JIEMEHTOB MHOXKE-
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CTBa C JAHHBEIM 3HadeHueM xem-(pyHKIuU. Bynem XxpaHuTb 3Tu k CIUCKOB
C IOMOIIBIO IIE€PEMEHHBIX

Comepxanme: array [1..n] of T;
Cnenmywumi: array [1..n] of 1..n;
[lepeCBOG: 1..n;

Bepumua: array [1..k] of 1..n;

TaK K€, KaK MBI TO [eJalu 11 K CTEKOB OrPAHUYEHHOU CYMMAPHOU [JIN-
uel. Hanucats cooTBeTcTByOIME IporpaMMul. (Y gajgeHue m0 CpaBHEHUIO
C OTKDBITOU aapecanyell yupomaeTcs. )

Pemenne. Ilepen naganom paboTsl HAL0 NOJ0KUTL Bepuwmua[i] = 0 mus
Bcex 1 =1...k, ¥ CBA3aTh BCE MECTA B CIIUCOK CBOOOIHOIO MPOCTPAHCTBA,
nonoxus epsCro6 = 1 u Crenywmmir[i] = i+1 gua i =1...n-1, a Takxe
Crenywoumu [n] = 0.

function mpumagmexur (t: T): boolean;
| var i: integer;
begin
i := Bepummal[h(t)];
{ocTamocr mckaTe B cmMcCKe, HauMHag C i}
while (i <> 0) and (Cogmepxamme[i] <> t) do begin

i := Cnemywoumu[i];
end; {(i=0) or (Comepxamme [i] = t)}
npuHagnexuT := (i<>0) and (Comepxamme[i]=t);

end;

procedure gmo6aBumTh (t: T);
var i: integer;

begin

if not mpmmapmmexmT(t) then begin
i := IlepBCBO6;
{HepBCBoG <> 0 - cuMTaeM, 4YTO He nepenonﬂserca}
lepeCBo6 := Cmenywumi[MepeCro6]
Conepxanme [i] :=t;
Cnexnywommi [i] : =Bepumna [h (t)];
Bepumua[h(t)]:=i;

end;

end;

procedure uckmouuts (t: T);

| var i, pred: integer;

begin

| i := Bepummal[h(t)]; pred := 0;
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{ocTamocs uckaTe B cnmcCKe, HayMHasZ c i; pred -
IpemHIyuM#A, ecaM OH eCTh, m O, ecmum HeT}

while (i <> 0) and (Comepxamme[i] <> t) do begin

| pred := i; i := Cmexyommu[i];

end; {(i=0) or (Comepxamme [i] = t)}

if i <> 0 then begin

{Conepxanme[i]=t, >meMeHT ecT®h, HaZo ymamuTh}

if pred = 0 then begin
{>meMeHnT oOxazsamca mepeHM B cmuckel}
Bepuwna[h(t)] := Cregynommiz[i];

end else begin

| Cnernyoumi [pred] := Cremywoumi[i]

end;

{ocTanoce BepHyTH i B cmucox cBo6omHHX}

Cnenyoumi[i] := IlepeCro6;

MepBCBO6:=i;

end;
end; O

13.2.2. ([nn 3HaKOMEIX ¢ Teopuen BepoaTHOcTen.) IlycTh xem-pyHK-
s ¢ k 3HAYEHUAMU UCHOIB3YETCA N XPAHEHUA MHOXECTBA, B KOTOPOM
B [JAHHBI MOMEHT 7 3J1eMeHTOB. [[0Ka3aTh, 9TO MATEMATUYIECKOE OXUIa-
HUE YnCIa JeUCTBUN B Ipeasiayimen sagade He npesocxoaut C(1 + n/k),
ecau 106aBIAeMEBI (yAANAEMBIM, UCKOMBIN) DJIEMEHT ¢ BHIOPAH CJLy4ayHo,
npuuéM Bee 3HadeHus h(t) UMeT paBHEIE BeposTHOCTH (paBHule 1/k).

Pemwenwe. Eciu [(i) — mmHa Comucka, COOTBETCTBYIOMIETO XEII-3HAYE-
HUIO i, TO yucao onepamuu He npesocxomut C(1 + I(h(t))); ycpennsas, mo-
JTyd9aeM MCKOMBIA OTBET, Tak Kak y . [(i) =n. O

OTa OLEHKA OCHOBAHA HA MPEANONOXKEHUY O PaBHBLIX BeposTHOCTAX. O1-
HAKO B KOHKPETHOU CUTyauuu BCE MOXET OLITh COBCEM HE TaK, U 3HAUYCHUSA
XeI-PYHKIIUU MOTYT «CKYyUYMBATHCAY: A KAXKJIOU KOHKPETHOU XeI-hyHK-
munm €CThb «Hey;[aquIe» CI/ITyaI_II/II/I, KOorga YucJjJo ﬂeﬁCTBHﬁ OKa3BbIBACTCs
6onbmuM. [Ipuém, HABLIBAEMBIN YHUBEP CAAbHOIM LEULLD OB AHUEM, TTO3BOJIS-
eT oboutu >y mpobuemy. Maes coctoutr B TOM, 4TO O6EPETCA CEMEUCTBO
Xem-(pYHKIUN, IPUYEM JE00as CUTY Al OKA3BIBACTCS HEY JAYHON JIUIIIb [JI
HEOOIBIIION YACTU DTOrO CEMEUCTBA.

ITyctes H — cemMencTBO (DyHKIUH, KAXKAAA U3 KOTOPHEIX OTOOpaxKaeT
MHOXeCTBO 1’ B MHOXeCTBO u3 k saemeHToB (nanpumep, 0...k — 1). Toso-
par, uto H — ynusepcaavnoe cemeticmao rew-Gynkyut, ecam nist Jr00ObIX
IBYX PA3JUYHBIX 3HAYCHUUN S U ¢ U3 MHOXECTBA 1 BEPOATHOCTH COOBITUS
h(s) = h(t) pas cayganson gyukmuu h us cemencrsa H pasua 1/k. (Ipy-
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rumu caoBamu, Te pynkuuu u3 H, nas xoropeix h(s) = h(t), cocrasusor
1/k-y1o gacts Bcex dynxuuu B H.)

3ameuanwme. Bosnee cunbnoe TpeboBanue k cemencTBy H morio 6wl co-
CTOATEH B TOM, YTOOHI [MJIs JIOOBIX IBYX PA3MMYHBIX DIEMEHTOB § W { MHO-
xecrBa T 3Havenus h(s) m h(t) ciygannon QyHkuum h ABIAIOTCS He3a-
BUCUMBIMA CIyIAVHEIMUA BEJIXYIMHAMYU, PABHOMEDHO PACTPEACICHHEIME HA

0...k—1.

13.2.3. Ilycrs tq,...,t, — OIPOM3BOJILHAS MOCIEIOBATEIHHOCTD PA3IAY-
HBIX DJEMEHTOB MHOXecTBa 1'. PaccMoTpuM KOIM4eCTBO NEUCTBUU, IPOUC-
XOJAMUX NPYA TOMEIIEHUY DIEMEHTOB t1, . .., t, B MHOXECTBO, XEIIUPYEMOE
¢ TmOMOIIBI0 (pyHKIUMY h u3 yHuBEpcaabHOro cemeuctsa H. Jokaszars, 94T0
CpeHee KOMM4IecTBO aenctsun (ycpeguenue — 1o sceM h ua H) me npesoc-
xoqut Cn(1+ n/k).

Pemenne. O603Ha1MM Yepe3 m; KOIAIECTBO DIEMEHTOB IOC/IEI0BATE/b-
HOCTH, JJIA KOTOpHIX Xem-pyHkiusa pasHa i. (Hucma myg,...,my_1 3aBu-
CAT, KOHEYHO, OT BhIOOpa xem-byHKmunu.) KoamuecTBo AeicTBUil, KOTO-
po€ MBI XOTUM OLCHUTH, C TOYHOCTHIO OO IIOCTOAHHOI'O MHOXHUTEIA PaB-
Ho m3 +mi +...+mi_,. (Ecam s 4mcen nomajaroT B OAHY XeII-TICHKY,
TO A 9TOoro tpebyercs mpumepHo 1 + 2 + ...+ s geucTsBun.) ITy XKe
CYyMMYy KBAJDATOB MOXHO 3AIUCATbL KAK 9YUCAO map (p,q), AIA KOTOPHIX
h(tp) = h(ty). llocrenHee PaBEHCTBO, €CIN €MO PACCMATPUBATL KAK COOBI-
Tue npy GUKCUPOBAHHEIX P U ¢, UMEET BEPOATHOCTH 1/k npu p # ¢, mosTomy
Cpe/IHee BHAYMEHUE COOTBETCTBYIOMErO WICHA CyMMEI paBHO 1/k, a nusa Bcen
CyMMHI TIOIyqaeM omenky mopsaaxa n’/k, a Tounee n + n?/k, ecmm yuecTs
WIEHHI C P = g. g

JTa 3a4a4a MOKA3LIBAET, YTO HA KAXKABIM JOOABIAECMEIN JJIEMEHT IIPU-
xogutcs B cpegueM C(1 + n/k) onepanuir. B sTont onenke apo6s n/k nmeet
CMBICT «K03((PUIIMEHTA 3ATTOTHEHUS) XeIl-TAOJAIIE.

13.24. [loxa3aTh aHAJOTUYHOE Y TBEPKACHUE [JISI TP OU3BOIBHON HOCJIe-
[NOBATEIBHOCTHY OIIEpanull 100ABICHUS, HOUCKA U yaaaeHus (3 HE TOABKO s
NOOABICHUA, KAK B MPEALIAYIICH 3aa49€).

[Ykazanue. Bygem npeacraBasats cebe, 9TO B XOJ4€ IOUCKA, N0OABIE-
HUS U yIAJEHUA DJIEMEHT NPOTAIKUBACTCA IO CIUCKY CBOMX KOJJIEr C TEM
JKe XCII-3HAYEHUEM, IIOKA He HAWAET CBOErO IBOMHUKA WIM HE NOUAET oo
KOHIIa crucKa. ByjeM Ha3eIBATH 4-j-CTOIKHOBCHHEM CTOJIKHOBEHHUE ¢; C t;.
(Ono mbo npowmsougér, b0 HeT — B 3aBucuMocTu oT h.) Obmee [u-
CJI0 NEUCTBUM MPUMEPHO PABHO YHUCIYy BCEX MPOUCIICANNNUX CTOJIKHOBEHUU
ILIIOC YHUCIO daeMeHTOB. IIpu ¢; # t; BepOATHOCTS ¢-j-CTOIKHOBEHUS He Ipe-
BocxoauT 1/k. OcTanoch IpociIeuTh 33 CTOIKHOBEHUAMY MEX 1y PABHEIMU
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snemeHTamu. PukcupyeM HEKOTOPOE 3HAUCHUE X U3 MHOXKECTBa 1’ 1 mocMo-
TPUM Ha CBa3aHHBIE ¢ HUM onepauuu. OHu UAyT MO HUKIY: N0OaBJICHUE —
NPOBEPKU — yjajeHue — no0aBieHue — IPOBEPKUA — VIAJICHUE — ...
CTONKHOBEHUS IPOUCXOIAT MEXKAY N00ABIAEMBIM JJIEMEHTOM U CJIEAY IO~
MU 33 HUM IPOBEPKaMu ([0 yAAJICHUS BKIOYUATEIBLHO), IOITOMY O0Lee ux
YHUC/IO HE IPEBOCXOAUT YUC/IA DIEMEHTOB, PABHBIX .| U

Tenepb npuBeféM NPUMEpPHl YHUBEDCAIBHEIX ceMerucTB. O4ueBUIHO, Ns
JM0OBIX KOHEYHRIX MHOXECTB A u B cemencTso BCeX pyHKIIUU, OTOOPAKA-
ommx A B B, sasisercs yHuepcaibHbBIM. O IHAKO DTOT IpUMEp C IMPAKTH-
YECKOU TOYKYU 3PEHUs GECIIONE3eH: [JIs 3AIIOMUHAHUSA CIyIalHOU (HYHKIUU
73 3TOr0 CEMEMCTBA HYXKEH MACCUB, YUCIO DIEMEHTOB B KOTOPOM PABHO YM-
¢y sneMeHTOB B MHOXkecTBe A. (A ecim MBI MOXeM cebe MO3BOINTH TAKON
MaCCUB, TO HUKAKOI'O XEIIUPOBaHUA HE TpebyeTca!)

Bonee mpakTuynbie mpuUMeEpHl YHUBEPCAIBHEIX CEMEUCTB MOLYT OBITH
IIOCTPOEHBI ¢ HOMOIIBI0 HECAOXKHEIX ANrebpamdeckux KOHCTPyKuuu. de-
pe3 Z;, MBI 0603Ha4aeM MHOXECTBO BEIYETOB IO IIPOCTOMY MOJZYJIO P, T.e€.
{0,1,...,p — 1}; apudmMeTuUecKue Omepanyu B DTOM MHOXKECTBE BEHIIOJ-
HAITCA 0 MOAYJIIO p. YHUBEPCAIBHOE CEMEHUCTBO OOPA3yIOT BCE JMHEH-
Hble (PYHKUMOHAIEL HA Z; €O 3HavYeHUsAMU B Z,. Boxee moapobHO, mycTh
ai,-..,0y — IPOU3BOJBHEIC DICMEHTHI Zjp; PACCMOTPUM OTOOpaKeHNUE

hi{zy...zp)—a121 + ... + apty.

Mer nomysaem cemenctso u3 p" oTobpaxkenuu Zy — Z, HapaMeTPU30BaH-
HOe HabopaMmu (a7 . .. ap).

13.2.5. [loxasaTh, 9TO 3TO CEMENCTBO ABIAETCSA YHUBEPCAIBLHBIM.

[Yxazanue. [lycts & v y — pasiuvHbIE TOYKY IPOCTPAHCTBA Z, . Kaxosa
BEPOATHOCTB TOr'O, YTO CAYYAUHBIN (DYHKIIMOHAT MPUHUMAET HA HUX OJU-
HAKOBBIE 3HavYeHUs? [Ipyrumu cioBaMu, KAKOBA BEPOATHOCTL TOrO, YTO OH
paBeH HyJi0 Ha uX pasHocTu = — y? OTBeT HAETCA TAKUM yTBEPXKICHUEM:
MyCTb & — HEHYJIEBOU BEKTOD; TOrAa BCE 3HAYCHUSA CIyIAUHOrO (hyHKIMO-
HaJa Ha HEM PABHOBEDOSTHBL O

B crenyromen 3agade maoxecteo B = {0, 1} paccMaTpuBaeTcs Kak MHO-
XKECTBO BBIYECTOB II0 MOY /IO 2.

13.2.6. CewmencTBO BCex JIUHENHBIX 0TOOpaxkenuu u3 B™ B B™ sBasercs

HUBEP CAJTLHBIM. (]
y

PoacrBenHbie XeMMPOBAHUIO U €U HEOXKUTAHHO OKA3BIBATCA ITOTE3HBI-
Mu B clegyomen cutyanuu (pacckasan J[l. Bapcanogoes). Ilycts Ml x0-
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TUM HANKUCATH IPOrPAMMY, KOTOpas 06HapykuBajia (6OMBIIMHCTBO) Oneya-
TOK B TE€KCTE, HO HE XOTUM XPAHUTH CIIMCOK BCEX [MPABUIBHBIX CJIOBO(OPM.
IIpeanaraercs mocTynuTh Tak: BHIOpAaTh HEKOTOpOoe N u HAGOD PyHKUUU
fi,- -5 fr, oTOGpaxaroummx pycckue ciosa B 1,..., N. B maccuse uz N 6u-
TOB IOJIOXKUM BCE OUTHI PABHLIMU HYJII0, KDOME T€X, KOTOPHIE SABJISIOTCS 3HA-
YeHUEeM KAKOU-TO (pyHKIuu HAOOpa HA KAKOU-TO MPABUILHOU CIOBO(OpME.
Teneps npubINKEHHBIN TECT HA MTPABWILHOCTD CIOBO(OPMBI TAKOB: TPOBE-
PUTH, YTO 3HAYEHUS BCEX (PYHKIMU HAGOPA HA DTOU CIOBOGOPME MOMIATAI0T
HA MECTA, 3aHATHIE eJUHULIAMU. (DTOT TECT MOXKET HE 3aMETUTh HEKOTO-
PHIX OmHUO0K, HO BCE IPABWILHEIE CIOBOGOPMEL GYAyT OJ0ODEHHL. )



14. TPEACTABJIEHUE
MHO>XECTB. IEPEBbBA.
CBEANAHCMPOBAHHbBIE
ANEPEBbA

14.1. lNpepcTaBneHne MHOXECTB
C NMOMOLLIbIO [EPEBLER

MonHoe aBouuHoe aepeso. T-neperbsi

Hapucyem Touxy. U3 Heé npoBeném aBe cTpeiku (BICBO BBEPX U BIPABO
BBEDPX) B JABE Apyrue TOYKU. V3 Kax[IOM U3 3TUX TOYEK MPOBEAEM IO ABE
cTpenku u Tak jgajnee. lloaydeHnyoo KapTuHKY (B n-om cioe Gyzer 27!
TO‘IGK) Ha3BIBAIOT IIOJHBIM JBOUYIHBIM 0epeeom. HI/I)KHIOIO TOYKY HA3BIBAIOT
KopHeMm. Y KaXKIOU BEPIIVHBI €CTh ABA CbiHG ([IBE BEPIIMHEI, B KOTODLIE
UIYT CTPEIKU) — 4A€6bili U Npaebit. Y BCAKOU BEPIIUHLI, KPOME KODHS,
€CTh eIZ[I/IHCTBeHHI:Jﬁ OMmevy,.

[IycTs BBIOpaHO HEKOTOPOE KOHEYHOE MHOXECTBO BEPIIUH IIOJHOI'O JBO-
WYHOT'O [EePEeBa, COAEPKAIIEe BMECTE ¢ KAXKJOU BEPIIMHOU U BCEX €€ Mpei-
x0B. [lycThb Ha KaX 10U BEPIIUHE DTOr0 MHOXKECTBA HAMMUCAHO 3HAYCHUE (UK~
cupoBaHHOro Tuna I' (To ecTh 3a4aH0 OTOOPAXKEHUE MHOXKECTBA BEPIIUH
B MHOXeCTBO 3Hadenun Tuna T'). To, uTo noay4urcs, 6ygeM HaswBaTh T-1e-
pesoM. MuoxkecTso Beex T-nepeBbes 0603nauum Tree(T).

Pexypcusnoe onpenenenune. Beskoe nemycroe T-nepeso pasbuBaeTcs HA
TpPU 9aCTU: KOPEHb (HECymuu noMeTKy u3 1), Je€Boe U MpaBoe MO AePEBbi
(xOTOpEIE MOTYT OBHITH MYCTHIME). DTO PA30UECHUE YCTAHABJIUBACT B3AUM-
HO OJHO3HAYHOE COOTBETCTBUE MEXIY MHOXKECTBOM HEMYCTHIX 1-I1epeBheB
n npoussegenneM T x Tree(T') x Tree(T"). O603na4uuB yepes empty mycroe
[€PEeBO, MOXKHO HAIIUCATH

Tree(T) = {empty} + T x Tree(T) x Tree(T).
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Monnepesbsi. BeicoTa

Pukcupyem HexkoTopoe T-mepepo. s KaxKa0u €ro BEPIIMHEL T OIpe-
IeIeHo e€ sueeoe noddepeso (JEBEIM CHIH BEPIIMHLL £ U BCE €0 MOTOMKM),
npagoe noddepeso (IPABBIN CHIH BEPIIMHEL £ U BCE €I'0 MOTOMKY) U nodde-
peso ¢ Koprem 6 x (BeprIMHA T U BCE €€ OTOMKM).

JeBoe IpaBoe

KOpEHb

JleBoe u mpapoe Mo AePEBbsA BEPUIMHLL £ MOTYT OLITH IIyCTHLIMM, & HOZ JAe-
PEBO C KOPHEM B Z BCEr[a HEmycTO (COAEPXKUT IO KpauHen mepe ). Boui-
comoti mogaepesa OyneM CIUTATh MAKCUMANLHYO [IMHY HETH Y1 . . . Yp €00
BEPIIUH, B KOTOPOR Y;+1 — CBHIH ¥y; A Beex 4. (BricoTa gepesa u3 ogHoro
KODHs DaBHA eJUHUIE, BEICOTA MIYCTOrO JEPeBa — HYJIIO.)

YnopsaoueHHble T-aeperbs

Ilyctes Ha MHOXecTBe 3HadeHun Tuna 1 pukcupoBaH nopaaok. Hazosém
T-nepeBo ynopadouennbiM, €CIU BBIIOJIHEHO TAKOE CBOUCTBO: [JA JIEOOOU
BCPIIVHEI X BCC IIOMECTKU B e'é JICBOM IO ICPEBE MEHBINEC IOMETKU B I, 4 BCE
IIOMETKH B €€ IPaBoOM HOJAepeBe OOMbIIe TOMETKY B I.

z
14.1.1. [loxasaTh, 9TO B yIOPSJOYCHHOM J€PEBE BCE IOMETKU PA3IAY-
HHI.

[Ykasanue. ngyxuus mo BeICOTE gepesa.] O

I'Ipe,QCTaBneHMe MHOXECTB C NOMOLWLIO AEPEBLEB

Kaxpoe gepeBo OymeM cuMTaTh MPEACTABICHUEM MHOXECTBA BCEX IO-
METOK Ha ero Beprmuaax. [Ipu 3ToM 01HO ¥ TO Ke MHOXKECTBO MOXKET UMETh
Pa3IUYHbIE TIPEACTABICHUS.
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Bararogapsa ynopsAmoY9eHHOCTH KAX LI DJIEMEHT MOXKET JETKO (HAUTH
CBO€ MeCTO» B AepeBe: Ipud B KaKyI0-TO BEPIIMHY U CPABHUB ce0s C TEM,
KTO TaM HAXOJWUTCsA, DJEMEHT PEIIAET, UATU €My HAJICBO WU HAIPABO.

|

Y

HauaB ¢ xOpHA U IBUrasAch IO DTOMY NPABUIY, OH JUOO OOHAPYXKUT, YTO
TAKOU DJEMEHT Y3KE €CTh, JTuO0 HAUAET MECTO, B KOTOPOM OH JOJKEH ObITh.

Bcerogy manee MBI mpeanosaraeM, YTO HA 3HAYMEHUAX THUMa 1’ 3a1aH MO~
PAOOK, U PACCMATPUBAEM TOJBKO YIOPSIOYCHHEIC ICPEBbA.

XpaHeHue epeBLER B NPOrpamMmme

MoxHO 6BLIO OB CONMOCTABUTH BEPIIMHBI IIOJIHOTO ABOMYHOIO [IepeBa
cumcaamu 1,2, 3, ... (CamTas, YTO JEBBIU CHH 7, €CTh 27, IPABBIU CHIH 7l €CTh
2n + 1) u xpanuTh nomerku B Maccuse val [1...]. Oguako sToT cnoco6
HEDKOHOMEH, MOCKOJBKY TPATUTCA MECTO HA XPAHEHUE MYCTHIX BAKAHCUU
B IIOJTHOM JBOMYHOM J€peBe.

Bouee sxonomen Takou cnoco6. Beeaém Tpu mMaccusa

val: array [1..n] of T;
left, right: array [1..n] of 0..n;

(n — MaxkcuMATBbHOE BO3MOXHOE YHUCIO BEPUIMH JEPEBa) U [EPEMEHHYIO
root:0..n. Kaxpgaa Bepmuna xpanumoro 1'-gepesa Oy 1eT UMETb HOMED —
qucio ot 1 1o n. Pasurie Bepmmnbt Oy 1yT nMeTs pasusie HoMepa. [lomerka
B BeprmHe ¢ HOMepoM x paBHa val[x]. Kopens umeer momep root. Ec-
JI1 BEPIINHA C HOMEPOM 1 MMeeT CHIHOBEU, TO MX HOMepa paBHbl left[i]
u right[i]. OTCyTCTBYIOMMM CHLIHOBBSIM COOTBETCTBYET 4ucjao 0. AHajo-
TMYHBEIM 00pa3oM 3HaueHUe root=0 COOTBETCTBYET NIYCTOMY [EPEBY.

[1a xpaHeHus AepeBa UCIOAL3YETCA JUIIL YaCTh MACCUBA; AJIA TeX i,
KOTOpEIE CBOGOAHEI (HE ABJIAITCA HOMEPAMM BEpIUUH), 3Ha4eHUA vall[i]
6espasaunyansl. Ham 6yxeT yno6HO, 4TOOH BCce CBOOOIHEBIC YUCIA OBLIA «CBS-
3aHBI B CIMCOKY: [IEPBOE XPAHUTCA B CHCHUATBHOU mepeMeHHon free:0. .n,
a caeayroriee 3a i cBo60gHOE YUCI0 XpaHuTca B left [i], Tak 94T0 cBO6OI-
HBI YHCJIA

free, left[free], left[left[freell,...
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st mocreauero cBob6oguHOro yucaa i 3Hadvenue left[i] pasmo 0. Pasen-
¢TBO free=0 o3Ha4aeT, YTO CBOOOAHLIX Yucesa OOJBIIE HET.

3amedvanme. Mul UCIIOIB30BAJN U5 CBA3LIBAHUSA CBOOO JHBIX BEPIIIUH MAaC-
cuB left, HO, KOHEYHO, C TEM K€ YCIEXOM MOXKHO OBLIO UCIIOIL30BAThH MacC-
cuB right.

BwmecTo 3navenus 0 (0603HAYAOMIEr0 OTCY TCTBUE BEPIIUHEL) MOXKHO Obl-
JI0 O6BI BOCIOJIBE30BATHCS JOOBIM APYruM YucjaoM Bue 1. .n. Yrober noguepk-
HYTBb 3T0, OyaeM BMecTO 0 UCIONB30BATH KOHCTAHTY null=0.

14.1.2. CocTaBuTh NpOrpaMMmy, ONPEIE/ISIONIYI0, COACPKUTCS JU Die-
MEHT t:T B yNOpPALOYCHHOM JIEPEBEe (XPAHUMOM TaK, KAK TOIBLKO YTO OMU-
CaHo).

Pemenne.

if root = null then begin
| . .He TpUHALIEXUT
end else begin
X := root;
{unBapmaHT: ocTaéTca NpoBepUTH HamW4YMe t B HEIyCTOM
monfepeBe C KOPHEM X1}
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], nmubo t oTcyTrcTByeT B Zmepemel}
..oTBeT = (t = val [x])
end; ]

14.1.3. YupocTuTh peleHue, UCIoab3ys CICAYIUU TPIOK. Pacmupum
00JIaCTh OMpeIeJeHus MaccuBa val, 100aBUB A49eUKy ¢ HOMepoM null u mo-
goxum val [null]=t.

Pemenne.

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;
..oTBeT: (x <> null). [

14.1.4. CocTaBuTh nporpamMmy A00aBJICHUS DIEMEHTA t B MHOXKECTBO,
IPENCTABICHHOE YIOPAIOYCHHBIM JI€PEBOM (€C/IU DIEMEHT t yXKe €CTh, Hu-
9Ero [4eaaTh HE HA0).

Pemenne. Onpegenum mpoueaypy get free (var i:integer), aparwo-
Iy cBo6oAHOE (HE ABJSIOIEECS HOMEPOM) UUCIO i U COOTBETCTBYIOMINM
06pa3OM KOPPEKTUPYIOILYIO CIIUCOK CBOOONHBIX YUCEL.

procedure get_free (var i: integer);

begin

{free <> null}

i := free;

free := left [free]l;
end;

C e€ ucnonb3oBaHMeM MpOrpaMMa npuobpeTaeT TAaKOU BUL:

if root = null then begin

get_free (root);

left [root] := null; right [root] := null;

val [root] := t;

end else begin

X := root;

{unBapmaHT: ocTamoch LOBaBUTE t K HENYCTOMy IOLLEPEBY C

KOpHeM B X}

while ((t < val [x]) and (left [x] <> null)) or
((t > val [x]) and (right [x] <> null)) do begin

if t < val [x] then begin

| x := left [x];

end else begin {t > val [x]}

| x := right [x];

end;

end;

if t <> val [x] then begin {t HeT B Hepeme}

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; ]

14.1.5. CocTaBuTh OPOrpaMMy yIAJCHUS DJIEMEHTA t U3 MHOXECTBA,
OPEACTABICHHOTO YIOPAJOYCHHBIM 1€PEBOM (€CJAM €ro TaM HET, HAYEero Je-
JIaTh He HAJO).

Pemenne.

if root = null then begin
| {mepeBo mycTo, HuMYero memaTs He Hazmo}

end else begin

X := root;

{ocTamocs ymamuTe t w3 mommepeBa C KOPHEM B X; IOCKOIBKY
3TO MOXeT MOTPe60BATE M3MEHEHM! B OTIe X, BBELEM
nmepevennse father: 1..n m direction: (1, r);
TIoLNepXWBaeM TaKoM MHBApMaHT: ecIM X He KOpeHB, To father
- ero oremn, a direction paBHO 1 WIM r B 3aBHCHMOCTH OT
TOr0, IEBHM MM IPaBHM CHHOM ABNAETCA 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] umm t HeT B gmepeme}

if t = val [x] then begin

. .yhameHWe BepumMHH X c oTimoM father u
HampaBneHueM direction

end;
end;

Y nameHue BEpHUIMHEI UCTIONB3YET IPOUEAYPY

procedure make_free (i: integer);
begin

left [i] := free;

free := i;
end;
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Omna BruIIOYaET YUCIO 1 B CucOK CBOGOAHBIX. [lpy yaasenun pasimdaoTcs
4 ciy9as B 3aBUCUMOCTY OT HAJIWYUS WK OTCY TCTBUA CHIHOBEU Y Y AAJIACMOU
BEPIIUHEL.

if (left [x] = null) and (right [x] = null) then begin
{x - mMcT, T.e. He WMMeeT cHHoOBeW}

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 ymanserca, a right [x] 3amumMaer mMecTo x}
make_free (x);

if x = root then begin

| root := right [x];

end else if direction = 1 then begin

| left [father] := right [x];

end else begin {direction = r}

| right [father] := right [x];

end;

end else if (left[x] <> null) and (right[x]=null) then begin
| . . CHMME TPHYHO

end else begin {left [x] <> null, right [x] <> null}

| . .yOAmIUTE BEpUMHY C OBYMA CHHOBBAMU

end;

Y naneHue BEPIIUHBL ¢ ABYMsA CHIHOBBAMU HEIB3SA CACIATH MPOCTO TAK, HO €6
MOXHO TP €BAPUTEIBLHO MOMEHATH C BEPIIUHOU, TIOMETKA, Ha, KOTOPOU ABJA-
€TCs HEMOCPEACTBEHHO CIEAYIOMUM (B MOPAIKE BO3PACTAHUA) BIEMEHTOM 33
IIOMETKOH Ha X.

y := right [x];
father := x; direction := r;
{renmepr father u direction oTHocaTca x BepumHe y}
while left [y] <> null do begin
father := y; direction := 1;
y := left [yl;
end;
{val [y] - mumwManesas u3 moMeTok, Gomeumx val [x],
y He MMeeT IeBOrO CHHa}
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val [x] := val [y];
..ymamuTe BepumHy y (KaX yHaIATE BEpUMHY, y KOTOpPOM HeT
IeBOrO CHHAa, MH yXe 3HaeM) O

14.1.6. YupocTtuTh nDporpamMMmy yAaleHUs, 3aMETUB, UTO HEKOTOPHIE
caydau (HampuMmep, IEPBHIE IBa U3 YE€THIPEX) MOXHO OOBEIUHUTD. O

14.1.7. NUcnoap30BaTh yHOPSJOYEHHBIE NE€PEBbs [Js IPEICTABJICHUS
dyHKUIHU, 06JACTH OMPENENCHN KOTOPHEIX — KOHEYHEIC MHOXKECTBA, 3HAYE-
Huy Tuna T, a 3HAYeHuA UMEIT HeKOTOpL Tuml U. Onepannun: BEIYUCICHAE
3HAYCHUA HA, JAHHOM apryMeHTe, U3MEHEHUE 3HAUYCHUA Ha, JAHHOM apryMeH-
Te, JOOIpeaeaeHre (PYHKINYA Ha, TaHHOM apryMEHTE, UCKIIUCHNE DJICMEHTA
u3 obaacTu ompejaeaeHus QyHKIUN.

Pemenne. [/lenaem xak pasbine, 100aBUB €II¢ OUH MACCUB

func\_val: array [1..n] of U;

ecmmval[x] = t, func_vall[x] = u, TO 3HAYEHWE XPAHUMOU (DPYHKIMU HA t
PaBHO Uu. U

14.1.8. IlpegmosoxuM, 4TO HEOOXOAMMO YMETH TaKXe OTBLICKUBATH
k-BII DJEMEHT MHOXKECTBA (B HODPSAAKE BO3PACTAHUA), IPUIEM KOIUIECTBO
JOEUCTBUM JOJKHO OBITh He Gonee C - (BbicoTa gepeBa). Kakywo pomonHu-
TeIbHYI0 WH(MOPMAIUIO HAL0 XPAHUTH B BEPIINHAX NEPEBA?

Pemenne. B xax gon Bepmune 0yjeM XPAHUTh YUCJIO BCEX €€ MOTOMKOB.
llobaBieHre U UCKIIOYEHNE BEPIIUHEI TPEOYeT KOPPEKIUY JUIIL HA IIyTH
OT KOpHA K 5TOM BepummHe. B mpomecce moucka k-0 BEpIIUHEL O ep-
KUBACTCA TAKOU MHBAPUAHT: UCKOMAs BEPIIUHA, ABIACTCA S-OU BEPIIUHOU
O 1€PEBA C KOPHEM B X (3[€Ch S U X — IEPEMEHHEIE). O

OueHka Konu4yecTBa ASUCTBUN

s kax n0u u3 onepanuil (IPOBEPKY, J0OABICHUSN U UCKIIOYCHNUA ) KOJIY-
yecTBO aeucTBun He npesocxoaut C - (BbicoTa gepeBa). [las «poBHO mOA-
CTPUIKEHHOIO» jepeBa (KOrjga BCE JUCTbA HA OQHOU BBICOTE) BBICOTA IO
MOPAAKY BEJUYUHEI PABHA Jorapudmy ducia sepums. OQHAKO N KPUBO-
O0KOr0 JepeBa BCE MOXET OBITH TOPa3J0 XyKe: B HAUXYAIIEM CJIydae BCE
BEPIIMHEL 06Pa3yoT LENb M BEICOTA PaBHA 4YMCIy BepiuuH. Tak ciryduT-
CAA, €CJIU DJICMEHTHEI MHOXECTBA NOOABIAIOTCA B BO3PACTAIOMEM WU yObI-
BammeM nopagke. MOXHO IOKa3aTh, OAHAKO, 9TO NPU NOOABICHUU DJe-
MEHTOB «B CJIy9alHOM TIOPAAKE» CPENHAA BLICOTA AepeBa OyneT He GOabIe
C'log(aucao sepmun). Ecau 5TOM OueHKHU «B CpEAHEM» MAJIO, HEOOXOJUMEL
NOTOJHUTEIbHEIE JEeUCTBUA 110 MO JePKAHUIO «COATaHCUPOBAHHOCTYY Aepe-
Ba. O6 5>TOM CMOTpH B CJAEAYIOIIEM IIyHKTE.
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14.2. C6banaHCMpOBaHHbIE AEPEBLS

ldepeBo naswiBaercs cHaaancuposannvim (wm ABJI-nepesom B wecTn
u3obpeTarenaen 3Toro merona I'. M. A nenbcona-Bensckoro u E. M. Jlanau-
ca), eciu A 000K €r0 BePIIMHEl BEICOTHL JEBOIO U IPABOTO IO EPEBbEB
DTOU BEPIIUHLI OTIMYAIOTCA He Gonee yeM Ha 1. (B wacTHOCTH, KOrga on-
HOT'O U3 CHIHOBEU HET, APYTOM — €CJU OH €CTh — O0s3aH OBITH JUCTOM.)

14.2.1. HauTy MUHUMAJIBHOE ¥ MAKCUMAJIBLHOE BO3MOXKHOE KOIMYIECTBO
BEPIIMH B COAJAHCUPOBAHHOM J[IEPEBE BBICOTHL N.

Pemenne. MakcumanbHOe Yuciao BepinuH pasHo 2" — 1. Ecau m,, — Mu-
HUMAJIBHOE YHCJIO BEPIINH, TO, KAK JET'KO BUAETh, Myyo = 1 + My + My,
orkyga my, = Y40 — 1 (®, — n-oe uucio Pubonavuu, &; =1, &5 =1,
@n_;,_g == @n + @n_;,_l). U

14.2.2. [lokasaTb, YTO COAJAHCUPOBAHHOE AEPEBO C N BEPIIMHAMYA UME-
eT BeIcOTY He Goubiue C'logn mis HEKOTOpOU KOHCTAHTHL C', HE 3aBUCAIICH
oT 7.

Pemerme. Unayknuwen mo n Jjerko goxkasarb, 4to P40 > a”, rae

@ — GOXBIINH KOPEHb KBAJPATHOrO ypaBHeHHUA a’ =1 + a, TO ecTb a =
= (/54 1)/2. OcTaércsa BOCIOMBL30BATLCS MPEABIAYIICH 3a,1a4ei. O
Bpawenus

MBI XOTUM BOCCTaHABIMBATEL COAJAHCUPOBAHHOCTD AEPEBA, MMOCTIC BKJIIO-
YEeHUA U YAAJCHUS 21eMeHTOB. [l 3TOoro HeoOX0 UMbl KaKue-To mpeobpa-
30BAaHUSA [E€PEBA, HE MEHSAMIOIINE MHOXKECTBA IIOMETOK HA €r0 BEPIIUHAX U HE
HAPYIAKIME YIOPAJOYCHHOCTH, HO CIOCOOCTBYIOIIUE JydIlnen COAMAHCH-
poBanuocTu. OnuineM HECKOIBKO TaKUX MPEeOOpA3OBAHUN.

IIycre Bepmuua a umeer npasoro cuiua b. O603uaqum vyepes P reBoe moa-
IePEBO BEPIIUHLL G, Yepe3 () u R — JieBoe 1 mpaBoe MO AePEeBbsA BEPIIUHEL b.
YnopsagoueHHOCTD aepeBa Tpedyer, 4Tobsl P < a < @ < b < R (Tounee cie-
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[0BaJIo OBl CKa3aTh wiobas noMeTKa Ha P MEeHbIIe TIOMETKHY HA @, «(IIOMETKA,
Ha @ MEHBINE JI00U MOMETKN Ha (J» ¥ T. 1., HO MBI HO3BOJIUM cebe 3Toro
He geaars). TogHo Toro xe TpefyeT yuopAag09eHHOCTD AePeBa ¢ KOPHEM b,
€ro JIEBbIM CHIHOM @, B KOTOpoM P u () — z1eBoe u mpaBoe monaepeBbs a,
R — mpasoe moapaepeso b. Ilosromy mepBoe gepeBo MOxHO mnpeobpaso-
BaTh BO BTOPOE, HE HAPYIIAs YIOPAJIOYEHHOCTH. Takoe mpeoOpasoBaHUe
HA30BEM MAAbIM NPABLIM BPAUEHUEM (IPABBIM — MOCKOJIBKY CyIIECTBYET
CUMMETPUYHOE, JEBOE, MAJBIM — MOCKOABKY €CTh U GOJBIIOe, KOTOPOE MBI
Cernyac OMHUIIEM).

Ilycte b — npaBhLiu CHIH @, ¢ — JEBHIU CHH b, P — Je€BOe moaaepeso a,
Q u R — neBoe u mpaBoe nmogaepesbsa ¢, S — mpasoe nogaepeso b. Toraa
P<a<Q<c<R<b<S.

Takon e MOPAJOK COOTBETCTBYET AEPEBY € KOPHEM €, UMEIOMIAM JEBOTO
CBHIHA @ ¥ OPABOro chiHa b, mist Koroporo P u () — moj1epeBbs BEPIIUHEL a,
a R u S — nogaepesbs Bepmmunl b. CooTBeTCTByMIOImEE MpeoOpa3oBaHmMe
OyeM HA3BIBATHL 004bWUM NPAGbIM 6pawenuem. (AHaIOrMIHO onpegenaeT-
CAl CUMMETPHUYHOE €My 604bUL0€ 4EB0E 8PAUEHUE. )

14.2.3. [lano gepeBo, cHAIAHCUPOBAHHOE BCIOAY, KPOME KOPHS, B KO-
TOPOM PA3HUIA BHICOT PAaBHA 2 (T.€. JEBOE U MPABOE MOAACPEBbs KODPHSA
cOATaHCUPOBAHEL ¥ UX BLICOTHL OTINYAOTCA Ha 2). JlokazaTh, 4TO OHO MO-
JKeT OLITH IPEBPAIIEHO B COATAHCUPOBAHHOE OJHUM U3 Y€THIPEX OMUCAHHLIX
npeobpa30BaHUN, MPUYEM BHICOTA €I0 OCTAHETCS MPEKHEN WU YMEHbBIIUT-
caual.

Pemenne. I[lycTs Gosee HU3KUM ABIACTCA, HAIPUMED, JEBOE MO IEPEBO,
u ero BeICOTa paBHa k. Torpa BeICOTA mMpaBOro mojanaepena paBHa k + 2.
O603Ha9UM KOPEHBb 9€pe3 a, a €ro mpaBoro ChiHa (OH OO’A3ATEIBHO €CTh)
qepes b. PaccmoTrpum neBoe u npasoe nogaepesbs Bepmussl b. O 1HO u3 HUX
00s3aTeIbHO UMeET BHICOTY k + 1, a Opyroe MoxeT MMETb BEICOTY Kk WIH
k + 1 (Menbine k OBITH HE MOXKET, TaK KaK IO A€PEBbs COATAHCUPOBAHEL).
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Ecau BrICOTA NEBOrO moaaepesa paeua k + 1, a npasoro — k, To norpeby-
eTcs OOJBINOE MPABOE BPAILEHUE; B OCTAILHEIX CAYYasX IOMOTAeT MAJoe.
Bot xak BREIMIAAAT TpuU Ciydas OATaHCUPOBKHU AEPEBa:

14.2.4. B cbasancupoBaHHOE A€PEBO AO0ABWIN WIA U3 HErO Y IAJMAIA
auct. [Joka3aTb, YTO MOXHO BOCCTAHOBUTHL COANAHCUPOBAHHOCTDL C IIOMO-
B0 HECKOJBKUX BPAIICHUU, MPUYEM UX YUCIO HE OOIBIIE BHICOTHL IEPEBA.

Pemenne. Bynem noxaswBaTh Gosee o0mmn hakT:

Jlemma. Eciu B cbamancupoBanuoMm jgepeBe X OOHO M3 €ro IOJAepe-
BbCB Y 3aMEHWIM HA COATaHCUPOBAHHOE AEPEBO Z, MPUYEM BHICOTA Z OT-
JUYAETCA OT BEICOTHL Y He Gosee ueM Ha 1, TO MOLyYEeHHOE TAKOU «IPUBUB-
KOU» J€PEBO MOXHO IIPEBPATUTL B COAJAHCUPOBAHHOE BPAIICHUAMY (IpU-
9€M KOJUYECTBO BPAIIEHUN HE IPEBOCXOIUT BEICOTHI, HA KOTOPOU JEJIAETCS
[IPUBUBKA,).

YHacTHBIM CiIy9aeM NPUBUBKU SBIASETCA 3aMEHA IyCTOrO MO AEPEBA HA
JUCT wiu HA060POT, TAK YTO JOCTATOYHO AOKAZATH DTy JEMMY.

JlokazaTelbCTBO JeMMEL. MHAYKIMA 10 BLICOTE, Ha KOTOPOU AEIACTCA
npuBuBKa. ECIM OHA MPONCXOAUT B KOPHE (3aMEHAETCS BCE AEPEBO LIEIU-
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KOM), TO BCE O9€BUAHO («IPUBOM» COANAHCHPOBAH 1O ycaoBuio). IlycTs 3a-
MEHseTCs HEKOTOPOE IOAAEPEBO, HAIPUMED, JEBOE HOAAEPEBO HEKOTOPOU
BepIIKHEL Z. BO3MOXHEI ABa Cirydas.

1) Hocne mpuBuBKE COATAHCUPOBAHHOCTL B BEPIIUHE X HE HADYIIAIACH
(XOTs, BO3MOXHO, HAPYIIUIACH COAJAHCUPOBAHHOCTHL B MPEIKAX I:
BBICOTA TO/EPEBA C KOPHEM B Z MOILJIA MU3MEHUTHCA). TOr1a MOXKHO
COCJIATBCA HA MPEANOIOXKEHNE NHAYKITUY, CINTAs, YTO MBI IPDUBUBAIN
LIEJIKOM MO AePEeBO C KODHEM B T.

C6anaHCUpOBaHHOCTHL B = HApymmaach. Ilpm 5TOM pasHuma BEICOT
paBHa 2 (60mbIne OHA OBITH HE MOXKET, TAK KAK BHICOTA, Z OTIAIACTCA
oT BEICOTH Y He Goaee uem Ha 1). Paz6epém nsa BapuanTa.

a)

Z

Brimie npaBoe (He 3aMeHsABIeecs) NogaepeBo BepumHs . [Iycts
BLICOTA JIBOrO (T. e. Z) paBHa k, mpasoro — k + 2. Bricora cra-
pOro JeBoro nojaepesa Bepumusl £ (T.e. Y) 6bl1a pasHa k + 1.
IToxepeBo ¢ KOpHEM T MMEJIO B UCXOLHOM JepeBe BeICOTY k + 3,
" 3Ta BBICOTA HEC U3MEHUJIACH IMOCJAC MIPUBUBKU.

Ilo mpeamiaymen 3ajgade BpaleHue IpeobpasyeT HOIEePeBO ¢
KOPHEM B 2 B COAJIAHCUPOBAHHOE IO/ EPEBO BLICOTHL k + 2 mim
k + 3. To ecTnb BLICOTA MOAAEPEBA C KOPHEM & — B CPABHEHUU
C €ro MmpeXHeW BLICOTOM — HE M3MCHUIACH WIM YMEHBIIAIACH
Ha 1, ¥ MBI MOXEM BOCIIOJBb30BATBHCA IPEANOJNOKEHAEM WHIYK-
IIUN.

Brime neBoe mogmepeBo Bepmmubl . IlycTs BeICOTA J1€BOrO
(t.e. Z) paena k + 2, npasoro — k. Bricora craporo aesoro
nogaepesa (T.e. V) 6buia pasua k + 1. Ilogaepeso ¢ xopuem x
B UCXOQHOM fepeBe X umMmeno BEICOTY k + 2, moc/e IpUBUBKY OHA
crana pasHa k + 3. I[locae nogxoasmero spamenus (CM. Ipesl-
OYIIYIO 3a0a49y) MOAAEPEBO C KOPHEM B I CTAHET COAIAHCUPO-
BaHHBIM, ero BeicoTa Oyger paBHa k + 2 wm k + 3, Tak 4ITO
M3MEHEHUE BEICOTHL 10 CPABHEHUIO C BHICOTOU MO AEPeBa C KOp-
HeM T B fgepeBe X He NPEBOCXOAUT 1 UM MOXHO COCIATHCA HA
MPEANONOXKEHUE UHIYKIUN. O
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14.2.5. CocraBuTh NporpaMMel JO0ABJICHUS U Y IAJCHUS DIEMEHTOB, CO-
XpauAoIme c0aTaHCUPOBAHHOCT. JUCIO ACUCTBUUA HE JOMKHO IPEBOCXO-
auth C - (BEICOTA AepeBa). Paspermaercsa XpaHUTh B BEPIIUHAX IEPEBA J0-
MIONHUTEIBHYI0 UH(GOPMALNIO, HEOOXOAUMYIO IpU OaJaHCUPOBKE.

Pemenme. ByneM XpaHuTh 1A KaXKA0W BEPIIMHBEI PA3HUILY MEXIY BEI-
COTOU €€ MPABOr0 U JEBOrO IO 1EPEBhEB:

diff [i] = (BBICOTa mpPaABOro MOAAEPEBA BEPIIMHEL i) —

— (BBICOTA JIEBOTO MO[AE€PEBA BEPIIMHEL 1).

Hawm moTpelyrorces 4eTsipe npouesypsl, COOTBETCTBYIOMUE OOIbIIMM U Ma-
JIBIM [IPABBEIM U JEBLIM BpameHusaMu. Ho BHagasne asa 3amedanus. (1) Ham
HY2KHO, YTOOBI IIDXM BpPAIECHUM IOJAepeBa HOMED ero KODHA He MEHSICA.
(B mpoTuBHOM Cay4ae IOTPe6OBAIOCH Gbl KOPPEKTUPOBATL UH(POPMAIIMIO
B OTIE KODPHS, YTO HEXEIATEJBbHO.) DTOr0 MOXHO IOCTUYh, TAK KAK HO-
Mepa BEPINUH IEPEBA MOXKHO BHIOMPATH HE3aBUCUMO OT ux 3Hadenun. (Ha
KapTUHKAX HOMED yKa3aH COOKY OT BEPIIUHBL, 8 3HAYCHUE — BHYTDH.)

Q| |R Pl |Q

R

[a]e [b]e

(2) Mocne npeobpazoBaHUyl MBI JO/DKHEI TAKXKE U3MEHUTH COOTBETCTBEHHO
suauenus B maccuse diff. [[jis 5TOro 40CTATOYHO 3HATH BHICOTHL J1€PEBLEB
P,Q,... c TOYHOCTBIO A0 KOHCTAHTHI, IOPTOMY MOXKHO MPEANOIAraTh, YTO
OJlHA U3 BBICOT PABHA HYJIIO.
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Bort npoueaypsl Bparmesui:

procedure SR (a:integer); {mMamoe mpaBoe BpameHme c KopHeM a}
| var b: 1..n; val_a,val_b: T; h_P,h_Q,h_R: integer;

begin

b := right [al; {b <> null}

val_a := val [al; val_b := val [b];

h_Q := 0; h_R := diff[b]l; h_ P := (max(h_Q,h_R)+1)-diff[a];
val [a] := val_b; val [b] := val_a;

right [a] := right [b] {mommepemo R}

right [b] := left [b] {mommepeso Q}

left [b] := left [a] {mommepemo P}

left [a] := b;

diff [b] := h_Q - h_P;

diff [a] := h_R - (max (h_P, h_Q) + 1);
end;

procedure BR(a:integer) ;{6ombmoe mpaBoe BpameHHme 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 [al; c := left [b]l; {,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 [a];
val [a] := val_c; val [c] := val_a;
left [b] := right [c] {mommepemo R}
right [c] := left [c] {mommepemo Q}

left [c] := left [a] {mommepemo 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;

Jlerie BpameHus (60IBIIOE U MAJIOE) 3ANUCHIBAIOTCS CUMMETPUAYIHO.

IIpoueaypsr gobaBieHMst U yIAJEHNUS DJIEMEHTOB IUIMYTCS KAK PAHbBIIE,
HO TOJBKO N00ABJICHUE U YAAJCHUE NOIKHO CONPOBOXKAATHCSI KOPPEKIMEU
maccuBa diff u BoccTaHoBiIeHUEM COAJAHCUPOBAHHOCTH.

IIpu sTOM mCHONB3yEeTCs IpOUEAYpPa C TAKUMU CBOUCTBAMU:

JAaHO: JEeBOE W NPABOE MOJAEPEBbs BEPIIMHBI C HOMEPOM a
cOAJaHCUPOBAHBI, B CAMOU BEPIIUHE DPA3HUIEA BEICOT HE GOMb-
me 2, B nojjxepeBe ¢ KopHeM a MaccuB diff 3amoaseH npa-
BUJIBHO;
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HaJo: 0 1epeBo ¢ KOpHeM a cOaancupoBaHo u maccuB diff
COOTBETCTBEHHO U3MEHEH, d — M3MEHEHUE er0 BEICOTH (paBHO O

iy —1); B OCTAIBHOM YaCTH BCE OCTAIOCH KAK OBLIO — B YaCT- X := root; ..cemaTh CTeK IIyCTHM

HOCTH, 3HavcHUA diff {unBapuanT: ocTamoch Lo6aBUTH t K HEIyCTOMy IOALLEPEBY C
KOpHeM B X; CTeK CONEPXUT IyThb K X}

while ((t < val [x]) and (left [x] <> null)) or

((t > val [x]) and (right [x] <> null)) do begin

| val[root] := t;
end else begin

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 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}

end;

Boccranosaenue cO6aIaHCUPOBAHHOCTYU TPEOYET IBUKEHUA OT JUCTHEB
K KOPHIO, MO3TOMY Oy IeM XPaHUTh B CTEKE ITyTh OT KOPHA K PACCMATPUBAC-
MOM B JaHHBIN MOMEHT BepIIMHe. DJeMeHTaMuU CTeKa Oy 1y T Napsl (BeplvHa,

HANPABJCHUE IBUXCHUA U3 HEE), T.e. 3HAYCHUA TUINA

record
vert: 1..n; {Bepumua}

if t < val [x] then begin

. .Lo6aBUTE B CTeK mapy <x, 1>
x := left [x];

end else begin {t > val [x]}

. .Lo6aBUTE B CTeK mapy <x, r>
x := right [x];

end else begin {diff [b] = 1} end;
| SR (a); d := - 1; end;
end; if t <> val [x] then begin {t mer B gmepeme}

get_free (i); val [i] := t;

left [i] := null; right [i] := null; diff [i] := O;
if t < val [x] then begin

. .L06aBUTH B CTeK mapy <x, 1>

left [x] := i;

end else begin {t > val [x]}

. .L06aBUTBh B CTeK mapy <x, r>

| SL (a); d := - 1; right [x] := i;

end; end;
end else begin {-2 < diff [a] < 2, Huvero gmemaTe He Hapol} d :=1;
| d := 0; {¥HBapuaHT: CTeX COIEpXUT NyTh K U3MEHUBUIEMYCH
end; TmOnnepeBy, BHCOTa KOTOPOrO yBeIWYUIACE IO

CPaBHEHMI C BHCOTOM B MCXOLHOM HepeBe
Ha d (=0 mmm 1); >To mopmepeBo c6amaHCHMpPOBAHO;
3HaveHusa diff pma ero BepuMH NpaBUIBHH; B
OCTambHOM IepeBe BCE OCTaloCh KaK O6mIO -
B 4aCTHOCTH,3HaveHua diff}
while (d <> 0) and ..crek HemycT do begin {d = 1}
..B34ATh M3 cTeka mapy B <v, direct>
if direct = 1 then begin
if diff [v] = 1 then begin

direction : (1, r); {1 - meBoe, r - mpasoe} | c := 0;
end; end else begin
| c := 1;
IMporpamma go6aBieHus daeMEHTA t TENepPh BHIMVIAAUT TAK: end;

if root = null then begin
get_free (root);

left[root] := null; right[root] := null; diff[root]

diff [v] := diff [v] - 1;
end else begin
{direct = r}
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if diff [v] = -1 then begin

| c := 03

end else begin

| c :=1;

end;

diff [v] := diff [v] + 1;
end;

{c = u3MeHeHMe BHCOTH HOLKepeBa C KOpPHEM B V IO
CpaBHEHMW C MCXOJIHHM HgepeBoM; MaccuB diff
CONEePXUT NpaBWIbHHE 3HAYEHMA [IA DTOrO NOLIEpeBa;
BO3MOXHO HapylleHMe c6alaHCUPOBAaHHOCTH B V}

balance (v, d1); d := c + di;

end;

end;

end;

Jlerko mposepuTs, 4TO 3HaYeHUE d MOXKET OBITH PABHO TOIBKO 0 mu 1 (HO
He -1): ecm ¢=0, 10 diff [v]=0 u 6anaHCUPOBKA HE IPOU3BOAUTCA.

IIporpamma yaajieHus CTPOUTCA aHAJOrUYHO. Eé ocHOBHOM (dhparMeHT
TaKOB:

{uHBapuaHT: CTeK COIepXUT IyTH K M3MEHUBUIEMyCA IHOLLEpPEeRBy,
BHCOTa KOTOPOTO M3MEHWIAcCh II0 CPAaBHEHMIW C BEHCOTOM B
ucxonHoM nepeBe Ha d (=0 umm -1); 3To mommepeBo
c6alaHCUpOBaHO; 3HadeHuA diff g4 ero BepuMH NpaBUIBHH;
B OCTalbHOM JepeBe BCE& OCTAloChk KakK OHIO -

B YaCTHOCTH, 3HaueHMa diff}

while (d <> 0) and ..cTtex HemycT do begin

{d = -1}

. .B34Tb M3 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 := 03

end;

diff [v] := diff [v] - 1;
end;
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{c = u3MeHeHMe BHCOTH HOLLepeBa C KOPHEM B V IO
CpPaBHEHMI C MCXONHHM JnepeBoM; MaccuB diff comepxutT
TpaBUIBHHE 3Ha4YeHHUA [NIA 3TOTO NOALepeBa;

BO3MOXHO HapylleHMe c6alaHCUPOBAaHHOCTH B V}
balance (v, d1);

d := c + di;

end;

Jlerko mpoBepuTh, 9TO 3HaYCHUE d MOXET OBITH PABHO TOJIBKO 0 mwiau -1 (HO

He -2): ecou c=-1, T0 diff [v]=0 u GasaHCupOBKa HE TPOUIBONUTCA.
OTMeTUM TakXe, 9TO HAMUIME CTEKA, AENACT U3MUITHUMU IIePEMEHHEIC

father u direction (ux poJb Temepb UrPAET BEPIIUHA CTEKA). O

14.2.6. [loxazarb, uTO npu NOOABICHUU DJIEMEHTA

(a) BTOpoM M3 TpEx CayvaeB GATAHCUPOBKHU (CM. PUCYHOK Ha C. 236)
HEBO3MOXKEH;

(6) mosmas GanancupoBka TpebyeT HEe Gosee OAHOrO BpamueHus (mocie
9ero BCE JE€PEBO CTAHOBUTCA COATAHCUPOBAHHEIM), B TO BPEMs KAaK IIPU
YOAJICHUAY DIEMEHTa MOXET HOHAJOOUTLCA MHOIO BDPAIICHUN. O

3amedanwe. Mu1 cTapanucs 3anucaTh OPOrpaMMbl AO0ABJICHUS U 13-
JIEHUS TAaK, YTOOBI OHM OBLIM KAK MOXHO OoJiee IMOXOXUMHU IPYT Ha Apyra.
Ncnonbsys cnenuduky Kaxgou U3 HUX, MOXHO MHOIO€ YIPOCTUTh.

CymecTByioT u gpyrue CruocOOkl MPEACTABJICHUS MHOXECTB, TAPAHTU-
pyoIue YucIo IeUCTBUU MOpsAAka logn Ha kaxayo omnepamuio. OQnuiem
oauH u3 Hux (HasweiBaeMblll b-depesvamu).

[lo cux mop Kax1as BEPIIUHA, COAEPIKAIA OAUH DIEMEHT XPAHUMOI'O MHO-
XKECTBA. DTOT BJAEMEHT CJIyKUI CPAHUICH MEXY JEBLHIM U [MPABLIM IO 1e-
pesoM. Byaem Temepnr XpaHuTh B BepiuuHe k > 1 DJIEMEHTOB MHOXECTBA
(4ucno k MOXET MEHATHCS OT BEPIIMHLI K BEPIIMHE, & TAKXKE IPU 100aBIe-
HUM U YJaJCHAU HOBEIX DJIEMEHTOB, CM. fajee). DTU k DIEMEHTOB CIyKAT
pasgenurensmu 1iast k + 1 nogaepesa. Ilycts ¢pukcupoBaHO HEKOTOPOE M-
cio t > 1. Bygem paccmaTpuBaTh AepeBbs, 006J1aJAI0IMIME TAKUMU CBOUCT-
BaMU:

1) Kaxjaas BepmivHA COAEPKUT OT t 10 2t DIEMEHTOB (32 UCKIIOYCHU-
€M KOpPHsA, KOTOPBLIM MOXET COAEPXKATH JI000e InCIO 31eMeHTOB OT ()
1o 2t).

2) Bepmwmna ¢ k snementamu au60 umeer k + 1 ceiHa, Ju60 HE MMeeT
CHIHOBEU BOOOIIE (ABJIACTCA AUCTIOM).

3) Bce JUCTBA HAXOAATCA HA OJHOU U TOU XK€ BEICOTE.
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obapienne s1eMEHTa TPOUCXOAUT TaK. ECau JuCT, B KOTOPHIA OH MO-
[aJaeT, HemoJIOH (T.€. COAEPXKUT MeHee 2t DIEMEHTOB), TO HET HPOOJIEM.
Eciu on nomnon, To 2t 4+ 1 aneMeHT (BCE 21€MEHTHL JIUCTA U HOBBIY DJIEMEHT)
pasbuBaeM Ha ABa JUCTA IO ¢ DIEMEHTOB U Pa3Ie/IAOIMN UX CEPEIUHHEIN
DJIEMEHT. JTOT CEPEIUHHBINA JJIEMEHT HAA0 JO0ABUTH B BEPIIUHY MPEABILY-
IIero ypoBHs. JTO BO3MOXKHO, €CJIu B HEU MeHee 2t sneMenToB. Eciu u oHa
IIOJIHA, TO €€ pa3OUBaIOT Ha 4B, BEIACIAIOT CEPEeIUHHBIN DIEMEHT U T. 1. Ec-
JIM B KOHIIE KOHIIOB MBI 3aXOTUM J0OABUTH JJEMEHT B KOPEHb, & OH OKaXKeT-
€Al MOJHBEIM, TO KOPEHb DACLICIVIACTCA Ha [Be BEPIIMHBI, & BEICOTA JepeBa
yBeanuuBaeTcsa Ha 1.

Y gaseHue s/eMeHTa, HAXOIAIIErOCs HE B JIMCTE, CBOAUTCS K YIAJICHUIO
HEIOCPECTBEHHO CJICAYIOMEro 33 HUM, KOTOPBIM HAXOAUTCs B Jucte. Ilo-
9TOMY JOCTATOYHO HAYYUTHCA yIAIATH dIeMEeHT u3 jucta. Ecim auct npu
DTOM CTAHOBUTCSA CJAUIIKOM MAaJICHBKMM, TO €r'0 MOXHO IIOMOJHUTD 33 CUET
COCEJHEro JUCTA — €CJAM TOJBKO U OH HE MMEeeT MUHUMAJILHO BO3MOXKHEIN
pasmep t. Eciu xe ob6a aucta uMmeroT pasmep t, TO HA HUX BMecTe 2t due-
MEeHTOB, BMecTe ¢ pasgenmuTteneMm — 2t + 1. Ilocne ypanenus ogsoro ame-
MEHTA OCTAaETCA 2t DIEMEHTOB — KAaK pa3 Ha ofuH JucT. Ecam npu 3ToM
BEpIINHA NIPEAbIAYINEro YPOBHA CTAHOBUTCA MEHBIIE HOPMEI, IIPOIECC II0-
BTOPAETCA U T. A.

14.2.7. Peanm3oBaTh ONMCAHHYIO CXEMYy XPaHECHUsS MHOXECTB, yOenus-
IKUCh, 9TO OHA TAKXKE NO3BoJseT obouTuck C'logn nencTsuu ajis onepanuu
BKJIIOYCHUA, UCKIIOYCHNUA U MIPOBEPKU IPUHANJICKHOCTH. ]

14.2.8. MoxHO onpeneasaTh cOATaHCUPOBAHHOCTD IepeBa nHade: Tpebo-
BAaThb, YTOOBI IJIA KAXKOU BEPIIUHBL €€ JEBOE U MPABOE MO/ JCPEBb UMEIN
HE CJUIIKOM CUJIBHO OTIMYAOIMEcs KoaudecTsa BepimH. ([Ipeumymectso
TAKOT'O OMPEAEICHUSI COCTOUT B TOM, 9TO NPU BPAIIECHUAX HE HAPYIIACTCS
cOaIaHCUPOBAHHOCTD B BEPIIMHAX, HAXOJAIMXCA HUXKE TOYKYM BDAIICHUS. )
PeamuzoBaTh HA OCHOBE 2TOU UjJeU CHOCOO XPAHEHUsS MHOXECTB, TAPAHTU-
pytommuu onesky B C logn nencTBull I BKIIOYEHUS, Y IAJICHUA U TPOBEPKU
MPUHAJICXKHOCTH.

[Yxazanue. OH Takxke uUCHOAL3yeT GOJbIIME W Majble BpameHusa. 11o-
apobHOCTHU cM. B KHure Pennroasna, Huseprenasta u Jeo «KombunaTopusie
AITOPUTMED .| O

15. KOHTEKCTHO-CBOBO/AHbIE
[PAMMATWKH

15.1. O6bwunn anroputm pasbopa

YT06b ONPEAEIUTE TO, ITO HALIBAIOT KOHMEKCMHO-CE80600m0T 2pam-
mamuxotli (KC-rpammaTukoinn), HaL0:

® yKa3aTb KOHEYHOE MHOXECTBO A, Ha3mIBaeMoe a4fasumom; ero sie-
MEHTHI HA3BEIBAIOT CUMBO040MY; KOHEUHEIE IOCACIOBATEILHOCTH CUM-
BOJIOB HA3BIBAIOT C406aMU (B JaHHOM ajidaBuUTe);

® DA3JEAUTH BCE CUMBOJBL ANpaBUTA A HA IBE TPYIIEL MEPMUHAILHBIE
(¢COKOHYATEABHEI)) U HEMEPMUHAAbHbIE ((IIPOMEKYTOUHBIEY );

e BHIGPATH CPEAU HETEPMUHAILHLIX CUMBOJIOB OIWH, HA3LIBAEMBIU Ha-
YAALHLLM;

® yKa3aTb KOHEYHOE UNUCJIO NPABUL IPAMMATUKA, KAXKI0€ U3 KOTOPHIX
noikHO uMeThb Bug K — X, roe K — HEKOTOPHIM HETEPMUHAILHBIN
cuMBOa, 3 X — CJIOBO (B HET'O MOI'YT BXOJAUTH U TEPMUHAILHEIE, U HE-
TepMUHAIBHBIE CHMBOJIEI).

IIycts ¢pukcuporana KC-rpammaruxa (Mel yacTo GygeM OIMyCKaThb mpe-
dukc «KC-», Tak kak Apyrux rpaMMaTuK y Hac He Oyaet). Buigodom B aT0U
rPaMMATHUKE HA3LIBACTCA MOC/EI0BATEALHOCTL CI0B Xg, X1,..., Xpn, B KO-
Topou X COCTOMT M3 OJHOIO CHUMBOJA, ¥ 3TOT CUMBOJ — HAYAIBLHLIN,
a X;41 monydaerca u3 X; 3aMCHOM HEKOTOPOI'0 HETEPMUHAIBLHOIO CUM-
Bosia K ma caoBo X mo ogmomy w3 mpaBuma rpammaruku. CioBo, cocra-
BJCHHOE U3 TEPMUHAIBHBIX CUMBOJIOB, HA3LIBACTCS 6bl600UMbILM, €CIN CYIIe-
CTBYET BBLIBOJ, KOTOPHIM UM KOHYAETCA. MHOXECTBO BCEX BEIBOJAUMEIX CJIOB
(43 TEPMUHAIBHEIX CUMBOJIOB) HA3EIBACTCA A3bIKOM, NOPOHCOaEMbIM DannoT
2pammamurod.
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B sTou u cregyromen riase Hac OygeT MHTEPECOBATH TAKOU BOIPOC:
nana KC-rpamMaTuka; mocTpouTh AJIrOpUTM, KOTOPHIU 10 J00OMY CJIOBY
NPOBEPSAET, BEIBOAUMO JU OHO B DTOU IPAMMATHUKE.

Ipumep 1. Andasur:

()Y[LITE

(JeThIpe TEPMUHAIBHBIX CUMBOJIA U OJUH HeTepMUHATbHEIY cumBoa E). Ha-
vanbubin cuMmBoa: E. [Ipasuaa:

E— (E)
E — [E]
E — EE

E—

(B moCJEIHEM TIPABWIE CIPABA CTOUT IIyCTOE CJIOBO).
[Tpumepsr BHIBOAUMBIX CJIOB:

(mycToe caoBo)
0O
(rn
O D]
[OLIOLI]

[Tpumeprs! HEBLIBO AUMBIX CJIOB:

(

) (
a
(D]

OTa rpaMMaTHKa BCTPEYAIach B pasjaene 6.1 (rae BRIBOAMMOCTE B HEU IPO-
BEPIACH € IIOMOLIBIO CTEKA).
IIpmmep 2. [Ipyras rpaMMaTuKa, IOPOXK JAOIMIAS TOT XK€ SI3BIK:
Ancdasur: ( ) [ 1 TE
IIpaBuna:

E—

E—TE
T— (E)
T — [E]
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HaganbHBIM CHMBOIOM BO BCEX NPUBOAMMBIX Jajlee IpuMepax OyaeMm cuu-
TATh CUMBOJ, CTOALIUI B JEBOU YaCTH IEPBOrO NPABUIA (B JAHHOM CJIy4dae
2T0 cuMBOI E), He orosapusas 3TOro 0co6o.

,Z[JI}I KaXOI'0O HCTEPMUHAJBHOI'O CUMBOJIa MOXHO PACCMOTPETH MHOXKE-
CTBO BCEX CJIOB U3 TEPMHUHAJBHBIX CUMBOJOB, KOTOPBIC M3 HEI'O BBEIBOAATCA
(aHAIOrUYHO TOMY, KAK 3TO CIEIAHO [JsA HAYAJIbHOrO CUMBOJA B OIpPEee-
HHU BBEIBOAUMOCTHU B ]."pa,MMa,TI/IKe). Kam,qoe IPaBUJIO I'PDAMMATUKA MOXHO
paccMaTpuUBaThH KaK CBOMCTBO DTUX MHOXECTB. [lokaxkeMm »TO Ha mpumepe
TONBLKO YTO npuBeacéuuon rpaMmmaTuku. [lycte T' u £ — MHOXeECTBa CJIOB
(#3 cxO6OK), BHIBOAUMEIX U3 HeTepMuHAIOB T u E coorsercTBenno. Torna
IpaBUuIaM I'PaMMATUKN COOTBETCTBYIOT TaKuUC CBOﬁCTBaZ

E— FE conepxut nycroe CI0BO

E—TE ecau caoBo A npunagaexur T,
a caoBo B mpunangrexur E, To
caoBo AB mpunagrexut E

T— [E] ecim A npunaginexut E, TO c10BO
[A] npunagnexur T

T— (E) eciu A npunagiaexut E, T0O c10BO
(A) npunannexur T

CdopmyaupoBaHHEIE CBOUCTBA MHOXKECTB F, T He OIpenestoT 3T MHO-
XKECTBA OJHO3HAYHO (HANPUMED, OHM OCTAIOTCA BEPHBIMU, €CIM B Kade-
crBe E u T B3saTe MHOXKECTBO BCex Ca0B). OMHAKO MOXHO JOKA3aTb, YTO
MHOXECTBA, 33JABACMBIC TPAMMATUKON, ABJIAIOTCA MAUHUMAJILHBIMUA CPEIU
Y JOBIETBOPSAIOUIAX DTUM YCJIOBUAM.

15.1.1. ChopMyanpoBaTE TOYHO U [AO0KA3ATH DTO YTBEPKACHUE [JIs
MIPOU3BOJBHOU KOHTEKCTHO-CBOOOJHOU MPAMMATUKHY. (]

15.1.2. IlocTpouTh rpaMMaTUKy, B KOTOPOU BHIBOAUMEI CJIOBA
(a) 00..0011..11 (YMCIO HyJIEH PABHO YUCILY €IUHMUL);
(6) 00..0011..11 (uucio HyJeH BABOE OOJBINE YUCIA, €AUHUAL);
(8) 00..0011..11 (qucio HyJeH GOJBINE YUCIA €IUHNLL);
(n TOIBKO OHM). O

15.1.3. [loxasaTs, uTo He cymecTByeT KC-rpaMmMaTuku, B KOTOPOU OkI-
Ju OBl BEIBOAUMEI cj0Ba Buga 00..0011..1122. .22, B KOTOPEIX YUCJIa HY-
JIeW, GIVHUI U JBOEK PABHBL, ¥ TOJLKO OHHU.

[Ykazanue. [JoxasaTts caegyromyo Jdemmy o npoussoisHon KC-rpamva-
TUKe: IS JI000ro JOCTATOYHO JJIMHHOTO CIOBA F', BHIBOAUMOTO B DTOU
rpaMMaTHKe, CYIIECTBYET Takoe ero npeiacrasienue B sujge ABCDE, uro
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a060e cioso Buga AB ... BCD ... DE, rage B u D noBTOpEHBI 0MHAKOBOE
YUCIO Pa3, TAKXKE BHIBOAUMO B DTOM rpaMMaTuke. (DTO MOXHO yCTaHO-
BUTDH, HAWS HETEPMUHAIBHBIA CUMBOJ, OKA3BIBAIOIIUUCI CBOUM COOCTBEH-
HBIM (HACJEAHUKOM» B IPOLECCE BHIBOAA. )] O

HeTepMuHAMBLHBIN CUMBOJI MOXHO PACCMATPUBATL KAK «POJOBOE UMI»
IJIs BBIBOAWMBIX M3 HEro CJoB. B crenymoomem mpumepe s HATVISIHOCTHU
B Ka4Y€CTBE HCTECPMHHAJBHBIX CHUMBOJIOB HCIIOJb30OBAaHBI q)pa,l"MeHTbI pyc-
CKUX CJIOB, 3aKJIIOYEHHBIE B YIIOBEE CKOOKHU. (C TOYKM 3peHus rpaMMaTuKu
KaXK/BI TAKOU (GpPArMEHT — OJUH CUMBOI!)

IIpmmep 3. Andasur:

TepMuHane: + * () x
HeTepMMHAJBL:  (BBIP) (OCTBEIP) (caar) (ocTcaar) (MHOXK)

[Ipasuna:

(caar) (oCcTBBIP)
+ (BHID)

(BBID) —
(ocTBEIP) —
(ocTBEIP) —
(caar) — (MHOX) (ocTCHAr)
(ocTemar)y — * (caar)
(ocTenar) —

(MHOX) — X
(MHOX) — ( (BHID) )
CorzacHO »TOU IpAMMATHKE, BHIDAXKEHUE (BLIP) — HTO HOCJIEI0BATEIb-
HOCTB CJIAraeMBIX (CJIAr), Pa3AeJEHHBIX [UIIOCAME, CIAraeMOe — DTO IMOCTe-
J0OBATEILHOCTH MHOXKUTENEU (MHOX), PA3JeJIEHHEIX 3BE3109KaMu (3HAKAMU
YMHOXKEHUSA), & MHOXUTEIb — DTO Ju00 OyKBa X, MO0 BHIPAXKEHUE B CKOO-

Kax.
15.1.4. IlpueecTu npumep APyroU rPAMMATUKY, 33IAFOLIEN TOT K€ A3BIK.

OTBet. BoT o1uH U3 BapuaHTOB:

— ( (BBID) ) O

ITa rpaMMaTHKa XOTb U IPOIIE, HO B HEKOTOPHEIX OTHOIICHUAX XyXKe,
0 4éM MHI emé OygeM IOBOPUTh.
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15.1.5. [lana npomaponbuas KC-rpammaruka. [locrpours anropurm
[IPOBEPKY MPUHAMICKHOCTH 33aBAEMOMY €H S3BIKY, PAOOTAIONN II0JIK-
HOMMAJIBHOE BpeMs (T.€. 9UCIO ACUCTBUM HE HNPEBOCXOAUT IOAMHOMA OT
[JIMHBL IIPOBEPAEMOrO CJIOBA; MOJIUHOM MOXKET 3aBUCETH OT MDAMMATUKH).

Pemenne. 3ameTnym, 4TO TpeOOBaHUE NOJMHOMHUAIBHOCTH HUCKJIOYAET
BO3MOXKHOCTL DEIeHUsI, OCHOBAHHOM HA Iepe6ope BCeX BO3MOXKHBLIX BEHI-
BogoB. TeM He MeHee MOIMHOMMAJBHBIN aaroput™ cymectsyer. Ilockors-
Ky NPAKTUYECKOIO 3HAYEHWs OH HE MMeeT (MCIONb3yeMBIE HA NPAKTHUKE
KC-rpammaTuxu 061a1210T JONOJIHATEILHBIMYA CBOMCTBAMY, IO3BOJIAIOIIA-
MU CTPOUTH Gouee 3bdeKTUBHBIE AJIMOPUTMBL), MBI U3JIOXKAM JXIIL OOLIY0
CXEMy DeIICHUS.

(1) OycTs B rpaMMaTuke ecTh HeTepMuHaIs K, . . ., K,,. llocTpoum Ho-
BYIO FpaMMaTUKy ¢ HeTepmuHanamu K, ..., K] Tak, 9TOGHl BBEIIOJHSIOCH
Taxkoe CBOMCTBO: u3 K BEIBOAATCA (B HOBOM IPAMMATHKE) T€ XK€ CIOBA, ITO
u3 K; B cTapol, 3a MCKIIOYEHUEM IIyCTOrO CJIOBA, KOTOPOE HE BEIBOAUTCA.

YT00B BBEIIOJIHATH TAKOE NPEOOpPA3OBAHUE PAMMATUKU, HALO BBIAC-
HUTb, U3 KAKUX HETEPMUHAJIOB UCXOAHON IPAMMATUKY BEIBOAUTCA IyCTOE
CJIOBO, & 3aTeM KaX10€e NPABUIO 3aMEHNTH Ha COBOKYIHOCTD IPABUIL, HIOJY-
YAIOMIMXCs, €CIU B IPABOM YACTHU ONYCTUTH KaKUe-Ju0O0 U3 HETEPMUHAJIOB,
U3 KOTOPHIX BEIBOAUTCS IIyCTOE CJIOBO, & ¥ OCTANBHEIX TOCTABATD [ITPUXHY.
Hampumep, eciu B UCXOQHOU IPAMMATHUKE OBLIO IPABUIO

K—LMN,

npudéM u3 L u N BRIBOAUTCA IIyCTOE CJIOBO, a U3 M HET, TO 5TO IPABUJIO
HaJ0 3aMCHUTH HA NPAaBUIA

K — L'MN
K — MN
K —L'M
K/ _ M/
(2) Urak, MBI CBE/IM €710 K TPAMMATHKE, ['JIe HU U3 OJHOI0 HETEPMUHAJIA,
HE BBEIBOJUTCA nyCToe CJIOBO. Tenepb yCTpaHI/IM «OUKJBD BUIA
K—L
L—M
M—N
N—K
(B mpaBOM YacTU KAXKAOTO NMPABUIA OAUH CUMBOJI, M DTU CUMBOJEL 00pa-

3YIOT IUKJI l'IpOI/IBBOJIbHOI‘/,I rI[JII/IHI:;I)Z 9TO JETrKO CAe/aThb, OTOXICCTBUB BCE
BXOOAIINEC B TUKJ HCTCPMUHAJIEL.
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(3) Tenmepnb mpoBEpKa NPUHALIEIKHOCTH KAKOrO-TUOO CJIOBA A3BIKY, I10-
POXAEHHOMY I'DAMMATUKON, MOXKET BHIIOIHATHCS TaK: NI KAXAOIO IIOA-
CJIOBA MIPOBEPSAEMOrO CJIOBA U [JISI KAXK OO HETEPMUHAJIA BBIACHIEM, IOPO-
XKJAETCS JIU DTO MOACAOBO DTUM HeTepMuHaIoM. Ilpy 5TOM nmoaciaosa npose-
PAIOTCA B HOPSAKE BO3PACTAHUS IJIVH, & HETEPMUHAIL — B TAKOM HOPSAIKE,
4T0o0bl npu Haauyuu npaswia K — L werepmunan L npoBepsuics paHbIne
merepMunaaa K. (9TO BO3BMOXHO B Cuily OTCYTCTBUA UUKIOB.) [loscHum
STOT HPOLECC HA IPUMEpE.

[Iycts B rpaMMaTuke €CTh IpaBUIa

K—L
K—MNL

¥ APYTUX OPABWI, cOoepxKammx K B 1eBOU 4acTu, HeT. MBI XOTUM y3HATH,
BEIBOAUTCA JIU JaHHOE CI0BO A u3 HerepmuHaia K. D10 OygeT Tak B OLHOM
U3 CIy4aeB:

e ccim A BeIBOAUTCS U3 L;

e eciu A MOXHO paszbuTh Ha HemycThle cioBa B, C, D, mis KOTOPHIX
B BuBoautcsa us M, C BuiBoauTcsa us N, a D BeiBoguTCsa u3 L.

Bcs sTa nuadopmanus yxe ects (caosa B, C, D kopoue A, a L paccMOTpeH
10 K).

Jlerko BuAeTH, 9TO YUCAO AEUCTBUU STOCO AITOPUTMA MOIUHOMUATBHO.
Crenenb MOIMHOMA 3ABUCUT OT YKUCJIA HETEPMUHAJIOB B MIPABBLIX YACTAX MIPA-
BIJ ¥ MOXKeT OBITH IIOHUXKEHA, €CIM I'PAMMATUKY IpeoOpa3oBaTh K (popMe,
B KOTOPOH IIPaBasA 4acCTh KAXKIOI0 IPaBWIa He 60Jee 2 HeTePMUHAJIOB (3TO
JIETKO CAEJIaTh, BBOJA HOBBIC HCTCPMUHAJILBL: HaIpuMep, npasuiao K — LMK
MOXHO 3aMeHuTh Ha K — LNu N — MK, rage N — HoBoili HeTepMuHaa). [

15.1.6. PaccMoTpuM rpaMMaTUKy C €IMHCTBEHHBIM HeTepMuHAJIOM K,
HeTepMuHasntamu 1, 2, 3 u npaBuiamMu

K—0
K—1K
K—2 KK
K—3 KKK

Kax npoBepuTs BEIBOAMMOCTE CJIOBA B 9TOU TPAMMATHUKE, YUTAA CJIOBO CJIE-
Ba Hampaso? (Yucao gencTBUy Npu IPOYTEHUN OQHOU GYKBBL JO/DKHO OBITH
OrPAHUYEHO. )
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Pemenune. XpanuTcs neaas NEpeMEHHAsS N, UHBAPUAHT: CJIOBO BLIBOIU-
MO < HEIPOYUTAHHASA YaCTh IPEACTABIACT COO0M KOHKATEHAUuo (coeau-
HEHUE) N BEIBOAUMBIX CJIOB. O

15.1.7. ToT xe BOIpPOC I IPAMMATUKA
K—0
K—K 1
K—K K 2
K—K KK 3 O

15.2. MeToa pekypcUBHOro cnycka

B omimume oT asropurma mpegbiaymero pasgena (IpencTaBIIAIOIIE-
0 YUCTO TEOPETUYECKUN UHTEPEC), aIrOPUTMEL HA OCHOBE PEKYDPCUBHOIO
CIOYCKa 9aCTO UCIOIB3YIOTCA HA, MPAKTUKE. DTOT METO MPUMEHUM, O THAKO,
JAJEKOo He KO BceM rpaMMaTukaM. MuI 06cyAuM HeOOXOAUMEBIE OrPAHUYIECHUS
o3 aHee.

W pess meToga peKypCUBHOrO CIyCcKa TakoBa. [ljis kax 10ro HerepMuHa-
aa K mul ctpoum npouenypy ReadK, koTopas — B nmpuMeHeHUU K JIOOOMY
BXOJHOMY CJIOBY T — J€JIaeT ABE BEIIu:

® HaxoauT HamOOJIbIIICE HAYAIO 2 CJIOBA T, KOTOpOE€ MOXeET OBITHL HadYa-
JIOM BBEIBOAMMOTrO 13 K CJIOBA;

e COOOIIAET, ABIACTCA JU HAUJCHHOE (JOBO Z BRIBOAUMBIM u3 K.

IIpexae dYeMm OmMUCHIBATH 3TOT MeTO[ 0ojee MOAPOOHO, NOrOBOPUMCS
0 TOM, KaK IPOLEAYPHI MOIYYal0T CBEICHUS O BXOJHOM CJIOBE U KaK CO00-
IIAI0T O PE3yJabTATaX CBOEU paboThl. MuI mpeanonaraeM, 4To OYKBBI BXOJ-
HOI'O (JIOBa IIOCTYIIAKT K HUM II0 O,C[HOIL/JI, T.€. UMeeTCA I'PaHUIa, OTOCIA-
OIIasA «IPOYUTAHHYK» YaCThb OT (<HerO‘-IPITa,HHOI>i>). By,aeM CYUTaThb, 9TO
ecTb Gynkuus (63 napaMeTpoB)

Next: Symbol

JAOIIAs IEPBLIM HENPOYUTAHHBIN CUMBOJ. Ké 3HaUYeHusAMu MOy T OBITE TEp-
MUHAILHBIE CUMBOJIEL, a Takxke crenuansabit cumeoa E0I (End Of Input —
KOHEII BXO[1a), O3HAYAIOIIAY, YTO BCE CJIOBO yXKE NPOYUTAHO. BBI3OB dTOU
byHKIUU, pasymMeeTcsa, HE CABUCAET I'PAHUIBI MEXKAY MPOYUTAHHOU U HE-
IPOYUTAHHOU YaCTBI0 — [JIA DTOrO €CTh Impoueaypa Move, koTopas CaBU-
raet rpaxuiy Ha ogut cuMBo. (OHa npumenuMa, eciu Next<>EQIL.) Ilycrs,
HaKOHEI, UMeeTCs OyJIeBCKasa IepeMeHHas b.
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Temeps MBI MOXeEM C(HOPMYIXPOBATH HAMM TPEOOBAHUA K MPOLELYPE
ReadK. OHu COCTOAT B CJAEAYIOMIEM:

ReadK

® [IPDOYUTHIBACT U3 OCTABILEUCA YACTU CJIOBA MAKCUMAJLHOE HAYAIO A,
ABJIAOIICCCA HAYTaJI0M HEKOTOPOI'O CJIOBa, BEIBOAUMOI'O U3 K,

® 3HAYCHNWE b CTAHOBUTCS MCTUHHBEIM WIN JOXHEIM B 3aBUCHMOCTH OT
TOrO, ABIAETCA U A BHIBOAMMEIM U3 K MM Wb HEBLIBOAMMBIM Ha-
4asoM BeIBoguMOro (u3 K) ciosa.

[lns yno6cTBa BBEIEM TAKYIO TEPMUHOJOTHUIO: BRIBOIUMOE 13 K CJIOBO Oy-
€M Ha3bIBATh K-C10BOM, a 1:000€ HadalIo 1:060ro BEIBOAUMOro u3 K cioBa —
K-nagasuom. /[IBa chopmynupoBanubix TpeboBaHus BMecTe Oy 1eM BEIPAXKATH
caoBaMmu «ReadK xoppekTHa aus K».

Hauném ¢ npumepa. IlycTe npasuto
K—-LM

ABJIAETCS €IUHCTBEHHBIM NIPABUJIOM IDAMMATHKM, cofepxkamuM K B JeBOU
gacTu, nycTh L, M — HeTepMmuHann u Readl, ReadM — koppekTHEIe (1
HUX) IPOLEIYPHL.

PaccmoTpum Takyoo npoueaypy:

procedure ReadK;
begin
ReadL;
if b then begin
ReadM;
end;
end;

15.2.1. IlpuBecTu npumep, Korga 3Ta npoueaypa OyAeT HEKOPPEKTHOU
s K.

Otsert. [IycTe u3 L BuBOAUTCA J1060€ ¢10BO Buga 00. .00, a u3 M BEIBO-
aurcst guins cioBo 01. Torga us K BeiBoguTCs c1oBo 00001, HO mpouenypa
ReadK sToro me 3amerur. 0

YkaxkeMm HOCTATOYHEIE YCJIOBUS KOPPekTHOCTU npoueaypsl ReadK. [lms
DTOr0 HAM IMOHANOO0sTCS HEKOTOphle obo3HadeHus. [lycTs duxcupoBansl
KC-rpammaTuka u HeKOTOpEIN HeTepMuHal N 5Tou rpammaTuku. Paccmo-
TpuM N-C10BO A, KOTOpOE MMeeT COOCTBEHHOEe HAadYalo B, Takxke ABIA0-
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meecs N-caoBoM (ecau Takue ectb). s mobon napel Takux cioB A u B
PacCMOTPUM TEPMUHAJBHBLIM CUMBOJ, uayumu B A HemocpencTeenHo 3a B.
MuoxecTBO BCex Takux TepMuHaIoB 0603HauuM IToca(N). (Eciu Hukakoe
N-cI0BO He fIBIAETCA COOCTBEHHBIM HAYAIOM APYroro IN-CJI0OBa, TO MHOXe-
ctBo Iloca(N) mycro.)

15.2.2. Yxasare (a) Iloca(E) mas mpumepa 1 (c. 246); (6) Iloca(E) n
Moca(T) mas mpumepa 2 (c. 246); (B) Ioca({caar)) u Hoca((MuOX)) mus
npumepa 3 (c. 248);

Otser. (a) Hoca(E) = {[, (}. (6) Iloca(E) = {L[, (}; Ioca(T) nycro (uu-
kakoe T-clI0BO He sBiseTcsa Hadasom gpyroro). (B) IMoca({cmar)) = {*};
IMoca({muox)) mycTo. O

Kpowme Toro, gis kaxnoro nerepmunana N o6osnadnM depes Hau(NV)
MHOXKECTBO BCEX TE€PMUHAJOB, ABJAIONUIMXCA HNEPBHIMU OyKBAaMM HEITyCTHIX
N-caoB. ITO 0003HAYEHNE — BMECTE C MPEALIAYIUM — MO3BOJIUT JATH
NOCTATOYHOE YCIOBUE KOPPEKTHOCTHU Mponeaypsl ReadK B onmucanHOU BhITE
CUTYaIUH.

15.2.3. Mokasatb, uro ecau [Toca(L) me mepecekaerca ¢ Hau(M) u mHO-
XKeCTBO BCex M-c10B HenmycTo, TO ReadK KOppekTHA.

Pemrenne. Paccmorpum gBa cayvas.

(1) Oycrs mocne Readl 3uaveHue mepemeHHOU b soxHO. B arom ciy-
vae Readl umTaeT €O BXOJA MAKCUMAJIbHOE L-Havano A, He sABIAOOIIEECA
L-cioBoM. OHo sBisieTcs K-HadanoM (34€Ch BaXKHO, YTO MHOXKECTBO M-CJIOB
Henycto.). Byger au oHO MakcuMmaabHBIM K-HadansoMm cpenu Hadam Bxoga?
Ecau mer, 1o A asnserca maganmom caosa BC, rae B ects L-cioro, C ecthb
M-magano u BC — Gonee qnuuHOE Havat0 Bxona, yem A. Eciu B nmunnee A,
TO A — He MaKCUMAJIBHOE HAYAIO BXOAA, ABJAIOIIEECs L-Ha9amioM, 9To mpo-
TuBOpednT KOppekTHoCcTU Readl. Eciu B = A, 10 A 6bu1o 6bi L-ci10BOM,
a 910 He Tak. 3HauuT, B kopoue A, C HenycTo u nepsuiu cumBox ciaosa C
caeayer B A 3a nocaegauM cumBoaoM ciaosa B, 1. e. Iloca(L) nepecekaercs
¢ Hau(M). Iporusopeune. Urak, A makcumansuo. U3 cxazannoro cuexy-
eT Takxke, 9T0 A He aBaserca K-crosom. KoppekTHocTs mpoueayps: Readk
B DTOM CJIy4ae IPOBEPEHA.

(2) Iycrs mocae ReadL sHaveHue nepeMenHon b uctunno. Torga npoyn-
TauHoe npoueaypou ReadK nagano sxona umeer sug AB, rae A ects L-cio-
BO, a B ectb M-navano. Tem cameim AB ects K-nauano. [Iposepum ero max-
cumainbHOCTh. Ilyecrs C ects 6oubinee K-uagano. Torga mbo C' ects L-Ha-
9a10 (4TO HEBO3MOXKHO, TaK KakK A OBLI0 MAKCUMAIBLHBIM L-HagaIoM), Ju60
C=A'B',rae A — L-cioBo, B’ — M-mavano. Ecim A’ xopoue A, To B’ He-
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IyCTO W HAYUHAETCS C CUMBOJA, nmpuHamaexamero nu Hau(M), u IToca(L),
410 HeBO3MOxkHO. Ecim A’ piurnee A, To A — He MakcuMalIbHOE L-HAYAIO.

Nrax, A’ = A. Ho B aTOM ciyuae B’ €CTb IpOoJoMKeHue B, 94T0 IpOoTUBO-
peunt KoppekTHOCTU ReadM. UTak, AB — makcumanbuoe K-uagamno. Ocra-
éTCsA MPOBEPUTH MPABUILHOCTD BEIJABAEMOrO mpoueaypou ReadK suadenus
nepemennon b. Eciu oHO ucTunHHO, TO 5T0 04YeBUAHO. FCiau OHO JOXKHO, TO
B me ectsb M-c0BO, u Han0 mpoBeputhb, 9uT0 AB — He K-cioBo. B camom
nene, ecan Obl Bemonaaaocs AB = A'B’, rae A’ — L-cioso, B’ — M-ciioBo,
10 A’ He MoxeT OmnTh gmuHHee A (Readl. uMTaeT MAKCUMAILHOE CJOEBO),
A’ e moxer 6miTh paBHO A (Torga B’ pasuo B u He sBasercsa M-cioBom)
u A’ e Moxer OrITh kKOpoue A (Torga mepsoii cuMmBoa B’ mpunagiexut
n Haua(M), u Hoca(L)). 3anaga pernena. O

[lepenaém Temepb K Apyromy dacTHoMmy ciydawo. Ilycrs 8 KC-rpamma-
TUKE €CTh MPABUIA

K—L
K—M
K— N
¥ APYTUX MPABUI C JEBOU 4acThio K HeT.

15.2.4. Cuwuras, yto Readl, ReadM u ReadN xoppekTusl (s L, M u N)
u uro MHOXecTBa Hau(L), Hau(M) u Hau(N) e mepecekaroTcs, HamucaThb
npoueaypy, KOppekTHyoo pias K.

Pemenne. Cxema nponeaypsl TAKOBa:

procedure ReadK;

begin
if (Next mpumapgmexutr Hau(L)) then begin
| ReadL;
end else if (Next npuHazmexuT Hau(M)) then begin
| ReadM;
end else if (Next mpumagnmexutr Hau(N)) then begin
| ReadN;
end else begin
b := true umum false B 3aBUCUMOCTH OT TOTO,
BHBOIMMO M NyCTOE€ CIOBO M3 K MIM HeT
end;
end;

HoxaxewMm, uTo ReadK xoppekTHO peanusyeT K. Ecau Next He npuHaqIeXUT
Hu ofHOMY u3 MHOXkecTB Hau(L), Hau(M), Hau(N),To mycToe cioBo sBaseTcs
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HanbOIBIIMM HAYAIOM BXO[a, ABLaomuMcs K-uaganmom. Eciu Next npunan-
JEXKUT OJHOMY (U, CJIEA0BATEILHO, TOIBKO OJHOMY) M3 DTUX MHOXECTB, TO
MaKCHMAIBHOE HAYAJI0 BXOJA, ABJIIOIIEECs K-HavYaloM, HEIYCTO U YUTAETCS
COOTBETCTBYIOLIEU IPOLEAYPOU. (]

15.2.5. HUcnoawpays ckasaHHOE, COCTABUTH MPOLEAYPY PACHO3HABAHUSI
BHIDAXKEHUU s rpammaruku (npumep 3, ¢. 248):

(BBIP) — (Caar) (OCTBEID)
(ocTBBHIp) — + (BHID)
(ocTBLID) —

(cnar) — (MHOX) (OCTCHAr)
(ocTenar) — * (caar)
(ocrenar) —

(MHOXK) —
(MHOX) — (Bmp) )

Pemrenme. JTa rpaMMaTUKa HE MOJIHOCTBIO MOTIA AAET MO PACCMOTPEH-
HBIE YACTHBIC CIYYaU: B IPABLIX YaCTAX €CTh KOMOMHAIINY TEPMUHAJIOB U HE-
TEPMUHATIOB

+ (BHIp)
U DPYIIEL U3 TPEX CUMBOJIOB
( (BBID) )

B rpamMmmMaTuke ecTh Takke HECKOJIBKO IIPABUI C OJHOU JIEBOU YaCThIO U C
IIPABBEIMU YACTAMH PA3HOI'O POJA, HAIIpUMED

(ocTBEIP) — + (BEID)

(ocTBEID) —

OTU OrPAHUYEHUS HE SABJSAIOTCS NPUHIANUAIBHBEIMU. TaK, NPaBUIO THUIA
K—L M N MOxHO ObLIO OB 3aMeHUTH Ha aBa npaBuwia K —L Qu Q—M N,
TEePMUHAIBHEIE CUMBOJEL B IPABOM YaCTH — HA HETEPMUHAIL (C eQuH-
CTBEHHBIM [IPABUJIOM 3aMEHEI HA COOTBETCTBYIOUME TepMuHaisl). Heckoun-
KO IPABUI C OIHOM JIEBOU YACTBIO U PA3HOPOJHBIMY MIPABBIMU TAKXKE MOXKHO
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CBECTH K YK€ pa3oOpaHHOMY CJIydai0: HAIPpUMED,

K—LMN
K—P Q

K—
MOXHO 3aMCHUTH Ha IIPABUJIA

K—K;
K — Ky
K—Kj
Kt —LMN
Ky —P Q

K3—>

Ho MBI He 6yAeM 5TOro geaTh — a Cpasy Ke 3aMUIIEM TO, YTO MOTYIUTCA,
€CJIM IOJCTABUTD OMUCAHUA IPOLEAYD AJMA HOBLIX TEPMUHAIBLHEIX CUMBOJIOB
B MeCTa uX ucnoab3oBanus. Hampumep, aiaa mpasumia

K—LMN

9TO JaéT mpouesypy

procedure ReadK;
begin

ReadL;

if b then begin
| ReadM;

end;

if b then begin
| ReadN;

end;

end;

[us eé xoppekTHocTu Hago, 4robul [loca(L) me mepecekanocs ¢ Haqa(MN)
(xoropoe pasuo Haw(M), ecou u3 M HE BHIBOAUTCA IMyCTOE CJIOBO, U PABHO
o6begunenuio Hau(M) u Hau(N), ecau BeiBoguTCs), a Takxke 4To6H Iloca(M)
He nepecekajnock ¢ Hau(N).

AnanornaaeiM 06pa3oM mpaBmiIa

K—LMN
K—P Q

K—
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NPUBOJAT K IMpOLELype

procedure ReadK;

begin

if (Next mpuwuapgmexut Hau(LMN)) then begin
ReadL;
if b then begin ReadM; end;
if b then begin ReadN; end;

end else if (Next mpuwmammexur Hau(PQ)) then begin
ReadP;
if b then begin ReadQ; end;

end else begin

| b := true;

end;

end;

KOPPEKTHOCTb KOTOpou tpebyer, urober Hau(LMN) He mepecekanocs ¢
Hau(PQ).

Yuras npuBeaéHHYO Hajee IPOrpaMmy, IMOJE3HO UMETh B BUAY COOT-
BETCTBUE MEXIY PYCCKAMU U AHTVIMACKUMU CIOBAMU:

BBIP A>KEHUE EXPRESSION

OCTAaTok BBIPAXKEHUA REST orF EXPRESSION
CJIATAEMOE ADDITIVE TERM
OCTATOK CJIATAEMOro REST or ADDITIVE TERM
MHOXKuTEJb FACToRr

procedure ReadSymb (c: Symbol);
b := (Next = c);
if b then begin
| Move;
end;
end;

procedure ReadExpr;

ReadAdd;

if b then begin ReadRestExpr; end;
end;

procedure ReadRestExpr;

if Next = ’+’ then begin
ReadSymb (°+’);
if b then begin ReadExpr; end;
end else begin
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| b := true;
end;
end;

procedure ReadAdd;

ReadFact;

if b then begin ReadRestAdd; end;
end;

procedure ReadRestAdd;

if Next = ’*’ then begin
ReadSymb (’*’);
if b then begin ReadAdd; end;
end else begin
| b := true;

end;
end;

procedure ReadFact;
if Next = ’x’ then begin
ReadSymb (’x’);
end else if Next = ’(’ then begin
ReadSymb (°(’);
if b then begin ReadExpr; end;
if b then begin ReadSymb (’)’); end;
end else begin
b := false;
end;
end;

OcTanoce 06CyaUTL TPOOGIEMEI, CBA3AHHBIC C B3AMMHOU PEKYPCUBHOCTHIO
oTUX mporeayp (o4Ha MUCHOJIL3yeT APYryo u HaobopotT). B mackame sto
JOMyCKAETCs, TOILKO TPeGyeTcsa AaTh IPEABAPUTEILHOE OMUCAHUE MIPOLe-
ayp («forward»). Kak Bcerga s pekypCUBHBIX IPOLEAYD, HOMUMO NOKa3a-
TEJBCTBA TOr'0, YTO KaxXKAasa Ipoluesypa paboTaeT MPABWILHO B IPEIIONO-
JKEHUU, YTO UCIOJIb3YEMbIE B HEM BHI3OBHI POLEAYD Pab0OTAIT MPABUILHO,
HAJ0 [N0KA3aThb OTAEILHO, 9YTO paboTa 3aBepmaeTcd. (DTO HE OYEBUAHO:
ecjau B rpaMMaTuke eCcTthb npaBuio K — KK, 70 u3 K Hu4ero He BBEIBOAUTCA,
Moca(K) u Hau(K) mycThl, HO HAUCAHHAA [0 HAINAM KAHOHAM IPOLEAYDA

procedure ReadK;
begin

ReadK;

if b then begin
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| ReadK;
end;
end;

He 33aKaHYMBAET PAGOTHL.)

B mamnoM caydae mponeaypsl ReadRestExpr, ReadRestAdd, ReadFact
J100 3aBEPIIAIOTCS, J160 YMEHBINAT JIMHY HEIPOYUTAHHON YaCTH BXOAA.
ITockombKy 10001 HUKJI BEI3OBOB BKIIOYACT OLHY U3 HUX, TO BAIUK/INBAHUAEC
HEBO3MOXKHO. O

15.2.6. IlycTe B rpamMmaTuke MMEIOTCA ABA IPABUIA C HETEPMUHAIOM K
B JIEBOU YACTU, UMEIOLIUX BUJ

K—L K

K—

[0 KOTOPEIM K-CJIOBO IpeCcTaBIaeT COO0M KOHEUHYIO MOCICIOBATEILHOCTD
L-cioB, mpuuém muoxectsa Iloca(L) m Hau(K) (B naHHOM ciydae pas-
noe Hau(L)) me mepecekarorcsa. cnonbaysa kKOppekTHYIO A L mponeaypy
Readl, mamucats kKOppekTHyIO Miaa K npouenypy ReadK, He ucnome3ys pe-
KypCHUH.

Pemrenwe. [lo mamum npaBmiaM cien0Baso Obl HANMKUCATH

procedure Readk;
begin
if (Next mpunapgmexur Hau(L)) then begin
ReadL;
if b then begin ReadK; end;
end else begin
| b := true;
end;
end;

3aBepiieHue paboTH TAPAHTUPYETCA TEM, 9TO MEPE] PEKYPCUBHBIM BHI30-
BOM IJIVHA, HEMPOYUTAHHON YaCTU YMEHBIACTC.
OTa PEKypPCUBHAA TPOIEAYPa SKBUBAJICHTHA HEPEKYPCUBHOU:

procedure ReadK;
begin
b := true;
while b and (Next mpunammexut Hau(L)) do begin
ReadL;
end;
end;
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DopMaTbHO MOXHO IPOBEPUTH DTY SKBUBAJEHTHOCTD TAK. 3ABEPIIAEMOCTD
B 000uX CiIy4asx scHA. [l0CTaTOYHO IPOBEPUTH HODITOMY, YTO TEJIO PEKyp-
CUBHOU MPOLEAYPH DKBUBAJICHTHO HEPEKYPCUBHOU B MPEATIOJIOXKEHUU, ITO
€é PEKYPCUBHEIU BHI30B DKBUBAJCHTEH BHI30BY HEPEKYDCUBHOU MIPOLEAYPHI.
IMoacrasum:

if (Next mpmuapgmexumt Hau(L)) then begin
ReadL;
if b then begin
b := true;
while b and (Next mpunapgmexut Hau(L)) do begin
| ReadL;
end;
end;
end else begin
| b := true;
end;

Ilepyro koMaHay b:=true MOXHO BHIKHHYTH (B DTOM MECTE U TaK b uc-
TuHHO). BTOpy0 KOMaHIy MOXHO IEPEHECTH B HAYAIO:

b := true;
if (Next mpumammexut Hau(L) then begin
ReadL;

if b then begin
while b and (Next mpunammexut Hau(L)) do begin
ReadL;
end;
end;
end;

Teneps BHyTpeHHUN if MOXHO BHIKUHYTH (€Cju b J0XkHO, nukia while BCE
PABHO HE BBHINOJHACTCA) U AO0ABUTHL B yCJIOBUE BHEmHero if ycaosue b
(K0TOpOE BCE PABHO UCTUHHO).

b := true;

if b and (Next mpumagmexut Hau(L)) then begin
ReadL;
while b and (Next mpunanmmexut Hau(L)) do begin
| ReadL;
end;

end;

YTO DKBUBAJCHTHO [IPUBEICHHON BHIINIE HEPEKYPCUBHOU mpoueaype (U3 Ko-
TOPOY BLIHECEHA, EPBasA UTEPAINS IUKIIA). O
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15.2.7. [loxa3aTh KOPPEKTHOCTH MPUBEAEHHOUW BHINE HEPEKYPCUBHOU
IPOrPAMMEI HEMMOCPEACTBEHHO, 06€3 CChLIOK HA PEKYDPCUBHYIO.

Pemenme. PaccMOTpuM HAMGOMBINEE HAMANO BXOMA, ABIAIOMCECA K-HA-
ganoM. OHO HpEACTABIAECTCA B BUAE KOHKATEHAIWMU (IOCIENOBATEIBHOIO
NPUIMTACHIBAHYA) HECKOMBKAX HEMYCTHIX L-CJOB U, BO3MOXKHO, OJIHOTO HEITy-
cToro L-navana, He ABAAIOMErocsa L-ciosoM. HBAPUAHT IUKIA: TPOIUTAHO
HECKOBLKO U3 HUX; b & (HOCaeqHee IPOIMTAHHOE ABIACTCA L-CJI0BOM).

CoxpaHeHUE MHBAPUAHTA: €M OCTANOCH HOCAEIHEE CIOBO, HTO OYCBUI-
HO; €CJIM 0CTANIOCh HECKOMBKO, TO 32 MEPBLIM L-CI0BOM (M3 YMCJIa OCTABIINX-
ca) uaét cumpoa u3 Hau(L), u TOTOMY 3TO CIOBO — MaKCUMAIBLHOE HAIAJIO
BXO/a, ABIAIOIIEECA L-HAUamoM. O

Ha npakTuke npu 3anucu rpaMMaTUKKA UCIONB3YIOT COKpammenus. Eciu
IpaBUJIa, AJIs1 KAKOT'O-TO HeTepMuHala K uMerT Buj

K—L K

K—

(T.e. K-C0Ba, — 5TO MOCJIEI0BATENBLHOCTH L-CJOB), TO DTUX IPABUI HE ITU-
mryT, 8 BMeCcTO K numyT L B purypueix ckookax. Heckonbko npasui ¢ o gHOM
JIEBOU 9YACTBIO U PA3HLIMU MPABLIMU 3AIKMCHLIBAIOT KAK OQHO MPABUIO, Pa3-
[eJiss aNbTEPHATUBHEIE [TPABLIE YaCTU BEP TUKAJILHON YEPTON.

Hanpumep, pacCMOTPEHHAs BEINE MPAMMATUKA Jisl (BEID) MOXET OBIThH
3aIMCaHa TaK:

(BbIp) — {(caar) { + (caar) }
(cnar) — (muox) { * (MuOX) }

{muox) — x | ( (BEID) )

15.2.8. Hamucats mpoueaypy, KOPPEKTHYIO Ais (BEID), CAEAys DTOU
CPAMMATHUKE U UCIOJL3YA IUKJI BMECTO PEKYPCUH, T/ MOXKHO.

Pemenne.

procedure ReadSymb (c: Symbol);
b := (Next = ¢);
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; ]

15.2.9. B mocaeanen mpoueaype KOMaHay b:=true MOXHO OMYCTUTH.
[Mouemy?

Pemmenme. M0OXHO MpeanosaraTsb, 4TO BCE MPOIEIYPHl BLI3LIBAIOTCA IPU
b=true. O

15.3. AnropuTm pas6opa ansi LL(1)-rpammaTuk

B sToM pazgene MBI paCCMOTPHUM €IIE OMH METO TPOBEPKM BLIBOIUMO-
cru B KC-rpammaruxe, nazmsaembin mo tpagunuu LL(1)-paz6opom. Bot
ero maes B OOHOU (hpase: MOXKHO CIYATATb, 9TO B MPOLIECCE BEIBOAA MBI
BCErJa 3aMEHAEM CAMBIU JICBEIM HETEPMUHAI M HYXKHO JHUIIb BEIOPATH OJHO
U3 IPABUT; €CJIM HAM MOBE3ET C FPAMMATUKOU, TO BHIOPATH MPABUJIO MOXK-
HO, MVIAAA HA MEPBBEIU CUMBOJ BEIBOJUMOIO W3 3TOr0 HETEPMUHAJIA CJIOBA.
Tosops Gonee popMaIBHO, IAAUM TAKOE

Ompepenenne. Jlesvim 6616000m (CIOBA B TPAMMATUKE) HA3BIBACTCA BEI-
BOJ, B KOTOPOM Ha KaXX[IOM Iare 3aMeHe MOABEPraeTCsA CAMBIN JEBLIA U3
HETEPMUHAJIOB.
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15.3.1. [lna xax10r0 BHIBOAUMOIO CJIOBA (M3 TEPMUHAJIOB) CyIIECTBYET
€r0 JICBLIM BBLIBOI.

Pemenne. Pasnuunbie HeTEepMUHANLI 3AMEHSAIOTCA HE3ABUCUMO; €CIU B
MIpOoIECCe BLIBOAA MOABUJIOCH CIOBO ... K ... L..., roe K, L — HeTepMuna-
JbBI, TO 3aMeHBl K u L MOXHO IpOM3BOAUTHL B J060M mopsake. IlosTomy
MOXHO MEPECTPOUTH BEIBOJ TAK, YTOOLI CTOAIUN JEBEE HETEPMUHA 3aMe-
Hanca padbie. (PopManIbHO TOBOPS, HAAO AOKA3HEIBATEL MHAYKIUEH [0 [1JIK-
He BBIBOJA TaKoU (aKT: €CIM U3 HEKOTOPOro HerTepMuHana K BEIBOAUTCS
HEKOTOpOoe ca0BO A, TO cymecTByeT JeBbilt BeBog A u3 K.) O

15.3.2. B rpammaruke ¢ 4 mpaBuiaMu

(1) E—

(2) E—TE
(3) T— (E)
(4) T— [E]

nanTu e BBOg caoBa A = [() ([1)] u noxasaTts, 9TO OH €IUHCTBEH.
Pemrenne. Ha nepBoM mare MOXHO IPUMEHUTH TOJIBKO MPABUIO (2):
E—-TE

Yro Oyaer maubme ¢ T? Tax kak cioBo A HaumHaeTcs Ha [, TO MOXeT
IPUMEHUTHCSA TOMBKO IpaBuio (4):

E — TE — [E]E

Ilepsoe E momxuo 3amenuThCsa Ha TE (MHAYe BTOPHIM CHMBOJIOM OBLIA OBI
ckobka ]):
E —- TE — [E]JE — [TE]E

u T JOMXKHO 3aMeHATHCS 10 (3):
E — TE — [E]E — [TE]E — [(E)EIE

[Janee nepoe E NOKHO 3aMEHUTBCS HA IIYCTOE CIOBO (MHAYE TPeThen Oyk-
Bou ci0Ba OygeT ( mm [ — TOJBKO HA DTH CHMBOIBI MOXKET HAYUHATHCSA
CJI0BO, BHIBOAUMOE U3 T):

E —- TE — [E]E — [TE]JE — [(E)E]JE — [(E]E

u ganee

...~ [OTEJE — [O(E)EIE — [O(TE)EJE — [ ([E]E)E]E —
— [O(IIB)EIE— [O(IDEIE— [ODIE—-[OIDI] O
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Y10 TpebyeTcs OT TPpaMMATUKU, 9TOOBI TAKOU METO[ MOUCKA JEBOTO
BEIBOAA Obl1 mpumenum? I[lycTh, Hampumep, HA OYEpENHOM IIAre CAMBIM
JIEBEIM HETEPMUHAJIOM OKA3aJICsA HeTepMuHaa K, T.e. MBI UMEEeM (JIOBO BU-
na AKU, rge A — ci0BO u3 TepMUHAIOB, a8 U — CJIOBO U3 TEPMUHAJIOB
u HeTepMUHAIOB. [[ycTh B rpaMMaTuke €CTh IPaBUIA,

K—LMN
K — PQ
K—R

Hawm nano Bei6pars 0qHO0 u3 Hux. Ml Oy geM OBITATHCA CAEIATH DTOT BEIOOD,
DU HA IEPBBLIM CUMBOJ TOU 9aCTU BXOQHOT'O CJIOBA, KOTOPAs BBIBOAUTCSH
u3s KU.

Paccmorpum MuOX)ecTBO Hau(LM N) Tex TepMUHAIOB, ¢ KOTOPHIX Ha-
YMHAKTCA HEMYCTHE CJI0Ba, BhBoguMEe U3 LM N. (DTO MHOXECTBO PABHO
Hau(L), o6beaunéunomy ¢ Hau(M), ecin u3 L BEIBOAUTCS IyCTOE CIOBO,
a takxe ¢ Haa(N), eciu u3 L u w3 M BrBOAUTCA IMyCTOE CJI0BO.) UTO-
Obl ONUCAHHBIN MeTO/ OBLT mpuMeHuM, Hano, 9To6kl Haa(LM N), Hau(PQ)
u Hau(R) me mepecekanuch. Ho sroro mano. Beap Moxker ObITH Tak, Ha-
npuMmep, 4To u3 LM N OyngeT BHIBEJEHO IIyCTOE CJIOBO, a u3 cioBa U Gyaet
BHIBEICHO CJOBO, HaumHawomeecsa Ha OykBy us Haua(PQ). Caegyromue onpe-
JeJeHUs YIATHEBAIOT DTy IPOOIeMy.

Hanomuuwm, uto onpexenenue BuiBogumocTu B KC-rpamMmmaTuke 65110 ga-
HO TOJILKO IJIA CJIOBA 13 TepMUHAIOB. OHO 04eBU IHEIM 0OpPa3oM 0000maeT s
Ha CIy4ay (JOB U3 TEPMUHAIOB U HETEPMUHAJIOB. MOXHO Tak:Ke MOBOPUTH
0 BBLIBOAVMOCTH OJHOT'O CJIOBA (COAEPKAIIETO TEPMUHAILL U HETEPMUHALI)
u3 apyroro. (Ecim roBopuTcs 0 BEIBOAMMOCTH CJIOB3 (€3 YKA3aHUA TOTO,
OTKY a4 OHO BBIBOUTCS, TO BCET A MOAPA3YMEBACTCA BEIBOAUMOCTE B IPAM-
MaTUKE, T.€. BEIBOAUMOCTD U3 HAYAJBHOIO HETEPMUHAJIA. )

[st kaxporo caoBa X u3 TepMUHAIOB U HeTepMuHaoB depes Hau(X)
0003HaYaEM MHOXECTBO BCEX TEPMUHAIOB, C KOTOPBIX HAMUHAIOTCA HEITy-
CThIE CJIOBA U3 TEPMUHAIOB, BeiBoguMEle u3 X . (B caywae, ecau us mo6oro
HETEPMUHAJIA BHIBOAUTCS XOTH OHO CJIOBO U3 TEPMUHAIOB, HE UIDAET POIIH,
paccmarpusaeM ju Ml mpu onpegeacaun Haua(X) cioBa Toabko us Tepmu-
HAJIOB Win Jo0se ciioBa. Mul 6ygem mpeamnonarars jgajiee, YTO 3TO yCIOBUE
BBIIIOJIHEHO. )

[us kax noro merepmunana K gepes Hocaen(K) 0603ua9uM MHOKECTBO
TEPMUHAIOB, KOTOPHIE BCTPEYAIOTCA B BHIBOAUMEIX (B FPAMMATHUKE) CJIOBAX
cpasy xe 3a K. (He cmemmsats ¢ [loca(K) npeasiaymero pasaenal) Kpome
toro, B [locaex( K) Bkmouaercs cumBoa EQL, ecau CymecTByeT BHIBOAUMOE
CJIOBO, OKaH4YMBaroImeecs Ha K.
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[us xaxaoro npasuia
K-V

(rae K — merepmumuam, V — CI0BO, COAEPKAIIEE TEPMUHALL U HETEPMU-
HAJIBI) ONPEJEIUM MHOXKECTBO HANPABAMOUUT MEPMUNAL06, 0603HATACMOE
Hanp(K — V). Ilo onpeaenenuro ono pasuo Haua(V'), k koropomy mobasie-
Ho [ocnen(K), eciu u3 V' BBIBOAWTCS MyCTOE CIOBO.

Ompepenerne. 'pammvaruxa naswBaercsa LL(1)-2pammamurot, ecan pis
aobeix npasutl K —V u K — W ¢ 0AMHAKOBEIMU JICBEIMU YaCTAMU MHO-
xectBa Hamp(K — V) u Hanp(K — W) He nmepecekanoTcs.

15.3.3. fBasercsa mu rpammaTuka

K—K #

K—

(BBIBOAMMBIMY CJIOBAaME ABIAIOTCS NOCAeAOBaTeNbHOCTH aue3oB) LL(1)-
rpaMMaTUKOn?

Pemrenme. HeT: cumBOa # mpuHAQI€XUT MHOXECTBAM HAPABJISAIOLINX
CUMBOJIOB i1 060UX MPaBWI (A BTOPOrO — MOCKOJILKY # MPUHAIICKUT

ocaex(K)). O
15.3.4. Hamucars LL(1)-rpaMMaTuKy s TOTO XKe S3BIKA.
Pemrenne.
K—# K
K— ]

Kak roBopAT, «I€BOPEKYPCUBHOE) MPABUIO 3AMEHEHO HA (IIPABOPEKYP-
CUBHO®).

Crenyromas 3agaga nmokaswBaeT, 9To aia LL(1)-rpamvaTuxu cyrme-
CTByeT He 6oJee OJHOr0 BOZMOXKHOIO IIPOI0IKEHNS JIEBOI'O BHIBOAA.

15.3.5. Iycrs gano BmBoaumoe B LL(1)-rpammaruxe ciaoBo X, B KO-
TOpPOM BEIJEJICH cambin JeBwin HeTepMmunan K: X = AKS, rape A — cioBo
U3 TEPMUHAJIOB, S — CJOBO U3 TEPMUHAJIOB U HETEpMUHAIOB. IlycTh cymme-
CTBYIOT [Ba PA3JUYHBIX MPABWIA IPAMMATUKY C HeTepMuHaIoM K B JeBou
4aCcTH, ¥ MBI IPUMEHUIN UX K BeIgeIeHHOMY B X HeTepMmuuany K, zarem
IPOAOJXKUIAN BEIBOA U B KOHIIC KOHIIOB IIOJYyYW/IN ABA CJIOBa U3 TEPMUHAJIOB,
HauuHaomuxca Ha A. [JokasaTh, 4TO B 9TUX CIOBAX 3a HaYaaoM A ugyT
pasHule OykBHL (31ech K yucay GykB Mul oTHOCUM EQI.)
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Pemrenve. O1u OyKBBI IPUHAJIEKAT HAMPABISAIOIUM MHOXECTBAM Pa3-
JIMYHBIX [IPABUII. g

15.3.6. [oxasaTb, uTo eciu caoBo BeiBoauMO B LL(1)-rpammaruke, TO
€ro JIBBIU BLIBO/I CIUHCTBCH.

Pemenwe. [Ipeapigymas 3a1a4a TOKa3bIBAET, YTO HA KAXKJIOM IIIare Je-
BRI BLIBOJ TIPOJOIKACTCA OJHO3HAYHO. g

15.3.7. I'paMmaTuKa HA3BLIBACTCS 4E€60PEKYPCUBHOM, €CIN U3 HEKOTOPO-
ro HerepMuHaja K BEIBOAUTCA CJIOBO, HaUMHaroImeecsa ¢ K, HO He COBIaga-
omee ¢ HuM. [[0Ka3aTh, YTO JE€BOPEKYPCUBHAS IPAMMATHIKA, B KOTOPOU U3
KaXJ0Ir0 HETEPMUHAJIA BEIBOAUTCSI XOTs ObI OJHO HEMyCTOE CJIOBO U3 TEp-
MHUHAJIOB U IJd KAaXA0I'0 HETEpMUHAaJAA CYIIECTBYET BHEIBO[ (H&‘IMH&IOIHHI;,I—
Csl C HAYAIBHOI'O HETEPMUHANA), B KOTOPOM OH BCTPEYAeTCs, HE SABJSAETCA
LL(1)-rpaMmMaTuKon.

Pemenue. IIycts u3 K BuBogutrca KU, rae K — "erepmunan, a U —
HEImyCTOoe (I0BO. MOXHO CYUTATDH, YTO DTO JEBLIU BEBOJ (Apyrue HeTepMuU-
HAJIBI MOXHO HE 3aMEHATH). PaccMOTpUM BBHIBOJ

K~ KU ~ KUU ~ ...

(3HaK ~» 0003HAYAET HECKOILKO IIATOB BHIBOAA) U JEBLIM BHIBOJ K ~~ A,
rge A — HemycToe CJI0BO M3 TepMUHAIOB. Ha KaKOM-TO 1Iare BTOPOU BbI-
BO/] OTKJIOHSETCS OT IEPBOTO, & MEXAY TeM IO 000UM IyTAM MOXET OLITH
MOy 9EHO CJIOBO, HaduHAKImeecA Ha A (B IepBOM Cirydae 5TO BO3MOXKHO, TaK
KAaK COXPAHAETCS HeTEPMUHAI K, KOTOPBIM MOXKET BIOCIEACTBUY OBITH 3a-
MeHEH Ha A). DTO NPOTUBOPEYUT BO3MOKHOCTY OJHO3HAIHOI'O OIpEIeIe-
HUS NIPABUIA, MIPUMEHAEMOr0 Ha OYepeIHOM Iare IMOUCKA JIEBOI'O BHIBO/A.
(OHO3HAYHOCTE BHIIOIHACTCA [JA BHIBOJOB U3 HAYAJILHOIO HETEPMUHA-
JIa, ¥ HAJ0 BOCIOIB30BATHCA T€M, YTO K 110 mPEAooKeHUI0 BCTPEIaeT s
B TAaKOM BBIBOJE.) O

Takum 06pa3oM, K JEBOPEKYPCUBHBIM IPAMMATUKAM (KPOME TPUBUAIb-
meix cayuaeB) LL(1)-meron mempumenum. Ux npuxoguTcs npeo6GpasoBbI-
BaThb K dkBuBajdeHTHEIM LL(1)-rpaMmaTukaM — win moib30BaTHCA APYTH-
MH METONAMY PACIO3HABAHUA.

15.3.8. Hcnomw3ys ckasaHHOE, IOCTPOUTH AITOPUTM IMPOBEPKU BHEIBO-
AuMOCTH CI0Ba u3 TepMuHaioB B LL(1)-rpammaruke.

Pemrenme. Mul creaqyeM OIMCAaHHOMY BBIINIC METOAY IIOUCKA JCBOI'O BBI-
BOJa, XpaHA JUIIb YaCTh CJIOBA, HAXOAAMIYIOCA IIpABEC YXKE HpO‘IHTaHHOﬁ
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YaCTHU BXOJHOIO CJIOBA. [lpyrumum CJIOBaMU, MBI XPAHUM CIOBO S U3 TEPMU-
HAJIOB ¥ HETEPMUHAJIOB, O0/IA4AI0MIEe TAKUME CBOMCTBAMHU (IIPOYUTAHHYIO
9acTb Bx0JAa 0003Ha4aeM depes A):

1) cioBo AS BEIBOAMMO B FPDAMMATHUKE;
2) 1:060U JIEBBIU BHIBOJ BXOQHOI'O CJOBA IPOXOAUT Yepe3 CTaauio AS

I1u ceoucTBa BMecTe Oyaem o603HadaTh «(M)».

Brauyase A mycTo, a S COCTOMT U3 €IMHCTBEHHOI'O CHMBOJIA — HAYAJIb-
HOI'0 HETCPMUHAJIA.

Eciu B HEKOTOPBHIM MOMEHT S HAYMHAETCA HA TepMmuHAT t u t = Next,
TO MOXHO BBIIOJHUTH KOMAHAy Move M yIaauTh CAMBOJI t, ABJSIOLIMUACS
HAYaJbHBIM B S, IOCKOIBKY IIPU 9TOM AS He MEHsAeTCA.

Ecimu S naunnaercs Ha TepMuHAL t U t 7 Next, TO BXOJHOE CJIOBO He-
BBIBOMMO — K00 [0 YCJOBUIO JIOO0U €r0 BEIBO/ JOJ/IKEH IPOXOAUTDH Yepe3
AS. (310 xe cpaBenyuBo u B ciydae Next = EQIL.)

Ecmu S mycTo, 10 u3 ycaosus (W) cregyer, 9T0 BXOAHOE CJIOBO BHIBOAUMO
TOTAa U TOJABKO TOrga, korga Next = EOIL.

Ocraéresa ciaydan, Korga S HAYUHAECTCA ¢ HEKOTOPOro HeTepMuHaIa K.
ITo poxasaHHOMY BBIIIE BCE JIEBHIE BHIBOABI M3 S CJOB, HAYMHAIOIIUAXCA HA
cuMBOI Next, HQUMHAIOTCA ¢ IPUMEHEHH K S OQHOIO ¥ TOr'O XK€ IPABUAJIA —
TOr0, 1A KOTOPOoro Next MpuHA VIEXKUT HAIPABIAIOIMIEMY MHOXeCTBY. Ecim
TAKUX IPABWI HET, TO BXOTHOE CIOBO HEBHIBOAMMO. Eciu Taxkoe mpaBmio
€CTh, TO HYXKHO NPUMCHUTH €r0 K IIEPBOMY CUMBOJy CJOBA S — HPHU 3TOM
ceorctBo (M) He mapymumTca. [Ipuxoaum K TaKOMy alrOpUTMY:

S := mycToe CIORO;
error := false;

{error => BxonHOe CIOBO HEeBHBOIMMO;}

{not error => (M)}

while (not error) and not ((Next=EOI) and (S mycTo))

| do begin

if (S maumHaeTcs Ha TepMumam, paBHuM Next) then begin
| Move; ymamuTe 3 S NepBHN CHMMBOIX;

end else if (S maumHaeTca Ha TepMHUHAIl, He paBHuﬁ Next)

then begin
error := true;
end else if (S mycTo) and (Next <> EOI) then begin
| error := true;

end else if (S mauyuMHaeTca Ha HeTepMmuHan u Next BxomuUT B
HaIpaBIAKIee MHOXECTBO ONHOT'O M3 NpPaBMI IJIA 3TOTLO
HeTepMHHaHa) then begin

NPUMEHUTEH 3TO IPaBMIIO
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end else if (S HaumHaeTca Ha HeTepMuHanl u Next He BxomuT
B HalpaBldpllee MHOXECTBO HM ONHOTO U3 IPABUI IIA 3TOTO
HeTepmnHana) then begin
error := true;

end else begin

| {Tax He 6uBaeT}

end;

end;

{BxomHOE crmOBO BHBOIMMO <=> not error}

AnroputMm 3akanumBaeT paboTy, MOCKOALKY NPU MOSABJICHAU TEPMUHAIA
B Ha4aJe CJI0Ba, S MPOUCXOUT UTEHHUE CO BXO4A WIKU OCTAHOBKA, & O€CKOHEY-
HBIU UUKJ CMEHSOIUX APYT APYyra HETEPMUHAJIOB B HaYasle S 03HAYAI ObL,
9TO IPAMMATHUKA JEBOPEKYPCUBHA. (A MBI MOXEM IPEANONAraTh, COrVIACHO
IpeABIAYINEN 334ade, YTO DTO He TAaK: HETEPMUHAILI, HE BCTPEYAIOUMECT
B BHIBOJAX, a TaK¥XKe HETEPMUHAILI, U3 KOTOPHIX HE BHIBOAUTCS HEIYCTOI'O
CJIOBA, HECJAOXKHO YAAIUTH U3 IPAMMATUK. ) g

3aMmevaHus.

e [IpuBeaEHHBIN ATCOPUTM UCIOJAB3YET S KaK CTEK (BCE NEUCTBUSA IPO-
U3BOAATCS C JIEBOIO KOHIIA).

e JlencTBuA ABYX MOCJACAHUX BAPUAHTOB BHYTPH LMKJIA HE MIPUBOIAT
K YTEHUIO OYEPEJHOrO CMMBOJA CO BXO[A, MIO3TOMY MX MOXKHO 3apa-
HEE MPEABLIYUCIUTD IJ1 KAXI0TO0 HETEPMUHAIA U KAXKIOTO CUMBOJIA
Next. ITocne 3TOro Ha KaX40M IMare UUKIA OyAeT YUTATHCA OYepe-
HOH CHMBOJ BXOJa.

e [Ipu mpakTUYECKOU peanu3anuu yaI00HO COCTABUTHL TAOIUILy, B KO-
TOPOU 3aIMCAHLI BAPUAHTHI ACUCTBUU B 3ABUCUMOCTH OT BXOIHOI'O
CHMBOJI ¥ IIEPBOr'O CUMBOJIA S, ¥ HEOOJBIIYIO TPOrPAMMY, BBIITOIHA-
IOIIYI0 JACUCTBUA B COOTBETCTBUU C DTOU TAOIUIEH.

15.3.9. Ilpu npoBepke TOro, OTHOCUTCA JIU JAHHAA MPAMMATHUKA K TUILY
LL(1), neo6xogumo oraucauts [ocaen(T) n Hau(T) ans Bcex HeTepMuHA-
aos T'. Kak »To cnenars?

Pemenwe. [lycTs, HampuMep, B rpammaTuke ecTh npasuio K — LM N.
Torga

Hau (L) C Hau (K),

Hau (M) C Hau (K),

Hau (N) C Hau (K),

ecmu u3 L BHIBOAMMO IyCTOE CJIOBO,

eciu u3 L u M BLIBOAMMO IIyCTOE CJIOBO,
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Tocnen (K) C Hocaex (N),
Tocren (K) C Hocnex (M), ecau uz N BEIBOAUMO IIyCTOE CIOBO,
Mocren (K) C Mocaen (L), ecam u3 M u N BHIBOAUMO IIyCTOE CIOBO,
Hau (N) C Hocnex (M),
Hau (M) C Hocren (L),
Hau (N) C Hocnex (L), ecam u3 M BHIBOZUMO NYCTOE CJIOBO.

ITozgo6HbIE mpaBu/Ia NO3BOJAIOT INAr 33 INArOM NOPOXKJAATh MHOXECTBA
Hau(T), a satem u Hocaea(T), ais BCeX TEPMUHAJIOB U HETEPMUHAIOB 1.
IIpu 3TOM HavaTOM CIYXKUT

EOI € Ilocnes (K)
[AJI HAYAJIBHOT'O HETEPpMUHAJIA Kn
z € Hau (2)
L1 moboro TepMuHANa z. IIOpOXIEHWE 3aKAaHIMBAETCA, KOUa IpUMe-

HEHUe I[PaBWJ IepecTaéT [aBaThb HOBHE dJIeMeHTH MHOxkecTB Hau(T')
u ocnen(T). O



16. CUHTAKCUYECKWUWM PA3EOP
CJIEBA HATIPABO (LR)

Cenyac MBI PACCMOTPUM €II¢ OAUH METO] CHUHTAKCUICCKOro pasbopa,
nasbiBaembin LR (1)-pasGopoM, a Taxkke HEKOTOPHIE YIPOIIEHHEIE €r0 Ba-
PUAHTHI.

16.1. LR-npoueccsl

[Ba oravausa LR(1)-pas6opa ot LL(1)-paz6opa: BO-IEPBEIX, CTPOUTCA
HE JIEBHIN BBLIBOJ, & IPABBIU, BO-BTOPHIX, OH CTPOUTCS HE C HAYAIA, & C
xonna. (BuiBog B KC-rpamMmaTuke Ha3BIBAETCA NPasbiM, €CIU HA KAXKIOM
mare 3aMeHe MOABEPraeTCs CAMBIM MPABLIA HETEPMUHAIL. )

16.1.1. [lokasaTb, 9TO €CIM CJIOBO, COCTOSAIIEE M3 TECPMUHAJOB, BHIBO-
IUMO, TO OHO UMEET MPABLIN BHIBOJI. 0

Hawm Gyget y106HO CMOTPETD Ha PABLIM BEIBOJ «3a40M Hanepény. Omnpe-
nenuM mouaTue LR-npoyecca wad caosom A. B sTom nponecce, momumo A,
0yAeT y4acTBOBATH U APYTOE CJIOBO S, KOTOPOE MOXKET COLEPKATDH KaK Tep-
MUHAJIEBL, TAK 1 HeTepMuHaIbl. Buadane cioso S nycto. B xoge LR-nporecca
Pa3peIieHbl [Ba BUAA NEUCTBUML:

(1) MOXHO mepeHecTH NEPBLIM CUMBOJI CI0BA A (€ro Ha3EIBAIOT 0uepedHbIM
cuMBoJOM u 06o3HauaioT Next) B koHen caoBa S, yaamus ero us A
(3TO mEUCTBUE HABLIBAIOT COBUZOM);

(2) ecam mpaBas 4aCTH OQHOTO U3 MPABWI FPAMMATHUKYA OKA3AMACH KOHIOM
CJI0Ba, S, TO PA3PEIIAETCA 3AMEHUTE €6 HA HETEPMUHAI, CTOALIUN B JIC-
BOU YaCTU DTOrO MPABUIA; IPU 3TOM CJI0BO A He Mensercs. (DTo gen-
CTBUE HA3LIBAIOT CEEPMKOL, WA NPUSeIeHUEM.

Ormerum, uto LR-npornece He ABIACTCS JeTEPMUHUPOBAHHBIM: B OJHOU
¥ TOU K€ CUTYALUU MOTYT OBITH PA3PENICHE PA3HEIE JCUCTBUS.
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ToBopsT, uro LR-npouecc uHa cioBe A ycnewmno 3a8eputaemes, eCau Cio-
BO A CTAHOBUTCA MyCTHIM, & B CJIOBE S OCTAETCs €IUHCTBEHHBLIN HETEPMU-
HaJq — HaHaJIbeIﬁ HCTECPMHUHAJ 'DAMMATUKHA.

16.1.2. [Jokasarb, uyTO aas a060ro ci0Ba A (M3 TEPMUHAIOB) yCIEII-
HO 3aBeprmaromuucsa LR-nporece cymecTByeT Torga u TOAbKO TOr4a, KOraa
CJIOBO A BBEIBOAMMO B I'DaMMAaTHKE. B X0o4€ JOKA3aTEeJAbCTBA yCTa,HOBI/ITB B3a-
MMHO OJHO3HAYHOE COOTBETCTBUE MEX/y MPABBIMM BEIBOAAMM U YCIIEIIHO
3aBepmaronmuMmucsa LR-npoueccamu.

Pemenwe. [Ipu casure cioBo SA me mensercs, npu cBEpTKe C10BO SA
oABEPraeTcs: npeobpasoBaHuio, OOPATHOMY MIAr'Yy BEIBOAA. JTOT BHIBOJ
OyIeT TpaBbIM, TaK KAK CBOPAYMBAETCA KoHen S, a B A BCe CUMBOJBEI —
TepmuHaibHele. Takum o6pasom, kaxjaomy LR-mpomeccy coorseTcTByeT
npaBeii BEiBoA. O6paTHOE COOTBETCTBUE: IyCTh JaH npaBuiu BuBoA. [Ipea-
cTaBuM cebe, 4TO 3a NOCICIHUM HETEPMUHAJIOM B CJIOBE CTOUT HEPErOpOj-
kxa. IIpuMenuB k >TOMy HeTepMHUHATY NPABUIO IDAMMATHUKY, MEI JOIKHEI
CIBUHYTH NEPErOPOAKY BJAEBO (€CaU MpaBas YaCThb MPABUIA KOHYAETCA HA
TepmuHaAl). PazbuBas 3TOT CABUC HA OTACALHEIE MATH, HOLYYUM IPOLECC,
B TOuHOCTU O6paTHbin LR-mpomeccy. O

ITockonrky B x0a1e LR-miponecca Bce mameneHus: B cjioBe S MpOUCXOAAT
¢ MPaBOrO KOHIIA, CIOBO S Ha3wBalOT cmexom LR-mpouecca.

3aa4a IOCTPOEHUs MPABOIO BEIBOAA MJISA JAHHOI'O CJIOBA CBOAUTCSH, Ta-
kuM 006pa3oM, K NPAaBUILHOMY BEIOOpY ouepexgsoro mara LR-mpomecca.
Ham myxHO pemmuTb, OyfeM Ju MBI A€IAThb CABUT WU CBEPTKY, U €CIH
CBEPTKY, TO [0 KAKOMY IIPABUIY — BEAb IMOAXOIAMIMX IPABUI MOXKET OBITH
Heckonbko. B LR(1)-anropurme 5TO pernenne mpuHUMAaeTCs HA OCHOBe S
¥ IEPBOrO CUMBOJA CJIOBA A; ecim UCmonbB3yeTcs TOMBKO S, TO TOBOPSAT
o LR(0)-anmropurme. (Tounrie onpeaencHus CMOTpPYU HUXKE. )

IIycts duxcupoBana rpaMMaTHKa, B KOTOPOH U3 JOO0Or0 HETEPMUHALA
MOXKHO BBIBECTHU KAKOE-TUOO CJIOBO U3 TEPMHUHAJIOB. (DTO OrPAHUYECHUE MEL
Oy1eT BCerja NMpeAIoNaraTh BhIIOJIHEHHEIM. )

IIycts K — U — oguo u3 npasui rpamMaTuku (K — merepmunan, U —
CJIOBO M3 TEPMMHAJIOB U HeTepMuHaIOB). OnpegeauM MHOXECTBO CJIOB (13
TEPMUHAJOB ¥ HETEPMUHAJOB), HA3LIBAEMOE AE€6bIM KOHMEKCMOM TIPABUIA
K — U. (O6osuavenne: JlesBKout(K — U).) Ilo ompegeseHuno B HErO BXOAAT
BCE CJIOBA, KOTOPHEIE ABIAIOTCA CONCPKUMBIM CTEKA HEITOCPEACTBEHHO IEPe
ceéprkon U B K B X04€ HEKOTOPOro ycmemHo 3asepmatomerocsa LR-mpo-
ecca.

16.1.3. IlepedopmMyaupoBaTh 3TO ONpeaeJcHUE Ha A3LIKE MPABBLIX BhI-
BO/IOB.
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Pemenne. PaccmoTpuM Bce mpaBeie BBIBOIBI BAJA
(HayaIbHBIN HeTepMuHAI) ~> XKA — XUA,

rge A — CI0BO U3 TEPMUHAIOB, X — CJIOBO U3 TEPMUHAJIOB U HETEPMUHAIOB.
Bce Bosnukaromme mpu 5ToM 1083 XU 1 06pasyroT JEBEIA KOHTEKCT MTPABU-
aa K — U. Yro6wr yOequThCsi B 3TOM, CJAEIyeT BCIOMHUTL, YTO MbI IPEIO-
JaraeM, 4To u3 Jro00ro HETEePMUHAJIA MOXKHO BEIBECTU KaKOE-TO CJIOBO U3
TEPMUHAIOB, TaK YTO MPABHIA BHIBOJ CJI0BA XUA MOXeT OLITH MPOJOIKEH
[0 IPABOI'0 BBEIBOJA KAKOI'O-TO CJIOBA U3 TCPMUHAJOB. g

16.1.4. Bce caora u3 JleeKouT(K — U) kongaroTcs, oueBuaHo, Ha U. [o-
Ka3aTh, YTO €CIM y BCEX HUX 3TOT KOHen U OoTOpOCUTH, TO IOJydYEeHHOE
MHOXECTBO CJIOB HE 3aBUCUT OT TOI'0, KAKOE U3 IPAaBUJI A HeTepMuHaita K
BEIOpaHO. (DT0 MHOXeCTBO o6o3HadaeTcs Jles(K).)

Pemenwe. U3 npeapigymen 3agadu scuo, 9to Jles(K) — 510 BCE, 9TO
MOXET IOABATLCA B MNPABEIX BLIBOJAX JEBEE CAMOIO IIPABOrO HETEPMUHA-
aa K. g

16.1.5. [oka3aTh, 9YTO B NpeALIAyIIeH (pa3e MOXHO OTOPOCUTEH CIOBA
«camoro npasoroy: Jles(K) — 5T0 BCE TO, 9TO MOXKET HOABIATHCA B IPABEIX
BBIBOJIAX JieBee JI0O0r0 BXOXJeHUsA HeTepMuHauaa K.

Pemerme. IIpoo/mxuB 1OCTPOEHUE IPABOrO BHIBOAA, BCE HETEPMUHAILL
cnpaea 0T K MOXHO 3aMEHUTD Ha, TEPMUHAILL (& ¢1eBa OT K IPU 5TOM HUYEro
HE U3MEHUTCH). O

16.1.6. IlocTpouTh rpaMMATHUKY, COAEPIKAIIYIO A KaxXJAOI'O0 HETEp-
muHanta K wucxognou rpamvaruku HerepMmuHan (JIeeK), mpuuém caepyio-
€€ CBOUCTBO JOJKHO BBIOJHATHCA /A J000r0 HeTepMUHALA K UCXOqHOU
rPaMMATHKM: B HOBOM rpaMmartuke u3 (JIeBK) BEIBOAUMEI BCE DJIEMEHTHI
JleB(K) u Tombko onu. (IIpu 5TOM TepMUHAIEI U HETEPMUHAILL UCXOIHOU
FPAMMATUKY ABJIAIOTCA TEPMUHAIAMEA HOBOUL. )

Pemenmne. [Iycte P — HadasbHBIN HETEPMUHAJ TPAaMMATUKU. Torga B
HOBOU I'DAMMATHUKE OyLeT MPABUIO

(JIeBP) — (mycToe caoBo)
s KaxxA0ro MpaBMIA UCXOAHOU IPAMMATHUKY, HAIPUMED, IPABUIA

K—LtMN (L, M, N — HeTepMUHAJILI, t — TepMUHAI),
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B HOBYIO I'PAMMATUKy MBI 1O0OABUM IIDABUJIA

(JIeBL) — (JIeBK)
(JIeM) — (JIeBK) L t
(JIeBN) — (JIeBK) Lt M

7 aHAJOIWYHO HOCTYyNWM C ApyruMy npaswiamu. CMEBICA HOBBIX NpPaBUI
TAKOB: IyCTOE CIOBO MOXET IOABUTHLCA CJIeBa OT P; eciau cioBo X MOXeET
NOABUTHCA CAeBA OT K, TO X MOXET MOABUTHLCA CIeBa OT L, XLt mMoxeT mo-
ABUTHCA caeBa oT M, XLtM — caeBa ot N. Unaykuuen mo mauHe TPaBoOro
BBIBOJA JIETKO IIPOBEPUTH, YTO BCE, YTO MOXKET MOABUTBHCA CIEBA OT KAKO-
O-TO HETEPMUHAJIA, MOABIAECTCA B COOTBETCTBUH C DTUMU NpaBuiaMu. [

16.1.7. Ilouemy B mpebIAyIIEH 3aa4€ BAXKHO, YTO MEI PACCMATPUBAEM
TOJIBKO NPABbIE BHIBOJKI?

OtBer. B mpoTuBHOM ciyudae cen0Basio OBl yYUTHIBATHL IPEOOPABOBA-
HUs, IPOUCXOAIINE BHYTPU CIOBA, CTOAIIETO CIeBa OT K. (]

16.1.8. [[1a naHHOW IPAMMATUKU TOCTPOUTH AJTOPUTM, KOTOPHIU MO
J000MY CJIOBY BEIACHAET, KAKUM 13 MHOXeCTB JleB(K) OHO mpuHAAICKUT.

(3ameuanue s 3HaTOKOB. CyLIECTBOBAHME TAKOI'O AJTOPUTMA — U 14~
XK€ KOHEYHOT'O aBTOMATA, TO €CTh UHAYKTUBHOI'O PACIIUPEHUA C KOHEIHEIM
YUCIOM 3HAYEHUM, CM. pasfea 1.3, — BRITEKAET U3 NMPEALLAYIIEU 3a1a4u,
TaK KaK MOCTPOCHHAA B HEM IPAMMATHUKA UMEET CIEIUATLHEIU BUL: B IPA-
BEIX 9aCTAX BCErO OAUH HETEPMUHA, IPUYEM OH CTOUT Y JEBOTO Kpas. Tem
He MEeHee MBI IPUBEAEM ABHOE IOCTPOEHUE. )

Pemenwue. Bynem naswBaTh cumyayuet) TaHHOU TPAMMATUKYA OJHO U3 €&
IPaBWI, B IIPABOU 9aCTU KOTOPOI'O OTMEYEHA ONHA W3 MO3uiui (10 NepBOu
OyKBbI, MEXy IEPBOA U BTOPOU OYKBOHW, ... , IOCIE MOCJACIHEN OYKBBHI).
Hanpumep, npasuio

K — LtMN

(K, L, M, N — HeTepMUHAJE], t — TEPMUHAI) HOPOXKACT MATH CUTYALUAN
K— _LtMN K—L_tMN K—Lt_MN K—LtM_N K-—LtMN_

(mo3uIUA yKA3EIBAETCA 3HAKOM MOAIEPKUBAHUS).

Bynmem roBoputh, 9TO CI0BO S co2aacosano ¢ cutyanuen K — U _V, ecan
S xor4aeTcsa Ha U, To ecThb S = TU npu HekoTopoM T, u, kpome TOro, T nmpu-
HaguexuT Jles(K). (CMBICa 5TOr0 onpejeseHus IPUMEPHO TAKOB: B CTEKe S
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noAroTosieHa 4actb U mas Oyaymen ceéprku UV B K.) B sTux Tepmunax
JleBKouT(K — X) — 5T0O MHOXECTBO BCEX CJIOB, COIVIACOBAHHLIX C CUTYaluen
K — X _, aJleB(K) — 5T0 MHOXECTBO BCEX CJIOB, COTVIACOBAHHBIX C CUTYAILlUen
K— _X (rge K — X — mo6oe mpaBumio s HeTepMuHaia K).

OkBuBaJeHTHOE ompeaentcHue B Tepmunax LR-mpouecca: S cormacosano
¢ cutyanueu K — U _V, ecsim cymecTByeT ycnemubin LR-miporece, B koTopom
CcOOBITUSI PA3BUBAIOTCA TaK:

® B XOJi¢ IIPOIECCAa B CTEKE MOABIAETCA CIOBO S, U OHO OKAHYMBAECTCSA
Ha U;

® HEKOTOpPOE BpeMdA S He 3aTParuBaeTCs, a CIOpaBa OT HEr'O IOABJIACT-
caV;

e UV cBopauuBaetrca B K;

® NIPOLECC IPOJOIKAECTCA U YCIIEITHO 3aBEPIIACTCA.

16.1.9. /loxasaTh SKBUBAJICHTHOCTD DTUX OINpPEICICHUN.

[Ykazanue. Eciu S = TU u T npunaniexut Jle(K), TO MOXHO HOLy4IuTH
B cTeke cHadaaa T, morom U, morom V, motom cBepHyTh UV B K u 3aTtem
YCHEIHO 3aBepmuTh npouecc. (Mel ucnonbayem HECKOIBKO Pas TOT (AKT,
YTO U3 JI000r0 HeTEPMUHAJIA YTO-TO A3 BHIBOAUTCS: OJAr0Laps STOMY MBI
MOXeM 100aBUTH B CTEK JH000€E CIOBO. )] O

Hama mers — mocTpoeHue aaropuTma, PaCHO3HAIOWIErO MPUHALICK-
HOCTH NPOM3BOIBHOrO caoBa K Jles(K). Paccmorpum ¢dyuxnuio, comocra-
BIAIOMIYIO C KAXKAKIM CJIOBOM S (M3 TEPMUHAJOB ¥ HETEPMUHAJIOB) MHOXKE-
CTBO BCEX COIVIACOBAHHBLIX C HUM CHUTYAIUH. JTO MHOXECTBO HA30BEM CO-
cmoanuem, coomeemcmeyrouum caosy S. Bygem o6osnagaTs ero Coct(S).
Hocrarouno nokasatb, 4ro ¢pyskmus Coct(S) MHAYKTUBHA, TO €CTH ITO
snagenue Coct(SJ), rae J — TEPMUHAI Wi HETEPMUHAT, MOXKET OLITH BbI-
ucieno, ecau uzsectHo Coct(S) u cumsoa J. (Mul Bugenu panee, Kak npu-
HAAIEXKHOCTD K JleB(K) BEIpakaeTcsa B TEPMUHAX 3TOU QYHKIWH. ) SHAICHUE
Coct(SJ) BEMUCAACTCA N0 TAKUM IIPABUIAM:

(1) Ecam caoeo S cormacoBaHo ¢ curyanuen K — U_V, mpudaém
caoBo V HaumHaeTcsa HA OykBy J, To ectsb V= JW, TOo SJ corya-
coBaHo ¢ curyanuen K — UJ _W.
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OTO IPABWIO MOMHOCTHIO OMPEEIIeT BCE CUTYAUWUU C HEMYCTOU JEBOU
HOJOBUHOU (TO €CTh HE HAYUHAIIIMECA C 0 19EPKUBAHUA ), COIVIACOBAHHBIC
¢ 8J. Ocranock onpeaeauTs, 1A KAKuX HeTepMUHAIOB K c1oBo SJ npuna-
sexut JleB(K). DTo gesaercs mo ABYM IPaBUJIAM:

(2) Ecim curyanus L — U _V cortacoBana ¢ SJ (COryiacHO pasu-
ay (1)), a V nauunaetca Ha HerepMuuan K, 70 SJ NpUHALICKAT

Jles(K).

(3) Ecau SJ sxogut B Jle(L) nas HekoToporo L, mpuuém L —
— V — npaBujIo rpaMMaTuKM U V HAYMHACTCA HA HEeTepMUHAI K,
10 SJ npunasgexut Jles(K).

3ameTuMm, 9T0 HpaBWiIo (3) MOXKHO PACCMATPUBATH KAK AHAJOL [IPABUIA
(2): B ykasauuwix B (3) mpeamonoxkenusx curyauus L — _V coruacoBaHa
¢ SJ, a V HaunHaeTCsa Ha HeTepMuHaa K.

KoppekTHOCTh 3TUX HpaBWiI B OOMIEM-TO OYEBUHA, €CIAU XOPOIIEHb-
KO mogyMaTh. EAuHCTBEHHOE, 9TO TPeOyeT HEKOTOPHIX MOACHEHUU — DTO
TO, moYeMy € moMompBo npasui (2) u (3) obHapyxkaTcsa Bce TepMuHaIs! K,
must koropeix SJ npunagaexut Jles(K). Ilonerraemes 210 06bacHuTh. Pac-
CMOTPUM IPABEIU BHIBOJ, B KOTOpoM SJ ctout caeBa oT K. OrTkyma mor
B3AThCA B HEM HerepMuHaa K? Eciu npasBuio, koTopoe ero nopoauio, mo-
pPOAWIO TaKXke u KOHel caoBa SJ, To mpunanaexHocTs SJ k Jles(K) Oyaer
obnapyxena no npasury (2). Ecau xe K 6bwu10 nepBou GyKBOU CJI0Ba, IIOPO-
XK IEHHOIO KAKUM-TO APYIMM HETEPMUHAIOM L, TO — 6Jarogaps IpaBuiLy
(3) — mocraTouHO ycTaHOBUTHL mpuHAMIeXHOCTH SJ k Jle(L). Ocranocs
[IPUMEHUTD T€ K€ PACCYXKAeHUsA K L u Tak naiee.

B tepmunax LR-mpouecca To xe camoe MOXHO cka3aTh Tak. CHadana
HeTepMuHaa K MOXET y4acTBOBATH B HECKOJIBKUX CBEPTKAX, HE 3aTParu-
Baommx SJ (OHU COOTBETCTBYIOT NPUMEHEHUIO mpaBuia (3) ), HO 3aTeM OH
00s13aH MOABEPIHYTHCA CBEPTKE, 3aTparuBammer SJ (YT0 COOTBETCTBYET
[pUMEHEHuIo npasuia (2) ).

OCTanoCh BEIACHUTH, KAKWE CATYAIMU COMMIACOBAHEL C IyCTHIM CJIOBOM,
TO €CTh [ KaKuX HeTepMuHaaoB K mycToe caoso npunagiexut Jles(K).
ITO ONPEACIACTCA MO CACAYIOMMM TPABUIAM:

(1) HaYaJBHEI HETEPMUHAL TAKOB;

(2) ecau K TakoB u K — V — mpaBuio rpaMMaTUKH, OPUIEM
CJOBO V HAUMHAETCA ¢ HeTepMuHala L, To u L Takos. (]
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16.1.10. IIpogenaTs ONMUCAHHEIU AHAIUS [JIA CPAMMATUAKA

E—E+T
E—T
T—T*F
T—F
F—x

F— (E)

(3aarmomen TOT ke ALK, YTO U FPAMMATHUKA npumepa 3, ¢. 248).

Pemenme. Muoxectsa Coct(S) 4is pasInvHBIX S IpUBEEHE B TabIMIeE
Ha ¢. 277. 3HaK PABEHCTBA O3HAYAELT, YTO MHOXKECTBA CATYAIUN, SBJISIOIIMA-
ecs 3nadenusamu GyHxnuu CocT(S) Ha CIOBAX, CTOSALIUX CJIEBA U CIPABA OT
3HAKA PABEHCTBA, OJVHAKOBEL.

IIpasuno onpegenenus Coct(SJ), ecan uaectusr Coct(S) u J (3pecy S —
CJIOBO U3 TEPMUHAJIOB ¥ HOTEPMUHAJOB, J — TEPMUHAI WM HETEPMUHAIT),
TAaKOBO:

Hago HauTu Coct(S) B mpaBo¥M KOJOHKE, B3SATH COOTBETCTBYIO-
mee eMy ci0BO T B JIEBOU KOJIOHKE, TIPUMKACATD K HEMY J U B3ATH
MHOXKECTBO, CTosAmee HanpoTus caosa TJ (ecau caoso TJ B Ta-
6mue orcyrersyet, To Coct(SJ) mycro). O

16.2. LR(0)-rpammaTukn

HamomumM, 9TO Hama OCHOBHAs IEJb — DTO IOUCK BBHIBOIA 33JAHHOIO
CJIOBA, WK, NPYTUMHU CJI0BaMu, mouck ycnemuoro LR-nponecca naa uum. Bo
BCEX PACCMATPUBAEMBIX HamMu rpammaTukax ycremuum LR-npouecc (man
JaHHBIM (JIOBOM) €AMHCTBEH. VICKAaTh 3TOT €AMHCTBEHHBIN YCHEIHEIU IPO-
1ecc Mbl 0yAeM MOCTEHNEHHO: B KaX B MOMEHT MBI CMOTPUM, KaKOU IIar
BO3MOXeH caegyoommM. [las 5Toro Ha rpaMMaTHUKy HAJ0 HAJOXUTDH [OMOJ-
HUTEJBHEIE TPEOOBAHUA, U CEUYAC MBI PACCMOTPUM MPOCTEUIINU CIydau
Tak HaseBaeMbx LR(0)-rpamMaruk. Mel yxe 3HaeM:

(1) B ycmemmom LR-mponecce BO3MOXHA CBEPTKA IO IPABUILY
K — U npu cogepXuMoOM CTeKa S TOra U TOIBLKO TOr'JA, KOI'Aa
S nmpunagiexut JesKont(K — U) wim, ApyruMu CJI0BaMu, KOTAA
CJIOBO S COIIacoBaHo ¢ cuTyamuen K — U_.

16.2. LR(0)-epammamuiu

Cmoso S | Cocr(S)

mycToe E— _E+T E—_T T— _T*F
T—F F—_x F— (E)

E E—E_+T

T E—-T. T—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— _T*F T—_F
F— _x F— _(E)

Tx T—-TxF F—_x F— _(E)

(E F—(E.)) E—E_+T

(T =T

(F =F

(x =x

q¢ (

E+T E—E+T. T — T_xF

E+F =F

E+x =x

E+( =(

T*F T — T*F_

T*x =x

T ( =

(E) F— (E)_

(E+ =E+

E+T* = Tx*

K 3agade 16.1.10
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Ananorudnoe yTBepXEHUE PO CABUT TUIACUT:

(2) B ycnemnom LR-mpouecce mpu COAep:XUMOM CTeKa S BO3-
MOXK€H CIBHUI C OYePEJHBIM CHMBOJOM a TOr'Jla ¥ TOJLKO TOL'AA,
Korga S COrIacOBAaHO C HEKOTOpOu cutyauueu K — U_aV.

16.2.1. [lokasaTw 5TO.

[Yxazanue. [Iycts nponsomén casur u k cTeky S go6aBunack OyKBa a.
PaccmoTpute nepsyio CBEPTKY, 3aTparuBaomyo 3Ty OyKBy.] U

PaccmoTpum HEKOTOPYIO MPAMMATHUKY U IPOM3BOJIBHOE CJIOBO S U3 Tep-
MUHAJOB U HeTepMuHAIOB. Eciu muoxectso Coct(S) coepxuT curyanuio,
B KOTOPOM CIIPABa OT HOAYEPKUBAHUA CTOUT TEPMUHAJNI, TO TOBOPAT, UTO
das caoea S sozmoncen cdeue. Eciu B Coct(S) ecTh cuTyanus, B KOTOPOU
COpaBa OT NOAYEPKUBAHUS HUYET'O HET, TO [OBOPAT, 9TO 044 €408 S 6803-
MOKHCHA c8EpMKA (IO COOTBETCTBYIOIIEMY NPaBuUiy ). [0BOPAT, 9TO A1 CJI0-
Ba S BO3HUKAET Kon@aukm muna cdeuz/c6épmura, eciii BOSMOXKHEL U CABUT,
u cBEpTKA. ['0BOPAT, YTO IS CAOBA S BO3HUKAECT KOHPAUKM MUNG CEEPM-
%a/c6EpmKa, eCU eCTh HECKOIBKO IIPABII, IT0 KOTOPEIM BO3MOXKHA CBEPTKA.

I'pammaruka maswmsaercs LR(0)-epammamuxoti, ecim B HEW HET KOH-
imkTOB THNA CABUr/CBEPTKA U CBEPTKA/CBEPTKA HU [JIsl OHOTO CJIOBA S.

16.2.2. flBasercsa ju npueeacHuas Bemme rpammaruka LR (0)-rpamma-
TUKOU?

Pemenme. Her, ue ssiusercsa. Jus croB T u E+T mMeroTCss KOHQDIUKTEHL
TUIA CABUT/CBEPTKA. O

16.2.3. feamorcsa am LR(0)-rpammaTukamu Takue:

(a) T—0 6) T—0
T—T1 T— 1T
T— TT2 T — 2TT
T — TTT3 T — 3TTT

Pemenwme. fApnsorcs, cm. Tabauust Ha . 279 - 280 (kouduukTos HET). [

Ota 3anava nokaswsaeT, 4To LR(0)-rpaMMaTuky MOryT ObITH Kak Jie-
BOPEKYDPCUBHEIMU, TAK U IPABOPEKYPCUBHBIMU.

16.2.4. IIycts nana LR(0)-rpammaTuxa. [Jokasars, 94T0 y 0600 CI0-
Ba CyWIECTBYET He Oojiee OJHOrO MPAaBOro BHIBOAA. IlocTpouTh anropuTm
mposepku BeiBoguMocTd B LR(0)-rpammaTuxe.

16.2. LR(0)-epammamuiu

Caoso S | Coct(S)
mycToe 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—Ti1_
TT T—-TT2 T-—TT.T3

T—-T1 T—TT2 T—T.TTI3

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 =TIT
TTTO =0

(a)

Caoso S | Cocr(S)
IIyCcTOoe 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 zagaue 16.2.3.
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Caoso S | Cocr(S)

1T T —1T_

10 =

11 =1

12 =

13 =

2T T— 2T_T
T— 0 T—_1T T— 2TT T — _3TTT

20 =

21 =

22 =

23 =

3T T — 3T_TT
T— 0 T—_1T T— 2TT T — _3TTT

30 =

31 =1

32 =2

33 =

2TT T — 2TT_

2T0 =

2T1 =1

2T2 =

2T3 =

3TT T — 3TT_T
T— 0 T—_1T T— 2TT T — _3TTT

3TO0 =0

3T1 =1

3T2 =2

3T3 =3

3TTT T — 3TTT_

3TTO =

3TT1 =

3TT2 =2

3TT3 =

(6), okoHvaHue
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Pemenue. [Ilyctes nano mpomsronbHOe ciaoBo. Byaem crpouts LR-mpo-
mecc Hajg HuM no maraMm. IlycTes Tekymee cocrosinue creka LR-mpomecca
pasuo S. Ham mano pemwmts, genars cABAr uiau CBEPTKY (U ecam CBEPT-
Ky, T0 10 kakomy mnpasuiay). Corumacuo onpegeaenuo LR(0)-rpammaru-
KU, B HAIEM COCTOSHUM S BO3MOXEH JuO0 TOJBKO CABUT, JUOO TOJIb-
KO CBEpTKA (mpudéM Jumb mo OAHOMY npasuiy). Takum 06pasoM, MOUCK
BO3MOXHBIX TpOgokeHunn LR-mpomecca mpoucxoauT IeTepMUHUPOBAHHO
(Ha KaXAOM LIAre MOXHO OIPEIEIUTh, KAKOE ACHCTBUE TOJBKO U BO3-
MOXKHO). O

16.2.5. YTo npousoungéT, €Ciu aHATU3UPYEMOE CIOBO HE UMEET BREIBOA,
B [AHHOW T'PAMMATUKE?

OtBet. JIu60 Ha HEKOTOPOM Iare He OyJeT BO3MOXKEH HU CIBUT, HU
cBEpPTKA, U000 BCE BO3MOXKHEIC CABUTM OyAE€T UMETH HEMOLXOIAIIUU OYe-
PELHOU CUMBOJI. O

3ameuanus. 1. [Ipu peanusanuu 5>TOro airopuTMa HeT HEOOXOAUMOCTH
KX 1B Pa3 3aHOBO BRIMUCIATH MHOXECTBO CocT(S) mas Tekymero snade-
HuA S. DTU MHOXECTBA MOXHO TAKXKE XPAHUTH B CTEKE (B KAXK/ABI MOMEHT
xpanaTcs MHOxkecTBa Cocr(T) aus Beex Hadan T TEKyLIEro CJIoBa S).

2. Ha camom gene caMO CIOBO S MOXKHO HE XPAHUTb — AOCTATOTHO
xpauuTh MHOXKecTBa cuTyanun Coct(T) musa Bcex ero Hadan T (BKiodas
camo S).

B aaropurme mposepku BhiBoguMocTu B LR(0)-rpamMmaTuke MBI uc-
[Ob3yeM He BCIo MHAMOPMANUIO, KOTOpY Moriu Owvl. B sTom anropur-
Me I KaXKJ0TO COCTOSHUs M3BECTHO 3apaHee, YTO B HEM BO3MOXKEH TO-
JBKO CABUC WIA TOJBKO CBEPTKA (NPUYEM B MOCICAHEM CIydae U3BECT-
HO, 0 KaKOoMy mOpaBuiy). Bosee u3OWPEHHBIN aaropuTM MOr Obl IIpU-
HUMATH pEIIeHNe O BHEIOOPE MEXIy CABUIOM U CBEPTKOU, HOCMOTDEB
Ha odvepegHon cumBoa (Next). Iisgs Ha COCTOSAHME, MOXHO CKa3aThb,
Opy KakuxX 3HAYeHUAX Next BO3MOXKEH cABUT (3TO T€ TEPMUHAJBI, KO-
TOpBIE B CUTYalUAX DTOCO COCTOSHUS CTOAT HEMOCPEACTBEHHO 33 IOJA-
uépkusanuem). CioxHee BOCIOJIB30BATHCA UHpOpManuen o cumboge Next
[JIA PELICHUs BOIPOCA O TOM, BO3MOXHA Ju cBEpTKA. [laf »TOro ecrob
YUOPOWEHHEIN MeTOon (FPaMMATUKU, K KOTOPHIM OH IPUMEHUM, HA3HIBA-
for SLR(1)-rpammarukamu [cokpamenue ot Simple LR(1)]) u nomnsm
meTon (6osee CIOXKHEIA, HO UCIOIB3YIOIUU BCHO BO3MOXHYI MHDOPMA-
UI0; TPAMMATUKU, K KOTOPEIM OH IpuMeHumM, HaseBaloT LR(1)-rpam-
MaTukamu). ECTb ¥ NPOMEXKYTOYHBIM KJIACC IPAMMATHUK, HA3BIBACMBIU
LALR(1).
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16.3. SLR(1)-rpammaTuku

Hanomuum, uT0o s mo6oro merepmunana K mer onpegeasmu (c. 264)
muoxecTtBo [locaea(K) Tex TepMUHAIOB, KOTOPEIE MOT'YT CTOSATH HEIIOCPE-
CTBEHHO 32 K B BLIBOAUMOM (13 HAYAILHOIO HETEPMUHANA) CJIOBE; B HTO MHO-
XKeCTBO 100aBIaI0T Takxke cuMBos EQI, ecim HeTepMuHaT K MOXeT CTOATH
B KOHIIE BEIBOJUMOLO CJOBA.

16.3.1. [loxasaTh, 4TO eciu B gaHHbIM MOMeHT LR-mpomecca mocraen-
HUU CUMBOJ CTeKa S paseH K, npuduéM mpomece 5TOT MOXET B AaJbHEUIIEM
YCHEImHO 3aBepmuThest, TO Next npunamaexut [ocren(K).

Pemenne. DT0T GaKT SABISAETCS HENOCPEICTBEHHBIM CJICICTBHEM OIpE-
neneHus (BCOOMHMM COOTBETCTBUE MEXy NMpaBeIMU BeiBOgaMu u LR-mpo-
meccamn). 0

PaccMOTpUM HEKOTOPYIO MPAMMATUKY , IPOU3BOJIBLHOE CJIOBO S U3 TepMu-
HAJIOB U HETEPMUHAIOB 1 TepMuHaT X. Eciu muoxectro Coct(S) cogepxut
CUTYaIuiO, B KOTOPOU CIPaBa OT MOAICPKUBAHUA CTOUT TEPMUHAL X, TO
TCOBOPAT, 9TO das napwt (S,x) sozmoxcen cdsuz. Ecim B Coct(S) ectsb cu-
Tyauusa K — U_, opuduéM X OIpUHAIICKUT Hocnea(K), TO TOBOPAT, YTO 044
napwvt (S,x) SLR(1)-603moxncna ceépmra (no npasuiy K — U). Tosopart, uTo
A1s napsl (S, x) Bosuukaet SLR(1)-kondauxm muna cdsue/ceépmra, ecin
BO3MOXKHBLI U CIBUT, U CBEPTKA. [ OBOPAT, 9TO Aa maphl (S,X) BO3HUKAECT
SLR(1)-xongaurm muna ceépmura/ceépmra, eCiu €CTh HECKOJIBKO IIPABUI,
M0 KOTOPEIM BO3MOXKHA, CBEPTKA.

I'pammaTtnka HasmBaetcsas SLR(1)-epammamuroti, ecim B Hed HET
SLR(1)-koHpauKTOB TUNA CABUC/CBEPTKA U CBEPTKA/CBEPTKA HU AIA O1-
HOU mapsl (S, x).

16.3.2. Ilycts gana SLR(1)-rpammaruka. [Jokasats, 910 y a0060r0 CI0-
Ba CyLIECTBYET He OOJee OLHOrO MPABOrO BHIBOAA. IlOCTPOUTH anropuTm
npoeepku BeiBoAUMOCTH B SLR(1)-rpammaruxe.

Pemenwe. Ananorununo caydao LR (0)-rpammaTuk, TOAbKO mpu BEIGOpE
MEX/Iy COBUTCOM ¥ CBEPTKON yUUTHIBAECTCA odepeanou cumsoil (Next). [

16.3.3. IlpoBeputh, siBAAETCA I IPUBEAEHHAS BHIIIE HA C. 276 rpaMma-
Tuka (¢ Herepmunanamu E, Tu F) SLR(1)-rpammaruxoin.

Pemenme. [la, apisercs, Tak Kak 008 KOH(PIMKTA, MEIIAIOMIUE €1 OBITh
LR(0)-rpaMmmaTukoi, paspemarnTca ¢ yI6TOM OYEPEHOr0 CUMBOJIA: U [JIA
caoBa T, u paa ciaoBa E+T caBur Bo3aMoOxkeH TOABKO npu Next = *, a CUMBOT *
He npunagrexut Hu [Hocnexn(E) = {E0I,+,) }, uu Hocaen(T) = {EOL, +, *,) },
u mopTOoMy mpu Next = * CBEpTKA HEBO3MOXHA. |

16.4. LR(1)-epammamuru, LALR(1)-epammamury 283

16.4. LR(1)-rpammaTtuku, LALR(1)-rpammaTuku

Ounucannwim Boime SLR(1)-m04x04 uCIONIBE3y0T HE BCIO BO3MOXHYO WH-
opManuo mpu BBIACHEHUU TOrO, BO3MOXHA Ju CBEPpTKA. MMenHo, o oT-
[EJBHO IPOBEPSET, BO3MOXKHA JI CBEPTKA IPU JAHHOM COCTOSHUM CTEKA S
U OTJEJBHO — BO3MOXHA JU CBEPTKA O [IAHHOMY MPABUIY IPU JAAHHOM
cumBoae Next. Mexay Tem 5Tu NPOBEPKU HE ABJIAIOTCA HE3ABUCUMEBIMU:
o6e MOryT AAaTb HOJOXUTENIBHEIN OTBET, HO TEM HE MeHee CBEPTKA INpH
creke S u ouepeanom cumbose Next meBoamoxkua. B LR(1)-mogxone srot
HEJOCTATOK YCTPAHAETC.

LR(1)-moaxo COCTOUT BOT B Y4éM: BCE HAIIM ONPEAECJICHUSA U YTBEPKAe-
HUS MOAUDUIMPYIOTCA TaK, YTOOBl yIECTb, KAKOU CHMBOJ CTOUT CIIPABa
OT Pa3BOPAYUBAEMOrO HETEpMUHALA, (PYyrUMU CJIOBaMU, YeMy paBeH Next
pu CBEPTKE).

Mycte K — U — OfHO U3 MpPaBWI PAMMATUKY, & t — HEKOTOPKIA TEp-
MuHAT wiu cnencuMBoa EQI (KOTOpBIM MEI IOMBICIABAEM B KOHIE BXOJ-
HOro ciosa). Ompeneaum muOX)ecTBO JleBKonT(K — U,t) KaK MHOXECTBO
BCEX CJIOB, KOTOPEIE SBISAIOTCS COAEPXKUMBIM CTEKA HEIOCPEICTBEHHO IIe-
pen ceéprrou U B K B x01€ ycmemuoro LR-nipomecca, npu yciosuu Next = t
(B MOMEHT CBEPTKH).

Ecim or6pocuts y Beex cioB u3 JlesKont(K — U) ux konen U, To moxy-
YUTCA MHOXKECTBO BCEX CJIOB, KOTOPBIE MOI'YT IOSBUTHCS B IPABEIX BEIBOJAX
mepeq HeTepMUHAJIOM K, 33 KOTOPBIM CTOUT CUMBOJ t. DTO MHOXECTBO (HE
3ABUCAIIEE OT TOrO, Kakoe u3 npasui K — U nusa nerepMuHana K BLIGPAHO)
MuL Gyem o603nagaTh Jles(K, t).

16.4.1. Hamucars rpaMmaTuKy Jis MOpoxaeHus MHOXeCTB Jles(K, t).

Pemwenne. E¢é nerepmunamamu 6yayT cumsoasl (JleBK t) s Kaxaoro
HeTepMuHaia K u qia Kaxjaoro tepMmuHaia t (a Takxke aus t = EQI). Eé
mpaBuia TakoBbL. [lycTh P — HAYAIBHBIN HETEPMUHAI UCXOIHOU CPAMMA-
Tuku. Torga B HOBOM rpaMMaTuKe OyAeT MPABUIO

(MeBP EOI) — (mycToe caoBo).

Kaxoe npaBuio UCXOIHOU IPAMMATUKY IOPOXK,AAET HECKOJIBKO IPABUI HO-
Bou. Hanpumep, aus mpasuina

K— LuMN

(L, M, N — HETEpPMUHAJEL, U — TEPMUHAJI) B HOBYIO [PDAMMATUKY MBI f00a-
BUM IIPaBUIA
(MTeBL u) — (JlleBK x)
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(114 BCEX TEPMUHAJIOB X);
(TeeM s) — (lleeK y) Lu

(a1 BCEX S, KOTOPLIE MOIYT HAYUHATHL CJIOBA, BLIBOAUMBIE w3 N, u nis
BCEX ¥, & TAKXKE [JIA BCEX Hap S =y, ecau u3 N BHIBOAUMO IyCTOE CJIOBO);

(eBN s) — (JleBK s) LuM

(a7 BCEX TEPMUHAJIOB §). g
16.4.2. Kak MeHsAeTCs ONpeaeIeHue CUTYAIuu !

Pemerme. CuTyanuen Ha3BIBAETCS 1aPa

[cuTyanus B crapoM cmeicae, TepMuHAT nin EOT] O

16.4.3. Kax mamMeHUTCs OIIpee/eHUE COrIACOBAHHOCTU !

Pemrenwe. Ci0BO S M3 TePMUHAJIOB U HETEPMUHAIOB COIVIACOBAHO C CU-
rTyauuen [K — UV, t] (3gece t — Tepmunan wiam EO0I), ecim S KoHYaeTcs
ua U, To ectb S = TU, u, kpome Toro, T npunagiexut Jles(K,t). O

16.4.4. KaxoBel mpaBmiIa [ WHAYKTUBHOI'O BEIYUCIEHUS MHOXECTBA
Cocr(S) cuTyanun, COrIaCOBAHHEIX C JAHHEIM CJIOBOM S?

OTBerT.

(1) Ecm cnoo S coruacoBano ¢ curyanuen [K — UV, t], mpudém
cjaoBo V HaumHaercsa HA OykBy J, TO ectb V= JW, TO caoBo SJ
COrIacoBaHO ¢ curyauuer [K — UJW, t].

OTO MPABWIO MOJHOCTHIO ONPEEAACT BCE CUTYALUU C HEIMyCTOU JEBOU
MOJIOBUHOU (TO €CTh HE HAYUHAKIIUECA C MO IIEPKUBAHNA), COTVIACOBAHHBIC
¢ 8J. Ocranoch onpefenuTsb, IS KAKUX HeTEPMUHAJOB K U TEepMUHAJIOB t
caoBo SJ npunaprexut Jles(K,t). D10 gesaeTcs 0O ABYM IpaBUIAM:

(2) Ecim curyanus [L — U_V, t] cornacosana ¢ SJ (coruacHo npasu-
ay (1)), a V HauuHaeTcs Ha HeTepMUHATL K, TO SJ NPUHALICKUT
JleB(K,s) m1a BCeX TEPMUHAJOB S, KOTOPHE MOIYT HaYUHATH
ca0Ba, BEIBOAnMELE 13 caoBa V \ K (ciaoBo V Ge3 nepson Oyksel K),
a Takxe 1 s =t, ecum u3 V \ K BHIBOAUTCA yCTOE CJAOBO.

(3) Ecom SJ Bxogut B JleB(L,t) m1a HekoTOpEIX L u t, mpuuém
L — V — mpaBuno rpaMMaTuky u V HAYMHAETCSA HA HETEPMU-
sax K, To SJ npunamaexut Jles(K,s) a1 BCEX TEPMUHAIOB S,
KOTOpLIE MOI'yT HAUUHATL CJIOBA, BEIBoAuUMEIE u3 V \ K, a Takxke
1t s = t, ecam u3 V \ K BBIBOAUTCA MyCTOE CJAOBO. O
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16.4.5. [dats ompenenenus LR(1)-KoHpIMKTOB ¢aBur/cBépTKa U CBEPT-
Ka,/CBEPTKA MO AHAIOIMY C JAHHLIMY BBIIIE.

Pemenue. [lycts nana mexkoropas rpammaTtuka. IlycTs S — mpousBoIb-
HOE CJIOBO U3 TEPMUHAIOB U HeTepMmuHaaoB. Eciu muoxecreo Cocr(S) co-
JEPXKUT CATYAIUIO, B KOTOPOHU CIPABa, OT MOAYEPKUBAHUA CTOUT TEPMU-
HaJ t, TO TOBOPAT, 9TO AJIs APHI (S, t) Bo3MOXKeH cABUr. (DTO onpejeieHne
He M3MeHWI0Ch 1o cpasHeHuio ¢ SLR(1)-ciygaem — BTOpBIE KOMIOHEHTHI
nap u3 Cocr(S) HE yIUTHIBAIOTCA.)

Eciz B8 Cocr(S) ecTs cuTyanus, B KOTOPOU CIPaBa OT MOAYEPKUBAHUS
HUYErO HET, & BTOPLIM WICHOM IIaphl ABIACTCA TEPMHUHAI t, TO TOBOPAT,
9ro aas mapel (S,t) LR(1)-603modcna cé6épmia (IO COOTBETCTBYIOMIEMY
npasuiy). loBopsat, uTo aas nape (S, t) Bosuukaer LR (1)-kondaukm muna
cdeue/c8Eépmra, ecim BO3MOXKHEL U CABUT, M CBEpTKA. [OBOpAT, 94TO As
napel (S,t) BosuHukaer LR(1)-xondaukm muna ceépmia/ceépmia, ecin
€CTh HECKOJIBKO MPABWI, 0 KOTOPHEIM BO3MOXKHA, CBEPTKA. O

I'pammaTuka naswisaerca LR(1)-epammamuxoti, ecmu B menn et LR(1)-
KOH(INKTOB THUIA CABUT/CBEPTKA U CBEPTKA/CBEPTKA HU s OQHOU IAPHI
(8,%).

16.4.6. IlocTpouTs anropurm mpoBepku BeBOAUMOCTU caoBa B LR(1)-
rpaMMaTHKe.

Pemenne. Kax un panbmie, Ha kaxgom mare LR-mporecca M0oxHO 01HO-
BHAYHO OIPEJEIUTh, KAKOU IIAr TOJbKO U MOXET OLITH CJAEIYIOLINM. O

Ionesno (B wactuoctu, aiaa LALR(1)-pas6opa, CMOTpU HUXKE) MOHATH,
kax ceasansl noHATUsa LR(0) u LR(1)-cornacosannocTn.

16.4.7. CohopMyaupoBaTh U JOKA3aTh COOTBETCTBYIOIIEE YTBEPXK ICHIUE.

OTger. IlycTs dukcupoBana HekoTopas rpammaruka. Ciroso S u3 Tep-
MUHAJIOB ¥ HeTepMuHAIOB saBiseTca LR(0)-coracosanueiM ¢ cuTyamuen
K — UV Ttorga m Tombko Torga, korga ouo LR(1)-cormacosano ¢ mapou
[K — UV, t] gusa HekoTOporo Tepmunaia t (mim aas t = EOI). To xe camoe
apyrumu caoBamu: JleB(K) ects o6wvegunenue Jes(K,t) mo Bcem t. B mo-
caesHen GhOpMe DTO COBCEM SICHO. O

3ameuanue. Taknm o6paszom, ¢pyukmus Cocr(S) B LR(1)-cmbicne aBis-
ercsa pacimpenuem ¢yukimu Cocr(S) 8 LR(0)-cmpicae: Cocty (o) (S) mory-
gaerca u3 Coctyp(1)(S), ecm BO Beex mapax BEIOPOCUTH BTOPBIC 4JICHEL.

Teneps Mbl MoxeMm garh ompenenenue LALR(1)-rpammarnku. Ilycrs
(UKCHPOBaHA HEKOTOPAs IPAMMATUKA, S — CJIOBO M3 HETEPMUHAJOB U TEp-
MMHAJIOB, t — HekoTOpbl TepMuHal (mm EOI). Bygem rosoputs, 94To mus
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napst (S, t) LALR(1)-Bo3amoxHA CBEPTKA O HEKOTOPOMY IIPABUILY, €CJIH CY-
mecTByeT apyroe cioeo S ¢ CocTrr(o)(So) = CocTrr(o)(S1), mpuuém s
mapel (Sq1,t) LR(1)-BoaMOxkHA CBEPTKA MO PaCCMATPUBACMOMY MPABUILY.
Jasee onpeneisoTcsa KOHGIUKTE (eCTECTBEHHEIM 006pa3oM), U "PAMMAaTH-
ka nasmBaeTca LALR(1)-rpaMmaTukon, eciu KOHMIUKTOB HET.

16.4.8. [lokasats, uTo Beskas SLR(1)-rpammaruka ssisercsa LALR(1)-
rpammaTukon, a Beskas LALR(1)-rpammaruka seiasercs LR(1)-rpamvaTu-
KOH.

[Ykazanue. DT0 — mpoCTOE CIENCTBUE ONPENeIeHN. | |

16.4.9. Iloctpouts amroput™ nposepku BuiBoguMoctu B LALR(1)-
rpaMMaTUKE, KOTOPLIM XPAHUT B CTEKE MEHBINE WH(POPMAIUU, 9€M COOT-
sercreyomui LR (1)-amropurm.

[Yxasanme. JloctaTouno xpanuTe B cTeke MHOxecTBa CocTypg(o)(S),
NOCKOABKY coryacHo omnpegenernio LALR(1)-Bo3aMOXHOCTL CBEPTKEU MMU
onpezensiercs. (Tak 9To cam anroputm HudeMm He oriamdaercs ot SLR(1)-
caydas, KpoMe TabIuibl BO3MOXHEIX CBEPTOK. )] O

16.4.10. IIpusectu mpumep LALR(1)-rpaMMaTuku, KOTOpas He SABJA-
ercst SLR(1)-rpamMmarukon. O

16.4.11. Ipusectu npumep LR(1)-rpamMmaTuxu, koTOpas HE ABIACTCA
LALR(1)-rpaMMaTuxon. O

16.5. O6uwume 3ameyaHuns o pa3Hbix MeToAax pasbopa

[IpumMenenue >TUX METOIOB HA IPAKTUKE UMEET CBOU XUTPOCTU U TOH-
KOCTH, KOTOPHIX MBI He Kacauuch. (Hampumep, Tabauusl cieiyeT XpaHUTh
[0 BO3MOXHOCTY DKOHOMHO.) JacTO OKa3bIBAE€TCA TaKkKe, YTO A HEKO-
TOPOr0 BXOJHOI'O A3BIKA HAMOOJEE eCTECTBEHHAS IPAMMATUKA He SBIACTCS
LL(1)-rpammaTuxon, Ho sBasercs LR(1)-rpammarukon, a Takxke MOXeT
ObiTh 3ameHeHa Ha LL(1)-rpamMmaruxy 6e3 maMeHeHus a3blka. Kakon us
STUX BAPUAHTOB BBIOPATH, HE BCErAa sACHO. [uieTaHnTCKum coBeT: ecau Brl
CaMU IIPOEKTUPYETE BXOJHOU S3LIK, TO HE CACAYET BBIICHIPUBATHCA U YIIO-
TPeOIATE OfHYU U TE XK€ CUMBOJIBL I PA3HBIX [N — U TOr4a OOBIYHO He-
ca0xHO HarmucaTh LL(1)-rpaMMaTuxy wim pekypCuBHEBI aHAmu3aTop. Ecim
e BXOJHOU A3BIK 3aaH 3apanee ¢ nomommbio LR (1)-rpammaruku, He AB/L-
romencs LL(1)-rpaMmmaTuxon, To aydine €€ He TPOraThb, a pa3bupaTh Kak
ecTb. [Ipu 5TOM MOryT 0OKa3aThCs IOJE3HBIE CPENCTBA aBTOMATHYECKOI'O
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HOPOX JCHUA AHAIU3ATOPOB, HANOOIEE U3BECTHBIMY U3 KOTOPHIX SABIAIOTCA
yacc (UNIX) u bison (GNU).

Boubinoe KOIXYeCTBO MONE3HOM K XOPOIIO WM3JIOXKEHHOW MHMOPMAaLUu
O TEOpHHU U IPAKTUKE CUHTAKCHYECKOO pasbopa umeercs B KHUre AXo,
Cern u YiabMana (CM. CIIMCOK KHUT JJIs YTEHUS).
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