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3.7 V34mMcamMOCT U Pa3pPerrmMOCT

B To3m maparpa¢ me pasrienaMe MamuEUTEe Ha TIOpHHT OT
Opyra rienHa TOYKA.
Ila npenmosnoxum, kakro u mocera, 1e V = {a,b}.

Ounpenenenne 3.7.1 Hexa f(z1,...,xn) € Pynkuus defunupana es8
V*" csc cmoiimocmu ese V¥ m.e. f : V¥ — V*. Kozamo f e defu-
Hupana 3a 8caKa n-opka (wy, ..., wy) om dymu nad V, we 4 Hapuame
TOTaNHA, a Kozamo Dy C V*" | we 5 napuvame IacTIUIHA.

Ounpenenenune 3.7.2 Edna wacmuywna gynsyus f(zy,...,T,) e m3dmc-
numa (u3uucsmma no TropuHr), ako csuecmaysa mawuna wa Tho-
punz M wad V U{x}, koamo npecmama gynwkyusma f m.e., Koamo u3-
aspwiea caednume oeticmeus ¢ f (L1, ..., Ty) 1 30 8CEKU N OYMU W1, .., Wy,
nad V mawunama M pabomu ¢ exodnama 0yma wi * ... * Wy, U CNUPG
paboma, axo f e defunupara 3a n-opxama (wi,...,wy), ¢ Pas3nNoO3HA8a-
HE UAU OMIBFPATHE HG MaA3U OYMG, KAGMO CEOTPACAHUEMO HAE ACHMG-
ma cmasa f(wi,...,wyp), a Kozamo f ne e defunupana 3a n-oprama
(w1, ooy Wy ) Mawunama M z04uksd 65pTy 8T0OHAMA OYMA W1 * ... % Wh,.

OrxasBa ce, ue mOBeYETO OT (PYHKOUUTE B MHOKECTBOTO HA Il€-
JUTE YUCJIA MOTAT Oa Ce U3UUCIAT ¢ MamwuHa Ha Tiopuar. [lomexe
¢YHKIUUTE Ca OCHOBHU OOEKTH BbB BCAKA MAaTEMAaTUYECKA TEOPU,
TO BBLOPOCHT 33 TOBA, KOU (QYHKIUM CA M3YUCIUMU 0O TIOpUHT 1
KOUW HE MMa BayKHO 3HAUYEHME HE CAMO 33 OCHOBUTE HA UHOOPMATH-
KaTa, HO M 3a OCHOBUTE HA CaMaTa MaTeMaTuka. llo-HaTtaTbk me
HaIpaBUM enHA ~KIacU(PUKANUA’ HA (QYHKIUNATE, OTHOCHO TAXHATA
N3YNCINMOCT C MaIllUHU HaA TIOpI/IHF.

IIpumep 3.7.1 Mammuara va Troopuar M; 3anmanena, upe3 rpacda
Ha Pur.3.7.1 e HA eqVH APTYMEHT T U TA My CbHIOCTABA GT, T.€. Iy-
MaTa KOATO Ce MOJIy4aBa OT &, KATO OTJISIBO ce mobaBu OyKBaTa a.
Ila o3mauum tasu Gpysknua ¢ ad,(z). Hanpumep, ako w = aab, To My
3amouBaiiky paboTa BbPXY JIEHTATA ChC CbIbLPKAHUETO, MOKA3AHO
Ha ®wur.3.7.2. mpemMumHaBa mOCIENOBATENIHO IpE3 KOHOUIYDANUUTE,
npencraBesu Ha Pur.3.7.3.
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Enun BaskeH KiIac OT GYyHKOUHU, CBLP3aHM C MAIIMHATE Ha T10-
PUHT € KJIAaChT HA HIPUMUTUBHO pPeKypcuBHuTe QyrKmuu. I[lomobmo
Ha pEryJApHATE M3Pa3’, TO3M KIAC OT QYHKIUU Ce BLBEEKIA, Upe3
pPeKypeHTHO (PEKypPCUBHO) ONpeNneseHue.

(4 @, Ity

mstgrt;__,f/ f \ﬁ end
\\ M fi ______ //
(b,a,R) -------------- ) S (J_’b, R)
N\
(b,b, R)
y(—]—a a, R) TI
dur. 3.7.1
a a b 1
$ur. 3.7.2
i 7R i 7R b; 7R _L,b,R
aab (a,0,R) aab (2,0,R) aab (b0, R) aan_(—>) aaabl
A A A A X
$ur. 3.7.3

Onpenenenune 3.7.3
(¢) Basosu npumumueno pexypcusnu gynrkyuu nad V ca gynryu-
ume:
nil(z) =¢, ady(z)=azr v ady(x)=bz.
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(17) A%o h,g1,...,gm Ca NPUMUMUBHO peKYPCUBHU PYHKUUY HaO
V, mo maxasa e u fynryusma

f(xla 73371,) = h(g(xla "'7$n)7 "'7gm($17 "'7$n))7

KOAMO Ce HAPUYG CYNEPNOZUYUT Ha By g1, vy G -

(i13) Axo h,g1 u g2 ca npumumueno pexypcusHy Pyrkyuu Had V,
mo maxasa e u gynrkyuama f(zr1,...,%n), 306 KOAMO:

npun =1,

f({;‘) =w, we V*a f(ada($)) = gl($7f($)) u f(adb(x)) = 92(5137]0(33)),
anpun>2 [ ydosremeopisa pasencmeama:
fle, 2o,y xy) = h(x2, ..y Tn),

f(ada($1)7$27 73371,) = gl(ajla "'7$n7f($17 73771)) U
f(adb(a:l)ax% 7$n) = 92($17 "'7xnaf($17 73771))

(iv) Apyezu npumumueno pexypcuenu dynryuu wad V, oceen onu-
canume 6 (1), (14) u (4i%) HaMa.

Ila orbesesxkum, ue BB ¢yHKIUUTE h,g; U g2, HAKOU OT apry-
MEHTHTE MOTAT [a JIMICBAT T.€. AA Ca (UKTUBHU.

Ila pasriename HAKOU NPUMEPU Ha (YHKIUU, KOUTO Ca MPU-
MUTHBHO pekypcusHU Hax V = {a,b}.

1. Koucranrure (OykBu) a u b ca IPUMUTUBHO PEKYpPCUBHU,

3aI10TO
a=ad,(nil(z)) um b = ady(nil(x)).

2. TwoxnecrBenara ¢ysknua id(r) = £ € IPUMUTUBHO PEKyp-
CUBHA, 3a0I0TO MOKE Ja CE€ ONPEeIeNU, IO CJIeIHUA HAYUH:

id(e) =¢, id(ady(r)) =ad.(z) wu id(ady(z)) = ady(z).

3. ®yuruuara con(xi, ) = T1T2, KOATO CHLEIUHABA IBE IYMUI
€ IPUMUTUBHO PEKYPCUBHA, Thil KATO

con(e,zy) =id(z2), con(ad,(z1),z2) = ad,(con(zy,z2)) u
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con(ady(z1),z2) = ady(con(z,z2)).

4. ®ymsrnuaTa ’ycaoBeH npexon’, OUpeneIeHa C PABEHCTBOTO

To AKO I F €
T3 aKO 1 = €

if(:l?l, T, Ig) = {

¢ IPUMUTUBHO PEKypPCHUBHA, 3aIll0OTO
if(E, I, 1133) = ld(]?g), if(ada(xl), 2, Ig) = id(:l?g)

u if(ady(z1),z2,z3) = id(z2).

Tasu pyHKOIUA HaBa BBHL3MOMKHOCT 33 YCJIOBEH IPEXOM B OPOT-
paMu u OJOK-CXeM’ U TS € 0COOEHO BasKHA B MPOTrPaMUPAHETO.

Onpenenenue 3.7.4 [lo) n-mecTen mpemurar Hanm V ce pasbupa
ecaxa Pynxyusg p na V" 8 mroacecmeomo om eeprocmuu cmoinocmu
{true, false} m.e.

p: V" — {true, false}.

Omnpenenenune 3.7.5 Edun npeduxam ce Hapuyo IPAMUTUBHO pe-
KyPCUBEH, (K0 yHKyUIMa

_J ¢ mpmp(zy,...,z,) = false
fp(xla 7$Tl) B { a npn p(‘fI;la axn) = true,

HGpeueHs XapaKTepPUCTUUYHA (YHKOUS Ha P, € NPUMUMUBHO PEKYD-
CUBHA.

Ila pasrienamMe HAKOW NPUMEPU HA OPUMUTHUBHO PEKYpPCUBHU
npemukaTu Ham V.

1. Ilpemurarure (kouctamTu) true u false ca mpuMuTuUBHO
PEKYPCUBHU.

Hawucruna, ako p = true(z) = true, T0 XapakTepUCTUUHATA
¢ynEIUS € firue(Z) = a u amanorununo, axo p = false, 10 frase(2) =
nil(z), KOUTO Ca TPUMUTUBHO PEKYDPCUBHU (YHKIUU.
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2. llpemurarsT null(z) ="z paBHO au e HA €’ € IPUMUTUBHO
PEeKypCUBEH, 3am0TO (YHKOIMATA

| a mpmz=c¢
fnull(x)_{ c HpI/II#E

€ OIPUMUTUBHO PEKYPCUBHA (DUHKIUA.

C'I)BMeCTHOTO U3INOJI3YyBaHE Ha NPUMUTUBHO PEKYPCUBHU IIPE-
OUKATA U QYHKIUU, HAaBa BBL3MOKHOCT Oa Ce NePUHUpPAT €THU OT
HAW-U3MON3yBAHUTE KOHCTPYKOUU B IPOTPAMUPAHETO.

Ia monoxum T = (1, ...,T,), u HeKa p(T) € IPUMUTUBHO pe-
KypcuBeH npemukar, a f(Z) u ¢(T) ca npuMuUTUBHO peKypPCUBHU (yH-
kmuu. ToraBa QyHKOMATA

if(p, f,g) = { f(@) aro p(T) = true

g(T) ako p(T) = false

€ IPUMUTUBHO PeKypcuBHaA. B mporpamupaneTro ta3y GyHKOIUA Ipe -
CTaBsA YCJIOBHUSA ONEPATOPD W Ce 3aIMCBa HO CJIENHUSA HAYUUH

if p(z) then f(T) else g(T).

®yHKIUATA YCIOBEH OMEpaTOp MO €CTeCTBEH HAUMH ce 0000-
maBa OO0 ClleJHATa OPUMUATUBHO DEKYyPCUBHA (yHKIUI

if p1(Z) then fi1(ZT) else if po(T) then foT)

else ... if pp_1(T) then fr_1(Z) else fr(T),

KDBIETO P, ..., Pp_1 CA IPUMUATUBHO PEKYPCUBHU IPEIUKATH, & f1, ..., [k
ca IPUMUTUBHO PEKYyPCUBHU (YHKINM.

Heka p(Z) n ¢(T) ca npuMuTuBEO peKypcuBHU npeamkatu. To-
raBa CJIeTHUTE NPEAUKATH ¢4 TPUMUTUBHO DEKYDCUBHU:

p(@), p(T) A q(T), p(T)V q(T),p(T) < q(T),

KOWTO Ce HAPUYAT CHLOTBETHO OMPUYAHUE, KOHIOHKYUT, OUIOHKYUT U
PasroO3naGYHOCM HA P U q.
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Hanpuwmep, 3a nu3ioHKOUATA IMaMe

(true  arko p(T) = true mam
q(T) = true nan
3

p(T) V ¢(T) = p(Z) = q(T) = true

false aro p(T) = false m
L q(T) = false.

8

XapakrepucTuaHaTa QYHKIAA HA TO3W MPEIUAKAT €
fpvq(@) = if null(con(f,(Z), f((T))) then € else a,

KOSITO OUEBUMAHO € MPUMUTUBHO PEKYPCUBHA.
Emao 0000menre HA TPUMUTUBHO PEKypPCUBHUTE (DYHKIAU €
KJIACBHT HA 4aACMuU4HO pexypcusnume $ynryuu. B To3m kiaac moma-
AT OCBEH BCUYKU IPUMUTUBHO PEKYPCUBHU QYHKIUN U (yHKIUUTE,
TOJIYYEHHU OIlle Upe3 CJIETHUTE NBE BL3MOKHOCTHU:
(i) aKO g1 m gy Ca YACTUYHO PEKyPCUBHM (QyHKIWM, TO TAKABA
e u pyHKOUATa f, 33 KOATO

f(ada(z)) = gi(z, f(z)) w [f(ady(x)) = ga(z, f(z))

u eBeHTyawsHO f(£) MOKe na HE € mepuHWpPaHA, € YACTUIHO PEKyp-
CUBHA;

(i%) aKO p € YACTUYHO PEKYPCUBEH NpPEIUKAT, TO GpyHKIuUATA f,
3a koato f(Z) =y, kbmero p(Z,y) = true m or Nom(w) < Nom(y) ma
caensa, ue p(Z,w) = false, e YACTUYHO PEKYyPCUBHA.

B cayuas (i7) ka3Bame, ye QyHKnuATA [ € MOJydeHA, upe3 He-
oepanuvena munumuseyud. Ia 3abemesxkum, ye ako p(T,y) = false
3a BCAKO Y, TO f He e medpmrupana 3a T. Cbmo Taka, ako p(Z,y) He
e me¢purupan u 3a Bcako w € V* or Nom(w) < Nom(y) cuensa, de
p(T,w) = false, To f oTHOBO He e nepurupana 3a T.

IIpumep 3.7.2 Ila pasraename ¢pyarnusra tail(z) ”onamrara ma x,
T.e. nymara x 0Oe3 mbpBaTa Oykea”. Ta e yacTWYHO peKypCHUBHA
GYHKIUA 3aI10TO
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OueBUAHO BCAKA TPUMUTUBHO PEKYPCUBHA (QYHKIUA € U YaC-
TUYHO PEKypPCUBHA.

ToTasaUTe YACTUYHO PEKYPCUBHU (DYHKIUU CE HAPUIAT 0OULO
PERYPCUBHY PYHKYUU.

CnenBamara Teopema Ha KiwHu maBa scHOTa 3a Hepapxuara
Ha PeKypCUBHATE (YHKIUU X BPBLKATA UM C MamuHEATE HA TIOpUHT.

Teopema 3.7.1 (Teopema wa Kimuu). Edna fynkyus e wacmuuno
PERYPCUBHA MOUKO MO248G, KO2aMO € Uzwucauma no Topune.

IToka3aTesicTBOTO Ha TeopeMmara Ha KiawHM, Ine npenocTaBUM
3a KypCa M0 MATEMATUYECKA JIOTUKA.

Ot Ka3aHOTO ciemBa, Ue MOKE A Ce HAIPABU CJIETHATA ie-
papxuuHa cxema 3a pexkypcusaure ¢pyurnuu (Pur.3.7.4):

Oyurmum msang V
U

YacTu4HO peKypCUBHU (QYHKIUU

®yrrnuu nzuncanmu no TopuHT

U

O06uro pekypcuBHU (yHKIUN

U

[IpuMuTUBHO pEKYPCUBHU (PYHKIAU

$ur. 3.7.4

Ocoben uHaTEpEC 32 MATEMATUKATA MPEICTABIABAT IPODOIeMU-
Te, Ha KouTo OTroBopa e ”ma” mau ”"me”. Takusa npobiemu me Ha-
puuame da/He npobaemu. He mO-MaNKO MHTEPECEH € U BBOPOCHT 33
YCTAHOBABAHE, NAJM CHIIECTBYBA AJrOPUTHLM (IporpaMa, MANIMHA
Ha TIOpUHT) 3a pemaBaHeTO HA ONpEIENeH Kiac OT Aa/He mpobue-
Mu. B mpenxommaTa riasa pasriegaxme HAKOJIKO TaKUBa mpobe-
MU, OTHACAINIA C& MO ABTOMATHUTE FPAMATUKN, & B TA3U TJIABA U 33
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0€3KOHTEKCTHUTE T'PAMATUKNA, KATO MOCOYMXME KOHKPETHUTE AJTO-
putmu, ¢ KouTo ce pemasart te3u npobaemu (Buk Teopema 2.8.2,
Teopema 2.8.3, Teopema 2.8.4, Teopema 3.5.1, Teopema 3.5.4).

Ounpenenenne 3.7.6 Ille xazeame, ue edun xaac om da/me npobaemu
e pa3pemmM, ako Cou,ecmeyea kpaen aszopumsm (mawuna wa Tio-
puHz), KOlUmo 3a ecexu npobaem om Mo3u Kiac, 0084 PEULEHUENO MY.
Bceexu kaac om da/mne npobaemu, 3a K0UMO He CEULECMBYBA MAKTE A-
20PUMBM ULE HEPUBAME HEPASPEITUM.

Oxka3Ba ce, ye eqHa roJiAMa 4acT OT ga/He IpobIeMuTe CBbLP-
3aHM ¢ WHGOPMATUKATA Ca HEpaspelmMU. ETo 3210 e BaKHO ma ce
omuImaT Te3W KIacoBe OT mpobiemu, 3a na ce m3berme HEHYKHO-
TO TbpPCEHEe Ha HecbimecTByBamu asgropurvu. [lle mampasum emgaO
KPaTKO ONMCAaHWE HA YAaCT OT Hali-BasKHUTE HEpaspemuMu npobie-
MU HE CaMO 33 WHOOPMATUKATA, HO U 33 [AJIATa MATEMATHUKA. 33
MO-KOMIOAKTHA (OPMYJIUPOBKA HA TE3W MPOOJIEeMH, 1€ MU3MOI3yBaMe
amapaTa Ha MAIIMHUTE HA TIOPUHT.

Haifi-manpen, ma ce yoemnum, ue BCSAKA MAIIMHA HA TIOPUHT HA I
asbykara V = {a,b} moxke na ce upexncrasm, KaTO AyMa HAJ CHIIATA
a30yka. 3a OCHUIECTBABAHETO HA TAKOBA MPEICTABAHE, CbHIIECTBY-
BaT Pa3JIMYHU HAYMHN, HO HUE 1€ Ce CIPpEM Ha €IUH OT TAX. HeCHO
ce cbobpa3saBa, Yye 3a BCAKA MamuHA HA TIOPUHT CHHOIECTBYBa €K-
BABAJIEHTHA HA HESA MANIAHA, KOATO MMa CAMO €IHO 3aKIIOUYUTEIIHO
cberogaue. lla mpuemeMm, e pasriie:kIaHUTE MAIIMHU HA TIOPUHT
UMAT € INHCTBEHO 3aKIIOUYUTEIHO CbCTOSHUE.

Herka M e mpow3Bosra mamwuaa Ha TIOPpUHT 1 HEKAa HA BCAKO
pebpo or HelHATA nlgﬂor{gaMa

N flofi
(. B,7) i

nma cwunocraBum gymata w = u(i)v(a)v(B)w(y)u(j) man V, kbrero
abadb---baaaa ako k e 3aKIIOYUTENHO C'LCTOSHUE
N——

u(k) _ k-nbTH
abadb---ba B OPOTUBHUA CJIIy4dali, k — eCTeCTBEHO;
N——

k-nnTu
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v(c) = bbb ako c=1b w(T) = bab axo T =R
| bba ako c=a, cEV; | baa ako T = L.

[IpemocTaBsiMe 33 CAMOCTOATEIHO YIPAKHEHNE, Na CE TOKAKE,
Ue TOBA CHOOCTABAHE € B3AMMHO-€IHO3HAYHO.

Ila 3abeneskumM, 4ye BCAKA MAIWHA HA TIOPUHT ce OUpemess
HA'LJIIHO OT CBOSTA OPOTpaMa W CJIEAOBATENHO HE BL3HUKBA OMAC-
HOCT OT IBYCMUCJIHE, KOTaTO BMECTO NPO2PAMG TULIEM MOUUHG HA
Tropunr.

N raka, Bcaka mamuHa Ha TIOPDUHTD MOMKe A ce CMATA 33 €NHA
nyma Ham azbykara V. [la mpumoMHUM, UYe MHOMKECTBOTO OT AyMU
man V e u3bpoumo (Bmx Teopema 2.1.1) m cienoBaTesno BCUYKK
mamuan Ha Tropunr morar na 6bmar momepupanu (”moapenern”
B pemuna). Ila osmaumm c¢ Code(M) mymara w ot V* koarto ce
CbIOOCTABSA HA MaIUHATA Ha Tropurar M.

OT kKa3aHOTO, MO €CTECTBEH HAYUH BDL3HUKBA BBIPOCDHT, Ia-
Jgu cbinecTByBa “ynusepcaana”’ mamwuaa HA Tiopuar U, KogTo KaTo
paboru ¢ Code(M)w 3a mpoussoaua mamwnaa M Ha Toopusr u 3a
OPOUM3BOJIHA BXOMHA AyMa w 3a M na m3Bexna CbIMUA Pe3yJiTar,
KoliTo m3Be:knma M mpu paborara Cu BLpPXY AyMaTa w, T.e. a-
JU CHUIECTBYBA MAIIMHA HA TIOPWHT, KOATO Oa MOXKE Oa HPEeCcMATa
BCUYKO, KOETO MOske na ce npecmara? OTroBopsbT HA TO3U BBHIPOC,
MaKap 1 HEOYaKBaH € YyTBBHLPDAUTEJIICH.

Heka ma cu mpencraBuM, KakBO OW M3BBLPIIAI UOBEK, AKO
TpabBale oa IpecMATa TOBA, KOETO mcKaMme OoT mMamuHaTta U.

Karo mpermema mpemocraBeHaTa My JIEHTa C a—Ta # b—ra,
e BbL3CTAHOBU €QHO3HAYHO IPOrpaMaTa OO0 I'bPBATA IOABA HA TPU
OoCIenqOBaTCIIHN —Ta WM IIEe NPUIIOKN BBHB3CTAaHOBEHATA HOPpOrpaMa
BLPXY BXOIHATA AyMa, PAa3IOJOKEHA BBLPXY JIEHTATA, HEMOCPEeI-
creeno ciuen Code(M). fIcHO e, ye YOBEK TEOPUTUYECKU MOKe HA
W3I'LJIHEABA QYHKOIUNATE HA YHUBepCcaJHaTa MamuHa Ha Tropuar. Te-
3U HOBOJY HAMAT CEPUO3HA MATEMATHYECKA CTOWMHOCT, HO T€ NaBAT
JOOCTATHLYHO HAMEKIA, Y€ YHUBEPCAJHA MAIIWHA HA TIOPUHT HAWC-
TUHA CbIECTBYBAa. BCBIHOCT, BCEKM HOODLP IPOrPAMUCT MOKE Oa
CbCTABU MpoOTrpaMa 3a paborara HA YHUBEPCAJHA MAIIAHA, a MbP-
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BaTa TaKaBa Mporpama e mamucaua ot camus A.Twopunar B 1936 r.
TaKa, Y€ CHIIECTBYBAHETO W HE HOMJEKN HA ChLMHEHUE.

ChbiecTByBaHETO HA YHUBEPCAJHA MANIMHA HA TIOPUHT BOIU,
HEMOCPEACTBEHO IO UAESATA, Y€ MOKE Aa Ce MOCTPOU YHUBEPCAJEH
KOMOIOTHP, KOUTO 8 MPECMATa BCUYKO, KAKBOTO MOKE A Ce mMpPec-
MATA. 33 ChKAJCHUE, TEXHUUECKATE OTPDAHUUYEHUS HA KOMIIOTPUTE
HE€ ITO03BOJABAT 3a 0CO6eHO T'OJIAM OITHUMUM3BM B TOBa OTBHOIIEHUE.

HemocpencrBeno or HampaBeHUTE HO-TOpE PA3CHLKICHUA, MO-
JKe Q1a ce U3Belle TaKa HAPEUYECHUAT CMON-NPOOAEM 30 MOWUNHUME HG
Twpune. Toit ce cbcTOU B HAMUPAHETO HA AJTOPUTHM, UpPe3 KOUTO
Ia MO:Ke HOa Ce OIpeneiu, MAajiu TPOW3BOJHA MaiuHa HA TIOpUHT,
KaTo paboTu BHLPXYy HPOM3BOJHA BXOMOHA AyMa Ime cupe paborara
CHU B 3aKIIOYNTEIHO CbCTOSHUE WU M€ IPECMATA BEYHO T.e. IIe 3a-
nukau. Ille mokaxkem, ge cron-upobiaembT 3a mamuauTe HA TIOpUAT
€ Hepa3peunM.

Teopema 3.7.2 Cmon-npobaemsm 30 mawurnume wa Topunz e nepas-
pewuM.

Joka3aresncrBo. Ille mokaskem Teopemara, KATO MOMYCHEM MPOTUB-
HOTO TBBbPIEHWE U OOCTUTHEM A0 nporuBopeume. lla npemnmomao:xum,
4ye C'bmeCTBYBa aaroputbM (Mamuua Ha Topunr) A, KoiiTo pemasa
cron-upobiema. CiemoBaTesiHO 3a BCSAKA BXOMHA AyMa W, aJrOpu-
TbMBT A HaBa BEpEeH OTrOBOP HA BBLIPOCA, NAJU YHUBEPCAIHATA
mamwuba U conupa paborara cu BbPXY W B 3aKIAIOUYUTEIHO CHCTO-
aaEne wiam He. J[la pasraemaMe MamwuHaTta Ha Topwar M, KOATO
U3BBbPIIBA CJHENHUTE ONEePAaTOPU BBbPXYy NPOU3BOJHA BXOMOHA AyMa
T:

1. OmuTBa ce ma BbCTaHOBU MamuHa Ha Tropuar Mi, 3a KOaTo
Code(M;) = x. Axo cbmecTByBa TakaBa MAIIMHA OTHBA HA CTBLIKA
2, a B IPOTUBEH CJIy4all ce BP'bIla HA CTHOKA 1.

2. [IpaBu Komme Ha T U IO Pa3NmOJara BLPXY JIEHTATA, HEIOC-
peACTBEHO ciien mociemnara OykBa Ha I, Taka BbPXY JIEHTATA HA
M, ce monyuasa nymara w = zz = Code(M;)Code(M;) n npemunasa
HA CTBHIOKA 3.
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3. Usmonsysa mammuarta Ha Tropurr A, 3a ma mpoBepu ma-
JI1 YHUBEPCAJHATA MallWHA Ha TIOpI/IHF U Corpa B 3aKJIIOUYUTEIJIHO
cbheTosHUE , paboTefiku BLpXy BXxomHara ayma xx. Ako U cmoupa,
M orwBa Ha cTbOKA 3, a B mpoTuBeH ciayuait M coupa B cBOe 3ak-
JIIOYUTETHO CHCTOSAHUE.

Canenosatenno mammuata M cnupa, aKo Ca HAJIUIE CJIETHUTE
M3UCKBAHUA:

a) cbmecrByBa Mamuaa M, 3a koaro Code(M;) = z;

6) U me cnupa B 3aKIIOYUTEINHO CHLCTOAHUE TIPU BXOHATA, Y-
Ma T.

Twoit kaTo yHuBepcamrara MmMamwaa U, Korato paboru c my-
mara Code(Mp)z, umutupa nosenmenmero Ha M; mpu paborara i
BbPXy Aymara x ciensa, ue U He pa3mo3HaBa LI TOYHO TOraBa, KO-
raro M e pasnosunasa z. CienoBaresno M coupa B 3aKIIOUYUTETHO
CbhCTOsIHUE, PAbOTEHKN BHPXY £ TOYHO TOraBa, KONaTO CHIIECTBYBA
MamuHa HAa Troopuar M, KOATO 3aUUKIA Opu paboTa BLPXY AyMaTa
x u Code(M;) = z. ETo 3amo, ako U pasmosmasa emHa myma Yy, TO
M wme cumpa, 3anousalikm paboTa BBLPXy mymara Y.

Heka Code(M) = z u na nposepum, nanu U cuupa, 3am04Baii-
ku paborta BLpXy aymara zz. OT Ka3aHOTO HO-rOpe CllenBa, 4e

(i) M cumpa BBLpPXy BXOmHATA AyMa z , ako U He coupa BbLPXY
ILyMaTa 2Z.

Ot mpyra crpana, nonesxke U e yHUBepCAJHA MAIIMHA, TO TS
VMUTHUPA MOBEOCHUETO HA MalllMHATA M n CJIenoBaTEJIHO

(i) U cuoupa, paboTeiiku BbPXy BXOTHATA IyMa ZZ TOUYHO TO-
raBa, korato M cmnupa BBbPXy OyMaTa Zz.

Toit kato (i) u (47) B3AUMHO Ce M3KJIIOUBAT CJIEIBA, Ue NOIYC-
KaHETO HU 3a CBIIECTBYBAaHE HA aJropurTbmMa A He e BAPHO, C KOETO
TeopemMaTa € HOKa3aHa. 0
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Ot ToBa, ue MamuaUTEe Ha TIOPUHT CA €KBUBAJIEHTHU HA Ma-
muHanTe Ha [lOCT M Ha KpaliHMTe MallMHMA C OBA CTEKa CJenBa, Je
CTON-IpPOGIEMBbT U 33 T€3UW MAMIUHU CHIO € HEPA3PEIINM.

BenbmaocT cTon-onpobiaeMbT UMa OCTa IPOCTa GOPMYIAPOB-
Ka, MOMYyCKa yAWUBUTEJHO JIECHO MOKA3aTEJCTBO U B CHIIOTO BpeMe
npenCTaBiasiaBa €OVH MHOIO CHUJIEH DE3yJTaT B TEOPpUiATa HaA aJro-
purmure. 3BoanT, ue cTom-npobiemMa € Hepa3pemuM € MHOTO II0-
CHUJIEH OT TOBa M3 CUUTAME, Ue 33 Cera HAMaMe pelleHre WJU, Ue TO
e Tpynuao. [IpobaembT mMa ompenesieHa aHAJIOTUA C TPUTE IMPOUY-
TU 3a0aYU HA APEBHOCTTA — KBAAPATYpPAaTa HA KPbra, TPUCEKIUATA
Ha BbI'bLJAa W yABOABAHETO HA KyDa, HO Ta3uW AHAJOTUA € CaMO B
OTPUIATEJHUA UM OTTOBOP 3a pemaBaHe Ha camwusa npobaem. Cob-
MIECTBEHOTO Pa3JUYKe Ha CTON-mPOo0JeMa OT Te3u 333U € B TOBA,
Ue Te Ca HEePEeNIMMU C JUHWNKA U meprei, HOKATO CTOM-IPOOJIEeMbT
€ HepaspemuM ¢ BCUYKUA CPENCTBA, HOCTHLIHU 33 YOBEKA.

Iloka3arescTBOTO, Ue CTOM-IPODBIEMBT € Hepa3peluM, Aa e
BL3MOKHOCT Ia Ce OTTOBOPU HA PEAWIA Ba;KHU BLIPOCHU B ISAJIATA
MaTeMaTHKa, KATO Ce YCTAHOBU HePa3pemuMOCTTa Ha MHOTO Aa/He
npobaemu. OOUKHOBEHO TOBA Ce MOCTUTa, KATO C€ AOMYyCHE, Ue na-
HneHusAT npobJieM e pa3pemuM U ce NOCTUTHE 0 MPOTUBOPEUUETO,
Ue OT HEeroBaTa pPas3peIrMOCT CJIeNBa Pa3pEemnMOCT Ha CTOI-TIPOO-
nema. [lo-mamaTtbk me m3bpoum 0e3 mOKa3aTeJICTBaA, HAKOU OT IO-
Ba;KHUTE Hepa3pemuMu 1a/He TpobiIeMu B MAaTEMATUKATA U UHYOP-
MaATHUKATA.

IIpobsaemsbT 3a muodaHTOBUTE ypaBHEHHA. LKauH OoT Obp-
BruTe Hepaspemumu na/He npobaemu e nmocrased ot l.XuaGepr B
3HAMEHUTHUSI MY COUCHK OT OpobieMu mpel MaTeMaTUKATa Ha ABa-
IeceTU BEK U € U3BEeCTeH, KaTo npobieMa 3a IUO(AHTOBUTE ypaB-
HEHWU.

Enmo anre6puuno ypaBHeHUe ce Hapu4da Juo@anmoso, ako KO-
epUIUEHTUTE My Ca NEJU U PENIeHUATA MY C€ THLPCAT U3MERKIY Ie-
gure yucaa. [IpobiembT 33 quodaHTOBUTE ypABHEHUS CE CHLCTOU B
TOBA, HAJA CHIIECTBYBA AJTOPUTHM , Upe3 KOUTO MOKE Ha Ce Hae
OTTOBOP HA BBHOPOCA UMA JU OPOU3BONHO AUOGAHTOBO ypaBHEHUE
MOHE eIHO PEeIlleHue.
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OKOHYATEJIHOTO MOKA3ATEJICTBO, Ue mpobiIeMbT 3a mauodaH-
TOBUTE ypaBHEHWs € HepazpemwuM e gocturaato ot M.IleitBuc u
FO.Maruscuesuu npes 1970 r.

IIpobsaembT 3a HmOJy-TyeBCKUTE CHCTEMU. Bcako KpaiiHo
MHOKECTBO Y OT HapeIeH:W ABOWKM AyMu HAL V, ce HApUUa MOIy-
TYEBCKa CUCTEMa, OT AYMU T.€.

Y = {{a1,51), (a2, B2), ..., {an, Bu)} CV* X V™.

Ako u m v ca mBe mymm or V¥, me kaszBame, ue v e uzsoduma(ce
usgexmcoa) OT U, aKO C'bOIECTBYBa pemuna oT mymu w;, i = 0,1,...,p,
p > 0 TakmBa, 4e wy = u, w, = v U 3a BcAko 4, 0 < i < p, w; ce
HOJy4aBa OT W;—_1, KATO B W;—1 € 3aMeCTeHo «; ¢ [3j, 3a HAKOE 7,
j€{1,2,...,n}. lIpobaemMmbT 33 HyMUTE IPU DOJY-TYEBCKU CUCTEMU
€: CbIIECTBYBA JU AJTOPUTHM, UPe3 KOUTO ma Ce yCTAHOBU HAIU U
ce M3BEXKIOA OT U B Y, 32 NPOW3BOJHU AyMu u u v ot V*. B cuna e
crennara Teopema Ha IlocT:

Teopema 3.7.3 (Iloct) IIpobaemsm 3a dymume npu NoOAY-MYEBCKU
CUCTMEMU € HEPASPEeWUM.

IIpo6smemsT 3a cworBercrBueTro Ha Iloct. Ille kazBame, ue
pemunmara or meaw umciaa ki,...,ky, t>1, 1 <k <n, 1 <te
pemierue Ha cucmemama om oymu Ha [locm san V

S= {<a1?/31>? <a23/32>a rey (an,ﬁn>} CV*x V*,
aKo
Oy Oy« - - Oy = By Bley - -+ Bhiy -

[Ipo6bmemsbT 3a cbhborBercTBuero Ha IlocT e: cbmecTByBa Jn
aJITOPUTHM, C KOWTO ma Ce yCTAHOBU, MAJIU MPOU3BOJIHA CHUCTEMA HA
[TocT man V, uma pemenue.

Teopema 3.7.4 (Iloct) IIpobaemsm 3a csomeememeuemo na ITocm e
HEPA3PEULUM.

B cuna ca u caenpamure TEOpEMHU.
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Teopema 3.7.5 Ilpobaemsm sa ycmarnosssane dasu 08e besronmerc-
MHKY 2PAMAMUKY CG eKBUBAAEHMHNU, € HEPQIPEUUM.

Ila orbesesxuM, de cbIUAT TPOOIEM 332 ABTOMATHUATE T'DaMa-
tuku e pazpemum (Bux Teopema 2.8.3).

Teopema 3.7.6 Ilpobaemsm 36 ycmanosssane 0aiu 0adena KoHmek-
CMHKA 2PAMAMUKG NOPANCOG NPASHUA E3UK, € HEPA3PEUUM.

Ila orbenexkum, ye CHLMUAT Tpobaem 33 O€3KOHTEKCTHUTE IPa-
matugu e paspemum (Bumx Teopema 3.4.2).

Teopema 3.7.7 Ilpobaemsm 3¢ ycmarosseane 0aat NPOU3EOAHG 0YMa
Moxce 0a ce uzgede 8 NPOUIBOAHA 2PAMAMUKE 0M 00w, 8u0, € HEPa3-
PeUWUM.

3amaumn

1. Ha ce mokaske, ye ciemauTe QYHKIUU CA IPUMUTUBHO PEKYPCUB-
HN:

a) rev(z) = w, w ce cbCTOM OT OYKBATE HA T HANNCAHUA B
obpaten pen;

a) first(z) = o, o € V, e mbpBara Gyksa HaA T;

6) tail(z) = w, ako x = aw 3a HAKOe a € V;
right(z) = «, « € V u a e nocaenuara OykBa HA ;
code(r) = a', ako Nom(z) =i (Bx. ['masa 2);

1) decode(a’) = z, ako Nom(z) = i;

e) sub(a’,a’) = a7, ako i > j;

&) begin(z) = w, ako r = wa 3a maAKOoEe « € V;

3) succ(z) = w, ako Nom(w) = Nom(z) + 1;

u) pred(z) = w, ako Nom(w) = Nom(z) — 1.
2. Ila ce mokaske, de ClIeAHUTE NIPEIUKATHA Ca IPUMUTUBHO DEKYD-
CUBHUM:

a) eqa(x) ="z pasuOo nm e Ha 0?7

6) eqb(x)

"z paBHO Ju e Ha b?”;
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B) eq(z,y) ="z paBHO au e Ha y?” 3a KOWUTO

eq(z,y) — true aKo T =1y
AL, Y) = false ako x #y.

3. Ila ce mokaske, 4e CIeHUTE (YHKIUU CAa YACTUYHO PEKYyPCUBHU:
a) first(z) = o, o € V, e mnpBara GykBa Ha T;
a) nodef(z) e QpynKnUA, KOATO HE e HePUHUPAHA 3a BCAKO T,
zeV*.
4*. Ila ce mokake, 4e BCSAKA ONPUMUTUBHO PEKyPCUBHA (YHKIUHA e:
a) TOTAJHA;
6) ucuncanma no Tropwunr.
5*. Emma cuctema ot nymu 3, X C V* X V* ce mapuua myeacka, ako
ot (w, B;) € ¥ caensa, ue (§;, ;) € ¥. Ila ce moraxe, ue npobIeMbT
33 NyMUTE B TYEBCKU CUCTEMU € HePa3PeIlnM.
6*. Ila ce mokaske, ue mpoOJIEMBbT 3a PAa3mO3HABAHE TAJIU TPOU3-
BOJIHA M3YKUCJIUMA IO TIODHMHT QYHKOWS € TOTAJHA, € HePa3PellnuM.



