CBbCTABAHE HA AJTOPUTMH

MPUMEPHO JJOMAIIHO MO “IU3AWH W AHAJIN3 HA AJITOPUTMHA” — CY, ®MHA
(3A CIIEHUAJIHOCT “KOMITIOTBPHU HAYKHN”, 1. IIOTOK, ®EBPYAPHU — IOHU 2019 T.)

3adaua 1 2 |3,a|3,06|3,B| Obwo
noayuen Opou mouxu

maxkcumanen opou mouku | 20 | 20 | 20 | 20 | 20 100

Bagaua 1. Oynkiusara f(N) ¢ geduHMpana 3a LenM HEOTPUIATCITHH YHCIA:
f(0)=0, f(1)=1, f@n)="Ff(m), f@n+1) =1f(n) + f(n+1).
CncTaBeTe anroputThbM 3a u3uucisiBade Ha f(N) cbe cnoxHoct o Bpeme O (log n)
u cinoxuocT mo nmamer O(1). Onumere anropuThMa KaTto mporpama Ha e3mka C.

AHannanpaﬁTe CIOXKXHOCTTAa Ha aJIrOpHUTbMa II0 BPCMC MU IIaMCT.

Ynemeane: Onuraiite ce na uzumcaure f or koHkperHa croiHoct, Hamp. f(99),
ype3 pa3BUBaHE HA YPaBHEHHETO. BUABT Ha MOJlydaBaHUTE M3Pa3H IIE BH IMOACKAKE

HACATA 3a pCHICHUCTO.

3agaua 2. B enuH rpaj BCUUKHU YIUIM ca €THONOCOYHU. B rpaia mma N KpbhCTOBHIIA,
HOMEpHUpaHU C HeauTe yucia or 1 go N. Hakoum OBOMKM KpbCTOBUIIA P U (
ca CBbp3aHMU C €JHONOCOYHA OTCEYKA OT YJIMIA, TaKa Y€ MO Ta3u OTCEYKa OT YJIULa
HSMa JPYyTH KPbCTOBUINA. 32 BCEKU ABE KPBHCTOBHINA P M ( MMa HAN-MHOTO €JHa
€HOIIOCOYHA OTCEYKa OT YJIMIA — WJIA B IIOCOKA OT P KbM (, WIM OT ( KbM P.
IIpu cria3zBane Ha mpaBUWIIaTa 3a ABU)KEHUE B I'PaJia HEBUHATHU € Bb3MOYKHO J1a OTUAEM
C KoJia OT KphCTOBHIIE A 10 KpbeToBuile b. C KOIKO Hali-MaaKo HAPYIICHUS MOKEM
na ce nmpuIBmxuM oT a 10 b? Besko HaBiM3aHe B Mocoka, 0OpaTHA Ha pas3pelieHaTa,

B €/IHOTIOCOYHA OTCEYKA OT YJIHIIa ce OpPOU 3a €THO HapyIICHHE.

AKX0 N e OpoST HAa KPHCTOBHIIATA, @ M € OPOAT Ha €IHOMOCOYHUTE OTCCUKH OT YJIHUIIH,
KOMTO T'M CBBP3BAaT, TO arOPUTHM ¢ BpeMmeBa ciokHocT O(m + n) Hocu 20 TOUKH,
anroputbM ¢ BpemeBa ciokaoct O((m +n) log (m +n)) ce onensiea ¢ 10 Toukw,

a 1o-0aBeH AJIT'OPUTBM HC HOCHU TOYKH.



3apauya 3. Koraro mckame na ChEAMHUM TOJIsIMAa KyMYHWHA JINCTOBE C TEJIOO,
MOXE Jia Ce HAJIOXKU Ja U3I0JI3BaMe HAKOJIKO Temyera. Hampumep, ako BCSIKO Temue
3axBainia MakcumyM 10 jucra, a HUe uckame Ja ChbeIMHUM 25 JHcTa, 111e TpsOBa Ja
U3M0JI3BaM€ TPU TeNYeTa: ¢ €IHOTO cheauHsiBame juctoBere oT Ne 1 mo Ne 10,
¢ Broporo — suctoBere oT Ne 10 go Ne 19, ¢ tperoro — ot Ne 19 mo Ne 25.
Nma u npyru HauMHM, HAIPUMEP C MBPBOTO TEIIUE MOKEM Ja 3allUIEM JIUCTOBETE
oT Ne 1 1o Ne 10, ¢ BToporo — o1 Ne 8 1o Ne 17, ¢ tpetoto — oT Ne 16 qo Ne 25.
ToecT He € 3aaBHKUTEITHO BCUYKM TellUeTa Ja 3alllUIBaT €JHAaKbB OpOW JIUCTOBE.
Ako o0aue ¢ MBPBOTO Tenue 3amuneM JimcroBere ¢ Homepa oT Ne 1 mo Ne 10,
¢ Bropoto Temdye — OT Ne 12 go Ne 21, a ¢ tperoto — ot Ne 19 nmo Ne 25,
TO HE BCHYKH JIUCTOBE I¢ OBJAT CHEIUHEHM, MO-TOYHO, € UMa TPU ‘‘TIANKH :
eJHaTa marnka 1e chabpka jgucroBeTe oT Ne 1 1o Ne 10, BTOopara 1ie ce CbCTOU OT
equHcTBeH JucT (Ne 11), a Tperara mamka e ObJA€ CbhCTaBEHA OT JIMCTOBETE
¢ HoMepa oT Ne 12 ngo Ne 25.

Te3u HaOIIOICHUS AaBaT MOBOJI Ja pasrjieaame cieaHaTa alrOpuTMUYHA 3a]1ava;

WNmame nBa Mmacusa a,, a,, ...,a, u b, b,, .. ,b, oruemm nonoxurennu uncia,

kato a,<b. 3a Beako 1=1,2,3,..,n. Heka L = max{bl,bz, ,bn}.
ThakyBaMe BXOAHHTE JaHHM KaTro N Telmdera, KOUTO 3amumBar obmo L smcra,
HOMepupaHu ¢ 1eiuTe uucia ot 1 1o L. IIpu ToBa, i-TOTO TETYe 3alIKIIBa JIUCTOBETE
c HOMepa oT &, 1o b, BkmounrenHo. Ycnosuero a; < b, rapanTHpa, 4e BCAKO Tesrue
3alWIBa MOHE JBa JimcTa. HsMa ropHa rpaHmia 3a Opos Ha JIMCTOBETE, KOHTO
eJJHO TeTde MOXke Ja 3aiuiBa. CbcTaBeTe alrOPUTMH, KOUTO Ja IpecMATaT Opos Ha
IIOJIy4eHUTE IManKd (MHOXKECTBA OT NPSKO WM KOCBCHO 3aXBAaHATH JIMCTOBE) U
Ja OTroBapsAT Ha CJICAHUTE HM3HUCKBAHUS KbM CIOXXKHOCTTA:

a) Ilpemnoxere alropuThbM ¢ MaKCHUMallHa BpeMeBa CIOXHOCT ®(N), koraTto

yucioto L e or mopsiabka Ha N,

0) Ilpemnoxere aaropuTbM, KOMTO HE3ABUCHUMO OT CTOMHOCTTA Ha L MMa Bpemesa
cioxkaoct O(nlog n) B Haii-momIMS CyYai.
Ynvmeane: V3non3palte alropuTbMa OT IMOJYCIOBHE “‘a”.

B) ChIlecTBYBa JM aJIrOpuThM, OCHOBAaH Ha CpaBHEHHUS, KOWTO HE3aBUCHMO

OoT croiiHOCTTa Ha L pabotu BBB Bpeme O(N) B Hall-momwms cirydai?

Onuiiere alropuTMHUTE C AyMU WM Ha NCeBAOKOJ. MnrocTpupaiite ru ¢ npumepu.

AHanu3upanTe TEXHUTE MAKCUMAJIHU BPEMEBU CIIOKHOCTH.



PEINEHUA

3agaua 1 ce pemaBa upe3 ounamuuno npozpamupane. Camo 4ye OOUKHOBEHUST
UTCPaTHBCH BapHaHT Ha CXeMaTa ¢ HEMPWIOKHUM, ThH KaTO W3YHCIsiBaHETO Ha f
3a BCHUKH CTOMHOCTM Ha aprymMeHTa oT | g0 gaaeHoTo N me O0bae mo-0aBHO OT
MaKCHMAJIHO JOMYCTUMOTO BpEME, a 3allaMeTsIBAHETO HAa BCHUYKU TE3U CTOMHOCTHU
HAJXBBPJIS MMOCTAaBEHOTO OIPAaHUYEHUE HA MaMeTTa. 3aToBa IIE M3MOJI3BaMe uiesiTa
Ha PEKYpCHUBHHS BapHaHT HA JUHAMUYHOTO IMporpamMupane (T. Hap. MEMOHU3AIIMS):
IIPH HETO ce MpecMATaT caMo HeoOXOIUMHUTE CTOMHOCTH Ha f, a ToBa mectu Bpeme.

3abensa3BamMe, ye peKypeHTHaTa Gopmyna 3a f chappika JUMHEHHA KOMOMHAIIHS

OT OBC croitnoctd Ha f. ToBa Hu IMoJACCIIa Ha pasriicaamMe CjacaHara q)YHKHI/I}II

gn, i, j) =1.f(n)+j. f(n+1). 3a g uma mo-npoctu peKypeHTHH (HOPMYJIH:
9(0, i, j) =J 9@n i, j) =9 i+ j), 9@n+1 10 j) =g i i+]j).
Oyuknuara f ce wmsumcenssa taka: f(n) = g(n, 1, 0) = ... =90, i, j) = ].

Toit kaTo QyHKIMATA  ydacTBa OTASCHO B PEKYPEHTHHUTE (POPMYIIH caMO BEIHBK,

TO PEKYypCHATAa MOXKC 1a CC 3dMCHHU C IUKBJ, KOCTO IICCTU IIaMCT. HporpaMa Ha C:

unsigned int f (unsigned int n) {

int 1 = 1;
int 3 = 0;
while (n > 0) {
if (n % 2)
j += 1i;
else
i+= 33
n >>= 1;
}

return j;

CJ0XHOCTTa 1O Bpeme Ha To3u anroputbMm ¢ @ (log n), 3amoro ToJIKOBa CTHIKK
ca My HYXHH, 3a Jla CTUTHE OT N 10 1 upe3 mocrenoBaTeaHO IEJICHHE Ha 2.
CrnoxnocTtra 1o mamer ¢ ®(1): u3mona3Bar ce ABe JOKaTHM IpoMeHauBd (I U | )

U T€ ca OT NPUMUTUBEH TUI (LIEJIM YHCIIA).
3amavara € nageHa Ha MoOCKOBCKaTa ydeHHMYecka ojaummuanga mnpe3 1981 r.



3agaua 2 (aBropcka — JI. KpanueB u E. KeneBemkues).
JlanauTe Morat Ja ce Mojaenupar upes rpad: BbpxoBe Ha rpada ca KpbCTOBHUIIATA,
a pedpa — €IHONOCOYHUTE OTCEYKH OT YJIMIM, KOUTO T'M CBbp3BaT. JlaBame UM
terna 0. Jlob6aBsime oOpaTHU pebpa (3a0paHeHHUTE MOCOKH Ha JBUKEHHUE), HO Ha TIX
naBame teryia 1. TepcuM Hal-KBC BT OT JAJIEH BPBX & 10 APYT AajgeH BpbX D.
Ilvpeu nauun: TwHH KaTO Terynara Ha pedOparta ca Heorpuuareanu (0 u 1),
MOXEM J1a TPUIOKUM anzopumwvma Ha /leiikcmpa. ToBa pemieHue umMa CKOPOCT
O(m+nlogn)=0((m+n)log (m+n)) u vHOCcH 10 TOYKH.

Bmopu nauun: dpe3 mwvpcene ¢ wupuna no oopataute (3abpaneHure) pedpa.
ToBa pemienne uma ckopoct ®(M+n) u Hocu 20 Touku. [10-TOYHO, AITOPUTHMBT
3aIoYBa OT BbhpXa a M Ce JBHKH CaMo 10 pa3pelleHn pedpa; Ciea H3YePIIBAHETO UM
BBPIIM C€IHO HapylIeHHe, T.C. CThIIKa 1o oOpaTtHHTe pebpa. Ilociae mak m3moi3Ba

mpaBu pedpa 10 U3YEpPIBAHETO WM, TOraBa BBPIIM BTOPO HapyIIeHHE; U T.H.

SearchShortestPath (V,a,b, PermittedEdges, ForbiddenEdges)
PermittedQueue <« empty queue

ForbiddenQueue < empty queue

for each u € V do

visited[u] <« false
pred[u] ¢« nil

ForbiddenQueue.Append (<a, 0,nil>)

while ForbiddenQueue is not empty do
<u,offences,predcessor> <« ForbiddenQueue.Extract

PermittedQueue.Append (<u, offences,predcessor>)
while PermittedQueue is not empty do

<u,offences,predcessor> ¢« PermittedQueue.Extract
if not visited[u]
visited|[u] <« true
pred[u] <« predcessor
if u=>oL
return offences, pred // nbrTar B obBpaTeH pen
for each v € PermittedEdges[u] do
PermittedQueue.Append (<v,offences, u>)
for each v € ForbiddenEdges[u] do

ForbiddenQueue.Append (<v,offences+1,u>)
return -1, nil // no path found



3agaua 3 (aBropcka — JI. Kpamues).

a) Koraro L e oT mopsiapka Ha N, U3MOI3BaMe HAEsITa HA COPTUPAHETO Upe3 OpoeHe.

Alg 1 (A[1l...n], B[1l...n]: array of integer): integer
// TBpCcuMM L
L « B[1]
for k < 2 to n
if L < B[k]
L <« B[k]
depth: integer // mwpnboumHa = Opo¥ oOXBamaly MHTEPBAJN

C[1l...L]: array of integer // usmMmenenmsara Ha depth
for k <~ 1 to L
Clk] «< 0

for k << 1 ton
cla[k]] « cl[a[k]] + 1 // poenboumHara pacre
for k < 1 ton

c[Bl[k]] « c[B[k]] - 1 // menboumuara HaMmaisBa
count: integer // OpodaT Ha OaNKuUTeE
count <« O
depth <« 0
for k <~ 1 to L

depth <« depth + C[k]
if depth = 0 // HecBbemuHeHM JIUCTOBE

count <« count + 1 // HoBa nanka
return count

Kopexmnocm na anroputbma: Ilpu Bcska mpoBepka, namu depth = 0, e B cuia
paBencTBoTo: depth = Opos Ha MHTEpBaIUTE [ai;t%), ChIbpPIKAIM YnucIoTO K.
CrnepoBatenHo count = Opos Ha Mpa3HUHUTE, T.e. OpOsS Ha 4YKCliaTa, HEMOKPUTU OT
Hmmﬁmnwmm[a“bJ.Bmmnmmmmaemmﬁmumman&mmmxEm3wm
nocjielHaTa CTOMHOCT Ha COUNt (BppHAaTaTa CTOWHOCT Ha ajiropuThbMa) € THKMO

OposAT Ha IIaNKHUTE.

Bpemesama cnosxcnocm Ha anropurbMa e ©(max(n, L)), xoeto e paBHo Ha O(n),
korato L e or mopsabka Ha N.



0 ) 3amauata ce pemaBa 3a Bpeme ©O(nlog n) He3aBuCHMMO OT cToifHOCTTA Ha L
C IOMOIINTAa Ha HAKOSA Obp3a COPTHPOBKA, HANMPUMEDP ITHUPAMUIAIHO COPTHPaHE.

HO-TO‘IHO, copTupamM<c MacCHUBa A n PasMCCTBaAMC CIICMCHTHUTC Ha B croTBETHO.

Alg 2(A[1...n], B[1l...n]: array of integer): integer
HeapSort (A[1...n]) and rearrange B according to A
count « A[1]
maxB <« B[1]
for k < 2 to n

if A[k] > maxB

count <« count + A[k] - maxB
if B[k] > maxB

maxB <« B[k]
return count

Bpemesama cnosicnocm e ©(nlog n) 3apaay COpTUPAHETO; BCHYKU JPYTH CTHIIKH

C€ MU3ITBJIHSBAT 34 JJUHEMHO BpEME.

Kopekmﬁocmma Ha aJIrOpuTbMa CC AOKa3Ba C IOMOLITAa Ha CJ€aHaTa uHeapuanma.

[Ipu Bcsaka mpoBepka 3a Kpail Ha IUKBJIA k < n ca B CWIA CIEJHUTE PABEHCTBA!

maxB = Hali-roasaMoTO 4ncio B mogmacuBa B [1...k-1];
count

Opost Ha mankute, oopazyBanu ot ymctoBere Ne 1 — Ne maxB
(mocnemHaTa OT TE3UW MANKH MOKE J1a HE € 3aBbPIICHA OIIIE).

WMuBapuaHTaTta ce J0Ka3Ba C MHIYKIUSA [0 WTEPAIlMUTE Ha I[MKbBJIA, TOCCT
¢ uHAyKIMsA 1m0 k. Baszata e npu k = 2; roraamaxB=B[1]=maxB[1...k-1]
count = A[1] = Gpos Ha mankuTe, HAMEPEHU AOTYK (€IHA OT TAX € oOpasyBaHa
C I'BPBOTO TEJUE, & OCTAHAINTE — OT CIUHUYHUTE JINCTOBE MPEIU ITBPBOTO TEITYE).
WMuaykTHBHA CTHIIKA: Ha BCSKA UTepalus MaxB HapacTBa, ako ce OTKPHE MO-TOJIIM
€JIeMEHT Ha B, a count ce yBemnyaBa ¢ 1 3a BCAKO Temde, KOETO 3amoyBa Marmka,
U C €IlHA CIMHUIIA 332 BCEKH HE3alTUIaH JIUCT MKy HOBaTa M CTapara Iarka.

[{uKBIBT 3aBBPINBA, 3AIIOTO € MUK 1Mo Opostd. [Tpu mocnenHara nmpoBepka:
k=n+1 maxB=max B[1l...k-1] =max B[1l...n] =L,
count = Opos Ha mankuTe, oOpazyBaHu ot JuctoBeTe Ne 1 — Ne maxB,
toect oT nmuctoBeTe Ne 1 — Ne L. TloHexe ToBa ca BCHUKH JTUCTOBE, TO CJIEBA, Y€

count = Opos Ha BCUYKH MANKH, KOETO € U BbpHATaTa CTOWHOCT Ha aJITOPUTHMA.



B) B o0musa cnyuaid (korato L e mpou3BOiHO) 3ajadyara HE MOXE Ja C€ PEIIH
3a Bpeme 0(nlogn) upe3 anropuThbM, OCHOBAH Ha CpaBHCHHWsA. ToBa W3KIIOYBA
CHIIIECTBYBAHETO HA TaKbB aJrOPUTHM C JIMHEHHA BpeMeBa CJIOKHOCT.
Jloxazamencmeo: 4pe3 peaykuus or ElementUniqueness — 3ajavara
3a paslo3HaBaHE Jajid cpel N yucia MUMa IMoHe JBe paBHU. KakTo € W3BEecTHO,
Tas®W 3amada mi3uckBa Bpeme (2 (nlog n), korato ce pemraBa ype3 CpaBHCHHUS.

Camara peayKnus, OIrcCaHa Ha IICCBIOKOA, H3IJICK/Ia TaKa:

ElementUniqueness (M[1...n]: array of integer) : boolean
min <« M[1]
for k <~ 2 to n
if min > M[k]
min <« M[k]
A[l...n]: array of integer
B[l...n]: array of integer
for k <~ 1 to n
Alk] <« 2 % (M[k] - min) + 1 // A[k] craBa HeueTHO
Blk] « A[k] + 1
L « B[1]
for k < 2 to n
if L < B[k]
L « B[k]
return L. - n = Folders (A,B)

Kopexmnocm wa penykuusra: Hexka Folders (A,B) e npoussoneH (KOPEKTEH)
aJICOPUTHM, KOWTO TipecMsTa Opost Ha mankute. Ot ToBa, ye B[k]= A[k]+1, ciensa,
4ye BCSKO TeNYe 3alluIiBa JBa TocheaoBaTeNHu jaucta. [Ipu ToBa, nBe Temuera
WU chbBHagaT (KOraTo ChbOTBETHUTE MM 4ucia B MacuBa M ca paBHM), WJIM HsIMAT
oOmr kpaii (B oOpaTHus ciydaii). Bcska mamka chabpka €QuH WM JBa JIKMCTA.
BbposiT Ha mankuTe ¢ ABa IKCTa € TOYHO OpOAT M Ha pa3IMYHUTE YUCiIa B MacuBa M.
Bposar na nuctoBete e L, 3aToBa OpoSIT HA ManKUTEe ¢ €auH JUcCT € L —2m, a 6post
Ha BCHYKHM TManku € L — M. AIropuTbMbT BpbIlla CTOMHOCT MCTHHA TOYHO KOTaTO
L-m=L-n < m=n < BwmacuBa M HsAMa paBHU YHUCJ]A.

bvp3una wa penykimsra: OmnucaHaTa peayKIUs HM3MCKBa JTUHEHHO Bpeme O(N),
CJIEIOBATENIHO € JIOCTaTh4YHO Obp3a, moHeske N=0(n log n).



3ABEJIEKKH 11O JOMALIIHOTO

B peliCHUATa HAa 3aJa4YUTC OT TOBA JOMAIIIHO € JICCHO Ja 6’bI[aT A0IyCHATU I'pCUIKH.

3amaua 1. Omnpenenennero Ha ¢yHkiusaTa f 3amaBa anropuTbM 3a HEHHOTO MpecMsITaHe,
HO TOH HE € JOCTaThYHO €(DeKTHBEH — HUTO 110 BPEMe, HUTO IO IaMeT.

CI10’)KHOCTTA 110 BpeMe ce 33/1aBa ¢ peKypEeHTHOTO YpaBHEHHE
n
T(n)=2T > +0(@1).

MHOXHUTENAT 2 B JsICHaTa CTpaHa C€ OBJDKU HAa JBCTC PCKYPCHUBHHU HM3BUKBAHMUA IIPU HEYETHO N.

PelieHneTo Ha ypaBHEHHETO C€ HaMHpa C IIOMOIITa Ha MacTbp-teopemara: T(n)=0O(n).
ToBa HaxBHIIaBa MakCUMAaIHOTO JorrycTuMo Bpeme O (log n).

CloXHOCTTa MO MaMeT Ha €AHO paBHHUILE OT pekypcusita ¢ O (1), a Oposit Ha paBHMIIATA,
TOECT JbiI0oYnHaTa Ha pekypeusata, ¢ @ (log n). CiaenoBarenno M (n) =0 (log n), mopamu xoeto
KOJIMYECTBOTO MAMET ChIIO HE OTroBaps Ha orpanuuenuero M (n) =0 (1).

HakpaTko, HAUBHHSAT aJrOPUTHM, TIOJIYYCH OT OmnpeieneHuero Ha f, He e mpuemus.

3agauya 2. B Ta3m 3amaya 4ecTo ce MpaBsT ONHUTH 3a ChUETaBaHE HA THPCEHETO B IIMPHUHA
C TeXHUKaTa, HapeuyeHa penakcaius. TakuBa pelleHHs ca HEeNpaBWIHU. T'bpCEHETO B IIMpPHUHA
HE ChIbpXka penakcanus. Penakcanus uma B anropurbMa Ha JlekeTpa (M B ApYTH ajJrOpUTMH).

Kbne e npobnembr? Heka 3a Bceku BpbX Ha rpada masuMm Mo €JHO YUCIO — Hal-MaJIKus
6p01>i HapymcHus, ¢ KOUTO MOXEM Ja JOCTUTHEM 0 TO3W BPBHX OT INOCOYCHUS HAYAJICH BPHX.
[Ilom HamepuM OBT C MO-MadbK OpoW HapylIeHHs, HaMalsiBaME YUCIOTO Ha TEKYILUS BPBX.
Penakcanusita mpencTtaBisiBa MMEHHO ToBa HamansaBaHe. OOaue uyuciara Ha JIpYyrd BbpPXOBE
MOXe€ Ja ca OWJIM TMpEecMeTHATH MEXIyBPEMEHHO C TOMOINTa Ha TIpelrHaTta CTOHHOCT. 3aToBa,
KOrarTo MOMNpaBUM CTOMHOCTTA Ha Ja/ieH BPbX, TPSAOBa Ja MOMPaBUM U CTOMHOCTUTE Ha BPXOBETE,
KOWTO ca OMJIM ITPEeCMETHATH MEX/TyBPEMEHHO ¢ HETOBa IMOMOII. ToBa monpassHe € 6aBHO.

AnropurbMbT Ha JleWikcTpa M30srBa MHOTOKPAaTHUTE TOMPABKH, KaTO MpecMsATa 4uciaTa
Ha BBPXOBETE B ONpEAETCH pe/l: Ha BCsKa CThIKAa M30HMpa BbpXa ¢ Haif-mankoro yucio. Ho Toa
M3MCKBA M3IIOJI3BAHETO HA MIPUOPHUTETHA OTAIIKa U HE MOXKe Ja paboTH B JIMHEIHO BpeMe (a menTa

Ha pelIaBaliys € Ja MoIy4u JUHEHHO BpeMe, nHaue He O U3MO0JI3Bajl ThPCEHE B IIMPHHA).



He e wm3mmmiHo Ja IOKaXXEM, 4€ € BB3MOXHO Ja CE€ IIoJy4daT TBBpAC MHOI'O pEiaKCaluu,
TOCCT BBIIPOCHOTO 3a0aBsiHE Ha AJIropuTbMa HE € IPUBUACH HpO6JICM.

Konwmpanpumep:

Ae— U «—U) — .. +— U «—X —»V, —»V, —> ... —»V, —»b
l T ] f
Vlvl P22 ¢ Pk, 2k-2

W P2, 1

'
|

Wk +r+3 —»Y

BbpxbT Y € cBBp3aH ¢ Uz Upe3 MBT C JIBA MEKIUHHH BBpPXa; ¢ Uz — 4Ype3 M'bT C YETHPHU
MEXIUHHU BHPXa; U T.H. (C BCEKH CJe/Balll BpbX U — Ype3 IbT C JIBa MEXKIAUHHU BbpXa MOBEUe).

Tepcum mbT oT @ mo b ¢ Haii-Manbk Opoil HapyllleHHs Ha I[OCOKHUTE Ha pebpara.
O6xoxaame rpada B MIMPUHA, 3aMOYBAWKU OT & W MpEeHeOperBaiiku MmocokaTa Ha pedpara, TOeCT
OT BCEKM BpBHX H3JIM3aM€ U MO BIM3aLIUTE, U MO u3iau3amure peOpa. OTHayano Ha Bbpxa a
npunucBame ctoiHocT 0 (HsMa HapylUIeHHs), a Ha BCEKU JIPYr BPbX MPUIUCBAME CTOWHOCT + o0,
Ilo Bpeme Ha OOXOXJaHETO Ha BCEKM BPbBX, Pa3IMYeH OT &, MPUIMCBAME CTOMHOCTTa Ha
MPEIXOIHUS BPBX, aKO MOCIEIHOTO pedpo, MO KOETO CMe MHUHAJM, € OWIIO B MpaBUJIHATA TIOCOKA;
B MPOTHUBEH CIIy4ail YMCIOTO HAa HOBUS BPbX € C €IMHMIIA IOBEYE OT YUCIOTO Ha CTapUs BPBX
(3am0TO  CM€ M3BBPIUIMIN €IHO JOMBIHUTEIHO HApyIIeHHE). AKO HSKOW BPBX OBbJE MOCETEH
MHOTOKpaTHO, U3BBPILBA CE pellaKcallMsl: ako HOBaTa CTOMHOCT Ha BbpXa € MOo-MajKa OT cTapara,
TO MPHUCBOSIBAME HAa BbpPXa HOBaTa CTOMHOCT Ha Opos HA HAPYIICHUSATA.

Cnen k + r + 3 cTbiku BEPXBT Uj II€ KMA CTOHHOCT 1, BBPXBT Uy IIIe UMa CTOMHOCT 2, . . . ,
BBPXBT Uk I1Ie ©UMa CTOMHOCT K, BBPXBT X e mMa cToiHOoCT K + 1, chiara croiinoct K + 1 11e umat
BBPXOBETE V U BBPXBT D; BBPXBT Y U BbPXOBETE W I MMAT HYJICBH CTOHHOCTH, a BbPXOBETE |
1€ UMaT TOJIOKUTEIIHA CTOMHOCTH, BKITFOUUTEITHO + 00.

Ha cnenBamarta crplika 1€ HacThIM pellakcanus Nnpu BbpxoBeTe Ui , P21, - - ., Pk 1-
T€ I MOJIy4aT HyJIeBU CTOMHOCTH. BCeku OT TAX, B TOBA YKCIO U , 1€ 100aBU HACIECTHUIIUTE CU
B ONaIiKara Ha 00X0KJIaHETO TIOBTOPHO, 3a J1a C€ aKTyalIM3upaT M TEXHUTE CTOMHOCTH. Thi KaTo
OBTAT YU Uz UMa €JHO pedpo MO-MajKo OT ObTS YP2 1 P2, 2 U2, TO BBPXBT Uy L€ MPETHPIH ABE

pellakcally: CTOMHOCTTa My 1€ CajiHe Haill-Hanpen oT 2 Ha 1, a mocie — ot 1 Ha 0.



AHaNOrn4HoO, BEPXBT U3 111€ IPETHPIMU TP PElIaKCalMK, Uy — YETUPHU PeaKCaluu U T.H.

BbpxbT Uk me nperbpnu K penakcanuu. 3aToBa ChINO TOJKOBA PETAaKCAlUM 1€ HACTBIIST
IpU BbpXa X, BBPXOBETE V U NpH Bbpxa D: TexHute uucna mie cnagHat ot K no 0, mpeMuHaBaiku
npe3 BCUYKH MEXIUHHUA CTOMHOCTU. T'hif KaTO T€3M BBPXOBE ca MOHE I' HAa Opoil, TO aNTrOpPUTHMBT
11e U3BbpILIM MoHe KT onepaiuu, 3atosa Bpemesara cioxnoct € Q(Kr).

He e TpynHO na ce BuaM, 4e Impu MOJAXOSIIH K ¥ I' Ta3H CI0XKHOCT € MO-ToJIsIMa OT JIMHEHHA.

JleficTBUTENTHO, OpOSIT N Ha BBPXOBETE M OpOAT M Ha peOpara Ha rpada ce m3passiBar upe3 K u r

C MIOMOIIITa Ha cleaHuTe GOpMYIIH:

n=k?>+k+2r+7,
m=k?+ 2K + 2r + 6.

Jla B3emeM Hampumep K :®(\3/ﬁ ) Torasa OoT MbpPBOTO ypaBHEHUE Hamupame I :@(n),
a OT BTOPOTO ypaBHEHHE cjieaBa, ue M :®(r):®(n). JbpmKuHaTa Ha BXOJAa Ha alropuThMa

€ paBHa Ha @(m+ n):®(n), a BPEMETO 3a HM3IBJIHEHUETO My ¢ () (nf/ﬁ ) Toect Bpemero

e or creneH noue 4/ 3, CJICAOBATCIIHO CJIOKHOCTTA Ha aAJITOpUTbMa € IO-TOJiAMa OT JINHEMHA.

CXEMA 3A TOYKYBAHE

3agaua 1 Hocu 06110 20 TOYKH, OT KOUTO 15 TOYKH 3a aIrOpUTHM, KOHTO OTTOBaps

Ha U3HMCKBAHUATA, U 5 TOUYKM 3a aHAJIU3 HA AJIropuTbMa.

3amauya 2 ce olneHsBa criope Obp3UHaTa Ha AIrOpPUTHMA!
— anroputhM cbe ciokHocT O(M + n) Hocu 20 TOUKH;
— anroputbM cbe crokHoct O((m +n) log (m + n)) ce omensBa ¢ 10 TouKwH;

— 10-0aBeH aJIrOpuTbM HC HOCH TOYKH.

3agaua 3 chabpxa 60 TOUKHU, pa3npEAETICHU MO CICAHUS HAUUH:

a) 20 TOYkH, OT KOUTO 15 TOUKM 3a ANrOpUTHMa U 5 TOUKHU 32 HETOBUS aHAJIU3;

0) 20 ToukH, OT KOUTO 15 TOUKH 32 ANTOPUTHMA U 5 TOUKU 32 HETOBUS aHAJIN3;

B) 20 ToukH, oT KOUTO 10 TOUKM 32 ONMUCAHUE HA PEYKIUATA, 5 TOUKH 32 JOKA3BaHE

Ha HEWHaTa KOPEKTHOCT 1 5 TOYKHM 3a aHAJIU3 Ha 6’I)p?>I/IHaTa Ha pCayKOuATa.



