CJOXHOCT HA AJNTOPUTMHUYHHU 3AJAYHU
KOHTPOJIHO Ne 5 MO “IU3AVH U AHAJIU3 HA AJITOPUTMH” — CY, ®MH, 2019 T.

3agaya 1. Popmynupame anropuTMH4yHaTa 3afada PointsInPlane Taka: n TOYKHM B paBHUHATA,
3a/1a/icHH C KOOPJAMHATHTE CH, [la CC HApeIsT MO HapacTBail pex Ha pascrosauero cu ao T. O(0; 0).
JlokaxkeTe, 4e ako ce peliaBa uype3 CpaBHEHUS, 3a/1adaTa uMa BpeMeBa clio)kHOCT O (n log n). 3a menra:
a) chCcTaBeTe anropuThM Che cinokaoct O (n log n); (5 Toukm )
0) nokaxxere gonHarta rpanuna Q(n log n) upes moaxoasiia peayKuus. (15 Toukm )

3amauya 2. Heka f(n) e BpemeBaTa CIOKHOCT Ha 3ajavyaTra 3a YMHOXXEHHE Ha JBE n-IUGPEHU YHUCIa,
a g(n) e BpeMmeBara CIOXHOCT Ha 3ajavara 3a HaMUpaHE Ha KBajapaTa Ha n-mudpeHo uucio. Te3u aBe
CJIOKHOCTH Ca HEM3BECTHH MOOTAENHO. Jlokaxkere, ye g(n) = O ( f(n)). 3a uenra:

a) nokaxere, ue f(n)= Q(n) u gn)= Q(n); (5 TouKm )
0) mokaxere, ue g(n)= O(f(n)); (5 TouKHM )
B) nokaxete, ue g(n)= Q(f(n)). (10 Touku )

3agaua 3. Pasrnexxname cieaHara 3ajada 3a paslio3HaBaHe, [a s HapeueM Problem3:
Bxon: HeopueHTHpaH HeteryioBeH rpa¢p G ¢ n Bbpxa U m pebpa.
Brnpoc: Moske u BBpXOBETE Ha rpada Aa ce HOMepUpaT ¢ LeJIuTe ynuciaa oT 1 g0 n Taxa,
Yye HOMepaTa Ha JiBaTa Kpas Ha BCSIKO peOpo /1a He ca MOCJIeJ0BaTEeNIHU eI yucia?
Jokaxere, 4ye 3amayata Problem3 e NP-tpynna. (20 Toukm )

PEILIEHUA

Bamaua 1. a) AnropursM cbe cinokaocT O (n log n): coptupame Toukute mo pascrosaue 10 T. O (0; 0)
C MOMOIITAa Ha HAKOS OT OBP3UTE COPTUPOBKH, HAIPUMEP UPE3 MUPAMUAAIHO copTupaHe. Pa3zcTosHusTa
ce mpecMsTaT Mo u3BecTHata popMynia ot reomeTpusaTa. [IpecMsaTaHETO Ha BCSIKO OTIEIHO Pa3CTOSHUE
CTaBa 3a KOHCTAaHTHO BPEME; Ha BCUYKU Pa3CTOAHUSA 00110 — 3a Bpeme O (). CHIIMHCKOTO COpTHpaHe
ce u3BbpiIBa 3a Bpeme O (n log n). OkoHYaTEIHO, BpEMETO Ha 1enus anropuTbM € O (n log n). ETo 3amo
3agauata PointsInPlane moxe aa ce pern 3a Bpeme O (n log n).

0) Jonnara rpannma € (n log n) Ha 3amayara PointsInPlane ce 10Ka3Ba ¢ MOMOINTA Ha PEAYKITUS
oT 3ajayara SortPositive 3acopTupaHe Ha MacuB A[l...n] OT OJIO)KUTEITHH YUCIIA, 332 KOSATO 3HAEM,
ye n3nucksa Bpeme Q(n log n), koraro ce perraBa 4pe3 CpaBHEHHS.

SortPositive (A[l...n])
P[l...n]: array of points in the plane

for k < 1 to n do
P[k].x « A[k]
Plk].y «< O
PointsInPlane (P[1l...n])
for k <~ 1 to n do
Alk] « P[k].x

KopektHoct Ha pemykuumsta: Toukata P[k]| m300pazsBa uncnoto A[k] BBpXy MOJIOKHTETHATa YacT Ha
abcrucHara oc, 3atoBa pasctosuueTo ot T. P[k] 1o T. O e paBuo Ha A[k]. dyHKImsTa PointsInPlane
MOJIPEK/1a TOUKUTE TI0 Pa3CTOSHUATA UM OT HyJlaTa, TOeCT mojapexaa uncnata A[K] B HapacTBail pen.

bep3una Ha pemykmusaTa: J[Bara nukbia uMar obimia BpemeBa ciokHOCT O (n) = o(n log n), 3aroBa
PEIyKIUSTA € TOCTaThYHO Obp3a 3a LEIUTE Ha JJOKAa3aTeICTBOTO.



3agauya 2. a) ToBa ca TpUBHAIHH JOJHH IPAHUIIM 110 pa3Mepa Ha BXOJIa: BCEKH allTOPUTHM TpsiOBa MOHE
Jla mpoyeTe MUQpUTe Ha YUCIaTa.

0) [MoBauraneTo Ha KBaJpaT € YacTEH CIIy4ail Ha yMHOXKeHHe. YacTHHMAT ciyuyail € He MOo-TpyAcH
ot obmus, 3aroBa g(n) = O(f(n)).

B) O6patno, g(n) = Q(f(n)), toect f(n)= O(g(n)), 3aU10TO YMHOKEHHUETO MOXKE J1a CE CBEIE 110
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HOBJUraHe Ha KBajpar 1o gopMmyiara xy = +y)" = (=) . OcraHanute apuTMETUYHU OIlEpalvu
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B Ta3u GopMysa — JEIEHUETO Ha 4, ChOMPaHETO M M3BaXIaHETO — M3UCKBAT Bpeme O (n). Eto 3amo
Ta3u (opMyJia MPEJCTABIABA AJITOPUTHM 32 YMHOKCHHE Ha JIBE n-IU(PEHN YUCIa C BPEMEBa CI0KHOCT
O(g(n))+ O(n) = O(g(n)), 3amoro g(n) = Q(n) copes T0Ka3aHOTO B MOAYCIOBUE “a”. A mMoM uMa
QITOPUTHM 32 YMHOXXEHHE CBhC CIIOKHOCT ®(g(n)), ToraBa BpeMeBara CIOXHOCT Ha YMHOXXEHHUETO €

f(n) = O0(g(n)).

3apaua 3. MsebpiuBame peaykuus oT ussectHara NP-nbiHa 3a1a4a XaMMIJITOHOB II'BT:
Bxon: HeopueHtupan HetersioBeH rpa¢p G ¢ n Bbpxa U m pedpa.
Bonpoc: I'padbr G chabpika I XaMUJITOHOB ITBT?

OnucaHue Ha peyKIUsTa:

XaMMJITOHOB IBT (G: HEOPMEHTMPaH HeTeIJIOBeH Ipad)

1) O6paszsyBamMe OOMNBIIHEHMETO Ha MHOXECTBOTO OT pebpaTa Ha rpabda G,
TOECT M3TPUBaAMe HaJIMUYHUTEe pebpa M JgobaraMe JUIICBalMUTE.

2) return Problem3 (G)

Kopexmnocm na penykuusra:

GyskiyaTa XaMuITOHOB BT (OT MbpBOHAYaNHUA Tpad G) BpbIA CTOMHOCT “HCTHHA”.
U (or pex Ne 2 na anropursma)
OynkuusaTa Problem3 (oT nmpoMeHeHHs Tpad G) Bpblia CTOWHOCT “UCTUHA”.
II (ot onpeneneHueTo Ha 3afa4yara Problem3)
BwpxoBere Ha mpoMeHeHus rpad G MoraT Ja ce HOMEpUpar ¢ LeJIUTe Yucia oT 1 10 n Taka,
4ye BCEKHU JIBa BbpXa, HOMEPHUPAHHU C TOCJIE0BATEIIHY LI€TIH YKCiIa, []a HE Ca CBBP3aHU ¢ pedpo.
II (ot pex Ne 1 Ha anropuThMa)
BwpxoBere Ha mbpBOHAYaNHUA rpad G Morar Ja ce HOMEepupar ¢ LeNuTe yucia oT 1 g0 n Taka,
Yye BCEKH JIBa BbpXa, HOMEPHPAHH C TIOCJIE0BATEIIHY LI YKCia, J]a ca CBbP3aHH ¢ pedpo.
U (or onpenenennero 3a xaMuATOHOB IBT)
[IbpBoHavyanHuAT rpad G ChIbPKA XaMUITOHOB IbT.

C ToBa € 10Ka3aHo, 4e PyHKIHATA XaMMIITOHOB IBT (G) BPbIA CTOMHOCT “UCTHHA” <>
HEOPUEHTUPAHUSAT HETETJIOBEH Ipad G ChABPIKA XaMHUITOHOB MIBT. TOBa TOUHO CHOTBETCTBA
Ha [TOCTAHOBKATa Ha 3a7a4ata XamuToHOB mnbT. CIeI0BaTeIHO pelyKIHATa € KOPEKTHA.

bvp3una va penykuusta: Penykuusra ce CbCTOM caMO OT 00pa3yBaHETO Ha JOIBIHEHUETO
Ha MHOXECTBOTO OT peOpata Ha rpada. Taka 3a Bceku BpbX ce oOpabdorBaT n — 1 pebpa,
a 00110 32 nenus rpad OposT Ha onepanuKuTe 100aBIHE U U3TPUBAHE Ha peOpo € paBeH Ha
n(n—1) = n*—n = 0 (n?). Toect BpeMeBaTa CI0KHOCT HA PEIYKIUATA € KBAAPATHYHA,
CJICZIOBATEITHO MOJTMHOMHAITHA.



TOYKYBAHE

3apaua 1.

a) 5 TOYKH 3a ONMHCAHHE Ha arOPUTHM ¢ BpemeBa ciokaoct O (n log n);

0) 15 Touku 3a MOKa3BaHE HA JIOJIHATA TPAHUIIA, OT KOUTO MO 5 TOYKHU 3a BCSKA OT CICTHUTE TPU CTHITKU:
— OIMCaHWE Ha PENYKLIUATA,
— JI0Ka3aTeJICTBO 32 KOPEKTHOCT HA PEAYKIIHUATA;
— aHayu3 Ha ObpP3UHATA HA PEAYKITUSATA.

3amaua 2.
a) 5 TOYKM 3a M030BaBaHe Ha TPUBHAJIHMUTE JOJIHU TPAHUIM 110 pa3Mepa Ha BXOJa;
0) 5 TOuUKHM 3a M030BaBaHE Ha Bpb3KaTa MEXAY OOLIUS U YACTHUS CIyvai;
B) 10 TOYKH, OT KOMTO 1O 5 TOUKH 3a BCAKA OT CIETHUTE JABE CTHIIKU:
— CBCXKIAHC HAa YMHOXCHUCTO OO MMOBJAUTAHC HA KBAApPaT,
— aHajau3 Ha Obp3MHATa Ha aJrOpUTHMA.

3agmaua 3 Hocm 20 TOUYKH, B TOBA YHCIIO:
— OIKMCaHUE HA PEAYKIUATA: 7 TOUKH;
— JI0Ka3aTeJICTBO 32 KOPEKTHOCT Ha PEAYKIUATA: 7 TOUKH;
— aHayu3 Ha ObpP3UHATA HA PEAYKIUATA: 6 TOUKHU.



