ANHAMUUYHO NPOTPAMHUPAHE

MPUMEPHO KOHTPOJIHO Ne 4 1O “JIM3AMH U AHAJIM3 HA AJITOPUTMH” — CY, ®MHU
(3A CIEHOUAJIHOCT “KOMIIIOTBPHU HAYKH”, 2. IOTOK, ®EBPYAPU -IOHHU 2019 I'.)

3an. 1. Mla ce Hamepu OpoAT Ha HapeleHuTe n-opku (x,, X,, ... , X, ), CbCTOSIH CE

OT LI€JIM HEOTPHULIATENIHU YHCIIa, KOUTO Ca PELICHUS] Ha YPABHEHHETO
Ax +4,x,+...+ 4 x, =8B,

0 JaJIeHH LENH NoJaoxuTenuu uucna A, , 4, , ... , A, u B.

[Ipenynoxere urepaTuBeH anroputTb™m. OMNHIIETe IO HA TCEBAOKOJ KaTo (DYHKIUS
numSolEq(A[1l...n]: array of int, B: int) : int

¢ Bpeme O(nB) m auHammuyHa tabnauna ¢ O(nB) KIETKH. (12 Toukmu )
JlemoHcTpupaiite anroputbMa npu 4 =(23;335) u B = 9. (12 Touknu )

OnTtuMu3upanTe CIOAKHOCTTA MO MaMeT J0 AuHamMuyHa tadnuna ¢ O( B) KIEeTKU.
Onuirere ONTUMU3UPAHUS AITOPUTHM Ha MCEBAOKO. (16 Toukm )

Pemienue:

numSolEq(A[1...n]: array of int, B: int) : int
dyn[l...n][0...B]: array of int
for  « 0 to n do
dyn[n]J[0] « 1
for B « 1 to B do
dyn[0][B] « 0
for n <« 1 to n do
for B « 1 to B do

else
dyn[A][B] « dyn[n-1][E] + dyn[n ][B-a[7]]
return dyn[n ][ B]

[IpennocneaHusT pea ce OCHOBAaBAa Ha IPABWIOTO 332 CHOMpPAHE: BCUYKU PELLEHUS
Ha ypaBHeHuero A, x, + A,x,+ ...+ A, x, = B B 1e/IN HEOTPULATCIIHU YHUCIIA
ca J1Ba BU/Ia — TakuBa, B Kouto x, = 0 (OpodAT UM ce JaBa OT IBPBOTO CHOUPAEMO),
U TakuBa, B KouTo x, > 0 (BTOpOTO CcBHOMpaeMo, T.e. OpOSAT Ha pelIeHHsITa Ha
ypaBHeHueTo A, x, + A,x,+ ...+ A y=B—A, B 1IN HEOTPULATCIIHU YUCIIA,

KBJETO € HOoJIoKeHo ) = x, —1).



Hemonctpanus Ha anroputrbMa npu 4 = (2;3;5) u B = O:

dyn |B=0|B=1|B=2|B=3|B=4|B=5|B=6|8=7|B=8|B=9
n=0| 1 0 0 0 0 0 0 0 0 0
n=1| 1 0 1 0 1 0 1 0 1 0
n=2| 1 0 1 1 1 1 2 1 2 2
=3 1 0 1 1 1 2 2 2 3 10

~ ~
B knerkara dyn[n ][ B ] ce masu OposT Ha pelIeHHATa HA yPABHEHUETO
+

s
Ax +A,x,+ ...+ Ay x y =B B LeIM HEOTPULATEIHU 4YHUCIA.

Ot momnmst meced Bren dyn [n][B], Toect dyn[3][9], ce momyuasa
OTroBOpPBT Ha 3azavara. CrenoBaTeslHO ypaBHeHHETO 2x, + 3x, + 5x;, =9

HMa TpHU PCIICHHUA B HCJIM HCOTPULATCIHHU YHCIIA.

OHTI/IMI/IBEII_II/IH II0 MmMaMCT MOXKC Oa CC€ IIOCTUI'HC, KAaTO CC IIadhu CaMO CIHUH PCa

OT AWMHaMU4YHaTa TaliuIa.

numSolEq(A[1l...n]: array of int, B: int) : int
dyn[0...B]: array of int
dyn[ 0] « 1
for B « 1 to B do

dyn[g] «~— 0
for n « 1 to n do

for B « A[n ] to B do

dyn[B] « dyn[B] + dyn[B-a[1 1]

return dyn|[ B ]

CrnoxxHoctTa o Bpeme oOade octaBa ®(nB) B Hail-momwus ciiy4ail, KOJIKOTO €

IIpU IIbpBaTa BCPCHUAI. Bnoxenust OUKDBJI IIPpaBU MaJlIKka OITHMHU3AlA HAa BPCMCTO!:
TO HaMaJIsIBa IIPpHU I'OJICMU KOG(l)I/IHI/IeHTI/I Ha YPaBHCHHUCTO, HO TOBA € Haﬁ-Z[O6pHﬂT,

a HE HAW-JIOIIMAT CIyYau.



3apaua 2. [anenu ca npmwkuauTe X [1...n] v mupuaute Y [1...n] Ha n TOUIEHCKH IUIMKA.
[le cmsTame, ge ok Ne i Moxke fa Ob/1e TOoCTaBeH B IUTMK Ne j ToraBa M caMo ToraBa, KoraTo
X[iI1<X[1u Y[II<Y[j]mwm X[i]<Y[j]ln Y[i]<X[/].

/la ce cbcTaBu anropuTbM, KOMTO 32 Bpeme O(nz) n30upa Bb3MOKHO Hali-MHOTO TUTMKOBE,
KOUTO MOTAT Jia C€ BJIOXKAT MOCJIEIOBATEIHO, T.€. MbPBUAT U30PaH IUTUK MOXKE J]a CE CIIOKH

BBB BTOpUA W30paH IJIUK; BTOPUAT — B TPETHUS; TPETUAT — B UETBBPTHSI; U ThI HATaTHK.

a) Onumiere anropuThbma ¢ JyMH. (10 Toukm )

0) Ananu3upaiTe BpeMeBara CJI0KHOCT Ha allTOPUTHMA. (10 Toukn )

Pemenne: 3a Bpeme O (n”) mpoBepsiBaMe BCEKM /Ba IUTMKA: IAJM SIMHHUAT MOYKE A CE CIIOKH B APYTHSL.
CrpieBpeMeHHO nocTposiBame rpag ¢ n BbpXa U m pedpa: BbpXoBe Ma rpada ca MOIIEHCKUTE IUIMKOBE,
a pebpa ca OTKPUTUTE BB3MOXKHOCTH 3a Biarane. [lo-touno, nodassme pedpo oT Bpbx Ne i KkbM BpbX Ne j
TOTaBa M CaMo TOTaBa, Korato MK Ne i Mmoxe na 6bae ciaoxeH B MK Ne j. ChC CHTYpHOCT Ce ToJTydaBa
OpUEHMUPAH ayUKIUYeH 2pagh, 3amoTo BCEKH IBT B rpad)a CHOTBETCTBA HA CTPOTO PACTSIIA peAnia
OT JIMIa Ha TOLICHCKU TUIMKOBE, a HUKOS CTPOTO PACTSIa peAulia He MOXKE Ja ChIbp)Ka MOBTOPCHUSI.
Bwpxy To3u rpad H3BBpIIBAME MIONOIOZUYHO COpMUpPAHE TIO CXEeMaTa 00xoxycoane 6 O0b1004UHA.
Haii-npnra peamia oT BIOKEHHU MOIIEHCKHU TUTMKOBE CHOTBETCTBA HAa HAM-IBIBI BT B MOIyYeHUs rpad.
TepcuM Hail-0v1b2 nbmM B OpUSHTUPAHUS AIIMKINYCH rpad ¢ MOMOIITa HA OUHAMUYHO RPOZpAMUpAHE.
TOMONOTHYHOTO COPTHPAHE M AMHAMHYHOTO MPOrpaMHpaHe n3pasxomear Bpeme O(m +n)=O(n?).

2
Taka o61oTo Bpeme Ha anroputbma e ©(n”).

3anaua 3. Ilpennoxere aaropuTbM C BpeMeBa CI0KHOCT o(nz), KOWTO HamMupa
M0 KOJKO HAayWHA MOJOXHUTEIHOTO IUI0 YUCIO 7 C€ TpPEeAcTaBs KaTo cOop
0T KyOOBE Ha IeJIH MOJIOKUTEITHH YucIia (MEXTy KOUTO MOXKE J1a UMa €THAKBH).
COopoBe, KOMTO ce pa3iuyaBaT €AMHCTBEHO II0 pela Ha CbOuUpaeMure,

TpsiOBa na ce OposAT Karo pa3IuyHU TMPEJCTaBIHUS Ha YHUCIOTO A.

a) OnuiieTe anropuTbMa Ha MCeBIOKOI. (15 ToukH )
0) Hampasete moapoOHa AeMOHCTpalys Ha anropuTbma 3a n = 31. (15 Toukn )

B) AHaM3HWpalTe BpeMeBaTa CJII0KHOCT Ha aJropuThMa. (10 Toukm )



Pemienue:

Problem3 (n: positive integer)

dyn[0...n]:

// dyn[k] = 6posa Ha Hauunute,
// kaTo cHop OT KyDOOBE Ha LEeJNM IOJIOKMTEJSIHU UMCia

array of positive integers

IO KOMTO UMCJIOTO K MOXe ma ce npenCTaBM

dyn[0] « 1 // umcrnoro 0 MMa eOMHCTBEHO MpeICTaBAHE — IpPa3HMA CcOOP
for k < 1 to n do

s «< 0
p < 1

I < pXpXxDp

while r £ k do
s < s + dyn[k-r]

p < p+t+t1
r < p X p X p

dyn[k] <« s
return dyn[n]

JleMmoHCTpanus Ha aropuThMa 3a N = 31:

// BCUUYKNM BB3IMOXHM CJlydal 34 IIOCJIEOHOTO C'T:6I/[paeMO (]f)

k dyn(k] k dyn(k] k dyn(k] k dyn(K]
0 1 8 2 16 11 24 64
1 1 9 3 17 14 25 78
2 1 10 B 18 18 26 96
3 1 11 5 19 23 27 120
4 1 12 6 20 29 28 150
5 1 13 7 21 36 29 187
6 1 14 8 22 2 30 232
7 1 15 9 23 53 31 286

OtroBopa npouuTame OT MOCJIETHATa KJIeTKa Ha Tabmuiara: uncinoro 31 ce mpencras mo 286 HaunHa
KaTo cOOp OT KyOOBE Ha I1EJTH TIOJIOKUTEIHNA YUCIIA.

Amnanns Ha BpeMcEBaTa CJIOXKHOCT Ha aJIrOpUThbMa:

Tsutoro Ha BwTpenHus nukba (While) ce u3mbiaHSABA, JIOKATO € B CWJIa HEPaBEHCTBOTO I = p3 < k,
3
VK]

3,
CJ'IC,Z[OB&TCJ'IHO TAJIOTO Ha BbTPCIIHUA HUKDBJI CC U3ITBJIHABA L k J II'bTHU 3a BCAKO 11510 korl J0 N BKIL.;

3 .
KOETO € PaBHOCWJIHO Ha P < «fk , TOECT [ IpueMa CIeIHHUTE CToMHOoCcTH: 1, 2, 3,

rpanuiTe Ha K ompenensMe oT BeHIIHUS IUKBI (for). CremoBareHO TSUIOTO HA BHTPEIIHUS ITUKBI

+3n = @(n.i/?) IIbTU.

3 3 3
ce M3MBJHsBA 00m0 (ToecT 3a menus anroputbMm) 1 + 32 + 3 + ---

3
ToBa e BpemeBaTa CI0KHOCT Ha aJITOPUTHMA: G)(n . \f n )






