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3ALAYI XVI BCEYKPAIHCBKOI OJTIMMIAAY 3 IHOOPMATUKM
TA PEKOMEHAALUIT LLIOAO IX PO3B'SI3YBAHHSA

B.B. Bonpapenko, I.M. NMopy6sboB, A.B. Craciok, LL.I. friseB

Hagozxumo sagaui BeeykpaiHchKol YyuHIBCHKOI 0JTiM-
miau 3 iHpOpPMATHKH, sKa BiGy1acA y JloHenbKy 3 6 o
12 xpitHs 2003 POKY Ta METOJMKY 1X PO3B’ I3YBAHHS.

ApToOpH CTATTi BUCTOBIIOIOTE TIONAKY C.B. Himen-
Ky 3a JOTIOMOTY B Mi/IrOTOBIII 3aBAAHb Ta PO3B’ASKIB,
II.B. AKCHOHOBY 38 HATIMCAHHS IIepeBipstiouol crcre-
vu, 0.B. Mimy sa ponomory B po3B’A3yBaHHI 3amadi
«Bumaa», C.B. CaBuyKy 3a ZOIIOMOTY B po3po0ui Tec-
TiB TA PO3B’ABKIB 0 3848 APYTOTO TYPY-

I1TYP

1. BTO (sanpomnomnysas I.M. Ilopy6inos)

Tepnropia Bemmoi Tpricyraoi O6macri (BTO) € nps-
MOKYTHHM TPUKYTHHKOM. J[[OBXKUHI jforo Kareris gopi-
pHIOI0Ts M Ta N IepKaBHUX OJMHUIb JOBMKIHI (o).
Vpan BTO Bupimme TOKpUTH AKOMOra GBIy YACTHHY
TepuTOopii 06;18CTi KBaApaTHIMU ILTATAMI posamipom 1x1
O], Ilnwry MAOTD IIIJIPHO MPUIIATATH OHA 1O o[HOI
ra fo xareris BTO. PizaTy [UIHTH 1e MOSKHA.

3rizmo MixkaepskasHUX yrof, ypsia BTO e mae npa-
Ba IOKPHUTH YACTHHOIO CBOET IIMTH UYIKY TepuTOopilo.
Bupo6HUK TOCTABJIAE ILIHTH JTHILE KOHTeIHEePHUMI
maprisvu — 1o P mwtaT. Ypsix 3amMosiAe CTLIBKH KOH-
reitHepiB, CKLIBKH HeoOXixHo A1 peastizanii mpoeKTy.

3apigyrounil IeHTPaIbHAM CKJIAI0M, JAi3HABIIHCH
Ipo Teit IPOeKT, BHPINIME, IO jioro mMiKaBHTH Kijib-
KiCTh TLTHT, K1 3aMHIIATHCH HA CKIaAl 3 OCTAHHBOTO
KOHTeilHepa TCISA MOKPUTTSA TepAUTOPil BTO.

3aedanns

Hanmmirs mporpamy TRIANGLE, sika 3a I0BxHHA-
v kareris BTO Ta MicTKicTio KOHTeliHepa 3HAXOAUTE
KiZbKICTH TITHT, 10 3aJIMINATHLCS HA CKJIAJL Micis BU-
KOHAHHS IPOEKTY.

Bxidni dani

€uEMiT PATOK BXiHOTO (ailia TRIANGLE.DAT wmic-
ryrs Tpy Imax wuena: M, N (2=M, N=2000000000) ra
P (100=P=10000).

Buxidni dani

CuHEMi pAIOK BUXiZHOTO daiira TRIANGLE.SOL
MAE MiCTUTH IijTe YMCI0 — KIMbKiCTh HeBHKOPUCTAHUX
IULAT 3 OCTAHHBOTO KOHTeHHepa.

IMpuknad 6xidnux ma 6UXiOHUX danux

TRIANGLE.DAT TRIANGLE.SOL 4
4 3 100 97
Po3é’a30K

CroyaTKy POSTIIAHEMO CHTYAIL 0, KOJI JOBKIHI KaTe-
118 MAIOTH CIITHHIT ILTHHUK {, TOGTO MOYKYTh OyTH TofiaHi
y surani M=wt, N=qt. Jlast 1poro BUIAIKY KLIBKICTE
T y o6acti Moske Gy oGumCTIeHa 3a POPMYIIONO:

K(wt,qt)= tf(tgi)

CupaBai, posriasHeMo puc. 1.

‘wqg+t-Kw,q) . 1)

—

B~
| 0

Puc. 1. LmocTpartig Ay umcel, o MaioTh HCJI, 6impmmii
OTHHMILL
t(t—1)

Baunmo (t—1)+(—2)+..+1= 5

HUKIB posmipamMu wXq (TaknXx, o BCi IXHI KIITHHKH
MOBHICTIO HOTPAIAIN B MexXi TPUKYTHUKA), i ¢ IITYK
OLHAKOBHX TIPSMOKYTHIX TPUKYTHUKIB 3 KATeTaMU W
ra g — 1m0 if ToBoAUTE (GopMYy Iy (1).
Il1s BUIASKY, KOJM JOBHAHA KaTeTiB — B3AEMHO
mpocti uncsia, Mae micue QopMyJIa
K(M,N)=(MN—(M+N-1))div2. 2)

TIPAMOKYT-

BN

=<

Puc. 2. Imocrpaiis Jiis B3a€MHO IPOCTUX MHCeT

Jlogedenns gopmyau (2). PosragmeMo puc. 2. ITea
MPAMOKYTHI TPUKYTHUKHU 3 KaTeTaMu M ra N TO4HO
[IOKPUBAIOTH LPAMOKYTHHK posmipamu M X N; rinore-
Hysa (BOHA 2K [laroHAJb TIPAMOKYTHHEKA) TPOXOAUTE
rouno uepe3 M+N—1 KIITHHOK. Cmpanai, uncaa M Ta
N B3a€MHO IIPOCTi, TOMY JiaroHasb He MPOXOAUTD Yepes
BEpLIHEH KJITATOK. [[717 3py4HOCT], BBAKATUMEMO {0
M>N, ZOBIIIA CTOPOHA I'OPHIOHTAIBHA, & KOPOTIIA Bep-
ruKambHA (Il TPUITYIIeHHA He 00MexyloTh 3aralbHo-
cTi MipKyBaHb). BaunMo, 1o niaronai Tpeba «CIyCTH-
pmes» Ha N KIITHHOK, JUIs 4OTo Tpeba IepeTHyTH N-1
«BHYTpIIIHO» TopudonTalb. ToMy, B N—1 cTOBITUUKY
GyayTh 3AITPUXOBAHL (moxpuTi AiaroHammo) ABl KIi-
TEHKH, & B pernTi crosrunKis (M—(V —1)) — mo oxHiii.
CymapHuO 2(N-1)+M—-(N-1)=M+N-1, KJITHHOK IIO-
KpHTL AiaroHaJIio, a 3BiACH JIETKO Gaunru hopMyny
(2). Cupasai, yci KIITUHKN IPAMOKYTHHKA, Kpim 1mo-
KPUTHX AiaTOHAJIO, — e i € KIITHMHKY, IO ILIKOM
HajekaTh AKOMYCH 13 JBOX OTHAKOBHX MPAMOKYTHHX
TPUKYTHHKIB.

Kineup dosedenna popmyau (2).

Orsxe, ANTOPATM PO3B’ A3YBAHHSA 3a1a4l MOXe Oy
paxuM: s BBegennx uucen M ra N obuncanr HCJT;

LY
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SIKIIO BiH ZOPiBHIOE OZHHHILL, TO IPOCTO 3aCTOCYBATH
dopmymy (2), a, sKigo GLTLITAH OXMHML, TO 3acTOCYBA-
i dopmyny (2) mo «MeHmIOl» 3azaul ra migcraBUTH ii
pesynsrar y Gopmyay (1). ITorim eigaaTy Big posmipy
KOHTelHepa 3aTHINOK Bif AiJleHHst oTpuManoi KimTbKoc-
Ti IUTHT Ha po3Mip KoHTeitHepa.

3maiiTi moTPiGHO HE caMy KiIbKicTh KIITHHOK, a 3a-
JNIIOK Bix minenust i ma P. Ile 3po6ieHO BUKIIOYHO
JUIS CIIPOIIeHHA 3amavi. AJsKe 3a HAABHUX TeXHIUHUX
ofMexKeHb (ZOBXKHUHH KaTeTiB — HaTypaabHi umcaa I0
2-10°), sHaiiTH TOYHE 3HAUEHHSA IOBHOI KLILKOCTI KITi-
THHOK Maliyke HeMOKJIMBO: BOHO He IIOMIIAETLCA B
longint, Tamm 3 mIaBaouoI0 TOUKOIO He 3a6e3HeuyIoTh
HeoOXinHoi TouHOCTI, @ IMCATH TOUHY «LOBry apudme-
THKY» — JeIo IPoMisiko amus miel aagaygi. 3 iHioro
Goky, s0BCiM He CKJIa/(HO POGHTH Bei Ail Beepeami pea-
misaniit popmya (1) Ta (2) Bigpasy «B apudmernui za
Moztyem P», ciupalounch Ha Bigomi opmymin:

(a+b)mod P = ((a mod P) + (b mod P)) mod P,

(a—b) mod P = (P + (a mod P)— (b mod P)) mod P,

(a-b)mod P = ((@ mod P) (b mod P)) mod P.

Ha xans, peanizania Monyssiprol apudMeTHKH
Tesx He 30BciM spyura. o6 rapanTysaTtH, 1Mo mix gac
OBUMCIICHHA He CTAHEeThCs IIePeroBRHeHb, HeoOXinHo 1e-
TaIBHO posnucaru okpemi xil B popmysax (1) ra (2) i
GpaTy 3aJIMIIOK Bij AlnenHs Ha P B ycix CHTyaIisax, 7ie
He BUKJIIOUeHe TTepeTIoBHeHHA. AJle criouaTKy 6paT 3a-
JIAIIOK, a TIOTIM ILINTH — HenpaBUAbHO (HalpUKJIaL,
(16 000 div 2) mod 10 000 = 8 0006 000 = ((16 000
mod 10 000) div 2) mod 10 000). Tomy B miit curyamnii
JOBOIUTLCA CIIOYATKY OPATH 3aIWIIOK Bif MiMeHHA HA
20 000, i rinekn micas pinenns Ha 2 ITYKATH BiKe pa-
BIJTLHIH 3aJTHIIOK.

Omninloloun saranbiy KiJbKicTs aiit BuKoHaHHA Ta-
KOro asropurmy, 6aunmo, 1[0 OCHOBHA YacTHHA po6oTH
nupunazae Ha nouatkose suaxomxensa HCI. Ak sigo-
MO, aCHMIITOTHIHA OLIHKa KiTLKOoCTi Horo Aiil He mepe-
sumye log(M+N). Pemra kpokis (yBeleHHs Ta BUBe-
AeHndA, peanisauis opmy (1) Ta (2)) BEUMAraroThL KOHC-
TaHTHOI KinbKocti fiif. 3BHuaiiHo, 106 rapaHTyBaTH
3rajiady acUMIITOTHYHY OIiHKY anropurmy EBkiina,
1noTpi6HO BHKOPHCTOBYBATH Ty H0T0 «Bepciio», 110 BH-
KopucToBye mod, a He BijHIMaHHA.

Hacamkinens, srazaemo npurnunoso inmmii Bigo-
MHH aIropuT™ miApaxXyHKy Kimskoceri kiaituaok. Ho-
To MOkHA chopmyroBaTH Tak: «IIpoiiTu 3:1iBa Hanpa-
BO 110 BCiX CTOBIIYMKAM, IiIPAXOBYIOUM KiTLKicTS IIy-
KaHUX KITITHHOK B KOKHOMY CTOBITYNKY IILIAXOM BHAa-
XOIXKEeHHST TOYOK IIEPeTHHIB Ta 3a0KPYIJIeHb» . Takmit
anropuTM Oyle IPaBMJIBLHAM, ale BiH iCTOTHO MeHII
cexTUBEMI. Ajke, HaBiTh Halixpama peasisamis
IrOPUTMY MiAPAXYHKY KiTBKOCTI ITYKAHUX KIITH-
HOK Y KOXKHOMY CTOBIYMKY MaTHMe KiJIbKiCTE Kpo-
KiB, TPOTIOPIifiHY NIMPHHI TPHKYTHHKA, TOGTO TTOPH-
xy min(M,N), mo nabararo 6insine 3a log(M+N).

To6ro, MacMo CUTyaIil0, KOJH 3ajayy MOXXHa
PO3B’A3YBATH GLIBII-MEHIN YHiBePCATLHIM alTopH-
TMOM, aJjle Kpaine po3po6UTH Ta 3aCTOCYBATH AJITo-
PHTM, IPUAATHUH TiNIBKH AJIST ZaHOTO YACTHHHOTO
BHUIIAJAKY, 3are Habarato eGexTusHimmii.

2. Bumns (3anpomonysas A.B. Craciok)

MauieHBKe, aJle Topjie MULIEeHsT BUPIMuIo 3’ ieTH Bei
STOMM 3 epeBa BUINHI. BuIIHs — ne sBuuaiine nepeso,
TLIKY SIKOTO PO3ray»KyIOThCS 1 Hajalli He 3pOCTAIOTH-
cd. 3 TOUKH, JIe 3aKIHYy€EThCS TiTKa, MOMKYTh IOYMHA-
THCA 1HII MK @60 Mooke POCTH [iesTKa KiTbKicTb Ari.

TinKu nepeBa HACTLIBKH JOBTi, III0 MUIIEHA MOMITHO
BHCHAYKYETHCHA, KOJIH TI0B3e 110 Hux. Kosm MuImIens mpo-
TI0B3a€ IO TLUIITi OAMH MeTp, BOHO BTPAYAE O[HMUITIO 3aI1a-
cy kopucuux pedosur (KP), 1o MictaTees B ioro opranis-
i 3’inanss oguiel BuiHi monosHIoe 3anac KP Ha ouamn-
0. Ao sanac KP crae Big’eMHIIM, MHIIIEHA THHE.

3aedanna

Harmmmmits mporpamy CHERRY, 110 3a indopmanieio
IIpO JIepeBo BU3HAYA€ MiHIMaIbHY KUIbKicTs oguanms KP,
AKY MULLEHsI IOBUHHO MaTH, 11106 3’icTH Bel siropu 3 repe-
BA Ta IHOBEPHYTUCH HA 3eMItio. IIpH koMY, IIPOTSITOM py-
Xy MULIEHATH norounmit 3amac KP He Moske 6yru Big'em-
M. PyX 3aBKI1 HOUMHAETECS Ta 3aKIHIYeTHCA Ha I10Ya-
TKY TLTKH 3 HOMepoM 1, 1o Bixnosizae cros6ypy.

Bxidni dani

V¥ nepmomy psagky Bxigaoro daiia CHERRY.DAT
mictuThes mite uneno N (1< N<100) — xigskicTs riTok y
nepesi. [Taxd iinyTe N psigkis, 110 onncyiors aepeso. Ko-
sxeH (i+1)-wit panox daiiia sagae inGopmario mpo i-Ty ri-
sky. Tepmmm y panxy iige mine uncio L (1<L<30 000),
1110 3a/1a€ JIOBXKUHY I'iTkn. JIpyruM — kinskicrs rinok K,
1110 TIOUMHAKOTHCHA 3 Kinms i-oi riku. Maud caixye K uncern
— HOMepH Iux rinok. fxmo uncno K mus rinku gopis-
HIOC HYJI0, TO TPETe YHMCIO0 3afac KiabKicTs sArig V
(0=V=30 000), 10 pocTyTh HA KiHIi rigku.

Buxioni dani

Y enuromy psiaky aitna CHERRY.SOL nosuroO 3HA-
XOIUTHCA LILTe YMCJI0 — MiHIMaTbHA KilbKicTh ofuHAE
KP, AKy IOBMHHO MATU MHIIIEHSI, [IIS1 CXOJKEHHS Ha Jlepe-
BO, 3’IIAHHA BCIX ATIJ Ta IIOBEPHEHHA HA 3eMITIO.

Ilpuxnad exidnux ma suxionux danux

Ha puc. 3 306parkeHo «BUIITHIO» IS HABEICHNX JIAHIIX.

CHERRY.DAT | CHERRY.SOL 2

8 15
53657
5010
901
4019
11 0 50
5224

3283
®

400

Homep rizkn

Kinnicrn aria
Ha riani

Posé’azox

ABTOpCHKMIT Po3’A30K samaui peamisye MeTox MOB-
Horo nepebopy muraxis Mumensitn — backtracking.
Onmax, 1A oOMeskeHHsT TIeperyIAly 3a34aaerigb Heom-
THMaJIbHUX BapiaHTIB BUKOPHCTOBYETHCA HACTYIIHA €B-
PHCTHKA, SKa, B3arajli Ka)kKydd, ONTHMAIBHO PO3B’ -
3ye€ 3azady 3a yMOBH, IIIO KOKHA TiTKa Mo)ke Oyru
npoiineHa He 6iblie, HIK ABa pasu.
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Hexait, L(i) — moB:kmHa rinkn, a C(i) — KiIBKiCTH
SAri HA riad.

JI71st KOXKHOI TLTKH 00YMCINMO TaKi BETMINHA:

M(i) — minimansHa KinekicTs KP, AKy HOBHHHO
MAaTH MHIIEHA, {06 3a6paTicsa Ha i-Ty TiIKy, 8'1cTH Bel
SACOAY y BIAIOBIZHOMY HiffepeBi Ta IOBEPHYTHCS HA
TI0YaTOK TLTKH.

V(i) — mMaxcuManpHO MOXKIuBa Kinskicts KP, axy
MOXKe MaTé MHIIEHS Hicas 06Xoxy mifmepesa, IIo mo-
UHHAETHCA 3 i-01 IiIKH, Maroun cmouaTky samac M(i)
opuuauns KP.

EBprcTHYIHOIO OIIHKOIO 3BEPXY AIA 3ajadi Oyze 3Ha-
werHA M(1). Bynemo o6uncirosaru M(i) ta V(i) iEgyxTH-
BHO, IOYMHAIOYH 3 I'UIOK, II0 HE POAralyKyIThCS, [10-
TiM, Ha KOYKHOMY KPOIIi 00pO0IAIOuN TLTKH, 3 AKHX POC-
TYTh y2Ke 06po6IeHi Tk, i 3aKiHTyI0un CTOBGYPOM.

Bazoguii xpox. J[1s1 TiTOK, IO He po3ramy K yloThes,
obumenra M(i) ra V(i) MOKHA TAKUM YHHOM.

¥ Bunazky, Koam Ha rinmi Hemac arix, M(i) Ta V(i)
6yayTh MOpiBHIOBATH HYJI0. B iHITOMY BHIIAZLKY,

M(iy=max (L(i), 2 « L(i)-C(i)),

V(i)=C(i)-2 - L(i)+M(i).

3azanvuul kpox. Hexaii smauenna M(j) ra V(j) o6-
HCJIEHO IS BCiX JOUIPHIX I'IOK, 10 POCTYTh Gesmoce-
pelHBo 3 i-01 rigku. Obuncaumo M (i) ra V(i). Hexait yci
TiJTKH, TII0 POCTYTH 3 i-0i BIOPAAKOBAHO AEAKIM UH-
HOM. YBeneMo 3MiHHY, 110 6yAe BHKOPHCTOBYBATHCA
JULSL IIOCITIIOBHOTO 06POGIIeHHSI TLIOK

S — xinpkicTs KP, sixy MosxHa oTpuMaTi mpu 06X0-
Al meprmux j gouipHix rinok. s kinbkicts Moxxe 6yTn
BIJI'€MHO10.

Crouarky noxsazemo S:=—L(i). Koxna j-ta rinka, mo
pocre 3 i-0i, 06POOIAETHCA HOCTIIOBHO, Y BCTAHOBIEHOMY
nopanky. IIpu 06podii rinkyu BHKOHYIOTECSA B omeparii:
S:=S-M(j), S:=S+V(j). Ilicis 3axiHgeHHS 0OPOOKH A0Ti-
PHIX I'JIOK BHKOHYETBCSA oneparis S:=S—L(i).

M (i) nopiBHIOE MOAYJIIO MiHIMAJIBHOIO 31 3HAYEHb,
o mpuitMano S, a V(i)=S+M(i). Axmo cyma Beix M(j)
IS TOUipHIX TLIOK NOPIBHIOE HYJIO, TO Y Iifiepesi rii-
KH HeMa€ »KOAHOI BHIIHI — iforo HemoTpibHo o6xoxm-
Tr. Y rakomy pasi M(i)=0, V(i)=0.

SAIHUIINIOCH BCTAHOBUTH TAKHU IOPALOK 006XO0Ly
JouipHix rinox, uo6 saavenss M (i) Oyao MiHiMais-
HAM ICIs iX 06po6KH.

Teepdncernnn. CnouaTry morpibro ob6pobisary rin-
KH, 1ag akux V(j)=M(j) y nopsagky spocranua M(j).
IToTiMm — yei iHmT rinKH B mOpAAKY cragasusa V().

Iepura vacmuna. Hexail icHye onrruMaibHe BIOPS-
AKYBaHHSA, Y AKOMY 3HANAYTHCA OBI MIKK (IId BEX
V(j)=M(j)) a Ta b, nprraomy @ 3HAXOAUTECS HA OJHY II0-
suuiio aigime 3a b, ane M(a)>M(b). ITokaxewmo, 1o,
TIepecTaBUBINHM iX ¥ BIOPANKYBaHHI, OTPHMaEMO Kpa-
1uit pesysbTat. J[ocTATHBO BpAXOBYBATH JIMILE OIepa-
nifo 3mMenmenns S:=S—M (i). 3uadenns, 3 AKAMH Oyae
TopiBHAHO HoTOuHEe M (i) IpH 06TIHCIeHH] MAKCHMyMY
(3a Moxysem), OyAyTh HACTYIIHHUMU:

y(ay=M(a)-S,

Y(b=M(by«(S-M(a)+V(a)=M(b}-S—(V(a}-M(a)),
ne S — norounnii sanac KP nepey o6poGkoro a Ta b.

3po3yMiso, 110 BHECKH 0 MAKCHMYMYy iHIINX Ti-
JIOK, KpiM a Ta b, He 3MIHATLCS, SIKIO B ONTHMAIEHOMY
BIOPAAKYBAHHI MU IEPECTABMMO a i b.

y'(by=M(b)-S,

y'(@)=M(a)~(S-M(by+V(b))=M(a)-S—(V(b)-M(b)).

ITopiBHAEMO, ¥ AKOMY 3 IIUX ABOX YIOPAAKYBaHb
BHECOK @ 1 b B MakcuMyM Gyze OLIbIum:

y(a)y>y(b); y(a)>y'(b); y(a)>y'(a),
TOOTO, TTOYATKOBE BIIOPSIAKYBAHHS JAABAJIO OLIBIINIT BHE-
COK JI0 MAKCHMYMY 1, BHAYNTE, He 6yJI0 ONTHMAaTLHIM.

Jpyza wacmuna. AHanorivHo, Hexail icHye onTuMa-
JIbHE BIOPSIAKYBAHHSI, y SIKOMY SHAUIYTHCS ABI MKy
(mia qux V(j)<M(j)) a Ta b, IPHIOMY @ 3HAXOAUTHCT
Ha OfHY 1103U1LL110 JiBiwte 3a b, ase V(a)<V(b). [lokaske-
MO, TI[0, IEPeCTABHUBINH iX B yIOPSIIKYBaHHI, OTPHMAe-
MO Kpalliuii pesysIsTaT. 3Hadens, 3 SKuMu Oyze mopi-
BHAHO moTouHe M (i) mpu obumciIeHHl MaKCHMyMy (3a
MozyJiem), 6yAyTh HACTYITHUMHI:

y(a)=M(a)-S=V(a)~(S-M(a)+V(a)),

y(by=M(b)~(S-M(a)tV(a))=V(b)~(S-M(a)+V(a)-
—-M(b)+V(b)).

3posyMisio, 0 BHECKH A0 MAaKCHMyMYy iHIIMX Ti-
JIOK, KpiM @ Ta b, He 3MIHAThCA, AKIIO B ONTHMATILHOMY
BITOPSAKYBAaHHI MU IIepecTaBuMo a i b.

y'(b)=M(b)-S=V(b)~(S—M(b)+V (b)),

y'(a)=M(a)~(S—=M(b)+V(b)=V(a)~(S=M(b)+V(b)
—M{(a)+V(a)).

TlopiBHsSIEMO, y SIKOMY 8 LIUX JBOX BIOPSJKYBaHb
BHeCOK a i b B MaxcumyMm 6yze Gianimmm:

y(b)>y(a); y(by>y'(a); y(by>y'(b),
TOOTO, IOYATKOBE BIOPAIKYBAHHS JABAJIO GLIBIITITI BHECOK
710 MAKCHMYMY 1, BHAYNTE, He 0yJ10 OIITHMAILHAM.

Tpemas wacmuna. JloBeaemo, 110 co4aTKy Tpeba o6po-
6w TimkY, st stkux V()= M (j), a norim yci iami. He-
Xail B OITHMAJIBHOMY BIOPAIKYBAHHI S8HAWIYThCS JIBL I'liI-
ki a i b, npmaomy V(a)=M(a), V(b)<M(b) Ta a 3HaXO-
IUTHCA B YVIIOPAAKYBaHHI misnime 3a b. Toji, nepecrasu-
Mo a GeanocepeHEsO nepel b. BEeCKH B MaKCHMYM T'LIOK,
1110 3HAXOMUIHCA Hepes b Ta IIic/IA @ B IOYaTKOBOMY YIIO-
DPAIKYBaHHI, He 3MiHAThCA. BHeCOK a crane MeHIINM,
OCKLIBKH 11 06pobka movHeTheA 3 6imbimmm samacom KP,
TaK caMo, K 1 MUIKH b Ta THX TiNOK, IO CTOMIN MisK HII-
. [TouaTKOBA ITepecTaHOBKA He OyJ1a ONTHMAIBHOIO.

11 s esprcTHKA GyIe 3HAXOANTH IPABUIILHY BiTIOBI AL
y 6araTh0X BHIIATKAX, aJle Ha CIeI[iaIbHO MOGYTOBAHNX
NPUKJIAZaX BOHA MOXKe BUABHTHCSH HEIIPABUIBHOIO.

Hampuknazg, Ha puc. 4
306paskeHo epeBo, Y SKOMY
HeoOxigHO BigBimaTu cmoua-
TRy 4-Ty TiaKy, notim 3-T10,
a morim Bike 5-ty. IIpn mpo-
My crouarky Oyze Heob6Xin-
"o jumre 3 oguanmi KP, mo
MeHIIle, HIX KinTbKicTh, AKa
Oynae sHalileHA HABE/JEHOIO
EBPUCTHKOIO.

3. Anximis (3anporonyBas
I.M. ITopy6as0B)

Bigomi K Buzis pevoBuH Ta N THIIB axXiMiYHHX pe-
axniit. KoxxHa peakiis 3a HabopoM BXIJHHX PeUOBHH
nupoaykye Habip BuxifHuX. IIpoBeeHHA KOKHOL peak-
uii norpebye dikcopanoro yacy. Byap-axi peuoBuHH,
OTPUMAaHI BHACIZIOK peakIiif, MOXXHA BUILIATH B HUC-
momy BUIVIAAL JUIA OKPeMOro BHKopHcTaHHA. Kool
PEUOBHHH 3aBXK/JIH JOCTATHBO AJIA GYIb-AKOr0 BHKOPH-
cTaHHd. PeyoBNHY, IOWHO YTBOPEHY BHACIIOK DeaK-

L)
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1ii, MOKHA BiZ[pa3y 'K BUKOPHCTOBYBATH B IHIIIMX peak-
uisix. Peaknii MOYKyTh IPOXOIUTH OZHOUYACHO.
3asdanns

Hammmits nporpamy ALCHEMY,, stxa 3a indopmaricio
TIPO ICHYIO™l PEOBHHM Ta PeAKLii BUSHAYAE, 3a ST Hali-
MEHIIIMI Yac MOXKHA OePIKATH [LTH0BY PEYOBUHY.

Bxidni dani

Ilepmmit pagox BxigHoro gaiina ALCHEMY.DAT
micrurs Yorupw minux yncaa: K (3<K<250) — xinn-
KicTs pevoBuH, N (3<N=500) — xinbkicTs peakmiii,
M (1=M<K) — KinbKicTh HagBHHX CIIOUATKY PeUO-
BHH, & TAKOXX HOMEp L1JIbOBOI PEYOBHHH,

Iamni iigyre N 610KiB, 10 onHCy0Th peaknii. Ko-
2KeH OJI0K CKJIaaEThCs 3 TPHOX PAAKIB: nepmmit Mic-
THUTb HATypaJbHe YHCJI0 — Yac, HeoOXixHmiT 171 mpoBe-
JIeHHSA peakiil, Apyruil psagok — KiNTbKiCTh peuoBHH,
1[0 BCTYIAIOTE O Peakxii, Ta mepeiik IUX PeuoBUH,
TPeTiit PANOK — KINBKiCT PEUOBUH, 10 YTBOPIOIOTHCA
BHACTITOK PeakItil, Ta Ix nepemik.

PeyoBmHHN, HAsBHI clIOYATKY, MAlOTh HOMepH Bix 1
no M, a Bel innn — sig M+1 o K. Cyma uacis npose-
JleHHA Beix peakiiit He mepesumtye 2+ 10°.

Buxidni dani

©nuHmit pAgok BuxinHoro ¢Gaitta ALCHEMY.SOL mo-
BHHEH MIiCTHTH Liile uucao — 3HaiiieHuii MidiMaubHmit
uac, 3a AKUI MoKe GYTH OTPHMAHA L1Ib0BA PEYOBHIA.

SIKI0 OTPUMATH IiILOBY PEUYOBUHY HEMOKJIHMBO,
€/{MHNI PATOK BUXiMHOrO (aitna Mae mictaTy uneno —1.

JIna HaBeAeHOro LPHUKIALY BXITHUX JAaHHX, IiIbO-
BY peuosuny 4 MOYKHA OTPHMATH, SIKILO IPOTATOM TIep-
IIKX TPLOX OJUHHUILS UaCy IPOBECTH PeaKIlio 2, a meis
1IHOTO TIPOTATOM JJBOX OJMHMILH YACY IIPOBECTH PEAKITiIo
3. Takum umHOM, 3a 5 OZMHHULL yacy Gyie oTpHIMaHa
norpibHa pedoBuHa.

ITpuxnad exidnux ma euxidnux danux

ALCHEMY.DAT
31 4 5

ALCHEMY.SOL

P

w

SRR = W= =0 s

o

Po3zé’azox

3azaua Mae po3s’A30K, TICHO I
MUM rpa)0BHM aIropHTMOM — aTropaETMom [le
JUIS1 IOITYKY MiHIMAJIBHOTO IIISXY ¥ rpadi.

Bynemo kasarm, 1o peqoBHEa MOXe MaTH OIHNE i3
TpeOX cmamycia: craryc NeQ maiors pevosmsn, moIo
SIKUIX I1Te HeBi/IOMO, UM MOJKIA X OTDHMATH B3aTraT; CTa-
Tyc Nel MalOTh PEYOBMHN, IS IKUX 3HAMAEHO CTIOCiO 10~
OyBaHHsI, aJe IIe HeBiloMo, un BiH ONTHMaIsHEML; cTa-
Tyc Ne2 MaloTh PEYOBMHH, 15T IKAX ByKe JOCTEMEHHO Bi-
flomi Hac Ta cnoci6 ixHLoro HaHIIBHALIONO OTPHMARES.
Kpim crarycy, criBeTaBEMO peuoBHnam oyinicu —seaii-
JeHHI TTOTOYHHI Yac OTpUMAaTig DeIoBHHH.

CrouaTky, pedoBmHITN, HAABHI 33 yMOROIO, OTPHMY-
10Tk cTaTye Ni2, pernra — crarye NeQ. Bynemo kazaru,

Ca3ammir i

HEH

1[0 peaKIlisg 3acMoco8Ha, KOIK BCl PEYOBUHH, III0 BXO-
IATE 10 peaknil maioTk craryc Ne2. IToku pedoBuHA
mac craryc NeQ, if ominka HeBusHauena. Konu suaxo-
quThed cnoci6 no6yBaHHS peYOBHHH (BOHA OTPHMYE
crarye Nel), oninka nounnac 36epiraTi IpoMixHe 3Ha-
YeHHA MiHIMaJbHOTO 4acy OTPHMAHHS (i€l PEIOBUHH.
Ile sHaueHHsa Moxxe a60 TakuM 1 TUIATHCA, 260 (AKIO
Gyze sHaiizennit Kpainuil croci6) SMEeHIIHTHES B TIPO-
neci poGoru anropurmy. Konu crae gocremenno Bimo-
Mo, 10 3HAHJEHMIT yac 00yBaHHA PEUYOBHHH MiHiMa-
TpHMM (BoHa oTpuMye craryc Ne2), came ns ominka i
crae Bigmoeiguio. Kpim Toro, BHKOpHCTAEMO HOHATTA
«nomouiozo yacy» . Couarky «IOTOYHMIT Yac» PiBHUH
HyJIeBi, & moJaIbIIi 1010 3MiHM onMcani Jai.

SaJMIIMIIOCH 8’ACYBATH, SIK TIPABUILHO IEePEBOIU-
TH pedoBUHY 3i crarycy NeO y crarye Nel ra si cratycy
Nel y crarye Ne2. Ie poburecst 3a JOTIOMOTOIO TAKOT'O
npouecy.

1. TIposecTn Bci 3acrocoBHi peakiii. [l1s Beix peto-
BHH, IO 3YCTPLINCS y IPABUX YaCTHHAX IIUX PEAKILiit,
pobumo Taxe:

a) stiro Bona Mae cratyc Ne0, ro orpumye craryc Nel
1 OIIHKY «IIOTOYHMIL Yac» + «4ac NpoTiKaHHA peaKiis;

6) siK1Il0 BoHA Mae craryc Nel, To ii craryc He 3MiHIO-
€TBCS, a OIliKa B pasi morpedu smenuryernest. Toumimme
KaXXKy4H, OIiHKY Tpe0a 3MIHNTH, AKIO IOTOYHE 3HA-
YeHHS OI[iHKHU O1TBIITe 38 CyMy «IIOTOUHUI Uac» + «uac
TIPOTiKAHHS PeaKIiis.

2. Bubparu peuoBuny 3i crarycom Nel, mio mae
HaliMeHINy OIIHKY, 1 3MiHHTH i1 craryc na Ne2. Ilpn
MBOMY «ITOTOYHHMM Yac» IOKJIACTH PIBHUM OIIHII BH-
6paHol peuoBHUHHU.

OueBnAHO, Ii Ail TpeGa 1OBTOPIOBATH, TOKH He HA-
craHe oJHa i3 cuTyaniii: a) MiJiboBa pEYOBUHA OTPHUMAJIA
craryc Ne2; 6) Hema »KOLHOI pedoBHHMU 3i crarycom Nel.
Y mepriomMy BHNIAJKy Bike 3HAIeHO MiHiMaTBHUI dac
OTPHMAaHHA IILTLOBOI PEYOBMHM, OTKe, TIOTPIOHO BifHO-
BUTH IIOCJIiOBHICTL PEaKIiii T BHBECTH PE3yIbTaTH. ¥
JIPYTOMY BHIIAZKY, OTPHMATH L(LILOBY PeYOBHHY i3 3a-
JAaHMUX 32 JOIIOMOIOI0 3aJaHNX PeaKIliil HeMOKIMBO.

3ayBask1IMO, III0 HACTIPaB/i HeMa HoTpebu 3acToco-
ByBaTH Oy H Ty caMy peaxuiro 6lisime ofHoro pasy
(IOBTOPH] 3aCTOCYBAHHSA He MOKYThb AaTH Hi HOBUX pe-
YOBHH, Hi MEHIIIMX OLIHOK), TOMY «3aCTOCYBaTH BCi 3a-
CTOCOBHI peaKmiis CJIiX TPaKTyBaTH K «3aCTOCYBATH
Bci oci He BEKOpHCTaH] 3acTOCOBHI peakmii». A or me-
DeBipsTH, YM He CTAJH Ie SKiCh peakiil 3aCTOCOBHH-
a1, HeoOXiHO mopasy.

O6rpysTyBaEHES NPaBHIBLHOCTL IBOTO ANTOPUTMY
OpPOBOIHTLECSE 2HATOTIYHO JOBELEHHIO /IS 3BUYANHOr0
azropaETMy JefikcTpH.

Jocnimsyoun OMiEKY KLIBKOCTI Ailt BOTO aIropn-
TMY, TOMISAEMO, IO ¢BY3bKUM MICIeM» BUABJIAETHCS
nepesipxa 3acTOCOBHOCTI peakmii. Amke Ha KOXKHil
iTepamnil «BeIMKOro» IUKJIY ii Tpeba pobUTH I BCix
HEeSHKODHCTAHHX DeakIii, oToKe KiIbKiCTh TaKuX mme-
pesipox Moxe 6yru nopsigky N -K. OueBunHa pamisa-
1is (IMBATHCA T4 BCIX PEUOBHH JiBOI CTODOHH, UM Ma-
10Th BOEH craryc Nb2) osmauae Kinbkicrs erememnrap-
HUX A1i Ha OXHY IepeBipky nopsaky K. Oraxe, mepesip-
KH 34CTOCOBHOCTI MOXKYTh 3alHATH B HaWTipmioMy
sunagary N- K’ gacy, Toal sk Bei inmi aii (y Tomy uneni
3aCTOCYBaHHA PeaKIliif Ta KOHTPOsk crarycis i oninok)
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— e 6imsme N - K. Tomy, onTumizaris came epeBipKky
3aCTOCOBHOCTI IPU3BeIe 0 TPUCKOPEHHS POOOTH BChO-
To aJropuTMy (IIOIpaBja, He TaK B CEPEAHLOMY, K B
HAWUTipIIoMy BHIAAKY).

Peuosuru niBoi cToponn peaxuii s6epirarorsca y
meBHOMY TopsiAiky. Hexail npu Akifics mepenipmi sacro-
COBHOCTi MU 3’ AACyBaJIH, 1110, HAIPUKIaL, 1-1ma ra 2-ra B
il moCTiOBHOCTI PEUOBHHH MaIOThL craryc Ne2, a Tpe-
1 — Hi. Toxi 3anaM’siraeMo (B eTeMeHTI CIeriabHOT0
MACHBY), [0 TTOAAJBIII IepeBipKM 3aCTOCOBHOCTI mi€l
peaxnii cain mounnatH 3 3-0i pedoBunu, 60 Bei peuoBH-
HE 10 2-Ty BKJIIOYHO IapaHTOBAaHO MATHMYTh CTATYC
Ne2 i mamami. SIKIIo 5% Ha AKOMYCh HACTYITHOMY KPOILL
BUABUTHCA, 110 3-Ts1, 4-Ta Ta 5-Ta PEYOBUHH IeperiKy
BKe MaioTh craryc Ne2, a 6-ra B IepelliKy peuoBHHa He
Mag, TO Hajaull IepeBipKx i mounnary 3 6-oi B nepe-
JiKy pedoBunM. Taka npocra ONTHMIZaIlid, 32 paXyHOK
BUKOPHMCTAHHA BiIHOCHO HeBEIMKOro 06’eMy mam’ATi,
3MEHIIye CyMapHy KiTbKicTh Aiif Ha Bci mepesipku sa-
crocoBHOCTi 3N "K* o N - K.

PosrasremMo Tenep LPUHIUIIOBO 1HIIME maxin ao
sagaui. I[in1p0BY PEUOBMHY MO HA OTPUMATH, AKIIO
icmye Taka peakiid, o B ii mpasiit vacTrHi 3HAXOMUTH-
cA miaboBa pedoBrHA (1, MOXKIINBO, IIIe IIIOCD), a Y JiBiit
— pevuoBHHH, AKi a0 HasBHI Ha OYATKY, 460 IX MOMK-
Ha OTpUMaTH. SHAXOIKEHHA CIIoco0y OTpUMAaTH IIi pe-
TOBMHM — 3a/jaua TAKA CAMO, AK TovaTKosa. ITepeGpa-
BIIH BCi MOKJIMBOCTI, JIETKO BUOpATH TY 3 HUX, IIT0 3a-
6esneuye minimManbHU yac. ToMy BHAAETLCS LITKOM
JIOTIUHMM HANIMCATH PEKYPCHUBHY IiANPOTPAMY «AK
oTpuMaTH pedoBuHy X 3a MiHiMasnbHHII uacy, i samyc-
THTH 11 717 PEYOBHHH, I1TLOBOI 32 YMOBOIO.

Ase MmaeMo SKpas TOI BHTA/I0K, KOJH PO3B’S30K 13
3aCTOCYBaHHAM pexypcii 6yae IPaBHILINM, ane aysKe
Hee(heKTHBHUM. 3 0AHOrO BOKY, TVYT YacTO 3yCTPidaioTh-
¢ mifizanagi, Mo IepeKpHBaroTheA (Y PISEHX riIKax pe-
Kypeil JoCIiIsKyeThes criocid fobysanss oHiel it Tiel ca-
Mol peuoBMHH). A 3 IHIIOTO GOKY, TYT Maiize HeMOMRITH-
BO 3aCTOCYBATH IIPHITOM «peKypcii i3 3amam’sTosysas-
HAME» . AJ[Ke TPUPOAHOIO € CUTYAIA, KOJIH 3 DEIOBHEN
HOMEp Ny MOYXHA OTPVMATH PEYOBUHY HOMED Iiy, 3 Ny
OTPHMATH g, 4 8 ng — n,. 11106 He saiiTn Ha momiGHIX
JIaHVX Y HeCKiHYeHH] PeKypPCHBHI BHKJINKH, HeobxXitHo,
1106 po6oTa peKypPCHUBHOL IiAIIPOrpaMi 3a1exana He Ju-
1Ire Bif 1iIb0BoI anxiMiuHOl peYoBUHH, a TAKOK BiI pe-
WOBHH, ITI0 AOCJIPKYIOTHCA Ha 30BHINIHIX piBHAX peKyp-
CHBHEX BUKJHKIB. 1110 i1 IPUBBOAMTE /{0 HEMOMTMBOCTL
PO3YMHOI'0 3aCTOCYBAHHA peKypcii i3 samam’samoByBaH-
HAMH, a, 0T3Ke, POOUTE IPobIeMaTHUHOK 100y I0BY ede-
KTHBHOI'O &JITOPUTMY Ha OCHOBI I[bOI'0 X0y .

BifszHaunMo TaK0K, 10 JOCUTH He3HAYHI 3MIHU B
yMOBi (HanmpuKIazg, 3a00POHATH OJHOUACHE TTPOTiKaH-
Hs piBHHX peakIiii i BumMaraTy MiHiMaJIBHIH Uyac OTPH-
MAaHHA I1TH0BOI PEYOBHHM) IPH3BOAAT /0 TyYKe CYTTeE-
BHX 3MiH y IpupoAl sazaul, i A rakux Bapiamiit Bxxe
He MOKHA 3aIIPOTIOHYBATH TAKHIL 3PYYHUH aJITOPHUTM.

3’scyeMo, UOMy Iie TaK. ¥ 3anadi HueThesa Ipo pedo-
BUHUI Ta peakyuii 1 JocHlIKyeThea [oCMKHieTs (3a Mini-
MaJLHHI yac) iasoB8ol pedosuHy. ToMy Bigpasy 3’ apms-
eThest TinoTesa, 1o e — 3afada Ha rpadu. Ale y xonl
TPOXW JeTATBHIIION0 aHAII3Y BUABIAETHCH, IO PO3YM-
HO TIeped)OpMYJIIOBATH 3a1a4y B TePMIHAX KJIAaCHIHOTO
TIOHATTA rpada TOCHTH BayKKO. FIKII0 BBaXKaTH BepIIH-

mamu rpada PeUOBHHM, TO peaKil 30BciM He mpuaaTHi
Ha poss pebep, 60 3a1aI0Th 3B’ 30K He MiX IIapOIo pevo-
BHH, a Mi’K ZIBOMa HaGopaMu pedoBHH. 3 Tiel camoi IpH-
YIMHH, PeaKilii He MOXKHA OrOJIOCHTH HABITh TPAHAMM Ti-
meprpada. SIKIN0 BBaXKaTH BepIIMHAMK rpada MOMKINB
HabopH (MHOKHMHI) PEYOBUH, TOAI rpacoBa iHTeprpera-
I1isT TPOXM JOPEUHilIa, aje 3’ ABIAETCA IOMHaMe e
ARl Ipo6ieMI: IO-TIepIe, yCiX MOMKJINBUX MHOIKUH
nyske 6araro (2F, ne K — KiIbKicTh pedyoBHH); HO-ApYTe,
KOXXHA PeaKIis B Takiil inrepmperarii sagasatume He
OfiHe UiTKO BH3HaYere pebpo, a cyKyIHicTb pebep. Ampxe
1706 PO3IIOUATH peaKIliio, HeoGXiHO MATH B HAABHOCTL
BCi pevoBmnawM, sanucasi B ii s1iBi# cropomi, ane MoxHA
Mary mie 6yab-sxi inmmm.

Ile it 3yMOBIIOE CHTyaIlilo, o 10 AaHol 3aadi
3acTocoBHA Mozudikanis Bizomoro rpadosoro anro-
DHTMY, & JOCHTh HEBeJIHKi 3MiHH B yMOBI IPU3BO/JSATH O
30BCiM HECTAHJAPTHUX 1 CYyTTEBO CKIATHIIITIX 3a/1a4.

nTyP
1. Jlanugor (samporonysas A.B. Craciok)

€ N IIMaTKiB JaHIIOra, KOMKeH i-il 3 SIKHX MICTHTB
L; nasok. Moykna posrHHATH JTOBLIBHI JJAHKA Ta IOTIM

3THUHATH iX 3HOBY, 3’€HYIOUH OKPEMi IIMaTKH.

3asdanna

Hamumirs nporpamy CHAIN, mjo sa kimpkicrio
mMaTkiB mammora N ra KLTbKicTIO TaHOK y LIMAaT-
xax L, BUsHAUAE MiHiMambHY KiTbKiCTh JaHOK, SIKY
moTpibHO PO3irHyTH TA BIrHYTH 3HOBY, 06 3’€HATH
Bei MIMaTKH B OAWH JaHNor. JIaHIIor He MoXe MaTh
pO3TaTy’KeHb, TOGTO KOYKHA HOro JaHKa HoBUHHA Oy-
TH 3’eANana 3 JBOMA IHIIMMHI JaHKaMu (Kpim ABOX
JIAHOK i3 KpaiB JaHIyiora, 1o MoBHHHI 6yTH 3’ camani
JIUIe 3 OAHIEI0 TaHKOIO).

Bxidni dani

V nepmomy psiiky BxinHoro gaitta CHAIN.DAT sHa-
xomuTeea mite uneiao N (2<N<10 000). ¥V xpyromMy pamKy
smaxoxaTses N mimax uncen L (1< L;<1 000 000 000).

Buxidni dani

V exmsomy paaky smExigsHoro daitta CHAIN.SOL
NIOBHHHO 3HaXOIUTHCH IIijTe YHCJI0 — HaliMeHIIa Kilb-
KiCTb JaHOK, 5Ky DOTPiOHO PO3irHyTH Ta 3irHYTH 3HO-
By, 11106 OTPHMATH OAMH JIAHILIOT 3 YCiX IIMATKiB.

IIpuknad éxidnux ma euxionux danux

CHAIN.DAT CHAIN.SOL
3 2
100 3 4
Poaé’a30k

Hassemo npugedenum nadopom uLmamicie Habdip 3 N
IIMAaTKiB, Y AKOMY KOXKeH Ma€e He MeHII Hixk (N-1) na-
HOK. Y I[bOMY BHIIaJIKy HEMOKJINBO PO3IrHYTH BCi JIaH-
KU $KOJHOTO 3 IIMATKIB Ta 8'€IHATH HIMMX iHII IIMaT-
ku. Jls raxoro Habopy OYeBHAHO, 110 MiHiMaTbHA Ki-
JIBKICTB POZITHYTHMX JIAHOK JJIs 3’€THAHHA BCiX mmar-
KiB y eqmmmit nanmor gopisaioe (N—1). Bigmosinuo,
nenpusedeni Habopu — Bl iHmmi.

Hassemo onmumaabium nidHabopom MIMATKIB i3
HenpuBeLeHoTo Habopy TaKy BubipKy, 110, PO3irnys-
i Bel TaEKH Beix If mIMaTkiB Ta 3’€IHABIIM HUMU
MeAKi 3 iHIIMX IIMATKiB, OTpUMaEMO IpHBeLeHUH

46

KOMIMIOTEP Y LLUKOJ1I TA CIM’I Ne3, 2003



[image: image6.jpg]OAIMITIAZIM 3 IHPOPMATHKH

Habip, IpUYOMy — POBIrHYBIIM HATMENIITY MOKIIH-
BY KiTBKiCTB TaHOK.

Topi poss’s130K Bagadi AJ1st 3aTaTbHOTO BULALKY
Oyze TaKHM: BiICOPTYEMO MMATKK HABODPY Y TIOPSAAKY
3pOCTaHHA (HeCIIaNaHHMA) KINIBKOCTEil JIAHOK Y HUX.
Bynewmo it orpuMannM CIMCKOM Bif #oro mouarky;
Hexail HoMep IIoTouHoro mmarka — iE[1,N]. Toxi
mmarku [1,i-1] — e morounuit migHaGip, AKuUit 3r0-
JIOM CTaHe ONTHUMAaIbHUM. J[JIa KOXKHOrO i-ro ImMaTKa
TIepeBipsemo:

i
N-i>XL;;
j=1

@ AKIIO s HEPIBHICTL BUKOHYETHCST, TO IIIMATOK i MO-
JKHA TOJATH JI0 MMOToYHOro miguabopy, Tobro Bei
JIaHKM IIMaTKiB [1,i] MoxxHA posirayTH, 3’€aHABIIN
HUMH 1HIII mMaTKm;

@IKII0 BOHA He BUKOHYEThCS, TO IMaTKH [1,i—1] —
CKJIaNIal0Th ONTUMAIBHIIT ImiHaGIp.

Binmosimnio sagaui 6yae: (N-M—1), ne M — kins-
KiCTB IIMATKIB y ONTHMAIBHOMY ITitHa6opi.

Hoeedenns. [Josenemo, 1mo OTPUMAHHII TAKEM M-
HOM nifnabip € onTuMansHuM. Bil nopuHeH Matn Taxi
BJIACTHBOCTI:

a) Ays Toro, o6 yei ioro JaHkKR MOKHA GyII0 Posi-
THYTH, 3’€{HABIIN HUMH iHIII IIIMaTKI:

M
N-M> ZL 13
j=1

6) micaiA posruHAaNHsA BCIX X TaHOK TpeGa oTpuMa-
TH IIPHBeleHnH Habip;

B) KiNbKiCTh POSirHyTHX JIaHOK (a Ie it Gyxe cyma 3
TIYHKTY a)), IOBHHHA OyTH MiHIMaIbHOIO.

Hoseznemo Bz nporusHoro. Hexait icnye gesxuit om-
TEMansHUH migEabip mmaTKis, ane € xoua 6 ofuH mMa-
TOK A He 3 IbOT0 IiAHAGOPY, JOBXKUHA AKOTO MEHIIA,
HiK I0BXKUHA fleAKOro mMarka B 3 migaabopy (imakme
neii miaxabip 6yxe pesyasraToM skani6Horo BHGOpY, K
Y HaBezienioMy asiropurmi). Cpo6yemo saMinuTy B miz-
nabopi mmarox B na A. IlogusuMocs, SK sMiHATECA
BJacTuBoCTi migHabopy micas saminm:

) BUKOHYETBCS, OCKLILKH CyMa IOBIKITH 3MEHIIIIIACS

6) micaisa saminu He B minHAGOPI 6yse mMarok B, za xo-
BIKHHOIO 6LTHIii, Hixk A, ToMy Ha6ip, AKuit orprMaeMo
IS POSTHHEAHES JIAHOK,, 3ATHIIHTHCS TPHBEICHIM;

B) ane: cyma L; amentmirTscst, TOMY II0YATKOBHIT Habip
He Mir 6yTH onrTiMa eI, 10 i oTpifEO 6v10 J0BECTH.

2. Kaauno (sanponoxysas [I1.1. Arizes)

V BepXHBOMY JNiBOMY KyTi HIDSMOKYTHOrO mois
posmipamu M XN poamimeso
TpalbHUIl KYOHK, po3BOpOT
sAKoro 306pakeHo Ha puc. 5. Ky-
6MK opieHTOBaHO Tak, IO Ie- -
pezHii rpaHi Bigmorifae ogmEn- .
04, a 31iBa 3HAXOAUTHCS TPaHb,
AKii Bigmosinae asifika. Kmitn- =
HH II0Js1 KBaApaTHi, Ix posmipn | = o
CHiBIAaAaK0Th 3 po3MipaMu rpami
KyOuka.

Ky6ux moxxe pyxaTucs 1o mo-
10, TIePeToPTAIOYHCH Yepes OxHe
3 pebep, Ta IOTPAILIATH TIPH IIHO-

Puc.5

My 7o cycinHboi 3HMBY, 3ropwm, mpaBopyd a6o JiBopyd
KaiTuEy nonst. Hanpukiaz, AKINO 3 I0YaTKOBOTO CTAHY
KyOHK PyXa€eTheA PABOPYH, TO IEPeIHBOIO CTAHE TPAHh
3 JBiIIKOIO, a SIKIIO BHU3 — TO 3 Tpiitkoio. Kybuk He Mo-
JKe BUXO/TUTH 38 MEJK1 II0JIsT.

3aedanns

Hamumrits mporpamy CASINO, mo sa indopmarieio
1IPO TI0JIe 3HAXOAUTh OJAWMH 3 MOMKJIHBHUX LUISAXIB KyOH-
Ka 3 BeDXHBOTO JIBOTO KyTa Y HHKHi npaBmit KyT mo-
a4, [Ipu mpomy noTpi6HO BHAMTH TAKII MIIAX, 106 1re-
peHs rpaHb KyOHKA B IiMLOBiH KaiTHHI Mana Makcu-
MaJTbHO MOXKJINEBe 3HaueHHs. Ky6uk Moske BinsigysaTn
KOXKHY KIITHHY II0JIS leKiIbKa pasis.

Bxidni dani

Ilepmmii pAxok Bxinxoro gaitra CASINO.DAT wic-
THTE ABa HaTypanbHuX uucna N ra M (2<N, M <50), mo
BHBHAYAIOTH BUCOTY Ta IIMPHHY LOJIS BimosigHo. Jai
3a1a€TLCA 1107Te, AKe Ipejcrasiene N pAIKaMu, KOKern 3
SAKUX CKIazaerses 3 M uucen i gopisaioe 0 abo 1. ¥V Bu-
TajKy, KOIU KJIITHHI T0JIA Bifnosigae uncio 1, kybuky
saboponeno BixBigyBaTH JaHy kritrHy, B iHmomy pasi
1A KTITHHA MOJKe 8ycTpidaTneh Y IIIaxy Kyouka. IToua-
TKOBI1i KIIiTHHI 8aB)KM BifmoBigae unco 0.

Buxidni dani

Ileprmit pagox Buxinnoro daitra CASINO.SOL mo-
BHHEH MICTHTH HaTypaabHe Yucio W — NOBKHHY
sHaixeHoro muAxy. am y daiini Maors sHaXoguTHES
W pAnkie, KoKeH 3 SKAX 3a/ja€ KOODAMHATY KIITHHI
noJiA Ha moroyHoMy Kpouni. Koopaumara e napoo maty-
PAaNBLHIX YHCEI: HOMEP PsAAKA Ta HOMeP CTOBIYMKA KJTi-
THHH TOJTS.

Y BUIIaJKy, KOIH IIYKAHOIO NUIAXY He iCHye, BUXi-
JIHUI paita Ma€ MiCTHTH PALOK 3 YrcaoM —1.

Hpuxnad 6xidnux ma euxionux danux

CASINO .DAT CASINO .SOL
3 2 3
01 2 1
00 2 2 N
00 3 2
Posé’s3ox

3azauy MOXKHA PO3B’SI3YBATH «XBIJILOBAM» METOZOM.
BixminmicTs BiZ CTARAAPTHONO ATOPHTMY TOJIATAE B TOMY,
10 /U151 KOYKHOL KIITHEH HeoOXiTHO IaM’ATaTy, SIKi CTaH:
MaB KyOHK, KO IoTparuisis 10 Hei. Cran Ky6HKa O[HOSHA-
HHO BH3HAYAETLCH ABOMA IDaHsAMM, HAIIPHKJIAL, TIepe]-
HBO:0 Ta aisoo. Icaye 6 MoxMBHX BapianTis nepenHbOL
rpanl, A KOYKHOI 3 AKMX iCHYE 4 MOXUIMBIX BapIaHTH Ji-
BoL. Taxum uMHOM, KLTBKICTb cranis Ky6wKa nopismioe 24.

AsropuT™ po3B’A3Ky sajadi raxmit. ClouaTky KosK-
HIif KIITHHI 0718, AKY MosKe BigBimarw kyGuK, Bimo-
Bizae 24 momiTku 0, sIKi 03HAUAIOTD, 0 KYGHK Ie He
norpamisas 10 aanoi kiaitusu. Ilepma xiitusa moas
JULsL cTaHy, IO Bi/IMIOBiae MoYaTKOBOMY CcTaHy KyGHKA,
Mae noMiTKy 1 — KybuK BixBinysas KTiTHHY y HouaT-
KoBOMy craui. Ileit cran i saHOCHTBCSA 10 UEprHU.

Ha xo2xHOMY KPOIIi AJINOPUTMY 3 Yepru 06poGIIsIETECs
HACTYITHHIT eJIeMeHT: Napa (KJIiTHHA, CTaH). 3 KITITHEH poo-
JISITHCS YOTHPH KPOKH: BrOpY, JIBOPYdY, PaBOPYY Ta BHI3,
Tlepezipsiersest, w1 MOMKHA POGHTH Taki KPOKwH, Ta um 6y
3aHeceHi y 4epry Biimosigmi napu (xuiiruna, cran). ko
Jiestkol TapH y uepsi He 6y10, TO 1i A0AATOTE 710 Yepri.
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SIKImo Ha JesSKOMY Kpoui B ILIboBi# Kuituni 6yne
ZIOCSIMHEHO CTaH, y SIKOMY IITiCTKAa 3HAXOANTLCS HA IIe-
penHift rpani, To po3s’sa30K sHafeno. fIKINO 06poOKY
Yepry 3aKiHTeHo Ta ILIboBY KIITHHY 6yJI10 H0CATHEHO,
To o6upaeThCA BiANOBIAHMI 1 cTaH, M0 Mae HaWO1Ib-
LTy TIepe/iHIO TPath. SIKIo 06po6KY Yepry 3aKiHIeHo, a
HIBOBY KITiTHHY He 6yJI0 IOCATHEHO B3ATAL, TO BLATIO-
Bigs sagaui —1.

3. Cucrema piBnsns (zanpornonysas 1111 frises)

Hexaii k-Te pipHAHHs cucTeMu 3 N pIBHAHB Mae
Burnag X+Y=b,,

ne X=x,+xgtot®p g b7 Y=Xp gy1 e TXeN-

TakuM YUHOM, JiBa YACTHHA KOKHOIO PiBHAHMS
mae N—1 10aHOK Ta KOYKHE HeBiZloMe 3ycTpiuaeThes
PIBHO ¥ BOX PiBHSHHSAX CHCTEMH.

Xy + 213 +xy4 X5 =38
Xyg FXgg +Xgy 295 =2
Xy3 +Xgg 23y +X35 =3
Xyg +%gq tXgy H2xy5 =2
Xyg +Xgs +2g5 +xy5 =2

3asdanna

Hanumite nporpamy SYSTEM, 1o 3a 3aganuMu
b fyeersby BHAXOLUTEH ONMH 3 PO3B’ABKIB CHCTEMH, 34
YMOBH 1110 HeBifomi X;; MOXKYTE uabyBaTH JIUIIE 3HA-
yenH# 0 a6o 1.

Bxioni dani

V mepmomy paaky nxigroro ¢gaitra SYSTEM.DAT
3HAXOAMTHCS HATYPAIBIIC YUNCI0 — KiTbKICTH TeCTOBIX
60kiB. KosxHuil TecToBuit 610K TOYNHAETHCA 3 PSIAKA,
stxuit MictrTs yneno N (3N =50) — kinbkicTs pin-
HAHD Y cucTeMmi. Y APyroMy panKy 610Ky 3HaXOAUTHCH
N nimux aucen b, (0=b; =50).

Buxidni dani

JI7151 KOXKHOTO TeCTOBOro GJI0KY 0 BUX1THOTO (haiiia
SYSTEM.SOL noBuHeH 6yTH 3aIMCAHMIT OHE 3 O3B’ A~
3kiB cucremu: N—1 pAnKiB, KovKeH k- 3 AKAX MICTATE
N—Fk uuces — 3HA/eHUX 3HAYEHDb HEBITOMMX:

X128 XIN
X238+ X2N
X34 - X3N
XN-1N

AKmo cucreMa He Mae PO3B’ABKIB MLJIA TECTOBOTO
6II0KY, y BAXiHUIT it moBHHeH GyTH 3anucaHuii ps-
IIOK, ITI0 MiCTHTH €AHE YHCT0 —1.

Tpuxnad exidnux ma suxidnux danux

SYSTEM.DAT SYSTEM.SOL
2 -1
3 1119
1 2 @ 001
5 L
3.2 322 0
Po3zé’a30K

Ilepedopmy:toeMo 3azady y Tepmimax reopil rpa-
(in. PosrisHEeMo cioyarky BIacTuBocTi rpady, MaTpH-
A CYMiXKHOCTI SIKOro CIIBIIafa€ 3 MATPHUIIEIO HeBiIo-
MUX CHCTEMH DiBHSAHB.

1) ExeMeHTH TaKoi MaTpPHILL JOPIBHIOIOTH JIUIIE 0
a6o 1, romy rpad He Gyze My IbTHrpagom.

2) EneMenTH T010BHO] Aiaronani MaTpuILi JOpiBHIO-
1o1s 0 — rpad He Ma€ meTelb.

3) Enemenru CHMeTPWYHI BiZHOCHO ToI0BHOI Aiaro-
Hayi — rpad HeopieHTOBAHMIA.

Temnep 3’sCyeMO 3MicT BITOMHEX bj,..,by ¥V TaKiit iH-
repuperauii. Koxue b; Binmosinae KLIBKOCTi BepIINH,
110 CyMi2KHi 3 i-10 BepIINHOIO, To6TO b; — 1€ CTYIIHB Be-
pruEn. TaknM YHHOM, OTPUMYEMO TaKe (POPMY.TIOBAH-
HA: 3a sagaHuMu N CTeleNnsMH BepIIHH 1mobyAyBaTi
HeopieHTOBaHMIT Tpad Ges TmeTesb, Y BCTAHOBUTH He-
MOKJIHBICTD I[BOTO.

Posé’azor 1

Anzopumm po3e’ s3ky. 3 modaTKy poSOTH aIropUTMY

¢ rpad, o Mae He3a[OBiTbHEH] cTeneHi by,...,by.
Ha saragpHOMY KPOTIi: BLICOPTYEMO BCi BEPIIMHY B II0-
DAAKY CIAJaHHs creleHeM. 3’€AHAEMO BEPIIMHY, IO
IIpH BIOPAAKYBAHHI craHe Ha Tieplie Micre BiZLIOBiNHO,
3 IPYTOIO, TPETHOIO i T. A., TAK 1100 3a/0BONLHUTH BCi
cremeni miei BeprmiHm. SIKIIO Ha AesKOMY KPOTI pebpo
He MOYKHA TT00Y/LyBaTH, TO BIAIIOBIAL 3a1aul HeraTHBHA.
Inaxine, 6yae mobygoBanmit rpad, 0 3a40BONBHIAE
yMoBaM 3azadi.

Oyinxa ciaadiocmi anzopummy. Ila KOXKHOMY KPO-
i asropuT™ 6yze BukoHyBarH mopanky N niff (sacro-
COBYBATH 3aTaJlbHUII aJITOPUTM COPTYBAHHA KOXKIOT0
pasy nenorpi6ro). TakuM UHHOM, 3araJbHa CKJIaJHICT
anropurmy ckiage O (N?).

Q0T pynmy6aHHA KOPEKMHOCMI.

Teepdacenns. Hexait icuye rpad G, i3 crenenaAMn
BepIIHH by,...,by, e by =by=...2by. Toai icHye rpad, 3
THMW K CTelleHsSMHN BePIIHH, Ieplla BepIInHa JKOTro
Mae 3arasibHi pebpa 3 (b;)—HOH BepIIMHOIW 2, 3,.., byt

Jlogedenns. Jlijic-
HO, HeXail esKa Bep-
muHa i-1 rpadpa —
Mepia 3 BepIINH, M0
He 3’e¢qHaHA peGpoM 3
BepIINHOIO 1, IpHYO0-
My i—Ta BepIIHHA

- >
S, L i

AT 1
Ma€ 3 TIepILIOO CITiIb- o !
me pebpo. Toxi sHaii-
JeThCs BEPIIMHA P, IO Ma€ CIIimbHe pebpo 3 (i-1)-o10, 1a
He Mae 3 i—o10. MosxHa Bumanuty 3 rpady pebpa (1, i),
(i—1,p) ra momara pe6pa (1, i-1), (i,p). Creneni BCIX Bep-
LLIMH 3aJMIIATECA He3MIHHIMH, a HallllepIra BepIuHa,
110 He 32/[0BOJILHSE YMOBI BiIAHTHCS. SIKIIO MPOjos-
JKyBATH BUKOHAHHSI TAKOI POTE/lyPH, OTPIMAEMO 1Ty~
KaHe PO3TAIIyBaHH pedep 1A 1-0i BepIIHHM.
Pose’szok 2

Heo6xidni nonamma.

VBesemo ekl MOHsATTS, Mo OyAyTh BHKOPUCTAH] Y
mponeci po3B’ A3yBaHHS.

Osnauenna. Hassemo vopro-Giaum (abo UB) moBHM
HeopierToBanuii rpad, pebpa AKOro sa(apboBaHi y 1Ba
KOJIBLOPH OLIMi T YOPHMIL.

Bynab-AKnii HeopieETOBaHMIL rpad MorKe 6yTH 3BezIe-
Huit 1o UB-rpady, AKII0 BBAXKATH, L0 icHyiowi peGpa
rpady MATh YOPHUIL KOTID, & HeicHyIOul — OLmmit.

O3znavenns. Hassemo Gino-wopro-6inum (a6o BIB)
nuisx y UB-rpadi, AKMit IOUMHAETHCS Ta 3aKIHTYEThCH 6i-

Lt
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Jmam peGpom, Ta yei inmm peGpa 1epryiorsest wopHe-6ime-go-
pHe-6irte i 1,71, Pefpa B TAKOMY IIUIAXY He HOBTOPIOIOTHCA.

3ayBaKUMO, II0 Y BUNAAKY, KOJIH IIIAX MICTHTH
Jmrme oxHe 6ine pebpo, ne rakoxk BUB-nax.

Anzopumm pose’asxy

3amuIIeMo aJroOPUTM, IO PO3E’A3YE 3a7aUy.

Iowamiosuit eman.

Ha nouatky po6oru anropurmy y UB-rpadi G sei
pebpa posdapbosani y 6immit kouip. Hagani 6ymemo ka-
3aTH, II0 BEPIIMHA Mae He3a006iabHeNny CTelliHb, AKII0
KinpKicTs peGep, IHIUAeHTHAX Wil BepuHi, MeHIIIa 3a
b;. TakUM UMHOM, CLHOYATKY BCi BEPITMHU MAalOTh He3a-
JIOBIILIENy CTEIiHb (OKPiM BEePIIMH, 10 He HOBMHHI
MAaTH {HITHIEHTHIX BePIINH y IIyKaHoOMY rpadi).

3azanvrull Kpok.

Buaitnemo BUB-1uIsx 3 1es1K0i BepITMHM, II[0 Ma€ He-
3aoBiMbHEH] creneHi, 40 IHIIO] BepITUHN, IOTOYHA CTe-
TIiHb AKOl MeHIIA 3a MiNkOBY. Takuil nUIsIX MOXKe GyTH
LUKJIYHIM, TOGTO 3aKIHIyBATHCA Y TOYATKOBIH Bepr-
Hi, JIuIIIe Y BUTIATKY, KOJLH IOTOYHA CTeTTiHb ITiel Bepri-
HH TIC MeHIIle, HixK Ha 2 Bi/[pisHAeThCA Big InyKaHoi.

Insepryemo pebpa y sHaiizenomy mraxy (To6ro me-
pedapbyemo 6ii pebpa y 4opki i Hasmakm). TakuM wit-
HOM, IIe /Bi cTemneHi Bepirns Gyae 3a40BiIbHEHO, TPH
YoMy iHIII IOTOYHI creneni He 3MiHATBCH.

Pesyrvmamu.

SIKI0 BaCTHCA 3a{0BOIBHUTH BCi cTemeni Beix Bep-
LIWH, TO ITYKaHMI rpad sHaiixeno. Kmo & Ha nesKo-
My KPOIli BUABUTBCS, 10 MOOYAYBATH HACTYITHHIT
BYB-nwisax HeMoyKINBO, TO 3azaua He Modke 6YTH pos-
B’A3aHA JUIS 3aJaHOTO D.

Ananis cicnadnocmi anzopummy.

Hexait N — xinekicTb piBHsHb, 60, y npuitHATIH
TepMiHosorii, KimkKieTs Bepiuu mykanoro rpady. To-
Il YACOBY CKJIA/HICTH ANTOPUTMY MOKHA OIIHITH TAK.

1. BrenienHa naHux salive miniitawnii yac.

2. Ha xosxHOMY KpOIli pOGOTH AIrOPUTMY BUKOHY-
€TBCA MOLLYK IIISIXY MisK JIBOMa BepiunHamu. 1le Mos-
Ha poGoTH 3a IOIMOMOr0I0 OLIYKY B IIUPHHY. Y Halrip-
oMy Bumnanxy 6yne Heobxigmo mopsaxy O(N?) mepe-
TUIAAiB pebep.

KinbkicTs KpokiB MOKHA OIIHUTH AK

N
02 b,).
i=1

Cymy enementis b MosxHa oninurn sx O(N?). Takum
UHHOM, 3arabHa YacoBa CKJIaAHICTb I[bOTO eTAIlY CKJIa-
e O(N*).

Busepenns pesybraTis Mae onisky cragmocti O(N?).

3 HaBe/leHUX MiPDKyBaHb BHILIMBAE, IO 8araitbHa
CKJIa/{HICTD aJTOPUTMY CIIIBIIAZAE 31 CKIAMHICTIO APY-
TOro IyHKTY, Ta fopieHioe O(NY).

Ila oninka € KocuTH rpy6oio, i Ha TPaKTHI auro-
PHTM BUKODHCTOBYE Habararo MeHIIle OIlepalliit.

O6rpynmyesanns xopexmuocmi anzopummy.

Teepdxucenns I. Iuseprysanus BUB-muaxy sminwoe
JIALIIE CTeTIeH] IT0YaTKOBOI Ta 3aKJIIOUHO] BePIIITHI.

MificHo, Ko)Ha iHIIA BepIIKHA, 10 3yCTPiUAETHECH
Ha mIAxy, sbepirae Ipy iHBepTyBaHHI CBOIO CTeliHB,
OCKinbku 1if iHI[MIeHTHA OfAHAKORA KiTbKicTh GLIMX Ta
YOPHUX pebep, II0 HATEIKATh ILIAXY.

Teepdncennsa 2. fKMI0 OTPUMAHA TOCAIIOBHICTE
BYB-mnaxis, raka mo kosxHa i-ra BepIIHHEA 3ycrpiva-

€ThCA Ha OHOMY 3 KiHIiB 1iei mocrizoBHOCTI piBHO b;
pasiB, TO TaKa IOCTIOBHICTS IPU3BOAUTE 0 OTPHMAH-
HeA IIyKaHoro rpady.

JloBeneHHS TBEP/KEHHS BUILIMBAE 3 TBEPKeHHS 1.

Teepdncenna 3. Hexaii icaye rpad G (3 marpurero
cymixkHOCTi A) i3 crenensvu BepunH b;, i, Hexaii Ha ze-
AxoMy Kponi nomyky BYB-maxis ra ix inBepramii
6yB orpumanuii rpad) G’ (8 Marpurneio cymisknocti A').
Toni icarye BUB-IIIAX 8 KOXKHOI 3 BEPIINH, 110 Mae He-
3a/loBinpHeny cTenind y rpadgi G, y npunaiiMui ogHy
BepmuHy rpady G' 3 Hesa[0BLILHEHOIO CTeMIHHIO.

Hexait crenian Beprmam v, MeHIa 3a b,,. ITokaske-
MO, IO 3a JaHWX YMOB 3 BepPLIMHU V MOKHA 3HAHTH
UITAX Y BEPIIMHY 3 He3al0BLIbHEH0I0 erymingio. [ific-
HO, icrye Taxe 6ine peGpo y rpadi G', mo Bigmosinae
itomy pe6po 3 G — uopHe. Ile Bunnmuesae 3 Toro, IO CTE-
THb BEPIIMHYU V) MEHIIA 3a CTeIliHb BiANOBiAHOI Bep-
mHA y rpadi G.

Hexait onse 3 peep, 1[0 3a/{0BOJIbHAIOTE TOTIEPE-
Auiit yMOBi, Beste 10 BepIuMHEH v, y G. fxmo cremins
uiei pepmman y rpadi G' Menma sa by, TO IIIAX 3HA-
neno. B immomy pasi, Kopueryouucs nonepeEiMu Mi-
PKYBaHHAMH, MOXXHA BCTAHOBUTH, ITI0 3 BEPIIKHHU Uy y
rpadi G' 6yze icryBaru yopre pe6po 10 KeAKoi Beprim-
HH U, TaKe, M0 y rpadi G Misk BepIImHaMu v) Ta v, Oyze
Ole pebpo.

13 BepumEN v, 3aB W Oye iCHYBATH Pe6PO Y IeTKy
BEPILUHY Ug, TaKe 1110 pebpo (vg,V3) y G’ — Bine, ay G —
qopre. Temnep, y BUNAKY, KON CTEMIHb U; He CIiBIALaE
3 b3, mMIAX 3HalAeHo. B iHmomy pasi 6yzemo mykaru
1UISIX, KOPHCTYIOUHCh IIOIIePeAHIMI MipKYBaHHIMH.

Bynemo inseprysaru peGpa y G’ sinpasy micsa Toro,
AK IX 3adikcoBano. 3aBAAKK BOMY BAACTLCS YHUKHY-
TH ,,3aIIUKJTIOBAHHS»

11i noBeneHHA Nal0Th 3MOTY CTBEPAKYBATH, IO Y
TIpoleci po6oTH AJrOPUTM He 3aiife y ,TYIHK», TO6TO
He BUHUKHE CHTYAaIlil, KOJH 3a JaHUMH b; myKaHUL
rpad icHye, ale arropuT™ He SHAXOLUTE HOTO, HeIpa-
BUJIEHO OGPABINH IIIAX HA JESKOMY KDOIIi.

Jlitepartypa
1. Axo A., Xonxpogm [Jaxc., Ynoman Jac. Ilocrpoenne
H aHAJNU3 BbIYMCIUTENbHBIX AJII'OPUTMOB. — M.:

Mup, 1979.

2. I'pysaman M.3. OspucTuka B mHGOpMATHKE, —
Bunnnna: Ap6ar, 1998. — 308 c.

3. Kopmen T., Jeiizepcon 4., Pusecm P. Anropurmer:
nocrpoerne m amanus, — M.: MITHMO, 1999. —
960 c.

4. Jluncrxuii B. KoM6nHATOPHKA /s IPOTPAMMIC-
T0B. — M.: Mup, 1988.

5. Cmaeposcruii A.B. Typ6o ITackans 7.0. YueOHuK.
— K.: Usparensckas rpymma BHV, 2000. — 400 c.
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3AZANI XVII BCEYKPAITHCBKOI OJIIMMIAAN 3 IHOOPMATUKU

BoupapeHko B.B., Mopy6nbos I.M., Py6nsos 6.B.,

Tkauyk B.J1., fArisies LLU.I., fikoseHko B.B.

XVII Beeykpaineska onimmiazna 3 indopmaruku,
sAxa Bigbyaacs y Xapkosi 3 28.03 1o 3.04.2004 poxy
pOBOAUIACH Y ABA OYHHUX TYPU TPUBAJTICTIO 5 ToguH
xoxcuuii. [lepunit Typ Binoyses 30 Gepesns, Apyruii —
1 xBiTHA. YyacHUKAM oJyiMmiagy 6yJI0 3aIIPOIIOHOBAHO
mIicTs 3aBAAHB (110 TPM Ha KOKHOMY 3 TypiB). Po3ss’a-
30K KOXKHOTO 3aBIAaHHSA OLiHIOBaBCH, BUXOJAAUH i3
100 6aniB. Huskue HaBefeH] 3amavi omiMmmiagy Ta MeTo-
I iX po3B'A3yBaHHS.

Iyp
3anaua 1. Bextopn
(sanponoryBae Bornan Py61s0B)

Ha rutomusi 3ajaH0 MHOKHMHY TOYOK (X, y), fie X Ta y
— iy, 1=sx<M, 1<y=<N. 3 KoKHOI TOUKH BUXOJHUTb pi-
BHO OfIH 3 HACTYIHUX BekTopis: (—1,-1), (-1, 0),(-1, 1),
(0,1),(1, 1), (1, 0), (1, -1), (0, —1). KoskeH BeKTOD CIIONTY-
yae OfiHy ILIOUKCeIbHY TOUKY IIOIUHY 3 inmoro. Ha-
TIPUKJIaJ, SKIIO 3 ToukH (2, 5) BuxomuTs BekTop (1, 1), T0
BiH cIIOJIyuac Mo ToUKy 3 (3, 6), ae He HABIAKM.

TTocnimoBHicTs i3 ABOX 1 Gidble TOUOK ITOIIUHA
a;, @g,..., @, HA3BEMO IIMKJIOM, AKIIO KOXXHA TOYKA d;
CII0oJIyYeHa BeKTopoM 3 a;; (1<i<k-1), Ta a, coyye-
Ha BEKTOPOM 3 a;. ITUKIIN BBa)KAIOTHCH PiSHUMH, AK-
110 BOHY BiJIpiBHAIOTECA X04a 6 Of{Hi€10 BEPIIMHOIO.

Baedanns. Hanuinits nporpamy VECTORS, sika 3a
iH(hopMaIIi€Io IPO BEKTOPH, 110 BUXOATH 3 TOUOK IIJIO-
IIUHHA, 3HAXOAUTh KibKiCTh PISHUX IUKJIB.

Bxidni dani. ITlepmunit psiiok BxigHoro daitna VEC-
TORS.DAT mictuth aBa 1inux gncaa N (L<N<100) ta
M (1=M=100). Koxen 3 Hactynaux N psajkis, mic-
Tuth M nap uucexn (To6To, 2+ M uucesn). Ilapa x, mo
3HAXOAUTHCA B PALKY Y, 3a/1a€ BEKTOP y TouIi (X, y).

Buxidni dani. EquaNil psAgok BUXigHOTO daitia
VECTORS.SOL mae mictuty mine unenso — KinbkicTs
IMKJIiB, yTBOPEHUX BEKTOPaMH.

(-] (-] -] o (-] o

(1,2)
o.\«:.—\i—_*I °
(] o

(1,1) 4,1)
o o ] o o -]

Hpuxnad exionux ma suxionux danux

VECTORS.DAT
24 2
1111100
$.0=1:07 (@1 0-

VECTORS.SOL

Po3zé’azox

Ilami npo Bei BekTOpH MOKYTh GyTH 306epex<eHi B MacuBi
Plane[1..100, 1..100]. Otxe, sHauenns enementa Plane [, /]
Gy/ie BiiNIOBifaTH BEKTODY, 110 BHAXOAUTHCS B Toumi (i, /).

J11st ONIYKY IMEJTIB BUKOPHCTAEMO HACTYITHUI aJITOPHTM.

1. CoouaTky Bei Toukn dapbyeMo B Ginuit Koip, AKAH
o3Hauae, Mo Touka me He 6ysa o6pobiieHa anropuTMoM. OG-
HyJIIEMO I/06abHII TIYHIPHAK KUTBKOCT] IMKJIIB.

2. Bynemo BUKOHYBaTH HACTYIIHI Aiii, moku Ha moui € Gimi
TOYKH.

3. Braxoumo nepury Gty Touky Ta dhapbyeMo ii B cipuii ko-
JIip, 1110 O3HAYAE, IIIO 151 TOUKA OGPOGIAETECS 3apas.

4. TTounHawoun 3 o6paHol TOYKH, PyXa€Mocs B HANIPAMKY
BeKTOpiB Ta (apbyemo 6i1i TOUKH, 1o sycTpivaloThed, Y Ci-
Ppwmit Komip.

5. SIk1[0 MU 3ycTpiiu cipy TOYKY, TO JOJAEMO OAWHUILO
710 TI06aIbHOrO JIIUAILHAKA IHKJIIB Ta 3yOMHEAEMO 06po6Ky
IIOYATKOBOL TOUKH.

6. SIkIo MM 3ycTpLIA YOPHY TOYKY abo BUMIILIN 3a Mexi
TI0JIsA, TO ByIHHAEMO 0GPOOKY TOYATKOBOI TOUKH.

7. ITicns synuHEKY 06pOOKH ITOYATKOBOI TOUKHM Iepedap-
6yeMo Bei cipi TOYKHM y YOpHMH KoJlip, AKMI 03HaYaE, 10 3
UX TouoK 6yJI0 OTPUMAHO BCIO HeoOXiAHy iHGopMaIiio.

8. Konu He sammMmmuThesA KoAHOI 61101 TOYKH, BiATOBiAAIO
6yzie sHAUEHHH, 1110 36ePiracThes B II00AILHOMY JIUHIbHUKY
KLTBKOCTI IUKJIIB.

OnjianMo ckiaHicTs anropurmy. KosxHy Touky 6yzie nepe-
TUISTHYTO PiBHO OJIVIH Pas y X0/ IepeBipku, 4u Mae BoHa Glmmit
kouip (2a kpomi 3). KosxHy Touky Gy/e piBHO offiH pas nepeda-
pbosaHo B cipuii Koip, i piBHO ouHE pa3 nepedapfoBaHo B 40p-
Huit xouip. KosxHy Touky GyZie IeperIsHYTO He Giiblre Hix
8 pasiB Ha kKpokax 5 Ta 6. TakiM YHHOM, KOKHY TOUKY Gyze 06-
pobiieHO 06MesKeHy KiTbKicTE pasis, 3 YOro MoXHa 3poGHUTH
BHCHOBOK, IT[0 CKJIagHICTE aaroputmy € O(M -N).

3apaua 2. IToroxsai ymoBH
(sanponionysae Boxogmvup Trauyk)

Cucrema peiiciB aBiakommnanii OlympAirways 6yna
CIPOEKTOBAHA TAKUM YHHOM, 1106 3 GYAb-AKOTO aepo-
HOPTY, 1[0 06C/IYyrOBYEThCA aBiaKOMIIaHi€0, MOYKHA Gy-
J10 TiepesiiTiTé 10 6yAB-AKOro iHIIOTO AepONOPTY, CKO-
PUCTABILNCH, MOKJINBO, GiybIlle Hi?K OfHUM peicoM.
KosxeH pelic criosydac Ba aepolIOPTH Ta BUKOHYETHCA
B 00nBa GOKHU.

Icuye npobiema, mio Aesaki peficu meBHUI yac Mo-
JKYTh He BUKOHYBATHUCH Yepe3 IoraHi IOrojHi yMoBH.
Taxum YHHOM, HMOBIPHO, III0 KJIIEHT He 3MOKe IepeJie-
TiTH 3 aeponopty A /10 B, KopHucTyIOUNCh JIUIIIE JiTaKa-
mu aBiakomnasii OlympAirways. s KocTigKeHHA
noAi6HMX cuTyaliil HayKoBui BigAin KoMnaHii BBiB 1mo-
HSATTSA YKCJIA BPa3IMBOCTI 3B’A3KY MiK ITapoio aeporio-
priB A ta B. Ile yncsio fopiBHIOE KinbKocTi peiiciB aBia-
KomrmaHii, BiiMiHa KOBLIBHOrO 8 AKUX (38 YMOBH, IIIO
Bel iHmIi peficH BUKOHYIOTECA Y 3BHUATHOMY HOPAAKY)
npusBefie 10 HEMOYKJINBOCT] IIepesIboTy Jio aeporopry B
3 aeporopTy A.

3aedanns. Hanmuits nporpamy WEATHER, axa
3a iHopMaItieio Ipo Bel peiicH, M0 BUKOHYIOTHCH aBia-
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KOMIIaHi€l0, BUBHAYAE CYMYy YUCeJ BPasIMBOCTi 3B’A3-
Ky Mi’k ycimMa rrapaMu aeporopTis.

Bxioni dani. Ilepmuit pafgox BxigHoro daitna
WEATHER.DAT micTuts nije uucno N (1<N=<100)
— KimpkieTh aeponopris, 110 06CIyrOBYIOTECH aBiaKo-
Mnanieto. Hpyruil pagok micturs mise unemo M
(1=M=4950) — xinekicts peiicis, fki BUKOHYIOTHCH
asiakommanieto. Koxxuuit 3 HacTynuux M psapkis Bu-
3HAYAE peiic, KM ITPECTABIEHO IIAPOI0 MITNX UHIces
Bin 1 1o N — HOMepaMu aeponopris, sKi Bil cromyJae.

Buxioni dani. €qunnit pagok BuxigHoro daiira
‘WEATHER.SOL Mae micTuTH Iiije 4ncsio — cymapHe
YHCJIO BPas/IMBOCTI 3B’ A3KY Mixk yciMa pisHumu mapa-
My aepornopris A ta B, Takux, 110 Homep A MeHmIuii 3a
Howmep B.

Hpuxnad exidonux ma euxidnux danux

WEATHER.DAT WEATHER.SOL
5 10
5
4
42
45
32
31

Po3é’asox

Basogi nonammsa. Cxemy peiicis kommanii Olymp-
Airways MOMKHa ITpe/ICTABUTH HEOPiEHTOBAHNM rpadoM, Bep-
IIMHAMH AKOTO € AePONOPTH, & pe6paMy — peifcH Mix aepo-
mopramu. ToMy spydHO omwcyBaTH po3B’A3KH Iiel aafayui B
TepMiHax Teopii rpadis. ITo-nepime, BigzHauuMmo, mo 3a yMo-
BOIO HAIII 'pad) € 3B’ A3HUM. « UHCII0 Bpa3IMBOCTi» OHOTO Ma-
PILIPYTY € BJlacHe KiJbKicTIo pebep, y pasi BUIydeHHs Xoua 6
O/IHOTO 3 SIKUX, OJNH KiHeIlb MapIIPyTy CTAa€ HEJOCTYIHHEM 3
irmoro kinns (sagai Taki pe6pa 6yseMo HA3UBATH KPUTHY-
HAMH JIJIs1 MapIIpyTy a60 KPUTUYHUMM AJIsl IaPU BepIIHH,
1010 € KiHIAMHI MapmpyTy).

Po3ze’azox 1. (HeonTnMasibHUIA 110 yacy)

Jist «1060BOTO» PO3B’S3KY 3a/1aui A0CTATHEO GABOBHX I10-
HATB: U1 KO HOI mapy BepurrH (yeboro O (N?) map) sraiiTy Ki-
JIBKICTE KPUTHYHUX pebep, y KiHI| sHARTH cyMy IMX KiIbKoc-
Tet. Bagaua 3BOJINTHCA 0 BHAXOJKEHHSA UHC/IA BDASIHBOCTI
opniel napn BepmmH. HaltoyeBnpaimum crnoco6oM momyky
I(BOTO YKCJIa € HOCIiIoBHII IIepebip ycix pebep i mepesipka fo-
CAMHOCT] O Hi€l BepIMHY Mapy 3 iHIuo] Ipy BTy deHH] pebpa.
Jn151 TIepeBipKM IOCSYKHOCTI MOSKHA BHKOPHCTATH ATTOPHTMHI
obxozy rpaca (HAIPHKJIAL, ONTYK «y IIUPUHY» TH «Y TIHGH-
Hy»). KopekTHicTb 1ip0ro poss’saky He noTpeGye oBefieHH.
Ouirmmo gac #oro poGoTH: MONTyK «y MUPUHY» (TAK CaMo K i
Holyk «y rimubugy») npamoe 3a gac O (M+N) = O (M) (n1s
3B’A3HOTO rpada, KiIbKicTs pebep He MeHIIe Hixk N—1), Tak sx
Heo0X1/1HO BUKOHATH IONIYK /151 BCiX BapiaHTIB 3 BUTYYeHHSIM
ofiHOro pebpa, To BUKOHYBaTH NOIIYK foBefieThea M pasis. OT-
Ke, CKJIaJHICTL 3HAXOJPKEHHHA Yucila BPasIuBOCTi IS ofHiel
nap € O (M?). BpaxoByioun Te, 1110 Taxe qrcso TpeGa Iipaxy-
BaTH JUIA KOKHOI IapH, OTPHMYEMO 3aralbHAMN Yac poGoTn
nporpamu — O (N**M?).

Poseé’a3ox 2. (Ontumisanis poss’ssky 1) s

3pasy K posIVIAHeMO MOKIHBY ONTHMI3aIio BHIIe HaBe-
JIeHOTO i JXOAyY.

JI715 IBOTo CKOPHCTAEMOCH HACTYITHUM TBED/KEHHSIM: yei
KPUTHYHI 1151 TAPU BEePIINH peGpa HalesKaTh 0/ipasy BCiM
MapHIpyTaM, 1o 3’€/IHYIOTh 1li BepIIHHA.

Omxe, He moOTPiGHO posryssaTy Bei pe6pa rpada, Kocrar-
HEO IIepeBipUTH TUTBKY pe6pa SIKOroch OHOTO MapUIPYTY 3 Off-
i€l Beprmay 10 inmoi. IpupoaHo BUGpaTH He NOBLIbHUI Ma-

PLIPYT, & MAPIIPYT HaliMEeHIIINH 3a KiIbKicTio pebep, 0CKiIb-
KM KOMKHe pe6po TAKOro MapLIPYTy AOBeAeThCA IepeBipATH Ha
KPUTHYHICTE. [IJIA 3HAXOI KEHHS TAKOTO MapIIpyTy Heobxin-
HO BUKOHATH Ille OWH IIOMIYK Y MUPHHY JJIA KOKHOL Iapnu
(a6o HaBiTH, IIPOCTO /IS KOXKHOI BEPIINHM), 110 He BILTHHE Ha
ACHMITOTHYHY OIIHKY Yacy poGoty Beiel nporpamu. Taka orr-
TUMI3AIiA MOKe IABATH BeIMKHIf BUTDAL y 9aci A1 OKpeMux
BapianTiB rpady (HAIPHKJIaZ AJIS HOBHOTO), AJIS JOBLILHOTO
rpada MOXKHA CKa3aTH, 1110 Yac poGorr 6yae O (N**M) (115 ko-
*KHOI IIapy MU IlepeBipsieMo He Gimbime, Hisk N—1 pebpo).

Po3ae’asox 3. (Ines onTEMATILHOTO PO3B’ABKY)

Tenep posryiaHeMo ifeio, Mo Befe IO ONTUMAILHOTO PO3-
B’3KY. ¥ pasi BILTy4eHHS KPUTHYHOro pebpa rpad posmajeTs-
s HA J{Bi KOMIIOHeRTH 3B’ A8HOCTi. IIpu nboMy BrTyUeHe peGpo
Gyne KPUTIYHNM /I BCiX Iap BEPIINH, TAKUX IO HAJIEKATE
Pi3HMM KOMIIOHeHTaM 3B’sI3HOCTI, 1 He 6y/le KPUTHYHUM JJIsT
Tap 3 onHiel KoMnoHenTH 38’A3HOCTi. OTKe, Take peGpo BHO-
CUTb OJMHWYHHUHA BKJIAJ IO YKCJIA BPas/MBOCTL KOXKHOI NapH,
J1 SIKO1 BOHO Gyfie KPUTIYHIM a60 BHOCHTE BKJIAZ Y CyMapHe
YHCTI0 BPA3IHBOCTI, piBHe KilbKocTi Taknx nap. ITigpaxysaru
KiTBKiCTh Iap, AJIs AKAX gaHe pe6po € KPUTHUYHMM, MOYKHA
Tak: SKIIO B O/Hii KOMIIOHeHT] 38’ saHoCTi K BepIIuH, a B IIpy-
riit BignosigHo N—K, To Beworo map Gyge K*(N—K). 3raxons-
M CYMY IUX KUTBKOCTeH 11t KOXKHOTO KPHTHUYHOI'O peGpa rpa-
(a, OTPHMYEMO PE3YIILTAT — CYMAapHe YKMCJIO BPA3IHBOCTI.

Posp’AsaHHsA Bajadi MoKHA YMOBHO DOSJLIMTH Ha ABi
YACTHHH:

®3HAXO/KeHHA KPUTHUHUX pebep rpada;

@115 KOMKHOTO KPUTHYHOTO pebpa 3HAXOAKEeHHA KiIbKO-
CTi BEPIIIMH Y KOMIIOHEHTaX 3B’ A3HOCTi.

Hac poboru nporpamu 6y/ie saJiesxaTH Bij TOTo, K peasi-
3YBaTH KOKHY JacTHHY nporpamu. Haiimpocrimuit BapianT:
nepeGpaTH Bei peGpa i IepeBipUTH KOMKHE 3 HAX HA KPUTHY-
HicTh (Tak caMo fK i B IollepeHEOMY aITOPUTMI), & moTiM
JJIS1 KOJKHOTO pefpa MmiapaxyBaTé KilbKicTh BepIInH y KoM-
TOHEHTaX 3B’SA3HOCTI (HAIPHKJIAJ, MOIIYKOM «y IIAPHHY»).
HAkumo peanizoBysaru mporpaMy Tak, To yac ii poGoru Gyne
O(M?), mo meHITe, Hiz /15 IIONEPEHBOTO AJITOPHTMY.

Pose’asox 4. (OnnmasnbHa peanisamis)

HaitorrrumanbHimmit poss’si30k MoTpeye AEAKOTO IOKpa-
IMeHHA Po3B’ ABKY KOMKHOI 3 4aCTHH 3a/a4i. Ommmmemo aropu-
TMH, 11]0 BUKOPHCTOBYBAHCE B ABTOPCHKOMY PO3B’A3aHHi.

AJTOpUTM 3HAXOJI’KEHHA BCiX KPUTHYHIX pebep.

Ile Ha#i6inbIn BasKIHBA i CKIaZHA YaCTHHA AJTOPHTMY,
ONKMINEMO OCHOBEI mpuitoMH i mosHaveHHs, AKUMHU GyneMo
KOPHCTYBaTHUCh.

1. O6iiipemo HamI rpad HOLIYKOM y TIHOUHY.

2. VBesieMo TIO3HAYKH Ha BePIIMHAX: a(V) — HOMep BepII-
HH B IIOpAAKY 06xoay ii momrykoM «y riuGury». ITi mosmauxy
Gy/1eMo POSCTABJIATH B IPOIeCi BAKOHAHHS «IIOTIYKY» .

Hapauni 6yzemMo roBopyTH, 10 BepIiuHa U € 611010, AKIO
Ans Hei a(u) me He BUsHaveHa (IOLIYK IIle He AiHIIOB 10 Hei);
BepIKHA U € YOPHOIO, AKIIO I Hel Byke BUBHAUEHO a(u).

3. YBeniemo 1me onui mosHauky Ha BepmuHax: b(v). [osc-
HUMO CeHC Iiiel IO3HAUKH: Y Ipoleci HOMyKy B IMMGUHY Gy-
ZlyeThbes Opi€HTOBAHE /IePeBO IIOLIYKY, KOPEHeM /IepeBa € Bep-
LuHa, 3 Kol moyases nomyk. Hexaif y gepesi nomyky Bep-
mHHa U € GeaniocepetHiM mpeAKoM BepnHu v. Toxi B b(v) Mu
sanMIueMo MiHiMaabHWMi 3 a(t), fe ¢ — BepIIMHA TaKa, [0 ic-
Hye ILIAX 3 L 1o t, AKHil He MicTHTH pebpa (v, u) (pebpa, 1110
3’efiHye v 3 GeanocepeHIM IpeKOM).

Ouesuziro, mo a(v)=b(v) (BepmIKHA 3aB3/HM MOKe 6yt
JocATHYTA caMa 3 ceGe). Asle Hac IiKABUTbL HEPiBHICTL Misk
a(u) i b(v). Posrianemo MosxmBi BapianTH:

a(u)<b(v). Lle oamauae, 1[0 3 BePILMHN U He MOYKHA [I0TPa-
TIMTH /10 ’KOZHOI BePIIHHH, Ifo GyJia obilifieHa panimre 3a u (He
BUKOPHCTOBYIoUH peGpa (1, v)). Orxe, pebpo (¢, v) posbuBae
rpa¢ Ha 1Bl KOMIIOHEHTH, &, OTJKe, Iie PebPo € KPHTHIHNM.
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a(u)=b(v). ¥ npoMy BUNAJKY 3 BEPIIMHM U MOXHA IIOTpa-
IUTH JI0 AKOICh BepIIMHY, 1o OyJIa obiliiena momrykoM paHi-
mre, Hix BepmuHa u (abo B camy Bepmury u). Toal icaye
LMK, JI0 AKOTO BXOASTS i BepIIyHa v i BepmuHa u (icHye pu-
HaifMH] /iBa IIISXK 3 BePIIMHY U 0 BePIINHM U: ofuH Gearo-
cepemLO uepes pebpo (4, v), & APYrHil yepes feAki NPoMikHL
BepINUHA).

Omxe, siKmio 3HaiiTy Bei a(i) 1 b(i), To kpurnyHi pebpa Gyze
BUBHAYNTH yKe IPOCTO: AKIIO B OIIYKY «B IVINOHHY» U — 6es-
mocepeaHii Ipesiok v i b(v)>a(u), To pebpo (4, v) — KPATHIHE.

S0 O

Tenep 3HAXO[KeHHS KPUTHIHNX pebep 3BOAUTLCA /0 3HA-
XomxeHHs b(i) 475t KoxKHOI BepImuy. 3HalTH Bei Il mosHauKn
MO2Ha B TIpOIleci O/HOTo HOLIYKY B r/M6uHy. Posrisaemo Mo-
MEHT, KOJI TIOIIYK «3aiiIIoB» y BepIIHHY v. Beprmuaa v moxke
6yTH 3’eHAHA B IeTKIMHI UOPHUMH i 6immvu BepmmHamu. B
b(v) sanuireMo MiHiIMyM 3 IBOX Mlmmymn nepnmit — 1e Mi-
mimym™ 3 a(i), fe i — YopHUIA cycif v, 110 He € GeanocepeHiM
TpeKOM V; APYTUH — Ie MiriMyM 3 b(j), ne j — 6ini Ha fanuit
MOMEHT cyci/iu v (3aImycKaeMo AIst IUX BEPLINH MOIIYK, i cmo-
uaTKy sHaxofumo b() ana Hux). To6To, TAKMM UNHOM MM 3aIIH-
memo B b(v) HoMep a() BepIInEH, [0 Moyke GyTH JOCATHYTA 3 U
6Gesnocepe/iHBO a60 Yepea GLmi BepmmHM.

OTxe, 3HAXOPKEHHS Beix b(i), Tak caMo AK i Beix KpuTHy-
HUX pebep MoxkHa 3DOCUTH 3 OJIMH IIONIYK Y TIMOUHY, a, 3Ha-
4uTH, 3a 9ac O (M).

AnTOopuUTM BHAXOAYKEHHS KLTLKOCTI BEPIIMH Y KOMIIOHeH-
Tax 3B’ABHOCTI.

10 yacTHHY 3aJa4l MOJKHA JIEFKO PO3B’A3aTH, 3HOBY KO-
PHCTYIOUHCH [OIIYKOM «y TIGHHY » . Tpeba Juile 101aTKOBO
1aM’ ATATH KilBKicTE 0Bififerux nomyxkoM BepmnH. «Ilepeii-
IIOBIIM» Yeped KPUTUYHE pPeGpo, NOIIYK He «II0OBePHEThCH»
moku He 06ifiie BCi BepIIMHN KOMIIOHEHTH 3B’ A3HOCTi (&, OT-
ke, 1 migpaxye IX KijnbkicTs). AKIO KLTBKiCTD BEPLIMH B OX-
miit kommonenti K, To B immi#t — N—-K. Ham 3HOBY 3Haz0-
GUTHCA JINIIe OfWH MONIYK y IMIMOUHY, 3HAYATH, CKIATHICTE
poboru 6yze O (M).

Tak siK 0OHIBI Mmiaamaui poas’asywThes 3a yac O (M), Toi
BeA 3a/1aua O3B’ A8yeThes 3a et yac. Tpeba BifsHauwmTH, IO
Tieit yac € HafiKpamuM 3 MOXKJIMBHX JUIS IaHOI aafadi.

Banava 3. IlloxoxaaHi IIHTKH
(sanpononysas Borzaan fIkoBeHKO)

Hanesno, yeim BizoMo, 1110 III0KOJIA] KOPUCHUIL J71a
MOBKY Joauayu. ToMy yUacHUKH HaioHaJIBHOI OJTiMIIi-
anu Kpainu OxiMmis IpuHecaH Ha Typ 6araro IJIMTOK
mokonany, mo6 rexianbHi izel mpuXoaUIU X0 HUX
mBHALIe. Alle IPUHECEHOTO IIOKOJIay BUSBUJIOCSH 3a-
6araTo, i micsist Typy B KabineTi sanummtocsa N npsmo-
KYTHUX IUIATOK, AKi CKJIaJlaJlics 3 YACTOK poaMipaMu
1x1. [IBoe yyacHUKIB BUPIIIIIH 3’ ICTH YaCTUHY IIIOKO-
Jany, 10 SaJIUIIUBCH, ajle, BpaXOoBYIOUH Te, 10 IIPOTs-
rOM TYpy BOHH CKOILTYBaJIX JOCHTh GaraTo IMoKoazny,
6yJ10 BUpillIeHO 3pOGHTH Lie B JOCHTH HeaRUYAaltHUH ir-
POBHMii crioci6 3a TAKMMM IIPABHJIAMH.

VuacHUKY BUKOHYIOTh IIeBHI omepamii 3 IIoKosaj-
HUMM IUIATKAMHY TI0 Uepai: cIoYaTKy HepIImii, moTim
JIpyTHii, 3HOBY Ilepiiuii i T. 1. ¥ cBoIO Uepry y4acHUK
o6upae IIATKY IIOKOJIaAY, 3 AKOIO BiH Gyzie BUKOHyBa-
TH OAHY 3 HACTYIIHUX Ollepaltiit.

1. PosnaMaTy IJIATKY Ha JBi; JiHiA possoMy HOBH-
HHA IIPOXOJIUTH IIapasebHO CTOPOHAM IUTUTKU Ta MiXK
YacTKaMH.

2. Bignamaru Ta 3’icTu JOBIIBHMIE «PAJOK» a6o
«CTOBITIMK» IVINTKH, IKAH He € KpaifHiM.

3. BigyamaTu Ta 8’icTH Bei YACTKH IUIUTKMY, 10 8Ha-
XOJATHCSA 3 KPalo, aje 100 Iic/is IbOTo Bifl IVINTKY 3a-
JIMINMIIacs NpUHARMH] ofHa YacTKa (MiHiMaTbHUI po3-
Mip IVTHTKH, 3 KO0 MOXKe 6yTH BUKOHAHA TaKa oIepa-

1isg — 3x3).
=H H

i
":J‘>|-m

=> 0

® [

P Mg

MKonua 3 nux omepaniii He Moke GyTH BUKOHAHA 3
mwuTKo 1X 1, TOMYy BCi Taki INIMTKY 3aTHIIAIOTHECH 10
kirmsa rpu. IIporpae Toif y4acHUK, IKMI Y CBOIO Yepry
He 3MO’Ke 3pO6MTH *KOHOI 3 HABEIeHNX ollepaniii.

3aedanns. Harmumits nporpamy CHOCO, sika sa iH-
(hopmani€io Ipo IINTKH HIOKOJIay, [0 S3aTAIIAINCH
e Typy, BU3HAYAE KUIBKICTh BapiaHTIiB IepIoro Xo-
JTy TIepIIIoro yYacHNKa, AKi rapaHTyIoTh oMy BUTpALL, y
pasi JoTpUMaHHS BUIPAIIIHOI CTPATeTii B I0AaIbIIoMy .

Bxioni dani. Y nepmomy psAAKy BXigHOTro (aitia
CHOCO.DAT wmicTurscs uise uucno N (1SN<100) —
KiNBKiCTh IIOKOIA{HUX IUIUTOK. ¥ APYTOMY PAAKY Mic-
TaThesas N map miIUX 4uces, KOMKHA i-Ta 3 AKUX 3a/1a€
[OBKHMHY Ta LIMPUHY i-0i INTKH. JIOBXKWHA Ta IIUPH-
Ha He MeHIi 3a 1 Ta He nepesumyiors 100.

Buxidni dani. Y equHOMy PSIKY BUXigHOTrO daiina
CHOCO.SOL moBHHHO MIiCTHTHCH Iijle YMCI0 — Kib-
KiCTh BapiaHTiB epLIoro XoAy IepIIoro y4acHUKA, AKi
rapaHTyIOTh HOMY BUTpalll, y pasi ZOTPUMaHHS ONTH-
MaJIbHOI eTpaTerii B oAaIbIIoMy.

ITpuxnad éxionux ma euxidnux danux

CHOCO.DAT CHOCO.SOL
1 3
33

Burpalsi X0y Iepiioro y4acHuKa HaCTYIHI: olle-
paris (3), onepauis (2) 3 APyruM PSIKOM, Ta Oepais
(2) 3 APYTHM CTOBITYMKOM.

Poszé’azox

PosrisgHeMo HanTy 3azady MOBOIO Teopil irop.

Maemo Habip 06’€KTiB, KOKeH 3 AKUX CKIANAEThCH 3 JBOX
roopauHar (X; Y).

3 06’eKTOM MOKHA 3POOUTH JlesiKi omeparrii 3 oro posGuTTs.

1. (X, Y)— (X, 1);(X, Y—i) (pospia 1o ropuaonTam) i€1,Y-1.

a0
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2.(X, )= (i, Y);(X-i, pis 110 Beprukai) i€1,Y—-1.
3.(X,Y) —(> z?(, i);(?{) —i—1) (BUNIyUYeHHS DPSAAKA IO
ropugsoHTai) i€1,Y-2.

4. (X,Y)—> (i, Y);(X-i—-1, Y) (BunydeHHs pAaka mo
Beprukan) i€1,Y-2.

Taxo2x icHye omepalis BIIy4YeHH: KpaiB 06 'exra:

5.(X,Y)—> (X-2,Y-2), sxmo X <3, Y<3.

KoskHa Mo3uIlis IpU BUSHAUAETHCH KoMbiHami€Io 06’ €KTiR
(3 MOYKJIBIM NOBTOPEHHAM):

{(X15 Y1)i(X g5 V)i s (X Vb

ITosuuii Gysators Burpamsi Ta nporpantai. IIporpamsa
— TIOBHIIis, 3 AKOL HEMa IIPAMOI0 XOAY [0 IporpamHol. Bu-
TpaIiHa — Io3MIlis, 3 AKol icHye xoua 6 1 xix y mporpammy.

Iosuuist {&} € nporpamsoio. AHATOrIYHO IO3UIIT, Mo Mi-
CTATH CKLIBKY 3aBrof{HO 06’€KTiB, (1; 1) € nporpamtammm.

Tenep A1 KOKHOI IO3MIII I'PH BBEJIEMO «UHCJIO BUTPAII-
HocTi» (SG — Taki umena B JiTepaTypi YacTo HasMBAIOTHCS
uncnamu Cripara—I pronpi) Tax:

SG({2})=0;

SG Beix mosumii, mo sBogsTEes Ao {D} Hopirmice 0, Ha-
npuxnan SG ({(1,1)}) = 0;

SG (A), e A — 0BLIBHA MHOXKWHA 3 IOBTOPEHHAM, II[0
3ajia€ HAIITY TIOBMINiIO I'PH, JOPiBHIOE MiHiMaIbHOMY He Bif’e-
MHOMY YHCITy, 10 He 3ycTpivaeThed y SG (B), ne

B; — Ha6ip noauIIii, 0 KX MOKHA TIepefiTH 3a OIMH Xi 3 A.

Hanpuxiaz: 8 noawmii {(1,2)} MosxHa nepeiita 1o {(1,1); (1,1)},
axe Tesk came, o it {J}; (SG ({B)) = 0), omxee, SG ({(1,2))=1.

3 moauii {(1,3)}, HanpukIaz, MoskHa nepeiita 1o {(1,1);
(LD)}y{2} (SG({2)=0) ma o {(1,1); (1,2)} y{(1,2)} (SG-({(1,2))=1),
omxe, SG({(1,3))=2.

Jlns Toro, 106 BUIPATH KOXKHOIO pasy IpaBelh IOBUHEH
BBECTH I'paBllA B o3umiio A 3 SG(A)=0, axmo Tak 3pobuTu He
MozxHa (To6To MH cToiMo B nosunii B 3 SG(B)=0), To 11 moau-
Iif — mporpamniHa.

Omxe, mocTae MMTAHHESA, AK ePeKTUBHO sHakTH SG(A).

Hanpuxaazn, y Hac € ABi HeaaseskHi nosuuii rpu A Ta B,
MH TaKox 3HaeMo, mo SG(A)=a, SG(B)=b.

Tosaaummo SG(AUB)=Z,, ;.

Ilepeiinemo 1o GesnocepeHboro o6unciaenns Z. gy

Ouermazmo, mo Z; ;=0.

Jlemal.Vx:Z, =0

|Sll<ln0 rpaTH CEMETPHYHO, TO BUTPATH He MOXKJINBO, TOGTO

2,x=0-

Teopema 1. Z; =i xor j, ie Xor — noGirose goaBanHs aa
Mopyem 2.

01 2 3 45 6

O a0 s O N - O

|MoBenemo sa saransuolo ingykmieio mo i Ta j:

BABA: Zy,~0xor 0 =0

Ternep, SKI0 MU J0BeEMO, IO 3 TOTO, IO Zy=kxorl, g
Beix k=i Ta I=j, 6e3 mapu k=i ta [=j, BurumBae mo Zj=ixorj,
1110 eKBiBaJICHTHE TAKOMY: Cepes{ Yuces

Z;j-y=ixor (j-1), Z; j_p =ixor (j-2),..., Z;p=ixor 0

Zi-1J= (i-1) xorj, Zldz‘j = (i—2) x0r j,..., ZDJ- =0xorj
HaliMeHIIle YHCJIO, 1[0 He 3YCTPIiYaeThCsA = i XOr j.
OueBHAHO, IO i XOr j, He MOXe GyTH PiBHUM KOZHOMY 3
IHX YHCeN:

ixor (j-1), ixor (j-2), ..., i Xor 0, (i-1) xor j, (i-2) Xor j, ...,
0xorj(1).

Omxe, Z; ;= i xor j.

JloBenemo, 110 Bei YrcIa, 0 MEeHII 3a i XOr j, BROASATH 10
TIOCJIiIOBHOCTI.

st KoaxHOTO Takoro yucesaa C < i XOr j IOKaXkeMo airo-
PUTM, 1[0 3HAXOAUTH, AKUIl WieH 3 mocaigoBHocTi (1) pis-
Huit C.

Bupisraemo uncio C 1o oHaK0OBOI KiIbKOCTi 3HAKIB 3 4u-
CIIOM i XOT j.
3HaiileMo epIIMit pospsiJI YKca, 0 BiApisHse i yucia.
¥ Hac MoxyTh 6yTH Taki cuTyaniii:

Gl
3MeHIIHBIIH j, MokHa oTpuMaTH C.

Taxoro 6yTu He Moxe, iHakIme C>i Xor j.

Tenep obunciumo uncia SG((X, Y)) ans seix X, Y, mo He
TIepeBUITYIOTh MAKCHMAJIBHOTO IapAMETpa.

ITicist nporo oGUUCIeHHS Jierko sHaiTi SG, Ass Hamof mo-
YATKOBOI IIOBUIIT — MPOKCOPUTH SG KOMKHOIO IPSMOKYTHHKA.

Tenep mepe6upaioym BCi MOMKJIMBI XOIH, BCTAHOBIIOEMO
SG HoBoi mosuuil, Axio Bix 0-i, To ne BUrpamHMit Xif.

CrnagHicTs anroprumy: O(M*+NM), ne M — makcu-
ManeHMH X a60 Y.

(Aaxi Gyne)

Jlirepatypa
1. Axo A., Xonkpodt [x., YnomaH [x. MocTpoeHue 1 aHanma Bbli-
YUCAUTENbHLIX anroputmMoB. — M.: Mup, 1979.
2. lpyamaH M.3. 3spucTika B MHopMaTuke. — BuHHuua: ApBar,
1998. — 308 c.
3. Kopmeri T., JleiizepcoH Y., PuBect P. ANropuTMbl: NocTpoeHue
n aHanms, — M.: MUHMO, 1999. — 960 c.
. Jlnnckuii B. KomGuHaTopuka Ans nporpaMMucTos. — M.: Mup,
1988.
. CraBposckuii A.B. Typ6o Mackans 7.0. YuebHuk. — K.: UapaTe-
nbckan rpynna BHV, 2000. — 400 c.
. Web pecypcu:
http://www.uoi.kiev.ua;
http://acm.timus.ru;
http://www.olymp.vinnica.ua;
http://olympiads.win.tue.nl/ioi/;
http://www.informatics.ru/.
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BoHpapexko B.B., NMopy6nsos I.M., Py6nbos B.B.,

Tkauyk B.J1., Srises LU.I., fikoBeHko B.B.

I Typ
3anayva 1. IIpauisauxu
(sanpononysag Ilamine fAriges)

Ha saBozi kokHa 3 N meraneii Moke 6yTu o6pobiie-
HOIO Ha OZHOMY 3 JABOX Bepcraris: A a6o B. KoxxHa re-
Tajab Ma€ NopAAKoBHit HoMep Bix 1 no N. ITo o6pobku
JeTajsieil MPUCTYNaloOTh IOCHiJOBHO, BifNOBigHO KO
ixHix HoMepiB. KinbkicTb meTasei 3aB:x 1y mapHa.

IcHyloTs IpaBmiIa, 38 AKAMK BHSHAUAETHCS, YU MO-
"KHa 06poBIATH leTaslb Ha IeBHOMY BepCTAaTi.

1. fxmro Ha MOTOYHUI MOMEHT Ha Beperari B Gyna
o6pobiieHa Taka K KiIBKiCTD netaseit, Ak i Ha BeperaTi
A, To HacTyIIHA ZeTasb oBUHHA 6yTH 06po6ieHa Ha Be-
perari A.

2. ¥V nificyMKy Ha KO’KHOMY 3 BEpCTATiB IOBHHHO
6yTH 06po6eHo OIHAKOBY KLIBKICTE AeTanei.

CkUIbKH icHyE mofiei, cTibKH i Aymok. Koxex i3
IpaliBHAKIB IbOTO 32BOAY 3aIIPONIOHYBAB CBOIO IIOCJIi-
JOBHicTH 06poOKH HeTaieii, IPUYOMY BCi IPOMO3HILil
BUSABHJINCS PiBHUMHU, ajle TAKHMH, IO 38JJ0BOJILHAIOTH
npasuia 1i2.

3asdanns. Hanumite nporpamy STAFF, mo 3a in-
dopmairieio npo KinbKicTh AeTaseii N BUsHaUae MaKCH-
MaJIbHO MOYKJIMBY KLTbKICTh NpalliBHUKIB 3aBOAY.

Bxidni dani. €qunuit pajox BxigHoro ¢aiiia
STAFF.DAT micrurs napse uncio N (2<N<28) — ki-
JIBKICTB fleTasielt, AKY HeoOXizHo o6pobuTH.

Buxidni dani. €quHMi pALOK BUXigHOrO (aiiia
STAFF.SOL Mae MiCTHTH Iiijie YACIO0 — MAKCHMAJILHY
MOKJINBY KLIBKiCTB ITPaIiBHUKIB 3aBOLY.

ITpuxnad exionux ma euxionux danux

STAFF.DAT STAFF.SOL
4 2

Ileprmit npaniBHUK BBasKae, 110 Ha BepcTaTi A Heo6-
ximH0 06pobuTH fetaii 1 Ta 2, a Ha Beperari B, Bijnosiz-
Ho, 3 Ta 4. [Ipyruii BBaxkae, 10 Ha BeperaTi A noTpi6HO
obpobuTu seraii 1 Ta 3, a Ha Beperari B — fieraii 2 ta 4.
Inmux BapiaHTiB mocTioBHOCT] 06POOKY HEMAE.

Poaé’asox 1. (Ilomyk 3 ToBepHEHHAM)

Haiinpocerimuit poss’sasok sajaui — e nepebip
yeix MoKJIMBUX BapiaHTiB 06po6Ku eTaseit Ha BepcTa-
Tax. ¥ TAKOMY BUIAJKY KOXHOIO pasy, koiu Gye 06-
pobsTHCA IIeBHA JeTallb, 6ye posIVISHYTO 06u/Ba Ba-
pianTH BepcTaTiB (BogHOUac Gyze epeBipeHo, UM 3a/0-
BOJIBHAE Iie HaBefleHi IpaBriia). 3a TaKoro MifXony aj-
roput™ Cyie MaTH cKJIaHicTh nopsaaky O(2Y).

Poae’azox 2. (luraMiyHe IporpaMyBaHHs)

Taepdicenns. 3asaua eKBiBaJIeHTHA 3a/ia4i o6qKCIIeH-
HfA K1JIbKOCTi TPaBUJIBHUX BapiaHTiB posTauryBaHHSA
n=N/2 nap KpyIrJIMx Iy’KOK y apiu()METHIHOMY BHpasi.

(IIpoposxenns, moyaTox y Ned 3a 2004 p.)

IHi#icuo, ob6pobka i-oi ferani Ha BepcraTi A MOXKe
O3HAYATH IO i-Ta Ay’KKa y Bupasi 6ye BiAKpUBaIO400
«(», a 06pobka Ha BepcraTi B, IO 3aKPHBAIOYOIO «)».
HeBaskKo nepeKoHaTUCS B TOMY, L0 Take HOpPMYJIio-
BaHHA € aJeKBATHUM [I0YaTKOBOMY, IPOAHAJII3YBaBIIIH
npaBuJia 06poBKH JeTaseit.

Byxaemo npofoB:kyBaT po3B’sisyBaTy 3afady, Bu-
KOPHCTOBYIOUYH TaKe GLIbII 3py4He (GOPMyJIIOBaHHS.

Bimomo, 1110, KOS KUIBKICTS IIap Ay»KOoK =1, KLIbKicTh
PiSHEX pOsTAllyBaHb Ty?KOK fopiBiioe 1. Hexait K(s) — e
o8B’ A30K 3amavi 11 6yab-sxoro s<n (K(0)=1). Toxi uncio
K(n) Mo>KHa OTPHMATH TAKUAM YAHOM.

n
K(n)=Y K(i—1)-K(n—i).
=1

TaxuM UWHOM, KOXKHe 3HaYeHHH BiJ 1 10 n Heodxif-
Ho obpaxysaTH 1 pas (mpoMiXkHI pe3yJbTaTi HOTPiGHO
abepiraTh), Ha 0 HeoOXifHO JiHINHY KiNBKicTh Omepa-
nifi. Tobro, 3araJbHa CKJIAJHICTH TAKOTO AJITOPUTMY,
TIOBEPTAIOYHCE JI0 IIOYATKOBOrO (POPMYJIIOBAHHS, CKJIA-
narume O(N).

Poae’sazox 3. (KombiHaTOpHI 0GuncIeHHs)

Bagaua Npo BifiyKaHHSA KiMbKOCTI posTaliyBaHb
ZLYKOK y apudMeTUYHOMY BHUpasi € JOCHTH NOLIHpe-
Hoto. ITocmizoBHiCTE YKce, AKi yTBOPIOIOTECA B XOAL
posB’s3aHHA Liel 3afaui npu n=1,2,..., HABUBAIOTH II0-
ciigosricTio Katanauna. 3aransHuil wieH miei moesrizo-
BHOCTI MOKHA 0GUMCIUTH 3a GOPMYJIION0:

(Zn) 1
C,= )
n)n+1

Posé’azox 4. (MacuB KOHCTAHT)

MooxHa MOMITHTH, 10 KiNBKicTh PIBHUX BXiZHMX
JaHux sopiBHioe 13, To6TO Bei Il BUNAKY MOMKHA Iie-
pesiyuTH y porpami, 3asfanerifb 00YMCIMBIIN BifIO-
Bigi Ha HUX. 3BiCHO, 3a Yac Typy HEMOXKJIMBO BPYYHY
nepesiYUTH Bei BUNIAKY, 1 JOBe/IeThCs POOUTH Iie 8 J10-
IIOMOT'0}0 KOMIT’FoTepa.

3anaua 2. PoGot
(sanponornysas Illamiss frisies)

Pob6oT pyxaeThed o MO0, SKe CKIafacThesl 3 N
KJIITHHOK, III0 BUINUKYBaHi B paj. Ha koxHilN 8 KiriTh-
HOK 3HAXOJMTHCSA KYGHK EBHOTO KOIBOPY.

Ha mouarky pyxy po6oT 8HAXOAMTECS Ha IepuIiit
KJITHHI 10JIsA Ta He TPUMae MOIHOIO KybuKa. SHaXo-
JISYKCh Ha KJITHHI, po6OT MoKe BUKOHATH He Giiblie
OJHOT'O Pasy KOKHY 3 HACTYITHUX omepartiii: (1) mokiac-
TH KYGHK TOTO K KOJBODY, IO JIEKUTh HA IOTOUHIH
KJIiTHHI; (2) DiTHATH 3 KIITHHY TOl KyOHUK, IO 3HAXO-
JuBcA TaM covarky. ITicad mporo poboT nepeMintyers-
¢f Ha HACTYIIHY KJITHHY 260 3yIIMHAETHCH, AKIIO IO0TO-
YHa KJITHHA € OCTAHHBOIO B IOJI.

a4
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OpnHOuacHO PoBOT MOYKe TPHUMATH He Glabme Hix K
kybukis. Ha MOMeHT 3yIHHKH poGOT He TIOBUHEH TPH-
MATH KOJHOT0 KyOuKa.

3aedanns. Hanuurits nporpamy ROBOT, mio 3a in-
(hopMartieio po Kouip KyOHKIB Ta OGMesKeHHS Ha Kilb-
KieTh KyOHKiB, SIKY MOKe TPUMATH poGOT, BUHAYAE Ma-
KCHMAJIBHY BarajIbHy KUTbKiCT KyOUKiB, AKY poGoT MO-
’Ke IePeHeCTH 3 MiCIis Ha MicIle, pyXalouuch IoJIeM.

Bxioni dani. llepmuii psjok BxigHOTO daina
ROBOT.DAT wmicTuTs JiTepHuUit pAgoK MOBKUHA N
(1=N<1000). Ps0K CKIaJ@acThesd 3 MAJICHBKHIX JITEp
JnaTuHChKoro andasiry. Koxxaa niTepa Bigmopifae xui-
THHI MOJIs TA BUSHAYAE KOJIP KYOMKA, IO 3HAXOUTH-
cA B 1i# kuaiTusi. dpyrui pajok MicTATE oOMexeHHS
Ha KiJIBKicTh KYOHKIB, SIKY OZHOYACHO MOXe TPUMATH
pobor K (1<K <25).

Buxidui dani. €quauii pagok Buxifporo daina
ROBOT.SOL Ma€e MiCTATH I[ijie YUCIIO — MaKCUMAJIbHY
KinpKicTs KyOUKiB, MiclesHaxo/pkeHHS AKX poGoT
MO3Ke 3MiHUTH, PYXalOo4HCh II0JIeM.

Ipuxnad éxionux ma 6uxioHux danux

ROBOT.DAT ROBOT.SOL
rgbbggrmem 4
2
Poazé’a30k

Amnarnisyioun yMOBY 3aja4i, MOXKHAa 3DOCHTH JedKi
BUCHOBKM, SIKi MOTiM MoykHa OyZe BHKODHCTATH ANS
PO3B’A3YyBaHHA.

Teepdsnenns 1. IcHye onTHMAaNBHEA NOCAIOBEICTS
ziit pobora, cifyoun fAKii, poGOT 3aBMKAM Kiage Ky-
6uK, AKUIf BiH TPUMAE, 8a IIepIIIoi HAroAH.

Teepdacerns 2. IcHye onTMMaNbHa TOCITiIOBRICTS
JZi#t poGora, ciifyoun fAKii, po6oT HiKOIM OHOYACHO
He TpHMAe GiibIe 0/HOTO KyO1ia IIeBHOI'O KOJIBOPY.

Teepdscenns 3. Po3B’A30K 3a/1a4i O/HOZHAYHO 3a/18-
erbest N 6yI50BMMY BHAUEHHAMM — YH MiTHIMae poboT
NeBHUH KYOUK, 4 Hi.

lificHo, CJ1i/TyI0uM TBePKEHHIO 1, O/THO3HATHO MOYKHA
BCTAHOBHTH, KOJIV KOYKeH KyOHK Oyzie OKJIA/IEHO Ha IToJIe.

Poaé’azox 1

Bazauy MoKeMO PO3B’A3YBATH 34 HOIOMOICIO «II0-
myky 3 noseprenasaM» (backtracking). Ilorpi6uo me-
PeIVIAHYTH Bei BapiaHTH IlepeHOCIiB KyOUKiB, Bikmzma-
JOUH Ti, N0 3a3/aJIeris HOPYIIYIOTh YMOBY OOMeXKeH-
Hs KLIBKOCTI O/{HOYACHUX TlepeHeceHb. CKIIa[HICTh Ta-
KOTO aropuT™My cTaHoBuTs O(2").

Po3zé’azox 2

PosriaHeMo GLIbII IMBUKWIA AJITOPUTM PO3B’A3Y-
BaHHA 3a/laui. Bysemo BBaskaT, 1o pobor Mae K pyx,
V KOKHi 3 AKMX BiH MoKe TPUMATH He GiJbIle OIHOTO
xybuxa. Hexail, y K0XKHOMY eJleMeHTI MacHBy JaHHUX
H[i], i=1...K, 36epiracTbcs HOMep KJITHHU TOJS, ¥
sKy 6yJ10 OKJIAEHO OCTaHHil KyOHK, 110 6yB epeHe-
CeHHH y PyIIi 3 HOMEpOM i.

1. CnouaTry Bei enemenTH MacuBy H 0piBHIOIOTH
nysmo. To6areEuil TiYNIBPHUK IIepeHeceHrX KyouKin
TeXK Ma€ 3HAYCHHSA HYJIb.

2. IlpoguBuMoOCh yci KIITHAM 10, TIOUNHAIOYN
3 nepiroi.

3. 151 KOKHOI KJIITHHY j OfHOBHAYHO BIIOMO, SIKHI
KyGuK Moske GyTH NOKJIa/leRnil y io KiiTuay. Ie 6yze
Tonepe/Hiit KyOHUK, KOJIip SKOTO CIiBIIA/[a€ 3 KOILOPOM
Kybuka B kiiThH j. [TosHAYMMO AK p HOMep KJIITHHHU, ¥
AKii BiH 3HAXOTUTHCH.

4. SIxmo p>0 (Tobro momepeAHil Ky6UK icHYyE), TO
sHaiifileMo HoMep i pyku po6oTa, y AKiil MoKHA ITepeHec-
TH et KyOUK Ta MOKJIACTA B IOToUHy KJIiTHHY. Cepen
yeix pyk poGora oGepeMo Ti, Y AKMX MOXKHA IIePeHecTH
meit KyOUK 3 KIITHHA p 0 KITHEY j, To6T0 H[i]=p, Ta
obepemo 3 HUX MakcuManbae H[i] (Takum yuHOM poboT
Gyze HecTH B Tilf Py, 3 AKol BiH BOCTAHHE IIOKJAB KY-
61K Ha 11os1e). IR0 TaKk Mt iH/IeKe i 3HAKHIEHO, TO 10 IJI0-
6aspHOrO JHYMILHAKA IlepeHeceHUX KyGuKiB nofaemMo
ouEMITO Ta 06HOBMoeMO sHavenHs H [il=j.

5. Konu Bel kniTHHYE mosisi o6pobiieHi, TO BUAAEMO
BiZmOBi/B, 1110 30epiracThest B II0GAIBHOMY JIIHIBHY-
Ky IepeHeceHUX KyOUKiB.

CxJIafiHiCTh IBOTO AJITOPUTMY MOYKHA OIIHHTH AK
O(NK).

3apnaua 3. 3asa Kpyrimx Cronis
(sanpononysas Liuis ITopy61s08)

€nuanit coci6 morpanuTi Ko 3anu Kpyraux Cro-
J1iB — 1poiiTi yepes Kononunit Kopugop. Crinu Kopu-
JZiopy 306paskaioThesl Ha KapTi OPAMUMHE JHHiAMY, SKi
napaesnsHi oci OY cucremu koopauHat. Bxiz 0 Kopu-
JZiopa 3HAXOJMThCS 3HUAY, a Buxix 3 Kopuopy g0 3anu
— 3Bepxy. ¥ Koprzopi € puriBApHyHi (Ha KapTi Kpyr-
i) Konors ogHaxoBoro pazgiyca R.

3asdanns. Hanumits
nporpamy TABLE, mo 3a
indopmanicio Tpo poami-
pu Kopujopy Ta poaMi-
menns Koson BusHavae
niameTrp Haibiibmmoro 3
Kpyraux Croxni, axmi
MOXKHA IPOHECTH yepes
rakuii Kopuzop, 36epira-
104n mosepxHio Crona ro-
PU30HTAJIEHOIO. \

Bxidui dani. Y nepmio- .("’- 10 {70, 10)
My pAIKY BXi/iHOrO (haiina }
TABLE.DAT sapani siBa /
unena X, Ta Xp — X-KOOD/IMHATH JiBoi Ta MpaBoi cTik
Kopwuziopy. Y ApyroMy psijiKy BHAXOTUTECS ITijie uucyo R
(1=R=<1 000 000) — papiyc ycix Koson. ¥ Tpersomy —
nise uncno N (1<N<200), mio sagae KinbkicTs Komnon.
Jauni #igyTs N paakiB, y KOKHOMY 3 SIKMX 110 /{BA YUCIa
— X- Ta y-KOOPJMHATH IleHTpa BimosixHoi Komoru. Yei
BXimHi KoOpAMHATH — IIiNi yMcaa, O 38 MOAyJIeM
He nepepumiyiors 1 000 000.

Buxidni dani. €Equuanii pagox BUXigHOTO daiina
TABLE.SOL Mac MiCTUTH €/jiHe YHCJIO — ITyKaHuif 1ia-
MeTp Haiibinbioro Crouy. [liaMerp NOTPiGHO BUBOAUTH 3
TOYHICTIO 3 BHAKH ITiCJIsA JIeCATKOBOL KPAIIKH (HaBiTh Y BU-
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najiKy, SKINO BiH BUABUTHCA IimuM). fAKio He MoxkHA
nipoHecTH 3koHoro Croiy, To BiAmoBixe Mae Gytu: 0.000.
TounicTs 3 BHAKH MicCJs KPalKH, 3a 3BUYAHHUMEI
TIpaBUJIAMYU 3a0KPYIVIEHHS OBHAYAE, IO BiANOBiAb, fKa
BUJIa€ThCA y BUXiHMI (haiiyl, MOBHHHA BiApisHATHCA Big
ToyHOI He GisbIe Hi’k Ha 5-10™ (To6T0 Ha 0.0005). Ha-
TPUKJIaJ, SKIIO TOYHAa BinoBiap 1.234567, To y daitri
TIOBHMHHO 3HaxXoauTucs yucio 1.235. fAkio Touna Bigmo-
Bigb 5.0005, To HEOGXiAHO BaOKPYTIIOBATH Y GLIBIIY
CTOpoRY, To6TO y (haitn HeoGxigHo BugaTu 5.001.
ITpuxnad exidnux ma euxidnux danux

TABLE.DAT

0 90
3

4

10 10
70 10
50 50
10 90

TABLE.SOL
47.000

Posr’sizor

Bagaua Moske GyTH PO3B’sI3aHA 3 BUKOPHCTAHHAM
CyTTeBO pisHUX migxoxis. PosrasHemo HalgominbHi-
mIuif, Ha Hanry AYMKY, MiAXif, a moTiM KopoTKO omwuiie-
MO IIle KiJIbKka IpaBUILHUX, aJie eI MeHIII JOIIbHIX.
Y posB’ABKY BHKOPUCTOBYIOThCS 6araTo JOMOMIMKHNX
TBep/i’KeHb, TOMY BOHHU CTPYKTYPOBaHI I10 IIyHKTaX.

Amnanis xpyzie ma anania ninii

Kpyrumit crin giamerpa D MoskHa IIpOHECTH uepes
Kopuzop Tozi it Tinbku ToAl, KoMK iCHYE LIIAX 3HU3Y
JIOTOpH, Ha AKOMY Bci Ipoxou (Bizcrani Mixk KosoHa-
MH, II[0 3HAXOAATHCA OJHA JiBOPYY, OfHA IIPaBOPyY
IIJIAXY), MAIOTh ITUPUHY, He MeHlLy D.

Cmeoperna dodamxosux (6ipmyanvrux) Konow

O6MexeHHA HA PYX CTOJIa HAKJIA[aloTh: 1) KOIoHH;
2) soBHimHi 6iuni crinu (y1iBa Ta npasa). Aute 6iuHi cTiEN
CTBOPIOIOTE OOMesKeHHs /sl pyXy CTOJIa JIAIIe TOMi, KO-
JIA BUHUKAE HeoOXiHICTh IPOHECTH CTLI MiK KOJIOHOIO
Ta 6iuHo!0 cTiHOK. SIKI10 cTiHa — JiBa (X — KoopAuHATA
X) i xonoHa Ma€e KOOpAMHATH (X;, ¥;), TO JOCTATHBO BBa-
SKaTH, 110 0GMesKeHHS Ha PyX CTOJIA CTBOPIOE HOBA (Bip-
TyaJibHa) KOJIOHa 3 IIeHTpoM y Toumi (X —Ry, y,), e Ry —
pajiiyc KOJIOHM (3pydHillle BBayKaTH, 1[0 BipTyaJbHI KO-
JIOHM MAlOTh Toi caMuif pajiye, 1110 # yeci peasibHi KOJIo-
HY, 3a/laHi BXiTHUMU JaHUMH).

IIT06 samaTy 0O6GMesKEeHHS, 1110 CTBOPIOETHCS IIPABOI0
CTiHOIO, JOCTATHBO BBECTH BipTyalbHy KOJIOHY
3 uerTpoM y (X pt+Ry, y;)-

TIurauus, e caMe BBOAUTH BipTyaabHi KOJOHH, MO-
sKHa BUpimmMTH no-pisHomy. Halinpocrimmii (mpaBuis-
Huif) c1oci6 — mpocTo BBECTH JIiBY Ta IIPABY BipTyastbHi
KOJIOHM JJ1s1 koskHOl peansHoi. Illonpasaa, Toai sara-
JIbHA KiNBbKiCTh KOIOH 861/1BLIYETHCA BTPHUI.

OnmireMo ofvH i3 cIocoBiB yBecTH sKOMOra MeHIIe
3alfBuX BipTyaJbHHEX KOJIOH i rapaHTOBaHO He IIpoIryc-
TUTH NoTpi6HUX. TpeGa BBoAUTH Bei JIiBi BipTyaibHi Ko-
JIOHH, KpiM THX, /IS AKX KPYT, Mo0yAoBaHui Ha Bifpi-
aky [(X7—Ry, y,); (x;, y;)] K Ha fiamMerTpi, MiCTHTS IeHTP

xo4a 6 ozmiei (iHoi peasbHoi) KomoHH (), y;). AHaMIOT-
YHO, yBe/IeMO Bci IpaBi, KpiM THX, U1 SKUX KPYT 3 Jia-
metpoM Ha [(Xz+Ry, y,); (x;, y;)] MicTwys i neHTpy.
IIpomyckaTh  BKasaHi BIPTYaIbHi KOJIOH MOMKHA
TOMY, IO B pasi TaKOro IepeTHHY KOXeH 3 BifpisKkie
[CGxi» y2); (x5, y)l T2 [(X =Ry, y)); (%, y)] 3anae xoperki-
ure o6MeskeHHA Ha JiaMeTp cToJja, Hi» Bigpisok
[(Xz—Ry, y)); (%, y;)]; aHaIOrivHO A1 IPABUX KOJIOH.

36’230k Mie MaxcumanrsHum diamempom cmona

ma diamempom xonon. Pe6pa nepenon

SIk1mo, He NepeMillyIoYH IeHTPIB KOJIOH, 3MEHIIH-
TH AiaMeTpH BCix (y TOMY 9HcIIi BipTyaabHAX) KOJIOH Ha
opHy i Ty camy Bennunny Ad<2R,, ne npussese o 36i-
JIbLIeHHS BiOBiAi (fiaMeTpa Halbinb1IOrO0 CTOMA) PiB-
Ho Ha Ad.

V¥ pasi smeHmIeHHS AiaMeTpiB ycix KosoH Ha Ad,
PO3MipH BCiX IPOXOAIB Mi’k KOJIOHAMH 36iIbIIYIOTECS
Ha Ad (Ha Ad/2 3a paXyHOK KOKHOI 3 IBOX KOJIOH); ¥ TO-
My 4mcai, 36iabiyioTees Ha Ad yei mpoxoau Ha ToMy
HLIAXY, HAYYX AKUM, MO3KHA 6yJI0 IPOHECTH CTLJI Haii-
6inpImoro miamMerpa. IHIT TPOXOAX TEK POSIINPUIINACS
saumie Ha Ad, TOMy HeONTUMaJbHHI paHille IUIAX He
MOJYKe CTaTH ONTHMAIbHAM.

Tomy, GyzeMo po3B’sIsyBaTH 33387y, BBAYKAIOUN KOJIO-
HM TOUKAMH, a pajiiyc R, BpaXyemo EalpHKIHII PO3B’A3KY.

Temnep 03BOJIMMO KOJIOHAM POILIMPATHCS, Y TOMY
YUCIIi HACTLIBKY, 11006 /iesiKi Napy KOJIOH TOPKaIHUCST
260 HaBiTh IepeTHHAIHMCA OHA 3 OXHOI.

Hexait mouaTKoBa NIMPHHA IPOXOAY MiK JEAKMMH
KOJIOHAMM CTaHOBUJIA d, 30LIbIIeHHS JiaMeTPiB KOJIOH
Ad. Toai, AK1o 3MiHa siaMerpa koJoH Ad<d, To mpo-
Xif mpocTo 3BY:KyeTheH A0 d—Ad; axmo & Ad=d, To
IpOoXij MiX ZaHMMM KoJoHaMH 3HWKaec. Bygemo Kasa-
TH, [0 B TAKOMY pasi 3’aBaseTscd peGpo nepemnoHy (ge
KiHIAME peGpa IepelnoHH € KOJOHH, BiICTAHL Mik
SAKUMHU POSTIAfANAcH; HOBXHHOIO pebpa IepenoHu
BBaXKA€MO [IOYATKOBY BiZicTaHb d MiK KOJIOHAMH).

I'pad nepenow. [Tapamemp zpaga nepenon.

36’a30k misxe maxcumanvrum diamempom cmona

ma napamempom zpaga nepenown

Sxmo sadixkcyBaTu 3HaYeHHA NapameTpa Ad, MOX-
Ha BBECTH TaKi IOHATTA.

I'pacom nepenon HasBeMo rpad, BepIIMHAMH AKOTO
€ IeAKi 3 KoJIOH (T. 4. BipTyaJbHHUX), pebpamMmu — pebpa
TIepeloH.

Hassemo rpag nepenoH neperopoakyBajabHUM, K-
1m0 BiH 3’eqHYe JiBHii kpaii Kopumopa 8 mpaBuM (Kaxy-
4uu GopMaNbHO — 3B’SIBHUM, 1 IPU LbOMY MiCTHTH B
AKOCTi BepIIuH Xo4a 6 ofHy JiBy Ta X04a 6 ofHY IpaBy
BipTyaJIbHI KOJIOHH).

HasBemo napameTpoM rpaga nepenos HaibiabuIy 3
JIOBXKHH (y 3BHUaHHOMY CMHCJIIL Ax? + Ay2 ) pebep me-
PeEIIoH, 110 BXOAATS /0 Iiboro rpada.

3puuaifHo, MoxkHa dikcyBaT pisHi sHaueHHs Ad i
OTPUMYBATH pisHi rpadu repernoH.

BpaxoByioun Bce BHINecKasaHe, CHOPMYITIOEMO-Ta-
Ke BaKJINBe TBePIKeHHH:
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Kpyzauii cmin diamempa D He MO3CHA npoHecmu
uepes Kopudop modi it minvku modi, Koau ichye nepezo-
POONHYBALLHULL 2DA nepenow, napamemp AK0zo cmpo-
20 meHwuii D,

Caigysanns B ouH Gik (K10 € IEPETrOPOIKYBaIb-
Huit rpad), TO He MOXHA IIPOHECTH) oyeBHAHe. JJoBezme-
MO cJIi{yBaHHS B iHIHI 6iK (AKIIO CTiN He MOXcHA IIPO-
HECTH, TO iCHY€ Neperopo/pKyBaIbHuit rpad).

Posraszemo pyx croxna (PpikcoBanoro) aiamerpa
D. Hexalii BiH cmoyaTKy PyXaeThCH BHU3Y JOTODH,
IOCTi#HO HOTHKAIOUKCH KO JiiBoi cTinu I, e mpoyoe-
JKYEThCA JOTH, JOKH CTLI He TOPKHETHCS KOl ToY-
Ku (kKoloHu) A; Takoi, 1o BifcTaHb MiXx Helo Ta Ji-
Bolo crinolo meHma D. Toxi mounHaemo oGepraTu
CTiJT HABKOJIO TOYKM A; K IleHTpa 00epTaHHA IPOTH
TOLUHHMKOBOI CTPiIKH.

Crin Moxke a6o 3po6UTH 060POT HABKOJIO TOY-
KM A; Tak, 11106 3BHOBY TOPKHYTHUCH JiBoi cTiHu [ (Toxi
TOYKY A; MOXXHa HafaJi He posrisanara) abo TOPKHY-
THCSH TOUKH Ay (A;A,<D). ¥V TakoMy BUIIAJIKY TTOUHHAE-
Mo 06epTaTH CTiJl HABKOJIO TOUKH A, 38 THMH K PABH-
JiaMu. SIKINo OpH TaKKUX IOCIiOBHAX 00epTaHHAX Ha-
BKOJIO A;, Ay, ..., A, CTiI BepHETLCHA B JeAKY IOIEpe-
nuio Touky A; (1<i<n), To Toukm A +1, A+2, .., A,
MOXKHa HaJIaJli He POSIJISLAaTH i IPOXOBXKUTH 00epTaH-
HS CTOJIA HABKOJIO A;.

B3a NpUnyIeHHsM, CTLI He MOXe AIMTH 10 BEPXHBO-
T'0 Kpaio KOpuiopa. 3alUKJINTHCH BiH TeX He MOKe.
OTxe, pyX MyCHTB 00ipBaTHCH TOZ1, KOJM HE MOXKHA
6yse o6epTaTy CTLT HABKOJIO KOJOHU IPOTH TOAMHHU-
KOBOI CTPLIKHX. A Ile, MOKJIMBO, JIAIIE KOJH CTLI yIu-
paeTbes B cTiny. Ko me JiBa cTiHa, TO 3HOB IIOYMHAE-
MO Bech IIpoLec, KMl 3HOB He MOXe TPUBATH Bi4HO.
Orxe, KiHelb KiHIeM, CTLI MyCHTh yIiepTUCS B IIPaBy
criny. A e osHauae, 10 B IIpoLieci pyXy cToJia SKpas i
1mo6yJoBaHO IIeperopoAKyBaJbHUMI rpad 3 nmapaMer-
poM, He 6imbmum D,

TakuM YMHOM, 3HAXO/KeHH HaN6LIbIIOro MoXK-
JIMBOTO JiaMeTpa CTOJA 3Be[IeHO X0 3HAXO/KeHHS Hali-
MeHIIoI IOBXKHHH pebep IepelloH, MPH AKil yike icHye
Ieperopo:kyBaJbHui rpad nepernos.

HasBemo m1oiiHo 3raflaHy HaliMEeHIIY JOBKUHY KPH-
THYHUM IIapaMeTpoM rpada IeperoH.

3Hax00%eHHA KPUMULHOZO0 napamempa zpapa

nepenox

Byznemo nokpokoso GyxyBaTu rpad IepenoH, Ioyu-
HAIOYM Bif JiBoi 6iuHOI CTOPOHM i JOKU He mi#iaeMo /0
npaBoi (Tak, mo6 rpad mepenoH mMOCTiHO JUIIABCH
3B’sa3HuM). IIpu 1iboMy, napameTp rpada IepenoH (mo-
3HAUMMO «IapamMeTp d») He (ikcyemo, a migéupaTuMe-
MO B Mipy mobyzioBu (Tak, 1106 BiH 1oCTilHO JHIIaBCS
SAKOMOra MeHIIUM, ajle LIopasy, KoK CTa€ SCHO, 110
TIpX IOTOYHOMY IapameTpi rpad nepernoH He Gyze nepe-
TOPOJPKYBAIILHUM, IIapaMeTp TPOXH 361Ib1IyBaBes).

Bincraus Bij rpaga mepemnoH o aHoi (Ie He BKJIO-
yeHoi /1o rpada rmepenoH) BepIIMHY U; paXyBaTHMeMO
AK (3BUYAiiHY) BificTaHb Biff JaHOI BepIIUHM v; 0 HAM-
6umK g0l BepITUHY rpada IeperoH.

BiracHe aJIroOpUTM MOYKHA 3aIIACATH TaK:

1. Imimiamisaris:

a. ITobyyBaTi BipTyasbHi KOJIOHH;

b. Iloknactn d:=0;

¢. [To rpada nepernoH BifHecTH Bei JiBi BipTyanbHi
KOJIOHU;

d. Jlna Bcix peaJbHMX Ta IPaBUX BipTYaJbHHX KO-
JIOH OGYMCIIMTH BiJicTaHb BiJi rpada IeperoH.

2. IToku rpad neperoH He JOCAT IPaBOi CTOPOHM KO-
pHIOpA, IOBTOPIOBATH:

a. Bubpatu cepef BeplINH, Ile He BKJIIOUYEHUX JO
rpada meperoH, BepIIMHY 3 MiHiMaJbHOIO BijicTaHHIO
BiJ] rpada nepernoH (i BkarounTH ii 1o rpada);

b. ITopiBaaATH Io#HO BUGpaHy MiHiMaJIBHY Bif-
cranbd_curr_minad:

enpu d_curr_min>d, noTpi6HO IepenpuCBOITH
|_curr_min,
enpu d_curr_min=d, 3HaueHHs d He 3MiHIOETHCS;

c. [ln4 BCix BepINMH, Iie He BKJIOYEHHX o rpada
IeperioH, YTOYHUTH BijicraHb Ko rpada neperoH (Bu6-
paTu MiHiMyM i3 moTouyHOI BiZicTaHi o rpada i Bigcrani
J10 ILI0MHO OAaHO1 Ko rpada BepIIuHY).

3. OcraTounuM pesynbraToM 3anadi € d—2R, (ne R,
— pajiiyc KOJIOH).

ApryMeHTYEMO IIepelpUCBOECHHS 3HAUeHb d Y IIyH-
KTi 2b. SIKuIo HafiMeHIIA BijcTAHD 0 HOBUX BEPIIUH
d_curr_min Ginbina d, To Ipu IOTOYHOMY 3HaUeHH] d
HEMOXKJINBO POBLIMPUTH 3B’SABHUIA rpad IepernoH, a
MiHiMaTbHEe 3HAYEHHS, IPH AKOMY MOKHA ITPOJOBMU-
TH posmupeHHst — d_curr_min. OTxe, o6 IpogoB-
JKUTHU MOOYROBY, Tpeba 30impIuTH MapaMeTp rpada
nepemnoH d, MOKJIABINK iforo piBuuM d_curr_min. k-
mo x d_curr_min=d, ue o3Havae, o paHiime B
mpoueci mobynoBy rpada Bike BUHHKJIA HeoOXifHicTh
36i1pmuUTH napaMeTp Jo d, i 3MeHIIyBaTH #Oro 3apas
HeMae IIicTas.

OckinpkH, noTpibHe Juine 3HaYeHHS d, MOXKHA
He MiTPAMYBaTH Irpad SK posralyKeHy CTPYKTYDY,
a 3b6epiraTu e aTpuGYTH BePIINH (UX HAJEKHUTD 3a-
pas jaHa BepIIHHAa Ipady IIepernoH).

Taxnii aITOPUTM Mae IeBHi CIILIBHI pHCH 3 aNTopuT-
mom ITpima o6y 0BH MiHiMaIBHOrO KiCTAKOBOTO Ziepe-
Ba, a TAKOXK 3 BiloMol0 Mozudikaricio asroputma Jleii-
kerpu. ToGTo, ZaHUit AJIrOPUTM He € Hi aJropuTMOM
Ilpima, Hi anropurMom Jle#iKcTpH, ajle BOHU MOXYTh
CTATH BiZITPABHUMHU TOYKAMY MipKYBaHb.

Amnania o6cszy nam’ami ma kinvkocmi it

Ilam’saTaTy HOTPIGHO JIKIIIe KOOPAMHATH KOJIOH, CTa-
HU KOJIOH (41 HAJIEKUTh KOJIOHA B JaHUI MOMEHT JI0 I'pa-
¢a nmepemnoH) Ta BizcTaHi KoJ0H Bix rpada nepemnor
(wmioc JocuTs GaraTo okpeMux 3MiHHUX). ITix KomoHAMHI
B ycix BUIIa[IKaX MaloThCA Ha yBasi i peasnbHi, i (1oHaii-
MeH1e nipapi) Bipryanbai. TakuM YuHOM, 06CAT NaM’d-
Ti, HeobxXigHOI A1 poboTn aaropuTmy, ckiaagae O(N),
aJie 3 JOCUTh BeJIMKUM KOHCTAHTHUM MHOXKHIUKOM.

Yac poboTH anropuTMy, 09€BHHO, cKIatae O(N?):
caMe CTLIBKH Jiiif TOTpeOGye BAKOHAHHSA MYyHKTIB 1d, 2a
i 2¢ (BpaxoByiouH, 1110 Bech MUKJI 2 10BTOpIoeTheA O(NV)
pasiB), Ta la (IpH BUKOPHCTaHHI OIMCAHOIO CIOCOOY
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Hodamox

ITpuxnad nid6opy xpumuxnozo napamempa zpaga nepenown

TyT HaBe/ieHo Mpoliec MiAGOPY Ha NPUKJIa/] KOHKPETHUX BXiTHUX NaHHUX. SaraJbHu CI0BeCHMUI
AJITOPUTM JJUB. Y IYHKTI «3HAXONKEHHA KPUTHYHOTIO lTapamMeTpa rpacda mepemons.

rpacga neperioH siK BiICTaHb 10 BePLUMHY 2), ToxX 1T | foaaemMo
Ao rpacda nepenoH. Ockinbki BIACTaHb A0 Hel MeHLIa 3a
TIOTO4HE 3HaYeHHs d=20, He 3MIHIOEMO 3HaYeHHA d.

ety ) o 10 20
Konownu 1-6 aapaui y sxianvx faHmx, a 7 1a 8 BipTyansHi 4 macwra®
(3rigHo NpoBeAeHOro aHani3y iHLI BipTyasnbHi KONOHW [o)
He NoTpibHi). 02 03
Ipad nepenoH cknanaeTbes i3 camol nuiLe BepLunHm 8, d=0.
4 S 6 7
o O (o)
d=20
Haiimenuy (20) siicTaHb Bi NoGyA0BaHOI YacTWHM rpada 1
nepenoH Mae BeplmHa 2, ToxX 11 i ;oAaeMo f10 rpacda nepenox. a (o] 3
Ockinbku BuGpaHa BincTaHb Ginblua 3a NoTo4He 3HaueHHs d=0,
3MIHIOEMO 3HaYeHHs d. da © 4 o 6 7
ot o o b
d=20
HaiimeHwy (==14,143) BigcTaHs Big no6yaosaHoi YacTuHN 1
rpacda nepenoH Mae BepLunHa 4 (paxylouu il BifictaHb 1o la 2 © a

HaiimeHuwwy (20) BincTaHb Bif, noGyAoBaHOi YacTuHM rpada
niepencH Mae BeplunHa 5 (paxyiouu Ti BiacTaqb fo rpada
nepenoH siK BifiCTaHb [0 BepLUnHW 4), ToX 1T i fopaemMo 1o
rpaca nepenoH, O4eBUAHO, d He 3MIHIOITLCA.

OnHy 3 0/1HaKoBMX HaMeHLMX (==22,361) sigcTaHeli Bin,
noGyaoBaHol YacTUHK rpada nepenox Mac seplumHa 1
(paxyioun 1T BiicTaHb /10 rpaca neperioH sik BiacTaHsL 40 Gyab-
AKOI 3 BeptumH 2, 4 abo 5), Tox i1 i foaaemMo ao rpada
nepenoH. Ockinbkn BuGpaHa BiACTaHL GiNblua 3a NoToYHe
3HayeHHa d=20, 3MiHIOEMO 3Ha4YeHHs d.

Haiimenwy (==22,361) sigcTaHs Bif No6GynoBaHol YacTUHU
rpada nepenox Mae seplumHa 3 (paxylouu Ti BiacTaHb o
rpacga nepenoH siK BiicTaHb A0 BEPLUMHM 5), TOX Ti | lonaemo
A0 rpada nepenoH. d He 3MIHIoITLCH.

Haiimenuty (==14,143) sincrass i noSya0BaHO YaCTUHY
rpacga nepenoH Mae BeplumHa 6 (paxyoum T BigCTaHb 0
rpacda nepenocH aK BiiCTaHb A0 BeplmHm 3), TOX 1T | fofaemo
Ao rpaa nepenoH. OCKinbku BiACTaHsL A0 Hel MeHLua 3a

NOTOYHe 3HaYeHHs d==22,361, He 3IMIHIDEMO 3HaYeHHs d.

Haimenwy (20) BiicTaHb Bif NoGy0BaHOT YacTUHU rpada
nepernoH Mae BeplnHa 7 (paxyiouw Tl BiacTaHb o rpada
NeperioH K BiCTaHb J10 BepLumHm 6), TOX 11 i AofaemMo 1o
rpada neperoH. Ockinbku BiaCTaHb 40 HEl MEHLLA 3a NOTOYHe

3Ha4YeHHA d=222,361, He 3MIHIOEMO 3HaYeHHs d.

Ockinbku BepluMHa 7 € Npasoio BipTyankHoIo KOMIOHOI0,
3aKiH4YEMO OCHOBHMWIA LMK/ anropuTMa (HasiTb aK6U
3anuwanucs iHwi HepocnigxeHi konoHn). KpuimyHnm

napameTpoM rpaca neperoH € NoToYHe sHaveHHs d=~=22 361.
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BUGOPY BiPTYaILHAX KOJIOH); PEIlITa IIYHKTIB IIoTpeby-
101h 260 O(N), a6o O(1) uacy.

KopoTkwuii anasia iBIINX MeTO/TiB PO3B’A3yBaHHA

3Hax00HEHHA KDUMULHOZO napamempa

nepezopodicyeansrozo 2paga nepenon Ginaprum

nowyxom

SxIII0 B3ATH [0 yBaru MipKyBaHHSA Beix posaims, 1o
poaziny «['pad mepenoH...» BKJIOUHO, ajie He 3noraja-
THCS JI0 OMMCAHOTO JiaJIi crocody Ii6opy KPUTHYHOTO
napaMeTpa, MOXKHA IPHHTH 0 aJIrOPUTMY: 10pasy BH-
6upaTu sike-HeGyAb «[IPoGHe» 3HATEHHS [[bOTo [apaMeT-
pa i HamaraTucs 06yAyBATH MEePeropo/PKyBaNbHUN
rpac. Tozi MoskHa Gyzie IJIA «IIpOGHOro» SHAYEHHS IIa-
paMeTpa OTPUMYBATH (HANPUKJIAM, 3BUYaiHMM IIOLIY-
KOM y IIMOMHY) BiJIOBiAH («TaK» /«Hi») Ha 3alUTAHHA
«Yn icHye meperopo/yxyBansuuii rpad?», i Ha ocHOBI
IIUX BijTIoBiel mpoBojuTy GiHapHMii momyk. Sk mouat-
KOBi HaG/IMKeHHS MOYKHA B3STH, HANPHKIAH, D,y;,i=0
Ta Dy gpi=X p—X 1. YMOBa BuX0ny 3 6iHapHOTO HOMIY-
Ky — JIOCATHEHHS BKa3aHoi B ymoBi Tourocti 107,

Taxuit aIrOpUTM TPOXHU MPOCTiIIMiA, Hi*k HaBeje-
Huil BUIIIe «OCHOBHUIi», ajie BiH IIOMITHO MeHIN edex-
TUBHUH. AJl)Ke 3allyCKaTH JOIOMI>KHUIH aJrOPUTM II0-
HIYKY Tleperopoj»KyBaibHoro rpada, Hexail i Tpoxu
mpocrimmit, MOTPi6HO Ha KOKHOMY Kpori 6iHapHOro
nomyky. Kpim Toro, 6yap-axuit anroput™ Ginaproro
MOIIYKY IPUHIIAIOBO He MOXKe JaTH TOUHOI BifmoBiai.

3HAX00%HCEHHA ULLAXY POHECEHHA CTONG Yepe3

3acmocy6anua modupirayii anzopumma

Hetixempu do mpuanzynayii Jenone

Ileit anropuT™ HabaraTo 6inbie BipisHseThCH BT
«OCHOBHOT'O%.

Hawm norpi6HO 3HAUTH TAKKY IIUIAX, 110 AKOMY MOXK-
Ha NpoHecTH cTin HalGinbiroro giamerpa. Ils sagaua
niofi6HEa o 3aavi: 3HAUTH MapIIPYT, 110 AKOMY MOXKHA
IIPOBeCTH MiXX IYHKTaMU HaiiBaxxuy Mamuay. fk Bxa-
sanoy T. Kopmes, U. Jleiisepcon, P. Pusecr, «Anropu-
TMBI; IOCTPOEEHE U aHAJIN3», Bpasa 26.4—6, 1e Mox-
Ha 3pobuTH Momudikanieio anropuTMa [elikerpu (abo
JeAKUX iHMEX aliropUTMiB 3HAXO/KeHHA MiHiMasb-
HUX ILIAXiB), fe OmiHKH 36epiraioTh y:Ke He MiHiMab-
HY CyMy JOBXKHEHE pebep, a MOKJIMBUI MaKCHMAJbHUH
poaMip, KpaIioo BBayKacThCA He MiHiMaIbHa OIiHKa, &
MaKCHMAaJIbHa, Y pasi miApaxyHKy OIiEKM BepIINHY pa-
XYETECSA He CyMa OIHKA MoNepeIHbOI BePIIMHY IUIIC
JIOBsKHHA pebpa, a GepeTsesa MiHIMyM.

Aure Mo caMe BBaskaTH BeplIMHAMH, pebpamMu, J0B-
SKMHAMHY, ... ? OfHY 3 MOJIMBHX BiJIIOBi/leil oTpuMae-
MO, PO3IVISTHYBILY Tpuanryaniio [lesone.

3a o3HAYEHHAM, TPHAHTYJIALisA — PO3GHUTTA obacTi
HA TPUKYTHUKHU, BEPIINHAME SKHX € 3aJlaHi TOUKH, &
Tpuanrynsanis [esone — Taka TPHAHTYJISALIS, IO KO-
J(Ha BepIIMHA He IOTPAIUISE CTPOTO BcepefUHY KoJa,
106y[0BaHOTO Ha TPOX (IHIIMX) TOYKAX — BepIINHAX
TPUKYTHUKA TpHaHTy/snii. [leTaibpHille Ipo TpHAHTY-
nanito Jesore MoskHa ipoynTaTé y M. Jlacio «Borumc-
JIATeNbHAS TeOMEeTPUS U KOMIIbIOTepHas rpaduka Ha

C++», IIpenapara, IllefiMoc «BerducianTe bHas reoMe-
Tpusi. BBeieHue» Ta IHIINX /PKepesax.

s Tpuanryaanii HesoHe (ale He Jist JOBUTBHUX
TPHUAHTYJALR) BUKOHYETHCH TBEPIKEHHA:

Hexait AB, BC i CA — cmoporu mpuxymHuxa mpu-
aHzynayii [Jenone.

Hexaii nailbinvuiuii moxcaueuil diamemp cmoaa,
AKUIL MONCHA NPOHecmU Yepe3 6i0pisox AB (y Hanpamky
iasoeni ecepeduny AABC) dopienioe D’ (D'<AB). Todi
HailGinousi Moxcausi diamempu CMoJLie, AKi MOICHA Npo-
Hecmu yepes eidpiaxu BC ma CA (y nanpamky 3cepedu-
Hu nasosni AABC), susnauaiomues ax min(D', BC) ma
min(D’, CA) eidnosidno.

(Bes ioBeieHHA).

Ilane TBep/>KeHHA AKPA3 i 103BOJISAE BUSHAYUTH, 1[0
BBAKATH BepIIMHAMH Ta pebpamu: BepIIMHAMU rpada,
Jio Axoro Byzie 3aCTOCOBYBaTHCS MOAMbIKOBaHUIA aJIro-
putm Heiixerpu, 6yayTs peGpa Tpuanrysanii lenone,
mprrdoMy 1 «peGpa TPHAHTYJIALI], 10 TPAKTYIOTHCS HK
BepIIMEY rpadar, 6yayTs cycifuivu y rpadi (ix a’ex-
HyBaTuMe pebpo rpada), ToA i TLIBKH TOJ, KOJY BOHK
HAJIEXKATb JI0 OHOTO TPHKYTHUKA TPHAHTYJISIIT.

OuiHKH, SK 3aBK/IH, CIIBCTABIAEMO BepILIMHAM I'pa-
da (pebpaM TpHAHTYJIALI1), ZOBHH pebep rpada fAK Ta-
KX HeMa, HiJi yac IoOYA0BHU OIiHOK BepIInH rpada Ge-
perbesi MiHIMYM 3 OIIHKY NoMepeiHbol BepLINHY rpada
Ta JIOBKMHN pebpa TpUAHTYJIALii, o Bigmosigae mamitt
BepuKHi rpada.

BposyMiso, [0 TAKMIA aJITOPHTM iCTOTHO CKJIa/HI-
M, HidK 3HAXOJ?KeHHS KPUTHYHOIO apaMerpa Iiepe-
TOpO/KYBAILHOTO I'pada. AJle y X0l IpaBHIIBHOL peai-
sarii BiH Tesx mpaifoBaTuMe Tyxxe mBuKo. Tourime ka-
KyuH, HoTo He Jy»Ke CKJIATHO peayisysaTu 3 (TUMH ca-
mumu) oniakamu O(N) nam’ari, O(N?) wacy, i, 6iabut
TOTo, y IPUHIIMII, MOXJIHBA (&Je TEXHIYHO Jy>Ke CKIa/l-
Ha, 0COBIUEBO y pasi HeoGXiTHOCTI BpaxoByBaTH BUIIAZOK
YOTHPHOX 1 GLJIbIle TOYOK Ha OFHOMY KOJI) peasisaris
3yacoBoro oninko O(NlogN).

Kpim Toro, anroput™ «Jlenonet+[lefikcTpus (eau-
HUit i3 srajjauux) Ko3Bosse (IpH Ay»e HeBHAUHUX MO-
JMbikanigx) MyKaTy He JHIIe JiaMeTp Haibinbuioro
cToJIa, a i MUIAX, 10 AKOMY CJIiJf HeCTH TaKuil HaitGinb-
muii eri. Lle ne morpi6HO A1 faporo GopMyIIIOBaHHA
3ajiaui, ajie Moxke G6yTH CyTTEBHM B iHIMUX yMOBaX.
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B.B. BoHaapeHko

anaui mporopiumoi Misknapoguoi oxiMmiazgy 3 in-

thopMaTHKH, Ha BiMIHY Biji nomepenHix onimmiaz,
roTyBasuch criibHo MixxHapOIHIM HAYKOBUM KomiTe-
7om Ta HalloHATBHAM HAYKOBUM KOMiTETOM, 1110 nobpe
BIIMHYJIO Ha AKicTb 3a/[a4. YUaCHUKA poB8B’A3yBaIn
sarajioM 6 sajay, ofHa 3 AKUX Gysa sagaveio HecTaH-
[apTHOTO THITY.

TPA IOIWARI

3ajnaua

T'pa 3 HAMUCTHHKaMU Ta AMKaMH € opHicio 3 HaficTa-
pimmx dopym pospar. ¥ it sasaul I0AAETECT BapiaHT
rpu ioiwari roziGHOI rpy, crerianbHo po3pobreHnit Iy1a
MiskHapo/HoOi oniMIiany 3 iHopMaTHKY.

V rpy rpaioth ABa rpasii. [ls rpiu BHKOPUCTOBYE-
THCSA JIOIIKA, 10 Mae ciM AMOK, POSTAILIOBAHUX II0 KO-
sry. Kpim Toro, KosxHU# rpaBellh Mae cBiii 6aHK, crova-
Ty mycruit. Ha mouaTky rpu 20 HAMHCTHHOK BHIIA/KO-
BO POBHIOALISAIOTECH IO yeiX ceMH AMKaX TakK, 110 B KO-
SKHY SIMKY TIOTpaIuisie Bil 2-X Ji0 4-X HAMUCTHHOK. Isa
rpasmi xozaTh 1o yepsi. ITig wac cBoro Xofy rpaBenkb
o6Hpac JOBLIEHY Hemycry AMKY, 3abupae 8 Hel Bl Ha-
MMCTUHKY B PYKY i BUKOHYE PsiA Aiif, ZoKH B #oro pymi
saimmaeThes xoua 6 ogHa HaMucTHHKa. [Tounnaoun 3
SIMKH, PO3TAINOBAHOI 0Jpasy 3a TOK, 3 AKOI BiH OpaB
HAMMCTHHKY Ha IIOUATKY XOAY, BiH TOCIiIOBHO Iepe-
XOOUTH 3a MOAMHHUKOBOIO cTpisiKoro Bix oxHiel moToy-
HOI SIMKY 710 IpYroi Ta BAKOHYeE HACTYMHI Ail:

egKIo B PyIi rpaBus Ginpmie ofHiel HAMUCTUHKY,

10/, AIKIIO IOTOYHA AMKA BiKe MICTUTb 5 HAMUCTH-

HOK, T0 I'paBerb 3abupac 3 Hei ofHy HAMUCTHHKY Ta

11epeHoCHTS i1 y cBiii 6aHK; AKIIO JK Y HOTOUHIH SM-

i MeHnIe Hi’K II’ATh HAMUCTHHOK, TO I'PaBelb Kja-

Jle B Hel oy HAMHUCTHHKY 31 CBOET pyKIH;

®IKIIO 3K Y PYILLi 'PaBIA PiBHO O/iHA HAMUCTUHKA, TO-

Jii, SIKIIO TIOTOYHA IMKA MICTHTBb Bif ofiHiel 10 9oTH-

PbOX HAMHUCTHHOK, TO BCi HAMVMCTHHKH 8 Ii€l AMKH

74 HAMUCTHHKA 3 PYKY TPABILS IePEHOCATHCA Y HOro

GaHK; Y IPOTHIEIKHOMY BHIIaJKY (TOOTO IOTOYHA

simxa mictuTs 0 abo 5 HaMHCTHHOK) HAMUCTHHKA 3

PYKH I'PaBIisl IEPEHOCUTECA B 6aHK IPOTUBHUKA.

Xij| BBAsKACTHCS BUKOHAHAM, KOJII Y TPABIA B PyIii
He BaTUIITUTHCH FKOLHOI HAMUCTHHKH.

T'pa BaKiHUyeTHCsI, KOJIM MicJIs 3aKiHYEHHS Jepro-
Boro xoxy Bei samku 6yayTe myctumu. [lepeMmoskieMm
BBasKACTHCS TO i3 rpaBIiB, y 6anky sikoro Gye Glibie
HAMHCTHHOK.

Ilepmmuit rpaBellb 3aBX/U Mae BUTPAIIHY CTpaTe-
rito. Bu MaeTe HAIIMCATH IIPOIPaMy, siKa I'pae B Ipy ioi-
wari sa nepitoro rpasng i Burpae. Maiire Ha yBasi, 110
Apyruit rpaBens Gy/ie IPaTH ONTHMANEHO, TOOTO ¥ pasi
IePITIOTO HEPABUIBHOIO X0y 3 GoKy BAILIOL IpOrpaMu
BOHA He BUI'Pac.

Ipuxaan

Huxue HaBeJIeHO KOPEKT-
Huit omnc 6-Tu XoAiB i BMicT
sIMOK i GaHKiB rpaBIiB micasa
KOYKHOTO XOoAy (Tabi. 1).

Ta6ruysa 1

Mitkusmok\ | 1 |2 | 3| 4|5 |6 |7 |Bank |BaHk

Onepauis 1 2
MoyaTkosa 4312|423 }2 0 0
cuTyauis
Xinnepworo [ 4| 0|3 [5|0]3 2 3 0
rpasus: 2
Xip apyroro 4)10(0|4]|]1|4]0 3 4
rpasus: 3
Xinnepworo | 4 |0 [0 [4|0 |00 8 4
rpasus: 5
Xip, apyroro olojlofo]1 1 1 8 9
rpasus: 4
Xinnepworo | 0 | 0 [0 | O o|o0|1 10 9
rpasus: 5
Xin apyroro oloflo]lo|lO|O]|O 11 9
rpasug: 7

Posp’s3aHHA

11# 3a/1aua € THIIOBOKO irpoBOIO 3a1adeio. s epex-
THBHOTO II O3B’ ABAHHA AOCTATHBO NOOYAyBaTH rpad
niei rpu Ta 3HAKTA MUIAX Y rpadi, KUl IpUBeae 10 BU-
rpaury. TaKox MokjHBe BHKOPHCTAHHSA sxaJ[iGHOTO
anropuTmy (SKWUi pobuTH JIOKAJIBHO-ONTHMATbHII
xix) abo anropurMy, AKHH POOUTH XOJM BUNIA/AKOBO
(anie 3a mpaBMJIAMHA).

CTLJIbHHKOBI TEJIEQ@OHH

3anaua

Ipunycrumo, mo B perioni Tammepe 6a30Bi craHmii
sabesmeueHHs CTUILHAKOBOTO Tee()OHHOrO 38’ ABKY Ue-
TBEPTOTO NOKOJIHHS JIf0Th HACTYITHUM YMHOM. Perion
mopisieHo Ha kBagpaTH. KBajpaTn yTBOPIOIOTH MaTpu-
110 posMipy SxS, pAAKH Ta CTOBII AKOL 3aHyMepoBaHi
Biz 0 o S—1. V x0o:KHOMY KBaIpati sHAXOLHUTBCS 6aso-
pa cranuig. KiTpkicTs Ipamioounx CTITbHUKOBHX Te-
JeponiB y KBajpaTi MOYKe MiHATHCSH, TAK K TenedoHn
MO2KYTh TIepeMill[yBaTUCs 3 ONHOTO KBa/paTa B iHmmit,
i TesTepOHNM MOKYTh BKIIOUATHCS 260 BUKJIIOUATHCS. A
nedKi MOMEHTH uacy KoHa 6asoBa CTaHILLA Iepejiac
roJioBHIN 6a3opiil cTaHIil 3BiT TPO 3MiHY KimbKOCTI
npaIoYrX TeJaedoHiB i cBoi KoOpAUHATH (HOMED pPAZ-
Ka 1 HoMep CTOBIIIS Bi/OBI/IHO).

HamuuiiTe Iporpamy, AKa OTPUMYE I 3BiTH Ta Bif-
IIOBiZla€ Ha 3aIUTHU IIPO IIOTOYHY 3arajlbHy KinpkicTb
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CTiIBHUKOBHX TesedoHiB, 1[0 IPANIOOTE V AesKii
npsAMOKyTHi o6acTi.

TIpuknanx

Marpuns poasmipom 4x4.

Bnavenss B kBagpari (1, 2) s6impmyerses Ha 3.

TIoTouna cyma SHaueHb i3 MIPAMOKYTHHKA

0=X=2,0=<Y=<2.-3

BuauenHs B kpajpaTi (1, 1) s6inbiryerses Ha 2.

BuavenHs B kBazgpari (1, 2) sMeHuIyersea Ha 1.

Tlorouna cyMa BHaYeHb i3 IPAMOKYTHUKA

1=X=2,1=Y=3.-4

Ob6MmencenHs

Poamip maTpuni SxS, 1x1=Sx8=1024x1024

VY poBinsnOMY KBazpaTi MATPUIL y KOYKEH MOMEHT
yacy Moxke 3HAXOJUTUCH V Ipaniolouux TesedoHis,

0=V=2'"-1(=32767).

3mina KinpKocTi TesedoHiE y KBagparTi A,

—2P=<A=<2"-1 (=32767).

Kinpkicrs xomany y Bxignomy moroni U,

3<U=60002.

MaxcuMansHa cyMapHa KinbKicTh TesedoHiB y Beiit
marpuni M, M= 2%

Posp’azanHsa

OueBUAHUM € METOX, AKUit 36epirae y macusi s
KOIKHOTO KBaJpaTa BifmorijHi Kinekocti Tenredonis.
Bifnosize Ha KOXKeH 3aITUT OOUMCIIOETECH AK CyMa
Kisbkocreit TestedoHIB Y Beix KBa/paTax NpAMOKYTHH-
ka. Taknii anropur™m norpebye SxS onepariii i e jo-
CHTbH ITOBLIBHUM.

PosriissHeMo oOfHOBUMIPHUN BUIaLOK Liel sagadi.
SIk1to y MacuBi samicTb KiTbKocTi TesedoHIB y BimoOBi-
Homy KBagpari I s6epiratu cymapHy KinbkicTs Temedo-
HiB y KBajparax 3 Homepamu Bix [-2%+1 1o I, To migTpu-
MYBaTH TaKuil MacuB Ta BHAXOAUTH HeoOXinHi cymu y
HBOMY MOKHa 3a Jorapudmivamii vac. ko mo ineio
BUKODPHCTATH Y ZBOBUMIpDHOMY BHIIa/IKY, TO 3aTajbHa
CKJIHICTS OHOBJIEHHs Ta Hotryky Gyze (log(S)).

TWOFIVE

Bagaga

Taemni nosigomienns mix Canra-Kiaaycom i iforo
MAJIeHbKUMH IOMIYHUKAMYU 3BUYAITHO KOJYIOTBCA TaK
3BaHOIO 25-M0BoI0. ¥ 1Iiif MOBi BUKOPUCTOBYETHCSA 25-aJ1-
tasiT, sxuit coisnazae 3 TaTHHCHKUM aydapitoM 3 of-
HUM BUKJTIOUeHHAM—Y HbOMY BijcyTHa 6ykBa ‘Z’, To6TO
25-ancasiT MicTuTs 25 TaTHHCHKUX 6yKB Bif ‘A’ 1o ‘Y’ y
TOMY 2 HOPSAKY, 110 i JaTHHCEKUi andasit. KoxHe
CJI0BO B 25-MOBi ckiafaeThes PiBHO 8 25 pisHUX GyKB.
CioBo samucyerses y Tabumni posmipy 5x5, pagox sa
paakom. Hanpuxaaz, cioso ADJPTBEKQUCGLRVF-
INSWHMOXY 6yze sanucaso Tak (Tab. 2):

Tabruys 2
A D J P T
B E K Q U
C G L R v
F I N S w
H M (o] X Y

TIpaBUITHLHHM CJIOBOM 25-MOBH BBaYKa€ThCA CJIOBO,
OYKBH SKOIO ¥ KOMKHOMY PSIAKY Ta KOXKHOMY CTOBIIIIL

pOBTAIIOBaH] 3a 3pocTaHHAM iX HoMepis B andasiri. To-
my cioso ADJPTBEKQUCGLRVFINSWHMOXY e
IpaBUJIBHAM cJI0BoM, a cioso ADJPTBEGQUCKL-
RVFINSWHMOXY—Hi (3pocTarounii MOpSAAOK IOpy-
LIYETBCA Y APYTOMY Ta TPETHOMY CTOBIIIAX).

Jlexcuxon Canra-Kiayca cKIazaeThes 3 yeix npasy-
JIBHEX cIiB 25-moBu. ClroBa posTalloBaHi 3a 3pocTaH-
HAM y JeKcuKorpadiuHoMy HOpAAKY i 3BaHyMepoBani,
mounHAOUH 3 ouEni. Hanpuriazx, y jexcuxoH CaH-
ra-Knayca cioso ABCDEFGHIJKLMNOPQRSTUV-
‘WXY mae nomep 1, a cioso ABCDEFGHIJKLMNOPQ-
RSUTVWXY mae HOMep 2. ¥ ApYroMy cJIOBi, y IOpiB-
Haumni 3 mepiuuym, 6yksu Ui T nominsani micnamu.

Ha >icainn, nexkcukon Canra-Kiayca seuuesuuii. Ha-
MUIIITH IPOrpaMy, SiKa BUBHAYMTH HOPSAIKOBUM HOMED
3a 3aJAHUM CJIOBOM 3 JiekcukoHy Canra-Kiayca, a 3a 3a-
JIAHUM [OPSAKOBIM HOMEpPOM BHSHAYHUTH BiAmoBijgHe
cioBo. ¥ sekcukoni Canra-Kiayca He 6libie 2% cris.

PosB’a3aHHA

Poss’sizok 6a3yeThbesi Ha PYHKIIIL, sIKa 3a JOBLIBHUM
(ixcopanuM posrautyBaHHAM OykB y Tabmui Gyne 06-
YHCJIIOBATH KiNBKiCTh CIIOCO6iB IPUITyCTHMOIO po3Ta-
nryBaHHSA 6YKB, 110 SIHIININCE ¥ Tabmuni. ITa dyHk-
1ist 6y/ie PO3TALLIOBYBATH GYKBY y IIPUIYCTUMUX Bislb-
HUX MO3UIIAX TA6GIUII, PeKYPCHBHO OGUHCIIOBATA
KiNBKicTh croco6iB Ay1d MeHIIol KiIbKOCTL BLIBHIX JIi-
Tep Ta CyMyBaTH OTPUMAH] pe3yIbTaTH.

MoskHa JOBECTH, 110 KiJbKICTH po3TalIyBaHb Bllb-
HUX JIiTep 3aJeKNTh TIMIBKK BiJ KoHGirypanii poara-
IIyBaHHSA 3adikcoBaHUX JiTep y TabuuUIli i He 3aJIeKUTDH
Geanocepe/IHBO Bijl pO3TALIlyBaHHSA. 3BaXkaouy Ha Lel
(haxT, MoxkHa 36epiraTy KinpkicTh BapiaHTiB posrary-
BaHHA 1A KOXKHOI KoHGiryparil sadikcoBannx 6yKs
Ta BUKOPUCTOBYBATH i BHAYEHHH, 1100 YHUKHYTH 110
BTOPHOT'O PEKYPEHTHOrO O0YHCIIeHHs, CYTTEBO CKOPO-
yyrouu nepe6ip.

Maroun Taky GyHKIiI0, JOCUTH IIPOCTO PO3B’A3yBa-
i o6uBi migzagaui. s Toro, mob oGYMCIUTH HOMEP
cJ10Ba, HEOoOXi[HO IIOC/IiJOBHO MPOXOAMTH II0 JiTepax
CJI0Ba Bij| ITepIiIoi /1o oCTAHHBOI, Ha KOYKHOMY Kpolli 06-
YHCITIOIOYH KITBKICTE CJIiB, 1[0 HEOOXiTHO MPOITyCTUTH,
106 JocaArTH BiAnoBigHy JiTepy. Hampukian, Sxiqo
cs10Bo nounHaeThed 3 itep ACG, To Heo6xifHo mpormyc-
THTH Bci ciioBa, 10 Iepe/lyIoTh CIOBaM, II0 MOYHHA-
1orsea 3 A (0 ciis), yei cioBa, 1110 TepefyioTh CI0BaM,
110 nouunawThes 3 AC (TobTo, cI0Ba, 1110 IOUUHAIOTh-
cs 3 AB), Bci ci10Ba, 110 IepeAyIOTh CJIOBAM, 110 IIOYH-
najorses 3 ACG (ACD, ACE, ACF), i Tax jai.

V 3BOpOTHBOMY BUIIaAKY Ipolefypa cxoxa. Heob-
XiHO moceaifioBHO 361MBITYBATH KOXKHY GYKBY, JOKH
KiJbKicTh IPONYILEHNUX CJIIB He NePeBUIIUTH 3a7aHe
ypeso. [ToriM moBepHYTHCA 10 MONEpe/HBOTO BHAYEH-
us GyxBU, TepeiiTH 40 HACTYIHOIL MOSUUil y cIOBi Ta
TIPOJOBIKUTH MizbupaT GyKBY y L mosunii, noku He
6y/ie oTpuMane Bee CII0BO.

CKJAJL
BATTAYA

V¥ dincpkiit koMmnasii, 110 BUITyCKae BUCOKOTEXHO-
JIoriuHe o6IaHAHHS, € BEJTUKUI IPAMOKYTHHH CKJIaT.
Ha ckJrazi npamiofoTs MeHeprep i pobirauk. Croponu
NPAMOKYTHUKA, 1[0 300payKaroTh CKJIaj Ha IJIaHi y 11o-
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panKy ix 06X0fy HASMBAIOTH JTiBOIO, BEDXHEOIO, IIPABOIO
i HuwxHboto. IlizyIora cKIaTy PO3AiieHa Ha OfMHUUHL
kBajpary. Ha nyani BOHM yTBOPIOIOTE PAAN i KOJIOHKH.
Psijut sagyMepoBasi vy yucnamu 1, 2, ..., HOUMHA-
JOUM 3 BEDXHBOI CTOPOHH, & KOJIOHKH 3aHyMepoBaHi -
My unexamu 1,2,..., HOUMHAIOYH 3 JIIBOI CTOPOHU.

Jlns 3Gepiranss TeXHONOTTUHUX IPACTPOLB Ha CKJIA-
ni € xonreltnepu. Konrelinepn maiorh impuBigyanbHi
igenTudiraniiini Homepu. Kosxern xonreiiHep saiimae
onui kBagpar. Ckiaf HACTLINBKY BeTHKUH, 10 Kilb-
KicTh KOHTeitHepiB, 1o 36epiraioThes, 3aBKAN MEHIIA,
Hisk KinekicTs papis, i Menmia, Hi KinbkicTh KOJIO-
Hok. KoHTelfHepH 8i cKJIajy He BHBOBATBCH, aje iHKO-
JIM Ha CKJaj HaIXOAATL HOBL KoHTeitnepu. Bxix xo
CKJIaJly POSTAIIOBAHUI Y TiBOMY BepXHBOMY KYTi.

PoGiTHUK PO3TAITyBaB KOHTefHepy NOoBIH3Y JiBoro
BEDPXHBOTO KyTa CKJIaLY ACSIKUM UHHOM, 1100 MOKHA
GyJto pocrime 3HalTH X 3a ienTHdikaniiHUME HO-
Mepamu. BiH BAKOPUCTOBYE HACTYIIHUH METOA.

Hexait Heo6X1THO PO3TAIIYBATH Ha CKJIALl KOHTe-
Hep 3 izenTudikaniitanm nomepom k (Gyzemo HasUBATH
itoro xoureitaep k). POGITHHK IIPOXOAUTE II0 IEPIIOMY
peLy 8iiBa HAIIPABO 1 IyKae MepIInii KOHTeHHep 3
igerTHdikanifinuM HoMepoM, SiabimM Hix k. Skito
BiH He 3HAXOLUTH TAKOIO KOHTeliHepa, To KoHTeitHep k
BCTAHOBJIIOEThCSA 6e3II0cepeiHEBO MiCIs CaMoro IpaBoro
KoHTelfHepa y IboMy pany. SKIo x Taku#t KoHTeHHeD
1 sHaiizeHo, To KouTeiiHep 1 3aMiHIOETECS HA KOHTeHHeD
k, a xouTeitHep 1 posMintyeThes y HACTYIHOMY Psfi 3a
JIOIIOMOTOI0 TOTO 3K MeTOAY. FKIIo poGiTHHK AocsArae
DSZY, Y IKOMY HeMa€ KOHTelHeDiB, To KoHTel{Hep BCTa-
HOBJTIOETHCA Y CAMOMY JIiBOMY KBaJPATi IILOrO PsIAY.

IIpumnycrumo, 1o korTeifHepH 3,4,9,2,5,1 npubyau
HA CKJIaJ] caMe B TaroMy nopsiiky. Toxi postainyBaEsEs
KoHTeliHepiB Ha cKJIaji 6y1e TakuM:

145

29

3

HanumiTs nporpamy, AKa 3a 3a/laHuM Po3TallyBaH-
HM KOHTeliHepiB 06UMCIIIoe yei MOKIIMBI IToCTi{0BHOC-
Ti HAAXOPKEHHA KOHTeHePiB.

Ipuraang

PosranryBaHHS Ha CKIIaJIi:

12

3

MoskJuBi TocaizoBHOCTI HAAXOAKEHHs KOHTell-
Hepis:

312

132

Posp’azanns

IIpocTuM MeTo/ioM pO3B’AsaHHA miei sajaul € mepe-
6ip ycix MOMIMBUX IOCIiZOBHOCTeH KOHTe#Hepis Ta
BuGip THX, AKi IPUBBOAATDH 0 HeoOXiJHOTo posTaruy-
BaHH# KoHTeiinepis Ha ckiani. Ileil Meroy poss’ssye
sajavy [/ HeBeJHKOI KibKoCeTi KoHTeHHepiB.

Binbin eheKTUBHUM € METOJ, AKMIT ITOCTIOBHO BU-
Iajase KoHTelHepH 3i cKuajy, BiIHOB/IIOOYHN MONEpe-
nHiM craH ckiraxy, HiOU BUAANeHU KoHTeliHep OyB
ocragHiM, mo Hagiimos. Takuii mepebip mcua gearux

onruMisaniif Mpalioe SHAYHO IIBHJIIE, HIX Y IepIo-
My MeTOfi.
IO/IBITHE KOJYBAHHA

3amaua

Vaockoraernit Crangapr Kopysarasa (YCK) Buko-
PUCTOBYE HOBUI IOTYKHUI AJTOPUTM KOXYBAHHA. Bin
Tparioe 3 TphoMa Grokamu 1o 128 6ir. Ba 6710KOM T10Bi-
lOMJIeHHS P Ta 610K0M Kinoda k GyHKIIA KOAYBAHHA E
VCK ropepTae sakozosanuii 6710k ¢: c=E(p, k).

OGepHeHOI0 /10 GYHKIIIT KOYBaHHSA € (QYHKILLS PO3KO-
nysamrs D taka, mo: D (E(p,k),k)=p, E(D(ck),k)=c.

¥V nopsiitromy YCK IIOCITJOBHO 3aCTOCOBYIOTECH BA
Hesanexkuux kioua k1 ra k2, cmouarky ki1, morim k2:
c2=E(E(p,k1),k2).

¥ miit sajaui Taxosk 3ajane mie gucio s. Tirpku -
Bi 4% Gira BCiX KJIOUIB € cyTTeRMMHY, iHII 6iTK (MpaBi
128 minyc 4*s 6iTiB) € HyJILOBHMHU.

Bam Heo6XiIHO BifTHOBAUTH APy KJIIOUiB KOJYBaHH
IS TIOBi{OMJIEHB, 3aKO/IOBAHUX 3a /{OIIOMOTOI0 oABiN-
noro YCK. Bam 3ajiaHo fK BUXifHUN TeKCT P, Tak i 3a-
KOJIOBaHMH TEKCT €2, a TAKOMXK CTPYKTYpPa KJlo4a Koay-
BaHHA 38 JOIIOMOT0I0 3BHAYEHHS S.

Poap’asaHHA

Il 3agava Maja HecTaEAapTHE GOPMYITIOBAHHA.
VuacHuKaM He NoTpi6HO 6yJI0 3HaBaTH JUIsl IepeBipKA
IIporpaMy-poss’ fidoK. 3aMicTs Toro 6yJI0 HalaHO TecTo-
Bi daitry i HeoOXiHO Gy10 3HANTH ZOBLILHUM METOOM
(MOKJIMBO BPYUHY, ajle 3HAUHO edexTuBHiIIe 6yJI0 BU-
KOPHCTOBYBaTH JOIIOMI’KHY IIporpamMy) Bignosiai paa
IUX TECTiB.

Ha nepmwmit norasj 3AacThesl, M0 BHKOPUCTAHHS
nozgiiiHoro Kloua 3abesnedye 3HAYHO OLIBIITY CTiH-
KicTs 10 poskoayBaHHA. [[ifiCHO, Ha KII0YaX JOBKHHUI
N nosHmii nepebip sumarae 2% omepaniit mepesipku
kmioua. Moske 31aBaTHCh, IO NO/BiiiHe KOAyBaHHS
Bi/IOBiZla€ KOAYBAHEIO 3 BUKODHCTAHHAM KJIIOYa JIOB-
sxmau 2N, 1 Bignmopiz=o suMarae gacy 2%, Hacnpasni,
BUKODHCTOBYIOUH METOJ ,,3YCTPIY IIoCepe/IHi”, MOKHA
3HAlTH KoYl 3a wac 2%, 1o BiANOBigae KIIOUY JA0B-
sxuHEA N+1.

MeToj Ipalioe HATYIHUM 4AHOM. Buxigamit Texcr
KOJIYETHCH OAMH pas yciMa MOXKIMBHMHE KJIIOYaMH Ta
pesyJIsTaTH KoXyBanHs: sbepiratorses. [licas mporo sa-
KOJIOBAHMIA TEKCT PO3KOLOBYETHCS yciMa MOIKIINBAMY
KJIIOUAMM Ta Pe3yJIbTaT POSKOJYBAHHSA LIYKAETHCH Ce-
pey 36eperxennx. 3HafileHe cniBnajinHs i BUsHAYAE
Hapy KJ104iB, IKi MOIJIM BUKOPHCTOBYBATHCH IPU KO-
JyBaHHL.

SCORE

3amaua

Score—Iie rpa [ JBOX I'paBIiB. Irposuit Matigan-
yuK ckJaagacTses 3 N TOUOK, 3aHyMepoBaHuX Bix 1 710
N, uacTHHY 3 AKX 3’efHAHO cTpiakamu. Kosxxna eTplr-
Ka jize By ommiel Toukn 1o gesxoi inmrol rouku. Koxna
TOUKA HAJIeXUTh OLHOMY 3 ABOX rpaBuiB. I'paBens,
SIKOMY HAJIeXKUTh TOUKa, € ii BracEukoM. KpiM Toro,
KOKHIH TOUIl IpUIMCaHe Jesike JoJaTHe Yucio. Yei

a0
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npuuncani uncsaa pisui. Touka 3 HoMepom 1 € ToYaTKO-
B010. Ha rogaTry I'put Ko3KeH 3 rpasilis Mae 0 04oK.

T'pa monArae y HacTynHoMy. Bygemo nosuauaru Gy-
kB010 C IOTOYHY TOYKY, TOOTO TOURY, Y AKIN MU 3HAXO-
JAuMocs Ha mouaTky xony. Ha mouartky rpu C e Toukowo
3 HomepoM 1. Xiz y rpi po6uts sracEuk C, Ipu mpoMy
BUKOHYIOThCS TaKi onepamii:

1. Axuo sHavennd, npunucane C, 6iasie, Hisk 10-
TOYHA KIJIBKiCTE 04OK y BracHUKa C, To BHAYEHHS YHC-
J1a, upunucanoro C, crae HOBOIO KiJIbKICTIO OYOK IJist
BiacHuKa C, ¥V IPOTHIEKHOMY BHIA/IKY, YUCIIO OUOK Y
Biaaceuka C He smiHOeThCa, KinkkicTs o4ok y pyroro
rpaBng B 060X BHIAJKaX He 3MIHIOETHCS.

2. Oauni aacauk C obupae 3a cBoiM GarkaHHSA OfHY
i3 CTPLIOK, 110 BUXOAATH 3 IOTOYHOI TOYUKH, 1 TouKa, Ha
AKY I CTPIJIKA BKABye, CTA€ HOBOI IIOTOYHOIO. 3a3Ha-
YHMO, 10 OJWH IPABelb MOxe 3poBUTH MOCHiab [e-
Klibka Xoxin. .

I'pa sakingyersesi, KOIM 1ICIIA JESTKOTO X0y TIOTOU-
HOIO CTa€ 1109aTKOBA TOUKA, [IepeMOrKIEM BBAKAETHCS
TpaBells, KU Mac GLIbITY KLIBKiCTh 040K y KiHIi rpH.

Habip crpisox Mix TOUKaMM 3aB3K/TM TAKWIT, IO

= T o A i e e R B e AR

3 JI0BIIBHOL TOYKH BUXO/[UTH He MCHIIIE OJIHi€l CTPiiK;
®0BibHA TOYKA P jocsiKHA 3 IIOYATKOBOI TOYKH,
T06TO iCHY€E Taka MOCTifOBHICTE CTPIIOK, 1Mo AKik

MOXKHA JIIATH Bij mouaTkoBoi Touku 710 P;

®rapaHTyEThHCH, 1[0 TPY 3aBXKAN MOYKHA BaKiHUNTH 3a
cKinyeHy KiIbKiCTh KpOKiB.

HanumiTe nporpamy, sika rpae B III0 I'Dy Ta BUI'Pae.
HaGopu Touok Ta cTpiyok y Beix irpax, y axi Gyue sa-
TIPOIIOHOBAHO IPaTH Barii mporpami st ii omiHkw, op-
raHisoBaHi Tak, III0 Balla IporpaMa 3aByKAH 3MOXKe BU-
I'paTH HesaJeKHO BiJ TOr0 Y HAJIEKHUTH 1 neprmmit
Xim, un Hi.

Posp’sa3aHHN

Burpamgy crpaTteriio y miif rpi MoskHa OTpUMATH,
BUKOPHUCTOBYIOUH &ITOPUTM IIOIIYKY B MNIUOHHY. 3a J0-
TIOMOT'0}0 HBOT'O MO HA JOCJIIJUTH BCl MOXKIIMBI Bapian-
TH XOAIB, OCKLIBKM KiNBKicTh TakuX BapiaHTiB cKinYe-
HA (rapaHTyeThes, 110 HeMae HecKiHYeHuX irop), i 06-
PATH TOif, IPOCYBAHHA 110 SIKOMY IIPUBBOJAMUTE /10 BUIDa-
wy. Takox, Ak i B sagayi ,,I'pa ioiwari”, MosxiuBe
BHKOPHCTAHHSA TAKMX CTAaHZAPTHHUX AJITOPUTMIB, SK
2Ka/1i6HIH Ta BUTQTKOBHIA.

e Sy g eSS Ay, SR ) o A A iy, A RSO REL,
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A.M. l'ypxiii, B.B. BoHpapeHko

3a¢xa'-xi MixxHapo/Hoi oxiMmiagy 3 iHbOpMaTHKH I[bO-
0 POKY, fIK i MUHYJIOT0, TOTyBaIMch MiskHapoLHUM
HaykoBuM KoMiTeToM Ta HanionanpHMM HAYKOBUM KO-
miTeTom. Binpiuiers samau 6ysiu 3aIrpornoHoBaHi opra-
HisaTopamu, iHIII HagicaaH] IPOTArOM POKY 10 Hamio-
HAJIBHOTO HAYKOBoro komirery. Cepesi HOBHHOK wiei
ouiMIiafy MOXKHA 3a3HAYATH CYTTEBI O6GMe:KeHHHA ma-
M’ SITI IS TeAKUX 37184, & TAKOK CTablIbHO MpaIliolo-
4y cucTeMy NepeBipKH, 0 AKoi He 6yJi0 HapikaHb 3 60-
Ky YUACHUKIB.

3ATAYI IIEPIIOTO TYPY

1. lIxigmmsa xaba

MaseHbKi MIKiAIMBi xabu «deHraiTypi» cTaum Je-
resgapaumu B Kopei. Houamy BoHU cTpUGAIOTE IO PU-
COBMX IIOJIAX, BTOITYIOUH B 3eMJII0 KYIIMKU PUCY, 3a-
B/i@I0uM BTPATH mociBaM. Bpanui, OMITABIIM YIIKO-
[PKeH] KyIUKH, BAM 3aXO0TLIOCH BUSHAYUTH IIIJIAX Tiel
xabu, SKa 3aBjana Haibinsiol mxoxy. Haba saBian
crpubae 1o oo 110 mpaMifl miHii, IpuYOMy JOBKAHA
KOKXHOT0 cTPUOKa OTHAKOBA.

i pisHi
HAIPAMKHA

Piani :xabu MOXKYTh MaTH
pisHy foBxuUHY cTPHGKA

90000000

Kymuku prcy Ha BaLIOMy ITOJIi IocajykeHi CTporo
B3/I0BK IepIeHAVKYIAPHAX JiHIA Ha ofHAKOBIH BiA-
crani ofUH Bif ofHOro, K Ie so6paxieno Ha puc. 1.
Ikigmusi sxaby npocTpubasiu Uepes yce Balle moJe,
PUUOMY MIJIAX KOMKHOI skabH [OUMHABCA 38 MEMKaMU
[O7IA 3 Of{HOTO Horo Goky, a sakiHdyBaBcs 3a foro Me-
KM 3 IHIIOTO GOKY, AK Ile 306paKeHo Ha puc. 2.

Tlo moJio Moske cTpubaTi 6araTo »kab, mepecTprby-
JOUY Bijf O/(HOTO PHCOBOIO KYIIHKa JIo iHmoro. Ilix yac
KOKHOT'O CTpUGKa ska6a BTONTYE Y 3eMJIIO 4eProBHif Ky-
LMK PUCY, K TOKasaHo Ha puc. 3. BinsHauumo, mo 3a
Hiv ofHA i Ta % caMa poc/IMHA Moke GyTH saTonTaHA
6inbi, Hisk ofHicIo xaboto. 3BNUAHO, BU He 3MOXKeTe
moBaunTH IPAMUX JIiHIH, B3IOBXK AKMX CTPHOATH Ka-
6u1, i 6yzp-sKi corigy IX TepeMileH A 3a MeyKaMu II0JIA.

§5:20 3324075 -, 7 1,4253 74757 6§ 7
1 3 3 2 1

i Z

sl e o 3

44 4 & i (

: Seiisl

6 6

Puc. 1 Pne. 2

Ilnst mpuksiajty, 306paskeHoro Ha puc. 3, BU moGaunTe
KapTHHY TOIIKO/IKEHOTo TI0JIs1, 306pakeHy Ha puc. 4.

BuxojsuM 3 pric. 4, BU 3MOYKeTe BiTHOBUTH BCl MO~
JIMBi IUISIXH, 110 AKUX 3Kabu MOIJIH G IepeMinfyBaTics
uepes Bamre nose. Hac mikasaaTh TLIBKI Ti xabu, AKi
HOITKO/ANIA He MeHIITe TPhoX PHCOBHX KYIIUKIB ynpo-
IIOB2 CBOTO TIEPeMiIIIeHHS 10 ToTio. TaknM YTHHOM, MI
BUBHAYMIIV TOHATTS «ILJIAX 5Kabu» .

MoskHa HOMITHTH, IO TPH LUISXH, 300pakeHi Ha
puc. 3, € nuaxamu a6 (ICHYIOTh TAKOK i iHmi MoK-
JIMBi TIAxy 2ka6). BepTUKaJIbHUA MIIAX, 10 IPOXO-
JIATH YHIS 308K CTOBIIS 1 Mir 61 6yTH IUIAXOM Ka-
611, 1110 Ma€e IOBKUHY cTpiGKa 4, OfHAK IIPY IIEOMY MOT-
J10 GyTH YIIKOJYKEHO TLMBKY 2 KYIIUKHA pUCy, i Takmit
MIISX Hac He IiKaBUTh. Po3riIsHEMO JiaroHaJBHUN
MISAX, 10 TPOXOIHATD Yepes KYIUKY, SKi SHAXOAATHCH
Ha mepeTuHi psaka 2 i croBnms 3, paaka 3 i cToBIIA 4,
psanka 6 i crosnus 7. Ha npoMy HUIAXY 3HAXOAUTECH
TPH YIIKOPKeHNX KYIHUKa, ajie MIAX HepiBHOMIpHUIT
i MicTATB iHTepBaM HEPiBHOI IOBXKUHY; TAKUM YHHOM,
el IUIAX TaKOX He € LUIAXOM skabu. Bigsmauumo Ta-
KOSK, 110 B3/IOBK JIiHIT pyXy abu MOXKYT gycTpiuaTi-
s IIKOM KeHI KYIIHKH, AKi He OyIu YVIIKO/PKEH] came
1ieio xxa60io (HAPUKJIAK, KYIIHK Y Touri (2, 6) Ha ro-
PUBOHTATLHOMY HUIAXY B3JIOBX PAAKA 2 ma puc. 4), i
HA TIOJTi MOMKYTh BHAXOAHUTHCS YIIKOIKeH] KyIUKH,
TPUYKMHY YIIKOJKEHHS AKUX He MOYKHA MOACHUTU Hi-
AKUM IIITXOM *Kabu.

PosrnaneMo Bei ModIMBi muisxy ka6, Baia mpo-
rpaMa NMOBUHHA BUSHAUNTH KINTBKICTh YIIKOJKEHNX
KYIUKIB pucy Ha muisaxy riei sxabu, aKa ymkoznuia 6i-
JIBIIIe 3a BCiX KYIMKiB (TOOTO saBjaia Ha#GinbIol

[y s ¢ R
1 1
Epumes giony
3 3 [ ]
4 4
&5 5
6

Pne. 3 Puc. 4
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LIKoAY pucoBiit mranranii). Ha puc. 4 TakumM mir 6yt
LIIIAX Y3A0BK psagka 6, a Bignosimmio yucio 7.

Bxidni dani

Baia nporpama IOBMHHA 3UUTATH AaHi i3 craHAapT-
Horo Bxozy. Ilepmmit psafox MicTHTE ABa HIKEX uncia R
iC, mo sagaloTh BiAMOBINHO KLIBKiCTH PSAAKIB i cTOBNIIB
Ha BalloMy pucoBoMy noi, 1<R, C<5000. [pyruii ps-
JIOK MIiCTHTB OfHe mire 4nciao N—KiTbKICTs YIIKomHe-
HUX PHCOBUX KyIuKiB, 3<N<5000. Koxuuii 3 HacTym-
HuX N psAAKiB MiCTHTE JBa IUINX 4YKciia, HOMEp PAAKa
(1=nomep padra<R)iHoMep croBnus (1 <HOMep cmoen-
ya=<C), 10 BUBHAYAIOTH MO3HUIIIO YIIKOAKEHOTO KyIIU-
ka. ITi uneina Binokpemieno npomyckom. Kosken ymko-
JKeHUH KYIUK OIMCaHUH JIUIIIe OfUH pas,

Buxidni dani

Bamra nporpamMa nmoBHHHa BUBOAUTH BiAMOBiNhL y
cTaHAapTHU BuXix. Buxix nporpaMmu noBuHeH MicTH-
TH OZIVH PANOK 3 HAWGLIBIIMM YHCIIOM, SKe DiBHE Kijlh-
KOCTi KYINMKIB, 10 JIeXKaTh Ha LLIAXY 2Kabu, Sxa 3a-
BJasia HalGinb1Iol BTpaTH, SIKINO TAKUH IUIAX icHye. B
iHmomy BunaaKky Heo6xinHO BHBecTH 0.

ITpuxnadu exidnux ma euxidnux danux

purenan 1

BxiaHi paHi BuxigHi faHi
6 7 7
14
53
66
4 2
25
26
: Z Tpuksan Ha puc. 4
6 1
6 2
23
6 3
6 4
65
6 7

IIpuxaax 2 (ua puc. 5).

BuxiaHi pani ic3-ly ar g6
67 !
18 2
T
6 2 3
35 4 @ —@
15 5
47
12 6 —@—
14 Pue. 5
16
1% R 6
2i%
23 2
26
4 2 AN
44 ~®
45 : E“
5 4 s
8.5 6
6 6

Buxigi pani

i, oo,

Pnc. 6. Makcumansra
KiJIBKiCTh yIIKOAKEeHNX
KymukKiB 4

Oyinxa pose’asxy

Slkimo Bama ImporpamMa BH/a€ IPABUJIBHY BiZNOBiAb
Ha TeCT 3a BiJIBeJleHUI Yac, BU OTPUMYETE IIOBHY Killb-
KicTs GautiB 8a Ieii TecT, iHakme—Bu orpuMyeTe 0 6aiB.

Pexomendayii

TIpocTuii anropuT™ posB’ssyBaHHs Iiel safayi, 10
norpebye yacy O(N®), mepebupac yci O(N?) cermenTin
JTiHiH#, 70 38JAI0TECST MHOXKUHOIO TOYOK, Ta HAMAracTh-
CS1 POBLIMPHTH IIi CETMEHTH B YCiX HATTPAMKAX.

Edexrusanit O(N?) asroput™ s niei sagaqi 6asy-
€THCA Ha AJITOPHTMI IOIIYKY PiBHOBiAnaNeHOI KoTiHea-
PHOI MiIMHOMXKHUHHU. AJITOPUTM BUKOHYE HEPEKPHUTTS
Beix piBHOBigmaneHuX Tpiftok IS TOrO, 106 BUSHAYM-
TH BCi MakcHMaJbHI piBHOBifZaIeHI KomiHeapHi miz-
MHOKHUHHU. IlepeKpPUTTS BUKOHYETHCA MOGYAOBOIO He-
opienToBaHoro rpada, Zie IS KOSKHOI piBHOBiAaeHOT
TpiitKu (pa, Pps Pc) CTBOPIOIOTECHA BepunHu <A, B> ta
<B, C> 1a pebpo (<A, B> <B, C>). KomunonenTu 38’ s3-
HocTi 1poro rpada BiAMOBifalOTh MAKCUMAIBHUM PiB-
HOBiZjaJIleHNM KOJIiHeapHUM IIiIMHOXKMHAM II0YATKO-
BOI MHOKHMHHM. 3ayBa)kuMOo, [0 HIUIAX abu € mpocTo
JiHIHHAM JIaHIJOroM 3’€JHaHWX BepIINH (3 IpUHAaiMHL
ofHUM peGpoM Ta JBOMa BepIIMHAMH, L0 BiJmoBixa-
10Th TPBOM HONIKOYKEHUM KyIIjaM) I[boro rpady. Kosx-
Ha BepIIMHA IHOTO rpada Mae CTYIiHb He 6iibie 2, 3Bi-
JIKH KiIbKiCTh BepmnH Ta pefep mporo rpaga MamoTh
poamip O(N?). BukopucroByioun 1i haxTu, MOKHA
3HAHWTH BCi MAKCHMAaJGLHI piBHOBiAaNeH] KoiHeapHi
MiIMHOYKWHHM BUXiZIHOI MHOYKHHU 3a yac O(N?), BUKoO-
PHCTOBYIOUH NOGYAOBaHUH rpad.

€RUHOIO TPOGJIEMOIO BAINIIAETHCA eDEeKTUBHMIMA 110-
IIyK PiBHOBiAZa/IeHUX TPifioK, 8 AKUX 6yAyeThCA rpad.
OueBnpHuit MeTox nepeGopy Beix Tpiliok momIkomsxe-
HEX KYINiB Mae HeIpHHHATHY ckaagHicTs O(N®). Axmo
3aMicCTh Oro moJie 36epiracThes AK ZBOBUMIPHMN Ma-
CHB, II[0 MiCTUTE HOMep IIpU3eMJIeHHS Ha KyILi (Hampu-
kiaf, Aximo 100-i DoIuKoMKeHHM KYII| 3HaXOAUTECA
y moaunii (10, 12), Tozi sHAUEHHAM eJleMeHTa MacHUBY
(10, 12) € 100), mo2kHa mepeGpaTH BCi ITAPH IIOLIKOKeE-
HUX KYIIiB Ta I KOXKHOI IIapH 3a KOHCTAHTHHUIN Yac
BUBHAYUTH, UM € TPETii PiBHOBiAAIEHUI MOIIKOMKe-
Hui kym. I1a crpareria morpebye O(N?) uacy, aye Bu-
kopucroBye 5000%5000%2=50MB mam’sTi. Ockinbkn
rpad morpebye s cBoro 36epiranus Takosxk O(N?) na-
M’ATi, IS CTpaTeris mepeBUUIUTS JdimMiT B 64MB. On-
HaK, SKII0 MacUB JlysKe pO3pi/iXKeHMit, BiH Moske 36epi-
TaTHCh y IaM’ATi 38 JOIIOMOI'OX0 XeII-Tabiullb, 0 He
361lpIye yacoBy ckaagHicTh. TperiM Ta HalKpamum
BapiaHTOM € nmobyznoBa rpada sa JiHilHMI Yac copTy-
BaHHAM IMO3MIIN MOMIKOMKEHUX KYIIiB (HAIpUKJIAL,
CIIOYATKY II0 PAXKAX, IIOTIM 10 CTOBIIAX) Ta 36epirad-
HA 3-X MOKa3vuKiB y coucok (A, B, C mud p,, Pg, Pes
A<B<C) TakuM YHHOM: 3MiHIOIOYH A IO BCiX 3HAYEH-
HAX, JJIA KoxkHoro A npocysaemo B ta C no ciiucky, Ha
KOKHOMY KpoIli mepecyBatouu B a6o C, Hamaraiouuch
3aJMIIATHCh AKOMoOra GJnsKYe 0 PiBHUX BifcTaHeii.
Koum sHaiizieHo TpY piBHOBIIIATIEHUX TOUKU—BepIIN-
HHU Ta pebpo ZoAaioThes 0 rpada.

Icaye Takox muHamiuuii O(N®) anropurM poss’s-
3aHHA 11iel Tpo6eMn, SKOMY TAKOK BJIACTHUBA IIpoGieMa
3 I1aM’ATTIO, oNUcaHa Buile. J{oAaTKOBO /10 OImcaHol Ma-
Tpuni 36epiracThea imma O(N?) MaTpuIs, 10 MiCTUTE
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iHjexcoBaHi 10 p, panky. KosxeH pagok micruts N ee-
MeHTIB, O/[UH Ha KOKeH KYIII Py, L0 IoBHAYA€E KLIbKiCTh
NpU3eMJIeHDb y BapiaHTi IUIAXY a6y, 1o IPOXOAUE de-
pes KyIIi p, Ta Pg i AU BUKOPHCTOBYE TUIBKU KYIIi 3
moyuaTKy coucKy (110 pa)- IlpumycTimo, o Tabiuigo sa-
TIOBHEHO JIo psigka A, panok A+l 3allOBHIOETHCH Ilepe-
rasgoM yeix O(N) momkomxeHnx Kymiis B mepen py, 1
SIKIIO € TIOIIKO/KeHuiA Ky C rakwuit, mo A, Ba C € pi-
BHOBI/LTATIEHMMH, 3HAXOAUTLCA B MACHBi KLIBKiCTh IpH-
semutens ia C uepes B, 36inbiryeTrsea Ha 1 Ta 3anucyeTs-
ca ax B-it enement panxa A+1. SIxmo C onuaA€THCA 32
MesKaMH [OJIS, TO BBAYKAETHCA, 10 LUIAX Mae 2 Kyma. ¥
TOii 3Ke Uac IepeBipAEThCs, UM BHii/le HACTYITHUIA IO~
IIKOPKEeHMI KYIIT 38 MeJXKi 1101, 1 AKIIO TaK, BBAXKAETh-
1, 10 BHAl/IeHO IUIAX xabu. {715 edeKTHBHOrO 3HAXO-
Joxennst C morpi6en mMacus poamipom 50MB. 3HoBY Mo-
JKHA BUKOPMCTATH XeI-Tal/InIli, 110, B CepeIHbOMY, He
MOTiPIIATE ITBUAKICTE AJITOPUTMY.
2. Yromisa

SfIxock npexpacHa kpaiHa Yromisa Gysna posopeHa
pijinoro. Kosm BoposkicTs saTuxJia, KpaiHa 6ysia poaji-
JleHa Ha 1oTHpH obJacTi 1o gosrori (iHia mBHiu—miB-
Jens) i mupori (ninia cxig—saxin). Touky nepeTHHY
nux niniik nosHauniu (0,0). Yei 4oTopy YacTHHM IIpe-
TeH/[yBaJIM Ha HASBY YTOIis, ajle 3 4acoM iX cTasH Ha-
suBatu Yromis 1 (niBHiuHO-cXiAHa), 2 (MiBHIYHO-3aXi]-
Ha), 3 (niBnenHO-3axijHa) i 4 (miBAeHHO-cxXixHA). Kok~
Ha TouKa B 6yAb-AKOMY perioHi BH3HAUAJIACS Bij(CTaH-
HIO Ha cXif i BizicranHio Ha miBHiY Bi (0, 0). ITi Bixcrani
Moryz 6yTH Bif’eMHMMH, TOOTO TouKa B Yromii 2 1o-
sHAUAIACH ITapolo (B’ eMHe, JoAaTHE), B Yromii 8—ma-
poro (Bix’eMEe, Big’emue), B YTomii 4—napoo (Zoxar-
He, Big’emue), i Yromii 1 —naporlo fogaTHiX unced.

Yronia 2 Yronia 1
(= +) (+,+)
0,07
Yronia 3 Yronia 4

== (En)

Haii6insoio mpobieMoro 6yJIo Te, 1110 rpoMafaHaM
3aGoponsocs neperunaTu rpanuni. Ha macra, BuHa-
xigumunit yaaceuk IOI 8 Yromil pospoGuB mpocTrii crio-
¢i6 Tesrenopranii. Tesenoprep noTpeGye KOOBi uucia,
KOKHe 3 SKHX MoKke 6yTH BHKOPHCTaHe JIUIIe OJUH
pas. Bam HeoBXiZHO IpoBeCTH TeJenopTep 3 ¥oro moya-
TkoBoi mosuii (0,0) uepes obacti Yromii B HeoGXiHo-
My TopsAiKy. ¥ Bac 6yzie nocuigoBHicTs 3 N HOMepiB 06-
nacreilf, y KOKHiil 3 IKUX BY IOBUHHI IIPU3EMIATHCH,
P IbOMY He Ma€ 3HaueHHd, Jie caMe B obacTi BU pu-
semsmiuest. Ilicss Toro, sixk BY sanummTe Touky (0,0),
PaM He MO’KHA IOTPAIUIATH 3a IPaHuIi obacTei.

Buxinai 2N KofoBUX uKclIa BY TOBUHHI 3aIICaTH AK
nocrizioBricTs N KOJIOBHX Tap, J0/jal0ui SHAK ILTIOC a6o
MiHyC Iepe]i KOKHUM ducIoM. SIKIIo Bi 3HAXOAUTECE Y
Touri (x, y) 1 BUKOPHCTOBYETe KOoBY napy (+u, —v), Bac
Gy TeJIENIOPTOBAHO y TOUKY (x+1t, y—). ¥ Bac € 2N umcen

i BM MOXKeTe BUKOPHCTOBYBATH 1X y Gy/b-IKOMy BUGpaHO-
My BaM HOPSIAKY, KOXKHe i3 3HaKoM 1uroc a60 MiHycC.

TIpuryeTumo, y Bac € Kofori uncna 7, 5,6, 1,3, 2,4, 8,
i BY IOBMHHI ITPOBECTH TeJeNopTep 0 IOCTioBHOCT] 06-
JnacTeli 3 Homepamu 4, 1, 2, 1. TToctiioBHiCTb KOZIOBUX Iap
(+7, -1), (-5, +2), (-4, +3), (+8, +6) nosBoIsIE 1E 3pOOH-
TH, TeJlenopTyioun Bac 3 Touku (0, 0) IoCIiI0BHO Y TOUKK
7, -1), (2, 1), (-2, 4) i (6, 10). Li Touku posrarnopaHi B
Vromii 4, Yronii 1, Vromii 2 i ¥romii 1 simosiano.

3agdanna:

Bawm nagagHo 2N pisHHX KOJOBHX YHCel i HOCIiNoB-
HicTs 3 N HOMepiB obacTeif, 1110 BKasyOTh Jie IIOBUHEH
npusemmuTHCS Tenenoprep. [lobyayitTe mocxinoBHicTs
KO/JI0BUX IIap i3 3ajaHNX KOJOBUX UWCe, siKa IpoBeJe
TeJIEIIOPTEP Yepes 3aJaHy IOCIiIOBHICTE obacTei.

Bxidni dani

Baa mporpamMa MoBYHHA YHTATH CTAaHAAPTHHH BXiZ.
TTepimmit psmox micTuTs 1ite N (1=N=<10000). Ipyrui
panoK MicTuTh 2N PIBHMX ILTMX KOZOBHX YnCell (1=ko-
doae uucao=<100000), posiseHIX OTUHOIHIMH IIPOIIyC-
kamu. OcTaHHIM pAmoK MicTATH mocifoBHicTh N HOMe-
piB obacreit, KoxxHM# 3 AKUX € 1, 2, 3 a6o 4.

Buxidni dani

Barma mporpama IOBAHHA IINCATH B CTAHJADTHHI BU-
Xix. Buxin mosuren ckuajatuca 3 N paakis. Kosxnui
PAIOK NOBMHEH MIiCTUTH I1apy KOJOBUX UCelI, TIepest Ko-
SKHIUM 3 SKUX BKasaHMH sHak (1wuoc abo Minyc). Ii xo-
7ZioBi mapu 6y/[yTh HAIIPABJIATH TeJeropTep 10 3ajaHii
mocJTiIoBHOCTI oGsacTeil. 3BepHITH yBary, 10 He II0BU-
HHO 6yTH IIPOITYCKiB Mi 3HAKOM i YHCJIOM, TTPOTe [OBU-
HeH 6yTH OZIUH IIPOITYCK ITiCJIA MEPLIOro KOAOBOr'o Urca.

fAxmo icHye mekinbka posp’sAsKiB, Ballla IporpaMa Imo-
BHHHA BUBECTH 6y/1b-sKuit 3 HUX. SIKINO O3B’ A3KiB HeMae,
BAIIIA TPOTPaMa [IOBHHHA BUBECTH €/{1He ITire uncyo 0.

Ipuxnadu exidnux ma suxidnux danux

TIpuxaarx 1: Tpuxnan 2:
Bxigni Buxizni Bxigai Buxigni
AaHL faHi AaHi JaHi

4 +7 -1 4 +3 -2
75613248 | [-5+2 25417863 | [-4+45
4121 -4+3 4221 -6 +1

+8 +6 +8+7

Cucmema OyinKu

SIKIIo Balla IporpamMa BUBOJUTE IPABMIIBLHY Bifrio-
BiJib 38 BijTBe/IeHMI1 JUISL TECTY Yac, BU OTpUMYeTe yci 6am
3a el TecT, iHaKIIe B OTpEMYETe 3a rieii Tect 0 6asis.

Pexomendayii

Baziaua € IBOBIMIpHOIO, ajle Moske GyTH po3B’s3aHa
sIK IBi HesasiexkHi ofHOBMMIipHi. PosriaremMo ofHOBYU-
MipHy 3afauy: sajaHo N umces i mocmifoBricTs N 3Ha-
KiB perioiB (+ a6o —), BUsHAUNTH MOCTiI0BHICTS N 9H-

cest 3i sHakaM¥ {X;}, TAK II0 3HAK Ext Bigmosiznae
3HAKY i-ro periony. I

BarajbHA ijles € ZOCTaTHBO iHTYITHBHOIO, X04a 3y-
CHJLIA TOTPi6Hi, 11106 IepeKOHATUCh, 1[0 BOHA ITPAITIOE.
CrnouaTKy HeobXifHO BiicOpTYBATH UMCIA Y 3pOCTaloyo-
My TOPSI/IKY, & IOTiM PUCBOITH YMCIAM 3HAKH, 1110 Yep-
IyI0Thes (IIPH I{bOMY SAJTHIIACTHCA BUSHAYUTH SHAK Xj,

L7}
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a BifnoBiaHo i Beix iHmmpx). IToTiM Mu MourHAEMO B Je-
AKOMY MicIi IIocepeIHHi IIOCHiOBHOCTI, Ta pyXacMoch
Ha30BHi, BUKOPHCTOBYIOUH BeJTUK] YHCJIa /IS SMiHY 3Ha-
KY CyMH IIOCJIOBHOCTI Ta MAaJI JUIst /IS TOTO, 11106 36e-
PerTy sHak. PosriisiHeMo fekisbKa TBepKeH:.

Osnavenna Hassemo mocumifioBricTs HEeHYJIBOBUX
X X=(%4, Xg41s s X3 ), @<b 3HAKOIMIHHOIO IOCTIZO-
BHICTIO, AKIIO

1) || <gigl <lgagl <. < EAH

2) pis Beix i, a<i<=b, sHaK x; BinpisHAeTHCH Big
SHAKY X;

Jlema. Hexait X=(,, X4, ., X)) —BHAKOBMiHHA 11O~
caifoBHiCTh. BHAK X, criBmajae si sHAKOM 3arambHOL

cymMu 2-”1 eseMeHTiB X.
asi<h
Hosedenna. Hexaii x,>0. SIkimo kinbkicTs b-a+1
€JIeMeHTiB IOCIiIOBHOCTI € IapHOIo (BiAmOBiAHO Hemap-
HOI0), YACTKOBI CyMH x,+x,,,, X2 Xg1gs ves Xp_ytxy
(BIATIOBIAHO X,, X,y #2045+ 201 g0 vy Xy 11TX,) € mojaTHi-

mu. I saranbHa cyma 21, TAKHMX YACTKOBHX CYM Ta-
asish
KO € I0AaTHHOI0.
Hexait S=(s,, 8444, w S5), a<b Gyse mocigoBHiCTIO
sHaKiB mwoc Ta Minye. Iocrigosricrs X'=( Xy Xy p
x, )» a<b GyJie TPaBUIIBHOIO IO BiTHOIMEHHIO /10 S, ax-

s

III0 BHaK Exi,- ZOPIBHIOE 8), /st KOYKHOTO k, a<k<b.
asish

Teopema. Hexait X=(x,, x,,,, ... X;), a<b—3Haroa-
MiHHa NOCHLNOBHICTE S=(8,, S44;, - 8;), a<b—mi0CTizO-
BHiCTh 3HaKiB, fKINo 3HAK X, criBmajace ai sHAKOM Sps
To icHye nocigoBHicTs X '=(x,a, Xiy g2 s Xiy)s TAKA IO

1)ty 0y, oo Xy P {0 X g i 20}

2) X'e IpaBUIILHOIO 1O BiAHOIIEHHIO o S.

Hosedenna. IIposesemo ioro 3a inayKmicio o Kisb-
kocri k enemenTi B X. fkmo k=1, nerko 6aunTH, 10
TBeP/XKeHHS TeOpeMHU BHKOHYEThes. IIpurnyeTumo, 1mo
k22. Hexait S;=S-8;, 10670 S;=(5,, 84 1> Sp_1)-

Bumanox 1. Brax x, cniBnagae s 8p-;. Iloknagemo
X =X—2,, TOOTO X ;=(X4 1, Xgy9, wr Xp), TR t=x,.

Bunapox 2. Buax x,_; cnisnazae s s,_,. Iokagemo
X =X=2,, 0010 X ;=( 4, Xy 1, vy Xp_y), TR t=x.

BayBasxumo, 1m0 X; € 3HAKOBMIiHHOIO IIOCJIiIOBHIC-
TiO, & S € TAKOIO IIOCIIi/IOBHICTIO 3HaKIB, mo sHak X
OCTAHHBOT'O eJIeMEeHTa CIIBIA/a€ 38 OCTAHHIM 3HAKOM Y
S;. Omxe, sa mpUIyINeRHAM IHAYKLIT, icHye npaBuib-
Ha mocaizoBHicTs X', o BifHOmEHHIO 0 S 7+ 3 I[BOr0
BUILIHBaE, 10 X'=(X;, t) € IPaBUIBLHOIO IO BiJHOIIEH-
HIO 1o S.

Tenep mMoxHa chopMyITIOBaTH AMTOPATM pO3B’A3aH-
HA 3a1a9i.

Kpok 1. ITpountary Bxigui gami.

1.1. Ilpounratn N,

1.2. ITpounraru 2N KOZOBUX YHMCEI Ta POSALIATH iX
Ha 181 piBHi rpymw, |A|=|B|.

1.3. TIpounTaT! NOC/TiIOBHICTS PerioHin R=(ry,rg,ery).

Kpox 2. BraliTyt x-KoOpAMHATH KOLOBIX mnap.

2.1. obyayBatu moCHiOBHICTS BHAKIB S=(s}, 5, .,
8y), TAKy 1o A Beix j, 1<j<N, 5="4", axmo r;=1.4,
imarme g;="-".

2.2. Tlo6ynyBaTu 3HAKO3MIHHY IIOCHiZOBHiCTE
X=(x1,%3, ., Xy) 3 €JIeMEHTIB A, 1106 3HAK X, JOPiBHIO-
BaB sy.

2.3. Maroun X Ta S, no6yaysaTu mocsiZoBHicTS
X'=(x, 2 Xigs + X;y) IPABIIIBHY BiTHOCHO S 8a JOBefieH-
HSIM TeOpeMH.

Kpok 3. BHaliTH y-KOOpANHATH KOAOBUX IIap.

3.1. ITobyxyBaTy MOC/TIZOBHICTS 3HAKIB S=(s;, 89 v
Sy), TAKy 1o JIs Beix j, 1<j<N, 8j="+", aKio r=1.2,
inakime 8;="-".

3.2. ITo6ynyBaTn 3sHAKO3MIHHY IOCHILOBHiCTE
Y=(y;.y2. .. Yn) 3 eXremMenTiB B, 1106 3HAK Y HODIBHIO-
BaB Sy.

3.8. Maroun Y ra S, mobysyBaTy mocaifoBHicTH
Y=y Yig o Yiy)IPABUIBHY BiTHOCHO S 3a J0BeseH-
HSIM TeOpeMH.

Kpok 4. Busectu pesysraT

() Uiy (i Yigh oons (i Xiy)-

CrnagaicTs nporo anroputmy O(NlogN).

3.XO0R

Bu pospo6isieTe nporpamMy M CTiIIBHEKOBOrO
Tesle)OHY, OCHALIEHOTO YOPHO-6i1MM eKpaHoM, Ha
AKOMY X-KOOP/AMHATH BiIpaXOBYIOThCS 3JiBa HAIIPABO,
4 Y-KOOPAMHATH—3BePXy BHHUS, AK 306pakeHO Ha
pucyHKax. Bama mporpamMa BUKOPHCTOBYE pisHOMAHIT-
Hi KapTHHKH, AKi MOKyTh 6yTH pisHOTO pPosMipy.
BamicTs Toro, 1106 306epiraT 1 KapTHHKH, BU XoueTe
CTBOPIOBATH IX, BUKOPUCTOBYIOUH rpadiuny 6ibriorexy
renedony. Ha nouaTky manoBamHA yci mikcenn
eKpaHa nodapGosani y Gimmit konip. €auna rpadiuna
omepanis, o niATpEMyeThes 6i6aioTexolo,—ie
XOR(L, R, T, B), ara nepedap6oBye B HpOTHICHKHM
KOJIip MiKCeNH, 0 IOTPAIIAIOTh Y MPAMOKYTHHIK 3 JIi-
BHM BepXHiM KyToM B Touni (L,T), a mpaBam HEKHIM—
y Touni (R, B), ne L osnauae niBy, T—sepxmio, R—mpa-
BY, B—HUXHIO KOOpAHHaTH. BayBaxuMo, [0 B fe-
AKHX iHIIMX rpadivnux GiGrioTexax mopAmoK apryme-
HTIB MOXKe BifipisuaTHca.

Hanpuxiali, posrisiHeMo OTPUMAHHS KAPTHHKYU HA
puc. 9. Bacrocoyioun XOR(2, 4, 2, 6) 1o nosHicTIo 6i-
70l KAPTUHKH, OTPUMYEMO KAPTUHKY, 306paskeHy Ha
puc. 7. Bacrocosyroun XOR(3, 6, 4, 7) o kapTHHKY 3
puc. 7, OTPHMYEMO KapTHHKY, 306pajkeHy Ha puc. 8,
Hapewti, 3acrocoByroun XOR(1, 3, 8, 5) o kapTuHKH 3
pHc. 8, OTPHMYEMO KAPTHHKY, 306paskeHy Ha puc. 9.

Bawa sadaua: pus sajanoi 4opHO-6iM0i KapTHHKK
HOOYAYBATH 32 MOKJIMBICTIO HANKOPOTIITY TIOCTiZoB-
nicTs BuksmkiB XOR, 1o npuBoguTs K0 rereparii, mo-
uYMHaloun 3 6isoro expana miei kaprurku. Bam gami
BXinHi ¢aiiny, o onucyoTs KapTHEKY. By moBuHHL
3paT daiun, 10 OIHUCYIOTh IapaMeTPH BUKJIMKIB
XOR, a He BUXiHUI TeKCT IPOrPAMHU /IS CTBODEHHS
nux aitnis.

Bxioni dani

Bawm nani 10 Texcrosux daitris s nassamu 3 xorl.in
sio xorl0.in. Kosken BXifHuit daitn yaamrosanumii Ha-
CTYIMHUM YuHOM. Ilepmmit #oro psizox MicTuTh oxHe
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Pue. 7

1ise uucino N, 5<N <2000, sixe nosnayae, Mo KapTHH-
xa Mae N pankisi N croennis. Psgku sxifHOTO (aiiia,
IO BATHIMMINCH, ONUCYIOTh PAAKA KapTHMHKH 3BepXY
paus. Koxunit pagox MictuTh N niux ducei: KOJIbO-
pu mikcernis siBa HanpaBo. 3pauenHs 0 mosHauae 6i-
At miKcesb, a 3HAUeHHs 1—YOpHUI.

Buxioni dani

Bu nosusHi 3naté 10 Buxigaux dainis, mo Bixmo-
BiZaloTh BXiTHAM.

Ilepmuit psafiok (ajiina NOBUHEH MiCTHUTH TEKCT
#FILE xor I, ge nine uncno I—HoMep BinosifHOro
BXizHOrO daitna. Jpyruil pAKOK NOBUHEH MiCTHTH uine
unesto K—xinbkicts Bukiukis XOR. V. HacTymauX K
DPAJKAX TIOBMHHI 3HAXOAUTHCSH ONUCH IUX BUKJMKIB y
HOPSIIKY Biff mepuIoro o ocTaHABoro. KosxHnii 3 mux K
DAIKIB MOBHHEH MICTHTY YOTHPH LLINX YHCJA: Mapa-
merpn uxymky XOR y nopsirky L, R, T, B.

Ipuxnad exidnux ma suxionux danux:

xor0.in xorQ.out

i
0000060 gFILExorO
0111000 2426
1001000 3647
1010110 1335
1010110
0100110
0011110

Cucmema oyinkxu

Aximo

erocigosnicTs Buksmkis XOR, mo BkasaHa y BaIlo-
My Gaiiyi, He NPUBOXHUTS /10 TeHeparii IiIboBOI Kap-
TUHKH, 460
exinpricTs Buraukis XOR, Bkasanux y BaIlioMy
aiini, He pisHe K, a0
ey Bamomy BUxigHOMY daitni K>40000, aGo
egam BuxigHMit daitn micrurs BEkIMK XOR 3 napa-
merpamu L>R a6o T>B, a6o
epam BuxifEMi daitn micruTs Bukuk XOR 3 Hego-
IaTHIME KoopaUHATaMu, 260
epam BuxizEMit daitt Micruts Bukauk XOR is sHa-
YeHHSM KOOPJUHATH, 110 epeuinye N,
T0 B oTpHMaeTe 3a Aanuii Tect 0 Gasis. ¥ IPOTHBHOMY
BUNAJIKY BaIll 6aJ1 0GUHCITIOETCS 38 (POPMYJIOK0:
1+9xYucnoBurankisBKpamoMmyPosB’ 3Ky
Vuacrrukis/YucnoBukukisBBarmomyPoss’a3Ky.
Banu OKpyrIIoioThCA KO TIepINOTo 3HAKY Iic/s Je-
CATKOBOI KOMHE [I0 KOXHOMY TecTy. 3arajpHuil 6ai
OKDYTITIOETHCS 0 HANGIMKUOTO I1I0r0.
IIpumycruMo, 110 BH 3/1aJii PO3B’ A30K 3 121 Buxsn-
koM XOR. SR it neil poss’sI30K—Kpaluii cepes

Pue. 8 Puc. 9

ycix yuacHHKIB, BE oTpumaeTe 10 Gaxis. SIkio kpamre
cepeJl BIAHUX YYaCHUKAMM PO3B’A3KIB BUKOPHCTOBYE
98 purymkis XOR, To Bam 6ai ckiafe 1+9x98/121
(=8.289...) i 6yze oxpyryenuit 1o 8.3.

Pexomendayii

HaspeMo TOUKOIO CITKH TOUKY [epeTHHY ABOX JiHiH
citkn. Kyrom sobpaskenHs 6y1eMo HasUBATH TOUKY ci-
TKH, 10 Ma€ HelapHy KilbKiCTh 3aTIOBHEHUX cycigaix
nikcesiB 306paXceHHS.

SIKIIO TOUKA P CITKM € KyToM 300paskeHHs, Gynemo
KasaTH, mo ii ic-3gauenHs Aopinioe 1, inaxme—O0.

Haupukiaj, TouKa X
Ha puc. 10 mMae 4 cycigai
nikcenu, OUH 3 AKUX
3anoBHeHMH, iHmi 3—
Hi. TakuM YUHOM, IH
TOUKA € KyTOM 306pa-
sKeHHA. ¥ ChOro Ha pHcy-
Ky € 10 kyTiB 306pa-
JKeHHS.

He Ba)KKO IOMITHTH, 10 306paskeHHs € MOBHICTIO
HeBATIOBHEHMM TOZI i TLNBKY TOJ1, KOJH HeMa€ KyTiB
306pasxenns. HacTymHe TBepAxKeRH:A Oy/e 6azoro poa-
B’A3yBaHHA 3aJadi.

Jlema 1. Hexaii Buxonano onepauito XOR(L,R,T,B).
Hexaii @ Gy/ie IPAMOKYTHUKOM, /0 IK0ro GyJ1a 3aCT0C0Ba-
Ha 1151 OIIepaILisi, 3 KyTaMy B TOUKAX CITKY &, b, ¢, d. Toxi
XOR(L, R, T, B) aMinua ic-3HAUEHHS TLIBKHA /1A TOUOK
citku a, b, ¢, d, u1s Beix IHIMX ic-3HAYEHHST SATAITATACH
HesMiHEHUMH.

Jloeedernsi. PiBHO ojtus miKcel, cyciamiii jo a, b, ¢, d
3MiHUB CBiif Kosip. 3 IBOro BUILIMBAE, 10 AN X TO-
4OK ic-3HAUEHHS SMIHMIIHCA Ha OpoTHiIexHi. Jnd in-
MIMX TOYOK Ha IpaHuIl @ ABa IiKcenu sMiHWIN cBiif KO-
Jip (i, 110 BcepeMHi @), TAKUM YHHOM ic-3HAUEHHS HE
3MIHMJIACS IS IUX TOUOK citku. Toukn BeepeuHi Q Ta-
KO He 3MiHWJIH ic-3HadeHHs, OCKLIbKHM Bel cyciymi mx-
CeJIH SMIHIIIH CBiit KOJTip, He BIUIMHYBIIX Ha IAPHICTb.

Ilix yac aMeHIIeHHs KLIBKOCTL KyTiB 300paKeHHs
6ar<aHo POGHUTH Ije MAKCUMAJIBHO KOKHUM BUKJIUKOM
XOR. AJe He 3aBXIH MOXKJIHBO BHAHTH IapaMeTpu
omepanii XOR, Tax 11{0 BoHa 3MiHIoe ic-3HaUeHHA BCix
KyTiB 06/1acTi, Ha AKi# BOHA Ji€.

Jlema 2. k110 306parkeHHsT He TIOPOYKHE, 3aBXAN
MoskuBo obpatu Takuit Buksiuk XOR, mo KimBKicTB
KYTiB 300pakeHHs 3MEHIITYETHCS Ha 2 a6o 4.

Hoeedenn. Ilo-niepiile, 3ayBasKuMO, 110 TnpuHaKMHL
IBa KyTH 300paskeHHs 3HAXONATHCA HA opHid minii.
Mo:KHa POSIVIAHYTH HepIInii BepxHill PASIOK, Y AKOMY
€ sanoBHeH] mikcenan. € KyT 306payKeHHS B IPaBOMY
BEPXHBOMY KYTi CAMOTO ITPABOTO IKCesIs Ta KyT 306pa-
sKeHHs y BEDXHEOMY JIBOMY KYTi CAMOTO JIiBOTO HiKCe-

Touka
ciTRE X

Puc. 10

a4
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s, ITi kyTH 306paskeHHS He CIIBIAJAIOTE i JIesKaTh HA
oI srimii,

ITo-mpyre, yci KyTi 306parkeHHs He MOXKYTb 3HAXO/H-
THCh Ha OJ(HiM JTiHii, Y IOMY MOYKHA [IePEKOHATHCH, PO3-
IVISHYBIIM HARBHII Ta HAMHMKYI KYTH 306paskeHHs.

Temep MoxxHa BuGpaTH TaKHil IPAMOKYTHHK, 100
Tpw 3 fforo KyTiB 6yJm KyTAMH 306parKeHHA HACTYIIHAM
umnOM. Bubepemo camuit BepxHiii i3 caMuX IpaBUX Ky-
TiB 806paskenns. J[pyrumM BuGepeMo IIfe OAUH caMui
npaBumit KyT 306paskenHs. Tperilt Moxke GyTu sHaiife-
Huit Tax. [TounEaeMo 3 06paHOro KyTa 306paXkeHHs .
TinbKH mKceN, 10 3HAXOAUTECA 3HU3Y JIIBOPYY 3aI0B-
Hernit, inmi—sineai. [ani pyxaeMocs JiBOpyY 110 TOY-
xax citku. Ha mesxomy kponi a6o 3HU3Y 3aKiHUaTBCH
3anoBHeHi miKcemH, a60 3BepXy 3’ ABJIATHCS 3aNOBHEHi.
SIKImo 1e BiGyI0CH OHOYACHO—CHTYAIIiA 3MiHIOETHCS
Ha 3BOPOTHIO T& IPOAOBIKYETHCH NOMYK. FKIIo noTpi6-
Ha CHTyaIis sHaii/ieHa (a e Mae TPaluTHUCh, OCKLIBKHE
B IeSIKOMY CTOBIIIIi MAIOTh 3’ IBUTUCH He3aIOBHEeH 1 KJii-
THHH 3BepXY Ta SHU3Y)—3Hal/IeHO KyT.

TaKkUM YMHOM, 3ABKAM MOX<HA 3HANUTH NapamMeTpH
puksuky XOR Tak, 1[0 4oTHPH a60 TPY TOUKU CITKH B
KyTax IpAMOKyTHUKa, Ha Akui sie XOR € kyramu 30-
GpasxeHHs. SIKINO BCi 4 KYTH € KyTaM# 306paXKEHHST, TO
3a Jlemoro 1 KibKiCTE KYTiB 306pajkeHHs 3MEeHIIATLCH
Ha 4. SIK1mo piBHO TPH € KyTaM# 306paXkeHHH, T0 3a Jle-
Mo10 1 TpM KyTH 306paskeHHS SHUKHE, 8 OJIUH 3’ ABUT-
cs1, TOGTO 3araJbHA KLTBKICTh KyTiB 3MEHIIUTHCS HA 2.

et po3B’A30K € 2-ONTHMAJIBHUM, TOGTO BUKIHKAE
¢ynkuito XOR He 6inbime Hixk B 1Ba pasu Giibime, Hixk
TeOPeTHUHO MOMKJIMBHUH MiHIMyM.

TaKo MOXHA BUKOPHCTATH KaNi6HUY anropuT™,
Axui 6yjie IPOXOAUTH IiKCceaH 1o PSAAKaX, 3BepXy A0-
HU3Y, 3JiBa HANPABO, i I KOXHOIO 3HAMIEHOro 3aM0-
BHEHOTO MiKCeJIsA 3HAXOAUTH HelepepBHi mocJiioBHOC-
Ti 3aNIOBHEHHX MiKceJiB NpaBopyd Ta BHUS i 38CTOCOBY-
Bati XOR HaJ yTBOpEeHUM NPAMOKYTHUKOM.

SATAYI IPYTOI'O TYPY

1. ITaxerHa 06poGKka 3aBNaHE

Icnye mocnifioBricTs N 3aB/aHb, MPUBHAYEHUX IS
BUKOHAHHSA Ha OfHiM MalwWHi. 3aBIaHHA IPOHYMepO-
Bami Bix 1 o N macTynauM unHoM 1, 2, ..., N. Bapzan-
HA TMoBUHHI GyTH arpynoBaHi B oguH abo Jexintpka ma-
KeTiB, 11106 KOXeH IaKeT CKJIajaBcs i3 saBfaHb BUXiA-
Ho{ ToeJIIoBHOCTI, 0 HAYTH O He 38 OFHUM. BuKkoHAH-
HS TIepIIOro 3aBAHHS IOYMHAETHCA B MOMeHT uacy 0.
TlakeT 06pOGASIOTECS OAMH 32 OHUM, MOUMHAIOYM 3
NepIIoro, HacTynHuM YnuHOM. Ko maker b MiCTHTHL
3aBJlaHHA 3 MEHIIHMY HOMepaMH, HiX Iaker ¢, TO Ia-
keT b moTpanisie Ha 06pobKy paHillle makeTa ¢, 3aBAaH-
Hfl KOYKHOTO IaKeTa BUKOHYIOTHCS Ha MallliHi mocJrifo-
BHO. Bizipasy sk micsis Toro, Ak Bei 3aBaHHA aKeTa BA-
KOHAHO, MAIIMHA BUBOAUTDH Pe3yJbTaTH BUKOHAHHS
BCiX 3aBAaHHB OBOTO IaxeTa. Jac 3aBepIIeHHs BHKO-
HAHHS j—TO 3aBJAHHs BUSHAYAECTHCHA YACOM 3aBepIleH-
Hs 06poBKK BCHOTO IIAKETA, 1[0 MiCTHTD j—Te 3aBAaHH.

1106 migroTyBaTH MamMHy K0 06POGKH KOMKHOIO
nakera, HeobXifHU yac S, AKMI HASBEMO MiJroTOB-
upM. JIJIs1 KOXKHOTO i-T0 3aBJaHHA BifloMuii BapTiCHUI
koedinient F; i uac T;, HeoOXifuui A1 BUKOHAHHA

Iporo 3aBAaHHA. SIKINO IaKeT CKIaJAETheA i3 3aBJaHbL
x, x+1, ..., x+k i noTpamise Ha 06po6Ky B MOMEHT Jacy

t, TO yac 3aBepIICHHS BUKOHAHHA KOXXHOI'O 3aBJaHHS
naxera 06paxoByeTheA 38 HopmyI0k0 t+SHT + Ty 1+
<. + T4 1)- BayBaXknMo, 1110 MAIIINHA BUBOAUTH Pe3y/b-
TaTH BeiX 3aB/laHb IAaKeTa B OJMH i TOi Jke MOMEHT Ya-

cy. fKmo uac 3aBeplIeHHS BUKOHAHHSA i-T0 3aBJaH-
ua—0);, T BapTiCTh BUKOHAHHS I[LOT0 3aBJAHHA CKJIA-
nie O;xF;. Hexaite 5 3aB/laHb i BijoMo:

S=1;(T1, To, T3, T4 T5) = (1,3, 4, 2, 1); (Fy, Fy,
F3,Fy F5)=(3,2,3,3,4).

SIKIIO 3aBJAHHS 3rpymoBaHi B Tpu makera {1, 2},
{3}, {4, 5}, To MO’KHA OGUMCIIUTH YAC 3aBePIIEHHS BUKO-
panHa 14 #ux (01, Oy, O3, Oy, 05) = (5, 5, 10, 14, 14)
i BaprocTi BuKoHaHHs 3aBaass (15, 10, 30, 42, 56), BiA-
noBifHO. 3arajpHA BAPTICTH BUKOHAHHS SrPYIOBaHUX
y IaKeTH 3aBJiaHb BUSHAYAETHCA AK CyMa BaprocTe
BUKOHAHHA KOYKHOTro 3aBfaHHA. TaKMM YMHOM, 3ara-
JIbHA BAPTICTh BUKOHAHHS BCiX 3aBJaHb [JIfA HABEJIEHO-
ro npuraany 6yze 153.

Baw 3a/iaHa BeJIMYMHA MATOTOBYOrO yacy S i moci-
JoBHicTb N 3aBJlaHb, 1A KOXKHOT'O 3 AKUX BUSHAYEHUN
yac BUKOHAHH i BapricHE koedinjenT. [ToTpi6Ho Ha-
[HCATH IIPOrpaMy, sika 0GUHCIIoE MiHiMATEHO MOMIIN-
BY BapTiCTh BUKOHAHHS NOCJIiIoBHOCT] N 3aB/aHb.

Bxioni dani

Bama mporpaMa [OBUHHA YMTATH JaHi i3 cTaHfapT-
Horo BXoAy. Ilepuiuit pAfOK MiCTHTh KinbKicTh 3a-
Baanb N (1<N<10000). [{pyruit pAazoKk MiCTATS IiAro-
roBumit gac S, Ak € nismm uncaom (0<S<50). Ha-
crynai N paakis MicTsTs iHdopMarrifo mpo sasaanHs 1,
2, ..., N B ykasaHomMy nopsAKy. ¥ KOXKHOMY i3 nux paj-
KiB mepmmm 3agaeTsest yucio T; (1<T;<100)—vac Bu-
KOHAHHS 3aBJAHHA. 3a HUM ciifye nine uncio F;
(1=F;<100)—sapTicHuit KoedinieHT 3aBAaHHA.

Buxioni dani

Bamia mporpaMa NOBMHHA 3aIIMCATY Y CTaHAAPTHUI
BUXIiJi OiWH PAJIOK, [0 MiCTATE OZHE I1iJie YiCI0—MiHi-
MAJIbHY 3arajIbHy BapTiCTh BUKOHAHHS TOCJTiZIOBHOCTI 3
N zaBpaHb.

Ipurxnadu exidnux ma euxionux danux

Ipuxcaax 1: TIpuxnan 2:
Bxigui fani Buxinmi gewi Byigmigami Buxigsi gami
2 | 45000 | 5 153
50 1
100 100 13
100 100 32
43
23
14

TIpukiax 2 BiAOBiiac NPUKJIATY 3 TEKCTY 3a/124i.
Hpumimxa
JIIst KOYKHOTO TecTy 3arajbHA BapTicTh GyAb-IKOTO
rpymyBaHHs He epeBHIye 2°'—1.
Oyinka po3e’asky
§IkIo Bala MporpaMa BUBOAUTS IPABHJILHY Bifmo-
BiJTb Ha TecT 3a Bi/{Be/ieHIIA Uac, BY OTPUMYETe IOBHY Kilb-
kicTs 6auriB sa Heit Teet, iHakre—au orpumyere 0 Garis.
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Pexomendayii

I« sagaua Moxke OyTH po3B’sizaHa 3a [JOIIOMOTrOI0
NPUHOANY AHHAMIYHOTO HPOrpaMyBaHHS. Hexaii C;—
Ie MiHiMa/IbHA 8ATATEHA BAPTICTH Cepejl yeix posbuTTin
3aBRaHb Jj, Jj11,Jy, Ha pyma. Hexait Cy(k)—ue mi-
HiMaJbHA 3arajbHa BAPTICTh 38 YMOBH, 110 IiepIa Ipy-
na cpopmosana ak {Jj, Jiy1,ep—g}. ToGTO,
Ci(k)=Ck+(S+Ti+TH,1+...+Tk_1)><(Fi+Fi+1+...+Fn).

Taxum unHOM orpuMaemo: C;= min{Ci(k)l k=i+1, ...,
n+1}, pe 1<i<n,iCp41=0.

CrnaggicTs HaBeeHoro anroputMy—O(n®).

Oprax, goctigusnm Biaactusocti Ci(k), MokHa
sHalTH i 6isp edexTHBHUA—TiHIAHMI ANTOPATM.
Mo>xHa po3MipKOBYBATH TAKUM YHHOM:

3 Ci(k)=Ck+(S+Ti+T,-+1+...+Tk_1)x(Fl+Fi+1+
ot F ) maemo fus i<k<l,

Ci(R)sCy(1)=»C;—Cp+ (Tp+Tpi1t-+T-)X(Fit
Fiyqt.tFy)=0,

(Ch'cl)/(Tk+Tk+1+---+Tl—1)5(Fl+Fi+1+---+Fn)-

Hexait g(k,))=(Cp—C))/(Tp+TppqttT1)s 1
f@Q=(F+Fipq+-+Fp).

Baacrasicts 1. IIpumycrumo, mo gk, N)<f(i), ans
1<i<k<lL. Topi Cy(k)=Cy()).

Baactusicrs 2. IIpunyctumo, mo g(j, k)sg(k, 1),
naa 1sj<k<l<n. Topi xia KOXHOTO i TAKOIro, IO
1=i<j, C(j)=Cy(k) a6o C)=Ci(k).

Jlpyra BIACTHBiCTb O3HANAE, IO KO £(j, k)<g(k, 1),
s j<k<l, To C}, MoxHa He 0GYMCIIOBATH JUIS 3HAXO-
noxernst F;. Ha ocHOB miei BacTHBOCTI MOXHA po3pobu-
T iHIHAA AIrOpUTM, SKKIL TONATaE Y HACTYITHOMY:

Anzopumm

Anroput™ o6uucitioe sHaueyenns C; s i Bixnmol
(3 xpoxoM —1). Bin BuxopucroBye yepronoxiGHuit cu-
COK @=(iysip_15w+»ig,i1) 8 XBOCTOM i, 1 TONIOBOIO i1, AKMA
38/[0BOJILHAE HACTYIIHI BIACTUBOCTI:

ir<lr_1<-..<i2<i1 i

PR P TR e V)

Konu C; oGuncnene,

1. // B-6uxopucmannan f(i), sudarumu nenom-
pibruil enemenm 3 207106U Q.

Sxmo f(i)=g(ig,i1), BUAAIATH iy 3 @, OCKiIBKM
st kowkHOTO h<i, f(R)=1(i)=8(ig,i1) i Cplig)=Cpliy)
3a BaacTuBicTiO 1.

TIposoBaKyBaTH IfO TPONEAYPY AOKM /I IeAKUX
121, glipip_1)>8lp1slpe2)> 28l 10 i) >1()-

Togi sa Bmacrtusictio 1, Cj(iy4+1)>Ci(iy) And

1)

v=t,..,r—1 abo r=t i Q@ micTurs TinbKU i;. TAKUM
upnOM, Cili)=min{Cy(k)| k=i+1,..,n+1}.

2. // Tpu Beraswi i y xBict @, 36epiratu @ Tax, 11106
yMoBa (1) BUKOHYBaJacH.

Sxmo g(i,i,)<8(i,i, 1), BARAIATH iy 3 Q sa Biac-
TusicTio 2. IIpomoBakyBaTH 1[I0 MPONEAYPY, AOKHA
8lisiy)>8liysiy—1)- MomaTu i K HOBHI XBicT Q.

Anania

Koskre i Moxke GyTu nozase B Q i Bujjasene 3 @ Jiu-
1re ofus pas. KoskHa onepartia qofaBaHH#A Ta BU/IaJeH-
Hs1 patiMae KoHcTaRTHMIT yac. TakMM YMHOM, OIiHKa
uacy € O(n).

2. ABTOGYCHI 3yITHHKH

V¥ micti Yong-In miaHyeThCS CTBOPHTH MEPEIKY aB-
ToGycHUX MapmpyTiB 8 N aBro6yCHUMU 3yNTUHKAMU.
KosxHa SyIMHKA 3HAXOJUTHCH Ha ISTKOMY ITepexpecti.
Ockinpkn Yong-In—cydacHe MicTo, Ha KapTi BiH npej-
cTaBJIeHHi By JULAMHE 8 KBaJpATHAMY KBapTajaMu ojl-
HaxoBOro poamipy. JIBi 3 N 3ynHOK 06upaioThCs mepe-
caganvu cranniavn Hq i Hg, axi 6yayTe 3’eHaHi off-
Ha 3 OJHOI ABTOGYCHMM MapIIpyTOM, a KoxHa 3 N—2
BYIMHOK, 110 SaIMuIIIHcs, Gyse GecmocepeHb0 3’en-
HAHA MapIIPYTOM 8 OfHIEI0 3 IepecaiHuX cranniit Hy
a6o H (aye He 3 ABOMa), i He 3’e[HAHA 3 JKOJHOIO 13 3y-
NIIHOK, 1110 3aJTAIIM/INCH.

Bincraus Misk Gy/ab-AKUMH ABOMA 3YITHHKAMH BUSHA-
4aeThCA SK JIOBKUHA HAWKOPOTIIONO LLIAXY IO BYJIH-
ngx micra. Ile osHauae, 10 AKIO 3yNIMHKA IIPeICTaBIIe-
Ha [apolo KOOpAMHAT (¥, ¥), TO BiicTaHb MiXK JJBOMA 3y-
muERaMH (1, Y1) 1 (xg, o) GyAe piBHO0O le1=xglHy1-val-
ko symuuku A i B 3’efHaHi 3 ofHicio i Tiero ik nepeca-
ZHOIO CTAHIIi€0, HanpuKJIa) Hy, To JOBXKUHA ILIAXY 3 A
y B € cymoro Bizcraneit Big A o Hy iBig Hy no B. fxmio
apToGycHi synuHEKH A i B 3’etHaH] 3 pISHIMY [IepecajTHu-
Mu cranmisvuy, Hanpukiaan A 3 Hy i B3 Hg, TO JOBKHHA
musixy 3A y B € cymoro Bificraneit Big A fo Hy, Bift Hjpo
HgyisigHypnoB.

TIpoekTysansHuKH Micra Yong-In xouyTs GyTH Brie-
BHeHMMHU, 110 Gy/ib-AKU MeITKaHesb MicTa 3MoXe J0-
caArtr Gy/ib-sKOI TOUKM MicTa JOCTATHREO IIBHKO. To-
My IIPOeKTYBAJIBHUKH XOUYTEH 3pOGHTH MepecaiHnMu
CTAHIIAMM TaKi ABi S8yNHHKH, 106 Yy oTpuMaHiil Mepe-
ki aBTOGYCHUX MapIIpyTiB MaKCHMaJsbHa JOBKHUHA
mIsaXy Mi Gy/ib-IKAMHU JIBOMA 3yITAHKAMA Oysa MiHi-
MaJIbHOIO.

BapianT P BuGopy Iepecajiux CTaHIil i s’eHAHHA
SYNUHOK 3 HUMH Oy/ie KPaIuM BapiaHTy @, AKIO MaK-
CHMAJIBHA JOBKUHA IMIIAXY MiX Gyab-AKUMH [BOMA 3Y-
mMEKaMH Y BapianTi P 6yie MeHIIa, Hix Y BapiaHTi Q.
Bara 3ajaua—HAIIHCATH IIPOIPAMY OOUHCIIEHHS MaKCcH-
MaTbHOT JOBYKHHY IUIAXY MiK 6yAb-AKVIMH ABOMA 3Y-
NUHKaMY JUIA Haltkparoro BapianTy P Bubopy nepeca-
HUX CTAHIIH MiK HUMH i 3’€/THAHD 3YTINHOK 3 HUMH.

Bxioni dani

Bama nporpamMa IOBHHHA YMTATH CTAHAAPTHUN
Bxij. Ilepmuit pAKOK MICTUTB TOAATHE LijIe YHUCIO N
(2=N=500)—kinpkicTs symuHOK. KoxeH 3 N psapgxkis,
110 3aJIMIIAINCS, MiCTUTh Apy Yuces X i y—xoopau-
HaTy aBToGycHOI syrmuHku. KoopauHaTa x 1 y—popaTHi
uimi umesa <5000, Hiaki api synuHKH He MOXKYTh 6yTH
npeficTaBlIeH] Of{Hi€IO i Ti€l0 2K I1aPOI0 KOOPAMHAT.

Buxidni dani

Baia mporpaMa IIOBHHHA 3aIIHCYBaTH Y CTAHIAPT-
HUit BAXIJZ OJMH PAOK 3 EIHHUM JO[ATHIM YUCIOM—
MiHIMAJIBHOIO MOXKJIMBOIO HOBKHHOIO MaKCHMAJIBHOTO
MIAXY Mi¥K ByTTHHKAMHU.

16
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Pucynxu 11 i 12 HEKYe HOKa3yIOTH Mepexi aBTo-
GycHUX MapIIpyTiB AJIS HaBeJeHWX MPHKJIANIB BXij-
Hux fanux. Axmo B [Tpuknazi 1 subpary synuarn 3 i

Ipuxnadu exidnux ma euxidnux danux

4 ax nepecanni cranmii, To HaljoBmMit muAX Gyne Tip ax 1: TIp %
misk symuakaMu 2 1 5, a6o misk symuukamu 21 1, Ocki- Bxigai  Buxigmi Bxigmi  Buxizmi
JIBKH KpaIl[oro BapiaHTy BUGODPY HepecajHUX CTaHIii AaHl Aanl AaHl AR
HeMae, Bijiosimmio 6yxe 20. 6 20 7 25
Jlnst npuany 2, SIKINO K [epecafsi cranii obpa- 17 79
Higynuky 5 i 6, To HalmoBIIMI mITAX Gy e Mix yITH- 166 109
akamu 2 i 7. Ockinbki Kpamux BapiaHTOB HeMae, TO 1244 ? :z
BinmoBiamio 6yne 25. 11 72
Oyinka pose’sasxy r 111 " 156
SlK1no BamIa IporpaMa BUBOAUTE IIPABUJIBHY BifTIO- 177
BB y BifiBeeHMIA JI7IA TeCTy YaC, BU OTPUMYeETe Bei Gamm
3a 11eii Tect, inaKie B orpuMyeTe 3a meit Tect 0 Gatis.
A
i )
i
it
..... -
&
5 5
ud n é
6
i » >
5 10 15 X 5 10 15 x
Pme. 11 Puc. 12
Pexomendayii napy aBTOGYCHUX 3YIIUHOK, IO JAIOTH MiHiMaTbHMi 1i-

IiaMerpom Meperi MapIIpyTiB HA3BEMO JORMKHUHY Ca-
MOT0 JIOBIOI'0 IUIAXY Mi’K JIOBITbHUMY JBOMA 3yITMHKAME
B Mepexxi. Hatrroro MeToro € sHaXO0/KeHH MiHIMATBEHOTO
3HAUYEHHsI /ilaMeTpiB cepey ycix foIycTHMuUX BUGODIB Ie-
pecajiHuX cTaHMjil Ta 3’eqHanb 3ymuHOK 3 HUMH. Hexait
D,— miniManbHe SHAYEHHA MAKCUMAJBHOL BillcTani Misk
BeiMa napaMu syIuHoK, 10 3’eAHAH] Yepes OfHY Iepecas-
Hy CTaHIliio IPK BCix BapianTax BU6GOPY IepecaiouHoi cra-
Huii. Dy—MiHiMaThHe SHATEHHA MAKCHMAIBHO] BiZicTani
MiK BciMa IIapaMu 8yIIMHOK, 10 3’€/IHaHi Yepes piBHO ABi
HepecajiHi cTaHii mpy Beix BapianTax Bu6OpY mepecaj-
HUX CTaHIIi} Ta 3’¢/IHAHHA ByIMHOK 3 Humu. [liamerpom
Mepexxi Gyzie MiniMym sHagens D, ta D,

Croouarky posrissemo MeTos o6umncieHHs D ;. ko
TOYKa p Gy/le BUCTYIIATH IlepecajHOIO CTAHIE0, Yepes
SAKY NPOXOAUTE HAHJOBIINH IIIAX, MOBXKUHA I[HOTO
maxy € d(p,g)+d(p,r), Ae TouKu q Ta € HaiBigaTeHi-
IIOI0 Ta [PyTO0 HaliBi/ytaenilmo synmuakamu Bix p,
BiznoBizso. Toxi D =min,{d(p,g)+d(p,r)} o Beix Tourax
P 3 BXimHux naumx. Ile sHaveHHs MoKe GyTH oGuncIeHe
3a 4ac O(n?), ToMy o HaitBi/ytanenina Ta Apyra HABiA-
JasIeHila synmuaEKy MoxKkyTh GyTH BHal/ien] 3a O(n). Hac
06YHCIIeHHS MOKHA Ie SMEeHIINTH, 3pOBMBIIN H#0r0
O(nlogn), BUKOpHCTOBYIouH iarpamy BopoHoro 2-1o mo-
DsJIKY, aJe Iie He BapTo POGHTH 3 OIVIsiTy Ha Te, II0 3ara-
JIbHUH aroput™ Gyzie MaTH ckiagaicTh O(n).

PosrissHeMo Ha pocTomMy IpUKJIani SK 3HAKTH D,.
3ayBaxKUMO, II10 Y LbOMY BUIALKY HANZOBIIMI MIIAX
Mae NPOXOUTH Yepes Bl epecayui cranmii H ra H,.

Ha pucysky 13 s06pasero poamimnenss 7 BYIUHOK.
Mu posrasiiaemo Bei lapyu aBTO6YCHUX 3YIHHOK SK MO-
skamBi /1Bl cranuii nepecagox Hra H,, Ta 06upacMo

amerp. Hexait na nouatky D, cyTTeBo Benuke. Sadik-
cyemo ABi cranii nepecasiox H yra H g, Bei inmi synus-
K¥ IPUENHAEMO Jlo offHiel cranmii mepecajok, ckaskivMo
1o H,. Bincopryemo synuuku B Macusi'P 3a Hecriagan-
HAM BifcraHi Ao crarnii npecagox H (puc. 14).
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Tlosrauumo ry=d(Hy, P[n—3)), rg=d(Hgy, P[n-2]),
dj9=d(Hy, Hyp). fIxmpo ry+d;g+ra<Dg, TO cTAaHNiA
P[n—2] npuenuyeTses o nepecaanoi cranmnii Hy, a Dy
OTPHMY€ HOBe 3HaUeHHA Dy=r;+d;g+rg. Puc. 15 imoc-
TPYe CATYAIlilo Iic/Id BAKOHAHHS WX Aii.

A

P3 b4
P53
H21¢
L 4
5
Pil ®

*
H1
% >

10 15 x

Puc. 15

ITicis MBOTO BHKOHAEMO AHAJIOTIUHI IpoNeAypH 3
P[n—3] ra P[n—4]. ¥V npomy BHIIaZKy HOBA BifICTAHbL He
amMeHmnTs Dy, i P[n—3] samammursea mpueaaroro 1o H ;.
IloBTOPHMO NpoLEAYPY HePeBipKH, IIPOCYBAIOYUCh JI0
P[1], Ta 3MiHIOIOUY IPUEHAHHS 3yIIMHOK Y pasi moTpebu.

3. IBi cTeskkn

Cmedira € FOPUBOHTANILHOIO 860 BEPTUKAIBHOIO I10-
CIJIOBHICTIO KJIITHH CITKH, Ta CKJIafacThCsA He MeHIIe
Hi 3 JIBOX IIOCJTi{OBHUX KJIiTHH. [IBi CTXKKH poaTamio-
BaHi Ha citni posmipom N Ha N. OfiHa cTeXKa—T0pH30-
HTaJbHa, & Apyra—BepTUKanbHa. Ha puc. 16 i gBi
CTEXKKH BijsHaveH] cuMBosoM X. CTeKKH MOKYTH 6y-
TH OZHaKOBOi a60 pisHoi JoBkKHHN. CTEKKH MOXKYThH
MAaTH 3arajJbHy KJIITHHY, & MOKYTh He MaTH Takoi. k-
o Ha fiarpami, Takiit sk Ha puc. 16, MoskHa iHTepnpe-
TYBaTH KJITHHY, Hanpukiag (4, 4), ik Taxy, 1Mo Haje-
JKUTh ORHiN cTexIi 860 JBOM CTEXKKaM, TO MOTPi6HO
BBa)KaTH, IO JaHa KJIITHHA HAJNEeXUTh Tii Ta iHmini
crexxni Bigpasy. Takum unHOM, Ha puc. 16 BepXHs KiIi-
THHA BePTHKAJIBLHOI cTexxku Gyze (4, 4), ane He (5, 4).

(& d
4 4
i@ Fes 4 5- 6 £T+ 8 -9

i 4
2
a—3
b—8
9

Pnc. 16

CooyaTKy HeBijoMO, /ie PO3TAIIOBAHI cTexKKH. Ba-
Ila 3ajlaya—HalucaTH Iporpamy, 1o BUSHAYAE IX IIO-
noxxeHHA. HasBeMo ropusonTansry creskky CTEMK-
KA1, a Beprukansay—CTEMKA2. Koxxaa kiiTuna
ciTKM IpeZcTaBiIeHa napo yuceln (7, ¢), 10 3a/al0Th
HOMep p#/iKa i croBnusa BigmoigHo. JliBa BepxHs KIi-
THHa ciTkn Mae koopauHaty (1, 1). Koxkna cTeskka 3a-
[liaeThes napoo KiiTus: <(ry, ¢1), (rg; ¢o)>. Ha puc. 16
CTEXKA1 sanaerses sk <(4, 3), (4, 8)>, a CTEMXK-
KA2—sax <(4, 4), (9, 4)>.

Posp’szyioun faHy sajjady, BU MOBHHHI BUKOPHUCTO-
ByBaTH 6i6TioTeRy VISt OTPUMAaHHS BXiJHAX JaHUX, 1S
TIONIYKY POSB’A3KY i A1 BuBeNeHHs Bifnorini. Poamip
N KBaj[paTHOI CiTKH IOBepTAETHCA 6i0Ti0TeUHOIO (ByHK-
niefo gridsize, AKY BU INOBUHHI BUKJIMKATH Ha [OYaTKY
poGoTtr. [ly1s1 BASHAUEHHS II0JI0MKEHb CTeKOK B MOKeTe
BUKODHCTOBYBaTH TiNbkM 6GiGnioreuny obyHKMio
rect(a,b,c,d), axa oTpuMye Ha BXOZ1 KOODAMHATH IIPSMO-
KyTHOI obJiacTi Ta roBeprae ymcio 1, AKINO B yKasaHii
obsacTi 3ycTpiuaeTbea xo4a 6 OfHA KJITHHA, L0 Haje-
JKUTh Xoua 6 oxuiit crexi, i uneso 0—y npoTuBHOMY
Bunaaky. O6nacts safacThes y Burazi [a, b]x[c, d], ne
a < bic < d, npu npoMy HeobXiZIHO 3BePHYTH yBary Ha
nopafiok aprymentiB. Hanpuxsaz, Ha puc, 16 o6macts,
1o nmepeBipAeTheda 3adapboBaHa cipum konbsopoM. Bix
BAaC BUMAara€ThCs HAIMCATH ITPOTrpaMy, 10 BUSHAYAE TO-
YHe IOJIOXKEHHSA CTeXKOK, BUKOPUCTBYIOUN 0OMesKeHy Ki-
JbKicTs BUKIUKIB GyHKOIT rect. Bukauk dynkuii
report mpusBe/ie 10 3aBepIleHHS poGOTH BaIIIOl IPOrpa-
M. 3BepHITE yBary, mo CTEXKKA1 ropusonTaisHa, a
CTEXXKA2—sepTuKanbHa, i (r7, ¢1)—KoopAuHATH Ji-
Boro kinug ropusonTansHoi CTEMKKN]L, a (p1, g1)—Kko-
OpAUHATH BePXHBOro KiHIs BepruKagbHOI CTEACKI2.
Takum uuHOM, I'{=rg, ¢1<Cg, P1<Pg ¥ ¢1=¢9. K0 Na-
pamMeTpH QYHKIII report He 3aZ[0BOJIBHAIOTH IIi 00Me-
JKeHH$, TO CTaHJAapTHUI BUXiJ| Oy/ie MiCTUTH HOBiZIOM-
JIeHHS IIPO IIOMAJIKY.

Ob6medxncenns

®Bxinni faHi AOCTYIHI TLIEKH UYepes BUKJINKHY 616J1i0-
TeuHUX QyHKIiN gridsize i rect.

®Poamip ciTkur N 3a/I0BONEHSE 0GMEKEHHIO

5=<N= 10000.

eKinpKicTh BUKIMKIB yHKI] rect He IOBUHHO Iepe-
suimyBatu 400 ayis 6yab-sikoro Tecty. SIKImo Bama
nporpama saificHuTs 6ibine 400 BUKIMKIB GyHKIHT
rect, To Ite mpuaBete 2o 11 JOCTPOKOBOIO 3aBepIIEHH.

®Banra nporpamMa IOBHHHA BUKOHYBAaTH GinbIe of-

HOTo BUKIUKY yHKOIT rect, i piBHO offnH BUKIHK

yHkOii report.

efkuio BUKINK GyHKLIIT rect 6yae axilicHeHOo 3 HEKO-
PEKTHUMHM IlapaMeTpaMH, TO Iie TIPU3BU/E 0 JOCT-
POKOBOTO 3aBepIIeHHA BAIIIOL IPOrPaMH.

®Baiia nporpaMa He IIOBUHHA 3YATYBaTH a60 3anucy-

BaTH 6yAe-Aki Qaitnm, a Takoxk BUKOPHCTOBYBATH

cranzapTHAil Bxidni dani/Buxioni dani.

Bi6niomexa

¥V BamoMy posmops/KeHHI 3HAXOLUTheA Gibriore-
Ka, 1[0 MiCTUTB:

FreePascal Gi6miorexy (prectlib.ppu, prectlib.o)

function gridsize: LongInt;

function rect(a,b,c,d : LongInt) : LongInt;
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procedure report(rl, c1, r2, ¢2, p1,ql, p2,q2:
Longlnt);

Incmpyxyis:

TIpu xomminanii Bamoro gaiina rods.pas BuKopue-
TOByjiTe omepartop uses prectlib; i koMmanaHMIt paAOK
fpc —=So —02 —XS rods.pas.

IIporpama prodstool.pas € npukJIagoM BUKOpHUC-
TaHHA faHoi FreePascal 6i6mioTexn.

GNU C/C++ 6i6miorery (crectlib.h, crectlib.o)

int gridsize();

int rect(int a, int b, int ¢, int d);

void report(int r1, int c1, int r2, int ¢2, int p1, int q1,

int p2, int q2);

Inempyryii:

IIpn xomminanii Bamoro daitia rods.c Bukopuc-
TOBY#Te IMPEKTUBY

#include “crectlib.h”

i KoMaHIHUI psLOK

gee —02 —static rods.c crectlib.o —lm

g++—02 —static rods.cpp crectlib.o —lm

TIporpama prodstool.c € NpUKIaI0M BHKOPUCTAHHS
nanoi GNU C/C++ 6i6iioTexn.

Hns C/C++ 6 cepedosuwyi RHIDE:

ITepexonaiitecs, mo B onmisx Option—>Linker Bxa-
3aHo crectlib.o.

Excnepumenmyeanns

1A npoBejileHHs eKcliepUMeHiB 3 6i6mioTexoio BI
TOBUHHI CTBOPUTH TeKcTOBUA haitn rods.in. Pdaitn mo-
BHMHEH CKJIAJIaTHCA 3 TPHOX PAAKIB, ¥ IepIIoMy psagky
(aitna mosuaHO 6yTH 3anMcane uKcao N, poamip ciTkm.
Hpyruii pagok nosuHeH MicTuTu koopaunatn CTEMK-
KU1 ry ¢q ry cg, e (rq, ¢1)—KoopauHaTH JTiBOTO KiHIA
creskkd. Tperift pAZOK MOBUHEH MiCTHTH KOODAMHATH
CTEXKM2 py 1 Py ¢2, A€ (1, §1)—KOOPAMHATH BepX-

HBOT'O KiHI[S CTESKKH.

ITicns samycKy Balloi IPOrpaMu 3 BUKJIMKOM (DYHK-
uii report, Gyje creopenunit Buxigumit daitn rods.out.
Ileit ¢aitn Gyse MICTHTH KiNbKicTh BUKIMKIB byHKIi
rect i KoopaUHATH KiHIIB CTEKOK, AKi BU mepenacTe
i yac BUKINKY GyHKLiI report. SIkmo B mporeci po-
6o porpaMu BUHUKJIMA OyAb-SKi HoMuiKy a6o mopy-
IIeHHA BUMOT YMOBHM IIPH 3BepTaHHi Ko 6i6mioTexu, To
taitn rods.out 6yze MicTuTH BiANOBiHE TOBiKOMITEHHS
TIPO IOMMJIKY.

Hianor mix BaIoio nporpamoto i 6i6:rioTexoro samu-
cyerses y daiin rods.log. Ieit daiin rods.log 6yze mic-
THTH HOCJIiI0BHICT BUKIMKIB QyHKLii rect y dpopmi “k
: rect(a,b,c,d) = ans”. Ile osnauae, 110 k-uit BUKIHK dy-
urnii rect(a,b,c,d) nosepays unco ans.

ITpuxnad esedenns ma susedenns:

rods.in rods.out
9 20
4348 4348
4494 4494
Cucmema oyinxu

fAxmo Bama nporpama nopymrye 6yae-aki 3 BuIe-
srafaHux oGMeskeHs (HaIpHKJIaj, YHCIO BUKIUKIB dy-
HENiT rect 6inbmre 400), abo sxmo BixgmoBigs Bauroi
IporpamMu (po3TanlyBaHHA CTEKOK) HeKOPEKTHA, TO BH
orpumyeTe 0 GaiB.

Ko BiANOBiAb BAIIOl IPOrpaMH IPaBUJIBLHA, TO
Bam 6anu 6yAyTh 3asieKaTH Bil KiTBKOCTI BUKJINKIB
dynxnii rect Ha KoskHOMY TecTi. SIKIIO e uKcso He Te-
pesuiiye 100, To Bu orpumyeTe 5 6aiB, SKIo BOHO Bif
101 zo 200, To B oTpEMye€Te 3 6au, a sikio Bix 201 1o
400, To Bu oTpuMmyere 1 6ai.

Pexomendayii

HaitedexTHBHImMIA 3 BiloMHUX MiIX0/iB—IIe 3aCTO-
CyBaHHA IlIecTH GiHADHUX MMOLIYKiB.
®BUKOPHCTOBYIOUH IILI PALKY TA CTOBIII K IPAMO-
KYTHI 061aCTi IJIs 8anuTy, HAWBUINMIL i HARHIK-
umii pAfoK Ta Halnpaimmii i HainiBimmii cToBn-
UMK, IO MiCTATH KJIITHHY, AKI HAJIEKATE CTeXKKAM,
MOKyTh 6yTH 3HalifieHi 3a jornomoroio 4-0x 6iHap-
HUX IOIIYKiB, a60 3a 4 [log N Bursmkis rect.
®TakyM YMHOM, MH OTPHMYEMO HAXMEHIINIA IPAMO-
KYTHHK, II0 MicTHTE 06u/Bi cTexku. [Tepesipusimm
KYTH I[bOI'0 IPAMOKYTHHEKA (4 BUKJIUKH rect, Ko-
JKeH 3 IPAMOKYTHUKOM 1X 1), My MorkeMo 3’sicyBa-
TH 3araJIbHY CTPYKTYPY POSTAIIYBAHHS CTEMKOK,
AKa MOXKe CIIiBIajlaTH 3 ojHiclo i3 306paskeHuX Ha
PHCYHKY, a60 6yTH poTali€io TaKoi CTPYKTYPH.
®HapernTi, poaB’s130K Moke GyTH Hal/IeHUil 3a OUH
a60 1Ba GiHAPHUX ITOLITYKH, 3aJIe}KHO BiJf CTDYKTYPH.

[ e

2CYMIXHI | o\1a6 kyTiB
KyTH

Ile mpU3BOAUTE KO POSB’ABKY 3 KiJbKicTio omepa-
uiii: 6X [log N +4. Maxcumansme snaverns [log N| y
TecTax 14, To6TO TaKMit po3B’A30K BHKOPUCTOBYE 88
BUKJIHKIB rect. fIkimo yBaskHO peasisysaTu anropurm,
ominka Moxke 6yTu okpaiena 1o 6X [log N|+1. Icuye
Bcboro N*(N-1)*/4 MOMKJIVBHUX PO3TAIIYBAHB CTEKOK,
ro6T0 [log (NY(N-1)%)] -2~ [6 log N|-2 BuriukiB He-
006xijHi, B cepeTHEOMY, 6yIb-IKOMY AJITOPUTMY .

Icayiors iHnm BapiaHTH 3aIIpOIIOHOBAHOTO MXOMLY.
Hanpukiax, MoXXKHA HAMATaTHCS LIYKATH IPAMOKYT-
HUK, 10 00MeXye CTesKKH, IIBU/ALIE 1A BUNAJKY, KO-
su Bin Benmukmit. ITinxozu Taxoro THILy NIpU3BOAATE K0
36LIbIIeHHA KiNTbKOCT BUKIMKIB rect yasivi. Taki pos-
B’A3KM OTPHMYBAJIN IIOBHUIA 6as Ha 4 MaJIEHBKIX Tec-
Tax, Ta 3 6aJu Ha KOYKHOMY 3 BEJIMKHX TECTiB.

Haii6inbm naiBEMiA maXis mossirae y ckagyBangi
KOYKHOI KJIITHHH OKPeMO, /ISl 3HAXO/»KeHHS YaCTHHI
CTeKKH, & MOTIM IIOIIYKy HaBKoJIO Hel pemrH. Ile Mo-
Ke IIPUBBECTH JI0 KiJbKOCTi sanuTis mopsaky N?, a6o,
HaBiTh, Tpoxu Gisble, AkIo 6yTH HeobepexxauM. Ta-
KA# migxXix oTpuMyBaB moBHUI 6a Ha YOTHPHOX TeC-
Tax posmipy 10. Inmnit MeTox BHKOPUCTOBYE I ps-
kH (abo cToBMI) K 0671aCTi A0S 3anUTy, I8 JoKaTisa-
ii CTesKOK Y NPAMOKYTHHKY, i IIOTiM 3acTOCOBYE MO~
6HUE miAXiy 1A BHAXOMKEHHS CTEMOK y IbOMY
TMPAMOKYTHHKY. ¥ TaKoMy pasi 6yJe BAKOPHCTAHO II0-
paaky O(N) BUKJIHNKIB, fe KoHCTaHTa GylIe sameskaTn
B feTaneit peasisanii. BasesxHo Bin Keraseit peasisa-
1ii, Takmit mMaAXix MoXke OTPUMATH HerloraHi OIiHKY Ha
JeSIKUX BeJIMKUX TecTaX, y AKUX CTEKKU MaJleHbKi i
posTanoBasi GIHKYe Jo TPAHUIb.

2 npoTu-

dxym NeXHi KyTn
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A.M. lN'ypxiin, B.B. BonpapeHko

Banaqi Mixksapoauoi orimMniagu 3 iHGopMaTHKH
LBOI'O POKY, SIK 1 MHHYJIOTO, roTyBaauck MixHapo-
JHAM HayKoBMM KoMiteroM Ta HamioHaJpHHM Hayko-
BHUM KoMiTeToM. Binburicts i3 3ama4 GyJiv 3a11poroHO-
BaHi opraHisaropamu, iHII HagicjaaHi IPOTATOM POKY
1o Hamionansroro HaykoBoro komirery. Cepell HOBH-
HOK Iiiel osiMmiagu Bif3sHAUUMO CYTTEBL OGMeKeHs
1A maM’ ST U8 [esiKUX 3aJlad, a TaKoK cTabiapHo
[paIIoIouy CHCTEeMY IepeBipKH, o AKkoi He Gyso Hapi-
KaHb i3 GOKY yJacHUKIB.
BHUBIP JIOPIT

Koposu depmepa [[iona 6axaroTh BLUIBHO XOJUTH IO
N (1=N=200) nocJiizoBHO IPOHYMepoBaHUX Bif I 1o N
mosisax epMu, HaBiTh SIKIIO 10JIsT posAiteri mcom. Kopo-
BH 06HPAOTH CHCTEMY JIOPiT MiK ITapaMu IOJIiB TAKUM YU~
HOM, 106 MOKHA 6yJI0 IPOHTH Bif GyIb-AKOrO MOJIS JI0
SIKOTOCh IHIIOTO I10JIsI, PyXaloyKch Mo foporax. Koposu
MOKYTB XOIUTH II0 IOPOTaX y Gy/b-IKOMY HAIIPAMKY.

Ilist Zopir KOPOBH MOXCYTh BUKOPHCTOBYBATH TiMb-
KU CTeKKH TUKHX 3BipiB. KodkeH THXK/[eHh BOHU MO-
2KyTh 0OMpPATH [T BHKOPUCTAaHHA Bei abo esKi cresx-
KU IWKHX 3BipiB, 11po siki IM BiZoMo.

ITixaBo, 1[0 KOPOBH 3aBXK/IM 3HAXOAATH PiBHO OJIHY
HOBY CTeKKY JJMKUX 3BipiB Ha II0OYATKY KOKHOTO THIKHS.
Bouu MaoTh NPUIAHATH PillleHHs PO MHOMUHY CTe-
SKOK, fKi 6y/IyTh BUKOPHCTOBYBATHCS SIK CUCTEMU J{OPIr
[IPOTSATOM NIOTOYHOTO THKHA. KOPOBH MOKYTH 06HpaTH
JIOBLILHY MiIMHOMKHHY CTEKOK JIMKHX 3BipiB Hesale:kHO
BiJ] TOro, Kl CTEXKH 00HPaTHCH TONIepeIHBOTO THKHS .

Koposu 3asxau xouyTs MiEiMI3yBaTH CyMapHY J0B-
JKHHY JIOPir, Ky BOHH 30HparoThes 00paTH.

Cre)XKH JUKHX 3BIpiB He € npsiMumu. J[Bi crexkmn, sxi
3’e/{HyIOTb OJTHI i1 Ti 3K /{Ba I10J15, MOYKYTH MaTH Pi3HY A0B-
JkHHY. Bigbin Toro, y BUNajIky NepeTHHY ABOX CTEXOK
(1110 MOKJIMBO TLIBKH 11032 T10J1eM), KOPOBH He MOy TS [ie-
PEeXOJIUTH 3 OffHI€e] CTeXKKH Ha IHITY B ToU] IX mepeTu=y.

Ha noyaTiky KO’KHOTO THYKHS € iHGOpMAIlis IIpo cTess-
Ky AMKHX 3BipiB, AAKy sHaiIuu KopoBu. Ha ocHOBI mporo
BaIlla IPOrpamMa Mae BUBOJUTH MiHIMAJIBHY 3aTralIbHy J0S-
JKUHY JI0pir, o6paHUX KOPOBaMHU Ha I[bOMY THXKHi, abo
BKA3YBaTH, 110 IIIyKaHAa c1cTeMa JIopir He icHye.

Bxidni dani: craHAapTHUI BXij.

e[lepmmii psAAOK BXiHOrO (ailyia MICTHTH JIBa ILIMX YHC-
a, poaainenux npomyckom, N ra W, W — kinskicers Ta-
==is, sxi Mae 06po6uTu nporpama (1 <W <6000).

® 1= K0XHOIO THXKHS YMTalTe OAUH PANOK, AKHMH MiCTUTE
1E00DPMAII0 PO HelllolaBHO Bﬂﬂﬁ}.]eﬂ'y CTEXKKY AUKHX
amipiz. [lei psaoK MICTUTh TPH ILIMX YUCIA, PO3/LIEHNX

TpomycEawEE: KiHIEB] TOYKH CTEXKHU (HOMepH TouiB) 1 mi-

FowmceTEEy I0S:KUHY cTeXKH (1...10000). He 6yBae cre-

¥ =TeB] TOUKH 3HAXOAATHCH HA OJTHOMY TIOi.

Buxidwi dami- cTaEIaDTHWH BUXiA.

S3pasy micIs Toro, £ Balla IPorpaMa y3Hae€ IPo Hellloxa-
BEO 3HANJeHy CTEEEY INXHX 3BipiB, BOHa Ma€ BUBeCTH OXHE

DPAIOK, SIKUI MICTHTE MiHIMATLHY 3arajJbHy JOBMKHHY JOPIr,
sAKi Tpeba BU6paTH, mMo6 38’ g3aTH Bei 10J1A. SIKII0 HeMOXKITH-
BO 3B’ A3ATH Bei II0JIST CHCTEMO0 JIOPIT, BAKOPHCTORYIOUH Tilk-
KM CTeXKKW TUKHX 3BipiB, To Tpeba BHBeCTH «—1».

Barrra nporpaMa Mae 3aKiE9yBaTH pobOTY ITic/Id BUBeIeH-
HA BIATIOBIAL 71 OCTAHHBOTO THIXES.

IIpuxaz giasory:
Input Output MoscHeHHs
4 6
1210
-1 Mone 4 se 3'HaHo 3 IHWUMKU
NGRS
138 !
-1
323
-1 4 we 3'e4HaH0 3 iHWKMMK
OIS
| 14 BwGpam 143,138 323.
136
12 Bubpatu 143,136 323.
211 .2 |
8 Bubpatn 143,212 323,

SEC SMKDHAHHA 1 cekyHna CPU

64 MB

a5

Cucmena oginxu

3a mommes TecT, Ha SKOMY Ballla IIporpaMa BHBeJIe IIpaBU-
I=Ey sigDosizs, BH oTpHMacre NoBHUIT 6ay. Heonrumanbaa
BiTDOSITE B2 TECT He OIIHIOETHCA.

Poss’ss0x

Azzopum 1

Ha mossTsy KOXKHOIO THXKHHA 3HAXOIUTH MiHiMalbHe Oc-
TosEe mepeso MOJI, posrasfaoyy IpH IbLOMY TLTBKH CTEMXK-
KU, 1110 SXOIITH B II0IepeHE [ePeBo Ta HOBY CTEXKKY.

Craaz=icts anropurmy O(N -Y -logN ).

Anzopumm 2

Buxop@cTOBYETLCS CITPABKHE 3pocTalode MiHiMalIbHe oc-
TOBHe Aepeso. KoxeH TIDK/AEHb HeOOXiZHO BHAXOAUTH IILIAX
Misk KiEmsws E0B0i CTE/KKH Y OCTOBHOMY J€PeBi Ta BHaXO/IH-
TH CTeXKY MaKCHMAILHOL OBKHHM B IbOMY ILIAXY. Skmo
JIOB’KHEA MAKCHMAJIbHOI CTEXKKH OLIbIIA, HiXK JOBXKHUHA HO-
BOI — BH/JIQJIMTH MaKCHMAJIBHY CTEXKKY i I0/laTH HOBY.

KOMIT'IOTEP Y LLKOJ1I TA CIM’T Ne7, 2003
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CrnagaicTs amropurmy O(N -Y).

Anzopumm 3

Heo6xinHo nepeobuncmosaru MOJI Ha ToUaTKy KOXKHOTO
THXHS, PO3TJIAAI0OYH TLILKN HAWKOPOTII CTEsKKH MiX ma-
paMH IoJiB.

Cxnagaicts anropurmy O(Y Y -logN).

Anzopumm 4

HeobxigHo nepeobuncmoats MOJI Ha noyarky KOXKHOTO
THAKHSA, PO3IVIANA0YN Bei BijoMi cTesKH.

Craaggicts amroputmy O(Y - Y -logY).

REVERSE

PosriasHeMo 064KCIIOBAJIBHY MalIUHY, 1[0 BUKO-
Hye aBi onepamii (Hassemo i MIIO). Bona mae fien’siTh
pericrpis, nponyMepoBaHuX unciamu Bix 1 1o 9. Ko-
sKeH pericTp 36epirae HeBiI €MHe Iiisie YMCIO B lianaso-
Hi Big 0 g0 1000 BrIOYHO. MJIO 31aTHA BUKOHYBaTH
nBi onepanii:

S | Bammcarn snauenns perictpa i, aGiaburene
i | ga 1, B pericTp j (i MOkeT 6YTH PiBHUM j)

P, | HagpyxyBaTu 3HaueHHs perictpa i

IIporpama gns MJIO ckiIafaeTbes 3 IOYATKOBUX
3HAYeHb KOXKHOT'O pericrpa Ta IOCIifoBHOCTI omepa-
uitt. JIas sagaroro uijoro uncna N (0 <N =255 ) neob-
xigno mamucaru s MIIO mporpamy, AKa IpyKye cria-
natouy mocifoBHicTh uinux uncen N, N-1, N-2, ..., 0.
MakcuManbHa KilTbKicTh migpsy iixyunx S-omepamii
Mae GyTu sikoMora MeHIIIok0.

IIpuxaan nporpamu aas MJTO i ii BukoHanHA mpu N=2:

v Hosi 3HaueHHs HappykoBane
Onepauis pericTpis 3Ha4eHHs
1283456789
Moyarkosi aHadenHs 020000000
P2 020000000 2
5§13 021000000
P3 021000000 1
P1 021000000 0

BapianTu BXinHuX JaHNX, IpoHyMepoBaHi Bix 1 1o 16,
posTAILIOBaH] Ha cepBepi 3MaraHHA.
Bxioni dani:
®riepnImii pAIOK BXifHOro daiia MicTHTE OTHe Iise YHCI0
K, mo Bu3HAaYaE HOMED TeCTa;
®(pyruii pAfOK MicTHTE gm0 N.
Ilpuxnad exidnux danux:

1
2

Buxidni dani

Ilepuiuii psilok BUXigHOTO (hailia Mae MiCTHTH TEKCT
«FILE reverse K», e K BisHaya€ HOMep TecTa.

JlpyTwit psIok BEXifHOrO (aiisa Mae MiCTUTH 1eB’ATh Po-
3ALTesENEX IPONYyCKaMU YHCel, IO € IOYATKOBUMHU 3HAUCHHS-
M¥ pericTpis i posTamoBaHi y TakoMy HopsaKy: perictp 1,
perictp 2,..., perictp 9.

Penrra paxis suxiz=oro gaitia MaoTh MiCTHTH IOCIiz0-
BHICTH Onepariil y nopaAKY IX BUKOHAHHS, 10 O/jHiif omepartii
y paary. Taxmw sws=oM, TpeTiil PAJOK Mae MiCTHTH Oepury
omepalio, YersepTEil — Apyry i T. A. OcTaHHil pAfok Mae
MicTHTH onepanio, mo ApyEve 0. Y KOKHOMY PAIKY Mae Mic-
THTHCH TUIBKH NpHmycTHMa oneparis. Onepail MaoTs GyTH
BifdopMaToBaHi, IK yKazas0 8 TPHEJIA.

Mpuknan BuXigHoro
caiina Ne2 (nosHuit 6an):
FILE reverse 1

Mpuknag BUxigHoro
¢aiina Ne1 (HenosHuii 6an):
FILE reverse 1

020000000 021000000
P2 P2

S13 P3

P3 P

4]

Cucrema oninxu. OiHEKa KOMKHOTO TeCTy BUKOHYETHCH 3
ypaxyBaHHAM KOPEeKTHOCTi #f omTHMaJbHOCTI OTPUMaHOl
nporpamu gius MIIO.

KoperrmicTs: 20% .

TIporpama miist MJIO € IpaBHIIBHOIO, AKINO BOHA BUKOHYE
He 6inbIme, Hixk 131 S-onepariito HOCIILIE, i IOCTiIOBHICTE HAfl-
PYKOBaHMX 3HAYEHD € IPaBUJIBHOI (MicTHTE piBno N+1 uine
umICT0, MounHAUH 3 uncaa N ta sakiruyioun 0). ko axach
S-omepartis CIPUYMHIOE [IePETIOBHEHHS PericTpa, IporpamMa
st MIIO BBasKaeTheA HEMPABHUJILHO.

OnrumansHicTs: 80%.

ONTHMAILHICTD KOPEKTHOI IIPOrPAMH OIIHIOETHCH 38 Ma-
KCHMAJBHOIO KimbKicTio S-onepaliif mocmins y mporpami,
sixa Mae 6yTH sxoMora Menmow. Kinbkicrs Ganis 6yze Bus-
HAYATHCEH PISHHIIEIO MiK BAIIIOIO TPOTPAMOIO Ta HalKpaIoio
BiZIOMOIO ITPOIPamMoIo.

Poss’a3ok

Anzopumm 1

CriBcTaBMMO KOKHOMY 3 IIepIINX 8-Mu pericTpis Bifmosiz-
Hi 6iTi uncaa 256. Yeranosumo 9-if perierp pisrum 0. Mera
KOKHOTO pericTpa 3bepiraTi HacTyIIHe UHCJIO, siKe Gyze BuBe-
JleHe, i B SKOMY ocTaHHIil HeHy IBOBHI 6iT, Ie 6iT, criBcTane-
HWit i3 maM perictpoM. Hanpukiazn, cTapToBUMY 3HAYEHHAMA
€: 128, 192, 224, 240, 248, 252, 254, 2551 0. fIx TiTbKM 3Ha-
uenns 248 Gyzie BuBe/iere, MeTolo pericTpa 6y/ie unco 232.

Bubepexmo o6MerkeHHs Ha KUIBKICTB HOCII0BHUX S-omepa-
niit. Tlicns kool P-onepalii BHKOHAEMO IO KiMbKicTh S-
omepartiif, pofasaE pericTpy G/mrKde JI0 IXHIX IILOBHX 3Ha-
yens. Jls kosxEol S-onepartii, 47151 perierpiB, fAKi Ie He opis-
HIOIOTh CBOIM ILTHOBMM 3HAYEHHSM, BIGEPEMO MaKCHMAJbHY
mins i 6yaemo BEKOpHCTOBYBaTH S-onepartii /s Toro, mob 1o
Hel HabimauTHes. SIKIO B SKMIICH MOMEHT BUKOHAHHS IIPOT-
PpAMY ILTH He JOCATHYTA, KOJIM BOHA NOTPiGHA, HeobXi/HO 36i-
JILITATH KLTBKiCTh S-onepariif Ta moyaTH CIo9aTKYy.

Anzopumm 2

PosryisHeMO BHIAZOK, KOJIM KOKHE UMCI0 MOKHA OTPH-
MaTH TLTBKM ofHiero S-omepaticio. Perictp 1 Moske 6yTH imi-
uianisosanuit N, pericrp 2 — N-2. Ilicna apyxy N onsa S-
omeparis Moxe 3anucar B perictp 1 saauenss N—1. Perictp
3 moske 6yt N—5. Ilicna gpyky N—1 oxma S-onepaiis Mosxe
sanucary B perictp 1 sHauenns N—3, a micas apyxy N-2S 1
2 samucye B pericTp 2 sHadeHHs: N—3, EacTynHe 3HaYeHHS
11 BHBefieHHA. 44 — Ile MaKCHMalbEe 3EaYesHs N, 11d
SIKOT'O JIOCTATHEO 0OMeskeHH B 1 oneparizo.

Anzopumm 3

BHKOHYBaTH aJTOPATM 1, ae MaT GixcoBaHY MeXy B 5
omnepariii.

Anzopumm 4

Ininianisysatu mepmuit perictp 8 0, HacTynHi cim y
[N /8). BaimmunTy ocTag=iE 1us poboTH, aje Npoiiniarisy-
BaTH fioro B N. Ha xom=omy xpoiii, o6paTH pericTp, SKHi
HafGIMKuHil 3EH3Y Z0 EeofxXizEoro 3HAYeHHS, 1 AKIIO BiH He
piBHmii 0, To 3a FomOMOTO® S-ONEpAIlii 3aIUCaTH SHAYCHHHA B
poGounit perictp. Ilpogos=yBaTi BUKOPHCTOBYBATH S-OIle-
pauii lo oTpEMaEES He00XiNHOIO 3HAYEHHS.
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ITOPIBHAHHS KO/IIB

Kowmmnanisa Racine Business Networks (RBN) nozga-
J1a fio cyay Ha kommnario Heuristic Algorithm Lan-
guages (HAL), cteepmxyioun, mo HAL BUKOPHCTOBY-
pauta Buxigawmit kox 3 RBN UNIX® i Buecsa itoro y Bin-
KpuTHii kKox onepaniiitoi cucremu HALinux.

Sk RBN, Tak i HAL BUKOPHCTOBYIOTh MOBY IIpOrpa-
MyBaHHA, Y AKiil KOeH OIIePATOP PO3TAILOBAHUI B OK-
peMoMy PAAKY Ta Ma€ BUTJIsL:

STOREA = STOREB + STOREC,
e STOREA, STOREB 1a STOREC — imena sMiHHAX.

KoskeH omepaTop 3alliCyEThCS TAKMM YMHOM: iM’s
nepiroi 3MiHHOI IIOYMHAETECA 3 IepITIol MTO3ULil pAAKa,
TOTiM — NPOILYCK, 3HAK PiBHOCTI, HPOITycK, imM’sa apyroi
3MiHHOI, TPOITYCK, 3HAK HOAaBaHHS, IPOMYCK Ta im’a
Tperroi aMinHOI. OptHe i Te 3 iM’a 3MiHHOI Mosxe 3ycTpi-
yaTHCs B pAKY GLIbIe ofHoro pasy. IMeHa sMiHHIX Ma-
IOTB JOBXKHHY Bijt 1 {0 8 CHIMBOJIIB i CKJIA/IAIOTHCA 3 BEJIH-
kux JatuHcsKux ASCILiirep (‘A’..."7").

CreepmxyeThes, mo HAL ckomitoBana mociifos-
HicTh PAIKIB IporpamMy npsiMo i3 BuxigHoro koxy RBN
3 MiHiMaJIBHUMU 3MiHAMU.

II[o6 npuxosatu cBiit snounn, HAL sminmia ivena
nmeakux sminuux. Touninre, HAL Basa mocmigos-
HicTs paaKiB ia mporpamu RBN i st xoskHol sMiEHOL
B Hilf sMinmIa 11 iM’st. [Ipu iboMy HoBe im’st aMiHHOL
Moske criiBnacTy 3i crapum. Ilicis sMiHM iMeH Histki
7Bl pisHi 3MiHHI He MOKYTh HA3UBATHUCS OJHAKOBO.

eHAL morjia 3MiHMTH B IeIKUX PASKAX INOPANOK
iMeH 3MiHHEX Y IIpaBiii YacTHHI ollepaTopa IpUCBO-
1oBaHAA. Hanpukiag, oneparop BUIIALY

STOREA = STOREB + STOREC

Mir 6yTH 3MiHEHUM TaK:

STOREA = STOREC + STOREB
eCrTeepmKycThes TakosK, o HAL He smMinmia mopa-

JIOK, Y AKOMY DSIKU KOZY CJIAYIOTH y BUXi/IHOMY Te-

KCTi NporpaMH.

Heobxigno 3a 3alaHUMH BUXIJHUMHI KOJaMH IIPOT-
pam RBN i HAL snaiiTs caMy JOBTY NOCJ/Ii/[OBHICTb PAA-
kiB nporpamu HAL, 1o HAYTE MAPAL, AKY MOJKHA OTPH-
MaTH 3 II0CHIiIoBHOCTI psizkis mporpamu RBN, mio iayTs
TZps/l, 3a ZOIOMOTOI0 BKa3aHHUX BHIIe TepeTBOpeHs.
BayBarkre, 1110 3HaleHa nocijosHicTs v koxi HAL 1 si-
IIoBigHA mocTioBHicTh y Kozl RBN e 0608’ a3k080 m0-
YHHAOTLCA B PAAKAX 3 OJHAKOBHMH HOMEDaMH.

Bxidni dani: code.in

e[ Teprmmit pAgoK BXifHOrO (haiina MiCTHTS /82 poaTiTesmx
nporyckamu nitux uuena Ri H (1<R<1000; 1 <H <1000).
R saziae unclio paAKis y koai nporpamu RBN, a H — mmcao
psazxis y kopi mporpavu HAL.

*Hactynsi R pazkis mictsrs nporpamy RBN.

eHacrynsi H paakis micrsrs nporpamy HAL.

Hpuxnad exidnux danux:

43
RA=RB+RC
RC=D+RE
RF = RF + RJ
RE=RF+RF
HD =HE+HF
HM=HN+D
HN =HA+HB

Buxidwi dammi- code out

Buxigamii gaiin Mac MICTHTH OAMH PAJIOK 3 €IMHUM ILIMM
YHCITOM — JOBKHHOIO CAMOI OBIoi IIOC/I{OBHOCTI PANKIB, 10
yTs miapsit, axy HAL Moriia ckoniloBaTH i3 sMinamu y RBN.

ITpuknad euxionux danux:

Psijixn 3 1-ro mo 2-i1 8 mporpavu RBN criBnajiaioTs 3 psif-
Kamu 3 2-To 1m0 3-it iz mporpamu HAL 3a ymoBH, 1[0 B Tporpa-
mi RBN BUKOHAHO HACTYIIHI 3MiHY iMeH saminHnx: RA - HM,
RB - D, RC -» HN, D - HA, RE - HB. Poas’si3ky 3 TphOMa
Ta GLIBIIE BiAOBIMHUMHI PASKAMH He icHye.

O6mexreHHA

2 cexkyHan CPU
64 MB

Yac BUKOHaHHSA
MNam'aTb

CucreMa OLiHKH. 3a KOKeH TecT, Ha SIKOMY Ballla IIporpa-
Ma BHBeJIe TTPABHJ/IbHY BiAOBIL, BH OTPUMAaETe OBHUIT Gaut.
HeonTnMagbHA Bi/IOBI/{b HA TECT HE OLIHIOETHCH.

Poap’sa3ok

Bagauy MosKHA PO30HTH Ha /Bl YACTHHN: BUSHAYEHHH, Y1
icHye BifimOBiZHICTS Miz IeAK0I0 TACTHHOIO OAHIE] IporpaMu
Ta J|eAAKOI0 YACTHHOWX Apyrol mporpaMu (BHyTpimmmiit arro-
PUTM), Ta BHAXO/PKeHHS HaHKpamol Takol BiioBigHOCTI (30-
BHimmi# anropury™). EbexTHBHICTE 30BHINIHEOTO AJITOPUTMY
BaJIeKUTH Bifl GyHKIiiH, 110 3abeanedye BHYTPIIIHIf.

SIKIIO € {Ba HaGOPH PAAKIB, MOMKHA JIOCTATHBO e(eKTHB-
HO 8'ICYBATH, YK € BLANOBLIHICTE MDX uMMHu HaGopamu. Ko-
JKeH pAfoK — 1le pisasnEA. [l KoxHOI 3MiHHO, I[0 3rajye-
ThCA B TIPOTPaMi, PO3rISHEMO BCi PANKH, Jie BOHA aycTpidae-
Thed. SIKII0 BOEA 3ycTpiuaeTses 3JiBa, TO 1A aMinHa Mae 6y-
TH IIOCTaBTeEa y BiANoBiHICTH 3MiHHIMN, MO CTOITH y JiBiH
uyacTHEI BiAnoBiZHOTO PiBHAHHA 3 ApYyToi mporpaMu. SIkmio
BOHa 3ycTpiuacTses ABiul y npagiit uacTuni ofHOro PIBHAHHS,
TO BOEa Mac BiATOBiAaTH 3MiHHIN y mpasiil yacTHH Bi/IOBIA-
Eoro pisssuns inmoi nporpamu (i Tam Mae GyTH ofiHa MiH-
ga). fixmo aMiEHa 3ycTpiYaeThCA TLUIBKH Y IPABAX YacTHHAX
pis=s=E: TporpaMu, TO BiANOBiAHI npasl YacTHHY A1 BCix
=xoTaens [iel 3MIHHOI MAIOTh MICTHTH CITLILEY 3MinHEy. 3po-
3yMito, mo, SKIO0 3MiHHA Mae Bi/inoBilaTH JleRigpKOM BMiH-
=, To BiANOBiHOCTI He icHye. 3MiHHI 3 060X IIporpaM Ma-
oTs GyTH NPOTECTOBaHI.

Vci i yMOBH € OueBH/[HO HeoOXiTnmMH, aje Tpeba Iepe-
xoHaTHCS, IO BOHH € IOCTATHIMH.

IpunycTiMo, He BTpayaiodH 3araTbEoCTi, o R<H.

Axzopuma 1

Ilns KozHOro 3cy=y =11 —R 2o R moumeMo 3 nepuiol napu
p=xxis, SKi 3CYHYTi Ea 3ajaEe 3HAYeHHH. Byzaemo Hamara-
TECE: ZONABATH DEDE DEIXIS ¥ KiHeIlb KOJKHOI 3 Iiimporpam.
fAsmo nape pExxis =e Mose 6YTH Z0AAHOIO, BUJIAINMO IIapH
pErxis =2 DoSETEY DLITPOTPaM Z0 THX Ip, IOKY Mapy psaj-
=e wom=s Gyme gogath, abo KOJIM HifimporpaMu He cTa-
TS DODOEEIMNG.

1les axroperme Mac omiEKy ckianHocti O(RH ), fomyckaro-
=3, T YM0SE FOIEBANES MOKYTh OyTH Neperipeni sa uac O(1).

Ile saispaniail aNTOPHTM.

Azzopumm 2

By mes00 SOTHEATH 3 KOXKHOI IapY PAIKIB ITporpam Ta Hama-
raTHECs IONESATH DapH PAIKIB, IIOKU He BUHIKHE KOHQVIKT.

Iled axropeT™ Mae OLiHKY ckaaguocti O(R°H ).

Anzopumm 3

Jlas mom==01 Napy IOYATKOBHX PosTanIysaHs 6y1eMo pos-
[VIAJI@TH EOCEY MOJKJIUBY BLAOBIIHICTL Iporpam, 1110 BKJIIO-
Yae 3aaEy TapY PAAKIB, LIYKAOUHN ONTHMAIBLHY JIOBKHUHY 6i-
HAapHHUM TOMIYKOM.

1left axropuT™ Mae OIiHKY ckaagaocTi Of. R*H log R), no-
IIyCKaroqH, Imo icHye JiHI{HMI aIropiuT™ nepeBipKu icHyBaH-
HHA BiinosigEOCTI Mi’K YacTHHAMH ITPOTrpaMm.
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BIrATAUTE KOPOBY

¥ crani pepmepa Jpxona sHaxoanThesa N TIpOHyMe-
poBanux Bix 1 o N (1 <N=50) ta cxosxmux xopis. Ko-
1 depmep JI:KoH CTABUTEL KOPOBY 0 cTiilia, BiH Mae
3HATH, SIKY KOPOBY BiH TYAX CTABUTD.

Koposwu sizpisHsiorses 3a P osHakamy, TIPOHYMepo-
BaHUMU Biff 1 10 P (1 <P <8), KosKHA 8 AKUX Mae o TpH
MoxUB1 3Hauenns. Hanpukian, Komip mitku Ha Byci
KOPOBH MoOke GyTH 3KOBTHM, 3eJIeHMM a60 UepBOHUM.
3HAYEHHS KOYKHOI 03HAKY BU3HAUAETHCS OHIEH0 3 OyKB
‘X, ‘Y” a6o ‘Z’. JloBinbHa mapa Kopis epmepa [[xona
BiApisHA€TbCS IpUHANMH] Ba OfHiCIO 3 03HAK.

HanumiTs nporpamy, sika 3a 8afjaHiMI 03HAKAMIT
KopiB foromozxke pepmepy Ixony BUSHAUMTH HOMeEp
KOpOBH, AKY BiH cTaBUTB 10 criftia. Bama nporpama
Moske saiat [xoHy He 6inbire 100 samurans Buris-
ny: «u HaTexuTh sHAYeHHS fesikol osHaku T y KOpO-
BU JIeAKii MHOXKUHI 3HAUeHB S?» .

BajaiiTe stKOMOra MeHIIle 3aIlUTAHb JIIS BUBHAYeH-
Hf HOMepa KOPOBH.

Bxidnui patin oanax: guess.in

eIlepmuii psifok BXiiHOTO thaiiia MicTHTE JIBA ILTHX Yyncaa
NiP, pospinenux npomyckom.

*Kooxen is racrymuux N pagkis omucye osHaxn KOpOBH,
BUKOpHCTOBYIouu P nitep, posxisenux mpomyckamm. ITe-
Plila JiiTepa KOXHOTO PAAKA — BHAYECHHS 03HAKH 1,iTax
Aani. ipyruit pajok y BXigHomy daiii OITHCye KOPOBY 3
HOMepoM 1, Tperiii psasiok — KopoBy 3 HoMepoM 2 i T. I.
IIpurnad exidnozo gaitra osnar:

HKOROX X
S D SN

InrepaKTHBHICTE: CTARADTHIT BXIZ i CTaHJAPTHUH BUXiJ,

Kpox «sanuranns/Biguosiss» BUKonyeThCs uepes craH-
ZapTHUI BXix i cranfaprEUit BUXiz.

Barma nporpama 3ajiae SalMTaHIS PO KOPOBY, BaIACYIO-
UMy CTAHAAPTHUI BUXIJ PAJKH HACTYIIHOTO BUIVIALY: Jitepa
‘Q’, HoMeD 03HAKH, SHAUCHHA 0BHAKH (0He a60 6imb11e), pos-
pineri nponyekamu. Hanpuiay, pamok «Q 1 Z Y» BiATIOBI-
fae sanuTaEsEo: « UM Mae mepiia 03HaKa KOPOBH S3HAUEHIS
‘Z’ 860 ‘Y?». Oanaka Moxe GyTH IIUM YHCIOM V MexKax Bif
1 po P. 3mauesns osnakn mMae Gyt TLIEKY ‘X, Y abo ‘2’ i
He NOBHHHO HOSTODIOBATHCE B OAHOMY PAMKY.

Ilicns samera==s sama uporpama IOBHHHA IHTATH OXHE
PANOK, SIKHH MicTHTS ox=e 3 ninux uncen — 0 a6o 1. Uneyo 1
BUBHAYAE, IO KOPOS3 SOTONIE OJHUM i3 BKA3aHHX BHAYEHD
osHaky. Yueno 0 sma=asac, mo KOIHAM i3 BKA3AHNX 3Ha-
YeHb O3HAKH KOPOSa S= S0I0Tic.

OcranHiil pagos sEseIe=Es NPOrpaMy Mae MiCTHTH JiTe-
py ‘C’, npomyck i oxme =mcIo (EoMep KOPOBH).

Hpuxnad dianozy (31 masedenozo npuxnady):

Bxin, Buxig KomewTap

Q1XzZ

0 Moax=T Symee xoposa 3 abo kopora 4
Q2y

1 Mae Sy xoposa 4!
C4

3asepLieHHs poboTtn

nporpamu

O6MmesxeHHsT
Yac BUKOHaHHSA 1 cekyHna CPU
Mam'aTtsL 64 MB
Cucrema oninkn

Kopexmuicmu: 30% 6Gauris.

TIporpama, sia BHBOIUTL IPABMIEHUII HOMED KODOBH,
OTPHMae NOBHUE 6aJ1 38 KOPEKTHICTL, AKIIO iCHYE €qMHa KO-
PoBa, INO BiANOBiZae OTPUMaHKUM BiATIOBIAsM. ITporpama,
fAKa sajgac 6inbme 100 sanurans, Gasis 3a TecT He OTpHMAE.

3anescricms 6id kinvkocmi sanumars: 70% 6Gauis.

Perra 6amis 6y/1yTh BHSHAUEH] 3aJ1e3KHO BiJl KilbKocTi 3a-
THTaHb, AKI 3a4aHO /A KOPEKTHOTO BU3HATEHHA KOPOBH.
Crerema oL HKH BAIITOBaHA TAK, I[06 OLLIHITI MiHiManbEY
KinbKicT anuTanb, AKY 3amacTh Balma IporpamMa B Hairip-
oMy Bunaixy. Bamsski o onruMansHoro poss’aakn oTpH-
MAaloTh YaCTKOBi Gamn.

Poap’szok

Anzopumm 1

3niifCHIOEThCS OMIYK Y IMUPHUIY HA MHOMKIHL 3amuTaHb,
Y AKOMY KOKHMIl CTAH € MHOKHHOIO MOXKTHBHX KODIB, 1[0
3aJIMIIIINCS.

Mo:xe aparaTHcs, 10 Heif TPOCTIp CKIAZAETHCA 3 2% MO
JIMBUX CTaHiB, aJe Ie He Tak. CTAH MOKe POSIVIALATHCS STK
MHOXKHHA MOXKJINBHX 3HA4YEHL [ KOMKHOL O3HAKH. YChOTo
2°—1 3HaveHb I MHOKMHH MOMK/THBUX SHAYEHD M KO-
HOI 03HAKH, Ta B ILIOMY MeHIIIe Hisk 2% craiB y CYKYITHOCTi
(6L cxoske Ha 2% cTaHiB).

BHKOHAHHHA I[HOTO aTOPUTMY TTOTpeGyE TOPARKY

O(N -P-2°-2% ) uacy.

Anzopumm 2

Ha koXHOMY Kpolli o6HpaeTLCs 3anuTaHHS, ke posbu-
Bae KOpiB Ha HaHGLILII piBHI yacTHEN.

Leii anropur™ notpebye nopagky O(N -P-2°) acy.

Anzopumm 3

3ajaeThes /IBa AIUTAHHS PO KOMKHY OSHAKY AJISL TOTO,
106 orprMaTH i1 TouHe 3HaYeHHA. AJITOPHTM BYNUHSAETHCS,
KOJIM KOpOBa BiZIoMa. Y PaxoByeTLCA Te, 1110 iHOA] Mics neprmo-
TO BalIUTAHHS MOKHA BCTAHOBHTH TOUHE 3HAYECHHS OSHAKH.

POBOTH B JIABIPUHTI

Bu € macnusnm Bosogapem Box poboris, ki pos-
TaIloBaHi y /IBOX Pi3HMX NPAMOKYTHMX JaGipHHTax.
Kpanparu 3 koopgunaramu (1, 1) posramosari Y Bepx-
HixX iBux (miBHiuHO-3aXiZHKX) KyTax JabGipuntis, Y
J1a6ipuHTi 3 HoMepoM i (i = 1, 2 ) aHaXOAUTHCs G; oxopo-
HuiB (0=<G; <10), mo HaMaraloTses crmifiMaru poGoTa.
JI151 1BOTO BOHH IATPYIIOIOTE JabipunTy Brepes i Ha-
3a/1 [10 CBOLH AIISHI NaTpy/II0BaHHS, 110 SIBIISIE COBOIO
HeKiNbKa MOCHiIOBHUX KIITHH JMabipHHETY Ha oxmiit
npaMiit. Bania sagaua — BusHaunTH TIOCJTi TOBHICTH KO-
MaH[, 1110 IPIU3BOAUTS JI0 BUXOAY 060X poGoTiB i3 n1a6i-
PHUHTIE TaK, 106 iX He criiiMaTi oxopoHmi.

Ha nouarky xoxxnoi xBrmsu ofom podoTam HaJCH-
JIAEThCS OffHA i Ta XK KOMaH/a, AKa 3a1ac OXWH i3 YOTH-
PBOX HANpSMKIB (miBHiY, miBIeEs, cxix abo 3axifx). Or-
PHMaBLIN KOMaHAY, POGOT NepeMilyeTsCs Ha OfIHY KJIi-
THHY y BKa3aHOMY Hanpswxy. fxmo B xaituni, Kyan
PYXa€eThes poboT, CTOITE cTiEa, TO 32MicTh BUKOHAHHS
i€l KoMaHU POBOT NPOTHTOM Tiel XBHIMHM 3aJIHIIAa-
E€TBCA Ha Miclli. BaxkaeTses, mo pobor BEXOUTS i3 JTa-
GipUHTY, KON OMUHSETLCS 3a HOro MEYKAMU. IToxunys-
IIH J1aGipnHT, POGOT irsopye Bei BacTyIHI KOMaHIH.

JIJst KOXXEOTO OXOpO=TIE B IOYATKOBUI MOMEHT Bi-
fioma jforo nosuuis 3 A20ipUETI i HANIPIMOK, y AKOMY
BiH NounHae pyxatucs. Ha novaTKy KosKHOI XBUIMHI
OIHOYACHO 3 pODOTaM¥M OXOPOHIL1 [IepecyBaloThCs HA of-
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Hy KJIiTHHY. OXOpOHeNb PyXaeThCA BIIepe/ sl mBHAKic-
TI0 OfHA KJITHHA 32 XBHJIMHY [0 THX Tip, IOKH BiH He
ocsATHe KiHIS CBOEL NLIAHKY IATPYJIIOBAHHA (To6TO
HOKY BiH He 3poGHTB HA OfIHe [IepeCcyBaHHSA MeHINe, HisK
umesio KAITHH Y Horo AiNSHL] maTpysoBanHa). ¥ pasi
JOCATHEHHA IIHOr'0 MOMEHTY OXOPOHeIb MUTTEBO PO3-
BepTaeThCA i B MOJAIBIIOMY IIPOJOBIKYE PYX Y 3BOPOT-
HOMY HAIIpAMKY f0 CBOEi nouarkoBoi mosuii. [ocsr-
HYBIIHM II0YATKOBO] 103UIIii, BiH 3HOBY PO3BEPTAETHCS i
MOBTOPIOE CBifl pyX 10 ALMAHI NATPYJIIOBAHHSA JI0 THX
mip, moku 06uBa Po6OTH He BUATYTD i3 1abipHHTIB.
JliSIHKY TATPYJIOBAHHS OXOPOHIIIB TakKi, 1[0 BOHK
He IPOXOZIATE KPish CTIHH i He BUXO/IATE 38 MesKi n1abi-
puHTy. [IiIAHKA TATPY/TIOBAHHS OXOPOHIIIB MOXKYTB ITe-
PpeTUHATHCH, ajle HifKi /Ba 0XOPOHIIL HIKOJIY He 3iTKHY-
ThesI, TOOTO BOHM HiKOJM He OyAyTH 3aiiMaTH OAHY ¥ TY
3K TIOBHIIiIO MiC/IA 3aKiHueHHs XxBuuuy. OXopoHIi Ta-
KO’K He GY/yTh OHOYACHO SHAXOUTHCE Y CYCITHiX KJ1i-
THHAX TA PYXATHCh HA3yCTPid OAUH OAHOMY IPOTATOM
miei xsumER. TTouaTKoBe MIOJIOMKEHIIST OXOPOHIA He 6y-
Jle CIiBIaATH 3 IOUATKOBHM IIOJIOXKEHHAM poGora.
BaaskaeThes, 110 0XOPOHELh MiliMaB pofora, AKIIO
0XOpOHeI[b i pofoT ONMHMIKMCH B OfHil no3unii Hanpy-
KiHIi XBHIMHN, a60 SKII0 BOHU BHAXOAATECA Y Cycin-
HiX KIITHHAX Ta PyXaloThbCsl HaByCTPid OMH OHOMY .
3a 3aaHUM OITUCOM JBOX JIaGipuHTiB (Po3Mip KO-
Horo 3 nabipurTiB He 6ibIIe 20%20), BifoMUMH HOYAT-
KOBMMH IIO3UIIIAMU KOMKHOTO 3 POGOTIB i AinAHKaX ma-
TPYJIOBAHHS OXOPOHIIB BUSBHAUTE TIOCII/IOBHICTE KO-
MaH/i, AKa IPUBOJUTE 0 BUXOAY 3 1abipuHTiB 060X po-
GoTiB, He chiliMaHMMH OXOpoHIAME. Bofouac TpeGa
MiHimMisyBaTH Uac, KM I0TPiGeH IS TOro, 1106 06nA-
Ba poboTH BUIIILIHK 3 JabipuHTiB. ko poforn Buxo-
JTh i3 1a6ipuHTIB y pisHI MOMeHTH Yacy, TO Yac TOro
poBoTa, sxuil BUIIOB paHille, He CyTTEBHI (BPaXOBY-
eTBCH JHINe Yac poboTa, IKUii BUHIIOB misHile).
Bxidni dani: robots.in
Iepma wacTHHEa pAIKIE ¥ BXiTHOMY (ailii omucye mep-
it 7aGipHET i THX, XTO ¥ EbOMY 3HAXONHThCH. Bianosixse,
JIpyTa UacTHHA ONMCYE APYTHI JaGIPHHT 1 THX, XTO B HEOMY
BHaXOAUTHCH.
eIJepmnmit pAAOK BXinHOTO (aiita MiCTETS 152 POATLISSNX
npomyckoM Iinux uncaa Ry 1 C; — xizsxocti pEgxis 1
CTOBIIIB Y NepIIoMy JabipusTi BiAnosiz=o.
oY KoMHOMY HacTynHoMy 3 R; psikis micTaTscs mo C; cu-
MBOJIB, 10 OMMCYIOTH KOHMIrypariio TabipusaTy. [losar-
KOBe II0J0KeHHs po6oTa To3HAYaEThCA CHMBOTOM X'
CrMBos ‘.’ I03HAYAE IyCTY KJIITHHY, a CHMBOX ‘#’ — cTi-
Hy. Y nabipuHTi 3aB3¥/1M PIBHO OAUH pobor.
oTTics1s1 omuCy NaGipuHTYy iie PAOK, 110 MICTHTB OfHe Iixe
uneno G; — KimekicTs OXOPOHIIIB y IepiIoMy JabipueTi
(0=Gy <10).
eKosxeH i macTynHUX G; DPAAKIB OMHCYye ALIAHKY HATPY-
JTIOBAHHA OXOPOMIST y BUTJIS/I TPHOX LIMX uuces i cuM-
BOJTY, IO Po3AieHi mponyckayu. Ilepmre i ppyre uncia
BKasylTh PAJNOK Ta CTOBIIEIlL NOYATKOBOTO PO3TalllyBaH-
Hs1 oxopoHIA. Tpere uncsio (2...4) 3a1ae KLIbKIiCTh KJITHH
y NiNSHOL DaTPYJIOBAHHS OBOIO OXOPOHIM. CumBoIH
‘N’, “S’, ‘E’ abo ‘W’ (uiBEid, miBzens, cxixi saxifg Bigmo-
Bi/IHO) 38/1a10Th IOYATKOBHI! HANPAMOK PYXY OXOPOHIA.
eQOnuc apyroro JabipHHTY i THX, XTO B HHOMY 3HAXOASATHCH,
cninye 3a OIMCOM TIepIIoro JabipHHTY B TOMY 3 opmarti.
Buxidui dani: robots.out

SIKIIO MTYKAHUIT PO3B’ 30K iCHYE, TO MEPIINii PAJIOK BH-
xijHoro aitia Ma€ MiCTUTH €/[MHE ITLIe YHCII0 K (K<10000)
— KiJBKiCTH KOMaHJ JJIs 060X poGoTiB, IM0 IPUBOAATS iX f0
Buxojy 3 nabipuaTy He crmifimarumu. ['apaHTyerhed, MO B
IBOMY BANAIKY HalfKopoTLIa TIOCJIiZIOBHICTH KOMAHJ Ma€ 10-
poxuHy He 6inbime 10000, V Hactynmux K pAJKax MaioTh 6y-
TH pO3TAILIOBaHI KOMAH/IH, KOYKHA 3 SIKUX € O/IUH i3 cuMBOIIiB
‘N’, S, ‘E’ abo ‘W". SIkimo poss’asKy He icHye, To HeoGXizHO
BUBECTH €WHMAI PAMIOK, 1[0 MICTATB «—1».

Tlic/Is BUKOHAHHS 3a/[aHOl TIOC/IiOBHOCTL KOMaH/l o6HBa
pPoGOTH MAIOTh 3HAXOAUTHCE 338 MesKAMHU nabipuaTiB. OcTaHHEa
KOMAH/Ia Mae TIPHSBOAMTH 1O BUXOJLY 3 TabipuHTy X04a 6 oxHOIO
3 poboris. SIKIIIo icHye fexinbra O3B’ sISKIB i3 MiHIMATEHNM Ya-
COM, TO IOBLIBHIIA 3 HIX BBAYKAETLCS IIPABH/IBHIM.

ITpurnad exidnux danux:

H#H# X
0

IMpuraad euxidrux Ganux:

wmmmmmzmo:‘

2 cexyuam CPU
64 MB

Cmcrera omimem. ¥ THX TecTax, [ie PO3B’A3KY He icHYE,
6y 2e onmisOSaTECS AHIIE NPaBAJIBHA Bifmosigs. YacTrosi Ga-
@ 3a immm TecT® OYAVTE EAPaXOBYBATHCE TAKMM UHHOM.

Eopexmuicms: 20% 6anis

Barxixsmit Gaiin yBasKAETHCS KOPEKTHAM, KOJIM Bil odop-
s 9= SiINOSLTHEO 3 BAMOIaMH YMOBH 3aja4i Ta MicTHTS Gi-
zemme 10000 xomaH], a iX IOC/IL[OBHICT IPUBOAUTD JI0 BHXO-
Ay ofox poSoris i3 naGipunTis. BogHOUAC OCTAHHS KOMAaHAA
Mae IpESOTHTH 10 BUXOJy X04a 6 OTHOTO 3 pofoTiB.

Mizinaasuicms: 80% Gais.

VsamacTscd, [0 PO3B’A30K, NPE/ICTABIEHHI Y BUXIAHO-
My Gaiizi, MiniManpHAH, AKINO BiH KOpeKTHUI i He icHye
6iMBm ®opoTKOI MOCTIJOBHOCTI KOMAHT, fKa TAKOM KOPeKT-
ma. Poas’s30K, y IKOMY NOCHIOBHICTh KOMAHT He MiHiMaJb-
Ha, He orpEMye 6ais 3a MiHIMATBHICTD.

Poas’ssox

BayBasxmMo, 1[0 OXOPOHIIi OJHOYACHO IOBEPTAIOTHCH HA
cROI IOYATKOBI To3uIii KoxkHi 12 XBUIHH.
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Jlst cupotenast anagisy, 6yAeMo BBaXKATH, 10 JabipuH-
TH MaioTh O/[HaKOBHIA posmip. Hexait n — me kinbkicTs KBag-
pariB y na6ipuaTi (R-C).

Anzopumm 1

BiCHIOETHCSA TIOITYK Y IMHPHHY, Je CTaH MOITyKY — IIe T0-
BHIiA JBOX POOOTIB Ta IOTOYHA XBIUINHA 3 [IOYATKY JIBAHAIIATH-
XBIIXHHOT'O IIUKJTY OXOPOHIIiB. Bifsifani cramm sanam’ aroByio-
THCS 151 TOT'O, 1106 3a106irTH X OBTOPHOMY BiJIBiJaHHIO.

Ileit anropur™ nmotpebye mopsaaky O(12n’) gacy.

Anzopumm 2

BrilCHIOETECH MOIIYK Y LIUPHHY, e CTaH IOIYKY — e
TIO3UIlisl ABOX PoOOTIB Ta IOTOYHA XBHINHA. BiABinani crann
3amaM’ ATOBYIOThCA (Y XeII-Ta6InIli) A ToTo, o6 3amobirTi
1X IIOBTOPHOMY BiIBiaHHIO.

ITeit anropur™ noTpebye nopsgry O(12Tn*) wacy, ne T —
1le MiHIMaJIbHHN Yac, 3a AKKH 06HIBa poboTH BUbepyTheA i3
CBOiX J1a6ipHHTIB.

Anzopumm 3

BHifiCHIOETHCS MOIIYK Y IINPHHY, J€ CTaH IOLIYKY — e
TI03HIlig ABOX poBoTiB Ta HOTOYHA XBUIHHA. IloBTOpPHE BiABi-
JIaHHA CTaHy J0ITyCTHMe.

ITeit anropur™ norpedye nopsaaky O(4") yacy.

Anzopumm 4

B3aiifcHIOETELCS HIOIMYK Y IIIMPHHY, [C CTAM IOIIYKY — e II0-
BUILiA IBOX poGOTIB Ta MiHIMaIBEHUIT Yac, HeoGXiHMI 1S JoCAT-
HEeHH#A I[BOI0 cTaHy. KoskeH cTaH Bi(BiyeThCA JIUIIIE OUH pas.

Ileit anropnt™ noTpebye nopsagky O(n’) uacy, ane BiH He
3ABIK/M Jla€ IPABUIILHY BiIoBiAL. Bin nmumme posrnagac Haii-
KOPOTILI IUIAXY MisK KOKHOIO Iaporo mosuuiii. [roai Heobxi-
ZHO Ko6paTHcst 10 AesAKol MOo3UILil misHinte, HisK IIe MOXKJINBO,
OCKLIBKM He MO’KHa IPOBOJAMTH Yac Ha BIIKPHTOMY IIPOCTOPi.

ITAPEAH

Depnep [loH orisgac napkaH, SKMM OTOYEHO Horo
KBaJpaTHe IJIOCKe Iojle posmipom N Ha N MeTpiB
(2<N =500000). OxuH KyT IapKaHa PO3TAIIOBAHO B
Touri (0, 0), IpOTHAEKHUN HOMY KYT 3HAXOAWUTHCS B
rouui (N, N ). Boku nons napayensti ocam X ra Y.

CroBIId, [0 SIKMX KPINUTBCA NapKaH, CTOATH He Ti-
JIBKH B KYyTaX, a If yepes MeTp B3JOBXK KOXKHOTO GOKY
1oJisA, ychoro B napkasi 4N cropmie. CToBIHM CTOATH
BEPTUKAJIBHO 1 He MaloTh ToBLUHU (pajiyc JopiBHIoE
HyJ110). @epmep JJoH Xoue BUBHAUUTH, CKLIBKH CTOBIIB
BiH Mo6GaYMTE, AKIIO CTaHe B AeAKiN TOYI O,

IIpo6uiema B ToMy, 1110 Ha noJi pepmepa JfoHa poara-
woBano R Besnuesnux kamenis (1 <R=<30000), sa
AKHAMH He BUAHO JiesKi cTOBNH, ockinbky [ToH HemocTa-
THBO BHCOKHIA, 11106 GadynTi HaJ nuMu kamensmu. Oc-
HOBOIO KOKHOI'O KaMeHsI € OIyKJIU GaraTokyTHUK He-
HYJIBOBOI IIJIOITi, BEPIITHHY SKOTO MAIOTh I[IIOYNCeTbHL
xoopauHaTh. KaMeHi cTosaTh Ha moJti BepTukaabHo. Ka-
MeHi He MaloTh CIiIBHUX TOYOK MisK c000I0, a TaKok i3
napkasoM. Touka, fie posramnysascst depmep o, Je-
SKUTB yCepeHHi, ajle He Ha MeXKi II0JIs, a TAKOXK He Jie-
PKUTh ycepeauHi Ta Ha TPaHUIll KaMeHiB.

3a sajlanuM poamipom nons ¢epmepa Jlona, poara-
LUTyBaHHAM Ta GOPMOI0 KaMeHiB Ha 101, MicieM, e po-
granryBaBcs depmep J[oH, 06UMCIiTh KinbKicTh CTOB-
miB, siki Moske GagnTi depmep [loH. fAKIo BepmuEa
OCHOBU KaMeHsI 3HaXOAWThLCs Ha OJ(HIH JiHil 38 Miciewm,
Jie posrairysasest Jlos, 1 gesskuM cToBIOM, TO [loH =e
6a4YuTh I{HOT'O CTOBMA.

Bxidni dani: boundary.in

o[lepmnii panok BXigsEoro aiiia MiCTHTS Ba ILTHX YHCTA
N iR, pospineEux npomycxonM.

e [pyruil psifiok BXigHOrO (aiiaa MiCTHTE ABa I[LINX YHCIa
— koopanHaT X Ta Y Micnd, Ae cToitek depmep loH Ha
1o.

eHacrynHi paaku BXifHOTO (aiina oIMCyIoTh PO3TalIyBaH-
He R kaMeHiB:

— ommuc i-TO KaMeHsA NOYMHAETHCHA 3 PANKA, AKUH MiCTHTH
nise umeno p; (3<p;<20), mo BUBHAYAE KiTBKiCTH Bep-
ILIUH B OCHOBi KaMeHs.

— KOXKeH i8 HACTYIIHMX p; PAAKIB MicTuTL mapy posgine-
HHX TIPOIycKoM Iiaux uucesn X 1Y, sKi € KoopauHaTaMu
BepIIuHH. BepmvEN OCHOBH KaMeHs pisHi Mix coboro i
nepepaxoBaHi B HAIPAMKY IIPOTH F'OMHHUKOROI CTPLITKH.
ITpurnad exiOnux danux:

(100, 100)

100 1
60 50 Depmep [lon
5 Bl
70 40 A
75 40
80 40
80 50
70 60

Y

©, 0 Ka.Mi’HHi{

b e B S o

3BepHITH yBary Ha Te, I[J0 OCHOBA KAMEHs Ma€ TPH BepIIH-
HU Ha oHi npaAwMiit: (70, 40), (75, 40)1 (80, 40).

Buxidni dani: boundary.out

Buxigauit paii Mae MicTHTH OZHMH PSAAOK 3 OFHUM LILIAM
UHCJI0M — KLUIBKICTIO CTOBIIB, siKi Gyze 6aunTn depmep JloH.

ITpurxnad suxidnux danux:

O6MesxeHHA

Yac BUKOHaHHSA 1 cekyHpa CPU

64 MB

MNam’ats

Cucrema oIliHKH. 3a KOXKeH TecT, Ha AKOMY Ballla Iporpa-
Ma BUBe/le IPABWILHY BiATIOBib, BU OTPUMAETe TIOBHMIA 6aJl.
HenpasuibHa BiAIOBiIb Ha TeCT He OIIHIOETHCA.

Poap’si3oxk

BayBaKUMO, 110 icHye Gararo crocobiB 3poOUTH HOMUIKY
B obuncmoBanbHil reomerpii. Takosx HeobxigHO GyTH BKpait
06epeKHAM 3 THM, 1100 3a1106irTH IOMIJIOK OKPYIVIEHHS IIiJ
yac pobOTH 3 UNCIaMM 3 IIABal0Y0I0 TOUKOoW. Po3s’a3kw, 1m0
PO6IATE TOAI6HI TOMHJIKH, He HABEIeHO HUMYe.

Hexaii d — 1e MaKcHMaJIbHE YHCJIO0 BEPIIHE Y KAMEHi.

Anzopumm 1

PosrisiHeMo napKaH SK OUKJIIYHHE coHcok. KoxkeH Ka-
MiHE 3akpuBac Bix epmepa [[oEa Alanas3oH CTOBIIB IapKaHa.
BHaliTH Nell ZianasoE LIS KOMKHOIO KaMeHs MOYKHA 3a [I0II0-
Moroio 6iHapHEOro NOIIYKY, 3HANIIOBINH HaliMeHIIHIA Ta Haii-
6inpIEi K¥T, M0 YTBODIOIOTH BEDITHHA KaMeHs Ta MO3HILiA
(epmepa. [Torin i Aianasonn HeoGXiAHO BiZicopTyBaTH Ta 38
JIONOMOIN0s0 TOCTIJ0OBHOTO IepervisAy 3HAWTH Aiana30HHu CTO-
Bl DepEa=y, 9Ki He MePeKPHBAIOTHCH KOJHUM KaMeHeM.
1led axroperw samarae O(RlogR + Rlogd) wacy.

Azzopumx 2

3bepirscTeca ABiliKOBMIT MacHB cTOBNiB mapkaHa. [[is
EOEOTO EaMeHS BHIHAYAETHCA J1allasoH, 10 IepeKpuBac-
THCH IIEM EaMeEeM, Ta BCTAHOBJIIOEThCA BifiNoBijHa iHGopMa-
mis. [le& asroperr™ BuMarae nopsgky O(R - N) gacy.

Azxzopumm 3

Jlzs mo==0r0 CTOBIA Ta KaMeHs IPOBOAUTLCA IIPOMIHE,
o6 BESESTETH, 9H [ePeKPUBAE Ieil KaMiHb CTOBII TapKaHa.
Ileii anropsry smMarae nopsaaky O(R -N) gacy.
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lypxiii A.M., BonpapeHxko B.B., Arises LLU.I.

Onimmiaza mpoBoguiacs y 2 TypH, y KOXKHOMY 3 HUX

YUYACHHKAM IIPOIIOHYBAJIOCS 110 8 3a/aui.
IEPIIHN TYP
1. Tepmec

¥ cyuacHomy mieri rperskux Gorie ByJHIL posmi-
1eHl Y BUIVIAAL IIOYMCeTBHOT PemiTKy i ITapasesbHi
ocsM x Ta y. Jlyist KosKHOTO Iijoro uyucia Z icHye ropu-
30HTaIbHA BYJIHIA 3 y=2% | BepTUKAIBHA BYJIHIA 8 X=2.
V KoxxHIi#l TOUIll 3 [iJOYNCENEHIMU KOOpAMHATAMU
3HAXOJUTHCSA BYJIHUHe Iepexpectd. Takum unnom, Ko-
JKHA [1apa IIIUX Yucell 3aiae IIeBHe ITepexpecTs. ¥ crie-
KoTHi aui 6oru BignoynBaoTh y Kaderepiax, 1o sEaxo-
IATLCA HA BYJAWYHHUX Iepexpectsix. IlocuisEuit I'ep-
Mec IIOBMHEH HalicjaTH CBiTOBI nmoBisomienus Goram,
10 BifimounBaioTh y KadeTepiax, pyXalouHCh TLIBKU
ByJMIAMY Micta. KoskHe ITOBiIOMIeHES TDH3HAYAETD-
¢s1 TUIBKY IJIs1 OfHOTro Gora, ajye HiYoro He TpamuThCH,
SAKIIO Hioro nobayars ixmIi 6ory.

TloBiomenns OBUHHI 6yTH BiiciaHi Goram cTporo
B 33/[aHOMY [OPAJKY, ToMy ['epMecy JaHi KOOPIHHATH
kacerepiis came B IboMy nopAaKy. I'epmec craprye 3 To-
uyky 3 koopauuHaramu (0, 0). s Toro, o6 HagicaaT
TIoBitoMIeHHA B KadeTepiit 3 koopauHatamu (X, Y)), Te-
pMecy /IoCTaTHRO Bi/IBilaTH IEBHY TOUKY Ha Ifiif ropuso-
HTIBHIN Bysumi (3 y-KoopauHaroio Y;) abo Ha Iii Bep-
TUKAIBLHIN BysuIl (3 x-koopauHaTowo X)), Ilicna Bigmpa-
BKM BCiX 1oBiioMsreHs I'epMec 3yTUHAETHCA.

Bu nosuHHI HamMcaTH MporpaMy, fKa 3a 3aaHOIO0
moctiioBHiCTIO KaderepiiB 3HAXOAUTH MiHIMaNbHY Cy-
MAapHY JOBKUHY LUIAXY, SAKHil IOBUHEH 11poiit I'ep-
Mec /ISt BiICHIIKY BCiX TTOBimOMIIeHB.

Bxidni dani

Ilepumit psiiok BXigHOTrO (aitna 3 iMm’sm hermes.in mic-
THUTE OfiHe IiJie yrcsio N — KiTbKiCThb IIOBiZIOMJIEHbD, AKi IIOBH-
HHi 6yTi Bignpasaeni. Hactynui N paakisB MicTaATh KOOpIu-
Hat™i N ByIMUHUX IIepexpecTb, KyAU OBUHHI 6yTi Hagicaani
nosigomaennst. I1i N psnkis BUSHAYAIOTh MOPANIOK, 3TITHO 3
AKUM ToBMHHI 6yTH HajicjaaHi nosigomiuenHsa. Koscamit is
nux N paaKiB MicTHTB /{Ba IILTHX YKclia: Tepile — X-KOOpau-
HaTa Ta gpyre S Y-KOOp/IMHaTa BYJINYHOTO IIepexXpecTs.

Buxioni dani

Buxigauit daitn 8 iM’am hermes.out nosunen micTuTi
TUIbKH €UHUN PAJOK 3 €ANHNM IILTHM YHCJIOM — MiHIMaIb-
HOI0 CyMapHOI0 JOBXKHHOIO ILIAXY, HeobGximHoro I'epmecy
JJIA BIJICMJIKH BC1X ITOBLIOMJIEHD.

Obmencenns

Ilnst Beix recriB 1=N=20000, -1000=X;, Y;=1000. ¥V
50% recriB: 1=N=80.

Pexomenjanii 100 poss’s3aHHA

OmnuieMo aaropuT™m, 1o IoTpebye KBajpaTUYHOTO Ya-
cy. Hexait, (X, Yo)s+++» (¥, ¥,,) — KoopamEaTH ToUOK. Touka
(%0, Yp)=(0, 0) — mouarroBa. Byzemo pexypenTHo 0GuncIIO-

ITpuxaad exidnux ma euxionux gainie

hermes.out
11

hermes.in

Baru anauenHas A[i, j] ra B[i, j]. A[i, j] — ne miHiManbHA 10B-
JKHHA IIAXY, 38 AKY MOKHA 06ifiTH i TOUOK Ta 3yNHHUTUCH
v (x; yj), a B[i, j] — 1e MiHiMaIbHA TOBKHUHA LIIAXY, 38 AKY
Mo HAa 06iliTH i TOYOK Ta ByNUHHUTHCA Y (X;, ¥;). Maemo:

Alit1, fl=min{ Ali, jH-dlx;, xp), Bli, i+114dly, ]

Bli+1, jl=min{ B, jHd[y; Yy 1y} Ali i+1T+d[x, 2]}

Binmosixaio Gyze: min; {Aln, jl, Bl, n] }, a cknagmicTs an-
TOPUTMY MOKHa OLiHUTH K O(n?).

2. Apremiza

3esc HagaB Apremizi, GoruHi UKol IpUPOLH, TIPA-
MOKYTHY 06J1aCTb [J1 BUpoLyBanHs Jicy. JIisa cTopo-
Ha obacri BifIoBizae BiApisky mogaTHOI YacTHHH oci
QOY, uuskHs CropoHa BiioBifae BigpisKy fopaTHoi yac-
TurHE oci OX, a Touka (0, 0) — JIiBOMY HUKHBEOMY KYTY
obnacTi. 3eBc HamosATas, 100 ApreMija camxana Je-
peRa TiNbKY B THX TOYKAaX obacTi, AKi MaloTk iy Ko-
opauHATH. ApTeMiji rogo6anoch, KOJIH JIic Mae IpHpo-
JHWI BUIVIAZ, TOMY BOHA ca/pKajia JlepeBa TaKUM UH-
HoM, 11100 Bifpisok, AKHH croaydae Gyab-AKy Hapy
nepes, He 6yB napaseasHuM ocam OX ra OY.

Oproro pasy 3eBc 3ax0TiB, 11106 Apremizna spyGuna
JUIsT HBOT'O JIEpeBa, CIIIYIOuN MpaBuIam:

1. 3eBc BuMarae 3pyouru He MeH1Ie T nepes.

2. I106 oTpumaTy PIMOKYTHY (GyTGOILHY ILIOIIA-
nky uist Maii6yTHIX (QyTOOJIbHMX IepeMmor, Apremina
ToBMHHA 3py6uUTH Bel lepeBa BcepeUHi leaKol mpsiMo-
KyTHOI 0671acTi Ta 2K0/{HOrO JiepeBa 30BHi obsacTi.

3. CropoHH 1iei IpAMoKyTHOI o6acTi TOBUHHI 6y TH
napaneasauMu ocam OX ra OY.

4. [TBa mpoTHIIEIKHUX KyTa 06acTi IOBUHHI 3HAXO-
JUTHCA B MiCIAX 3HAXOPKEHHsI JepeB, BiAmoBigHO Ii
JlepeBa TaKkoxK [TOBUHHI 6yTH 3pybaHi.

Tax six ApremiJa JIIOGUTE JepeBa, BOHA XO4e BUKO-
HATH YMOBH, 3py6aBILH IIPH I[LOMY AKOMOTa MeHIIIe Jie-
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pes. Bu nosunHI HanrcaTy Iporpamy, Aka 3a inpopma-
Li€ro mpo MicleaHaxo/PKeHHs epeB y Jici Ta mpo MiHi-
MasbHy Kinekicts mepes T, sxy HeoGXxijHo spybari,
obupae 061acTh BUPYOKU AepeB A1d ApTeMijgn.

Bxioni dani

VY BxigHoMy daiini 3 iM’sm artemis.in nepmmii pagox mi-
CTHUTE euHe Iije uncso N — KiibkicTs lepeB y nici. JIpyrmit
PAKOK MicTUTS eauHe mise ypeao T — MiHIMaTbHA KiTbKiCTh
Jiepes Ais Bupyoxu. HacTynHi N pAIKiB ONHCyIOTE ON0KEH-
ua N gepes. Koskuuit i3 [ux pAAKiB MicTHTE JBa IIMNX 4HC-
na: X ta 'Y, x-KOOp/IMHATY i ITOTIM Y-KOODAMHATY JepeBa.

Buxidni dani

Buxiganit daitn 3 iM’am artemis.out nosusen micrntn
OJIVH PsASOK i3 ABOMa IiauMu uncaamu [ ta J, posfineRuMu
ofHMM IpomyckoM. ApreMi/la MOBHHHa posrasgaTu I-te
IepeBo 3 KOOpAMHATAMH, 3aJaHUMH B psaky [+2 Bxigmoro
¢aitna, i J-e JepeBo 3 KOOPAMHATAMM, 3aJaHHMU B DAIAKY
J+2 BxigHoro gaiina, Ak KyTn obaacTi A1 BUPYOKM Jepes.
Tlopsiiok BHBeJEHHA LUX IBOX UHcesN He cyTTeBmil. fkimo
icHye Jekinbka BapiaHTiB BHOODPY Takol mapu Jepes, B
TIOBMHHI 3HAHTH i BUAATH TLILKY O4WH 3 HUX. [l Beix TecTiB
icHye xoua 6 OfUH PO3B’AB0K.

Hpuxnad exidnux ma euxionux gainie

artemis.in artemis.out

12

D =D W

1
3

Ob6medxcenns

¥ Beix Tecrax: 1<N=20000, 0<X, Y<64000i 1I<T'<N.

¥ 50% TectiB: 1<N<5000.

Pexomenanii nio1o poss’a3aHHg

Hexait f(x, y) — Oe KUIBKICTH Jepes, 110 3HAXOAATHCH
«HHMKYe» Ta «JIiBime» 3a TOUKy (%, y). IlomiTMO, 110 B TaKo-
MY BHIJKY KiTbKIiCTB lepeB y IPAMOKYTHHKY 3 KyTaMH ¢; Ta
ty MOKHA OGUHCIUTH 3a (GOPMYJI0H0:

ft 0ty H(Eoox, toy)—(E 1%, toy) (g%, ty)+1,
SIKIIO ¢ BHAXOMTEHCSA «HHUsKUe» Ta «JIiBime» sa ty i sa 1o4i6-
HOI0 GOPMYJIOIO B iHIIOMY BHIIAIKY .

PosrnsaneMo AekiabKa miaxoiB /1o po3B’ A3aHHA.

1. Tpusiansunii aaroputM. Ileperysj ycix MOMKITHBIX
TNPAMOKYTHHUKIB Ta [iZpaxyHOK JiepeB, II0 JIeXaTh BecepeuHi
KoxxHOTo 3 HuX. Oninka ckaaguocti O (7°).

2. Munamiune nporpaMyBaHHA A1d oGumcienns (t;.x,
t9.y/) A5 Beix ¢y Ta L. Ilicns mporo 06po6siemMo Bel IpsMoKy-

THHKH 3 BUKOpHUCTAHHAM (opMynu. Ominka cKIagHOCTL
0 (n?), ane 3 BuKopucTaHHAM Hopanky O(n?) mam’saTi.

3. CrBopHTH 30BHIIIMi# UK £ IO epeBax, AK KyTax IIy-
kaHol obnacti. s Toro 1mo6 06poGHTH IPIMOKYTHUK 3 KY-
TOM Y ¢, HeoOXifHi Tinbky snavenns f(t.x, ¥) Ta f(*, t.y). Bonn
MOMyTh 6yTH 06UIC/IeH] 3a JOOMOTIOIO aJITOPATMY JHHAMIY-
HOT'0 IIPOrpaMyBaHHs (K 1 y Apyromy ajropurmi). ¥ npomy
BHTALKY CKIaIHiCTE asropuTMmy ckaajgarume O (n*), ane 6yzme
BHKOPHCTAHO JIHIHHKI 06'eM mam’ATi.

4. BincoprysaTu fepeBa 3J1iBa HAIIPABO, & TIOTIM 06pOGIATH
ix y mpoMy Hopsziky. Ko 06po6iseThes HoBe Aepeso t,;, BOHO
JIOAA€ETHCS IO CIMCKY JIepeB, 1110 BiJICOPTOBAHMIT BEPTHKAIBHO.
Maioun mio indopmaiio, MoxkHa mgpaxyBath f (¢.x, t,.y) Ta
[(t -, t.y) JU151 KOIKHOTO lepeBa ¢, sTKe JIiBiIe 3a t,, 3a JiHIHHUIH
wac. ITicas mBpOro MoskHA 0BYMCINTH KLIBKICTE fepeB y Beix
PSAMOKYTHHUKaX 8 KYyTOM Y ¢, — ToAi6Ho o anropurmy 3.

3. BararoxyTHuk

Touxamu GaraToKyTHHKA € SK Horo BHYTpinIHi Tou-
KU, Tak i Toyky Ha rpaHuni. OnykJIuM 6araToKyTHU-
KOM Ha3HBAETLCA TAKUIL DAaraTOKYTHUK, Y AKOMY IS
6y1B-AKUX JBOX Horo Todok X Ta Y Bigpisok, 1o crmo-
srydae X i Y, HOBHICTIO HAJIEXHUTh 6araToKyTHUKY. Yci
GaraTOKyTHUKHU y Li sagadl omyki i micTaTh He MeH-
IITe IBOX BEPIIWH. Yci BepIIMHU 6y b-AKOr0 6araToxy-
THHMKA B IIiii sagaui pisHi i MaloTh IinouncebHi KOop-
nmuaaTy. Histki Tpu BepIINHN He JIOXKaTh Ha OJ(Hiit ps-
Miit. Cl1oBo «GaraToKyTHHK» Hafajll o3HauaTHMe came
Taki 6araTOKyTHHKH.

Tlost gBOX 3a/aHUX GaraToKyTHHKIB A Ta B ix cymoio
MiHKOBChKOIO HasuBaeThCs (irypa, SKa CKIANaEThe 3
yeix Touok BUAY (x1+Xg, Y1tYs), Ae (X1, Y1) — yci MOK-
JmBi Touky GararokyTHHKA A 1 (X, Yp) — yci MOsKIMBL
Touxu 6araTokyTHHKa B. Cyma MiHKOBCBKOTO ABOX Oa-
raTOKYTHHMKIB TaKoM € 6araTOKyTHUKOM. MaJioHok
imocrpye cymy MiHKOBCBKOIO JiJIsl IBOX TPUKYTHUKIB.

9. b -

Byaemo posrisiaTH onepaiio, obeprery cymi Min-
KkoBchxoro. [L1s gasoro GaraTokyTHHKa P HeobXimHO
3HaATH Taki ABa 6araToxkyTHEKH A Ta B, mo:

®P ¢ cymoio MiskoBcbkoro A Ta B;
®4 mae Bia 2 70 4 pisHUX BepIINH, TOGTO Iie Biipisok
(2 BepIIMEN), TPUKYTHUK (3 BepIIMHHA) 860 YOTHPH-
KYTHUK (4 BepIIMHH);
®A noBMHEH MaTH AKoMora GiJiblie BepIiuiH, TOOTO
— A noBHHEeH 6yTH YOTUPUKYTHAKOM, SKIIIO 1[e MO-
2KJTMBO;
— AKmo A He Moxke 6yTH YOTHPUKYTHHKOM, BiH
NIOBMHEH 6YTH TPHKYTHHKOM, SIKIIO 1le MOKJINBO;
— iHaKIIIe Bid MoBUHEH 6YTH BipiskoM.

OueBHU/IHO, 1110 KOfleH i3 6araTokyTHUKIB A Ta B He
Moxe OyTH piBHMM P, OCKLTBKY B IbOMY BUIIAZIKY OJIMH
i3 GaraTokyTHUKIB A a6o B noBuHeH 6yTH TOUKOIO, 110
He € 6AraTOKYTHHKOM 32 OBHAUEHHAM.

Bawm nanuit Habip BXigHUX GaiiiiiB, KOKeH 3 IKMX Mi-
cTiTh onuc GaraTokyTHuka P. J[isi KOXKHOTO BXiTHOTO
(aiiia BU HOBMHHI 3HaliTH 6araTOKYTHUKHI A i B Taki, fK
OIMCaHO BUIIIE, 1 CTBOPUTH BUX1HUIA (haii, 10 MicTUTD
onuc AiB. TapanTtyeTbes, 1110 VI KOXKHOT'O 3 JaHUX BXi-
IHEX daiinis Taki 6araToKyTHUKH icHyI0TS. Ko icHye
JleKiJpKa BapiaHTiB BiAmoBiAl, sanuuliTe 6yAb-AKHI 3
HUX. Bu He moBuHHI 31aBaTH 6yIb-AKi IpOorpaMu, BU I10-
BUHHI 3/[aTH Ha IIepeBipKY JIAIIe BUXiAHI (haitm.

Bxioni dani

Bam JjiaHo Habip 3 10 Bxignux daiinis is Hassamm poly-
gonl.in, polygon2.in,..., polygon10.in, sie uncIo micaa crosa
polygon € Homepom Tecty. Kosxrmit BXinauit daiin Mae Takmit
opmar. [Teprmii psgok MicTuTb OfiHe Iiie uncno N — Kimb-
kicTh BepmmH GaratoxyTHuka P. Hacrymui N pagkis omucy-¢
10Th BepIIMHM GaraToKyTHUKa B IOPAJKY IX 06X0y IPOTH da-
COBOI CTPLIKH, 1O OfHIN BepluuHi B pagky. Pagok I+1 (=1,
2,..., N) Micturs jiBa 1iimnx unciaa X ra Y, posjiieHuX nporry-

A6
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CKOM: KOOpAMHaTH J-0i BepIIMHY 6araTOKyTHHKA. Vei koopau-
HATH Y BXiJIHUX (aitiax — Hesin eMul i ynca.

Buxidui dani

Bu mosuHHi axati 10 Buxigaux Qailiis, BiATOBIHAX fa-
HEM BXiZHEM daitiaM 3 onucaMy LIyKaHuX GaraToKyTHHKIB
A ra B. Tlepimit psok KOKHOIO BUXIIHOTO (aiira IOBHHEH
MICTHTH TEKCT:

#FILE polygon I

e miste uueno I (1=I=<10) € Homepom BigmoBiZHOIO BXIi/l-
Horo daiina.

Iai popmar BUXiiHOrO (haitia noAiGHmit o popmara BXi-
nHoro daitna. J[pyruit pAIoK IOBUHEH MICTUTH O/(He iyie um-
cno Ny — kinbkicTs BepIIHH GararoxyTHnKa A (2SN4<4).
Hacrynsi N 4 psaxis IOBHHHI ONIMCYBaTH BEPITNII faraToky-
THHKA A B IIOPSAZKY 0GX0/y IIPOTH YaCOBOI CTPLIKH, 110 OAHIiE
pepmvHi B paaky. Psakn 3 Homepamu [+2 (I=1, 2,..., Ny)
TIOBHMHHI MieTHTH TI0 [Ba IiaKX yucaa X Ta Y — KOOpAMHATH
I-of Bepumimn GaraTokyTHIKa A. Unena B pAAKY TOBUHHI pos-
JIATHCS ENUHIM ITPOITYCKOM.

Psinox N 4+3 mopuHeH MicTHTH OfHE nisne unesno N — Ki-
sbKiers Beprmun GaraTokyTHuka B, (2=Np). Hacrymai Np
PAAKIB TOBMHHI OIUCYBATH BEPIINHN GaraTOKyTHUKA B Bmo-
pAAKY 06XOy TPOTH YacoBoi CTPLIKHM, To ofHIH BepLINH] B
psapky. Pagxn 3 Homepamu N 4+J+3 =1, 2,..., Np) noussi
MicTHTH T ABa minux umnena X i Y — KoopauHaTH J-0I Bep-
muEY 6araTokyranKa B. Uncia B pA/KY NOBUHHI POSALIATH-
S €{JIHIM IIPOITYCKOM.

Mpuxnad exidnux ma euxionux gainie

polygon0.in

NO oo
(=N -N

[ins maneieHoro BXizHOro (aiina GyL-sKmil i3 ABoX HaBe-
ZIEHNX HIkde BUXiAHUX (ailiiB KOPeKTHHMIA, TAK AK B 000X BH-
najiKax A € TPUKYTHHKOM i He Moxke 6yTi YOTHPHKYTHHKOM.

#FILE polygon 0

-o o

COMNMHNO®

(=1

FILE polygon 0

=0 o

WO W

PexoMeHaallil 11010 po3B’A3aHAA

Xoua obumecamTa cymy Minkoschxoro 3a [BoMa 6araToxy-
THUKAMH HeCKJIaHO, BU3HAYEHHS, UM € [IeBHUIl 6araToKyT-
K cymMoi0 MiHKOBCHKOTO JBOX iHIIHMX 6araTOKYTHHKIB —
NP-nopHa 3ajiaua. OQHAK, 15T Hel icHye TceB0NoiHOMIab-
Huil ATTOPHTM, AKUH YaCTKOBO OIIHCAHO HMKUE.

IlosmauuMo BHXifHUII GaraTokyTHWK sk P. BakaTu-
MeMo, 10 Bill CKJIafaeThes 3 N BEPIINH 3 HeBi/l'€MHUMIL KO-
OpIMHATAMY BUIARY V;=(X;, ¥;), 0<i<N-1, mo nepesiveni B
HATPAMKY IPOTH YacOBOI CTPIIIKM.

Osnauenna. Bysemo HasuBaTH BeKTOp U=(a, b) npumimu-
enum, axmo HCJl(a, b)=1, nearab — i HeBix’eMHi ynca.
A6o, 1110 eKBiBAJIEHTHO, U — npumimueHuil TOAi i TLIEKHA TO-
i, KOJIH BiH He MiCTHTD ILTUX TOUOK BCepeJuHi.

Pebpa P mpeicTaBieni BeKTOpaMH E=v;—v;_1=(a; b)),
1<i<N, ne a;, b; — 1, Ta Bel infleken GepyThest 32 MOZYJIEM
N. Bamicts pebpa (a;, by), sxmo n,=HC]I(a;, b;), Mu posTIAIaEMO
Bimopie npuMiTuBHe peGpo

o= (2 D,
non

HasseMo Toc/TioBHICTIO BeKTOPIB {Ej}) <j<m={1€ih <i<m TIO-
ctigoBicTs pebep GAraTOKYTHIKA, /(e ¢; — IPUMITHBHIA BEKTOP.

HacTyrHe CIIOCTePeXKeHHS € KIIOYOBUM B obuucsieHHi 10-
JaHKiB A, B Takux, wo P=A+B.

Teepdncenns. Koxne npumiTisie pe6po P MOBHHHO GyTi
pe6pom abo A, abo B. fIkmio pebpo He TpUMiTHBHE, Iie peGpo
Mosie Takosk 6yTH cyMoio MiHKOBCBKOTO TTapae bHIX peGep
3ATa3B.

Tenep Mo:KHA 3pOOHTH BHCHOBOK, 10 6araTOKYTHHK Ae
ntomamkom P, Toi i TLIBKM TOAL, KOJIM MOCHIZOBHICTE #oro
pebep Mmae Burasng (ke , e JC1,...,N}, 0skj=n;, k; — iize,
EJEJkJe!:(O, 0), T06TO CyMa BeKTOPIB, 10 IPeCTABAIOTh fo-
ro pebpa, piBHa HYJIO.

Huxde ommcani aaTOPUTMH TOMIyKy AoxaHkis. Ilix gac
oGuMcenHs 6araToOKyTHUKIB-I0/l@HKIB MOXKYTh GyTH OTpH-
MaHi Biji'eMHi KoopauHaTH. Y IBOMY BUIAAKY MH TIOBUHHI
acyHyTH 00MBa IOJAHKH, 106 moabyTues BiJI’€MHHX KOOp-
nunat. e MoxcHa poGuTH, TOMY 10 nigxuii acyB He 3MiHIOE
6araTOKyTHHKA.

Tlomryx Bifpiska K 0JaHKA

BaraTokyTHHK MAa€ BiJIpisoK-A0JaHOK Toai i TimbKM TOAI,
KOJIM 1K MiHIMyM OfHa IIapa BeKTopiB Horo pebep Mae HYJIbO-
By cymy. Basyiounch Ha IbOMY, MOKHA HABECTH TPU aJIIOPH-
TMU 38 3DOCTAHHAM IIBHAKOCTL.

Onucani AITOPUTMU TIOUMHAIOTE 3 IONTYKY TPHMITHBHHX
BEKTOPIB Ui KOXKHOIO 3 pebep, BUKOHYIOUH obYHCcHeHHA
HCJI. [lns 6araToKyTHAKIB, 110 CKJIAAAIOTLCSA JIAIIE 3 puUmMi-
THBHIX pebep, Ijeil KpOK HeroTpibHuiL.

Haiinpocmiwuil anzopumm

Crouarky ofuncsumo peGpa 6aratoxyrHuka. Koxue ped-
PO Mae BUIVISA:

E=(xp=%pYir17Y)=(a0 b)),
e inzexcn GepyThes 3a Moy iem N. Jlani mu oGunciioeMo Bl
HCJI surasigy HCI(a;,b;), Ta opmyemo TocJtiioBHiCTH pebep,
K 11e 6yJ10 onmcaHo Buile. LTi o6uncIeHHA MOKYTh 6yTH npo-
pegeni sa uac O(mN), ae m=max n;=max HC]I (a;,b;)

Il7ns1 KOKHOTO BeKTOpa 3 i€l TOCJIiIOBHOCT MY 0OYHMCITIO-
€Mo ioro cyMy 3 KOKHUM 3 iHumx. Ile MoxxHa 3pobuTH 32 Yac
om'N).

Ioxpauyenuii anzopumm

O6uuca0eMo mocTifoBHicTs pefep AK paHine 3a 4ac
O(mN). BropsiKOBY€EMO TIOCIiJOBHICTb 38 X-KOOPANHATOIO 38
vac O(mN log(mN)).

Tl KO3KHOTO BEKTOPA 3 OCIIJOBHOCTI ITYKAEMO IIPOTH-
neskrmit o Hboro sa yac O(log(mN)). BararbHa CKJIaLHICTE
anropurmy O(mN log(mN)).

Hattweudwuil anzopumm

OGumcIoeMo TIoCTiIoBHiCTS pebep sa yac O(mN). lopaemo
peGpa B XeIn-Tab/ImIlio, BUKOPUCTOBYIOUH IXHIO X-KOOPAMHATY
sk kiou. [lofaBannst BUKoHyeTbed 3a O(1).

Jlist KOsKHOTO PeGpa B MOCTIZOBHOCTI LIYKAEMO B xer-Tab-
i iHie peGpo i3 BBOPOTHOIO X-KOOPAHHATO, 1110 IIPH A07a~
panHi fae Hysib. Ilomyk Buxonyernes 3a yac O(1). aranpaa
ckIagHicTs anroputMy O(mN).

KOMIT’IOTEP Y LLIKOJ1I TA CIM’I Ne7, 2004
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Ilonrys TPHKYTHHKA SIK JIOJAHKA

Haiinpocmiwuii anzopumm

O6uncaoeMo TocaifoBHicTs pefep sK paHille 3a wac
O(mN). ©@opMycMo Bel MOK/IMBL TPilikK Ta MepeBipsemo, i
JIal0TH BOHM B cyMi HyJIb 8a uac O(m’N°?).

IToxpauyenui anzopumm

OBuncII0eMO NOCHiXOBHICTE pefep AK paHime 3a yac
O(mN). BoopsijkOBYEMO IIOCTi TOBHICTE 38 X-KOOPIMHATOIO 38
ugac O(mN log(mN)).

@PopmMyeMo Bei MOKJIEBLI CyMH 3 IBOX BeKTOPIB 3a dac
O(m’NJ ). st wosKHOL TAKOL CYMH 3a J{OIIOMOTOIO ABIlfKOBOrO
MOMIYKY LIYKAeMO iHLIMI BeKTOp, AKMIl y cyMi 3 oGpaHUMK
JIBOMA A€ HyJIb. 3arajibHa CKIATHICTS — O(mll\f log(mN)).

Hadlweudwuil anzopumm

OGurCIoEMO TOCTOBHICTE pebep 3a uac O(mN). Ynopsamiko-
BYEMO TIOCII JOBHICTE 3a x-KoopAuHaTow 3a ac O(mNlog(mN).

Jlist kosxHOTO pebpa k 8 IOCTiIOBHOCT, TPOAUBISEMOCS
TocTiioBRHiCTS 31iBa, 1106 3HANWTH i, Ta cIpaBa, 00 3HAKHTH /,
Taki, mo E,+E+E J=0. OriHKa yacy IIboro aJITOPUTMY CKJIa-
nae O (m*N.

Tonryi YOTHPHKYTHHKA K TOaHKA

Haiinpocmiwuil anzopumm

OGumcI0eMo ToeaifoBHicTE peGep AK paHinre 3a uyac
O(mN). ®opmyemo Bei MOKJIMBI YeTBIPKH Ta TepeBipsieMo,
Y IAIOTH BOHY B CyMi HyJIb 3a qac O(m*NY).

Hoxpaugeruii anzopumm

O6uncaioeMo TocaifioBHicTs pebep AK paHilne 3a dac
O(mN). PopmyeMo BCi MOKIIHBI CYMH 3 TPBOX BEKTOPIB 3a4ac
O(m*N?). Jlns koskHOI TpifikM IIyKaeMo Ha iHIIMIt BeKTOp,
SIKHH Y cyMi 8 Helo Ja€ HyJIb.

Sxmo abepertu pefpa B XelI-TabINIli, BHKOPUCTABIIH iX-
HIO X-KOODJMHATY AK KJIIOY, MOsKHA IIrykaTu 3a yac O(1), T06-
TO 3arajJbHA CKJIaHICTs ckiaage O(m’N™).

Hadiweudwuil anzopumm

O6UHCIIIOEMO TIOCTifOBHICTE pebep sa yac O(mN). Popmyemo
Bei MoskUTHBI cymu 3 ABoX BekTopiB 3a uac O (m*N°) Ta sbepiraemo
iX y Xem-Tabiaumi, BUKOPHCTABIIN IXHIO X-KOOPAHHATY K
rrrod. 1151 KOKHOI TAKOI CYMU IITYKa€MO B Xerll-Tab/IiIl BeKTop,
AKMI Y CyMi 8 IOTOYHHAM fa€ HyIb. OmiHKa uacy 1boro aJropur-
My ckaagae O(m*N*).

(Haui Gyne)

a3
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l'ypxin A.M., BoHpapeHko B.B., firisies LL.I.
IPYTHUU TYP

1. Dinii

Bigomuit faBuborpenskuii cxynsnrop Pigiit rory-
eTheA 0 Mo6yAOBH YeproBOoro BUAATHOTO MOHYMEHTA.
Ilna nporo ffomy noTpibHi MapMypoBi IPSAMOKYTHI -
TKH 3aaHuX posmipisB WX H, WX H,,..., Wy XHy.

Hemopasuo @iziit oTpuMaB BeTMKY IPAMOKYTHY Ma-
pMypoBy wiuTy. BiH Xoue pospisaTé mIWTy Tak, 11o6
OTPUMATH ILUIUTKY 3aJaHuX posmipiB. MapmypoBa mwim-
Ta abo IIUTKa Moske GyTH pospisaHa TiIbKY BePTHKAIE-
HUM a60 TOPU30HTAIBHUM PO3PI30M Ha IBi IPAMOKYTHI
mamnrky. Poapis spificHioeTsea Bif kpato fo kpato. Ile
eAuHMUIL crioci6 pospisaHHSA IIMTH Ta IIMTOK. Bupisani
IIATKY He MOYKHA CIOyYaTy HiAKUM yruHoM. OCKinbKr
MapMyp Ma€ PHCYHOK, IUINTKHM He MOYKHa IOBEPTaTH.
Tobro, sikmo Pixiit BUpisas mmuTKy posmipom A X B, Bo-
Ha He MoKke GyTH BUKOPUCTAHA STK TTUTKA BXA, oKpiMm
BHUNaZKIB, Ko AX B. Bin moxxe Bupisatu 0 abo Ginbire
TTITOK KOXKHOTO 3 TOTPiOHMX posMipiB, i mpu iboMy Mo-
SKYTh BUATH INIATKY iHINIX poaMipiB, siki He 6yayTh BU-
KopucToByBatucst. Pixiit Xode 3HATH, SIK TOTPIGHO PoO3-
pisaTi BHXigHY IHTY, o6 cymMapHa IUTOIIA IUTHTOK,
1[0 He BUKOPHCTOBYIOThCS, GyJia MiHIMAIbHOIO.

Hanpukiaz, Hexall IIMpHHA BUXiZHOL IUIMTH piBHA
21 i Bucora piBHa 11, a 3agani posmipu muTok: 10x4,
6x2, Tx5115x10. Toxi miHiMaIBEHA MOMJIMNBA ILIOLIA
IUINTOK, 1110 He BUKOPHUCTOBYIOThCA, pieHA 10. MasroHox
Lirroetpye opuH i3 crioco6iB pospisaHHs BUXiHOL IUTHTH.

10x4 10x4
6x2 6X2 6X2
7%5 7X5 7X5

Tpeba HanncaTu Iporpamy, AKa 3a BaJaHHMHI PO3Mi-
paMu BuXizHoi miuTH i posMipaMu HOTPiGHUX ILTATOK
obumcTioe MiHiMaTBHY CyMapHy IUIOILY TUTHTOK, IO He
BUKOPHCTORYIOTHCS.

Bxioni dani

¥ mepuriomy pafgky BxigHoro daiiia phidias.in mic-
TAThCA JiBa Iinux yucaa, Ilepme unciao W — mupuna
BUXigHOI IwInTH, Apyre H — BHcoTa BUXiZHOI ILIUTH.
Hpyruii pagox MicTUTh eguHe nije yucno N — Kijb-
KicThb noTpibHux poamipis minrok. Hactynni N pankis
MicTaTh MOTPiGHI posmipu mwnTok. KosxHuil is mux psi-
AKiB MicTHTS 10 /Ba Uinux uucna: W; — wupuny i H;
— Bucory (1<i<N).

(IIpomosoxenHs, moyaTok y Ne7 3a 2004 p.)

Buxioni dani
Buxiguuit daitr phidias.out moBunen micrutu ogHe

nise YHMca0 — MiHIMaTBLHy CyMapHy IUIOIIY ILIMTOK,
1110 He BUKOPUCTOBYIOTECH.
Hpuxnad exidnozo i euxidnozo gaiinie

phidias.in phidias.out

21 11 10

Ob6mesncenna

V¥ Beix BxizHux daiinax 1=W=600, 1<H=<600,
0=N=200,1=W;<W i1<H;<H.V 50% recris: W=20,
H=<20iN<5.

Pexcomenpmauii 1010 posp’s3aHHsa

Jlns1 po3B’A3aHHA 3aCTOCYEMO NPHHIMUI JHHAMIYHOTO
nporpamysanss. Hexait a(x, y) — He BUKOpHCTaHa IUIOLIA
JUIs IPSIMOKYTHHKA (X, y ), 1sx<W, 1sy=<H.

‘CriouaTky Hagamo a( x, y )=xy, Il KOXHoro (X, Yy ), 38 BU-
KJIOYeHHSAM THX, 110 BiHOBiZa0Th HOTPIGHMM ILTHTKAM.
ToGro, xiA KosKHOro a(x, y) ae x=w; ra y=h; (1<i<N)
a(x,y)=0. 0na nauTky (X, y ) PosrJIAHEMO BC1 BePTHKAJb-
Hi pospisu ¢ = 1, 2,..., x—1, Ta Bci ropu3oHTAIBHI po3pisu
¢=1, 2,..., y—1 ra obupaeMo pospis, 3aBAAKH AKOMY 3aJIH-
IaeThesA HaliMeHIIA TUTOINA IUIUTKH, 1[0 He BUKOPHCTOBY-
ersesa: a(x,y)=a(c, y)t+(x—c, y) abo a(x, c)ta(x, y—c)
JLIST [esIKOTO C.

2. ®epmep

Depmep Mae JeKiIbKA TI0JIB, Ha TPAHUIT KOSKHOTO 3
SKHUX POCTYTh KHITapHCOBi fepeBa. ¥ (epMepa TaKOkK €
CMYTH 3eMJIi, Ha KOYKHii 3 AKAX POCTE PSIT KUTIaPUCOBIX
nepeB. Ha rpaHUIAX mOJIiB i Ha eMyTrax Misk KOMKHOIO ITa-
POIO MiZPSI/ CTOSIYMX KHIIAPUCOBUX JIEPEB POCTE OIHE
OJINBKOBE JIepeBo. ¥ ¢i KUIIapHCcoBi fepeBa depMepa poc-
TyTh a60 110 IPAHMILL 10/, a0 Ha cMysi, 1 Bel oIMBKOBL
JiepeBa (hepMepa 3HaXOAATHCS Mi IBOMA CyciHiMu K-
TIApHCOBHMH JiepeBaMH Ha TPaHUIIL 1oJid a6o Ha cMysi.

OpHoro pagsy (epMep CHIBHO 3aXBOPIiB i Biguys, 1110
CKopo noMpe. 3a JleKinbKa AHIB Jjo cMeprTi BiH 1Mo3BaB
CBOT'O CTApIIIOro CHHA i ckasaB fomy: «f samosizao To-
61 6yap-AKi @ KHIIapUCOBUX [epeB Ha TBiil Bubip, a Ta-
KO0 yci olMBKOBI JiepeBa, AKi pocTyTh Mix Gyab-sKn-
MU JIBOMA IIIPSAJ] CTOSYNME KUIIAPUCOBIMY IepeBaMu,
obpaHuMU TOG0IO» . 3 KOYKHOTO II0JIA 1 3 KOMKHOI cMyru
CHH Moske 06paTi 6y/1b-aKy KoMbinarito nepes. Tak six
cTapIInii CHH JI06UTH ONIMBKH, BiH X04ye o6paTi Taki @
KHUMapHCOBHX JIePEB, SKi A03BOIATH HOMY ycmagKyBa-
TH AKOMOTa 611BITY KiJIBKICTH OIMBKOBHUX JIEPEB.
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Mone 1 micTuts
13 kunapucoBux gepes

A

Mone 2 micTuts 4
KMNapucoBuX flepeBa

Mone 3 micTuth 8
KMNapUCoBMUX iepeB

o—0——0—-=0

Cmyra 1 MicTUTL 4 KMNapucoBux Aepesa

o—0——0—0—0——0—~—0—->0
Cmyra 2 MicTUTb 8 KUMapUCOBUX AepeB

o0—0—0—~0—~0—->o0

Cmyra 3 micTuTh 6 KMNapUCOBUX flepeB

Puc. 1. Ilpukian posMilieHHA KUIapUCOBUX JlepeB
(oIMBKOBI /lepeBa He 306paeHi)

PosriisiHeMO NPUKJIAJ, KOJIM CUH OTPUMYE JJIS I10-
JiB i cmyr, 306paskenunx Ha puc. 1, Q=17 kunapucoBux
nepes. Ilns Toro, 1106 MaKCHMiByBaTH KilbKicTh ycma-
JKOBAHUX OJMBKOBHX JepeB, BiH MOBHHeH o6paTu Bel
KuUnapucosi fepesa Ha noxi 1 i moii 2, orpumMas, TakuM
uuHOM, 17 OJIMBKOBUX JIepeB.

Heo6xifHo Hanucaru nporpamy, sika 3a iHdop-
MaIli€io mpo IoJsi, CMYrHM Ta KiJIbKicTh O6MpaHMX
CHHOM KHIIAPHCOBHX [epeB, BHU3HaYa€ HaUGiiIbIIy
MOXKJIMBY KiNBKICTB OJIMBKOBHX ZI€PEB, SIKe CHH MOXKe
yCHaKyBaTH.

Bxioni dani

Tleprnit pagox BxixHOro aitna farmer.in MicTuTs
TPH UUIMX YucIa @ — KiNbKiCTh KMITAPUCOBUX JiepesB,
SKY IOBUHEH 00paTH CHH, TOTiM M — KiJIBbKiCTh MOJIiB
1K — kinekicrs emyr. Ipyruit pagox Micturs M minux
uucesn Ny, No, ..., Npy — KITBKOCTI KUTTAPUCOBUX JlepeB

Ha nonax. Tperiit pagok mictuts K uinux uncen Ry,
Ry, ..., Ry — KiTBbKOCTI KUIAPHCOBUX JIepeB y CMyTax.
Buxioni dani

VY equHOMY PAAKY BUXimHOrO (haiina farmer.out mo-
BHHHO 3HAXONWTHCSA OJHE I[iJIe UHCIO — HaWbiIbIIa
MOKJIMBA KiJIBKiCTh OJIMBKOBUX AiepeB, Ky MOe ycC-
TaKyBaTH CHH.

Ob6mescennA

¥ Beix recrax 0<@Q<150000, 0=M <2000, 0=K <2000,
3<N,=<150, 3=<N,<150,..., 3=<N,<150, 2<R;<150,
2<R,<150, ..., 2<Rg=<150.

BarayipHa KiMBKiCTh KHTIAPHCOBHX JiepeB Ha HOJIAX 1
B cMyrax GinbIra a6o piBHa Q.
V 50% TectiB @=<1500.

IMTpuxnad éxidnozo i 6uxidnozo gaiinie

farmer.in farmer.out

3 17
8

I

73
34
86

Pexomenpauil 11010 po3s’sIsaHaT
Hexait g; — 1e nose a6o cmyra. Ilosnauumo AK n; Kitb-
KicTh KuMApHCiB y mout abo emysi. SIKIO MU IO3HAYMMO AK €;
— KiTBKiCTh OMMBKOBHX ZePes B g;, MATHMEMO €;=1;, SIKIIO £;
Iie ToJte, Ta ;=n;—1, AKINo g; — cMyTa.
PosrisiHeMo HacTyOHyY 3azady (BiZomy mif HasBoio
«Prok3ax»)

n+m
maxz_ (i Be
i=

n+m

g Ui =Q rax;€{0,1},
i

e n, m — KUILKICTH HOJIIB Ta cMyT BiATIOBiTHO.

OnTuMabHMI PO3B’A30K X%, 1 <i<n+m CKIafacTHCs 3 mf-
MHOXHHH g; TAKOI, IT0 CyMapHa KLTBKICTh KHTIApHCIB y Hilt sk
MaKCHMyM @, i 3arayibHa KiTbKiCTE OTMBKOBHX JIepeB MAKCHMA-
JpHa. OfHAK, Y 3araJbHOMY BATIAIKY

+m

n
Q= zi_lnix, <Q.

Hxmo e Tak, To Tox icHye g; Taxe, mo x;* =0ran;>Q-Q’,
B iHIIIOMy BHIAZKY OOTUMYM Moke GyTH IOKPAILeHUIT IIPX [0~
JiaBaHHi 10 po3B’A3Ky g; (1o CynepednTs HOro ONTUMaIbHOCTI).
TaKuM YHHOM, IO/IABAHES JIaHIpora 3 @ — Q' Kumapucis 3 gj, Ta
@ — Q-1 O/IMBKOBHX JIepeB JI0 ONTHMAILHOTO PO3B’ABKY 3a/avi
«Prokaak», OImcaHol BAINe, IPH3BOAHTE A0 PO3B’A3KY BUXiZHOL
safaui. Bagaua « Proksax» Moxxe GyTH po3B’sI3aHA 3a Yac IOPSIL-
Ky O((n+m)Q) 3a LOIIOMOro0 aIrOpHTMY AMHAMIYHOIO IIporpa-
MyBaHHSA.

3. Emmopio

Bigomuit maTemaTuk Ta disocod Iidarop BBarxkas, 1o
peasbHICTE Ma€ MaTeMaTHUHHIH XapakTep. CydacHi 6ioo-
' BUBYAIOTH BJIACTHBOCTI GionocaidosHocmeil. Biomoci-
JIOBHICTH — Iie HocyioBHiCTE M IIHMX Ynce, siKa:

eMicTuTh yei i uuena 0, 1,..., M—1;
erounHaeThes 3 0 1 sakinuyerses uneaom M—1;
®He Mac [BOX miApsiz exeMeHTiB E, E+1 came B iboMmy

TIOPARKY.-

ITignocumioBHieTs esleMenTiB GiomocmizoBHOCTI, 110
CJIYIOT MDA, HA3UBAETECH CE2ZMEHTLOM.

CermeHT GiomocioBHOCTI HasMBaEThCA (peilm-iH-
mepeaiom, SIKIIO BiH MicTUTE yci i uyucna, sHaUeH-
HS SKUX 3HAXOAATHCH MiXK B3HAYEHHSMM II€PLIOTO it
OCTaHHBOT'O eJleMeHTiB cermeHTa. IIpy 1{bOMY NepIIHit
eJIeMeHT MOBHHEH OyTH HallMeHIINM y CerMeHTi, a
ocraHHi eJleMeHT — HaiGLIBIINM y cerMeHTi i Bifpia-
HATHCA Bif nepmoro. PpeiimM-iHTepBan Ha3UBAETHCH
emnodio, KO BiH He MIiCTHUTH ycepequHi cebe GinbIm
KOpOTKUi (peitM-iHTepBa.
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Hx mpuxJay posrisHeMo Gionociigoswicrs (0, 8, 5,
4,6, 2, 1, 7). Yea 6ionocnifosHicTs € dpeiim-inTepsa-
JioM. ITa GiomocifoBHiCTS, Y CBOKO Yepry, MicTHTB iH-
it dpeitm-inrepsai (3, 5, 4, 6), i, BixmosigHo, BoHA
He € emmogio. Ppeiim-inrepsai (3, 5, 4, 6) He MicTHTE
6imbIn KopoTkumit ppeiiM-iHTepBan, i ToMy, BiH € emro-
nio. Ileit dpefim-inTepBan € equEUM eMuozio B Famiil
6GiomocuriorHOCTI.

Tpe6a HamucaTH Iporpamy, SKa 3a 3a{aHolo 610moci-
JIOBHICTIO BHAXOANTD YCi eMIIofio, AKi B Hilt MicTSTECS.

Bxioni dani

Tlepmmit pazgok BxigHoro daitna 3 im’ssv empodia.in
MiCTHTE e/iuHe 1ie yucao M — KimxpKicTs mixux yncesn
v Bxinniit 6iomocigosrocri. Hacrynui M psaxis mic-
TATH LI umcsla — eeMeHTH GionocizoBHoeTi. Kosxk-
Huit i3 mux M pagkiB MicTUTS €guHe Iie ynco.

Buxioni dani

Ilepmwuit pagok BuxigHoro daitna 3 im’sm empo-
dia.out mictute egune mime umeno H — kimbkicTs
eMIofiio, AKki MicraThes y BxigHii 6iomociigoBHoceTi.
Hacrynui H paaxiB onucyors yei Hassui emMiiogio y
BXixuii Giomocmigosnocti. Koxen i3 1ux pagkis mi-
CTHTD iBa Iinux uncaa A Ta B (came B TakoMy oS-
KY), PO3/IiIeHNX IIPOIyCKOM, e A — IOPSAKOBHI
HOMep eJieMeHTa BXifHOI GlomocnigoBrOCTi, AKUI €
TIepIINM eJleMeHTOM eMIojio; B — mopsajakoBui Ho-
Mep eneMeHTa BXifHoi Giomocxizosmocti, Akmit €
OCTaHHIM enemenToM emmozio. EmMmonio meo6xizmo
BHBOJUTH B IOPAAKY 301MbIIeHHs yncna A.

Ob6mesncenns
st oHoro TeeTy 1000000<M <1100000.

Jlns Beix inmmx TectiB 1<M <60000.
¥ 50% recriB M <2600.

IMpuknad exidnozo i suxidnozo gaiinie

empodia.in empodia.out

1
25

hUIWO®

Pexomenpnanii noso poss’szaHus

Il 3a1aua BHHMKIIA Y IIPOLECi IOCITI e HH s «BicTami» Mixk
TeHOMaMU POCIIHH Ha Mexki Hayk indopMaTiku Ta 6iosorii.
Byuo gocninskeno 6araTo MeToAiB PosB’A3yBaHHA miei 3a-
Aiadl, Ta HAUIIBUAIIMIT BifoMui 3 HUX mOTpe6ye JTUIe JIiHii-
HOTO Yacy.
Unrauis, AKUM IiKaBO BUBYMTHU 110 IPO6IeMy, BificHiae-
MO /IO Bi/IIOBITHMX HAyKOBHX craTeif, SKi MOKHA 3HAUTH B
mepexxi IHTepHeT:
®Bader, Moret, and Yan. A Linear-Time Algorithm for
Computing Inversion Distance between Signed Permuta-
tions with an Experimental Study. In Lecture Notes in
Computer Science, editor, WADS: 7th Workshop on
Algorithms and Data Structures, volume 2125, pages
3656—-376, 2001.
®Piotr Berman and Sridhar Hannenhalli. Fast Sorting by
Reversal. Proceedings of the 7th Annual Symposium on
Combinatorial Pattern Matching, pages 168—185, 1996.
#Sridhar Hannenhalli and Pavel Pevzner. Transforming
Cabbage into Turnip. Proceedings of the 27th Annual
Symposium on Theory of Computing (STOC95), pages
178-189, 1995.
Tlocunanus InTepHeTy, peKOMEHOBAHI 4715 TIePerJIsLy:
www.uoi.kiev.ua;
www.i0i2004.0rg;
http://olympiads.win.tue.nl/ioi/.
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