JInHaMmaecKoe IIporpaMMIpPOBAHKE 10 IIPOMIITIO

B. Bacunesckmnii

K Go/IbIIMHCTBY OJIMMIIMAIHBIX 33729 OrpaHuYeHusl (110 BPEMEHH, O
HAMSATH) KIOPH [0AOUpaeT [0 IPUHIMILYY <«Kak MOXKHO Gosibuies. To ecrb
4TOOBI JIFOObIE Pa3yMHBIE PEAJIN3AINY IIPABUIBHOIO PEIIeHNs IPOXOIHIIN,
BCE OCTAJIbHOE — HET.

Korya Berpevaercst 3a/1a9a ¢ MaJIEHBKIME OTPAHUIEHUSIME (HAIIPUMED,
1o 10), 1o o3HauaeT, 4To subO aBTOP HaAMepPeHHO cOuBaer Bac ¢ npasuib-
HOI'O IyTH, JUOO JeHCTBUTEIHHO ITa 33Ja9a PEIIAeTCs KAKAM-TO (OITUMU-
3UPOBAHHBIM) [IEPEOOPOM.

JluHaMudecKoe IporpaMMUPOBAHUE 10 IPOMUII0 — OJIHA U3 TaKUX OIl-
TuMu3anuii. JacTo B TaKUX 3aadYax JeJI0 MPOUCXOIUT HA IPSIMOYTOJIbHOM
TabimIe, oJiHA U3 pa3MepHOCTell KoTopoii mocrarouno masa (He Gosee 10).
Tpebyercst TpOBEpUTH CYIIECTBOBAHUE, MOCUUTATH KOJUIECTBO CIIOCOOOB,
CTOMMOCTb U T. 1. (KaKk B OOBIYHOM JMHAMMYECKOM IIPOTPAMMUDOBAHUM).
AcuMITOTHKA AJrOpUTMa, OCHOBAHHOI'O HA ITOW HJIiee, sIBJISIETCS SKCIIOHEH-
IMAJIbHON TOJIBKO 110 OJHOII pa3MepHOCTH, & 110 BTOPOIl — JiuHeilHas niaIu
Jake JIydIre.

HeKOTOpBIe 0003HaYEHNS 1 orpenae/JieHnd

Mampuuet pazmepa n X m Ha3BIBAETCS MPAMOYTOJIbHAS TAOJIHUIA 1 X M,
COCTABJIEHHAS U3 YUCEL.

OO6BbIYHO MaTpHIBl 0DO3HAYAIOT 3arJIaBHBIMEU JIATHHCKUMH OYKBaMU.
DJIeMeHT i-if CTPOKH j-ro cTos101a MaTpuibl A 0003HAYAIOT YE€PE3 G UIN
ali, j] (cooTBeTCTBYIOMAS MATEHbKAs JATHHCKASA OyKBa C MHIEKCAMH).

B
IIpoussederuem dsyx mampuy, | ° u °°, Ha3BIBAETCA MATPUIA TaKas

c
nxk’ aTo

Cij = Zaitbtj. (1)
t=1

B srom cayuae mumyT: C = AB.
D 6 cmenenu k (D¥), npn yciosuu, uto D — kpajipaTnas (T. e. n.=m)
ONPEJIEISIETCST CITETYIOMIAM 00pa3oM:
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e D= F (enunmdanas MaTpmua), Te

100 0
01 0 0
p_| 001 0
000 ... 1

Ha pmaromasm y Hee CTOAT IUHUIIBI, B OCTAJbHBIX KJIETKAX — HY-
su. OHa He 3psi HA3BIBAETCs €JIMHUYHONW — TIPU YMHOXKEHWN HA Hee
MaTpulia He usMmensiercsa: AE = FA = A.

e Di=Di"1D, i>0.

B mpuBogumom Kojie 6ymeT ucmoab3oBaThes MyHKIud bit(x,1), Bo3-
BpAINAIONIAsl eIUHUIY WJIN HOJb — i-if OUT B JIBOMYHON 3alUCH YUCIIA T
(Hy™mepanust GUTOB ¢ HyJIs).

// BO3BpamaeT i-# 6uT umMcia X, HyMepauus C HyId
function bit(x, i : integer) : integer;
begin
if (i < 0) then bit := 0 else
if (x and (1 shl i) = 0) then bit := 0 else bit := 1;
end;

3azmava 0 3aMOIIEHUN IOMHUHO

YT1006bI MOHATH, YTO TAKOE JUHAMUKA IO TPOdMIio, OyIeM paccMaTpu-
BaTh pa3HbIe 33/[a491 U Pa30upaTh UX PEIIEHHs ¢ IIOMOIIBIO 3TOr0 IPUEMA.

L1t Haga 1a pacCCMOTPUM M3BECTHYIO 3a/1a9y: TaHa TaOJIUIA 1 X 1M, Hy K-
HO HAWTHU KOJIUMIECTBO CIIOCOOOB IMOJIHOCTHIO 3aMOCTUTH €€ HelepeKPbIBaO-
IIIMUCST KOCTSIIIKAMHI JOMUHO (psiMoyTobHAKamMu 2 X 1 1 1 X 2). Cunraem
n,m < 10.

3aMeTuM, UTO B IPOIECCE 3aMOINEHUs KaXK/ias KjaeTKa Tabnipbl OyaeT
WMEeTH OJIHO U3 JIBYX COCTOSHUI: MOKPBITA KAKON-HUOY/Ib JOMUHOIITKON Min
ver. YTOOBI 3aIIOMHUTH COCTOSTHIAE KJIETOK OJTHOTO CTOJIONA, JOCTATOIHO O/
HOl mepemenHoit P tuna integer. Ilosoxkum i-it 6utr P paBubIM 1, econ
i-s1 CBEpXy KJIE€TKa JAHHOTO CTOJOIa 3aHdaTa, 0 — ecau cBobomHa. Bymem
TOBOPUTH B TAKOM CJIydae, 9T0 P — OuToBas KapTa HAIIEero CTojoma.

Teneps magum ornpenesieHne 6A30BOM JTMHUU U TPOMUIIS.

Baszo60ti aunueti OymeM Ha3bIBATH BEPTUKAJIBHYIO MPSIMYIO, ITPOXOJIs-
IIYIO Yepe3 y3JIbl TabJINIIbL.

MozxHO 3aHyMepoBaTh BCe 0A30BbIE JINHUU, IO MOPSJIKY CJIEBA HAIPa-
BO, HauWHAas ¢ Hyad. TakuMm ob6pa3om, 6a30Bas JUHUS C HOMEPOM i — ITO
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psiMasi, OTCEKAIOIIAs ePBbIE ¢ CTOJIOIOB OT BCEX OCTAJILHBIX (€CaM TaKue
HMEIOTCS).
OrHbiHe yepes b; Oynem 0603HaYATH OA30BYIO JIMHUIO C HOMEPOM 1.
Cronbupl 3aHyMepyeM Tak: cjeBa oT b; Oyuer cToJjiber] ¢ HOMEPOM 4.
Hpyrumu ciioBaMu, CTOJIOEI] C HOMEPOM ¢ HAXOJIUTCS MEXKIy b;_1 1 b;.

bo bi—1—> T <« b;

Puc. 1. IIpoduns Gymer takum: 1001012 =1 + 4 + 32 = 37 (3amaTsl nepsas +
TpeTbst + IIecTasi KJIETKH).

IIpogunem st Gaszosoit smanm ¢ HomepoM ¢ (b;) Gyzem Ha3bBATH OH-
TOBYIO KapTy JJIsl CTOJIOIA C HOMEPOM % IIPH CJIEIYOIINX JOIOJHUTEIbHBIX
YCIIOBHSIX:

1) Bce kjeTKu ciieBa OT b;—1 y¥Ke IOKPBITL;
2) B i-M crouiblle HET BEPTUKAJIBHBIX JOMUHOIIEK;
3) cuuraercs, 4TO CIpaBa OT b; HET MOKPBITHIX KJIETOK.

[TepBoe yciioBHe BO3HUKAET OT KEJAHUSI CIUTATH KOJIMIECTBO CIOCOOOB
[IOCTEIIEHHO, CHAYAJIA PACCMATPHUBAs MEPBBIA CTOJIOEI, TOTOM BTOPOH IpH
YCJIOBUU, YTO MEPBBIH yKe 3alOJHUIN U T.J. BTopoe m Tperbe BBOJISTCS
JI7IST TOTO, IYTOOBI OJIMH U TOT K€ CIIOCOO MOKPBITUs He OBLT MOCUUTaH Oojee
o/tHOTO pasa. TOYHBIN CMBICII 9TUX YCJIOBHIA Oy/IeT PACKDBIT HUXKE.

st kazkgoro npoduiis p; 0a30Boit uHUM b; ONMPEIEUM MHOMKECTBO
npoduteit po 6a30Boit JuHUU ;1 1, KOTOPbIE MOT'YT OBITH W3 HETO IOJIyYe-
upl. Ha Tabimity, COOTBETCTBYIONIYIO P1 (TO €CTh BCe KJIETKH CJieBa OT b;_1
[IOJIHOCTBIO TIOKPBITHI, B 4-M CTOJIOIE KJIETKA OTMEYEHbBI COMJIACHO P1), MOXK-
HO KJIACTH JIOMUHOIIKHU TOJIBKO JIBYX THIIOB:

1) ropusoHTaJBHBIE JJOMUHONIKH, KOTOpBIE Iepecekaror b; (To ecTb Je-
JIATCH el TOIoJIaM );
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bo TR B O B PR
pl | p2

Puc. 2. p1 =37, p2 = 2; HETPYAHO 3aMETHUTD MO PUCYHKY, YTO U3 Pi MOKHO
nosryauThb p2. Takum obpasom, d[37,2] = 1.

2) BepTHKAJIbHBIE JOMHUHOIIKY, KOTOPBIE JIEXKAT CJIEBa OT b;.

Takxke JOJIZKHBI OBITH BBIIIOJIHEHBI €CTECTBEHHBIE JONOJTHAUTEJIbHBIE YCJIO-
BUA:

1) HOBBIE JIOMUHONIKK HE JOJIKHBI IEPEKPBIBATHCS JIPYT € JPYTOM;
2) OHU JIOJZKHBI IIOKPBIBATH TOJHKO HE3AHITHIE KJIETKH;
3) KaxkJas KJETKa i-ro CTOJIOIA J0JKHA ObITH IIOKPHITA.

Burosas kapra crosbma i + 1 u 6ymer BO3MOKHBIM TPOMUIIEM Ps.

O4eBUIHO, ITO TOJIYICHHBIN TAKIM 00pa30M MPOMUIb Py NEACTBUTEb-
HO YJIOBJIETBOPSIET BCEM YCJIOBUSIM, HAKJIAIBIBAEMbBIM HA TPOMUIIb.

Iycre d[p1, p2] — KomuecTBO crioco6oB u3 npoduis py (st b;) mosry-
quth Py (myist bi1). OdeBumHO, [ JAHHON 3aa49U 1IPO JOMUHOMIKU 3TO
YUCI0 MOYKET OBITh TOJILKO €JIMHUIEH win HysieM. Pasinunbie 3agadu Oy-
JIyT OTJIMYATHCA B OCHOBHOM TOJILKO 3HaUeHusIMU d[p1, pa.

3amerum, uTo Beero nmpodumiteit 2: ot 00...02 =010 11...15 =2" — 1.
ITosTromy B mannom ciyuae marpuria D Oyner umers pa3mep 2™ x 2™,

IIycTsb Tenepsb ali, p] — KOJIUYECTBO CIIOCOGOB TAKUM 06Pa30M PACHOJIO-
JKUTh JOMHMHOIIKH, 9TO p — Ipoduiib Jjist b; (Takum o6pa3oM, Bce KJIETKU
JieBee b;_1 MOKPBITDI).

Hanuimem pekyppeHTHOE COOTHOIIEHYE.

e Havasnbubie 3navenus (i = 1):
all,0] =1,
a[17p2]:07 p2:1, ey AL
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e O6maga dpopmyma (i > 1):

2" —1

ali,p1] = Z afi — 1, pa] d[t, p1] (2)

SameTum, 9T0 st 6a30BOI JIMHAN HOMEDP 1 CyIIEeCTBYET € IUHCTBEHHBIN
npodbumwib (To ecTh GUTOBag Kapra, yJOBJIETBOPSIONIAs yCIOBUAM MPODU-
JIsT) — KapTa HEe3aIOJHEHHOTO CTOJIOIA.

Otrser Ha Bompoc 3aigauu Oyger samucan B a[m + 1,0]. Omubkoii 6bt
ObLJIO CYUTATH NPABUILHBIM OTBETOM YHCJIO a[m, 2" — 1], Tak Kak B 9TOM
clydae He yYHUTBIBAETCS BO3MOYKHOCTH KJIACTh BEPTUKAJIBHBIE JIOMUHOIIKA
B IIOCJI€HEM CTOJIONE (CM. BTOPOIi ipuMep).

O6cynuM «CTpaHHBIE» YCJIOBUS Ha JIOMUHOIIKU IIPH [TOJIYIEHUN OJTHOTO
npodmitst w3 apyroro. Kasamoch Obl, 32a0BIT €Il OWH TUI JOMUHOIIEK, KO-
TOPBIE MOT'YT y9IaCTBOBATE P (DOPMUPOBAHIK HOBOTO TPOMUIIst, & UMEHHO
MOJIHOCTBIO JiexKarue B c¢rosiore i + 1. Jleso B ToMm, 9T0 ecyin pas3pernuThb
UX, TO HEKOTOPbIE CIIOCOOBI 3aMOIIEHUs Oy/IyT CUUTATLCS 00JIee OJIHOTO pa-
3a. Hanpumep, nycts n = 2, m = 2. Torma d’'[0][3] = 2, Tak KAk MOXKHO IO~
JIOXKUTD JINOO J[BE BEPTUKAJIbHBIE JOMUHOIIKH, JIMOO JBE TOPU3OHTAILHBIE.
Ananornuno, d'[3][3] = 1 (MOXKHO MOJIOKUTE OJIHY BEPTUKAJIBHYIO). B urore

D = A=

—_ o O
O = O O
o O = O
= o O N
oo o
—_ o O
N OO W

VmeeMm HenpaBwibHbI OTBeT 3 (MOXKHO MOCYMTATL BPYYHYIO, 9TO Ha
CaMOM JieJie OTBeT 2).

Hampotus, ecin cjenoBarh JaHHOMY NPABUIY IIOJIYyYEHHUS U3 OJHOIO
npoduiisi APYroro, TO MOKHO yOEIUTHCS B BEDHOCTU BBIYUC/ICHUN.

VYupaxuenwue. JJoxazamov, ¥mo ali,p] 6buucAemes npasuibHO.

Bor xkakumu 6yayr D u A eciiu n =2, m = 4:

= O O
O OO
SO~ O
o O O =
oo o+
[ Rl e R Y
— O O N
N OO W
W O O ot

Taxum 06pa3oM, 3aMOCTUTH JOMUHOIITKAMEI TAOJIUILYy 2 X 4 MOXKHO 5 CIT0-
cobamn, a Tabmuiy 2 X 2 — nymst. Ecsm emorpers a[m, 2™ — 1], To nomyanm
2 u 1. OueBuHO, YTO TAOIHUILY 2 X 2 MOXKHO 3aMOCTHUTD JIByMsl, & HE OJIHUM
c11ocoOOM: TIPOIIYIIEH BAPUAHT, KOTJA KJIAIYTCs JIB€ BEPTUKAJIbHBIE JTOMU-



Jlunamuveckoe npozpammuposarue no npoPhuto 105

Homku. B ciaydae 2 X 4 mpomyIeHsl TpU 3aMOIEHUsT — BCe CIIydau, KOTJIa
MTOCJIETHUM CTOJIOeI] MOKPBIT BEPTUKAJILHON JIOMUHOIIKOM.

CymecrByer JiBa criocoba st Beraucjennss D. Ilepsoiil 3akioyaercs: B
TOM, YTOOBI JIJIsI KazKJ0i1 apbl Ipoduseil p; u Py NPOBEPSATH, MOYXKHO JIA U3
P1 HOJYYIUTH Py OIMUCAHHBIM CIIOCOOOM.

[Ipu BTOpPOM crocobe st KarKI0ro MpOGUIs p1 MBITAEMCS €ro 3aMo-
CTUTH, KJIAJIsl TTPU ITOM TOJIBKO JOMOHOIIKY PA3PEIIEeHHBIX ABYX THIOB. Jljs
Beex npoduiieii py (M TOJABKO Jisi HUX), KOTOPBIE IIPU ITOM IIOJIYYAJIUCH B
carepyromieM crosibe, nojoxkumM d[pl, p2] = 1. B GobmuHCcTBe Cilydaes 30T
criocob 6oJiee SIKOHOMUYIHBIN, TAK YTO JIOTHIHO MCIIOJIB30BATH MMEHHO €ro.

Huxke mpuBemeH Koj peKypCHUBHOIM MPONELYpPhI, KOTOPas 3aIOJIHSIET
cTpoky d[p], TO ecTh HaxOAUT Bee NPOMUIN, KOTOPHIE MOXKHO IIOJIYyYUTh U3

p:

procedure go(n, profile, len : integer);
begin

// n - #u3 ycuoBusd 3amavu

// profile - Terymmii mpoduiIb

// len - gpmuma profile

if (len = n) then begin
// xak Tompko profile IONyYMICH OJUHH N, BHXOLUM
d[p] [profile] := 1;
exit;

end;

if (bit(p, len) = 0) then begin
// Terymas sdelira B p (c HoMepoM len + 1) He 3aHATa
go(p, profile + (1 shl len), len + 1);
// TOJIOXWIN TOPU3OHTANBHYW IOMUHOWKY

if (len < n - 1) then
if (bit(p, len + 1) = 0) then begin
// He 3aHATaA eme ¥ clenyomas g9eira
go(p, profile, len + 2);
// TONOXWIN BEPTUKANBHYD LOMUHOWKY
end;
end else begin
go(p, profile, len + 1);
// Terymas sAdelika 3aHATA, HUYErO HOJOKUTL HE MOXEM
end;
end;
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procedure determine_D;
var p : integer;
begin
for p := 0 to (1 shl n) - 1 do
go(p, 0, 0); // 3amyckaTb HaZO MMEHHO C TAKWMU IlapaMeTpaMu
end;

Ausrropur™m Beraucienuss D u A paboraer 3a
O(2?") (sbruucienue D) +0(22"m) (soraucnenue A) = O(227m).

3a,£[at1a 0 CMMIIATUYIHBIX Y30pax

Paccmorpum errie ojiHy 3a/1ady € MPSIMOYTOJIHLHOM TaOIHIIEH.

Hama tadbauma n X m, Kaxjaas KJIeTKa KOTOPOi MOXKeT ObITh OKpaIleHa
B OJ[H U3 JIBYyX I[BETOB: OeJIblil niu uepHblil. CUMIATHYHBIM y30POM Ha3bi-
BaeTCs TaKasi PacKpacka, IpH KOTOPOI He CyNecTByeT KBajpaTa 2 X 2, B
KOTOPOM BCe KJIeTKu oHoro 1seta. Jlanst n u m. TpebyeTcs HaWTH KOJIH-
YECTBO CHUMITATUIHBIX Y30POB JJIsi COOTBETCTBYIOMIEH TaOIIUITBI.

Puc. 3. IlepBble nBa y30pa CHUMIIATUYHbBIE; Y TPETHETO U YETBEPTOIO €CTh
MTOJTHOCTBHIO UEPHBIM U, COOTBETCTBEHHO, OeJIblii KBAIPpATUK 2 X 2.

Byzaem cumrars upoduiem st b; GUTOBYIO Kapry i-ro crosbia (emau-
uunedi Oymer KomupoBaTh YEPHYIO KJETKY, a HyjaeM — 0Oeiyio). Ilpu stom
y30p, 3aKJIIOUEHHBIH MeXK Iy HYJIeBON U i-ii 6A30BBIMU JIMHUSIMU, SBJISETCS
CUMIIATUIHBIM.

U3z npodunsa p1 0as by M0o1cHO NoAYwUMd P2 0AS biy1, ECAU U MOALKO
ecau mookcho max saxpacums (i + 1)-1 cmoabey, wmo ezo 6umosasn xapma
bydem coomeemcmeosamy P2, u medHcdy bi_1 u by ne bydem noarocmwvio
YepHovlT AUbO0 beavx Keadpamuros 2 X 2.

CKOJIBKUME 2K€ CIOCO0aMU U3 OJTHOTO HPOMUIA MOXKHO HOJYIUTh JIPY-
roit? IloHsaTHO, 9TO 3aKPACUTH HYKHBIM 00pa30M MO0 MOXKHO, TUO0 HEJIb3s
(Tak KaK pacKpaliimBaThb MOXKHO €JMHCTBEHHBIM 00PA30M — TakK, KaK 3aKO-
JIUpOBaHo B p2). Takum obpasom, d[p1,p2] € {0,1}.

Boruuciars D MOXKHO 100 IPOBEpsist HA «COBMECTHMOCTH» (TO €CTh
HAJMYUe OJHOIBETHLIX KBAAPaToB 2 X 2) Bce napbl npodueii, mubo rexe-
pUpysl BCe JOMyCTUMbIE POMUIIH JJIsl JaHHoro. Huke mpuBejieH KoJl, pea-
JIA3YIOINUN IEPBYIO UAEIO:
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bo

P1 D1 P2

bi—r> T PTZ |«b«,+1 bo bi—r> T T < Dbit1

Puc. 4. Ha seBom pucynke p1 =144 + 32 =37, p2 =2 + 8 4+ 16 = 26; Tak Kax
Mexy b;—1 U bjy1 He BCTpPEdaroTCs OIHOIBETHBIE KBAJAPATUKA 2 X 2, TO P2
MOKeT OBITh TIOJIyUeH u3 p1. Ha pucyHKe cipaBa p1 TakKe paBHO 37, a

pr=1+2+4=T.

// Moxuo yu u3 pl momyuuTh p2
function can(pl, p2 : integer) : boolean;

var i
b :
begin
for

end;
can

integer;
arrray[1..4] of byte;

i :=0 ton - 2 do begin

b[1] := bit(pl, i);
b[2] := bit(pl, i + 1);
b[3] := bit(p2, i);
b[4] := bit(p2, i + 1);

if (b[1] = 1) and (b[2] = 1) and (b[3] = 1)
and (b[4] = 1) then begin
// ®BazpaT B cTpokax i m i + 1 depH:il
can := false;
exit;
end;

if (b[1] = 0) and (b[2] = 0) and (b[3] = 0)
and (b[4] = 0) then begin
// xBazpaT B cTpokax i m i + 1 Geusit
can := false;
exit;
end;

:= true;
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end;

procedure determine_D;
var pl, p2 : integer;
begin
for pl := 0 to (1 shl n) - 1 do
for p2 := 0 to (1 shl n) - 1 do
if can(pl, p2) then dlpl, p2] :=1
else d[pl, p2] := 0;
end;

Tocsie Toro, Kak BeIYHCJIEHA MaTpuna D, ocTaercss HpOCTO MIPUMEHHUTH
dbopmyny (2) (Tak Kak pacy’KJ€HHsI HA 9TOM JTale He U3MEHSIOTCS).

Cas3p Il no npodmirio u nuHeiiHOI asredphl

Pexyppenrnoe coorHomenue (2) 6yger BCTpedaTbCsd HAM He TOJIBKO B
3a/5a4e O 3aMOIIEeHNN UM CHMIIATHYHOM y30pe, HO M BO MHOTHX JIPYTUX 3a-
Jladax, pelraeMbIX JUHAMUKOM 1o npodumo. IlosTomy sormano, uro cyie-
CTBYeT HECKOJIBKO CIOCOOOB BBIMUC/IEHUS A, UCIOJIB3YS y2Ke BEIMUCICHHYIO
D (a He TosbKo HauBHO 10 (2)). B 9TOM ImyHKTE MBI PACCMOTPHM CIIOCO0,
OCHOBAHHBII Ha BO3BEJIEHUU B CTEII€Hb MATPHUILBL:

1) ali] moxkHO cunTaTh MaTpunei 1 x 2™;
2) D — marpuna 2™ x 2™;

3) ali] = ali — 1]D. Ecau pacuucars 31y HOPMYILy 110 OIPEJIEJICHUIO PO~
U3BEJIEHNsI, TO HOJIyYUTCS B TOYHOCTH (2).

Ciremyst ONMpeIeJIeHNIO CTEIIEHA MATPUIIBI, IOy IaeM

am) = al0] D™ 3)

BenoMumM, Kak BO3BECTH J€HCTBUTENBHOE UHCIO G B HATYPAJIb-
uyto crenerb b 3a O(logh) (cumraem, dUTO JBA YHCIA TIEPEMHO-
xkatorct 3a O(1)). IlpexcraBum b B JBOMYHON CHCTEMe CUHCIICHUS:
b=2" 422 4+ 4+ 2% pueiy <iz<...<ig Torma k=O0(logh). 3ame-
M, uTo a® mosyuaerca ms a2 BO3BEJEHHEM IOC/ICIHEIO B KBaJIDALT.
Taxum 06pazoM, 3a O(k) MOKHO BHMHCIUTE Bee aPt, py = 2% t=1, ..., k.
ITepeMHOXKHTD UX 32 JUHEHHOE BpEeMsl TOXKE HE TIPECTABIAECT TPYIIA.

JIoruYHO TPEIOIOKATH, YTO AHAJOTHYHBIA AJTOPUTM CrOJUTCH W
JUIsl KBaIPATHBIX MATPUIl. EIMHCTBEHHOE HETPHBHAJILHOE YTBEDPIKICHUE —
A% = (AZ7")2, penp 1o onpesenenmio A% = A(A(... A)...), a MBI XOTHM

[

2t
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npupasuaTh ero K (A')(AY). Ero meruHHOCTD cllejiyeT U3 accoluaTHBHO-
ctu ymuoxkenust marpur (AB)C = A(BC'). CaMo cBOHCTBO MOYKHO JIOKA3aTh
HEITOCPEJICTBEHHO, PACKPBIB CKOOKH B 00EMX YaCTIX PABEHCTBA.

IIpuBeseM KO MPONEILYPBl BO3BEIEHNsI B CTeneHb (pyHkuusa mul mepe-
MHOKAET JIBE KBAJIPATHBIE MATPHIIBI Pa3Mepa W X W):

function mul(a, b : tmatr) : tmatr;
var res : tmatr;
i, j, t : integer;
begin
for i := 1 to w do begin
for j := 1 to w do begin
res[i] [j] := O;
for t := 1 to w do begin
res[i] [j] := res[il [j]1 + alil[t]1*b[t][j];
end;
end;
end;
mul := res;
end;

function power(a : tmatr; b : integer) : tmatr;
var i, j : integer;
res, tmp : tmatr;

begin
res := E; // enuHuuHasa MaTpuua
tmp := a;

while (b > 0) do begin
if (b mod 2 = 1) then res := mul(res, tmp);
b := b div 2;
tmp := mul(tmp, tmp);
end;
power := res;
end;

Kaxk yxke ropopusiocn, 6yuer caenano O(log b) nepemuoxkenuii. B qannom
clTyuae, Ha KasKJi0e IepeMHOKeHIe TPaTuTCst n° onepanuit (rae n — pasmep-
HOCTH MaTpunsl). Tak 4ro aToT ajroputm Gyjer paborars 3a O(n? logb).

Bepuemca k  (3). Marpuny D MBI ymMeeM  BBIYHCIATH 34
O((2")?n) = 0O(4™n) (kaxk B pacCMOTPEHHBIX 3ajauax). Bexrop a[m]
cymeem maiita 3a O((2")3logh) = O(8" logm). B mTore mosyuaem acumir-
troruxy O(8"logm). Ipu Gompmmx m (mampumep, 10'°°) sror croco6
BBIYHCICHUsT A HECPABHUMO JIydIlle HAUBHOTO.
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3amada 0 paccTaHOBKe KOpOJieii

Hamna maxMaTHas Jocka n X m u aucyao k. Hy»XHo mocunrarh KoJimde-
CTBO CITOCODOB pa3MelleHnsl Ha ITOi Jocke k KopoJieit Tak, ITOObI OHU He
O6um Apyr Apyra.

IIpodunem onste Oymer 6uToBas Kapra CTOJOIA CjaeBa OT 6A30BOM JIH-
wuu. B manaOM citydae yoOHO 3a0MUHATH PACIIOIozKeHne KopoJieit. Takum
obpa3oM, eauHUIA OyIeT 03HAYATH HAJIMINE KOPOJId Ha COOTBETCTBYIOIIEH
nosuruu. [Ipu nepexojie oT ofHOr0 TPOodUIs K APYrOMY CTABHM KOPOJIei
cupaBa OT b; Tak, 9TOOBI OHU HE OWJIN JPYT APYTra W MPEIIIeCTBYONUX UM.

3amerny, aro cuosa d;; € {0,1}. Ornuane 570l 3a81a491 OT IPEIBILYIIIX
3aKJIIOYAETCS B CJIeIyonieM. KoandaecTBo «HACTOAIMUXy Tpoduiieil CuibHOo
orm4daercsd oT 2™: ecim B MO3UIUN j €CTh KOPOJb, TO B MO3UIUAX j — 1 1
j+ 1 ero 3aBegomo uer. To ecTb, B ABOMYHON 3amucu TPOMUIIST He JTOTIK-
HO BCTPEYATCs JIBYX MOAPAJ MAYIMX equHull. Ilycrs f(n) — KommuecTso
BO3MOXKHBIX TTpOduIeil JTHHBL 7.

Hamumem post f(n) pexyppenthyto dopmyry. Komuuectso mpodu-
Jiel, y KOTOpBIX Ha M-M Mecre crour 1, paBuo f(n —2), Tak Kak Ha
(n —1)-m me Moxker croaThb 0, HA OCTAJbHBIE SYEHKU OIPDAHUYCHUN HET.
Ecisn ke Ha n-M Mecte crout 0, To Koimdecro Oyner pasro f(n —1). To-
ra f(n)=f(n—1)+ f(n—2); f(1) =2, f(2) = 3. Hoayuun, aro f(n) —
(n + 2)-e wucio Pubonawyn. Ussectro, aro f(n) < (1,62)"F2. Ilpu n = 10
umeeMm f(n) =144 nporus kojmdecTBa 6MTOBBHIX Kapr 1024, yMmeHblieHue
6osiee ueM B 7 pa3!

Ucnonb3oBaTh 3T0 HAO/IIOIEHNE MOYXKHO ITO-PA3HOMY.

1) Bymem paccmaTpuBarTh TOJIBKO HacTosmue npoduin (Ipu BbIYUC/Ie-
Hun D u A), ucroiib3ysi peKypCcHio:

procedure go(len, profile : integer);
begin

// profile - Tekymmi# mpoduib

// len = (mmuma profile) + 1

if (len > n) then begin
// ®ak Tonbko profile momyYwiCs OJIUHE N, BHXOAUM
writeln(profile, ’ - HacTosmuil mpoduis’) ;
exit;

end;

go(len + 1, profilex*2);
// TpummcaTb HONb MH BCETZa MOXeM
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if (profile mod 2 = 0) then
go(len + 1, profilex2 + 1);
// TpuUmECaTh eNUHWIy MOXHO TOJIBKO €CIIU PSLOM HOJb
end;

procedure print_all_true_profiles;
begin

go(1l, 0); //3amyckaTb HaZO MMEHHO C TAaKMUMHU IIapaMeTpaMu
end;

SaHyMepyeM Bce HACTOSIIHE TPOMUIN TaK, ITOOBI OBICTPO MOJIYyIaATH
o Homepy mupodmib. Torga ITOOBI MepedbpaTh BCe HACTOMAIIME IPO-
dwin, HyKHO OyJIeT IYCTUTH IUKJI 110 HOMEPY ¢ 1 JI0 X KOJIMIecTBa
f(n), u kaxpiil pa3 HaxoauTh HpoduIb 110 TeKyliemy HoMepy. Ha-
IIpUMep, MOXKHO OpaTh HOMEPA B JIEKCUKOIPDAMDUIECKH YIIOPS TOICHHOM
crucke npoduiiedi (9Tobbl cKazaTh, Kakoil u3 ayx npodusieil 6osbiie
JIeKCUKOTpaUIECKH, TOCTATOYHO CPABHUTH WX KAK THCIIA).

Ilycts p — macrosmuit Henysaesoit mpoduib. Ecin 3amMeHuTs B HEM
IPOU3BOJIBHYIO €AUHUYKY (B JBOUYHOW 3aIlUCH) HA HOJMK, TO IOJLY-
YUTCs TOXKE HacToAmuit mpodwmwib. JIpyrumu cioBamu, eciu yopaThb
KOPOJIsi, TO HUYEro IJIOXOTO He OyaeT. AHAJIOMrMYHO, €CJIA B P 3aMEHUTD
0 ma 1, 9TOOBI HE BOZHUKJIO JIBYX IOJIPSIT UIYIIUX €IUHUI], PE3yIbTa-
TOM Oy/IeT HACTOSIIUI TPOMDUIIb.

Ha sTom ocHoBaH erre o/inH CIIoco6 MOJIyYeHus BCeX HACTOSIINUX IIPO-
dusteit: «monckoMm B IMUpHHY». V3 HacToAmux mpoduiieil, B KOTObIX
POBHO % KOPOJIEH, TOJIyIaeM BCEBO3MOXKHBIE HACTOSIIUE MPOPUINA U3
1 + 1 Kopoureii.

var use : array[0..(1 shl n) - 1] of byte;
// uselp] = 1, eciu p - B odepemu
q : array[1..(1 shl n)] of integer; // ouepezmp
r : integer; // HTOroBO€ KONMYECTBO HACTOAMUX Opoduiei

procedure determine_all_true_profiles;
var i, 1, x, y : integer;

begin
1 :=0;
r :=1;

for i :=1 to (1 shl n) - 1 do usel[i] := 0;
use[0] :=1;
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ql1] := 0;

while (1 < r) do begin
1:=1+1;
x := q[1];

// Temeps mompobyeM momo6aBIATH €NUHWYKY
for i := 0 ton -1 do
if (bit(x,i) = 0) and (bit(x, i - 1) = 0)
and (bit(x, i + 1) = 0) then begin
y :=x + (1 shl i);
if (usely] = 0) then begin
r :=r + 1;
qlr] :=1y;
end;
end;
end;
end;

ITocne 3aBepienusi paboThl IPOLEAYPHI B O4Yepenu q OyAyT cojep-
JKAThCsl BCE HACTOSIINE TPOMUIIH.

B urore npu MCIOJIB30BAHUN HAIIETO HAOJIIOAEHUS II0JIy9aeM ACHMIITO-
2
tuky O(m(f(n))?)
3a/ava o paccTaHOBKe KOHEMH

Ha sToT pas Ha maxmaTHOI JOCKe 1 X 1 HY?KHO MOJICAUTATH KOJIMIECTBO
crioco0OB paccTaBUTh k KOHeH Tak, 9TOObI OHU He OUIN [pyr ApyTra.

Ms#1 y2xe TpUBBIKJIN, 9TO NPOPUIib — ODUTOBasi KapTa cTosb1a JieBee b;.
Ho 3mech aToit mudopManum Majio, Tak KaK KOHH MOTYT HPBITATh CPa3y
qepe3 jBa crosibra. I[losromy mpoduib JI0/IKEH ONMUCHIBATD JBA COCETHUX
CTOJIOIA.

Jasn deyx npogusetc pri = (p1,p2) (p1 — Oumosas xapma nepsozo
cmoabuya, p2 — 6mopozo) u pro = (pi, ph) noaodicum dlpri,pra] =1 ecau u
MOALKO ECAU

— -
a) p2 = pi;
6) xonu we Oviom dpye dpyea.
B uporusnom ciyuae d[pri,pra] =0.
Takum 06pazoM, Iepexo/I0B HA HOPSJIOK MEHbBIIE, YeM KOJIUIEeCTBO IIPO-
duneit. Beero nmpoduneit 4", a u3 KaxKa0ro mpodusd moaydaercsd Menee 2"

HOBBIX 3a CUeT COBIaJleHud pa 1 ). Ipyrumu ciaosamu, Marpuna D cuiibHO
pa3peskeHa (MMeeeT MHOIO HyJIEBBIX 3JIEMEHTOB).
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IlosToMy B 3a7a49e 0 PACCTAHOBKH KOHEH MOMKHO JOOUTHLCS 3HAYHUTE]Ib-
HOTO YCKOpEHUs (110 CPABHEHUIO C MAGIOHHBIM aJITOPUTMOM ), €CJTH XPAHUTD
D B BUsie «CIIUCKOB CMeXKHOCTU»: D'[pri] — CIMCOK BCeX TaKuX pro, U3 KO-
TOPBIX MOYKHO IOJIyYUThb Pr1, TO ecThb d[pra][pri] = 1. B stom ciaygae dhop-
mysia (2) Gy/IeT BBIMVISIETH TaK:

ali,pl= Y afi—1,t]d[t,p].

teD’(p]

CymMMapHOe BpeMsl BHIYUCJICHUS G[i] PABHO KOJMYECTBY BCEBO3MOXKHBIX
[IEPEXOJIOB, TO €CTh KOJIMYECTBO HEHYJIEBBIX jieMeHTOB B D. B Harmem ciy-
qyae (3azade o0 Kougax) ux He Gosee 4" X 2" =8", 10 ecTh BpeMs PabOTHI
aJaropuTMa ¢ Takoi onrumusanuei 6yger O(8"m) — 31o B 2" pa3 MeHblie,
YeM BpeMs CTaHJAPTHOTO AJI'OPUTMA.

JII no m3momanHOMY PO IO

Jlpyroe Ha3BaHME 3TOMY METONY — <«OBICTpasi JUHAMUKA TI0 TIPOMUIIIOS.
Unest B TOM, 9TOOBI TOOUTHCSA KAK MOYKHO MEHBIIIETO UUCIIA TIEPEXOJIoB (0T
OJTHOrO PO K APYTrOMY ).

by T [« b;
p

Puc. 5. U3o6pazkenne mpodumrs (33,2) (33 =20 + 2°).

Eme pas ucmosib3yem B KadecTBe IMpUMepa 3aJady O 3aMolleHnn. bazo-
Basl JINHUs Terepb OyJeT JIOMAHON: ITPU MPOXOXKICHUN Yepe3 -10 TOPU30H-
TaJIb CBEPXY BHU3, OHA IIEPEXO/IUT HA IIPEIBIIYIIYI0 BEPTUKAJb U CIIyCKAETCS
1o HU3y (CM. puc. 5).

Tpodunem 6yzner napa (p, i), B p 6yaer undopmanus o n + 1 MajeHbKOM
KBaJIPATUKE CJeBa OT 0A30BOI IMHUHU, UMEIOIIEM C Hell 0bIire TOYKu; ¢ 000-
3HAYaET HOMED TOPU30HTAJIN, HA KOTOPO mpoumsoriest u3jioM. Ksagparuku
npod g OyIyT HYMEPOBAThCsI CBEPXY BHU3, TAK UTO yIJIOBOI Oy/IeT UMETH
momep ¢ + 1. TopuzonTtaau OyneM HyMepoOBATL HYJs, TaK UTO ¢ Mpoberaer
snadenus 0..n — 1.
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Jasn deyr  npodunet pri=(p1,i1) u pro=(p2,iz) nNOAOICUM
d[pri][pr2] =1 ecau u moavko ecau:

a) ecaui<n—1, moiy+1=1is; unaue ia =0;

0) MO2ICHO MAK  NOoA0KHCUMD  JoMUHOWKY, Haxpueatouyto (i 4 1)-i
K6adpamuk, 4mo MocAe 9mMoz20 6 P OYdem TPAHUMDCA 8 MOYHOCTIU
UHPOPMAUUA O COOMBEMCMEYOUWUL KEAOPAMUKAL.

TIpomie roBopst, IOMUHOIIKY MOYKHO KJIACTH TOJIBKO JBYMS CIIOCOOAME —
KakK [OKa3aHo Ha pucyHkax (Ha (i + 1)-if KBAJIPATUK MOYKHO IIOJIOKHUTH HE
6oJiee OJIHOI BEPTHKAJIBHOW M IOPU30HTAJILHOI joMuuomKy). To, 4ro mo-
TOM TOJIy9aeTCsT TOCJE CABUTa BHU3 U3J0Ma, W OYJIET HOBBIM IPOMUIEM.
Samerum, aro ecim (i + 1)-s1 KjeTKa 3aHdTa, TO JOMUHONIKY yKe He Ha-
JI0 KJIaCTh, U (P, 1) JIOTMIHO OTOXKAECTBUTH ¢ (p,i+ 1) («i+ 1» numercs
YCJIOBHO, HYZKHO BCErJIa MMETh B BUJLY BO3MOMKHOCTDL ¢ =1 — 1).

JIerko 3aMeruThb, 9TO KOJIMIECTBO PO uIIeil yBeauduiocs B 2n pa3 (jo-
6aBrIIOCH 9KCI0 OT 1 710 n u ere oxun 6ut). Ho 3aT0 KOsM4IecTBO 1I€pEX0/10B
Pe3KO COKpaToJich ¢ 2™ 10 aByX!

B mmkenpuBeseHHOM KycKe Koja jijig npoduiis (p,7) BBIBOUATCS BCE
nepexoJibl U3 Hero (HAIIOMHUM, 9TO HyMepalus MOpPU30HTaJeil HaunHaeTCsd
cuyna u i =0.n—1):

procedure print_all_links(p, i : integer);
begin
if (bit(p, i + 1) = 0) then begin
if (i = n - 1) then begin
writeln(’<’, (p - (2 shl i)) shl 1, ’, ?, 0, ’>’);
end else begin
writeln(’<’, p - (2 shl i), ?, ?, i + 1, >>?);
end;
end else begin
if (bit(p, i) = 0) then begin
if (i = n - 1) then begin

writeln(’<’, p shl 1, >, >, 0, ’>?);
end else begin writeln(’<’, p + (1 shl i), ’, ?,
(i +1) mod n, ’>?); end;

end;
if (i <n - 1) and (bit(p , i + 2) = 0) then begin
writeln(’<’, p + (4 shl i), ?, >, i + 1, >>?);
end;
end;
end;
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Ilpu Takoil peajn3aluy CyIeCTBY-
er HeMajo UpoduiIeil TOIBKO € Of-
HUM TI€PEX0I0M (HAIIPIMED, Y KOTOPBIX
(i 4 1)-it 6ur paBeH eauHULE). .

OTox/1eCTBUM BCE TPOMUIH C OJUH
[EepexXo/IOM C TeMH, KTO MX HUX HOJIyda-
ercs. D10 Oy/IEeT BLITJIAIETD TaK: MIyCTh
pra (M TOJBKO OH) MOJIyYaeTCs U3 pro,
KOTOPBI, B CBOIO 0U€PE/Ih, IOy IaeTCA
u3 pro. Torma mMeroTcsa TaKue COOTHO-
wenus: d[pro,pri] =1, d[pri,pra] =1.
OTOXK/IECTBUTH Pry U Pro — 3TO, IO Cy-
TH, 3aMEHUTH 3TU JIB& COOTHOIICHUE Ha
OJIHO, TO ecTh Tenepb d[pro,pri] =0 u
d[pri,pre] =0, o d[pro, pra] = 1, u Tak
Jraree.

Taxum 00pa3oM, BO3MOXKHO COKpa-
menne npoduieil He MeHee 4eM BJIBOE.
JlabHeiinme ONTUMU3AIANA MBI OCTaB-
JIsieM THTATEeJTIO.

B wurore mnoaydaeMm acHMITOTHKY
2"n (KOJMYEeCTBO IIEPEXOJIOB, TO €CTh
BpeMsl Ha BBIUHUCJIEHUE a[i]) yMHOXKHUTH >
Ha m pasao O(2"nm). Ouna 3HaYH-
TEJIBHO JIYYIIe BCEro, 9TO MBI HOJTyda-
JM JI0 CHX IIOp, U 3TO CEpbe3HBIH II0-
BOJI HCIIOJb30BATH M3JIOMAHHBIA IPO-
s BMECTO OOBITHOTO.

Puc. 6. Bo3amozkHbIE TIEPEXOIHI.

3a,/1atm, Ha KOTOPBIX MO2KHO IIOTPEHHUPOBATHCA

1) Caiir http://acm.sgu.ru, 3amaqun 131, 132, 197, 223, 225.

2) Mockosckas osnmmnuaza 1o uagopmaruke, 2004 rox, 3a09HBIA TYD,
zajgada J («Y3op»),
http://www.olympiads.ru/moscow/2004/zaoch/problems.shtml



