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Annomayus — Ha npuMepe acMMMeTPHYHON 3agauu
KOMMMBOSIZKEPa paccMOTpeHa TeXHOJIOrusi Ge30macHoro
NpepbIBaHHsI NPOLECCOB PpelIeHHs] KOMOMHATOPHBIX 3agav
CHCTEMOIl areHTOB ¢  BO3MOXKHOCTBIO  NPOIOJIKEHHSI
NMpPEepPBAHHOIO Ipolecca Ha JAPYroM y3je BbIYHCINTENLHON
cern. IlpennoxkeHn BapHaHT KOMNAKTHOIO MpeICTABJICHHS
COCTOSIHMSI Tpollecca PpelleHHsl, PeIINIUPYyeMOro Ha Bce
M3BECTHBIE Y3JIbl CeTH C TNPOM3BOJBHBIM  PEKHMOM
JIOCTYITHOCTH. O6bem JIOMOJIHUTEILHOM namMsTH
KIIIHPOBAHMS COCTOSIHUSI MPOIecca PellleHHs] He NMpeBbIIaeT
00beM NaMsTH MATPUIIBI KO PULIHEHTOB 3a1a4H.

Knroueewvie cnoea: 3aoaua Kommueosnsicepa; pasHOCMHAA
cxema; epluuciumeslibHas CJl0MHCHOCH b
I. BBEJEHUE

[Ipemmer paccMOTpeHHsT — pCIICHHE TMPOOIEMBI

6e30macHON TpaHyIALNN ¥ CHHXPOHHU3AIMK HOJ3a1ad MpH
pacriapauleIMBaHUM KOMOWHATOPHBIX 33/1ad, peIaeMbIX
METOJIOM BETBEH U IpaHull. B ciyuae IpeBOBHUIHON CXEMBI
CBSI3M TMOJ3agad Hauboiee eCTeCTBEHHBIM  SIBIISICTCS
MOpOXIEHWe Jieca IMoJ3ahad C BEpUIMHAMH B y3J7ax
BBIUUCIUTENBHON ceT. OmHAKO CTPYKTypa Jieca moa3anay
HE Bcerza CTPOTO  COOTBETCTBYeT  KOH(UTyparuu
BBIUUCIUTEIBHON CETH, Y3JIbl KOTOPOH MOTyT HUMETh
pasHyI0 peanbHyI0 IPOU3BOJUTEIBHOCT. [Ipemmaraercs
Hanboyiee YacTo NPHUMEHSIEMYIO CTpPAaTeruio BETBICHHUS
"cHauana  BIIIyOB, 3aTeM BIINPB" MIPUMECHUTH
HOpeIBapUTEIbHO K HCXOJHOM 3aJadue C OrpaHHYeHHEM
TIyOMHBI BETBICHMS. Ha 3TOM 3Tame  KOIMYECTBO
OCTAalOIIUXCA HEPEIIEHHBIMH M0J334a4 JOJDKHO  CTPOTO
COOTBETCTBOBAaTh  y3JaM  BBIYMCIUTEIBHOW  CeTH. B
pe3ynbTaTte KakAblH areHT OyAeT pemaTh  OTHAEIbHYIO
nojazagady, TOrma HEOOXOJUMOCTb  CHHXPOHHU3AIUU
nepefadd ONUCAHUS TOA3aJad OTHaJaeT.  Y3el CeTH
JIOJDKeH OBITh MPUTOJCH Uil 00pabOTKH MPOU3BOJBHOTO
NOJ/IepeBa BAPUAHTOB.

Ha y3ne mnonb3oBarens, HHALMUPYIOLIETO 3anady,
JOJDKEH OBITH MOPOXKIIEH MCXOIHBIM Jiec MoA3ajad, mocie
YEro areHT-Juclerdep HOJDKEH IepefaTb OCTaIbHBIM
areHraM  onMcaHus  noazanad.  Jlamee  mucnerdep
KOHTPOJMpYeT (paKThl 3aBepIICHMs pelIeHHs I10/133/ad,
COXPAaHsIsl X ONMCAHU JO OKOHYAHHUS PELICHUs Ha Cilydai
IpepbIBaHMs pabOTHI areHTa.

Ha npumepe acmMMeTpuyHON 3a7aud KOMMUBOSDKEpa
pPacCMOTPEHO KOHKPETHOE MpPEJICTaBICHUE areHTOB IpU
pealn3aliy < paccMaTpUBaeMO  CXEMbl  IIA0JOHAMU
kmaccoB. Jlns  ommcaHMs =~ MoA3ajad  MCHONB3YeTcs
pa3sHOCTHAasl CXeMa IPEACTaBICHUS COCTOSIHUI Mpoliecca
BETBJICHUS C LIEJIbIO CHIDKEHUS Tpaduka OOMEHa Ha CeTH U
o0beMa maMsATH  JUId  KOLIMPOBAaHUS  IEPEeMEHHBIX
cocTosiHMS. B ommume oOT u3BecTHBIX  (hpeiiMoB
pacmapajieNMBaHus 3ajad, CHCTEMa areHTOB OCTAeTCs
paboTOCTIOCOOHOW TMpH HAMYMU B PabOYeM COCTOSHHU
XOTS OB ONHOTIO Yy3/a BBIUMCIUTENbHOM cetu. Ilpomecc
pelIeHus oA3a1a4 KOHTPOJIMPYETCs Ha JII000H JOCTYyIMHOH
MOTpeOHUTEN0  pe3yiIbTaToB  paboyeld  CTaHLIWH, YTO
JIOCTUraeTcs peruInKanyen ckaToro OMUCAHUS 3a/1a4H BCEM
AKTHUBHBIM areHTaM.
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II. TIOCTAHOBKA 3AJIAUYN
3amaua kommuBoskepa (3K), Kkak  u3BecTHO,
BO3HHKACT BO MHOTHX CIydasXx ONTUMH3AINHU YIIPaBICHUS
JMCKPETHBIMU MpPOLIECCAaMHU, JIETKO (OPMYJIMPYETCsl, HO
TPYAHO peIaeTcs. B ximaccuyeckoll TOCTaHOBKe
(hopmanbHas MOZETh TAKOW 3314l MMECT BUJ:

n
Z Xij
i=1

M:

xijzl;

J=1

Y = min CiXi| Xy >0,i,j=1,n; (1
i=1j=1
ul-—vj+nxi]-3n—l,
i=2,n, j=2,n, i#j

I[J'ISI peHIicHusA TaK HA3bIBACMbIX ACHUMMCETPUYHBIX

3amad Buma (1), korma ¢y #cj.i,je€Ln, HauboJee

3¢ (GEKTUBHBIM = M3 ~TOYHBIX METOJOB CUHTAETCS METOJ
BETBEU U rPaHULL.

Cxema anropuTMa MeTOAa BETBEH W TpaHHIl MOXKET
UCIIONB30BATh pPa3HBIE CIIOCOOBI TIOPOXICHUS JepeBa
BapuaHToB. CoBpeMeHHBII moOAXon Oasmpyercd Ha
pelleHNH TMHEHHBIX 3amad o Ha3HadeHuu (JI3H), anammse
MOJTYYAOIINXCSI 3aMKHYTHIX ITUKIJIOB M, €CITH TaKUX [HUKJIOB
Ooslee OAHOTO, TOCIEOYIOIIEM IIepedope BapHaHTOB
paspbeiBa 1UKIOB. Pexypcus o6xona nepesa JI3H ctpoutcs
Ha MaTpulle PacCTOSHMH, T7Ie Pa3pbIBbI IIUKIOB 3aJaf0TCs
Ha3HauUCHHEM OCCKOHEUHBIX 3HAUEHHH JJIMH 3alperiacMbIX
JYT.

PexypcuBHas cxema OIpefeNieHHs IPOCTPaHCTBA
noucka pemenus 3K 1emaer HeTpUBHAIBHOM 3ajady
COXpAaHEHHS W BOCCTAHOBJICHHUS COCTOSHHS IIpoliecca
MIOMCKA PEIICHHs B Ciydae ero mnpepbiBanus. [IpepsiBanue
HEo0X0aMMO, HampuMmep, Ui Iepexoaa Ha HoByoo OBM,
OpraHu3aliy May3bl B ceaHce pabotel DBM, a Tarke st
BBICOKOYPOBHEBOTO pacHapaUIeIMBaHUsI Ha MHOXECTBE
BETBEH OT KOPHS JepeBa BapHaHTOB. AJIbTEpPHATHBa IS
MapajiebHOTO PpeIIeHHs JOJDKHA OBITh IOpPOKICHA U3
HCXOZHOTO ONMMCaHWA  3aJadd, MPE/ICTABICHHOTO
HEKOTOPBIM pazfensieMbIM (aillioM Ha CeTH, KIIIUPYEMBbIM
Ha JIOKaJbHBIX DBM.

III. TTEPEMEHHBIE COCTOSIHUA ITPOLIECCA PEILIEHUSA

C uenblo ONpeNesieHUsl KAIIIMPYEMBIX MEPEMEHHBIX
COCTOSIHHS MpOoIecca MOUCKa ONTHMaibHOro pemieHus (1)
pPacCMOTPUM  IIPOLIECC ~ BETBJICHUS OoJjiee  JETalbHO.
BerBnenne nepesa BapuantoB 3K ymoOHO NpOBOIUTH IO
cxeme DFS (Depth First Search) na BexTope perueHus

R= {i|xi/. =1, jzl,n}: r(j),j=1;”}-

Bexrop R’ MIPUTOJIEH KaK JJIsl BBISBICHUS ITUKJIOB, HE
SIBISIIOLLUXCA  TaMUJIbTOHOBBIMU, TaKk W MCKIIOYAEeT
HEOOXOJMMOCTh XPAaHEHUS pEeIICHUS B MaTPUIHOM BHUJE.
IMocne wcmonp30BaHUS MOAUMUIIPOBAHHON MATPHIIBI JIJIS
pemrenust mopoxkaeHHoi JI3H nerko mpousBecTH OTKaT B
ucxomHoe cocrossaue [1]. Takum oOpa3om, MaTpuma
onucanus 3K He TpebyeT KOMMpoBaHHUS.



MoxHO 3aMETUTDh, YTO €CJIN k — HCKOTOpas BEpUINHA
peuicHu 3aa4u (1), TO IMOCJIECAOBATCIIBHOCTD

li . i . i
Pk =Y(0) =k, (r(i)= R (i) # k)| R @)
TOJIBKO TOTJa COOTBETCTBYET T'aMHJIBTOHOBY LIUKITY, KOT/a
yCIIOBHEM OCTaHOBKH siBisieTcs r(n—1) =k, kel,n. Ecim
r'(k)c R,
HEOOXOMUMO TMOPOJUTh MHOXECTBO 3aha4 ypoBHs [+1.

Juis sToro crnemyer yka3aTh LIMKI MHHHUMAJIbHOW JUIUHBIL,
BBIOpaB BEPIIMHY BX0/a B UK

k' = argrnkin 1/(1{*, ke I,_n}

OUKJI HE TaMHIJIBTOHOB, TO €CTh TO

3)

IIpaBuno nopoxaenust JI3H TpuBuanbHO — A Kaxxaon
BEPIIMHEI OOHAPYKCHHOTO IHUKJIA HEOOXOIMMO 3aIllPEeTUTh
MOCEIIeHNe JPYTHX BEPIIMH A3TOro nukna. llpu sTom
Matpuua ouepenHod JI3H ornuvaercs oT mnpenplaymiei
OJHOU CTPOKOM, B KOTOPOH 4YacTh 3JIEMEHTOB 3aMEHSIFOTCS
3HAaYEHHUEM, HE MEHBIINM 3HAYECHHS }

ITocTpounoe n3MeHenue Matpul, nopoxaaeMsix JI3H
HPOBOJIUTCS IO CIEAYIOLIEMY 3aKOHY:

cf +cmax(ierl(kl)/\jerl(kl)),i,j=1,_n. 4)

B atom ciyuae Oydep ans coxpaHeHHs] 3JEMEHTOB
cTpoku He Tpebyercs [1]. B urore moTpeOHOCTD B maMsATH
r100anbHOTO TpeNCcTaBlIeHus mporecca pemenus 3K —

0(2n* +n).

=max{c,-j d#Ej,i=,n, j=Ln
i,j

¢ max

I+1 _
¢y =

IV. AJIOPUTM PELIEHNA 3AJIAUM

B nmo6oii MOMEHT BpeMeHHM Ha JAEPEBE BAPUAHTOB
MOXHO BBIACIWUTH IIYTh OT €TI0 KOPHA K JIHCTY. 910 nyTb
OOBIYHO  TPEACTABICH HESIBHO CTEKOM  JIOKAIBHBIX
MEPEMEHHBIX PEKYPCHBHO BbI3bIBaeMbIX (YHKIMI aHain3a
OTAENBHOTO y3na. JleHcTBUS HaJl CTEKOM IUIAHMPYIOTCS TI0
O6HII/IM ImpaBWjIaM  YIIpaBJICHUA TIaMATBIO  Ha  JTalle
KOMITIJISIIAY TakUX (QYHKIHMH W Omeparuii uX BBI3OBA.

Bo3MoxHOCTB BBIJICJICHUSA BBIACINUTD ITYTH OT €I0 KOPHA
JepeBa K JIMCTY MOSBUTCS JIMIIb . 11OCTE IOTIOTHEHMS
NEPEMEHHBIX COCTOSHMS YKazaTeleM Ha X MpeAbLIyIIni
K3EMIUIIp. OTO  yAOOHO HPEACTaBUTH  KJIACCOM
ABTOMATHYECKOH PErHCTPAIlK MEPEeMEHHBIX COCTOSHHS B

JTUHEHHOM criicke (puc. 1).

struct task ({

task *next;

static task *head;
task() {
next=head, head=this;
}

virtual ~task()
head=next;

}

bi

{

task *task::head=0;

Puc. 1. ba3oBblil Kilacc perucTpanuy NepeMEHHBIX COCTOSHUS B
JIMHEIHOM cliucke

31mech JOKAIBHBIA (parMeHT MEPEMEHHBIX COCTOSHHS
BKJTFOYAIOTCS B CIHCOK KOHCTPYKTOPOM HEMOCPEICTBEHHO

MOCJA€  BBbIACICHHUS IaMATH. IlepeMEHHBIC COCTOSHHS,
orpaxaromue  (2)-(4), OKHBI  OOBSBIATECI B
NpOM3BOJHOM  Kjacce.  MckimoueHne M3 CIHHCKA
MOPOU3BOUTCS  JCCTPYKTOPOM  TEPEA  OCBOOOKACHHUEM
MaMSITH.

I[eKnapaumI O6’BeKTa, MPEeACTABIIAIOLICTO JIOKAJTbHBIN
(bpaI‘MeHT MNEPEMCHHBIX  COCTOAHUA NPCATIOYTHUTEIIBHO
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BKJIIOYHTh B (YHKIHMIO BETBICHUs. B 3TOM ciyuae HeT
HCO6XO}II/IMOCTI/I B MHOT'OKPATHOM BBIACJICHUN NaMATH JJIA
NpeCTaBICHNs OTICIBHBIX JIMCTBEB AepeBa. PaccMoTpum
6oee MoAPOOHO MEPexo1 MEXKAy YPOBHIMHU BETBICHUS.

Ilycts Xff [IEpEMEHHBIE COCTOSHHS Ha YpOBHE /[,

COOTBETCTBYIOLME NUCTYy i, i=1,n, (B HameMm ciyuae

cooTBeTcTBYIOT  (3)-(5)).
CTpaTeTHH IIOWCKAa YacTo
MNpeaACTaBUMBl UTHKPEMCHTOM
TPEIBIAYIIEM YPOBHE
1+1 l I+1 . .
X =X +AX;, i=Lnyy, i)eln, .

31mech

IIpu peamm3annu  m06OH
AIbTCPHATHBBl  BETBJICHHS
BEKTOpa COCTOSIHUSI Ha

i(/)— HOMep albTEpHATUBHI Ha YpOBHE [,

KOTOpasi  SIBISACTCS
CIIEYIOIIETO YPOBHSL.

TCKyIIMM  IPCAKOM  aJIbTCPHATHB

OueBHIHO, YTO anbTepHaTHBBI ¢ HOmepamu 1,i(/)—1,

/>0 COOTBETCTBYIOT NMPOCMOTPEHHOM 4YacTu aepeBa. Ha
ypoBHe [ =0 mepeMeHHbIE = COCTOSHHS IPEACTABISIOT

WCXOJIHbIC JJaHHBIC 3aJa4d Xg . Ha yposue /+1 unrepec
MpeCTaBIACT JIMIIb OJHA OUepeIHas albTepHATHBA
1+1 i I+1 . . —
Xigny = Xigy + AX gy, i) elny il +1) elny, .

i
Ortcrona caenyer, 94To

1+1

i = Xg+ D AX
Jj=1

_ J
i(l+1) =

X i(J)
B03BpaT B MPEAHICCTBYIOMIEE COCTOAHHUEC PCaIU3yCTCsa

omnepaluei 1ekpeMeHTa

Xf(/) =3 fz}l_'_]) _Abel_'_]) ,l(l) S l,nl, l(l+1) S 1,n[+] 5
[>0.

Ecmm 3Hauenus AX%H) COXPaHSIOTCA B DJIEMEHTaxX

MIPOM3BOJHOTO Kjlacca Ha OCHOBeE Kiacca base (puc. 1), To
COXpaHEHHE COCTOSHHS Mpolecca IOWCKAa PEIICHUs
peanu3yeTcss CKaHMPOBAaHMEM CIUCKa M BBIBOJIOM,
HarpuMmep, B (aitnoBslii moTok. CIIUCOK TpeIBapUTEILHO
HEeo0X0aUMO peBepcHUpoBaTh Ut COXpaHeHUs
NOCTICZIOBATEIEHOCTH 3JIEMEHTOB IPH BOCCTAHOBJICHUH M3
(haitioBOrO MOTOKA.

V. 3AKJIIOYEHHUE

PaccMoTpeHHas cxema rpaHyJIALMU [IPOLecca PEeIIeHUs
peanM3oBaHa B paMKaX OOBEKTHO-OPHEHTHPOBAHHOM
TexHoJornK Ha s3pike C++. Ilpouemypa BOCCTaHOBIICHHS
COCTOSIHMSI BKJIIOYAET BOCHPOU3BEICHUE IIPOCTPAHCTBA
MOMCKA U UTEPALUIO IIPOCMOTpPA MPOHIEHHOTO 10 MOMEHTA
COXpaHEeHHUs ITyTH, HAUWHAs OT JucTa 10 KopHA. [Ipn sTtom

uist - moboro  y3ima  ofecriedyeHa  BO3MOXKHOCTh — Kak
OPOJODKEHHUST PEKYpCHM  Pa3BUTHUS  JEpeBa, TaKk U
IIOBTOPHOI'O IIpEPhIBAHUA )5 COXpaHCHUA COCTOSIHUSA

Iponecca NoUcCKa peuicHus.
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