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TEXHVKA ITPOI'PAMMHON PEAJIU3ALUN
[IOTOKOBHX AJII'OPUTMOB

A.B. Ilanrokos,

B.A.

Teaecun

SOFTWARE ENGINEERING OF THE FLOW ALGORITHMS

A.V. Panyukov,

BBenenue

V.A.

[ToToKOBBIE 3amauu:
MaKCHUMaJbHOM MOTOKe, TpaHCIOPTHas 3ajaya, 3ajaya O Ha3HaueHUM M 3ajayda O KpaTyailiem
MyTH, - ObLIM OJHUMMU W3 MEPBBIX, AABIIUX TMOJE3HbIE AJs MPAKTUKU CeTeBble ONTHMU3ALMOHHbBIE
monenu. B pabotax 50-x romoB [I] paccMaTpuBaiuCh MPsIMbIe aJITOPUTMbI (METOI MOTEHIIMAJIOB)
peuleHns MaHHBIX 3amady. B mocrenyromux padoTtax ObUT TPEMIOXKEH P aITOPUTMOB IPYTOTO
TUIIAa, B YAaCTHOCTHU, aJropuTM Oecrmopsiaka [3, 4] ¥ ABOMCTBEHHBI CHUMILIEKC-MeTonm [5, 6].
OnbIT BKCIIyaTalldd W BBIYMCIUTENIbHBIE 3KCIEPUMEHTbl TOKa3ajiu, YTO HOBbIE aJTOPUTMbI
TpeOyIOT MEHBIIETr0 Yrcjia UBMEHEHUI TeKyIIlero 6a3ucHOTO pelleHus (Beaylux npeodpa3oBaHUit)
IIPpY BBITTOTHEHUM CUMILICKC-aJITOPUTMa. DTO TPHBENO B cepearHe 60-X romoB K MHEHHUIO, 4TO
HauboJsiee XU3HECTIOCOOHBIM SIBJSIETCS alaroputMm Oecrnopsinka [3, 4]. M3-3a ybexxXneHHOCTH B
Hed(DEKTUBHOCTU MPSIMOrO aJTOpUTMa OCTaBaJWCh He3aMeYeHHBIMU MpeaioxeHus [2, 7] o

Teleghin

PaccmoTpeHbl ciocoObl peamu3aly BEMyIero Npeodpa3oBaHUs B CXeMe
CHAMIUIEKC-JITOPUTMA JJISI  3aad TPAHCIIOPTHOTO THWMA, TO3BOJISIOIINE
OCYIIECTBIISITh TIEPECTPONKY OA3UCHOTO JepeBa 3a BpeMsl JIUHEWHOE OT Yhcia
BEPIIIMH CETU, CYIIECTBEHHO COKPATWB TMPU 3TOM YKCIO MPOBEPOK YCIOBUS
ONTUMAJIBHOCTH. TeXHWKa MPOTPaMMHON pealu3allui YKa3aHHBIX TPOLEHYp
TMPOWJUTIOCTPUPOBAHA B UCXOMHOM TEKCTE abCTpaKTHOTO Kiacca transport u
kinaccoB Transshipment u Transportation, mpegHa3HaYeHHBIX [JIsl pElICHUS
W TIOCTONTUMU3ALMOHHOTO aHajn3a TPAHCHOPTHBIX 3a/1a4 COOTBETCTBEHHO B
CETEBOM U MAaTPUYHOI IMTOCTAHOBKAX.

Kawuesvie canosa: mpancnopmuas 3adaua, 3adava 06 onMUMANbHOM
noOmoKe, an2opummol, CHPYKMypbl OAHHBIX, 006€KMHO-0PUEHMUPOBAHHOE
NpOPAMMUPOBAHUE, MEXHUKA NPOSPAMMHOU Pearu3auuu

The authors consider the ways of the software engineering of the pivot
procedures in the scheme of the primal simplex algorithm for flow problems,
which enable to rearrange the redix tree within the linear time of the vor-
tex of network number, considerably decrease the number of checks of the
optimality condition. The technique of the software implementation of these
procedures is given in the source text of the abstract class transport and classes
Transshipment and Transportation which are destined for solving and post-
organizational analysis of the transportation problems in the cross network
and matrix definitions respectively.

Keywords: transportation problem, transhipment problem, algorithms data
structures, object-oriented programming, software engineering

IIOCTPOCHUEC OIITUMAJIBHOIO IIOTOKa B KOHEYHOM CETHU, 3azadya O
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crocobax yBeJMYEHUs] CKOPOCTU BBIMOJTHEHUs Bedylllero npeodpa3oBaHMs MPSIMOro CUMILIEKC-
MeToJa. BOJBIIMHCTBO M3 3TUX MPEAJIOXEHUI BKIIOYEHBI B COBPEMEHHbIE pealiu3aluy MPSIMbIX
aJITOPUTMOB MOCTPOEHUS ONTUMAILHOTO MOTOKA B KOHEUYHOM cetu [16, 18].

Pa3BuTHE COBpEeMEHHOro MaTeMaTUUYECKOro obecrevyeHUsl pellleHUs 3agady 00 OMTUMalbHOM
noTtoke Havanoch B 70-x romax [8, 9, 10, 11, 12]. IIlupokoe cpaBHEHWE aITOPUTMOB PELICHUS
3alaud 00 ONMTUMAJIBLHOM IMOTOKE ObLIO MpoBeaeHO B paboTax [§, 13] u Ha BcecotosdHoM KOHKypce
«TpaHcnopT-81». DTu uccaegoBaHUs TMoKaszald, 4YTO MPSIMON CHUMILJIEKC-METON 3HAYMTEJIbHO
MPEBOCXOJUT OCTaJIbHbIe M3BECTHbIE MeTOAbl. [losiBUBIIMECS MOJMHOMMAIbHbIE aATOPUTMBI IJIs
3agauyu o6 onTumaibHOM moToke [19, 20, 21, 23] Takke He COCTaBMUJIM KOHKYPEHLIMIO MPSIMOMY
CUMILIEKC-aJITOPUTMY MpPU PEIIeHUU MPaKTUYEeCKUX 3aaay.

3aMeTuM, YTO BBIYMCIUTENbHBIE 9KCcepuMeHTHI [8, 13] mpoBoawiuch Ais "pealbHbIX" ceTei,
KOTOpbIE 3a1al0TCs pa3pexkeHHbIM rpadom. OnHaKo, MOCTPOCHUE ONMTUMAIbHOTO MOTOKA TPeOYyIOT
aiTOPUTMbl JJISI MHOTMX 3ajad pa3MelleHUs] M CUHTe3a ceTeil, B YacTHOCTH, s 3axay
pa3MelleHUus] TPSIMOYTOJbHBIX OOBEKTOB C MMWHUMAJbHOW JJIMHON CBs3BIBAWOIIE WX CETU
[15, 25]. OTAUYUTENbHBIMMU OCOOEHHOCTSMU MNAaHHBIX 3a4a4 SIBJASOTCA: 1) B OMNpeneJeHUun
CeTU WUCMOJIb3yeTCs TOJHBINA rpad; 2) HeoOXOAMMO pellaThb IOCIeA0BaTeIbHOCTh JIOKAJbHO
BO3MYIIEHHBIX 3aJay, OTJIMYAILIUXCS TNapaMeTpaMu IMapbl BEPIIMH W WHLUUIASHTHBIX MM JYT.
BoluucautenbHast CI0XKHOCTh NMPSIMOTO CUMILIEKC-aJTOPUTMa CYIIECTBEHHO 3aBUCUT OT CTPAaTeruu
MPOBEPKU YCIOBUSI ONMTUMAILHOCTU IJisi HEOa3UCHBIX Ayr. Mcrojib30BaHWE M3BECTHBIX CTpaTeTUid
MPUBOJAUT Ha 3aKJIIOUUTEJbHBIX UTEepaLMAX aJITOPUTMa K MPOBEPKe YCIOBUS ONTUMAIbHOCTU JJISI
BCeX HeOa3MCHBIX OYT, XOTS OOJBIIMHCTBO W3 HUX YIOBJETBOPsIET JaHHOMY ycioBuio. Creactsue
- HeoIlpaBJaHHbIE 3aTpaThbl BPEMEHHBIX PECYpCOB TMpHU pEIIeHUM 3aaay yKa3aHHOTO KJjacca.
Hanpumep, CI0XHOCTbH OINpeaefeHUs pelleHUs] BO3MYILIEHHOW 3alauyu MO pPEelIeHUI0 WCXOAHOM
3aJayd OKa3bIBaeTCsl MOYTHM TaKoW Xe, KaK M CJOXHOCTb pelIeHWUs MCXOAHOW 3amauu. Jns
yCTpaHEHUs 3TOTo Mapaaokca B pabote [13] mpenyaraloT UCIOJb30BaTh ABOMCTBEHHBIN CUMILIEKC-
aJITOPUTM.

B naHHO#i paboTe WM3JIOXEH CrMocod ydeTa Oyr, 3aBeAOMO YIOBJIETBOPSIONIUX YCIOBUIO
OIITUMAJIbHOCTU, OCHOBAHHBI Ha ynopsododeHuu u3zyverus Oasucnoeo depesa [17, 22, 24].
IIpu wucnonb3oBaHMM JAHHOTO cHocoba U3 MOMCKAa O4YepeaHOro KaHaujata [Jis BBoaa B
0a3uc MCKJIOYATCS AYTU, IS KOTOPHIX YCTAHOBJEHO BBIMOJHEHWE YCAOBUS ONTUMAaJbHOCTH.
IMpennoxeHHble B paboTe CTPYKTYpbl HAaHHBIX U TPOLIEAYPHI IJsI HUX MO3BOJSIIOT YMEHBIUIUTh
BBIUMCIUTEIBbHYIO CIOXHOCTb BCEW MTEpallMU MPSIMOTO CUMILIEKC-METOJa, a He TOJbKO BEAYLIEro
MpeoOpa3oBaHUsl KaK B U3BECTHBIX aJITOpUTMax. PacCMOTpPEHHBI CIIOCOO CYIIECTBEHHO MOBBIIIAET
3 HEKTUBHOCTDL MPOLEAYP, UCTIONB3YIOLIUX MPSIMON aJITOPUTM pelleHUs 3aaa4d 00 ONTUMaJIbHOM
MOTOKE B CXeMe METO/ia BETBell U TpaHMLl, NIPU MOCT-ONTUMMU3ALMOHHOM aHaiu3e u T.1. [15]. Kpome
TOro, JAHHBIA CMOCOO OTKPBIBAET MyTH paclapajjieMBaHUsl BbIYMCIAEHUN MPU pElIeHUU 3adauyu
00 ONTMMaJIbHOM TTOTOKE.

IMpenanaraembiit crocod MCMONb30BaH NMpU pa3dpaboTke kiaacca Transport, MpenocTaBsIIONIErO
CcpelcTBa AJsSl pelleHUs W TMOCTONTHMHU3allMOHHOTO aHajiv3a TPAHCIOPTHBIX 3alay B CeTeBOW U
MaTpUYHOM TMOCTAaHOBKAaxX, a TakXe 3aJayd O HadHaueHWU. McXomHbIii TEKCT JaHHOTO Kjacca Ha
sa3bike CH mpuBelieH B cTaThe AJs WIIIOCTPALlMM UCTIOIb3YEeMbIX CTPYKTYP MaHHBIX, aJrOPUTMOB
U TEXHUKU UX MPOTPAaMMHOM peaausaluu.

1. IloctaHoBka 3amaum

ITycrs (N, A) — ceasupiit rpacd, N — MHOXkKeCTBO BepmmH, A — MHOXKeCTBO AyT. B kaxzoi
BepmiueEe n € N 337aHa KoHeuHast Beawuuna ¢(n) € Z, KoTopasi CONOCTABIAETCs TA60 BeIWInHe
npoussesiernoro npoaykra (g(n) > 0), mmbo senmumne norpebisiemoro npogykra (g(n) <
0). Jdna xaxznoit pnyru (n,m) € A 3amanbl cTomMoCcTh ¢(n,m) TPAHCHOPTHPOBKH €IMHULbI
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IPOJYKTa OT BEPUIMHBI 72 A0 BEPINUHBI M ¥ BemdmHa, k(n, M) IPOIYCKHOM CIOCOGHOCTH JaHHOK
TPAHCIOPTHOK KOMMyHEKatud. PaccMaTpuBaeMas 3a/1a9a COCTOUT B ONIPEIEICHAY IOTOKA, (7, M)
BJIOJIb Kax 0% ayru (n,m) € A, yuosiaersopsmomero TpebosaHuaM

Z ¢(n,m)z(n,m) — max, (1)
(n;m)cA e

(VneN)| Y zmn)— > z(n,m)=qn)], (2)

m:(m,n)EA mi(n,m)€A
(V(n,m) € A)(0 < z(n,m) < k(n,m)). (3)

Jamauya (1) - (3), u3BecTHas KakK 3ajaya o0 ONTUMAJbLHOM IIOTOKE (MM KakK TpaHCIOpPTHas
3ajlaya B CeTEBOI MOCTaHOBKE), sABJIsIeTCSl Hanbosee obiei (GopMoii TUHEHHBIX OMHOMPOAYKTOBBIX
MOTOKOBBIX 3aday. Takue 3amauu, Kak 3ajadya O MaKCUMaJbHOM IOTOKE, TpaHCIIOpPTHAas 3ajauya,
3ajlaya O Ha3HAUYeHMMW W 3ajJadya O KpaTdyailieM IMyTU, SIBJASIOTCS YACTHBIMM CllyyasiMu 3aJauyu
(1) - (3). OnHako, yyeT OCOOEHHOCTEl YaCTHBIX 3aday MO3BOJISIET CTPOMUThH IJSI HUX OoJjiee
addexkTuBHBIE aNrOpuUTMbl. B 4YacTHOCTHM, OCOOEHHOCTHIO TPAHCIOPTHOM 3alayd B MaTPUUHOM
MOCTAaHOBKE SIBJSIETCS OBYIOJBbHOCTH rpada (N, A).

2. Ilpsamoit cuMmjieKc-aaropuTMm

IIpsimoii kputepuit ontuMaibHoCcTH 3agayu (1) - (3) maet [1]

Teopema 1. Heobzrodumsim u 00CTGMONHBM YCAOBUEM ONTMUMAALHOCTIU JONYCTUMOZ0
pewenua £(n,m), (n,m) € A sadauu (1) - (3) asasemes cywecmeosanue seaunun u(n), n € N
(nomenyuaioe sepwun), maxuz, wmo

0 < z(n,m) < k(n,m) < u(m)—u(n)=-c(n,m), (4)
z(n,m) =0 & wu(m)—u(n)>c(n,m), 5)
z(n,m) = k((n,m) <« u(m)—u(n) <c(n,m). (6)

IIepemMeHHBIE OOIMyCTUMOTO 0a3ucHOro pemeHus 3agadu (1) - (3), yaoBIeTBOPSIOLINE YCIOBUIO
4, COOTBETCTBYIOT Ayram, obOpa3syloliuM ocToBHoe AepeBo 7 rpada (N, A). OOLIEIpUHATO AEPEBO
T OTOXIECTBJSAThL ¢ 0a3ucoM, a oOpa3ywllue ero Ayru Ha3biBaThb O0a3UMCHBIMM.

AJITOpUTM, TIOCTPOEHHBIN MO cXeMe IMPSIMOTO CHUMILJIEKC-METONa, COCTOUT B BBIMOJHEHUU
CleayIoIIMX OCHOBHBIX 1IaroB.

o IMlar 0. Mannuamusanusa. ocrpouts 6a3uc (BO3MOXKHO COJepKANMil HCKYCCTBEHHbIE JyTH
C BBICOKOH CTOMMOCTBIO) ¥ COOTBETCTBYIOmmY JOMyCTAMBI GasucHbi noTok . [lomernts
OZiHy W3 BepHIMH KaK KopeHb. Oupemenurs norennuasl u(i) Bepumd 1 € N u3 ypaBHeHuit
(4) must 6azucHBIX IYT.

o ITlar 1. Hatityu nyry ans BBoza B 6a3uc. Texymiee pernenne spasercs ONTUMAJIbHBIM, €C/IH
BeITONHEHB! yoaosust (5) — (6), unaue HebasucHas [yra, He yIOBJETBOPAIOIIAS JAHHBIM
YCJIOBHSIM, BBIOMpaeTCsI Il BBOZA B Hazuc.

e Ilar 2. BeinoanuTh Beayniee Ipeobpa3oBanue.

— Hlar 2.1. Haiitu BeiBoauMyro u3 Hasuca ayry. Jyra gang  BeiBoga wu3  baswmca
onpeneasercda mpua 06xone eQUHCTBEHHOrO IUKJa, O0pPa30BAHHOIO HpH I00aBICHHH
BBOAMMO# B 6asuc ayru. Vlamemedue moToka BJAOJL BBOAMMOM B 6a3uc Iyru or ero
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TeKYIel TPAaHUIIBI BBI30BET M3MEHEHMUE MMOTOKA MO AyraM HuKja. [1py MakcuMaabHOM
JOMYCTUMOM M3MEHEHUM IMOTOK Ha OIHOM MJIM HECKOJbKWX AyraxX LUKJIa JOCTUTHET
CBOC BepxXHEM WJIM HUWXHEW rpaHumbl. M3 Takux Oyr mIsi BbIBoma M3 0asuca
BBIOMpaeTcs ayra, GiaMXaiias K KOPHEBOW BepIlIMHE B TeKylleM 0Oa3MCHOM AepeBe.

— Hlar 2.2. BriBongmMag u BBOIMMAY JIyru OOMEHUBAIOTCH CBOUMMU
0a3uCHBIM/He0a3UCHBIM CcTaTycaMU. BbIYMCAAIOTCS OOHOBJICHHBIE 0A3MCHBIM MOTOK M
noreHuMansl BepwnH. Ilocie yero ocymectBiasercs nepexod Ha IIlar 1.

Pe3ynbTaTUBHOCTh M KOHEUHOCTh [JAHHOIO ajrOpMTMa OOIIEUM3BECTHHI M B JaJibHEHIIeM He
o0CyXIamTCs.

B u3BecTHBIX peanu3anusx MPSIMOr0 CUMILIEKC-METONa TPYAOEMKOCTh BBIINOJHEHHUS Iiara 2
JIMHEMHA OTHOCHUTEILHO 4YMCjia BEPIIMH ceTU. B TO Xe BpeMsl TpyZOeMKOCTh Iara 1 m3MeHsieTcs
OT WTepallMu K WUTepaluu, AOCTUIasl Ha IOCACAHUX UTepalMsX BEJIMYMHBI, MPOMNOPLIMOHAILHON
YKCIy OYL CETH.

3. CTpyKTypbl JaHHBIX.
NHuTtepdeiic ¢ nporpaMmmMaMu IOJb30BaTEaS

Jnst npeicTaBienns 6a3UCHOTO JIepeBa B KOMIBIOTEPE OHA U3 ero Bepive r € N BeibupaeTcs
B KadecTBe KOpHA. Ecnu BepmmwHa j JIEXKUT HA NyTHM OT BEPIIMHBI ¢ K KOPHIO 7, TO BEpIIHHY
J Ha3bIBAIOT NPECUECNEEHHUKOM 1§, & BEPIUHHY i — npeemuuxom sepwundvs j. OdeBmaHo,
YTO HENOCPE/ICTBEHHBIE MPEAITeCTBEHHUKYN ¥ HPEEMHNKHU ABJISIIOTCH BEPIIMHAMY, WHITAJEHTHBIMU
6asucariM gyram. Cremosarensno, gepeso T Moxker ObITh npencrasieHo ¢yukmueit P: N = N,
rge P(i) ecTs HemoCpeACTBEHHBIN NpeAINECTBEHHAK Bepmunbl i, P(r) = r. Cneayer orMeruTs,
uyto P(i) TOJBKO yKa3biBaeT BEDINKMHY, CMEXKHYI0 BEpIIHHE 4, HO HE ONPEHEJIsSeT OPUEHTAIUI0
Jyrd, vHIuAeHTHOM BepmuaaM ¢ u P(3). s onpenenenns opuenTanyy 6a3uCHBIX OYT ONPELETIUM
6yseBy QyHKIHIO

Pos: N — {True, False}: { Pos(z:) = True = (Z’P(Z)) € AT,
Pos(i) = False = (P(i),1) € AT,

rae AT — MuOXKecTBO 6asucHbIX ayr (ayr mepesa T).

Ha puc. 1(a) mokazanb! gepeBo ¢ KOpHEM B BepmuHe 1, onpenenensl 3Havenus pyHKnuu P,
a Tak¥Xke JOMONHUTETbHBIX Qyukmuit D: N - N, B: N3 NuL: N — N, xoropsie Oyayr
WCIOJB30BAHEl B IPOIDAMMHOM peajim3aliud TPOLEAYP, PacCMaTpuBaeMbix B craTbe. IlepBas
w3 JonojHuTenbHBIX dyukumit D @ N — N sagaer npaMmoil mopsanok obxoma ngepesa T
(T.e. HOpPSOK, TIPH KOTOPOM IIOCEINEHUE IPENIIECTBEHHUKOB OCYINECTBJISIETCS 0 HOCEIEHUsI
npeemunkoB). Cuexyromast dyukuus B : N — N sasiaserca dyrkumeir obparHoit D, Te.
eciu D(i) = j 1o B(j) = i. Oyuxuusa B ompegnensier KoHIEBO# mopsiiok obxoma nxepesa T,
COTJIACOBAHHBIA € IPAMBIM TMOPSAKOM 06xofa, 3amaHHEIM dyHKIue#i D. Hakonen, ¢yukmus
L: N — N onpegnensier nocieasero npeemuuka L(i) sepmuns: ¢ npu npsimoM obxozne. fanHnie
¢$bysKIME HcnoB30BaHbI, HaIpHMep, B pabote [11], mia mocrpoerus 3¢ pEKTHBHBIX AJITOPUTMOB
Bemymero npeobpasosanus 6asuca (mara 2 B obwmeit cxeme). B nanHoit paGore stu xe dbyHKIIU
HCHOJIB3YIOTCH B MOAu(HUITMPOBAHHOM AJI'OPUTME BEIYIIErO IPeoOPA30BAHMSA, MO3BOJISIIOIIEM
CYIIECTBEHHO COKDATHUThL KOJUYECTBO NPOBEPOK BHIIOJHEHWs YCJOBUS OINTHMAJILHOCTH, T.€.
CPEJHIOI BHIYUC/IUTEIBHYIO CIOXKHOCTH mara 1 B obmie#t cxeme. OCHOBHBIE Tanbl M3MEHEHHUA
Ga3UCHOro AEPEeBa, MOKA3aHHOrO Ha puc. 1(a), Npu BHIIOJHEHHH MOAAMDUIMPOBAHHOTNO BEAYNIETO
upeobpazopanusi HoKa3aubl Ha puc. 1(b — d). Bce npouenypwn Moauduumposansoro Beaymero
nmpeobpa3oBaHus PeaM30BaHBI KAK METOABI a0CTPaKTHOTO Kiacca Transport.
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Puc. 1. ba3ucHoe AepeBo U oIpeacaeHHbIe HA HeM (PYHKLUU
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Croumoctu ¢(-) u mnpomyckasie cmnocobnocTn k(-) Ayr ceru OyaeM KOAHMpOBATH Kak
HEAMAroHaJbHBIE /1eMeHThl KBajpaTHbix Marpui, C u K pasmepa |N|. Hamee cuurtaem N =
{ie N:1<i<|N|}. Crpoku Marpui COOTBETCTBYIOT Ha4ajaM Ayr, a CTOJOLBI — KOHIAM.
Hocruxenne morokoMm B HebazucHol ayre (1,7) : 1 # P(j),j # P(i) BeauumHBl IPOIYCKHOM
cmocobHOCTH GyzeM KOAMPOBATH W3MeHeHWeM 3Haka Benumumbsl K (4,7). Takum obpazom, masee
NPUHATHI CJIEAYOIE COTJIAIICHNUS:

6i.3) = Clod), KGo) = K3l iaj €N i 45, g
s6,0)={ Yo sy, comXWDZD ijeN: i£PGLIAPD. )

B muaromambubix smeMmeHTax Marpur, C m K paBubl OymeM KOIHDPOBATH COOTBETCTBEHHO
HOTEHNHUAJIbl BEPIIMH U TTOTOKM (C y9€TOM OpWEeHTAluu) B Ga3UCHBIX Jyrax, T.e.
. . . z(i, P(i)) ecim Pos(i) = True
— K — ? ) ’. ) b]
Cli,4) = uld), K(i,i) { —z(P(3),1), ecim Pos(i) = False. ©)

Ha pwmc. 2 onpenesieHBl TMITBI M CTPYKTYPHI JAHHBIX, HCIOJL3YEMBIE IJIsT TPEICTABICHUS
fa3ucHOro IJepeBa U OIIpeliesieHus Kjiacca Transport u ero moroMkoB. KoncranTa Large 3anaer
HEJOCTIKHMYIO BEPXHIOIO TDAHUILY [/ 3HAUEHU 1eeB0oi (DYHKITMH, TPONMYCKHBIX CIOCODHOCTEMH
u croumocreit nyr. Tunm PowerOfX OyzeT HuCHONL30BaH AN ONIpEJEEHHWS HOJIH30BATEIIEM
¢yHKOHK, BO3BPAIIAIONEH MOITHOCTL 3alaHHoM Beprmmibl ceTr. Tun X0fArc 6ymeT HCIoaIb30BaH
JLIS OIIpEJIe/IeHNs MT0/Ib30BaTeeM (DYHKOUN Ha AyTe: CTOMMOCTH, IPOIYCKHOM CIIOCOOHOCTH HIN
MOTOKa. 3HA4YeHUs OIpeneaeHHnix Boite dyukumii D, B, L, P u Pos Ha MHOXecTBe N BepmuH
33J1a10TCA Kak 1oy cTpyKTypsl tuna TNode, a ¢dyukuuu C' u K Ha MHOXKecTBe A Ayr ceTu Kak
mouig 3anucu tuna TArc. Ilone A crpykryph TNode onpesenser HHIUACHTHYIO YTy Ha MyTH OT
COOTBETCTBYIONIEH BEPIIUHBI K KOPHIO, a mojie Y — motok 1o Heit. Hakowen, mose Im comep:Xut
TIOPSIKOBBIT HOMED BEDITIUHEI.

#define Large OxFFFFFFFL
typedef long (*¥PowerOfX) (unsigned);
typedef long (*X0fArc) (unsigned, unsigned);

struct TArc {long C; // price
long K; // capacity
I

struct TNode { TNode *D /* direct next */, *B /* back next*/,
TNode *L /* last */, *P /* predecessor */;

TArc *A; // incidence basic arc (root path)

bool Pos; // is the basic arc direction to the root?
long *U /* potential */, *Y /% incidence basic arc flow */
int unsigned Im; // image (index)

};

Puc. 2. Crpykryps! 14 npencrabieHus 6a3ucHOTO JepeBa

Ha puc. 3 npuseneso onncanne wHrepdeiica knacca Transport. Onucanue moJeil 1 METONOB
xmacca Transport m3 paspena Protected Oyner maHO najiee Npu OMMCAHWM HX PeATU3AIHY.
3/ech OCTAHOBMMCS Ha ONMUCAHUH MoJell M3 pasgeia Public mamnoro kmacca. Ilons NPivots
u NChecks cOmepXaT COOTBETCTBEHHO KOJMYECTBO BHITIOJHEHHBIX BeAyIMX IpeobpasoBaHmit
¥ KOJIMYECTBO NPOBEPOK YCIOBHMH ONTHUMAJILHOCTH npw petnenmm 3anagu. Ilome Ir comepkut
cocTogHUe co37aHHoro obbekra: Ir=0 — omTuMa/bHOE pemeHue Haiijeno, Ir=1 — cTOMMOCTH
MOTOKa HEOTPAHWYEHA, CBepXy, Ir=2 — He CymecTByeT AOIYyCTUMOro moToka. B caydae Ir=0 mome
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FlowCost comepXuT CTOMMOCTb ONTHUMAJbHOI'O TMOTOKa, B MPOTUBHOM ciydyae mnosie BottleNeck
COJICPXUT ONHY U3 JAYyr, MapamMeTpbl KOTOPOM SIBJISIIOTCS MPUYMHONW OTCYTCTBUS pELIeHMS 3aJauM.

Kak oTMeuyasoch  BhbIlIIE, kjgacc Transport sBaseTcss  aOCTpaKTHBIM  KJIaccoM,
MPeI0CTaBISIIOIIEM CPEICTBA PELIeHUST U MOCTONTUMU3AIIMOHHOTO aHalKn3a 3aJ1a4 TPaHCIIOPTHOIO
TUMa KaK B MaTpUYHOM, TakK M B CeTeBOil MmocTtaHoBKax. Ha puc. 4 mnpuBeneHo omnucaHHUe
nHtepdeiica kiaccoB Transshipment (4(a)) u Transportation (4(b)), mpenocTaBASIONIUX
CpelcTBa pellleHUs] TPaHCHOPTHBIX 3alay B CETeBOW IOCTAHOBKE M MAaTPUYHON MOCTaHOBKax
COOTBETCTBEHHO. JlaHHBIE KJIacChl HACJEAYIOT BCE MOJISI U METONbl kyacca Transport, 1o0OaBasSOT
COOCTBEHHbIE U MOAUDUIIMPYIOT KOHCTPYKTOP U AECTPYKTOD.

B pasgene public kimacca Transshipment mone N omnpepensieT 4uUCIO BEPIIMH CETH,
dyHkuuun PriceOfArc, CapacityOfArc 1 PowerOfSource cocTtasiisitoTcst mosb3oBatesneM. OHu
NOJIXXKHBI Bo3BpaliaTh KoHCTpykTopy 3HaueHuss C(Tail,Head), if (Tail, He ad) u Q(Node)
WCXOIHBIX OaHHBIX pemiaeMoit 3amauyu (1) - (3) AJAg BeplIMH W Oyr, MOepedaBaeMbIX MM B
KadyecTBe mMapaMeTpoB. 31ech UM naajnee 3HaueHWs nepemeHHbix Tail u Head - BepmuHBHI,
COOTBETCTBYWOIIME Hayaldly W KOHIy BbiOpaHHOW ayru. PyHkuuu ArcFlow u NodePotential
BO3BpalllaloT ONTUMAaJIbHBIN MOTOK IO COOTBETCTBYIOILIE Ayre W MOTEHIMaJl COOTBETCTBYIOIIEH
BepiurHbl. HakoHel, ¢ momoiibio Metoma Perturb mMoauduuupyrTcss MOIIHOCTHM BepluuH VI,
V2, mepenaBaeMblXx B KauyecTBe IapaMeTpoB, WM TapaMeTpbl WHIUIAEHTHBIX UM JYyr, a TaKXe
OTBICKMBAETCSl ONTHUMaJlbHOE pellleHWe BO3MYIIEHHONW TakuM oOpa3oMm 3agauu. Hakonen, ¢
noMmouplo Metoga Perturb Momuduuupyrorcss wmomHoctu BepmidH VI, V2, mepegaBaeMbix
B KayecTBe IlapaMeTpoB, M TMapaMeTpbl HWHUMUAEHTHBIX HMM JAyr, a TaKXe OTbICKUBaeTCs
ONTHUMAJILHOE PEIIEHUE BO3MYIIIEHHOU TakuMm oOpaszom 3amauu. B Knacce Transportation moss
NSup, NCons ompeaensitoT YMCIO TOCTaBUIMKOB U MOTpeduTeseld cooTBeTCTBEHHO. OcTalibHbie
(GyHKUMMU aHAJOTMYHBI COOTBETCTBYIOIIMM (PYyHKIMAM Kiacca Transshipment, HO y4YUTBIBAIOT
NBYIOJBHOCTb CETH.

Ha puc. 5 npuBeneHsl TmNpuUMepbl UCHOJb30BaHUSA KiaccoB Transshipment (a) wu
Transportation (b) B mnporpammax mnojb3oBatens. B mnpuBeneHHoM mnpumepe o00bekT Prb
knacca Transhipment uMeer BoceMb BepIMH, BCE HWCXOAHbIE JaHHbBIE 3aJalOTCS C TMOMOUIBIO
laTyvKa ciayyaiHblx uuces. Ilocie co3gaHusi 00BEKTa €ro CoCTOsiHME oOToOpaxkaeTcsl ¢
noMoilplo ¢GyHKuuu void ArcsPrint(Transportation), HanmucaHHoOiIl mosab3oBaTeaeM. Ilocre
9TOro pellaeTcs BO3MYIlEHHas 3ajadya, B KOTOpPOMl M3MEHEHbl MOIIHOCTM BepwiMH 1 u 2
Ha BEJIUYMHY TIOTOKA MEXAYy HHMU B ONTUMalbHOM 0OaszucHoM pemeHun. OO6bekT Prb
kiacca Transportation wnMeeT 1O BOCEMb MOCTaBUIMKOB U TIOTpPeOUTENEd, BCE MCXOIHBIE
NlaHHble 3afalTcs anroputmuydecku. Ilocie coszmaHus 00bEKTa €ro COCTOSHUE OToOpaxaercs
¢ momouubo ¢pyHkiuu void ArcsPrint (Transportation), HanucaHHoli monb3oBaTteseM. [locne
9TOrO0 pelllaeTcsl BO3MYIleHHas 3ajaya, B KOTOPO MOTYT ObITh MU3MEHEHbI MOLIHOCTU BepIliUH 1 1
2, a TakKXXe CTOMMOCTU M MPOMYCKHbIE CMIOCOOHOCTU MHUMACHTHONW UM JIyTH.

4. OnucaHue peaau3alUu KJIaccoB
4.1. KOHCTPYKTOPHI M JeCTPYKTOPbI 00 bEKTOB

ODyHKIIMOHAJIbHOE Ha3HaYeHUWE KOHCTPYKTOpa - IIOCTPOEHUE OINTUMAJIbHOTO 0a3uCHOro
peuIeHUs] COOTBETCTBYIOIIEU 3adadyu IO WMMOOPTUPYEMBIM WMCXOAHBIM JaHHbIM. Bnocienctsuu
MOCTPOCHHBI OOBEKT, T.e. ONTUMaJbHOE OA3MCHOE pellleHWe, MOXET IMOJABEepraTbCsl MepecTpoiike
W TOCTONTUMU3ALMOHHOMY aHaiu3y. MeToasl Kiacca transport HaroT CpeicTBa MOCTPOCHUS
ONTUMAJILHOTO 0a3UCHOTO pEIIeHUsT U3 JII0OOTO TOMYyCTUMOTrO 0a3MCHOTO PEIIeHUS.

HepeBo, COOTBETCTBYIOIllEE HadadbHOMY 0a3MCHOMY pEUIeHWI0, a TakxXe QYyHKIUH,
ompelne/icHHbIe Ha MHOXECTBE €ro BepIIWH, ITOKa3aHbl Ha puc. 6. B wumeiilHoM OTHOIIEHUM
CTPpYKTypa HadaJbHOTO 0a3MCHOro pelneHuss st kKiaccoB Transshipment (puc. 6(a)) u

84 Bectuuk IOYpIy, Ne27(127), 2008



A.B IlanwokoB, B.A Tenerun

class Transport { // Base class
public:
Transport () {Tree=0; PArc=0; FictArc.K=Large; FictArc.C=-Large;};
~Transport ){};

long FlowCost;
long unsigned NPivots, NChecks;
int unsigned Ir, BottleNeckTail, BottleNeckHead;

protected:
long FlIncr, // Flow incriment
Clncr; // Potential incriment

TNode *J, // Join point
*Head ,*Tail, // Nodes of Incoming arc
*Qut , *POut, // Nodes of Dutgoing arc
*Root, *Tree;

TArc *InArc, // Incoming arc

**PArc, FictArc;
void Pivot(), Decompose(TNodex), Compose(TNode*,TNodex);
TNode* LookForOutgoingArc(bool,TNode*) ;
void Reroot(TNode*), OrderStudiedTree(TNode*,TNodex*);
void ModifyOfPotentials(TNodex);
}; // End of Transport

Puc. 3. Uutepdelic knacca Transport

class Transshipment: public Transport { class Transportation: public Transport {
public: public:
Transshipment( Transportation( unsigned, unsigned,

unsigned, // Nnodes Power0fX, PowerOfX,
Power0fX, // PowerOfSource X0fArc, XOfArc
X0fArc, // CapacityOfArc );
X0fArc // PricelOfArc ~“Transportation() ;
)s long ArcFlow(unsigned,unsigned);

~Transshipment () ; long SupPotential(unsigned);

long ArcFlow(unsigned,unsigned); long ConsPotential(unsigned);

long NodePotential (unsigned); void Perturb(unsigned,unsigned);

void Perturb(unsigned,unsigned,long); Power0fX PowerOfSource, Power(OfSewer;

unsigned N; X0fArc CapacityOfArc,PriceOfArc;

Power(fX Power(fSource; unsigned NSup, NCons;

X0fArc CapacityOfArc, PriceOfArc; protected:

protected: bool ThereIsDefectArc();
bool TherelIsDefectArc(); void Solve();
void Solve(); TArc *PSup, *PCons;
}; // End of Transshipment }; // End of Transportation
(a) (b)

Puc. 4. Nnrepdeiic knaccos Transshipment (a) u Transportation (b)
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long random( long D ) {

return(D*((double)rand()/(double) RAND_MAX)

);
long PowerOfSource(unsigned Node){
return(random(0));
};
long CapacityOfArc( unsigned Tail,
unsigned Head){
return(1+random(5)); };
long PriceOfArc(unsigned Tail,
unsigned Head){
return(-5+random{(10)); };
void ArcsPrint(Transshipment*P){
for (unsigned I=0; I<(P->N); I++){
cout<<?\n?<<I<<?\t?;
for (unsigned J=0; J<(P->N); J++)
cout<<setw(4)<<P->ArcFlow(I,J);
};
};
};
int _tmain(void){ srand(666);
int N=8; Transshipment*Prb=new
Transshipment (

N,
PowerQfSource,
CapacityOfArc,
PriceOfArc
)

ArcsPrint (Prb);

Prb->Perturb(1,2,0);

cout<<"\n";

ArcsPrint (Prb);

delete Prb;

return 0; };

(a)

long PowerOfSource(unsigned Node){
return(1+Node); }; long
PowerOfSewer (unsigned Node){
return(1+Node); }; long
CapacityOfArc(unsigned Tail,
unsigned Head){
int d=(long)Tail-(long)Head;
d=(d>0)7? d:-d; return(3+d);
}; long PriceOfArc(unsigned Tail,
unsigned Head){
int d=(long)Tail-(long)Head;
d=(d>0)? d:-d; return(d);
}; void ArcsPrint(Transportation*P){
for (unsignedI=0;I<(P->NSup) ; I++){
cout<<?\n?<<I<<’\t?;
for (unsigned J=0; J<(P->NCons); J++)
cout<<setw(4)<<P->ArcFlow(I,J);
};
}; int _tmain(){ srand(666);
int NSup=8, NCons=8; Transportation
*Prb=new Transportation(
NSup,NCons,
Power(fSource, PowerOfSewer,
Capacity0OfArc,
PriceOfArc
);
ArcsPrint (Prb);
if (Prb->Ir!=0)cout<<"Ir="<<Prb->Ir
<<" Tail="<<Prb->BottleNeckTail
<<" Head="<<Prb->BottleNeckHead;
Prb->Perturb(1,2); cout<<"\n";
ArcsPrint (Prb); delete Prb; };

(b)

Puc. 5. Ilpumepsbl ucnonb3oBanus kjiaccos Transshipment (a) u Transportation (b)

Transportation (puc. 6(b)) omunakosa. Bce nyru HauaabHOTO GA3WCHOTO DEINEHUS SBJIAIOTCS:
1) mHUMICHTHHIME BEPIIKHE 1, IPeICTaBIISIOMENR KOpeHb 6a3HCHOTO JepeBa; 2) MCKYCCTBEHHBIMHE C
HEOrPaHUIEHHBIMHA CTOMMOCTSIMU ¥ IPOIYCKHBIMEA CIHOCOGHOCTsIME. B COOTBETCTBMHU ¢ NPAHATHIMU
COTVIAIIEHVSMY BeJMYMHA KOHCTAHThI Large paBHa BepxHEH HEIOCTHXKAMON T'DAHWIE BEIHYNH
c(i,5), k(i,7), (¢,J) € A u croumocTn mO6OTO OMYCTEMOTO PEINEHHES, TI03TOMY IIPU ONPEeICHAN
IIOTEHIHAJIOB BEPIINH CETH CTOMMOCTH JePEeKTHHIX JyT II0JIaraloTCs PaBHBIMM BeJWuuHe Large.
Iorok no xyram Hada bHOr0 OA3MCHOrO pPEIICHWS W WX OPHEHTAIIUS OLPENEJSIOTCA C IIOMOMILIO
Merona PowerOfSource. Ilpamoit nmopsimoxk 00xoma BepHIHH COBNAJAET C HMX €CTECTBEHHOMH
HyMepalueil. 3aBepIIaeTcsi co3AaHue 00bLEKTOB NMPHIMEHEHMEM MeToja Solve I HAXOXKJEHUs
OUTAMAJILHOrO GA3UCHOTO PENICHHs.

KoncTpykTop M AeCTpPYKTOpP 00beKTOB Kiaacca Transshipment npusepeHsl Ha pHc. 7.
@ynkuus Transshipment uMeer deTwnipe mapamerpa. Ilepssiii TapaMeTp — 9HC/IO BEPIUUH CETH.
OcraBunecs Tpu napamerpa — Gysakunu Price0fArc, CapacityOfArc u PowerO0fSource, KoTophie
KOHCTPYKTOP HCIIOJIb3yeT AJis mojydenus 3uauenmit C(Tail,Head), K(Tail,Head), u Q(Node)
HCXOMHBIX JAHHBIX PEHIaeMOi 3a5a9H.

86 BectHuk IOYpI'Y, Ne27(127), 2008



A.B IlanwkoB, B.A Tejgerun
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Puc. 6. JlepeBo HauanbHOTO OasucHOTO peuieHus: st kinacca Transshipment (a) u nast kiacca
Transportation (b)

KoHcTpykTOp M OecTpyKTop OOBEKTOB Kjlacca Transportation mpuBemeHB Ha puc. 8.
®yukuusa Transportation uMeer mecTb napameTpoB. [lepBbieii A1Ba mapaMeTpa - YMCJIO BEPIIUH
B Kaxpgoi moie rpda (T.e. YMCIO MOCTAaBIIMKOB M YMCIIO IToTpedutesneit). OcraBiimecs 4eThipe
napametrpa - ¢yHkuuu Price, Cap, KoTopble KOHCTPYKTOpP UCIIOJb3YBIET [Jis TIOJYyYEeHUS
gnaueHuit C (Tail, Head), K (Tail, Head), u ¢bynkuuu Source, Sewer, MCIOJb3yeMblC s
nepenaym B MporpaMMy 3HAYEHUU MOIIHOCTEW BEPILIUH.

I[Mpu BBIMOTHEHUM O0OWMX KOHCTPYKTOPOB CHauaja BBIACJSIETCS MaMsATh MO MaccuB Arc u
¢ nomoupio dhyHkuuii Cap u Price ompenensieT HenmaroHaJibHbIE DJIEMEHTHI JAHHOTO MAacCHUBa.
3aTteM BBIACISCTCS IMaMITh IO MaccuB Tree M CTPOMTCS HadalbHOE Oa3ucHoe pemreHue. I[lpm
BBITIOJTHEHUU JECTPYKTOPA OCBOOOXIAETCS MaMsTh, BbIAEJIeHHAss OOBEKTY IMPU €T0 CO3JaHUU.

4.2. Meton Solve

Meton Solve peanu3oBaH B BUIEe OJHOMMEHHOW GYyHKUUM (cM. puc. 9). @yukuus Solve
ucnonb3yer MeTton TherelsDefectArc niss BbIsIBIEHWS B TeKyleM O0a3MCHOM pEIIEHUW [yT,
KOTOpBIC HE YOOBJIETBOPSIOT YCIOBUIO onTUMadbHOCTU (4) - (0), 1 MeTon Pivot mis BeIITOTHEHUS
Beayliero mnpeooOpaszoBaHus. [IpuMeHeHUE NaHHBIX METOMOB MPOU3BOAUTCS MO TeX IMOp, TOKa
meton TherelsDefectArc nHaxongut nedekTHbie Ayru (T.e. IYyTU, HE YIOBJIETBOPSIONINE YCIOBUIO
ONTUMAaJIbHOCTH) WM MeTod Pivot He ycraHoBUT Ir=1, 4TO COOTBETCTBYET CYIIECTBOBAaHMIO IIMKJIA
U3 IyT C HEOTPAHUYEHHON MPOMNYCKHON CIOCOOHOCTBIO M MOJOXUTEIbHOU CyMMOI MX CTOMMOCTEN.
B mocnegHem ciyuyae onmTUMaNbHOE pelIeHWE TPSIMOU 3aJauyu HEOTpaHUYEHO, a NBOWCTBEHHAas
3ajaya He MMEET pelIeHUS.

Ecnu xe metomy TherelsDefectArc He ymanoch o0HapyXuTh AedEKTHBIX Iyr, TO, Kak jaalice
OyzmeT moka3zaHO, B MOCTPOCHHOM PEIIEHWM BCE AYTU YAOBJIETBOPSIIOT YCIOBUSM ONTUMAaJIbHOCTH.
B nanHOM ciyyae ocTanoch MPOBEPUTh, MMEIOTCS JU Cpeaud Oa3UCHBIX AYyT MCKYCCTBEHHBIE
JIyTU, UCIIOJIb30BAaHHbBIC TIPU MOCTPOSHUU HavyadbHOTO Oa3ucHoro pemieHus. [1pu moioxXuTeTbHOM
OTBETE Mbl HMMEEeM 3ajady, He WMEIIyl0 AOMYCTUMBIX pelleHuil. OnTUuMaibHOE pelieHue
COOTBETCTBYIOLIECH TBOMCTBEHHOW 3aJadyyd B 3TOM CJIy4a€e HEOTPAHUYEHO.

B mnporuBHOM cilydae TIOCTPOEHBI OITHUMAJbHBIE PEIICHUS MPSIMOl U IBOMCTBEHHOMN
3amady. [lockonbky nBOMCTBEHHAass 3aJaya WMMEET MHOXECTBO OMNTUMAIbHBIX pEUIeHUid, TO B
paccMaTpuBaeMoOil IpolieAype OHO MPUBOAUTCS K HOPMaJbHOU (popMe, B KOTOpOi MHMHMMAJIbLHOE
3HaYEHWE ABONCTBEHHBIX MEPEMEHHBIX PABHO HYIIO.

I[Mocnennsis rtpynma BIOXEHHBIX IUKIOB IMpeaHa3HaYeHa [UJIs IOJACYeTa ONTUMAaJIbHOTO
3HAYEeHUS 1eJeBO (DYHKIINU.

4.3. N3ydyeHue 0a3nMCHOro nepenpa

bynem uyepe3 7(i) o0o3HayaTh MHWHHMMAJbHOE IIOAACPEBO TEKYIIEro Oa3MCHOTO JepeBa
T, craruBapIlIero BCeX NPEEMHUKOB BEpIIMHBI i. BepmwuHy i/ OymeM Ha3bIBaTh KOpPHEM
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//Constructor
Transshipment::Transshipment(
unsigned NCard, Power0fX Power,
X0fArc Cap, XO0fArc Price):Transport(){
Power0fSource=Power; CapacityOfArc=Cap;
PriceOfArc=Price; N=NCard;
PArc=new TArcx [N];
for(unsigned i=0; i<N; i++){
PArc[il=new TArc [N];
for (unsigned m=0; m<i; m++){
PArc([i] [m] .K=CapacityOfArc(i,m);
PArc[i] [m].C=PriceOfArc(i,m);
};
for (unsigned m=i+1; m<N; m++){
PArc[i] [m] .K=CapacityOfArc(i,m);
PArcfli]l [m].C=Price0fArc(i,m);
};
};
Tree=new TNode [N]; Root=Tree;
for(unsigned i=0; i<N; i++){
long K=PowerOfSource(i);
if(K>=0){ // (i,0) is the basic arc
Tree[i] .Pos=true;
if (PArc[il [0] .K>=K){
// (i,0) is the real arc
PArc[i][i] .K=K;
PArc[i]l[i].C=-PArc[i][0].C;
Tree[i] .A=PArc[i];
}
else { // (i,0) is the fiction arc
PArc[i][i] .K=K-PArc[i] [0].K;
PArc[i] [0] .K=-PArc[i] [0] .K;
PArc[i][i] .C=Large;
Tree[i] .A=&FictArc;
};
Yelse { // (0,i) is the basic arc
Tree(i] .Pos=false;
if (PArcl0] [i].K>=-K){
//(0,i) is a real arc
PArc[i][i].K=K;
PArc[i] [i] .C=PAxrc[0][i].C;
Tree[i] .A=PArc[0]+i;
}

}
}
TNodex
for (uns

else { // (0,i) is the fiction arc
PArc[i][i] .K=K+PArc[0] [i] .K;
PArc[0][i].K=-PArc[0] [i] .K;
PArc[i] [i].C=-Large;
Tree[i] .A=&FictArc;
}

T=Tree+1;
igned i=1; i<N; i++, T++) {

T->P=Root; T->L=T;
T->D=T+1; T->B=T-1;
T->U=&(PArc[i]{i].C);
T->Y=&(PArc[i] [i].K);
PArc[0][0] .K+=PArc[i][i].K;

T->I
3

m=1i;

Tree->U=&(PArc[0][0].C);
Tree->Y=&(PArc[0] [0] .K);

*(Tree-
Tree->1I

>U)=0; Tree[N-1].D=Root;
m=0; Tree->P=Root;

Tree->D=Root+1; Tree->B=Tree+(N-1);
Tree->L=Tree+(N-1); Tree->Pos=true;

J=Tree-

>L; Solve();

}; //End of Transshipment

/ /Destructor
Transshipment: : “Transshipment (){

if (Tree
for (uns

if(
if (PArc

) delete[] Tree ;

igned i=0; i<N; i++)
PArc[i]) delete[] PArc [il;
) deletel] PArc;

}; //End of “Transshipment

Puc. 7. KoHcTpyKTOp M gecTpyKTop Kiacca Transshipment

nopaepeBa 71(i). IlommepeBo 7{(i) OymeM Ha3bIBaTb U3Y4eHHbIM, €CJIU YCTAHOBJIECHO BBIIOJHEHUE
YCJIOBUI ONTUMAJIbHOCTU JAJSI BCEX MAYyr, MHUMIEHTHBIX BeplIMHAM JaHHOro mnoaaepena. Ecau
0a3MCHOE [epeBO COAEPXUT U3YyYEeHHbIE MOANEPEBbS, TO
HeoOXoaMMa TOJbKO [JIsI TeX OYr, KOTOpbleé HE CTATMBAlOT BEpIIMHBI WM3YYEHHOTrO IOJjaepeBa.
IMonbiTaeMcsl 3a cueT HalJexallero BpiOopa mopsiika udydyeHus: MojanepeBbeB 0a3MCHOro JepeBa 1
npoleayp npeodpazoBaHusi UHOOPMALIMU MIPU €ro NepecTpoiike yMEHbIIUTh KOJIUYECTBO MPOBEPOK
YCJIOBUS ONTUMAalbHOCTU. ECTeCTBEHHBIM TpeOOBaHUEM K HMCKOMOMY TMOPSIAKY SIBJSIETCS €ro
COTIACOBAHHOCTh ¢ OTHOIIeHUeM BKIoueHus: u3 T(z) C T(y) 10IKHO Clie0BaTh, YTO U3yYEHUE

nopaepeBa T (X) mpeniuecTByeT u3ydeHuio 7(y).

IIpoOBE€pPKa YCJ'IOBI/II‘/JI OINITUMAJIbHOCTU
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Transportation: :Transportation(
unsigned N,
unsigned M,
Power0fX Source,
Power(fX Sewer,
X0fArc Cap,
X0fArc Price
) : Transport(){
PowerOfSource=Source; Power(fSewer=Sewer;
Capacity0fArc=Cap; PriceOfArc=Price;
NSup=N; NCons=M; PArc=new TArcx [N];
for(unsigned i=0; i<N; i++){
PArc[il=new TArc [M];
for(unsigned m=0; m<M; m++){
PArc[i] [m] .K=CapacityOfArc(i,m);
PArc[i] [m] .C=PriceOfArc(i,m);
};
};
PSup=new TArc [N]; PSup->K=PowerOfSource(0);
PSup->C=0; PCons=new TArc [M];
Tree=new TNode [N+M]; Root=Tree;
for(unsigned i=1; i<N; i++){
// All initial arc from Suppers are fiction
TNode* T=Tree+i;
(PSup->K)+=(PSup[i] .K=Power0fSource(i)) ;
T->Pos=true;
PSup[i].C=Large;
T->A=&FictArc;
T->P=Tree; T->L=T; T->D=T+1; T->B=T-1;
T->U=&(PSup[il.C); T->Y=&(PSuplil.K);
T->Im=i;
};
for(unsigned i=0; i<M; i++){
long K=PowerOfSewer(i);
(PSup->K) -=K;
TNode* T=Tree+N+i;
T->Pos=false;

if (PArc[0][i].K>=K){
//(0,i) is the real arc
PCons[i] .K=-K;
PCons[i] .C=PArc[0][i].C;
T->A=PArc[0]+i;
}
else {
// (0,i) is the fictiomn arc
PCons[i] .K=-K+PArc[0] [i] .K;
PArc[0][i] .K=-PArc[0][i].K;

PCons[i] .C=Large;
T->A=&FictArc;
}
T->P=Tree; T->L=T; T->D=T+1;
T->B=T-1; T->U=&(PCons[i].C);
T->Y=&(PCons([i] .K); T->Im=i;
};
Tree->Pos=true; Tree->Im=0;
Tree->P=Tree; Tree->D=Tree+l;
(Tree+1) ->B=Tree;
Tree->B=Tree->L=Tree+N+M-1;
(Tree+N+M-1) ->D=Tree;
Tree->U=&(PSup->C) ;
Tree->Y=§(PSup->K) ;
PCons->C=0; Tree->A=0;
J=Tree->L; Solve();
}; //End of Transportation

//Destructor
Transportation::~Transportation(){
if (Tree) delete[] Tree;
if (PCons) delete PCons;
if (PSup) delete[] PSup;
for(unsigned i=0; i<NSup; i++)

if (PArc[i]) delete[] PArc [il;
if (PArc) delete[] PArc;
}; //End of “Transsportation

Puc. 8. Koncrpykrop u necrpykrop kiaacca Transportation

PaccmorpuM KoHNEBO# mopsmok obxoma Oa3ucHOro pgepeBa, omupejaendeMbrit dyHKIMeHR
B. JlanHass (yHKOMS MHAyOHPYET OTHONIEHWE — JIMHEHHOTO TOPSITKA, HA MHOMKECTBE BCEX
nozziepesbes 6azucuoro gepesa: T'(i) < T(j), ecim @ = B%(r), j = B%(r), s; < s,, rae B®
— cynepuosunus s dyakuuit B. Ouesngno, yro u3 T(z) C T'(y) cneayer T(z) < T'(y). Vsyuenne
mojiiepeBseB Oa3sUCHOTO jiepeBa B IOPSKE, OIMPENENseMOM OTHOIICHMEM —, WCHOJB30BAHO B
merosie ThereIsDefectArc. /lanuniit MeTO pean30BaH B BHIE OJHOUMEHHOM 6ysieBoit dbyHKIMM

(puc. 10) 6e3 dopManbHBIX TapaMeTPOB.

Hannaa dysKimsa Bo3Bpalllaer 3Hauenwe False mpu OTCyTCTBuM B 0a3MCHOM Jepese
nedexrapix nyr. B nporusHoM ciaydae (yuHKIEsa BO3Bpaliaer 3Hadenne True u Momudunupyer
3HAYEHUS CAEAYIOIMX TIIO0AJILHBIX HMEPEMEHHBIX:
M3y4UeHHM KOTOpOro Gnlia Haiinena pedexrHas ayra; 2) Tail w Head mis ykasanus Hadama u

1) J mns ykazanusi KOpHS HOAJIEPEBa, HUDH
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void Transshipment::Solve(){
NPivots=0; NChecks=0; Ir=0;
while ((Ir!=1) &&
ThereIsDefectArc())Pivot();
if (Ir==1)return;
long MinU=*(Root->U);
TNode*V=Root->D;
do{
TNode*x PV=V->P;
CIncr=*(V->U)-*x(PV->U);
if (CIncr>=Large){
BottleNeckTail=PV->Im;
BottleNeckHead=V->Im;
Ir=2; return;
};
if (CIncr<=-Large){
BottleNeckTail=V->Im;
BottleNeckHead=PV->Im;
Ir=2; return;
};
if (MinU>* (V->U) IMinU=* (V->U) ;
V=V->D;
}while(Vi=Root); // End of do V=Root;
doA{
(% (V->U)) -=MinU;
V=V->D;
} while(V!=Root);
long S=0; TNode* U=Root;
do {
V=Root;
do {
S+=ArcFlow (U->Im,V->TIm)*
PArc[U->Im] [V->Im].C;
V=V->D;
}while(V!=Root);
U=U->D;
}while(U!=Root);
FlowCost=S;
}; // End of Transshipment::Solve

(a)

void Transportation::Solve(){
NPivots=0; NChecks=0; Ir=0;
while ((Irt=1) &&
TherelsDefectArc()) Pivot();
if (Ir==1)return;
long MinU=*(Root->U);
TNode*x V=Root->D;
do{
TNode* PV=V->P;
CIncr=*(V->U) -x(PV->U);
if (CIncr>=Large){
BottleNeckTail=PV->Im;
BottleNeckHead=V->Im;
Ir=2; return;
};
if (CIncr<=-Large){
BottleNeckTail=V->Im;
BottleNeckHead=PV->Im;
Ir=2; return;

};
if (MinU>*(V->U) YMinU=* (V->U) ;
V=V->D;
}while(Vi=Root); // End of do V=Root;
do{ (
*(V->U))-=MinU;
V=V->D;
} while(V!=Root);
long S=0;

for(unsigned i=0; i<NSup; i++)
for(unsigned j=0; j<NCons; j++)
S+=ArcFlow(i, j)*PArc[il[j].C;

FlowCost=S;

}; // End of Transportation::Solve

(b)

Puc. 9. Merox Solve mna knaccoB Transshipment (a) u Transportation (b)

KOHIA Ae(deKTHOM nyru, KoTopylo cieayeT BBecTu B 6asuc; 3) Ciner oy yKazaHUs HEBSI3KU B
OTpaHUYEHUU TBOUCTBEHHOW 3amauu, coorBeTcTByloleM ayre (Tail, Head).

Jlo Hauvana JeicTBUSI MeToJa M TIOCje KaXJOro BBIMOJHEHUs Teja BHEIIHEero IuKia
3HaueHUe TepeMeHHol J yKa3blBaeT KOpeHb IOCJAeIHEero u3ydeHHoro aepesa. Ilo ompeaeneHuIo,
BCE BBIPOXJACHHbIE TMOANEpeBbsl (T.e. MpPEACTaBASIIONIME E€IWHCTBEHHYIO BEpIIMHY) SIBISIOTCS
U3y4eHHbIMU. B mepBoM BIOXEHHOM LIMKJE 3HAaYyeHHE MepeMeHHOU J ycTaHaBiIMBaeTCs paBHBIM
KOpHIO Clleaylolllero ToAaepeBa, KOTOpoe clelyeT M3y4uTb, a y IMepeMeHHoil | - KopHIo
W3Y4YEeHHOro mnopnaepeBa, mnpeniiectsywoinero T(J).
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bool Transshipment: :TherelsDefectArc(){
TNode *I, *I1, *I2, =LI, *LJ, *DLJ;
CIncr=0;
do {
do {I=J; J=J->B;}while(J!=I->P);
LJ=J->L; DLJ=LJ->D; LI=I->L; I2=J;
do {
do { I1=I;

do { // UINCR

TArc *Arci=PArc[I2->Im]+(I1->Im);
TArc *Arc2=PArc[I1->Im]+(12->Im);

long RArci1=0; long RArc2=0;

NChecks++;

long Incr=(*(I1->U))-(x(I2->U));

if ((Arc1->K)<0)
RArcl=-Incr+(Arc1->C);

else if ((Arci->K)>0)
RArci=Incr-(Arc1->C);

if (Arc2->K<0)RArc2=Incr+(Arc2->C);

else if (Arc2->K>0)

RArc2=-Incr-(Arc2->C);
if (RArci<=RArc2) {

if (RArc1<CIncr){
InArc=Arcl; CIncr=RArcl;
Head=I1; Tail=12;
}s

}

else if (RArc2<CIncr){
InArc=Arc2; CIncr=RArc2;
Head=12; Tail=I1;

}; // End of UINCR
if (CIncr<0)return true;
I1=I1->D;

}while(I1'=DLJ);
I2=12->D;

}while(I2!=I);
I=LI->D; LI=I->L;
}while(I!=DLJ);
}while(J!=Root); return false;
};//End of Transshipment::ThereIsDefectArc

(a)

bool Transportation::TherelsDefectArc(){
CIncr=0;
do { TNodex I;
do {I=J; J=J->B;}while(J!=I->P);
TNode* LJ=J->L; TNode* DLJ=LJ->D;
TNode* LI=I->L; TNode* I2=J;
do {
do {
bool I2Pos=12->Pos;
TNode* 11=I;
do { // UINCR
bool I1Pos=I1->Pos;
TNode #*H, *T;
if (I2Pos!=I1Pos){
if (I2Pos){
H=11;
T=12;
}else{H=I2; T=I1;};
TArcx Arc=PArc[T->Im]+(H->Im);
long Incr=(*(T->U))-(*(H->U));
long RArc=0; NChecks++;
if ((Arc->K)<0)
RArc=Incr-(Arc->C);
else if ((Arc->K)>0)
RArc=-Incr+(Arc->C);
if (RArc<CIncr){
InArc=Arc;
CIncr=RArc;
Head=H; Tail=T;
};
} // End of UINCR
if (CIncr<0)return true;
I1=I1->D;
}while(I1!=DLJ);
12=12->D;
}while(I2!=1);
I=LI->D; LI=I->L;
}while(I'=DLJ);
}while(J!=Root); return false;
};//End of Transshipment::ThereIsDefectArc

(b)

Puc. 10. Merog ThereIsDefectArc s kiaccos Transshipment (a) u Transportation (b)

Crenywouias jaajee Tpylna BIOXEHHBIX IIMKIOB O0O0eCleuynBaeT MPOBEPKY BBIMOJHEHUS
YCJIIOBUSI ONTUMAJIbHOCTU IJIsl BCeX OYr, CTIrMBarmolux B u3ydyaemMom aepeBe T(J) BepmuHbl 11
u 12, npuHamiexanye pa3HbIM MaKCUMaJbHbIM IO BKJIIOYEHWIO M3YyYEHHBIM MOIAEPEBbSIM, T.C.
U3 TPOCMOTpa MCKIIOYAIOTCS AYTd, CTATUBAIONIME BEPIIMHBI KaXIOTO M3YYeHHOTO IMOoJjaepeBa.
BuyTtpenHuii 6ok omeparopoB Uincr Bbiuuciasier HeBsi3KM RArcl RArc2 ayr MHUMIEHTHBIX
BepmmHam [1 w 12 u Momudunupyer 3HaueHusi rnobanbHbix TepeMeHHbIXx Tail u Head,
OMpeAesIoNMX Hayaao U KOoHell Ae(eKTHOU Ayru ¢ HauboJbIIel HEBSI3KOM, a TakKXe MepeMEHHONI
Cincr, onpeaensiionieli BEIMYUHY 3TONH HEBS3KH.

Eciu npu u3yyeHuMM TmojaepeBa BCTpevyaluch AedeKTHble AYru, TO METOJ 3aBepllaeTrcs,
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Bo3Bpallas 3HayeHue True. B MmpoTMBHOM cllyyae MeETOH IEPEXOOUT K M3YYEHMIO CIICAYIOILETO
HEU3Y4eHHOro mnomaepeBa. EciM M3y4eHHBIM OKa3ajloch Bce 0a3MCHOE [epeBO, TO METOH
3aBepllaeTcs, Bo3Bpalas 3HaueHue False.

4.4. Benymee npeoopa3zoBanue

Ecnn naiinena ayra Jyis BBoaa B 6a3¥Wc, TO MPONECC M3yYeHUd TEKyInero 6a3ucHOTO JepeBa
OCTAHABJIMBAECTCA U BBHI3BIBAETCA MeTOJ Pivot BHIIOIHEHMs BeyInero ripeobpasoBanus. JJanmbiii
METOJT HCHIOJB3YeT MOMMMDUIMPOBAHHYIO TepecTpoiiky ¢yukmuit D, B u L Ha MHOXeCTBe
BepmmH 6azucHoro aepesa [17, 22, 24], npu KOTOpO# Hac/IeLyeTCs NpeUIECTBOBAHHE BCEX HE
M3MEHHBIIUXCS M3YYEeHHBIX IOAAEPEBbEB OTHOCHTENHHO HeumdydeHHBIX. Ha pumc. 11 npusenen
TekcT Merona Pivot. Jlnsa ompenmenenus BeiBoxmMmo# Jyru BeawdwHa FIncr npeaBapHTesbHO
YCTAHABJIMBAETCA PAaBHOM IIPOMyCKHOM crmocobmocTn BBOgUMO# ayru. Jlasee omnpenensroTcs
sepumael InV1 u InV2, takwe, yro: 1) BHOAb myTH B 6a3sMCHOM jJepeBe OT BepinmHb! InV1 so
BEPHIMHEI J TOTOK JI0JKE€H BO3PACTH HA, NPSMBIX JYTaX ¥ YMEHBIDUTHCS HA BCTPEYHBIX; 2) BIOJD
nyTH OT BepumimHBl InV2 10 BepmmHbl J MOTOK JOJIKEH HAOOOPOT YMEHBINUTHCA HA IIPAMBIX
Ayrax U yBeIWIuTHCA Ha BCTpEUHbIX. [ljist onpenesnesnss MAaKCUMAIbHO BO3MOXKHOI'O AOIIyCTUMOTO
M3MEHEHWA TIOTOKA M HAXO0XIeHus Oymkaiinieil K Bepmune J Iyru, OLpeAeisiioniei 9T0 n3MeHeHue
JBaXKJpl, UCHoJIb3yercs Meros LookForOutgoingArc. Tekct nmponmenypsl, peaym3yonmiell JaHHbIH
Meroz, mpuBejeH Ha puc. 12(a). BxomHbiMu JaHHBIME SIBISIOTCS NepeMeHHas V, 3aJaiommast
BeprumHy noguepesa T'(J), u gorudeckas nepeMenHas Decr, ONpeesioIas XapaKTep H3MEeHEHNsI
mOTOKa B fAyrax Oa3MCHOTO JepeBa, NPWHANJIEKAIMMX OyTH OT Beprowasl V 10 BepmWHBL J:
1) ecsiu Decr=True, TO NOTOK yMEHBINAETCS Ha NPAMBIX AYraX W YBEJUYHABAETCS HA OOPATHBIX;
2) ecqim Decr=False, TO MOTOK YBEJIMYMBAETCS HA IPAMBIX AYraxX ¥ YMEHBNIAETCH HA OOPATHBIX.
BrixomabiM napaMerpoM gBiisieTcs nepeMeHHas Out, ykaswiBaiomas Osmkainiyo K J BepIinHy,
Takyw, uro ayra (Out, P(Out)) ompemensieT MakCHMAaJIbHO BO3MOXKHOE JOIYyCTUMOE M3MEHEHHE
moroxa. KpoMme Toro, MeTosi yTouHsieT 3HadeHue 1r1o6abHoN nepeMenHoi Fincr, ykasmiBaomeit
MAaKCHMaJIbHO BO3MOXKHOC JOIIYCTUMOE U3MEHEHME IIOTOKA, YCTAHOBJICHHOE DaHee.

Ecnm MakcMManbHO BO3MOXKHOE JONYCTHMOE maMenenwe FIncr moroka TOCie IPOCMOTPA
BCEX JYT HOJYYEHHOTO IMKJIa OCTAJI0CH HEOTPAHWYIEHHBIM (T.€. TIO ONPEIeIeHNIO PaBHEIM Large),
TO BBHINOJIHEHWE 3aBepmraerca ¢ koaom Ir=1. B mporwsHOM Cjiydae HIPOM3BOJATCS H3MEHEHUE
MOTOKA, BAOJHL JAyr oOpa30BaHHOTO HUKJA. ECau Ke B 00pa30BaHHOM NuKJe BeqwuuHa Flncr
OTIpEZIE/IIETCA TOJIBKO TIPOIYCKHON CIOCOOHOCTLIO BBEJEHHONW Ha MAHHON WTEepaluu IyTH, TO
9Ty JAyry BHOBb CJeiyeT BbiBecTH m3 0a3uca, T.e. 3aBEpPUIMTHh BHIIOJHEHHE MeToZa Pivot m
IPOROJDKATE u3ydenue 6asucHoro gepesa 1'(J). Ilpusnakom oTCyTCTBUS KaHIUAATOB JIJIS BBIBOLA
u3 Oagmca saBngeTcs paBeHCTB Outl=0 m tt Out2=0. B nporuenOM ciryuae BBeIEHHas Iyra
ocraerca B 6azmce. llocnemuas w3 myr, npm TpocMOTpe KOTOPOH OBLIO M3MEHEHWE BEJIMYHMHBI
Outl wmum Out2, BeiOupaercs Iy BeEIBOJA n3 Oasmca. Jaa upenrmdukanuyd AaHHOM IyTH
WCIOJIB3yeTCs nepeMenHas Qut, yKaspIBaromast MHIUACHTHYIO el BEpIINHY, JaJbHIOI OT BEPIIHBI
J. Barem nepemensbiM InVi u InV2 nOprCcBauBaOTCA 3HAUEHUS, PABHbIE BEPIIMHAM, WHITUAEHTHBIM
BBOZAMMOIL B 6asuc myre, Tak 4Tobni InVi € T\ T'(Out), InV2 € T(Out).

Basucroe jepeBo npum yiajieHuu W3 HErO BHIBOJUMON Jayru mnpeobpasyercd B JieC M3 IBYX
kommouenT cBs3HoctH T'(Out) u T\ T(Out). OueBuaHO, YTO YCJAOBHS BBHIOTHEHUS! KPUTEPHS
ONTUMAJIBHOCTH H3MEHSAIOTCH TOJBKO JJid YT, WHIUJIEHTHBIX BEPIIWHAM U3 Pa3HBIX KOMIIOHEHT
cea3uocT. Tak Kak BBoAMMAsI B Gasmc ayra Obuta ounpejencta MeronoM ThereIsDefectArc, To
JUIs HOBOrO 0a3MCHOTO pemieHusi OyAyT CHPaBe JIMBLI YTBEPXK/AEHUA: 1) KOMIOHEHTa CBS3HOCTH,
HE COJEep:KaIlad BEPHIMHY J, TPEICTABJISIONIYI0O KODEHb H3y4aeMOro IOJEpeBa, SIBJIACTCH
U3YYEHHBIM IOJIEPEBOM; 2) B KOMIIOHEHTE CBSI3HOCTH, COAEDXKaIlueil BepiuuHy J, W3ydYeHHBIMU
OCTAHYTCS BCE paHee U3y4eHHBIE MOJIIEPEBLS, HE CoepKamue Bepimuasl InVl,
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void Transport::Pivot(){
TNode *InV1, *InV2;
Ir=0; NPivots+=1;

// IncomingArc

long KInArc=InArc->K; switch(Ir){
if (XInArc>0){ case 0: {
FIncr=KInArc; //OutgoingArc
InVi=Head; TNode* Out=(0ut2==0)7 OQutl : Out2;
InV2=Tail; if (¢ *(Out->Y) 1=0)&& ((Out->A) !=&FictArc))
} else { Dut->A->K=- (Qut->A->K) ;
FIncr=-KinArc; if (Out==0ut1){
InV2=Head; Outi=InV1;
InVi=Tail; InV1=InV2;
}; InV2=0utl;
TNode* Outil=LookForQutgoingArc(false,InV1i); };
TNode* Out2=LookForOutgoingArc(true,InV2); Decompose (Out) ;
//ModifyFlow OrderStudiedTree(InvVi,J);
if (FIncr>=Large) Ir=1; Reroot (InV2);
else { Compose (InV1,InV2);
TNode* V=InV1; InV2->A=InArc; (InV2->Pos)=(InV2==Tail);
while(V!=J){ if (KInArc<0)FIncr=-FIncr-KInArc;
(*(V->Y) )+=FIncr; *(InV2->Y)=(InV2->Pos)? Flncr : -FIncr;
V=V->P; if ((KInArc<0)==(InV2->Pos))CIncr=-CIncr;
¥; ModifyOfPotentials (InV2);
V=InV2; J=InV2; break;
while(V1=J){ }; // End of case O
(*(V->Y))-=FIncr; case 1: {
V=V->P; BottleNeckTail=Tail->Im;
}; BottleNeckHead=Head->Im;
if ((Out1==0)&& (Out2==0)) { return;
(InArc->K)=-KInArc; };
Ir=2; case 2: {Ir=0; J=J->D;};
Yelse{ };
Ir=0; }; // End of Pivot

(InArc->K)=(KInArc<0)?
-KInArc : KlnArc;
};
}; // End of if(FIncr>=Large)

Puc. 11. Merox Pivot

Hns ompenmenenust Ha gepepbsix T'(Out) u T \ T(Out) 3magenuit dymkmuit P, D, B n
L, coxpaHdionmx MNOPsJOK MNPEAUIECTBOBAHUS PAHEEe N3YUCHHBIX HOAJEPEBHEB HEU3YUEHHBIM,
ucnoss3yercss Meroy Decompose. Tekcr mpouneayphbi, peajiuayioiei JaHHBI MeTo[|, [IpHBEeH
ma puc. 12(b). Eamacreennniit dopMmanbubiii napaMerp Out onpemendeT JAJLHIO OT KOPHS
BEPIIMHY Jyrd, BbIBOxuMO# wu3 OGasuca. Creayiomuit mar — DOCTPOEHHE YHOPSEOYEHHS
(3a cuer nepeompepenenusi ¢byukuuii D, B m L), w3ydennbix nomyuepebs nepesa T(J) \
T(O0ut), upm KOTOpPOM BCe €ro H3y4YEHHbIE IOAJEPEBBs, HE CojepXKamwme BepiuuHsl InVi,
OPEAMIECTBYIOT IOJIEPEBbSIM, COHEDPXKAIMMMM 3Ty BepImHy. JlaHHBIA IIAr BHIIOJHAETCS
meTogoMm OrderStudiedTree. Texct mporeaypel, peanmsyromeit Meron OrderStudiedTree,
npusened Ha puc. 13(a). PopMaybHBIME mNapaMeTpaM# TPOLEAYDPHI SBISIOTCS BEPIIMHBI
I u J pepeBa, yxosinersopsiomme yesopuwo T(I) € T'(J). Ilpemmomaraercs, 410 BCe
nojzepesss, npemmecrsyomue 1'(J), SABASIOTCA U3y YeHHBIMH. B pe3y/ibrare IPUMEHEHUST METOLA
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TNode* Transport::LookForOutgoingArc(

$;Zc11e]:e;§i void Transport: :Decompose (TNode* Out){
. TNode* LV=0ut->L;
long Flow; TNode *SV, *0ut=0; while(V!=J){
SV=V: V=V->P: TNode*x BV=0ut->B;
=V; V=V->P; der BI-
if (8V->Pos){ Out->B LY,
Flow=*(SV->Y); TNode* V=0ut->P;
Out->P=0ut;
i ! = —>A-> - H ’
}1f( Decr)Flow=(SV->A->K)-Flow TNodex DLVLV->D;
else { LV->D=0ut;

BV->D=DLV; DLV->B=BV;

TNode* PDLV=DLV->P;

while(V!=PDLV) {V->L=BV; V=V->P;};
if (DLV==V) V->L=BV;

}; // End of Decompose

Flow=-(*(SV->Y));
if (Decr)Flow=(SV->A->K) -Flow;
};
if (Flow<FIncr){FIncr=Flow; Out=SV;};
Y; // End of while(V!=J)
return Out; }; // End of LookForQutgoingArc

(b)
(a)

Puc. 12. Meroap LookForQutgoingArc (a) u Decompose (b)

onpeznensaiorcd 3Hadenns bynknuit D, B u L Takwe, uro 1) coxpaHsiercs NpeAIiecTBOBaHUE
M3yUeHHBIX TIO/IIEPEBbEB HEU3Y YEHHBIM; 2) BCe N3y YeHHbIE IOJJIEPEBbsI, HE CO/IEPXKAIIME BEPIIUHbBI
I, npesmecTBYIOT HOALEPEBBAM, COAEPIKAIINM BepIIuHy I.

llamee ¢ momombio Meroma Reroot mnepeonpenensiorcs ¢ymknmvu P, D, B n L Ha
nepese T'(Out), Tak, urobel Bepmmua InV2 crana kopuem. Ha puc. 13(b) mpuBemen Tekcr
mpoueaypsl, peaymayiome#t meron Reroot. ®@opmansHbIH mnapamerp NewRoot onpezendger
TpebyeMoe pa3MelieHre KOPHs, AJI KOTOPOTO OHpPENENIsIOTCS HOBbie 3HadeHus ¢ymknuit P, D,
BulL.

3aTeM HeOOXOAMMO CHeJIaTh KOMIIO3WIIMIO JIEPEBLEB, JN0OAaBUB BBOIMMYIO IYIy B JIEC,
obpa30oBaHHbIN NpH yOAJEHMH BbIBONEMOM ayru. Viamenenuvie suauvenmnsd ¢ymkumit P, D, B
u L AOoKHBI COXpaHATb TMPEIIIECTBOBAHNE H3YYEHHBIX TIOJIEpeBLeB Hewm3ydeHHBIM. IIpu sTom
B IIEPECTPOEHHOM JiepeBe MOCIeTHMM H3ydeHHBEIM mopgepesoM Oymer T'(InV2). danmuwri mar
OCYIIIECTBJIAETCS C IOMOIIBIO MeToAa Compose.

TekcT mpornefyprl, peanusyiomeit meron Compose, mpusejen ua puc. 14(a). ®opmanbHbie
mapaMmeTpsl V U W TpONenypsl OmMpemessiioT BEPINWHEBI, HHIMIEHTHHe BBoZmMON nyre. Ilpum
3TOM TNPEANOJaraeTcs, YTO BepimnHLl V ¥ W NpHHAIEKAT Da3HBIM JA€pPeBbsAM, 3 BepmimHa W
SABJISIETCA KOPDHEM MiepeBa. B pesynbrare HpuMeHeHud Merona 3Hadenus dbyskumit P, D, B u
L mopuduimpyorca TakuM 06pa3oM, 9To COXPaHAETCS MOPSJ0K, UMEBIIU paHee MECTO.

3aBepmiaeTct MeTon Pivot (¢mukcaime#t OpHEHTAIMM TOTOKAa BO BBOAUMON ayre u
COOTBETCTBYIOIEH MomuduKaiueil ABORCTBEHHOTO PEMIEHNs, KOTOPas OCYIIECTBIAETCS METOAOM
ModifyPotentials. TekcT cooTBeTCTBYIOmEN IpOlleLyphl puBeeH Ha puc. 14(b). @opmanbabiM
IapaMeTpOM HPOLELyPH ABASETCA KOPEHb MOJIEPEBa, K MOTEHNHAIAM BEPIIUH KOTOPOTO CIeAyeT
Mo6aBUThL BeJIMIUHY r106aNbBHON nmepeMenHoi CIncr.

Ha puc. 1 mana mamocTpanus BHIIOJIHEHHsT Beaylinero npeobpasoBanusa. Texkyiee 6a3ucroe
JIePeRo U ompezesieHHble Ha Hem Gynkmua P, D, B n L nokasass Ha puc. 1(a). Ilycre npm
usydenuu jaepesa T'(J), J=2 merox ThereIsDefectArc ompeaenui, 94To B H6a3uC ClegyeT BBECTH
AyTY, WHIMAeHTHY0 BepmmHaM I1=9, I2=7. Ilycts Meroxm Pivot ompemesnmn, uro m3 6asuca
CJleflyeT BBHIBECTH YTy, WHIHAEHTHYIO BepmmHaM Out=>5 u P(Out) = 4. Ha puc. 1(b) nokasan
pesysbTar gekomnosunuu. Ha puc. 1(c) — pe3yssraT nepeynopsodeHus 3y YeHHbIX TOAIEePEBLEB
U TIEPEHOCA KODHS. Pe3y/bTaT KOMIO3MIIMK MOKa3aH Ha puc. 1(d).
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void Transport::0rderStudiedTree(
TNodex I,
TNode* Join
bR
if (I==Join)return;
TNode* V=I; TNode* LV=V->L;
TNode* DLV=LV->D;
TNodex PDLV=DLV->P;
do{
TNode* PV=V->P; TNode* DPV=PV->D;
if (DPV==V){

if (PDLV{=PV) PV->L=LV;

else if(PV!=DLV) {
LV=PV->L; DLV=LV->D;
PDLV=DLV->P;

}
else PV->L=LV;
}
else {
TNode* BV=V->B; LV->D=DPV;
DPV->B=LV; PV->D=V; V->B=PV;
BV->D=DLV; DLV->B=BV;
if (PDLV!=PV){

PV->L=BV;

LV=BV;

}else if (PV!=DLV){
LV=PV->L; DLV=LV->D;
PDLV=DLV->P;

} else {
PV->L=BV;
LV=BV;
}
}
V=PV,
}while(Vi=Join);
while(V!=PDLV) {
V->L=LV;
V=V->P;
};
if (V==DLV)V->L=LV;
}; // End of OrderStudiedTree

(a)

void Transport: :Reroot (
TNode* NewRoot
M
long VY, PVY; TArc *VA, *PVA;
TNode *V,*W,*BV,*DV,*PV,*BPV,
*L.V,*DLV,*PDLV;
bool Pos0rV, Pos(OrPV;
V=NewRoot;
Pos0rV=V->Pos; VY=*(V->Y);
VA=V->A; PV=V->P; V->P=V;
if (V==PV) return;
LV=V->L; DLV=LV->D; PDLV=DLV->P;
BV=V->B; BPV=PV->B; DV=V;
if(Vi=LW{
DV=V->D; LV->D=V;
V->B=LV;
};
V->D=PV; PV->B=V;
while(true){
PosOrPV=PV->Pos; PV->Pos=1Pos0rV;
Pos0xrV=Pos0rPV;
PVY=x(PV->Y);
*(PV->Y)=-VY; VY=PVY;
PVA=PV->A; PV->A=VA; VA=PVA;
if (PV==PDLV){
W=PDLV->L;
if (LV==W){LV=BV; break;};
LV=W; W=DLV; DLV=LV->D;
PDLV=DLV->P;
LV->D=DV; DV->B=LV; DV=W;
if (PV==PDLV)break;
};
W=V; V=PV; PV=V->P;
V->P=W; W=BV; BV=BPV;
BPV=PV->B; PV->B=W; W->D=PV;
};
BV->D=DV; DV->B=BV; PV->L=LV;
DLV=LV->D; PDLV=DLV->P; PV->P=V;
while(true){
PV=PV->P;
if (PV!=PDLV) PV->L=LV;
else if (DLV==PDLV)break;
else {
LV=PDLV->L; DLV=LV->D;
PDLV=DLV->P;
};
};
PV->L=LV;
}; // End of Reroot

(b)

Puc. 13. Meroapt OrderStudiedTree (a) u Reroot (b)
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TexHuka mporpaMMHOI peaiM3alluid ITOTOKOBBEIX aJTOPUTMOB

void Transport::Compose(

TNode *V,
TNode *W){
W->P=V; void Transport::ModifyOfPotentials(
TNode* LW=W->B; W->B=V; TNode *V){
TNode* DV=V->D; V->D=W; TNode* I=V->L;
TNode* LV=V->L; LW->D=DV; while(I!=V){
DV->B=LW; (*(1I->U))+=CIncr;
if (V==LV) { I1=I->B; };
TNode* PDV=DV->P; (x(V->U0))+=CIncr;
do{ V->L=LW; V=V->P; }while(V!=PDV); }; // End of ModifyOfPotentials
if (V==DV)V->L=LW;
}; (b)

}; // End of Compose

(a)

Puc. 14. Merogs: Compose (a) u ModifyOfPotentials (b)

4.5. Metoa Perturb

IlocTonTUMHU3AMOHHEIM aHAJIN3 U MHOTHE AJTOPUTME I 3ajiad Pa3MeIleHNs U CHHTEe3a ceTet
TpeOYIOT pElleHnsl IOC/IeJOBATEIbHOCTH JIOKAJIBHO BO3MYIIEHHBIX 337a4, OTIMYAIOUIUXCA OT
pelnenHoM 3HaueHuAMY PYHKITHN Power0fSource Ha a8yx Bepimuaax V1, V2, a Tak>Ke 3HAICHUIMHI
dbynkuuit Price0OfArc u CapacityOfArc Ha ayrax, WHOWJEHTHBIX YKAa3aHHBIM BepINUHaM. B
JAHHOM CJIy4ae IPY MOCTPOEHNH HAYAJILHOTO 0A3MCHOr0 pelneHns BO3MYIIEHHON 33034l PasyMHO
KCIIOJIB30BATh ONTUMAJIbHOE DA3WCHOE pelleHre HEBO3MYIEHHOM 3amaun. Pynkuuy Ha 6a3ucHOM
JepeBe, cienyer MoAnGUIHPOBATH TaK, YTOOBI H3YYEHHBIMM OCTAJUCH BCE TOJJEPEBbLS, HE
coslepKamue ofHOBpemenHO Bepmmubl V1, V2. [Jlna pemenms yka3aHHON 3a/a4d B KJIaCChl
Transshipment u Transportation Bxsodyen Metorn Perturb.

Texcr dynxknum, peanmsyrouieil MaHHBIM MeTox s Kjacca Transshipment npuBegeH Ha
puc. 15. ®opManbHBEIMU TapaMeTpaMH NPOIEAYpPHl ABIsSOTCH Bepimabl V1, V2 u BemmuuHa
FlowExch. IIpu srom npemmonaraercs, 1) smavenus pyunkumm PowerOfSource Ha Bepumsze Vi
yBe/MueHHO Ha Beauuuny FlowExch, a Ha BepmmHe V2 — yMEHBIIEHHO HA 3Ty BEJUYUHY; 2)
MoIuGUIIIPOBaHABIE 3HadeHns pyHKnuit Price0fArc u CapacityOfArc Ha Ayrax, MHIWJIEHTHBIX
pepumaaM V1, V2 HOXKHB! OBITH ONpENeIEHb! TOJb30BATEIEM.

Tekcr dynxnuu, peamusyrouie#t merox Transportation::Perturb mpusener ma puc. 16.
®opMasibHBIME ITaAPaMeTpaMy HPOLEAyPHI SBJIsoTCa Bepinuasl V1, V2. Ilpu aToMm npeanosnaraercs,
YTO II0JIB30BATEIEM IIEPEOIPENeIeHE 3HaYeHus (pyHknmit Power0fSource Ha Bepmmnax V1 u V2,
u 3HaueHus Gpynkuuit Price0fArc u Capacity0fArc Ha Iyrax, MHIMAEHTHHIX BepimmHaM V1, V2.

B obeux byuknuax 6a3ucHoe pemieHHe CTPOUTCS CaeAyomuM obpasom. Kopens
OTNITUMAJILHOTO 0a3MCHOTO JAepeBa mepeHocurcs B Bepmuuy V1. Ecnm omrumanbhoe 6a3ucHOe
JEPEBO HE COEPKUT AYTH MHIMAEHTHOMN BepuimaaM V1, V2, TO ¢ MOMONIBIO JIOKAJILHON HPOLUeaypPhl
CorrectBasicTree crpoutcss 6azmcHoe pelneHMe, 6au3K0oe K ONTUMAJIBHOMY, HO COZEpXKAIlee
Takylo JAyry. s BeiBoJa W3 onTmMasibHOrO 6asumca BHIOMpaeTcs yra, ONpeaedromas
MHHHAMAJIbHOE U3 MAKCHMAJIBHO BOZMOXHBIX JOIYCTHMBIX M3MEHEHWil MOTOKa (yBejddeHue MIn
yMeHBIIIEHHE) BAOJb MNyTH OT BepmmHBI V2 10 KOpHA, T.e. Bepmmubsl V1. Jlanee noxkajbHas
npouenypa CorrectData 3ampamuBaeT W3MeHEHHblIE 3HAYEHUS CTOMMOCTeH M MPONMYCKHBIX
crocobHOCTE! W 3aMeHsieT 6a3WCHYIO AYTY, WHIUAEHTHYIO BepnmHaM V1 u V2, MCKycCTBEHHOH
Oyroii crouMocTei0 -Large. B mocTpoenHOM 6a3wcHOM pemieHMH BCe COOCTBEHHBIE IIOJEPEBbS
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Compose(V1,V2);
Transshipment: :Perturb(unsigned IV1, V2->Pos=(FIncr>0);
unsigned IV2, *(V2->Y)=FIncr; V2->A=§FictArc;
long FlowExch }; // end of CorrectBasisTree
PR
TNode* V1=Tree+IVi; // CorrectData
TNode* V2=Tree+IV2; long Flow=*(V2->Y)-FlowExch;
Reroot(V1); TArc* A=PArc{V1->Im]+(V2->Im);
Root=V1; J=Vi; if ((A->K)<0)Flow+=(A->K);
if (V1!=V2->P) { // CorrectBasisTree A->K=CapacityOfArc(IV1,IV2);
TNode *V, *0Qut, *0Dutl, *0ut2; A->C=PriceOfArc(IV1,IV2);
FIncr=Large; A=PArc[V2->Im]+(V1->Im);
Outi=LookForOutgoingArc(false,V2); if ((A->K)<0)Flow-=(A->K);
Out2=LookForQOutgoingArc(true,V2); A->K=CapacityOfArc(IV2,IV1);
V=V2; A->C=Price0fArc(IV2,IV1);
if (Out2!=0) Out=0ut?2; V2->Pos=(Flow>0) ;
else { Out=0utl; FIncr=-FIncr;}; CIncr=(V2->Pos)?
while(V!=J){ Large- (¥(V2->U)) : -Large-(*(V2->U));
(*(V->Y))-=FIncr; (*(V2->Y))=Flow;
V=V->P; Modify0fPotentials(V2);
I OrderStudiedTree(V2,J);
if (*(Out->Y) 1=0) J=v2;
(Cut->A->K)=- (Qut->A->K) ; Solve();
Decompose (Out) ;
Reroot (V2); }; // End ofTransshipment: :Perturb

Puc. 15. Merog, Transshipment: : Perturb

Compose(V1,V2);
*(V2->Y)=-FIncr;
V2->A=&FictArc;

}; // end of CorrectBasisTree

void Transportation::Perturb(
unsigned IV1,
unsigned IV2){
TNode* V1=Tree+IV1;
TNode* V2=Tree+NSup+IV2;
Reroot (Vi) ; Root=V1;
J=V1;
if(V1!=V2->P) { // CorrectBasisTree
FIncr=Large;
TNode* Out=LookForQutgoingArc(false,V2);
TNodex V=V2;
while(V!1=J){ (x(V->Y))+=FIncr; V=V->P; };
if (*(Qut->Y) 1=0) (Qut->A->K)=-(0ut->A->K);
Decompose(0ut) ;
Reroot (V2);

// CorrectData
TArc* A=PArc[IV1]+IV2;
if ((A->K)<0) (x(V2->Y))+=(A->K) ;
A->K=Capacity0fArc (IV1i,IV2);
A->C=Price0fArc(IV1,IV2);
CIncr=-Large- (*(V2->0));
Modify(QfPotentials(V2);
OrderStudiedTree(V2,J);
J=V2;
Solve();

}; // End of Transsportation::Perturb

Puc. 16. Meron Transportation: :Perturb

SIBIISIIOTCS M3YYEeHHBIMU, a HEU3YyYeHHBIM SBJISIETCS TOJBKO caMoO 0asucHoe aepeBo. [loaTomy
repeMeHHast J ycTaHaBIMBaeTCs paBHOW V2, T.e. MOCJAeTHEMY COOCTBEHHOMY IOAIEPEBY TEKYIIETO
0a3MCHOTO JepeBa.
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TexHrra HpOI‘pal\MHOIZ peaym3alyt IIOTOKOBBEIX aJITOPMTMOB

3aKja4deHue

PaccmoTpeHue mpolienypbl Bedayilero mpeodpa3oBaHUsI M YMOPSAOYEHHOTO U3ydyeHUs] Ga3MCHOTro
JlepeBa B CXeM€ CHUMILIEKC-aJropuTMa Ajsl 3aaady TPAaHCIMOPTHOTO TUMA CYIIECTBEHHO COKpallalT
YUCJIO MPOBEPOK YCIOBUSI ONITUMAILHOCTHU. [IpuBeneHHbIN B pabOTe UCXOAHBIN TEKCT aOCTPAKTHOTO
kiacca transport u kinaccoB Transshipment w Transportation, npeaHa3HAaYeHHBIX IS
pelIeHus U MOCTONTUMU3AIMOHHOTO aHajlu3a TPAHCHOPTHBIX 3alay COOTBETCTBEHHO B CETEBOU
W MaTPUYHOU MOCTaHOBKAX, AaeT 3(PGHEKTUBHYIO TEXHUKY MPOTPAMMHON peajn3aluu MOTOKOBBIX
aJITOPUTMOB.

Jlutepartypa

1.

10.

11.

12.

13.

14.

Dantzig, G. Application of the Simplex Method to a Transportation Problem / G. Dantzig
// Activity Analysis of Production and Allocation. - 1951. - P. 196 - 218.

Glickman, S. Coding in Transportation Problem / S. Glickman, J. Jonson, L. Eselson //
Naval Research Logistics Quar. - 1960. - V. 7, Ne 2. - P. 169.

Fulkerson, D. An Out-of-Kilter Method for Minimal-Cost Flow Problems / D. Fulkerson //
SIAM 1J. of Applied Mathematics - 1961. - V. 9, Ne 1. - P. 1 - 18.

. @opn, JI. [Motoku B cersix / JI. @opa, . PankepcoH. - M.: Mup, 1962. - 276 c.

Dantzig, G. Linear Programming and Extensions / G. Dantzig. - Princeton: University, 1963.
- 215 p.

Tlonwinteitn, E.I. HoBble HanpaBieHus B JuHeliHOM mporpammupoBanuu / E.I'. TonbiiTeiiH,
IO.b. Oagun. - M.: Cos. paguo, 1966. - 524 c.

Jonson, J. Networks and Basic Solutions / J. Jonson // Operations. Res. - 1966. - V.14. -
P. 619 - 623.

Glover, F. Implementation and Computational Comparisions of Primal, Dual and Primal-
Dual Computer Codes for Minimum Cost Network Flow Problems/ F. Glover, D. Karney,
D. Klingman // Networks. - 1974. - V. 4, Ne 3. - P. 191 - 212.

. A Computational Study on start procedures basis change criteria, and solution algorithms

for transportation problems / F. Glover, D. Karney, D. Klingman, A. Napier // Manage. Sci.
- 1974. - Vol.20, Ne 5.- P. 793 - 813.

Bradley, G.H. Design and Implemetation of Large Scale Primal Transshipment Algorithms /
G.H. Bradley, G.G. Brown, G.W. Graves // Manage. Sci. - 1977. - Vol.24, Ne 1. - P. 1 - 34.

Barr, R. Enhancements of Spanning Tree Labeling Procedures for Network Optimization /
R. Barr, F. Glover , D. Klingman // INFOR. - 1979. - V. 17, Ne 1. - P. 16 - 34.

Ahrens, J.H. Primal Transportation and Transshipment Algorithms / J.H. Ahrens, G. Finke
// Z. Oper. Res. - 1980. - V.24, Ne 1. - P. 1 - 32.

Armstrong, R. D. Implementation and Analisis of a Variant of Dual Method for the Capaci-
tated transshipment Problem / R.D. Armstrong, D. Klingman, D. Whitman // European J.
Oper. Res. - 1980. - V.4, Ne 6. - P. 403 - 420.

ITanokoB, A.B. AJropuT™M JIOKaJbHOW ONTUMHU3ALMM [JIS 3aJauyud  pa3MelleHUs
MPSIMOYTOJIbHBIX 00BEKTOB ¢ MUHUMAaJIbHOW IJMHON cBsi3biBaloleil ux cetn /A.B. IlaHOKOB
// U3B. AH CCCP. TexH. kubepHetuka. - 1981. - M 6. - C. 180 - 184.

98

Bectnuk IOYpI'y, Ne27(127), 2008



A.B IlanwkoB, B.A Teaerun

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ITanwokoB, A.B. Merong peuieHMss BO3MYIICHHOI TpaHCIIOPTHOM 3amayuM Ha ceTth /
A.B. IlaHiokoB // MeTonbl U mporpaMMbl pelIeHUsS ONTUMMU3AaLMOHHBEIX 3amad Ha rpadax
u cetsax. Yacts 2: Teopusi, aaroputmbl: Te3. nokJ. II Bcec. coBemanus;. YiaaH-Ya3, aBrycr,
1982. - HoBocubupck, 1982. - C. 113 - 114.

I'nosep, ®. IlocaeaHue TOCTUXEHUS B TEXHUKE peaJu3alliu CETEBbIX MOTOKOBBIX aJTOPUTMOB
/ @. I'noep, J. KnuHrmaH // DKOHOMUKO-ONTUMU3ALMOHHBIE 3a1a4l OOJIbIIONH Pa3MEePHOCTH:
TpyAbl coB.-amepukaH. ceMuHapa. CIIA, 1980. - M., 1983. - C. 180 - 209.

ITaniokoB, A.B. IloBbilieHue 3(PGHEKTUBHOCTU MPSIMBIX AJITOPUTMOB IOCTPOCHMS ITOTOKa
MUWHUMAaJIbLHOM CTOMMOCTHM B HachbillleHHO# cetn / A.B. IlaHokoB // CucteMbl MpOTpaMMHOIO
obecrieyeHus 3amad onTuMaabHOro miaHupoBaHus: VIH Bcec. cumu: Te3. mokia. Hapna-
WMblecyy, anpenn, 1984. - M., 1984. - C. 153 - 154.

Hencen, I1. IMotokoBoe nporpammuposanue / I1. Mencen, 1. Bapuec - M.: Panguo u cBs3b,
1984. - 391 c.

Galil, Z. An O (n° (m + 7 log ) log 1) min-cost flow algorithm / Z. Galil, E. Tardos // 27th
Annu. Symp. Found. Comput. Sci., Toronto, Oct. 27 - 29, 1986. - P. 1 - 9.

Goldberg, A.V. Combinatorial algorithms for the generalized circulation problem /
A.V. Goldberg, , S.A. Plotkin, E. Tardos // Math. Oper. Res. - 1991. - Vol.16, Ne 2. -
P. 351 - 381.

Orlin, J. B. Polynomial dual network simplex algorithms / J.B. Orlin, S.A. Plotkin , E. Tardos
// Math. Program. - 1993. Vol. 60A, Ne 3. P. 255 - 276.

Panyukov, A.V. The Study of Basis Tree for Primal Transshipment Algorithms / A.V. Pa-
nyukov // C094, Amsterdam, the Netherlands, April 5-8, 1994. Program<feAbstracts.

Kleinschmidt, P. A Strongly Polynomial Algorithm for the Transportation Problem /
P. Kleinschmidt, H. Schannath // Mathematical Programming. - 1995. - Vol. 68, No 1. -
P. 1-13.

IManwokoB, A.B. YnopsitoueHHOe W3ydyeHUE OA3UCHOTO NepeBa B MPSIMBIX QJITOPUTMAaxX IS
TpaHcropTHol 3amauu / A.B. IlaHiokoB // MexayHaponHasgs Cubupckasi KOHPepeHIUs II0
KUCCEeNOBaHMUIO ollepaliuii: Matepuanbl KoHG. - HoBocubupck, 1998. - C. 44.

IManrokoB, A.B. 3amaya pasMelneHUs IPSIMOYTOJIbHBIX 00bEKTOB ¢ MUHUMAJIbHON CTOMMOCTBIO
cBasbiBatomieil cetn / A.B. IlaHwokoB // JWCKpeTHBIN aHalIW3 W UCCAeIOBaHUE OIEpPaIlHii.
Cepus 2. - Tom 8, Ao 1. - 2001. - C. 70 - 87.

ITanwokoB, A.B. Crnocod reHepalldyd HOJKHOCTHBIX MWHCTPYKLUMH M MOJOXEHUH O
nonpasaeneHusix // A.B. IlanwokoB, BA. Tenerun // III Bcepoccuiickass KoHdepeHIUs
«ITpo6aeMbl ONITUMHU3ALUU U IKOHOMUYECKUE MPUIIOXKEHUS:»: MaTepuainsl KoHd. (Omck, 11
- 15 wiona 2006 r.) / Omckuit puiauan MH-Ta Mmatematuku uMm. C.JI. Co6omeBa CO PAH. -
Omck, 2006. - C. 185.

Kadenpa 3koHOMHKO-MaTeMaTUUYECKUX METOAOB U CTAaTUCTHUKHU,
IOxHO-Ypanbckuii TOCyJapCTBEHHBI YHUBEPCUTET

pav@susu.ac.ru

Ilocmynuna e pedaxuyuio 20 uons 2008 e.

Cepusa «<MaremaTuiecKoe MOJEJIUPOBaHUE M IPOrpaMMIpPOBaHUE>, BBII. 2 99


mailto:pav@susu.ac.ru

