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B cTaTtbe paccmaTpuBaeTcs peLueHue
TPaHCNOPTHOJ 3a8a4v ABYMS criocobamm:
MeTo4OoM ceBepo-3ananHoro yria

“ MeTo40M MUHUMAaJIbHOIO 3JIeMeHTa.

B pe3ynbTrare aHanu3a foKa3biBaeTcs,
4TO MeTo4 MUHUMAJIbHOIro 3Ji1ieMeHTa
no3BoOJisieT COKpaTUTb KOJIN4eCTBO
urepauynii B HeCKOJIbKO pas.

IMpy peLueHny c0XXHbIX 3aaa4 60/1bLIONH
pa3mMepHOCTU BbIOOP paLoHaIbHOIO
MeToaa urpaert onpenensiowyro

POJIb, HTO U [EMOHCTPUPYET CITIOCO6
nocsieaoBaTesibHOro YMeHbLLIeHUs
nogo6HoI pa3aMepHOCTU MOCPEeACTBOM
UCIOJIb3yeMbIX aJirOPUTMOB ONnTUMuU3aunn
pacnpepaesieHust NoCcTaBokK (nepeBo30K)
TOBapa.

Knwouesbie croBa: TpaHCrnopTHas

3ajaya, 10rucTvKa, onTUMU3aLIns,
rporpaMMupoBaHne, MeTobl PELLeHNs,
PasMepPHOCTb, a/lrOPUTMbI.
|
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BOTNPOCHI TEGP

PeLwleHue TpaHCNOPTHON 3a4a4u
MeTOoAO0M NnocJsiefoBaTesibHOro
YMEHbLUEeHUS €€ pa3MepPHOCTU

Henuuruii Bukmop Aponosun — 0okmop mexnuueckux
Hayk, npogheccop Kagpeopvl agmomamu3upo8aHHbIX
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mpancnopma (MHUHUT), Mockea, Poccus.

Maxapenxo Andpeii Arexcandposuy — cmyoenm
Poccuiickoeo ynusepcumema mparcnopma (MUHUT),
Mocksa, Poccus.

paHCMOpTHAs 3afa4ya — 3TO MOUCK OTl-

TUMAaJIHOTO pacIipe/iesIeHUsI TTOCTaBOK

OIHOPOJHOTO TOBapa OT MOCTaBIINKOB
K IMOTPEeOUTEISIM TTPU U3BECTHBIX 3aTpaTax Ha
epeBO3Ky (Taprdax) MeXIy IyHKTaMH OT-
TpaBJieHUs] M Ha3HaueHusI. SIBJsieTcs 3anaueit
JIMHEWHOTO MPOTPaMMUPOBAHUS CTIEIINATb-
Horo Bua. Pemmenne e€ HaYMHaeTCsI C HAXOXK-
JIEHUSI OTIOPHOTO TIJIaHA.

B ny0mkyemoii ctatbe CpaBHUBAIOTCS JBA
crmoco0a peleHust TaKoi 3a1aun:

1. OnopHbIii TU1aH HOPMUPYETCSI METOIOM
CeBepo-3aMamaHoro yria.

2. OIOpHBIi TUTaH HAWICH METOIOM MHU-
HUMaJIbHOTO 2JIEMEHTA.

Vckomblii pe3ysbraT peleHust TPaHCIIOPT-
HOIi 3a71aun: BCe 3asIBKM YIOBJIETBOPEHBI, BCE
3amachl MCUepIiaHbl, CyMMapHasi CTOMMOCTb
BCEX MepeBO30K MUHUMaJIbHa. MeTobl pe-
IIEHUST CBOISTCS K OTEpalvsiM C TaOIuIIeH,
TJie B OTpeneIEHHOM TIOPSIIKE 3aMCaHbl BCe
yciioBu 3anauu. Takas Tabiuiia Ha3bIBaeTCs
TPaHCIOPTHOM. B Hell 3anuceiBatoTCS:

— TMyHKTHI OTIPABJICHUS U Ha3HAYCHUS;

— 3arachl, UMEIOIIMECS B TTYHKTaX OTITPaB-
nenwust (ITO);

— 3a51BKY, TTOIaHHbIE TYHKTAaMU Ha3Have-
aus (ITH);
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— CTOMMOCTH IIEPEBO3OK M3 KAXIAO0I0
ITyHKTa OTIIPABJICHUA B KK IIYHKT Ha3Ha-
YCHUA.

MOCTAHOBKA SAAAYU

Wmeercsa m iyHKTOB OTIIpaBieHus: 4, ...,
A, B KOTOPBIX COCPEIOTOYEHDI 3aI1aChl KAKO-
TO-TO OAHOPOTHOTO TOBapa (Tpy3a) B KOJIMUe-
CTBEA,, ..., a, enuHul. KpoMe T0ro, u3BeCTHbI
N IyHKTOB Ha3HaYeHus: B, ..., B , MOIaBIINX
3asBKy COOTBETCTBEHHO Ha b . b, enuHuL
tToBapa. [Ipenmosaraercst, 4To cymMMa BCEX
3asIBOK paBHa CyMMe BCEX 3aI1acoB:

m n
Z 24 =Z b,.
i=1 =1

YcTaHoBIIeHa CTOMMOCTD a,; TIePEeBO3KN €N~
HULIBI TPy3a OT KaXKI0T0 ITYHKTa OTIIPaBICHUS
JI0 KaxKA0ro MyHKTa HazHauyeHus. TabGauua
(MaTpuIia) CTOMMOCTEH ITepeBO3KI a;e1HNU-
LBl TPy3a 3aJaHa B CJICIYIOIIeM BUIE:

(11015 Uyn
Az2108325..- Qzn

Ami1 Amz - Amn

Pa3zmepHOCTBIO 3TOI MaTPULIBI M1 * 1 MOX-
HO OMpPEenessiTh U pa3MEPHOCTb CAMOI TpaHC-
TMOPTHOWM 3aJa4u.

TpeOyeTcst cocTaBUTB TaKO¥ MJIaH MepPeBOo-
30K, TIPU KOTOPOM BCE 3asIBKU ObLIU Obl BbI-
MOJHEHBI, U TIPU TOM 00I1asi CTOUMOCTh
MepeBO30K oKazajach MUHUMaJbHA. [Ipu
TaKOl MOCTaHOBKE 3a/auu nmokasaresaeM 3¢-
(beKTUBHOCTH TJIaHA SIBJISIETCS CTOUMOCTb.

O0603HaYUM X; — KOJIMYECTBO Ipy3a, rnepe-
BO3KMMOTO U3 IyHKTa OTIPABIEHNS A B IIyHKT
Ha3HavYeHUs Bj HeotpuiatenbHbie mepeMeH-
HBIC X; IOJLKHBI YIOBJIETBOPSITH CJICAYIOLINM
YCJIOBUSIM:

1. CyMMapHOe KOJTMYECTBO Ipy3a, HarpaB-
JISIEMOT0 U3 KaXI0T0 MyHKTa OTIPaBAeHUS BO
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BC€ IYHKThI HA3HAYEHMUS, TOJIKHO OBITh PaB-
HO 3amacy rpy3a B CBOEM MyHKTe. DTO 1aéT m

n
YCJIOBUI1 PaBEHCTB: Z X; =a;,i= 1,...,m.
j=1

2. CymMMapHOe KOJIMYECTBO Ipy3a, T0CTaB-
JIIEMOTO B KasKJIbI TTYHKT Ha3HAYCHUST U3 BCEX
ITYHKTOB OTIPABJIEHMS, JOJKHO OBITh PaBHO
3as1BKe, TTOJJaHHOM COOTBETCTBYIOIIUM ITyHK-
TOM. DTO JA€T 1 yCIOBUIA PAaBEHCTB:

Z x;=b;,J =1,...,n.
i1

3. CymMapHasi CTOMMOCTb BCeX ITepeBO30K
JIOJKHA OBITh MUHUMAJIbHOM, T.€. JOJIKEH

m n
OBITH HalileH Mmin Zzaz)’xij )
At 5y o)

CTOMMOCTH TIEPEBO30K MOMEIIAITCS
B IIPaBOM BEpXHEM YTy KaXXI0M sSTueiiku Tad-
Julbl 1, 4TOOBI B cCaMOl siYeiiKe Mpu COCTaB-
JICHUV TUTaHa MOMEIIATh TIePeBO3KM X, (cwm.
Tabauy 1).

PanT cuctemsl orpaHMYeHUIT-ypaBHEHUI
paBeH ¥ =m + n — [, THe m — YNUCIIO CTPOK,
1 — YUCJIO CTOJOLOB TPAHCHOPTHOM TaOMLIbI.
B kax1oM ornopHoOM I1aHe OyayT OTJAMYHBI OT
HyJIST He OoJiee m + n = [ mepeBo30K. Sueitku
TaOJIULIbI, B KOTOPbIX OY/1€M 3aUChIBATH OTJINY-
HbIe OT HyJIsI IePEBO3KU, Ha3bIBAIOTCS Oa3uC-
HBIMH, a OCTATbHBIC (ITyCThIC) — CBOOOTHBIMI.

Penienue 3amaum CBOAUTCS K ClenyIOLLe-
My. Hano HaiiTu Te 3HaYeHUs MepeBO30K,
KOTOpbIE, OyAy4Yu MPOCTaBiIeHbl B 0a3UCHBIX
KJIeTKaX TPAHCIOPTHOM TaOJMLIbI, YIOBJIET-
BOPSIJIA ObI TAKUM YCJIOBUSIM:

— CyMMa MepeBO30K B KaXJI0W CTpoKe
TabJULBI 1OJKHA ObITH paBHA 3aMacy 1aHHO-
ro I10;

— CyMMa MepeBO30K B KaXXJA0M CTOJIOLE
JIoJKHA ObITh paBHa 3asiBKe gaHHoro I[TH;

— 00111251 CTOMMOCTb MEPEBO30K — MUHU-
MaJjibHasl.
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True

False——————————]

True
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True

XIN]U]!=b[j]&&
X[i][M]!=a[i]&&
X[illi}<0

True

Fals:

True

False
True
2

X{im](jml=min(afim]-X{im]{M],bljm]-X{N](jm));
XINJEm]=XN]jm}+X(im]{jm};
X[im][M]=X[im][M}+X[im][jm];

Sij=sij#Xliml[jm;

Puc. 1. Bnok-cxema anroputma paboTbi nporpamMmmel.

CMNoCObbl PELLEHUSA

MeTton ceBepo-3aMmaaHoOro yria paccuu-
TaH Ha MoJydYeHHEe TOCTYITHOTO HauaJbHOTO
pelIeHust TPaHCITOPTHOIM 3amayu. Bein pe-
noxeH Jx. JaamuroM B 1951 1. 1 mo3gHee
Ha3BaH «IIPaBUJIOM CEBEPO-3aIagHOro yria»
(Yapuec, Kymnep). Cyth MeTONIa B OCJIE10-
BaTeJbHOM Mepebope CTPOK U CTOJOIIOB
TPAHCMOPTHOW TaGIUIIbI, HAUMHAS C JIEBOTO
cTONIOLIa U BEPXHEI CTPOKU, U BBITTUCHIBA-
HUM MaKCUMaJlbHO BO3MOXHBIX OTTPY30B
B COOTBETCTBYIOIIIME STYEHKN TaGIUIIBI TaK,
YTOOBI HEe OBUTM TPEBBILIECHBI 3asBICHHBIC
B 3a/1aue peCcypChl MOCTABIIMKA WJIK TTOTPeO-
HOCTU TOBapornosiyyaressi. Ha 1ieHbr nocraB-
KA METOJl He aKLEHTUPOBAaH, MOCKOJIbKY
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B JaJbHEMIIEM OXUIAeTCs] ONMTUMU3AIINS
OTTPY30K.

Metoa noce1oBaTeIbHOrO YMEHbIISHUS
pa3MepHOCTU TPAHCTIOPTHOM 3amaun (MEeTOox
MHWHUMAaJIBHOTO 3JIEMEHTA) COCTOUT B UCTTOJTb-
30BaHUU CJIEAYIOILETro aJropuTMa.

1. HaxoguMm kieTky tabiuubl | ¢ MUHU-
MaJIbHOW CTOMMOCTBIO TTePEBO3KU €IMHUIIBI
rpysa, T.e. min a,, riae i — HOMep MyHKTa

I<i<mi<j<n Y

otnpasneHus (I10), j — HoMep MyHKTa Ha3-
HaueHus (ITH).

2. B ar10it K1eTke OyaeT HaXOIUThCSI CTOU-
MOCTb @, ;1 HOMEP KIIETKH PaBeH (i,J,), ToecTb
OHa HaXOJUTCS Ha MEPECEYEHMU j,-TO CTONONA
C 3asBKOM bj , Y[ -1l CTPOKHU C 3aI1aCOM 4, .

3. lanee Haxonum min(a,,, bj )

4. Ecnu min(a,, bﬂ) =a,, TO B KJIETKY
C HOMEPOM (i, j,) CTAaBUM TIEPEBO3KY Xy =
a,, 3amac a,, moJjaraeTcs paBHbIM HYJIO
u ctpouka A, BbiuépkuBaetca. I[lpu aTom
TpaHCITOPTHAsl 3a7a4ya MCXOIHOI pa3MepHO-
CTU m *n TIPEBpalllaeTCsl B TPAHCIIOPTHYIO
3amady pasmepHoctu (m — 1) *n. CTOMMOCTb
00cIIy>KrBaeMoOi MmepeBO3KM OyIeT paBHa
ail ¢ aiI,jI'

5. Ecnu min(a,, bﬂ) = bﬂ, TO B KJIETKY C HO-
MepoM (i, j,) CTaBUM TIEPEBO3KY Xy = b,
3as1BKa b, 1oJ1araeTcst pABHOM HYJIIO U CTONIOELL
B, Boru€pkuBaercs. [Ipy aToM TpaHcropTHas
3a/1a4a UICXOMHOM pa3MEepHOCTH /1 * 1 TIpeBpa-
111aeTCS B TPAHCITIOPTHYIO 3a1a4y Pa3MEPHOCTH
me(n — I). CTouMOCTb IepPEeBO3KU OyIET

J ‘ ail,j]'

6. Ecnu min(a,, bﬂ) =a,= bﬂ, TO B KJIET-
Ky C HOMEPOM (i, j ) CTAaBUM IEPEBO3KY X, T
b,,=a,,, 3anac a,, nonaraeTcsa paBHbIM HYJIIO
U CTPOYKa A, BHIYEPKUBAETCS M 3as4BKa b,
roJlaraeTcs paBHOM HyJIo U cronben B,
BelYEpKUBaeTcss. CTOMMOCTD MEePEeBO3KU
bjI ¢ ai],j] = ail ‘ ail,j]'

7. I1pu 5TOM TpaHCIIOPTHAs 3a1a9a UCXO-
HOM pa3sMEepHOCTHU m °*n MpeBpalmiaeTcs
B TPAHCIOPTHYIO 3adauyy pa3MepHOCTH
m—10D+(n—1).

8. Janee B BUgon3MeHEHHON Tabauue 1
HaxXoIuM KJIETKY C MUHMMAaJbHON CTOMMO-
CThIO MEPEBO3KMU €IUHUIIBI Tpy3a, T.€.

min a,, rae i — HoMep MyHKTa OTHpaBJie-

1<ism,1<j<n

HUsI, j — HOMep ITyHKTa Ha3HauYCHMSI.

9. 3aTeM MOBTOPSIOTCS ITyHKTHI 2—7 ajiro-
puTMa A0 TeX Mop, MokKa He OyayT BHIYEPKHY-
Thl BCE CTPOKM U CTOJIOLBI TAOJMLIBI 1.
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//Makapenxo A.A. YUC-411
float Sij = 0;

do

{

int im;

int jm;

int Cmin = -1;

Sfor(int i = 0;i<N;i + +)
Jor(intj = 0;j<M;j+ +)
IfX[N][j]! = b[j])
IfX[iT[M]! = afi])

ifX[il [i]<0)

{

if(Cmin ==-1)
{

Cmin = C[i][j];
im =i

Jm=j;

/

else
if(C[1][j]<Cmin)

{

Cmin = C[i][j];
im=1i;

jm=j;

}

H

Sij = Sij + X[im][jm];

} while(Sij<max(Sa, Sb));

MakcuMalibHOE YMCJIO IIAroB Ipeiarae-
MOTO aJIfopuTMa paBHO # + m — I. MuHn-

n+m-1
MaJIbHOE YHCJIO 1I1aroB ]T[ , T.€. IIeJ1ast

n+m-1
4acTb OT >

OrnuiieM Terepb aITOPUTM ITOMCKA KISTKU
TabaULbl 1 ¢ MUHUMaJIbHOW CTOMMOCTbBIO
MepPeBO3KM eAMHUILIBI TPY3a.

1. Beigensiem Tpu sg4eiiku IJ1 XpaHEHUS
TEKYIIero MUHUMYyMa CTOMMOCTH TTePEBO3KHU
eIMHULIBI TPy3a M KOOPIMHAT 3TO CTOMMO-
CTHU: HOMepa CTPOKHU 1 HoMepa cTojio1a. B atu
TPU STYEHKHU 3aIUChIBAEM T0CJIEI0BATEIBHO
3HauYeHUe BEKTOpa (a 7 1L1).

2. B BepxHeli cTpoke Tabauubl 1 6epém
BEKTOD (a,,z, 1,2).

3. [IpoBepsieM BBINIOJHEHUE HEPABEHCTBA
a,,>a, , Eciv OHO BBIMOJIHSIETCS, TO B BbIAC-

woc 1.
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Puc. 2. Kon
nporpamMmsl.
MocTpoeHne
Ha4aJibHOro oropHoro
niaHa merogqom
MUHUMaJIbHOIro
anemeHTa.

X[im][jm] = min(a[im]-X[im][M], b[jm]-X[N][jm]);
X[N][jm] = X[N][jm] + X[im][jm];
X[im][M] = X[im][M] + X[im][jm];

JICHHBIC TPU STICTKU 1Tl XpaHEHUSI TEKYIIIETO
MHHUMYyMa CTOMMOCTHU TIEPEBO3KH ¢IMHUIIBI
rpy3a ¥ KOOPIMHAT 3TOM CTOMMOCTH 3aITUCHI-
BaeM IOCJIeOBATEIbHO 3HAUYEHUE BEKTOpa
(a P 1,2). Ecti oHO HE BBHIMIOJHSIETCS, TO
B BBIIEJICHHBIX sYeiiKaX HUYEro He U3MeHsI -
ercd.

4. lanee 11. 3 BBITIOTHSIETCS AJISI BCEX OCTaB-
IIMXCSI CTOMMOCTEN IIEPBOI CTPOKMU.

5. 3areM 1111. 3 1 4 BBIMOJIHAIOTCS 1T BCEX
MOCJEAYIOIIMX CTPOK TabJULbI 1.

Takum oOpa3oM, HAXOOUM KJIETKY TaOJIH-
LIl ¢ MUHMMAJTbHOM CTOMMOCTBIO TTIEPEBO3KH
SIVMHUIIBI TPy3a.

BbIBOAbI

[IpoBenst psim ONBITOB, MOXHO YOEIUTh-
Cs1, 4TO ITOCTPOEHME HAYaJIbHOTO OITOPHOTO
[UIaHa ¢ MOMOIIIBI0O METOIAa MUHUMAaJIbHOTO
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Puc. 4. MeTtog MMHUMAaNIbHOI O 3/1eMEHTa.

5JIeMEeHTa JAET O0JbIIOE MPEUMYIIIECTBO MPU
ero ontTuMusaunu. Micxonst U3 pe3yabTaTos,
MOXHO 3asIBUTb, 4TO Oylarogaps METOmy
MUHUMaJIbHOTO 2JIEMEHTA KOJIMYECTBO UTE-
panuii ONTUMU3ALNMN COKpAIaeTcsl B JABa
1 6oJiee pa3, B 3aBUCUMOCTU OT CJIOKHOCTHU
3a1ayu.
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SOLUTION OF THE TRANSPORT PROBLEM BY THE METHOD OF SUCCESSIVELY

DECREASING ITS DIMENSION

Ivnitsky, Victor A., Russian University of Transport (MIIT), Moscow, Russia.
Makarenko, Andrey A., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article considers the solution of the transport
problem in two ways: by the method of the north-
western angle and the method of the minimal element.
As aresult of the analysis, itis proved that the minimal
element method allows to reduce the number of

iterations by several times. In solving complex
problems of large dimension, the choice of a rational
method plays a decisive role, which is demonstrated
by the method of successively reducing this dimension
by means of the algorithms used to optimize the
distribution of shipments of goods.

Keywords: transport problem, logistics, optimization, programming, decision methods, dimension,

algorithms.

Background. The transport problem is the search
for the optimal distribution of supplies of a
homogeneous product from suppliers to consumers
at known costs of transportation (tariffs) between
origin and destination points. Itis a linear programming
task of a special kind. Its solution begins with finding
a basic plan.

In the article published, two ways of solving this
problem are compared:

1. The basic plan is formed by the method of the
north-western angle.

2. The basic plan is found by the method of the
minimal element.

The required result of solving the transport
problem: all applications are satisfied, all stocks are
exhausted, the total cost of all transportation is
minimal. The solution methods are reduced to
operations with the table, where in a certain order all
the conditions of the problem are written down. Such
a table is called a transport table. It records:

— points of departure and destination;

— stocks available at departure points (DepP);

— applications submitted by destination points
(DesP);

— cost of transportation from each point of
departure to each destination.

Objective. The objective of the authors is to
consider the solution of the transport problem in two
ways: by the method of the north-western angle and
the method of the minimal element.

Methods. The authors use general scientific and
engineering methods, mathematical analysis, north-
western angle method, minimal element method.

Results.

Formulation of the problem

There are m departure points: A ,..., A, in which
the stocks of some homogeneous goods (cargo) are
concentrated in the amount of a,,..., a_ units. In
addition, n destination points are known: B,,..., B,

is assumed that the sum of all applications is equal to

the sum of all stocks: N~ . _ N\~ 5 . The cost a_of
Zl a, = zl bj i
i=! Jj=
transportation of a unit of cargo from each point of
departure to each point of destination has been
established. The table (matrix) of transportation costs
a; of the unit of cargo is given in the following form:

aqqAq5--- Qyn
21 02z an
A1 Omz - Qmn

The dimension of this matrix m » n can also be used
to determine the dimension of the transport problem
itself.

Itis required to make such a plan of transportation,
in which all applications would have been fulfilled, and
the total cost of all transportations would be minimal.
With such a statement of the problem, the indicator
of the efficiency of the transportation plan is the cost.

Let X; be the amount of cargo sent from the
departure point A, to the destination point B. Non-
negative variables X, must satisfy the fo/lowing
conditions:

1. The total amount of cargo sent from each point
ofdeparture to all destinations should be equal to the
cargo stock at this point. This gives m conditions for

n

the equalities: Z X, =a,i=1,..,m

Jj=1
2. The total amount of cargo delivered to each
destination point from all points of departure must be
equaltothe application filed by the relevant paragraph.
This gives n conditions for the equalities:
m

Z x;=b,j=1..,n

i=1
3. The total cost of all transportation should be

m n
who applied for b, b, units of goods, respectively. it ~minimal,i.e min Z Z a;x; must be found.
HitoeXmn 2 Jj=1
Table 1
Sample of a transport table
DepP / DesP B, B, B, Stocks a,
Al all a'12 aln a'l
AZ a21 a22 a2n a2
Am am] am2 mn am
Applications bj b, b, b, i n
; b
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number of columns in the transport table. In each
basic plan, no more than m + n = 1 transportation will

Pic. 1. Block
diagram of the
program operation

algorithm. ‘ ) @

//Makarenko A.A. UIS-411
float Sij = 0;

do

{

int im;

int jm;

int Cmin = -1;
Jor(int i = 0;i<N;i++)
Jor(intj = 0j<M;j++)
IXINIL]! = b))
IFXTT[M]! = afi])
XTI T<0)

{
if(Cmin = =-1)

{

Cmin = C[i][j];
im =i;

Jjm=j;

4

else
if(C[i][j]<Cmin)

Cmin = C[i][j];
im =iy

Jm=j;

}

}

X[im][jm] = min(a[im]-X[im][M],b[jm]-X[N][jm]);
X[N][jm] = X[N][jm]+X[im][jm];

X[im][M] = X[im][M]+X[im][jm];

Sij = Sij+X[im][jm];

ywhile(Sij<max(Sa,Sb));

Pic. 2. The code of the program. Construction of the
initial basic plan by the minimal element method.

Costs of transportation are placed in the upper
right corner of each cell of the table in order to place
X; transportation in the cell itself when drawing a plan
(see table 1).

The rank of the constraint-equation system isr =
m +n — 1, where m is the number of rows, n is the
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be different from zero. The cells of the table, in which
we will write the nonzero transportations, are called
basic, and the remaining (empty) are free.

The solution of the problem reduces to the
following. It is necessary to find those values of
transportation, which, if affixed to the basic cells of
the transport table, would satisfy such conditions:

— the amount of transportation in each row of the
table should be equal to the stock of this DepP;

— the amount of transportation in each column
should be equal to the application of this DesP;

— the total cost of transportation is minimal.

Ways of solution

The north-western angle method is designed to
obtain an accessible initial solution to the transport
problem. Itwas proposed by J. Dantzig( 1951) and later
called «the rule of the north-western angle» (Charnes,
Cooper). The essence of the method is the sequential
search for the rows and columns of the transport table,
starting with the left column and the top row, and writing
outthe maximum possible shipments to the appropriate
table cells so that the stated resources of the supplier
or the needs of the consignee are not exceeded. The
method is not focused on delivery prices, since in the
future the optimization of shipments is expected.

The method of successively reducing the
dimension of the transport problem (the minimal
element method) consists in using the following
algorithm.

1. We find the cell of Table 1 with the minimum

cost of transporting the unit of cargo, i.e. 1<,-g}ilg-<n a,,
where i — number of the departure point (DepP), j —
number of the destination point (DesPIl1H).

2. Inthis cell there will be the costa, andthe cell
numberis (i, j ), thatis, itis at the intersection of the
J,~th column with the application bn and the i -th row
with the stock a,,.

3. Then we find min(a,,, b,,).

4. If min(a,,, bﬂ) = a,,, then we put in the cell with
the number (i, j,) transportation Xy =8 the stock
a,, is setequalto zero and the row A, is deleted. In this
case the transport problem of the original dimension
m-+n turns into a transport problem of dimension
(m - 1)+n. The cost of serviced transportation will be
equaltoa, -a, .

5. If min(a,,, bﬂ) = bn’ we put in the cell with the
number (i, j,) transportationx, .. =b,,, the application
b,, is set equal to zero and the column B, is deleted.
In this case the transport problem of initial dimension
m«n turns into a transport problem of the dimension
m+(n - 1). The cost of transportation will be b.-anyj.,.

6. If min(a,, b,) =a, = bj,, then we put in the cell
with the number (i,, J;) transportation x,, ., = b, =a,,
the stock a,, is set equal to zero and the row A, is
deleted and the application b . is set equal to zero and
the column B,, is deleted. The cost of transportation
bjI .ai1,j1 = ai1 .ail,ﬂ'

7. In this case the transport problem of initial
dimension m-n turns into a transport problem of
dimension(m —1)+(n—-1).

8. Further in the modified table 1 we find a cell with
a minimum cost of transportation of a unit of cargo,

i.e. _min a, 6 where i — number of the point of

1<i<m 1< j<n

departure, j — number of the point of destination.
9. Then steps 2-7 of the algorithm are repeated
until all the rows and columns of Table 1 are deleted.
The maximum number of steps of the proposed
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algorithm is equal to n + m — 1. The minimum number
ofstepsis ]mel[ , i.e. the whole part from ntm-l
plus 1.

We describe now the algorithm for searching for
acellin Table 1 with the minimum cost of transportation
of a unit of cargo.

1. We allocate three cells for storing the current
minimum of the cost of transportation of the unit of
cargo and the coordinates of this cost: number of the
rowand number of the column. In these three cells, we
record successively the value of the vector (a, , 1,1).

2. In the top row of Table 1 we take the vector
(a,,12)

3. We verify the fulfillment of the inequality a, , >
a, .. Ifitis fulfilled, then in the allocated three cells for
storing the current minimum of the cost of
transportation of the unit of cargo and the coordinates
of this cost, we write sequentially the value of the
vector (a, , 1,2). If it is not fulfilled, then nothing
changes in the selected cells.

4. Further, step 3 is satisfied for all remaining
values of the first row.

5. Then, steps 3 and 4 are satisfied for all
subsequent rows of Table 1.

Thus, we find the cell of Table 1 with the minimum
transportation cost of the unit of cargo.

Conclusions. Having carried out a series of
experiments, one can be sure that the construction
of the initial basic plan with the help of the minimal
element method gives a great advantage in its
optimization. Based on the results, it can be stated
that due to the minimal element method, the
number of optimization iterations is reduced by two
or more times, depending on the complexity of the
problem.
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