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JIBOETAITHA TPAHCIIOPTHA 3AJTAYA
TA i AMPL-PEAJII3AIIISA

Hageoeno gopmynioganns 0goemannoi mpanchopmuoi 3a0adi 3axpumozo muny ma 06IPYHMOAHO
YMOBU, 34 AKUX CUCTHeMA JITHIUHUX 00MedceHb 3a0aui € HecyMicHow. Li ymosu suxopucmaro nio uac pos-
pobku AMPL-xk00y 0ns po36’si3anHa 3a0ayi 3a 00NOMO20K CYUACHO20 NPOSPAMHO20 3d0e3nedenHs 014
3a0ay ninilino2o npoepamyeanns. Hagedeno oemoncmpayiiinuii npukaao iz pe3yibmamamiu poO3paxyHKy 3d

donomoeor npoepamu gurobi NEOS-cepgepa.

KirouoBi ciioBa: nBoeTanHa TpaHCIIOPTHA 3ajava, 3aja4a JIIHIHHOTO MPOrpaMyBaHHs, MOBa MOJIEITIO-

BanHsI AMPL, NEOS-cepBep, gurobi.

Beryn

DopMynoBaHHS KJIACHMYHOI JIBOETAITHOI TpaHC-
nopTHOT 3aa4i [ 1] mepenpbayae, mo BaHTaX IEPEBO-
3UTHCS BiJ MOCTAYaJILHUKIB 4O CIIOXKHUBAYIB TIILKHA
4yepe3 MpoMikHI MyHKTH. CxeMy (QyHKIIOHYBaHHS
NepeBe3eHb BAaHTAXKy HaBeleHO Ha puc. 1. [Ipomix-
HIUMH DYHKTaMH MOXYTh OyTH IIOCEpeIHHIbLKI
(hipMu Ta pi3HOTO POAY CXOBHUINA (CKIIAIN).

MpomixKHi NyHKTH

MocTayanbHUKK
Iheauxou)

Puc. 1. Cucrema «mmocTadyanbHUKH — IPOMIDXKHI TyHKTH —
CIIOXKMBaYi» y JBOCTAIHI TPaHCIIOPTHii 3a1adi

J1st po3B’si3aHHs IBOETATHOI TPAHCIIOPTHOI 3a-
Jadi 3aCTOCOBYIOTh PI3HOTO pPONY CIIeIlialli3oBaHi
anmroput™u [1; 2]. ¥V cTarTi po3mistHEMO YyHiBep-
CaIbHUI CIOCi0 pO3B’s3aHHS JBOCTAITHOI TPaHC-
MOPTHOI 3aja4i 3 BUKOPHCTaHHSAM CY4acHOTO IIpO-
rpaMHoro 3abe3neueHHs. Llei crocid BUKOpHCTOBYE
oruc 3a1adi Ha MoBi MonemoBanHs AMPL [5] ta
3aJICKUTD TUTBKH BiJl TOTO, KA 3 BiJOMHX IpOrpam
BUKOPUCTOBYBaTUMETHCS JUISL PO3B’SI3aHHS 3ajladi
TIHIHHOTO MTPOTPaMyBaHHsL.

© Cmeyrox I1. 1, JIawrxo B. 1., Maztomuneys I B., 2018

Marepiain cTaTTi BUKJIaJCHO B TAKOMY TOPSIIKY.
VY po3nini 1 onucano GopMyarOBaHHS JBOETAITHOT
TPAHCIOPTHOI 3a/a4i Ta HaBEACHO ii BIACTUBOCTI.
VY posmini 2 HaBeACHO OINMUC 3aja4i Ha MOBI MoJIe-
moBaHHs AMPL [5] Ta pesynsratd po3paxyHKiB
JUI TECTOBOTO IPUKJIANy.

1. /IBoeTanHa TpaHCIOPTHA 3aJa4a
Ta Tl BJIACTHBOCTI

Hexait y m nynkrax nocrauanus A,...,A4,
€ a,..,0, ONVHHUIb NPOAYKIIii, Ky HOTpPiOHO
nepeBe3TH A0 M cmnoxuBauis B, ...,B , 3ano-
BOJIHUBIIN iXHi moTpebu b, ...,b, . Jlns TpaHc-
MOPTYBaHHs MPOAYKIIi BiA MOCTa4albHUKIB A0
CIIO’KMBAYiB MOKHA 3a1iATH [ MPOMIKHHUX ITyHK-
tiB D), ..., D,. BuTparu Ha nepeBe3eHHs OAUHHUIII
HPOIYKIUii 3 MyHKTY MocTadaHHst A, 10 HpoMixk-
HOro MyHKTY D), MO3HAYUMO C; , 3 IPOMIXHOTO
nynkty D, no cnoxusada B, — ¢, . Kinbkicth
MPONYKIIil, siKa MEPEBO3UTHCS BiJl IOCTadaIbHUKA
A. 1o npomixkHoro myHkry D, , m03Ha4nMoO X, ,
KUIBKICTh MPOAYKLI{ BiJl MPOMIXKHOTO MYHKTY 10
CIOXKHBAYA — Y. .

JlBoerarHa TpaHCIIOPTHA 3a]a4a Ma€ TaKuil BU-

DA 3HAUTH

m | I n
A :n)}iyn f(x’y)zzzcikxik +chkjykj (1)

i=1 k=l k=1 j=I

3a OOMEKEeHb

~

i=1,...,m, 2)
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J=L...n, 3)

/

zykj pr

k=1
Z'xik_zykaoa k=1...,1, (4)

S (5)

3agada (1)~(5) € 3agadero JiHIKHOTO Hporpamy-
BaHH, KA MICTUTb M X[ +[ XA 3MiHHUX X, , ,; Ta
m+n+/ oOMexeHs 3aralIbHOTO BUIY, HE BPAXOBYIO-
4y 0OMeXeHb (5) — YMOB Ha HEBiI'EMHICTB yCiX 3MiH-
Hux. LlinsoBa ¢ynkuis (1) 3amae cymapHi BUTpaTy Ha
TPAaHCHOPTYBAHHS NMPOAYKIIii Bil HOCTAYaIbHUKIB 10
CIIOXXHBAYiB 4epe3 MPOMDKHI IyHKTH. OOMEKeH-
Hs1 (2) 03HAYAIOTH TPAHCIOPTYBAHHS YCi€l IPOMYKILi
a,,...,d, 13 IyHKTIB NOCTa4aHHS 10 HPOMIKHMX
MYHKTIB, a 0OMeKeHHS (3) — 10 CIIOKMBadaM MoTpio-
HO JIOCTaBUTH HEOOXimHy mpomykuilo b, ...,b,
3 TPOMDKHMX ITyHKTiB. OOMexeHHs (4) 3a1ar0Th
YMOBH Ha Te, 00 yCsI MPOYKIIis, IKa HaJXOAUTH BiJl
MOCTAYaJIbHUKIB 10 KOKHOTO IMPOMIKHOTO ITYHKTY,
Oysa 000B’SI3KOBO BifmpaBiieHa crioxupadam. [le Bu-
3Ha4ya€ yMOBH HAa CYMICHICTh CHCTEMH OOMEXEHb
(2)(5) — cucremu NiHIHKUX PIBHOCTEH Ta JIIHIMHUX
HepiBHOCTEH. 3BiZICH BUTUIMBAE TaKe TBEPIHKEHHSI.

Jlema 1. Cucrema obmesxens (2)—(5) € Hecymic-
HOIO, SIKILO Za * Zb

JdoBenenns. ,ZIOBeneHH;I MPOBEAEMO METOIOM
BiJl cympoTuBHOro. [IpuiiMemMo, IO iCHYIOTh He-
Bi/l"€MHi X={X,i=1...mk=1...I} Ta

= {ykj,k =L..,.,j=1,...,n } , AKi 3aJ0BOJBLHS-
I0Th cucteMy ooMeskeHb (2)—(4). Tooro mist X >0

ta ¥ 20 crnpaBmKyOThCS Taki piBHOCTI:

/
> X, =a, i=l..,m, (6)
k=1
l —
Z kj:bj, j:L"';n’ (7)
k=1
DX, y =0, k=1...,1. (8)
i=1

param m>=2;
param 1>=1;

param n>=2; #KinpkicTb crnoxmBauisn

#KinpkiCcTh HOCTAUAJIbLHMKIB
#KinpxicTe NpPOMiXHMX OYHKTiB
(nyHkTU B)

Sxuio Bci piBHOCTI 13 (6) mpocyMyBaTH 3a iHAEK-
coMm i =1,...,m, a Bci piBHOCTi i3 (7) mpocyMyBaTH 3a
iHgekcoM j =1,...,/, TO OTpUMaeMo Taki piBHOCTI:

m_ 1 m
SY% =da. ©)

(10)

Bimussom Big piBHOCTI (9) piBHicTb (10) T2 3Mi-
HUBIIHU TOPSIOK iHICKCIB y CyMaX, OTPUMAEMO TaKy
PIBHICTB:

)

Sxmo Bei piBHOCTI 13 (8) IpoCyMyBaTH 32 iHICK-
com k =1,...,/ , T0O OTpEMaEMO TaKy piBHICTb:
n

Y% -, - (12)

k=1 i=l k=1 j=l1

3a ymoBH Za * Zb 13 piBHOCTI (11) BUIIIMBaE

i=1 Jj=1

Zl:Zm:fik_Z[:

k=1 i=1 k=1 j=I

n

#0, mo cynepeynts piBHO-

cti (12). Lle mpotupiuds DOBOAUTH, IO BEKTOPU
X Ta Y He MOXYTb OyTH JOIYCTUMHMH I OOMe-
KEHb (2)7(4), OT)Ke, TMpH BUKOHAHHI YMOBH

Za ¢Zb cuctema obmexens (2)—(5) € Hecy-
i=l1
MICHOIO. JIeMy JA0BE/IEHO.

Jlema 1 mae MOXJIMBICTh IEPEBIPUTH BXITHI AaHi
100 iX KOPEKTHOCTI I c(opMyIpOBaHOI IBO-
€TaIHO1 TPAHCIOPTHOT 33/1a4i. SIKII0 He BUKOHYETh-
Cs yMOBa JIEeMH, TO TOMI BHUKOHYETHCS YMOBa

m n

Zai = ij . Y upoMy Bumaaky cucrema (2)—(5)
i1 =
€ CYMICHOIO 1 MOYKHA TIEPEXOIUTH JO0 PO3B’sA3aHHS
3anayi (1)—(5).

2. AMPL-peanizauis 3aaaui (1)—(5)
TAa TECTOBHH NMPHUKJIA/

AMPL-kon a1 onucy ABOETArHOI TPAaHCIIOPT-
Hoi 3anadi (1)—(5) Mae Takuii BUTIISII;

(nyHkTU A)
(nyHkTM D)

#BaprocTi nepeBeseHHa omMHMII Npomykiii:

param cik{i in 1..m,
param ckj{k in 1..1,

k in 1..1} >= 0
3 in 1..n} >= 0

; #Bim A mo D

’

; #Bim D mo B
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#Tumi maxi
param a{i in 1..m} >= 0;
param b{j in 1..n} >= 0;

check: sum{i in 1..m} a[i] =
#Hesinomi (mpomyxiuis,

var x{i in 1..m, k in 1..1} >=0;
var y{k in 1..1, Jj in 1..n} >=0;

minimize f opt:
sum{i in 1..m,
sum{k in 1..1,
subject to #3a
con2 {i in 1..m}:
sum{k in 1.
con3 {j in 1..n}:
sum{k in 1.
cond {k in 1..1}:
sum{i in 1..m}x[i,k]-sum{j in

obMexeHb

L1ix[i, k] = alil;

-1lylk,J] = blJ];

TyT omeparop param BHKOPHUCTAHO UIS OIUCY
PO3MIpiB Ta JaHMX 3ajadi; omeparop var — s
OIMHCYy 3MIHHUX 3371a4i, JIe BPaXOBaHO 1X HEBiM €M-
HiCTb; oneparop check — 14 nepeBipku CyMiCHOCTI
obMmexxeHb (2)—(5), saxka BU3HAYaeThCs Jiemoro 1 Ta
BUMarae, moo ycs mpoayKIis MOCTa4albHUKIB Oyna
BiZIIpaBJICHA CIIOKHBAYaM.

SIkmo neit AMPL-xox JOMOBHUTH HEOOX1THUMH
JIAHUMU TSl KOHKPETHOT 3a]1a4i, TO HOTO MOYKHA BHKO-
PUCTOBYBAaTH JUIl PO3B’S3aHHS JIBOETAIIHUX TPaHC-
HOPTHHX 3a7ad 3a JOIOMOTOI0 CTaHAAPTHOTO MpO-
rpaMHOro 3a0e3meyeHHs Ui PO3B’SI3aHHA  3alad
JiHIAHOTO MporpamyBaHHs. Lle MoxHa 3poOHTH SIK 3a
nonomororo Tux nporpam NEOS-cepsepa [6] 13 po3zi-
ay «Linear Programming, Uit SKuX MiATPAMYIOTBCS
BXinHi popmaru nannx Ha AMPL, Tak i 32 [ormomMororo
KOMeEpIIiiiHKX a00 3 BUTbHUM I0CTYIIOM Bepciit AMPL .

TectoBuii npuxaan [3]. Bupobruue 06’ ’eonan-
HSl CKA0AEMbCsL 3 Mpbox Yiniu: A1’ Az’ A3, SAKI
BUCOMOBIANMb 0OHOPIOHY NPOOYKYi0 6 00cseax

#ponyxuis B A
#llorpebu B B
sum{j in 1..n} b[j];
AKYy TOTPlOHO HIepeBe3Tu)
#8im A mo D
#2in D mo B
#MinimizyBaTy BUTpaATM Ha [NepeBe3eHHsS NPOOyKIii:
k in 1..1} cik([i,k]*x[i,k]+ #Bio A mo D
J in 1..n} ckjlk,jl*ylk,J];

# ymoBa Jjemmu 1

#8ig D mo B

#nepeBeseHHda mponykuii 3 A mo D
#z3anoBosienus nmorped B 3 D

#BCHO mpomykuin noTpifHo mocTaBUTM B B
1..n}ylk,31=0;

sionoeiono 1000, 1500 ma 1200 oounuys na micsiybe.
I[an npooykyis eionpasnsemovcsi Ha 08a CKAAOU
D1 iDZ, a nomim — 00 n’amu CRONCUBAYIE BI, Bz,
Bj, nonum sAxux cmarnosums gionosiono 900, 700,
1000, 500 i 600 oounuyws. Bapmocmi nepegeszerv
00UHUYL NPOOYKYIL (8 YMOBHUX OOUHUYSX) 60 BU-
POOHUKIE HA CKAAOU, a NOMiMm — 3i CKAadié 00 Cho-
HCUBAHIE HABCOECHO 8 MAKUX MAOIUYAX.

A\D | D, D,

4 2 8
A, 3
4, 1 4

s iporo mpukIamy onvc BXiHUX qanux 3aaadi (1)—(5) peanizye AMPL-kox:

data; #Bnok BX1OHMX IaHUX,
param m := 3;
param 1 := 2;
param n := 5;
#BuTpaTu

param cik: 2 =

1
2
3
31
1
1
2

SN D O o
U1 0o W
w O

5
4
1-

’

Ioe 3amaeMmo:
#KinmbxicTh mocTauvaJIbHUKIB A
#KinpxicTe npoMixHmMx nyHxTiB D
#KinpkicCcTb CHOXMBAULB B

Ha IlepeBe3eHHA OonMHMIl Opomykiiil:
#ein & () mo D (>)

:= #Big D (i) oo B (—)

! BeskomtoBHi Bepcii mporpamu po3mimieHo 3a nocwmianasiM: http://ampl.com/try-ampl/download-a-free-demo/
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param a:= #llpomykuis B A

1 1000 2 1500 3 1200; #A 1, A 2, A 3

param b:= #lloTpebu B

1 900 2 700 3 1000 #B 1, B 2, B 3

4 500 5 600; #B 4, B 5

solve; #Pos3B’g3aTtu 3amauy (1)-(5)

#PosOpykyBaTK BHAUEeHHS L1apoBOI1 GyHKU1I Ta yac pos3B’ a3aHHA
display f opt, solve time;

#Po3OpyKyBaTY BHAUEHHS ONTMMAJbHMX 3MIHHUX

display x; display y;

Pesynbsrar po3paxyHKy IS TECTOBOTO HPHKIALy 3a JONOMOIOK BiJOMOI IporpamMu gurobi Ha
NEOS-cepBepi Mae Taknii BUITISI:

R b I e A A I b b e A A db b b b S AR I b b d AR I b b b i d IR I b b A A b b b i AR dh I b b b dh A b i o

NEOS Server Version 5.0

Job# : 6064547

Password : AonehGLi

User : None

Solver : lp:Gurobi:AMPL
Start : 2018-05-23 00:49:53
End : 2018-05-23 00:49:58
Host : NEOS HTCondor Pool
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

R b b S dh ab b b b I 2 dh dh db b b b 2 S dh Sb b b b b 2 dh db b b b 2 2 dh Sh S b b 2 2 dh dh Sb b b b db dh db Sb b b b 2b dh  dh ib b o

File exists

You are using the solver gurobi ampl.

Checking ampl.mod for gurobi options...

Executing AMPL.

processing data.

processing commands.

Executing on prod-exec-2.neos—-server.org

16 variables, all linear

10 constraints, all linear; 32 nonzeros
10 equality constraints

1 linear objective; 16 nonzeros.

Gurobi 7.5.1: optimal solution; objective 22100
1 simplex iterations

f opt = 22100

_solve time = 0.003998

X =

11 1000
12 0
21 0
2 2 1500
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31 1200
3 2 0
y =

11 900
12 700
13 100
14 500
15 0
21 0
2 2 0
2 3 900
2 4 0
25 600

~.

Gurobi 7.5.1:
outlev=1l
Optimize a model with 10 rows,
Coefficient statistics:

threads=4

16 columns and 32 nonzeros

Matrix range [1e+00, 1e+00]

Objective range [1e+00, 8e+00]

Bounds range [0e+00, 0e+00]

RHS range [5e+02, 2e+03]
Iteration Objective Primal Inf. Dual Inf. Time
0 2.2100000e+04 0.000000e+00 0.000000e+00 Os

Solved in 0 iterations and 0.00 seconds

Optimal objective 2.210000000e+04

Gurobi 7.5.1: optimal solution;

TlocTavanbHUKH CnoxuBaui

Ipomizkui myHKTH

A;=1000

A,=1500

A =1200

Puc. 2. OnTuManbHUI II1aH nepeBe3eHb NPOAyKIii

Po3B’s30k 3amaudi (1)—(5) mns tectoBoro mpu-
KJIaay HaBeleHO Ha puc. 2. J[nsg HbOro 3HaYECHHS
miboBoi  pyHKIiT  mopiBHIOE 22100 yMOBHHX

objective 22100

OIWHMIIb, CKIa] l] 3aBaHTakxenui Ha 2200 oxu-
HHILb, a CKJIaJ lb-—HaISOOOHHHHuh

Akmwo ymoBu JemMHu | 3a0BOJIBHAIOTHCA, TO
cucrema (2)—(5) € HecyMmicHOIO 1 mporpama
gurobi He TmepeXomMTHUME JIO PO3B’SI3aHHS
3amaui (1)—(5).

Hampukinaz, SKII0 B OMKCI JaHUX ONEPaTopH

param a:= #llpomykuis B A

1 1000 2 1500 3 1200; #A 1, A 2, A 3
3aMiHUTH Ha OIIEPATOPH

param a:= #lponoykuis B A

11000 2 1500 3 1100; #A 1, A 2, A 3
TO pe3yasrar po3paxyHKy Ha NEOS-cepBepi mae
TaKUW BUTVISI:

AR b A e b i I b b A i db b b b A A I b b d AR b b b b IR A b b A A b b b e dh dh i b b b dh i b i i

NEOS Server Version 5.0

Job# 6064560
Password mMRAIvOn

User None

Solver lp:Gurobi:AMPL

Start 2018-05-23 01:26:09
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End : 2018-05-23 01:26:14
Host : NEOS HTCondor Pool
Disclaimer:

This information is provided without any express or

implied warranty.

In particular,

there is no warranty

of any kind concerning the fitness of this

information

for any particular purpose.

KA AR A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A A A AR A A AR AR AR A A A A A A AR AR Xk K

check at line 16 of amplin fails:
check: sum{i in 1 .. m} af[i]

xecuting AMPL.

processing data.

processing commands.

== sum{j in 1

.. n} b[j];

Executing on prod-exec-2.neos—-server.org

Error (2)

Ile o3Havae, M0 KUTBKICTh MPOMYKIIT y MOCTa-
yapbHUKIB Ha 100 OMHUIE MEHIIIA, HiXK I1€ TOTPiO0-
HO CIIOKMBayaM. Y I[bOMY BWITQJKy CHCTeMa 00-
MEXEHb € HEeCyMICHOI0, MpO IO CHUTHAJI3ye
AMPL-oneparop check.

BucHoBkn

VY il cTarTi OMUCaHO JBOETANHY TPAHCIIOPTHY
3anmady Ta HaBeneHo AMPL-kon ayis i1 po3B’si3aHHS
3a JIOTMIOMOTOI0 CYYacHOTO MPOrpaMHOro 3abe3re-
YEeHHS JIJIS 33]1a4 JIiHIHOTO porpamMyBaHHs. Hage-
JICHO JICMOHCTpAIIMHAN TPUKIIal 3 pe3yabTaTaMu
po3paxyHky. Pozpobnenniit AMPL-kon Bukopucro-
BYIOTh ITiJ] YaC BUBYCHHS HABYAIBHOI AMCUIUILTIHA
«MepexeBi 3ajavi onTUMI3amii» MariCTpaHTH
cnemianpHocTed 8.122 «KoMm’roTepHi Hayku» Ta

in /opt/ampl/ampl -R amplin

8.121 «ImxeHepiss TPOrpaMHOTO  3a0E3IEYCHHS
JABH3 «¥Yxropoacbkuii HalliOHaJIBHHUIA YHIBEPCHU-
ter» [4]. Moro miaHyeThcs BHKOPHCTATH Iij dac
BUBYEHHS HaBYajJbHOI aucuuiniigu «CucreMu 00-
pOOKHM EKOHOMIYHOT iH(OpMAIiD» IS CTYICHTIB
eKoHOMIYHOTO (akynsreTy HarioHanbHOTo yHiBEp-
cutery «KnueBo-MoOrmiIsiHCbKa akaJeMisD».

Momudikamii nBoeTanHoi TpaHCHOPTHOI 3ana-
4i (1)«(5) MOXyThb BHKOPHUCTOBYBaTH CTYICHTH
BUIIMX HABYAIBHHUX 3aKIaJiB JUIS PO3POOICHHS
BJIACHUX MTPOTPAMHHX MPOCKTIB, OB’ I3aHUX 13 TEO-
pi€eto Ta MeTogaMu ontuMizauii. Hanpuknaa, ko
oOMmesxeHHs (5) 3aMiHUTH Ha 0OMEKEHHS, sIKi Bpa-
XOBYIOTh HMKHI Ta BEPXHI MeXi Ha KiNbKICTh IPO-
IyKIii, 0 MEPEeBO3UTHCS, TO OMUCAHUI METON He
3MIHUTHCS, a CHEIiali30BaHl aIropuTMu MOTpeOy-
BaTUMYTh 3HAYHOT KOPEKIIii.
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Petro Stetsyuk, Volodymyr Lyashko, Gabriela Mazyutynets

TWO-STAGE TRANSPORTATION PROBLEM
AND ITS AMPL-REALIZATION

The paper discusses the two-stage transportation problem of the closed type and investigates its
properties. The problem is connected with finding an optimal plan for transportation of products from
suppliers to consumers, using intermediate points. The formulation of the two-stage transportation problem
is presented in the form of a linear programming problem, and the conditions under which the system of
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linear constraints is incompatible are substantiated. These conditions are connected with checking that
the total quantity of products from suppliers does not equal the total quantity of products that consumers need.
It is convenient for using an AMPL check operator to determine when the two-stage transportation problem
has no solution.

The AMPL code for solving the two-stage transportation problem with the help of up-to-date software
for linear programming problems is offered. To describe the AMPL model, the code uses a check operator
which stops the process of solving the two-stage transportation problem if the linear constraint system is
incompatible. Otherwise an optimal plan for the transportation of products is printed, which can be found
with the help of any program for solving the linear programming problem.

A demonstration example with the results of the calculations using the gurobi program from the NEOS
server is presented. The demonstration example involves the supply of products from three suppliers to five
consumers, using only two intermediate points. The AMPL code to describe the input data of
the demonstration example is given, and the output files of the program gurobi for two cases are presented:
(1) when the check operator allows not to interrupt the process of solving the problem; (2) when the check
operator reports the incompatibility of the system of linear equations. An optimal plan for transportation of
products found by the program gurobi for the demonstration example is graphically illustrated.

The developed AMPL code can be used in the study of academic disciplines for graduates of
the specialities “Computer Science” and “Software Engineering” and students of economic departments. Its
modifications for the two-stage transportation problem can be used by students of higher educational
institutions to develop their own software projects related to the theory and methods of optimization.

Keywords: two-stage transportation problem, linear programming problem, AMPL, NEOS server,
gurobi.
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