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OPTIMIZATION OF TRANSPORT PROCESSES USING THE EVOLU TIONARY SOLVER
Summary

The algorithm for calculating the shortest route fioree vehicles with the limitation of their cajitgcand number of places
per one vehicle using Microsoft Office Excel witle addition of OpenSolver 2.9.0 is presented. Tigerithm was de-

signed mainly for small transport companies whasalper is several dozen times bigger than large eongs. The evolu-
tionary method was used, which belongs to the gafugxact methods that guarantee calculation ofghertest possible
route. Improving the work organization of transporéans that can be achieved by using the preseotaguterized trans-
port management system will result in reductiorcarbon dioxide emissions and measurable savings rasult of reduc-

ing the distances necessary to overcome. Preseaitgdithm provides a step-by-step procedure withpshots for im-

proved performance. Visualization of the route &Bdor transparent display of the data developed.
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OPTYMALIZACJA PROCESOW TRANSPORTOWYCH METODAMI EWOL UCYJNYMI
Streszczenie

Przedstawiono algorytm obliczania najkrotszej trasgejazdu dla trzech pojazdéw z ograniczenienp@akemndci i liczby
miejscowdci przypadagcej na jeden pojazd z wykorzystaniem programu MimftoOffice Excel z dodatkiem OpenSolver
2.9.0. Algorytm zostat przeznaczony gtéwnie dlayofefirm transportowych, ktérych jest kilkadzigsiazy wecej nk firm
dwych. Zastosowano metgdwolucyjm, ktéra naley do grupy metod doktadnych gwarammjch obliczenie najkrétszej z
mczliwych tras. Poprawa organizacji pragyodkéw transportu, ktér mana osiggngé przez zastosowanie przedstawione-
go komputerowego systemu zglzania transportem, spowoduje ograniczenie emisjuttbtnku wgla oraz wymierne
oszcednasci na skutek zmniejszenia odle@iokoniecznych do pokonania. Wizualizacja przebiggsy umeéliwia przej-

rzyste zobrazowanie opracowanych danych.

Stowa kluczowetransport, optymalizacja, badania operacyjne, @gelver, najkrétsza trasa

1. Introduction

The transport services sector, closely relatdddistics
and forwarding, is considered to be a barometethef
economy, as the demand for transport servicesciedsing
as demand for products or services decreasesbdlisved
that the transport industry has about 10% shatledriEuro-
pean Union GDP, and the activities of the entiré SEctor
(transport, forwarding and logistics) in additianihdustry,
construction, trade and non-market services igainepor-
tant element creating gross value added [15]. Heweax-
ternal costs should also be taken into accounttheenega-
tive effects of the TFL sector, manifested by emwimental
pollution and the increase in the greenhouse eflaet to
the emission of carbon dioxide. That is why theosg of
sustainable transport taking into account ecoldgarad
economic stability in the long term has emergedeicent
years.

Transport (road, air and sea) is thought to haeenost
damaging effects on the environment and healtHl cfea-
tors of the economy and according to Barbu and dretez
[4] this sector was responsible for generating 1&9%ar-
bon dioxide in 2005 in the European Union. Datacarbon
dioxide emissions are quite different, but thiglige to the
method of calculations, because sometimes carbmuiddi
emissions are taken into consideration when crgatad
infrastructure and its refurbishment, productiortrahsport
means, etc.
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Significant benefits at relatively low expenditurey,
however, bring improvement in the organization afrkvof
transport means. It can be achieved through the@fusem-
puter transport management systems, whose taskoigtit
mize transports carried out in the enterprise [7].

In the last period of time, many authors deal wihb
optimization of transport in maritime shipping, migi in
liner shipping, which is characterized by regulansport
of cargo according to the timetables and datesligité
given above and the possibility of using serviaasdil in-
terested parties. One of the reasons for sucheisttés sig-
nificant emission of carbon dioxide by liner shipgi
which Notteboom [10] pointed out, stating thatstabout
2.7% of the total emission in the world. Reinhaetital.
[13] used optimization methods in one of the shigpi
companies focusing on the implementation of coetain
transport orders, while in the course of implemgotaof
the issue they used Microsoft Office Excel with #ulition
of Opensolver 2.1. Brouer et al. [5] dealt with ffr@blem
of transporting empty containers, informing abdw heed
to use a Solver in such issues. The Solver additias also
used during the optimization of container reloadirsgd in
liner shipping [3]. Attempts were also made to ojite in-
termodal transport for container transport, bothsbg and
by road [9, 14].

Pollaris [11] dealt with operational research onigec-
tion with the optimization of loading of cars camy loads
placed on pallets. Due to the progressing globatina
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many authors take up the subject of supply cha&ios .ex-

tively easily modifiable in a relatively short pedi of time,

ample, Mula [8] presents mathematical models usgd bwhich is important when transporting milk, becatisere

various authors in solving problems related to shpply

are often changes in the number of suppliers ongds in

chain. Afshar and Haghani [1], in turn, developed &he cow's density in individual farms, which detares the

mathematical model that solves the problem rel&tetthe
flow of goods from the manufacturer, through ateime-
diaries, to the final recipient.

The aim of this work was to provide step by stee t
shortest route for three vehicles using Microsdfic® Ex-
cel with OpenSolver add-in intended for small emtises.

2. Algorithms for determining the shortest route

The problem of determining the optimal route ohive
cles has been dealt with for many years. One obttest
issues is the traveling salesman problem (TSP)s&/solu-
tion consists in determining the shortest routewbeh
towns that you can visit only once and you shoetdm to
the town from which you started. The developmenthis
problem is the problem of determining many route=h{-
cle routing problems - VRP), also called the problef
many traveling salesmen or the problem of routingthis
case, we additionally take into account the maximzan
pacity of individual means of transport. An exampfehe
solution of the one traveling salesman problem withuse
of the Solver was given by Baj-Rogowska [2], anthvthe
use of OpenSolver - ¥grzyn [16]. The problem of many
traveling salesmen has been discussed by someralifho
6, 12], but only theoretically. There are no exaesph the
literature of solutions to the problem of many &tivg
salesmen (VRP). In planning studies of this typeaifte,
you can only find assumptions that should be meindu
calculations. The results calculated by commergiad-
grams and the operation of these programs aregalsa. It
should be noted that there are many small entespirsthe
world that use transport, which cannot afford tacpase
professional software, service and update it.

amount of milk that must be transported by tankéts.
should also be taken into account that milk cacdikected
from each farmer into a separate chamber or can bae
chamber from several farmers. It should also bedadhat
milk tankers can have a capacity of 3,000 to 30,deds
with any number of chambers.

3. Route planning for many vehicles - Vehicle Routig
Problem

The algorithm for determining the shortest route f
many vehicles (in the presented case for threecleidif-
fers from the previous one in that the carryingacdy of
each vehicle used cannot be exceeded and, altaiyathe
number of places per one vehicle is limited. Anitoldal
restriction has been introduced for the situatidremvmilk
is collected from the supplier in separate chambershe
case at hand, the amount of milk is 20 746 literd &
transported from 16 farms. This problem was solwétth
the help of the free OpenSolver 2.9.0. add-in dughe
large number of variables that exceeds the calounlata-
pabilities of Solver.

The distances between the villagtij “ij were ar-
ranged in the form of a matrix in the cells D3:TdBthe
sheet shown in Fig. 1. On the main diagonal, largees
have been introduced =999 for distancgsanhich make it
impossible to enter into the model non-existens docated
on the main diagonal. The amount of milk to be pitkip
from each town has been entered into the cells BR&:Bn
additional restriction has also been introducedubtf®at
Elimination Cadd-onstraints (SEC's). In the presérgrob-
lem, there are two types of decision variablesalying and
integer w The decision variables xvere placed in the cells

The presented work focuses only on the case oymanange D23:T39 (Fig. 2), and the variables in the cells

traveling salesmen with limited capacity and liida of

the number of places visited, with the solutioepsby step,
given for example for three salesmen using the Spbk#er

add-on. Since the solution of the problem is t@applied in
practice, the theoretical part which can be foumdnany
publications in this field is abandoned.

The presented algorithms may be used in any toahsp

activity, but they will be most useful in the traost of
food products, where transport time plays a big,rslich
as milk or strawberries for example. The programeis-

range B23:B39.

The objective function was entered into cell B42
(Fig. 2). LHS SEC's were placed in the cells raidgd:T60
(Fig. 3) with the exception of the main diagonahere zero
was entered. Cells range D44:T44 is not takenaetmunt
for calculations.

Formulas that were used for calculations are mtese
in Table 1, and the OpenSolver dialog box for threhi-
cles is shown in Fig. 4.

A B © D B 7 G H |
1
2 Town Milk Gj 1 2 3 4 5 6
3 1 0 1 999 195 262 280 20,1 321
4 2 720 2 195 999 448 176 415 534
5 3 2267 3 262 448 999 454 337 46,0
6 4 2213 4 280 176 454 999 50,1 62,1
7 5 705 5 201 415 337 50,1 999 124
8 6 717 6 321 534 460 621 124 999
9 7 526 7 191 377 143 463 161 285
10 8 1344 8 336 522 186 609 188 389
1 9 887 9 279 492 414 578 7.8 210
12 10 1427 10 188 179 290 21,1 391 508
13 1 2212 11 240 426 194 512 129 252
14 12 923 12 249 462 388 548 52 91
15 13 1903 13 340 526 78 488 414 538
16 14 924 14 270 487 413 573 76 53
17 15 1873 15 218 431 357 518 21 103
18 16 364 16 191 126 355 134 412 529
19 17 1741 17 364 550 122 532 373 497
20 ) 20746

19,1
37,7
143
46,3
16,1
285
999
16,8
238
291

213
221
237
18,2
353
265

8 9 10 11 12 13 14 15 16 17
336 279 188 240 34,0 19,1 364
522 492 179 426 52,6 126 550
186 414 2900 194 388 78 355 122
609 578 211 512 4838 134 532
188 78 391 129 52 414 76 21 412 373
389 210 508 252 91 538 53 529 497
168 238 291 51 221 353 265
999 265 411 218 264 472 223
265 999 468 206 86 492 490 450
411 468 999 341 324 118 368
218 206 341 999 272 402 311
240 86 437 180 466 43 31 457 424
264 492 324 272 466 999 491 440 69
264 129 461 205 43 491 999 56 482 449
209 98 406 149 31 435 56 466 394
472 490 118 402 44,0 482 999 484

223 450 368 311 424 69 449 394 484 999

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Distances between towns and the amountl&ftmreceive
Rys. 1. Odlegii miedzy miejscowsziami i ilos¢ mleka do odbioru
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22 Town X; 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
23 1 17 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 3
24 2 16 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 1
25 3 1 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 o 1
26 4 15 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 1
27 5 1 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
28 6 5 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0" 1
29 7 16 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [
30 8 15 8 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 o 1
31 9 2 9 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 o 1
32 10 2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
33 11 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 o 1
34 12 3 12 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 o 1
35 13 2 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
36 14 4 14 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0" 1
37 15 6 15 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [
38 16 3 16 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 o 1
39 17 3 17 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 00 1
40 [ 3[ af [ af [ a[ af a[ af [ 2 o[ a1 1 1 1

41 Objective function

42 [297,7]flxij) > min

Source: own work Zrodto: opracowanie wiasne
Fig. 2. Decision variables;»>and objective function

Rys. 2. Zmienne decyzyj*ii *ij ifunkcja celu

A B © D E B G H | J K L M N (0] P Q R S T
42
43 SEC's 1 2 3] 4 5 6 7 8 9 10 11 12 13 14 15 16 17
44 ui-uj+(n-1)xij<=n-2 1
45 2 15 0 15 1 15 11 0 1 14 14 15 13 14 12 10 13 13
46 3 16 15 0 14 0 4 15 14 1 1 0 2 15 3 -5 -2 -2
47 4 2 15 14 0 14 10 -1 0 13 13 14 12 13 11 9 12 12
48 5 16 15 0 14 0 4 15 -14 15 1 0 2 1 3 -5 -2 -2
49 6 12 11 4 10 4 o -1 10 3 3 4 2 3 1 15 2 2
50 7 15 0 15 1 15 11 0 1 14 14 15 13 14 12 10 13 13
51 8 2 1 14 0 14 10 15 0 13 13 14 12 13 11 9 12 12
52 9 15 14 1 -13 1 -3 14 13 0 0 1 15 0 -2 -4 -1 -1
53 10 15 14 1 13 1 -3 14 13 0 0 1 -1 0 -2 -4 15 -1
54 11 16 15 0 -14 0 -4 -15 14 -1 15 0 -2 -1 -3 -5 -2 -2
55 12 14 13 2 12 2 2 13 12 1 1 2 0 1 15 -3 0 0
56 13 15 14 1 -13 1 -3 14 13 0 0 1 -1 0 -2 -4 -1 15
57 14 13 12 3 -1 3 15 12 11 2 2 3 1 2 0 -2 1 1
58 15 5 10 5 -9 5 1 -10 9 4 4 5 3 4 2 0 3 3
59 16 14 13 2 4 2 2 13 12 1 1 2 0 1 -1 -3 0 0
60 17 14 13 2 12 2 2 13 4 1 1 2 0 1 -1 -3 0 0
Source: own work Zrodio: opracowanie wiasne
Fig. 3. SEC's variables
Rys. 3. Zmienne SEC's
Table 1. List of formulas used for calculations
Tab. 1. Wykaz formut do wykresu
Cell Formula Copied to
D40 =SUM(D23:D39) E40:T40
u23 =SUM(D23:T23) U24;U39
D45 =VLOOKUP($C45;3A$23:$B$39;2)- Other cells
VLOOKUP(D$43;$A$23:$B$39;2) +16*D24 D45:T60
B42 =SUMPRODUCT(D3:T19;D23:T39) -
X20 =SUM(X3:X19) Y20:AN20
AO3 =SUM(X3:AN3) AO4:A019
Y21 =SUM(OFFSET($X$3:$3AN$3;X$2;0)) Z21:AN21
AO20 =SUMPRODUCT(AO3:A019;B3:B19) -
AO21 =SUM(AO3:A019) -
xX21 =1 X42; X63
X41 =SUM(X24:X40) Y41:AN41
AO24 =SUM(X24:AN24) AO25:A040
Y42 =SUM(OFFSET($X$24:$AN$24;X$23;0)) Z42:AN42
AO41 =SUMPRODUCT(AO24:A040;B3:B19) -
AO42 =SUM(AO24:A040) -
X62 =SUM(X45:X61) Y62:AN62
AO45 =SUM(X45:AN45) AO46:A061
Y63 =SUM(OFFSET($X$45:$3AN$45;X$44,0)) Z63:AN63
AO62 =SUMPRODUCT(AO45:A061;B3:B19) -
AO63 =SUM(AO45:A061) -
X66 =SUM(X3;X24;X45) Tab. X66:AN82

Source: own work Zrodio: opracowanie wiasne
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Objective Cell |;Bs42 J " maxmise (& minimise (" target value: |

Variable Cells: |:52)3:55530;50423:5T530;4X53:5ANS19; 5X 5241 SANS40; SEXS45: SANSEL J

Constraints:

$X$24:$ANS$<0 bin | ;] I = ;I
SXEAT:$ANSAT = §X§47:$ANSLD

$X$3:5AN$19 bin | 5
$X845:$ANS61 bin

SDS45:STS60 <= 15

$0523:$0539 <= 17 Add corstraint | |
SES40:8TS40 = 1
$B523:58539 int
$US24:5U$3¢ = 1 |

$us23 -3

sDs40 =13 .

$B523:4B539 >= 1 ¥ Make unconstrained varizble cells non-negative
. M = " i

$X$20:5AN520 = $X921:3ANS2L J v Show named ranges in constraint list

$0520:5T$39 = $X3$66:5ANS02
$0$23:57539 bin

SNS62:5ANS62 = $X563:5ANS63

$A0320 <= §000

$A0%21 <=6

$A0S541 <= 8000

$A0542 <=6

£20%62 <= 000

$A0863 <=7 b

Source: own work Zrodto: opracowanie wiasne
Fig. 4. OpenSolver dialog box
Rys. 4. Okno dialogowe parametréw dodatku Open&olve

For the purpose of the task, another three matdtbinary for each vehicle, we can read the order of the fowsited.

variable X1/ Xij were created, each assigned to one vehiciEhere is 1 in cell AH3, which means that the vehiaiil
(Figs 5 and 6). The sum of these three matrideslisled in the ~|€ave the base town to town 11, because the coldrhis
cells range of X66:AN82 and must be equal to teenehts of @Ssigned to town 11, and row 3 to base town nuriber
the variable™ 2 *ij , which is in the cells range of D23:T39. Then In the line assigned to town 11 we searcifenalue

o . 1, which is in the column AG assigned to the to\dn This
The limit for DA0 and U23 cells is numb_er 3, beestitsee ve- means that the next town that will be visited byick
hicles leave the base town at the same time.

: N number 1 will be 10. The order of the visited plaweas
The sheets after solving are presented in Figadb6a placed in BK3: BK7 cells (Fig. 7).

From the values of elements of binary varial*ij *ij

<
=
=
-
~
b
=
b3
m
»
[a}
b=3
o
b=3
m
>
=
b3
o
»
T
=
-
»
=
»
=
b3
=
b=3
z
»
o

1

2 x’u 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

3 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0" 1
4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 1
5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (4 0
6 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 1
7 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
8 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
9 T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
10 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
11 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
12 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0" 1
13 11 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0" 1
14 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" o
15 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (4 0
16 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
17 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
18 16 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0" 1
19 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
20 " 1" 1" " 1" 0" of o of o 17 1" o of 0" of 1" o 633
21 1 1 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 6
23 KZU 1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 16 17

24 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1
25 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
26 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0" 1
27 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
28 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
29 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
30 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 1
31 8 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0" 1
32 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
33 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
34 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (4 0
35 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
36 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 1
37 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
38 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
39 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
40 17 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0" 1
41 Fo1" o 1 of of o" 1F 1" o of o o 1F of of o 1 7a
42 1 0 1 ] 0 0 1 1 ] 0 0 ] 1 0 0 6

1] il
Source: own work Zrédto: opracowanie wiasne
Fig. 5. Solution: elementsx x;
Rys. 5. Rozwkanie: elementy’, x%ij

Zygmunt OWSIAK, Elzbieta BESZ, Krzysztof LEJIMAN 172 ,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



\ W X Y A AA AB AC AD AE AF AG AH Al Al AK AL AM AN AO
43
44 Xsii 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
45 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0" 1
46 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
47 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
48 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
49 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0" 1
50 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0" 1
51 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
52 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
53 9 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0" 1
54 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
55 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
56 12 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0" 1
57 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
58 14 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0" 1
59 15 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 1
60 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
61 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0" 0
62 [ 17 0" 0" 0" 17 1T 0" 0" 17 0" 0" 10 0" 1 17 0" 0 6029
63 1 0 0 0 1 1 0 0 1 0 0 1 0 1 1 0 0 7
65 X;; 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
66 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0
67 2 1 (o] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
68 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
69 4 [0} 1 0 [0] [0} [0} [0} [0} [0} [0} [0} [0} [0} [0} [0} [0} [0}
70 5 [0 [0 [0 o] (o] o] [0 [0 1 [0 [0 [0 [0 [0 [0 [0 [0
71 6 0 0 0 0 o] (o] 9] 0 0 0 0 0 0 0 1 0 0
72 7 1 0 0 0 0 0 0 [} 0 0 0 0 0 0 0 0 0
73 8 (0] (0] (0] (0] (0] (0] 1 (0] 0 (0] (0] (0] (0] (0] (0] (0] (0]
74 9 [o] [o] [o] [o] [o] [o] [o] [o] [o] o] [o] 1 [o] [o] [o] [o] [o]
75 10 [0} [0} [0} [0} [0} [0} [0} [0} [0} [0] [0} [0} [0} [0} [0} 1 [0}
76 11 0 0 0 0 0 0 0 0 0 1 o] 0 0 0 0 0 0
77 12 (0] (0] (0] (0] (0] (0] (0] (0] (0] (0] 0 (0] 0 1 (0] (0] (0]
78 13 [o] [o] [o] [o] [o] [o] [o] [o] [o] [o] [o] [o] [o] o] [o] [o] 1
79 14 0 0 0 0 0 1 0 0 0 0 0 0 0 o] 0 0 0
80 15 1 o] o] o] o] o] o] o] o] o] o] o] o] o] [0 9] o]
81 16 [} [} [} 1 [} [} [} [} [} [} [} [} [} [} [} 0] [}
82 17 o] o] o] o] o] o] o] 1 o] o] o] o] o] o] o] [0} [0]
Source: own work Zrodio: opracowanie wiasne
Fig. 6. Solution: elements’x x;
Rys. 6. Rozwkanie: eIementfp;, Xij

AR AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG BH BI BJ BK BL BM BN BO BP
1 Coordinates
2 x'ii 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 Route Town Route
3 1 11 11 1 1 17,83 50,20 17,83 50,2
a4 2 1 1 11 2 17,76 50,10 17,95 50,28
5 3 0 10 3 18,13 50,21 17,97 50,09
6 4 2 2 16 4 17,85 49,99 17,87 50,06
7 5 0 4 5 17,86 50,35 17,85 49,99
8 6 0 2 6 17,74 50,39 17,76 50,1
9 7 0 1 7 18,01 50,28 17,83 50,2
10 8 0 8 18,08 50,36
11 9 0 9 17,91 50,41
12 10 18 16 10 17,97 50,09
13 11 10 10 11 17,95 50,28
14 12 0 12 17,84 50,38
15 13 0 13 18,22 50,20
16 14 0 14 17,79 50,38
17 15 0 15 17,84 50,36
18 16 4 4 16 17,87 50,06
19 17 0 17 18,25 50,23

Fig. 7. Determination of the route for vehicle No.
Rys. 7. Wyznaczanie marszruty dla pojazdu nr 1

The coordinates of all cities are provided in BBIS19
cells. In cell BO3 there is the formula
INDEKS($BL$3:$BN$19;BK3;2), which is copied to cell
BO4:B0O9, while in cell BP3 - formula =INDEKS($BL$3:
$BN$19;BK3;3), which we copy to cells BP3:BP9. hese
cells there are placed the coordinates of the platiee or-
der in which they are visited. Using these points,create
a line graph showing the distance traveled by tieicle.
We introduce data labels. For a clearer presentatfche
calculations results we introduce in the labelsciad of the
points coordinates, place numbers, which we cauatyby

Table 2. List of formulas for the chart
Tab. 2. Wykaz formut do wykresu

Source: own work Zrodto: opracowanie wiasne

marking the "cell value" and entering their rand€38K9.
The ability to change coordinates in labels fompealues
is only possible from the Microsoft Office Professal Plus
2013 version.

An additional algorithm was also proposed thatoéath
the creation of the final graph without the needotuk for
next places (Table 2). Its use causes that afessprg the
button solve and waiting for several minutes a fgrap-
pears (Fig. 8), which presents the visualizatioralbthree
routes of vehicles.

Cell Formula Copied to
AS3 =IF(X3=1;AS$2;"") Tab. AS3:BI19
BJ3 =SUM(AS3:BI3) BJ4:BJ19
BK3 =AR3 -

BK4 =IF(AR3>$A0%$21;";VLOOKUP(BK3;$AR$2:$BJ$19;19)) BK5:BK11
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Source: own work Zrodio: opracowanie wiasne
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Source: own work Zrodto: opracowanie wiasne
Fig. 8. Visualization of the route
Rys. 8. Wizualizacja marszruty
a 330 b
E= y = 25680x %50
1Y L i = * * ¥ = 11016006
g 310 * g 320 R=0,93
g 300 } . % e -
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£ £ 310
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260 300 \\
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Tanker capacity (I Tanker capacity (I)

Source: own work Zrédto: opracowanie wiasne

Fig. 9. The relationship between the capacity eftinker and the minimum route
Rys. 9. Zalénasé¢ pomidzy pojemnsxiq cysterny i minimalp odlegtaiciq do przebycia

A simulation was also carried out to determine efe
fect of tanker capacity on the length of the roealeled
through the tanker (Fig. 9). By assumption, theease in
their capacity should cause shortening of the rdad, it
turns out that this decrease is not linear, antlttiere are
limit values below which the shortening of the rdacho
longer possible. In the case of tankers withoutrétdtion
of the number of chambers (Fig. 9a), this valuads00
liters, and with a limited number of chambers (Ft) -
only 8,000 liters. It was also found that with dkmiolume
of 20,746 liters, the use of the capacity of atikers (with-
out separate chambers) equal to 21,000, almosinthe
mum possible, increases the distance traveled #y ddin-
pared to 24,000 liters. When using chambers, tiisease
is only 8%, which is a bit of a surprise, becaus intro-
duction of two restrictions results in a smallecrgase in
the shortest route. For the same data, the routent® vehi-
cle was also calculated, i.e. without the limitasoof tank
capacity and the number of chambers, which amoutated
221.2 km.

4. Conclusion

It is believed that transport, irrespective of #reviron-
ment it covers, has the most harmful impact onrthieiral
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environment of all sectors of the economy and spoesi-
ble for generating around 20% of carbon dioxidethe
countries of the European Union. Its limitation cha
brought by the improvement of the organizationhaf work
of transport means, which can be achieved by usorg-
puter-based transport management systems. Of ¢darse
proving the organization can also bring measurahiéngs
due to the reduction of distances necessary tocowes.
The presented algorithm, solved with the help @f flee
Microsoft Office Excel program with the addition Gpen-
Solver 2.9.0., possible to be mastered by evergpdcial-
ist, will enable practical application mainly in alhcom-
panies dealing with transport, whose number is re¢ve
dozen times bigger than large companies and whachat
afford professional software. Based on the condlsieu-
lation, it was found that the increase in tankepagity
causes a power, not a linear, decrease in thehesfgthe
shortest route for three vehicles, regardless daftirdr the
case is analyzed only with the limitation of capaadr ad-
ditionally with the limitation of the number of @as visited
by each vehicle. The shortest route is in the cds®ute
planning for one vehicle (without capacity limithd is
equal to 221.2 km. When using three vehicles, Hutest
route is from 295.5 to 341.7 km depending on thikea
capacity and the optional use of individual millantbers.
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