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Abstract: The article analyzes and describes theoreticadbagvarious methods used for lay-out, allocatorsolving
various types of transportation problems. Lay-aud allocation represent two of the very importagtisions which is
made by macrologistics management. Nowadays we ksmweral types of solving these problems so itasyv
important to be able to chose the right way andestiiese problems as optimally as it is possibtgs @rticle is going
to describe some of them.

1 Layout [ oy | (.

Layout, as the layout of production, non-productiol L ) L L
and storage capacities in the company is undoybtet Load/ | . .
of the most important tasks because it has a dimguict  Unload Materials direction m4
not only on the company economy but also affeetfetg \ T . > Cay
at work and social environment of the company. , . . ‘ . .

Layout design is usually one-off task. The usualeca ~ m7 —— mé —— mS |

is also the gradual creation of layout, where th@gany
objects are filled with manufacturing equipment and
storage areas in the longer term with advancingroth
processes, respectively. increasing the capaciisfing
processes. The last case is to design the idealtlayith

a finite number of machines, equipment and stoesigas
in a given area [1].

Figure 1 Schéme 6f the loop Iéyout design [1]

Following Afentukis, we consider a system in which
machines are arranged in a loop and materials arc
transported in one direction around the loop (Fegy.
There is one loading/unloading station where pantr

nd leave the system. Suppose that there are nimeach
We know several ways how to solve the Iayouﬁ] the systemM = {0, I, 2.. . - .n} where 0 denotes the

problems, for example the quadratic assignmentl@nmob : . ; .
linear assignment problem, loop layout design, @aldroacrjler;gelxggzﬂnsg Zﬁf&& Igfo ggiﬁﬁéﬁdﬁggn dﬁ])
stream mapping, group technology, etc. and now weP . per ; : e
. with s prefix of loading/unloading station 0. Eguéirt is
describe some of them. ; ; .
characterised by its part-route, the sequence chmes
it must visit to complete its processing. For segiypart,
suppose that processing on machipeimmediately
Jollows processing on machine If the position of
machinej is lower than that of machinie then the part
lo. Traffi ton i I d th must cross the loading/unloading station, whicbaited s
;:yc e. Ira t!c conglles |o|n IS L:suahy rL]‘S.e éisf ?jls?miet reload. The number of reloads necessary to comtiiete
or ebva uaflr:g a loop aty(:u , whic tr|1$ Ie meb f processing for a part is defined as the measutgaffic
number o Umes a part traverses the loop belose Iongestion. The problem is to find out the besbudyor

processing is completed. machines permutation) by optimising some measure of
The essence of the problem is how to determine ﬂb P ) by op 9

) ; Brformances subject to a set of part-route cansita
ordter of match_lntes aroundtthe I(:.op. subject to @m&' There are two measures commonly used in evaluating
Lo%gdcons ralnhs ?0 ast.o (I)p m:;]ze sorr:je m_ere]lls les'such loop layout:minsum and minmax The minsum
ybrid approach of genetic aigorithms and neéig measure attempts to find out the permutation oftrimes
search is developed for solving the problem. Th

proposed method is tested on hypathetical problem\?’hmh minimises the total number of reloads forltts

. . %nd seeks n more balanced congestion among péits; w
Computational r.egults demonstrate that genetlamlg_ms_ the minmaxmeasure attempts to find out the permutation
can be a promising approach for loop layout design

Hexibl A CLUri ¢ of machines which minimises the maximum reload
exible manutacturing systems. amongn family of parts and tries to reduce the aggregate
congestion of the system.

1.1 Loop layout design

A common layout for flexible manufacturing system
is a loop network with machines arranged in a cacld
materials transported in only one direction arouhd
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1.2 Quadratic assignment problem problems, the QAP appears in applications such as
The quadratic assignment problem (QAP) wabackboard wiring, computer manufacturing, schedulin
introduced by Koopmans and Beckmann in 1957 aspiocess communications, turbine balancing, and many

mathematical model for the location of a set ofvisible  others.
economical activities. Consider the problem of @dling One of the earlier applications goes back to Bty
a set of facilities to a set of locations, with tost being a and concerns backboard wiring. Different deviceshsas
function of the distance and flow between the fiied, controls and displays have to be placed on a paere
plus costs associated with a facility being plaestda they have to be connected to each other by wirks. T
certain location (Figure 2). The objective is teigs each problem is to find a positioning of the devicesato
facility to a location such that the total costiigiimized. minimize the total wire length. Let be the number of
Specifically, we are given three<n input matrices with devices to be placed and ld§ denote the wire length
real element§& = (f;), D = (d) andB = (by), wheref; is  from positionk to positionl. The flow matrixF= (f;) is
the flow between the facility and facility j, dy is the given by
distance between the locatirand locationl, andby is
the cost of placing facility at locationk. 1 if devicei is connected to devige

The Koopmans-Beckmann version of the QAP (1) can fij= <
be formulated as follows: Letbe the number of facilities 0 otherwise
and locations and denote Nythe seN = {1,2,...,n}.

Then the solution to the corresponding QAP will
[ n nof£od .. no oo minimize the total wire length.

Mintges, 2i=127=1fijdoop + Li=1 Digo () Another application in the context of location theis
a campus planning problem due to Dickey and Hopkins
The problem consists of planning the sites diuildings
in a campus, wherdy, is the distance from siteto sitel,
and f; is the traffic intensity between buildinig and
building j. The objective is to minimize the total walking
dlstance between the buildings.

where §, is the set of all permutatiorys N—N. Each
individual productf;dp(i)¢() is the cost of assigning .
facility to location¢(i) and facilityj to locatione(j). In
the context of facility location the matricésandD are
symmetric with zeros in the diagonal, and all thetrines
are nonnegative. An instance of a QAP with inpu
matricesF,D and B will be denoted by QAPK,D,B), - :
while we will denote an instance by QAP,D), if there is Quadratic ASS'Qnment Problem
no linear term (i.e.B= 0). A more general version of the

QAP was introduced by Lawler. In this version (2 are

given a four-dimensional arra = (c) of coefficients

instead of the two matricésandD and the problem can

be stated as

Flow between Factories

H n n n
mln(pESn Zi:l Zj:l Cij(p(i)(p(j) + Zi:l bi(p(i) J{l 1 ?.2 j;l.:s"' .]Cl “
2,1 f22 fiae foa

—|fa iz Fus dom
Clearly, a Koopmans-Beckmann problem QAF i s

(F,D, B) can be formulated as a Lawler QAP by setting i .,‘,;‘2 Fos- foun

Ciju: fida for all ijkl with i # j or k # | and

Ciikk1=fiidkk+bik. otherwise. Although extensive research Figure 2 Scheme of the quadratic assignment prof@m

has been done for more than three decades, the QAP,

contrast with its linear counterpart the linearigrsment In the field of ergonomics Burkard and Offermann
problem (LAP), remains one of the hardest optintirat showed that QAPs can be applied to typewriter kagtho
problems and no exact algorithm can solve problefns design. The problem is to arrange the keys in ddand
size n >20 in reasonable computational time. Irt,facsuch as to minimize the time needed to write saewe t
Sahni and Gonzalez have shown that the QAP is Né&-hd_et the set of integerd = {1, 2, ... n}denote the set of
and that even finding an approximate solution withisymbols to be arranged. Thgndenotes the frequency of
some constant factor from the optimal solution carbe the appearance of the pair of symbadmdj. The entries
done in polynomial time unless P=NP. These retudtd of the distance matrio = dy are the times needed to
even for the Koopmans-Beckmann QAP with coefficienpress the key in position | after pressing the key
matrices fulfilling the triangle inequality. So fanly for a  position k for all the keys to be assigned. Then
very special case of the Koopmans-Beckmann QAP, tlepermutationpe S, describes an assignment of symbols
dense linear arrangement problem a polynomial tinte keys. An optimal solutiom  for the QAP minimizes
approximation scheme has been found , due to Aroithe average time for writing a text.

Frieze, and Kaplan. In addition to facility layout
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A similar application related to ergonomic desigs, And the main goal is to minimise (4) this total tspsso
the development of control boards in order to minén the following problem must be solved
eye fatigue by McCormick. There are also numerous

other applications of the QAP in different fieldsy.e minz = Y%, N, ¢;x;; (4)
hospital lay-out (Elshafei), ranking of archeoladiclata While
(Krarup and Pruzan), ranking of a team in a rekager Yhixy <a fori=1,..,m

(Heffley), scheduling parallel production lines (&eon
and Graves), and analyzing chemical reactionsrigarac
compounds (Ugi, Bauer, Friedrich, Gasteiger, Joghum
and Schubert) [1].

}”zlxi]- > b]- fori=1,..,n
x;j =0 foralliandj

When the total supply is equal to the total demand
then the transportation model is said to be bathnge
transportation model in which the total supply dathl
demand are unequal is called unbalanced. It isyalwa
Yossible to balance an unbalanced transportatiuisiemn.

If the transportation model is unbalanced we intoed
a dummy source (fictitious factory/warehouse) which
helps us to balance the capacities or the demandsei
transportation model. Since the source doesn’t,exc
shipping from the source will occur, so the unit
t6ransportation cost can be set to zero.

2 Transportation problems

The transportation problem is concerned with figdin
the minimum cost of transporting a single commodit
from a given number of sources (e.g. factories) toven
number of destinations (e.g. warehouses). Thesstgp
problems can be solved by general network methmdts,
here we use a specific transportation algorithm.

The data of the model include:
1. The level of supply at each source and th

amount of demand at each destination. 21 The North-West Corner Method

Consider the problem represented by the following
nsportation table (Table 1). The number in tbédm
right of cell {; j) is ¢j, the cost of transporting 1 unit from

sourcei to destinationj. Values ofxij, the quantity

Since there is only one commodity, a destination Caac:tually transported from sourcéo destinatiorj, will be
receive its demand from more than one source. T%
p

objective is to determine how much should be ship fitered in the top left of each cell. Note tharghare 3

. L Sactories and 4 warehouses andrso3, n=4[4].
from each source to each destination so as to rizaithe
transportation cost.
In the following picture (Figure 3) we can see adelo
with m sources and destinations. The amount of supply

2. The unit transportation cost of the commodit¥
o ra
from each source to each destination.

Table 1 Transportation table [3]
W Wy Wi W, Supply

available at sourcéis a and the demand required at [_, 20
destinationj is bj. X; represents the quantity of supply ! 10 0 20 11 -
transported from sourceto destinationj and the cost . [ ' .
associated with this movement is representet) by £ 12 7 9 20 =2
destination [‘3 0 l 1 16 l‘\ l;)

warehouses
(demand) i\\

Demand 10 15 15 20

The north-west corner method generates an initial
allocation according to the following procedure:
1. Allocate the maximum amount allowable by the
supply and demand constraints to the variabje
(i.,e. the cell in the top left corner of the

source

Jactories

= , = . transportation tableau).
Figure 3 Scheme of the transportation problem [3] 2. If a column (or row) is satisfied, cross it olihe
remaining decision variables in that column (or
According to this the total cost (3) of transpagtithe row) are non-basic and are set equal to zero. If a
commodity from all the sources to all the destinragiis row and column are satisfied simultaneously, cross
only one out (it does not matter which).
Total cost = X%, X1 ¢ijx;j (3) 3. Adjust supply and demand for the non-crossed out

rows and columns.
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4. Allocate the maximum feasible amount to thet firs
available non-crossed out element in the next m

column (or row). Ex(ij)y<b () forje{l,2,...,n} (6)
5. When exactly one row or column is left, all the i=1
remaining variables are basic and are assigned the
only feasible allocation. We improve the initial solution until in the preu®
relations don’t apply only conditions of equaliwith
2.2 The Least-Cost Method that we fullfill the restrictive conditions. All nterial

This method usually provides a better initial basi¢esources are assigned to all consumers and alioger
feasible solution than the North-West Corner methodemands are satisfied. In this case, the algoréghds and
since it takes into account the cost variables lig tthe result is optimal. The whole algorithm of The
problem: Hungarian method consists of four stages. A schiemat

1. Assign as much as possible to the cell with thiustration of a follow-up stages is shown in the

smallest unit cost in the entire tableau. If thisra  following algorithm (Figure 4) [5].
tie then choose arbitrarily.
2. Cross out the row or column which has satisfie Ikt
supply or demand. If a row and column are bot
satisfied then cross out only one of them.

3. Adjust the supply and demand for those rows ar

columns which are not crossed out.

4. When exactly one row or column is left, all the _ Finding the initial sohution

remaining variables are basic and are assigned { 2942 1
only feasible allocation.

Start -
rates matrix reduction

2nd stage

3 The Hungarian method

The assignment problem deals with assignin
machines to tasks, workers to jobs, soccer players
positions, and so on. The goal is to determine tt
optimum assignment that, for example, minimizes th
total cost or maximizes the team effectiveness. Tt
assignment problem is a fundamental problem iratea
of combinatorial optimization.

With one of the most effective methods for solving Solution improvement
assignment problems came Kuhn. Preparing of h
algorithm was based on the work of the Hungaria
mathematician Egervary. Kuhn generalized Egervary 4th stage

method, calling it " The Hungarian method" (in some
Presentation of
the solution —

Optimality test
(is the sohution
optimal?)

literature is also referred to as "KUHN algorithm™)

The Hungarian method does not respond to tf
degeneration of the solution that is the weak poirather
algorithms and requires no initial solution obtainiey
another (approximate) method. If we continue to tinan
the initial solutions, it will be a specific casélmaseline,
which is part of the creation of the Hungarian &lhm
itself.

The basic process of the solution (in case of the In the actual solution it means that the first steps
balanced transportation problem) can be descrited a d hil d i
follows: are exe.cute once, while _Steps 3 and 4 are repaat

S I . . . an optimal assignment is found. The input of the
First we create an initial solution, which does suits . . ; ,
e . algorithm is ann by n square matrix with only
to restriction of our transportation problem. Fraome .
. nonnegative elements.
sources are not transported all the material aridahio
consumer demands are satisfied. For this solutonbe
written these restrictive conditions (5), (6):

Figure 4 The Hungarian method algorithm

Step 1: Subtract row minima
For each row, find the lowest element and subitact

n .
.. . . from each element in that row.
j2:>1<(|,1) sa () forie{l.2,...m} (5) Step 2: Subtract column minima
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Similarly, for each column, find the lowest element Vysoka Skola dopravy a spojov Zilina. Zilina: VF

and subtract it from each element in that column. VSDS, 1995. (Original in Slovak)
Step 3: Cover all zeros with a minimum number of [6] Hungarian Algorithm, [Online], Available:
lines http://www.hungarianalgorithm.com/hungarianalgorit

Cover all zeros in the resulting matrix using a hm.php [10 Jun 2016], 2016.
minimum number of horizontal and vertical lines.nlf
lines are required, an optimal assignment existengm
the zeros. The algorithm stops. Review process
If less tham lines are required, continue with Step 4. Single-blind peer reviewed process by two reviewers
Step 4: Create additional zeros
Find the smallest element (calkjtthat is not covered
by a line in Step 3. Subtradt from all uncovered
elements, and ad# to all elements that are covered
twice [6].

Conclusion

Decisions about the layout and allocation are very
sensitive and delicate because they are made ysust|
once, when the corporation is building a new okject
Wrong allocation or layout of the productional amah-
productional subjects, storage areas or distributentres
of the corporation can later cause huge problems.

As we can see there are plenty of ways how to solve
these different problems of transportation, layaut
allocation and it’s just our call which one we goéng to
use for solving these types of problems. It's also
important to know, that every single case has bsitad
own variables which are different from other caSédsat
means there can be different optimal method foryeve
case.We have to choose the correct method according
these variables and achieve as optimal result azawe
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