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Abstract: As we move toward a more competitive global econdimy demand for highly qualified people to crestd
manage more efficient logistics systems, suchassfland management of materials or information, druffrows, and
supply chains, increases. Without logistics, themercial world would grind to a halt. Businessepatl on logistics
professionals to keep production and delivery mgimward which makes logistics education crucampanies expect
their future employees to gain practical informatiand to master what they are learning. Student know how to
apply what they learn. This is a reason why inénggisnportance is attributed to the constructigigproach to teaching
and learning in university education. Through ekpents or simulation of processes, and group weseld on previous
experience and knowledge, students better uncbedatvs of phenomena. By actively engaging in ¢laering process,
deeper and long-term applicable knowledge aboutstbdied processes is acquired. The goal of thislars to
implement the constructivist approach in the edanaif operational research and logistics at terdininiversities.

1 Introduction choose suitable problem-solving methods, work ougs,

The constructivist approach to learning and teaghirfisten to others, and effectively present and defdveir
has recently become very popular in school edusafibe Opinions [6,7]. Students educated in this manner
idea that knowledge is a human construction supddsy ~Subsequently achieve better results in their studied
experience, first stated by Vico in the 18th ceptand Practice [5,8]. Moreover, an increasing numbertofients
further extended by Kant, greatly affected thdn primary and secondary schools are being educestied
epistemology of Piaget, who is considered to be tHf@nstructivist methods, therefore universities $thcoe
forerunner of the constructivism theory for theqass of Prepared for these students. _ .
learning. This theory was formally introduced bynvo  Mathematics has been recognised as a subject that
Glasersfeld who developed his ideas in the Piagéfhances higher order skills because on the ond fitan
Foundation of the United States in 1975 [1]. requires abstract thinking, and on the other, ptesase

According to the constructivist view, knowledgenist ~and application of knowledge [9,10]. At first, & essetial
passively received from the environment but acyivelto identify an area of mathematics suitable for a
constructed by synthesizing past knowledge arfePnstructivist teaching approach. One excellent ase
experience with new information. The “coming to Wrio operational  research ~and logistics,  specifically
is a process of adaptation based on and constandified ~ Optimization problem-solving. Nowadays, each modern
by the individual's experience of the world [1-3]. technical expert is required to have some awaremeds

In recent years, constructivism approach has gainé@nsitivity to the logistical flow of materials and
popularity in teaching and learning of mathematigs information during the production process [11,18]the
primary and secondary education. However, in tgrtiafield of process optimization, a significant numbefr
education, it seems that most teachers still prefier modified problem-solving methods have been develope
traditional way of delivering explicit mathematics These methods are mostly iterative, generatingjaesee
instruction. While processes studied in primary an@f solutions in which each subsequent solutioneaets a
secondary schools are relatively simple, problemkled —better value in terms of optimizing the processagbical
at the university level are more complex, time-conimg, and simplex methods are fundamental methods anteng t
and often span across various branches of knowledg®proaches to solving optimization problems in ciad
Therefore, incorporating constructivist approachdlving form with two decision variables [13]. Naturally, is
such tasks is significantly more challenging. Névaless, Possible to use appropriate mathematical softwaselve
universities need to integrate such working methatts ~ Optimization problems, but we recommend to intreduc
the educational process so that students are ctedpel this tool only after students have mastered anestobd
contemplate the causal relationships of processes dhe principles of solving such problems. Softwais are
actively seek problem-solving strategies [4,5]. ively ~ Suitable for solving other types of optimizatioroplems
solved tasks urge students not to rely on algoiithmthat involve a Iarger number of variables, conatsior
solutions but encourage them to think about théofac Problems not in standard form, and allow us to find
inﬂuencing the course of processes, deve|0p th-'ﬂm solutions to solved prOblemS quCkly. However, withan
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understanding of the essence of problem-solvinogneiss
in exploring new methods and approaches to solviggl Mathematical formulation of LPP
optimization problems can not be made. At first, the solved linear programming problem is
A new interesting approach to solving optimizatioimathematically formulated. This step might be dediram
problems is combining both fundamental methocfor students. They need to realize the desiredioalships
simultaneously. That enables students to obseree between variables and recognize technological patens
sequence of problem-solving steps, not only from &with their impact on maximizing the objective. Tafare,
algorithmic perspective but also to perceive thapbical creating more mathematical models of optimization
significance of these steps, which, in turn, helpsm problems with students is highly recommended.
understand the logical coherence of the algorithepss How can the provided information be structured
Therefore, students are encouraged to consideffiatid clearly? Creating a table of given data helps to organize
connections that are often overlooked in algorithm and structure the provided information and leadshetter
problem-solving. In the presented preparatory phttee understanding of the mathematical model constmctio
step-by-step solution of the chosen problem isgihwith  process. The input data of the solved problem can b

challenging questions and discussion with studeots written in the form of the following table, Table 1
support critical analysis of the mathematical cohte

Working in groups is recommended, and studentasidee Table 1 Input data of the solved LPP
continuously presented. Product?, | Product?, Avallqble
guantity
2 Linear programming problem ResourceS; 6 3 1800
Let's consider a linear programming problem (LRP) i ResourctsS, 1 4 1600
the standard form. That means, Machines N 2 2 86(
Let's maximize the objective functidr) Profit 3 4
2(%1, Xz, 0, %) = Xy G ;) (1) According to a standard form of LPP and Table &, th
subject to(2) mathematical formulation of the solved LPP has the
following form:
Xhiaijx; < by, 2 Let's find the values of two variables, and x,, such
that they maximize the objective function
x; =0, 7(xq1,%,) = 3x; + 4x,,
forb; >0, i=1,2,..,m, j=1,2,..,n. subject to the following constrain{3)
6x, + 3x, < 1800,
Let's choose a specific linear programming problem x1 +4x; < 1600, 3)
and demonstrate the proposed working method with 2x, +2x; < 860,
students. The solved LPP is as follows: % 20,
The firm produced two kinds of produgfsandP,. The x; 2 0.

production is limited by the quantity of resour§gsnds,

and machines’ capacity M per month. There are 1808 2.2 A congtructivist approach to solving LPP

of resourceS; and 1600 units of resourc® per month. The optimal solution to the solved problem can be
Machines M are capable of being operated for attrB66 found by the graphical method [13]How can
hours per month. Each piece of prodBctrequires 6 units a mathematical model be graphically representeat?
of resources; and 1 unit of resourcs,. Each piece of the first, let's plot all inequalities (3) on a graph thex; x,-
productP, requires 3 units of resourcq and 4 units of coordinate planeHow can the inequalities; > 0 and
resourceS,. Both products?, andP, require 2 hours of x, = 0 be graphically interpreted8ince the two decision
processing time on machines M. On each sale, the fivariablesx; andx, are non-negative, let's consider only
makes a profit of 3€ per piece of prod®gtsold and 4€ the first quadrant of the, x,-coordinate plan&Vhat do the
per piece of producP, sold. How many of each type ofother constraints graphically mean®%raphing each
products should be produced to maximize the tobaithty ~ constraint, a half-plane is obtained. The firststoaint in
profit? the first quadrant is represented by a region (feigJ.
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T9 z(B)=3*170+4*260=1550,
z(C)=3*40+4*390=1680,
z(D)=3*0+4*400=1600.

The coordinates of vertex C represent the optimal
solution of the given maximization problem, = 40,

X, =390, and z(C)=1680€ is a maximum value, the
highest obtained profit of the firm under given
circumstances.

Let's analyze determining the optimal solution be t
same problem step by step to understand the meahing
performed steps and look for connections in thegulare
0 100 200 :@v\ 100 500 @1 of solving the task with a graphical solution.

Simultaneously, let's look at calculating the doluto the
Figure 1 Half-planex; + 3x, < 1800 in the first quadrant task using the simplex method [13].
How can different limitations of the observed paxe

The feasible region is just the intersection oééninalf- expressed by a system of inequalities of diffetges be

4001

200

planes in the first quadrant (Figure 2) mathematically unified? linear programming problem in
standard form can be transformed into a systenmeét
To equations. The corresponding system of three ainstr
equations has the form (4)
\ 6x; + 3x, + s, = 1800,
600

x; +4x, +5, = 1600 (4)

| 2x, + 2x, + 53 = 860,

409)_ wheres; =0, s, =0, s; = 0.
The objective function can be written in the eqléna

form

200 - —3x; —4x, —0s; — 0s, — 0s3; +z = 0.

Therefore, the initial tableau of the simplex methi®
as follows, see Table 2.

A
L 100 200 30\\(1)400\%3) = Table 2 Initial tableau of the simplex method
' > Feasible region Base| x, X, S1 S, S3 z b;
Figure 2 Feasible reg s, | 6 | 3] 1] 0] 0] 0] 1800
At which point of the feasible region does the cibje Sz 1 4 0 1 0 0 ] 1600
functionz(x,, x,) = 3x, + 4x, reach its maximum value? |__Sz 2 2 0 0 1 0| 860
By theory, if the feasible region is bounded, thber z -3 -4 0 0 0 110

objective function has both a maximum and a minimum

value on the feasible region, and each of thesere@t a How many solutions have systems of linear equations
corner point (vertex) of the feasible regiadhich vertex (4)? The system of three constraint equations confaias

of the bounded feasible region maximizes the dbgect unknowns. From linear algebra, we know that such a
function? The optimal solution is found by testing thesystem has infinitely many solutiort$ow can solutions be
objective function at each vertex. At first, theoatinates determined? hese solutions can be obtained by arbitrarily
of each vertex of the feasible region are found[0®}, choosing the values of two variables and calcuiative
A=[300;0], B=[170;260], C=[40;390], D=[0;400]. The values of the remaining three variables from theewgi
coordinates of vertices O, A, and D are visiblerfrthe system of equations (4). Since each slack varigble=
graph. The coordinates of points B, and C are obthby 1,2,3 appears in exactly one equation, the process of
solving the systems of two linear equations whiclexpressing it will be straightforward. After some
correspond to equations of intersecting lines. Bynanipulations, we obtain

determining the values of the objective functioreath s; = 1800 — 6x; — 3x5,
vertex, the maximum value can be found s, = 1600 — x; — 4x,, (5)
z(0)=3*0+4*0=0, S3 = 860 — 2x; — 2x,.

z(A)=3*300+4*0=900,
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The values of variables s,, ands; can be obtained should be produced. However, the available resource

by choosing the values = 0, andx, = 0. Then, by (5), quantities limit the productiorWhich resource has the

s; = 1800,s, = 1600, ands; = 860. This allows us to most significant impact on the production of pradRc?
determine the first basic feasible solutidhat does the How many productB, can be produced with the available
initial basic feasible solution meam® first, let's consider quantity of resources and machines’ capacityt's

a production plan where no produdks and P, are examine each resource individually. There are 180G
manufacturedx; = 0, x, = 0). In that case, the inventory of resources; in stock, and producing one piece of product
levels of resources; andS,, as well as the available P, requires 3 units of resourég. Therefore, 1800/3=600

machines’ hours M, remain unchanged, remainingeir t
original quantities (there are 1800 units of resewy in
stock, 1600 units of resourcg,, and 860 available
machines’ hours, s; = 1800, s, = 1600, s; = 860).
What is the graphical interpretation of the initibhsic
feasible solution? The initial solution graphically

pieces of produd®, can be produced by using the available
quantity of resources;. As for resources,, 1600/4=400
pieces of produc®, can be made. The machines’ hours M
allows to produce 860/2=430 pieces of prodBgct The
resource limiting production the most is the qusntf
resourcesS,, which determines that a maximum of 400

corresponds to vertex O=[0;0] of the feasible ragiopieces of produd®, can be produced.

(Figure 3).

T2

A

I

Figure 3 Initial basic feasible solution

What is the value of the objective function forittial
solution? Is it possible to increase this valuenydifying

the production plan (using a different feasible ibas

solution)? Is the obtained initial solution optif@dlVhat is
the meaning of the coefficients of the objectivetion?
To determine whether the obtained solution is opliftis
neccessary to assess if the value of the objefitivetion

z(x1,x,) = 3x; + 4x, = 0€ is maximized. Let's analyze

the objective functiom = 3x, + 4x,. The coefficients of
the function are non-negative, where one unit oflpctP,
yields a profit of 3€ and one unit of produtt yields a
profit of 4€ to the firm. Therefore, it is necessar modify
the production plan by introducing either prod&gtor

productP, to increase the firm's profit (the value of th
objective function).Which product, not currently in the

production plan, will yield a higher increase ingfit? By

comparing the positive coefficients of the objeetiv S
function (the unit profit from producing produd®s and *2

P,), it was found that introducing the productiorpodduct

P, will be more advantageous in terms of maximizinée

profit.
What is the maximum quantity of prod&tthat can
be producedThe highest possible quantity of prodBgt

How can the amount of manufactured prodBgctbe
expressedResources, will be completely depleted, and
thus the second inequality in the system (3) veilshtisfied
as an equation. The vector corresponding to theriga
variables, will be replaced by the vector corresponding to
the entering variabler, in the new production plan.
Therefore, for the new basic variablg, the following
condition holds

x; +4x, + 5, = 1600,
X, = 400—%x1—%52. (6)

How do the inventory of resourck and machines’
capacity M change through the production of prodgé
Since the production of produd, requires not only
resourcesS, but also consumes resou§;eand machines’
hours M, the values of the remaining basic varegjlend
s5 are modified accordingly. Therefore, using equeti(s)
and (6), we obtain

51 = 1800 — 6x; — 3(400 — ~x; —=5,),

s; = 600 —24—1x1 +%sz, @)
53 = 860 — 2x; — 2(400 — 2x; — 5,),
S3 =6O—§x1+%szl (8)

How can the current production plan be determined?

How is the solution of a transformed system ofdine
equations acquiredBince the vectors corresponding to
variablesr; ands, are not in the basis (not included in the
production plan), their values are chosen to be feo
eoroduction of productP;, and complete depletion of
resourcesS,). Therefore, the obtained values of the basic
variables are as followst, = 400, s; = 600, s; = 60.
Hence, when producing 400 pieces of prodyctesource
will be completely depleted. Resourdg will be
consumed, leaving 600 unused units in stock. The
maining available machines’ hours will be 60.

What is the graphical interpretation of the obtaine
solution? The entering base variable determines the
direction of the displacement towards a new vedtethe
feasible region. Asx, is the entering variable, the

~114 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 111-117 ISSN 1339-5629

The constructivist approach as a concept of active learning and teaching of optimization processes
at technical universities
Marcela Lascsakova

displacement is carried out by the OD-edge to réaelD- profit? By changing the production plan, introducing

vertex (Figure 4). productP; into production, the firm's profit can increase.
Why is a unit profit of non-basic variables changed
T2 Interestingly, the original unit profit for produ@t was 3€,

but in the modified objective function it is 2€.i$lis due

to the effect of changing the use of resources.dBteease

is caused by the fact that when producing one ohit
productP,, the production quantity @f, products has to
be reduced (due to insufficient capacity of reseug.
Producing one unit of produd, consumes 1 unit of
resourceS,, which is then missing in the productionRyf
products, and thus the number of products withofitpof

4€ needs to be reduced. To produce one unit oLiptdy,

4 units of resourcg, are needed. Therefore, the production
of productP, needs to be reduced by 1/4 unit for each unit
of productP, produced. The modified unit profit from one
unit of P, is reduced by 1/4 of the profit from one unit of

productP,, which is3 — % x4 = 2€.

How will the profit be changed for the current How does the basis change? What will be the new
production plan?Since the objective function obtains theproduction plan of the firm?By entering the vector
form corresponding to variablg into the basis, which increases

Z = 3%, + 4(400 — 2 x;, — =5,), the value of the objective function, one vector
4 4 corresponding to the existing variable leaves thsish
2 =1600+2x, =5, ©) How can the resource which limits the production of
product P, the most be determined? What resource will
also be completely depleted by new productidrf
resource which limited the production of prod@gtthe
most is determined by calculating the ratios of ified
available resources to positive modified technaali
coefficients (see them in equations (6), (7), ad). (In
some cases, the modified technological coefficiemty
become zero or even negative. In these casesittbe will

Ty

Figure 4 A new basic feasible solution

for x;, =0, s, = 0 (non-basic variables), the total profit
will be z = 1600<€.

By the simplex method [13], the initial tableau Teap
is changed into Table 3, which is in accordancd wie
obtained relations (6), (7), (8), and (9).

Table 3 The second tableau of the simplex method

Basel x; X2 5 52 53 Z by not be calculated. (Dividing by zero is not possitaind if
s 21 0 1 3 0 0 600 the technological coefficient is negative, the esponding
! 4 4 resource will not limit the introduction of the phact into
1 1 production. By introducing such a product into the
X, 2 1 0 2 0 0 | 400 | production plan, resource will not be depletedHert but
rather an increase in the available quantity cduese will
S5 3 0 0 1 1 0 60 occur.) The following ratios are acquired
2 2 for x,: 2= = 1600,
z -2 0 0 1 0 1 | 160(C 630 500
for N = - ~ 114.3,
Does the obtained solution optimize the objective P
function? Is profit 1600€ maximaldow does the profit for s3: T= 40.

corresponding to basic variables changé&Zom the
expression of the objective function (9), the miedifrofit The production of produd, is the most limited by the

for productP, and resourcs, can also be determined. BY ,4chines'’ capacity M. Therefore, the vector comesing
introducing produck; into production and selling one unit;, \ariable s, is leaving the basis, while the vector
of productP;, the profit would increase by 2€. 'ndUdi”gcorresponding to variable is entering the basislow can
the vector corresponding to variabsiginto the basis (to o quantity of manufactured produgt be determined?

avoid completely depleting resoursg), the value of the  gjnce (8) is the limiting constraint, it can be teenh in an
objective function would decrease by 1€. Sincedligstill equivalent form

a positive coefficient in the modified objectiventiion, 3y =60+ ts —
the obtained solution is not yet optima¢hat non-basic 2¥1 = 1252 253'
variable should enter the basis to maximize thaiobd X, =40+ -5, =253 (10)
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How are the expressions for determining the remaini T2
basic variablesc, ands, modified?The found expression
(10) of basic variable, allows to determine, using (6) and
(7), the expressions of the other basic variables D o O
x, = 400 — = (40 + 5, —253) — =5,
1 1
Xy =Zf90 - 5152 + 6253' 3
s, = 600 — 7(40 + ESZ - 553) + ZSZ'

7
s; =390 — s, +§S3'

A

What is the next feasible solution to the solved
problem?Which variables are equal to zerdf?the non-
basic variables are equal to zero again= 0, s; = 0, Figure 5 Optimal solution
that means resourSg and machines’ hours M are fully
depleted), the new values for the basic variables a Using the simplex method [13], the transformedeabl
obtained. The new feasible solutionxis= 40, x, = 390, has the form of Table 4. Modified technological
s, = 390. coefficients correspond to coefficients in the esggions

What is the modified profit of the firm? How is tldue ~ Of variablesx,, x,, s;, and the objective functian
of the objective function changedrihe value of the

K8

modified objective function is determined, using éd Table 4 The third tableau of the simplex method
(10), by the expression Base| x;, | x, | s; | s, | s3 z b;
1 2
= 35273 - 7
z 1600+2(40+1352 4353) Sz, 5 0 0 1 1| ==1] 0 | 39
z=1680 — s, — 253, (11) 2
1 1
e L X, 0 1 0| = | == | 0 | 39
Whens, = 0, s; = 0, then the modified firm’s profit will 3 6
be 1680€. 1 2
q | L] 0] 02| 2|04
Is the acquired solution optimal? Can another Solut 1 2
for which the value of the objective function ighar be z 0 0 0 Z il 1 1680
found?Let’s analyze the modified objective function (11) 3 3

The modified coefficients in the objective functiame
negative or zero, so introducing vectors correspantb 3 Conclusions
variabless, ands; into the basis would decrease the profit Logistics is the process of planning, organizingg a
(for one unit of resourcs,, the loss would be 1/3€, and formanaging the movement of goods and raw materiatein
one unit of machines’ hours M, the loss would €Y/ supply chain. Currently, as new technologies chaviggst
Therefore, the determined solution = 40, x, = 390, logistics work entails, it is more important thareeto help
s; =390, s, =0, s; =0 is optimal. This implies the students develop their critical skill set. The camation of
production plan for the firm with the highest ptoffhe critical-thinking skills and experience aids in agiktics
firm will produce 40 pieces of produft and 390 pieces professional’s ability to anticipate and visualprecesses
of productP,. ResourceS, and the processing time onfrom start to finish to optimise supply chain s&gs. It is
machines’ M will be fully utilized. Resour®g will remain  challenging to find professionals who understand dad
unutilized with a remaining inventory of 390 units. its role in logistics planning. Data is the keynaking the
How can the optimal solution be graphicallyright decisions, so the ability to analyze data jprutesses
interpreted?A new displacement by DC-edge is made, ufs the basis of education. This means solid knogéeof
of C-vertex (Figure 5). At this point, the procemsds. mathematics is very important. An essential pargadd
Vertex C is the optimal solution to the problem. logistics flow is team management. Organizatiomdllss
are the requirements of a logistics manager. Teakiso
a vital component of any supply chain management
system, as each role in these processes compleomnts
another. Developing interpersonal skills such d®pee,
empathy, and active listening can help communicktas
more effectively.
In the context of the rapid advancement of inforarat
technology, the educational process faces new and
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challenging tasks. Current university students laiag
under the pressure of an enormous amount of intiwma
being pushed onto them in varying quality. The erasi
accessibility of information conflicts with studehability Conference on Emerging eLearning Technologies and
to select relevant sources and content based toatri Applications, Stary Smokovec, pp. 29-35, 2019.
thinking. Therefore, it is essential for studentd to be [5] VOSKOGLOU, M.: Comparing teaching methods of
only passive recipients of predetermined algorithmi mathematics at university leveducation Sciences,
procedures but to be active in the learning prodegsas Vol. 9, No. 3, pp. 1-7, 2019.
well equally important to be able to analyze causal https://doi.org/10.3390/educsci9030204
relationships and think about the sequence of stdfle  [6] DAY, J., LOU, H., VAN SLYKE, C.: Instructors’
solving the problems. An active approach helps théso Experiences with Using Groupware to Support
learn how to communicate properly, recognize ermors Collaborative Project-Based Learnintnternational
their opinions, argue and defend their solutiorrsemily. Journal of Distance Education Technologi&ol. 2,
The article aims to highlight the possibilities af No. 3, pp. 11-25, 2004.
constructivist approach in teaching linear prograngm [7] DU, J., XIA, J., DU, L., LI, H..Cultivation of college
problems in the field of operational research awgistics students innovative ability in mathematics based on
in the context of university education. This appioa constructivism  International ~ Conference  on
provides a suitable environment for the developnadnt Computers, Information Processing and Advanced
students’ critical thinking. Within solving the opization Education, Ottawa, pp. 798-802, 2021.
problem two mathematical methods were connected af@] FREEMAN, S., EDDY, S.L., MCDONOUGH,
the algorithm was analyzed in detail step by stEm M., SMITH, M.K., OKOROAFOR, N., JORDT,
integration of multiple approaches helps studengge the H., WENDEROTH, M.P.: Active learning increases
problem in context and teaches them different viys to student performance in science, engineering, and
analyze the problems and find solutions. This al¢frem matheméc, Proceedings of the national academy of
to develop unconventional methods and approaches to Sciences of the United States of Amenita. 111, No.
problem-solving. Students acquire solution framédwor 23, pp. 8410-8415, 2014.
that they can subsequently apply to solve otheblernos. https://doi.org/10.1073/pnas.1319030111
Understanding and identifying strengths and weadesim [9] GIANNAKOPOULOS, P., BUCKLEY, S.: Do
the used methods enables students to use the method problem solving, critical thinking and creativityay a
correctly and choose them effectively for solving role in knowledge management? A theoretical
problems. mathematics perspectiveeuropean Conference on
The young generation will soon face the challenge o Knowledge Management, Vicenza, pp. 327-337, 2009.
not succumbing to artificial intelligence and maintng [10] ZULKARNAEN, R.: Students' academic self-

[4] BACHRATA, K, BACHRATY, H, SMIESKOVA M.:
Genetic constructivism in mathematical preparatidn
computer science students17" International

information technology at a level that serves hutgan
Therefore, seeking new educational approacheshipt
strengthen students’ skills of critical thinking ésvery

concept the constructivism learning modelirnal of
Physics: Conference Series of "linternational
Seminar on Applied Mathematics and Mathematics

Education, Cimahiyol. 1315, No. 1, Article number
012071, pp. 1-5, 2019.
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