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INNOVATIVE METHODSAND TECHNIQUES OF TEACHING
MATHEMATICAL MODELING AND RESEARCH INTO THE
MANUFACTURING PROCESS MANAGEMENT

Graduates working toward their technical, naturelersces, or economic
degrees should be prepared for the reality of ptojpanagement and rational
organization of modern manufacturing demandingrssgis and profound knowledge
in various fields of science.

Ensuring the coordinated functioning and interactod the groups of people
and machine complexes requires a careful study ethods and approaches to
effective problem-solving. The scientific directitrmat provides quantitative basis for
decision-making is called "operations research& 3itages of operations research are
the following: generating a mathematical model of the phenomenperétion) —
analysis of the modeb implementation of the research results.

To generate models and solve them, certain staisand mathematical
methods and systems of computer mathematics aneeddSCM).

The criterion for the existence of this appliedesce is a comprehensive
approach to the tasks set, cooperation and agreeshezxperts in various fields
(economists-mathematicians, engineers, operatomdogsts, agronomists, experts,
accountants, managers). That is why everyone whavslved in manufacturing
management should be familiar with the operatiessarch methods.

At the same time, students’ perception and undaigtg of the disciplines, the
essence and subject matter of which are intercel@t@athematical modeling of
systems and processes, mathematical methods andlsnagerations research,

mathematical programming, methods of optimizatein,) still present a problem.



One of the topical tasks of math education and driggducational is a well
grounded, available, and profound presentation efhods and techniques of the
afore-mentioned disciplines, the subject of study which are the models,
optimization tasks and their solutions by meanS©M.

Methods and models of the operations reseaatd discussed in many
scientific works and textbooks

Worth mentioning is a book by A.Kofman (1966), whnidiscusses the
branches of this discipline for the experts of “apathematical” majors
(administrators, engineers, and planners) in a lpopwaccessible form. As an
engineer and mathematician, the scholar pointedhait "This book could have had
the nameée'Applied mathematics of manufacturing process manant",but it would
scare away those economists who have not yet gok tasconsidering mathematics
as the necessary working tool" [2, p. 25]. The au#lso shows the use of computers
in problem-solving: description of operations orcalculating machinéGamma"
with a storage device on a magnetic drum.

A book written by Hemdi A. Takha, first was pubkshin 1971, bears no
excessive academism as well [4]. The sixth updaeition contains numerous
examples and exercises (about 1000) as a meanesd#npation of basic ideas and
principles that underlie the various methods ofttie®ry of operations research. The
TORA software and the programming language SIMMEdré part of this scientific
work.

However, the analysis of modern educational liteeaton mathematical
modeling, mathematical programming, operationsaree(e.g., by such authors as
V. Vitlins'ky, S. Nakonechny, T. Tereshchenko (2000D. Ul'yanchenko (2002),
V. Kihel (2003), M. Krass, B. Chuprynov (2006)0. Kundysheva (2007),
F. Vashchuk, O. Laver, N. Shumilo (2008), M. Kuch2®11.), et al) reveals the
lack of attention to both the potential and methofisSSCM for solving specific
problems, the prospect of obtaining the resultaguiie computer is mentioned only

sporadically.



Development of laboratory sessions on the methoddoecasting and
optimization are presented exclusively for the tabprocessoMS Excel such as in
the manual by T. I. Makarenko (2005). However, shid should be taught to solve
real-life problems using several systems of compuotathematics, which increases
the probability of obtaining correct results ankbwak for the analysis of the obtained
solutions.

Students of mathematical majors are afforded th@odpnity to review the
main features and characteristics MathCAD, Maple, MATLAB, Mathematica
systemsand MS Excel Solver Add-in for solving various égoof optimization
problems in the works by Yu. Tryus [3].

The purpose of the article is to reveal certaineaspof teaching methods of
mathematical modeling and solving practical prolddmased on the matrix theory
using the system of computer mathematieghCAD,

It is important to note that students of econort@chnical specialties should be
given an opportunity to solve such problems noy @hiring mathematical modeling
or operations research classes, but within theseoof advanced mathematics (or
mathematics for economists) when studying linegelaa as well, which will
become the introduction to economic-mathematicahoes [1].

Matrix algebra is one of the main methods of solutof many business
problems. Especially useful it is for the developiand use of databases: when
working with them almost all data are stored amacpssed in a matrix form. With
the systems of linear equations and matrices,dl@afing tasks oimacroeconomics
can be solved: pricing in input-output studies,alepment of the balance model of
multi-branch economy, export-import models, anérnational trade models.

The main purpose of economics is the rational fonotg of business entities,
namely, satisfaction of needs and efficient workkimg use of limited resources. In
microeconomicslinear programming (LP), methods of which areduseforecasting,
planning and organization of production procesassyell as in the financial sector,
Is the most prominent and effective. LP algorithoakulations are usually bulky and

uniform, but computer technology makes their im@atation quite exciting. To do



this, a set of constraints (a system of equationsnequations) of models of
optimization problems is also given in the forrmudtrices.

To solve problems, a universal mathematical softwéathCAD, recognized
as one of the top for scientific, technical, engnmsg, and economic problem-
solving, was selected. To enter formulas in otB€M as well as in spreadsheets, a
very complex syntax is used, whii¢athCAD’sfunctions and procedures are easy to
learn, and the composition of its worksheets resesnthat doneon paper with a
pencil in hand.

* Let us considethe problem of production planning by means ofldhlance
models of multi-branch economy.

Preface. Macroeconomics of an enterprise functioning requittee balance
between different branches. Each branch, on thenand, is a manufacturer; on the
other hand, it is a consumer of products of otmelustries. Thus, input-output
calculations are quite difficult. For the first en§1936), this problem was formulated
as a mathematical model by a famous American ecmtdMmlLeontief, who made an
attempt to analyze the causes of economic depressithe U.S. (1929-1932). This
model is based on matrix algebra and uses thexwaatalysis .

Statement of problem The table features the balance among five branghes

industry for a certain period of time.

X Consumption Final Gross
N Industry 1| 2| 3| 4| 5| output | output
1. | Mining and processing of hydrocarbons 3 (115[10| 7 | 5 50 100
2. Power economy 713|810 11 60 100
3. Machine building 10| 5| 6 | 10| 8 5 50
4, Machine-tool building 16| 12| 19| 15| 18 10 100
5. Automobile industry 5 5 7 | 10| 6 15 50

Determine the performance of coefficient matrix dfect costs. Find the
volume growth of gross output of each product (petage), if the final consumption
by industry increases by 50%, 10%, 70%, 100%, &34, respectively.

Problem-solving instructions
1 Enter the vectors of gross outp(t and final consumptioryl, matrix of

coefficients of direct costé, and the vector of potential percentage changdef t



final productAY. Then, a new vector of consumption of the finalduct must bey' 2
=Y1+Y1l-AY.

2 Check the productivity of matri&. Set the number of columnsof matrix
A, that is determined with the integrateals (A). The functionidentity (t) creates a
unit matrix oft order. Obtain an integral part of the inverse mdiE-A) ™.

To determine the productivity of the matAx the amount of,,elements of its
columns should be calculated (matrix>A0 is productiveif the sum of the elements
of its any column does not exceed 1). This leadsoukie conclusion that, for the
given balance sheet, all the industries are codstieft, because all of thee,
responses to the question whetheg 1 orm = 1...t, are positive.

3 Find the components of a new vector of grossuig = (E-A) -1 - Y2, and
with the formulaX2 = X1 + X1 - AX get the growthdX of the gross output in
percentageAX = (-1) - 100%.

MathCAD-solution:

ORIGIN =1

100 50 0.03 0.15 0.2 0.07 0.01 0.5
100 60 0.07 0.03 0.16 0.1 0.22 0.1

Xi:=1 50 Y :=| 5 A:=| 01 005 012 01 0.16| AY:=| 0.7
100 10 0.16 0.12 0.38 0.15 0.36 1
50 15 0.05 0.05 0.14 0.1 0.12 1.6

L L L T
Y,:= Y1+(Y1mY) Y, =(75 66 85 20 39
t ;= cols( A m:= 1.t E := identity (t)

(m
= A
m Z rem = if (rm < 1,"yes" ,"no")

rém =
1136 0.234 0422 0.198 0.229 s
0194 114 0437 0.257 0.472 Yo
(E-A)"'=| 0214 0.155 1.381 0.244 0.392 'ves”
0.403 0.334 0.917 1457 0.851 zzz

0.155 0.141 0.373 0.23 1.335

- T
X, =(E-A) 15(2 X5 =(117.075 117.02 58.199 122.317 80.778



Thus, in order to ensure the desired growth infithed product, it is necessary
to increase the corresponding gross output: miaimg) processing of hydrocarbons
by 17,1%, power output by 17%, machine buildinglby4%, machine-tool building
by 22,3%, automobile industry output by 61,6% coraddo the original data.

Students get 6 variants of homework: solve the lproldor three industries in
a written form (1-2-3, 2-3-4, 3-4-5, 1-3-4, 1-4254-5) by Gauss-Jordan method and
verify the answer using the computer.

* Let us considethe problem on finding the optimal cropping pattern

Preface.At the micro level, manufacturing management prpssps having to
make many decisions. All of them require an anedytsubstantiation: the same costs
can produce different economic effects dependingtlen decisions taken. It is
necessary to prepare and consider various solaptons and determine the optimal
one. Linear programming (LP) is a method of matherahmodeling designed to
optimize the use of limited resources. It was depetl in 1939, by the Soviet
scientist L. Kantorovich. Among LP tasks are thibofeing: feed ration development,
resources management and appraisal, optimal matdadeng, optimal output plan,
transportation problem.

Statement of problem 2n agricultural farmowns two fields of 80 ha and 40
ha, which differ by the location and soil charastiezs. The farm intends to grow
carrots and cabbage. It is known, that the yieldaofots is 450 centner/ha on the first
field and 500 centner/ha on the second field, cgbkda 300 and 350 centner/ha,
respectively. To get the desired yield, phosphamnd potassium fertilizers will be
used. Fertilizing rates are the following: phospisdior carrots - 60 and 80 kg/ha, for
cabbage - 100 and 120 kg/ha, potassium for car@sand 100 kg/ha, for cabbage -
100 and 140 kg/ha for the first and the secondidietespectively. The stock of
fertilizers is limited and totals 8 tons of phospiand 10 tons of potassium. An
approximate purchase price for 1 centner of caisol® MU, for cabbage — 20 MU.



Determine the optimal cropping pattern in the famhjch will assure the highest
revenue from the sale of the vegetables.
Solution

1) Generating a mathematical modédlhe land allocated for carrotsxgha in
field 1 andx,in field 2, for cabbage x; andx, ha in fields 1 and 2, respectively. The
revenue from the sale, for instance, of carrotfedd 1.:

450 centner/ha « 10 MU/centnerx ha = 4508, MU

Then, the target function, which should maximize tbtal revenue from the sale of
agricultural products, is as followst, (x) = 4.5¢ + 5x; + 6xz + 7, — max

Constraints on the land use and fertilizers stock:
(X1 +X3< 80
X2 + X4 <40
{ 66y + 80 + 100 + 120 < 8000

98; + 100 + 100¢; + 140 < 10000

\Xi>0,i=1-4
2) Finding the optimal solution in the MathCAD. Takgorithm:
- Set the matrice8, C, F, and K, namely, enter the initial data of yields,

purchase prices for agricultural produce, fertiizeates F and C, and fertilizers stock
deficiencies -OD.

- Set the starting point in numbering of rows ammumns of matrices
(ORIGIN:=1), initial values of variables, form apporting matrixA for matrix
notation of inequations, and the target functiof). For multiplying the elements of
matricesB andC, do the vectoring aB-C.

- Form a unit for solving the problem that beginghwthe word Given”. An
integrated functiorMaximize(f,X) which givesf(X) maximum, should complete the
unit.

- Get the optimum plary=... and the optimal value of the target function
f(Y)=... A search for the minimum or maximum can beeaoising a number of
methods in MathCAD. It is recommended to test amohgare alternative solutions
for each method.

MathCAD-document:



B := (450 500 300 350 F:= (60 80 100 120

C:=(10 10 20 20 K := (90 100 100 140 OD := (8000 10000
U -
ORIGIN :=1 i:=1.4 Xji:=0 f(X):=(BC)X A :=stack F, K

(N
(BIT) = (45% 16 5% 16 6x 13 7% 16) s

Given A[XSODT X=0 X1+ X380 Xp+ X4< 40

Y := Maximizé f, X) v = (50 25 30 1 f(Y) =53% 10
3) Conclusion based on the obtained solutibhe optimal cropping pattern in the
farm is the following: carrots - 50 ha of field hda25 ha of field 2, cabbage - 30 ha
of field 1, while its cultivation is not recommertten field 2. In this case, the sales
of agricultural produce give the largest profit30900 MU At the same time, 15 ha
remain unused on field 2.

To motivate students and consolidate their skilse main task is
supplemented with additional conditions, whereas work at the lesson can be
accompanied by a business game. The "manager'teirFom among the students
divides the subordinates into 4 groups giving eafctine groups a separate task. The
farm’s leadership is interested in the researah amd analysis of the situations given
below; it is expected that an optimal solutiondéach of them will be found.

1. The farm can additionally buy 1 ton of phosplsoamd 1 ton of potassium
fertilizers at the price of 100 MU/kg and 80 MU/kespectively. Is it profitable?
How may the copping pattern and the revenue chisniipgs situation?

2. The farm received an additional order for atsitedl.750 centners of
cabbage. Is this offer beneficial? How will the mpong pattern and the farm’s
revenue change in this situation?

3. The farm obtained the information that the cabaurchase price will
increase to 25 MU/centner. The farm’s leadershiptisrested whether they have to
review the cropping pattern and how it can affeetrievenue.

4. 1t is planned also to use the first field foretsefor the coming year. The
standard fertilizer rate is as follows: phosphoru® kg/ha, potassium - 90 kg/ha.
The expected yield of beets on the first field@ &entner/ha, and the purchase price



for 120 MU/kg. Determine how can the addition ofeomore culture affect the
cropping pattern.
The groups correct mathematical models, find andlyae the optimal
solution, prepare reports and submit them to thenager".
Correction of mathematical model of the main prable
1. f(x) = 4.5¢ + 5% + 6x3+ 7x4 — maxminus 180000 MathCAD-document:

~% +X3< 80 OD := (9000 11009
% + X4 < 40 Y = Maximizg f, X)
T
< 60, + 80, + 100 + 120k, < 9000 Y = (43.75 34.375 36.25
90 + 100 + 1004 + 140 < 11000 f(Y) = 5.862¢ 18
_ x>0,i=1..4 f(Y) — 180000= 4.063% 18

Conclusion 1.If 1 ton of fertilizers is additionally purchasethe optimal
cropping pattern will be as follows: carrots - 44 &n field 1 and 34 ha on field 2,
cabbage - 36 ha on field 1. On the second fielccthevation of cabbage is still not
expected, and 4 ha remain unused. The maximumuevieom the sale of is 586200
MU. But 180000 MU spent on fertilizers, decreasesihcome to 406300 MU.

2. f(x) = 4.5¢ + 5% + B3+ 7X4 — max MathCAD-documeng:
/X;L +X3< 80
Xo + X4 < 40 300X3 + 350X, = 11750
60; + 8k + 10(x3 + 120, < 8000 Y = Maximiz€ f, X)
T
9% + 100 + 1006 + 140k, < 10000 Y =(525 11.25 27.5 1Pa
30@; + 350, > 11750 f(Y) = 5.275¢ 164
\_xi>0,i=1..4

Conclusion 2If the farm receives an additional purchase ordend less than
11.750 kg of cabbage, then the optimal croppintepatwill be as follows: carrots -
52,5 haonfield 1 and 11 ha on field 2, cabba®jé5 ha on field 1 and 10 ha on field
2. The first field is used to the full capacity;papximately 19 ha are used on the
second field. The maximum total revenue is 5271900

3. f(x) = 4.5¢ + 5% + 7.5+ 8.75%; — max MathCAD-documern:

(X1 +Xx3< 80
Xo + X4 <40 C:=(10 10 25 29
< 60x; + 80¢; + 100¢3 + 120x4 < 8000 Y := Maximizg f, X)
T
90x; + 100« + 100 + 140 < 10000 Y =(0 0 80 01

-



xi>0,i=1.4 f(Y) = 6% 10
Conclusion 3If cabbage purchase price reaches 25 MU/centrneGuhivation
of this crop is only profitable on 80 ha of fieldfield 2 should remain unused. The
maximum revenue of the farm is 600.000 MU.
4. f(x) = 4.5¢ + 5% + 63+ 7X4 + 605 — max
(X1 + X3 < 80
X2 + X4 <40
< 68 + 80 + 100 + 120« + 70cs < 8000
98 + 100+ 1003 + 140¢4 + 90¢5 < 10000
_x>0,i=1.5

MathCAD-documen:

B := (450 500 300 350 50p F := (60 80 100 120 70 OD := (8000 1000Q

C:= (10 10 20 20 129) K := (90 100 100 140 9)
L L-
ORIGIN:=1 i:=1.5 Xi:=0 f(X):=(BIC)X A :=stack F, K

AX < OD X320 Xi+Xg+X5<80 Xp+Xs< 40

Y = Maximizgf, X) Y' =000 20 898 f(Y) = 4.94x 164

Conclusion 4.If beets cultivation is planned for field 1, théme optimal
cropping pattern changes significantly: on 80 hdielfl 1, it is profitable to grow
only beets, whereas on 20 ha of field 2 - cabbHge.not planned to grow carrots,
and 20 ha of field 2 remain empty. The maximum nexeis 4.940.000 MU.

There is an alternative solution, which is calcedatsia MathCAD using a

different method:Y' =(0 28 0 0 8)  f(Y) = 484 16u _ the revenue will be exactly
the same if field 1 is planted with beets, and @®hfield 2 are planted with carrots.

Summarizing the work of students during the classsi®n, we should
emphasize, that the obtained solutions are a twaldcision-making, suggestions on
how to succeed in business, which are recommendedniplementation after a
thorough experience-based analysis.

Conclusions.Great strategists and businessmen have beerny pmatth, the
people of intuition. But the times, when a manageuld draw all the data for

decision-making from his/her own head, have pas&ecevolution has occurred: the



slogan "from experience to intuition" have beenssiited with the rule "from
information to conclusion" or with the pattern ‘tgcs - mathematical methods -
inference”.

Misunderstanding, fear, ignorance, and, hencentibition of introduction of
the economic and mathematical methods into econpraittices is still the case. The
reason for that is the lack of information shareth\students about the potential and
prospects of the methods of advanced mathemattss,computer tools for
mathematical modeling and operations researchér tuture careers.

It is necessary to inform students in an accessdha that this scientific area,
despite being deeply-rooted in mathematics, is &bl@void complex mathematical
calculations. It is necessary to understand thereaif its typical problems, methods
and algorithms of their solution, whereas an addél tool in finding the solution
should be the computer software.

The use of SCM in the educational process provadesal opportunity to the
future experts to get used to the work accordindp¢ofollowing orderformalization
of the initial problem— generation of a mathematical model} selection of a
mathematical method and algorithm for solving thedei — implementation of the
solution using the computer> verifying the model— decision-making and
implementation of the solution.

We can distinguish the following prospective lirasthe further research in
this area:

- development of the recommendations for the iiseGM by the students of

“non-mathematical” majors, such as: "Ecology"”, "égomy", "Forestry", "Geodesy
and Land Use", "Economics," "Management";

- development and improvement of computer-oriente@thodological
teaching/learning systems for the following majotMathematical modeling of
systems and processes", "Mathematical methods adels?, "Operations research",
"Mathematical programming"”, "Methods of optimizatip

- development of electronic textbooks and distameaening courses for the

mentioned subjects.
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Korniychuk O. E. Innovative Methods and Techniques of Teaching
Mathematical Modeling and Research into the Manufacturing Process
M anagement

The article presents the implementation of somehau= of mathematical
modeling and operations research in the educatjmoaless, namely the solution of
real-life problems based on the matrix theory aimglythe system of computer
mathematicsMathcad. It describes the methods of generating and amajyzi
mathematical models for a manufacturing planningbj@m utilizing the balance
model of multi-branch economy, as well as problefnding the optimal cropping
pattern. The algorithms and problem-solving techegjof these models are set forth
in the package Mathcad.

Key words operations research, optimization problem, mod&thematical

modeling, decision-making, systems of computer erattics.

Kopniiiuyk O. E. HoBiTHi MeTOAM | NPpUilOMH HABYAHHS MAaTeMAaTHYHOIO

MO/ICJIIOBAHHS Ta JOCTII’KEHHSI OpraHizanii BUPOOHMIITBA



Y crarTi mpeacTaBIEHO peayizamiio  JICSIKUX METOJIB MaTeMaTHYHOTO
MOJIETIIOBaHHS Ta JOCHI)KEHHS Olepalliii B mpoleci iX BUBYEHHS, a came IMpH
pO3B’ sI3yBaHHI peaqbHUX 3a/1a4 Ha OCHOBI T€Opii MaTPHIlh 3 BUKOPUCTAHHSIM CHCTEMH
KoMIT foTepHOi Matematukn Mathcad Poskputo MeTomuky MmoOyJqoBH Ta aHaTi3y
MaTeMaTHYHUX MOJENeH ais 3ajavi 3 TUIAaHyBaHHS BUPOOHMIITBA 32 JIOTIOMOTOIO
OamaHcOBOi Mojeni Oaratoraiay3eBoi €KOHOMIKM Ta 3ajad Ha 3HaXOJKEHHS
ONTHMAJIBHOI CTPYKTYpH BUKOPUCTaHHS 3eMeIbHUX Tuiomnl. [lomaHo amroputmu Ta

TEXHOJIOTIT po3B’ A3aHHs KX Mojenel y nmakeri Mathcad

Knrwouosi  cnosa. nmocmipkeHHS omepariii, 3agada ONTUMI3aIii, MOJeib,
MaTeMaTHYHE MOJICIIOBAHHS, MPUUHATTS PIIICHHS, CHUCTEMH KOMII IOTEPHOI

MaTCMaTHUKHU.

Kopueituyk E. J. Hoseillume wmeroabl W NpHeMbl 00y4YeHHs
MaTeMaTH4YeCKOro MOJEeJIMPOBAHMS 7| HCCJIeI0BAHMSA Opra”Hu3anuu
MPOU3BOCTBA

B cratbe mnpencrasiieHa peanu3anys HEKOTOPBIX METOAOB MAaTEeMaTHU4YECKOIO
MO/JICJIMPOBAHUS Y UCCIEAOBAHUS ONEpalMid B MPOLIECCE UX U3YUECHUSI, 4 UMEHHO MPH
PELICHUM pealbHbIX 3a7a4 Ha OCHOBE TECOPUM MATPULl C UCIIOJIb30BAHUEM CUCTEMBI
KOMIbIOTepHON MaTematuku Mathcad PackpbiTa MeTouKa MOCTPOCHHS U aHAIM3a
MAaTEMATUYECKUX MOJEJEN I 3aa4v IUIAHUPOBAHUS IMPOU3BOJICTBA C MOMOIIBIO
0aJlaHCOBOM MOJIeNI MHOT'OOTPACIIEBOM SKOHOMHUKH, a TAKXKe 3a7a4 Ha HaXOXKJACHHUE
ONTHUMAJIbHOMW CTPYKTYpPbl MCIIOJb30BAHUS 3€MEJbHBIX IuIomaacu. M3imoxeHsl
AJITOPUTMBI U TEXHOJIOTHH PEIIeHHs dTHX Moeneil B makere Mathcad

Kniouesvie cnosa: wuccnenoBanue omnepanui, 3agada ONTUMU3ALWNA, MOJENb,
MAaTEMATUYECKOE MOJAECIUPOBAHUE, MPUHITUE PEIICHUS, CUCTEMBI KOMIIBIOTEPHOU

MaTCMaTHUKU.
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