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AN APPLIED SOFTWARE PACKAGE FOR SOLVING PARAMETRIC
PROBLEMS OF MATHEMATICAL PROGRAMMING
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An interactive package of applied programs for solving a number of parametric problems
of mathematical programming is presented. The package completely automatizes the process of
solving parametric linear and quadratic problems of mathematical programming based on
differential transforms beginning from the data input up to obtaining and presenting the final
results in the form of tables and graphs. The package is intended for PCs by using the various
capabilities of the MATLAB computational environment and compatible with both Windows
and Unix/Linux oprating systems. The main computations are performed on matrices, cells,
vectors, integer and floating-point constants. The initial data are input without any preliminary
transformations by means of Wizards, simplex tables and interactive dialogs. The obtained
results are introduced in tabular and graphical forms.

Keywords: parametric linear programming, parametric quadratic programming,
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Introduction. Despite the wide application in science and technology, there are
almost no methods for solving parametric mathemtical programming problems. The
main approach is based on the modified simplex method [1] and the solution of
inequality sets, which, first of all complicates the automation of computational
processes, and secondly allows to solve only problems with parametric dependencies
in coefficients of the objective function and right-hand sides of constraints. In case of
parametric dependencies in coefficients of constraints, e.g. when any vector of the
current basis contains a parametric component, further analysis with the mentioned
approach becomes impossible [1]. In [2-7], papers on the basis of G.E.Pukhov’s
differential transformations [8], effective methods with simple computational
procedures and wide automation capabilities for solving various types of parametric
mathematical programming problems are proposed.

This paper illustrates the main features and characteisics of applied software
package based on the mentioned methods.

1. The package structure, characteristics and capabilities.

The package consists of two sections.

The first section summarizes functions and algorithms designed to solve
parametric mathematical programming problems of the following types:

v"single and multiparametric linear programming,

v'quadratic parametric programming,

v' sensitivity analysis of linear programming.
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The second one is devoted to primal and backward differential transforms,
includes functions and classes to calculate differential images and restore
Taylor’s(Pade’s) originals.

The package is developed for PCs by using various capabilities of MATLAB
computational environment [9-11], and compatible with both Windows and
Unix/Linux operating systems. The main computations are performed on matrices,
cells, vectors, integer and floating-point constants. GUI with different control
elements, interactive windows and tooltips considerably simplifies the package
maintenance as well as makes it possible to import the initial data without any changes
by means of Wizards, simplex tables and interactive dialogs. The computation results
are represented both in tabular and graphical forms.

As it has been mentioned, the most important capabilities of the package are the
differential transforms algebra computations and solution processes’ automation of
various parametric linear and quadratic programming problems. The package allows
to calculate the required number of differential images for non-autonomous matrix of
any size and restore the originals according to the differential Taylor’s/Pade’s
backward transforms. The number of images, the center of approximation, the
independent variable, the matrix dimensions, the numerator and denumerator powers
in case of Pade differential transforms can be proposed by corresponding control
elements.

Using D-analogs of the simplex method, the package analyses the quadratic
programming, a number of single and multiparametric linear programming problem
types, performs deep and comprehensive sensitivity analysis of the latter. The class
and subclass of the observed problem, as well as the other necessary input parameters
can be selected by proper management of graphical objects. The calculated images for
each iteration are shown in simplex tables, the basis variables — analitical and
graphical forms

2. Applied software package environment and control elements. After the
package execution the main window of the program is opened (Fig.1). First of all, it is
necessary to select the corresponding analysis type from the left pane: either
differential transforms or parametric analysis. By default, the “Differential
Transforms” section with corresponding “Differential Transforms Settings” tab is
selected. The latter consists of two groups- “DT Settings” and “Data To Be
Transformed”. The first one is intended for entering the number of images, the
independent variable, the mashtab coefficient, the approximation center and selecting
the type of backward transform, the second provides the input of the non-autonomous
matrix. In case of Pade’s differential backward transforms, it is required to specify
the numerator and denumerator powers. After providing the necessary inputs, invoke
the “Calculate” button to execute appropriate procedures and calculate the differential
images. The computation results-tables of images and restored originals, graphical
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views of originals will be represented in “Differential Transforms” tab (Fig. 2). The
data containing in tables can be easily copied through the context menu. By pressing
“Return To Settings” button we can return to previous “Differential Transforms

Settings” tab, edit the inputs and perform computations for the new values.
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Fig. 1. The main window of application
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The “Parametric Analysis” section with its “Parametric Analysis Settings” tab
is responsible for parametric mathematical programming problem analysis and
solution (Fig. 1). The “Parametric Analysis Settings” tab (Fig. 3) consists of three
subsections: “Select Analysis Type”, “DT Settings” snd “Problem Definition”. The
class and subclass of the observed problem are chosen from the “Select Analysis
Type” group. For each class, only the corresponding control elements are enabled. All
the necessary input for differential transforms should be specified in the second
group. By default the backward transform providing the most accurate results is
offered depending on the class and subclass of the problem. In case of
multiparametric problems, input fields are represented by tables. The mathematical
programming problem as a simplex table is defined in “Problem Definition” section,
the number of variables and constraints, the initial approximation center should be
specified in appropriate fields.

= Parametric Analysis I+]
— Select Analysis Typ — DT Setting;
. Discretes Count: 3
'@ Linear Programming Objective Function -
Independent Variable: 1
_) Quadratic Programming Right-Hand Sides -
Scale Constant: 1
_) Multiparametric LP Objective Function -
Backward Transform:
Taylor Transforms -
_) Sensitivity Analysis Objective Function -
— Problem Definition(Canonical Form)
Humber OF Variables: E Initial Interval 0
Humber OF Constraints: 5
: 1 2 3 4 5 3
1 1 2 1 1 0 0
2 3 o z 0 1 0
3 1 4 (1] 0 0 1
Objective F -3+67 -2+27 -5-57 0 0 0f
[l [ »

Fig. 3. Parametric mathematical problem definition

After filling all the inputs in corresponding fields and invoking “Solve” button
the “Problem Solution” tab will be opened. Here are the simplex tables for images
calculation and the optimal solution for each iteration, optimal solutions for all
intervals (Fig. 4).
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Solution:

Interval 1 2 3
1 [0==t=3.3333 -1+ 430304685111, t + 1319413585333 - 3% + 435304551...

2 [3.3333==1=4.2857 (3}2-22517998... t + 6755395944105... - (7*t}'4 + 673530...

Fig. 4. Optimal solution by intervals

The graphical views of optimal solutions can be obtianed through the context
menu of “Solution” table (Fig. 5). For the sensitivity analysis the “Solution” table is
shown on Fig. 6. Only the selected images appear in “Images Table” in case of
multiparametric programming (Fig. 7).
rl] Graphical Representatian = S|

Fig. 5. Graphical representation of optimal solutions

Solution:

Allowable Decrease ofxl Allowable Increase ofid
1 37.5000 65.5000

Fig. 6. Allowable changes for sensityvity analysis
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Fig. 7. Simplex table of multiparametric problems optimal solutions

Conclusion. An interactive applied software package intended for solving
various types of parametric mathematical programming problems is developed. It is
implemented in MATLAB environment, compatible with Windows/Linux operating
systems and completely automates the solution of the mentioned problems based on
the proposed D-analogs of the simplex method.
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UurtUuuShuuyutL NUrUUGESrULUL oruarudnruut v rusrn
LNROUUL UbhrunuuuL oruarsrh euEkte

L.U. ynyqunyui, L.Q. UjEwmphujw

Lbpyuwjwgynid £ wwpwdbnpwlwt dwpbdwnhluwywu Spwgpwynpdw futnhpubiph dh
ownpp wnwpwwnbuwlubtiph (nddwt Gpyfunuwiht ntidhdnud wotuwwnn Yhpwnwywu dpwapbinh
thwptp: Pwpbpu wdpnnoniyepjudp, ujuwsd wnjjwiubph ubpdnwnwhg dhusk Ybpouwlwu
wprynwuptbph unwgnuwp b npwug  wnnuwlwiht/gpudbhyulut - wpnwwwwnybpnwp,
wywnndwwnwgunu £ wwpwdbwnpwlwu qdwiht b pwnwynwwiht dpwgpwynpdwu futnhp-
ubph |ndwu gnpdpupwgp’ hhdudbin nhdbtiptughw) duwiinfunieniuutph Yhpwndwdp
dowyywsd dnnbijutiph ypw: Pwpbep dwyyt) £ oginwgnpdtiing MATLAB pywjhu hwoynnw-
Ywu dhowdwjpp, Yhpwnbting ytipghtuhu pwqdwwnbuwy huwpwynpnieiniuubipp, twhuwwnbu-
Jwd  wuhwnwlwu ogunwgnpddwt hwdwwpghsutiph hwdwp, hwdwwntinth £ Windows L
Unix/Linux owytipwghnu hwdwlwngbiph htw: <hduwlwu gnpdnnnipniutitpt hpwlwuwgynid
Gu dwwphgubiph, pohoutipnh, owppbph, wdpnng UL uwhnn Ytiwnng hwunwwnniuubiph
uywuwndwdp: Lwhtwlwu wnuwiutpp ubpdnGdynd Gu wnwug ulygpuwlwu thnthnfuniejntu-
ubph’ «quipwbwnubiph», updytipu wnwwlubph b GpYlunuwihu Wwnnthwuubiph dhongny:

Unwigpuyhti pwnbp. wywpwdbinpwlwu géwihu dpwgpwynpnud, wwpwdbunpwywu
pwnwynwwiht  dpwgpwynpnud,  nhdbptughw;  duwthnfunyeiniiubp,  qquijuniyejwu
ytpnwdnipyniu, Yhpwnwlwu dpwapbph thwpbe:

IHAKET NPUKJIAIHBIX ITPOT'PAMM /UIS1 PEHIEHUA
IMAPAMETPUYECKHUX 3AJAY MATEMATHYECKOI'O MIPOI'PAMMMUPOBAHMUA

JL.C. I'vap3aasn, A.I'. ABeTHCAH

[IpeacTaBneH MHTEPAKTHBHBIN MAKET MPHUKIIAIHBIX IPOTPaMM JUIsl PEIISHHsT Pa3IMYHbIX
TUIIOB 33/1a4 NapaMETPUYECKOr0 MaTeMaTHYeCKOro IPOrpaMMHUpoBaHMs. [lakeT MOIHOCTHIO
ABTOMATH3HMPYET IPOLIECC PEIICHUS] MapaMeTPUYEeCKUX JIMHEHHBIX M KBaJpPATUYHBIX 3a1ad
MaTeMaTHYeCKOro MPOTPaMMHUpPOBAaHUS Ha OCHOBE An((epeHINaTbHBIX IpeoOpa3oBaHHA,
HauMHas C BBOJA JAHHBIX JIO TMOJYYEHHS U OTOOPaXKCHHUs] OKOHYATENIbHBIX PE3yJIbTAaTOB B
tabiauyHoM/TpaduyeckoM Buze. [laker mnpenHasHauyeH Ui MEPCOHAIBHBIX KOMITBIOTEPOB,
peaiqM3oBaH C HCIIOJIBb30BAaHMEM pPa3sHOOOpasHBIX Bo3MoxHoOcTel cpeasl MATLAB u
coBMecTuM ¢ onepanuoHubiMu cuctemamu Windows u Unix/Linux. OCHOBHbIE BBIYHCICHUSI
BBINIOJHAIOTCS. HaJl MaTPUIAMH, sSYEHKaMu, BEKTOpPaMH, PAIaMH, KOHCTaHTamu. VicxonHble
JIaHHBIE BBOJSTCSI 0€3 MpelBapUTENbHBIX NPE0OPa30BaHU C MOMOIIBIO CUMILIEKC-Ta0IUI
JMAJIOTOBBIX OKOH. IloiydeHHBIE pe3ysibTaThl BBIBOAATCS Kak B TAaOJMYHOM, TaKk W
rpaduyueckom Buje.

Knrwouesuvie cnoea: rapameTpuuecKoe JMHEHHOe MporpaMMHUpPOBaHUE,
napamMeTpuieckoe KBaJpaTHIHOE porpaMMupoBanue, AuddepeHnraibHble Mpeodpa3oBaHus,
aHaJIM3 YyBCTBUTEIBHOCTH, MAKET NPUKIIAIHBIX IPOTPaAMM.
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