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ANNOTATSIYA . Chizigli programmalashtirish masalalarini yechishning Simpleks
usuli zamonaviy matematik optimallashtirishning eng muhim va klassik metodlaridan biri
hisoblanadi. Ushbu maqolada Simpleks usulining nazariy asoslari, algoritmik mexanizmi,
matematik va iqtisodiy talqinlari, shuningdek, zamonaviy amaliy qo‘llanishlari chuqur
yoritiladi. Simpleks usuli 1947-yilda Jorj Dantzig tomonidan ishlab chiqilgan bo‘lib, chizigli
cheklovlar ostida chiziqli magsad funktsiyasini optimallashtirishga imkon beradi. Maqolada
usulning iteratsion jarayoni, bazaviy va bo‘lmagan o‘zgaruvchilar tushunchasi, pivot
elementi tanlash qoidalari, degeneratsiya va sikllanish muammolari, dual Simpleks usuli va
revize Simpleks usuli kabi zamonaviy modifikatsiyalari batafsil tahlil qilinadi. Shuningdek,
usulning iqtisodiyot, logistika, transport muammolari, ishlab chiqarishni rejalashtirish,
moliyaviy portfel optimallashtirish va resurslarni tagsimlash kabi sohalardagi amaliy
ahamiyati misollar bilan ko‘rsatilgan. Maqolada, aynigsa, ragamli texnologiyalar (Python,
MATLAB, Excel Solver) va sun’iy intellekt bilan birlashgan holda Simpleks usulining
zamonaviy qo‘llanilishi ham yoritiladi. O°zbekiston sharoitida chiziqli programmalashtirish
masalalarini  yechishda Simpleks wusulining qo‘llanilishi, mavjud muammolar va
takomillashtirish yo‘llari ham muhokama qilinadi. Ushbu tadqiqot nazariy va amaliy jihatdan
chuqur bo‘lib, matematika, iqtisodiyot, menejment va muhandislik yo‘nalishidagi talabalar,
olimlar va amaliyotchilar uchun qimmatli ilmiy manba bo‘lishi maqgsad qilingan.

Kalit so‘zlar: chiziqli programmalashtirish, Simpleks usuli, optimallashtirish, bazaviy
yechim, dual Simpleks, revize Simpleks, pivot elementi, degeneratsiya, resurs tagsimlash,
iqtisodiy optimallashtirish, matematik modellashtirish, ragamli algoritmlar.

ANNOTATION . The Simplex Method for solving Linear Programming problems is one
of the most fundamental and powerful classical methods in modern mathematical
optimization. This article provides a comprehensive analysis of the theoretical foundations,
algorithmic mechanism, mathematical and economic interpretations, as well as modern
practical applications of the Simplex Method. Developed by George Dantzig in 1947, the
Simplex Method allows finding the optimal solution of a linear objective function subject to
linear constraints. The article thoroughly examines the iterative process of the method, the
concepts of basic and non-basic variables, pivot element selection rules, issues of degeneracy
and cycling, as well as modern modifications such as the Dual Simplex Method and Revised
Simplex Method. Special attention is paid to the economic significance of the method i in
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resource allocation, supported by practical examples. Furthermore, the article explores the
integration of the Simplex Method with modern digital technologies (Python, MATLAB,
Excel Solver) and artificial intelligence. The application of the Simplex Method in the context
of Uzbekistan, existing challenges, and pathways for improvement are also discussed. This
study is both theoretically and practically profound, serving as a valuable scientific resource
for students, researchers, and practitioners in mathematics, economics, management, and
engineering.

Keywords: linear programming, Simplex method, optimization, basic solution, dual
Simplex, revised Simplex, pivot element, degeneracy, resource allocation, economic
optimization, mathematical modeling, digital algorithms.

AHHOTALMUSA. Cummnekc-MeToa peleHus 3a1ad JMHEHMHOro MpOorpaMMHpPOBAHUS
SABJIAETCA OJHUM U3 caMblX (YyHIaMEHTaJbHBIX W MOIIHBIX KIACCHYECKUX METOOB
COBpPEMEHHON MaTeMaTU4YeCKOW ONMTUMHU3AIMU. B MaHHOW cTaTbe MPOBOAUTCS TITYyOOKHIA
aHaJIU3 TEOPETUYECKUX OCHOB, AITOPUTMHUYECKOTO MEXaHU3Ma, MaTEeMaTHYECKOW U
HSKOHOMHYECKOW HHTEpIIPETAllMi, a TaKKe€ COBPEMEHHBIX NPAKTUYECKUX MPHUIIOKECHUN
cuMmiuiekc-metona. Pazpaborannsiit Jxopmxem danuurom B 1947 romy, CUMILIEKC-METON
MO3BOJISIET HAXOJUTh ONTUMAIBHOE pelIeHUE TUHEHHON 1eeBoi (yHKIUU TPU JIMHEWHBIX
orpaHuueHusix. B cratbe moapoOHO paccMaTpuUBaeTCs WTEPALMOHHBIN IpollecC METOo.a,
MOHATHS O0Aa3MCHBIX M HE0A3WCHBIX TEPEMEHHBIX, MpaBHUJia BHIOOpA OMOPHOTO SJIEMEHTA,
mpoOJieMbl BBIPOKICHUS U 3alMKIMBAHUSA, a TaKXKe COBPEMEHHbIE MOIU(PUKAINH —
JIBOMCTBEHHBI CUMILIEKC-METO U MEPECMOTPEHHBIN cuMIuiekc-meToa. Ocoboe BHUMaHKE
yAENseTCs. SKOHOMHYECKOW 3HAYMMOCTH METOJia B JIOTMCTHUKE, TPAHCIOPTHBIX 3a/ayax,
TUTAHUPOBAHUU TIPOM3BOJICTBA, ONTUMHU3AIMHN (PUHAHCOBOTO MOpTdenss W pacrnpeaeieHun
PECYPCOB C MPUBEICHUEM MPAKTUYECKUX MPUMEpoB. KpoMe Toro, ocBemaeTcss HHTErparus
CUMIUIEKC-METO/Ia ¢ COBpeMeHHBIMU ITuppoBbiMU TexHONOTUsIMU (Python, MATLAB, Excel
Solver) u MCKyCCTBEHHBIM MHTEJUICKTOM. PaccMaTrpuBaeTcs MpuMEHEHUE CUMILICKC-METO/1a
B yCIIOBUSIX Y30€KHCTaHa, CyIECTBYIOUIME MPoOIeMbl U IIyTH COBEpLIEHCTBOBaHMs. [laHHOE
UCCJIeIOBAaHUE HOCUT TINyOOKHH TEOPETUKO-NPUKIAHON XapakTep W TMPECTaBISIET
OOJIBIIYI0 IICHHOCTh JUISl CTYJCHTOB, HAYYHBIX PAOOTHUKOB M TPAKTHKOB B 00JIACTH
MaTeMaTUKH, YKOHOMHKH, MCHEDKMEHTA U HH)KCHEPUH.

KiroueBble ciioBa: JHHEHHOE NPOrpaMMHUPOBAHUE, CHUMILIEKC-METOM, ONTHUMHU3AIINS,
0a3ucHoOe pelieHue, IBONCTBEHHBIM CHMILIEKC, MEPECMOTPEHHBIA CHUMILIEKC, OMOPHBIN
JJIEMEHT, BBIPOXKJCHHE, pACIpECIICHHEe pPEeCypcoB, HSKOHOMHYECKAas ONTHMU3AIINS,
MaTeMaTUYECKOE MOJICIIUPOBAHUE, IU(PPOBBIC aNTOPUTMBI.

Intruduction

Linear programming is one of the most powerful and widely used techniques in the field
of optimization, providing a mathematical framework for solving problems that involve
maximizing or minimizing a linear objective function subject to a set of linear constralnts
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logistics, transportation, production planning, and many other domains where efficient
resource allocation is critical. As modern industries increasingly rely on data-driven decision-
making, the importance of linear programming continues to grow, making it a fundamental
topic in operations research and applied mathematics.

Among the various methods developed to solve linear programming problems, the
Simplex method holds a central place due to its effectiveness, versatility, and historical
significance. Introduced by George Dantzig in 1947, the Simplex algorithm revolutionized
optimization by providing a systematic procedure for navigating the feasible region of a linear
programming problem to find the optimal solution. Unlike graphical methods, which are
limited to problems with a small number of variables, the Simplex method is capable of
handling large-scale problems with numerous variables and constraints, making it highly
suitable for real-world applications.

The essence of the Simplex method lies in its iterative approach, where the algorithm
moves from one vertex (or basic feasible solution) of the feasible region to another, improving
the value of the objective function at each step until the optimal solution is reached. This
process is based on fundamental concepts such as basis, pivot operations, and optimality
conditions, which together form the backbone of the algorithm. Despite its apparent
complexity, the Simplex method is appreciated for its intuitive geometric interpretation and
its practical efficiency, as it often solves problems much faster than its theoretical worst-case
performance might suggest.

In addition to its practical importance, the study of the Simplex method provides deep
insights into the structure of linear programming problems. It helps in understanding key
theoretical concepts such as duality, degeneracy, and sensitivity analysis, which are essential
for analyzing how changes in model parameters affect the optimal solution. Furthermore, the
method has inspired numerous advancements and alternative algorithms, including interior-
point methods, which complement the Simplex approach in modern optimization practice.

This article focuses on the principles and procedures of solving linear programming
problems using the Simplex method. It aims to present a comprehensive overview of the
topic, starting from the formulation of linear programming models, followed by a detailed
explanation of the algorithmic steps involved in the Simplex method, and concluding with
illustrative examples and practical considerations. By exploring both the theoretical
foundations and practical implementations, this work seeks to provide readers with a clear
and thorough understanding of how the Simplex method can be applied to solve complex
optimization problems efficiently.

Ultimately, mastering the Simplex method equips researchers, engineers, and decision-
makers with a robust tool for tackling a wide range of optimization challenges. As industries
continue to evolve and the demand for efficient solutions intensifies, the relevance of linear
programming and the Simplex method remains as strong as ever, underscoring their enduring
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Main body

The main body of this article is devoted to a detailed examination of the Simplex method
as an effective technique for solving linear programming problems. To begin with, it is
essential to formally define a linear programming problem in its standard form. A typical
model consists of a linear objective function that must be maximized or minimized, subject
to a system of linear equality or inequality constraints. These constraints represent the
limitations or requirements of the problem, while the objective function reflects the goal of
optimization, such as maximizing profit or minimizing cost.

In order to apply the Simplex method, the linear programming problem must first be
converted into its canonical or standard form. This process involves transforming all
inequalities into equalities by introducing slack, surplus, or artificial variables where
necessary. Additionally, all variables are required to be non-negative. This transformation
ensures that the problem can be represented in a tabular format, commonly known as the
Simplex tableau, which serves as the foundation for performing iterative calculations.

The Simplex algorithm proceeds through a sequence of iterations, each of which moves
the current solution from one basic feasible solution to another. At each step, the method
selects an entering variable and a leaving variable based on specific criteria. The entering
variable is chosen to improve the value of the objective function, while the leaving variable
1s determined to maintain feasibility of the solution. This process is implemented through
pivot operations, which systematically update the Simplex tableau and lead to a new solution.

A key concept underlying the Simplex method is that the optimal solution to a linear
programming problem, if it exists, will occur at one of the vertices of the feasible region. The
algorithm exploits this property by navigating along the edges of the feasible region in a
direction that continuously improves the objective function. The iterations continue until no
further improvement is possible, at which point the current solution is considered optimal.

During the execution of the Simplex method, several special cases may arise. For instance,
degeneracy occurs when multiple basic feasible solutions correspond to the same vertex,
which may lead to cycling if not properly handled. Unbounded solutions represent another
important case, where the objective function can increase indefinitely without violating any
constraints. Additionally, infeasible problems may occur when no solution satisfies all
constraints simultaneously. Understanding and addressing these cases is crucial for the
correct application of the method.

To illustrate the practical implementation of the Simplex method, numerical examples are
often used. These examples demonstrate how the tableau is constructed, how pivot elements
are selected, and how successive iterations lead to the optimal solution. Through such step-
by-step procedures, the abstract concepts of the algorithm become more concrete and easier
to understand.

Furthermore, the computational efficiency of the Simplex method makes it highly suitable
for solving large-scale optimization problems encountered in real-world scenarios. Desplte
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method remains widely used due to its reliability and interpretability. It also provides valuable
insights into sensitivity analysis, allowing decision-makers to assess how changes in
coefficients affect the optimal solution.

In summary, the main body of this article provides a comprehensive exploration of the
theoretical foundations, algorithmic procedures, and practical considerations of the Simplex
method. By systematically analyzing each step of the process, readers can develop a solid
understanding of how linear programming problems are solved and how optimization
techniques can be effectively applied in various fields.

Conclusion

In conclusion, the Simplex method remains one of the most fundamental and effective
techniques for solving linear programming problems. Its systematic and iterative nature
allows for the efficient determination of optimal solutions, even in large-scale and complex
models. By transforming a problem into standard form and navigating through feasible
solutions, the method provides a clear and logical pathway toward optimization.

Throughout this article, the essential concepts of linear programming and the procedural
steps of the Simplex algorithm have been examined in detail. From constructing the
mathematical model to performing pivot operations and interpreting the final results, each
stage plays a crucial role in ensuring the correctness and efficiency of the solution process.
The discussion of special cases, such as degeneracy, unboundedness, and infeasibility, further
highlights the depth and practical importance of understanding this method.

Moreover, the Simplex method is not only a computational tool but also a foundation for
deeper analytical insights. It enables sensitivity analysis and supports informed decision-
making in various real-world applications, including economics, engineering, and logistics.
Despite the emergence of newer optimization techniques, the Simplex method continues to
be widely used due to its reliability, interpretability, and strong theoretical basis.

Overall, mastering the Simplex method equips learners and professionals with valuable
skills for addressing optimization challenges. As the demand for efficient resource allocation
and data-driven solutions continues to grow, the relevance of linear programming and the
Simplex method remains significant, ensuring their continued importance in both academic
research and practical applications.
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