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Abstract. In this article, the authors present three didactic examples
of using Chat GPT in mathematical programming optimization tasks:
linear programming, nonlinear programming and convex programming.
These examples are analyzed in terms of the correctness of the methods
used and the solutions obtained. The article also describes a didactic
experiment with the participation of Informatics and Econometrics stu-
dents of Warsaw University of Life Sciences, consisting in solving opti-
mization tasks on their own using Chat GPT. The final conclusions of
the article also present a comparison of the approach based on the CAS
methodology and the approach using Chat GPT.
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1 Introduction

Chat GPT (Chat Generative Pre-trained Transformed) was developed by re-
search organization OpenAl and launched in November 2022. It is available in
online versions: a free version based on GPT-3.5 and more advanced commercial
versions based on GPT-4 and GPT-4o [11,9]. Based on the LLM (Large Lan-
guage Model), Chat GPT works by learning statistical language patterns from
huge databases of online texts, which also contain various types of false informa-
tion and outdated knowledge. It allows users to conduct and refine conversations,
and subsequent answers, questions and suggestions are treated as context at ev-
ery stage of the conversation. It can both download and create images, as well
as use math and coding software [11,13,16,7]. Chatbots, in general, can gen-
erate fabricated information called hallucinations. The topic of using artificial
intelligence, in particular Chat GPT, in teaching and learning various subjects -
including mathematics and computer science - has been undertaken and widely
discussed in recent years [5,4, 14, 17,3, 6, 15,12, 1, 2,10]. Assessing the usefulness
of Chat GPT in learning and teaching mathematics requires solving a number of
computational tasks from different areas, with different levels of difficulty, and
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analyzing obtained solutions. For example, in the article [15] a scan of solving
a quadratic equation in a math lesson using GPT Chat is presented. The paper
[17] contains scans from GPT Chat sessions presenting solving algebraic equa-
tions, calculating the limit of a function of one variable and elementary geometry
tasks using the Pythagorean theorem.

Related articles highlight the educational utility of Chat GPT as a compre-
hensive tool that provides users with access to basic knowledge of mathematics
and other fields, including access to basic definitions, methods, instructions and
algorithms. On the other hand, attention was also drawn to Chat GPT’s lack of
deep understanding of some issues, as well as the lack of effective opportunities
to correct its "false beliefs". It is also worth emphasizing that the creators of
Chat GPT themselves recognize the limitations of current versions of Chat GPT
in solving mathematical problems, stating that Chat GPT is good at writing
texts but is less effective in mathematical computations where there is a specific
final answer [8].

Chat GPT has become a popular tool in the last two years, also among
students e.g. at the Faculty of Applied Informatics and Mathematics of Warsaw
University of Life Sciences, a student research club dedicated to Chat GPT has
been operating for some time. This paper takes up the subject of usefulness
of Chat GPT as a didactic tool in teaching and learning advanced topics and
optimization algorithms in mathematical programming. Several quite typical
calculation tasks are analyzed, falling within the scope of course subjects such
as Mathematical Analysis and Mathematical Programming.

2 The analyzed examples

Three examples of calculation tasks will be analyzed: linear programming (LP)
task, nonlinear programming (NLP) task and convex programming (CP) task.
For the LP task, we will analyze Chat GPT’s use of two methods: the graphical
method and the simplex algorithm. For the NLP task, we will analyze Chat
GPT’s use of the Karush-Kuhn-Tucker conditions method (KKT). And for the
CP task, we will analyze Chat GPT’s use of the method based on the fact that a
local minimum of a strictly convex function in a convex region is also the global
minimum of this function.

Presented scans are fragments of solutions proposed by Chat GPT. They
come from a Chat GPT sessions using version based on GPT-4. The sessions
were held in April 2024.

3 Selected Chat GPT scans for the LP task

Scan 1 shows the initial form of the LP task, the task formulation in standard
form by Chat GPT, and the correct final answer.
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() You
Solve the following linear programming problem: minimize f(xy)=-x+y, subject to: -2x+y<=1, -x-
y<=-1, 3x+y<=6, x>=0, y>=0.

@ ChatGPT
To solve this linear programming problem, we will directly apply a linear programming solver. The

problem is to minimize the objective function f(z,y) = —x + y subject to the constraints:

1. 2z4+y<1
—z—y< -1

3.3z +y <6

4. 2>0

5.4 =20

Let's use a linear programming solver to find the solution.

The solution to the linear programming problem is = 2 and ¢y = (), with the minimum value of
the objective function f(.L y) = —x —+ y being —2. This means that the optimal solution

minimizes the given function to —2 within the specified constraints. -]

Fig. 1. The initial form of the LP task

3

Scan 2 contains a question about the method used to solve the LP task and

the answer that the "linprog" function from the SciPy library was used.

C} You
What method was used to solve linear programming problems?

@& ChatGPT
To solve the linear programming problem, | used the *linprog" function from the SciPy library,
specifying the "highs™ method. The "highs™ method refers to a collection of high-performance
solvers for linear programming (LP), mixed-integer linear programming (MILP), and related
problems. These solvers are designed to be efficient and robust for a wide range of linear
programming tasks. The “highs* method includes implementations of the dual revised simplex
algorithm, the primal simplex algorithm, and an interior point method, among others, providing a

modern and powerful approach to solving linear optimization problems in Python.

Fig. 2. Method used to solve the LP task

Scan 3 contains a command to draw the feasible region for the LP task. The
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@ You
Plot feasible set for graphical method
© ChatGPT
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Here is the plot showing the feasible region for the given linear programming problem. The
shaded area represents the feasible set determined by the intersection of the constraints within
tha first quadrant, as both & and y are required to be non-negative. The boundaries of this region
are defined by the lines representing each constraint, and the feasible region is where all these
constraints overlap. (-]

Fig. 3. Chat GPT feasible region for the LP task
The correct feasible region for the LP problem drawn in Mathematica is
shown in Fig. 4 The graphical method of solving LP tasks is based on a correct
drawing of the feasible region taking into account all the vertices of this region.

Fig. 4. Feasible region for the LP task drawn in Mathematica
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Scan 5 presents the so-called canonical form of the LP task. It is required by
the simplex algorithm and created from the standard form. Then, subsequent
simplex tables are created until the optimal table is obtained in which the optimal
solution and the optimal value of the objective function are determined.

Ry,
( ) You

Present simplex tables in matrix form for this problem

@ ChatGPT
Creating simplex tables in matrix form for this problem involves representing the initial setup and
subsequent iterations of the simplex algorithm in a structured, table-like format. Since direct
computation had a glitch earlier, let's outline how these tables would be structured manually for

the given problem:

Problem Conversion to Standard Form

First, convert the given linear programming problem into standard form by introducing slack

variables (5], 52, §3) to convert inequalities into equations:

—2z+y+s5=1
—z—y+8=-1

3.3z +y+s83=06
And we aim to minimize the objective function:

Z=—-z+y

Fig. 5. Canonical form of the LP task

Scan 6 shows the initial simplex table presented by Chat GPT with commen-
tary on the method of creating subsequent simplex tables. Despite additional
commands, we were unable to "persuade" Chat GPT to create further simplex
tables beyond the initial one.

To sum up: Chat GPT provided the correct solution of the LP task at the
beginning. The drawing of the feasible region, which is the basis for the graphical
method, was not correct. We were unable to create any simplex tables other than
the first one using Chat GPT. Chat GPT provided rules for creating further
simplex tables but did not create them.
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Initial Simplex Table in Matrix Form

The initial simplex table includes the coefficients of the decision variables &, y, slack variables

51, 82, 83, and the objective function Z, structured as follows:

Basis x ] 8 82 83 RHS

s -2 1 1 0 0 1

59 -1 -1 0 1 0 -1

53 3 1 0 0 1 6

z 1 | 0 0 0 0
Steps for Simplex Method

Identify the Entering Variable: Choose the variable with the most negative coefficient in the

objective function row. If all coefficients are non-negative, the current solution is optimal.

2 |dentify the Leaving Variable: Determine the leaving variable by dividing the RHS by the positive

coefficients of the entering variable in each constraint row. The smallest non-negative ratio
indicates the pivot row.

Pivot and Update: Perform row operations to make the coefficient of the entering variable 1 in
the pivot row and ) in all other rows, updating the table.

Repeat: Continue this process until all coefficients in the objective function row are non-negative,

indicating an optimal solution has been reached.

Notes on Completing the Problem

" For each iteration, recalculate the RHS and coefficients based on the row operations performed
to ensure the entering variable becomes the basic variable in the pivot row.

" The tableau method is iterative and requires careful calculation at each step to ensure accuracy.

Given the limitations of our current environment for directly calculating and displaying these
tables, and the hiccup in direct computation, you might find it insightful to use dedicated linear
programming software or tools for performing these calculations, which can automate the

simplex process and provide detailed output, including simplex tables at each iteration.

Sca,

Fig. 6. Initial simplex table and commentary

Selected Chat GPT scans for the NLP task

n 7 presents the initial form of the NLP task for KKT method.
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% Anonymous

Using Karush-Kuhn-Tucker conditions solve the nonlinear programming problem: maximize function
f(x,y)= x+3y , subject to: 9-x"2-y*2>=0.

ChatGPT
To solve the nonlinear programming problem using Karush-Kuhn-Tucker (KKT) conditions, let's first

establish the components:

Objective Function:

fley) =z + 3y

Constraint:

gle,y)=9 2>y >0

Fig. 7. The initial form of the NLP task

Scan 8 demonstrates the KKT conditions presented by Chat GPT. This is
a kind of its own didactic commentary. There was no command on our part to
present these conditions.

The Lagrangian for this problem is:

L(z,y,A) = f(z,9) + A-g9(z,y) ==+ 3y + A9 — 2% — ¢?)

KKT Conditions:

Stationarity:

VL(z,y,A) =0

Primal feasibility:

g(z,y) > 0

Dual feasibility:

A>0

Complementary slackness:

A-g(z,y) =0

Fig. 8. KKT conditions presented by Chat GPT

Scan 9 presents two solutions of the system of equations from condition 1,
only one of which meets condition 3. Details of solving the system of equations
were presented by Chat GPT (We omitted this scan).
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Compute Stationarity:

Solve the system of equations derived from the partial derivatives of L with respect to , , and A

Let's proceed to compute these derivatives and solve the resulting system of equations.

@

The system of equations yields two sets of solutions for , y, and A:

310 910 A Y10
10 ¢ = 10 7 6
310 9y/10

= Y= A=

10 9 10

T=
V10
G

Again, the dual feasibility condition (A > () allows only the second solution, as A must be non-negative.

Thus, the optimal solution that maximizes the function f(x,y) = = | 3y under the constraint 9
2 310 W10

Py > 0isz = L=

x 10 10 -

Fig. 9. The solutions of the system of equations

Scan 10 shows compliance of the obtained solution with the remaining con-
ditions: 4 and 2. The solution of the NLP task obtained by Chat GPT meets all
four KKT conditions.

Verify with Complementary Slackness and Primal Feasibility:

* Complementary Slackness: A - g(z,y) = 0
* Primal Feasibility: g(z, y) > 0

We can compute the constraint g (i, y) with the chosen 2 and y to confirm these conditions. (-]

; ; i 9l " o m — SWVI0
Th/e_constramtfunctlon g(z,y) =9 — x° — y* evaluatesto [ for the valid solution 2 = =\7=,y =
910
0

condition and the primal feasibility condition. Therefore, this solution indeed maximizes the function

and the product of A and g(z, y) is also 0. This satisfies both the complementary slackness

flz,y) = & + 3y under the given constraint, and all KKT conditions are satisfied. [>-]

Fig. 10. Verify with complementary slackness and primal feasibility conditions

Scan 11 presents the GPT Chat’s response to the command to present feasible
region for the NLP task with the optimal solution.
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& ChatGPT
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The plot above shows the feasible set for the optimization problem, with the circle representing
the constraint 9 — z* y* (). The red dot indicates the optimal solution (x, ) =

( —“’% —"J; ),whlch maximizes the function f( r,y) T 3y within this feasible region. This
point is clearly located at the boundary of the feasible set, aligning with the constraints of the
problem. (-] 4

Fig. 11. Feasible region for the NLP task with the optimal solution

The drawing of the feasible region is correct. The obtained solution of the
NLP task should be considered fully correct. It additionally contains the GPT
Chat’s own comments of a didactic nature.

The obtained solution is given in symbolic form. When we asked Chat GPT:
what computational program was used by the Chat to obtain a response in
symbolic form, the answer was: the Python library for symbolic computations
called SymPy was used. Plots were created by Chat GPT using Matplotlib, a
widely used library in Python for generating static interactive and animated
visualizations.

5 Selected Chat GPT scans for the CP task

Scan 12 demonstrates the initial form of the CP task. We will use the method
based on the fact that a local minimum of a strictly convex function in a convex
region is also the global minimum of this function.
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9 Anonymous
By analyzing the convexity of the function in the feasible region solve the following convex
programming problem: minimize function f(xy)= Exp(x)(x+y*2) , subject to: 2x+6y+3>=0, -2x+6y-3<=0,
x<=0.

@ ChatGPT
To solve the convex programming problem using convexity analysis of the function within the feasible

region, let’s detail the approach step-by-step:

Problem Recap:
Objective Function:
f(z,y) = e*(z +4?)

Constraints:

1.2r+6y+3=20
2. -2x4+6y—-3<0
3.2<0

Fig. 12. The initial form of the CP task

Scan 13 contains the convexity analysis performed by Chat GPT with respect
to the function f(x,y) as well as feasible region of the CP task. The feasible
region is convex and the function f(z,y) is strictly convex in the feasible region.
It additionally contains Chat’s didactic commentary on the method of solving
the task.

Analyze Convexity:

The function f(z,y) = €”(x + y?) is being analyzed for convexity. The exponential function e is
convex,and & - y2 is convex because x is a linear (and hence convex) function and y"’ is a standard

convex function as its second derivative is positive.

The product of two convex functions where at least one is non-decreasing and non-negative (in this
case, €” is non-decreasing and non-negative over the domain of interest) is also convex. Hence,

f(z,y)is convex.

Analyze Feasible Region:

The constraints define a feasible region which is the intersection of linear inequalities and a half-plane

defined by & << (). This region is convex because it is defined by linear inequalities.

Solving the Convex Problem:

In convex optimization, if the objective function is convex and the constraints define a convex feasible
region, any local minimum is also a global minimum. Therefore, we only need to find a critical point

within the feasible regicn to determine the minimum.

Fig. 13. Convexity analysis

ICCS Camera Ready Version 2025
To cite this paper please use the final published version:
DOIJ10.1007/978-3-031-97573-8_23 |



https://dx.doi.org/10.1007/978-3-031-97573-8_23
https://dx.doi.org/10.1007/978-3-031-97573-8_23

The use of the Chat GPT to solve mathematical programming tasks 11

Scan 14: due to a problem that occurred when comparing symbolically calcu-
lated objective function values, Chat GPT decided to choose a numerical method
of calculating these values to determine which of them is the minimum.

e Anonymous
Plot the feasible set for this problem and indicate the optimal solution of the problem.

@ ChatGPT
@ r analy ] v
It seems there was an issue when comparing the values of the objective function computed
symbolically. To resolve this, | will evaluate these values numerically to determine which provides the
minimum. After obtaining the numerical values, I'll then plot the feasible region along with the optimal

solution point. Let's compute and plot this correctly. [>-)

Fig. 14. Chat GPT decided to choose a numerical method
Scan 15 presents feasible region for the CP task with the optimal solution
(—1.03,—0.16) determined numerically. Symbolically determined coordinates of
the minimum point are (—1,0).

@& ChatGPT
Feasible Region with Optimal Solution 10
4
2 s
S
°
L=
_f a3, -0.16) 3
> 0
— g
L
-
=
-2 <
-4}
-5 -4 =3 -2 =1 0 1 =
x
The feasible region is displayed with the optimal solution marked by & red dot. The coordinates of
the optimal soluticn are r == — 1.03 and y == - .16, with the cbjective function value at this
point being approximately - 0.36.
This plct effectively visualizes where the minimum of the function f(x,y) = <" (x | y*) occurs
within the defined constraints, emphasizing the utility of both analytical and graphical methods in
solving convex optimization problems. [»)

Fig. 15. Feasible region with optimal solution of CP task

The drawing of the feasible region is correct. But in reality, the optimal point
lies inside the feasible region, not on its boundary.
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Chat GPT examined the convexity of the feasible region and the objective
function but determined the coordinates of the optimal point only approximately.
Nevertheless, in the commentary it described a way to determine the global
minimum as the local minimum of a strictly convex function on a convex set.

6 Didactic experiment

The three examples of using GPT Chat to solve mathematical programming
(MP) tasks presented above were prepared by us. As a part of the MP course
for students of Informatics and Econometrics of Warsaw University of Life Sci-
ences, we solve a certain number of calculation tasks in the field of linear and
nonlinear programming during lectures and exercises. The didactic experiment
consisted of using Chat GPT to solve certain selected computational tasks pre-
viously solved during MP classes and assessing the usefulness of Chat GPT in
solving these tasks. Six students attending MP classes and declaring their abil-
ity to use Chat GPT, volunteered for the experiment. We have not used GPT
Chat before in MP classes. Each student participating in the experiment had to
choose two tasks from the tasks we had previously solved during the exercises:
one LP task and one NLP task and solve them using Chat GPT and then assess
the usefulness of GPT Chat in solving these tasks. They used version 3.5 or 4.0
of Chat GPT. Students sent us scans of the solutions they received with their
own comments. The students’ experiences were similar to ours. Virtually all stu-
dents had problems solving the LP task using the graphical method and/or the
simplex algorithm with the help of Chat GPT. They had to formulate additional
questions or suggestions in the form of a dialogue with Chat GPT to obtain final
solutions. They did much better with the NLP task using the KKT method or
the Lagrange multipliers method. In the NLP task, almost all students received
the correct solution in the first attempt. In comments sent to us, students em-
phasized that Chat GPT is an imperfect tool for solving PM tasks and does not
guarantee the correctness of the solutions obtained. On the other hand, they
emphasized that the descriptive comments and tips formulated by Chat GPT
were useful and educational for them.

7 Conclusions

Chat GPT is a new educational tool and in publications of recent years one can
come across innovative attempts to use Chat GPT in education — testing Chat
GPT in various examples of educational applications attempts to assess its di-
dactic usefulness. This paper addresses the topic of the usefulness of Chat GPT
as a didactic tool in learning and teaching optimization algorithms within such
course subjects as Mathematical Programming or Mathematical Analysis. Three
computational tasks were presented and analyzed: LP, NLP and CP task solved
using Chat GPT. In the articles [18, 19], the authors discussed the topic of teach-
ing MP using CAS programs such as Mathematica or wxMaxima. If we compare
the approach in MP teaching based on the use of CAS with the approach based
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on the use of Chat GPT, some similarities and differences are visible. Both CAS
and Chat GPT programs use symbolic calculus and graphics to visualize math-
ematical objects. CAS programs such as Mathematica, however, are much more
specialized when it comes to access to various mathematical tools. On the other
hand, when comparing CAS and Chat GPT, the way the user communicates
with the program is different. The advantage of using Chat GPT’s help when
solving mathematical tasks is undoubtedly the ease of formulating commands
and questions. They only need to be formulated in a descriptive form using
everyday language, unlike specialized CAS programs such as Mathematica, Wx-
Maxima or Maple, which require the use of formal, precise notation. It is worth
emphasizing that Chat GPT adds its own didactic comments to the solution of
the task, describing the chosen solution method. It seems that such a way of
presenting the issue could be useful for pupils and students in their own work
and for teachers and lecturers as a material to use during lessons, exercises or
lectures. Nevertheless, interactive dialogues with GPT Chat are often necessary
to guide it to correct solutions.

As seen in the presented examples, Chat GPT can make substantive errors.
It did not correctly determine the feasible region in the graphical method of the
LP task, nor did it create subsequent simplex tables (only the initial one) for
the simplex method in this task, limiting itself only to describing the rules for
creating these tables. It was also visible that the solution to the task presented
by Chat may depend on the current knowledge of Chat GPT on this subject.
Students informed us that in the case of the LP task solved graphically, they
had to formulate additional questions or commands to guide Chat to the right
solution path. In the opinion of students taking part in the experiment, using
the Chat GPT to solve MP tasks did not provide certainty as to the correctness
of the solutions obtained. Students declared problems with obtaining the correct
solution to the LP task using the graphical method as well as the simplex algo-
rithm with the help of Chat GPT. On the other hand they found the comments
and tips presented by the Chat useful. Taking all this into account, due to the
possibility of Chat GPT giving incorrect answers (creating hallucinations), it
would be difficult to consider Chat GPT in the currently available versions as
a fully reliable tool that can be used to learn and teach advanced optimization
issues in the field of mathematical programming or mathematical analysis. It
may be no less interesting in this context to follow the development, changes
and improvement of mathematical possibilities in subsequent versions of Chat
GPT.

Disclosure of Interests. The authors have no competing interests to declare that
are relevant to the content of this article.
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