HOW TO MAKE A MATHEMATICAL MODEL

How To MAKE A MATHEMATICAL MODEL IS A CRUCIAL SKILL IN VARIOUS FIELDS, INCLUDING SCIENCE, ENGINEERING, ECONOMICS,
AND SOCIAL SCIENCES. MATHEMATICAL MODELING IS THE PROCESS OF REPRESENTING REAL-WORLD PHENOMENA THROUGH
MATHEMATICAL LANGUAGE AND CONCEPTS. BY CREATING A MATHEMATICAL MODEL, YOU CAN ANALYZE COMPLEX SYSTEMS,
PREDICT FUTURE OUTCOMES, AND DERIVE INSIGHTS THAT INFORM DECISION-MAKING. IN THIS ARTICLE, WE WILL EXPLORE THE
STEPS INVOLVED IN MAKING A MATHEMATICAL MODEL, THE TYPES OF MODELS YOU CAN CREATE, AND THE BEST PRACTICES TO
ENSURE YOUR MODEL IS EFFECTIVE AND RELIABLE.

UNDERSTANDING THE BASICS OF MATHEMATICAL MODELING

BEFORE DIVING INTO THE STEPS OF CREATING A MATHEMATICAL MODEL, IT’S ESSENTIAL TO UNDERSTAND WHAT MATHEMATICAL
MODELING ENTAILS. AT ITS CORE, A MATHEMATICAL MODEL IS AN ABSTRACT REPRESENTATION OF A SYSTEM USING
MATHEMATICAL CONCEPTS AND LANGUAGE. THE MODEL SERVES AS A SIMPLIFIED VERSION OF REALITY, CAPTURING THE ESSENTIAL
FEATURES OF THE SYSTEM WHILE IGNORING UNNECESSARY DETAILS.

WHY CREATE A MATHEMATICAL MODEL?

THERE ARE SEVERAL REASONS WHY MATHEMATICAL MODELING IS INVALUABLE:
- SIMPLIFICATION: MODELS HELP SIMPLIFY COMPLEX SYSTEMS, MAKING THEM EASIER TO ANALYZE.
- PrebicTION: THROUGH MODELING, YOU CAN PREDICT FUTURE BEHAVIOR BASED ON CURRENT DATA.

- OPTIMIZATION: MODELS CAN IDENTIFY THE BEST SOLUTIONS AMONG VARIOUS OPTIONS.
- INSIGHT: THEY PROVIDE INSIGHTS INTO THE RELATIONSHIPS BETWEEN DIFFERENT VARIABLES.

STeEPs To CREATE A MATHEMATICAL MODEL

CREATING A MATHEMATICAL MODEL CAN BE BROKEN DOWN INTO SEVERAL SYSTEMATIC STEPS. HERE’S A DETAILED LOOK AT EACH
STAGE OF THE MODELING PROCESS:

1. DEFINE THE PROBLEM

THE FIRST STEP IN MAKING A MATHEMATICAL MODEL IS TO CLEARLY DEFINE THE PROBLEM YOU WANT TO SOLVE. THIS INVOLVES:
- IDENTIFYING THE SYSTEM OR PHENOMENON YOU WISH TO STUDY.

- UNDERSTANDING THE OBJECTIVES OF YOUR MODELING EFFORT.
- DETERMINING THE QUESTIONS YOU WANT TO ANSWER WITH YOUR MODEL.

2. GATHER INFORMATION

ONCE THE PROBLEM IS DEFINED, THE NEXT STEP IS TO COLLECT RELEVANT DATA AND INFORMATION. THIS INCLUDES:

- HISTORICAL DATA: GATHER PAST DATA THAT MAY INFORM YOUR MODEL.
- LITERATURE REVIEW: LOOK FOR EXISTING RESEARCH OR MODELS RELATED TO YOUR PROBLEM.
- EXPERT CONSULTATION: SPEAK WITH EXPERTS IN THE FIELD TO GAIN INSIGHTS.



3. MAKE ASSUMPTIONS

EVERY MODEL IS BUILT ON A SET OF ASSUMPTIONS THAT SIMPLIFY THE REALITY OF THE SYSTEM. THESE ASSUMPTIONS MAY
INCLUDE!:

- LINEAR VS. NON-LINEAR RELATIONSHIPS.
- CONSTANT PARAMETERS VS. VARIABLE PARAMETERS.

- |GNORING CERTAIN FACTORS THAT ARE DEEMED INSIGNIFICANT.

MAKE SURE YOUR ASSUMPTIONS ARE REASONABLE AND JUSTIFIABLE, AS THEY WILL DIRECTLY IMPACT THE ACCURACY OF YOUR
MODEL.

4. FORMULATE THE MODEL

THIS STEP INVOLVES TRANSLATING YOUR PROBLEM INTO MATHEMATICAL TERMS. DEPENDING ON THE NATURE OF THE PROBLEM,
YOU MAY USE DIFFERENT TYPES OF MATHEMATICAL MODELS, SUCH AS:

- ALGEBRAIC MODELS: USE EQUATIONS TO REPRESENT RELATIONSHIPS BETWEEN VARIABLES.
- STATISTICAL MODELS: USE STATISTICAL METHODS TO ANALYZE DATA AND MAKE INFERENCES.

- DYNAMIC MODELS: USE DIFFERENTIAL EQUATIONS TO REPRESENT SYSTEMS THAT CHANGE OVER TIME.
- SIMULATION MODELS: USE ALGORITHMS TO SIMULATE THE BEHAVIOR OF COMPLEX SYSTEMS.

5. SoLVE THE MoDEL

ONCE THE MODEL IS FORMULATED, THE NEXT STEP IS TO SOLVE IT. THIS COULD INVOLVE:
- ANALYTICAL METHODS: IF THE MODEL IS SIMPLE, YOU MAY BE ABLE TO FIND AN EXACT SOLUTION.

- NUMERICAL METHODS: FOR MORE COMPLEX MODELS, NUMERICAL APPROACHES SUCH AS FINITE ELEMENT ANALYSIS OR MoNTE
CARLO SIMULATIONS MAY BE USED.

6. VALIDATE THE MODEL

V ALIDATION IS A CRITICAL STEP IN THE MODELING PROCESS. |T INVOLVES CHECKING WHETHER THE MODEL ACCURATELY
REPRESENTS THE REAL-WORLD SYSTEM. T O VALIDATE YOUR MODEL, CONSIDER:

- COMPARING MODEL PREDICTIONS WITH REAL-WORLD DATA.

- CONDUCTING SENSITIVITY ANALYSES TO SEE HOW CHANGES IN ASSUMPTIONS AFFECT OUTCOMES.
- PEER REVIEW: HAVE OTHERS REVIEW YOUR MODEL TO IDENTIFY POTENTIAL FLAWS.

7. ReFINE THE MODEL

BASED ON THE VALIDATION RESULTS, YOU MAY NEED TO REFINE YOUR MODEL. THIS COULD INVOLVE:

- ADJUSTING ASSUMPTIONS OR PARAMETERS.
- INCORPORATING ADDITIONAL FACTORS OR VARIABLES.
- SIMPLIFYING THE MODEL IF IT IS TOO COMPLEX.

REFINING THE MODEL IS AN ITERATIVE PROCESS, AND IT MAY TAKE SEVERAL CYCLES OF VALIDATION AND REFINEMENT TO ACHIEVE
A RELIABLE MODEL.



TyPeES oF MATHEMATICAL MODELS

MATHEMATICAL MODELS CAN BE CLASSIFIED INTO SEVERAL CATEGORIES BASED ON THEIR CHARACTERISTICS AND APPLICATIONS:

1. DETERMINISTIC MODELS

THESE MODELS PROVIDE A PRECISE OUTCOME GIVEN A SET OF INITIAL CONDITIONS. THEY DO NOT ACCOUNT FOR RANDOMNESS
OR VARIABILITY. EXAMPLES INCLUDE:

- LINEAR REGRESSION MODELS.
- SYSTEMS OF EQUATIONS.

2. STOCHASTIC MODELS

STOCHASTIC MODELS INCORPORATE RANDOMNESS AND UNCERTAINTY, ALLOWING FOR VARIABILITY IN OUTCOMES. THEY ARE
USEFUL FOR MODELING COMPLEX SYSTEMS WHERE NOT ALL FACTORS ARE KNOWN. EXAMPLES INCLUDE:

- MARKOV CHAINS.
- (QUEUING MODELS.

3. STATIC MODELS

STATIC MODELS ANALYZE A SYSTEM AT A SPECIFIC POINT IN TIME. THEY ARE USEFUL FOR SITUATIONS WHERE CHANGES OVER
TIME ARE NOT SIGNIFICANT. EXAMPLES INCLUDE:

- ECONOMIC EQUILIBRIUM MODELS.
- STRUCTURAL MODELS.

4. DynaMIC MODELS

DYNAMIC MODELS FOCUS ON HOW A SYSTEM CHANGES OVER TIME. THEY ARE ESSENTIAL FOR UNDERSTANDING PROCESSES THAT
EVOLVE. EXAMPLES INCLUDE:

- POPULATION GROW TH MODELS.
- CLIMATE CHANGE MODELS.

BesT PRACTICES FOR CREATING MATHEMATICAL MODELS

T O ENSURE THE EFFECTIVENESS OF YOUR MATHEMATICAL MODEL, CONSIDER THE FOLLOWING BEST PRACTICES:

- KEEP IT SIMPLE: START WITH A SIMPLE MODEL AND ADD COMPLEXITY ONLY AS NEEDED.

- DOCUMENT EVERYTHING: THOROUGHLY DOCUMENT YOUR ASSUMPTIONS, METHODS, AND RESULTS.

- COLLABORATE: WORK WITH OTHERS TO GATHER DIFFERENT PERSPECTIVES AND EXPERTISE.

- USE SOFTWARE TOOLS: LEVERAGE MATHEMATICAL MODELING SOFTWARE TO AID IN CALCULATIONS AND SIMULATIONS.
- | TERATE: BE PREPARED TO REVISIT AND REVISE YOUR MODEL AS NEW DATA BECOMES AVAILABLE.



CoNcCLUSION

IN CONCLUSION, LEARNING HOW TO MAKE A MATHEMATICAL MODEL IS AN INVALUABLE SKILL THAT CAN ENHANCE YOUR ANALYSIS
AND DECISION-MAKING CAPABILITIES. BY FOLLOWING THE SYSTEMATIC STEPS OUTLINED IN THIS ARTICLE—DEFINING THE
PROBLEM, GATHERING INFORMATION, MAKING ASSUMPTIONS, FORMULATING THE MODEL, SOLVING IT, VALIDATING, AND
REFINING—YOU CAN CREATE EFFECTIVE MATHEMATICAL MODELS THAT PROVIDE INSIGHTS INTO REAL-\WORLD PHENOMENA.
W/HETHER YOU ARE WORKING IN ACADEMIA, INDUSTRY, OR RESEARCH, MASTERING THE ART OF MATHEMATICAL MODELING WILL
ENABLE YOU TO TACKLE COMPLEX PROBLEMS WITH CONFIDENCE.

FREQUENTLY AskeD QUESTIONS

\WHAT IS A MATHEMATICAL MODEL?

A MATHEMATICAL MODEL IS A REPRESENTATION OF A SYSTEM OR PROCESS USING MATHEMATICAL CONCEPTS AND LANGUAGE TO
ANALYZE AND PREDICT ITS BEHAVIOR.

\WHAT ARE THE STEPS TO CREATE A MATHEMATICAL MODEL?

THE STEPS TYPICALLY INCLUDE DEFINING THE PROBLEM, MAKING ASSUMPTIONS, FORMULATING THE MODEL, SOLVING THE MODEL,
AND VALIDATING THE RESULTS AGAINST REAL-WORLD DATA.

\WHAT TYPES OF MATHEMATICAL MODELS ARE COMMONLY USED?

COMMON TYPES INCLUDE DETERMINISTIC MODELS, STOCHASTIC MODELS, LINEAR MODELS, NONLINEAR MODELS, AND DYNAMIC
MODELS.

How Do | CHOOSE THE RIGHT VARIABLES FOR MY MODEL?

CHOOSING THE RIGHT VARIABLES INVOLVES IDENTIFYING THE KEY FACTORS THAT INFLUENCE THE SYSTEM, CONSIDERING THE
RELATIONSHIPS BETWEEN THEM, AND ENSURING THEY CAN BE QUANTITATIVELY MEASURED.

\WHAT ROLE DO ASSUMPTIONS PLAY IN MATHEMATICAL MODELING?

ASSUMPTIONS SIMPLIFY THE REAL-\WORLD COMPLEXITIES, ALLOWING FOR A MANAGEABLE MODEL. HO\X/EVER, THEY MUST BE
REALISTIC TO ENSURE THE MODEL'S VALIDITY.

How CAN | VALIDATE MY MATHEMATICAL MODEL?

V ALIDATION CAN BE DONE BY COMPARING THE MODEL'S PREDICTIONS WITH ACTUAL DATA, CONDUCTING SENSITIVITY ANALYSIS,
AND CHECKING FOR CONSISTENCY WITH ESTABLISHED THEORIES.

WHAT SOFTWARE TOOLS CAN ASSIST IN DEVELOPING MATHEMATICAL MODELS?

POPULAR SOFTWARE TOOLS INCLUDE MATLAB, PyTHON (WITH LIBRARIES LIKE NUMPY AND SCIPY), R, AND SPECIALIZED
MODELING TOOLS LIKE SIMULINK.
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