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Abstract—The application of linear equations to 

investigate and maximize caloric and macronutrient needs 

for three main fitness goals—cutting, bulking, and body 

recomposition—is investigated in this work. Given the 

growing interest in nutrition and exercise, accurate and 

flexible approaches for computing nutritional requirements 

have become ever more critical. The suggested approach 

uses linear equations to offer a methodical foundation for 

customizing diet regimens depending on personal criteria 

including basal metabolic rate (BMR), activity level, and 

fitness goals. Emphasizing the balance between protein, 

carbohydrates, and fats, we create equations to estimate 

macronutrient distribution and calorie consumption using 

accepted nutritional guidelines. Hypothetical case studies 

comparing results for people with different fitness goals help 

to validate the approach. The stress model requires calorie 

deficits for reducing programs, but it keeps enough protein 

to maintain lean muscle. Calculating calorie surpluses with 

an eye on maximizing muscle building and reducing fat 

accumulation helps bulking programs. Through calculated 

calorie and macronutrient changes, the model combines a 

dynamic strategy to balance fat loss and muscle gain for 

body recomposition. The results show that a scalable and 

flexible method for customized nutrition planning is 

provided by linear equations. By offering a mathematical 

basis for trainers, fitness enthusiasts, and researchers to 

approach nutrition more analytically, this work closes the 

theoretical and practical divide. The integration of machine 

learning methods to improve the adaptation of these 

equations for various populations and dietary preferences 

will be the main emphasis of next research. 
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I.   INTRODUCTION 

Regular physical activity and a suitable diet help two 

main factors greatly affect fitness goals including weight 

reduction (cutting), muscle mass growth (bulking), or 

changes in body composition (body recomision). The 

body runs on nutrition to maintain physical activity, heal 

damaged muscle tissue, and maximize metabolic 

processes. But depending on gender, age, weight, height, 

degree of physical activity, and particular fitness goals, 

dietary needs differ significantly among people. 

 

Mathematical approaches such the use of linear 

equations have become well-liked for evaluating dietary 

requirements as nutritional research and technology 

develop. By modeling interactions between factors like 

body weight, activity levels, and fitness goals, linear 

equations let one precisely estimate caloric needs and 

macronutrient distributions (carbohydrates, proteins, fats). 

Linear equations can help to build customized food 

regimens in the setting of fitness. This method helps to 

determine daily macronutrient and calorie needs as well 

as the ideal ratios required to support programs for body 

recomposition, bulking, or reducing. It offers an easily 

available framework for pragmatic uses in addition to a 

simple, scientifically based approach for developing 

measurable dietary programs. 

 

The misallocation of macronutrients is one of the most 

often encountered obstacles for those aiming at fitness. 

Frequent mistakes in estimating calorie or protein needs 

as well as in ignoring appropriate carbohydrate and fat 

ratios abound. Many times, lack of thorough knowledge 

of sports nutrition leads to these errors. Furthermore 

complicating good nutritional planning is the lack of 

precise, simple-to-use tools. 

 

This work aims mostly to create a mathematical model 

based on linear equations to forecast individual calorie 

and macronutrient requirements using personal weight 

data. Moreover, this work suggests the creation of a web 

application depending on the chosen exercise program 

that computes the necessary consumption of protein, fat, 

carbs, and total calories. This work hopes to help people 

reach their fitness and health objectives by offering exact 

and useful tools for nutritional planning. 

 

A basic idea in linear algebra, linear equation systems 

find extensive use in mathematics, physics, engineering, 

economics, and computer science among other fields. 

Applying this idea to programs in cutting, bulking, and 
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body recomposition will help one ascertain the necessary 

consumption of fat, carbs, and protein for particular 

fitness goals. For instance, first calorie needs calculated 

from past studies can act as a baseline if someone 

weighing 67 kg wants to pursue a reducing program. By 

means of a system of linear equations, the exact 

carbohydrate needs can be computed depending on the 

known caloric values of every macronutrient, therefore 

guaranteeing a balanced and efficient dietary program.  

 

II.  BASIC THEORY 

A. System of Linear Equation Definition 

A system of linear equations is a set of linear 

equations whose variables do not contain 

exponentials, trigonometric functions (such as sin, 

cos, etc.), multiplication, division by other variables 

or itself. In other words, each equation in this system 

only involves addition, subtraction, and 

multiplication operations between constants and 

variables. 

A system of linear equations can consist of a 

number of interrelated equations and have a limited 

number of independent variables.  

B. The general form of a system of linear equations with 

m equations and n variables x1 , x2, …, xn: 

1.  Ax=b form 

 
Fig. 1. Ax=b form (Source: [1]) 

2.  Matrix form 

 
Fig. 2. Matrix form (Source: [1]) 

3.  Multiple of matrix form  

 
Fig. 3. Multiple of matrix form (Source: [1]) 

4.  Augmented matrix form 

 
Fig. 1. Augmented matrix form (Source: [1]) 

C. Gauss Elimination Method 

The Gaussian elimination method is a way to solve 

a system of linear equations by changing the 

augmented matrix into a simpler version, specifically 

the row echelon form. A matrix is considered to be in 

row echelon form if it satisfies these specific 

conditions [3] :  

1. If a row has any nonzero elements, the first one 

should be 1, which is referred to as the “leading one.”  

2. If there’s a row where all the elements are zero, 

that row should be moved to the bottom of the 

matrix.  

3. Each “leading one” in the lower row is 

positioned in the rightmost column compared to the 

“leading one” in the upper row. 

 
Fig. 4. Eselon Row Matrix (Source: [3]) 

To form a row echelon matrix, we use elementary 

row operations (OBE), which include three different 

types of operations. 

1. Multiply one row by a non-zero number. 

2. Swapping two rows. 

3. Adding multiples from one row to another row 

 
Fig. 5. Gauss Elimination Method (Source: [3]) 

Once the matrix is simplified to row echelon form, 

you'll end up with a set of equations that are simpler 

to solve. The solution to the system of equations can 

be found easily through back substitution. 

 

D. Nutrition in Fitness 

Calories: A calorie is a unit of energy required by 

the body to perform physiological functions and 

physical activities[4]. To maintain body weight, a 

person needs to consume calories according to their 

Total Daily Energy Expenditure (TDEE) [4]. 

Total Daily Energy Expenditure (TDEE), which 

shows the total number of calories the body burns in 

a 24-hour period, is tightly related with weight 

control [5]. The Body Mass Index (BMI) defines 

body composition, so TDEE is crucial for good 

weight control. Both the physical activity level (PAL) 

and the basal metabolic rate (BMR) affect TDEE [5].  

The basal metabolic rate (BMR) is the total 

calories the body needs for essential activities 

including nerve circulation, digesting, breathing, 

temperature control [5]. The process defined in terms 

of `Physical Activity` is the body movement evoked 

by the skeletal muscles causing energy consumption 

[5]. 
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Macronutrients: Macronutrients are the primary 

components of food that provide energy [5]. There 

are three main types of macronutrients: 

• Protein: Used for muscle repair and 

growth, as well as supporting other bodily 

functions [5]. 

• Carbohydrates: The body's primary 

source of energy, especially during 

intense physical activity [5]. 

• Fats: A backup energy source, important 

for cell health and hormone regulation 

[5]. 

E. Fitness Goals and Energy Requirements 

Achieving fitness goals such as cutting, bulking, or 

body recomposition requires a clear understanding of 

energy balance and macronutrient needs: 

• Caloric Surplus: This occurs when an 

individual consumes more calories than 

their Total Daily Energy Expenditure 

(TDEE) [7]. A surplus is essential for 

bulking, where the goal is to promote 

muscle growth by providing the body 

with sufficient energy and nutrients.  

• Caloric Deficit: A deficit is created when 

an individual consumes fewer calories 

than their TDEE [7]. This approach is 

used in cutting, where the aim is to reduce 

body fat while preserving muscle mass. 

• Maintenance Calories: Maintenance 

refers to the number of calories consumed 

to match TDEE, resulting in no 

significant weight change. This is the 

foundation for body recomposition, where 

fat loss and muscle gain occur 

simultaneously through optimized 

macronutrient distribution [8]. 

 

 

III.   METHODOLOGY 

A. BMR and TDEE Calculation as System of Linear 

Equations 

a. BMR Calculation  

The Mifflin-St. Jeor method for calculating 

Basal Metabolic Rate (BMR) involves specific 

equations for males and females. 

For males, the BMR is calculated using the 

formula: 

 
Fig. 6. Equation BMR for Male (Source: [5]) 

For females, the equation is: 

 
Fig. 7. Equation BMR for Female (Source: [5]) 

b.  TDEE Calculation  

TDEE multiplies the BMR by an activity factor 

to consider daily physical activity levels:  

 

Fig. 8. Equation TDEE (Source: [5]) 

Physical activities have their levels (PAL): 

Sedentary or little to no exercise in a day which 

contains the values 1- 1.2, Less Activity or light 

exercise 1-3 days/week which contains the 

values 1.2 – 1.5, High Activity or hard exercise 

6-7 days/week contains the values 1.6 – 1.8 and 

Intensive Activity or very hard exercise contains 

the values above 1.9 [5]. 

B. Caloric and Macronutrient Distribution 

a.  Cutting Phase 

In cutting phase, we need a energy deficit, so 

TDEE in cutting phase is subtracting with 50% 

of TDEE for maintaining [11]. However, this 

large reduction can lead to muscle loss. To 

prevent this, we recommend using 75% of the 

TDEE for cutting, which helps to minimize 

muscle loss while still achieving fat reduction. 

The macronutrient distribution for the cutting 

phase is as follows. 

i. Protein : 30% - 40% of Energy Deficit [9]. 

Because we use 75% of TDEE so we can get 

higher percentage like 45% up to 50%. 

ii. Carbohydrates : 30–40% to provide energy 

for workouts[9].  And again because higher 

TDEE we use 35 % to 40%. 

iii. Fats : 20–25% to ensure hormonal balance 

[12]. Because use higher percentage on 

TDEE so we can down the  

 

b. Bulking 

In Bulking, we need a high of energy surplus 

so TDEE in bulking we add some of 5%-20% of 

TDEE for get rates of weight gain of 0.25% -

0.5% of body mass per week [10]. But in this 

case we use 10% surplus for preventing weight 

gain fat.  So, macronutrient distribution in phase 

of bulking is. 

i. Protein : 25–30% of Energy Sulprus to 

support muscle growth [7]. 

ii. Carbohydrates : 40–50% to fuel intense 

workouts and recovery [7]. 

iii. Fats : 20–25% to support overall health and 

hormone production [12]. 

 

c. Body Recomposition Phase 

In body recomposition, TDEE is not change, 

because for maintain a certain weight of a body. 

So, macronutrient distribution in phase of body 

recomposition is. 

i. Protein : 40–45% of TDEE for muscle repair 

and maintenance [9]. 

ii. Carbohydrates : 35–40% to support energy 

needs [7]. 

iii. Fats : 20–25% to ensure hormonal balance 

[12]. 

 

C. System of Linear Equation Every Phase 
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a. General Component 

i. BMR  

BMR=10W+6.25H−5A+k 

W: Weight (kg), 

H: Height (cm), 

A: Age (years), 

k: Constanta (male = 5, female = −161). 

 
Fig. 9. BMR Implementation (Source: 

Primary) 

 

ii. TDEE 

TDEE=BMR×PAL 

PAL: Physical Activity Level 

Sedentary: 1.0−1.2, 

Less active: 1.2−1.5, 

Active: 1.6−1.8, 

Intensive: >1.9. 

 
Fig. 10. TDEE Implementation (Source: 

Primary) 

 

b. Cutting Phase  

i. TDEE Cutting and Macronutrient Cutting 

Distribution 

 

 
Fig. 11. Cutting TDEE and Macronutrient 

Implementation (Source: Primary) 

 

c. Bulking Phase  

i. TDEE Bulkin and Macronutrient Bulking 

Distribution

 Fig. 12. Bulking TDEE and Macronutrient 

Implementation (Source: Primary) 

 

d. Body Recomposition Phase 

i. TDEE Body Recomposition and 

Macronutrient Body Recomposition 

Distribution

 
Fig. 13. Body Recomposition TDEE and 

Macronutrient Implementation (Source: 

Primary) 

e. Application of System of Linear Equation 

i. Matrix of Macronutrition  

 
Fig. 14. Implementation of matrix Ax=B 

(Source: primary) 

Where it is a Ax=B matrix like fig 1 

ii. Solving Matrix with Gauss Elimination 

 

 
Fig. 15. Implementation of Gauss 

Elimination (Source: primary) 

D. Simulation  

Input :  

Weight: 70 kg 

Height : 170 cm 

Age : 25 years 

Gender : male 

PAL : high activity 
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Fig. 16. Input Simulation (Source: primary) 

 

Output : 

 
 Fig. 17. Output Simulation (Source: primary) 

 

IV.   CONCLUSION 

This study shows how linear equations can be used to 

calculate personalized caloric and macronutrient needs 

based on specific fitness goals like cutting, bulking, and 

body recomposition. By combining factors such as BMR 

and physical activity levels, the model provides a flexible 

and analytical way to plan nutrition. The results show that 

using linear equations is a dependable way to estimate 

macronutrient distribution and caloric needs. This method 

connects what we learn in nutrition science with real-life 

use, giving trainers and fitness fans a solid base to create 

personalized diet plans. Future research might look into 

how we can use machine learning techniques to improve 

these models for different populations and various dietary 

preferences, making them more adaptable and precise. 

V.   APPENDIX 

The complete program of this paper can be found 

below. 

https://github.com/FaqihMSY/Application-

System-of-Linear-Equation-to-Analyze-

Nutrition-Fitness-Program.git 

 

 

REFERENCES 

[1] R. Munir, “Sistem Persamaan Linear (Bagian 1: Metode eliminasi 
Gauss),” IF2123 Aljabar Linear dan Geometri. [Online]. 

Available: 

https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/20
23-2024/Algeo-03-Sistem-Persamaan-Linier-2023.pdf Accessed: 

Des. 31, 2024. 

[2] R. Munir, “Sistem Persamaan Linear (Bagian 2: Tiga 
kemungkinan solusi sistem persamaan linier),” IF2123 Aljabar 

Linear dan Geometri. [Online]. Available: 
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/20

23-2024/Algeo-04-Tiga-Kemungkinan-Solusi-SPL-2023.pdf 

Accessed: Des. 31, 2024. 
[3] R. Munir, “Sistem Persamaan Linear (Bagian 3: Metode eliminasi 

Gauss-Jordan),” IF2123 Aljabar Linear dan Geometri. [Online]. 

Available: 
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/20

23-2024/Algeo-05-Sistem-Persamaan-Linier-2-2023.pdf Accessed: 

Des. 31, 2024. 
[4] K. Damkliang, T. Wongsirichot, J. Saelue, and J. Jingjit, "A 

prototype of a recommended nutrition and energy expenditure 

application for smartphones," *International Journal of Computer 
Theory and Engineering*, vol. 8, no. 2, pp. 109–113, Apr. 2016. 

DOI: 10.7763/IJCTE.2016.V8.1028. [Online]. Available: 

https://www.ijcte.org/vol8/1028-D033.pdf. Accessed: Des. 31, 
2024. 

[5] P. H. Hussain, O. M. Patil, A. J. Modi, V. D. Parekh, J. B. 

Upadhyay, and R. Boddula, "Comprehensive review on BMI, 
TDEE, BMR, and calories for weight management: Insights into 

energy expenditure and nutrient balance for long-term well-being," 

*International Research Journal on Advanced Engineering and 
Management*, vol. 2, no. 10, pp. 3120–3125, Oct. 2024. DOI: 

10.47392/IRJAEM.2024.0460. [Online]. Available: 

https://goldncloudpublications.com.  Accessed: Des. 31, 2024. 
[6] J. Spendlove, L. Mitchell, J. Gifford, D. Hackett, G. Slater, S. 

Cobley, and H. O'Connor, "Dietary intake of competitive 

bodybuilders," *Sports Medicine (Auckland, N.Z.)*, vol. 45, pp. 
1041–1063, 2015. DOI: 10.1007/s40279-015-0329-4. [Online].  

Available: 

https://www.researchgate.net/publication/275667571_Dietary_Inta
ke_of_Competitive_Bodybuilders. Accessed: Des. 31, 2024. 

[7] B. M. Roberts, E. R. Helms, E. T. Trexler, and P. J. Fitschen, 

"Nutritional recommendations for physique athletes," *Journal of 
Human Kinetics*, vol. 71, pp. 79–108, Jan. 2020. DOI: 

10.2478/hukin-2019-0096. [Online]. Available: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC7052702/.  Accessed: 
Des. 31, 2024. 

[8] C. Barakat, J. Pearson, G. Escalante, B. Campbell, and E. De 

Souza, "Body recomposition: Can trained individuals build muscle 
and lose fat at the same time?" *Strength & Conditioning Journal*, 

Published Ahead of Print, 2020. DOI: 

10.1519/SSC.0000000000000584. [Online]. Available: 
https://www.researchgate.net/publication/343549590_Body_Reco

mposition_Can_Trained_Individuals_Build_Muscle_and_Lose_Fa

t_at_the_Same_Time.  Accessed: Des. 31, 2024. 
[9] E. Cava, N. C. Yeat, and B. Mittendorfer, "Preserving healthy 

muscle during weight loss," *Advances in Nutrition*, vol. 8, no. 3, 

pp. 511–519, May 2017. DOI: 10.3945/an.116.014506. PMID: 
28507015; PMCID: PMC5421125. [Online]. Available: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5421125/. Accessed: 
Jan. 1, 2025. 

[10] E. R. Helms, A. J. Spence, C. Sousa, J. Kreiger, S. Taylor, D. J. 

Oranchuk, B. P. Dieter, and C. M. Watkins, "Effect of small and 
large energy surpluses on strength, muscle, and skinfold thickness 

in resistance-trained individuals: A parallel groups design," 

https://github.com/FaqihMSY/Application-System-of-Linear-Equation-to-Analyze-Nutrition-Fitness-Program.git
https://github.com/FaqihMSY/Application-System-of-Linear-Equation-to-Analyze-Nutrition-Fitness-Program.git
https://github.com/FaqihMSY/Application-System-of-Linear-Equation-to-Analyze-Nutrition-Fitness-Program.git
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-03-Sistem-Persamaan-Linier-2023.pdf
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-03-Sistem-Persamaan-Linier-2023.pdf
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-04-Tiga-Kemungkinan-Solusi-SPL-2023.pdf
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-04-Tiga-Kemungkinan-Solusi-SPL-2023.pdf
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-05-Sistem-Persamaan-Linier-2-2023.pdf
https://informatika.stei.itb.ac.id/~rinaldi.munir/AljabarGeometri/2023-2024/Algeo-05-Sistem-Persamaan-Linier-2-2023.pdf
https://www.ijcte.org/vol8/1028-D033.pdf
https://goldncloudpublications.com/
https://www.researchgate.net/publication/275667571_Dietary_Intake_of_Competitive_Bodybuilders
https://www.researchgate.net/publication/275667571_Dietary_Intake_of_Competitive_Bodybuilders
https://pmc.ncbi.nlm.nih.gov/articles/PMC7052702/
https://www.researchgate.net/publication/343549590_Body_Recomposition_Can_Trained_Individuals_Build_Muscle_and_Lose_Fat_at_the_Same_Time
https://www.researchgate.net/publication/343549590_Body_Recomposition_Can_Trained_Individuals_Build_Muscle_and_Lose_Fat_at_the_Same_Time
https://www.researchgate.net/publication/343549590_Body_Recomposition_Can_Trained_Individuals_Build_Muscle_and_Lose_Fat_at_the_Same_Time
https://pmc.ncbi.nlm.nih.gov/articles/PMC5421125/


Makalah IF2123 Aljabar Linier dan Geometri – Teknik Informatika ITB –Semester I Tahun 2024/2025 

 

*Sports Medicine - Open*, vol. 9, no. 1, p. 102, Nov. 2023. DOI: 

10.1186/s40798-023-00651-y. PMID: 37914977; PMCID: 
PMC10620361. [Online]. Available: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10620361/. Accessed: 

Jan. 1, 2025. 
[11] [8] J. Y. Kim, "Optimal diet strategies for weight loss and weight 

loss maintenance," *Journal of Obesity & Metabolic Syndrome*, 

vol. 30, no. 1, pp. 20–31, Mar. 2021. DOI: 10.7570/jomes20065. 
PMID: 33107442; PMCID: PMC8017325. [Online]. Available: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8017325/. Accessed: 

Jan. 1, 2025. 
[12] S. L. Mumford, J. E. Chavarro, C. Zhang, N. J. Perkins, L. A. 

Sjaarda, A. Z. Pollack, K. C. Schliep, K. A. Michels, S. M. Zarek, 

T. C. Plowden, R. G. Radin, L. C. Messer, R. A. Frankel, and J. 
Wactawski-Wende, "Dietary fat intake and reproductive hormone 

concentrations and ovulation in regularly menstruating women," 

*Am. J. Clin. Nutr.*, vol. 103, no. 3, pp. 868–877, Mar. 2016. 
DOI: 10.3945/ajcn.115.119321. Epub Feb. 3, 2016. PMID: 

26843151; PMCID: PMC4763493. [Online]. Available: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4763493/. Accessed: 
Jan. 2, 2025. 

 

 

 

PERNYATAAN 

Dengan ini saya menyatakan bahwa makalah yang saya 

tulis ini adalah tulisan saya sendiri, bukan saduran, atau 

terjemahan dari makalah orang lain, dan bukan plagiasi. 

 

Bandung, 2 Januari 2025    

 

 
 

 

Faqih 13523057 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10620361/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8017325/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763493/

