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GOMPERTZ ALGORITHM FOR THE DETECTION OF BREAST 
CANCER USING MAMMOGRAPHIC IMAGES 

 
Abdiyeva K.S., 

Docent of the  Samarkand State University named after Sharof Rashidov, 
Shamsiyeva K., 

PhD student at the Scientific Research Institute for the Development of 
Digital Technologies and Artificial Intelligence, 

Oblokulov S. 
A teacher at the  Samarkand State  University named after Sharof Rashidov. 

 
Annotatsiya. Har yili dunyo bo'ylab millionlab ayollar ko'krak bezi saratoniga duchor 

bo'lishadi va bu uni dunyodagi eng keng tarqalgan malign o'smalardan biriga aylantiradi. 
Sohadagi muhim rivojlanish - bu loyqa reytinglar bilan birlashtirilgan va mammografiya 
rasmlaridan ko'krak bezi saratonini aniqlash uchun chuqur konvolyutsion neyron tarmog'i (CNN) 
modellariga qo'llaniladigan qayta parametrlangan Gompertz usuli. Ushbu tadqiqot ko'krak bezi 
saratonini aniqlashning aniqligi va aniqligini yaxshilash uchun ijodiy g'oyalar bilan qanday 
yaxshi tashkil etilgan usullardan foydalanish mumkinligini ko'rsatadi. 

Kalit so’zlar: ko'krak saratoni, Gomperts funktsiyasi, mammografiya, chuqur o'rganish, 
ansambl o'rganish. 

 
Abstract. Millions of women worldwide are impacted by breast cancer every year, making 

it one of the most common malignancies worldwide. An important development in the field is the 
re-parameterized Gompertz method, which is merged with fuzzy rankings and applied to deep 
Convolutional Neural Network (CNN) models for breast cancer identification from mammography 
pictures. This study demonstrates how well-established techniques can be used with creative ideas 
to improve breast cancer detection precision and accuracy.  

Keywords: breast cancer, Gompertz function, mammography, deep learning, ensemble 
learning. 

 
Аннотация. Ежегодно миллионы женщин во всем мире страдают от рака груди, 

что делает его одним из самых распространенных злокачественных новообразований в 
мире. Важным достижением в этой области является метод Гомперца с повторными 
параметрами, который объединен с нечеткими рейтингами и применяется к глубоким 
моделям сверточных нейронных сетей (CNN) для идентификации рака груди по 
маммографическим снимкам. Это исследование демонстрирует, как хорошо 
зарекомендовавшие себя методы могут использоваться с креативными идеями для 
повышения точности и достоверности обнаружения рака груди.  

Ключевые слова: рак груди, функция Гомперца, маммография, глубокое обучение, 
ансамблевое обучение. 

 
Introduction. The function was 

defined by B. Gompertz in 1825 and 
used in actuarial mathematics. Since 
then, the Gompertz function has been 
used in probability theory (Gumbel 

distribution), biology, economics, 
medicine, physics, and other fields. 
Biologically, the Gompertz model 
shows that mortality increases with 
age[6]. Also, phenomena such as 
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population growth, the development of 
malignant tumors, the increase of 
bacterial colonies, and the increase in 

the number of patients in an epidemic 
are explained based on the Gompertz 
function (Figure 1).

 
Figure 1. 

The variable x in the graph represents the test scores of the classifier for the test 
samples. 

 
Methods. The solution of the 

following first-order autonomous 
differential equation expresses the 
Gompertz function: 

𝑥′(𝑡) = 𝑔𝑥𝑙𝑜𝑔
𝑥𝑚𝑎𝑥

𝑥
, 𝑥(0) = 𝑥0 >

0       
 (1) 

here 𝑔 −growth rate, 
𝑥𝑚𝑎𝑥 −level of saturation or 

asymptote, thus   0 < 𝑥0 < 𝑥𝑚𝑎𝑥; 
After solving equation (1), 

Gompertz function is described as 
follows: 

𝑥(𝑡) = 𝑥𝑚𝑎𝑥𝑒−𝑒−𝑔(𝑡−𝑡0)
   

      
 (2) 

here 𝑡0 −constant and it depends 
on the initial condition 𝑥(0) = 𝑥0 =

𝑥𝑚𝑎𝑥𝑒−𝑒𝑔𝑡0   for the solution of equation 
(1).   Figure 1 shows the graph of the re-
parameterized Gompertz function. In 
classical ensemble methods, the 
classification scores of all component 
models are equally weighted; that is, 

the classifiers are given pre-calculated 
weights. The primary issue with such 
an ensemble method is the difficulty in 
adjusting the statistical weights after 
the test samples have been 
classified[1,2]. In other words, the 
proposed fuzzy rank ensemble method 
estimates the prediction scores of a 
separate basis classifier for each unique 
test case. Improved and more accurate 
classification scores can be achieved 
using the above methodology. Since 
this process is dynamic, there is no 
need to change the weights for different 
test data sets. The Gompertz function 
was re-parameterized to construct 
fuzzy levels for each deep CNN 
classifier in the diagnosis of breast 
tumor regions from mammography 
images [3,4]. If we have 𝑁 number of 
component models, let there be 
𝑁 prediction scores for each set of 
images split for testing. As mentioned 
above, we used 4 transfer learning 
models, so 𝑁=4. Let 
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{𝐴𝐶1, 𝐴𝐶2, 𝐴𝐶3, … 𝐴𝐶𝑁} be the 
𝑁 number of decision points of 
classifiers for each image:   

∑ 𝐴𝐶𝑚
(𝑛)

= 1𝑀
𝑚=1     

      
 (3) 

here 𝑛 = 1,2,3, … 𝑁. When 
generating fuzzy levels, the decision 

scores are represented by 𝐴𝐶 in 

formula (3). 𝐴𝐶𝑚
(𝑛)

−is the result of the 
softmax function. Confidence scores 

are used for all samples in the data set 
to construct uncertainty levels. The 

Gompertz function generates a fuzzy 
level for class 𝑚 using the confidence 

level of the kth classifier: 

𝐹𝐷𝑚
(𝑛)

= 1 − 𝑒−𝑒2∗𝐴𝐶𝑚
(𝑛)

  
      
 (4) 

here  0.127 ≤ 𝐹𝐷𝑚
(𝑛)

≤ 0.632; 
𝑚 = 1,2,3, … 𝑀;  𝑛 = 1,2,3, … 𝑁.  The 
sum of fuzzy degrees is expressed as 
follows: 

𝑁𝐷𝑆𝑢𝑚𝑚 =

∑ (
𝐹𝐷𝑚

(𝑛)
,𝑖𝑓 𝐹𝐷𝑚

(𝑛)
∈𝑅(𝑖)

𝑃𝑚
(𝐹𝐷)

,𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
)𝑁

𝑛=1    

    (5) 

here 𝑅(𝑖) − the highest degree of 

ambiguity, 𝑃𝑚
(𝐹𝐷)

− penalty level. The 
complement of the trust factor sum is 
expressed as follows: 

 𝐾𝐶𝐹𝑆𝑢𝑚𝑚 =
1

𝑁
∑ (

𝐴𝐶𝑚
(𝑛)

,𝑖𝑓 𝐹𝐷𝑚
(𝑛)

∈𝑅(𝑖)

𝑃𝑚
(𝐷𝐶)

,𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
)𝑁

𝑛=1   

    (6) 
𝑐𝑙𝑎𝑠𝑠(𝑍) = min {(𝑁𝐷𝑆𝑢𝑚𝑚) ∗

(𝐾𝐶𝐹𝑆𝑢𝑚𝑚)}    
 (7) 

where 𝑚 = 1,2,3, … 𝑀. 
 Conclusion. The study's 

conclusions indicate encouraging 
findings, indicating how well the re-
parameterized Gompertz algorithm 
adjusts the CNN models. The model 
achieves high accuracy and improves 
interpretability, both of which are 
critical for medical diagnostics, by 
utilizing fuzzy rankings[5]. The 
utilization of mammography images, a 
cornerstone in breast cancer screening, 
coupled with advanced computational 
techniques, exemplifies the potential 
for technology-driven solutions in 
healthcare.
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