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OZET

KISMI TUREVLI DIFERANSIYEL DENKLEMLERIN DERIN
OGRENME VE MAKINE OGRENMESI ALGORITMALARI iLE
SAYISAL COZUMLERI

Burcu Ece ALP

Diferansiyel denklemler, hesaplamali bilimlerde gesitli doga olaylarin mo-
dellenmesinde kullanilmaktadir. Sayisal yontemler bu tiir denklemleri ¢6z-
mek i¢in bir segenek olmustur. Yar: analitik ve yakinsak ¢6ziim fonksiyon-
lar1 da, sayisal ¢oziimler gibi bir ¢cok arastirmaci tarafindan tercih edilmek-
tedir. Makine 6grenmesi ve derin 6grenme yontemlerinin alt bashg olan
yapay sinir aglari, gesitli diferansiyel denklem tiirlerini ¢ozerek siirekli ¢o6-

ziim fonksiyonlar: olusturmak icin giderek daha fazla kullanilmaktadir.

Bu tezde, kismi tiirevli diferansiyel denklemleri derin 6grenme ve ma-
kine 6grenimi algoritmasi ile modellemek icin fizikle 6grenen sinir aglar:
(PINN) metodu kullamilmaktadir. PINN rezidii, baglangi¢ ve simir kosulu
parcalarindan olusan fiziksel kayip fonksiyonunu en az indirgemek icin egi-

tilerek kism diferansiyel denkleme yaklasik ¢o6ziimler iiretmektedir.

Sonlu bir alan iizerinde degisken katsayilh kesirli difiizyon denklemlerini,
diferansiyel denklem sistemlerinin saysial ¢6ziimlerinde PINN metodunun
uygulanabilirligi gosterilecektir. Olusan hata analizine gore, mevcut PINN
yonteminin dikkate alinan hesaplama uzay-zaman alaninda dogru ¢oziimler

saglayabildigi sunulacaktir.
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ABSTRACT

NUMERICAL SOLUTIONS OF PARTIAL DIFFERENTIAL
EQUATIONS WITH DEEP LEARNING AND MACHINE LEARNING
ALGORITHMS

Burcu Ece ALP

In the domain of computational sciences, differential equations play a pivo-
tal role in the modeling of diverse natural phenomena. Numerical methods
have emerged as a prevalent approach for addressing these equations. Re-
searchers have demonstrated a strong predilection for semi-analytic and
convergent solution functions, along with a preference for numerical solu-
tions. A notable trend in recent times has been the increased utilization
of artificial neural networks, a subfield of machine learning and deep le-
arning methods, for generating continuous solution functions through the

solution of various types of differential equations.

In this thesis, the physics learning neural network (PINN) method is emp-
loyed to model partial differential equations with deep learning and mac-
hine learning algorithms. The PINN model is trained to minimize the
physical loss function, which consists of residual, initial, and boundary
condition components, thereby producing approximate solutions to the

partial differential equation.



The efficiency of the PINN method in numerical solutions of systems of
differential equations, including fractional diffusion equations with variable
coefficients over a finite domain, will be demonstrated. A detailed error
analysis will be conducted to demonstrate the efficacy of the existing PINN
method in producing accurate solutions within the specified computational

space-time domain.

Keywords : partial differential equation, physics informed neural ne-
tworks, fractional partial differential equations, deep learning, machine

learning, system of differential equations.
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