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Dersin Adi

Course Name

Kimyada Yapay Zeka ve Makine Ogrenimi

Artifical Intellegence and Machine Learning in Chemistry

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)

Kodu Yal‘lylll Kredisi AKTS Kredisi Ders Uygu|ama Laboratuar
(Code) (Semester) | (Local Credits) | (ECTS Credits) | (Theoretical) (Tutorial) (Laboratory)
MYZ311E 3 6 3 - -
Boliim / Program Kimya
(Department/Program) | Chemistry
Dersin Tiirii Se¢meli Dersin Dili Ingilizce
(Course Type) (Elective) (Course Language) (English)

Dersin Onkosullar
(Course Prerequisites)

BIL 100E MIN DD veya KIM 271 MIN DD

Dersin mesleki bilesene
katkisi, %

(Course Category

by Content, %)

Temel Miihendislik
(Engineering Science)

Miihendislik Tasarim
(Engineering Design)

insan ve Toplum
Bilim
(General Education)

Temel Bilim
(Basic Sciences)

% 60 % 20 % 20

Dersin Icerigi

(Course Description)

Yapay zeka ve makine Ogrenmesinin tanimlanmasi; makine dgrenmesindeki temel kavramlarin
aciklanmast; yapay sinir aglari ve derin 6grenme yontemlerinin tanitilmasi; istatiksel olarak makine
6grenmesi modellerinin performanslarinin degerlendirilmesi; kimyasal verilerin bilgisayarlarda
islenmesi ve tanimlanmasi; makine 6grenmesinin kimyasal sentezde uygulamalari; makine 6grenmesi
ile materyal tasarimi; ilag kesfi i¢in makine 6grenmesi uygulamalari; hesaplamali kimya ve makine
O0grenmesi yontemlerinin birlestirilmesi; python ile pratik uygulamalar

Defining artificial intelligence and machine learning; explaining the basic concepts in machine
learning; introducing artificial neural networks and deep learning methods; statistically evaluating the
performance of machine learning models; handling and representation of chemical data on computers;
applications of machine learning in chemical synthesis; material design with machine learning;
machine learning applications for drug design; combining computational chemistry and machine
learning methods; practical applications with python

Dersin Amaci

(Course Objectives)

+ Kimyada yaygin olarak kullanilan farkl: tiirdeki veri kiimelerini kullanim1 ve gorsellestirilmesi
* Makine 6grenmesi yontemlerinin kimyanin farkli alanlarinda nasil kullanildigimin drneklerle
agiklanmasi

* Pratik uygulamalar ile makine 6grenmesi modellerinin kurulmasi, test edilmesi ve istatiksel
olarak degerlendirilmesi

« Handle and visualize different types of datasets common in Chemistry

« Explaining with examples applications of machine learning in different areas of chemistry
 Developing, testing, and statistically evaluating machine learning models by carrying out
practical applications

Dersin Ogrenme
Ciktilar

Bu dersi basariyla tamamlayan yiiksek lisans/doktora 6grencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;
1. Yapay zeka, makine 6grenmesi, derin 6grenme kavramlarini ve aralaridaki iligkileri
aciklayabilmek
2. Geleneksel makine 6grenmesi yontemlerinin 6rneklerle tanimlayabilmek
3. Yapay sinir aglarinin temellerini ve isleyis prensiplerini kavramak
Makine 6grenimi yaklasimlarinda kullanilacak kimyasal verileri isleyebilmek ve molekiilleri
bilgisayarlarin anlayabilecegi sekilde tanimlayabilmek
5. Makine 6grenmesi modellerinin performanslarini istatiksel olarak degerlendirebilmek
6. Kimyasal sentezde ve malzeme tasariminda makine 6grenimi yaklasimlarinin kullanimini
orneklendirebilmek
7. Makine 6grenmesi yaklagimlarinin ilag tasarimindaki yeri ve énemini anlamak
8. Hesaplamali kimya yontemleri ve makine 6greniminin birlikte nasil kullanilabilecegini
orneklerle agiklayabilmek
9.  Python programlama dilini kullanarak makine 6grenmesi modelleri kurabilme ve test
edebilmek




Course Learning
Outcomes)

M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
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o

©No g

following subjects;

Explain the concepts of artificial intelligence, machine learning, deep learning and the
relationship between them

Describe the traditional machine learning methods with examples

Understand the basics and operating principles of artificial neural networks

Process chemical data to be used in machine learning approaches and represent molecules in a
way that computers can understand

Statistically evaluate the performance of machine learning models

Exemplify the usage of machine learning approaches in chemical synthesis and material design
Comprehend the place and importance of machine learning approaches in drug design

Explain with examples how computational chemistry methods and machine learning can be
used together

Have the ability to build and test machine learning models using the Python programming
language

Ders Kitabi
(Textbook)

e Leach A, Gillet V., An Introduction to Chemoinformatics, Springer (2007)

o Cartwright H., Machine learning in chemistry: The impact of artificial intelligence,
Royal Society of Chemistry (2020)

o Gasteiger J., Engel T., Chemoinformatics — A Textbook, Wiley-VCH (2003)

Diger Kaynaklar
(Other References)

e Brown N., In Silico Medicinal Chemistry: Computational Methods To Support Drug
Design, Royal Society of Chemistry (2016)
TeachOpenCADD platfrom (https://projects.volkamerlab.org/teachopencadd/ )

Odevler ve Projeler

(Homework & Projects

Her bir 6grenciye ayr1 ayri donem sonuna kadar yapmasi i¢in bir proje verilecektir.

Each student will be given a project to complete until the end of the semester.

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Pratik uygulamalar i¢in 6grencilerin yanlarinda kisisel bilgisayar veya tablet getirmesi
gerekmektedir.

Students are expected to bring a personal computer or tablet for practical applications.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)
Y1l i¢i Siavlan 1 30

(Midterm Exams)
Kisa Sinavlar
(Quizzes)
Odevler
(Homework)
Projeler 1 30
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)
Laboratuar Uygulamasi
(Laboratory Work)
Diger Uygulamalar
(Other Activities)

Final Siavi 1 40
(Final Exam)



https://projects.volkamerlab.org/teachopencadd/

DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Yapay zeka ve makine dgrenmesine giris 1
2 Geleneksel makine 6grenmesi yontemleri 1,2
3 Derin 6grenme ve yapay sinir aglar1 yontemleri 13
4 Kimyasal veri ve tanimlayicilar 4
5 Modellerin istatiksel olarak degerlendirilmesi 5
6 Kimyasal sentezde makine dgrenmesi uygulamalari 6
7 Makine 6grenmesi ile malzeme tasarimi 6
8 ilag kesfi ve tasarimi igin makine égrenmesi uygulamalari 7
9 Makine dgrenmesi ile hesaplamali kimya ydntemlerinin birlestirilmesi 8
10 Uygulama: Jupyter Notebook Kullanim Temelleri 9
11 Uygulama: Veri toplanmasi ve islenmesi 4.9
12 Uygulama: RDKIT ile molekiillerin temsili 4,9
13 Uygulama: Sklearn ile makine §grenmesi modellerinin olusturulmasi ve test edilmesi 59
14 Uygulama: Keras ile derin 6grenme modellerinin olusturulmasi ve test edilmesi 5,9
COURSE PLAN
Course
Weeks Topics Outcomes
1 Introduction to artificial intelligence and machine learning 1
2 Traditional machine learning approaches 1,2
3 Deep learning and artificial neural networks 1,3
4 Chemical data and descriptors 4
5 Statistical evaluation of models 5
6 Machine learning in chemical synthesis 6
7 Material design by machine learning 6
8 Machine learning for drug discovery and design 7
9 Combining machine learning and computational chemistry 8
10 Applications: Basics of Jupyter Notebook 9
11 Applications: Data acquisition and handling 49
12 Applications: Molecular representation by RDKIT 49
13 Applications: Building and testing machine learning models with Sklearn 59
14 Applications: Building and testing deep neural networks with Keras 59




Dersin Kimya Programyla iliskisi

Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar) Seviyesi

1123

Kimyanin temel alanlar1 olan inorganik, organik, fiziksel ve analitik kimyanin 6nemli kavramlarini, v
teorik esaslarini ve ilgili konulardaki deneysel bulgular1 kavrama becerisini edinmeleri

.. v
Ogrencilerin edindikleri teorik ve pratik bilgileri kimya ya da kimya igeren multidisiplier alanlara

veya kimya bazl endiistrilerde uygulayabilme yetenegi edinmeleri

Deneysel galismalari tasarlama, veri analizi yapma, klasik teknikleri ve modern cihazlari kullanma
becerisini_edinmeleri

Kimya ve kimya ile ilgili alanlar hakkinda arastirma yapma ve bilgiye ulasma i¢in modern
kiitliphane kullanma becerisi edinmeleri

Kimyasal simiilasyon ve hesaplama, veri elde etme ve veritabani kullanimi i¢in bilgisayar v
kullanim becerisi edinmeleri

Problemleri ¢6zme, kritik diisiinme ve analitik ¢dziimleme i¢in matematik, fizik ve biyoloji temel v
bilgilerini kimyasal sistemlere uygulama becerisi edinmeleri

Hem simifta hemde laboratuvarda etkin bicimde grup ¢alismasi yapma, liderlik ve grup iiyesi olarak v
caligma yetenegi edinmeleri

Hem Tiirkce hem de ingilizce dillerinde yazili ve sozlii iletisim kurma arastirma yapma, arastirma v
raporu yazma, s0zlii ve poster sunumu yapma becerisi edinmeleri

Kimyasal malzemelerin giivenli kullanimi1 ve uzaklastirilmalar1 i¢in modern prosediir ve
diizenlemeleri bilmeleri

Etik davranisin kisisel ve profesyonel yasamin tiim alanlarindaki 6nemini anlayabilmeleri

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Chemistry Curriculum

Program Outcomes

Level of
Contribution

1

2

3

An ability to understand the major concepts, theoretical principles and experimental findings in
the main areas of chemistry: organic, inorganic, analytical, and physical.

v

To give the students a core of theoretical and practical knowledge and the ability to apply it to
further studies in Chemistry or multidisiplinary areas involving Chemistry or employment in
Chemistry based industry.

v

An ability to design and conduct experiments, as well as to analyze and interpret data, to use
modern instrumentation and classical techniques.

An ability to use modern library searching and retrieval methods to obtain information about
chemistry and chemistry-related areas.

An ability to use computers for chemical simulation and computation, data acquisition, and
database usage.

An ability to apply and integrate basic knowledge from mathematics, physics and biology to
chemistry for solutions of problems, critical thinking and analytical reasoning

An ability to work in a group, be effective leaders as well as effective team members.

An ability to communicate effectively orally and in writing in Turkish and in English languages.
An ability to research chemistry topics, write research reports, and give oral and poster
presentations.

To train students in the aspect of modern chemical safety regulations and disposal techniques.

An understanding and appreciation the importance of ethical behavior in all aspects of
personal and professional life .

1: Little, 2. Partial, 3. Full
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