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Instructor: Assoc. Prof. $ener Ozonder (sener.ozonder@bogazici.edu.r)

Course Plan:

Welcome! en ! : Week Subject
. L | ) 1 Small molecules, amino acids and proteins: An Introduction
Institute for Data Seience & A 2 Overview of classical machine learning: Data types, feature space, EDA,
linear regression, evaluation metrics, train-val-test split, logistic regression,
decision trees, random forests, XGBoost
3 Overview of classical machine | ing: Di ional reduction (PCA and t-
SNE), clustering with kmeans, artificial neural networks
4 In silico protei lecule docking and relevant tools
5 SMILES, molecular descriptors and fingerprints via rdkit
6 Supervised and unsupervised modeling examples and graph neural networks
Ie) Midterm
- [-) B‘Em 9 Stidant = =z T Dru_g-l:‘ke gm_pe_m‘es t_}f molecules, ADMET/QSAR prediction with ML
A gt N e | B | e | e | | o L2 8 Activity prediction with transformer-based | models: ChemBERTa
B Library e 9 AlphaFold3: Protein folding (2024 Nobel Prize in Chemistry)
10 De novo protein design with protein language models
~ 4 11 De nove drug design with generative models and Reinforcement Learning
12 Lead optimization with large language models
B B 13 Current trends in Al for drug discovery
L ZICI. Ar Final exam
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ArtificaX

* Buoyuk dil modelleri, goruntu isleme ve fiziksel simulasyonlari birlestiren cok-kipli
yapay zeka ¢cozumleri gelistiriyoruz.
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Yapay Zeka Ajanlari

* Arac kullanan yapay zeka: Al Agents
* Araclar: Excel, API/MCP, Gmail, Google Drive, Notion, Youtube, Stripe, vb.
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FFPlus & EuroHPC (2025)

ARTIFICAX

TECHNOLOGIES

On Device Al Agents: Revolutionizing Real-time AP Interactions with
Privacy Preserving: Intelligence Joint Undertaking FORTISSIMO

PLUS

TURKCELL
global bilgi

Hey Ali! What do you have in mind?

Tired. | need a véc,a,_tion next week.
Maybe in Antalya?

I can book you on flight TK2312 to
Antalya on Friday at 7:00 PM using your
miles, and arrange your hotel and a
rental car. I’ll also reserve museum
admission for a morning visit. The sea
may be chilly early, but afternoons after
3 PM are good for a swim. Shall |
proceed with the purchases?




FFPlus & EuroHPC (2025)

* Yapay zeka ajanlarini egitmek icin,
* actk kaynakli LLM'ler ile ara¢ ve API kullanimini simule eden ¢ok sentetik veri
uretilmelidir,
* LLM bu veri kiimesi ile uyarlanmalidir (fine-tune),
* bu LLM'leri mobil cihazlarda ¢alistirabilmek igcin damitma (distillation) yapilmalidir.

« LLAMA 405b ve QWEN 235b gibi acik agirlikli LLM'leri ¢cikarim modunda bile
calistirmakicin, dugimlerin InfiniBand (200 Gbps) agi GUzerinden birbirine bagli
oldugu en az 20 adet H100 GPU’ya ihtiyag¢ vardir. Full fine tune igin ise anlik
100'den daha fazla GPU gerekir.

* Forthis project, BSC Mare Nostrum 5 ACC kimesinde EuroHPC'den 128.000
H100 GPU-saat hesaplama kotasi aldik.
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FFPlus & EuroHPC (2026)

* EuroHPC: Cross-API| Agents for Reliable End-
 (orchestated to-End Workflow Automation
O-@=0 - 200.000 H100 GPU-saat (~ €300K)

* FFplus: CROSS-AI-AGENTS: Cross-API Agents
for Reliable End-to-End Workflow Automation
with Reinforcement Learning FORTL-MO
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Yapay Zeka ile Ilac Kesfi

* MProDockAl: SARS-CoV-2 ana proteazinin potansiyel cEFy s
inhibitérlerinin kenetleme, molekdiler dinamik ve SMILES E:roHI?C
transformer yapay zeka modeli araciligiyla arastirilmasi i

(EuroHPC, 2025-2026)

 Yapay Zeka Destekli [lac Kesfi Platformu Gelistirilmesi
(TUBITAK TEYDEB, 2025-2027)

* EUPIlot
(EU Project, 2024) :EUPILAT




ILAC KESFi .

{igh-throughput screening,

¢ 1 0_1 5 yll High-throughput screening C., determination, hit triage

1,000s of compounds

i ~$2.5b AI’-Ge Hit to lead " Selectivity assays, in vitro efficacy assays,
* 10% basari orani

SME /ohvcica nemicstry ascave
loos of Compounds TICF | "\[/P\ E./ Ol Ir.;!C‘Jl chemists Y -_..u.hJ'/,‘

Lead optimization r vivo effic acy assays (preclinical POC)
Preclinical Dozens of compounds Tier Il ADME/physical chemistry assays
c . proof-of- , :
¢ Ya pay yAS) ka ||.e h Igh = principle Candidate seeking/ Second species PK, PK/PD modelling
1-3 compounds salt-form selection, crystal-form assessment
throughput sanal tarama . -,

GLP toxicology studies: genetic toxicology
7/ o (=]

sureciniile 2 yildan 1 aya development  <;fety pharmacology, in vivo toxicology in two species
indiriyoruz. B i o S oKy Innorma
* 100 kat daha fazla hit
* Trilyon seviyesinde
-~ kitUphane tarama.

Phase | healthy volunteers

S:)fmy and tolerability in patients

Phase | early clinical POP

Definitive clinical POP
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Clinical development

Nature Reviews




llac Kesfi
* |lac: Protein Ustiindeki oyuga uyan ve proteinin fonksiyonunu
durduran veya arttiran molekduller. .
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* Sorun: ZINC-22 kutuphanesinde 100.000.000.000 =t 2= tie Sie
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Maliyet

* Deneyler pahali, oncesinde
bilgisayarda kenetleme
simulasyonlari gerekiyor.

* 100 milyar protein-molekul
simulasyonu 300 yil suruyor.
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High throughput sanal tarama

Kenetleme simulasyonu 2 dk/kenetleme 0.1 sn/kenetleme Turkiye'de HPC'ler: ~400 GPUs
(+ BSC ortaklig).

100 milyar molekul 10 GPU ile
32 yilda kenetleme
simulasyonu ile taranabilir.

* Bu pratik degil! Yapay zekanin yardimi gerekiyor.
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llac Kesfi: Yapay Zeka

Molekul (? 4{ YZ modeli J—

Baglanma enerjisi
(kcal/mol)
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SMILES buyuk dil modelleri

* Molekullerin SMILES dizgeleri ile kimyasal/biyolojik 06zellikleri arasinda
transformer tabanli bir buyuk dil modeli egitebiliriz.

Baglanma enerjisi

=-11.2 kcal/mol

CC(=0)0C1=CC=CC=C1C(=0)0

Aspirin icin SMILES dizisi

Aspirin

CC(=0)0C1=CC=CC=C1C(=0)0

14



ChemBERTa

«  ChemBERTa 6n egitilmis bir encoder-only transformer modelidir.

[CLS]CC(=0)0C1=CC=CC=C1C(=0)O[SEP]

l Tokenizer
[12,16,16,17,22,19,18,19,16,20,22,16,16,22,16,16,22,16,20,16,17,22,19,18,19,13]
|
[CLS] '\ l Embedding katmani: Token IDs — embedding vekt('jrleri\
@©
|_
oC
% embedding boyutu: 600
&
o .
6 [CLS]ew \ l Ilgi mekanizmasi (attention) ile konteksi 6grenme
v

[CLS],.. =[-1.58, 0.05, 0.05, 0.69, -0.74, -2.12, 0.6, -2.12, 0.05, 1.72, -0.74, 0.05, 0.05, -0.74, 0.05, 0.05, -0.74, 0.05, 1.72, 0.05, 0.69, -0.74, -2.12, 0.6, -2.12, -1.03] 15



RapidDrug
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