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TREND in Mathematis & Science to  

“Human Developments and Advancements”  
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Source: NSF/SBR 



Banyak masalah nyata di dunia 

ini yang butuh analisa 

menggunakan pikiran logis dan 

aturan yang sistematis dan terukur 

untuk mendapatkan solusi yang  

terbaik/optimal (tepat, cepat, 

efisien). 



di masa lalu, seorang matematikawan bernama Alan 

turing membuat mesin matematis untuk 

memecahkan sandi german. Akhirnya blok sekutu 

memenangkan perang dunia 

COMPUTING 



Kemacetan– Bagaimana mencari 

solusi optimal dalam bisnis yang 

mengandalkan sistem transportasi 

RESEARCH OPERATION 

--OPTIMIZATION 



Anilis Data, Data Mining, 

Perancanaan Bisnis dan Forecasting, 

Biostatistics, Geostatistics  

STATISTICS 



Saham– Manajemen Resiko dari bisnis 

jasa investasi keuangan, asuransi dll 

Otoritas Jasa Keuangan (OJK) 

ACTUARY 



Bahkan masalah kesehatan 

dapat diselesaikan dengan 

matematika 

APPLIED & MULTIDISCIPLINARY  



THE BOOK OF NATURE IS 

WRITTEN IN THE LANGUAGE OF 

MATHEMATICS 

 

GALILEO GALILEI (1600) 

 

 



 



What does mathematics 

contribute to bioinformatics? 
WINFRIED JUST 

DEPARTMENT OF MATHEMATICS  

OHIO UNIVERSITY 



A new microscope and a new physics 

In 2004 PLoS Biology published a paper by Joel E. Cohen   

 

Mathematics Is Biology's Next Microscope, Only Better;  

Biology Is Mathematics' Next Physics, Only Better. 

 

Really?   

How does this new microscope differ from the traditional ones? 

How to use it?  

Why did mathematicians become seriously interested in  

biology? 

And how is all this related to bioinformatics? 



Mathematics and mathematicians  
1. Mathematics is a great language for elucidating the common structure in 

apparently unrelated problems.  

2. Mathematicians have a tendency to talk about complicated theories in their 

jargon instead of giving simple and concrete answers.  

3. “Mathematical microscopes” often don’t come with a simple user’s manual. 

In order to successfully use them, one needs to understand to some extent 

how they work.  The choice of the most appropriate “mathematical 

microscope” for a given biological problem often requires active 

cooperation between mathematicians and biologists.  

4. The key to success in this type of cooperation is finding a common 

language and mutual understanding of and respect for the two different 

intellectual approaches.  

5. Mathematical models form the basis for formulating hypotheses, often in 

the form of probabilities. 

6. The final interpretation of these hypotheses and their experimental 

verification belongs to the biologists.  Thus “mathematical microscopes” 

will not make the more traditional ones redundant. 

 

In points 3-6, feel free to substitute “bioinformatics” for “mathematics.” 



Biomathematics vs. bioinformatics  

Everything that has been said so far about  

“biomathematics” could also be said about  

“bioinformatics.”  

 

What is the difference between the two areas? 

> Biomathematics:  Applications of mathematics to biology. 

> Bioinformatics:  The design, implementation, and use of  

computer algorithms to draw inferences from massive sets of 

biomolecular data. It is an interdisciplinary field that draws on  

knowledge from biology, biochemistry, statistics, mathematics,  

and computer science.  

  



More empirical observations  

 NSF and NIH recently started to invest heavily in 

biomathematics. 

 In 2002 the Mathematical Biosciences Institute (MBI, 

located at OSU) was founded; this is the first and so far only 

NSF institute dedicated exclusively to applications of 

mathematics in one other area. 

 Several other new research institutes in biomathematics 

are supported from public or private sources. 

 A number of new journals specializing in biomathematics 

got started. 

 The job market for biomathematicians is currently rather 

favorable, both in academia and industry, especially in the 

pharmaceutical industry. 



What is behind this trend?  

And why do we observe this trend now, instead of 30  

years ago or 30 years from now? There are two main  

reasons: 

 

1. Contemporary biology generate a huge mountains of data.  

Drawing biologically meaningful inferences from these 

data requires analysis in the framework of good 

mathematical models.  Hence mathematics has become a 

necessary tool for biology. 

2. Currently available computer power allows us to 

investigate sufficiently detailed mathematical models to 

draw biologically realistic inferences.  Thus mathematics 

has become a useful tool for biology.   

 



Bioinformatics on Big Data - Module 1 bioinformatics.ca 

 This is what a 5MB  

hard drive looked  

like in 1956 

 

 

 This is what a 5 TB (1 

million times more) 

looks like in 2016 

“Big Data” is a relative term! 

http://goo.gl/f1PkV 





from the National Centre for Biotechnology Information 



from the National Centre for Biotechnology Information 

PANIC! 



Where are the genes? 

Let us look, for example, at our own genome.  The information  

about it is written in Genbank as a sequence π · 10
9
 liter that  

would fill a million of tightly typed pages, the equivalent of  

several thousand novels: 

 

...actggtacctgtatatggacgctccatatttaatgcgcgatgcaggatctaaa... 

 

Less than 1.5% of this sequence codes proteins.  How to find  

these genes? 

 

No human can read the whole sequence. A computer can read  

it easily, in a few seconds.  So, maybe the computer will tell us  

where the genes are, where they start, and where they end. 

 

But what is the computer supposed to compute??? 



Central dogma in molecular biology 



 

Introduction 
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Source: Performance Evaluation of Fast Smith-Waterman Algorithm for 

Sequence Database Searches using CUDA GPU-Based Parallel Computing. 

A Bustamam, G Ardaneswari, H Tasman, D Lestari 

Published in Journal of Next Generation Information Technology, 2014 

The parallelization using combination of both models achieves an 

average speed-up of 313× 



Source: Application of Hierarchical Clustering Ordered Partitioning and 

Collapsing Hybrid in Ebola Virus Phylogenetic Analysis. 

H Muradi, A Bustamam, D Lestari 

Published in ICACSIS - IEEE Proceeding, 2015 

In our implementation, we applied global alignment process and used the 
combination of HOPACH-PAM clustering using the R open source 
programming tool.  

In our results, we obtained maximum genetic distance is 0.6153407; 
meanwhile the minimum genetic distance is 0.  

Furthermore, genetic distance matrix can be used as a basis for sequences 
clustering and phylogenetic analysis.  

In our HOPACH-PAM clustering results, we obtained 10 main clusters with 
MSS value is 0.8873843. Ebola virus clusters can be identified by species and 
virus epidemic year. 



Source: Clustering protein-protein interaction network of TP53 tumor 

suppressor protein using Markov clustering algorithm. 

TS Permata, A Bustamam 

 Published in ICACSIS – IEEE Proceeding, 2015 

 



Source: Detection of Alzheimer's disease using advanced local binary 

pattern from hippocampus and whole brain of MR images. 

D Sarwinda, A Bustamam 

Published in IJCNN – IEEE Proceedings, 2016 

 



Source: Application of Quaternion in improving the quality of global sequence alignment 

scores for an ambiguous sequence target in Streptococcus pneumoniae DNA. 

 D Lestari, A Bustamam, T Novianti, G Ardaneswari  

Published in ISCPMS – AIP Conference Proceedings, 2017 

 



Source: Fundus Image Texture Features Analysis in Diabetic Retinopathy Diagnosis . 

 D. Sarwinda, A. Bustamam , A. M. Arymurthy  

will be presented to International Conference on Sensing Technology - Sydney, 2017 

 



Source: Implementation of CUDA GPU-Based Parallel Computing on K-Means Algorithm for 

Two-Phase Method Biclustering in Diabetic Retinopathy Gene Expression Data  

 G. Ardaneswari, A. Bustamam, T. Siswantining  

Under review in AIP Conference Proceedings, 2017 

 



Source: Classification of Diabetic Retinopathy Through Texture Features Analysis  

 B. Abdillah, A. Bustamam, D. Sarwinda  

Under review in AIP Conference Proceedings, 2017 

In this research, we implemented global 

classification and local classification. 

This flowchart describes for local 

classification, that is classify the image 

into four classes, phase 0 as normal, 

phase 1 as mild, phase 2 as medium, and 

phase 3 as severe in diabetic retinopathy. 

Global detection only classifies images 

into two classes, phase 0 for normal and 

phase 1 for abnormal.  



TERIMA KASIH 



Matematika/Statistika Jaman Now:   

Indonesia Kekurangan Aktuaris 
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