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Algorithms for the solution of huge 

quasiseparable optimization problems 

 

- Morse potential optimization; 

 

- Keating potential optimization; 

 

- Huge-Scale separable convex  

  optimization problem; 

 

- PageRank problem. 
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Morse potential optimization 
A cluster is a structure consisting of a finite number of atoms or 

molecules. Occupies an intermediate position between the individual 

particles and the bulk material. 

 

The interaction between the elements of the clusters described 

various potential functions defined multidimensional potential energy 

surface. 

 

Finding the minima of the potential allows to obtain stable atomic-

molecular configurations. 

 

Such simulation in some cases replaces the field experiments. 

 

The Cambridge Energy Landscape Database (The Cambridge 

Cluster Database): http://www-wales.ch.cam.ac.uk/CCD.html 
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ʂʣʘʩʪʝʨ ï ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʠʣʠ 

ʤʦʣʝʢʫʣ. ɿʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʦʙʲʝʤʥʳʤ ʚʝʱʝʩʪʚʦʤ. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʟʘʜʘʶʱʠʭ 

(ʤʥʦʛʦʤʝʨʥʳʝ) ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʇʇʕ).   

 

ʅʘʭʦʞʜʝʥʠʝ ʤʠʥʠʤʫʤʦʚ (ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ) ʪʘʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ (ʧʦʚʝʨʭʥʦʩʪʝʡ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʳʝ 

ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

 

ʇʦʜʦʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʷʜʝ ʩʠʪʫʘʮʠʡ ʟʘʤʝʥʷʝʪ ʥʘʪʫʨʥʳʝ 

(ʬʠʟʠʯʝʩʢʠʝ) ʵʢʩʧʝʨʠʤʝʥʪʳ. 
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Morse potential function 
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Morse potential function  
with different r values  
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Morse potential optimization 

Å A global optimization problem. 

 

Å An astronomical number of local extrema. For 

example, for a cluster of 147 atoms experts provide 

estimates of the order of         . 

 

Å The current state: ñlarge clustersò, consisting of 

more than 200 atoms (600 variables). 
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Åɿʘʜʘʯʘ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

 

Åɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʯʠʩʣʦ ʣʦʢʘʣʴʥʳʭ 

ʵʢʩʪʨʝʤʫʤʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʣʘʩʪʝʨʘ ʠʟ 147 

ʘʪʦʤʦʚ ʵʢʩʧʝʨʪʳ ʜʘʶʪ ʦʮʝʥʢʠ ʧʦʨʷʜʢʘ         . 

 

Å  ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʜʘʯʠ  ï çʙʦʣʴʰʠʝ 

ʢʣʘʩʪʝʨʳè, ʩʦʩʪʦʷʱʠʝ ʙʦʣʝʝ ʯʝʤ ʠʟ 200 ʘʪʦʤʦʚ 

(600 ʧʝʨʝʤʝʥʥʳʭ). 
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Morse potential optimization 
The Cambridge Cluster Database 

D.J. Wales, J.P.K. Doye, A. Dullweber, M.P. Hodges, F.Y. Naumkin, F. 

Calvo, J. Hernandes-Rojas and T.F. Middleton.  

www-wales.ch.cam.ac.uk/CCD.html 

 

Hefei National Laboratory for Physical Sciences  

at the Microscale and School of Life Sciences,  

University of Science and Technology of China. 

staff.ustc.edu.cn/~clj   

 

Jorge Marques  

Department of Chemistry Research  

in Computational Chemistry and  

Molecular Modeling  

University of Coimbra, Portugal. 
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Local optimization techniques  

The main (universal) methods 

- Conjugate Gradient; 

- L-BFGS; 

Additional methods 

- Cauchy;  

- Powell;  

Special methods 

- Polyak; 

Global optimization techniques  

- Multi-start; 

- MSBH-Monotonic Sequential Basin-Hopping; 

-ñBig-Bangò; 

-ñForestò 

Applied optimization methods 
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MSBH method 
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MSBH method 
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Forest method 
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Forest method 
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Criteria for ñcutting downò (a restart) of a local descent 
 

ÅAchieving a stationary point - checking the gradient norm etc. 

ÅOperating time ï restart of old branches 

ÅNearness to another local descent 

ÅWork success ï restarting local descents that have too much 

optimized function value 

Å Initially developed for parallel implementation 

ÅLocal descents are divided into sections with a fixed operating time 

ÅSimple synchronization 

Å Can be implemented on hardware platforms like GPGPU (Nvidia 

GUDA, OpenCL, é) 
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Computing Experiments 

MSBH/Forest 

n is a number of atoms. 
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Computing Experiments 

MSBH/Forest 
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Computing Experiments 

MSBH/Forest 
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Computing Experiments 

MSBH/Forest, n = 240  
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Computing Experiments 

Forest 
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Keating potential optimization.  
Form of a quantum dot Si-Ge 
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Keating potential function 

n is the number of atoms in the crystal lattice;  

ÅDij, dik,      ,          are constants  set; 

ÅRi = (xi, x2i, x3i) radius vector of the i-th node 

(optimized variables). 
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Features of the problem 
ſHigh dimensionality of 105 variables and more 

ſThe high demands on the result accuracy 
 

Tested optimization methods 
ſCauchy method 

ſConjugate Gradient Method 

ſNewton's Method 
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The dimension of these problems depends of 

physical limits of the Hessian matrix size which 

flows from the available memory. 

   

The high computational complexity due to the 

required long time for solving problem of such 

dimension 

Difficulties with Newton's method 

implementation 
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Storage of a dense matrix requires about n2 memory cells. 

Hessian matrix 
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Storage of a sparse matrix requires less then n2 memory cells. 

Sparse Hessian matrix 
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Methods of sparse matrix storage 

 

Å Diagonal scheme for storing  circuit tape matrices, 

Å Profile storage scheme of symmetric matrices, 

Å Connected scheme of sparse storage, 

Å Sparse line format, 

 

and a number of other methods, and various their 

modifications. 
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ʄʝʪʦʜʳ ʭʨʘʥʝʥʠʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ 
 
Å ɼʠʘʛʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʭʨʘʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʤʘʪʨʠʮ, 

Å ʇʨʦʬʠʣʴʥʘʷ ʩʭʝʤʘ ʭʨʘʥʝʥʠʷ ʩʠʤʤʝʪʨʠʯʝʩʢʠʭ, 

ʤʘʪʨʠʮ, 

Å ʉʚʷʟʥʳʝ ʩʭʝʤʳ ʨʘʟʨʝʞʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ,  

Å ʈʘʟʨʝʞʝʥʥʳʡ ʩʪʨʦʯʥʳʡ ʬʦʨʤʘʪ,   

 

ʘ ʪʘʢ ʞʝ ʨʷʜ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠ ʨʘʟʣʠʯʥʳʝ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ. 
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Applied method of sparse  

matrix storage 

L is a maximum number of nonzero elements in the Hessian line. For 

considered problem L = 51. 
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The ratio of dense and sparse  

matrices size 

M = 8 n2  the size of a dense array (in bytes). 

Msparse = 51 (8 + 4) n  the size of a sparse matrix (in bytes). 
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Selected format has a number of positive features: 

 

Åa fixed amount of memory used order  2ĿLĿn cells 

 

Åa small number of occupied cells, about 4-5 % when the dimension 

of the problem is 10ɺ  
 

Åa quick access to the elements of the main diagonal 

 

Åease of implementation procedures for sparse matrix multiplication  

Åon a tight vector 

 

Features of used storage format 
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Computing experiments 

Newton's method modification  
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Computing experiments 

Conjugate gradient method 

 
 

 

 

 

 

 

 

 

 

 

Tests were carried out on a computer system containing 10 cores 

Intel Xeon X5670 
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Huge-Scale separable convex  

  optimization problem 

The classification of local optimization problems  

on the number of variables  

proposed by the Yu.E. Nesterov: 

 

ÅñSmallò ï up to 100 variables 

ÅñMediumò ï from 10į to 10ɹ variables 

ÅñLargeò ï from 10ɺ to 10ɻ variables 

ÅñHugeò ï more than 10ɼ variables 
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Huge-Scale separable convex  

  optimization problem 

Difficulties 
Åthe number of variables ï memory limitations 

Åthe computational complexity ï time limit 

Åthe required amount of computation ï time limit 
 

parallel computing 

Required memory 
Åfloat - 4 bytes per cell 

Ådouble - 8 bytes per cell 
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Required memory 
the vector size of n elements 

Memory (RAM) - the main hardware limitations for many modern Huge-Scale 

optimization problem. 
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Test optimization problem 1 

This test function is convex, separable, the minimum value is  

known (fmin = 0). 

 

The calculation of values of the function f(x) and its gradient Ðf(x) 

performed in parallel on different CPU cores, for large-scale 

problems it is impossible for one compute node due to physical 

limitations on the amount of RAM. 
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Computing experiments 

Computational experiments were carried out with 

 
ÅComputing cluster MBC-100K of Interdepartmental 

Supercomputer Center. 

RAM ï 1 Gb, 1 CPU. 

 

ÅComputing cluster MBC-100K of Keldysh Institute of Applied 

Mathematics RAS. 

 

ÅComputing cluster ñAcademician V.M. Matrosovò, unit ñTeslaò. 

RAM ï 250 Gb, 32 CPU. 
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Computing experiments 
the running time of algorithm 
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Computing experiments 
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Required memory (1 core) 
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Required memory (100 cores) 
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Computing experiments 

 

Ågood scalability of the proposed implementation; 

 

Åthe main limiting factor - the amount of available RAM; 

 

ÅHigh-performance for separable problems. 
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Test optimization problem 2 
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Computing experiments 
the running time of algorithm 
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Computing experiments 
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Computing experiments, test 2 
Modification of  Polyak method, time (s) 
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Computing experiments, test 2 
Modification of  Polyak method, time (s) 
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Computing experiments, test 2 
Modification of  Polyak method, iterations number 
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Computing experiments, test 2 
Modification of  Polyak method, iterations number 
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The problem of finding  

PageRank-vector 

 
P is a stochastic matrix that defines the original graph. 
 

It is implemented the Fletcher-Reeves conjugate gradient 

method for PageRank problem.  


