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The Hamiltonian of the system :

𝑯𝒈 𝒒 = ෍
𝒋

𝑵 𝒑𝒋
𝟐

𝟐𝒎𝒋
+

𝟏

𝟐
𝒎𝒋𝝎𝒋

𝟐𝒒𝒋
𝟐

𝑯𝒕𝒐𝒕𝒂𝒍 = 𝑯𝒈 + 𝑯𝒆 + 𝑯𝑽𝑩
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Spectral density function :
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Input parameters:
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Differential Evolution algorithm
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F – weighting factor (contribution of 

the difference of two random vectors)

Cr – crossover probability (replacing 

the coordinate of the base vector with 

the coordinate of the mutant one)

𝑮𝟎 𝝎𝒏 - the spectrum of the sum of 

Gaussians with an arbitrary set of 

parameters

𝑮 𝝎𝒏, 𝒙𝒊
𝒈

- the current result of 

modeling the desired spectrum
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- the mutant vector; - trial vector; - the base vector.

Exponential crossover Binomial crossover
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Figure 1. Fitting of two spectrum-like curves

simulated with one (A) and two (C) Gaussian

functions. Thin colored lines are the current

best results for the first eight generations of

optimization. The overall convergence

dynamics are shown in (B) and (D).
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Figure 3. Fitting of a simulated spectrum-like

curve consisting of 8 identical Gaussian

functions (A) and a curve consisting of 8

Gaussians with different parameters for each

function (B). The target curves are calculated

using the same set of frequencies. The results

of the successful fits are presented for both

cases (C and D). Thin lines indicate the

current best curves after immediately after

beginning of the optimization. The

convergence dynamics are presented in (E

and F).
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Figure 8. The results of the fitting for Chl a (A), BChl a (C), Spheroidene (E), and Spheroidenone (G). The

thin lines indicate the best spectra after first seven generations of the optimization process. The corresponding

convergence dynamics are shown in (B,D,F,H) on logarithmic scales.
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Рис. 1. Структурные формулы изомеров кантаксантина; 

транс- (A), цис-9 (B), цис-13 (С).

Рис. 2. Функция спектральной плотности, рассчитанная 

с учетом двух вибронных мод и одного обертона: ν1 =
1524 cm−1 , ν2 = 1158 cm−1  и 2ν1 = 3048 cm−1  (A); 

смоделированный спектр поглощения каротиноида, 

соответствующий электронному переходу ȁ ۧ𝑆2 → ȁ ۧ𝑆2 . 

Профиль поглощения представляет собой сумму 

вкладов транс- и цис-переходов (B).
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Rosenbrock function
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Fig. 1. 2D Rastrigin benchmark function (A). Evolution of 60D and 120D 

Rastrigin function (B).
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Fig. 2. Total execution time of the 

optimization program depending on 

the number of thread passed to 

mpiexec (blue line). The 

corresponding percentage of the CPU 

usage during optimization is shown 

by red line. The target functions are 

60D (A) and 120D (B) Rastrigins.
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