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Introduction Methods

: : StUdy dGSIgn Model Description Model Description Model validation * Derivative-free optimization algorithms:
Experimentally discovered _ _ variables variables L : . . : : : :
characteristics of resting-state brain + 105 subjects from the Human Connectome Project [1] i ( . Optlmlz![ng t:\e SUbJ_eC’E'SPteﬁlfIC_mf_)lde_lt > Nelder Mead Algorithm (NMA) [5]: > Covariance Matrix Adaptation Evolution

- - - : : . . ase of region i a y oupling delay (signal arameters 10 maximize the similarity Direct local search method with Strategy (CMAES) [7]: Global population-
dynamics may be simulated and studied | |. ‘ _ 6:(t) Phaseof region tat  _ Ply _oncricdien time) between P _ gy Pop
vi); mathemai/ical whole-brain models Schaefer s functional brain atlas [2] with N = 100 cortical t time ¢ <PL> D i (Pearson correlation) between sFC and eFC deterministic optimization procedure, based optimization technique, best trial

| | regions Natural froqency . Two different parameter spaces: replacement of the worst trial solution in solutions from every iteration (generation)
Optimally selected mpu_t parameters can | |« Subject-specific, atlas-based empirical structural and f (0.01 - 0.1 Hz) of PL; T _ _ _ _ every iteration step are selected to form the distribution mean of
put the models‘ output in close functional connectivity (eSC and eFC, respectively) regen . Two-dimensional scenario (2D) with ¢ . L ~ the population for the next step
correspondence with empirica| Free parameter of e el and T as free parameters (O' = 0.3 flxed) » Particle Swarm Optimization (PSO) [6]
observations Combutational model : P atongtn ' delay Il. Three-dimensional scenario (3D) with C, Population-based variant of global [8]:
o P o Relative coupling Froe parameter of noiee t and ¢ as free parameters stochastic search strategies, swarm of Sequential design strategy for global
A challenge, hf)wever, IS given by the . Kuramoto model [3] of coupled phase oscillators ki ==5¢s oo tand 1 g intensity particles exploring the parameter space optimizations of black-box functions,
search for optimal model parameters > simulated BOLD signals > simulated FC (sFC) . _* Brute-force approach: | collaboratively and exchanging probabilistic surrogate model for the goal
number of streamiines ndependent noise > Grid search (GS): Exhaustive parameter - - - - - - -
Increasingly many free parameters . Phase dynamics of brain region i € {1 N 4] Scy between reglon  and | (0 perurbation of region space scan for 64 + 48 — 3072 parameter information about discovered function funcI:tlon, adjusted after every new function
: 7ore ' — values evaluation

rendler at.systema(tjlc parar.rclje_tetr spta(t:: 8.(t) = 21f; + [ yN Ky sin ( 9]-( ‘ Tij) —0,()) + o i (t) . Averaging operator o) Simulated BOLD signal of tuples (C,7) in 2D and for 48 = 22 * 81
exploration on a dense grid intractable N =) ‘ region i = 85536 tuples (C,1,0) in 3D 15 executions per subject

Results Conclusions

» Aim: To facilitate the process of model
validation by suggesting some
mathematical optimization algorithms
as effective and resource-saving
alternatives to an exhaustive grid search

Algorithms vs. Grid search Mathematical optimization algorithms
Subijects in ascending order according to grid search results can be an efﬁCient tOOI tO deteCt

Statistical significance of median of relative difference assessed via -
Wilcoxon signed.rank test optimal model parameters

—GS2D
—NMA2D

Optimized model parameters in 2D and 3D (personalized simulations) Optimized model parameters in 2D and 3D (group-level analysis)
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