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1. Sorbonne Universites, UPMC Univ Paris 06, Inserm U-1127, CNRS UMR-7225, Institut du Cerveau et de la Moelle Epinière, Hopital Pitié-Salpêtrière, Paris, France 2. Inria Paris, Aramis project-team, Paris, France Identifying the nodes that may be able to impact the state of a network is a crucial question for many complex interconnected systems. Because even in relatively small networks there exists a huge number of equivalent controllable walks, the enumeration of all driver nodes is still difficult in practice because of the combinatorial and numerical complexity. In many biological applications it is often possible to only act on single driver nodes and desirable to focus on their ability to control a target node-set of the network [1]. Taking into account these constraints, we propose an optimized heuristic that quantifies the centrality τ of a driver node as the number of targets it can control. Based on the Kalman rank condition, our criterion introduces a hierarchy in the target set and performs a step-wise search. We first validate the method on simple directed networks, finding that the step-wise approach can provide a driver-target configuration in a reduced space-time complexity compared to standard approaches.

We then apply the step-wise target controllability framework to human connectomes obtained from 171 healthy subjects aged from 5 to 85 [2]. We use diffusion tensor imaging and functional magnetic resonance imaging (fMRI) to derive, respectively, structural and functional brain networks with average node degree k varying from 1 to 16. We study a diffusion process on the structural connectome with adjacency matrix A, with the aim to direct it by means of the transition probability A i, j ∑ j A i j . To derive sparse directed networks, we maintained for each pair of nodes the edge with the highest transition probability. In the case of same value, we keep both edges. Finally, we binarize the resulting adjacency matrix. We study a linear time-invariant dynamics ẋ(t) = Ax(t) + Bu(t), where x(t) is the state of the network, given by the fMRI values, B and u(t) describe the external input. We choose and rank the target nodes as those brain areas that are more active in the functional connectome, i.e. those corresponding to the 10% highest group-averaged node strength values. We compute the τ values for the subjects in each brain region, averaged at the varying of mean node degree k of the connectomes. Results show that while the target areas tend to belong to parietal and occipital brain areas, driver nodes tend to be in the frontal brain regions (Fig 1a and1b). Interestingly, we find that their target control centrality tends to be positively correlated with the age of subjects, suggesting that their driving potential is reinforced with normal aging (Fig 1b).

Our work is a preliminary step towards a practical solution to identify controllable driver-target configurations in a complex network and study their importance from a functional perspective. 
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 1 Figure 1: a) Target brain areas, corresponding to the 10% highest group-averaged node strength values. b) Significant (p < 0.0005) Spearman correlation between age and mean target control centrality, computed on directed structural connectomes with average mean degree k ranging from 1 to 16. The detail shows a scatter plot for the region with the strongest correlation.