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Abstract

Background: In a large number of application areas, it is desirable to obtain sparse solutions. In the case of nonconvex
problems, which appear in various circumstances, there is no certain tractable method to find an answer with the minimum
number of nonzero elements, where it is usually approximated by a convex problem. In computational biology, one of the
well-known problems is the flux variability analysis, FBA, in which we find a set of reaction fluxes in a cell consistent with
constraint vectors with maximum cell growth.

Aim of the study: In this paper, first, we address five variations of the FBA problem designed in the !Optimizer 2021
competition to solve a more general nonconvex variation of the FBA by having many constraints and using sparse methods.
In the first two problems, we seek to find the sparsest vectors, and in the next three problems, our goal is to find the matrix V
satisfying some constraints with jointly sparse columns. Then, we provide methods and algorithms to overcome these
problems, released by the Panda team as the winner solution in this competition.

Materials and Methods: The main algorithm is weighted 11-norm minimization, in which we solve a weighted 11-norm
problem in each iteration, but our weight updating method is different from conventional methods. Using randomness is a
new technique in the process of updating weights. We also extend this idea to find jointly sparse matrices. All materials can
be found in the Codes and data availability section.

Results: Although the data size for this competition is significantly huge, our linear algorithm spends only a short time
finding the near-optimal solution. A benchmark of our main algorithms, which outperforms other methods in speed and
accuracy, is provided in the Results section of this paper.

Conclusions: By providing this fast algorithm for the multi-column variations of the FBA, it is now possible to include many
different constraint data to solve an FBA problem simultaneously, which helps researchers accurately reconstruct new
organisms’ metabolic networks in a polynomial time.

Key words: Metabolic Networks Optimization, Flux Balance Analysis, Sparse Optimization, Linear Optimization,
Separation Method.
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