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Abstract

This paper concerns anonnegative N x N matrix Q and, more generally, asystem {Q5 : 0 D}
of such matrices whose rows are in product form. Denote as o(Q) the spectral radiusof Q, and
call anonempty subset J of {1, .., N} closedunder Q if Q;=0 for i0}J and j U J. Linear
systems that characterize upper boundson o(Q) and maxg 0(Q5) are classic. This paper presents
linear systems that characterize lower bounds on ming miny 0[(Q5) 1 Where 6 rangesover D
and J ranges over setsthat are closed under Q5 . Theseresults are used to characterize lower
bounds on the minimal coordinate-dependent growth rate in the corresponding multiplicative

systems.



