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An Identification Problem for
Multiterminal Networks:
Solving for the Traffic
Matrix from Input-Output
Measurements
F. Alberto Grunbaum and Laura Felicia Matusevich

Abstract. We consider the problem of determining the unknown characteristics of a
random routing strategy from end-to-end measurements. More specifically, we construct
a Markov chain that models the traffic of messages in a multiterminal network consisting
of input, intermediate, and output terminals. The topology of the network is assumed
to be known, but the Markovian routing strategy is not known. We solve the problem
of determining the unknown one-step transition probability matrix of our random walk
from input-output measurements of “travel time.” We give explicit inversion formulas
(up to a natural gauge) in a nontrivial example. The result holds for a large (but
not arbitrary) class of multiterminal networks, many of which are indicated here. The
networks that we display here are constructed in a canonical fashion from certain
graphs. Some of these graphs as well as the way to go from graphs to networks are also
displayed. One example of a graph for which our method works is the edge graph of a
hypercube in any dimension.

1. Introduction

Consider the following exceedingly simple network, consisting of an input termi-
nal I, a intermediate terminal H, and an output terminal O, as seen in Figure 1.
Messages can be sent from I to O in two ways: either directly or by means of
the intermediate terminal H. The probability of a direct transmission is denoted
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Figure 8. The network arising from a two-point star.
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Figure 9. The two-point star graph on the left. On the right, a diagram repre-
senting the states: dotted arrows are incoming or outgoing depending on how
they point; solid arrows are intermediate states.

Figure 10. The block structure of PIO and PHO on the left, and that of PHH and
PIH on the right. These correspond to the network arising from the two-point
star.
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