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MULTI-LEVEL FUNCTIONAL MODEL OF PERFORMANCE
INDICATORS FOR ULTRA-WIDEBAND CODE DIVISION
MULTIPLE ACCESS SYSTEMS

Modern ultra-wideband code division multiple access systems are
characterized by high user density, substantial non-uniformity of signal
energy characteristics, and strict constraints on the level of multiple access
interference. Under such conditions, classical approaches to performance
evaluation, focused on separate structural or energy criteria, do not provide
a holistic view of system functioning and do not allow for the consistent
solution of synthesis, analysis, and optimization problems [1-3]. A relevant
direction of modern research is the formation of integrated models that
combine indicators of different description levels and allow for evaluating
the efficiency of multiple access systems taking into account the
interrelation of structural, energy, and system characteristics [4; 5].

A multi-level functional model of performance indicators for ultra-
wideband code division multiple access systems has been developed,
providing a formalized link between structural, energy, power-channel, and
system indicators. To achieve this goal, the following main tasks are solved:
identification of the multi-level model layers and definition of
corresponding efficiency functionals, construction of a generalized
functional description of the multiple access system, and development of a
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functional reduction algorithm for transitioning between model levels
depending on the applied problem.

The proposed model relies on a hierarchical representation of
performance indicators. The lowest level considers structural indicators
characterizing the correlation properties of ensembles of complex time-
discriminating signals and determining the potential level of multiple access
interference. The next level is formed by energy indicators, which account
for the non-uniform distribution of energy among users and are introduced
as corresponding functionals and dual indicators. The power-channel level
formalizes the dependence of reception quality indicators on
communication channel properties and transmission power limitation
modes. The upper, system level reflects integral performance indicators,
such as permissible load, noise immunity, and the energy balance of the
system.

Corresponding functionals are introduced for each model level,
formalizing the dependence of performance indicators on signal, ensemble,
and channel parameters. Structural functionals are based on generalized
correlation measures and equivalent ensemble volumes. Energy functionals
are related to normalized energy distributions and ensure invariance to
global power scaling. Power-channel functionals take into account the
signal-to-interference-plus-noise ratio, and system functionals integrate the
previous levels to evaluate the limiting operating modes of the system.

A generalized functional description of the ultra-wideband code division
multiple access system is constructed, reflecting the interrelation between
indicators of different levels within a unified mathematical framework. This
description allows considering the system as a holistic object in which the
structural properties of signal ensembles directly influence energy and
system characteristics. The proposed approach ensures consistency with
classical efficiency criteria in the equal-energy case and their correct
generalization for unequal-energy modes.

An important element of the proposed model is the functional reduction
algorithm, which allows transitioning between description levels without
building new models. The algorithm formalizes operations of parameter
fixing, averaging, normalization, and variable substitution while preserving
relevant system characteristics. This allows, on the one hand, obtaining
compact structure-oriented models for signal ensemble synthesis problems,
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and on the other hand, elevating structural and energy indicators to the
system level for evaluating permissible load and noise immunity.

The proposed multi-level functional model creates a methodological
foundation for the consistent analysis and optimization of ultra-wideband
code division multiple access systems. The scientific novelty lies in the
formation of a unified hierarchical approach to describing performance
indicators, combining structural, energy, and system aspects. The practical
value of the model lies in the possibility of its use in problems of design,
modeling, and optimization of modern and prospective wireless
communication systems.

The paper demonstrates that the proposed approach provides a
formalized link between structural, energy, power-channel, and system
performance indicators, which is consistent with modern trends in the
development of code division multiple access system theory and ultra-
wideband communication systems [2; 4]. The proposed functional
reduction algorithm allows adapting the model to specific synthesis,
analysis, and optimization tasks without losing relevant characteristics,
which is essential for the practical design and modeling of prospective
wireless communication systems [5; 6].
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