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E. A. TRACHTENBERG, M. G. KARPOVSKY

OPTIMAL VARYING DYADIC STRUCTURE MODELS OF
TIME INVARIANT SYSTEMS

Summary: We consider the problem of the best approximation to a given linear sysiem

by a varying structure dyadic system (VDS) over a finite group. Consider a given linear
invariant system with zerc initial state, defined on a finite discrete time interval [0,'2“-1]:
2"1
Z(1) = (W*U)(1) = Z w(l-2)u(z) , (0¢t<2"-1). (1)
z=0 |

The symbol * stands for convolution of the impulse function w and the input u and w, U,

z:[0,2N-1] = C, where C is the field of complex numbers. Let now m =2n and consider

the dyadic group of binary 2n-vectors, te G, t=(tg, t1,-ston-1): b€ {0,1}, 0<i<2n-1 with the

]

group operation @-componentwise addition mod 2. In this case the group characters

are Walsh functions
2n-1
A A
(1) = (- )0 0w , 1e2®"-1,seee.g.{1,2]

L et v:G—C and we will consider the following VDS

Y= Y V(B OUE) (2)
Lel

-
where t = (tn, LN J OV ;tg,t1 :"'rtn—1)'
Treating u:[0,2"-1]-Cin (1) as a function defined on G, i.e., u:G—-L, we state the

folinwing problem of the best approximation of system (1) by a VDS (2) over the group
all systems (2) with the input u, it is required to find an optimal VDS with

G: Amongst
an impulse function vop:G—=C such that
_ A — 1/2
Iw=Veptll = min_ diw=vlly , Ifll= D@ f@) . 16=C. ()

zel

In [1], the problem (3) was posed and solved, where the approximation of (1) in norm

(3) was done by convolution systems (CLS) over the group G.
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Kt = (B (Y= D (182 u2) . , (4)

zel>

where h:G->C is the impulse function.

In [2,3] the problem of approximation of a time invariant system (1) by general (not
necessarily Abelian group models (2) or (4)} has been solved. By considering special
varying dyadic models, we may achieve some computational advantages as weli as
increased accuracy of approximation [4,5].

As disadvantages of such dyadic models, we mention the increased complexity of
their implementation [3]. Also, there is not always a one-to-one cnrrespundence

between the original system (1) and its model (2). .

in the present work, we infroduce a speciél family of bases in the space {f:G—C} so
that the VDS (2) has a convolution type property. Then we describe the analytical
solution of (3) and investigate the problem of one-to-one correspondence between
causal and symmetric systems (1) and their VDS models (2). This problem was solved
in [1,2] for CLS models (4). We also establish bounds on the complexity of computing
the output y of (2) using fast algorithms for computation of convolution. The usefuiness
of properties of group models (2), {4) is explained by their relation to Frobenius group

matrices, which were studied in {3,5].
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