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CONSERVATIVE REALIZATIONS OF THE FUNCTIONS
ASSOCIATED WITH SCHUR’S ALGORITHM FOR
THE SCHUR CLASS OPERATOR-VALUED FUNCTION

YURY ARLINSKIT

Abstract. Let 9 and M be separable Hilbert spaces and let @(A) be a function from the Schur
class S(M,N) of contractive functions holomorphic on the unit disk. The operator generaliza-
tion of the classical Schur algorithm associates with © the sequence of contractions (the Schur
parameters of ©) I'p =©(0) € L(M,MN), I'; € L(Dr,_,,Dr: ) and the sequence of functions
©) =0, 0, €S(Dr,,Dr;) n=1,... (the Schur iterates of ©) connected by the relations

Ly = 0,(0), ©4(4) =Ty + ADr; 0,11 (A) ([ +AT;0,11(A) ' Dr,, JA| < L.
It is well known that the function @(A) € S(91,M) can be realized as the transfer function
OA) =D+AC(I—-2A)"'B

DC .
B A} ;Em,‘ﬁ,f)} with
the state space $) and the input and output spaces 9t and 1, respectively.
In this paper we give a construction of conservative and simple realizations of the Schur
iterates ©, by means of the conservative and simple realization of ©.
Mathematics subject classification (2000): 47A48, 47A56, 93B28.
Keywords and phrases: Contraction, characteristic function, passive system, conservative system, trans-

of a linear conservative and simple discrete time-invariant system 7 = { {

fer function, realization, Schur class function.

(1]
[2]

[3]
[4]
[5]

[6

[}

REFERENCES

D. ALPAY, T. AziZOV, A. DIJKSMA, AND H. LANGER, The Schur algorithm for generalized Schur
functios. 1. Coisometric realizations, Oper. Theory Adv. Appl., 129 (2001), 1-36.

D. ALPAY, T. Az1zoV, A. DUKSMA, H. LANGER, AND G. WANJALA, The Schur algorithm for gen-
eralized Schur functions. Il. Jordan chains and transformations of characteristic functions, Monatsh.
Math., 138 1 (2003), 1-29.

D. ALPAY, T. AzizoV, A. DIUKSMA, H. LANGER, AND G. WANJALA, The Schur algorithm for
generalized Schur functions. IV. Unitary realizations, Oper. Theory Adv. Appl., 149 (2004), 23-45.
D. ALPAY, A. DUKSMA, AND H. LANGER, The transformation of Issai Schur and related topics in
indefinite setting, Oper. Theory Adv. Appl., 176 (2007), 1-98.

D. ALPAY, A. DUKSMA, AND H. LANGER, The Schur transformation for Nevanlinna functions: op-
erator representations, resolvent matrices and orthogonal polynomials, to appear in Operator Theory:
Advances and Applications, arXiv:0711.4236v1.

D. ALPAY, A. DUKSMA, H. LANGER, AND YU. SHONDIN, The Schur Transformation for General-
ized Nevanlinna Functions:Interpolation and Self-Adjoint Operator Realizations, Compl. Anal. Oper.
Theory, 1 (2007), 169210.

D. ALPAY, A. DIUKSMA, J. ROVNYAK, AND H. S. V. DE SNOO, Schur functions, operator colliga-
tions, and Pontryagin spaces, Oper. Theory Adv. Appl., 96 (1997), Birkhiuser Verlag, Basel-Boston.
T. ANDO, De Branges spaces and analytic operator functions, Division of Applied Mathematics,
Research Institute of Applied Electricity, Hokkaido University, Sapporo, Japan, 1990.

© éLﬂ‘ﬂV Zagreb
Paper OaM-03-03



60

[10]

(11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]
[19]
[20]

[21]

(22]

(23]

(24]

[25]

[26]

(27]

[28]
[29]

(30]

YURY ARLINSKII

Yu. M. ARLINSKII, Extremal extensions of a C(ot)-suboperator and their representations, Oper.
Theory Adv. Appl., 162 (2006), 47-69.

YU. ARLINSKII, The Kalman—Yakubovich—Popov inequality for passive discrete time-invariant sys-
tems, Operators and Matrices, 1 2 (2008), 15-51.

Yu. M. ARLINSKII, S. HASSI, AND H. S. V. DE SNOO, Parametrization of contractive block-
operator matrices and passive disrete-time systems, Complex Analysis and Operator Theory, 1 2
(2007), 211-233.

YU. ARLINSKII, L. GOLINSKITAND E. TSEKANOVSKII, Contractions with rank one defect operators
and truncated CMV matrices, Journ. of Funct. Anal., 254 (2008), 154-195.

D. Z. AROV, Passive linear stationary dynamical systems, Sibirsk. Math. Journ., 20 2 (1979), 211-228
[Russian]. English translation in Siberian Math. Journ., 20 (1979), 149-162.

D. Z. ARoV, Stable dissipative linear stationary dynamical scattering systems, J. Operator Theory, 1
(1979), 95-126 [Russian]. English translation in Interpolation Theory, Systems, Theory and Related
Topics, The Harry Dym Anniversary Volume, Oper. Theory: Adv. Appl., 134 (2002), Birkhauser
Verlag.

D.Z. ArRov, M. A. KAASHOEK, AND D. P. PIK, Minimal and optimal linear discrete time-invariant
dissipative scattering systems, Integral Equations Operator Theory, 29 (1997), 127-154.

D. Z. AROV AND M. A. NUDEL’MAN, A criterion for the unitary similarity of minimal passive
systems of scattering with a given transfer function, Ukrain. Math. J., 52 2 (2000), 161-172 [Russian].
English translation in Ukrainian Math. J., 52, 2 (2000), 161-172.

D. Z. AROV AND M. A. NUDEL’MAN, Tests for the similarity of all minimal passive realizations of
a fixed transfer function (scattering and resistance matrix), Mat. Sb., 193 6 (2002), 3-24 [Russian].
English translation in Sb. Math., 193 5-6 (2002), 791-810.

D. Z. AROV AND O. STAFFANS, State/signal linear time-invariant systems theory: passive discrete
time systems, Internat. J. Robust Nonlinear Control, 17 5-6 (2007), 497-548.

GR. ARSENE AND A. GHEONDEA, Completing matrix contractions, J. Operator Theory, 7 (1982),
179-189.

M. BAKONYI AND T. CONSTANTINESCU, Schur’s algorithm and several applications, Pitman Re-
search Notes in Mathematics Series, vol. 261, Longman Scientific and Technical, 1992.

J. A. BALL AND N. COHEN, De Branges-Rovnyak operator models and systems theory: a sur-
vey. Topics in matrix and operator theory (Rotterdam, 1989), Oper. Theory Adv. Appl., 50, 93-136,
Birkhiuser, Basel, 1991.

S. S. Boiko AND V. K. DUBOVOJ, On some extremal problem connected with the suboperator of
scattering through inner channels of the system, Report of National Academy of Sciences of Ukraine,
no. 4 (1997), 7-11.

S. S. BoIiko, V. K. DUBOVOJ, B. FRITZSCHE, AND B. KIRSTEIN, Contraction operators, defect

functions and scattering theory, Ukrain. Math. J., 49 4 (1997), 529-538 [Russian]. English translation

in Ukrainian Math. J., 49 4 (1997), 529-538.

S. S. Boiko, V. K. DuBovos, B. FRITZSCHE AND B. KIRSTEIN, Models of contractions con-
structed from the defect function of their characteristic function, Oper. Theory Adv. Appl., 123 (2001),
67-87.

L. DE BRANGES AND J. ROVNYAK, Square summable power series, Holt, Rinehart and Winston,
New York, 1966.

L. DE BRANGES AND J. ROVNYAK, Appendix on square summable power series, Canonical models
in quantum scattering theory, in: Perturbation theory and its applications in quantum mechanics, ed.
C. H. Wilcox, New York, 1966, 295-392.

M. S. BRODSKII, Unitary operator colligations and their characteristic functions, Uspekhi Mat.
Nauk, 33 4 (1978), 141-168 [Russian]. English translation in Russian Math. Surveys, 33 4 (1978),
159-191.

Z. CEAUSESCU, C. FOIAS, On intertwining dilations. V, Acta Sci. Math. (Szeged), 40 (1978), 9-32;
Corrections, 41 (1979).

T. CONSTANTINSCU, Operator Schur algorithm and associated functions, Math. Balcanica, 2 (1988),
244-252.

T. CONSTANTINSCU, Schur parameters, factorization and dilation problems, Operator Theory: Ad-
vances and Applications, 82 Bikhiuser Verlag, Basel, 1996.



(31]
(32]
(33]

(34]

(35]
(36]
(371
[38]
[39]

[40]

[41]

[42]

[43]
[44]
[45]
[46]

[47]

CONSERVATIVE REALIZATION OF THE SCHUR ALGORITHM 61

CH. DAvIS, W. M. KAHAN AND H. F. WEINBERGER, Norm preserving dilations and their applica-
tions to optimal error bounds, SIAM J. Numer. Anal., 19 3 (1982), 445-469.

PH. DELSARTE, Y. GENIN, AND Y. KAMP, Schur parametrization of positive definite block-Toeplitz
systems, SIAM J. Appl. Math., 361 (1979), 34-46.

R. G. DOUGLAS, On majorization, factorization and range inclusion of operators in Hilbert space,
Proc. Amer. Math. Soc., 17 (1966), 413-416.

V. K. DuBovoO1J, B. FRITZSCHE AND B. KIRSTEIN, Matricial version of the classical Schur prob-
lem, Teubner-Texte zur Mathematik [Teubner Texts in Mathematics], 129, B. G. Teubner Verlagsge-
sellschaft GmbH, Stuttgart, 1992.

V. K. DuBOVOJ AND R. K. MOHHAMED, Defect functions of holomorphic contractive matrix func-
tions, regular extensions and open systems, Math. Nachr., 160 (1993), 69-110.

B. FRITZSCHE, V. KATSNELSON, AND B. KIRSTEIN, The Schur algorithm in terms of system real-
izations, arXiv: 0805.4732 [math. CV] v 1, May 30, 2008.

J. W. HELTON, Discrete time systems, operator models, and scattering theory, J. Functional Analysis,
16 (1974), 15-38.

V. U. KOLMANOVICH AND M. M. MALAMUD, Extensions of sectorial operators and dual pairs of
contractions, Manuscript No. 4428-85, Deposited at VINITI, 1985, 1-57 (Russian).

M. M. MALAMUD, On some classes of extensions of sectorial operators and dual pair of contractions,
Oper. Theory Adv. Appl., 124 (2001), 401-448.

1. SCHUR, Uber Potenzreihen, die im Innern des Einheitskreises beschrinkt sind, I, I, J. Reine Angew.
Math., 147 (1917), 205-232; 148 (1918), 122-145. English translation in I. Schur methods in operator
theory and signal processing, Oper. Theory Adv. Appl., 18, Birkhauser, Basel and Boston, 1986.

Yu. L. SHMUL’ YAN, Generalized fractional-linear transformations of operator balls, Sibirsk. Mat.
Zh., 215 (1980), 114-131 [Russian]. English translation in Siberian Mathematical Jour., 21 5 (1980),
728-740.

YU. L. SHMUL’YAN, Certain stability properties for analytic operator-valued functions, Mat. Za-
metki, 20 4 (1976), 511-520 [Russian]. English translation in Mathematical Notes, 20 4 (1976), 843—
848.

YUu. L. SHMUL’ YAN AND R. N. YANOVSKAYA, Blocks of a contractive operator matrix, 1zv. Vuzov,
Mat., 7 (1981), 72-75.

A. B. SHTRAUS, On one class of regular operator-functions, Doklady Akad. Nauk SSSR, 70 4 (1950),
577-580.

O. STAFFANS, Well-posed linear systems, Encyclopedia of Mathematics and its Applications, 103,
Cambridge University Press, Cambridge, 2005.

O. STAFFANS, Passive linear discrete time-invariant systems, International Congress of Mathemati-
cians, Vol. 3, 1367-1388, Eur. Math. Soc., Zurich, 2006.

B. Sz. NAGY AND C. FOIAS, Harmonic analysis of operators on Hilbert space, North-Holland, New
York, 1970.

Operators and Matrices

www.ele-math.com Operators and Matrices

oam@ele-math.com

www.ele-math.com
oam@ele-math.com



