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Difference Equations

(probability theory, queuing problems, statistical problems, stochastic time series, combinatorial
analysis, number theory, geometry, electrical networks, quanta in radiation, genetics in biology,
economics, psychology, sociology, etc)

Appear naturally in mathematical models describing real life situations

discrete analogs of differential equation

advent of computers: differential equations are solved by using their approximate difference
equation formulations.
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The Boundary Value Problem

The above equation appears in the discretization process for searching radial solutions of
certain nonlinear elliptic equations with weighted 𝜑 െ laplacian
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discretization

Radial sol.s



8ECM                                           S. Matucci. A Fixed Point Approach for Decaying Solutions of Difference Equations 5

 in contrast to the half-linear case, nonoscillatory solutions may coexist with oscillatory
(Sturm theory does not hold) 

 every eventually positive sol. is eventually monotone. Eventually decreasing sol.s satisfy one of 
the following

Subdominant sol.

Intermediate sol.

Dominant sol.

no a-priori bounds 
and their asymptotics
can be
represented by a large 
variety of functions. 

Assumptions
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(HL)

Problem completely solved
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Is it possible to use the characterization of intermediate sol.s for (HL) to 
obtain existence results for equation with advanced argument?

(HLA)

Main Result
= 

Comparison
Result
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Is it possible to use the knowledge of cassification of solution for (HL) to 
obtain existence results for equation with advanced argument?

(HLA)

Main Result
= 

Comparison
Result
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Fixed point approach – Topological setting
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A Fixed point result
D.M.M. Phil. Trans. R. Soc. A 379 (2021) 



8ECM                                           S. Matucci. A Fixed Point Approach for Decaying Solutions of Difference Equations 11

Discrete counterpart of Theorem 1.3 in M.Cecchi, M.Furi, M.Marini, Nonlinear Anal. 9 (1985)

Gives a sufficient condition for the Schauder-Tychoff fixed point theorem to be applicable

No explicit form of the fixed point operator is needed

Continuity and compactness are consequences of good a-priori bounds

A key point is the choice of the map G
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A key point is the choice of the map G
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A key point is the choice of the map G

Choice for this problem
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Idea of the proof.  (HLA)  (HLp)
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An Example

Comments and Open Problems



17

Short list of references

 Zuzana Došlá; Mauro Marini; Serena Matucci (2021). A fixed-point approach for decaying solutions of 
difference equations. Phil. Trans. R. Soc. A. http://doi.org/10.1098/rsta.2019.0374

 Zuzana Došlá; Serena Matucci; Pavel Řehák (2020). Decaying positive global solutions of second order 
difference equations with mean curvature operator. Electron. J. Qual. Theory Differ. Equ., No. 72, 1-16.
https://doi.org/10.14232/ejqtde.2020.1.72

 Zuzana, Došlá; Mauro, Marini; Serena, Matucci (2016). Decaying solutions for discrete boundary value 
problems on the half line. J. Difference Equ. Appl., vol. 22, pp. 1244-1260. 
https://doi.org/10.1080/10236198.2016.1190349


