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Unifying Continuous 
and Discrete Analysis

“A major task of mathematics
today is to harmonize the continuous
and the discrete, to include them in
one comprehensive mathematics, 
and to eliminate obscurity from both.”    

E.T. Bell, 1937
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Time Scales

The set of all real numbers, the (delta) 
derivative is the usual derivative
The set of all integers, the (delta) 
derivative is the usual forward difference
The set of all nonnegative integer powers 
of a number q>1, the (delta) derivative is 
the usual Jackson derivative

If the time scale is
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Jump Operators  Graininess
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Delta Derivative

SUF
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Product Rule  Quotient Rule
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Integrals
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The Exponential Function
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Variation of Parameters
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Gronwall’s Inequality
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Dynamic / Integral Equation
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Uniqueness
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Existence
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Hyers-Ulam Stability
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HU Stability - Result
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HU Stability – More Results
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Hyers-Ulam-Rassias Stability
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HUR Stability - Result
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HUR Stability – More Results
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Discrete Case
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HUR Stability – More Results
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HUR Stability – More Results
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HUR Stability – More Results
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Dynamic / Integral Equation
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Existence/Uniqueness



December 8, 2021 IMDETA Łódź 32

HU Stability - Result



December 8, 2021 IMDETA Łódź 33



December 8, 2021 IMDETA Łódź 34



December 8, 2021 IMDETA Łódź 35

HU Stability – More Results
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HUR Stability - Result
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HUR Stability – More Results
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HUR Stability – More Results
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HUR Stability – More Results
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