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1.20.2 Hölder Properties of Two-parameter fBm . . . . . . . . . . . . . 117
1.20.3 Fractional Integrals and Fractional Derivatives of

Two-parameter Functions . . . . . . . . . . . . . . . . . . . . . . . . . . 118

2 Stochastic Integration with Respect to fBm and Related
Topics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
2.1 Pathwise Stochastic Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

2.1.1 Pathwise Stochastic Integration in the Fractional
Sobolev-type Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

2.1.2 Pathwise Stochastic Integration in Fractional
Besov-type Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

2.2 Pathwise Stochastic Integration w.r.t. Multi-parameter fBm. . . 131
2.2.1 Some Additional Properties of Two-parameter

Fractional Integrals and Derivatives . . . . . . . . . . . . . . . . . . 131
2.2.2 Generalized Two-parameter Lebesgue–Stieltjes

Integrals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
2.2.3 Generalized Integrals of Two-parameter fBm in the

Case of the Integrand Depending on fBm . . . . . . . . . . . . . 136
2.2.4 Pathwise Integration in Two-parameter Besov Spaces . . 136
2.2.5 The Existence of the Integrals of the Second Kind of a

Two-parameter fBm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
2.3 Wick Integration with Respect to fBm with H ∈ [1/2, 1) as

S∗-integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
2.3.1 Wick Products and S∗-integration . . . . . . . . . . . . . . . . . . . 141
2.3.2 Comparison of Wick and Pathwise Integrals for

“Markov” Integrands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
2.3.3 Comparison of Wick and Stratonovich Integrals for

“General” Integrands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
2.3.4 Reduction of Wick Integration w.r.t. Fractional Noise

to the Integration w.r.t. White Noise . . . . . . . . . . . . . . . . . 157
2.4 Skorohod, Forward, Backward and Symmetric Integration

w.r.t. fBm. Two Approaches to Skorohod Integration . . . . . . . . 158
2.5 Isometric Approach to Stochastic Integration with Respect

to fBm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
2.5.1 The Basic Idea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
2.5.2 First- and Higher-order Integrals with Respect to X . . . 164
2.5.3 Generalized Integrals with Respect to fBm. . . . . . . . . . . . 169



Contents XV

2.6 Stochastic Fubini Theorem for Stochastic Integrals w.r.t.
Fractional Brownian Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
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