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Caliculus of Non-Integer Order and Neural Network (Japanese Edition)

Kazuyuki MURASE "

HHFEL RIS HOLN TV AR TIHEBEEIIER E ST ad. BIZIE, 1R d
dx, 2 BEBOY dyld, | BERESY [ydx, T 5D, Z OB EEIE % & 2 FEREE O PR/ E TR E4E b Al
DHEFINIRE SN TV D, JEEE M OMEE /S TEI LB IR G 2 5k 4 5 OIS LT D 2 & h
O, M E WA OBE EARTIRICIEHWe N TE 2. 1S, ATHBICHWbN =2 —T b
F BT — 7 OFE R SICIEEEBE Oy D EEOMEREN ERNDS ZERb, & 5K
F U= T == I AW TEBIRRESN TS, 22 TIEEADL OFEF 2 HEICHENT 5.

F—D—F EEHPEMEY, —a—T 0y NT—2, BRAKRTIE, BENEEEE, BIOAR = 2 —
FGNFy NU—, PEEEE

Abstract In widely used differentiation and integration, the order is assumed to be an integer, for example, the
first-order derivative dy/dx, second-order derivative d’y/dx’, first-order integral [ ydx, etc. Calculus of non-integer
order has been built mathematically before hundreds of years. It is suitable for describing dispersion and hysteresis.
Therefore, it is traditionally used to express dynamics of viscoelastic materials and fluids. Recently, it is highlighted
that differentials of non-integer order can be effectively used in the learning process of neural networks which are
the primary component of deep learning in the latest artificial intelligence. This brief article describes some latest
progress.
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Figure 1  Behavior of D,}’e""z for various non-integer values v (n = 0)
Excerpted from Fig.1(a) of ref. [5].
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Wang, Y. Wen, Y. Gou, Z. Ye, H. Chen, “Fractional-order gradient descent learning of BP neural networks with Caputo derivative,” Neural Networks,

Vol.89, pp.19-30, 2017 [6] O Fig.2 k. 0 —¥ % #ixi.

Figure 2 Training and test accuracies for various learning rates are plotted against non-integer fractional order. Excerpted from Fig.2 of ref. [6].
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networks with fractional order gradient method,” Neurocomputing,
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Figure 3 Backpropagation where non-integer order differentials are
combined with first-order differentials. Excerpted from Fig. 3 of ref.
[12].
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Figure 4 Convolutional neural network LeNet-5. Excerpted from Fig.5 of ref. [12].
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