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Introduction

Develop adaptive learning algorithms for
Evolving Data Streams is one of the major
challenges that we face today. In this research,
we propose improved methods aim at answering
three main research questions includes:

(1) What to remember or forget?;
(2) When to do the model upgrade?;
(3) How to do the model upgrade?

These proposed methods are based on Meta
Heuristic, Statistic and Nonparametric Learning.

Objectives

1. Propose a new sampling method for the first
research question.

2. Propose a new change detection method for
the second research question and a new
adaptive learning algorithm for the third
research question. Experimental evaluation the
proposed methods with existing methods.

3. Built a framework for Evolving Data Streams
Learning.

This research 1s based on Backgrounds:
1. Meta heuristic methods[5][3]:
- Genetic Programming — GP,
- Multi-Object Optimal.
2. Statistic Learning [1][2][4]:
- Bootstrap sampling,
- Online Random Forests.
2. Non-parametric Bayesian Methods [6]:
For handing the big &complex data streams

1. A new method to quantify the over-fitting in
Genetic Programming

Algorithm 1: Quantify the over-fitting
over fit(0) =0
btp = test_fit(0)
thtp = training_fit(0)
for generationi = 1 ton—1
if (test_fit(i) < thp)
over fit(i) =0
btp = test_fit(t)
thtp = training_fit(i)
else over fit(i) = test_fit(i) — btp
oV = \/overrfit(n —1)=(n—bWp)/2
return OV

= Provide a suite of 140 instances of symbolic

regression benchmarks with various types of

noise, levels of noise grouped into clusters
by increasing difficult levels (OV).

Table 1: Name of data set

Name of data set (Index of data set)

Kei2 My Keil2 Ly Keil2 Hy Keil2 Hxy
Cluster 0  Keil2.Hx Keil2 Mx Nguyen 4. Ly Keill. My
(Co) Keill. Ly Nguyen_ 1. Hy Keill.Lxy Vial Hx
Nguyen_4.Hx
Vial.Lxy Nguyen 4. My Keil2.Lx Vias My
Vial Hy Nguyven_ 4. Lx KeilO.Hy Nguyen_3 Mxy
Via5.Lxy Keil3.Hy Keild Mxy Via8 Hxy
Vias_ Hy Viat6 Mx Keild Lx Via® Mx
KeilO Mxy Kell3 My Vial Mx Keil3. My
ViaG. My Nguyen_1.Mx ViaG.Hy Keil3. Mxy
Cluster 1 Nguyen_2 Mx ViaS5. My Nguyen_ 2 Ly Keil3. Ly
(C1) Vial.Lx Vial.Ly Via6.Ly Keil5. Mx
Vias. Lx Keil0Mx Keil(O. Ly Keil0.Ly
Keild. Lxy Keil0.Lxy KeilO.F Keill.F
Keil2 F Keil3F KeildF Keil5.F
Vlal.F Via5.F Vlia6.F Via8.F
Nguyen_l.trl0 Nguyven 2. F Nguyen 3.F Nguyen 4. F
Keil3.Lx Keil5.Lx Via6.Lx Nguyen 3. Ly
Vla5.Ly Vias.Ly Vlia6.Lxy Va8 Lxy
Nguyen_1. Lxy Viab Mxy Nguyen_1 Mxy
Nguyen_1. My Keild My Via5.Hy Nguyen_4.Lxy
Keil5. Hx Keill Mxy Keild. Hy Keild. Ly
Nguyen_ 2. Lx Via5.Hxy Via6.Hxy Keild. Hx
Vias. Hx Kelld Mx Nguyen 1 Hx Vial My
Cluster 2 Va5 Mxy Nguyen_1.Mx Nguyen 2 Hxy Nguyen_3.MNx
(C2) Keil0.Hxy Nguyen_l.Hxy Keild . Hxy Via6. Hx
Keil5 Lxy Keil3 Hx Keil0.Hx Vlia5 Hx
Vial.Hxy Keils.Ly Nguyen 2 Lxy Via5.Lx
KeilO My Va5 Mx Vial Mxy Keil3. Lxy
Nguyen 3. Lxy Keil2 Lxy
Keill . Hy Nguyen 3. Hy Nguyen 1. Hxy Nguyen_4 MNxy
Keill Mx Nguyven 2 Hy Keil 2 Mxy Keil5 Hy
Cluster 3 Keill.Lx Keill Hxy Nguyen 2 Mxy Keil5 Mxy
(C3) Nguyen_ 2 My Nguyven 3.Ly Nguyen_3 Hx Nguyen_1 Ly
Keil5 My Nguyen 3. My Nguyen_l.Lx Nguyven_1 Hy
Vias Mxy Keil3 Hxy Nguyen 2 Hx Nguyen_3 Hxy
Keil5 Hxy Keill Hx

2. Propose a new fitness representation in GP
(Stochastic Fitness):

Stochastic Fitness:Std(bias, variance) ~ Std(u, o?).

Table 2: P values, Fittest error on Benchmark problems in Cluster 0

P value Fittest

Data set | GP BVYGP GP BVGP SFGP-RS
C0.01 0.0001(+) 0.0053(+) 3.88E+01 3.77E+01 3.58E+01
C0.02 0.0005(+) 0.0005(+) 1.74E+01 1.73E+01 1.46E+01
C0.03 0.0001(+) | 0.0001(+) | 3.99E+01 3.98E+01 3.79E+01
C0.04 0.0097(+) 0.0097(+) 5.62E+01 5.61E+01 5.51E+01
C0.05 0.0000(+) 0.0001(+) 4.55E+01 3.99E+01 3.79E+01
C0.06 0.0824 0.0000(+) | 31.35558 35.07208 30.329617
C0.07 0.0000(+) | 0.0000(+) | 0.811338 0.794747 0.446406
C0.08 0.0000(+) 0.0000(+) 1.15E+00 1.16E+00 1.08E+00
C0.09 0.0000(+) 0.0000(+) 9.00E-01 8.90E-01 7.82E-01
C0.10 0.0000(+) | 0.0000(+) | 1.080646 1.080721 0.9027656
C0.11 0.0000(+) | 0.0000(+) | 1.04E+00 1.01E+00 9.35E-01
C0.12 0.0000(+) 0.0578 1.87E+00 0.1173112 1.24E-01
C0.13 0.5010 0.0000(+) | 0917431 1.080646 0.9027656

In this research:

- The major research challenges and
Objectives are listed

- Backgrounds for investigating the new
methods are outlined.

- Some preliminary results are shown in
Results section. However, these results
focus on Meta Heuristics and Statistics
Learning.

We will focus on three main research questions
in the further works.
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