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Decomposition and ranking-based classifier chain for multi-dimensional
classification

LI Er-chao’, YANG Hong-giang
(College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Classification performance is significantly affected by dependencies between class variables in multi-
dimensional classification. These dependencies are effectively modeled by classifier chain algorithms. However, their
performance is constrained by issues such as label order selection and error propagation. To address these limitations,
this paper introduces a decomposition and ranking-based classifier chain for multi-dimensional classification algorithm.
Initially, the multi-dimensional classification problem is simplified into binary classification problems using a one-vs-
one strategy, which reduces complexity. Subsequently, the label order is treated as a linear ordering problem and
optimized with the genetic algorithm to determine the optimal sequence. Finally, a feature space control strategy is
proposed to minimize the impact of early classification errors on subsequent classifiers. Experiments conducted on 10
real-world datasets demonstrate that the proposed algorithm outperforms the state-of-the-art methods while also
exhibiting lower computational complexity.
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PR FE AR _EEAS SE it B AR T A b VR R
e PERE.

3) K 4 F1FK 5 Fror, DRCC 77 % B B AR Z 4L
PEREIE T EDCC J7i%, m4r 7 | DRCC J7 g
H I RALRE P SR e (1A

4) E137E E 1, DRCC 5 VELE TG 3 NI
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BE.

5) XF 75k CP AT LA 1l ik Al e 4 70 i
YEMRAL Exact Match IX /M FE bR, ESC J7 1518 K
RN BN A TH, DI CP T iETEIZR4E I
(R A I, A5 4539E R )2, DRCC J7 I AR B 5T
AEATTVPAN FEBR AT I, {7598 1T LAZE Exact Match &
br EEUR 5 CP 7 ikHRF (tie), LT (win) ESC 751k
IR e

6) MDKNN 572K FH 1 PR 40 S s Sk 5 R 2 4k
R R, Hod, 7E58 1 B RE T ORI OC &, 11 7E
B2 Gid I B A5 ik B S A RO T &5 SRR AT 4R A,
[ A A TR0 s a8 S R, R4 DRCC 771k
1E 30 Bl ic B (10 > %4 46 <3 Mot fr 48 4r) A
22 FifliF MDKNN, {HA77E 5 £ 45T MDKNN [
L. DRI, PRZR A 1P 2% o s R i Q8 g DAZE Jl o
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fif J AR A AT 1Y 5, I R AR S S, M
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ETHA FoRFATOMHRO SRS LB B E 2229
T4 BEERE 3TN IEIR EASSIRER

Hamming Score
DRCC EDCC BR CP EBCC ESC MDKNN DLEM

Edm 0.744 £ 0.071(4) 0.721 £0.067(6) 0.721 £ 0.072(6) 0.737 +0.072(5) 0.784 +0.083(2) 0.708 £0.077(8) 0.757 = 0.102(3) 0.787 + 0.063(1)
Flarel 0.925 £ 0.034(1) 0.923 +£0.037(3) 0.925 £ 0.034(1) 0.923 +£0.033(3) 0.909 £ 0.033(7) 0.922 £0.033(5) 0.922 +0.035(5) 0.897 +0.037(8)
Oes97 0.746 £ 0.021(2) 0.747 +£0.022(1) 0.736 £ 0.028(6) 0.523 +0.049(8) 0.737 +0.027(5) 0.732+0.024(7) 0.739 +0.025(3) 0.738 +0.027(4)
Jura 0.625 £ 0.053(3) 0.616 +0.058(4) 0.605 = 0.067(6) 0.592 +0.071(8) 0.610=0.070(5) 0.593 £0.068(7) 0.652 +0.071(2) 0.720 £ 0.060(1)
Oesl0 0.800 +£0.015(3) 0.797 £0.018(4) 0.796 £ 0.017(5) 0.687 +0.037(8) 0.795 £ 0.020(6) 0.779 £ 0.022(7) 0.803 +0.013(2) 0.805 + 0.016(1)
WQplants  0.662 £ 0.015(1) 0.659 +0.015(3) 0.658 +0.014(4) 0.649 +0.016(7) 0.655+0.015(5) 0.653 £0.016(6) 0.660 +0.015(2) 0.632 + 0.024(8)
WQanimals 0.637 + 0.011(1) 0.635+0.012(2) 0.631+0.013(4) 0.628 £0.013(7) 0.629 +0.014(6) 0.631 +0.014(4) 0.635+0.015(2) 0.606 = 0.010(8)
WaterQuality 0.647 +0.014(1) 0.647 +0.012(1) 0.644 +0.011(4) 0.625+0.011(7) 0.644 +£0.012(4) 0.642+0.014(6) 0.646+0.011(3) 0.619 +0.013(8)
BeLaE  0.451 +0.013(1) 0.449£0.016(2) 0.427+0.017(3) 0.383 +0.023(8) 0.424 +0.018(4) 0.420 = 0.022(5) 0.405 +0.020(7) 0.412 £ 0.025(6)
Default ~ 0.672 £0.004(1) 0.671 +0.004(3) 0.669 + 0.003(4) 0.669 + 0.004(4) 0.669 £ 0.003(4) 0.672 £0.004(1) 0.655+0.002(8) 0.663 + 0.002(7)

Avg.Rank 1.8 2.9 43 6.5 4.8 5.6 3.7 5.2

Data Set

Exact Match
DRCC EDCC BR CP EBCC ESC MDKNN DLEM

Edm 0.520 + 0.154(5) 0.475+0.127(7) 0.474 +0.139(8) 0.578 £ 0.106(3) 0.525+0.116(4) 0.486 +0.139(6) 0.611 +0.170(2) 0.638 + 0.080(1)
Flarel 0.821 +£0.075(1) 0.818 £0.081(4) 0.821 +£0.075(1) 0.817 +0.068(5) 0.786 +0.061(7) 0.821 +0.073(1) 0.814 + 0.083(6)) 0.762 + 0.078(8)
Oes97 0.063 £ 0.056(1) 0.057 £ 0.048(4) 0.060 + 0.045(2) 0.054 = 0.046(6) 0.054 +0.044(6) 0.054 +0.044(6) 0.057 +0.043(4) 0.060 + 0.049(2)
Jura 0.382 +£0.095(3) 0.382+0.105(3) 0.359+0.107(6) 0.357+0.108(7) 0.371 £0.112(5) 0.351 +0.096(8) 0.454 +0.104(2) 0.540 + 0.080(1)
Oes10 0.097 +0.043(3) 0.099 £ 0.045(1) 0.084 +0.033(7) 0.082 =+ 0.049(8) 0.097 +0.045(3) 0.099 +0.037(1) 0.092 +0.053(6) 0.094 £ 0.045(5)
WQplants  0.098 £ 0.032(1) 0.094 +0.036(3) 0.092 £ 0.033(7) 0.093 £0.031(5) 0.094 + 0.034(3) 0.093 £ 0.036(5) 0.095 £ 0.027(2) 0.085 + 0.028(8)
WQanimals 0.067 £ 0.020(1) 0.065 +0.014(2) 0.058 £ 0.017(5) 0.065 +0.018(2) 0.058 +0.018(5) 0.064 +0.019(4) 0.058 £0.019(7) 0.047 £ 0.015(8)
WaterQuality 0.008 = 0.007(2) 0.006 + 0.008(4) 0.005 = 0.008(5) 0.000 + 0.000(8) 0.004 +0.007(7) 0.005 £ 0.008(5) 0.008 = 0.005(2) 0.009 + 0.006(1)
BeLaE 0.034 +0.014(1) 0.033+£0.013(2) 0.021 +0.008(8) 0.026 + 0.014(6) 0.031 +0.010(3) 0.027 +0.009(4) 0.022 +0.008(7) 0.027 + 0.014(4)
Default  0.186+0.007(3) 0.185+0.008(4) 0.181 +0.007(6) 0.194 +0.008(1) 0.184 £ 0.007(5) 0.187 +0.007(2) 0.177 £ 0.006(8) 0.181 £ 0.007(6)

Avg.Rank 2.1 34 5.5 5.1 4.8 4.2 4.6 44

Data Set

Sub-Exact Match
DRCC EDCC BR CP EBCC ESC MDKNN DLEM

Edm 0.968 + 0.055(1) 0.968 £ 0.047(1) 0.968 + 0.045(1) 0.896 + 0.071(8) 0.942 +0.056(4) 0.929 + 0.065(6) 0.902 +0.071(7) 0.936 + 0.052(5)
Flarel 0.957 £ 0.039(1) 0.954 £ 0.039(3) 0.957 +0.039(1) 0.954 +0.039(3) 0.944 +0.046(7) 0.951 +0.036(6) 0.954 +0.037(3) 0.938 £ 0.044(8)
Oes97 0.135+£0.075(1) 0.123 £0.076(3) 0.123 +0.065(3) 0.084 = 0.062(8) 0.120 +0.068(5) 0.111 +0.060(6) 0.126 +0.072(2) 0.111 £ 0.068(6)
Jura 0.869 +0.043(2) 0.850 + 0.044(3) 0.850 +0.049(3) 0.827 +0.053(8) 0.850+0.051(3) 0.836 +0.059(7) 0.850 +0.082(3) 0.900 + 0.085(1)
Oes10 0.223 £ 0.074(1) 0.201 £ 0.064(4) 0.198 +0.055(6) 0.169 +0.042(8) 0.211 +0.073(3) 0.201 +0.056(4) 0.213 +0.067(2) 0.191 £ 0.073(7)
WQplants  0.292 +0.040(2) 0.287 £ 0.046(3) 0.286 + 0.044(4) 0.285 £ 0.052(5) 0.281 +0.044(7) 0.282 +0.049(6) 0.294 +0.043(1) 0.241 + 0.044(8)
WQanimals 0.242 +0.025(1) 0.235+0.033(3) 0.229 +£0.030(6) 0.232+0.032(4) 0.227 £0.032(7) 0.231 £0.029(5) 0.238 £0.031(2) 0.193 + 0.023(8)
WaterQuality 0.051 +0.021(2) 0.047 +0.023(4) 0.047 +0.019(4) 0.034+0.017(8) 0.045+0.019(6) 0.048 £0.019(3) 0.056 + 0.014(1) 0.044 +0.017(7)
BeLaE 0.161 +0.022(1) 0.157 £0.022(2) 0.134 +0.025(5) 0.117+0.019(8) 0.146+0.018(3) 0.128 +0.024(6) 0.120 +0.029(7) 0.136 + 0.032(4)
Default ~ 0.604 + 0.007(1) 0.604 £ 0.008(1) 0.601 + 0.006(4) 0.594 +0.008(6) 0.600 £ 0.006(5) 0.604 +0.008(1) 0.568 £ 0.006(8) 0.586 + 0.005(7)

Avg.Rank 1.3 2.7 3.7 6.6 5.0 5.0 3.6 6.1

#®5 DRCC 5&JMLLFEZEHB/RM AT SHKIGE (BEEH 0.05)

DRCC against

Data Set

Evaluation Metrics

EDCC BR CP EBCC ESC MDKNN DLEM
Hamming Score win[1.17e-02] win[3.91e-03] win[1.95e-03] tie[7.81e-02] win[3.91e-03] tie[5.10e-01] tie[6.25¢-01]
Exact Match win[2.73e-02] win[3.91e-03] tie[2.32¢e-01] win[3.52¢-02] win[1.56e-02] tie[5.47¢e-01] tie[6.33e-01]

Sub-Exact Match  win[7.81e-03]  win[7.81e-03]  win[1.95¢-03]  win[1.95¢-03]  win[3.91e-03]  win[1.95¢-02]  win[3.91e-02]

ARGEAS [ ) Bl SR G B ) MDC J5ikrl g2 — R IBAhRA DeV2 AN 18 5y i 7r K 4 iU B2 R, {3 H]

Fh &L YL, AL 5 FR BB SR A il ) D5 2%
3.3 JHRhSCES DRCC 5 AR AL f A 1% bl sz 56 45 i 5

N T HHE DRCC ik WA M, A% s, ok, ARSCURE B3 BN 0.05 I BURE} b
DRCC 5 H AP AN B A AT A b, AT R SESe AR SRR 36 DY Sk Il 72 10 /> %4 42 F DRCC.
(Ablation Study). B LR A DeV1 i H 10 NMEENLET  DeV1 Fl DeV2 Fikiiz bRt Z M gt 5 R,
BE P ORAEE o8y, @I 2 HUR R A A TGS hE 6 s TR S R
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Evaluation Metrics DRCC vs DeV1 DRCC vs DeV2
Hamming Score win[1.56e-02] win[1.95e-03]
Exact Match win[7.81e-03] win[5.86e-03]
Sub-Exact Match win[3.91e-03] win[1.95e-03]
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DataSet DRCC EDCC BR CP EBCC ESC MDKNN DLEM
Edm 2 2 11 2 5 1 2
Flarel 3 1 11 5 12 1 1
Oes97 19 22 2 12 35 42 3 2
Jura 5 1 11 2 9 1 2
Oes10 20 30 3 18 48 55 3 3

WQplants 18 9 1 5 3 16 4 16

WQanimals 15 9 1 5 3 18 4 15
WaterQuality 39 27 1 9 12 32 10 16

BeLaE 21 29 2 41 8 29 6 92

Default 28 208 9 78 40 111 326 444306
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