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Abstract

This paper develops a complete teaching framework for the coordinate descent method, spanning
fundamental theory to interdisciplinary applications. The study analyzes the algorithm’s core com-
putation through progressive case studies, highlighting its divide-and-conquer optimization and
immediate update features. Secondly, the study delves into the impact of indicator selection
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strategies on convergence speed. By conducting visual comparative experiments, the characteris-
tics of each strategy are analyzed and compared. Finally, taking the kinematics of robotic arms as
the application background, the algorithm is extended to the solution of nonlinear equation systems,
demonstrating the complete pathway for mathematical tools to solve complex engineering prob-
lems. This study provides a problem-driven and practice-empowered teaching paradigm for opti-
mization algorithm courses, and its methods can be generalized to other numerical computation
courses.
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Table 1. When selecting column index based on the cyclic strategy, each component of the iterative vector and the error

= 1 HRBEFRKEMIEGE, EREAESNERRE

ks ML o i R S VI
1 1 5.1429 0.0000 1.0000 0.0000 0.5214
2 2 5.1429 0.3548 1.0000 0.0000 0.4982
3 3 5.1429 0.3548 1.3842 0.0000 0.4589
4 4 5.1429 0.3548 1.3842 0.0664 0.4572
5 1 3.6871 0.3548 1.3842 0.0664 0.3452
6 2 3.6871 0.5714 1.3842 0.0664 0.3322
7 3 3.6871 0.5714 1.5480 0.0664 0.3218
8 4 3.6871 0.5714 1.5480 0.1796 0.3147
9 1 2.7541 0.5714 1.5480 0.1796 0.2492
10 2 2.7541 0.7009 1.5480 0.1796 0.2428
11 3 2.7541 0.7009 1.5871 0.1796 0.2420
12 4 2.7541 0.7009 1.5871 0.3071 0.2299
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Table 2. When selecting column index at random, each component of the iterative vector and the error
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1 3 1.0000 0.0000 2.7143 0.0000 0.5019
2 2 1.0000 0.6221 2.7143 0.0000 0.4234
3 3 1.0000 0.6221 2.2847 0.0000 0.3637
4 1 1.8798 0.6221 2.2847 0.0000 0.3153
5 4 1.8798 0.6221 2.2847 0.0676 0.3128
6 2 1.8798 0.5438 2.2847 0.0676 0.3109
7 4 1.8798 0.5438 2.2847 0.1189 0.3094
8 1 1.7816 0.5438 2.2847 0.1189 0.3088
9 3 1.7816 0.5438 2.0124 0.1189 0.2765
10 1 2.2096 0.5438 2.0124 0.1189 0.2621
11 4 2.2096 0.5438 2.0124 0.2355 0.2528
12 2 2.2096 0.4438 2.0124 0.2355 0.2490
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Table 3. When selecting column index based on the maximal weighted strategy, each component of the iterative vector and

the error

3. HRBRAMBCRIEMTERE, EKEEZRDERIRE

S L) X X X X Jo-Ax“* /o~ mxOf
1 1 5.1429 0.0000 1.0000 0.0000 0.5214
2 3 5.1429 0.0000 1.6293 0.0000 0.4136
3 1 4.1540 0.0000 1.6293 0.0000 0.3600
4 4 4.1540 0.0000 1.6293 0.3730 0.2841
5 1 3.3548 0.0000 1.6293 0.3730 0.2315
6 4 3.3548 0.0000 1.6293 0.5796 0.1964
7 1 2.9119 0.0000 1.6293 0.5796 0.1740
8 4 2.9119 0.0000 1.6293 0.6942 0.1601
9 1 2.6665 0.0000 1.6293 0.6942 0.1520
10 4 2.6665 0.0000 1.6293 0.7577 0.1472
11 1 2.5304 0.0000 1.6293 0.7577 0.1445
12 3 2.5304 0.0000 1.5377 0.7577 0.1370
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Figure 1. Error curves of the coordinate descent methods corresponding to three different strategies for selecting
column indicators
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Figure 2. Convergence curve of the coordinate descent method (left) and the configuration of the robotic arm (right)
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