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Table 1 Performance Data of the Alternatives Across Evaluation Criteria

HFR 81 & 83 84 8s

wuU 93.400 81.500 99.800 49.500 3.300
AUB 28.900 73.100 63.200 37 48.500
BNU 92.600 70.800 6.600 21.300 24.200
UPO 59.600 95.100 6.600 19.800 10.800
NUST 14.500 73.600 4.300 4 68.800
XMU 72.200 62.600 5.100 3.100 19

NSU 9.500 56.500 6.300 57 91

MIPT 12 41.700 31.100 45.500 94.600
AMU 21.700 99.100 17.500 18.200 7.900
APU 1.600 6.800 92 100 62.200
BAU 3.300 28 88.500 48.200 19.100
LUHK 11 15.600 100 98.900 13.900
VIT 18.900 76.900 8.900 2.900 7.300
UPES 3.400 56.900 18.200 1.200 39.500
SBU 33.300 64.700 1.600 1.600 4.100

B 5, >R 125 I LASSO [l 5 J7 4k i 1 72 42 1 & X
N A U S I, A% A8 LI AR KR 3 A KCF
k2.
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0.044 - vi(a)v3(a) + 0.006 - v} (a)v2 (a) +
0.032-v}(a)vi(a) +0.017 - vi(a)vi(a) +
0.050-v{(a)vi(a) +0.097 - vi(a)vi(a) +
0.011-v3(a)vi(a) +0.032-vi(a)vi(a) +
0.094 - v3(a)vj(a) +0.035-vs(a)vj(a) +
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Table 2 Results of the Debiased LASSO Regression 40 i
A H IR FAMLASSO A 2%k plH :~'==§ 30
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Table 3 RAI Results Based on the Proposed Method

4 2 3 4 5 6 7 8 9 10 11 12 13 14 15 WEHEH
WU 0955 0.045 1.050
BNU  0.077 0.919 0.004 1.937
UPO 0.004 0.751 0.226 0.018 0.001 3.263
AUB 0.240 0.444 0.266 0.046 0.003 0.001 4.135
NSU 0.298 0.456 0.238 0.007 0.001 4.969
XMU 0.004 0.030 0.241 0.611 0.079 0.032 0.003 5.842
NUST 0.006 0.052 0.515 0.392 0.035 7.408
MIPT 0.010 0.011 0.041 0.305 0.430 0.213 7.790
AMU 0.001 0.003 0.011 0.090 0.146 0.728 0.021 8.654
VIT 0.021 0.743 0.200 0.036 10.256
SBU 0.234 0.723 0.042 0.001 10.811
UPES 0.002 0.044 0.824 0.111 0.018 0.001 12.109
BAU 0.033 0.095 0.831 0.039 0.002 12.885
LUHK 0.056 0.933 0.011 13.923
APU 0.001 0.010 0.989 14.998
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Table 4 POI Results Based on the Proposed Method
WU BNU UPO AUB NSU XMU NUST MIPT AMU VIT SBU UPES BAU LUHK APU
WU 0.955 1 1 1 1 1 1 1 1 1 1 1 1 1
BNU 0.045 0.996 1 1 1 1 1 1 1 1 1 1 1 1
UPO 0 0.004 0.757 0.999 0.982 1 1 0999 1 1 1 1 1 1
AUB 0 0 0.243 0.696 0.947 0.997 0.988 1 1 1 1 1 1 1
NSU 0 0 0 0.304 0.754 0991 1 0995 1 1 1 1 1 1
XMU 0 0 0.018 0.053 0.246 0.927 0.936 0982 1 1 1 1 1 1
NUST 0 0 0 0.003 0.009 0.073 0.636 0.881 1 1 1 1 1 1
MIPT O 0 0 0.012 0 0.064 0.364 0.766 1 1 1 1 1 1
AMU 0 0 0.001 0 0.005 0.018 0.119 0.234 0.979 1 1 1 1 1
VIT 0 0 0 0 0 0 0 0 0.021 0.765 0.964 1 1 1
SBU 0 0 0 0 0 0 0 0.040 0.000 0.235 0.989 0.967 0.999 1
UPES 0 0 0 0 0 0 0 0 0 0.036 0.011 0.871 0.981 0.999
BAU 0 0 0 0 0 0 0 0 0 0 0.033 0.129 0.959 0.998
LUHK 0 0 0 0 0 0 0 0 0 0 0.120 0.019 0.041 0.991
APU 0 0 0 0 0 0 0 0 0 0 0 0.001 0.002 0.009
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Table S Experimental Datasets and Feature Descriptions

PGS FEAKGE PP HEII A
California Housing (CH) 20 640 9
Energy Efficiency (EE) 768 8
Boston Housing (BH) 334 13
Concrete Compressive
Strength (CCSI)) 1030 8
Credit Card (CC) 20 000 28
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Table 6 Predictive Performance of Three Preference Learning Models on Five Datasets

HdEde Eistay UTADIS LIU etal.l"” ARG I
MAE 0.122 +0.002 0.097 + 0.002 0.093 = 0.002

CH RMSE 0.162 + 0.002 0.135 + 0.003 0.130 = 0.003
R 0.537 = 0.009 0.680 +0.010 0.700 = 0.009

MAE 0.073 = 0.005 0.044 = 0.003 0.033 = 0.002

EE RMSE 0.098 + 0.007 0.057 + 0.003 0.047 = 0.002
R 0.852 +0.018 0.951 +0.005 0.967 + 0.003

MAE 0.082 +0.010 0.065 = 0.009 0.057 = 0.008

BH RMSE 0.123 +0.027 0.091 + 0.020 0.079 +0.016
R 0.615 +0.150 0.792 + 0.069 0.846 = 0.044

MAE 0.086 + 0.002 0.072 £ 0.005 0.070 = 0.006

ccs RMSE 0.110 + 0.004 0.092 + 0.005 0.090 = 0.006
R 0.719 £ 0.028 0.802 = 0.019 0.814+0.019

MAE 0.010 = 0.001 0.001 +0.001 0.001 + 0.001

cc RMSE 0.021 + 0.002 0.004 + 0.001 0.004 = 0.001
R 0.361 = 0.584 0.978 + 0.004 0.982 + 0.003
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Table 7 Results of One-Tailed Paired t-Tests Assessing
Performance Differences Between Methods

YIS EiEL D g 1 Rzl
MAE <0.001" <0.001"
CH RMSE <0.001" <0.001"
R <0.001" <0.001"
MAE <0.001" 0.001°
EE RMSE <0.001" 0.001"
R <0.001" 0.001"
MAE <0.001" 0.002°
BH RMSE 0.002" 0.005"
R 0.006" 0.008"
MAE <0.001" 0.039°
CCS RMSE <0.001" 0.012°
R <0.001" 0.013"
MAE <0.001" <0.001"
cC RMSE <0.001" 0.025°
R 0.001° 0.030°
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Table 8 RAI Results Based on the SOR Method

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 WEHEH
WU 0923 0.038 0.015 0.015 0.005 0.003 0.001 1.154
BNU  0.021 0.663 0.218 0.058 0.025 0.013 0.002 2.459
UPO  0.002 0.131 0.513 0.218 0.043 0.040 0.047 0.003 0.002 0.001 3.510
AUB  0.006 0.162 0.209 0.549 0.071 0.003 3.522
NSU  0.013 0.010 0.032 0.054 0.202 0.186 0.240 0.042 0.022 0.008 0.009 0.001 0.001 4.887
XMU 0.034 0.214 0.162 0.139 0.245 0.156 0.016 0.017 0.016 0.001 6.595
NUST  0.002 0.005 0.009 0.023 0.157 0.293 0.324 0.113 0.033 0.018 0.013 0.010 7.011
MIPT 0.002 0.004 0.015 0.035 0.082 0.150 0.170 0.362 0.094 0.080 0.006 7.078
AMU 0.001 0.005 0.035 0.229 0.194 0.122 0.146 0.207 0.022 0.020 0.018 0.001 8.303
VIT 0.002 0.036 0.114 0.400 0.151 0.074 0.101 0.117 0.005 10.906
SBU 0.005 0.016 0.111 0.321 0.183 0.076 0.095 0.193 12.110
UPES 0.001 0.087 0.152 0.376 0.138 0.124 0.122 12.239
BAU 0.001 0.002 0.005 0.009 0.009 0.012 0.021 0.099 0.118 0.428 0.244 0.052 12.424
LUHK 0.005 0.006 0.017 0.011 0.017 0.019 0.029 0.153 0.077 0.110 0.167 0.322 0.067 12.761
APU 0.003 0.006 0.009 0.015 0.026 0.054 0.063 0.080 0.086 0.098 0.560 13.557
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Table 9 POI Results Based on the SOR Method
& WU BNU UPO AUB NSU XMU NUST MIPT AMU VIT SBU UPES BAU LUHK APU
WU 0.970 0.998 0.981 0981 1 0.987 1 0.993 1 1 1 1 1 1
BNU  0.030 0.837 0.802 0.950 1 0.971 0.989 0.980 1 1 1 0.998 0.994 0.998
UPO 0.003 0.163 0.622 0.877 1 0917 1 0935 1 1 1 0.994 0.987 0.992
AUB 0.019 0.198 0.378 0.969 0.965 0.990 0.964 0.994 1 1 1 1 1 1
NSU 0.019 0.050 0.123 0.031 0.544 0473 0.527 0.933 0.958 0984 1 0.969 0.948 0.974
XMU 0 0 0 0.035 0.457 0.442 0.496 0.660 0.996 1 0.998 0.958 0.935 0.953
NUST 0.013 0.029 0.083 0.010 0.527 0.558 0.517 0.809 0.999 0.999 1 0.964 0.937 0.965
MIPT 0 0.011 0.000 0.037 0.473 0.504 0.483 0.644 1 1 0.996 0.961 0.926 0.942
AMU  0.007 0.020 0.065 0.006 0.067 0.340 0.191 0.356 0.842 0917 0996 0.972 0.942 0.979
VIT 0 0 0 0 0.042 0.005 0.001 0 0.158 0.904 0.792 0.752 0.685 0.758
SBU 0 0 0 0 0 0 0.001 0 0.083 0.097 0.591 0.671 0.612 0.699
UPES 0 0 0 0 0 0.002 0 0.004 0.004 0.208 0.409 0.656 0.600 0.704
BAU 0 0.002 0.006 0 0.031 0.042 0.036 0.039 0.028 0.245 0.329 0.343 0.386 0.752
LUHK 0 0 0.013 0 0.052 0.065 0.063 0.074 0.058 0.315 0.388 0.410 0.614 0.831
APU 0 0.002 0.008 0 0.026 0.047 0.035 0.058 0.021 0.242 0.301 0.296 0.248 0.169
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Figure 3 RAI Curves Based on the Proposed Method
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Figure 4 RAI Curves Based on the SOR Method

Figure 5 POI Heatmap Based on the Proposed Method
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Figure 6 POI Heatmap Based on the SOR Method
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A Bayesian Multi-Criteria Ranking Approach Based on the Integration
of Explicit and Tacit Knowledge
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Abstract: The multi-criteria ranking problem is pervasive in complex decision-making tasks within multi-source heterogen-
eous information environments. The decision-making knowledge in such scenarios can be categorized into explicit knowledge
carried by structured data and tacit knowledge derived from decision-makers’ empirical experience. These two types are mutu-
ally complementary, and how to integrate them effectively becomes the key to improving ranking quality. However, traditional
methods mostly adopt a serial processing architecture that models the two types of knowledge separately and combines them in
a simple manner, making it difficult to achieve collaborative reasoning within a unified framework and thereby limiting the ro-
bustness and interpretability of ranking results.

To address this limination, this study proposes a multi-criteria ranking method that integrates explicit and tacit knowledge
within a Bayesian inference framework, realizing the interactive verification of the two types of knowledge in the same probab-
ility space through a three-stage modeling procedure. First, debiased LASSO regression is employed to screen statistically sig-
nificant interaction terms from the high-dimensional criterion space, and a piecewise linear additive value optimization model
embedding both main effects and second-order interaction effects is then constructed to extract the structural features of expli-
cit knowledge and form the prior distribution. Second, the pairwise comparison information provided by the decision-maker is
formulated as a likelihood function to quantify tacit knowledge. Finally, a Markov Chain Monte Carlo sampling method com-
bining the Hit-And-Run and Metropolis-Hastings algorithms is adopted for posterior inference, characterizing the probability
distribution and uncertainty of each alternative across different ranking positions.

On five public datasets, the proposed preference learning model significantly outperforms representative existing methods
in both fitting accuracy and generalization performance. In comparison with traditional ranking methods, the proposed ranking
method concentrates the probability of leading alternatives more tightly at their true ranking positions and markedly com-
presses the ranking intervals of middle- and lower-ranked alternatives. Meanwhile, the pairwise outranking indices tend more
strongly toward the two extremes, yielding clearer discrimination boundaries between alternatives. These results indicate that
the proposed method is superior to traditional methods in ranking clarity, robustness, and uncertainty quantification.

Theoretically, the method systematically incorporates the criterion interaction effects identified from explicit knowledge
into the prior modeling of Bayesian ordinal regression, unifying the representation of objective regularities and subjective pref-
erences within the same probability space, alleviating the dualistic separation of the two types of knowledge in existing re-
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search, and thereby extending the modeling paradigm of multi-criteria ranking. Practically, it provides a robust and inter-
pretable decision-support tool for complex ranking tasks in multi-source heterogeneous information environments, effectively
assisting decision-makers in handling complex preference articulation and ranking judgments in real-world scenarios.

Keywords: multiple criteria decision making; criterion interaction; additive value function; preference learning; Bayesian infer-

ence
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