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complexity of Shapley values is particularly high, making it difficult to apply Shapley value in real-world scenarios.

Many approximate Shapley value algorithms, such as guided trunction gradient Shapley (GTG-Shapley) that combines

guided random sampling, gradient reconstruction of sub-models, and truncation mechanisms, can reduce computational

complexity and yield approximate Shapley values that are very close to the accurate values. Such approximation algo-

rithms make the application of Shapley value in real-world scenarios possible, but GTG-Shapley still has many short-

comings. Therefore, based on GTG-Shapley, a new approximate Shapley value algorithm called stratified weighted

truncation and adaptive programming Shapley (SWTA-Shapley) was proposed. This algorithm replaced the guided ran-

dom sampling in GTG-Shapley with a stratified combination method and optimized truncation to weighted truncation.

At the same time, to further improve accuracy, adaptive programming method was combined to fully utilize the utility

values of the truncated parts. Extensive experimental results show that, compared with GTG-Shapley, SWTA-Shapley

can achieve higher computational efficiency in various scenarios and is more applicable to real-world situations.

Key words: federated learning, Shapley value, contribution assessment, incentive mechanism, approximation method
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SWT  0.0115 0999965 281 0.0099 0.999941 902 0.0125 0.999968 201 0.0102 0.999945 998
SWTA 0.0112 0.999972 288 0.0097 0.999946 935 0.0123 0.999971 206 0.0107 0.999949 1026
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WT 0.0311 0.996 954 388 0.036 7 0.990 821 3893 0.0619 0.982 703 289 0.076 7 0.970 825 5098
STA 0.0304 0.997 179 363 0.0354 0.992 556 3982 0.0623 0.982 756 212 0.078 7 0.970 628 3418
SWT 0.0301 0.997 409 344 0.034 9 0.994 312 2276 0.0603 0.983 013 209 0.075 4 0.971 259 2497
SWTA 0.0298 0.997 437 348 0.034 8 0.994 352 2478 0.0590 0.983 067 223 0.074 5 0.971 378 2 580
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SWTA N N
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WT 0.0141 0999645 431 0.0118 0999546 1362 0.01452 0999666 267 0.01254 0.999 346 1652
STA  0.0139 0.999672 396 0.0117 0.999558 1203 0.01445 0.999 603 199 0.01249 0.999337 980
SWT 0.0133 0.999748 361 0.1143 0.999595 712 0.01427 0.999705 203 0.01203 0.999 638 1002
SWTA 0.0132 0.999755 366 0.0111 0999615 740 0.01419 0999771 215 0.01184 0.999743 1017
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MNIST 454 Fashion-MNIST ##2 4
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e e S mpma e S gmps R U g g S
WT 0.01208 0.999 948 437 0.01095 0.999912 1 666 0.01101 0.999917 280 0.010 68 0.999 957 1372
STA 0.01219 0.999 941 423 0.01098 0.999918 8 820 0.01108 0.999911 198 0.010 81 0.999 959 992
SWT 0.011 53  0.999 954 303 0.01072 0.999938 2720 0.01091 0.999 921 202 0.01034  0.999 962 901
SWTA 0.011 17 0.999 961 309 0.01047 0.999 942 656 0.010 81 0.999 922 207 0.010 18  0.999 965 915
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MNIST %4 4 Fashion-MNIST 4 4
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A5 SHM 10 SHM 10 F
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aE o TS mms e S mmn mebe O g mp S
WT 0.01258 0.999 935 457 0.01099  0.999 887 1344 0.011 62 0.999 836 334 0.009 52 0.999 729 1797
STA 001209 0999933 419 001052 099988 989 001103 0999853 308 0.00928 0.999699 1529
SWT 0.01226 0.999 948 397 0.010 61 0.999 902 912 0.011 37 0.999 862 209 0.008 92 0.999 745 1392
SWTA 0.01205 0.999 951 287 0.01039 0.999912 621 0.01062 0.999 885 162 0.008 61 0.999 772 983
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