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Abstract In the domain of theoretical computer science, the Boolean satisfiability problem (SAT) constitutes a classical
problem in mathematical logic, playing a crucial role within the field of computer science. In the domain of privacy
protection, negative database technology is an emerging privacy safeguard technique, primarily based on the principle of
protecting data by storing the complement of the original dataset. Compared to traditional encryption algorithms, negative
database technology exhibits significant efficiency advantages in the domain of big data privacy protection, thus
possessing substantial potential and prospects. It is noteworthy that the negative database method explored in this paper is
equivalent to the classical SAT problem, with this equivalence manifested in the expression and solving processes of
negative database instances. Consequently, this paper represents an exploration of the SAT problem. Existing negative
database generation algorithms commonly employ probability parameters for generation, a method that may be susceptible
to resolution when faced with some of the latest SAT solvers. To address this, the paper proposes negative database
generation algorithms, namely D-hidden based on the data encryption standard (DES) algorithm and F-hidden based on
the integer factorization problem. Experiments indicate that in the D-hidden algorithm, when the length of the hidden
string is equal to the length of the baseline string and the number of rounds is not less than 5, compared to the classic
negative database generation algorithm K-hidden, the D-hidden algorithm generates a more challenging and stable
negative database, with higher efficiency. In the F-hidden algorithm, within the range of hidden string lengths [50, 600],
significant difficulty is observed relative to existing negative database generation algorithms. This work represents the first
integration of negative database technology with traditional encryption algorithms, providing an innovative perspective for
the field of privacy protection, and concurrently offering a novel research outlook for the SAT domain.
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Table 4 Baseline group information for different
number of rounds

round ~ NDBoHK  NDBoits*% NDB.H1 NDB.idx%

2 344 4376 152 2270
3 456 7104 296 5632
4 568 9472 440 9024
5 680 11840 552 11392
6 792 14208 664 13760
7 904 16576 776 16128
8 1016 18944 888 18496
9 1128 21312 1000 20864
10 1240 23680 1112 23232
11 1352 26048 1224 25600
12 1464 28416 1336 27968
13 1576 30784 1448 30336
14 1688 33152 1560 32704
15 1800 35520 1672 35072
16 1912 37888 1784 37440
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Figure 3 Generate target negative database
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Figure 4 Integer decomposition generates the base group stage
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number in calculating

6. CNF, « @
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Table 5 Parameters setting of K-hidden algorithm

P p2 ps S P p2 p3 S
0.625 0.250 0.125 0.00 0.831 0.113 0.056 0.55
0.644 0.238 0.118 0.05 0.850 0.100 0.050 0.60
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0.756 0.162 0.082 035 0.963 0.025 0.012 0.90
0.775 0.150 0.075 0.40 0.981 0.012 0.007 0.95
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Figure 12 Comparison of the results of WalkSAT Figure 13~ Comparison of Kissat’s results for

solving D-hidden negative database and K-hidden
negative database
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3 0.471 0.008 0.057
4 0.598 0.014 0.031
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10 1.067 0.034 0.088
11 1.964 0.029 0.115
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