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Abstract

There exists a profound intrinsic connection between the structure of the solution space and the
computational hardness of random constraint satisfaction problems (CSPs). To address the discrep-
ancy between fixed constraint length models in random CSPs and the non-uniform constraints in
real-world scenarios, the RBmix model with mixed constraint lengths has been proposed. Leveraging
the order parameter theory from statistical physics and combining the analysis of Hamming dis-
tance evolution between solution pairs with the moment method, the clustering phase transition in
the solution space of the mixed constraint satisfaction problem model has been revealed. The

XEFIFH: 4l RA LA B ) o A AR D] B EE, 2025, 15(4): 190-200.
DOI: 10.12677/pm.2025.154122


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2025.154122
https://doi.org/10.12677/pm.2025.154122
https://www.hanspub.org/

Erslil

results demonstrate that when the control parameter reaches a critical threshold, the solution
space undergoes a phase transition from a replica-symmetric state to a statistically clustered state.
This transition is characterized by the emergence of exponentially many sub-clusters within the
solution set, accompanied by energy barriers of ultra-Hamming distances between adjacent sub-
clusters. This reveals the abrupt change in the connectivity of the solution space during the cluster-
ing phase transition, providing a theoretical foundation for the design of combinatorial optimiza-
tion algorithms based on phase transition characteristics.
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BT, PR T RB AR, BILHE H R HUE SO AR b AR AN 2 RO K. SR, RB B
(I BEAL AT H [ A B LY AR 2R i, 6 T2 R AR 2 S B il R B, AR U B . JE T RB BEAY,
VP2 W= F I T k-CSP. d-k-CSP. p-RB S5 ¥ B, 1 HOA8E R 3 i (] 5 [ AR ) I S48 A 7 20, HIE
7 R HATRE B AN AR B % . Fan A1 Shen $2 Hi 1) K-CSP AR 78 U5 ok ] 5 BU{EL AR, (56 240 SR K i it A0 B %
WK, 2B T CSP MEICHES . M FIAER I RS AR IS, I HAEA AR XIS A R 50
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7N 1 AHAS DX I 1) 5 B I 1) R (0 19 0 T 45 /N [8] . Zhao 25 AT RB ARALHEAT 1 IR N IR ST, RS T
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WA — BB FAT R 5, R —ZRAM AR E A, NRARHAMAREEAR, 560 IEHM
ARSI IR UE, BB A ARSI R, BA T R E S ISR [9]. XL
FIBLRY AR 7T, ASCAE SR SRR B3Rt T A RA AR K MBS IR RB™ B, AHE T k-CSP #5244 [i]
EHUE IR, (LR K ERAE G K d-k-CSP A5 AL 70 VR B IURD 20 30K B[R B B 8 S 408 K p-RB A%
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SCHR[L0THEH T2 B 1, PR A M 5 T RB BB AE RS I I 2 R FE I St s, HAb )
PAE HTE I SHE P AR AR I G ) I
EF L B =-a/ln(l-p), Ha>Yk, 0<p<lEFHEANHH, Hk, pHEA%EXk=21/(1-p),
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n—o0
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1) Hr=ri (=1, h(0)=0h(1)=0;
2) “r<rhf(r,<1), h(0)>0,h(1)>0;
3) Hr>r i (r,>1), h(0)<0,h(1)<0
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Figure 1. Image of h(x) function with the control parameter of « =0.8, p=0.4,K =(2,3),L =(0.6,0.4)
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Figure 2. Image of h(x) function with the control parameter of « =0.5, p=0.6,K =(3,6),L =(0.6,0.4)
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Figure 3. Image of h(x) function with the control parameter of « = 0.75, p = 0.45,K =(2,4),L(0.6,0.4)
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