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Frequency Assignment for Cellular Mobile Systems
Using Constraint Satisfaction Techniques

MAKOTO YOKOO! and KATSUTOSHI HIRAYAMA tt

This paper presents a new algorithm for solving frequency assignment problems in cellular
mobile systems using constraint satisfaction techniques. The characteristics of this algorithm
are as follows: 1) instead of representing each call in a cell (a unit area in providing communi-
cation services) as a variable, we represent a cell (which has multiple calls) as a variable that
has a very large domain, and determine a variable value step by step, 2) a branch-and-bound
search that incorporates forward-checking is performed, 3) a powerful cell-ordering heuristic
is introduced, and 4) the limited discrepancy search is introduced to improve the chance of
finding a solution in a limited amount of search. Experimental evaluations using standard
benchmark problems show that this algorithm can find optimal or semi-optimal solutions for
these problems, and most of the obtained solutions are better than or equivalent to those of
existing methods using simulated annealing, tabu search, or neural networks. These results
show that state-of-the-art constraint satisfaction/optimization techniques are capable of solv-
ing realistic application problems when equipped with an appropriate problem representation
and heuristics.
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Fig.1 Example of macro-graph.
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Fig.2 Example of cell representation.
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Fig.3 Basic algorithm.
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Fig.4 Procedures called from basic algorithm.
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Fig.5 Cell status during search process.
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Fig.6 Limited discrepancy search with bounded

backtracking.
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Fig.7 Cellular geometry of Philadelphia Problems.
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Table 1 Specifications for Philadelphia Problems.

Instance Nc acc Cii Demand

Vector
P1 12 2 5 case 1
P2 7 2 5 case 1
P3 12 2 7 case 1
P4 7 2 7 case 1
P5 12 2 5 case 2
P6 7 2 5 case 2
P7 12 2 7 case 2
P8 7 2 7 case 2
P9 12 2 5 case 3
P10 12 2 5 case 4
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30 72 114 56 16 20 26 16)
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Table 2 Comparison of solution quality (Philadelphia
Problems).

Instance Lower CS TS SA SE | NN
Bound

P1 427 427 429 429 | 460 | 427
P2 427 427 430 439 | 447 | 427
P3 533 533 .. ... | 536 | 533
P4 533 533 S ... | B33 | 533
P5 258 261 270 261 | 283 | 258
P6 253 258 258 260 | 270 | 258
P7 309 309 S ... | 310 | 309
P8 309 309 .. ... | 310 | 309
P9 856 857 859 859

P10 1714 | 1714 | 1725 | 1725
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Table 3 Specifications for Kim’s Benchmark Problems.

Instance Nc Cij acc Cii
K1 7 1 1 3
K2 7 2 3 5
K3 7 3 4 7
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Table 4 Comparison of solution Quality (Kim’s
Benchmark Problems).

Instance CS NN SE

K1 168 168 | 178
K2 427 | 435 | 473
K3 619 | 630 | 673
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Table 5 Algorithm execution time.

Instance Execution

Time (sec)
P1 49.3
P2 59.4
P3 0.1
P4 0.1
P5 35.3
P6 37.0
P7 85.4
P8 90.9
P9 112.9
P10 188.3
K1 79.4
K2 133.0
K3 198.9
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Table 6 Effect of Cell-ordering/LDS.

Lower
Bound

Instance

AAF/GWD
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