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Development of a Bandwidth Reduction Algorithm by Combining
the Two-Step Approach and the Frontal Ordering Scheme
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Abstract

A new bandwidth reduction algorithm is developed by combining the two-step approach and the
frontal ordering scheme. In the two-step approach, finite elements are numbered first, followed by
nodal numbering based on the graph theory. The concept of wave front is incorporated into it to
control the cardinality of the set of adjacent nodes and the bandwidth to be achieved. They are
controlled systematically by rational selection of next candidates with the purpose of getting the
smaller bandwidth efficiently. Eighteen meshes are renumbered and the results are compared with
those of well-known algorithms. The results demonstrate the efficiency and the reliability of the

proposed algorithm.
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Fig. 1 Example 1. Cantilever beam

Fig. 2 Example 2. Circulate plate
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Fig. 3 Example 3. Rectangular plate

Fig. 4 Example 4. Grillage

Fig. 5 Example 5. Underground cavities in rocks

3 - 7

&

18

15

s 9

12

Fig. 6 Example 6. 3-D structure
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Fig. 7 Example 7. Box structure

Fig. 8 Example 8,

Water distribution network
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Fig. 9 Example 9. Arch dam with its foundation
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Fig. 10 Example 10. Wheel

Fig. 11 Example 11. Power supply housing
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Fig. 12 Example 12. Roof of a factory Fig. 16 Example 16. Tire




26 ol W AH.-F & ¥

AT s Ww

A4 N

s T a:/ \:\

[ T\ oo NN

[ AR AN

777 TN SSWN

[1EA ]| 1 JZZTTTVANNN

I/I/l | \ 77 TTTHVNNN

Fig. 17 Example 17. Gear tooth

4 45}
A o
1

tebe) a7 Skl 4 AT ARE

Axn FAe EAL Table 1o B
43
Jslolz webd, dAdA Y] e F

du e &

fu

71 %

Table 1 Topological properties of the example

No. of | No. of | Element | Original

node [element| type* |bandwidth
Example 1 37 8 6 33
Example 2 73 24| 4, 6 40
Example 3 121 50 4 33
Example 4 42 81 1 38
Example 5 101 151 3 37
Example 6 20 17 1,5 17
Example 7 56 58] 1,5 53
Example 8§ 62 78 1 49
Example 9 84 31 7 65
Example 10 96 48 7 48
Example 11 307 3341 3,5 56
Example 12 85 288 1 50
Example 13 350 89 6 146
Example 14 442 168 2, 6 370
Example 15 351 44 8 152
Example 16 490 213 4 243
Example 17 529 186| 4, 6 128
Example 18 351 304 5 292

Element type*

—

. Linear line element(2node)

. Quardratic line element(3node)

. Linear triangular element(3node)

. Quadratic triangular element(6node)

. Linear quadrilateral element(4node)

. Quadratic quadrilateral element(8node)
. Linear hexahedral element(8node)

: Quadratic hexahedral element(20node)

00 =~ O Ul o W N

Fig. 18 Example 18. Notched plate
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Table 2 Results of bandwidth reduction algorithms

Puttonen GPS Present

Bandtime*| Bandtime*|{ Bandtime*
Example 1} 12 0.38] 11 0.06| 11 0.11
Example 2 [ 25 2.91) 28 0.17| 24 0.22
Example 3 | 24 4.37| 24 0.22} 22 0.33
Example 4 | 10 0.22 9 0.06| 8 0.11
Example 5 | 19 5.61y 19  0.11f 17 0.27
Example 6 8 0.11] 8 0.05 7 0.05
Example 7 | 17 0.66| 17 0.11 16 0.22
Example 8 8 0.71y 9 0.11f 9 0.11
Example 9 | 25 4.50 28 0.33] 24 0.50

Example 10 | 40 10.11| 44  0.44| 33  0.82
Example 11 | 40 51.41] 35  0.44 38  2.20
Example 12 | 16 1.05 15 0.17) 15  0.55
Example 13 | 36 38.34| 40  0.93] 30 2.04
Example 14 | 74 467.64] 83 1.37) 62 8.02
Example 15 | 65 265.73| 74  6.48; 70  4.45
Example 16 | 38 69.81 36 1.21] 33 2.04
Example 17 | 62 439.63] 71 1.92| 59 4.78
Example 18 | 22 29.99| 20 0.77, 18 2.25

time* : CPU time(sec) required for bandwidth reduc-
tion on the IBM PC AT
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