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Abstract

Insertion Ordering of Electronic Parts on

Printed Circuit Boards Using a Genetic Algorithm

Nobori Shin-ichi

In this paper, we define an insertion order problem in the automatic insertion
machine of the electronic parts, and propose the technique to untie it using the genetic
algorithm(GA).

An electronic parts automatic insertion machine is the machine which inserts an
electronic parts into the printed circuit board automatically on input insertion order.
But, loss-time is formed in the insertion process by the specified order.

So, we propose that it is decided how to untie an insertion ordering of electronic
parts problem by using encoding which is the characteristics of genetic algorithms,
and reproduction, crossover, mutation, and so on. Then, the validly of the proposal
technique is reported by doing the computer experiment which actual data were used

for.

key words Genetic Algorithm, Insertion Ordering of Electronic Parts Problem,

Printed Circuit Board, Loss-time
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O - [
Parent2: abcdefgh Offspring2: edabcfgh

O 4.8 1 point left PMX

Paentl: edafchbg Offspringl: afcdehbg
O 0O - O 0O
Parent2: abcdefgh Offspring2: ebafcdgh

0 4.9 2 point inside PMX

Paentl: edafchbg Offspringl: abedcfgh
[ [ - [ [
Parent2: abcdefgh Offspring2: edcfahbg

O 4.10 2 point outside PMX

4.5.3 Cycle crossover (CX)

CXODoODOOoOoooooOoo cycle00DO00DO0O00DD0OO0ODOOOOODOOOOODO
0000 41100000000 100000 100000 cycle0OD0DOODODO 200

O000000ea-c-e000cycle00D000000 100000000000
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4.6 0O0O0O0O
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oot obuooboobobuobooboboobobbooboo
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Parent: abcdefgh _, Offspring: afcdebgh
[ [ [ [

0 4.12 gooo

4.7 0000

00000000 Ty OOOOOOOOOOOOOOO0O0oOoooooooOoO0O0OO0
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5.1 00O 1

5.1 0O0O1

gogooooooooop bbbt ppy,y bbb ggooooooon
O00000M =3000Tw,, =300000000000000 100000000000
OOlossttme0 00000000 O0e 000000 DOOO0OOOOONO

1. Order crossover 1 point right[]

pe\Pm || 0.1 | 02 | 0.3 ] 04 |05 |06 |07/ 08] 0.9

0.1 68 61 | 134 | 172 | 176 | 185 | 201 | 201 | 209
0.2 66 55 | 130 | 171 | 185 | 192 | 209 | 208 | 201
0.3 58 | @45 | 156 | 158 | 183 | 201 | 206 | 217 | 222
0.4 65 | 106 | 160 | 171 | 201 | 213 | 211 | 216 | 217
0.5 69 | 147 | 175 | 174 | 206 | 214 | 226 | 205 | 224
0.6 o7 | 138 | 165 | 195 | 200 | 216 | 220 | 236 | 222
0.7 66 | 163 | 182 | 199 | 219 | 225 | 227 | 233 | 219
0.8 123 | 160 | 211 | 216 | 230 | 218 | 233 | 239 | 224
0.9 115 | 200 | 208 | 218 | 233 | 228 | 242 | 240 | 218

2. Order crossoverd 1 point left]

pe\Pm || 0.1 | 02 ] 03] 0405|0607/ 08|09

0.1 69 61 | 135 | 162 | 182 | 181 | 202 | 203 | 209
0.2 82 65 | 113 | 174 | 181 | 196 | 191 | 208 | 206
0.3 68 79 | 138 | 175 | 192 | 181 | 207 | 212 | 209
0.4 79 70 | 160 | 185 | 196 | 200 | 209 | 220 | 222
0.5 61 | 158 | 147 | 189 | 203 | 217 | 215 | 215 | 219

0.6 e 49 | 161 | 184 | 202 | 197 | 223 | 210 | 224 | 238
0.7 119 | 157 | 193 | 205 | 217 | 215 | 230 | 242 | 236
0.8 71| 168 | 207 | 217 | 199 | 223 | 233 | 237 | 232
0.9 104 | 180 | 213 | 215 | 234 | 231 | 231 | 240 | 241
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5.1 00O 1

3. Order crossoverld 2 point inside[]

pe\Pm || 0.1 | 02 | 03 |04 | 05|06 ] 0.7] 08|09
0.1 88 94 | 137 | 158 | 178 | 196 | 189 | 195 | 215
0.2 83 95 | 114 | 161 | 170 | 198 | 190 | 218 | 211
0.3 76 | 68 | 152 | 161 | 186 | 197 | 208 | 197 | 226
0.4 70 88 | 159 | 182 | 187 | 204 | 210 | 219 | 224
0.5 83 | 111 | 157 | 190 | 202 | 206 | 210 | 210 | 212
0.6 80 | 109 | 149 | 189 | 195 | 213 | 220 | 218 | 233
0.7 98 | 102 | 155 | 170 | 191 | 211 | 230 | 227 | 224
0.8 98 96 | 138 | 181 | 208 | 220 | 230 | 216 | 232
0.9 97 | 82 | 171 | 198 | 182 | 206 | 223 | 233 | 237

4. Order crossover[] 2 point outsidel]

Pe\Pm || 0.1 | 02 | 03 |04 | 05|06 ] 0.7] 08|09
0.1 77 | 100 | 132 | 164 | 184 | 194 | 200 | 205 | 212
0.2 83 | 44 | 144 | 164 | 180 | 201 | 206 | 216 | 225
0.3 65 90 | 162 | 179 | 199 | 211 | 209 | 218 | 224
0.4 71 | 149 | 178 | 195 | 204 | 198 | 223 | 223 | 231
0.5 67 | @60 | 166 | 204 | 220 | 218 | 227 | 232 | 227
0.6 71 | 160 | 189 | 209 | 216 | 217 | 236 | 239 | 237
0.7 73 | 169 | 167 | 201 | 203 | 232 | 234 | 237 | 239
0.8 92 | 153 | 202 | 229 | 217 | 238 | 234 | 212 | 227
0.9 87 | 68 | 204 | 217 | 231 | 231 | 230 | 240 | 248

5. Partially mapped crossoverd 1 point right(J

pe\pm || 0.1 102 ]03] 04 | 0510607 08|09
0.1 70 | 69 | 68 | 94 | 124 | 165 | 177 | 180 | 207
0.2 62 | b3 | 56 | 62 49 | 136 | 178 | 183 | 201
0.3 71 | 54 | 51 45 62 | 117 | 156 | 160 | 192
0.4 58 | 60 | 45 56 62 | 99 | 120 | 173 | 189
0.5 71 | 52 | 58 | 48 50 | 53 | 124 | 166 | 177
0.6 61 | b3 | 53 | 57 45 | 51 | 92 | 148 | 182
0.7 70 | 112 | 51 43 45 | 50 | 59 | 96 | 163
0.8 63 | 49 | 54 | @33 | 44 | 46 | 46 | 157 | 162
0.9 63 | 53 | 51 41 42 | 49 | 80 | 142 | 184

— 26 —




5.1 00O 1

6. Partially mapped crossover( 1 point left(]

Pe\Pm || 0.1 |02]03]04] 05| 06 |07 ] 0.8] 0.9
0.1 72 | 62 | 48 | 68 | 132 | 154 | 181 | 191 | 196
0.2 75 | 54 | 56 | 45 | 98 | 127 | 152 | 172 | 190
0.3 71 | 52 | 63 | 563 | 38 | 110 | 149 | 165 | 196
0.4 69 | 68 | 46 | 55 | 48 82 | 141 | 167 | 187
0.5 64 | 63 | 56 | 47 | 60 54 99 | 170 | 184
0.6 67 | 60 | 56 | 51 | 48 54 78 | 128 | 173
0.7 61 | 54 | 53 | 47 | 41 | e34 | 68 | 77 | 169
0.8 66 | 56 | 56 | 42 | 45 47 60 | 104 | 144
0.9 68 | 54 | 53 | 53 | b1 40 45 | 137 | 170

7. Partially mapped crossover[] 2 point inside[]

Pe\Pm || 0110203 04 [ 05|06 ]| 07]08] 0.9
0.1 77 | B8 | 64 | 69 | 140 | 139 | 168 | 184 | 191
0.2 78 | 62 | 39 | 45 77 | 131 | 162 | 179 | 192
0.3 62 | 49 | 62 51 53 | 68 | 143 | 175 | 185
0.4 70 | 53 | 53 | 48 56 | 69 | 171 | 150 | 172
0.5 66 | 50 | b4 | e34 | 41 | 72 | 63 | 164 | 194
0.6 53 | 50 | b4 | H4 47 | 51 | 77 | 183 | 193
0.7 63 | 57 | 48 | 40 57 | 64 | 186 | 200 | 223
0.8 63 | 55 | 47 | 49 58 | 196 | 238 | 244 | 242
0.9 55 | 47 | 43 | 231 | 246 | 241 | 246 | 247 | 254

8. Partially mapped crossoverd 2 point outsidel]

Pe\Pm || 0.1 102]03| 04 |05 |06 ]| 07]08] 0.9
0.1 72 | 55 | 46 | 53 | 132 | 145 | 179 | 194 | 206
0.2 63 | 66 | 44 73 66 | 142 | 167 | 182 | 192
0.3 74 | 58 | 44 | 49 51 | 132 | 155 | 179 | 203
0.4 52 | 63 | b7 | 47 72 | 66 | 146 | 177 | 181
0.5 78 | 67 | 51 | @37 | 40 | 68 | 102 | 174 | 187
0.6 56 | 54 | 49 | 49 42 | 62 | 116 | 150 | 202
0.7 62 | 62 | B8 | 45 42 | 54 | 97 | 165 | 219
0.8 68 | 58 | B3 | 55 57 | 43 | 155 | 196 | 219
0.9 67 | 59 | 59 | 50 52 | 59 | 204 | 211 | 224
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5.2 00O 2

9. Cycle crossover

pe\Pm || 0.1 | 0.2 | 0.3 | 04 | 05| 06 | 07| 0.8 0.9

0.1 63 | 72 | 59 | 48 | 109 | 126 | 153 | 185 | 191
0.2 103 | 96 | 82 90 | 120 | 143 | 124 | 168 | 186
0.3 161 | 167 | 142 | 150 | 181 | 177 | 184 | 199 | 205
0.4 224 | 203 | 209 | 207 | 201 | 206 | 226 | 209 | 217
0.5 244 | 227 | 230 | 235 | 218 | 232 | 233 | 239 | 238
0.6 269 | 255 | 246 | 233 | 244 | 258 | 249 | 241 | 249
0.7 283 | 281 | 263 | 265 | 269 | 265 | 261 | 256 | 248
0.8 295 | 281 | 272 | 274 | 263 | 275 | 265 | 265 | 266
0.9 295 | 282 | 279 | 277 | 269 | 282 | 270 | 270 | 226

5.1.1 OO

00 10009000000000000000000000000 p 0000000
P, 00000000000 0D0O00OOOODOOrder crossover 00 00 1 point right O
D0000 p. 30 [%0000000 py, 20 [%]01 point left 000000 p. 60 [%]00
00000 pp 10 [%]02 point inside 000000 p. 30 (%0000000 py, 20 [%]0
2 point outside 00D 00O p. 50 (%0000000 py, 20 % 000000000
0000000 0d0Partially mapped crossover 0 0 00O 1 point right 0000 OO p. 80
(%]0000000 pp, 40 [%)01 point left 000000 p. 70 (%] 0000000 pyy, 60
[%]0 2 point inside 00 0000 p. 50 (0000000 pp, 40 [%]0 2 point outside
D00000 pe 50 %O0000000 py40 (% 0000000000000000O0O0
Cycle crossover 000000 p. 10 [%0000000 p,yn40 (% 00000000000

ggd

5.2 00O 2

O01000000000000000000 p.0p, DO00D00OODOO0ODOODOOO

00000000000 0DbO000 1000000 bDooo0bbO0ooboobobOooobDoo
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53 00O 3

OOoDbO0 520000

052 OO0 1650000 23000000000 2000

M =300
oooo De | Pm Tstop =300 Tstop =1000
Best | Average | Best | Average
1 point right 0.3 ] 0.2 45 111.5 41 64.8
1 point left 0.6 | 0.1 49 116.0 34 53.9
OX 2 point inside 0.3 ] 0.2 68 138.7 36 61.6
2 point outside | 0.5 | 0.2 60 165.1 58 114.9
1 point right 0.8 0.4 33 63.1 33 46.5
1 point left 0.7 1 0.6 34 78.4 ° 25 45.6
PMX 2 point inside 05|04 34 62.1 30 | e45.2
2 point outside | 0.5 | 0.4 37 59.4 31 48.0
CX 0.1 |04 48 104.2 34 56.0
5.2.1 00O

OD020000003000000000XOPMXOCXOOODODOODODOODODOOO PMX
O00000000000D00O00000 Partially mapped crossoverl 1 point leftC 0 O

gooogooobobobobobon

5.3 U0 3

00 200000000000 Partially mapped crossoverl) 1 point left[T] p. = 0.70
pm =06000000MOT4,, O0O0O0O0O0OO0OOOOOCOOCOOODO 1000000

O00000000DO0000DO0000DODbOoDOOo0obOOoD0bOOobOOgO 30000
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54 00O 4

053 OO0 1650000 23000000000 3000

M Tstop Best | Average | CPUtimel secondd
300 162 190.7 15.48
100 | 1000 138 168.5 45.34
10000 || 131 144.7 299.84
300 51 134.8 49.71
200 | 1000 31 50.0 261.21
10000 || o 12 24.6 1481.13
300 34 78.4 126.05
300 | 1000 25 45.6 375.80
10000 14 | 214 2137.92
300 36 60.3 233.74
500 | 1000 26 41.3 528.64
10000 20 25.1 3356.25
300 35 48.1 455.35
1000 | 1000 29 38.8 945.4
10000 14 24.7 7328.27

5.3.1 OO

00 3000M =2000T,p =10000000000000000000000000O0
gooobooboooobuoobuooboboboobuooobuobobobobooboboono

O000000000000000000000 Ty, OOOOOOOOOOOOOOOO

googd

5.4 004

00 300000000000 Partially mapped crossoverd 1 point left(T] M = 2000
Titop = 100000 p, = 0.70p,, =0.60 0000 00000000000000000000

O00OO0o000 1000000000 b0o0b0b0o0oboooDoD0oooDbbOoboDoOoooo

540000
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5.5 OO 5

054 00000000000 0ODOO0OOOOOO 4000

000 (D000 || Best | Average | CPUtimed second]
20 25 32.8 667.60
100 40 46 66.3 971.55
20 410 427.8 962.37
200 40 763 801.9 916.27
20 619 638.0 1552.84
300 40 1369 | 1387.9 1740.88
5.4.1 OO

O0400000000000000000000DO0O0DODOODOO0ODOD 165000
02000000000000000000000D000D0DOO0ODODOODDO 16500

OO0 230000000000000000DO0D0O00DO0O0ODO0O0ODODDOODOO

5.5 U0 b

OO0 s00000000000000O0DODODOO0ODOODOOO0DODOOOOOoODOOOn
0000 300000000000 Partially mapped crossoverd 1 point left[1J M = 2000
Pe=0.70py, =0.600000 Teop = 100000 0000 0losstime =000000000

O000D0O0000D0000O0ODOOS5000b00b00000DO 520000

055 OO0 1650000 23000000000 5000

M Tstop Best | Average | CPUtimel hours[
200 | 100000 6 12.8 2.73
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56 UDO0O0D0OODODOODOODODODOODOOO

losstime: &

0 5.2 000 1650000 230000000 lossttm 60000000

5.5.1 OO

00500000000 Ty, 0O0OOOO0OO0O0O0OOOOOOODOOO!losstime 600

O0000000000000Tgw, 000000000000 OCCOOOOOOO00O000

5.6 000000 0DUOOOO0OOOOOODOOOON

000 1650000 2000000000000 00 Partially mapped crossover
01 point left00 M = 2000 Tstop = 100000 p. = 0.70p,, = 06000000000
dbdooooooooooooouooododoooooobonoonooooooon

530000

~ 32 —



5.7 OO0
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