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F30 30000 0.18
G37 37000 0.21
H41 41000 0.25
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K84 60.2 62.4 (3.7) 36.5 6.5 A 82.3 18.1  20.4 (12.4)
L144  83.7 86.7 (3.6) 229 4.3 A 81.1 311 33.7 (8.2)
oooon) +4 (%) A 81 (%) +18 (%)

0 4. Xyoooooooboooboo

O s 0bbbougoobbooogn

000 00 (0) 00 (0) 000 (0) 0000 0000 0000 00
A10 70 7 A 90.0 A10 26.3 67.9 5.7
B12 31 3 A 90.3 B12 40.3 48.7 11.0
C23 53 8 A 84.9 C23 38.9 49.3 11.8
D25 57 7 N 8T.7 D25 40.4 47.9 11.7
E27 66 8 A 87.9 E27 38.9 49.4 11.8
F30 72 7 A 90.3 F30 42.1 46.4 11.5
G37 51 7 A 86.3 G37 49.0 36.1 14.9
H41 67 8 A 88.1 H41 45.9 39.7 14.4
154 80 8 A 90.0 154 49.7 35.9 14.4
J58 82 8 A 90.2 J58 50.1 35.2 14.7
K84 99 10 A 89.9 K84 52.4 31.8 15.8
L144 63 7 A\ 88.9 L144 60.8 16.6 22.6

oag) A 89 (%) 00 45 (%) 42 (%) 13 (%)

3. 0000b 3-optbboboobobobbobooboboobobboboo
00000000 “LI4’000000000 10%00000000000000000

gbobooobogsgobuoboobbobooboboXyYobgobooobobobgoD

0000000 42% 0000 17"%0000000000000000000D0O000O000O

gbobboboooobbboooobbbooodgbbbodoo
gboogugbbogbbogbogbogbbooobooobuoboobooboon

gbooboboobodb ebUuno400000

1. 0000 S&ROODDOOO0ODOOOOOO

2.4 0000010 0 41.00000000DOO0ODODOODOODODODODO 20
gbbogbbuoooogbbuogobooobboobbuogbobuooobboon
Ooo0oboobooooogoobooedbD “DO0bObO”"0DO00OO

. 0000200000000 00bOO00bD0bOO0O0 LSOOoboobooboboobooo
Oooobe00O “DDLOO”"000OMO

4. 00000

gbobboooobbbuoobbboooobbbuoobobboooobobon

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



gobooboooboooboobooobooo 13

e ugobboouogoobooo

0o0oa (s) 000 (%)

0000 OO0 00000d o000 00 oooooo 000 0o
A10 373 19.7 18.9 182 A 472 A 492  Abl2
B12 23.3 16.0 15.1 14.6 A 315 A352  A373
C23 42.3 31.6 29.2 28.3 A 25.4 A 309 A 332
D25 44.9 33.7 31.7 28.8 A 25.1 A294 A 359
E27 48.6 35.5 32.6 30.7 A 27.0 A 330 A 369
F30 56.6 40.7 39.0 37.1 A 28.2 A311  A344
G37 53.5 45.8 42.3 41.0 A 144 A 209 A 233
H41 61.5 54.9 48.4 46.6 A 108 A213 A242
154 80.2 65.4 59.6 58.0 A 18.4 A257 A276
J58 85.1 69.8 65.2 63.4 A17.9 A234  A255
K84 1147 100.8 91.5 89.2 A 121 A203 A223
L144  137.7 150.9 126.0 124.7 (9.6) A 85 A 95

IEEEEE A21(%) A21(%) A 30(%)

00000000000 2000 21%000300027% 000000000 30%00
gbogbobodbobobobbodoboobbooboobbooboobbooboob
OO0000OD0INITIALIZEODUODOODOOOOOOO TSPO LSOOOOOOOOODOO
Ooooooooooog VD-AHPP-TWO LSOODOODOODOODOODOODO
gboboboooobbodd

6. 004y

gbbogbbodboobboobuoobbobobuoobboobobuodboobbboob

gobobooogboo

1. 0XyYouogoogoobobooboobobooboobobooboobooboo
O0obOoooogvVvD-AHPP-TWOOUODOUODOOODOODODOODODOODOD
gbbboooobbbuoobobbboodobobbodgo

2.00 VD-AHPP-TWDOUOUOODAHPP-TWO LSOODOOOODOOODOOOODOODO
000000 AHPP-TWOODOOODODOOOOOODOOODOODOOOODO
gbbodbbogoobbuooboobobbobuoooboobbuoooboboono
goboobog

. 0bgooboogbbuoobbooobbuboboboboobbooobobobba
gbobboooobbbuooobbbouooobbboooobbbod
gboobboogbboogoobooobooobobooobooooobooooon

gbbodbogobooboobbuobbuoobbodoobbooboooooooon

gbboogobogbbuogbobooobbuoobbooboobboobboooboboo

goo
e J00OODOUDOODO2O0O0YODOODO

e JOODDODOMDO

Y0oo000010000002000000000000000200000000000000000
gbooo200000000000000000000A0
NOpOoOo000000000000000D00000D0000

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



14

goboboooboobooboobo

gbbogobuboooouogbbooboobbboobbooboooboobooon
oo
gbobobooggbobuogoobobuooooboboooobobboooooboo

HEN

gbbogbbooogoboobbuoobbuoobboboobbooooboooobon
gbogbobdodgbbooboooobuoobbooobbooboobboobooon
gboobbuoobbuoobbuoobbuoobbuoobobbboobboobobooobon
gobbodoodobbboooobbbbooodobbbooodobbboaaon

gobo

1]
2]

[10]

[11]

[12]

E.H.L. Aarts and J.K. Lenstra: Local Search in Combinatorial Optimization (John
Wiley & Sons, 1997).

D. Applegate, R. Bixby, V. Chvatal, and W.J. Cook: Finding tours in the TSP. Tech-
nical Report TR99-05 (Department of Computational and Applied Mathematics, Rice
University, Houston, TX 77005, 1999).

N. Ascheuer: Hamiltonian Path Problems in the On-line Optimization of Flexible Man-
ufacturing Systems. PhD thesis (Technische Universitat Berlin, 1995).

N. Ascheuer, M. Fischetti, and M. Grétschel: Solving the asymmetric traveling sales-
man problem with time windows by branch-and-cut. Mathematical Programming, 90—3
(2000), 475-506.

J.L. Bentley: Experiments on traveling salesman heuristics. Proceedings of the First
Annual ACM-SIAM Symposium on Discrete Algorithms, ACM, New York, and STAM,
Philadelphia, PA (1990), 91-99.

J.L. Bentley: Fast algorithms for geometric traveling salesman problems. ORSA Journal
on Computing, 4 (1992), 387-411.

D.R. Cutler, R.M. Pailthorp, and M.A. Unrath: U.S. Patent, US5751585 (1998).

M. Desrochers, L.K. Lenstra, M.W.P. Savelsbergh, and F. Soumis: Vehicle routing
with time windows: optimization and approximation. In B.L. Golden and A.A. Assad
(eds.): Vehicle Routing: Methods and Studies (Elsevier Science Publishers B.V., North
Holland, 1988).

M.R. Garey and D.S. Johnson: Computers and Intractability: A Guide to the Theory
of NP-Completeness (Freedman, San Fransisco, CA, 1979).

J.L. Hurink and S. Knust: A tabu search algorithm for scheduling a single robot in a
job-shop environment. Discrete Applied Mathematics, 119 (2002), 181-203.

D.S. Johnson, G. Gutin, L.A. McGeoch, A. Yeo, W. Zhang, and A. Zverovitch: Exper-
imental analysis of heuristics for the ATSP. In G. Gutin and A.P. Punnen (eds.): The
Traveling Salesman Problem and Its Variations (Kluwer Academic Publishers, 2002),
445-487.

D.S. Johnson and L.A. McGeoch: The traveling salesman problem: a case study. In
E.H.L. Aarts and J.K. Lenstra (eds.): Local Search in Combinatorial Optimization

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



[13]

[14]
[15]

[16]

[22]

HEN

gobooboooboooboobooobooo 15

(John Wiley & Sons, 1997), 215-310.

G.A.P. Kindervater and M.W.P. Savelsbergh: Vehicle routing: handling edge ex-
changes. In E.H.L.. Aarts and J.K. Lenstra (eds.): Local Search in Combinatorial Op-
timization (John Wiley & Sons, 1997), 337-360.

S. Lin and B.W. Kernighan: An effective heuristic algorithm for the traveling salesman
problem. Operations Research, 21 (1973), 498-516.
O000:00000000000D0.2003000 OROODOOOODOOOOOOOO
000 (2003), 86-87.

L. Or: Traveling salesman-type combinatorial problems and their relation to the logistics
of blood banking. PhD thesis (Department of Industrial Engineering and Management
Science, Northwestern University, Evanton, IL 1976).

S. Reiter and G. Sherman: Discrete optimizing. Journal of the Society for Industrial
and Applied Mathematics, 13 (1965), 864-889.

M.W.P. Savelsvergh: Local search in routing problems with time windows. Annals of
Operations Research, 4 (1985), 285-305.

K. Steiglitz and P. Weiner: Some improved algorithms for computer solution of the
traveling salesman problem. Proceedings of the 6th Annual Allerton Conference on
Communication, Control, and Computing (Department of Electrical Engineering and
the Coordinated Science Laboratory, University of Illinois, Urbana, IL, 1968), 814-821.
O00: 000000, 2000-100608 (2000).

K.J. Supowit, E.M. Reingold, and D.A. Plaisted: The traveling salesman problem and
minimum matching in the unit square. SIAM Journal on Computing, 12—1 (1983),
144-156.

O0000,0000:000000—0000000000 (0000, 2001).

AOfD0O0OO0ODOOOOOoOooDOobDOobobooboog

000000000000 000 (traveling salesman problem, TSP) 000000000
goodooooobbbbbooooooo

TSP O0O0oO0OO0OO0O0O0OOO0OO0O0O0O (,j) DOO0OO0OO0 4, 00000000000
gogdobboboil1ooodddoooobboboooobbooubboooooooo
ooooooooooooooooogo <0 j000004dy; =dp; 000000000
O TSP(symmetric TSPOSTSP) 00000000000 0O0OOO TSP(asymmetric TSPO
ATSP)0 D OO

goooobobooool1gobbobobobbbtbddooooooooooooobon
O0000000000000000000000 (hamiltonian path problem, HPP)O O OO
HpPOOOOOOOOODOOODOOODOOODODOODOODOODOODOODOOOTSP
ggoooooooboon

TSPOO0O0O0OO0OO0OOOOOOOOOOOUOOOOUOOODOOOODOODOODOO RO
0000000000 [e,;]0e; : 000000000, :00000000000000

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



16 goboboooboobooboobo

000000000 TSP (TSP with time windows, TSP-TW)OOO0OO0O0OO ATSP-TW,
AHPP-TW OOOODOO

BOODOODOOOOO

0XO0OoYOoOoooooobooboooobooboo!loobooboobooboooo
t0000000t=2g¢lv() 000 t=ygl() 000000000000 O0000O0OO
ggooobobbboobbtoddoooobddooooobboooooobobon
O000000000000000 (r,y) 0000000000 Omax{z_glv(|z|), y-glv(|y|)}
goodooooobobbboooogo

gooXyooooo XboogooooooobooXooobobuooobboob XY
JooooboovioobooboobbobooobooboooboobooobooooooX
O000000000000000 t=zpost(x,V)DDOOODDODODOODODOOOOOO
000000000000 t=zpost(z,V)ODODOOOOOOO

06(x)000 t=2gl(z)00000000000000000000000000
gogbobbooouoobbuooobbbomoob bbb oo oouooboboo
oo oo e bbb o
gogooooon ¢, 0gog

06((Mb) 000 (0000000000000 O0O00OO0O0O0OOOODOOOOODOOO
O z=zdist(t) 00000000 t>t, 0000 2>00000

XYOOOOOoOoooo v(>0)000000000000000 6(c)000000
goobooobboooobboodoooooobobobobbboooooooooo Xooo
D00000XYDODODODODODOODOOO At0DO00 VAtDODODODODOODOOOOD
O0000000000000 z=2dist(t)D00000XYODDOOOOOOOOOODOO
O00000 (b)Do00000o00O t>t,00002>V, OOOOOOOOOOOOO
00000000000 z=2dist(t)0 x>0000000000000000000OO
gobogob vioOooboboogoooobbi1ootbbodbbooouoooo
O0010000000000000000 z=—xdist(t)+VtO zdist'(t) <V OO t0O
gogobboobboooooo20b0bb+0oodobbbbboooooobboboD
000000000 XYOOOOOOOOOOOO (xdist'(t) > V)0D0D0O0OOO0OmMOO
000 ()0 +000000000000000000000¢+0000¢ =zpost(z,V)
00000000ooooDooo ooooooo

cuoooboooog

00000 3opt0000000 80000040000 AL, A2, A3, AA000D00AL A3,
A2, AA0000000000000000000000000000000000000
O00AIDO0D0O0O0O00000000000O00000 (feasible) 100000000000
000000000000000000000000000000000 (profitable) O O
000000 AA0000000000O00000000000000000000000
00000000000000000000 (improvable) 000000

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



gobooboooboooboobooobooo 17

00 00

OO00ooo00DboO0 booooooo
0237-8550 0000000000 1900
E-mail: Tky Nishimura@shi.co. jp

©OO0000000000000OOOOoOoOoOoOoOonO 20060 490



18 goboboooboobooboobo

ABSTRACT

PROCESS SCHEDULING OF
LASER DRILLING SYSTEMS WITH COLLABORATIVE POSITIONING
DEVICES

Takuya Nishimura Yukihiro Nakama Akihiko Taneda
Seiki Ohnishi Hiroshi Morita  Yasuyuki Okudaira
Sumitomo Heavy Industries, Ltd.

We describe an approach for scheduling processes of laser drilling systems which can employ two posi-
tioning devices simultaneously. Note that these devices are contrastive: one is a high-speed, short-range
device, while the other is a low-speed, long-range one. The objective is to minimize the machining time
for each board. Despite this common objective, no publications have dealt with approaches for scheduling
them so far for some reasons such as high flexibility for positioning.

In our approach, we first introduce a scheme: the low-speed, long-range device moves straight with a
constant speed. This scheme formulates an optimization problem which includes Asymmetric Hamiltonian
Path Problem with Time Windows (AHPP-TW). We present a local search algorithm for the AHPP-
TW. The algorithm is non-reversing 3-opt where lexicographic search strategy is applied. Computational
experiments on real data drew a comparison between machining time with our approach and that with our
conventional one. An excellent result was obtained: our approach cut machining time by 30% on average.
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