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Abstract: A prize-collecting-vehicle-routing-problem (PCVRP) based multi-objective model is formulated for solving
hot rolling batch planning planning problems in this paper. Firstly, the hot strip rolling batch planning is mdelled by consid-
ering the production process program constraints, users’ requirements and production integration objectives. Weighted-sum
approach is then used to transform the multi-objective model into a single objective one. An ant colony optimization (ACO)
algorithm embedded with single-direction-insert and 2-opt local search procedures is also designed to solve it. Finally, tak-
ing a practical hot strip rolling lot planning problem as instance, the model and algorithm are tested for effectiveness and
efficiency. Computational results show that the model and algorithm are satisfactory.
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T T ACOR R S5, ) 5 14T A8 i F2 SE 0 T AT
fERIRE SRR, R BT, AESUR T —E & Re, 1F
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3 PUALE L (Optimizing algorithm)

3.1 ACOH(ACO algorithm)
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Iy < Q Then T}, := T, U {kl};
SHHT M, (kl);)
While ( NOT finish )
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3.2 R R R (Local search procedure)
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4 S£I6 45 B (Experimental results)
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4.1 X} ML (Comparative algorithm)
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4.2 THHE 4 B (Computational results)
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P4k B B 0 AS 5] 4 2 %68 5L 1 oF X5 & 1 5w, 5K
BT Z2HERNRBA S, B EEES
HHARNRBA S FETI0R, BUEAN R A
A TI0R B U 1B AT 45 AT XTI, &5 R anR1pr
TN, BRI 1~3F 0 R 4 H 64l B bRl R 3
HE, Fa4~9%5 5 H 45 H T ACOR V: 15 B 1 #L I+t

Kol v 2 IR L B T B LR B T g S L % L
FL AL AR B A AL B T FL B L 4L
il B G DR AR B L 1 5 PR /RE R/ B 8k K i 52 3 1)
S AT L DR R G L AR AR R T B2 B A R A
il RIFE10~155 5 EE4~OF RIS I, 2L HIE
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&1 AR HE R BRI
Table 1 Comparisonal results of the two algorithms
BES ey ACORA 171 GARAF %I
wy; we w3 units No. slabs rl pl p2 units No. slabs rl pl p2
05 03 02 3 1 65 66.1 1803 1413.1 3 1 64 652 1853 1541.1
66 665 1870 65 65.2 1890
3 65 65.7 1857 3 65 65.5 1876
05 02 03 3 1 66 663 1989 13385 3 1 64 652 1993 1466.5
65 65.7 1954 65 65.9 1968
3 65 65.9 1907 3 65 65.5 1952
03 05 02 3 1 65 65.5 1901 1315.1 3 1 65 652 1943 1379.1
67 66.8 1912 66 67.8 1957
3 66 664 1993 3 66 65.5 2005
03 02 05 3 1 66 66.3 2087 1253.8 3 1 66 674 2102 14458
67 66.9 2012 65 65.6 2053
3 67 66.5 2096 3 66 66.3 2128
02 05 03 3 1 66 66.1 2028 1314.6 3 1 65 65.3 2056 1442.6
66 664 2030 66 66.9 2070
3 67 66.5 2041 3 66 65.5 2068
02 03 05 3 1 68 66.8 2102 12449 3 1 66 65.7 2139 1436.9
67 66.5 2058 67 65.8 2091
3 68 67.0 2082 3 67 66.2 2102
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ERIA FIACAGAR I, AT A o 5 25 48 ik B % (1)1
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AEFR LTI (8)~(10) I TAF I T MM, 31X 2 st fE 5
IR R I SR B AR e R I ACOSRVETE
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PR RIRIBAT P A AR E A [F), 5 BT 84E
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HIEIR ACOR L EL AR L = 1 I [A) 5 2%

5 45 (Conclusion)
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£ 2 3k (References):

[1] BALAS E. The prize collecting traveling salesman problem[J]. Nez-
works, 1989, 19(6): 621 — 636.

[2] KOSIBA E D, WRIGHT J R. Discrete event sequence as a traveling
salesman problem[J]. Computers in Industry, 1992, 19(2): 317 —327.
[3] LOPEZ L, CARTER M W, GENDREAU M. The hot strip mill produc-

tion scheduling problem: A tabu search approach[J]. European Journal
of Operational Research, 1998, 106(2): 317 — 335.

[41 X3, JA K, RN, 5. FFPCTSPR AL BTk RIBA 55
] EHIEIS 5 N, 2006, 23(1): 89-92.
(LIU Shixin, ZHOU Shanchang, SONG Jianhai, et al. PCTSP based



248 wmohEw s N M

024 %

model and algorithm for hot strip rolling unit planning[J]. Control The-
ory & Applications, 2006, 23(1): 89 —92.)

[5] 5Kk, E2o6 B E. AiE v E A RSt E IR 55
). RGETREAAR, 2000, 15(1): 54 - 60.

(ZHANG Tao, WANG Mengguang, YANG Jianxia. The model and al-
gorithm for the hot-milling batch planning with uncertain number[J].
Chinese J of Systems Engineering, 2000, 15(1): 54 — 60.)

[6] COWLING P. Optimization in Industry: Optimization in Steel hot
Rolling[M]. New York: Wiley, 1995.

[7]1 CHEN X, WAN W, XU X. Modeling rolling batch planning as vehicle
routing problem with time windows[J]. Computers & Operations Re-
search, 1998, 25(12): 1127 — 1136.

[8] TANG L, LIU J, RONG A, et al. A multiple traveling salesman prob-
lem model for hot rolling scheduling in Shanghai Baoshan Iron & Steel
Complex[J]. European J of Operational Research, 2000, 124(2): 267 —
282.

(91 g, SR, AR, SURRIMLAL: SR, Sk RN SRR &
G TFE2AR, 2004, 19(5): 45 - 51.

(LIU Shixin, SONG Jianhai, TANG lJiafu. Ant colony optimization re-
view: Modelling, algorithms and applications[J]. Chinese J of Systems
Engineering, 2004, 19(5): 45 - 51.)

[10] DORIGO M, MANIEZZO V, COLORNI A. The ant system: optimiza-
tion by a colony of cooperating agents[J]. IEEE Trans on Systems, Man,
and Cybernetics - Part B, 1996, 26(1): 29 —41.

[11] LAPORTE G. The vehicle routing problem: an overview of exact and
approximate algorithms[J]. European J of Operational Research, 1992,
59(2): 345 - 358.

[12] BULLNHEIMER B, HARTL R F, STRAUSS C. An improved ant sys-
tem algorithm for the vehicle routing problem [J]. Annals of Operations
Research, 1999, 89(1): 319 — 328.

[13] DORIGO M, CARO G D, GAMBARDELLA L M. Ant algorithms for
discrete optimization[J]. Artificial Life, 1999, 5(3): 137 - 172.

[14] GOLDBERG D E. Genetic Algorithms in Search, Optimization, and Ma-
chine Learning[M]. Massachusetts: Addison-Wesley, 1989.

(P

XEF (1968—), F, L, B, NHFHIEHIAT RS WA E
. AT ST, E-mail: sxliu@mail.neu.edu.cn;

REW  (1965—), F, WL, W% LRI, MMk VERP,
MES &z 4 b {5 5 5 45 3 4 f# Y 07 B 551 7, E-mail: songjianhai @
baosight.com;

Ak (1976—), B, Wid, NEHERITRE . B VEE

5%, E-mail: zhou.shanchang @zte.com.cn .

(L& F2427)

[2] DENGZL, GAO Y, MAO L, et al. New approach to information fusion
steady-state Kalman filtering[J]. Automatica, 2005, 41(10): 1695 —
1707.

[3] X E L. B IEE BB i B H N F—BUARI 7 51 4347 7 M.
W RV e /R oAl K HA R, 2003.

(DENG Zili. Self-tuning Filtering Theory with Applications— Modern
Time Series Analysis Method[M]. Harbin: Harbin Institute of
Technology Press, 2003.)

[4] XESL, Bk, wiE. WEES A IEE S Rl& KalmanJE¥ 30,
RIEEARE T, 2003, 3(4) : 321 -324.
(DENG Zili, MA Jianwei, GAO Yuan. Two-sensor self-tuning

information fusion Kalman filter[J]. Science Technology and

Engineering, 2003, 3(4): 321 - 324.)
[51 X8 B L. S vh B R LB — 2 S8 I A5 R R E Al v M.

W IR W /R LMl K27 H L, 2005,
(DENG Zili. Optimal Estimation Theory with Applications—
Modeling, Filtering, and Information Fusion Estimation[M]. Harbin:
Harbin Institute of Technology Press, 2005.)
[6] LIUNG L. System Identification, Theory for the User[M]. Second Edi-
tion. Prentice Hall PTR. Beijing: Tsinghua University Press, 1999.
(7] WAL, BE M), B iR BOR AL, 1962.
(CHEN Chuanzhang. Mathematical Analysis[M]. Shanghai: Shang-
hai Science Technology Press, 1962.)
(AR
MEIL  (1938—), 5, B, 1 A4 U0, BF A7 1 RS
i 245 EERE ERA, E-mail: dzl@hlju.edu.cn;
FHRW  (1980—), L&, WILHTIUE, BT9T7 WA R B 5K E
{5 Bl A Kalmanj&3, E-mail: Icbgreens @sohu.com.



