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A Constraint Solving Algorithm for Semi

On-line Scheduling Problem

ZHANG Ju-Yang1, 2 SUN Ji-Gui1, 2 YANG Qing-Yun1, 2

Abstract Most of real-life scheduling problems are semi on-

line. Recently, how to solve such dynamic problems is a hot topic

in the research of artificial intelligence. The semi on-line schedul-

ing is introduced and the constraint models are analyzed and cat-

egorized. By defining the relevant concept of monotony about

constraints that appear in general dynamic constraint models,

a kind of constraint extending is formalized. Based on this dy-

namic constraint modeling, a sound dynamic constraint solving

algorithm is designed to deal with the scheduling problems. Fi-

nally, an application example of semi on-line discrete resource

scheduling problems is given. Experiments show that the algo-

rithm is valid.
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monotony

1 Úó�âNÝö3NÝ�Ýºó� (?Ö) &E�õ�, NÝ¯K©Ǒl� (off-line) Ú3� (on-line) üa[1]. 3¢S¯K¥, Ñyùü«�¹�Å¬¿Øõ, �þ�3X�¯K´NÝö��¡Ø�U��ó��¤k&E, ,��¡�UÝºX'²;3��.�õ�&E½kX���NÝgdÝ,Ï�¯KC�'l��é “(J” �
, �'3��é “N´” �
, =�U��'3��{5U����{. ·�rØ��÷v3�NÝ¯K�ü^Ä�b�, JÝ0u3�Úl��m��.¡Ǒ�3� (semi on-line) ��..�3�Vgu 1996 �JÑ, C�5, �«�)�{ØäZy [2∼4]. Û℄�3�3�¯KïÄ+���
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(Constraint programming, CP) éuÄ� (3� /�3�)NÝ¯K�'5��u��¯K.�å§S�Ǒ��#,�^�Eâ, ´�7'X�åù�êÆVgïáå5�'u§S�OÚ¯K�)��{Ø, ´ïÄÄu�å�|Ü`z¯K�ínÚO�XÚ. CP äk`²A5�AO·Üp�/�)NÝÚ5y+���5��å÷v¯K. (·�) �å÷v¯K (Constraint satisfaction problem, CSP)[8] �±�ß£ãl�NÝ¯K¥��å'X,��{÷vÄ�NÝ¯K��åï�Ú�). éuÄ��åï�, ©z [9] JÑ3��å÷v¯K (On-line CSP) �Vg; �éE,L§ó�NÝ, ©z [10] Ú\Ä��å÷v¯K (Dynamic CSP,

DCSP) �..�©ó�Ì�8¥3é���3�NÝ¯K1¥Ä��å&E�ï�Ú?n. ·�uy3���3�¯K¥�3�
�å�Cz (Cþ�O\½í~) ¿Ø¬Úå�)8�*�, ·�¡ù���åÚ�å*�ä�üN5, éuda�å*��Ié�)8�ÛÜ?U, vk7�#�).·��üÑ�±�ǑN´/A^�yk�NÝXÚ¥�, �I=z¤ DCSP �.âU?1Ä��). ·��O
���éüN�å*���)�{, ¿y²T�{éuüN�å�)´���. ÏLA^�~�ÿÁ, L²�.Ú�{éu�3�¯Kï�Ú�)´k��.

2 Ä��åï�ÚüN5½Â1.
[8] �å÷v¯K P Ǒ��n�| (X, D,

C), Ù¥Cþ8Ü X = x1, · · · , xn, Ø�8Ü D =

D(x1), · · · , D(xn) (ùp D(xi) ´�éuCþ xi ��U���k�8Ü), �å8Ü C = {c1, · · · , cm}. ��3kSCþ8Ü X þ��å ci, X(ci) = (xi1, · · · , xik) ´CþØ�(kÆ�ÈD(xi1) × · · · × D(xik) �f8.b½ (v1, · · · , vn) ↓ (xi1, · · · , xik) L«IO�ÝKö�, =�|� (v1, · · · , vn) 3Cþ (xi1, · · · , xik) þ�ÝK:

(v1, · · · , vn) ↓ (xi1, · · · , xik)= (vi1, · · · , vik). b�k���Cþ¢~z (v1, · · · , vn), XJ ∀i = 1, · · · , n, vi ∈ D(xi) �
j = 1, · · · , m(v1, · · · , vn) ↓ X(cj) ∈ C, K·�¡�Ǒk�D�½k�), ǑÒ´`, k�D�´�����Cþ¢~z, �÷v¤k��å. Sol(P ) ´¤kk�D�|�8Ü,·�¡�Ǒ�å÷v¯K P �)8.½Â2. ���3�NÝ¯K S ´��8�|
T, R, X, C, D, f , Ù¥ T ´?Ö (ó�) 8Ü, R ´℄8Ü, X ´�mCþ8Ü (T �á58Ü), C ´�å8Ü, D´CþX �Ø�8, f Ǒ8I¼ê.½Â3. ¯K P ′ = (X ′, D′, C′) �¡Ǒ P =

(X, D, C) �*�, XJ X ⊆ X ′, C ⊆ C′ ¿� ∀x ∈

X, D(x) = D′(x). ǑÒ´`, XJ��©¯K P ¥V\
#�CþÚ�å, �o����*�¯K P ′.½Â4. �å*�´üN�, XJ P ′ ´ P *�, �o
Sol(P ′) ↓ X ⊆ Sol(P ), ùp X ´¯K P �Cþ8Ü, ǑÒ´`, *�¯K P ′ �z��)Ñ´�©¯K P �).

C(X) L«�?¿k�kSCþ8Üþ��å�|Ü. ù���å|Ü�¤
�å÷v¯K�f¯K. 5¿,

C(x1, · · · , xk) ¥��å¤�¹�Cþ¿Ø� x1, · · · , xk, �
Cþ�±´ÛÜ�½Ûõ�. éu��3Cþ8Ü X þ� C(X), eX ⊆ Y , K¡ C(Y ) ´Ù*�.

1����)©z [2, 3] ¥¤y©�1�!�!na�3�NÝ, ØäN�Ù¥,�a.



766 g Ä z Æ � 33ò½Â5. � Sol(C(X), D(X)) ´�å C(X) ÚCþ8Ü X �)8, �åDÂüÑ´üN�, XJéu?¿
X Ú Y �Cþ8Ü Sol(C(X ∪ Y ), D(X ∪ Y )) ↓ X ⊆

Sol(C(X), D(X)).�*/`, �å*��üN5¿�X*����å, =��å¥V\#Cþ, �¿Ø*�)8. �åDÂüÑ�üN5´�DÂ�{�Øm©u���CþØ�½���CþØ�ÑØ¬é§�DÂL§E¤KǑ. =Ø���~§Ý´���.

3 Ï^Ä��å�)�{3�3�¯K¥, Ø´¤k�ó�&E (�mCþ X9 C(X)) Ñ´ý��, #ó�´3NÝL§¥Ä�)¤
(Ú\) �, =�©�å÷v¯K P 3Øä/�*�. Ïd, DÂ�åL§�U?n�¤��Cþ8 X þ��å C(X). ��©¯K P �*�Ǒ P ′, �ù«*�´üN*�, �o·��I�3®��Cþ8 X þk?1�åDÂ, ��#��åCþ8 Y )¤�, >u#�åDÂ)ØÎ�åDÂ, ù��üÑ´üN�, =
Sol(C(X ∪ Y ), D(X ∪ Y )) ↓ X ⊆ Sol(C(X), D(X)), ùÒ�±�yvk�1)�íØ. ù´Ï^Ä�üN�å�)�{�Ä�üÑ. e¡�[£ã Dyna-Solver �{9Ù��5.

Dyna-Solver �{´��Ä��å�)�{, §´·��å�)�{ CB-Solver[11] �U?. �{Ñ\Ǒ*��å8
C(X ∪ Y ), *�Ø�8D(X ∪ Y ) Ú��3Ø�D′(X ∪ Y )þ�#�Cþ8 Y , )L«Ǒ Sol(C(X ∪Y ), D(X ∪Y )). �{|^üN�å*��5�, lk�) (Ø�8Ü) Ñu2��*���å�) (��Ø�). �{ÄkÊ��DÂ�{, 5¿ù¿Ø´`r��ål�åø¥íØ, �´Ê�DÂ (SÜêâ(���), ,�, 3æÒ¥��CþØ�, ��, �{DÂCþ*���#��å.

Pro(x1, · · · , xn) �{´�å8 C(X) þ��åDÂ�{ [11], �{��1d�å>u¯�L§��, �â�å8
C(X) ¥ØÓ�å>u¯�¤éA�ØÓ��åDÂ5K,

Pro(x1, . . . , xn) �{�1�å C(X) �Ä�DÂÚín. 5½Cþ�3£�L§¥âU
l�å¥�V\½íØ.d	,XJ\\Cþ8Ü, �o��8Üò3£�¥�íØ. LIFO

(last-in/first-out)üÑ�±w�´�«��, éw,ù�{üz
�1L§. Dyna-Solver �{Ì�Ú½Xe:Ú½1. uÿCþæÒ��Ý, =�äCþê´ÄCz;Ú½2. XJ k ≥ 1, Ê�DÂ�{ Pro(x1, · · · , xk); rSÜêâ(�Ø\æÒ, ����å�ä, ÄKØ�;Ú½3. rCþ x1, · · · , xk, xk+1 Ø�Ø\CþæÒ, Ù¥ xk+1 ∈ Y ;Ú½4. �äCþæÒ¥´Ä�3��¢~z�Cþ.e�, K�£Ú½ 1;

Ú½5. �äTCþ�Ø�´ÄǑ�. eý, K�Ú½ 9;Ú½6. UCþØ���!�å�õ�éuªÀJCþ�Ǒ�Cþ curV ar;Ú½7. �ä�CþØ�´Äk�. ek, KÀJT��Ǒ��; ÄK=�Ú½ 9;Ú½8. uÿ�Cþ��åæÒ, =wk��åDÂ¯�u). DÂ�å Pro(x1, · · · , xk, xk+1), e�å�N½÷v, �£ 1 L«�N, �Ú½ 4; ÄK�Ú½ 5;Ú½9. £��þ��Cþ. e¤õ, �Ú½ 5; ÄK§Sª�, �£ 0.XJ�3£�L§¥�Ø��Cþ, �I�{ü/6��{. ǑÒ´`, l�åø¥íØ*���å (ù´ý��íØ), ��Cþ�Ø� (ù�ö�3*��ål�åø¥íØ�ògÄ�¤), -¹±��å. TÄ��{´Ï^�, §�±A^u?¿�üN�å*�.�e5�½n�y
 Dyna-Solver �{´���, ¿�U
��'·��{��).½n. XJ·��å�)�{ CB-Solver ´��ÚüN�, ¿��åC(X)´üN�, �oÄ��å�)�{Dyna-

Solver ´���. ǑÒ´`, vk¢�?Ûk��D�, �{��¬��Ú·��{���(J. /ªz£ãXe:

Sol(C(X ∪ Y ), D(X ∪ Y )) ⊆ CB − Solver(C(X ∪

Y ), D′(X) ∪ D(Y )) ⊆ CB − Solver(C(X ∪ Y ), D(X ∪

Y )), Ù¥�{ Dyna-Solver )Ǒ Sol(C(X ∪ Y ), D(X ∪

Y )), D′(X) = CB − Solver(C(X), D(X)).

4 �3� Ship-loadingA^�~Ǒy¢�{�k�5Ú��5, ùpÀ��alÑ℄NÝ¯K�ǑA^�~. Shop-loadingNÝ´�a℄«aêǑ 1 �lÑ℄NÝ, �E´ NP¯K. ¯K£ãXeµèÞþk�1ÀÔI�C�, ¡zgC�Ǒ�g?Ö, ?Ö�mk�S'X, ?ÖkÙ�g�1�m¶?Ö�1I��½þ�℄ (C����a), ℄a.��, �℄þk�, 8IǑ��z�ª�¤�m. 3¢S?Ö�1L§¥, �U¬k℄ (C���) Ñy�æ�{�¤�©NÝ�Y�?Ö�1Oy, =Ñy�3� Shop-loadingNÝ�/. d�I�éNÝ�Y?1Ä�N�. e¡±T¯KǑ~?ØA^�©�é�3��/¤�O�Ä��åï��{Ú�)�{.¯K CSP ï�: �mCþ8 X = {st1, st2, . . . , stn},�mCþ sti L«z�?Ö Ti �m©�m; Ø�8 D = D1, D2, . . . , Dn, Di ǑCþ sti Ø�, �©zǑ [0,
Pn

i=1 Duri]; �å8 C(X). ��`k�å:

Successors(Ti) = Tj , L«Ø�ª�å stj ≥ sti + Duri; ℄Nþ�å: Cumulative ((st1, st2, . . . , stn), Dur1, Dur2,

. . . , Durn), (T1(R), T2(R), . . . , Tn(R), h), L«3?¿�Ǒ
t(sti ≤ t ≤ sti + Duri)k�å'XPn

i=1 Ti(R) ≤ h, T�åǑ�Û�å.L 1 Ship-loadingëê
Table 1 The parameters for ship-loading scheduling

Ti T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13

Successors T2T4 T3 T5T7 T5 T6 T8 T8 T9 T10 T11T12 - T13 -

Duri 3 4 4 6 5 2 3 4 3 2 3 2 1

Ti(R) 4 4 3 4 5 5 4 3 4 8 4 5 4



7Ï ÜØ��µ�3�NÝ¥�å�)�{ïÄ 767~. �3� Shop-loadingNÝ¯K S, ý�?Öê n =

13, ℄Nþ h = 8. ��`k�å, ?Ö\ó�mÚ℄I�þXþ�L 1 ¤«. b½3�Ǒ t = 20 )¤#?Ö T14(ëê Dur14 = 3, T14(R) = 1), K#�mCþ8Ǒ Y = {st14}.*��åǑ: Successors(T4) = T14, = st14 ≥ stst4 +Dur8,

Cumulative(X ∪ Y, Dur ∪ Dur14, T (R) ∪ T14(R), h).ÿÁ�¸Xe:M��¸µIBM Netvista P4 2.0G CPU/256M RAM^��¸µWindows 2000 Server SP4/Sun j2sdk1.4.0�/ 1. CB-Solver �)^ CB-Solver �{�), =3 T14 )¤�, Ê���{�1, #�1�{. NÝ)�[AãL«Xã 1,

makespan = 35, CPU(s) = 3.152.

ã 1 CB-Solver �)(J
Fig. 1 The solution of CS-Solver�/ 2. Dyna-Solver �)^ Dyna-Solver �{?1�). NÝ)�[AãL«Xã 2, makespan = 35, CPU(s) = 1.875.

ã 2 Dyna-Solver �)(J
Fig. 2 The solution of Dyna-Solver©Û(J, ��#�å Cumulative ¥#�mCþ st14�Ú\¿vké�©NÝ8I� (makespan)�)KǑ. �u#?Ö T14 m©�mCþ T14 �¢S��3ØKǑNÝ8I�Ú÷v¤k�å��/e, éNÝö5`¿vk��¿Â. ü��{3�1�mþ��å%��'5. ·�?��Û)ÚÄ�?�ÛÜ)�XÚ CPUm��É3�©��5�ÿ~¥�Ø²w, �´éu?Ö!℄3�Czª��êþ���5�E,ó�¯K, �ozgÑ?1#·��)w,´Øy¢�. �,±þ�Ä�ÛÜ?�)´±üN�å*�ǑJ�.

5 (ØÄu�å�NÝ®¤Ǒ<ó�U+��ïÄ9:. �©l�3�¯KÄ��åï�\�, ÏLÚ\�å*�üN5Vg, �O
��Ï^��3�NÝÄ�üN�å�)�{,¿y²d�{���5, ��ÏL�~ÿÁy¢
�{�k

�5. �,Ø´¤k�3�¯K¥��å*�ÑäküN5,éu�üN5�å�ï�ÚÄ��)³7�\(J,ùk�u?�Ú�ïÄ.
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