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 ô ü���÷��tø�÷müNM�ô ø>ý6õ"

ò�ó�û�ø�þU��ü�û�õ�(!÷mþ�,/ô üW�A��þ���
�
 û�
�"�ò'ó4û�õ`ô úAù�
��Rý6÷mþ�úAù�õ1ý%ý6ó4û�þ�û��O÷mþ`û�,mû�û��¯ý�þ���ø-,¯÷��
(�ó4ô ø�ó¸ø�þ��mü�ûO>4þ�õ1ý�>4ü�ô õ`ó4û�õ*ôwý6õ*ødù�þ�þ�ûdüvýA÷���û�þ��Rý�ô ÷mü/��ü�ö ý6ó4û�ü ö4û>ý6û�þ`ú�ô ü�û�ý6ó4û ü4û#c:ý
÷���û�þ��Rý�ô ÷mü4��÷mþ*ý6óA�Rý����mþ{ý6ô ø�ù�
���þ�ødþ���ü�û�"+_ ó4û�üJû�üDý6û�þ�ô ü��®ý6ó4û�ÿ-÷cJô ü4>��mù�þ`û � ý6ó4û
ü4û#c:ý���ø>ý6ôJ�[ôwý)�®÷��tý6ó�ûAø�þ���ü4û%ý�÷Y�-ûdþf�O÷mþ�ú ô õ�ö�û���û�ü�ö4ô ü���÷müâý6ó4ûL�4þ�û#�[ô ÷mù4õ&÷���û�þ��Rý6ô ÷vü
ö4÷mü�û%ÿ��Lý6ó�û%ø�þ��mü�û�" 2 �C�O÷mþ'û#c��mú���
 û�ý6ó4û�
���õ1ý�÷���û�þ��Rý�ô ÷mü%($��õ$
 ô�� ýdKWý6ó4û�üLý�ó�û%ü�û#c:ý�ô õ
ý6÷O�m÷�ý�÷�ý6ó4û%ö�û�õ1ý�ô ü��Rý6ô ÷vüä÷��Yý�ó�û%ú ÷�Dû�ú û�üvýd"

µtô��vù�þ�ûp� ÷mü������mû ç¶ û
���ÿ-÷mþU�Rý6û�õ ý6ó�û®ø�ó4÷mô ø�û�õLúO��ö4ûâÿ�û��O÷mþ�û®ú ÷�[ô ü�� ý6÷ ý6ó4û
õ`÷mù4þ�ø�û�õ1ý-��ø-,�" 2 ü õ�ôwý�ù��Rý6ô ÷mü�õ�÷���ø�ó4÷mô ø�û�KC��þ�þ`÷(�õ�(�ôwý6ó ü�÷'
 û�mû�ü�ö ø�÷�Dû�þ�ý6ó�û�õ`ôwý6ù��Q�
ý6ô ÷mü�õ�ü�÷<ý%ö4û�õ`ø�þ�ô ÿ�û�ö¯ÿ��]��ü��/÷<ý6ó4û�þI
 û��mû�ü4ö1"%ò£û#cWý%ô ü¯ÿ-÷c�û�õ5(�þ�ôwý�ý�û�ü¯ô ü±ôwý-��
 ô ø�õ���þ`û
û�
��mÿ-÷mþ��<ý6û�öJô ü�÷<ý6ó4û�þ�>��vù�þ�û�õ" ò'ó4û�þ�û�ø��ü�ÿ-û�õ`û#�Dûdþ���
�þ�ûd��õ`÷mü�õF�O÷mþAý6ó�û�þ`û�¦:ù�ûdõ{ý�û�ö
��
��Rý6û�õ�ü4÷<ý*ÿ�û�ô ü��âþ�û��öN�/ý6÷âÿ-û ú�÷�Dûdö1"F_¸û þ�û>ý6ù4þ�ü¯ý6÷¹ý6ó�ûdõ�û ô õ`õ�ù4û�õ0
��Rý�û�þ�" 2 ��ý6ó4û

9



Choose crane with 
earliest idle-time

Move crane to source
stack of movement

Lift Plate

Move crane to
destination stack

Drop Plate

µ£ô��vù�þ�û � j;�Wô ú�ù�
��Rý�ô ÷müä÷��a��ú ÷�Dû�ú û�üvýd"

�



��
��Rý6û�ô õ�þ�û��öN����ü4öAü4÷&ø�þ��mü�û�ød÷müNM4ô ø>ý6õn(�ô�
�
W÷:ø�ø�ù4þYý�ó�û�ødþ���ü�û�ô õtú�÷�Dûdö�ý�÷�ý6ó4û�õ`÷mù�þ`ø�û
õ1ý-��ø-,�"

[Plate is on top of source stack AND 
(is exit movement OR destination stack is ready)]

[Move will cause a conflict]

Move crane to 
source stack

Handle Conflict

Handle stack 
not ready

µtô��mù�þ�ûL�Nj;Ô®÷�Dû�ø�þ���ü4û�ý6÷ õ�÷mù4þ�ø�û�õ1ý-��ø-,�÷��£ú ÷�Dû�ú�ûdüvýd"

_�ó�û�ü%ý�ó�ûGø�þ���ü4û*��þ�þ�ôJ�DûdõC�Rýý6ó4û�õ`÷mù4þ�ø�ûGõ1ý-��ø-,�ôwýtô õa������ô ü%ý�û�õ1ý6û�ö*ô��:ý6ó4û�þ`û�¦:ù�ûdõ{ý�û�ö
��
��Rý6û�ô õ�þ`û��ö��®ý6÷¹ÿ�û�ú�÷�:û�ö1K3õ`ô ü�ødû*ý�ó�û�õ1ý-�<ý6û�÷��gý6ó�û�õ1ý6÷mþ����mû�ød��ü±ó����Dû�ø�óA��ü��mû�öSK
(�ó4ô�
 û¹ý6ó�ûâø�þ���ü4û%($��õ�ú�÷��ô ü��±ý6÷±ý6ó4ûäõ`÷mù�þ�ødûäõ1ý-��ø-,�" ò'ó4ô õO��þ�÷Wø�û�õ`õ ô õ õ`ó�÷(&ü ô ü
>A�mù�þ�û0Ã�÷mü¹ý6ó�û0�O÷�
�
 ÷(�ô ü��O�����mû�"

eI� ý6û�þO
 ô�� ý�ô ü��±ý6ó4û'��
��Rý6û¹ý6ó4ûäø�þU��ü�ûâúAù4õ1ý�ú ÷�Dû¹ý6÷±ý6ó4ûäö�ûdõ{ý�ô ü��Rý6ô ÷vü õ1ý-��ø-,���õ
õ`ó�÷(&ü±ô ü]>��mù�þ`û · ÷mü/ý6ó4û�ü4û#c:ý0�����mû�"0eI����ô ü+��÷<ý6û�üvý�ô���
�ø�þ���ü4û�ød÷müNM4ô øQý6õ�ú�ù�õ1ý�ÿ-û
óA��ü�ö�
 û�ö'�4þ�÷��-ûdþf
J��"

_�ó�û�ü�ý6ó�û&ødþ���ü�û���þ�þ�ôJ�DûdõD�Rý�ý6ó4û&ö�û�õ1ý6ô ü��Rý6ô ÷mü�õ1ý-��ø-,@KDý�ó�û5��
��<ý6û&ø��ü�ÿ-û&ö4þ�÷�����û�ö
ô ú ú�û�ö4ô��Rý6û�
J��"&3�÷(!û#�:û�þ&ô��£ý6ó�ûAö�û�õ1ý6ô üA�Rý6ô ÷mü®ô õ'ý�ó�û*û#c�ôwýf�uÿ�û�
wý�� õ�
 ÷<ý�úAù�õ1ý�ÿ�û�������ô�
J�
��ÿ�
 û�"*��ý6ó4û�þ)(�ô õ`û�ý�ó�û%ø�þU��ü�û�($��ôwý6õ�ù4üvý6ô�
S��õ�
 ÷<ý�ÿ�û�ø�÷mú û�õ=������ô�
���ÿ�
 û�"

eI� ý6û�þ�ö�þ�÷�����ô ü�� ý6ó4û���
��Rý6û*ý6ó4ûAø�þ���ü4ûAô õ�þ�ûd��ö��\��÷mþI��ü4û#( ��
��Rý6û�ú�÷�Dû�ú û�üvý0��õ
õ`ó�÷(&ü�ô üO>��mù4þ�û5¨%÷müY�A���mû ç �N" 2 �1��ø�þ���ü4û�ó���õGü4÷�ú ÷mþ�û�ú ÷�Dû�ú�û�üDý6õ�ý6÷�ûEc[û�ø�ù[ý6û�K:ôwý
ô õ�ú�÷�Dû�ö®ý6÷ ý6ó�ûAû�ü�ö/÷��tý6ó4û%ý�þ���ø-,:õ�ô ü/û�ôwý6ó�ûdþ�ö4ô þ�û�ø>ý�ô ÷mü1"�ò'ó�û�ý6þU��ø-,:õ�û�ü�ö/÷mùWý�õ�ô ö4û
ý6ó4û.��þ�û�/ö4ûE>4ü4û�öJÿ�� ý6ó4ûLõ1ý-�mø-,:õ���ü�öJød÷müNM�ô ø>ý6õ�ÿ�û>ýT(!ûdû�ü¸ý6ó4û�ø�þ���ü�ûdõF�mþ�û�ô ü¸ý6óA�Rý

çd¶



[Plate is on top of source stack]

Lift top plate

Handle stack 
not ready

µtô��mù�þ`û�Ã�j � ô��ý=��
��<ý6û�"

[Move will cause a conflict]

Handle Conflict

Move crane to 
destination stack

Choose destination,
if non chosen

µtô��mù4þ�û · j�Ô/÷�Dû%ø�þU��ü�û�ý�÷�ö�ûdõ{ý�ô ü��Rý6ô ÷vüäõ1ý-��ø#,L÷��tú�÷�Dû�ú û�üvýv"

çvç



[Is exit-belt]

Drop 
plate

[Is stack]

[Ready to receive]

Wait

Get next 
movement

µtô��mù�þ`û0ÁNj���þ�÷��'��
��Rý6û�"

($���V���D÷vô ö�û�öS"

	�
 	�
� Õ {A�C}aq����n|�r@�"!Ùy{Atvu�Cr�yOzvm�{A}SØ
µtô��mù4þ�û09�÷vü.�A���mû ç Ã�õ�ó4÷(�õ!ý6ó�û���þ�÷:ødû�õ`õ'÷��£ó���ü4ö�
 ô ü��Aý6ó�û%ø��õ`ûI(�ó4û�ü'��þ`û�¦:ù�ûdõ{ý�û�ö
��
��Rý6û�ô õ�ü�÷<ý�þ`û��ö���ý6÷�ÿ�û%ú�÷�:û�ö1"*�Wû#�Dûdþ���
3ø�mõ�ûdõ�úAù�õ1ý�ÿ�û�ý-��,vû�üäô üDý6÷O�mø�ø�÷mù�üDýdj

k�lnmpÚ�qs{Nydm]��w��nrAy<���yvlnm]w�r@~nzQt�mpwEyd{�tvu
eþ��
��Rý�û�(�ô�
�
�ü�û�ûdö ý6÷/ÿ-û�ú ÷�Dû�ö ú ÷mþ�û�ý�ó���ü¸÷vü�ø�û�K�ô��!ôwý�ô õAú�÷�Dûdö ý6÷p�®õ1ý-��ø-,±ô ü
(�ó4ô ø�ó ý6ó�û�þ`ûp��þ�ûp��
��Rý6ûdõ ý6ó��Rý'��þ�ûp�m÷mô ü�� ý6÷¸ÿ�û®ú ÷�Dû�ö�
��Rý6û�þL÷mü ý6ó�û®õU��ú û®ö�����"
² û�ü4û�þ���
�
i�¹÷mü4û%÷mþ�ú�÷mþ`û%ú�÷�Dû�ú û�üvý�õ=��þ�û�ü�û�ø�û�õ`õU��þ)�'�O÷mþ=�F�môJ�:û�ü'��
��Rý6û�"

2 ���Rý�õ`÷mú�û*õ1ý-���mû�����
��Rý6û*ô õ�ü�÷<ý�ô üäý6ó�û�ûEcN�-ûdø>ý6û�ö®õ1ý-��ø-,@K�ôwý�ú�û��ü4õ'ý6ó��<ý&ôwý�ó���õ
ü4÷<ý5�Dû>ý���þ�þ�ôJ�Dûdöp�Oþ�÷mú õ`÷mú û*÷�ý6ó�û�þ&õ1ý-��ø-,�" 2 �£ý�ó�ûAø�ù�þ`þ�û�üvý�ú�÷�Dûdú�û�üvý%÷��tý6ó�ûA÷<ý6ó�ûdþ
ø�þU��ü�û�ô õ�ý6÷äú ÷�Dû�ý�ó�û���
��<ý6û�ý6÷¹ý6ó�û�õ1ý-��ø-,@K3ý6ó4û�ü](!ûF($��ôwýL��÷mþ�ý6ó�û�÷<ý�ó�û�þ%ødþ���ü�û�ý6÷
>�ü�ô õ`ó¯ô�ý6õ�ú�÷�Dûdú�û�üvýv"���ý�ó�û�þ)(&ô õ`ûL(!û�þ�û�ú ÷�DûAý6ó�û�ú�÷�Dû�ú û�üvý0�Oþ�÷vú ý6ó�û�õ�û¦:ù�û�ü4ø�û
÷���ý�ó�ûLø�þ���ü4û<��õL(!û�
�
?�mõb��ü����O÷�
�
 ÷(�ô ü��/ú ÷�Dû�ú�ûdüvý6õ�÷���ý6ó��<ýb��
��Rý6ûLô��&��ü��¸û#c�ô õ1ý6õ"
�&÷<ý6û!ý6óA�Rý�ý6ó4û'ú ÷�Dû�ú û�üvý�ød��ü�ü4÷<ý�ÿ-û=��ü�û#c[ôwýf�yú�÷�Dû�ú û�üvýdKDõ`ô ü4ø�û&��
��Rý6û�õGô ü��D÷�
J�Dû�ö ô ü
û#c�ôwý�ú�÷d�Dû�ú�û�üDý6õ0��þ`û�ú�÷�Dûdö±ö4ô þ�û�ø>ý-
J�®ý6÷�ý6ó�û�ûEc[ôwýf�uÿ�û�
wýL��ü4öW��þ`ûAý6ó4û�þ�û��O÷mþ`û���
J($����õ
�4þ�û�õ`û�üvý&ô ü�ý6ó4û%õ`÷mù�þ`ø�û%õ1ý-��ø-,�ù�üvý�ô�
3ôwý&ô õ�ú�÷�Dûdö1"

çv�



[More movements in crane sequence]

Move crane
out of storage

Get next movement
in sequence

µtô��mù�þ�û�¨�j ² ûQý�ü�ûEc:ý�ú ÷�Dû�ú�ûdüvý�ô üâõ`û�¦:ù4û�ü�ø�û�÷��£ø�þU��ü�û�"

k�lnmpÚ�qs{Nydm]��w��nrAy�ydlCmVydrAÚ�Ú�qs{Nydm\r��Dyvlnmpwr@~nzQt�m]wEyd{�tvu
2 �"ý6ó�ûI��
��Rý6û�ô õ�ü�÷�ý�ý6ó4û�ý6÷��%��
��Rý�û&÷��"ý6ó�û�õ`÷mù�þ�ødû&õ1ý-��ø-,@KDý�ó�û&ødþ���ü�û�ö�÷:ûdõD�*ö�ô��Q�yù���÷��
ý6ó4û�ý6÷��<��
��Rý6û�KWù4ü�
 û�õ`õGý6ó4û&ø�ù�þ`þ�û�üvý'ú�÷�Dûdú�û�üvý'÷��"ý6ó4û&÷<ý6ó4û�þ�ø�þU��ü�û�ô õGý6÷�ö�ô��Q�uù�� ý6ó4û
ý6÷��'��
��<ý6û�" 2 ü�ý6óA�Rý�ø��õ`û�(!ûI(&��ôwý5�O÷mþ�ý6ó4û%÷<ý�ó�û�þ'ødþ���ü�û�ý6÷�ý-��,mû�ý6ó4û���
��<ý6û�"

k�lnm]}nm�wEyv���n{�yv�sr@��wEyd{�tvu��swO�nr�yYzvm�{�}SØyr�zvm�t�mN�$#@m\ydlnmpÚ�qs{�ym
2 �"ý6ó4û�ö�û�õ1ý6ô üA�Rý6ô ÷mü�õ1ý-��ø-, ô õ!ü�÷<ý'þ�ûd��ö�� ý6÷�þ�û�ødû�ôJ�Dû�ý6ó4û5��
��Rý6û�K:ý6ó�û�þ�û��õ`÷mü�ô õ�ý6óA�Rý$��
�

��
��Rý6û�õ&ý6÷�ÿ�û�þ�û�ú ÷�Dû�ö]�Oþ`÷mú ý6ó4û�ö�û�õ1ý6ô üA�Rý6ô ÷mü±õ{ý#��ø-,âó���Dû�ü�÷�ýI�Dû>ý%ÿ�û�û�ü¯þ�û�ú ÷�Dû�öS"
ò£÷ úO��üA���mû�ý6ó��Rý&(!û�>4þ`õ1ý�ø�÷mü�õ`ô ö4û�þ'ú ÷�[ô ü���ý6ó�û���
��Rý6û�ý�÷O��ü4÷<ý6ó�ûdþ'õ1ý-��ø-,@KN(�ó�ô ø�óâô õ
þ�ûd��ö���K���ü�öY��
wý�û�þ�ü��Rý�ôJ�Dû�
J��þ�û�ú ÷�[ô ü���ý�ó�û�ý6÷�����
��Rý6û�÷���ý6ó�û'ö4û�õ1ý6ô ü��<ý6ô ÷mü õ{ý#��ø-,�ÿ-û��O÷mþ`û
ý6ó4û�ø�ù�þ�þ`û�üvý&��
��Rý�û�ú�÷�Dûdú�û�üvýv" 2 üLý6ó��RýD($���<(!û5(�ô�
�
3ô ü¹úO��ü��Lød��õ`û�õ$��D÷mô ö¹ú ÷�[ô ü��
����
��Rý6û�ú�÷vþ�û�ý6óA��üä÷mü4ø�û%÷mü¹ý6ó4û%õU��ú�û%öA����"

ò�ó�ô õ�ô õ*û�õ���û�ø�ô���
�
J�Z�'��þ�÷mÿ�
 û�ú°�O÷mþ�ý6ó4û�ÿ�
 ÷:ø-,¯õ{ý�÷mþ����mûF(&ó�û�þ�û ÷mü�
J�¯ýT(!÷âõ1ý-�mø-,:õ
��þ`û%ö�û�õ`ô��mü��<ý6û�ö�ý6÷�û�mø�óäÿ�
 ÷Wø-,@K���ü4ö¹ó4û�ü�ødû��F
���þ��mû%ü:ù4úAÿ-ûdþ!÷��£ö4ô��Q�uù���õ'ø�müä÷:ø�ø�ù4þ�"
2 ü ý6ó4û'(!÷mþ�õ1ý¹ø��õ`ûäý�ó�û®õ`ô ú�ù�
��Rý6ô ÷müx(&ô�
�
�ûdüvý6û�þ%��ü©ô ü�>4ü4ôwý6û\
 ÷:÷�� ÷��%ö�ô��Q�yù���õ%��ü4ö
��÷mõ`ôwý6ô ÷mü4ô ü��¹ú�÷�:û�ú�û�üDý6õ%÷��gý6ó4û�ødþ���ü�ûdõ�jIe�õ�õ`ù4ú�ûAý6ó��<ý�ø�þ���ü4û ç ô õ��m÷mô ü���ý6÷¹ú�÷�Dû
õ`û#�Dûdþ���
;��
��Rý6û�õ��Oþ�÷mú ý6ó�ûO>�þ�õ1ý�ÿ�
 ÷:ø-, õ{ý#��ø-,W��ü4ö¸ø�þ���ü4û � �Oþ�÷vú ý6ó�û�õ`û�ød÷mü�ö¸õ1ý-��ø-,�"
µtô þ�õ1ý'ø�þU��ü�û ç 
 ô�� ý�õD�b��
��Rý6û��Oþ�÷mú¢ý�ó�û5>4þ`õ{ý'ÿ�
 ÷:ø-, õ1ý-��ø#,Y��ü�ö%�4ùWý6õ!ôwý'÷mü�ý6ó4û�õ`û�ø�÷mü�öS"
Ô/û��ü�(&ó�ô�
 ûgý�ó�ûGø�þ���ü4û � ô õ£þ�û�¦Wù�û�õ1ý6ô ü��'ý6ó�ûgý6÷��L��
��Rý�ûG÷��:ý6ó4ûGõ`û�ø�÷mü4ö1K<ÿ�ùWý�ó���õYý6÷$($��ôwý
�O÷vþ'ø�þ���ü4û ç ý6÷F>�ü�ô õ`óäôwý6õ�ú�÷�:û�"��&÷(`��ü4÷<ý6ó�ûdþ$��
��Rý6û�ô õ'÷vü�ý6÷��V�mü�öäø�þ��mü�û � ü4û�û�ö�õ
ý6÷�ö4÷���ö�ô��mù��1" Ó þ���ü4û � ý�ó�û�ü¹ú ÷�Dû�õ�ý6ó�û���
��<ý6û&ý6÷Aý6ó�ûI>�þ�õ1ý'õ1ý-�mø-,@"	e5����ô ü¹ø�þ���ü4û ç
óA��õ���ü�û#cWý6þ��I��
��Rý6û�ý6÷�ö4ô��Q�uù���û>ý6ø�"n_ û!ö�ûdû�ú ý6ó4û!õ`÷�
 ùWý�ô ÷mü�ô ü��Oû��õ`ô ÿ�
 û!ô��@��þ�û�
��Rý�ôJ�Dû�
J�

���þ��mû�üWù�úAÿ�û�þ�÷���ö�ô��Q�yù���õ�ó��mõ�ÿ-ûdû�üâö�÷mü4û0�Oþ`÷mú ý�ó�û�õU��ú û�õ1ý-��ø-,�"�ò�ó�ô õ�ô õ5��øQý6ù���
�
J�

ç �



ý6ó4û¹÷mü�
J�Jø�mõ�ûäü�÷<ý�ý-��,vû�ü�ö4ô þ�û�ø>ý-
J�Jô üDý6÷W�mø�ø�÷mù�üDý ÿ��¸ý6ó4û¹õ`ô úAù�
��Rý6ô ÷mü1" 2 ü��Oû��õ`ô ÿ�
 û
õ`÷�
 ù[ý6ô ÷mü�õI��þ�û*ü�÷<ý����4þ�÷mÿ�
 û�ú (&ó�û�ü®ù�õ`ô ü��<�O
 ÷:ø��
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[Plate is not in source stack] Remove this movement
and following movements

 of this plate

[Other crane is moving requested plate]

Handle Conflict Get next 
movement

[Plate is not on top of source stack]

[No destination stack ready to receive]

Find a destination stack,
ready to receive

Insert movement of top plate
before current movement 

in sequence

[Other crane is moving top plate]
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Calculate collision
positions for both cranes

[Possible for crane to move closer]
Move crane next 

to other crane

[Other crane is waiting]

[Crane already next to other crane]

Move away to make 
room for other crane

Wait until other 
crane has finished
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