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Purpose: In this paper, the flexible manufacturing system lot-sizing with the co-production problem 

is modeled. It is also simplified using the relationships between variables. One of the common 

methods for solving such problems is the fix and optimize algorithm, which is generally used in a 

one-dimensional approach. Also, a two-dimensional fix and optimize algorithm is applied to solve the 

problem. This algorithm is compared with two common algorithms using simulated data series. 

 

Design/methodology/approach: In this paper, Flexible Manufacturing System Lot-sizing with Co-

production problem is modeled using mixed-integer programming. The production of products in this 

flexible system varies with the change of production mode, and a different mixture of products is 

produced for each production mode. Also, the planning interval includes T periods, and the demand 

for each product in each given period is constant. In each period, a fixed setup cost is added to the 

production and maintenance variable costs, if production occurs. The objective function of the model 

minimizes the sum of fixed setup costs and production and maintenance variable costs of inventory in 

each period and each production mode. Problem constraints include setup forcing constraints, 

inventory balance constraints, initial inventory constraints, co-production constraints, production 
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mode constraints, non-negative variables constraints, and binary variable constraints. Among the 

methods proposed to solve this group of problems, the fix and optimize method is one of the most 

effective and general methods. The basic idea of this approach is that due to the difficulty of solving 

the main problem with a longtime interval, a problem with a shorter time interval called the time 

window is solved instead. Except for the variables in the time window, other integer variables are 

considered continuous variables, so the resulting problem is easier to solve. In the following steps, the 

time window variables in the current step are assumed constant, and this repetition will continue until 

the end of the desired periods. Time windows can be considered with or without overlap. In this 

paper, two innovative one-dimensional fix and optimize algorithms based on time and production 

mode variables and a new two-dimensional algorithm based on time and production mode variables 

are applied to solve the model using simulated data at three levels of small, medium, and large scales. 

MATLAB 2016 software is used to code the algorithms of this study, and numerical calculations are 

performed by a personal computer with Intel®Core™i3-7100@3.90GHz processor and 8 GB RAM. 

 

Findings: The research results indicated the significant superiority of the proposed two-dimensional 

algorithm in terms of response time over the two one-dimensional algorithms. It is important to note 

that in terms of the quality of the answer in the studied problems, no significant difference was 

observed. 

 

Research limitations/implications: In many real cases, due to the fact that the cost parameters in 

different production situations (e.g., the oil, gas, and petrochemical downstream industries) are close 

to each other and in practice, determining production conditions in accordance with other parameters 

such as demand is independent of production costs, the efficiency of the proposed algorithm will be 

more visible in this article. The most important limitation in this study was the lack of real data for a 

flexible production system with correlated products, which is why simulated data were used to 

validate the model and test the proposed algorithms. 

 

Practical implications: In the future, researchers can use real-time case studies based on the 

proposed model and algorithms in this paper. They can also add other features to the model, such as 

limited production capacity and allowable shortages. Manufacturing plants that have features similar 

to this study can benefit from the findings to optimize production costs. 

 

Social implications - Applying the results of this research can increase the productivity of production 

units and the use of non-renewable energy resources. 

 

Originality/value: In this paper, a mathematical model (MILP) was proposed for the Flexible 

Manufacturing System Lot-sizing with Co-production problem. In addition, an innovative two-

dimensional fix and optimize algorithm was developed. 

 

Keywords: Inventory management, Lot sizing, Flexible Manufacturing system, Co-production, Two-

dimensional Fix and Optimize algorithm 
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N, [5�D< �0V� ��; K� M< 7��� ��, �J� ��� bV" .�"�9 �~/ �� ���Q�   ��?./ 0� ?�/�  ?<�    +0�?� ?��� �

          M&?\ C?� C?;�� �?� E	?5F�< .��?, R�?B� D?	/ 0� �?��d �0V� E�0 �C5	1� W0�; [Q4�B� :0 `� N, [5�D< [Q4�B�

 (�Y5� +��;��) ��Q�, ��-�0 :0 +�	9�
; +0�� �K� :0 +��;�� +�<�	X����B��� �<  C"�?U0 K� C� +�; +

�� ��� K� M�8�0 E�0 �� .���4 �� �C ���8 :��� <0�= ��:  
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� b�0�� �=�� E��/0� �r�" K� N\ +0�� E	�<���0���  K� +�<�	X�� � ?��  ?/0��     �?� ?5, O?�,�0�  N?\  �?< +

 ���0��� ��<���0��� E�0 :0 �6� .��� W�u�/0 K� N\ +0�� +��0��,B  ����B��� �< ��Q;0 +�0� :0/0   E?�0 .�?40 +

��B��� �<  ��Q��0 >< C� 0� C�4�	� � +�5��� +�<�	X���� <�   ��?40� ��?4 +0�� 	5, C;�� .�� ?�  O?�   �0?V�

C� :0/0 �0V�) ��� W�u�/0 ��D� �"�, _B  }
{0 ��K� �< M  �/0�= ��D��� ���    �?� D��?�� +0�?� C��V� E�0 �� �

 �	��� �	HU� �	X��B �� ��"  C, (���C� ���8       E?�0 ��?3�� M�?g :0 .?56/ ��?B� 0� 	��� �0V� C�40�=�/

�� };�� �� ��� W�u�/0 Oh�, E6�� \ �� ��� �0V�+�<����4 ��1� ��6
 C��/�� ��D ) �?Q	,�� +MIP-solver (

 +0�� �VI5� �0V� .��� ��0/��40B< +0�� ��  :0 O�G�>� �<   �G �� E?6�� ?	��� +�U�V� �s,0\ C, �40 +�0V� �

 �� ��0�� ������ �< �� >��G �< +�U�V� �0V� �s,0\ .<� �:�;0 0� �������,�     ��?h C?�Q�0 .�?40B  ?V" b C?�  ��?~5� 

 ���8�� �	��� :0 ��5	�g0�0� :0/0 �� +��B��� �< �� C�"�9 �0�J �� ����      0� �G �@�?AB� ���?�� +0�?� �0�?�

 +���� � ���6��*,, = ��
��*,…,�  {�*,� } .�"�9 �~/ ��   

 

4-���
���� ��!('& #$ ����"� � �  

��3�0 C4 E		Q� � t��H� �� C��V� E�0 �� �+��6��0 >�� ]�?40��  :�?4��B�  +�� �?� + ��?B��  �?<+ t=1,…T �

H??U�	� �??< +??	��� +m=1,…M +??	��� �@�??AB� � k=0,…K %�� O??� �E	??5F�< eY
�	??V ��??6��� �??� �

:�4��B� ���: +�� �� +H��� +(T) +	��� �	HU� �(M)  %�� :0 C,1�	 C?5  :�?4+-  �?��d    _:�?\ �� �+:�?4

C��/�� ��D	B8 �� �I= +�� ���Y�40 | C� 5,  +	��� >��	4 �� C���Q/0 _:0/0 E		H� [
^�� N\ K�Q/�M�IH/0  &?��� 

 2�-/0 N\0�� C, ��� >	<0�= C��Q�< �@�AB� [Z0�0 ���	��� :�4N\ %�� � +  CZ0�0 N�l j�� C��� ���:  

 �� :�� R%6� ��� %� �������6 :S
� ������
�!�+%� ��T� �� � 
�. � 

%�� �<0 + ���B�� �/��: _��B� +��6��w@��H�  ��B�	b �<C� � O	��5�� +   _:0?/0 E	?	H� NZ��� �� )�A=

 � C���Q/0���: 5� +���Y�40 ��  �� .���C��/�� ��D �U�V� ����� 	��� +C� ���c  �/��: _��B� ��C��/�� ��D  �0?�� +

�� ��� .��\��� C,��\ �� C	��0 +�<����� +�<�U�V� E	�u� �        �/�?��� +�?<����� +�<�?U�V� e�?40 �?	J� +��?�:

 �� �NZ��� E�0 �� N	�� E	�< C� .�40 �Q��V�:�4�0:G �/���� +�<����� +�� �0��   �?90 .�0� T<�, 0� C
^�� �9	F	�

 � +	��� [���Q/0 _:0/0 E		H� NZ������: 5� O� �+:�C���-�� 0     �?� �0�?�< ���	�?A� N��?� �C	��0 +�<����� :0 +
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	ZD; ) �f?, ���	�A� bV" +H� +�<����� �� � ��� C�"�9 �~/ �� �� C?�  �0�?5�     �?� � (?	��� ����?V� :�?4�0:G +

 T<�, ��Q4�B� �9	F	� ���� R�B� �<����� E�0 �� �<�	X���� ���.  

 ���D� ]�	V� �� NZ��� N\ +0�� %�� E�0 :0 ���Y�40�� /0��  C�4�	� +�<�	X�� �5�D3��; ��C� �;  +�?<�	X�� +

 �/��: ��\ ��6��� E�0 .��� ��Q4�B� �� +�	3�.h T<�, ���� ��=G +�<����� �� +�5���	Y� �40  ����� C,

 �<���0���C� ��g �>	�A� +�<�	X�� � ��0� +���, +�5��� +�<�	X�� �C
^�� .��� �� C�=�5� N��,C� ���8  W��5��

 E		H� �0�6� ��� ��� .]�40�� " � ]�� W�h��h ��6��� :0 C
\�� �< ����/�/���0�6� _��B� _ C?��/�� � ?�D �+

 >	�V� (���1/ � +D,�� ���0��0) Tu� C4 C���   �u.� �0�6� �< +0�� .��.k .  

 C, K�0 Tu�1-k  N��� 0� ������� ��� �]�40��      ����?V� :0 ���?�J �?� C?�< >����3�0 �
QJ �0�6�X��	 ?<� +�

 �>	�A�]�40��  ���-/0 +S�0��40W�u�/0 �� ��0� �	Au� ���  .��.  

 ����� N��� +D,�� Tu�k  C
^�� ������ E�0 +0�� .�40C� ���8  C�"�9 �~/ �� N��,�� ���  �T?u� E�0 �� e

 +�5��� +�<�	X�� [�<C� ���8  C�"�9 �~/ �� +�5����� ���.  

  ��?��� :0 �/��	J�� +�<����� N��� C, �/���� Tu�1+k    ��?��� �?�T    �?� ��?40  +S�0��?40 :�?4�0:G+ )  M&?\

 �(+�5��� +�<�	X�� +�5��� ����B����4 :�4+ �� ���.  

 ��0�6� �< +�1�/0 ��k �� �,�\ �
; C� ����� O� �� +H� �0�6� ��0� >����3�0 � 5,     �?� >����?3�0 E?�0 .���

 0	� C�0�0 �=G ����� C� �	4��� ,     	�?A� +�?<�	X�� [?�< �C?4��� E?�0 �=G �0�6� �� .5    ���?B� [?�< +0�?� �>

C��/�� � �u.� +D��� ���)N6� .2  �-��?� >����3�0 E�0 ( ]�?40��     �0�?6� �� ���?B�� _��?B� ?��  ?��� 0� �

 �u.��� 5,. 
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 C� C;�� ��CQ5; �< � ��0�;0 +���0�� �< �� ���	
�� +C��/�� �< |	;�� �+	��� +C��/�� ��D  :0 �?=�� �� 	��� +

C� +	��� 7��58  ��6��� O� :0 ���Y�40 �:�9 � �Y/ _:�\ �S��1�	C5 :�4�V	Y
� +     ?	��� �	H?U� � ��?�: +�� ��

���d :0 �Q	,�� ��4 C� 0� C
^�� N\ �p�U�� E�0 C, �40  � +:�4:�4��B�    �	H?U� � ��?�: ?H� �� _����� +

 r�4 	����� <� �U��� >����3�0 ��40� E�0 �� �1�	C5 :�4 +C�  ���?8       �?� 0�?;0 �� � O?� >����?3�0 �� �?	Y
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.�40 �� C���V� (�0�, � C� E�0  [�4� C4 ���~5�C
^��  ���:0/0  �?<      � b?4��� �O?h�, ��?H�0 }?��J �� ���?Y�� +

 _:0/0 �< +0�� � �� �\0�g ��D�C
^�� �21  _�0� C/��/Q�	C :�4+ �� ����Y�40     �?< +0�?� c��?�/ E	3/�	� � ��

 c���/ �� � �0�u�40 C�4�0�� N\   .�40 �� C���V� ��	J�  
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  ����/ , +0����3�0�>� �< :0 �C��V� E�0 +2�/  �0D?"0 2016 MATLAB       �?� �+�?� ��Q?4�B� � �?� ���Y�?40

 ���4��� �� �Au� ���	a��,GHz9/3@7100- 3Core™i  �
=0� C~"�\ +0�0� �8   .�40 �� 2�-/0 �����3	9  

  

S
�-:OE�I ����� �� #7�& #$ X���+   

+0��  ��6
�� �4�����3�0�>� �< +C4 C/�9 �Oh�, ��H�0 �� C��V� E�0 �21 C
^��     � O?h�, ��?H�0 �?�   ����?V� �?�

4=K �4=M  �8=T C�  K�; �� �N8�\ c���/ .� C�"�9 ��,1 .�40 �� CZ0�0    _���?� K�0 ���?4 �K�; E�0 ��

 [/��/��0� �< +Q�	C :�4+ ���	J� W0�; C� �	4� ���: �2�� ���4 e }�\��   � C=�?� >����3�0 :0 ���Y�40 �� C	/�d

����� �2��1h � 2�4 ���4 e�0�, �Q�/ �t�0 >����3�0 �� M< 7��� M0�B/0 8�� C�  ���: E���1� � �	J� W0�; C�

 � C	/�d }�\�� W0�; C� �	4����4 �< C��.� +H� +���4 �< +0�� 2��1h � 2�4 +��3�0�>� �<  .�40 � � W +  

  
 N��Y1- � - � 	&�����
���� �� �!� !+�Z ) OE�I ����� �� #7�& ��%� [ A� U��Y �8=T >4=M >4=K(  

U��Y ��  

!+�2+ �	J� W0�; ���:  

t�0 >����3�0 W0�;  W >����3�0 W0�;  � >����3�0 W0�;  

 ^��. /�%6+� �B��

/��  

 :��

������
�  

 ^��. /�%6+� �B��

/��  

 :��

������
�  

 ^��. /�%6+� �B��

/��  

 :��

������
�  

1  50/0 %71/6 86/0 %36/61 65/0 %6/7 67/0 

2 28/0 %49/3 56/0 %74/8 48/0 %1/2 63/0 

3 26/0 %37/4 53/0 %62/10 54/0 %52/2 58/0 

4 45/0 %32/11 60/0 %62/66 65/0 %18/27 55/0 

5 52/0 %22/10 76/0 %25/58 82/0 %10/15 61/0 

6 39/0 %53/5 67/0 %44/68 71/0 %63/14 56/0 

7 16/0 %45/94 61/0 %69/389 38/0 %9/58 39/0 

8 56/0 %49/2 78/0 %83/64 69/0 %63/2 63/0 

9 29/0 %40/7 52/0 %1/64 39/0 %23/7 63/0 

10 74/0 %68/3 76/0 %49/123 44/0 %40/26 77/0 

11 74/0 %68/3 78/0 %49/123 53/0 %40/26 69/0 

12 52/0 %82/2 83/0 %59/60 61/0 %26/8 75/0 

13 20/0 %98/17 40/0 %21/126 31/0 %41/49 37/0 

14 78/0 %88/13 109/0 %51/68 89/0 %16/32 86/0 

15 46/0 %17/1 73/0 %63/36 55/0 %83/2 64/0 

16 70/0 %13/7 89/0 %34/85 75/0 %27/30 83/0 

17 72/0 %15/4 76/0 %35/85 93/0 %28/30 83/0 

18 95/0 %14/5 84/0 %82/88 89/0 %72/23 87/0 

19 97/0 %12/4 96/0 %3/88 76/0 %53/19 86/0 

20 96/0 %85/6 99/0 %54/96 78/0 %77/34 94/0 

21 42/0 %95/1 63/0 %51/72 66/0 %36/23 53/0 

E	3/�	� 55/0  %74/10 73/0 %0/88 64/0 %56/21 67/0 
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� �4��� +0�� ��6
���3�0�>� �< +C4 C/�9 �b4��� ��H�0 �� C��V� E�0 �21 C
^��    ����?V� � b?4��� ��H�0 ��6=K 

�6=M  �12=T  K�; �� �N8�\ c���/ .� C�"�9 ��, C�2      C��?.� ����?V� |	?U�� K�?; E�0 �� .�40 �� CZ0�0

 K�;1   .�40  

  
 N��Y2-  - � 	&������
���� �� �!� !+�Z %� [ A� U��Y �) _��� ����� �� #7�& ��12=T >6=M >6=K(  

�� U��Y  

!+�2+ 
�	J� W0�; ���:  

t�0 >����3�0 W0�;  W >����3�0 W0�;  � >����3�0 W0�;  

/�� ^��. /�%6+�  
 :��

������
�  
/�� ^��. /�%6+�  

 :��

������
�  
/�� ^��. /�%6+�  

 :��

������
�  

1  265/0 %16/3 235/0 %59/192 203/0 %21/30 173/0 

2 310/0 %21/7 168/0 %58/125 162/0 %71/41 141/0 

3 214/0 %72/5 187/0 %33/377 153/0 %67/44 122/0 

4 310/0 %74/2 184/0 %14/433 135/0 %60/89 112/0 

5 71/0 %0/0 73/0 %40/12 69/0 %94/19 74/0 

6 223/0 %29/2 209/0 %51/152 145/0 %31/23 140/0 

7 220/0 %11/3 154/0 %97/463 94/0 %25/45 85/0 

8 348/0 %5/3 212/0 %35/189 168/0 %4/30 129/0 

9 113/0 %76/9 111/0 %87/197 159/0 %46/23 140/0 

10 296/1 %32/5 221/0 %66/199 162/0 %83/18 123/0 

11 259/0 %55/4 219/0 %19/228 176/0 %56/43 179/0 

12 267/0 %16/3 231/0 %80/192 197/0 %24/30 178/0 

13 455/0 %28/5 184/0 %62/194 168/0 %1/38 136/0 

14 262/0 %16/3 235/0 %53/192 189/0 %21/30 176/0 

15 259/0 %46/2 226/0 %91/220 195/0 %30/31 175/0 

16 261/0 %47/3 217/0 %65/197 191/0 %75/31 171/0 

17 337/0 %94/3 202/0 %85/182 164/0 %83/30 161/0 

18 333/0 %14/6 199/0 %25/184 149/0 %60/25 143/0 

19 232/0 %60/2 217/0 %36/182 164/0 %24/38 149/0 

20 112/0 %36/20 185/0 %30/142 156/0 %67/24 130/0 

21 264/0 %15/3 223/0 %61/192 194/0 %70/29 174/0 

E	3/�	� 307/0  %46/4 195/0 %50/203 162/0 %46/28 137/0 

  

a�T� ����� �� #7�& #$(V 

 ��6
�� �4��� +0����3�0�>� �< +C4 C/�9 ���D� ��H�0 �� C��V� E�0 �21 C
^��   ����?V� �� � ��D� ��H�0 ��12=K 

�15=M  �15=T  K�; �� �N8�\ c���/ .� C�"�9 ��, C�3       ����?V� |	?U�� D?	/ K�?; E?�0 �� .�40 �� CZ0�0

 K�; C��.�1 .�40  
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 N��Y3- � - � 	&�����
���� �� �!� !+�Z ) a�T� ����� �� #7�& ��%� [ A� U��Y �15=T >15=M >12=K(  

�� U��Y  

!+�2+ �	J� W0�; ���:  

t�0 >����3�0 W0�;  W >����3�0 W0�;  � >����3�0 W0�;  

 /�%6+� �B��

/�� ^��.  

 :��

����
�

�.  

 /�%6+� �B��

/�� ^��.  

 :��

����
�

�.  

 /�%6+� �B��

 ^��./��  

 :��

����
�

�.  

1  227/15 %81/20 378/2 %7/95 69/2 %22/37 411/1 

2 554/8 %14/20 481/2 %28/93 281/2 %9/35 476/1 

3 30/15 %88/20 900/2 %11/95 85/2 %24/37 397/1 

4 30/15 %84/28 350/2 %52/110 55/2 %12/65 415/1 

5 252/15 %81/20 856/2 %7/95 120/2 %22/37 419/1 

6 26/15 %86/20 393/2 %42/95 74/2 %40/37 404/1 

7 219/15 %89/20 440/2 %95/86 78/2 %50/37 407/1 

8 701/7 %47/14 407/2 %27/79 871/1 %87/32 428/1 

9 170/15 %66/20 392/2 %4/94 123/2 %99/36 414/1 

10 753/6 %0/22 312/2 %31/123 146/2 %5/45 496/1 

11 743/11 %33/18 627/2 %82/102 307/2 %58/33 452/1 

12 687/8 %38/14 376/2 %50/93 159/2 %82/37 430/1 

13 319/7 %51/21 532/1 %25/108 772/0 %37/38 615/0 

14 265/8 %21/22 364/2 %64/99 322/2 %70/40 369/1 

15 805/13 %76/18 437/2 %40/93 121/2 %64/34 420/1 

16 600/10 %34/18 567/2 %32/167 49/2 %75/46 500/1 

17 51/8 %66/18 572/2 %94/82 292/2 %97/33 678/1 

18 866/13 %89/18 647/2 %72/98 174/2 /%2/33 554/1 

19 3/9 %16/12 476/2 %0/97 190/2 %57/33 388/1 

20 79/15 %82/20 362/2 %17/95 142/2 %24/37 413/1 

21 759/1 %64/7 853/0 %41/70 528/0 %98/29 533/0 

E	3/�	� 292/11  %57/18 368/2 %15/98 996/1 %80/36 365/1 

  

6- b6�  

 K�;) Oh�, NZ��� ��H�0 �� �	VB� c���/1�� ��./ (        >����?3�0 C?4 W0�?; C?� �	?4� ��?�: E	3/�	� <�

C� �+��15.	� }	���73/0 �64/0  �67/0  E	3/�	� � C	/�d�� >����3�0 �� �	J� W0�; C� �	4� ���:  �0�?, � C=55/0 

���< .�40 C	/�d  ��~�/0 C, C/�9�� ��� �0� �Oh�, ��H�0 �� N\ �� C5	1� W0�; C� �5�"��&� ���: �� �	J� +�<   �?4�

      ��?H�0 �� M?< 7��?� �0?V� �?6��D/ _����� .��0� �/0�u�< C��.� ��V	VB� ���4 �� c���/ �D	/ �	VB� E�0 [
^�� ��

>����3�0 �Oh�, � +��15.	� +�<C� ��	VB  }	���74/10 �0/88  �56/21     W0�?; M?< 7��?� �0V� :0 ��.	� 8��

C, �40 C
^�� �	J� C�  �}	�����3�0�>� �<  ./�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  

 K�;) b4��� NZ��� ��H�0 �� �	VB� c���/2�� ��./ (         >����?3�0 C?4 W0�?; C?� �	?4� ��?�: E	3/�?	� <�

5.	�C� �+��1  }	���195/0 �162/0  �137/0  E	3/�	� � C	/�d   �0�?, � C=�?� >����3�0 �� �	J� W0�; C� �	4� ���:

307/0 C	/�d �� �<�.� .�40 >����3�0 �C
^�� ��H�0 T�0D"0 �� ���    C?� �	?4� ���: �~/:0 �	VB� E�0 +��15.	� +�<
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�0� :0 �W0�; +��1� �	Y	, (�0�, � C=�� %��) �	J� N\        +?H��� >����?3�0 �>����?3�0 C?4 E?�0 E	?� �� � ��0�

  C?� �NZ�?�� �	J� [5	1� �0V� C� M< 7��� �0V� �6��D/ _����� .��0� 0� �/��: ��6
�� E���1� (� >����3�0)   }?	���

��3�0�>� �<�� ��H�0 �� M< 7��� �0V� �6��D/ _����� ./�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  �b?4�

>����3�0 C� ��	VB� +��15.	� +�<  }	���46/4 �50 /203  �46/28      �?	J� W0�?; M?< 7��?� �0V� :0 ��.	� 8��

C
^��  /0C, C� �}	�����3�0�>� �<./�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  

T<�S� ���4 C��.�%�� �C
^�� ��H�0 T�0D"0 �� �< ���d +��6��0 +�< +:�4-C5	1�  0� +��1� �/��: ��6
�� �+:�4

�� ��./  K�;) ��D� ��H�0 �� �	VB� E�0 c���/ .<�3�� ��./ �D	/ (        C?4 W0�?; C?� �	?4� ��?�: E	3/�?	� <�

C� �+��15.	� >����3�0  }	���368/2 �996/1  �365/1  E	3/�	� � C	/�d C=�� >����3�0 �� �	J� W0�; C� �	4� ���:

 �0�, �292/11 �dC	/ �� �<�.� .�40 >����3�0 �C
^�� ��H�0 T�0D"0 �� ���     ��?�: �?~/:0 �?	VB� E�0 +��15.	� +�<

�0� :0 �W0�; C� �	4�       >����?3�0 �>����?3�0 C?4 E?�0 E	?� �� � ��0� +��1� �	Y	, (�0�, � C=�� %��) �	J� N\

0V� �6��D/ _����� .��0� 0� �/��: ��6
�� E���1� (� >����3�0) +H���    �NZ�?�� �?	J� [?5	1� �0V� C� M< 7��� �

C�  }	�����3�0�>� �<  ./�0� C5	1� W0�; :0 0� C
8�" E����, W � � �t�0 +  

  

7-�+ !d Z % �  

 �C��V� E�0 ��4	>�� �< [��Q�< +	��� +M�IH/0 &���  [���Q/0 _:0/0 E		H� +0�� �U��� K� O� � �4����G  �?< 

 .� CZ0�0�-/G:0�� C, �0H� � � �<�	X����B��� �< K� O� +C��/�� ��D ?d0 �|	B8 �� �I= +�  >?.h 9 ?	� �� +

 ���4��3�0�>� �< N\ +0�E C/�9     O?�, C?� ��D?� � b4��� �Oh�, ��H�0 �� C
^�� [�4� C4 C�0�0 �� ���0� NZ���

��0� �< �"��A� +Q�	C :�4 t
�u� >����3�0 C4 �� �NZ��� E�0 `a4 e� +j�I� �����d � +:�4_1�	C5 :�4  N?\ +

 c���/ ��G �<  .� N	
B� � C���V�  

 ��./ c���/�� <� +:�4 ���d C,_1�	C5 :�4 �	X�� +�� +) ���: (t�0 >����3�0,	Y	� W0�; �< �~/:0) +��1� +

 �	J� M< 7��� �0V� C� �6��D/C
^�� T�0D"0 D	/ %�� E�0 N\ ���: �C
^�� ��H�0 T�0D"0 �� � ��0� (�� ���  �?�� e

 �	J� W0�; [Q4�B� ���: �� C���V� ��C
^��   C?� 0� ��= +���� ��0�, � C=�� %�� C� N?\ �0�  �?<   ��?./ �?	J� +

�� <����d C, W >����3�0 ��6
�� c���/ �4��� .   K�?��0 0� +	��� �	HU� +�� +:�4 ?��  ?5,   �?	Y	, �?~/:0 �

 t�0 >����3�0 :0 �W0�; C� �	4� ���: � W0�;HU	t �� ��./ � �40 �� <� �� N���Q�/ +���� �   >����?3�0 C�

 �� C���V� �� ��� e��0/ t�0�0� N\  �	J�C
^��  ��H�0 T�0D"0 ��C
^��       C?;�� ��?=�� D?	/ >����?3�0 E?�0 ��?6
�� �

  .�40  

 +0�� �C��V� E�0 +��15.	� >����3�0 C, � >����3�0 _����� �	VB� c���/
^�� [�~/� ���d � �40   �� �� 0� +:�?4

H�  +	��� �	HU� � ���:C� ���8 >< ���:  K���0�� 5,     ��?�: �?~/:0 >����?3�0 E?�0 �	3�.h +���� :0 �,�\ �

�Q�/ �W0�; C� �	4�  �� C���3�0�>�      NZ�?�� �� W0�?; �?	Y	, �?~/:0 C�Q�0 e�40 �3�� ?4����  �?�  :0 �,?/0 �

W0�; �< K�0 >����3�0 +HU	t ��  ��� e�40 C?�  ���?8   ��?3�0 :0 +�	3�?.h    :0 +��	?�� �� .�?40 �?�1� 2�� >��

 +�<���0��� C65�0 C� C;�� �� ��HJ0� NZ���D<�C5 0 �� +HU�	� �< t
�u� +���	+ )   7��5?8 �� ?5/�� �?�	�E  �?4� �

 E		H� �N���� � �40 �3�6� C� O��D/ (��	����� � :�9 ��Y/HU�	� �<     �?<���0��� ���?4 �?� }?4�5�� +	��� +
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 :0 ���" ��U�V� ��F�<D<�C5 �< 	��� +�~/�   ?<0�= >.h C� ��.	� C��V� E�0 �� +��15.	� >����3�0 ��0��, ��40

 .�G  

�� 2�-/0 0�E T<�S� >1� ���E ��B���� ��Q/ ��0�  �?<+  ?HJ0��  0�?�+  ?�O 4	 >�?� ��� ?	+  M�?IH/0  &?���  �?� 

�@�AB� C��Q�< e�40 C� �<	E ��	N� 0��+ -54��Q��0�  K?� �  ���?�:G  ��?3�0�>�  �?<+ �	 ��15?.+� :0 ��0�  �?<+ 

Q�	C :�4+ �� ���Y�40 �.  ��G ��V	VB� +0�� ��VVB��� 5/0�� ��0� :0 ���Y�40 ��     0� +���?� ��?H��I� ��?HJ0� +�<

>����3�0 � K� ]�40�� CZ0�0 +�< �9S�� ���4 � 5<� 2�-/0 �C��V� E�0 �� ��      �?	"�� ����?B� ��?F�< ���?<

� 0� ��Q�, ���� :�-� � 	���CZ0�0 K� �� E	5F�< .5�0D"�	� K� C  K� +�<���0��� ���C�  ���?8    �?~/ �� �?HIJ

 C�"�9�  C,�� �0��  ��VVB� E�0 �� ��f� .�"�9 �~/ �� D	/ 0� �����\0 +�<�U�V� +H� ��V	VB� ���� 5/0��   C?�

 0� �HJ0� NZ��� �K� E�0 O�,K� :�4  .55, N\ � + 
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