
� � � � 	 �  � � � � � � � � � � 	 � � � � � 	  � � � " � � � � ' � 	 � � �

� � � � � � � � . � / � �  � � � 	 4 � � � � � " " � 4 '  � � �

7 9 ; = ? ? A C D A E F H J L ? E 9 ; Q S 9 E ; U V X ? E E Z D [ 9 ; = \ ^ ` Q D F ? c
\ d [ E ? g = Q = h g X ^ k h l D ? Q E g ; n F = = g X = p d h ; = q D s ; u ; = v \ d [ E ? g = Q = h g w X = p d h ; = C d u E h ; n F =

| h ; ~ = ? c ; g d q E ~ E v | h ; ~ = ? c ; g d q E ~ E v
Z E ; h g = V � D A p � � � � � � � F d U = u J S E h E X E � Z E ; h g = V � D A p � � � � � � � F d U = u J S E h E X E �

� V Q E ; v � � Q D A E F H J u 9 E ; U � � ; E X w ; l g w F v E ~ E v w u E � V C E ; v � Z D [ 9 ; = w \ E Q D F ? c � s Q u w F v E ~ E v w u E

£ ¤ ¥ ¦ § ¨ © ¦

ª ¬  ® ® ¯ ° ± ² ³ ´ ¶ ´ ¬ · ² ¸ ¬ ¸ · º » ± º ¼ ® ³ ¶ ´ ¸ ¬ ® ½ º ¾  ± ´ ¶ ¿ º ½
± ³ ½ ½ ° ´ ¶ ¿ ® ½ º ¾  ± · ¬ · º ±  ¬ · º ¼ ¸ ½ ¬ Á Ã ¶ ¬  ± ² ³ ¬  ® ® ¯ °
± ² ³ ´ ¶ Ä · ² ¸ Å  ¯ ¯ Æ ² ´ ® ¸ Ç ¸ ± · ´ ¬ · ² ¸ ³ ¼ ® ¯ ´ É ± ³ · ´ º ¶ º » ¾ ¸ Ë
¼ ³ ¶ ¾ Ì ³ ½ ´ ³ Å ´ ¯ ´ · ° Ä · ² ³ · ´ ¬ ³ ¾ ´ ¬ · º ½ · ´ º ¶ ´ ¶ ´ ¶ » º ½ ¼ ³ · ´ º ¶
Æ ² ¸ ¶ · ² ´ ¬ ´ ¶ » º ½ ¼ ³ · ´ º ¶ · ½ ³ Ì ¸ ¯ ¬ » ½ º ¼ º ¶ ¸ ¸ ¶ ¾ º » ³ ¬  ® Ë
® ¯ ° ± ² ³ ´ ¶ · º · ² ¸ º · ² ¸ ½ Á Ã ¶ ¸ Ð ± ´ ¸ ¶ ± ´ ¸ ¬ Æ ² ´ ± ² ³ ½ ¸ ¾  ¸

· º · ² ´ ¬ ¸ Ç ¸ ± · ³ ½ ¸ ¸ Ò ± ¸ ¬ ¬ ´ Ì ¸ ´ ¶ Ì ¸ ¶ · º ½ ° Ä ® º º ½ ±  ¬ · º ¼ ¸ ½
¬ ¸ ½ Ì ´ ± ¸ Ä ´ ¶ ¸ Ç ¸ ± · ´ Ì ¸ · ½ ³ ¶ ¬ ® º ½ · ³ · ´ º ¶ ¬ Ä ¼ ´ ¬ ¬ ¸ ¾ ® ½ º ¾  ± · ´ º ¶
¬ ± ² ¸ ¾  ¯ ¸ ¬ Á Á Á

ª ¿ ³ ¼ ¸ ± ³ ¯ ¯ ¸ ¾ · ² ¸ Ô ¸ ¸ ½ Õ ³ ¼ ¸ ´ ¬ ³ Æ ´ ¾ ¸ ¯ °  ¬ ¸ ¾
± ¯ ³ ¬ ¬ ½ º º ¼ ¸ Ò ¸ ½ ± ´ ¬ ¸ » º ½ ¾ ¸ ¼ º ¶ ¬ · ½ ³ · ´ ¶ ¿ · ² ¸ ¾ ° ¶ ³ ¼ ´ ± ¬ ´ ¶
³ ¬  ® ® ¯ ° ± ² ³ ´ ¶ Á Ø ¸ » º ±  ¬ º ¶ ³ ¶ ³ ¾ ³ ® · ³ · ´ º ¶ º » · ² ´ ¬
¿ ³ ¼ ¸ · º · ² ¸ » º ½ ¸ ¬ · ´ ¶ ¾  ¬ · ½ ° Ú · ² ¸ Ü  Ý Å ¸ ± Ø º º ¾ Þ  ® ® ¯ °

Õ ³ ¼ ¸ Á Ø ¸ ² ³ Ì ¸ ¬ ´ ¼  ¯ ³ · ¸ ¾ · ² ´ ¬ ¿ ³ ¼ ¸ ´ ¶ ³ ¬ ® ½ ¸ ³ ¾ ¬ ² ¸ ¸ ·
® ½ º ¿ ½ ³ ¼ Ú · ² ´ ¬ É ½ ¬ · ´ ¼ ® ¯ ¸ ¼ ¸ ¶ · ³ · ´ º ¶ ´ ¬ · ² ¸ Å ³ ¬ ¸ º » · ² ¸
¼  ¯ · ´ Ë ³ ¿ ¸ ¶ · ¬ ´ ¼  ¯ ³ · ´ º ¶ ® ½ ¸ ¬ ¸ ¶ · ¸ ¾ ´ ¶ · ² ´ ¬ ® ³ ® ¸ ½ Æ ² ¸ ½ ¸
´ ¶ · ¸ ¯ ¯ ´ ¿ ¸ ¶ · ³ ¿ ¸ ¶ · ¬ ½ ¸ ® ½ ¸ ¬ ¸ ¶ · ± º ¼ ® ³ ¶ ´ ¸ ¬ Á ß ² ¸ ¬ ¸ ³ ¿ ¸ ¶ · ¬
Æ ´ ¯ ¯ ¬ ´ ¼  ¯ ³ · ¸ ² º Æ ± º ¼ ® ³ ¶ ´ ¸ ¬ º ½ ¾ ¸ ½ Ä ® ½ º ¾  ± ¸ ³ ¶ ¾ ¬ · º ½ ¸
® ½ º ¾  ± · ¬ Á

Ã ¶ · ² ´ ¬ ® ³ ® ¸ ½ Ä Æ ¸ ¾ ¸ ¬ ± ½ ´ Å ¸ · ² ¸ ¬  ® ® ¯ ° ± ² ³ ´ ¶ ¼ º ¾ ¸ ¯ ´ ¶
· ² ¸ Ü  Ý Å ¸ ± Ø º º ¾ Þ  ® ® ¯ ° Õ ³ ¼ ¸ ³ ¶ ¾ ² º Æ Æ ¸ Æ ´ ¯ ¯ ¼ ³ à ¸
´ · ¼ º ½ ¸ ½ ¸ ³ ¯ ´ ¬ · ´ ± Æ ´ · ² ³ ¿ ¸ ¶ · ¬ Á á º Æ ¸ Ì ¸ ½ Ä Æ ¸ ® ½ ¸ ¬ ¸ ¶ · ¶ ¸ ´ Ë

· ² ¸ ½ º  ½ ¬ ® ½ ¸ ³ ¾ ¬ ² ¸ ¸ · ¬ ´ ¼  ¯ ³ · ´ º ¶ º » · ² ´ ¬ ¿ ³ ¼ ¸ ¶ º ½ º  ½
¬ º ¯  · ´ º ¶ · º · ² ¸ Å  ¯ ¯ Æ ² ´ ® ¸ Ç ¸ ± · Á

â ã ä ¦ § å æ ç © ¦ è å ä

é  ½ Æ º ½ à ³ ¾ ½ ¸ ¬ ¬ ¸ ¬ · ² ¸ Å  ¯ ¯ Æ ² ´ ® ¸ Ç ¸ ± · ´ ¶ » º ½ ¸ ¬ · ¬  ® Ë
® ¯ ° ± ² ³ ´ ¶ ¬ Á ß ² ´ ¬ ¸ Ç ¸ ± · ® ½ º ® ³ ¿ ³ · ¸ ¬ ³ ¬ » º ¯ ¯ º Æ ¬ ê ± » Á ë ´ ¿ Ë
 ½ ¸ ì í Ú · ² ¸ ½ ¸ · ³ ´ ¯ ¸ ½ ® ¯ ³ ± ¸ ¬ î  ´ · ¸ ± º ¶ ¬ · ³ ¶ · º ½ ¾ ¸ ½ ¬ · º
´ · ¬ Æ ² º ¯ ¸ ¬ ³ ¯ ¸ ½ Ä Æ ² ¸ ½ ¸ ³ ¬ · ² ´ ¬ Æ ² º ¯ ¸ ¬ ³ ¯ ¸ ½ ® ¯ ³ ± ¸ ¬ ¼ º ½ ¸
Ì ³ ½ ´ ³ Å ¯ ¸ ³ ¶ ¾  ¶ ® ½ ¸ ¾ ´ ± · ³ Å ¯ ¸ º ½ ¾ ¸ ½ ¬ · º · ² ¸ ¼ ³ ¶  » ³ ± Ë

·  ½ ¸ ½ Á Þ  ± ² ¾ ¸ ¼ ³ ¶ ¾ ð  ± ·  ³ · ´ º ¶ ¬ ± º ¬ · ¼ º ¶ ¸ ° ¾  ¸ · º
ê ´ í ² ´ ¿ ² ¸ ½ ´ ¶ Ì ¸ ¶ · º ½ ° ¯ ¸ Ì ¸ ¯ ¬ ê ± º ¼ ® ³ ¶ ´ ¸ ¬ ¬ · º ± à ® ´ ¯ ¸ Å ¸ Ë

± ³  ¬ ¸ º » · ² ¸ ² ´ ¿ ² ¾ ¸ ¿ ½ ¸ ¸ º » ¾ ¸ ¼ ³ ¶ ¾  ¶ ± ¸ ½ · ³ ´ ¶ · ´ ¸ ¬ ³ ¶ ¾
Ì ³ ½ ´ ³ Å ´ ¯ ´ · ´ ¸ ¬ ñ ò ¸ ¸ ¸ · ³ ¯ Á Ä ì ó ó ô Å õ í Ä ê ´ ´ í ³ ¿ ´ ¯ ´ · ° ½ ¸ ¾  ± · ´ º ¶

Manufacturer
WholesalerRetailer

the customer the wholesaler
Orders from

the retailer
Orders from

σ σ
µ

σ
µ

Time Time Time

Retailer

Retailer Wholesaler Manufacturer

Manuf.
µ

Wholes.

Amplification of order variability

Orders from

ë ´ ¿  ½ ¸ ì Ú ß ² ¸ Å  ¯ ¯ Æ ² ´ ® ¸ Ç ¸ ± · ñ ò ¸ ¸ ¸ · ³ ¯ Á Ä ì ó ó ô ³ Ä
ò ¸ ¸ ¸ · ³ ¯ Á Ä ì ó ó ô Å õ Á

ê ³ ¿ ´ ¯ ´ · ° ´ ¬ · ² ¸ ³ Å ´ ¯ ´ · ° º » · ² ¸ ¬  ® ® ¯ ° ± ² ³ ´ ¶ · º · ² ½ ´ Ì ¸ ´ ¶ ³
± º ¶ ¬ · ³ ¶ · ¯ ° ± ² ³ ¶ ¿ ´ ¶ ¿ Ä  ¶ ® ½ ¸ ¾ ´ ± · ³ Å ¯ ¸ Å  ¬ ´ ¶ ¸ ¬ ¬ ¸ ¶ Ì ´ ½ º ¶ Ë
¼ ¸ ¶ · ñ Ã ³ ± ± º ± ³ Ã ¶ ¬ · ´ ·  · ¸ Ä ì ó ó ì õ ´ ¶ ñ ø ´ ¿ Å ° ¸ · ³ ¯ Á Ä ù ú ú ú õ í
¯ ¸ ³ ¾ ´ ¶ ¿ ±  ¬ · º ¼ ¸ ½ ¬ ¸ ½ Ì ´ ± ¸ ¯ ¸ Ì ¸ ¯ ¬ · º ¾ ¸ ± ½ ¸ ³ ¬ ¸ ê ´ ¶ º  ½ ± ³ ¬ ¸ Ä
±  ¬ · º ¼ ¸ ½ ¬ ¸ ½ Ì ´ ± ¸ ´ ¬ ¼ ¸ ³ ¬  ½ ¸ ¾ Å ° ´ ¶ Ì ¸ ¶ · º ½ ° ¬ ² º ½ · ³ ¿ ¸ ¬ í Ä

ê ´ ´ ´ í ´ ¶ ¸ Ç ¸ ± · ´ Ì ¸ · ½ ³ ¶ ¬ ® º ½ · ³ · ´ º ¶ ¬ Ä ê ´ Ì í ¼ ´ ¬ ¬ ¸ ¾ ® ½ º ¾  ± · ´ º ¶
¬ ± ² ¸ ¾  ¯ ¸ ¬ Á Á Á

é  ½  ¯ · ´ ¼ ³ · ¸ ¿ º ³ ¯ ´ ¬ · º ´ ¼ ® ½ º Ì ¸ ¬  ® ® ¯ ° ± ² ³ ´ ¶
¸ Ð ± ´ ¸ ¶ ± ° Å ° ½ ¸ ¾  ± ´ ¶ ¿ ³ ¼ ® ¯ ´ É ± ³ · ´ º ¶ º » ¾ ¸ ¼ ³ ¶ ¾
Ì ³ ½ ´ ³ Å ´ ¯ ´ · ° Æ ² ´ ¯ ¸ à ¸ ¸ ® ´ ¶ ¿ ¯ º Æ ´ ¶ Ì ¸ ¶ · º ½ ´ ¸ ¬ ³ ¶ ¾ ¿ º º ¾
±  ¬ · º ¼ ¸ ½ ¬ ¸ ½ Ì ´ ± ¸ Á ß º ³ ± ² ´ ¸ Ì ¸ · ² ´ ¬ ¿ º ³ ¯ Ä Æ ¸ ² ³ Ì ¸

® ½ º ® º ¬ ¸ ¾ ³ ¾ ¸ ± ¸ ¶ · ½ ³ ¯ ´ � ¸ ¾ ± º º ½ ¾ ´ ¶ ³ · ´ º ¶ ¼ ¸ ± ² ³ Ë
¶ ´ ¬ ¼ ñ � º ° ³  Ò ¸ · ³ ¯ Á Ä ù ú ú � õ Á Ø ¸ ² ³ Ì ¸ ³ ¯ ½ ¸ ³ ¾ ° ¬ ·  ¾ ´ ¸ ¾
´ · ¬ ® ¸ ½ » º ½ ¼ ³ ¶ ± ¸ Æ ´ · ² ³ ¬ ® ½ ¸ ³ ¾ ¬ ² ¸ ¸ · ¼ º ¾ ¸ ¯ Å ³ ¬ ¸ ¾
º ¶ ³ ¶ ³ ¾ ³ ® · ³ · ´ º ¶ º » · ² ¸ º ½ ´ ¿ ´ ¶ ³ ¯ Ø º º ¾ Þ  ® ® ¯ °

Õ ³ ¼ ¸ ñ ë � ¸ ¯ ¾ Ä ù ú ú ì Ä á ³ ³ ½ · Ì ¸ ´ · ³ ¶ ¾ ë � ¸ ¯ ¾ Ä ù ú ú ù õ Á
ß ² ´ ¬ ¿ ³ ¼ ¸ ´ ¬ ³ ¶ ³ ¾ ³ ® · ³ · ´ º ¶ º » · ² ¸ Ô ¸ ¸ ½
Õ ³ ¼ ¸ ñ Þ · ¸ ½ ¼ ³ ¶ Ä ì ó � ó õ » º ½ · ² ¸ » º ½ ¸ ¬ · ´ ¶ ¾  ¬ · ½ °
³ ¶ ¾ Æ ³ ¬ ¾ ¸ ¬ ´ ¿ ¶ ¸ ¾ · º ¼ ³ à ¸ ® ¯ ³ ° ¸ ½ ¬ ³ Æ ³ ½ ¸ º » ¬  ® ® ¯ °
± ² ³ ´ ¶ ¾ ° ¶ ³ ¼ ´ ± ¬ Ä ´ ¶ ® ³ ½ · ´ ±  ¯ ³ ½ · ² ¸ Å  ¯ ¯ Æ ² ´ ® ¸ Ç ¸ ± · Á

é  ½ Ü  Ý Å ¸ ± Ø º º ¾ Þ  ® ® ¯ ° Õ ³ ¼ ¸ ê Ü Ø Þ Õ í · ³ à ¸
· ² ¸ Ü  Ý Å ¸ ± ê ³ � ³ ¶ ³ ¾ ´ ³ ¶ ® ½ º Ì ´ ¶ ± ¸ í » º ½ ¸ ¬ · ´ ¶ ¾  ¬ · ½ °

¬ ® ¸ ± ´ É ± ´ · ´ ¸ ¬ ´ ¶ · º ³ ± ± º  ¶ · Á Ø ¸ ¾ ¸ ¬ ± ½ ´ Å ¸ Ü Ø Þ Õ ¿ ³ ¼ ¸
´ ¶ Þ ¸ ± · ´ º ¶ ù Á

Ã ¶ · ² ´ ¬ ® ³ ® ¸ ½ Ä Æ ¸ ® ½ ¸ ¬ ¸ ¶ · ³ ¼  ¯ · ´ Ë ³ ¿ ¸ ¶ · ¬ ´ ¼  ¯ ³ Ë
· ´ º ¶ ¾ ¸ ¬ ´ ¿ ¶ ¸ ¾ · º ¬ ·  ¾ ° º  ½ ¾ ¸ ± ¸ ¶ · ½ ³ ¯ ´ � ¸ ¾ ± º º ½ ¾ ´ ¶ ³ · ´ º ¶

ì

Proceedings 4th Workshop on Agent-Based Simulation
J.-P. Müller, M.-M. Seidel  ©SCS Europe BVBA, 2003 166



� � � � 	 �  � �  � 	 � � � � � � 	 �  � �  � � � ! � � � � 	 � $ & ( ) +
, � / 	 � � 3 � �  4  � 	 � 	 � ! $ 7 8 : � � & � � ! ( 7 ? ? � @ ) 	 � � �

� 	 B � �  � � � 	 � � � 7 � � � � � @ � � � � 	 7 � � � / � � � : 7 � � K �  ?
� M � � � N �  � ? � � � � ? �  � � � � / / � � ! : 	 � B Q ( � � � � 	 � 3 T U � U V W 3
K �  � � X � � 	 � ! �  � � � � � � 	 4 7 � � Q X � � � � 	 � + 3 T U U ^ 	 V 3

Q X � � � � 	 � + 3 T U U ^ : V ? � � ? � � � / � 7 � � � � � � � 	 7 � � � + d 7 �
	 4 � � � e : 	 � � ! � � ! � �  � � � � � � � 	 �  � �  � 3 � � � � � / � � � � � � �
� � � ? � � g 3 � � 	 � � � � $ & ( ) � � � � � � h 7 � � � � @ 3  � � 	 � : �

� 7 � � �  � � � � : @ ? � � ? � � � � � : @ 	 � ? � � 	 ! � � � � � ? � � 4 � 	 � +
l � � � � / � � � 3 � �  � � � ! � �  � � 7 � : @  � � � � �  4 � � � 	 4 � � � � + � s e

� � @ 	 4 � � � � 	 � � � � � � � 7 � � 7 � � � / 	 � � � ? 	 � @ : 	 � � ! � �
� � � ( � d v � � ! � � Q ( 7 ? ? � @ � � 	  � � � 7 � �  � 3 w x x T V + l �  �
� 7 � �  e 	 4 � � � �  � 7 � 	 �  � �  � ? � � � � � � � !  � ( � � �  � � � +

� � � 	 
 ~ � � 	 � � � � �  ~ � � � �

� � � 	 � � � � � � � � � � � 	 �

& � � � K ? � � � � � � � � � $ & ( ) 3 K �  � �  � 	 � 	 ! 	 ? � 	 e
�  � � � � � � � $ 7 8 : � � / � � � � �  � ! 7 � � � @ � / � � � � �  4  � 	 �
& � � ! ( 7 ? ? � @ ) 	 � � + l K � 4 	 � � � 3 � 	 � � � ! � � � � & � � !

( 7 ? ? � @ ) 	 � � � � N $ & ( )  � 	 � �  � ! s 	 �  	 � � W 3 K � � �
! � s � � � ? ? � ! Q � � � � ! 3 w x x T 3 � 	 	 � � s �  � 	 � ! � � � � ! 3 w x x w V

: 	 � � ! � � � � � � � � 7 � � 7 � � 	 � ! ! @ � 	 �  � � � / � � � � � � �
) 	 � � + � � � � 	 � ! & � � ! ( 7 ? ? � @ ) 	 � � � 	 � � 	 �

� g � � �  � � � � 	 � �  � 7 � 	 � � � � � � � 	 � � �  	 � 	 � !  � / � � � 	 e
�  � � � � K �  � 	 ? � � ! 7 � �  � � e !  � � �  : 7 �  � � � @ � � � � 	 � !
K � � � ! � �  4 � � ! � � � 	 B � ? � 	 @ � � � 	 K 	 � � � / � � � : 7 � � e
K �  ? � M � � � Q � 	 � � : � 3 w x x x V + � � � ? 	 � � ! � � � � � � � � �

) 	 � � Q ( � � � � 	 � 3 T U � U V � � 	 � � 	 � : � � � 7 � � ! � � � � 7 ! @
� 7 ? ? � @ � � 	  � ! @ � 	 �  � � 3 � � � & � � ! ( 7 ? ? � @ ) 	 � �  � e

� � � ! 7 � � � !  s � � 4 � � � ? � � ! 7 � � � � K � � �  � � � � 	 � �  � � � � � � e
s 	 � � � � � � � � � � � � � � 7 � � ? � 	 � / � � � � � � � � � � � + d 7 � � � 	 �
� 	 � 	 ! 	 ? � � ! � �  � 4 	 � � / � � � � � $ 7 8 : � � / � � � � � � � � � � � �
K � 7 � � � �  � s � � �  � � 3 K �  � �  � !  � ? � 	 @ � !  � �  4 7 � � w +
l � � � 	  � !  M � � � � � � : � � K � � � � � � � �  4  � 	 � & � � ! ( 7 ? e
? � @ ) 	 � � 	 � ! � 7 � s � � �  � �  �  � � � � � � � 4 � � � / � � � � 7 � : � �
	 � ! ? 	 ? � � � 7 : � � 	  � K �  � �  � �  � � � � � � � � 	 � � N � � � � !  �

4 	 � � W � � !  M � � � � � N � 7 � 4 	 � � W + , �  �  	 � � � � !  �  � � � 	 � �
� � � � 	 � � � � 7 � � � � � � ! � � 	 � ! � 3 � �  ? ?  � 4 ! � � 	 @ � 	 � ! � � e

! � � ! � � 	 @ � 	 � � 	 � � � h 7 	 � � � / � 7 � ? � � ! 7 � � � K �  � � � 	 � �
� � � ? 	 � @  �  � s � � � � � @ � � � � 	  � � � K � � s � 7 �  � � � / ? � � ! 7 � � 3
	 � ! : � � � � 7 � � � � � � � � � ! � � / � 7 � ? � � ! 7 � � � ? � � K � � B / � �

� � � � � � � / � 7 � K � � B � 3 � � � � �  4 � � ? � � ! 7 � � � 7 � �  � � � � � � !
� / � � � 4 	 � � + � � � 7 � � � � � � ! � � 	 � !  � � � � � 	 � � 	 � 	 � �
? � 	 � � ! � � ! � � � 3 � � � 4 	 � � : � 4  � �  � 	 � � 	 : � � � � 	 � � + l � �
� � 	 � 4 �  � � 7 � � � � � � ! � � 	 � !  � K � � B � s �  � � � � !  � � 7 � e

: 	 � � � K �  � �  � 	 � ? �  � � !  � � � � � � 	  � N : 7 � � K �  ? � M � � � W +
�  4 7 � � w � � � K � � � K �  g ? � 	 @ � � � N � 7 � 	 � � � � � / � K 	 � �

	 4 � � � � W ? � 	 @ � � � 4 	 � � + l � � 4 	 � �  � ? � 	 @ � ! : @ � 7 � � � �
� 	 � � � 7 � � � � ? � � � � � � � 	 K � � B  � � � 	 �  � @ 	 � !  � ? � 	 @ � !  �
? 	 � 	 � � � � : @ 	 � � ? � 	 @ � � � / � � � 	 � � � / � � � � s � � � � ? � + , � � � �

� � � � � � � ? 3 ? � 	 @ � � � � � � �  s � � � �  �  � s � � � � � @ N � � � � � ? � � ! e

Forest

Paper Paper

Customer

Customer Paper

Lumber Lumber

Retailer

Retailer Wholesaler

Wholesaler

Pulp mill

1 week order delay1 week shipping delay

Player 1

Player 2

Player 3

Player 4

Player 5

Player 6 Player 7

Player 8

Sawmill

Product stream Order stream

�  4 7 � � w � l � � � � ! � � � � ! / � � � � � � 7 ? ? � @ � � 	  � +

7 � � � K � � � � � � � � K � K � � B � � 	 � �  � � : @ � � �  � � 7 ? ? �  � � 3 : � e
� 	 7 � � � � � � �  � 	 � K � e K � � B � �  ? ?  � 4 ! � � 	 @ W 	 � ! 	 ! s 	 � � �

� � ! � � �  � � �  ? ?  � 4 ! � � 	 @ � : � � K � � � � 7 ? ? �  � � � 	 � ! � � �  �
� 7 � � � � � � � + l � � �  � � � � � � � � � ! � � � ? 3 ? � 	 @ � � � � � � B 	 �

� � �  �  � � � �  � 4 � � ! � � � 	 � ! � � @ � � � � � � � � � + , / � � � @ � 	 s �
: 	 � B � � ! � � � 3 � � � @ � � @ � � � � � � � � � � 	 � K � � � + , / � � � @ ! �
� � � � 	 s � � � � 7 4 �  � s � � � � � @ 3 � � � @ � �  ? 	 � � 7 � � 	 � � � � @
� 	 � 	 � ! 	 ! ! � � � � � � � � � � � �  � : 	 � B � � ! � � � + , � � � � � �  � !
� � � ? 3 ? � 	 @ � � � � � � � � ! � � �  �  � s � � � � � @ � � : 	 � B � � ! � � � + , �

� � � / � 7 � � � � � � ? 3 ? � 	 @ � � � 	 ! s 	 � � � � � � � � ! � � � �  ? � + , � � � �
� 	 � � � � � ? 3 ? � 	 @ � � � ? � 	 � � 	 � � � ! � � � � � � �  � � 7 ? ? �  � � N � W
	 � ! � � � � � ! � �  � � � ! � � + l � ! � �  ! � K � 	 � � � ! � � � � ? � 	 � � 3

? � 	 @ � � � � � � ? 	 � � � � �  �  � � � �  � 4 � � ! � � � K  � � � � �  �  � e
s � � � � � @ # : 	 � B � � ! � � � � s � � � / � � � g 	 � ? � � 3  � � 7 � � ? � � 	 ! e
� � � � �  � ? � � � � � � 	 �  � � 3 � 	 � � ? � 	 @ � � ? � 	 � � � � � ! � � � �  � � � �

� h 7 	 � � �  � � � �  � 4 � � ! � � � �  � 7 �  � s � � � � � @ s 	 �  	 �  � � � �
� h 7 	 � � � � 7 � � � � � � ! � � 	 � ! N  / K � 	 � � 7 � � � s � � @ ? � 	 @ � �
B � � K � K � 	 � � � � � 	 � B � � ! � � 	 � !  � W �  � 7 �  � s � � � � � @
s 	 �  	 �  � � + l � � $ & ( * , * . 0 2 4 6 2 6 9 & ( 2 , 2 4 & ? A C C E 4 * G & 9 & ( 2

* , 2 6 K & 0 4 & N & Q �  � 	 � � @ 3 	 � � K K � � B : � 4  � � K  � � 	 � � K
� � � ? T 3 	 � ! � � � � + � 	 � � ? � �  �  � �  � ? � 	 @ � !  � � � � � 	 � �

K 	 @ 3 � g � � ? � � � � � 	 K �  � � � � �  � ? � �  �  � � � � � �  s � � � K � � � e
! � � � N � � � / � � � � � � � 7 � : � � K � � � � � 	 � � � 3 	 � � � � � � / � � �

� � � ? 7 � ? �  � � W � � 	 � � 	 s � � � : � 	 4 4 � � 4 	 � � ! K � � � ? � 	 � e
 � 4 	 � � � ! � � � � � � � / � � � � � + l � � � 	 K �  � � � 	 � � s 	 � 7 	 � �  � �
� � ! � � : @ : 	 �  � 4  � � � � � � � 7 � : � � ! � � 	 � ! � � � � � � � ? 	 e
? � � ! � � 	 � ! �  � � 7 � � ? � � 	 ! � � � � �  � ? � � � � � � 	 �  � � 3 � � �
� 	 K �  � � ? � 	 � � � 	 � � � ! � � � h 7 	 � � � � � � � 	 g  � 7 � � / � � � � �

� K � ? � � �  : � � � � ! � � � + � � � � � s � � 3 � � � � 	 K �  � � � � � �  s � �
� � � � @ ? � � / ? � � ! 7 � � / � � � � � � / � � � � � 	 � ! � 	 � � 7 �  � � /
� �  � ? � � ! 7 � � 4 � � � � 	 � � � � K � 7 �  � � � 	 � 7 � : � � 	 � ! 	 ? 	 e
? � � 7 �  � + l � 	 �  � 3 � 	 � �  � � � �  � 4 7 �  �  � � 7 �  � � K � �
� � � ?  � � � 4 � � � � � � � � � 	 K �  � �  � � 7 � : � �  � s � � � � � @ 3 � � �
� � � � � 4 � � � � �  � � ? 	 ? � �  � s � � � � � @ +

� � / � � � K � � 	 B � � �  � � � ! � � � � � � � � 	 �  � �  � 	 � ! K �  � e
? � � � � � �  �  � � � 	 � 7 � �  e 	 4 � � � �  � 7 � 	 �  � � 3 K � s 	 �  ! 	 � � !
 �  � 	 � ? � � 	 ! � � � � � ? � � 4 � 	 � + l �  � � � � �  � ? � � � � � � 	 e

�  � � � � � s � �  � / 	 � � 	 � � � � : 	 � � / � � � � � � � / � K 	 � � � / � 7 �
� 7 � �  e 	 4 � � � �  � 7 � 	 �  � � + d � � � � � � � � 	 � ! 3 � � � � � � � e
� � � � � � 	 @ : � 	 ! ! � ! � � � � � � ? � � 	 ! � � � � � 3 � � 	 !  � 4 � �

w

167



� � � � 	 � � �  � 	 � � �  � 	 � 	 � � � � � � � � � � � 	 � � �  � 	 !  � � $
% ' � � � � � ! + � � � � . 	 � � % � � � � +  � � � � � � � � � �  � � � � � 	 + � � � 6 	

� � 7 	 � � � � � � � � � ' � � � 9 � � : 	 � � : 	 � : � � % ! � � : 	 � � : � � . +
� � � � � � 6 	 � % % 	 % ? � + � : 	 � 	 � + � � � A � � 	 B � A � � % � + $
� � 	 � � H 	 � � � 	 ! � � � � +  � � � � � � � � � � % � � % 	 � � � . % 	 � � A + : � N 	

� � 6 	 � 	 � + ' � 	 % � � � � �  � 	 � 	 B 	 	 7 + � � � +  � 	 � % + : 	 	 �
� � + � 	 � % � S � � % � A + � � � � : � ' � + � � � � 	 � N 	 � ! B : 	 � � � � � $
 � � A  � � � 	 + � � � � % 	 � ! B 	 � + + ' � 	 % � � � : 	 +  � 	 � % + : 	 	 �

� : � � � � + + '   � � 	 � � � B � A + � � � 	  � + � � ? B 	 � � ' � % � � 7 	 � : � +
� � � 	 � 	 � � � + � � � B � � : � : 	 � % % � � � � � � S � 	 . � � � � � � � � � � ] �
� : 	 ^ ' � � � � � A � � + : �  ! � : 	  � � � 	 ! � : 	 % ' 	 % � � 	 � � � � � �
� : 	 + 	 � 	 � + � � + ! B 	 : � N 	 � � ] � % � � � � : 	 � B � A � S � �  � 	 $
� 	 � � � � � � � � � + � 	 � % � S ' + � � . � +  � 	 � % + : 	 	 �  � � . � � � ? B 	
' + 	 � : 	 � ' � � � $ � . 	 � �  � � � % � . � �

� � c � e f g e � c f � g � h e j � � g � c g � �

k e l � g c m h � �

e � � m h � e f e g j � �

� � � A B � � 7 + + � � ' � � � 	 � + '   � A � : � � � B � � : � . 	 � � +
6 ' � N 	 � A S 	 B  	 �  � 	 : � N 	 S � � ' + 	 % +  	 � � ] � � � � A � �
� : 	 6 ' � � B : �  	 y 	 � � ' + � � . � ' � � � $ � . 	 � � � 	 � : � � ^ ' 	 +

| 	 � . � ~ � � � 6 � � ' . : 	 � � � � ! � � � � ! 	 � � ! � � � � � � � � : 	 % 	 $
+ � . � � S � ' � � ' � � � $ � . 	 � � + � � ' � � � � � � � S � + '   � A � : � � �

� + 6 � + 	 % � � � ' � +  � 	 � % + : 	 	 � � �  � 	 � 	 � � � � � � � � S � : 	
� � � � � � : � + . � � 	 � + � N 	 � A + � �  � 	 � � % 	 � 6 	 $

� � ' + 	 � � � � � A � % % � 	 + + 	 + � � 	 � � ' + 	 � S � : 	 6 ' � � B : � 
	 y 	 � � | � � +  	 � � 	  � � � � + � S S 	 	 % 6 � � 7 ~ � � 	 � � � � ! � � � � � � !
6 ' � B 	 � � � � � 7 	 � � � � � 	 � 	 � � � + � � � 
 � � �  � 	 � B : 	 �
+ � S � B � � 	 � . 	 � � + � 	  � � � 	 : ' � � � + 6 A � % % � � . � � : 	 �

7 � � B � � � ' + 	 + � S � : 	 6 ' � � B : �  	 y 	 � � � � 	 	 � � % : � +
� � � � 	 � . ' 	 + ~ � 	 	 	 � � � � ! � � � � � � ! ~ � 	 	 	 � � � � ! � � � � 6 � : � N 	

 � �  � + 	 % S � ' � + ' � : � � ' + 	 + B : � � : � � 	 + 	 	 � � + � : 	 � � � �
� � 	 + ? % 	 � � � % S � � 	 � � + � '  % � � � � . ! � � % 	 � 6 � � � : � � . !  � � � 	
� ' � � ' � � � � � + � � % � � � � � � � � . � � % + : � � � � . 	 . � � � � . � � �
� : � + + 	 � � � � � ! B 	 ] � + � % 	 + � � � 6 	 : � B � : 	 � � � � � +

� % �  � 	 % � � � . 	 � � + � � 	 � � ! B 	 + : � B : � B 	 � � :  � � � � S
� � � �  � � A � + � � % 	 � � 	 % � � � � � � 	 � 	 � � � + � � � B � A � : � �
B : � � � + ' + 	 % � � � : 	 . � � 	 � � � � � � � A ! B 	 S � � ' + � � � : 	 � � $
 � 	 � 	 � � � � � � � � S � 	 	 � � % : � + � � � � 	 � . ' 	 +  � � ' + 	 + � S � : 	
6 ' � � B : �  	 y 	 � � �


 � � � � � � � � � � � � � �  ! # $ &  ) * � � �
, # � � . 0 2 � 5  � � � 9  � � :

� : 	 � � � � � + � : 	 6 � + 	 � S � � � % 	 � � : � � B 	 ' + 	 S � �
+ � ' % A � � . � : 	 	 ¡ � � 	 � � A � S % � y 	 � 	 � � � � � � % � � � � � � � � 	 � : $
� � � + � + � � � � 	  � 	 � � + 	 � A ! B 	  � � � � �  � � . � � � � � � 	 � � � . 	 � �
� . 	 � � + + � � : � � � : 	 A � � �  � � A � � � � 	 + �  : � + � � � � � 	 % N 	 � $
+ � � � � S � : � + . � � 	 � � : 	 � 	 S � � 	 ! � : 	 � � + 7 � S 	 N 	 � A � . 	 � �
B � � � 6 	 � � + � � ' � � � 	 � � � �  � � A 6 	 : � N � � � � � % � � % 	 � � % 	
B : 	 � � � % : � B � ' � : � � � � % 	 � � � : � + � � % 	 � � � . % 	 � � + � � �

+ 	 	 � + N 	 � A 	 � + A � � � � 7 	 � � ] � + � . � � � � 	 ! 6 ' � � � � + � : 	
7 	 A  � � 6 � 	 � � � � : 	 6 ' � � B : �  	 y 	 � � �

Customer

Customer

Agent 1

Agent 2

Agent 8

Sawmill

Forest

Raw material inventory

Finished product inventory
Activity (work−in−process inventory)

Lumber
Wholesaler

Retailer
Paper Paper

Wholesaler

Shipped items in truck
Agent 3 Agent 5

Agent 6 Agent 7

Pulp mill

Agent 4

Lumber
Retailer

� � . ' � 	 � ? � : 	 � � % 	 � � 	 % S � � 	 + � + '   � A � : � � � �

� � � � � . � � 6 � �  � � � � � S N � 	 B ! � � . ' � 	 � � 	  � 	 + 	 � � + � : 	
+ � � ' � � � 	 % + '   � A � : � � � � � � � : � � �  � � A : � + � � 	 � � + 	 N $

	 � � � � � N 	 � � � � � 	 + ] . ' � 	 % � + � � � � � . � 	 + � � : 	 � � � � � : 	 � . : �
� S � � � � � � . � 	 � 	  � 	 + 	 � � + � � N 	 � � � � A � �  � � � � A | B : � � : � +
� � � % % � � � � � � � � : 	 � � � � � B : � � 	 � � + + : � % 	 % � � 	 � � 	  $

� 	 + 	 � � + � � + � 	 N 	 � � � �  ' �  � � % + � B � � � � + ! � : 	 � � � � � 	 +
� 	  � 	 + 	 � � � : 	 � � � � + S � � � � � � � � � S � ^ ' � � � � � A � S � � � 	 � � � �

|  � � % ' � � � � � � + � � � � : 	 � � % % � � � � � � � � : 	 � � � � � ? � : � +
B � � 7 $ � � $  � � � 	 + + � � N 	 � � � � A � + 	 � � : 	 � S ' � � � � 	 �  � A � ¢ � � :
B : � � 	 + � � 	 � + � � 	 � + � � � : 	 � � � � ? � : 	 A % � � � � : � N 	  � � $
% ' � � � � � � � � � N � � A � � % � : 	 A : � N 	 � � � ' � 7 � � + : �   � � % $
' � � + � � � : 	 � � � 	 � � � � 	 � � 9 � : 	 � � � �  � � � 	 + % � y 	 � S � � � � : 	

� � � � ? 6 � � : � � � � + � � � � . 	 � � B � � � 	 � � � � � � N 	 � � � � � 	 +
% ' 	 � � � : 	 � �  � � % ' � � � � � � � � � N � � A � � % � 	 � � : 	 � � S � : 	 � 	 $

� � � � 	 � + + : �  +  � � % ' � � + 6 	 � � ' + 	 � ' + � � � 	 � + � � � 	 � � 6 ' A
� : 	 � � � � 7 	 � � � : 	 � � � � ! � � � 	 � + % � + � � 	 � 	 < ! 	 � � : � � � $
 � � A : � +  � � % ' � � � � N 	 � � � � A � 	 � % A � � 6 	 + : �   	 % | > @ A

B D F G I K L M N P @ B R S B P K I U V X � � � % � : 	 � 	 � � 	 % 	 � � A + 6 	 � B 	 	 �
� � �  � � � 	 + | Y I K L M N P Z @ B P I M N \ V ] � � � : 	  ' �  � � � � � + � : 	
� � � A � . 	 � � � : � � : � + � : 	 6 � + � � + � � ' � � ' � 	 + : � B � � � � � . $
' � 	 + ^ � � % ` B : � � 	 � : 	 � � : 	 � � . 	 � � + � � 	 � % �  � 	 % S � � �
� : 	 + 	 �

I
t

Id I
m

Is

Truck Pulp mill

Transport Deliver Make Source

Product streamInformation stream

Finished

product

inventory

process

inventory

Raw

material

inventory

Work−in−Products

in

truck

Decisionclient
Orders from

supplier
Orders to

to client
Products Products

from supplier

� � . ' � 	 ^ ? � : 	  ' �  � � � � � � % 	 � �

b c d f h i d j l m h o d p q o d s t f q v h j d o h q j d h m o s h t j x m h o z q o j d f x { q o d s t
} s m v j q j } h d t o h t i d o o s �

�

168



� � � � 	 � �  � � �  � � � � � � � � � � � � � �  � � � � � # � % � # # � �
� � � ) + - . � � � � 	 � � � � � 5 7 �  � �  � % � # � � � � � = ? � � % � � � #
�  � � � � � # � % � # # �  7 �  � � � � � � � E 	  � # � I � # �  � � � - � L M
% � � � #  	 � % � � � - � � � # R � � � � � � � � � S � # � � � � � S � � �
� � � � # � � W � � � � � 	 � � � 7 � � � � � � � � � � � # � % � # # � � � � � 
S # � � � � Z � � � � � � � 	 � � � # �  � # � 	 _ = ? � �  # � � W �  � � 	 � S W

� � � S � � � W �  � � � � # � S � �  � � � � � �  � � � � � � � � � # � R  � � � � �
) + - . = � 	 � S �  � # R f � � �  � � � # � R  � 	 � 	 � � 	 �  � � � � � � � � � �

 � % � # � � � 	 �  � � � � I � � � � 	 R � � � � � I �  � � # # � I � # � � � �  �
j � � � � � � � � � # � � � S � # # � I � # = � 	 � � � S � 7 � � S � �  � � � � 	 � � � �

� � �  j � � � � � � � � 	 � � � I � � � � � � � S # � � � � �   � � � �  � � � R
� � I � � � � � � � � � � � � % � � � � S � 	 � � 	 �  � � �  � � �  � � � � � � �
� � # � R = + � � � � S � � � S � � R � � � � �  j � � � � f � � � 	 � �   � � � 5
� � � � � � # � R  � � � � � . � % � S � �  � � � �  % � � R � 	 � � � S � 
�  � � � � � � = + � � � � S � � � S � � R � � � � I � � � � 	 � �  � � � � � � � � � 5

I � � � � 	 R � � � � � . � % � �  � � � � � � � � � � � 	 � � � � � � � � � � � � � � �
� � � � � � 	 � � = ? � � ) + - . � � �  � � � % � W � � � R � � r � 	 � � S �
7 � � � � � � S � % � � � � �  � � � � � � �  � 	 � 7 � � � � � � � � � � 	 W Z � � � 	 � 5

� � � # � 	  � � � � � � � � � # �  � # � 	  _ � � � � 	 � � � S � � � � S � % � � � � � 
Z � � �  � � � � � � � # � % � # #  _ = + � % � W � � � � % � � � # % � 	 �

	 � � # �  � � S 7 R � � � � � � � � � � � � �  � � S � � � � � � � � � � � # � % � # # f
� � � S �  � 	 S �  �  � � � � � � � � 
 � � � � �  � � S � � � � = v � � � � � �  �

 � � S � � � �  S � � � � � � � # � % � � � � � � I � � � � 	 R = ? � � � � 	 W 5 � � 5
� 	 � S �   � � I � � � � 	 R � � � � � � � � �  � � S � � � � 	 � � 	 �  � � �  � � �
7 � � S � 7 � � � � � 	 � S �   � � f  � � � �  �  % � # # � � I � � � � 	 R � � � S �
�  � � � � � 	  � # # � 	 � % � � R = ? � � � � � � � 	 � � �  � � $ � � � �  � � � �
� � � 
 � � � � �  � � S � � � �  � 	 � S 	 �   � � 7 R � � � � �  � 	 % � � � � �
� � � � � � � 	 � � � S �  � 	 � � %  = � � � � 	 � % � � I �  % � 	 � � � � � � # 
� 7 � � � � � � � % � # � % � � � � � � � � �  � � �  �  � � 	  � �  �   � � S 5

� � � �  =

& ( � ) * , - . / 0 * 1 2 , 3 5 6 / 2 * 8 ,

x  � � � � I � � # 	 � � � R  � � � f � � �   � % � � # # S � % � � � � �  � � 	 W
� � � � �  � % � � � % � � � � � � � � � � �  � � % � �  � �  S 	 � � � f � = � = � I 5
� 	 R S � % � � � R � � � �   � 	 � � � � � � � 	 S � % � � � � �  � � S � % � # � � �

� � � E I �  � � �  �  � � � ) + - . 7 �  � 	 � 7 � � � � � � � � � � � � { �
 � � � = � � 	 � � � 	 % � 	 � f � � � 	 � �  � 7 � � � # � � � S W � � � S � �   � � 5
� � � � � � � � � � # � I � # �  � � �  � � % � # # f � � � � � � # # � # # � � �  � �
 � % � # � � � � � � 	 �  W  �   S � 	 S � � � �  Z � S � �  � �  � � � 7 � # # � � � �

� r � S � _ # � � � � � � � � � � � � � �  � � 7 � � � I � � � � � � � � � 	 � � � �  �
% � � � � 	 = ? � �  7 � � � I � � � 	 �  � �  S 	 � 7 � � � � � � � � � � � � � � �
	 � # � �  � � � � �  ~ � � � � �  � 	 � � 	 % � 	 � � � � � � � � R � S � � � # # R
� � � � � � � � � � � 	 � � 	 � # �   � � S � % � � � � 	 � � � S �  � � � � � � 	 �
� 	 � � 	 � � =

� � � � � � � � 
 � � � �  � �

? � � �  S 	 � 7 � � � � � � � � 	 � # � � R � � � S � � � � � �  � �
� % � # � % � � � f � � �  � � � � M �   � # � � � � � 	 I � � �  � x . �

Z � � � � � � � �  " � � � �  �  % � � �  (  * � � �  + �  � _ � �  S 	 � � 5
� � � � � M �   � # � � � � � 	 I � � f � � � % � = ? � �  � � I �  � � � � � � � � �
�  � � � � � � � � � � � �  � � # # � � 	 S � � I � � � � � � =

, � � � � � � � � ~ S # � � � � �  � 	 � � 	  Z S �  � � % � 	 � � % � � � �  S �  5

� � % � 	 �  � 	 � � 	  _ =

, x � � � �  � ~ � 	 � � � S � � � � f � � I � � � � 	 R � � �  � � � % � � �
% � � � � � % � � � � � � � 	 � � 	 � # � S � % � � � =

, . � � � � ~ � 	 � � 	 � � � � � � S � � 	 � � � � � � � � � R � � � � � � � � 	
� � � � �  � � 	 � � � S � � � � 7 � # # � � � � � r � S � =

, �  * � � �  + �  � ~ � � � � � � � 	 � � � � �  Z � � � S �  � � % � 	 � 
� #  � � � � � � � � _ =

x � � � �  S � � 7 � � � I � � � � � � � �  � I � 	 � # S � � � � � 	 � �  ~

� = . # � � � + � � � � 	 � % � � � # # � � �  � � � � � � � �  7 � R � � �
� 	 � � � S �   	 � % � � � � 	 	 � � � � # � 	  = � �  � � % � 	 � � � � � 
� 	 � I � 	 R  � % � # � f 7 � S � �  � � � � R � � # R � # � S � � 	 � � 	 
� S S � 	 � � � � � � � � �  � 	 � 7 � � � � � # � � 	 � � 	 �  � � � � � � � �  5

 � 	 � � � W � � �  �  S � �  � % � � � � � � � � � � 	 �  Z S � �  � � � � f
S � �  � � � � � � � � # � � � # � I � 	 � � � � � �  f  � �  � � � # f � � S 	 � �  5

� � � f 7 � � � � � S 	 � �  � � � � � �  � �  � � � � # f � � S = _ =

� = 1 
 � ' � � � � � ) # � � �   � � + � � , �  S � % � �  � � �  � � �  � � 	
S � % � � � � �  Z # � % 7 � 	 � � � � � � � 	 	 � � � � # � 	  � � � � � � # � 5
 � # � 	  _ � � � � � � I � � � � � � � 	 � 	 � � � S � � � � � S � � I � � R � � 	

	 � � % � � � 	 � � # � � I � � � � 	 R � � % � � � � � ~ � 	 � � � S �  S � % 5
� � �  	 � % � � �  � � � # � � 	 � � � � � � � � � � � � � � 	 � � % � � � 5
	 � � # � � I � � � � 	 R 9 2 7 � S � �  � � � � � 	 � � � S � � � � S � � � S � � R
�  I � � � � � �  � � E � � � � f  � � � � R � � � � 	 � S � # R � � � � � E � 5
�  � � � � 	 � � � S � � � I � � � � 	 R 9 : = � � 	 � � I � 	 f � � �  �  � � 	
� � � � �  � � I � � � � # � S � � 	 � � 	  � � � � � � 	  � � � # � � 	  =

� = 1 
 � � # � � + � � � �  � � � 7 �  � S � � � � � � � � � 	 % � � � #
Z S  = � � � � 	 � % _ f 7 � S � �  � � � � �  � { � S � # R � � � �  � � S �

�  � � � � � � � � 	 � � �  � � $ � � � �  � � � � � � � 
 � � � � � S � % 5
� � � � � �  = � � % � � 	 � � � � � � � S � % � � � � �  7 � # � � � � � �
� � � � � � �  � 	 � 7 � � � � � � � � � � 	 W f � � � � � # � % � # # � �  � �
% � � � � � � �  � 	 � � � S � � � � � � � � �  	 � � % � � � 	 � � # � � I � � 5

� � 	 R 9 2 = � � � � 	 � � S � # � 	 f �  � � � � � # � % � # # � 	 � � � S � 
� � r � 	 � � � W � � �  �  � � � � 	 f � � � � 	 � � � S � � � � � �  � � 7 �
� # � � � � � � � � 	 � � 	 � � � � � � % � � � � � � � 	 � � � S � � � � � � % �
S � % � � 	 � � � � � � � 	 � � � S � � I � � � % �  Z  � � 5 � � � � % �  = = = _ =

� = 1 
 � � � + + � � � � � 	 W  �  � � � � � # � % � # # f � { S � � � � 	 � � 5
� S �  % � � � � � � � � � S � � I � � R E # # � � � E � �  � � � � 	 � � � S �
� � I � � � � 	 � �  9 8 : ; < = ?: � � � 9 @ B @ = ?: � � � � � 	 � � � � � S � 	 5
	 � � � 7 R � � � � � r � 	 � � � � 	 � S W  9 8 : ; < = ?; � � � 9 @ B @ = ?; =

% = E � � � � � ~ �  � % �  � � �  � 	 � � % S � % � � � R f � � �  � 	 �  �
� �  � �  � � � # � � 	 � � � � � � 	 �  � 	 � � � �  � � � � # � S � � � R
� 	 � � 	  = � � �  �   � % � � � � 7 � � � � � E � � � �  � � 	 S � �  
� � � � � � � � � ) + - . f 7 � � � � �   � % � � � � � 	 % � � � #
� � � � � �  S � � � S � � R �  � � I � � 7 R � S � � � � � � � # � � =

� � � � ~ ? 	 � �  � � 	 � � � � � � S � � # � � � I � 7 � � � % � � � # # � � � 
� 	 � S W � � � � �  � �  � � � � �  �  �  � � S � � � � � � � � S � S � % � � � R =
� � � � � # � � � I � � # # � � � � �  � �  � S �  � � � % � � S �  �  � � � � 5
� � S � � � � � � � 	 � �  � � 	 � � � � � � � I � � �  � � � � � 7 � # # � � � � � r � S � =

�

169



� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � ! " � � � % � � ' � � ! �
� � � � " , . � � 0 � 2 � � � 5 
 � 
 � � � � � 8 � 2 ! , � � ' % ' � � � � � , =

� � � � � � � � � 
 � �  �  � � � � 
 � � � � �

> � 8 
 � � � � � � � � � � � � � � % � � � A � 0 � � � � � ' % � � � ' � 
 � � � A � % �
� 
 " � � � " " � 8 � � � = � � 8 % � � 
 " � � H 0 � � � � � � � � � � � " � ' � � > � 8 N

 � � � O � � � 
 � � 2 � � � � � " � � � � � � % � � ' � � � � � , � 8 � � � =
Q % � � � � 
 " � � � � � 
 " � � � � � 2 � � � � � . � � % � S . � � � � � � � � �
0 � � T � A � % � V � Y Z = Q % � � � � 
 " � � � � � 2 � � ' � � ! � 2 ! � " � 0
� ' ' � � 2 � � 8 � � � % � � � � � " � H � 8 � � � � � " 2 � � ' � � � � � � � � A � % �

A 
 � ' � � � � � ' % � � . � 2 ! , � % � � 
 " � O c � � � ' � � 2 � � � � � � H 0 % � �
2 � � . � � � % � � 
 " � O � � 2 � % � � � � ' � � � � H 0 % � � � % � � 8 � � � 2 � � �

0 % � � � % � � � � ' � � 2 � � � � � � � � � 
 � O � =

Truck Pulp mill

Transport Deliver Make Source

Product streamInformation stream

Products
from supplier

Products
to client

forecasting
Shipping Order

Ordering Orders to
supplierOrders from

client

Hauling Shipping Production Checking in

Plannning

negociation

> � 8 
 � � � h > 
 � ' � � � � � � � � % � � 
 " � � � " " � � 2 � " =

� � � � � � � � � � �

� � � � h k � ' � � . � � � � 2 
 ' � � ' � � � � 8 A � � � � % � � 
 � � " � � � � �
� � 
 ' T � � 2 � % � � � � 2 � � � " � � � ! , � % � � 
 � � " � � � =

� � � � �  � � � � �  h � � � � . � " � A � � � 2 
 ' � � =

� � � � �  h � � � 2 
 ' � � ' � � � � � 2 ! , � % � � � 
 ' T � � � � 2 2 � 2
� � � % � � � 0 � � � � � � � " � � . � � � � � , H � � � 2 
 ' � � � � � � � � � � N
A � � � 2 A � � � � % � 
 � � � � � � � � � � � � % � ' � � � � � , � � � 	 =

� 
 �  ! " � � �  �

� � � � h Q � � � � A � � � � 5 
 � � � � � , � �
� A � � � 	 � � � � � � � � � � �


  � � � � � � � � � � � � � =

� � � � �  � � � � �  h s � . � � � � � , � �
� � � � � � , � � 2 � % � � � � �

� � � 
 8 % � � � 2 
 ' � � � � � 	 � � S " " � �
H � �

� � � � � % � � A 
 " "
� � � � � � , O =

� � � � �  h u 5 
 � � � � � , � �
� A � � � 2 
 ' � � � � � � � � � A � � � � 2

A � � � � 	 � � � �
� � 2 � � w � A � � � � �

� � � ! � � � � � ,
� � � � � � � � � � � � � � ! " � � � � % � 0 � � T H � � . � � � " ! � � ' % � �

' � � ! � � � � ' � � � � 2 � � � % � 0 � � T � A � � . � � � � � � � � � " " � 0
� � O = s A � ! � � A 
 " " c � � � 2 
 ' � � 0 � � � � � � �


 � � � " � % � � � � �
� � � 
 8 % � � � � � � � ! =

�  " " � $ � % & " � � ) & + - " / $ � 1 $ � 2 3 + $ ) 1 ) � 1 ) + 3 + $ ) 1 / 7

� � � � � � � � �

� � � � h z � 2 � � � � � � � � � � � c � % � � � � � � 8 � ' � � � � � � 0 � � %
� % � ' 
 � � � � � � � � 2 � � � � % � � � % � � � � � 8 � % � � � � � 2 � � � � �
� % � � � 
 ' T =

� � � � �  � � � � �  h � � � � 2 � � � � � � . � " A � � � � % � ' 
 � � � � � �
� � � ! 0 � � � � � � , � � 2 ' � � � � � � � � � � 2 
 ' � � � 8 � � � =

� � � � �  h Q % � � � 8 � ' � � � � � � � � � � 8 � % � � 8 � � � � � 2 � � �
' 
 � � � � � � � � 2 � � � % � � � 0 � � % � � � 8 � ' � � � � � � � � � � � ' � " %
� � � S � � � � � � � � � ' % c � � � � � �  � 2 � � � � � � � � 8 � ' � � � �
� � 2 � % � � � � � � � � � 2 
 ' � � � � T � � � � � ! 0 � � % � 
 � � � , � � 8

� � � % � � � A 
 " " � � 
 ' T " � � 2 = s A � ! � � � � � � 
 ~ ' � � � � c

� � � � � �  � � � � � � � � % � � � � � � � 8 
 � � � � � � & 
 � �  � ! � � � =

� � 
 " � � � �

� � � � h Y � � 2 � � � 2 
 ' � � A � � � � � 
 ' T � � � � � % � ' 
 � N
� � � � � � � � � 0 � � � � � � � " � � . � � � � � , � 	 =

� � � � �  � � � � �  h � % � S � � � � " � � � � � � A � % � � � 5 
 � 
 � % � �
� � � � � � � � � � � 2 � 5 
 � " � � � % � � % � � � � � 8 2 � " � , =

� � � � �  h � � � 2 
 ' � � � � � � � � � � A � � � � 2 A � � � � � � � 2 � 0 � N
� � � � � � � 	 =

� 
 � 
 � � � � �

� � � � h � " � � 0 % � ' % � � � � � � � � � � � � � � � � � A � % � ' � � N
� � � , � � � ' � � � � � 2 � � � � � � � T � � 2 � � A � � � 2 
 ' � � =

� � � � �  � � � � �  h � � ' % 0 � � T =

� 	 � � � 	 �  � � � � �  h � � � S � � � � � � � � � ' % c � � � " � � � � � 8
% � � � � ! � 2 � � � ! � ' � 
 � � � � " , � � � � , � � � A � � � 2 
 ' �
� � � � � ' � � � � 2 � � � % � � 
 � � " , ' % � � � =

� � � � � � � � � �  � � � 
 � � � � �

� � � � h u � � � ' � � � � � � % � A 
 � 
 � � 2 � � � � 2 � A � % � ' 
 � N
� � � � � =

� � � � �  � � � � �  h � � ' % 0 � � T =

� 	 � � � 	 �  � � � � �  h A � � � w � � � " � c � � � . � � � 8 � � A � � ' � � N
� � 8 � � 2 � � � � � � % � " � � � � % � � � 0 � � T � =

� � � ! � � � � �

� � � � h z � 2 � � A � � � � % � � 
 � � " � � � % � � ' % � � 5 
 � � A � � � � N
2 
 ' � � 8 � % � ! 
 " " 0 % � � � � � ' � � � � � � � " � � � � � � 2 % � � � =

� � � � �  � � � � �  h ! � � � � 2 � � � � % � � � ' % � � 5 
 � � � � � � 2 A � �
� � 2 
 ' � � 8 � % � ! 
 " " 0 % � � � � � ' � = > � � � w � � � " � c � � � � ,
! � � � � % � � � � � % � � � 2 � A � � ' % 0 � � T � � � � ' % � � � � � % �
� � . � � � � � , � 	 � � � � � " � 0 =

� 	 � � � 	 �  � � � � �  h ! � � � � 2 � � � � % � � � ' % � � 5 
 � � � � � � 2
A � � � � 2 
 ' � � 8 � % � ! 
 " " 0 % � � � � � ' � =

� � � ! � � � � �  � � 
 � �  �

� � � � h + � 8 � ' � � � � � % � � � � ' � c 5 
 � � � � � , c � % � � � � � 8
2 � � � = = = 0 � � % � % � � 
 � � " � � � =

� � � � �  � � � � �  h � � ' % � � � � � � � � � �  � � " � ' � � � � � � 2 � � =

�

170



� � � � � � � � 	 � 	  � � � � � � � 
 � � � � � 
 � � � � � � 
 � � 
 � � 
 �
� � # � % & � � � � � � � � � � + � � % � � 
 -

. � 
 � � � # � # � � � � 3 � � � � + # � � � # � � � � � � � � � � � � � � 9
: � � � � � � 3 � � � � � � & � 
 � � 
 > � � � � � � � � � � � � � � 
 � � � � � � 
 + % �
� � � � � � # � % � # � � � � � E - H � � 
 � J � 
 � � � L � 
 & � : � � � � � � � � 
 � �

� & � � � � J # � � � � : � � � � # � � � : � �

Q - � � � � � � � 
 � # � � � � : � � 3 � � � � � % � � � � � � � � � � � � � � 
 � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � -

T - � � � � � � � ! � � 
 � � � � 
 � # � � � � : � � � � # � � � � � � J # � � &
� � � � � 
 � � � � � � � � � � � 
 � � � � � � V � � � � 3 � � � � � � J � % 9

% � 3 � � : � � % � � � � � � � � � � 
 � � � � � � � > � � � � % � + % � � � � � �
� � # � � � 
 � � + � � � � � � � � � � � � � � + � � % & � � � � � E � � � � 
 �

� � � � � � � -

� - � � � � � � � � � � � � � � � � V 
 � � � � � � � � � V & V � � � 
 � � � � % 9
� 
 � � � � � � � 
 � + � � % � � 
 � - H � � � # � � � � : � � � � � � � � � � � �
V � : � � � � � : � J � � � � 3 � � Z � � � � � % & � � � � � � � � 3 � � �

 � � � � % � 
 � � 
 � : � � � : � � � � % % � + 
 � � : � � � � � # � � : 3 � � Z -

� � � � � � � � � � � �  � ! " $ %  % � ' � �  ( $ ) ) 	


 � � +  �  ! �

] % % � � � � 3 � � � L � � + � � � � � � 
 � V � � 3 � % % 
 � � % � � � � � � � + � � % &
� � � � � - a � � � 3 J � � + � � � � # � � � � � � � # � � � � � � Z � � � � � �
� � � � + � � � � � J � + 
 � � + � � � � � � � � % + � � � � � � J � � � V + % % 3 � � �
� e � � � � 
 � � � � � � V & f � � � � � � � � � � % % � � : + � � - H � � � # � � � 9
� � � � # � 
 � � � � � � � 3 � & � � � � � � � � � � � 
 � � 
 � � : � � � � � 
 �

� � f � � � � � % & � � � + � � � � � � � � % + � � � � � - m � J � � � � � � � � � :
� % % � � + � � � � � p + � � � � � � & � V + � � � � � � � � � � � � � � � J � � � �
� � # � � � & & � � 
 � � 
 � � : � � � � � 
 � � � # � 
 � � � # � % � r - . � 
 � r 9
� # � % � � � � � � � � � & � � � 
 � � � � � � 
 � � � s + � � + � � � � � � � � � � 
 � � �

� J � � � � � # # � & V � J � 
 � � � � � � � � � 3 � � � # � � � � � � 
 � � � � �
3 � � � � 3 � V � + : � � � � > � � # � Z � � � 
 � � � E # � � + � � � � � � �
� J � � � � � L � � � � 
 & % � L � % > � � � � � � � � � � # � 
 � � 
 � � + � � � 3 �
� � L � � � � � % � 3 � 
 � � � � 
 � � � 3 � � � � 
 : � E - w + � 3 � # + � �
� � � � � � � � � � � 3 � � # � � � � � � � 
 � � 
 3 � � � � � � & 3 � � � � �
� � Z � � � L � � � � : � � J � � % � � � 
 � # � � � � � � - y � � 
 � � 
 � � : � � � 9
� � 
 � � 
 � � 
 � � � � � � � 3 � � # � � � � � � V � � � L � � � � � Z � � � L � � 9
� � : � � J � L � � % � V % � � � � � 
 � + � � � � � � - � � 
 � � L � 
 � � � � � � J � � �
J � + 
 J � % % � 3 � � : � � + � � � � J � � � V + % % 3 � � � � e � � � � 
 � � � # + 9
% � � � � � � � � J � � 
 � � � � � � 
 � V � � � + � � � � + � & � � : � % % � J � � � #
� � � � � � � # � � � # � � � � � � � � � � � V % � - H � � � � J � + 
 � � + � � �
� 
 � | f � � � � � % - � Q } } ~ � � f � � � � � % - � Q } } ~ V � �

Q - � � � � � � � � � � 
 � � � � � � � � � � � � � � �

- . � � � 2 � 3 2 � � 5 	  � � � # � Z � � � # � � � � � � � J 
 � # � � � �
� � # � � � & � L � � % � V % � � � � � � � + � � % � � 
 � � � � � � % % � 3 � � � �
� + � � % � � 
 � � # � Z � V � � � � 
 J � 
 � � � � � � � � � � � � � � J # � Z 9

� � : J � 
 � � � � � � � � � � � � % � � � � & � J � 
 � � � � � � - H � � � � � � � 9
J � 
 # � � � � � � � � 
 � � : -

� � � 2 � � 5 � � 8 � � � . 	 � � � � � � 	 2 � � L � 
 � � � � � J � � � � � � 9
% + � � � � � � � � J � 
 # � � � � � � � � � 
 � % � � � � � � � � � � � � � � � � J

� � % � � � � � V 
 � � � � � � � � � � L � 
 & � � # � � � & � � � + � % # � 
 9
Z � � � � � � + # � � � � � - a � � � � � � � � � % + � � � � � � � � V � � � �

� a y � � � � � � p + � � � � � � + : � � � � � + � & � + � � % & � � � � �
� # � 
 � L � # � � � � � � � � � % � & � 
 � � � V � � � � � � � 
 � � 
 � � �
� � � + � % # � 
 Z � � � � # � � � � � � � � � � � J � � � 
 � � 
 � � % � � � �
V & � � � � � 
 � � � � % � � � � -

� � � � � � � � � � . 3 � .  � � � � 	 	 � . � � � � � � # � � : � 
 � � 
 � � �
� � � � 
 � � 
 � � : � � � � � 
 � # � & V � 
 � � % � � � � V & � � � 
 � 9
� � � % � 
 & � � � � � # � � : � 
 � � 
 � > � - � - � � � # � 
 Z � � � � � � + # � 9
� � � � E -

T - � � � � � ! � � 
 � � � � �

- . � � � 2 � 3 2 � � 5 	  � � � V 
 � � Z + � � 
 � � 
 V � � � � � � V & # � Z 9
� � : � 
 � � � � � � � � � � � � � � % � 3 � 
 + � � � : � � � % � � � 
 � � � �
� � # # � 
 � � � & � � � # -

� � � 2 � � 5 � � 8 � � � . � � � � 	 2 � � 
 � � + � � � � � � � � � � V �
# � � � V & V � � � � � � > � � � � � � > �

� � � � � � � 
 J + % % � 

� # � � & E � � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � �
� + # V � 
 � J � 
 + � Z � + � � � � � � � � � � � J � � � � + # V � 
 � J
� 
 � � + � � � � � � � � � � > � � � � # � � � � � � 3 � % % � 
 � J � 
 � � � � � �
V & J + % % � 
 + � Z % � � � � � � � � � � � � J % � � � � � � � J + % % � 
 + � Z 9
% � � � � E -

� � � � � � � � � � . 3 � .  � � � � 	 	 � . � � � % � � � � � 
 � � 
 � � � �
� � % & � � Z � � � � � 
 � � � L � % + � � � � � � � � � � L � % + � � � � 
 
 � 9
� � � � � � � J + % % � 
 + � Z % � � � � -

� - � � � 
 � � � 
 � � � � � � � �

- . � � � 2 � 3 2 � � 5 	  � � � � � � V � % � � � � 
 � � � � > � - : - ( � f �
� � 
 � � � : & 9 ( L � 
 & � � & f � 3 � 
 � � � E � � � L � � � � + � 9

� � # � 
 � � � � � # � � � & � L � 
 � 
 � � 
 � � : � � � � � � � Z � � % � � :
� + 
 � � : � 
 � # � � � � � � -

� � � 2 � � 5 � � 8 � � � . � � � � 	 2 � p + � � � � � & � 
 � � 
 � � � � � � � � �
� � � � � � 
 � � � � J � 
 � � + � � > � % � � � � E � � � � � � � � 
 � � � � � 9
� � � � � � � � � L � � � � 
 & % � L � % � > � + � � % � � 
 E -

� � � � � � � � � � . 3 � .  � � � � 	 	 � . � � � % � � � � � 
 � � 
 � � 
 �
� p + � % � � � � � � � � � � � p + � � � � � & � % + � � � � � � e � 
 � � � �
V � � 3 � � � � � � � � # � � � % � 
 � � � � � � � � � � + 
 
 � � � � 
 � � � �
3 � � 
 � � � � � + 
 
 � � � � 
 � � � � � � � % � + % � � � � V & � � � � + � 9
� % � � 
 > � - : - � � � � + 
 
 � � � � 
 � � � � � � � � � � # � � � % � 
 � � �
� % + � � � � � � e � 
 � � � � V � � 3 � � � � � � � + 
 
 � � � � � L � � � � 
 &
% � L � % � � � � � � # � � � % � � L � � � � 
 & % � L � % E -

@ - � � � � � � � � � � � � � � � � � � � � � � � � � � �

- . � � � 2 � 3 2 � � 5 	  � � � � % � # � � � � � : � # � � : � � � � � 
 � � : �
� � � + � � � � � � V & � % % � � � � � � : � 
 � � + � � � � � � + � � � # � 
 � � �
� 
 � � � 
 � � � � � � � � � � 
 � � � � � � % � � � � � � � � � � J � � � 
 � � � 
 9

� � � � � � � + 
 
 � � � � 
 � � 
 � - H � � 
 � J � 
 � � 3 � � � � � � # 9
� � � & � � � � � L � 
 � % � % � � � � � V + � � � � � � � V % � � � � � � �

� � � # 3 � � � � � � & � � L � � 
 � � 
 � � � � � � � % � � � � 3 � % % � � �
� L � 
 � 
 � � 
 > � - � - : � # V % � E � � � � � � � � � � � J 
 � � � � L � � :
� � � � � � + � % � � � � � -

�

171



� � � � � � � � � � � � � � � � � � � � � � � � 	 �  � � �  � � � � � � � � � �  � �
	  � � � ! � � � � $ & � � � �  � � � � � � �  - � $ � � 0 � � �  3 4 � 7
! � - � � 9 �  � - ! � �  � � � � � � � 	 $ � � 0 � � � � � � ! � � � � � � 	
$ � � 0 � � � > ?

� � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � & � 	 � � � 9 C - �
� & � � � E � � � 	 ! � 4 � � $ � � 	 � 	 !  I � 	 � � & � 9 I � 	 � � 	 �
$ & � � $ � �  � � � � � � �  - � $ � � 0 � � � � C � � � ?

� � M N O � P Q R M N

S - � �  � C � � �  � � � - ! � � & � 4 - C C $ & � 9 � E � ! � W $ & � ! & � � � & �
� I 9 C � Y ! � � �  	  � � � I � 	 � � � � � � 4 � C � � ] ? _ 	 � & � � 9 � 9 � � W $ �

& � � � � � � ! � � 4 � � &  $ $ � � I 9 �  � � � � - 9 9 C ] ! & � � 	 � � I - C � 7
� �  	 3 � & � f - g 4 � ! h   � j - 9 9 C ] k � I � > $ � � & � 	 � � C C � � � 	 �

� � � 	 � � � 	  � � � � �  I � 0 � � I  � � � � � C � � � � ! � � I - C � � �  	  �
� & � �  � � � � � 	 � - � � � ] ? m & �  � � � � 	 � C h   � j - 9 9 C ] k � I �
$ � � ! � � � � � � �  � � � ! & � - 9 9 C ] ! & � � 	 � ] 	 � I � ! � � 	 � � 	
9 � � � � ! - C � � � & � 4 - C C $ & � 9 � E � ! � ? p - � � & � � � � I � & � �  	 C ]
 	 � ! � - � �  � � & � 4 - C C $ & � 9 � E � � � I � � 9 � � ! � 9 � �  	  � � � � � 7
4 � ! 0 � � 	 � - 9 9 C ] ! & � � 	 � ? h � & � � � � � I - C � � � � � & � f - g 4 � !
� � � � �  	  � � & � � � � I � � 	 � � 9 � � � � � & � � � 9 �  � � � I � 	  � � � �

�  I � 0 � � Y � � � � � C � � � � �  	  � � �  C - � �  	 4 � � � �  	 �  0 � 	 �
� � � !   � � � 	 � � �  	 I � ! & � 	 � � I � & � � $ � 9 �  9  � � �  � & �

4 - C C $ & � 9 � E � ! � ?
m & � I - C � � 7 � � � 	 � � � I - C � � �  	 9 � � � � 	 � � � � 	 � & � � 9 � 9 � �

� � 4 � � � �  	 � & � f - g 4 � ! h   � j - 9 9 C ] � & � � 	 � 	 � � � �
� I 9 C � I � 	 � � � �  	 � 	 � � 9 � � � � � & � � � 9 �  � � � I ? m & � � I - C � � 7
� � � 	 � � � I - C � � �  	 � � � � � � � 	 � � �  � � C � � � � �  - � �  0 � 	 7

4 � � � � I � ! & � 	 � � I  	 � I  � � � � � C � � � � ! I  � � C � � 	 9 � � 7
� � ! - C � � W � & � �  - � ! � - � � �  � � & � 4 - C C $ & � 9 � E � ! � 9 �  9  � � �
4 ] { � � � 	 � & � � !  C C � � - � � � � � � � � � � ? m & � � C � � � � �  �
I  � � C �   !  I 9 C � } � � � & � � �  4 � 9 C � ] � � 4 ] & - I � 	 �  �
�  4 � � I 9 C � I � 	 � � � � 	 � � 9 � � � � � & � � � ? m & � � � � 	 � � � - 	 7
	 � 	 � � & � � 	 � $ I  � � C � � � 4 � � � �  	 � & � j � S ~ I  � � C ? _ 	
9 � � � � ! - C � � W $ � �  ! - �  	 � C � I � 	 � � � � C � � � 	 � �  � & � 4 - C C 7
$ & � 9 � E � ! � W � & � � � � � &  � � � E � ! � � 	 �  � � � � � 	 � 9 � � � � � 	 � ?

� � O 
 N M � � � �  � � � N �

h � � & � 	 0 �  � � ! W � & � � � � � � � ! & !  	 �  � � � - I � 	 � 7
4 - � � 	 � � � � 	 � & � �  � � � � 9 �  � - ! � � � 	 � - � � � ] 3 � 	 � � � � � � � g
{ � � � C W j � � 	 � � 7 �  ] W f - g 4 � ! W � � 	 � � � > W �  � � - 9 9  � � � 	 �

� & � � $  � 0 ?

� � � � � � N O � Q

� � � � C � W � � � � � � � � C � W � ? � ? 3 � � � � > ? m & � $   � � - 9 9 C ]
� � I � � � � 	 � � - ! � � �  	 � C � 9 9 C � ! � � �  	 �  � � � I - C � � � 	 �
� ] 	 � I � ! � � 	 � & � �  � � � � � � ! �  � ? _ 	 j � � � � � � I W " ? � 	 �
~ � � 0 W { ? 7 S ? W � � � �  � � W � � � � � 	 �  � � � � � � � � � � � � � � � �

� � � � � � � � 
 � � � � � � � � � � � � � � � W 9 � � � � � # � � � $ � W � � } � � ?

� � � � � � � � � � � 	 � � � � C � W � � � � � � � � � � � � � � W � ? % ? � 	 �
� � � C � W � ? � ? 3 � � � � > ? � } 9 � � � I � 	 � � 	 � $ � � & � 	 � - � � � � � C
� ] 	 � I � ! � � 	 � & � �  � � � � � � ! �  � 7 � 4 � � � � � I � � 9 9 C � 7
! � � �  	 ? _ 	 � 	 � � � � � � � � � � 	 � � � � � � � � � � � � � � � �

� � � � � � � 	 W � & � C � ?

� _ � ! !  ! � _ 	 � � � � - � � W � � � � � _ � ! !  ! � _ 	 � � � � - � � 3 � � � � > ?
� � � � ! � 	 � - � ] � 	 � � � 9 � � � � � � � � � � � ] � � 	 � 	 � - � � � ] C � �

� � � $ ? { � & � � � 	 � � � � � � � ] W p � � & C � & � I W  � ?

� ) � !  4 � W � � � � � ) � !  4 � W � ? ~ ? 3 � � � � > ?  C � ] � 	 � � & � 4 � � �
� � � � � � 4 - � �  	 � � I �  � � � � & � � 	 � � � 	 � � ? � � � � � * � � � � � � �

� � � � � � � � � � � � � � � � � � � � W � 3 � > � � � � � � ?

� " � I 4 �  - � & � � � C ? W � � � � � " � I 4 �  - � & W j ? S ? W h - W � ? W
� 	 � � &  	 � W � ? 3 � � � � > ? �  I 9 - � � � � 9 C � ] � & � 4 � � �

� � I � � ! � 	 � � � � Y ! � � C � � � 	 � � I � 	 � � � � - 9 9 C ] ! & � � 	 �  

 � * � � � � � � � � � � � � � 	 � � � � � ?

� { � � � � � C ? W � � � � � � { � � W � ? { ? W  � � I � 	 � 4 & � 	 W � ? W � 	 �
h & � 	 � W j ? 3 � � � � � > ? m & � 4 - C C $ & � 9 � E � ! � � 	 � - 9 9 C ]
! & � � 	 ? � � � � � � � � � � � � � � � � � � � � . W 9 � � � � � � � � � � ?

� { � � � � � C ? W � � � � 4 � { � � W � ? { ? W  � � I � 	 � 4 & � 	 W � ? W � 	 �
h & � 	 � W j ? 3 � � � � 4 > ? _ 	 �  � I � � �  	 � � � �  � � �  	 � 	 � � - 9 7
9 C ] ! & � � 	 � � & � 4 - C C $ & � 9 � E � ! � ? � � � � � � � � � � � * � � � * � W
# � 3 # > � $ # � � $ $ � ?

� �  ] � - } � � � C ? W � � � � � �  ] � - } W m ? W � & � � 4 7 � � � � W p ? W
� 	 � � / � I  - � � W j ? 3 � � � � > ? � - C � � 7 � � � 	 � !   � � � 	 � 7

� �  	 4 � � � �  	 �  0 � 	 � � ~ � � - ! � �  	  � � & � 4 - C C $ & � 9
� E � ! � � 	 � �  � � � � � - 9 9 C ] ! & � � 	 ? _ 	 � � � * 0 ' � � � � � 0

( � � � � � � � � 0 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 	 � � � � � + � � � � � - W �  � � C j  Y � � C W � � C 4  - � 	 � W � - � 7
� � � C � � ?

� ~ � � 4 ] � � � C ? W � � � � � ~ � � 4 ] W � ? W � � ] W � ? W �  � � � � � � � W  ? W
� 	 � p - � 	 � � � W ) ? 3 � � � � > ? � � � C � � - 9 9 C ] � � � � & � 	 0 � 	 �
� ] � � � I � � & � 	 0 � 	 � W � ] � � � I � 9 � � ! � � ! � ? � 3 � > � � � � � � � � ?

� ~ - � � � C � 	 � 6  � � � � W � � � $ � ~ - � � � C W j ? � 	 � 6  � � � � W  ?
3 � � � $ > ? � � � � / * � � � � � � � � � � � � � * � 0 � � � � � � � � � � � � *  ?

� 	 � C � $   � � C � E � W 6 ) �  � � 	 � � ! � 7 � � C C ?

� j � � � I � 	 W � � � � � j � � � I � 	 W ) ? � ? 3 � � � � > ? �  � � C � 	 �
I � 	 � � � � � � C 4 � & � � �  � � � � � 9 � � ! � 9 � �  	 �  � � � � � 4 � ! 0 � 	
� � ] 	 � I � ! � � ! � � �  	 I � 0 � 	 � � } 9 � � � I � 	 � ? � � � � � � 0

� � � � � * � � � * � W � $ 3 � > � � � � � � � � ?

� j - 9 9 C ] � & � � 	 �  - 	 ! � C W � � � � � j - 9 9 C ] � & � � 	 �  - 	 ! � C
3 � � � � > ? j !  � � � � � �  	 $ ? � 3 � 	 � �  � - ! � �  	 $ � 4 ! � � � ?

& � � 9 � 9 9 $ $ $ ? � - 9 9 C ] ! & � � 	 $  � C � ?  � � 9 h � 4 � � � � 9
j � S ~ $ � 4  � � � � � � $ ? 9 9 � ?

� % � 	 W � � � � � % � 	 W { ? 3 � � � � > ? _ I 9 � ! �  � C � � � 7 � � I � � � � 7
� � � 4 - � �  	  	 � & � 4 - C C $ & � 9 � E � ! � � 	 � � - 9 9 C ] ! & � � 	
9 � � �  � I � 	 ! � ? _ 	 � � � * � � � � � � � � � � � � � � * � � � � � � � � 0

� � * � � � � � � � � � � � � � � � 	 � � � � � ? 3 j - 4 I � � � � � > ?

�

172


