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中文摘要 

最近幾年，許多熱門網站使用大型叢集系統(cluster)來儲存大量的資料並滿足效能的要

求。這些叢集系統的主要應用為資訊檢索系統(information retrieval)，常見的有：(1)搜尋引

擎(search engine)，(2)電子圖書館(Electronics Library)，(3)電子商務(E-Commerce)，(4)電子

新聞(E-News)，以及(5)序列分析(Sequence Analysis)等等。網際網路的快速發展，為計算機

系統的設計，帶來了全新的挑戰：資料配置須對執行效能與儲存空間作整體的考量，且須

有計量方法以設計大型叢集資訊檢索系統。 
在這篇論文中，我們提出一個兼顧負載與儲存量平衡的資料配置演算法。這演算法將

大小不同的許多資料項目分配到工作站上。其理論基礎是 MMPacking 演算法。MMPacking
可以分配與複製相同大小的資料項目，以追求負載與儲存量的平衡。我們的主要構想是利

用 bin packing 將大小不同的資料項的資料配置問題轉換、化簡成 MMPacking 所處理的問

題。我們可以證明所提出的資料配置法是 asymptotical 1-optimal。當資料項目規模夠大時，

所得的結果將趨近於最佳解。 
利用所提的資料配置演算法，我們提出計量方法，以設計合乎成本效益的叢集式 Web

伺服器(clustered web server)。此計量方法的目的，是要降低滿足效能需求所需的硬體成本。

硬體成本是以工作站的數量，及每部工作站的儲存空間大小來決定。為了達到此目的，須

兼顧負載與儲存量的平衡。我們建立效能模型，以計算 throughput 與 response time。此計量

方法大幅簡化設計大型叢集式資訊檢索系統的方法。 
 
關鍵字：叢集式 Web 伺服器、搜尋引擎、轉置檔案、大型叢集式資訊檢索系統、資料配置

演算法 
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英文摘要 

In recent years, many major search engines on Internet use a large-scale cluster to store a 
large database and cope with high query arrival rate. A quantitative method to reduce the 
hardware cost is desired. This paper investigates parallel information retrieval on a cluster of 
workstations. The research objective is to minimize the hardware cost of the cluster to satisfy a 
given throughput requirement. Hardware cost of the cluster depends on the cluster configuration: 
the number of workstations and storage capacity per workstation. The primary work to achieve 
the research objective is posting file partitioning. The objective of posting file partitioning is to 
minimize the storage requirement per workstation subject to a limited difference to ideal mean 
query processing time. The partitioning follows the partition-by-document-ID principle such that 
a query can be processed in parallel without transferring postings between workstations. Mean 
query processing time is estimated according to popularities of keyword terms. The kernel of the 
posting file partitioning algorithm is a data allocation algorithm, which maps variable-size items 
onto workstations for load and storage balancing. The data allocation algorithm is an integration 
of bin packing, MMPacking, and bin splitting procedures. We prove that the data allocation 
algorithm satisfies a load balancing constraint with asymptotically 1-optimal storage cost. With 
the posting file partitioning algorithm, we show a systematic approach to determine the cluster 
configuration. Evaluation with TREC document collection shows the usefulness of the proposed 
posting file partitioning algorithm on real-world applications. This research simplifies the effort 
to design a large-scale information retrieval system. 
 
Keywords: clustered web server, search engine, posting file, large-scale IRS, data allocation 
algorithm 
 
 



 IV

目錄 

1. Introduction …………………………………………………………………………………... 1 
2. Background on Information Retrieval ……………………………………………………….. 2 
3. Fundamentals of data allocation ……………………………………………………………. 3 

3.1 Load and storage balanced data allocation model ………………………………………. 3 
3.2 Related work on data allocation …………………………………………………………. 5 
   3.2.1 MMPacking ………………………………………………………………………... 5 
   3.2.2 Bin packing ………………………………………………………………………... 6 

4. Load and Storage Balanced Data Allocation …………………………………… 8 
4.1 Bin splitting for load balancing ………………………………………………………….. 9 
   4.1.1 Design of bin splitting procedure ………………………………………………… 10 
   4.1.2 Analysis of load balancing property ……………………………………………… 10 
4.2 Bin capacity selection for storage balancing …………………………………………… 13 
   4.2.1 Case of elementary bin capacity ………………………………………………….. 13 
   4.2.2 Case of enlarged bin capacity …………………………………………………….. 15 
4.3 Summary of proposed algorithm ……………………………………………………….. 18 

5. Parallel Information Retrieval ……………………………………………………………… 20 
5.1 Theory of parallel query processing ……………………………………………………. 21 
5.2 Implementation on cluster of workstations …………………………………………….. 23 

6. Posting File Partitioning Algorithm ………………………………………………………… 24 
6.1 Formulating as data allocation problem ………………………………………………... 24 
6.2 Generation of partitioned posting file ………………………………………………….. 27 

7. Application: Quantitative Method for Cluster Design ……………………………………... 27 
7.1 Cluster configuration problem …………………………………………………………. 28 
7.2 Calculation of cluster configuration …………………………………………………… 30 

   7.3 Usefulness on real world applications …………………………………………………. 31 
8. Conclusion ………………………………………………………………………………….. 33 
References ………………………………………………………………………………………. 34 
 
 
 
 
 



� �������	��

�
���������

������������� ��!"�$#&%����(')�$*&�+',���-����!)��.$.���./�$#10324!)56�7',��24#�!)�8',!(�$�9%7��.�24#:�6;9.$<��=',��!-2�0�>?24!)@A�='B�7')�$24#��9C������
!)�9�)����!);B�D24EGF(�9;9')��%4�:�$�6')2H5��$#���56��I��J',�K�L����!(MK>N�7!)�L;924�('�270O',���:;�.$<K�(',�9!P',2Q�,�7')�$�(0SRT�Q*���%4�9#
',�K!)24<�*�����<K'U!(��VA<���!)��5���#&'�CW���K��;�.$<K�(',�9!X;�2�#��)���(',�U270��Y�)�9'Z270��$M��9#A')�$;���.?>?24!)@A�='B�7')�$24#��9C[�����
� 24�(')�$#�*�\�.$�7]�M��+'B���(',!(<�;9')<�!)�?0324!��$#K0324!(5P�+',�$2�#^!)�9')!)���9%7��._]+�$�����7!(',�`',��24#���Ma24#&',2"',���b>?24!)@A�(',�7',��24#��9C
c VA<���!=Rd�$�X�K!)2G;����(�)�9Me�$#f����!,��.�.$�9.?>���')�H',����>?24!)@A�='B�7')�$24#��9Cfg��7!)MK>h��!)��;924�('�2�0�',�K�i;9.$<��=',�9!
M��9�j�9#�M���2�#Y',�K�k;9.$<��=',��!";�2�#K\�*4<�!)�7',��24#mlb',���a#A<�5XE ��!"2�0n>?24!(@G�='B�7')�$24#K����#KM:�(')24!,�7*4�k;�������;9��'oR
� ��!6>?24!(@G�='B�7')�$24#pC c ;B�K�$�9%G��#�*q')���L!)�9�)����!);B�r24EAF(��;9')��%��L.$�������$#e� 24�=',�$#K*q\�.��Y���7!(',�`',��24#��$#K*[')2
�9s�;9�$��#&').�R�<��(�a')���t��!)2G;��9�)�(�$#�*���#�Mi�(')24!,�7*4�t;u�����7E��$.���',�����?2�0v>?24!(@G�='B�7')�$24#K��C

wo#K0324!(5P�7')�$24#k!)�8',!)���9%7��.G24#X���7!,��.�.$��.G��#KMUM��$�=',!)��E�<K')��MX�=R1�=',�956�	���7��Ej�9��#X>���M���.`Rx�=',<�M�����MUE�<1'
#�24#K��03<�.$.`RZ;�24#K�)�$MK��!)�9MJ',����!)��VA<���!)�956�9#A')�N2�0�;924#&',��5�� 24!,��!=R�5P�yF(2�!?�(�u��!(;B�i�9#�*4��#����9Cbzb!(�9%G�$2�<��
!)�9�)����!);B���9!)��{}|�~�]n{��+~�]�{��7~�]�{���~�]�{��y~�]n{��7~�]n{��+~�]n{��7~�]v{��+~_]n{�|u�7~_]n{}|4|9~�]�{}|y�+~���#A%����=',�$*4�7',�aM��7',�P��.�.$2G;u�7')�$24#
0324!�����*4��� ��!=0324!)56��#�;9�q��#K0324!(5P�7')�$24#e!)�9')!)���9%7��._C�wo#�')�����(�q>?24!)@�]t�(')24!,��*��q�8s6;9�$�9#�;9R��$��#�27'
;�2�#��)��M���!(��M��7#�MT;9245���.$���f�)��5X<�.$�7',��24#H�$�U!(��VA<���!)��Md0324!Z� ��!(032�!)56��#�;����8%7��.$<��+',�$2�#mCHwo#e!(��;9��#&'
R4����!)�9]�56��#&RP56�yF(24!?�)�u�7!);B����#�*��$#��9�N<��)�t�k.���!(*4�8���);u�7.$�";�.$<K�(',�9!h',2x�(',2�!)�^�A<�*4�^�75624<K#A'h2�0�M��7',�
��#�M[0���;9�U���$*4�[VA<��9!(RW��!(!)��%7��.v!,�7')��C�����M�<�;9�$#�*��=',24!)��*4�Z;�24�='a�$�^�$5�� 24!(',��#&'^��#�MWVA<���#&',�`'B�7')��%��
5��9',�K21M�',2ZM��9�)��*4#:�U;9.$<��=',��!�����M����(�$!)�9MmCb�����$�����7�j�9!�',��;B@A.$�9��')�����(�k!(��VA<���!)��5���#&')��C

�����$�?��!)��5P�7!(RX>?24!)@Z���?.�2&��MJ�7#�MP�=',24!)��*4��E���.���#K;���M6�j2��(',��#�*k\�.$�"����!(')��')�$24#���#�*�C������O2�EGF(��;��
',�`%4�^2�0�',�K�^����!(')��')�$24#���#�*x���h',2Z5��$#���56��I��"�(')24!,��*��^!)��VA<���!)�956�9#A'�� ��!N>?24!(@G�='B�7')�$24#��(<�EGF(��;8'-')2Z�
.$��56�`',�9MYM��`�p�9!)�9#�;��x')2J�$MK�u��.�56����#
VA<���!=RL��!(21;9���(�)�$#K*J',�$5���CO�Y�u�7#
VG<K��!(R:��!)2G;��9�)�(�$#�*J')�$5��k���
���=',��5P�7')��M�>���')���j24�K<�.���!(��')�$���?2�0�@7�9RA>?24!)Mi',��!(56�9Cbwo�)�)<K���-')2ZEj�tM�����.�'N>��`',�Y��!)�
� |���.�2&��M���#�Mi�(')24!,�7*4�^E���.$��#�;��9MYM��7'B�Z��.�.$2G;u�7')�$24#m]G��#KM
� ����� 24��<�.$��!)�`'oR&�oE����(��M�� 24�(')�$#�*X\�.��^����!=',��')�$24#K�$#�*X5�2GM���.�C

������\�!)�='x���)�)<K�P�$�^')2L��.�.$2G;u�7')�Z�i�(�9'X270���')��5���]��u��;B�Q��',�95 �$�a���(�)2G;����+',��MW>���')�H��.$2&��Mq��#�MQ�
M��7',�L�)��I���]¡24#&',2[�
�(�9'Z2�0�>?24!)@A�(',�7',��24#��9CH������24EGF(�9;9')��%4��2�0�')����M��7',�W�7.$.$2G;u�+',�$2�#q���X�(')24!,��*��
E���.$��#�;9�$#�*U�(<�EGF(��;8'�')2P�Z.$2&�7M�E���.��7#�;���#�*Z;�24#��=',!)���$#&'uCb�����a�)�9;�24#KML�$�(�)<��t�$��')2�!(��M�<K;��x� 24�=',�$#K*
\�.�������!(')��')�$24#���#�*�')2a.�2&��M���#�M��(')24!,�7*4��E���.$��#�;��9M6M��7'B�t��.�.$2G;u�7')�$24#mCv¢G')24!,�7*4��E���.$��#�;���#�*^!)�9M�<�;9���
',�K�i�=',24!)��*4��!)�9VA<��$!(��5���#&'J�7#�MT.�2&��MdE���.$��#�;9�$#�*
!(��M�<�;9���656����#dVG<K��!(R£��!(21;9���(�)�$#K*W')�$5���Cdwo#
',�K�"����!(')��',��24#���#�*�5�21MK��._]���',�95¤.�2&��M��b��!(��M��9\�#K��MP��#X',�9!)5��¡270p� 24��<�.$��!)�`',�����n270p@7�9RA>h2�!)MP')��!)5���C
¥D��')�^',���b� 24�(')�$#�*N\�.��	����!=',��')�$24#K�$#�*��7.$*424!(��')��5Y]8>h�¡�)�K2y>H�"�=RG�(',�95P�+',�$;b�7����!)24��;B�a')2�M��9')��!)5��$#K�
',�K�a;9.$<��=',�9!";924#K\�*�<�!,�7')�$24#�0324!N')���t!)�9�)�u�7!);B�:2�EGF(��;8',��%���C?¦h24#&',!(�$E�<1',�$2�#���2�0n')���$�N>?24!(@���!)�
� |��i��#Y���=R15��K')2�',��;u��.�.�RY|9�o24�1',�$56��.p��.$*42�!)��')��5§0324!�.$2&�7MY�7#�M:�=',24!)��*4�tE���.$��#�;��9MYM��7'B����.$.�21;��+�

')�$24#�M�����.$��#�*X>���')�i%7��!(����EK.$�8���)��I����`',�956�9]
� ���i�a�j24�=',��#�*a\�.$�"����!(')��')�$24#���#�*^5�21M��9.��)<�;B�P')���7'h�kVA<��9!(R6�$�¡��!)2G;��9�)�)�9MJ�$#6����!)��.$.���.K>��`',��24<1'

')!,��#��=03��!(!)�$#K*�� 24�=',�$#K*4��Ej�8'o>h�9��#:>?24!(@G�='B�7')�$24#K��]���#�M
� �4�i�ZVA<���#&',�`'B�7')��%4�t5��9')��21M�')26M��9�)��*4#:�Z;�.�<��(')��!(��M:�(�u��!(;B�:�9#�*4�$#K�t>��`',��2�<K'";�245���.$�����(�$5X<1�

.$�7',��24#���C
¨-�(�903<�.�#����(�6270-')�����j24�=',��#�*L\�.$������!(')��',��24#���#�*:24#£!)����.`�_>h2�!).$Md�7����.$��;u�7')�$24#q�$�U�8%��7.$<��7')��Mf>���')�
���"©?¦¤{�|��y~�M�2G;�<�5���#&'";�24.�.$�9;9',��24#mC

|



�����$������� ��!�����24!(*&��#���I��9ML����032�.$.$2�>��9CO¢1�9;9')�$24#[��M����(;�!)��Ej�9�OE����(�$;k@G#K2y>�.���M�*��X2�0b�$#10324!)56�+�
',��24#H!(�9',!(�$�8%��7._CW¢1�9;9',��24#d�LM��8\�#����U')���J;�2�#�;��9!)#��9MTM��+'B�
��.�.$2G;u�7')�$24#W��!)2�E�.$�95 ��#KMfM����(;�!)��Ej�9�
!)�9.��7')��M�>h2�!)@�24#:M��7'B����.$.�21;��7',��24#mC?¢1�9;9',��24#i�PM��9�);�!(�$E ���"',���a��!)2��j24�(��MYM��7'B�6��.$.�21;��7',��24#���.�*427�
!)�`',��5iC	¢G��;9')�$24#i�aM����(;�!)��Ej�9�N��2�> �xVA<���!=RJ�$�?��!)2G;��9�)�(��M��$#J����!,��.�.$�9._Cn¢1��;8',�$2�#��XM����(;�!(�$E ���N��2�>
',�K�U��!)24� 24�(��M[M��7',����.$.�21;��7',��24#:�7.$*424!(��')��5 �$�^�7����.$����M:032�!O�j2��(',��#�*P\�.��X����!=',�`',�$2�#��$#�*KCt¢1��;8',��24#
�WMK���);9!)��Ej�9�J�qVA<��7#A')��',�7',�`%4�i56�8',��2GMT')2qM��9�)��*4#r�[;�.$<K�(',�9!6>��`',�T')���i��!)24� 24�(��M�� 24�(')�$#�*[\�.��
����!=',�`',�$2�#��$#�*X��.$*42�!)��')��5iC��n��#���.�.�R4]1�U;�24#K;�.$<K�)�$2�#i����*4��%���#i�$#Y¢1�9;9',��24#i�KC

� ���X���
	��	���
�

 ��� �����4����
 �a�	����� �����	�b���������

�����X�(��;8',�$2�#
M����(;�!)��Ej�9�^;�24#K;����1',�^2�0b��#K0324!)56�7')�$24#�!)�8',!(�$�9%7��.v��#�M[�7#���.�RGI9����')���x;92456�K.$�8�1�`'oRi')2
��M�MK!)���(�t!)���(�u��!(;B�Q���)�)<K����C c #[�$#K032�!)56�7',��24#:!(�9',!(�$�8%��7.n�(RG�=',��5 !(��;9����%����t<��(��!)�aVA<���!(�$�9�t��#�M[!)���
�)� 24#��(���n>��`',�x�-�)�8'�2�0�5P�7');B����MxM�21;9<�5���#&',��0324!v����;B�XVA<��9!(R4C c VA<���!=Rx�������h2G24.$����#k���1��!)�9�)�)��24#
�$#i>����$;B�:�u��;B�
24� ��!)��#�MY�$�O��@��8RG>?24!(M[')��!(5YC c MK21;9<�56�9#&'O���`',���9!-56�7');B�����-24!�<�#K5P�7');B�������
VA<���!=RZ�$#ZE���#���!(Rk0����)�K�$24#mC���24!	�u��;B��VA<���!=R4]G�)�8'?2��j�9!,�7')�$24#�� ��� ]��N]A�9');�C �x�$�	� ��!=0324!)5���MU',2t;9245Z�
��<K')��',�K���! #"%$'&)(+*-,-"/.&]&>����$;B�����?')���^�)�8'�2�0���.�.jM�2G;�<K56�9#A'Nw10O�N2�0�56�7',;B���9M�M�2G;�<�5���#&',�9Cb�����
#�2�',�7',��24#32�4�576¡M��9#�2�',�9�?')���O��#K�(>?��!h.��$�='b2�0/VA<���!=R38k�7#�M6')���-#K2�'B�7')�$24#:9<;mM��9#�2�')���?')�����(�9'?2�0
��.�. MK21;9<�56�9#&'Nw10O�N!(�903��!(!)��#�*k')2XM�2G;�<�5���#&',�h;�24#&'B�7�$#���#�*k')��!)5>=�C?��24!b',����VG<K��!(R:8A@ � ��!)2G;��9�)�(24!
B c�C 0'D�',���G'��8]�')���a��#��=>h�9!-.��$�('N�$�

2�4�576E@F9 ��!(21;9���)�(24! � 9 ',���G'HG
>�����;B�L�$#�MK�$;u�+',����',�K�x�)�8'O2�0	��.$./M�2G;�<K56�9#A')��;924#&'B����#��$#�*�E 2�',�i',���a',��!(5 I(��!)2G;��9�)�(24!KJ��7#�M:',�K�
',�9!)5 I ',�8�G'KJ�C

�����t��#��=>h�9!�.$���('N270��XVG<K��!(RP�$�?;�245���<K')��M�<��)��#�*x')���O�$#&%���!(')��M�\�.��Z{�|��7~�]�{�|��y~�C c #��8�K��5���.��
2�0�',���t��#A%���!=',��Mi\�.$�^����M����K�$;9')��MY�$#L�n�$*�<�!)�X|�C c #Y��#&%4��!=',�9Mi\�.��t;�24#��(�$�=',��2�0n��#Y��#�M�����\�.$�t�7#�M
�x� 24�(')�$#�*k\�.$�7C������^�$#KM��8�6\�.$�-�$�h�X�)�9'N2�0�!)�9;�24!(M���]�����;B��;�24#&',���$#���#�*X�k@��9RA>?24!)M�',�9!)5NMN��#KM��
� 24�$#&',�9!N',2U',�K�^�j24�=',��#�*Z.$�$�='�2�0�',�9!)5OMh�$#�',���t� 24�(')�$#�*X\�.$��C	���K�a� 24�=',�$#K*�.��$�='�2�0�',�9!)5P=h�$�N',�K�
�)2�!(',�9MJ.$���('?2�0Q9<; C c #J��#&',!=RP��#6')���O� 24�(')�$#�*a.$���('?�$�¡;u��.�.$��M6�x� 24�(')�$#�*KC��v2k��!)2G;��9�)���kVG<K��!(R�]K',�K�
�(RG�=',��5 \�!(�('"�)����!);B�K���-')���a�$#�M�����\�.��t��#�MY')����#i� ��!(032�!)5 �(�9'-24�j�9!,�7')�$24#K��24#i')���t�j2��(',��#�*Z.$���(',�
2�0?VA<���!(�$��M[',�9!)5���CR��24!^�(24!(')��MW.$�$�='u]p')���Z�)�8'k2��j�9!,�7')�$24#
!(���)<K.�'a;u��#WE �U24EK'B�7�$#��9MWE&R[5���!(*4�$#�*
� 24�(')�$#�*Z.$���(')����;�;924!)MK�$#�*U',23�h2G24.��u��#�24� ��!)�7',24!(�a{�|u�7~_C

���$5��t;�245���.$���1��'oR�2�0nVG<K��!(Ri��!(21;9���(�)�$#K*P�$�-����0324.$.�2�>���Ch����56�^')26�(�u��!(;B�L0324!�',���a�$#�MK�8��\�.��
�$��#K265�24!)�O')����#TS �VUXW .$24*ZYm�t{�|u�7~/>�����!(� U �$�N',�K�a#A<�5xEj�9!"270nVA<��9!)�$�9MY')��!)5�����#�MLY[�$��',�K�
#A<�5XE ��!N270���.$.��$#KM��8�1��MJ')��!(56�9C�[p�$�K0/\��¡.��u> {}|y�+~�{�|u�7~p�='B�7')���h')���7'N�&�H] 2�0/>?24!)M�����#PM�2G;�<K56�9#A')�
0���.�.��$#J�t%42G;u��EK<�.���!=RU>���')�P#�2X5�24!(�"')����#J���4�4�tM��$�=',�$#K;9'¡',��!(56�9C c VA<��9!(R6�$�b'oRG�j�9MJE&RJ��#6<��)�9!
��#�M[���9#�;�� U ���^<��)<���.$.`R:�(5P��.�._CX¦h2456�K.$�8�1�`'oRL24#[�$#KM��8�
\�.$�U�)��M��U�$�^#K2�'t;�!(��',��;u��.�C'^/�9'`_a;cbNE �
',�K�O.$�9#�*�',�P2�0�',���O� 24�=',�$#K*X.$���('?2�0/',���^VA<��9!)����MJ',�9!)5X=ed�C	�����O')�$5��"')2U!)�8',!)���9%��^��#�M�5���!(*4��',�K�
� 24�(')�$#�*�.��$�(')�^�$�fS � _g;ihQjk_a;mlZjonpnmnqjr_a;csb�8CX���K��.���#�*7',�[2�0h��� 24�=',�$#K*�.$�$�='^�$#K;�!)�����)�9�a>��`',�
',�K�
�)��I���2�0 M�2G;�<�5���#&'¡;�2�.$.$�9;9')�$24#mC c MKM��$#�*a�^M�2G;�<�5���#&'b��#A')2^',����;�2�.$.$�9;9')�$24#X����',2a��M�MZ24#K�"� 24�=',�$#K*
',2Z����;B�Y� 24�=',�$#K*�.��$�='�2�0�',���^',�9!)5�������� �u��!(�$#�*U��#�',���tM�2G;�<�5���#&'�C	�����k;B����.$.���#�*4���$�N',2��7'('B��;B@
',�K�-;92456�K.$�8�1�`'oRU24#Z',���"�j2��(',��#�*t\�.$���)��M���Cv¥Q��'B��;B@A.���')���$�¡��!(24E�.$�95 E&RZ��!)2��j24�(�$#�*a� 24�(')�$#�*^\�.��
����!=',�`',�$2�#��$#�*X��.$*42�!)��')��5 0324!�����!)��.$.���.jVG<K��!(R��K!)2G;����(�)��#�*�C

�



M�2G;�C�|
C`C�C���!(21;9���)�(24!�C`C`C
C`C�C�',���G'uC`C�C

M�2G;�C?�
C`C`C���!(21;9���(�)24!9C�C`C

M�2G;�C¡�
C`C`C�')�8�G'uC`C�C

��!(21;9���)�(24!

C`C�C C�C`C

C`C�C C�C`C

�

�',�8�G'

�$#KM��8��\�.$�
|�]��1] �1]m|u�K]m|y�1]p|u��]`C�C`C

|�]��K] �1]m|u�K]m|4|4]p|y�1]/|y�1]`C`C�C

C`C�C

�j2��(',��#�*U\�.$�

C`C�C

�$#&%���!(')��Mi\�.$�
M�2G;�<K56�9#A'";924.$.���;9')�$24#K�

C`C�C
��#��=>h�9!-.��$�='�2�0�J���!)2G;��9�)�)2�! B c�C 0'D�')�8�G' JKl"|�]m|��K]m|��1]�C`C`C

�n�$*4<K!)�X|4lbwo#&%4�9!(')��MY\�.$�

� �i�
�

��'
 �O�����'��� �R��� �k�<� � � ����� �k�	�9�6�

0O�9%���.�24��5���#&'h270/�j2��(',��#�*k\�.$�"����!(')��')�$24#���#�*t��.�*424!)�`',��5¤�('B�7!(',�b03!)2�5§')���$�¡�)�9;9')�$24#mCn�����$�?�)��;8',��24#
M��8\�#����6',���i;�24#K;���!(#���MeM��7'B�q��.$.�21;��7',��24#H��!(24E�.���5 ��#�M£�)<K!(%4�8RG��!)��.$�7',�9M£>?24!(@ CD����56����#��$#�*
�)�9;9')�$24#��-��!)2��j24�(�X�PM��7'B�6��.$.�21;��7',��24#i��.$*42�!)��')��5 �7#�MLM��9�);�!(�$E �x��2�> � 24�(')�$#�*�\�.$�a����!=',��')�$24#K�$#�*
�$��!(��M�<K;���Mi',2U',�K�aM��7'B����.$.�21;��7',��24#P�K!)24E�.���5iC

�
	�� 
������������������������� "!���#$����%& '�(�)�*�+�,��#�#$�-%&�*��.$���0/1�-�) 2#
�����U;924#�;��9!)#��9MqM��7'B����.�.$2G;u�7')�$24#i��!(24E�.$�95 ���O���O032�.$.$2�>��9C^�����U�$#��K<K'O',2J')���UM��7',�J��.�.$2G;u�7')�$24#
��.�*424!)�`',��5 ���^���)�9't270hM��+'B�J��')��5���3T@546387 G 369 G nmnpn G 3�:�;�9=<6��#�MW���)�8'k270¡>?24!(@G�='B�7')�$24#K�?> 5 @
4@> 5A7 G > 5'9 G nmnmn G > 5CBD;�9E<AC ©¡�7;B���`',�95 3%d^�$�P���)�(21;9���7')��M�>��`',�r�H.�2&��Mm]�M��9#�2�')��M 9�F@G�H � 3%d3�8]
��#�MQ�i�(�$I9�JI�d�C�¥Q��#�24!(5P�7.$�$I9�x',�K�6�(�$I����)<K;B�Q',���+'x� B I�dLK |Hn��4��032�!a����;B�M3%dN�7#�Mq')���6�(�$I9�
2�0-',���Y.���!(*4���='6�`',�95 �$��|4C��4�KC������Y24<K')��<K'6�$�6��#ONQPRPTSVUENAMXWYS[Z]\ ')���7'P��.$.�21;��7',�9�U��',�956�Z��#^3
24#&',2�>h2�!)@A�(',�7',��24#��"�$#_> 5NCh�"�9��.$��;u�7')�$#�*���#i��')��5 ',2�5X<�.`',����.$��>?24!(@G�='B�7')�$24#K���$��#�27'O��.�.$2�>?��MmC
�����Z24EGF(�9;9')��%4�Z����',2�5��$#���56��I��t�(')24!,��*��U!)��VA<���!)�956�9#A't� ��!O>?24!(@G�='B�7')�$24#[�(<�EGF(��;8'k')2���.$�$5���')��M
M��`�p�9!)��#K;��6')2:��M��u��.	.�2&��MWE���.$��#�;���#�*�C�¥Q��0324!)56��.$.`R:�(�j�9;��`0SRQ�7#H��.�.$2G;u�7')�$24#:')2Y0324!(5X<�.$�7',�U',�K�
24�K')�$5��$I��7',��24#P��!(24E�.���5iC

c # �!*�*a`&bH��.a,X`  $:,V.Vc'`ed . (g&�f�*-,XbH��.g,a`  ��$�Z�)� ��;9��\��9M����Z0324.�.$2�>���C �n��*4<�!)�i�
M��9���$;8',�6��#
�8�K��5���.��^2�0n�(<�;B�L�7#:��.�.$2G;u�7')�$24#pC c #:��.�.$2G;u�7')�$24#6�$���U56�7',!(�`�g\ ��#�>����$;B�

h ����;B�Y�9#&',!(R��������`',���9!-�U24!^|�]���#�M

h ')����!(�a���1�$�(')���7#i<K#��$VA<��Z|t�$#��u�7;B�:!)2�> 2�02\HC
©b��;B�[!)2�> ;�24!(!)���(�j2�#�M��O',2��7#
��',�95 �7#�M[�u��;B�[;�2�.$<�5�#L;�2�!)!)�9�)� 24#�M��^')2��P>h2�!)@A�(',�7',��24#mCa�����
��#&')!(R��7'¡!)2�>jin��#KM6;924.$<�5�#gkj]AM���#K2�',�9Mg\Rdml�]A���	�)�9'¡',2�|�',2t�$#�MK�$;u�+',�N',���7'¡��',�95n3/d ���?�7.$.$2G;u�+',��M

�



24#�>h2�!)@A�(',�7',��24# > 5Al7C C 2�')�O',���7'"����;B�:�`',��5��$����.�.$2G;u�7')��M�24#i��#i<�#���VA<��^>h24!(@A�('B�+',�$2�#mC�^�24��M
2�0 > 5Al^�$�N',�K�t')2�'B�7.m.$2&�7M�2�0	��.�.p�`',��5�����.�.$2G;u�7')��MJ24#_> 5Al7C

9�F[G�H � � > 5Al��?@
:�;�9
�
d���7 \Rdml

W 9�F@G�H � 3%d3�?@ �
� b�� � b	� � 9

9�F@G�H � 3%d�� � |��

0^�7',�Z�(�$I9�t��.$.�21;��7',�9M�24# > 5Al^���N',���^')2�'B��.p�)�$I9�t2�0��7.$.m�`',��5�����.�.$2G;u�7')��M�24# > 5Al�C


 5 � � > 5Al��Z@
:�;�9
�
d���7 \3d l

W I�d7@ �
� b�� � b	� � 9

I�d � ���

387 3[9 3
� 3�� 3��

3��3��3
�3[9387�)��I��7l

.$2&��Mpl

��')��5���l

3 7 | � �
369 � | �
3�� � | �
3�� � � |
3�� | � �

> 5A7 > 5'9 > 5��

387 369 3
�
3��

3��

�

> 5A7 > 5'9 > 5��


 5 � � > 5Alu�

387 3[9 3
�

3�� 3
�

�

> 5A7 > 5'9 > 5��

9�F@G�H � � > 5Al��

� �&�Nw�',�956�N')26E �t��.$.�21;��7',�9M � E����:�+',!)����!(����!(���)�9#&'B�7')�$24#i2�0�',���a��.�.$2G;u�7')�$24#

� M�� 0^�7',�X�)��I��a��.$.�21;��7',�9MJ24#�>h2�!)@A�(',�7',��24#��� ;�� ^/2&��Mi��.�.$2G;u�7')��M�24#�>?24!)@A�(',�7',��24#��

�n��*4<�!)�^�1lb©n���756��.��t2�0��7#Y�7.$.$2G;u�+',�$2�#6>���')��24<K'��`',�95 !)�9��.$��;u�7')�$24#
�����t24EGF(�9;9',�`%4�t2�0�',�K�t��.$.�21;��7',��24#P���N�(')24!,��*��^E���.��7#�;���#�*X�)<KEGF(��;8'"')2��X.$2&��M�E���.���#K;��$#K*X;�24#G�

�(')!,����#&'uC�¢G',24!)��*4�aE���.$��#�;���#�*P���"')2P5��$#���56��I��O')���x56�+�1�$5X<K5 ��562�<�#&'�2�0�M��7'B�P��.$.�21;��7',�9Mi2�#
�
�)��#�*4.��O>h24!(@A�('B�+',�$2�#mC	�����7'"�$�9]K',2Z5��$#���56��I��

56�+���� � 4�
 5 �
� > 5Al�� <)n � �4�

�����X;924#��=',!,�7�$#&'O���-',���7'�')���XM��`�p�9!)��#K;��x')2J�$M�����.�.$2&��MYE���.$��#�;���#�*��$�->��`',����#Y')���X.$24��M:2�0b�(245��
��')��5iC������7'"����]

9�F@G�H � � > 5Alu� K 9
� j£56�+�� b 4 9�F@G�H

� 3%d�� <a0324!���#&R > 5Al G � �&�

�



>����9!)� � ���N',���t#A<�5XE ��!�2�0�>h2�!)@A�(',�7',��24#��"��#�MT9e�$�N')���^',2�',��.m.�2&��M�2�0���.$.j��',�956�9C

9 @ �
� b
9�F@G�H � 3%d3�

�����a24EGF(�9;9',�`%4�t�$�N')2Z*4��#��9!,�7')�x�7#Y�7.$.$2G;u�+',�$2�#g\ ',2Z56��#��$5��$I9��©	V�C � �&�N�)<KEGF(��;8'-')2P©	V�C � �A�8C

�
	�� �  '# �*�+ ���M����� ��� �)�*���1��# # �-%&�*��. ���
0^�7',�H��.$.�21;��7',��24#£������E ����#r>���M���.`Re�=',<�M�����MrE�<1'�#�24#��:03<K.$.�R£;924#��)��M���!(��Mr',�K�
!)��VA<���!)�956�9#A')�
2�0k24<�!�!)�9�)����!);B��24EGF(��;8',�`%4�W24#�� 24�=',�$#K*d\�.$�
����!=',�`',�$2�#��$#�*KC	�O<�!��)<�!=%4�8R����i����0324.$.�2y>��9C wo#
�u�7!).�RD|u�&����\���]�!(���)����!);B�K��!)����#&%4���=',��*&�7',�9MrM��7',�Q��.�.$2G;u�7')�$24#f0324!�56��#��$5��$I9�$#�*Y',���L�=',24!)��*4�i;�24�='
{}|��7~�C?��!(245 |u�4�4��\���]�#K����MK�-��#����$*4��� ��!=0324!)56��#�;9�^M��7'B�7E����)�^�=RG�(',�956�"������')<�!)#��9Mi')���^!)�9�)����!);B�
032G;�<��J')2f�$5���!)2�%4�Y',���
M��+'B�H!)�8',!(�$�9%7��.-�j�9!(0324!(5P�7#�;��d{}|��7~�]x{����+~_]x{��G|�~_]x{��4�y~�]U{����+~�]x{��7�7~_]x{����+~_]
{����7~�CU¢G',��!(')�$#�*���#
.��7')�J|��4�4� \��9]/�$#K0324!(5P�+',�$2�#:�8�1��.�24�)��24#
E�!(24<�*4�&'tE&RL',�K��wo#&')��!)#K�9'a!,�����)�9�^#��9>
;B����.�.$�9#�*4�����$#
M��9�)�$*�#��$#�*��=',24!)��*4�U�=R1�=',�956��
GEj27',�[�j�9!(0324!(5P�7#�;��U�7#�M[�(',2�!,��*4�U;924�('t����%��U',2�E �
'B�7@���#x�$#&',2";�24#K�)�$MK��!,�+',�$2�#mC�¢G��!)����#�24�v�9'uCv��.j{��4�+~G��!)2��j24�(��Ma',���N�L�:zn�7;B@G��#�*^��.�*424!(��',�K5Y]�>��K�$;B�
M����(',!(�$E�<1',���-��#�MY!)�9��.$��;u�7')�����$M��9#&',�$;���.`���)��I��^M��7',�6�`',��5���24#&',2�>h24!(@A�('B�+',�$2�#��"032�!"E 2�')�:.$24��M:�7#�M
�(')24!,�7*4�NE���.$��#�;9�$#�*�Cn�L�:zv��;B@A�$#�*P{��4�y~����v')����562��('	;9.$24�(��.�Ra!(��.��+',��MX>?24!(@xE�<K'b�=',��.$.G#�2�'	�(<���',��E�.$�
0324!�� 24�(')�$#�*U\�.��a����!(')��',��24#���#�*�Cb����VA<��$!(��5���#&',��',26��;B�����9%��k24<K!"!(���(�u��!(;B�L24EGF(�9;9',�`%4�k24#Y� 24�=',�$#K*
\�.��^����!(')��')�$24#���#�*U��!(�
� |���24�1',�$5��$I9�$#�*a0324!�E 2�',�i.$2&�7M�E���.��7#�;���#�*Z��#�Mi!)�9M�<�;���#�*Z�(')24!,��*��a;924�('�]
� ����;�������E�.��O',2ZM�����.m>���')�i%7��!(����E�.��8���)�$I9���`',��5���]���#�M
� �4��#�27'"��.$.�2y>���#�*X�`',��5 !)���K.$�$;��7',��24#mC

c .�.�!)�9.��7')��MU>?24!)@U���K;9���K'¡0324!¡�L�Yzn��;B@A�$#K*k0�����.1',2a�,�+',�$�=0SRx')����\�!)�='?!(��VA<���!)��5���#&'�C¡�L�:zn�7;B@G��#�*
�,�+',�$�=\�����')���^\�!)�='-!(��VA<���!)��5���#&'"E�<K'"#�27'-�)�7',���(0SR6',���t�)�9;�24#KML��#�M�',�K�t')���$!(M�!)��VA<���!)�956�9#A'�C

¥Q����!(24� 24�)���^M��7',�^��.$.�21;��7',��24#X�7.$*424!(��')��5 �,�7')�$�(\����b��.�.1',�K���)�"!)�9VA<��$!(��5���#&',�9C�������@��8RZ�$M����
2�0?',������!)2��j24�(��MQ��.$*42�!)��')��5 ���t��!)24EK.$��5 !)��MK<�;9')�$24#W',2:�L�:zn�7;B@G��#�*:>��`',�WE��$#W����;B@A�$#K*�CP¥q�
�$#&')!)2GM�<�;��k�L�Yzn��;B@A�$#K*L{��4�+~���#KMiEK�$#�����;B@A�$#K*L{����7~/��#�M��9',���$.�C

�
������� ����� ��b�� ,- ��
�L�:zv��;B@A�$#�*f{��4��~¡M��u��.��^>���',�[',�K�Z032�.$.$2�>���#�*�24�K')�$5��$Iu�+',�$2�#L��!)2�E�.$�95YCZ�����6�$#���<1'k���t�i�(�9'k2�0
Y[24EGF(�9;9',��� @�4�� 7 G � 9 G npnmn G ���@;�9 <x>���')���$M��9#A')�$;���./M��7',�Z�(�$I9����] ��#KM:�Z�)�8'-270 � >h24!(@A�('B�+',�$2�#��
> 5 @ 4@> 5A7 G > 5'9 G nmnpn G > 5CBD;�9=<ACb©b��;B��24EGF(�9;9'�� �"�$�N�7�)�)2G;��$�7',�9M�>���',�J�X.$2&��M6',2Z��;9;����(��� �+]
M��9#�2�',�9M 9�F@G�H � �!�9��CJ�����624<K',�K<K'x���a��# NQPRPTSVUENAMXWYS[Z#"�W M%$'&)(�*ePmWYUENAMXWYS[ZH',���+'X��.�.$2G;u�7')���^24EAF(��;9')�
�$#+� 24#&',2P>?24!(@G�='B�7')�$24#K�O�$# > 5NC-�����X24EGF(�9;9')��%4�U���"')2J5��$#���56��I��O',�K�X5P�y�K��5X<�5 #A<�5XE ��!-2�0
24EGF(�9;9')�-�7.$.$2G;u�+',��MP24#��X�)��#�*4.$�->h24!(@A�('B�+',�$2�#i�(<�EGF(�9;9'�',2X')���^�$M�����.p.�2&��M�E��7.���#�;9�$#�*x;�24#��=',!)���$#&'uC

c #:��.$.�21;��7',��24#P>���')��!)���K.$�$;��7',��24#��$��0324!(5X<�.$�7',�9MY�7��032�.$.$2�>��9C c # �!*-*a`&bH��.g,a`  $:,V.Vc (g& f#*-,%,
bH��.g,a`  Q�$���7#TY W � 56�7',!(�`�.- �)�$5��$.$��!?')2U',���a��.�.$2G;u�7')�$24#J56�7')!)�`�g\ M��9\�#���ML��#Y¢1��;8',�$2�#Y�1C�|4C
�����aM����j��!(��#�;9���"��!(�t')���7'

h ����;B�Y�9#&',!(R���#/-§�����U!)�u�7./#G<K5XEj�9!�Ej�8'o>h�9��#L����#�M[|4]��7#�M

�



h ')����!(�a56�uR�E �^5X<�.�')�$��.���#�2�#1�oI9��!)2���#&')!)�$�9���$#i�U!)2�> 2�0 -PC
�����t��#&')!(R��7'�!(2�> � �7#�M�;�24.�<�56# k ]�M���#K2�',�9M+- ��l+]�!)�9��!)�9�)�9#A')�-')���^!,�7')�$2U2�0#9�F[G H � � ���h�(����!(��M
E&RJ>?24!)@A�(',�7',��24#_> 5Al+Cb�����^0324.$.�2�>��$#�*X�9VA<��7',��24#i��24.$MK��l

BD;�9
�
l ��7 - ��l @ |^0324!��7#ARJ!)2�> � n � ���

�����a.$2&�7M���.$.�21;��7',�9MJ24#Y�U>?24!(@G�='B�7')�$24#_> 5Al^E&R���.$.�21;��7',��24#.- ��������0324.$.�2y>��9C

9�F@G�H�� � > 5Alu�?@
�@;�9
�
� ��7 - � l

W 9�F[G�H � � �9� � �4�

c !(2y> � >��`',�f5X<K.�',����.$�Z#�2�#1�oI9��!)2[�9#A')!)�����U5��u��#��k',���7'Z.�2&��MH270��7;�;��9�)�(�$#�* � ���$�X�(����!)�9MdEAR
5X<�.`',����.$�N>?24!)@A�='B�7')�$24#��9Cb�����O.$24��M6�(����!(�$#�*X���?!(�u��.��$I9��MPE&R6!)�9��.$��;u�7')�$#�*t',���-24EGF(�9;9'N')2x5X<�.`',����.$�
>?24!)@A�(',�7',��24#��9C c ;�24�&RY2�0	24EGF(�9;9' �!�t�����-')2PE �x�(')24!)�9M
�$# > 5Alt�`0 - � l�D��KC"�����x#A<�5XE ��!-2�0
24EGF(�9;9')����.�.$2G;u�7')��MJ2�# > 5Al^E&RJ',�K�k�7.$.$2G;u�+',�$2�#.- �$��� �@;�9� ��7�� - ��l	�AC

�n�$*�<�!)�Z���$.�.$<��=',!)�7',�9����2�>§�:�:zn��;B@A��#�*Y>?24!)@A�9C �OEGF(�9;9')�x��!(�U�)24!=',�9Mq��#
�$#�;9!)�u�7�)�$#K*i2�!)M��9!
2�0¡.$24��M[��#�M
',�K��#W���)�(�$*4#K��M[',2J>?24!)@A�(',�7',��24#��^��#
!)24<�#KM1�o!(24E��$#pC �O#�;��X')������;�;9<�5X<�.$�7',�9M
.$2&�7M
2�0N��>?24!(@G�='B�7')�$24#q�8�1;��9��M��a',����E���.$��#�;9��MW.$2&��Mp]m',���Z.$24��M[2�0h')���Z24EGF(��;8'x���t�)��.���'^',2�',�K��#K�8�G'
>?24!)@A�(',�7',��24#:��#�!)24<�#KM1�o!(24E��$#pC�¢1��.���'(',�$#K*x',���a.$24��MY270	��#i24EGF(�9;9'-�$��',26!)���K.$�$;��7',�O')���a24EGF(��;8'-')2
5X<�.`',����.$�x>?24!(@G�='B�7')�$24#K��C�wo#q')���$�a�8�K��5���.$�7]�')����24EGF(��;8' ��
 � >���')�q.�2&��Mq�KC �4�t���t!)���K.$�$;��7',�9MW')2
> 5��	��#�M > 5A7�Cn�"�9��.$��;u�7')�$24#t2�0�')���N24EAF(��;9' �
���(',��!(')�	�7'�> 5A7�]7>�����;B�U�$�v')���h.$���('v>h2�!)@A�(',�7',��24#
',2Z�(����!)�^����!(')����.j.$2&��M�270 ��
9CE��24!?',�������8�K��5���.$�7]1',�K�a!(���(<�.�'�56�7',!(�`� - �$�N�(��2�>�#:��# �n�$*4<K!)�O��C

������0324.�.$2�>��$#K*^��!)24� ��!=',�����¡2�0��L�:zv��;B@A�$#�*Z�7!)�"<��)�9MJ',2X�7#���.�RGI9�-24<K!?��!(24� 24�)�9M���.$*�24!)�`',��5iC
^/�9':9 E ��')����',2�',��.N.$24��Md2�0^��.�.N24EGF(�9;9')��CD¢1�9!)���7#�24���9'uC���.a{��4�+~����u%��Y��!(2�%4��MT',����0324.$.�2�>��$#�*
��!(24�j�9!(')�$���N032�!��:�:zn��;B@A��#�*�C

� ([` fZ&)(a.�� ��� $�(������ N U	�[WRZ��JNQP�� S�& W M $���� ( Z ( &�NAM�(	�DNQZ NQPRPTSVUENAMXWYS[Z - WRZ " $ WYU $

9�F[G�H�� � > 5Alu�?@k9�� �
� S�&DNQZ! " S�&	�"�%MYNAMXWYS[Z > 5Al$#

� ([` fZ&)(a.�� �%� $�(&����� N U	�[WRZ�� NQP�� S�& W M $�� NQPRPTSVUENAM (	� NAM&P (EN'�%M)(iY*� �,+ NQZ.- NAM/� S"�%M � Y/� �,� jJ|
S$021 (=U%M3� S[Z NQZ " S�&4�"�%M NAMXWYS[Z.#

� ([` fZ&)(a.�� �65 Z M%$�( &)(	�87 P MLS � ����� N U	�[WRZ��'9 (EN U $/" S�&4�"�%M NAMXWYS[ZMU=S[Z!MYNQWRZ:�?NAM)� S"�%M�M " S &)(�*ePmW3;
UENAM�(<-=08WRZ:�># 5 � N " S�&4�"�%M NAMXWYS[Z^U=S[Z!MYNQWRZ:�RM " S & (�*ePmWYUENAM�(<-=08WRZ:�	9)S[Z (JS � M $�(?08WRZ:��W@� WRZ M $�( P N'�%M
" S�&4�"�%M NAMXWYS[Z�M S�� $+N &)(�M $�( PTS8N�- S � M $�(A08WRZ.#

�
������� B ,� jf ��b � ,- �
�����bE���#^����;B@A�$#�*���!(24E�.���5¤{����+~&�$�/�7�m0324.$.�2y>��9C/�����b�$#��K<K'/�$���N�(�9'�2�0G��')��5��C3 @�46387 G 369 G nmnpn G 38:�;�9=<
��#�Mq��E��$#[;u�7����;��`'oR=C�C6©¡�7;B�Q��')��5 3/d¡�$�a���(�)2G;����+',��M[>���')�W�i�(�$I��gI�d¡2�0?��'uCZ������24EGF(�9;9')��%4�Z���
',2Y����;B@
',�K�P�)�8'X2�0h��')��5�� 3
��#&',2:5��$#K�$5X<�5 #A<�5XE ��!a2�0�E���#�� �O@ 4�� 7 G � 9 G nmnpn G ���[;�9=<J>���')�

�



���
���
���
���
���
���
���

���
���
���
���
���
���
���

�����
�����
�����
�����
�����
�����

���
���
���
���
���
���

���
���
���

���
���
���

+ + =0.26

+ = 0.2

�����
�����
�����
�����

���
���
���
���	�	

	�	
	�	
	�	
	�	


�


�


�


�


�


�����
�����
�����
�����

�����
�����
�����
�����

size

WS0 WS1 WS2 WS3


�


�


�


���
���
���

���
���
���
���
���
���
���
���

���
���
���
���
���
���
���
���

���
���
���
���
���
���
���

���
���
���
���
���
���
���

0.25

0.09
0.12

0.18

Load

0.01 0.02 0.05 0.07

WS0 WS1 WS2 WS3

B0 B1 B5 B6 B7B2 B3 B4 B8
load of objects: 0.01, 0.02, 0.05, 0.07, 0.09, 0.12, 0.18, 0.2, 0.26

(a) Load of each workstation

(b) Data size stored in each workstation
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1.00
0.00
0.00

1.00
0.00
0.00
0.10
0.50

0.00

0.00
1.00
0.00
0.00
0.00
1.00
0.00
0.00
0.42

0.00
0.00
1.00
0.00
0.00
0.00
1.00
0.00
0.08

0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.90
0.00

B0
B1
B2
B3
B4
B5
B6
B7
B8

WS0 WS1 WS2 WS3
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Disk capacity (GB)
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