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

! " ! "$#&%�')(+*-,.#&%0/21)13%546187 9 7;:.<=*-,>(?*-"A@ (CB=:

90:D7�4E1F7�G #H"I,J: 1K4 9L#K7+#&%�%�:M%ON :P%Q#R(?*�18"$#&%TS #U(V#KW$#&X�:MX

Y[Z=\)]_^`^_]ba	c.dfehgi\ j�k�cMlmd�nok�p�erq=s=s�t�cMt	u6ewvyxPz|{}a-e6ZIs~a��-^`t�p�eQ����{Qp���k�p�em�����{Ha	�m�
z���p�t�{Q����n�t��

�.���������������~�������H�Q�b��� �_¡_�b¢��¤£�¥;¥�¦��~¦�§f��¨�©Eª	« �¬�­�®¥���¯���¦�¢h��° ±6²�³�«´¢bµ­�b¢���¢¶�-·���¡¹¸~¡º¸ ���Q�b� ��¢b¡¹�~�»°¼¡�¦�½	¨�¦����´« ¡º��° µ���° ±
������¾�¡º¢_��¾����´�	° µ���° ���b¢_��° µ´�����»¢`��¦­¡º¿¹�À�­¡_¡�ÁÂ°´��§­�b¢b�º��¡¹¯­��Ã���¾Ä¾���¢b¡`¦�°	�¤��±���°oÅ´«´¢bµ�¸	�­©�¾�¦­¡º����° ±������QÆ�ÇEÇ­²r©f�´Á�ÈÉËÊ�Ì«À���m·���¡º¸�¡¹¸ ��©�¾_¸ ¦o¦���¦�½�¨�¦����´« ¡¹��° µ¬�¼Í�°´½Î¦�¢_�~�­¡º��¦�°|©�¯��`¡_�b�~�-��° ±À�Ë�­¡º¸ �b�~�­¡º��¾��Ä� ©�¦�« ¡º¸|³���°´Ï|ÁÂ°´��§­�b¢b�º��¡¹¯­� ³�¦�¢¶¦�« µ�¸|Ã-¦­�­±��
Ê�¦�° ±´¦�°	�o©���ÆmÐ�²�²m�´Á-ÈªÀ³�¢b¦�« µ�¸´¡`¦�°r����·���¡º¸ÑÍ�°¼¡_�b¢_° �­¡º��¦�° �Ä��¨�¦����´« ¡_�b¢b� Êf������¡_��±��b����µ�¸�ª	�»¢`½�¦�¢`�~��° ¾���¥���¾_¸´° ¦���¦­µ�¯­�`�Ò�b°´��¦�¾_Ï}�Ò�¤¯��¤�Ò���_¡�ÓQ¦�¢b¡`¦�°	�¶�Ë��° ¾_¸´¿
���_¡_�b¢��­�	° µ�����° ±��­�|Æ�Ô6Õ��QÃw�oÁ�È
��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Heriot Watt Pure

https://core.ac.uk/display/29064409?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


�����������	�	
���
�
��������������	������������������������� Ü
���������
	���
������������������ �"!#�%$&�'�)(+*,!.-'*/���102$"� �3�54/46�7418:9<;>=�0"� �
�54/?�-�*@!�� 4"�A�&(2��4B0�C�� 4/*@(&� -�*/���1D

E&F�GHGJI�K�L

MON&�%P&$&-#� Q���� �R$
� �#� 4/4/��418%9S;T=2UJ*/UJV"��*/�&WXN
�5�A$"���'�Y(ZV2?AP&�
!.���'-#� */�2-B?[�5V
��P&-O-'N\�]*/�A$
��!#-S���>$"���B�����'�Z� �
!#�%�5�
$"���'-�*/�&W](&� -#� V
�5U'�J� $\$&4/*,!7� -'*/���&U����'���^U'�Y_�P\���2-'*@� 4"-'�%$
�5�3� 4/4/��4&U�?2U'-'�7�AU)D�MON&�J(2�7C���4/��$\�A���2-�� ��-'�2��4/U�`ON&*@!�NA� *@(�-'N&�
U'?2U�-'���a�Z� �
�5W����b���R�Z��!�N&*/�&�OC��7�
(2���<!#��P&4@(cN&��4/$A-��]�'�)(+P
!#�%-'N&*/U<$&�'��V&4/���dDeMON&*/US$
�5$
�7�f(2�7U3!#��*6V"��U%� �A� �"� 4/?2-'*@!�� 4
-'�2��4�`ON\*,!�Ng(2��-����'��*6�\��U%-'N&�X$"���B�h���'�Z� �
!.�i!�N
� �#��!#-����'*/U'-�*@!#UAjh*/�>-'�����AU%� �<-'N&����P&W�N&$&P&-Y01����U'��P&�3!#�XP\-'*/4/*6U#� -�*6���d� �"(
�'�7U'$"���&U��d-�*6���)k%�5�:�'�74,�5-'*/���"� 4O(&� -#� V
�5U'�Z-'�#� �&U#��!#-�*6���&UA�.l+�Y!#P&-'*/�&Wg���m$
�5�'-�*,!.P&4@� �X����!�N&*/�&�A!#���+n
W�P&�#� -�*6���&UA� �"(
$&��� C�*@(2�7UiU�*6��$&4/�]W��#� $&N\*,!7� 4<C�*/U�P
� 4/*/U3�5-'*/���&U%�5�J-'N&��U��Z-'�>���"� V&4/�AP\U'����Ui-��d��V&-3�5*6�o�3�5$&*@(o*/�&U'*/W�N2-]*/�2-'�T$
� ��-'*@!#P&4@� �
U3!.���
� ��*/��U)DpMON&�>$&����V&4/����Ui�5�qN"� �
(24/*/�&Wm(2*sr����'�7��-�$
� �#� 4/4/��4J8%9S;T=2U��5�'�>*/4/4/P&U'-��3� -��)(t`O*/-'Nt���#���������
!#�g-��g-'N&�����
U'?2U�-'����UOuSvB�&W��'��UY0�vB�2�����'��*wlA� �"(>xH�3��!.46��DOy^V&��*/�#�f(2��U#!#�'*/$&-�*/���>*/U:�54/U'�XW�*/C����Z� �R-B`S�A(+*wr��������2-q�5$&$&������!�N&�7U:P\U'�)(
-'�A!.���2n
���z-�N&�%C�� 4/*@(2*/-B?i�5��-�N&�i� �"� 4/?2-'*@!�� 4�� $\$&�'�2��!�NZ���Z`ON&*@!�NA-'N\�]-'�2��4�*/UOV
�5U'�)(eD

{)|}{B~�� K�����F1� ��� � ~

vB�t�'�)!#�7��-Z?��)� ��UA-'N\���'�oN
� UXV"������W��7�&���3�54:�5W��'�7���A���2-X-�N
� -�-'N&�>�Z� */�m!#���A�A�7�3!#*@� 4O� $\$&4/*,!7� -'*/���m� �]$
�5�3�5464/��4
!#���A$&P&-����RU�?�U�-'����UR*/�X-'N&����P&-�P&�'�O`O*/4/4&V"�J-'N"� -R�5�e(&�5-3�5V
� U���U)D�MON&�H*/�&N&�������2-S$
�5�3�5464/��4/*/U'��*/�X����4@� -'*/���
� 4
(\� -3�5V
� U���U
*/UR`<��4/4
U�P&*/-'�)(c-'�]$
�5�3�5464/��4"!#����$&P&-'�7�S-��)!�N&�&��4/��W�?X� �
(X!#���A�����3!#*@�54�*/�2-'�7�'��U�-S*/�X-'N\�JP&U��J� �1$"� �3�54/46�74
!#����$&P&-����'Ub�����
�'P\�&�&*/�&WA����4@� -�*6���
� 41(\� -3�5V
� U��iU�?2U'-'�7�AUJN"� UJV"�����oW���� `O*/�&W>�/�#�'DRy��2P&�XV"���O� �R`<��4/41Q2�&� `O�d!#���A�����3!#*@�54�8%9<;>=2U
$&���+(+P
!#�)(cV�?}C��7�
(2����URU'P"!'NZ� USxH�#��!#4/�]���Y�'0 vB�2�h���'��*slc������0YvB�&W��'��U%� � �'0 =2?2V
� U��i���Y��� �
(}8%9S�X�����
N
�YC��<V"��������(&� $\-'�)(
-'�X��P&�Z���Z$
�5�3� 4/4/��4"U'?2U'-����AUJ�5�
(Z� ���:�\� `��YC��5*64@�5V&4/�O����=\;>�t� �
(&�5���J;>�b�m�Z��!�N&*/�&��UYD

8H��U'$&*/-��:-�N&*/U)02-�N&�%P&$&-3�5Q��%� ��$
� �#� 4/4/��4�(&� -#� V
�5U'�%U'?2U'-����AUOV2?X���"(AP\U'����UJN
�5UOV
���7�d(2*/U3�5$&$
��*/��-�*/�&W�4/?]U�46� `]D�MON\*6U
�'�7-'*@!#���
!.�A���Y?ZV"�X$
� ��-'4/?d(2P\�i-��>$
� U�-%�#l&$
����*/���
!#�Z*/�>�A� C2*/�&WX-����\��`�-'�)!�N&�&��4/��W�?T-'�2�>_�P\*,!�Q24/?>� �
(g��!#-'*/�&WZ� U
-'N\��W�P&*/�&�)�o$&*/W�U]�����XC����"(2����UA-'�g(2��V\P&W��5�
(g���#n
�&�>-�N&��*/�AU�?2U'-'�7�AU)DtvB-X�Z�Y?��54/U'�oV
�Z$
�5�'-'4/?t� -'-��'*/V&P&-#� V&4/�Z-'�
P&�
!.���'-#� */�2-B?g*6�g-�N&�A�.r��)!.-'UA���g$
�7�B�����'���5�
!#��� �J�A� C2*/�&W�$
� ��-'*@!#P&4@� �}� $&$&4/*@!��5-'*/���&Uq���'����U��)_�P&���2-'*@�54S-��d$
�5�3�5464/��4
U'?2U�-'����U)D>�<����-3� */�&4/?20�!.���A�����3!.*,�54�*6�\U'-'*/-�P&-'*/���\U:`ON\*,!�N�N
�YC��A�5$&$&4/*@!�� -�*6���&U%`ON&*@!�Ng�A*/W�N2-J`O� ���3�5��-�-'N&���A� C��}-'�
$
�5�3� 4/4/��4�U�?�U�-'����UO�&���)([�'�)�5U'U'P\�3� �"!#�i-�N
� -OU�P
!�NZU'?2U'-����AUO`O*/4/41(2��4/*/C����OV"��-�NZ$
�������������5�
!#�:�5�
(��'��4/*@� V\*64/*/-B?2D

��� �'-�� �J-'N\*6U�$&�'��V&4/����!�� �gV"����(&(2�'�7U'U'�Y(m-�N&�'��P&W�Ng-�N&��(+��C���4/��$&�A���2-%� �J-��2��4/U]-'�T$&�'�)(+*,!.-i-�N&�A$"���B�h���'�Z� �
!.�
� �O$
�5�3� 4/4/��4R(&�5-3� V"� U'�XU�?2U'-'�7�AU)D�=2P
!�Nd-��2��4/U]!#��P&4@(oV"�XP&U'�Y(o-'�>� U�U'*/U'-i��P&U����}*6�g(2��-����'��*/�&*/�&WA`ON&�7-'N&���X��W�*/C��7�
N
�5�3(2`O� ���)� U�� ��-B`O� ���:!#���2n
W�P\�3� -�*/���A`O*/4/4"�A����-<-'N\��*/�S$"���B�h���'�Z� �
!.�:���)_�P&*/�'�������2-'UYD�MON&��?A!#��P&4@(XV"�:P\U'�)(�-'�X(2��-����Bu
�A*/�&�<N&� `�(&�5-3�%��*6W�N2-1V"�:(2*/U'-��'*/V&P&-��)(X-��]��V\-3� */�XW����&(}$"���B�h���'�Z� �
!.�O���RN&� `t$"���B�h���'�Z� �
!.�J`O*/4/4&C�� ��?i� UO!�N
� �&W���U
�&!�!#P&�%*/�Z-'N&��C���4/P&���J�5�b(\� -3�}���J-�N&�]V
�54,�5�
!#�]�5�S_�P\���'*/��UYDOMON&��?>!#��P&4@(>� 4/U'�XV"�]P&U��)(T-'�X-'P\�&�]-'N\�i$"���B�h���'�Z� �
!.�
� ��U'?2U'-����AUO���
!#�]*/�&U�-3�5464/�)(eD

vB�d��(\(2*/-'*/����-'�A-�N&�X� V&*/4/*/-B?X-'�A$\�'�)(2*@!#-%-�N&�i$"������������� �"!#�]� �S�c$
� �#� 4/4/��4�(&�5-3�5V
� U��]U'?2U'-����d0"U�P
!�Nd-�����4/UJ�'�746?Z���
P&U#� V&4/�]W��3� $\N&*@!�� 4�*6�2-����B����!#��U%`ON&*@!�N>$&��� C�*@(2�%U�*6��$&4/�%C�*/U�P
� 4/*/U3�5-'*/���&U<� �S(2*sr����'�7��-]�5U'$"�)!#-'U�� �R-'N&��$
�������������5�
!#�]�5�
-'N\�:U�?2U'-'�7��-'�X���
�5V&4/�%-'N&�]P\U'���H-'�}P&�
(2����U'-#� �
(Z�#� $&*@(24/?X`ON
�5-O*/UON
� $&$"���&*/�&WX*/�Z� �2?X$
� ��-'*@!#P&4@�5�OU3!#���"� �'*/�"D

MON&*/U�$
� $"���S(2�7U3!#��*6V"��UJ�H-'�2��4
!�� 4/4/�)(}=2MJ��y%8<��`ON&*@!�NXN
� U�V"������(+��C���4/��$
�)(}-��i� U�U'*/U'-b-'N&�OP&U����R*/�}-'N&��U��JC��5�'*/��P&U

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



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

-3�5U'Q2U)DZxH�&�A� */� *6�o*/-'Ui(+��C���4/��$&�A���2-%`O� U%-'�>$\�'�&(2P
!#�Z��W����&�7�'*@!X-�����4R`ON&*@!�N�!.��P&4@(oN
�5�
(24/� (+*wr��������2- 8%9<;>=2U
�'P\�&�&*/�&W}���A(2*sr����'���2-O$
�5�3�5464/��4"$&4@� -��������AUYD
MON2P&Ub���5�S-�N&�J`<����QXN
� U<V
�7�������&!#P&U'�Y(X���Z�%U'*/�&W�4/�J$&4@� -��������d0Y-'N\�:v'���

� ��4,(��OP&U�N ;Z�7W�� U����'C����%�6���Y�'0 � �
(�-'N\�J-'N\�'���O$
�5�3�5464/��4"8:9<;>=2Ub`ON&*@!'NX*/-�U'P\$&$
���'-�URu1vB�&W��'��UY02vB�2�����'�A*sl]� �
(}xH�3��!.46��D
MON&�O� $&$&������!'N�P&U'�)(�V2?i=2MJ��y%8<�t*6UR�5�i� �
�54/?�-�*@!�� 4����&��D � */C��7�i�O$
�5�'-�*,!.P&4@� ��`S���'Q24/����(J��P&�&�&*/�&WH���X�OU�$
�)!.*wn"�)(

!#���2n
W�P\�3� -�*/���>`O*/-'N>�cU'$"�)!#*sn�!}(&� -#�A(2*/U'-��'*/V&P&-�*/���10\*6-%(2��-����'��*6�\��UJ-�N&�]$"���B�����'�Z� �
!#�}!'N"� �3��!#-'�7�'*/U'-�*,!.U]*/��-����'��UJ�5�
����l&*6�}P&��-'N\�'��P\W�N&$&P\-)0"�'��U���P&�#!#�XP&-�*64/*/U3�5-'*/���>�5�
(Z�'�7U'$"���&U��X-'*/�A��D<vB�>���3(2�7�:-���(2��-'N&*/UY0���(2��-#� */4/�)(ZQ2�&� `O4/�)(2W��
� �<�)��!�Nm8%9S;T=>`O� U%�'�Y_�P\*6���)(g� U%-�N&� ��!�!#P&�#��!#?o� �<-'N&�X-�����4R(2��$"���
(2U}P&$"���oN&� `^!#4/��U���4/?>*/-:���&(2��4/UO-'N&�A��!#-'P"� 4
`<���'Q2*/�&WZ� �O-'N\�AU'?2U�-'���oD	��� `S��C����)0�� U�U'�����i�5�J-'N&�A�54/W�����*/-'N&��UJP&U��)(m�5�'�A!#���A�A�7�3!#*@� 4�U'�)!.�'��-�UA� �O-'N\�A8:9<;>=
C��7�
(2����U)0<U'���A�A�5$&$&�'�Yl&*/���5-'*/���\U:�5�J-'N&�7U'�>N
�YC��AN
��(g-��dV"�Z����(+�X`O*6-�Nm-�N&�ZN&��4/$m�5�:v'���R0�-�N&�ZC����"(2���}� �%-'N&�
$
�5�3� 4/4/��4�$&4@�5-B�����'��P&U'�Y(�D

MON&�}�'���Z� */�
(2���%�5�S-'N&�X$"� $"���]*/U%���'W2� �&*/U��)(d�5UH����4/4/� `OU)D%MON&�X�\�#l&-:U��)!#-�*6���g$&�'� C2*@(2��U}�AV\�'*/�#�OV
��!�Q2W�����P&�
(T-'�
�'�74,�5-'�)(T`<���'QZ*/�g(2��C��746��$&*/�&WX-'�2��46U%-��A��U�-'*/���5-'�]-�N&�i$"������������� �"!#�i�5�S$
�5�3� 4/4/��4��'��4@� -�*/���
�54�(&�5-3� V"� U'�}U'?2U�-'����U)D%y
(2��U#!#�'*/$&-�*/���>�5�S-'N&�}(2��U'*/W��d� �
(T� �3!�N&*/-��)!#-'P\�'�}� �S=2MJ��y%8<� */UHW�*/C����Z*/�ZU'�)!.-'*/���ov'v�v�D
=2�)!.-'*/���ov�
^!#���\U'*@(2����U:U������
� U�$
�Y!#-'UO�5��-�N&�J-�N&�'���%8%9S;>=+US`ON&*@!�NA=2MJ��y%8<��!.P&�'�����2-'4/?XN
� �"(24/��Uf�5�
(}*/4/46P\U'-'�#� -���UR-'N\�J!#���&U�*@(2���3�5V&4/�:(2*sr����'�7�
!#��U
V"��-B`S�7����-'N\�>-'N&�����>U�?�U�-'����U)D�=2�Y!#-'*/����
 (2��U3!.�'*/V
�7U�-B`<�g� $&$&������!'N\��UA-�N
� -XN
�YC��AV"�������7�A$&4/� ?��Y(g-'�g!#���2n
�'�
-'N\�]C�� 4/*@(2*/-B?X� �R-'N\� �5�
� 4/?2-'*@!��541� $&$&������!'NTP&U'�)(TV2?�=2MJ� y:8<�a� �
(T(2*/U3!#P&U�U'��U�-'N&�]����U'P\46-�U%��V&-#� */�&�)(�DH=2�)!#-�*6���

Jv
$&��� C�*@(2�7UJ�}U'P&����� ��?i� �"(�!.���
!#4/P&U�*/���1D

{�{)|������ I ��� ������K��

MON&����� �5�'�i�c��P\�XV
���H� �R$"���B�����'�Z� �
!#��-'�2��4/UO�h���J$"� �3�54/46�741�'�74,�5-'*/���"� 4�(\� -3�5V
� U���U%*/��-�N&�}��� ��Q���-O-��&(&�Y?�DH;>� �2?
� �O-'N\��U'�>� ���A!#���"!#���'�\�)(�`O*6-�Ng$
�7�B�����'���5�
!#�}�A�)�5U'P&�����A�7��-YDXMON&��U��Z-'�2��4/U%�A���&*/-'���H-'N&�Z8%9S;>=o��$
�7�3� -�*/���m� �"(
$&��� C�*@(2�Z*/�2�����'�Z� -'*/���g���t-'N&�o`O�Y?m*/�t`ON&*@!'Nt-�N&�>U'?2U�-'��� *6UXV"��*/�&W�P&U'�)(eD^��l
� ��$&4/��Ui�5�]-'N&��U��d-��2��4/UX*/�
!#4/P
(2�
8H*/W�*/-3�54�� U��R�Ox�M�����4/Uf������0Y-�N&�:��� -��'��4�8%9 u��e��W%���5U'-'�7�RV2? 9<;>��U'�5��-B`f�5�'�}� ���
� �
(}-�N&�JvB�&W��'��UO8%9 ;T�Yl&*/�A*/U'����V2?
8%9��ey:9���M<���e-3(g������DOxH�>-�N&�i��-'N&�7�JN
�5�
(�0"-'N&�7�'�X� �'���'��4@� -�*/C���4/?X�h��`�-'�2��4/UH`ON&*@!'NZ$&���)(2*@!#-%-'N\�i$"���B�h���'�Z� �
!.�
� �S8%9<;>=2UJ��P&�&�&*/�&W����>(2*sr����'���2-%$&4@� -��������AUYD�MON&��U��i-�N
� -O�#l&*/U'-HC�� ��?�*/�>!#���A$&4/�#l&*/-B?}���'��� �}U�*/�A$&4/�JU���-%� �S!#��U'-
�����'�XP&4@� �O-��A�i(+��-3�5*64/�)(�U�*6�XP\4,�5-'*/���}� ��-'N&�}8:9<;>=�D

MON&�i8%9<��� U'-'*/�Z� -'���]�/� �Y��$&�'��!#�)!#-]� -%v'9<; N
�5U:$\�'�&(2P
!#�Y(g� �d�5�
� 4/?2-'*@!��541$"���B�����'�Z� �
!#����U'-�*6�Z� -�*6���Z-'�2��4B0
(+�#u
U'*/W��&�)(XU�$
�Y!#*sn�!�� 4/4/?}�����R-'N&�%����4@� -'*/���
� 4
(\� -3�5V
� U��%U'?2U'-����z8%9S�q�����Sx%=&���"�#�$
%�&D�vB-<�'P&�&U<���Z�]�R���5�
(A!7� 4@!#P&4@� -���U
��U�-'*/���5-'�)(]!.��U'-�URP&U�*6�\WO�����'�XP&4@� ����V&-3�5*6�\�)(H�������^� �X� �"� 4/?2U'*/U�� ���'�)�54&8:9<�%!#�&(2�O� �
(�$
�7�B�����'���5�
!#�R���)� U�P&�'�7�A���2-'U
� �"(A*/U<�'�)�5U'���
� V&4/?Z��!�!#P\�3� -��]*/�Z*6-�UO$&�'�Y(2*@!#-'*/���\U)D

MON&�ixH�3��!#4/� =+?�U�-'��� =2*&%����$
:�\D��Z�6���#��$&�'� !.�)!#-i�5-:xH�3��!#4/�iN
�5U)0"*/�d!#��� !#P&�
!.-'*/���>`O*/-�N'�J��� �
(T8J�7464B0\$&�'�&(2P
!.�)(
� �Z� �
�54/?�-�*@!�� 4"-'�2��4�`ON\*,!�N�U'*&%���UHN
� �#(2`f�5�'�%!#���2n"W�P&�#� -'*/���&U<�����OxH�3��!#4/�q(\� -3�5V
� U��]� $&$&4/*@!��5-'*/���&UYD1yO-<$&����U'���2-H-'N&�����
� ���]-B`<�XC�����U'*/���&UY0&���&�]`ON&*@!�NZ$&�'�)(+*,!.-'U]!#���+n
W�P&�#� -�*6���&U<�������J�)(���-3=2�7�'C��7�'U]� �
(�-�N&�]��-�N&���������J8H��4/4���� `<���3�b(2W��
U'�7�'C��7�'U)0<V"��-�Ng�'P&�&�\*6�\W
*�*/�
(2� `OU+(OM]D�xH�3��!#4/��� ���A$&4@�5�&�&*/�&WZC�����U'*/���\U]�����i��(\(2*/-'*/���
�54�N
� �#(2`f�5�'��-B?�$"��U}*/�g-'N&�
��P&-�P&�'��D

=&;Zy$��M%j�=2*/�XP&4@�Y-�*6���>� �
(g;Z�&(2�74S�5�JyJ$&$&4/*@!��5-'*/���oV
� U��)(,����4@� -�*6���
� 4�M��)!�N&�&��4/��W�?&kX�/�Y�Y�R*/Ui�Z-'�2��4f(2�7C���4/��$"�)(

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



�����������	�	
���
�
��������������	������������������������� Ý
V2?Xvh��� -��)!<�h���<$&�'�)(+*,!.-'*/�&WX-'N\�J$"���B�����'�Z� �
!#�H� ���'��4@� -�*/���
�54�(&�5-3�5V
� U��:� $\$&4/*,!7� -'*/���&URP&U�*6�\WiU�*6�XP\4,�5-'*/����D
MON\*6U<-'�2��4�*6U
!#P&���'���2-�46?ZV"��*/�&WXU'P\$
���#!#�)(2�Y(>V2?A*/-�UO�'�#uB���&W�*6�\�����'�Y(ZU'P
!7!#��U'U����Y01= *>y%��D
=&;Zy$��MJ��= *>y:� *6UJ��U'��$&N&*/U'-�*@!�� -��)(>� �"(
C��7�'U3�5-'*/4/�J-�����4&`ON&*@!�NA*/US�5V&4/�O-'�}�A�&(2��4
!.���A$\46�.li�'�)�54��5$&$&4/*@!�� -�*/���&UR��P&�&�&*/�&W����A��C�� �'*/��-B?}� �1(2*sr����'���2-O$&4@�5-B�����'�AUYD
�<P&���'���2-'4/?X*/-R���+(+��4/U�-�N&�J$"������������� �"!#�J�5�exH�3��!#4/� �}� �
(c*6Ub*6�X-�N&�J$\�'�&!#��U�UO� �1V"��*/�&W]�#l&-'�7�
(2�)(�-'�}�A�&(2�74
xH�3��!.46���&D

9S������4/P&U��/�Y�Y�S*/UX�Z-'�2��4b�����]�A���&*/-'����*/�&W��5�
(g$&���)(2*@!#-�*6�\W>-'N&�Z$"���B�h���'�Z� �
!.�X� � (J��� M��7�3��(\� -3�T� �
(�xJ�#��!#4/�
���2C2*/�'���\�A���2-'UO���d;>�R� ����!�N&*/�&�7U)D<MON&�]�����&*/-'���'*/�&W]�5�S-'N\�i8%9S;>=[*6U%!�� ���'*/�)(Z��P&-JV2?Z-'N\� � vB��C���U'-�*/W�� -������&-'�2��4�0
`ON&*@!�Ni�����&*/-����'U��'��U���P&�#!#�JP\-'*/4/*6U#� -�*6���]-'�%N&*/W�N&4/*6W�N2-�$
��-'���2-'*@�54&V
��-'-�46�7�&�)!�Q2U)D�MON&�+��=2-��3� -���W�*/U�- � ��C��54/P
� -���U�N
� �#(2`f�5�'�
� �"(XU'�5��-B`O� �'�]�546-����'�"� -'*/C���US*/�����3(+���J-��i*@(2���2-�*w�h?i-�N&�]�#r��)!#-H���A$"������������� �"!#�:�5�
(X`<����Q�4/�2��(X�5��V&P\U'*/�&��U�UOW��'� `O-�N1D

;Z��-��'���TM��Y!'N\�&��4/��W�?d�/���5�S�/�)�Y���5�'�i(+��C���4/��$&*/�&WA�A!��5$
��!.*6-B?�$&4@� �&�\*6�\WA� �
(�$"���B�����'�Z� �
!#����� �"� W��7�A���2-RU�?�U�-'���
�����SxH�3��!.46��D�vB-f�5*6��U�-'�]$&���)(2*@!#-<-'N&�HU'?2U'-���� $
�������������5�
!#�O$
�5�3� ����-'�7�'UR`O*/-'NA���'�Y� U'���
� V\46�O4/��C���4�� �1��!7!#P&�3��!#?202V&P&-
U'�����5�%-'N&�X$&P\V&4/*6U�N&�)(o(2��-#� */4/U:�5�S-'N\�X-'�2��4�W�*/C��i�&��*/�
(2*@!�� -�*/���d�5U:-��ZN&� `^*/-%`O*/464��A�&(2��4���*wl&�)(�`<����Q�4/�2��(2U]� �"(
!#���A$&4/�#lA_�P&���'*/��UYDRyO-<$&�'�7U'���2-J-�N&��?�N
�YC��%� ��xH�#��!#4/�%$
�7�B�����'���5�
!#�%� �
(c�'��U���P&�#!#�i!#���&U'P&��$&-'*/���A�A���&*/-'���'*/�&WJ-��2��4
!��5464/�)( 
Hv'� * 8%9��/�)����0�`ON&*@!�NA*/UO$
�5�'-O� ��-'N&�7*6�HW����\���3�54�!#���A$&P&-����<�A���\*6-�����*6�\W]-'�2��4�U�P&*/-'��0\yO-'N&�7�&��D

{7{�{)| E������
	��

xH�'*/W�*/�
�5464/?d=+MJ��y:8f� `O� UA(2�7C���4/��$"�)(�-'�o�A�&(2�74f�5�mvB�&W��'��UA�<4/P&U�-'���>� � �'DovB-XN
�5UiV"�������.l+-����
(2�Y(t-'�o�A�&(2��4
-'N\��vB�+�������A*sl�xH� ��*/�&�>��l&-����
(2�)( ���5�3�5464/��4O=2����C����Zj�
:�R=\k>���Y�J� �
( -'N&�>xH�3��!#4/� �g��� �#� 4/4/��4f=+���'C����d���Y�O`O*/-'N�-'N&�
��� �#� 4/4/��4��HP&����?>xJ$\-'*/���1D�MO`S�A(2*sr����'�7��-H$
� �#� 4/4/��4�8%9<;>=>�5�3!�N&*/-'�)!.-'P&����UXj�U�N
� ���)(o(2*/U3!]�5�
(�U'N
�5�'�)(T�&��-�N&*/�&W�kO�5�'�
�'�7$&�'��U����2-'�)(oV2?Z-'N\��U'�}4@� -'-����J-B`<�A8%9S;T=2U)DOMON\�]P&�
(2�7�'4/?2*6�\WXN
� �#(2`f�5�'�]$\4,�5-B�����'� �����OV"��-�N>U'?2U�-'����UJ!#���&U�*/U'-'U%�5�
�}�2P&�XV"���S�5�R$&�'�&!#��U�U'*/�&W���4/���A���2-�U%j��R��U#kH���Z`ON&*@!�N�*/�&U�-3�5�
!#��UH� ��-�N&�i8%9<;>=>� ���%�'P&�&�\*6�\W
DS�b��U:!#���A�XP&�\*,!7� -'�
P&U�*6�\WJ� �]*/�2-'���#!#���\�&�)!#-YD�MON&�R$&4@� -���������`ON&*@!�N]=2MJ��y:8f� !#P\�'�'�7��-�4/?:U�P&$&$"����-'U�*/U�-'N&�Rv'��� � ��4@(���P&U'NH����!'N\*6�\�S�/� ����D

=2MJ��y%8<�z*/Ui(2�7U'*/W��&�Y(o-'�>$&���)(2*@!#-}����l+*/�}P&� -'�3�5�&U3��!#-'*/���g-'N&����P&W�N&$&P&-Y0��'��U���P&�#!#�ZP&-'*/4/*/U3� -�*/���g� �
(o����U'$"���&U��
-'*/���JW�*/C����>�}-'�3�5�&U3��!#-'*/���d� ���'*/C�� 4��#� -'��D���*6W"D��%*/464/P&U�-'�#� -'�7UJ-'N\�]� C����#� 4/41� �#!�N&*/-'�)!#-�P&�'��D��\�'���z-�N&*/UO*6-J!7� �>V"�]U'�7���
-'N"� -O-'N\�:*/�&$\P&-S-��A=2MJ��y%8<� !#���&U'*/U'-�UO� ������P&�OU���-'UH� ��*6�+��������� -�*/���1���}(2��U3!.�'*/$&-'*/���>� ��-'N&�](&�5-3� V"� U'�}jh�'��4@� -�*/���&U#k�0
-'N\�A(&� -#�A$\4,��!#�������2-:U�-'�#� -'�7W�?o-'�ZV
�XP\U'�)(�0�-�N&�A8%9S;T=&� $&4@�5-B�����'� !#���2n
W�P\�3� -�*/���101�5�
(o-'N\�X�#l&�)!#P&-�*6���g$&4@� �&U%�5�
=��$�Z_�P&���'*/��U<�'�7$&�'��U����2-'�)(Z�5U �5�&�&��-3� -��)(}_�P\���'?}-'������U)D *�*/-'N&*/�i=+MJ��y:8f� -�N&�����:� ���f�H�2P&�XV"����� �
���&(2P&4/��U�`ON&*@!�N
� ���]W�����P&$"�)(�*/�2-'�}����P&�O$
� ��-'UO���O4,�Y?����'UYDRy���-'���H�#l&�)!#P&-�*/�&W��5464��5��-�N&��U'��0�-'N&�%U�?�U�-'����$\�'�&(2P
!#�7Uq�5UO��P&-�$&P&-%(2��-3�5*/46U
� ��-'N&��$
�������������5�
!#�%*/�A-'�7�'�AUO�5���Z�Yl&*/�iP&� -'N&����P&W�N&$&P&-Y02�'��U���P&�#!#�}P&-'*/4/*/U3� -�*/���A� �"(A����U'$"���\U'�}-'*/�A��D

MON&�H����P\�S4@�Y?��7�'UOP&U��)(>� ���]� U<����464/� `OUY�

������������� �"!$#&%('*)+#&,.-0/1'.23�54

MON&*/U�*/U�!#���
!#�����&�)(}`O*/-'N%-'N\�f!�N
�5�3��!.-'����*6U�-'*@!#U�� �&-�N&�SP\U'����� UR(&�5-3�O�5�
(%-'N\�R��$"���3�5-'*/���\U1`ON&*@!�N]-'N\�f_�P&����*/��U1$"���B�h���'�
���Z-�N&�](&� -#�&D�vB-J!#����-#� */�&UO-B`<�iV"� U'*@!H-'�2��46U]02-�N&�]���'�5n
4/���:�5�
(Z8%��M�����4BD

MON&�]���'�5n
4/���O-3�5Q���UO-�N&�%*/�&$&P&-<*/�2���������5-'*/���}$&�'� C2*@(2�)(c���Z-'N\�:V"� U'�%����4@� -'*/���&Uf�5�
(�P&U'�7UJ*/-S-��iW����&���#� -��]$&�'�5n
4/��U
���T-'N&�]V"� U'�}�'�74,�5-'*/���\U)D<vB-:�546U��AW����&���#� -'�7U:*/�2�h���'�Z� -�*6���X���>*/�2-'�7�'�A�Y(2*@� -'�%����4@� -'*/���&U)0\U'P
!�Ng� UJ�2P&�XV"���O�5� -�P&$&4/��UY0
�'�7U'P&4/-'*/�&W}�h�'��� $
� ��-'*@!#P&4@� �J(\� -3����$"���#� -'*/���&UO$
�7�B�����'�A�Y(A*/��-'N&�i_�P&�7�'*/��U)D

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



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

Profiler


Application Layer


Cache Model

Component


Modeller

Kernel


cache hit ratio

estimation


DBMS Kernel Layer (Task Block Generator)


Evaluator


Queue Waiting

Time Estimator


Response

Time Estimator


Platform Layer (Maximum Throughput Estimator)


Response Time Layer


data layout &

page heat


relation

profiles


query trees


workload

statistics


task blocks


maximum

throughput


resource

usage blocks


Query

Paralleliser


Graphical User

Interface


Graphical User

Interface


DBMS config
queries
 relations
 DP strategy


response time

information


resource

utilisation


maximum

throughput


bottlenecks


DPtool


� ��µ��¼Æ��;©�¥���²����C��¢b¾_¸´��¡`�Ä¾�¡º«´¢¶�
MON&��8%��M��2��4b*6U}P&U��)(�-'�g(2��-'�7�'�A*/�&�XN\� `a-'N&�Z(&� -#�>*/UX(2*/U'-��'*/V&P&-��)(g`O*/-'N\*6�m�T$
�5�3� 4/4/��4O(&� -#� V
�5U'��DoMON&��P&U'�7�

U'�746�Y!#-'U]-�N&�}U'-'�#� -���W�*/��U%-'�ZV"�iP\U'�)(o� �
([W�*/C����T-'N&��U���018%��M��2��4�-3� Q���U%-'N&�}*/�2�����'���5-'*/���A�5V
��P&-%-'N&�}�'�74,�5-'*/���\U:� �"(
-'N\����$
�7�3� -�*/���&UX-��dV"�Z$
�����������A�)( ���t-'N\��� � �"(�(+��-'�����A*/�&��U}N&� `a-�N&�>����4@� -'*/���&UiU�N&��P\4,( V
�����#� W��A���2-'�Y(m� �"(
� 4/4/�&!�� -��)(g-��g-'N&�>(2*sr����'�7��-Z�R��UY0f�5�
(�-'N&�7��-��g*/�
(2*/C2*,(+P
� 4O(2*/U3!#UA�5-'-#��!�N&�)(t-��d�Y��!�N �R�ODR8%��M��2��4OU�P&$&$"����-'U��
�2P&�XV"���%� �J(&� -#�Z$&4@��!#�7�A���2-%U'-��3� -���W�*/��U}*/�
!#4/P
(2*/�&W
��P
��� U]U�-'�3�5-'��W�?��/���Y�f�5�
(o-'N&�A9bP&V&V"�ZU'-��3� -���W�?��/���Y�S� U]`<��4/4
� U%U�*6��$&4/���J���&��U%U'P"!'Nm�5U%N
� U�N��5�
(>����P&�"(�u�����V&*/�1D}9R?T�#l&$
����*/�A���2-'*/�&W�`O*/-'Ng(2*sr��������2-]U'-��3�5-'��W�*6�7UA���#�Y��-'N&�A(\� -3�
$&4@��!.���A���2-O-�����4�!��5�ZV
�]P\U'�)(T-'�X��C��54/P
� -��:-�N&�]�#r��)!#-%���d(&� -#�X(2*/U'-��'*/V&P&-�*6���>� �
(�N&���"!#�i���Z� C����#� 4/41$"���B�h���'�Z� �
!.�
� �J-�N&�AU�?2U'-'�7�dD>8%��M��2��4R� 4/U'�T��U'-�*6�Z� -���U]-'N\����!7!#��U'U}�h�'�)_�P&���"!#?m�5��(2*sr����'�7��-X$"� W��7U]*/�g�)��!�Nm����4@� -�*6���g`ON&*@!�Ng*6U
�'�Y_�P\*6���)(ZV2?X-'N\�i�O��!�N&�];Z�&(2��4��<����$
���&���2-S*/��-'N&�]�\�#l&-O4,�Y?����)D

� � �����	� ��

��� �54 -"�5! /1'.23�54

MON&*/UO*/U:!#���
!#�����&�)(o`O*/-'N>-�N&�]$
�5�'-�*,!.P&4@� �:8%9<;>=>�5�
(ZN&� `�*/-JN
�5�
(24/��UJ-�N&�]P&U���� � U]_�P&����*6�7U:���>-'N\�i(&� -#�A(2*/U�-'�'*su
V&P&-�*/����(+��-'�����A*/�&�)(�V2?X-'N\�]$&�'�7C�*/��P&UO4@�Y?����YD1vB-J!#���&U'*/U�-'UJ�5��-�N&�'�����A�&(2P&4/��UY�1-�N&�]�O��!�N&�];Z�&(2��4��<���A$"���\���2-)0�-'N&�
�HP&����?[���5�3� 4/4/��4/*/U'���O� �"(A-�N&�];Z�&(2��4/4/�����H���'�\��4BD

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



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

�&���J-�N&�A�O��!�N&�X;Z�&(2��4S�<���A$"���&�7��-%�Z!'N"� �3��!#-'�7�'*/U3�5-'*/���o� �O-'N&�}V"��N
�YC2*/��P&�%� �O-'N\� !���!�N&�X*/U:�7�A$&4/� ?��Y(Z`ON&*@!�N
-3�5Q���UH*/�2���������5-'*/���X���>-'N&�X��!7!#��U'UH�����)_�P&���
!.?>� �S$"� W��7U:(2��-����'��*/�&�)(ZV2?�8%��M��2��4�� �
([P&U'��U%-�N&*/UJ-'����U'-�*/��� -��%-'N&�
!���!'N\�]N&*/-S�#� -�*6�}�h���<$
� W���U<���'��� (+*wr��������2-O�'��4@� -�*/���&U]���&�.�'D

MON&���JP\���'?A��� �#� 4/4/��4/*/U'������U�-'*/���5-'��U�N&� `t_�P\���'*/��US�5�'�<���#� W��A���2-'�Y(]*/�2-'�HV
� U�*,!<��$
�7�3� -�*/���&US�5�
(�`ON
� -�$
�5�3� 4/4/��4/*/U'�
U'-��3�5-'��W�*6�7Uf�5�'�J�7�A$&4/� ?��Y(�D"MON&*/UR*/-S(2�2��URV2?}-'�3�5�&UB�h���'��*/�&WJ-�N&�:_�P&����?i-��'���%*/�2-'�]� ) '������ ! , %�� U'-��'P
!.-'P&����0��:(+*6���)!#-��)(
W��#� $&NZU�-'�'P"!#-'P&���i*/��`ON&*@!'NZ�)��!�N>�&�&(2�%*/UJ�}-3� U�QAV&4/�&!�Q�D�y�-3� U�QAV&4/�&!�QA����$&�'�7U'���2-'U%���&�]���O�������JV
�5U'*@!%��!#-�*6���&UO-'�
V"� !��5�'��*6�Y(>��P&-%*6�T-'N&�}$&�'�&!#�7U'U}� �S�#l&�)!.P&-'*/�&WZ-'N\� _�P&����?�D]xH�&�}���Y?�C2*6�7`�-'N&*/U]� U]�A!�N2P&�&QT� �f!#�&(2�}`ON&*@!�N>���Y?
V"�]U'���2-H-'�}���&�]���O�A���'�:�b��UJ-��XV
�%�#l&�)!#P\-'�)(�D��&���S�#l
�5�A$&4/��0&�}_�P&���'?Z`ON&*@!�NZU3!��5�&UJ���&�%�'��4@�5-'*/���>� �"( !.��*/�&U<-'N&�
�'�7U'P&4/-'*/�&WX-�P&$&4/��UO`O*/-'NZ-�N&��U��]� �R� �&��-'N&���O����4@� -�*6���1D

yJU�U'�&!#*@� -��)(�`O*6-�Nm�)��!�N�-#� U�QmV&4/�&!�Qg*6U}*/�2�����'���5-'*/���T���t-'N&�Z����4@� -'*/���&U'N&*/$gV"��-B`<������-�N&�Z-3� U�QmV&4/�&!�Qm� �
(�� �2?
$&���)(2�)!#�7U'U'���'U>*/��-'N&�>(2*/�'�Y!#-'�)( W��3�5$&N1D �\���}�#l
� ��$&4/��0�*s�q�T-3� U�QmV&4/�&!�Qg*/U	��� W�W��)(�� UX*/�
(2��$"���
(+���2-)0O*/-}N
� UX�&�
$&���)(2�)!#�7U'U'���'U�
�*s��*/-S*/Ub��P&4/4/?A(2��$"���
(2�7��-H-'N&�7��*/-<*/US���)_�P&*/�'�)(Z-�N
� -<-'N\�:$\�'��C2*/��P&UOV\46�&!�QA!#���A$&4/��-���UOV
�.�������:-�N&�%�&�#l&-
���\�f!��5�XU'-#� �'-YD1MON\�O��-'N\���������'��� �1(2��$"���
(+���
!#?X*/U�$&*/$
�746*/�&�O(2��$"���
(+���
!#?X`ON&�7�'�J�HU'���"(2*/�&Wi� �"(i���'�)!#�7*6C2*/�&W]V\46�&!�Q
!#���A�XP&�&*@!��5-'�<-'P&$\46�7US-�N&�'��P&W�NZ�]$&*/$"��4/*/�&��D�vB����(&(2*/-'*/���10 -'N\�:-#� U�QXV&4/�+!�QX-��'���%U'-��'P
!.-'P&���i!�� $\-'P&����UJ-�N&�%*6�2-����BuS� �"(
*/�2-'�3��u���$
�7�3� -����O$
�5�3�5464/��4/*/U'��`O*/-'N\*6��-'N&�}_�P\���'?2D

MON&�S;Z�&(2�7464/��� �H�����&��4&-#� Q��7U�C��5�'*/��P\U�n
4/��UR� U�*/�&$&P&-YD1MON&�7?i� ������-'N\�S����4@� -'*/���]$&�'�5n
4/��UR� �
(�_�P\���'?]-��'���O`ON\*,!�Ni�5�'�
U'P\$&$&4/*/�)(�V�?Z-�N&�]P&U����)0�(&�5-3�}4@�Y?���P&-f�5�
(�$
� W��]N&�)�5-O`ON&*@!�Nd� ���:$\�'�&(2P
!#�Y(>V2?A-�N&�]yH$&$&4/*@!�� -�*6���A4@�Y?��7�)0&�7U'-'*/�Z� -'�Y(
!���!'N\�i��*6U�UO�3�5-'*/��U%� �
(�-'N\�i-#� U'QZV&4/�&!�QZ$&�'�5n
4/�]� �R-'N\� _�P&����?Z`ON&*@!'NT*6UH$&�'�&(2P"!#�)(TV�?Z-�N&�i��-'N&�7�J�A�&(2P\46�7UO*6�T-'N&�
8%9S;T= �J�7�'�&��4H4@�Y?����YDAvB-%n"464/U]*/�g-�N&��(2�7-3� */4/U]�5�f-�N&�A-#� U'QgV\46�&!�Q2U]V2?d�.l+$"� �
(2*/�&WT-'N&�X�#l&�)!.P&-'*/����$&N
�5U'�A`O*/-�N&*/�
�)��!'N�V&4/�&!'Qg*/�2-'�o!#�����'��U�$
���
(2*/�&WoU'�)_�P&���"!#��UZ� �JV
�5U'*@!X��$
�7�3� -�*/���&UYD �\���}�#l
� �A$\46��0��5�gP&$�(\� -'�Z�5�:�Z-'P&$\46��*/U �5�
�#l&�)!#P\-'*/����$&N
� U��A`ON&*@!�Ng*/U]V&����Q��7�m(2� `O�g*/��-��>-'N\�X����464/� `O*/�&WXU��)_�P&���
!#�Z�5�J��$"���3�5-'*/���&UY�}`f�5*6-H�����i� �g�.l\!.46P\U'*/C��
$
�5W��J4/�&!�Q�
2��V&-#� */�X-'N&�%4/�&!�Q

2P\$�(&�5-'�H-'N&�%-'P\$&4/��02`O�'*/-'�%-��i-�N&�%46��W�*@!��54&4/��W
0�`O�'*/-��:-��i-�N&�J$\N�?2U�*,!7� 4�4/��Wi�5�
(X����4/�)� U��
-'N\�X�#l
!#4/P&U'*/C���4/�+!�Q�DXMON&�A;[�+(+��4/46�7�i� 4/U'�Z$&���&(2P
!#��UA��U���-i�5�f`<����Q246�2��(TU'-#� -'*/U�-'*@!#U]*/�g-'�7�'�AU%�5�f-�N&�A�2P&�XV"���'U%�5�
V
�5U'*@!H��$"���3�5-'*/���&UO$"�����������A�)(�*/�A-�N&�i!#��P&�'U��]� �R�}-'�3�5�&U3��!#-'*/���1D

� ��������� ! ' ) � , 4�� /1'.23�54

MON&*/Ui4@�Y?����A!#���\U'*/U'-�UA� �%���&�T�A�&(2P&4/��0�-�N&�d��C��546P"� -'���)D�vB-A!#���2-#� */�&UA�oN
�5�3(2`O� ����$\4,�5-B�����'�����&(2��4O`ON&*@!�Nt*6U
$&���+(+P
!#�)( ���������ZU'�7-X� �:� �"� 4/?2-'*@!�� 4 �������XP&4@� ��D�vB-i-#� Q���Ui-�N&�A`<����Q246�2��(oU�-3� -�*/U'-'*@!#UX� �"(g-3�5U'QgV&4/�&!�Qd$\�'� n"46�7Ui�5�
-'N\� _�P&����*/��U]� UJ*/�&$\P&-:�5�
(Z���5$&UO-'N\����*/��-��A�X����U'��P&�3!#�XP\U3� W��i����$&����U'���2-#� -'*/���1D��&����� -'N&*/UH�'��$&����U'�7��-#� -�*6���10�-'N&�
V"��-'-�4/���&�)!�Qm����U'��P&�3!.��*/U}N&*/W�N&4/*/W�N2-��)(d�5�
(m�5�mP&$\$
���}4/*/�A*/-O�����i-�N&�'��P&W�N\$&P&-}*6U}!�� 4@!#P&4@�5-'�)(�DoMON&�Z(2��-#� */4/Ui�5�J-'N&�
�'�7$&�'��U����2-3�5-'*/���d�5�'�i(+��U3!#��*/V
�)([*6�>=2�Y!#-'*/��� 
}0&`ON&�����i�}(2��-3�5*/46�Y(A�.l\�5�A$&4/�H*6U<$&����U'���2-��)(�D

���������������+��, -�� ��� #�� ��/ ' 23� 4

MON&*/UO4@�Y?����%!#���&U�*/U'-'U%�5� -B`<�A���&(2P&4/��U)�b-'N&� �HP&��P&��*m� */-�*6�\WiMO*/�A�]��U�-'*/���5-'���f�5�
(Z-'N\� ����U'$"���&U��iMO*/���:��U�-'*su
���5-'���)D�MON&�7?i!#����$&P&-��S-�N&�O�'��U�$
���&U'�H-'*/�A� �������)��!'NX-��3�5�&U3��!#-'*/����D�MON&*/U�*/UR(2���&�OV2?%n
�'U�-S!#����C����'-�*/�&W]-'N\�O�'��U���P&�#!#�
P&U#� W��%����$&�'�7U'���2-3�5-'*/���T� ��-�N&�%-'�#� �&U#��!#-�*6���&UO*/�2-'�X� �Z�)_�P&*/C�� 4/���2-<��$"���Z�XP&4/-'*su�!.4,�5U'UR_�P&��P&�7*6�\WX�&��-B`<���'Q�DR8H��-#� */4/US�5�

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



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

-'N\*6UO$\�'�&!#��U�Uq�5�'�%-'N\�:U�P&V#!#�)!.-:�5� ����P\�'-'N\���O$
� $"���}� ���Y�'D

{��Z|�� ��� ���#���@~�� 	 ���	� � K �&~�� 	�
 � E
�

xH�&�](2*���!#P&4/-B?A`O*/-'NZ(2��C���4/��$&*/�&WA�}-�����41� */�A*/�&W%-��X�A�&(2��41(2*sr����'�7��-%8%9S;>=+UJ*/UO-'N
�5-O��� !.���R$
�5�3�5464/��418%9<;>=2UY0
U'P"!'No� UOvB�&W��'��U%�<46P\U'-'�7�i� � �'0&xH�3��!#4/� �X���5�3� 4/4/��41=2�7�'C��7� �����e�5�
(�vB�2�������A*slAxJ� ��*/�&��
%�R=o� ������(2��$&-OC��7�'?>(2*sr��7�'���2-
� $\$&�'�2��!�N&��U%-'��N
� �"(24/*6�\W�_�P&����*6�7U)D+(O��-%���&4/?�(+�A-'N\��?>����$&4/� ?�(2*sr����'���2-](2��W��'���7U]� �S$"� �3�54/46�746*/U��d02V&P&-H-'N&�7?d� 4/U'�
P&U���(2*sr����'�7��->!���!�N&*/�&W
0O4/�&!�Q2*6�\Wm� �
(�4/��W�W�*/�&Wo�A�)!�N
�5�&*/U'�AUYD�MON&*/UA*/U}��P&��-'N&���>!#���A$&4/*@!��5-'�)(�V2?�(2*sr��������
!#�7U>*/�
-'N\���2P&�XV"���i�5�
(o�hP&�
!#-�*6���
� 4/*/-B?>�5�:V
��!'Q2W��'��P\�
(g$&���&!#��U'U���U)DtvB��-'N&*/U}U'�)!.-'*/���10<�>V\�'*/�#�q!.���A$"� �'*/U����g*/UiW�*/C����g�5�
U'���A�]*/U�U'P&��U%����4@� -'*/�&W�-'��$
�������������5�
!#�}�A�&(2��4/4/*/�&W]� �<-'N&��U��X-'N&�����X��� !#���O$
�5�3�5464/��4�8%9S;>=+Uq!.P&�'�����2-'4/?>$"���'-��)(o-'�
-'N\�Xv'��� � ��4@(��OP\U'Nd;Z�7W�� U����'C����A�/� ���S� �
(TU'N&� `OU%N&� `�=2MJ��y%8<�a*/Uq�5V&4/�]-'�Z���+(+��4�-'N&��U��}���)�5-'P&����U)DXvB-%*/U]� 4/U'�
�'�7$&�'��U����2-3�5-'*/C��}� �R*/-'U%!#4@� U'UO�5�S(&� -#� V
�5U'�]U����'C����'UY�J�}�2P&�XV
�7�O� �S=&;>���&�&(2��U]!#���&�&�)!.-'�)(TC2*,�}� �T*6�2-����3!#���&�&�)!.-'*/���
�&��-B`<����Q�D

��� � 2��() ��� � 4 % � # ) �(%()�� 4 �

vB�&W�����Ui�<4/P&U�-'���}��� � ��4@(���P&U'NoP&-�*64/*/U'�7U:*/�2-'�7�Bu'_�P\���'?g$
�5�3�5464/��4/*/U'�oDi�R��!�Ng$&�'�&!#��U�U'*/�&Wo��4/���A�7��-%�5��� � ��4@(��OP\U'N
;Z��W2� U����'C����i!��5�d��P&����U���-%� �SvB�&W��'��U}�<46P\U'-'�7�:$\�'�&!#��U�U'��UY0R`ON&*@!�N>*/�
!#4/P
(2�X�A8%9<;>=TU'����C����}$&�'�&!#�7U'U)0��X���)!#� C����'?
� �"(��5�>� �3!�N&*/C����O$&�'�&!#�7U'U)D�y�-'�3�5�&U3��!#-'*/�����.l+�Y!#P&-'�Y(>�������&�]�R��!��5�>��!�!#�7U'U%-'N&�](&�5-3�}U�-'�����)(Z���[(+*6U#!#U:�5-'-#��!�N&�)(
-'�X��-'N&�7�J�R��UJ-�N&�'��P&W�N>�}(2*/U'-��'*/V&P&-��)(�n
4/�%U'?2U'-����dD

yJ�ZxJ�#��!#4/�]��� �#� 4/4/��41=2����C����J!#���2n
W�P&�3�5-'*/���>!#���&U'*/U'-�UO� �R�]�2P&�XV"���<� ��4/�2��U���4/?A!#��P\$&4/�)(�$&�'�&!#��U�U'*/�&WX��4/�������2-'UO���
`ON&*@!�N>*/�
(2*/C2*@(2P
� 41(\� -3�5V
� U��iU����'C����'U}� �'�}�'P\�&�&*/�&W
0\U'N
�5�'*/�&WZ�A!#���A�A����(&�5-3�5V
� U��i� -H-'N&�X(2*/U3!�4/��C���4BDOMON\���'�X*/U:�
(2*/U'-��'*/V&P&-��)(o4/�&!'QZ�Z� �
�5W�����j�8$�1;>k�`ON&*@!�Nd�Z� */�2-3� */�&UO-�N&�}U'-3�5-'P&U�� �f(2*/U�-'�'*/V&P\-'�)(o4/�&!�Q�UY0�-'N\���'��V2?g!#� uB���#(2*/�
� -�*/�&W
��!7!#��U'U%-��X�'��U���P&�#!#��U]���)_�P&*/�'�)(ZV2?Z(2*sr��������2-:(&�5-3�5V
� U��]U'����C�����U)D<yJ�oxJ�#��!#4/�]*/�&U�-3�5�
!#�]�������&�]�R��!��5�>� 4/U'�A��!�!#��U�U
(&�5-3�%U�-'�����)(X*/�A(2*/U#!#Uf�5-'-#��!�N&�)(c-'�]��-'N&���O�R��UO-�N&�'��P&W�NA�5�XP&�
(2�7�'4/?2*6�\Wi(2*/U'-��'*/V&P&-��)(}n
4/�OU�?�U�-'���oDR8%� -3�H$&4@��!#���A�7��-
*/Ui-��3�5�&U'$
�5�'���2-�-'�o-'N&�ZP&U����'UYD xH�3��!#4/� �o��� �#� 4/4/��4f=+���'C����AP&-�*/46*/U���UX*/��-����Bu'_�P&����?m$
�5�3� 4/4/��4/*/U'�o0�`ON&*/4/�A*/-'UX$
�5�3�5464/��4
_�P&����?g��$&-�*6���m� 4/U'�TU'P&$&$"����-'UX*/�2-'�#�Yu'_�P\���'?g$
�5�3�5464/��4/*/U'� */�
!#4/P
(2*/�&W>V"��-�Nm*/�2-'����ui� �
(o*/�2-'�#�YuB��$"���3�5-'���}$
�5�3� 4/4/��4/*/U'�
P&�
(+���JU����A�H�'��U�-'��*,!.-'*/���&UYD

MON&�OvB�2�����'��*wl]xH� ��*/�&��
%�R=X��� � ��4@(��OP&U�NiP\-'*/4/*6U���US(2*sr����'�7��-b�����'�AU�� ��$
� �#� 4/4/��4/*/U'��-'�}(2*/C�*@(2�<-'*/���#u�!.���&U�P&�A*/�&W
_�P&����?m-'������UZ*/�2-'�g�o��P\�XV
���}� �%U'P&V\-'�'�7��UZ`ON&*@!'N��5�'�Z-'N&�7��U����2-A-��m(2*sr��������2-��R� U}�����X�#l&�)!.P&-'*/�&W"D�vB-X-3�5Q���UA�
U'N"� �'�Y(�u��\��-'N\*6�\W[�5$&$&������!�No-'�Z���5�
� W�*/�&W (\� -3�c-'�Z�A*/�&*/�X*/U'�H��$"���3�5-'*/�&WZU'?2U�-'��� � C��7�'N&�)��(d�5�
(T�'�)(2P"!#�X�&��-B`<����Q
-'�#����! D�yHW��5*6��0 �)��!�NZ�R�g��P&�&UO*/-'UR� `O�X*/�&U�-3�5�
!#�J�5�1-'N&�](&�5-3�5V
� U��%j�� % ,�� � � 4��.�54 k�`ON&*@!�NA!#���\U'*/U'-�UO� �1V
�5U'*@!OxH� ��*/�&�

:�b=AU����'C2*@!#��UH�����S�Z� �
�5W�*/�&W]*/-�US� `O�Z4/��W�W�*/�&W
05�'�)!#� C����'?20&4/�&!�Q2*6�\W �5�
(�V&P2r����J�Z� �
�5W��������2-)D

� � ��' 4 ' ! ! �5! # ���

� ��4@(���P&U'NXvB�\W��'�7U:�<4/P&U'-����:(+���7UO�&��-OU�P&$&$"���'-H$
� �#� 4/4/��4/*/U3� -�*/���X� �R_�P&���'*/��UYDRvB-OU�*6��$&4/? (+*6U�-'��*6V\P&-'��UH-'�#� �&U#��!#-�*6���&U
��!.�'��U�UJ�XP&4/-�*6$\46�O�R��UYD

xH�3��!.46���A��� �#� 4/4/��4�=2�7�'C��7�:N"� U:�}$"� �3�54/46�74�_�P&����?>��$&-�*/���Z`ON&*@!�N>V&�'�Y� Q2U:��_�P\���'?>*/�2-'�XU�P&V2uB-3�5U'Q2U]� �
(��#l&�)!#P\-'��U
-'N\��U'�X*/�o$
� �#� 4/4/��4BDJMON&� � � 4�� �54 $\�'�&!#��U�U'��UX� ��� !#�5u����3(2*/�
�5-'�)(TV2?d� � '��() � 4 $&�'�&!#��U�Ui`ON\*,!�Ng(2*/C2*,(+��U%P&$>-'N\�X`S���'Q

��Öb×¹Ø�Ù�ÚbÛ�ÜbÝ�Þ´Ü�ß¤ß�ß à�����á �



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

START

(parallel_from_serial)


END

(null)


JOIN

(parallel_to_serial)


SELECT emp

(parallel_combined_with_parent)


SELECT dept

(parallel_to_parallel)
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BLOCK: scan_dept

BLOCK DEPENDENCY: full_depend start

HOME:pe0 0.6; pe1 0.6; pe2 0.6; pe4 0.6; pe5 0.6

OPERATION


loop

lock dept pages

local-read dept pages

remote-read dept pages

send join tuples


endloop


BLOCK: join

BLOCK DEPENDENCY: pipeline_depend scan_dept

HOME: pe0 0.8; pe1 0.8; pe2 0.8; pe4 0.8; pe5 0.8

OPERATION


loop

receive tuples


endloop

loop


lock emp pages

local-read emp pages

remote-read emp pages

join tables

send end tuples


endloop


BLOCK: start

BLOCK DEPENDENCY:
 independent

HOME: pe3 1.0

OPERATION


activate scan_dept 1.0


BLOCK: end

BLOCK DEPENDENCY: pipeline_depend join

HOME: pe3 1.0

OPERATION


loop

receive result tuples


endloop

release locks
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Inputs

warehouse_id, customer_id, district_id,

trans_amount, date_time, info


End_Inputs


SELECT
 c_balance

FROM
 customer

WHERE
 c_w_id = warehouse_id AND


c_d_id = district_id AND

c_id = customer_id


UPDATE
 customer

SET
 c_balance = c_balance + trans_amount

WHERE
 c_w_id = warehouse_id AND


c_d_id = district_id AND

c_id = customer_id


UPDATE
 district

SET
 d_ytd = d_ytd + trans_amount

WHERE
 d_w_id = warehouse_id AND


d_id = district_id


UPDATE
 warehouse

SET
 w_ytd = w_ytd + trans_amount

WHERE
 w_id = warehouse_id


INSERT INTO
 history

VALUES
 ( customer_id, district_id,


warehouse_id, date_time,

trans_amount, info)


START


SELECT customer


UPDATE customer


UPDATE district


UPDATE warehouse


INSERT INTO history


END
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BLOCK: update_customer

BLOCK DEPENDENCY: full_depend select_customer

HOME:
 pe0 0.1; pe1 0.1; pe2 0.1; pe3 0.1; pe4 0.15;


pe5 0.15; pe6 0.15; pe7 0.15

OPERATION_DEFINITION


mean_shared_lock_waiting_time;


obtain_lock;


read{disc0(1.0)}
 pe0:0.99&pe1:0.99&pe2:0.99&pe3:0.99&

pe4:0.99&pe5:0.99&pe6:0.99&pe7:0.99;


cpu 874;


group {

mean_exclusive_lock_waiting_time;


conv_up;


cpu 1;

cpu 1;

cpu 1


};


write disc0(1.0);


activate insert_blk


END_DEFINITION


BLOCK: update_customer

BLOCK DEPENDENCY: full_depend select_customer

HOME:
 pe0 0.1; pe1 0.1; pe2 0.1; pe3 0.1; pe4 0.15;


pe5 0.15; pe6 0.15; pe7 0.15

RESOURCE_TIME

group{


ssu 80;

pu 56


}
 pe0:0.75;pe1:0.75;pe2:0.75;pe3:0.75;pe4:1.0;pe5:1.0;

pe6:1.0;pe7:1.0;


mean_shared_lock_waiting_time;


pu 40.0;


group {

pu 2551;

ssu 40.0;

disc0 15.5


}
 pe0:0.99&pe1:0.99&pe2:0.99&pe3:0.99&

pe4:0.99&pe5:0.99&pe6:0.99&pe7:0.99;


pu 874;


group{

mean_exclusive_lock_waiting_time;


pu 20.0;


pu 1.0;

pu 1.0;

pu 1.0;


};


pu 2551;

ssu 40.0;

disc0 15.5;


group{

pu 32;

ssu 60;

net 146


}
 pe0:1.0;pe1:0.0;pe2:1.0;pe3:1.0;pe4:1.0;

pe5:1.0;pe6:1.0;pe7:1.0


END_TIME
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