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xty QO �Q sDU�U w
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� D w R�QL� j � Q� R� xm �C�vt� u�t
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D �Q u�Q� Q�m C�Q��DN� OwOL R�v w ����vt C�vt� ��atHxDUO w

�Ovm�t

�vwoty�v p�rO x� xm ��quality of service� �T� wQU C�i�m� �E
OQw��t O�OB �Q OwN OQi x� QYLvt ��yVr�J �O� Qo ��Lt QO
p��k �yCr�L 
xty QO TQDUO p��k ���vt CtqU w C�a�w �Q� R
�T� wQU C�i�m x� �w� Qt ��y�Q�PoCU��U �CU�v �v��V�B
CL D O � Qo �QU�QU � ��Q�m �R�Uxv�y � w ��yxt� vCU��U ��QH�
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x��Q� ��y�Q�wWO xrtH R� ��yxt�vCU��U u��

w �CU� u�Q� Q�m

p�YD� ��Q� �Q O� Qo u�wD xm ��interoperability� ��Q�PBVv#msy� �G

xt�O� w Qo �O Vv #msy ��yO � Q o x � �transparent� �� �Qt� v�
��tHD �awv �k�w QO �v�yH ��yO� Qo �xRwQt� �OHvU�t Q�m 
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�OvDUy Q�PBVv#msy w Q�oR�U �t� QDmJwm ��yO� Qo pmWD w

x�Qty x� u�wD�t Q�N� 
xyO xU pw� QO �Q O� Qo �Q�tat pwLD Q�U
x� ��rt�mD �B��B pUv xU 	r�k QO ��U�U� �O�rm ��y�Qw�wv V��O�B

	OQm xYqN Q� R KQW
��Ov�u�tR� w �C� Q�Ot ��Q�oQ�mx� u� RQ�� 
xYNWt w Owtv xm �pw� pUv
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���vt R� �Dw�iDt ��yxawtHtQ� R x� s�OmQy ���a� xm �R�Ht u�tR�U Q�yJ �� pmW

�OvQ�O �UQDUO OwHwt

TQDUO p��k ���vt ��vwo �vwo �hr�

u�Q� Q�m Q��DN� QO�m �QDW� CQwY x� �Q OwN �uwoty�v ���r�e� ���vt xm �yO� Qo
��Ov�xDUO u�� QO �OvwW�t s�UkD �Q� R KQW x� �xDUO Q�yJ x� OvQ�Po�t

	OvQ�o� Q�Qk xDUO OvJ �DL �� wO QO CU� umtt �yO� Qo R� �NQ�

�computational grids� ��D��U�Lt 
�yO� Qo� �

u�wva x� �OvQ�Po�t l �QDW� x� �Q �D��U�Lt ���vt ��DOta �yO� Qo u��
��� �TeraGrid� R� u�wD�t �D��U�Lt ��yO� Qo u�� R� ���yxvwtv
QO �D��U�Lt �wQ�v �Tera�op� �Aqi�QD� ��� R� QD�Qi xm OQ� s�v
�wQ�v xm ���� �SETI�home� R�v w �OyO�t Q�Qk u�Q� Q�m TQDUO
CQwY x� w xDN�U Q�yt �Q �YNW QDw�Bt�m �yuw�r�t �D��U�Lt
CU�H� R�v �Q�HD wQtrk QO �OQ�Po�t u�Q� Q�m Q��DN� QO xJQ�Bm�
�OwW xOQ� s�v �D��U�Lt O� Qo l� u�wva x� ���� �SGE� O� Qo R�

�data grids� 
�xO�O 
�yO� Qo �

G �� D v Ov v�t ��yxO�O s��a � �� vt l �QDW� Qw�vt x � �yO � Qo u ��
u �� QO �O vwW�t xDN�U ��WywS B w �tra ��yV ��tR� 
xO�OQ#B
�Hx��H �� w VR�OQB xDi���� RwD ��yxO�O R� �yw�v� ��yxOwD �yO� Qo
R� u�wD�t ��xO�O ��yO� Qo u�� R� ���yxvwtv u�wva x� �OvwW�t
�k�w �LHC �D��U�Lt O� Qo� R� u�vJty w ��!� �QCDGrid�

�OQm O�� �s�OQ� s�v u� R� sy QDW�B xm �uQU� u�tR�U QO

�storage grids� �
�xQ�NP� ��WQ��v� 
�yO� Qo� �

CQwY x� w �R�UxQ�NP �yxO�O R� �t��a Q�O�kt �yO� Qo �wv u�� QO
R� �m� �Q��L p�L QO �OvQ�o�t Q�Qk u�Q� Q�m Q��DN� QO TQDUO p��k
�CU� ���� �Amazon S	� ��WQ��v� ��yO� Qo 
xvwtv u� QDQ� Q�mQ#B

QO �virtualization� �R�U�R�Ht R� h� QaD u�� �OQ�o�t xOya x� �Q
�CU� xOW xO�Wm Q� wYD x� ! pmW

��R�Ht Q�m ��Lt u�OvJ p�mWD �� pmW


R�Ht u�tR�U ���	
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OvJ � � l � R� pmWDt xm OwW�t jq�� � v�OQoOwN xwQo x � ��VO�
w ����QW ��yxOa�k R� ��xawtHt �QwLt pwL xm CU� �v�tR�U �� w Qiv
h � Qa D �m �QDW� � ��vt x � �Q �y v� �UQDUO 
xwL v xm �v�at ��ypm DwQ B
pmW O� Qo ��Lt QO xm �R�Ht u�tR�U l� ��
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u�� �OvDUy xOWh� QaD ��y�oDU��w w lQDWt ��yR��v ��Q�O OQ�o�t
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	r�k QO �R�Ht u�tR�U R� swyit u�� � pmW QO �CU� Qo�O �wU R�
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�R�UpOt w ��m�i�Q o CN�OQ B ���tDHt ��yQ�Ot � �� �yxW�Q D
��r�t w �O�YDk�

�distributed supercomputing� �xDi���� RwD Vv���QQ���� �

�nvD�ovD� CQwY x� O� Qo lQDWt ���vt R� xm ���yOQ� Q�m pt�W
s� rk� �R�UpOt Ov v�t �Ov v m�t xO� i DU� �tightly coupled�

w �����t�W ��y�R�Ux��W ���wy w �� �v��V�B w �U�vW�wy�
��mWRB ��yOQ� Q�m

Vv���Q� w �on�demand computing� ��DU�wNQOVv���Q� �

�cloud computing� �
Q��
CmQ�Wt j� Q� R� �Q �yxv� Ry QO �� wHxiQY xm ���yOQ� Q�m pt�W
�Amazon EC	� Ov v�t �O vR�U�t QU�t � �� vt R� xO�iDU� QO
�Microsoft Azure� ����� �Google App Engine� �����

����� �GoGrid� w ���"�

��yxO�O Q� RmQtDt Vv���Q� �

�data�intensive computing�

high�energy� �q�� �SQv� l� R�i� x� �w� Qt ��yOQ� Q�m pt�W
�C �� �� D B� T� � kt QO� �yxO�O R� �t��a Q �O� kt w �physics
u�yH QU�QU QO CUOQwO u�Q� Q�m 
xO�iDU� OQwt xm ��petabyte�

�OvQ�o�t Q�Qk

�collaborative computing� ��vw�aD Vv���Q� �

O� Qo ���vt R� �real time� ��k�kL u�tR� QO xm ���yOQ� Q�m pt�W
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�OyO�t V��tv �Q �yO� Qo �Ov�xDUO � pmW

��yv� ��yOQ� Q�m �vwo �vwo w �yO� Qo �Ov�xDUO V��tv �� pmW

�equipment grids� ��D�R�yHD 
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O v v�t �� D� �U�LtQ �e � �� vt x � �UQ DUO hOy � � �yO � Q o u ��

x vwt v �O vwW�t x DN�U ����� �eSTAR 
xSwQ B� ��yAwmUr D

�OvW���t �QoTL ��yO� Qo� �yO� Qo u�� R� �Qo�O

�oDi���� RwD 
�vyB w �oOQDUo ��

KQW x� �xDUO xU x� �yv� �oDi���� RwD O�a�� 	UL Q� u�wD�t �Q �yO� Qo
�OQm s�UkD �Q� R
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�OvDUy xOQDUo CvQDv�� K�U QO xm ���yO� Qo R� xO�iDU� ��Q�
R� ���yxvwtv u�wva x� �OvQ�O R��v G��Q QoQwQt l� x� �yvD u�Q� Q�m
xQ�W� u� x� R�v q�� QO xm �SETI�home� R� u�wD�t �yO� Qo u��
x� �UQDUO u�mt� s�OmQy xm OQ� s�v ���� �WCG� R�v w s�OQm
�OvR�U�t ��yt u�Q� Q�m ��Q� �Q u�yH QU�QU QO xOvm �QB QDw�Bt�m u�Q�Ry

�
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�s�O�O KQW � VN� QO �Q ��R�Ht u�tR�U� ��yOQ� Q�m w swyit
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�s�OQ� s�v �yv� R� sy QDW�B
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�xwQ o l � �Q � Q� m w �UQ DUO 
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x m CU� �cluster architecture� ���xWwN �Q�tat� u�ty
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xaw tH t ��yx DU�wN w �yR� � v u � t
� D ��Q �
R� u�w D� t �yO � Q o u �� R� ��x vw t v u�w va x � �OwW� t h � Q a D
��Q� xm �graphics rendering� ��m�i�Qo CN�OQB� ��yxWwN
��mUwQa u� DU�O� Q �� v � vw DQ� m � ��t v �U ��ysr �i uDN�U

�OQ� s�v �Ov�xOW xDiQo Q�m x� �Toy Story� Pixar Studios�

u�Q� Q�m 
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�yOQ� Q�m ��vwo �vwo ���
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OvDUy �irDNt ��yOQ� Q�m w �yT� wQU �vwo �vwo w �C�vt� �pta CaQU
��Lr R� �Q O� Qo �OQ� Q�m ��yxv�tR �OvQ�o�t Q�Qk u�Q� Q�m Q��DN� QO xm

�OQm s�UkD �Q� R KQW x� �xDUO GvB x� u�wD�t OQmrta
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�High Performance Computing �HPC��

�nvD�ovDQ�e� CQwY x� O� Qo lQDWt ���vt R� xm ���yOQ� Q�m pt�W
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xS� w ��yR��v u�t
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�T� wQU K�U O�OQ�Qk w T� wQU C�i�m u�t
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��xQ�e w ��U� wvwQ

��xQ�e w ����vt �mapping� �CW�ov� ��Ov�u�tR� Q�m ��QH� ��
	u�Q� Q�m s� QL w ����vt ��yxO�O C�vt� ��

��D�vt� 
xv�oOvJ ��yx�q �
RwHt QwOY w �authentication� �C� wy j�OYD w R�QL�� �

��Q� Q�m
�u�Q� Q�m ��Q� �authorization� �C�Q��DN� OwOL u��aD� �

�R�HtQ�e �UQDUO R� Cav�tt w X�NWD �
��D� Q�Ot w ���QH� ��yxv� Ry C� Q�Ot ��

��Q�PBT��kt �

	�xO�iDU� C�r��k� �Q�PBTQDUO ���
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�hrDNt O�a�� w Kw�U QO �oO�Di�Q�mR� s�tQD �

��Q� Q�m uOw� u�U� w �Q�PBxaUwD ���
� ��vt 
xty OQwt QO C�aq�� 
xO vQ�Oyo v� � D�aq�� ��yT � wQU ���

�u�Q� Q�m C�a�w w OwHwt
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�u�Q� Q�m ��yxDU�wN w O� Qo ��yC�r��k �QwNQO w 	U�vt OQ� Q�m ���

O� Qo �rY� ��yxir
wt w �rm Q�Owtv ��
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�CvQDv�� pmDwQB �Q�tat �� u� �xU��kt w O� Qo ��x�q �Q�tat �� pmW

�q�� K�U ��yR��vV�B
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O� Qo �Q�tat ��Q� �high�level requirements�

p�U CU�� R� V�� OQw�DUO �s�v�wN�t �O� Qo �Q�tat� RwQt� �t xJv�
�k�w QO �Q�tat u�� �wQW 
x�kv �CU� x� QHD w uwtR� w �xaUwD �VywSB
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�O� Qo �R�UxO��B w �xaUwD ��Q�tat 	�Ov��xU
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