
O� Qo �Q�tat �xQ�� QO
��U��Q u�UL

�s������ CmQW xm R�v �i� QaD x� CU� xDU��W �Q�DioW�B u�� u���B QO
��xQ�W� �CU� xDN�Ov� �H �ivY w �YYND C�� QWv QO O� Qo QO Vv���Q R�
�R�� ��yOQ�Ov�DU� w �ypmDwQB R� ��xawtHt ltm x� ��UQDUO u�wD� 	s�vm�
�oQR� ��y�x��OQo� ��xQ�NP C�iQ
 w �VR�OQB �wQ�v ��yxO�O ��yOQ� Q�m x�
��xvwo �D��U�Lt O� Qo �Qo�O u��� x� ��CvQDv�� �wQ �D��U�Lt ���vt R�
l �QDW� w ���tHD ���NDv� u�mt� xm CU� xDi���� RwD w �R�wt sDU�U R�
administrative� �� ��QH� ��yxvt�O� xQDUo QO �Q xDi� �� � Rw D � �� vt
w �xv� Ry ����Q�m �C�iQ
 ��UQDUO C�r��k x��B Q� w OOaDt �domains
��Ovm�t sy�Qi �quality of service� �T� wQU C�i�m� ��yR��vV�B
Vv���Q �Q�tat ��yOwtv xQ�� QO �rm VQ�Ro l� x��Q� �xr�kt u�� hOy
xt�O� QO �CU� �D��U�Lt ��yO� Qo �L�Q� �rY� ��yVr�J w O� Qo QO
��D��U�Lt O� Qo� CQ��a pO�at u�wva x� �O� Qo� xS�wlD R� �xr�kt u��

�OQm s�y�wN xO�iDU�

O� Qo �Q�tat QO �rY� ��y�oS�w ��
�grid architecture�

�rm Q�DN�U �C�YNWt KQW w �u���D ����U�vW �Ov��Qi x� O� Qo �Q�tat
��yxirwt KQW x� �q�� K�U QO CUNv �Ov��Qi u�� QO �OwW�t jq�� O� Qo
w O� Qo �middleware� ��Q�Ri�u��t� w ��Q�Ri�sQv ��Q�Ri�CNU ��rY�
xDN�OQB �yv� u��t �k�vt �interfaces� ���y�U�w� w �yx���Q h� QaD
�yxirwt u�� R� l� Qy �k�vt Q�DN�U �swO xrLQt QO TBU w �OwW�t
QO Q� wYD x� w xOQm K� QWD �yv� �Q�DiQ w �OQmrta C���RH x�Qty x� �Q
xm CU� O� Qo u�tR�U �rm xWkv ���xrLQt wO Ov��Qi u�� �HwQN �OvQw��t
w ��R�UxO��B ��m� R�i Q�DN�U ��L�Q� ��Q� u� R� u�oOvyOxaUwD w u�L�Q�

�Ovvm�t xO�iDU� O� Qo �test� �uOwtR��
w Q�UiD CQ�yt w ui R� CU� CQ��a O� Qo �Q�tat ��QwxQy� x�oO�O R�
xm ��U�vt ��yxirwt ���U�vW x�ov� w u�Q� Q�m ��yxDU�wN w �yR��v u���D
x� �O� Qo C�YNWt KQW �rm �wJQ�J QO ��yv� Ovw�B w u�tO�J �� u�wD�
x� xHwD �� ��twRr O� Qo �Q�tat xJQo � �CN�OQB �yxDU�wN w �yR��v u�� u�t�D
w �vi C��Lqt �t� �OQ�o�t CQwY �v�tR w �O�YDk� ��yC�OwOLt

Q�DioW�B

u�DUNv �Q �xm�W �� O� Qo QO Vv���Q� �grid computing� Kq�Y�
R� T��Dk� �� �Oq�t ���� xyO p��w� QO �Ian Foster� QDU�i u��� Q��
R� xmv�� uwO� u�Q� Q�m u� QO xm ��jQ� xm�W� �electrical power grid�
u� xOvvmhQYt ��iQ �Y OvW�� Q�N�� wQ�v �� RwD w O�rwD ��y�oO�J�B �� w �Wvt
��O� Qo QOVv���Q� swyit R� �vwo �vwo ��yh� QaD �xRwQt� �OQm �iQat �OvDUy
QDw�Bt�m ��y�Qw�vi w swranvyQi QO ���D��U�Lt O� Qo� �u��m� R�i Owtv w
�wULt Vv���Q �wv u�� xaUwD w O�H�� u�t�oW�B R� xm QDU�i �OwW�t xO�O
	CU� xOQm h� QaD xvwo u�� �Q O� Qo QO Vv���Q �rY� �oS� w xU �OwW�t

heterogeneous� �uw o t y� v � �� v t� R mQ t D t� v C � Q �O t �

���xQ�NP w �D��U�Lt �resources

��open standards� �R�� ��yOQ�Ov�DU�� R� xO�iDU� �

�T� wQU QDQ� C�i�m �

h� QaD ���� xv�o �OH �Q�DWwv QO ��u�tp �U�m pQ�m� x�Qty x� QDU�i u���
�O� Qo QO Vv���Q� 	OyO�t x��Q� KQW u�� x� O� Qo QO Vv���Q R� �QD�wU�t
j� Q� R� �Q �Q�Ri�sQv w �Q�Ri�CNU xDi�� �� RwD ���vt l �QDW� w ��tHD
Qw�vt �h� QaD u�� QO ��OR�U�t sy�Qi ��Qt�v w �mD� p��k �u�wQ �UQDUO
O� Qo �Q�tat w �Q�DN�U ��y�oO�J�B uOw� u�yvB u�ty ���Qt�v� xS�w R�
�p�L u�ty QO �CU� jO�Y sy �jQ� xm�W� QO xm CU� Q� Q�m O�O R�
G��Q�CERN� �uQ �U� u�tR�U QO R�v O� Qo Vv���Q R� �QDxO�U h� QaD
QDw�Bt�m �D��U�Lt �wQ�v l �QDW� ��Q� xJQ�Bm� T� wQU �awv� 	CU� xOW
ji�wD �awv uwvm � �CQwY Qy x� ��CvQDv�� �wQ �yxO�O VQ��v� C�iQ
 w
l �QDW� w �Qw�OQo u�mt� uOQm sy�Qi QO �D��U�Lt O� Qo u�wD uwt�Q�B s�a
��yQDw�Bt�mQ���� Ovv�t� xDi���� RwD w �D��U�Lt ���vt R� �awvDt ��yxvwo
��WQ��v� ��ysDU�U ��compute clusters� ��D��U�Lt ��yxWwN�
Q���v w ��sensors� ��yQoTL� w �yQ�R�� ��yxO�O R� �yw�v� ��yxawtHt
QO xO�iDU� ��Q � OL�w w xJQ� Bm � �a�vt CQwY x � �y v� x ��Q� w ��yv ��
w ��x�U�Lt C�v�mt� ��Lr R� ��q�� ��yC�r��k OvtR��v xm ���yOQ� Q�m

�CU� xOt� O�OB �OvDUy ��xQ�NP

�x�oWywSB �u� QwD �rt �xSwQB �

�� �B��B �xQ�tW �



���� �China Grid� ���� �LHC � D��U�Lt O � Qo� Q�� v �OW� � xOW
xm �yv�� Q���v w ���� �OSG� ���� �NAREGI� ���� �GARUDA�

�Ov�xDiQo Q�Qk u�Q� Q�m Q��DN� QO w xOW �R�UxO��B lv��sy
�� xDi���� RwD ��y�Q�tat� R� �Q O� Qo �Q�tat xm xDUHQ� �oS� w Q�yJ

	R� Ov�CQ��a OvR�U�t R��tDt x��Wt ��R�wt

�uwoty� v� ��yQDU � w ��yC ��U �� ��vt �R�Unvy�ty w � ��Q�sy ��
��RmQt pQDvm p�tLD uwO� ��Q�Ri�sQv w �Q�Ri�CNU�

��ypmDwQB w ��policies� ��yxt�vCU��U� ���y�U�w� �Q�oQ�mx� ��
�xQw�vt xty w �open source� �R�� uDt�

K�U �O�OQ�Q k� � � w Q DQ � C�i� m � � T � wQU x ��Q� u�w D w C� iQ
 �A
w ��Service�Level Agreement �SLA�� �T� wQU

�YwYN s� QL w �TQDUO p��k ���vt ��yxO�O R� Cv��Y w C�vt� �C
�u�Q� Q�m

u�t� D �wL v x � u�Q � Q�m ��yxDU�wN w �yR�� v ��y�oS � w u ��Q � uwRi�
�QwxQy� �tHpY�L R� V�� 	D�Qt x� sDU�U pm �QwxQy� xm OvwW�t

�OW�� u� xOvyOp�mWD ��RH�

O� Qo �Q�tat pt�mD Q�U ��

QOCvQDv��C�a�w �� u�wD�t �Q �yO� Qo �RwQt�C�a�w �C�yH R� �Q��U� R�
Ov�CQ��aT��ku���rY���yxYNWt �OQm xU��kt�Oq�t���� xyOpw�
��yOQ�Ov�DU� ��y�oW��tR� w ��WywSB ��tra xRwLQO��DOta �yOQ� Q�m RmQtD 	R�
�CvQDv�� V��O�B R�e� QO xmv�� w �Qwy
 p�L QO ��ypmDwQB w ��yxt�vCU��U
Q�Ut QO �Ot��t��UL x� xwkr���OQ� Q�m xv�tRl� �yvDCQ�HD wCavYwQtrk
�HTML� u�W�t �� u�Uv� ���DQ� ��yVr�J R� Qw�a Oy�W �CvQDv�� pt�mD
xm OUQ�t Q�v x� w s�Ow� �XML�u�W�t �� u�W�t ���DQ� QDxOQDUo xvt�O x�
s��O�Q�B �xDWPou�� R� �CU�u� wmDhQWQO R�v O� Qopt�mD Q�U QO��v�a Q�Pou��
O� QoCN�UQ� R QO �Q�tytVkv R�v �web services� ��w ��yT� wQU�
u�ty R� Ovv�wD� sy O� Qo ��y�Qw�vi xm Q��Dv�u�� �p�L u�a QO �CU� xOQm �i��
�QJ OUQ�t Q�v x� O�a� OvwW Q�OQwNQ� CvQDv�� �Oa�YD R�ov���Ha� OWQ
x� R��v ��twta w Ov�CvQDv�� ��yOQ� Q�m R� QDxO�J�B	D�Qt x� O� Qo ��yOQ� Q�m xm
u�� xvt�O xmCU��a��� �T�U�u�� Q� �OvQ�O�YYND OvtwQ�v w nQDU ���vt
OwN x� wv x� u�� w �OW�� CvQDv�� ��yOQ� Q�m xvt�O R� QDOwOLt Q��U� �yOQ� Q�m
�OW Oy�wN O� Qo x�v�Hxty xaUwD w Pwiv Q��Q� QO ���yC�OwOLt RwQ� 	Hwt
��RHt xYQa xU QO x vw osy ��y�Qw�w v �Q �N� xyO xU pw� QO
O v�CQ� � a � yxYQ a u �� �O v�xOQ m l t m O � Q o � � Q U p t� m D x �
�x m � W O v� � �� v y B x v � tR QO xR� D �� y�Qw� v i V ��O � B 	R�
��OQ � Q� m �� yx t� vQ � �� y� U�w� �� yOQ�O v� D U� xO v ��R i Qw y 

R� � ��ypm DwQ B w ��Application Program Interfaces �APls��

xv� QwD �u� QwD �QwD �O� Qo

u�ty u�a O��� ��� �s�vm u��� ��xS�w xJ �� �UQ�i QO �Q grid �QDw�Bt�m Kq�Y�
�UQ�i ��xO�yv Q��Q� �� OQ� Q�m x� ��yxDWwv QO �O� Qo	 CQwY x�� �Q OQ�wxR�D 
xtrm
�O� RoQ� u� ��H x� ��Qo�O �R�J �� �xm�Wt �xm�W �u� QwD �xv� QwD ��QwD �QwD�
R� �QDw�Bt�m u�Q�mQOv�CUO w u�YYNDt R� ��xOa w� Qw�U u�� 
xOvU� wv Q�v x�
xO�OvUB u�OvJ �UQ�i QO �U�rov� 
xS�w u�� OQ� Q�m �x�oWywSB u�ty QO xrtH
xm �grade� O� �Qo �� CU� umtt u� �Q�DWwv CQwY xm XwYN x� CU�v
��O� Qo	 O��� sy �Q u� x� wUvt CiY w OwW x��DW� �CU� �QD�vW� Cer
�U�rov� �rwtat u�� R QO xtrm u�� �yov�w �OUQ�tv Q�v x� pw�kt xm Cio

�O���vQ� u� u��� 
xOya R� �UQ�i 
xS�w I�y xm OQ�Ov �k�ta �YYND ��vat
�vat xm CU� � rwtat �qt�m 
xtrm l � �U�ro v� u� � R QO grid 
xS�w
��vat u�ty sy XYNDtQ�e �u�� R �U�rov� w CU� �QwD �� xm�W V��rY�
�NDv� QO �xOW xDio �U
�Q ��k� 
xr�kt QO xmv�vJ �Ovm�t Ci�� QO u� R� �Q �rm
�Qo�O CQ��a x� �Ov�xDiQo s�yr� �jQ� 
xm�W� electrical grid R� grid 
xS�w
OwN Q�vOQwt �YYND swyit w xO� RoQ� �Q u�� R �rwtat 
xtrm l� QDw�Bt�m py�
C�er Q� �YYND O�OH �v�at uOQm Q�� �� xw�W u�� w �Ov�xOQm Q��	 u� Q� �Q
�t �QJ �CU� �U�rov� u�� R QO �v� RoxS�w G��Q 
xw�W l� �� �twta w �rwtat

�s�vmv �Q Q�m u�� �UQ�i QO
�xm�W	 
xS�w �OW QmP grid ��Q� q�� QO xm �UQ�i ��ypO�at u��t R� �t�
OQwt u �� QO xDiQ Q�m x � lattice �DL w �net �network ��Q � �q�k uwJ
Ov�t�t �CU� u�ovU w ���tO �k �r�N sy �xm�Wt	 �CU�v xO�iDU� p��k
��Ovvm O�yvW�B u�Q�v�L�Y xm �Qo�O ��yCer ��� �QwD	 
xO�wv�N ��yCer
��yVv�O x�oWywSB QO xm xDW�O �Q u� Tv�W �u� QwD	 
xS�w �xO�wv�N u�� R�
wUvt �CiY �u� QwD	 �t� �OwW G��Q V���tm �Q�DWwv QO smCUO ��O��v�
�s� Q�o� sU� u�Wv�H �Q u� �Kt�UD �QOk �� �sy Qo � �sU� xv CU� sU� x�
��Q� ��v� QwD Vv���Q	 �qFt s�� wo� ��v� QwD	 ��DiY Cr�L QO �Q grid O���
OW�� QDy� O��W �OUQ�t Q�v x� u�ovU sy �xv� QwD	 
xS�w �grid computing

�qFt xm s�W��v u�Qov w s� Q�� Q�m x� �Q �QwD	 �va� xO�wv�N u�� w�a u� QDxO�U
�Oy�m�t grid CrRvt w QOk w Cy �� R� � � OwW�t x��DW� �Q�o�y�t Qw D � �
w �u� QwD Vv���Q	 �Q grid computing u�wD�t ��QwD	 �NDv� CQwY QO

�Cio ��Wv���Q �� �D��U�Lt QwD	 �Q computational grid

	U�vt 
xS�w Ovm�t�H���tra��y
�Lt QO griduwRi�RwQC�ty� w OQ� Q�m
QO ui py� CmQ�Wt �� s� Q�wO�t� �s�W�� xDW�O �UQ�i u�� R QO u� ��Q� �OL�w
�OwWC��FD w�NDv� ��xS�wu�vJ ��UQ�i u�� R u�DUovyQiCOa�Ut wEL�u��

�t��m lt��U

R� xm ��xWkv xm OQm u�t
D u�wD� �D OvQ�o� Q�Qk Q�v  Ot O��� R�v �L�Q�
CU� xiQYx�uwQkt �O�YDk� Q�v R� sy O���t CUOx� �Q�tat u�� Ov��Qi

�Q�PBu�mt� �vi Q�v R� sy w

Ovv�t �OW�� �PN�t w ��x��B pOt� l� �� CU� umtt O� Qo �Q�tat
�Q�tat ��Q� �rm �Ov� Qm�B w �wJQ�J �awv u� QO xm ��!� �OGSA�
h � Q a D w XNWt �Q� t at l � OwN � � w �CU� xOW h � Q a D O � Q o

� �	
� R���B



x� �YYND Q�Ri�u��t xaUwD u� RQ�� xYNWt w Owtv xm �swO pUv
w �Ow� C�vt� w �Q�PBT��kt u�t�D Qw�vt

u� �rY� ��yxYNWt w �yOwtv w OQ�O xt�O� RwQt� �D xm �swU pUv
C� Q�Ot ��Q�PBVvmsy ��serviceability� ����QoT� wQU� 	R� Ov�CQ��a
��information systems� ��D�aq�� ��ysDU�U� ��yxO�O �QwxQy� w
�Q�tat ��e�Science� ��m�vwQDmr�Vv�O� CN�UQ� R x� �t�H VQov

��"� �Q�DNtOwN Vv���Q� R� ��xHQO �DL w ��O� Qo x� O� Qo�
xDW�Po V��tv x� O� Qo �Q�tat �B QO�B pUv xU Q� wYD � pmW QO

�CU� xOW

��U�U� ��y�Qw�wv w O� Qo �Q�tat R� �B��B pUv xU �� pmW

�R�Ht u�tR�U w �R�U �R�Ht ��

R�UR�Ht ��	

��server� �Q�wQ�U� l� Ovv�t �Q�Ri�CNU sDU�U l� x� �UQDUO x�oQy
�u�ty�t� Q�Ri�sQ v u �OvJ u�wD � xm OwW nvy�ty w s��v D �wL v x �
��Q�Ri�sQv xv�N��Dm �� w ��OQ� Q�mQ�Ri�sQv �sDU�U Q�Ri�sQv pFt� �client�
�RwOv� w pt�a ��ysDU�U Ovv�t� OvW�� sy uwoty�v CU� umtt xm �Q
x� �Q�Ri�CNU sDU�U u� �wQ ��Mac OS� �T� w� l�t� �� w �Tmwv�r
��y��Lt� R� ��xawtHt �Q�m pY�L �OQw�QO �QH� x� �m �QDW� CQwY
xvwoI�y O��� �yQ�Ri�sQv ��D�a�w u�vJ QO �Ow� Oy�wN ��R�Ht ���QH�
l �QDW� �ovwoJ �� w Qo�Om� Qw
L R� �DL w xDW�Ov Qo�Om� �� �rN�OD
� ��QH� ��y��Lt u �� R� l � Qy �OvW� � �q��� � �Q�Ri�CNU � �� vt
�Q�Ri�CNU sDU�U C�v�mt� �t�tD �qta �QH� u�tR QO Ov�wD�t �R�Ht
x � w � ��yv D x � Qo � xm x vwo u�ty x � CUQO �OW� � xDW�O Q� � DN� QO �Q
	Y v �Q�Ri�CNU sDU�U �wQ �k�kL � ��QH� ��Lt l � CQwY
�R�Ht ���QH� ��y��Lt u�� xmv�� ��Q� �CW�O�t Q��DN� QO �OW�t
l� �OvwW xDiQoQ�m x� Q�O��B pmW x� w OvW�� xDW�O �DU� Rty Ovv�wD�
�Q �u�� R�t� pt�a sDU�U R� �WN� OwN xm ��Y�YDN� �Q�Ri�sQv x�q
Q�Ri�CNU x� �UQDUO �R�Unvy�ty w s��vD C�rw�Ut �OyO�t p�mWD

��yQ�Ri�u��t xaUwD s�Hv�QU w ��yxO�O w ��x�U�Lt ���vt C� Q�Ot ��Q�
u�oOvyOxaUwD w u�QoWywSB ��U�U� ��yCiQW�B u�� seQ x� �t� �Ovtv�wD
VW �� pwtWu�yH w Q�o �Qi �Q�tat l� h� QaD CyH QO u�m �tm O� Qo

	OvDUy wQx� wQ �Q� R KQW x� ��rY� Vr�J

�OwQ�t Q�tWx � O � Qo �rY� ��yxYNWt R� xm �� �� vt � vwoty� v ��
��Q�R i�sQ v w �Q�R i�CNU ��yQ D U � �w v D QO � vw o ty� v u ��
QkDUt ���vt C� Q�Ot w ����vt l �QDW� w ���QH� ��yxt�vCU��U

�OQwN�t sWJ x� CUOQwO ��yC��U QO

w Q�wty �OWQ ��Q� �i�m ��
i xm �scalability� ��Q�PBT��kt� ��
����DQ� p��Ut R� �OH �OR�U�t sy�Qi �Q O� Qo �rm �C�iQ
 �u�wQ
u�� p��kt QO �rY� ��yVr�J R� ���Q�m pRvD pmWt ��D� Q�Ot w
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�Ov�OQoR�� Q�O��B C�a�w x� �yCr�L xty QO �Q sDU�U w
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�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
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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�
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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 ���	

Virtual Organization� �R�Ht u�tR�U ��O� Qo QO Vv���Q� wQtrk QO
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
�Qo�O �R�Ht u�tR�U x� �R�Ht u�tR�U l� R� �qwtat �y�oDU��w w �yR��v
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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
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O v v�t �� D� �U�LtQ �e � �� vt x � �UQ DUO hOy � � �yO � Q o u ��
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KQW x� �xDUO xU x� �yv� �oDi���� RwD O�a�� 	UL Q� u�wD�t �Q �yO� Qo
�OQm s�UkD �Q� R

��DvQDv�� �yO� Qo� �

�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
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u�Q� Q�m �Q� �QH� p��k �yOQ� Q�m ��vwo �vwo ���
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��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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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 ���

���N ptLD �
�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

w � vwoty� v x � xHw D � � �yQ� m �R�Uu�tR ty w �R�Unvy� ty ��	
����vt �oDi���� RwD

�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 ��

�OQ�Po�t V��tv x� x�q GvB QO �Q O� Qo Q�Ri�CNU �rY� ��yxirwt � pmW
u�Wv R�v CvQDv�� pmDwQB �Q�tat �rY� ��yx�q �pmW u�� AJ CtU QO
�Qw�vi wO ��yx�q ���DQ� w CW�ov u�wD�t �	�DQD u�� x� �Ov�xOW xO�O

�OQm xU��kt w xOy�Wt sy Q�vm QO �Q O� Qo w CvQDv��

�CvQDv�� pmDwQB �Q�tat �� u� �xU��kt w O� Qo ��x�q �Q�tat �� pmW

�q�� K�U ��yR��vV�B ��

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
xm CU� ��D�t�Rr� ��� �yR��vV�B s�y�� uwO� w �h�iW �j�kO p�YiD w KQW
�Q�tat �rm Ov��Qi � pmW �Ov�xOW h� QaD O� Qo �CN�U w �L�Q� ��Q�
���Qoty x�kv s�Hv�QU w ��R�UxO��B �D �yR��vV�B h� QaD u�tR R� ��Q O� Qo
CU� QmP u���W �OyO�t u�Wv ��Q Ov��Qi u�� Q�Ut QO uwo �vwo ��yC�r�ai
hOy �� �QovR�� �OvJ ��� l� Ov��Qi u�� R� xrLQt Qy QO �pta QO xm

�OwW�t Qw�vt Q�m QO QDW�� �CkO �p�ta� w ���tR��DU�Q

�O� Qo �R�UxO��B w �xaUwD ��Q�tat 	�Ov��xU
 Ov��Qi �� pmW

x� �xRwL xOQ�yJ QO w q�� K�U QO u�wD�t �Q O� Qo �L�Q� �C�t�Rr�
	O�O Q�Qk xar��t OQwt �Q� R KQW

	uwoty�v w �� wB ��yQDU� w �y��Lt R� �v���DWB ��
�� ys D U � U ��
NET� J�EE� u� � R � t �� y� � L t p t� W
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��yQDw�Bt�m� �Q�Ri�sQv w �Q�Ri�CNU C�R�yHD w �yQ�R�� ��System
��WQ��v� w ��xQ�NP ��ysDU�U ��yQoTL ��y�oW��tR� sR�wr w Q�R��
OQwt ��yT� wQU Q��U w ���yv�� Q���v w ��yxm�W ���xO�O ��yx�o��B
	OvDUy �QwQ� Q� R ��y���v�wD ��vwoty�v R��vV�B u�t�D ��Q� �R��v
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�O� Qo Q�Ri�sQv ��x�q �Q�tat �	 pmW

Ca�U� x� OwQ�t Q�m x� O� Qo �Q�tat V��tv ��Q� xm �Qo�O G��Q pOt
���vW Ca�U� u�� �v��t x�q xU QO ��" pmW� CU� swUwt ��vW
xm OvwW�t h� QaD Q�Ri�u��t ��yAPI w ��yT� wQU ��ypmDwQB xawtHt
�vW Ca�U x��B x�q QO �OvQ�o�t Q�Qk Q�Ri�u��t OQmrta w Q��DN� xRwL QO
u�Q� Q�m ��yOQ� Q�m w �yT� wQU u� x�q u� QDq�� QO w ����v� Q� R ��y�Qw�vi

�OvQ�o�t Q�Qk

�O� Qo �Q�tat 	�vW Ca�U
 pOt �
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Q�Qk O� Qo X�N ��xm�W ��y�transaction��Vvm �QD� R��v OQwt
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R�QL� ��ypmDwQB xm �r�L QO �OvR�U�t QU�t �v� Q� R x�q ���vt u��t
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��� Amazon S��

http���aws�amazon�com�s��
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http���www�worldcommunitygrid�org�

��� Amazon EC��

http���aws�amazon�com�ec��
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 Microsoft Azure�

http���www�windowsazure�com�en�us
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http���www�gogrid�com�
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�� OGSA� Open Grid Service Architecture�

http���www�globus�org�ogsa�

�� LHC Computational Grid�
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http���ncc�dlut�edu�cn�ChinaGrid���
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http���www�garudaindia�in�
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