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1. THE Diogene virtual organisation

1.87+0+(UVW(.*(50( %?(9402+2( @,8G+/1(5.F+2(51( 2+*.70>( .F@6+F+01.07(502(+-56451.07(
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2+9.0.1.80(18(1D+(,+*461*(5**+**F+0 1 (ID+YBODY,4/1.80(89(/4*18F.*+2(/184,*+*K((

QD+( +:6+5,0.07( *L*1+F( ED./D( E5*( 2+-+68@+2( .0( 1D+( 9,5F+E8,S(89( 1D+(!.87+0+(
@,8G+/1>(4*+*(*151+:89:1D+:5,1(1+/D08687.+*(6.S+(F+152515(502(8018687.+*(98,(SO8E6+27+(
,+@,+*+0151.80(502( F5057+F+01>( 94MML( 6+5,0+,( F82+66.07>(.01+66.7+01(/84,*+( 15.68,.07(
502(.0/642+*(5(*+1(89(.008-51.-+(9+514 (BYALD5F./(6+5,0.07(*1,51+7.+*>(J+F501./(
[+H(8@+00+**>( [+H(*+,-./+*(98,(;+5,0.07( #HG+/1*(D5026.07( 502( "BC( F5057+F+01>(
?4,,/464F(3.15+(F5.01+050/+(502(*+5,/§95/.6.1.+*>(9,++:650/+(1+5/D+,*(*4@ @8,1(502(

5%* *1+2(;+5,0.07(#HG+/1.-+*(2+9.0.1.80(UXWK(

QD+(!.87+0+(*/+05,.8(.*(F82+66+2(5*(5(3.,1456(#,750.*51.80(N3#0O(*1,8076L(H5*+2(

80( 1D+(4*+(89(I1+H(J+,-./+*K( QD+(1.87+0+( 3#(.*( @8@4651+2( HL(+01.1.+*(899+,.07(502(
/80*4F.Q7( *+,-./+*K( J4/D( +01.1.+*( 5,+( 7,84@+2( .018( 984, ( /51nstBs(+NDAF50(

H+.07*( 1D51( @,8-.2+( 502( /80*4F+( *+,- drg@igations( N@DL*./56( +01.1.+*( 1D51( 5%(
*891E5,+(/8F@80+01*( @,8-.2+( 502( /80*4F+( *+,-utii®>components( N*891ES5,+(
/8F@80+01*( +FH+22.07( 1D+( 1+/D08687L( 5**4,.07( 1D+( 5,/D.1+/14,+( .01+7,.1L.O( 502(
accessory components(N*891E5,+(/8F@80+01*(@,81D8T5//+**(9,8F(841*.2+(18(1D+(
1.87+0+(3#(502(9,8F(1D+(.87+0+(3#(18(841*.2+0OK((
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1.3. Utility and Accessor Components
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1,85+,57+(#99./+(*15,1.07(9,8F(1D+(2B45¢2(HL(Q,5.0.07() 7+0/L(N6+5,0.07( @51D>(
6+5,0.07(*1,51+7.+*>(6+5,0+,(F82+6>(+HOKH@BE- (B E0(1,5.0.07(899+,K(Q8(28(1D.*(1D+(
1,8S+,57+( #99./+( /566*( 1Pxflishing House(4)( 502( 1DWebCatcher Agency(4)(
5*S.07(1D+F(18( @,8-.2+( 1D+( 6.*1( NG*4( 3D K+152515( 1D51( 2+*/,.H+( 1D+(*.076+(
;+5,0.07(#HG+/1>(.0/642+2(1D+( @,./[+O§B965(F51+,.56>( 1D51( H+*1(9.1( 1D+( Q,5.0.07(
)7+0/L(,+R4.,+F+01K((
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"0(5(*+/802(*/+05,.8>(Efeelance Tutor 5//+**+*(1D,847@ator Agency (1)(18(

D.*PD+,(G8H*(6.*1(502(/6./S.07(80( 5(GBH( T ¢PD+(/50( H+(,+2.,+/1+2(18(5(*@+/.9./(
Training Agency (2)K(QD+(Q,5.0.07()7+0/L(899+H1B§,.07(+0-.,80F+01( ED+,+(1D+(
1418,(/50(/801,86( 6+5,0+,( 5/1.-.1.+*>( @RABH>( ,+*461*( 502( @,87,+**+*K( Q,5.0.07(
)7+0/L(899+,*(56*8(50(+01,L(@8.01 (€ fdB)¥ED+,+(1418,(/50(F++1(D.*(6+5,0+,*(502((
/8665H8,51+(502(/8FF40./51+(E.1D(1D+FK((

2. Anatomy of the Abstract organisation

#,750.%51.80*(E.1D.0(1D+(1.87+0+(3#(5, +(BHOF - ./[+(@,8-.2+,*K(QD+,+98,+(1D+(3#(
*(/80%1.141+2( HL(5(*+1(89(/88@+,51.07(*+,-./+*( 1D51( 7.-+( 1507.H6+(,+*461*( 18( LD+(4*+,*(
1D,847D( 1D+( 5-5.65H6+( 5//+**( @8.01*( MEBHAKE@BD+0( #,750.M51.80*( 6.-+( .0%.2+(
"01+,0+1(502(899+,(1D+.,(*+,-./+*(5*(1+HiB#r(1D+L(6.-+(.0%.2+(5(I+H(I+,-+,(502(5,+(

- * H6+(1D,847D(5(1+H(B8,156K((

2.1. Abstract Organisation Components

%5/D( #,750.M51.80( .0/642+2( .0( 1.87+0+( 3#( D5*( 1D+( *5F+( /8,+(.09,5*1,4/14,+'( 1D+(
1.87+0+()H*1,5/1(#,750.*51.80( N))#O( *DSEO( A.74,+( XK( <5.0( N#( +6+F+01*(5,+(
2%/ H+2(H+68EK(
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Ports(5,+(5//+**(@8.01*(18(@5,1./465 *8A(50(#,750.*51.80K(%5/D(*+,-./+(
D5*(18(+TD.H.1'(5(&81.9./51.80(J84,/+(B8,1(N2.*@65L.07(50(.01+,95/+(98,( 1D8*+(
ED8(E501(8H15.0(5(@5,1./465,(5¢4:80.9./51.80(J.0S(B8,1(N,+/+.-.07(1D+(
081.9./51.80( 89( 1D+( ,+*461*( 89RUD+R(,++,-./+O( 502( 5( &81.9./51.80(
J4H*/,.@1.80(B8,1(N*+,-.07(98,(1D+H4{U8(F5057+(.0(5(*84,/+(*+,-./+(1D+(
*AH*/,.@1.80(18(5(@5,1./465,(*+,-./+OK(B8,1*(899+,(5(7+0+,56(*/D+F5(98,( @4H6.*D(
502(*4H*/,.H+(@511+,0K(

Service interfacesK( Q8( +T@8*+( H4*.0+**( 687./( 5*( 5( *+,-./+>(.1_*( O+/+**5,.+*(
[,451+(*+,-./+(.01+,95/+%104@ @8,1(1D+(/8FFAMBME/801,5/1*( NF+**57+:
H5*+2(/8FF40./51.80>(98,F51*>(@,818/86*>(*+/4,.1L>(+T/+@1.80*>(502(*8(800(1D51(
2.99+,+01(/80*4F+,*(,+R4.,+K(J+,-.4€,95/+*(5,+(*8F+1.F+*(,+9+,,+2(18(5*(
H4*.0+**(95/52+*K(#,750.M51.80*( E.66( 4*+( A5c52+(B511+,0(.0( 8,2+,(18(/866+/1(
*+,-./+*(.0-8/51.80*(502(2.*@51/D(/38§@,8/+**+*(51(1D+(*+/802( 65L+,K(QD+(
H4*.0+**(95¢c52+( 8HG+/1( 541D+0025 54438, M+*K ( QEpeBR+( .0-8S+*( 5(
18,S968E(1D51( @+,98,F*( 1D+(HAQ@B*(RA5c52+(B511+,0( @,8-.2+*(5(40.9.+2(
.01+,95/+(18(5(*+1(89(.01+,95/+#HF( B+ FK(A5c52+(2+9.0+*(5(D.7D+,:6+-+6(
.01+,95/+(1D51(F5S+*(1D+(*4H*L*1+F(+5*.+,(18(4*+K((

WorkflowsK( 18,S968E*( 2+9.0+( 502( /88,2.051+( 6807:,400.07>( F461.:*1+@(

H4* . 0+**(@,8/+**+*K(18,S968E*(/8462(H+(E,5@@+2(.0(*@+/.9./(/SF@80+01*(1D51(
/50( H+( F5057+2( HL( 50( )@ @6./51.80( J+,-+,( 6.S+( ?#<d( .0( 8,2+,( 18( D5026+(
1,50*5/1.80*K((

ComponentsK(C+75,26+**( 89( ED+1D+,(5(H4*.0+**( @,8/+**(/80*.*1*(89(5(*.076+(
*1+@( 8,( 50( 8,/D+*1,51+2( E8,S868FF@ @6./51.80( E.66( @,8H5H6L( ,+R4.,+(
/8F@80+01*( 1D51( .F@6+F+01( H4*.0+**( ,46+*( 502( @+,98,F( H4*.0+**( 15*S*K(



28F@80+01*(.F@6+F+01(1D+(5@@6./51.80(H4*.0+**(687./(502(/50(H+(F5057+2(.0(
50()@@6./51.80(J+,-+,(6.S+(?#<d(18(D5026+(8HG+/1(@886.07K(

o  EntitiesK()@ @6./51.80*(,+R4.,+(2515(18(H+(+T/D507+2(H+1E++0(/8F@80+01*K(QD+(
H4* 0++*(+01.1.+*( 1D51(5,+(4*+2(.01+,0566L(.0( 1D+(5@@6./51.80( 5,+( 4*4566L( 2515(
*1,4/14,+*(1D51( E,5@( 1515+ 1*>BAEE>( 8,(e<;(*1,+5F*>( H41( 1D+L(/50(

56*8( H+(.F@6+F+01+2(4*.07(/4*18F{ BHG01+2(/65**+*(1D51(,+@,+*+01( 1D+(
+56:E8,62(+01.1.+*(1D+(5@ @6./51.80(D5*(18(E8,S(E.1DK((

o Service AgentsK(ID+0(5(?8F@80+01(0++2*(18(4*+(940/1.8056.1L(@8-.2+2(.0(50(
+T1+,056(*+,-./+>(1(H(0++**5,L(18(@,8-.2+(*8F+(/82+(18(F5057+(1D+(*+F501./*(
89( /8FF40./51.07( E.1D( 1D51( @5, 148%HK( J+,-./+( 57+01*( .*8651+( 1D+(
2.8*L0/,5* +*(89(/566.07(2.-+,*+(*+,-/+*(502(/50( @,8-.2+(522.1.8056 (*+,-./+*>(
*4/D(5*(H5*./(F5@@.07(H+1E++0( 1DAROBIESA(2515(+T@8*+2(HL(1D+(*+,-./+(
502(1D+(98,F51(1D+(5@ @6./51.80(,+R4.,+*K((

e DALC(N!515()//+**(;87./(?8F@80+01*OK(<8*1(5@ @6./51.80*(502(*+,-./+*(0++2(

18( 5//+**( 5( 2515( *18,+( 51( *8F+((@8,@r( 5( H4*.0+*( @,8/+**K( 1);(
28F@80+01*(@,8-.2+(5(*15025,2(502(5H*1,5/1(E5L(98,(5//+**.07(18(1D+(*18,57+(
*L*L+FRK(

2.2. Some Technological Details

QD+( .87+0+( 3.,1456( #,750.M51.80( 6.-+*( .018( "01+,0+1( +0-.,80F+01K( #,750.M51.80*(
+T@8*+(1D+.,(*+,-./[+*(5*(1+H(J+,-./+*(2H+2(HL(1D+(13";(*15025,2K()/14566 L>(E+(
1D.0S(1D51(I+H(J+,-./+*(/D8./+(.*(1D4geH(ag,(2.*1,.H41+2(+0-.,80F+01(H+/54*+(1D+L(

5,+( H5*+2(80( *15025,2*( 6.S+( J#)B>( ZQQB(N@,818/860( 502( e<;( NF+15:6507457+( 98,(
F+**57+(2+*/,.H.070(1D51(+0/84,57+(.01+,8@+,5H.6.1LK( QD+()#( E.66( H+( .F@6+F+01+2(
4*.07(<./8,8*91(K&%Q(1+/D08687.+*K (B8 1kKGs+1D82*(+T@8*+2(5*(I+H(J+,-./+*K(
18,S968E*(502( ?8F@80+01*( 1D+L( E.66( 62#4<d0}@ @6./51.80( J+,-+,(.0(8,2+,(18(

15S+( 52-50157+( 9,8F( +01+,@,.*+( *+89(+3D.*( +0-.,80F+01( 6.S+( 1D+( Q,50*5/1.80%(
F5057+F+01>(#HG+/1(B886.07( F5057+F+01>( +1/f( A8,(1D+(,400.07(502(1,5/.07(89( 1D+(
E8,S968E*( E+( D5-+( 56*8( 4*+2( <./,8*891( <J<gK( %01.1.+*( 5,+( *.F@6+( 6.7D1( E+.7D1(
<./,8*891K&%Q(/8F@80+01*(1D51(E+(D5-+(F82+66+2(4*.07(3564+#HG+/1(2+*.70( @511+,0K(
QD+L(5,+(4*+2(18(1,50*@8,1(*.F@6+(8,(/8F@6+T(.098,F51.80(1D,847D(1D+(2.99+,+01(6+-+6%(
89(1D+(65L+,+2(5,/D.1+/14,+K(1);?(H4.62FK@@8+01(65L+,( 1D51( .*(4*+2(18(5H*1,5/1(
9,8F(/8FF40./51.80(E.1D(*18,57+(*L*1+F*K(

)41D+01./51.80(*+,-./+*(D5-+(H++0(2+-+68@+2(+T(08-8(502(D5-+(H++0(,+6+5*+2(5*(5(
Y1.6.1L(?8F@80+01(/566+2()41D+01./51.80¢)3+p/l+*(@,8-.2+2(HL()41D+01./51.80(

)7+0/L( 5,+'( Y*+,(,+7.%1,51.80>( Y*+,( 5401D51.80( 502( 356.2.1L( /D+/S(89( J+/4,.1L(
Q8S+0K(J+/4,.1L(Q8S+0(.*(5(,+@,+*+0151.80(89(*+/4,.1L:,+651+2(.098,F51.80( N+K7K(eKhij(
[+,1.9./51+>([+,H+,8*( 1./S+1*( 502( 541 B+ .FBH.6+( 2+-./+( *+/4,.1L( 18S+0*( 9,8F(
J"<(/5,2*>(4*+,05F+>(+1/KOK((

J+/4,.1L(Q8S+0(E.66(1,5-+6(5/,8**( BI+(0+(&+1E8,S(N9,8F(5(*+,-./+(18(5081D+,(
80+0O(+FH+22+2(.0(5(J#)B(F+**57+K("0(8,2+,(18(5/D.+-+(5(/80*.*1+01(Q8S+0( @5**.07(
5/,8**(1D+(!.87+0+(&+1E8,S(E+(E.66(4*+(#J4.1LK(1J:3+/4,.1L(.*(5(@.+/+(89($e)(
*@+/.9./51.80%(1D51(2+*/,.H+*( DBE( 18t yDBEIAD +(502(+0/,L@1.80( D+52+,*(18(J#)B(
F+**57+*K("0(522.1.80>(.1( 2+*/,.H+*( D8E( 18( 5115/D( *+/4,.1L( 18S+0*>(.0/642.07( H.05,L(
*+/4,.1L(18S+0*(*4/D(5*(eKhij(/+,1.9:¥E02([+,H+,8*(1./S+1*>(18(F+**57+*K(

A8,(1D+(.F@6+F+0151.80(89(!.87+0HIH+7.*1,L(E+(4*+2(1D+(SO8EO(Y!!"(
NYO.-+,*56(!1+*/,.@1.80>(!.*/8-+,L(502("01+7,51.80( @,818/860(1+/D08687L(1D51(.*(80+(89(
1D+( F5G8,( H4.62.07( H68/S*( ,+R4.,*2(/98946( |+H( *+,-./+*K( Y!"( /,+51+*( 5(
*15025,2(.01+,8@+,5H6+( @65198,F( 1F{32FED5616+ 502( 5@ @6./51.80*( 18( R4./S6L>(
+5*% 6L>(502(2L05F./566L(9.02(502(4*+(I+H(*+,-./+*(8-+,(1D+("01+,0+1K((



Y!I"(56*8(5668E*(8@+,51.8056(,+7.*1(H*(FH.015.0+2(98,(2.99+,+01(@4,@8*+*(.0(
2.99+,+01(/801+T1*K(QD+(Y!"(@,8G+/1(15S+*(52-50157+(89(18,62(1.2+(1+H(?80*8,1.4F(
NIa?0( 502( "01+,0+1( %07.0++,.07( Q5*S( A8,/+( N"%QAO( ¥15025,2*( *4/D( 5*( %T1+0* HE+(
<5,S4@(;507457+(Ne<;0>(502(ZQQB(502(18F5.0(&5F+(JL*1+F(N!&JO(@,818/86*K((

)22.1.80566L>(/,8**(@65198,F(@,87,5FF.07(9+514,+*(5,+(522, +**+2(HL(528@1.07(+5,6L(
—+*.80*%( 89( 1D+( @,8@8*+2( J.F@6+( #HG+/1( )//+**( B,818/86( NJ#)BO( SOSEOQ( 5*( e<;(
B,818/86(F+**57.07(*@+/.9./51.80*(98402(51(1D+(1a?(1+H(*.1+K(QD+(Y!I"(@,818/86(.*(
1D+(H4.62.07(H68/S(1D51(E.66(+05H6+(H4* 0+*+*( 18(R4./S6L>(+5*6L(502( 2LOSF./566L(9.02(
502(1,50%5/1(E.1D(80+(5081D+,(4*.07(1D+.,(@,+9+,,+2(5@ @6./51.80*K(

3. Migrating toward a Grid Infrastructure

)F807(1D+(1+/D08687.+*(+05H6.07(1D+(3#>(1D+(%$,.2(80+*(5,+(15S.07(5(6+52.07(,86+K(QD+(
$,.2(/8F@41.07>(1D847D1(5*(1D+(+-8641.80(89(F+15/8F@41.07>(522,+**+*(.**4+*(,+651+2(18(
5//+**( @,8-.*.80.07>(/88,2.051+2( ,+*84,/5( D ( 502( @,8H6+F(*86-.07(.0( 2LO5F./>(
F461.(.0*1.141.8056(3#(UKWK(QD.*(*D5,.07(/5@5H.6.1L(502(*4@ @8,1(98,(3#(.F@6+F+0151.80(
D5*(H++0(80+(89( 1D+(F5.0( S+L(*4//+**(95/18,*(89(%$,.2(5*(+05H6.07(1+/D08687L(98,( +:

*/ +0/+( .09,5%1,4/14,+K( QD+( O+E( ,+*+5A,/31.80%( 98,( 1D+( 2+-+68@F+01( 89( $,.2(
1+/D08687.+*(5,+(F8-.07(18E5,2*(5(*+,-./+(8,.4+01+2(-.+E(HL(1D+(2+9.0.1.80(89(1D+(#@+0(
$,.2(3+,-./+(),/D.1+/14,+(N#$)O(UhW(1D51>(G8.0.07(I+H(J+,-./+(502($,.2(1+/D08687.+*>(
2+9.0+*( 50( 8@+0( 502( +T1+0*.H6+( 9,5F+E8,S( 98,(2.*1,.H41+2( 502( D.7D6L( /8665H8,51.-+(
5@@6./51.80*K(

QD+(1.87+0+(F82+6(/50(H+/8F+>(.0(*.@HS(-5*. H6+(E5L>(5(%$,.2:)E5, +(F82+6K(
"1(@,+*+01*(*+-+,56($,.2(9+514,+*(.1(.*(*1,8076L(H5*+2(80(1D+(4*+(89(8@+0(502(*15025,2(
H5*+2(1+/D08687.+*(502(.1(528 @ 1*( 1D+(@#(&82AD+,F8,+>(.1( @,8-.2+*>(5*(Y1.6.1L(
?8F@80+01*>(5(*.076+(*.70(80(54 1 D-AIEFTD. *F(18(5//+**(1D+(3#(*+,-.[+*(502(

5( J+,-./+( C+7.%1,LK( ]41( .1( D5*( *8F+( 2,5EH5/S*( 1D51>( 4*.07( #$J)( /8F@65.01(
1+/D08687.+*( .0*1+52( 89( 1D+( E+H( *+*H(/BO( H+( +5*.6L( 522,+**+2( .0( 8,2+,( 18(
+0D50/+(.1K((

#$J)(.*(*1,8076L(H5*+2(80( 1D+(*+,-./+(8,.+0151.80(502(-.,1456.M51.80>( ED+,+( 1D+(
9.,*1(.*(,+651+2(18(2+9.0.1.80(89(5(40U®B F(T+,-./+(*+F501./(502(1D+(.2+01.9./51.80(
89(@,818/86*(1D51(/50(H+(4*+2(18(.0-8S+(5(@5,1./465,(.01+,95/+>(502(1D+(*+/802(.*(,+651+2(
18( 1D+( +0/5@*4651.80( H+D.02( 5( /8FF8B(+0B9( 2.-+,*+( .F@6+F+0151.80>( *8(
+-+,L1D.07(NC+*84,/+*>(;+5,0.07(#HG+/1*(BOZ(¢® (1D . *(+0-.,80F+01(.*(5(*+,-./+K((

?4,,+016L>(1.87+0+(28+*0_1(15S+((HNB(B9*./560(C+*84,/+(<5057+F+01(.**4+*K(
QD+(3#*(5,+(/8F@8*+2(HL(D+1+,87+0+84*(502(2.*1,.H41+2(,+*84,/+*(502(1D+,+(F4*1(H+(5(
*15025,2(E5L(.0(8,2+,(18(F5057+(1D+*+(,+F81+(,+*84,/+*K(;8/56(#,750.M51.80*(F5L(4*+(
5(E.2+(-5,.+1L(89(F5057+F+01( F+/D50NED+246+,*>(R4+4.07(*L*1+F*>(,+*+,-51.80(
*L*1+F*>( 502( /801,86( .01+,95/+*O>( HH4QL(EQ+6-2( 18( 6+5,0( DSE( 18( 4*+( 806L( 80+(
F+/D50.*F(18(,+R4+*1(502(1D+*+(,+*84,/+*K((

"0(5(!1.87+0+(3#>(1D+(#,750.M51.80*(5,{6%+6,-./+(@,8-.2*¥(H41(1D+,+(.*(08(
57,++F+01( H+1E++0( 5( @,8-.2+,( 50F.+®1( 80( 1D+( *+,-./+( 6+-+6( 745,501++K(
#,750.M51.80*( @,8-.2+(*+,-./+*(15*( 1. D+L¢(AMr L (/8665H8,51+(H+1E++0(1D+F(H41(1D+L(
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/51+78,.+*K( QD+,+( .*0_1( .098,F51.8a( 384 @DL*./56( ,+*84,/+*( 502( .1( D5*0_1(
F+/D50.*F*(18(*18,+(2L0O5F./(.098,F51.80(,+651+2(18(1D+(*1514*(89(1D+(3#(,+*84,/+*(N+K7K(
5-5.65H6+(F+F8,L>(?BY(4*57+(502(*8(HDE(RE*(5,+(2LO5F./>(,+*84,/+*(.0(5(3#(
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5H6+(18(4*+(502P8,(H4L(+T1+,056(,+*84,/+*(9,8F(81D+,(#,750.M51.80*K((

A4,1D+,F8,+>(1D+(Y1.6.1L(?8F@80+8H{{#+3)8/8F@6.501(*+,-./+*K(QD+L(5,+(
5//+** H6+>(.0( 5( *15025,2( E5L>( 9,8FG60#,0560.M51.80*( 502( +T1+,056( 4*+,*K( QD+(
1.87+0+( J+,-./+*( C+7.*1,L( D5*( 18( H+( F82.9.+2( 18( H+/8F+( 50( #$J)( /8F@6.501(
<80.18,.07(502(!.*/8-+,L(J+,-./+(N<!JO(UpWK((

3.1. DAO Grid-Aware.

QD+(9.74,+(a(*D8E*(5($,.2:)E5, +(-+,*.80(89( 1D+(1.87+0+()H*1,5/1(#,750.*51.80K(QD+(
#,750.M51.80%( @,8-.2+( #$J)( /8F@6.501(M*K( QD+( *+,-./+( .01+ 95/+( +T@8*+*( 1D+(

H4* 0+%*(687./*(502(+T1+02*(1D+(081.9./51.80(@511+,0>(5*(2+*/,.H+2(.0(UnWK () ()#($,.2:
)E5,+(28+*(081(0++2(1D+(B8,1*>(5*(1D+L (B +22:0(1D+(*+/1.80(aKVK("02++2>(1D+L(5,+(
2.,+/16L(5-5.65H6+(1D,BBFHHSI)($,.2(*+,-./[+*K((

QD+( #,750.M51.80%( @,8-.2+( /8F@6+T( *+,-./+*( 8H15.0+2( HL( /SF@8*.1.80( 502(
/88,2.051.80( 89( *.F@6+( *+,-/+*K( QD+( 18,S968E*>( .0( 1D.*( $,.2:)E5,+( F82+6>( 5,+(
1B%;KIJ(UVIW(*/,.@1*(+0D50/+2( E.1D(F+152515(.0(8,2+,(18( F5057+(1D+($,.2(9+514,+*(
N+K7K(6.9+1.F+(F5057+F+010(89( 1 DH§¢/SF.@8&*+K(%5/D(8,750.M51.80(D5*(5(]B%;(
+0D50/+2( +07.0+( 5H6+( 18( @5,*+( 1D+(+0D50/+2(*,.@1*( 502( +T+/41+( 1D+( E8,SI68EK( QD.*(



+07.0+( H( +T@8*+2( 5*( #$I)( *+,-./+( SEAY+** HE+>( HL( 1D+( *+,-./+( .01+,95/+>( .0( 5(
*15025,2(E5LK((

%5/D( #,750.M51.80( D5*( 5( ?8F@80+01( /566+2( I<1J( ?8F@80+01m>( ED./D( .*(
940/1.80566L( +R4.-56+01( 18( 5( $,.2( C+*84,/+( "098,F51.80( J+,-./+( N$C"JO( UKWK( "1(
F5.015.0%( .098,F51.80( 5H841( 1D+( *+,-/+P*( @,8-.2+2( HL( 1D+( #,750.M51.80( 502( 1D+(
+*84,/+*(89(1D+(#,750.M51.80(502(D5@EH-@5L. +*(18(F80.18,(1D+(,+*84,/+*(.0(8,2+,(
18(8H15.0(4@251+2(.098,F51.80(5H841(1D+.,(*1514*K("0(1D+($,.2:)E5, +(1)#(?8F@80+01*>(
E+(9.02(1D+(]4*.0+**(?8F@80+01*(1D51(.F@6+F+01(HA*.0+**(,46+*(502(@+,98, F(H4*.0+**(
15*S*>(5(g8J(?8F@80+01(1D51(@+,98,F*(1D+(F5@@.07(H+1E++0(D.7D(6+-+6(9.74,+*(89(g8J(
N+K7K(Q.F+(,+*@80*+O(502(68E(6+-+6(9.74,+*(N+K7K(C+R4.,+2(F+F8,L>(]502E.21DO(1D51(/50(
H+( F80.18,+2( 502( F+5*4,+2( 502( 5( C+*84,/+( <5057+,( NC<O( ?8F@80+01( 1D51(
F@6+F+01*(1D+(687./*(18(F5057+(1D+(68/56(,+*84,/+*(502(+ T@8*+*(5(*15025,2(.01+,95/+K((

QD+(#,750.M51.80%(5,+($JB*(H41>( HL( 1D+(81D+,(*.2+>( 1D+L( 15S+( 1D+(,86+(89(/6.+01%(
ED+0( 1D+L( 0+781.51+( 8,( 4*+( *+,-/+*( @,8-.2+2( HL( 81D+,( #,750.M51.80*>( *8( 1D+,+( .*(
5081D+,(.01+,95/+( N.0( 9.74,+( a( . 1(2{(#8p¢?8F @6.501( ?6.+01( "01+,95/+mO( 1D51(
5668E*(50(#,750.M51.80(18(.01+,5/1(E.1D(81D+,(F+FH+ *(89(1D+(3#K(QD-+(/8FF40./51.80(
E.1D(+T1+,056(*+,-./+*(D5@ @+0*(E. EDRHERF(OL+,95/+(502(1B+(+()7+01(.*(081(

R4 +2K((

3.2. A simple scenario

Q8(/65,.9L(84,( .2+5*>( E+(+T@65.0( 5(B0R@BA( +TD54*1.-+( */+05,.8K( "0( 8,2+, 18(
+56.M+(5(,+56( HA*.0+**(*/+05,.8>( 1LOHBH(O0+E( Y1.6.1L( 28F@80+01*>( H+*.2+*( 1D+(
80+*(2+/,.H+2(.0( 1D+(*+/1.80*( XKaK{ GOHL@+( C+*84,/+(<5057+,(Y1.6.1L(NC<YO>(
ED./D(.*(5H6+(18(F5057+(3#(,+*84,/+*(186, M 2(5*(*+,-./+*O(80(2+F502(H5*+2(80(1D+(
3#(@86./.+*K(QD+(C<Y(D5*(5(/SF@6+1+(-.*.80(89(566(1D+(,+*84,/+*(89(1D+(3#K(QD+(81D+,(
Y1.6.1L(?8F@80+01*(5,+(5(&+781.518, (NB{@ @2 +*(0+781.51.80(95/.6.1.+*(H+1E++0(
5(/6.+01( NFSLH+( 5( 4*+,( 8,( 5081D+,( #,750.M51.800( 502( 5( I3#( <1ImK( QD.*( 65*1( .*(
+R4.-56+01( 18( 1D+( $,.2( "02+T( "098,F51.80( J+,-./+( N$"JO( UKW( 502( .1( F5.015.0%(
.098,F51.80(5H841(1D+(*+,-./+*(@,8-.2+2(HL(1D+(3#(502(.098,F51.80(5H841(1D+(,+*84,/+*(
89( 1D+( 3#(N+K7K(*1514*>( 5//+**( @86./ (89602 (8 1+,95/+*(.1*+69( E.1D( 1D+(I<!J(
28F@80+01m(89( 1D+(#,750.M51.80*(.0(8,2+,(18(8H15.0(502(.02+T(1D+(.098,F51.80(5H841(
84, [+*(502(*+ - J+*K((
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Figure 6(° .87+0+(3#K
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C+9+,,.07(18(A.74,+(k>(5(6+5,0+,(,+7.*1+,+2(.0(1D+(1.87+0+(3#(5*S*(98,(5(1,5.0.07(
*+x% 80(502>(1D,847D(1D+()//+**8,(?8F@80+01>(@+,98,F*(5(R4+,L(575.0*1(1D+(3#(<!J(
NVOK(Z+P*D+(8H15.0*(5(6.*1(89(*+,-./2tHB(B-99+,+01(#,750.M51.80*(.0*.2+(1D+(3#K(
Z+(2+/.2+*(18(75.0(+T@+,.+0/+(.0(1D+(H4*.0+**(9.+62(502(18(@65L(E.1D(5(]4*.0+**($5F+>(
H41(D+P*D+(@,8-.2+*(*8F+(-.*456.*51.80(/80*1,5.0*(ND+P*D+(5*S*(98,(a! (,+@,+*+0151.80*(89(
H4*.0+**(75F+(25150(*8(D+P*D+(,+R4.,+*(05,,8E.07(,+R4.,+F+01*(80(1D+(-.*456.*51.80(502(
@+,98,F50/+(89(1D+(*+,-./+K(QD,847D(1D+()//+**8,(?8F@80+01>(D+P*D+(0+781.51+*(E.1D(
1D+(&+781.518,(Y1.6.1L(NXO(1D+(g8J(98,(1D+(,+R4.,+2(*+,-./+(.0(5(1,50*@5,+01( ESLK(QD+(
&+781.518,(.01+,5/1*(E.1D( Q)(#,750.M508Q@M/D(*15,1*(5(*.F@6+( E8,S968EK( QD+(
9.*1(8@+,51.80(.*(18(F5@(1D+(,+R4.,+Qf(BOXDELD+(,+*84,/+(,+R4.,+F+01*(0++2+2(
18(*51.*9L(.1K(QD+(g8J( ?8F@80+01( @+,98,F*( 1D.*( 15*SK(#0/+(8H15.0+2( 1D+(,+*461*>( 1D+(
*+/802(*1+@(.*( 18( R4+,L(1D+( 3#( <!J(NkO(18( 7+1(5(6.*1(89(5-5.65H6+(,+*84,/+*(502P8,(
*+ -.[+*(89(1D+(3#*(1D51(9469.6(1D+(,+R4.,+F+01*>(80(1D+(H5*.*(89(1D+(/4,,+01(*1514*K (#0/+(
1D+(Q)(D5*(1D+(6.*1(89(1D+(5-5.65H6+(,+*84,/+*>(.1(/8015/1*(1D+(C<Y(89(1D+(3#(NhOK(QD+(
C<Y/(5*S*(98,( 1D+( C<( ?8F@80+01*( 89( 1D+( #,750.M51.80*>( ED./D( /50( @,8-.2+( 1D+(
R4, +2(,+%84,[+*>( 1D+( ,+*84, /+*(,+*+PBN.O( 1D+(9.74,+>( E+(*4@ @8*+( 1D51(566( 1D+(
O+/+*+5 L (,+*84,/+*(/50(H+(@,8-.2+2( HL(1D+(J#>(1)(502(BZ(#,750.M51.80*(502( 1D.*(
8@+,51.80(.*(*D8EO(E.1D(1D+(25*D+2(6.0+*OK()1(1D+(+02>(5(J;)(.*(/547D1(4@(502(,+14,0+2(
18(1D+(6+5,0+,K((
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(

QD+(81D+,(*1+@*>(9,8F(NNO( 18( Nj(}=06974R4.-56+01(18( 1D+(9.,*1(*/+05,.8(
@, +*+01+2(.0(*+/1.80(XKK(502(1D+(J#(@,+@5,+*(502(@,8-.2+*(1D+(H4*.0+**(1,5.0.07(899+,(
98,( 1D+( 6+5,0+,( H5*+2( 80( 1D+( 8H15.0+2( J;)( 502( 81D+,( /4*18F.*+2( .098,F51.80K( I+(
*4@@8*+( 1D51( 1D+( 1.87+0+( ]50S( #,750.MBH8( 18( @+,98,F( 5( 1@5L( @+,( 4*+m(
F+/D50.*F(56*8(80( 1D+(,+*84,/+(4*57+K(1+(D5-+0_1(2.*/4**+2(1D+()//8401.07P].66.07(
502(J;)(<80.18,.07(.**4+*(98,(*.F@6./.1LK(



)081D+,(F8,+(/8F@6+T(*/+05,.8(.*(1D+(98668E.07>(ED./D(+F@D5*.M+*(1D+(9+514,+*(89(
5(/8665H8,51.-+(502(+T@+,.+01.56(H5*+2(6+5,0.07(F82+6K(C+9+,,.07(18(A.74,+(h>(E+(D5-+(5(
9,++650/+(1418,(ED8(E501*(18(899+,(*4@ @8,1(18(5(7,84@(89(6+5,0+,*K(QD+(*1+@*(NVO(502(NXO(
5,+(1D+(*5F+(89(1D+(*+/802(*/+05,.8(2#2(,.0( *+/1.80( XKkK(A4,1D+,F8,+>(50(522+2(

-564+( 89( 1D+( $,.2( 1+/D08687.+*( .*( 1D+( /5@5H.6.1L( 18( @,8-.2+( /8665H8,51.-+( 9+514,+*(
/,#51.07(5( 7,84@( 502( .0-.1.07( *8F+( 6+5,0+,*>( *D5,.07( 0++2*( 502( *S.66*>( 18( G8.0( 5(
/8665H8,51.-+(6+5,0.07(*+**.80K( Q418,(/50( 5//€4(éB#50.M51.80( NaO( @,8-.2.07(
*8F+(15,7+1(/80/+@1*(502(,+6L(4@80(1D+(/8665H8,51.-+(9+514,+*(89(1D+(8,750.M51.80( 18(
@,8-.2+(D.7D6L(,+56.*1./(-.,1456(*/.+01.9./(+ T @+, FEAM&S(QMrokerage Office(
18(@,+@5,+(502(2+9.0+>(.01+,5/1.07(E.1D(81D+,(8,750.M51.80*>(5(*15025,2(2.25/1./56(F82+6(
98,(1D+(5/D.+-+F+01(502(,+@,+*+0151.80(89(*4/D(+T@+,.F+01*K(QD+(6+5,0+,*(H+6807.07(18(
1D+($,84@( /50( 5//+**( 18( 1D+( -.,1456( +D@BOR¢.01+,5/1( E.2D( 4*.07(5(7,84@(
)I+**8,(?8F@80+01 (10811 +,5/1*(E.1D(1af§(8,750.M51.80K(

"0(1D.*(1L@+(89(F82+6>(5(6+5,0+,(.*(.FF+,*+2(.0(5(*@+/.9./(/8Q1BTa4 ED(./D>
5@0@,8@,.51+( *.F4651.80*>( 2+-+68@*( 5/1.-+( 6+5,0.07( @,8/+**+*( E.1D( @,87,+**.-+(
5H*1,5/1.80(6+-+6*>(6+52.07(18(1D+(/80*1,4/1.80(89(S08E6+27+(.0(5(2L05F./(E5LK("0(1D.*(
6+5,0.07(F82+6>(1D+(*142+01(/50(56*8LPH 4@ @8,1( 8 BHD¢N/8665H8,51.-+(
5*@+/1*O(502>(1D,847D( 1D+(/8F@5,(*HHE\IID+L(/50( H4.62( 5( O+E(IF+2.51+2m(
S08E6+27+K(

4. Conclusions and Future works

"0(1D.*( @5@+,( E+( D5-+( @,+*+01+2( 5( J+,-./+( 8,.+01+2( 3#( 98,( %:;+5,0.07K( I+( D5-+(

2+*/, . H+2(1D+(!.87+0+(F82+6(7.-+0(@5,1./465,(+F@D5*.*(80(1D+(.01+,5/1.80*(H+1E++0(1D+(
2.99+,+01(F+FH+,*(89(!1.87+0+(3#(.0(8,2+,(18(@,8-.2+(1,5.0.07(*+,-./+*K(A4,1D+,F8,+>(

E+( D5-+( *D8EOQ( *8F+( .2+5*( .0( 8,2+,( 18( 2+@68L( 1D+( !.87+0+( F82+6( .0( 50( #$J)(
/8F@65.01(.09,5%1,4/14,+>(+F@D5*.*.07(1D+(H+0+9.1*(1D51(1D+(!.87+0+(5,/D.1+/14,+(/8462(
D5-+(9,8F(1D+(528@1.80(89(%,.2(1+/D08687L(502(.0(@5,1./465,(#$I)K((

#4,(9414,+(E8,S(E.66(H+(F5.06L(98/4*+2(80( LE8(S+L(5*@+/1*'(QD~+(.F@6+F+0151.80(
89($,.2:5E5,+(-+,*.80( 89(")#(502(1D+(+-56451.80( 89( 1D+( 2+@68LF+01( 8-+,( 1D+( 0+E(
<./,8*891(#@+,51.07(JIL*1+F(/82+(05F+2(;807D8,0K(?80/+,0.07(1D+(.F@6+F+0151.80(89(
1D+(%$,.2:5E5,+(-+,*.80(89(1D+()#(E+(@650(18(4*+(1D+(F.226+E5,+(402+,(2+-+68@F+01(
.0(1D+($C)IB('($,.2(H5*+2()@ @6./51.80(J+,-./+(B,8-.*.80(@,8G+/1(15S.07(.018(5//8401(
1D+( O+E( 2+-+68@F+01( .0( 1D+( $,.2( 28F5.0( /80/+,0.07( 1D+( IJCA( NI+H( J+,-./+*(
C+*84,/+(A,5F+E8,SOK("02-6+ 2¢(8FF40.1L>(98,(1D+(F81.-51.80*(2+*/,.H+2(.0(UVnW>(
*(,+95/18,.07( 1D+( #@+0( $,.2( J+,-./+( "09,5*1,4/14,+( UnW( .O( 1+,F*( 89( E+H( *+,-./+*(
*@+/.9./51.80*%(502(1+/D08687.+*K( QD+([HZA¢2(80( 1D+(/80/+@1(89(1J:C+*84,/+>(
ED./D(.*(5(*151+946(,+*84,/+(1D51(@5,1./. @5kptied (vt ce pattern(UoWK(QD+(
@511+,0(.%(/82.9.+2(4*.07(+T.*1.07(E+H(*+,-./+(1+/D08687.+*>(5*(e<;>(1J!;(502(1J:
)22,+**.07K((

#0(1D+(81D+,(*.2+(E+(E.66(.0-+*1.751+(D8E(18(2+@68L(1D+($,.2:5E5,+(-+,*.80(89(1D+(
1.87+0+(N#(4*.07( 1D+(0+E(<./,8*891(#@+,51.07(JL*1+FK(;807D8,0>(,+@,+*+01*( 1D+(
9.,*1(8@+,51.07(*L*1+F(H4.6 k{dmddd code(N.K+K(K&%Q(/82+(/8F@6+1+6L(/8F@.6+2(
.018("01+,F+2.51+(;507457+(18(H+(+T.6M2+&(?;COK(;807D8,0(@,+*+01*(1D,++(S+L(
.008-51.80*(98,(B,+*+0151.80(;5L+,>(H15(502(?8FF40./51.80*(;5L+,K()66(1D+*+(
65L+,*(@,8-.2+(1D+.,(940/1.8056.1.+*(.0(1+,F*(89(I+H(J+,-./+*K(

A8,( 1D+( B,+*+0151.80( ;5L+,>( ;807D8,0( .01,824t#a@% Subsystem( UVaW(
+@,+*+01.07(5(*.70.9./501( +-8641.80( 89( 1D+( @,+*+0151.80( 1+/D08687L( E.1D( 1D+( 7856( 89(
5668E.07( 2+-+68@+,*( 18( +5*.6L( H4.62( ,./D( 502( /8F@+66.07( 4*+,( .01+,95/+*( 1D51( /50(
*+5F6+**6L(.01+7,51+(D.7D:R456.1L(28/4F+01(502(F461.F+2.5(/801+01K((



A8,(I515(;5L+,JinFS Subsystem UVXW(D5*(H++0(.01,8 225 (*(1D+(05F+(89(
1D+(0+E(9.6+(*L*1+F(1D51(@,8-.2+*(2515(502(*18,57+(F82+6(98,(1;807D8,0m(502(D5*(H++0(
.01,824/+2(.0(8,2+,(18(*.F@6.9L(1D+(@,8/+**(89(9.02.07(502(*18,.07(4*+,(2515K((

Indigo Subsystem(D5*(H++0(,+6+5*+2(18(9.66(1D+(?8FF40./51.80#{Bb*(
*+1(89(1+/D08687.+*(98,(2+-+68@.07(/800+/1+2(5@ @6./51.80*(80(1D+(1.028E*(@65198,FK ("1(
@,8-.2+*(5(/8F@6+1+(502(96+T.H6+(F+**57.07(@65198,F(.02+@+02+01(89(0+1E8,S(18@8687LK(
1.1D(Indigo>(2+-+68@+,*(/50(E,.1+(5@ @6./51.80*(80(5(*.F@6+(L+1(@8E+,946(@,87,5FF.07(
9,5F+E8,SK((

A4,1D+,F8,+>(;807D8,0(+T@8*+*(5(*+1(89(/8F@,+D+0*.-+() BIEi(ISB64R, (
E,.1.07(;807D8,0:H5*+2(5@ @6./5M8@FK()B"*(5,+(+01.,+6L(5-5.65H6+(.0( F5057+2(
182+K((

"0(1D.*(9,5F+(84,(+998,1( E.66( H+(2+-81+2( 18(.0-+*1.751+( DSE(18(+T1+02(;807D8,0(
65L+,*( 502( .0( @5,1./465,( 1.0AJ( 502( "02.78( .0( 8,2+,( 18( .01+7,51+( 1D+( IJCA(
*@+/.9./51.80*K(]81D("02.78(502(1.0AJ( @,8-.2+(5(H,852(5,,5L(89(2.*1,. HAL+2( *L*1+F*(
/5@5H.6.1.+*(.0( 5(/SF@8*5H6+( 502( + TAAD*IHEE, +>( *@500.07( 9,8F( 2515( 5//++*>(

.02+T.07>( *+5,/D( 502( ,+1,.+-56( 18( 1BH@84,.1L( *L*1+F*>( F+**57.07( @511+,0%>(
+0/82.07*>(0+1E8,S(18@8687.+*(502(D8*1.07(F82+6*K("0(1D.*(E5L(5(2+-+68@+,(/50(,+6L(80(
50(#$J)(/8F@6.501(.09,5%1,4/14,+(HF22+2m(.0(1D+(8@+,51.07(*L*1+FK(
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