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./&0#0*+&*(0*)*+<(56#0(#0()$0/()&(#89/,*)&*(-+)*",+(-/,(*6+(-)#$",+(*/$+,)&.+(/-(*6+(0A0*+8<((

2(G+A(-+)*",+(/-(!$/43++,(#0(4+#&'()4$+(*/(%/(8/0*(/-(#*0(/9+,)*#/&0(#&(9),)$$+$("0#&'($/.G#&'(
)0($#**$+()0(9/00#4$+<(56#0(#0().6#+;+%(4A(*6+(;+,0#/&#&'(0A0*+8(:6#.6()00",+0(*6+(./&0#0*+&.A(
/-(*6+(:,#**+&(%)*)<(56+(0#&'$+(/9+,)*#/&(:6#.6(#0(.),,#+%(/"*(#&()(0+,#)$(-)06#/&(#0("9%)*#&'(
*6+(;+,0#/&(/-(*6+(%)*)(,+.+&*$A(:,#**+&<(H+(0*"%#+%(;),#/"0(:)A0(/-(0);#&'(*6+(0*)*+(/-(*6+(
0A0*+8(:#*6/"*()--+.*#&'(*6+()$8/0*($/.G>-,++(#89$+8+&*)*#/&(/-(!$/43++,()&%(0*#$$(6);#&'(
9,/9+, ( 0&)906/*0 ( /- ( *6+ ( )99$#.)*#/&< (56+ ( ./&.$"0#/& (:)0 ( %+;+$/9#&' ( 0"99/,* ( -/, ( *)G#&'(
"&.//,%#&)*+%(0&)906/*0(^(*6#0(8+)&#&'(*6)*(+).6(9,/.+00(:#$$(0*/,+(+).6(./&0#0*+&*(0*)*+<(
N)#&(,+)0/&0(-/,(.6//0#&'(*6#0(0/$"*#/&(),+(/;+,)$$('//%(9+,-/,8)&.+()&%(*6+()"*/&/8A(/-(
+).6(+&*#*A(*/(0);+(#*0(0*)*+(#&(*6+(8/0*(./&;+&#+&*(8/8+&*<(56#0(.6/#.+()$0/(8)#&*)#&0(*6+(
'//%(9+,-/,8)&.+(!$/43++,(6)0(:#*6/"*(/",(8/%"$+()&%()$0/(8)%+(#*()&()99$#.)*#/&(:+$$(
#&*+',)*+% (:#*6 ( *6+ ( 7$/"%< ( 1& ( *6#0 ( ,+9/,* ( :+ ( :#$$ ( %+0.,#4+ ( #& ( %+*)#$ ( *6#0 ( )99,/).6 ( /-(
#89$+8+&*#&'(.6+.G9/#&*0(-/,(!$/43++,()&%(:+(:#$$()$0/(%+;+$/9(9,/9+,(*+0*0(*/(;)$#%)*+(*6+(
.6/0+&(#89$+8+&*)*#/&<

56#0(,+9/,*(0*),*0(:#*6()(9,+0+&*)*#/&(/-(*6+(,+$)*+%(:/,G(#&(*6+(-#+$%(/-(/",(9,/B+.*<(56+(
<=3>@F7/)14(.6)9*+,(0*),*0(:#*6(*6+(7$/"%(./89"*#&'(*+.6&/$/'#+0(#&('+&+,)$F(%+0.,#4#&'(#&(
9),*#."$),(*6+(.$/"%(0*/,)'+(#89$+8+&*)*#/&0(-/,(*6+(.$/"%F()&%(./&*#&"+0(:#*6(9,+0+&*#&'(*6+(
09+.#-#.()99$#.)*#/&0("0+%(#&(*6#0(9,/B+.*(*6+(#89$+8+&*)*#/&(/-(*6+(1))3(7$/"%(E#84"0()&%(
*6+(0*/,)'+($)A+,(!$/43++,<(56+(4).G',/"&%(.6)9*+,()$0/(%+0.,#4+0(*6+(;),#/"0(.6+.G9/#&*>
,+0*),* ()99,/).6+0(*6)*(.)&(4+("0+%(-/,()(%#0*,#4"*+%(0*/,)'+()99$#.)*#/&<(56+(9),* (!$H)7$
B/127&()2&/1 $./&*)#&0 ( *6+ ( #89$+8+&*)*#/& ( /- ( *6#0 ( 9,/B+.* ( ./&0#0*#&' ( #& ( ) ( %+*)#$+% ( 0+*"9(
%+0.,#9*#/&F(/",(8+*6/%(*/()%%(0*/,)'+(./&0#0*+&.A(-/,(!$/43++,F(*6+(#&*+,-).+(*6)*(9,/;#%+0(
)..+00(*/(!$/43++,(#&(*6+(7$/"%()&%(*6+(*+0*0(*/(;+,#-A(/",(#89$+8+&*)*#/&<(56+(.6)9*+, (I$
J,*/)7>,* $09+.#-#+0(*6+(6),%:),+()&%(0/-*:),+(4)0+(:+("0+%(-/,(*6#0(9,/B+.*<(1&(*6+(0#U*6(
.6)9*+,F(K$B/1>.)*&/1*$314$E)2)7,$4,L,./-',12*$:+(+896)0#J+(/",(-#&)$(/9#&#/&()&%(9/00#4$+(
%#,+.*#/&0(/-(%+;+$/98+&*(-/,(*6#0(9,/B+.*<

Y
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"S" 4=BT<@C7;:

"SHL" +9C7:"BCRF7>8;<"CG?@G8?O

 3.1.1 Cloud computing in the context of distributed systems

7$/"%(./89"*#&'(#0()(&+:(9),)%#'8(06#-*(#&(./89"*#&'(:6#.6(#89$#+0(*6)*(06),+%(,+0/",.+0(
)&%()99$#.)*#/&0(),+(9,/;#%+%(*/(Z+0G*/90(/,(/*6+,(+&%>"0+,(%+;#.+0(/&>%+8)&%(*6,/"'6(*6+(
1&*+,&+*< (H#*6 (7$/"% ( 0A0*+8(./89"*)*#/& (4+./8+0 ()& ()40*,).*#/& (4"#$* ("9/& (.$"0*+,0 ( /-(
0+,;+,0F()&()40*,).*#/&(*,)&09),+&*(*/(*6+(.$#+&*<(7$/"%(./89"*#&'(#89$#+0(%+$#;+,#&'(0+,;#.+0(
*6,/"'6(*6+(1&*+,&+*(#&()(%A&)8#.)$$A(0.)$)4$+(:)A()&%(*A9#.)$$A("0#&'(;#,*")$#J)*#/&<(gYh

56+,+(),+(*:/(G+A(+$+8+&*0(*6)*()%;)&*)'+(.$/"%0(#&(,+09+.*(*/(/*6+,(./89"*#&'(8/%+$0(-,/8(
*6+(9/#&*(/-(;#+:(/-(,+0/",.+("0)'+<(56+(-#,0*($#8#*)*#/&(0*),*#&'(-,/8(0"9+,./89"*+,0()&%(
0#&'$+(0+,;+,0(:)0(*6+(0*)*#.()&%(-#&#*+()8/"&*(/-(,+0/",.+0(*6)*(./"$%(4+(06),+%(^(H#*6(*6#0(
*A9+(/-(*+.6&/$/'#+0(&+:(,+0/",.+0(:/"$%("0")$$A(4+().C"#,+%(:6+&(*6+(.",,+&*(/&+0(:/&D*(
./;+,(*6+(&++%0()&A(8/,+<(!"*()%%#&'(&+:(,+0/",.+0(*/(*6+(&+*:/,G(,+C"#,+0()($/*(/-(:/,G(*/(
4+(%/&+(4A(*6+(&+*:/,G()%8#&#0*,)*/,0()&%(*6"0(*#8+(*/('+*(*6+(4+0*(0/$"*#/&(/&(06/,*()&%(
$/&'(*+,8<(56#0(/9+,)*#/&(6/:+;+,(.)&(9,/;+(*/(4+(,+%"&%)&*(/&($/&'(*+,8(^(#&(8/0*(/-(*6+(
.)0+0((8/,+(,+0/",.+0(),+(,+C"#,+%(/&$A(-/,(06/,*(9+,#/%0(/-(*#8+(4+-/,+()(9,/B+.*D0(%+)%$#&+F(
%",#&'($/)%(*+0*#&'<(gOh(!+#&'()4$+(*/()99,/U#8)*+(:6)*(,+0/",.+0(8#'6*(4+(&+.+00),A(#&(*6+(
-"*",+(#*D0(;+,A(%#--#."$*()&%(*6+("0")$(9/$#*#.(-/,(*6#0(#0(*/('+*(&+:(,+0/",.+0(:6+&(*6+(0A0*+80(
.,)06+0(^(:6#.6("0")$$A($+)%0(*/($/00(/-(%)*)()&%(-,"0*,)*#/&(-/,(%+;+$/9+,0<(!+0#%+0(0/8+(
4"0A(9+,#/%0(*6+(,+0/",.+0(),+(#%$+(0/(*6+(#&;+0*8+&*(:)0&D*(;+,A(+--#.#+&*<(56#0(#0(/&+(/-(*6+(
,+)0/&0(:6A('+**#&'(,+0/",.+0(/&(*6+(&+*:/,G(/&$A(/&(%+8)&%(.)&(4+()(;+,A('//%(#%+)(*/(
+--#.#+&*$A("0+(,+0/",.+0(/&$A(:6+&(*6+A(),+(&++%+%<((gPh

K,#%(./89"*#&'(#0()(8/%+$(:6#.6()$$/:0(#&.$"%#&'(&+:(,+8/*+(,+0/",.+0(#&(*6+(&+*:/,G<(
56#0(0A0*+8(#0(4)0+%(/&(I#,*")$(X,')&#J)*#/&0(#&(:6#.6(;/$"&*++,0('+*(*/(9),*#.#9)*+(#&()(
.+,*)#&(9,/B+.*(4A(9"**#&'(*/'+*6+,(./89"*)*#/&)$(9/:+,(^(*6+#,(/:&(.$"0*+,0<(gQh(56+(8)#&(
)%;)&*)'+(/-(',#%(./89"*#&'(#0(4+#&'()4$+(*/(+)0#$A()%%(&+:(&/%+0(#&*/(*6+(K,#%()&%("0+(
*6+8 ( /&$A (:6+& ( *6+A ( ),+ ( &++%+%< (56#0 ( *+.6&/$/'A ( )$$/:0 ( *6+ ( 0.#+&*#-#. ( )&% ( #&%"0*,#)$(
+&;#,/&8+&*(*/(./$$)4/,)*+(#&*/(%+;+$/9#&'(4#'(9,/B+.*0(:6#.6(,+C"#,+0()(6#'6(./89"*#&'(
9/:+,<(`).6(&/%+(:#$$(,+.+#;+(*)0G0(-,/8(*6+(B/4(8)&)'+,F(:#$$(./89"*+(%)*)(#&%+9+&%+&*$A(
)&%(*6+&(:#$$(0+&%(*6+(,+0"$*0(4).G(*/()(09+.#)$(&/%+<(E+:(&/%+0(.)&(4+()%%+%(+)0#$A(#&(*6+(
&+*:/,G(4A(./&&+.*#&'(*6+8(*/(*6+(K,#%<(2(:+)G(9/#&*(/-(K,#%(./89"*#&'(:6+&(./89),+%(*/(
0"9+,./89"*+,0()&%(%+%#.)*+%(.$"0*+,0(^(#0(/&(*6+(,+$#)4#$#*A(0#%+F()0(#*(./"$%(4+()("0")$(*6#&'(
*6)*()(,+8/*+(./89"*+,(-,/8(*6+(K,#%($/0+0(./&&+.*#;#*AF(#&(:6#.6(.)0+(*6+(*)0G(./"$%(4+($/0*(
)&%(*6"0(,+%#0*,#4"*+%(*/()(%#--+,+&*(&/%+<(56#0($/0*(*)0G(.)&($+)%(*/($/0#&'(/*6+,(%)*)(*6)*(
%+9+&%(/&(*6#0(&/%+D0(,+0"$*0<(56+(&/%+0(#&(*6+(K,#%(06/"$%(,+09+.*()(.+,*)#&(9,/*/./$()&%(*6+(
K,#%("0+,0(&++%(*/(6);+()(;)$#%(.+,*#-#.)*+()&%(*/(,+09+.*(.+,*)#&(09+.#-#.)*#/&("0+%(#&(*6+(
K,#%< (d/:+;+, ( *6+ ( #&-,)0*,".*",+ ( /- ( ',#% ( ./89"*#&' ( 6)0 ( 0/8+ ( $#8#*)*#/& ( 4)0+% ( /& ( *6+(
-"&%)8+&*)$ ( )00"89*#/& ( /- ( K,#% ( ./89"*#&'b ( ./&*,/$ ( /;+, ( *6+ ( 8/%+ ( #& ( :6#.6 ( ,+8/*+(
,+0/",.+0 ( ),+ ( 9,/;#%+% ( 4+$/&'0 ( */ ( *6+ ( ,+8/*+ ( 0#*+< ( K,#% ( "0+,0 ( "0")$$A ( %/&D* ( 6);+(
)%8#&#0*,)*#/&(,#'6*0(/&(*6+(,+8/*+(,+0/",.+0(-/,(0+.",#*A(,+)0/&0(^()&%(*6#0(:#$$($#8#*(*6+(
)4#$#*A(*/(%+9$/A(0/-*:),+(*6)*(&++%(,//*()..+00(*/(*6+(,+0/",.+0<(2$0/(/..)0#/&)$$A(*6+("0+,0(
6);+(*/()%)9*(*6+#,()99$#.)*#/&(#&(/,%+,(*/(,"&("0#&'(*6+(0/-*:),+(/--+,+%(4A(*6+(K,#%<(!+0#%+0(

T
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*6)*(K,#%(%/+0&D*(/--+,()(:)A(-/,(*6+("0+,0(*/(,+.+#;+(/&(%+8)&%(./89"*)*#/&)$(9/:+,< (1&(
'+&+,)$F()("0+,(.)&("0+(*6+(K,#%(#-(#0()(8+84+,(/-()(;#,*")$(/,')&#J)*#/&(*6)*(:)0()99,/;+%(#& (
*6+(K,#%<(gOh

L#'(P(^(56+(%+;#.+0(*6)*(.)&(4+(9),*(/-(*6+(K,#%

56+(.$/"%>./89"*#&'(./&.+9*(%+-#&+0()&()40*,).*#/&(/;+,()(&+*:/,G(/-(./89"*+,0 (:6#.6(
)$$/:0(*6+(.$/"%("0+,(*/(0++(*6+(+&*#,+(&+*:/,G()0()(0#&'$+(M7<(`).6(0+,;#.+(./&0"8+,(^("0+,(
^(6)0()..+00(*/(*6+(.$/"%(-,/8(#*0(/:&(%+0G*/9F($)9*/9F(MZ2("0#&'()&(1&*+,&+*(./&&+.*#/&<(
56+(6),%:),+()&%(*6+(/9+,)*#&'(0A0*+80(*6)*(/9+,)*+(/&(*6#0(6),%:),+(#0(#&;#0#4$+(*/(*6+(
.$#+&*<(`).6(,+C"+0*(9)00+0(*6,/"'6(*6+(0A0*+8(8)&)'+8+&*(:6#.6(-#&%0(*6+(./,,+.*(,+0/",.+(
)&%(*6+&(.)$$0(*6+(0A0*+8D0(0+,;#.+0(&+.+00),A(*/(-"$-#$$(*6+(,+C"+0*<(56+0+(0+,;#.+0()..+00(*6+(
&++%+% ( ,+0/",.+0 ( -,/8 ( *6+ ( .$/"% ( )&% ( $)"&.6 ( *6+ ( )99,/9,#)*+ ( :+4 ( )99$#.)*#/&0 ( /,(
.,+)*+0c/9+&0()(.+,*)#&(%/."8+&*F(/,('#;+0(,+8/*+()..+00(*/()(;#,*")$>8).6#&+(0+*"9(4A(*6+(
"0+,<(2-*+,:),%0(*6+(0A0*+8D0(8/&#*/,#&'()&%(8+*+,#&'(-"&.*#/&0(*,).G(*6+("0)'+(/-(*6+(.$/"%<(
gPh

56+(9),)%#'8(/-(.$/"%(./89"*#&'(8)%+(#*(9/00#4$+(*6+()..+00(+U#0*#&'(,+0/",.+0()*(,+8/*+(
0#*+0(:6+&(*6+0+(),+(&++%+%<(56+(.$/"%(#0()4$+(*/(%+$#;+,(8/,+(,+0/",.+0()&%(/&(%+8)&%(/--+,(
*6+8(/&(%+8)&%(*/(*6+("0+,<(56+(.$#+&*(6)0(./89$+*+()..+00(*/(#*D0(,+0/",.+0(#&(*6+(.$/"%()&%(
6+(.)&(8)G+(6#0(/:&(0+*"9<(gOh

56+(7$/"%(./89"*#&'(./&.+9*(#0(4)0+%()($/*(/&(;#,*")$#J)*#/&<(56+,+-/,+(#&(*6+(.$/"%(*6+(
.$#+&*(6)0(*6+(/99/,*"&#*A(*/(./&*,/$( *6+(0/-*:),+(0*).G(-,/8(*6+(/9+,)*#&'(0A0*+8(*/(*6+(
)99$#.)*#/& ( $+;+$< (56#0 ( 09+.#)$#J+% ( *A9+ ( /- ( .$/"% ( #0 ( G&/:& ( )0 ( 1))3 ( e1&-,)0*,".*",+>)0>)>
3+,;#.+f(^()0(#* (/--+,0()&(+&*#,+(#&-,)0*,".*",+(*/(*6+("0+,0<(1))3(#0(.",,+&*$A(9,/;#%+%(4A(
28)J/&F(K/K,#%()&%(E#84"0<(56+,+(),+(/*6+,(*A9+0(/-(.$/"%(0".6()0(M$)*-/,8>)0>)>3+,;#.+(

a
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e:6)* (K//'$+( ()&%(N#.,/0/-* (),+(/--+,#&'f(/,(3/-*:),+>)0>)>0+,;#.+( e./88"&#*A(09+.#-#.(
)99$#.)*#/&0()&%(9/,*)$0f<(

56+ ( G+A ( 9/#&*0 ( *6)* ( 8)G+ ( .$/"%>./89"*#&' ( ) ( ;+,A ( '//% ( )&% ( )**,).*#;+ ( 0/$"*#/& ( -/,(
%A&)8#.)$$A(./&*,/$(*6+()8/"&*(/-("0+%(,+0/",.+0(),+(*6+("0+,D0()4#$#*A(*/(6);+(./89$+*+(
)%8#&#0*,)*#/&(,#'6*0(/;+,(#*0(,+0/",.+0F(*6+(."0*/8#J)4$+(+&;#,/&8+&*()&%(*6+(9/00#4#$#*A(*/(
"0+ ( *6/0+ ( ,+0/",.+0 ( /&>%+8)&%< ( 56+ ( 7$#+&* ( 0++0 ( /&$A ( 6#0 ( ,+0/",.+0 ( :6#$+ ( *6+ ( .$/"%(
#&-,)0*,".*",+(#0(*,)&09),+&*((-/,(6#8<(56+("0+,0(/&$A(&++%0(*/(.),+()4/"*(*6+#,(/:&($#0*((&/%+0(
#&*/(*6+(.$/"%<(gPh

X&+(/-(8/0*(/4;#/"0(%#--+,+&.+(4+*:++&(7$/"%(./89"*#&'()&%(K,#%(./89"*#&'(#0(*6+(-).*(
*6)*(7$/"%(/--+,0(8/,+(./&*,/$(*/(+).6(#&%#;#%")$("0+,(/-(*6+(.$/"%F(&/(8)**+,(*6+(0#J+(/-(6#0(
B/4(:6#$+(K,#%(./89"*#&'(#0(09+.#)$#J+%(*/(0"99/,*($),'+(0+*(/-("0+,0(/,')&#J+%(#&(;#,*")$(
/,')&#J)*#/&0< ( 1& ( /,%+, ( */ ( 4+0* ( 4+&+-#* ( -,/8 ( *6+ ( %)*)>#&*+&0#;+ ( 0*/,)'+ (:#*6#& ( *6+ (K,#%(
./89"*#&'(*+.6&/$/'A(*6+()8/"&*(/-(%#0*,#4"*+%(%)*)(8"0*(4+($),'+F(:6#$+(0*/,#&'(%)*)(#&*/(
*6+(7$/"%(6)0(*/(4+(+./&/8#.)$$A(9,/-#*)4$+(+;+&(-/,(08)$$()8/"&*0(/-(%)*)<(gSh(1&(/*6+,(
:/,%0( *6+(7$/"%(0++&()0 ( 1))3(,+9,+0+&*0 ()(-"&%)8+&*)$ (.6)&'+(/-(9+,09+.*#;+b (=:6+&()(
,+8/*+("0+,(=$+)0+0?()(,+0/",.+F(*6+(./&*,/$(/-(*6)*(,+0/",.+(#0(*",&+%(/;+,(*/(*6)*("0+,?<(56#0(
.6)&'+(#&()00"89*#/&(:)0(+&)4$+%(4A(*6+();)#$)4#$#*A(/-()(-,++()&%(+--#.#+&*(;#,*")$#J)*#/&(
*+.6&/$/'Ab(*6+([+&(6A9+,;#0/,<(!+-/,+(;#,*")$#J)*#/&F(*",&#&'(/;+,(*6+(./&*,/$(*/(*6+("0+,(
:)0(-,)"'6*(:#*6(%)&'+,b(*6+("0+,(./"$%(+)0#$A(0"4;+,*()(0#*+<(!"*(;#,*")$#J)*#/&(9,/;#%+0()(
:)A(/-(#0/$)*#&'(*6+($+)0+%(,+0/",.+(-,/8()(0#*+(#&()(0+.",+(:)A(*6)*(8#*#')*+0(*6#0(%)&'+,<(
I#,*")$(8).6#&+0(.)&(4+(%+9$/A+%(;+,A(-)0*(e/&(*6+(/,%+,(/-(8#$$#0+./&%0f((:6+&F(#&()%%#*#/&(
*/(*6)*F(*6+(/;+,6+)%()&%(*6+(9,#.+()00/.#)*+%(:#*6()(,+$#)4$+(;#,*")$#J)*#/&(*+.6&/$/'A(:+&*(
%/:&F(#*(0"%%+&$A(4+.)8+(;#)4$+()&%(./0*>+--+.*#;+(*/("0+(*6+8(#&(/,%+,(*/($+)0+(,+0/",.+0(*/(
,+8/*+("0+,0<(gYh

56#0(&+:(*+.6&/$/'A(#0(0"99/0+%(*/(.6)&'+(*6+(:)A(*6+(./89"*+,0(),+(0++&(*/%)A(^(*6+(:)A(
:+(,"&()99$#.)*#/&0()&%(0*/,+( #&-/,8)*#/&< (56+( #&%#;#%")$ (./89"*+,( #0 (.6)&'+%(:#*6(*6+(
&+4"$/"0(./$$+.*#/&(/-()$$(*A9+0(/-(./89"*+,0(:6#.6(),+()..+00+%(*6,/"'6(*6+(1&*+,&+*<(X&+(
4#'(9$"0(-,/8( (*6+(4"0#&+00(9/#&*(/-(;#+:(#0(*6+(-).*(*6)*(./89)&#+0(.)&("0+(*6+(7$/"%(*/(
0.)$+("9(8)00#;+(.)9).#*#+0(:#*6/"*(:/,,A#&'()&A(8/,+()4/"*(*6+(./0*(/-(*6+(#&-,)0*,".*",+(
,+8/;#&' ( -,/8 ( *6+#, ( 4"0#&+00+0 ( /*6+, ( )%%#*#/&)$ ( +U9+&0+0 ( $#G+ ( *6+ ( +&*#,+ ( 6),%:),+(
#&-,)0*,".*",+F ( *6+(,//8(-/,(G++9#&'(*6+0+(0+,;+,0F (6#,#&'()&%( *,)#&#&'(&+:(9+,0/&&+$ (-/,(
8)#&*)#&#&'(*6+(+&;#,/&8+&*F($#.+&0+0(/-(&+:(0/-*:),+(/,(+;+&()%%#*#/&)$(./0*0(-/,(',/:#&'(
*6+(#&-,)0*,".*",+(^(:6#.6(:#$$(4+("0+%(,),+$A<(H#*6(.$/"%(./89"*#&'(#*(#0(.+,*)#&(*6)*(/&+(:#$$(
9)A(/&$A(-/,(*6+("0+%(,+0/",.+0<gPh(H6+&("0#&'(*6+(7$/"%(*6+(0+,;#.+(./&0"8+,(4+./8+0(
#&%+9+&%+&*(/-(*6+(M7(/,(/-(*6+(09+.#-#.(;+,0#/&(/-(#*D0(%+;#.+<(56+("0+,(#0(&/*(,+09/&0#4$+(-/,(
*6+(#&-,)0*,".*",+(6+("0+0()&%(6+(#0(&/*():),+(/-(:6+,+(*6)*(#&-,)0*,".*",+(#0($/.)*+%()0(*6+(
+&*#,+(7$/"%(#0(6#%%+&("&%+,()(0#&'$+(%/8)#&F(:6#.6(+U9/0+0()$$(#*0(0+,;#.+0<(

!+#&'()4$+(*/(+$)0*#.)$$A(+&$),'+()&%(%#8#&#06(*6+(+--+.*#;+$A("0+%(,+0/",.+(+&6)&.+0(&+:(
.6)$$+&'+0 (:+ (6);+ (9,+;#/"0$A ( ,+;#+:+%< (56#0 ( #0 (:6A (&/:)%)A0 ( *6+,+ ( ),+ ( ) ( $/* ( /- ( 4#'(
./89)&#+0($#G+(K//'$+()&%(28)J/&(*6)*()$,+)%A(/--+,(7$/"%(7/89"*#&'(0+,;#.+0()&%(),+(
#&;+0*#&'()($/*( #&(%+;+$/9#&'(*6#0(*+.6&/$/'#+0()&%(/--+,(8".6(8/,+(,+$#)4#$#*AF ( *,"0*()&%(
$/:+,(./0*(-/,(=,+&*#&'()(4A*+?(#&(*6+(7$/"%<(X&(*6+(8),G+*(*6+,+(),+()$0/(0/8+(;+,A('//%(
/9+&(0/",.+()$*+,&)*#;+0(-/,(7$/"%(*//$G#*0($#G+(*6+(E#84"0(5//$G#*<(H+("0+(E#84"0(*/(0+*"9(
*6+(.$/"%(+&;#,/&8+&*(-/,(*6#0(9,/B+.*<(
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 3.1.2 Understanding cloud services

!+-/,+ ( 0*),* ( :/,G#&' ( :#*6 ( ) ( .$/"% ( -,)8+:/,G ( #*D0 ( #89/,*)&* ( */ ( "&%+,0*)&% ( *6+ ( 8)#&(
)%;)&*)'+0 ( /- ( .$/"%>./89"*#&' ( #& ( *6+ ( %#0*,#4"*+% ( 0A0*+80 ( +&;#,/&8+&* ( )&% ( 6/: ( *6+(
./89/&+&*0(#&*+,).*(#&*/(*6+(.$/"%<

L#'(O(d/:("0+,0(./&&+.*(*/(*6+(.$/"%

20(,+9,+0+&*+%(#&(*6+(L#'(O(gOh(+).6(0+,;#.+(./&0"8+,(6)0()..+00(*/(*6+(.$/"%(-,/8(#*0(/:&(
%+0G*/9F($)9*/9F(MZ2("0#&'()&(1&*+,&+*(./&&+.*#/&<(L/,(*6+0+("0+,0(*6+(.$/"%(#0(0++&()0()(
0#&'"$),(+&*#*A(e)99$#.)*#/&F(%+;#.+F(%/."8+&*F(X3(/-()(;#,*")$(8).6#&+f<(56+(6),%:),+()&%(
*6+(/9+,)*#&'(0A0*+80(*6)*(/9+,)*+(/&(*6#0(6),%:),+(#0(#&;#0#4$+(*/(*6+(.$#+&*<(`).6(,+C"+0*(
9)00+0(*6,/"'6(*6+(0A0*+8(8)&)'+8+&*(:6#.6(-#&%0(*6+(./,,+.*(,+0/",.+()&%(*6+&(.)$$0(*6+(
0A0*+8D0(0+,;#.+0(&+.+00),A(*/(-"$-#$$(*6+(,+C"+0*<(56+0+(0+,;#.+0()..+00(*6+(&++%+%(,+0/",.+0(
-,/8 ( *6+ ( .$/"% ( )&% ( $)"&.6 ( *6+ ( )99,/9,#)*+ ( :+4 ( )99$#.)*#/&0 ( /, ( .,+)*+0c/9+& ( ) ( .+,*)#&(
%/."8+&*F(/,('#;+0(,+8/*+()..+00(*/()(;#,*")$>8).6#&+(0+*"9(4A(*6+("0+,<(56+(8/&#*/,#&'()&%(
8+*+,#&'(-"&.*#/&0(*,).G(*6+("0)'+(/-(*6+(.$/"%<(

2$$ ( *6+(:+4(4)0+%()99$#.)*#/&0(/,( ,+0/",.+0 (/--+,+%(;#)(.$/"%(./89"*#&'(),+(./&0#%+,+%(
7$/"%(0+,;#.+0<(L/,(+U)89$+0(*6+(K//'$+cZ/.0()99$#.)*#/&F(K//'$+(7)$+&%),F(N#.,/0/-*(\#;+(
),+(6/0*+%(/&(*6+(.$/"%(^()&%(*6+("0+,(#0()4$+(*/()..+00(*6+0+(0+,;#.+0("0")$$A(*6,/"'6(*6+(
4,/:0+,<(2-*+,($)"&.6#&'(*6+()99$#.)*#/&(#*(4+6);+0()0()&("0")$(Z+0G*/9()99$#.)*#/&<(

56+()%;)&*)'+0(/-(.$/"%(0+,;#.+0(),+(&"8+,/"0b(#-(*6+(0A0*+8(.,)06+0F(*6#0(%/+0&D*()--+.*(*6+(
%/."8+&*()*()$$F(*6+(%/."8+&*(.)&(4+()..+00+%(-,/8(%#--+,+&*($/.)*#/&0()&%()$0/(#*(.)&(4+(
)..+00+%()&%(8/%#-#+%(-,/8(8/,+(*6)&(/&+("0+,(0#8"$*)&+/"0$A<

5A9+0(/-(7$/"%(3+,;#.+0

− 3/-*:),+>)0>)>3+,;#.+(e3))3f
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56#0(*A9+(/-(0+,;#.+(/--+,+%(#&(*6+(7$/"%(#0(*6+(8/0*(./88/&(/-(*6+(0+,;#.+0(*6)*(*6+(7$/"%(
.)&(9,/;#%+<(56#0(0+,;#.+(9,/;#%+0()&()99$#.)*#/&(/&(#*D0 (/:&( (.+&*,)$(0+,;+,(*6)*(.)&(4+(
)..+00+%(4A(*6/"0)&%0(/-("0+,0(:#*6/"*(*6+8(#&0*)$$#&'()&A(&+:()99$#.)*#/&(*6,/"'6(1&*+,&+*F(
1&*,)&+*F(\2EF(/,(IME<( (i+A(:/,%0(,+'),%#&'(*6#0(*A9+(/-(.$/"%(),+b(1&*+,&+*(./&&+.*#/&F(
.+&*,)$#J+%(./&*,/$F(/&+>*/>8)&A(8/%+$<(`U)89$+0(/-(*6#0(*A9+(/-()99$#.)*#/&b(K//'$+(Z/.0F(
K//'$+(2990F(N#.,/0/-*(\#;+<

− M$)*-/,8>)0>)>3+,;#.+(eM))3f

56#0(0+,;#.+(9,/;#%+0()((./89"*#&'(9$)*-/,8(/,()(./89"*#&'(0*).G()0()(0+,;#.+F(*6#0(8+)&#&'(
./&0"8#&' ( .$/"% ( #&-,)0*,".*",+ ( )&% ( 0"0*)#&#&' ( .$/"% ( )99$#.)*#/&0< ( 56#0 ( *A9+ ( /- ( .$/"%(
./89"*#&'(0+,;#.+(+$#8#&)*+0(*6+(&++%(-/,()($/*(/-(./89)&#+0(*/(4"A(*6+#,(/:&(6),%:),+(-/,(
%+;+$/98+&* ( )&% ( *+0*#&' ( )&% ( +;+& ( -/, ( %+9$/A#&' ( *6+#, ( )99$#.)*#/&0< ( !+0#%+0 ( /--+,#&'(
./89"*)*#/&)$(9/:+,()&%(0*/,)'+(M))3()$0/(/--+,0()&(/9+,)*#&'(0A0*+8(:6#.6(#0(9)*.6+%()&%(
G+9*("9(*/(%)*+(4A(*6+(.$/"%(0+,;#.+(9,/;#%+,<(3/8+(+U)89$+0(/-(*6#0(*A9+(/-()99$#.)*#/&(),+b(
N#.,/0/-*D0 (H#&%/:0 (2J",+ ( M$)*-/,8 ( e)& ( /9+,)*#&' ( 0A0*+8 (:6#.6 ( 0+,;+0 ( )0 ( ) ( ,"&*#8+(
+&;#,/&8+&*(-/,()(0+*(/-(0+,;#.+0()&%()$0/(9,/;#%+0()(9$)*-/,8(-/,(%+;+$/98+&*fF(K//'$+(299(
`&'#&+(e)&()99$#.)*#/&(-/,(%+;+$/9#&'()&%(6/0*#&'(:+4()99$#.)*#/&0(#&(K//'$+>8)&)'+%(%)*)(
.+&*+,0f<(M))3(#0(*6+(4+0*()99,/).6(#-(."0*/8#J)*#/&(#0(&/*()&(#89/,*)&*()00+*()0(*6+(,+8/*+(
,+0/",.+0(),+()$,+)%A(0+*("9(:#*6()(%+-)"$*(0+*(/-()99$#.)*#/&0<(gPOh

− 1&-,)0*,".*",+>)0>)>3+,;#.+(e1))3f(

1))3(7$/"%0(%+$#;+,(/&>%+8)&%(./89"*#&'(9/:+,()&%(0*/,)'+<(H#*6(1))3("0+,0(.)&(%+9$/A()&(
#8)'+(*6)*(#&.$"%+0()99$#.)*#/&0()&%("9%)*+(*6+(./89/&+&*0(/-(*6)*(#8)'+()-*+,(*6+("0+,D0(
&++%0<(2&(+U)89$+(/-()(1))3(#89$+8+&*)*#/&(#0(28)J/&(H+4(3+,;#.+0(e28)J/& (`7O()&%(
28)J/&(3Sf<(H#*6(1))3(*6+(+&*+,9,#0+(.)&(8)G+(*6+#,(/:&(;#,*")$(8).6#&+0(/,(.)&()0G(*6+(
7$/"%()%8#&#0*,)*/,(*/(9,+9),+(*6+(8).6#&+(:#*6(.+,*)#&(,+C"#,+8+&*0<(7"0*/8+,0(0+$+.*()&%(
4)0#.(0/-*:),+(0+,;+,0(-/,(*6+#,(9),*(/-(*6+(.$/"%()&%(*6+&($/)%("9(*6+#,($#4,),#+0F()99$#.)*#/&0(
)&% (%)*) ( *6+& ( ./&-#'",+ ( *6+8( *6+80+$;+0< (I#,*")$#J)*#/& (+&)4$+0 ( 1))3 (9,/;#%+,0 ( */ (/--+,(
)$8/0*("&$#8#*+%(#&0*)&.+0(/-(0+,;+,0(*/(."0*/8+,0()&%(8)G+(./0*>+--+.*#;+("0+(/-(*6+(6/0*#&'(
6),%:),+< (!$/43++, (:)0 (4"#$* ()0 ()&()99$#.)*#/&(-/, (%#0*,#4"*+% (+&;#,/&8+&*0 ()0 ( #*0 (8)#&(
-/."0(#0(/--+,#&'(-+)*",+0(*/(:/,G(;+,A(-)0*(:#*6(9,/.+00+%(%)*)(*6)*(#0(:,#**+&(#&(9),)$$+$(/&(
%#--+,+&*(&/%+0(/-(*6+(.$"0*+,<(56+,+-/,+(*6+,+(),+()($/*(/-()%;)&*)'+0(/--+,+%(4A(!$/43++,(
/&.+(#*(#0(#&*+',)*+%(/&(*6+(7$/"%<(gYh

 3.1.3 Cloud storage

X&+(/-(*6+(8/0*(#89/,*)&*(-+)*",+0(/-(*6+(7$/"%(#0(4+#&'()4$+(*/(0*/,+(6"'+()8/"&*(/-(
%)*)<(i++9#&'(%)*)(#&*/(*6+(.$/"%(#0(8/,+(')#&-"$(*6+&(0);#&'(#*(/&(%+%#.)*+%(0+,;+,0()&%(
#*D0()$0/(8/,+(0+.",+()0(:+(),+(9,/*+.*+%(-,/8()..#%+&*)$$A(%+$+*#&'(*6+(%)*)()0(#*(#0(0);+%(
/&(8"$*#9$+(8).6#&+0<(H6+&(0);#&'(-#$+0(/&(*6+(.$/"%(*6+("0+,(0++0()(;#,*")$(0+,;+,(:6#.6(
./&*)#&0(#*D0(%)*)()0(4+#&'(0);+%()0(/&()(0*)*#.(8).6#&+(6);#&'()(.+,*)#&(&)8+<(d/:+;+,(
4+6#&%(*6#0(#&*+,-).+(*6+(-#$+(#0("0")$$A(%#;#%+%(4+*:++&(8)&A(*6#,%>9),*A(0+,;+,0(e&/*(
%+%#.)*+%(/&+0f(^()&%(*6+(%)*)($/.)*#/&(.6)&'+0(./&*#&"/"0$A(#&*/(*6+(.$/"%<(2$$(*6+0+(
-+)*",+0(#&;/$;+(6);#&'()(09+.#)$(0*/,)'+($)A+,(*6)*(#89$+8+&*0(*6+0+(09+.#)$(,+C"#,+8+&*<(
56+ (8)#& ( #&#*#)*#;+0 ( ,+'),%#&' ( 0/$"*#/&0 ( -/, ( 9,/;#%#&' ( 0*/,)'+ (/& (7$/"% ( 0A0*+8 (),+(
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K//'$+L3F(28)J/&(3S()&%(*6+(0*/,)'+($)A+,(-/,(d)%//9<(E+U*(:+(:#$$(06/,*$A(9,+0+&*(
*6+(8)#&(.6),).*+,#0*#.0(/-(*6+0+()99$#.)*#/&0<

56+(8)#&(-+)*",+0(/--+,+%(4A(*6+(K//'$+L3(),+(*6+(-/$$/:#&'b(gWhFgRh

− 39$#**#&'(*6+(6"'+(-#$+0(#&*/(RW(N!(-#U+%(4$/.G0(^(%#0*,#4"*+%()8/&'(.6"&G(0+,;+,0<(

56+0+ ( .6"&G0 ( ),+ ( +U*,+8+$A ( ,),+ ( /;+,:,#**+&< (56+0+ ( .6"&G0 ( ),+ ( "0")$$A ( ,+)% (/,(
)99+&%+%(*/(*6+0+(4#'(.6"&G0(/-(%)*)<(56+(&/%+0(/-(*6+(.$"0*+,(),+(%#;#%+%(#&*/(*:/(
*A9+0(/&+(N)0*+,(&/%+()&%()($/*(/-(76"&G0+,;+,0<(

− 56+ (8+*)%)*) ( *6)* ( %+0.,#4+0 ( *6+ ( %#,+.*/,A ( 0*,".*",+ ( /- ( *6+ ( -#$+ ( 0A0*+8 ( )&% ( *6+(

8+*)%)*)(*6)*(%+0.,#4+(*6+(.6"&G($)A/"*(),+(0*/,+%(/&(*6+(.+&*,)$#J+%(N)0*+,(0+,;+,<(
56+(N)0*+,(0+,;+,(,+.+#;+0("9%)*+0(9+,#/%#.)$$A(-,/8(+).6(.6"&G(0+,;+,(ejM,372A
(,32$',**3F,*jf<(

− 56+(0A0*+8(*6)*(9,/;#%+0(*6+(9+,8#00#/&(*/(8/%#-A()(.6"&G(/-(%)*)(:/,G0(*6,/"'6(

=+U9#,#&'($+)0+0?(/-(*#8+<(Z",#&'(*6#0(*#8+(',)&*+%(4A(*6+(N)0*+,(&/(/*6+,(9,/.+00(
:#$$(4+(',)&*+%(9+,8#00#/&(*/(8/%#-A(*6)*(.6"&G(/-(%)*)<((56+(8/%#-#+%(.6"&G0+,;+,F(
:6#.6 ( #0 ( )$:)A0 ( *6+ ( 9,#8),A ( .6"&G ( 6/$%+,F ( *6+& ( 9,/9)')*+0 ( *6+ ( .6)&'+0 ( */ ( *6+(
.6"&G0+,;+,0 ( :#*6 ( *6+ ( 4).G"9 ( ./9#+0< ( 56+ ( .6)&'+0 ( ),+ ( &/* ( 0);+% ( "&*#$ ( )$$(
.6"&G0+,;+,0().G&/:$+%'+F(*6"0('"),)&*++#&'(*6+(./89$+*#/&()&%()*/8#.#*A(/-(*6+(
/9+,)*#/&<(

− M,/',)80()..+00(*6+(.6"&G0(4A(-#,0*(C"+,A#&'(*6+(N)0*+,(0+,;+,(-/,(*6+($/.)*#/&0(/-(

*6+ ( %+0#,+% ( .6"&G0@ ( #- ( *6+ ( .6"&G0 ( ),+ ( &/* ( 4+#&' ( /9+,)*+% ( /& ( e#- ( *6+,+ ( ),+ ( &/(
/"*0*)&%#&' ( $+)0+0fF ( *6+ (N)0*+, ( ,+9$#+0 (:#*6 ( *6+ ( $/.)*#/&0F ( )&% ( *6+ (9,/',)8( *6+&(
./&*).*0()&%(,+.+#;+0(*6+(%)*)(-,/8(*6+(.6"&G0+,;+,(%#,+.*$A<(

1&(dZL3F(*6+(,+)%(/9+,)*#/&(+00+&*#)$$A(:/,G0(*6+(0)8+(:)A()0(:#*6(K//'$+L3<(d/:+;+,(
*6#0(#0(%#--+,+&*(#&(0+8)&*#.0b(#*()$$/:0(/&$A(/&+(:,#*+,()*()(*#8+()&%(/&.+(:,#**+&(*6+(%)*)(
.)&&/* (4+ ()$*+,+% (4A ()99+&%#&' (/, (/;+,:,#*#&'< (dZL3()$0/ (6)0 ( 0/8+( -+)*",+0 ( *6)* (%)*)(
*6,/"'69"*(0#8#$),(*/(*6+(/&+(#89$+8+&*+%(4A(K//'$+L3<

H#*6(7$/"%>./89"*#&'(%+;+$/98+&*(*6+(&++%(-/,()(0A0*+8(*6)*(/--+,0(+--+.*#;+(%)*)>#&*+&0#;+(
)99$#.)*#/&(#&.,+)0+%<(56"0(28)J/&(0*),*+%(*/(/--+,(N)9>]+%".+(#&-,)0*,".*",+()0()(0+,;#.+(^(
`$)0*#.(N)9>]+%".+<(28)J/&(`$)0*#.(7/89"*+(7$/"%(e28)J/&(`7Of(#0()(:+4(0+,;#.+(*6)*(
9,/;#%+0 ( ,+0#J)4$+ ( ./89"*+ ( .)9).#*A ( #& ( *6+ ( .$/"%< ( 1* ( #0 ( %+0#'&+% ( */ ( 8)G+ ( :+4>0.)$+(
./89"*#&'(+)0#+,(-/,(%+;+$/9+,0<(gPWh(d)%//9(9,/;#%+0(0"99/,*(-/,("0#&'()0()(-#$+0A0*+8(*6+(
28)J/& ( 3S ( e28)J/& ( 3#89$+ ( 3*/,)'+ ( 3+,;#.+f ( #&0*+)% ( /- ( dZL3 ( *6,/"'6 ( 3S ( E)*#;+(
L#$+3A0*+8(eV]1(0.6+8+b(0S&f(/,(*6+(3S(!$/.G(L#$+3A0*+8(eV]1(0.6+8+b(0Sf< (56+(8)#&(
%+0#'&(9,#&.#9$+0(/-(*6+(3S(-#$+>0A0*+8(),+(*6+(-/$$/:#&'(gPShb

− 3S(3A0*+8(:)0(4"#$*(:#*6(*6+(#%+)(/-(0#89$#.#*A(#&(8#&%()&%(*6+(/4B+.*0(.)&(,+).6(

0#J+%("9(*/(K!<(1*(#89$+8+&*0(0#89$+()&%(:+$$(+0*)4$#06+%(0*)&%),%0()0(3X2M<(`).6(
/4B+.*(#0(0*/,+%(#&()(4".G+*()&%(,+*,#+;+%(;#)()("&#C"+F(%+;+$/9+,>)00#'&+%(G+A<(56+(
"0+,(#0()4$+(*/(%+$+*+F(,+)%()&%(:,#*+(*/(*6#0(/4B+.*0(^(#%+&*#-A#&'(*6+8(4A(*6#0("&#C"+(
1%<(

− Z)*)>$/.)*#/&>):),+&+00 ( /- ( *6+ (%)*) ( #0 ( )&/*6+, ( .6),).*+,#0*#.0 ( /- (3S ( -#$+ ( 0A0*+8<(
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X4B+.*0(.)&(4+(.,+)*+%(*/(4+$/&'(*/(/&+(/,(8/,+(,+'#/&0<(X&.+(0*/,+%(#&()(]+'#/&(*6+(
4$/.G (.)& (&+;+, ( $+);+ ( *6+ (]+'#/& ("&$+00 ( *6+ ("0+, ( *,)&0-+,0 ( #* ( /"*< (L/, ( +U)89$+F(
/4B+.*0(0*/,+%(#&(*6+(`V(e1,+$)&%f(]+'#/&(&+;+,($+);+(*6+(`V<

− 56+(=%+.+&*,)$#J)*#/&?(9,#&.#9$+0(6)0(*6+(*),'+*(*/(,+8/;+(0.)$#&'(4/**$+&+.G0()&%(

0#&'$+(9/#&*0(/-(-)#$",+<

− !A(=*/$+,)&.+( */ ( -)#$",+? ( *6+ (0A0*+8(./&*#&"+0(:#*6 (8#&#8)$( #&*+,,"9*#/&(+;+&( #-(

0/8+(./89/&+&*0(-)#$+%<

− 56+(3S(-#$+>0A0*+8(6)0()(=./&*,/$$+%(9),)$$+$#08?F(:6#.6(#89$#+0(#89$+8+&*#&'(*6+(

&+.+00),A(',)&"$),#*A(*/(#89,/;+(9+,-/,8)&.+

− 56+(=0A88+*,A?(.6),).*+,#0*#.(8+)&0(*6)*()$$(&/%+0(),+(#%+&*#.)$()0(-"&.*#/&)$#*A()&%(

%/&D*(,+C"#,+(&/%+(09+.#-#.(./&-#'",)*#/&()&%(=0#89$#.#*A?<(

56+0+(9,#&.#9$+0(8)G+(*6+(3S(0A0*+8(*/(4+(;+,A(+--#.#+&*()&%(+)0A(*/(',/:<

X*6+,(#&#*#)*#;+0(),+b

− K$"0+,L3(^()('+&+,)$(9",9/0+(%#0*,#4"*+%(-#$+(0A0*+80(^(:6#.6(:/,G0(:#*6(0*/,)'+(

4,#.G0(/;+,(*6+(&+*:/,G<(gPQh

− K+&+,)$(M),)$$+$(L#$+(3A0*+8(eKML3f(#0()(6#'6>9+,-/,8)&.+(06),+%>%#0G(.$"0*+,+%(

-#$+(0A0*+8(%+;+$/9+%(4A(1!N<(1*(#0("0+%(4A(8)&A(/-(*6+(0"9+,./89"*+,0(*6)*(
9/9"$)*+(*6+(5/9(Q__(\#0*(/-(*6+(8/0*(9/:+,-"$(0"9+,./89"*+,0(/&(*6+(9$)&+*<(
gPRh

− 56+(M),)$$+$(I#,*")$(L#$+(3A0*+8(eMIL3f(#0()&(X9+&(3/",.+(9),)$$+$(-#$+(0A0*+8<(

2(9),)$$+$(-#$+(0A0*+8(#0()(*A9+(/-(%#0*,#4"*+%(-#$+(0A0*+8(*6)*(%#0*,#4"*+0(-#$+(%)*)(
).,/00(8"$*#9$+(0+,;+,0()&%(9,/;#%+0(./&.",,+&*()..+00(4A(8"$*#9$+(*)0G0(/-()(
9),)$$+$()99$#.)*#/&<(MIL3(:)0(%+0#'&+%(-/,("0+(#&($),'+(0.)$+(.$"0*+,(./89"*#&'<(
MIL3(-/."0+0(/&(6#'6(9+,-/,8)&.+()..+00( */( $),'+(%)*)(0+*0< ( 1* (./&0#0*0(/-()(
0+,;+,(9,/.+00()&%()(.$#+&*($#4,),AF(4/*6(/-(:6#.6(),+(:,#**+&(+&*#,+$A(/-("0+,>$+;+$(
./%+<(2(\#&"U(G+,&+$(8/%"$+()&%(MIL3(>(.$#+&*(9,/.+00()$$/:0(*6+(-#$+(0A0*+8(*/(
4+(8/"&*+%()&%("0+%(:#*6(0*)&%),%("*#$#*#+0<(56+(.$#+&*($#4,),A(9,/;#%+0(-/,(6#'6(
9+,-/,8)&.+()..+00(;#)(*6+(8+00)'+(9)00#&'(#&*+,-).+(eNM1f<(gPYh

1& ( *6#0 (9,/B+.* (:+ (6);+ (.6/0+& ( */ ( #&*+',)*+ (!$/43++,F ( )& (/9+&>0/",.+ ()$*+,&)*#;+ ( */ ( *6+(
0A0*+80(:+(6);+(9,+0+&*+%(#&(*6#0(.6)9*+,(^(K//'$+L3F(28)J/&(3SF(KML3F(MIL3(^(#&*/(*6+(
1))3(7$/"%(0A0*+8(E#84"0<

"SHJ" *8RE7D

 3.2.1 Overview 

E#84"0(#0()&(/9+&>0/",.+(-,)8+:/,G(*6)*(.)&(4+("0+%(*/(+&6)&.+()(.$"0*+,(*/(4+("0+%()0(
1))3<(56+('/)$(/-(*6+(9,/B+.*(#0(*/(%+;+$/9()(7$/"%(0A0*+8(8)#&$A(-/,(,+0+),.6(9",9/0+0(4"*(

PW



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

.)&(4+("0+%(&/*(/&$A(-/,(,+0+),.6<(56,/"'6(*6#0(0A0*+8(*6+(.$#+&*(#0()4$+(*/($+;+,)'+(+U#0*#&'(
,+0/",.+0()*(,+8/*+0(0#*+0(4A(%+9$/A#&'(;#,*")$(8).6#&+0(/&(*6+(,+8/*+(0+,;+,0()&%(./&-#'",+(
*6+8()../,%#&'(*/(*6+("0+,0D(&++%0<(56+(%#--#."$*A(/-(%+9$/A#&'(E#84"0(.)&(;),A(-,/8(;+,A(
0#89$+(*/(./89$+U(%+9+&%#&'(/-(*6+(7$/"%D0(0#J+(/,(/-(0./9+<(d/:+;+,(-/,()(.$/"%(:#*6()($/*(
/-(&/%+0(E#84"0(/--+,0()(0+,;#.+(&)8+%(=./&*+U*(4,/G+,?(:6#.6()$$/:0(.$#+&*0(*/(#&0*)$$()&%(
.//,%#&)*+($),'+(;#,*")$(.$"0*+,0()"*/8)*#.)$$A(#&(9),)$$+$<(1&(*6+(.",,+&*(9,/B+.*(:+(6);+("0+%(
) ( $#'6* ( 0+*"9 ( /- ( ) ( .$/"% ( 0+,;#.+ (:#*6 ( *6+ (8#&#8"8(&"84+, (/- ( +$+8+&*0< (56+ (9,#&.#9)$(
+$+8+&*0 (/- ( *6+ (E#84"0 ( 0A0*+8( ),+b ( *6+ (I#,*")$ (N).6#&+ (N)&)'+,F ( *6+ (]+9/0#*/,AF ( *6+(
H/,G09).+>0+,;#.+F(*6+(7$#+&*<

 3.2.2 Nimbus Architecture

H+(:#$$(06/,*$A(%+0.,#4+(6+,+(+).6(9),*(/-(*6+(7$/"%()&%(:6)*(:+(6);+(#&0*)$$+%(/&(+).6(
+$+8+&*(^(2$$(*6+0+(./&0*#*"+&*(9),*0(),+()4$+(*/(./88"&#.)*+(:#*6(+).6(/*6+,()0(,+9,+0+&*+%(
#&(*6+(L#'(S(gPOh<(3+.",#*A(4+*:++&(*6+(./89/&+&*0(/-(*6+(.$/"%(#0()%%,+00+%("0#&'([<Q_a(
.,A9*/',)96A(0*)&%),%()&%(*6+(.+,*#-#.)*+0(),+('+&+,)*+%()0(%+0.,#4+%(#&(gPTh<

2(0*)&%),%(./&-#'",)*#/&(8/%+$(*6)*(:+(6);+(:/,G+%(:#*6(#0(,+9,+0+&*+%(#&(L#'(O<S(gPOh()&%(
./&*)#&0(*6+(-/$$/:#&'(./89/&+&*0(gOShb

− 56+(H/,G09).+>3+,;#.+

56+(H/,G09).+(0+,;#.+(#0(*6+(./89/&+&*(*6)*(9"4$#06+0(#&-/,8)*#/&()4/"*(+).6(H/,G09).+>
7/&0*,/$< (56+ (H/,G09).+ ( 0+,;#.+ ( #0 ( ) ( 0*)&%)$/&+ ( 0#*+ (:6#.6 (.)& (4+ ( #&;/G+% (4A (;),#/"0(
,+8/*+ (9,/*/./$0< (d+,+ (:+ (6);+ ( #&0*)$$+% ( *6+ (&#84"0 ( 0+,;#.+F ( ;+,0#/& ( O<W ( -,/8(/--#.#)$(
&#84"0(9,/B+.*(%/:&$/)%(9)'+<(56+(H/,G09).+(3+,;#.+(0#*+(8)&)'+,(#0(*6+(#&0*)&.+(*/(:6+,+(
*6+(.$#+&*(#0(0+&%#&'(*6+(./88)&%0(*/(4+(+U+."*+%(/&(*6+(.$/"%<(1&(*6#0(0+*"9(*6+(H/,G09).+(
3+,;#.+(:#$$(./9A(*6+(;#,*")$(8).6#&+0(-,/8(*6+(]+9/0#*/,A(*/(*6+(INN0()&%(%+9$/A(*6+8<(
56+(%+9$/A+%(;#,*")$>8).6#&+0(./&*)#&(!$/43++,(#&0*)$$+%(/&(*6+8<

− 56+(]+9/0#*/,A

X&(*6#0(8).6#&+(),+(0*/,+%(*6+([+&(I#,*")$>8).6#&+0(:6#.6(:#$$(4+(%+9$/A+%(#&*/(*6+(.$/"%<(
d+,+(:+(#&0*)$$+%('$/4"0>',#%-*9>0+,;+,(-/$$/:#&'(*6+(*"*/,#)$(-,/8(*6+(K$/4"0(:+40#*+(gPTh<(
H+("0+%(K,#%-*9(^()0(#*(#0()&(+U*+&0#/&(/-(*6+(0*)&%),%(L5M(:6#.6(0/$;+0(*6+(9,/4$+8(/-(
#&./89)*#4#$#*A(4+*:++&(*6+(0*/,)'+()&%(*6+()..+00(0A0*+80<(K,#%L5M(9,/;#%+0()("&#-/,8(
:)A(/-()..+00#&'(*6+(%)*)F(+&./89)00#&'(-"&.*#/&0(-,/8()$$(*6+(%#--+,+&*(8/%+0(/-()..+00F(
4"#$%#&'(/&()&%(+U*+&%#&'(*6+("&#;+,0)$$A()..+9*+%(L5M(0*)&%),%<(L5M(:)0(.6/0+&()0()(4)0#0(
-/, ( #* (4+.)"0+ (/- ( #*0 (:#%+09,+)% ("0+F ()&% (4+.)"0+( #* (6)0 () (:+$$ (%+-#&+% (),.6#*+.*",+ ( -/,(
+U*+&0#/&0(*/(*6+(9,/*/./$(e:6#.6(8)A(4+(%A&)8#.)$$A(%#0./;+,+%f<

− I#,*")$(N).6#&+(N)&)'+,

56+(INN(&/%+(#0(*6+(&/%+(:#*6(:6#.6(8)&)'+0()$$(*6+(;#,*")$(8).6#&+0<(56+(9,#;#$+'+%(
)../"&*(/&(*6+(0+,;#.+(&/%+(&++%0(*/(4+()4$+(*/(33d(-,++$A(*/(*6+(INN(e:#*6/"*(&++%#&'()(
9)00:/,%f<(2&%(;#.+(;+,0)F(*6+(9,#;#$+'+%()../"&*(/&(*6+(INN(&/%+0(&++%0(*/(4+()4$+(*/(
-,++$A(33d(4).G(*/(*6+(H/,G09).+(3+,;#.+(&/%+0(*/(%+$#;+,(&/*#-#.)*#/&0<(X&(*6#0(&/%+(:+(
6);+(#&0*)$$+%(*6+(H/,G09).+>7/&*,/$()&%(*6+([+&(dA9+,;#0/,<

PQ



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

! 56+(H/,G09).+>7/&*,/$(#0(#89$+8+&*+%(#&(MA*6/&(#&(/,%+,(*/(4+(9/,*)4$+()&%(
+)0A(*/(#&0*)$$<(]+C"#,+0($#4;#,*F(0"%/F(+4*)4$+0F()&%()(Zd7M(0+,;+,($#4,),A<(56#0(
./89/&+&*(/-(E#84"0(#0(#&0*)$$+%(/&(+).6(INN(&/%+(#&(/,%+,(*/(/--+,(*6+(&+U*(
-"&.*#/&)$#*#+0

• 0*),*c(0*/9c9)"0+(*6+(IN0@(

• ,+./&0*,".*c8/%#-Ac8)&)'+(*6+(IN(#8)'+0@(

• 0+.",+$A(./&&+.*(*6+(IN0(*/(*6+(&+*:/,G(e"0+0(Zd7M(*/()00#'&(190f@((

• %+$#;+,(./&*+U*")$#J)*#/&(#&-/,8)*#/&(e"0#&'(*6+(./&*+U*(4,/G+,f<

! [+&(dA9+,;#0/,(:6#.6()$$/:0(0+;+,)$('"+0*(/9+,)*#&'(0A0*+80(*/(+U+."*+(/&(*6+(
0)8+(./89"*+,(6),%:),+(./&.",,+&*$A<(H+("0+%([+&(*+.6&/$/'A(*/(*6+(%+*,#8+&*(
/- (iIN(:6#.6 ( )$0/ (:/,G0 ('//% (:#*6 (E#84"0 ( 4+.)"0+ ([+& (9,/;#%+0 (4+**+,(
#&*+,/9+,)4#$#*AF(0"99/,*(-/,(4)*.6(0A0*+80()&%(:/,G0(;+,A(:+$$(/&(6),%:),+(*6)*(
%/+0&D* (6);+(09+.#)$ (0"99/,*( -/,(;#,*")$#J)*#/&< (gOWh (5/(./88"&#.)*+(:#*6( *6+(
[+&(0+,;#.+(*6+(O<W(;+,0#/&(/-(E#84"0(#0("0#&'($#4;#,*(*/(8)&)'+(*6+(%+9$/A+%(
;#,*")$(8).6#&+0<

− 56+(7$#+&*

56+(.$#+&*(6)0(*6+('/)$(*/(6+$9(*6+(7$/"%("0+,0(*/(0*),*("0#&'(*6+(1))3(0A0*+8(;+,A(+)0A(-,/8(
)&A(0/,*(/-(%+;#.+(^($)9*/9F(MZ2()&%(-/,(*6)*(#*(/--+,0()&(#&*+,-).+(-/,(./88"&#.)*#/&(:#*6(
*6+(H/,G09).+>3+,;#.+()&%(*6+(]+9/0#*/,A<(56#0(./89/&+&*(0+&%0(,+C"+0*0(*/(*6+(INN0()&%(
*6+(H/,G09).+(3+,;#.+(&/%+0<((gOSh

X&(*6#0(&/%+(:+(6);+(#&0*)$$+%(*6+(&#84"0()"*/./&*)#&+,<(56#0(*//$(6)0(*6+('/)$(*/(/--+,()&(
+)0A(0"99/,*(-/,(*6+()%8#&#0*,)*#/&(/-(*6+(8).6#&+0(/&(*6+(7$/"%(4+.)"0+b (K+&+,)*+0(-"$$(
./&-#'",)*#/&(0*,#&'0(-,/8(06/,*."*0F(.)&(*,)&0-+,(-#$+0(*/c-,/8(*6+(,+9/0#*/,A(&/%+("0#&'(#*0(
+84+%%+%(K,#%L5M(.$#+&*F(9).G)'+0()$8/0*()$$(&++%+%(%+9+&%+&.#+0()&%(/*6+,("0+-"$("*#$#*A(
9,/',)80<(

56+(,+C"+0*0(0+&*(*/(*6+(]+9/0#*/,A(),+($#0*(e:6#.6(:#$$($#0*()$$(*6+();)#$)4$+(;#,*")$>8).6#&+0(
-,/8(*6+(]+9/0#*/,AfF(*,)&0-+,(e*6#0(:#$$(*,)&0-+,(*6+(;#,*")$(8).6#&+0f<(56+(,+C"+0*0(0+&*(*/(
*6+(H/,G09).+>3+,;#.+(),+(,"&(e:6#.6(:#$$(0+&%()(;#,*")$>8).6#&+(-,/8(*6+(]+9/0#*/,A(*/()(
INN()&%(0*),* (#*fF (*+,8#&)*+(e06"*>%/:&0(*6+(;#,*")$>8).6#&+f<(56+(,"&(./88)&%(/--+,0(
;+,A ( #89/,*)&* ( #&-/,8)*#/& ( -/, ( *6+ ( )%8#&#0*,)*/, ( /- ( *6+ ( 0A0*+8b ( $#G+ ( *6+ ( 1M(/- ( *6+ (&+:(
%+9$/A+%(8).6#&+< (56#0 (#&-/,8)*#/&(#0 ("0+%(:6+&($)"&.6#&'(!$/43++,( #&0*)&.+0( #&*/( *6+(
7$/"%()-*+,(*6+(I#,*")$(N).6#&+0(),+()$,+)%A(0*),*+%<(]+C"+0*#&'(.+,*)#&(-#U+%(1M(#&*/(*6+(
.$/"%(./0*0(8".6(8/,+(*6)&(6);#&'()$$/.)*+%(,)&%/8(1M0<

PR



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

L#'(S(X;+,;#+:(/-(*6+(.$/"%(./&-#'",)*#/&

"SHS" 49CE1??@"

 3.3.1 BlobSeer Overview

56+(!$/43++,(%)*)(0*/,)'+($)A+,(#0()(0/-*:),+(*6)*(:)0(4"#$*()0()(8/,+(+--#.#+&*()$*+,&)*#;+(
*6)& ( *6+ ( dZL3 ( *6+ ( %+-)"$* ( 0*/,)'+ ( $)A+, ( -/, ( d)%//9F ( 4A ( +$#8#&)*#&' ( 0/8+ ( /- ( #*D0(
%#0)%;)&*)'+0< ( (H6+& (:/,G#&' (:#*6 (6"'+ ( )8/"&* (/- ( %)*) ( )&% ( )$0/ (:#*6 (6"'+ ( -#$+0 ( *6+(
9,/4$+8(*6)*(),#0+0(#*D0(*6+(8)&)'+)4#$#*A(9,/4$+8(^()&A(9,/4$+8(*6)*(/..",0(.)&($+)%(*/(;+,A(
4#'($/00+0(/-(%)*)<(56+(0*/,)'+($)A+,(9,/9/0+%(4A(!$/43++,(0"99/,*0(;+,0#/&#&'(^()(-+)*",+(
:6#.6()$$/:0(,/$$#&'(4).G("&%+0#,+%(.6)&'+0F(4"*()$0/(%#;#%#&'()(%)*)0+*(#&*/(#&%+9+&%+&*(
%)*)0+*0(*6)*(.)&(+;/$;+(4A(*6+80+$;+0<(2&/*6+,(9$"0(*6)*(!$/43++,()%%0(#*D0()&(#&*+,-).+(*6)*(
9+,8#*0(*6+()99$#.)*#/&(*/(4+(%)*)>$/.)*#/&>):),+ (:( *6+,+-/,+(*6+(0.6+%"$+,(#0()4$+(*/(9$).+(
./89"*)*#/&)$ (:/,G ( .$/0+ ( */ ( *6+ ( %)*)F ( ,+%".#&' ( *6+ ( &+*:/,G ( *,)--#.< ( M,/;#%#&' ( ) ( ( 6#'6(
*6,/"'69"* ( #& ( 09#*+ (/- (6+);A (./&.",,+&* ()..+00 ( #0 ()&/*6+, ( -+)*",+ ( *6)* ( *6+ ( 0*/,)'+ ( $)A+,(
9,/;#%+0(4A(+$#8#&)*#&'(*6+($/.G0()0(8".6()0(9/00#4$+()&%(8)G#&'()$$(*6+().*#;#*A(*/(*)G+(
9$).+ ( #& (9),)$$+$< (56#0 (%+0#'& (/- ( *6#0 ()99$#.)*#/& (:)0 ( #&09#,+% (-,/8( *6+ (9,+;#/"0 (0#8#$),(
0*/,)'+ ( $)A+,0 ( $#G+ (dZL3F ( K//'$+L3F ( 3S ( -,/8 (28)J/& ( ^ ( )&% ( #* ( #0 ( -)0*+, ( *6+& ( *6+0+(
)99$#.)*#/&0(4+.)"0+(#*(+$#8#&)*+0(0/8+(/-(*6/0+(:+)G(9/#&*0<(

!$/43++,(#0()&()99$#.)*#/&(09+.#)$$A(%+0#'&+%(*/(%+)$(:#*6(*6+(,+C"#,+8+&*0(/-($),'+>0.)$+(
%)*)>#&*+&0#;+(%#0*,#4"*+%()99$#.)*#/&0< (Z)*) ( #0 ()40*,).*+%()0 ( $),'+(0+C"+&.+(/-(4A*+0()&%(
0*/,+%()0()(4$/4(e4#&),A($),'+(/4B+.*fF(:6#.6(#0(+00+&*#)$$A()(6"'+(-#$+<(gOQh(!$/43++,(*//G().*(
/-()$$(*6+0+(9,+;#/"0$A(%+;+$/9+%(0A0*+80D($).G0()&%(9$"0+0(:6#.6(:+,+("0+%()0()(0*),*(9/#&*(
*/(%+0#'&(*6+(!$/43++,()0()(./&.",,+&.A>/9*#8#J+%(-#$+(0A0*+8(-/,(d)%//9<(56+(!3L3($)A+,(
+&)4$+0(d)%//9(*/("0+(!$/43++,()0()(0*/,)'+(4).G+&%(*6,/"'6()(-#$+(0A0*+8(#&*+,-).+<(gWh

PY
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!$/43++,(%+0#'&()%;)&*)'+0b

− *6+(0A0*+8(:6#.6(#0(4)0+%(/&(;+,0#/&#&'(*6+(/4B+.*0(/--+,0()($/.G(-,++()..+00(*/(%)*)(

)&%()$0/(-);/,0(0.)$)4#$#*A("&%+,(6+);A(./&.",,+&.A<

− d#'6(*6,/"'69"*(#*D0()00",+%(4A(*6+(%+.+&*,)$#J+%(%)*)()&%(8+*)%)*)(8)&)'+8+&*<

− 56+(0.6+%"$+,(#0()4$+(*/(9$).+(./89"*)*#/&)$(:/,G(.$/0+(*/(*6+(%)*)F(,+%".#&'(*6+(

&+*:/,G(*,)--#.<

1&(!$/43++,(*6+(%)*)(#0((0*,".*",+%(#&*/(-$)*(0+C"+&.+0(/-(4A*+0(^()$0/(.)$$+%(!\X!0(e!#&),A(
\),'+(X4B+.*0f<(56+(0#J+(/-(*6+(4$/4(.)&(4+(;+,A(08)$$(eRW84f(-/,(-#&+>',)#&+%()..+00(*/(
6"'+(!\X!0(/-(6"&%,+%(/-(K!<

L#'(Q(!$/43++,D0(2,.6#*+.*",+(

!$/43++, ( ,+9,+0+&*0 () ( 0+* (/- (%#0*,#4"*+% (./88"&#.)*#/& (9,/.+00+0 (^ ( *6+ (%#0*,#4"*#/& ()&%(
#&*+,).*#/&(4+*:++&(*6+8(),+(06/:&(#&(*6+(L#'(Q(gOQh(L,/8(*6+(!$/40++,(%+0#'&(:+(.)&(
+U*,).*(*6+(-/$$/:#&'(+&*#*#+0(gPPhb(

Pf 7$#+&*(

56#0(,/$+(#0(*6+(/&+(*6+(.)&$ >7,32,NO7&2,N7,34 $-,/8(!\X!0" $2$$(*6+0+(/9+,)*#/&0(),+(%/&+(
./&.",,+&*$A(+;+&(*6+,+(),+(%/&+(:#*6(*6+(0)8+(!\X!<

Of Z)*)(9,/;#%+,(

56+(%)*)(9,/;#%+,(/,(0#89$A(*6+(9,/;#%+,(#0(*6+(#*+8(*6)*(0*/,+0(*6+(%)*)('+&+,)*+%(4A(*6+(
:,#*+,0<(56+(&+:(%)*)(9,/;#%+,0(.)&(%A&)8#.)$$A(B/#&(/,($+);+(*6+(0A0*+8<(1&(*6+(./&*+U*(/-(
d)%//9(N)9>]+%".+F(*6+(&/%+0(6/0*#&'(%)*)(.)&()$0/().*()0(./89"*#&'(+$+8+&*0()0(:+$$<(
56#0(6+$90(*6+(&/%+(*/(4+&+-#*(-,/8(*6+(d)%//9(0*,)*+'A(*/(8)G+(%)*)():),+(/-(#*D0($/.)*#/&F(

PT
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*6"0(9$).#&'(*6+(./89"*)*#/&()0(.$/0+()0(9/00#4$+(*/(*6+(%)*)<(

Sf M,/;#%+,(N)&)'+,(

56+(9,/;#%+,(8)&)'+,(8)#&*)#&0(#&-/,8)*#/&()4/"*();)#$)4$+(0*/,)'+(09).+()&%(0.6+%"$+0(*6+(
9$).+8+&*(/-(&+:$A('+&+,)*+%(4$/40<(56#0(+&*#*A(0+$+.*0("0#&'()($/)%>4)$)&.#&'()$'/,#*68((*6+(
9,/;#%+,0(*/(:6#.6(#*(.)&(+;+&$A()00#'&(*6+(%)*)<

Wf N+*)%)*)(M,/;#%+,$

56#0(#*+80(#*+8(96A0#.)$$A(0*/,+0(*6+(8+*)%)*)(*6)*()$$/:0(#%+&*#-A#&'(*6+(4$/.G0(*6)*(-/,8()(
0&)906/*(;+,0#/&<(56+()..+00(*/(*6+(8+*)%)*)(9,/;#%+,0(.)&(4+(%/&+(./&.",,+&*$A<(56+(&/%+0(
*6)*(6/0*(*6#0(*A9+(/-(#*+80(.)&()$0/(6/0*(./89"*)*#/&)$(9/:+,<

Qf 56+(;+,0#/&(8)&)'+,(

56#0 ( #*+8 ( )00#'&0 ( #&.,+8+&*)$ ( 0&)906/* ( ;+,0#/&0 ( &"84+,0 ( 0/ ( *6)* ( *6+ ( 0+,#)$#J)*#/& ( )&%(
)*/8#.#*A(/-(*6+(:,#*+(/9+,)*#/&(#0()00",+%<(1*(#0(,+./88+&%+%(*/(6/0*(*6#0(&/%+(/&()(0+9),)*+(
0+,;+,<(

7",,+&*$A(*6+(O(8/0*(#89/,*)&*(/9+,)*#/&0(,+)%c:,#*+(),+(*6+(/&+0(#89$+8+&*+%(/&(!$/43++,(
:6#.6(:#$$(4+(06/,*$A(%+0.,#4+%()0(-/$$/:0b

Pf ]+)%#&'(gPPh

H6+&(,+)%#&'(*6+(.$#+&*(6)0(*/(%/(*6+(-/$$/:#&'(/9+,)*#/&0(:6#.6(.)&(4+(+)0#$A(,+)%(-,/8(L#'(
Rb(

− -#&%(/"*(*6+(!\X!(*6)*(./,,+09/&%0(*/(*6+(,+C"+0*+%(-#$+@

− *6+&(*6+(.$#+&*(8"0*(09+.#-A(*6+(;+,0#/&(8)&)'+,(-,/8(:6+,+(*/(,+)%F()&%()$0/(*6+(

,)&'+(e0#J+(k(/--0+*f(*6)*(&++%0(*/(4+(,+)%<(56#0(%)*)(&++%(*/(4+(9,/;#%+%(./&0#%+,#&'(
*6+(d)%//9(%/+0&D* (0"99/,*(;+,0#/&#&'(A+*(*6+(,+)%#&'(.)$$ ( #0 (%/&+(#&(*6+(.",,+&*(
#89$+8+&*)*#/&<

− 2-*+,:),%0(*6+(.$#+&*()0G0(*6+(;+,0#/&(8)&)'+,()4/"*(*6+(,+C"+0*+%(;+,0#/&(/-(*6+(

!\X!<(56+(;+,0#/&(8)&)'+,(-/,:),%0(*6#0(,+C"+0*(*/(*6+(8+*)%)*)(9,/;#%+,0F(:6#.6(
#&(*",&(0+&%(/&(4).G(*/(*6+(.$#+&*(*6+(8+*)%)*)(*6)*(./,,+09/&%(:#*6(,+C"+0*(/-(*6+(
.$#+&*(^(*6+(,)&'+(e0#J+F(/--0+*f(-,/8(:6+,+(*6+(.$#+&*(:#$$(,+)%(*6+(%)*)<(X&+(*6+(
$/.)*#/&(/-(*6+(%)*)(:)0(#%+&*#-#+%(*6+(.$#+&*(-+*.6(*6+(4$/.G0(-,/8(*6+(%)*)(9,/;#%+,0<(

− 2$$(*6+(,+C"+0*0(),+(0+&*(#&%+9+&%+&*$A(/&+()&/*6+,()&%(.)&(4+(9,/.+00+%(#&(9),)$$+$ (

4A(*6+(%)*)(9,/;#%+,0<(

Pa



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

L#'(R(!$/43++,(,+)%#&'(0.6+8+

Of H,#*#&'(gPPh

H6+&(:,#*#&'(*6+(.$#+&*(6)0(*/(%/(*6+(-/$$/:#&'(/9+,)*#/&0(:6#.6(.)&(4+(+)0#$A(,+)%(-,/8(L#'(
Yb

− H6+&(:,#*#&'(*6+(-#,0*(/9+,)*#/&(*6+(.$#+&*(%/+0(#0(09$#**#&'(*6+(%)*)(*/()($#0*(/-(4$/.G(

#&(/,%+,(*/(./,,+09/&%(*/(*6+(,+C"+0*+%(,)&'+<

− 56+&(*6+(.$#+&*(0+&%0()(,+C"+0*( */(*6+(M,/;#%+,(N)&)'+,()&%()0G0(#* (-/,()($#0* (/-(

);)#$)4$+(M,/;#%+,0F (:6+,+(*6+(:,#*+, (:/"$%(*6+&(:,#*+(#*D0 (%)*)b(/&+(9,/;#%+,c9+,(
4$/.G<

− (56+(M,/;#%+,(N)&)'+,(.6//0+0(*6+(M,/;#%+,0(-/$$/:#&'()($/)%>4)$)&.#&'()$'/,#*68(

)&%(0+&%0(*6+($#0*(4).G(*/(*6+(.$#+&*<

− 56+(.$#+&*(*6+&(:#$$(:,#*+(*6+(%)*)(#&(9),)$$+$(/&(*6+0+(M,/;#%+,0<(1-(/&+(:,#*#&'(-)#$0(

*6+&()$$(:,#*+0(:#$$(4+(./&0#%+,+%()0(-)#$+%<

− 1-()$$(*6+(:,#*+(/9+,)*#/&0(),+(0"..+00-"$$A()../89$#06+%(*6+(.$#+&*(./&*).*0(*6+(IN(

*/()&&/"&.+(#*(/-(#*D0(#&*+&*(*/("9%)*+(*6+(!\X!D0(;+,0#/&<(20(%+0.,#4+%(+),$#+,(*6#0(
-#,0*(96)0+(#*D0(%/&+(#&(9),)$$+$(#&%+9+&%+&*(/-(/*6+,(:,#*+,0<(

− 2-*+,:),%0(*6+(IN()00#'&0(*6+(+).6(:,#*+(,+C"+0*()(&+:(0&)906/*(;+,0#/&(8)&)'+,(

#%<(1-(*6+(IN(N)&)'+,(%+*+.*0(*6)*($/:+,(;+,0#/&0(/-(*6+(%)*)(*6+(.$#+&*(:)&*0(*/(
"9%)*+(.",,+&*$A( #0 (0*#$$ ( #& ( *6+(:,#*#&'(9,/.+00( *6+&( #* ('#;+0( *6+(.$#+&* () (8+00)'+(
./&.+,&#&'(*6#0<(H6+&()$$(*6+($/:+,(;+,0#/&0(/-(*6+(.",,+&*(!\X!(*/(4+(:,#**+&(4A(
*6+(.$#+&*(),+(,+)%A(*6+(IN(0+&%0(*6+(#%(*/(*6+(.$#+&*<(

− 56+(.$#+&* (:#$$ ( ,+.+#;+ ( *6#0 ( #% ()&% (:#$$ ('+&+,)*+ (&+:(8+*)%)*) ( *6)* (:#$$ ( 0+&% ( #*(

*/'+*6+, (:#*6 ( *6+(+U#0*#&' (8+*)%)*) ( */ () (N+*)%)*)(M,/;#%+, (^ ( *6)* (:#$$ (0*/,+ ( *6#0(
8+*)%)*)<(56#0(/9+,)*#/&0(.,+)*+0(*6+(#$$"0#/&(/-()(&+:(0*)&%()$/&+(0&)906/*<(

O_

!"#$%&
'$()#*%+
,-%-.$(

,$&-/-&-
+0(*1#/$(

23+4$56$)&+7897+1$()#*%

:3+;))*<#-&$+&=$
>#"$+?#&=+7897

@3+A*(?-(/)+
<"#$%&B)+($56$)&

C3+D$%/+&=$+
E$&-/-&-+<*(($)F*%/#%.+

&*+($56$)&$/+(-%.$
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− H6+&(*6+(N+*)%)*)(M,/;#%+,(0"..+00-"$$A(6)0(:,#**+&(*6+(%)*)(:#$$(&/*#-A(*6+(.$#+&*(

)4/"*(*6#0<

− H6+&(*6+(.$#+&* (,+.+#;+0( *6+(0"..+00(&/*#-#.)*#/&(-,/8(*6+(N+*)%)*)(M,/;#%+,( *6+(

I+,0#/&(N)&)'+,(:#$$(4+(&/*#-#+%(/-(*6+(+U#0*+&.+(/-(*6+(&+:(;+,0#/&(/-(*6+(!\X!<

L#'(Y !$/43++,(:,#*#&'(0.6+8+

 3.3.2 BlobSeer's advantages on the Cloud 

!$/43++,(#0()&()99$#.)*#/&(*6)*(0+,;+0()0()(0*/,)'+($)A+,(:6+&(:/,G#&'(:#*6(;+,A(4#'(0+*0(/-(
%)*)(/&(%#0*,#4"*+%(0A0*+80<(1*0(0*,/&'(9/#&*0F(:6#.6(8)G+(!$/43++,()(9/*+&*#)$()$*+,&)*#;+(
-/, (/*6+, ( 0#8#$), ( 0*/,)'+( $)A+, ( -/, (7$/"%(^ (K//'$+L3F (28)J/&(3S(^(),+ ( *6+ (;+,0#/&#&'(
0A0*+8F().6#+;#&'(6#'6(*6,/"'69"*()&%(*6+(%)*)>$/.)*#/&>):),+(-+)*",+<(H+(:#$$(9,+0+&*(+).6(
/-(*6+0+()%;)&*)'+0(&+U*<(gWh

Pf I+,0#/&#&'

2(.$#+&*(-,/8(!$/43++,(#0()4$+(*/(.,+)*+(&+:(4$/40F(:,#*+c)99+&%(%)*)(*/(*6+8F(,+)%(%)*)(
-,/8(*6+8(4A("0#&'()(0#89$+(#&*+,-).+<(`).6(4$/4(#0(#%+&*#-#+%(4A(()("&#C"+(1Z((#&(*6+(0A0*+8(
,+*",&+%(:6+&(*6+(!\X!(#0(.,+)*+%<(56+(.$#+&*()$0/(#0(,+09/&0#4$+(*/(;+,0#/&(*6+(!\X!(
4+.)"0+(+).6(*#8+()(0"40+C"+&.+(/-(4A*+0(#*(:,#**+&(*/(*6+(!\X!()(&+:(0&)906/*(,+-$+.*#&'(

OP

!"#$%&
0(*1#/$(
+,-%-.$(

:3+DF"#&+/-&-+&*+"#)&+*>+G"*<H+&*++
<*(($)F*%/+&*+&=$+($56$)&$/+(-%.$

23+4$5+"#)&+*>+-1-#"-G"$+0

@3+D$%/+-+"#)&+<*%)&(6<&$/+
->&$(+-+"*-/IG-"-%<#%.+-".*(#&=E+

0(*1#/$(

0(*1#/$(

0(*1#/$(

333
0(*1#/$(

C3+J(#&$+#%+F-(-""$"+
$-<=+G"*<H+&*+-+

F(*1#/$(K+#>+*%$+?(#&$+
>-#")+?=*"$+*F$(-&#*%+

>-#")

'$()#*%
,-%-.$(

L3+4$5+&*+($.#)&$(+&=$+%$?+
6F/-&$+#%<($E$%&#%.+

1$()#*%+%(3

M3+;))#.%)+&*+$-<=+?(#&$(B)+($5+
%$?+)%-F)=*&+1$()#*%+
#/+-<<*(/#%.+&*+&=$#(+*(/$(

N3+D$%/+1$()#*%+
#/+&*+<"#$%&O

,$&-/-&-
0(*1#/$(

P3+D$%/+%$?+E$&-/-&-+
-"*%.+?#&=+&=$+*"/+*%$

!"#$%&

!"#$%&



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

*6+ ( .6)&'+0 ( #0 ( '+&+,)*+% ( #&0*+)% ( /- ( /;+,:,#*#&' ( )&A ( +U#0*#&' ( %)*)< (56+ ( ./"&*+, ( /- ( *6+(
0&)906/*(#0()"*/>#&.,+8+&*+%(>)&%()$$(*6+(9)0*(;+,0#/&0(/-(*6+(!\X!(.)&(4+()..+00+%(^(#-(
*6+A(:+,+&D*(,+8/;+%(*/(-,++(09).+<(H6+&(,+)%#&'(^(4A(%+-)"$*(*6+("0+,(#0()4$+(*/(,+)%(-,/8(
*6+(8/0*(,+.+&*(0&)906/*(/-(*6+(!\X!(4"*()$0/(#*(#0()4$+(*/(,+)%(-,/8(/*6+,(;+,0#/&0(/-(*6+(
4$/4(*6,/"'6()(09+.#)$(.)$$<(`;+,A(*#8+()(&+:(;+,0#/&(/-(*6+(!\X!(#0(.,+)*+%(/&$A(*6+(9),*(
*6)*(#0(%#--+,+&*(-,/8(*6+(9,+;#/"0(0&)906/*(#0().*")$$A(0);+%<(2$0/(*6+(&+:(;+,0#/&(/-(*6+(
!\X!(06),+0()$$(*6+("&8/%#-#+%(%)*)()&%(8/0*(/-(*6+(8+*)%)*)(:#*6(*6+(9,+;#/"0(!\X!<(
56#0(%+0#'&(-).#$#*)*+0(#89$+8+&*)*#/&(/-(,/$$4).G()&%(4,)&.6#&'()0(*6+(%)*)()&%(8+*)%)*)(
./,,+09/&%#&'(*/(9,+;#/"0(;+,0#/&0(:#$$(,+8)#&(*6#0(:)A(+)0A(*/(4+()..+00+%(#&(*6+(0A0*+8<(
gWhgPPh

56+(!$/43++,()0()(0*/,)'+($)A+,(-/,(d)%//9()#80(*/(/--+,()(6#'6(*6,/"'69"*("&%+,(6+);A(
)..+00(./&.",,+&.A(:6+&(,+)%#&'F(:,#*#&'()&%()99+&%#&'(%)*)(*/(*6+(!\X!<(56+()../89$#06(
*6#0('/)$(*6+(%+0#'&("0+0(%)*)>0*,#9#&'F(%#0*,#4"*+%>8+*)%)*)F()(%+0#'&(4)0+%(/&(;+,0#/&#&'F(
$/.G>-,++(%)*)()..+00<(

Of Z)*)>0*,#9#&'(

56#0(*+.6&#C"+(#89$#+0(*6)*(+).6(!\X!(./&*)#&#&'(4$/.G0(/-(-#U+%(0#J+0(.)&(4+(%#0*,#4"*+%(
)8/&'(*6+(0*/,)'+(&/%+0<(56#0(0*,)*+'A()#80(*/(%#0*,#4"*+(6/8/'+&+/"0$A(*6+(!\X!D0(4$/.G0(
0/(*6)*(:6+&(*6+(,+)%+,0(:)&*(*/()..+00((./&.",,+&*$A(%#--+,+&*(9),*0(/-()(-#$+(*6+(*6,/"'69"*(
*/(4+(8)#&*)#&+%()0(6#'6()0(9/00#4$+<gWh

Sf Z#0*,#4"*+%(8+*)%)*)

2(!\X!(#0()..+00+%(4A(09+.#-A#&'()(;+,0#/&(&"84+,()&%()(,)&'+(/-(4A*+0(%+$#8#*+%(4A()&(
/--0+* ( )&% ( ) ( 0#J+< (56+ (8+*)%)*) ( #0 ( /,')&#J+% ( )0 ( ) ( %#0*,#4"*+% ( 0+'8+&* ( *,++ ( ^ (:6#.6 ( #0(
)00/.#)*+%(:#*6(*/(+).6(;+,0#/&(/-()('#;+&(!\X!(#%<(56+(&/%+(./;+,0(*6+(,)&'+(e/--0+*F(0#J+f<(
L/,(+).6(&/%+(*6)*(#0(&/*()($+)-(*6+($+-*(.6#$%(./;+,0(*6+(-#,0*(6)$-(/-(*6+(,)&'+()&%(*6+(0+./&%(
6)$-(*6+(,#'6*(.6#$%<(5/(8)G+(8/,+(+--#.#+&*(*6+(./&.",,+&*()..+00(*/(*6+(8+*)%)*)((>(*6+(&/%+0(
/-(*6+(*,++(),+(%#0*,#4"*+%(*/(*6+ (',234323A-7/L&4,7* $"0#&'(Zd5(eZ#0*,#4"*+%(d)06(5)4$+f<(
56+(+U9)&0#/&(/-(*6+(*,++(:6+&(.,+)*#&'()(!\X!F(/;+,:,#*#&'(/,()99+&%#&'(4$/.G0(-,/8(*6(+(
!\X!(.)&(4+(0++&(#&(*6+(L#'(W(gWh(N+%)*)(]+9,+0+&*)*#/&<(`).6(*,++(&/%+(#*D0(#%+&*#-#+%(#&(
*6+(Zd5(4A(*6+(;+,0#/&(&"84+,()&%(4A(#*D0(,)&'+(e/--0+*F(0#J+f<(56+(+&*#,+(0"4*,++(),+(06),+%(
)8/&' ( *6+ ( *,++0 ( )00/.#)*+% ( */ ( *6+ ( 0&)906/* (8)&)'+,< (56+ ( %+.+&*,)$#J+% ( %+0#'& ( /- ( *6+(
8+*)%)*)(6)0()(;+,A(#89/,*)&*(#89).*(*/(8)#&*)#&#&'()(6#'6>9+,-/,8)&.+(/&(./&.",,+&*$A(
)..+00#&'(*6+(!\X!0<(

L#'(W(!$/43++,(8+*)%)*)(,+9,+0+&*)*#/&

OO



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

Wf I+,0#/&#&'(4)0+%(./&.",,+&.A(./&*,/$

56+ (;+,0#/&#&' (4)0+% (./&.",,+&.A (./&*,/$ ( )$'/,#*68(,+$#+0 (/& ();/#%#&' (0A&.6,/&#J)*#/&0(
4/*6(/&(%)*)()&%(8+*)%)*)()0(&/(+U#0*#&'(%)*)(/,(8+*)%)*)(#0(+;+,(8/%#-#+%<(

7/&0#%+,#&'(*6)*(/&$A(*6+(%#--+,+&.+(/-(*6+(!\X!(#0(0*/,+%(+).6(:,#*+,(.)&(0+&%(#*D0(%)*)(
#&%+9+&%+&*$A (/- (/*6+, (:,#*+,0 ( */ ( *6+ (./,,+09/&%#&'(%)*)>9,/;#%+,< ( 1& ( *6+ ( -#,0* (96)0+ ( *6+(
:,#*#&'().*#/&(.)&(4+(%/&+(#&(9),)$$+$(:#*6/"*()&A(0A&.6,/&#J)*#/&()*()$$<(1&(*6+(0+./&%(0*)'+(
*6+(;+,0#/&(8)&)'+,(,+09/&%0(*/(*6+(:,#*+,0(,+C"+0*0(4A()00#'&#&'()(;+,0#/&(&"84+,(*6+&(
'+&+,)*+(*6+(./,,+09/&%#&'(8+*)%)*)<(56+(8+*)%)*)(/-(*6+(&+:(8/%#-#+%(0&)906/*(#0(0+&*(
*/'+*6+, (:#*6 ( *6+ (8+*)%)*) ( /- ( *6+ ( $/:+, ( ;+,0#/&0 ( 0#8"$)*#&' ( *6#0 ( :)A ( )& ( #&%+9+&%+&*(
0&)906/*<( (56#0(0+./&%(0*)'+( (:6+&(*6+(;+,0#/&(8)&)'+,(,+09/&%0(*/(*6+(:,#*+,0()00#'&#&'(
*6+8()(;+,0#/&(&"84+,(&++%0(6/:+;+,(*/(4+(0+,#)$#J+%(4A(*6+(;+,0#/&(8)&)'+,<(2-*+,:),%0(
*6+ (:,#*+,0 ( .)& ( -"&.*#/& (./&.",,+&*$A ( #&%+9+&%+&*F ( *6)&G0 ( */ ( *6+ (%+0#'& (/- ( *6+ (8+*)%)*)(
0.6+8+<(5/()00",+(*6+(./&0#0*+&.A(/-(*6+(,+)%(%)*)(*6+(/,%+,(#&(:6#.6(&+:(0&)906/*0(),+(
8)%+();)#$)4$+(-/,(,+)%#&'(8"0*(4+(#%+&*#.)$(:#*6(*6+(/&+()00#'&+%(4A(*6+(;+,0#/&(8)&)'+,<(
56#0(#0(&/*()&(#89+%#8+&*(-/,(*6+(./&.",,+&*(:,#*#&'<

7/&.+,&#&'(*6+(,+)%+,0(*6+A(),+(./89$+*+$A(#&%+9+&%+&*()0(*6+A()..+00(9+,8)&+&*(0&)906/*0F(
*6+ ( $/:+, ( ;+,0#/&0 ( /- ( *6+ ( 0&)906/*0 ( ),+ ( )$:)A0 ( "&8/%#-#+%< (56+,+-/,+ ( *6+ ( ,+)%+,0 ( .)&(
-"&.*#/&(./89$+*+$A((9),)$$+$<(

56#0(#0(:6A(#*(.)&(4+()--#,8+%(*6)*(*6#0(%+0#'&(0"99/,*0(,+)%c,+)%F(,+)%c:,#*+F(:,#*+c:,#*+(#&()(
./&.",,+&*(:)A<(56#0(-+)*",+(#0()(.$+),()%;)&*)'+(/-(*6+(!$/43++,(/;+,(*6+(dZL3(^(:6#.6(
%/+0&D*(0"99/,*(./&.",,+&*(:,#*+0(*/(*6+(0)8+(-#$+()*()$$<(

Qf 3*,/&'(./&0#0*+&.A(0+8)&*#.0

]+)%+,0(),+('"),)&*++%(*/(0++()(&+:(:,#*+(:6+&(*6+(-/$$/:#&'(*:/(./&%#*#/&0(),+(0)*#0-#+%b(
ePf()$$(8+*)%)*)(-/,(*6)*(:,#*+(:)0(0"..+00-"$$A(./88#**+%()&%(eOf(-/,()$$(:,#*+0(*6)*(:+,+(
)00#'&+%()($/:+,(;+,0#/&(&"84+,F()$$(8+*)%)*)(:)0(0"..+00-"$$A(./88#**+%<(

3#&.+()(:,#*+,(#0()00#'&+%()(;+,0#/&(&"84+,(/&$A()-*+,(#*(6)0(0"..+00-"$$A(:,#**+&(*6+(%)*)F(
./&%#*#/&(ePf().*")$$A(8+)&0b( *6+(:,#*+,(6)0(0"..+00-"$$A(:,#**+&(4/*6(%)*)()&%(8+*)%)*)<(
`;+&(*6/"'6(*6+(:,#*+(9,#8#*#;+(8)A(6);+(0"..+00-"$$A(,+*",&+%F(*6+(:,#*+(/9+,)*#/&()0()(
:6/$+ (8)A ( ./89$+*+ ( )* ( ) ( $)*+, ( *#8+< (56"0F ( ./&%#*#/& ( eOf ( *,)&0$)*+0 ( #&*/b ( 4/*6 (%)*) ( )&%(
8+*)%)*) ( /- ( $/:+, ( ;+,0#/& ( 0&)906/*0 ( 6);+ ( 4++& ( 0"..+00-"$$A ( :,#**+&F ( 0/ ( )$$ ( 9,+;#/"0(
0&)906/*0(),+(./&0#0*+&*()&%(.)&(4+(,+)%(0)-+$A<(56#0(&)*",)$$A(8+)&0(*6+(&+:(0&)906/*(.)&(
4+(#*0+$-(,+;+)$+%(*/(*6+(,+)%+,0<(!/*6(./&%#*#/&0(),+(&+.+00),A(*/(+&-/,.+($#&+),#J)4#$#*A<(

 3.3.3 Developing on BlobSeer

!$/43++,(#0()(-#$+>0A0*+8(:6#.6(6)0(09+.#)$(-+)*",+0(%+;+$/9+%(-/,(%#0*,#4"*+%(0A0*+80<(1*(#0(
4"#$*(#&(7kk()&%("0+0(2M1(*/(:/,G(:#*6(!//0*F(!+,G$+A(Z!F(\#4./&-#'($#4,),#+0<(2(06/,*(
9,+0+&*)*#/&(/-(*6+0+($#4,),#+0(#0(&+.+00),A(#&(/,%+,(*/(0*),*(%+;+$/9#&'(/&(!$/43++,<

OS
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− !//0*

!//0*(#0()(./$$+.*#/&(/-(-,++(9/,*)4$+(7kk(0/",.+($#4,),#+0<(!//0*($#4,),#+0(),+(#&*+&%+%(*/(4+(
:#%+$A("0+-"$()&%("0)4$+(/&()($),'+(09+.*,"8(/-(()99$#.)*#/&(*6)*("0+(7kk<(5/(-#&%(/"*(8/,+(
)4/"*(!//0*(*6+(!//0*(X--#.#)$(H+40#*+(.)&(4+(./&0"$*+%(gPah<

− \#4./&-#'

\#4./&-#'(#0()(0#89$+($#4,),A(-/,(9,/.+00#&'(0*,".*",+%(./&-#'",)*#/&(-#$+0(:6#.6(),+(:,#**+&(
#&()(-/,8)*(8/,+(./89).*()&%(8/,+(,+)%)4$+F(:6#.6(#0()$0/(*A9+():),+(#-(./89),#&'(:#*6(
[N\<(gO_h

− !+,G$+A(Z!

!+,G$+A(Z!(#0()(*,)&0).*#/&)$(+84+%%+%(%)*)(8)&)'+,(-/,("&>*A9+%(%)*)(#&(4)0#.(G+Ac;)$"+(
%)*)(0*,".*",+0<(56#0(%)*)(8)&)'+,(0*/,+0()$$(*6+(%)*)("0#&'(9)#,0(G+A>%)*)<(1&(/%+,(*/(:/,G(
:#*6(*6#0(2M1(:+(6);+(./&0"$*+%(*6+(/--#.#)$(*"*/,#)$(9,/;#%+%(4A(X,).$+(>(K+**#&'(3*),*+%(
:#*6(!+,G+$+A(Z!<(gOPh

"SHU" /8@>7=98V=>8C;"'?BW;C9C<8?D

56+ ( 1))3 ( .$/"%>./89"*#&' (8/%+$ ( 6)0 ( 4+./8+ ( -+)0#4$+ ( */ ( 4+ ( #89$+8+&*+% (:6+& ( ) ( -,++(
;#,*")$#J)*#/& ( 0/$"*#/& ( 0".6 ( )0 ([+& (dA9+,;#,0/, ( 4+.)8+ ();)#$)4$+< (!+-/,+ (;#,*")$#J)*#/&F(
*",&#&'(/;+,(*6+(./&*,/$(*/(*6+(7$/"%(,+0/",.+0(*/(+).6(.$#+&*(:)0(+&%)&'+,#&'(*6+(0A0*+8(
;+,A ( 8".6 ( )0 ( "0+,0 ( ./"$% ( +)0#$A ( 0"4;+,* ( /&+ ( /- ( *6+ ( 7$/"%D0 ( 0#*+0< ( 56+ ( ./&*,#4"*#/&(
;#,*")$#J)*#/&(4,#&'0(#&*/(*6+(7$/"%(#0(#0/$)*#&'(*6+($+)0+%(,+0/",.+0(-,/8(*6+(0#*+(#&()(0+.",+(
:)A (%+.,+)0#&' ( *6+ ( ,#0G0 (4,/"'6* (4A (/--+,#&' ( */ ("0+,0 ( -"$$ ( ./&*,/$ (/;+, ( *6+#, ( ,+0/",.+0<(
2.*")$$A(:#*6(;#,*")$#J)*#/&('#;#&'(./&*,/$(*/("0+,0(/;+,(*6+#,(,+8/*+(,+0/",.+0(#0&D*()&A(8/,+(
)(*6,+)*(-/,(*6+(0#*+(/:&+,0<(gYh

X*6+,(#89/,*)&*()00+*0(*6)*(;#,*")$#J)*#/&(4,#&'0(-/,(*6+(7$/"%(0A0*+8(#0(4+**+,(8/4#$#*A()&%(
-$+U#4#$#*A<(2$0/(;#,*")$#J)*#/&(8)%+(9/00#4$+(%#;#%#&'()(8).6#&+D0(,+0/",.+0()../,%#&'(*/(*6+(
.$#+&*D0(%+8)&%<

 3.4.1 Xen hypervisor

56+([+&(),.6#*+.*",+(#0(*6+(8/0*(:+$$(*6/"'6*>/"*(;#,*")$#J)*#/&(*+.6&#C"+(/&(*6+(8),G+*()&%(
.)&(/9+,)*+(/&()(:#%+(;),#+*A(/-(),.6#*+.*",+0()0(:+$$()0(/$%+,(7MV3F(:#*6/"*(0"99/,*#&'(-"$$(
;#,*")$#J)*#/&< (!+0#%+0 ( *6+0+ ( )%;)&*)'+0 (:+ ( 6);+ ( .6/0+& ( */ ("0+ ([+& ( )0 ( ) ( ;#,*")$#J)*#/&(
0/$"*#/&(-/,(*6+(INN0(4+.)"0+(#0(:+$$(#&*+',)*+%(:#*6(*6+(V&#U(0A0*+80()&%($)*+$A(6)0(8)%+(
#89/,*)&*(0*+90(*/(4+./8#&'()(0*)4$+(0/$"*#/&(-/,(.$/"%>./89"*#&'F(#&.$"%#&'(E#84"0<(

[+&(4//*0 ( -,/8() (4//*$/)%+, ( $#G+ (KEV(K]V!()&%( *6+& ("0")$$A ( $/)%0 () (8/%#-#+% (6/0*(
/9+,)*#&'(0A0*+8(#&*/(*6+(6/0*(%/8)#&(e%/8_f<([+&("&%+,(\#&"U(,"&0(/&(UTR<(2$0/(Z+4#)&(
\+&&A(0*)4$+(,+$+)0+(;+,0#/&(e*6+(/9+,)*#&'(0A0*+8(:+(6);+("0+%(/&()$$(*6+(7$/"%D0(&/%+0f(
#&.$"%+(#&(#*D0(,+9/0#*/,A([+&(S<O<P<(X&([+&(*6+(8).6#&+0(),+(;+,A(+)0A(*/(%+9$/AF()%8#&#0*+,F(

OW
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)..+00()&%(8/%#-A<(`).6(8).6#&+("0+0()(./&-#'",)*#/&(-#$+(:6+&(#*(#0(%+9$/A+%(:6#.6(.)&(
./&*)#&()($/*(/9*#/&0(^(#&.$"%#&'(&+*:/,G#&'(./&-#'",)*#/&(/,(6/:(8".6(]2N(#0()$$/.)*+%(*/(
)(.+,*)#&(8).6#&+<(2$0/([+&(9,/;#%+0()(&+*:/,G(4,#%'+(:6#.6(#-("0+%(:#*6()(Zd7M(0+,;+,(
.)&(%A&)8#.)$$A()00#'&(1M()%%,+00+0(*/(*6+(;#,*")$(8).6#&+0(-,/8()(.+,*)#&(9//$<(56#0(#0()&(
#89/,*)&*(-+)*",+(/&(*6+(.$/"%(./&0#%+,#&'(*6)*(:6+&(%+9$/A#&'(*6+(;#,*")$(8).6#&+0(#&*/(*6+(
7$/"%(#0(8".6(+U9+&0#;+(*/("0+(0*)*#.(1M()%%,+00+0(*6)&(,)&%/8$A()00#'&+%(/&+0<

 3.4.2 Libvirt

\#4;#,*(#0()&(/9+&>0/",.+(8)&)'+8+&*(*//$F(-/,(8)&)'#&'(;#,*")$#J+%(9$)*-/,80($#G+([+&(/,(
iIN<(1&(*6+(;+,0#/&(O<W(E#84"0("0+0(*6+($#4;#,*(*/(8)&)'+(;#,*")$(8).6#&+0(-/,(4/*6(iIN(
/,([+&(;#,*")$#J)*#/&(0/$"*#/&<(\#4;#,*("0+0(*6+([N\(-/,8)*(-/,(*6+(INN(./&-#'",)*#/&(-#$+0F(
*6#0(-#$+0(4+#&'('+&+,)*+%(4A(*6+(0+,;#.+(9,/;#%+,(:6+&(9),0#&'(*6+(./&-#'",)*#/&(-#$+0<(gS_h

"SHX" +W?BTFC8;>Y0?D>=@>",FF@C=BW?D

1&(/,%+,(*/(4+()4$+(*/("0+(!$/43++,(#&*/(*6+(7$/"%(:+(8"0*(4+()4$+(*/(0*/9()&%(,+0*),*(#*(-,/8(
) ( ./&0#0*+&* ( 0*)*+< ( 1& ( /,%+, ( */ ( ).6#+;+ ( *6#0 ( :+ ( 6);+ ( .6/0+& ( */ ( 0*),* ( #89$+8+&*#&' ( )(
.6+.G9/#&*>,+0*),* (8/%"$+(-/,(!$/43++,<(76+.G9/#&*>,+0*),*(#0()(8+*6/%(*/(4).G"9(.+,*)#&(
0*)*+0(/-(*6+(%)*)F()*(.+,*)#&(8/8+&*0(^(#&(/,%+,(*/(4+()4$+(*/(,+0*),*()(0/-*:),+(/,(4,#&'()(
.+,*)#&(%)*)4)0+(*/()(./&0#0*+&*(0*)*+<(gP_h

N)&A (/,%#&),A (4)*.6 (9,/.+00+0 ( $#G+ (4).G"9 ()&% ( ,+0*/,+ (/9+,)*#/&0 (/& ( 0+,;+,0 ( ),+ ( *#8+>
./&0"8#&'<(56+A(./&0#0*(/-(8)&A("&#*0(/-(:/,G<(1-(.6+.G9/#&*#&'(#0(+&)4$+%F(.6+.G9/#&*0(),+(
#&#*#)*+%()*(09+.#-#+%(#&*+,;)$0F(#&(*+,80(/-("&#*0(/-(:/,G(/,(/-(9,/.+00#&'(*#8+F(%+9+&%#&'(/&(
+).6()99$#.)*#/&<((2*(+).6(.6+.G9/#&*F(#&*+,8+%#)*+(,+0"$*0()&%()($/'(,+./,%#&'(*6+(9,/.+00D0(
9,/',+00(),+(0);+%(*/(&/&>;/$)*#$+(0*/,)'+<(56+(./&*+&*0(/-(*6+(9,/',)8D0(8+8/,A(),+)(8)A(
)$0/(4+(0);+%<

56+(9",9/0+(/-(.6+.G9/#&*#&'(#0(*/(8#&#8#J+(*6+()8/"&*(/-(*#8+()&%(+--/,*(:)0*+%(:6+&()(
$/&'(0/-*:),+(9,/.+00(#0(#&*+,,"9*+%(4A()(6),%:),+(-)#$",+F()(0/-*:),+(-)#$",+F(/,(,+0/",.+(
"&);)#$)4#$#*A<(H#*6(.6+.G9/#&*#&'F(*6+(9,/.+00(.)&(4+(,+0*),*+%(-,/8(*6+($)*+0*(.6+.G9/#&*(
,)*6+,(*6)&(-,/8(*6+(4+'#&&#&'<(gOOh

M,/;#%#&'(-)#$",+>*/$+,)&.+(-/,(06),+%>8+8/,A(#&(%#0*,#4"*+%(0A0*+80("0#&'(.6+.G9/#&*0(#0()(
'//% ( 8+*6/% ( -/, ( $/&'>,"&&#&' ( )99$#.)*#/&0< ( 56+ ( 8)#& ( ).6#+;+8+&* ( :6+& ( "0#&' ( *6+(
.6+.G9/#&*#&'(*+.6&#C"+0(#&(0".6(+&;#,/&8+&*0(#0(./&0+,;#&'(*6+(0A0*+8D0(./&0#0*+&.A( #&(
.)0+(/-(-)#$",+<(56+,+(),+(*6,++(8)#&()99,/).6+0(:6+&(#89$+8+&*#&'(.6+.G9/#&*#&'(#&(0".6(
0A0*+80b ( "&.//,%#&)*+% ( .6+.G9/#&*0F ( .//,%#&)*+% ( .6+.G9/#&*0F ( ./88"&#.)*#/&>#&%".+%(
.6+.G9/#&*0<(gahF(gP_h

− V&.//,%#&)*+%(76+.G9/#&*0(gP_h

1& ( *6+ ( "&.//,%#&)*+% ( .6+.G9/#&*0 ( 8+*6/% ( +).6 ( +&*#*A ( %+*+,8#&+0 ( #*0 ( $/.)$ ( .6+.G9/#&*(
#&%+9+&%+&*$A()&%()*(,+0*),*(#*(0+),.6+0(*6+(0+*(/-(0);+%(.6+.G9/#&*0(-/,()(./&0#0*+&*(0*)*+(*/(

OQ
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:6#.6(#*(.)&(,+0"8+<(!+0#%+0(0/8+(/4;#/"0(%#0)%;)&*)'+0(*6)*(*6#0()99,/).6(6)0(e$#G+(*6+(
,#0G(/-(*6+(%/8#&/(+--+.*f(*6#0(8+*6/%(:#&0(4A(0#89$#.#*A()&%('//%(/;+,)$$(9+,-/,8)&.+<(1*0(
8)#&()%;)&*)'+(#0(*6+()"*/&/8A(/-( (+).6(+&*#*A(*/(0);+(#*0(0*)*+(#&(*6+(8/0*(./&;+&#+&* (
8/8+&*< (PFQ $:6+& ( ( .+,*)#& ( *#8+ ( ./&0"8#&' ( /9+,)*#/&0 ( ),+ ( -#&#06+%@ ( :6+& ( *6+ ( 0*)*+(
#&-/,8)*#/&(*/(4+(0);+%(#0(08)$$@

− 7//,%#&)*+%(76+.G9/#&*0((gP_h

1&(*6+(.//,%#&)*+%(.6+.G9/#&*#&'()99,/).6F(9,/.+00+0(8"0*(+&0",+(*6)*('$/4)$(.6+.G9/#&*0(
-/,8+%(4A($/.)$(0);+%(0*)*+%(),+('"),)&*++%(*/(4+(./&0#0*+&*<(56#0(#0("0")$$A().6#+;+%(4A(
0/8+(G#&%(/-(*:/>96)0+(./88#*()$'/,#*68<(56+(.//,%#&)*+%()99,/).6(+$#8#&)*+0(*6+(,#0G(/-(
*6+(%/8#&/(+--+.*(gah(^()0(+).6(9,/.+00()$:)A0(,+0*),*0(-,/8(#*0(8/0*(,+.+&*(./&0#0*+&*(0*)*+<(
29),*(-,/8(*6#0()%;)&*)'+0F(*6#0(8+*6/%D0(:+)G&+00(#0(*6+(4#'($)*+&.A(#&;/$;+%(#&(0);#&'(*6+(
.6+.G9/#&*0 (^ ()0 ()('$/4)$ (.6+.G9/#&* (&++%0( */ (4+(%+*+,8#&+%(4+-/,+ (.6+.G9/#&*0 (.)&(4+(
:,#**+&(*/(0*)4$+(0*/,)'+<(

− 7/88"&#.)*#/&>1&%".+%(76+.G9/#&*0

56#0 ( 8+*6/% ( :6#.6 ( #0 ( )$0/ ( .)$$+% ( ( %+9+&%+&.A ( #&%".+% ( )00"8+0 ( *6)* ( +).6 ( 9,/.+00(
.6+.G9/#&*0(#*0(/:&(0*)*+(#&%+9+&%+&*$A(:6+&+;+,(*6#0(0*)*+(#0(+U9/0+%(*/(/*6+,(9,/.+00+0(
e*6+0+(),+(.)$$+%($/.)$(.6+.G9/#&*0f(1&(/,%+,(*/().6#+;+()('$/4)$(./&0#0*+&*(0*)*+(9,/.+00+0(
8#'6*(&++%(*/(*)G+()%%#*#/&)$(.6+.G9/#&*0(e*6+0+(),+(.)$$+%(-/,.+%(.6+.G9/#&*0f<(56+(-/,.+%(
.6+.G9/#&*(8"0*(4+(*)G+&(4+-/,+(*6+()99$#.)*#/&(8)A(9,/.+00(*6+(./&*+&*0(/-(*6+(8+00)'+F(
9/00#4$A(#&.",,#&'(6#'6($)*+&.A()&%(/;+,6+)%<(1&(./&*,)0*(:#*6(.//,%#&)*+%(.6+.G9/#&*#&'F(&/(
09+.#)$(.//,%#&)*#/&(8+00)'+0(),+(+U.6)&'+%(#&(*6#0()99,/).6<((gP_h

76+.G9/#&*0(06/"$%(/..",(-,+C"+&*$A(+&/"'6(*/(8#&#8#J+(:)0*+%(+--/,*(:6+&()(,+0*),* ( #0(
&+.+00),A(4"*(&/*(0/(-,+C"+&*$A()0(*/(9,/$/&'(*6+(9,/.+00("&%"$A(:#*6(.6+.G9/#&*(/;+,6+)%<(
X9*#8)$(.6+.G9/#&*(-,+C"+&.A(%+9+&%0(/&(*6+(8+)&(*#8+(4+*:++&(-)#$",+0(eN5!LfF()8/&'(
/*6+,(-).*/,0<(

7/&0#%+,#&'(*6+()00+*0()&%(%,):4).G0(/-(+).6()99,/).6(-/,(*6+(!$/43++,(9,/B+.*(:+(6);+(
%+.#%+%(*/(#89$+8+&*(*6+("&.//,%#&)*+%(.6+.G9/#&*0(8+*6/%<(56#0()99,/).6(#0(*6+(-)0*+0*(
:)A(/-()$$F ()0 ( #* (.)&(4+(%/&+( #& (./&;+&#+&* (8/8+&*0 (-/,(+).6 (9,/.+00 (%/+0&D* (6);+( *6+(
/;+,6+)%(/-()00",#&'()('$/4)$(0*)*+<((

OR
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"U" $7@"BC;>@8E7>8C;

"UHL" 49CE1??@"C;">W?"+9C7:"Z"1?>7F"6?DB@8F>8C;"

56+('$/4)$(9#.*",+(/-(*6+(0+*"9(%+0.,#4+%(#&(*6#0(.6)9*+,(.)&(4+(0++&(#&(*6+(L#'(T<(1&(*6+0+(
-#'",+ ( .)& ( 4+ ( 0++& ( *6+ (8)#& ( ./89/&+&*0 ( /- ( *6+ (E#84"0 ( ),.6#*+.*",+F ( ( *6+ (8+)&0 ( /-(
./88"&#.)*#/& ( 4+*:++& ( *6+0+ ( ./89/&+&*0 ( )&% ( ./88)&%0 ( .)& ( 4+ ( )%%,+00+% ( */ ( +).6(
./89/&+&*0<(L",*6+,8/,+(#&(*6#0(),.6#*+.*",+(*6+,+(),+(09+.#-#+%(*6+(8)#&(.6),).*+,#0*#.(/-()$$(
*6+ (E#84"0 (+$+8+&*0 ()&% (:6)* ()00+*0 (+).6 (8"0* (6);+< (!+0#%+0 (E#84"0 ( *6#0 ( -#'",+ ()$0/(
#&.$"%+0(6/:(!$/43++,(:#$$(4+(%+9$/A+%(/&(*6+(7$/"%<

L#'(T(K$/4)$(2,.6#*+.*",+(^(E#84"0

OY
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 4.1.1 Nimbus Deployment

56+0+(%+0.,#9*#/&(/-(*6+(0+*"9(:+(6);+(%/&+(:#$$(./;+,()$$(*6+(0+**#&'0(:+(6)%(*/(8/%#-A(/,(
6)% ( 0/8+ ( %#--#."$*#+0 ( -#&%#&' ( *6+8< (H+ ( 0*),*+% ( -,/8 ( *6+ (7$/"% ( )%8#&#0*,)*#/& ( '"#%+ ( ^(
l"#.G0*),*F (;+,0#/&(O<WF (/&(*6+(E#84"0(/--#.#)$(0#*+< (H+(:#$$ ('#;+(%+*)#$0(-/,(+).6(/-(*6+(
E#84"0(./89/&+&*0<

"UHLHLHL"'W?"+98?;>

56+(7$/"%(7$#+&*D0(9",9/0+(#0(*/(/--+,(/&(.$#.G()..+00(*/(*6+(7$/"%(-/,(*6+(+&%("0+,(-,/8()&A(
G#&% (/- (%+;#.+0< (d+,+ (:+( #&0*)$$+% ( *6+ ( *6+ (9).G)'+ (7$/"% (7$#+&* (_PQ( -,/8( *6+ (E#84"0(
/--#.#)$(%/:&$/)%0(:+4(9)'+<

56+(.$/"%(.$#+&*("0+0(*6#0(.,+%+&*#)$(*/(8)G+(./&*).*(:#*6(*6+(0+,;#.+()&%(*6+(K,#%L5M(0+,;+,(
e:6#.6(.)&(4+(/&(0+9),)*+(&/%+0fF(0+&%#&'(*6+(,+$+;)&*(./88)&%0(*/(*6+(,+$+;)&*(+&%9/#&*(
e)"*6+&*#.)*#&' ()&+:(:#*6 (+).6 (&+:( ,+C"+0*f ( $#G+ ( #& ( *6+ (L#' (T ( >$ R./(3. $S7>?&2,>2)7, $: $
%&'()*b

56+ ( [<Q_a ( )"*6+&*#.)*#/& ( .+,*#-#.)*+0 ( -/, ( *6+ ( .$#+&*0 ( .)& ( 4+ ( -/"&% ( #& ( *6+ ( -/$%+,(
c6/8+c0*"%+&*c<'$/4"0c()0(-/$$/:0b

" ?/*2>,72"-,'(>(56+(6/0*(.+,*#-#.)*+<(56+(.+,*#-#.)*+(-/,(*6+(#00"#&'(72(8"0*(4+(#&(
*6+(E#84"0(*,"0*+%>.+,*0(%#,+.*/,AF(#&(6)06+%(-/,8)*<

" ?/*2@,0"-,'(>(56+(9,#;)*+(G+A<(N"0*(4+("&+&.,A9*+%()&%(,+)%)4$+(4A(*6+(E#84"0(
"0+,<

" )*,7>,72"-,'$:$56+(.+,*#-#.)*+(-/,(*6+(E#84"0("0+,<(1&(/",(%+9$/A8+&*(:+(6);+(
"0+%(&/&,//*("0+,(&)8+%(0*"%+&*<(

" )*,7@,0"-,'$:$*6+(9,#;)*+(G+A(-/,(*6+("0+,<

2-*+,(#&0*)$$#&'(*6#0(9).G)'+()&%(./&-#'",#&'(*6+()"*6/,#J)*#/&(.+,*#-#.)*+0(#0(#89/,*)&*(*/(
G&/:(:6+,+(*6+(./&-#'",)*#/&()&%($/''#&'(-#$+0(.)&(4+(-/"&%()&%(:6)*(+,,/,0(/&+(8#'6*(
+&./"&*+,(/&(*6+(,/)%<

56+(./&-#'",)*#/&(-#$+0(-/,(*6+(.$#+&*(),+($/.)*+%(#&(mK\X!V3n\X7251XEc./&-(-/$%+,<

56+(6#0*/,A(e$/'0F (./&-#'",)*#/&f(-#$+0 (),+( $/.)*+%( #&(mK\X!V3n\X7251XEc6#0*/,Ac;8>
&"84+,<(56+(/&$A(./&-#'",)*#/&(-#$+(:+(6);+(8/%#-#+%(-/,(*6+(.$#+&*(#0((.$/"%<9,/9+,*#+0<(56+(
$#0*(:#*6()$$(*6+();)#$)4$+(/9*#/&0(.)&(4+(-/"&%(/&(E#84"0(.$#+&*(./&-#'",)*#/&(9)'+(gOTh<

E+U*(:+(:#$$(09+.#-A()&%(+U9$)#&(*6+(./&-#'",)*#/&(/9*#/&(:+(6);+("0+%(#&(/",(./&-#'",)*#/&<(

• ssh.pubkey=~/.ssh/id_rsa.pub # the components of the cloud connect to each other 
using ssh and rsa public/private key pairs

• vws.factory=kerun3.hpc.pub.ro:8443 # the dns:port where the workspace service 
launch its services

OT
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• vws.repository=kerun2.hpc.pub.ro:2811 # the dns:port of the gridftp server

• vws.factory.identity=/O=Grid/OU=GlobusTest/OU=simpleCA-
kerun2.hpc.pub.ro/CN=host/kerun3.hpc.pub.ro # the CA identity

• vws.cahash=cd97fdb1 # the hash for CA certificate

• vws.memory.request=300  # how much RAM memory is allocated to each virtual 
machine

• vws.metadata.mountAs=xvda1 # the divices for virtual machine are mounted 
differently than from a host machine (/dev/sda)

• vws.metadata.association=public # the name for virtual machines networking pool

• vws.metadata.vmmVersion=3 # the xen version 

H+(6)%()&(#00"+(,+'),%#&'(*6+(U;%)P(/9*#/&<(E#84"0(%+-)"$*0(*/(N4,LN*43(4)0+%(&)8+0F(4"*(
*6#0(.)&(4+(.6)&'+%(*/(*6+(8/,+(,+.+&*(23-Q3&/(4)0+%(TL43(./&;+&*#/&0()0(-/$$/:0<(

vws.metadata.mountAs=xvda1 

1&(/,%+,(*/(4+()4$+(*/(./88"&#.)*+(:#*6(*6+(]+9/0#*/,A()&%(*6+(H/,G09).+(3+,;#.+(*6+(7$#+&*(
6)0(*/(#&#*#)$#J+(*6+()"*6+&*#.)*#/&(4)0+%(/&([<Q_a(.+,*#-#.)*+0<(

$NIMBUS_LOCATION/bin/grid-proxy-init.sh hours 240

H#*6(*6+(-/$$/:#&'(0+*0(/-(./88)&%0(:+(:#$$(4+()4$+(*/(-#&%(/"*(;)$")4$+(#&-/,8)*#/&()4/"*(
*6+(;#,*")$(8).6#&+0(%+9$/A+%(/&(*6+(.$/"%<

" 7/88)&%0(*/(*6+(]+9/0#*/,A

56+(&+U*(./88)&%('#;+0(#&-/,8)*#/&()4/"*(*6+("0+%([<Q_a(.+,*#-#.)*+b

student$ GLOBUS_LOCATION/bin/cloud-client.sh –security

/opt/nimbus-cloud-client-014/lib/certs 

Credential in use: 

  - Identity: '/O=Grid/OU=GlobusTest/OU=simpleCA-
kerun2.hpc.pub.ro/OU=hpc.pub.ro/CN=student' 

  - Subject: 'O=Grid,OU=GlobusTest,OU=simpleCA-
kerun2.hpc.pub.ro,OU=hpc.pub.ro,CN=student,CN=1258301832' 

  - Issuer: 'O=Grid,OU=GlobusTest,OU=simpleCA-kerun2.hpc.pub.ro,OU=hpc.pub.ro,CN=student' 

56+(&+U*(./88)&%($#0*0()$$( *6+();)#$)4$+(;#,*")$(8).6#&+0(-,/8(*6+(,+9/0#*/,A(:6#.6(),+(
,+)%A(*/(4+($)"&.6+%<(56#0(8).6#&+0(),+(4"#$*(*/(4+()4$+(*/(,"&(/&([+&< 

$GLOBUS_LOCATION/bin/cloud-client.sh –list

/opt/nimbus-cloud-client-014/lib/certs 

[Image] 'BlobSeer'                          Read/write 

        Modified: Apr 23, 2010 @ 14:42   Size: 3250585600 bytes (~3100 MB) 

" B/''314*$2/$2?,$U/7@*-3>,A9,7L&>,

Oa



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

1&(/,%+,(*/($)"&.6()(.+,*)#&(8).6#&+(*6+(-/$$/:#&'(./88)&%0(.)&(4+("0+%<(56#0(./88)&%(
:#$$ (/--+, () ( $/* (/-( #&-/ ( ,+'),%#&' ( *6+ (8).6#&+D0 (6),%:),+ ()&%(0*),*"9 (./&-#'",)*#/&F ( $#G+(
&+*:/,G#&'<

$GLOBUS_LOCATION/bin/cloud-client.sh --run --name part2 -hours 240

"UHLHLHJ"'W?"[C@TDF=B?Y1?@G8B?

56+(8)#&(9",9/0+0(/-(*6#0(./89/&+&*(#0(*/(4+()(./88"&#.)*#/&(#&*+,-).+(4+*:++&(*6+(7$#+&*(
)&%(*6+(INNF()(8+00)'#&'()%)9*+,<(d+,+(:+(6);+(#&0*)$$+%(*6+(&#84"0(0+,;#.+F(;+,0#/&(O<W(
-,/8(*6+(/--#.#)$(E#84"0(9,/B+.*(%/:&$/)%(9)'+<(

1&(*6+(%+-)"$*(#&0*)$$F(E#84"0("0+0(*:/(-#$+0(*/(8)&)'+()"*6/,#J)*#/&(/-("0+,0(/&(*6+(,+8/*+(
#&*+,-).+0b("0+,0(:#*6([<Q_a(.,+%+&*#)$0(),+(.6+.G+%()')#&0*()(',#%>8)9-#$+()&%("0+,0(/-(*6+(
`7O(l"+,A(-,/&*+&%(),+(.6+.G+%()')#&0*(*6+(C"+,A("0+,0<*U*($#0*<(1&(*6#0(0+*"9(:+("0+%([<Q_a(
.,+%+&*#)$0< ( 1& ( /,%+, ( */ ( 0+*"9 ( )& ( )..+00 ( ./&*,/$ ( $#0* (H/,G09).+ ( 3+,;#.+ ( #0 ( "0#&' ( *6+(
VRCH=W9XCHBSGDH%N,2>N1&'()*N1&'()*AF7&4A'3-E&.,< (56#0 ( -#$+ ( 09+.#-#+0 (:6#.6 ( ,+8/*+(
#%+&*#*#+0(.)&()..+00(*6+(./&*)#&+,(/,()(09+.#-#.(0+,;#.+<(d/:+;+,(/&+(&++%0(*/(+&0",+(*6)*(
)&A(#%+&*#*A(09+.#-#+%(#&(*6#0(-#$+(#0(-,/8()(j*,"0*+%j(7+,*#-#.)*+(2"*6/,#*A<(720(),+(*,"0*+%(4A(
9$).#&' ( *6+#, ( .+,*#-#.)*+ ( #& ( *6+ ( *,"0*+%>.+,*0 ( %#,+.*/,A ( e4A ( %+-)"$*b(
jmE1N!V3ndXN`c;),c.)c*,"0*+%>.+,*0cjf<(gOah

56+(./&-#'",)*#/&(-#$+0(:+(6);+(8/%#-#+%(-/,(*6+(H/,G09).+(3+,;#.+(./89/&+&*(),+($/.)*+%(
#&(*6+(m7XELnK\X!V3(-/$%+,<

export $CONF_GLOBUS=$GLOBUS_LOCATION/etc/nimbus/workspace-service.

2$$(*6+(0+**#&'0(),+($/)%+%(:6+&(*6+('$/4"0>0*),*>./&*)#&+,(#0($)"&.6+%<(1-(A/"(.6)&'+()&A(
0+**#&'0(A/"(6);+(*/(,+$/)%(*6#0(0+,;+,<(2**+&*#/&(+).6(*#8+(A/"(,+$/)%(*6#0(0+,;+,(#*(:/&D*(0++(
*6+(8).6#&+0(*6)*(:+,+()$,+)%A(0*),*+%(/&(*6+(H/,G09).+(./&*,/$<(e*6+(&/*#-#.)*#/&0(-,/8(*6+(
H/,G09).+(7/&*,/$(:/&D*('+*(*/(*6#0(&+:(#&0*)&.+(/-(*6+(H/,G09).+(3+,;#.+f<

1&(*6+(m7XELnK\X!V3($/.)*#/&(*6+,+(),+(-#$+0(./&*)#&#&'(#89/,*)&*(0+**#&'0(-/,(*6+(
:/,G09).+(0+,;#.+b

" ./FF&1F">/1E $d+,+ ( :+ ( 6);+ ( 0+* ( )$$ ( *6+ ( $/''#&' ( /9*#/&0 ( */ ( A+0<(
m7XELnK\X!V3c$/''#&'<./&- ()&%( *6+( $/'0 (-/,(+).6 (8).6#&+(),+ ( $/.)*+%( #&(
mK\X!V3n\X7251XEc;),c&#84"0< ( d+,+ ( A/" ( .)& ( -#&% ( #&-/,8)*#/& ( )4/"*(
)../"&*#&'F ( ,+0+,;)*#/&0F ( .).6+0F ( ,+.+#;+% ( &/*#-#.)*#/&0 ( -,/8 ( *6+ (H/,G09).+(
7/&*,/$()&%(7$#+&*

" **?">/1E( 1& ( *6#0 ( -#$+ (:+ ( 0+* ( "9 ( ,//* ( "0+, ( */ ( ./&&+.* ( *6+ (H/,G09).+ (7/&*,/$b(
=./&*,/$<006<"0+,o,//*?

" 3>>/)12&1F">/1E(56+(8#&#8"8()8/"&*(/-(*#8+(*6+(.6),'+(#0(,/"&%+%(*/(P(8#&"*+<(
.6),'+<',)&"$),#*AoP(

" L''A-//.*b(9//$P

# node_name  memory_to_manage networks_supported

S_
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  kerun1     1524              *

56+(-#,0*(./$"8&(,+9,+0+&*0(*6+(H/,G09).+(7/&*,/$(&)8+<(1-(A/"(6);+(8/,+(:/,G09).+(
./&*,/$0(A/"(.)&(09+.#-A(+).6(#&()(,/:<(56+(0+./&%(-#+$%(,+9,+0+&*0(*6+(8)U#8"8(8+8/,A(
*6)*(.)&(4+(/.."9#+%(/&(*6+(:/,G09).+(./&*,/$(4A(*6+(;#,*")$(8).6#&+0<(1-(*6#,%(-#+$%(#0(4$)&G(
/,(p(#*(#0()00"8+%(*6)*()$$(&+*:/,G0(),+(0"99/,*+%<(H6+&()$$(*6+(8+8/,A((09+.#-#+%(#&(*6+(
0+./&%(./$"8&(6)0()$,+)%A(4++&("0+%()&%(*6+(.$#+&*(:)&*0(*/($)"&.6()&/*6+,(8).6#&+(/&(*6)*(
H/,G09).+(7/&*,/$(#*(:#$$(,+.+#;+(*6+(-/$$/:#&'(+,,/,(8+00)'+<(

$GLOBUS_LOCATION/bin/cloud-client.sh --run --name 12 -hours 240

Problem: Resource request denied: Error creating workspace(s): No resource pool has an 
applicable entry

Problem running 'vm-195'.

" 1,2O/7@A-//.*N-)(.&>Y

:+(6);+(./&-#'",+%(*6+(9"4$#.(9//$(./&-#'",)*#/&(-#$+("0#&'(*6+(9,#;)*+(&+*:/,G(
PaO<PRT<POO<_cOW(:#*6(*6+(-/$$/:#&'(+$+8+&*0(#&(*6+(9//$b

pub02 192.168.122.12 192.168.122.1 192.168.122.255 255.255.255.0

pub03 192.168.122.13 192.168.122.1 192.168.122.255 255.255.255.0

pub03 192.168.122.14 192.168.122.1 192.168.122.255 255.255.255.0

pub03 192.168.122.15 192.168.122.1 192.168.122.255 255.255.255.0

pub03 192.168.122.16 192.168.122.1 192.168.122.255 255.255.255.0

# Z+9$/A8+&*

2-*+,(./&-#'",#&'(+;+,A*6#&'(/&(*6#0(./89/&+&*(:+(06/"$%(#&#*#)$#J+(*6+()"*6+&*#.)*#/&(4)0+%(
/&(([<Q_a(.+,*#-#.)*+0(:#*6<((

$GLOBUS_LOCATION/bin/grid-proxy-init (-)hours 240

56+(&+U*(0*+9(#0(*/(0*),*()$$(*6+(&+.+00),A(0+,;#.+0(*6)*(:/"$%()$$/:(*6+(.$#+&*(*/(./88"&#.)*+(
:#*6(*6+(INN<

$GLOBUS_LOCATION/bin/globus-start-container -debug

"UHLHLHS"'W?"0?FCD8>C@N"

56#0(./89/&+&*D0(-"&.*#/&(#0(*/(0*/,+(*6+(IN(#8)'+0<(d+,+(:+(6);+(#&0*)$$+%(K,#%L5M(e)&(
+U*+&0#/&(/-(*6+(L5M(0*)&%),%f(0+,;+,(-,/8(*6+(K$/4"0(H+40#*+<(

L/,(0*),*#&'(*6+()"*6+&*#.)*#/&(9,/.+00(A/"(6);+(*/(,"&(*6+(&+U*(./88)&%<

$GLOBUS_LOCATION/bin/grid-proxy-init

56+(,+9/0#*/,A()$0/("0+0([<Q_a(.+,*#-#.)*+0($/.)*+%()*(c6/8+c0*"%+&*c<'$/4"0c0#89$+72<

SP
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2-*+,(-#&#06#&'(*6+(./&-#'",)*#/&(:+(/&$A(6);+(*/(0*),*(*6+(K,#%L5M(0+,;+,("0#&'

$GLOBUS_LOCATION/sbin/globus-gridftp-server &

"UHLHLHU"'W?"/55D"

56+(INN(&/%+(#0(*6+(&/%+(:#*6(:6#.6(8)&)'+0()$$(*6+(;#,*")$(8).6#&+0<(56+(9,#;#$+'+%(
)../"&*(/&(*6+(0+,;#.+(&/%+(&++%0(*/(4+()4$+(*/(33d(-,++$A(*/(*6+(INN(e:#*6/"*(&++%#&'()(
9)00:/,%f<(2&%(;#.+(;+,0)F(*6+(9,#;#$+'+%()../"&*(/&(*6+(INN(&/%+0(&++%0(*/(4+()4$+(*/(
-,++$A(33d(4).G(*/(*6+(H/,G09).+(3+,;#.+(&/%+0(*/(%+$#;+,(&/*#-#.)*#/&0<(X&(*6#0(&/%+(:+(
6);+(#&0*)$$+%(*6+(H/,G09).+>7/&*,/$()&%(*6+([+&(dA9+,;#0/,<

56+ ( ./&-#'",)*#/& ( -#$+0 ( -,/8 ( *6+ ( INN ( ),+ ( $/.)*+% ( #&(
mK\X!V3n\X7251XEc+*.c:/,G09).+>./&*,/$<(56#0(0+**#&'0(),+($/)%+%(4A(*6+(H/,G09).+(
3+,;#.+(:6+&()(;#,*")$(8).6#&+(0*),*0<

56+ ( $/'0 ( /- ( :/,G09).+ ( +&;#,/&8+&* ( -/, ( +).6 ( 8).6#&+ ( '/+0 ( */(
mK\X!V3n\X7251XEc;),c:/,G09).+>./&*,/$c$/'0< (56+,+(),+(%#--+,+&* ( $/'0(9+,(8).6#&+(
-/, ( +).6 ( /9+,)*#/& ( .,+)*+c9,/9)')*+c,+8/;+< ( 56+ ( $/'0 ( 0+**#&'0 ( .)& ( 4+ ( 8/%#-#+% ( -,/8(
$/''#&'<./&-<(

56+ ( ;#,*")$ ( 8).6#&+0 ( #8)'+ ( ),+ ( 0*)'+% ( */ ( mK\X!V3n\X7251XEc;),c:/,G09).+>
./&*,/$c0+.",+#8)'+0<

H+(:#$$(09+.#-A(6+,+(*6+(8/0*(#89/,*)&*(0+**#&'0(:+(6);+("0+%b

− '3&1">/1E

[vmcreation]

num_cpu_per_vm: 2

− @,71,.">/1E

1&0*+)% ( /- ( *6+ ( %+-)"$* ( 0+**#&' ( j)"*6JnG+,&+$0b ( -)G+>;8$#&"J>O<R>U+&j ( *6+ ( /9*#/&(
j)"*6JnG+,&+$0b ( ;8$#&"J>D"&)8+ ( >,Dj ( 06/"$% ( 4+ ( "0+< ( 2$0/ ( #- ( ./88+&*+% ( *6+ ( 0+**#&'(
j8)*.6,)8%#0Gb(>#&#*,%j(06/"$%(4+("&./88+*+%<

− .&(L&72">/1E

[libvirt]

vmm: xen3 # this specifies to the Workspace Service we are using Xen as a Virtualization 
solution.

[libvirt_connections]

xen3: xen:///  # this is the string to which the virsh should connect

− 1,2O/7@*">/1E$

d+,+(),+(8+&*#/&+%(#&-/,8)*#/&()4/"*(*6+(4,#%'+(*/(.,+)*+(-/,(+).6(;#,*")$(8).6#&+<(:+(6);+(
"0+%(*6+(-/$$/:#&'(0+**#&'0<(

SO
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[bridges]

eth0: 192.168.122.0/24

[dhcp-bridges]

# BRIDGENAME-CHOSEN: DHCPD-LISTENING-INTERFACE

eth0: eth0 #this means that the Domain 0 of the xen (de default domain) is listenting on 
eth0  (in our case eth0:0) and this is also the interface on which the dhcp server is 
listening.

20(*6+0+(0+**#&'0(),+(;+,A(#89/,*)&*(-/,(4+#&'()4$+(*/()..+00(*6+(%+9$/A+%(;#,*")$(8).6#&+0(
)&:+(:#$$(8+&*#/&(8/,+(%+*)#$0(-/,(*6+(./&-#'",)*#/&<

X&(*6+(H/,G09).+(./&0*,/$(:+(6);+(*6+(-/$$/:#&'(&+*:/,G(0+**#&'0b

student@kerun1 $/sbin/ifconfig

eth0 - inet addr:192.168.2.100  Bcast:192.168.2.255  Mask:255.255.255.0

eth0:0 - inet addr:192.168.122.1  Bcast:192.168.122.255  Mask:255.255.255.0

wrksp-158-0 // and a bridge for each of the powered on virtual machine

student@kerun1 

$brctl show

bridge name bridge id STP enabled interfaces

eth0 8000.001a921598c1 no peth0

wrksp-158-0

L/,(+).6(0*),*+%(;#,*")$(8).6#&+()&(+4*)4$+0(,"$+(#0()%%+%(#&(/,%+,(*/(/&$A()$$/:(*,)--#.(*/()&%(
-,/8(*6/0+(;#,*")$(8).6#&+0<(V0+(+4*)4$+0(>\&(*/(0++(:6)*(,"$+0(:+,+()%%+%(-/,(A/",(;#,*")$ (
8).6#&+0<

− T,1">/1E

Z+9+&%#&'(/&(6/:(#0(A/",(;#,*")$(8).6#&+(#8)'+(.,+)*+%(*6+(/9*#/&(*)9b#/(/,(-#$+(06/"$%(4+(
"0+%(-/,(

[xencreation]

disk_driver:file

H6+&()$$(*6+(./&-#'",)*#/&(),+(%/&+(9,/9+,$A(:+(:#$$(4+()4$+(*/b

)f(3*),*(*6+([+&(&+*:/,G>4,#%'+(

sudo /etc/xen/scripts/network-bridge start

4f((3*),*(*6+(Z6.9(3+,;+,(:6#.6('#;+(1M>0(*/(*6+(I#,*")$>N).6#&+0(

sudo /etc/init.d/dhcp3-server restart

2-*+,(%+9$/A#&'(0/8+(;#,*")$(8).6#&+0(/&(*6+(.$/"%(*6+(;#,06(*//$(.)&(4+("0+%<(56#0(*//$(#0(
9,/;#%+%(4A($#4;#,*(#&(/,%+,(*/($#0*(#&-/,8)*#/&()4/"*(*6+(;#,*")$(8).6#&+0()&%(*/(./&&+.*(*/(
*6+0+(;#,*")$(8)06#&+0<(

SS

mailto:student@kerun1
mailto:student@kerun1
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)f(\#0*(*6+(.",,+&*(0*),*+%(;#,*")$>8).6#&+0

student$ virsh list

4f(7/&&+.*(*/()(.+,*)#&(8).6#&+

student$ virsh console machine_name

1* ( #* ( #89/,*)&* ( */ (8+&*#/& ( *6)* ( #&0*)$$#&' ( *6#0 (7$/"% ( #&;/$;+% ( ) ( $/* ( /- ( ,+0+),.6 ( )0 ( *6+(
)%8#&#0*,)*#/&('"#%+( -,/8(*6+(E#84"0 (/--#.#)$ ( 0#*+ (/&$A (%/+0&D* (/--+, (0"99/,* ( -/, ()$$ ( *6+(
./89/&+&*0<(2(6+$9-"$(,+0/",.+(-/,(*6#0(#0(*6+(E#84"0()%8#&#0*,)*#/&(%#0."00#/&($#0*<gSOh

 4.1.2 Virtualization Solution – Xen Setup

!+.)"0+(:6+&(%+9$/A#&'(E#84"0(:+(+&./"&*+,+%(0/8+(9,/4$+80(:#*6([+&(:+(:#$$(9,/;#%+(
6+,+(:6)*(+&;#,/&8+&*0(:+(6);+(*+0*+%(4+-/,+('+**#&'(*/()(0*)4$+(:/,G#&'(0+*"9<(

!+.)"0+(:+(:)&*+%(*/(6);+(*6+($)*+0*(0*)4$+(;+,0#/&(/-(*6+(-,++(\#&"U(X3(^(:+(#&#*#)$$A(
:)&*+%(*/("0+(V4"&*"(P_<W(^(4"*("&-/,*"&)*+$A(*6#0(;+,0#/&(%/+0&D*(#&.$"%+()&A8/,+(U+&>
*//$0(#&*/(#*0(,+9/0#*/,A()&%(./&-#'",#&'()(G+,&+$(#8)'+(+09+.#)$$A(-/,([+&(,+C"#,+0(6);#&'(
09+.#)$(6),%:),+((0"99/,*(-/,([+&<(3/(#&0*)$$#&'([+&(-,/8(#*(0/",.+0(/&(V4"&*"(P_<_W(9,/;+%(
*/(4+()(4)%(.6/#.+<(

28/&'(/*6+, (X3(:+(6);+( *+0*+%( *6+,+ ( #0 (V4"&*"(T<_W(:6#.6(6)0()$8/0* ()$$ ( *6+(&++%+%(
9).G)'+0(#&(*6+(,+9/0#*/,A<(d/:+;+,(*6+,+(:+,+(0/8+(9,/4$+80(:#*6(*6#0(%#0*,#4"*#/&()$0/<(
L/,*"&)*+$A()$$(*6+0+(9,/4$+80(:+,+(,+0/$;+%<(2&(#00"+(:6#.6(:+(-/"&%(%#--#."$*(*/(0/$;+(:)0(
:#*6(*6+($#4;#,*(;+,0#/&F(:6#.6(:)0(*//(/$%(-/,(*6+(E#84"0(0+*"9<

`;+&*")$$A(:+(#&0*)$$+%([+&(/&(Z+4#)&($)*+0*(0*)4$+(;+,0#/&(\+&&A<(d+,+(:+(#&0*)$$+%(*6+(
-/$$/:#&'(9).G)'+0b

student$ dpkg -l | grep xen 

libc6-xen, libxen-dev, libxenstore3.0, linux-headers-2.6-xen-686, linux-headers-2.6.26-2-
common-xen, linux-headers-2.6.26-2-xen-686, linux-modules-2.6-xen-686, xen-hypervisor-
3.2-1-i386,  xen-shell, xen-tools, xen-utils-3.2-1, xen-utils-common, xenstore-utils  

2-*+,(#&0*)$$#&'()$$(*6+(&++%+%(9).G)'+0(:+(6);+(8)%+(*6+(-/$$/:#&'(./&-#'",)*#/&0(/&(*6+(
8)#&(./&-#'",)*#/&(-#$+(U+&%>./&-#'<0U9F(-,/8(c+*.cU+&<

(logfile /var/log/xen/xend.log)

(loglevel DEBUG)

(xen-api-server ((unix)))

(xend-http-server yes)

(xend-unix-server yes)

(xend-unix-path /var/lib/xend/xend-socket)

(network-script network-bridge)

(vif-script vif-bridge)

SW



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

(dom0-min-mem 196)

(dom0-cpus 0)

H6+&(*6+(./&-#'",)*#/&(9,/.+00(:)0(/;+,(*6+(U+&%(&++%0(*/(4+(0*),*+%<(H+()$0/()%%+%(*6#0(
).*#/&(*/(4+(%/&+(:6+&(*6+(0+,;+,0(0*),*0<

/etc/init.d/xend start

\#4;#,*(#0()&/*6+,(*//$(*6)*(:+(&++%(*/(#&0*)$$(-/,(*6+(;+,0#/&(O<W(/-(E#84"0(/&(*6+(:/,G09).+(
./&*,/$(^(*6+(INN<(X&(Z+4#)&(\+&&A(*6+($#4;#,*(;+,0#/&(_<W<RF(:6#.6(:+(%/:&$/)%+%(-,/8(
*6+(,+9/0#*/,A(6)%()(4"'<(56+(-#$+(0,.c9A*6/&c:/,G09).+./&*,/$c%+-)"$*0c$;,*c$;,*n./88/&<9A(
6)%(8/,+(*6+&(/&+(-"&.*#/&(&)8+%(.,+)*+[N\( (>()&%(*6+(H/,G09).+>7/&*,/$ (:/"$%('+*(
./&-"0+%< (56+ ( 0/$"*#/& (:+ ( -/"&% (:)0 ( ,+&)8#&' ( *6+0+ ( -"&.*#/&0< (!+.)"0+ (:+ (:+,+ ( 0*#$$(
,+.+#;#&'(+,,/,0(-,/8(*6+(H/,G09).+(3+,;#.+(:+(%"'(%++9+,()&%(-/"&%(*6)*(*6+(-"&.*#/&(*6)*(
06/"$%(6);+(4++&(&)8+%(.,+)*+[N\(:)0().*")$$A(.)$$+%(.,+)*+\#&"U<(2-*+,(,+9)#,#&'(*6#0(:+(
%#%&D*(6)%()&A(8/,+(9,/4$+80(:#*6($#4;#,*<

 4.1.3 BlobSeer Setup

L/,(#&0*)$$#&'()&%(%+9$/A#&'(!$/43++,(:+(-/$$/:+%(*6+(*"*/,#)$0(-,/8(*6+(!$/43++,(:+40#*+<(
d/:+;+,()0(:+(+&./"&*+,+%(0/8+(9,/4$+80()$/&'(*6+(:)A()(8/,+(%+*)#$+%(*"*/,#)$(:6#.6(
#&.$"%+0()$0/()(:)A(*/(*,).G(9,/4$+80(%",#&'(*6+(#&0*)$$)*#/&()&%(%+9$/A#&'(9,/.+00(.)&(4+(
-/"&%()*(2&&+U+(P(^(1&0*)$$#&'()&%(Z+9$/A#&'(!$/43++,<

`).6(/-(*6+0+(8).6#&+0(:#$$(6);+(!$/43++,(#&0*)$$+%(/&(*6+8()&%(:#$$(4+(./&-#'",+%(*/(0*),*(
:#*6()(.+,*)#&(#&0*)&.+(/&(#*<(20()(;#,*")$#J)*#/&(0/$"*#/&(:+(6);+("0+%([+&<(1&(/,%+,(*/(0*),* (
+).6(/-(*6+(#&0*)&.+0(%+0.,#4+%(#&(0+.*#/&(S<P<P(:+(&++%(*/(%/(*6+(-/$$/:#&'0b

I+,0#/&(N)&)'+,

$BLOBSEER_HOME/vmanager/vmanager localhost-config-file.cfg

M,/;#%+,(N)&)'+,

$BLOBSEER_HOME/pmanager/pmanager localhost-co4nfig-file.cfg

M,/;#%+,(

$BLOBSEER_HOME/provider/provider localhost-config-file.cfg

N+*)%)*)(M,/;#%+,

$BLOBSEER_HOME/provider/sdht localhost-config-file.cfg

2-*+,(:+(6);+(0*),*+%()$$(*6+(!$/43++,(./89/&+&*0(:+(),+()4$+(*/(.,+)*+(!\X!0()&%(*/(
:,#*+c,+)%(*/c-,/8(*6+8(:#*6(*6+(-/$$/:#&'(./88)&%0b

7,+)*+(!$/4

./create_blob /tmp/blobseer.cfg 8 1 

H,#*+(*/($)0*(.,+)*+%(!\X!

./test W 1 /tmp/blobseer.cfg

SQ



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

]+)%(-,/8($)0*(.,+)*+%(!\X!

./test R 1 /tmp/blobseer.cfg

X&.+(*6+(!$/43++,(:)0(/&(*6+(.$/"%(:+(&++%+%()&(#&*+,-).+(*/(4+()4$+(*/(+)0#$A(0*),*()&%(0*/9(
!$/43++,(/&(*6+(7$/"%<(H+(6);+(8)&)'+%(*/(%+9$/A(*6#0(#&*+,-).+("0#&'(4)06(0.,#9*#&'()0(
9,+0+&*+%(#&(*6+(.6)9*+,(W<S(7/88)&%(\#&+(#&*+,-).+(-/,(./&*,/$$#&'(!$/43++,(#&(*6+(7$/"%<(
56+0+ ( #&0*)&.+0 (./88"&#.)*+ ("0#&' (006 ()..+00 ( *6"0 (4+*:++&( *6+ (!$/43++, (8).6#&+0 (:+(
)00",+(006()..+00(:#*6(9"4$#.c9,#;)*+(G+A0(-/,(*6+("0+,(0*"%+&*<

"UHJ" 49CE1??@"BW?BTFC8;>Y@?D>=@>"8;D8:?"*8RE7D"+9C7:"

 4.2.1 Existing approach on checkpoint restart in BlobSeer

!$/43++,(#0()(0*,/&'()99$#.)*#/&(:6#.6(4+0#%+0(6);#&'()&(+--#.#+&*()$'/,#*68(:6+&(:/,G#&'(
:#*6(6"'+()8/"&*(/- (%)*)()$0/(6)0( *6+(4)0+ (-/, (4+#&' ()4$+( */ ( ,+0*/,+ ( *6+(0*)*+ (/-( 0/8+(
+$+8+&*0()-*+,(,+0*),*#&'(*6+8<(56+(M,/;#%+,(N)&)'+,(#0()(./89/&+&*(*6)*(#0()4$+(*/(,+0*/,+(
#*0(%)*)()-*+,(4+#&'(,+0*),*+%<(56#0(6)99+&0(4+.)"0+(*6+(M,/;#%+,(#0(%+0#'&+%(*/(0+&%(8+00)'+0(
*/(*6+(M,/;#%+,(N)&)'+,()*(.+,*)#&(#&*+,;)$0(/-(*#8+()&%(*6#0(:)A(*6+(M,/;#%+,(N)&)'+,(#0(
)4$+(*/(,+'+&+,)*+(*6+(M,/;#%+,0(*)4$+(;+,A(-)0*()-*+,(4+#&'(,+0*),*+%<(56+(/*6+,(./89/&+&*0F(
I+,0#/&(N)&)'+,F(M,/;#%+,F(N+*)%)*)(M,/;#%+,F(/-(!$/43++,(:+,+(&/*()4$+(*/(,+./;+,(-,/8()(
./&0#0*+&*(0*)*+()-*+,(,+0*),*F(*6+,+-/,+(:+(:#$$(%+0.,#4+(&+U*(6/:(:+(#89$+8+&*+%(0"99/,*(-/,(
#&.,+8+&*)$(.6+.G9/#&*0(/&(*6+8<

 4.2.2 Our approach on checkpoint restart in BlobSeer

!$/43++,(#0()(0*/,)'+()99$#.)*#/&(09+.#)$$A(%+;+$/9+%(-/,(0*/,#&'(%)*)(#&(%#0*,#4"*+%(0A0*+80<(
56#0(0A0*+8(9,/;#%+0(0"99/,*(-/,(:/,G#&'(:#*6(6"'+()8/"&*(/-(%)*)(%#;#%+%(#&*/(!\X!0(
#%+&*#-#+%(*6,/"'6()&("&#C"+(1%F(/--+,0(-#&+>',)#&+%()..+00(*/(*6+(%)*)F("0+0(;+,0#/&#&'F(6)0(
;+,A(6#'6(*6,/"'69"*(+;+&("&%+,(6+);A()..+00(./&.",,+&.A(#&()&A(./84#&)*#/&b(,+)%c,+)%F(
,+)%c:,#*+F (:,#*+c:,#*+< (d/:+;+, ( )0 ( *6#0 ( 0/-*:),+ ( #0 ( 0*#$$ ( #& ( ,+0+),.6 ( 0*)*+ ( #* ( 6)0 ( 0/8+(
06/,*./8#&'0(*6)*(&++%0(*/(4+(0/$;+%<(

!$/43++,(:)0(4"#$*()0()(;+,A(+--#.#+&*(0*/,)'+()99$#.)*#/&(:6#.6(:/,G0(:#*6(%)*)(0);+%(#&*/(
*6+(]2N(8+8/,A(e)(;/$)*#$+(8+8/,Af<(2(:+)G(9/#&*(*6)*(!$/43++,(6)0(#&*/(*6+(7$/"%(#0(&/*(
4+#&'()4$+(*/(0*),*(-,/8()(./&0#0*+&*(0*)*+<(56#0()99$#.)*#/&()$:)A0(0*),*0(:/,G#&'(-,/8(J+,/(
%)*)F(0/()$$(*6+(9,/.+00+%(%)*)(),+($/0*(#-(*6+()%8#&#0*,)*/,(%+.#%+%(&/*(*/("0+(*6+(7$/"%(-/,()(
9+,#/%(/-(*#8+(/,(#-()(0A0*+8(-)#$",+<(1&(/*6+,(:/,%0(/&+($).G(*6)*(&++%0(*/(4+(-"$-#$$+%(4+-/,+(
9/,*#&'(!$/43++,(*/(*6+(7$/"%(#0(#89$+8+&*#&'(*6+(0"99/,*(*/(4+()4$+(*6+(8)G+(0.6+%"$+%(
,+0*),*0(:#*6/"*($/0#&'(*6+()$,+)%A(9,/.+00+%(%)*)<(X&+(/-(*6+(7$/"%0(4#'()%;)&*)'+(#0(*6)*(
/&+(.)&(06"*%/:&(6#0()99$#.)*#/&()&%(0*/9(("0#&'(*6+(7$/"%(:6+&(#*(%/+0&D*(&++%(#*(:#*6/"*(
$/0#&'(6#0(.",,+&*(%)*)<(56#0(#0(,)*6+,()&(#89/,*)&*(#00"+()0(*6+(7$/"%(.$#+&*(9)A0(-/,(+).6(
,+&*+%(4A*+()&%(/&(*6+(7$/"%(*6+("0+,(#0()4$+(*/('+*(*6+(7$/"%D0( (#&-,)0*,".*",+(/&>%+8)&%<(
56+(.$#+&*(%/+0&D* (&++%(*/(9)A(#-( #&(.+,*)#&(9+,#/%0(%/+0&D* ("0+(*6+(#&-,)0*,".*",+< (1&(*6#0(
./&*+U*0 (4+#&'()4$+( */ (,+0*),* ( *6+()99$#.)*#/&(-,/8() (./&0#0*+&* (0*)*+(#0 () (;+,A( #89/,*)&*(
-+)*",+(*6)*(!$/43++,(&++%0(*/(6);+(:6+&(#&*+',)*+%(:#*6(*6+(7$/"%<((20()(,+0"$*(#&(/,%+,(*/(

SR



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

9,+9),+(!$/43++,(-/,(*6+(7$/"%(:+(&++%(*/()00",+(./&0#0*+&*(0*)*+0(/-(*6#0(0*/,)'+($)A+,()*(
.+,*)#&(8/8+&*0(#&(*#8+<(56#0(:#$$()$0/(6+$9(*/(8)G+(*6#0(-#$+(0*/,)'+(0A0*+8(8/,+(,+$#)4$+(*/(
-)#$",+<(

1&(/,%+,(*/()00",+(0*),*#&'(!$/43++,(-,/8()(./&0#0*+&*(0*)*+(:+(6);+(./&0#%+,+%()(.6+.G9/#&*>
,+0*),*()99,/).6<(!)0#.)$$A(:+(:#$$(4+(0*/,#&'()(0&)906/*(/-(*6+(.",,+&*()99$#.)*#/&(0*)*+(^(
)&%($)*+,(/&(:+(:#$$("0+(#*(-/,(,+0*),*#&'(*6+()99$#.)*#/&(-,/8(*6)*(./&0#0*+&*(0*)*+<(56#0(,+0*),*(
.)&(4+(%/&+(#&(.)0+(/-(-)#$",+(/,(0#89$A(-/,()%8#&#0*,)*#/&(%+.#0#/&0<(!+-/,+(.6//0#&'(6/:(*/(
*)G+(*6+0+(.6+.G9/#&*0(:+(6);+(./&0#%+,+%(*6+(-/$$/:#&'()09+.*0

− 56+(!$/43++,D0 ()$'/,#*68(#0(4)0+%(/&().6#+;#&'(6#'6(9+,-/,8)&.+(:6+&(:/,G#&'(

:#*6(;+,A(4#'()8/"&*0(/-(%)*)<(56+(G+A(9/#&*(/-(*6#0()$'/,#*68(#0(4+#&'()4$+(*/(%/(
8/0*(/-(#*0(/9+,)*#/&0(#&(9),)$$+$("0#&'($/.G#&'()0($#**$+()0(9/00#4$+<(56+(8+*6/%(*6)*(
:/"$%(4,#&'(-)"$*(*/$+,)&.+(*/(!$/43++,(06/"$%&D*()--+.*(*6+(',+)*()%;)&*)'+(!$/43++,(
4,#&'0F(*6#0(4+#&'(#*D0(',+)*(09++%(:6+&(:/,G#&'(:#*6(;+,A(4#'(0+*0(/-(%)*)<(

− Z/#&'()(0&)906/*()%%0(*6+(/;+,6+)%(/-(0);#&'(*6+(%)*)(*/()(&/&>;/$)*#$+(8+8/,A<(

M+,-/,8#&'(*/(8)&A(0&)906/*0(./"$%()--+.*(*6+(0A0*+8(9+,-/,8)&.+0<(56#0(#0(:6A(#0(
4+**+,(*/(4+()4$+(*/(6);+()(0*,#.*(9,/.+%",+(-/,(*)G#&'(*6+0+(0&)906/*0<(56+,+-/,+()(
'//%(.6/#.+(:/"$%(4+(9+,-/,8#&'(.6+.G9/#&*0(:6+&(0.6+%"$+%(4A()&()%8#&#0*,)*/,(
/-(*6+(0A0*+8(/,()"*/8)*#.)$$A()*(-#U+%(8/8+&*0(#&(*#8+<(N)G#&'(*/(8)&A(0&)906/*0(
/-(*6+(0A0*+8(8#'6*(./&*,#4"*+(*/(8)G#&'(!$/43++,()(0$/:+,()99$#.)*#/&<(Z+.#%#&'(
:6+&(#*D0(*6+(4+0*(*#8+(*/(8)G+()('$/4)$(.6+.G9/#&*(#0(C"#*+(%#--#."$*<(

− 56+(9,/.+00+0(/-(!$/43++,(,"&(#&(9),)$$+$()&%(&++%(*/(./88"&#.)*+(4+*:++&(*6+8(

/&$A(:6+&(*6+AD;+(-#&#06+%()(,+)%c:,#*+(/9+,)*#/&(0/(:+(8#'6*()%8#*(*6)*(=8/0*(/-(
*6+(*#8+?(*6+0+(+&*#*#+0(,"&(#&%+9+&%+&*$A<(

− 20(:+(6);+(9,+0+&*+%(+),$#+,(#&(*6+(<"I$B?,>@-/&12AJ,*2372$S--7/3>?,*(.6)9*+,F(*6+,+(

),+(;),#/"0(:)A0(/-(%/#&'(0&)906/*0(^(+).6(6);#&'(#*0()%;)&*)'+0()&%(%#0)%;)&*)'+0<(

2-*+, ().G&/:$+%'#&'( *6+ (9/#&*0 ()4/;+(:+(6);+(%+.#%+% ( *6)* ( *6+ (4+0* (:)A( */ ('/ ( -#,0* ( #0(
.6//0#&'(*/(#89$+8+&*(="&.//,%#&)*+%(.6+.G9/#&*0?<(56#0(8+*6/%(#89$#+0(*6)*(+).6(9,/.+00(
#&(*6+(0A0*+8(:#$$(0*/,+(+).6(./&0#0*+&*(0*)*+<(N)#&()%;)&*)'+0(/-(*6#0(8+*6/%(),+(9,/;#%#&'()(
'//%(9+,-/,8)&.+()&%(#&(*6+(0)8+(*#8+(*6+()"*/&/8A(/-(+).6(+&*#*A(*/(=.6/0+?(*6+(4+0*(
8/8+&* ( */ ( 0);+ ( #*0 ( 0*)*+< (20 ( ) ( ,+0"$* ( *6#0 ( #89$+8+&*)*#/& ( )$0/ ( 8)#&*)#&0 ( *6+ ( '//%(
9+,-/,8)&.+(*6+(!$/43++, (6)0(:#*6/"* (/",(8/%"$+()&%()$0/(8)%+( #* ()&()99$#.)*#/&(:+$$(
#&*+',)*+%(:#*6(*6+(7$/"%<(

 4.2.3 Solution implementation

( H6+& ( ,"&&#&' (!$/43++, ( #&*/ ( *6+ (7$/"% ( 0A0*+8(:+ (&++% ( */ (%+;+$/9 (&+:( -+)*",+0 ( $#G+(
-)#$",+>*/$+,)&.+(*6+()4#$#*A(*/(0*),*(*6#0()99$#.)*#/&(-,/8()(./&0#0*+&*(0*)*+<(1&(/,%+,()00",+(
0*),*#&'(!$/43++,(-,/8()(./&0#0*+&*(0*)*+(4+-/,+(06"*%/:&(:+(6);+(.6/0+&(*/(#89$+8+&*()(
#&.,+8+&*)$(.6+.G9/#&*0(-/,(*6+(,+)0/&0(%+0.,#4+%(#&(*6+(9,+;#/"0(9),)',)96<(E+U*(:+(:#$$(
%+0.,#4+(#&(%+*)#$(6/:(:+(6);+(#89$+8+&*+%(*6+("&.//,%#&)*+%(.6+.G9/#&*0(/&(!$/43++,<(

SY



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

E+U*(:+(:#$$(%+0.,#4+(:6)*(8/%#-#.)*#/&(:+(6);+(%/&+(/&(+).6(/-(*6+(!$/43++,(./89/&+&*0b

− M,/;#%+,()&%(N+*)%)*)(M,/;#%+,

56+0+(*:/(+&*#*#+0(6);+(*/(4+()%%+%(*6+(-"&.*#/&)$#*A(*/(0);+(*6+(%)*)(/&(*6+(%#0G(#&*/()(
%)*)4)0+()*(.+,*)#&(*#8+(#&*+,;)$0()&%(:6+&(0*),*+%(-#,0* (*/($/)%($)0*(0);+%(%)*)(4).G(#&*/(
]2N<(1&(/,%+,(*/(%/(*6#0(:+("0+%(*6+(!+,G$+A(Z!($#4,),A()&%(2M1()0(*6#0(9,/;#%+0(6#'6>
9+,-/,8)&.+(+84+%%+%(%)*)4)0+(:#*6(4#&%#&'0()$0/(#&(7kkF(*6+($)&'")'+(#&(:6#.6(!$/43++,(
#0(%+;+$/9+%<(

!Z!(0*/,+0(),4#*,),A(G+Ac%)*)(9)#,0()0(4A*+(),,)A0F()&%(0"99/,*0(8"$*#9$+(%)*)(#*+80(-/,()(
0#&'$+(G+A<(!Z!(.)&(0"99/,*( *6/"0)&%0(/-(0#8"$*)&+/"0(*6,+)%0(/-(./&*,/$(/,(./&.",,+&*(
9,/.+00+0(8)&#9"$)*#&'(%)*)4)0+0()0($),'+()0(OQR(*+,)4A*+0F(/&()(:#%+(;),#+*A(/-(/9+,)*#&'(
0A0*+80(#&.$"%#&'(8/0*(V&#U>$#G+()&%(H#&%/:0(0A0*+80F()&%(,+)$>*#8+(/9+,)*#&'(0A0*+80<(
gOPh

56+(-"&.*#/&)$#*A(/-(,+0*/,#&'(*6+(G+A0(-,/8(!+,G$+A(Z!(%)*)4)0+(#0()%%+%(#&(*6+(*+89$)*+(
"0+% ( #& ( ) ( -)#$",+>*/$+,)&* ( 0.+&),#/ (Z(4(X(OX'3-[< ( ( 1& ( *6#0 ( 0.+&),#/ (!$/43++, ( "0+0 ( )(
%)*)4)0+(*/(0*/,+(*6+(M,/;#%+,()&%(N+*)%)*)(M,/;#%+,(%)*)F(%)*)(*6)*(#0(&/,8)$$A(G+9*(/&$A(
#&*/ (]2N<(H+("0+% ( *6+(0"99/,* ( */ (0);+( *6+(%)*) (0*/,+% ( #&*/(]2N(*/( *6+(!+,G+$+A(Z!(
%)*)4)0+()*(.+,*)#&(*#8+(#&*+,;)$0()&%(:+()%%+%($/)%#&'(*6+(%)*)(-,/8(*6)*(%)*)4)0+(4).G(#&*/(
]2N<(1&(/,%+,(*/(#89$+8+&*0(*6#0(0*/,+c$/)%(0A0*+8(:+("0+%(*6+(!+,G$+A(Z!(2M1(4+.)"0+(
*6#0(*A9+(/-(%)*)4)0+(#0(;+,A(0.)$)4$+()&%(6)0('//%(9+,-/,8)&.+0(:6+&(:/,G#&'(:#*6(4#'(0+*0(
/-(%)*)<(5/(./&.$"%+(-/,(*6+(M,/;#%+,()&%(*6+(N+*)%)*)(M,/;#%+,(:+(8/%#-#+0(*6+(*+89$)*+(
Z(4(X(OX'3-[(*6)*(#0("0+%(4A(4/*6(+&*#*#+0()0()(*+89$)*+(:6+&(+).6(/-(*6+0+(9,/.+00+0(#0(
0*),*+%<(56+(./%+(-/,(*6#0(#89$+8+&*)*#/&(#0(9,+0+&*+%(#&(*6+(\"5$S11,T,$5$:$B?,>@-/&12*$E/7 $
]7/L&4,7$314$^,234323$]7/L&4,7"

− I+,0#/&(N)&)'+,

189$+8+&*#&' ( *6+ ( 0A0*+8 ( %+0.,#4+% ( )4/;+ ( /& ( *6+ ( I+,0#/& (N)&)'+, ( #89$#+0 ( 0);#&' ( )(
0+,#)$#J+% ( ;+,0#/& ( /- ( *6+ ( %)*) ( *6)* ( .",,+&*$A ( #0 ( /&$A ( G+9* ( #& ( *6+ (]2N< (56"0 (:6+& ( *6+(
./88)&%(*/(0);+(*6+(0*)*+(#0(0+&*(*6+0+(9),*0(0);+(*6+#,(0+,#)$#J+%(%)*)(#&*/(-#$+0<(2*(,+0*),*(
*6+(%)*)(#0(,+0*/,+%(-,/8(*6/0+(-#$+0(4).G(#&*/(]2N(8+8/,A<((20()(./&0+C"+&.+(*6#0(+&*#*A(#0(
)4$+(*/(0*),*(:/,G#&'(-,/8(*6+($)0*(.,+)*+%(!\X!<(56+(.$)00(*6)*(&++%0(*/(4+(8/%#-#+%(#&(
/,%+,(8)G+(*6+(I+,0#/&(N)&)'+,()4$+(*/(,+0*/,+(#*0(0*)*+(4+-/,+(,+0*),*(#0(*6+(;8)&)'+8+&*(
.$)00<(1&(*6#0(.$)00(:+(6);+(8/%#-#+%(*6+(8+*6/%(.,+)*+F(8+*6/%(,+09/&0#4$+(-/,(.,+)*#&'(*6+(
!\X!F ()&% ( *6+ (./&0*,".*/, ( )0 (%+0.,#4+% ( #& ( *6+ (2&+U+ (O (^ (a<O (76+.G9/#&*0 ( -/, (I+,0#/&(
N)&)'+,<

− M,/;#%+,(N)&)'+,(

20(%+0.,#4+%(#&(.6)9*+, (!"5"#$PT&*2&1F$3--7/3>?$/1$>?,>@-/&12$7,*2372$&1$=./(9,,7( ^(*6+(
9,/;#%+,()$,+)%A(6)0()('//%(:)A(/-(,+'+&+,)*#&'(*6+(*)4$+(:#*6()$$(*6+(M,/;#%+,(N)&)'+,0(#&(
*6+(0A0*+8<(7/&0+C"+&*$A(#&(*6#0(9,/B+.*(:+(6);+(B"0*(*+0*+%(*6#0(-"&.*#/&)$#*A(/&(*6+(7$/"%<

ST



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

"UHS" +CRR=;:"%8;?"8;>?@A=B?"AC@"BC;>@C998;<"49CE1??@"8;">W?"+9C7:

1&(*6#0(0+.*#/&(:+(:#$$(%+0.,#4+(*6+(#&*+,-).+(:+("0+(*/(%+9$/A(*6+(E#84"0(7$/"%(=/&(.$#.G?(
-,/8(*6+(+&%("0+,(0#%+()&%(6/:(*/(,"&(*6+(!$/43++,(#&0*)&.+0(:#*6()(0#&'$+(0.,#9*()-*+,(*6+ (
7$/"%(:)0(0*),*+%<

1&(/,%+,(*/(0*),*(*6+(7$/"%(0A0*+8(/&+(&++%0(*/(,"&(*6+(0.,#9*("N*2372X>./)4"*?(-,/8(*6+(7$/"%(
.$#+&*(:#*6(*6+(-/$$/:#&'(),'"8+&*0b

student@elfe:~$ ./cloud_deploy 

-u student -r kerun2 -s kerun3 -c kerun1 -e elfe

All operations succesfully finished!

Usage: cloud_deploy options  -u <username> -r <repo_hostname> -s 
<worskspace_service_hostname> -c <workspace_control_hostname> -e <end_user_hostname>

56+(./89$+*+(./&*+&*(/-(*6#0(4)06(0.,#9*(.)&(4+(0++&(#&(*6+(S11,T,$<$:$9>7&-2*$E/7$B/''314$
C&1,$&12,7E3>,$E/7$=./(9,,7<(!+6#&%(*6#0(0.,#9*(*6+,+(),+(*6+(-/$$/:#&'(/9+,)*#/&0b

− !+'#&()"*6+&*#.)*#/&(9,/.+00(4)0+%(/&([<Q_a(.+,*#-#.)*+0(-/,(*6+(./89/&+&*0(7$#+&*F(

H/,G09).+>7/&*,/$F(H/,G09).+>3+,;#.+<

− 3*),* ( *6+ (K,#%L5M ( 0+,;+, ( :6#.6 (:#$$ (8)G+ ( 9/00#4$+ ( *6+ ( *,)&0-+, ( /- ( *6+ ( ;#,*")$(

8).6#&+0(-,/8(*6+(.$#+&*(*/(*6+(]+9/0#*/,A()&%(-,/8(*6+(]+9/0#*/,A(*/(*6+(INN(
"0#&'(*6+(H/,G09).+>3+,;#.+<

− ]"&()$$(*6+(&+.+00),A(0+,;#.+0(/&(*6+(H/,G09).+>3+,;#.+(#&(/,%+,(*/(,+.+#;+()&%(,"&(

*6+(./88)&%0(,+.+#;+%(-,/8(*6+(7$#+&*F(,+.+#;+("9%)*+(8+00)'+0(-,/8(*6+(INN()&%(
*,)&0-+,(*6+8(*/(*6+(7$#+&*<

− Z+9$/A(*6+(8).6#&+0(:+(6);+(./&-#'",+%(/&(*6+(INN<(56+(%+9$/A+%(8).6#&+0(6);+(

S__(N!(8+8/,A(]2NF(),+(-,/8(*6+(&+*:/,G(PaO<PRT<POO<_cOW()&%(),+(#&(*6+(,)&'+(
PaO<PRT<POO<PO(^(PaO<PRT<POO<O_<

56+(/9+,)*#/&(/-(0*),*#&'(*6+(.$/"%(:#*6(Q(;#,*")$(8).6#&+0("0")$$A( *)G+0(-,/8(PQ(*/(O_(
8#&"*+0< (56#0(/9+,)*#/&( #&.$"%+0(./9A#&'(+).6(8).6#&+(-,/8(*6+(]+9/0#*/,A(&/%+(*/( *6+(
INN<(X&()(,+)$(.$/"%(*6#0(/9+,)*#/&(:#$$(0",+$A($)0*($+00()0(*6+(&+*:/,G#&'(9,/*/./$(#&0#%+(
*6+(7$/"%(:/"$%("0")$$A(0"99/,*(4+**+,(4,/)%4)&%<(

20(0//&()0(*6+(7$/"%(#0(0*),*+%(:+(.)&(0*),*(*6+(!$/43++,(0+,;#.+(/&(*6+(7$/"%(4A("0#&'(*6+(
0.,#9* ( m!\X!3``]ndXN`c0.,#90c4$n.$/"%n%+9$/A<06< ( !A ( ,"&&#&' ( *6#0 ( 0.,#9* ( :+ ( ),+(
9+,-/,8#&'(*6+(-/$$/:#&'(/9+,)*#/&0b

− 3*),* ( *6+ ( M,/;#%+, (N)&)'+, ( )&% (I+,0#/& (N)&)'+, ( /& ( *6+ ( -#,0* ( ;#,*")$ (8).6#&+(

%+9$/A+%(/&(*6+(7$/"%<

− 3*),*(O(M,/;#%+,0()&%(O(N+*)%)*)(M,/;#%+,0(/&(*6+(;#,*")$(8).6#&+(%+9$/A+%(0+./&%(

)&%(*6#,%F(,+09+.*#;+$A(-/",*6()&%(-#-*6<

Sa



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

− 56+(M,/;#%+,()&%(N+*)%)*)(M,/;#%+,($/)%0(#&(*6+#,(]2N(*6+($)0*(:,#**+&<

− 56+(I+,0#/& (N)&)'+, ( $/)%0 ( #&-/,8)*#/& ()4/"* ()$$ ( *6+ (!\X!0(.,+)*+% (9,+;#/"0$A(

,+0*),*<

− 56+(M,/;#%+,(N)&)'+,(:#$$(=%#0./;+,?()$$(*6+(M,/;#%+,0(#&(*6+(0A0*+8()&%(*6#0(:)A(

:#$$(4+()4$+(*/(,+./&0*,".*(#*0(9,/;#%+,(*)4$+<

56+().*#/&(/-(%+9$/A#&'()$$(*6+(.$/"%0(./89/&+&*0(#&*/(*6+(.$/"%(%+9+&%0(/&(*6+(006(09++%(
./&&+.*#;#*AF(:6#.6(#0(;+,A(-)0*(/&(*6+(\2E(e/",(.)0+f< (56+(%#0./;+,#&'(9,/*/./$(-/,(*6+(
M,/;#%+,(N)&)'+,(%+9+&%0(/&(*6+(&"84+,(/-(M,/;#%+,0(#&(*6+(0A0*+8F()0(+).6(M,/;#%+,(:#$$ (
0+&%()&().G&/:$+%'+(8+00)'+(+).6(Q(0+./&%0<(56+().*#/&(/-(,+0*/,#&'(-/,(*6+(M,/;#%+,(*6+(
$)0*(:,#**+&(%)*)("0")$$A(*)G+0(S_(0+./&%0()*(,+0*),*<(

1- (:+ ( &++% ( */ ( 06"* ( %/:& ( )$$ ( *6+ (!$/43++, ( ./89/&+&*0 (:+ ( &++% ( */ ( %/ ( ,"& ( *6+ ( 0.,#9*(
m!\X!3``]ndXN`c0.,#90c4$n.$/"%nG#$$<06<(56#0(0.,#9*(B"0*(%/+0(9G#$$(/&()$$(*6+(!$/43++,(
./89/&+&*0(*6)*(:+,+(%+9$/A+%(/&(*6+(1))3(E#84"0(7$/"%<

H+(),+()$0/()4$+(*/(0*/9(*6+(;#,*")$(8).6#&+0("0#&'(*6+(7$/"%(7$#+&*()&%(*/(0);+(*6+(8).6#&+(
0*)*+(:#*6(*6+(0)8+(&)8+F(/,(:#*6()(&+:(/&+(e.,+)*#&'(*6#0(:)A()&/*6+,(U+&(#8)'+f<

1-(:+(/&$A(&++%(*/(0*),*c0*/9(/&+(./89/&+&*(-,/8(!$/43++,(:+(.)&("0+(*6+(0.,#9*();)#$)4$+(
-/, ( +).6 ( ./89/&+&* ( #& ( *6+( m!\X!3``]ndXN`\0.,#9*0 ( -/$%+, ( -,/8 ( *6+ ( .$#+&* ( M7F(
q./89/&+&*rnG#$$c0*),*<06

2-*+,(:+(,+.+#;+%(*6+(=2$$(%/&+s?(8+00)'+(*6+(.$#+&*(#0()4$+(*/(.,+)*+(!\X!0()&%(*/(%/(
:,#*+c,+)% ( /9+,)*#/&0 ( /& ( *6+8< ( 1& ( /,%+, ( */ ( 9+,-/,8 ( *6+0+ ( /9+,)*#/&0 ( *6+ ( +U+."*)4$+0(
<c.,+)*+n4$/4()&%(c*+0*(Hc](.)&(4+("0+%(+U).*$A()0(*6+A(:/"$%(4+("0+%(/&($/.)$6/0*<(56+,+(#0(
&/(&++%(*/(./&.+,&()4/"*(*6+0+(/9+,)*#/&0()0(*6+A("0+(*6+(./&-#'",)*#/&(-#$+(c*89c4$/40++,<.-'(
'+&+,)*+%(:6+&()$$(*6+(./89/&+&*0(:+,+(0*),*+%()&%(%#0./;+,+%(+).6(/*6+,<

"UHU" '?D>D

 4.4.1 First Scenario: Deploying the first machine on the Cloud

L/,(*6#0(0.+&),#/(:+(6);+(%+9$/A+%(*6+(0+*"9(%+0.,#4+%(#&(*6+(.6)9*+,( (!"#$=./(*,,7$/1$2?, $
B./)4$:$9,2)-$4,*>7&-2&/1()&%(*+0*+%(*6+(7$/"%(0A0*+8(4A(,"&&#&'()(;#,*")$(8).6#&+(:#*6(*6+(
&+*:/,G#&'()&%(8+8/,A(0+**#&'0(:+(6);+(./&-#'",+%<(2$0/()&(#89/,*)&*().*#/&(*6)*(&++%+%(
*/(4+(*+0*+%(:)0(*6+()4#$#*A(*/(./&&+.*(-,/8(*6+(7$#+&*(e,.E,f(/&(*6)*(;#,*")$(8).6#&+<(20(/&+(
/-(/",('/)$0(:)0("0#&'(9,#;)*+(1M0(e"0#&'(9"4$#.(1M0(-/,(*6+(;#,*")$(8).6#&+0(%+9$/A+%(/&(*6+(
7$/"%(#0(8".6(8/,+(+U9+&0#;+(*6)&("0#&'(,)&%/8(9"4$#.(1M0f(:+(6)%(*/(./&-#'",+(*6+(.$#+&*(
*/(4+()4$+(*/(./&&+.*(*/(*6+(IN(&+*:/,G(*6,/"'6(IME<(

56+('$/4)$(9#.*",+(/-(*6#0(*+0*(.)&(4+(+)0#$A("&%+,0*//%(-,/8(*6+(L#'(a

2-*+,(%+9$/A#&'(*6+(;#,*")$(8).6#&+(:+(),+()4$+(*/(0++(*6+(1M()00#'&+%(*/(*6+(8).6#&+(4A(
,"&&#&'b

student@elfe:~$ $GLOBUS_LOCATION/bin/cloud-client.sh --status 

[*] - Workspace #181. 192.168.122.12 [ pub02 ] 

W_



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

      State: Running 

      Duration: 14400 minutes. 

      Start time: Fri Jul 02 05:31:14 EDT 2010 

      Shutdown time: Mon Jul 12 05:31:14 EDT 2010 

      Termination time: Mon Jul 12 05:41:14 EDT 2010 

      *Handle: vm-213 

       Image: 202

1&(/,%+,(*/(./&&+.*(*/(*6+(8).6#&+(:+(6);+(B"0*(%+9$/A+%(:+(.)&(B"0*("0+(006(e)0(:+(),+(
./&&+.*+%(*6,/"'6(IME(*/(*6)*(9,#;)*+(&+*:/,Gf<(2&/*6+,(#89/,*)&*(9/#&*(#0(*6)*(#-(:+(,"&(
%6.$#+&*(/&(*6)*(;#,*")$(8).6#&+(#*(:#$$(,+.+#;+(*6+(0)8+(1M(^(4+.)"0+(*6+(H/,G09).+>7/&*,/$(
',)&*0()(.+,*)#&(1M(4A(8)*.6#&'(#*(:#*6(*6+(N27()%%,+00<

92,-A(0A*2,-$A$92372&1F$3$'3>?&1,$&12/$2?,$B./)4$

P<(56+(./88)&%(,"&(4A(*6+(H/,G09).+(3+,;#.+(:6+&(0*),*#&'()(8).6#&+(/&(*6+(7$/"%<(56#0(
./88)&% ( ,+9,+0+&*0 ( *6)* ( *6+ (H/,G09).+ (3+,;#.+ ( ./9#+0 ( *6+ ( 0/$#.#*+% (8).6#&+ ( -,/8( *6+(
,+9/0#*/,A(*/(*6+(:/,G09).+(./&*,/$<(e>>9,/9)')*+f(:#*6(*6+(-/$$/:#&'(./88)&%b

/usr/bin/env python /opt/nimbus/src/python/workspacecontrol/main/wc_cmdline.py -c 
/opt/nimbus/etc/workspace-control/main.conf --propagate --name wrksp-158 --images 
scp://kerun2.hpc.pub.ro/cloud/5456a325/12 --notify 
kerun3.hpc.pub.ro:22//home/student/instal_nimbus/services/var/nimbus/msg-
sinks/notifications

O<(2-*+,(9,/9)')*#/&(./88)&%(*6+(:/,G09).+(#&0*)&.+(#0(.,+)*+%(

WORKSPACE INSTANCE CREATED:

    - Name: 'https://kerun3.hpc.pub.ro:8443/vm-192'

    - Start time:                Jun 30, 2010 7:14:59 AM

    - Shutdown time:             Jul 10, 2010 7:14:59 AM

    - Resource termination time: Jul 10, 2010 7:24:59 AM

    - Creator: /O=Grid/OU=GlobusTest/OU=simpleCA-
kerun2.hpc.pub.ro/OU=hpc.pub.ro/CN=student

    - ID: 160, VMM: kerun1

S<(56+(8).6#&+(#0($)"&.6+%(:#*6(*6+(/9*#/&0(')*6+,+%(-,/8(*6+(7$#+&*F(H/,G09).+(3+,;#.+(
)&%(H/,G09).+(7/&*,/$

/usr/bin/env python /opt/nimbus/src/python/workspacecontrol/main/wc_cmdline.py -c 
/opt/nimbus/etc/workspace-control/main.conf --create --name wrksp-160 --memory 300 
--networking  eth0; public; A2:AA:BB:9C:BB:48; Bridged; Static; 192.168.122.12; 
192.168.122.1; 192.168.122.255; 255.255.255.0;192.168.2.1; pub04;null;null;null;null 
--images file://13 --imagemounts xvda1 --mnttasks 7ad66523-bbb2-4475-
a3fd;/root/.ssh/authorized_keys

92,-A(0A92,-$A$3);+()(8).6#&+(:#*6()(%#--+,+&*(&)8+(#0(%/&+(4A(.,+)*#&'()&/*6+,(8).6#&+(
#8)'+(/&(*6+(,+9/0#*/,A

P< 56+(:/,G09).+(0+,;#.+(',).+-"$$A(06"*%/:&0(A/",(8).6#&+

WP



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

O< 7/9#+0(e>>"&9,/9)')*+f(*6+(8/%#-#+%(8).6#&+(:#*6(*6+(&+:(&)8+(#-(*6#0(#0(*6+(.)0+(
-,/8(*6+(INN(*/(*6+(]+9/0#*/,A<

ssh -n -T -o BatchMode=yes root@kerun1 /opt/nimbus/bin/workspace-control.sh --unpropagate 
--name wrksp-156 --images scp://kerun2.hpc.pub.ro/cloud/5456a325/part2 --unproptargets 
scp://kerun2.hpc.pub.ro/cloud/5456a325/14 --notify 
kerun3.hpc.pub.ro:22//home/student/instal_nimbus/services/var/nimbus/msg-
sinks/notifications 

L#'(a(^(Z+9$/A#&'(*6+(-#,0*(;#,*")$(8).6#&+(/&(*6+(7$/"%

 4.4.2 Second Scenario: Starting more components of BlobSeer on the Cloud

56#0(*+0* ( #0 (',)96#.)$$A (,+9,+0+&*+%(#& (L#'(P_<(L/,( *6#0 ( *+0* (:+(6);+(0*),*+%(-#;+(;#,*")$>
8).6#&+0(/&(*6+(7$/"%()&%(,"&(*6+(0.,#9*(<c.$/"%n%+9$/A(-,/8(*6+(.$/"%(.$#+&*<(56+(+--+.*(/-(
*6#0 ( 0.,#9* ( :)0 ( %+9$/A#&' ( ) ( I+,0#/& ( N)&)'+, ( )& ( M,/;#%+, ( N)&)'+, ( /& ( *6+ ( 8).6#&+(
PaO<PRT<POO<POF ( *:/ ( M,/;#%+,0 ( /& ( PaO<PRT<POO<PSF ( ( PaO<PRT<POO<PW ( )&% ( *:/ (N+*)%)*)(
M,/;#%+,0(/&((PaO<PRT<POO<PQF((PaO<PRT<POO<PR<(

./cloud_deploy.sh 

192.168.122.12: 

notroot@debian:~/blobseer/downloads/release-0.3.3/test$ netstat -tlpn  

tcp        0 0.0.0.0:2222            0.0.0.0:*               LISTEN      4020/vmanager   

WO



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

tcp        0 0.0.0.0:1111            0.0.0.0:*               LISTEN      3895/pmanager   

192.168.122.13-192.168.122.14: 

notroot@debian:~/blobseer/downloads/release-0.3.3/scripts$ netstat -tlpn 

tcp      0 0.0.0.0:1235            0.0.0.0:*               LISTEN      8421/provider 

192.168.122.15-192.168.122.16: 

notroot@debian:~/blobseer/downloads/release-0.3.3/scripts$ netstat -tlpn 

tcp      0 0.0.0.0:1234            0.0.0.0:*               LISTEN      8276/sdht       

L#'(P_(^(3*),*#&'(8/,+(./89/&+&*0(/-(!$/43++,(/&(*6+(7$/"%(

 4.4.3 Third Scenario: Test Checkpointing for Provider/Metadata Provider 

56#0(*+0*(0.+&),#/(#0(',)96#.)$$A(,+9,+0+&*+%(#&(*6+(L#'(PP<(L/,(9+,-/,8#&'(*6#0(*+0*(:+(6);+(
"0+%(*6+((Q(;#,*")$(8).6#&+0(-,/8(*6+(9,+;#/"0(*+0*<(L/,(*+0*#&'(*6)*(*6+(M,/;#%+,(/-(N+*)%)*)(
M,/;#%+, ( ,+0*/,+0 ( #*0 (%)*) ( -,/8( *6+ (%)*)4)0+F (:+ (6);+ ("0+% () ( -#$+ ( */ (:,#*+ ( *6+ (%)*) ( *6+(
M,/;#%+,cN+*)%)*)(M,/;#%+,(6)0()-*+,(,+0*),*F (4"*(4+-/,+(9+,-/,8#&'()&A(,+)%c:,#*+().*#/&(
*6"0 ( 9,/;#&' ( *6)* ( *6#0 ( +&*#*A ( $/)%+% ( *6+ ( G+A0 ( -,/8 ( *6+ ( %)*)4)0+< ( 56#0 ( -#$+ ( #0 ( &)8+%(
=06/:n,+0*/,+%n%)*)(?()&%(:+(:#$$("0+(#*(/&$A(-/,(*+0*#&'<

192.168.122.13: ./provider_kill.sh 

192.168.122.13: cat show_restored_data 

empty file 

192.168.122.13: ./provider_deploy.sh 

192.168.122.13: cat show_restored_data 

in while keie: (Size = '61', Data = '16 0 0 0 73 65 72 69 61 6c 69 7a 61 74 69 6f 6e 3a 
3a 61 72 63 68 69 76 65 7 4 4 4 8 1 0 0 0 0 0 1 0 0 0 8 ffffffac fffffff4 ffffff9c f 2 0 
0 0 0 0 0 8 0 0 0 0 0 0 0') 

data:(Size = '8', Data = '3a 3a 3a 3a 3a 3a 3a 3a') 

[...] 

WS
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The data written before the provider was killed has been restored.

L#'(PP(^(5+0*(76+.G9/#&*(-"&.*#/&)$#*A(-/,(M,/;#%+,cN+*)%)*)(M,/;#%+,

 4.4.4 Fourth Scenario: Test Checkpointing for Version Manager 

56#0(*+0*( #0 (',)96#.)$$A(,+9,+0+&*+%(#&(*6+(L#'(PO<(1&(/,%+,(*/(*+0*( *6+(./&0#0*+&.A(/-(*6+(
I+,0#/&(N)&)'+,(:+(6);+(,+0*)*+%(*6#0(./89/&+&*()&%(.6+.G+%(#-()(&+:(.,+)*+%(4$/4(:)0(
'#;+&()&(#&.,+8+&*+%(-,/8(*6+(;)$"+(4+-/,+(,+0*),*<(

7,+)*#&'(O(!\X!0

notroot@debian:~/blobseer/downloads/release-0.3.3/scripts$ ./cloud-deploy.sh 

notroot@debian:~/blobseer/downloads/release-0.3.3/test$ ./create_blob test.cfg 8 1 

create result = 1, id = 1 

Blob created successfully. 

notroot@debian:~/blobseer/downloads/release-0.3.3/test$ ./create_blob test.cfg 8 1 

create result = 1, id = 2 

Blob created successfully. 

]+0*),*#&'(I+,0#/&(N)&)'+,(

notroot@debian:~/blobseer/downloads/release-0.3.3/scripts$ ./vm_kill.sh 

kill version manager 

remote_launcher ssh 192.168.122.12 "pkill vmanager || echo could not kill vmanager" 

All done! 

notroot@debian:~/blobseer/downloads/release-0.3.3/scripts$ ./vm_deploy.sh 

WW
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x = 192.168.122.12 

All done! 

7,+)*#&'(*6#,%(!\X!b

notroot@debian:~/blobseer/downloads/release-0.3.3/test$ ./create_blob test.cfg 8 1 

create result = 1, id = 3 

Blob created successfully. 

L#'(PO((^(5+0*(76+.G9/#&*#&'(-/,(I+,0#/&(N)&)'+,(

 4.4.5 Fifth Scenario: Test Checkpointing for Provider Manager 

56#0(*+0*(0.+&),#/(#0(',)96#.)$$A(,+9,+0+&*+%(#&(*6+(L#'(PS<(L/,(9+,-/,8#&'(*6#0(*+0*(:+(6);+(
0*),*+%(*6+(-/$$/:#&'0(9,/;#%+,0(PaO<PRT<POO<PS(F(PaO<PRT<POO<PW(<(H+(6);+(%/&+()(:,#*+(
/9+,)*#/&()&%(*6+(9,/;#%+,(8)&)'+,()00#'&+%(%)*)(*/(4+(:,#**+&(4A(4/*6(9,/;#%+,0<(H+(6);+(
,+0*),*+%(*6+(M,/;#%+,(N)&)'+,()&%(#*(0*#$$(./&*#&"+%(*/(:,#*+(*/(4/*6(9,/;#%+,0F(9,/;#&'(*6)*(
*6+(9,/;#%+,(*)4$+(:)0(,+0*/,+%<(

192.168.122.12: pkill pmanager 

192.168.122.12: /home/notroot/blobseer/downloads/release-0.3.3/pmanager/pmanager 
/tmp/blobseer.cfg >/tmp/blobseer/pmanager/pmanager.stdout 
2>/tmp/blobseer/pmanager/pmanager.stderr& 

WQ
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L#'(PS((^(5+0*(76+.G9/#&*#&'(-/,(M,/;#%+,(N)&)'+,(

WR
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"X" 0?DC7@B?D

56+(7$/"%(0A0*+8(#0(0"99/0+%(*/(4+(#&0*)$$+%(/&()($),'+(./$$+.*#/&(/-(0+,;+,0(-,/8(:6#.6(
*6+,+(),+("0+%()0(8)&A(&/%+0()0(*6+,+(),+(,+C"#,+%(4A(*6+(7$/"%("0+,<(d/:+;+,(4+.)"0+(*6+(
9",9/0+(/-(*6#0(9,/B+.*(%#%&D*(#&.$"%+()&A($/)%>4)$)&.#&'(*+0*0()($)4/,)*/,A(+&;#,/&8+&*(:)0(
+&/"'6(*/(*+0*(*6+(#&*+',)*#/&(4+*:++&(!$/43++,()&%(E#84"0(.$/"%(0A0*+8<(!+.)"0+(:+(6)%(
+&./"&*+,+% ( 8/,+ ( .6)$$+&'+0 ( ,+'),%#&' ( *6+ ( 6),%:),+ ( )&% ( 0/-*:),+ ( ,+0/",.+0 ( :+ ( :#$$(
%+0.,#4+(6+,+(*6+(,+0/",.+0(:+(6)%();)#$)4$+(-/,(*6#0(9,/B+.*<

"XHL" )=@:O=@?

56+(6),%:),+(,+0/",.+0("0+%(*/(#&0*)$$(*6+(E#84"0(./89/&+&*0(./&0#0*+%(/-(-/",(./89"*+,0(
:#*6(%")$(./,+(7MV()*(O<QS(KdJ()&%(O(K!(/-(]2N<(X&(+).6(/-(*6+0+(0*)*#/&0(:+(6);+(
#&0*)$$+%(/&+(./89/&+&*(-,/8(E#84"0<(56+0+(,+0/",.+0($#8#*+%(6/:(8)&A(;#,*")$(8).6#&+0(
:+(./"$%(%+9$/A(/&(*6+(.$/"%()&%()$0/(6/:(8".6(]2N(8+8/,A(:+(./"$%()00#'&(*/(+).6(
8).6#&+<(7/&.+,&#&'(*6+(&/&>;/$)*#$+(8+8/,A(:+(.)&(0)A(:+(6)%(8/,+(*6)&(:+().*")$$A(
&++%+%<(X&(*6+(]+9/0#*/,AF(*6+(./89/&+&*(*6)*("0+%(*6#0(8+8/,A(*/(0*/,+(*6+(;#,*")$(8).6#&+(
#8)'+0(:+(6)%(S__(K!()&%(:+(/&$A("0+%(P_(t(/-(#*<

2&/*6+,(#89/,*)&*(6),%:),+(,+$)*+%()09+.*(./&.+,&0(*6+(&+*:/,G#&'(,+0/",.+0<(1&(*6#0(9,/B+.*(
:+ ("0+% () (\2E(:#*6 ( *6+ (4)&%:#%*6 ( $#8#*+% ( */ (P__(N4c0< ( 1& () ( ,+)$ (7$/"%( *6+ (&+*:/,G(
9+,-/,8)&.+0(./"$%(+)0#$A(#&.,+)0+(:6#.6(:#$$(#&-$"+&.+(9/0#*#;+$A(*6+(*#8+(/-(%+9$/A#&'()(
;#,*")$ (8).6#&+ ( #&*/ ( *6+ (7$/"% ()&% ( *6+ (/;+,)$$ (./88"&#.)*#/& ( *#8+ (4+*:++& ( *6+ (7$/"%(
+$+8+&*0<

"XHJ" 1CA>O=@?

56+(/9+,)*#&'(0A0*+8("0+%(/&(+).6(E#84"0(./89/&+&*(#&.$"%#&'(/&(*6+(;#,*")$(8).6#&+0(
:#*6(!$/43++,(:)0(*6+(Z+4#)&(\+&&A(Q<_(;+,0#/&F($)0*(,+$+)0+(#&(u)&"),A(O_P_<(H+(6);+(
./&0#%+,+% ( *6#0 ( ;+,0#/& ( /- ( \#&"U ( 4+.)"0+ ( #* ( 6)0 ( 9,/;+& ( 0*)4#$#*A ( )&% ( '//% ( ./88"&#*A(
0"99/,*<(L/,(#&0*)$$#&'(E#84"0(:+(6);+("0+%(*6+(O<W(;+,0#/&(/-(*6#0(.$/"%(*//$G#*(:6#.6(#0(
;+,A(%#--+,+&*(-,/8(*6+(O<S(;+,0#/&()&%(%#%&D*(6);+()(:+$$(%/."8+&*+%()%8#&#0*,)*#/&('"#%+<(
20(0*)*+%(/&(*6+(E#84"0()%8#&#0*,)*#/&(%#0."00#/&($#0*(*6+(;+,0#/&(O<Q(:#$$(6);+()($/*(/-(
#89,/;+8+&*0(:6#.6(:#$$(8)G+(*6+(0+*("9(9,/.+00(8/,+(#&*"#*#;+<(

L/, ( *6+ (H/,G09).+ (7/&*,/$ ( ./89/&+&* (:+ (6);+ ( )$0/ ( *,#+% (V4"&*" (P_<_W (4"* (:+ (%#%&D*(
8)&)'+ ( */ ( #&0*)$$ ([+& (dA9+,;#0/, ( /& ( #*F ( 4+.)"0+ ( *6+ (U+&*//$0 ( 0/-*:),+ (:)0 (&/* ( $/&'+,(
8)#&*)#&+% ( 4A ( )& ( V4"&*" ( ./88"&#*A ( %+;+$/9+,F ( *6+,+-/,+ ( #* ( :)0 ( ,+8/;+% ( -,/8 ( *6+(
]+9/0#*/,A<(H+(*,#+%(#&0*)$$#&'([+&(-,/8(0/",.+0(/&(*6#0(/9+,)*#&'(0A0*+8(^(4"*(:+(%#%&D*(
0"..++%()0(:+(%#%&D*(6);+(09+.#)$(6),%:),+(0"99/,*(-/,(;#,*")$#J)*#/&<

WY



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

"]" +C;B97D8C;D"=;:"A7>7@?":?G?9CFR?;>D

56#0(9,/B+.* (6)0(/9+&+%()(&+:(%+;+$/98+&*( -#+$% (-/, (!$/43++, ()&%(4,/"'6* ( #* (.$/0+, ( */(
4+./8+()(;#)4$+()$*+,&)*#;+(*/(#*0(./89+*#*/,0()0()(0*/,)'+(0/$"*#/&(-/,(*6+(7$/"%(0A0*+8F(
K//'$+L3F(dZL3()&%(28)J/&(3S<(

!$/43++,(#0()&()99$#.)*#/&(*6)*(0+,;+0()0()(0*/,)'+($)A+,(:6+&(:/,G#&'(:#*6(;+,A(4#'(0+*0(/-(
%)*)<(20(%+0.,#4+%(#&(<"<"5$=./(9,,7_*$34L3123F,*$/1$2?,$B./)4((.6)9*+,(#*0(0*,/&'(9/#&*0(*6)*(
8)G+()(9/*+&*#)$()$*+,&)*#;+(-/,(/*6+,(0#8#$),()99$#.)*#/&(),+(*6+(;+,0#/&#&'(0A0*+8F().6#+;#&'(
6#'6(*6,/"'69"*(()&%(*6+(%)*)>$/.)*#/&>):),+(-+)*",+<(56+(!$/43++,(#&*+',)*#/&(#&(*6+(.$/"%>
*A9+ ( 0A0*+8 ( )$$/:+% ( "0 ( */ ( *+0* ( #*0 ( 4+6);#/, ( #& ( *6#0 ( *A9+ ( /- ( 0A0*+8 ( )&% ( */ ( ,+;#+: ( #*0(
:+)G&+00+0(#&(*6+(7$/"%(./&*+U*<(X&+(/-(*6+(!$/43++,D0(06/,*./8#&'0(:)0(*6+(-).*(*6)*(#*(
:/"$% ( )$:)A0 ( $//0+ ( #*0 ( %)*) (/& ( ,+0*),*< (!+.)"0+ ( *6+ (/99/,*"&#*A ( */ ( 0*/9 ( )&% ( ,+0*),* ( )&(
)99$#.)*#/&(:#*6/"*($/0#&'(*6+(#&-/,8)*#/&(9,/.+00+%(#&(*6+(7$/"%(0A0*+8(#0(;+,A(#89/,*)&*F(
:+(%+.#%+%(*/(#89$+8+&*(!$/43++,(0"99/,*(*/(0/$;+(*6#0($).G<(56+()99,/).6(/&(0/$;#&'(*6#0(
#00"+ (:)0 (%+;+$/9#&' ( 0"99/,* ( -/, ( #&.,+8+&*)$ ( .6+.G9/#&* ( /& (!$/43++, ( -/, ( *60 (M,/;#%+,F(
N+*)%)*)(M,/;#%+,()&%(I+,0#/&(N)&)'+,<((!+.)"0+(:+(6)%(-"$$(./&*,/$(/;+,(*6+(7$/"%(0A0*+8(
:+(6);+(8)&)'+%(*/(*+0*()&%(;)$#%)*+(/",(0/$"*#/&(#&(8)&A(*+0*(0.+&),#/0<(

X&+(/-(*6+(#89/,*)&*().6#+;+8+&*0(/-(*6#0(9,/B+.*(#0()$0/(6);#&'()(0*)4$+()&%(./89$+*+(0+*"9(
/-(*6+(E#84"0(7$/"%F(:6#.6(:+(.)&(+)0#$A(+U*+&%(4A()%%#&'(8/,+(0+,;+,0(*/(9$)A(*6+(,/$+(/-(
INN< (X& ( *6#0 ( +&;#,/&8+&* (:+ (8)&)'+% ( */ ( %+9$/A (8/,+ ( ;#,*")$ (8).6#&+0 ( ./&*)#&#&'(
!$/43++,<(H+(8)&)'+%(*6#0(4A(%+9$/A#&'()&%("0#&'(0/8+(06/,*(0.,#9*0(*6)*()$$/:+%("0(*6+(
0*),* ( )&% ( 0*/9 ( +).6 ( /- ( *6+ ( !$/43++, ( ./89/&+&*0 ( )&% ( *6+,+-/,+ ( */ ( /40+,;+ ( *6)* ( *6+0+(
./89/&+&*0 ( G++9 ( *6+#, ( %)*) ( )-*+, ( ,+0*),*< ( !A ( #89$+8+&*#&' ( ) ( 0A0*+8 ( /- ( #&.,+8+&*)$(
.6+.G9/#&*0 ( -/, ( *6+ ( !$/43++, ( ./89/&+&*0 ( )$$/:0 ( *6#0 ( )99$#.)*#/& ( */ ( ./8+ ( .$/0+, ( /&(
4+./8#&'()(0*)4$+(0/-*:),+<(

7$/"%(./89"*#&'(0*/,)'+(0+,;#.+0(#0()(*/9#.(/-(',+)*(#&*+,+0*(#&( *6+(./&*+U*( #&(:6#.6(*6+(
7$/"%(./89"*#&'(8/%+$(')#&0(8/,+()&%(8/,+(-/$$/:+,0<(!A(8)G#&'(!$/43++,(0"#*)4$+(-/,(
*6+(7$/"%(8/%+$()&%(8)G#&'(#*()(0+,;#.+(-/,(*6+(7$/"%(:+(6);+(9,/;+&(*6)*(*6#0()99$#.)*#/&(
6)0(',+)*(9/*+&*#)$(:6#.6(4+0#%+0().6#+;#&'(6#'6(9+,-/,8)&.+(#0()$0/()&()99$#.)*#/&(:#*6()(
6#'6(%+',++(/-()%)9*)4#$#*A<(

56+(-#,0* (0*+9 (/-(9/,*#&'(!$/43++, (/&( *6+ (7$/"%( $+)%( */ (8)G#&'(!$/43++, (8/,+ (-)#$",+>
*/$+,)&*()&%(6)0(9,/;+&(*6)*(!$/43++,(#0()('//%(8)*.6(-/,(*6#0(0A0*+8<(!"*(*6+,+(),+(0*#$$(
0/8+(#89/,*)&*(0*+90(*6)*(&++%(*/(4+(%/&+(4+-/,+(./&-#,8#&'(*6#0<(X&+(/-(*6#0(0*+90(:/"$%(4+(
*+0*#&'(!$/43++,(/&()(4#''+,(.$/"%F(:6#.6(:/"$%()$$/:("0(*/(9+,-/,8(0/8+(0.)$)4#$#*A(*+0*0< (
2-*+,(9+,-/,8#&'(*6+0+(9+,-/,8)&.+(*+0*0()&/*6+,(#89/,*)&*(9),*(/-(!$/43++,(*6)*(6)0(0*#$$(
9$).+ ( -/, ( %+;+$/98+&* ( #0 ( *6+ ( .6+.G9/#&*#&' ( 0A0*+8< ( Z+;+$/9#&' ( ) ( 8/%+$ ( -/, ( 8)G#&'(
.//,%#&)*+%(0&)906/*0(:#*6/"*()--+.*#&'(*6+(!$/43++,D0('//%(9+,-/,8)&.+(:/"$%(4+()&/*6+,(
#89/,*)&*(0*+9<

2-*+,(:+(6);+(*+0*+%(*6+(!$/43++,(/&(*6+(7$/"%(:+(*6/"'6*(*/()&/*6+,(8/,+(+--+.*#;+(:)A(*/(
,+./;+,(*6+(M,/;#%+,0(*)4$+(/-(*6+(M,/;#%+,(N)&)'+,(4A("0#&'(4,/)%.)0*(8+00)'+0(:6+&(*6+(
M,/;#%+,(N)&)'+,(,+0*),*0<(

WT
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"^" 0?A?@?;B?D"

gPh(N#.6)+$(N#$$+,F(7$/"%(7/89"*#&'(H+4>!)0+%(299$#.)*#/&0(56)*(76)&'+(*6+(H)A(v/"(
H/,G()&%(7/$$)4/,)*+(X&$#&+F(M),*(1(^(V&%+,0*)&%#&'(7$/"%(7/89"*#&'

gOh((M)"$(N),06)$$F(i)*+(i+)6+A()&%(5#8(L,++8)&(=`$)0*#.(3#*+(F(V0#&'(7$/"%0(*/(`$)0*#.)$$A(
`U*+&%(3#*+(]+0/",.+0(?F(56+(P_*6(1```c27N(1&*+,&)*#/&)$(3A89/0#"8(/&(7$"0*+,F(7$/"%(
)&%(K,#%(7/89"*#&'F(PY(^(O_(N)A(O_P_

gSh(u"%#*6(N<(NA+,0/&(1!NF(7$/"%(./89"*#&'(;+,0"0(',#%(./89"*#&'(>(3+,;#.+(*A9+0F(
0#8#$),#*#+0()&%(%#--+,+&.+0F()&%(*6#&'0(*/(./&0#%+,(F(S(N)A(O__a

gWh(!/'%)&(E#./$)+F(Z#)&)(N/#0+F(K)4,#+$(2&*/&#/(^(V&#;+,0#*A(/-(]+&&+0F((\".(!/"B+F(
N)**6#+"(Z/,#+,(^(`E3(7).6)&F(!,#**)&A(F(=!$/43++,b(!,#&'#&'(d#'6(56,/"'69"*("&%+,(
d+);A(7/&.",,+&.A(*/(d)%//9(N)9>]+%".+(299$#.)*#/&0?F(56+(OW*6(1```(1&*+,&)*#/&)$(
M),)$$+$()&%(Z#0*,#4"*+%(M,/.+00#&'(3A89/0#"8F(Pa>OS(29,#$(O_P_

gQh(i)*),JA&)(i+)6+AF(5#8(L,++8)&(=7/&*+U*")$#J)*#/&b(M,/;#%#&'(X&+>7$#.G(I#,*")$?(
7$"0*+,0F(W*6(1```(1&*+,&)*#/&)$(7/&-+,+&.+(/&(+>3.#+&.+F(PP(Z+.+84+,(O__T

gRh((3)&B)A(K6+8):)*F(d/:),%(K/4#/--F()&%(36"&>5)G(\+"&'(^(K//'$+F(=56+(K//'$+(L#$+(
3A0*+8?F(M,/.++%#&'0(/-(*6+(Pa*6(27N(3A89/0#"8(/&(X9+,)*#&'(3A0*+80(M,#&.#9$+0F(99<(
O_>WSF(O__S

gYh(i)*),JA&)(i+)6+A(^(V&#;+,0#*A(/-(76#.)'/F((N)",#.#/(50"'):)F(2&%,+)(N)*0"&)')F(u/0+(
L/,*+0(^(V&#;+,0#*A(/-(L$/,#%)(=3GA(7/89"*#&'(=F(1```(1&*+,&+*(7/89"*#&'(7/&-+,+&.+F(99(
O>aF(3+9*+84+,(O__a

gTh(7$/"%(3$)8(O_P_F(7$/"%(7/89"*#&'(;#,*")$(./&-+,+&.+(6**9bcc.$/"%0$)8P_<./8F(OS>OQ(
N)A(O_P_

gah(`<E<(`$&/J)6AF(\<(2$;#0#F(v>N<(H)&'F()&%(Z<!<(u/6&0/&F(j2(0",;+A(/-(,/$$4).G>,+./;+,A(
9,/*/./$0(#&(8+00)'+>9)00#&'(0A0*+80jF(27N(7/89"*#&'(3",;+A0(F(99(O>YF(3+9*+84+,(O__O

gP_h(3,#,)8(3)&G),)&F(u+--,+A(N<(3C"A,+0F(!,#)&(!),,+**F(2&%,+:(\"80%)#&+(>(X9+&(
3A0*+80(\)4/,)*/,AF(1&%#)&)(V&#;+,0#*A(M),)$$+$@(u)0/&(Z"+$$F(M)"$(d),',/;+F(`,#.(]/8)&(>(
\):,+&.+(!+,G+$+A(E)*#/&)$(\)4/,)*/,A((=M),)$$+$(76+.G9/#&*c]+0*),*(-/,(NM1(
299$#.)*#/&0?F(99(P>W(F(\2731(3A89/0#"8F(X.*/4+,(O__S

gPPh(!/'%)&(E#./$)+F(2%;#0/,b(K)4,#+$(2&*/&#"F(]+&&+(L,)&.+F(2%;#0/,b(\".(!/"'+(
!$/43++,(`E3(7).6)&F(!,#**)&Ab(`--#.#+&*(Z)*)(N)&)'+8+&*(-/,(Z)*)>1&*+&0#;+(299$#.)*#/&0(
Z#0*,#4"*+%()*(\),'+>3.)$+(F(OW*6(1```(1&*+,&)*#/&)$(M),)$$+$()&%(Z#0*,#4"*+%(M,/.+00#&'(
3A89/0#"8F(Pa(^(OS(29,#$(O_P_

gPOh(dM(7`Xb(56+(.6)$$+&'+0(/-(.$/"%(./89"*#&'F(

6**9bcc:::<J%&+*<./8c;#%+/0c+;+&*0c69>.+/>*6+>.6)$$+&'+0>/->.$/"%>./89"*#&'cSQQ_TYF(OP(
X.*/4+,(O__a

gPSh(6**9bcc):0<)8)J/&<./8c+.Oc

gPWh(6**9bcc):0<)8)J/&<./8c0Sc

gPQh(6**9bcc+&<:#G#9+%#)</,'c:#G#cK$"0*+,L3

Wa
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gPRh(6**9bcc+&<:#G#9+%#)</,'c:#G#c1!NnK+&+,)$nM),)$$+$nL#$+n3A0*+8

gPYh(6**9bcc+&<:#G#9+%#)</,'c:#G#cM),)$$+$nI#,*")$nL#$+n3A0*+8

gPTh(6**9bcc:::<'$/4"0./&0/,*#"8</,'c*"*/,#)$c.6Rc9)'+nQ<969

gPah(6**9bcc:::<4//0*</,'c

gO_h(6**9bcc:::<6A9+,,+)$8<./8c$#4./&-#'c

gOPh(6**9bcc:::</,).$+<./8c*+.6&/$/'Ac%/."8+&*)*#/&c4+,G+$+A>%4c%4c'0'c7[[c#&%+U<6*8$

gOOh(6**9bcc+&<).)%+8#.<,"c%#.<&0-c+&:#G#cOSQRPY

gOSh(6**9bcc:::<&#84"09,/B+.*</,'

gOWh(6**9bcc:::<U+&</,'

gOQh(6**9bcc4$/40++,<'-/,'+<#&,#)<-,c%/G"<969

gORh(6**9bcc64)0+<)9).6+</,'c

gOYh(6**9bcc6)%//9<)9).6+</,'c

gOTh(6**9bcc:::<&#84"09,/B+.*</,'c%/.0cO<Wc%/.c.$/"%<6*8$w./&-#'0

gOah(6**9bcc:::<&#84"09,/B+.*</,'c%/.0cO<Wc)%8#&cC"#.G0*),*<6*8$w9),*>114

gS_h(6**9bcc:#G#<$#4;#,*</,'c9)'+cN)#&nM)'+

gSPh(6**9bcc:::<*6/"'6*9/$#.+<./<"Gc;8:),+c

gSOh((:/,G09).+>"0+,x'$/4"0</,'

Q_
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"_" ,;;?`?"L"Z"&;D>=998;<"=;:"6?F9CN8;<"49CE1??@

20()(&/*,//*("0+,(#&(:+(#&0*)$$+%()$$(*6+(,+C"#,+8+&*0(/-(*6+(!$/43++,<(

X&(*6+(;#,*")$>8).6#&+(:+(6);+(#&0*)$$+%(:+("0+%(Z+4#)&(\+&&A(eZ+4#)&(Q<_fF(8#&#8)$(
e&+*#&0*)$$f(;+,0#/&(:#*6(SO>4#*0()&%(OQR(N!(]2NF(%/:&$/)%+%(-,/8()(:+40#*+(:#*6()$,+)%A(
#&0*)$$+%(;8:),+(8).6#&+0<(gSPh

Next we'll see some more detailed description. 

root@debian:# cat /proc/meminfo 

MemTotal:       256400 kB 

root@debian:# cat /proc/cpuinfo 

processor : 0 

vendor_id : GenuineIntel 

cpu family : 6 

model name : Intel(R) Celeron(R) CPU          530  @ 1.73GHz 

stepping : 1 

cpu MHz : 1699.200 

cache size : 1024 KB 

root@debian:# df -lh 

Filesystem            Size  Used Avail Use% Mounted on 

/dev/sda1             7.5G  1.7G  5.5G  24% / 

Notes: There are two accounts: "root" and "notroot". Password for both is "thoughtpolice".

5/(./89$+*+(*6+(0+*"9(:+(6);+(-/$$/:+%(*6+(-/$$/:#&'(0*+90(/&(*6+(8).6#&+(%+0.,#4+%()4/;+<

a=b 1?>>8;<"?;G8@C;R?;>"

notroot@debian:$ cd ~

notroot@debian:$ pwd

/home/notroot

H+()%%+%(#&(yc<9,/-#$+(*6+(-/$$/:#&'(;),#)4$+0(*/(4+($/)%+%(/&(+).6($/'#&b

export HOME_BLOB=$HOME/blobseer/

export JAVA_HOME=/usr/lib/jvm/java-6-sun/

export HOME_BLOB=$HOME/blobseer/

export LD_LIBRARY_PATH=$HOME_BLOB/deploy/lib/

export BLOBSEER_HOME=$HOME_BLOB/downloads/release-0.3.3/

export CLASSPATH=$JAVA_HOME/bin/

QP

mailto:root@debian
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H+ (%/:&$/)%+% ( )$$ ( *6+ ( ,+C"#,+% ( *//$ ( -/, (!$/40++, ( #& ( ( mdXN`n!\X!c%/:&$/)%0c ( )&%(
#&0*)$$+%(*6+8(#&( (mdXN`n!\X!c%+9$/AcF(0/(*6#0(*"*/,#)$(.)&(4+(0*),*+%(4A(.,+)*#&'(*6#0(
-/$%+,0<

e4f 4CCD>"Y")(./$$+.*#/&(/-(-,++(9++,>,+;#+:+%(9/,*)4$+(7kk(0/",.+($#4,),#+0(e!//0*(_<SY(
)&% ( )4/;+f< ( H+ ( "0+% ( *6+ ( ;+,0#/& ( PnWOn_< ( v/" ( .)& ( '/ ( */(
6**9bcc0/",.+-/,'+<&+*c9,/B+.*0c4//0* to  check  for  the  latest  stable  version  and 
downloaded it. Afterwards we can run the following commands:

notroot@debian:$ cd $HOME_BLOB/downloads/

notroot@debian:$wget 
http://sourceforge.net/projects/boost/files/boost/1.42.0/boost_1_42_0.tar.gz/download

notroot@debian:$ tar -xzvf boost_1_42_0.tar.gz

notroot@debian:$ cd $HOME_BLOB/downloads/boost_1_42_0/

notroot@debian:$  ./bootstrap.sh  --prefix=$HOME_BLOB/deploy  --with-
libraries=system,thread,serialization,filesystem,date_time -libdir=$HOME_BLOB/deploy/lib

notroot@debian:$ ./bjam

notroot@debian:$ ./bjam install

e.f %8EBC;A8<"Y")(0#89$+($#4,),A(-/,(8)&#9"$)*#&'(0*,".*",+%(./&-#'",)*#/&(-#$+0(-/,(7c7k
k<(H+(%/:&$/)%+%(*6+($#4,),A(-,/8(*6+(-/$$/:#&'(0#*+b

notroot@debian:$ wget http://www.hyperrealm.com/libconfig/libconfig-1.4.4.tar.gz

notroot@debian:$ cd $HOME_BLOB/downloads/libconfig-1.4.3/

notroot@debian:$./configure --prefix=$HOME_BLOB/deploy && make && make install

e%f 4?@T9?N"64"Y"X,).$+(!+,G+$+A(Z!(#0(*6+(#&%"0*,A>$+)%#&'(/9+&(0/",.+F(+84+%%)4$+(
0*/,)'+ (+&'#&+( *6)* (9,/;#%+0 (%+;+$/9+,0 () ( -)0*F ( ,+$#)4$+F ( $/.)$ (%)*)4)0+ (:#*6 (J+,/(
)%8#&#0*,)*#/&< (5/(%/:&$/)%(#*(:+(.)&('/(*/(*6+(&+U*($#&G()&%(('+*(*6+($)*+0*(0*)4$+(
,+$+)0+(6**9bcc:::</,).$+<./8c*+.6&/$/'Ac0/-*:),+c9,/%".*0c4+,G+$+A>%4c#&%+U<6*8$

H+(6);+(%/:&$/)%+%()&%(#&0*)$$+%(*6+(;+,0#/&(W<T<OR(:#*6(*6+(-/$$/:#&'(./88)&%0<(56#0(
#&0*)$$)*#/&(8#'6*(*)G+()(:6#$+<

notroot@debian:$ cd $HOME_BLOB/download/sdb-4.8.26

notroot@debian:$ cd build_unix

notroot@debian:$ ../dist/configure  --prefix=$HOME_BLOB/deploy --enable-cxx

notroot@debian:$ make

notroot@debian:$ make install 

e+f $>W?@ " ;?B?DD=@N " >CC9DH( !+A/&% ( *6+0+ ( ,+C"#,+8+&*0 ( *6)* ( ),+ ( 09+.#-#+% ( /& ( ( *6+(
!$/43++,(:+40#*+(*/(:+(6)%(*/(#&0*)$$(*6+(-/$$/:#&'0b

c=G=]F""0#&'(*6+(0*+90(-,/8(*6#0(*/*",#)$(%+0.,#4#&'(6/:(*/(#&0*)$$ (u);)R(/&(%+4#)&(
Q<_<

QO
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17EG?@D8C;F(-,/8(*6+(,+9/0#*/,A(:#*6(*6+(./88)&%

notroot@debian:$ apt-get install subversion

+5=T? "*//$(:6#.6(:#$$(4+("0+%(*/(4"#$%(!$/43++,<(H+(6);+(#&0*)$$+%(#*(-,/8(*6+(
,+9/0#*/,A(:#*6

notroot@debian:$ apt-get install cmake

e-f 49CE1??@ " Z "%/:&$/)% ( *6+ ( $)*+0* ( ;+,0#/& ( %#,+.*$A ( -,/8 ( *6+ ( ,+9/0#*/,A (:#*6 ( *6+(
./88)&%(

svn checkout svn://scm.gforge.inria.fr/svn/blobseer/tags/release-**V**

5/(.6+.G(*6+($)*+0*(0*)4$+(,+$+)0+('/(*/(!$/40++,(3;&(<

!$/43++,(#0(4"#$*("0#&'(7N)G+(^(0/(*6#0(&++%0(*/(4+(#&0*)$$+%(&/:(#-(&/*(%/&+(/&(*6+(
9,+;#/"0(0*)'+<(2$0/(4+-/,+(./&*#&"+(:#*6(./89#$#&'(*6+((d'(0*,%e0$$'(+&;#,/&8+&*(
;),#)4$+(&++%0(*/(4+(0+*(#&(*6+(,//*(9,+-#U(/-(%+9+&%+&.#+0(0+.*#/&(*/(*6#0(9)*6<(1&(*6+(.",,+&*(
0+*"9 (+U)89$+( */ (0+* ( *6#0 (;),#)4$+ (:+(&++%( */ (+%#* ( *6+ (7N)G+\#0*0<*U* ( -#$+ ( e*6+ ( */$>$+;+$(
./&-#'",)*#/&(-#$+f(:#*6(*6+(-/$$/:#&'(./88)&%0b

notroot@debian:$ cd $HOME_BLOB/download/release-0.3.3/

+%#*(7N)G+\#0*0<*U*(#&(/,%+,(*/(0+*(

EXTERNAL_ROOT= /home/notroot/blobseer/deploy/

H/,*6(8+&*#/&#&'(*6)*(),+(0/8+(9,+9,/.+00/,(%+-#&#*#/&0("0+%(4A(!$/43++,<(56+0+(
%+-#&#*#/&0(.)&(4+(.6)&'+%(4A(+%#*#&'(*6+(./,,+09/&%#&'(0+.*#/&(#&(*6+(./&-#'",)*#/&(-#$+<(56+(
"0+,(.)&(./&*,/$(;+,4/0#*A(4A(%+-#&#&'(Y6ee&*3$(-/,()%%#*#/&)$(,"&*#8+(#&-/,8)*#/&F()0(:+$$(
)0 ( *6+ ( 0/.G+* ( *A9+ ( "0+% ( -/, ( ,+8/*+ ( ./88"&#.)*#/&0b (Y61$+Me'2#(f>BF( /,(
Y61$+Me'2#(f7:F<(1&(*6#0(.)0+(:+(%#%&D*(+%#*()&A(/-(*6+0+(/9*#/&0<(2-*+,:),%0(:+(.)&(
9,/.++%(*/(*6+(&+U*(0*+9('+&+,)*#&'(*6+(8)G+(-#$+0F("0#&'()(.+,*)#&('+&+,)*/,<(1&(*6+(.",,+&*(
.)0+(:+(6);+("0+%(V&#U(8)G+-#$+0<(X&.+()$$(N)G+-#$+0(),+(4"#$%F(:+(.)&(9,/.++%(*/(4"#$%(
!$/43++,b

notroot@debian:$ cmake -G "Unix Makefiles"

notroot@debian:$ make

e'f 1-()&A(+,,/,0(6)99+&+%(%",#&'(*6+(4"#$*(9,/.+00()(-"$$A(-"&.*#/&)$(0+*"9(06/"$%(4+(
);)#$)4$+<(56+(&+U*(0*)'+(#*D0(*6+(%+9$/A8+&*< (!$/43++,(#0(%+0#'&+%(*/(4+("0+%(#&()(
$),'+ ( 0.)$+ (+&;#,/&8+&*< (2(./88/&(%+9$/A8+&* ( #0 (9+,-/,8+% ( #& () ( $/.)$ ( .$"0*+,F(
6/:+;+,F(-/,()(*+0*(+&;#,/&8+&*(*6+($/.)$(8).6#&+(#0(8/,+(*6)&(+&/"'6<(56#0(#0(:6A(
#&(*6+(&+U*(+U)89$+(:+(:#$$ (9,/;#%+()($/.)$(%+9$/A8+&*(+U)89$+()0 (*6#0 ( #89$#+0(
,"&&#&'()$$(./89/&+&*0(/-(!$/43++,(/&($/.)$6/0*<(1&(/,%+,(*/(4+()4$+(*/(.,+)*+()(4$/4(
)&%(4+()4$+(*/(:,#*+(*/(#*(:+(&++%(*/(0*),*()*(;+,A(8#&#8"8(3$L,7*&/1$'313F,7̀ $3 $
-7/L&4,7 $'313F,7̀ $3 $-7/L&4,7 $314$3 $4?2 $ *,7L&>, $-7/L&4,7< (`).6(/- ( *6+8( ,+)%0 ()(
./&-#'",)*#/&(-#$+(0"99$#+%()0(-#,0*(9),)8+*+,<(

L/,(*6#0(-#,0*(*+0*(:+(.)&("0+(-,/8(*6+(!$/43++,(0/",.+0(%/:&$/)%+%(-,/8(*6+(3IE(*6+(-#$+ (
0.,#9*0c$/.)$>%+9$/A<06< (v/" ( .)& ( ,"& ( *6#0 ( 0.,#9* ( :#*6 ( *6+ ( -#,0* ( 9),)8+*+, ( ./&*)#&#&' ( *6+(
./&-#'",)*#/&(-/,(+).6(/-(*6+(-/",(+&*#*#+0<(E/,8)$$A(*6+,+(06/"$%(4+(*6+,+()&(+U)89$+(/-(*6#0(

QS
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-#$+(&)8+%((4$/40++,>*+89$)*+<.-'<(H+(6);+("0+%(*6+(&+U*(./&-#'",)*#/&(-#$+(#&(8A(0+*"9b

notroot@debian:$cat  blobseer-template.cfg

# Version manager configuration 

vmanager: { 

    # The host name of the version manager 

    host = ${vmanager}; 

    # The name of the service (tcp port number) to listen to 

    service = "2222"; 

}; 

# Provider manager configuration 

pmanager: { 

    host = ${pmanager}; 

    service = "1111"; 

}; 

# Provider configuration 

provider: { 

    service = "1235"; 

    # Maximal number of pages to be cached 

    cacheslots = 1024; 

    # Update rate: when reaching this number of updates report to provider manager 

    urate = 100; 

    dbname = "/tmp/blobseer/provider/db/provider.db"; 

    #dbname = ""; 

    # Total space available to store pages, in MB (1GB here) 

    space = 65536; 

    # How often (in secs) to sync stored pages 

    sync = 10; 

}; 

# Built in DHT service configuration 

sdht: { 

    # Maximal number of hash values to be cached 

    cacheslots = 100; 

    # No persistency: just store in RAM 

    dbname = ""; 

QW
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    # Total space available to store hash values, in MB (128MB here) 

    space = 32; 

    # How often (in secs) to sync stored hash values 

    sync = 10; 

}; 

# Client side DHT access interface configuration 

dht: { 

    # The service name of the DHT service (currently tcp port number the provider listens 
to) 

    service = "1234"; 

    # List of machines running the builtin dht (sdht) 

    gateways = ( 

        ${gateways} 

    ); 

    # How many replicas to store for each metadata entry 

    replication = 1; 

    # How many seconds to wait for response 

    timeout = 10; 

    # How big the client's cache for dht entries is 

    cachesize = 1048576; 

}; 

56#0 ( 0.,#9* ( "0+0 ( 4$/40++,>%+9$/A<9A ( #& ( /,%+, ( */ ( $)"&.6 ( )& ( +&*#,+ ( +&;#,/&8+&* (:#*6 ( *6+(
8#&#8"8(,+C"#,+8+&*0(09+.#-#+%()4/;+<(

1&(/,%+,(*/(8)G+(*6#0(0.,#9*(:/,G(-#&+(:+(&++%(*/()00",+(*6)*(*6+(&/*,//*("0+,(#0()4$+(*/($/'#&(
*/($/.)$6/0*()')#&(:#*6/"*()&A(9)00:/,%<(L/,(*6#0(:+(&++%(*/(.,+)*+(9,#;)*+c9"4$#.(G+A(9)#,(
)&%()%%(*6+(9"4$#.(G+A(*/(yc<006c)"*6/,#J+%nG+A0<(

v/"(.)&("0+(*6+(&+U*(0*+90("0#&'(006>G+A'+&<(

P< 1-(&/*()$,+)%A(#&0*)$$+%(/9+&006>0+,;+,(,"&b

notroot@debian:$ apt-get install openssh-server 

O< 56+&(.,+)*+()(9)#,(/-(9,#;)*+c9"4$#.(G+A0(:#*6(*6+(./88)&%b

notroot@debian:$ ssh-keygen 

Generating public/private rsa key pair. 

Enter file in which to save the key (/home/notroot/.ssh/id_rsa): 

/home/notroot/.ssh/id_rsa already exists. 

QQ
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Overwrite (y/n)? y 

Enter passphrase (empty for no passphrase): 

Enter same passphrase again: 

Your identification has been saved in /home/notroot/.ssh/id_rsa. 

Your public key has been saved in /home/notroot/.ssh/id_rsa.pub. 

The key fingerprint is: 

ca:15:46:a9:57:5c:89:87:87:dc:e6:40:df:2e:06:19 notroot@debian

S< 56+&()%%(*6+(9"4$#.(G+A(*/()"*6/,#J+%nG+A0(:#*6b(

notroot@debian:$ cat ~/.ssh/id_rsa.pub > ~/.ssh/authorized_keys

W< 1-(0*#$$(6);#&'(9,/4$+80(,"&&#&'(*6+(<c$/.)$n%+9$/A<06(:+(06/"$%(8)G+(0",+(*6)*(
*6+ ( ;),#)4$+ ( m!\X!3``]ndXN` ( #0 ( 0+* ( "9 ( */ ( *6+ ( ,//* (:6+,+ ( *6+,+ ( #0 ( *6+(
%/:&$/)%+% (!$/43++, ( -,/8( *6+ (3IE< (5/ ( .6+.G ( *6#0 (:+ ( .)& ( ,"& (/&+ ( /- ( *6+(
-/$$/:#&'(./88)&%0b

notroot@debian:$ export //Shows all the exported variables

notroot@debian:$  echo $BLOBSEER_HOME // shows only the value of this variable in the 
system.

1-(&/*(0+*(:+(.)&(0+*(#*(:#*6(*6+(./88)&%(e*6#0(./88)&%(0+*0(*6#0(;),#)4$+(/&$A(-/,(*6+

.",,+&*($/'#&(0+00#/&(*/(8)G+(*6#0(9+,8)&+&*()%%(*6+(./88)&%(*/(yc<9,/-#$+(:6#.6(#0(,+)%()*

+;+,A($/'#&<

export BLOBSEER_HOME=$HOME_BLOB/downloads/release-0.3.3

e6f 2-*+, ( ,"&&#&' (./local-deploy.sh  blobseer-template.cfg( 0"..+00-"$$A ( e:+ ( 06/"$%(
,+.+#;+(*6+(8+00)'+(=2$$(%/&+s?(1&(*6+(./&0/$+<(5/(.6+.G(*6)*(*6+(;+,0#/&(8)&)'+,F(
*6+(9,/;#%+,(8)&)'+,F(*6+(9,/;#%+,()&%(*6+(%6*(0+,;#.+(9,/;#%+,(:+,+(0*),*+%(:+(.)&(
,"&(*6+(./88)&%(&+*0*)*()&%(,+.+#;+(*6+(-/$$/:#&'(/"*9"*<(

notroot@debian:$ ~/blobseer/downloads/release-0.3.3/scripts$ netstat -tlpn 

Proto Recv-Q Send-Q Local Address  Foreign Address State PID/Program name 

tcp        0      0 0.0.0.0:2222   0.0.0.0:*       LISTEN      2071/vmanager 

tcp        0      0 0.0.0.0:1234   0.0.0.0:*       LISTEN      2092/sdht

tcp        0      0 0.0.0.0:1235   0.0.0.0:*       LISTEN      2089/provider   

tcp        0      0 0.0.0.0:1111   0.0.0.0:*       LISTEN      2079/pmanager

5/(0*/9(!$/43++,(:+(.)&(,"&(*6+(0.,#9*(-,/8(*6+(0.,#9*0(-/$%+,(./local-kill.sh )&%(
:6+&(:+(,"&(*6+(&+*0*)*(./88)&%()')#&(*6+(/"*()4/;+(06/"$%(&/*()99+),()&A(8/,+<(

!).G(*/(%+9$/A8+&*(e#-(:+(0*/9(!$/43++,(:+(06/"$%(0*),*(#*()')#&f<(H6+&(*6+(0*),*(
./88)&%(#0(%/&+(*6+,+(),+(0/8+(-#$+0(.,+)*+%(#&(c*89($#G+(#&(*6+(&+U*(/"*9"*<(56+,+(:+(.)&(
/40+,;+(*6)*(+).6(+&*#*A(6)0(#*D0(/:&($/'(-#$+()&%(*6+(9,/;#%+,(6)0()(%4(:#*6()$$(*6+(4$/40()&%(
*6+#,(;+,0#/&<(2$0/(%#,+.*$A(#&*/(*6+(c*89(-/$%+,(#*(:)0('+&+,)*+%(*6+(-#$+(4$/40++,<.-'(:6#.6(

QR
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:+(:#$$("0+(#&(/,%+,(*/(.,+)*+(4$/40()&%(,+)%()&%(:,#*+(*/(*6+8<(

notroot@debian:$ ./local-deploy.sh blobseer-deploy.cfg 

All done! 

notroot@debian:$ cd /tmp

notroot@debian:$ tree .

 blobseer !""

#    pmanager !""

#   #    pmanager.stderr !""

#   #    pmanager.stdout $""

#    provider !""

#   #    db !""

#   #   #    __db.001 !""

#   #   #    __db.002 !""

#   #   #    __db.003 !""

#   #   #    __db.004 !""

#   #   #    provider.db $""

#   #    provider.stderr !""

#   #    provider.stdout $""

#    sdht !""

#   #    sdht.stderr !""

#   #    sdht.stdout $""

#    vmanager $""

#        vmanager.stderr !""

#        vmanager.stdout $""

 blobseer.cfg $""

e#f +@?=>? " A8@D> "4%$4H( 1& (/,%+, ( */ ( .,+)*+ ( ) (!\X!(:+ (&++% ( */ ( ,"& ( *6+ ( ./88)&%(
.,+)*+n4$/4(-,/8(*6+(*+0*(-/$%+,(4+#&'(mBLOBSEER_HOME.

notroot@debian:$ pwd 

notroot@debian:$ /home/notroot/blobseer/downloads/release-0.3.3/test 

notroot@debian:$ ./create_blob 

Usage:  create_blob  <config_file>  <page_size>  <replica_count>.  To  be  used  in  empty 
deployment to generate ID 1.

notroot@debian:$ ./create_blob /tmp/blobseer.cfg 8 1 

Blob created successfully. 

QY
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End of test 

eBf [@8>?\0?=:"A@CR"="4%$4H "2-*+,(.,+)*#&'()(!\X!(-#,0*(*6#&'(:+( (&++%(*/(%/(#0(
:,#*+(*/(#*()&%(*6+&(:+((.)&()99+&%(%)*)(*/(#*()&%(,+)%(-,/8(#*<(56#0(.)&(4+(%/&+(:#*6(
*6+(-/$$/:#&'(./88)&%0

notroot@debian:$ pwd 

notroot@debian:$ /home/notroot/blobseer/downloads/release-0.3.3/test 

notroot@debian:$ ./test W 1 /tmp/blobseer.cfg 

notroot@debian:$ ./test R 1 /tmp/blobseer.cfg

eGf #@CE9?RD"?;BC7;>?@?:"O8>W"D>=;:=@:":?F9NR?;>"AC@">W8D"D?>7F<(!A(%+-)"$*(#&(*6+(
%+9$/A8+&*(-,/8(!$/43++,(:+40#*+(*6+(9)'+(0#J+('/+0(*/(OQR(]2N<(NA(0+*"9(:)0(
/&(8).6#&+0(*6)*(6)%(/&$A(OQR(N!(8+8/,A(]2N<(56+(0/$"*#/&(*/(*6#0(:)0(*/(,+0#J+(
*6+(9)'+(%#8+&0#/&(*/(Ti!<(5/(%/(*6#0(:+(8/%#-#+%(#&(*+0*<.99(*6+(-/$$/:#&'($#&+0b

const  uint64_t  PAGE_SIZE  =  1  <<  3;  //  8KB  instead  of  64  KB
const  uint64_t  START_SIZE  =  1  <<  3;  //  8KB  instead  of  1  MB
const uint64_t STOP_SIZE = 1 << 16; // 16MB instead of 256 MB

)&%()99+&%+,<.99(:6+,+(:+(8/%#-#+%(*6+(-/$$/:#&'($#&+b

onst boost::uint64_t PAGE_SIZE = 1 << 3;

:+(4"#$*(*6+(!$/40++,()')#&($#G+(#&(*6+(0*+9(e-f()&%(,"&(*6+(./88)&%(-,/8(e#f()&%(eBf(
0"..+00-"$$A<

2&/*6+,(9,/4$+8(:6#.6(:+(6);+(+&./"&*+,+%(:)0(,"&&#&'(*6+(0.,#9*(<c$/.)$>G#$$<9A(<(
56+(9,/4$+8(:)0(.)"0+%(4A(*6+(-).*(*6)*(#&(%+4#)&(*6+(./88)&%(G#$$)$$(#0(&/*(#0*)$$+%(4A(
%+-)"$*<(H+(+(,+9$).+%(*6+(=G#$$)$$?(:#*6(=9G#$$?(#&(*6+(-#$+(4$/40++,>%+9$/A<9A()&%(+;+,A*6#&'(
:+&*(:+$$(:#*6(*6#0(./88)&%()$0/<

QT
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"g" ,;;?`?"J"Z"&;B@?R?;>=9"BW?BTFC8;>D"C;"49CE1??@H

"gHL" +W?BTFC8;>D"AC@"#@CG8:?@"=;:"5?>=:=>="#@CG8:?@

56+(M,/;#%+,()&%(N+*)%)*)(M,/;#%+,("0+(*6+(*+89$)*+(q4%4n4:n8)9r(:6+&(,"&&#&'(*6+(
9,/.+00+0(-/,(*6+0+(*:/(./89/&+&*0()0(0++&(#&(*6+(&+U*(./%+(0)89$+(-,/8(*6+(8)#&(,/"*#&+<

if (db_name != "")

      run_server<bdb_bw_map>();

   else

      run_server<null_bw_map>();

1&(*6#0(*+89$)*+(*6+(0);+(/9+,)*#/&(#0(%/&+(#&(*6+(8+*6/%(0A&.n6)&%$+,()*(.+,*)#&(*#8+(
#&*+,;)$0()-*+,(*6+(:,#*+(/9+,)*#/&(:)0(-#&#06+%<(

void bdb_bw_map::sync_handler() {

boost::xtime xt;

buffer_wrapper key, value;

for (;;) {

// now start the DB sync; make this operation uninterruptible

boost::this_thread::disable_interruption di;

while (1) {

{

scoped_lock lock(write_queue_lock);

if (write_queue.empty()) {

break;

}

key = write_queue.front().first;

value = write_queue.front().second;

write_queue.pop_front();

}

Dbt db_key(key.get(), key.size());

Dbt db_value(value.get(), value.size());

try {

db->put(NULL, &db_key, &db_value, 0);

} catch (DbException &e) {

ERROR("failed to put page in the DB, error is: " << 

Qa



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

e.what());

}

}

try {

db->sync(0);

} catch (DbException &e) {

ERROR("sync triggered, but failed: " << e.what());

}}

H+()%%+%( *6+ ( -"&.*#/&)$#*A (/- ( ,+0*/,#&' ( *6+ (%)*) ( -,/8( *6+ (%)*)4)0+ (4).G ( #&*/ ( *6+ (]2N(
8+8/,A("0#&'(*6+(!+,G$+A(Z!(2M1(-/,(,+)%#&'(%)*)(-,/8(*6+(%)*)4)0+<(2-*+,(,+)%#&'(*6#0(
%)*)(:+(0+,#)$#J+(#*()&%(9"*(#*($/)%(#*(4).G(#&*/(.).6+<

int bdb_bw_map::restore_records(Db &providerDB) {

Dbc *cursorp;

ofstream data_show;

// temporary file, used only for testing reasons

data_show.open("show_RESTORED_data", ios::app);

try {

providerDB.cursor(NULL, &cursorp, 0);

Dbt key, data;

buffer_wrapper *key_buf, *value_buf;

int ret;

// Iterate over the inventory database, from the first record

// to the last, displaying each in turn

while ((ret = cursorp->get(&key, &data, DB_NEXT)) == 0) {

// the buffers where each key is loaded

key_buf = new buffer_wrapper[1];

value_buf = new buffer_wrapper[1];

key_buf[0] = buffer_wrapper((char *) (key.get_data()), 
key.get_size());

value_buf[0] = buffer_wrapper((char *) 
(data.get_data()),data.get_size());

R_
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// saving the read data – only for testing reasons

data_show<<"cheie: "<<key_buf[0]<<endl<<"data:"<<value_buf[0]<< 
endl;

buffer_wrapper_cache->write(key_buf[0], value_buf[0]);

}

} catch (DbException &e) {

providerDB.err(e.get_errno(), "Error in restore_records");

cursorp->close();

throw e;

} catch (std::exception &e) {

ERROR("other error while accessing db");

cursorp->close();

throw e;

}

data_show.close();

cursorp->close();

return (0);

}

56#0(,+0*/,+(8+*6/%(#0(.)$$+%(#&*/(*6+(4%4n4:n8)9(./&0*,".*/,(4+-/,+(9+,-/,8#&'()&A(
/9+,)*#/&(:#*6b

bdb_bw_map::bdb_bw_map(const std::string &db_name, boost::uint64_t cache_size, 
boost::uint64_t m, unsigned int to) :

[…]

bdb_bw_map::restore_records(*db);

[…]

"gHJ" +W?BTFC8;>D"AC@"/?@D8C;"5=;=<?@

3*/,#&' ( #&.,+8+&*)$ ( .6+.G9/#&*0 ( /& ( *6+ (I+,0#/& (N)&)'+, ( #89$#+0 ( 0*/,#&' ( *6+ ( -/$$/:#&'(
#&-/,8)*#/&(-/,(+).6(.,+)*+%(!\X!(q#%(F(9)'+(0#J+F(,+9$#.)(./"&*(r<(!+.)"0+(*6+()8/"&*(/-(
#&-/,8)*#/&(#0(08)$$F(/&$A(*6,++(#&*+'+,0(9+,(!\X!F(:+(%+.#%+%(*/("0+(-#$+0(*/(0*/,+(*6#0(
#&-/,8)*#/&<(

56+(0*/,#&'(/9+,)*#/&(#0(%/&+(#&(*6+(8+*6/%(*6)*(%+)$0(:#*6(.,+)*#&'(+).6(&/%+(-,/8(*6+(.$)00(
;8)&)'+8+&*b

rpcreturn_t vmanagement::create(const rpcvector_t &params, rpcvector_t &result,

const std::string &sender) {

RP
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ofstream obj_count_file;

obj_count_file.open("obj_count.txt", ios::app);

[…]

unsigned int id = ++obj_count;

buffer_wrapper *my_obj;

my_obj = new buffer_wrapper[1];

//id, page_size, replica_count

obj_info new_obj(id, ps, rc);

       // insert the pairs into the RAM memory

std::pair<unsigned int, obj_info> to_insert_obj(id, new_obj);

obj_hash.insert(to_insert_obj);

result.push_back(buffer_wrapper(new_obj.roots.back(), true));

// store the pair <id, page size, replica count> into a file on the disk

obj_count_file << id << " " << ps << " " << rc << endl;}

// close the file 

obj_count_file.close();

return rpcstatus::ok;

}

56+(,+0*/,#&'(/9+,)*#/&(#0(%/&+(#&(*6+(I+,0#/&(N)&)'+,(./&0*,".*/,(4A(,+)%#&'(+).6(9)#,(
%)*)(/-(*6+(9,+;#/"0$A(.,+)*+%(!\X!()&%($/)%#&'(#*(#&*/(*6+(]2N(8+8/,A<

vmanagement::vmanagement() :

read_count() {

ifstream obj_count_file;

int count = 0;

unsigned int id;

boost::uint64_t ps;

boost::uint32_t rc;

obj_count_file.open("obj_count.txt");

// if this file exists we can restore the created BLOBs

if (obj_count_file.good()) {

while (!obj_count_file.eof()) {

// reading the pair <id, page_size, replica_count>

obj_count_file >> id >> ps >> rc;

// loading this data into RAM

obj_info new_obj(id, ps, rc); 

std::pair<unsigned int, obj_info> to_insert_obj(id, 
new_obj);

obj_hash.insert(to_insert_obj);

RO
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// increment object number

obj_count++;

}

} 

// if not the default BLOB has the id equal to zero

else {

        obj_count = 0;

}

}

RS
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"LK",;;?`?"S"Z"1B@8F>D"AC@"+CRR=;:"%8;?"&;>?@A=B?"AC@"49CE1??@

"LKHL" &;>?@A=B?"AC@":?F9CN8;<">W?"*8RE7D"+9C7:"

1&(*6#0(0+.*#/&(:+(:#$$(9,+0+&*(*6+(./&*+&*(/-(*6+(0.,#9*(:6#.6(0*),*0(/",(.$/"%<

start_cloud.sh:

#!/bin/bash

NO_ARGS=0

E_OPTERROR=85

if [ $# -eq "$NO_ARGS" ]    # Script invoked with no command-line args?

then

echo "Usage: `basename $0` options  -u <username> -r <repo_hostname> -s 
<worskspace_service_hostname> -c <workspace_control_hostname> -e <end_user_hostname>"

exit $E_OPTERROR     

fi

while getopts "u:r:s:c:e" Option

do case $Option in 

u ) user=$OPTARG;;

r ) repo=$OPTARG;;

s ) service=$OPTARG;;

c ) control=$OPTARG;;

e ) enduser=$OPTARG;;

esac

done

echo "the arguments are user = $user, repo = $repo, service=$service, control=$control, 
enduser=$enduser"

#start authentification process

ssh $user@$repo '$GLOBUS_LOCATION/bin/grid-proxy-init'

if [$? -ne 0]

   echo "error when starting the authentication process on repository node"

   exit 0

fi

#start GridFTP server

ssh $user@$repo '$GLOBUS_LOCATION/sbin/globus-gridftp-server &'

if [$? -ne 0]

   echo "error when starting GridFTP server on repository node"

   exit 0

fi

RW
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# on workspace-service -> kerun3 

# start the authentication process

ssh $user@$service '$GLOBUS_LOCATION/bin/grid-proxy-init -hours 240'

if [$? -ne 0]

   echo "error when starting authentification process on workspace service node"

   exit 0

fi

# start all the workspace-service servicies

ssh $user@$service '$GLOBUS_LOCATION/bin/globus-start-container -debug'

if [$? -ne 0]

   echo "error when starting services on wrospace service"

   exit 0

fi

# on vmm -> kerun1

# start xen-network bridge

ssh $user@$control 'sudo /etc/xen/scripts/network-bridge start'

if [$? -ne 0]

   echo "error when starting authentification process on workspace service node"

   exit 0

fi

# restart DHCP server

ssh $user@$control 'sudo /etc/init.d/dhcp3-server restart'

if [$? -ne 0]

   echo "error when restarting dhcp server"

   exit 0

fi

# on client -> elfe

# initiate the authentification process

$GLOBUS_LOCATION/bin/cloud-client.sh --run --name part2 -hours 240

#start five virtual machines with BlobSeer on the IaaS Cloud 

ssh $user@$enduser $GLOBUS_LOCATION/bin/cloud-client.sh --run --name 202 -hours 240 &

if [$? -ne 0]

   echo "error starting vm 202"

   exit 0

fi

ssh $user@$enduser $GLOBUS_LOCATION/bin/cloud-client.sh --run --name 203 -hours 240 &

if [$? -ne 0]

   echo "error starting vm 203"

   exit 0

fi

RQ
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ssh $user@$enduser $GLOBUS_LOCATION/bin/cloud-client.sh --run --name 204 -hours 240 &

if [$? -ne 0]

   echo "error starting vm 204"

   exit 0

fi

ssh $user@$enduser $GLOBUS_LOCATION/bin/cloud-client.sh --run --name 205 -hours 240 &

if [$? -ne 0]

   echo "error starting vm 205"

   exit 0

fi

ssh $user@$enduser $GLOBUS_LOCATION/bin/cloud-client.sh --run --name 206 -hours 240 &

if [$? -ne 0]

   echo "error starting vm 206"

   exit 0

fi

echo "All done!"

"LKHJ" &;>?@A=B?"AC@":?F9CN8;<"49CE1??@"=D"="D?@G8B?"C;">W?"&==1"*8RE7D"+9C7:"

1&(/,%+,(*/(%+9$/A()&%(G#$$(!$/43++,(:#*6()$$(#*0(#&0*)&.+0(:+(6);+("0+%(*6+(-/$$/:#&'(0.,#9*0<(
L/,(0*),*#&'c0*/99#&'(0#&'$+(./89/&+&*0(/-(!$/43++,(/&(*6+(7$/"%(:+(6);+("0+%(0#8#$),(
0.,#9*0(:#*6(*6+(/&$A(%#--+,+&.+(*6)*(:+(6);+("0+%(4$/40++,>%+9$/A<9A(0.,#9*(:#*6(%#--+,+&*(
),'"8+&*0<

./bl_cloud_deploy.sh

#!/bin/bash

VM=/tmp/deploy_blobseer/vm

PM=/tmp/deploy_blobseer/pm

P=/tmp/deploy_blobseer/p

MP=/tmp/deploy_blobseer/mp

TEMPLATE_FILE=$BLOBSEER_HOME/scripts/blobseer-template.cfg

echo "192.168.122.12" > $VM

echo "192.168.122.12" > $PM

echo "192.168.122.12" > $P

echo "192.168.122.13" >> $P

echo "192.168.122.14" >> $P

echo "192.168.122.15" > $MP

echo "192.168.122.16" >> $MP

./blobseer-deploy.py --vmgr=`cat $VM` --pmgr=`cat $PM` 
--dht=$MP --providers=$P --launch=$TEMPLATE_FILE

rm -rf /tmp/deploy_blobseer/*

./bl_cloud_kill.sh

#!/bin/bash

RR
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VM=/tmp/deploy_blobseer/vm

PM=/tmp/deploy_blobseer/pm

P=/tmp/deploy_blobseer/p

MP=/tmp/deploy_blobseer/mp

echo "192.168.122.12" > $VM

echo "192.168.122.12" > $PM

echo "192.168.122.12" > $P

echo "192.168.122.13" >> $P

echo "192.168.122.14" >> $P

echo "192.168.122.15" > $MP

echo "192.168.122.16" >> $MP

$BLOBSEER_HOME/scripts/blobseer-deploy.py --vmgr=`cat $VM` 
--pmgr=`cat $PM` --dht=$MP --providers=$P --kill

rm -rf /tmp/deploy_blobseer/*

./blobseer-deploy.py

#!/usr/bin/env python

REMOTE_CFG_FILE="/tmp/blobseer.cfg"

def usage():

    print "%s [-v, --vmgr <hostname>] [-m, --pmgr 
<hostname>] [-d, --dht <dht.txt>] [-p, --providers 
<providers.txt>] [ [-l, --launch] | [-k, --kill] | [-s, 
--status] ]\n" % sys.argv[0]

def read_hosts(file_name):

    f = open(file_name, "r")

    hosts = map(lambda x: x.strip(), filter(lambda x: x != 
"\n", f.readlines()))

    f.close()

    return hosts

def get_env(name):

    if name in sys_vars:

        return sys_vars[name]

    try:

        sys_vars[name] = os.environ[name]

    except KeyError:

        print "WARNING: environment variable " + name + " 
is not set"

        sys_vars[name] = "."

    return sys_vars[name]

def gen_launch(path, process):

    out = "/tmp/blobseer/" + process

    return "\"rm -rf " + out + "; " + \

        "mkdir -p " + out + "; " + \

        "env CLASSPATH=" + get_env("CLASSPATH") + " " + \

        "LD_LIBRARY_PATH=" + get_env("LD_LIBRARY_PATH") + " 
" + \

        get_env("BLOBSEER_HOME") + "/" + path + "/" + 
process + " " + \

        REMOTE_CFG_FILE + " >" + out + "/" + process + 
".stdout 2>" + out + "/" + process + ".stderr&\""

def gen_kill(path, process):

    return "\"pkill " + process + " || echo could not kill 
" + process + "\""

def gen_status(path, process):

    return "\"ps aux | grep " + path + "/" + process + " | 
grep -v grep | wc -l | grep 1 >/dev/null || echo no " + 
process + " running\""

class RemoteCopy(threading.Thread):

    def __init__(self, n, src, dest):

        threading.Thread.__init__(self)

        self.node = n

        self.cmd = SCP + " " + src + " " + self.node + ":" 
+ dest + " &>/dev/null"

    def run(self):

        p = subprocess.Popen(self.cmd, shell=True)

        if p.wait() != 0:

            print "[%s]: could not copy configuration file" 
% self.node

class RemoteLauncher(threading.Thread):

    def __init__(self, n, cmd):

        threading.Thread.__init__(self)

        self.node = n

        self.cmd = SSH + " " + self.node + " " + cmd

RY



!"#$%#&'()&(#&*+,-).+(*/()..+00(1223(-/,(!$/43++,

    def run(self):

        p = subprocess.Popen(self.cmd, shell=True, 
stdout=subprocess.PIPE, stderr=subprocess.PIPE)

        (cout, cerr) = p.communicate()

        if cout.strip() != "":

            print "[%s]: %s" % (self.node, cout.strip())

            

(opts, args) = getopt.getopt(sys.argv[1:], "v:m:p:d:l:ks", 
["vmgr=", "pmgr=", "providers=", "dht=", "launch=", "kill", 
"status"])

gencmd = gen_status

for (o, a) in opts:

    if o in ("-h", "--help"):

        usage()

        sys.exit(2)

    elif o in ("-v", "--vmgr"):

        vmgr = a

    elif o in ("-m", "--pmgr"):

        pmgr = a

  elif o in ("-p", "--providers"):

((((9,/;#%+,0(o(,+)%n6/0*0e)f

    elif o in ("-d", "--dht"):

        dht = read_hosts(a)

    elif o in ("-l", "--launch"):

        gencmd = gen_launch

        f = open(a, "r")

        template = f.readlines()

        f.close()       

    elif o in ("-k", "--kill"):

        gencmd = gen_kill

    elif o in ("-s", "--status"):

        pass

if vmgr == "" or pmgr == "" or providers == [] or dht == 
[]:

    usage()

    sys.exit(1)

# If needed, copy all configuration files to the remote 
nodes

if (gencmd == gen_launch):

    gateways = ",\n\t\t".join(map(lambda x: "\"" + x + 
"\"", dht))

    f = open(TMP_CFG_FILE, "w")

    f.writelines(map(lambda x: x.replace("${gateways}", 
gateways).

                     replace("${vmanager}", "\"" + vmgr + 
"\"").

                     replace("${pmanager}", "\"" + pmgr + 
"\""), template))

    f.close()

    

    cfgs = set([vmgr]) | set([pmgr]) | set(providers) | 
set(dht)

    for x in cfgs:

        workers.append(RemoteCopy(x, TMP_CFG_FILE, 
REMOTE_CFG_FILE))

    for w in workers:

        w.start()

    for w in workers:

        w.join()

workers.append(RemoteLauncher(vmgr, gencmd("vmanager", 
"vmanager")))

workers.append(RemoteLauncher(pmgr, gencmd("pmanager", 
"pmanager")))

for p in providers:

    workers.append(RemoteLauncher(p, gencmd("provider", 
"provider")))

for d in dht:

    workers.append(RemoteLauncher(d, gencmd("provider", 
"sdht")))

    

for w in workers:

    w.start()

for w in workers:

    w.join()

print "All done!"
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