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L0/60G6/_" C0-4.0/4-7" 18.8" 76-6/8.61" BJ" .:6" PFH" 4-<.8-36" 4<" <.0/61" .:6" /2-.4C6"
/6>0<4.0/J" 90/" ;8.6/" 8-8;J<4<*" O:6" F6/G436" H;8.90/C" #-9/8<./23.2/6" I6>0<4.0/J" 4<"
16<3/4B61"4-"7/68.6/"16.84;"4-"%6;4G6/8B;6"e%+*K*,f*"

!"C D%0/:%3/01-3='+-+,/:%3-
O:6"L0-4.0/4-7"I2;6"&14.0/"4<"2<61".0"C8-876"C0-4.0/4-7"/2;6<"<.0/61"4-".:6"/2-.4C6"
/6>0<4.0/J"30C>0-6-.*""

"
D472/6", Z"L0-4.0/4-7"I2;6"&14.0/"<:0=4-7"6T6C>;8/J"C0-4.0/4-7"/2;6"

L0-4.0/4-7"/2;6<"38-"64.:6/"B6"76-6/8.61"9/0C".:6"PBLD"0/"3/68.61"C8-28;;J_"8-1"
8/6"2<61"BJ".:6"L0-4.0/4-7"&-74-6<".0"6994346-.;J"8-1"69963.4G6;J"78.:6/"/2-.4C6"18.8"
9/0C" .:6"4-.67/8.61"<6/G436">;8.90/C<"8<"=6;;"8<" .:6"PFH"4-<.8-36*"O:6"L0-4.0/4-7"
I2;6"&14.0/"4<"16<3/4B61"4-"7/68.6/"16.84;"4-"%6;4G6/8B;6"e%+*K*,f*"

!"E B,&?:&:/%0-3='+-+,/:%3-
O:6"(18>.8.40-"I2;6"&14.0/"4<"2<61".0"C8-876"818>.8.40-"/2;6<"<.0/61"4-".:6"/2-.4C6"
/6>0<4.0/J"30C>0-6-.*""
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" " Q"

"
D472/6"+Z"(18>.8.40-"I2;6"&14.0/"<:0=4-7"6T6C>;8/J"818>.8.40-"/2;6"

F4C4;8/".0"C0-4.0/4-7"/2;6<_"818>.8.40-"/2;6<"38-"64.:6/"B6"76-6/8.61"9/0C".:6"PBLD"
0/"3/68.61"C8-28;;J_"8-1"8/6"2<61"BJ".:6"(18>.8.40-"&-74-6<".0"69963.4G6;J"818>.".:6"
PFH" 4-<.8-36" 8-1" 4-.67/8.61" <6/G436" >;8.90/C<" .0" 3:8-76<" 4-" .:6" 6-G4/0-C6-." 4-"
0/16/" .0" 8;=8J<" C84-.84-" .:6" B6<." >0<<4B;6" >6/90/C8-36_" 8G84;8B4;4.J" 8-1^0/"
<38;8B4;4.J" 8330/14-7" .0" B2<4-6<<" /6`24/6C6-.<*" O:6" (18>.8.40-" I2;6" &14.0/" 4<"
16<3/4B61"4-"7/68.6/"16.84;"4-"%6;4G6/8B;6"e%+*K*,f*"

!"F <GHAG<IB-J%%'-6=/:+-;%3-K69-A01/0++3/01-
O:6" 4-.67/8.40-" 09"#$%&$#'(" P46=AB8<61" O00;" F24.6"aPBLDbe%K*,_" %K*K*+f"=4.:" .:6"
.00;"<24.6">/6<6-.61"4-".:4<"1032C6-."4<".0";6G6/876"PBLDl<"G46="C016;<"4-"0/16/".0"
a<6C4AbA82.0C8.438;;J" 76-6/8.6" /2;6<" 90/" .:6" C0-4.0/4-7" 30C>0-6-." C6-.40-61" 4-"
F63.40-") "8-1"16>;0JC6-."16<3/4>.40-<"90/".:6"16>;0JC6-."30C>0-6-."C6-.40-61"4-"
F63.40-"K*"

CFGF@ H)0)+7('"0$"*$/"0'("+'03$+&#);$?7;)B$"0$%IJ$/"B)#'03 $
PFH<"8-1"<6/G436">;8.90/C<"=4;;"B6"C0-4.0/61"8."/2-.4C6"4-"0/16/".0"./83E".:6":68;.:"
09".:6"<J<.6C"0/".0"C68<2/6"36/.84-"C6./43<*"O:6"G46=AB8<61"3016"76-6/8.40-".00;<"
16<3/4B61"4-"e%K*,f"8-1" .:6" I2-.4C6"P46="8/6"2<61" .0"76-6/8.6" /2;6<"2<61"BJ" .:6"
L0-4.0/4-7"&-74-6*"#-"F63.40-"N*N"09"e%K*,f_"=6">/6<6-.61"4-"16.84;":0="PBLD"G46=<"
8-1".63:-4`26<"38-"<2>>0/.".0"16<3/4B6"8-1"76-6/8.6"6G6-.AB8<61"/2;6<".:8."38-"B6"
961" .0" <0C6" 30C>;6T" 6G6-." >/036<<4-7" 9/8C6=0/E" <23:" 8<" &<>6/1"90/" C0-4.0/4-7"
<J<.6C<l"8-1"<6/G436<l"FR(">/0>6/.46<"<23:"8<"8G84;8B4;4.J_"6T632.40-" .4C6_"/6<>0-<6"
.4C6_" .0" -8C6" B2." 8" 96=*" " O:6" C84-" 708;" 09" .:6" 4-.67/8.40-" 09" PBLD"8-1" .:6"
C0-4.0/4-7" 30C>0-6-." 4<" .0" 4C>;6C6-." 8" /43:6/" ;0=A;6G6;" G46=" .:8." /694-6<" .:6"
30-36>.<" 09" .:6" 890/6C6-.40-61" I2-.4C6" P46=" 8-1_" B8<61" 0-" .:4<" ;0=A;6G6;" G46=_"
76-6/8.6<"/2;6<"8-1"14/63.4G6<"4-"&<>6/"90/"C0-4.0/4-7".:6"6G6-.<"0332//4-7"4-"PFH<"
8-1^0/_">8/.48;;J_"76-6/8.6<"-636<<8/J"3016"90/"C0-4.0/4-7"PFH"<6/G436<*""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""
1:..>Z^^6<>6/*3016:82<*0/7"
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CFGFC H)0)+7('"0$"*$B)-#"./)0($B);9+'-("+; $
PBLD" %6>;0JC6-." P46=" >/0G416<" :47:A;6G6;" 30-36>.<" <23:" 8<" .:6"8/.6983.<".0" B6"
16>;0J61" 8-1" .:6" -016<" =:6/6" .:6"8/.6983.<" 8/6" :0<.61*" " O:6" 890/6C6-.40-61"
%6>;0JC6-."P46="=4;;"B6"/694-61"10=-".0"<2>>0/."/6;6G8-."16>;0JC6-."30-36>.<"90/"
.:6"30//6<>0-14-7"/2-.4C6"6-G4/0-C6-."=:6/6"#$%&$#'("PFH<"8/6"6T632.61_"=:43:"
4<" (>83:6" O2<38-J"90/"F'(" ,*S*" #-" >8/.432;8/_"8/.6983.<" .0" B6" 16>;0J61" 8/6" F'("
30C>0<4.6<"683:"09"=:43:"38-"30C>/4<6"8"-2CB6/"09"<6/G436"30C>0-6-.<"a4*6*_"F'("
30C>0-6-.<b*"O:6"F'(",*S"<>6349438.40-"eVFV(f"8;;0=<"8-"F'("'0C>0<4.6"8-1"/6;8.61"
8/.6983.<_" 90/" 4-<.8-36_" 4.<" 4C>;6C6-.8.40-" 8-1" 4.<" /6`24/61" 4-.6/9836<" 8-1"
30C>0-6-.<_".0"B6"7/02>61"8-1"16>;0J61"4-"8"C8-8761"2-4."38;;61"2$"(%*)-(*$"6*"("
;07438;"7/02>"09"<23:"F'("30-./4B2.40-<".:8."90/C<"8-"8/68"09"B2<4-6<<"92-3.40-8;4.J"
30-./0;;61"BJ"8"<4-7;6"0/78-4g8.40-_"90/"4-<.8-36_"=:0;6"09"8"B2<4-6<<"0/"8"16>8/.C6-."
=4.:4-"8"B2<4-6<<"eVFV(f"38-"B6"16>;0J61"8-1"C8-8761"4-"8";8/76/"2-4."38;;61"F'("
&$5.*" *" \8<61" 0-" .:6"%6>;0JC6-." P46=_" =6" 38-" 76-6/8.6" F'(" 30C>0<4.6" 8-1"
30-./4B2.40-"16<3/4>.40-<".:8."8<<6CB;6"30//6<>0-14-7"30C>0-6-.<"09".:6"PFH"2-16/"
30-<416/8.40-" 8-1" <2336<<92;;J" 16>;0J" .:0<6" 90/" 6T632.4-7"4-" 8-" F'(" /2-.4C6" a4*6*_"
(>83:6"O2<38-Jb"e3*9*"%K*K*+_"%N*K*+f"

"

"

"

"

"

"

"
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K !""#$;&'()$*"+$B)-#"./)0($"*$6'+(&7#$%)+8'9)$:#7(*"+/;$

C"# H+?'%@.+0:-D&0&1+3-
O:6" G4/.28;" <6/G436" >;8.90/C" :8<" .0" B6" 16>;0J61" 4-" 8" /2-.4C6" 6-G4/0-C6-.*" O:6"
16>;0JC6-."30-<4<.<".:6/6BJ"09".:/66"C8]0/"<.6><"8<"16<3/4B61"4-"%6;4G6/8B;6"%)*,*"
D4/<._" 8;;"8/.6983.<":8G6" .0" B6" >83E8761" 4-.0" 8" 16>;0J8B;6" 90/C8.*" F630-1_" .:6<6"
8/.6983.<":8G6".0"B6"2>;08161".0"8"a/6C0.6b";038.40-_"<0".:6J"8/6"8G84;8B;6"90/"2<6"4-"
.:6"/2-.4C6*"O:6".:4/1"8-1";8<."<.6>"09"16>;0JC6-."4<".:6"/674<./8.40-"09".:6"8/.6983.<"
4-".:6"/2-.4C6_"<0".:6J"8/6"E-0=-_"38-"B6"=4/61".076.:6/"8-1"8/6"8G84;8B;6"90/"0.:6/"
<6/G436<*"D0/" .:6" 16>;0JC6-." C8-876/" .0" =0/E_" <6G6/8;" >/6/6`24<4.6<" :8G6" .0" B6"
92;94;;61Z"

278)0 *"(<"B24;1"C8-876C6-.".00;_"L8G6-"4<"2<61*"(".J>438;"P#HAH/0]63."=4;;"30-<4<."
09" 8" C2;.4AC012;6" C8G6-" >/0]63.*" &G6/J" C012;6" 4-" .:4<" >/0]63." 16<3/4B6<" 8"
30-./4B2.40-"4-".:6"<6-<6"09"F'(_"30-<4<.4-7"09"8/.6983.<_"30C>0<4.6"16<3/4>.40-<"8-1"
30-./4B2.40-"C6.818.8*"

!&;970. *"D0/"#$%&$#'(_" .:6"O2<38-J"F'("m8G8" /2-.4C6"=4;;"B6"2<61_"4C>;6C6-.4-7"
.:6"VFV("F'("<>6349438.40-",*S*"%2/4-7".:6"16>;0JC6-.">/036<<_"4-90/C8.40-"8B02."8"
/2-- 4-7" O2<38-J" 4-<.8-36" :8<" .0" B6" <2>>;461_" 6*7*" <6/G6/" 811/6<<_" 2<6/" 3/616-.48;<"
6.3*"

%5J$,)-#"./)0($5"0*'3&+7('"0 *""#-90/C8.40-"8B02."6G6/J"F'("30C>0<4.6":8<".0"B6"
<2>>;461*" O2<38-J" -661<" 6G6/J" 30C>0<4.6" .0" B6" /2-" 0-" 8" <4-7;6" $016" a8" O2<38-J"
/2-.4C6" 4.<6;9b*" O:6<6" 30C>0<4.6<" :8G6" .0" B6" /674<.6/61" 8." <0C6" &-1>04-._" <0" 4.<"
<6/G436<"8/6"C816"8G84;8B;6*"O:4<"4-90/C8.40-"4<"<2>>;461"8<">8/8C6.6/<"4-".:6"C8G6-"
16<3/4>.0/"a>0C*TC;b*"

O:6"16>;0JC6-.">/036<<"4<"4-4.48.61"=4.:" .:6"30CC8-1"mvnindenica:deploy _"
/2-"8.".:6 ">8/6-.">/0]63."89.6/".:6">83E874-7">:8<6*"&G6/J"3:4;1">/0]63.".:6-"=4;;"B6"
16>;0J61" 8<" 90;;0=<Z" O:6"8/.6983.<"8/6" 2>;08161" .0" .:6" O2<38-J" <6/G6/" 8-1" 8/6"
<.8/.61" 4-" .:6" <8C6" /2-.4C6*" (9.6/" 2>;0814-7_" .:6"8/.6983.<" 8/6" <38--61" 90/"
30-./4B2.40-"C6.818.8"8-1"8;;"16>;0J8B;6"30C>0<4.6<"8/6"/674<.6/61"4-".:6"O2<38-J"
10C84-*"D0/"6G6/J"30C>0<4.6_"8"-016"=4;;"8;<0"B6"/674<.6/61"8-1"<.8/.61*"O:6"811/6<<"
09".:6"-016"=4;;".:6/6BJ"B6"16.6/C4-61"BJ".:6"F'("16>;0JC6-."30-9472/8.40-*"

C"! AL&.?'+-%;-:M+-H+?'%@.+0:-93%8+**-
O:6"90;;0=4-7"6T8C>;6"16<3/4B6<"8"<8C>;6"=8/6:02<6"8>>;438.40-".:8."0996/<"<6G6/8;"
<6/G436<_"4C>;6C6-.61"4-"]8G8*"O:6"=:0;6"<6.2>"30-<4<.<"09".=0">/0]63.<_".:6"C8G6-"
>8/6-.">/0]63."8-1"8"C8G6-">/0]63."90/"30C>4;4-7"8-1">83E874-7".:6"<6/G436<*"%6.84;<"
8B02.".:6"O2<38-J">;8.90/C".0"=:43:".0"16>;0J".:4<"8>>;438.40-"8/6">/0G4161"4-".:6"
>0C*TC;"09".:6">8/6-.">/0]63.Z"

<project > 
<modelVersion >4.0.0 </ modelVersion > 
<groupId >sca.indenica </ groupId > 
<artifactId >parent </ artifactId > 
<packaging >pom</ packaging > 
<version >1.0 </ version > 
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<name>parent </ name> 
 
<modules > 
<module >../warehouse </ module > 
</ modules > 
 
<build > 
<plugins > 
<plugin > 
<groupId >com.sap.research </ groupId > 
<artifactId >indenica - maven- plugin </ artifactId > 
<version >1.0 </ version > 
<configuration > 
<tuscany > 
<server >127.0.0.1 </ server > 
<mgmtPort >9990 </ mgmtPort > 
</ tuscany > 
</ configuration > 
</ plugin > 
</ plugins > 
</ build > 
 
</ project > 
 

O:6" 10C84-" <6/G6/" 8<" =6;;" 8<" .:6" >0/." 09" .:6" C8-876C6-." 4-.6/9836" :8<" .0" B6"
16<3/4B61" 4-" .:6" 30-9472/8.40-" >8/." 09" .:6" 4-16-438AC8G6-A>;274-" a4-" .:6" >8/6-."
>/0]63.b*"O:4<"4C>;434.;J"30-9472/6<".:6"O2<38-J".8/76."90/"6G6/J"3:4;1"C012;6"09".:4<"
C8G6-"B24;1*""

(<"16<3/4B61"68/;46/_"6G6/J"30C>0<4.6"=4;;"/2-"4-"8"<6>8/8.6"-016*"O:6"30-9472/8.40-"
09".:4<"-016"=4;;"B6"6T>/6<<61"4-".:6">0C*TC;"09"6G6/J"3:4;1"C012;6*"O:6"90;;0=4-7"
<63.40-"09".:6">0C*TC;"09".:6"@.%'7$-6'"C012;6"30-9472/6<".:6"6-1>04-.<"90/" .:6"
<6/G436<Z"

<plugin > 
<groupId >com.sap.research </ groupId > 
<artifactId >indenica - maven- plugin </ artifactId > 
<version >1.0 </ version > 
<configuration > 
<scaNode > 
<ports > 
<catalogs >8101 </ catalogs > 
<currency >8102 </ currency > 
</ ports > 
</ scaNode > 
</ configuration > 
</ plugin > 

O:6"16<3/4B61"<6/G436<"C2<."30//6<>0-1".0".:6"1694-61"-8C6<"90/"683:"30C>0<4.6*"
O:4<" 30-9472/8.40-" 4<" 0-;J" -636<<8/J_" 49" 30C>0<4.6<" 6T4<.*" O:6" F'(" 30C>0<4.6"
16<3/4>.40-<" :8G6" .0" /6<416" 4-" .:6" /00." 09" .:6" 8/3:4G6" .0" B6" 16>;0J61*" (" .J>438;"
>83E8761"#-16-438"F'(">/0]63."<./23.2/6";00E<";4E6".:6"90;;0=4-7"6T8C>;6Z"

warehouse.jar  
! catalogs.composite  
! currency.composite  
!    warehouse.html  
"  
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!###META- INF  
"   !    MANIFEST.MF 
"   $ sca - contribution.xml or sca - contribution - generated.xml  
"  
$###services  
! Cart.class  
! Catalog.class  
! Item.class  
! Order.class  
! ShoppingCartImpl.class  
! Total.class  
! Warehouse.class  
    "  
    $###currency  
! CurrencyConverter.class  
$CurrencyConverterImpl.class  

#C>0/.8-."90/".:6"16>;0JC6-.">/036<<"8/6".:6"B0;1"94;6<*"O:6"16>;0JC6-."C8-876/"
=4;;" >/036<<" 683:" 09" .:6<6" 94;6<" .0" 784-" 6-027:" 4-90/C8.40-" 90/" .:6" 16>;0JC6-."
83.4G4.J*""

I2--4-7" .:6" mvnindenica:deploy 30CC8-1" /6<2;.<" 4-" .:6" 16>;0JC6-." 09" .:6"
.=0" 30C>0<4.6<"2.(./$+6# 8-1" 2-%%'"2;" .0" .:6" -016<" =4.:" .:6" 6-1>04-.<"
,+?*S*S*,ZM,S,"/<>*",+?*S*S*,ZM,S+*"

O0" 2-16>;0J" .:6" 30C>0<4.6<_" /2-" .:6"mvnindenica:undeploy  30CC8-1" 0-"
.:6">8/6-.">/0]63.*"
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L !""#$;&'()$*"+$/"0'("+'03$"*$6'+(&7#$%)+8'9)$:#7(*"+/;$

E"# 69B66(.+:+3 -
FH(FFAC6.6/+"4<"8"9;6T4B;6"/6<02/36"C0-4.0/4-7"9/8C6=0/E"=:43:"6-8B;6<"0B<6/G4-7"
.:6"/6<02/36"30-<2C>.40-"09"4-14G4128;">8/.<"09"8"am8G8b"<09.=8/6"<J<.6C"8."/2-.4C6*"
I678/14-7" /6<02/36<_" FH(FFAC6.6/" <2>>0/.<" .:6" 30;;63.40-" 09" /2-.4C6" 4-90/C8.40-"
8B02." 6T632.40-" .4C6" a'H[" 8-1" /6<>0-<6" .4C6b_" C6C0/J" 30-<2C>.40-" a8;;038.40-"
8-1" 2<6b_" 94;6" ./8-<96/" 8-1" -6.=0/E" ./8-<96/*" OJ>438;" /6<02/36" C0-4.0/4-7".00;<"
>/0G416" 64.:6/" ;8/76" 8C02-.<" 09" 16.84;61" 4-90/C8.40-" =:43:" 4<" -0." /6;8.61" .0"
4-14G4128;"<6/G436<"a6*7*"#-<&'Oe'VS)f_"mAI(D+"e\XS)f"0/"V>6-'0/6 em#,+fb"0/"=:43:"4<"
877/678.61"0-;J"0-"<J<.6C";6G6;"a6*7*"mLh"eVSMfb"/6>/6<6-.4-7"<2CC8/4g61"69963.<"09"
8;;"/2--4-7"<6/G436<*"(G0414-7"<23:"<2>6/9;202<"30;;63.40-_"8-1_".:2<_"/61234-7".:6"<0"
38;;61"C0-4.0/4-7"0G6/:681_"4<"0-6"09" .:6"C84-"84C<"09"FH(FFAC6.6/*"FH(FFAC6.6/"
8-1"4.<"8/3:4.63.2/6" :8G6"8;/681J"B66-"14<32<<61"4-"%)*+*,*"#-" .:4<"<63.40-_"=6"=4;;"
<2CC8/4g6"FH(FFAC6.6/":6/6"0-;J"B/469;J"8-1"14<32<<".:6"4C>/0G6C6-.<"0G6/"%)*+*,*"

O:6/690/6_"FH(FFAC6.6/"C2<."B6"30-9472/61"90/"8"<>634943"<J<.6C"2-16/"C0-4.0/4-7"
aF[L_" 6*7*_" 8" <6/G436" >;8.90/C" 4-<.8-36b" .0" 78.:6/" 4-90/C8.40-" 0-" .:6" <6/G436<" 09"
4-.6/6<.*"O:6"30-9472/8.40-"C8J"B6"74G6-"4-".6/C<"09"<02/36"3016"8--0.8.40-<"0/"8<"
8-" 6T.6/-8;" hLR" 94;6*"%6>6-14-7" 0-".:8." 30-9472/8.40-_"FH(FFAC6.6/" 9032<6<"
>8/.432;8/;J"0-" .:6"/6<02/36"30-<2C>.40-"09" .:6"<>6349461">8/.<"09" .:6"F[L"8-1_"49"
30-9472/61"8>>/0>/48.6;J_"4."30;;63.<"8;<0"4-90/C8.40-"8B02.".:6"F[L"8<"8">/036<<"0/"
0-".:6"=:0;6"6T632.40-"6-G4/0-C6-."4-"0/16/".0"<2>>0/."16/4G4-7"/6;8.4G6"<.8.6C6-.<"
8B02." .:6" F[L*" FH(FFAC6.6/" 30;;63.<" 4.<" 4-90/C8.40-" B8<61" 0-" /8=" 18.8" 0B.84-61"
9/0C" 8-" 4-<./2C6-.61" F[L_" C0/6" >/634<6;J" 9/0C" 8" F[L" C0149461" 90/" C0-4.0/4-7"
8330/14-7" .0" .:6" F[LA<>634943" 30-9472/8.40-*"\8<61"0-" .:8. "30-9472/8.40-_"FH(FFA
C6.6/"C8J">/6>8/6.:6" F[ L >/40/" .0_" 8." /2-.4C6" 0/" 4-" 8" C4T61" =8J*"&83:" 09" .:6<6"
.:/66" 4-<./2C6-.8.40-" C016<C8J" B6" B6-694348;" =4.:" /6<>63." .0" 0G6/:681" 8-1"
8>>;438B4;4.J" .0" 36/.84-"a;4C4.61b"6-G4/0-C6-.<*" #-<./2C6-.8.40-" >/40/" .0" /2-.4C6"
8G041<" /2-.4C6"4-<./2C6-.8.40-"0G6/:681" B2." 38--0." 6T>;04." 4-90/C8.40-" E-0=-"
0-;J"8."/2-.4C6_"6*7*_".:6"83.28;".8/76."09">0;JC0/>:43"C6.:01"38;;<*"#-<./2C6-.8.40-"
8." /2-.4C6" 38-" .8E6"<23:" 4-90/C8.40-"4-.0" 83302-." 8-1" 6G6-"0>.4C4g6" .:6" 83.28;"
4-<./2C6-.8.40-"1J-8C438;;J*"F23:"/2-.4C6"0>.4C4g8.40-"4<"10-6"BJ"FH(FFAC6.6/".0"
<47-49438-.;J" 4C>/0G6" .:6" >6/90/C8-36" 09" C0-4.0/4-7" .:6" C6C0/J" 30-<2C>.40-" 09"
.:6"F[L*"O:6/690/6_"4."1J-8C438;;J"81]2<.<".:6"4-<./2C6-.8.40-"<0".:8."0-;J"/6;6G8-."
>8/.<" 09" .:6" F[L" 8/6" 2-16/" 0B<6/G8.40-*"X0=6G6/_" 1J-8C43" 4-<./2C6-.8.40-"
30-<2C6<" 8;<0" <0C6" a8114.40-8;b" /6<02/36<_" .:2<_" 382<4-7" /2-.4C6" 0G6/:681*"#-"
<6/G436A0/46-.61" <J<.6C<_".:6" C4T61" C016" C8J" B6" 8>>;461_" 6*7*_" <.8.43"
4-<./2C6-.8.40-" 90/" .:6" >;8.90/C" 8-1" 1J-8C43" 4-<./2C6-.8.40-"90/" 1J-8C438;;J"
;08161"<6/G436<"=:43:"8/6"2-E-0=-"8."<.8.43"4-<./2C6-.8.40-".4C6*"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""
2"FH(FF"4<".:6"83/0-JC"90/"F4C>;49J4-7".:6"%6G6;0>C6-."09"( 18>.4G6"F09.=8/6"FJ<.6C<"8-1"FH(FFAC6.6/"4<"0-6"09"

.:6"902-18.40-8;"B24;14-7"B;03E<"09"02/"8>>/083:"4-" .:4<"946;1*"#-"@6/C8-_".:6" .6/C" iF>8<<j"C68-<" i92-j"8-1"
>04-.<".0".:6".0-<"09"92-".:6"16G6;0>6/<":81"8-1"=4;;":8G6"=:4;6"/68;4g4-7".:6"8>>/083:"8-1"4.<".00;4-7*"



#$%&$#'("%)*+*,"

"

" " ,N"

#-".:6".:4/1"J68/"09"#$%&$#'(_"FH(FFAC6.6/" :8<"B66-"0>.4C4g61"4-"0/16/" .0"/61236"
.:6"C0-4.0/4-7"0G6/:681*"\8<438;;J_"<./8.6746<"<23:"8<"6T>;434."./816"099"C8E4-7"4-".:6"
4C>;6C6-.8.40-"0/">/6A877/678.40-"8."G6/J"68/;J"<.876<"09".:6"18.8"30;;63.40-":6;>61"
/683:4-7".:8."708;*"D2/.:6/_"=6"8-8;J<61".:6">6/90/C8-36"09"FH(FFAC6.6/"2-16/";081"
2<4-7" .:6" =6;;AE-0=-" a8-1" 9/66;J" 8G84;8B;6b" FH&']GC+SSM" B6-3:C8/E" <24.63" 8<"
6T>6/4C6-.8;"<2B]63.*"O:6/6BJ_"=6"30C>8/61"FH(FFAC6.6/"=4.:" /636-."C0-4.0/4-7"
.00;<"<23:"8<"V>6-'0/6"0/"n46E6/"/2--4- 7"2-16/" .:6"<8C6"30-14.40-<"4-" .:6"<8C6"
6-G4/0-C6-.*" X0=6G6/_" .:6/6" 8/6" G8/402<" 14996/6-36<" B6.=66-" V>6-'0/6em#,+f_"
n46E6/"a6*7*_"eXUX,+fb8-1" FH(FFAC6.6/_" 4-" >8/.432;8/" /678/14-7" .:6" 8>>/083:_".:6"
30-9472/8.40-">0<<4B4;4.46<_".:6"0-;4-6"8-8;J<4<"38>8B4;4.46<"8-1".:6" 0996/61"/6<02/36<"
.0"B6"C0-4.0/61"a16.84;<"38-"B6"902-1"4-"e&F,+fb*"O:6/690/6_"=6"30C>8/61".:6".00;<"
=4.:" /6<>63." .0" .:64/"30CC0-"38>8B4;4.46<_"4*6*_"6T632.40-" .4C6"C0-4.0/4-7*"D0/" .:6"
6T>6/4C6-.<_"=6"2<61"8"/636-."%6;;"V>.4>;6T"?QSLO"/2--4-7"[B2-.2"R4-2T",+*S)*,"5)"
B4."4-"<6/G6/"30-9472/8.40-"8-1"m%n",*5*S!K)"5)"B4."8<"m8G8"6-G4/0-C6-.*"V2/"8-8;J<4<"
e&F,+f4<:0=<" .:8." .:6" 30CC6/348;" .00;" V>6-'0/6" /2-<" B6;0=" ,o" a.=0" <4C4;8/"
30-9472/8.40-<"4-"D472/6"Kb_"n46E6/"8/02-1",*+o"8-1"FH(FFAC6.6/"8."+*Mo"ai FH(FFA
C6.6/j "4-"D472/6"Kb"6T632.40-" .4C6"0G6/:681*" O:6"4-3/68<61" 0G6/:681" 09"FH(FFA
C6.6/" 4<" C84-;J" 126" .0" .:6"30C>;6T" /2-.4C6" 877/678.40-"38>8B4;4.46<"/6`24/61" .0"
16.6/C4-6".:6"/6<02/36"30-<2C>.40-"09"4-14G4128;">8/.<"09".:6"F[L*"'0C>8/61"9/0C"
.:6" 02.>2." >6/<>63.4G6_" FH(FFAC6.6/" >/01236<"8" :8-1J" 8-1" 9032<61"<2CC8/J" 09"
<0C6"nBJ.6<"=:4;6".:6"0.:6/".=0".00;<">/01236";8/76";07"94;6<"90/"099;4-6"8-8;J<4<"a4-"
.:6"0/16/"09"LBJ.6<"90/"V>6-'0/6"8-1"4-" .:6"0/16/"09"@\J.6<"BJ"n46E6/b*"D2/.:6/_"
C0-4.0/4-7" -6.=0/E"8-1"94;6" ./8-<96/"=4.:"FH(FFAC6.6/";681<" .0"<4C4;8/"0G6/:681<_"
4*6*_"+*Mo"6T632.40-".4C6"0G6/:681"a-0."<:0=-"4-"D472/6"Kb_"=:4;6"C6C0/J"8;;038.40-"
8-1" C6C0/J" 2<6"38-" B6" 0B<6/G61" 8.".0.8;",S*Mo"ai FH(FFAC6.6/" 8;;j _" 8-1"i FH(FFA
C6.6/" 8;;" (FLj " 4-" D472/6"Kb"]2<."4-<./2C6-.4-7" 8-1"C0-4.0/4-7" 8;;" C6C0/J"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""
3:..>Z^^===*<>63*0/7^]GC+SSM^"
4(" ]02/-8;" 8/.438;" 8B02." FH(FFAC6.6/_"4.<" 8>>/083:_" 4.<" 8/3:4.63.2/6" 8-1" 8-" 6G6-" C0/6" 16.84;61" 30C>8/8.4G6"

8-8;J<4<"4<"2-16/"<2BC4<<40-*"

"

D472/6"KZ"&T632.40-".4C6"0G6/:681"30C>8/4<0-"4-".6/C<"09"FH&']GC+SSM""
0>6/8.40-<">6/"C4-2.6"



#$%&$#'("%)*+*,"

"

" " ,5 "

30-<2C>.40-<"0/"K*Qo"/2-.4C6"0G6/:681"2<4-7"1J-8C43"0>.4C4g8.40-"ai FH(FFAC6.6/"
8;;" 1J-j "4-"D472/6"Kb*" I678/14-7"C6C0/J" 30-<2C>.40-" 0G6/:681_" 8;;" .:/66" .00;<"
0>6/8.6"8>>/0T*"S*No"0G6/:681*"

O:6" 1032C6-.8.40-" 8B02." 2<876_" 4-<.8;;8.40-" 8-1" <6.2>" 09" .:6" FH(FFAC6.6/" 4<"
8G84;8B;6"8<"(>>6-14T"+Z"FH(FFAC6.6/"W243E"@2416".0".:4<"1032C6-.*"

E"! AI%N&3+-
&'0U8/6_" =:43:" <.8-1<" 90/" &G6-." '0//6;8.40-" L411;6=8/6_" 4<" 8" 14<./4B2.61" 18.8"
877/678.40-"8-1">6/<4<.6-3J".00;*"#-"#$%&$#'("&'0U8/6"4<"2<61".0">/0G416"C68-<".0"
/68<0-"0-"8"30C>;6T"<6/G436AB8<61"<J<.6C_"BJ"877/678.4-7"/8="18.8"30;;63.61"9/0C"
4.<" C2;.4>;6" ;8J6/<*" #." 8;;0=<" 2<" .0" 30//6;8.6" B6:8G402/<" B64-7" <66-" 4-" .:6" F6/G436"
H;8.90/C"&-G4/0-C6-."=4.:"B6:8G402/<"B64-7"<66-"8.".:6"2-16/;J4-7"G4/.28;"/6<02/36<"
;8J6/*""

(" .J>438;" &'0U8/6" 16>;0JC6-." a<66"D472/6") b" 30-<4<.<" 09" 902/" 14996/6-." .J>6<" 09"
30C>0-6-.<Z"a4b".:6"6T632.40-"6-G4/0-C6-.<"90/"=:43:"=6"=8-.".0"30;;63."/2-A.4C6"
18.8"a.076.:6/"=4.:"8>>/0>/48.6">/0B6<b_"a44b"8"<6/46<"09">/036<<0/<"90/">/0G414-7".:6"
83.28;" 18.8" 877/678.40-<_" a444b" 8" >6/<4<.6-3J" 18.8B8<6_" 8-1" a4Gb" .:6&'0U8/6"
%8<:B08/1"90/"G4<28;4g4-7".:6"877/678.61"18.8*"O:6"30C>0-6-.<"30;;8B0/8.6".:/027:"
8"I8BB4.LW"H2B;4<:" 8-1" F2B<3/4B6" aH^Fb" 6G6-." B2<" 90/" =:43:" &'0U8/6" 1694-6<" 8"
-0/C8;4g61" 6G6-." 90/C8.*" #-" 0/16/" .0" C8-876" .:6" -0/C8;4g61" 90/C8." 8-1" .0"
30;;8B0/8.6" >/0>6/;J_" 683:" 30C>0-6-." 4<" /6`24/61" .0" 4C>;6C6-." 8>>/0>/48.6"
I8BB4.#->2.(18>.6/<"8-1"I8BB4.V2.>2.(18>.6/<*"

"
D472/6") Z"(/3:4.63.2/6"09".:6"&'0U8/6"D/8C6=0/E*"

O:6"6T632.40-"6-G4/0-C6-.<"38-"B6"09"8-J"E4-1*"D0/"6T8C>;6_"=6"302;1"B6">/0B4-7"
.:6" F6/G436" H;8.90/C" &-G4/0-C6-._".:6" m8G8" PL<" B64-7" 2<61_" 8-1".:6" 2-16/;J4-7"
G4/.28;4g61"/6<02/36<*"O:4<"8;;0=<"2<".0"877/678.6"4-90/C8.40-"30C4-7"9/0C"8;;".:/66"
09" .:6<6" ;8J6/<_" =4.:" .:6" 708;" 09" 4-3/6C6-.8;;J" 30-<./23.4-7" 30C>/6:6-<4G6"
E-0=;6176"09".:6"/2--4-7"<J<.6C"8;0-7"4.<"C2;.4>;6";8J6/<*""

%8.8">/036<<4-7"4<">/0G4161"BJ" .:/66"14996/6-."E4-1<"09">/036<<0/<"W0F"H/036<<0/<_"
(77/678.0/<_" 8-1" (-8;Jg6/<*" O:6<6" >/036<<0/<" <2B<3/4B6" .0" 6G6-.<" 0-" .:6" H^F" B2<_"
6T632.6" .:64/" 4-.6/-8;" ;0743_" 8-1" >2B;4<:".:64/" /6<2;.<" B83E" .0" .:6" B2<*" O:4<" 8;;0=<"
.:6C".0"B6"<./2-7".076.:6/".0"0B.84-".:6"877/678.61"4-90/C8.40-"=6"16<4/6*"O:8-E<"

Probe

Output 
Adapter Output Adapter

Probe

Input 
Adapter

Output 
Adapter

KPI Processor

RabbitMQ P/S Bus

Input 
Adapter

Output 
Adapter

Aggregator

Input 
Adapter

Output 
Adapter

Analyzer

MySQL 
Persistency

Input 
Adapter

Output 
Adapter

Input 
Adapter

Visualization 
Tool

E
C

oW
are

Service Platform 
Environment

Java 
VMs

Probe

Output 
Adapter

Virtualized 
Resources



#$%&$#'("%)*+*,"

"

" " ,? "

.0".:4<";00<6"302>;4-7"&'0U8/6"38-"B6"30-<416/61"G6/J"6T.6-<4B;6*"#-".:6"92.2/6"=6"
=4;;"4-G6<.478.6"8"<./0-76/"4-.67/8.40-"=4.:" .:6"0.:6/"C0-4.0/4-7" .00;<">/012361"4-"
.:6"30-.6T."09".:6"#-16-438">/0]63.*"

W0F" H/036<<0/<" 8-1" (77/678.0/<" 8/6" B24;." 2<4-7" &<>6/_" 8" 30C>0-6-." 90/" 30C>;6T"
6G6-." >/036<<4-7" 83.4G4.46<*" &<>6/" 30C>0-6-.<" 6T632.6" `26/46<" 1694-61" 2<4-7" 8-"
&G6-."H/036<<4-7"R8-72876"a&HRb*"&HR"4<"8-"FWRA;4E6" ;8-72876"90/"16G6;0>4-7"6G6-."
30-14.40-<_"30//6;8.40-<_"8-1"877/678.40-<*"O:6"14996/6-36"B6.=66-"FWR"8-1"&HR"4<"
.:8._"4-<.681"09" /2--4-7"`26/46<"8784-<."<.0/61"18.8_"&<>6/"<.0/6<"`26/46<"8-1" /2-<"
18.8" .:/027:" .:6C*"O:6"6T632.40-"C016;"4<" .:2<"30-.4-202<"/8.:6/" .:8-" ;4C4.61" .0"
.:6"6T83."C0C6-."8."=:43:".:6"`26/J"4<"<2BC4..61*"(-8;Jg6/<"8/6"B24;."2<4-7"8"<4C>;6"
8<<6/.40-" 8-8;Jg6/" 4-<>4/61" BJ" 02/" >/6G402<" =0/E" 0-" UF'0R"eUF'0Rf*" UF'0R" =8<"
16G6;0>61" 90/" .:6" 1694-4.40-" 09" 92-3.40-8;" C0-4.0/4-7"09" \H&R" >/036<<6<_" 8-1" :8<"
B66-"C0149461".0"/6364G6"18.8".:8."8/6"-0."4-"hLR"90/C*"

O:6"&'0U8/6"18<:B08/1"4<"8"m8G8"%6<E.0>"8>>;438.40-".:8."<J<.6C"C8-876/<"38-"2<6"
.0" G4<28;4g6" 18.8" 30;;63.61" .:/027:" &'0U8/6*" #." <2>>0/.<" B0.:" ;4G6" 3:8/.4-7_" 8-1"
0-;4-6"8-1"099;4-6"G40;8.40-"1/4;;A10=-"8-8;J<4<*"V-;4-6"8-1"099;4-6"1/4;;A10=-"8-8;J<4<"
8;;0=<" C8-876/<" .0" 3:00<6" 8" G40;8.40-_" 8-1" G4<28;4g6" .:6" C2;.4>;6" 18.8" 30;;63.40-<"
.:8." =6/6" ./4776/61" BJ" .:8." 6G6-.*" P40;8.40-<_" 8<" =6;;" 8<" .:6" 30//6;8.61" 18.8" 8/6"
30;;63.61" 0-A16C8-1" 9/0C" &'0U8/6p<" >6/<4<.6-3J" 18.8B8<6_" =:6/6" .:6J" 8/6"
82.0C8.438;;J" 30;;63.61" 6G6/J" .4C6" 8-" 877/678.0/" 4<" ./4776/61*" R4E6" 90/" 36/.84-"
<632/4.J"38C6/8<_"=6"32//6-.;J"<.0/6"18.8"90/"+)":02/<_"8-1">6/401438;;J"3;68-<6".:6"
18.8".:8."8/6"-0";0-76/"-66161*"

G+4-;+&:=3+*-/0-AI%N&3+-

O:6"C84-"-0G6;"30-./4B2.40-".0"&'0U8/6"4.<6;9"4<".:8."4."-0=":8<"8"<4C>;6"163;8/8.4G6"
;8-72876"38;;61"C;''R".:8."38-"B6"2<61".0"416-.49J".:6"18.8"=6"=8-.".0"30;;63."9/0C"
.:6" /2--4-7" <J<.6C_" :0=" =6" =8-." .0" 877/678.6" .:6C" .0" B24;1" :47:6/ A;6G6;"
E-0=;6176_"8-1":0="=6"=8-.".0"8-8;J<6".:6"18.8".0"14<30G6/"2-16<4/61"B6:8G402/<*"
C;''R"<.8-1<"90/"qL2;.4A;8J6/"'0;;63.40-"8-1"'0-<./84-."R8-72876j *"aC;''R "32//6-.;J"
0-;J"<2>>0/.<"F'(AB8<61"<J<.6C<*"#-".:6"92.2/6_"4."=4;;"B6"6T.6-161".0"<2>>0/."0.:6/"
E4-1"09"<09.=8/6"<J<.6C<*b"

C;''R "4<"B8<61"0-".:6"8<<2C>.40-".:8."18.8"8/6"16<3/4B61"4-".6/C<"09"F6/G436"%8.8"
VB]63.<"aF%V<b*"("F6/G436"%8.8"VB]63."4<"8";8-72876A87-0<.43"18.8"<./23.2/6".J>438;;J"
2<61".0"9834;4.8.6".:6"30CC2-438.40-"B6.=66-"14G6/<6"<6/G436AB8<61"6-.4.46<*"("18.8"
0B]63."30-<4<.<"09"8"<6."09"-8C61">/0>6/.46<*"&83:">/0>6/.J"38-"B6"64.:6/"<4-7;6A"0/"
C2;.4AG8;261"a4*6*_"8-"8//8Jb_"8-1"38-":8G6"64.:6/"8">/4C4.4G6"a4*6*_"8"-2CB6/_"8"<./4-7_"
0/"8"\00;68- b"0/"30C>;6T"18.8A.J>6"a4*6*_"8"<6/G436"18.8"0B]63.b*"C;''R"8;;0=<"90/"+"
E4-1<"09"18.8"30;;63.40-<Z"C6<<876<"8-1"4-1438.0/<*""

L6<<876"30;;63.40-"4<"8;;"8B02."38>.2/4-7".:6"C6<<876<".:8."8/6"<6-."0/"/6364G61"BJ"8"
F'("30C>0-6-.*"#-"C;''R"=6"-661".0"416-.49J"8";038.40-"2<4-7".:6"<J-.8T""

/$2H.5'#J#K)'4$%'#L#.4('%M#'"&8$*"(D"

=:6/6" /$2H.5 ' "4<" 8" ;038.40-" -8C6" 3:0<6-" BJ" .:6" 16<47-6/_")'4$%'"8-1" .4('%"8/6"
C;''R"E6J=0/1<_"8-1"'"&8$*"( "4<"8"aC6.:01$8C6_"e<6/G436$8C6"r"/696/6-36$8C6f_"
30C>0-6-.$8C6b"./4>;6".:8."2-4`26;J"416-.4946<"8"C6.:01"4-"8"F'(AB8<61"<J<.6C*"(."



#$%&$#'("%)*+*,"

"

" " ,M"

.:4<">04-."8"C6<<876"30;;63.40-"4<"6T>/6<<61"8<""

./*.6H.5'#J#2$//'2(B/$2H.5'CD#

=:6/6" 8;48<$8C6" 4<" 8-" 8;48<" .:8." 38-" B6" 2<61" .0" /696/" .0" .:6" 30;;63.61" F%V<_" 8-1"
30;;63."4<"8"92-3.40-".:8.".8E6<"8";038.40-"8<"4.<"<0;6">8/8C6.6/*"O:6"F%V"30-.84-<".:6"
30;;63.61" C6<<876_" 8<" =6;;" 8<" .:6" 8;48<$8C6" 8-1" ;038.40-" G8;26<" 2<61" 4-" .:6"
30;;63.40-" <>6349438.40-*" V-" .0>" 09" .:8._" 4." 8;<0" 30-.84-<" 8" .4C6<.8C>" 4-1438.4-7"
i=:6-j" .:6" C6<<876" =8<" <6-." 0/" /6364G61" BJ" .:6" <6/G436" /2-.4C6+_" 8-1" 8-"
4-<.8-36#%_".:8."4<"8"2-4`26"#%".:8."416-.4946<".:6"<>634943"<6/G436"38;;*"'0//6<>0-14-7"
/6`26<."8-1"/6<>0-<6"C6<<876<"<:8/6".:4<"2-4`26"#%*""

#-1438.0/"'0;;63.40-"4<"8;;"8B02."30;;63.4-7">6/40143"4-90/C8.40-_"4*6*_"4-90/C8.40-".:8."
4<" -0." ./4776/61" BJ" 8-J" <>634943" <6/G436" 38;;*" (-" 4-1438.0/" 38-" B6" 8" nH#" an6J"
H6/90/C8-36"#-1438.0/b"0/"8"I#"aI6<02/36"#-1438.0/b*"#-".:4<"38<6"=6"2<6".:6"90;;0=4-7"
<J-.8TZ"

./*.6H.5'#J#2$//'2(B*"&*2.($%H.5'9#6'%1*2'!N9#$-(8-(O.('9#8.6(P*"&$@9#8%$8'%(;CD#

=:6/6" ./*.6H.5' "4<" .:6" 8;48<" .:8." =4;;" B6" 2<61" .0" /696/" .0" .:6" 30;;63.61" F%V<*"
*"&*2.($%H.5' "4<" .:6" -8C6" 09" .:6" 4-1438.0/" =6" =8-." .0" 30;;63._" =:4;6"6'%1*2'!N"
416-.4946<" .:6" <6/G436" 90/" =:43:" =6" 8/6" /6`26<.4-7" .:6" 4-1438.0/*" #-" 38<6" =6" 8/6"
30;;63.4-7"8"nH#_".:6"6'%1*2'!N"4<"8-"6-1>04-."./4>;6_";4E6".:6"0-6<"1694-61"90/"C6<<876"
30;;63.40-"B2."=4.:02." .:6")'4$%'"0/".4('%"E6J=0/1<*"#-"38<6"=6"8/6"30;;63.4-7"8"I#_"
.:6" 6'%1*2'!N"4<" .:6" 2-4`26" #%" 09" 8" G4/.28;" C83:4-6" <2//02-161" BJ" B/83E6.<*" O:6"
$-(8-(O.(' "416-.4946<" .:6" 9/6`26-3J" =4.:" =:43:" 8" -6=" 4-1438.0/" G8;26" <:02;1" B6"
>/012361_" =:4;6" .:6"8.6(P*"&$@">8/8C6.6/" <>634946<" .:6" 8C02-." 09" >8<." .4C6" .0"
.8E6"4-.0"30-<416/8.40-"=:6-"38;32;8.4-7".:6"-6="G8;26*"("G8;26_"8-1"8".4C6"2-4.".:8."
38-"B6"i<630-1<j_"iC4-2.6<j_"0/"i:02/<j_"1694-6<".:6"8.6(P*"&$@">8/8C6.6/*"D4-8;;J_"
8%$8'%(;"4<"8"C;''R"18.8"8-8;J<4<"6T>/6<<40-".:8."4<"2<61"BJ"4-1438.0/<".:8._"4-"0/16/"
.0"B6"38;32;8.61_"-661".0"E-0=":0="C8-J"F%V<_"30;;63.61"4-".:6";8<."8.6(P*"&$@_"
<8.4<9J"8"74G6-">/0>6/.J"

'2//6-.;J" C;''R" <2>>0/.<" 902/" nH#<" a4*6*_" 8G7IO_" 8//4G8;I8.6_" .:/027:>2._" 8-1"
/6;48B4;4.Jb_" 8-1" 949.66-" I#<" a4*6*_" 3>2#1;6_" 3>2[<6/_" 8-1" 3>2FJ<.6C" 90/" 'H[" 83.4G4.Jc"
14<EV3.6.<"8-1"14<EV><"90/"14<E"83.4G4.Jc"C6C[<61_"C6C\2996/61_"C6C'83:61_"8-1"
C6CD/66" 90/" C6C0/J" 83.4G4.Jc" 8-1" -6.#-30C4-7_" -6.V2.704-7_" -6.H83E6.<Oh_"
-6.H83E6.<Ih_"-6.&//0/<Oh_"-6.&//0/<Ih"90/"-6.=0/E"83.4G4.Jb*"

V-36".:6"F%V<":8G6"B66-"30;;63.61"=6"38-"877/678.6".:6C*"F4-36"14996/6-."F%V<"8/6"
30;;63.61"8."14996/6-." .4C6<_" .:6"877/678.40-" -661<" .0"<>6349J" i=:6-j" 4."<:02;1"B6"
83:46G61*" U6" <0;G6" .:4<" 4<<26" BJ" /6`24/4-7" .:8." .:6" 16<47-6/" <>6349J" 8"
i>/4C8/J^./4776/4-7j"F%V*"O:6"<J-.8T"=6"2<6"4<Z""

./*.6H.5'#J#.++%'+.('B8%*5.%;9#/*6(CD#

=:6/6" ./*.6H.5' "4<" .:6" 8;48<" 09" .:6" -6=" 877/678.61" F%V_"8%*5.%;"4<" 8" >/6G402<;J"
1694-61"8;48<_"8-1"/*6("4<"8"30CC8A<6>8/8.61";4<."09">/6G402<;J"1694-61"8;48<6<*"&G6/J"
.4C6".:6"9/8C6=0/E"<66<"8"-6="8%*5.%;#F%V_"4."82.0C8.438;;J"30;;63.<".:6";8<."E-0=-"



#$%&$#'("%)*+*,"

"

" " ,Q"

F%V"09"683:"<630-18/J".J>6*"#9".:6"16<47-6/"=8-.<"8">8<."=4-10="09"F%V<"90/"8"74G6-"
<630-18/J" .J>6_" .:4<" 38-" B6" 83:46G61" BJ" 8>>6-14-7"@*"&$@B*"('%1./C" .0" .:6"
<630-18/J"F%V".J>6*""

C;''R"8;<0">/0G416<"C68-<" .0"8-8;J<6"36/.84-">/0>6/.46<"09" .:6"30;;63.61"F%V<*"#-"
C;''R"=6"/696/".0"8"F%Vl<"4-.6/-8;">/0>6/.46<"8>>6-14-7"C6.:01"+'(B8%$8'%(;H.5'C"
.0" .:6" F%Vl<" 8;48<*" %6>6-14-7" 0-" .:6" .J>6" 09" >/0>6/.J" =6" 6T./83._" C;''R" 8;<0"
>/0G416<"8"-2CB6/"09"C6.:01<"90/"92/.:6/"C8-4>2;8.40-_"<23:"8<".)6$/-(' "1./-' "8-1"
6Q-.%'"%$$("90/"-2CB6/<c"8-1"6-)6(%*"+_"/'"+(7 "8-1"%'8/.2'"90/"<./4-7<*"#9".:6"F%V"4<"
8-"8//8J_"=6"38-"0B.84-".:6"/'"+(7 "09".:6"8//8J_".:6"*:(7#1./-' "4-".:6"8//8J_"0/"8"6-)6'( "
09"8;;".:6"G8;26<".:8."<8.4<9J"8"74G6-">/0>6/.J*"#-".:4<"38<6".:6">/0>6/.J"38-"/696/".0"
.:6"6;6C6-.<"4-".:6"8//8J"2<4-7"8">/6A1694-61"'/'5 "8;48<*"D4-8;;J_"49".:6"F%V"4<"8-"8//8J"
09" -2CB6/<" =6" 38-" 0B.84-" .:6"6-5 _" .:6".1'%.+' _" 0/" .:6"5*"*5-5 "0/"5.?*5-5 "
G8;26<"09".:6"8//8J*"C;''R"8;;0=<"2<".0"1694-6"8-"6T>/6<<40-".:8.">/61438.6<"0G6/".:6"
>/0>6/.46<"09"F%V<*"O:6"6T>/6<<40-"4<"6T>/6<<61"2<4-7"8"<;47:."G8/48.40-"09".:6"UF'0R"
;8-72876*"U6"2<6".:6"90;;0=4-7"<J-.8TZ"

!8%$8"#AAJ#R!8%$8"#L#!8%$8"SS!8%$8"#L#!8%$8"#!8%$8"#L#!.%%.;"#=#!Q-."( "#B!8%$8"C#L##
!('%5"!%$8"!('%5"$

!('%5"#AAJ#!8%*5"#L#!('%5"!.$8 "!('%5"#L#!2$"6("#
!%$8"#AAJTLULJJLVLW##
!Q-."( "AAJ#4$%.//#L#'?*6(6##
!.$8 "#AAJXLYLZL[L\#
"
=:6/6" 8%*5"4<"8">/4C4.4G6"G8;26"a4*6*_" -2CB6/_"<./4-7_"0/"B00;68-b"6T./83.61"9/0C"8"
F%V_" 8-1".%%.;" 4<" 8-" 8//8J" 09" >/4C4.4G6" G8;26<_" 8;;" 09" .:6" <8C6" .J>6*" \00;68-_"
/6;8.40-8;"a%$8b_"8-1"8/4.:C6.43"0>6/8.0/<"a.$8 b"90;;0=" .:64/"2<28;"1694-4.40-<*"4$%.//"
8-1"'?*6(6"<.8.6".:8."8">/0>6/.J"<:02;1":0;1"90/"8;;_"0/"90/"8.";68<."0-6_"09".:6"G8;26<"4-"
8-" .%%.;*"#-" .:4<"38<6" .:6"8%$8'%(;"38-" /696/" .0" .:6"6;6C6-.<"4-" .:6"8//8J"2<4-7"8-"
4C>;434."]'/'5 "8;48<*"

R4E6"877/678.40-_"8-8;J<4<"8;<0"/6`24/6<"8"i>/4C8/J^./4776/j"F%V_"<0".:8."4."38-"E-0="
=:6-"8;;".:6"18.8"-66161"90/".:6"8-8;J<4<"4<"8G84;8B;6_"8-1"=:6-"4."<:02;1"83.4G8.6*"
O:6"<J-.8T"4<".:6/690/6"

./*.6H.5'#J#'1./-.('B8%*5.%;9#'?8%'66*$"CD#

where aliasName is the alias that is used to identify the SDO that is created 
every time expression holds, while primary is a previously defined alias that is 
used within expression. When the primary alias is collected, the evaluation of 
the expression is triggered. Examples of how we use mlCCL can be found in 
the new version of Appendix 1. 
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event R e q u e s t F i n i s h e d{
r e q u e s t i d : I n t e g e r
process ing t ime ms : I n t e g e r

}

event AverageProcess ingT ime{
process ing t ime ms : I n t e g e r

}

act ion D e c r e a s e Q u a l i t y{
amount : Double

}

component A p p l i c a t i o n S e r v e r {
endpoint {

at Ó / app server Ó
emit R e q u e s t F i n i s h e d
act ion A d j u s t Q u a l i t y

}
host vm1
cost 32

}

host vm1 { capacity 128 }
host vm2 { capacity 256 }

query AggregateResponseTimes{
from A p p l i c a t i o n S e r v e r
event R e q u e s t F i n i s h e das e
emit AverageProcess ingT ime (

avg ( e . process ingt ime ms ) )
window 5 minu tes

}

fac t {
from AverageProcess ingT ime

}

ru le DecreaseQual i tyWhenSlow{
from AverageProcess ingT imeas f
when f . process ing t ime ms > 2000
execute A p p l i c a t i o n S e r v e r

. D e c r e a s e Q u a l i t y ( 5 )
}

Listing 1: Sample system deÞnition

event Monitoring events are described listing attributes contained in emitted messages. Events are
then used in component deÞnitions, monitoring query declarations, as well as facts.

fact Facts constitute the knowlegde base for adaptation actions. Fact deÞnitions reference an event
type and a partition key.

action Similar to events, adaptation actions list all their valid parameters. Actions are used in
component deÞnitions as well as adaptation rules.

component A component deÞnition references all monitoring events the platform can emit
(including their frequency), all adaptation actions that can be performed, as well as its
processing requirements. Furthermore, it is correlated with a concrete instance of the
component in question at deployment.

query Monitoring queries are used to deÞne the aggregation, Þltering and enrichment of emitted
monitoring data in a CEP fashion. Monitoring rules will either emit complex aggregated
events to be consumed by other monitoring rules, directly issue adaptation actions, or emit
facts to be used in adaptation rules.

rule Adaptation rules allow for the usage of complex business management rules to govern system
behavior. Monitoring rules emit facts to be used for reasoning over the current system state.
Adapatation rules can either publish new facts or issue adaptation actions.

host Hosts represent possible deployment locations of components, monitoring queries and
adaptation rules. A host description contains its processing capacity.

4.1. Event

In our work, we follow the event-based interaction paradigm [5]. Events are emitted by components
to signal important information. Furthermore, events can be emitted by monitoring queries as a
result of the aggregation or enrichment of one or more source events.

Fig.2shows a simpliÞed grammar of the event construct in Extended Backus-Naur Form (EBNF).
Event declarations start with theevent keyword and an event type identiÞer. As shown in the
Þgure, an event can contain multiple attributes, deÞned by specifying name and type separated by a
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colon. Currently, supported event types are a variety of Java types such asString , Integer , and
Decimal , andMap<?,?> .

!event" ::= Ôevent Õ! ID" Ô{ Õ!attr"* Ô} Õ

!attr" ::= !attr-name" Ô: Õ!type"

!attr-name" ::= ! ID"

Figure 2. SimpliÞed Event Grammar in EBNF

Since listing all available event types for every application would be a tedious and error-prone
task, we automatically gather emitted event types from known components to improve reusability
and ease of use. This procedure is described in more detail in Section4.4.

More formally, we assume thatE is the set of all event types,T is the set of all data types, and each
event typeE ! # E is composed of event attribute typesE ! = ( ! 1, . . . , ! k ), ! i # T $i # { 1, . . . , k} .
I E denotes the set of monitoring event instances (or simply events), and each evente # I E has an
event type, denotedt(e) # E . The attribute values contained in evente are represented as a tuple
e = ( " ! 1 (e), . . . , " ! k (e)) , where" ! x (e) is the projection operator (from relational algebra), which
extracts the value of some attribute! x from the tuplee.

4.2. Action

Complementary to monitoring events described above, adaptation actions are another basic language
element of MONINA. Adaptation actions are invoked by adaptation rules and executed by
corresponding components to modify their behavior. Fig.3 shows a simpliÞed grammar of the action
construct in EBNF. Action declarations start with theaction keyword followed by the action type
identiÞer. Furthermore, actions can take parameters, modeled analogously to event attributes shown
in Fig. 2.

!action" ::= Ôaction Õ!ID" Ô{ Õ!attr"* Ô} Õ

Figure 3. SimpliÞed Action Grammar in EBNF

Similar to events, adaptation actions offered by known components do not need to be
speciÞed manually, but are automatically gathered from component speciÞcations, as mentioned
in Section4.4.

The symbolA denotes the set of all types of adaptation actions, and each typeA! # A contains
attribute types:A! = ( ! 1, . . . , ! k ), ! i # T $i # { 1, . . . , k} . The setI A stores all action instances
(or simply actions) that are issued in the system. The values of an actiona # I A are evaluated using
the projection operator (analogously to event attributes):a = ( " ! 1 (a), . . . , " ! k (a)) .

4.3. Fact

Facts constitute the knowledge base for adaptation rules and are derived from monitoring events. A
fact incorporates all attributes of the speciÞed source event for use by adaptation rules. Fig.4 shows
a simpliÞed grammar of the fact construct in EBNF. Fact declarations start with thefact keyword
and an optional fact name. A fact must specify a source event type that is used to derive the fact
from. Furthermore, an optional partition key can be supplied. If the fact name is omitted, the fact
will be named after its source event.

The partition key construct is used to enable the creation of facts depending on certain event
attributes, allowing for the concise declaration of multiple similar facts for different system aspects.
For instance, a fact declaration for the event typeProcessingTimeEvent that is partitioned by
the component id attribute will create appropriate facts for all encountered components, such
asProcessingTime(Component1) , . . . ,ProcessingTime(ComponentN) . In contrast,
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and ease of use. This procedure is described in more detail in Section4.4.

More formally, we assume thatE is the set of all event types,T is the set of all data types, and each
event typeE ! # E is composed of event attribute typesE ! = ( ! 1, . . . , ! k ), ! i # T $i # { 1, . . . , k} .
I E denotes the set of monitoring event instances (or simply events), and each evente # I E has an
event type, denotedt(e) # E . The attribute values contained in evente are represented as a tuple
e = ( " ! 1 (e), . . . , " ! k (e)) , where" ! x (e) is the projection operator (from relational algebra), which
extracts the value of some attribute! x from the tuplee.

4.2. Action

Complementary to monitoring events described above, adaptation actions are another basic language
element of MONINA. Adaptation actions are invoked by adaptation rules and executed by
corresponding components to modify their behavior. Fig.3 shows a simpliÞed grammar of the action
construct in EBNF. Action declarations start with theaction keyword followed by the action type
identiÞer. Furthermore, actions can take parameters, modeled analogously to event attributes shown
in Fig. 2.

!action" ::= Ôaction Õ!ID" Ô{ Õ!attr"* Ô} Õ

Figure 3. SimpliÞed Action Grammar in EBNF

Similar to events, adaptation actions offered by known components do not need to be
speciÞed manually, but are automatically gathered from component speciÞcations, as mentioned
in Section4.4.

The symbolA denotes the set of all types of adaptation actions, and each typeA! # A contains
attribute types:A! = ( ! 1, . . . , ! k ), ! i # T $i # { 1, . . . , k} . The setI A stores all action instances
(or simply actions) that are issued in the system. The values of an actiona # I A are evaluated using
the projection operator (analogously to event attributes):a = ( " ! 1 (a), . . . , " ! k (a)) .

4.3. Fact

Facts constitute the knowledge base for adaptation rules and are derived from monitoring events. A
fact incorporates all attributes of the speciÞed source event for use by adaptation rules. Fig.4 shows
a simpliÞed grammar of the fact construct in EBNF. Fact declarations start with thefact keyword
and an optional fact name. A fact must specify a source event type that is used to derive the fact
from. Furthermore, an optional partition key can be supplied. If the fact name is omitted, the fact
will be named after its source event.

The partition key construct is used to enable the creation of facts depending on certain event
attributes, allowing for the concise declaration of multiple similar facts for different system aspects.
For instance, a fact declaration for the event typeProcessingTimeEvent that is partitioned by
the component id attribute will create appropriate facts for all encountered components, such
asProcessingTime(Component1) , . . . ,ProcessingTime(ComponentN) . In contrast,
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hfacti ::= Ôfact ÕhIDi? Ô{ ÕhIDi hpartition-keyi? Ô} Õ

hpartition-keyi ::= Ôby ÕhIDi

Figure 4. SimpliÞed Fact Grammar in EBNF

a fact declaration for theMeanProcessingTimeEvent without partition key will result in the
creation of a single fact representing the system state according to the attribute values of incoming
events.

Formally, a factf 2 F is represented as a tuplef = ( ! , e), for event typee 2 E and partition
key ! . The optional partition key! allows for the simpliÞed creation of facts concerning speciÞed
attributes, to model facts relating to single system components, using" ! (e), the projection of
attribute! from evente. Alternatively, the type of evente itself acts as the partition key, aggregating
all events of the same type to a single fact.

4.4. Component

A component declaration incorporates all information necessary to integrate third-party system
into the Indenica infrastructure. Fig.5 shows a simpliÞed grammar of the component construct
in EBNF. Component declarations start with thecomponent keyword and a component identiÞer.
A component speciÞes all monitoring events it will emit with an optional occurrence frequency,
supported adaptation actions, as well as a reference to the host the component is deployed to.

hcomponenti ::= Ôcomponent ÕhIDi Ô{ Õhmetadatai? hc-elementsi* hhost-refi Ô} Õ

hmetadatai ::= (Ôvendor ÕhSTRINGi)? (Ôversion ÕhSTRINGi)? . . .

hc-elementsi ::= hendpointi | hrefsi

hrefsi ::= hevent-refi | haction-refi

haction-refi ::= Ôaction ÕhIDi

hevent-refi ::= Ôevent ÕhIDi hfrequencyi?

hendpointi ::= Ôendpoint ÕhIDi? Ô{ Õhe-addri hrefsi* Ô} Õ

hfrequencyi ::= Ôevery ÕhDecimali Ôseconds Õ| hDecimali ÔHzÕ

hhost-refi ::= Ôhost ÕhIDi

Figure 5. SimpliÞed Component Grammar in EBNF

For brevity, further elements such as endpoint addresses, are omitted in the presented grammar
snippet but are included in the implementation.

As mentioned before, it is usually not necessary to manually specify component, action, and
event declarations. The Indenica infrastructure provides for means to automatically gather relevant
information from known components through the control interface shown in Fig.1.

Formally, componentsc 2 C are represented with the signature functionà

sig : C ! P(A) ⇥ P({ (ej , #j )|ej 2 E, #j 2 R+
0 } ) ⇥ R+

0 ⇥ H

and the signature for a componentci is

sig(ci ) 7! (I A
i , ! E

i , $ i , hi )

àFor clarity, we use the same symbolsig for signatures of components (Section4.4), monitoring queries (Section4.5),
adaptation rules (4.6), and hosts (Section4.7).
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! fact" ::= Ôfact Õ! ID"? Ô{ Õ!ID" ! partition-key"? Ô} Õ

!partition-key" ::= Ôby Õ!ID"

Figure 4. SimpliÞed Fact Grammar in EBNF
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!event-ref" ::= Ôevent Õ! ID" ! frequency"?

!endpoint" ::= Ôendpoint Õ! ID"? Ô{ Õ!e-addr" ! refs"* Ô} Õ

!frequency" ::= Ôevery Õ!Decimal" Ôseconds Õ| !Decimal" ÔHzÕ

!host-ref" ::= Ôhost Õ! ID"

Figure 5. SimpliÞed Component Grammar in EBNF

For brevity, further elements such as endpoint addresses, are omitted in the presented grammar
snippet but are included in the implementation.

As mentioned before, it is usually not necessary to manually specify component, action, and
event declarations. The Indenica infrastructure provides for means to automatically gather relevant
information from known components through the control interface shown in Fig.1.

Formally, componentsc # C are represented with the signature functionà

sig : C $ P(A) %P({ (ej , #j )|ej # E, #j # R+
0 } ) %R+

0 %H

and the signature for a componentci is

sig(ci ) &$(I A
i , ! E

i , $ i , hi )

àFor clarity, we use the same symbolsig for signatures of components (Section4.4), monitoring queries (Section4.5),
adaptation rules (4.6), and hosts (Section4.7).

Copyright c! 2013 John Wiley & Sons, Ltd. Softw. Pract. Exper.(2013)
Prepared usingspeauth.cls DOI: 10.1002/spe



#$%&$#'("%)*+*,"

"

" "+)"

"

"

LFKFG 2"0'("+'03$O&)+.$
L0-4.0/4-7"`26/46<"8;;0="90/".:6"8-8;J<4<_">/036<<4-7_"877/678.40-"8-1"6-/43:C6-."09"
C0-4.0/4-7"6G6-.<"2<4-7" '&H".63:-4`26<*"#-" .:6"30-.6T."09" .:6"#-16-438">/0]63."=6"
>/0G416"8"<4C>;6"`26/J";8-72876".84;0/61".0".:6"-661<"09".:6"<>634943"<0;2.40-*"

("<4C>;49461"&\$D"7/8CC8/"09".:6"C0-4.0/4-7"`26/J"30-<./23."4<"<:0=-"4-"D472/6",S*"
(" `26/J" 163;8/8.40-" <.8/.<" =4.:" .:6"M&)+.$E6J=0/1" 8-1" 8" `26/J" 416-.4946/*"
(9.6/=8/1<_"8-"8/B4./8/J"-2CB6/"09"6G6-."<02/36<"90/".:6"`26/J"4<"<>6349461"2<4-7".:6"
*+"/$ 8-1")8)0($E6J=0/1<" .0"<>6349J"<02/36"30C>0-6-.<"8-1"6G6-." .J>6<*" (" `26/J"
.:6-" <>634946<" 8-J" -2CB6/" 09" 6G6-." 6C4<<40-" 163;8/8.40-<_" 16-0.61" BJ" .:6")/'( "
E6J=0/1"90;;0=61"BJ".:6"6G6-.".J>6"8-1"8";4<."09"6T>/6<<40-<"6G8;28.4-7".:6"8../4B2.6"
8<<47-C6-.<"09".:6"6G6-.".0"B6"6C4..61*"D0/"B/6G4.J"=6"0C4.".:6"<>6349438.40-"09".:6"
!2$"&:'?8%'66*$"""3;82<6".:8."/6>/6<6-.<"8"FWRA<.J;6"30-14.40-8;"6T>/6<<40-*"W26/46<"
38-" B6" 92/.:6/C0/6" 16<47-61" .0" 0>6/8.6" 0-" 6G6-." <./68C" =4-10=<" 2<4-7" .:6"
E'0B"E$E6J=0/1_"<>6349J4-7"64.:6/"8"-2CB6/"09"6G6-.<".0"3/68.6"8"B8.3:"=4-10="0/"
8".4C6"<>8-".0"3/68.6"8".4C6"=4-10=*"'0-14.40-<"6T>/6<<61"2<4-7".:6"ED)+)$E6J=0/1"
8/6"2<61".0";4C4."`26/J">/036<<4-7".0"6G6-.<"<8.4<9J4-7"36/.84-"30-14.40-<_"2<4-7".:6"
30-14.40-8;" 6T>/6<<40-" 30-<./23." C6-.40-61" 8B0G6*" D4-8;;J_" `26/46<" 38-" 0>.40-8;;J"
4-1438.6".:6"/8.6"09"4-30C4-7"G<*"6C4..61"6G6-.<_"8<"=6;;"8<"8-"4-1438.40-"09"/6`24/61"
>/036<<4-7">0=6/*"O:6<6"G8;26<"8/6"2<6/A1694-61"6<.4C8.40-<"4-".:6"4-4.48;"<6.2>_"8-1"
8/6" 81]2<.61" 30-.4-202<;J" 12/4-7" /2-.4C6" .0" 8330CC018.6" 3:8-76<" 4-" .:6"
6-G4/0-C6-.*"

"
D472/6",SZ"F4C>;49461"L0-4.0/4-7"W26/J"@/8CC8/"4-"&\$D"

#-" 8114.40-" .0" .:6" `26/J" 30-<./23." >/6<6-.61" 8B0G6_" .:6" ;8-72876" 4-9/8<./23.2/6"
8;;0=<" 90/" .:6" 4-.67/8.40-" 09" 0.:6/" '&H" `26/J" ;8-72876<_" <23:" 8<" .:6" &<>6/" &G6-."
H/036<<4-7"R8-728766"a&HRb"49"-636<<8/J*"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""
6:..>Z^^6<>6/*3016:82<*0/7^6<>6/A)*,S*S^103^/696/6-36^6-A[F^:.C;^6>;!3;82<6<*:.C;"

8 C. INZINGER, W. HUMMER, B. SATZGER, P. LEITNER, AND S. DUSTDAR

The signature functionsig extracts relevant information from the according language construct
for later use by the deployment infrastructure. Monitoring events emitted by the component are
represented by! E

i , and for each emitted event typeej an according frequency of occurrence! j is
supplied. Adaptation actions supported by the component are denoted byI A

i , its processing cost is
represented by" i , andhi identiÞes the host the component is deployed to.

4.5. Monitoring Query

Monitoring queries allow for the analysis, processing, aggregation and enrichment of monitoring
events using CEP techniques. In the context of the Indenica project we provide a simple query
language tailored to the needs of the speciÞc solution.

A simpliÞed EBNF grammar of the monitoring query construct is shown in Fig.6. A query
declaration starts with thequery keyword and a query identiÞer. Afterwards, an arbitrary number
of event sources for the query is speciÞed using thefrom andevent keywords to specify source
components and event types. A query then speciÞes any number of event emission declarations,
denoted by theemit keyword followed by the event type and a list of expressions evaluating the
attribute assignments of the event to be emitted. For brevity we omit the speciÞcation of!cond-
expression" clause that represents a SQL-style conditional expression. Queries can be furthermore
designed to operate on event stream windows using thewindow keyword, specifying either a
number of events to create a batch window or a time span to create a time window. Conditions
expressed using thewhere keyword are used to limit query processing to events satisfying
certain conditions, using the conditional expression construct mentioned above. Finally, queries
can optionally indicate the rate of incoming vs. emitted events, as well as an indication of required
processing power. These values are user-deÞned estimations in the initial setup, and are adjusted
continuously during runtime to accommodate changes in the environment.

!query" ::= Ôquery Õ!ID" Ô{ Õ (!sources" | !emits")*
!window"? !condition"? ! io-ratio"? !cost"? Ô} Õ

!sources" ::= Ôsource Õ!ID" (Ô, Õ! ID")*
Ôevent Õ! ID" (Ô, Õ! ID")*

!emits" ::= Ôemit Õ! ID" (!attr-emit"*)*

!attr-emit" ::= !cond-expression" (Ôas Õ!ID")?

!window" ::= Ôwindow Õ (!batch-window" | ! time-window")

!batch-window" ::= ! Integer" Ôevents Õ

!time-window" ::= ! Integer" (Ôseconds Õ| Ôminutes Õ| Ôdays Õ| . . . )

!condition" ::= Ôwhere Õ!cond-expression"

! io-ratio" ::= Ôratio Õ!Decimal"

!cost" ::= Ôcost Õ!Decimal"

Figure 6. SimpliÞed Monitoring Query Grammar in EBNF

In addition to the query construct presented above, the language infrastructure allows for the
integration of other CEP query languages, such as EQL [6] if necessary.

The set of queriesqi # Q is represented using the signature

sig : Q $%P(E) & P(E) & R+
0 & R+

0

and the signature for a queryqi is

sig(qi ) $%(I E
i , OE

i , #i , " i )
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Input and output event streams are denoted byI E
i andOE

i respectively, while! i represents the
ratio of input events processed to output events emitted, and" i represents the processing cost of the
query.

4.6. Adaptation Rule

Adaptation rules employ a knowledge base consisting of facts to reason on the current state of the
system and modify its behavior when necessary using a production rule system. Fig.7 shows a
simpliÞed grammar of the adaptation rule construct in EBNF. A rule declaration starts with the
rule keyword and a rule identiÞer. After importing all necessary facts using thefrom keyword, a
rule contains a number ofwhen -statements where the condition evaluates a!cond-expression" as
described above, referencing imported facts, and thethen block speciÞes a number of adaptation
action invocations including any necessary parameter assignments. Optionally, a rule can indicate
processing requirements (cf. Fig.6) that will be adjusted at runtime.

! rule" ::= Ôrule Õ!ID" Ô{ Õ (! r-sources")+ !stmt"+ !cost"?Ô} Õ

!r-sources" ::= Ôfrom Õ!ID" (Ôas Õ!ID")?

!stmt" ::= ÔwhenÕ!cond-expression" Ôthen Õ!action-expr"+

!action-expr" ::= ! ID" Ô( Õ!action-attr" (Ô, Õ!action-attr")* Ô) Õ

!action-attr" ::= !cond-expression" (Ôas Õ!ID")?

Figure 7. SimpliÞed Adaptation Rule Grammar in EBNF

As with monitoring queries, the adaptation rule module is tailored to the requirements of the
Indenica infrastructure but also allows for the usage of different production rule languages, such as
the Drools [7] rule language, if more complex language constructs are required.

More formally, the set of rulesr i # R is represented with the signature function

sig : R $%P(F ) & P(A) & R+
0

and the signature for a ruler i is
sig(r i ) $%(I F

i , OA
i , " i )

The set of facts from the knowledge base used by the adaptation rule are denoted byFi , while Aj

representes the adaptation actions performed, and" i represents te processing cost of the rule.

4.7. Host

Hosts represent the physical infrastructure available for deployment of infrastructure components.
Fig. 8 shows a simpliÞed grammar of the host construct in EBNF. A host declaration starts with
the host keyword and a host name. An addres in the form of a fully qualiÞed domain name
(FQDN) or an IP address can be supplied. If no address is given, the host name will be used instead.
Furthermore, acapacity indicator is provided that will be used for deployment decisions.

!host" ::= Ôhost Õ! ID" Ô{ Õ!address"? !capacity" Ô} Õ

!address" ::= ! fqdn" | ! ip-address"

!capacity" ::= Ôcapacity Õ!Decimal"

Figure 8. SimpliÞed Host Grammar in EBNF

The set of hostshi # H is represented with the signature function

sig : H $%R+
0
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The set of facts from the knowledge base used by the adaptation rule are denoted byFi , while Aj

representes the adaptation actions performed, and" i represents te processing cost of the rule.
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Hosts represent the physical infrastructure available for deployment of infrastructure components.
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the host keyword and a host name. An addres in the form of a fully qualiÞed domain name
(FQDN) or an IP address can be supplied. If no address is given, the host name will be used instead.
Furthermore, acapacity indicator is provided that will be used for deployment decisions.
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<?xml version ="1.0" encoding ="UTF- 8" ?> 
<xs:schema xmlns:xs ="http://www.w3.org/2001/XMLSchema" > 
 
<xs:element name=" event" type ="EventType" />  
 
<xs:complexType name="EventType" > 
<xs:sequence>  
<xs:element name="eventId" type ="xs:long" minOccurs ="1" />  
<xs:element name="eventName" type ="xs:string" minOccurs ="1" />  
<xs:element name="timestamp" type ="xs:dateTime"    
 minOccurs ="1" />  
<xs:choice>  
<xs:element name="request" type ="RequestType" />  
<xs:element name="response" type ="ResponseType" />  
<xs:element name="systemParameters"     
 type ="SystemParametersType" />  
</xs:choice>  
<xs:element name="errorMessage" type ="ErrorMessageType"   
 minOccurs ="0" />  
</xs:sequence>  
</xs:complexType>  
 
<xs:complexType name="RequestType" > 
<xs:sequence>  
<xs:element name="requestId" type ="xs:long" minOccurs ="1" />  
<xs:element name="adminId" type ="xs:string" minOccurs ="0" />  
<xs:element name="userSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="cameraSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="cameraIpAddress" type ="xs:string" minOccurs ="0" />  
<xs:element name="receiverSipId" type ="xs:string" minOccurs ="0"  
 maxOccurs ="unbounded" />  
<xs:element name="callParameters" type =" xs:string" minOccurs ="0" />  
<xs:element name="sessionId" type ="xs:string" minOccurs ="0" />  
<xs:element name="userStatusId" type ="xs:integer" minOccurs ="0" />  
<xs:element name="xPosition" type ="xs:double" minOccurs ="0" />  
<xs:element name="yPosition" type ="xs:double" minOccurs ="0" />  
<xs:element name="horizontalAngle" type ="xs:double" minOccurs ="0" />  
<xs:element name="verticalAngle" type ="xs:double" minOccurs ="0" />  
<xs:element name="zoom" type ="xs:double" minOccurs ="0" />  
<xs:element name="targetUserSipId" type ="xs:string" minOccurs ="0"
 maxOccurs ="unbounded" />  
<xs:element name="videoSourceSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="subscriptionId" type ="xs:string" minOccurs ="0" />  
<xs:element name="startTime" type ="xs:dateTime" minOccurs ="0" />  
<xs:element name="stopTime" type =" xs:dateTime" minOccurs ="0" />  
<xs:element name="textMessage" type ="xs:String" minOccurs ="0" />  
<xs:element name="userGroup" type ="xs:string" minOccurs ="0" />  
<xs:element name="user" type ="UserData" minOccurs ="0"   
 maxOccurs ="unbounded" />  
</xs:sequence>  
</xs:complexType > 
 
<xs:complexType name="ResponseType" > 
<xs:sequence>  
<xs:element name="requestId" type ="xs:long" minOccurs ="1" />  
<xs:element name="responseId" type ="xs:long" minOccurs ="1" />  
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<xs:element name="sessionId" type ="xs:string" minOccurs ="0"  
 maxOccurs ="unbounded" />  
<xs:element name="userSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="userStatusId" type ="xs:intiger" minOccurs ="0" />  
<xs:element name="user" type ="UserData" minOccurs ="0"   
 maxOccurs ="unbounded" />  
<xs:element name="camera" type ="CameraData" minOccurs ="0"  
 maxOccurs ="unbounded" />  
<xs:element name="subscriptionId" type ="xs:string" minOccurs ="0" />  
<xs:element name="fileUrl" type ="xs:string" minOccurs ="0" />  
<xs:element name="fileParameters" type ="xs:string" minOccurs ="0" />  
</xs:sequence>  
</xs:complexType>  
 
<xs:complexType name="SystemParametersType" > 
<xs:sequence maxOccurs ="unbounded" > 
<xs:element name="parameter" type ="xs:string" minOccurs ="1" />  
<xs:choice>  
<xs:element name="valueInt" type ="xs:integer" />  
<xs:element name="valueLong" type ="xs:long" />  
<xs:element name=" valueDouble" type ="xs:double" />  
<xs:element name="valueDate" type ="xs:dateTime" />  
<xs:element name="valueString" type ="xs:string" />  
<xs:element name="valueBoolean" type ="xs:boolean" />  
</xs:choice>  
</xs:sequence>  
</xs:complexType>  
 
<xs:complexType name="UserData" > 
<xs:sequence>  
<xs:element name="userId" type ="xs:string" minOccurs ="0" />  
<xs:element name="userSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="userName" type ="xs:string" minOccurs ="0" />  
<xs:element name="userPasswd" type ="xs:string" minOccurs ="0" />  
<xs:element name="userGroup" type ="xs:string" minOccurs ="0" />  
<xs:element name="statusId" type ="xs:integer" minOccurs ="0" />  
<xs:element name="userParameters" type ="xs:string" minOccurs ="0" />  
<xs:element name="ip" type ="xs:string" minOccurs ="0" />  
</xs:sequence>  
</xs :complexType>  
 
<xs:complexType name="CameraData" > 
<xs:sequence>  
<xs:element name="cameraSipId" type ="xs:string" minOccurs ="0" />  
<xs:element name="cameraIpAddress" type ="xs:string" minOccurs ="0" />  
<xs:element name="xPosition" type ="xs:double" minOccurs ="0" />  
<xs:element name="yPosition" type ="xs:double" minOccurs ="0" />  
<xs:element name="verticalAngle" type ="xs:double" minOccurs ="0" />  
<xs:element name="horizontalAngle" type ="xs:double" minOccurs ="0" />  
<xs:element name="zoom" type ="xs:double" minOccurs ="0" />  
</xs:sequence>  
</xs:complexType>  
 
<xs:complexType name="ErrorMessageType" > 
<xs:sequence>  
<xs:element name="errorMsgId" type ="xs:integer" minOccurs ="0" />  
<xs:element name="message" type ="xs:string" minOccurs ="0" />  
</xs:sequence>  
</xs:complexType>  
 
</xs:schema>  

"
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{  
" id " :" <id> ",  
" triggered ": <timestamp> ,  
" type ":" <string> ",  
" data ": {<object>}  
}  
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=8/6:02<6" C8-876C6-." <J<.6C" 8-1" .:6" 30-G6J0/" 30-./0;" <2B<J<.6C*" \0.:"
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MessageType : OrderCreated | PickingStarted | OrderFinished  

OrderId : <alphanumerical identifier>  

"

!+70;-"+($&0'($+)#7()B$)8)0(;$

MessageType : TransportUnitCreated | TransportUnitStored  

TransportUnitId : <alphanumerical identifier>  

"

O:6" '0-G6J0/" 30-./0;" <J<.6C" <2>>0/.<" 6G6-.<" /6;8.61" .0" 30-G6J0/<" 8-1" 6G6-.<"
/6;8.61".0"<.83E6/"3/8-6<Z"

5"08)."+$+)#7()B$)8)0(;V$

MessageType : ConveyorTransportStarted  

TransportUnitId : <alphanumerical identifier>  

"

MessageType : ConveyorTransportFinished  

TransportUnitId : <alphanumerical identifier>  

TransportUnitLocation : <alphanumerical identifier>  

"

%(79\)+$9+70)$+)#7()B$)8)0(;$

MessageType : StackerCraneStartedPickingUp  

CraneId : <alphanumerical identifier>  
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TransportUnitId : <alphanumerical identifier>  

"

MessageType : StackerCranePickedUp  

CraneId : <alphanumerical identifier>  

TransportUnitId : <alphanumerical identifier>  

"

MessageT ype : StackerCranePickedUp  

CraneId : <alphanumerical identifier>  

TransportUnitId : <alphanumerical identifier>  

TransportUnitLocation : <alphanumerical identifier>  
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<xs:element name="event" type=" EventType" />  

<xs:complexType name="EventType">  

<xs:sequence>  

 <xs:element name="eventId" type="xs:long" minOccurs="1"/>  

<xs:element name="eventName" type="xs:string" minOccurs="1"/>  

 <xs:choice>  

  <xs:element name="request" type="RequestType"/>  

  <xs:elem ent name="response" type="ResponseType" />  

 </xs:choice>  

 <xs:element name="errorMessage" type="ErrorMessageType" 
minOccurs="0"/>  

</xs:sequence>  

</xs:complexType>  
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mvn clean  install  

%(7+('03$(D)$B7;D?"7+B$

java - jar dashboard - indenica/adaptive - monitoring -
dashboard/ target/adaptive - monitoring - dashboard.jar  
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m(#$" FR&&"eLmFR&&f*" (<" .:6" L0B436-.<" <02/36" 3016" <:8;;" -0." B6" C0149461" 90/"
C0-4.0/4-7" 4.<" <6/G436<_" .:6" 90;;0=4-7" hLR" C0-4.0/4-7" <30>6" <>6349438.40-" 1694-6<"
.:8. "

¥ L0-4.0/4-7"<.8/.<"=4.:".:6"<.8/.2>"09".:6"L0B436-.<"FR&&"30-.84-6/"
¥ (;;" /6<02/36<" <2>>0/.61" BJ" FH(FFAC6.6/" 6T36>." 90/" C6C0/J" 2<876"

amemAccounting " C016"CREATIONb" 8/6" 83302-.61" 90/" 8;;" 1J-8C438;;J"
<.8/.61"L0B436-."<6/G436<"a4C>;6C6-.4-7"javax.slee.Sbb b""

¥ L0-4. 0/4-7"<.0><"8.".:6"6-1"09".:6"L0B436-.<"FR&&"30-.84-6/*"
"
<?xml version="1.0" encoding="UTF - 8"?>  

<configuration xmlns:xsi="http://www.w3.org/2001/XMLSchema - instance"  

xmlns="http://sse.uni - hildesheim.de/instrumentation"  

memAccounting="CREATION">  

 

<namespac e name="" typeOf ="javax.slee.Sbb"/>  

 

<namespace name="org">  

<namespace name="mobicents">  

<namespace name="slee">  

<namespace name="container">  

<module name="SleeContainer">  

<behavior signature="initSlee()">  

<startSystem />  

</behavior>  

<behavior signature=" shutdownSlee()">  

<endSystem />  

</behavior>  

</module>  
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</namespace>  

</namespace>  

</namespace>  

</namespace>  

</configuration>  

"

D0/"1J-8C43"4-<./2C6-.8.40-".:6"m8G8"876-."4<"74G6-"8<"8"mPL">8/8C6.6/*"\6;0=_".:6"
m8G8"876-."4<">83E8761"4-"spass - meter - ia.jar _".:6"C0-4.0/4-7"<30>6"4<"74G6-"4-"
.:6"mobicents.xml "94;6"8-1"/672;8/"2>18.6"6G6-.<"8/6"4<<261"683:"+SSS"C<*"

"
- javaagent:instrumenter \ spass - meter -

ia.jar=xmlconfig=mobicents.xml,  

outInterval=2000  

"

O:6"<.8.43"4-<./2C6-.8.40-"09"L0B436-.<"4<"4;;2<./8.61"B6;0="4-".6/C<"09"8"<4C>;6"($O"
.8<E"a9/87C6-.b*"O:6"<.8.43"4-<./2C6-.8.40-".00;".8E6<".=0"14/63.0/46<"=4.:"m(I"94;6<"
8<" 4->2._" >/01236<" 4-<./2C6-.61" ]8/" 94;6<" 8<" 02.>2." 8-1" 30-<416/<" .:6" <>6349461"
0>.40-<" 32//6-.;J" <>6349461" 4-" .:6" <8C6" 90/C8." 8<" 90/" 1J-8C43" 4-<./2C6-.8.40-"
<:0=-"8B0G6*"

"
<spassInstrumenter  

 classpathref="classpath"  

 in=Ólib/*.jar, server/default/deploy/mobicents - slee/lib/*.jarÓ  

 out="instrumented"  

 params="xmlconfig=mobicents.xml,outInterval=2000Ó />  

"

"
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5 J--)0B'_$KV$A0B)0'97$Q&0('/)$:#7(*"+/$,)/"0;(+7("+$

O:4<"<63.40-">/6<6-.<"8"72416"0-".:6"<.6><"-636<<8/J".0"<6."2>".:6"#$%&$#'("/2-.4C6"
>;8.90/C"4-"&3;4><6_"8<"=6;;"8<"8"<.8-18;0-6"8>>;438.40-*"

I"# <0/:/&'-A8'/?*+-93%O+8:-6+:=?-
@6..4-7".:6">/0]63."2>"8-1"/2--4-7"4-"&3;4><6"90/".:6"94/<.".4C6"4-G0;G6<".:6"90;;0=4-7"
<.6><Z"

w %0-l." =0//J" 8B02." 6//0/<" 126" .0" C4<<4-7" B24;1*>/0>6/.46<" 0/" 126" .0" 8-"
2-B02-1" 3;8<<>8.:" G8/48B;6" a6*7*" L+!I&HVb_" 8<" .:6J" <:02;1" B6" 94T61" BJ"
C8G6-"82.0C8.438;;J*"

w F6."J02/"16982;."4-<.8;;61"mI&".0"J02/"m%n"a/6`24/61"90/"C8G6-b"

w #-<.8;;"8"C8G6-"4-.67/8.40-_"6*7*"C+63;4><6"

w I2-"C8G6-"0-".:6">/0]63."4-"0/16/".0">0>2;8.6".:6"C8G6-"/6>0<4.0/J"

w I69/6<:"J02/">/0]63.*"(114.40-8;;J_"4."C47:."B6"-66161".0"

y 3/68.6"8-"6C>.J"build.properties "94;6"

y C0149J"J02/"eclipse.ini ".0">04-."J02/"AGC".0".:6"m%nAPL".0"76."/41"
09"8".00;<Z]8/Z,*N*S"6//0/"

I"!  $+::/01-93%O+8:-H+?+0,+08/+*-
O:6"/2-.4C6">;8.90/C"2<6<"L0-70%\ "8-1"I8BB4.LW"90/"18.8"<.0/876"8-1"C6<<874-7*"
O:6<6"30C>0-6-.<"C2<."B6"/2--4-7"4-"0/16/"90/".:6">;8.90/C".0"=0/E*"

Y02"38-"64.:6/"4-<.8;;" .:6<6" /6`24/6C6-.<"0-"J02/"16G6;0>C6-."C83:4-6<"0/"2<6"8"
>/6>8/61"G4/.28;"4-<.8-36*"

5FCF@ 270&7#$A0;(7##7('"0$"*$,)-)0B)09');$
D0/"4-<.8;;8.40-"09"L0-70%\"8-1" I8BB4.LW_">;68<6" /696/" .0" .:6" /6<>63.4G6">/0]63."
=6B"<4.6<*"(9.6/"4-<.8;;4-7"8-1"<.8/.4-7".:6"30C>0-6-.<_"J02"=4;;"-661".0"81]2<.".:6"
>;8.90/C"6-G4/0-C6-."30-9472/8.40-".0">04-.".0"J02/";038;"4-<.8-36<*"

YX!NV"(.".:6"C0C6-._".:4<"4-90/C8.40-"4<"<38..6/61".:/027:02."<6G6/8;"94;6<*"D2.2/6"
/6983.0/4-7"8-1"3;68-2>"=4;;"4C>/0G6".:4<"<4.28.40-*" [<4-7" .:6">/630-9472/61"G4/.28;"
C83:4-6" 16<3/4B61" B6;0=" <:02;1" B6" 8-" 68<46/" =8J" .0" 76." .:6" -636<<8/J"
16>6-16-346<"/2--4-7*"

'2//6-.;J_" 6-G4/0-C6-." 30-9472/8.40-" 4<" <.0/61" 4-" .:6" 90;;0=4-7" 94;6<" 4-"
</3^C84-^/6<02/36<^"

w </3^C84-^/6<02/36<^L&O(A#$D^<38A16>;0J8B;6<^z*30C>0<4.6Z" O:6"
z*30C>0<4.6" 94;6<" 30-.84-" 4-90/C8.40-" 8B02." :0=" .0" 4-<.8-.48.6" /2-.4C6"
4-<.8-36<*" O:6" I6>0<4.0/J'0C>0-6-." <63.40-" 30-.84-<" 8" /696/6-36" .0" .:6"
L0-70%\"4-<.8-36*"(1]2<.".:6"1B(11/6<<">/0>6/.J"8330/14-7;J*"
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w </3^C84-^/6<02/36<^94;6<+%\^>/0>6/.46<^z*>/0>6/.46<Z" O:6" z*>/0>6/.46<" 94;6<"
30-.84-"30-9472/8.40-"4-90/C8.40-"90/".:6"4-4.48;"18.8">0>2;8.40-"C012;6*"O:6"
6G6-.I6>0<4.0/J(11/">/0>6/.J"<:02;1">04-.".0".:6"I8BB4.LW"4-<.8-36*"(1]2<."
.:4<">/0>6/.J"8330/14-7;J*"

5FCFC a;)$7$-+)9"0*'3&+)B$6'+(&7#$279D'0)$E'(D$7##$,)-)0B)09');$
O:6" 32//6-." 16982;." 30-9472/8.40-" 8<<2C6<" .:8." .:6/6" 8/6" 83.4G6" I8BB4.LW" 8-1"
L0-70%\"4-<.8-36<"/2--4-7"0-":0<."192.168.56.101 *"

O:6<6"/6`24/6C6-.<"38-"B6"68<4;J"92;94;;61"BJ">6/2<4-7"vagrant "8-1"8"G4/.28;"C83:4-6"
>/0G4161"BJ"O[P*"O:6"<.6><"-636<<8/J".0"<.8/.".:6"G4/.28;"C83:4-6"8/6Z"

w #-<.8;;"G87/8-."a<66":..>Z^^G87/8-.2>*30Cb̂""
gem install vagrant "

w (11".:6" indenica_support_dependencies "B8<6"B0TZ"
vagrant box add indenica_support_dependencies \  
    http://db.tt/qQcjgPzp "

w #-4.48;4g6".:6"C83:4-6Z"
mkdirsupport_components&& cd support_components  
vagrant initindenica_support_dependencies "

"

Y02"0-;J" :8G6" .0">6/90/C" .:6<6"<.6><"0-36*" (9.6/" .:6"4-4.48;"<6.2>_" .:6"30-9472/61"
G4/.28;"C83:4-6"38-"B6"<.8/.61"2<4-7Z"
vagrant up  

(9.6/" 8" 96=" C4-2.6<_" .:6" G4/.28;" C83:4-6" <:02;1" B6" /2--4-7_" .:6" -6.=0/E" <6..4-7<"
8>>;461"8-1".:6"6-G4/0-C6-."/681J".0"70*"

O:6"G4/.28;"C83:4-6"38-"B6"<.0>>61"2<4-7Z"
vagrant halt  

O:6"C83:4-6"38-"B6"<.8/.61"8784-"2<4-7"G87/8-."2>*"D0/"92/.:6/"4-90/C8.40-_">;68<6"
/696/".0".:6"P87/8-."%032C6-.8.40-*"

I"C 6:&3:/01-:M+-9'&:;%3.-

5FKF@ 5"//70B$I'0) $
U:6-" J02" :8G6" .:6" 16>6-16-346<" /2--4-7_" J02" -661" .0" 16>;0J" .:6" >;8.90/C"
30-9472/8.40-"18.8"B690/6"/2--4-7".:6"<4C2;8.40-Z"

CG-6T63Z]8G8"A%6T63*C84-';8<<ux4-16-438*16>;0JC6-.*2.4;<*H0>2;8.0/x"

U4.:"8;;">/6/6`24<4.6<"16>;0J61_".:6"U8/6:02<6"<4C2;8.40-"38-"B6"<.8/.61"2<4-7Z"
mvnexec:java - Dexec.ma inClass="indenica.deployment.Launcher" \  

              - Dexec.arguments="UseCaseWP4Runtime"  

O:4<"=4;;"<.8/.".:6"16C0"J02"<8="8.".:6"L2-43:"C66.4-7*"
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5FKFC N9#'-;)$
O0" <.8/." .:6" <4C2;8.40-" 9/0C" =4.:4-" &3;4><6_" /2-" .:6"
4-16-438*16>;0JC6-.*2<638<6*[<6'8<6R82-3:6/"3;8<<"8<"8"m8G8"(>>;438.40-*"

O0"<.0>".:6"/2-.4C6"4-<.8-36_":4."/6.2/-"4-".:6"30-<0;6*"



#$%&$#'("%)*+*,"

"

" "N?"

Q)*)+)09);$

"

e\XS)f"U*"\4-16/" 8-1" m*"X2;88<*" (" H0/.8B;6" 'H[AL8-876C6-." D/8C6=0/E" 90/"
m8G8*!kkk#!"('%"'(#l$58-(*"+ _"MZ?)t MK_"F6>.6CB6/"+SS)*"

e'VS)f "(* "':8=;8" 8-1" (* "V/<0*" (" 76-6/43" 4-<./2C6-.8.40-" 9/8C6=0/E" 90/" 30;;63.4-7"
1J-8C43"4-90/C8.40-*0!f0oe>#0$4(@=#k"+=#H$('6_"+QZ,t )_"F6>.6CB6/"+SS)*"

e&F,+f"X*"&43:6;B6/76/"8-1"n*"F3:C41_"&/:6B2-7"G0-"H/012E.AR829g64.AL6./4E6-Z"&4-"
P6/7;643:"C4."16C"FH(FFAL6.6/ AU6/Eg627_"4-Z"\{/6-_"@*_"%2CE6_"I*"I*_"&B6/.*"
'*_" L{-3:_" X*" a&1<*b_" H/036614-7<" 09" .:6" %(FL(" L6./4E" n0-7/6<<" aL6./4n0-"
p,+b_">>*",?,t ,MS_"a4-"@6/C8-b*"

eXUX,+f"(*" G8-" X00/-_"m*"U8;;6/_"U*"X8<<6;B/4-7_" +S,+*" n46E6/Z" (" D/8C6=0/E" 90/"
(>>;438.40-" H6/90/C8-36" L0-4.0/4-7" 8-1" %J-8C43" F09.=8/6" (-8;J<4<_" 4-Z"
H/036614-7<" 09" .:6" ('L^FH&'" #-.6/-8.40-8;" '0-96/6-36" 0-" H6/90/C8-36"
&-74-66/4-7"a#'H&"p,+b_">>*"+)?t +)M"

eF@D" +SSQf" O:6" V>6-" @/02>Z"O:6" V>6-" @/02>" FV(" @0G6/-8-36" D/8C6=0/Ec" %/89."
O63:-438;"F.8-18/1_"+SSQ*"===*0>6-7/02>*0/7^>/0]63.<^<08A70G6/-8-36*"

e%,*+*,f" #$%&$#'(" %6;4G6/8B;6" %,*+*,"A" I6`24/6C6-.<" &-74-66/4-7" D/8C6=0/E_"
R8-72876"8-1"O00;<"90/"F6/G436"H;8.90/C<"a#-.6/4Cb_"+S,,A,SAK,"

e%+*K*,f" #$%&$#'(" %6;4G6/8B;6" %+*K*,"A"F6/G436" H;8.90/C" #-9/8<./23.2/6" I6>0<4.0/J"
'0-36>."d"I68;4g8.40-"a#-.6/4Cb_"+S,+AS,AK,"

e%K*,f" #$%&$#'(" %6;4G6/8B;6" %K*,"t " P46=AB8<61" %6<47-" O4C6" 8-1" I2-.4C6"
(/3:4.63.2/6"90/"O84;0/4-7"PFH<_"+S,,A,SA,M"

e%K*+f" #$%&$#'(" %6;4G6/8B;6" %K*+"A" (/3:4.63.2/6" 90/" I0;6A\8<61" @0G6/-8-36" 09"
P4/.28;"F6/G436"H;8.90/C<_"+S,+AS,AK,"

e%K*K*+f" #$%&$#'(" %6;4G6/8B;6" %K*K*+"t " O00;" F24.6" 90/" P4/.28;" F6/G436" H;8.90/C"
&-74-66/4-7"aD4-8;b_"+S,KASQAKS"

e%N*+f"#$%&$#'("%6;4G6/8B;6"%N*+"A"I6>0/."0-" '0-36>.<"90/"O84;0/4-7"8-1"&T.6-14-7"
F6/G436"H;8.90/C<_"-0."J6.">2B;4<:61"

em#,+f"mh#-<47:.^V>6-'0/6_"+S,+_"]4-<>4/61*30C^*"

emFV$f" #-.6/-6." &-74-66/4-7" O8<E" D0/36_" ID'" )5+?_" +SS5_"
:..>Z^^===*46.9*0/7^/93^/93)5+?*.T."

eLmFR&&fL0B436-.<" m(#$" FR&&_" I61" X8." L411;6=8/6" RR'_" +SSM_"
:..>Z^^===*C0B436-.<*0/7^<;66^4-./0*:.C;"

eVFV(f" V>6-" FV(" a+SS?b*" F6/G436" '0C>0-6-." (/3:4.63.2/6" aF'(b" F>6349438.40-<"
P,*SS*:..>Z^^===*0<08*0/7"

eVSMf"V/83;6_"m8G8"L8-876C6-."&T.6-<40-<"amLhb"O63:-0;07J_"+SSM_"
===*0/83;6*30C^.63:-6.=0/E^]8G8^]8G8<6^.63:^]8G8C8-876C6-.A,)SN+N*:.C;"
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eFH&'SMf"FH&'"'0/>*_"FH&']GC+SSM_":..>Z^^===*<>63*0/7^]GC+SSM^"

eUF'0RfR*"\8/6<4_"F*"@24-68_"iF6;9A<2>6/G4<4-7"\H&R"H/036<<6<_j"#&&&"O/8-<83.40-<"0-"
F09.=8/6"&-74-66/4-7"

ehLRf"UK'_"&T.6-<4B;6"L8/E2>"R8-72876_"+SSM_":..>Z^^===*=K*0/7^OI^I&'ATC; "̂

"


