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  can	
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¥ The	
  performance,	
  scalability,	
  and	
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  characteristics	
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  are	
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Characterizing	
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  Integrated	
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  Management	
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administrators can inspect, diagnose, and 
modify the automation processes through 
automated plan generation. 
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%8-.*+-8&"/D8-F&&&
&
6&7/8H.*/+" BP$-8J&$..%*$4(&"*&D*J8)/+M&$%4(/"84"#%8&.%*7/J8-&"(8&5*#+J$"/*+&5*%&"(8&/+"8))/M8+"&
$#"*D$"/*+&4*+5/M#%$"/*+&*5&$JD/+/-"%$"/78&M*$)-&$4%*--&"(8&J84)$%8J&*.8%$"/*+$)&N+*H)8JM8&/+&"(8&
$%4(/"84"#%8F&&&_/558%8+"&$-.84"-&*5&"(8&-K-"8D&4$+&P8&D*J8)8J&/+&"(8&"8%D/+*)*MK&D*-"&5$D/)/$%&"*&"(8&
J*D$/+&8Z.8%"9&H/"(&4*+5)/4"&$+J&.%848J8+48&87$)#$"8J&PK&"(8&4*+"%*)&.)$+89&/+&.$%"&PK&"%$+-5*%D/+M&
"(8&7$%/*#-&7/8H.*/+"-&/+"*&$&5*#+J$"/*+&D*J8)9&-#4(&$-&$&4*D.*+8+"&$+J&4*++84"*%&7/8H.*/+"&U::VF&&
&
7.	
  	
  Collaborative	
  
&
6-&"(8&-4$)8&*5&$+&I?&$..)/4$"/*+&*%&-K-"8D&M%*H-9&4*))$P*%$"/*+&/-&8--8+"/$)9&$-&D#)"/.)8&.8*.)8&H/))&P8&
D$/+"$/+/+M&J/558%8+"&.$%"-&*5&"(8&-K-"8D&-/D#)"$+8*#-)KF&&&'*DD#+/4$"/+M&$+J&-($%/+M&D*J8)-9&
4($+M8&.)$+-9&$+J&(/-"*%/4$)&85584"-&4$+&%8J#48&4*+5/M#%$"/*+&4*+5)/4"-&$+J&*.8%$"*%&8%%*%-F&&&
&
cK.8%)/+N8J&D*J8)-&4$+&"$N8&$J7$+"$M8&*5&"(8&H8P&$%4(/"84"#%8L-&%/4(&-#..*%"&5*%&-*4/$)&4*D.#"/+M&
$+J&4*))84"/78&/+"8))/M8+489&/+4)#J/+M&$MM%8M$"/*+9&-K+J/4$"/*+&7/$&588J-9&$+J&"(8&/+(8%8+"&$P/)/"K&"*&
P%8$N&J*H+&$&J/55/4#)"&.%*P)8D&/+"*&J/-4%8"89&J/-"%/P#"8J&(K.8%)/+N8J&4(#+N-&*5&/+5*%D$"/*+&"($"&4$+&
P8&-($%8J&$+J&8J/"8JF&
&
8.	
  	
  Governable	
  
&
?(8&/+4%8$-8J&5%88J*D&"($"&/-&M%*H/+M&/+&$#"*D$"8J9&7/%"#$)/O8J&I?&8+7/%*+D8+"-&4$%%/8-&$&4*-"@&&"(8&
/+4%8$-8J&$D*#+"&*5&7/%"#$)&/+5%$-"%#4"#%8&"($"&H/))&P8&4%8$"8J9&$+J&+88J-&"*&P8&D$+$M8J9&$+J&H(*-8&
4*-"-&$+J&%/-N-&+88J&"*&P8&M*78%+8JF&
&
d#%&%858%8+48&$%4(/"84"#%8&-.84/5/8-&+$"#%$)&8+"%K&.*/+"-&5*%&4*+"%*)&$M8+"-&"*&87$)#$"8&$+J&8+5*%48&*5&
I?&M*78%+$+48&.*)/4/8-F&&i*78%+$+48&D$K&-.$+&"(8&)/584K4)8&*5&$+J&$448--&4*+"%*)&"*&58$"#%8-&*5&$+&
$..)/4$"/*+9&-84#%/"K&.*)/4K&4*+5/M#%$"/*+9&%8-*#%48&P#JM8"/+M9&$+J&)/48+-8&4*D.)/$+48&%8.*%"/+MF&&&
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&
&
?(8&,)$-"/4&^*J8)/+M&e$+M#$M8-&$%8&$&-8"&*5&D*J#)$%&)$+M#$M8-9&J85/+8J&/+&d\e&7:9&"($"&8Z.%8--&"(8&
8+JB"*B8+J&J8-/M+&%8[#/%8D8+"-9&4*+"%*)&$+J&*.8%$"/*+$)&-.84/5/4$"/*+-9&$+J&J$"$&48+"%8&%8-*#%48-&Q&
4*+5/M#%$"/*+-&%8[#/%8J&"*&8+$P)8&$#"*D$"8J&$..)/4$"/*+&J8.)*KD8+"&Q&D$+$M8D8+"F&
&
\(/)8&"(8&5*#+J$"/*+&*5&"(8&D*J8)/+M&
)$+M#$M8-&/-&/+&d\e&$+J&b_;9&
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)/M("H8/M("&H8P&/+"8%5$48-9&$%8&P$-8J&
*+&J878)*.8%B5%/8+J)K&-8%/$)/O$"/*+-&*5&
"(8&D*J8)/+M&)$+M#$M8-9&/+4)#J/+M&
j!dkU 0XV9&4*))*[#/$)&l^e U0aV9&*%&?#%")8&
U0<VF&
&
_84)$%$"/78&D*J8)-&$%8&#-85#)&H$K-&"*&
J%/78&4*D.)8Z/"K&*#"&*5&I?&$..)/4$"/*+&
J8-/M+&$+J&4*+5/M#%$"/*+9&/+&5$7*%&*5&
D*%8&4*+4/-8&-"$"8D8+"-&*5&/+"8+"F&&&
i/78+&$&J84)$%$"/*+&*5&.%858%8+48-&*%&
4*+-"%$/+"-9&$+&I?&D$+$M8D8+"&-K-"8D&
4$+&4*D.*-8&D#)"/.)8&D*J8)-&"*M8"(8%&
D#4(&D*%8&85584"/78)K&"($+&/5&"(8&
D*J8)-&H8%8&.%8J*D/+$+")K&.%*48J#%$)9&$+J&$)-*&5*%D$))K&78%/5K&5*%&4*+5)/4"-&*%&D/-"$N8-F&&d+&"(8&
*"(8%&($+J9&+*"&878%K"(/+M&4$+&P8&J84)$%$"/78R&$"&-*D8&.*/+"9&.%*48J#%8-&$%8&#-#$))K&%8[#/%8J&"*&
-.84/5K&"(8&S)$-"&D/)8T&*5&.%*7/-/*+9&/+-"$))$"/*+9&*%&4*+5/M#%$"/*+F&&&&&
&
?(8&,)$-"/4&^*J8)/+M&e$+M#$M8-&.%*7/J8&$&P$)$+48&P8"H88+&8+$P)/+M&#-8%-&"*&8Z.%8--&J84)$%$"/789&
D$4(/+8B%8$-*+$P)8&.*)/4K9&$+J&.%*48J#%$)&N+*HB(*H&5*%&4*+5/M#%$"/*+&*%&.%*7/-/*+/+MF&&
&
?(8&"(%88&4#%%8+"&,)$-"/4&^*J8)/+M&e$+M#$M8-&$%8@&
&
ECML	
  –	
  The	
  Elastic	
  Computing	
  Modeling	
  Language9&$&D#)"/B7/8H.*/+"&$%4(/"84"#%8&J8-4%/."/*+&
)$+M#$M8&
&
EDML	
  –	
  The	
  Elastic	
  Deployment	
  Modeling	
  Language9&$&4*))84"/*+&*5&8)8D8+"-&5*%&J8-4%/P/+M&"(8&
4$.$P/)/"/8-&*5&I?&-*5"H$%8&$+J&($%JH$%8&/+5%$-"%#4"#%8&
&
EMML	
  –	
  The	
  Elastic	
  Management	
  Modeling	
  Language9&$&D*J8)&*5&4*+5/M#%$"/*+&/"8D-&$+J&
$++*"$"/*+- F&&&,^^e&J8-4%/P8-&"(8&4*+"8Z"9&-"$"89&$+J&J8.8+J8+4/8-&$D*+M&/"8D-9&-#4(&$-&H(8"(8%&$+&
,'^e BJ8-4%/P8J&J8-/M+&/-&4#%%8+")K&J8.)*K8J9&"(8&-"$"8&*5&"($"&J8.)*KD8+"L-&,_^e BJ8-4%/P8J&
%8-*#%489&*%&"(8&78%-/*+&(/-"*%K&*5&8/"(8%F&&
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ECML!	
  
&
,'^e&.%*7/J8-&$+&8Z"8+-/P)8&
D#)"/B7/8H.*/+"&$%4(/"84"#%8&
J8-4%/."/*+&)$+M#$M8F&&&?(8&
-"%#4"#%$)9&*%&4*D.*+8+"-&Q&
4*++84"*%-&7/8H&U:: V&/-&"(8&
.%/D$%K&7/8H&"*&H(/4(&*"(8%&7/8H-&
4*%%8-.*+J9&#-#$))K&PK&
"%$+-5*%D/+M&*%&4*+-"%$/+/+M&"(8&
-"%#4"#%8&*5&"(8&-K-"8DF&
&
&
&
&
?(8&-"%#4"#%$)&7/8H&4*+-/-"-&*5@&
&
Components&& & 6P-"%$4"&#+/"-&*5&-*5"H$%89&4*+5/M#%$"/*+9&$+J&4$.$P/)/"K&%8[#/%8D8+"-9&
& & & & H(/4(&8Z.*-8&/+"8%5$48-&5*%&4*DD#+/4$"/*+F&&&&
&
Connectors&& & 6P-"%$4"&#+/"-&*5&4*DD#+/4$"/*+&$+JG*%&D8J/$"/*+&P8"H88+&4*D.*+8+"-9&&
& & & & H(/4(&$)-*&D$K&4*+"$/+&-*5"H$%89&4*+5/M#%$"/*+9&$+J&4$.$P/)/"K&&
& & & & %8[#/%8D8+"-9&$+J&8Z.*-8&/+"8%5$48-&5*%&P/+J/+M&4*D.*+8+"-&"*M8"(8%F&
&
&
'*D.*+8+"-&$+J&'*++84"*%-&4$+&P8&$--8DP)8J&"(%*#M(&/+"8%5$48-&"($"&$%8&J8-4%/P8J&*+&J84)$%8J&
-)*"-F&
&
?(8&)/584K4)8&*5&"(8&4*D.*+8+"&*%&4*++84"*%&J8-4%/P8-&"(8&7$%/*#-&-"$"8-&$7$/)$P)8&5*%&"($"&8)8D8+"9&
/"-&"%$+-/"/*+-9&$+J&7$%/*#-&%8[#/%8D8+"-&5*%&$&4*D.*+8+"&*%&4*++84"*%&"*&P8&/+&"($"&-"$"8F&&
&
;/+$))K9&,'^eL-&8Z"8+-/P)8&7/8H-&4$."#%8&(/M(8%B)878)&.*)/4/8-&-#4(&$-@&
&&
Resource	
  Allocation	
   ?(8&D$../+M&*5&4*D.*+8+"-&"*&7/%"#$)&(*-"-9&-"*%$M8&Q&+8"H*%N&
	
   	
   	
   	
   %8-*#%48-F&
	
  
Scalability	
   	
   	
   ?(8&.*)/4K&*5&-.84/5K/+M&4*D.*+8+"-&Q&4*++84"*%-&
& & & & I+"*&"/8%-9&H(8%8&4*D.*+8+"-&$+J&4*++84"*%&P/+J/+M-&
& & & & $%8&%8.)/4$"8J&J8.8+J/+M&*+&$&-4$)/+M&5$4"*%F&

EDML	
  
&
,_^e&.%*7/J8-&$&)$+M#$M8&"*&J8-4%/P8&"(8&7$%/*#-&8)8D8+"-&*5&I?&/+5%$-"%#4"#%8&"($"&8+$P)8&
$..)/4$"/*+-F&&&&&
&
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Resource	
  8)8D8+"-	
  D*J8)&-4$%48&/+5%$-"%#4"#%8&
"($"&D#-"&P8&.%*7/-/*+8J&$+J&"%$4N8J&/+&7$%/*#-&
.**)-&*%&O*+8-F&&&?K./4$))K&%8-*#%48-&$%8&J$"$&
48+"8%&%8-*#%48-9&$+J&,_^e&/+4)#J8-&$&7/%"#$)&
J$"$&48+"8%&D*J8)&"*&%8.%8-8+"&4*DD*+&
8+"/"/8-&-#4(&$-&c*-"-9&!"*%$M89&fe6k-9&
cK.8%7/-*%-9&8"4F&
&
&
Configuration&8)8D8+"-&D*J8)&-*5"H$%8&
.$4N$M8-&*%&4*+5/M#%$"/*+&D8"$J$"$&"($"&D$N8&
#.&"(8&SP/"-T&*5&$&4*D.*+8+"&*%&4*++84"*%9&$+J&
$%8&/+-"$))8J&$+J&-"$%"8J&*+&$&-8"&*5&%8-*#%48-F&&&
&
Categories&.%*7/J8&$&"$Z*+*DK&*5&4*+48."-&"*&
.%*7/J8&-8$%4($P)8&J8-4%/."/78&D8"$J$"$&5*%&
8)8D8+"-&/+&P*"(&,_^e&]b8-*#%48-&$+J&
'*+5/M#%$"/*+&8)8D8+"-`&$+J&,'^e&
]'*D.*+8+"-9&'*++84"*%-9&8"4F`F&&&&
&
Capabilities&4$."#%8&"(8&58$"#%8-&$+J&5#+4"/*+-&
"($"&$%8&$7$/)$P)8&5%*D&$+&8+"8%.%/-8L-&-($%8J&/+5%$-"%#4"#%89&-#4(&$-&4(/.&$%4(/"84"#%89&$+J&-"*%$M8&
*%&+8"H*%N&4$.$4/"KF&&&'$.$P/)/"/8-&$%8&M%*#.8J&/+"*&P#+J)8-&"*&8Z.*-8&-"$+J$%J/O8J&#+/"-&*5&
.%*7/-/*+/+M&$+J&4*+5/M#%$"/*+&5*%&$..)/4$"/*+-&"*&4*+-#D8F&'$.$P/)/"/8-&$%8&8Z"8+-/P)89&$+J&$%8&+*"&
g#-"&J84*D.*-/"/*+-&*5&.(K-/4$)&$""%/P#"8-F&&&?(8K&4$+&%8.%8-8+"&$&7$%/8"K&*5&[#$+"/"$"/78&*%&
[#$)/"$"/78&]-KDP*)/4`&D8$-#%8-F&
&
Example	
  
	
  
6&cKP%/J&/+5%$-"%#4"#%8&4)*#J&]*+8&"($"&
4*+"$/+-&.#P)/4&$+J&.%/7$"8&%8-*#%48-`&4$+&P8&
J8-4%/P8J&PK&,_^e&PK&8Z.%8--/+M&"(8&
4$.$P/)/"/8-&*5&8$4(&4)*#J&$+J&.#P)/-(/+M&"(8&
P#+J)8-&/+&$&-K+J/4$"8J&588JF&&&&
&
?(8&P#+J)8-&4$+&"(8+&P8&$--/M+8J&
*%M$+/O$"/*+$)&[#*"$-&$+J&$448--&4*+"%*)&
.*)/4/8- 9&$+J&P%*N8%8J&$M$/+-"&"(8&4$.$P/)/"/8-&
8Z.%8--8J&/+&$+&,'^e&J8-/M+F&
&
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EMML	
  
&
&
,^^e&.%*7/J8-&8)8D8+"-&"*&J8-4%/P8&7$%/*#-&
4*+5/M#%$"/*+&/"8D-&/+&$+&I?&D$+$M8D8+"&
-K-"8D9&$+J&"(8/%&%8)$"/*+-(/.-9&J8.8+J8+4/8-&
*%&-"$"8-F&&&,78%K&8)8D8+"&/+&,'^e&*%&,_^e&4$+&
P8&J8-4%/P8J&$-&-*D8&N/+J&*5&,^^e&J8-/M+&*%&
%8-*#%48&/"8D9&$+J&,^^e&/+"%*J#48-&$+&
/+J8.8+J8+"&S_8.)*K8J&I"8DT&"*&J8-4%/P8&"(8&
-"$"8&*5&$&J8.)*K8J&$..)/4$"/*+F&&&
&
&,^^e&.%*7/J8-&$&'^_YB)/N8&/+"8%5$48&5*%&
[#8%K/+M9&$+$)KO/+M9&78%-/*+/+M9&$+J&$%4(/7/+M&
"(8&4*+5/M#%$"/*+&-"$"8&*5&I?&$..)/4$"/*+-&$-&
"(8K&87*)78&*78%&"/D8F&
&

3$4&-2.$5#6#7#/+#$37+"*)#+)27#$
&
d#%&4)*#J&%858%8+48&$%4(/"84"#%8&J8-4%/P8-&"(%88&.)$+8-&*5&8)8D8+"-&/+&$&4)*#J&$..)/4$"/*+9&$+J&"(%88&
-8"-&*5&-($%8J&-8%7/48-&"($"&4%*--B4#"&"(8-8&.)$+8-F&
&
?(8&"(%88&.)$+8-&$%8&$-&5*))*H-@&

Application	
  Plane	
  
& &
?(8&6..)/4$"/*+&3)$+8&
4*+"$/+-&"(8&$P-"%$4"&
8)8D8+"-&*5&$+&
$..)/4$"/*+L-&
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4*+-"%$/+"-&*%&
.%858%8+48-&*+&"(8&
8)8D8+"-&*5&"(8&
$..)/4$"/*+F&&&?(8&
8)8D8+"-&*5&"(8&
$..)/4$"/*+&.)$+8&$%8&
J8-4%/P8J&PK&,'^eF&
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Inter-­Cloud	
  Control	
  Plane	
  
& &
?(8&4)*#J&4*+"%*)&.)$+8&4*+"$/+-&"(8&+8"H*%N&*5&J/-"%/P#"8J&-8%78%-&$+J&$M8+"-&"($"&.%*7/J8&
$#"*D$"8J&D$+$M8D8+"&$+J&4*+5/M#%$"/*+&"*&$..)/4$"/*+-9&H(/4(&D$K&-.$+&D#)"/.)8&/+5%$-"%#4"#%8&
4)*#J-F&
&
?(8&4*+"%*)&.)$+8&8+$P)8-&4*D.#"8%B$--/-"8J&J8-/M+&5*%&$%4(/"84"-&$+J&M*$)BJ%/78+&$#"*D$"/*+&5*%&
$JD/+/-"%$"*%-9&*+&$%8$-&-#4(&$-@&4)*#JB/+J8.8+J8+"&%8-*#%48&$))*4$"/*+9&4*+5/M#%$"/*+&$+J&
J8.)*KD8+"&D$+$M8D8+"9&#-$M8BP$-8J&D8"8%/+M9&$+J&$#"*D$"8J&-4$)$P/)/"K&$+J&%84*78%KF&

Management	
  Plane	
  
& &
?(8&D$+$M8D8+"&.)$+8&8+$P)8-&.%*M%$DD$P)8&$448--&"*&"(8&8)8D8+"-&*5&$..)/4$"/*+B/+J8.8+J8+"&
7/%"#$)/O8J&($%JH$%8&$+J&-*5"H$%8&/+5%$-"%#4"#%8F&&&&?(8-8&7/%"#$)/O8J&%8-*#%48-&$+J&-*5"H$%8&
.$4N$M8-&$%8&8Z.*-8J&$-&H8P&-8%7/48-9&H(8%8&"(8K&4$+&P8&.%*7/-/*+8J9&%#+9&$+J&D$+$M8J&/+&-#..*%"&
*5&$+&$..)/4$"/*+F&&?(8&8)8D8+"-&$+J&%8)$"/*+-(/.-&*5&"(8&D$+$M8D8+"&.)$+8&$%8&J8-4%/P8J&PK&,_^eF&
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