R Institute of Architecture of Application Systems M

University of Stuttgart
Universitatsstral3e 38
D-70569 Stuttgart

Master’s Thesis Nr. 3341

Merging of
TOSCA Cloud Topology Templates

Andreas Weil3
Course of studies : Wirtschaftsinformatik
First Examiner : Prof. Dr. Frank Leymann
Second Examiner: Jun.-Prof. Dr.-Ing. Dimka Karastoyanova
Supervisor : Dipl.-Inf. Tobias Binz
Commenced : April 17, 2012
Completed : October 17, 2012

CR-Classification : C.24,D.211,H3.4,G.2.2






%

%

$II

%

%

%

%

%






) +
o
)/

)
) %

)1
)2
)2

)5

)3

+2

%%
33

33

99



9+/

%

%

)6,
)6/
62)
)65
)65
)
N+

))2
)9
)+2

):)
):)
)1

)1

).3

),9
)/6
)/6
))
),
)1
)2
)/5
%



))=:%

1)6=:%
1))=(

1)+=%
1),=%
1)=:%
1)1=:%
1)2=:%

1)5=
1)3=
1)9=
1+6=
1+4)=
1++=
2)=8
2+="

- %

2/="
21=
22="

5 +=

5/=.
51=.
52=
55=
53=

3+=
3’:

%
%

%

1+



3 /: * 7 " 7 ))5
9 ): " )/2



+)=< %
++= % B(
+ = %
+/= %
+1= %

+5=#
+3=4

1/=* . %
11=*

13=" .
19=" -

1)6=" -

1)=" -
1)+=. 0
1)=%
1)=%
1)1=" 0
1)2=" 0
1)5=" 0
1)3=" <
1)9="

1+6=" (
1+)=" *

%

1++=" <

1+/=" -
2)=" 7
2+=" ;

2/=" 7
21=" 7
22=" 7

23=:%
29=" *
2)6=" -
2)="

2),=%
2)=" 0
2)1=" 0

2)2=" 0

5)= 7

%
(
<
)
+
)
+
7
0
7
7 (
)
+

N

)9

)3

)66

)62
)65
)69
),
)k

)1
)+3



5+=
5=%
3)=%
3+=

7

A B8

B(;

)+

)+9
).6



3)=7

)3



00 0O O

*# * #
8*:: 8 * % ;
8*(7 8 * ( 7

*B %

:A8 : A 8

04# 0 4 #

A B8 A B(; 8
A>( A > (
# 7 #

*B %



B(
*#

%

%






) #

$ # F1G$
F+6G # F.2G
$" # ?
@ " HIG
#
<" $"
F1G$ F,6G
I
F,+G B(;
#
!

# F2G 4 $

# %
# $ $

# %

$ 3%
& = )I
%
+1
|
)! +! %



) #

))

FIG

F,1G %

Enterprise 1

Topology Template 1

~

Accounting CRM
Application

Application

Tomcat
Application
Server

MysaL
Database

Windows
Operating
System

Windows

Operating
System

~

Enterprise 2

Topology Template 2

/

Accounting Inventory
Application Management
Application

Tomcat
Application
Server

MysQL
Database

Linux Linux

Operating
System

Operating
System

\

IVSECNEE

%




) #

))

%

%

%

%

%

$#



) #

&1

% 1

%

1),

/1"

%

$#

)*

%

%



%

% & !

%

# +)
++
+ %
$ +/
$ $
F/5G $F3G F/3G
4 I=
| |
$! %
&' (
# c I= $
")
!
&"
1= $ |
"+
* 1= $
&



7 =
( &
")
")
"0
&
(
F+5G
$ $
$
!
$
%
$

%

%

F+1G
I=
&
$ ! & &
7 # #
? $ $
$ " $ $
! n
?
% FI,G
&
$ " $
$ $
1 12
$ $
$
$
FG
&
= #
) # 1% -



3 *
$ *
*H
%
ng
' (
* $ $ *
$
Gl
$
( )
FI,.G
$
# - #l
<

%

%

*:B!

*#H1$

0

FNG

%

$

& *#

F)5G

F)3G

*:B!

%



o
%
& ' $!
#
F,+4 $
#
F+G$F5G 0
+)
8
$ *
&
H
‘&

%

%

F1G

%

5"6+ 1

%

67

%

B(;

%

%

B(;

$
$
&&
| B(,
#
I
F2G
@
% 1$ 9
B(
#
$
B(

%



% : % ; ++ # % =
B(
JK %K B(;
F16G$ F/9G
High level syntax of TOSCA Service Template
1 <ServiceTemplate id="ID" name="string"? targetNames pace="anyURI">
2
3 <Extensions>?
4 <Extension namespace="anyURI" mustUnderstand="yes|n 0"?/>+
5 </Extensions>
6
7 <Import namespace="anyURI"? location="anyURI"?
8 importType="anyURI"/>*
9
10 <Types>?
11 <xs:schema .../>*
12 </Types>
13
14 (
15 <TopologyTemplate>
16
17 </TopologyTemplate>
18 |
19 <TopologyTemplateReference reference="xs:QName">
20 )?
21
22 <NodeTypes>?
23
24 </NodeTypes>
25
26 <RelationshipTypes>?
27
28 </RelationshipTypes>
29
30 <Plans>?
31
32 </Plans>

33  </ServiceTemplate>

X +)=x< %



Syntax of the XML complexType tExtensibleElements

1
2
3
4
5
6
7
8
9

B(

<xs:complexType name="tExtensibleElements">

</xs:complexType>

<Xs:sequence>

<xs:element ref="documentation" minOccurs="0"

maxOccurs="unbounded"/>

<xs:any namespace="##other" processContents="lax" m

maxOccurs="unbounded"/>

</xs:sequence>

<xs:anyAttribute namespace="##other" processContent

++=

%

%

or 3

B(G

% %
%
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inOccurs="0"
s="lax"/>
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$# 1
$
class Template Method /
«abstract»
FrameworkClass
+ templateMethod() : void
+ hookMethod() : void
SpecificClass
+ hookMethod() : void
+ 4= ( *
% ;
1 %
"+ 4+ Y
l n

F)1G
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Framework class using the Template Method pattern

%

1 public abstract class FrameworkClass{
2 public  abstract  void hookMethod();
3 public  final  void templateMethod(){
4 /I generic algorithm steps
5 hookMethod();
6 /I generic algorithm steps
7 }
8 1

L otE % ' (

% ; +/
# 1 1

Specific class using the Template Method pattern

1 public class SpecificClass extends FrameworkClass{
2 public  void hookMethod(){
3 /I specific algorithm steps
4 }
5 1}
;o +H= % (
# b
% n 1
o
n $ n |
1 ( 1 +’
C
% 3 #
3 3
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class Factory Method /
«abstract» «abstract»
Product SRy
+ operation() : void + factoryMethod() : Product
ConcreteProduct ConcreteFactory
+ operation() : void + factoryMethod() : Product
7 i’ ’
, 7
return
new ConcreteProduct()
1 + ,= L} ( 2

" +1%; +2$; +5 ; +3
% o
Abstract Factory using the Factory Method
1 public abstract class Factory {
2 public  abstract Product createProduct();
3 }

; +1= % ' (
# : + 1 n
( n

$ 3

1 + , n : + 2
3
3 "o+, $
1] : + 5 #
n n %
3
2 F)1G

)9



Code example for a concrete implementation of the F actory Method
1 public class ConcreteFactory extends Factory{

2 public  Product createProduct(){

3 return  new ConcreteProduct();

4 }

5 1}

, t2= ‘ (

Code example for an application initialization

1  public void init(){

2 Factory myConcreteFactory = new ConcreteFactory()
3
4 }
5 1}
; +5=#
Code example for a concrete implementation of the F actory Method
1 public doSomething(){
2 Product newProduct = myConcreteFactory.createProd uct()
3 }
4 '}
; +3=4
+ / n ( L} (
n # 1
n n 1
1 ( #
# " )
I # n
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class Combined Patterns /

«abstract» «abstract»
FrameworkClass Factory
+ templateMethod() : void + createSpecificClass() : SpecificClass
+ hookMethod() : void
i CihcClass SpecificClassFactory
+ hookMethod() : void

+ createSpecificClass() : SpecificClass

return
new SpecificClass()
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Application
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Basic algorithm for finding a mapping between Node Templates 1
1 Input: Topology Template TT 1
2 Input: Topology Template TT 2
3 Input: Mapping M = £
4 OQutput: Mapping M
5 findMapping(TT 1, TT ,,M)
6 for each Node Templaten ; 1 TT ; do
7 if Node Type of n  ; T NotAllowedTypes then
8 continue
9 end if
10
11 for each Node Templaten ,1 TT, do
12 if Node Type of n  , T NotAllowedTypes then
13 continue
14 end if
15
16 Node Type nt ; = Node Type of n 1
17 Node Type nt > = Node Type of n 2
18
19 if nt,==nt ,
20 UisDerivedFrom(nt LNt )
21 U isDerivedFrom(nt 2Nt )
22 U hasCommonAncestor(nt ;,nt )
23 then
24 Matcher matcher = createNodeTemplateMatcher(nt LNt )
25

;o 1)=" ( )

/6



1 (
Basic algorithm for finding a mapping between Node Templates 2
25 .
26 if matcher.match(n 1,N 2) then
27
28 Set H = createRelationshipTemplateMatchingHandlers( )
29 Set of Rel Template Correspondences RC = new Set()
30 foreach  Handler h I H do
31 RC.add(h.handleRelationshipTemplates(TT 4L, TT 2,n 1,n 5,M))
32 end for each
33
34 Node Template Correspondence ¢ = new Node Template
35 Correspondence(n LN o)
36
37 c.addRelationshipCorrespondences(RC)
38 M.add(c)
39 n ,.addToCorrespondences(c)
40 end if
41 end if
42 end for each
43 end for each
44 end
; 1+="' ( +
1, " "7
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Algorithm to check if two Node Types are related to each other
1 Input: Node Type nt 1
2 Input: Node Type nt 5
3 Output: Boolean
4  isDerivedFrom(nt LNt )
5 if  nt;.getDerivedFrom() null  then
6 Node Type Nt geriveg =Nt j.getDerivedFrom()
7 if  ntgeiveas ==nt , then
8 return true
9 else
10 return isDerivedFrom(nt derived >Nt 2)
11 end if
12 end if
13 return false
14 end
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PropertyDefaults example

1 <tosca:PropertyDefaults>
2 <AppServerProperties>
3 <HostName>cs052276.myhost.com</HostName>
4 <IPAddress>10.171.50.26</IPAddress>
5 <HeapSize>256</HeapSize>
6 <SoapPort>8080</SoapPort>
7 </AppServerProperties>
8 </tosca:PropertyDefaults>
; 1/=* . %
$" = 3
3

PropertyContraints example

<tosca:PropertyConstraints>
<tosca:PropertyConstraint

property="/AppServerProperties/[HostName">
<scope>service</scope>
</tosca:PropertyConstraint>

~N O O b~ WN P

</tosca :PropertyConstraints>
; 11=* %

4-# B* %
; 11 " % *

constraintType="http://www.example.com/PropertyCon

straints/Unique"
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; 12
7 % 4
$ ' ' ) 8
' )
Algorithm for matching the properties of two Node T emplates
1 Input: Node Template n 1
2 Input: Node Template n 5
3 Output: Boolean
4 match(n 1,n )
5 if matchPropertyDefaults(n 1,N 2)
6 U matchPropertyConstraints(n 1,N 2)
7 U matchPolicies(n 1,N )
8 U matchEnvironmentConstraints(n 1,N 2)
9 U matchDeploymentArtifacts(n 1,N 2)
10 U matchlmplementationArtifacts(n 1,N 2)
11 U matchNodeTypelnstanceStates(Node Types of n 1,N 2)
12 U matchNodeTypelnterfaces(Node Types of n 1,n ») then
13 return  true
14 else
15 return false
16 end if
17 end
; 12=" 7
$ $ 3 %
*
$ 3 "
7
7 $ 7
; 15 ! 3
# "7 $ ' BY: 8
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Algorithm to match the Policies of two Node Templat es
1 Input: Node Template n 1
2 Input: Node Template n 2
3 Output: Boolean
4 matchPolicies(n 1,N 5)
5 Node Typent ; =n ;.getNodeType()
6 Node Type nt , =n ,.getNodeType()
7 Set NodeTypePolicies 1 = determineDerivedPolicies(nt 1)
8 Set NodeTypePolicies » = determineDerivedPolicies(nt 2)
9
10 Set NTPolicies 1, NTPolicies 2 = hew Sets of Policies()
11 if n ;.getPolicies() null  then
12 NTPolicies 1 =n j.getPolicies()
13 end if
14 if n ,.getPolicies() null  then
15 NTPolicies 2 =n ,.getPolicies()
16 end if
17
18 if  NodeTypePolicies ;== #£& U NTPolicies ;== £ then
19 return true
20 end if
21 if  NodeTypePolicies ,== £ U NTPolicies ,== £ then
22 return true
23 end if
24 if NodeTypePolicies ; £ then
25 for each Policy p 1 T NodeTypePolicies ; do
26 if p. i NTPolicies ; then
27 NTPolicies .add(p 1)
28 end if
29 end for each
30 end if
31 if NodeTypePolicies , £ then
32 for each Policyp , T NodeTypePolicies , do
33 if p, i NTPolicies , then
34 NTPolicies c.add(p »)
35 end if
36 end for each
37 end if
38 return matchPoliciesTypeSpecificContent(NTPolicies 1, NTPolicies 2)
39 end

. 15= *
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Algorithm to determine all Policies along a Node Ty

pe hierarchy

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Input: Node Type nt

Output: Set of Policies

determineDerivedPolicies(nt)

Set Policies = new Set of Policies()

if nt.getDerivedFrom()

Node Type nt

Policies = Policies.addAll(determineDerivedPolici

end if

derived

if nt.getPolicies()

null  then

= nt. getDerivedFrom()

null  then

List NTPolicies = nt.getPolicies()

for each
if p 1

Policy p
Policies

T NTPolicies
then

Policies.remove(p)

Policies.add(p)

else

Policies.add(p)

end if

end for each

end if
return
end

Policies

—1 *

do

es(nt derived ))

< 7"$
3
[
y
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(
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High-level matching algorithm for HostedOn Relation

ship Templates

1 Input: Topology Template TT 1

2 Input: Topology Template TT 2

3 Input: Node Template n 1

4 Input: Node Template n 2

5 Input: Mapping M

6 Output: Set Relationship Template Correspondences

7 handleRelationshipTemplates(TT .L,T1T 2,n 1,n 2,M)

8 Relationship Template hostedOn 1

9 Relationship Template hostedOn 2
10 Set C = new Set of Relationship Template Correspond ences()
11
12 for each  Relationship Template r 1 1 TT ;1 do
13 if rji.getSource ==n 1 Ur ;.getRelationshipType() == “HostedOn” then
14 hostedOn ; =r
15 break
16 end if
17 end for each
18
19 for each  Relationship Template r > 1 TT, do
20 if rj.getSource == 2 Ur ,.getRelationshipType() == “HostedOn” then
21 hostedOn , =r »
22 break
23 end if
24 end for each
25
26 Matcher matcher = createRelTemplateMatcher(Relation shipType of
27 hostedOn )
28 if  matcher.match(hostedOn  ;,hostedOn ;) then
29 Relationship Template Correspondence ¢ = new Relati onship Template
30 Correspondence()
31 C.add(c)
32 else
33 throw new NotCompatibleException()
34 end if
35 return  C
36  end
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Algorithm to match properties of Relationship Templ ates

Input: Relationship Template r 1
Input: Relationship Template r 2
Output: Boolean
match(r 4,r »)
if matchPropertyDefaults(r Ll 2)
U matchPropertyConstraints(r . 2)
U matchRelationshipConstraints(r Ll 2)
then
return  true

© 0 N o O b~ W N P

else

=
o

return false

=
=

end if
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Algorithm to match RelationshipConstraints

1 Input: Relationship Template r 1
2 Input: Relationship Template r 2
3 Output: Boolean
4  matchRelationshipConstraints(r L 2)
5 RelationshipConstraints rc 1 =n j.getRelationshipConstraints()
6 RelationshipConstraints rc 2 =n ,.getRelationshipConstraints()
7
8 if rc 1 ==null U rc , == null then
9 return true
10 end if
11
12 return matchRelationshipConstraintsTypeSpecificContent(rc
13 end
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Data structure GroupTemplateHierarchy

data structure GroupTemplateHierarchy {
GroupTemplateHierarchy child
GroupTemplateHierarchy parent

1
2
3
4 Group Template groupTemplate
5 int nestingLevel

6

}
X 1)+=. 0 <
FI6G : O <
7 | $" 0 <
7 '+B 7 "B
0 0
0 < ' $ $
7 % - 0 $ O <
0 < $
7 X +B % 7 ;
# % 0 < $ 7
X A
1 > L I+ &
0 < $
% %
;1) 5 1+ 0
% : 1), : 1) 7
$ 7 -
$
= # " 8
) & ; "
7 $- 0 $
" 0
0
"0 $ Coez1sF Coez13F) 0
0 $
7 ;
" " 7
) 7 + <" $
$ $

2)



Extended algorithm for finding a mapping between No

de Templates 1

© 0 N o o b~ W N P
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Input: Set of Elements E 1
Input: Set of Elements E 2
Input: Group Template g parentl
Input: Group Template g parent2
Input: Mapping M = £

Output: Mapping M
findMapping(E  1,E 2,9 parentt 19 parentz :M)
for each Elemente ; 1 E; do
if e; 1 Node Templates then
Node Template n ; = (Node Template)e
else if e, 1 Group Templates then
Group Template g ; = (Group Template)e
findMapping(g ;.getElements(),E
end if

for each Elemente , i E, do
if e, 1 Node Templates then

1

Node Template n , = (Node Template)e

else if e, 1 Group Templates then

Group Template g , = (Group Template)e

if isGroupTemplateAccessPossible(g

then
SetE  ,ew = new Set()
E new-add(n l)

findMapping(E  rew,g 2.getElements(),g

else
continue
end if
end if
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Extended algorithm for finding a mapping between No de Templates 2
30
31 if nty==nt ,
32 UisDerivedFrom(nt Nt )
33 U isDerivedFrom(nt 2Nt 1)
34 U hasCommonAncestor(nt
35 then
36 Matcher matcher = createNodeTemplateMatcher(nt
37 if @isMatchingPossible(n 1N 2,0 parent1 +J parenz ) then
38 continue
39 end if
40 if matcher.match(n 1,h ») then
41
42 end if
43 end if
44 end for each
45 end for each
46 end
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Algorithm to decide if Group Template access is pos sible part 1
1 Input: Node Template n 1
2 Input: Group Template g 2
3 Input: Group Template g parentl
4  Input: Group Template g parent2
5 Input: Set of Group Template Correspondences GTC
6  Output: Boolean
7 isGroupTemplateAccessPossible(n 1.9 2,9 parent1 +9 parenz ,GTC)
8 Matcher matcher = createGroupTemplateMatcher()
9
10 if  Oparentn null then
11 if  Qparena ==0 2 then
12 return true
13 else if isOnSameLevel(g parentz 9 2) then
14
15 if matcher.match(g  paenn ,9 2) then
16 Group Template Correspondence ¢ = new Group Tem plate
17 Correspondence(d  parent1 »J 2)
18 GTC.add(c)
19 Oparenu -addCorrespondences(c)
20 return true
21 else
22 return false
23 end if
24
25 else if Oparent1 -g€tParent() null V]
26 Oparent -g€tParent().checkGroupTemplateCorrespondence(n 1,9 2,GTC)
27 then
28 return true
29
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Algorithm to decide if Group Template access is pos sible part 2
29
30 else if Oparents -g€tParent() == null Ud parent2 null  then
31
32 return  matcher.match(g ,,n 1)
33 end if
34
35 else if Qparenn == null then
36
37 return matcher.match(g 2,N 1)
38 end if
39 return true
40 end
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Algorithm on GroupTemplateHierarchy to check GT Cor respondence
1 Input: Node Template n 1

2 Input: Group Template g 5

3 Input: Set of Group Template Correspondences GTC

4 Output: Boolean

5 checkGroupTemplateCorrespondence(n 1,0 2,GTC)

6 if g ,.getParent() == null then

7 GroupTemplateHierarchy root = traverseToRoo0t()

8 if root.checkCorrespondencesOfLevel(g 2,GTC)

9 UcheckAccess(g ,,n 1) then
10 return true
11 else
12 return false
13 end if
14 end if
15
16 GroupTemplateHierarchy h =
17 getHierarchyElement(g ».getParent().getNestingLevel() + 1)
18
19 if h null then
20 if  h.checkCorrespondencesOfLevel(g 2,GTC)
21 UcheckAccess(g ,,n 1) then
22 return true
23 else
24 return false
25 end if
26 else
27 return checkAccess(g 2,h 1)
28 end if
29 end
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Algorithm on GroupTemplateHierarchy to get a partic ular element
1 Input:intl
2 Output: GroupTemplateHierarchy
3 getHierarchyElement(l)
4 if == then
5 return self
6 else if >| then
7
8 if null  then
9 return .getHierarchyElement(l)
10 end if
11
12 else if <l then
13
14 if null  then
15 return .getHierarchyElement(l)
16 end if
17
18 end if
19 return null
20 end
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Algorithm on GroupTemplateHierarchy to check Corres pondences
1 Input: Group Template g 5

2 Input: Set of Group Template Correspondences GTC n

3 Output: Boolean

4 checkCorrespondencesOflLevel(g 2, GTC i)

5 SetC=g ,.getCorrespondences()

6

7 for each Group Template Correspondence ¢ i C do

8 if c.getFrom()==g¢g » U c.getTo() ==

9 U c.getFrom() == U c.getTo() == g > then
10 return true
11 end if
12 end for each
13
14 Matcher matcher = createGroupTemplateMatcher()
15 if matcher.match( .9 2) then
16 Group Template Correspondence ¢ = new Group Templ ate
17 Correspondence( .9 2)
18 GTG, .add(c)
19 g..addCorrespondences(c)
20 return true
21 end if
22 return false
23 end
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Algorithm for deciding if the matching is possible

1 Input: Node Template n 1
2 Input: Node Template n 2
3 Input: Group Template g 1
4  Input: Group Template g 2
5 Output: Boolean
6 isMatchingPossible(n N 2,0 1,0 »)
7 if  n;.getParent() == null U n ,.getParent() == null then
8 return true
9 else
10
11 Matcher matcher = createGroupTemplateMatcher()
12
13 if n;.getParent() == null Un ,.getParent() null  then
14 if matcher.match(g ,,n ;) then
15 return true
16 end if
17
18 else if n;.getParent() == null U n ,.getParent() null  then
19 if matcher.match(g 1,n ,) then
20 return true
21 end if
22 end if
23
24 else if n;.getParent() null un ,.getParent() null  then
25 if n;.getParent().getLevel() > n ».getParent().getLevel() then
26 if matcher.match(g 1,n ,) then
27 return true
28 end if
29 else if n,.getParent().getLevel()<n »>.getParent().getLevel() then
30 if matcher.match(g ,,n ;) then
31 return true
32 end if
33 else
34 return true
35 end if
36 end if
37 end if
38 return false
39 end
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Algorithm to match the policies of Node and Group T emplates
1 Input: Group Template g
2 Input: Node Template n
3 Output: Boolean
4 matchPolicies(g,n)
5 Node Type nt = n.getNodeType()
6 Set NodeTypePolicies = determineDerivedPolicies(nt )
7 Set NTPolicies n = determineHierarchyPolicies(n)
8 Set GTPolicies = determineHierarchyPolicies(g)
9 Set NTPolicies, GTPolicies = new Sets of Policies()
10
11 if n.getPolicies() null  then
12 NTPolicies = n.getPolicies()
13 end if
14 if g.getPolicies() null  then
15 GTPolicies = g.getPolicies()
16 end if
17
18 if  NodeTypePolicies == £ U NTPolicies == £ U NTPolicies == £ then
19 return true
20 end if
21 if  GTPolicies == /£ U GTPolicies == £& then
22 return true
23 end if
24
25 if NodeTypePolicies £ then
26 for each Policy p i NodeTypePolicies do
27 if p. I NTPolicies then
28 NTPolicies = NTPolicies Ep
29 end if
30 end for each
31 end if
32
33 NTPolicies.addAll(NTPolicies h)
34 GTPolicies.addAll(GTPolicies h)
35
36 return matchPoliciesTypeSpecificContent(NTPolicies,GTPolic ies)
37 end
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Algorithm to determine Group Template Policies of t he Hierarchy
1 Input: Group Template g
2  Output: Set of Policies
3 determineHierarchyPolicies(g)
4 Set P = new Set of Policies
5 if g.getParent() null  then
6 P.addAll(g.getParent().getAllPolicies())
7 end if
8 return P
9 end
: 1++=" < * 0
$ #
0 C 0 < $
L)+ -
0 < 3
;14
/ 0 <
K@ "' 0 < # $ * C@6 9- &9K.
$ % $ ; ; 131 #% " $
9K@"'. 0 < $ 3
0 $ % $ 3
IK@"' 0 <

0 < K@ .



Algorithm on GroupTemplateHierarchy to get all poli cies
1 Input: Set of Policies P = £
2 Output: Set of Policies
3 getAllPolicies(P)
4 if ==null  then
5 if . getPolicies() null  then
6 P.addAll( .getPolicies())
7 end if
8 return P
9 else
10 if . getPolicies() null  then
11 P.addAll( .getPolicies())
12 end if
13 return .getAllPolicies(P)
14 end if
15 end
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Algorithm building an overall set of Relationship T emplates
1 Input: Set of Elements E
2 Input: Set of Relationship Templates R = £
3 Input: GroupTemplateHierarchy parent
4  Output: Set of Relationship Templates R
5 buildRelationshipTemplateSet(E,R,parent)
6 if  parent null  then
7 parent.setNestingLevel(parent.getNestingLevel() + 1
8 end if
9
10 foreach  Elemente 1 E do
11 e.setNumberOfMerges(0)
12 e.getCorrespondences().clear()
13 e.getCollectedCorrespondences().clear()
14
15 if e 1 Node Templates then
16 e.setParent(parent)
17 else if e 1 Relationship Templates then
18 e.setParent(parent)
19 R.add((Relationship Template)e)
20 else if e 1 Group Templates then
21 Group Template g = (Group Template)e
22 g.setParent(parent)
23 GroupTemplateHierarchy h = new GroupTemplateHierarc hy()
24 h.setParent(parent)
25 h.setGroupTemplate(g)
26
27 if parent null  then
28 parent.setChild(h)
29 h.setNestingLevel(parent.getNestingLevel())
30 end if
31 return buildRelationshipTemplateSet(g.getElements(),R,h)
32 end if
33 end for each
34 end
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Basic merging algorithm for Node Templates
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Input: Mapping M
Input: Topology Template TT 1
Input: Topology Template TT 2
Output: Topology Template TT erged
performNodeTemplateMerge(M,TT LT )
for each Correspondence ¢ i M do
if c.getFrom() == c.getTo() then
continue
end if
Node Template n ; = c.getFrom()
Node Template n 2 = c.getTo()

if ghasCorrectNumberOfCorrespondences(c,n 1,N ») then
continue
end if
Merger merger = createNodeTemplateMerger(Node Types of n 1,N )

Node Template  Npergea = Merger.merge(n 1 Ny)

N merged -S€INUmMberOfMerges(n  ;.getNumberOfMerges + 1)
N merged -addToCollectedCorrespondences(
n,.getCollectedCorrespondences)

N merged -addToCollectedCorrespondences(n 1.getCorrespondences)
N merged-addToCollectedCorrespondences(n ».getCorrespondences)
Handler handler = createRelationshipTemplateMergi ngHandler()
handler.handleRelationshipTemplates(TT L, T1T 2,c,M)

Set removeSet = reconnectEdges(TT L TT 2,0 1,0 2,N merged)

removeSet.clear

TT ;.remove(n )
TT ,.remove(n »)
TT 1-add(n merged)

M = reconnectCorrespondences(M,n 1N 2,N merged)
end for each
TT1.addAI(TT )
return TT,
end
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Algorithm to reconnect the edges after merging node
1 Input: Topology Template TT 1
2 Input: Topology Template TT 2
3 Input: Node Template n 1
4 Input: Node Template n 5
5 Input: Node Template n merged
6  Output: Set removeSet
7 reconnectEdges(TT  1,TT 2,0 1,N 2,0 merged)
8 for each Relationship Template rt 1 TT, ETT, do
9 Node Template source = rt.getSource()
10 Node Template target = rt.getTarget()
11 Set removeSet = new Set()
12
13 if source==n 4, Usource==n , then
14 rt.setSource(N merged )
15 end if
16
17 if target==n 1 Utarget==n > then
18 rt.setTarget(N merged)
19 end if
20
21 if rt.getSource() == rt.getTarget() then
22 removeSet.add(rt)
23 end if
24 end for each
25 return removeSet
26 end
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Algorithm to reconnect Node Template Correspondence

1 Input: Mapping M
2 Input: Node Template n 1
3 Input: Node Template n 5
4 Input: Node Template n merged
5  Output: Mapping M
6 reconnectCorrespondences(M,n 1N 2,N merged)
7 for each Correspondence ¢ i M do
8
9 if c.getFrom() ==n 1 Uc.getFrom() ==n > then
10 c.setFrom(n  merged)
11 end if
12
13 if c.getTo() ==n 1 Uc.getTo() ==n > then
14 c.setTo(n merged )
15 end if
16 end for each
17 return M
18 end
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Algorithm to check if number of Correspondences is

correct part 1

1 Input: Initial correspondence corr init
2 Input: Node Template n 1
3 Input: Node Template n 2
4 Output: boolean
5 hasCorrectNumberOfCorrespondences(corr init »N 1,0 2)
6 if n ;.getNumberOfMerges() == Un ,.getNumberOfMerges() == then
7 return true
8 end if
9
10 int counter=0
11
12 for each  innate Correspondence c , outgoing from n , do
13 if ¢ ;.getTo() == corr int -getTo() ucq !=corr i, then
14 counter = counter + 1
15 end if
16 end for each
17
18 for each  collected Correspondence cc , outgoing from n , do
19 if cc ;.getTo() == corr int -getTo() ucc ; !=corr i then
20 counter = counter + 1
21 end if
22 end for each
23
24 for each  innate Correspondence c » outgoing from n > do
25 if ¢ ,.getTo() == corr int -getTo() uc, !=corr i, then
26 counter = counter + 1
27 end if
28 end for each
29
30 for each  collected Correspondence cc » outgoing from n 2 do
31 if cc ,.getTo() == corr int -getTo() ucc , !=corr i then
32 counter = counter + 1
33 end if
34 end for each
35
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Algorithm to check if number of Correspondences is correct part 2
35
36 if n ;.getNumberOfMerges() >0 Un ,.getNumberOfMerges() > 0 then
37 if counter == n;.getNumberOfMerges() + n 2.getNumberOfMerges() +1
38 then
39 return true
40 else
45 return false
46 end if
47 end if
48
49 if n ;.getNumberOfMerges() >0 Un ,.getNumberOfMerges() == then
50 if counter == nj;.getNumberOfMerges then
51 return true
52 else
53 return false
54 end if
55 end if
56
57 if n ;.getNumberOfMerges() == Un ,.getNumberOfMerges() > 0 then
58 if counter == n,.getNumberOfMerges then
59 return true
60 else
61 return false
62 end if
63 end if
64 end
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Algorithm to merge the Properties of two Node Templ ates
1 Input: Node Template n
2 Input: Node Template n
3 Output: Node Template n
4  merge(n 1,n )
5 Node Template N merges = NEW Node Template()
6 Nmerged -S€IName(n  ;.getName())
7 Nmerged -S€tIA(N  ;.getld())
8 Nmerged -S€tNOdeType(decideNodeType(Node Types of n 1,N 2)
9 Nmerged -S€IMiNInstances(mergeMininstances(n 1,N 1))
10 Nmerged -S€tMaxInstances(mergeMaxInstances(n 1,N 1))
11 N merged -S€IPropertyDefaults(mergePropertyDefaults(n 1N 2))
12 N merged -S€IPropertyConstraints(mergePropertyConstraints(n 1N 2))
13 Nmerged -S€tPoOlicCies(mergePolicies(n 1,N )
14 Nmerged -SEtENVironmentConstraints(
15 mergeEnvironmentConstraints(n 1,N 2))
16 Nmerged -S€tDEPlOymMentArtifacts(mergeDeploymentArtifacts(n 1,N 2))
17 Nmerged -SEtIMplementationArtifacts(
18 mergelmplementationArtifacts(n 1,N 2))
19
20 return N merged
21 end
; 22="
+ '&
# 7 7 $ T
7 ( "
<"$ 7 ' $

)66



n $ n

$ $ n 7
_ $ n 7
7
25 " - # 7
Algorithm to determine which Node Type to use
1 Input: Node Type nt 1
2 Input: Node Type nt 2
3 Output: Node Type nt e
4  decideNodeType(nt 1,nt »)
5 if nt == nt, then
6 return nt ;
7 else
8 return decideNodeTypeTypeSpecificContent(nt Nt )
9 end if
10 end
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(
Type specific algorithm to merge simple PropertyDef aults
1 Input: PropertyDefaults PD 1
2 Input: PropertyDefaults PD 2
3 Output: Property Defaults PD merged
4  mergePropertyDefaultsTypeSpecificContent(PD 1,PD>)
5 int heapSizel = getNodeValueByTagName (PD.," HeapSize” )
6 int heapSize2 = getNodeValueByTagName (PD,," HeapSize” )
7
8 heapSizel = heapSizel + heapSize2
9
10 setNodeValueByTagName(PD 1,“HeapSize”,heapSizel)
11 return PD,
12 end
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Algorithm to merge the Property Constraints
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Input: Node Template n 1
Input: Node Template n 2
Output: Property Constraints PC merged
mergePropertyConstraints(n 1,N 5)
if n ;.getPropertyConstraints() == null  then
return  n ,.getPropertyConstraints()
end if
if n,.getPropertyConstraints() == null  then
return n j;.getPropertyConstraints()
end if
Property Constraints PC 1 = n j.getPropertyConstraints()
Property Constraints PC 2 = nh ,.getPropertyConstraints()
for each Property Constraint pc i PC, do
if pc i PG then
PC,.add(pc)
end if
end for each
return PG
end
; 29=" *
6 ; 6 " & 1
* 7 n
1] *
, 29%
4
n #
v
& &
1 + n -
- $
$
7
# 2+)

)6,



%

" XDOEF10
5!

%

)5 "

%

$C

+)!

%

2)! #

) 1!

%

)6/



Basic merging algorithm for Relationship Templates
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Input: Topology Template TT 1

Input: Topology Template TT 2

Input: Mapping M

Input: Node Template Correspondence ¢

Output: Topology Template TT updated
handleRelationshipTemplates(TT 1, 1T 2,¢,M)

Set RC = c.getRelationshipTemplateCorrespondences()

fo

en

reach Relationship Template Correspondence rc i RC do
if  rc.getFrom() == rc.getTo() then
continue
end if
Relationship Template r 1 = rc.getFrom()
Relationship Template r 2 =rc.getTo()
if ghasCorrectNumberOfCorrespondences(rc,R 1,R ) then
continue
end if

Merger merger = createRelTemplateMerger(Relationship Type of r

Relationship Template lmerged = Merger.merge(r 1 r,)

I'  merged -SEINUMberOfMerges(r 1.getNumberOfMerges + 1)
I' merged -addToCollectedCorrespondences(
r ;.getCollectedCorrespondences)

I' merged-addToCollectedCorrespondences(r
I' merged-addToCollectedCorrespondences(r

TT .remove(r )
TT ,.remove(r )
TT l-add(r merged)

M = reconnectCorrespondences(M,r 10 2.7 merged)
d for each

return TT,

end

+, 45

1.getCorrespondences)
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Algorithm to reconnect Relationship Template Corres pondences
1 Input: Mapping M
2 Input: Relationship Template r 1
3 Input: Relationship Template r 2
4 Input: Relationship Template r merged
5 Output: Mapping M
6 reconnectCorrespondences(M,r 10 2,0 merged)
7 for each Node Template Correspondence c i M do
8 Set RC = c.getRelationshipTemplateCorrespondences 0
9
10 foreach  Relationship Template Correspondence rc 1 RC do
11 if rc.getFrom() ==r 1 Urc.getFrom() ==r > then
12 rc.setFrom(r merged)
13 end if
14
15 if rc.getTo()==r 1 Urc.getTo() ==r > then
16 rc.setTo(r merged)
17 end if
18 end for each
19 end for each
20 return M
21 end
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Algorithm to merge the Properties of two Relationsh

ip Templates

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Input: Relationship Template r
Input: Relationship Template r
Output: Relationship Template r
merge(r 1,r »)

Relationship Template r

r

r

I merged -SE€LIA(r

r merged
r merged
r merged
r merged

merged

merged

1.getld())

.setName(r

.setRelationshipType(r
.setSourceElement(r
.setTargetElement(r

1
2

merged

merged = NEW Relationship Template()

1.getName())

1.getRelationshipType())

1.getSourceElement())

1.getTargetElement())

.setPropertyDefaults(mergePropertyDefaults(r

.setPropertyConstraints(mergePropertyConstraints(r

I' merged -S€tRelationshipConstraints(

mergeRelationshipConstraints(r

return

end

r merged
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Extension to the basic merging algorithm for Node T emplates
1
2 Set E ; = new Set of Elements
3 Set E , = new Set of Elements
4
5 if n j.getParent() == null un ,.getParent() == null then
6 TT j.remove(n 4)
7 TT ,.remove(n »)
8 TT ;.add(n  merged)
9 else if n i.getParent() == null un ,.getParent() null  then
10 Nmerged -S€tParent(n ».getParent())
11 Group Template g = n »2.getParent().getGroupTemplate()
12 E , = g.getElements()
13 E 2.add(n merged)
14 E ,.remove(n »)
15 TT ;.remove(n ;)
16 else if n;.getParent() null U n ,.getParent() == null then
17 N merged -S€tParent(n 1.getParent())
18 Group Template g = n 1.getParent().getGroupTemplate()
19 E 1 =g.getElements()
20 E ;.add(n  merged)
21 E i.remove(n ;)
22 TT ,.remove(n )
23 else if n;.getParent() null un ,.getParent() null  then
24 Group Template g 1 =n j.getParent().getGroupTemplate()
25 Group Template g 2 =N .getParent().getGroupTemplate()
26 E 1 =g ;.getElements()
27 E , =g ».getElements()
28 if n ;.getParent().getNestingLevel()
29 n,.getParent().getNestingLevel() then
30 N merged -S€tParent(n 1.getParent())
31 E ;.add(n merged)
32 else if (n ;.getParent().getNestingLevel() <
33 n,.getParent().getNestingLevel()) then
34 N merged -S€tParent(n ».getParent())
35 E s.add(n merged)
36 end if
37 E;.remove(n ;)
38 E,.remove(n )
39 end if
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Algorithm for relocating Relationship Templates

1 Input: Relationship Template r
2 Input: Node Template n 1
3 Input: Node Template n 2
4 Input: Topology Template TT 1
5 Input: Topology Template TT 2
6 Output: void
7 relocateEdges(r mergeds 11 1, TT 2)
8 if n j.getParent() null Un ,.getParent() null
9 U n ;.getParent().getGroupTemplate() ==
10 n ,.getParent().getGroupTemplate() then
11 Set E ; =n ;.getParent().getGroupTemplate().getElements()
12 if r i E. then
13 E i.add(r)
14
15 if T merged.g€tParent() null then
16 E | =r.getParent().getGroupTemplate().getElements()
17 E .remove(r)
18 else if r 1 TT,; then
19 TT  i.remove(r)
20 else
21 TT  ,.remove(r)
22 end if
23 end if
24 end if
25 end
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Merging algorithm for Group Templates part 1

1 Input: Set of Group Template Correspondences GTC

2 Input: Topology Template TT 1

3 Input: Topology Template TT 5

4  OQutput: Topology Template TT merged

5 performGroupTemplateMerge(GTC,TT LIT )

6 for each  Correspondence c i GTC do

7 if c.getFrom() == c.getTo() then

8 continue

9 end if
10
11 Group Template g 1 = c.getFrom()
12 Group Template g 2 = c.getTo()
13
14 if ghasCorrectNumberOfCorrespondences(c,g 1,0 ») then
15 continue
16 end if
17
18 Merger merger = createGroupTemplateMerger()
19 Group Templateé  QGmergea = Merger.merge(gd 1, 9>)
20 0 merged -S€tNUmMberOfMerges(g  ;.getNumberOfMerges + 1)
21 g merged-addToCollectedCorrespondences(
22 g:.getCollectedCorrespondences)
23 0 merged -@addToCollectedCorrespondences(g 1.getCorrespondences)
24 g merged-addToCollectedCorrespondences(g ».getCorrespondences)
25
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Merging algorithm for Group Templates part 2

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
45
46
47
48
49
50
51
52
53
54
55

1+

if g ;.getParent() null U g ,.getParent() null  then

SetE ;=g :.getParent().getGroupTemplate().getElements()

SetE , =g ,.getParent().getGroupTemplate().getElements()

Omerged -S€tParent(g  ;.getParent())
E ;.remove(g 1))

El-add(g merged)
E>.remove(g »))

SetE 4 =0 merged-0€tElements()
foreach Elemente 1 Eg4 do
e.getParent().setGroupTemplate(g
end for each

else

TT j.remove(g 1)

TT ,.remove(g »)

TT 1.add(g merged)

SetE 4 =0 merged-0€tElements()
foreach Elemente 1 Eg4 do
e.getParent().setGroupTemplate(g
end for each
end if
GTC = reconnectCorrespondences(GTC,g
end for each
return TT,
end
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Algorithm to merge properties and content of two Gr
1 Input: Group Template g 1
2 Input: Group Template g 2
3 Output: Group Template g merged
4 merge(g 1.9 2)
5 Group Template g merged = NEW Group Template()
6 Omerged -0€tElements().addAll(g 1.getElements())
7 Omerged -0€tElements().addAll(g ».getElements())
8 Omerged-S€tIA(g  ;.getld())
9 Omerged -S€IName(g ;.getName())
10 Omerged -S€tPOliCies(mergePolicies(g 1,0 2))
11 Omerged -S€tMaxInstances(mergeMaxInstances(g 1,0 2))
12 Omerged -S€tMinInstances(mergeMininstances(g 1,0 2))
13
14 return g merged
15 end
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class Overall Architecture Merge \

«interface»
TOSCAMergeService

JA

TOSCAMergeServiceStatelessimpl

«abstract»
TOSCA

TOSCAFileMatcher

TOSCARelationshipTemplateMergingHandler

7

TOSCAMergingFactory

TOSCAFileMerger

1 1

«abstract»
TOSCAMerger

1

«abstract»
TOSCARelationshipTemplateMerger

«abstract»
TOSCANode TemplateMerger

«abstract»
TOSCAGroupTemplateMerger

$>>

$>>

HostedOnRelationshipTemglateMerger

TomcatApplicationServerMerger

MyGroupTemplateMerger

CommunicationRelationshipemplateMerger

DependencyRelationshipTemplateMerger

_umc_m:_._:chmz__mamq

—] MySQLDatabaseMerger
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class merging functionality \
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class Correpondences
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Schema of a Node-Type-specific configuration part 1

1 <?xml version="1.0" encoding="UTF-8"?>
2  <xs:schema
3 xmins:xs="http://www.w3.0rg/2001/XMLSchema">
4
5 <xs:element name="NodeTypeSpecificlmplementations"
6 type="tTypeSpecificNodeTypeConfig">
7 </xs:element>
8
9 <xs:complexType name="tTypeSpecificNodeTypeConfig">
10 <xs:sequence>
11 <xs:element name="nodeTypeMatchers"
12 type="tSpecificNodeTypeMatcher" />
13 <xs:element name="nodeTypeMergers"
14 type="tSpecificNodeTypeMerger" />
15 </xs:sequence>
16 </xs:complexType>
17
18 <xs:complexType name="tSpecificNodeTypeMatcher">
19 <xs:.sequence>
20 <xs:element name="specificMatcher" type="tNodeTy
21 maxOccurs="unbounded" />
22 </xs:sequence>
23 </xs:complexType>
24
, 5)= 7
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Schema of a Node-Type-specific configuration part 2

24

25 <xs:complexType name="tSpecificNodeTypeMerger">

26 <xs:sequence>

27 <xs:element name="specificMerger" type="tNodeTyp eDetail"
28 maxOccurs="unbounded" />

29 </xs:sequence>

30 </xs:complexType>

31

32 <xs:complexType name="tNodeTypeQName">

33 <xs:sequence>

34 <xs:element name="localPart" type="xs:string" />

35 <xs:element name="namespaceURI" type="xs:string" />

36 </xs:sequence>

37 </xs:complexType>

38

39 <xs:complexType name="tNodeTypeDetail">

40 <xs:sequence>

41 <xs:element name="QName" type="tNodeTypeQName" minO ccurs="2"
42 maxOccurs="2" />

43 <xs:element name="implementationClass" type="xs: string" />
44 </xs:sequence>

45 </xs:complexType>

46  </xs:schema>
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Example of a Node-Type-specific configuration file

1 <?xml version="1.0" encoding="UTF-8"?>
2 <NodeTypeSpecificilmplementations>
3 <nodeTypeMatchers>
4 <specificMatcher>
5 <QName>
6 <localPart>TomcatApplicationServer</localPart>
7 <namespaceURI>http://myTemplate.de/test</namespaceU
8 </QName>
9 <QName>
10 <localPart>TomcatApplicationServer</localPart>
11 <namespaceURI>http://myTemplate.de/test</namespaceU
12 </QName>
13 <implemenationClass>
14 match.typespecific. TomcatApplicationServerMatcher
15 </implemenationClass>
16 </specificMatcher>
17 </nodeTypeMatchers>
18 <nodeTypeMergers>
19 <specificMerger>
20 <QName>
21 <localPart>TomcatApplicationServer</localPart>
22 <namespaceURI>http://myTemplate.de/test</namespaceU
23 </QName>
24 <QName>
25 <localPart>TomcatApplicationServer</localPart>
26 <namespaceURI>http://myTemplate.de/test</namespaceU
27 </QName>
28 <implemenationClass>
29 merge.typespecific. TomcatApplicationServerMerger
30 </implemenationClass>
31 </specificMerger>
32 </nodeTypeMergers>

33  </NodeTypeSpecificimplementations>
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Example of an anonymous type in the TOSCA XML-schem a
1

2  <xs:element name="Policies" minOccurs="0">

3 <xs:complexType>

4 <xs:seguence>

5 <xs:element name="Policy" type="tPolicy"

6 maxOccurs="unbounded"/>

7 </xs:sequence>

8 </xs:complexType>

9 </xs:element>
10
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Section of the used JAXB Customization Bindings

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

<jxb:bindings version="1.0"
xmins:jxb="http://java.sun.com/xml/ns/jaxb"
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
xmins:xjc="http://java.sun.com/xml/ns/jaxb/xjc">

<jxb:globalBindings localScoping="toplevel">
<xjc:superClass
name="de.toscamerge.generated.extension.BaseClass"/
</jxb:globalBindings>

<jxb:bindings schemalocation="TOSCA-v1.0-wd05.xsd"
node="/xs:schema">
<jxb:bindings node="//xs:complexType[@name="tGroupT
Ixs:complexContent/xs:extension/xs:sequence/xs:e
[@name="Policies']//xs:complexType">
<jxb:class name="GroupTemplatePolicies"/>
</jxb:bindings>
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