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OVERVIEW E {GE

g

Basic terminology (<10 min.)
 Key idea and general approach

Core tutorial part (<25 min.)
e BX operations and analysis

Integration part (<10 min.)

* General concept for concurrent model
synchronization

* Cross-disciplinary concepts
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Interrelated Models in Model Driven Engineering E/{Ga

Model Transformations

Model 1 Model 2 € PIM«3PIM (horizontal):
L = DSL1<>DSL2,
PIM Model Translation/ Integration/
L Synchronisation, e.g.:
UML Class Diag.<+> RDBM
. é é BPMN < BPEL
i Sequence Diag. <> St. Machines

|[ Model 16 |[ Model 2b
PIM<+>PSM (vertical):

PSM m-% @ % 9 Model/Code generation,
reverse engineering, e.g.:
| E I Class Diag.<>Class Diag.
Class Diag.<>Java

J

[HEO+13]
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. . i . a
Interrelated Models in Model Driven Engineering (e

Model Transformations

Model 1 Model 2 €)PIM>PIM (horizontal):

] = DSL1+4+DSL2
PIM Model Translation/ Integration/
L Synchronisation, e.g.:
UML Class Diag.<+> RDBM

1 BPMN < BPEL
Sequence Diag. <> St. Machines

| CodeA 1| CodeB
pr—— e a PIM<PSM (vertical):

;r::i:ggen; int runs=0;
] boolean success=false; .
PSM ol @ B e Model/Code generation,
ubli i

age=0;f ame=name;wage=0;} a
public int getAge(){return age;} L .
publicdouble getWage((retun fna Resource actony ety rg - reverse engineering, e.g.:
wage;} Resource.Factory.Registry INSTANCE;
pubhc)Strmg getName(){return execute(args,reg); - -
name;

; 4] Class Diag.<>Class Diag.

Class Diag.<>Java )

[HEO+13]
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Key Idea of Triple Graph Grammars (TGGs) ¢

e Specify pattern by pattern how consistent integrated
models can be constructed simultaneously

Source Correspondence

Model Model

Target
Model

Triple Graph
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Key Idea of Triple Graph Grammars (TGGs) g/;;

Specify pattern by pattern how consistent integrated
models can be constructed simultaneously

* Generate operations for interoperability:
Model Translation/Integration/Synchronisation

Source Correspondence Target
Model Model Model

Triple Graph
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Key Idea of Triple Graph Grammars (TGGs) g/;;

Specify pattern by pattern how consistent integrated
models can be constructed simultaneously

* Generate operations for interoperability:
Model Translation/Integration/Synchronisation

Source Correspondence Target
Model Model Model

Triple Graph
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Bidirectional Model Transformations
Based on TGGs: Concept

Forward Model Transformation

Input Output
(8)-(sH ) ) »i(sHEET) (T
Backward Model Transformation ..,

IIIIIIIIII
....

Output R < Input
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CD2RDBM: Integrated Model

4 N[
employee -
Company Person Company employes Person s
i >
p PK | cust_id 2
Customer FK1 | employee_cust_id ,‘P..
cust_id:int ()
\ J \\
v v v
(= A
G S1:Class Tl:Table | 1. G
< T2:cols
name="Company" name="Company" _¢
t S3:Association T4:fkeysy T3:Column
name = "employee" [ [Nar/J| 7 ’I T5:FKey | type = "int"
S2:src lS4'dest—> S5.Cl T7:references |—T6:fco|s-> name = P
' --1ass y "employee_cust_id" g
_ name="Person" [* ! | T8:Table o+
S6.pare|i - name="Person" o
S7:Class A col (o]
SS:attrsL e s P Mo d T10:c0 sv -
S11:PrimitiveDataType T9:pke
PEVESAa Ve S9:Attribute T11:Column Heey
hame = int is_primary=T | /C5:\ || type = "int"
L A—SlO:type name="cust_id" name = "cust_id" |« )
]/
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CD2RDBM: Integrated Model ﬁ/u}a

Source Correspondence Target
Model Model Model
v v v
\
= ™) h
G S1:Class T1:Table . G
< T2:cols
name="Company" name="Company" _¢
t S3:Association T4:fkeysy T3:Column
name = "employee" [ [Nar/J| 7 ’I T5:FKey | type = "int"

S2:src lS4'dest—> S5.Cl T7:references |—T6:fco|s-> name = P
' 135S y "employee_cust_id" g
_ name="Person" [*" y | T8:Table 41
SG.pare& name="Person" o
S7:Class A col (o]
SS:attrsL e s P Mo T10:c0 sv -

Sll:PrlT'ltl\{leDataType S9.Attribute T11-Column T9:pkey

name ="int is_primary=T |2 |l /c5\ || type ="int"
L A—SlO:type name="cust_id" name = "cust_id" [ )
- )7

Triple Graph
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Triple Graph Grammar (TGG) ;

. TGG=(TG,SG, TR),

TG = type graph, SG=start graph (SG= @), TR = set of
triple rules

Triple Type Graph for CD2RDBM (Abstract Syntax)

0.1
parent | Class Table
name: String [« ——-——— - —@— - - — ¥ name: String
1 01 1“ 1“ 4 fkleys |0_.1
attrs src | dest references |
woe Association ' > pkey
— YPe ame: String 4_""_ | A cols
PrimitiveDataType | fcols] ¢
name: String Attribute Column
o.14h name: String e SHing
type iS_primary: bOOIean * - ____ ______ > name: Strlng
\ ) \ )\ )
Y Y Y
Source Correspondence Target
meta model meta model
\ J
[Schiirr94]
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2 Triple Rules for CD2RDBM ﬁ/ﬁ;‘.ﬂ

tHs ( )
Sy 1
Class2Table(n:String)
: ++ .
RHS :Class++ e @ o :Table++
name=n *+ name=n++

LHS ( S1:Class |- @ -------------------- » :Table ]

iy = Sy
. H ( \
SUbCIaSSZTable(n'Strlng) Sl:Class < @ ,,,,,,,,,,,,,,,,,,,, > :Table
- :parent+ ++ A
_ Lname=n +[ @ )
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2 Triple Rules for CD2RDBM (Compact) E ﬁéa

g

Class2Table(n:String)

. + -
Compact Notation: :Class++| 4 | @ _________ ++, | _Table+r
- name=n *+ name=n++t
* L and R withing one
figure
elements !n R\L are Subclass2Table(n:String)
1] n e N
marked with "++ S1:Class |« @ ------------------- »| Table
:parent* ++ A
Class +4] 44 @ -
name=n-++
~ J

02-DEC-2013
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Transformation Step: General Concept a/L;;

FORMAL:

construction is a pushout (PO)
of tr and m in the category of
triple graphs

1. Pattern matching:
Find occurrence
m(L) of LinG

L EBlo 1] | 4 0 i
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Transformation Step: General Concept

FORMAL:
construction is a pushout (PO)

of tr and m in the category of
triple graphs

1. Pattern matching:
Find occurrence
m(L) of LinG ]

2. Transformation:
Replace m(L) in G by R

RESULT: .
Transformation Step G = H ~0{C] o -c]

content: 8 slide: 20
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Language of Integrated Models v /_553

e Atriple rule specifies how model elements in the
source and target language can be created
synchronously

* Each triple rule is interpreted as consistency pattern:
a source and a target model are consistent, if they
can be constructed by the TGG

 ATGG generates the language of consistent
integrated models:

L(TGG) = {G |® = G via TR}
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Operational Rules a/;;

: : Source Rules:
Derived TGG-Operations parse the source model

Forward Rules (FW Rules):
to complete structures
in C- and T-components

Forward
Transformation

Backward Target Rules

Transformation

Backward Rules (BW Rules)

Integration

Synchronization

Consistency Check
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. a )
Derived Source Rule

L:(LS SL LC tL LT) LS:(LS< %) >@)

tfr\L tTS‘L t?“c\l( trT\ll DD|:> t‘rs‘lf \I/ \l/

R= (RS <— RC —> RT) Rs = (RS < 2 —= 2)
triple rule tr

source rule trg

& -

PrimaryAttr2Column(n:String, t:Strin
p

PrimaryAttr2Columng(n:String, t:String)
4 N\
S1:Class |- ------ S1:Class
attrs |, attrs |,
:Attribute :Attribute
™ + :Column++ M
name=n ) m— ................. oo FE——— name=n +t
. . ++ ++ . .
Is_primary=true ++ type=t ++ IS_primary=true ++
‘type ¢ ++ ‘type ¢ ++
:PrimitiveDataType ++ :PrimitiveDataType ++
. Lnames=t ++ y . Lname=t ++ y
02-DEC-2013

Tutorial: Triple Graph Grammars
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. a
Derived Forward Rule E/ﬁa

L=(LS<LLCL>LT) Lpz(RS-ﬂLCLLT)
W\L trs‘b trc\l( trT\ll > ’id\ys . t?“C\I/ tr \lf"rtrT
R=(R® <— RC —= R") Rp = (R® <—— R¢ ——R")

R
triple rule tr forward rule tr;

PrimaryAttr2Columng(n:String, t:String)

PrimaryAttr2Column(n:String, t:Strin
p

-
Sl:CIaSS """"" """ Sl:CIaSS ..........
attrs [, attrs
:Attribute :Attri
™ g :Column++ Al siEs + :Column++
name=n Ll R— . ----------------- > - name=n S p— . ................. » -
. . T @ La | name=n ++ . . @ L4 | name=n ++
IS_primary=true ++ type=t ++ IS_primary=true type=t ++
:type* ++ :type¢
:PrimitiveDataType ++ :PrimitiveDataType
. Lnames=t il y _ Lname=t y

02-DEC-2013 Tutorial: Triple Graph Grammars content: 12 slide: 24



Example: Translation of Class Diagram y e
employee
Person Company
Customer
L concrete syntax

abstract syntax

E ’—> 1:Class

6:src | hame="Company”

\— 8:Association
—

name = “employee”

L. 14:Class
o name="“Person”
arent
L
—

16:p
18:Class

name="“Customer”

22:attrs

23:Attribute
" - is_primary = true
name = int 23:type | name="cust_id"

J

27:PrimitiveDataType

02-DEC-2013 Tutorial: Triple Graph Grammars content: 13  slide: 25
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S
Example: Translation of Class Diagram E/ﬁ:;n

Class2Tables(n:String) Class2Tableg(n:String)
:Class++ :Class o @' o :Table++
name=n ++ name=n name=nt+
E 1:Class &

6:src | hame="Company"

\— 8:Association
—

name = “employee”

L. 14:Class
oo name=“Person”
arent
L
—

16:p

18:Class
name=“Customer”

22:attrs

23:Attribute
P - is_primary = true
name = int 23:type | name=“cust_id"

J

27:PrimitiveDataType
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Example: Translation of Class Diagram

T
B/

Class2Tables(n:String) Class2Tableg(n:String)
:Class++ :Class o @' o :Table++
name=n ++ name=n name=nt+

27:PrimitiveDataType

18:Class

W

22:attrs

\— 8:Association
—

L. 14:Class
—»

J

: 1:Class i

name = “employee”

name=“Person”

name=“Customer”

23:Attribute

name = “int*

23:type

IS_primary = true
name="“cust_id“

3:Table

name=“Company*

~————— Matched
elements (from L)

-------- Matched effective
elements (from Rs)

e Created
elements (Rg)

= Already matched
effective elements

02-DEC-2013
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Example: Translation of Class Diagram

Class2Tables(n:String)

Class2Tableg(n:String)

B,

C
E / _\t_aﬁ

27:PrimitiveDataType

name = “int*

‘23:type

IS_primary = true
name="“cust_id“

+
:Class++ :Class o @ o :Table++
name=n ++ hame=n name=nt+
G G
Cs’ ]—> 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*
\— 8:Association
11:dest LName = ‘employee”
L. 14:Class
oo name=“Person*
16:parent R
— 18:Class 2/:2:1:2235 (from L)
— name=“Customer* | || ([ Matched effective
22:attrs elements (from Rg)
. 23:Attribute ———— Created

elements (Rg)

= Already matched
effective elements

02-DEC-2013

Tutorial: Triple Graph Grammars
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Example: Translation of Class Diagram

Class2Tables(n:String)

Class2Tableg(n:String)

B,

C
E / _\t_aﬁ

. . +
:Class++ :Class o @ o :Table++
name=n *++ name=n name=nt+
G G
G ™ 1:.Class 3:Table G
6:src  |name="Company" <~ @ ™| name="Company*
\— 8:Association
11:dest LName = ‘employee”
~» l4Chass
~»= name="Person" s
16:parent, -~ -"°°°° —
L 18:Class g:za:e(nets (from L)
—— name=“Customer*  ( | [ Matched effective
22-attrs elements (from Rs)
o A JE— d
27:PrimitiveDataType L 2_3.Attr|bute glzaen?:aents (Re)
= “int - ISEPRlimary = true = Already matched
name = ‘in 23:type |name="“cust_id“ effective elements
I

02-DEC-2013

Tutorial: Triple Graph Grammars
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Example: Translation of Class Diagram

Class2Tables(n:String)

Class2Tableg(n:String)

B,

C
E / _\t_aﬁ

. . +
:Class++ :Class o @ o :Table++
name=n *++ name=n name=nt+
G G
G ™ 1:.Class 3:Table G
6:src  |name="Company" <~ @ ™| name="Company*
\— 8:Association
11:dest LName = ‘employee”
~» laChass
~ » name="Person" 54- --@ —_ 17:Table
16:parent, -~ -"°°°° name="Person" ——
L 18:Class elzﬁeﬁts (from L)
—— name=“Customer*  ( | [ Matched effective
22-attrs elements (from Rs)
o A JE— d
27:PrimitiveDataType L 2_3.Attr|bute glzaen?:aents (Re)
= “int - ISEPRlimary = Frue = Already matched
name = ‘in 23:type |name="“cust_id“ effective elements

02-DEC-2013

Tutorial: Triple Graph Grammars

content: 14
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Example: Translation of Class Diagram ﬁ/Lé«;
Subclass2Tables(n:String) Subclass2Tableg(n:String)
4 ) 4 N
S1:Class S1:Class |« @ ------------------- > :Table
:parent* ++ :parentf A
:Clafs ++ :Class L @ R
_ Lname=n++ ) _ |name=n )

Gs | G

> ]—> 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*

[ 8:Association

—

name = “employee”

11:dest
\—D 14:Class
— name=“Person® [« - @ B . —— 17:Table
16:parent name=“Person“
L 18“:Class " zgﬁzﬁi (from L)
—— name=“Customer*  ( | [ Matched effective
22:attrs elements (from Rs)
. : i ——— Created
27:PrimitiveDataType L 2_3.Attr|bute elements (Rr)
ETOT - ISEPRlimary = true = Already matched
name = "int 23:type name="cust_id"“ effective elements
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Example: Translation of Class Diagram ﬁ/ul;
Subclass2Tables(n:String) Subclass2Tableg(n:String)
4 ) 4 N
S1:Class S1:Class |« @ ------------------- > :Table
:parent* ++ :parentf A
:Clafs ++ :Class L @ R
_ Lname=n++ ) _ |name=n )

Gs | G

> ]—> 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*

[ 8:Association

—

name = “employee”

11:dest
-~ 14:Class
«-J»| name="Person” | --@ e = 17:Table
16:parentyeeeeeecoccccean- ' name="Person” Y-
;__-_;____;gﬁ:_(_:lg:l_sg,____“_: elements (from L)
——4 name="Customer*; |( | [ Matched effective
22:attrs """ elements (from Rs)
— : i = Created
27:PrimitiveDataType L 2_3.Attr|bute elements (Rr)
ETOT - ISEPRlimary = true = Already matched
name = “int 23:type |name="“cust_id“ effective elements
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Example: Translation of Class Diagram ﬁ/ul;
Subclass2Tables(n:String) Subclass2Tableg(n:String)
4 ) 4 )
S1:Class S1:Class |- @ ------------------- > :Table
:parent* ++ :parentf A
, o
.C|afS ++ :Class < @ o
_ Lname=n++ ) _ |name=n )

Gs | G

> ]—> 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*

[ 8:Association

—

name = “employee”

11:dest
-~ 14:Class
«-J»| name="Person” | --@ e = 17:Table
16:parentyeeeeeecoccccean- ' name="Person” Y-
;__-_;____;gﬁ:_(_:lg:l_sg,____“_: | ] o e ‘ elements (from L)
—— name="Customer* ™1 T\-/ [ ~— ~— — [ Matched effective
22:attrs """ elements (from Rs)
. 3 e Created
27:PrimitiveDataType L 2_3.Attr|bute elements (Rr)
ETOT - ISEPRlimary = true = Already matched
name = “int 23:type |name="“cust_id“ effective elements
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Example: Translation of Class Diagram /e
Subclass2Tables(n:String) Subclass2Tableg(n:String)
4 ) 4 N
S1:Class S1:Class |- @ ------------------- > :Table
:parent* ++ :parentf A
:Class ++ :Class ++ ~ '
name=n++ name=n | @ """""""""""""""""
\_ J \_ J
Gs| ’—> 1:Class 3:Table [Gr

27:PrimitiveDataType

o
%
«
o

<_

name="Company"

8:Association

1

name = “employee”

o
(9]
(%]
~—+

14:Class

v, }

- -

name=“Person”

=
o

)
Q
=
D
>
—

18:Class

name=“Company*“

o

e

17:Table

name=“Person’

A

name=“Customer”

N
N

23:Attribute

il

name = “int*

‘23:type

IS_primary = true
name="“cust_id“

:CT

Matched
elements (from L)

Matched effective
elements (from Rs)

Created
elements (Rg)

Already matched
effective elements

02-DEC-2013

Tutorial: Triple Graph Grammars
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Example: Translation of Class Diagram ﬁ/m

un
PrimaryAttr2Columns(n:String, t:String) PrimaryAttr2Columng(n:String, t:String)
e N A
S1:Class S1:Class |« ----------------- T1:Table
:attrs :attrs :cols :pKey
++ v o
:Attribut :Attribut
riotte  ++ ribute g :Column++
name=n ++ name=n - C:AC) ++> name=n ++
is_primary=true ++ is_primary=true type=t ++
:type¢ ++ ‘type y
:PrimitiveDataType ++ :PrimitiveDataType
. Lname=t ++ )| | [name=t )

Gs G
s ™ 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*
\— 8:Association
— 13
11:dest LName = employee
_— 14.Class
. | name="Person” |* - @ e 17:1’;ble “
16:parent name= Ferson ———— Matched
[ 18“:CIass - ] e o ‘ elzn:e(re]ts (from L)
s---4{ name=*Customer* I"™~[T\_/( ~ ~ ~— — [+=—= Matched effective
22:qtl[S eeeccccccccccca=s . elements (from Rs)
------------------- . ' [/ o 3 ———— Created
i 27:Primitive DataType ; “pt--- 2 3 ._At_tu?gt_e_ == -E clements (Re)
p ----?l.a.l'ﬁe. ._.u.ir.“?:"-- 1 -._---": |s_pr|m“ary - Frlie 1 = Already matched
becceed D el » 23:type s hame= cust_id ' effective elements
----------------- ]
|
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Example: Translation of Class Diagram B //Lan

n
PrimaryAttr2Columns(n:String, t:String) PrimaryAttr2Columng(n:String, t:String)
e N A
S1:Class S1:Class = ----------------- T1:Table
:attrs :attrs :cols :pKey
-+ v o
:Attribute 4+ :Attribute ++ Columnt
name=n ++ name=n - (AC) ++> name=n ++
is_primary=true ++ is_primary=true type=t ++
‘type ¢ ++ ‘type y
:PrimitiveDataType ++ :PrimitiveDataType
. Lname=t ++ )| | name= )
Gs Gt
s ™ 1:Class 3:Table [Cr
6:src  |name="Company" <~ @ ™| name="Company*
\— 8:Association
11:dest LName = ‘employee”
o 14:Class
—»| name="Person” [+ — - @ +h———» 17:Table
16:parent name="“Person*
pl 18:Class <_ D e e ‘ZO'I | zgﬁgﬁ?s (from L)
- - --{ name="Customer* cols | T Matched effective
22:qtl[S eeeccccccccccca=s . ' 21:pkey elements (from Rs)
------------------- ° ] . 1 0 —  Created
‘ 27:PrimitiveDataType | - -N_.--Z_Q ._At_tut_)gt_e_-__i 25.(‘3‘_0IL‘1‘mn lements G
!----------._.u.--.n-----" ...... ': |s_pr|mary = true '4-- - » type ="int = Already matched
Jooee Il.a.lTle. . ."jt. _____ , 23type ! name="cust_id"“ 1 name = “cust_id“ j-@ effective elements
----------------- ] =
|
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Example: Translation of Class Diagram E/xa}a

Association2ForeignKeys(an:String) P Association2ForeignKey(an:String, cn:String) .
e A
: ++
|:|:Class . :Column
+ A name = an+"_"+cn ++
src :src type=t ++
:Association ++ :Association Ay
name=an ++ name = an fcols ol
d dest :references :Column
dest o -aest o ++ pkey name = cn
:Class |< ---------------------------- @ ------------- :Table > type=t
\§ J - J

1:Class
name="Company" < -

3:Table
™1 name=“Company"*

R

e
%
24
o

8:Association
name = “employee”

14:Class
name="“Person”“ [« —| @ == 17:Table

1

11:dest
6 “P 1
16:parent name="“Person”
pl 18:Class A | zgﬁgﬁi (from L)
— “ [ |-—-—-—-—-————= + 20:cols
—— name="Customer® I™ |\ / ||~~~ XY™ [ Matched effective
22:attrs * 21:pkey elements (from Rg)
— ‘ Attri . ———— Created
27:PrimitiveDataType '—»m 25'C_O Wi eI;enieents (Re)
ST < ke [olrinnizlny = true il ™ type = “int* = Already matched
name = “int 23:type |name="“cust_id" name = “cust_id" - effective elements
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Example: Translation of Class Diagram E/’G;

Association2ForeignKeys(an:String) P Association2ForeignKey(an:String, cn:String) .
e A
:Column  ++
:Class |-
++ A name = an+"_"+cn ++
:src :Src type =t -+
:Association ++ :Association Ay
name=an ++ name = an fcols ol
dest :references :Column
dest o -aest o ++ pkey name = cn
:Class |< ---------------------------- @ ------------- :Table > type=t
\§ J - J

' 1:Class 3:Table
6:SrC name=“Company“<---@—-> name=“Company*

11-dest LNa@me = “employee” ;
“-#{  14:Class
—»| name="Person” [« --@ — p|__17:Table
16:parent e name="Person" ———— Matched
|—$¢ | 1 _.A 20 ! | elements (from L)
— name="Customer -so S ] [ Matched effective
22:attrs : ”1:pkey elements (from Rs)
27:PrimitiveDataType '—Pm 25:?.0 lL:mn greenifeendts G
— i < IS_primary = true - - -————ptype = “int = Already matched
name = “int 23:type |name="“cust_id* name = “cust_id* |- effective elements

02-DEC-2013 Tutorial: Triple Graph Grammars content: 17 slide: 38
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C
Example: Translation of Class Diagram E/ﬂ;;

B Association2ForeignKeys(an:String) . P Association2ForeignKey(an:String, cn:String) .
:Class |« :Column  ++
+ A name = an+"_"+cn ++
-src :src type=t ++
:Association ++ :Association Ay
name=an ++ name =an :feols —
dest dest :references :Column
:des :
++ \J + -oke name =cn
:Class |< ---------------------------- @ ------------- Table ——Y > type =t
\ Y, - Y,
Gs | . GT
;"% 1Class 3Table | —4cols—y Gr
6:5rc  [name="Company"|< _-@_-’ name="Company" 5:Column
i ------------------ i — i 1
i----y 8:Association | 7:fkeys| |type ="int »
e seccccccad name = “employee_cust_id
11:dest Lname = ‘empioyee (a1t — p[10:FKey ’
. I .
~-P 14:Class 13:referencesi 12:1cols
—»| name="Person” [ --@ — p| 17:Table
16:parent : name="Person" ——— Matched
;L@SS¢ B 1 _A 20: ! | elements (from L)
o | name=“Customer* :cols | T Matched effective
22:attrs * Ol:pkey elements (from Rs)
. R . ————— Created
27:PrimitiveDataType L 23A+rlbute 25.(Eoll‘1‘mn elements (Re)
T IS_primary = true - -~ ———»{type = "int ——— Already matched
name = "int 23:type |name="“cust_id" name = “cust_id“ |- effective elements
|
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Example: Translation of Class Diagram E/ﬂa

B Association2ForeignKeys(an:String) . P Association2ForeignKeyg(an:String, cn:String) .
: ++
:Class |« :Column
+ A name = an+"_"+cn ++
:src :Sre type=t ++
:Association ++ :Association Ay
name=an ++ name =an :feols —
dest dest :references :Column
:des :
++ \J +H -oke name =cn
:Class |< ---------------------------- @ ------------- Table ——Y > type =t
N\ J - J
GS | . GT
I—> 1:C-|ass 3 Table 74.C0|Sﬁ |—
6:src | name="Company” [« @ [® name=“Company" 5:Column
_SAssociation 7:fkeys | type =int .
] - - name = “employee_cust_id
11:dest LD@Me = employee“ [ @ -——— - 10:FKey
) -
L™ 14Class 13:references 12:fcols
—>| name="Person” [< - @ LY E——— 17:Table
16:parent name=“Person*
pl 18:Class A g/llztn:gi?s (from L)
s “ - ---———-———-- - 20:cols
—1 name="Customer @ -------- Matched effective
22:attrs + 21:pkey elements (from Rg)
— : i . ———— Created
27:Pr|m|t|veDataType - 2.3'Attr|bUIe 25'(:\:_OIL:mn elements (Rg)
- IS_primary = true |- — -————»{ type = “int — read hed
name = “int* 23:tvpe —« : o - ready matche
-ype | name="cust_id name = “cust_id" [« effective elements

02-DEC-2013 Tutorial: Triple Graph Grammars content: 17 slide: 40



G

(-
Example: Translation of Class Diagram E/xa}a

employee

Person Company
Company Person

employee
% 4:# > PK cust_id

FK1 | employee_cust_id

Customer

cust_id : int

concrete syntax

abstract syntax

[Gr

’—> 1:Class 3:Table 74:CO|Sﬁ
6:src | name="Company" <= - @ ® name=“Company* 5:Column
[ 8:Association 7:fkey<sj tnygrie: m; St ¢ i
] — “ = “employee_cust_i
11-dest LN@me =“employee” |[< — ———-»{ 10:FKey
.
\—b 14:Class 13:referencesy 12fcols
—» hame="Person” < — @ +tE=-—-» 17:Table
16:parent name=“Person“
18:Class A__ |
| name="Customer" * _@ 1 * 20:cols
22:attrs — v 21:pkey
27:PrimitiveDataType e 25:Column
e IS_primary =true |«|- H—— ——» type = “int"
name = "int 23:type | name=“cust_id" name = “cust_id* |«
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C
Example: inconsistent FW-MT E/(G;

C—
Person | ———|Company

employee

L/ company ) e . .
s \ MISSING
CuSToTer = P )
—— ustomer
cust_id : int — . <= WrO ng
PK [C r |d'
Gs | G-
(* 1:Class 3:Table [Cr
6:sif name="Company" <~ @ ™| name="Company"
e — —
— [ 8:Association ‘~>
11.dogt—Lname = ‘employee’ i+ || 17a:Table
" 14-Class ' name="Person
—» name="Person” 1< - -@ ( 17b:Table )
16:parent ] n =“Customer’_#
L :Class
~—»| name="Customer* [* ‘@ """~ * 20:ccols
22:attrs — Y 21:pkey
27:PrimitiveDataType | LRt 25:Column
—— is_primary = true |« H— ———p» type = “int”
name = “int 23:type | name=“cust_id" name = “cust_id" [«
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FW-Model Transformation

ﬁ LaB

Definition (Model Transformation)

MT : L(TG*>)=L(TGT), is defined by source consistent
MT-sequences via TR, : (G°,Gy e, G, GT)
where Go= (G° + @ = @) and G, = (G° + GY = GT)

([ ] [ ]
T ] —0
[ ]

Input °

. o Output

($)- (s )= (sHgT) (T

02-DEC-2013
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Guaranteed Results Y Jan

Theorem (Correctness, Completeness and Termination)

Each TGG-model transformation MT is

e syntactically correct: for each MT-sequence
(G5,Go £E5 G,,,GT) thereis G = (G° « G¢ - GT) €
L(TGG)

e complete: for each source model G° € L(TGG)S there is an
MT-sequence(G®, Gy 22 G,,,GT)

_* terminating, if all rules are source creating

J

[EEE+Q07, EEHPOQ9]

[EEE+07] H. Ehrig, K. Ehrig, C. Ermel, F. Hermann, and G. Taentzer: Information Preserving Bidirectional
Model Transformations. Proc. FASE‘07. Springer (2007).

[EEHPO9]  H. Ehrig, C. Ermel, F. Hermann, and U. Prange: On-the-Fly Construction, Correctness and Completeness
of Model Transformations based on Triple Graph Grammars. Proc. MODELS'09. Springer (2009).

02-DEC-2013 Tutorial: Triple Graph Grammars content: 20 slide: 44



Aim: Avoid Backtracking Y

TASK: restrict the applicability of translation rules, such that
invalid paths are not constructed

Source Model

A 2\ A
A /D
A\ |
Target Target Target
Model 1 Model 2 Model n

02-DEC-2013
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Aim: Avoid Backtracking Y

TASK: restrict the applicability of translation rules, such that
invalid paths are not constructed

Source Model

4 N

Theoretical Foundation:
Translation Markers +

Negative application
conditions NACs

' N /
Target

02-DEC-2013

Tutorial: Triple Graph Grammars
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. a ,,.;z'-l
Example: Translation Markers W

Triple Rule

PrimaryAttr2Column(n:String, t:String)
p

N
S1:Class ----------------- T1:Table

:attrs :cols
++ type ++++ ++
:PrimitiveDataType :Attribute

:Column
name=t ++  [NAME=N " ++ ‘“_;‘_;‘"" """""""" > name=n ++

is_primary=truet+H type=t +#
(G

U

Forward Translation Rule

PrimaryAttr2Columng(n:String, t:String)

p
translation
:attrs |<grs> markers
‘type —— <tr>
‘PrimitiveDataType <tr> ‘Attribute <tr> ++ Falu
name=t <tr>| <tr>| Name=n <tr><-------- """"""""" > name=n +H
o - ++
is_primary=true<tr> type=t ++
\_ J

02-DEC-2013
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AN

Conflicting Rules a/.L;

* critical pair: (SC2T,;, C2T,)

K 5
S3:Class SLClass g - - {ier)- - 1 -
tr=F tr=T
name=n .
S2:parent
tr_name=F 4* tr=F

SC2Ter ;

P1 || [S1:Class |- . . _1l P2 | [ [SL.Class |« | _1l
St - »q St -
Szparent | | oty || & S2 remains
tr=T | r=F \~\
| ==
S3.Class i S3.Class — untranslated
tr=T L Y I = L 3
I R aren [T @1 [tr=F]
tr_name=T tr_name=T

* K=-P, via C2T.;leads to backtracking in any bigger context
* Tool support: AGG for critical pair analysis
* Solution: K as filter NAC for C2T;
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Formal Result for Efficiency and Functional g
Behaviour i

Theorem (Functional Behaviour + Efficiency)

Given: terminating MT via TR
If all significant critical pairs are strictly confluent
=
MT has functional behaviour and does not require backtracking.

[HEOG10] F. Hermann, H. Ehrig, F. Orejas, U. Golas: Formal analysis of functional behaviour for
model transformations based on triple graph grammars. In: Int. Conf. on Graph
Transformations, Springer (2010).

=> Information Preservation
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Tool support

eMof lon

mll]ll

TU Darmstadt (D)

TU Berlin (D),
Uni Luxembourg (LU),

_Uni Marburg (D)

Uni Madrid (ES),
|V|CGI|| University (CA)

TGG Interpreter[

2 j A Triple Graph Grammar interpreter for
model-to-model transformations in eclipse

' Uni Paderborn (D) |

HPIl — Potsdam (D)

TGG Interpreter MDE LAB

EI\/I‘F

Solunar GmbH -

 Gutersloh (D)

02-DEC-2013
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AN

Benchmark U/;;P.;

 Example: CD2RDBM (without NACs)
* Synthetic benchmark — instances are generated

1000

00 et

T N
o
@
E T
Q| ettt ]
= YL
'{: Y e N R TGG Interpreter
= 0,1 _—_--- e
« ’ W eMoflon

0,01

100 200 300 400 500 600 700 800 900 1000 2000 3000 4000 5000 6000 7000 8000 95000 10000
Model Size [number of rule applications]

[HLG+13] S. Hildebrandt, L. Lambers, H. Giese, J. Rieke, J. Greenyer, W. Schafer, M. Lauder, A. Anjorin, A. Schiirr:
A Survey of Triple Graph Grammar Tools. Preproceedings BX 2013.
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Application of TGGs in the large at SES 3/._;;

Scenario: Translation of satellite control procedures

Input size: 400 KLOC; 1.5 mio. nodes (4,000 per file)
TGG: 249 rules + 235 initialization/refactoring rules

Performance Improvement

*  Filter NACs | i
f
+ DC-layering (order on minimal groups of rules) o

Source: SES - www.ses.com

Pure TGG execution DC-layered TGG
10000 10000

1000
100
10

1 4

1000
100

Execution Time [sec]
Execution Time [sec]

0,1

0 4000 8000 0 4000 8000 12000 16000
Input graph size [nodes] Input graph size [nodes]
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Concurrent Synchronization Problem

Source Domain

Target Domain

Alex Archer | Willy Wilso Alex Archer Willy Wilson
Base=3000 @ [|S| Base=500 “1975.02-14 & | *1990-06-17
Bonus€1000) & [|=[ Bonus=0 Salary€4000) (|| Salary=500
S T
<4 h <% d]
Alex Archer o|Willy Wilson Alex Archer Willy Wilson Molly Murphy
Base=3000 , < | Base=500 *1975-02-14 | *1990-06-17 & | *1975-02-14 ¥ 3
Bonus£1500 &_/ = | Bonus=0 Salary£4050 L Salary2500) €| || Salary=4050 *
Alex Archer o |Willy Wilso Alex Archer Willy Wilson Molly Murphy
Base=3000 ’ < | Base=500 *1975-02-14 *1990-06-17 | *1975-02-14
Bonus=1500 (| [{5=}Bonus=0 ; Salary£4050 6\_/ Salary=2500 & | || Salary=4050 )
S T
<> b <>
Alex Archer Willy Wilson Molly Murph Alex Archer Willy Wilson Molly Murphy
Base=3000 @) | [Base<1250) € | [Base<2025) b *1975-02-14 *1990.06-17 “1975.00-14
Bonus=1500 Bonus£1250). | |Bonus<2025 Salary£4500) & || Salary=2500 & || salary=4050 &
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Correctness

1. Consistency Law:
result is always consistent

2. ldentity Law:

no change, if input is already
consistent

02-DEC-2013

df n d{
G| +— G, +— Gy, — G7
dg ~- U:CSynch deT

| |
G5 +—G° «—=GT — G
1\, U,:CSynch vl

Tutorial: Triple Graph Grammars
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. . a i
Concurrent Synchronization: General Concept @ /an
* 1:CCS = Consistency Checking on Source component
« 2:fPpg = FW-Propagation
* 3:Res = Conflict Resolution
* 4:.CCT = Consistency Checking on Target component
 5:bPpg =BW-Propagation
S _ 7o T
GS ) d‘lg GS ) ro \ GT d{ . GT GO < GO
|l A 0 70 1~1 d.ls\l/ \l(drf
S T
G G
d§ U:CSynch d2T
Y Y
S
G5 <4 CY

[HEEO12] H. Ehrig, C. Ermel, G. Taentzer: Concurrent Model Synchronization with Conflict Resolution
Based on Triple Graph Grammars. In: Proc. FASE’12. Springer (2012).
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. . a | &
Concurrent Synchronization: General Concept @ /an
* 1:CCS = Consistency Checking on Source component
« 2:fPpg = FW-Propagation
* 3:Res = Conflict Resolution
* 4:.CCT = Consistency Checking on Target component
e 5:bPpg =BW-Propagation
S _ 7o T
GS ) d‘lg GS ) ro \ GT d{ . GT GO < GO
5) o° T | gy JdT
|\ NMCCS \E/df,cc \2:]‘Ppg vlep \S:Res _\E/d{pc GS GT
1 1
\ d}g: __________ N Gic doveeennns F1,Fereeeenssd G{,F ........ 'd’IZF,FC"""'> G;FC _ _
\ \ d3cp i / 5:bPpg  d) o / 4:CCT . d5 = |}:csynch - d3
S ~ o e Y Y
Bres == 5 Gy peg gyt Gy pep g I — e
, B 2 T 2

[HEEO12] H. Ehrig, C. Ermel, G. Taentzer: Concurrent Model Synchronization with Conflict Resolution
Based on Triple Graph Grammars. In: Proc. FASE’12. Springer (2012).
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Result: Correctness and Completeness w

Definition (Completeness)
Model synchronisation can be performed for any input.

Theorem (Correctness and Completeness)

Given a triple graph grammar TGG, the derived nondeterministic

concurrent synchronisation framework CSync(TGG, CSync) is
correct and complete.

[GHN+13]S. Gottmann, F. Hermann, N. Nachtigall, B. Braatz, C. Ermel, H. Ehrig, T. Engel: Correctness

and Completeness of Generalised Concurrent Model Synchronisation Based on Triple Graph
Grammars. In: Proc. AMT'13, CEUR 2013.

[HEEO12] H. Ehrig, C. Ermel, G. Taentzer: Concurrent Model Synchronization with Conflict Resolution
Based on Triple Graph Grammars. In: Proc. FASE’12. Springer (2012).
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Cross-disciplinary concepts ”/LAE

e Different strategies:
— Batch / incremental execution

— Deterministic / non-deterministic execution
— Single / concurrent updates

e Relationship between TGGs and lenses:
— View TGGs [ARDS13]

— Delta Lenses and TGGs [HEO+13]

[ARDS13] Anjorin, A., Rose, S., Deckwerth, F., Schiirr, A.: Asymmetric delta lenses with view triple
graph grammars (to appear). ECEASST (2013)

[HEO+13] F Hermann, H Ehrig, F Orejas, K Czarnecki, Z Diskin, Y Xiong, S Gottmann, T Engel: Model
synchronization based on triple graph grammars: correctness, completeness and
invertibility. In: Software & Systems Modeling, 1-29, Springer 2013.
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c |

Possible impact from other BX communities E/{L‘;

Concepts and Methods for:

* Information preservation (DB, ...)

e Data protection (DB, SE, ...)

e Efficient updates, large scale systems (DB, SE, ...)
* Exception handling (PL, SE, ...)

 General framework via lenses (PL, SE, ...)

General results:
e Lenses properties (PL, SE, ...)
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Summary @ =

* Formal Guarantees:
syntactical correctness, completeness, termination,

* Formal Analysis:
functional behavior, information preservation, invertibility,
semantical correctness

* General concept:
for concurrent model synchronization

* Tool support and industrial use
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Further Reading E/IGE

[EEE+07] H. Ehrig, K. Ehrig, C. Ermel, F. Hermann, and G. Taentzer: Information Preserving
Bidirectional Model Transformations. Proc. FASE‘O7. Springer (2007).

[EEPTO6] H. Ehrig, K. Ehrig, U. Prange, and G. Taentzer: Fundamentals of Algebraic Graph
Transformation. EATCS Monographs in Theoretical Computer Science. Springer
(2006).

[GHL12] Giese, H., Hildebrandt, S., Lambers, L.: Bridging the Gap Between Formal Semantics
and Implementation of Triple Graph Grammars. Ensuring Conformance of
Relational Model Transformation Specifications and Implementations. Software
and Systems Modeling, Springer (2012).

[GWO09] Giese, H., Wagner, R.: From model transformation to incremental bidirectional
model synchronization. Software and Systems Modeling 8(1), Springer (2009).

[HEGO10] | F. Hermann, H. Ehrig, U. Golas, Fernando Orejas: Efficient Analysis and Execution of
Correct and Complete Model Transformations Based on Triple Graph Grammars.
Proc. of MDI’10, ACM (2010).

[HEOG10] | F. Hermann, H. Ehrig, F. Orejas, U. Golas: Formal analysis of functional behaviour
for model transformations based on triple graph grammars. In: Int. Conf. on Graph
Transformations, Springer (2010).
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Further Reading E/ff;a

[HEO+13] | F. Hermann, H. Ehrig, F. Orejas, K. Czarnecki, Z. Diskin, Y. Xiong, S. Gottmann, T.
Engel: Model synchronization based on triple graph grammars: correctness,
completeness and invertibility. In: Software & Systems Modeling, Springer 2013.

[HEGO14] | F. Hermann, H. Ehrig, U. Golas, F. Orejas: Formal Analysis of Model Transformations
Based on Triple Graph Grammars. In MSCS, to appear 2014.

[KWO07] Kindler, E., Wagner, R.: Triple graph grammars. concepts, extensions,
implementations, and application scenarios. Tech. Rep. TR-ri-07-284, Department
of Computer Science, University of Paderborn (2007).

[LAVS12] Lauder, M., Anjorin, A., Varrd, G., Schiirr, A.: Bidirectional model transformation with
precedence triple graph grammars. In: Proc. Eur. Conf. on Modelling Foundations
and Applications (ECMFA'12), LNCS, vol. 7349. Springer (2012).

[Schiirr94] | Schiirr, A.: Specication of Graph Translators with Triple Graph Grammars. Proc. of
WG 1994. LNCS, Springer (1995).

[SK08] Schiirr, A., Klar, F.: 15 years of triple graph grammars. In: Int. Conf. on Graph
Transformations (ICGT 2008). LNCS, vol. 5214, Springer (2008).
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