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Model-driven software engineering:
Transformations everywhere
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Henshin

* Intuitive model transformation language with graphical syntax
* Supports various kinds of transformations

* Based on graph transformation theory
* Rule-based
* Expressive: advanced concepts

"

Henshin: Japanese for Transformation
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Overview

* Part 1: Henshin: A Guided Tour
* Language
* In Action (interactive)
* Features
* Applications

* Part 2: Henshin in Search-Based Model Optimization
 Background
* MDEOptimiser
* Case 1: Class Responsibility Assignment (interactive)
 Case 2: SCRUM Planning (interactive)



Henshin: A Guided Tour
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Henshin: A Guided Tour
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Language: Running example

Specify banking processes to analyse and simulate them
3. Delete an account
4. Batch-delete accounts

1. Create an account
2. Transfer money

Example model

o o
— 4
Bank1l — Manager
/ l Frank
s © ©
Account Client Client
0538 Anne Bill

40S

[0..] accounts

Example meta-model (in EMF)

Bank

[0..*] managers

] *H Person

name : EString

[0.%] clients

! Account } [

& Manager

id : Eint
> credit : EDouble

[0..1] manager Client
[0..%] clients

[0.*] accounts

[0..1] owner
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Graph-transformation-based language
Example 1: createAccount

Example rule

E; Rule createAccount{in clientEString. in accountid-Eint)

aaaaaa

T G iy ' a

=
«forbids e ,

«forbids - i ey

‘Account Client

o id=accountid o id=accountld accounts | pame=client
create Newly created by rule
delete Removed by rule
preserve Context for creations and deletions
forbid Prevents rule from being applied

Additional required parts
parameters Data passed into and from rule (in, out, inout) .



Example 1: Create an account

Example application of rule

E; Rule createAccount{in clientEString, in accountid-Eint)

=:Manager

F
5 @
= in

T
L ]

Input A -
model L 4

Bank1l — Manager
/ l v Frank
s, O @
A A
Account Client Client
0538 Anne Bill

- managers
«forbids C presenes reee
accounts accounts x """---..__.--..__.__Clienl;s clients
wforbids :-:'es'.e::” rroatos «prese —
-Account -Account e Client
o id=accountld o id=accountld accounts | name=client
with parameter values
client = “ Bill*
accountID = 0539

Output
model
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Example 1: Create an account

Example application of rule

E; Rule createAccount{in clientEString, in accountid-Eint)

F
5 @
5

T
L ]

=:Manager

managers
-
«forbid»
accounts xCreates T, HPTERETED B
accounts . clients clients
«forbids e Create:» R —— - «presen/exs
‘Account ‘Account . :Client
o id=accountid o id=accountid accounts [ hame=client

Input P -
model 1M P

Bank1l — Manager
/ l v Frank
s, O @
A A
Account Client Client
0538 Anne Bill

with parameter values
client = “ Bill*
accountID = 0539

Output A -
model L Y

Bank 1 Manager
/ l : K Frank
o o

S o e S
Account Client Client Account
0538 Anne Bill 0539
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Example 1: Create an account

Example application of rule

E; Rule createAccount{in clientEString, in accountid-Eint)

‘Bank - =:Manager
managers
-
«forbid»

accounts sCreates T R B
accounts . clients clients

«forbids e Create:» —— - «presen/exs

-Account -Account . ‘Client

o id=accountid o id=accountid accounts [ hame=client

Input A -
model L 4

Bank1l — Manager
/ l v Frank
s, O @
A A
Account Client Client
0538 Anne Bill

with parameter values
client = “ Bill*
accountID = 0538

Output
model
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Example 1: Create an account

Example application of rule

E; Rule createAccount{in clientEString, in accountid-Eint)

‘Bank - =:Manager
managers
-
«forbid»

accounts sCreates T R B
accounts . clients clients

«forbids e Create:» —— - «presen/exs

-Account -Account . ‘Client

o id=accountid o id=accountid accounts [ hame=client

Input A -
model L 4

Bank1l — Manager
/ l v Frank
s, O @
A A
Account Client Client
0538 Anne Bill

with parameter values
client = “ Bill*
accountID = 0538

Output

model
No rule
application
possible
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Example 2: Transfer money

Example rule

'$> Rule transferMoney(in clientEString, in from!d:Elnt in fold:Elnt in amountEDouble, var x: EDouble, var y:EDouble) |

-Client
o name=client

2T By B

accounts

‘Account ‘Account

o credit=x-=x-amount o credit=y-=y+amount

o id=fromild o id=told

7 Condition financial covering ' Condition positive transfer only
w>amount amount>0

Variables (var keyword) used inside rules to propagate values
Attribute manipulated using parameters, variables and -> (R
Conditions can restrict rule applications JavaScript
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Example 2: Transfer money

Example application of rule

=» Rule transferMoney(in clientEString, in fromId-Elnt, in told-Eint, in amountEDouble, var ' EDouble, var y:EDouble) ]

‘Client
o name=client

Input model

o
A
Client Anne CIient/ Bil

S S
Account Account

id=0538 id=0539
credit=50 credit=30

accounts

e g

o credit=x>x-amount o credit=y->y+amount

o id=fromld o id=told

? Condition financial covering 7 Condition positive transfer only

¥>amount amount>0

with parameters variables:

client =" Anne" set automatically
fromID = 0538 on rule application

tolD = 0539
amount =10

Output model ?
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Example 2: Transfer money

Example application of rule

=» Rule transferMoney(in clientEString, in fromId-Elnt, in told-Eint, in amountEDouble, var ' EDouble, var y:EDouble) ]

Input model

O &
)
Client Anne cnent] Bill

r LS
Account Account

id=0538 id=0539

accounts

pccount pocount

o credit=x>x-amount o credit=y->y+amount

o id=fromld o id=told

? Condition financial covering 7 Condition positive transfer only

¥>amount amount>0

with parameters variables:

client =" Anne" set automatically
fromID = 0538 on rule application
tolD = 0539

amount =10

credit=50 credit=30
Output model
) L)
N
Client Anne Client] Bill
S S
Account Account

id=0538 id=0539

credit=40 credi

it=40
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Example 2: Transfer money

Example application of rule

=» Rule transferMoney(in clientEString, in fromId-Elnt, in told-Eint, in amountEDouble, var ' EDouble, var y:EDouble) ]

o name=client
accounts
‘Account “Account
o credit=x>x-amount o credit=y->y+amount
= id=fromld o id=told
? Condition financial covering 7 Condition positive transfer only
¥>amount amount>0

Input model

——
A —

S (s

o
N
Client Anne CIientl Bil

Account Account
id=0538 id=0539
credit=50 credit=30

with parameters
client = “ Anne"
fromID = 0538
tolD = 0539
amount = -30

Output model ?
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Example 2: Transfer money

Example application of rule

=» Rule transferMoney(in clientEString, in fromId-Elnt, in told-Eint, in amountEDouble, var ' EDouble, var y:EDouble) ]

o name=client

presenes
accounts

‘Account “Account

o credit=x>x-amount o credit=y->y+amount

= id=fromld o id=told

? Condition financial covering 7 Condition positive transfer only
¥>amount amount>0

Input model

&

O
)
Client Anne cnent] Bill

——
—

$

Account Account
id=0538 id=0539
credit=50 credit=30

with parameters
client = “ Anne"
fromID = 0538
tolD = 0539
amount = -30

Output model

No rule
application
possible

85




Example 3: Delete an account

Example rule (first draft)

— Rule deleteAccount(in idDel Elnt)

gdeletes
Account

o id=idDel
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Example 3: Delete an account

Example rule (first draft)

= Rule delete Account(in idDelEln{) ‘ Want to delete an account

which is given by its ID.

—deleles Is this rule sufficient?

Account
o id=idDel




Example 3: Delete an account

Example rule (first draft)

':} Rule delefe Account{in idDelElnt)

adeletes
“Account

= id=idDel

Input P -
model U a
Bank 1 Manager
//// l \\\\/// Frank
S e e

T 4B A
Account C(Client Client
0538 Anne Bill

Output
model
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Example 3: Delete an account

Example rule (first draft)

':} Rule delefe Account{in idDelElnt)

adeletes
“Account

= id=idDel

Input P -
model U a
Bank 1 Manager
//// l \\\\/// Frank
S e e

T 4B A
Account C(Client Client
0538 Anne Bill

Output T O
model —_— 4
Bank 1 Manager
//// \ \\\\\/// Frank
B ) @
J
Client Client

Anne Bill
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Example 3: Delete an account

Example rule (first draft)

':} Rule delefe Account{in idDelElnt)

adeletes
“Account

= id=idDel

By deleting the node only, without
incident edges, these edges would be
left behind dangling.

Henshin ensures this won‘t happen

Input P -
model U a
Bank 1 Manager
/ l v Frank
S e e

Account C(Client Client
0538 Anne Bill

Output Tl O
model —_— 4
Bank 1 Manager
//// \ \\\\/// Frank
B ) @
5 J
) Client Client

Anne Bill
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Example 3: Delete an account

Example rule (first draft)

':} Rule delefe Account{in idDelElnt)

adeletes
“Account

= id=idDel

By deleting the node only, without
incident edges, these edges would be
left behind dangling.

Henshin ensures this won‘t happen

Input P -
model U a
Bank 1 Manager
///// l \\\\////Frank
S e e

Account C(Client Client
0538 Anne Bill

Output

model
No rule
application
possible
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Example 3: Delete an account

Example rule (improved)

ré Rule deleteAllAccounts(in idDel Eint in clientESining)

e TS T O A

‘Bank
‘.
adeleizs
accounts clients
i
sdelefes «delete [“PrESENEs
-Account = Client

o id=idDel | 9WNeT | o name=client
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Example 3: Delete an account

Example rule (improved)

—» Rule delefe All Accounts(in idDel:Elnt, in clientESiring)

Deletion: When deleting a model
element, need to specify all

‘Bank

ceieies | | \_epresenes references from and to that element
aocounts | cents as deleted, too. (Dangling Condition)
adeletes nlata., |[€PTESenes
:F-.cic?u?‘tt “OEIEtEr | Client

o id=idDel | 9WNeT | o name=client
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Example 4: Batch-delete accounts

Example rule

—» Rule deleteAllAccounts({in client:EString)

For-all operator: multi-rule (*)

o T A ——— — T T T e
TEo ) . y

Bank | managm' Itaﬁﬁ%;éf ' Semantics:
cdelete®s N_«presenes | «presenes 1. apply kernel rule (part without *) once
accounts clients clients . .
2. apply multi-rule as often as possible

wdelete™s ] _qajeter, |[<PrESenes
Account | —={Client
owner = name=client

at the given place in the input model
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Example 4: Batch-delete accounts

Example application of rule

':} Rule delete AlfAccounts(in clientESfring)

e T O S ——— o e

afala] u

=.Manager

[on)
4]
= I+
-
'

Managers
adelete*s "-.___::f-’E 2MEx aDres emnes
accounts “._ clienis clients

xdeleie®s adelete®s ih.-_:t: e
Account | ————={Client
owner = name=client

Input P -
model 1M P

I
Bank 1 Manager
/ L}/ Frank

Account (Client Account
0912 George 0915

with parameter
client =" George"

Output ?
model
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Example 4: Batch-delete accounts

Example application of rule

':} Rule delete AlfAccounts(in clientESfring)

T

Bt BN

Bank

aDres anse

rrrrrrrr

=.Manager

managers
wdelete™s . xpresenes «preseres
accounts “._ clienis clients
wﬁdelete = {:deletex!{- i:-\.'-:-\:f Ve
Account | ————={Client
owner = name=client

with parameter
client =" George"

Input o o
model U o
Bank1l — Manager
/ L}/ Frank
S o S
Account Client  Account
0912 George 0915
Output A 0
model i a0,
Bank1l — Manager
./ Frank
£,
Client
George
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Example 4: Batch-delete accounts

Example application of rule

':} Rule delete AlfAccounts(in clientESfring)

‘Bank - =.Manager
managers
wdelete™s . xpresenes «preseres
accounts “.._ clients clients
wﬁdelete = {:deletex!{- i:-\.'-:-\:f Ve
Account | ————={Client
owner = name=client

with parameter
client = “ Hank"

Input A -
model ol A
Bank 1 Manager
l Earl
4
Client
Hank
Output ?
model
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Example 4: Batch-delete accounts

Example application of rule

':} Rule delete AlfAccounts(in clientESfring)

‘Bank - =.Manager
managers
wdelete™s . xpresenes «preseres
accounts “.._ clients clients
wﬁdelete = {:deletex!{- i:-\.'-:-\:f Ve
-Account | ——————{:Client
owner = name=client

with parameter
client = “ Hank"

Input P -
model i N
Bank1l — Manager
l Earl
A,
Client
Hank
Output P} &
model L PN
Bank1l — Manager
Earl

./

N
Client
Hank
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Example 4: Batch-delete accounts

Example application of rule

':} Rule delete AlfAccounts(in clientESfring)

e T O e S ——— o e

afala] u

=.Manager

[on)
4]
=
== L
y

adelete™s -~ xpresenes xpresenes
accounts ... clients clients

xdeleie®s g presenes
Account | ————={Client

o nanie=client

Semantics:
1. apply kernel rule once

2. apply multi-rule as often as
possible at the given place

Input P -
model i N
Bank1l — Manager
l Earl
A,
Client
Hank
Output P} &
model L PN
Bank1l — Manager
Earl

./

N
Client
Hank
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Language definition: meta-model excerpt

Can link negative and positive
LHS and RHS application conditions

Multi-rules !
using boolean formulas
rules Hrue | | hs [ Gaph e formulaj - H Formula |
IE rhs | | — — D | left
X e T l chil right
rule graph| graph H NestedCondition
nodeJ edges [ ' ¢

g UnaryForrnuI1' £ BinaryFormula

ZP .BOr

— target incomin |
ofigin i - £ Not I |
g node attributes EI Attribute
Conditions | ( |  — L | HiAn |

[} Condition
SE— mappings

source outgoing t Edge

y
o
<
u
=3
3
ﬁ—" |
5
e
é.

X mark identity of nodes
in different graphs
(like preserve nodes in LHS and RHS)
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Language definition: illustration

Left-hand side (LHS):  —
Deleted + Preserved elements

Negative
application
condition

Right-hand side (RHS):
Created + Preserved elements

Mappings

= Rule createAccount(in client:EString, in accountld:Elnt)
~ L Graph LHS
=] Mode:Bank
=] MNode :Client
=] Mode :Manager
" Edge (clients) _-» _
" Edge (managers) _-» _
o~ Edge (clients) _-» _
w <= Mot
w <4 Mested Condition
w <= Graph
= Mode :Bank
=] Mode :Account
" Edge (accounts) _-» _
—» Mapping :Bank -= :Bank
w R Graph RHS
& Mode:Bank
& Mode :Account
&= Mode :Client
= Mode :Manager
o Edge (clients) _-» _
o Edge (managers) _-» _
- Edge (accounts) _-> _
A Edge (accounts) _-> _
2 Edge (clients) _-> _
v —3» Lhs-Rhs Mappings
—» Mapping :Bank -» :Bank
—» Mapping :Client -» :Client
—2 Mapping :Manager -» :Manager



Control flow in transformations

$>9 0 oo

RS

[Varro et al. 2005]

Task: build a sparse grid

Three rules for extending the grid

r;.‘- Rule startColumn(out next:Node) @ Grid

=» Rule extendColumn(inout next:Node) @Grid

—>iNode

viér

—>iNode_

@Grid = additional
container node
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Control flow in transformations

| H H Task: build a sparse grid

[Varro et al. 2005]

S -8 a8 8l Three rules for extending the grid
> Rule initGrid(out grid:Grid) | [=> Rule startColumn(out next:Node) @Grid = Rule extendColumn(inout next:Node) @Grid

:Node

viér

—>Node

@Grid = additional
But, how to orchestrate the rules? container node
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Control flow in transformations: units



Control flow in transformations: units

= Rule initGrid(out grid:Grid) |

r% Rule startColumn{out next:Node) @Grid

= Rule extendColumn(inout next:Node) @Grid

=Creaie=

grid:Grid

zCregie=

:‘Node

=:Node

=
eales

s i
LTS

ver

aCrearts
:Node

wpreserves preserve _|«preserves
next->2:Node “:Node
hor
ver
ver

i--C'I:"::’I'.'E'v «fraate el Meates

next:MNode *:MNode

| hor
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Control flow in transformations: units

- =» Rule initGrid(out grid:Grid) 1 'é Rule startColumn{out next:Node) @Grid % Rule extendColumn(inout next:Node) @ Grid
:h]o;e;h — :hjlécieh I"iE:d- >7:Nod :Nod-e
hor hor

_:_:I-_: _._:..:. & L‘;er_ . =
vier Vér . J ver
' - [ecreate N ———
“Creates screates |ecreates et create Jrcreate
next:Node . .Node next:Node o = MNode

6;,3 SequentialUnit b uildGrid(in width:Elnt, in heightEint, out grid:Grid)

& lteratedUnit buildColumns(in width:Elnt, in height:Elnt) [width/2]

.—'{ initGrid(grid) ]—ﬁ[ buildColumns(width, height) ]-'@

!
._'{ createColumn(height, ?) ]—Ao-@

E SequentialUnit createColumn(inout heightElnt, inout next Node)

(& IteratedUnit expandColumn(in heightElnt, in nextNode) [height-2] |

."{ startColumn(next) H expandColumn(height, next) }'@

'
.—-[ extendColumn(next) ]_4"@)
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Control flow in transformations: units

- =» Rule initGrid(out grid:Grid) 1 'é Rule startColumn{out next:Node) @Grid % Rule extendColumn(inout next:Node) @ Grid
:h]o;e;h — :hjlécieh I"iE:d- >7:Nod :Nod-e
hor hor

_:_:I-_: _._:..:. & L‘;er_ . =
vier Vér . J ver
' - [ecreate N ———
“Creates screates |ecreates et create Jrcreate
next:Node . .Node next:Node o = MNode

6;,3 SequentialUnit b uildGrid(in width:Elnt, in heightEint, out grid:Grid)

& lteratedUnit buildColumns(in width:Elnt, in height:Elnt) [width/2]

.—'{ initGrid(grid) ]—ﬁ[ buildColumns(width, height) ]-'@

!
._'{ createColumn(height, ?) ]—Ao-@

E SequentialUnit createColumn(inout heightElnt, inout next Node)

(& IteratedUnit expandColumn(in heightElnt, in nextNode) [height-2] |

."{ startColumn(next) H expandColumn(height, next) }'@

'
.—-[ extendColumn(next) ]_4"@)
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Meta-model excerpt: Units

E Rule

o checkDangling : EBeolean = true
O injectiveMatching : EBoolean = true

[ H Module

[0..%] subModules

@& getUnitiname EString) : Unit

& getSubModule(name EString) : Module

[0.1] superfodule

-

[0.%] units I

Eﬁ Unit

M

i

[0..%] sublnits

i

o activated : EBoolean = true
& getModule() : Module

,ﬂ getSublnits(deep EBoolean) : Unit

[1..1] subUnit

& getParameter(parameter EString) : Parameter
[0..%] multiRules /
FR W W
[L.1]if
[1..1] then
| EE Mutit it | [0.1] else | EE UnaryUnit |
H sequentialUnit H IndependentUnit H PriorityUnit H cConditionalUnit H LoopUnit E HeratedUnit

= gtrict : EBoolean = true
= rolleack : EBoolean = true

o iterations : EString
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Exogenous transformations (model translation)

Metamodel - Relational
database schema

Henshin Trace meta-model
» Establishes traceability
» Supports containment of traces

=» Rule CreateSchema(packageName:EString, schema:Schema)

«PTESErVER

:EPackage

wCreates
source

wcreaten
Trace

© name=packageMName

L |

wpreserve®(tabs» | eClassifiers

apreserve®/tabs
:EClass

acreate®/tabs

source

wcreates

target ucreates

© name=packageName

acreate® tabs | subTraces

acreate®/tabs
Trace

o abstract=Ffalse
o name=classMame

apreserve*/tab/cols | eAllAttribute

upreserve*/tab/cols
:EAEEribute

o «require*/tab/col/PKeys iD=true
o name=attrdame

acreate*/tab/cols

acreate®/tab/cols

= name=classMame

subTraces

upreserve*(tab/cols | eType

upreserve®/tab/cols
:EDataType
= instanceTypeMame=attrType

schema:Schema

= name=packageMame

acreate® tabs

]
tables

acreate®/tab/newPKey:

acreate®/tabs

target Table

acreate® tabs

columns

acreate®/tab/newPKeys
:Column

-————————————|

o name=classMame

acreate®/tab/cols

columns\\

o= name="id"
o type="int"

wcreate*/tab/cols

«create* ftabs™

o name=attrdame
o bype=attrType

nereate* tab/newPKeys

constraints “«create®/tabs

keyColumn

‘create*/tab/cob wcreate*/tab/cols
source «create®/tab/cols )
Trace target :Column
= name=attrName
aforbid®/EabfnewPKey»
eAllattributes
«forbid*/tab/newPKeys
:EALEribute
o iD=true

ucreate*®tab/col/PKey
keyColumn

:PrimaryKey
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Big picture: Model transformations based on the
Eclipse Modeling Framework (EMF)

instance of
Ecore
A
instance of )
Transformation
Meta-Model
Source Meta- 1 instance of Target Meta-
Model @ned for defined forﬁ Model
A A
Transformation
instance of Specification instance of
E applied
Source : Target
Model Model




Henshin: A Guided Tour

HENSHIN
LINE

GRAPH
TRANSFORMATION OPTIMISATION
LINE LINE

Henshin: A Usability-Focused Framework for EMF Model Transformation Development
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Henshin: A Guided Tour

HENSHIN
LINE

GRAPH
TRANSFORMATION OPTIMISATION
LINE LINE

Henshin: A Usability-Focused Framework for EMF Model Transformation Development
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Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard

4. Execute rules from Java, using interpreter API

5. Roll your own rule



Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard

4. Execute rules from Java, using interpreter API

5. Roll your own rule



Import project

* In Eclipse, do File = Import... 2>
General =2 Existing Projects Into
Workspace = Next

* Do Select Archive File =
Choose henshin-example.zip

* The dialog should now
look like the image to the right

* Click Finish

* The project org.henshin.bank
should appear in the
Package Explorer

& Import O ot
Import Projects _—
Select a directory to search for existing Eclipse projects. j
() Select root directo ry: Browse
(®) Select archive file: Downloads\henshin-example.zig v| Browse
Projects:
org.henshin.bank (org.henshin.bank/) Select All
De=zelect All
Refresh
Opticns
Search for nested projects
Copy projects into workspace
[ Hide projects that already exist in the workspace
Working sets
[]Add project to working sets Mew:...
Select...
'f?:' < Back Mext = Cancel
115
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Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard

4. Execute rules from Java, using interpreter API

5. Roll your own rule



View rules (and related files)

* In the Package Explorer, inspect the imported project:
Navigate tofolder src/org.henshin.bank.

- Have a look at the files, including the meta-model
bank.ecore, its visualization bank.aird and example models
like example-bank.xmi (without visualization).

* Open bank.henshin_diagram.

The example rules are now e e i
shown in Henshin‘s graphical = | | ZELSE | RSE| 12
editor. You can use this editor e
to modify and edit rules. =



Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard
4. Execute rules from Java, using interpreter API

5. Roll your own rule



Apply rules using the Interpreter Wizard

To apply the rule createAccount to the model example-

bank.xmi:

* In Package Explorer, right-click
on bank.henshin ->
Henshin -> Apply transformation

* In the dialog, use Browse
Workspace... to select
example-bank.xmi

* Use the suggested
output model, and
enter parameter values
“Alice” and 5 (see figure)

* Click on Transform

& Apply Henshin Transformation

Select a transformation, input and output models, and set parameters,

Unit / Rule

| Rule createfccount(in client:EString, in accountld:Elnt)

W

Input Maodel

Show Inner Units

| platform:/resource/org.henshin.bank/src/org/henshin/bank/example-bankxmi

Browse Workspace... | | Browse Eile System...

Output Model

platform:/resource/org.henshin.bank/src/org/henshin/bank/example-bank_transformed.xmi

Parameters
Parameter Type Value
client EString "hAlice"
{accoun tld Elnt 5

Open Compare
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Apply rules using the Interpreter Wizard

* The result is saved to example-bank_transformed.xmi

* A Compare
viewer opens
automatically,
allowing us
to see the changes
performed to the
model.

& ws - Two-way compare of 'org.henshin.bank/src/org/henshin/bank/example-b... — O *
Eile Edit Mavigate Search Project Bun  Window Help
Huil @i B0 QU H OIS
9150 e o iE AR G| | & Ee
E [J] BankExample.java "E'E' Compare (‘example-bank_transformed.xmi’ - ‘exa.. 2| = & E
I @ Model differences (2 of 2 differences are not merged — 1 differences filtered from view) E|
CTRAR P AHD|BE| | EH|
w <+ > Bank &
v 4 > Client Alice =
48 Account 5 [accounts add]
4 > Account 5 &
Differences | Problems ot
48 Model Compare (Mon Containment Feature) = @
izl
|
: : =]
Local: ferg.henshin...bank_transformed.xmi

< Client Alice

Staccounts : Account

4 Account 1

4 Account 3

Local: forg.henshin...ank/example-bankxmi
< Client Alice

Fraccounts : Account

4 Account 1

1
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Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard

4. Execute rules from Java, using interpreter API

5. Roll your own rule



Execute rules from Java, using Interpreter AP

Problem: Want to automate the application of rules - for example,
when developing some refactoring tool on top of Henshin

Solution: The Interpreter API. Usage example in BankExample.java:

// Create a resource set with a base directory:
HenshinResourceSet rescurceSet = new HenshinResourceSet(path);

/{ Load the module:
Module module = resourceSet.getModule("bank.henshin”, false);

/{ Load the example model into an EGraph:
EGraph graph = new EGraphImpl(rescurceSet.getResource("example-bank.xmi"));

// Create an engine and a rule application:
Engine engine = new EngineImpl();
UnitApplication createAccountipp = new UnitApplicationImpl(engine);
createfccounthApp.setEGraph(graph);
// Creating a new account for Alice...
createAccounthpp.setUnit(module.getUnit("createfccount™));
createAccountlpp.setParameterValue("client”, "Alice");
createAccountApp.setParameterValue("accountId”, 5);
if (!createAccountipp.execute(null)) {

throw new RuntimeException("Errcr creating account for Alice");
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Henshin in action

1. Import project

2. View rules

3. Execute rules with the Interpreter Wizard

4. Execute rules from Java, using interpreter API

5. Roll your own rule



Roll your own rule

Task 1: PayLongtimeBonus: Add 10S to an account whose ID is
lower than 5

Task 2: FireUnproductiveManager: Delete from a given bank a
manager who is not assigned to any customers

Hints:

- To create a parameter or variable in a rule, double-click the rule’s
title bar and change the list after the rule name (in round brackets)

* To change the action of an element (e.g. from preserve to delete),

double-click on the action in the graphical editor, and type in the
new action



Henshin: A Guided Tour

HENSHIN
LINE

GRAPH
TRANSFORMATION OPTIMISATION
LINE LINE

Henshin: A Usability-Focused Framework for EMF Model Transformation Development
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Henshin: A Guided Tour

HENSHIN
LINE

GRAPH
TRANSFORMATION OPTIMISATION
LINE LINE

Henshin: A Usability-Focused Framework for EMF Model Transformation Development
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Features: What would you like to do today?

* Define a transformation

* Execute a transformation

« Analyse a transformation

Diagram Tree-based
editor editor
Textual Rule
editor generation
Interpreter Interpreter Giraph
Wizard API integration
State Space Conflict Dependency
Exploration analysis analysis

Features




Features: What would you like to do today?

* Define a transformation

* Execute a transformation

« Analyse a transformation

Diagram
editor
Interpreter Interpreter
Wizard API

Features
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> o far



Features: What would you like to do today?

Diagram
editor
* Define a transformation — A
generation
* Execute a transformation Interpreter Interpreter
Wizard API

« Analyse a transformation

Features



Problem: defining complex rules takes effort

Deleting an association in a UML model

= Rule Delete Assoostion
wesii L- type PrEJEnVE=] ownedEnd ["PTEiETVE ownedEng |PITIEVE I')‘]’t i
hator | [Property =L Asocition e ———=Propery | ilseCase =
«deletes R TN
«deletes e cdeletes extensienPaint
=deiete- lowervalue |«deletes uppervalue |<delete. | FPILE
w" - Pro =L ateralUnlimite dNatural Emmo:\i' s ohendedCate
i
«delete PR e
ownedind extennonlocation
edeletes e
Aziotaton iExtend
|
sdelete- [TELEr e
ownedind delete s sdaletes ] extend
. I ;
i v s e wpperValue Ll aerafialimitedNatural ey
Literallntegqer deletes Propeay oUieCare |
— lowerValue } cdelete.
Bype
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Solution: generate rules from examples

/ Initial draft of rule

Classa

Original Model

“PrimitheeTypes

| Classz Classd

Revised Model
|5

 Use familiar graphical editors to define model pair: original-revised
* Uses model comparison to identify identical elements
* First draft of rule: may need to add parameters, NACs etc.
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Features: What would you like to do today?

* Define a transformation

* Execute a transformation

« Analyse a transformation

Diagram
editor
Rule
generation |
Interpreter Interpreter Giraph
Wizard API integration

Features



Problem: EMF does not scale to large models

% SequentiolUnit AddCouples

Solution: Massive parallel model transformation with Giraph

H Movie 0.1 occursin
H Person T 01 H couple
; p2 0.1
= Rule CreateCouple =» Rule CregteOccurrence
«reguires areguires wreguires = PrESENVEs ‘ - |
:Movie arequires :Movie :Movie :Movie B Actor EREE
h'\ H“pli}rﬂn ,7'1' 7:"-\ pla;rl:I;I.u”E» ZQ’T wlEgUires f}‘"" Kﬂ areguires
requires «l'EquirE;'"' e ____‘:},:_---"";i-e.;lui,-En /" wrequires playsln \\\playsln
playsln \‘%‘pla}‘ﬂn’/ “—.ﬂ\pla}rsln / pleysin otl'E':|L|iI'l;x- =Create: 0:|'EE|L|iI'E»
=preserves|— ~-J=preserves Person | ocqursin  |:Person
:Person :Person - = Scales tO IMDB data
¥ arequires %, /' arequires 1
_____ N crete oL\ | g 924054 movies
p p
e 1777656 male actors
Couple
980396 actresses
* Code generation for Apache Giraph
* Massive parallel execution

* Scales to millions of nodes and edges
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Features: What would you like to do today?

* Define a transformation

* Execute a transformation

« Analyse a transformation

<

Diagram
editor
Rule
generation
Interpreter Interpreter Giraph
Wizard API integration

State Space
Exploration

Features




Example: Dining Philosophers

(= Rule leftlp) (= Rule right(p)
EPTESErVES wpreserves
Table Table
wdeleten
forks wieleter
I *Preserves -\pre:iflr-,-e-: e I forks
. philosophers
#Preserves wcreakes philosophers
:Fork W"F'FE?E”E" upreserves wcreaten «preserves
- ft p:Philosopher p:Philosopher/= - :Fork
= right =
H.H‘m . _._...-"' 7
@ re-'r:r-'ewhlhh #PrEserves «preserves L
PIESENVER ™\ plate plate _—~Tipreserves
left upreserves) e p— _
preserves
:Plate Plate right
f} Rule relzase(p) :} Rule createPhil{x) @Table
“preserves HPrESETVES wCreabes “prEserves
Table :Philosopher :Philosopher :Philosopher
- ecreakes o id=x o id=x+1 o id=0
FgrrE:ten tRIESETVEY . Fork LIEEILE plate | «creates preserve
i orks b ’ “preserves
-~ Philogeehers ; plate “ereater  Icreates pla -P-re.-ler-'E'-
wpreserves| udeletes |tPreserves | adeletes “Fipreserves UPrESENVER  wdeleten Plate :lgl,al:; B
:Fork p:PhilmopherﬁT":Fnrk :Plate right O id=xs T
o left right | -
% . . o — ____.-n-'-' A e -\‘-‘—\—‘_‘_; E— ..__..-'
--pre-:-er-:e-ﬁr"xh plal:;_f_er e #,f’# -u:reat&;i " ichreEtE;.- left :-,E-rel;.er..e._.f ,.F.riitr--ew
left g -~ #preserves gnt |: Dr. righk :For SETVEHR
PF[:t:rE right = id=x+1 ucreates
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Example: Dining Philosophers

Question: Is

ﬁ; Rule left{p) ﬁ; Rule right{p) h I k
there a deadlock?
«DTESErVEs wpreserven
Table Table
F;I:ELE':E“ uwdeleter
I *Preserves #prEsSErves forks
. philosophers
¢preserves «creakes philosophers
:Fork g "PIESETVER 4preserves wcreakes ¢PrESETVER,
left p:Philosopher p:Philosopher[= ; ‘Fork
g right =
cceren L= upreserven
TI=ZEE . plate plate _—~Tipreserves
left epreserves prem— .
preserves
:Plate ‘Plate rlght
f} Rule relzase(p) :} Rule createPhil{x) @Table
ohan wpreserves wcreates wpreserves
Table :Philosopher :Philosopher :Philesopher
wcreakes frﬁ:&rﬂe% ‘\:::rr:ate.u I O id=x = id=x+1 o id=0
Forks " " . Forks “preseives F'latel- (ErEakes €PrESErves
o philesophers S . N .

- . plate wCreabes wCreates P --|:rE-'-ler-.'E'.-
“preserver| yqeleten [Preserves | edeletes Tupreserven Upreserves udeletes :Plate Plate
:Fork -:—#p:Phllosopher*T":Fnrk :Plate right O id=xs I

e left right - ~ -

i l e ?_..-"' 5 e ) o

.-F-r:.::r.:?:a.. pﬁaﬁf Ve 7 wcreates wcreates lem «preservesfs left
ESEIVER o ight |- ) . *DTESErVEs
leFt R - --!:-r&-_.Er-,e-.- ng .FDFl‘fd_ 1 right :Fork P
;[I;t;rh right O id=x+ acreates
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Computing the state space for verification

* Full state space is computed

. lemaa;, "@““ ~uthtta3)
* Abstracts from order and a certain o \ —a

i releas,é[aS /’,
. \ ttgnt(a3) / ')'gwf;f):(a» —
1 /
attributes ke /X
| ” \
)

\
' T~tight(a3) \

) \ X
lefl(a2) \ ff_ljt_ia_g_e,{al-}— _%\,

- State invariants, qualitative and
probabilistic model checking

Philosophers States (= 37p) Transitions Time T
3 27 63 56ms
left[a2)
4 81 252 69ms |
5 243 945 224ms
6 729 3,402 616ms S
3
7 2,187 11,907 1.3s lefi(a) - :
r ht,(_a%} relea (az} \
8 6,561 40,824 5.0s G
/ nght(azw -
./
9 19,683 137,781 19.8s gl leftl@) [ —
10 59,049 459,270 80.5s
11 177,147 1,515,591 6min
12 531,441 4,960,116 61min
13 1,594,323 16,120,377 593min
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Computing the state space for verification

* Full state space is computed
* Abstracts from order and a certain o

attributes

- State invariants, qualitative and
probabilistic model checking

Philosophers States (= 37p) Transitions Time
3 27 63 56ms
4 81 252 69ms
5 243 945 224ms
6 729 3,402 616ms
7 2,187 11,907 1.3s
8 6,561 40,824 5.0s
9 19,683 137,781 19.8s
10 59,049 459,270 80.5s
11 177,147 1,515,591 6min
12 531,441 4,960,116 61min
13 1,594,323 16,120,377 593min

Validation

»

selfforks-=size() = 0

g
lefE_@j},--—-"
Sy - /
e release@  OCL (shortest path)
// \ rhghkt(a3) /
W right(a1) [ —\ rig&(aﬂl @
| & \ \
\ \ _»{18_ \
‘a THeh A
O lefk(a2)
— &
o™ o

///
~teft(a2)

.\.‘ @%‘:
rigHE(aB)
\
A

0

T‘ leFt(@a—"

lefg(a1) - TR
) a

right(a?] releasé(az) \

~ -

T / right{azy—" ®

g et N/

(a1)

-

\.\ release(at)y _%

\
\
\

righ\tl(aﬂ
\

138



Computing the state space for verification

* Full state space is computed
* Abstracts from order and a certain o

attributes

- State invariants, qualitative and
probabilistic model checking

Philosophers States (= 37p) Transitions Time
3 27 63 56ms
4 81 252 69ms
5 243 945 224ms
6 729 3,402 616ms
7 2,187 11,907 1.3s
8 6,561 40,824 5.0s
9 19,683 137,781 19.8s
10 59,049 459,270 80.5s
11 177,147 1,515,591 6min
12 531,441 4,960,116 61min
13 1,594,323 16,120,377 593min

Validation

»

selfforks-=size() = 0

g
lefE_@j},--—-"
Sy - /
e release@  OCL (shortest path)
// \ rhghkt(a3) /
W right(a1) [ —\ rig&(aﬂl @
| & \ \
\ \ _»{18_ \
‘a THeh A
O lefk(a2)
— &
o™ o

///
~teft(a2)

.\.‘ @%‘:
rigHE(aB)
\
A

0

T‘ leFt(@a—"

lefg(a1) - TR
) a

right(a?] releasé(az) \

~ -

T / right{azy—" ®

g et N/

(a1)

-

\.\ release(at)y _%

\
\
\

righ\tl(aﬂ
\
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Computing the state space for verification

* Full state space is computed

Validation

»

selfforks-=size() = 0

. A bSt ra Cts fro m O rd e r a n d a Ce rta i n /@{-""EEE_@L-;-E;:%/(’ OCL (shortest path)
attributes T T
- State invariants, qualitative and kT o

probabilistic model checking

///
~teft(a2)

.\.‘ @%‘:
rigHE(aB)
\
A

rig&(aw )l a1
"\.

\
\.\ release(at)y _%
Ol \

\
\

(a1)

-

righ\tl(aﬂ
\

Philosophers States (= 37p) Transitions Time 35
3 27 63 56ms Viertan—"
4 81 252 69ms
5 243 945 224ms
6 729 3,402 616ms
7 2,187 11,907 13s e T ewg
y ht,ta’l'?/relea (a2) \
8 6,561 40,824 5.0s ///./ / ri_g)tlr,@z%-""“
9 19,683 137,781 19.8s gl left@2) e
10 59,049 459,270 80.55 2 validation =
11 177,147 1,515,591 6min Shortest path of length 3 found (target state State 19).
12 531,441 4,960,116 61min
13 1,594,323 16,120,377 593min
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Features: What would you like to do today?

* Define a transformation

* Execute a transformation

« Analyse a transformation

Diagram
editor
Rule
generation

Interpreter Interpreter Giraph

Wizard API integration
State Space Conflict
Exploration analysis

\ 4

Features




Example: conflicts in model refactorings

Meta-model Rules

E Class =» Rule addParameter(String mathodName, String parameterName) @
= name : E5tring '
«preserves «Creates zCreates
method:Method e ~parameter.Parameter

&1 name=>5tring methodName | parameters| = name=>5tring methodName

0.* methods
H Method

$ Rule MoveMethod(String sourceClassMName, String targetClassName, Sm'n@
= name : E5tring
«presen/es =presenes
sourceClass:Class targetClass:Class
parameterS = name=sourceClassName = name=targetClassName
DII* ',.-’
«deletex «Creates -~ «forbid=
H Parameter methods methods~ methads
= name «preserves e cUtlieh b
it hod Metiod forbiddenMethod:Method
- = e = name=movedMethod
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:} Rule addParameter(String mathodMName, String parameteriName) ( 1* # Rule MoveMethod(String sourceClassName, String targetClassName, Sm'n@

&

zpresen/es
method:Method

aCreates

= name=5tring methodMame

parameters

«Creates

-~ parameter:Parameter

= name=5tring methodName

Input model

File

Printer

Spooler

print()

queue()

wpresernve: zpresern/es
sourceClass:Class targetClass:Class
= name=sourceClassName = name=targetClassName
f"’
«=deletex wCreates 7 «forbids
methods methods methods
«preserves P «forbid:
mavedMethod:Method forbiddenMethod:Method
= name=movedMethod = name=movedMethod

®_addEaLameLer_> File
( print(p:Printer)

@ @ S

print,(p,Printer))

®_addEaLamf_ter_> Printer
ueue(f: File)
@ @ auene, e |

File Printer
@2 ( :> queue()

File, Printer,print)

print()

Not applicable

(File,Spooler,print)

anymore! -> Conflict
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Conflict and dependency analysis

1. Input: meta-model + rules

2. Context menu ->
Calculate Critical Pairs

3. Rule selection + options

#] ClassModel.ecore
% ClassModel.ecorediag
@ ClassMedelRules.henshin

@ ClassModelRules.henshin_diagram

Compare With

' |

» % Apply Transformation
» Calculate Critical Pairs
»

Initialize Diagram File

Alt+Enter [

= =g

Critical Pair Analysis - Rule selection

Please select the rules (at least 1) you want to have checked by the
Critical Pair Analysis.

Found rules Calculate...

MoveMethod @ Conflicts

addParameter () Dependencies
[¥] Select all

@ < Back Ne¢> | [ Finish ||

-

e ESQ el

Critical Pair Analysis - Option Settings

Customize the options.

complete critical pairs (if not selected, search up to first critical match)
[] consistency check of critical pairs
["lignore critical pairs of same rules

[“|ignore critical pairs of same rules and same matches

@ Next » Finish | [ Cancel
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Analicic raciilt+

. left.henshin 52 & overlap.ecore 52 # right.henshin 22

[ Resource Set Lk | Yo ()=~ 4 ] platform:/resource/born.moca.cpa [ Resource Set T3 | Yo ()= 7

4 @, platform:/resource/born.moca.cpa.example/test 4 # MoveMethod, MoveMethod 4 @ platform:/resource/born.moca.cpa.example/testD:

4 =» Rule MoveMethod(String sourceClossName, § 4 [ nullClass 4 =» Rule MoveMethod|(String sourceClassName, Sin

{..} Parameter String sourceClassMame = #methods# : ZMethod {..} Parameter String sourceClassMame

{..} Parameter String targetClassMame = #Iass A {.-} Parameter String targetClassMame
{..} Parameter 5tring movedMethod i 2Method (.-} Parameter String movedMethod
4 L Graph Lhs 4 L GraphLhs
» (=] Node1:Class:Class 4 =] Node1:Class:Class
» (=] Node targetClass:Class = Attribute name = sourceClassMame
» =] Node 2Method:Method » (=] Mode targetClass:Class
" Edge (methods) 1:Class -» 2:Method .. 4 E Mode 2:Method:Method
4 Mot | Orlgln Of = Attribute name = movedMethod
[+ Mested Condition Conﬂict = " Edge (methods) 1:Class -» 2:Method
» R Graph Rhs w4 Mot
> —» Lhs-Rhs Mappings - R Graph Rhs
— Multi Mappings > —» Lhs-Rhs Mappings
4 )| platformifresource/born.moca.cpa.exafnple/test == Multi Mappings
- 8 classmiodel . ) platform:/resource/born.moca.cpa.example/testD:
4 | ] b g .| P PR T )
Ji i |- & CPAResult 3

4 = MoveMethod, MoseMethod
1) delete-use-conflict
(2) delete-use-conflict
(3} produce-forbid-conflict
(4} produce-forbid-conflict
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Henshin: A Guided Tour

HENSHIN
LINE

GRAPH
TRANSFORMATION OPTIMISATION
LINE LINE

Henshin: A Usability-Focused Framework for EMF Model Transformation Development
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Applications

Can do many things with Henshin

| & MMTF
- Model uncertainty M

* Model-based security Becm

* Model versioning S|Z|X_|ft
» Search-based model optimisation /.4 K%
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Models with uncertainty and variability

Alternative Designs

one, yet.

- _ Hmm, | don't
! ‘% know which

@1

Courtesy of Famelis et al. [MODELS 2013]
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Models with uncertainty and variability

Transforming Models with Uncertainty

Natalie should be able
to use model
transformations

Courtesy of Famelis et al. [MODELS 2013]
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Models with uncertainty and variability

Tool Support %

- Reuse partial model implementation in MMTF
(Eclipse / EMF)

- Algorithm implementation @bﬂ
(. Determine rule applicability

- Henshin and the Z3 SMT solver
Transform the graph z 5
« Henshin

Transform the formula :
+ Java (Z3 input strings) ? MMTF

&

Courtesy of Famelis et al. [MODELS 2013]
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Security Engineering: keep system design
aligned with security knowledge

Security Context Knowledge

m%i oS - ﬁi - Security knowledge
maintained in a

security ontology
SCK SCK'
Security g Security
Analysis *g Analysis
ESRs, | O * Ontology evolution
oy | VJ p . triggers
© corresponding
design-model
- co-evolution rules
System Model @hjn
m

~
B[ecmm Courtesy of Blrger et al. [JSS 2018]
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Model versioning: Recognizing executed
edit operations

instance of

5 Edit Rule
Generator
Metamodel

Es

)

Recognition Rule <

manual
adaptions

M

Edit Rule Set

—

instance of E . Mandatory Complex
SrErEtsemssneas s sn s sasnannnnd enerator : .
Recognition Edit Rules Edit Rules
Rules |
Model H Model Differencing Pipeline v \ v — — :
Version A : - - i Patching, i
H Matchi Difference | ] 3 Operation Parameter Dependency 3 Merging, |
i atching 3 | I > wati Recognition Retrieval Analysis H '
Model \ | _» Derivation q . - by
Version B Corres- Low-level Semantic Operation Edit Script | *
pondences Difference Change Sets Invocations

Courtesy of Kehrer et al. [ASE 2013]
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Model versioning: Recognizing executed
edit operations

~™ manual Edit Rule Set 0z
. £ adaptions .
[nsanceof . Edi Rule _h{p B =f
Generator - composed of E
FE Metamodel Recognition Rule [
i nstanceof ... Canarator Mandatory Complex 8
: Recognition Edit Rules Edit Rules ]
I Rules |
P Model Differencing Pipeline
rea [ i ¥ y y
ersion 2 ) Difference Operation Parameter Dependency ,l ] _)‘ Merging.- : T
Model |y Matching Derivation Recognition Retrieval Analysis g H
i ) ) H 2
Version B D,- Corres- Low-level Semantic Operation Edit Script | fereeeeeeeeseeeeessd % -
pondences Difference Change Sets Invocations a2 g
—» Rule createGeneralizationfc1, c2, gen)
= Rule pullUpAttribute(p, g. n)
preserve
: ) o equirer
c2:Class arequiren . q o ) -
specific o g.Generallzatlun_H require
generallzagq,u-f ——_general
|z — T equires T oforbid:
= — orbid:nac 1#
wcreater Preserves e 1 Tpreserve _
p—— cs:Class cgiClass e :Froperty
create ownedAttribute | o =
X izati ngelet ex ecregter name=n
gen:Generalization R — A sforbid:nac 1»
ﬂdamw\ ownedAttribute PrEserver Le—" gwnedAttribute | acreates
generalization class \ p:Property | ocreatee
wcreat e = name=n class
preserve

cl:Class

Courtesy of Kehrer et al. [ASE 2013]
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Model versioning: Recognizing executed
edit operations

~™ manual Edit Rule Set 0z
. £ adaptions .
[nsanceof . Edi Rule _h{p B =f
Generator - composed of E
FE Metamodel Recognition Rule [
i nstanceof ... Canarator Mandatory Complex 8
: Recognition Edit Rules Edit Rules ]
I Rules |
P Model Differencing Pipeline
rea [ i ¥ y y
ersion 2 ) Difference Operation Parameter Dependency ,l ] _)‘ Merging.- : T
Model |y Matching Derivation Recognition Retrieval Analysis g H
i ) ) H 2
Version B D,- Corres- Low-level Semantic Operation Edit Script | fereeeeeeeeseeeeessd % -
pondences Difference Change Sets Invocations a2 g
—» Rule createGeneralizationfc1, c2, gen)
= Rule pullUpAttribute(p, g. n)
preserve
: ) o equirer
c2:Class arequiren . q o ) -
specific o g.Generallzatlun_H require
generallzagq,u-f ——_general
|z — T equires T oforbid:
= — orbid:nac 1#
wcreater Preserves e 1 Tpreserve _
p—— cs:Class cgiClass e :Froperty
create ownedAttribute | o =
X izati ngelet ex ecregter name=n
gen:Generalization R — A sforbid:nac 1»
ﬂdamw\ ownedAttribute PrEserver Le—" gwnedAttribute | acreates
generalization class \ p:Property | ocreatee
wcreat e = name=n class
preserve

cl:Class

Courtesy of Kehrer et al. [ASE 2013]
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Search-based model optimisation

Optimization problems in software engineering

__J.
W
\\ /‘
Architecture Sprint
refactoring planning

Common task: find an o
among a vast number
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Applications

Can do many things with Henshin

| & MMTF
* Model uncertainty =~

* Model-based security Becmm

* Model versioning S|Z|X_ift |
» Search-based model optimisation /.4

we WANT YOU!
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Summary of Part 1

Graph-transformation-based language

Applications
Example 1: createAccount

Example rule

5.‘?-;'9 createAccount(in cient EString, in sccountid Elng 1 Can do many th|ng5 Wlth HenShln
*
) & MMTF
presen : esen * Model uncertainty N
\Bank Ing ~Manager . WMW
o B B managers * Model-based security ’
o e / - v . . - 3
a_cou._..u/ - et oy | e * Model versioning ~ §j‘Lift _
forbids [ccreates ] epresene . ) L ot
i [ | _ccene. [T . Search-based model optimisation Y ,\1\{‘?‘5
© id=accountid o id=accountid accounts ' name=client .
create Newly created by rule
delete Removed by rule
preserve Context for creations and deletions (=4
forbid Prevents rule from being applied
parameters Data passed into and from rule (in, out, inout) WE WANT'“!

Features: What would you like to do today?

_I_)iagram 1 Tree-based "
editor editor In
* Define a transformation S PR
editor generation | I |
.« Exi ransformation Interpreter | | Interpreter Giraph
ecute a transformatio Wizard AP integration

+ Analyse a transformation

Al Further information:
e www.eclipse.org/henshin
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Model instances as graphs

* typed attributed graphs

ElndelSlemant +ehodelElement

+ with node type inheritance
-—
Z} - « Containment constraints
| | +efnnotations
ENamedElement EAnnatation
Z} +e3ubpackages
| [ ; N
ETypedEloment +eTYP8 [ Fripasifior |— ®  EPackage N ~
01 +aClassifiers +ePackage /
Z‘E\ 0.n Z} +eSuperPackage
| | | ED T|
EOperation EFarameter EStructuralFeature ataType

A N
/ -
O.n t+eOperation +eParamaters O.n +eAttributeType | 1
+e0perations +eStructuralFeatures +e0pposite

EReference EAttribute

T —

0.1 \ _
S \ﬁReferences +eAttrihut9?‘ !L Attribute type ’
O.n O..n

EClass
+§\\\tainingCIass¢ ~ esuperTypes Node type ’
+a \gingClass inheritance
Node type ’

Transformation rules need to comply with containment constraints
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Henshin in action 1: EMF meta-models and models

H Bank

[

§ Eclipse Modeling Framework:
g Person * base technology for modeling in Eclipse
e —  supports various technologies

accounts managers clients ¢ gra ph ical editors
Lk 0.* 0.* H
° * model query, comparison,

H Account H Manager | manager clients g client
R 0.1 ox transformation etc.
: owner
accounts 0.1
0.*
@ example-bank.xmi 23 = O || El Properties 23 = 0O
- @ platform: fresourcef/bankfexample-bank. xmi |E| :{=:{> =
= 4 Bank |
4 Manager John Property :Value
4 Accountl m
Id = 4
Structured data models + Account 2 . e
) 4 Account 3 wner 1= Client Charles
e Classes with references &
(instead of associations) % Chent Alice
. <+ Client Bob
i Conta|nment <4+ Client Charles
° Resource Sets B |5 platform:/resource/bank/bank. ecore
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Henshin in action 1: EMF meta-models and models

H Bank

[

L

H Person

o name : EString

Eclipse Modeling Framework:
* base technology for modeling in Eclipse
e supports various technologies

accounts managers clients . graphical editors
0 . .:1': 0 . .:+: 0 . I:+: .
H Account H Manager | manager clients g client * mOdeI query’ comparlson’
S 0.1 o transformation etc.
: owner
accounts 0.1
0.*
@ example-bank.xmi &3 = B || E Properties 53 =B
- @ platform: fresourcef/bankfexample-bank. xmi |E| 1 =
= < Bank —
4+ Manager ohn Property :Value
< Accountl m
Id =4
Structured data models + Account 2 . .
. 4 Account 3 wner 1= Client Charles
Classes with references &
(instead of associations) % Chent Alice
<+ Client Bob

Containment
Resource Sets

4= Client Charles

B |5 platform:/resource/bank/bank. ecore
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Henshin in action 1: EMF meta-models and models

H Bank

[

§ Eclipse Modeling Framework:
g Person * base technology for modeling in Eclipse
e —  supports various technologies

accounts managers clients ¢ gra ph ical editors
Lk 0.* 0.* H
° * model query, comparison,

H Account H Manager | manager clients g client
SRS 0.1 0. transformation etc.
o credit : EDouble
owner
accounts 0.1
0.*
@ example-bank.xmi 23 = O || El Properties 23 = 0O
MUEIE & platf bank/ le-bank [ |
~ platform: fresourcef/bankfexample-bank.xmi — | - v
model { Model } o & » 4
4 Manager John Property _‘u"alue
4 Accountl m
Id = 4
Structured data models + Account 2 . e
) 4 Account 3 wner 1= Client Charles
e Classes with references &
(instead of associations) % Chent Alice
. <+ Client Bob
i Conta|nment <4+ Client Charles
° Resource Sets B |5 platform:/resource/bank/bank. ecore
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Language definition: Henshin meta-model

Background: Rule Applications are a Double Pushout

Right-hand side (RHS) of rule:
Created + Preserved elements

Left-hand side (LHS) of rule:

Mappings
Deleted + Preserved elements ,

L<—K—™R

Input " Modified
graph graph
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Language definition: Henshin meta-model

Background: Rule Applications are a Double Pushout

Left-hand side (LHS) of rule: Right-hand side (RHS) of rule:

Mappings
Deleted + Preserved elements p|}0 5% Created + Preserved elements
. < ——
Negative L K R
and positive
application Match —
conditions

Input " Modified
graph graph
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Language definition: Henshin meta-model

Background: Rule Applications are a Double Pushout

Left-hand side (LHS) of rule: Right-hand side (RHS) of rule:

Mappings
Deleted + Preserved elements p|}0 5% Created + Preserved elements
. < ——
Negative - L K R
and positive”
application Match —
conditions

Input " Modified
graph graph
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