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Part 1. Collaborative Blended Modeling



Versioning

= Central piece of technology in any kind of collaborative work
e programming
* modeling



“Classic” text-based + snapshot-based versioning (e.qg., git)

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {} class Animal {}

class Dog extends Animal {} [~ » | class Dog extends Animal {}

class Cat extends Animal {} | class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

class Cat extends Animal {}




“Classic” text-based + snapshot-based versioning (e.qg., git)

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {} class Animal {} A

class Dog extends Animal {{ |~ » | class Dog extends Animal {} » Mmerge?

class Cat extends Animal {} | class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

class Cat extends Animal {}




“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

class Mammal {}
Common

Ancestor class Dog extends Mammal {}

class Cat extends Mammal {}

v

class Animal {} class Animal {} A
class Dog extends Animal{} |~ » [ class Dog extends Animal {} » merge?
class Cat extends Animal {} | class Cat extends Animal {} v
class Giraffe extends Animal {} e
e
‘ class Animal {} ///

class Dog extends Animal {}

classCatextendsAnimal-{




“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

class Mammal {}

Common
Ancestor

class Dog extends Mammal {}
/' class Cat extends Mammal {}

: Change
A 4 line 1,3,4 :
class Animal {} Vs class Animal {} A
class Dog extends Animal {} %» class Dog extends Animal {} » merge?
class Cat extends Animal {} | class Cat extends Animal {}
N\ class Giraffe extends Animal {} e
//
Remqye ) /
line 4 ‘ class Animal {} e
class Dog extends Animal {}
elass-Gatextends-Animal-




“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

/1
: Change
A 4 line 1,3,4
class Animal {} ya

Add

class Dog extends Animal {} | .5 >
class Cat extends Animal {}

—7 Remove
o line4

obtained 4
by diffing -~

\
/A

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextendsAnimal-{




“Classic” text-based + snapshot-based versioning (e.qg., git)

(CloseSt) class Mammal {}
Common
Ancestor class Dog extends Mammal {}
s ¥ class Cat extends Mammal {}
; Change
A 4 line 1,3,4 .
class Animal {} VA class Animal {}
Merge OK
. Add .
class Dog extends Animal } | | & » class Dog extends Animal {}
class Cat extends Animal {} | class Cat extends Animal {} class Animal {}
class Giraffe extends Animal {} N
Reriﬁqve class Dog extends Animal {}
line4 . - V| elass-GatextendsAnimal{
a4 class Animal {) class Giraffe extends Animal {}
class Dog extends Animal {} = common ancestor +
| I : ff =
both deltas
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“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

~

Change
line 1,3,4
/

Add
“lines ”

Re ﬁﬁqve
line 4

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

Conflict!

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Mammal {}

class Dog extends Mammal {}

class-Gatextends-Mammal-{

class Animal {}

class Dog extends Animal {}

class-CatextendsAnimal-{
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“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

~

Change
line 1,3,4
/

Add
“lines ”

Re ﬁﬁqve
line 4

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

Conflict!

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Mammal {}

class Dog extends Mammal {}

class-Gatextends-Mammal-{

class Animal {}

class Dog extends Animal {}

class-CatextendsAnimal-{

between deltas:
* changeline 1,34
* remove line 4
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“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

P

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

g Change
A 4 line 1,3,4

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

Rerﬁqve

lined
4

A conflict is a (symmetric)

relation between two deltas
(not between two versions)

class Animal {}

class Dog extends Animal {}

class-Catextends-Animat{

Conflict!

class Mammal {}

class-Gatextends-Mammal-{

class Dog extends Mammal {}

between deltas:
* changeline 1,34
* remove line 4

13



“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

~

Change
line 1,3,4
/

Add
“lines ”

Re ﬁﬁqve
line 4

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

Conflict!

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Mammal {}

class Dog extends Mammal {}

class-Gatextends-Mammal-{

class Animal {}

class Dog extends Animal {}

class-CatextendsAnimal-{

should this really
be a conflict?
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“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

~

Change
line 1,3,4
/

Add
“lines ”

Re ﬁﬁqve
line 4

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

Can merge...

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextendsAnimal-{
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“Classic” text-based + snapshot-based versioning (e.qg., git)

(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

~

Change
line 1,3,4
/

Add
“lines ”

Re ﬁﬁqve
line 4

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

Can merge...

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextendsAnimal-{

... but maybe not the
result we want?
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(Closest)

Common
Ancestor

v

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

Change
line 1,3,4

/A
Change
line 1,3,4

/

Add
“lines ”

Reﬁﬁqve
line4

class Pet {}

class Dog extends Pet {}
class Cat extends Pet {}

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextendsAnimal-{

e

Conflict

17



Conflict terminology

class Animal {}

class Mammal {}

class Pet {} ?
class Dog extends Animal {} class Dog extends Mammal {} | example will be
class-Catextends-Animal- class Dog extends Pet {} class-Catextends Mammakf iven later
class Giraffe extends Animal {} | class Cat extends Pet {} g
conflict . - . :
negative ositive ositive neqgative
detected? 9 P P 9
detection
true false fal
correct? M aise
SO Igt's true negative true positive false positive false negative
callita ...
18




Limitations of text-based versioning

Problems encountered:

class Mammal {}

class Dog extends Mammal {}

class-Catextends-Mammal-{

(a)

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}
class Giraffe extends Animal {}

(b)

(a) “false positive” conflicts (common in git)

(b) undesired merge outcome
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Limitations of text-based versioning

 Problems encountered:

class Mammal {}

class Dog extends Mammal {}

class-Catextends-Mammal-{

(a)

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}
class Giraffe extends Animal {}

(b)

(a) “false positive” conflicts (common in git)

(b) undesired merge outcome

* Going beyond git

1) Versioning the abstract syntax (instead of concrete syntax)

2) Operation-based versioning (instead of snapshot-based)

20



Beyond git: 1) Versioning the abstract syntax

concrete syntax

abstract syntax

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

type
extends
name

type
extends
name

Class

Cat‘\b

Class

Dog

type
name

Class
Animal

21



Beyond git: 1) Versioning the abstract syntax

concrete syntax

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

“parsing”

=

abstract syntax

type
extends
name

type
extends
name

Class

Cat‘\b

Class

Dog

type
name

Class
Animal

22



Beyond git: 1) Versioning the abstract syntax

concrete syntax

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

Text

“parsing”

=

“rendering”

<$mmmm

abstract syntax

type
extends
name

type
extends
name

Class

Cat‘\b

Class

Dog

type
name

Class
Animal

Graph

23



type
extends

name

type

extends
name

Class

Cat

Class

Dog

type Class
name Animal

24



type
extends

name

type

extends
name

Class

Cat

Class

Dog

type Class
name Animal

type
extends

name

type
extends
name

Class

Cat

Class

Dog

type
name

Class
Mammal
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type
extends

name

type

extends
name

Class

Cat

Class

Dog

type Class
name Animal

type Class
extends
name Cat

type Class
e Class name Mammal
extends
name Dog
type Class
extends
Rame Cat

type Class
e Class name Animal
extends
name Dog

26



CS: Conflict

(‘false positive”)

class Mammal {}

class Dog extends Mammal {}

elass-Gatextends-Mammal-{

type Class
extends
name Cat
—>
type Class
type Class name Animal
extends
name Dog
N

AS: No conflict
(“true negative”)

type Class
extends
name Cat

type Class
DEE Class name Mammal
extends
name Dog
fype Class
extends
Rame Cat

type Class
= Class name Animal
extends
name Dog

27



~

type Class type Class
extends extends
name Cat name Cat
—>
type Class type Class
type Class name Animal type Class name Mammal
extends extends
name Dog N name Dog
\\\\ ?{S No cor;ﬂlc,; type Class
N rue neqgative
. 9 extends
\\\\\ type Class name Cat
CS: No conflict extends -
but undesired merge result name Giraffe type  Class
class Mammal {} e Class name Animal
extends
class Dog extends Mammal {} e Dog
class Cat extends Mammal {}

class Giraffe extends Animal {}

28



Beyond git: 1) Versioning the abstract syntax

e Benefits
- Fewer “false positive” conflicts

— Abstract syntax closer to semantics of language
=> captures better the intention
=> better merge results

* However... (next slide)
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Beware: only versioning the abstract syntax is undesirable

» Concrete syntax contains more information than abstract syntax
- e.g., textual syntax: order of declarations

- e.g., visual syntax: layout of elements " I | |
O C!I T4 Batt.q

45V =
class Animal {}

Mains

AC
Input 21‘
. SCR
class Dog extends Animal {} R11[]_‘ - T s
class Cat extends Animal {} "

L]

O

R1

MIC

 This information is useful for humans

* Losing this information leads to layout discontinuity



Beyond git: 2) Operation-based versioning

* Persist deltas immediately after they happen
- no diffing
- no need to record snapshots (can be restored from the deltas)

— Version == sequence of deltas
« Can compute conflicts between deltas in advance (before merging)

— can persist conflict relations

31



Beyond git: 2) Operation-based versioning

class Mammal {}

class Dog extends Mammal {}
Y| class Cat extends Mammal {}

Change
line 1,3,4 -
class Animal {} ya class Animal {}
Add .
class Dog extends Animal {} . class Dog extends Ammal {
class Cat extends Animal {} W class Cat extends Animal {}
class Giraffe extends Animal {}
Rerﬁo\ve
line 4 ‘ class Animal {}

Deltas already known class Dog extends Animal {}
class-CatextendsAnimal-{}




Beyond git: 2) Operation-based versioning

class Mammal {}

class Dog extends Mammal {}
Y| class Cat extends Mammal {}

Change
line 1,3,4 -
class Animal {} ya class Animal {}
Add .
class Dog extends Animal {} . class Dog extends Ammal {
class Cat extends Animal {} W class Cat extends Animal {}
class Giraffe extends Animal {}
Rerﬁo\ve
line 4 ‘ class Animal {}

Deltas already known class Dog extends Animal {}
class-CatextendsAnimal-{}

NO diffing!




Beyond git: 2) Operation-based versioning

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

/1

Change
line 1,3,4

/

/

Add
line 5 >

Re r\h\o\\/e
line 4

Deltas already known

NO diffing!

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextends-Animal-{}

Snapshots re-computed
from deltas

34



Beyond git: 2) Operation-based versioning

/1

Change
line 1,3,4

class Animal {}

class Cat extends Animal {}

/

/
Add

class Dog extends Animal {} “lines ”

Re r\h\o\\/e
line 4

Deltas already known

NO diffing!

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

classCatextends-Animal-{}

Animal - Pet Add Giraffe
Change line 1,3,4 Add line 5

Snapshots re-computed
from deltas

* \ Animal » Mammal

Change line 1,3,4

%

Remove Cat
Remove line 4

Confict relations can be
persisted along with the
deltas

35



Beyond git: 2) Operation-based versioning

/1

line 1,3,4

Change

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}

/

Add

Re ﬁo\ye
line 4

line 5 >

Deltas already known

NO diffing!

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

class CatextendsAnimal-{}

valid version
Animal = Pet Add Giraffe
Change line 1,3,4 Add line 5

Snapshots re-computed
from deltas

%

Animal » Mammal
Change line 1,3,4

%

Remove Cat
Remove line 4

Confict relations can be
persisted along with the
deltas
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Beyond git: 2) Operation-based versioning

/1

Change
line 1,3,4

class Animal {}

/

Add

class Dog extends Animal {} “lines ”

class Cat extends Animal {}

Remove
line 4

Deltas already known

NO diffing!

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

class CatextendsAnimal-{}

valid version

Animal — Pet
Change line 1,3,4

Snapshots re-computed
from deltas

%

valid version

Add Giraffe
Add line 5

Animal » Mammal
Change line 1,3,4

Remove Cat
Remove line 4

Confict relations can be
persisted along with the
deltas
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Beyond git: 2) Operation-based versioning

/1

Change
line 1,3,4

class Animal {}

/

Add

class Dog extends Animal {} “lines ”

class Cat extends Animal {}

Remove
line 4

Deltas already known

NO diffing!

class Mammal {}

class Dog extends Mammal {}
class Cat extends Mammal {}

class Animal {}

class Dog extends Animal {}
class Cat extends Animal {}
class Giraffe extends Animal {}

class Animal {}

class Dog extends Animal {}

class CatextendsAnimal-{}

valid version

Animal — Pet
Change line 1,3,4

Snapshots re-computed
from deltas

%

valid version

Add Giraffe
Add line 5

Animal » Mammal
Change line 1,3,4

Remove Cat
Remove line 4

etc...

Confict relations can be
persisted along with the
deltas

38




Beyond git: 2) Operation-based versioning

* Benefits
- More efficient (does the work up front)
 no diffing
* no need to store snapshots (containing duplicate information)
— Can persist additional information about deltas
» conflicts
» dependencies (explained later...)
- Fine-grained edit history (every edit operation is recorded)
 can also become a downside: drowning in information...
- Need deltas not only for merging, but also:

* “live” collaboration (e.g., Google Docs)
- send deltas over network, rather than state snapshots

* incremental transformations (e.g., parsing, code generation, ...)

39



Beyond git: Related work

 Darcs (https://darcs.net/)
- alternative to git (textual versioning)

- persists deltas and their dependencies (explained later...)
(performs eager diffing)

- written in Haskell

* Pijul (https://pijul.org/)
- inspired by and similar to Darcs, but claims better performance
- “theoretically sound”

- written in Rust

() darcs

40


https://darcs.net/
https://pijul.org/

Background: Versioning in model-driven engineering

« Text-based versioning (e.g., git, SVN) is a poor fit for MDE .} git
- for models, can only take snapshots of serializations (e.g., XML)

- often have “false positive” conflicts

* Model-specific versioning solutions work primarily at the level of abstract syntax

- a 1:1 mapping between concrete and abstract syntax elements is assumed
(concrete syntax == abstract syntax + icons)

=> very little “concrete syntax freedom” > EMEF(

AMOR

41



ED Compare {'bak/extlibraryRight.ecore' - 'bak/extlibraryLeft.ecore' - 'bak/extlibraryRight.ecare’y £3 = 0
#] Model differences (38 over 38 differences still to be merged — 8 differences = v /%" ‘A 4% | £ T | = &
¥ [E* Magazine -> Circulatingltem [eClassifiers add)]
EPCircuIatingltem -> Item, Borrowable [eSuperTypes add]
B cF* title : EString [eStructuralFeatures add]
» B pages : EInt [eStructuralFeatures add]
b B Periodical - Item [eClassifiers delete]
F 5 Magazine -> Periodical [eClassifiers add)
P B Titleditem [eClassifiers add]
& Model Compare (Containment Features) E
bak/extlibraryLeft.ecore |J bak/extlibraryRight.ecore
b Circulatingltem -> Item, Borrowable b [ Lendable
> ¥ [ Circulatingltem - ltem, Lendable
F H Audiovisualltem -> Circulatingltem ¥ | [ Periodical -> Item, Titledltem
b H BookOnTape -> AudioVisualltem F [ AudioVisualltem -> Circulatingltem, Titleditem
b B VideoCassette -> AudioVisualltem F [ BookOnTape -> AudioVisualltem
» B Borrower -> Person b [ VideoCassette -> AudioVisualltem
» H Person -> Addressable » [ Borrower -> Person
¥ E Employee -> Person » [ Person -» Addressable
b H Addressable ¥ [ Employee -> Person
[ » [ Addressable
LA y/————
Yl E Magazine -> CirculatingltemI - 1
() Circulatingltem 'J_--—|:|
»| = title : EString < NAN— [ Magazine -> Periodical
b | = pages : Elnt - — k| B Titleditem

3 EMFCompare'

"https://www.eclipse.org/emf/compare/

q i Palette | @1 <package»
Taa origin
Eclass |
E3 Package
[ Enumeration
DataType
1 PrimitiveType
{2) Constraint
& Association Class
[ interface
= Comment
“> Collaboration
@ Attribute
4 Operation
= Enum Literal
@ Port
¢ Template Signature
27 Element Import
» / Association
+ . Dependency
/ Generalization
.4 Provided Interface
4 Required Interface
17} Constrained Element
" NAry Dependency
Target
" NAry Dependency
Source

Association End
_# Realization

5 «eMyAdds @ <Constraintvioiations
[ Employee “ Instantiation not possible
Theiradd>
121 |
] Person ] office L] onlineStore
@ <Constraintviolation» 10.1] 0.1
* Inheritance Cycle
=] customer
buys ©% 17 getinfo( )
& [purchase( )|
Gl <Myadd, TheirAdd, LayoutConflict» S s o et
manages
] concert [ Exnibition o <Theiradd»
| SoccerMatch
3 artist 3 artist
Deleteliser <AddForbid»
- fieldToPullup " subclass

777 «operationContrac.
> pullUpField

@ Operation

Value
ool

‘ Tagged Values o
Change Element
Old value
State
Updated Feature
Updated Value
user

i Attribute name : String in <Operation> purchase () has changed from buy to purchase

\l' \
i | i
\ 2 ‘7| iClass w‘ : Generalization Iﬂol : Class k}
ctoment || name =-Event ‘name = “Concert” VF. —
i i
fi i
i : Attribute . 'l
i —— B
i "
ST, H i

| Abstract Syntax Model

\ |
\Concrete Syntax Model element
X target source
: Shape : Connector : Shape
type = CLASS type = type = CLASS
x= 460 GENERALIZATION x=400
y=385 bendpoints = [..][.] y =520

type = 7001 ez 1001

rationNode

‘
:
‘
: partment I

=t

'ype = 5003

2Petra Brosch, Martina Seidl, Manuel Wimmer, Gerti Kappel: Conflict Visualization for Evolving UML Models. J. Object Technol. 11(3) 2:1-30 (2012)



Background: Blended modeling’

= Ability to edit a model (= abstract syntax)
through multiple concrete syntaxes

* Usability++: User can choose the representation
that is most efficient for the current task

- e.g., understanding connections between elements
-> observe visual layout

- e.g., renaming a variable
-> find all/replace in textual CS

* Technical challenge: incremental bi-directional
synchronization between CSs and AS

'Federico Ciccozzi, Matthias Tichy, Hans Vangheluwe, Danny Weyns: Blended Modelling - What, Why and How. MoDELS (Companion) 2019: 425-430
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Research question

“What is needed to support
collaborative blended modeling?”

— branching

— detecting conflicts

- merging non-conflicting changes
At the level of:

— abstract syntax

— concrete syntaxes

concurrently
making
changes

44



Mcs,

Running example: Concurrent edits x Blended modeling

visual
CS

]

initial version
Mys

AS

initial version
Mcs,

n state {}
(@]

textual

initial version

Legend

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988)

p time
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MMgs, | instance of Mcs,

Running example: Concurrent edits x Blended modeling

Legend
: Rountangle g S C]
: 2 O
>
i 1 initial version
Geometry MAS
| + x: float E
i | +y: float : :State
i | + width: float :
! | + height: float : 2
MMys initial version
_ M, CSr
! @®
State ;I parent 20 state {}
: x O
0..1 ! 2

initial version

E + constraint: "no parent link cycles" |

p time

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988)



Running example: Concurrent edits x Blended modeling

. instance of Mcs,

M/
CSv Legend
B
i 1 initial version ﬁ add rountangle
; Geometry : Mys
| + x: float E
i | +y: float ; :State
1| + width: float '
! | + height: float : 2
MM s initial version
_ Mcs,
©
State /J parent 20 state {}
x O
0.1 Q@

initial version

p time

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988)
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Running example: Concurrent edits x Blended modeling

MMcs, | instance of

<==

Rountangle

I

CS

visual

!
MCSV concurrent

ﬁ add rountangle

Geometry

i | + x: float

i | +y: float

¢ | + width: float
E + height: float

AS

initial version

Legend

creation

& deletion

State /J parent

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988)

Mcs,
state {}

initial version

s——

i erase text

p time
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Running example: Concurrent edits x Blended modeling

MMcs, | instance of

<==

Rountangle

I

CS

visual

!
MCSV concurrent

=]

ﬁ add rountangle

Legend

creation

& deletion

Geometry

i | + x: float

i | +y: float

¢ | + width: float
E + height: float

AS

initial version

s> @

o

State /J parent

Mcs,
state {}

initial version

n
Mcg,
s——

i erase text

p time

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988)



Running example: Concurrent edits x Blended modeling

R e R LR . !
MM, | instance of Mesy, Mgs,  leoncurrent] Legend
= : i
Rountangle a 8 C] C] : Creatlon
> '
i . : & deletion
1 initial version ﬁ add rountangle |
Geometry MAS E
E + x: float :
1| + width: float .
i | *+ height: float 2 , merge
; : (o)
MM s initial version '
] n
: _ Mcs, : Mcs,
. I '
State | ]parent | g2g| state 1) | stete—t
' x [
0..1 o , !
2 initial version ' i erase text
» time
E + constraint: "no parent link cycles” E L] M | n | mal

» Representative of all involved complexities:
- Concurrent edit operations
- Bi-directional change propagation (CS <-> AS <-> CS)
- Non-trivial CS <-> AS mappings

Term “rountangle” was introduced by: David Harel: On Visual Formalisms. Commun. ACM 31(5): 514-530 (1988) 50



Big picture of solution

» CS and AS are both versioned, and each conform to their own metamodel (inspired by )

Running example:
« visual CS metamodel: (vector) drawings (reusable!)
» AS metamodel: Statecharts (simplified)

MMcs, MMys
1 1
Rountangle e,_ RN State /J parent
N L 0.1
' 1
1 :

Geometry v
+x: float (" + constraint: "no parent link cycles”
i1 | +y: float e
i1 | + width: float :

1 | + height: float

* Record correspondence links between CS and AS elements in versioned correspondence modgl

- ldea taken from Triple Graph Grammars 2
- Correspondence model is also versioned, and also has its own metamodel (so-called “meta-triple”)

TYentl Van Tendeloo, Hans Vangheluwe: Unifying Model- and Screen Sharing. WETICE 2018: 127-132
2 Andy Schiirr: Specification of Graph Translators with Triple Graph Grammars. WG 1994: 151-163



Running example: Co-evolving CS, Corr, AS

1. Initial versions of CS and AS

Mcs,

]

initial version
Mys

visual
CS

AS

initial version

time

Legend

conforms to

% contains

() inital

} model
version

o4



Running example: Co-evolving CS,

1. Initial versions of CS and AS

2.

i. User change in CS creates a
new CS model version

Mgs,

Corr, AS

!/
Meg,
20
>
initial version i add rountangle
Mys
(7]
<

initial version

time

Legend

conforms to

@ @ @ —>» parent version

i)

% contains
() inital
Q user-edited

J

model
version

o3



Running example: Co-evolving CS,

1. Initial versions of CS and AS

2. Concurrently:
i. User change in CS creates a
new CS model version
ii. User change in AS creates a
new AS model version

Corr, AS

Mcs, Mé'Sv concurrent
@ O
>
initial version i add rountangle
Mys M
e | >y
%)
<

initial version

remove state

i)

; time
>
AN
conforms to
—>» parent version
@ @ @ —— contains
() inital
model
Q user-edited version

o4



Running example: Co-evolving CS,

1. Initial versions of CS and AS

2. Concurrently:
i. User change in CS creates a
new CS model version
ii. User change in AS creates a
new AS model version

3.

i. Parse changes to CS, resulting in
new AS (+Corr) model version

Mgs,

Corr, AS

!
MCSV conctlJrrent

@ O
>
initial version @i add rountangle
Mys @ Mg 5 Mg
(]
<
:State
initial version add state, parent link : remove state time
>
AN
Legend
conforms to
—>» parent version
@ @ @ —— contains
(es) < (i) .
Q user-edited modg :
version
@ Q parsed

09



Running example: Co-evolving CS, Corr, AS

1. Initial versions of CS and AS

2. Concurrently:
i. User change in CS creates a
new CS model version
ii. User change in AS creates a
new AS model version

i. Parse changes to CS, resulting in
new AS (+Corr) model version

ii. Render changes to AS, resulting in
new CS (+Corr) model version

Mes, Mg, IMI Ml
® O
>
initial version |_|i add rountangle remove rountangle
1 C
Mys @ MAS : |£| Mg
)
<
:State
initial version add state, parent link : remove state time
>
AN
Legend
conforms to
—>» parent version
% contains
() inital
Q user-edited modg :
version

Q parsed / rendered

to]o)



Running example: Co-evolving CS, Corr, AS

Mcs, MCS concurrent Mgs
1. Initial versions of CS and AS _
2- Concurrently: initial version |_|i add rountangle remove rountangle
i. User change in CS creates a Mys @ M}s | |_| Mjs
new CS model version §
ii. User change in AS creates a < :
. :State
new AS model version ,
initial version add state, parent link : remove state time
>
3. (in any order, at any time) o oo N
i. Parse changes to CS, resulting in _
. contorms to
new AS (+Corr) model version > parent version
ii. Render changes to AS, resulting in —> contains
new CS (+Corr) model version () inita
Q user-edited model

version
Q parsed / rendered

o/



Running example: Co-evolving CS,

1. Initial versions of CS and AS

2. Concurrently:
i. User change in CS creates a
new CS model version
ii. User change in AS creates a
new AS model version

3. (in any order, at any time)
i. Parse changes to CS, resulting in
new AS (+Corr) model version
ii. Render changes to AS, resulting in
new CS (+Corr) model version

4. (Attempt to) merge concurrent
versions at level of CS, AS, Corr

Corr, AS

initial version

add state, parent link i

remove state

/ " m
Mgg, Mg, IMI Mg, Mg,
© :‘|>
>
initial version |E| i add rountangle remove rountangle no conflict
Mys @ Mg |§| Mg M5
= e e
:State :State

conflict (require-delete) time

>

Legend

----- » conforms to

—>» parent version

% contains
() inital
O user-edited

Q parsed / rendered

' merged

AN

model
version

o8



To be addressed

« What exactly is recorded in history?
 How do we merge concurrent versions and detect conflicts?
 How and when do we parse and render?

59



Parsing and rendering must happen incrementally

Meaning: a change to CS must only cause a corresponding change to AS
(instead of generating a new AS model), and vice versa.

* Reasons:
- for layout continuity
- to deal with concurrency
- for performance
 Fits nicely with operation-based versioning
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How do we apply operation-based versioning?

A delta = a set of changes on a graph, caused by
- an edit operation (by user)

- a propagated change (by parser/renderer)

A model version is just a set of deltas

- empty version => empty graph

A delta may depend on other (earlier) deltas
— dependency types: require, update, delete
- dependencies form a partial ordering relation on deltas

Deltas can only be conflicting if they have overlapping dependencies
- conflict types: update/update, update/delete, delete/require, delete/delete
- for every new delta, can compute its dependencies and conflicts in (near-)constant time
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Demo...

* https://mstro.duckdns.org/public/onion/
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Running example: Persisting deltas and dependencies

1. Initial versions assumed to
each consist of a single delta

visual

CS

Mcg,, = {cs1}

]

initial version

(C:) Meorr = {607'7'1}
Myg = {as}
0
<

initial version

time
>
Visual CS
- creation of outer rountangle
CS1
Corr
. AN
creation of correspondence Legend
..---"link between rountangle
corry and State Delta
AS

creation of State

—=> Containment
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Running example: Persisting deltas and dependencies

1. Initial versions assumed to

Mcg,, = {cs1}

]

initial version

concurrent
MéSV = {es1,cs9} -
'
:

=l

i add rountangle

Meorr = {607'7'1}

each consist of a single delta 28
2.CS: Creation of inner :
rountangle does not depend

on any other delta

Myg = {as}

initial version

time

Visual CS

Corr

AS

CS1

corry

asi

______ creation of inner rountangle

Legend

Delta

—=> Containment
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Running example: Persisting deltas and dependencies

1. Initial versions assumed to
each consist of a single delta

2.CS: Creation of inner
rountangle does not depend
on any other delta

3.AS: Removal of State depends
on earlier creation of State

MCSV = {es1} MéSV = {csq,cs9} Iml
5 '
S
initial version i add rountangle
5 Meorr = {corr
8 {corr1}
Mys ={as1} M;{S={asl,a53}
. TSStats
s | Sse]
()
<
initial version remove state time
>
Visual CS
CS9
CS1
Corr
AN
Legend
corry
Delta
removal of State,
AS depends on earlier —>» Dependency
creation of State
\ —> Containment
as; <€ as3
<<delete>>
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Running example: Persisting deltas and dependencies

1. Initial versions assumed to
each consist of a single delta

2.CS: Creation of inner
rountangle does not depend
on any other delta

3.AS: Removal of State depends
on earlier creation of State

4.Parsing of inner rountangle
creation results in 1T new delta
in AS and 1 new delta in Corr

MCSV = {es1} MéSV = {csq,cs9} Iml
= '
S
initial version [of i add rountangle
= 2] :
(C:) Mcor = {CD’I‘Tl} Jm Mé’orr = {CDTT‘l, COTTZ} :
Myc = \/ (A /-
a5 = {as1} Mjg = {as1,as2} Mg = {as1,as3}
[ stte | s
)
<
:State
initial version add state, parent link . remove state time
>
Visual CS
esy Yo" creation of inner rountangle
CS1
creation of correspondence
_-Objects (rountangle <-> State,
Corr " insideness <-> parent link)
AN
X Ccorry
“erequire> creation of State Legend
corry and parent link
to existing State Delta
AS —>» Dependency
<<require>> ass —> Containment
as; / ass Conflict
<<delete>>
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Running example: Persisting deltas and dependencies

2.CS: Creation of inner

rountangle does not depend
on any other delta

3.AS: Removal of State depends
on earlier creation of State

4.Parsing of inner rountangle
creation results in 1T new delta
in AS and 1 new delta in Corr

5.Rendering of State removal
results in 1 new delta in CS
and 1 new delta in Corr

Mcg,, = {cs1}

]

initial version

visual
CS

Mcsv = {es1,cs9}

=l

|—| i add rountangle

concurrent

| =

Mcsvf{ 51,53}

remove rountangle

(ct)) Meor = {corri} Jg'7 My, = {corry,corra} E | M{,, = {corry,corrs}
| @
Mys = {as} VM= {as,an} = Mg = fasyas}
s | T s
(7]
<

initial version

:State

add state, parent link I

remove state time
Visual CS
) _-removal of rountangle
s<<delete>>
CS1 2 CS3
Corr removal of correspondence object
,-’between rountangle and State
corry &
<<require>> Legend
corr; € corrs
<<delete>> Delta
AS —>» Dependency
AT ass removal —=> Containment
_--~" of State
asy <€ ass Conflict
<<delete>>
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Running example: Persisting deltas and dependencies

3.AS: Removal of State depends
on earlier creation of State

4.Parsing of inner rountangle
creation results in 1T new delta
in AS and 1 new delta in Corr

5.Rendering of State removal
results in 1 new delta in CS
and 1 new delta in Corr

6. Merging at all levels does not
result in new deltas: the
merged versions simply
consist of the unions of the
existing deltas

visual

Mgg,, = {cs1}

L]

Mg, = {es1,cs0}

=l

concurrent

Mcs = {cs1,083}

=

"
MCSV = {es1,cs9,c53}

L)

1)
O
initial version [o] i add rountangle :/\remove rountangle no conflict
= @ o
5] Mcopr = {corri} J‘“ M, = {corri,corra} 1B M, = {corry,corrs} ML == {corri,corrs,corrs}
O | @
Mo = vV o L no_ M —
45 = {as1} Mg ={as1,as2} ! Mjg = {as1,as3} g = {as1,as2,as3}
[ siae | E > —"u
() Ij—;
< merge
:State :State
initial version add state, parent link | remove state conflict (require-delete) tIMe
Visual CS
CSy
<<delete>>
CS1 éj CS3
Corr
AN
rr
<<require>> corTe Legend
corry [« corrs
<<delete>> Delta
AS —>» Dependency
<<require>> ass —> Containment
asi ass Conflict

)
<<delete>>
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Links

*  Online demo

https://mstro.duckdns.org/public/onion/

e Source code

https://msdl.uantwerpen.be/git/jexelmans/onioncollab

* Publications

Joeri Exelmans, Jakob Pietron, Alexander Raschke, Hans Vangheluwe, Matthias Tichy:

Optimistic Versioning for Conflict-tolerant Collaborative Blended Modeling.
STAF Workshops 2022

» Workshop article, original vision (still pretty consistent with implementation)

» Was written before we started our implementation

Joeri Exelmans, Jakob Pietron, Alexander Raschke, Hans Vangheluwe, Matthias Tichy:

A New Versioning Approach for Collaboration in Blended Modeling.
Journal of Computer Languages (June 2023)

* Journal article, much more detailed, explains implementation
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https://mstro.duckdns.org/public/onion/
https://msdl.uantwerpen.be/git/jexelmans/onioncollab

Part 2. Collaborative Live Modeling
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Background: Live Modeling

« Live Modeling = Editing a model while executing it
 Why?
1) build model while executing it to reduce cognitive gap

2) during model execution, realize your model contains a mistake
and you don't want to restart execution from scratch
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Background: Real-time vs. recorded event live modeling’

sequence of edit operations

e
-

(a) creating the
design model

(e) getting the patched
design model

® —

> g

(b) executing the
sequence of model
execution
steps

W
" Yentl Van Tendeloo, Simon Van Mierlo, Hans Vangheluwe:

(c) patching a

model error
at run-time

¥

\— (f) "recorded event"

live modelling

\— (d) "real-time"
live modelling

A\,

A Multi-Paradigm Modelling approach to live modelling. Softw. Syst. Model. 18(5): 2821-2842 (2019)
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Background: Real-time vs. recorded event live modeling

current state

N

O/—‘—\éo

current state

e

recorded event LM:

cannot replay execution

real-time LM:

no problem, just continue execution
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Background: Real-time vs. recorded event live modeling

current state

Y l

O/—‘—‘qo

delete
transition
current state
P \J dd
a
Q/_bo transition

current state?
\ \

\
\./

/ﬁ%\#é
+t
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Background: Real-time live modeling

current state

- )
%57/’_‘“‘~%§§%f
« State automata example: What if current state is deleted?
— forbid deletion?

- ask user for new current state?

- set current state back to initial state?
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Background: Real-time vs. recorded event live modeling

» Recorded event
- restarts execution and automatically replays all execution steps (if possible)
— cannot end up in unreachable run-time configuration
e Real-time
- “patch”/consolidate ongoing execution with updated design model
- most intuitive to user

— could end up in unreachable run-time configuration

Real-time + notification when in unreachable configuration == best of both worlds?
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Background: Omniscient and multi-verse debugging

* Omniscient debugging":
- ability to step back in time
- history remains linear (like undo)
« Multiverse debugging?:
— additional ability to jump accross different branches of execution
- history is branching
— useful for non-deterministic languages

- “multiverse” breakpoint (run until condition satisfied in some branch)

' Guillaume Pothier, Eric Tanter: Back to the Future: Omniscient Debugging. IEEE Softw. 26(6): 78-85 (2009)

2 Matthias Pasquier, Ciprian Teodorov, Frédéric Jouault, Matthias Brun, Luka Le Roux, Loic Lagadec:
Practical multiverse debugging through user-defined reductions: application to UML models. MoDELS 2022: 87-97
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Real-Time
Live Modelling

Big Picture |
Run-time
Consolidation

Pause

Set breakpoint

Step forward

God event

Step backward

History

Start/Resume

Recorded Event

Jomniscient Debuggin
Live Modelling gging

Multiverse
breakpoint

Multiverse Debugging

Branching

Merging

Versioning



Solution

Design model
= what you edit

Run-time model
= current (stable*) execution state
(of interpreter)
reads and points at elements
of design model

* stable meaning: in between
macro-steps (not micro-steps)

/
MM

MMpsa

source

current — !
= State target Transition
Configuration

initial states + eventTrigger,

Mod

. transitions
model f]\

model

:Configuration

current ;.-‘

disable
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Solution

* We use operation-based versioning to record changes on design model and run-time model
- e.g., edit operation = new version of design model
- e.g., execution step = new version of run-time model
- e.g., “god events” = new version of run-time model

* We record dependencies between deltas

* Run-time model embeds design model

(just like correspondence model embeds CS and AS models)
- run-time deltas can depend on design deltas (but not the other way around)

— conflict between design delta and run-time delta

= cannot combine some execution step / god event with some edit operation
=> impossible configuration
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Demo...

* https://mstro.duckdns.org/public/onion/
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Additional benefits

» “Who set this variable (and when)?”

— for every element in any model version,
we already know the delta that most
recently touched it

* Discovering parallel convergence

— at run-time, independent deltas
represent execution steps that can be
(safely) taken in any order

* | :Configuration

current-rO :
model arm r0

idle armed ) | :

current-rl

low_battery

/battery / battery
good / ~bad /

replace_battery
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Future work (ongoing here in Brest)

Current implementation only records write-dependencies

— Should also record the read-dependencies to find R/W conflicts
=> currently we fail to detect certain conflicts (false negatives)

Current implementation has some ad-hoc components

- e.g., history structure, graph encoding can made more generic, to ease
integration with existing language implementations, model-checkers, ...

- De- and re-construct as composable parts

— Convinced that dependencies between deltas are fundamental to merging

Creating a Statecharts + action language demo

Also recording the interpreter’s state in between micro-steps
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Links

* Online demo

- https://mstro.duckdns.org/public/onion/
« Source code

- https://msdl.uantwerpen.be/git/jexelmans/onioncollab
* Publication

- Joeri Exelmans, Ciprian Teodorov, Robert Heinrich, Alexander Egyed, Hans Vangheluwe:
Collaborative Live Modelling by Language-Agnostic Versioning.
MoDELS (Companion) 2023
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