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State of the art: single-user feature modeling

Multiple engineers may want work together

But: No dedicated support for collaboration

¢ One solution: Asynchronous collaboration with VCS

e But:

* not real-time
» promotes divergence
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Motivation

Why collaborate?
e Domain knowledge is typically spread across different collaborators
= Leverage group synergies for problem solving

Why real-time?
» Engineers can discuss the feature model with domain experts
= Real-time feedback

¢ Allows tight collaboration on shared model elements
(similar to pair programming)
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Our contribution:
1. Formal approach to
collaborative real-time feature modeling

with focus on
 Consistency maintenance
« Conflict detection (& resolution)

2. Open-source research prototype
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Assumptions

o (Potentially) simultaneous edits
¢ Remotely connected

» Small group of collaborators

Which leads to ...
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Requirements

Requirements

e Concurrency = conflict detection
¢ |ntention Preservation = accommodate conflicts in versions

e Optimism = avoid wait time due to network latency
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Requirements

Requirements

e Concurrency = conflict detection
¢ |ntention Preservation = accommodate conflicts in versions

e Optimism = avoid wait time due to network latency

= Multi-Version Multi-Display
(Sun and Chen, 2002)
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GraphLibrary

O
Algorithm

create BFS remove
below Algorithm Edge Type

J
Algorithm

Cycle ~— :

create Weighted
below Edge Type

GraphLibrary

O O
Edge Type Undirected Algorithm
GraphLibrary

Edge Type

C O
Directed Undirected

O
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remove
Edge Type
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O
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below Edge Type
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GraphLibrary
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Algorithm L Edge Type Algorithm
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Algorithm

remove
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Edge Type
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create BFS
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GraphLibrary

O
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Edge Type

GraphLibrary

O
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O
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create BFS
below Algorithm

create Weighted
below Edge Type

remove
Edge Type

set Edge Type
to abstract

Foundations of Collaborative, Real-Time Feature Mod



OTTO VON GUERICKE [~ D":’bﬂses
UNIVERS ITAT ::g:;:;?ing Feature Modeling Conflicts

How to determine conflicts algorithmically?

OaP10g]
05— —0g— ~

create BFS remove
below Algorithm Edge Type

sl
o —oy— -

create Weighted set Edge Type
below Edge Type to abstract
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How to determine conflicts algorithmically?

(0] (0]
_@_} OaP10g]

create BFS remove O ?
below Algorithm Edge Type A ® X

T —oy— o

create Weighted

set Edge Type
below Edge Type

to abstract
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) g
_@—’ TN\

,
bsiow gt cemove ® [@%? No.

o, B —oy— _

create Weighted

set Edge Type
below Edge Type

to abstract
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How to determine conflicts algorithmically?

O
—(0g—> N\

create remove ?
below /‘\Ig%lr:i?hm Edge Type OA & OX . NO.
B ® [@¥. based on Ox?

Eapandps
—Q— _

set Edge Type
to abstract

create Weighted
below Edge Type
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How to determine conflicts algorithmically?

O
—(0g—> N\

create remove ?
below }\Ig%fiﬁ\m Edge Type OA ® OX : NO.
BB © [8% based on Ox? No.

Eapandps
—Q— _

set Edge Type
to abstract

create Weighted
below Edge Type
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, o

/
e Oa ® Ox? No.
Eﬁ : Oa ® Oy, based on Ox? No.
DEDD ® [@f based on OA?

T —oy— o

create Weighted set Edge Type
below Edge Type to abstract
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How to determine conflicts algorithmically?

, s
’/' \\\
o @ -
create BFS remove OA ® OX? NO,
below Algorithm Edge Type
Cﬁ% Oa ® Oy, based on Ox? No.
[O% © [€ff based on 04?7 Yes.
ETE
create Weighted set Edge Type
below Edge Type to abstract
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How to determine conflicts algorithmically?

oxHion
/O\—> _@_> N

create remove ?
below/&lg%lr:i?r\m Edge Type OA ® OX NO'
Eﬁ : Oa ® Oy, based on Ox? No.
Ox ® Og, based on 047 Yes.
ETE - .
~ Thus, also ® [
create Weighted set Edge Type
below Edge Type to abstract
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/@—> N Decompose into primitive operations.
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: &
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<
insert below &

/@—> N Decompose into primitive operations.

\@\H
p il —o—

create
Weighted C
insert below

Edge Type set Edge Type
to abstract
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insert below > @‘Q —

Algorithm — < >
ciaS}Q—» - m

—€B>—> D . e e .

/@_, ecompose Into primitive operations.

5 ) Ox ® Opg because:
E;l —

O)&‘;—>

N —foy—
create

Weighted — >
insert below

Edge Type set Edge Type
to abstract
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insert below » @‘Q —

Algorithm — < >
ciate'B}.—b P m

—€B>—> . e e .

/@_, Decompose into primitive operations.

5 ) Ox ® Opg because:
A g . Based on OA,
e o} Ox>O

ES[ES[ESIES \@ X X

% —Oy—>
create

Weighted _Q_>
insert below

Edge Type set Edge Type
to abstract
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insert below ‘)\ @‘Q —————

Algorithm _._( >
ciate'B}.—b P m

—€B>—> D . e . .

/@_, ecompose Into primitive operations.

5 ) Ox ® Og because:

N B ———— Based on Op, apply Op.
o 0x>0

il RN

% —Oy—>
create

Weighted _Q_>
insert below

Edge Type set Edge Type
to abstract
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) \)\\\;Q @04

insert below R S e —

Algorithm _._._y
ciate'B}.—r Py m

—{Og—> . L. .

/@\;_, B Decompose into primitive operations.

f\ Ox ® Op because:
yoy E;j —

y a Based on Op, apply Op.
] S

o —oy—
create

Weighted ( ) >
insert below

Edge Type set Edge Type
to abstract
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~\6@(\ Q)Q.e&*q
\\‘Qt}\ o*aQ/
insert below » @‘Q —
Algorithm _._._y
ciate'B}.—r Py m
—{O0g— . L. .
/@\;_, B Decompose into primitive operations.

f\ Ox ® Op because:
i ——— Based on Oy, apply Op.
RN . Now apply Ox ...
~E) pply
\.Q%_’ —10y?—>

Weighted _Q_>
insert below

Edge Type set Edge Type
to abstract

Elias Kuiter et al. Foundations of Collaborative, Real-Time Feature Modeling



0TTO VON GUERICKE [~ E::‘cbuses
MAGDEBURG ‘ Egineming Feature Modeling Conflicts

NS

&

& &F
R

i N

insert below QT @

cﬁte'B}Algo.mh—mb -— m
On—> % Decompose into primitive operations.
H/Q\ ) Ox ® Opg because:
i ———— Based on Op, apply Op.
s ~& Now apply Ox ...

x> . .
N4 /
\.\*' —oy— ... but a conflict rule applies.
cr_eate .
Welgmeﬁlserl below ~
Edge Type set Edge Type

to abstract
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Version Creation
o Detected conflicts: Ox ® Og and Oy ® Og

o Applying the Multi-Version Multi-Display technique yields:

{© 6} {e e e}

This technique ...

e ... preserves all intentions
e ... minimizes the number of versions

* ... maximizes the number of operations per version
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ROy © 0
Conflicts detected!

X Discard all conflicts

Version A Version B
— Floral Truth has removed the feature BFS. — Floral Truth has removed the feature BFS.
7 minutes ago 7 minutes ago
- Floral Truth has created a feature below Algorithm. | Floral Truth has created a feature below Algorithm.
5 minutes ago 5 minutes ago
—} You have created a feature below Edge Type. 4/ Floral Truth has set name of the feature New Feature to BFS.
Conflict: The new parent feature Edge Type targeted by one operation is removed by the other. 5 minutes ago

S e — Floral Truth has removed the feature Edge Type.
/ Floral Truth has set name of the feature New Feature to BFS. 3 conflicts: The new parent feature Edge Type targeted by one operation is removed by the

S minutes ago other. The new parent feature Edge Type targeted by one operation is removed by the other. The
new parent feature Edge Type targeted by one operation is removed by the other.

¢/ You have set name of the feature New Feature to Weighted. 5 minutes ago

Conflict: The new parent feature Edge Type targeted by one operation is removed by the other.
6 minutes ago & Vote

£/ You have set abstract? of the feature Edge Type to true.
Conflict: The new parent feature Edge Type targeted by one operation is removed by the other.

5 minutes ago

€ Vote
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o e BtV Vieu v Mrs )
& &
S
\\\,Q 6\0\‘ Bluetooth = local
insert below Q° @ local = single sensor
Algorithm _._.._> HCP module = single sensor
create BFS - E s TA = compound
(On—s e = e
B
N\ B/ - PO S ——
/‘\Ofy > 5 e S ———
- L] omen (UVR31 v UVR42 v UVR64 v HZRES v TFME6) A.

EEG30 A database = sensor

customer management

Afrontend to cr

\6)'—> V- = )

O ~ e — o 0
—{ —> -
\.\*» Qv
create
Weighted _Q_y
insert below
Edge Type set Edge Type

to abstract

o Open-source prototype
Formal description github.com/ekuiter/variED
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Engineering
Feature
Modeling
Conflict
Unfreeze Freeze
Site Site
Resolution Compute Synchronlze
Elected Model Site

Voting Compute Set
of Voters

No Conflict

No Resolution
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site A site B site C
(0]
1 X
O4
O3

* Convergence
Os o Causality Preservation

¢ Intention Preservation
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.\Qéo .\oo
il & &) '\z& Q Q
& Q> & !
\}é" ol QS) l\% A R A®
RS C F 0O D
Concurrency O D) () [ ® [ ] [
Optimism © O [ ] [ ] [ ] [ [ J
Intention Preservation @ O O O O © )
Flexibility @ O O O O O ©
Correctness @ ') © ) O O ©

Elias Kuiter et al. Foundations of Collaborative, Real-Time Feature Modeling



OTTO VON GUERICKE

(23 Databases
= and .
bSSEUAS f Architecture
! | !
generate receive forward Kernel Server Client
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1| A 4 v
ClientAPI | Serverapl | Shel Messaging Messaging
Client Management User Interface
Conflict Garbage Core <
Resolution Collection
. State Management State Management
MOVIC Conflict
Relations = _ § 8 =
[She=]
Topological % § Server API Client API
CDAG Sorting 38
Primitive Compqund a Kernel Kernel
Operations Operations g
© ©
Feature Model % =
adbh
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