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(Some) Dimensions of Visual Languages & Editors

Editing
mode

Free editing -

Structured editing -
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Editing Modes of Diagram Editors

e Structured editing

Abstract — Diagram

representation [~——,

Semantics
© Easy to build
© Offers a set of editing operations
® Restricts user
e Free editing
Diagram —_— Semantics

® Requires expensive diagram analysis
© Offers maximum editing freedom
® Doesn't offer guidance
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Editing Modes of Diagram Editors

e Combination of structured and free editing
© Offers a set of editing operations
© Offers maximum editing freedom
® Requires expensive diagram analysis

£ — Diagram
@ S — (SRR + —Pl Diagram |—>| Semantics
C Representation || semantics

-
T = N S ey
9 L Representation
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Syntax Specification Methods for Visual Languages

e “Direct” syntax specification e Graphs as abstract
® VLCC (Costagliola et al.) representation

Positional Grammars
. . " PAGG (Gdbttler)
" Penguins (Chok, Marriott) Graph transformations

Constraint Multiset Grammars
= Manv others " GenGed (Bardohl)
y " Graph transformations
" VisPro (Zhang)

Taay
-------
--------

" 2
.....
..........

Metamodels

" Kogge (Ebert et al.)
Graph schemas (=Metamodels)

" Moses (Janneck, Esser)
Assertions

" Many others...
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Syntax Specification Methods for Visual Languages
¢ (Some) Dimensions of visual languages & editors

Editing vLCce
Penguins
mode

Free editing -/

PAGG
GenGed

Structured editing - VisPro

Pre
L eNtatj
dlr eCt“
Graphs
g‘a‘(\ G
“\0 \,OQ\ 2
o0
Nl
.&\(;
e
Y
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Outline

e (Some) Dimensions of Visual Languages & Editors
| » DiaGen
= Editor architecture
= Hypergraph grammar-based specification and diagram analysis
e DiaMeta
= Editor architecture
" Metamodel-based specification and diagram analysis
e Conclusions
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DiaGen

Rapid Prototyping tool for creating diagram editors from a

Generating diagram editors with DiaGen

specification —
P . Specifi-
Free-hand editing: cation
® Drawingtool 3 Editor developer
= Lexical, syntactic, and semantic analysis Pt - v o< ‘
. . . \
Structured editing (optional) RN DiaGen | operates
. . I DiaGen Designer -
Automatic layout (optional) | _
even for free-hand editing ! S
. . . ! Pl
Support of hierarchical diagrams (optional) | Il Generated
Unparsing of diagrams, | editor ! program
. . . 1
i.e. external format — diagram (optional | framework code . .
_ _ i1ag (op ) | ! Diagram editor
Semantic zooming (optional) ' y
/7
Java S~ ___- -7
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Example: Statecharts Example: Message Sequence Charts (MSC)
@Statechan Editor: Protocol_Phone.xml Q
File Edit View GRL 7
D2H & o i@ AQ484 GRE [ : =
Ao oA 4 e k)
o VE‘”E: DEZE & oo xi2@ AXA8a SRE (7
oti) Ly
Ila;zﬁmo O l %7:?1:?9 ) ent ent
[LZTSU L ; Calng S zoom mode ;]
an | Waiting it Properties:
_ ey Cl® pett
7 msg
¥ . g (Creste Components:
Edng'a'p eme'S: diter o (Sn T Lifsline
NnOparaﬂ‘nn; Sl Dial Tone | g T:mmn Act3
g g Talking lessage msg
© = o Operations ‘7
Ca:‘;‘.:gmg Dialing Altz
o —
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DiaGen: Editor Architecture

Semant.
represen-
tation

Layout ¢
information

Layouter

Attribute
evaluation

Highlights syntactically correct sub-diagrams

)

Hypergraph R Derivation
Diagram Modeler ypergrap Reducer hypergraph
model " structure

3, modifies
N
R
Drawing Hypergraph
tool transformer

selecR
operation

elects
opemsgon

Editor user
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DiaGen: Editor Architecture

Attribute
hypergraph Semant.

Layout ¢ grammar WSS
information tation
Diagram components & I \
Relations rect sub-diagrams evaluation
. Hypergraph IR Derivation
Diagram Modeler del Reducer hypergraph Parser
mode N model structure
3, modifies reads
) %:S‘/
- O, ]
Drawing S Hypergraph Reducer rules Hypergraph
tool transforme Teads rammar
O

selects
operation

Set of diagram
components

Programmed

(hyper-) graph-
transformations

Syntax ification by Graph and Meta-Modell Mark Minas, Universitét der Bundeswehr Miinchen 17

DiaGen: Editor Architecture

Semant.
Layout represen-

LavuitEy information laton
Highlights syntactically correct sub-diagrams Attribu_le
evaluation

~ )

3 Hypergraph Rt Derivation
H Modeler ypergrap Reducer hypergraph Parser
5 g model del structure
* o~ — mode
Drawing Hypergraph
tool transformer
selecR
operation
Editor user
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Example: Message Sequence Charts (MSC)

Diagram components:

ent
ent ent ent
= T -
At Act1
msg msg
et Act3
msg msg
% ‘
Act2 Act2
L = —
Lifeline_ of Message
an entity
Syntax ification by Graph and Meta-Model Mark Minas, Universitat der Bundeswehr Miinchen 20




...specified in the DiaGen Designer

iaGen Designer - spec-simple.xml

File Edit Look@Fesl Fonts

...specified in the DiaGen Designer

DiaGen Designer - spec-simple.xml

=)

[@Es

Fle Edt Look&Fesl Fonts

b = & @ & © o - A 4 e v oA b = H ¢ =} Gl = 4 e vV oA
Iﬁ DiaGen spec: diagen.designer sam | Crestion prompt Text ® 'ﬁ DiaGen spec: diagen designer sam JdrawPreview (Graphics2D g2d, EditorPane panel Point20[] pos, int num, Point2D cur )
i [G] Global definitions - =] ) [G] Global definitions FCN =5
= ([ comporents = (@ componerts . ,
. S - hottom ‘ O o 5 Jjava.awt.geom.Line2D 1 =
= @ lifeline (Lifeline) 1= @ lifeline (Lifeline) . i
A el new java.awt.geon.Line2D.Double(cur.getX(),pos[0] .gety (),
= EE G e cur.getX(J,cur.gety();
[ Aftachmerts & Aftachments g2d.draw(1};
# grephics O o - hd i graphics.
& handies # handies
@ @ act (Box) Initisly open property editor [ @ @ act (Box)
® & arrow (Arow) Members Kind DMatng Type | Edi. Ecitl. Ar.. Re.. Re.. int ’ ® @ arrow (Arrow)
@ ([ Relations Layaut parame... xFos O @] O e # ([l Relations
Wik Layout parame...|yPos [&] 0o|d Wt min(y[0]y[1]) L
= () Termingls & () Terminats
® (0 Monterminals Layout parame... height O O O | O Mathabseylal-vi D ® [ Merterminals Elemerts | Type Marne
® Reducer Plain member  ertMame  [String Mame | ]| 1 | O ["ent” # Reducet Teid nameTexd
# Crammar @ Grammar Rectangle opBo
Operations |} ® @ - v Operations Rectangle lhattomBox
where 2] Line line
[
when refpoint is moved 2]
A m . [ &l i [ B Dl * [ @ ][ 2 [ ~
s 21 = - 22
...specified in the DiaGen Designer DiaGen: Editor Architecture
£ DiaGen Designer - spec-simple. xml L._JL_DJ“
File Edt Look&Fesl Fonts
- =1 - B
rD = & ) & ol ] 4 » @ v - Semant.
B DiaGen spec: diagen designer sa
represen-
# [G] Giobal definiions Rectangle Layouter ) Layou_t fas
= (@ components Nerme topBax information tation
= @ Jreting [Lifeli.ne) Eordet line color veedback-co\or- I
Class exdensions
& State Biordder e stroke detaut - Attribut
B Atachinents il color Inottiledt Highlights syntactically correct sub-diagrams fibute
= graphics evaluation
A Text nameText | |-053 code [ = .
O Rectangls topB R
? Feectangle botton [ Pos-10 s ' Reduced Derivation
- 2
@ Eheine, : Modeler Reducer hypergraph Parser
# handles . structure
@ @ act (Box) *, K model
& @ arrow (Armow) RN IRt CT e
® ([ Reltions T "
(@ Links v Pos
& Terminals Drawing Hypergraph
@ (0 orterninais tool transformer
# Reducer
®  Grammar
Operations icth 20 selects
operation
height 10
Editor user
2 m e
o 24 Syntax by Graph and Meta-Model Mark Minas, Universitat der Bundeswehr Miinchen

25




Hypergraph Model

hyperedge N jifeline

lifeline

Hypergraph Model

hyperedge X jifeline

lifeline

ent ent ent
= : ! T ‘
Act1 Act1
msg msg Nodes represent
> act ® |[———P act —@ attachment areas
Act3 Act3
ms f ms f t
< g ®—arrow—@® | g = ®—arrow —@
Act2 @ —| act Act2 @ act
1 t t f
|| ®—{arrow[—@ | ®—{arrow[—@
Attachment
act —@ area of the act —@
diagram
component
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£ DiaGen Designer - spec-simple.xml g@ £ DiaGen Designer - spec-simple.xml g@
File Edit Look&Fesl Fonks File Edit Look®&Fesl Fonts
O = = @ = 3] cu a 4 » O = (=] @ = ] ] - 4 »
Iﬁ DiaGen spec; diagen designer o :A“achment area (full shape) Iﬁ DiaGen spec: diagen designer sa :Aﬂachment area (pomt)
[G] Giabal definitions [G] Giobal defintions
= @ componerts Mame | 1ine = @ componerts Mamme | start
= @ lifeline (Lifsling) : @ lifeline (Lifeline)
Clazs extensions Type | Line @ act (Box) [y et
State = @ ArTOW [Arrow] Xy =xFoz;
= Aftachrments Class extensions v=yPos;
-+ line (shape Line) State
graphics = Attachments
handles - start (point Event
@ act (Box) + end (pairt Event)
@ arrow [Arrow) graphics
';Q Relations handles
(@ Links [ Relations
';Q Terminals m Links
m Marterminals m Terminals
Reducer m Morterminals
Grammar Reducer
Operations Grammar
Cperations
rc ! I | = < I | [»
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Hypergraph Model with Relationship Edges

...specified in the DiaGen Designer

@ DiaGen Designer - spec-simple.xml g@
lifeline lifeline File Edit Look®&Fesl Fonts
O = H @ = g cu - 4 >
ent ent Iﬁ DiaGen spec: diagen. designer sam f f f
[;] ] [G] Giokal defintions vRelation realization
( companerts Edge type lie=0n
Act1 = m Relat_ions - 1zt attachment type  |Evel .
msg -+ liesOn (Evert, Line) .
> (A Lirks 2nd attachment type -Line |
(@ Terminais hoalean test ( return true;
Act3 arrow m Morterminals Atachmentires a1,
msg Reducer AttachmentArea a2 )
t— Grammar
act Operations
Act2
arrow
L [ : -
- Relationship edges
connect nodes whose
attachment areas are
related in a specific way < m I B
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Highlights syntactically correct sub-diagrams Semant. lizlre lifeline
represen-
tation ent ent
I =
i Layout %
LEDRUET o information Att‘nbu.re Act1
evaluation msg
ettt e 4»
SLLTED Derivation
Diagram rb Modeler Reducer hypergraph Parser Act3 arrow
structure
model msg
....'I----l““‘ ....'l.. --l“- I
act
Drawing Hypergraph Act2
tool transformer
arrow
selecR [
operation
Editor user
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Reduced Hypergraph Model

ent ent
= -
Act1
msg
P
Act3
msg
+—
Act2
L [ |

“Reducing” the Hypergraph Model

lifeline

arrow

act

arrow

action
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P . P . e . . .
Reducing” the Hypergraph Model ...specified in the DiaGen Designer
Red | \fé DiaGen Designer - spec-simple.xml g@
educer rule File Edit Look®&Fesl Fonts
O = EH @ = e c - 4 >
m] DiaGen spec: diagen.designer.sam:Name lifeline_rule
Global definiti
lifeline m % Comonrte e ==>hs [17:11fe1ne(s)
[ Relations ===
s l = s 0 Links T1:1inels)
';ﬂ Terminals
m Morterminals
. . . .. . = Red
= For each lifeline edge and its visited node, create a line edge o arrow_rule
together with its visited node in the RHGM rule lifeline_rule
rule next_lifeline_rule Condition | action | Constraints
= ACtUa”y (fOI‘ each reducer I‘ule!!): rule send_rule (|
Don't create a new node in the RHGM if the HGM node has a e ressive. e
corresponding RHGM node already. Use this RHGM node instead! rule first_event_rule
= Textual representation: e next_event_rule
lifel ine(S) ==> | ine(S) Operations
< [2] =
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“Reducing” the Hypergraph Model

lifeline lifeline

nextLife

e

action

Syntax fication by Graph and Meta-Model Mark Minas, Universitat der Bundeswehr Miinchen 38

“Reducing” the Hypergraph Model

lifeline lifeline
l l linel line2
linel line2 [ 4 nextLife ]
\ !
lifeline |with linel.x < line3.x < line2.x Note:

/ Nodes have x and

y coordinates of

their attachment
Condition: linel.x < line2.x areas

Textual representation:

lifeline(linel) lifeline(line2)
-{ lifeline(line3)
where linel.x < line3.x && line3.x < line2.x }
==>
nextLife(linel, line2)
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...specified in the DiaGen Designer

File Edit Look&Feel Fonts

O = H @ 2 = 4 4 e vV oA

\% DiaGen Designer - spec-simple.xml E]@

B DiaGen spec: diagen desioner{Name next_liteline_rule
# [G] Global defintions

+

rule arrow_rule
rule lifeline_rule : 2
rule next_lifeline_rule | || “ondtion | Action | Constraints

rule receive_rule
tule action_rule
rule first_event_rule

[ Grarmmar
Operations

Components s ===rhs L{ ] }:'I q fe'l q nPTC'I inel) 12:1ifeline(line2) }
#® [ Relstions -1 1ifeline{1ine3)
([ Links where Tinel.x < Tine3.x && Tine3.x <« TineZ.x }
® @ Terminals ==
() morterminals nextLlife{1inel, 1ine2)
= Reducer

tule send_rule Tinel.x < Tine2.x [

rule next_event_rule 13
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“Reducing” the Hypergraph Model

lifeline lifeline

action

93\\

arrow

act

arrow

action
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“Reducing” the Hypergraph Model

lifeline

U

uo sal|

9, Wwithe2y<ey

®

e2

Textual representation:

lifeline(l) liesOn(e, )

-{ liesOn(e2,1) where e2.y < e.y }
==>

e =1

...specified in the DiaGen Designer

@ DiaGen Designer - spec-simple.xml

File Edit Look&Fesl Fonts

| = HEH @

3] Cu s L] » [

[G] Global defintions
m Componerts
m Relations
{3 Links
m Terminals
';ﬂ Monterminals
= Reducer
rule arrow_rule
rule lifeline_rule
rule next_lifeline_rule
rule send_rule
rule receive_rule
rule action_rule
tule firgt_event_rule
rule next_event_rule
Gratifmar
Cperations

Iﬁ DiaGen spec: diagen.designer:

< 1l | [L]

Iame

lhs === rh=s

Condition

first_ewvent_rule

+1 1ifeline(1ine) 1iesOn(b,linel }
-{ 1ies0On{c,1ine) where c.y < b.y }
==

Tine = b

Action || Constraints
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DiaGen: Editor Architecture Hypergraph Grammar

el el [Lifelines] [ Lifeline ] context-free

Semant. Lj=ilies izl productions
L t Layout represen-

ayouter information tation a

o ) ) Attribute
Highlights syntactically correct sub-diagrams evaluation

Hypergraph 7 Reciucem
Diagram Modeler ygqogel p Reducer hypergraph Parser

model

re— .

0
. .
RCTTT T

Drawing Hypergraph
tool transformer
selecx
operation
Editor user
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ennduay,
. ‘e
*

.,

g .*
RELTTTTL
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o ‘.
Derivation
structure

o,
AT

Lifeline

Event action send recv
a al a a

al

send recv

a b

embedding
production
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...specified in the DiaGen Designer

‘£ DiaGen Designer - spec-simple.xml

Flle Edit Look#&Feel Fonks

oD & B @ © o4 - 4 »

'ﬁ Digtzen spec: diagen.designer. sam tyame

| next_11felines

i [G] Global defintions
® ([ componerts
i QQ Relations
Link=s
i QQ Tertinals
® [ nonterminals

Foule Lifelines(s2) :

Lifelinesisl) nextlife(sl,sz2) Lifeline(s2)

& Reducer

= Grammar Gluing condition [
prod first_lifeline_prod - B
O N Sort attribute
prod nest_lifelines_prod. l-

prod empty_lifeline_prod | |Sort comparstor I
prod event_lifeline_prod
prod first_event_prod

| Concltion | Action | Gonstraints |

prod next_event_prod

prod action_prod

prod send_prod

prod receive_prod

prod message_prod
Operations

£ i | |»

3]
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Hypergraph Grammar — Derivation Sequence

Lifelines [}
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Derivation DAG

\
[+

g

0 i

] -'}-
']

A 4

v _,_--""__-

@
Tessans &
(a1 nad’)
message |~
(P9 nal)
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line

7]
)

TR
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message

This visualization of
the derivation DAG
has been created
using DiaGen'’s
GML export facility
and the graph
drawing tool
Graphlet
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Outline

e (Some) Dimensions of Visual Languages & Editors
e DiaGen
= Editor architecture
» erergraeh grammar-based specification and diagram analysis
e DiaMeta
= Editor architecture
= Metamodel-based specification and diagram analysis
e Conclusions
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DiaGen with Metamodels

e Observation:
" Most visual languages are graph-like
= Most people are not used to used to syntax specification using
(graph) grammars
= However: Most people are used to class diagrams
e - Use metamodels as an alternative to (graph) grammars for
language specification

Generating diagram editors with DiaMeta (EMF)

Editor developer

operates ECore
" | Modeller
Editor ECore
Specification Specification

g

o Implemented using EMF (Eclipse Modeling Framework) , DiaGen ' =
o Benefits: 1, Designer ! Compiler
" Fast language specification : - _t -=" 1
-
= Metamodel also specifies internal representations of edited ] i
diagrams : DiaQen | | Generated Generated
editor 1 program program
1
\ framework I code code
\ 1
/
S ”
S~ oo - . .
Diagram editor
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DiaMeta: Editor Architecture Example: Trees Node
name
|
. | ]
Layouter |, parent  child - Single I
(optional) PaﬂFIrent ! - Lwcmfd b et
Highlights syntactically correct sub-diagrams [
Root | ::11;';; Leaf “
Diagram Modeler Reducer c'r\fgglfelr - . -
" s ﬁample A \ /_ObJeCt a:Root \
,%‘?0%, modities reads tree: diagram: \name=a
Drawin s Graph parent
i@l 9 Transformer
00 (optional) ) reads child
selecR /'selects b | b:InnerNode |
operation operation . name=b |
parent parent
~ N child Nchid
Editor user (D (d\\ cLeaf d:Leaf
\ _/) \ name=c| ‘name=d|
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Example: Trees Node | Crame)

parent

q Single
Parent| 1 eni_ Child ‘ Noge
Inner
‘ Root I Nodel ‘ Leaf I
éample \ mstance = Node /n—a—e\
tree: ° graph: y

_ © © )
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Syntax Analysis

Node G‘a;nfb

_parent Si . |
Parent| T cniq_| Child ‘ ingie

T Node

‘ Root I

Inner
Node I ‘ Leaf I

Graph homomorphism that
obeys subclassing

Nodes are mapped to nodes rchild

Edges are mapped to edges
Structure preservation

Cardinality constraints not
violated

Syntax ification by Graph and Meta-Model

Mark Minas, Universitét der Bundeswehr Miinchen
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Syntax Analysis

e Search for Morphism:
Constraint Satisfaction
Problem

Node / Arc consistency
Linear in #constraints
Quadratic in domain size

Backtracking needless in
practical cases

[

rchild| |s:parent
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DiaMeta: Editor Architecture

Diagram
components &
Relations

Layouter

Act sub-diagrams

Reducer

Instance
graph

N
2 c?g%/ modifies reads
Drawin %’e& Graph read
= : Ry Reducer rules
(optional)

selects selects
operation operation

(optional)
Highlights syntactically ¢
C@godeler -

EMF model

Programmed
graph transformations

Necessary
specification
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Example: Trees

e EMF model (drawn with Omondo EclipseUML)

SWCOMpPInents
H Circle
H AbstractNode | reducec nodeParaw
) - = radivs. EDuibh
= text EString 01 0.1 | o vpos:EDodle
= yPos: EDouble

wvcompotents

H Arrew

| areni ealld redicec acgeParan .
| H singleNeda I | H Parent |£—> B hild I.—g, o yPest: EDoubh
1 1.4 0.1 0.4 | = ¥Pes2EDoubl

= yFcs1: EDoublh
o yPes2: EDoubl

| E Rost | | E InnerNode I | E Leaf I

Represent diagram

Example: Trees

* Reducer
Abstract
oY Node
oa
o I
, "/h.\: Arrow [, | A’?‘i’;a:t I | Circle
@ D <
@ © (oo ] e Yoo

arrow
Arrow Arrow

Circle

Instance graph

components
together with their
states
Graph model
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e Reducer rules e EMF model (drawn with Omondo EclipseUML)
- Lalniaa resss== B e v
= triple graph grammar rules ; b : T

Y SR g WS S— .D e | . |

! ! ! b .4 ....... : !
[] Annotation [ Arc I | [ Token | £] Node
1 fext ESting A token | 0.1 A

e ' [ bttt =
: : : P ‘ l
1 ) - 1 - PR, L :
! circle -»{ Circle ! ! il Place [ Transition
1 i 1 at irn_tokan
H nodeParam | H = name: ESking = name: ES¥ing
i 1 i —— T -
H border reduced . 1 from o |1 1| from from | 1 1w
' ! ' imv_annotaion
5 e Abstract ! 5 arrow [e-a--- $ A
' Node ! ! [ B Prearc | B Polsthrc |
R VS S W | | to | .- . T . imv_la

E | - |- imv_fram [‘

P Ll (e

Corres- : aesren [
ondence Instance : b '
P o] c=1e] I |
graph
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Example: Statecharts

e EMF model (drawn with Omondo EclipseUML)

] Annotation
"o tont Estg Ty P
- | State |¢
| |-
0..1 | annotation
nv_annotation ‘l * | v te ol | | 0..1‘ Imv_nestedState
= it inv_init =
| |1 Transition I | [l tState I(—-) £l InitState I [] StateContainer I
1 0.1
inv_from | * from | 1

| |
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Conclusions

e (Some) Dimensions of visual languages & editors

Editing
mode ) )
_ DiaGen/DiaMeta

Free editing -

Structured editing -
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o™
Y
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Future Work

e Using MOF as an alternative to EMF

e Diagram layout

» Simplifying free editing with automatic layout
e Sketching

* Model transformation

e Improving structured editing
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Improving structured editing

e Operate on instance graph instead of graph model

Layouter | _
(optional)

Highlights syntactically correct sub-diagrams

(ggrgodeler Srenh Reducer
model

Instance Model
graph checker

modifies .

i Graph reads .o
DraWIng ------------------
Transformer
oo (optional)
selects P
selects operation,
operation
Editor user
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