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The Structure of Modeling Languages Modelling Languages/Formalisms
Syntax and Semantics

.z Modeling NB: We used a
Br'an sellc Language modeling language
t ify this!
?0.1 1 ? 0..1 o specify this
0." | 1 ] 1.
(2) Concrete | 0-/ 1/ ] (1)Abstract |1/ 1.7/ 3)
Syntax Syntax Semantics
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Modelling Languages/Formalisms
Syntax and Semantics

Graph

model of Abstract Syntax
(aka meta-model)

Model of Graph

model of model of transf

Concrete Mapping K

model of
Concrete Syntax

model of
Semantic Domain

model of
Semantic Mapping M

Semantic Domain

model of

model of

Concrete Syntax

Abstract Syntax
model of



Textual
Languages

Textual Languages

“this sentence 1s very short”

* Individual letters in an alphabet
* Combined into words
* Combined into sentences in a language

* Valid letter combinations in words
specified by regular expressions

* Valid word combinations in a language
specified by a grammar

* letters/words are combined by “is to the right of” spatial relationship



The Spoofax Language

Rules for Declarative Specification of
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-module EntitylLang-Colorer
imports EntitylLang-Colorer.gener
—colorer

_.Type : B B 255

-,

=0

%% Grammar for the Entitylang language
%% By default, based on an example “entities" syntax
—module Entitylang

imports Common
—exports

= context-free start-symbols
Start

- context-free syntax

Start {cons("Module
Definition {cons("E
Property {cons("Pro
Type {cons("Type")}

“module" ID Definitions
“eptity'" ID “{" Propertys "}" -»
ID “:" Type -=
1D

-

e

-,

.
] example.ent 53

i =module example
S Example "Entitylang" program

—entity User {
name : String
password : String
homepage : URL

—entity BlogPosting {
poster : User
body 1 String
}

—entity URL {
location :

}

String

II}]_
ntity")}
perty')}

syntax-directed editor

(textual concrete syntax)




syntax-directed editor
(visual concrete syntax)
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Journal of VVisual Langnages and Computing (2002) 13, 573—600
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A Classification Framework to Support the Design
of Visual Languages

G. CostacrLioLa*, A, Deruciat, S. Orericef AND G. PoLESE*



Visual Languages

Plex

meta-model of network of blocks with “ports”?



Visual Languages

Graph




Visual Languages

Connection Types

(d)

(a) (b)



Visual Languages

Iconic

OXO E=Q







Visual Languages

Visual Language Classes

Geometric

Connection




Visual Languages

Hybrid Languages

JAN 97

POLICY TIER CALENDAR-FORM METAPHOR

DEFINITION TIER / \CDMBINATIDN LOCK METAPHOR

20C




Visual Languages

Syntax-directed Visual Editors: model behaviour

w Statechart Virlual Machine - Thomas (Nov, 2003) = & 3|
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Visual Languages

Syntax-directed Visual Editors: model behaviour

set_association_name /

[zelf.az=ociation_name = association_name] N
>

[self.buttens] /

create_instance("Button', params) {cd}
> .
close / Loop " Creating
_ delete_instance(labels, buttens) {cd} instance_created / client_respense [not response.is_success()]/
" window-close {input} / start_instance {cd}, set_association_name error {parent}
Deleting . ]
delete_instance(labels, buttons) {cd}
€ : i client_response [response.is_success() and not hasattr{item, "children’}]
Getting { client_reguest{'read’, params) \Waiting Running
[not self Children —rea B Client button_pressed [event-name == "select_model]
after(0.05) / FW Y Get Model =
delete_window {parent}
{ client_reguest(read’, params} {parent}
" . Li lignt_r Ir Js_success()
client_response [not response.is_success()]/ cleni_respons i =
Stopped error {parent Waiting Client and net isinstance(itemn, Model)]
client_response [response.is_success() and hasattr(item, 'children)] Madel
client_response [response.is_success() and isinstance(item, Model)]
[not self.curr_children]
[self.curr_children] /
. label_pressed/
create_instance’Label, params) {cd} N unhighlight(iabels) {barent,
Loop 7| Creating highlight{pressed_labd} {parent}
L«
instance_created / Waiting For
start_instance {cd}, set_association_name Second |/
after(0.3}

-~ butten_pressed [event_name == "up_level]

butten_created /

Listening [button. packi}]

X editor_created /
Packing ) [editor pack(]

client_regquest/
client_regquest(self. association_name + V" + asscciation_name, data) {parent}




Visual Languages

Generate Syntax-directed Visual Editors

%% ModelEditor

Main SimpleClassDiagrams
D‘ , I‘ -‘ Iln] @‘ n‘ ﬂ‘ l«" Inheritance | Attribute | Aggregation | Asscciation | Composition | Class
MTpgst_Contents: Association MTpre_Contents: Association
protected.formalisms.Rule.MTpost_Pattern protgcted formalisms.Rule.MTpre_Pattern
--> protected.formalisms.Rule.MTpost_El¢ment --»| protected formalisms.Rule.MTpre_Elgment
RHS: Clace MAC: Class LHS%: Class
MTpuost_Pattern: Class MTpre_Pattern: Class
MTpgst_Association: Association MTpte_Association: Association
proterted.formalisms.Rule.MTpost_Element protgcted.forpralisms.Rule MTpre_Element
--» protected.formalisms.Rule. MTpost_Elgment  --> pg&éﬁ.formalisms.ﬂule.MTpre_EIement
MTpost_Element: Class MTpre_Element: Class

MT| Association: Association

protected.fo isms.Rule.MT_Element
I~ protected.form3at Rule.MT_Elerrent

MT_Element: Class




Visual Languages

Syntax-directed Visual Editors: freehand (early stages of multi-domain project)

AToM3 v0.3 using: Entity Relationship + DCharts
Fils Merms  Model Menu  Tranaformation Mer  Layout Men  Export Manu

-l = TR e L AP e R

Tryald ~ vold
ATob3 v0. 3 using: Entity Relationship + DCharls
File Merwi  Model Merw  Transformabion Menty  Layout Menu  Export Menu
| Entity Retationship) DChats
m:', ! kst in SVM | pererate des

| Viswal
n | we
BTV

X
.-E- : v
Irrvali . Valid

il
Edmng Tonamed' (not meodsed)

| i |

|
|Edi1mg ' Program Files/atom3 atom3-centralModelsfintro.py” [modifed) |E\im|15 transf Monamed' (not modiSed) in file Nonamed”




Different Media:
Gestural Interaction, Sound,
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The “Physics” of Notations: Towards a
Scientific Basis for Constructing Visual
Notations in Software Engineering

Daniel L. Moody, Member, IEEE




“Physics" of Notations

Introduction

* Visual notations pre-date textual ones

* Textual is special case of Visual

* Visual notations are important for
Modelling and Software Engineering

* Humans are excellent pattern
recognizers

* Need cognitively efficient and
effective notations.

Cognitive effectiveness =

speed, ease and accuracy with which a
representation can be processed by
the human mind

a DSVL @ Lascaux



Introduction/Rationale

“Physics" of Notations

Visual notations are often introduced without underlying theory or rationale

Visibility
Public

Class

Student S

Hama

» + name : Skring

Frotected
Private

p #roll : Integer “+
p - saction ; String

httributes

+ Display ()
-Add ()«

- Edit {)
# Delete ()

Operations

Responsibilities
-- Manage student in a class

——— Extra componant

{ This is not mandatory)

Many visual notations for same concepts.

—>-

Chen notation

i O<

(IE) notation

&—0

Information Engineering  Bachman notation

<> ]

IDEF1X notation

No rigorous way to compare effectiveness and hence no clear design goal.



Cognitive Effectiveness?

( = Rule CreateSchema(packageName:EStrng, schema:Schema)

ucreaten wcreates
Hpreserves s acreates target acreates
:EPackage Trace schema:Schema
o name=packageMame o name=packageMame o= name=packageMame

upreserve*tabs I eClassifiers acreate®/tabs

subTraces

wcreate®tabs

tables
apreserve®/tabs

:EClass

wcreate® ftabs

acreate*/tabw wcreate®/tab/newPKeyir oot o5 b T ewPKeyn
cource acreate®tabe wcreate®tabs columns Column
abstract=False Trace =l Table — l name="id"
[ = [} =
o name=classMame = name=classMame ww
= name=classMame = type="int
apreserve*/tab/cols ‘fehlhttribute acreate*/tab/cols | subTraces «create*/tab/cols columns\“ eate*/tab/newPKey» | keyColumn
; oy wcreate®tab/cols Ao fEa Sy acreate®/tabs
upreserve*/tab/cols Here AT acreate®/tab/cols [acreate*/tab/cols = Lt
:EAttribute source f_ll:r';‘;te /tab/cols target -Column con!il:ram Im:rleete-_ftel::a-
o «require®/tab/col/PKeys iD=true 'D name=attrName o name=attrMame te*/tab/col/PK :PrimaryKey
_ = _ wcreate® tabfco ey
= mame=attrdame «Forbid*fEab/newPKeys o type=attrType keyColumn 4
L eAllAttributes
apreserve®tab/cols eType
wpreserve®/tab/cols «forbid®/tab/newPKeys)
:EDataType :EAttribute
o instanceTypeMame=attrType = iD=krue




Cognitive Effectiveness?

E Application: Conference repistration, May 26, 2004, 14:19
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Cognitive Effectiveness?

Conference
registrutn

';r.' |
[Pt —S
| =

e
"n
gl

i b

Daily pa.| 995,- USD

sa 104, AR
) T2: Jackson

(' T3: Holland

T4: Cohen

T7: Dawson

Cancel!




Cognitive Effectiveness?

Average Service Duration Bank Machine Amving verage Service Duration Bank Machine Amving
e et Custormer Account Exchange Rate Customer
ange male as
g Update Initial Balances
Initial Balances
Parameters £ Initialization Y Unplanned Event
dt_average = gaet_parametar(“Ave local dt_slapsed = alapaad
Initialization rate_sax = gat_parameter{*Exchan local port, walue = input{]
balancesl = get_parameter{®Init
State 1f port == *Arriving Custeo
o balances = copyi(balancesi] if jeb == nil then
jeb = nil job = walus
dany = [} dt_merved = sxponantial
' ") dt_sarved = nil dt_planned = dt_ sarvaed
@ dt_planned = duration({*foreavar” alae
dt_smarved = dt _sarvaed -
denials = 0 table.insert (dany, wvalu
® 5 =0 dt i = g ti o]
r Plannedduratlon...] \j“”'”“" m—,; _planned duration|
ellapaed? interrupted? r_ Planned Event elagif port == “Account Upd
X If1ocal account, action, amou local account, balance =
balances[account] = balan
Interrupted by... ] if #dany =-= 0 than dt_planned = dt _plannad -
and of incomming logal customer = table.r ond
sirmulation? message? output {*Unsarved Custome
if #deny > 0 then
O O dt_planned = duration|
Message O alaa ~
dt_planned = dt_sarved Finalization B
and
sat_statistic(*Service Danials®,
Planned Event u“phnnd Event slas sat statistic(*Service Failures”®
if mction == “Dapomit™ t =
logcal amount A = amount
Messages if currency == *Currenc
-~ )
I ! amount A = amount*rat
h_ r and
if amount_A <= balances
balances[account] =
cutput {("Account Chang
Finalization coutput (*Sarvad Custom
alaa
SIHBSMS{ " I i
Served Served
Customer Unserved Customer Account
Customer Account Change Unsemved _ :
® Change Ready ® Customer + Ready Senvice Danials
Notification Service Faiures ® Nolification Senvice Failures

Maryam M. Maleki, Robert F. Woodbury, Rhys Goldstein, Simon Breslav, Azam Khan.
Designing DEVS visual interfaces for end-user programmers. Simulation 91(8): 715-734 (2015)



Cognitive Effectiveness?

Bank

Machine ]
Seeking I Teller @
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Ready Notification
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Communication Theory

Intended
message

nmdmg

Diagram creator
(Source)

lnfnrmatmn tra nsmltted

Visual Notation

“Physics" of Notations

Received

message
(Code)

Diagram Dem::-dmg
(signal)

Diagram user
(Destination)

-

Channel

(Medium)



“Physics" of Notations

Encoding: 8 visual variables to (graphically) encode information

PLANAR
VARIABLES

Horizontal Shape Size Colour
5. O OX 11
A 60
Vertical Brightness Orientation Texture

Position

0eC [ 008




“Physics" of Notations

Decoding
Perceptual Processing Cognitive Processing
retinal |
MAge = Perceptual Perceptual | attention > Working Long term
discrimination configuration ~ | memory | Memory
automatic, fast, parallel slow, large effort, sequential

Appropriate notations -
offload some of the burden from cognitive to perceptual

Note: “dual channel theory”:
auditory/verbal channel and visual/pictorial channel are processed in parallel

Richard E. Mayer, Roxana Moreno. Nine Ways to Reduce Cognitive Load in Multimedia Learning. Educational
Psychologist, 38(1), 43-5. 2003.



“Physics" of Notations

Principles for Designing Efficient and Effective Visual Notations

Perceptual
Discriminability

Graphic
Economy

Cognitive
Fit

Semantic
Transparency

Cognitive
Integration

Visual
Expressiveness

Manageable
Complexity

Dual
Coding



“Physics" of Notations

Semiotic Clarity (semiotics = study of signs and sign processes)

—Semantie—
(metamodel)
constructs

C1 .' l'*? ‘

™, ?- o

symbolisation mapping (encoding)

>
symbol
deficit

symbol

C,~ redundancy @ Visual Syntax

(graphical
Csy symbol + _~  symbols)
—— overload

symbol ,
Aynads - 1-to-1

-
denotation mapping (decoding)




“Physics" of Notations

Perceptual Discriminability




“Physics" of Notations

(a) Divers programming Aqua2 during pool tri- (b) A diver programming Aqua2 durmg an HRI
als. trial held at a lake in central Québec.

(c) Example of command acknowledgement given on the LED screen of the Aqua2 robot
during field trials.

Junaed Sattar, Gregory Dudek. Reducing Uncertainty in Human-Robot Interaction: A Cost Analysis Approach. ISER 2010: 81-95.



“Physics" of Notations
Perceptual Discriminability

should be easy to distinguish visual symbols

ability to distinguish is determined by visual distance
larger visual distance - faster, more accurate recognition

 number of visual variables on which they differ and
the magnitude of the differences

* shape is the main visual variable

Customer owner-of Account



“Physics" of Notations

Perceptual Discriminability

Software Engineering notations mostly use rectangle variants

Use redundant visual encoding to increase distance (e.qg., textual + visual)

External Data flow
{El) Entity Process Data store >

External | Data flow
{b) Entity : Process Data store e




“Physics" of Notations

Semantic Transparency

The meaning of a symbol can be inferred from its appearance (intuitive)

Symbols can be:



Physics" of Notations

ASN

u
o
Q
£
>,
(V2]
)
dud
3
o

iImme

semantically i

Semantic Transparency




“Physics" of Notations

Semantic Transparency

Sequence /Causality Subclass/Subset
A
A —— B B C
Intersection Hierarchy
. A
A B | | |
", J B C




“Physics" of Notations

Semantic Transparency

The meaning of a symbol can be inferred from its appearance (intuitive)

Symbols can be:
« Semantically Immediate

« Semantically Opaque

Class

Visibility Stadent  4—
Public * + name : Siring
Protected p #roll: Integer 4 Attributes
Private p - s8CHON ; String
+ Display ()
- Add () 4 Operations
- Edil{)
#Delete ()

Hame

Rasponsibilities
-- Manage student in a class ¢——— Extra component

Software Engineering ( This is not mandatory)

notations are usually
abstract (non-intuitive)




“Physics" of Notations



Semantic Transparency: semantically perverse symbols “Physics" of Notations




Semantic Transparency

“Physics" of Notations

The meaning of a symbol can be inferred from its appearance (intuitive)

Symbols can be:
« Semantically Immediate

« Semantically Opaque
« Semantically Perverse

Domain-specific icons
and visual arrangement
should be intuitive

ol (o 1145AM ||

My Phone App

Sa 1045
=
_lII'.
5a11.33 ;
F
¥

S 15.00
View Dnline




“Physics" of Notations

Complexity management (# elements in diagram » cognitive overload)




“Physics" of Notations

Modularization/Hierarchy

| LR/~

F

i

i

Fr

r I

#F |

o i
L I

!
i
#F I 1 I
¥
]

decomposition,
Level 2 refinement

abstraction,
summarisation




“Physics" of Notations

Cognitive Integration (different notations)

* Conceptual integration (coherent mental model)
* Enable navigation and transition between notations



“Physics" of Notations

Visual Expressiveness
Number of visual variables used (UML, mostly shape, no colour)

8 degrees of visual freedom (0 = non-visual - 8 = visually saturated)

1.1
- Analyse data
v
11 1.3 Draw
Ceallesct elata corciLicg
."
s o
. Disconfirm ==
 conclusions |
-




Visual Expressiveness

“Physics" of Notations

Different visual variables have different capacity to encode information

Variable Power Capacity
Horizontal position (x) Interval 10-15
Vertical position (y) Interval 10-15
Size Interval 20
Brightness Ordinal 6-/
Colour Nominal 7-10
Texture Nominal 2-5
Shape Nominal Unlimited
Orientation Nominal 4




“Physics" of Notations

Dual Encoding

Combine Textual and Visual

Supplement rather than duplicate (e.qg., multiplicity values)

Graphical g X I g Dual coding
rapnicdal €ncoding extual enco INg (graphics+ tEXt)
0.1 315 0..1 5. 05
Reinforce

meaning




“Physics" of Notations

Graphic Economy

* Not too many symbols. If many, provide legend
* Limit on human discrimination capability (6 levels per variable)
* Upper limit on graphic complexity

How? graphical non-graphical
< > 4 >
Graphical Textual Supporting
encoding encoding definitions
4 > 4 >

on diagram off diagram



“Physics" of Notations

Cognitive Fit

Adapt choice of visual notation to
* Task
* Audience (novices vs. experts)

Adaptation may be dynamic (“learn” about Task/User proficiency)

Representation medium matters



“Physics" of Notations

Interactions among principles

Semiotic Clarity

Perceptual Discriminability

Semantic Transparency

Complexity Management

Cognitive Integration

Visual Expressiveness

Dual Coding

Graphic Economy

Cognitive Fit




Ultimately, need empirical studies!

FEATURE DIAGRAMS NOTATIONAL SET

UML STATECHART DIAGRAMS NOTATIONAL SET

PoN-Enabled
Feature Diagrams
Notation [62]

Semantic
Construct

Original
Notation [54]

‘[m,n] [, n]

<m,n>  <m,n>

0_

—_— — ===

Root

Feature

Mandatory

Optional

And

Alternative

Or

Require

Exclude

Feature
cardinality

Group
cardinality

Attribute of feature

Dead Feature

Refer feature

Generalization

Implementation

PoN-Enabled UML

Statecharts gematnhct Original Notation [53]
Notation [16] onstruc
S
Ordinary State
|
<<threatened>>
Threatened State
|

I .Y
{m«ulnerable»& )
|

Vulnerable State

Defensive State

Compromised
State

Quarantined State

4 <<recovery>> [:j\

Recovery State

<<vulnerable>>

-

<<defensive>>

- @@

<<compromised>>

<<quarantined>>

<<recovery>>

M. El-Attar, "Empirically Evaluating the Effect of the Physics of Notations on Model Construction,”

in IEEE Transactions on Software Engineering, vol. 48, no. 7, pp. 2455-2475, 1 July 2022, doi: 10.1109/TSE.2021.3060344.



Ultimately, need empirical studies!

THE DEPENDENT VARIABLES AND THEIR CORRESPONDING HYPOTHESES FOR BOTH EXPERIMENTS

Dependent Variable

Null Hypothesis (Ho):

Alternative Hypothesis (Ha):

Errors Committed
Completion Time

Errors Committed
Completion Time

Errors Committed
Completion Time

Feature Diagrams Experiment
E (FD-ON) = E (FD-PoN)
T (FD-ON) =T (FD-PoN)
Misuse Case Diagrams Experiment
E (MUCD-ON) = E (MUCD-PoN)

T (MUCD-ON) =T (MUCD-PoN)
LML Statechart Diagrams Experiment
E (5C-ON) = E (5C-PoN)

T (SC-ON) = T (5C-PoN)

E (FD-ON) # E (FD-PoN)
T (FD-ON) # T (FD-PoN)

E (MUCD-ON) # E (MUCD-PoN)
T (MUCD-ON) # T (MUCD-PoN)

E (SC-ON) # E (SC-PoN)
T (SC-ON) # T (SC-PoN)

The qualitative data within this category
also indicate that while users in general
enjoy using colors in comparison to just
using black and white notations, users
were annoyed by diagrams that have too
many colors.

However, speed and effort in using PoN-
enabled nota-tions is compensated for
once the initial learning curve is
completed (i.e. the symbol meanings are
now loaded into the working memory) and
when users verify their diagrams.
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