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A View on Modeling

Why do engineers build models?

- To understand ... problems and solutions
Models as "Means for Knowledge Acquisition”

- To communicate ... model and design intent
Models as "Means for Knowledge Transfer”

- To predict ... interesting characteristics of the system under study
Models as "Surrogates”

- To specify ... the implementation of the system under study
Models as "Blueprints”

Building models Is realized by selecting statements through abstraction, i.e_,
reduction of information preserving properties relative to a given set of concerns

From: Bran Selic, UML2 Tutorial @ MoDELS 2012
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(Textual) Modeling with UML and OCL within USE
(UML-based Specification Environment)

Class diagrams

Protocol State Machines

Support for full OCL with all collection kinds
and operations

Central assurance technique: Expressing scenarios (test cases);
UML object and sequence diagrams

Employing OCL for ad-hoc queries, class invariants, operation pre- and
postconditions, operation definitions
state invariants, transition pre- and postconditions

!

Employing SOIL (Simple Ocl-like Imperative Language)

Validation: Are we building the right product?
Verification: Are we building the product right?



Clas= diagram

Friendz=hip

£ invites

Perzon

friends=() : Zet(Per=zon)
+ commenter * 1 poster

Commenting PosterPosting

+ commented | |+ posting

Post

Running Example

9 SocialNetwork
= 9 Classes
# Perzon
# Post
# Commenting
E 4 Asscciations
# Friendship
# PosterPosting
= 9 Invariants
# Person::asymmetricFriendship
# Commenting:;commentOnhyByFriends
;l Pre-/Postconditions

associationclass Commenting between
Ferson[*] role commenter
Fost*] role commented

end

Person: :friends () : Set (Person)=invitee->union(inviter)

context Person inv asymmetricFriendship:
invitee->intersection(inviter) ->isEmpty ()

context Commenting inv commentOnlyByFriends:
commented.poster. friends () ->includes (commenter)



Running Example in Textual Form

model SocialNetwork

class Person
operations

friends () : Set (Person)=invitee->union(inviter)
end

association Friendship between
Person [*] role inviter
Person [*] role invitee

end

class Post
end

composition PosterPosting between
Person [l] role poster
Post [*] role posting

end

associationclass Commenting between
Person [*] role commenter
Post [*] role commented

end

context Person inv asymmetricFriendship:
invitee->intersection(inviter)->isEmpty ()

context Commenting inv commentOnlyByFriends:
commented.poster.friends () ->includes (commenter)



Cb1 Object diagram

Constructing a System State

David: Person

Minvﬁee

Angela: Person

inviter

Francoizs:Person

inviter

Recep:Perzon




Constructing a System State

Cb1 Object diagram

Ciavid:Person
}( invitee

Andela: Person

- Evaluate OCL expression
invites
\ Enter OCL expression:
inviter

|F‘&r5n n.alinstances->collect(p | Tuple{P=p, FS=p.friends()} } | Evaluate

inviter Hesult:

: : Browse
Francois Person Bag{ Tuple{P=Angela, FS=5ef{David Francoiz Recep}}, — L g

Tuple{P=David, F5=5et{Angela, Recepl},
Tuple{P=Francois, FS=Set{Angela}}, Clear

Tuple{P=Recep, FS=5et{Angela David}}}:
Bag(Tuple(P:Perzon FS:Set(Person}))

im-"rte?“xx Jn'[ inviter

Fecep:Perzan
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Constructing a System State with the Model Validator

Object diagram (system state) automatically constructed by
(so-called) Model Validator (MV)

Based on a transformation of UML and OCL models into
the relational logic of Kodkod/Alloy

Configuration determines

- Finite sets of data types values
- Finite sets for population of classes and associations
- Finite sets for attribute values

(a) Construct single object diagram
(b) Enumerate all object diagrams determined by configuration

Various use cases

Enumerations of all object diagrams guided by (so-called)
classifying terms (OCL queries) in order to achieve
few interesting, diverse object diagrams



Violating the Invariants

Class invariants -oooiinininiiiininn

Invariant

Commenting:.commentOnlyByFriends | falze
Person:.asymmetricFriendszhip L L L D L

Angela: Person

Rat=: Commenting

bz TheContinentBeyith ™y ou: Post

inviter

Hastal a%izta:Post

kut=: Commenting

Francoiz: Person

AnkaraWeHswesProblem: Post

inviter

-

-~

Juicy: Commenting FEecep: Person

Yippee: Commenting




Reasoning about the model
Can | comment my own postings?

Can all classes be instantiated?
Can all classes and associations be instantiated?

Are the invariants independent from each other?
Independent: neither (invA |= invB) nor (invB |= invA) holds

Can | invite myself to be my own friend?

Can invariant asymetrickFriendship be equivalently expressed as
context p1,p2:Person inv:
not (p1.invitee->includes(p2) implies p2.invitee->includes(p1))

Is this equivalent to:
... pl.inviter->includes(p2) implies p2.inviter->includes(p1) ...

Can | comment a posting twice?

Is the model correct in the sense that
(a) a stated (partial) object diagram set is accepted as valid and
(b) another stated (partial) object diagram set is considered invalid?



Model Validator Use Cases

rovide configuration
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Sequence Diagram @ USE

Angela:Person

—-‘_D' David:Person

‘@Dawd,@Ange!a) :Friendship
- inserted as inviter
=~
inserteld as invitee
create,

: +—| MayTheContinentBeWith ou:Post

. L]
-@f\ngela,@MayTheContmqlntBeWrthYou) : ry—————
' inserted as poster |
" , :
|

" : < inserted as posting

I | |
- between (@David,@May TheContinentBeWithY ou)
I

:Commenting

inserted as commenter
|

'N: inserted as commented
: |

I R W R A S




Communication Diagram @ USE

"~ Communication diagram i &
David:Person {new }
:Friendship {new} | /
Angela:Person {new} |
T ™ 31 insert(@0avid @sngela)\ S o)
)I
wm%
N\
~

N, | MayTheContinertBevWithYou:Post {new }

Actor




Protocol State Machine @ USE

State machine ‘PersonLife’

Perzon::PerzonLife {prntu:u::u:ul})

prenatal

crestes

barn

init{aFirstMame | String, alastMame ;| String, alzerMame | String )y

livirg
[(=elf .uzerMame <* ocllndefined{Oclhid ]

[(=elf .uzerMame = oclUndefined(Ocihoid ) J

inviteaninvites ;. Person)f

acceptPlaninviter : Person)y T

rejectPlaninyviter ;. Person)y

Class diagram

s Invites

Friendzhi
Friendzhip e

FPer=zon

firstMame ; String
laztMame ; String
uzerMame : String

t inviter

SiatEimaehing FriendshipLife’ 7

invite(aninvitee : Perzon)
acceptPlaninyiter . Perzon)
rejectPlaninyviter ;. Perzon)

int{aFirzthame : String, aLastMame © String, allserMame @ String)

Friends=hip:.FriendzhipLife {pr-:ntu:u::n:ul})

prenstal

- acceptFy

rejectF S
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Multiple object diagram solutions employing one classifying term

Class diagram |:|": B"

KnovesByMName

* knoven

Persan

* knowwer

Configuration
- Person min =1
Person max = 3
Person =
Set{ada,bob, cyd}
- KnowsByName min
KnowsByName max

nu
1
=

Classifying term
- Person.allInstances->size

i Object diagram

kniower

kniower

ada: Person

kriowwn

kriower

i Object diagram

aca:Person

i1 Object diagram

ada: Person

bhob:Perzon

cvd Persan




Multiple solutions with multiple classifying terms

Class diagram I:IE B" |E

K nowwsByMame

* knowen

Person

* knower

Classifying terms

let selfSeekerExists= -- in German 'Egoist'’
Person.allInstances->exists(p | p.knower=Set{p} and p.known=Set{p})
in selfSeekerExists

let knowItAllExists= -- in German 'Alleswisser'
Person.allInstances->exists(p | p.knower=Person.allInstances)
in knowItAllExists

let paintedDogExists= -- in German 'bunter Hund'
Person.allInstances->exists(p | p.known=Person.allInstances)
in paintedDogExists



Multiple solutions with multiple classifying terms

Cir Object diagram

F [E Ci1 Object diagram

Cir Object diagram

ada:Perzon

cyd:Person

zelf=eekerExists: falze
paintedDogExists: true
kot SIExist=: true

ada:Perzon

cyd:Person

selfzeskerExists: falze
paintecdDogExists: true
knoweitAlExists: falze

aclaPerson

zelfzeekerExists: falze
paintedDogExists: falze
knoswvl AExi=ts: true

T Object diagram -

o E E O Object diagram -

o d'd E

Str Object diagram -

ada:Perzon

knomwen
knoewcer

zelfSeekerExists: true
paintedDogExists: falze
knoww it AlExists: falze

aclaPerson

zelfseskerExists: falze
paintedbogExists: falze
knowelt Al Exizts: falze

Sl ——
ada Person
—

zelfSeekerExists: true
paintedDogExists: true
knowe it AlIExist=: true
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Transformation between ER schemas and relational DB schemas

* Metamodel for Entity-Relationship (ER) and for relational datamodel
* Transformation model with single transformation class and invariants
* 23 OCL invariants, partly complex structured

* Verification task: Show transformation model consistency, i.e.,
automatically construct an example transformation that utilizes all
concepts (classes and associations) from the metamodels



Constructed ER Diagram and Equivalent RelDB Schema

create table D{
D H HF primary key)
create table EH{

EH HF,
JH HF,
A CF,
primary key (EH,JH))




ER, RelDB and Transformation Metamodel

Class diagram

Er2Rel_Tranz

timez1000 : Integer) : Integer
plusli : Integer, | Integer) : Integer

y 0.1
1

Ersyn_ErSchema

1

1 ..*/1 1 RelSyn_RelDESchems

ErSyn_Entity * 1

key() : Set(Baze_Attribute) Erzyn_Relend | < | ErSyn_Relzhip 1.%

ozRelend() . Set(Ersyn_Relend) y Relsyn_Relschema
0.1 ) key() : Set(Baze_Aftribute)

= x o

Baze_ Attribite |1.*
izKey . Boolean

%

v

Baze MNamed

name : Integer
name . String
d2IC] : Integer) : String




Metamodel Constraints

Base Aftribute::linkedToOneQfEntityRelzshipRelSchema

Base DataType:.unigueDataTypeNames

Er2Rel Trans:forEnttyExistsOneRelSchema

ErZRel_Trans: forRelSchemaExistsOneEntityXorRelzship

ErZRel Trans::forRelzshipExistzOneRelSchema

ErSyn_Entity:.differentOsRelendAndAttributeNamesVWithinEntity

ErSyn_Entity:.entityKeyNotEmpty

ErSyn_Entity:.uniqueAttributeMames\WithinEntity

ErSyn_Entity:.uniqueC=sRelendNamesWWithinEntity

ErSyn_ErSchema: differentEntity AndRelzhipMames\VWithinErschema

ErSyn_ErSchema::unigueEntityNamesWithinErschema

ErSyn_ErSchema::unigueErSchemalNames

ErSyn_ErSchema::unigueRelshipNamesWithinErSchema

ErSyn_Helend:.c_Relend_Entity Relship_ErSchema

ErSyn_Relend::relendNameMotZero

ErSyn_Relship: . differentRelendAndAttributeNamesVWithinRelzship

ErSyn_Relzhip::relshipKeyEmpty

ErSyn_Relzhip:.unigueAttributeNamesWithinRelship

ErSyn_Relzhip::uniqueRelendNamesWithinRelzship

RelSyn_RellBSchema::uniqueRelDBSchemaNames

RelSyn_RellBSchema::uniqueRelSchemaNamesWithinRelDBSchema

RelSyn_RelSchema::relSchemakKeyNotEmpty

RelSyn_RelSchema::uniqueAttributeMamesWithinRelSchema

onstraints ok. (31ms)



Non-trivial Example Constraint (6 Quantifier Nesting Levels)

context self:Er2Rel Trans
inv forRelSchemaExistsOneEntityXorRelship:
self.relDBSchema.relSchema->forAll (rl |
self.erSchema.entity->one (e |
rl.name=e.name and
rl.attribute->forAll (ra |
e.attribute->one(ea |
ra.name=ea.name and ea.dataType=ra.dataType and
ra.isKey=ea.1isKey)))
Xor
self.erSchema.relship->one(rs |
rl.name=rs.name and
rl.attribute->forAll (ra |
rs.relend->one (re |
re.entity.key () ->one (rek |
ra.name=re.name.concat(' ') .concat(rek.name) and
ra.dataType=rek.dataType and ra.isKey))
Xor
rs.attribute->one(rsa |
ra.name=rsa.name and ra.dataType=rsa.dataType and
ra.isKey=false))))



Example Model Validator Configuration

Er2Rel_Trans : 1..1

Er2Rel_ownershipTranserschema 1.1
Er2Rel_ownershipTransRelDBSchema : 1..1
Ersyn_ErSchema : 1..1 RelSyn_RelDBSchema : 1..1
ErSyn_Entity : ] Relsyn_Relschema : [lE
ErSyn_Relship : NS
Ersyn_Relend  : jBSSE

Ersyn_ownershipErschemaeEntity
Ersyn_ownershipErschemarRelship
Ersyn_ownershipEntityAttribute :
Ersyn_ownershipRelshipAttribute :
Ersyn_ownershipRelshipRelend
Ersyn_RelendTyping

Relsyn_ownershipRelschemaAttribute

Relsyn_ownershipRelDBSchemaRelSschema :

1.
] .

.9
.9

Base_Attribute
Base_DataType .
Base_Named_name : set{0,1,2,3,4,5,6,7,8,9,10,11,..., 97,98,99}

Base_Attribute_isKkey : Set{false,true}

Base_AttributeTyping :

Real 2 0..0
Real_step : 1
String : 0..0
Integer : 0..127

Class black-on-white
Association black-on-Tight-grey




Cb Object diagram

o [

er2rel trans1:Er2Rel Trans

_-"'“'F_-f’- e
ersvn erschemal ErSvn ErSchema teleyn reldbschemal:RelSyn RelDBESchema
EFSYN ErsCchemal . Creyn EF-Chems e e e e
niame=30 name=38
mames=|l{'all IﬂamES='HJ'
~ - / *,
o . relzyn relschemal:Relzyn Relschema x"-\n
o ™ name=3 AN
~ h = N
| ersyn relend3:ErSyn Relend H‘“‘---.L\ Mnames="D ‘-..,x
. name=4 . .
erayn_ertityd:ErSyn Entity | P——— | ersyn_relshipl:ErSyn Relship relzyn_relzchemas Relsyn RelSchema
name=3 name=97 nathe=97
inames="0" —{ ersyn relendl:EtSyn Relend |4 mameS="KH' inamesS="KH'
name=3 ,,-"“j- K“‘x
e base attributes:Base Aftrioute |{| base atribute2:Base Atribute Y
base attributel:Baze Attribute name=0 name=0 hase stiributed:Baze Aftribute \h
name=7 IE R IameS=A' | o e=47 |pace frioiesbace A
Inames=H isKey=false iskey=false A bage attributed:Baze Aftribute
izHey=true ‘.,' : - - ‘\ isKey<true name=a7
e | haze atiributes:Baze Aftribute H _| inameS="JH
h”‘x___ \ name=7 L 7 isKey=true
- | [ MameS=H I"%_._f"’- e
. izkey=true <, e
R'x \L.___ 7 - < "
-L-‘-x--. _\__7-_\-‘ -~ ---f - -Fll-'f-’-
'\..__h-‘-xﬁ- JJ.I.-' _\-\_:T-?-_:_-\::-_—'\___;—::-'—F I'IIIIL
haze datatypeb.Baze Datalype | | hase datatypes:Baze Datalype
name=ys name=25
names="HF" inames="CF"
E J create table D{
D H HF primary key)
create table EH |
EH HF,
JH HF,
A CF,
primary key (EH,JH))
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Filmstripping: Transforming pre- and postconditions into invariants

B Sequence diagram I:IK B" E

create

-~ -~ = acaPerson

create

&7 []

Eh Dbject diagram

ada:Perzon

gender=#female

hok:Perzon

gender=¢male

]
: | bob:Person

Eh Ohiject diagram

marry(ibob)

ada Perzon

gender=female
wite

huzhand

hob:Perzon

gender=¢male

g?;l Ohject disgram =22

fd

ErEyiC ] mareyic

a=elf=idadal
asSpouze=@bokb

Snapzhot!: Snapshot %’:\J>— Snapshot: Snapshot

N

adal:Person

/

adaZ Perzon

gender=§female

hoki:Perzon

gender=¢female

huzhand

wyife

bob:Person

gender=¢male

gender=gmale




Filmstripping: Class model transformation USE plugin

=napshot CwerationCali
- 0.1 pred ,-.1__El..1 operationCall f
predi) | Snapshot {Luf pred() @ Snapshot
succl) : Snapshot | 0.1 suce Filmstrip zuccl) : Snapshiot
1 znapzhot A
genUmeration: PersonOpl
Gender <alf - P
=napshotPerson ==El . Fersan
female
rmiale Ijjij EE;EE
+ person| | U-1hushand | marry_PersonOpC divorce_PersonOp
Marriage aSpouse : Person
Perzon ,
0.1 wife
gender ;. Gender
spousel) . Set(Perzon)
marrylaspouse : Person) <
: 0.1 pred
divorcer) PredSuccPersan

0.1 succ




Filmstripping: Configuration and classifying terms

ThreeSeqgDias (TSD)
Snapshot min..max 2.3
Filmstrip min..max 1..2
marry_PersonOpC min..max |0..2
divorce_PersonOpC min..max [0..2
Person min..max 4.12
SnapshotPerson min..max 4.12
PredSuccPerson min..max 2.8
Marriage min..max 0..*

TSD1 Person.alllnstances—>exists(p | p.spouse()->size=1 and
p.succPlus()->exists(q | q.spouse()->size=1 and
q.spouse() .predStar()->excludesAll(p.spouse())))
TSD2 OperationCall.allInstances->size=1
TSD3 OperationCall.alllnstances—->size=2

TSD1: "Person p is married and later married again, but to a different person.”



Filmstrip object diagram VS Application sequence diagram

divorce-marry with
3 persons

snapshot2: Snapshot

divorce opcZ divorce PersonCpC

aself=person9

Y

"~

T

\,

.‘\\

N
p.spouse() .~

persond:Person
gender=#male

P

%/

snapshot3: Snapshot

variable p

gender=g#male

person3:.Person

Ly
it

~ persond:Person

oo

Y

gender=#female

AW

X

create

b-{ person9:Person |
set gender ;= Gender:male !

i

I
create : b-l persont:Person |
person2 Person set gender (= Gender:female o

aself=persond
aSpouse=person2

marry _opcZmarry PersonOpC

persond1:Person

gender=¢male

gender=g¢male

per=sond:Person

gender=#female

p.succPlus()

£

Ly

g.spouse().
predStar()

I
create

: i

set gender E= Gender:male |

i b-l gerson3l:Person |

]
insert(@personl @persond) into Marriage
I

petrsonRetarry=true
opCallSizet=falze
opCallSize2=true

snapshotl: Snapshot

ke persond:Person divorce() [ :
| gender=#male >‘|:| :
_\__\__‘—\-_\__- { -------------- |
| persont0:Person | marry(person3]
Y gender=#female I ’T__I
", i = = = = —— o I
personl 2:Person variable g ! |

gender=#male

T



Summary

Software development concentrating on models as first class citizens

Successfully applied approach in larger German project:
XGenerator @ Deutschland online

UML (Class and Statechart diagrams) in combination with OCL

SOIL (Simple Ocl-like Imperative Language) for operation realization
together model unit tests (Object and Sequence diagrams)

Employ model validator for searching object diagram spaces
Validation and verification

Aim of modeling: Obtain trustworthy models



Perspective

Support for model transformation: From descriptive transformations
to prescriptive transformations; from platform-indepedent ones to
platform-dependent ones; testing of transformations wrt contracts

Technical extensions

- statecharts features (adding change events and nested states)
— synchronisation of seq. and com. diagram features

- multilevel classifying terms

— coverage of non-set collections in model validator

Better support for filmstrip models and refinement models
OCL extensions
— Temporal logic for dynamic properties!

- Deontic logic for obligations and permissions?
Monitoring running applications (JVM, CRL, ...) with models



Thanks for your attention!



