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OOM is popular and useful

Main components: Class and Object Diagrams



Fully specified instances in OOM

| a:Agenda
_ m1 : Meeting
ML Hime = 10
_ m2 : Meeting
ML Hime = 10




Partial instances also useful!

| a:Agenda
_ m1 : Meeting
2l time =

m2 : Meeting ?
time =10

:mt ?




Partial instances also useful!

| a:Agenda
m1 : Meeting
time =

m2 : Meeting ?
time =10

‘mt

:mt ?

Uncertainty - don’t know



Partial instances also useful!

| a:Agenda
m1 : Meeting
time =

m2 : Meeting ?
time =10

‘mt

:mt ?

Underspecification - don’t care



Partial instances also useful!

| a:Agenda
m1 : Meeting
time =

m2 : Meeting ?
time =10

‘mt

:mt ?

Variability - need them all



Partial instances completion

| a:Agenda

mt m1 : Meeting

time =
_ m2 : Meeting ?
f Mt? _Mime = 10

| a:Agenda
_ m1 : Meeting
ML Hime = 10

m2 : Meeting ?
time =10

:mt ?




Partial instances completion

| a:Agenda
_ m1 : Meeting
ML Hime = 10

:mt ?

m2 : Meeting ?

time =10

|  a:Agenda |
‘mt 2 an?zz: 1I\él)eetinq ?
|  a:Agenda |
‘mt 2 an?zz: 1I\él)eetinq ?




Applications
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ID Name Address

0 John Doe NULL

Data with uncertainty
(relational databases)



agenda

m1 | | m2 | | mt3

[not mt3]

Variability models
(feature models)
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mt1

agenda

| a:Agenda

‘mt

m1 : Meeting

i —>
:mt

time =

<<mit2>>

Models with variability

(feature-based model templates)

m2 _: Meeting

time =10
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start()

Idle Leeching

cancel() l % restart()
completed() !

Seeding

Models with uncertainty
(partial models)

14



Problem: Limited support in OOM languages
UML and MOF - no optional elements

Alloy - no concrete syntax for (partial) instances
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Example 1:
Conflict Resolution with Partial Instances
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Completion under the CWA

Explicates what is known and unknown given
current knowledge
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Alice

ensure that rooms and people

We need to keep track of bookings to J
are hot double-booked.

How do you deal with
conflicting meetings?

Charlie
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a: Agenda Conflict

Agenda

mt| 0..*

Meeting

_ m1 : Meeting
Mt__ime = 10
_ m2 : Meeting
Mt__ime = 10

time : int

CD
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a: Agenda Conflict

_ m1 : Meeting
Mt__ime = 10
_ m2 : Meeting
Mt__ime = 10

N LN

| \

. .Ea_rt.l 4
'

Agenda

mt| 0..*

Meeting

time : int

CD
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a: Agenda Conflict

_ m1 : Meeting
Mt__ime = 10
_ m2 : Meeting
Mt__ime = 10

N LN

| \

. .Ea_rt.l 4
'

a_ Agenda POD

‘mt ?

m1 : Meeting ?

‘mt ?

time =

| type )

m2 : Meeting ?

time =10

Template for solutions

Agenda

mt| 0..*

Meeting

time : int

CD
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S I

| N\
- .Ea_rt‘/ /7

| __a:Agenda Conflict
_ m1 : Meeting
Mt Mime = 10
_ m2 : Meeting
Mt ime = 10

| a:Agenda
_ m1 : Meeting
.t time =

a : Agenda

POD

‘mt ?

m1 : Meeting ?

‘mt ?

time =

| type >

m2 : Meeting ?

time =10

Agenda

mt| 0..*

Meeting

time : int

CD
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| __a:Agenda Conflict | a:Agenda POD |

Agenda | CD
_ m1 : Meeting o _ m1 : Meeting ?
:mt time =10 L Ea_rt‘\/\ .mt ? time = 'Tpe> mt| 0..*
mt m2_: Meeting ’ it ? m2 : Meeting ? _ Meeting
.M time = 10 .Mt time = 10 time : int
| a:Agenda
_ m1 : Meeting
Al time =
| a:Agenda
_ m1 : Meeting
Mt ime = 11
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| __a:Agenda Conflict | __a:Agenda POD
_ m1 : Meeting o _ m1 : Meeting ?
it time = 10 !_Ea_rt‘\,‘ Mt?_ime = [type >
4
_ m2_: Meeting _ m2 : Meeting ?
Mt ime = 10 Mt? ime = 10
| a:Agenda | a:Agenda
_ m1 : Meeting _ m1 : Meeting
e time = e time = 11
_ m2 : Meeting ?
mt? ime = 10
[ a:Agenda | _a:Agenda |
1 Meeti _ m1 : Meeting
:mt tim;n= 11 2ol mt time = 11
mt m2 : Meeting
il time = 10

Agenda

mt| 0..*

Meeting

time : int

CD
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| a:Agenda Conflict | a:Agenda POD
_ m1 : Meeting o _ m1 : Meeting ?
it time = 10 !_Ea_rt‘\,‘ Mt?_ime = [type >
'
_ m2_: Meeting _ m2 : Meeting ?
Mt ime = 10 Mt? ime = 10
| a:Agenda | a:Agenda
_ m1 : Meeting _ m1 : Meeting
.mt time = .mt time = 11
_ m2 : Meeting ?
mt? Mime = 10
[ a:Agenda | _a:Agenda |
1 Meeti _ m1 : Meeting
:mt tim;n= 11 2ol mt time = 11
mt m2 : Meeting
M time = 10

Agenda | CD

mt| 0..*

Meeting

time : int

a : Agenda

‘mt

m12 : Meeting

time =10
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Example 2:
Requirements Elicitation with Partial Instances
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Completion under the OWA

Naturally express stakeholder’s partial view of
the world
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(Each meeting is organized by a chair )
who is responsible for booking the
room. Rooms have different
equipment, and obviously, different
humbers. )

Could you give me an example
of room booking? What
equipment is used?

Alice Bob
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SM : Meeting
chair = "Sue"

wb = Electronic

.room r : Room

num =

Bob |
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SM : Meeting
chair = "Sue"

wb = Electronic

.room

r : Room

num =

¥

SM : Meeting
chair = "Sue"

wb = Electronic

.room

r : ERoom

num =

Bob |

Bob Il
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SM : Meeting
chair = "Sue"

wb = Electronic

.room

r : Room

num =

¥

SM : Meeting
chair = "Sue"

wb = Electronic

.room

r : ERoom

num =

Bob |

Bob Il

SM : Meeting

chair = "Sue"
rep = Weekly
time =10

Charlie
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SM : Meeting
chair = "Sue" SM : Meeting
wb = Electronic chair = "Sue"
rep = Weekly
:'o0M ™ - Room time = 10
nim = Bob | Charlie

¥

SM : Meeting
chair = "Sue"

wb = Electronic

SM : Meetin
num = Bob Il rep = Weekly
time =10
. wb = Electronic_|

:room r_:EIi{oom POD Il
. num =
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SM : Meeting
chair = "Sue"

wb = Electronic

Lo r : Room

num =

¥

SM : Meeting
chair = "Sue"

wb = Electronic

.room

r : ERoom

num =

Bob |

Bob Il

Meeting <<enum>>
chair : string Rep
rep : Rep Daily
time : int Weekly
wb : WBrd

room |1.* <<enum>>
Room WBrd
num : int Traditional
1\ Electronic
| _ERoom | cD

SM : Meetin
chair = "Sue"
rep = Weekly
time = 10

| wb = Electronic_|

:room r : ERoom

POD Il

. num =

SM : Meeting

chair = "Sue"
rep = Weekly
time =10

Charlie
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SM : Meeting
chair = "Sue"

wb = Electronic

Lo r : Room

num =

¥

SM : Meeting
chair = "Sue"

wb = Electronic

num =

.00M I - FRoom

Bob |

Bob Il

Meeting <<enum>>
chair : string Rep
rep : Rep Daily
time : int Weekly
wb : WBrd

room |1..* <<enum>>
Room WBrd
num : int Traditional
1\ Electronic
| _ERoom | cD
SM : Meetin
chair = "Sue"
rep = Weekly
time =10
. wb = Electronic_

:room r : ERoom

POD Il

. num =

SM : Meeting
chair = "Sue"

rep = Weekly

time =10

Charlie

SM : Meetin
chair = "Sue"
rep = Weekly
time = 10
wb = Electronic

oD

Liroom ™ FRoom
num = 200 |
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SM : Meeting

chair = "Sue"
| wb = Electronic__|

| .:room

r : Room
. num =
SM : Meeting
chair = "Sue"
wb = Electronic

num =

.00M I - FRoom

— | Bobl

Bob Il

SM : Meeting

chair = "Sue" POD |
Meeting <<enum>>
chair : string Rep
rep : Rep Daily
time : int Weekly
wb : WBrd
room |1..* <<enum>>
Room WBrd
num : int Traditional
1\ Electronic
| _ERoom | cD
SM : Meetin
chair = "Sue"
rep = Weekly
time =10
| wb = Electronic_|
room | LERoom | pop
. num =

SM : Meeting
chair = "Sue"

rep = Weekly

 time =10

Charlie

SM : Meetin
chair = "Sue"

rep = Weekly
time =10
wb = Electronic

oD

Liroom ™ FRoom
num = 200 |
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How to express partial instances in OOM
languages”?
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Encode objects as singleton classes via
subclassing

\"’
W’
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Agenda

mt| 0..*

Meeting

time : int

CD
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| Agenda | CD

mt| 0..*
Meeting
time : int
a_: Agenda POD
_ m1 : Meeting ?
Mt ? _ime =
_ m2 : Meeting ?
.mt ? time =10
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| Agenda | CD

mt| 0..*
Meeting
time : int
Q
(0%
S QOO
a_: Agenda POD
_ m1 : Meeting ?
Mt ? _ime =
_ m2 : Meeting ?
.mt ? time =10
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_________________________________________________________________________

AN

| Agenda | CD | Agenda | | A>Agenda1 | cdenc(CD, POD);

mtl o . Textend > | mt! 0. % M1 > Meeting 0.1 ]
e T Meetin ) - |
_ Meeting e g redefines th |.>.I\{e_ez;lgg 0..1 i
Ut NN S E— mj_o.qtime:int=10 |
/’///‘II
PR
Q /// jg/
< .-~

a : Agenda POD

_ m1 : Meeting ?
e time =

_ m2 : Meeting ?
e time = 10
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Agenda | CD

mt| 0..*

Meeting

time : int

a : Agenda

‘mt ?

POD

m1 : Meeting ?

‘mt ?

time =

m2 : Meeting ?

time = 10

_________________________________________________________________________

AN

{ | Agenda | | A>Agenda1 | cdenc(CD, POD)
AN mt!| 0. % M1 > Meeting 0.1 |
________ 7/ 1 = e
* | L___Moeesting (redefines |- M2 > Meeting 0..1
 Ltime . int mi—0_7.time : int = 10
NS N N oA N e
/, /\II _//\\
‘X 17
/// g@, | 8_:
<’/j 2
| a:Agenda e
_ m1 : Meeting
mt e = 11
_ m2 : Meeting
— time = 10
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| Agenda | CD
mt{ 0..*
Meeting

time : int
| a:Agenda POD

_ m1 : Meeting ?

Mt ? _ime =

— m2 : Meeting ?

time = 10

_________________________________________________________________________

AN

compl(POD) isomorphic to inst(CD+)

{ | Agenda | | A>Agenda1 | cdenc(CD, POD)
N . redefines ;
e mt| 0. inwl M1 > Meeting 0.1 |
© - _’_V’?efmg (redofines| M2 > Meeting 0..1
- Iee— my_oiime:int=10 |
/\II _//\\
|_+:'
1 ® Q
=
| I
a : Agenda iy | a:A | Ob
mt m1 : Meeting mt m1 : M1
Mt e = 11 <E> Mt ime = 11
mt m2 : Meeting mt m2 : M2
2l time = 10 2l time = 10
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Tradeoffs
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Support for Pls in any OOM language

Mixing of abstractions and instances

Instances with constraints
cross-referencing
facilitates Example-Driven Modeling (EDM)

Fewer concepts to learn
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Potential for confusion between types and instances

Bulky and “degenerated” class diagrams

can be mitigated by
a UML profile
a suitable syntax design, e.g., Clafer
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Conclusion
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Modeling with uncertainty,
underspecification, and variability

Limited support in OOM languages
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Partial instance and type equivalence

Generic and widely applicable
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Backup Slides



CD
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CD

OPInst(CD)
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CD

OPInst(CD)

POD

oy,
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CD

OPInst(CD)

POD
pCompl( POD )

N
o
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CD

OPInst(CD)

POD o

pCompl( POD )
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CD

OPInst(CD)

POD o)

pCompl( POD )
fCompl( POD )

[ Inst(CD) )
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CD

OPInst(CD) POD o)
pCompl( POD )
fCompl( POD )

N

L [ Inst(CD) )
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_______________ N FTTTEEEEEEEEA
G [ e S S
: ‘bﬂ
GOO
N
OPInst(CD) POD o

pCompl( POD )
fCompl( POD )

N
[ Inst(CD) )




CD |- _____ eXlogp - - —
OPInst(CD) POD o)

pCompl( POD )
fCompl( POD )

[ Inst(CD) )

[ Inst(CD+,) ]
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CD |- _____ exXltogp - — - — - .,
S 1)
(04
GOO
OPInst(CD) POD o)

pCompl( POD )
fCompl( POD )

[ Inst(CD) )

ext*

[ Inst(CD+,p) ]
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