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Presentation of the motivation behind this research.
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Background: MRT & SAS

Models can be also used at runtime (MRT) to realize
adaptive software.
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Motivation: Extended Transactions

Execution frameworks (middleware) must ensure properties
that guarantee a flawless execution.

A transaction approach assumes that closed execution
sequences can be identified (BOT, ..., EOT) such that required
properties can be guaranteed.

= Database transactions (ACID properties)

Further MRT-issues stem from the MAPE-loop, so we talk
about extended transactions or transactions i.t.b.s.
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Research Problems and Contributions

A standardized solution for handling models at runtime is
needed that guides application development.

(1) What are transaction-related issues to be aware of when
using models at runtime (e.g., to build SAS)?

(2) What are the specific needs for a transaction concept for
models at runtime in the broader sense?

We (i) describe concrete examples for common transaction-
related issues with models at runtime from the context of GRAF
and (ii) elicit desired features of a transaction concept specific
to models@run.time.
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(Q1) What are transaction-related issues to be aware of when using
models at runtime (e.g., to build SAS)?

EXAMPLE ISSUES
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Problem: The model, based on which the adaptation is triggered, changes during the adaptation.

Example:
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Problem: The model, based on which the adaptation is triggered, changes during the adaptation.
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Problem: The model, based on which the adaptation is triggered, changes during the adaptation.
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Unrepeatable Adaptation
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Problem: The model, based on which the adaptation is triggered, changes during the adaptation.
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Problem: The adaptation might rarely or never occur.
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Outdated Adaptation

Problem: The adaptation is performed based on outdated information.
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Problem: The adaptation is not performed.

Example:
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Problem: The adaptation is not performed.

Example:
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Problem: The adaptation is not performed.

Example:
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Default Behaviour (Code)
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Default Behaviour (Code)
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Adapted Behaviour

(O~ +®]
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©
=
=
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)
E value = adapted
=

3

>

©
- .
b var behaviour = adapted
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5]

>

©

I

=

<

% behaviour :StateVariable
-

=z -

b value = default

=

Reflect

5 v

>

] ﬁ
o\ var behaviour = default
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Default Behaviour (Code)

=
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(Model
Manager)

AM-Layer

MRT-Layer

AS-Layer
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Default Behaviour (Code)
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=

=
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E value = adapted

=

3

>

©

- .
b var behaviour = adapted
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5]

>

©

I

=

<

% behaviour :StateVariable
-

=z -

b value = default

=

Reflect

5 v

>

] ﬁ
o\ var behaviour = default
<

Default Behaviour (Code)

=

Problem: The adaptation is not performed.

Validate
(Model
Manager)

MRT-Layer AM-Layer

AS-Layer

AM-Layer

MRT-Layer

AS-Layer

LL‘ UNIVERSITAT PADERBORN

Die Universitdt der Informationsgesellschaft

Adaptation Manager

L3
Controlling

I I
Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Execute Adaptation
Rules

Effect

v

behaviour :StateVariable

value = default

Adapted Behaviour

(e~ @]

var behaviour = adapted

Default Behaviour (Code)
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>
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=
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b value = default

=
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<

Default Behaviour (Code)
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Problem: The adaptation is not performed.
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(Model
Manager)

MRT-Layer AM-Layer

AS-Layer

MRT-Layer AM-Layer

AS-Layer
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Validate
(Model
Manager)

MRT-Layer AM-Layer
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=1

behaviour :StateVariable

value = adapted

Revert
Adapted Behaviour (Model

- +(+@| -




@'UNIVERSITAT L(‘
KOBLENZ - LANDAU I UNIVERSITAT PADERBORN

(Q2) What are the specific needs for a transaction concept for models at
runtime in the broader sense?

DESIRED FEATURES
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Towards a Solution

While related work on relevant sub-problems exists, a
discussion of the transaction problem in the broader sense
for models@run.time and SAS seems to be rare.

Based on the described issues, we structured an initial model
of desired features related to transactions for
models@run.time. It is structured into three groups:

= transactions-based features,
= causal connection features and
= model-based features.
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Transaction-based Features

./o/\.

TransactionBased

\9

Atomicity

Durability

Isolation

Consistency

.

Serializability
Enforcement

_ -

Preservation
l \O
Conformance | | [nterModel
Concistency

Optimistic | | Pessimistic
TimeStamps | | Locking

o~

Abort

ConflictResolution

Mandatory —*

Optional —o°
OR A
XOR A
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Transaction-based Features

Reliable Operations on a

model@run.time

rocessin 5
> e | TransactionBased o
of transactions I bring it from one

% \.\1 consistent state to

Atomicity | [ Durability | [Isolation Consistency G
l Preservation \\O
Sequential and Serializability Conformance Inter_ModeI
concurrent Enforcement Concistency

execution of /‘\

operations on Optimistic | | Pessimistic
model@run.time l l

yield same result

TimeStamps | |Locking

Mandatory —*

/<>\ Optional ——>
Abort ConflictResolution OR A
XOR A
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Causal Connection Features

CausalConnection

T,

Synchronization

e

Immediate

Event
Based

Coupling

AT

Strong

Weak

Filtered

o T

Prioritized

Discipline

_

Pulled

Pushed

Timed

Mandatory —*

Optional —o°

OR A
XOR A
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Causal Connection Features

In analogy to efforts in Accurate or less

traditional reflection CausalConnection accurate data

/ \. coupling

Synchronization Coupling |

AT

Strong || Weak || Filtered

Event
Based

Data is o/\g Kind of event
propagated Prioritized Discipline | handling
asynchronously A
Mandatory —*

Immediate |

Pulled Pushed | | Timed Optional —o
OR A\
XOR A
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UNIVERSITAT
KOBLENZ - LANDAU

Model-based Features

ModelBased

o/o/\

Modularity

Versioning

Reversible
Operations
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Logging

Mandatory —*

Optional —o°

OR A
XOR A
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Model-based Features

Support locking of

only parts of a
model@run.time ModelBased

%\

Modularity || Versioning Reversible

Operations

Undo operations on
model@run.time

Logging

Store past states in
an accessible way

Monday, September 28th, 2015
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and durability

Mandatory —*
Optional ——>

OR A
XOR A\
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Preliminary Feature Model

TransactionalMRT

| CausalConnection | | TransactionBased |

| Synchronization |

. Event
Event

N,

| Coupling H Atomicity || Durability | |Iso|ation|

Consistency
Preservation

Serializability
Enforcement

| Strong || Weak || Filtered |

| Prioritized | | Discipline |

| Conformance |

| Optimistic | | Pessimistic |

| Pulled | | Pushed | | Timed|

| TimeStamps | | Locking |

| Abort || ConflictResolution |

Monday, September 28th, 2015

ModelBased

| Modlarity H Versining |

Q
Reversible

Operations

InterModel

Mandatory —*

Optional —o°

OR A
XOR A

21
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Presentation of this research’s summary.

CONCLUSIONS AND FUTURE WORK
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Conclusions

Various kinds of issues with models@run.time can be
elicited that are intuitively related to transactions:

= Fundamental, known issues (e.g., ACID in databases)
= Adaptation-specific issues (e.g., SAS domain)

Ad-hoc solutions are no longer acceptable.

We provided eight examples derived from previous research

and an initial feature model as an initial basis towards a
solution concept.
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Future Work

We plan to propose a full concept for Transactional
Models@Run.Time (TMRT).

The envisioned concept shall

= go beyond low-level transaction issues and

= provide a pattern-based approach to

= tackle transaction-related issues in the broader sense

when developing software using models at runtime.
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TransactionalMRT

| CausalConnection | | TransactionBased |

Synchronization I Coupling HAtomicity ||Durabi|ity| IIsoIationI gg‘sself\::tr;gx

| Modlarity HVersining |

T —0
" Event " Serializability InterModel
Based | LStrong || Weak || Filtered | Enforcement | LConformance | | o o tency
| Prioritized | | Discipline | | Optimistic | | Pessimistic |
[ Pulled | [ Pushed | [Timed] [TimeStamps | [Locking |

| Abort || ConflictResolution |

On the Need for Extended Transactional Models@Run.Time

OPEN DISCUSSION
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Presentation of additional information.
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Issues - Overview

Adaptation Manager

Ly )
Controlling
T :

T
Sensin g Effecting

' '
L, | Models at Runtime |
I

Reification Reflection

t
1 [)
L1| Adaptable Software |

Yes

Outdated

Adaptation- Unrepeatable Overeager Missed
Specific Issues Adaptation Adaptation Adaptation Adaptation
A\ \
D et
Senlsing Effetl:ting The beS\ y‘ \“ . " 2
L,| Models at Runtime q O s
Reification Reflelction yO\l {oc“ . 4 f‘ = t,
\J@“' d -
MRT-Specific Lost Model Dirty Model Unrepeatable Conflicting
Issues Update Read Model Read Model Update
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Issues - Overview

Adaptation Manager

G Controlling
T

T
Effecting
v '

L, | Models at Runtime |
I

Reflection

L1| Adaptable Software | N 0

Yes

Reification

Adaptation- Unrepeatable Overeager Outdated Missed
Specific Issues Adaptation Adaptation Adaptation Adaptation
NS \\ et a)
ensin The bes\y‘ > \v " 2
\
L, -l\flod-els at RuntiTe‘ you focus ont . v ’:’\"
\J@“' J ——a
MRT-Specifigf.  Lost Model Dirty Model Unrepeatable Conflicting
[ssties Update Read Model Read
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Lost Model Update [

Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Problem: A change of the model gets lost.
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Adaptation Manager

Lost Model Update [ T

Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Problem: A change of the model gets lost.

Example: Sense
(Adaptation
Manager) @

!

blockRequests :StateVariable

value = false

MRT-Layer
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Problem: A change of the model gets lost.

Example:

Lost Model Update

Sense
(Adaptation
Manager)

MRT-Layer

!

blockRequests :StateVariable

value = false

Effect
(Adaptation
Manager)

MRT-Layer

!

blockRequests :StateVariable

value = true
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Adaptation Manager

L3
Controlling

I I
Sensing Effei:ting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘
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Problem: A change of the model gets lost.

Example:

Lost Model Update

Sense
(Adaptation
Manager)

GLJ l
3?’ blockRequests :StateVariable
E value = false

=

o

3?’ blockRequests :StateVariable
E value = false

Lt

Reify
(Adaptable
Software)

Effect
(Adaptation
Manager)

MRT-Layer

!

blockRequests :StateVariable

value = true
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Lost Model Update

Problem: A change of the model gets lost.

Example: Sense
(Adaptation
Manager) @

GLJ l
3?’ blockRequests :StateVariable
E value = false

=

o

3?’ blockRequests :StateVariable
E value = false

Lt

Reify
(Adaptable
Software)
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Effect

(Ada
Manager)

ptation

MRT-Layer

!

blockRequests :StateVariable

value = true

MRT-Layer

O,

blockRequests :StateVariable

value = false

Die Universitdt der Informationsgesellschaft

Adaptation Manager

L3
Controlling

I I
Sensing Effei:ting

L, | Models at Runtime ‘

Reifi(iation Reﬂe‘ction

L1| Adaptable Software ‘

Reflect

(Adaptable
Software



@ UNIVERSITAT
KOBLENZ - LANDAU

Lost Model Update

Problem: A change of the model gets lost.

Example: Sense
(Adaptation
Manager) @

GLJ l
3?’ blockRequests :StateVariable
E value = false

=

o

3?’ blockRequests :StateVariable
E value = false

Lt

Reify
(Adaptable
Software)

Effect
(Adaptation
Manager)

MRT-Layer

!

blockRequests :StateVariable

value = true

MRT-Layer

O,
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blockRequests :StateVariable

value = false
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Dirty Model Read e

Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

Problem: An inconsistent state of the model is read. L, | Adaptable software |
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Adaptation Manager

Dirty Model Read [

Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Problem: An inconsistent state of the model is read.

Example: :

._.[Register Call]—b[ Log Event ] ’@

MRT-Layer
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Adaptation Manager

Dirty Model Read [

Sensing Effei:ting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Problem: An inconsistent state of the model is read.

Example: :

] ] Transform
= Reject Call Notify User N Re]ect CaII Notify User (Control
@ o Panel)
g 3 [yes] o -—
= lL [no yes
o , [oe [yes]
= .—D[ Register Call ]—b[ Log Event ] D@ = Reg|ster CaII Log Event J > 4 D@

blockCalls.value = true? blockCalls.value = true?
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Dirty Model Read

Problem: An inconsistent state of the model is read.

MRT-Layer

Example: :

Reject Call

.—b[ Register Call ]—b[ Log Event

]

Notify User

J

-@®

MRT-Layer
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Adaptation Manager

G Controlling

I I
Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Reject CaII
[yes]

[no]

Reglster CaII

Log Event

bIockCaIIs value = true?

Notify User

blockCalls.value = true?

Transform
(Control
Panel)

-«—
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Problem: An inconsistent state of the model is read.

MRT-Layer

MRT-Layer

Example:

®

Reject Call

.—b[ Register Call ]—b[ Log Event

]

Notify User

J

-@®

®

@
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Adaptation Manager
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Controlling
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[yes]

Reject CaII

[no]

o

Register Call }—b‘ Log Event

Notify User

[yes]

blockCalls.value = true?

> [yes] > @

blockCalls.value = true?

Reflect

(Adaptable

Software)

Transform
= Reject CaII Notify User (Control
@ Panel)
© [yes]

3 —
E [no]
= Reglster CaII Log Event
bIockCaIIs value = true? blockCalls.value = true?
Validate
(Model
Manager)
4+—
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Dirty Model Read

Problem: An inconsistent state of the model is read.

MRT-Layer

MRT-Layer

Example:

®

Reject Call Notify User

._.[RegisterCan]—»[ Log Event ] ’@

®

@
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Adaptation Manager
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Reification Reﬂe‘ction

L1| Adaptable Software ‘

[yes]

o

blockCalls.value = true?

[no]

Reject Call

Notify User

‘ yes] yes]
Register Call Log Event

blockCalls.value = true?

Reflect
(Adaptable
Software)

.—b‘ Register Call }—b‘ Log Event

Transform
= Reject CaII Notify User (Control
Qo Panel)
© [yes]
= <
E [no]
= Reglster CaII Log Event

bIockCaIIs value = true? blockCalls.value = true?
Validat
(?Agjele - Reject Call Notify User Transform
M (3 (Control
e & Panel)
‘_ _Il
ke
=

-®
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Problem: An inconsistent state of the model is read. L |

MRT-Layer

MRT-Layer
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Example:

LANDAU

Dirty Model Read :

®

Reject Call Notify User

._.[Register Call]—b[ Log Event ] ’@

®
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L, |

Models at Runtime ‘
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Adaptable Software ‘

@

[yes]

o

blockCalls.value = true?

[no]

Reject Call

Notify User

‘ yes] yes]
Register Call Log Event

blockCalls.value = true?

Reflect
(Adaptable
Software)

.—D‘ Register Call }—b‘ Log Event |

Transform
= Reject CaII Notify User (Control
Qo Panel)
© [yes]
= <
E [no]
= Reglster CaII Log Event

bIockCaIIs value = true? blockCalls.value = true?
Validat
(?AL:ele - Reject Call Notify User Transform
M (3 (Control
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‘_ _Il
ke
=

-®




UNIVERSITAT (‘
KOBLENZ - LANDAU & etk i L

Adaptation Manager

Unrepeatable Model Read -

Sensing Effecting
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Reification Reﬂe‘ction

Problem: Two subsequent read operations yield different values. L, [ Adaptable Software |
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Adaptation Manager

Unrepeatable Model Read -

Sensing Effecting

L, | Models at Runtime ‘

Reification Reﬂe‘ction

L1| Adaptable Software ‘

Problem: Two subsequent read operations yield different values.

Example:
Reject Call Notlfy User
o
z | |blockcCalls :StateVariable [yes]
= [yes
= value = false [no]
”2: - o [ Register CaII Log Event
blockCalls.value = true? bIockCaIIs value = true’7
Reflect
(Adaptable

Software)
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Unrepeatable Model Read

Problem: Two subsequent read operations yield different values.

Example:

®
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MRT-Layer

blockCalls :StateVariable

value = false

MRT-Layer

Reject CaII
[yes]
[no]

Log Event ’—b

blockCalls.value = true?

Notify User

[yes]

Reglster CaII

Sy

blockCalls.value = true?

Reflect
(Adaptable
Software)

blockCalls :StateVariable

value = false

[yes]
[no]
o

blockCalls.value = true?

Reject CaII

Notify User

[yes]

Reglster CaII

Log Event }—b

blockCalls.value = true?

oy

Reflect
(Adaptable
Software)
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Unrepeatable Model Read

Problem: Two subsequent read operations yield different values.

Example:

®
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MRT-Layer

blockCalls :StateVariable

value = false

Reject CaII
[yes]
[no]

Log Event ’—b

blockCalls.value = true?

Notify User

[yes]

Reglster CaII

Sy

blockCalls.value = true?

MRT-Layer

Effect
(Adaptation

Reflect
(Adaptable
Software)

Manager)

blockCalls :StateVariable

value = false

lyes]
[no]
o

blockCalls.value = true?

Reject CaII

Notify User

Reglster CaII

[yes] [no]
Log Event ]—b @

blockCalls.value = true?

Reflect
(Adaptable
Software)
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