REUSABLE ASPECT
MODELS

Jorg Kienzle
(contributions from Jacques Klein, Wisam Al Abed, Omar Alam, Matthias Schéttle, Valentin Bonnet, Engin Yildirim, Abir Ayed)
Software Engineering Laboratory
School of Computer Science, McGill University

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE




OVERVIEW
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ASPECT-ORIENTED MODELLING

* Define new features that allow
the modularization of crosscutting
concerns at the modelling level

= A modeller can reason about one
concern individually and later on separately on
concern composition

* Define a model weaving algorithm to

create final application model

 For model checking, code generation,
simulation / debugging purpose
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MULTI-VIEW MODELLING

* Allows developers to describe a (software)

system from multiple points of view
e Structural views vs. behavioural views

* Allows developers to use multiple modelling

notations / formalisms

 Makes it possible for a modeler to use the most appropriate
formalism to express the facet of the system in focus

e Challenges

e Scalability of one view
e Consistency between views
 Model reuse

Aspect-Orientation can help us
with these challenges!
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SCALABILITY PROBLEM EXAMPLE

et . _Resource |

Set - --=--,
- int size
~ create() il
\v 05 S ~ add(Resource) mySet
Resource ~ remove(Resource)
T e T > -~ bool allocated ~ destroy()
ission ——=a-— Resource - real fitness R
- String description Set :----- e - Location myLocation 1 Capability
: - Location myLocation 5 1t 0 + IResource create myCapablln\‘l = Set<Resource> findResources()
= - 1 - int deadline myset | ~ create || .., ICapability myCapability, ...)
Map myMap | ~ create(String description, MissionKind myKind, ~ add(Resource) 0.*|+ I(Capabilljily getha};I)abﬁily() i :?:ﬁg?;:;%ifge a)
Location myLocation, int deadline) ~ remove(Resource) ~ bool isAllocated() ~ Set<Resource> getAssociated()
~ String getName() ~ destroy() ~ allocate() ~ Location getLocgﬁon()
1 — 1 ~ MissionKind getKind() ~ deallocate() - y i "
[ Integer | Capability Map myMap ®] ~ destroy() ~ setFitness(real Fitness) - ;ﬁﬁzsgﬁrﬁgEgﬁﬂoggﬁﬂﬁg21)
~ allocateResources(Set<Resource>r) ~ real getFitness()
~ Set<Resource> getResources() ~ Location getLocation()
ind myKind ~ deallocateResources() Initializer ~ updateLocation(Location location)
- String name ~ add(Resource a) ~ int travelTime(Location destination)
~ create(String name) 1 ~ remove(Resource a) + init()
~ String getName() ~ Set<Resource> findFittest()
~ initRequiredResources(Mission m) ~ Set<Resource> find()
~ add(Capability cap, Integer num) Worker Vehicle Expertise VehicleKind
~ Set<Capability> getCapabilities() - String name - String licensePlate - String name - String name
~ int getNumber(Capability c) ~ Worker create(String name, ~ Vehicle create(String licensePlate, ~ Expertise create(String name ) | [ ~ VehicleClass create(String name)
~ Location getLocation() Capability cap, real fitness, Capability cap, real fitness, Location ~ String getName() ~ String getName()
~ updateLocation(Location location) 1 Location myLoc) myLoc)
~ int travelTime(Location destination) ~ String getName() ~ String getPlate()
~ int getDeadline() i
~ Variable getVariable(String name) WorkflowEngine
~ putVariable(Variable v, String name) WorkflowExecution ~Create()
0.” 1 1 ~ launch(MissionWorkflow w, Mission c)
B fssionKind myFlow MissionWorkflow ~ create(MissionWorkflow w, Mission c) m“ myMap ~ destroy()
1 1 ~ run() ~ add(Mission k, WorkflowExecution v)
~ RescueMissionKind create(String name, MissionWorkflow m) ~ MissionWorkflow create(Activity entry) myWorkflow L~ destroy() . ~ remove(Mission k)
~ initRequiredResources(Mission m) ~ Activity getEntry() fi3sasasiis N <<interface>> ~ Set<Mission> getkeys() -
~ MissionWorkflow getWorkflow() Activity Runnable ~ WorkflowExecution getValue(Mission k)
- boolean outcome
entry | ~ execute(Mission c) + run()
T| ~ reset() N\
ReceiverQueue ~ waitForTermination() 1843999953445 904944
et ~ boolean getOutcome() HIr TS H
~ReceiverQueue create() 1 1 Cr Ll A f
- gl — s -
- ;(::é!\g:?;ilg) yMap — in_iliglize(Cris_is (?r) — Lr CommandListener CommandChannel
~ Mission peek() - M'SS'On_ g_etMlssmn(C_rlss cr) WaitForCr issionStep + CommandListener ~ CommandChannel create()
~ destroy() ~ add(Crisis }(gy, ReceiverQueue val) create(Receiver myR) ~ send(IRemoteCommand c, String host)
- remove_((_)rlsm key) ~ execute(Mission c) - run() - run()
~ Set<Crisis> getKeys() .
~ ReceiverQueue getValue(Crisis k) ~ add(String k, Socket v)
~ remove(String k)
myR 1 ~ Set<String> getKeys()
CreateMissionCommand ~ Socket getValue(String k)
- Crisis cr - SocketReceiver
- MissionKind k 1 SocketSender
- f"’""?_ d Locati ~ RemoteCommand receive() o
- Location myLocation ~ RemoteCommand readRoot myReceiver ocket
+ CreateMissionCommand ServerSocket - int readInt() 0 1 i 1 :iﬁ;gé;i?gfggg‘ g‘;?wl:nsa)n ds)
create(Location myLoc, MissionKind k) i - String readString() ~ Socket create(String host, int port) [mySender” | - writelnt(int w)
+ execute() ) ~ ServerSocket create(int port) ... (other value types) ~ SocketReceiver getReceiver() - writeString(String s)
~ Location getLocation() . ~ Socket accept() - RemoteCommand readObject() ~ SocketSender getSender() ... (other value types)
~ updateLocation(Location location) ~ destroy() - writeObject(RemoteCommand s)
~ int travelTime(Location destination) )
- readFrom(SocketReceiver r)
- writeTo(SocketSender w)
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REUSABLE ASPECT MODELS

* Modelling technique that exploits aspect-oriented

technology for creating reusable Software Design
Models

« A RAM model groups together the structure and
behaviour related to a specific design concern in a
UML package

e Structural view: Class diagrams to capture structural design
properties

e State view: State diagrams to capture object invocation protocols
 Message view: Sequence diagrams to capture object interactions

* Defines usage and customization interfaces for
models
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A RAM MODEL

* Aspect package groups
structure and
behavioural models

related to a concern

* One structural view

 One state view for each class
defined in structural view

« At least one message view for
each public method defined in
structural view
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aspect Sample

structural view

int x,y

B

+m1()

boolean z

- m2()

state view A

4 m1()

Any

state view B

( befM ) m2(

€D

message view m1

m1()

target:A

> m2()

myB:B




USAGE INTERFACE

* RAM aspect models define a usage interface that details

* The concepts relevant for users of the design concern that the aspect
encapsulates (i.e., the classes that can be instantiated)

* The operations provided by the aspect (visibility modifier +) that can be
invoked (by entities in other models)

e ——

,—-—-——M
~==«4 |nstantiatable Concepts }
aspect Observer { P s i e
stuctual view_| [ (~Supject | Goserve
| Callable Operations —reemesmsmm"

Example: Observer Design Pattern
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INTERNAL STRUCTURAL DESIGN

o Structural view (one for the entire aspect):
* An observer has a reference to the subject it is observing
e A subject has an internal set of observers
 Internal methods: add, remove, getObservers, update (visibility modifier ~)
* Implementation class: Set<Observer>

D e e —— —— e

aspect Observer

structural view

T A\ o 1
Subject Set 1.0pserver | Bbsorver
£] ~ add(Observer a) © mySet} | ~ add(Observer ) % 0. + startObserv_lng(Subject)
¢ | ~ remove(Observer a) ¢ | ~ remove(Observer) ‘ "
~ Set<Observer> getObservers() |3 | ~ destroy()
0..1

Implementation:
Set<Observer>: |java.util.Set<Observer>

Example: Observer Design Pattern
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CUSTOMIZATION INTERFACE

* RAM aspect models define a customization interface for reuse

* |t details
* The classes that are incomplete (and must be customized) (prefix 1)
* The operations that are incomplete (and must be customized)  (prefix |)
e — — - ————t SRR
aspectlObserver | § Mandatory Instantiation Parameters =\ .'|éJb]éc'téFnBaEJ<'|Jp'défe'>'>': '
structural view e e U{__I_O_b_s?rY?r_<lu_p_d§t_e_>_[
: " TObserver | - -
ISubject Set =T -
Ts76 IObserver
+ * Imodify(..) . 1_ | ~ Set<lObserver> create() . . .
~ add(IObserver a) mySet™ [ ~ add(IObserver ) o* I :grtggzgrr\\//il:g((;Subject)
~ remove(IObserver a) ~ remove(IObserver) | zate (IS b'gct)
~ Set<lObserver> getObservers() ~ destroy() ~up L)
\ :
mySubject
0..1

Example: Observer Design Pattern
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INTERNAL PROTOCOL: STATE VIEWS

e Describes interaction protocol of instances
* Each method must have at least one corresponding transition

e Observer Example
* An Observer instance only receives update operation calls when it
IS observing a Subject

m—"' PR "'m*‘
aspect |Observer | ISubject<imodify<lupdate>> |
' |Observer<lupdate> '

structural view L TUSBIVRISIUpHae= |
: I [Observer |
ISubject - Set 1-Z-T_0 [Observer
+ * Imodify(..) . 1_ [ ~ Set<lObserver> create() —
~ add(IObserver a) mySet” [ ~ add(IObserver ) N startggserr\\//:rr:g(ISubject) |
~ remove(IObserver a) ~ remove(IObserver) ‘N IS oz t SI% bi g()t
~ Set<lObserver> getObservers() ~ destroy() — _,&T,‘__w_
mySubject
0..1
state view |Observer m star't‘ObsAe:rvihg “lp date
[ Uninterested ] [ Observing
|
stopObse rving 13
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INTERNAL BEHAVIOURAL DESIGN

* Message view (one for each public operation)
* Describes message exchange between objects of the aspect that
implement desired behaviour for each public operation
* Simple message view defines operation behaviour
* Observer Example
 The observer asks the subject to add the former into the set of
observers

s~ - - ——— SRR

message view startObserving | | caller: Caller | | target: Observer | | s: Subject | | mySet: Set<Observer>
I I

|
> add(target)
|

I

| |

| |
| |

> ! add(target) >

startObserving(s)
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INTERNAL BEHAVIOURAL DESIGN

* Message view (one for each public operation)
e Aspect message view extends operation behaviour

e Observer Example

* Whenever Imodify is called on a Subject, the lupdate operations of all
associated Observer instances are called

R e~ e ——————R
message view Imodify affected by notification
message view notification Advice
| caller: Caller | | target: ISubject | || caller: Caller | | target: ISubject |
| |

Imodify(..) I

A

Pointcut

Imodify(..) |

> observers := getObservers()

[0 within observers] /

| o: IObserver
|

|
I' lupdate(target)
| >
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REUSE WITH ASPECT HIERARCHIES

e Aspect hierarchies allow a modeller
to modularize crosscutting concerns
at different levels of abstraction

* Aspects providing complex
functionality can reuse aspects
providing lower-level functionality

e Observer Example

o StockExchange (re)uses Observer Aspect to
notify the StockWindow of modifications to the
Stock object

e Observer (re)uses the ZeroToMany Aspect to
establish a zero-to-many association between
the subject and the associated observers
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StockExchange

v

Observer

v

ZeroToMany
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REUSE THROUGH INSTANTIATION

 To reuse an existing aspect model, and
instantiation directive maps model
elements from its customization
interface to the other model s

Example: Stock Exchange Application/

- String name
- int currentPrice
~ Stock create(

StockExchangeApp

String name, int currentPrice)

+ main(String[] args)

e All mandatory parameters JFrame | [ JLabel ]
must be mapped

* Any element can be mapped
—— —— Stock is the StockWindow is the

Subject Observer
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CLASS COMPOSITION

* The Aspect Weaver composes the
structure of the aspect model with
the application model according to

Class Diagram Composition
[France et al.]

the mapping

aspect |Observer | 1Subject<imodify<iupdate>> |
structural view [ ,‘9 ,b ,S ?Y?ri‘u,pfj ,a Ee? -
_ ISubject . I0Observer
————— — 3 Fmeayo | - STarOBseRRGTSUBRET |
DR —— ————————— 7S el S R
~ remove(lObserver a) ~ remove(lObserver) + stopObserving()
~ Set<iObserver> getObservers() ~ destroy() ~lupdate(Subject
- . 0.1 !
Example: Stock Exchange Application
mySubject y 0..1
Stock
- String name tock
- int currentPrice Stoc StockWindow
~ Stock create(String name, int currentPrice)

StockExchangeAp

~ String getName()

~ int getCurrentPrice()

~ setCurrentPrice(int price)

~ Set<StockWindow> getObservers()
~ add(StockWindow w)

+ main(String[] args)

b name, int currentPrice)

price)

0\

e

~ remove(StockWindow w)

Interface

o Obs

ve
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ris hidden |

~ StockWindo|
~ updateWind

~ StockWindow create(Stock s)
~ updateWindow(Stock s)

~ startObserving(Stock)

~ stopObserving()

JLabel
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SEQUENCE D

[ :SimpleStockExchange

main(args)
TR

apple := create("Apple Computer, Inc.", 346)

w := create(apple)

»[ apple: Stock

setCurrentPrice(347)

» w: StockWindow | |

IAGRAM WEAVING

Sequence Diagram
Weaving [Klein et al.]

»| myLabel: JLabel |

[}
I myLabel := create("")
| f
:P content := gethntentPane()
I

I
: add(myLabel) :

. | content: Container |
| updateWindow(apple)

e :
EP setVisibIe(true}

[
T L

|
; startObsen/ing(:appIe)
!
| |
]
I
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aspect Observer depends on ZeroToMany l

p——

structural view ‘

H |0Observer<lupdate> !

ISubject IObserver I |
0.1
~ SetIObserver> getObservers| + startObserving(ISubject,
+* Imodify(..) + stopObserving()
~ lupdate(ISubject)
Instantiations:
ZeroToMany: |IData — ISubject; IAssociated — |Observer; getAssociated — getObservers

message view startObserving [[caller: Caller |  [target:1Observer |  [s:ISubject |
T T
3 startObserving(s) | !
i ] add(target) i
] —————
message view stopObserving [Ccaller: Caller ] [target: IObserver | y j
T .
3 stopObserving) | ISubject
T ™1 removeftarge) !
i ———
message view Imodify affected by notification I
message view notification Advice
[Ccaller: Caller |  [target:TSubject | ‘ [Ccaller: Caller | [ target: ISubject |
' Imodify(..) j | Imodify(..) 1
| ]
i
[, observers := getObservers()
D ]
' Pointcut D

loop [o within observers]

o: IObserver

T
! lupdate(target)

A

target :StockWindow |
updateWindow(Stock's) 1 )
> : name := getName() :
] ¥ .
: price := getCurrentPrice() | | myLabel: JLabel |
> 1
: setText(name + price) : :
T |-
I

i paint()
| 2
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SEQUENCE DIAGRAM WEAVING

[ :SimpleStockExchange

main(args)
TR

apple := create("Apple Computer, Inc.", 346)

»[ apple: Stock

myObservers := create()

Sequence Diagram

myObservers:

w := create(apple)

»[ w: StockWindow |
I myLabel := creata(")

Set<StockWindow>

:P content = getCIBontentPane()

|
»| myLabel: JLabel |

I I
: add(myLabel) 1

+»-| content: Container |

: updateWindow(abple)
i I
I |

}? setVisible(true)

I I
:) startObserving{apple)
I

»!

setCurrentPrice(347)

|

updateWindow(Stock's)

Weaving [Klein et al.]

p——

aspect Observer depends on ZeroToMany l

structural view ‘

H |0Observer<lupdate> !

ISubject IObserver I |
0.1
~ SetIObserver> getObservers| + startObserving(ISubject,
+* Imodify(..) + stopObserving()
~ lupdate(ISubject)

Instantiations:
ZeroToMany:

IData — ISubject; IAssociated — IObserver; getAssociated — getObservers

message view startObserving

[Ccaller: Caller ] [target: TObserver | s: ISubject |
T T
3 startObserving(s) | !
h i add(target) i
] i

————

message view stopObserving

[Ccaller: Caller ] [target: IObserver | y 1
T - b
! stopObserving() ! ISubject
>

e

| removetarget) !
———
message view Imodify affected by notification I
message view notification Advice
[Ccaller: Caller |  [target:TSubject | ‘[ caller: Caller | [ target: ISubject |
' Imodify(..) j | Imodify(..) 1
| ]
i
[, observers := getObservers()
D ]
' Pointcut D

loop [o within observers]

o: IObserver
|

T
! lupdate(target)

target :StockWindow |
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> : name := getName() 1
»|
] ¥ .
: price := getCurrentPrice() | | myLabel: JLabel |
> 1
: setText(name + price) : :
T |-
I

i paint()
| 2




SEQUENCE DIAGRAM WEAVING

[ :SimpleStockExchange

main(args)
TR

nce Diagram
apple := create("Apple Computer, Inc.", 346) Seq ue Ce ag a
> apple: Stock_] Weaving [Klein et al.]

myObservers := create() myObservers:

" | Set<StockWindow> '”--w —_—— - ——m—agll

w := create(apple)

»[ w: StockWindow |
I myLabel := creata(")

aspect Observer depends on ZeroToMany l ,,,,,,,,,,,,,,,,,,,,

paint() .

message view Imodify affected by notification I

message view notification Advice

[Ccaller: Caller |  [target:TSubject | ‘[ caller: Caller | [ target: ISubject |
T T
]

1 1. !
:) setV|5|bIe(truél)

Imodify(..)

:) startObserving:(appIe)
4 add(w)

Imodify(..) '

[}
! | add(w)

\4

setCurrentPrice(347) T

|
P-|

+ =I myLabel: JLabel | structural view | | Observerclupdate> !
'IP content := getGontentPane() T TSubject TOBSeRer—— =]~ ~- ==~~~
I | : [~ Set<lObserver> getObservers]) | o [+ startObserving(ISubject) |
| add(myLabe|) | | +* Imodify(..) + stopObserving()
: +p[ content: Container | | - update(ISubject)
i I Instantiations:
: updaterndow(aﬂI)ple) ] ] ZeroToMany: |IData — ISubject; IAssociated — |Observer; getAssociated — getObservers
! name := getName() : : message view startObserving [ caller:yCaIIer ] [farget: Igbserver | st ISu'biect ]
: —PI‘ | | | startObsening(s) | !
I price := getCurrentPrice() ! ! | poddtarge) 1
|l— P I
| message view stopObserving n T T
| [Ccaller: Caller |  [target: IObserver ] ySubji
| setText(name + pl}pce) i T sopObsorving) | ISubject
i | 1 > removeftarget) !
1 : - :
I
I
|
I
I
I
|
I

E] observers := getObservers()
>

Pointcut

loop [o within observers]

! o: IObserver
! lupdate(target)
R — ]

A

target :StockWindow |

e T g T I

updateWindow(Stock's) 1 )
> : name := getName() :
] ¥ .
: price := getCurrentPrice() : | myLabeI. JLabel |
> 1
: setText(name + price) : :
T |-
I

i paint()
| 2

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE




ZEROTOMANY ASPECT

* Implements a zero-to-many association between
a |Data object and many |Associated objects

S S

Customization Interface

aspect ZeroToMany P it st
I 1
structural view I [Associated ! ! |Associated 1§
IData Set L2 _S§O_C_Ia.t.e_d_ I b
A M S A SIS A S FN R int size

{[+ add(TAssociated a) 1[~ Set create() IAssociated

t| + remove(lAssociated a) ¥ mysét | ~ add(lAssociated ) . Q——O—>*

¢ + Set<lAssociated> getAssociated() |: ~ boolean remove(lAssociated) -

"| + boolean contains(IAssociated) ~ boolean contains(lAssociated)

2 e e — ~ delete()

Implementation: F A ,
Set<lAssociated>: | any java.util. Jet<lAssociated> %£¢

| Usage Interface b

Mapping to Java
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ZEROTOMANY BEHAVIOUR

message view initializeAssociation | Pointcut | caller: Advice
| Caller
| caIIer:ICaIIer | Tew = create(..) —
. >
| new := create(..) > new: | | IData
: IData : -
! | : mySet := crea’[e()> mySet:
e m mmmm e mmm e =S . | e oo i Set<lAssociated>
| I
message view create affected by initializeAssociation
message view add [ caller: Caller ] [ target: IData | mySet:
: add(a) : Set<lAssociated>
: »! add(a) :
| | | |
I I I
message view remove | caller: Caller | | target: IData | mySet:
i remove(a) I Set<IAss|ociated>
I >%ignore = remove(a) I
! i >
message view conlains | caller: Caller | | target: IData | mySet:
| T .
:result := contains(a) : - Set<IASS,°c'ated>
i P result := contains(a) |
| i P
message view cleanupAssociation | Advice
| caller: Caller || target:|Data | mySeq:
| caIIer.ICaIIer | target.I IData | | .y i Sequence<lAssociated>
| destroy(..) | L estroy(..) | T
: = | | . |
| *
. : . 0 .

I l | I destroy() I
SRS o . . X
Pointcut | <---------- X

message view destroy affected by cleanupAssociation
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OBSERVER REUSING ZEROTOMANY

* To reuse ZeroToMany, the Observer Aspect must:

e Declare a dependency on ZeroToMany
 Instantiate ZeroToMany explicitly by mapping all mandatory
instantiation parameters to model elements in Observer

B — - - et SRR
aspect Observe epénds on ZeroToMany | == =———————- e !
ST EI——— 1 |ISubject<imodify<lupdate>> |
structural view : |Observer<lupdate> |
ISubject mySubject IObserver I %
0.1
~ Set<lObserver> getObservers() + startObserving(ISubject)
+ * Imodify(..) + stopObserving()
~ lupdate(ISubject)
rlnﬁstéhtiéi‘ions: o ‘J
| ZeroToMany: |IData — ISubject; IAssociated — IObserver; getAssociated — getObservers

* Non-mandatory model elements can also be mapped

* The getObservers operation reuses the behaviour of getAssociated,
or, in other words, getAssociated is “reexposed” as getObservers

L s ssikiesternassssiissiiii — e ———— R
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STRUCTU RAL Vl EW WEAVI NG

_ Instant/at/ons
. | ZeroToMany: | IData — ISubject; IAssociated — |IObserver; getAssociated — getObservers
_________ 1
ISubject I0bserver IData Set + /Associated |
1 |intsize
~ notify() + startObserving(ISubject) + add(IAssociated a) - mySet > ~ Set create() S IAssociated
~ Set<lObserver> getObservers() | | + stopObserving(ISubject) + remove(lAssociated a) ~ add(lAssociated ) 0.*
[+Imodify() | |~ lupdate(ISubject) + Set<lAssociated> getAssociated|() ~ removg(IAssomated)
S —— ~ delete
— a7 _|Observer |
ISubject Set --=--- B Observer
1 |int size
~ add(IObserver a) mySet ™ |~ Set create() <>——>{ + startObserving(Subject)
~remove(lObserver a) ~ add(lAssocnateq ) 0557 + stopObserving(Subject)
~ Set<lObservers> getObservers() ~ remove(lAssociated) -
’ ~ update(Subject)
~ notify() ~ delete()
+ Imodifz(..)

* Weaving of Class Diagrams is performed by merging classes, attributes, operations
and associations, according to instantiation directives

I - - et
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MESSAGE VIEW WEAVING

Pointcut
| caller: Caller | | target: IObserver | | s: ISubject | <}:{> | caller: Caller | | target IData |
startObserving(s) ! add(lAssociated a)

| add(target) match | B

Advice
caIIer Caller | target: IData | ‘ mySet: |
add(lAssociated a) : Set<lAssociated>
?7 P add(a
|
7 | J

| caller: Caller | | target: IObserver | | s: ISubject | mySet:
Set<lObserver>
I
>

: startObserving(s)

| ’ | add(target)
|

I

> , add (target)

* Weaving of Sequence Diagrams is performed by pattern matching the pointcut
lifelines and messages in the base sequence diagram according to the
instantiation directives, and then replacing all found occurrences with the
advice sequence diagram

iiw_—'w”— TR - R
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GENERATING THE ‘“WOVEN” MODEL

 Model weaver creates an independent aspect
model by weaving the lower-level aspects into the

higher-level aspect

* The independent aspect model includes all the structure and
behaviour defined by the lower-level aspects

 Why is it interesting to generate an independent

aspect model or “woven model”?

* During Design: Looking at parts of the woven model allows a
modeler to better understand the structure or behaviour of the result
of the weaving

* Debugging: The woven model can be model-checked, or executed

* During Weaving: The performance of the weaver is increased if the
high-level aspect is applied several times

* Generation of the final application model, and ultimately code
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RECURSIVE WEAVING ALGORITHM

* Recursively traverse the aspect dependency tree, weaving
lower-level aspects into higher-level aspects according to
instantiation directives

ffm—-——““” RIS - - et @R
Instantiations
D—-A E—A
5 oA Aspect A(+]?+C+D+E+F)

Instantiations & “S Instantiations
B A c -8 [ Aspect Buep) j [ Aspect E«p j FoE EoF

Instantiations \ \ %
CoA D-C (Aspect C(+D)j [ Aspect F j
C—B

\
[ Aspect D j
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CONSISTENCY CHECKS

* \When creating the aspect model, consistency checks are

performed among views

e Standard consistency checks

* E.g., an operation can only be invoked in a message view if it is defined in the structural view)
« Conformance between the message views and the state views (model checking)

e Before (during) the weaving, consistency checks are performed
among the directives defined at different levels

» For state views, instantiations and default instantiations specified in a higher-level

aspect must designate the same state or sub states of the mappings specified in a
lower-level aspect.

* For message views, instantiations must be identical or more specific than default
instantiations

e After executing the weaving, consistency checks are performed
among the woven views

» Conformance of the partial sequences of messages defined for each object instance

(i.e., life line) in the woven sequence diagram with the protocol defined in the state view
of the corresponding class (model checking)
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RAM TooL: TOUCHRAM

 Download TouchRAM

* http://www.cs.mcgill.ca/~joerg/SEL/TouchRAM.html
» System requirements: Windows/Linux/MacOS running Java 1.5, 3D graphics

e Intuitive editing using multi-touch gestures
» Support for simple (and advanced) gestures
* Significant speedup for
* Navigating big models
* Moving / rearranging classes
» Establishing mappings between design concerns
e Simultaneous support
for multi-touch (TUIO)
as well as mouse /

keyboard input

e Currently Support
* Full Support for
Structural Views
* Display Support for
Message Views

e — - —————
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DESIGN USING RAM

* RAM targeted at Incremental Software Design

« Final Application Model is formed by combining many (small)
Reusable Aspect Models
« Hierarchy of Aspects (Dependencies / Conflict Resolution)

 Reuse of Aspects
e — —— e —————— R

Crisis Create
Management Mission
L e e Example: Parts of a Crisis

Initialize

----------------- Management System

Yauz Vo X 7z v X
- ] -
Workflow Work_flow Timing Locatable Optimal Resou::ce \| | Networked Communication
Management Engine ResourceSearch Allocation | }!l | Command Aspects
Aspects ’ T ¥ pEEE
I 1 2k o I i e
V v Resource | ! e
- . Management
Looped Conditional Workflow Parallel Sequential Resource o Asgects |
Execution Execution Execution Execution Search kit < ! Communication
EEE — —— T A b | T
; |
L \ )
A 4

__________________

____________
_____________________

he1: o | .
et A e

Blocking
Queue

\J
Executable Composite 3 Allocatable

1

1

1

i |

NN\ \VI \VI
Map Serializer Command

1
8 ; L
N3 =~ Generic /
AN\ Y Design Pattern
ZeroToMany Aspects
Association
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SCALABILITY

.
High-level
TR Kissonking k

 Mission getMission(Crisis cr) | | String d
Cr ommand

. .

:

AP orresasanSin | ceaelLomior, mesinkind Domain) Model
+ execute

formStep()

T
Example' Parts of a Crisis
.
Vehicle |

~Siring licensePlate |
F Vehicle create(Sting ]

+ String getPlate()
[ Expertise [ i i |
[ String name | [String name |

+ Expertise create(String name ) | | + VehicleClass create(String name)

+ String getName() + String getName()

Worker

e

+ String getName()

Wission
= nam"g’“"’"“'"" ~Siring description
g myKind + create(String description, MissionKind myKind)
+ create(String name) - ' String getName()
+ String getName() - +MissionKind getKind()
+ initRequiredResources(Mission m) . deloto)
,,,,,, i
RescueMissionKind myFlow
- e o) [ —— ) :
) ~ add(Resource) mySet
+initRequiredResources(Mission m) s orkdiow create) Reso ~ vem(uve(Resou)me) {
+ MissionWorkflow getWorkflow() i e ~ destroy()
Mission — st - real fitness i
~Sting descrpiion Set - Location myLocation Capability
- Location myLocation 1 +TResource create '“Vcapab“"f y
. 1 1 - int deadline mySet” | ~ create() (.., ICapability myCapability, ...) .
Variable String Map myMap ®| ~ create(String description, myKind, ~ ) 0. | +ICapability getCapability() - ;‘;’;’Efv“j;:f;,;'e a)
Location myLocation, int deadline) ~ remove(Resource) ~ bool isAllocated() Set<Re tAssociated|
~ Siting getName() ~desioy ~allocate( ecauon aetocaiong o
T S 1 ~ MissionKind getKind() ~ deallocate() ~ updaleLogcaﬂon(Locamn location)
apability Map myMap ®| ~ destroy() ~ setFitness(real Fitness) ~int ocation
~ 0 ~ real getFitness()
. . ~ Set<Resource> getResources() ~ Location getLocation()
MissionKind mykind ~ deallocateResources() ~ updateLocation(Location location)
en compined wi et
= name) 1 ~ remove(Resource a)
~ String getName()

~ Set<Resource> findFittest()
~ initRequiredResources(Mission m) ~ Set<Resource> find()
Reusable) As pects for e ]

Worker Vehicle
~ Set<Capability> getCapabilties()

VehicleKind
[Stingname | |-Sting lcensePlate |
~ int getNumber(Capability c)

[~ Worker create(Sting name, | | ~ Vehicle create(Sting lcensePIate, | |~ Expertise creae(String name ) | | ~ VehicleClass create(
~ Location getLocation() Capability cap, real fitness, Capabillty cap, real ftness, Location | |~ String getName() ~ String getName()
. ~ updateLocation(Location location) 1 Location myLoc) myLoc)
~int travelTime(Location destination) ~ String getName() ~ String getPlate()
~int getDeadline()
) ~ Variable getVariable(String name)

. ~ putvariable(Variable v, String name) WorkflowExecution et
0. — ¢ ! 3 - w,Mission c)
o C a I O I I RescueMissionKind myFlow Wissi W, Mission o) { Mission Map }(W’ ~ destroy()
y . 1 ~run() ~ jon k, v
= e o] — ) ~ destroy() ~remove(Mission k)
~ initRequiredResources(Mission m) ~ Activity getEntry() i <<interfac ~ Set<Mission> getKeys()
O I I C u r re ' l C o r OW ~ MissionWorkflow getWorkilow() o Snterace> - o
y G0lean outcome
entry [~ execute(Mission &) | - un)
. R ~reset()
I X e C t I O n D e S I n ReceiverQueue - atForTominatong )
— . ~ boolean getOutcome ; :
u ’ g eceverueTE el 4 o CreafollsglonFiecever i !

- mg;m‘"szine 8; Map [<wywap AR S Lf CommandListener CommandChannel

~ Mission peek() - Mission ge risis cr) WaitForCreateMissionStep + CommandListener ~C dCh: Tcreate()

~ deanoyl ~add(Crisis key, ReceiverQueue val) ommand ¢, String host)

—_ RemoteCommand ~ remove(Crisis key) ~ oxeoute(Mission o] un() -run()
~ Set<Crisis> getKeys() = ~add(string k, Socketv)
ReceiverQueue getValue(Crisis k) remove(Suing 1)
e e ~
. Al ~ Set<String> getKeys()
CreateMissionCommand ~ Socket getValue(Siring k)
[Cisor SocketReceiver
- MissionKind k i 1 SocketSender
- String d ~RemoteCommand receive()
- Location myLocation ~ RemoteCommand readRoot() |_ myReceiver Socket — %O
[+ CreateMissionCommand | ServerSocket int readint() 7 1| ~ writeRoot(RemoteCommand s)
create(Location myLoc, MissionKind k) - String readString() ~Sockel creale(Siring host, int por) | mySender”] - writelni(int w)

+ execute) ~ ServerSockel create(int porl) .. (other value types) ~ SocketReceiver getReceiver() - writeString(Sting s)
~ Lgcda“"’[‘ ge:L"‘(aL”"”‘t) ocation) ~ Socket accept() - RemoteCommand readObject() ~ SocketSender getSender() (other value types)
~ updateLocation(Location location) = —
~ int travelTime(Location destination) Jestroy() (yriteObject(RemoteCommand ) |
- readFrom(SocketReceiver r)
. w)
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INFORMATION HIDING

* Introduced in famous paper by Parnas in 1972

* Modules
* Units of decomposition

e Encapsulation
* Modules have well-defined boundaries

 Information Hiding

* Decide what to put in the module’s interface
* Hide design decisions that are likely to
change inside the module

* Object-orientation

e Modules are classes

 Interface includes atiributes and operations
* Public, visible to the outside
* Protected, visible to the class and to subclasses
* Private, visible to the class only
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RAM INFORMATION HIDING

e Aspect-orientation

» New dimension of modularization
» Aspects encapsulate crosscutting concerns

« RAM Aspects have

» Public usage and customization interfaces
* Usage interface: Defines what is visible to everyone, in particular to the outside, i.e. to model
elements that are not within the aspect package
e Modifier “+”
* Customization interface: Declares what entities need to be specialized / completed when the
aspect is reused
e An Intra-aspect interface
* Defines what is visible within an aspect, i.e. what is visible to model elements that pertain to the
same crosscutting concern
e Modifier “~”
e Class interface
* Defines what is visible to only to model elements within the boundaries of the class (private) or
subclasses (protected)
e Modifier “-” or “#”

e As a result, RAM aspects can hide design decisions that crosscut
the class boundaries
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ZEROTOMANYASSOCIATION ASPECT

i

| Usage Interface
aspect ZeroToMany f‘_ ~Called from outside

structural view 1 4
IData

+ add(lAssociated a)
+ remove(lAssociated a)

- + Set<lAssociated> getAssociated() }
L+ boolean contams(lAssomated)

|IAssociated

Implementation:
Set<lAssociated>: any java.util.Set<lAssociated>

-_

message view initializeAssociation | Pointcut | [ caller: Advice
Caller
| caIIer:ICaIIer | |new := create(..)> new: |
I new := create(..) new: IData R
L > T e
IData

Called from inside

outside the class

mySet := create()
[ >

mySet:

Set<lAssociated>

message view create affected by initializeAssociation

message view add | caller: CaIIer | | target: IData |

Set«l Associated>

mySet:

g add(ai E

" add( a
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RESOURCE ALLOCATION

e We want to model the concern of resource allocation

e Two types of entities: resources and tasks

* Resources can be allocated to a task

* Atask can have many resources

* Aresource can only be allocated to one task at a given time
e Desired behaviour

« Allocating a set of resources to a task

* Querying a resource to determine if it is free or not

» Obtaining the set of resources allocated to a task

St B - et SR
TS

Task

Resource

e S e myTask  allocatedResources
| + allocateResources(Set<Resource> r) 0.1 02

+ Set<Resource> getResources() 3t + boolean |sAIIocated J

+ deallocateResources|) T —

';-_ Usage Interface E——
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ALLOCATABLE

e Allocatable models the situation in which an
entity can be allocated or free

R S e — | ——————

aspect Allocatable

| |
! |Allocatable :
structural view Allocatable |  mmemmmmm -
bool allocated
+ bool isAllocated()
+ allocate()
+ deallocate()
. - - | |
state view [Allocatable Pointcut allocate Advice isAllocated i IFree, IBusy i
(e ) (oo ) (o ) | (Crme ) () (o
deallocate
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RESOURCEALLOCATION

* ResourceAllocation is itself an aspect

 The Resource and Task entities are both incomplete classes
« ZeroToMany and Allocatable are reused

'W——-h-— ——e e - et
aspect ResourceAllocatior{ depends on Allocatable, ZeroToMany § "R
D N e D ST N = e R~ L LIy POl ! as
. |
structural view Task :_ _Ili{?s_o_u rce |

Resource

+ allocateResources(Set<Resource> r) _
+ Set<Resource> getResources() + boolean isAllocated()
+ deallocateResources()

| Instantiations:

| ZeroToMany: IData — ITask; IAssociated — IResource; getAssociated — getResources

| Allocatable: IAllocatable = IResource

ResourceAllocation
K s
ZeroToMany Allocatable
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WOVEN RESOURCEALLOCATION

 “Straightforward” merging does not yield a correctly encapsulated

aspect model
e Potential for inconsistent use

T —— e e e e
aspect ResourceAllocation F-——-----
- I Task ,
structural view 1 IResource !
:_ ________ | N U -——
ITask Set {Resource _, IResource
+ allocateResources(Set<IResource> r) mySet ~ | ~ create() + bﬁm isAllocated()
| + Set<IResource> getResources() ~ add(IResource ) 0.* ¢ +g Oﬁate()
| + deallocateResources() ~ remove(l Resource) + dea o.pate()” —
| + add(l Resource a) ‘ ~ delete()
+ remove(l Resource a)
| + Set<l Resource> getAssociated()

message views and state views not shown for space reasons

A call to add could allocate a resource to a task without
calling the resource’s allocate operation or vice versa!
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DEPENDS ON

 When an aspect internally depends on functionality of

another aspect

* The weaver automatically changes visibility of model elements from public to
iIntra-aspect when weaving an aspect into a target model

* The default policy is therefore to hide everything, i.e. the usage interface of the
lower-level aspects are not visible to the outside

» Selectively, a modeller can explicitly re-expose operations from a low-level

aspect in its public interface

* Possible to change the name of the operation in order to reflect the new semantic
meaning

 Supports top-down and bottom-up modelling that crosses
abstraction levels

w—.—.———-‘——- —_—— = —— SRR
Resource
Allocatable
Allocation
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“DEPENDS ON” WEAVING

ITask Data —set' lAssociated |
IResource 1
+ allocateResources(Set<IResource> r) + add(IAssociated a) * mySet~ | ~ create() o
+ Set<IResource> getResources() + boolean isAllocated() + remove(lAssociated a) ~ add(IAssociated ) 0.>
+ deallocateResources() + Set<|Associated> getAssociated() ~ remove(lAssociated)
N7
Re-exposed Operations IAllocatable
- bool allocated
+ bool isAllocated()
/ / \\ + allocate()
+ deallocate()
€| ZeroToManyAssocation instantiation |3 Operatlon Renamlng
| IData — ITask
IAssociated — IResource
#| getAssociated - getResources 3
A Allocatable instantiation i |
i IAllocatable— IResource 13
Task Set i ResourCe_
o 1
gllocateResources(Set<IResource>r) mySet ~ create()
pi<IResource> getResources() ~ add(IResource )
#ieallocateResources() ~ remove(IResource)
#d(IAssociated a) ~ delete()
JLgmove(lAssociated a)
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EXTENDS

* When an aspect extends functionality of another aspect

« By default, the weaver merges all classes / attributes that have the same
name / all operations with the same signature

 The weaver keeps the visibility of model elements of the extended aspect

e The resulting aspect model interface is the union of both interfaces

* Supports incremental modelling at the same level of
abstraction

e Supports modelling of optional add-ons to design concerns
D e e~ EEEEE———

Conditional
Execution

Synchronization

Workflow

Parallel
Execution
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WORKFLOWS

 Workflow

» A set of operations/activities that need to be completed in a certain order to
fulfill a certain goal/task

* Modelling Notations for Specifying Workflows
« UML Activity Diagrams
e User Requirements Notation (URN)

* We applied RAM to design a
Workflow Execution Middleware
that supports the execution of URN

models

* Only parts of the structural model are
presented here
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RAM INCREMENTAL WF DESIGN

e Workflow aspect defines
simple, sequential
workflows

* A Workflow defines Workflow
Nodes, which can either be
SequenceNodes or
ControlFlowNodes

e StartNodes and CustomizableNodes
are SequenceNodes, and
EndNodes are ControlFlowNodes

A WorkFlow has a set of
workflow nodes associated
with it
» Structure provided by the lower-level

aspect ZeroToMany

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE

aspect WorkFlow depends on ZeroToMany, ...

next WorkFlowNode

+ depositToken()

+ addNextNode(WorkFlowNode n)

| WorkFlow |

|
SequenceNode

|
ControlFlowNode

+ depositToken() + depositToken()
+ addNextNode + addNextNode(WorkFlowNode n)
(WorkFlowNode n) + Set<WorkflowNode> chooseNextNodes()

o

[
[ StartNode | | CustomizableNode | EndNode |

+ execute()

Instantiations:
ZeroToMany:
(others omitted for space reasons)

IData & Workflow;
|IAssociated @ WorkflowNode
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INCREMENTAL MODELLING

e Enables decomposition of big software design models into
models of manageable size

* Enables specification of designs with multiple variations and
software product lines

D e~~~ - et
| TimedSynchronization |
it \
P it
ConditionalSynchronization 3 Input
\\ \\ ///,
\ 1 yA
Synchronization Nesting | | | ParallelExecution | lConditionalExecution |
\\\ // \\ | ” —”_
N 4 NV FAES R i
Inpath Outpath __.J Output
Nu e
Workflow
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WORKFLOW

aspect Outpath extends Workflow depends on Map [

| SequenceNode | | ControlFlowNode |

OutpathNode
String pathName

ICFNWithOutpath
+ OutpathNode
getOutpath(String outPathname)

Instantiations:
Map: IData — ICFNWithOutpath; IKey — IString;

IValue = OutpathNode;

aspect ParallelExecution extends Outpath L

ParallelExecutionNode
+ Set<WorkflowNode> chooseNextNodes()

Instantiations:

Outpath: ICFNWithOutpath — ParallelExecutionNode;

aspect ConditionalExecution extends OutPath

ConditionalExecutionNode Node
+ Set<WorkflowNode>
chooseNextNodes() SutPathNodeWith
: utPa oaewi
— myConditon e
[ Condition }oy1—0 Condition
h + setCondition(Condition c)

Instantiations:
OutPath: ICFNWithOutPath — ConditionalExecutionNode

EXTENSIONS

e Outpath encapsulates
structure needed by control
flow nodes with multiple

named outgoing paths

» |CFNWithOutpath is a mandatory
instantiation parameter

* Map is used to lookup outgoing paths
by name

e ParallelExecution and
ConditionalExecution extend
Outpath

 Instantiation directives map
ParallelExecutionNode and
ConditionalExecutionNode to
ICFNWithOutpath
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INTERNAL DESIGN

J Red arrows represent ‘
{ extends dependencies

TimedSynchronization

—o——‘ U o
P i //// \\\\
| ConditionalSynchronization | //j’ MRS Input
7/ \‘( S7 7 T\
/ N p— / \ et Wi
! A \\\ﬁ/\/// ‘\ \ > R
/ /] *
i Synchronization : ‘.\\ Nesting ParallelExecution l! ConditionalExecution |
: R T NS | 7 T+ ——
/ - - /1 N 2 ’ et -
/’ // /:\ Bv\z : \\\ V %)é”/——‘ Ll T \)//
i it | ' | Inpath /1) Outpath i i 47,7\ __] Output
! : I\ ' TELIN \LTI\ P N i r—“’/d‘—-\ 1
/ / N v ’ / 22125l Kedins \ 1
// I/ \\ \\\ /: % | /\ \\ /\—\t———\\\:/ l/ Il /// \\ I[
// // \\ 3 \Ih Workflow ’\\\\\ \ \)//’: // II 34 \\ II
/ // \(/ i \\I' v /I \\ /\/ \\ | / I// \\ |
A R AN IS M AP ,.I -v i , Y SN -. 7 AT IS AN A PR e, ‘
vl ' . 3
| KeyCounter Copyable |, ZeroToMany Stack |,| Singleton | NetworkCommand | ]
|, A2 | / ~% | — 1
SR N‘W/% Ty NWpE s sio e S S S
Tl | Named | Map | 4

Hidden from “
usage interface
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WOVEN MODEL

e For example, when choosing Workflow with
ParallelExecution, ConditionalExecution and Synchronization

e e B e ————
<> WorkFlow
0.5V :
next_ | WorkFlow E
§i Node |[< Integer
[ | 5
SequenceNode ControlFlowNode il g
Z} Z} % 7 >
5 5 2
I I I S [ | o
Inpath || Outpath EndNode Parallel Conditional || Synchronization
Node Node Execution Execution Node
ZF Node Node
OutPathNode | myCondition = =
WithCondition e 0..1 'anl
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ASPECT CASE STUDY: TRANSACTIONS

* A transaction groups together a set of

operations on data objects, guaranteeing
the ACID properties
e Atomicity

e Consistency

* |solation

e Durability
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CONCURRENCY CONTROL (ISOLATION, CONSISTENCY)

* Prevent transactions from seeing intermediate,
possibly inconsistent state

* Pessimistic vs. Optimistic

e Strict vs. Semantic-based Concurrency Control
 Strict Concurrency Control Conflict Table

e — -t

Read(y) | Write(y) | Update(y)

Read(x) No Yes Yes

Write(X) Yes Yes Yes

Update(x) Yes Yes Yes
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RECOVERY (AToMICITY, DURABILITY, CONSISTENCY)

* On transaction abort
e Undo the changes made on behalf of the transaction

e Snapshot-based recovery

e |[n-place update

« All operations are executed on one main copy of the state of a
transactional object
 Make a backup copy (or snapshot) before modifying

e Deferred update

« Each modifying transaction operates on a different copy
« Upon transaction commit, the changes are propagated to the main copy

e Durabillity requires to save all committed changes
to stable storage
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AT RUN-T

IME

e Each time a method is invoked on a transactional
object, the following actions must be taken:

1. Concurrency Control Prologue
2. Recovery Prologue

3. Method Execution

4. Recovery Epilogue

5. Concurrency Control Epilogue
B e e~
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FLAT TRANSACTIONS

( Account B )

/T\ Deposit (Amount)

Thread |
—~——— ~————>
|
r S B . r S IR
Transaction Begin Withdraw (Amount) Transaction Commit

( Account A )
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NESTED TRANSACTIONS

@nsactional Objec@ \

OpAl OpA2
T1
Thread Tl.1 I T1.2.1 =
(T1.2

A

r

Top-level

Transaction Begin OpB1

3V

\¢

A

Top-level
) OpB2 Transaction End

ransactional Object B
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OPEN MULTITHREADED TRANSACTIONS

CT ransactional Object (D

A A

Tl
Thread B’ :

Thread A

Thread B

Thread C

Thread D /'i\/\/\_/\/W\/W\/W\P

X & 5
s 3 e
Thread C starts Threads are blocked until the
the transaction outcome of the transaction is known
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ASPECTOPTIMA CASE STUDY

e Observations

e Concurrency control and recovery are separate concerns at a
higher level of abstraction
* At the implementation level, the two concerns are tightly coupled

* Most transaction models are related, i.e. they share common
concepts

* Challenge

* Is it possible to define many individually
reusable aspects that, when put together
in different ways, can implement various
transaction models, concurrency control
and recovery strategies?
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ASPECTOPTIMA FEATURE DIAGRAM

[Open Multithreaded Transaction]

[ OutcomeVoting ]

.
[OutcomeVotable] [SpawnSupporting]

Terminatable [EntrySynchronizing ] [ExitSynch ronizing]

Pausable |
1 Gt
e

Collaborative

\

Blockabl

OMTT Extension w

AspectOPTIMA

‘Gi..

B

oncurrencyc

m [ Recovering ] Optimistic Validation [TwoPhaseLocking]
Checkpointing ] Deferring Legend
Ve ‘ 1 —— @ Mandatory
—© Optional
OutcomeAware] Checkpointable] Tracing Deferrable < Alternative
Checkpointing ‘ ‘
Strategy St

Deferring
' Strategy
Traceable

Context [SemanticCIassified] [AccessCIassified] Copyable Lockable
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ASPECTOPTIMA CORE: EXECUTIONCONTEXT

e A process / thread of computation can create and
enter a context

* Once it is inside, the thread is a context participant
e A context participant can /eave the context at any time

e ——— e —————— R
g Context
Context Participant |
\ v
>
createAndEnter leave
—

Time
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CONTEXT ASPECT STRUCTURAL VIEW

aspect Context

structural view

Context

~ Context create()

~ addParticipant(IParticipant)

~ removeParticipant(IParticipant)
+ contextCompleted()

~ destroy()

0..1

0..1

IParticipant

>
context

participant

+ IParticipant getCurrent|()

+ createAndEnterContext()
~ Context createContext()

+ Context getContext()

~ setContext(Context)

+ enterContext(Context)

+ leaveContext()

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE

57




EXECUTIONCONTEXT ASPECT STATE VIEW (1)

state view Context

contextCompleted \l, N

Context

private

-
dle ]

N

[ Active ]
removeParticipant Y,

addParticipant

[ Completed J
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EXECUTIONCONTEXT ASPECT STATE VIEW (2)

state view Participant public ; public

createAndEnterContext

1
1
1
.. 1
IPart|C|pant$ l/ ' IIParticipant
enterContext ( :
Idle > Working ] ' Available |~ getContext

: '
1
leaveContext !
1
1
1
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CONTEXT ASPECT MESSAGE VIEW

message view createAndEnterContext

[ caller: Caller | | target:IParticipant |
|

createAndEnterContext() !

p! myContext := create()
: »( myContext: Context |

:P enterContext(myContext) |

message view enterContext | ["caller: Caller | [ target: IParticipant | [ c: Context |
I | I
: enterContext(c) : :
; >: addParticipant(target) >:
| |
setContext(c
: DosContert@
message view leaveContext | [ caller: Caller | [ target: IParticipant |[ myContext: Context |
I I I

leaveContext() I

removeParticipant(target)> ! contextCompleted()

setContext(null) EP
| |
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BASE MODEL: A BANKING APPLICATION

Thread — Account t: Thread a: Account b: Account
int balance T
+ Thread create() | [ + Account create() | CreateAndEnterCcintext()
+ destroy() + destroy() D withdraw(100)!
+ withdraw(int amount) I »l deposit(100)
| |

+ deposit(int amount) -

: leaveContext()

I
I
P |
I I
[} [}
sd Account /
createAndEnterContext

create create

destroy i destroy

@ leaveContext @

sd Thread /

withdraw

deposit

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE 61




STRUCTURAL VIEW WEAVING

IParticipant

+ IParticipant getCurrent(),
+ createAndEnterContext()
0..1| ~ Context createContext()

Account Thread Context
int balance ¥
+ Account create() + Thread create() | |~ (a:é)glgeaxriigire:;(:((l)Partici ant) b
+ d(_astroy() . + destroy() ~ removePaF:ticipant(IPa?ticipant) il
+ withdraw(int amount) + contextCompleted()
+ deposit(int amount) ~ destroy()

IParticipant — IThread

IWorking — Inside

participant| + Context getContext()
~ setContext(Context)

+ enterContext(Context)
+ leaveContext()

Thread

Account
int balance
+ Account create() Context
N dgstroy() . ~ Context create() 0..1 i
+ withdraw(int amount) ~ addParticipant(IParticipant) o Comont_ PATGRa
+ deposit(int amount) ~ removeParticipant(IParticipant)
~ contextCompleted()
~ destroy()

COMP-533 REUSABLE ASPECT MODELS

© 2013 JORG KIENZLE

~ Thread getCurrent(),

+ Thread create()

~ createAndEnterContext()
~ Context getContext()

~ setContext(Context)

~ enterContext(Context)

~ leaveContext()

+ destroy()
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MESSAGE VIEW WEAVING (1

* The base model sequence diagram is affected by

createAndEnterContext and leaveContext
» createAndEnterContext in turn is affected by enterContext

1. Weave enterContext into advice of createAndEnterContext
2. Weave createAndEnterContext into base sequence diagram

e e - - —E——tRR
caller: Caller target:|Participant —
I_:—I IL—ul [ caller: Caller | target: IParticipant |

IcreateAndEn'[erContext()‘I new := createContext() | I 1 t t
: ': ! enterContext(c) ! pOln Cu
; :P enterContext(new! ] matCh | V:

I I :

[ caller: Caller | [ target: IParticipant | myContext:
i Context
enterContext(c >
) =; addParticipant(target) ! adVlce

»!
|
|
|
I

:P setContext(c)
I

Icaller: ICaller Itarget: g

IContextParticipant

createAndEnterContext() 1
=: newContext := create()

I

|

I

| : »[ newContext:
i laddParticipant(itarget_Context

I

|

|

»

I .
I setContext(newContext) 1

|
[
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MESSAGE VIEW WEAVING (2)

t: Thread a: Account b: Account Icaller: ICaller Itarget: Icaller: ICaller Itarget:
dEnterC ntext IContextParticipant IContextParticipant

, CreateAn

'P createAndEnterContext() 1
withdraw( 100 > =: newContext := create()
|

|
| |
! r
| |
| : dep03|t(100)=: i ; » newContext:
l IeaveContext(O)i i match | laddParticipant(target__Context
1 1 |
|

]
: createAndEnterContext() 1

|
1

~
: I setContext(newContext)
[

Icaller: ICaller ltarget: Icaller: ICaller ltarget:
i |ContextParticipant IContextParticipant
]
leaveContext myConte:
4 i getContext() myContext:
?) Context

| leaveContext() 1
-
.removePartlmpant(ltarget)

L >
| |

1 contextCompleted()

b setContext(null) i
\ | !

t: Thread | [a: Account || b: Account

I_createAndEnterContext()
I

|
) |
newConte)'gt := create() : newContext:
T T o T
it | TransferContext
addPart|C|pant(b ,

setContext(hull)

p-| contextCompleted()

)

t »|
setContext(nevvaontext) : :
I I | :
| withdraw(100) | : : l
n—bu deposit(100) I
L ! »I !
_leaveContext()| | :
| | | |
: newContext :=: : :
! getContext(): : :
| | | :
re'moveParhcnpant(l'target) I
} |

|

|

|

|

|

|
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OUTCOMEAWARE STRUCTURAL VIEW

e QutcomeAware adds the notion of successful or unsuccessful
completion to a context

P RN EEE—

aspect OutcomeAware extends ExecutionContext

- A ant ! §
structural view

e New Methods wmea M cscmonaded
Context l ‘

f j myOutcome Outcome IParticipant
+ Outcome getOutcome() b | kL

0..1 . — . & ~ leaveContext()
+ setOutcome(Outcome 0) | ‘7 + boolean isPositive(

“'+ voteAndLeaveContext(Qytcome v)

™ 4 | BinaryOutcome
New Classes M - boolean value

+ BinaryOutcome create(boolean value)

................................................................................................................................................................................................................................
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OUTCOMEAWARE STATE VIEWS

state view Context

private ' public

ddParticipant
Context[ dle ) addrarticipan >{ Undecided J

Context

Available

setOutcome v
removeParticipant (
\

Decided J

getOutcome

 CSP Il Composition

e Atransition t is accepted iff
all machines that have t in
their alphabet accept it

* Machines that do not have
t in their alphabet are
ignored

T -~ -~ ——————

4 . N
. rivate
Context state view P
Context
addParticipant
Idle Active
Ci@ removeParticipant
contextCompleted
[ Completed )
. J
66
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OUTCOMEAWARE MESSAGE VIEW

message view voteAndLeaveContext

| caller: Caller | [ target: IParticipant |

voteAndLeaveContext(v) !
p! C

c: Context

:P QetContext()l
: setOutcome(v)

0}

leaveContext

e

| Icaller: ICaller | Itarget: leaveContext

IContextParticipant

leaveContext() , myContext := :
» | getContext() | MyContext:
> Context

I -
:removeParhmpant(ItargeL): contextCompleted()

|
: setContext(null) EP
P

~
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COMPLEX EXAMPLE: RECOVERING

—

aspect Acces

structural vien

state view IAc

as

str

Ste

me

wl

aspect Chec

aspect Recovering depends OutcomeAware, Checkpointing l

-
- IRecoveringParticipal
structural view |

[TRecoverable | [

nt |

1)0|ntab|e :
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- IRecoveringParticipant RecoveringContext_| ' Recoverabl
aspect C | sryctural viev [ 10 - R
+ createAndEnterContext() | [+ Im(.) | [-contextComp ) | Controlllng \
structural + voteAndLeaveContext() :Ip ant \
Checkpointing instantiation OutcomeAware instantiation | | | | —-oaa—oa2 !
C inting.Cl inti ontext — OutcomeAware.ContextWithOutcome —
@ RecoveringContext RecoveringContext
Copyable.IC Cl ing.IC| intingPart [o] 10 ollingParticipant — ne
IRecoveringParticipant IRecoveringParticipant
inting.IC| i -
— i IRecoverable .
T create state view ICI ling 30
+ voteA state view RecoveringContext depends on CheckpointingContext, ContextWithOutcome l - * EY 0)
{ IActive
tate viev — Pointcut ‘ Advice
staie vie Copyable.IC -
ICopyabl [ Idle ] [ Active ] ‘ [ lidle ] BeforeVote AfterVote
- context N~ | context ‘ /t Active
ICopyable removeParticipant Cc > CtiVe
U ndeci4 Py _ ‘ removeParticipant
Context binding
— state view Stz — - Active — Context.Active
state viey |~ "7 °F | | Checknointing.Cr Context Idle - Contextldle
cl ontext.Active —~ c — Context.C:
CheckpointingContext.ldle — Idle
Cl intil ontext.C - C QutcomeA . ContextWithOutcome instantiation
cl intingContext.RestoreAllowed — ContextWithOutcome.L ided —
. Completed ContextWithOutcome.Decided — AfterVote
discardL I
state view IRecoveringParticipant is IOutcomeControllingParticipant | ~ rmo-------o--bo 1
lidl ! lidle, IWorking !
N Mmoo T 1,
[ camm im | State view IR bleis ICheckpointed | eee—eeo—eeoe -
me. age viel state view IRecoverable is ieckpointe 1 |Any V}
Con & message view prepareRecovery is Checkpointing.checkpointMethod l ; \caller
_|C ! Icallee, Im
- -4 | —====- |
| —_— . . - =i i I
|Conte; ' message view createAndEnterContext is OutcomeAware.createAndEnterContext l 1 Harget ; IWo rkmg !
Cop) 1,,,'9?",6,”,‘53"52, a0 === [
message clc [ message view voteAndLeaveContextis OutcomeAware.voteAndLeaveContext
clone.l depends on ClI inting binds contextCe
— - Fmmmmmmmmmee -
! It t
clone.( Checkpointing.leaveContext instantiation ! ICallearrg\ialler i
cl overrides OutcomeAware.voteAndL eaveContext.Context.leaveContext instantiation [Shdoteid Rhoiets B
leaveContext.ltarget » OutcomeAware.Itarget
messaqge . leaveContext.ICaller - .
g message viev OutcomeAware.lOutcomeControllingParticipant ng
leaveContext.Icaller - OutcomeAware.ltarget — *
ck
message view contextCompleted depends on OutcomeAware ‘ S o - *
callel ! 1 Icontext 1 .
|:l' —_— Pointcut [ Advice | [Caller, Icaller I
! Icaller: ICaller Icontext: Icaller: ICaller
I
\ i RecoveringContext ‘ i RecoveringContext
| | contextCompleted() ! | contextCompleted() '
| —_—
r 3 1 ! | ! outcome := getOutcome() |
message viev Checkpointing.restoreCheckpoints i ion ! .
Cont: restoreCheckpoints.lcontext - myContext
_— restoreCheckpoints.|Caller - ICaller 1 restoreCheckpoints()
toreCheckpoints.ICall ICall
lea' T restoreCheckpoints.lcaller — Icaller h
lea — ;
Checkpointing.leaveContext binding
|ea Itarget = Checkpoil g.leaveContext.myContext
ICaller — Cl Cl intil ontext
Icaller - Checkpointing.leaveContext.myContext
T
I

e

-J--, Binding
——p-tAny = *

.ccessClassified
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BASE MODEL: STRUCTURE VIEW

Recovering instantiation
Thread Account Recovering.I_RecoveringParticipant = Thread
int balance Recovering.IRecoverable -+ Account
+ 'Clj'hr?ad create() | | + QCC;')unt create() —|— IRecoveringParticipant.lidle - Outside
+ destroy() + ?S roy() ) IRecoveringParticipant.IWorking - Inside
+ W|thdr?VY(|nt amount) Recovering.IRecoverable instantiation
+ deposit(int amount) IRecoverable.BeforeM = Account.Ready
IRecoverable.AfterM = Account.Ready
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WOVEN MODEL: STRUCTURE VIEW

Stack Account Trace

+ push(Account e)

+ Account create() obj| + create(Method m, Kind k, Account t)
+ Account getLast()

+ destroy() + boolean wasAppliedTo(Account t)
+ discardLast() + withdraw(int amount) + boolean isModify()

myStack A 1 + deposit(int amount) 0..*/A\ elements
———| - Kind getAccessKind(Method m)
- Account clone()
- copyState(Account from)
- Trace createTrace(Method m)
0.* [ - establish()

TracelList

+ insert(Trace t)

- restore() + Trace(] findTraces(Account o)
- discard() + Trace[] getTraces()
1/\NmyTrace
Context
Thread + Context create()
+ destroy

+ TransactionContext getContext() 0..1 - addParticipant(Thread t)
+ setContext(TransactionContext ¢) participant - removeParticipant(Thread t)

+ beginTransaction()
+ commitTransaction()
+ createContext()

+ leaveContext()

myContext

1
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- Outcome getOutcome()

- setOutcome(Outcome 0)

- boolean wasModified(Account obj)
- Account[] getModified()

- addTrace(Trace t)

- addTraces(Trace t[])

- Trace[] getTraces()

- removeTrace(Trace t[])

- restoreCheckpoints()
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BASE MODEL: STATE VIEW

sd Thread /

createAndEnterContext
create

destroy
O voteAndLeaveContext

sd Account /

create withdraw
Ready
destroy .
deposit

@
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WOVEN MODEL: STATE VIEW

sd Stack /

getLast[size>0]

discardLast[size>0]/size--

createt push/size++ push/size++

C N~
Ready ] [ Established ]
N J U
destroy |, discardLast/size-- getlLast

@

removeAll
getAll

findModified

sd TraceList / .

create

Ready

destroy

®

insert

findTraces

sd Trace / .

CreRi8 AppliedTo
switchTarget
Ready
getKind
destroy getTarget

®

sd Context /
create t

Instantiated

Completed k Participant

? getModified

Completed 2

restoreCheckpoints

addParticipant
4 N
Active
setOutcome
Idle j  ___\
BeforeVote [ AfterVote ] Any
context remove addTrace addTraces wasModified getTraces

destroy

®

Account /

createw

createTrace 3 withdraw

getAccessKind

Instantiated

establish

restore

discard

deposit

destroy\l,

@

Thread [
?create

createAnd
EnterContext

setContext

Instantiated

setContext

leave
Context

Inside

voteAndLeave

Context

1
getContext

destroy \
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BASE MODEL: MESSAGE VIEW

| t: Thread | |a:Account | [b: Account |
| createAndEnterCqntext() '

|

| |

D withdraw(100)! I
! p  deposit(100) |
>

|

|

|

: voteAnd LeaveCon:text(o)

P |
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Recovering instantiation
Recovering.IRecoveringParticipant - Thread
Recovering.IRecoverable -» Account
Recovering.|RecoveringParticipant instantiation
IRecoveringParticipant.lidle - Outside
IRecoveringParticipant.IWorking - Inside
Recovering.|Recoverable instantiation
IRecoverable.BeforeM =» Account.Ready
IRecoverable.AfterM - Account.Ready
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WOVEN MODEL: MESSAGE VIEW

a: Account | |b: Account
createAndEnterContext()

T 1; | :
| |
— | |
6 ! newContext :=!create() ;» newContext:
= | s i | TransferContext
o 1 addParticipani(t) | = T
\ ‘\ t + t |
! setContext(nevIVContext) : :
| | | |
2l | | | | A
75 3 > myTrace: TraceLi
45 __5§I i myContext :=:getContext() : : [my acel ace Stl
= | secondTim¢ := wasModified : '
a 8 ' : 9 i i (:ﬁ‘) p | ops :=findTraces(a)
>
2 : : : : -
<C | | . . loop [t within elements] /
| | | | I
= 2 l l : : l t: Trace
A= | | | | . .
Q ) include := wasAppliedTo(a)
Z g ! : | : . >
| | | | |
= : : -
E ! | i oop :[I within ops, found = truef] / I Trace
> : | : ! found := isModify() | |
.— | | | | t -
— | ]
gl ] | : | | |
= opt [not secondTime] / | | |
3|oT __establishg) , | | [myStack: Stack I:
< | ! I newCheckpointi:= clone() I = I
O -8 o I | | | | |
— | = | | | | |
clQa I | newCheckpoint := create ! | _
3|g, . | i 0. ! : » newCheckpoint: Account |
| | | | T
_g' = ! | copyState(a) ! | ! ! |
| |
! >
2 < | | push(newCheckpoint) ! ! ! !
olg | : : — : |
@ | | | | t | |
TO : tracedOp = cre!lateTrace(withdraw) I : : '
o 8 ,———®_accessKind := detAccessKind(\q'vithdraw) I
£ |- %i : :) traced0© :=: create(withdra{v, accessKind, a) :
COMP-533 RgysasTe AspecTiMopELs 012013 JoRGIKIENZLE " 0¥ | oI acedon: Trace |
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SUMMARY

 RAM targeted at incremental software design
* Final application model is formed by combining many (small) RAM Models
* A design concern model is a hierarchy of reusable aspect

models

* Supports top-down and bottom-up modelling that crosses

abstraction levels
* A model higher in the hierarchy depends on a lower model to provide internal design
structure and behaviour
* The interface of the lower model is hidden
* Supports incremental modelling at the same level of abstraction

* A model higher in the hierarchy extends the structure and behaviour of a lower model
* The resulting aspect model interface is the union of both interfaces

* TouchRAM Tool

e Fast navigation through aspect model hierarchies
» Selective weaving of aspect models to collapse abstraction layers
» Flattening of hierarchy to generate object-oriented final model
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RAM DESIGN CONCERN LIBRARY

* When designing your application, choose from a library of existing
design concern models to solve common design problems

W_————-—--—— e - ————————— R
- N N N
Network Workflow Design Patterns
Serializer Context Timing Singleton Factory
SocketCommunicationJ Synchronizing I Observer||
SharedMemory rSequential | | Parallel Command | —Builder
R e d L Strategy
emoteLomman Conditional State
\. J y: y,
( . . ] \ [ . \
Utilities Transactions
Map | | Named Locking | | Recovery
Copyable || ZeroToMany Checkpointing || Tracing
Blockable AccessClassified Deferring Shared
. J J

COMP-533 REUSABLE ASPECT MODELS © 2013 JORG KIENZLE




TOUCHRAM USER GUIDE

Tap Double-Tap Tap & Hold Drag

Background - - Create New Class Pan / Scroll

Class Select / deselect Class - - Move Class
Class Name - Change Name Toggle Partial -
Field Name - Change Name - -
Field Type - Select Type - -
Operation Name - Change Name Toggle Partial -
Operation Type - Select Type - -
Operation Visibility - Select Visibility - -
Parameter Name - Change Name - -
Parameter Type - Select Type - -
Association End - Select Type + Delete Association | Toggle Navigability -
Association Name - Change Name - T
Association Multiplicity - Change Multiplicity - -
Instantiated Aspect Name - Display Aspect Weave Aspect -
Instantiation Visibility - Toggle Visibility - -
Mapping - Select Model Element Delete Mapping -

If classes are selected Tap Double-Tap Tap & Hold Drag
Class Select / deselect - Switch to “Edit” Mode Move all selected classes
Other Class Select / deselect s(eIlfe::)ttlc}ll) %?iljtgk]sisgﬁiilosn sglfe 2?;%%?5;2%5}22?;; Move all selected classes
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REUSABLE ASPECT MODELS
T R

Download TouchRAM:
http://www.cs.mcgill.ca/~joerg/SEL/TouchRAM.html
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