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Reusable Aspect Models (RAM)

» Aspect-oriented modeling approach integrating class

diagrams, state diagrams and sequence diagrams
* Aspect models can specify structure and behavior
* Based on existing class diagram weaving technology [France et al.]
* Based on existing sequence diagram weaving technology [Klein et al.]
e Template parameters borrowed from Theme-UML [Clarke et al.]

 Reusable
e Modular packaging
e Dependencies encapsulated and automatically resolved

T McGill
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Multi-View Modeling

* Allows developers to describe a (software) system
from multiple points of view
e Structural views vs. behavioral views

e Allows developers to use multiple modeling

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
e Consistency

T McGill

COMP-667 - AspectOPTIMA - Part 2, © 2012 Jorg Kienzle




Aspect-Oriented Modeling

e Aspect-oriented Modeling

e Current weaving techniques based on one
modeling notation only

e Can address scalability within one
modeling notation

* Aspect-oriented Multi-View Modeling

* Compatible composition techniques and weaving
algorithms must be defined to ensure that the consistency
of individual aspects 1s preserved in woven model

B/ — B McGill
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RAM Aspect Models

* Aspect package groups
structure and behavioral
models related to a
concern

* One structural view

e One state view for each class
defined 1n structural view

* At least one message view for
each public method defined in
structural view

aspect Context

structural view

A B
intx,y boolean z
+m1() -m2()
state view A ‘ m1()
Any
state view B 2()
message view m1
c:Caller target:A myB:B
m1() > m20)
| e/
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Case Study: AspectOPTIMA

e Aspect-oriented framework implementing (different kinds of)
transactions
e Flat/nested/ MTT / OMTT / CAA
e Pessimistic / optimistic concurrency control
e Undo / Redo recovery
 In-place / deferred update

 Implemented in Aspect]

e Currently the functionalities of 29 aspects are modelled in
RAM

* Individually reusable
* Complex aspect dependencies and interactions

****** | @ McGill
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AspectOPTIMA Feature Diagram
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AspectOPTIMA Feature Diagram

e Feature diagram allows users of the framework to
choose desired transaction configuration

[ Nested J [Recovering J { Optimistic Validation ) [2-Phase-LockingJ

Checkpointing ) ( Deferring )

— Legend
k — & Mandatory
— —0 Optional
LOutcomeAware (Checkpomtable) (Deferrable W —_T— Alternative
' R —
_ ) o
Context Copyable (SemantlcCIassmed) (AccessCIassified Lockable
(14 1
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The Context Aspect

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

e Once it 1s 1inside, the thread 1s a context participant
* A context participant can leave the context at any time

.. Context
Context Participant |
N\ ¥
>
createAndEnter leave
—_—

fime T McGill
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Ist View: Structural View

aspect Context Frmmmm ey
+ |ContextParticipant !
structural view iyt - -

Context
IContextParticipant

+ Context create()
+ destroy() 0..1 + Context getContext()
+ addParticipant(IContextParticipant p) myContext | * setContext(Context)
+ removeParticipant(IContextParticipant p) + createAndEnterContext()
* contextCompleted() + leaveContext()

..1[ participan

* One structural view
e Classes (partial or complete) with methods, associations between classes

e Partial classes are mandatory instantiation parameters of the model,
shown as UML template parameters to the view

T McGill
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2nd View: State View (1)

state view Context .

addParticipant

contextCompleted .
removeParticipant

l Completed I

destroy

®

* One state view for each class (partial or complete) defined in
structural view

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

T McGill
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2nd View: State View (2)

- — - ]
state view IContextParticipant ; FoToT TS
P ! Advice . lidle, IWorking
Pointcuts  createAndEnterContext setContext ~ =~ "~~~ 7"777777 [~
createAndEnterContext 1 m
I
N
I
lidle IWorking 1
i)
I setContext leaveContext
leaveContext I
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I LR LR RRERRERERRRLERLLLLLLLLLERLLN]
I ﬂ getContext Binding
Any 1 Any Any - *
I
1

e State views of partial classes declare the behavior they assume
(pointcut), and how they extend the behavior (advice)

e Placeholder states are mandatory instantiation parameters, and
shown as UML template parameters to the view

T McGill
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3rd View: Message View

message view createAndEnterContext

Binding
Advice caller & *
Caller — *

| caller: Caller | | target: | target - *

IContextParticipant

Pointcut

| caller: Caller | target:

IContextParticipant

createAndEnterContext() i

!
|

createAndEnterContext()
>: newContext := create()

|

|

|

|

: : newContext:
: laddParticipant(ltarget) Context

' >

|

|

! |
I setContext(newContext) |

e At least one message view for each public method declared in the
structural view

* Describes message exchange between objects of the aspect that

implements desired behavior
T McGill

COMP-667 - AspectOPTIMA - Part 2, © 2012 Jorg Kienzle 13




Base Model: A Banking Application

t: Thread

a: Account

b: Account

Thread Account
int balance
+ Thread create() | | + Account create()
+ destroy() + destroy()
+ withdraw(int amount)
+ deposit(int amount)

: createAndEnterCcIntext()

'P W|thdraw(100)

>| deposit(100)

>

P

|
1 leaveContext()

createAndEnterContext

sd Thread /
creat t

destroy

@ leaveContext

sd Account /

create

il McGill
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Reuse by Instantiation / Binding

e To reuse the aspect Context, the base model must instantiate
it explicitly
* An instantiation directive maps all mandatory instantiation
parameters to base model elements

Context instantiation
Context.IContextParticipant = Thread
IContextParticipant.lidie = Outside
IContextParticipant.IWorking = Inside

* When a model A instantiates an aspect model B, A reuses the
structure and behavior modeled by B.

e Reuse of B might require A to extend the structure and behavior of B,
in which case A must additionally define a binding to B

T McGill
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Structural View Weaving

Account

int balance

+ Account create()
+ destroy()
+withdraw(int amount)

i\

+deposit(int amount)
R —

Thread

Context

IContextParticipant

+ Thread create()
+ destroy()

+ Context create()
+ destroy()

* contextCompleted()

+ addParticipant(IContextParticipant p)
+ removeParticipant(IContextParticipant p)

0..1 + Context getContext()
myContext | * setContext(Context)

+ createAndEnterContext()
+ leaveContext()

SOmbasipmaiarabiobiom
C Context.IContextParticipant = Thread

IContextParticipant.IWorking = Inside

N

Account

Context

int balance

+ destroy()

+ Account create()

+withdraw(int amount)
+deposit(int amount)
T —

+ Context create()

+ destroy()

+ addParticipant(IContextParticipant p)

+ removeParticipant(IContextParticipant p)
* contextCompleted()

0..1

Thread

myContext

+ Thread create()
+ Context getContext()
- setContext(Context)
+ createAndEnterContext()
+ leaveContext()
+ destroy()
..T| participan

T McGill
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State View Weaving

Context instantiation Binding
- Any - *
IContextParticipant.lidle = Outside Pointcut
IContextParticipant.IWorking = Inside ontcuts
createAndEnterContext createAndEnterContext .
create N\ .
m <::> | lidle UIWorkingl | Any I
destroy :
@ leaveContext match leaveContext )
Advice
createAndEnterContext setContext
getContext
IWorking Any
leaveContext
tcreate
( Instantiated , )
createAnd I
EnterContext setContext |
I
I
? - ?
[}
Cinsiae ) | (A
AN
Leavi i getContext
setConlext leave |
- - Context :

1 ' B McGill
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Message View Weaving

t: Thread a: Account b: Account Icaller: ICaller Itarget: Icaller: ICaller Itarget:
dEnterCdntext IContextParticipant IContextParticipant
createAndEnterContext() |

, CreateAn 0 | I
7 ) 1 | : createAndEnterContext() 1
! withdraw(100)! ! ' ! P! newContext := create()
: : deposit(100) | ' ! '
>

l

l

l

1

I
|
|
! I— | newContext:
m atch : :addParticipant(Itarget) Context
|
|
|

| leaveContext(o )

»
|

1 ; setContext(newContext)

Icaller: ICaller Itarget: Icaller: ICaller Itarget:
IContextParticipant IContextParticipant

) setContext(hull)

I I
I I —
leaveContext() l leaveContext() 1 myContext = -
: ! : p | getContext() | MyContext:
' : ! :P Context
el A Gl Gm— I
- ) .removePartlmpant(ltarget)I contextCompleted()
caller — I .
Caller = * :PsetContext(null) '
* 4 | 1
target - t: Thread | [a: Account | [ b: Account
[ createAndEnterContext( |
|
h newContext := create() : newContext:
| o | " | TransferContext
| addPaHlmpant(b . —
' t » |
! setContext(newerontext) : :
1 | | :
| withdraw(100) | _ : l
———————— 1 deposit(100) | :
L 1 > |
! leaveContext(), ! :
| I | |
: newContext :=: : :
| | | |
:PgetContext() : : :
! . [ 1
removeParticipant(ltarget) 1
| | p| contextCompleted()
I
|
I
|
I
|
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Aspect Dependencies

* RAM makes 1t very easy to build aspect

frameworks

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

e Example
* OutcomeAware depends on Context

e Adds the notion of successful completion or unsuccessful
completion of a context

B/ — B McGill
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OutcomeAware Structural View

aspect OutcomeAware depends on Context PP o
C |OutcomeControllingParticipant

structural view depends on Context

IOutcomeControlling
Participant ContextWithOutcome
New Field ——> | Outcome myOutcome
+ createAndEnterContext() > |t Outcome getOutcome()
+ voteAndLeaveContext(Outcome vote) € New Methods + setOutcome(Outcome 0)
" e

Context instantiation Context binding
Context.IContextParticipant — ContextWithOutcome -
|OutcomeControllingParticipant Context.Context

T McGill
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OutcomeAware State Views

state view IContextWithOutcome depends on Context Advice

Context binding
setOutcome getOutcome || yndecided — Context.Active
/ \ Decided — Context.Active

1
1
! s
Undecided {w) Any 1 [ Undecided w; Any Any — Context.*
1 B
1

Pointcuts

( . )
Context state view
. addParticipant
create
Idle

removeParticipant

l Completed I

destroy

®

contextCompleted

T McGill
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OutcomeAware Message View

message view voteAndLeaveContext depends on Context

T Binding
Pointcut Advice caller - *
*
| caller: Caller | target: |_caller: Caller || target: Caller — .
. |OutcomeControlling |OutcomeControlling target -
! Participant Participant
:voteAndLeaveContext(o)| voteAndLeaveContext(o)1 myContext = myContext:
|

|

|

|

|

> ! p ! getContext() Context
. — : ' WithOutcome
Context.leaveContext instantiation | ! setOutcome(o] .
leaveContext.target — target ! : -
leaveContext.Caller — Caller ! ,\GeaveContext()) !
leaveContext.caller — caller ! g !
( \

| Icaller: ICaller | Itarget: leaveContext
IContextParticipant
leaveContext() >: rggtcoonn;eex)(tz)z myContext:
:P Context

| .
!removeParhmpant(ltarget): contextCompleted()

|
:P setContext(null) E)

- ' | = McGill
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Complex Example: Recovering

r_

aspect Acces

structural vien

state view IAc

Ste

me

=l

aspect Recovering depends OutcomeAware, Checkpointing l

cem— t Chec Y 1 IRecoveringParticipant =~ e
| structural view IRecoveringParticipant | | ][ ontext |, IRecoverable nointable
aspect C [ structural viev [ eI e m Cmm————— = 1
+ createAndEnterContext() | [+ Im(.) | [-contextCompleted() | Controlling :
structurai + voteAndLeaveContext() Cip ant \
— Cl OutcomeAware instantiation | | | | ————-o _ !
Cl inting.Cl ontext — OutcomeAware.ContextWithOutcome — _——
@ RecoveringContext RecoveringContext |
Copyable.IC cl inting.IC inti tici o 10 ollingParticipant — n e 1
IRecoveringParticipant IRecoveringParticipant e [Rp— |
inting.IC i -
— | state view ICI IRecoverable -
+ creatt ing e() —
state view R ontext depends on Cl ontext, C Outcore | -
+ voteA P e0) -
— ‘ IActive
. — Pointcut Advice —
state vie\ | [ copyable.ic \
(e ) (Caeve ) | [ nae ) AfterVote
ICopyabl Acti
— F | context | ‘ context /h ctive — -
ICopyabIe removeParticipant Completed, " ‘ctive :
Undeci - Completed ‘ ICompleted removeParticipant : =
‘ Context binding JE— 1
— state view Stz — - Active — Context.Active —
state vie < c ting.Cl Context Idle - Context.Idle
Cl ontext.Active — C — Context.C
CheckpointingContext.ldle — Idle 3
inti ontext.C - C o] A ContextWithQutcome instantiation
cli intingContext.Ri Allowed — c ithOutcome.L ided — —
di dL Completed ContextWithOutcome.Decided — AfterVote
Iscar I
state view IRecoveringParticipantis IOutcomeControllingParticipant | o= ---------bo
Id! i | lidle, IWorking |
7777777777777 S m—
. state view IRecoverable is ICheckpointed | —e----—————o— L -1 4
m viev !
essage vie T ay ccessClassified 1
,,,,,,,,,,, - |
— - - — ————— ... 1 - e - - - ——j— .
Con t message view prepareRecovery is Checkpointing.checkpointMethod l i lcaller
! Icallee, Im /
IC e LN (N —— .
I
IConte view createAndE ontext is Outcor ontext ] 1' i ]airééti - i |Work|ng :
—_— ! ICaller, Icaller | === p— -
messag cla [message view voteAndLeaveContextis OutcomeAware voteAndLeaveContext
clone.l |dependsonCl inting binds contextCompleted
— e -
clone( a leaveContext | L Gallr oaller | —
cl overrides O Aware.voteAndLeaveContext.Context.leaveContext ii [P beipd Rt B I n dl n
leaveContext.Itarget —+ OutcomeAware.Itarget ] _| -7 _g
message . leaveContext.ICaller — " m *
message viev o A ingParticipant ing ) Any —
leaveContext.Icaller - OutcomeAware.ltarget — *
Icaller: ICall L _ack .
" i view contextC depends on O [ . ](;(;n;e; B i
i 1
: [ Pointcut \ Advice ! (Caller, lcaller ! o I—
\ O _l
| Icaller: ICaller Icontext: ‘ Icaller: ICaller Icontext:
I ' RecoveringContext ' RecoveringContext ’
| ! contextCompleted() 1 ‘ | contextCompleted() ! )
N —_—> | —_— —_
I B ! ! outcome := getOutcome() |
message vien Cl inting.restoreCl 14’1
Cont restoreCheckpoints.Icontext - myContext opt [outcome = negative] !
_ Icaller: ICall restoreCheckpoints.ICaller — ICaller 1 restoreCheckpoints() ! ack
lea i restoreCheckpoints.Icaller — Icaller h ’1 i
]
1 T . 1
lea o] ing.leaveContext binding o
lee Itarget = Checkpointing.leaveContext.myContext
— ICaller — Cl inting.Cl intil ontext
" Icaller - Checkpointing.leaveContext.myContext — /
T

- -
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Base Model: Structure View

Thread Account
int balance
+ Thread create() | | + Account create()
+ destroy() + destroy()
+ withdraw(int amount)
+ deposit(int amount)

Recovering instantiation
Recovering.|IRecoveringParticipant - Thread
Recovering.|IRecoverable - Account

IRecoveringParticipant.lidle - Outside
IRecoveringParticipant.IWorking - Inside
Recovering.IRecoverable instantiation
IRecoverable.BeforeM - Account.Ready

IRecoverable.AfterM - Account.Ready

T McGill
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Woven Model: Structure View

Stack

+ push(Account €)
+ Account getLast()
+ discardLast()

myStack

Account Trace
+ Account create() ;bj + create(Method m, Kind k, Account t)
+ destroy() + boolean wasAppliedTo(Account t)
+ withdraw(int amount) + boolean isModify()
1 + deposit(int amount) 0..*/\ elements
—— - Kind getAccessKind(Method m)
- Account clone() _
- copyState(Account from) TraceList
- Trace createTrace(Method m)
0.* | - establish() + insert(Trace t)
- restore() + Trace[] findTraces(Account o)
- discard() + Trace[] getTraces()
1/ myTrace
Context
Thread + Context create()
+ destroy
+ TransactionContext getContext() 0..1 - addParticipant(Thread t)
+ setContext(TransactionContext c) participant - removeParticipant(Thread t)
+ beginTransaction() - Outcome getOutcome()
+ commitTransaction() myContext |~ setOutcome(Outcome 0)
+ createContext() 1 - boolean wasModified(Account obj)
+ leaveContext() - Account[] getModified()
- addTrace(Trace t)
- addTraces(Trace t[])
- Trace[] getTraces()
- removeTrace(Trace t[])
- restoreCheckpoints()

T McGill
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Base Model: State View

sd Thread /
‘ createAndEnterContext
create
Recovering instantiation
Euside m . ecove g sta .ta.to
Recovering.IRecoveringParticipant -» Thread
destroy .
voteAndLeaveContext (_Bmmw
@ Recovering.IRecoveringParticipant instantiation
—|— IRecoveringParticipant.lidle » Outside
sd Account / IRecoveringParticipant.IWorking - Inside
create | Withdraw Recovering.|Recoverable instantiation
E g IRecoverable.BeforeM = Account.Ready
cacy IRecoverable.AfterM -» Account.Ready
destro \. J
y .
deposit
@

T McGill
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Woven Model: State View

sd Context /
create?
M ( Instantiated . )
create push/size++ push/size++ L .
Ve N\ / addParticipant 1
. 1
getLast[size>0] Ready | [ Established | 4 N i
. . . N J | tModified
- setOutcome | getModifie
discardLast[size>0]/size destroy |, discardLast/size-- getLast Idle j N\ ' Q
1
@ BeforeVot\e_}TD [ AfterVote ] ! [ Any
1 \ ﬂ
context remove addTrace  addTraces | wasModified getTraces
sd TraceList / . sd Trace / . Completed \ Participant ! 9
1
create insert cr%’éesAppliedTo restoreCheckpoints i
1
removeAll : 1
switchTarget Completed 2 !
getAll Ready Ready P .
findModified getKind
) destroy
destroy findTraces destroyo getTarget
Account / Thread [
create? ?create
Instantiated ( Instantiated | )
' createAnd p _ ~ )
createTrace withdraw | establish EnterContext Inside !
1 1
1 1
! setContext m !
| teAndLeave | | Any
) ) Vo
getAccessKind  deposit | discard ~ restore Context !
L 1
. . tContext
destro \l, Leaving [«<——F{ Votin [
v setContext leave |
@ Context \ J
destroy

T McGill

COMP-667 - AspectOPTIMA - Part 2, © 2012 Jorg Kienzle 27




Base Model: Message View

| t: Thread |

; CreateAn

EP withd

a: Account | b: Account |
dEnterCqgntext()

I
raw(100)!

p|  deposit(100)

: voteAnd LeaveCon:text(o)
|

P

-

_|_

Recovering instantiation
Recovering.IRecoveringParticipant - Thread
Recovering.|IRecoverable » Account
Recovering.IRecoveringParticipant instantiation
IRecoveringParticipant.lidle » Outside
IRecoveringParticipant.IWorking - Inside
Recovering.IRecoverable instantiation
IRecoverable.BeforeM =» Account.Ready
IRecoverable.AfterM - Account.Ready

T McGill
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Woven Model: Message View

a: Account | | b: Account
createAndEnterContext() |
e : |
|
|

| newContext :=:create() newContext:

| + + . .
TransferContex

: addParticipani(t) : ansferContext

&)ntext

' + + >
! setContext(newI/Context)
| |
4 — | | . i
- myTrace: Tracel.ist
__Ef) : myContext :=:getContext() y_race: lraceLis
< I : secondTimq'a := wasModified(g) . :
8 | : ' - ops := findTraces(a) ,

T

loop [t within elements] /

include := wasAppliedTo(a)
>

Tracing

I
I
I
I
I
I
I
:
: ' |
I
I
I
I
I
I
I
I
I
I

I
|
|
|
|
r
|
s

Involved Aspects

loop (i within o S, found::trué .
P i within op 1/ [TiTrace |

! found := isModify() | .
N »:

+
|
T

t
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T

T

|
|
|
|
l
A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

;
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
lp

opt [not secondTime] /
establish() :

Checkpointing

29

|
|
T
| |
T I I
() | I | . I
o : : newCheckpointi := clone() I myStack: Stack :
© ! ' I
- | | | |
c I I newCheckpoint := create ! I _
5 | | = 0, : +#| newCheckpoint: Account
I I I I
g’ I I copyState(a) | I : I I
g | | | | ' | »I
: : push(newChecI%point) : : : : °
0 | s (G111
| N 1
| | | | ¥ 1
:tracedOp := crdateTrace(withdraw) I : : \?/ -~
1
|
|

»| tracedOp: Trace |




Recursive Weaving Algorithm

* Depth-first recursion through aspect tree, weaving lower-level aspects
into higher-level aspects according to instantiation and binding directives

e Details in one of our papers

Bindings Instantiations

[Aspect A+B+C+D+E+F]

A—B E—-A
A—-D B—A

Bindings Instantiations Instantiations Bindings

Ao B pr— [Aspect ]-3+C+Dj [ Aspect E+F ] FoE EoF

Bindings Instantiations i i

A—C D-C (Aspect C+D] [ Aspect F ]

B C @

[ Aspect D

T McGill
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Consistency Checks

* When creating the aspect model, consistency checks are performed among
VIEWS
e Standard consistency checks
* 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 structural views, bindings and instantiations defining mappings of the same structural
entity must be consistent.

» For state views, bindings and instantiations at a “higher” level must designate the same state or
substates of the bindings of the “lower” level.

» For message views, bindings at a “higher” level must match a subset of messages of the
bindings of the “lower” level.

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 in the
woven sequence diagram with the protocol defined in the state view of the corresponding class

(model checking)
T McGill
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Conclusion

e Reusable Aspect Models (RAM)

» Aspect-oriented modeling approach integrating class diagrams, state
diagrams and sequence diagrams

* Reuse 1s safe (mandatory instantiation parameters) and flexible
(optional bindings)
e Support for elaborate dependency chains
 Weaving algorithm recursively resolves dependencies to
create independent final model
e Elaborate consistency checks

* Model-checking of conformance of sequence diagram and state
diagrams

" McGill
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Other Work

e RAM also provides

e Conflict resolution aspects

* Feature diagrams to select variations
e Prototype tool

* Implemented in Eclipse/Kermeta

To download papers, the Aspect] implementation or the RAM models of AspectOPTIMA
http://www.cs.mcqill.ca/~joerg/AspectOPTIMA/AspectOPTIMA.html

(or just google AspectOPTIMA)

T McGill

COMP-667 - AspectOPTIMA - Part 2, © 2012 Jorg Kienzle 33




AspectOPTIMA References

Aspect-Orientation

[1]J. Kienzle, Ekwa Duala-Ekoko and S. Gélineau, “AspectOPTIMA:A Case Study on Aspect
Dependencies and Interactions”, Transactions on Aspect-Oriented Software Development, in press.

[2] J. Kienzle and S. Gélineau, “ AO Challenge: Implementing the ACID Properties for Transactional
Objects”, in Proceedings of the 5th International Conference on Aspect-Oriented Software Development -
AOSD 2006, March 20 - 24, 2006, pp. 202 — 213, ACM Press, March 2006.

[3]J. Kienzle and R. Guerraoui, “ AOP - Does It Make Sense? The Case of Concurrency and Failures”, in
16th European Conference on Object—Oriented Programming (ECOOP’2002), Lecture Notes in
Computer Science 2374, (Malaga, Spain), pp. 37 — 61, Springer Verlag, 2002.

Open Multithreaded Transactions

[4] M. Monod, J. Kienzle, and A. Romanovsky, “Looking Ahead in Open Multithreaded Transactions”, in
Proceedings of the 9th International Symposium on Object and Component-Oriented Real-Time
Distributed Computing, pp. 53 — 63, IEEE Press, April 2006.

[5]J. Kienzle, Open Multithreaded Transactions — A Transaction Model for Concurrent Object-Oriented

Programming. Kluwer Academic Publishers, 2003.
¥ :
w McGill

COMP-667 - AspectOPTIMA - Part 2, © 2012 Jorg Kienzle 34




