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the contest
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The DisCComp Team

Introduction

Affiliation

— TU Clausthal, Software Systems Engineering Group (formerly
known as Software Architecture Group from Kaiserslautern)

Members
— André Appel, Holger Klus, Andreas Rausch, Sebastian Herold
Component Approach

— DisCComp: A Formal Model for Distributed Concurrent
Components

Specification Technique
— UML-based, OCL-based
Experiences

— Seamless UML software/system modeling
— Software architecture in general
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DisCComp: Introduction

The DisCComp Approach

SSE

DisCComp: set-theoretic formalization of
distributed concurrent components which allows
— synchronous and asynchronous messages

— a shared global state

— dynamically changing structures

} time } >

i<msg a>

- i1 T String s = ,Bye!”
I ? String s = ,Hello!“ ﬁ) 9 y

comp A comp A
[thread y]
Iz?intb=3 'ZCFintb=5 ?3
comp B comp B comp C

[thread x] [thread x]




DisCComp: The System Model ==F

The DisCComp Approach

* Instances in a system s:

Instance, := System U Component, U Interface U Attribute, U Connection, U

Message, U Call, U Thread, U Value,

* The system state

— Structural state

alive, := Instance, - BOOLEAN
assignment, := Interface, — Component,
allocation, := Attribute, — Interface,

connects, := Connection, — {(from, to) | frome Component, U Interface_, to € Interface, }

— Valuation state

valuation, := Attribute, = Value,




DisCComp: The System Model ==F

The DisCComp Approach

* The system state snapshot e
— Communication state |<msg 2>
evaluation, : Interface, — Messages* i'? String s = ,Hello!"
comp A

— Execution state

execution,_ : Thread, — (Interface X Call )’

intb =3

comp B

* The system’s overall state at some thread ]

point in time e is denoted as snapshot:

evaé’umﬁiﬂnf (i) = (a)
e . . e . e . e e
snapshot. : alive, X assignment. Xallocation, X connects, X

valuation; X evaluation; X execution,




Thread Behaviour: What Happens Between Snapshots?

The DisCComp Approach
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snapshot e snapshot e+1

¢<msg a> Execution of x has led to

following changes:
iﬁDString s = ,Bye!"| change is.s to ,Bye!"
increase b by 2
comp A create C
[thread y] create iz and assign itto C
create connection i;<->ij3
! call iz.foo()

a = a : |
Izﬂsintb=3 'Z%ntb=5 \“?3

comp B comp B comp C
[thread x] [thread x]

i1 ? String s = ,Hello!"

comp A

1
e evaluationEJr i.)={},j=123
evaluation ¢ (iy) = (a) J

. e+l . )
execution? (x) = ((iz’ m())) executiong (x) = ((’2”"())’(13’ f000)))

+1
execution;z (y) = (({,m,))

A thread is selected for execution (runtime environment).

Pending asynchronous messages are processed, threads are created.

Changes, the threads requires, are computed by:

behaviour, : Thread, X Snapshot, — Snapshot,




System Behaviour: Composition of Thread Behaviours |==°

The DisCComp Approach

* Operator to replace elements in sets (relations):
X <Y ={alaeYv(ae X rx,({a}))nz,(Y)={})}

 Composing the system behaviour (=computing
the next snapshot)

e+l
s

next _ snapshot(snapshot’) := snapshot‘" = (alive‘"' ,assignment*',...) with
alive™ = alive® < (1r,(behaviour(snapshot!,next _thread())) < 7r,(message _ execution(snapshot’)))

assignment*' = assignment’ < 7,(behaviour(snapshot: ,next _thread()))

e+l
s

allocation.” = allocation; < 7,(behaviour(snapshot;,next _thread()))
connects' = connects¢ < x,(behaviour(snapshot’ ,next _thread()))
valuation®™ = valuation® < 7ts(behaviour(snapshot; ,next _thread()))
evaluationf+1 = evaluation; < 7t,(behaviour(snapshot; ,next _thread()))
execution’ = execution’ <

(7, (behaviour(snapshot: ,next _thread())) < x,(message _ execution(snapshot;)))




DisCComp Specifications

The DisCComp Approach
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Staticd?°mp°”e”‘ structure » State of the DisCComp specification art
component diagram
comp evcsuroes | 5 — Remember: current state of
() = specification technique does not reflect
L1 %g the state of system model (synchronous
[+ method calls)
— Srassures — UML1.x->UML2.1
i«requires» — specification of pre-/post-conditions
causes massive overhead
OCL specifications of contracts of required interfaces * M d | n idea .
textual specification of component behaviour (assured - Static description: UML Component and
Hesp intorfoes) s class diagrams

check for refinement — Abstract behaviour description of
| | required interfaces by using OCL

Pre:... Pre:... invariants, pre- and post-conditions
s g — Textual (imperative) behaviour

generation specification of assured interfaces

if'f"‘*f — Generation of pre- and post-conditions
A N\ for assured interfaces by analyzing
r imperative specifications, when wiring
E SRR components

do(this)
do(that)




Static View: Component Diagrams

The DisCComp Approach
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==

OuterComponent

InnerCompA

ifo1 r[*]
ty

<eBssuess>>ifd1[1]

_E

ifat1[*]

ifa2[1]| «<csssuesz>>

IFEE R
POIRESS>

—

roleB : InnerCompB

IFB1
<<assures>>

ifb1[*]

ifo2[*] <<delegate>>
ifc1r[*] —
IFB2 ifb2[*]
IFC1RLr|<<requires>> ~sassures>>

N
ifc1r[*] ‘;L‘

<<assures>>

O

IFD1

IFB2

IFC1¢<<requires>>




Textual Specification of Interface Behaviour

The DisCComp Approach
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Focus here: extend existing fine-grained language by
introducing some keywords with defined semantics.

For example, creating instances:

— 1fInst : IfType = NEW INTERFACE IfType [CONNECT BY
ConnType]

Create new interface instance of type IfType. Assign it to the “current
component”. Connect it with current interface (optional).

— connInst : ConnType = NEW CONNECTION ConnType TO
1fInst

Create new connection between the current interface and i fInst. Types must
be consistent to the component and class diagrams.

Return values:
— CONNECT ifInst TO CALLER AND REASSIGN

Leave method, return to calling interface, and leave 1£fInst to the calling
component.
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21U Clausthal | Modelled Cutout: Use Case ChangePrice
Introduction The DisCComp Approach The Modelled CoCoME Cutout Conclusion
sd  UC 7:ChangePrice )
:Manager :TradingSystem::Inventory::GUI::Store :TradingSystem::Inventory::Application::Store :TradingSystem::Inventory::Data::Store :TradingSystem::Inventory::Data::Persistence

[ [ [ [ I
Select product and enter new : : :
price read selected product | | |
into stockltemTO:StockltemTO | | |
| , | | |
| changePrice(stockltemTO) I I

| getTransacti{)nContext()

| tx:TransactipnContext

(| | r-————~>~>"~>"~7"777—
I ' I I
| tx beginTransaction() | |
I I I
I queryStockltemByld(stocklitemTO.getld()) | I
I I
I si:Stockltem I
I I I
| . ‘ | |
| si.setSalesPrice( | |
| stockltemTO.getSalesPrice()) | |
I I I
| result=fillProductWithStockltemTO(si) | |
I I I
I ) I I
| tx.commit() | |
| result:ProductWithStockltemTO | |
I I I I
I I I I
1 1 ) ) )
Modelling CoCoME with DisCComp
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Inventory System at Runtime (DisCComp Snapshots)
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* Simplified behaviour (without technical
if comp gui: if comp gui:
to1:StockltemTO GUI::Store to1:StockltemTO GUI::Store
id =48 . id = 48
<call changePrice(s)> I |
____________ | S
comp app: ! comp app: if
if sif-Storelf App::Store if sif-Storelf App::Store ~ | to2:StockltemTO
[thread x] I : id =48
s JI_ ______ 1
<call queryStockltemByld(48)> JI
fpihint A
comp data: : comp data:
if qif:Store- Data::Store if gif:Store- Data::Store
Querylf Querylf [thread x]
if if if if
s1:Stockltem s2:Stockltem s1:Stockltem s2:Stockltem
id = 44 id =48 id=44 id =48
snapshot e snapshot e+1
17
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Static Specification: Atomic Components
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Contained in
Inventory::Application

<<assures>>

<<component>>
ventory::Application::Store
productWithStockltemTO[*]

storelf

resp. Inventory::Data

<<component>>
Inventory::Data::Store

L]
]

transactionContextR[*]
persistencelfR ~ persistenceContextR[*
1 1

<<requires>>

PersistencelfR PersistenceContextR

TransactionContextR

<<assures>>

storeQueryIf[]—O
stockltem[*] []—O

) stockltemTO[*] [ ]
storeQuerylfR  transactionContextR[*]

persistenceIfR stockltemR[*] persistenceContextR[*]

‘ <<requires>>
Per3|stenceContextR

StockltemTO

PersistencelfR Stoc
StoreQuerylfR TransactlonContextR
StoreQuerylf /
Stockltem
Assured by

Inventory::Data::

Persistence

02.08.2007

Modelling CoCoME with DisCComp
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Textual Description of Required Interfaces

The Modelled CoCoME Cutout
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INTERFACE StoreQuerylfR
METHOD queryStockltemByld(long sld): StockltemR
Pre:sld>=0
Post: let queriedltems : Set(StockltemR) = stockltemR->select(s|s.getld()=sld) in
if queriedltems->notEmpty then
result = queriedltems->first();
else
result = NULL
endif
END METHOD
END INTERFACE

INTERFACE StockltemR
METHOD getld():long

Post: result = self@pre.getld()
END METHOD

END INTERFACE




Textual description of Assured Interfaces

The Modelled CoCoME Cutout
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INTERFACE Storelf

METHOD changePrice(StockltemTO stockltemTO) : ProductWithStockltemTO
result : ProductWithStockltemTO:=NEW INTERFACE ProductWithStockltemTO;

pctx : PersistenceContextR:=persistencelfR.getPersistenceContext();
tx : TransactionContextR :=pif.getTransactionContext();

tx.beginTransaction();

si : StockltemR := storequerylfR.queryStockltemByld(stockltemTO.getld());

IF (si '= NULL) THEN

//copy data to result object if si I= NULL

CONNECT result TO CALLER AND REASSIGN;

ENDIF
RETURN NULL;
END METHOD

<<assures>>

<<component>>
ventory::Application::Store
productWithStockltemTO[*]

storelf

stockltemTO[*] []
storeQuerylfR  transactionContextR[*]

persistencelfR stockltemR[*] persistenceContextR[*]

[] [] [] []
<<requires>>
PersistencelfR StockltemR PersistenceContextR

StoreQuerylfR TransactionContextR

StockltemTO
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21U Clausthal | Hierarchical Components
Introduction The DisCComp Approach The Modelled CoCoME Cutout Conclusion
<<component>> <assuress>
<<component>> applicationLayer : Inventory::Application <<delegates>> |~ <<assures>>
Inventory r1 O {1 O
ProductWithStockltem
Contain atomic 0
components from (1] []—OH
previous slides. Storelf
. n[F—C——1—O
PersistenceContextR
PersistencelfR  StoreQuerylfR StockltemTO
[1] ["] [1] ["]
({1

<<component>>
datalLayer : Inventory::Data

L]
]

TransitionContextR

<<assures>>

@)

TransactionContext

[ @)
Persistencelf
N @),

PersistenceContext

L1

1

)

)

StoreQuerylf

Stockltem

StockltemR

<<requires>>

Modelling CoCoME with DisCComp
©Sebastian Herold



L Ss¢€
.TU Clausthal
Introduction The DisCComp Approach The Modelled CoCoME Cutout Conclusion
Conclusi
Modelling CoCoME with DisCComp
02.08.2007 22

©Sebastian Herold



SSE

Summary and Experiences

Conclusion

* DisCComp provides a formal model for distributed
concurrent components

— Supports asynchronous and synchronous
communication (as required in CoCoME)

— Specification technique partly based on UML and OCL,
modular specifications by contracts

* Lessons learned

— Adequate specification technique: we modelled the
cutout rather quickly (compared to early DisCComp
specifications)

— We were able to model the functionality of the cutout
in terms of DisCComp

— OCL is troublesome




Limitations and Future Work ==€

Conclusion

* Limitations
— Non-functional properties are not considered

e Future work

— Semantic foundation of specification technique has to
be completed

— Generation of pre- and post-conditions: what is
possible?
— Extend tool support

» Specification tool Designlt has to be modified according to
new specification technique

e Extension for generation as mentioned above
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Thank you for your attention!

el

Any Questions g
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