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Rapid Prototyping of
Distributed Software Systems

o Goal : improve quality of such systems.

o What do we need ?                    CASE environments !
l Integrate knowledge within tools,

l Integration existing legacy software systems.

l based on formally defined modeling languages.

l using a methodology.

Step 1 : system specification,

Step 2 : system design or modeling,

Step 3 : model checking and validation,

Step 4 : program or code generation,

Step 5 : prototype testing,

Step 6 : application deployment.

We need a glue language

UML...

ADLs

Petri Nets...

ODP
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The LfP formalism and methodology

o LfP : Aspect oriented graphical specification language dedicated to the

                  Rapid Prototyping of concurrent systems.

o LfP Prototyping Methodology

LfP

Reformulate

Automatic
Code Generation

Formal
Verification

Formal debug

Tests

Tuning

Automatic
synthesis

programs

Formal
spec.

(Petri nets)
Refinement &

Enrichment

UML specification
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o The functional view         application control flow (behavior)
                          ( ONE diagram )

The Structure of LfP

LfP Classes : components in an application

LfP Media    : dedicated to communication

LfP
building blocks

UML instanciable Classes

UML Association, Aggregation or Composition

use LfP-FSM (Finite State Machines)
 to describe control parts in a system

o The property view                expected properties in the specification
                                                                 ( local or global )

scheme for generating formal specifications.

o The implementation view             code generation directives

l distributing components on a given target architecture

internal
external

code has to be generated
only interface adapters are generated

l define if a component is

l target programming language and execution environment
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The LfP - FSM

o LfP - FSM :
l notation close to Petri nets but :

l abstract parts of a system :

l define an execution context  (variables)

“ Main FSM ”         execution contract of the Class
“ Role ”                  alternative behaviors
“ Method “             execution contract of a Class Method

      Class : 

communication protocol of the Media

interaction contract between : Media and Classes
       Media :  “ Main FSM ”

l nodes ( LfP entities ) “ wired ” together in a FSM network.

- have higher level abstraction.
- may be hierarchically composed
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Elements of a LfP - FSM

B E G I N F I N A LStates :

L O O P< i <= 5 >
i := i + 1;

[ j > 1 ]

guard condition

post condition
statementTransitions :

L O O P transition name aliasS-Transitions :

a d d _ d at a sub-net nameH-Transitions :

barrier nameW a i t _ f o r _a l l
( 5 ) barrier cardinalityBarriers :

v a r i a bl e . l o c k
( 4 )

protector name

protector cardinalityProtectors :

binder name

r e c e i ve rR P C _ m e di a . r e c ei v e

reference to a Binder
Binders :

target Class
nameS e r v e r Cl a s sFactories :
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Small Example : A shared pool of objects

o The UML class diagram of the system :
Server

"+" add     (int key, opaque data)
"+" read    (int key) : opaque
"+" delete  (int key)
"+" modify (int key, opaque data)

Client 1..*0..*

o The Main LfP diagram :
   model_name :=  'database example' ;
   author := 'Dan Regep' ;
   version := 0.9.0 ;
   comments := '' ;
   UML_model := 'example.mdl' ;
   const MAX_SERVERS := 10 ;
   type index is integer range 1 .. 10000 ;
static instances :
   Client with HID in range 1.. 3 ;
   Server with HID in range 1 .. 10 ;
properties :
   ....

Client Server

RPC_stub RPC_proxy DataPool

Behavior constraints :
add, read, delete and modify         mutual exclusive

add, delete, and modify                  unary self exclusive
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Small Example : A shared pool of objects (2)

o The LfP functional diagram of the Server Class
messages :
 from RPC_proxy.receiver :
   inout add  (in index key, in opaque data);
   inout modify (in index key, in opaque data);
   inout delete (in index key);
   inout read (in index key, out opaque data);
 from DataPool.input :
   inout set (in index key, in opaque data);
   inout get (in index key, in opaque data);
internal methods ;
procedures ;

add

Main FSM

modify

read delete

context :
 shared readers := 0 is integer range 0 .. MAX_SERVERS;
 shared writers := 0 is integer range 0 .. 1;
 local HID is integer range 1 .. MAX_SERVERS;
 local data is opaque ;
 local key is index ;

w a i t _ f o r _a l l

B E G I N

R e a d ya d d

m o d i f yr e a d

d e l e t e

o The main FSM of the Server Class
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Small Example : A shared pool of objects (3)

o The         method FSMadd

writers.look

< writers = 1 AND
readers = 0  >

 msg = ’set'
msg.key := key;

msg.data := data ;

< msg = 'add' >
key := msg#1;

data := msg#2 ; writers ++; writers - -;

< writers = 0 AND
   readers = 0  >

RPC_media.receiver
(synchronous) RPC_media.receiver

DataPool.input

( 1 )

FINALBEGIN
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Small Example : A shared pool of objects (3)

o The contract of a LfP Media

context :
  local clientID is opaque ;
  local msg_name  is opaque ;
  local msg_arg  is opaque ;

binders :
  sender is bounded to RPC_stub.receiver :
       synchronous ;       
       multiplicity := all ;
       messages :
            in add (in index key, in opaque data);
            in modify (in index key, in opaque data);
            in delete (in index key);
            in read (in index key, out opaque data);

receiver :
     synchronous ;       
     multiplicity := 1 ;
     messages :
       out add (in index key, in opaque data);
       out modify (in index key, in opaque data);
       out delete (in index key);
       out read (in index key, out opaque data);

msg.discriminator.destinationID := clientID ;
msg := msg_name ;

msg.arguments := msg_arg ;

B E G I N

clientID := msg.discriminator.sourceID
msg_name : = msg;

msg_arg := msg.arguments

s e n d e r

s e n d e r

r e c e i v e r
msg := msg_name ;

msg.arguments := msg_arg ;

msg_name := msg
msg_arg := msg.arguments

r e c e i v e r
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Code generation strategy
from LfP specifications

o Strategy               ODP
(Computational, Engineering and Technological views)

l LfP Classes Computational objects

l LfP Class Instances Basic Engineering Objects

l LfP Binders Binding Points

l LfP Media (1 or more) Channel

l Partition (+ partition manager) Cluster   (with a cluster manager)

l Application (+ application manager) Capsule (with a capsule manger )

l Executive (middleware) Nucleus

o UML component and deployment diagram information can be reused and enhanced.

o There is a compete separation between design and implementation.

o A similar approach is used for Petri net synthesis (for formal proof)
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Conclusions & Future Work

o LfP is formally defined !
l Unambiguous behavior description

o LfP is suitable for :
l Formal Verification (using Petri nets)

l Automatic code generation

o Assessment on two case studies
l Conveyer system (Monterey Workshop)

l The BART case study

o Lessons learned: introduction of some useful modeling
concepts (according to methodology)

o Tool implementation to be done (prototyping CASE environments)


