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Overview / Topics

m Background

® Recursive design process and
model compiler’s role

m Metamodel-based model compiler
design

= Requirements
m Structure
= Control
m Future enhancements
m Conclusions and observations
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Background

@.

m Why develop a model compiler?
» Off-the-shelf model compiler not available

= CORBA / Java implementation
environment

m Why develop a metamodel-based model
compiler?

= Approach supports “natural partitioning of
work,” understandable

= Reuse on future projects
= An eye toward a family of compilers
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Characterize the System

Cambridge Technology Partners

Recursive Design Process
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Deflne Conceptual
Entities of the
Architecture

=

Define the Theory
of Operation

Source: S. Shlaer and
S.J. Mellor, “Recursive
Design of an Application-
Independent Architecture,”
IEEE Software, Jan. 1997,
pp. 61-72.
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Recursive Design Process -
Continued

Generate
% Populate Code
The Architecture

Collect
Instance Data
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Model Compiler’s Role

RD Process Model Compiler Impact

Characterize the system -

Define conceptual entities |Implemenation form ( code or
data)

Define theory of operation -

Collect instance data OOA mapping, coloring,
allocation

Populate the architecture |Architecture metamodel
population

Build the archetypes Archetype structure

Generate code Archetype processing

’
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Code Generation Through
Translation - Concept

OO0OA Model Compiler

0]
»
Source
Code
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Code Generation Through
Translation - Metamodel Based

Model Compiler

Model Software j Source Code
Translator Architecture Translator
| Metamodel '
Software Architecture
Entity To Implementation

Entity Translation Rules

OOA Entity To
Software Architecture
Entity Translation Rules

-
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Model Compiler Requirements and
Implementation Environment

" Project tool, not a commercial compiler

Two target languages: CORBA Interface
Definition Language (IDL) and Java

OOA Models captured using BridgePoint
visual modeling tool (Version 4.0)

= OOA metamodel
= Archetype language

Project Technology DesignPoint TinyJava
BPAL components

’
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Model Compiler Subsystem
Relationship Diagram

<<Subsystem>>
OOA-Architecture
Mapping
\— — \ I
<<Subsystem>> & s
OO0OA <<Subsystem>>
Metamodel [ Software
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ I = Architecture Metamodel
;;;;;;;;;;;;;;;;;;; <<Subsystem>>
| OOA Coloring ™
<<Subsystem>> |
Compiler
Control
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OOA-Architecture Mapping
Subsystem
Representative entities: 2 MLy L
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OOA Coloring Subsystem

Representative entities:
= Domain coloring (parent package)

s Object coloring (pooled, initial pool
size, distributed, replicated, adapter,
conforming) T, w0 PR,

= Attribute coloring (color, size, HAEL
precision, scale, array)

s Event coloring (pooled, initial pool
size)
m State coloring (logged in final state)

= External entity coloring (conforming,
server package, server adapter
class)

’
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Software Architecture Subsystem

Representative entities:

= Data type (native,
constructed, object
reference, enumerated) S
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= Domain object (passive,
active, adapter, initialization) e

= Finite state machine
m Object state

= Domain event

m Event

m Supplemental data set
s External entity adapter
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Model Compilation Process

o®o Initialization

: ° Population of OOA metamodel, including BPAL
L‘ 5 Population of software architecture metamodel

= Software architecture subsystem data types

= Mapping and coloring subsystems

= Remaining architecture subsystem entities

Production of source code

= Java, including translation of BPAL actions
= CORBA Interface Definition Language

= Make scripts

Cleanup and gathering of statistics

’
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State Model State Subset
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Example Object Information Model

FaneslMode L
{3, de_FM}
Fanelfodel IO 3 unigue_id iI%
Mode lHumber = integer
Fanel ModelMame @ =tring
{1,dp_FZ} Rz MaxPower @ integer
- - 1..% 1Laml:-lla|:-aclty integer
Fanel_ID @ wunique_id {Iko=- -
Hame 1 =trin ) : has_twpe is_of_tupe
FPane lMode 1_I unigue_id {RZZ}
l..%| zan_be_installed Fane lLampMode |
1 is_installed_in €5, dp_FLIY}
LampMode l_I0O ¢ unigue_id f{I.Ed2
R i FanelModeT_I0 : unigue_id <I.R4}
has_installed
1..# can_have_installed
1..#
Lamp
{2,dp L2} LampMode L
- 5 {4,dp_LMZ
Lamp_ID 1 unigue_id {I} - -
Color @ LampColor LampMode L_ID : unigque_id {I%}
Label = Etang Tt R3 1 [Hede Humber & integer
Endel:lhampﬂn_e o FrEE h.. 7 gndelHame % =tring
ane Tounique i ] as_tupe i ower @ integer
LampMode L_IDO : unique_id LR3Y is_of_tup
current_state
statedState_Model
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Example State Model

1 0 Inoperable

entry/
Generate dp_L2 to self;

entry/
Generate dp_L3<Mode:
"Steady') to self;

3. ON

entry/
Generate dp L2 to self;




Preexisting Instance Population

FiniteStateMachine
{1,5A_FSHY
R¥ 15 FiniteStateMachine_ID @ unique_id {1}
wpe @ skring
provides
mapping
for
1] iz managed by
F1
manages
B..1
ObjectState
{2,5A_053
ObjectState ID 1 unjigue_id, 3 LI}
FiniteStateMachine_I0 : unique_id {R1}
R&
L iz abstraction of
R2
By iz detailed by
State
{3, 5A_STATEY
State_ID : unigue_id I
Hame & string
Humber 1 Lnteaer 3 2
ObjectState_I0 @ unigue_id {RZ2}
Tupe @ strina
{disjoint, completel
R2
provides
napping
for
1
Mode ledState SustemDef inedState _
{4,5A_SMS2 i5, SFI_SDS) Fredef lnE'dStatE'
B, .4 R4 1 &, SH_APS}
8 1St:aut: ID = unique_id {I.R2% Sta ID = unique_id R2}|ee
== 1l{=Fin3l : boolean Prede?LnedState I0 @ unigue_ Ld IER4} defines . . PredefinedState_I0 :
Llops |LEDeletion @ boolean it instance offunigue_id T
EFAL_Action_id : unique_id Hame H strlng
isLoggedFinal : boolean Humber @ integer
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Populated Example Preexisting
Instance Object

State

State ID | Name Number | Type
08 _UNDEFINED 0 SystemDefinedState
99 _DONOTCARE -1 SystemDefinedState PredefinedState
100 _CANNOTHAPPEN | -2 SystemDefinedState Predefined | Name Number
101 Inoperable 1 ModeledState State_ID

1 _UNDEFINED 0
102 OFF 2 ModeledState

2 _DONOTCARE -1
103 ON 3 ModeledState 3 —CANNOTHAPPEN | 2
104 Service 4 ModeledState /r

ModeledState SystemDefinedState
State_ID |isLoggedInFinal State_ID | Predefined
101 False 55 itate D
102 False
99 2

103 False 100 3
104 True
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Mapping And Colorin

State Model
{11,5M_5H} StateﬂodelFlnLteStateHachLneﬂﬁaglng
- - AM_SHY Fin
SM_ID ¢ wnique_id I} Ro
1 1 SH_ H unlﬁ . £I,R9} —
FLnLteState acﬁLne ID = unigue_id LI,RF} 1 R 1 FiniteStateMach
iz Maps Type @ string
napped to is provides
fram mapped mapping
to for
1l iz a
component of
R2
is decomposed
A, .| LNTO
— ObjectState_ID
State Model State StateMode lS5tateMode St ate FiniteStatefach
112, SM_STHTE} 118, 00AM_STATEZ} o
SMstt_ID @ unigue_id {I} SMst+_ID @ unique_id {I,RiE@} 1
1 R18 1 State ID @ unigue_id LRE} 2
- is
is
rmapped e papped
TOM
B..1
colors
State_ID = unig
Hame T string
Humber @ intege
DbjectStatg_IE
Tupe @ string
provides
mapping
for
1
StateColoring Mode ledState
{9, 00AC_SCY s {4,5A_%
StateColorln IO @ unique_id i1} State_ID : uniqu id {I,
gﬂs i 5 uﬁTque ld {§é%§ A..1 B..1 lSElTal : bono éeaT
R11 tate_ H L i isOeletion @ boolean
A..1 isLoggedFinal : boolean ot golors EPAL_Act ion_id : unigue_id
iz isLoggedFinal = boolean
oo lored
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Populated Example Mapping and
Coloring Objects

State Model State
SMstt _ID | Name Numb | Final
1001 Inoperable |1
1002 OFF 2 StateModelStateModelState
1003 ON_ 3 SMstt_ID | State_ID
1004 Service 4 1 1001 101
1002 102
1003 103
1004 104
\
StateColoring ModeledState
SMstt ID |isLoggedInFinal | State ID State ID |isLoggedInFinal
1004 True 104 101 False
102 False
103 False
104 True

r
L
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Software Arch
Population

Itecture

Metamo

e

StateﬂodelFLnLteStateHactheHa&gln — _
SHY FiniteStateMachine
R2 {1,5A_FSHY
18 H unLﬁue id 3 . fI.B3} — - - -
FlnlteState achine_ID ¢ unigue_id {I.R7} 1 7 1 FiniteStateMachine_I0 & unigue_id {1}
rMaps : Tupe @ string
4 to r\hznned prowvides
mapping
to for
1| iz managed by
R1
Manages
B..1
DObjectState
12, 5A_053
ObjectState ID unl.gue_i.d_ _ LI}
StateMode lStateMode [State FiniteStateMachine_I0 : unique_id 1R1}
118, 00AM_STATE} -
SMstt_I0 & unigue_id (I.Rla}l
Rl@ 1 State_ID ¢ unique_id {RE} = 1| iz abstraction of
Maps mapped
1 to by R
B o0 iz detailed bu
State
{3,5A_STRTE}
State_ID @ unlque id {12
Mame T str
Mumber 1 lntea - E
ObjectState_I0 @ unique_id L{R2}
Tupe : string
{dizjoint, completel}
R2
proy ides
mapping
for
1
StateColoring Mode ledState SystembDef inedState
{9, 00RC_SC} oE {4,5A_SHS) 15, 5A_5052
StateColoang_ID D unique_id I a..1 8.1 State_ID & unique_id {I,R3} Sta : unigue_id : LI,R3} B..#
IO = unigue_id {R11 2o == llisFin3l : boalean Pr‘ede?lnedState 0 : unique_id tR4} defin
8 IState I0O @ unigue_id LRE} | j= colors |bEDeletion & boolean
== 2 isLoggedFinal & boolean BPAL_Act ion_id & unigue_id
is isLoggedFinal = boolean
o lored
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Populated Example Software
Architecture Objects

State

State ID | Name Number | Type
08 _UNDEFINED 0 SystemDefinedState
99 _DONOTCARE -1 SystemDefinedState PredefinedState
100 _CANNOTHAPPEN | -2 SystemDefinedState Predefined | Name Number
101 Inoperable 1 ModeledState State_ID

1 _UNDEFINED 0
102 OFF 2 ModeledState

2 _DONOTCARE -1
103 ON 3 ModeledState 3 —CANNOTHAPPEN | 2
104 Service 4 ModeledState /r

ModeledState SystemDefinedState
State_ID |isLoggedInFinal State_ID | Predefined
101 False 55 itate D
102 False
99 2

103 False 100 3
104 True
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Populator Archetype Design

A Repl ace {Object} with Software Architecture Entity Nane

.1/ Name: Add {Cbject}s
.1/ Desc: Process the set of Entities

. Function Add{Cbject}s
.Paraminst_ref ooa_parent_entity
./l Any required Parans for fornmalization (above this |ine).
.Select many ooa _entityS related by ooa parent _entity->00A XXX[ Rn]
. For each ooa entity in ooa entityS
./l Process Coloring Data (if applicable)
./l Get Unique ID
.Invoke self = GetUni quel d()
.11 Add sel f
.Invoke sa_entity = Add{Object} (ooa_entity, self, (parnms...) )
${sa_entity. body}\
./l Add Mappi ng
.Invoke map = Add {OQbj ect} Mpping(ooa_entity, self, (parns...)
${ map. body}\
./l Handl e Associ ative Objects ( as needed )
./l process next nodel elenent(s)
. I nvoke next = Add{ Next Mbdel El enent} (parns)
${ next . body}\
. End For
. End Function

)
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Generated Example Java Source

{
public
public
public
public
}

static final
static final
static final
static final

I nt
I nt
I nt
I nt

| noperable = 1;

OFF = 2;
ON = 3;
Servi ce

final class Lanp STATE extends sa ObjectState

4
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Future Enhancements

Move to BridgePoint Version 5

Extend metamodel to include
action implementation entities

Add metamodel(s) for
Implementation domains
m Investigate the formalization of
concept using abstract syntax
trees
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Conclusions And Observations

[ 3 m It can be done!

®m Increased modularity

® Increased maintainability
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Thank You!

Questions,
Anyone
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