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Automatic Extraction of Abstract Components for supporting
Model-driven Development of Components

Yun Sang Kwon' - Park Min Gyu™ - Choi Yunja™

ABSTRACT

Model-Driven Development(MDD) helps developers verify requirements and design issues of a software system in the early stage of
development process by taking advantage of a software model which is the most highly abstracted form of a software system. In practice,
however, many software systems have been developed through a code-centric method that builds a software system bottom-up rather
than top—down. So, without support of appropriate tools, it is not easy to introduce MDD to real development process. Although there are
many researches about extracting a model from code to help developers introduce MDD to code-centrically developed system, most of
them only extracted base-level models. However, using concept of abstract component one can continuously extract higher level model
from base-level model. In this paper we propose a practical method for automatic extraction of base level abstract component from source
code, which is the first stage of continuous extraction process of abstract component, and validate the method by implementing an
extraction tool based on the method. Target code chosen is the source code of TinyOS, an operating system for wireless sensor networks.
The tool is applied to the source code of TinyOS, written in nesC language.

Keywords : Component Model, Reverse Engineering, nesC, MARMOT Framework
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Fig. 1. Outline of abstract component
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Interface Timer {
command result_t stop();
event result_t fired();

Fig. 3. Interface file of nesC

module LedsP @safe() {
provides {
interface Init;
}
uses {
interface GenerallO as Led0;
}
}

implementation {...}

Fig. 4. Interface specification of nesC component
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module SurgeM {---}
implementation {
uintl6_t sensorReading;
command result_t StdControl.init() {
return call Timer.start(2, 1000);
}

)

Fig. 5. Implementation of nesC component (module component)

configuration TimerC {
provides {
interface StdControl;
interface Timer;
}
}
implementation {
components TimerM, HWClock;
StdControl = TimerM.StdControl;
TimerM.Clk —> HW(Clock.Clock;

Fig. 6. Implementation of nesC component (configuration

component)
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«<Configurations>
class_3

|'E
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<<Module>»
class_4

configuration C

{

provides {

uses {

}

implementation {

components A,
B;

port_0 port_1

ot
Interf: p <<connected>>[Werace_2

il = A.i1;
A.i2 ->» B.i2;

}

Fig. 8. Abstract component model generation based on configuration component

E7} AEgH = ok HEXJEEY 05 H JdF AR
Azgct wela o] ArE Fla Alole] fEIAE
Ell= UML 2429l Dependency®} XE Alo]o] HE T
S Yel= UML 249 InformationFlowZ F#E %=

TUE 29¢ Uehi, o noz 334 F4ol
oA . Fig. 8odlA 12 EA|S FEe

0]
=
2 EAF B R mdg Yed,

42 N O 77

Fig. 99} Fig. 102 77} nesCo &4 F29} nesC 2d
go| ALg¥ UML "lgtnd @42 Yy, tfss 8
2718 e iR FAEEH Fig 99 (+) ¥A+ 24

7} 18] o)A, (x) BAE 2471 03] o4 HhEd £ &S

o e},

HA nesCHY AAE Yehs AEQ nesC file>
UML®] Packagez t]-&392H, nesC 34 & AHFH o]~

#dS YelE interface_definition® Interface®, ¥

E 34S YEE componenti= Class® t]-&-3t ). E3h
AXHES  QIEFHo]lx  A/AE #AE YEE
comp_spec 28 Port®, ATHE F dATAEY] 13
F5S YeEl = module_imple StateMachine© 2, 237
EUES FHEEEES YUeE config_impl> Information

Flow®} Dependency & th-&3t$ith.

Fig. 9914 module_impl& func_def(3t4 #A2]) E%

Axo] o 7 func_defel dH9lelE comp_stmt(eH4

A7E des & Ak o9k 2 comp_stmto] 34l
5

=

cbe 2R FRel & 4 don(FFEE, U B),
FEE ot JHoR FAL)] Bie] F47
g ke A9 aa5e W s #AIQ Fig. 9, Fig. 10

7} 2}

ey, webA func_defoldl nesC 2452 UML 2240
3 e BAE A= (pseudocode) S E3 AHAE] A st
A} S},

N W [

-I comp_kind zj
-| comp_spec .
- module_inﬂ}

declarator |

+

func_def

comp_stmt

" config_im config_elem
OR

il

Fig. 9. Grammar structure of nesC

o)
Port

4

SmteMachln;H Region

4
Reception —I’ Transition

Signal ==

4
-{ Signal Eveg

Fig. 10. UML Meta model elements

Fig. 112 module_impl7 %% ANE7| A2 W3kstr] 93t
dubg ol )& 2 olt}d. module_imple dbe] AE|7 AR
stelm, FEIZIAIE A7) flE dEzIAle] A

AEHE AAST geo® func_defE module_implol
of A& FFE YEH, func_defs XA 913
glol Al Zdkabe shbel AEjdelE gt W9

ojt}, &9 Y= func_defdt ] comp _stmtol
Aogo] 9o weld 9 comp_stmtE &35 A=
=

Jeldolo] f9E AT} func_defdtele] EE

KIPS Tr. Software and Data Eng.



548 FEMEIE D=2 /AZELN & HOoIH S

Region Reg;
Transition TrPointer;
MakeStateMachine(Node node) {
NodeType nodeType = node.GetNodeType();
Switch(nodeType) {
Case module_impl:
// initialize
State initState = Reg.createState();
// recursively traverse func_def under module_impl
Node ChildNode = GetChildNode(node);
foreach(func_def in ChildNode){
MakeStateMachine(func_def);
}
break;
Case func_def:
// generate transition from initial state
TrPointer =Reg.CreateTransition(From: initState);
// make trigger event responding function calls
TrPointer.addTrigger(create Trigger(node));
// recursively traverse comp_stmt under func_def
Node ChildNode = GetChildNode(node);
foreach(cNode in ChildNode){
if(cNode.GetNodeType().equals(”comp_stmt”)){
CreateFunctionBehavior(cNode);
Jelsel ... }
}
// set target state of latest transition to initial state
TrPointer.Set Target(initState);
break;

)

Fig. 11. Correspondence rule between module__impl and state
machine
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waiting  state29] FEjHel7  JHZ Qe W9

globalTimer ! timerTick(); & globalTimer.timerTick(); <}
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sk th

Aukxo g AAE 3= AH 9
ole] F7} glo] 7HE WAoo 2 A4
o} 3FA W call, signal, ifE 39 E
S ool A7) wel ofefel w
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CreateFunctionBehavior(Node node){

// recursively traverse ‘comp_stmt’ under ‘node’

Node ChildNode = GetChildNode(node);

foreach(comp_stmt in ChildNode){
CreateFunctionBehavior(comp_stmt);

}

NodeType nodeType = node.GetNodeType();

Switch(nodeType){

Case assign, return, decl:
TrPointer.addAction(CreateAction(node));
break;

Case call, signal:
TrPointer.addAction(CreateAction(node));
if(return value is needed) {

State waitState = Reg.createState();
TrPointer.set Target(waitState);
// create state transition to catch return value
TrPointer =
Reg.createTransition(From: waitState);
// create trigger event to check whether it caught
retun value
TrPointer.add Trigger(Create Trigger(node));
}
break;
Case if:
HandleIlfStmt(node);
break;

}

Fig. 12. Rule for generating behaviour of state transition

action : elementary_action
[ if 5
elementary_ assignment ;'
action : | return 'y’
| call '}’
| signal ;' ;
if: IF simple_expression THEN action ENDIF

| IF simple_expression THEN action
ELSE action ENDIF;

assignment: attribute_name =" simple_expression
call: classifier_name '!" operation_name

(" paramList ')’

| operation_name '(’ paramList ')’ ;
signal: signal_name '(’ paramList ')’ ;
return: RETURN simple_expression

| RETURN paramList
paramList : /* empty string */

| literal
| paramList ’," literal

Fig. 13. Action language representing behaviour of state
transition

& Adae, 23 wE AXIET $48 Ae
Ae] ol W wkg ghe $A2 Jthelok sk ggo] wha
g 5 Ak web g @gshe g2 guE 2a)
FAL Yol AHE ARSI, FAL ol ¢
(rigger) oMES 717 AejdolE AAe) F4L vole



Original
state

Original
state

Sy BEHE JHUUHEO XHE 2ot FHATHE XIS FE71Y 549
weef e -~~~ globalTimer_RV_timerTick/
globalTimer | timerTick(); /" yy5j¢ing Y 1 command int Interfl.funcl(int b) {
"\ state I_.___.__b 2 int a =0
S 3 call Interfl.func2(call Interfl.func3(), b);
Fig. 14. Branch of condition based on behaviour: call, signal 4 asb
5. ifa > 0) {
6. call Interf2.func4(2);
T 7 }
L [|fCond|t|on]'-</--- ,t, 3 else {
i N GEN 9. call Interf2.func5(5);
' Branch 1 " Join \ 10. }
\\ state /: \\ state /_/ 1 return 0:
~ - . 12
T [elseCondition] -~/ -- i J
Fig. 15. Branch of condition based on behaviour: if Fig. 16. Example code of func__def

Table 2. Model generation process with example code

LN Model generation steps based on algorithm in (Fig. 12)
Case func_def:
func_def& ®hstom @ StateMachine®] %7]%¢E]23E 9= Transition shu7F A E o™, 34 €Y (command), S1E]s ]2
1 | o]&dnterfl), g<FolE(funcl)S Fd) 'Interfl _funcl'o]zhe= 3‘—? 3% YEE Trigger7t A4 =91t
283l comp_stmtEC] ek A (ot F2)AFE AXM g v o R AE e dol(from 5)E 271G EIE EokeA &
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5 Case assign:
gt Ulgd ddste A9l(a=0)E 7 2o AR el (from Dl F7bgkoh
3 Case call:
FHE calleZ UFol sle ¢ SEFEH Ags
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AAFET, Ee o] AHREEH Ure ransmon G EcRa=
3-2 | 3-1 9 3 TEERE 9 S s TriggerE 7H4 &0l A9 Ae o] (from 3-1)ol F7}3i},
3.3 o1& Sk 5 &3 wpR A2 ClE o] 20 FrolE w4 AR EZRE Interfl | func2(rv, b)y g EEE FYES FA
sto] 7h ol AAE el Aol (from 3-1)0 F7138t) o714 rviE func3 4 EEol i3k wksk 3hs vebdig
4 Case assign:
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generic module  Msp430AlarmC(typedef — frequency_tag)
@safe() {
provides interface Init;
provides interface Alarm<int,int> as Alarm;
uses interface Msp430Timer;
uses interface Msp430TimerControl;
uses interface Msp430Compare;
}
implementation {
command int Initinit()  {
call Msp430TimerControl.disableEvents();
call Msp430TimerControl.setControlAsCompare();
return SUCCESS;
}
async command void Alarm.startAt( int t0, int dt ) {
atomic {
int now = call Msp430Timer.get();
int elapsed = now - t0;
if( elapsed >= dt ) {
call Msp430Compare.setEventFromNow(2);
Jelse {
int remaining = dt - elapsed;
if( remaining <= 2 )
call Msp430Compare.setEventFromNow(2);
else
call Msp430Compare.setEvent(now+remaining);
}
call Msp430TimerControl.clearPendingInterrupt();
call Msp430TimerControl.enableEvents();
}

Fig. 20. Implementation of module component - Msp430AlarmC
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Fig. 21. Automatically extracted structure model - Mspd30AlarmC
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