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(Approach to Specify a Component using Component
Structure in Product Lines)
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(Hye-Kyung Cho)
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Abstract Product line is nowadays well known as a representative method for reuse. In the
product line, important assets are components. Although enough concerns were given of the product
line, it was not accomplished to structure and specify a product-line component with variability. This
paper presents an approach to specify components in the product line. The approach describes the
static and dynamic structure of a product-line component and explains the behavior and concurrency
of the component. The component information is separately described in the black-box and white-box
using the Feature-Oriented Reuse Method(FORM). This research also formalizes the data on a
component specification in the form of BNF. The specification is described through -careful
consideration for many different characteristics of the product-line component, so this paper helps to
easily develop the components in the product line and to well comprehend how to apply a method for
the product line.
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Artifacts and Stakeholders in the FORM’ Component Life Cycle
Product Line Asset Development Process in FORM
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z
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Design Object Modeler's Responsibility and Role

Find Candidate Objects from Feature Model

Find Relationship between Objects from Feature Model

Refine the Candidate Objects with Requirements’ Model

Refine the Objects Relationship with Requirements’ Model

Find Object Elements (Data and Function) from Feature Model

Find Object Elements (Data and Function) Using Requirements’ Model

Build a Conceptual Design Object Model

Confirm Variability in Feature Model to the Conceptual Design Object Model

Nej ol LN Norll & 1 BN RSVR I 3 o

Coordinate the Conceptual Design Object Model with Feature Binding Unit.

=
(=}

Find Design Patterns

—_
—

Refine the Conceptual Design Object Model with Design Patterns

—
[\v]

Define Concrete Design Object Model
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3 2 Product Line Architect

No. Product Line Architect’s Responsibility and Role

1 Define Conceptual Architecture Components from Feature Binding Units

2 Define Data Flow of Conceptual Architecture Using Feature Spec. or Feature Binding Unit Spec.
3 Define Conceptual Architecture

4 Find Architectural Patterns

5 Find COTS(Commercial-Off-The-Shelf)

6 Refine Conceptual Architecture with Architectural Patterns and COTS

7 Confirm Variability in Feature Model to the Conceptual Architecture

8 Design Process and Protocol Connector for Networking

9 Define Threads in a Process

10 Find Shared Data and Message-Passing with Multi-Threads

11 Develop Process Architecture with Processes and Threads

12 Confirm Variability in Feature Model to the Process Architecture

13 Define Nodes with Processes

14 Design the Layout of Node Using H/W and S/W

15 Develop Deployment Architecture with Nodes

16 Confirm Variability in Feature Model to the Deployment Architecture

17 Divide Conceptual Architecture Components into Module Components Using Process and Deployment Architecture
18 Define Module’ ?nterfaces with Coherent Data Exchanged between Conceptual Architecture Components in the

Conceptual Architecture
19 Develop Module Architecture with Module Components and Interfaces
20 Confirm Variability in Feature Model to the Module Architecture
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~ <Properties>

Component Name : ComExam

Component Status : Transient, Persistent
Component Version : 1.0

J

<Features>

Implemented Mandatory Features : Feature Information ] Varian
Implemented Variant Features : Feature Information

t Feature Information

t:ovi g
terfaces

<Interfaces>

L

L Provided Interface :

—

throws ExceptionT
Required InterTa

¥

{variant} Operations( {Variant} In, {Variant} Out, {Variant} InOut)

perations [thro_\;vs Exceptionl, ...] [Contextl,.]
[System Interface :
\,_ Operations (throws Exceptionl, ...] [Contextl,..]]

variation»

implement

«» <Implemented Classes: CorJe",’%lelper>

o

<Variation Info.>

{Vagjant} Class Name
{variant} Attributes

«internal yariation»
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vp_general_info
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_info [

<Contained Component List>

{Vagjant} Methods( {Variantf Parameters }

<Properties>
<Features>
<Provided Interface>
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AXVE 2985 | AxdE 74 A

oE

(workflow)

. Interface interface W7
& (static) - - -
. EXCS] Interface Operation interface operation ¥7
In, Qut, InOut Ports in, out, inout WiZRWH< 3t WA oishA<E Bl WA
& %(behavior) . . . . .
Operation Precondition interface operation A3=H WA
. EXCS2
. Interface Operation Hojel Ag & W7 (data-oriented workflow change)
&#)(dynamic) Invocation Se
. EXCS3 nvocatiol quence

A 58 WA (event-oriented workflow change)

FA]Ad(concurrency) | Component Thread Control

HEVE YR A¥ET} 08 HIXWEES 4% A 1 2= 4ys

: EXCS4 Condition, Shared Info. HES s Alojzd 2 FF AR WA
Class class(objects) F7} 24 ¥
2 #(static) Attribute attribute g3 E}Q] W7
1 INCS1 Method method 7} 2HA] W7
Parameter parameter 37 BFY WA

& (behavior) | (. Method Precondition

method operation 3% H7A

: INCS2
= #(dynamic) Method Invocation dlole} de 5§ WA (data-oriented workflow change)
. INCS3 Sequence (workflow) oMlE AY FF WA (event-oriented workflow change)
%A A(concurrency) | Object Thread Control AT YR 2ol g8 AAE 498 A4S 1 2ds A3 dEL
: INCS4 Condition, Shared Info. A% A 24 2 FH AR WA
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Capability

service

operation
NFR(Non-Functional Requirement)

Operating Environment

hardware operating environment

software operating environment

Feature Domain Technology

supplementary domain technology

core domain technology

Layer

Implementation technique

GUI presentation markup languages

(XML, cHTML, WML, HTML, etc.)

data communication protocols

(TCP, UDP, HTTP, WAP, X.25, etc.)

database connection technology(ODBC, JDBC, etc.)
data(ADT, jpg, wav, etc.)

Feature Type Mandatory

Alternative [ Optional

composited—of

Featurel, Feature2, Feature3, ...,

Feature Relations —
generalization

Featurel, Feature2, Feature3, ...,

Required

Featurel, Feature2, Feature3, ...,

Feature Configuration Rules

Excluded

Featurel, FeatureZ, Feature3, ...,

%5 AF B AEUES 7MY HE

i 7HiAe] A&dH FIVE 24 {3

W3

7 Aol g Variation Points Name

7hid 4 Ws(ID)

7PH3 $1X)(location)

7F8374 49 (description)

7hd 3

S A Fide s 99e e AE

Al WE gaE

A Zpage FEL de §A4 gL

A7 71 A 2FAHH constraints)

79 o]83 ZA(rationale)

el 2AE HA WY B

FRRAA BE FeR A Y

By

7P T8 71, A9, sl AHulY, SAuYE, 1% %)

RN SN A4 A9 ANEIE, ZAF, #IIE B)

7HE A

Ny L EE

7HA 2Rl Wi 949

AAE 7F(resolved variants)

7P84 9% F3(interface, interface operation, operation parameter, class, attribute,
method, method parameter, method body, database field, database table, work flow)

AHgo] oflEt AFE RGN AIVE 29 EHF 2
2% ZB FZoly] o X 30 EAEe 2H5L
s}

23 Y849 ojg)7} oL golaid Aol

¥ 39 BE 2452 BNFE J¥3E U0 & 6-9&
Zt 2" A FQ REE UERdTh 7} Hol dis) A9t
B ¥ 6914 implementation_tech® 33 ®dle] 33
71& A5E 2v]3). implementation_techs % 43438
GUI_ML, COM_PROTOCOL, DB_CONNECT, DATA
2 EHEch €999 AF 2 FXUE} 74 71e A
9] 32 FIsl2 YvhH implementation_tech-S
B3 2 FELDES oE FHA Ves FEI} A=

A & g A "ok fex GULMLE g h&eA o)
g 9% vlag do)E COM_ PROTOCOL Hole
EX 22 EES DB_CONNECTE= Ho)g}l Hjo]lx &7
71%& onistn DATAE dlolel ¥2(jpg, gif, wav,
mpg, avi, dxf)& ©le]g} 7Z(ADT, E-R diagram)&
olu)gth &, oj8g 7l&dd did e A7ed &9
of @} AFA EF7F F71E 4 Uk

Z 2dde WAskE 7HAde X7 BAEA 2
th E 62 AFUE Q¥ FH 25 ey shEA
£ provided interfaceolA] operation 37} AHAIE E3)
gt ¥ 78 AXUE 9B FAA4 ABRES el
o 7MALe 2HE F&F FH(HelE, oME), A=
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component external static:
component_properties features interfaces;

component_properties: component_status
component. version;
component_status: TRANSIENT | PERSISTENT;
component_version: literal;
features: feature | feature features;
feature: feature_name feature_information;
feature_name: literal;
feature information: feature_type feature_layers
feature_config_rules;
feature_tvpe: mandatory | variant;
mandatory: MANDATORY;
variant: OPTIONAL | ALTERNATIVE;
feature_lavers:

capability | operating_env | domain_tech |
implementation_tech;
capabilitv: SERVICE | OPERATION | NFR;
overating env.: HARDWARE | SOFTWARE;
domain_tech: SUPPLEMENTARY | CORE;
implementation_tech:

GUI ML | COM_PROTOCOL | DB_CONNECT |

DATA;
feature_config_rules: feature_config_rule |

feature config rule feature config rules;
feature_config_rule: config_rules feature | ; -
config_rules: CR_REQUIRED | CR_EXCLUDED;
interfaces: provided interfaces
| provided_interfaces required_interfaces
| provided_interfaces required_interfaces
svstem interfaces;

provided_interfaces: <variation_points>> provided_interface

| «variation_points>® provided_interface

provided interfaces;
provided_interface:

PROVIDED INTERFACE interface_name operations;

Al

B 7 EXCS4: HIVE 9% FAY AR 29

component external concurrency: thread_owner_component
multi_threads_svynchronization_tvoe;
thread_owner_component: current_component;
current component: identifier;
multi_threads_svnchronization_type: critical_section |
mutex | semaphore;
critical section: shared element threads;
mutex: shared_element threads;
/eAEtEole B8k 2BE S g =go] EAslol dhy/
semaphore: shared element
the_number_of_svnchronized_threads threads;
shared_element: <variation_points>»shared_data |
< variation_points>shared_event;
shared_data’ identifier;
shared_event: identifier;
the number of svnchronized threads: NUMERIC;
threads: thread | thread threads;
thread: thread_information locking_block;
thread_information: thread_name thread_number
thread_priority
thread_functionality thread_break_condition
thread descrintion
thread_constraints invoked_combonents;
invoked_components: invoked_component |
invoked component invoked_components;
invoked_component: component_narmme;
component_name: component_external_static;
thread break condition: <variation_points>statement;
locking_block: statements;
statements @ statement | statement statements;
statement : literal; .
it

)
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component_internal_static: implemented_classes
contained components;
implemented_classes: core_class | core_class
helper_classes;
core_class: CORE class;
helper_classes: HELPER classes:
classes: <variation_points>® class | <variation_points>
class classes;
class: assess_modifier CLASS class_name fields methods;
class_name: identifier;
fields: field | field fields;
field: < variation_points>> field | ;

Al

methods: method | method methods;
method: <variation_points» method | ;
Al

parameters: parameter | parameter parameters;
parameter: ggaﬁation_points>> parameter | ;

Al
/x AXAE W2 F4(composition) BA =
ALAEE +/
contained_components: COMPOSITION components;
components: component | component components;
component: component_external_static | ;

# 9 EXCS2: FXWE 97 5 AR =9

component_external_behavior: provided_interface;
provided interface: interface. behavior interface_structure;
interface_behavior: context invariants;
context: interface_name;
invariants: conditions;
interface_structure:

PROVIDED INTERFACE interface_name
operations;
operations: oberation | operation operations;
operation: operation_behavior operation_structure;
aperation behavior: preconditions postconditions
exceptions;
preconditions: <variation_points>® conditions;
postconditions: conditions;
operation_structure: access_modifier return_value

operation_name ‘(' parameters ')’;

conditions: condition | condition conditions;
condition: operand operator operand;

operand: identifier;

operator: ">’ | "< 1] >=" | <= | et | 1Y
exceptions: excention | exception exceptions;
excention: exception name | ;

exception_name: identifier;

interface_name: identifier;

identifier: STRING;

2,
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3 10 Payments AXHES] 4§ FF 7z 2#H(EXCS])

/+FXCS1: hlack hox eomnonent snecification
for comnanent external static information */
comnonent external statie:
comnonent nranerties: comnonent statns = TRANSIENT,
component_version = "190"
featnres:
featiure name = "Pavment”.
featire tvne = MANDATORY. feature_layers = SERVICE;
feature name = "Credit. Card Pavment”.
feature tvne = OPTIONAT.. feature_layers = SERVICE;
feature name = "On Line Pavment”.
feature tvne = OPTIONAL.. feature layers = SERVICE;
feature name = "Cvher Monev Pavment”.
feature_type = OPTIONAL, feature_layers = SERVICE;
interfaces:
nrovided interface:
PROVINED INTERFACE interface name = "navment”.
oneration: access modifier = PURLIC. return valie = BOOTEAN.
oneration_name = "requestPayment( IN OBJECT “orders” )";
reauired interface.
REQUIRED INTERFACE interface name = "authorize”
comnanent name = "Anthorization”:
oneration: access modifier = PURLIC. return valie = BOOLEAN,
oneration name = "anthorize(OUT OBTECT “erecitCard”
OUT INTEGER "rinningTaotal”.
OUT OBJECT "pCustomer” ),

5.2 ¢i79| W}
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/* Variation_Points Specification for Component */
variation_point:
vo_spec_tvoe = INCSL;
v name = “Product Payment Type”,
vp_general_info:
vp_identifier = "INCS1.01"
vp location = "Pavments.Pavments.vdRequestPaviment()";
vo_descrintion = "AE A4t AE BA& Adele Ay
vp_constraints = "Ao)E 37} dejsojel g,
vp rationale = "2 272 ot Fejo} FE dF AL w4 A e
affected_variation_points = "INCS2_01";
affected_features = "CreditCardPavment”, "OnLinePayment”,
"CvberMoneyPayment”;
vp_implementation_info:
vp_binding_time:
available binding time=ASSETS BUILD, PRODUCT_BUILD, RUNTIME;
vp_implementation_tech = DYNAMIC_BINDING;
vp_resolving_starting_point = IF;
vp resolving statements =
" if (orders.pavmentTvpe = = CREDIT_CARD)
Pavment p = new CreditCardPavment(...);
else if (orders.pavmentTvpoe = = ON LINE)
Pavment p = new OnLinePavment(...)
else Pavment p = new CvberMoneyPavment( ); ";
vp resolving inputs = * if (orders.pavmentTvoe = = CREDIT CARD)
Pavment p = new CreditCardPavment(...):
else Pavment p = new OnLinePavment(..);";
v resolved variants = "CreditCardPavment”, "OnLinePayment”;
vp_resolution_effect = WORK_FLOW,
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