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Modeling Traceability Between Software Product Line
Requirements and Architecture
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ABSTRACT

Traceability enables software developers to trace up the changes occurring in software artifacts. In software product line, traceability is
more complex than traceability in a single product as commonality and variahility should be considered. Modeling traceability between
features and requirements has been proposed in the past. However, traceability between requirements and architecture has more factors to
consider, including many-to-many mappings and hierarchical structure of architectures. This paper proposes a method of systematically
constructing platform traceability between platform requirements and platform architecture. This paper also shows the efficacy of the
proposed mechanism through case studies.
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Fig. 1. The Relationships Between Software Artifacts in SSPLD
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Initial State

Refined \\ assign Decomposed \\ Level 1 Decomposition
Requirements Py Element ~A
Refined ‘e Decomposed
Requirements assign > Element
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AN AN Level 2 Decomposition
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_——— _> : decompose Requirements assign > Element

Fig. 2. The Hierarchical Traceability Between Reaquirements and Software Architecture Design
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(in PLDT) (inPLDT)
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Construction Components
Applying
Variable Points and
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and Architecture
(in PLDT)

Fig. 3. The Steps for Constructing the Traceability Between
Requirements and Software Architecture Design
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procedure Construct PFTR
Imput: (1) REQcomp: SPLD Requirements
(2) COMP: Design Components
Output: Platform Traceability 7&geq-Design,Platiorm
Begin procedure
Phase 1) Decompose COMP into sub-components,
fulfilling the given requirements
Phase 2) Given a set of given sub-components
DCOMP, refine REQcomp by using the following
procedure:
For each dComp & DCOMP
rReqacomp = the requirements of dComp
Describe PLDTs for dComp and rReqacomp
Phase 3) Construct TR( PLDT(PL, rReqacomp),
PLDT(PL, dComp))
For each dComp & DCOMP
If dComp is decomposable then
Construct_ PFTR(rReqacomp, dCmp)
End if
End for
End procedure

subprocedure Construct TR
Input: (1) PLDT(PL, rReqqacomp): Refined platform
requirements which will be traced
(2) PLDT(PL, dComp): Decomposed platform
design components which will be traced
Output: 7RReqdComp-dComp,Plattorn: Platform Traceability
between platform requirements and design components
Begin subprocedure
Create mappings  between PLDT(PL, rReqacomp) and
PLDT(PL, dComp).
If VPs(PL) is a set of VPs of PL
and R(vp) is range of vp,
For each vp € VPs(PL
Introduce vp to each one’s variants
Abstract the relevant mappings for
PLDT(rReqacomp*dComp)
Add constraints to PLDT(rReqacomp dComp) by
checking the cases in Table 1
End for
72rRequomp—dComp,Platfmm = PLDT(rRequome dcomp)
End subprocedure

Fig. 4. The Procedure for Constructing the Platform Traceability
Between Requirements and Software Architecture
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Table 2. Requirements for a Family of Microwave Ovens

FRO1 | Microwave oven shows the cooking time

Input buttons with numeric keypad for selecting

FRO2 | ¢ oking Time, Start, and Cancel

FRO3 | A door sensor senses when the door is open

FRO4 | A beeper to indicate when cooking is finished

A light is switched on when the door is open and

FRO5 when food is being cooked

FRO6 | A turntable turns during cooking

FRO7 | One-level heating element provides over 300 degree

Multi-level heating element provides low, medium, and

FRO8 high heating degrees

FRO9 | User can adjust power level

A weight sensor detects if there is an object in the
oven

FRI10

FR11 | A analog weight sensor detects the weight of the food

The microwave oven displays messages to the user in

FRI2 English

The microwave oven displays messages to the user in
FR13

French

The microwave oven displays messages to the user in
FR14 .

Spanish
FRI5 The microwave oven provides recipes for cooking the

food.
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Table 3. Planned Products

Product Requirement Description

FRO1, FROZ, FRO3,
P1 FRO5, FR07, FR10,
FRI12

The basic requirements for
Microwave

FRO1, FR02, FRO3, . .
FRO4, FRO5, FROS, The high-tech requirements

P2 for Microwave which uses
FRO9, FRII, FRI2, English and French

FR13

FRO1, FROZ2, FRO3,
FR04, FR05, FRO6,
FROS, FR09, FR11,
FR14, FRI5

The Automatic
requirements for Microware
which uses Spain

P3
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Microwave Oven
Product Ling
[Requirements)

i VprHeat |

[P e—

\vprWS |
Lm = —_—

L’prL.ln

| FRO1 I FrRo2 | FRO3 | FFtﬂ-li FROS || FRDB FRO7 I FROS

B

PL
Artifact

Microwave Oven Product Line (Requirements)

Planned
Product

P1

FRO1, FROZ, FRO3, FR05, FRO7, FR10,
FR12

P2

FRO1, FROZ, FRO3, FR04, FR05, FRO6,
FRO8, FR09, FR10, FR12, FR13

P3

FRO1, FROZ, FRO3, FR04, FR05, FRO6,
FRO8, FR09, FR11, FR14, FR15

Constraints

FRO9 requires FROS; FR15 requires
FR11; FRI15 requires FRO8

Platform
Design

Platform

FRO1, FR02, FRO3, vprBeeper,
vprLight, vprTurntable, vprHeat,
vprPower, vprWS, vprLang, vprRecipe

VP
Declarations

vprBeeper: FR04, null

vprLight: FR0S, null

vprTurntable: FR0O6, null

vprHeat: FRO7, FRO8

vprPower: FR09, null

vprWS: FR10, FR11

vprLang: v  {FRI2, FR13, FR14},
1<lvl<3

vprRecipe: FR15, null

Constraints

(FR09 at vprPower) req (FR09 at
vprHeat), (FR15 at vprRecipe) req
(FR11 at vprWS), (FR15 at vprRecipe)
req (FRO8 at vprWs)

P1

vprBeeper\null, vprLight\FR05,
vprTurntable\null, vprHeat\FR(7,
vprPower\null, vprWS\FR10),
vprLang\FR12, vprRecipe\null

Product

Bindings P2

vprBeeper\FR04, vprLight\FR05,
vprTurntable\FR06, vprHeat\FROS,
vprPower\FR09, vprWS\FRI10,
vprLang\{FR12, FR13}, vprRecipe\null

P3

vprBeeper\FR04, vprLight\FRO05,
vprTurntable\FR06, vprHeat\FR0S,
vprPower\FR09, vprWS\FR11,
vprLang\FR14, vprRecipe\FR15

Fig. 6. The Platform Requirements for the Family of
Microwave Ovens, in PLDT
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PL ) . . Table 4. The Design Components of the Top-Level Software
. Microwave Oven Product Line (architecture) . ) :
Artifact Architecture for the Family of Microwave Ovens
Pl DS01, DS02, DS03, DS05, DS06, COMP Decomposed Components (dComp)
DS08, DS11 DS01 DoorCMP
™ DS01, DS02, DS03, DS05, DS07, DS02 KeypadCMP
If)’la(rimed DS08, DS09, DS10, DS11 DS03 BooleanWeight CMP
roducts i
- DS01, DS02, DS04, DS05, DS07, DS04 AnalogWeightCMP
DS08, DS09, DS10, DS11 Microwave | DS05 MicrowaveControl CMP
Constraints P(r)ovdeunct DS06 One-levelHeatingElementCMP
3 Line DS07 Multi-levelHeatingElementCMP
DS01, DS02, vpWeight, DS05, ——— LamoCMP
Platform vpHeater, vpLamp, vpTurntable, A
vpBeeper, DS11 DS09 TurntableCMP
. N . DS10 BeeperCMP
vpWeight: DS03, DS04
DS11 MicrowaveDisplayCMP
vpHeater: DS06, DS07
VP vpLamp: DS08, null
declarations | ‘PP PO Fig. 814 #1E P1& DS03E @sba, DSM4E ¥ 3t}
voTumtable: DSO9, null A gt & £42 99e W 4AE AW, FAR &
vpBeeper: DS10, null AstA et FAEFAAE FAE A 2 A= A
Platform | variability FUEE 7FHA vpWeight® B olsta, oo Eoj7 4 9
Design | Constraints £ %% DS03, DS049F null= Adcdt&v} Ple AFow A
Aakar 4 9= 3 = =
vpWeight\DS03, vpHeater\DS06, At 5 9 aklg Aefel Al vpWeightel So17b= 2
P1 | vpLamp\DS08, vpTurntable\null, S DS03e.2 Ao 24 PloA DS03S ¥3+3ar, DS04
vpBeeper\null 2 z3slr @ g}
Product vpWeight\DS03, vpHeater\DS(7,
L P2 | vpLamp\DS08, vpTurntable\DS09, 2) ©A 20 a7 Ak A
Bindings
vpBeeper\DS10 G9A 1 o}7)8 A AA HAN ATVEE o] e 5
vpWeight\DS04, vpHeater\DS07, A AXWER 2gdEY A9 5y HEJETL 39
P3 | vpLamp\DS08, vpTurntable\DS09, Fo] AFXUER Baagur A9 7A¥UE gy o
vpBeeper\DS10 Aare A A gtE o] 319 HEWES ddEt) Fig. 95 9]
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PL

Artifact Microwave Oven Product Line (Requirements)

FR01.01, FRO1.02, FR10.01, FR10.02,

Pl FR12.00

FRO1.01, FRO1.02, FR05.01, FR05.02,

b2 FR10.01, FR10.02, FR12.00, FR13.00

Planned
Products P3

FRO1.01, FRO1.02, FR05.01, FR05.02,
FR11.01, FR11.02, FR14.00, FR15.01,
FR15.02

FR05.01 req FR05.02; FR10.01 req
FR10.02; FR11.01 req FR11.02;
FR15.01 req 15.02; FR15.01 req
FR11.01

Constraints

FRO01.01, FR01.02, vprLightl,
vprLight2, vprWS1, vprwS2,
vprLang, vprRecipel, vprRecipe2

Platform

vprLightl: FR05.01, null

vprLight2: FR05.02, null

vprWS1: FR10.01, FR11.01

VP vprws2: FR10.02, FR11.02
declarations

vprLang: v € {FR12.00, FR13.00,
FR14.00}, 1<|vl<3

vprRecipel: FR15.01, null

vprRecipe2: FR15.02, null

(FR05.01 at vprLightl) req (FR05.02
at vprLight2); (FR10.01 at vprWS1)
req (FR10.02 at vprWS2); (FR11.01 at
vprWS1) req (FR11.02 vprWS3);
(FR15.01 at vprRecipel) req (15.02 at
vprRecipe?); (FR15.01 at vprRecipel)
req (FR11.01 at vprWS1)

Platform
Design
Variability

Constraints

g S, Fig 614 £4& BAsHE 874

F&kel FR10
Fig. 9olA 49 A& <]+ Boolean weight sensor
ARE FH s L7AHERIN0DT S4)o] &A 5]
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3= BooleanWeightCMP(DS03)-2
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]5 —3‘01, Boolean weight sensord] zES B8t A%
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vprLight1\null, vprLight2\null,
vprWSI\FR10.01, vprWS2\FR10.02,
vprLang\{FR12.00}, vprRecipel\null,
vprRecipe2\null

p1

vprLight1\FR05.01, vprLight2\FR05.02,
vprWSI\FR10.01, vprWS2\FR10.02,
vprLang\{FR12.00, 13.00},
vprRecipel\null, vprRecipe2\null

Product | P2
Bindings

vprLight]1\FR05.01, vprLight2\FR05.02,
vprWSI\FR11.01, vprWS2\FR11.02,
P3| vprLang\{FR14.00},

vprRecipel \FR15.01,

vprRecipe2\FR15.02

Fig. 9. Refined Platform Requirements for the Family of
Microwave Ovens
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vprLightI\null, vprLight2\null,
Lo vprWSI\FR10.01, vprwS2\FR10.02,
Req_Binding .
vprLang\FR12.00, vprRecipel\null,
P1 vprRecipe2\null
Design_Binding | vpWeight\DS03, vpLamp\DS08
Constraint exclude: FR11.01—DS03,
onstraints
PSS ER10.01-DS04
vprLight]1\FR05.01, vprLight2\FR05.02,
Req Bindi vprWSI\FR10.01, vprWS2\FR10.02,
indin,
CAPIANE o ang\(FR12.00, FR13.00),
P vprRecipel\null, vprRecipe2\null
Design_Binding | vpWeight\DS03, vpLamp\DS08
. . exclude: FR11.01—DS03,
Constraints .
FR10.01—DS04
vprLight]1\FR05.01, vprLight2\FR05.02,
Lo vprWSIN11.01, vprwS2\FR11.02,
Req_Binding . -
vprLang\FR14.00, vprRecipel\FR15.01,
P3 vprRecipe2\FR15.02
Design_Binding | vpWeight\DS04, vpLamp\DS08
Constraint exclude: FR10.01—DS04,
onstraints
FR11.01—DS03
Fig. 11. The Mappings Between Platform Requirements and

Software Architecture for the Family of Microwave Ovens
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