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Traceabillity in Software
ENngineering

e Tractability is about:

« The ability to interrelate any uniquely identifiable artifact to
any other;




Why Trace Reqguirements

« Verity Coverage

e Avoid Redundancy

e Assess Impact of Changes




urrent Practice

« Requirements activities are separate from development
activities

o Links between requirements and development artifacts must be
maintained




Model Oriented Programming
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class Person { }

class Student {
isA Person;
Integer stNum;
status {
Applied {
quit -> Quit;

enroll ['hold] -> Enrolled;

}
Enrolled {

quit -> Quit;
graduate-> Graduated;

}
Graduated ({}

Quit {}

* —— 0..1 Supervisor;

}

class Supervisor {
isA Person;

}
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Umple Online

WWW.try.umple.org

namespace BankingSystem;

'/Namespace for core of the system.
namespace BankingSystem.core.humanResources;
class PersonRole{?}

class Person{
name;
address;
phoneNumber;

1 -- * PersonRole;

class Employee{
ISA PersonRole;

glass Client

y

ISA PersonRole;
name;

address;
phoneNumber;

1.2 -- 1.. Account;

class Manager {
ISA Employee;
0..1-- * Employee;

'Accounts, priviledges, etc.
namespace
BankingSystem.core.intangableResources;
class Account{
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Overview of Research Direction

« Umple, a Model Oriented Programming Platform

« Enhance OO code with modeling abstractions

o Associations, State Machine, Model Based




Adding Key Requirements
Entities

e \We propose to incorporate textual representation
of key requirements entities into the "Model
Oriented” code.
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Requirement-Oriented

Model and Programming

. anguage (ROMPL

e Language components

e OO code

 Modeling Abstractions (state
machines, Associlations, etc..

e Requirements Entities

o« Goals, KPIs, Business
Rules, ..

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted {
Discharged {

Form Registration ({
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority ({
// Algorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement; }

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->
Discharge;}
Scenario PatientRegistration {..}

Scenario PatientDischarge { .. }

KPI PatientWaitTime {
// Algorithmic code

SoftGoal WaitTime ({
patientWaitTime; }

SoftGoal ReAdmission {..}

SoftGoal PatientSatisfaction {
WaitTime & ReAdmission; }




Forms & Users

Form Registration ({
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted {
Discharged {

Form Registration {
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->
Discharge;}
Scenario PatientRegistration {..}

Scenario PatientDischarge { .. }

KPI PatientWaitTime {
// Algorithmic code

SoftGoal WaitTime {
patientWaitTime; }

SoftGoal ReAdmission {..}

SoftGoal PatientSatisfaction {
WaitTime & ReAdmission; }



State Machine Modeling
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Form Registration {

Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close =-> Closed; }

Closed {

entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// Algorithmic code to calculate
// priority of patients. } }

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted { .. }
Discharged { .. } } }

13| Form Registration {

Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->
Discharge;}

PatientWaitTime {
// Algorithmic code .. }

SoftGoal PatientSatisfaction {
68 WaitTime & ReAdmission; }




UML Attributes and
Assoclations

Class Patient ({
Integer age;
Name;
1 -- * Registration;

VAU B WN P

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted {
Discharged {

Form Registration {
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->
Discharge;}
Scenario PatientRegistration {..}

Scenario PatientDischarge { .. }

KPI PatientWaitTime {
// Algorithmic code

SoftGoal WaitTime {
patientWaitTime; }

SoftGoal ReAdmission {..}

SoftGoal PatientSatisfaction {
WaitTime & ReAdmission; }




JTasks & Business Rules

Performed by Actors
May involve completing Forms

Measured by KPls

Must conform to Business Rules

39| Task PatientRegistration ({
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement; }

BusinessRule CostLimit {
// Definition of Business Rule..

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted {
Discharged {

Form Registration {
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->
Discharge;}
Scenario PatientRegistration {..}

Scenario PatientDischarge { .. }

KPI PatientWaitTime {
// Algorithmic code ..

SoftGoal WaitTime {
patientWaitTime; }

SoftGoal ReAdmission {..}

SoftGoal PatientSatisfaction {
WaitTime & ReAdmission; }



Scenarios

e SCenarios are a sequence of tasks

Goal AdmitPatient{}

Class Patient {
Integer age;
Name;
1 -- * Registration;

e Support for Forks and Joins

Form Registration {
Patient.age mandatory;
Patient.name mandatory;
symptom optional;

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}

48| Scenario PatientAdmission { Jrergronp pecountants ©)

Task PatientRegistration {

ContributesTo AdmitPatient; zorm Regietrations
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Triage ->
Admit —> ContributesTo AdmitPatient;

Triage ->
Admit ->

DiSCharge; } Discharge; }

Scenario PatientRegistration {..}

Scenario PatientAdmission {

Scenario PatientDischarge { .. }
Scenario PatientRegistration {..} i senitamie code ..

SoftGoal WaitTime {
patientWaitTime; }

57| Scenario PatientDischarge { SoftGost Rehdnission ()

SoftGoal PatientSatisfaction {
WaitTime & ReAdmission; }



Goals and SoftGGoals

o Support for “AND” and “OR”
decompositions.

Class Patient {
Integer age;
Name;
1 -- * Registration;

patientStates {
Admitted { .. }
Re-Admitted {
Discharged {

Form Registration {

o (Goals are measured by KPls

//state machine to define
//behavior of the form.
status {
Open {
submit [complete] -> Submitted
close -> Closed; }

Closed {
entry/ {saveFormData();} }

Submitted {
reOpen -> Open; } }

calculatePriority {
// RAlgorithmic code to calculate
// priority of patients. } }

Actor Nurse {..}
Actor Clinician {..}
UserGroup Accountants {..}

Task PatientRegistration {
Actor Nurse;
Form Registration;
KPI patientWaitTime;
BusinessRules CostReimbursement;}

BusinessRule CostLimit {
// Definition of Business Rule.. }

Scenario PatientAdmission {
ContributesTo AdmitPatient;

Triage ->
Admit ->

SoftGoal WaitTime ({ Discharge; )

Scenario PatientRegistration {..}

pat l entWa i tTime ; } Scenario PatientDischarge { .. }

KPI PatientWaitTime {
// Algorithmic code

SoftGoal ReAdmission {..} pecionchaittines )

SoftGoal ReAdmission {..}

SoftGoal PatientSatisfaction {

SoftGoal PatientSatisfaction ({ _Sal_sasnine & Sehamissions ) ____
WaitTime & ReAdmission;



ROMPL Key Benefits

 Requirements are integrated within executable
artifacts (no longer a separate artitact

« Reduce or eliminate the need for requirements
INks.




Challenges in Adopting
ROMPL

« ROMPL is in its incubation phase and requires
urther refinements

o Using ditferent abstractions may introduce some
problems
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| iterature Overview

« Connecting requirements to code has been

attempted [1, 15].

e Attempts to link M

DA and Requirements [18, 19
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