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[Review] Abstraction Level in Software Development

What the organization and human
activities should be?

What the system
should do / be

How to
construct/run well
on computers?

Program
(Realization on computers)

System



Software Requirements

mSoftware Requirements:
Properties that should be satisfied to solve problems in the real
world

mRequirements Engineering (BXIZF) :
Engineering about elicitation, analysis, specification, validation, and
management of software requirement

mKeywords
mProblem Domain (FERERESEL) , before Solution (BZ:RmEIE)
mStakeholders
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Significance of Requirements

BConsume 30-50% of resource with problematic

[ B.W. Boehm et al., Understanding and controlling software costs, 1988 ]

requirements
EmProblems in requirements occupy 55% of delay causes

[JUAS « I—H—RV T b7 XM w7 XFE2016]

mFamous irony

[ https://danielksmith.wordpress.com/
2012/09/25/what-the-customer-really-
wanted/ ]

(I could not trace into the original source)
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Requirements Knowledge in SWEBOK

Quantifiable
Requirements

System

Requirements
and Software
Requirements

Formal
Analysis
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Activities in Requirements Engineering

mElicitation: elicit requirements through understanding the
prOblems that should be solved Sometimes people prefer “discover”

or “develop” to “elicit” or “extract”

mAnalysis: classify requirements, detect and resolve conflicts,
clarify the boundary

mSpecification: build documents for sharing, validation, and
agreement

m\/alidation: check preciseness, consistency, completeness, -



Iterative Nature of Requirements Engineering

Elicitation Analysis
Validation & Specification
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|IEEE 830

mIEEE 830 (1998): IEEE Recommended Practice for Software

Requirements Specifications
mQuality characteristics defined as follows

« (Correct

« Unambiguous

« Complete

« (Consistent

 Ranked for importance and/or stability
 Verifiable

« Modifiable

« Traceable



One View of Requirements and World

®mThe model by Zave/Jackson

World Machine

SEER| o, eSS

Does the specification S of the machine satisfy the requirements R
under the environmental assumptions E?

R |+ #enter = #pay

s | Unlock when pay occurs
« Lock when push occurs

£ push and enter alternates

[image from http.// - push cannot occur after lock until unlock occurs
www.fujitaka.com/ ]

[ Zave et al., Four Dark Corners of Requirements Engineering, 1997 ]
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Example of Terminology (High Diversity)

BGoal models
mGoal: what (various) stakeholders want to achieve
mSubgoal (of a goal): goals necessary to achieve the goal, possibly
multiple (all necessary or alternatives)
mRequirements: goals that have been concretized enough to judge
the feasibility and chosen to be realized

G1-1/Req. 1 Call elevator by

pushing the button
G1 Call elevator : :
G1-2 Understand the status of | G1-2-1/Req. 2 Shown the

elevator position and direction of
elevator




Example of Terminology (High Diversity)
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Domain Modeling and Analysis

mDomain Modeling and Analysis

(Conceptual Modeling and Analysis)
mUnderstand and represent concepts and relationships that
constitute the target domain of the real world
mDescribe basically the As-Is
without To-Be, or the system to be developed

f-ishikawa@Sokendai
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Conceptual Modeling

mConcepts about flight reservation in the UML class diagram
mRelations, especially, aggregation (has-a),
generalization (is-a), and multiplicity

pkg

++++++++++

1

Aggregat/on .
+origin

Reserva tion SeatClass Flight //\1 Airport

mb rOfAvailableSeats < rivalTime

+departureT|me \/ +location
+ destination
Generalization

ssssssssssssssssss




Conceptual Modeling

BInstance of the previous flight reservation concepts
in UML instance diagram

pkg
Bob : User
name = Bob
ReservationByBob : Reservation Alice . Operator
date = 2012/04/30 name

\

EconomyClassOfJALO0T . EconomyClass

JAL 001 . Flight

arrivalTime = 2012/06/01 1530

numberGfAvailableSeats = 69 departureTime = 2012/06/01 0900 [———rigin__|
price = S0000JPY/seat

NETAirport - Airport
location = Narita

BusiinessClassOfJALOO1 . EconomyClass destination

numberOfAvailableSeats = 30
price = 120000JPY/seat

LAAirpart . Airport
location = Los Angeles

arigin
EconomyClassOfANASSS . EconomyClass

numberOfAvailableSeats = 65 -
price = 80000JPY/seat I ANA 899 : Flight
arrivalTime = 2012/06/01 1800
departureTime = 2012/06/01 1700

destination SFAirport : Airport
BusiinessClassCfANA999 : BusinessClass location = San Francisco

numberOfAvailableSeats = 13
price = 1500000JPY/seat




Conceptual Modeling

Process of flight reservation (Eriksson-Penker Diagram)

actEriksson-Penker Diagram )

<<people==
(S)Derator
I

1

<<process==
Flight
registration

<<information==

<<information== __ﬁgmp_ugg_%, _ _
Flight info. Registered flight

<<information==

) ] <<information==
Desired line and schedule

Available seats

<<information==
Seat price

Note: Eriksson-Penker diagram is
— i represented as an extended version

\&% <cinformation=> of UML activity diagram with

the stereotype mechanism

(“tags” with the <<XXX>> notation)
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=<<information==
Desired seats

<<people==
Epr)wd user
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Requirements Modeling and Analysis

mSolving real-world problems by computer systems
®mDraw the To-Be on the basis of As-Is

mUse Case (1—X4—2R) :
defines scenarios about how user tasks are completed
(with the system to be developed)




Requirements Modeling and Analysis

BmSuppose the following results from hearing — naveryolddays-
mCannot make reservations to visit office branches or make calls
during the work hours
®» Traveling users should be able to make reservations by themselves
anytime at any place
B Too costly to organize and analysis the present reservation status
to make decisions on prices
®» The status should be automatically organized so that staffs of the
flight company can easily understand it



Requirements Modeling

mUse case diagram for the flight reservation system

mActors

mUse cases
mSystem boundary

1 e
.z .2
é e

@ ¢

@ o

£ 3

m
Administrator

f-ishikawa@Sokendai
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Requirements Modeling

mUse case description

Use Case: Register Flight
Actor: Administrator
Purpose: make a new flight accessible on the system
Precondition: none
Postcondition: a flight with inputted route and schedule is registered
Basic Sequence:
1. The actor indicates an intention to register a new flight
2. The system prompts the actor to input the route (departure, destination) and schedule
(departure, arrival), as well as price and the number of available seats for each class
3. The actor inputs the information to the system
4. The system registers the flight information
5. The system shows the registered information to the actor
Alternative Sequence: none
Remarks: none
Scenario: Bob with the administrator role indicates -+ inputs a flight information
from Tokyo Narita to Paris CDG -+



Requirements Modeling

actActivity Diagram for Search Seals)

W Activity diagram:

User Flight Resrvation System

d seguence S

for each use case
mActors and the system
(in partitions)
®mOrdering and branch
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Goal-Oriented Requirements Analysis

mGoal-Oriented Requirements Analysis

B The previous UML mode
somehow, rather than su

s assumed use cases are obtained
pporting to derive them

BmThe focus should be deriving use cases from high-level goals

mGoals should be structured in a hierarchical way
mFrom abstract business goals
BInto concrete requirements to be satisfied by the computer system
m“We want A for B” relationships

@G1 Call elevator

G1-1/Req. 1 Call elevator by
pushing the button

1

f-ishikawa@Sokendai

G1-2 Understand the status of
elevator

G1-2-1/Req. 2 Shown the
position and direction of
elevator




Goal Modeling in General

mHierarchical structure of AND/OR c

mGenerally, DAGs (directed acyclic gra

ecomposition

(multiple sub-goals for one goal, no loop) Goal T

ohs)
Goal 2
MN
Sub Goal 1 Sub Goal 2 Sub Goal 3
/N /N N

mDistinction of hard goals and soft goals
mWhether goal satisfaction is judged in a binary way (true/false) or

in “how much”
mNon-functional aspects appear often

as soft goals




Expected Benefits of Goal Models

mFacilitates validation

mDo we cover all what stakeholders want?

mDon’t we include something other than what stakeholders want?
mFacilitates comparison of different means

mBy OR decomposition

mFacilitates traceability
Be.g. understanding change impact



Order of Goal Modeling

mHow to build goal models

BTop-down (from abstract to concrete): asking “how?”
mBottom-up (from concrete to abstract): asking “why?”
mTypically, iteration of both directions

2. Asking “why?” and
making the objective explicit

Goal 1 3. Asking “how?” and
a VB\ discovering other

necessary sub-goals

1. Starting with
a goal the customer
naturally mentioned

Sub Goal 1 Sub Goal 2

f-ishikawa@Sokendai
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Method Example: KAOS

Agents and allocation of
obligations to agents

// Button command dotected / Passengers informed
of their call's status

13

A

Destlnaﬂon floor button <_Elevator Controller >
wth-d Inside cage

ﬁoﬂlnaﬂon floor panel inside ago 3«m\:::?:ﬁ|2.r? v: / / o ﬁ:&t:mt::ggh:;o:a —
//bidirectional buttons on each floor/ Passenger>
Leaf-level goals are
requirements

Yellow goals allocated to users
represent assumptions
(what the system is not responsible for)

(we decided to satisfy them,
and they are enough
concrete to be implemented)
[ http://www.objectiver.com/ ]
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Method Example: i*

Strategic Dependency Model for As-Is
__Stakeholders

ru sty
[Healthears
System)

ted
[S-lrgﬁﬁ ees ]

Healthcare
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Flexiale
Treg}%ent
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CondiionsBe
Recognized
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Legend _
.
@~ @~ -Q ) ey
I:I Resource —_— DEpEL?ndkenw
Q Role D Softgoal : :Demrﬂﬁﬁsition
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[ E. Yu, Social Modeling and i* ]
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Method Example: i*

Strategic Rationale Model for To-Be

Goals for each stakeholder

Levels clarified . e
for how much

. /‘
contributes

filia En#g %ﬁr
to the soft el
super-goal R e S
Festrict rE&{me ’
(Make, Help, etc.) RN . N
~ # Walsins
I iy @

Froid e !
enlred Carg .

' ﬂ e B
each sub-goal &.
l
D

Teatle

ny Cuslomized Frofaence s
Plah .'3'|55|s ani
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e
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sz dinty LY
. "\—"

=

LS
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[ E. Yu, Social Modeling and i* ]
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Method Example: NFR

Non-functional goals (clouds) and
contributions of sub-goals (+ / -)

Effort Fitness Quality
[Scheduling] [time, [time]
Effort preferences] P\ DegOft;ommiFment
[calendareing] o [participants,time]
-
... FEffort n t A + ‘
[matching] _ ScheduledMeeting

[participant]

+ Obrtaining Alternative goals

. \\ .
[participant,schd] ~ FoundMatch Y
ManuallyObtained [participants, (O decomposition)
[participant, \ time] are evaluated

sched)] 2and selected

AutomaticObtained
[participant,  ManualMatch

sched] [participants,time]
Obtained AutomaticMatch
ByPhone Undated Collected [participants,time]
_ _ pdate ollecte
ObtainedByEMail [calendar] [sched]

[ J. Mylopoulos et al., From object-oriented to goal-oriented requirements analysis, CACM'99 ]
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Example (1): Asls
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User Requirements Notation (URN) (standardized by combining i* and NFR)
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Example (2): ToBe
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Actual Usages of Goal Models

BThe examples were “initial ones that made the impact”
mFew people may use them directly nowadays (?)
mThe “we want A for B” relationship is very, very essential

Me.g., itis very common to use spreadsheets to model the few-level
goal structures

(URLAGE]

EE

URLAGE-DU

[EEn Fo 90 A FT s B T aE A S, - PR AL, RELEEN - FREEC
MEF=-TIEMEL. BELLEREEEL. L TR RE I MR R TSECSET
75

AR S O DL ST A L i R AT T
S Eh i S 0L

SN, 10555,

< P T AN R

T = TR R TR L, SO ENEERET.
BEICL AT (LIS 1 o) R

IR nEme (%55, MESH TEoMIEE)

» iD= FoUR

urzsce- o0 |HEERLATEN D = 2. FOs 9002 i LT RET S,

ez o0 |HEELAEENE L. FOY 925U R mE L THET S,

< P TE

AN T

. PO #2A2 HOEEFRELEES (changef42 HFELIRS) . ML —RENLES
L [T L P—
T T TS,

USDM format, cited from
[ https://affordd.jp/previous/tech _documents/
affordd-t2-usdmtext-basic_1.3.pdf ]
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Other Topics for Requirements Engineering

mBusiness analysis
mSWOT, Business Model Campus, -

®More upper-level: creating and organizing ideas
BB ERERIZE
®Brain storming, K-J method, -

mMethods for elicitation and communication
minterview, ethnography, persona analysis, ---

mMethods for validation
mPrototyping, -




Note for Following Topic: Uncertainty of Requirements

|t is very difficult to “completely” enumerate what should be

done in the target business or human activities
mCan you be confident for the 800-page specification document?
mAre they still valid after 1 year of development?
B (but this may be inevitable in some large systems)

®» One possibility is to work on a smaller set of requirements,
for 2-3 weeks, and have iteration
(to be discussed in agile software development)



Summary

mDomain Analysis / Requirements Analysis
BThe most significant activities that affect the success/failure of the
project
mUnderstanding of the problem domain, and draw ToBe from Asls
mSystematic methods to tackle the very difficult activities involving
various stakeholders, without no “right answer”
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