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Requirements Engineering for Urban Applications
I We have been building increasingly sophisticated urban sensing,

communication, and computing, and data infrastructures

Source: http://www.cnet.se/wp-content/uploads/2015/11/smartcities.png

But, how are we doing in
understanding what the stakeholders of urban applications want?
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So, What do the Stakeholders Want?

DILBERT ©2006 Scott Adams. Used By permission of UNIVERSAL UCLICK. All rights reserved.
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Requirements Elicitation
How do we acquire requirements for an application to be developed?

Interview a few stakeholders
and develop user stories
(as a role, I want feature, so that benefit)

Is this model of acquiring requirements effective for urban applications?

I Large variety of stakeholders
I Many usage contexts
I Continuously evolving requirements
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Crowdsourcing Requirements

Outline

Crowdsourcing Requirements

Requirements from Social Media

Crowdsensing Requirements
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Crowdsourcing Requirements

Crowdsourcing Requirements

Crowd RE: Requirements for the masses; from the masses

I Solicit ideas from the general public or the so called crowd

I Represent ideas as requirements

I A large number of workers from diverse backgrounds
I Crowd campaigns are relatively inexpensive

Pradeep K. Murukannaiah Requirements Engineering for Urban Applications 6



Screenshot: http://weburbanist.com/2014/03/05/crowdsourced-city-14-citizen-directed-urban-projects/

http://weburbanist.com/2014/03/05/crowdsourced-city-14-citizen-directed-urban-projects/


Screenshot: https://www.psfk.com/2013/04/china-crowdmaps-pedestrian-and-cyclist-problem-areas-my-ideal-city.html

https://www.psfk.com/2013/04/china-crowdmaps-pedestrian-and-cyclist-problem-areas-my-ideal-city.html


Screenshot: http://pulse.media.mit.edu/

http://pulse.media.mit.edu/


Crowdsourcing Requirements

Facilitating Creativity in Crowd RE

I Typical crowdsourced tasks require basic human abilities, e.g, language
understanding and visual recognition, but not creativity

I RE is a creative problem solving process
Goal modeling: Objective finding, problem finding
Requirements acquisition: Idea generation
Architecture modeling: Solution finding

How can we facilitate crowdsourcing of requirements acquisition (idea
generation), a task that requires participants to exercise creativity?

[Murukannaiah, Ajmeri, and Singh. “Acquiring creative requirements from the
crowd. . . ” In Proc. RE, 2016, pp. 176–185.]
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Crowdsourcing Requirements

Creative Idea Generation

I Idea generation is often understood as a social process
Pros: Cognitive stimulation promotes creativity

Cons: Evaluation apprehension, social loafing

I Facilitating group work for crowdsourced tasks is nontrivial
I Workers are from different locations,

and their work styles and motivations differ

How can we promote creativity in crowdsourced tasks, where group work
is not viable?
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Crowdsourcing Requirements

Crowdsourcing Creative Idea Generation

I Cognitive stimulation produced by exposure to others’ ideas is key to an
individual’s creativity in a group

I A sequential task design can yield the desired cognitive stimulation

Initial 
Ideas

Refined and 
New Ideas Final

Ideas

I The sequential task design may lead to information overload
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Crowdsourcing Requirements

Reducing Information Overload

Initial 
Ideas

Refined and 
New Ideas Final

Ideas

Select a few ideas from a pool of previously acquired ideas to cognitively
stimulate a new worker

Idea Generation 
Task

Idea 
Selector

Previous Ideas New Ideas

Idea Selection Strategy

Selected Ideas
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Crowdsourcing Requirements

Selection of Stimulating Ideas

A group’s personality composition influences its creative performance

The Big Five Personality Traits

Source: https://open.lib.umn.edu/principlesmanagement/chapter/2-3-personality-and-values-3/
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Crowdsourcing Requirements

Personality-based Ideal Selection

Idea Generation 
Task

Idea 
Selector

Personality 
Survey

Previous Ideas

New Ideas

Similar Personality

Dissimilar Personality

Mixed Personality

Selected Ideas

Personality distance:
P

trait2{O,C,E,A,N}(traiti � traitj)2
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Crowdsourcing Requirements

Empirical Study: Requirements for a Smart Home

I The emerging domain provides a
large space for exercising
creativity

I The concept is not new, which
makes it a viable topic

I The crowd may find generating
ideas for smart homes fun &
worthwhile

Phase 1: Idea Generation

Stage 1
No exposure to 
previous ideas

n = 50

Stage 2
Exposure to 

Stage 1 ideas
n = 128

Stage 3
Exposure to 

Stage 2 ideas
n = 122

Phase 2: Idea Rating

Rate ideas 
generated in 

Phase 1
 n = 300
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Crowdsourcing Requirements

Empirical Study Phase 1: Idea Generation Task

2...

As a pet owner,
I want my smart home to let me know when the dog uses the doggy door,
so that I can keep track of the pets whereabouts.
Application Category: Safety                                  Tags: pets locationpets location

1.

...

Sample Smart Home Requirements

New Smart Home Requirement

roleAs a

featureI want

benefitso that

comma separatedTagschoose a categoryApplication Category

Add Requirement

Pradeep K. Murukannaiah Requirements Engineering for Urban Applications 17



Crowdsourcing Requirements

Empirical Study Phase 2: Measuring Creativity of the Ideas

Creativity entails novelty (originality) and usefulness (value adding)

...3... ...

As a home owner,
I want my smart home to turn on yard lights when 
motion is detected
so that break-ins can be avoided
Application Category: Safety
Tags:

1.

2. As a home occupant,
I want my my smart home to learn my lighting 
habits and continue to use them when I am away
so that intruders are deterred.
Application Category: Safety
Tags:

Rate Smart Home Requirements  Scale: 1: Very Low  2: Low  3: Medium  4: High  5: Very High

Rate Requirements

1 2 3 4 5

Usefulness:

Novelty:

Clarity:

breakin

Vacation lighting

Usefulness:

Novelty:

Clarity:
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Crowdsourcing Requirements

Results: Personality-Based Idea Selection Strategies

1 2 3 4 5

Mixed

Dissimilar

Similar

Novelty rating

Stage 2

1 2 3 4 5
Novelty rating

Stage 3

1 2 3 4 5

Stage 3

Stage 2

Stage 1

Novelty rating

All Ideas

1 2 3 4 5
Novelty rating

Selected Ideas
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Requirements from Social Media

Outline

Crowdsourcing Requirements

Requirements from Social Media

Crowdsensing Requirements
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Requirements from Social Media

User Discussions
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Requirements from Social Media

User Discussions
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Requirements from Social Media

Canary: A Requirements View of User Discussions

Canary realizes a requirements-oriented store over user discussions
stored in traditional information stores. The view is realized via a map-
ping from Canary queries to SQL queries

[Kanchev, Murukannaiah, Chopra, and Sawyer. “Canary: Extracting
Requirements-Related Information from Online Discussions.”
In Proc. RE, 2017, pp. 1–10.]
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Requirements from Social Media

Canary: Annotations and Query Language
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Requirements from Social Media

High-Level Queries about Requirements
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Crowdsensing Requirements

Outline

Crowdsourcing Requirements

Requirements from Social Media

Crowdsensing Requirements
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Crowdsensing Requirements

Crowdsensing Requirements: RE at Runtime

Ringer Manager Application

Specify generic requirements at design time

I Keep the phone silent when the user is busy

Sense user-specific requirements at run time

I Keep the phone silent when I am in a meeting, except when boss calls
I Keep the phone silent when I am working, except for calls from family
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Crowdsensing Requirements

RE at Runtime: Requirements Reflection

 Middleware

Application Application

User

Sensor

Service

Sensor

Service

generic 
requirement user-specific

requirement
user-specific
requirement

context context

generic
requirement
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Crowdsensing Requirements

RE at Runtime: Methodology and Middleware

Methodology: To support developers

I How can we facilitate developers to systematically reason about the
requirements of an intelligent application and derive its specification?

Murukannaiah and Singh. “Xipho: Extending Tropos to engineer context-aware
personal agents.” In Proc. AAMAS, 2014, pp. 309-316.

Middleware: To support developers and end users

I How can we engage end users in tailoring developer-specified
requirements to meet their individual needs?

Murukannaiah and Singh. “Platys: An active learning framework for place-
aware application development and its evaluation.” TOSEM, 2015, 24(3):1–33.
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Crowdsensing Requirements

Modeling Requirements

Think not just What and How, but more importantly, Why!

Agent-oriented modeling

I
Actor: A social, physical, or
software agent

I
Goal: A strategic interest of
an actor

I
Plan: An abstraction of action

I
Belief: An actor’s
representation of the world

I
Dependency: A relationship
between actors

An actor model of Intelligent Ringer

Callee

Callee's 
neighborCaller To reach 

by phone
To be not 
disturbed 

To be reachable 
by phone

To work 
uninterrupted 

To not disturb 
a neighbor

To set an  
appropriate 
ringer mode

To answer 
the call

+
To update 
the caller

To not 
answer the 

call

To send an 
appropriate 
notification

AND

To preserve 
privacy

AND

Perspective

Actor Goal Plan means-end

dependencycontribution (+/-)

Soft 
goal

LEGEND

- +
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Crowdsensing Requirements

Bridging Requirements and Data

Xipho Methodology

I Provides systematic steps
to map agent capabilities to
data abstractions

I Yields a specification
grounded in data, e.g.,
Relationship = ?R1 ^
Neighbor’s context =
Casual ^ Ambience =
Noisy ! Set as loud

Connects intents and data

A conceptual model of Intelligent Ringer

Intelligent 
Ringer

Context

Neighbor's 
context

OR
Set as 
silent

OR
Set as 
vibrate

Ambience

Relationship 
to Caller

Casual

Formal

Noisy Quiet

Set as 
loud or 
vibrate

Set as 
silent or 
vibrate

Set as 
loud

To be reachable 
by phone

To work 
uninterrupted 

To not disturb 
a neighbor

+

NFC 
Sensor Facebook

Audio 
Recorder
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Crowdsensing Requirements

Machine Learning Context

Practical considerations

I
Multimodal and sporadic: Originating from multiple sensors

I
Sparse: Sensing consumes energy

Home

09:30

Lab

09:00 11:30

Lab

11:15 12:00

Home

14:00

???

08:30 09:15 10:10 12:30 17:15

???

{w1 w2, w3} {w5, w6, w7} {w6, w7}{…} {w1} {w4, w8}{w4, w5} {w6, w7, w8} {w2, w3}

{g1} {…} {g2} {g3} {g3}

Time:

Place Label:

WiFi:

GPS:

Ground Truth: Home Lab LabHome Home

User labeled data points Unlabeled data points Data points for place prediction

11:45

{…}

Figure: Stream of intermittent sensor data and place labels

Traditional approaches

I
Unsupervised: Require frequent sensing

I
Supervised: Require several labeled instances to perform well
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Crowdsensing Requirements

Platys Reasoner: A Context Learning Pipeline

Platys Reasoner:
A middle ground solution

I Active learning seeks to reduce
labeling effort

I Semi-supervised learning deals
with infrequent sensor data

Pool of Unlabeled Sensor Data Instances

Active 
Learning

Sensor 1 Sensor 2 Sensor 3 …

Prompt the User to Label

A Few Labeled 
Instances

Several Labeled 
Instances

Training

Semi-Supervised 
Learning

Iterative 
Clustering

Places from 
Sensor Data

User

Label

Classify Instances

Prediction

Filter Non-Places

Infer New Labels
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Crowdsensing Requirements

Active Learning: Intuition

I
Uncertainty sampling: Ask the user about doubtful predictions

Home

09:30

Lab

09:00 11:30

Lab

11:15 12:00

Home

14:00

???

08:30 09:15 10:10 12:30 17:15

???

{w1 w2, w3} {w5, w6, w7} {w6, w7}{…} {w1} {w4, w8}{w4, w5} {w6, w7, w8} {w2, w3}

{g1} {…} {g2} {g3} {g3}

Time:

Place Label:

WiFi:

GPS:

Ground Truth: Home Lab LabHome Home

User labeled data points Unlabeled data points Data points for place prediction

11:45

{…}

Figure: Stream of intermittent sensor data and place labels

Home Lab Lab Home ??? ???Place Label:

Figure: Active learning enables intelligent place labeling
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Crowdsensing Requirements

Platys Reasoner User Study

What benefits does Platys Reasoner offer compared to traditional
unsupervised and supervised approaches?

I No set of parameter values is optimal for every user
I Platys achieves better F-measure than two traditional classifiers
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Crowdsensing Requirements

Summary and Directions

Requirements Elicitation

I A framework for creative idea generation (RE 2016)
I A language for querying requirements from social media (RE 2017)
I A middleware for facilitating RE at runtime (AAMAS 2014, TOSEM 2015)

Data-Driven Challenges

I Crowd-acquired data: Summarizing and prioritizing requirements
I Social media data: Mining arguments
I Data from mobile and social sensors: Context learning

Explainable Artificial Intelligence (XAI)

I Bridging users’ intents and the insights their data provide

Pradeep K. Murukannaiah Requirements Engineering for Urban Applications 36





Thank You


	Crowdsourcing Requirements
	Requirements from Social Media
	Crowdsensing Requirements
	Appendix

