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Abstract—Urban areas around the world are being crowded
and, in some cases, over populated. This leads tanaw set of
modern life problems, like traffic jams and natural resource
depletion. Information technologies, under the alia of smart
city or Internet of things, play a very important role helping

analyze, understand, and solve these problems. Thmesent
work discusses the need for testing on smart citiesd Internet

of things field of study. Following this line of thought, it goes
through how other researchers are testing and valiaking their

projects. Finally, it presents an easy to use andistomize way
of generating cheap data mass for project validatio.
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l. INTRODUCTION
The growing number of citizens in urban areaseésiting
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worldwide by the tech industry. Relying on thosel$oand
techniques would give researchers the certainfy sbéution
may be on the right tracks [5][6].

There are different ways to ensure that softwargksvas
expected. One of them is by using a testbed. Abeest
comprehends a huge set of tools. In this set, thereools
that behave as a real environment, where othevadtcan
be executed in it, “thinking” they are executing the real
environment. In addition, in this set of tools, rih@re data
generators, which simulate a real environment, las t
previous testbed, but instead of executing thegigsfect in
it, it outputs a dataset from the simulated envirent, which
can be used as input for the software the reseawh@s to
test [5][6][7].

The present work introduces a data simulation ¢ektb
which can simulate the desired target area, andmrein
almost unique data set. More than that, the fimatlpct of

a new range of modern problems to humankind. Resour this research is a framework to construct testifedsiata

distribution, government transparency, security,biity,
and life quality are just a small set of these rdallenges
[1]. Some of these problems can be seen worldwkae.
example, it is easy to think of at least one narha acity
suffering from traffic jams [3], which is one of ma
mobility problems.

In addition, there is a set of invisible probleretated to
the growth of population on Earth. Urgent problelike
pollution and the depletion of natural resourcesaready a
huge concern in the modern society. The numbereopie
in cities, and how those people behave, affectonbyt that
small location on Earth, but also the entire pld&§4].

Modern human life has a helpful ally on fightind of

those problems. The increasing power of computation

mass generation to help testing smart cities atetriat of
things applications. The main reason of this reded to
provide to other researchers a simple to use atash@xool.
The current paper is divided on the following smwsi
Section Il describes the concept of a smart citg amat
researchers are doing with it; Section Il showsviaher
researchers are trying to solve the lack of snitiesaesting
tools; Section IV presents how the proposed frankwa@s
constructed, the idea and architectural decisiafsni it's
functionalities; Section V displays the framewogligation;
Section VI holds a final discussion about this work

II.  SVART CITIES
The expansion of urban areas and the growing nuptber

devices and the amount of data gathered about,stlmopeople on those spaces are creating new problems to

everything, can help researchers and scientisterstaihd
how those problems appear and behave and simulale t
and scenarios, trying to find ways to solve or prévthose
problems [4].

The main problem of computational tools is the nted
test it. Researchers need to ensure their tools/arking as
expected, under any circumstance. In Computer &eiand
software engineering, there are different concapts tools

humankind like resource distribution or service agament.
Solving these problems is not simple, which is iegd
scientists into looking for solutions on, but natlesively,
smart cities [8].

The concept of smart city may vary by researcher,
university, or book, but the main idea is the satng:to
solve urban problems, save governments money apichira
life quality by using Information Technologies (swére,

to test hardware and software, which are being uselardware, networks, and sensors) [9][14]. Howelilez,any
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other research field, smart city also needs vatidatFor
this, the best way of validation is gathering rdata from
urban area and replicate it to test the solutiome Tain
problem is gathering real world information, whican be
expensive, for not mentioning administrative basri€rhis
can delay the development of a good idea for a tong. In
addition, after gathering the desired data, it d@prove the
project; meaning money and time were wasted. Bysrg
this thought, it is easy to understand the needafaliable
and cheap data mass for initial validations on srogies
projects to avoid time and money being wasted (4][1
Nowadays, it is starting to be common to find publata
masses and Application Program Interfaces (APsyiged
by governments for researchers. Nevertheless, tdasz

The paper proposal is to create a virtual envirartménere
Power Grids (Electrical Grids) projects for smaities
projects can be tested. The main idea is to devéiep
desired solution in this simulator; while it gertemusage
patterns and unpredictable events (like naturahstiss).
This represents a good approach for specific pnoble
especially smart systems that may need to takekquic
measures without human intervention [5].

D. SmartSantander: The Meeting Point Between Future
Internet Research and Experimentation and the Smatrt
Cities
Smart Santander [6][12][15] is a testbed for snuést

projects running in a real live city. Researchemn c

does not show how citizens behave. For security antmplement their projects and analyze how it woudthdose in

bureaucratic reasons, most public data massese rétat
government controlled resources usage. Even ththege
data sets can be helpful and insightful, they atesnitable
for all researches [9][10].

To circumvent those problems, researchers
developing testbeds based on real data and ohssivad
generate good data masses for project validatioms. may
not represent the real world behavior, but such tmst
approach is helping researchers to test and valittagir
ideas early on initial stages.

. RELATEDWORK

the real world. The architecture is based on differTiers,
and the communication between components among. them
Each Tier communicates with a capillary networkttha
carries information to application servers. To lite the

arénplementation of new solutions, this architectigebased

on only four subsystems, with simple interfacesise and
access.

This project is a major milestone in the field ohast
cities. It is hard to point downsides on the pr@basince
they can also represent new reasons for studiegtheas
scenario is the most suitable for such.

E. loT Testbed Business Model

In this section, there are enumerated some workls an

researches that identified the same problem, bykbui
explaining their approach to solve it.

A. Simulating Smart Cities with Deus

The study introduces a testbed able to createndass to
test wireless communications infrastructure in arsnaity.
Its data mass is generated by the frequency priitlyatfi a
series of discrete events and distributing thosmtsvalong a
time period, using a deterministic algorithm. Iisttestbed, a
discrete event is any state change or communichgbmeen
nodes — which can be citizens or sensors. The peapo
testbed can generate a high amount of data in k gened.
On the other hand, it does not offer easy waysotdigure
data generation [11].

B. Smarty City Application Testbed

This work proposes a testbed for data generatimujin
simulating citizens and resource usage. The apjgita
developed provides a way to input configuratioriay and
the testbed tries to simulate behaviors and gemetata
based on the user input. It seems to be a goodadeaable
the test of specific scenarios. The proposal caret
extended, which means other researchers will nathibe to
add more modules or entities to the tool simulatioging
limited to its generation capabilities [7].

C. Smart City — Platform For emergent Phenomena Powef

System Testbed Simulator

Differently from the two previous testbeds, thisposal
is not about generating data to validate smagsablutions.
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The study presented by Silva et al. [15] is a besin
model for internet of things testbed deploymentaomneal
environment. It is a derivation of the businessagl@nd
commercialization principles behind Smart Santander
[6][12][15]. The model considers four main aspeofsa
business: infrastructure; value proposition; cusisnand
financials. Finally, it shows how to detect keytpars, key
activities, cost structures, and revenue streams, S
governments, private corporates or universities gnto
implement their own “Smart Santander”.

IV.  FRAMEWORK FOR DATA GENERATION

The final product of the present paper is a fram&wo
enable other researchers to create their own tstfdiose
testbeds will generate data mass by simulatingtaaicity.
For this to happen, the study considered two differ
configuration moments: simulator configuration and
execution profiles. The simulator configuration Idewith
what the final testbed will simulate and is achibvey
adding, removing, or modifying simulation modules.
Researchers can use those modules to enable uiffere
behaviours to their simulated city. On the othendhathe
execution profiles modifies how the simulator vikthave.
While the simulator just shapes a city, the execufirofiles
describes how much resources the city will consdoming
jts simulation, which can modify all modules belwans.
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The proposed framework is based on three diffgrarts
(as shown on Figure 1): data storage, a Web baséde G

User Interface (GUI) and the core application. Afte

generating data, the framework produces a singlaSkaipt
Object Notation (JSON) file, which can be used &tidate
any smatrt city project.

A. Data Storage

The main goal of the data storage is to hold eiacut
variables and information, removing this respotisybirom
the core application. This means the testbed hiééwvgloped

does not need to deal with memory swap, indexing c
thi

language garbage collector. Also, abbiding to
architecture decision enables the framework tocaute this
concern to another process or software, paraligliz

WEB GUI Core Applic ation
User Input City Simulator
Testbed Output Data Generator
[y »~
kA

Data Storage

Figure 1. Three Parts Architecture.

imports and initializes all the basic modules tlaime

memory management and input and output blockingyundied with the final application.

operations.

For this task, the framework relies on MongoDBcr@ss
platform document-oriented database, adopted bynabar
of the most popular websites and services. It fesusn
giving fast reading and writing operations. To aefki this, it
indexes data into hashes on memory. On the othat, hia
does not provide the most common relational opmnatilike
JOIN statements or transactions.

B. Web GUI

The core part of the proposed framework can aacegt
input, as execution profiles, to generate data nfass
specific scenarios. To enable this, the framewaodvides a
stand-alone application, which can behave like FPiWeb
server. Then, the application can connect to thia Btorage
(previously described), to save new execution [@®efor to
download JSON files generated by previous execsitidn
be able to access all of its functionalities, tBeryust need
to connect to it with a common Web Browser.

C. Core Application

The core application is subdivided in two partse th
Execution Manager and the Simulator. Figure 2 shioows
the Core Application and all of its parts behave.

1) Execution Manager

The Execution Manager is capable of connectinghéo t
Data Storage, verify if there are execution prsfilo
simulate and, for each one of them, raise a netarioe of
the Simulator. In addition, this Manager
responsibility to generate JSON files at the endeaéth
simulation execution.

2) Simulator

This method receives as input the current execution

profile, which should be used to initialize the mte$ that
execution method will execute.

b) Execution Method

Three tick events compose the execution method: day

changed; hour changed; minute changed. Developast m
use at least one of these events to configure aedute
these simulation modules. Since the entire exatutio
environment exists on each of these events, evegyitan
be used as input parameter for each module executio
method. By doing this, it is easy to inject the reat
execution date time, or even all the existing eiti, into the
module execution.

The goal of splitting the Execution Method intoktic
events is to facilitate the identification of sefsactions each
module may need to perform according to the timehef
day. More than that, it helps overhead reductiom¥yiding
unnecessary method calls. For example, the “trafficiule”
needs to be simulated each minute, so it can gendata as
real as possible. On the other hand, “educatioresacc
module” can be simulated once a day, may be aétideof
the day (day changed event), since it may only need
simulate students score based on its frequencgddiition,
adopting this architecture enables modules to filifferent
execution methods for each tick event, improviregedbility
on module’s code.

Notice that, like the real world, time is an inceamtal

holds thevalue, being orchestrated by the smallest time witch is,

for the proposed framework architecture, the minumné.
The default real world, and framework, behavioablways
increment the smallest unit by one. For the frantéwthe

The simulator exposes two methods for developers, a incremental value can be modified (in the Initiatian

comes bundled with a set of simple basic modules.
a) Initialization Method

This method exists for importing and initializingex
created and basic modules into the Simulator. Bgulte it
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Method) to make the simulation better suit the éaggoject
needs. For example, instead of incrementing bydfault
value, it could increment the minute unit by teeducing the
number of minute tick events, decreasing generaitioe.
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Finally, this architecture opted for not using leta probability for each created block: 65% chance
module execution, like threads or sub-process. dbgsion to be a home block; 25% chance to be a
relates to the passage of time and each moduleutxec workplace; 1% chance to be a hospital; 1%
state. Using threads or sub-process would force the chance to be a police station; 3% chance to be a
framework and its modules to implement executigmais school; 5% chance to be a leisure block and 1%
to ensure that different modules are still exegutime same chance to be a university block.
simulation moment. In addition, since modules carubed » The Citizen Manager — generates citizens for the
as parameters for other modules executions, usingllgl simulation, gives those homes and jobs, and
processing could damage this concept, since imecte makes them walk through the city. Jobs and age
modules could change their own execution statehim t distribution is based on a set of predefined
middle of the execution of the dependant modulekinga “citizens profile”, where each profile has a
the chain execution fail. chance of service consumption. The Citizen

c) Default Basic Modules Manager tries to distribute this profiles based on

The framework comes bundled with three basic magule input for service access. o
which represents basic components of a city. Ebengh * The Transport Manager — can only be initialized
those modules can be used to generate data, thiir o by injecting a city into it. At each iteration,
purpose is to serve for this paper validations. receives a I|st_ of citizens that want to move to

The bundled modules are: another location, tries to move them, and

« The City Manager — capable of generating a remove from this list the citizens that got to
city. The size of the output city is based on user their destination.

input (from the WEB GUI). The final city is
randomly generated based on a predefine

Execution Manager Simulator Module(s)
T
~ s
L~ Arethere ™.
o e unloaded —Yes—¥ Load Module
A Initialize e . modules?
_ 2 N /,,_-’iza__m I
Search for Execution r i i
— Profiles on P . No P T
Data Storage - S nitialize Modu
e -
] 4 v ‘€ ——— Start Execution
o " Simulated days \\
F {;‘“---K 2 e is less than >
“—No e oun / \\# days to simulate? .-
W J 4 i
‘(é ,/ ?‘0 \\_ &———— Foreach Module » Execute Day Event
e | % i ~
E Y
Create Finish Yes
Mew Simulator S ¥
'I.IJI z.a‘/ " 3
y ‘,«-’/ '\,\\\
<" Hour<24? “‘;‘_Ng’ Houpsd
Write Dump File  |* o i Day =Day +1
/.q&x
| g o
‘;| | Foreach Module = Execute Hour Event
-1
——— Giarbage Collection v 4
/’/ H“\ T
;"/‘. \‘\\ e
. N Minute =0
(. Mnute<B0  >No pour=Hour + 1
\&_ .
Yes >
Increase Minute |« Foreach Module » Execute Minute Event

Figure 2. Core Application Workflow.
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V. VALIDATION

To validate the framework, three different scersavi@re
created: a simple villageEspinheirg and Boa Viagem
While the village scenario tries to represent adi@al small
village, which will help to validate the framewoskeed for
small inputs, bottEspinheiroandBoa Viagenscenarios try
to mimic two huge neighborhoods froRecife (a city in
Brazil). For validation and testing, data about sto
neighborhoods were gathered from [13]. Since thasad
source only deals with area size and number dfetit, and
the framework needs to have an execution profileriter to
work, for service consumption behaviour, random bers
were used. Even though these numbers may not egpires
real world services usage, they are good enoughalidate
the framework. The input data for each executioenado
can be found in Table 1. For these validations,
framework’s default modules were used. Becausehaf, t
since the city generation module, created to vididhe
framework, only deals with blocks of buildings, for
Espinheiro and Boa Viagem scenarios, a block was
considered as having 100m2. Finally, each scenaee
executed three times. A summary of each executonbe
found on Table 2.

To execute these validations, a Virtual Privatev&er
(VPS) were used, with the following environment
specifications:

One Virtual CPU with 2GHz.
1 GB RAM
30 GB SSD Hard Drive

the

TABLE I. VALIDATION SCENARIOS
Input . Scengrios .
Village Espinheiro Boa Viagem
City Width 10 72 251
City Height 10 100 251
N. of Citzens 2000 10000 130000
N. of Days to Simulate 90 90 90
Total Education Service 35000 30000 130000
Total Health Service 41000 80000 877500
Total Transport Service 280000 2250000 12090000

Ubuntu 14.04x64
Python 2.7.6
MongoDB 3.0.2.

Analyzing the summary output, it is easy to undergdt

TABLE II. EXECUTIONOUTPUT
Output ‘ Village . ‘ Espinheiro . ‘ Boa Viagem .

First Second Third First Second Third First Second Third
Execution Time (Seconds) 865.26 832.18 813.12 5479.79 5798.20 5272|86 33308. 32420.90 32511.08
Data Mass File Size (MB) 63.8 60 59.2 397 396 387 .7 GB 1.7 GB 1.7 GB
Home Blocks 73 57 66 4560 4636 4648 40826 40766 0208
Work Places Blocks 18 26 20 1857 1785 1822 15603 7045 15651
Hospital Blocks 1 2 1 68 87 62 617 637 694
School Blocks 5 6 2 220 217 210 1946 1813 1976
University Blocks 1 1 2 39 40 30 303 285 301
Police Station Blocks 1 2 1 74 70 56 643 646 647
Leisure Blocks 1 6 8 382 365 372 3063 3150 3109
School Citzens 72 94 103 851 849 831 366 364 364
Graduate Citzens 110 104 102 831 822 854 344 382 2 38
Gratuate-worker Citzens 112 88 87 826 819 78% 35 349 349
Postgrad-worker Citzens 95 103 97 826 844 864 379 50 3 350
Worker Citzens 955 972 979 6666 6666 6666 64631 6B46 64667
Retired Citzens 656 639 632 0 0 0 63924 63888 63888
Avarage Citzens Age 50 49 49 35 35 35 58 58 58

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-438-1

the impact the execution profile has on executiore tand
generated file size. Since for each scenario thetigrew on
city size, number of citizens and service consuomptihe
output for them also grew on execution time andegeted
file size. This means that a testbed generated Hey t
framework is reusable for different city behavioumsthe
same virtual city, which means one of the two agunfation
moments, described in section 1V, was achieved.
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Continuing with the summary analysis, it is alseacl

how biased is the default module for city generatio

Previously, it was mentioned that the default meduhs a
probability for each block creation. Taking the fipe

station” and “hospital” probability as example, aihis a 1%
chance, and looking at the results, we can vismalie
number of blocks for theses block types is alwasar i %.
Even though their coordinates may be very differarftich

may affect traffic related studies, the way bloeke being
generated for different size of cities may not espnt a city
growth behavior.

In addition, the chosen framework architecture may
suit for larger simulations, since it does not death
parallelism. The effect of this decision can benseae the
execution times presented in Table 2. The smatlenario
took fourteen minutes to process and the biggestaso
took eight hours. However, the proportion betweache
configuration entry for their execution profilesrist higher

than sixty times. Even though execution time may b
reduced by using a powerful CPU and more RAM memory

the gain may not be perceived on large simulati@marios.
Finally, these validations prove that the framewa&ly

works, that it can be customized by different smrvi
modules, and also show how the execution profileyy m

affect the execution time and final file size. Exbough the
default modules work well and may be used for sase
cases, they only exist to show how modules worldenthe
proposed framework and, as this validation showss i
highly recommended that researchers extend oraeptze
default modules, or even add more city service resdu

VI. CONCLUSION

The effort of testing a solution is compensatedifging
problems as soon as possible. Finding problemsais tn
the early stages of a development, means fixingsthation
early, when it is easier and cheaper. Also, bagidting the
software or hardware being developed reduces thecehof

an unknown problem being released worldwide. Even

though this is common in the tech industry, thesoeing of
using tests can be easily related to Smarty GitiekInternet
of Things research.

The result of this paper is a framework for data

generation through cities simulation. The generdisd can
be used in any smart cities or internet of thirggearch. In
addition, the proposed tool means a cost reducsorce

researchers do not need to waste money on gathesaig
environment data until it is necessary. As showntha

validation section, researchers can simulate nidetys in

only eight hours, which is a precious time savidgwever,

this time could be decreased if the framework stigpo
parallel processing.

For future works, there is a need to research roorehe
framework modules. Implementing new modules forcgjee
set of city and world functionalities would be Helpfor
other researchers. In addition, in the softwareiregging
field, there is a need to find ways of optimizimg ttime the
framework takes to generate data, but keepingsiy & use
and customize. It would be great to see researaines
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5

projects on Smart Cities and Internet of Thingsgsthe
testbed framework as one of its tools for projesst tand
validation.
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