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Abstract— The objectives of Smart Cities are to ensure the sustainability of the cities and to improve quality of life. The city’s 
performance indicators offer insight into the conditions and factors that influence the improvement of the well-being of the 
population of the city, and, consequently, these indicators support the metrics of Smart Cities. The source of information of the 
metrics can be found in the relevant Big Data, which requires extraction and processing for future analysis. Because the 
relational database models are not large enough to handle the extensive variety of formats and volume of the consultations, this 
paper demonstrates the design of a NoSQL schema with storage in the columns to facilitate the scalability and speed of 
searches. 
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1. INTRODUCTION
HE goals of this document are to present the main 
plan of Guadalajara’s Smart City Metrics Structure 

and to provide a brief description of the Guadalajara 
Smart City Framework that will process the information 
of the city. The term Smart Cities includes economic, 
political, social and cultural aspects. The Smart City con-
cept began out of the need to improve the conditions and 
the lifestyle of the cities that tend to develop in a disor-
ganized manner. The current literature on Smart Cities 
was intended to establish objectives to achieve the well-
being of the population, as well as to identify its ele-
ments, as the main actors (the citizens, the government 
and the private sector) must collaborate to remove the 
barriers of division and segmentation that obstruct 
growth (development). With these objectives, it is possi-
ble to promote the role of the government in these tasks, 
the participation of the citizens in decision-making, and 
the contribution of the private sector to the stimulus of 
the economy and innovation. 
Another important element is the Information and 
Communication Technology, which is expected to reduce 
the digital divide and “promote the information society”, 
which can be monitored through the metrics of the cities 
that seek the establishment of sustainable cities. 
 
The first part of this work describes the proposed non-
relational database schema to facilitate the analysis of the 
prevalent metrics of cities on the Internet for the con-
sumption of the relevant actors. The second part of this 
work presents a panorama of the metric cities, expressing 

the importance of measuring the appropriate parameters, 
recollecting information for the identification of the met-
rics and the search for the sources of information. 
 
In the third part, the metrics model is analyzed, with the 
objective to understand the complexity of its require-
ments, within which can be found the sources of the met-
rics as well as the size of the audience or users (actors) 
who use the internet as an ordinary means of communi-
cation; the internet acts as a repository of information on 
the metrics. In the fourth part, the storage models of 
NoSQL are studied, and some of the characteristics are 
described, with the objective of identifying the model 
that best fits to the solution of the proposed/suggested 
problems. In the fifth part, the required transformative 
process for the analysis of necessary data is described, 
and the NoSQL schema is established. 

2. CONTEXT 
 
2.1 Metrics of Smart Cities 
The word “metric” is often used to refer to a “measure-
ment” activity; despite both terms overlapping in mean-
ing, they have their differences. Defining a metric is 
something abstract; it is also a subjective attribute, intan-
gible and qualitative, that it is used as a tool to facilitate 
the decision-making. A measurement helps to approxi-
mate metrics because a measurement provides quantifia-
ble and observable results, and the measurements are the 
objective. 
 
The quality of life, which is a metric of a Smart City, is 
considered not quantifiable and abstract, although it 
helps to understand the state of a city. With this metric, it 
is possible to evaluate the current conditions and to 
guide the progress. However, measurements must be 
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found that support this metric: performance indicators of 
the city that should be shared with the population for its 
analysis in order to build an information society. 

 
2.2 The search of the key indicators of 

performance 
The key performance indicators (KPIs) help to define the 
objectives of an organization. KPIs are measurements 
used in the process of quantification of the efficiency of 
the internal functions. In this study, we refer to the per-
formance of a city, to the search of its parameters, and to 
the factors that influence its conditions. 
Any city possesses multiple indicators, many of which 
have been developed by public and private institutions, 
and the work on them continues and tends to increase. 
As a consequence, the minimum and maximum of the 
cluster is unknown because each indicator can multiply 
when it is deconstructed into other, more specific, indica-
tors. 
 
The citizens must know how to improve their quality of 
life and how to measure it, which implies time, recollec-
tion effort, analysis and fixation of the associated indices. 
This activity is dynamic because of the continuous 
changes in the social paradigms, and, most of all, because 
of the evolution that is noted in the paradigm of well-
being that directly influences the feelings and priorities 
of the citizens, impacting the appreciation of new KPIs. 
 
Currently, sustainability and equity receive a major pro-
portion of the attention. This appreciation has served as a 
foundation for the compilation of KPIs, from which dif-
ferent criteria have been established, with the aim of 
classifying them and directing them to different focuses. 
For example, the Global Power City [1] index identifies 
the actors (researcher, manager, visitor, resident, and 
artist) as reference points to classify and evaluate the 
aspects of a city. City Vitals [2] groups the indicators 
around four intangible values: talent, innovation, connec-
tion and distinction. The authors are convinced that hu-
man attitudes have the power to transform the future. 
Global Ranking for Smart Cities [3] contributed the mod-
el that shows the structure of the KPIs around six city 
areas: Smart Government, Smart Economy, Smart Mo-
bility, Smart Environment, Smart People and Smart 
Living, which are referred to as smart areas. This model 
serves as a reference for this study. 
 
As was previously mentioned, previously established 
metrics exist that are multiplying in different sources of 
information, such as the internet, the government, indus-
try, and nonprofit organizations. These metrics partici-
pate by sharing their data. The challenge that is anticipat-
ed is the recollection and analysis due to the multiplicity 
of formats that make its treatment complex. 
 
2.3 The tendency towards the open data 

framework with a participative audience  
The participative producers of open data audiences are 
the government, citizens, and the public and private 
sectors. These producers have special interest in the ex-
traction of the information generated from the cities’ KPIs 
to build new knowledge or to make decisions based on 
the analysis (Table 1). At the same time, each of the par-

ticipating audience members is a producer of information 
of different situations and events. The government prop-
agates information from the census that is a good approx-

imation of the population, social behavior, happiness 
parameters, quality of life, employment and education 
situation, income and poverty. The public courts or pub-
lic sector share information related to the indices of con-
tamination, environment, economy, etc. 

 
TABLE 1 

USE OF DATE EXPECTATION, CLASSIFIED BY RECIPIENT 
 
The participating audiences are the government, citizens, 
public and private sectors. These audiences have a spe-
cial interest in the extraction of the information generated 
from the cities’ KPIs to build new knowledge or to make 
decisions based on the analysis. At the same time, each 
member of the participating audience is a producer of 
information of different situations and events. The pri-
vate sector participates with indices of business econom-
ics, finances, investments, market tendencies, etc. The 
citizens contribute by providing of information through 
the social network, the use of electronic mail and forums 
to display preferences, beliefs and perceptions of their 
life conditions. In such a way, the data generated by 
some participants are of value to others. These metrics 
are localized in several sites, covering large numbers of 
groups of registers and files. The benefit of their analysis 

Actor Type of re-
quired data 

Type of 
visualiza-
tion 

Type of ac-
cess 

Gov-
ernment 

Influence factors in 
the quality of  
life, demand of 
resources and  
scarcity 

• Sorted 
query by 
priority 

• Statistic 
correla-
tions be-
tween 
factors 

• Decision 
making 
models 

• On line 
consultation 

• Evaluation 
to sectors 

• Recom-
mendations 

• Direct 
download 

Private 
Sector 

Areas of oppor-
tunity, economic 
development 
factors, educa-
tion pro-grams,  
gross produc-
tion. 

• Statistic 
correla-
tions 

• Metada-
ta 

• On line con-
sultation 

• Evaluation 
and voting 

• Direct down-
load 

Citizens Budget use 
Resources 
distribution, 
Social and 
cultural pro-
jects, Factors 
that influence 
public security 

• Interface 
for an: in-
teractive 
participa-
tion 

• On line con-
sultation 

• Evaluation 
and voting 

• Direct down-
load 
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would be the revelation of patterns that could be signifi-
cant to the actors; this idea is already considered by the 
“big data” concept, by which a revision of the character-
istics that outline this group of metrics must be per-
formed to obtain an effective analysis. 

3. DATA MODEL REQUIREMENTS FOR SMART CITY 
METRICS 

With the Internet, the volume of information increases 
dramatically: “almost every company is procuring the digi-
tal representations of its existing data, which results in high 
increase of digital data growth” [4]; as a result, the personal 
computer processing capacity is insufficient, and there is 
a demand of high efficiency in the availability and com-
puter performance for analysis under heavy loads and 
with less cost and time. Therefore, the problems encoun-
tered with this expected amount of information are the 
three Vs of volume, velocity and variety, which are 
commonly used to characterize different aspects of Big 
Data [5], as explained from the perspective of recovering 
metrics in the following paragraphs. 
 
3.1 Volume management requirement 
The metric’s sources are found in the internet throughout 
several storage locations; for example, transparency in 
government generates repositories distributed in an open 
style environment, reaching terabytes of population and 
household census storage; public security, estate and 
annual municipal justice census is aggregated, as well as 
polls, studies and registries with different focuses. In the 
same way, the Private Sector share open access, such as 
the economic and financial indicators related to Mer-
chandise trade. 
The next trend that is envisioned will cause a growth of 
the amount of data is the development of the phenome-
non called “The Internet of Things” [6]. With the prolifer-
ation of sensors in objects, events that are stored in the 
systems that flow in the network are captured. These 
mechanisms or devices write simultaneously in the des-
ignated storage, and there are indicators in them that 
must be filtered for the analysis. As a result, petabytes of 
data are expected to be reviewed. 
 
3.2 Velocity requirement 
The actors’ common activities are online consultation and 
direct upload, which demand rapid response times. The 
consultations involve readings that simultaneously re-
quire extraction and analysis. The uploading function 
warns the writing function about the storage that will be 
available to the user, with actualization speed according 
to the actualization speed of Big Data sources. 
 
3.3 Management requirement of the variety of 

formats  
The variety that is considered in the metrics of Big Data 
includes different types of documents that have different 
internal structures, depending on each system or place of 
origin. Table 2 presents some sources of KPIs that are 
classified by smart areas, according to Cohen’s model. 
 

 
TABLE 2 

FORMATTING OF METRIC SOURCES F, CLASSIFIED BY AREAS OF 

A SMART CITY 
KPA Metric Source Format 
ENVI-
RONMENT 
 
 
 

 

Temperature, humidi-
ty, temperature, 
lighting, carbon mon-
oxide, nitrogen diox-
ide 

Sensors JSON 

PEOPLE Life expectancy 
Education level 

Census 
 

XLS,XLS
X,CSV, 
PDF  

GOVERN-
MENT 

Usage of public ex-
penses 
Public budget  

OpenData CSV, XML, 
ZIP, KMZ, 
SOAP+X
ML,VND.,
CSV, 
JSON,RAR 
PNG 
 

MOBILITY Public transportation 
services. Connectivity 

Sensors, 
urban 
applica-
tions 

HTML,XL
S,PDF,JAS
ON 
 

ECONOMY Gross Domestic Prod-
uct  
Inflation 

Census 
Business 
applica-
tions 

PDF, 
XLS, 
Multiple 
database 
formats 

LIVING Housing quality  
Parks 
 

Housing 
and urban 
develop-
ment 
depart-
ment 

PDF, 
XLS, 
Multiple 
database 
formats 

 
3.4 Data analysis requirement 
Currently, the field of Big Data is changing the way in 
which investigation is conducted, e.g., it is possible to 
adopt skills to solve complex problems associated with 
scientific discoveries that surround multiple knowledge 
areas, such as health, security, education, etc. In this case, 
patterns must be found, starting with the city’s KPI anal-
ysis. Scientific analysis is one of the tools required to 
assist in this process, together with the algorithms to 
classify the information, such as the Bayesian model, 
especially the useful kernel for classification tasks, re-
gression analysis, and cluster analysis of spatial data. 
Performing the correlations between the KPIs leads to the 
establishment of forecasting via the observation of pat-
terns. 

4. NOSQL STORAGE MODELS 
 
4.1 Antecedents 
NoSQL databases were developed after 2009; the main 
idea was to give more storage power to the web sites 
whose user size is constantly increasing, while taking 
into account the scalability [7]. In other words, the stor-
age size increases are set to maintain high availability. 
Another important characteristic is that these databases 
do not maintain an internal organization of tables with 
elements of the same kind, as in the relational model, 
which, at the same time, generates advantages in some 
aspects and disadvantages in others. 
Relational databases (RDB), originating with the work of 
Codd [8], were and still are an important model; normal-
ization is a powerful function that is used to decrease the 
redundancy and to reduce storage costs. The model was 
organized in tables, containing tuples of the same kind 
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based in the established relationship. In this system, an 
attribute of each table can be designated as a primary 
key, and its value is used to extract a unique registry or 
to make inquiries in one or several tables. The query 
language (or consultation language) for the RDB is Struc-
ture Query Language (SQL), which facilitates the con-
struction of queries incorporating restrictions, groupings 
and recursive functions [9]. These activities are units of 
work, called transactions. A transaction consists of one or more 
statements in SQL, and each transaction must have the follow-
ing properties: atomicity, consistency, isolation, and dura-
bility (ACID) [10]. The atomicity means that a transaction 
(create, update, select, delete, etc.) must be processed 
entirely, and these are indivisible. The consistency is the 
capacity to write valid pieces of information according to 
rules and restrictions imposed. The isolation refers to the 
concurrency control and the durability of the permanen-
cy of storage. 
The priorities of the relational database systems (RDBSs) 
lean more towards consistency than towards availability 
because, usually, whoever implemented them at the in 
the first place maintained little information of their busi-
nesses and enterprises. 
The challenge starts with the net traffic and the huge 
information volumes and the ability to handle different 
formats that block/stop the table design with a unique 
key structure for only one registry. The distributed data-
base systems for the RDB attempt to resolve the huge 
volume of problems, but do not support the segmenta-
tion for the parallel processing. In this way, the NoSQL 
models must provide an answer to these con-
cerns/worries and, with it, the possibility for other solu-
tions is available. 
 
4.2 The CAP Theorem (Consistency, Availability, 
and Partition Tolerance) 
Brewer [11] proposed a model for distributed bases sys-
tems in which he starts with definitions describing three 
characteristics: consistency, availability, and partition 
tolerance. The consistency is the capacity of the machines 
to obtain access to the same data at the same time and at 
any time. The availability is considered to be the capacity 
to respond to petitions. The partition tolerance is the 
capacity to operate any of the faulted servers. The theo-
rem established that it is impossible to have the three 
functions at the same time for which the RDB are deemed 
appropriate for applications where consistency is abso-
lutely required. 
If the partition tolerance must be maintained, which is 
the case for the storage that secures the process even 
when a server fails, then the NoSQL storage models are 
considered.   
Figure 1 shows the Relational DataBase Management 
System (RDBMS) with availability attributes and con-
sistency. The NoSQL storage for databases (DBMS) main-
tains only the consistency and the partition tolerance. The 
NoSQL is based only in the availability and the partition 
tolerance. Still, there are no systems with all three attrib-
utes. However, companies and users are increasingly 
choosing NoSQL databases. The three most popular 
types are Key - value stores, Document-based stores and 
Column-oriented databases [12]. 
    
 
 

 
 
 
 
 
  
 

 

 
 

 

Figure 1. Classic model of the CAP theorem: A distributed 
storage system can only guarantee two functions simulta-

neously 

 
4.3 Key - value stores 
This type of storage is very similar to the organization of 
hash tables, in which the key is the position of the ar-
rangement of the storage. The value that is directed by 
the key can be any type of data, such as a chain, JSON or 
XML documents, and a binary blob. The disadvantage of 
this structure is that the access throughout the values is 
impossible and deriving consultations or queries from 
the values is difficult; however, it is easy to escalate these 
types of databases due to the simplicity of their table 
distribution in different computers [13]. 
 
4.4 Document – based stores  
This is a kind of database that allows for the organization 
of a collection of documents, which can be of any sort. 
One difference with respect to the key-value is that is 
possible to store an entire page in only one registry. This 
model allows for the consultation and location of data 
through the values without requiring the key. The regis-
tries are kept independently, and if a change occurs, it 
does not affect the rest of the registrations. One of the 
advantages is the complete recovery of a set of data with 
one simple consultation. Registrations are divided among 
many machines when the traffic is increased, speeding 
the consultations/queries of any content because it is en-
route to one computer alone. This model is useful for 
web sites where there are more readings than content 
writings. 
 
4.5 Column-oriented databases 
The main support is to address the huge number of col-
umns, the sparse nature of the data and frequent changes 
in schema. Column values are stored contiguously, with the 
aim to improve performance for aggregations and dynamic 
queries. In addition, columns of those rows that satisfies the 
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where clause of the query are retrieved, which causes un-
necessary disk input/output [14]. 
 
 

5. NOSQL OUTLINE DESIGN FOR METRIC 
DATABASES 

 
The design of an outline “database schema” for the met-
rics must be adjusted to the characteristics and require-
ments that were analyzed previously; furthermore, the 
number of users that would have access to the same val-
ues at the same time must be considered. This quantity of 
users is the Mexican population of more than 112 336 538 
million people registered in 2010 [15]. The method of 
access is the reading of the uploading of the enquiry.  
There will be demands of consistency because the trust 
level depends on the accuracy level, not only for the en-
quiries but also for the synchronization among the simul-
taneous requests of the users. Speed plays a substantial 
roll because the volume of data that will be uploaded will 
be very high. 
The data must be processed in advance; the primary 
tasks are the recollection, screening, classification and 
analysis. The purpose of this procedure is to find mean-
ingful information for the users. This process is visual-
ized in Figure 2; this flow is composed of blocks of pro-
grams, algorithms, and formats that represent the ins and 
outs of the blocks. 
 

 
Figure 2 Metrics of Smart Cities, process of treatment inside Big 

Data 

The process starts with the extraction of the data without 
structure and with a variety of formats that prevail in the 
sites that contain indicators of city from Big Data. Next, 
the transformation NoSQL is produced to facilitate the 
speed of the analysis; specifically, the model key-value as 
there will be no internal searches to the process. Only 
finding correlations and classifying are required to iden-
tify cluster(s) over data in spaces of statistics methods.  
The last block organizes the registers obtained by the 
analysis in a structured format to accelerate the free ac-

cess on line enquiries of the users; in that way, a trans-
formation to the format requested by the user can be 
performed. 
The outline that is proposed here is for the archives that 
are produced by the transformation. The outline is in-
spired by the Dremel processing style, a system of en-
quiries for nested data analysis [16]. Dremel has the ad-
vantage of the disposition in columns to complete the 
distribution of parallel processing, thereby performing in 
seconds enquiries regarding trillions of tables. Dremel 
processing is used by Google and allows for scaling into 
thousands of CPUs and petabytes and it is a complement 
of Map Reduce. Map Reduce is an algorithm that trans-
forms the data in key - value registries and utilizes scala-
bility [17].  
The reason why the model in the columns is appropriate 
for the structure of the metrics’ content is because each 
document includes indicators of different areas of a smart 
city and it is necessary to group them for their analysis. 
The format is supported by different technologies, such 
as MR, Sawzall, and FlumeJava. 
 
Figure 3 shows the outline for the nested indicators of 
People and Living that correspond to two areas of Smart 
Cities in Cohen’s model. The messages definition “Search 
request” was used for its creation. 

 
 

 
 

Figure 3 NoSQL schema for extracting metrics in Big Data 

Figure 4 shows two examples of content processed by the 
previous outline, with an exit to the 4 tables that are be-
low Figure 5. Each table contains values of only one at-
tribute and a column; for example: Indica-
dor.People.Education found schools with two repetitions, 
Indicador.People.Security shows kidnapping 21 times 
and theft nine times, and so on. 

 
 
 
 
 
 
 
 

 
 

Retriving content 
from web servers 

Transformation 
Key-value 
Files 

Data Analytics 

To organize data 
for queries Relational 

Database 

Unstructure data 

Structured data 

message Document 
     { 
     required int64 DocId; 
     repeated group Inidcator  
         { 
          repeated group People  
            { 
            required string Education; 
            required string Security; 
             } 
          repeated group Living 
             { 
            required string Housing; 
             } 
          } 
      } 
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One of the advantages of this format is the possibility to group the 
indicators together that belong to only one area, for example, Educa-
tion and Security are linked to People. 

6. CONCLUDING REMARKS 
A variety of tools exist that enable the processing of large 
volumes of information, but these still depend on the 
design of the outline of the databases, as one must speci-
fy the desired attributes that must be escalated to add 
others. The existing outlines are limited to the extraction 
of chains, which prevents the analysis of the factors asso-
ciated to other types of data and could surround an event 
that is presented in the content of the document. 
To evaluate the proposed outline, it is necessary to inte-
grate a platform that allows for the monitoring of the 
consistency and tolerance to the participation; however, 
this platform is outside the scope of this paper. 
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Indicador.People.Education 
value  r  
schools  6  
  
Indicador.People.Security 
value r  
kidnapping 21  
theft   9  
  
Indicador.People.Health 
value r  
diabetes 34  
  
Indicador.Living.Housing 
value r  
energy 12  

Figure 5 Four tables with results after of the pro-
cessing was applied 

DocId: 1 
  
Indicador 
    People 
         Education: ‘schools’ 
         Security: ‘kidnapping’ 
         Security: ‘theft’ 
         Health: ‘diabetes’ 
    Living 
         Housing: ‘energy’  
 

DocId: 2 
  
Indicador 
    People 
         Education: ‘schools’ 
         Education: ‘primary school’ 
         Education: ‘secondary school’ 
         Security: ’terrorism 
         Health: ‘ebola’ 
         Health: ‘cholera’ 
 
  

Figure 4 Two examples produced by the extraction using the pro-
posed NoSQL schema 


