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ABSTRACT

Traditional SQL and NoSQL big data systems are the backbone for
managing data in cloud, fog and edge computing. This paper
develops a new system and adopts the TPC-DS industry standard
benchmark in order to evaluate three key properties, availability,
consistency and efficiency (ACE) of SQL and NoSQL systems.
The contributions of this work are manifold. It evaluates and
analyses the tradeoff between the ACE properties. It provides
insight into the NoSQL systems and how they can be improved to
be sustainable for a more wide range of applications. The
evaluation shows that SQL provides stronger consistency, but at the
expense of low efficiency and availability. NoSQL provides better
efficiency and availability but lacks support for stronger
consistency. In order for NoSQL systems to be more sustainable
they need to implement transactional schemes that enforce stronger
consistency as well as better efficiency and availability.

CCS Concepts
* Information systems —Data management systems —Database
management system engines—Database transaction

processing—Data locking
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1. INTRODUCTION

Cloud computing delivers on-demand IT services, such as storage,
compute power and servers, over the Internet in order to offer
flexibility, scalability and elasticity in service provisioning. Cloud
service consumers only pay for the services they use. This reduces
their operational and maintenance cost of IT services. The common
model of cloud service provisioning is built around data centers
where cloud services are centrally stored and managed. In order to
alleviate issues of centralized cloud new models of edge and fog
computing have been emerged. Edge computing offers users and
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developers cloud services and resources at the edge of a network or
Internet. It delivers compute, storage and data services much closer
to end devices and/or end users [1]. Fog computing model can be
defined as an additional layer that provides a bridge between edge
computing (resources) and the (centralized) cloud. For example,
fog computing can help in cloud resource virtualization in order to
dynamically distribute workload across different (edge) computing
nodes.

Despite the differences between cloud, fog and edge computing
models, they all share the need of storing, processing and analysing
data for different types of applications. The work presented in this
paper focuses on the traditional SQL and NoSQL big data systems
which are used by all the three models, cloud, edge and fog
computing. It evaluates the three key properties, availability,
consistency and efficiency (ACE). Availability means that data is
available. For instance, if one node (of a system) is failed or
overloaded (with many requests) then data can be accessed from
another node. Consistency means that data must remain in
consistent state whenever it is updated. Efficiency refers to the
process that data is efficiently accessed and/or updated.

Traditional SQL databases have widely been used for a number
of years by various organizations and companies. SQL databases
(such as MySQL, Oracle) are built using rigorous theoretical and
mathematical models such as relational algebra. They follow the
principles of data normalization and integrity constraints in order
to maintain strong data consistency. SQL database systems have
been used for applications that need strong consistency and data
integrity constraints, for example, banking applications, customers
and products data, online shopping and so on.

NoSQL big data systems (such as Riak, MongoDB, Couch) are
relatively new and they do not generally adopt strong
theoretical/mathematical models. They give preference to
efficiency and availability over data consistency. They do not
follow data normalization principles (as in SQL). Instead they
follow weaker or eventual consistency model.

NoSQL systems have been used for applications that need high
efficiency and availability but weaker consistency. For instance,
NoSQL systems are capable of processing hundreds of thousands
of social media messages/per sec. Social media data may tolerate
weaker consistency. But applications such as financial transactions
or online shopping may not tolerate weaker consistency. In such
applications problems caused by inconsistency could be more
serious than having lower efficiency or availability.

We believe that the three ACE properties are crucial to different
applications that use cloud, fog and/or edge computing. We
propose and develop a new system in order to evaluate and analyse


https://core.ac.uk/display/220155566?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

these properties of SQL and NoSQL big data systems. We

implement an online shopping cart as a case study and use TPC-DS

industry standard benchmark [2] in order to evaluate the ACE
properties.

The premise behind implementing online shopping cart is that
it is more appropriate to evaluate and analyse the ACE properties
of SQL and NoSQL big data systems (see Section 4). This work is
based on the work [3], which developed a new transactional model
and tested the effects of velocity on consistency in NoSQL big data
systems.

The contributions of this work are manifold:

e It evaluates and analyses the ACE properties of SQL and
NoSQL big data systems. This reveals the strengths and
weaknesses of SQL and NoSQL systems.

e It uses TPC-DS as a benchmark which has been used for
evaluating real life and commercial data systems. TPC
(Transaction Processing Council) is a non-profit corporation
which define benchmarks for transaction processing and
database systems which are used by industry [2].

® The results show that SQL provides stronger consistency but at
the expense of low efficiency and availability. NoSQL big data
systems provide better efficiency and availability but they lack
support for stronger consistency.

® It develops a transactional scheme in order to improve NoSQL
big data systems so that they are more sustainable for a wide
range of applications (e.g., online shopping, financial systems)
that need stronger consistency.

The reminder of this paper is sructured as follows. Section 2
presents the rationale and background of this research work.
Section 3 reviews and analyses related work and technologies.
Section 4 illustrates the case study and the proposed approach. It
also presents experimental results and analysis. Section 5 presents
the conclusion.

2. RATIONALE AND BACKGROUND

The number of cloud. fog, and edge users and services are
increasing at a very high speed. As a consequence, data storage
systems have to manage enormous volume of data from a wide
range of sources such as online social media, online shopping,
commerce and business, web searching/browsing, client’s reviews,
and so on. This phenomenon is fostering a giant leap in the 21
century economy growth [4]., as strategic decision making
information can be inferred from the data sets, using different
techniques. Data therefore play a crucial role in different fields such
as commerce, business, healtheare, and research among others [5].

The large-scale data, generated from different sources, has led
to the creation of the concept of “big data” [6], which is
characterized by 3Vs, 4Vs or 5Vs model [7], i.e. Volume, Variety,
Velocity, Veracity and Value. Volume refers to the massive amount
of data which is gathered from different sources and is processed
by scalable cloud systems. Variety is the different types of data
gathered, including, structured, semi-structured and unstructured
format (images, text, data logs, etc.). Velocity is the speed at which
data is created, stored, analysed and visualized. Veracity 1s related
to quality of data such as data accuracy, trust, and reliability. Value
is the process of obtaining (monetary, social, business) value from
the data.

Traditional relational SQL databases are not well-equipped to
manage the big data models. Thus a new generation of databases
named as NoSQL (*Not only SQL” or “NoSQL™) has emerged. In
general, NoSQL big data systems support schema-free, replication
of data and do not require normalization of data (as in traditional

SQL systems). They use CRUD (Create, Read, Update, Durability)
operations for data manipulation. They generally implement “weak
consistency”, meaning that there is no guarantee that an application
(or user) will access the latest version of a specific data. They are
based on the concept of eventual consistency which states that
eventually all the updates will reach all the replicas and data will
eventually become consistent.

In order to illustrate the issue of eventual consistency in NoSQL
databases, let’s consider the commonly used architecture of a
NoSQL database, as shown in Fig. 1. In NoSQL databases, data is
generally replicated across three nodes so as to provide better
efficiency and availability of data. When one replica is updated
then, ideally, the update should be instantly reflected across all the
three nodes. This is to ensure that all the replicas (at different nodes)
are consistent — which is the case of strong consistency.

However, according to eventual consistency it is permissible
that some of the replicas (at some nodes) may not be updated
instantly due to network or some other latency. It means that for a
certain period of time some replicas remain inconsistent and
different applications (or users) could read different values after an
update operation.

In some applications, such as social media, it is tolerable if
some of the replicas are not updated instantly. For example, it could
be acceptable if social media messages (e.g.. *‘Our lunch break is at
12:30pm.” or “We plan to have grilled fish for lunch.’) are not
instantly updated across all the nodes. Fig. 1 shows the situation
where some social media data is updated at Node 1 (Replica 1) and
Node 2 (Replica 2) but not at Node 3 (Replica 3). In this situation,
data available from Node 3 will not be consistent but it could be

tolerable.
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Figure 1. NoSQL and social media data.

Now consider an example of a bank data which is updated by
an online (shopping) application or transaction, as shown in Fig. 2.
If a customer has 50 EUR in the account and s’he buys something
for 20 EUR, then all the replicas (at three nodes) should store the
updated value of 30 EUR. This is to maintain the consistency of
data. In addition, any other transaction over 20 EUR should be
rejected by the system. But the technique of eventual consistency
may not prevent such transaction as data could not be updated
instantly. In Fig. 2, data read from Node 3 (50 EUR) is not
consistent, as this node does not reflect the updated version of data,
which is 30 EUR.
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Figure 2. NoSQL and bank account data.

Similarly, in other e-commerce systems such as Amazon’s
Auctions and eBay it is critical to ensure an e-commerce quality
[8]. such as reliability. efficiency and product availability among
others. But at the same time, data about products, transactions, and
shopping cart, must be stored and processed consistently.

It is observed from the above discussion that high efficiency
and availability are important for big data systems, but consistency
must be dealt with properly. If not, there are serious consequences
of inconsistent data as seen in the example of bank data.

3. RELATED WORK AND
TECHNOLOGIES

This section illustrates the SQL and NoSQL big data systems. It
also explains the key-value NoSQL big data system, Riak, which is
used in this study. Further it reviews existing work on transactional
services in NoSQL big data systems.

3.1 NoSQL databases

Relational databases enforce relationship between data tables
(relations) and support ACID (Atomicity, Consistency, Isolation,
Durability) properties that guarantee strong consistency of data and
concurrency of transactions. SQL has been widely used in
relational databases. But with the emergence of new technologies
such as service-oriented computing, cloud, fog or edge computing,
there has been significance increase in the amount of data which is
generated through applications or services such as online social
media, web searching/browsing, customers reviews, road traffic
and weather data. In such applications it is difficult to maintain
strong consistency (as in relational databases) as well as availability
and scalability. According to the CAP theorem [9], consistency,
availability and partition tolerance cannot be guaranteed
simultaneously. This has led to a new trend in databases, named as
NoSQL databases (as described above).

NoSQL databases process large volume of data and generate
results in real time such as analysis of millions of tweets or
processing of live road traffic data. Therefore, such applications
demand high efficiency, response time, scalability and availability.
Different NoSQL databases follow different data models and
provide different levels of consistency, availability and efficiency.
The most common NoSQL databases models are Document
databases, Key-value databases, Column store and Graph databases
[10]. These models are implemented in different NoSQL databases
such as ongoDB, Cassandra, MemcacheDB, Neo4J, Riak and so on.

Comparing the different NoSQL databases is beyond the scope
of this paper. In this paper. we use Riak which is one of the most
widely used NoSQL big data systems. Riak works as a cluster
which is composed of multiple physical nodes. Each node is
logically divided into virtual nodes. Efficiency and availability are
achieved through data partitioning and replication. Each data pair
is replicated at ‘N’ virtual nodes, which are located in distinct
physical nodes. Moreover, key/value pairs are grouped into a
namespace called “bucket”. This is to allow storing different pairs
with the same key but in different buckets. Buckets are grouped in
another namespace named “bucket type”, where a set of system
behavioural properties could be established. For instance,
properties like the number of replicas (N) and the level of
consistency/availability could be initialized at the bucket type, in
order to determine when a read (*r”) or a write (“w”) operation will
be considered successful or not. In general, consistency is
maintained by a quorum technique and a decentralized replica
synchronization protocol. The system will provide stronger
consistency if (r + w > N) than if (r + w < N).

3.2 Transactional services for NoSQL
databases

NoSQL systems provide availability, scalability and efficiency in a
completely different way in comparison with the SQL databases.
The key-value data models do not adopt strict relationships
between data entities as relational databases do. Moreover, the
NoSQL query language is simplified to Get/Put operations. ACID
transactions are not guaranteed as NoSQL databases prioritize
efficiency and availability over consistency. Examples of such
NoSQL databases are BigTable [9]. Facebook Cassandra[11], and
Windows Azure [12].

Different approaches have been proposed to implement
transactions in NoSQL systems, in order to provide different levels
of consistency — which can be implemented at three different
layers such as data store, middleware and client side. Systems such
as Spanner [13] or COPS [14] have been developed to support
transactions at the data store level. But this method may
compromise on scalability and availability. Middleware
approaches include Google Megastore [15], CloudTPS [16], or
CunwloNimbo [17]. Such approaches implement transactional
services at the middleware level which is an interface between
clients and a database. It means that concurrency control and ACID
properties are managed at the middleware level. Finally, in the
client layer approach, API's are developed that send and receive
metadata from client’s applications. Examples include, Percolator
[18] and ReTSO [19].

Existing research proposes techniques to address the issue of
consistency in NoSQL systems but they do not provide evaluation
of consistency with respect to availability and efficiency.

4. THE PROPOSED APPROACH

This section presents the proposed approach for evaluating the SQL
and NoSQL big data systems which are commonly used in cloud,
fog and edge computing.

4.1 Online shopping cart — case study

We first explain the problem of ACE properties of SQL and NoSQL
big data systems using a case study of an online purchase order of
a shopping cart. We then use this case study to evaluate the effects
of consistency (and inconsistency) on the efficiency and
availability of data.

As described above, we use the TPC benchmark, TPC-DS [2]
in the evaluation. It provides a business model of a retail company



— i.e., recording client purchases, modifying prices according to
promotions, maintaining customer profiles are some of the
examples of business processes. In this paper, our study is focused
on part of the recording client purchases process.

Specifically, we explore the problem of how concurrently
issued purchase orders (or transactions) can affect availability,
efficiency and consistency. If multiple (purchase) orders or
transactions are concurrently updating the data (e.g., buying same
product or unit) then the chances of data inconsistency are also
increased. During an update operation data may remain
inconsistent for a certain period of time. The inter-arrival time since
the update operation has started until it has finished and recorded
updated data in the database is referred to as “inconsistency
window” [20]. This can happen due to several reasons such as
network communication delay, number of replicas or a system load.

The issue of inconsistency arises when two or more clients
concurrently order the same product/unit and their orders overlap
during a purchase process. The issue is illustrated through an
example in the Fig. 3. At time t1 and t2 the number of available
units (#units) in the database for a specific product (“id_product”)
is the same for both client 1 and client 2. Clients place orders
independently of each other. The number of available items (in the
database) at the time of the clients’s orders, should be:
#units_client 1 < #units or #units_client 2 < #units. That is, the
number of units should be equal to or greater than the units
specified in client’s order 1 or client order 2.

If client 1 order is completed first, then the number of available
items will decrease. Thus it is possible that client 2 may not get
sufficient units if (#units_client 2 > #units) after the purchase of
client 1.

Client 1
id_

Figure 3. A product purchase by two concurrent clients.

Therefore, it is necessary to process client requests so that data is
consistent while maintaining appropriate level of efficiency and
availability.

4.2 The process model of an online shopping
cart

This section explains the process model of an online shopping cart.
We use the online shopping cart case study as it is more appropriate
to evaluate the ACE properties of the SQL and NoSQL big data
systems. For instance, maintaining consistency is crucial in online
shopping cart as clients’ orders and product records must be
consistently processed and stored in databases. Efficiency is also
important as clients requests need to be processed quickly.
Availability is important too as sellers want their products to be
available to many clients.

The aim of describing the process model is to study the
behaviour of an online purchase system which simultaneously
manages purchase requests from different clients. When a client
makes a purchase request for a specific product the system will
display the number of units (or products) available in the database.
If there are no units available, the client’s request will be declined,
otherwise the system proceeds with the purchase request. The
system must manages a client’s request and keeps consistency of
the database.

The purchase process used in our study is illustrated in the Fig.
4. Note that there exist various models of implementing the
purchase process in online shopping carts. However, comparing
different online shopping carts is beyond the scope of this research.

In Fig. 4, the flow of different steps is numbered in order to
provide a better understanding of how the system carries out the
purchase process.

# units >=

# units_client

abort

# units >=

#units_client

# units < 18

#units_client

Commit

Cancel

payment payment
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Figure 4. An online shopping cart purchase process model.

The client’s purchase process comprises the following three main
phases:

1. Initial phase: the system receives a client’s request to
purchase a product (1). It checks the number of available units
(2, 3), and sends the information to the client (4). If there are



no units, then the system discards client’s request (5),
otherwise the client should choose number of units which are
to be purchased (6), and the purchase will start.

2. Purchase phase: the system receives the number of units
chosen by the client (7). However, it has to be taken into
account that other clients coexist due to the concurrent nature
of the purchase system. Therefore, any client is highly likely
to make decisions based on a stale version of a product in their
initial phase. For this reason, it is necessary to check if there
are still enough number of units available in the database that
fulfil client’s needs (8, 9). If there are not enough units
available, then the client’s request is declined (10, 11),
otherwise the system proceeds with the purchase order.

3. Payment phase: this is the most critical point during the
purchase procedure as during this phase client’s decision will
be finalized (and recorded) in the database (commit or abort).
This implies that a certain concurrency control technique [21]
should be implemented in order to consistently manage data
updates in the database. At this stage, the system definitely
confirms the availability of units (13, 14). Then, if the check-
out is successful the purchase will commit (17, 18, 19),
otherwise it will abort (15, 16). The goal is to avoid or reduce
the number of database inconsistencies and payment conflicts,
especially in a database system that lacks appropriate
concurrency control technique.

According to the purchase process model, every client’s request
starts at the “Initial” phase. But it is possible that all clients may not
be able to finish their purchases successfully due to the level of
competitiveness between them — that is, system allows multiple
clients at the same time to enable high availability of data (or
products). It is possible that some purchase orders are discarded at
the beginning of the process as they cannot get sufficient units (i..e,
#units_client > #units). Other purchase requests (where
#units_client < #units) will pass to the “Purchase” phase. At the
end, only when a client’s request has enough available units along
the three phases (“Initial”, “Purchase”, “Payment”) then his/her
purchase will complete successfully. Otherwise the client’s request
will be cancelled at the specific phase of the purchase process.

4.3 Evaluation and testing

The purchase process model is implemented using Java, SQL and
NoSQL big data system. The goal is to analyse how a purchase
system works with two different data systems, a traditional SQL
database and a NoSQL big data system. We use MySQL and Riak
for traditional SQL and NoSQL big data system respectively.
Specifically, we analyse how concurrent read-write operations
affect the ACE properties. With MySQL we use locks and no locks
in the experiments. Riak does not use locks and it lacks appropriate
concurrency control mechanisms.

Several experiments have been carried out in order to simulate
concurrent client’s requests (or transactions) with different degrees
of concurrency. The number of requests (transactions) per
experiment varies exponentially from 1 to 2048 (2, 4, 8, 16, ...,
2048), so the order of magnitude in the input size changes.
Therefore, an experiment with an input size ‘x’ (1 < x < 2048)
means that the system is trying to perform ‘x’ transactions
concurrently. Note that from 4096 transactions and onward, the
system could not cope with high number of requests due to
constraints on hardware resources used in the experiments.

Given a specific number of transactions, each experiment has
been run 30 times; which comply with recommended sample in
statistical analysis. In our study, the percentage of transactions

which reach the “Payment” phase is represented in Fig. 5. It is to
be noted that there is a big difference in the results between using
locks and no locks. In MySQL with locks, most of the transactions
have the possibility of reaching the “Payment” phase. But in Riak
and MySQL with no locks, the percentage plummet from 32
transactions and onward, i.e. most of the transactions are discarded
in the first “Initial” and second “Purchase” phases of the purchase
process.
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Figure 5. Percentage of transactions in the “Payment” phase.

Moreover, the lack of any lock-based concurrency control
mechanism leads to the absence of controlling the conflict between
transactions. Thus the speed of the database system plays an
important role, i.e. how fast the transactions arrive at the system. In
summary, the faster the system is, the higher the level of
competitiveness (or conflict).

The goal is to establish a global mean time and a mean
percentage of transactions that are able to complete successfully per
group of transactions. However, any transaction can be discarded
at any of the three phases, so the mean execution time and the
percentage of successful transactions are worked out for each
specific phase, i.e. not all transactions will reach the “Purchase” or
the “Payment” phase. In addition, the relation between the number
of transactions that arrive at a specific phase divided by the mean
execution time of that phase provides a measure in relation to the
number of transactions per millisecond (‘tpm’) that the purchase
system can cope with. For each specific phase, the combination of
the measure ‘tpm’ with the percentage of successful transactions is
a plausible way of comparing MySQL and Riak.

The experiments were carried out using the following
hardware/software features: a CPU core with 2.4 GHz Intel(R)
Core(TM) 17-5500, an operating system Ubuntu 14.04 LST with 64
bits, Eclipse Luna 4.42 as IDE (Integrated Development
Environment), Oracle Java 7 as the programming language, a client
API supported by MySQL and NoSQL key/value Riak (by Basho)
2.1.1. The simulation run over the SQL store MySQL and the
NoSQL key-value Riak with a cluster of five nodes over one CPU.

4.3.1 “Initial” phase

At the beginning of the purchase process, a group of
transactions start their execution at the “Initial” phase, but not all
will accomplish the next phase for several reasons such as the level
of competitiveness (or concurrency) between them and the features
of the database management system. The results for this “Initial”
phase are shown in the Fig. 6.
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Figure 6. MySQL and Riak performance in the “Initial” phase.

In MySQL (with no locks) the percentage of successful
transactions is always above 58% where the ‘tpm’ varies from 0.05
to 0.5. At the beginning, the ‘tpm’ increases from 0.05 to 0.5 as the
number of concurrent transactions increases from 1 to 16, but with
32 and onward the system starts decreasing the ‘tpm’ rate, and it
falls from 0.3 to 0.08, and so does the percentage of successful
transactions. In MySQL with locks, the ‘tpm’ rate increases from
0.4 to 2.4 as the number of concurrent transactions increases and
with a 100% of successful transactions. On the contrary, Riak is
able to manage higher ‘tpm’ rates than MySQL in most concurrent
transactions. It varies from 0.2 to 8.6.

MySQL with no locks reaches its maximum ‘tpm’ value (0.5)
for 16 concurrent transactions. MySQL with locks handles 2048
with 2.4 ‘tpm’. However, the ‘tpm’ in Riak is higher with a value
between 1.8 and 3.5 for 16 and 32, and above 4.7 ‘tpm’ for more
than 32 concurrent transactions.

According to the results, the level of competition for a specific
number of units of the same product is higher in Riak than in
MySQL. As a consequence, it has a direct impact on the percentage
of successful transactions, especially when the number of
concurrent transactions is above 64, then the percentage of
successful transactions plummets from 45% to 1%.

4.3.2 “Purchase” phase

Some transactions have already finished (discarded) in the “Initial”
phase. Indeed, depending on the database management system, the
number of transactions which achieve the “Purchase” phase is
different as explained in the previous section. The results of second
phase are shown in Fig. 7.
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Figure 7. MySQL and Riak performance in the “Purchase” phase.

In Riak, the percentage of transactions which achieve the
“Payment” phase falls drastically from 82% to 1% (from 32
concurrent transactions and onwards). This fact implies a decrease
in the ‘tpm’ in the “Purchase” phase. For example, the ‘tpm’ in the
“Initial” phase for 32 concurrent transactions is 3.5 and in the
“Purchase” phase it is 1.6. This is due to the fact that the number of
concurrent transactions which reaches the second phase is lower,
i.e. 26 out of 32 (82%). This results in an enormous decrease in the
number of ‘tpm’ which moves down from 1.5 to 1.3 in comparison
with the “Initial” phase which is around 8 ‘tpm’. In MySQL with
no locks, as the ‘tpm’ increases from 0.01 to 0.16 the percentage of
transactions which pass to the next phase moves from 30% to
100%. Finally, in MySQL with locks the percentage of successful
transactions is mainly always above 95% with a ‘tpm’ from 0.04 to
1.4.

In summary, MySQL with locks enable a high percentage of
transactions which reach the final stage (Payment), than MySQL
with no locks and Riak. Though Riak is faster than both versions of
MySQL (with and with no locks), it results in a drastic fall in the
number of successful transactions — above 64 concurrent
transactions, where the ‘tpm’ decreases from 1.6 to 1.4 due to the
high level of competition.

4.3.3 “Payment” phase

Finally, the “Payment” phase will determine the number of
transactions which are able to commit or abort at the end of the
purchase process, as shown in Fig. 8.
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Figure 8. MySQL and Riak performance in the “Purchase” phase.

In MySQL the ‘tpm’ is below 0.04 in both cases (with and
without locks), and the percentage of transactions which achieve
this phase is neither high. In MySQL, the number of successful
transactions is lower than 50% with a ‘tpm’ below 0.005 (with
locks) and 0.007 (with no locks). On the contrary, Riak is faster
than MySQL, where the percentage of successful transactions is
below 50% with a ‘tpm’ between 0.8 and 1. Moreover, Riak
provides better results than MySQL with locks when ‘tpm’ is lower
than 0.6 — with more than 70% of successful transactions. This is
because not many transactions are competing, otherwise the
percentage will drop when the ‘tpm’ increases from 0.8 to 1 ‘tpm’,
i.e. more clients in the system. MySQL with no locks achieves a
higher percentage of successful transactions than both MySQL with
locks and Riak, with a ‘tpm’ below 0.04 and more than 2 concurrent
transactions.



4.3.4 Consistency versus availability

Since product data is not locked in Riak and MySQL with no locks,
it cannot be guaranteed that a purchase request ends up in a
consistent state at the “Payment” phase. This fact is highly likely to
cause an inconsistent database state. Our approach therefore makes
a distinction between transactions which conflict and those which
do not. The detection of conflicts is carried out with the read-write
conflict rule [22]. Two transactions t1 with (ts1, tc1) and t2 with
(ts2, tc2) may lead to consistency breach in the database when their
execution time overlap, i.e. (ts1 <tc2) or (ts2 <tcl), and when both
are allowed to commit. In our approach, if some transactions are
conflicting but there are enough available units (or products), then
they are allowed to commit, otherwise they will abort. We therefore
differentiate between the following four cases during the
“Payment” phase:

a) Availability (A) and Consistency (C): the number of units in
the database is sufficient to fulfil one transaction’s needs
(client’s request), and it does not conflict with others.

b) Awvailability (A) and No Consistency (NC): the number of
units in the database is sufficient to fulfil one transaction’s
needs, but it conflicts with others.

¢) No Availability (NA) and Consistency (C): the number of
units in the database is not sufficient to fulfil one transaction’s
needs, and it does not conflict with others.

d) No Availability (NA) and No Consistency (NC): the number
of units in the database is not sufficient to fulfil one
transaction’s needs, and it conflicts with others.

Based on the above cases, different experiments were conducted.
The results are explained as follow. In the first case “Availability
and Consistency” (AC), Riak is faster than MySQL and all
transactions conflict with each other, i.e. there is a complete lack of
consistency as it can be observed in the Fig. 9. In MySQL (with
locks) there is a complete avoidance of conflicts, so the first
transactions to lock the system will be the one to purchase the
number of units it requires. Although, in MySQL (with no locks)
more transactions can make purchases in comparison to MySQL
(with locks), and in Riak, the data in the database is highly likely to
end up in an inconsistent state, i.e. negative values. This is due to
the lack of an appropriate concurrency control at the beginning and
at the end of the “Payment” phase.
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Figure 9. AC in MySQL and Riak in the “Payment” phase.

Figure 10 shows the results of the ‘“Availability and No
Consistency” (ANC) case. In it, when the number of concurrent
transactions is very low, there is a high likelihood that their arrival

happens at once. They arrive extremely close to each other, i.e.
there is no difference at all, so the system might set the same start
time to some of them. Moreover, if there is a lack of concurrency
control their commit time can be close to each other too. Therefore,
the percentage of transactions which clashes increases. Indeed, in
MySQL with no locks and Riak the percentage is bigger than in
MySQL with locks. On the contrary, in MySQL with locks the
percentage is lower because the implementation of locks imposes
an order of execution on the transactions. That is, a transaction has
to wait until another one is completed. Thus the commit time
between the transactions, which are allowed to commit, are not so
close to each other.
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Figure 10. ANC in MySQL and Riak in the “Payment” phase.

The last two cases “No Availability and Consistency” (NAC) and
“No Availability and No Consistency” (NANC) are analyzed
together. The results are illustrated in the Fig. 11. It can be observed
that in MySQL with locks a high percentage of transactions do not
commit because there were not enough available units in the
database. Indeed, only those transactions that get the lock first, are
able to satisfy their needs and get the required number of units. In
MySQL with no locks and in Riak the percentage of transactions
that fail due to the shortage of units in the database is very low,
because the number of transactions which reach this phase is also
low, as it is explained in the Section 4.3.
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Figure 11. No availability in MySQL and Riak in the “Payment”
phase.



5. CONCLUSIONS

This paper studied the three main ACE properties, availability,
consistency and efficiency (or performance) of the traditional SQL
and NoSQL data systems which are used in cloud, fog and edge
computing for storing and processing data. In it, we developed a
new system using real case study of an online shopping cart and the
industry standard benchmark of the TPC-DS in our experiments.
We also used the widely used MySQL (traditional database system)
and Riak (NoSQL big data system) in the design and
implementation of the proposed system and experimentation.

Our work is first that studied the ACE properties of SQL and
NoSQL big data systems. It provided greater insights into the
strengths and weaknesses of both SQL and NoSQL big data
systems. Our extensive experimentation produced various
interesting results which show that MySQL with locks provide
better consistency. Thus, it is more appropriate for applications that
need strong consistency such as online shopping or banking.
However, in terms of efficiency and availability Riak outweighs
MySQL. But Riak does not ensure strong consistency. Thus, in its
current form Riak is not sustainable to be used for applications
(such as online shopping or banking). Our recommendation is that,
in order for Riak, to be used in such applications it needs to support
appropriate concurrency control and transaction management
mechanisms.
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