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Abstract: Simulating blockchain technology within the IoT has never been as important. Along with
this comes the need to find suitable blockchain simulators capable of simulating blockchain networks
within an IoT environment. Despite there being a wide variety of blockchain simulators, not all are
capable of simulating within an IoT environment and not all are suitable for every IoT environment.
This article will review previously published works and present a list of suitable blockchain simulators
as well as a few untested simulators that have the potential to simulate blockchain networks within
an JoT environment. A total of 18 blockchain simulators are presented and discussed in this paper. In
addition, a comprehensive list of the advantages and limitations of each simulator is presented to
demonstrate the best situation in which simulators should be used. Finally, recommendations are
made on when each simulator should be used and in what situation it should be avoided.

Keywords: IoT; blockchain; simulator

1. Introduction

The Internet of Things (IoT) is a recent technology that uses smart connected systems
to create a global network of physical devices that exchange and communicate data with
each other. While IoT technologies have already been widely successful and popular
in different sectors, they lack a secure and unified method of communication and data
transfer. IoT devices typically have hardware constraints which make it much more difficult
to implement strong security measures. As a result, trying to implement strict security
protocols with minimal processing power and low-energy usage can be very difficult.

Blockchain technology has recently gained a lot of recognition and attention due to its
implementation in cryptocurrencies such as Bitcoin and Ethereum. Blockchain is essentially
a system for recording data that makes it much more difficult to change or hack. Blockchain
uses a distributed networking system of machines that replicate and create a chain of data.
This chain of data can be considered a ledger, with each of these becoming a block. This
chain of data is turned into a block which is linked to the previous block creating a chain of
blocks, hence the name blockchain. Every block is further reinforced with blocks that come
after it. This is due to the fact that the blocks that come after the previous one will contain
information on the last block. Additionally, each block is propagated within the network,
allowing each machine to view the entire chain and all of its data allowing for multiple
verifications to happen. This ensures that the data is authentic, and that the block’s integrity
is not compromised.

The distributed nature of blockchain allows it to be a decentralized transaction system
that is transparent and secure. By being independent of a centralized network, blockchain
technology has become an increasingly promising foundation for future development of
the internet and data processing. As the world becomes more interconnected and “smart”,
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it will ultimately become more reliant on data storage and data processing. This brings up
the need for a faster and more efficient means of securing data and providing a trustworthy
system. These smart and connected systems can leverage blockchain, which has the ability
to provide data security using its distributed and immutable structure.

A proposed solution to this is to implement blockchain within IoT. Blockchain, being
decentralized and distributed in nature, allows it to be highly resistant to tampering. It also
takes less processing power from each individual node or device, making it suitable for a
minimal processing device typically seen in IoT.

Blockchains have been successfully used in IoT applications, as shown in Figure 1,
including smart homes [1], smart cities [2], smart agriculture [3], smart power grids [4],
smart transportation and automotives [5], smart healthcare [6], and smart manufacturing.
It also aids in developing future applications such as a cloud constellation of nanosatellites
forming a sort of data center in orbit where companies can upload their data and bypass the
terrestrial network. However, despite this positivity regarding blockchain technology, only
recently have we seen enough development of IoT devices to implement it. For instance,
blockchain in satellites would create transparency, trust, and efficiency, in the satellite value
chain for logistics purposes. Indeed, blockchain over satellite eliminates the dependence on
terrestrial infrastructure for the movement, storage, or computation of data, and removes a
significant vulnerability for data breach or the compromise of data. Blockchain can provide
data privacy, prevent fraud, improve transparency, and ease record keeping.

Figure 1. Capability of blockchains for IoT implementation in different domains.

In order to test the effectiveness and security of the blockchain being implemented
in IoT, the most cost-effective way is to use simulations. Blockchain simulators have been
developed which are capable of demonstrating the different layers of blockchain, as well
as applications in IoT. One example for the use of an efficient simulation would be real-
time data assembly and processing of shipments. This could be a major advantage for
multiple industries that traditionally send their data post-shipment completion to a third
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party for data aggregation. Using a blockchain-based application connected to the IoT
collection devices will allow companies to react to errors and initiate improvements in
real-time. A simulator is of utmost importance in order to test such a system beforehand
and to make specific adjustments prior to implementation. The blockchain application is
perfect for compliance tracking and assurance while being an additional layer on top of
already existing data systems. With the use of “smart contracts”, the blockchain system can
establish and enforce rules between two parties.

To the best of our knowledge, this is the first work to give an in-depth review of differ-
ent blockchain simulators in IoT environments in order to determine their strengths and
weaknesses. This will allow us to discover the most appropriate and best-suited simulator
for developing and simulating the IoT environments. We will analyze key features of
different simulators that have been used to simulate blockchain in IoT environments, as
well as simulators that have the potential to be used in IoT environments in the future. This
study will be relevant for researchers and practitioners who are interested in implementing
blockchain within IoT or analyzing similar applications. The main contributions of this
paper are as follows:

1. By providing a systematic review and comparison of select blockchain simulators that
have been used in previous research.

2. By analyzing simulators that can simulate different layers of the blockchain and has
the potential to simulate it within an IoT environment.

3. By identifying the strengths and weaknesses of discussed simulators and providing
suggestions for future research.

The remaining parts of the paper will be organized into seven sections: Section 2
will present an overview of blockchain technology and its five distinct layers as well
as an overview of IoT technology. Section 3 will illustrate the proposed methodology,
while Section 4 will provide a systematic review and comparison of experimentally tested
simulators as well as a discussion of the field of IoT it was tested on. Section 5 will discuss
potential blockchain simulator candidates that are compatible with IoT applications, while
Section 6 will discuss implications for future research and Section 7 will conclude our paper.

2. Background

In this section, we will be discussing blockchain technology along with its components,
as well as its distinct layers. Along with that, we will also discuss IoT and how blockchain
technology can be implemented in IoT technology such as smart homes, smart farming,
and many others.

2.1. Blockchain Components

Blockchain technology, as previously stated, is characterized by its blocks which
are formed into chains, hence the name blockchain. However, blockchain technology is
much more complicated than just a collection of blocks and chains. It requires many other
components to actually build the block and make sure that they will not be tampered with
and will remain safe. Some of these important technologies include cryptographic hash
functions, asymmetric-key cryptography, and ledgers [7].

The first main component of blockchain technology is the cryptographic hash functions.
This is applied to data in a method called hashing. Hashing is a method used to calculate a
unique output for an input of any size. The data is encrypted into a secure format which is
unreadable unless the recipient has the keys. This allows individuals to take input data
and hash the data to derive the same results. This proves that there has been no change to
the data [7]. One of the most widely implemented hash functions in blockchain technology
would be the Secure Hash Algorithm with an output of 256 bits, otherwise, known as
SHA-256. The SHA256 algorithm takes inputs that have a length of less than 2% bits
and releases an output that has a length of 256 bits. It has a block size of 512 bits which
are represented by sixteen 32-bit words. This block of 512 enters a message compression
function in 32-bit words through a message scheduler. The message scheduler then expands
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the 512-bit message block into sixty-four 32-bit words. The SHA256 hashing algorithms are
then performed on words that are 32 bits in length, using eight working variables that are
also 32 bits in length. The values of the working variable are computed at every round and
this is continued until 64 rounds have been completed [8].

SHA256 also takes a 256-bit initialization vector which is fixed for the first message
block. The intermediate message digest obtained at the end of the first 64 rounds is used
as the initialization vector for the next message block. The SHA256 hash function is built
using the Davies-Meyer construction where the initialization vector is added to the output
of 64 rounds. After 64 rounds of message compression and the addition of the initialization
vector, the algorithm produces an intermediate message digest of 256 bits. After the whole
message block has been hashed, a value of 256 bits is obtained that is the final message
digest of the input message. The SHA256 hashing algorithm is thus similar to a block
cipher with a 256-bit message block size and a 512-bit key that is expanded into sixty-four
32-bit round keys using the message scheduler for each of the 64 rounds of this cipher [8].

A second important component of blockchain is asymmetric-key cryptography also
known as public-key cryptography [9]. Asymmetric-key cryptography uses a pair of
keys: one public and one private. The main purpose of this component is to be used
in transactions such as those done in cryptocurrency. The public key is used to secure
operations of the blockchain and give everyone access to the knowledge stored in the block
such as the address of a single cryptocurrency in the entire network. The private key is
much more restrictive and is used by an individual to digitally sign transactions.

The third important component of blockchain would be the ledger. A ledger would
simply be a collection of transactions. These ledgers traditionally were centralized and
operated by a single party. However, the distributed ledger is much more common in the
case of blockchain [7]. Distributed ledgers are digital ledgers that are distributed across a
network to all the nodes, which results in all the nodes having the same copy of the ledger.
This ledger will update all nodes or holders on the network simultaneously. Distributed
ledgers also authenticate information through cryptographic signature [10]. In the case
of blockchain, distributed ledgers are made of blocks and all these blocks form a chain to
create the entire ledger. Figure 2 displays all different layers in a blockchain, which will be
explained in detail in the next section.

NETWORK
Peer-to-Peer (P2P)

Figure 2. Five Different Layers of Blockchain.

2.2. Blockchain Layers
2.2.1. Network Layer
The first and bottom layer of the multi-layered Distribute Ledger Technology (DLT)

stack would be the network layer. This layer consists of a peer-to-peer network in which
participants share resources without a central authority, i.e., it is decentralized. While all
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participants in a P2P network are considered equal, participants are split into two basic
types of nodes: light/lightweight nodes and full nodes. Full nodes are the main type of
node that stores a complete copy of the ledger and takes care of all the mining, validations,
and execution of consensus rules. Lightweight nodes are not able to act as a full ledger but
rather are meant to supplement the full nodes of the network. Lightweight nodes store
block headers and act as clients to issue transactions. The network layer is critical and takes
care of peer discovery, transactions, and block propagation. Depending on the size of the
blockchain, the speed of peer discovery, network delays, and propagation may have an
impact on the performance of the DLT [11].

2.2.2. Consensus Layer

The consensus layer is very important in the DLT state system as its role is to get all
the nodes of the system to reach an agreement. Two main consensus algorithms used by
DLT systems are proof based and PBFT [12].

The proof-based consensus was first introduced on the bitcoin network as PoW or
proof of work. This is the core mechanism on which the bitcoin network was based, a
mechanism which relies on competition between nodes to compete to be the first to solve a
mathematical problem [13]. This calculated block would then be broadcast by a node to
other nodes, which must then mutually confirm the correctness of the hash value. Once this
has been achieved, other miners would add this new block to their own blockchain. Quite
similarly, this POW is used by other cryptocurrencies such as Ethereum and Dogecoin. A
drawback would be the waste of considerable computing resources. Proof of Stake (PoS)
and Proof of Authority (PoA) are other two proof-based consensus algorithms.

PBFT or Practical Byzantine Fault Tolerance is an algorithm intended to handle up
to 1/3 malicious byzantine replicas. The PBFT algorithm is divided into three phases:
pre-prepare, prepare and commit. The pre-prepared and preparation phases are used to
order requests sent in the same view even when the primary is faulty. The prepare and
commit phase is used to ensure that requests that commit are totally ordered across views.
For each phase, a node needs 2/3 votes from all nodes to proceed from one phase to the
next. The PBFT algorithm relies on a fault tolerance calculated by the formula (n — 1)/3 to
ensure activity and safety. An important feature of the PBFT consensus algorithm is that
nodes are only partially trusted [14]. Hyperledger Fabric is an example that uses this type
of consensus.

2.2.3. Data Layer

The data layer of the blockchain is typically used to describe the physical layer of the
blockchain or DLTS. Included in this layer is practically the entire underlying technology
of the blockchain. This includes data block and chain structure, hash function, Merkle tree,
asymmetric public key data encryption, and time stamp technology [15]. Despite all of this
technology included within the data layer, the most important aspect of this layer is storing
data. The data layer is the blockchains database and safely stores all information in the
form of data blocks. These data blocks, which are formed into chains, can be accessed by
any full node.

In regard to data security, the blockchain system uses the previously mentioned
Merkle tree structure to record transactions. Hashes of transactions are computed using
the Merkle tree data structure and are stored as Merkle root. The Merkle root, previous
hash, timestamps, and the decentralized nature of blockchain make it incredibly difficult to
tamper with the system. Along with the security nature of the Merkle tree structure, it also
allows transactions to be carried out safely between nodes in the case of decentralization.
A drawback is that it can be very energy demanding and have slow processing [11].

2.2.4. Execution Layer

The execution layer has runtime environments such as virtual machines (VMs), con-
tainers, and compilers that are installed on nodes. This layer also implements smart
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contracts, through which it implements trust. These smart contracts run on the local VMs
in each individual node on the network. The network then collects self-executing computer
instructions to ensure mutual consent between non-trusting parties [16]. A drawback of
smart contracts would be the waste of computing resources due to the aborted transactions.

2.2.5. Application Layer

The application layer is the top layer of the blockchain network and is used to con-
nect decentralized applications with the underlying blockchain technology [15]. The most
popular use of blockchain technology is cryptocurrency. Typically, along with the cryp-
tocurrency comes a lot of applications such as crypto wallets, smart contracts, and various
other decentralized applications [12]. Smart contracts are widely used in cryptocurrency;
however, they are designed to facilitate, verify, and enforce the execution of the contract.

Outside of cryptocurrency, the applicability of blockchain can be applied to IoT. Some
examples are smart cars, smart healthcare, smart farming, and even smart cities. It is in the
application layer that blockchain technology can be applied to IoT.

2.3. IoT Technology

IoT, which is known as the Internet of Things, simply refers to the physical objects and
devices that are capable of connecting and exchanging data with other devices through the
internet or other communication networks. IoT is one of the most important areas of future
technology and is beginning to be implemented in multiple industries [17]. IoT devices
are now not only able to connect to a network and communicate with one another but are
also capable of collecting data from the environment and sharing that data to other devices
for analytics, applications, and communication [18]. This is important for creating a smart
environment as the connection of multiple devices and sharing information is a must.

A few examples of IoT being explored to be used in unexpected parts of our lives
are transportation systems [19] and in supply chain operations [20]. When it comes to
transportation systems, it has been suggested that we use sensors on vehicles, roads,
and infrastructure to collect and store huge amounts of data, collectively known as big
data. Using this big data traffic control, road conditions, and scheduled travel time can
all be viewed and managed with the data collected by the IoT sensors [19]. Similarly,
in supply chains, there have been some proposals to use machine learning and artificial
intelligence algorithms in conjunction with smart sensors to monitor and collect data on
remote equipment and provide suggestions on when maintenance is needed [20]. While
both of these examples are not in use yet, we see a common trend of using IoT devices to
collect large amounts of data and process them into more useful information. Implementing
blockchain technology into the IoT environment has the potential to make collecting, storing,
and sharing data more efficient than other proposed technologies. In addition, it may lower
cost when it comes time to implement IoT technologies.

2.4. Blockchain Implementation in IoT

When it comes to implementing blockchain within an IoT environment, it can play
an important role in more than just security. When used along with a smart contract, it
can be used in managing, controlling, and securing IoT devices [21]. An example of this
is for wines and spirit, where blockchain technology is being recommended for use in
labeling and tracing these products to ensure quality and to prevent illegal trading and
adulteration [22]. Blockchain technology in this case is being used to manage and control
the smart sensors used to keep track of these liquors and wines. In addition to its capability
to make IoT device management more efficient, it allows for IoT devices to be removed
from the control of a centralized authority who can manipulate or stop the system from
working [23]. This makes attacks against the network a lot more difficult since the network
does not revolve around an individual. In addition, the data received from IoT devices
and stored in the blockchain network would also be less susceptible to plaintext and cipher
attacks due to the hashing of data in the blockchain.
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In Figure 3, we present the proposed architecture for an IoT blockchain platform. It is
composed of a large number of IoT devices and sensors, user devices, full nodes acting as
local bridges, and data storage, all of which are linked to a peer-to-peer blockchain network.
The IoT devices and sensors can be connected directly to the blockchain network or can
connect to it through a full node. These IoT devices will collect useful data via sensors or
user inputs and can request specific transactions through the blockchain network. Data can
be sent or received by the IoT devices along with transactions. These data are then stored
within the data storage which itself can be stored in two places. One place can be direct
data storage, whether it be hardware or software. The second is the blockchain, where data
are stored as blocks and can be viewed by anyone. Transactions, on the other hand, must be
validated by a group of miners who in turn will receive some sort of reward for validating
these transactions. These transactions will then be stored in existing blockchains and form
new blocks that will be added to the ledger.

Clients Data Storage

Transactions added\

to form new block

Existing
Blockchain

Validation Group of

for the ledger Miners

Full node/
Thin

Sensors
Sensor
IoT
. Smart C
Device mart Car
Smart
c = IoT
ar
] Smart Devices St Smart Home
Kiome Healthcare Healtheais

Figure 3. Proposed architecture for an IoT blockchain platform.

3. Methodology

Our systematic review is broken down into four phases: planning, quantitative re-
search, qualitative research, and documenting. To make this study more accurate and
increase its overall potential, we followed the four phases to gather information and form
it into a cohesive and accurate article. In the following sections, we will go through the
four phases of the systematic review. The data were all found by performing a literature
search in scientific databases. Many of the articles found came from the scientific publisher
IEEE Access, along with MDPI, ELSEVIER, Research Gate, and other similar sources. To
find publications necessary to conduct our research, we searched for articles analyzing
different blockchain simulators, comparing and contrasting multiple simulators, articles
using blockchain simulators to conduct their study, as well as articles explaining blockchain
networks in IoT applications. These articles supplied the necessary data to gather both
quantitative and qualitative research. However, after reviewing the articles found, it was
necessary to narrow down our search due to the sheer abundance of papers. The papers
were filtered by the following criteria: they must specifically mention the simulator being
discussed or used, they must be related to IoT, and must perform blockchain. As a result,
a collection of fifty-five scholarly articles were found that can be used to collect sufficient
data for our study.



Future Internet 2022, 14, 182

8 of 22

3.1. Planning

In this phase we analyzed the problem we wanted to explore while setting research
goals that we would like to achieve in this review. This paper’s purpose is to explore
the most prominent simulators that can be used for an IoT network, in conjunction
with blockchain technology. These simulators will also be discussed in a comprehen-
sive manner to get a better understanding of their characteristics, such as their advantages
and limitations.

3.2. Qualitative Research

The research we did was split into two sections. The first was quantitative research in
which we explored more than fifty articles obtained using the research method explained
above. The main purpose of this phase was to identify potential simulators out of the
hundreds of simulators found before narrowing down the search. For the tested simulators,
we ended up with fifteen simulators, out of which four were selected to be discussed in
depth due to their popularity and advantages. The advantages and limitations of all fifteen
simulators were determined so that a decision on which four to choose could be made. This
way, the reader will have a good understanding of the most prominent fifteen simulators
that can be used, along with the four simulators that stand out the most. We also selected
three potential simulators that were able to solve problems in IoT devices such as network
security and scalability.

3.3. Quantitative Research

We used information from the articles collected to find quantitative data to further
support our study. For the first graph, it was necessary to review the publication years of
the articles used. This highlights the trend of blockchain IoT articles published throughout
the years and also validates the need for a comprehensive review of the most popular IoT
simulators. Next, a second graph was created to better depict which IoT blockchain layers
are simulated by each simulator. This narrowed down our search to the most important
simulators out of the fifteen selected. This was done by assuming that the most useful
simulators will simulate at least two of the most popular layers.

3.4. Documentation

The final phase of this review was documentation. This phase comprises the results
of the literature review. We compiled all the data that we reviewed and organized them
properly into their respective sections. We also analyzed the simulators that we had done
research on and compared them to one another.

4. A Systematic Review of Blockchain Simulators in IoT

This section will first explain the growing trend of blockchain IoT research and then
systematically review and compare blockchain simulators, considering the capability to
simulate desired environments and their technical features in order to provide a reference
for selecting the most suitable blockchain simulator. It will be split into two main sections:
the first being simulators that have been previously used to simulate various aspects of
blockchain in IoT, and the second being simulators that have not been used in IoT but have
the potential to do so.

4.1. Growing Trend of Blockchain IoT Research

In Figure 4, the growing trend of blockchain and IoT publications is displayed. This
graph was constructed by looking at the fifty-five scholarly articles we picked and collecting
their years of publication. The data shows that most of the articles collected are from years
greater than 2018, validating that the experimental results obtained in this study are relevant
and will be a useful reference for future research. It should be noted that the number of
papers published in 2022 are slightly smaller than the growing trend. This is likely due to
the fact that studies currently being worked on are not yet completed. It is assumed that
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after the end of this year, the number of IoT papers will be around the same, if not more
than the expected eight to ten.

12

10

o 11 II‘I“'

2008 2009 20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Publication Year

(o]

Number of 10T Papers
£~ [«

N

Figure 4. Number of IoT papers used versus their publication dates.

4.2. Overview of Used Blockchain Simulators

In Table 1, we provide the names of the simulator, the article from which the simulator
was used, and the layer of the blockchain that it is capable of simulating. In Table 2, we
provide further information about the simulators: the language that the simulator runs on,
the last date of commit, and links to the source code.

Table 1. A representation of simulator article and simulator type.

Simulator Author and Sources Title Simulator Type

BlockSim: An Extensible Simulation Tool

Blocksim Alharby and Moorsel [24] for Blockchain Systems

Network, Consensus, Incentives

Simulating a Blockchain Network

Simblock Banno and Shudo [25] with SimBlock Consensus, network
Omneti+ Gupta et al. [26] The Apphcabl'hty of Blockchain in the Network

Internet of Things
NS3 Dedeoglu et al. [27] A Trust Architecture for Blockchain in I[oT  Network, Consensus

Decentralized Authentication of
NS2 Yazdinejad et al. [28] Distributed Patients in Hospital Networks = Network
using Blockchain

Home IoT device management blockchain
Matlab Moon et al. [29] platform using smart contracts and a Network
countermeasure against 51% attacks

An Application of Ethereum smart

Ethereum Augusto et al. [30] contracts and IoT to logistics All 5 layers
iFogSim: A Toolkit for Modeling and
{FogSim Gupta etal. [31] Simulation of Resource Management Network

Techniques in Internet of Things, Edge
and Fog Computing Environments

Smart Contract-Based
Hyperledger Sawtooth Vangala et al. [32] Blockchain-Envisioned Authentication Consensus
Scheme for Smart Farming
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Table 1. Cont.

Simulator Author and Sources Title Simulator Type
Private-Blockchain-Based Industrial IoT
Hyperledger Fabric Assaqty et al. [33] for Material and Product Tracking in Consensus
Smart Manufacturing
Blockchain for IoT-Based Healthcare:
Hyperledger Iroha Ray et al. [34] Background, Consensus, Platforms, and N/A
Use Cases
Machine Learning for Secure Device
Ganache Kushal et al. [35] Personalization Using Blockchain All 5 layers
CORE Oham et al. [36] B—FERL: Blockcham'based Framework for Network
Securing Smart Vehicles
Codja Pavithran et al. [37] Towards building a blockchain framework Network
for IoT
. Evaluating the Efficiency of Blockchains in
Sniper Kreku et al. [38] ToT with Simulations Network
Table 2. Simulator source code, language, and last date of Commit.
Simulator Codes Language Date of Last Commit
Blocksim https:/ /github.com/carlosfaria94/blocksim python N/A
Simblock https://github.com/maher243 /BlockSim Java 20 January 2020
Omnet++ C++ 13 April 2022
NS3 https:/ /gitlab.com/nsnam/ns-3-dev/ C++ & Python 1 October 2021
NS2 https:/ /github.com/sajidhasanapon /NS2 C++/0OTCL/TCL 4 November 2011
Matlab https:// glthub‘com /robotarium/robotarium- Cit 9 March 2022
matlab-simulator
Ethereum https://github.com/ethereum Solidity 1 December 2020
iFogSim https://github.com/Cloudslab/iFogSim Java 18 October 2021
Hyperledger Sawtooth https:/ /github.com /hyperledger /sawtooth-poet Any 28 January 2022
Hyperledger Fabric https: / /github.com /hyperledger/fabric-private- Java 28 January 2022
chaincode
Hyperledger Iroha https://github.com/hyperledger/iroha C++ 17 February 2022
Ganache https:/ /github.com/trufflesuite/ganache Java script
CORE https://github.com/coreemu/core Python 22 March 2022
Codja https://g}thub.com/.contlkl—os/contlkl/wﬂ(l/An— C & Cat N/A
Introduction-to-Cooja
Sniper https://github.com/duttresearchgroup /sniper- N/A 15 April 2021

mem /blob/master/README

When it comes to simulator types, most simulators are capable of only simulating one
layer with a mix of network and consensus. Exceptions to the one-layer simulators would
be Simblock, NS3, and Blocksim. NS3 and BlockSim are both capable of simulating network
and consensus while Blocksim has the extra incentives layer [24]. This might be relevant
for those who are looking to incentivize their IoT devices, so more people are willing to

use them.

Figure 5 shows a bar graph of which layers are more likely to be simulated with
respect to the fifteen simulators shown in Table 1. Most of the simulators are simulating
the network layer, with the second most simulating the consensus layer. Only a few of the
simulators are operating under the data, execution, and application layer. However, when
comparing this data to the qualitative data found in Table 1, it is shown that the simulators
simulating layers other than the network and consensus are not exclusively running these
layers, but instead running all five layers. Since the network layer is the most popular layer
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https://github.com/contiki-os/contiki/wiki/An-Introduction-to-Cooja
https://github.com/contiki-os/contiki/wiki/An-Introduction-to-Cooja
https://github.com/duttresearchgroup/sniper-mem/blob/master/README
https://github.com/duttresearchgroup/sniper-mem/blob/master/README
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to run, this should be a determining factor in deciding which simulators to look at in depth.
In addition to simulating the network layer, being able to simulate the consensus layer is
also important, but not completely necessary since the majority only simulate one. Despite
this, simulators that have more than one layer cover a wider range of uses.

14
12

10

OIIIII-

Network Concensus Data Layer Execution Application Incentives
Layer Layer Layer Layer Layer

I

Number of Layers Supported by Simulators
N [e)]

Blockchain Layers

Figure 5. The number of blockchain layers supported by the 15 simulators versus the blockchain layers.

In terms of source code and last commit, most of the simulators were accessible and
had their source codes on GitHub. Most simulators have had some type of version update
within the past year, but a few of the simulators have not been updated for 3+ years. This
included NS2 and Simblock. However, it is important to note that NS2 does have a new
version, NS3, which might be the reason for NS2 not being updated.

Finally, in terms of language, the most common were C++, python, and Java, while
NS2 was capable of using both C++ and OTCL/TCL.

4.3. Comparative Analysis

In this subsection, we will perform an in-depth analysis of five selected simulators.
In terms of selecting the blockchain simulators for our analysis, the main criteria were:
(a) widespread use of the simulator in an IoT environment and (b) the ability to simulate
multiple layers or a distinct layer that few other simulators simulate. The five simulators
that we examine in-depth are Hyperledger Fabric, Blocksim, and NS3. We also discuss
Ethereum along with the Ganache simulator since Ganache is specifically used to simulate
an Ethereum-based environment and the two are used together quite often.

4.3.1. Hyperledger Fabric

Hyperledger Fabric is a simulator that simulates only the network layer and its native
language is Java. The reason this simulator was selected is its high popularity and relative
ease when it came to finding articles. The main components of the Hyperledger Fabric
architecture are peer nodes, ordering nodes, and client applications with identities of
components being generated from certificate authorities. It is well suited to simulate
blockchain networks that are supported by smart contracts [39]. However, some downsides
include not being able to simulate traditional blockchain consensuses such as proof based
or PBFT.

In terms of simulating blockchain within IoT environments, it has been tested with
IoT for material and product tracking in smart manufacturing, IoT data management, IoT
edge device security, and IoT fish farm platform. Despite not having any mainstream
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consensus, Hyperledger Fabric is a relatively popular simulator. In terms of material and
product tracking, the simulator was used to build a blockchain network in which different
numbers of devices were simulated and one device was simulated to send ten concurrent
transactions [33]. Within the IoT data management simulation, the simulator was used
as the blockchain network with five nodes deployed on Vultr VPS connecting to this
blockchain network directly [40]. Transactions were tested between the network-to-peer
and peer-to-peer, with nodes receiving data from Hyperledger Fabric clients. In the IoT
edge security devices, the simulator was implemented as permissioned blockchain to secure
the edge computing device by employing a local authentication process. It has been stated
that Hyperledger was used due to its lower processing complexity [41]. Lastly, in the final
simulation of implementing a secure fish farm platform, the infrastructure of the blockchain
network was built on the simulator. The network consisted of four peer nodes and one
order node along with a smart contract that was deployed to all peers [42]. The research
team used Hyperledger Fabric to collect and graph data to get a better understanding on
how their network should run. For example, Hang et al. graphed the effect of the send rate
on the blockchain network transaction throughput [42] to calculate the optimal transaction
throughput for their network. By referring to Figure 6, they determined the optimal rate for
transaction throughput to be 1100 tps since the average throughput drops after that. This is
critical information to know about their network to ensure that it is running optimally.

Evaluation on Transaction Throughput
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800 689 o
576 @
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200 o
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Avg Throughput (tps)

0 200 400 600 800 1000 1200 1400
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Figure 6. Effect of the send rate on blockchain network transaction throughput using Hyperledger
Fabric. Reprinted /adapted with permission from Ref. [42]. 2020, Elsevier B.V.

4.3.2. Blocksim

Blocksim is a simulator that simulates network, consensus, and incentive layers which
is built using Python language [27]. In addition to its obvious benefit of being able to
simulate three distinct layers, Blocksim is user-friendly and can be used for simulating
large-scale networks. Blocksim achieves the three objectives of generality, extensibility, and
simplicity [43]. Simply, Blocksim is capable of simulating different blockchain models and
designs. It is easily manipulated by users and the data provided is easily understood and
unwanted data can be hidden. However, some limitations of this simulator include the
amount of data that can be stored, and the number of concurrent users allowed to access
the simulations.

In terms of IoT environments, the simulator has been used in smart grids and IoT-
based health care. In both articles, Blocksim provides the simulation framework to analyze
Ethereum-based architecture. Blocksim has been used to simulate gas consumptions as well
as certificate generation and verification transactions within [44]. For example, Blocksim
toolkit has been used to generate Table 3 for the proposed system by Namasudra et al. The
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Blocksim toolkit was used to generate certificates and verification transactions at random,
to help the team have a better understanding of their proposed architecture [44]. Using
Table 3, they determined that the certificate generation required more gas consumption
than the verification transaction for their proposed architecture. The determined cause
of this is the large number of computations done in the certificate generation transaction,
when compared to the verification transaction [44]. This is useful information to know
about their architecture, and was all simulated using Blocksim.

Table 3. Smart contract cost analysis generated using Blocksim. Reprinted /adapted with permission
from Ref. [44]. 2021 IEEE.

No. of Certificates Gas Limit (Units) Gas Cost Gas Price (CGWEI)

1 22,645 147,633 100

10 218,730 1,389,224 1000

20 419,660 2,752,440 2000

30 619,290 4,128,660 3000

40 825,720 5,504,880 4000

50 1,032,150 6,881,100 5000

100 2,064,300 13,762,200 10,000

Blocksim’s main task in this simulation was to provide the environment for simulating
the blockchain network, deploying smart contracts, and executing tests or experiments
for evaluating performance parameters, such as latency, processing time, throughput, and
computation time [44]. In the smart grid simulation, Blocksim was used to measure block
interval, transaction time, and uncle rate. This was done through an Ethereum network
simulation that ran on Blocksim [45].

4.3.3. NS3

NS3 is a simulator that has the ability to simulate the network and consensus layer
and can be used in both C++ and python. This simulator is quite interesting as it has a
scalability feature in which packets can have virtually zero bytes or “dummy bytes”. Also,
the nodes have optional features, which allow for minimal memory wasted in IPv4 stacks
that nodes do not need. These features are incredibly useful as they save memory which
can directly lead to shorter simulation times. However, the NS3 simulator does lack a GUI
and has weak visualization that is still experimental [46].

In terms of simulating blockchain within IoT, it is being tested in IoT security and
anonymity as well as building trust within IoT networks. NS3 was used in simulation to
evaluate latency, processing time, and resilience against cyberattacks. In this simulation,
it was used to simulate up to 50 nodes as well as transactions between these nodes. It
has been noted that NS3 is widely used for peer-to-peer networks [47]. Similarly, in the
second simulation, NS3 was used to simulate 48 nodes, in which three gateway nodes
generated blocks every 4.5 s, while others did not generate any blocks [27]. Finally, in
the third simulation, both the network and consensus layer were simulated. For their
initial simulation, the raft consensus was chosen, while in their network simulation, a PoW
consensus was simulated [48].

4.3.4. Ethereum + Ganache

Ethereum is a decentralized, open-source blockchain with smart contract functionality.
Ganache is a test blockchain simulator meant to simulate the Ethereum network and aid
in the development of an application meant to be implemented on the Ethereum network.
This is done by creating a user-friendly test network that can circumvent the need to set up
an Ethereum client such as Geth or openEthereum [49].

The Ethereum network is a well-established blockchain network that allows people
to actively develop new and innovative applications and products that directly tie to
Ethereum and use its native cryptocurrency, ether. This allows people to use a blockchain
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network that already has nodes and circumvent the need to set up self-hosted nodes for
testing. However, some shortcomings include long transaction times and high gas prices.

Ganache, being a development tool used by the Ethereum network, provides an easy
testing ground for people trying to develop applications meant to be used on the Ethereum
network. This limits Ganache to simulate blockchains that are based on Ethereum, meaning
it might be difficult to simulate blockchains with different parameters [49].

In terms of IoT environments that have used the Ethereum network or Ganache
simulators to simulate blockchain, we see them being implemented in IoT devices, IoT
communication, and IoT logistics. For the simulation of blockchain in IoT communications,
Ethereum was the sole simulator. While in the simulations of blockchain within IoT devices
and logistics, Ganache was used alongside Ethereum.

In the secure IoT communication simulation, Ethereum was used purely to simulate
blockchain security. This meant that Ethereum was used in hashing and encoding [50]. In
smart devices, Ethereum was used as the base network for storing data via smart contracts
and generating hashes [35]. All of this was simulated on Ganache since it is much more
user-friendly than directly applying the simulation to the Ethereum network. Finally, in
IoT logistics, Ganache was used to simulate a local blockchain while truffle was used to
generate smart contracts. In this environment, the network simulated by Ganache was
used to test data integrity stored on the blockchain, data tracking, and clearance check [30],
with clearance checking referring to the process that ensures items being tracked fit the
quality requirements.

4.3.5. Analysis

Hyperledger Fabric, BlockSim, NS3, and Ethereum /Ganache all had their pros and
cons, but all seemed to be able to simulate a blockchain within an IoT environment relatively
successfully. In terms of simplicity and overall implementation of blockchain within an IoT
environment, Ethereum/Ganache would be a great choice since they encompass a complete
blockchain prebuilt and already in use. It provides a holistic simulation allowing you to
simulate essentially all five layers of the blockchain. NS3 would be a great simulator for
large simulations with hundreds of nodes and transactions since it has the ability to create
“dummy bytes” and nodes with optional features allowing simulations to run with less
memory, which requires less computing power. Hyperledger Fabric would be a simulator
that small blockchains can be simulated on and for those who are not looking for traditional
consensuses such as proof-based or PBFT consensuses. Finally, Blocksim is a simulator for
those looking to build their own blockchain to test on without trying to base it on Ethereum
architecture. It is user-friendly and is capable of simulating different blockchain models on
multiple layers of the blockchain.

5. Potential Simulators

The relationship between blockchain simulators and IoT is extremely crucial as these
simulators have proven their benefits to IoT’s security and scalability challenges. Generally,
the goal of a blockchain simulator is to construct simulation structures that are simple, hide
unnecessary detail, and are easy to alter so that they may be used to solve a variety of
blockchain design and deployment problems that are related to performance, reliability,
and security [51]. IoT deals with vulnerable security issues that cause them to be victims
of distributed denial of service (DDoS) attacks. In this attack, A cybercriminal floods
a network with high volumes of data requests so that the network stops operating or
communicating as it usually would. IoT’s scalability issue is due to the increasing number
of devices connected to an internet of things network, the existing systems that handle
these tasks will eventually become overloaded, causing the entire network to go down [52].
This would require a huge number of servers to handle the exchange of information.
A real-life example of a blockchain simulator securing internet of things devices is the
implementation of the Ethereum blockchain simulator smart contract. Smart contracts
are a series of programs in a blockchain that run when predetermined conditions are met.
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As DDoS causes network congestion, the Ethereum blockchain simulator smart contract
makes intruders pay based on the size of the data or packet before sending it off [53]. This
prevents the intruders from sending unlimited amounts of data or packets. As technology
advances, more blockchain simulators are in development. This part of the paper examines
how the following simulators could potentially work in the IoT world: JABS, CBlockSim,
and Cardano. Tables 4 and 5 list the three potential simulators discussed as well as provides
the source code and relevant articles for each.

Table 4. Potential blockchain simulators for IoT environments.

Simulator Authors Title Simulator Type
JABS Habib Yajam [54] Introducing JABS: Just Another Blockchain Simulator consensus
CBlockSim Ma et al. [55] CBlockSim: A Modular High-Performance Blockchain Simulator consensus
Cardano Rakesh Sharma [56] Cardano Aims to Create a Stable Cryptocurrency Ecosystem consensus

Table 5. Potential blockchain simulators source code, language, and last date of commit.
Simulator Codes Language Date of Last Commit
JABS https:/ /github.com/hyajam /jabs?ref=hackernoon.com Java 19 April 2022
CBlockSim https:/ / github.com/xuyangm/CBlockSim C++ 20 March 2022
Cardano https:/ /github.com/input-output-hk/cardano-sl Haskell 25 June 2020

5.1. JABS Simulator

The first blockchain simulator to have the potential to simulate within an IoT environ-
ment is JABS. JABS, just another blockchain simulator, is a high-performance and scalable
blockchain consensus algorithm simulator. Java is used to create JABS. This project’s major
purpose is to provide a complete tool for modeling, testing, and comparing consensus
methods on a massive, near-real-time scale [54]. The JABs simulator was built to simulate
the network layer of the multi-layered DLT stack. It consists of peer-to-peer connection
modules, which are when multiple PCs are connected and share resources without going
through a third party. The transition from a centralized to a P2P distributed design will
eliminate some central sources of failure and bottlenecks. Other advantages of decentraliz-
ing the design include increased fault tolerance and system scalability. It would also help
to break down IoT silos while also helping to improve IoT scalability [54].

The network latency in the JABS simulator is constructed such that each node has
a certain average delay with the other global regions, based on its geographic location.
The Pareto distribution is the random distribution used to simulate the latency in this
network. In peer-to-peer networks, this random distribution is commonly used for end-to-
end communication delay modeling. According to the creator, the fat-tailed distribution is
preferred for more accurate modeling of the delays associated with longer periods. JABS
often looks to increase the performance of blockchain networks, specifically fixing delays
in the blockchain networks. This skill will be useful in the IoT environment because IoT
devices suffer from network congestion. Though it is still new, if JABS implements its code
into IoT devices, it may help improve them in the scalability aspect in that it can decrease
the delays found in IoT devices.

5.2. CBlockSim Simulator

Similarly, CBlockSim is another blockchain simulator that has the potential to work
with IoT. CBlockSim is an extension of the simulator BlockSim: Alharby. CBlockSim is a
performance and scalability-focused blockchain simulator that simulates a large number
of blockchain components [55]. The performance aspect of CBlockSim can benefit the
IoT world because it can help enhance any IoT device that is prone to attacks such as a
middle-man attack, which is a cyberattack in which an attacker eavesdrops or pretends to
be a genuine participant to intercept an existing conversation or data transfer. Moreover,
the creators rewrote BlockSim: Alharby in C++ and created a binary transaction pool data
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structure. This, allowed them to use bitwise operations in C++ to speed up the simulation.
The tests show that CBlockSim reduces run time by an order of magnitude and boosts
scalability by an order of magnitude when compared with other simulators. CBlockSim can
help with IoT’s scalability issue. Specifically, it can help clear the traffic in the IoT network
as it often looks for a shorter path to get a specific task done.

5.3. Cardano Simulator

Cardano is a new blockchain that investors are paying attention to. The network is
being used as a simulator in a similar way to Ethereum and Bitcoin [56]. Cardano intends
to address issues such as scalability, interoperability, and sustainability in cryptocurrency.
The issues in cryptocurrency are similar to the issues found in IoT devices.

With problems relating to scalability, networks have become sluggish and costs have
gone up due to increased transaction volumes. Ouroboros, a Cardano algorithm, is the
proposed solution for its scalability issues. To save energy and enable rapid transaction
processing, Ouroboros uses a proof of stake (PoS) technique. Cardano’s blockchain reduces
the number of nodes in a network by choosing leaders who are responsible for checking
and approving transactions from a set of nodes rather than having a copy of separate
blockchains on each node; the leader node then sends transactions to the primary network.
Like IoT devices, a large number of devices would be connected to one IoT network. This
causes the other devices on the same network to become slow, resulting in the network
shutting down. If the creators of Ouroboros were to modify its algorithm to fit IoT devices,
then it may solve that problem.

In interoperability, it is the mobility of a cryptocurrency both inside its native envi-
ronment and in its interaction with the current global financial ecosystem. As of right
now, there is no mechanism to execute cross-chain cryptocurrency transactions or a smooth
transaction between cryptocurrencies and the world’s financial ecosystem. The only mid-
dlemen are exchanges that collapse or demand high fees. Cardano wants to facilitate
cross-chain transfers using side chains, which let two parties perform transactions off-chain.
Applying this to IoT will help the communication between IoT devices happen much more
effortlessly. It also prevents attacks or viruses that may hinder a successful connection
between the devices.

Finally, there are problems relating to sustainability. This refers to governance mech-
anisms that give rewards to miners and other stakeholders, as well as the development
of a cryptocurrency’s self-sustaining economic model. Cardano’s dedication to creating a
sustainable cryptocurrency environment can transfer to IoT devices. Cardano can help IoT
reduce our carbon footprint by enabling different applications related to energy manage-
ment and resource efficiency such as water management or waste management.

6. The Implication of Future Research

Since each simulator has its individual strengths, there are certain cases in which one
simulator might be preferred over another. In this section, we make recommendations
for when to use each simulator that was discussed in detail as well as when the potential
simulators might be used. In addition, Tables 6 and 7 will show the advantage and
disadvantages of the simulators and potential simulators.
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Table 6. Advantages and limitations of blockchain simulators for IoT environments.

Simulator Advantages Limitations
. parallel multicore simulator [38] does not model system-level code [57]

Sniper fast simulation speed at around 2 MIDS does not model the internals of a superscalar
at most 25% error processor that performs out-of-order execution [57]
can simulate thousands of nodes on a single

Simblock computer [25] higher CPU usage when compared with other
the behavior of each node can be easily simulators [58]
changed [25]

Omnet++ can be used to simulate a wireless network with more nodes are needed for a stable network [26]
little impact on performance [26]
scalability features including “dummy bytes” and

NS3 nodes with optional features lack of GUI and weak visualization
Minimal waste of memory which directly leads to
shorter simulation time

NS2 flexible and modular R users may need to make their own C++ objects for
can output a text-based or animation-based . .

. ' advanced simulations [59]

simulation result [59]

Matlab has a large library of functions need a license to run

has a compiler

Ethereum + Ganache

well-established blockchain network
circumvents the need to set up self-hosted nodes

high gas prices and transaction time (not very
efficient)

unable to simulate any network except
Ethereum-based ones.

based on fog computing which reduces network

iFogSim traffic [60] does not support mobility [60]
scalable network with little congestion and limited does not support fault injection [60]
risk of network degradation [60]
allows for parallel transactions [61]
flexible and modular architecture [61] . . .
Hyperledger Sawtooth smart contracts do not need to know the design of iully perm15519n-l:fased which could be a downside
. . or some applications [61]
the core system to specify business rules for
applications [61]
Hyperledger Fabric well suited to simulate blockchain networks that unable to simulate tradition proof based or
are supported by smart contracts PBFT consensus
Hyperledger Iroha general-purpose private network and is simple to command query separation makes the system
deploy [61] more complex [61]
open source [6.2] . . the performance is largely hardware dependent;
Core supports distributed emulation over multiple
X the number of processes and packets that can be
machines [62] sent is dependent on the processor speed [62]
-has an easy-to-use GUI P P P
; can simulate wireless sensor networks without an; before stating simulation, one of the four given
Cooja articular mote [63] y models must be selected. The simulation desired
p N must fall under one of these models [63]
Blocksim capable of simulating different blockchain models limited amount of stored data and the number of

and designs
achieves generality, extensibility, and simplicity

concurrent users.
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Table 7. Advantages and limitations of potential blockchain simulators for IoT environments.

Simulators Advantages Limitations

consists of peer-to-peer connection modules to eliminate
JABS central sources of failure and bottlenecks and increase the  Still new and in its testing phase

fault tolerance and system scalability in IoT

. Belng.wrltten in G+ reduces. run time by an order of Is a proposed simulator. Therefore, it hasn’t been tested
CBlockSim magnitude and boosts scalability by an order of .
X . in real-world cases

magnitude when compared to other simulators

Dedication to creating a sustainable crvbtocurrenc Unable to help IoT in interoperability issues because it
Cardano & P y lacks mechanisms for IoT devices to communicate

environment can help IoT reduce our carbon footprint properly with each other

6.1. Hyperledger Fabric

For those trying to simulate a blockchain environment with certain criteria and have
the knowledge to build a network Hyperledger Fabric is a useful simulator. This simulator
is best used to simulate the network layer of the blockchain and implement smart contracts.
However, if one is trying to simulate consensus, which is common for most blockchain,
this simulator should not be used. This simulator should only be used when one wishes
to simulate the network layer of blockchain within the IoT; for any other layer, different
simulators should be considered.

6.2. Blocksim

Blocksim is a simulator that is capable of simulating three distinct, user-friendly envi-
ronments and is capable of building different models and designs. Further, data received
from the simulation are easily manipulated to display what is desired. Blocksim is best
used when one is trying to simulate a unique blockchain network with specific require-
ments. It is also great for those who want a simulator that will easily allow manipulation of
the simulation. In addition, it is capable of simulating proof based and PBFT consensus
which are not available in Hyperledger Fabric. Drawbacks include the limited data and the
number of concurrent users allowed to access a simulation at the same time. However, if
there is a small team running simulations, Blocksim would be a great simulator as it is easy
to use and easy to read.

6.3. NS3

NS3’s greatest advantage is its ability to send “dummy bytes” and having optional
features for nodes, which in turn reduces the amount of memory and computational power
required. This simulator is best suited for those who have limited amounts of memory
and computational power but need to simulate a large network. This will allow for the
simulation of large networks with limited resources. However, the drawbacks include
weak GUI and visualizations. If this weakness can be addressed, NS3 could be an excellent
simulator for those with limited resources.

6.4. Ethereum + Ganache

Ethereum’s greatest advantage is its widespread use and prebuilt network. Ethereum
is heavily used already as a cryptocurrency and Ganache is a simulator that is used to
simulate Ethereum networks. Ethereum is proof based and is great for those trying to run
simulations that have networks similar to Ethereum and for those who do not want to
set up and run self-hosted nodes. Ethereum is very versatile and circumvents the need
to set up one’s own network as it is all built and in use. People running simulations who
want to have networks similar to Ethereum should consider it, as it can save considerable
time that is needed to build the blockchain network. In addition, people should use
Ganache rather than the Ethereum network directly as it has easier interfaces and is more
user-friendly. This simulator should not be used if the simulations are not planned for an
Ethereum-based network.
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6.5. Potential Simulators

In terms of the potential simulators, we explore JABS, CBlockSim, and Cardano. JABS
should be used for those trying to explore consensus. CBlockSim, being an extension to
BlockSim, is written in C++ and is more efficient than BlockSim which is written in Python.
This simulator can be used to simulate blockchain components used to be tested against
security threats in IoT devices. Finally, Cardano is similar to Ethereum as it is a blockchain
on which a cryptocurrency is run. However, it is more eco-friendly and runs more efficiently
than Ethereum. It can be used in simulations that use Ethereum. However, these simulators
have not been used or not nearly as much as the four simulators stated previously and
need more simulations in order to garner more accurate information on them.

7. Conclusions

This paper summarized some of the most popular blockchain simulators and provided
a review of the ideal simulator for a specific situation. It also showed that there is an
ideal simulator that will fit the requirements for every simulation, but a select few that
it is recommended to pick based on the user’s needs. When it comes to implementing
blockchain in IoT, multiple simulators have been used and tested. Specifically, Hyperledger
Fabric, Blocksim, NS3, and Ethereum/Ganache were some of the simulators that stood out
in the countless number of simulators discovered. Each of the named simulators have their
advantages and limitations and, depending on the simulation, one might be more ideal
than the other. As stated, Hyperledger Fabric is a popular platform with a large number of
resources. It is an effective simulator to use if only simulating the network layer is desired;
however, if other layers are needed, one should look elsewhere. Blocksim can simulate the
consensus, and incentive layer in a simple way. In addition, if one desires to easily simulate
a large network, Blocksim is a good choice. Despite these capabilities, Blocksim is limited
by the number of users who can be part of the network and the amount of data that can
be stored. NS3 is a good simulator to use when security and minimal memory waste is
crucial to the network. This simulator is capable of running the network and consensus
layer. If a user desires to run a different layer, a variant simulator should be picked. NS3
also lacks a GUI which can make it difficult for some users. Although this is true, it still has
the benefits previously mentioned. Lastly, Etherium/Ganache was discussed. Ethereum, in
conjunction with Ganache, is a good simulator to choose if one does not want to build a
network from scratch, but instead use a prebuilt network. However, transaction times are
long, which may not be well suited for most IoT networks. JABS, CBlockSim, and Cardano
are just three of the many non-IoT integrated simulators with the potential to work in an
IoT environment. These simulators have shown that some of their components can combat
the scalability and security issues in IoT devices.

A limitation of this paper is that the parameters, such as the block size distribution
and geographical node distribution, of the IoT simulators were not discussed in detail.
The support of existing or potential consensus algorithms, such as PoW and PoS, were
also not a large factor in our study. It should also be mentioned that there are many other
simulators that can be discussed, but it is out of the scope of this paper to provide an
in-depth review of all of them. This paper aimed to thoroughly provide the advantages and
limitations of some of the most promising blockchain simulators for an IoT network, not all
of them. One possibility for the future is to direct research to analyze more simulators to
find which ones fit the needs of users not mentioned in this paper. Another possibility for
future research is to follow the updates and changes made to each prominent blockchain
simulator mentioned, to track their improvements and developments. Some key limitations
mentioned in this study may no longer exist in the years, or even months to come. By
tracking the progress, or lack thereof, users can stay up to date with the simulators and
determine which one to use.
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