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Dynamic Secure Access Control and Data Sharing
Through Trusted Delegation and Revocation 1n a
Blockchain-Enabled Cloud-IoT Environment

Suhair Alshehri

Abstract—The Internet of Things (IoT) is vulnerable to leak-
age of private information during data sharing. To avoid this
problem, access control and secure data sharing have been
introduced in IoT; however, many challenges are faced because
of centralized access control and single delegator selection.
Additionally, blockchain is integrated into IoT to enhance the
security of the environment. For that purpose, this research
proposes dynamic secure access control using the blockchain
(DSA-Block) model, which performs secure access control and
data sharing. Initially, the IoT device attributes and user
attributes are registered at a local domain authority (LDA) for
generating private and public keys using the hyperelliptic curve
cryptography (HECC) algorithm, which ensures the legitimacy
of the users and devices. Then, the IoT devices send a request
message to the edge nodes (ENs) via a gateway, which performs
request filtration by validating the user’s authenticity. The filtered
requests are sent to the edge server to perform access delegation
using rock hyraxes swarm optimization (RHSO), which selects
a set of delegator nodes. The access control decision is made
by using the Trusted practical Byzantine fault tolerance (PBFT)
consensus algorithm. The IoT data are stored in the cloud server
for secure storage, in which the data are secured using a dif-
ferential privacy mechanism. Finally, dual revocations, such as
user attribute revocation and user revocation, are used to main-
tain security. The performance of DSA-Block is evaluated and the
results demonstrate that the proposed DSA-Block model achieves
superior performance compared to previous works.

Index Terms—Access delegation, blockchain, edge computing,
Internet of Things (IoT), practical Byzantine fault tolerance
(PBFT) consensus, revocation, secure data sharing.

I. INTRODUCTION

T HE EMERGENCE of the Internet of Things (IoT) tech-
nology in recent times has provided connectivity between
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several devices to facilitate various applications, such as smart
homes, smart manufacturing, and smart transportation [1], [2].
The privacy and security issues associated with this develop-
ment necessitate a mechanism for controlling these devices [3].
Access control is found to be the most significant mecha-
nism to control the interventions of illegitimate and unau-
thorized users [4], [5]. Several access control schemes have
been proposed to control the access to resources, but these
approaches rely on a centralized entity, which results in a
single point of failure [6]. The adversaries in the network com-
promise the centralized server to redefine the access policies in
their favor. Moreover, the data stored in the compromised cen-
tralized entity represent serious privacy threats, as the personal
information of the IoT users, such as location and surveillance
data are exposed to the malicious adversary [7].

The decentralized access control in the IoT network is
provided by the blockchain technology which mitigates the
limitations of centralized architectures and provides services
for large-scale scenarios [8], [9]. Multiauthority-based access
control is applied in several existing works to improve secure
data sharing, however, it leads to significant privacy issues
[10], [11], [12]. Several existing approaches integrate the
blockchain to provide decentralized access controls by storing
the access policies in the blockchain node and making deci-
sions based on the access policies [13]. In these approaches,
the blockchain node acts as a delegator and is used to process
the overall resource requirements of the IoT entities [14]. The
selection of a single blockchain node to provide access con-
trol to devices in the IoT network represents various threats,
as follows.

1) Security Threats: The single blockchain node that is
responsible for validation of all user requests is vul-
nerable to various Distributed Denial-of-Service (DDoS)
attacks such as when the malicious adversary produces
a large volume of access requests in a periodical manner
to waste the resources of the blockchain node.

2) Privacy Threats: The access control is carried out by the
single public blockchain node by verifying the access
policies and attributes stored in the blockchain, which
poses privacy issues for the attribute owners [15], [16].

The privacy issues of the public blockchain have been
overcome by the deployment of Hyperledger Fabric, which
is an open-source platform that possesses several signif-
icant advantages, such as an effective consensus mecha-
nism, decentralized ledgers to protect privacy, and increased
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throughput [17]. Edge-based blockchain is implemented to
perform access control with low latency and computational
complexity using Hyperledger Fabric [18]. However, the
proper usage of Hyperledger Fabric for effective access con-
trol has not yet been efficiently performed [19]. The revocation
process is implemented to revoke malicious users or attributes,
to increase security efficiency. However, this can lead to vari-
ous attacks due to a lack of time-based revocation [20]. In this
article, secure access control-based sharing of data is carried
out in a decentralized manner.

A. Motivation and Objectives

The major aim of this research work is to perform dynamic
access control and data sharing in a decentralized manner.
The trust-based selection of delegator nodes is performed to
achieve effective consensus. The delegation and revocation
of access rights are executed in a periodic way to maintain
security. Various issues in previous works have motivated this
research and are addressed within it, as follows.

1) Inefficient Access Management: The existing approaches
have integrated the access control with the blockchain
technology to give it a decentralized nature, but the
selection of a single delegator (e.g., cloud) increases the
vulnerability of users and risks of leakage of private
data.

2) Single Point of Failure: Blockchain-based access control
has been utilized to provide decentralized computa-
tion, but several existing approaches have used gateway
(GW)-based access control, which results in a single
point of failure when the number of requests or users
in the network increases.

3) Complex Cryptography: The existing approaches have
ensured the security of IoT nodes by utilizing cryp-
tographic algorithms such as elliptic curve cryptog-
raphy (ECC), which possess increased message size
and computational complexity that are not suitable for
resource-constrained IoT devices.

The major objective of this approach is to ensure security
and privacy in the IoT network. This objective is achieved by
satisfying a set of subobjectives, as follows.

1) To minimize the effect of adversarial access requests
in overloading the entity by performing authentication-
based request filtration.

2) To maximize the scalability and performance of
blockchain by achieving increased transactional through-
put and reduced block validation time.

3) To maximize the reputation of the consensus by consid-
ering the trust value in selecting the consensus node.

4) To maximize the security by performing revocation of
the attributes and users based on time and behavior.

B. Research Contributions

The proposed dynamic secure access control using the
blockchain (DSA-Block) model focuses on secure access con-
trol and secure data sharing using blockchain. The major
contributions of this research are listed as follows.
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1) Authentication of nodes and users is carried out via
hyperelliptic curve cryptography (HECC) and the enti-
ties are stored in the private local ledger (LL) to enhance
the security, which helps to mitigate external attacks.

2) Authentication-based request filtering is performed
through a GW by verifying the legitimacy with a times-
tamp and freshness of the requests, which increases
throughput and reduces latency.

3) Access delegation is achieved through the edge server
using rock hyraxes swarm optimization (RHSO) by
considering trust, energy, load, and resource availabil-
ity (RA), in which the trust value is evaluated using
blockchain, which reduces the block validation time,
response time, and consensus time.

4) The data are shared securely manner by uploading the
data to the cloud server with the help of a differential
privacy mechanism, which increases the attack detection
rate.

5) Finally, revocation is performed for both user attributes
and users to enhance security. The user attribute revo-
cation is performed by considering expiry time and
attributes updating, and user revocation is performed
based on the trust value, which also increases the attack
detection rate.

The performance of the proposed work is evaluated in
terms of consensus time, throughput, block validation time,
transaction time, latency, response time, and attack detection
accuracy.

C. Article Organization

This section outlines the structure of this article that follows.
Section II summarizes the literature review of previous works.
Section III explains the preliminaries of this research which
is followed by the major problem statement in Section IV.
Section V presents the system model of the proposed DSA-
Block approach and its experimental results are described in
Section VI. Finally, Section VII concludes the research and
recommends future work.

II. LITERATURE SURVEY

This section summarizes the literature review on the existing
methods, where different approaches have been used to per-
form secure access control based on attributes. It also outlines
the key research gaps in these works.

A. Access Control Schemes

The decentralized authorization of IoT devices was
proposed by [21]. The necessity of updating policies was
addressed by implementing a collaborative-based access con-
trol approach in which the new access policy collaborated with
the old one using a collaborative node. The system model is
comprised of entities, such as authority nodes, IoT nodes, and
blockchain nodes. Initially, the IoT devices were authenticated
by the hash ID using the ECC algorithm. The authorization
of nodes was carried out using the access tree, in which the
construction and reconstruction of a collaborative node were
carried out by verifying the blockchain ledger. The generation
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of private and public keys was carried out based on the ECC
algorithm, which provided increased security due to its asym-
metric nature. However, the increased size of the encryption
key affects the complexity of these approaches. The privacy
of IoT data stored in the cloud was ensured by proposing
attribute-based encryption (ABE) in [22]. The vulnerabilities
inherent to data being kept in cloud storage, such as privacy
leakage, data tampering, and illegal access were considered,
and an effective approach was introduced. The centralized
server utilized in the conventional approaches was replaced
with the decentralized blockchain approach. The identity of
the users in the IoT network was preserved by using the asym-
metric encryption algorithm and the keys were generated by
the consensus nodes. Revocation of users in the network was
carried out periodically and the key updating of the revoked
users was executed. When the user requests data kept in the
cloud, the cloud performs predecryption by retrieving the keys
from the blockchain, which reduces the computational cost of
the users. The consensus nodes were responsible for genera-
tion of keys and revocation of users in the network, but the
selection of consensus nodes in the blockchain is carried out
without considering the reputation of the nodes, which affects
the credibility of the approach. Symmetric key encryption was
used to ensure the authenticity of the IoT users, but the usage
of a single key by the IoT nodes makes it vulnerable to being
compromised.

A flexible access control mechanism using ABE was
proposed in [23]. The limitations of existing nonrevocable
access control approaches were addressed by introducing a
blockchain-based revocable approach. This system model was
comprised of entities, such as trusted authority (TA), publisher,
user, and miners. Initially, the registration of users along with
their attributes was performed, after which the chameleon hash
algorithm was used to generate the hash function for verifi-
cation. The revocation of attributes was performed by the TA
if the user attributes were found to be changed. Based on the
new set of attributes, the access control for the respective user
was performed. The authors stated that the decentralization
of the approach can be achieved by deploying multiple Tas,
but the matching of users to a respective TA was not per-
formed, which increases the overload of a particular TA in
the network. The authors performed multifactor-based access
control of IoT users in [24]. The limitations of existing single-
factor access control mechanisms were overcome by utilizing
three factors: 1) user password; 2) biometrics; and 3) the keys
provided by the TA for access control. Initially, the key gen-
eration for TA was computed based on the elliptical curve
discrete logarithm, and the registration and enrolment of users
and GW nodes were carried out to perform access control.
The data sharing was performed after the establishment and
verification of the session key through mutual authentica-
tion of the GW node and IoT users. Finally, the updating
of security parameters was performed in the user’s favor.
The generation of private and public keys was carried out
based on the ECC algorithm, which provided increased secu-
rity due to its asymmetric nature. However, the increased
size of the encryption key increases the complexity of this
approach.
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A simplified access control approach for an IoT environment
was presented in [25]. The limitations of traditional centralized
access control approaches, such as single point of failure and
data tampering, were overcome by a distributed approach. In
this approach, the consortium blockchain was utilized in which
the identity of the user is denoted as the address. The gener-
ation of public and private keys was carried out via the ECC
algorithm. The practical Byzantine fault tolerance (PBFT) con-
sensus was utilized for the verification of access requests and
revocation of users was carried out to ensure the security of
the approach.

Fog computing-based distributed management of keys was
carried out in [26]. The limitations of cloud-based access con-
trol, such as unreliability, were overcome by this approach.
The system model is comprised of hierarchical deployment
of entities, such as IoT devices, edge nodes (ENs), a security
access manager (SAM), and cloud-based blockchain nodes,
respectively. The initialization of the users was performed
based on several parameters. The accessed query and access
response was performed by the SAM presented in the fog
layer. To ensure the security of the IoT environment, peri-
odic updating of keys, and revocation of users was carried
out. The generation of blocks was achieved by using proof
of work consensus; however, the time required for generation
of blocks and reduced throughput provided by this approach
restricts the usage of this consensus.

Zhang et al. [27] proposed the key-policy ABE (KP-ABE)
scheme using the decisional learning with error (DLWE)
problem and combined the KP-ABE with blockchain for
secure access management. In KP-ABE, the researchers used
probabilistic polynomial time (PPT) algorithms, including
setup, keygen, encryption, and decryption. Through the com-
bination of blockchain and KP-ABE scheme, access manage-
ment was facilitated between the owner and their device and
then the user. In the access management scheme, first ini-
tialization takes place for the registration process and then
the transaction process occurs when a transaction request is
received. By using miners, the transaction is verified by a
PoS consensus mechanism before the block is added to the
blockchain. The blockchain gives access permission to users.
Finally, the DLWA method was used to prove the secure access
management using the KP-ABE scheme. Here, the authors
proposed a KP-ABE scheme for secure access management
by using blockchain. The efficiency of the access manage-
ment was considered, but not the security issues in the ABE
scheme, which reduces the degree of security for IoT.

Ali et al. [28] proposed an ABE scheme with a lightweight
revoke method. By using a central authority (CA), domain
authorities (DAs), cloud service provider (CSP), data owner
(DO), and data user (DU), five processes were implemented
with PPT algorithms. First, using a cryptographical back-
ground, the authors initialized the CA and DAs. In the key
delegation process, key generation for the DO and DU was
achieved using the access tree. In the data outsourcing pro-
cess, the partially encrypted data from the DO was encrypted
in CSP. Then, the encrypted data was partially decrypted in
CSP and fully decrypted in DU during the decryption process.
In the user revocation process, the DAs updated the parameters
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and the re-encrypted secret key was updated for the users to
allow or revoke access. Finally, for the proofing process, the
Decisional Bilinear Diffe-Hellman problem was used, with the
hardness assumption. Here, the authors proposed a hierarchical
ABE scheme for secure access control for IoT. However, there
is a probability of data tampering due to low data integrity and
user privacy.

B. Blockchain-Based Security Schemes

The secure sharing of data in the IoT environment using
identity-based encryption was proposed in [29]. The limi-
tation of an ABE process, such as high time consumption,
was addressed by implementing a proxy-based re-encryption
approach in which the EN acts as a proxy server to perform
re-encryption of the data. The DO is responsible for the gen-
eration of keys for each user based on their identity. The users
submit their keys along with a request, based on which the user
verification was performed by the blockchain-assisted TA. The
PBFT consensus was utilized to achieve consensus for block
generation in order to reduce the time required for the encryp-
tion and decryption processes. However, the generation of keys
for each user in the network becomes complex when the num-
ber of users in the network increases. The PBFT consensus
was utilized in this approach to achieve a consensus about the
final decision, but the proposed consensus model was found
to have scalability issues and increased block validation time.
Kumar et al. [30] proposed a secure machine learning-based
framework for ensuring trustworthiness in an IoT environment.
The smart city application was adopted, in which three mod-
ules, namely trustworthiness, privacy, and intrusion detection,
were presented. In the first module, the computation of a repu-
tation score for the IoT devices was carried out and, based on
that, the nodes were categorized into three clusters. The rep-
utation score and transaction of the nodes were further stored
in a blockchain. The off-chain storage of raw data was carried
out in an interplanetary file system (IPFS), in which the pri-
vacy of the data was ensured by storing its hash values in the
blockchain. The blocks were generated using enhanced proof of
work consensus. Finally, intrusion detection was performed by
utilizing the XGBoost algorithm. The generation of blocks was
carried out using enhanced proof of work consensus, but the
time required for block generation and the reduced throughput
provided by this approach restricts the usage of this consensus.

A trust-based provision of access to IoT services was
presented in [31]. The limitations of combining blockchain
technology and trust management were overcome through this
approach. The trust values were computed based on processes
such as service testing, service monitoring, and service rat-
ing. The trust computation was carried out between the IoT
users for provision of services. This is facilitated by the trust
consensus protocol, in which the trust metric is computed for
processes, such as leader selection, block generation, and val-
idation of blocks. The trust computation was based on the
service testing, service monitoring, and service rating param-
eters, but the individual nodal trust of the IoT devices was not
considered, which limits the effectiveness of the trust-based
consensus protocol.
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Ali et al. [32] proposed an approach named xDBAuth for
permission delegation and access control in a cross-domain
context, by using four operations. Four transactions, such as
T.register, T.access, T.delegate, and T.revoke, were used for
the following operations. The first operation was domain reg-
istration in a global smart contract. In these various domains,
the admin sent registration requests to the blockchain man-
ager through the T.register transaction, followed by user or
IoT device registration in a local smart contract in the same
T.register transaction. In this operation, they assumed that
the user had installed TPM and registered the user or IoT
device in a local smart contract through the transaction. The
third process was to publish the delegation policy through the
T.delegate transaction. The last operation was resource access,
which was done through the T.access transaction, where the
cross-domain authentication was performed by a PoOAI mecha-
nism. Here, the authors proposed a PoAI mechanism approach
for cross-domain authentication and performing the hash func-
tion using a sha-256 algorithm. However, when using this
algorithm for hash generation, there is a difficult to find value,
which was computed as the liable hash value. Local and global
smart contracts were used for blockchain to carry out the trans-
actions, but the delegate policies were stored in the off-chain
due to storage limitations in the blockchain. This reduces the
storage complexity, but leads to privacy issues and there is a
probability of changing or rewriting the delegate policies.

Qashlan et al. [33] proposed an approach to preserve privacy
by using blockchain. Register contract and access contract
were used in a smart contract. Initially, the end-user sends
an access request to the edge server; the server then redirects
the user to the smart contract and the user calls the smart
contract to check its validity. If valid, the user policies are
then checked using ERC20 for attributes and the generating
token if its attributes satisfy the policy. By using the token,
the user sends the access request to the smart contract via the
edge server and gets access to the IoT devices. Finally, the
authors used a differential privacy enhancement mechanism
with stochastic gradient descent to ensure safety of the data
by adding noise samples without considering privacy. Here, the
authors used the PoW mechanism in blockchain for consensus;
however, this leads to a Sybil attack and other attacks.

Wang et al. [34] proposed a Proof of X-Repute (PoXR)
mechanism for the consensus process in blockchain for IoT.
For rapid and safe consensus, they used two methods: 1) repute
rewards and 2) repute punishments. Initially, the block produc-
tion method was used to create a new block by considering the
initial reputes, miner ID, and other related parameters. Then,
the generated block undergoes a verification process by using
the fork selection method and reputation module with param-
eter characteristics of the consensus algorithm. Finally, using
the incentive method, reputation status was identified by giv-
ing the respective parameters to improve the consensus process
in the blockchain. In this work, the PoXR mechanism was
used to select the node for consensus to update the blockchain
ledger. However, in PoXR, if more nodes are able to perform
consensus, this leads to a computational overhead.

Putra et al. [35] proposed an authorization approach for IoT
in blockchain by using trust scores and reputation values. Here,
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TABLE I
SUMMARY OF THE RELATED WORK
Schemes References | Objectives Algorithms/Methods Used Advantages Disadvantages
[21] Decentralized Authorization | Collaborative based access | High Security due to hash- | High complexity due to large
for IoT devices control approach, ECC algo- | based authentication key size
rithm
[22] Attribute-based privacy- | Decentralized blockchain ap- | Low Computation cost due to | Low credibility by lack of
Access Control Schemes . . . .
preserving of IoT data proach, symmetric encryp- | pre-decryption reputation
tion algorithm
[23] Attribute-based  revocation | Chameleon hash algorithm Flexible access control due to | Maximum overloading of TA
and access control attribute-based encryption due to lack of user matching
[24] Three-factor based access | Key generation using ellipti- | High security due to mutual | High complexity due to key
control cal curve discrete algorithm, | authentication generation method
mutual authentication,
[25] Attribute-based access con- | Consortium blockchain, El- | Low single point of failure | Large key size increases the
trol in IoT environment liptically curved cryptogra- | due to distributed approach | complexity
phy algorithm
[26] Fog computing based access | Fog layer, blockchain High reliability due to hierar- | High time consumption due
control chical development to slow block generation
[27] Access management by | Decisional learning with er- | High authenticity due to POS | Low security
attribute-based encryption ror, probabilistic polynomial | consensus
algorithm
[28] Revocation using attribute- | Probabilistic polynomial- | Low latency due to partial | Low data integrity
based encryption time algorithm, decisional | encryption and decryption
bilinear Diffe-Hellman
problem
[29] Secure data sharing in IoT Proxy-based  re-encryption | Low time consumption due | Low scalability due to key
approach to proxy-based re-encryption | generation complexity
[30] Privacy-preserving in IoT en- | XGBoost Algorithm, Proof | High privacy due to IPFS- | High block generation time
Blockchain-based Schemes vironment of Work consensus based off-chain data storage
[31] Secure service provisioning | Blockchain, trust manage- | Low complexity Poor trust management due
for IoT ment, trust consensus proto- to lack of individual trust of
col 10T devices
[32] Cross domain-based permis- | PoOAI mechanism High security due to cross- | Low privacy
sion delegation domain permission
[33] Privacy-preserving ERC20, stochastic gradient | High reliability due to edge- | High-security threats
descent, proof of work mech- | based access control
anism
[34] Blockchain-based Consensus | Proof of x-repute mecha- | High data integrity due to | High computation overhead
for IoT environment nism, fork selection method | safe consensus when occurring a large num-
ber of nodes
[35] Authorization for IoT Asymmetric cryptography High time consumption due | Lack of privacy
to two blockchains

two blockchains were used, public and private blockchains.
Initially, service providers (SPs) and service consumers (SC)
were registered in an attribute authority (AA) based on their
attributes and received key pairs by using an asymmetric cryp-
tography mechanism. In the public blockchain, the trust score
was found by considering the previous interactions between
the SP and SC, and the reputation value was found by using
the trust score. Whenever an access request arrived from SC,
the request was validated in the public blockchain based on the
trust value and its corresponding reputation. If the request was
valid, the attributes were retrieved from the private blockchain
a token was created for SC, and the data storage system val-
idated the token and allowed access to the data. Here, the
authors proposed an authorization in blockchain approach for
IoT using a trust score to achieve privacy. However, at the
time of registering, the SC and SP gave the attributes to the
AA in an off-chain scenario, which leads to a lack of privacy.
Table I provides a summary of the related works indicating
the algorithms/methods used, advantages and disadvantages.

III. PRELIMINARIES

This section describes the preliminaries of this research,
which consist of the blockchain technology, Hyperledger
Fabric, and PBFT consensus.

A. Blockchain Technology

The security of IoT entities is provided by the decentralized
nature of the blockchain technology. The data stored within
the blockchain are stored in a hashed manner, as blocks. The
communications between each block are stored as transactions.
The blockchain integrity is ensured by running consensus for
block creation, with the help of miners. The miners validate
the transactions and create the block. Once a new block has
been created, it is broadcast to other blocks. The generated
block contains a header and a body. The header contains ver-
sions of the block, the hashed value of the transaction using the
Merkle hash root tree, the new block threshold value, nonce,
and previous block information. The body of the block con-
tains a transaction counter. The transaction size limits the size
of the block. Some of the features of the blockchain are listed
as follows.

1) Faster execution.

2) Immutability.

3) Consensus.

4) Distributed ledgers.

5) Decentralized.

6) Highly secure.

Based on the size of the user data, they can be stored either
in the blockchain or the off-chain. The nontransactional data
are stored in the off-chain, being too large to store in the
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blockchain. Off-chain storage is lower cost, and ensures better
privacy than the blockchain. The off-chain distributed system
for storing off-chain data is IPFS.

B. Hyperledger Fabric

Hyperledger Fabric is the prefabricated architecture in
blockchain that permits the IoT nodes to run consensus
based on a plug-play mechanism for preserving privacy. The
Hyperledger Fabric compromises the following components:
chain code, peer node, channel, membership SP, devoted
assembling service, and ledger. The three main components
of Hyperledger Fabric are the devoted ordering service, mem-
bership SP, and peer nodes.

1) Devoted Assembling Service: The assembler in the
network is responsible for effective communication
which periodically checks the state of the ledger. Any
of the consensuses in the Hyperledger Fabric are proven
by the assembler to sustain the order of transactions.

2) Membership Service Provider: Membership SPs are
responsible for ensuring the authenticity of the autho-
rized blockchain network, which also generates private
channels for communication among blockchain nodes.

3) Peer Nodes: Peer nodes are responsible for upholding
the ledgers. Generally, the Hyperledger Fabric contains
broadcaster peer nodes and supporter peer nodes. The
broadcaster peers are distributed in the network and
broadcast the block to other peers, whereas supporter
peers are used to validate user requests.

The Hyperledger Fabric contains policies to maintain the
nodes in a decentralized manner to reduce the scalability
and mitigate security threats. Two types of policies, namely,
implicit meta-policy and signature policy, provide effective
access control via consortium.

C. Practical Byzantine Fault Tolerance Consensus

The PBFT is a consensus algorithm based on a voting proce-
dure; it can allow unauthorized nodes, i.e., mischievous nodes
to take part in the consensus algorithm. The PBFT consen-
sus maintains safeness and liveliness among the blockchain
nodes. Safeness refers to the case where, if any of the services
are repeated by some nodes, it must satisfy the correctness
condition, and liveliness refers to nodes’ behavior based on
the request. Every node in the PBFT network communicates
through cryptographic methods to prove its integrity, and also
to reach the state of consensus. The steps involved in PBFT
consensus are listed as follows.

1) Demand.

2) Preprepare.

3) Prepare.

4) Obligate.

5) Block formation.

Table II presents a comparison of conventional consensus
and PBFT consensus. Fig. 1 presents the block formation in
the blockchain-based on the PBFT consensus mechanisms in
which information in the workings of the PBFT consensus is
also provided.
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TABLE II
COMPARISON OF EXISTING CONSENSUS VERSUS PBFT

Characteristics PoW PoS PBFT
Throughput < 100 > 1000 < 2000
Rate of transaction Low High High
Energy redeemable No Partial Yes
Speed of Verification > 100s < 100s < 10s
Level of trust Untrusted | Untrusted Semi-
trusted
Block creation speed Low High High
Scalability of transaction Low Low High
Overhead during computing | High Low Low
Example Bitcoin Ethereum | Hyperledger

IV. PROBLEM STATEMENT

The security and privacy of the IoT users are a major con-
cern, and several existing approaches have executed various
schemes to achieve the requirements. However, they possess
several limitations that affect the achievement of security and
privacy in the IoT environment. The major problems with these
approaches are described as follows.

The scalable access control mechanism based on blockchain
for a resource-constraint IoT environment was proposed
in [36]. The limitations in the selection of a single delegation
node for access delegation were addressed by implementing
a lightweight blockchain scheme in several IoT nodes. The
major problems with this research are defined as follows.

1) The identity-based authentication of devices, users, and
ENs was carried out, but the parameters considered for
authentication possess a low degree of security, which
affects the secure authentication of nodes and users.

2) The selection of policy decision points was performed
based only on the parameters such as task execution and
use of resources, but the lack of consideration of trust-
based parameters affects the integrity of the final access
decision.

The management of access control in an IoT environment
based on Hyperledger Fabric was presented in this article [37].
The limitations of the centralized access control mechanisms
were addressed by this approach. The hierarchical structure
of access control in the IoT environment was proposed in
this article [38]. The limitations of traditional access con-
trol mechanisms in providing flexible access to IoT resources
were addressed by utilizing an ABE mechanism. The major
problems with these researches are explained as follows.

1) The Hyperledger Fabric utilized Kafka consensus for
block generation due to its performance, but the Kafka
consensus does not provide resistance against the mali-
cious nodes present in the network.

2) In the Fabric-IoT approach, the access policy of the
resources was delegated by the devices, but the revo-
cation and updating of users were not performed, which
affects the adoption of this approach.

3) The data consumer sends the access requests directly to
the centralized blockchain node, but the increased num-
ber of access requests generated by the malicious users
will cause an overload of the blockchain, which affects
the proper provision of access.



ALSHEHRI et al.: DYNAMIC SECURE ACCESS CONTROL AND DATA SHARING THROUGH TRUSTED DELEGATION

4245

%,

\

‘Block hash | {Merkle root tree |

Header

He aIr

‘Block hash | {Merkle root tree |

Time stamp: | Previous hash

Time stamp: | Previous hash

‘Time stamp: | Previous hash

List of transactions

List of transactions

List of transactions

Fig. 1.

Blockchain-based PBFT consensus.

The GW-based architecture for providing access control in
the IoT environment was proposed in this article [39]. The
limitations of the traditional access control approaches were
analyzed and a decentralized approach named BorderChain for
management of access to the IoT domains was proposed. The
major problems with this research are listed as follows.

1y

2)

The proposed GW-based architecture performed well in
ensuring the security of the IoT users and devices within
a domain, due to the trust provided by vendors and ISPs,
but the single point of failure occurring in these entities
affects the usefulness of this approach.

In addition, the IoT GW was utilized as the blockchain
node, but the presence of malicious users in the network
creates an increased number of access requests, which
wastes the resources of the blockchain nodes.

The blockchain-based delegation of access for the IoT users
was carried out in this article [40]. The major problems with
this research are defined as follows.

1y

2)

3)

The delegator node, which is considered the broker, was
responsible for delegation of access to the users, but this
node possesses a high risk of a single point of failure,
as attackers in the network use it to affect the proper
delegation of access.

The provision of access based on user attributes was
carried out in this approach, but the changing nature
of user attributes was not considered which affects the
access provision process.

Access provision was performed based on the smart con-
tract, but the process involved in access provision and

Body Body Body
- Transaction counter | - Transaction counter |  Transaction counter
ETX 1 | TX 2 f ' TXn | PTX 1 ATX 2 e '\ TXn | ATX 1 fTX 2 |-mm {TXn |
Block N-1 Block N Block N+1
Block N B New block
PBFT _ ~If block is Yes
consensus . valid
No

consensus of both the public and private blockchain was
not mentioned.

A. Research Solutions

The aforementioned problems are addressed by providing
the following solutions.

1y

2)

3)

4)

5)

The authentication of devices, users, GWs, and ENs was
carried out based on several significant user attributes
and devices attributes that increase the degree of secu-
rity of the nodes and users. Private and public keys are
generated by using the HECC algorithm, which enables
reduced key size without any compromise on security.
This algorithm is suitable for resource-constraint IoT
environments.

The hierarchical architecture-based approach is imple-
mented, in which the decentralized management of
authorization is performed by using both a global domain
authority (GDA) and a local domain authority (LDA).
The delegator nodes are selected by using the RHSO
algorithm for the trust value, energy level, traffic load,
and RA; this contributes to the effective selection of nodes.
Access control is executed by the consensus operation
using the selected delegator nodes, which increases the
network scalability. The burden of the GW is reduced
by initially filtering the requests.

The Trusted PBFT is utilized, in which trusted nodes are
selected for consensus. The number of nodes participat-
ing in the consensus is restricted to a particular value
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based on the number of nodes. This provides resistance
to malicious nodes and also reduces the block validation
time.

6) The dual revocation is executed, in which the revocation
of attributes is carried out based on the attribute expiry
time, and the revocation of users is performed based on
the trust threshold value.

7) The overloading and resource wastage of blockchain
nodes is mitigated by filtrating incoming requests. The
authenticity and timestamps of the requests are validated
to ignore the malicious requests.

V. SYSTEM MODEL

This article focuses on providing security and privacy of the
data and devices in the IoT environment. The proposed DSA-
Block model comprises the following entities: cloud node
(CN), EN, GWs, IoT users (U’), and IoT devices (D'). The
Hyperledger Fabric is utilized in this approach due to its pri-
vate and permissioned nature. Blockchain is used to select the
multiple IoT delegator nodes by running the PBFT consensus
mechanism.

The IoT nodes are categorized into domains and each
domain possesses an individual LL. The LDA is placed in
each domain and the GDA is placed in the cloud. The entities
are used in the DSA-Block model are summarized as follows.

1) IoT Devices (D'): The D' are the DOs, in which they are
classified into LDA or GDA. The LDA is used for pro-
viding authenticity to the IoT device and IoT users. The
GDA is for storing the LDA transactions and providing
delegation or revocation to the IoT users.

2) IoT Users (U'): All the U are data customers, they
are requesting access to D/. Based on their respective
requests, access is provided to U”.

3) Gateway: GWs are located between U!, D!, and ENs,
which ensure the legitimacy of the U’ by storing the U’
and D' attributes in the LDA thereby mitigating DDoS
attacks.

4) Edge Nodes: The ENs provide access delegation and
revocation to the U’ by running PBFT consensus based
on trust; they also manage the network.

5) Cloud Node: The CNs are used for storing the data of
D', which contains GDA for managing the D! data.

Fig. 2 presents the architecture of the proposed DSA-Block
model, which shows all the processes of the proposed work
in a detailed manner.

A. System Initialization

The entities in the IoT network are initialized to perform
secure data sharing. There are several entities in the network,
including IoT users (U"), 10T devices (D'), GW nodes, and
ENs inside the domains, which are initialized by submit-
ting their parameters to the LDA. The user attributes (U™)
include user ID (U'™), position (pos), role (role), etc. The
device attributes (D*) include Device ID (D™), MAC address
(MAC), IMEI number (IMEI), etc., GW nodes, and ENs are
submitted to the respective LDA.
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Algorithm 1 Pseudocode of the System Initialization
Begin
Initialize Ul DI, GW;, EN;, LL, LDA Where i =
3...n
Initialize (U™ = {U'P, pos,role }, D' = {D'®, MAC, IMEI}
For all U}, D!, GW;, EN; do
Register Attributes to LDA ();
Store Attributes in LL;
/I Key Generation
Select and ¥ // prime and divisor
Ir € S N
Ks < [Ir]?;
Return I and «  //private and public key
Generate attribute code using /g and «
End For
End

1,2,

The LDA stores these attributes in the private LL and gener-
ates the public and private keys for the users and devices using
HECC. Initially, consider G as the field and G as algebraic clo-
sure for G with genus v, and it is > 1 for the hyperelliptic
curve. The polynomial k(m) € Glm] of a degree greater than
or equal to v, and monic polynomial f(m) € G[m] of degree
2v + 1. The hyperelliptic curve (d) is formulated as follows:

3 D>+ k(m)® = f(m). (1)

Solution set generation (b, d) € G * G is performed using
the curve points d known as Jacobian with the quotient A = “v
/®, where “v denotes the divisor. It consists of a summation
of points Pe 9. The curve is nonsingular if it does not have
many pairs of (b,d) € G x G. In addition, it satisfies the
curve equation with a Partial Differential Equation, which is
expressed as follows:

20 4+ k(m) =0 2)
K (m)y® —f'(m) = 0. 3)

The LDA further generates the attribute code for the
attributes along with the expiry time for respective users based
on the private and public keys of the users. The system ini-
tialization is briefly explained by the pseudocode, which is
described in Pseudocode 1.

B. Authentication-Based Request Filtration

Users requesting real-time access to the IoT devices send
their request message to the EN through the GW. The GW per-
forms the request filtration process to mitigate DDoS attacks
caused by illegitimate user requests. Initially, the GW verifies
the authenticity of the users by which the requests have been
generated using filters. At first, the filter starts with an empty
array with m bits. It returns false when the element is veri-
fied for membership in the filter. To add the element to the
filter, the element is first accepted through the hash function.
Here, the SHA-256 algorithm is used to perform hashing. The
hash function result is used to take a position in the array of
the filter. The position of the bit is assigned to one. To verify
the element in the filter, the hash functions are used to create
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Fig. 2. Architecture of the proposed DSA-block model.

the positions in the filter. If the entire position in the array is
one, the filter shows that the request is legitimate, otherwise,
it is illegitimate. Hence, the hash function is used to verify
the entries in the array. In addition, it is also used to ensure
the legitimacy of the request. For huge values of m, the false
positive rate (i) of the filter is defined as follows:

= (1 — e ralmy )

where g represents the number of elements in the filter, m and
p represent the false positive rate, m represents the nearest
value of power 2, and p is rounded to the nearest integer value.
Based on the filter, we filter only legitimate requests. If the

user is found to be an authenticated user, the timestamp and
freshness of the incoming packets are verified. By doing so,
the illegitimate access requests causing DDoS attacks will be
filtered and ignored. Only the legitimate access requests are
processed, which reduces the burden on access delegation.

C. Trust-Based Access Delegation

The filtered legitimate requests are forwarded to the edge
server, which is responsible for access delegation. The disad-
vantage of a single delegator node is overcome by selecting the
multiple delegators using blockchain to ensure security. The
selection of delegator nodes is carried out by using the RHSO
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algorithm based on the parameters, such as trust value (7),
energy level (E), load (L), and RA. The trust value of a node
is provided by other nodes in the domain. First, the popula-
tion is initialized for leaders and members. Hence, the leader
selects the best place for observing the remainder of the group.
Here, the best nodes among all nodes are known as the leader,
which is used to select the optimal delegator. Then, the leader
updates the current location based on its previous location,
which is defined as follows:

loc = Ry * Ipp(lcp, j) &)

where R; represents a random value between [0, 1], Ipp repre-
sents the leader’s previous position, Icp represents the current
position of the leader, and j represents the reduction. After
updating the position of the leader, all the members update
their current position based on their previous position. The
fitness value of the new position is calculated as follows:

F =w(T,E, L ,RA) (6)

where F represents the fitness function and w represents the
weight values of the parameters. If the new position is bet-
ter than the leader, then the member changes and updates its
position
Ipp(i, j) = (x(i, j) — Cir x Ipp(i, j) + loc) (7
where Cir represents the motion that imitates the circle system,
which is defined as follows:
&1 = Ry *x cos(v) (8)
& = Ry * sin(1}) )]
Cir = SQRT (e% + s%)) (10)
where R, represents the radius and it is a random value
between [0, 1], 9 is also a random value between [0, 360] and
it represents the movement angle, which is updated in every
iteration. The updating of the angle is based on the upper
bound (up) and lower bound (I,) of the variables, which are
defined as follows:
Dalta = Random[/p, up)
¥ = v + Dalta.

Y
12)

After completed the updating process, they continue search-
ing the food in the locality, otherwise, the current new position
is discarded. In this way, optimal delegators are selected by
ENs. The energy levels of the IoT nodes are considered to
address its energy-constraint nature. The number of selected
delegator nodes is restricted to a limited number based on
the total number of nodes in the domain. The Trusted PBFT
consensus is utilized to achieve consensus between the nodes
to provide the final access decision. The selection of more
trusted nodes from the set of trusted nodes reduces the block
validation time, which is an advantage of Trusted PBFT. The
access decision is carried out based on user attributes, resource
attributes, permission attributes, and environmental attributes.
If the user requests resource in another domain, then the
request along with the respective user attributes are shared
to the EN in the respective domain via a secure channel from
which the delegation of access will be performed.
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Fig. 3. Trust-based access delegation mechanism using RHSO and PBFT.

1) Trust Value (T): It is calculated for every delegator to
increase security. Here, trust values are given by neigh-
boring nodes in the network. The calculation of the trust
value is defined as follows:

T = Xn:Fn
i=1

where F;, represents the feedback of the delegator, which
is provided by the neighbor nodes.

2) Energy Level (E): Tt is used to determine the current
energy level of the delegators. A high-energy level del-
egator is selected as the optimal delegator to perform
access delegation. The calculation of energy level is
defined as follows:

13)

E=£—¢£ (14)

where & represents the total energy of the node and £
represents the utilized energy of the node.

3) Load (L): It used to evaluate the load of the node. If
the node has a lower load, then it is selected as the
optimal delegator for performing access delegation. The
evaluation of load is defined as follows:

n
L= an
i=1

where wj, represents the amount of work performed by
the delegator node. If the node has less work then it also
has a lower load level.

4) Resource Availability: Tt is used to calculate the available
resources of the node. If the node has high RA, then it is
selected as the optimal delegator for access delegation.
The calculation of RA is defined as follows:

15)

RA=7-¢ (16)

where 7 represents the total resources of the node and
¢ represents the resources utilized by the node.
Fig. 3 represents the trust-based access delegation mecha-
nism using RHSO and PBFT.

D. Privacy-Aware Data Sharing

The IoT devices upload their data to the cloud server for
secure storage. In this scenario, the IoT devices act as DOs,
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and the users requesting access to the data are considered data
customers. The DOs upload their data to the cloud storage
by providing a random key, its public key, and the access
attributes. The privacy of the data is further improved by
implementing the differential privacy mechanism, in which
the noisy data is encoded with the original data by the DOs.
The Laplace method is used in this work for adding noisy
data to the original data shared by the DOs. The data shared
by the D! = (D', D'?, ..., D'") contains privacy information
D,Iw = (D1 D? ., D%, the Laplace function with mean

pvy Zpvy 0 Epw
and variance is given as follows:

i
{ Variance, % (17)

Mean, 0.

The probability distribution function is expressed as follows:

PDF(: V) = — < |Z|>
(@V)=szexp| -+ (18)

A v

where z denotes the explicit variable and V = ([vD'] /13D,

respectively. If the data D'' is proportional to the
exp((3¥(D;,,, CN)1/[2VV]), (Dj,,CN) denotes the privacy

data exported from D' to the CN, the 3 indicating that differ-
ential privacy protection is applied, which can be formulated
as follows:

3v(D},. ON)
B(D}, ¥) = { CN: PDF(D' € CN) ocexp — oy | HLap@En)

19)

where Lap(d(31)) denotes the noise by the Laplace function.
The above equation is the differential scoring function, in
which a higher score provides greater privacy. Any adversary
who tries to compromise the message, will not be able to do so.

The uploaded data are stored off-chain and their respective
hash values are stored in the blockchain. The access of data
by the users is performed by submitting a request to the cloud
server through the EN. The CN requests access delegation to
the respective EN, which provides access decisions through
a consensus mechanism. Once the cloud receives the access
decision, it provides the access accordingly. Fig. 4 presents the
differential privacy mechanism-based data sharing from DOs
to cloud.

E. Dual Revocation

The dynamic access control is provided by timely revoca-
tion of the user attributes and on-demand revocation of users.
The user attributes are revoked based on the expiry time and
the updating of attributes is carried out. The revoked users
cannot upload the data to the cloud server. If the attributes are
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TABLE III
SYSTEM SPECIFICATIONS

Hardware Specifications | RAM 6GB
Hard disk 500GB
Software Specifications Simulation Tool NS-3
Operating System (OS) | Ubuntu 14.04LTS

revoked, then a request message is sent to the private LL to get
a new key based on attributes for further processes. The ledger
verifies the attributes using blockchain for new key genera-
tion, if it is correct, then it generates a new key, otherwise the
request is rejected. This type of revocation process increases
security.

The revocation of users is used to maintain the security of
the domain. The trust values of the IoT users vary depending
on the behavior of the users. At the time of attribute revocation,
the malicious users have an opportunity to compromise the
users. If a user is compromised by a malicious user its trust
value will be reduced. Once the trust value is reduced below
the threshold value the revocation of users from the domain
is carried out. Here, the threshold value is generated based on
the Shannon entropy, which is defined as follows:

n
H(T) = = _ P(T}) log P(T;) (20)
i=1
where H represents the threshold and T represents the trust
value of the user. If the threshold is less than 0.5 then
user revocation is performed, otherwise, revocation is not
performed.

VI. EXPERIMENTAL RESULTS

This section describes the experimentation carried out with
the proposed DSA-Block method to analyze its performance.
The experimental results show that the proposed DSA-Block
method achieves high security and privacy based on the effi-
cient access control method. This section consists of four
subsections, such as the simulation setup, application scenario,
comparative analysis, research summary, and security analysis.

A. Simulation Setup

This section illustrates the simulation of the proposed DSA-
Block method. The performance analysis of the proposed
DSA-Block method was simulated by using the Network
Simulator version 3.26 (NS-3) simulation tool. The specifi-
cations of the NS-3 tool are closely relevant to the proposed
DSA-Block method. The proposed DSA-Block method was
simulated in an 1000 m x 1000 m environment. The
system specifications for performing simulation are repre-
sented in Table III and the simulation parameters are denoted
in Table IV.

The simulation environment of the proposed DSA-Block
method is illustrated in Fig. 5. It consists of numerous IoT
devices with several GWs, ENs, and LDA. In addition, the
GDA, cloud layer, and blockchain are also included. The IoT
devices gather data from the environment and transmit it to
the LDA through GW and ENs. All the LDAs transfer the
aggregated data to the GDA for further access. The ENs act as
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TABLE IV
SIMULATION PARAMETERS

Parameters Values
Number of IoT Devices | 150
Number of Users 15
Number of Edge Nodes | 3
Number of Gateways 3
Number of LDA 3
Number of GDA 1
Blockchain 1
Cloud Server 1
Placement of nodes Random
Network layer protocol IPV4

MAC layer protocol

IEEE 802.11b

Request expiry time

350ms

Block size 8 bytes
Data hash 32 bytes
Timestamp 4 bytes
Transaction size 4 bytes
Simulation time 100s

Simulation area

1000m * 1000m

IoT Devices

VHQHﬂ-&‘ HEP

Edge /GpA

Nodes Cloud Layer

Fig. 5. Simulation environment.

mediators for the IoT users and the cloud layer. Data security
is ensured by hashing the data and storing it in the blockchain.

B. Application Scenario

Recently, IoT has been used for numerous real-time appli-
cations, such as smart homes, smart hospitals, smart schools,
etc., with rapidly emerging technologies, especially in smart
hospitals (i.e., health care). Fig. 6 provides a diagrammatic
representation of the smart hospital application flow. The per-
sonal details of the patients, such as name, age, sex, previous
medical records, emergency details, such as contact details,
allergies, blood group, etc., are maintained in a secure man-
ner for further purposes and access is provided to authorized
persons (i.e., doctors and healthcare workers). After consult-
ing the doctor, the private notes (i.e., personal reports) of the
patients are managed securely without any duplication.

Entry access to the restricted area and to visit resident
patients is provided only for managers, doctors, and health-
care workers. The medication reports of the patients are given
high privacy and access is provided for doctors and pharma-
cies only. Access is provided to visitors only during visiting
hours, otherwise, access is restricted. Resident patients should
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Fig. 6. Use case (smart hospital).
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not have any access to the personal information of other res-
idents. Similarly, based on the identity of the doctors, some
access is restricted for certain actions. The doctors’ post-visits
(i.e., when doctors attend patients homes to treat them) are
recorded and stored on the server securely. The doctors have
access that enables them to retrieve the emergency details of
the resident patients for further treatments and medications. If
any unauthorized persons try to perform a specific operation
for which they do not have permission, this is referred to the
managers for further actions. Fig. 6 represents the use case of
the proposed work in a smart hospital scenario.

C. Comparative Analysis

In this section, the proposed DSA-Block framework is
compared with existing works, such as TLC-Block [36],
Fabric-IoT [37], and Borderchain [39] in terms of the con-
sensus time consumption, throughput, block validation time,
transaction time, latency, response time, and attack detection
rate.

1) Consensus Time Consumption Comparison: The con-
sensus algorithm ensures the integrity of the node. The time
consumption for consensus is defined as the amount of time
consumed to ensure the integrity of the node by running the
consensus algorithm. Fig. 7 shows the comparison of con-
sensus time against the number of selected delegator nodes
for the proposed DSA-Block with existing works. From the
figure, when the number of delegator nodes increases, the
time consumption for the consensus also increases, though
our proposed DSA-Block achieves less time consumption for
the consensus algorithm due to the utilization of the PBFT
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consensus algorithm, in which a limited number of nodes are
running consensus, which reduces the time consumption for a
consensus algorithm. The existing work Fabric-IoT framework
performs access delegation in a GW and Kafka consensus is
utilized, which leads to a single point of failure and security
threats, respectively.

In the proposed work, consensus takes 73-min when the
number of delegator nodes is 15 while the existing works
TLC-Block, Fabric-IoT, and Borderchain require more time
for consensus as 78, 88, and 98 min, respectively. The average
time consumption for consensus when the number of delega-
tor nodes increases to 15 is 69 min, whereas in the existing
works, it takes 74, 84, and 94 min, respectively.

2) Throughput Comparison: Throughput (77) is defined as
the amount of data or number of requests by the users to the
size of the data or request by the nodes and users, respectively,
which can be formulated as follows:

Amount of data

TP = 20
Size of data

Fig. 8 represents the comparison of throughput versus the
number of illegitimate requests for the proposed DSA-Block
and existing works. From the figure, when the number of
illegitimate requests increases, throughput also increases. The
proposed DSA-Block achieves high throughput. This is due to
the authentication-based request filtration process and privacy-
aware data-sharing process. In authentication-based request
filtration, the legitimate user request is filtered out by filters
in the GW for further processes, and in the privacy-aware
data-sharing process, the data of the trusted nodes are sent
to the cloud via the differential privacy mechanism method.
In addition, the initialization and trust-based access delegation
process also increases throughput, thereby improving the over-
all system performance. The existing works Fabric-IoT and
Borderchain are limited with scalability issues, which lead to
a single point of failure, thereby reducing throughput.

The proposed work achieves a throughput of 90 kb/s when
the number of legitimate user requests is 5, while the existing
works TLC-Block, Fabric-IoT, and Borderchain achieve lower
throughputs of 80, 75, and 70 kb/s, respectively. The average
throughput when the number of legitimate user requests is 5
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is 80 kb/s, whereas in the existing works it is 71, 65, and
60.4 kb/s, respectively.

3) Block Validation Time Comparison: The amount of time
taken to validate a block (deciding whether to accept or
revoke the block) is known as the block validation time. Fig. 9
presents a comparison of block validation versus the number
of attributes for the proposed DSA-Block and existing works.
From the figure, when the number of attributes increases, block
validation time also increases. The proposed DSA-Block, how-
ever, achieves a low block validation time. This is due to
the trust-based access delegation process, in which the trusted
delegator nodes are selected based on several metrics using
the RHSO algorithm through, which a set of trusted nodes is
obtained. From the obtained set of trusted nodes, the PBFT
consensus is utilized for access delegation, which reduces the
block validation time, whereas in existing works TLC-Block,
Fabric-IoT, and Borderchain, this is limited to a single dele-
gator node section, which means block validation takes more
time.

The proposed work achieves a block validation time of 3.5-s
when the number of attributes is 50, while the existing works
TLC-Block, Fabric-IoT, and Borderchain have higher block
validation times of 4.5, 5.5, and 6.5 s, respectively. The aver-
age block validation time of the proposed work is 2.5-s when
the number of attributes is 50, whereas the existing works
have average block validation times of 3.5, 4.5, and 5.5 s,
respectively.

4) Transaction Time Comparison: The time taken to com-
plete the verification of transaction time through the consensus
algorithm is known as the transaction time. Fig. 10 presents a
comparison of the transaction time of the proposed DSA-Block
with existing works in which, as the number of transactions
increases, transaction time also increases. The proposed work
achieves a shorter transaction time due to faster verification
of node transactions by using the PBFT consensus algorithm,
which takes less time for verification thereby increasing the
block creation speed and reducing the transaction time. In
addition, the RHSO algorithm also contributes to reducing
the transaction time by optimally selecting delegator nodes,
whereas Fabric-IoT utilizes the Kafka consensus algorithm,
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which takes more time for verification and leads to increased
block creation and transaction time.

The proposed work achieves a transaction time of 1500-ms
when the number of transactions increases to 100, while
the existing works TLC-Block, Fabric-IoT, and Borderchain
have high transaction times of 2500, 3500, and 4200 ms,
respectively. The average transaction time achieved by the
proposed DSA-Block when the number of transactions
increases to 100 is 920 ms, whereas the existing works show
high average transaction times of 1760, 2760, and 3700 ms,
respectively.

5) Latency Comparison: Latency (Lat) is defined as the
amount of time taken to access the user request from the total
time, which can be formulated as follows:

Lat = tot! — R (22)

where tot” denotes the total time and R* denotes the accessed
request, respectively. Figs. 11 and 12 present the latency
comparison of the proposed DSA-Block work with existing
works in terms of number of requests and transaction rate,
respectively.

From Fig. 11, when the number of user requests increases,
latency also increases, and our proposed work achieves lower
latency due to the authentication-based request filtration. In the
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authentication-based filtration process, the authenticated users
are further filtered out based on the time stamp and freshness
of the data, which allows only filtered trusted requests for
trust-based delegation thereby reducing latency. By contrast,
the existing works TLC-Block, Fabric-IoT, and Borderchain
perform access delegation for all requests, which leads to
increased security threats and increased latency. The proposed
work achieves a latency of 18-s when the number of requests
increases to 150, while the existing works have higher laten-
cies of 30, 40, and 50 s, respectively. The average latency
achieved by the proposed work, when the number of requests
is increased to 150 was 15 s, whereas for the existing works,
this was 20, 30, and 40, respectively.

Fig. 12 shows that low latency was achieved when the
rate of transaction increased, due to the authentication-
based request filtration and trust-based access delegation.
The authentication-based request filtration process filters the
legitimate users based on the time stamp and freshness of
data and the trust-based access delegation process utilizes
the RHSO algorithm to perform access delegation based on
trust, energy level, and load. The PBFT consensus is used to
reduce the block validation time and check the integrity of
the requests. This process reduces latency by providing the
access delegation to only legitimate filtered users even though
the transaction rate is high. The proposed work achieves
latency of 20-s when the transaction rate increases to 100,
while the existing works achieve high latencies of 35, 45,
and 55 s, respectively. The average latency achieved by the
proposed work when the transaction rate increased to 100 was
15.4 s, whereas for existing works this was 25, 35, and 45 s,
respectively.

6) Response Time Comparison: The amount of time taken
to transmit a user request, process the request, and return a
response is known as the response time rp, which can be
formulated as follows:

p = ER — sk (23)

where SR and ER denote the start and end of user requests,
respectively. Fig. 13 presents a comparison of the response
time of the proposed DSA-Block with existing works, in which
when the number of user request increases, response time also
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increases. Our proposed work achieves a low response time
due to system initialization, authentication-based filtration, and
trust-based access delegation. The system initialization pro-
cess utilizes the HECC algorithm to ensure the legitimacy of
the user request, authentication-based request filtration further
filters the legitimate user requests to reduce the latency of
the network, and the trust-based access delegation process uti-
lizes the RHSO algorithm to provide access delegation to only
requests with high trust, a high energy level, and low load,
respectively. The PBFT is used to reduce the block validation
time and ensure the integrity of the user, thereby reducing the
response time of the user request. By comparison, the exist-
ing works TLC-Block, Fabric-IoT, and Borderchain allow the
entire request and also user-centralized methods, which leads
to a high response time thereby affecting the performance of
the system.

The proposed work achieves response time of 50-ms when
the number of requests increases to 150, while the exist-
ing works achieve high response times of 100, 150, and
180 ms, respectively. The average response time achieved by
the proposed work when user requests increased to 150 was
40 ms, whereas the average response times in existing works
were 90, 140, and 171 ms, respectively.

7) Attack Detection Accuracy Comparison: The measure
of attack detection as the number of IoT nodes increases
is known as the attack detection rate, (D?) which can be
formulated as follows:

,  detected attacks
o=

24
IoT nodes

Fig. 14 presents a comparison of the attack detection accu-
racy for the proposed DSA-Block with existing works. From
the figure, it is shown that when the number of nodes
increases, the attack detection rate also increases. From that,
our proposed work achieves a high attack detection rate due
to authentication-based request filtration, privacy-aware data
sharing, and the dual revocation process. In authentication-
based request filtration, the DDoS attacks are mitigated by
filtering the legitimate node/user requests based on the time
stamp and freshness, the privacy-aware data-sharing method
utilizes the differential privacy mechanism, which reduces
the man-in-the-middle attacks, and dual revocation uses the
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Shannon entropy method based on trust, which further ensures
the security through the revocation mechanism. The existing
work TLC-Block performs authentication without consider-
ing proper authentication metrics, which leads to an increased
attack detection rate.

The proposed work achieves a high attack detection rate
98% when the number of nodes increases to 150, while the
existing works achieve 80%, 75%, and 70%, respectively. The
average attack detection rate achieved by the proposed work
when nodes are increased to 150 is 94%, whereas for existing
works this is 78%, 73%, and 68%, respectively.

8) Computation Overhead Comparison: The amount of
time taken by the entity to complete a process of input data
is known as the computation overhead (Co; ), which can be
formulated as follows:

receiving time

Co"’ =

i 5)

processing time

Fig. 15 presents the computation overhead comparison for
the proposed and existing works, in which computation over-
head increases as the number of delegator nodes increases. The
proposed work achieves a lower computation overhead than
the existing works. This is due to the adoption of the RHSO
algorithm for delegator selection. The RHSO-based trusted
delegator is selected based on the increased energy level, the
less load, and the high trust. The adoption of an optimization
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TABLE V
NUMERICAL RESULTS

Metrics Proposed DSA-Block | TLC-Block | Fabric-IoT | Borderchain
Consensus time consumption (min) 69 74 84 94
Throughput (Kbps) 80 75 65 60.4
Block validation time (sec) 2.5 3.5 4.5 5.5
Transaction time (ms) 920 1760 2760 3700
Latency No. of request 15 20 30 40
(sec) Transaction rate 15.4 25 35 45
Response time (ms) 40 90 140 171
Attack detection accuracy (%) 94 78 73 68
Computation overhead (%) 71.8 77.6 82.4 89

algorithm for the delegator selection reduces the time pro-
cessing time of the request, thereby reducing the computation
overhead. By contrast, the existing works TLC-Block, Fabric-
IoT, and Borderchain lack the intelligent packet processing
methods.

Fig. 15 shows that when the number of delegator node
increases to 25, the proposed work achieves a lower com-
putation overhead of 79%, whereas the existing works Fabric
IoT, Borderchain, and TLC-Block achieve high computation
overhead of 96%, 90%, and 88%, respectively.

D. Research Summary

The proposed DSA-Block was evaluated using several
performance metrics, which are consensus time consump-
tion (69 min), throughput (80 kb/s), block validation time
(2.5 sec), transaction time (920 ms), latency (15 s for the num-
ber of requests) and (15.4 s for transaction rate), response time
(40 ms), and attack detection accuracy (94%), these results
are shown in Figs. 7-14. Initially, the proposed DSA-Block
system stores both user and device attributes to the LDA
for key generation, which increases the security of the
environment and results in high throughput and low latency
during attack detection. Authentication-based request filtra-
tion is used to increase attack detection accuracy. Trust-based
access delegation increases the security and throughput, and
reduces response time due to considering only filtered requests.
Privacy-aware data sharing also increases the throughput and
reduces latency by introducing a differential privacy mecha-
nism for data sharing, which increases data security. Dual revo-
cation increases the security of the environment by performing
both attribute and user revocation. Here, the blockchain used
the PBFT consensus, which reduces block validation time,
transaction time, and consensus time. Table V presents the
results of the proposed and existing works in terms of com-
parison metrics. The highlights of the proposed DSA-Block
results are defined as follows.

1) The authentication of the entities in the network is carried
out by utilizing the HECC algorithm, which has reduced
key size and increased security, thereby mitigating the
complexity of conventional cryptographic algorithms.

2) The authentication-based filtration of requests mitigates
the DDoS attacks and reduces the burden of the IoT
GW. The timestamp and freshness of the requests are
also validated.

3) The selection of delegator nodes in the domain is per-
formed by using RHSO based on several significant

parameters, through which consensus on access dele-
gation is achieved through Trusted PBFT.

4) Privacy-aware data sharing is performed, in which the
encrypted data to be uploaded to the cloud server is
encoded with noise via the differential privacy mecha-
nism, which ensures data privacy.

5) The dual revocation of attributes and users is executed to
ensure the security of the network, in which the attribute
revocation is performed based on expiry time and user
revocation is performed.

E. Security Analysis

The security analysis of the proposed DSA-Block method
is described in this section. Providing access control and data
sharing in the IoT environment addresses critical security and
privacy threats represented by various forms of attacks, hence,
we proposed the DSA-Block method to improve the security
of the IoT environment. In doing so, we mitigate four types
of attacks, which are listed as follows.

1) DDoS Attacks: This attack sends out duplicate requests
to create high Internet traffic for the server, which
increases the risk of a single point of failure. In the
proposed DSA-Block method, this is mitigated by per-
forming authentication based on request filtration to
mitigate this attack, which reduces the risk of the single
point of failure.

2) Sybil Attacks: This type of attack, reduces the reputation
value of the IoT nodes by generating a huge number of
fake identities. This attack is mitigated by performing
the PBFT consensus based on user, resource, permission,
and environment attributes in the proposed DSA-Block
method.

3) MITM Attacks: A man-in-the-middle attack occurs
between the IoT device and cloud storage during
data sharing by deleting or modifying the data, which
increases both security and privacy threats. To over-
come these threats, a differential privacy mechanism was
implemented in this research prior to data sharing, which
mitigates this kind of attack.

4) Phishing Attacks: This type of attack appears as reputed
nodes that send fake requests to perform malicious
actions, which reduces the security. In this research, this
kind of attack is mitigated by performing dual revo-
cation based on the expiry time and behavior of the
users.
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VII. CONCLUSION

Dynamic secure access and data sharing are achieved in
the proposed DSA-Block model, which improves the secu-
rity and privacy of the IoT environment. All the user and
device attributes are registered in the LDA for key generation,
which increases the legitimacy of both users and devices. The
IoT devices and users send an access request message to the
edge server using a GW that only allows legitimate requests
for access delegation. Here, access delegation is performed
by the edge server by selecting a set of access delegators
using RHSO, which optimally selects access delegators. This
increases the security of the environment, which also increases
the throughput and attack detection rate. Then, legitimate data
are stored in the cloud server using blockchain via a dif-
ferential privacy mechanism, which encodes the noise to the
original data to increase privacy. The legitimate data are stored
in the off-chain to enhance security; the hash values of the
off-chain data are stored in the blockchain. The blockchain
uses the PBFT consensus algorithm to create and add new
blocks, which reduces transaction time, block validation time,
and consensus time. Finally, revocation is performed for both
user attributes and users in order to maintain the security of the
environment. The simulation results showed that the proposed
DSA-Block model achieves superior performance compared
to other state-of-the-art works. In future, we plan to mitigate
various types of attacks by using a modified blockchain that
increases security and processing speed and reduces energy
consumption during data sharing. In addition, the deduction of
data availability for data customers via a differential privacy
mechanism will be further investigated.

REFERENCES

—

] S. Bhatt, T. K. Pham, M. Gupta, J. Benson, J. Park, and R. Sandhu,
“Attribute-based access control for AWS Internet of Things and secure
industries of the future,” IEEE Access, vol. 9, pp. 107200-107223, 2021.

[2] Y. Liu et al., “Capability-based IoT access control using blockchain,”
Digital Commun. Netw. vol. 7, mno. 4, pp.463-469, 2021.
[Online].  Available:  https://www.sciencedirect.com/science/article/
pii/S2352864820302844

[3] S. A. Chaudhry, K. Yahya, F. Al-Turjman, and M.-H. Yang, “A secure
and reliable device access control scheme for IoT based sensor cloud
systems,” IEEE Access, vol. 8, pp. 139244-139254, 2020.

[4] L. Liu, H. Wang, and Y. Zhang, “Secure IoT data Outsourcing with
aggregate statistics and fine-grained access control,” IEEE Access, vol. 8,
pp. 95057-95067, 2020.

[5] Q. Yang, M. Zhang, Y. Zhou, T. Wang, Z. Xia, and B. Yang, “A non-
interactive attribute-based access control scheme by blockchain for IoT,”
Electronics, vol. 10, no. 15, p. 1855, 2021. [Online]. Available: https:
/Iwww.mdpi.com/2079-9292/10/15/1855

[6] A. Kousalya, K. Sakthidasan, and A. Latha, “Reliable service availabil-
ity and access control method for cloud assisted IoT communications,”
Wireless Netw., vol. 27, pp. 881-892, Feb. 2021.

[71 K. M. Hossein, M. E. Esmaeili, T. Dargahi, A. Khonsari, and M. Conti,
“BCHealth: A novel blockchain-based privacy-preserving architec-
ture for IoT Healthcare applications,” Comput. Commun., vol. 180,
pp. 31-47, Dec. 2021. [Online]. Available: https://www.sciencedirect.
com/science/article/pii/S0140366421003054

[8] Z. Li, J. Hao, J. Liu, H. Wang, and M. Xian, “An IoT-applicable access
control model under double-layer blockchain,” IEEE Trans. Circuits
Syst. I, Exp. Briefs, vol. 68, no. 6, pp. 2102-2106, Jun. 2021.

[9] U. Khalid, M. Asim, T. Baker, P. C. K. Hung, M. A. Tariq, and

L. Rafferty, “A decentralized lightweight blockchain-based authen-

tication mechanism for IoT systems,” Clust. Comput., vol. 23,

pp- 20672087, Feb. 2020.

4255

[10] S. Xiong, Q. Ni, L. Wang, and Q. Wang, “SEM-ACSIT: Secure and effi-
cient multiauthority access control for IoT cloud storage,” IEEE Internet
Things J., vol. 7, no. 4, pp. 2914-2927, Apr. 2020.

[11] S. Banerjee et al., “Multi-authority CP-ABE-based user access control
scheme with constant-size key and ciphertext for IoT deployment,” J. Inf.
Security Appl., vol. 53, Aug. 2020, Art. no. 102503. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S2214212619310178

[12] M. Dammak, S.-M. Senouci, M. A. Messous, M. H. Elhdhili, and
C. Gransart, “Decentralized lightweight group key management for
dynamic access control in IoT environments,” IEEE Trans. Netw. Service
Manag., vol. 17, no. 3, pp. 1742-1757, Sep. 2020.

[13] P. Chinnasamy, P. Deepalakshmi, A. K. Dutta, J. You, and G. P. Joshi,
“Ciphertext-policy attribute-based encryption for cloud storage: Toward
data privacy and authentication in Al-enabled IoT system,” Mathematics,
vol. 10, no. 1, p. 68, 2022. [Online]. Available: https://www.mdpi.com/
2227-7390/10/1/68

[14] N. Tapas, F. Longo, G. Merlino, and A. Puliafito, “Experimenting with
smart contracts for access control and delegation in I0T,” Future Gener.
Comput. Syst., vol. 111, pp. 324-338, Oct. 2020. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0167739X 18326979

[15] S. Pal, T. Rabehaja, M. Hitchens, V. Varadharajan, and A. Hill, “On the
design of a flexible delegation model for the Internet of Things using
blockchain,” IEEE Trans. Ind. Informat., vol. 16, no. 5, pp. 3521-3530,
May 2020.

[16] C.-A. Lin and C.-F. Liao, “User-managed access delegation for
blockchain-driven IoT services,” in Proc. Int. Comput. Symp. (ICS),
2020, pp. 462-467.

[17] S. S. Panda, D. Jena, B. K. Mohanta, S. Ramasubbareddy,
M. Daneshmand, and A. H. Gandomi, “Authentication and key man-
agement in distributed IoT using blockchain technology,” IEEE Internet
Things J., vol. 8, no. 16, pp. 12947-12954, Aug. 2021.

[18] W. Yang, Z. Guan, L. Wu, X. Du, and M. Guizani, “Secure data
access control with fair accountability in smart grid data sharing: An
edge blockchain approach,” IEEE Internet Things J., vol. 8, no. 10,
pp. 8632-8643, May 2021.

[19] Y. Meshcheryakov, A. Melman, O. Evsutin, V. Morozov, and
Y. Koucheryavy, “On performance of PBFT blockchain consensus algo-
rithm for IoT-applications with constrained devices,” IEEE Access,
vol. 9, pp. 80559-80570, 2021.

[20] S. Khan et al., “An efficient and secure revocation-enabled attribute-
based access control for eHealth in smart society,” Sensors, vol. 22,
no. 1, p. 336, 2022. [Online]. Available: https://www.mdpi.com/1424-
8220/22/1/336

[21] Y. Zhang, B. Li, B. Liu, J. Wu, Y. Wang, and X. Yang, “An attribute-
based collaborative access control scheme using blockchain for IoT
devices,” Electronics, vol. 9, no. 2, p. 285, 2020. [Online]. Available:
https://www.mdpi.com/2079-9292/9/2/285

[22] S. Liu, J. Yu, Y. Xiao, Z. Wan, S. Wang, and B. Yan, “BC-
SABE: Blockchain-aided searchable attribute-based encryption for
cloud-I0T,” [EEE Internet Things J., vol. 7, no. 9, pp. 7851-7867,
Sep. 2020.

[23] G. Yu et al., “Enabling attribute revocation for fine-grained access con-
trol in blockchain-IoT systems,” IEEE Trans. Eng. Manag., vol. 67,
no. 4, pp. 1213-1230, Nov. 2020.

[24] S. Mandal, B. Bera, A. K. Sutrala, A. K. Das, K.-K. R. Choo, and
Y. Park, “Certificateless-signcryption-based three-factor user access con-
trol scheme for IoT environment,” IEEE Internet Things J., vol. 7, no. 4,
pp. 3184-3197, Apr. 2020.

[25] S. Ding, J. Cao, C. Li, K. Fan, and H. Li, “A novel attribute-based
access control scheme using blockchain for IoT,” IEEE Access, vol. 7,
pp. 38431-38441, 2019.

[26] M. Ma, G. Shi, and F. Li, “Privacy-oriented blockchain-based distributed
key management architecture for hierarchical access control in the IoT
scenario,” IEEE Access, vol. 7, pp. 34045-34059, 2019.

[27] J. Zhang, Y. Xin, Y. Gao, X. Lei, and Y. Yang, “Secure ABE scheme
for access management in blockchain-based I0T,” IEEE Access, vol. 9,
pp. 54840-54849, 2021.

[28] M. Ali, M.-R. Sadeghi, and X. Liu, “Lightweight revocable hierarchical
attribute-based encryption for Internet of Things,” IEEE Access, vol. 8,
pp. 23951-23964, 2020.

[29] K. O.-B. O. Agyekum, Q. Xia, E. B. Sifah, C. N. A. Cobblah, H. Xia,
and J. Gao, “A proxy re-encryption approach to secure data sharing in
the Internet of Things based on blockchain,” IEEE Syst. J., vol. 16, no. 1,
pp. 1685-1696, Mar. 2022.



4256

[30] P. Kumar, G. P. Gupta, and R. Tripathi, “TP2SF: A trustworthy privacy-
preserving secured framework for sustainable smart cities by leveraging
blockchain and machine learning,” J. Syst. Archit., vol. 115, May 2021,
Art. no. 101954. [Online]. Available: https://www.sciencedirect.com/
science/article/pii/S1383762120302071

[31] B. Shala, U. Trick, A. Lehmann, B. Ghita, and S. Shiaeles, “Blockchain
and trust for secure, end-user-based and decentralized IoT service
provision,” IEEE Access, vol. 8, pp. 119961-119979, 2020.

[32] G. Ali et al., “xDBAuth: Blockchain based cross domain authentica-
tion and authorization framework for Internet of Things,” IEEE Access,
vol. 8, pp. 58800-58816, 2020.

[33] A. Qashlan, P. Nanda, X. He, and M. Mohanty, “Privacy-preserving
mechanism in smart home using blockchain,” IEEE Access, vol. 9,
pp. 103651-103669, 2021.

[34] E. K. Wang, R. Sun, C.-M. Chen, Z. Liang, S. Kumari, and M. Khurram
Khan, “Proof of X-repute blockchain consensus protocol for IoT
systems,” Comput. Security, vol. 95, Aug. 2020, Art. no. 101871.
[Online]. Available: https://www.sciencedirect.com/science/article/pii/
S0167404820301449

[35] G. D. Putra, V. Dedeoglu, S. S. Kanhere, R. Jurdak, and A. Ignjatovic,
“Trust-based blockchain authorization for IoT,” IEEE Trans. Netw.
Service Manag., vol. 18, no. 2, pp. 1646-1658, Jun. 2021.

[36] S. Sun, R. Du, S. Chen, and W. Li, “Blockchain-based IoT access control
system: Towards security, lightweight, and cross-domain,” IEEE Access,
vol. 9, pp. 36868-36878, 2021.

[37] H. Liu, D. Han, and D. Li, “Fabric-iot: A blockchain-based access
control system in IoT,” IEEE Access, vol. 8, pp. 18207-18218, 2020.

[38] H. Xu, Q. He, X. Li, B. Jiang, and K. Qin, “BDSS-FA: A blockchain-
based data security sharing platform with fine-grained access control,”
IEEE Access, vol. 8, pp. 87552-87561, 2020.

[39] Y. E. Oktian and S.-G. Lee, “BorderChain: Blockchain-based access
control framework for the Internet of Things endpoint,” IEEE Access,
vol. 9, pp. 3592-3615, 2021.

[40] S. Pal, T. Rabehaja, A. Hill, M. Hitchens, and V. Varadharajan, “On the
integration of blockchain to the Internet of Things for enabling access
right delegation,” IEEE Internet Things J., vol. 7, no. 4, pp. 2630-2639,
Apr. 2020.

Suhair Alshehri received the Ph.D. degree in computing and information
sciences from the Golisano College of Computing and Information Sciences,
Rochester Institute of Technology, Rochester, NY, USA, in 2014.

She is currently an Assistant Professor with the Information Technology
Department, Faculty of Computing and Information Technology, King
Abdulaziz University, Jeddah, Saudi Arabia. Her main research interests
include security and privacy in computer and information systems and applied

cryptography.

IEEE INTERNET OF THINGS JOURNAL, VOL. 10, NO. 5, 1 MARCH 2023

Omaimah Bamasaq received the Ph.D. degree in computer science, electronic
information security from The University of Manchester, Manchester, U.K.,
in 2006.

She is a Professor of Cybersecurity with the Department of Computer
Science, Faculty of Computing and Information Technology, King Abdulaziz
University, Jeddah, Saudi Arabia, the Dean of Community Services and
Continuing Education with the University of Johannesburg, Johannesburg,
South Africa, and a Visiting Researcher at Massachusetts Institute of
Technology, Cambridge, MA, USA.

Daniyal Alghazzawi (Senior Member, IEEE) received the Ph.D. degree in
computer science from the University of Kansas, Lawrence, KS, USA, in
2007.

He is a Professor of Cybersecurity with the Computing Information
Systems Department and the Head of the Information Security Research
Group, King Abdulaziz University, Jeddah, Saudi Arabia. He served in a vari-
ety of administrative and leadership roles and was awarded the Leadership
Management International Certificate. In 2010, he was appointed Honorary
Lecturer with the University of Essex, Colchester, U.K. He has worked
as a Consultant for a number of companies, assisting them in developing
information security policies and obtaining certifications, such as ABET,
ISO27001, and ISO22301. In the disciplines of smart e-learning, cyberse-
curity, and artificial intelligence, he has authored multiple scholarly papers
and patents.

Dr. Alghazzawi has also served as a reviewer and an editor for a num-
ber of local and international conferences, journals, workshops, and contests.
He has organized both domestic and international seminars and conferences.
Department of Information Systems, Faculty of Computing and Information
Technology, King Abdulaziz University.

Arwa Jamjoom received the master’s degree in computer science from the
University of Southern California, Los Angeles, CA, USA, in 1997, and the
Doctoral degree in computer science from the University of Surrey, Guildford,
UK., in 2011.

She is an Associate Professor with the Department of Information System,
King Abdulaziz University, Jeddah, Saudi Arabia. Her research interests lie
in data analytics and decision support system.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


