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Abstract— This paper provides a real-time fog computing 

model based on a microservice architecture that enables testing 

and modeling of eventual implementations of ultra-reliable low-

latency communications (uRLLC) services. The work provides 

fog-based architecture for sixth-generation cellular (6G) 

applications, including telepresence and uRLLC. A testbed of a 

robot swarm was developed to prototype the proposed network 

architecture. Computing tasks are offloaded and handled based 

on a proposed microservice scheme introduced to meet the 6G 

requirements. Furthermore, we developed a novel migration 

scheme for the proposed architecture to support the mobility of 

end devices. The optimum server for migrating computing tasks 

is allocated by solving a proposed optimization problem using 

particle swarm optimization (PSO). All proposed algorithms 

were implemented in the developed prototype. The proposed 

work is introduced to provide an architectural foundation for 

testing fog-based 6G applications and services and to implement 

and test novel network methods in the future. 

Keywords— fog computing, microservice architecture, 6G 

networks, telepresence services, uRRLC, Dobot Magician 

I. INTRODUCTION 

The sixth-generation cellular (6G) system is expected to 
provide novel services and applications not supported by the 
previous cellular generations [1]. Such applications include 
ultra-reliable low-latency (uRLL) applications such as 
telepresence, holographic, and haptic communications [2]. 
However, the design of communication networks for 6G 
applications faces many challenges due to the ultimate 
requirements of such applications [3]. The 6G systems should 
achieve ultra-high availability, reliability, and resilience. The 
end-to-end latency of the communicated data over 6G 
networks should be sub-millisecond [4]. Developing a testbed 
for implementing 6G algorithms, methods, and applications is 
also challenging. 

Telepresence services enable users to communicate 
virtually, even if they may be miles apart, considering using 

telepresence technologies [5]. Everyone can establish a real-
time sensation of presence and interaction using these 
services. Technologies like virtual reality, augmented reality, 
and holography are employed to implement this paradigm [6]. 
Telepresence can be used in various essential areas, such as 
remote medical diagnosis, consultations, and industrial 
automation [7]. 

The introduction of telepresence services significantly 
improves the quality of life, optimizes the use of human 
resources, and meets sustainability requirements. However, 
designing communication networks that provide telepresence 
services faces many design challenges, including 
dependability, reliability, availability, and latency [8]. 
Telepresence services are ultra-reliable low-latency 
communication (uRLLC) that require ultra-high data rates and 
extremely-low latency. Such services are one of the main 
services of the 6G, as per the third-generation partnership 
project (3GPP) and the international telecommunication union 
(ITU) [9, 10]. 

It is possible to achieve high data transmission rates, high 
reliability, and fault tolerance for the 6G networks by 
optimizing particular network segments. Monolithic programs 
can be swapped out for microservice architectures, and 
popular cloud computing can be replaced with distributed 
edge computing (e.g., fog computing) [11]. Microservice 
architecture, the first element of this optimization, enables 
extensive monolithic systems to be broken into a collection of 
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interconnected components, known as microservices, which 
cooperate as a single application [12]. This improves the 
system’s fault tolerance, decreases the deployment 
complexity, boosts the application’s scalability, and speeds up 
the introduction of new features compared to the conventional 
approach [13]. 

While cloud computing always involves data processing 
only on a remote centralized server, fog computing enables 
data processing in the end device’s domain [14]. This can be 
achieved by distributing the processing of computing tasks to 
different fog points through remote micro-servers and user 
end devices[15]. The data transmission delay can be reduced 
by processing data closer to the user, hastening the response 
to a specific user request. Moreover, fog computing enables 
the creation of “virtual clouds” (also known as computational 
fog) by creating clouds “out of thin air” [16]. 

The ultimate objective of this work is to investigate novel 
strategies for establishing real-time microservice-based fog 
architecture to implement uRLLC 6G services. The main 
contributions of this work are summarized as follows. 

- Developing a fog-based architecture for 6G 
applications. 

- Developing a testbed of a swarm of robots based on the 
proposed fog architecture. 

- Configuring the developed robots testbed. 

- Developing a microservice architecture for the 
proposed system. 

- Implementing the developed microservice scheme on 
the developed testbed. 

- Developing a migration scheme for migrating 
microservices in the developed system. 

- Optimizing the performance of the proposed migration 
scheme by selecting the optimum server for migration 
using particle swarm optimization (PSO). 

II. FOG-BASED NETWORK STRUCTURE 

Fig. 1 presents the proposed fog-based architecture of 6G 
networks. The higher layer is the core network layer, which 
deploys a network orchestrator and a central cloud unit of 
multiple servers with significant computing resources. The 
network orchestrator is the primary resource management 
tool, including processing, data storage, bandwidth, and 
energy.  

The core network also deploys the software-defined 
networking (SDN) paradigm with multiple SDN controllers. 
SDN is mainly deployed to improve network flexibility, 
availability, resilience, and security [17]. Network function 
virtualization (NFV) is deployed over SDN to offer a 
software-oriented approach to network administration that 
allows managing network resources through network 
interfaces [18]. 

The lower layer of the architecture (Edge & Fog network) 
is the distributed edge layer that deploys two levels of edge 
servers: multiple access edge computing (MEC) servers and 
fog computing servers. Fog nodes interact with edge routers 
(Edge-R) to transmit data to the higher level of the proposed 
architecture.  

The Edge & Fog network segment nodes are machines that 
process incoming data through fog computations. Each fog 
device offers a microservice or a set of them with specific 
functionality. These devices collectively provide services 
organized based on a microservice architecture. Microservice 
migration is also enabled for load balancing, scalability, and 
application deployment flexibility in the Edge & Fog segment 
[19]. It is important to pay close attention to the artificial 
intelligence (AI) block, which permeates every level and 
component of the design. With the advancements in chip 
element design and architecture, it is now possible to integrate 
AI functions for managing network resources [20].   

Fig. 1. Fog-based 6G network structure. 
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III. PROPOSED TESTBED 

We considered a swarm of robots as a use case to 
implement the previously proposed architecture. Fig. 2 
presents the proposed prototype implementation. The Edge & 
Fog segment introduced in Fig.1 is implemented in the 
proposed robot implementation. 

The proposed testbed consists of four machines (i.e., 
robots), each consisting of two main parts: moveable and 
logical. 

Moving part: The robotic manipulator is employed to 
control the stand’s dynamics. The deployed robots are 
configured with the parameters introduced in Table. I. 

TABLE I.  CONFIGURATION PARAMETERS OF THE MOVING PART OF 

THE DEPLOYED SWARM OF ROBOTS 

Parameter Value 

Working area 340 mm in radius 

Number of axles Four 

Accuracy repeatability up to 0.02 mm 

placement up to 0.2 mm 

Power supply 50/60 Hz 

100-240V 

Power consumption 200 W 

 

The dynamic segment was built using a flexible 4-axis 
robotic manipulator deployed in our lab and can carry out a 
variety of robotics and automation-related tasks. Figure 3 
presents the considered robotic arm compatible with many 
programming languages, including  C++, C#, Python, and 
Java [21]. 

Logical part (Fog-nodes emulation): This part represents 
the edge segment implementation. Four Raspberry Pi 4 Model 
B microcomputers are employed as the stand’s logical 
component to provide edge computing capabilities. The main 
characteristics of the deployed fog nodes (i.e., Raspberry Pi 
nodes) are introduced in Table II. 

Fig. 3. Robotic arm as an element of the dynamic segment. 
 

TABLE II.  CONFIGURATION PARAMETERS OF THE ROBOTS’ 

EMBEDDED FOG NODES 

Parameter Value 

Processor Broadcom BCM2711 

Running at 1.5GHz on four 

ARM Cortex-A72 cores 

RAM LPDDR4-3200 SDRAM (8 
GB) 

Wireless interfaces Bluetooth 5.0, BLE, and 

802.11ac Wi-Fi 

Storage 32 GB MicroSD memory card 

slot 

General-purpose input/output 
(GPIO) 

GPIO header with 40 pins 

Power requirements USB-C or GPIO at DC 5V, 3A 

 

Fig. 2. The developed testbed. 
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A. Moving part of the Developed Testbed 

The movement system of the proposed four robots was 
implemented using a program code written in Python version 
3 that moves the robots over the optimum trajectory along a 
single course. Thus, the system was built to simulate the 
motion of a swarm of particles. However, in such 
architectures, veering off course can frequently happen for 
many reasons. The construction of the moving part of robots 
considers any deviation of one of the manipulators from the 
overall trajectory of the swarm because it is important to 
tackle several difficulties when deviations occur. Thus, three 
of the manipulators will continue moving synchronously 
along a typical trajectory after a certain period (Δt). In 
contrast, the fourth manipulator will deviate and move 
randomly to the other three. 

The system is developed using client-server architecture, 
where two personal computers (PCs) connected to the same 
local network act, respectively, as a client and a server, to 
enable remote and flexible control of the system. Fig. 4 
presents the network diagram of the dynamic segment 

PC#1 is connected to the switch as a client, and PC#2 is 
linked to the switch as a management server over an Ethernet 
connection. The client PC is connected to four Dobot 
Magician robots via individual USB 3.0 connectors. Sockets, 
which are programming interfaces for inter-process 
communication, are used for communication between the 
server and the client. Logical addresses and ports are used for 
the communication between devices utilizing the TCP/IP 
protocol stack. The Internet protocol version 4.0 (IPv4) and 
version 6.0 (IPv6) are used in the network layer of the 
proposed structure. For the IPv4 and IPv6 protocols, the 
address is a structure of 32 bits and 128 bits, respectively, 
while the port number is an integer value between 0 and 65535 
(for the TCP protocol).  

The pair of address and port numbers define the socket. 
The fundamental benefit of using sockets is that data can be 
sent and received immediately through the socket. As a result, 
it is possible to transfer data between two or more devices 
without getting bogged down in the details of the protocols. 
The UDP protocol was chosen for data transfer between the 
server and the client to achieve a high data rate.  

We built four client listening sockets on four separate 
official UDP ports, an external client IP address, and two 
server sockets that deliver commands to the corresponding 
client sockets to achieve complete remote control of robots. 
This architecture enables efficient remote control of robots. 

B. Coordinate Generation 

The robotic arm’s movement limit system was taken into 
account to create random coordinates. This plan uses the 
difference between two hemispheres to calculate space, along 
with limits on the movement of the manipulator itself. Using 
the four half-planes introduced in Fig.5, any combination of 
these half-planes can be used to get the coordinates (X, Y, Z). 
The limitations of the three coordinates as introduced in Table 
III. 

TABLE III.  LIMITATIONS OF THE COORDINATES OF THE ROBOTIC 

ARM’S MOVEMENT AREA 

Coordinate Limits 

X 𝑋 ∈ (−120, 320) 

Y  𝑌 ∈ (−300, 320) 

Z  𝑍 > 0 

Fig. 5. Dobot magician movement restrictions. 

The generated coordinates should meet the requirements 
introduced in Eq. (1) to be included in the valid list. 

      𝑟1
2 < 𝑥2 + 𝑦2 + 𝑧2 < 𝑟2

2  ,   𝑟1 = 300, 𝑟2 = 180       (1) 

Where r1 and r2 are the radiuses of the outer and inner 
spheres, respectively, calculated using the manipulators’ 
known coordinate plane (X, Y, Z). The outer sphere, with the 
radius r1,  is denoted as Ω1, while the inner sphere, with the 
radius r2, is denoted as Ω2. 

Additionally, coordinates must be generated to simulate 
the deviance of one of the four robots from the general swarm 
trajectory at time Δt. In order to achieve this, we rotate the 

Fig. 4. Dynamic segment structure based on robotic manipulators. 
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manipulator artificially to a different half-plane by setting the 
corresponding coordinates directly. Then, after the intended 
movement to the last of them, produce coordinates for 
movements only in the new half-plane after the time Δt. We 
used Dobot Studio to find the turn’s coordinates. This fulfills 
the abovementioned parameters while allowing the robotic 
arm to travel freely to a new half-plane. 

In addition to the previously mentioned requirements, the 
maximum and minimum values of X, Y, and Z were 
determined using factory software to construct coordinates. 
Shifting the manipulator to a different plane changes the X, Y, 
and Z limits. We receive 2 CSV files with moving coordinates 
as the program’s output. The server then processes these files. 
Figure 6 displays fragments of the received files with the 
coordinates. 

Fig. 6. Fragments of the received coordinates. 

The manipulator movement characteristics must be 
considered when solving the given problem. The robot travels 
in a straight line between coordinates, occasionally resulting 
in an overshoot. To avoid this issue, we produce two 
coordinates (x1, y1,z1) and (x2, y2,z2) for each loop iteration 
and add a requirement that verifies the plane going through the 
two points acquired does not encroach upon the sphere Ω2. 
This circumstance enables the robotic arm to stay inside the 
permitted positions in space. 

C. Clint-Server Model 

Two modules with the program code can be found in the 
server component. The first module examines the coordinates 
file for the first three robots (CoordinatesRandom.csv), and 
the second module examines the coordinates file for the fourth 
robot that deviates from the norm 
(CoordinatesRandomForRejection.csv). Only the names of 
the files used for analysis and the ports used to link the server 
with the client to which the robots are connected differ in these 
modules’ code. Three sets of client socket addresses are 
defined in the program’s main() function. 

A socket is created using the socket.socket 
(socket.AF_INET, socket.SOCK_DGRAM) command, which 
is used to send datagrams using the UDP protocol (the first 
three robots use the official UDP ports 8000, 8880, and 8888, 
while the fourth deviant robot uses the official UDP port 
8400). The code to read the coordinates from the file is run 
after creating the socket, and the data array it returns is 
provided to the function to transmit commands to client 
sockets. Each socket is closed when the loop is completed. 

Four client programs make up the client portion of the 
software package. Each robot listens to a different port in 
order to maintain command parallelism. Moreover, each robot 
must be initialized on a different USB port to implement the 
chosen solution. Every client program produces a distinct 
socket that is linked to the appropriate port in order to receive 
orders from the server. As a result, the port for the USB 
connection between the robot and the client computer is 
chosen at the start of the program execution. The robot is 
connected to it for further control inside the initialDobot() 
function utilizing the common set of DobotDllType library 
functions designed for this operation. In the event of a 
successful connection, the robot’s usual operating parameters 
are set. In the event of an initialization error, the module 
terminates, and an error message is sent to the console. 

The robot startup function is initially called on the port 
given at the program’s beginning in the main() function. A 
socket is then constructed and defined to the client computer’s 
external IP address and the designated port. The socket is 
currently listening, which means it watches for messages (i.e., 
commands). The arriving data is decoded after configuring the 
buffer size of messages of the socket. An OK code is 
transmitted to the server socket in response to the successful 
reception of the message. The signaling flow of the proposed 
code is presented in Fig.7. 

The robot moves when the received coordinates are 
relayed to it. After sending all the coordinates to the robot, the 
client PC should obtain its current position, then determine 
how it compares to the one the server needs. The ERROR code 
is provided to the server if the locations do not match; 
otherwise, the OK code is performed. The socket is closed 
when the loop is finished. Fig.7 shows a description of how 
the program’s job is done. Only the port numbers on which 
the socket is created and the port numbers on which the robot 
is defined vary between client programs. 

Fig. 7. Signaling flow of the proposed logical code. 
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D. Logical part of the testbed 

The prototype’s logical component was developed using 
Raspberry Pi 4 Model B microcomputers, which are little 
machines with an ARM Cortex-A72 processor clocked at up 
to 1.5 GHz and 8 GB of RAM. The Linux operating system is 
compatible with this microcomputer, ensuring optimal 
performance [22]. The Raspberry Pi 4 Model B is an effective 
and adaptable platform for a wide range of applications that 
can be used in both domestic and commercial settings. In the 
large-scale nebula model, the Raspberry Pi is a 
microprocessor on which one or more microservices with 
particular capabilities are installed. Microservice migration 
techniques can also be implemented using Raspberry. 

The core network uses a deployed orchestrator to manage 
and monitor network parts. Kubernetes (K8s) is used to 
automatically launch, scale, and manage containerized 
applications in a cluster [23]. Applications can be executed in 
isolated environments with the help of containers. The 
management of containers and their deployment on a cluster 
of devices may be automated with Kubernetes, which 
streamlines the development process. Kubernetes is the ideal 
choice for our booth because it also offers scalability and fault 
tolerance. K8s offers a general API that enables you to run 
applications on a cluster using different container platforms 
like Docker. By polling only the master node and gathering 
network statistics, the offered API will enable the production 
and monitoring of each cluster node. 

Docker and all the necessary Kubernetes software (kubelet, 
kubeadm, and kubectl) were installed on each Raspberry Pi. 
The child nodes (hence referred to as workers) and the main 
node (master-node) are both monitored by the Kubelet 
service, which begins and operates on each cluster node. 
Kubeadm is a tool used to manage a Kubernetes cluster as well 
as to configure nodes. To transmit commands to a Kubernetes 
cluster, you require the Kubectl program. The cluster worker 
nodes were set up and connected to the master node after the 
appropriate components had been installed. Our 
microcomputers operate as worker nodes, and our server 
serves as a master node. Fig. 8 presents the cluster’s 
organizational structure. 

Fig. 8. Clustering scheme. 

IV. MICROSERVICE ARCHITECTURE & MIGRATION SCHEME 

The microservice architecture enables splitting up a 
monolithic application’s power into sections that are part of 
the major service’s functionality. The application developers 

specify the tasks carried out by a specific microservice 
scheme. The result of such a system is a unique product that 
does not differ in functionality from the source but is more 
reliable and fault-tolerant in operation, with a significant 
increase in the performance and scalability of the entire 
system. The group of microservices into which the application 
is divided functions as a single unit, where each element 
interacts with all other elements. Fig. 9 presents a comparison 
between traditional architecture and microservice 
architecture. 

Each microservice can be implemented using kernel-level 
virtualization (i.e., containerization). Organizing the 
architecture of various environments in one processing unit 
without needing a hypervisor is called containerization, a 
specific type of virtualization. In the conventional 
virtualization method, separate virtual environments are built 
within the hypervisor infrastructure. This method works 
primarily because the hypervisor’s primary duty is ensuring 
that guest operating systems communicate with the host 
operating system.  

Environments are created using the kernel’s capabilities 
while using containerization. This procedure separates the 
kernel’s capacity into parts, each only accessible by a single 
container, preventing the use of the system’s other resources 
[24]. By excluding the hypervisor’s impact on the system, 
which manifests as a decline in the performance of newly 
formed services and the trouble of packaging and delivering 
applications, a new stage in the development of virtualization 
has made it feasible. 

In the proposed scheme, microservices are created as 
containers, each holding a specific portion of a major service’s 
functionality. Planning for instances where individual services 
fail, even those beyond their control, is vital to provide better 
system reliability. An example of such cases is when the 
logical component of the system is in motion during the work, 
and one robot unit deviates from the group of others. 

In this case, the tasks should be migrated to maintain the 
system and prevent failure. Thus, we developed a 
microservices migration mechanism in order to prevent this 
scenario. The migration scheme is introduced to maintain the 
service while moving between different coverage areas and to 
improve system performance and resource usage. 

Migrating microservices offers many benefits that can be 
summarized as follows [25, 26]. 

• Load balancing: Migration assists in distributing the 
network load among all the computing power if it is 
severely out of balance. The service switches from 
an overloaded host to a more powerful or less loaded 
one. 

• Fault tolerance: Failures must be foreseen and 
proactively handled to avoid their negative effects on 
the performance of the system and the running 
applications. Task migration provides a way for fault 
tolerance by providing another path for data 
offloading.  

• Power administration: Migration makes it possible to 
distribute microservices to the fewest number of 
active servers dynamically. In order to save energy, 
inactive servers (i.e., those with no offloaded tasks) 
can be switched to sleep mode. 
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• Prompt maintenance of the system: Suppose a 
particular server has to be updated or maintained. In 
that case, all of the microservices hosted there can be 
moved to a different server in the user’s access zone, 
and the required maintenance can be carried out 
simultaneously on both servers.  

When migrating a microservice live over a wide-area 
network (WAN), the online services must remain while the 
processor state, memory pages, and disc storage are moved 
from a source server to a remote destination server. Pre-copy 
and post-copy are the two most common migration procedures 
used concurrently. While the microservice (i.e., container) is 
still running on the source server and creating memory pages 
(modified memory pages), pre-copying first copies all pages 
of memory and disc storage to the destination server. The 
freshly created pages must be iteratively copied to the 
destination at a pace quicker than the rate at which changes 
are made in memory after copying the contents of the disc 
storage. Finally, the remaining pages and the processor state 
are transferred to the destination server, the source container 
is resumed on the new server, and the container is halted on 
the original server.  

On the other hand, post-copy first suspends the container 
on the source server, moves its processor state to the 
destination server, resumes the container on the new server, 
and then migrates memory pages and disc storage. Memory 
pages and disc storage are actively transferred to the 
destination server only once since the container does not cause 
dirty pages to be generated on the source server.  

Pre-copying, by its capacity to recover the state of the 
container at the source, even if the migration fails, clearly 
triumphs in terms of reliability. Due to the source server’s lack 
of memory page generation, which necessitates an iterative 
update memory transfer, the post-copy has a quick migration 
time. 

The post-copy technique is used in our model since it must 
migrate fast without the user recognizing when the moving 
part leaves the coverage region. 

The selection of the destination server is challenging with 
the considered migration scheme. Selecting the optimum 
server for migration is an optimization problem that can be 
solved using practical swarm optimization (PSO) [27]. 

V. OPTIMIZING MIGRATION SCHEME 

A. Problem Formulation 

The optimization problem seeks the optimum selection of 
hardware required for the migration processes (i.e., optimum 
powerful server). The problem is a minimization problem that 
can be defined as follows. 

                                    min
𝑆

𝑓(𝑥)                    (2) 

Where f(x) is the objective function, and S is the optimum 
server for the migration process. The proposed objective 
function of the optimization problem is introduced to achieve 
the fastest microservice response to a request, maximum 
reliability and availability, and load balancing. Consequently, 
the objective function incorporates the server’s current CPU 
load (in%) and RAM usage (in%). It can be defined as follows. 

             𝑓(𝑥) = ∑ 𝜇𝑖 ∙ ∅𝑖         ∀    𝑖 ∈ ℝ𝑛
𝑖=1                    (3) 

Where f(x) is the objective function (calculated in %),  μi 

is the weight of the ith parameter, φi is the ith parameter that 
describes the server’s state, and n is the number of selected 
parameters. We consider only two parameters for the 
proposed system: CPU usage and storage requirements. Both 
parameters are given equal attention (i.e., equally weighted); 
thus, the objective function is modified as follows. 

                   𝑓(𝑥) = 0.5 ∙ 𝐶𝑃𝑈 + 0.5 ∙ 𝑅𝐴𝑀                  (4) 

B. Particle Swarm Optimization 

The PSO is a metaheuristic algorithm that simulates how 
a group of birds behaves when seeking the best position in 

Fig. 9. Traditional and microservice application architecture. 
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space to approach a food source. The algorithm addresses 
optimization issues, such as determining a function’s lowest 
or maximum value. 

An initial set of “particles” with individual positions and 
speeds in the multidimensional space is created at the 
beginning of the procedure. Each particle moves across space, 
adjusting its speed and position iteratively to arrive at the food 
position (i.e., optimum solution). The particles update their 
location in space by exchanging information with other 
particles in the swarm, using Eq.(2) [27]. 

𝑣𝑖,𝑗 = 𝑣𝑖,𝑗 +  𝑐 ∙ 𝑟1 ∙ (𝑝𝑖,𝑗 − 𝑥𝑖,𝑗) + 𝑐 ∙ 𝑟2 ∙ (𝑝𝑔,𝑗 −

𝑥𝑖,𝑗)   ∀   𝑟1, 𝑟2  ∈ [0,1]                        (5) 

                            𝑥𝑖,𝑗 = 𝑥𝑖,𝑗 + 𝑣𝑖,𝑗                                 (6) 

Where vi,j is the speed of the particle i, pi,j is the best 
position found, pg,j is the best-found position over all particles, 
xi,j is the position of the particle i in space, c is a constant with 
value 2, and r1, r2 are random numbers. 

The value of the objective function is calculated for each 
available device using equation (4) to identify the best device 
for migration. The next step is to select a device from the 
available devices with the minimum objective function. 

VI. CONCLUSION 

Along with the advancement of information technology, 
the demand for society to incorporate novel concepts in this 
field into everyday life is growing. Unfortunately, the current 
infrastructure established by conventional communication 
networks is inadequate for introducing new technologies. This 
procedure requires gradually modernizing a well-established, 
global infrastructure that has expanded worldwide for years. 
Consequently, research on microservice architecture networks 
and fog computing is growing in significance. Using these and 
other related solutions, you can create more efficient 
algorithms and models to satisfy the increasing demands of 
contemporary technologies. Using the under-consideration 
architecture to research uRLLC services would accelerate 
bridging the gap between current data and the Tactile Internet 
concept’s specifications. 
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