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Abstract— Mist computing puts computing on the very edge
of the network. With mist computing, the computation is
performed in users’ devices (smartphones, laptops, etc.) sensors
or wearables (something fairly common in the context of the
Internet of Things). Devices which are near may be part of a mist
where each of these devices contributes to computation tasks.
Each of them has computation capabilities which can be used in
order to run tasks from other devices. However, devices in the
network must be aware of available features in order to execute
tasks within a device with the necessary hardware requirements.
There is a compatibility problem between tasks and devices: not
all devices satisfy all tasks needs. This article proposes a mist
computing framework in order to tackle this compatibility
problem.
Keywords—mist computing, offloading, computing architecture
Fig 1. Cloud, Fog, and Mist layers.

I. INTRODUCTION
Today, most data from Internet of Things (IoT) devices is
processed in the cloud, which means the data being produced
in all devices is sent to a handful of computers located in
centralized datacenters. However, with the quantity of IoT
devices expected (50 billion by 2022) the volume and velocity
with which data are being sent over the internet poses critical
challenges to a cloud-only approach [1].
The growing interest in cloud computing has also resulted in
other emerging cloud paradigms, such as fog computing. Fog
computing is an extension of cloud computing services to the
edge of the network to decrease latency and network
congestion. Although both cloud and fog offer similar
resources and services, the latter is characterized by low
latency with a wider spread and geographically distributed
nodes to support mobility and real-time interaction.
However, fog computing has high bandwidth requirements
all data must move through gateways and they are points
failure. A gateway executes applications and is responsible
the operation of the network [2]. Due to that, huge amount
data may cause a gateway to collapse.
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In order to solve this, a new paradigm appears: mist
computing. Mist computing takes fog computing concepts even
further, locating computation into the very edge of the
network: into nodes (Fig. 1).
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Applying the service-based architecture to the mist, any
node that has access to the network may subscribe to a service
offered by any node of the network. However, services may be
offloaded, i.e., migrated to a new instance in other node (for
instance, because the current host is running out of battery).
Therefore, the mist should select a destination node for the
service. In other words, nodes composing mists collaborate in
order to deploy services. These services can be moved from
one node to other subject to mist behavior. However, deciding
where to move a service is not trivial because of the nature of
the services: they may need specific hardware to run properly.
The work presented in this paper posits an infrastructure for
mist computing where hosting decision is based on service and
node analysis in order to make more accurate offloading.
This paper is organized as follows. Section II provides an
overview on offloading within cloud, fog or mist computing.
Section III presents our framework design patter. Section IV
displays the discussion of the implementation and testing
results. Finally, section VI presents the main conclusions and
future work directions.
II. COMPUTATION OFFLOADING
The main goals of computation offloading are to save
battery and minimize the execution time of tasks compared to
local execution [3]. The election of the target depends on the
offloading strategy, context, and network connection.
In cloud and fog computing, when a server has run out of
resources, it offloads the additional tasks to another server
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within the data center. Offloading may take place from fog
to cloud or vice versa. The location where to offload is
significant because it determines what kind of algorithms need
to be executed and the tradeoffs that must be considered: in
order to minimize latency, the offloading location used to be
close to the source.
Offloading from cloud to fog is done when the first one
realizes that the latency requirements of an application cannot
be achieved by the cloud computing environment. Both the fog
and the cloud work together in a distributed way to fulfill an
application’s needs. However, there are applications (e.g., realtime applications) that require so low latency that cannot be
met by distant locations. Due to that, offloading should take
place into nearby devices (usually in the same network or
physical location).
In order to solve this problem, mist computing appears.
Mist computing pushes computation away from centralized
virtual nodes to the extreme edge of the network where IoT
devices are located [4]. The nearby devices that constitute
mists have the capability of self-awareness and locationawareness in which it allows dynamic deployment of software
based on context changes [5]. Mist computing provides
computation offloading reducing fog and cloud storage and
decreasing the latency and increasing the autonomy of a
solution [6].
The main application of mist computing is to provide
different services which have been distributed among the
computing nodes [5]. Due to that, services live into nodes and
any node may subscribe to them. However, nodes may be
mobile, e.g., users smartphones or laptops, and may depend on
running out batteries. Consequently, services hosted in those
nodes may be required to be moved to other nodes when
current hosting nodes are unreachable.
There are several works that delve into nearby offloading.
The works [7] presents an algorithm to encourage vehicular
cloud computing. This algorithm offloads tasks into nearby
vehicle in order to minimize the delay. This work on vehicular
cloud computing and others can be seen in [8], a survey of this
topic. The framework presented with Misco [9] uses nearby
devices splitting large computation into multiple smaller tasks.
Shi et al. proposed Serendipity [10] where nearby devices with
similar characteristics are selected to offload tasks. Honeybee
[11] and Sapphire [12] offloads applications into other
smartphones. Other works such as [13] [14] focus on code
partitioning that allows offloading parts of code in different
servers. The work presented in [15] and [16] are examples of
offloading based in context-aware decision algorithms which
offloads just code parts.
The framework presented in this paper proposes to extend
decision patterns adding analysis of the nearby devices and the
services taking into account the hardware compatibility
between them. This extension makes possible to offload an
entire service deployed in a mist and hosted in a node into
other nearby node equipped with the hardware needed. We
propose a design pattern which enables whole service
offloading.

III. DESIGN PATTERN FOR SERVICE OFFLOADING
The design pattern is proposed in this section. It enables an
IoT service deployed in a mist to be entirely offloaded.
A mist is composed by devices such as smartphones,
laptops, personal computers, smartwatches, sensors, and so on.
These devices in the mist are known as nodes. They live
nearby and are connected to the same network. In order to do
an accurate offloading of a whole service from one node into
another, we propose to add two services into every node: (1)
Node Summarizer (NS) and (2) Service Summarizer (SS).
The Node Summarizer is responsible for analyzing the
node where it is hosted. To analyze a node implicates gathering
information about the hardware connected to it such as audio
and video input and output, sensors of any kind, and so on.
Analogously, the Service Summarizer analyzes the services
which are running in the host, concluding which hardware is
needed to run properly (Fig. 2). Adding these two services in
each node, minimizes complexity at the moment of adopting a
new architecture. The mist is ready to host schedulers and
orchestrators of any architecture: they only have to subscribe to
NS and SS services and take decisions with the information
provided.
Architectures
characterized by:

based

in

NS

and

SS

services

are

•
Modularity: the whole system is composed of isolated
components where each component contributes to the overall
system behavior rather than having a single component that
offers full functionality.
•
Specialization: each service provides a support for an
independent part of application’s business logic.
•
Soft maintenance: NS and SS are small pieces of code
to debug and they are independent.
•
Autonomy: each NS and SS can be developed, tested,
deployed, destroyed, moved or duplicated independently and
automatically.
•
Evolution: The architecture stays maintainable while
constantly evolving and adding or removing features.
•
Multi-language programming: NS and SS provide
APIs in different programming languages to access the
gathered information.
Each Node Summarizer and Service Summarizer sends the
gathered information to a mist coordinator in order to identify
which offloading target node is the best option. We propose
that the information exchanged be based on taxonomies and
ontologies depending on whether the hardware in the mist is
well known or not. There are several taxonomies that go deep
into sensor or interface categorization, including IoT main
sensors. In [17] [18] [19] [20], several sensor taxonomies are
presented. The work in [21] proposes a taxonomy for tangible
user interfaces. Choi et al. proposes a Brain-Computer
Interfaces Taxonomy [22]. The work [23] presents separate
identification ad categorization of the main sensors used in IoT
services. In addition, ontologies in IoT are a field of interesting
research. There are ontologies for sensors [24] [25] [26] [27]
including sensors in smart home environments [28].
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This framework provides a vision of the mist as a platform
where services can be deployed with the only requirement of
taking into account the taxonomy or the ontology of the
environment. Any node (not necessary part of the same mist)
can ask for offloading a service (or a part of it) into the mist
and, after a while disconnected, ask for the computing results.
IV. EVALUATION
The goal of the evaluation is to validate whether adding
node and service analysis improves the offloading decision in a
reasonable time.

Fig. 2. In a mist, each node has a NS and a SS.

However, there are two approaches when deploying both
Node Summarizer and Service Summarizer: (1) NS and SS are
provided when deploying the architecture and (2) NS and SS
are provided by the node. Fig. 3 shows the difference between
these two options.
In first option NS and SS services are provided by the
developer of the architecture. When a node becomes part of the
mist, the orchestrator instantiates these two services into the
node. However, the main problem that appears with this option
is that the architecture developer should take into account the
nature of the node. Due to that, the variety of nodes is limited:
the orchestrator should know all the possible definitions of
nodes, requiring save a high amount of data. Nevertheless, the
developer of the node is freed from a significant workload.
In second option, the NS and SS are provided by the node.
In this case, when a node becomes part of the mist, the
architecture orchestrator simply subscribes to these two
services. However, the information provided by these services,
should fit into the taxonomy or the ontology which is used in
the architecture. Due to that, the node developer should
configure NS and SS taking into account the taxonomy or the
ontology.

We applied our framework to support several services
offloading: (1) a command-processor application [29] which
needs a text-input interface to work properly, (2) a voice
recorder, which needs a voice-input interface to work properly,
and (3) a sound player, which needs an audio-output interface
to work properly. As the context is well known, a taxonomy of
our own has been used, based on the basic elements of the
nodes of the experiment (i.e., keyboard, microphone and
speaker). We used three nodes to create a small mist where
services are deployed. The details of these nodes are listed as
follows: (1) A node with 2.80 GHz four-cores CPU and 4 GB
RAM with a keyboard, (2) a second node with 2.66GHz fourcores CPU and 2GB RAM with a keyboard, speaker and
microphone, and (3) a node with 2GHz two-cores CPU and
1GB RAM with speaker and microphone.
We used the Raft Consensus Algorithm [30] in order to
select which of the three nodes is the manager in charge of
taking offloading decisions. The Raft Consensus Algorithm is
designed to substitute the manager to other node if the previous
manager is not available. Deciding where to offload the service
is based on the information return from the NSs and DSs. This
information responds to the taxonomy of our own, and it is
formatted in a file noted in JSON (JavaScript Object Notation).
The three nodes are configured to be unreachable at any
moment (an internal process changes the state of the node).
When a node hosting a service is not reachable, the
manager decides where to move the service. If there is not any
node that can satisfy the needs of the service (e.g., a node
without a speaker is not chosen to host the sound player
service), it is moved to any node that can store but not run it.
As soon as a node with the specification needed is able, the
service is moved to it and initialized.
In order to conclude if the additional processing time is
reasonable, we tested the framework several times and timed
the time need to analyze the nodes and the services. As result,
we found out that the average timing added when analyzing the
node and services is less than 20 ms.
V. CONCLUSIONS
Offloading tasks from nodes to the fog or to the cloud may
not be the best practice for applications which need low latency
such as real-time applications. In order to diminish the delay
between generating data and processing it, the target nodes
where to offload tasks use to be nearby to the source of data.
Here comes into play the mist, where nearby devices

Fig. 3. NS and SS can be provided by the architecture or the node
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collaborate into computing tasks. The strongest aspect of
deploying a mist is the low latency.
In this paper, we present a framework for service
offloading in a mist. The design patter proposes to add two
services to mist nodes that analyze the node and the hosted
services. These two additional services minimize the
complexity of deploying any architecture for the mist because
the gathering of context information is resolved by them.
We did several experiments based on taxonomy of our
own. We used the Raft Consensus Algorithm to decide which
node takes offloading decisions.
As result of this work, the additional time of processing is
less than 20 milliseconds, maintaining a low latency and
improving the accurate of hosting a service: services are hosted
in nodes which satisfy the needs of the service.
Our future work will continue the exploration of our
design’s potential. We want to minimize the additional timing
needed analyzing services and nodes. The next step is to
propose an architecture that fits in this framework and probe it
in a real world scenario.
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