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Abstract. We propose a Novel Fairness-Aware framework for Crowd-
sourcing Energy Services (FACES) to efficiently provision crowdsourced
IoT energy services. Typically, efficient resource provisioning might incur
an unfair resource sharing for some requests. FACES, however, maxi-
mizes the utilization of the available energy services by maximizing fair-
ness across all requests. We conduct a set of preliminary experiments
to assess the effectiveness of the proposed framework against traditional
fairness-aware resource allocation algorithms. Results demonstrate that
the IoT energy utilization of FACES is better than FCFS and similar
to Max-min fair scheduling. Experiments also show that better fairness
is achieved among the provisioned requests using FACES compared to
FCFS and Max-min fair scheduling.

Keywords: Service provisioning + Crowdsourcing - IoT energy -
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1 Introduction

The proliferation of the Internet of things (IoT) may give rise to a self-sustained
crowdsourced IoT ecosystem [2]. The augmented capabilities of IoT devices such
as sensing and computing resources may be leveraged for peer-to-peer sharing.
People can exchange a wide range of IoT services such as computing offloading,
hotspot proxies, energy sharing, etc. These crowdsourced IoT services present
a convenient, cost-effective, and sometimes the only possible solution for a
resource-constrained device [11]. For instance, a passenger’s smartphone with
low battery power may elect to receive energy from nearby wearables using Wifi
[22]. The focus of this paper is on crowdsourcing IoT energy services.

The concept of wireless energy crowdsharing has been recently introduced to
provide IoT users with power access, anywhere anytime, through crowdsourcing
[4,16,22]. We leverage the service paradigm to unlock the full potential of IoT
energy crowdsourcing. We define an loT Energy Service as the abstraction of
energy wireless delivery from an IoT device (i.e., provider) to another device (i.e.,
consumer) [17]. Crowdsourcing IoT energy services has the potential of creating
a green service exchange environment by recycling the unused IoT energy or
relying on renewable energy sources. For example, an IoT device may share
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Fig. 1. Crowdsourcing IoT energy services

its spare energy with another IoT device in its vicinity. Another example, a
smart shoe may harvest energy from the physical activity of its wearer [7,9].
Additionally, wireless charging allows energy crowdsharing to be a convenient
alternative as the devices do not need to be tethered to a power point, nor use
power banks. Crowdsourcing energy services can be deployed through already
existing wireless power transfer technologies such as Energous' that can deliver
up to 3W power within a 5-meter distance to multiple receivers.

The crowdsourced IoT energy ecosystem is a dynamic environment that
consists of providers and consumers congregating and moving across microcells
boundaries. A microcell is any confined area in a smart city where people may
gather (e.g., coffee shops, restaurants, museums, libraries), see Fig. 1. The deploy-
ment of the energy crowdsharing ecosystem depends on the willingness of the
IoT device owners to participate. Indeed, providers may share their energy altru-
istically to contribute to a green IoT environment. They may also be motivated
by egotistic purposes where participants are encouraged to share energy through
a set of incentives [28]. We assume that the IoT coordinator provides incen-
tives to encourage energy sharing in the form of credits. These would be used
to receive more energy when the providers act as consumers in the future [1,28].
The IoT coordinator is assumed to be deployed one hop away from the energy
providers and consumers (e.g., router at the edge) to minimize the communica-
tion overhead and latency while advertising energy services and requests. The
participation of IoT users in the energy crowdsharing ecosystem depends on the
security and trust of the deployed ecosystem. Novel security modules and new
privacy-preserving trust models have been developed for crowdsourced IoT envi-
ronments. These aspects are outside the scope of this paper. Our primary focus
in this work is on fairness-aware crowdsourcing of IoT energy services.

We propose a fairness-aware service provisioning framework to cater for mul-
tiple energy requests in a crowdsourced IoT market. The under-provision of
energy requests may demotivate consumers to participate in the crowdsourced
IoT energy market. In this paper, we focus on the notion of fairness in provi-
sioning IoT energy services to satisfy the maximum number of energy requests.

! https://www.energous.com/.
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Fig. 2. (a) Time constraints of energy services and requests (b) Energy provisioning

Sometimes, in a crowdsourced IoT environment, the available energy services
in a microcell may not satisfy all existing requests. It is challenging to sat-
isfy consumers by fulfilling only parts of their energy requirements. An efficient
scheduler, in traditional resource allocation algorithms, aims at maximizing the
throughput (i.e., the amount of resource utilization in a unit of time) [10]. In some
embedded systems, the scheduler must also ensure meeting deadlines of multi-
ple requests [6]. Typically, maximizing the throughput and meeting requests’
deadlines might incur an unfair resource sharing for some requests (e.g., star-
vation of long requests in a short job first scheduler). In a crowdsourced IoT
energy market, however, we claim that if more energy requests are satisfied with
respect to their time intervals (i.e., fairness), more energy would be consumed.
We transform the fairness-aware service provisioning problem into an optimiza-
tion problem, i.e., maximizing the utilization of the available energy services by
maximizing fairness across all requests. The contributions of this paper are:

e A formulation of the IoT energy services provisioning problem as a time-
constrained optimization problem.

e A fairness model to accommodate multiple IoT energy requests in the crowd-
sourced IoT environment.

e A spatio-temporal framework for fairness-aware crowdsourcing of IoT energy
services (FACES).

e An experimental analysis with two implementations of the proposed fairness-
aware energy crowdsourcing framework.

2 Motivating Scenario

We will use the following scenario: Six IoT users staying at a coffee shop. Two
users are willing to provide their energy services S; and Ss. The other four IoT
users are requesting energy from their neighboring IoT devices Ry, Rs, R3, and
Ry4. The advertisement of services and requests includes various information, e.g.,
the start time, the end time, the location of the IoT device, and the provided
or requested energy amount. Figure2 (a) illustrates the available services and
requests by their timelines. It also shows the amounts of provided and requested
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IoT energy. It is challenging to allocate energy and fulfill multiple requests’
requirements when there are limited energy services. For example, in Fig. 2 the
available energy represents only 60% of the total requested energy.

Figure2 (b) presents the outcome of different allocation plans for the avail-
able energy to Ry, Ro, R3, and R4. Our goal is to fairly and efficiently allocate
energy services to all requests. The first allocation plan follows the FCFS (i.e.,
First Come First Served) scheduling strategy. Each request is provided with
energy according to its arrival (i.e., start time) and the available energy at its
time interval. For example, in Fig.2 (a) Ry receives energy from S;. However,
when Ry arrives, it receives energy only from Sy. Even S is also within its time
interval, S; has been already reserved by R;. Scheduling strategies such as FCFS
and priority-based schedulers may not be a good fit to provision crowdsourced
IoT energy. These strategies fulfill the requirements of each energy request inde-
pendently and sequentially based on their arrival time. Services may fulfill the
requirements of an energy request without being fully utilized, which affects the
energy allocation efficiency. For example, all the requirements of Ry, have been
fulfilled. On the other hand, R3 and R, did not receive any energy. The FCFS-
based scheduling could fulfill only 43% of the total amount of the requested
energy and wasted 25% of the total available IoT energy.

The coordinator aggregates the provided energy by all services based on their
time intervals. The aggregated energy is then shared among all requests accord-
ing to their time constraints. The second energy allocation plan in Fig.2 (b) is
a good illustration of the effect of a fairness-aware provisioning plan. Allocating
60% of the requirement to each energy request maximizes the consumption of
the available energy to 90% (i.e., 10% wastage). The limited provided energy
and the time constraints of requests represent critical challenges for efficient and
fairness-aware provisioning of IoT energy services. We reformulate our service
provisioning problem as a multi-objective time-constrained optimization problem,
i.e., (i) mazimizing the allocated energy provided by the available services, and
(i) mazimizing the fairness for each request with respect to its time constraints.

3 Preliminaries

We first adopt the definitions of IoT energy services and requests in [16]. We
then introduce the concept of fairness among energy requests based on their
allocated energy. This work considers a provisioning framework for stationary
services and requests to focus only on the temporal constraints in allocating
energy to multiple requests in a microcell within a predefined time interval. The
goal is to ensure fairness over a predefined time while maximizing green energy
provision. In the future, we will extend the framework to fit into a dynamic
crowdsourced market by dealing with moving services and requests.

Definition 1. An energy service CES is a tuple < Eid, Fownerid, F, Q) > where:

— Fid is a unique service 1D,
— Fownerid is a unique ID for the owner of the IoT device,
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Fig. 3. FACES framework

— F is the set of CES functionalities offered by an IoT device D.
— @ is a tuple of < ¢1,qo, ..., g, > where each ¢; denotes a QoS property.

Definition 2. Crowdsourced IoT energy Quality of Service (QoS) Attributes
allow users to distinguish among crowdsourced IoT energy services. QoS param-
eters are defined as a tuple < I, St, Et, DEC, I, Tsr, Rel; > [17] where:

[ is the location of the provider.

— St represents the start time of a crowdsourced IoT energy service.

— FE't represents the end time of a crowdsourced IoT energy service respectively.
— DEC is the deliverable energy capacity.

— [ is the intensity of the wirelessly transferred current.

— T'sr represents the transmission success rate.

— Rel; represents the reliability QoS

The spatio-temporal features of the IoT energy services (i.e., [, St and Et)
are defined based on the pattern of time spent in regularly visited places e.g.,
coffee shops using their daily activity model in a smart city [8]. DEC and Rel;
are estimated based on the energy usage model of the IoT device. I and T'sr are
defined based on the specifications of the provided energy services.

Definition 3. Crowdsourced IoT Energy request is defined as a tuple R =<
ts,te,l, RE > where:

— St refers to the timestamp when the energy request is launched.

— Et represents the end time of the period of time, an energy consumer may
wait for charging.

— [ refers to the location of the energy service consumer. We assume that a
consumer’s location is fixed after launching the request.

— RE represents the required amount of energy. We also assume that the
required energy is estimated based on an energy consumption model of the
IoT device.
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Definition 4. Fairness is defined as a function that quantifies the satisfaction
among a set of requests in a predefined microcell within a predefined time frame.
The function takes as an input the available energy AE and the existing requests
R and outputs the provisioning fairness score F'p based on the satisfaction S f
of all requests according to their allocated energy Al.

Assumptions

— All ToT energy services and requests are deterministic and stationary, i.e.,
there is an a-priori knowledge about service availability, their QoS values,
energy requests, their time constraints, and their demands [16].

— The IoT coordinator (at the edge) is responsible for batching the energy
requests from all consumers in a microcell over a predefined period of time.

— The IoT coordinator is also responsible for aggregating all available energy
from all providers in a microcell over a predefined period of time.

— The energy services may deliver energy to multiple consumers at the same
time without any loss.

4 Provisioning Energy Services

Figure 3 presents the building blocks of our proposed framework. The framework
takes as input, the advertised services and the energy requests. Service providers
use the previously defined energy service model to advertise their wireless energy
services [16]. We assume that energy consumers define their energy requirements
and their charging waiting time (i.e., request duration) based on predefined
consumption models.

In a microcell C, the fairness-aware service provisioning framework is exe-
cuted at the level of the IoT coordinator in the edge (i.e., a router within the
microcell C'). Given a set of crowdsourced IoT energy services in the microcell
C, S ={51,52,...5,} and a set of all existing requests within the same time
interval W, R = {Ry, Ra, ... R, }. The IoT coordinator aims at minimizing the
wastage Wsg while provisioning the aggregated energy to all existing requests
within the time window W by performing the following steps:

Temporal Slicing. The goal of the temporal slicing module is to segment the
requests time intervals and define the overlapping parts. We follow the temporal
chunking of energy services in [16] to define the time slices of the time window
W. We define all the possible timestamps where a preemptive scheduler may
switch to another request. Each timestamp is either the start time or the end
time of existing requests. We divide the time window W into several time slices
based on these timestamps. The time slots represent the arrival time of a new
request or the exit time of an existing request (i.e., vertical dotted lines in Fig. 4
(a)) [16]. For example, S in Fig. 4 may be temporally chunked into four parts of
services S;Pj (i.e., part i of service j) as follows: < Sy Py, SoP», SoPs3, SoPy >.
Similarly, Ry in Fig.4 may be temporally chunked into three parts of requests
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Fig. 4. (a) Chunking crowdsourced IoT energy services and requests (b) The bipartite
graph representation of the time-constrained allocation problem

R;P; as follows: < R1P;, Ri P>, RiP; >. At each chunk, a part of service S; Py
may provision a part of a request R;P; within the same chunk. For example, in
Fig.4 (b), S1P» provides energy to Ry P; since they are within the same chunk.
Each request R; may be provisioned by a composition of parts of services S; Py
where a part of service delivers energy to a part of the request at each chunk
[17]. After scheduling the requests, it is more challenging to provide energy to
multiple requests in a fair way.

Aggregation of Services. The framework starts by aggregating all the avail-
able services within the time window W. Energy services are composed according
to their spatio-temporal features. We use the framework of composing crowd-
sourced IoT energy services proposed by Lakhdari et al. [17]. The composition
considers the time interval of each service to define a composite energy service
that includes all the available services. The IoT coordinator defines a sequence
of time intervals and the available energy at each time interval. If two or more
energy services overlap within a time interval, the IoT coordinator sums the
provided energy by all services available at that time interval.

AggE = DEC; YCES; € agt.

agt represents the composite energy service resulting of the spatio-temporal com-
position of available services S. AggE is a QoS of the composite energy service
agt. AggFE denotes the total energy provided by the aggregated services.

Scheduling. The scheduling module takes the segmented requests and starts
by planing the provision for only the non overlapping segments for each request.
The allocated energy amount Alx to a request Ry can only be provided from
the available energy within its time interval [Sty, Etg]. [Sk, Ex] represents the
time interval when a request Ry may receive energy. Avy represents the available
energy within the time interval [Sy, Ex]. For example, in Fig. 4 the IoT coordina~
tor provides energy to R4 only from the available energy within the time chunks
C3 and Cy .



358 A. Lakhdari and A. Bouguettaya

Fairness Estimation. In energy provisioning, the fairness score Fp is calcu-
lated based on the sparsity in allocating energy to all existing requests. Intu-
itively, less allocation sparsity among requests reflects more fairness. We define
a sparsity function Sf to estimate the sparsity based on the allocated energy
Al to each request Ry from the available energy Awvy within its time interval.
The fairness estimation module initially calculates the fairness score after only
provisioning the non-overlapping requests segments. The heuristic cannot esti-
mate the fairness and allocate energy to the overlapping request segments only
if there is a prior knowledge about the allocated energy to the non-overlapping
segments.

Allocation Algorithm. The allocation algorithm aims at minimizing the
wastage of the aggregated energy and maximize the fairness among requests.
We transform the problem of fairness-aware energy provisioning into a time-
constrained resource allocation problem as follows:

Minimize wsg= AggFE — Z Al;
i=1
Mazimize Fp=sf(Al;),YR; € R
Subject to  [St;, Et;] = [S;, Fi],VR; € R
Where VR, € R
[Sti, Et;] is the interval of the request R;

[Si, E;] is the interval when R; may receive energy

The algorithm aims at solving the said multi-objective optimization by efficiently
provisioning the overlapping segments of requests. Next, the fairness estimation
module recalculates the fairness score at each optimization step. In the follow-
ing, we explain the fairness concept for energy requests in a crowdsourced IoT
energy market as we present the building blocks of the heuristic-based allocation
algorithm.

5 Fairness-Aware Crowdsourcing of Energy Services
(FACES)

In a framework for provisioning energy services, there is a dual need to, on the
one hand, maximize energy use from a consumer perspective and, on the other
hand, maximize the provisioning of energy from the providers’ point of view.
We propose a scheme whereby energy requests from all consumers in a microcell
(over a predefined time frame) are batched while all available energy from all
providers in a microcell is aggregated. Figure 5 presents a batched set of energy
services and requests from 5:00 to 6:30. A global view of all available services and
requests within a predefined time interval allows the IoT coordinator to aggregate
the provided energy by composing all services based on their availability time
intervals [17]. The coordinator aims to efficiently and fairly share the aggregated
energy among all the existing requests according to their time constraints.
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5.1 Fairness Estimation

Fairness-aware provisioning does not necessarily imply an equal allocation of the
available energy to all requests. In a crowdsourced IoT energy market, distribu-
tive fairness [19] is defined by equally provisioning requests according to their
features (i.e., requirements and time constraints). Provisioning IoT energy ser-
vices fairly aims to satisfy more consumers rather than maximizing the energy
allocation for some requests. Typically in resource allocation problems, when the
resources are limited, consumers will not be satisfied by an efficient allocation of
available resources to all requests [21]. However, in a crowdsourced IoT environ-
ment, fairness-aware provisioning of energy services is claimed to increase the
utilization of the available energy services. We rely on the satisfaction of energy
consumers to monitor the fairness of our service provisioning framework.

Satisfaction: We first define a satisfaction score Sf for energy consumers.
Intuitively, the amount of the acquired energy is directly proportional to the
satisfaction of consumers. However, consumers already realize the limited avail-
ability of energy services in the crowdsourced IoT energy market. In this work,
we consider an altruistic behavior of energy consumers. Consumers’ goal is both
to maximize their allocated energy and to contribute selflessly to fair provision-
ing. They may adjust their satisfaction score based on the market (i.e., available
energy services and existing requests).

Definition 5. The satisfaction Sf; of an energy consumer toward a request R;
reflects their perception of the allocated energy Al; to their request. We quantify
S f; score for a request R; based on the allocated energy Al; and the available
energy in the crowdsourced market as follows:

Al iy Al : ' .
S = 7o X s bECj’ if Al; < RE;
1, otherwise
Where Y | RE; represents all the requested energy in the crowdsourced
market by the set of all existing requests R; € ExR. Z;nzl DEC) represents all
the energy in the market provided by the available energy services S; € AvS

Fairness Score: We define a global fairness metric for energy services provision-
ing F'p based on the satisfaction of all consumers. We measure the global fairness
of the service provisioning framework by estimating the overall proximity score
among the satisfaction scores of all consumers [3]. An unfair provisioning plan is
reflected by sparse satisfaction scores among consumers (i.e., some requests have
high satisfaction score than others). Contrarily, less sparse satisfaction scores
reflect higher proximity among all requests.
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Fig. 5. Example of batched energy services and requests

Definition 6. The global fairness Fp is a metric to quantify the sparsity of the
satisfaction scores among all requests in the crowdsourced IoT energy market.
We capture the global fairness Fp using the information entropy [24]. The infor-
mation entropy measures the disorder degree of all requests R; € ExR based on
their satisfaction scoreS f; as follows:

Fp(EzR) = — Z Sfilogy Sfi

5.2 Heuristic-Based Fairness-Aware Allocation Algorithm

We propose a heuristic-based allocation strategy, i.e., Fairness-Aware Crowd-
sourcing of Energy Services (FACES), which extends the traditional resource
allocation strategies by optimizing the energy allocation for overlapping requests.
Our proposed heuristic does not only consider the allocated time for each request.
It also considers sharing the available energy when two or multiple requests are
overlapping. For example, at the time segment [5:20, 5:30] in Fig.5 when R
and Ry overlap, FACES divides the available energy at that time segment (200
mAh) between R; and Rs. Algorithm 1 presents the pseudocode of the heuristic-
based fairness-aware provisioning. First, the energy services are aggregated by
the ToT coordinator (Line 2). Next, the time interval is chunked based on the
arrival time of energy requests (Lines 3-9). the provisioning framework starts
by the non overlapping requests. Then, for each chunk containing overlapping
requests, the available energy at that chunk would be equally split among those
chunks (Lines 10-13). Finally, all the allocated energy is aggregated per request
(Lines 14-17). Provisioning overlapping requests simultaneously improves fair-
ness among requests (i.e., o = 8.03) and minimizes the wastage of the available
energy, i.e., 10% of the available energy. An optimal fairness-aware provisioning
plan will maximize the consumption of the available aggregated energy.

The complexity of the proposed fairness algorithm can be estimated based on
the number of available requests and the number of chunks C and the number of
overlapping requests at each chunk. The runtime complexity of FACES is O(Cn).
If we consider n as the number of available partial requests within a chunk.
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Algorithm 1. Heuristic-based fairness-aware energy allocation
Input: C, S = {51, So, ... Sn}, W< St,Et >, R= {Rh Ro, ... Rm}.
Output: Al = {Aly, Als, ... Al }.
// Aggregating energy services
1: for S; € S do
2: AggE = Z_L DEC; VCES; € agt
// Chunking energy requests
Chunkg.st «— W.St
for int t = W.St to W.Et do
if (V R; € Rand t = R;.st or t = R;.et) then
Chunk;.et — t
// create new chunk
if ¢t # W.Et then
Ch’LLTLkH_l.St —t
t—t+1
10: for R; € R do
// Chunk-based provisioning
11: for Ch € Chunk do
// First, provision non-overlapping requests
// Second, provision overlapping requests per chunk
// Chypr is the set of partial requests within a chunk
// ChaFE is the available energy within a chunk

12: for Pr € Chyr do

13: pr «— ChaE/|Chyr|
14: Whi]e(ph' S R;)

15: Al; — Al; U {pn‘}

16: End While

17: Al — AlU{Al;}
18: return Al

5.3 Assessment of Allocation Strategies

Table 1 presents different allocation plans for the aggregated energy to accom-
modate Ry, Rs, R3, and R4 (see Fig.5). We calculate the amount of energy
(i.e., capacity) each request can receive energy according to different allocation
strategies. The first allocation plan follows the FCFS (First Come First Served)
scheduling strategy. Each request is provided with energy according to its arrival
(i.e., start time). Contrarily, the Round Robin (RR) is a preemptive scheduler
that allocates a fixed time interval for each request. In our example, we consider
10min as a fixed time interval. RR reduces the provision wastage compared
to FCFS. A Preemptive implementation of FCFS (P-FCFS) extends the FCFS
strategy by considering overlapping requests. FCFS, RR, and P-FCFS strategies
are runtime efficient schedulers that consider only one request at a time. Their
goal is to allocate time to each request efficiently. We evaluate the outcome of
the different energy allocation strategies based on the energy wastage and fair-
ness among requests. We define energy wastage as the amount of lost energy
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Table 1. Allocation strategy effect on the energy provisioning

Algorithms’ results (%)
Request (Capacity) |FCFS| RR | P-FCFS|FACES

R1 (200 mAh) 100 |50 | 100 100
R2 (300 mAh) 0 100 |50 83
R3 (180 mAh) 100 67 67 85
R4 (100 mAh) 100 100 | 100 100

Provision wastage |48.72 |26.93 | 20.52 10
Provision unfairness | 43.30 | 21.60 | 21.60 8.03

that could not be utilized to fulfill the capacity of all requests. For example,
the Round Robin algorithm in Table 1 exhibits 26.93% wastage. For a simplistic
illustration of fairness, we use the standard deviation o to estimate the fairness.
Intuitively, a better fairness is reflected by a lower value of ¢. In the example
illustrated by Fig. 5, P-FCFS provides more fairness compared to FCFS because
the provision sparsity of P-FCFS (o = 21.60) is less than the one of FCFS.

6 Experiments

We conduct a set of preliminary experiments to evaluate the proposed theoreti-
cal concepts of fairness-aware provisioning of crowdsourced energy services. We
essentially assess the effectiveness of different fairness strategies on maximizing
the utilization of the available energy within a microcell. We measure the ratio
of the consumed energy over the available energy across different microcells. We
monitor the changes in the fairness score and the energy utilization ratio while
varying the number of energy requests. We implement two variants of the pro-
posed approach(FACES) and compare them with traditional resource allocation
algorithms, namely, FCFS, P-FCFS, and Max-min fair scheduling [26].

6.1 Dataset and Experiment Environment

We create a crowdsourced IoT environment scenario close to reality. We mimic
the energy sharing behavior of the crowd within microcells by utilizing a dataset
published by IBM for a coffee shop chain with three branches in New York city?.
The dataset consists of transaction records of customers purchases in each coffee
shop for one month. Each coffee shop consists of, on average, 560 transnational
records per day and 16,500 transaction record in total. We use the IBM dataset
to simulate the spatio-temporal features of energy services and requests. The
dataset contains information about the crowd’s behavior in coffee shops. People
may check-in, rate, and recommend these venues. In our experiment, we only

2 https://ibm.co/207TvxJ.
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focus on people’s check-ins information. We extract the crowd size for each coffee
shop at each hour (hour) of the day (weekday). We assume these people as IoT
users. They may offer energy services from their wearables while staying in the
coffee shop. We define spatio-temporal features of energy services by generating
customers’ check-in and check-out timestamps to confined areas using the previ-
ously extracted data from their transactions. For example, the start time st of an
energy service from an IoT user is the time of their check-ins into a coffee shop.
Energy request time R.st and duration R.et are also generated from check-in
and check-out times of customers. To the best of our knowledge, it is challenging
to find a dataset about the wireless energy transfer among human-centric IoT
devices. We use a random uniform distribution to generate the energy amount
for each request and the amount of provided energy for each service.

6.2 Effectiveness

We implement two variants of the FACES framework, namely, FACES and
NFACES. FACES considers only one request at a time, similar to FCFS and
P-FCFS. NFACES, however, considers multiple requests at a time similar to
max-min fair scheduler [26]. FACES and NFACES chunk the requests before
provisioning. The chunks are defined based on the overlapping between requests
[17]. We implemented a modified version of the Max-min scheduler to consider
the temporal constraints of energy requests. For each chunk, if there is more than
one request, max-min fair scheduling is performed. Contrarily, to the max-min
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fair scheduler, NFACES privileges the partial requests with the highest required
amount at each chunk. The remaining available energy at that chunk is reallo-
cated to the remaining requests in descending order. In what follows, we assess
the fairness metrics, sigma and entropy for all the algorithms along with their
performance in terms of the energy utilization.

Fairness. We evaluate the effectiveness of the proposed framework by assessing
the effect of the fairness-aware allocation strategy on energy utilization. We
first investigate fairness through different metrics, namely, the mean, standard
deviation, and entropy satisfaction score for existing requests. Figure 6 illustrates
the change of the satisfaction mean value which reflects the average of acquired
energy amount per request. Intuitively, the more requests, the less energy amount
to acquire per request for all the five allocation strategies. The following figure,
Fig. 7 presents the dispersion of the energy requests satisfaction score around the
mean. This metric reflects the variation of the satisfaction score among requests.
With a larger number of requests (more than 10 requests), the acquired energy
decreases significantly, which explains the decrease and the convergence of the
standard deviation due to the decrease of the satisfaction score among most of
the requests.

The information entropy captures the multi-modal dispersion and irregulari-
ties in the distribution of the satisfaction score of energy consumers (see Fig. 8).
We leverage the information entropy to monitor the fairness in provisioning
energy requests. A lower value of entropy means better fairness in the allocated
energy. It is worth mentioning that the entropy metric could capture the small
variations in the satisfaction score when the number of requests is larger. These
variations cannot be noticed only with a fairness metric based on the standard
deviation (see Fig. 7). In Fig. 8 FCFS exhibits a near zero score for the entropy,
which can be explained by the fact that most of the requests satisfaction score is
equal to zero. NFACES, however, demonstrates a better performance behavior in
terms of fair provisioning for energy requests. With a larger number of requests,
the entropy values for NFACES are lower than those of P-FCFS and Max-min
fair scheduler.

Energy Utilization. The fourth experiment compares the Energy Utilization
(See Fig.9). The goal of proposing a fairness-aware provisioning framework is
to leverage fairness as a driver to increase the utilization of the available energy
services in a crowdsourced IoT environment by increasing the participation of
energy consumers. Energy utilization is the ratio of the amount of the allocated
energy services over the total amount of available energy services. Overall, all
the energy allocation techniques converge after 15 requests. FACES exhibits the
best performance behavior among the three algorithms that consider only one
request at a time (i.e., FCFS ,P-FCFS, and FACES). The energy utilization ratio
is significantly higher with NFACES and Max-min fair scheduler, an expected
behavior by these two strategies as a result of considering overlapping requests,
i.e., more than one request at a time.
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In conclusion, this set of preliminary experiments confirms our claim that
fairness-aware allocation strategies would better utilize the available energy in
a crowdsourced IoT environment. It is worth mentioning that NFACES exhibits
far better fairness behavior compared to Max-min fair scheduler, nonetheless the
same performance in terms of the energy utilization.

7 Related Work

Service computing is a key enabler for wireless energy sharing. Service compo-
sition is expected to play a vital role in the crowdsourced IoT environment. A
single IoT energy service may not fulfill the requirement of a consumer due to the
limited resources of IoT devices [13]. Several service composition techniques have
been proposed. Mainly, the service composition techniques can be categorized
into a functionality-based composition or QoS-based composition. For example,
Tan et al. [25] proposed a data-driven composition approach that uses Petri-nets
to meet the application’s functional requirements. Wang et al. [27] address the
problem of service functionalities constraints by introducing a pre-processing
technique and a graph search-based algorithm to compose services.

Service selection and composition also play an important role in emerging
fields such as cloud computing, IoT-based smart systems [5,23]. In IoT, services
are mainly composed according to their spatio-temporal features [12]. They also
must fulfill consumer preferences (QoS). For example, Lakhdari et al. design and
implement a spatio-temporal service composition framework for crowdsourced
ToT services [15]. User preferences are used to define the spatial and temporal
composability models, Neiat et al. proposed a spatio-temporal service compo-
sition framework to describe and compose region services like WiFi hotspots
[20]. Existing energy service composition frameworks mainly consist of the real-
time discovery and selection of nearby energy services [14]. The focus of these
composition techniques was only on the spatio-temporal composability [17] and
addressing the challenges related to the energy fluctuation and the mobility of
the available services [18].

The current work adds a new contribution to the field of energy crowd
sharing. Indeed, existing service composition techniques address the challenges
related to one single consumer at a time. Our proposed approach considers pro-
visioning multiple consumers in a predefined time and space. To the best of our
knowledge, the work is among the first attempts to address fairness challenges
in a crowdsourcing IoT energy services.

8 Conclusion

We proposed a fairness-aware framework for provisioning IoT energy services in
a crowdsourced IoT environment. We introduced the concept of fairness to effi-
ciently provision available IoT energy services and accommodate multiple energy
requests in a microcell within a predefined time frame. The under-provision of
energy requests may demotivate consumers to participate in the crowdsourced
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IoT energy market. We investigated different allocation strategies to provision
energy services, namely, FCFS, P-FCFS, and Round Robin. We defined a fair-
ness model based on the satisfaction of consumers. Our goal is to leverage the
fairness as a means to maximize the utilization of the available energy services.
We designed and develop a fairness-aware scheduling framework to provision
TIoT energy services. We conducted a set of preliminary experiments to assess
the effectiveness of the proposed framework.
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