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Abstract

This paper addresses the task scheduling problem in Internet of Things (1oT) by using a hybrid genetic algorithm. The
task scheduling considered the communication cost in task transportation. The scheduling sequence relation among
tasks is also considered. The proposed algorithm combined genetic algorithm (GA) with several local search
approaches. Experimental results show the efficiency and effectiveness of the proposed algorithm.
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1 INTRODUCTION

The Internet of Things (lIoT) refers to uniquely identifiable objects (things) and their virtual representations in an Internet-like
structure. The term loT was first used by Kevin Ashton in 1999 [1]. Radio-frequency identification (RFID) is often seen as a
prerequisite for the Internet of Things. If all objects of daily life were equipped with radio tags, they could be identified and
inventoried by computers [2, 3]. In 10T, there are lots of computers, physical devices, and mobile devices. To complete a complex
task, the task may be decomposed into a lot of simple tasks, and be assigned to lots of devices in 10T, which can improve the
whole performance of the system. However, by this way, the communication devices in the 10T should make a balance each other,
thus to increase the system performance while balance all the resources. Many researchers have verified that the task scheduling
problem is NP-hard [4, 5]. In this paper, we propose a hybrid genetic algorithm (GA) for solving the task scheduling in 10T
system. Experimental results show the efficiency of the proposed algorithm.

2 PROBLEM DEFINITION

In this study, we consider the task scheduling problem with n tasks to be processed on m devices. In the task scheduling problem,
there are sequence constraints in many tasks. That is, some tasks must be processed after their predecessor tasks. Let t; denotes the
i task, G(t;) denotes the group of task which have the sequence relation with the task t;. In order to schedule tasks on each device,
we must consider the sequence relation constraints in each task group. Meanwhile, communication costs will occur if some tasks
select different RFID devices with their pre-processed tasks. Therefore, in the scheduling problem, we should balance the total
communication cost and the maximum completion time. In this study, the main task of the problem is to assign each task on each
RFID device to minimize the completion time of the last task.

Suppose eleven tasks are to be processed on eleven RFID devices in a given operating sequence. The processing time on each
device is deterministic and given before scheduling. For example, in Fig. 1, the string “T1-10" below device 1 means that the task
T1 is assigned to be processed on device D1, which consumes 10 seconds to complete the task. The following task T2 is allocated
on device D2 with 3 seconds. The two points named “T0” and “T*” are the two dummy points, which consumes zero processing
times, and is the start and end points of the system. Fig. 1 also tells the scheduling sequence constraints of the given problem. For
example, in the figure, the task T1 should be processed before the starting time of the task T2, that is, the task T2 cannot be started
before the completion of T1. The number up the line between T1 and T2 denotes the communication cost of transporting task T1
and T2 from device D1 to D2. Therefore, in this example problem, the starting time of T2 should have 2 seconds late than the
completion time of T1. The late time between each task on different device is the communication cost and should be considered in
the proposed algorithm.
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Fig. 1. Example of a task scheduling problem with communication cost

Next, in Fig. 2, we give a realistic task scheduling example with parallel RFID devices for each task. In Fig. 2, we can see there
are four tasks and three RFID devices. In scheduling each task, the three RFID devices can be selected. Each device, with different
processing time, can be selected for operating the given task, thus generate processing cost. The successor task, if a task has, will
repeat the above process to select a suitable device. However, if the successor task chooses a different RFID device with its
predecessor, then a given number of communication cost will occur. For example, in Fig. 2, the proposed algorithm selects D2 for
processing task T1, while selects D1 for task T2. Then 4 seconds transportation cost will occurs between the completion time of T1
and the starting time of T2. Therefore, we should add the transportation cost to the processing time of T2 on D1.

In addition, when assign two tasks on one RFID device, for example, assign T1 and T3 on device D1, then T1 and T3 should be
scheduled on D1. That is, we should determine the starting time of T1 and T2 on D1 and guarantee the starting time of the two tasks
should not overlap with each other. In this example, the algorithm should consider two issues: (1) to select suitable RFID devices
for each task; (2) to schedule each task on every RFID device. The processing time table, communication costs and processing
sequence are given in Table | and Table |1, respectively.

2 Taskl Task2 DY

Fig. 2. Example of a task scheduling problem with parallel devices

The processing time table, communication costs and processing sequence are given in Table | and Table 11, respectively. Table |
shows the processing time for each task on each RFID device. For example, the task T1 consumes 3 seconds on D1, 10 seconds on
D2, and 9 seconds on D3. Table Il illustrates the processing sequence and communication costs. For example, tasks T1 and T2 are
a group of tasks which have certain processing sequence. That is, the task T1 must be first processed, then the task T2. If T2 has
been processed on a RFID device different with the device which has processed T1, then 4 seconds will consumed for the
communication cost. In Table 11, {T1, T2}, {T3, T4} are two groups. In each group, tasks have given processing sequence, while in
different group, tasks have none sequence constraints.

Table 1. Processing time table

D1 D2 D3
T1 3 10 9
T2 5 1 2
T3 1 10 3
T4 2 2 8
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Table 2. Communication Cost and processing sequence
T1 T2 | T3 T4
0 4 0 8

3 THE PROPOSED ALGORITHM

In this study, we propose a hybrid algorithm which combines GA and several local search approaches for solving the task
scheduling problem in 0T system.

3.1The classical GA

The genetic algorithm (GA) is proposed by Holland in 1975, which is a search heuristic that mimics the process of natural
evolution [6-9]. This heuristic is routinely used to generate useful solutions to optimization and search problems. The main features
of GA are its operators by mimicking the nature evolution, such as inheritance, mutation, selection, and crossover.

In the classical, each solution is represented by a population of strings (called chromosomes). After generating a random initial
population, the solutions in the initial population will perform an evolution progress to converge to an optimal space. In each
generation, each solution in the current population is evaluated by a certain fitness function. Each solution will be stochastically
selected from the current population to form a new population with the same size. The above steps repeated until the stop conditions
satisfy.

3.2Solution Representation

In the proposed algorithm, each solution is represented by two vectors, i.e, the scheduling vector and the RFID device
assignment vector. The first vector tells the task scheduling sequence while the second vector displays the RFID device for
processing the task. For the problem given in section 2, a solution may be represented with {T1,72,73,T4}{1,2,3,2}. This solution
tells the following information: (1) the sequencing order is <T1,T2,T3,T4>; (2) the assigned RFID device for processing each task
is also given. That is, <T1, D1>, <T2, D2>, <T3, D3>, <T4, D2>.

3.3Initial population

To produce the initial population with high level of quality, several initial approaches are used for the scheduling vector in the
hybrid algorithm [10,11]:

® Random rule

In random rule, first, generate nxm integer value one by one; then, shuffle all integer values in a random order.

® High Workload First rule (HWF).

In HWF, the first task to be scheduled is the task with the highest workload. That is, the task with the most remained workload
will be selected first. If there are more than one task with the most workload, randomly select one as the next task to be scheduled.

® | east Workload First rule (LWF)

In LWF, the first task to be scheduled is the task with the least workload. That is, the task with the least remained workload will
be selected first. If there is more than one task with the least workload, randomly select one as the next task to be scheduled.

The initial population is constructed as follows. First, generate one solution by using HWF rule, one solution by LWF rule.
Then, generate Pg,-2 solutions by using the random rule.

To balance the resource workload in the initial population, several initial approaches are used for the RFID device vector in the
hybrid algorithm.

® Random rule

In random rule, randomly select a RFID device for each task from the candidate device set.

®  Lowest Processing First (LPF).

In LPF, the device with the minimum processing time will be selected for processing the corresponding task.

3.4Crossover operator

The crossover operator in the basic GA is to learn information from the other chromosomes, thus to improve the quality of the
whole population. In this study, we chose one-point crossover operator as the process to learn information in scheduling vector
among solutions.

Given two parent chromosomes p1, p., the two new-generated chromosomes are denoted as ¢; and c,, respectively. The detailed
steps of the one-point crossover operator are given as follows.
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Stepl. Randomly generate a number r ranges in [1, nxm].

Step2. Copy the genes between [1, r] from p; to the corresponding locations at c;.
Step3. Copy the genes between [1, r] from p, to the corresponding locations at c,.
Step4. Copy the genes between [r, nxm] from p; to the corresponding locations at c,.
Step5. Copy the genes between [r, nxm] from p, to the corresponding locations at c;.

3.5Mutation operator

The mutation operator in the basic GA is to increase the population diversity. In this study, we include several mutation
operators for scheduling vector as follows.

(1) Insert mutation operator

First, generate two random integer values, r; and r,, which are both range in [1, nxm]. Suppose that r; is less than r,. Then,
insert the genes at location r, before r;.

(2) Swap mutation operator

First, generate two random integer values, r; and r,, which are both range in [1, nx]. Suppose that r; is less than r,. Then, swap
the two genes at location r,and ry, respectively.

In the proposed algorithm, the mutation operator for RFID device assignment vector is using the random approach. That is, for
a randomly select task, randomly select a different RFID device with the current operating device.

3.6 Framework

The whole framework of the proposed algorithm is given as follows.

Stepl. Generate P, solutions as the initial population.

Step2. Evaluate each solution in the population. If the stop criterion satisfies, then stop the algorithm; otherwise perform steps 3
to 5 nxm times.

Step3. Randomly select two solutions in the current population. Then, perform crossover operator on the two solutions with
probability p.. Replace the two solutions with the two new-generated solutions.

Step4. Perform mutation operator on the two solutions with probability pp.

Step5.Evaluate the new generated solutions and record the best solution found so far.

4 EXPERIMENTAL RESULTS

This section describes the computational experiments to evaluate the performance of the proposed algorithm. The current
instantiation was implemented in C++ on a Pentium 1V 1.8GHz with 512M memory.

4.1 Experimental parameters

The experimental parameters for the proposed algorithms are given as follows.
® Py, The initial population size Pg; is set 10;

h. The neighboring solution number for each local search is set nXm.

P.. The probability of crossover is set to 0.3;

P... The probability of mutation is set to 0.7.

4.2 Experimental results

We select a 29-tasks-7-devices instance to test the performance of the proposed algorithm. Table 111 tells the processing time for
the randomly generated benchmark. Fig. 3 gives the best solution by the proposed algorithm. In the Gantt chart, the rectangle filled
with green color represents the communication cost for the task transportation. The other rectangles illustrate the scheduling task on
each RFID device. From the experimental results and the Gantt charts, we can see that the proposed algorithm is efficient for
solving the task scheduling in loT systems. The experimental results verify the efficiency and effectiveness of the proposed
algorithm.
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Fig. 3. Gantt chart for the best solution

Table 3 Processing time table

P2 P3 P4 P5 P6 P7

P1

T1

T2

11

10

T3

10

T4

10

T5

15

T6

T7

14

11

T8

T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
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T27
T28
T29

14

15

10
10

13

11

12

99

15
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13

13

11
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5 CONCLUSIONS

In this study, we proposed a hybrid algorithm which combines GA and other local search approaches for solving the task
scheduling problem in 10T systems. The communication cost and the task sequence constraints are considered synchronized in the
proposed algorithm. Experimental results and comparison with well-known algorithms show the efficiency of the proposed
algorithm. The future work is to introduce other meta-heuristic algorithms for solving the task scheduling problems in the loT
system.
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