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Abstract—Hybrid Rice Optimization Algorithm(HRO) is a
novel swarm intelligence optimization algorithm based on
heuristic evolutionary computation, which is inspired by the
cultivation process of three line hybrid rice. In this paper, we
design and implement distributed hybrid rice algorithm based on
Hadoop, proposing two distributed schemes. Through
experiment, we select the better one for further research. By
tuning the size of swarm size, we implement comparison
experiment on our scheme and traditional HRO. Experiment
demonstrate that our scheme shows better performance. What’s
more, with the increase of nodes in Hadoop scheme, our scheme
shows obvious advantage.

Index Terms—Hybrid Rice Optimization Algorithm(HRO),
Hadoop, Distributed HRO

I. INTRODUCTION

Three-line algorithm in hybrid rice cultivation divides
rice gene into three parts, sterile line, maintainer line, restorer
line. The sterile line is also called wild abortive, which is
unable to breed by itself. The maintainer line is used to
hybridize the sterile line. The restorer line maintains
themselves. The sterile line hybridized with the maintainer
line is an evolutionary process, and the restorer line maintains
themselves is a swarm search process.

HROM->*! takes the advantage of evolutionary computing
and swarm intelligence from three line algorithm. In each
iteration, the population of HRO is sorted by the fitness from
best to worst. Then the population is divided into three parts,
namely the worst 1/3 of the group are selected as sterile line,
the best 1/3 are employed as maintainer line and the other 1/3
acts as restorer line. Three measures may be taken to produce
the next generation, namely hybridization, renew and selfing.
(1) Hybrid Operation: select two species of the group with the
great difference in characters. The hybrid operation between
the two species may generate a new species with the
advantage of parents. (2) Self intersection operation: it is the
behavior of restorer line. This behavior makes all the restorer
close to the best one. The genes of the selected restorer will
close to the best one of all. (3) Renewal operation: The
renewing behavior is to reset the restorer which haven’t
updated any member of sterile line. The genes of the selected
maintainer will be changed to a random value in the range of
search space. If hybridization operation does not meet stop
condition, it will continue to iterate, or else renews the restorer
line.

Although HRO is simple and easy to be implemented,
with the coming of big data era, the efficiency of HRO need to
be improved to fulfill the high efficiency requirement among
large data scale. Its drawback mainly derives from two aspects
as follows: 1) HRO is an evolutionary algorithm which
involves large amount of individual computation, so, it always
leads to high time complexity with large size of individual
amount in swarm and large number of iteration. 2) HRO
involves many parameters which is always set empirically,
leading to high randomness of HRO. Therefore, only one
times of execution of HRO merely yields to satisfactory
results, while many times of execution is needed to provide
candidates for satisfactory results, increasing the work amount
of experiments.

To improve the adaptivity of HRO, in this paper, we
propose a distributed HRO, which considers the advantage of
MapReduce distributed parallel computing framework[25].
Utilizing the high computation speed of distributed parallel
computing, we solve the high time consumption problem of
HRO.

The remainder of this paper is organized as follows. In
section 2, we present the distributed HRO. In section 3,
extensive experiments are conducted to demonstrate the
effectiveness and efficiency of the proposed algorithm. Finally,
we draw a conclusion in section 4.

II. APPROACH

To utilize the high computation speed of distributed parallel
computing, we need to match the HRO with Map and Reduce,
and design a scheme for every Map-Reduce to be implemented
individually. Here we propsed two scheme for Distributed
HRO, shallow Distributed HRO and deep Distributed HRO.

A. Shallow Distributed HRO

We divide the swarm into several parts, and every parts is
passed to different Map and Reduce operation. That means,
each node in distributed HRO has its own sub-swarm. Fig. 1
shows the framework of shallow Distributed HRO.

(1) Swarm initialization

In this stage, we need to divide the whole swarm into
several parts, making sure the number N of initialization swarm.
It means we implement N times of independent HRO in one
Distributed HRO in parallel, and every node in the scheme
implements one time of HRO respectively. Since each sub-
swarm corresponds to one Map and Reduce operation and
initialization of each sub-swarm is implemented on the Mapper,



so the number N in Swarm initialization is also the number of
Mapper.

HRO swarm

initialization

Comparing the N optimal solution of each node, we get the
global optimal solution according to the rank of fitness value.

B. Deep Distributed HRO

We implement each evolutionary computation on different
Map/Reduce operation. It divides one evolutionary computation task
into two Map/Reduce stage. The first Map/Reduce rank the
individuals according to fitness value, the second Map/Reduce assign
roles and implement evolutionary computation. The framework of

Fig. 1 Framework of Shallow Distributed HRO
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(2) Map operation stage

In this stage, we need to initialize each sub-swarm,
including evaluating fitness function, calculating fitness for
each sub-swarm, and assigning roles according to the fitness
value. Then we the maximum of hybrid times, and iteration
parameter, and delivering the results to Reduce.

(3) Reduce operation stage

In this stage, we implement the swarm evolutionary of
HRO. According to the role assignment from Mapper, we
implement Hybrid Operation, Self intersection operation,
Renewal operation, and select the optimal solution in one iteration.

Once the iteration achieves the preset parameter, we get the optimal
solution of the current node.

(4) Output results stage

Select the optimal solution

Output Results

Fig. 2 Framework of Deep Distributed HRO

(1) Swarm initialization

This stage is the same as the shallow distributed HRO.

(2) Evolution of the swarm

Using first Map part to calculate fitness value, then rank the
individuals in Reduce part according to the fitness value. Using



the second Map part to assign roles to individuals, then
implement Hybrid Operation, Self intersection operation,
Renewal operation. Once the iteration achieves the condition of
convergence, we get the optimal solution.

(3) Transmission of intermediate results

Transmit the fitness value of Mappers to corresponding
Reducer to get fitness rank. Then transmit the rank list to the
second Mapper to assign roles, and do Hybrid Operation, Self
intersection operation, Renewal operation to get the optimal solution.

(4) Output results stage

Comparing the N optimal solution of each node, we select the
global optimal solution according to the rank of fitness value.

III. EXPERIMENT

A. Experiment environment

We implement our scheme on hadoop platform, which is
constructed on two PC machines, including five hadoop cluster
nodes. One PC is considered as master node, another PC
supports four slave nodes. Topology diagram of distributed
system is shown in Fig. 3.
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Fig. 3 Topology diagram of distributed system

B. Experiment results

Firstly, we compare the Shallow distributed HRO and Deep
Distributed HRO using F11 test function in CEC2015. Fig. 4
shows the time consumpution comparison of the two scheme.

It is obvious that Deep distributed HRO is superior to
Shallow distributed HRO with the increase of swarm size. So
we choose the Deep distributed HRO to implement our
distributed HRO, and do comparison experiment with
traditional HRO.
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Fig. 4 Time consumpution comparison of Shallow

distributed HRO and Deep Distributed HRO.

To evaluate the performance Distributed HRO, we adopt
test function F3 and F11 in CEC2015 to test the optimization
ability and calculation speed. In the process of initalization, we
set the size of swarm as 10000, 20000, 40000, 60000, 80000,
100000 respectively. The number of iteration is set to be 100.

Fig. 5 shows the time consumpution comparison of HRO
and Distributed HRO using F3 as test function. Fig. 6 shows
the time consumpution comparison of HRO and Distributed
HRO using F11 as test function.

From the two comparison figures, we find that the running
time increses with the increase of Swarm size. When the
Swarm size is small, tradition HRO is more efficient than
Distributed HRO, this derives from the communication time
cost and the read/write time cost in distributed system.
However, when the Swarm size is large, Distributed HRO
shows better performance than tradition HRO.
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Fig. 5 Time consumpution comparison of HRO and Distributed
HRO using F3 as test function.
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Fig. 6 Time consumpution comparison of HRO and Distributed
HRO using F11 as test function.

IV. CONCLUSION

In this paper, we design and implement distributed hybrid
rice algorithm based on Hadoop. First, we propose two
distributed schemes, Shallow distributed HRO and Deep
distributed HRO. Through experiment, we select Deep
distributed HRO for further research. By tuning the size of
swarm size, we implement comparison experiment on our
scheme and traditional HRO. Experiment demonstrate that our
scheme shows better performance on both solution searching
and running efficiency.
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