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Abstract: Need for parallel processing is fueled by the existence of time consuming applications in different 

fields. The main rationale for parallel processing is that in most cases massive problems can be divided into 

smaller ones in order to be executed in parallel. In the optimization of sequential programs loops are the best 

candidates for optimization as they form up the major heavy computational part of any time consuming problem. 

Parallelization of application programs and duty timing is a very complex problem and decisively determines the 

efficiency of the target system. So the parallelization of nested loops is critical in accelerating   programs’ 

execution. For the conversion of nested loops  into  parallel loops, four steps must be taken  orderly: the first I is  

the analysis of data dependency among the iterations of  sequential loop iterations, stage II,  is the tiling  of  loop 

iteration space, the III stage is, the automatic production of appropriate parallel code for tiled  iteration space 

and the IV step, is the scheduling of tiled  iteration space. This paper emphasizes on the fourth stage. As this 

problem is a polynomial - nondeterministic hard problem the use comprehensive search techniques to solve it is 

not suitable but apparently the use of Cuckoo Search Algorithm for solving this problem may be useful. In this 

paper by using the wave approach and its angle shift, a solution is presented in trying to find the optimal timing 

schedule. In this paper, by performing a variety of experimental tests and reviewing the practical results 

obtained from the proposed approaches and their comparison with the results of some former algorithms for this 

problem better outcomes have been achieved. 
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1. Introduction 

In past, high costs were spent on writing computational applications that included nested loops for being 

executed serially. If loops be executed in parallel the run time will drop drastically and also there will be no extra 

expenses for writing parallel programs. Therefore parallelization is a critical step in the rapid execution of 

programs. The parallelization consists of four stages of the analysis of data dependency, the tiling of iteration 

space, the generation of parallel code and the scheduling of tiled iteration space. The focus of this paper is over 

the fourth stage i.e. a NP-Hard Problem. As using deterministic approaches are not suitable for NP problems, the 

Cuckoo search algorithm was used for this purpose. The results obtained from the simulation of the proposed 

algorithm outperformed the results achieved by the former algorithms. 
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2. The Problem 

The purpose from the scheduling of tiled iteration space of loops is outland considering   the following 

example: 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: An example of nested loop, it’s iteration space and tiled iteration space [9] 

The command inside the loops indicates that the iteration [i, j] depends on two iterations [i-1, j] and [i, j-1]. 

The iteration space is tiled as below (4 side by side iterations are considered as one tile).  

As the above figure illustrates the mentioned inter-tile dependencies are also established. So before starting 

to execute the tile [i, j], the execution of tiles [i-1, j] and [i, j-1] should be finished. Since every tile runs over one 

processor the tiling of iteration space for loops reduces the communication volume among processors. 

The purpose of scheduling is the allocation of tiles in such a way that minimizes the makespan of all tiles. 

To achieve this goal, three costs are considered. The execution cost of a tile over  a processor Vcomp
1
, which is 

the same for all tiles, the  cost of communication and message  sending  between the existing tiles and 

prerequisite tiles regarding the first dimension, Vcomm
2
 (1) and the same cost for the second dimension  

Vcomm (2). These costs are taken as the problem inputs and they exist if the 
SJ  tile and its prerequisite tiles 

run over different processors. If the processors be same, the communicational cost will be zero. According to the 

direct connection of each processor to the other ones the communicational cost of all processors is the same. So 

we can extract the makespan of the tile 
SJ via the following relation: 
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One of the algorithm’s output parameters is the scheduling makespan which stands for the   total time 

required for the execution of all existing tiles. This parameter is calculated using the following relation. 

(2)                                 Tiled iteration space 

 sS J,))J(timecompletionmax(makespan 

3. An Overview of Cuckoo Search Algorithm 

                                                           
1 volume of computation 
2 volume of communication 
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Cuckoo search is a relatively recent nature-inspired metaheuristic algorithm, developed by Xin-She Yang 

and Suash Deb in 2009. CS was inspired by the brood parasitism of some cuckoo bird species, in combination 

with the Lévy flights [17–19] random walks. Cuckoos are catching scientists’ interest because of their aggressive 

reproduction strategy. Some species lay their eggs in communal nests of other host birds (often other species), 

and may remove others' eggs to increase the hatching probability of their own eggs.  

CS idealized rules can be summarized as:  

 Each cuckoo lays one egg at a time, and dumps its egg in a randomly chosen nest.  

 The best nests with high quality of eggs will carry over to the next generations.  

 The number of available host nests is fixed, and the egg laid by a cuckoo is discovered by the host bird 

with a probability          where the host bird can either throw the egg away, or abandon the nest 

and build a completely new nest [28].  

These rules are used to draw the basic cuckoo search algorithm in Figure 2. 

1: Objective function f (x), x = (x1, . . . , xd)
T 

2: Generate initial population of n host nests xi(i = 1, . . . , n) 

3: while (t <MaxGeneration) or (stop criterion) do 

4: Get a cuckoo randomly by L´evy flights 

5: Evaluate its quality/fitness Fi 

6: Choose a nest among n (say, j) randomly 

7: if (Fi > Fj) then 

8: replace j by the new solution; 

9: end if 

10: A fraction (pa) of worse nests are abandoned and new ones are built; 

11: Keep the best solutions (or nests with quality solutions); 

12: Rank the solutions and find the current best 

13: end while 

14: Postprocess results and visualization 

Fig. 2: Pseudo code of Cuckoo search algorithm [17] 

While exploring new solutions, it is necessary to control the Lévy flights random walks, to avoid large 

moves, causing the solutions to jump outside of the search space. A step size factor that is defined according to 

the scale of the problem of interest should be used for this purpose. This might be an interesting subject for more 

research, studying the optimal utilization of the Lévy flight in optimization; for simplicity, a typical step size 

factor of 0.01, as suggested by the authors, is being used in this study  [17, 28 and 29].. 

4. Related Works 

Many approaches have been offered to schedule the iteration space of two level nested loops. Any of these 

methods somehow tries to decrees the run time of repeated loops in a parallel manner [1, 5, 7, 11, 15, 16, 18, 20- 

24, 26 and 27]. In some methods, in order to minimize the overall execution time of iterations, the 

communication time of processors overlaps with the time of internal calculations of processors [3, 7 and 24]. 

Also some other approaches inspired by the wave-front method, eliminate the need for communicating of many 

processors and assign dependent caches to the same processor [7, 9, 15, 24]. In other approaches, the critical 

path for the task graph resulted from the loop iterations’ space is calculated and in order to obtain load balancing, 

other non-critical iterations are distributed among processors according to their data dependency [1].  

We in the former articles [9 and 10] using the wave-front method introduced two genetic-based algorithms 

for scheduling two level nested loop. One of the methods with angle shift and the other without it can culminate 

at the proper scheduling of the problem in question. 

We also achieved optimum results in [11 and 12], by shifting the wave angle in the following four 

approaches: the horizontal block, the vertical block, the horizontal cyclic and the vertical cyclic. In this paper, 

we extended this approach with genetic algorithm combination for three-level space. 

We also achieved optimum results in [8], by combination of genetic algorithm and changing wave-fonts 

angle approach for tiled iteration space scheduling of three-level nested loops in the following six approaches: 
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the horizontal block, the vertical block, the depth block, the horizontal cyclic, the vertical cyclic and the depth 

cyclic. 

Andronikos and et. al. in [1] suggested a multinomial algorithm for efficient scheduling of uniform 

dependency loops by outlining precise criteria for a number of engaged processors in which they identified 

upper and lower limits for optimum number of required processors which minimizes the total  execution time 

and then performs a binary search between the two borders. 

In [15 and 16], the four approaches of horizontal block, vertical block, and horizontal cyclic and vertical 

cyclic are presented. These approaches, take several neighbouring tiles as one block and hence they remove 

enormous inter- processor contacts and allocate dependent tiles to a single processor appropriately. 

Moldovan, Shang and Darte et al benefited the hyper-plane method to explore an optimal linear schedule by 

using Diophantine equations [16], linear programming in subspaces [25] and accurate programming [4]. Hence 

more computations will be rendered in parallel. 

Most of approaches which concentrated on optimum scheduling originate from hyper-plane methods [13]. 

The main objective of these methods is to classify computations into well-defined groups called wave or hyper-

plane by using linear transformations .All iterations existing inside a loop can be executed simultaneously. Darte 

in [4] showed the optimality of this method. 

Athanasaki and et. al. in [2]  introduced the following four methods of the cyclic assignment schedule, the 

mirror assignment schedule, the cluster assignment schedule and the retiling schedule for scheduling of tiled 

iteration space to clustered system with a given number of SMP(Symmetric Multi-Processors) nodes and applied 

two execution schemes including the overlapping execution scheme and non-overlapping execution scheme. 

Doritos and et. al. in [6] introduced a low-cost algorithm  which using  geometrical calculations generates 

the  typical schemes consisting of iteration subsets  which can be executed earlier in a certain k-time phase. 

5. Proposed Strategy 

The allocation of tiles for being executed over processors is performed according to the wave approach. For 

this the tiles without inter-dependencies which can be run over different processors are considered as one wave. 

These waves which should be executed in order can form various angles with the coordinates of tiled space 

which are shown by the "a" and "b" angles. For example if "a" and "b" equate to “1” then the angle will be 45 

degrees. By shifting this angle the existent tiles over the waves get closer to each other. The Figure 3 shows the 

wave along with its angle.  

 

 

 

 

Fig. 3: An example of wave-front approach and it’s Angle [9] 

As shown in the above figure - part a, there are one tile on the first and last waves, two tiles on the second 

and penultimate waves, and maximum number of tiles on the middle wave. But part b shows that the number of 

existing tiles on each wave is almost equal. So according to the fact  that each tile is executed on one processor, 

by changing the waves’ angle , the load balance among processors improves with implications for their better  

efficiency .In continue the proposed algorithm is reviewed. 

The main idea of our work is that improved CS seeks good solutions found using local search in areas 

specified by L´evy flights. CS and its inspiration source are structured around five main elements: egg, nest, 

objective function, search space and L´evy flights. These key elements can have important meanings for 

combinatorial problems […].  

5.1. The Egg 

If we consider that a cuckoo lays a single egg in one nest, we can gives eggs the following properties: 
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 • An egg in a nest is a solution adopted by one individual in the population; 

 • An egg of the cuckoos is a new solution candidate for a place in the population. 

Each egg is equivalent to a processor allocation matrix for tiled iteration space and coefficients vector witch 

that show the angle of wave-fronts. Coefficients vector is binary encoded. A sample of an egg is shown in figure 

4[17]. 

 
Fig .4: An example of an egg [9] 

5.2. The Nest  
In CS, the following features can be imposed concerning a nest: 

• The number of nests is fixed; 

 • A nest is an individual of the population and the number of nests equal to the size of the population;  

• An abandoned nest involves the replacement of an individual of the population by a new one;  

In this problem, a nest is shown as an individual in the population with its own assign matrix and coefficient 

vector. Obviously, a nest can have multiple eggs for future extensions. In the present paper, each nest only 

contains a single egg, for simplicity [17]. 

5.3. The Objective Function 

Each solution in the search space is associated with a numeric objective value. So the quality of a solution is 

proportional to the value of the objective function. In CS, a nest egg of better quality will lead to new 

generations. This means that the quality of a cuckoo’s egg is directly related to its ability to give a new cuckoo. 

The fitness function of this problem is shown in figure 5. 

    Scheduling Completion Time = 0; 
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Fig. 5: The fitness function [9] 
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5.4. The Search Space  

The search space is array of records. Each record has 3 fields; Assign matrix, coefficient vector and fitness 

value. 

5.5. L´evy flights 

L´evy flights have as a characteristic of an intensified search around a solution, followed by big steps in the 

long run. in some optimisation problems, the search for a new best solution is more efficient via L´evy flights. In 

order to improve the quality of search, we will associate the step length to the value generated by L´evy flights 

as outlined in the standard CS [17]. 

6. Experimental Results 

In order to simulate  the results of proposed algorithm, CSALS3, an application is implemented in C# 2010 

environment for this algorithm, and BlockV, BlockH, CyclicV, CyclicH and BCGALS algorithms .Various tests 

were implemented  by using them and the results of these tests have been shown in the following.  

6.1. Reliability of Algorithm 
To investigate the error rate of the proposed algorithm, a problem of 4 × 8 in dimensions with parameters 

(UB1=3, UB2=7, NP=2, Vcomp=2, Vcom1=10, Vcom2=10) is considered. The algorithm was executed 10 

times and obtained solutions are shown in figure 6. 

 
Fig. 6: Reliability of proposed algorithm for 4*8 problem 

6.2. Sustainability of Algorithm 

According to tests, the results of the algorithm are converging. 

6.3. Quality of produced results 

According to our related approaches [8-11], we run the simulated software for various experiment and select 

some of them here. 

TABLE I: The outcome results from implementing the proposed algorithm and former algorithms 
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217 219 242 242 229 229 UB1=5, UB2=5, NP=3, Vcomp=9, Vcom1=7, Vcom2=7 

175 177 210 210 201 179 UB1=3, UB2=5, NP=2, Vcomp=9, Vcom1=7, Vcom2=7 

152.3 153.6 178 164 179 164 UB1=3, UB2=5, NP=3, Vcomp=9, Vcom1=7, Vcom2=7 

72 80 258 228 110 134 UB1=3, UB2=7, NP=2, Vcomp=2, Vcom1=10, Vcom2=10 

120 162.4 244 244 170 150 UB1=9, UB2=4, NP=3, Vcomp=2, Vcom1=10, Vcom2=10 

112 174 220 220 146 150 UB1=7, UB2=5, NP=3, Vcomp=2, Vcom1=10, Vcom2=10 
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7. Conclusion and Future Work 

In this paper, taking the benefits of angle shifts, an algorithm was proposed which due to its potential in 

improving the loading balance among processors and consequently optimizing of their usage, minimized the 

execution time of tiles. As he results show, the proposed algorithm (CSALS) yielded better results in 95% of 

cases relative to the Block, Cyclic and Genetic methods. 

Looks can be combined with meta-heuristic algorithms achieved better results. 
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