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1. Introduction 

The LOIS project aims at building a radio sensor and IT infrastructure in the south of 
Sweden, primarily with but not limited to the goal of space observations. Signals 
received produce a gigantic stream of data that has to be processed in real time. The 
target is to schedule stream computations to computation nodes in such a way that the 
performance requirements are met. 

1.1 Problem 
Each stream computation which may consist of parallel tasks with data dependencies 
can be processed with a local scheduler. As many research groups may run their 
experiments on the LOIS infrastructure, several stream computations are required to be 
handled. As the data streams in very quickly, if processors are occupied by one stream 
computation too long, huge amount of precious data might be missed. Hence, global 
scheduling need to get the output data of the local schedules as soon as possible so that 
the processors can be ready to handle with the next stream computation without waiting 
for a long time. 

1.2 Goals 
My thesis is focused on how to maximize the frequency of the local schedule in order to 
help the global schedule merge the stream computations better. Mainly we have 
following target to achieve: 
1. Study scheduling with task graphs and analyze the factors we should pay attention 

to. 
2. Design algorithms which can improve the frequency of the schedule. 
3. Enhance the existing framework to be able to make tests with the goal to optimize 

frequency. 
4. Test the algorithms under the simulation environment with different parameters and 

build the benchmark to see the performance of the algorithms compared with 
existing ones. 

1.3 Outline 
First we will have some background concepts about the local schedule. After that I will 
bring out a basic algorithm which is based on my supervisor’s idea which aims at 
solving some problems in local schedule to get better frequency. It will be discussed 
under different situations from the simplest one. Then, I will introduce another 
algorithm created by me which deals with the problem from another point of view. Next, 
I will analyze and compare them under both the situation with communication cost and 
without it.  

In the design part, I am going to implement the algorithms and provide them a 
simulation environment to schedule different task graphs under different conditions. 
After that, I will test them and collect the result. Finally, some conclusions should be 
drawn from the statistics. 
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2. Background 

In this chapter, some background concepts will be introduced in order to let us have a 
better understanding of what will be referred in this thesis. 

2.1 The task graph model 
Obviously it is not sensible to discuss the algorithm to schedule the stream computation 
without finding a proper modality to represent the parallel tasks. One effective way to 
achieve it is the task graph. With the help of task graphs we can have a more concrete 
view at the tasks we have to deal with. 

Task graph is a kind of directed acyclic graph. The task graph can be represented in 
the equation G  V, E, w . The parameter V is the set of nodes which represent the 
subtasks. The parameter E is the set of edges which represent the communication 
between tasks. The weight w n  of node n V is the time cost of task n. [5] 

2.2 The machine model 
Since we have to schedule the tasks on parallel processors, the performances of the 
processors will affect the cost of the computation tasks. Hence we must find a solution 
to simulate the performances of processors. In parallel computation, one task may need 
the data generated from its’ predecessors. In such situation, it has to send the data from 
one processor to another processor. This action takes time to complete. Also latency 
exists in the communication process. LogP machine [2] is a quite easy and effective 
model for parallel computation. LogP machine can be described with the equation M
 L, o, g, P . The parameter L represents the latency which is the time delay of 
transferring the data in the communication medium. The parameter o represents the 
overhead which is time cost of sending and receiving a message. The parameter g 
represents the gap which is the time required between two send/receive operations. The 
parameter P represents the number of processing units.  

There is an example showing some details of the mechanism LogP machine model. 
If we apply the LogP model to the task graph in figure 2.1, we can get the 
corresponding Gantt chart in figure 2.2. 
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Figure 2.1: 3 tasks allocated to three processors with data communication 

 
From figure 2.2 we can see that the first task is assigned to processor 1 and it occupies 
the processor for several time unites to handle the computation. Then, the processor 1 
need two consecutive sending operations to send data to processor 2 and processor 3 as 
the successors of task 1 are allocated to processor 2, processor 3. Since there are two 
consecutive sending operations needed on processor 1, the second sending operation 
can not start until the processor waits for Max(o,g) time after the previous sending 
operation started. Once processor 2 and processor 3 received data from processor 1, the 

Figure 2.2: c represents the computation time, o represents the overhead, represents the gap L 
represents the latency, g 
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calculation could be started. Finally, processor 2 will send data to processor 3 where the 
successor of it is allocated to. When the data is received on processor 2, the task 4 will 
be executed. 

2.3 The purpose of scheduling 
In most cases, we want to minimize the make-span of the schedule. However, 
sometimes we might want to do the same computation several times, each time with its 
own input data from the input stream. In that case we want to maximize the number of 
computations finished per time unit. Thus the frequency is a better measure of 
efficiency. There is one example: 
 

 
Figure 2.3: the task graph of the example 

 
In figure 2.3 there are 8 nodes representing 8 computations to be assigned to three 

processors a, b, c. We ignore the time cost in data communication and assume there is 
no latency of the hardware. In order to simplify the computation, we assume each task 
will take one time unit. Of course we have many methods to schedule the tasks. 

Method A: 
One of the easiest ways is dividing the nodes into several levels according their position 
in the task graph firstly. We remark the nodes in the bottom level with layer 1 and the 
nodes in the upper levels with the layer 2, 3, 4. After the first step, the nodes of the 
graph in figure 2.3 should be divided into layers like in figure 2.4. 
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Figure 2.4: the divided task graph 

 
Then we can assign the tasks in the first level to the processors a, b, c one by one. 

After we finish scheduling the nodes in the first layer, we allocate the tasks in the 
second layer to the processors in the same way and then we can repeat it in the third 
layer and forth layer. 

 

 
Figure 2.5: the allocation of the tasks in method A 
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From figure 2.5 we can see that the make span of the schedule is 4, while the 
frequency of the whole computation is . If we want to repeat the whole computation 
again, we have to wait until the task 8 is finished. 

Method B: 
Let us take another method to solve the problem. We still divide the nodes into 4 layers 
in the way we did in method A. However, we allocate the tasks in the first layer to 
processor a. When these tasks are finished we allocate the tasks in the second layer to 
processor b. When these tasks are finished we allocate the tasks in the third layer to 
processor c. When these tasks are finished we allocate and the tasks in the forth layer to 
processor c again. 
 

 
Figure 2.6: the allocation of the tasks in method B 

 
Now the make-span of the schedule is 8 time units and the frequency is . In this way, 

we can start the second pass of the whole computation as soon as the task 3 is finished. 

Comparison of Method A and Method B 
If we only need to do the tasks once, obviously method A is better than the method B 
because the make span of a single pass of the whole computation in method A is half of 
the time cost in method B. However, if we need to do the whole computation for many 
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7 times, we have to think about the changes. We can calculate the total time cost in 
repeat the whole computation for n times in the equation  

Total time 4  n 1 4 
if we use method A and in the equation  

Total time 8  n 1 3 
for method B. We can put the two equations together and get the critical value of 
parameter n. When the n = 5, the total time cost in method A equal the total time cost in 
method B. It means that if we want to repeat the whole computation for more than 5 
times, method B is better than method A. The reason of the difference between two 
methods is the frequency of the computation.  

As we have seen, the processors are free from the current schedule after three time 
units since they are occupied in method B while the processors are free after four time 
units in method A. It means that if we use method A, we can read input data only every 
fourth time units, and will thus miss some data that method B will be able to handle. 

These are why we need to maximize the frequency. 

2.4 The frequency 
Actually we can calculate the total time in the equation 
 

Total time Basic time n 1
1

frequency 

 
where the basic time is make-span of the schedule. It is clear that we can reduce the 
total time through minimizing the basic time or maximizing the frequency. While the 
parameter n is increasing, the frequency will have more important impact on the total 
time. 

If we assume that the processor can not be interrupted once it has begun to run 
the first task of one task graph allocated to it until the last task of the same task 
graph allocated to it is finished, the frequency should be described as  
 

frequency  
1

max T T , T T , … …  T T  
 

 
T  represents the time when processor n begin to run the tasks. T  represents the 

time when all the tasks are finished on processor n. 

2.5 The Layerd Task Graph 
No matter if we want to minimize the make span or maximize the frequency, we have to 
face the dependence of different tasks in the task graph. So the first step is to decide the 
sequence in which the task should be run. To achieve this target, we should have to 
define the concept of layer. 
A layer is a subset of the tasks having the following properties: 
1. There are no dependencies between different tasks. 
2. All predecessors of the tasks should belong to the former layers which have been 

defined already. 
3. The first layer is the set of all the entry tasks of a task graph. Entry tasks are the 

tasks in which the in-degree equals 0. 
We can use the following steps to divide the task graph into layers: 

1. Choose all the entry nodes of the task graph and assign them to the layer n.(n starts 
from 1) 
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2. Remove the nodes in layer n from the task graph. 
3. n = n+1 
4. Treat the rest nodes in the task graph as a new task graph and repeat step 1 to step 3 

until there is no nodes left in the task graph. 
After dividing the task graph into layers, sort the nodes in the task graph in 

ascending order of their layer. The position of the nodes in the same layer can be 
swapped. To simplify the discussion we assign order the nodes in the same layer 
from left to right. Then we only have to decide which processor the task should be 
allocated to. 

2.6 The Blank Time 
Tasks can be allocated to different processors in various ways. When tasks are allocated 
to one processor discontinuously, the processor will not be occupied all the time. 
However, such idle time between two tasks can not be shared to run the tasks in other 
task graphs and it is the blank time. According to the definition of the frequency which 
is discussed in this article, the total time spend on a processor include both the 
computation time and the blank time. 

 
Figure 2.8: blank time and idle time 

  

Figure 2.7: The layered task graph and the sequence of the tasks 
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3. The schedule without communication times 

Now, we can begin to discuss how to handle the task graph to improve the frequency. 
Before going further, we only discuss the schedule without communication times in this 
chapter. We will start from the simplest situation and move forward step by step.     

3.1 The Basic Algorithm 
As shown in figure 2.8, the blank time will increase the time spent on a processor. 
Hence one basic method to maximize the frequency is to reduce the blank time and 
make the computation time spent on each processor as evenly as possible.  

I designed the basic algorithm based on my supervisor’s idea. In our basic algorithm, 
the way used to reduce the blank time is allocating the tasks to one processor 
consecutively. All the tasks allocated to one processor should be able to run one after 
another immediately. In order to make the computation time spent on each processor as 
evenly as possible, the sum computation time spent on a processor should be always 
checked before allocate the next task.  

The steps of the basic algorithm can be described as following: 
1. Divide the task graph into layers and order the tasks in sequence. 
2. Let averageaverage  ∑  
3. Let n = 1; 
4. If n = P, allocate all the tasks left to processor P and terminate the algorithm, else 

go step 5. 
5. If the sum of the computation time of next task and the time already spent on 

processor n is closer to average than the time already spent on processor n, then 
allocate the next task to processor n. Otherwise let n = n + 1 and allocate the next 
task to processor n. 

6. Go to step 4. 
Although the basic algorithm seems to have managed to reduce the blank time and 

make the processors used evenly, it should be tested in different situations. 

3.2 The Simplest Case 
In the simplest case, assume every tasks cost only one time unit and there is no 
communication cost. Obviously the optimal frequency is fixed if the task graph and the 
number of processors are decided. The optimal frequency can be calculated through the 
equation 

optimal frequency  
1

|V|
P

 

Apply the basic algorithm to the simplest case and we can get average  |V|
P

. If there 

are enough tasks, after allocated |V|
P

 tasks to one processor, it is needed to decide how 
to allocate the next task. The derive process is:  

Time w n average average Time  
= |V|

P
1 |V|

P
|V|
P

|V|
P

 

=2 |V|
P

|V|
P

1. 

If 0 |V|
P

|V|
P

0.5 
then Time w n average average Time 0 
So allocate next task to next processor. 
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If |V|
P

|V|
P

0.5 
then Time w n average average Time 0 
So allocate next task to the same processor. 

No matter which value |V|
P

|V|
P

 is,  the basic algorithm can achieve the optimal 

frequency |V|
P

. 

3.3 A small change in the simplest case 
Now let us do a small change with the simplest case. We assume the time cost of each 
task is n time units n 1 . The equation to calculate the optimal frequency should be 
optimal frequency |V|

P

. Apply the basic algorithm to it again and we can get 

average  |V|
P

. The derive process to determine the allocation of the next task is as 
same as in the simplest case. 

Time w n average average Time  
= |V|

P
n n |V|

P
|V|

P
|V|
P

n  

=2 n |V|
P

|V|
P

n. 

If 0 |V|
P

|V|
P

0.5, allocate next task to next processor. 

If |V|
P

|V|
P

0.5, allocate next task to the same processor 
The basic algorithm still always can achieve the optimal frequency. 
Although the basic algorithm performs as well as in simplest case, there is still some 

difference. The figure below represents the trend of frequency influenced by |V|
P

. 
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Figure 3.1: The blue line represents the trend when n = 4 

The red line represents the trend when n = 2 
The green line represents the trend in the simplest case 

 
From the figure 3.1 we can see that the blue line’s trend is far more gradual than the 

green line’s. It means that the frequency will not decrease a lot while |V|
P

 is increasing. 

Since |V| is constant in a task graph, the only way to increase |V|
P

 is reducing P. In other 

words, |V|
P

’s increasing means less processors are used. 
What is illustrated below is how much the frequency can improved through using 

more processors. 
Assume |V| = 100. 
 

n frequency(P=4) frequency(P=5) improved Improved(percentage)
100 0.0004 0.0005 0.0001 25% 
1 0.04 0.05 0.01 25% 

Table 3.1: the situations when using different number of processors 
 

As shown in the above table, although the same percentage of frequency can be 
improved by using one more processor when n=100 and n=1, the direct frequency 
improved in the situation n = 1 is 100 times as much as the one in the situation n =100.  

So, the conclusion is that if n is extremely large, a frequency which is very close to 
the optimal frequency can be achieved by only use a few processors and in such way, 
some processors can be saved to run other tasks.  

3.4 Different computation cost 
Now, assume tasks may cost different time units while the communication time is still 
not be taken into consideration. In addition to it, assume there are n processors. The 
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optimal frequency now is 
1

∑ w iV

P

 

As w i  and the structure is different in different task graph, it is not sensible to 
discuss the performance of the basic algorithm in a general situation. Hence, several 
structures of task graphs will be abstracted from the general situation first. Then, the 
basic algorithm will be applied to different structures to conclude its performance. 

3.4.1 Line structure task graph 
Line structure is the structure in which there is only one node in each layer while the 
depth of it is not limited. In the line structure task graph, each task is dependent on at 
most one other task, and thus it can not start until this node is finished. 

As the basic algorithm focused on reducing the blank time rather than thinking about 
allocating the computation time evenly first, it might be a good choice to think in the 
opposite way to see whether the basic algorithm is good enough in the line structure 
task graph. 

Take a simple example. There is a line structure task graph in which depth is 6 as 
shown in figure 3.2. Assume there is 3 processors and the computation time of task 1, 2, 
3, 4, 5, 6 is 1, 2, 3, 4, 5, 6 time unites. 

 
Figure 3.2: A line structure task graph in which the depth is 6 

If we apply the basic algorithm to it, the allocation graph is shown in figure 3.3. 
 

 
Figure 3.3: The allocation graph in basic algorithm 

 
As shown in figure 3.3, there is no blank time on any processor. The sum 

computation time on p1, p2, p3 is 6, 9, 6. The frequency is . 
If we try to allocate the computation time to processors evenly first, the allocation 

can be like in figure 3.4. 
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Figure 3.4: The allocation graph in computation‐time‐first method 

 
Now the sum computation time on p1, p2, p3 is the same 7 and the frequency is . 

Although it managed to make the sum computation time more evenly on processors 
than the basic algorithm, the blank time on each processor influence the frequency 
seriously. 

After observing the figure 3.4, it can be noticed that all blank time can be replaced by 
the tasks moved from other processors and the frequency will not be influenced. 
Actually, all the blank time in the scheduling of the line structure task graph can be 
replaced by the task which is allocated to other processor in the same time period 
without reduce the frequency. Hence, if there is blank time in a scheduling, it can be 
improved by changing it into a scheduling without blank time.  

Then the conclusion is reducing the blank time should be considered firstly. 
According to it, the basic algorithm is almost the best to deal with the line structure task 
graph. 

The reason why we can replace all the blank time with tasks in line structure task 
graph is that the parallelism of the line structure is so low that only one task is allowed 
to be executed at one time and once a task begin, a blank time block which has the same 
length of the computation time of the task will be created on the processor which is 
activated before the beginning of the task. 

The next step is to test the performance of the basic algorithm in the task graph 
which’s parallelism is higher than the line structure task graph. 

3.4.2 Send out tree/ Receive tree 
In order to simplify the situation to be discussed, assure every node in the send out tree 
has two successors and every node in the receive tree has two predecessors. In the send 
out tree task graph, in layer n, there are 2  tasks. Hence, the parallelism increases 
along with the layer rather than being a constant value. 

The send out tree task graph shown in figure 3.5 is used to test the basic algorithm 
and the opposite method. Assure there are 3 processors that can be used. 
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Figure 3.5: A send out tree task graph in which the depth is 3 

 
Apply the basic algorithm to it first. The allocation graph is illustrated in figure 3.6. 

Figure 3.6: the allocation graph of the send out tree task graph in basic algorithm 
 

There is no blank time and the sum computation time on p1, p2, p3 is 10, 11, 7. The 
frequency we get is . As it still can be improved to make the sum computation time on 
processors more evenly, it might be able to improve the frequency by allowing some 
limited blank time. 

3.5 More parallel methods 
Actually, in the basic algorithm, at the same time period only one processor is used to 
execute the task in a task graph. Since we do not use only one processor all the time, 
some more parallel methods may perform better than the basic algorithm. One possible 
result done by a more parallel method is illustrated in figure 3.7. 
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Figure 3.7: the allocation graph of the send out tree task graph in more parallel method. ‘i’ 

represents ‘idle’, ‘b’ represents ‘blank’ 
 

The sum computation time spent on p1, p2, p3 is 8, 10, 10. Obviously it is more even 
than the sum computation time spent on processors in the basic algorithm and not only 
one processor is used at the same time period. Although there is one time unit blank 
time on p1, the frequency is  and it is better than the frequency achieved in basic 
algorithm. 

Compare figure 3.7 with figure 3.4, one difference we can notice is that more than 
one task can be run on different processors at once in figure 3.7. Therefore, the length of 
the blank time block is reduced and it might not be possible to replace it with the task 
which is allocated to the other processor in the same time period any more.  

This send out tree task graph can be changed into a receive tree task graph by only 
reversing the direction of the data flow. The corresponding allocation graph in basic 
algorithm and computation-time-first method also can be achieved by reversing the 
execution direction in figure 3.6 and figure 3.7 while the frequency is still  and . 

Hence, no matter in send out three task graph or in receive tree task graph, the basic 
algorithm is not always better than some more parallel method. 

3.6 Greedy method 
As the basic algorithm is not always the best solution, some time more processors used 
at the same time might mean better frequency. I design another algorithm called 
‘Greedy method’ which is one of the more parallel methods. It focuses on allocating the 
tasks in each layer evenly to each processor. In this way, the output data from each layer 
can be got rapidly. Although there might be some blank time, the time saved in each 
layer may make up this disadvantage. This method is similar with an algorithm called 
‘Brent’ and performs well in minimizing the make span (More details about Brent can 
be seen in chapter 6.1 Brent). Since we know that frequency  

 
. decreasing 

make span will give a higher frequency. The steps of the greedy method can be 
described as following: 
1. Divide the task graph into layers and label the tasks with the layer they belong to. 
2. Let l = 0; 
3. Order the tasks in the layer l in ascending order of the time each task costs. 
4. If there are enough tasks in the layer then take n tasks from the end of it and 

allocate them to group 1-n. Otherwise take as many tasks as possible from the end 
of the sequence and allocate them to group 1-x (x is the number of the tasks left) 
and go to step 10. 

5. Sum up the time cost in each group. 
6. Allocate the last task in the sequence to the group in which the sum time cost is the 

smallest. 
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7. Repeat step 4 until there is no task left in the sequence. 
8. Order the groups in ascending order of the sum time cost. 
9. Let n = 1. 
10. Allocate the tasks in the group n to the processor n. 
11. Remove the group. 
12. If there is no groups left go to step 13 , otherwise let n = n+1 and go to step 10. 
13. If l = depth - 1, then go to step 16, otherwise l = l + 1. 
14. Go to step 3. 
15. Execute the tasks in the lowest layer. After all the tasks in the layer are finished, 

start to execute the tasks in next layer. Repeat it until all layers are processed. (The 
execution sequence of the tasks in a layer can be random.) 

If we apply this method to the task graphs in figure 3.5, we can get the same 
frequency which is achieved in figure 3.7. Hence, the greedy method is better than the 
basic algorithm in the task graph in figure 3.5. 

3.7 When to use the greedy method 
What should be noticed is that the blank time always occurs between two tasks which 
belong to different layers are located to the same processor. Furthermore, the more 
evenly the computation time of every layer of a task graph can be allocated to 
processors, the smaller the blank time is. 

Therefore, greedy method is suited for the task graphs in which computation time of 
the tasks in each layer can be evenly allocated to processors and it will not cause to 
much blank time between two layers. 

On the other hand, if there is only few tasks in each layer while there are many 
processors available, the greedy method will not perform as good as the basic algorithm 
as not all of processors can be made full used. 
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4. Schedule data communication in LogP model 

If process the task graph with communication costs, the situation would be far more 
complicated than what have been discussed before. The main idea to reduce the 
communication cost is to allocate tasks which have data dependence to the same 
processor. 

One extreme method is to allocate all the tasks to one processor to avoid the 
communication cost. In this way, the frequency should be 

1
∑ w i  

However, its drawback is that the parallelism is reduced to the lowest level. 
On the other hand, if tasks are allocated to different processors to reduce the time 

cost on each processor, the optimal frequency should be 
P

∑ w i sum communication time 

Hence, when using an algorithm to allocate tasks, once the present sum 
communication cost is more than ∑ w i P 1 , the algorithm should be 
terminated because it will not be better than allocating all the tasks to one processor. 

The three parameters L, o, g in LogP model has their own way to reduce the 
frequency.  

‘L’ is latency of the communication medium. It does not occupy the processor. The 
way it reduce the frequency is causing blank time. In figure 3.8, the latency is 2 and it 
caused 2 time units blank time in time period 2-4 on p2. 

 

 
Figure 3.8: Influence by latency 

 
‘o’ is the overhead of sending and receiving a message. It will occupy the processor 

and some blank time might be caused by it. In figure 3.8, the overhead occupied p1 in 
time period 1-2 and p2 in time period 4-5. It also cause 1 time unites’ blank time in time 
period 1-2 on p2.  

‘g’ is the gap required between two send/receive operations. When overhead is not 
less than gap, the gap won’t influence the frequency. Otherwise, the gap may reduce the 
frequency by causing blank time. 

4.1 Thinking in LogP Const 
In this machine model, the parameters L, o and g are const. 

4.1.1 The basic algorithm 
Each task graph has a maximum parallelity. If the number of processors used increases, 
while still below that limit, we might be able to reduce the computation time on each 
processor, and thus reduce the make span.  
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In addition to it, it can be noticed that actually in the basic algorithm only one 
processor will be used at the same time. Furthermore, one processor will not be 
activated until all operations on the former one are finished. This point will result in the 
following advantages. 
1. The latency will not influence the frequency as all data will be sent to another 

processor after all computation is finished on the former one. 
2. The overhead only occupy the processor and no blank time will be caused by it. 
3. As there is at most one pair of send-receive operation on one processor, the gap will 

influence the frequency only when g sum computation time on P . 
As the gap does not necessary influence the frequency, the only fixed factor will 

reduce the frequency is the overhead. In order to make the situation controllable, 
assume that g sum computation time on  P  and o is a constant value. Then the 
communication cost is consisted by overhead in basic algorithm. Since there is one 
overhead block on the first processor and the last processor and two overhead blocks on 
other processors, the number of the overhead block can be calculated as: 

number of overhead block P 2 2 2 P 1 . 
After applying this equation to the optimal frequency equation, the following 

equation can be achieved: 
P

∑ w i o 2 P 1
P

o 2 P ∑ w i 2 o 

If 2 o ∑ w i , the optimal frequency will be . In this situation, no matter 
how many processors are used, the optimal frequency will not change. 

If 2 o ∑ w i , the optimal frequency will increase with using more processors. 
If 2 o ∑ w i , the optimal frequency will reduce with using more processors. 
In one word, when 2 o ∑ w i , there is no need to schedule tasks on different 

processors in basic algorithm. 

4.1.2 The Greedy method 
On the contrary to the basic algorithm, in Greedy method, it tries to use every processor 
as soon as possible. Therefore, the situation now is not as simple as it is in basic 
algorithm. Not only one pair of send-receive operation are needed between layers. 
Many tasks may be executed at the same time period. This will cause following 
potential negative influence on frequency. 
1. The latency may cause some blank time as shown in figure 3.8. 
2. The overhead may cause some blank time as shown in figure 3.8. 
3. The gap should be considered as consecutive sending or receiving operation may 

happen. 
As the basic principle of Greedy method is using every processors parallel, there will 

be far more data communication than in basic algorithm. However, we still can save a 
part of data communication through sending data after all the tasks in one layer are 
finished rather than sending data right after one task is finished. In other words, the data 
communication is done between layers rather than tasks. Then the modified greedy 
method has following main steps: 
1. Allocate the tasks in one layer in Greedy method. 
2. Record the processors which are going to send data to other layers. 
3. Sending all necessary data in one sending operation on each processor if this is 

needed. 
4. Allocate the tasks in next layer in Greedy method. 
5. Repeat step 1 to 3 until there is no layer remained. 
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4.2 Thinking in LogP Linear 
In this machine model, the parameters L, o and g linearly depend on the size of the data 
to be transferred. As both of the BasicFO and GreedyMethod are designed under 
LogPConst model, some new factors should be considered when the schedulers are used 
under LogPLinear. 

Since in LogPLinear, the parameters L, o and g linearly depend on the size of the 
data to be transferred, a processor will be occupied for a longer time on sending and 
receiving data if the size of the data is quite large. Hence the factor that should be 
considered is the size of the data. 

4.2.1 BasicFO 
Just as in LogPConst, the main idea to reduce the communication cost is avoiding 
spending too much time in sending and receiving data in order to use more processors. 
However, in LogPConst, no matter how much data is required to transfer, the 
communication cost is the same. Only in such situation, we can get the conclusion 
‘when 2 o ∑ w i , there is no need to schedule tasks on different processors in 
basic algorithm’. 

In the LogPLinear, ‘o’ is not a constant value anymore. It is needed to compare the 
computation time of every task to be scheduled with the cost of using a new processor 
to execute it to decide which processor should be chose. 

4.2.2 GreedyMethod 
As the communication cost linearly depend on the size of the data, the advantage of 
using a single pair of send-receive operation rather than several of them to send the 
same size of data is not obvious any more. However, the same method used in BasicFO 
to reduce the communication cost also works in GreedyMethod. 
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5. Design Part 

There is no doubt about that if we are going to have a deeper search or to test the 
algorithms in different situation, we need implement the algorithms, task graphs, 
machine models and other related factors in programming language. 

5.1 DMDA 
DMDA’s full name is Dynamic Model Driven Architecture. It is a system architecture 
designed by professor Welf Löwe and other researchers in Växjö University. It provides 
a simulation environment of sensor network. [3] 

DMDA covers quite a lot fields and some parts of it are designed for local 
scheduling. After study the code of the DMDA, I get the general architecture of the 
local schedule environment in DMDA. 

5.1.1 General architecture of the local schedule environment in DMDA 
The local schedule environment in DMDA consist of following seven packages: 

 interfaces 
 LogPMachineModel 
 taskGraphImpl 
 taskGraphGenerators 
 schedules 
 LogPScheduling 
 diagnosis 

 
1．Package ‘interfaces’: 

The package ‘interfaces’ provides the interfaces for the local schedule environment. 

Figure 5.1: The inheritance diagram of package interfaces 
 
2. Package ‘LogPMachineModel’: 

The package ‘LogPMachineModel’ provides the implementation of the LogP 
machine model and a LogP machine model generator. 
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Figure 5.2: The inheritance diagram of package LogPMachineModel 

 
3. Package ‘taskGraphImpl’: 

The package ‘taskGraphImpl’ provides the implementation of the task and the task 
graph. It also provides a class to divide the task graph into layers. 

Figure 5.3: The inheritance diagram of package taskGraphImpl 
 

4. Package ‘taskGraphGenerator’: 
The package ‘taskGraphGenerator’ provides the implementation of the generators of 
different task graphs. 
 

Figure 5.4: The inheritance diagram of package taskGraphGenerator 
 

5. Package ‘schedules’: 
The package ‘schedules’ provides the implementation of the LocalSchedule, 
processor, communication operations and computation operations. 
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Figure 5.5: The inheritance diagram of package schedules 

 
6. Package ‘LogPScheduling’ 

The Package ‘LogPScheduling’ provides the implementation of the schedule 
algorithm. 

 
7. Package ‘diagnosis’: 

The package ‘diagnosis’ provides the implementation of two classes to check the 
schedule whether satisfy the LogP model. 
 
  

 
 
 
 

Figure 5.7: The inheritance diagram of package diagnosis 
 

5.2 The Implementation of the Basic Algorithm 

In order to test the basic algorithm in the local schedule environment, it is required to 
create a new ‘LocalScheduler’ which implements the interface ‘AbstractLogPScheduler’ 
in package ‘LogPScheduling’ first. I create a new ‘LocalScheduler’ which is based on 
the idea of Basic Algorithm and name it as ‘BasicFO’ which means ‘Basic Frequency 
Oriented’. 

Figure 5.6: The inheritance diagram of package LogPScheduling 
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Figure 5.8: the UML diagram of BasicFO 

 
The usage of the main methods in BasicFO is listed below: 
 
Method Name Function 
BasicFO The constructor 
initPortsVectorArray Initiate the ports used to transfer the data 
ComputeAverage Calculate the optimal sum computation time on each 

processor 

scheduleTask Schedule certain task to a processor and save the information 
of necessary data transfer 

scheduleCommunication Schedule data communication between current processor 
and the former one 

doSchedule Create the schedule 
Table 5.1: Methods‐function 

 

5.3 The Implementation of the Greedy method 
The greedy method is implemented by the class named as ‘GreedyMethod’ created by 
me which implements the interface ‘AbstractLogPScheduler’. 
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Figure 5.9: the UML diagram of GreedyMethod 

 
The usage of the main methods in GreedyMethod is listed below: 
 

Method Name  Function 
GreedyMethod  The constructor 
initPortsVectorArray Initiate the ports used to transfer the data 
doSchedule Create the schedule 

Table 5.2: Methods‐function 
 

5.4 The task graph generators 
As the local scheduler is ready now, the next step is providing the input task graph to be 
scheduled. 

In the package ‘taskGraphGenerator’ in DMDA, six kind of taskGraphGenerator 
have been created already. They can generate following task graphs: 

 Diamond Task Graph 
A depth value is required to construct a Diamond Task Graph. The number of the 
tasks in a Diamond Task Graph in which the depth is n is n 3 1. 
There is an example of a Diamond Task Graph in which the depth is 2. 
 

 
Figure 5.10: A Diamond Task Graph in which the depth is 2. 
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 FFT Task Graph 
A depth value is required to construct a FFT Task Graph. The number of the tasks 
in a FFT Task Graph in which the depth is n is n 1 2 . 
There is an example of a FFT Task Graph in which the depth is 2. 
 

 
Figure 5.11: A FFT Task Graph in which the depth is 2. 

 
 InverseFFT Task Graph 

A depth value is required to construct an InverseFFT Task Graph. The number of 
the tasks in an InverseFFT Task Graph in which the depth is n is n 1 2 . 
There is an example of an InverseFFT Task Graph in which the depth is 2. 
 

 
Figure 5.12: An InverseFFT Task Graph in which the depth is 2. 

 
 RecieveTree Task Graph 

A depth value is required to construct a RecieveTree Task Graph. The number of 
the tasks in a RecieveTree Task Graph in which the depth is n is 2 1. 
There is an example of a RecieveTree Task Graph in which the depth is 2. 
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Figure 5.13: A RecieveTree Task Graph in which the depth is 2. 

 
 SendTree Task Graph 

A depth value is required to construct a SendTree Task Graph. The number of the 
tasks in a SendTree Task Graph in which the depth is n is 2 1. 
There is an example of a SendTree Task Graph in which the depth is 2. 
 

 
Figure 5.14: A SendTree Task Graph in which the depth is 2. 

 
 

 Wave Task Graph 
A depth value and a width value are required to construct a Wave Task Graph. The 
number of the tasks in a Wave Task Graph in which the depth is n is n 1
width. 
There is an example of a Wave Task Graph in which the depth is 2 and width is 4. 
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Figure 5.15: A Wave Task Graph in which the depth is 2 and width is 4 

 
Although the generators which have been implemented already are convenient to use, 

they are not able to generate task graphs in which the computation time is not equal or 
can be decided by users. Hence, an extension of the original generators is required. 

5.4.1 The extension of the task graph generators 
The extension of the task graph generators done by me focused on providing users three 
methods to decide the computation time in the task graphs. 
a) The computation time of all the tasks is the same value 
b) The computation time of all the tasks is a random value which in the domain given 

by the user. 
c) The computation time of the tasks is set by the user through giving a corresponding 

array of the computation time. 
The implementation of the extension is done by creating three new methods in the 

interface ‘TaskGraphGenerator’ and all of them should be implemented by every 
generator. 
Method Name Function 
public void setComputationTime(int
c); 

Prepare the data for creating task graph 
with value ‘c’ 

public void setComputationTime(int
min, int max); 

Prepare the data for creating task graph 
with random value between ‘min’ and 
‘max’ 

public void setComputationTime(int
compTimes[]); 

Prepare the data for creating task graph 
with the array of computation time 
‘compTimes’ 

Table 5.3: extension of task graph generators 

5.5 Provide the LogP machine model 
Another thing which is required as an environment to execute the schedule is the 
machine model. There are two kinds of LogP machine model that have been 
implemented in DMDA. 

One of them is LogPConst. In this machine model, the parameters L, o and g are 
constant. 
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The other one is LogPLinear. Different from the LogPConst, the parameters L, o and 
g linearly depend on the size of the data to be transferred. 

5.6 Diagnosing the algorithm 
Before analyzing the performance of the new algorithm, it should be checked whether it 
is able to schedule all the tasks in a task graph correctly no matter how the efficiency is. 
The DMDA provide two classes in the package ‘diagnosis’ to do this job. 

The class ‘CheckLogPCorrect’ is used to check whether all the tasks are scheduled 
and whether the data transfer is correct. 

The class ‘CheckLogPWellDefined’ is used to check whether the schedule obey the 
rules of LogP model. 

However, the ‘CheckLogPCorrect’ in DMDA failed to detect indirect data 
communication done by the local scheduler. The ‘BasicFO’ will never pass the check as 
in the basic algorithm, the data it relayed from one processor to another processor. 

My solution to fix the ‘CheckLogPCorrect’ is to check the communication path 
rather than direct send-receive operation. 

The step of the check is described as following: 
1. Find all pairs of tasks which have data communications 
2. For each pair of tasks have been found, try to find any communication path 

between them 
3. If no communication path is found, return false, otherwise return true. 

In addition to it, I did a check of the size of the data to be transferred to make sure 
not only the path but also the size of the data communication is correct. 
  



 29

6. Benchmark 

This chapter will show us some tests of our algorithms under different situations. The 
test results will help us get the general performance of our algorithms. In addition to it, 
we may get some indications after analyzing them.  

6.1 The Brent 
In order to see the performance of the new algorithms which is designed to improve the 
frequency, it is necessary to test them with each other and some other kind of 
algorithms. 

Therefore let us introduce a simple algorithm which is called Brent [6]. The main 
idea of Brent is scheduling tasks in each layer to processors one after another. The data 
communication between layers is handled as all-to-all communication which means 
sending data from each processor to all of the other processors. 

The Brent is quite similar with the GreedyMethod. However, the GreedyMethod tries 
to allocate the tasks of one layer in a more intelligent way. 

6.2 Performance Score 
In order to have a concrete presentation of the performance of the algorithms, I made a 
score of the performance of the algorithms. Remark the frequency we get in Brent, 
GreedyMethod, BasicFO in the i  test as Br , Gr , Ba . We can calculate the 
‘Performance Score’ of an algorithm in following equation: 

Score  
∑ AlgorithmName

max Br , Gr , Ba
n 10 

The score will be a value from 0-10. 

6.3 Test in fixed computation time task graph 
Test the Brent, BasicFO and GreedyMethod with the task graphs in which the 
computation time is 1. Assume there is no communication cost. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Send Tree 3 0 0 0 - - - - - - 

Depth Frequency 
Brent GreedyMethod BasicFO 

0 1.0000 1.0000 1.0000 
1 0.5000 0.5000 1.0000 
2 0.2500 0.3333 0.3333 
3 0.1428 0.1666 0.200 
4 0.0769 0.0833 0.0909 
5 0.0416 0.0434 0.0476 
6 0.0217 0.0222 0.0232 
7 0.0112 0.0113 0.0117 
8 0.0057 0.0057 0.0058 
9 0.0028 0.0028 0.0029 

Score 8.5379 9.0556 10.0000 
Others - 

Table 6.1: Performance of algorithms under fixed computation time Send Tree task graph 
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Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
FFT 3 0 0 0 - - - - - - 

Depth Frequency 
Brent GreedyMethod BasicFO 

0 1.0000 1.0000 1.0000 
1 0.5000 0.5000 0.5000 
2 0.1666 0.1666 0.2500 
3 0.0833 0.0833 0.0909 
4 0.0333 0.0333 0.0370 
5 0.0151 0.0151 0.0156 
6 0.0064 0.0064 0.0066 
7 0.0029 0.0029 0.0029 
8 0.0012 0.0012 0.0013 
9 5.8479E-4 5.8479E-4 5.8582E-4 

Score 9.4117 9.4117 10.0000 
Others - 

Table 6.2: Performance of algorithms under fixed computation time FFT task graph 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Diamond 3 0 0 0 - - - - - - 

Depth Frequency 
Brent GreedyMethod BasicFO 

0 1.0000 1.0000 1.0000 
1 0.3333 0.3333 0.5000 
2 0.2000 0.2000 0.2500 
3 0.1428 0.1428 0.2000 
4 0.1111 0.1111 0.1428 
5 0.0909 0.0909 0.1250 
6 0.0769 0.0769 0.1000 
7 0.0666 0.0666 0.0909 
8 0.0588 0.0588 0.0769 
9 0.0526 0.0526 0.0714 

Score 7.6901 7.6901 10.000 
Others - 

Table 6.3: Performance of algorithms under fixed computation time Diamond task graph 
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Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

Wave 3 0 0 0 - - - - - - 
Depth Frequency 

Brent GreedyMethod BasicFO 
0 1.0000 1.0000 1.0000 
1 0.5000 0.5000 0.5000 
2 0.3333 0.3333 0.3333 
3 0.2500 0.2500 0.2500 
4 0.2000 0.2000 0.2000 
5 0.1666 0.1666 0.1666 
6 0.1428 0.1428 0.1428 
7 0.1250 0.1250 0.1250 
8 0.1111 0.1111 0.1111 
9 0.1000 0.1000 0.1000 

Score 10.0000 10.0000 10.0000 
Others width = 3 

Table 6.4: Performance of algorithms under fixed computation time Wave task graph 
 

From the test results given in tables 6.1, 6.2, 6.3 and 6.4, it indicates that the 
BasicFO can always get the best frequency among the three algorithms when the 
computation time is a constant value. The GreedyMethod will always perform better or 
equal the Brent as it does a extra consideration of the allocation of the tasks in each 
layer. 
 

6.4 Random Computation Time 1-100 
Test the Brent, BasicFO and GreedyMethod with each kind of task graphs in which the 
computation time is random values from 1-100 for ten times. Assume there is no 
communication cost. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Send Tree 3 0 0 0 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 6.8376 8.7191 10.0000 
2 6.2984 8.1742 9.9824 
3 6.7985 8.7190 9.9636 
4 7.8015 9.1460 9.9518 

Others - 
Table 6.5: Performance of algorithms under random computation time (1‐100) Send Tree task 

graph 
 

The GreedyMethod may work better BasicFO if the depth of the Send Tree task 
graph is not big. The main reason is that the blank time in a single layer may not reduce 
the frequency a lot when using the GreedyMethod. However, when the depth of the task 
graph is big, such blank time in each will accumulate and it will have a bigger impact 
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on the frequency. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
FFT 3 0 0 0 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 7.0898 7.0898 10.0000 
2 7.0953 9.2482 9.9148 
3 7.5534 9.8434 9.9373 
4 8.0839 9.9718 9.9441 
5 8.5525 9.9950 9.9799 

Others - 
Table 6.6: Performance of algorithms under random computation time (1‐100) FFT task graph 

 
It seems contrary to the situation of Send Tree task graph that the GreedyMethod 

performs better than the BasicFO when the depth of the FFT task graph is increasing. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Diamond 3 0 0 0 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 5.7946 5.7946 10.0000 
2 4.8243 4.8243 10.0000 
3 5.0008 5.0008 10.0000 
4 4.7244 4.7244 10.0000 

Others - 
Table 6.7: Performance of algorithms under random computation time (1‐100) Diamond task graph 
 

As each layer of the diamond task graph contains at most 2 tasks, both Brent and 
GreedyMethod will only use two of the three processors. Only the BasicFO is still able 
to use three processors. Hence, the better performance of the BasciFO in Diamond task 
graph is reasonable. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Wave 3 0 0 0 - - - - - - 
Depth Score 

Brent GreedyMethod BasicFO 
0 7.9215 10.0000 10.0000 
1 7.3986 9.7821 9.5844 
2 8.1792 9.8348 9.9525 
3 7.6183 9.4466 9.9477 
4 7.4143 9.4099 10.0000 

Others width = 6 
Table 6.8: Performance of algorithms under random computation time (1‐100) Wave task graph 
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Similar to the situation in Send Tree task graph, the smaller the depth is the better the 

GreedyMethod performs. Another factor should be noticed is the width. Since the depth 
is fixed in the previous test, it is demanded to have more tests in different width value. 

6.4.1 Different width in Wave task graph 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Wave 3 0 0 0 - - - - - - 
Width Score 

Brent GreedyMethod BasicFO 
6 7.6183 9.4466 9.9477 
7 7.0125 9.7198 9.9964 
8 7.8221 9.8341 9.8842 
9 8.1856 9.8797 9.9241 
10 8.1346 9.8204 9.8947 
11 7.9101 9.9516 9.8911 

Others depth = 3 
Table 6.9: Performance of algorithms under random computation time (1‐100) Wave task graph (in 
 

Now, it is clear that the width of the Wave task graph does influence the performance 
of the GreedyMethod. Actually the bigger the width is the better the GreedyMethod 
performances. 

6.5 Random Computation Time 1-1000 
As the dispersion degree of the computation time may influence the performance the 
algorithms, test the Brent, BasicFO and GreedyMethod with each kind of task graphs in 
which the computation time is random values from 1-1000 for ten times. Assume there 
is no communication cost. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Send Tree 3 0 0 0 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 6.2865 6.7141 10.0000 
2 7.2518 8.8329 9.8678 
3 7.1490 8.5486 9.9664 
4 7.7390 8.8888 10.0000 

Others - 
Table 6.10: Performance of algorithms under random computation time (1‐1000) Send Tree task 

graph 
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Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

FFT 3 0 0 0 - - - - - - 
Depth Score 

Brent GreedyMethod BasicFO 
0 10.0000 10.0000 10.0000 
1 6.9080 6.9080 10.0000 
2 7.1312 8.6438 10.0000 
3 7.4357 9.8815 9.8954 
4 8.1692 9.9975 9.8885 
5 8.8423 9.9939 9.9763 

Others - 
Table 6.11: Performance of algorithms under random computation time (1‐1000) FFT task graph 

 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Diamond 3 0 0 0 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 4.9480 4.9480 10.0000 
2 4.8263 4.8263 10.0000 
3 4.6277 4.6277 10.0000 
4 4.4681 4.4681 10.0000 

Others - 
Table 6.12: Performance of algorithms under random computation time (1‐1000) Diamond task 

graph 
 

Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

Wave 3 0 0 0 - - - - - - 
Depth Score 

Brent GreedyMethod BasicFO 
0 8.6586 10.0000 9.0426 
1 7.8485 9.7399 9.6666 
2 8.2251 9.6805 9.7701 
3 8.0515 9.6030 9.9796 
4 7.8870 9.7176 9.9902 

Others width = 6 
Table 6.13: Performance of algorithms under random computation time (1‐1000) Wave task graph 
 

After compare the test result in the situation in which the computation time random 
from 1-100 with the one in which computation time random from 1-1000, we can not 
see a clear influence of the dispersion degree of the computation time on different 
algorithms as the score each algorithm get is almost the same in the situation in which 
computation time random from 1-100. 

6.6 LogPConst : 
Test the Brent, BasicFO and GreedyMethod with each kind of task graphs in which the 
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computation time is random values from 1-100 for ten times under LogPConst. Let L = 
1, o = 1, g = 2. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Send Tree 3 1 1 2 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 7.5238 8.4183 9.9863 
2 6.9159 8.9770 9.7841 
3 6.9735 8.3448 10.0000 
4 7.6491 8.8744 10.0000 

Others - 
Table 6.14: Performance of algorithms under random computation time (1‐100) Send Tree task 

graph and LogPConst 
 

In Send Tree Task Graph, BasicFO is still the best. The GreedyMethod remains a 
frequency around 85% of the one which BasicFO gets. Brent is the worst one. It gets the 
frequency which is approximately 72% of the one got by BasicFO. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
FFT 3 1 1 2 - - - - - - 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 6.1692 6.3026 10.0000 
2 6.9614 8.5413 10.0000 
3 7.6023 9.5509 9.9585 
4 7.9270 9.6864 10.0000 

Others - 
Table 6.15: Performance of algorithms under random computation time (1‐100) FFT task graph 

and LogPConst 
 

In FFT Task Graph, both Brent and GreedyMethod performance better when the 
depth increases. However, BasciFO is still the best one while GreedyMethod can get a 
quite close frequency when the depth is big. 
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Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

Diamond 3 1 1 2 - - - - - - 
Depth Score 

Brent GreedyMethod BasicFO 
0 10.0000 10.0000 10.0000 
1 5.0486 5.1549 10.0000 
2 4.5097 4.6078 10.0000 
3 4.6345 4.7366 10.0000 
4 4.4236 4.5277 10.0000 

Others - 
Table 6.16: Performance of algorithms under random computation time (1‐100) Diamond task 

graph and LogPConst 
 

In Diamond Task Graph, both Brent and GreedyMethod are getting worse while the 
depth is increasing. They are not competitive with the BasicFO due to the special 
structure of the Diamond Task Graph. 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Wave 3 1 1 2 - - - - - - 
Depth Score 

Brent GreedyMethod BasicFO 
0 7.6558 10.0000 8.7338 
1 8.2627 9.6355 9.8771 
2 7.9207 9.4535 9.9676 
3 7.7910 9.3457 10.0000 
4 7.6631 9.0584 10.0000 

Others width = 6 
Table 6.17: Performance of algorithms under random computation time (1‐100) Wave task graph 

and LogPConst 
 

In Wave Task Graph, the depth still has a negative influence on the Brent and 
Greedy Method. GreedyMethod can be better than BasicFO when the depth is small. 

6.7 LogPLinear 
Test the Brent, BasicFO and GreedyMethod with each kind of task graphs in which the 
computation time is random values from 1-100 for ten times under LogPLinear. Let  
L 1, o 1, g 2, L 1, o  = 1, g 2. The L, o , g can be calculated as: 

L  L L DataSize 
o  o o DataSize 
g  g g DataSize 
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Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

Send Tree 3 - - - 1 1 2 1 1 2 
Depth Score 

Brent GreedyMethod BasicFO 
0 10.0000 10.0000 10.0000 
1 7.3300 9.0350 9.7321 
2 6.1099 8.1978 9.8292 
3 6.5239 7.5132 10.0000 
4 6.6562 7.5468 10.0000 

Others - 
Table 6.18: Performance of algorithms under random computation time (1‐100) Send Tree task 

graph and LogPLinear 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
FFT 3 - - - 1 1 2 1 1 2 

Depth Score 
Brent GreedyMethod BasicFO 

0 10.0000 10.0000 10.0000 
1 6.9741 8.0070 10.0000 
2 6.3581 7.4630 9.9119 
3 6.0780 5.9608 10.0000 
4 5.6559 5.1730 10.0000 

Others - 
Table 6.19: Performance of algorithms under random computation time (1‐100) FFT task graph 

and LogPLinear 
 
Task Graph 

Type 
P LogPConst LogPLinear 

L o g       
Diamond 3 - - - 1 1 2 1 1 2 

Depth Score 
Brent GreedyMethod BasicFO 

0 4.7560 5.1788 10.0000 
1 4.6801 5.3143 10.0000 
2 3.3658 3.9963 10.0000 
3 2.9976 3.6143 10.0000 
4 2.7861 3.3261 10.0000 

Others - 
Table 6.20: Performance of algorithms under random computation time (1‐100) Diamond task 

graph and LogPLinear 
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Task Graph 
Type 

P LogPConst LogPLinear 
L o g       

Wave 3 - - - 1 1 2 1 1 2 
Depth Score 

Brent GreedyMethod BasicFO 
0 7.9985 10.0000 8.5073 
1 9.5190 8.3896 9.6649 
2 8.5352 7.5688 10.0000 
3 7.4191 6.3544 10.0000 
4 6.4307 5.3553 10.0000 

Others - 
Table 6.20: Performance of algorithms under random computation time (1‐100) Wave task graph 

and LogPLinear 
 

After compare the test result of the three algorithms under LogPConst and 
LogPLinear Model, it can be seen that the BasicFO overwhelms the other two 
algorithms especially when the depth of the task graph is large. Although the  
GreedyMethod has a good performance in FFT task graph when the communication 
cost is ignored, it is not competitive with the BasicFO under LogP model. One main 
reason of it is that there is no latency when BasicFO is used and the send-receive 
operation is limited to a quite small amount. 

Also, we should notice that the GreedyMethod does not work as well as the Brent in 
some cases in LogPLinear. After check the schedules of these cases, I think that the it is 
because that the GreedyMethod may allocate many tasks to a processor while only one 
or two tasks are allocated to others. It is good for making the sum of computation time 
evenly on processors to do so. However, in LogPLinear, it may cause huge 
communication cost on one processor. Although Brent just allocate tasks to different 
processors one after another, it will keep each processor have almost the same number 
of tasks to execute and almost the same amount of data communication cost will be on 
each processor. Therefore, Brent may have a better performance than GreedyMethod. 

6.8 Large Communication Cost 
As we mentioned before, when the communication cost is large compared with the 
computation time of the tasks in a task graph, it is not sensible to schedule tasks to 
different processors anymore. In this section, I will prove it with detail testing result.  

We test the BasicFO and GreedyMethod with a Send Tree Task Graph in which the 
depth is 2 and computation time of each task is 2 time units. The parameters l, o ,g 
ranges from 0, 0, 0 to 9, 9, 9. We offer 3 processors. In following tables, ‘CPT ’ 
represents ‘Computation Time percentage’; CMT represents ‘Communication Time 
percentage’. 
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 BasicFO 
 P1 P2 P3 Frequency

L, o, g CPT CMT CPT CMT CPT CMT  
0, 0, 0 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 1.6666 
1, 1, 1 80.0% 20.0% 66.7% 33.3% 85.7% 14.3% 0.1428 
2, 2, 2 66.7% 33.3% 50.0% 50.0% 75.0% 25.0% 0.1250 
3, 3, 3 57.1% 42.9% 40.0% 60.0% 66.7% 33.3% 0.1000 
4, 4, 4 50.0% 50.0% 33.3% 66.7% 60.0% 40.0% 0.0833 
5, 5, 5 44.4% 55.6% 28.6% 71.4% 54.5% 45.5% 0.0714 
6, 6, 6 40.0% 60.0% 25.0% 75.0% 50.0% 50.0% 0.0625 
7, 7, 7 36.4% 63.6% 22.2% 77.8% 46.2% 53.8% 0.0555 
8, 8, 8 33.3% 66.7% 20.0% 80.0% 42.9% 57.1% 0.0500 
9, 9, 9 30.8% 69.2% 18.2% 81.8% 40.0% 60.0% 0.0454 

Table 6.22: Working situation of processors when applying BasicFO 
 

 GreedyMethod 
 P1 P2 P3 Frequency

L, o, g CPT CMT CPT CMT CPT CMT  
0, 0, 0 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 1.6666 
1, 1, 1 75.0% 25.0% 66.7% 33.3% 57.1% 42.9% 0.1250 
2, 2, 2 60.0% 40.0% 50.0% 50.0% 40.0% 60.0% 0.1000 
3, 3, 3 50.0% 50.0% 40.0% 60.0% 30.8% 69.2% 0.0769 
4, 4, 4 42.9% 57.1% 33.3% 66.7% 25.0% 75.0% 0.0625 
5, 5, 5 37.5% 62.5% 28.6% 71.4% 21.1% 78.9% 0.0526 
6, 6, 6 33.3% 66.7% 25.0% 75.0% 18.2% 81.8% 0.0454 
7, 7, 7 30.0% 70.0% 22.2% 77.8% 16.0% 84.0% 0.0400 
8, 8, 8 27.3% 72.7% 20.0% 80.0% 14.3% 85.7% 0.0357 
9, 9, 9 25.0% 75.0% 18.2% 81.8% 12.9% 87.1% 0.0322 

Table 6.23: Working situation of processors when applying GreedyMethod 
 

From above tables, it can be seen that each processor spends more time on dealing 
with the data communication rather than computation operation while the parameters L, 
o, g are increasing. 

On the contrary, if we allocate all tasks to one processor, we can always get a 
frequency as  0.071. Hence, we should schedule the tasks to one processor when 
the communication cost is large because we do not want to have too much overhead 
caused by the data communication. 
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7. Conclusion 

Now, we finished talking about the different idea of scheduling tasks to get a better 
frequency in different situations and it should be time to have a conclusion. 

First of all, the basic algorithm is really excellent when we want to get a good 
frequency. It has a very stable performance in every kind of task graphs though it is not 
always the best one. It also takes the communication cost under control. There is no 
blank time in the schedule done by basic algorithm so that the depth of the task graph 
will not influence its’ performance. It is also a big advantage of the basic algorithm that 
latency will not affect the frequency if you are using the basic algorithm. 

The disadvantage of the basic algorithm is that it can not allocate the sum 
computation time very evenly as it does allocate tasks in one layer to processors in an 
arbitrary order. One possible way to improve it is to sort the tasks in each layer properly 
to make the basic algorithm be able to allocate the sum computation time better. 

On the contrary to the basic algorithm, the greedy method focuses on using as much 
processors as possible at the same time. It is good at dividing the computation time of 
tasks in one layer among processors. This also helps to reduce the make-span of the 
schedule. When the width of a task graph is far larger than the depth of it, the greedy 
method will have a brilliant performance except in LogPLinear machine model. Hence, 
it can be a method that both reduces the make-span and increases the frequency of a 
schedule in some cases. 

The drawback of the greedy method is also obvious. It cannot get a satisfying 
frequency when the depth of the task graph is large. The uneven communication cost 
allocation occurs in LogPLinear machine model. 

When the parameters L, o, g are large, both BasicFO and GreedyMethod waste time 
on transferring data. Therefore, they should be improved by allocate some tasks to one 
processor if this can save enough time. 
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8. Future work 

Although, for the moment, the basic algorithm is the winner, the greedy method proves 
that the basic algorithm is not the best. As mentioned before, it should be good to 
modify the basic algorithm with thinking about sort the tasks in each layer properly. 

On the other hand, it is interesting to think more about reducing the communication 
cost as we notice that the communication cost may makes the GreedyMethod not as 
good as the simple Brent. 

In addition to it, different data size may cause different schedule result. Hence, it 
could be another topic to discuss how to handle with the task graph in which the data 
size is not equal. 
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