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Abstract 

Based on the study of traditional min-min scheduling algorithm, the paper proposed a 

min-min task scheduling algorithm based on QOS constraints in cloud computing. 

According to the vector which is generated by QOS parameters, the algorithm processes 

the matching of resources and tasks, and then provides users with resources which meet 

their requirements. Experimental results show that the min-min task scheduling algorithm 

for cloud computing has better performance in such aspects as task execution time, rate of 

discarding task and QOS satisfaction compared with traditional min-min scheduling 

algorithm. 
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1. Introduction 

In recent years, cloud computing is becoming an increasingly important research topic. 

The task scheduling problem is an important problem in cloud computing
 
[1-3]. It is 

directly related to the stability of cloud services, efficient use of resources, the user's 

satisfaction degree and operating costs. Therefore, the study of task scheduling of cloud 

computing is of great significance. 

The nature of task scheduling is to create a mapping relationship between tasks and 

resources. Therefore, a cloud task scheduling strategy is how to find a suitable mapping 

relationship between tasks and resources and to ensure task scheduling algorithm achieve 

various performance indicators base on the basic needs of users task. One of the goals of 

cloud task scheduling is the optimal makespan, which directly affects the interests and 

satisfaction of the users. Therefore, it is the common goal of users and providers of cloud 

services to realize the optimal makespan. 

Task scheduling is a NP-complete problem. About the problem, scientists from all over 

the world have made a lot of research work recently. There are many classical task 

scheduling algorithms. Such as Hadoop default FIFO scheduling algorithm [4], it has a 

good performance, but it can't ensure small task be executed promptly. Against this fault, 

Facebook developed a fair scheduling algorithm which can ensure the small task get 

response quickly while have a high service level for a big task [5]. Yahoo developed a 

computing capabilities scheduling algorithm named capacity scheduler [6]. We have put 

forward a fair scheduling algorithm based on Bergel model
 
[1]. According to QOS 

parameter matching, our algorithm can allocate a task with the best matching resources 

based on the fairness principle of resource allocation. 

The goal of traditional scheduling algorithm is generally to complete task with the 

shortest time. However, what users expect and users’ behavior are complex in a cloud 

environment. Sometimes the user is not just simply pursuing the shortest completion time. 

Cloud computing involves users, providers of cloud services, and other entities. The 

goal of different user’s QoS may be different among security policy, cost and other 
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aspects, even conflicting. For example, resource managers hope to achieve global control 

on resources, to maximize the throughput of whole system. However, the user usually 

wants to run his task using the whole resource. In addition, tasks come from different 

users could tend to have shorter execution time, or to emphasize safety and reliability 

during execution, or to pay great attention to their own expenses. Therefore, only consider 

the problem of optimizing the maximum completion time is obviously not enough. In one 

word, how to use resource management and scheduling algorithm to coordinate the QoS 

requirements of different entities is what current research focus on. 

Each task may contain a lot requirements of QoS, such as timeliness, reliability, safety, 

priority and so on. If the system has a great compute ability, various QoS requirements of 

the task can be met as far as possible. Otherwise, even we can get ideal makespan, there 

are still many problems, such as some tasks can’t be finished before the deadline, the task 

which has a high demand of reliability may be distributed to the compute node that has a 

high failure rate. 

Under such circumstances, we need to establish a source manage model which is based 

on QoS. With this model, the submitted task should provide a description of QoS 

requirements, the resources also should have a description of the QoS service. During the 

schedule, scheduling algorithm should take a full consideration of the description of task 

and resources, and then perform the scheduling from task to resource. 

 

2. Resource Manage Model based on QoS 

In the resource manage model based on QoS, the task should give QoS requirements. 

Compute nodes in cloud computing center need give QoS description of computing 

resources that they could provide. The scheduling algorithm try to search the global 

benefit optimization scheduling scheme. 
 

2.1. Description of QoS 

In order to establish resource manage model based on QoS and process task 

scheduling of multi QoS restriction. We need to describe and classify the QoS parameters. 

About this problem, B.Sabata and his partners have done some research [7]. They divide 

QoS description into metrics and polices. Metrics is used to measure some QoS 

parameters, including QoS requirements of task and QoS service which provided by 

compute nodes. Metrics can further be divided into performance metrics, security, and 

relative importance (Priority). Polices is used to describe the behavior of the system 

specifications. The main polices include management policy, service level, etc. The 

performance metrics of QoS is further divided into timeliness, precision, accuracy and 

other aspects. They are used to indicate the requirements of specific task in performance. 

The paper will divide QoS description which is used as metrics into following cases: 
(1)Timeliness description: Property description related to time. The timeliness of QoS 

description of task includes the total completion time, start time, the latest completion 

time, and so on. The timeliness of QoS description of resource refers to estimate the 

execution time of a task on the resource. We mainly consider the latest completion time 

and the completion time of a task. 

(2)Reliability description: Long tasks may fail due to resource failure. To restart these 

tasks, it will cause repetitive resource consumption and lead to a decline in performance 

of the system. Scheduling these kinds task according to the requirements of reliability, it 

could reduce the happening of this kind of situation. The reliability description of the task 

includes the required minimum probability of successful completion. This kind 

description also includes its failure rate per unit time. 
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(3)Priority description: Used to describe the relative importance of task. The task 

priority shall be specified by the people. The higher priority tasks need to be executed 

earlier. 

(4)Security description: Task and data submitted by each user has different 

requirements in terms of security level. The security here includes authenticity, 

confidentiality, and integrity. Data confidentiality and integrity are two important metrics 

of data security. The confidentiality of the data is to ensure that the data is not access by 

other users. The integrity of the data is to ensure that the data is accurate in the process of 

task scheduling. In the paper, we divide security into four levels: poor, low, medium, and 

high.  

QoS description of a strategy is the primarily service level, it works on all kinds of 

metrics of QoS description we mentioned above. Specific including: 

(1) Hard: The QoS description with this level has strongest restraint. The description of 

the task must be met, otherwise the scheduling is invalid. 

(2) Soft: There are some QoS description doesn't need very strong constraint. Task will 

obtain the biggest benefit if such descriptions are met. Otherwise, the scheduling is not 

considered invalid, just benefit can be affected.  

(3) Best-effort: This level is used to represent some QoS description which is not being 

concerned. The description of the task will be met as far as possible. 

In this paper, the QoS description of task or resource is described as a function: 

q:T∪U→Ω   

where Ω is the set of all QoS. We assume that each task ti in task set T contains QoS 

parameter di. For the jth QoS parameter, Ωi
j
 can be a finite or infinite set if Ωi

j
 represents 

the value range of QoS parameter. We can further assume qi
j
 represents a possible value 

of the jth QoS parameter of task ti, qi
j∈Ωi

j
. Thus, we regard value of each QoS parameter 

of task ti as one-dimension, so all values of parameter 1 2
{ , , ..., }i

d

i i i i
      can form a 

space of di dimension, and 1 2
q {q , q , ..., q }i

d

i i i i
  is one point of the space. 

In this paper, we consider the following four QoS parameters: timeliness, reliability, 

security, and priority. Namely di=4. 

 

2.2. The Benefit Function 

For each type of QoS description, we introduce a concept of benefit function in order 

to quantify the benefit of being met by different levels. Reasonable benefit function
 
[8] is 

prerequisites of whether scheduling algorithm can produce optimal scheduling scheme. 

For task ti, we define benefit function of the jth（1≤ j≤ di）QoS description as Ui
j. 

The corresponding benefit function of four kinds of QoS metrics presented in this paper 

respectively are: 

1) Timeliness benefit function 

Timeliness benefit function represents the time benefit that being brought to task owner 

when the task ti is mapped to resource rj, namely according to the finish time of the task 

on the resource. 

For hard, soft and best-effort three kinds of service level, the timeliness benefit 

function is defined as TimeUtilityhard(i,j), TimeUtilitysoft(i,j), TimeUtilitybest_effort(i,j), 

respectively: 

(1) Timeliness benefit function of hard level 





 


otherwise0

1
),(

, iji

hard

DCT
jiyTimeUtilit                                  (1) 

where Di is the deadline of ti, CTi,j is the expected completion time of task ti on 

resource rj. The meaning of this function is that we will obtain the biggest benefit 1 if 
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tasks are completed within the prescribed deadline, otherwise receiving none benefits. As 

shown in Figure 1. 

 

 

 

 

 

 

 

 

Figure 1. Hard Level Timeliness Benefit Function 

(2) Timeliness benefit function of soft level 
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where λ s is a constant, and λ s>0. The meaning of this function is that we will obtain 

the biggest benefit 1 if tasks are completed within the prescribed deadline. If the task 

completion time is exceed the deadline, it will also bring some benefits to the owner of 

the task. Here, when the task is not completed within the deadline, the benefits that the 

execution of the tasks bring to the task owner were expressed with exponential function. 

As shown in Figure 2, when CTi,j=Di, we get maximum benefit value 1; when CTi,j>Di, 

the benefit go down along with the exponential function decreasing, eventually close to 

zero and is not equal to zero. 

 

 

 

 

 

 

 

 

Figure 2. Soft Level Timeliness Benefit Function 

(3) Best-effort Level Timeliness Benefit Function 

)exp(),(
,_ jibefforttbest

CTjiyTimeUtilit                                       (3) 

Where λ b is a constant, and λ b>λ s.The meaning of this function is that if task ti can 

be completed in a short time it will make much benefits; Even if the task ti takes a long 

time to complete, it still will bring some benefit to task owner. Here also uses the 

exponential function to represent efficiency that is brought by task execution. The 

execution time is the independent variable of the exponential function. As shown in Fig.3. 

With the increase of the independent variables, efficiency go down along with the 

exponential function decreasing, eventually close to zero. 

2) Reliability Benefit Function 

Reliability benefit function represents the benefit that is brought to task owner in 

reliability when distribute task ti to resource rj. For hard, soft and best-effort three kinds of 

service level, the reliability benefit function is defined as RliUtilityhard(i,j), 

RliUtilitysoft(i,j), RliUtilitybest_effort(i,j), respectively. 
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Figure 3. Best-Effort Level Timeliness Benefit Function 

(1)Hard Level Reliability Benefit Function 
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where RDi is the least successful completion probability that task ti required, RTi,j is 

the reliability that can be obtained when task ti run on resource rj. The meaning of this 

function is that we will get the maximum benefit 1 if the obtained reliability when task ti 

run on resource rj exceed the least successful completion probability that is fixed by the 

task itself; Otherwise there is no benefit. As shown in Figure 4. 

 

Figure 4. Hard level Reliability Benefit Function 

For RTi,j in Equation (4), we can use the following method to calculate: assuming 

that the inherent failure rate of resource rj is Fr,j. The completion time of task ti on rj is 

CTi,j. The reliability when task ti run on this resource can be calculated using the equation: 

}exp{
,, jjiji

FrCTRT         (5) 

(2)Soft Level Reliability Benefit Function 
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In Equation (6), when the value of RTi,j is greater than or equal to RDi, it is shown that 

the reliability of the resources can satisfy the requirements of the task, the value of benefit 

function is 1; when the value of RTi,j is zero, the value of benefit function is 0. In other 

cases, the function shows exponential growth. As shown in Figure 5. 
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Figure 5. Soft Level Reliability Benefit Function 

The meaning of this function is that we will get the maximum benefit 1 if the obtained 

reliability when task ti run on resource rj exceed the least successful completion 

probability that is fixed by the task itself. Otherwise there is no benefit, but we still can 

get a certain benefit. 

 

(3) Best-effort level reliability benefit function 

)1exp(1
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In Equation (7), when the value of RTi,j is zero, the value of benefit function is zero. 

With the increase of the independent variables, function presents exponential growth. As 

shown in Figure 6. RTi,j eventually tend to be 1. So the value of benefit function also tend 

to be 1 in the end. The meaning of this function is that if the obtained reliability is high 

when task ti run on resource rj, we can get high efficiency-benefit value; Otherwise we 

will still get a small amount. 

 

 

 

 

 

 

 

 

 

Figure 6. Best-effort Level Reliability Benefit Function 

3) Security Benefit Function 

Reliability benefit function represents the benefit that is brought to task owner in 

security when distribute task ti to resource rj. 

Description of tasks or resources reliability is divided into four levels. To the submitted 

task and computing resources which provide services, they need to be given a certain 

level of security before the simulation of scheduling process. Assuming that the security 

level of task ti and resource is STi and SRj, respectively. We set the rule that if the security 

required by task is greater than the security provided by resource, the obtained benefit is 

zero when task run on this resource; otherwise the benefit is 1.The benefit function as 

follows: 
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4) Relative Importance (Priority) 

Priority is just in terms of the tasks. Each task will be set up a certain priority before 

simulating scheduling process, the parameter is written directly into the ultimate benefit 

function.  

To sum up, we have established corresponding benefit function for the four kinds of 

QoS description. However, we can’t compute the total benefit only according to benefit 

function of a certain kind of QoS description. This requires us to define an overall 

efficiency function, changing all QoS description of one task into a total benefit value 

which is used as the basis of our scheduling. The total benefit function (Ui,j:Ω i→R) of 

distributing task ti to resource  rj as follows: 






i
d

j

i

j

i

j

iiji
pqUqU

1

,
)()(                  (9) 

where pi is the priority of task ti. 

 

3. Task Scheduling Algorithm based on QoS Constraints 
 

3.1. Min-Min Algorithm 

The idea of Min-Min algorithm is to map small tasks to compute node which perform 

fast. Min-Min algorithm is based on the MCT (Minimum Completion Time) algorithm. 

The Min-Min algorithm in every task mapping considers all tasks which are not allocated, 

however, MCT algorithm only considers a task in every task mapping. 

Specifically, when task set U is not empty, the Min-Min algorithm repeatedly perform 

the following operations until the entire task set U is empty: 

(1) For each task ti in U, it need to calculate the different minimum completion time to 

assign the task to n machines. Assuming task ti has the minimum completion time on the 

kth machine, the minimum time can be recorded as MinTime(i) =MCT(i,k). MinTime  is 

a one dimensional array containing m elements, it represents a set which consists of the 

minimum completion time; 

(2)Choose task which has the minimum completion time from MinTime array. 

Assuming the task is ta, it need to assign the task to its corresponding host such as hb; 

(3)Delete ta from U while need to be update MCT matrix. Namely update MCT of the 

rest tasks on host hb. 

(4) Repeat the above process until U is empty. 

 

3.2. Mul-QoS-Min-Min Algorithm 

In cloud environment, the task could contain a lots QoS requirements. In this case, we 

will combine the QoS requirements with traditional Min-Min algorithms to form a new 

task scheduling algorithm based on multi-QoS constraints, namely Mul-QoS-Min-Min 

algorithm. The pseudo code of the algorithm as follows. 

 

  Split task set T into three task set T1,T2,T3 

   Let k=1,flagi=0, 1≤ i≤ n. 

   repeat 

 if (Tk≠θ ) 

  for each host ti∈Tk 

    for each host rj∈M 

   if q(ti)< q(rj) then 

                Compute Ui,j; 

                flagi=1; 

else 
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Ui,j =0; 

            endif 

endfor 

if(flagi=0) 

   Remove task ti from Tk 

Endif 

Compute MaxValue[i]=max{ Ui,j } and keeps the task-host pair(ti, rj) 

         endfor 

         Find the maximum of MaxValue and the corresponding task-host pair(t
*
, r

*
) 

         If exists two values MaxValue[i]= MaxValue[j] 

            Choosse the task-host pair(t
*
, r

*
) with smaller complete time 

         endif 

         Assign task t
* 
to host r

* 
and remove t

* 
from Tk 

       endif 

if (Tk =θ ) 

 k= k+1 

endif 

  until(k≤ 3) 

 

4. Results and Discussion 

The simulation experiments were conducted using CloudSim [9]. The hardware 

platform is Dell Studio XPS 8300, with a 3.00GHz core i5 and 4GB of memory. 

In simulation experiments, according to the different number of tasks and resources, 

we will consider the following three scenarios: 

(1) Task number is 20，resource number is 10; 

(2) Task number is 40，resource number is 20; 

(3) Task number is 50，resource number is 25; 

This experiments will investigate the following three problems: 

(1) Compare the makespan of traditional Min-Min algorithm and Mul-QoS-Min-Min 

algorithm; 

(2) Investigate the hard task level QoS requirements satisfaction of the Min-Min 

algorithm and the Mul-QoS-Min-Min algorithm; 

(3) Investigate the failure rate of Mul-QoS-Min-Min algorithm with the increasing 

number of tasks in the case that the amount of resource is 50. 

(1) Experiment 1 

The experiment will compare the makespan of the above two algorithms under three 

kinds of scenarios. In each scenario, experiment was conducted 20 times for each 

algorithm. The average makespan is shown in Table 1. 

Table 1. The Average Makespan of Min-Min Algorithm and Mul-QoS-Min-Min 
Algorithm 

   Min-Min  Mul-QoS-Min-Min Performance improvements 

(1)   48.30       44.83        7.2%   

(2)   67.23      66.85        0.57%    

(3)   97.95       95.62        2.38%    

Seen from Table 1, the makespan of Mul-QoS-Min-Min algorithm which is put 

forward in this paper is better than the traditional Min-Min algorithm. 
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(2) Experiment 2 

The experiment will investigate the satisfaction demand of hard level task QoS 

requirements of both Min-Min algorithm and Mul-QoS -Min-Min algorithm. 

In each scenario, some experiments were conducted for each algorithm. Here, these 

tasks with regard to the timeliness of the hard level requirements as the research object. 

Namely, these experiments mainly investigate the satisfaction of these tasks demand for 

timeliness of the two algorithms, respectively. The results are shown in Table 2, Table 3, 

and Table 4. 

Table 2. Task Scheduling on Hard Level Timeliness for Scenario 1 

Task id   Deadline for the task     Min-Min    Mul-QoS-Min-Min algorithm     

10    31.5238      44        27            

16    19.9525      25        16            

Table 3. Task Scheduling on Hard Level Timeliness for Scenario 2 

Task id   Deadline for the task     Min-Min   Mul-QoS-Min-Min    

0    60.3605      46 34 

20 34.2928 39 27 

23 43.5842 26 21 

28 44.7331 48 17 

34 62.3290 51 54 

39 63.8019 38 26 

Table 4. Task Scheduling on Hard Level Timeliness for Scenario 3 

Task id   deadline for the task    Min-Min   Mul-QoS-Min-Min  

16    12.0621 16 6 

31 40.5121 34 20 

47 37.9252 16 15 

 

Seen from Table 2, Table 3, and Table 4, the satisfaction of Mul-QoS-Min-Min is 

100% for hard level timeliness task, however the satisfaction of Min-Min is 0, 66.7%, and 

66.7% at three different scenarios. 

(3) Experiment 3 

The experiment will investigate the failure rate of Mul-QoS-Min-Min and Min-Min. 

We consider the discarding task of Mul-QoS-Min-Min and Min-Min under a number of 

different resources and tasks. When the number of resources is 50 and the Task number 

change within 0-500, the results of experiment are shown in Figure 7. It can be seen that 

Mul-QoS-Min-Min has less failure rate than Min-Min. 
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Figure 7. The Failure Rate of the Two Algorithms 

5. Conclusions 

In this paper, we proposed a resource management model and a new task scheduling 

algorithm based on QoS constraints according to this model. Compared with the 

traditional Min-Min algorithm, the new algorithm not only regard makespan as the only 

optimizing goal of scheduling, but also give full consideration to the user's QoS 

requirements. In one word, our algorithm can more truly reflect the actual situation of task 

scheduling and meet various QoS requirements of tasks. 
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