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Abstract— Data transferring and load balancing are some of 
factors which make the resource allocation problem more 
challenging in cloud computing (CC) environment. So due to 
the lack of exact solution for this problem, this paper presents 
a new mathematical model based on group technology to 
allocate the virtual machines (VMs) to workflows with the aim 
of controlling the number of data transferring and server load 
variation simultaneously. Group technology is a resource 
allocation technique in industrial environments with proven 
ability to optimize some measures (e.g. part movements, 
resource utilization) also a genetic algorithm (GA) is designed 
to find near optimal solution for larger problems with no 
optimum solution.  

Keywords-Cloud computing; Group technology; Virtual 
machine; Workflow; Mathematical model; Genetic algorithm 

I.  INTRODUCTION  

Today, advances in information technology have 
increased the demand for computing power greatly; users 
need to do their computational tasks without the need for 
expensive hardware and software at any time or place. Cloud 
computing (CC) is a new computational technology tries to 
deliver computing as a service similar to traditional public 
utility services (i.e. water, electricity, gas, and telephony). It 
is obtained from development of several technologies 
including: hardware, internet technologies, distributed 
computing and systems management. This model brings 
benefits to both consumers (people and companies that do 
not have their own infrastructure) and service providers 
(SPs) that encourage them to invest in this technology. Some 
of the mentioned benefits are listed below [1]: 

 
i. Reduce capital costs; 

ii. Reduce IT management efforts; 

iii. Accelerate technology deployment; 
iv. Accelerate business innovation; 
v. Accelerate return on investment (ROI). 

Infrastructure as a Service (IaaS), Platform as a Service 
(PaaS) and Software as a Service (SaaS) are main services of 
CC that are available to users based on pay as you go model 
to execute their computational tasks [1, 2]. Fig. 1 indicates 
the layers of service in CC. SPs and users usually have 
different goals which the most important ones are user 
satisfaction in cloud quality of services (QoS) and increment 
of resource utilization rate (from the SPs perspective). The 
efficiency of the CC environment can be improved if the 
goals like these be considered in resource allocation 
strategies [3].  

 
Figure 1. Service layers of cloud computing 

 
There are many different kinds of computing tasks. Some 

of them are very simple (e.g. sending a comment on social 
networks) but the majority of tasks in cloud systems consist 
of multiple communicated subtasks (e.g. scientific 
workflows). An online hotel booking is illustrated as a 
workflow in Fig. 2.  
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The SPs may face different challenges when allocating 
computational resources to data-intensive workflow (e.g. 
montage workflow) due to the limited capacity of resources 
and servers communication constraints. The load balancing 
of system is one of the challenges which can directly impact 
on user satisfaction and resource efficiency. The load must 
be well distributed on servers during the workflow execution 
to decrease the data transfer time and dependency imbalance 
[4]. Data transfer is a bad factor which makes system 
slowdown and increase power consumption. 

 
Figure 2. A sample of workflow (online hotel booking) 

 
A solution for resource allocation problem can be ideal when 
the transferring of data between servers is minimal. In this 
case, the SPs must try, as far as possible, to allocate the 
subtasks of a workflow to a server to avoid unnecessary 
transfers. But this is not always possible in complex cloud 
environments; a server rejects the requests when it violates 
its capacity limit. So, some subtasks of a workflow must be 
transferred to other servers. It leads inevitably to increase the 
completion time of tasks. Along with these the number of 
virtual machines is an important problem that affects on 
system performance. A large number of virtual machines can 
cause interface in their performance and reduce the user's 
consent. Therefore they need to have a strategy to control all 
these simultaneously. 

Group Technology (GT) is a manufacturing technique 
which prevents unnecessary movements (transfers) and 
increases the production efficiency in manufacturing 
systems. GT was first proposed by Mitrofanov [5], and then 
developed by Burbidge [6]. The main objective of GT is 
grouping the similar parts and machine to increase the 
flexibility. Cellular manufacturing system (CMS) is an 
application of GT for implantation of the modern 
manufacturing systems (e.g. flexible manufacturing system 
and just in time). Cell formation (CF) is a component of 
CMS that organizes independent cells by specifying the 
machine and part groups. The multiple proven abilities of 
GT to allocate the resources in CMS are as follow: 

 
 Ability to reduce the total execution cost and time; 
 Ability to providing a suitable management on VMs;  
 Ability to improving resources utilization; 
 
The items mentioned above as well as the structural 

similarities of cloud systems and CMS are the most 

important reasons to suggest GT for resource management in 
CC. The servers, virtual machines and tasks in CC have 
similar functions to cells, machine and component 
respectively. So in this paper, a new mathematical model 
based group technology is proposed to improve the 
efficiency of cloud by minimizing the transfer between the 
servers, number of created VMs and server load variation. 
Also a genetic algorithm is designed to solve the large scale 
problems and speed up the decision-making. 

The remainder of the paper is structured as follows: a 
literature review on resource management in cloud 
computing and group technology is presented in Section 2. 
Problem modeling and proposed genetic algorithm so as to 
tackle the considering problem are given in Section 3 and 4, 
respectively. Section 5 is devoted to computational results, 
and finally conclusion and future remarks are summarized in 
section 6. 

II. RELATED WORK  

Many studies have been conducted in the context of 
resource allocation in CC with different polices. These 
studies have tried to offer various approaches. Some of them 
employ heuristics [7, 8, 9, 10, 11, 12] and others give met-
heuristics approaches [13, 14].  
Beside these, various researches have been done specifically 
in the context of workflow resource management. An 
approach presented by Varalakshmi et al. [15] to handle the 
workflows with the aim of meeting the user-preferred QoS 
parameters. Shi et al. [16] designed a resource allocation 
mechanism for handle market-oriented workflows. The 
purpose of their method is meeting the different consumers’ 
demands. A multi-objective optimization approach 
presented by Szabo Shi et al [17] to allocate the scientific 
workflows with consideration of transfer and execution 
time. The results showed that their approach can outperform 
the current state-of-the art approaches. Chen and Deelman 
[18] Proposed an approach to allocate the resources to large-
scale scientific workflows in order to reduce make span and 
resource cost of workflows. They showed that the heuristics 
and genetic algorithms is a proper candidate to solve this 
problem. A PSO based approach for workflow management 
proposed by Pandey et al. [19] to control the transfer cost 
and distribute the load on resources well. Likewise, we 
attempt to find an exact solution for workflow management 
in such a way that the number of transfers will be minimized 
along with fair distribution of loads. Moreover, our 
approach determines the optimal number of virtual 
machines in the system which has not been studied before. 

Furthermore, various studies have been conducted on 
GT. They focused on proposing an efficient mathematical 
model as well as heuristic approaches. a multi-objective 
mathematical model to create machine and part groups and 
also single-objective mathematical model to minimize the 
intra-cell and inter-cell movements presented by Chan et al. 
[20]. Nair and Narendran [21] offered an algorithm to 
specify machine groups and part families relying on 
production sequence data. A genetic algorithm was 
proposed to solve a CFP considering several objectives 
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including movements cost, cell load variation and 
exceptional elements (EEs) by Zhao and Wu [22]. Mahdavi 
et al. [23] presented a unified mathematical model to solve 
the CFP and the cell layout problem (CLP) simultaneously 
minimizing backtracking against the forward movements. 
Tavakkoli et al. [24] presented an integer-linear 
programming to minimize the inter-cell movement and 
machine costs. They developed a simulated annealing (SA) 
for solving it. A two-phase solution approach has been 
studied by Mahdavi et al. [25]. They consider 
multifunctional machines and developed a mathematical 
model to group the machines with the aim of minimizing 
dissimilarity of machines in cells. Tavakkoli et al. [26] 
solved a dynamic cell formation problem whit GA, SA, and 
tabu search (TS) and stated that with the improvement of 
genetic operators the probability to achieve the optimal 
solution be increased. 
According to the studies reviewed, the main objectives of 
GT are as follow: 
 
 Mapping components to machines and machines to 

cells  
 Minimizing number of inter/intra-cell moves  
 Improving resource utilization through cell load 

balancing  
 Increasing the flexibility of system 

 
The above mentioned objectives can be interpreted in CC 

too, then considering them in a resource management 
framework could improve the performance of cloud 
environment. So, according to surveys conducted in the 
literature; the most contributions of our work are as follow: 

 
 Introduce a new resource management approach (GT 

approach) for workflow management.  
 Develop a mathematical model (exact solution) to 

control the number of transfers, the load of CC 
system and determine optimal number of VMs 
simultaneously for small problems.  

 Design a genetic algorithm for larger problems with 
no optimum solutions.  

III. PROBLEM MODELING 

In this research, a CC environment is considered with K 
servers and M virtual machine types which are available 
during the time period. Each server and machine type has a 
certain capacity including: CPU, storage capacity and 
memory which are known and constant during the time 
period. There are also j workflows with pre-defined demand, 
processing time and QoS (e.g. CPU, storage capacity and 
memory).The VMs and tasks must be distributed among K 
serves and M VM types regarding their capacity so that the 
transfers between servers and the load variance of servers are 
minimized. The optimal number of each VM type (Npk) is 
obtained by model. A resource allocation problem in CC 
environment is presented in Fig.3. 

 
 

Figure 3. A simple case of resource allocation in cc  

A. Notations. 

The notations used in problem formulation are as follow: 

B. Indices 

j task,  j = 1,…, t; 
i  subtask, i = 1,…, s; 
p virtual machine type, p = 1,…, m; 
k server, k =1,…, c; 

C. Input parameters 

jpkW Workload on machine type p by task j in 
server k; 

jpkA Average intra-server processing time for task j 
in server k; 

ijpt  processing time for subtask i of task j on 
machine p; 

ijpa 1 if subtask i of task j will require machine 
type p,0 otherwise;                

pL The maximum amount of QOS that machine 
type p can provide; 

kC The maximum amount of QOS that server k 
can provide; 

pT The total time which VM p is available; 

D. Decision variables: 

Xijpk 1 if subtask i of task j is done on machine type 
p in server k,0 otherwise; 

Yjpk 1 if subtask i of task j assigned to server k,0 
otherwise; 

Npk Number of machine type p assigned to server 
k; 
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E. Mathematical model formulation.  

The objective functions of proposed model that given in 
(3) is composed of three criteria (F1, F2 and F3) according to 
(4-6). 

 
  F= α F1+ β F2+ γF3  (3) 

 2
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Which α, β and γ are the user-defined preferences. The 
servers load variation is given in (4), where Wjpk is obtained 
from (1) and implies workload on machine p by task j in 
server k. Ajpk is obtained from (2) and computes the average 
processing time for task j in server k. (5) indicates the 
number of tasks transferring between servers. Also, the 
number of virtual machine is identified in (6).  
Now, the model formulation can be presented as following: 

1 2 3Min
 

F F F F    (9) 

s.t 

.ijpk ijp ijkX a Y  , , , i j p k  (10) 

ijp k pkX N  , , , i j p k  (11) 

1
m c

ijp k
p k

X    , , , i j p k  (12) 

. . .
s t

j ijp ijpk p pk
i j

D t X L N  , , , i j p k  (13) 

.
m

p p k k
p

L N C  , p k  (14) 

 0,1  ,ijk ijpkY X   , , , i j p k  (15) 

0 ,pkN integer  , p k  (16) 

The objective function in (7) is composed of three terms 
presented in (4 – 6) with identical preferences. Constraints 
(8) shows the relation between two variables (X ijpk and Y jpk ) 
and state that task i of task j is performed on VM p in server 
k (X ijpk =1) if (Y ijk =1) and (a ijp  =1) simultaneously. 
Constraints (9) and (10) ensure that each subtask is assigned 
just to one VM in one server that required VMs are existent 
in it. Constraints (11) and (12) guarantees that virtual 

machine and server's capacity are not exceeded. Constraints 
(13) and (14) specify the decision variables.  

IV. THE PROPOSED GENETIC ALGORITHM 

After running the model with the Lingo 9 software it 
was found that the proposed model can solve problems up to 
5 × 5 × 3 (tasks × VM type × servers) sizes. So it is 
necessary to use approximate solution methods for larger 
problems. Genetic algorithm (GA) is a heuristic search 
technique which proposed by Holland [27] for achieving 
optimal or near-optimal solutions in complicated problems. 
This algorithm uses from biological techniques like 
crossover, mutation and natural selection to create better 
solutions. GA was proposed in different fields such as 
designing of artificial intelligence programs (game-playing 
program) by Bagley [28] and simulation biology processes 
by Rosenberg [29]. Here, a genetic algorithm is offered for 
solving the studying model according to Tavakkoli et al. 
[26]. The factors intended for designing the GA are 
described in following. 

A. Chromosome structure  

Chromosome structure (Fig.4) which composed of three 
genes (i.e. X, Y, and N) is described below: 

 

 
Two gens [X] and [Y] are i (subtask)-by-j (task) matrices 

related to assignment of subtask to VMs and servers and 
their elements are initialized from 1 to p and 1 to k 
respectively. Also matrix [N] is related to the number of 
VMs in each server. The elements of matrix [N] are positive 
integer values. Worth noting that matrix [X] is constant and 
obtained by aijp.  

B. Generation of initial population 

For generating an initial population, first matrix [N] 
initialized randomly considering the capacity constraints of 
servers. Then matrix [Y] is initialized randomly with regard 
to the possibility of task execution. 

C. Fitness value 

The fitness value is a criterion to measure the quality of a 
chromosome. In this paper it is calculated by (17) and (18).  

 

  i i
i

Fitness function w f 
 

 
(17) 

 
i

i

ii

F
f

F



 
(18) 

Where Wi is a user-defined weight, Fi is the value of 
objective function i and   fi is normalized value of Fi. 

Figure 4. Chromosome  
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D. Selection strategies 

A good selection strategy should be able to select the 
best chromosomes as for creating new generation. in this 
study the fitness of chromosomes in current generation are 
first normalized by (19) and then the chromosomes, which 
their normalized fitness are less or equal to zero, are 
selected as a mating pool. 

 g
i gg

i
g

Fitness X
Z








 

(19) 

Where Zi
g is normalized fitness of chromosome i   and 

Xi
g is the fitness of gth generation, also as g and g are 

mean and standard deviation of fitness values for generation 
g. 

E. Operators 

 Due to the matrix structure of the chromosomes the 
operators should be adapted with them, so the modified 
operators are as follows: 
Districted crossover- A block of parent's genes (Y or N) is 
selected and then all the selected elements are replaced 
together (in crossover) and changed (in mutation). 
Simultaneous districted crossover- A block of parent's genes 
Y and N is selected simultaneously and their elements are 
replaced together (in crossover) or changed (in mutation). 
The crossover and mutation operators with probability of 
0.7 and 0.4 are applied respectively. 

F. Repairing 

An infeasible chromosome will be created when the 
capacity of VMs and servers exceed the permitted limit so, 
genes should be changed so that surplus capacity be 
modified. The repair procedure is presented in Fig. 5. 

G. Stopping criteria 

 The process of GA stops when it reaches to maximum 
number of generations or current time exceeds the specific 
time. The pseudo-code of the proposed GA is given in Fig.5 
 

Genetic algorithm 
1 Initialize parameters K,G; 
3 Generate K feasible chromosomes Xi

g, Xj
g, …, Xk

g for the first 
population;  

4 Evaluate the solutions; 
5 For g ← 1 to G,, Do               
6 Select two chromosomes Xi

g, Xj
g  as parents through the given 

selection strategy;    
7 Procedure crossover operator; 
8 Procedure mutation operator; 
9 Procedure repairing;         
10 Evaluate the solutions;
11 Replace the new population Xi

g+1, Xj
 g+1, …, Xk

 g+1;
12 End 

Figure 6. Pseudo-code of proposed GA 

V. COMPUTATIONAL RESULTS 

To prove the validity of our proposed approaches, we 
compare the mathematical model and GA with First-come, 
first-served (FCFS) algorithm. With FCFS algorithm, tasks 
are assigned the resources in the order they request them. 
several small and large examples are randomly designed 
with t×m×k (tasks× VM type× servers) demotions. Details 
of VMs presented in Table I in accordance with Amazon 
EC2. The maximum number of tasks and servers for small 
and large problems are (t=5, m=5, k=3) and (t=20, m=15 
k=5) respectively. 

Table I VMs information from Amazon EC2 

VM type VM1 VM2 VM3 

Memory (GB) 15  17.1 7  

CPU (EC2 units) 8  6.5  20  

Storage (GB) 1690  420  1690  

 
Examples are solved as optimum (Mathematical model) 

with Lingo 9 software and near optimum (GA and FCFS) 
with MATLAB.R2010 programming language on a PC 
Pentium (R) Dual-core CPU with 2.50 GHz and 2GB RAM, 
using Win 7 as operating system. The results are presented 
in Table II. 

Table II Computational results for small and large sized problems  

 
Problem 

 
Lingo 

 
GA 

 
FCFS 

Gap (%) 
Lingo 
And 
GA 

Lingo 
And 

FCFS

GA 
And 

FCFS
Small-sized problems 

S.S.P _01 148.36 148.36 
242.23 

2.1 63.27 63.27 

S.S.P _02 152.92 152.92 
237.15 

2.3 55.08 55.08 

S.S.P _03 152.98 152.98 
250.01 

1.4 63.42 63.42 

S.S.P _04 148.18 148.18 
245.57 

1.2 65.72 65.72 

S.S.P _05 154.35 154.35 
243.6 

1.7 57.82 57.82 

S.S.P _06 151.66 151.66 
244.42 

2.5 61.16 61.16 

Repairing 
 Servers repair 

1 If the servers have been changed, then 
2 While equipped capacity of machine is less than total capacity in 

all servers 
3 Do Rearrange components based on their possibility of doing them 

on machines; 
4 End 
 VMs repair 
5 Else If the machine section have been changed, then 
6 While equipped capacity is less total capacity of servers  than zero 
7 Do Rearrange the  machines; 
8 End 
9 End 

Figure 5. VM and Server Repairing 
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S.S.P _07 148.96 148.96 
230 

1.5 54.40 54.40 

S.S.P _08 152.42 152.42 
241.12 

1.7 58.19 58.19 

S.S.P _09 148.13 148.13 
221.54 

1.4 49.55 49.55 

S.S.P _10 152.45 152.45 
222.36 

3.6 45.85 45.85 

Avg. 151.04 151.04 
237.8 

1.94 57.45 57.45 

large-sized problems 

L.S.P_01 907.02 895.28 
1162 

1.3 27.89 29.79 

L.S.P_02 920.84 877.42 
1157 

4.7 27.99 31.86 

L.S.P_03 924.30 902.16 
1167 

2.3 30.15 29.35 

L.S.P_04 909.39 898.09 
1204 

1.2 33.05 34.06 

L.S.P_05 910.04 890.48 
1173 

2.1 30.54 31.72 

L.S.P_06 910.85 877.28 
1197 

3.6 31.08 36.44 

L.S.P_07 921.22 897.69 
1201 

2.5 30.26 33.78 

L.S.P_08 900.91 876.94 
1159 

2.6 32.19 32.16 

L.S.P_09 906.53 879.96 
1163 

2.9 29.72 32.16 

L.S.P_10 928.39 899.05 
1213 

3.1 28.93 32.62 

Avg. 913.494 889.435 1179.6 2.63 30.18 32.39 

 
Table II is related to the comparison of Lingo, GA and 

FCFS for small and large sized problems. Column 1presents 
the problem IDs (S.S.Ps and L.S.Ps).the optimum solutions 
obtained by Lingo are resented in column 2. It is worth 
mentioning that for large sized problems (which cannot be 
solved optimally in reasonable time) column 2 presents the 
objective bound of lingo obtained in 2 hours. Columns 3 
and 4 present the solutions of GA and FCFS in 10 
independent runs. Also the differences between GA and 
Lingo in different runtime are presented in columns 5-7. 
Fig. 7 and Fig.8 show the average normalized objective 
values which obtained by Lingo, GA and FCFS for the 
small and large sized problems. As it can be seen the Lingo 
and GA Have better performance compared to FCFS. 
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Figure 7: Performance analysis of GA and Lingo with 

FCFS small problems 

0

500

1000

1500

Lingo (Obj bound)

GA

FCFS

 
Figure 8: Performance analysis of GA and Lingo with 

FCFS for large problems 

VI. CONCLUSION 

Data transferring and load balancing are significant 
challenges which must be considered in workflow 
management. For this purpose, this paper presented a new 
mathematical model based on group technology to handle 
these Challenges. Group technology is a resource allocation 
technique in industrial environments. The objectives of 
model are controlling the data transferring and server load 
variation as well as determining the optimal number of 
virtual machines simultaneously. Also a genetic algorithm 
has been proposed to solve the large scale problems that no 
optimum solution exists for them. 
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