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Abstract—Aiming at the problem of service performance
modelling, this paper uses ANN to establish the mapping
relationships between virtual machine resource status and cloud
service performance, and proposes an I-ABC-ELM method to
train ANN. For the stability problems of the ELM training, this
paper proposes the use of I-ABC algorithm to optimize the input
layer weight matrix and hidden layer bias in ELM. At the same
time, a new method called I-ABC to solve the defect of the local
optimal solution of the artificial bee colony algorithm is
proposed. Experiments show that I-ABC-ELM greatly improves
the prediction ability and stability.

Keywords—service performance, Cloud resources, ELM, I-ABC-
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I. INTRODUCTION

Cloud resources take the pay-as-you-go model, so it is
necessary to estimate the service performance as accurately as
possible under a given resource in order to provide cost-
effective services to meet user’s requirements. Therefore, how
to model the mapping relationships between the resources and
service performance has become the hotspot of the current
research.

Many researches show that the application performance and
allocation of resources are often not linear relationship!'’.
Many researchers use artificial neural network(ANN) to solve
this problem*!. Extreme Learning Machine (ELM) " is a
training algorithm for the Single Hidden Layer Feedforward
Neural Networks (SLFNs). In the learning process of ELM,
the input layer weight matrix W and hidden layer bias B are
generated randomly, and the number of hidden layer neuron L
is specified, which will affect the learning efficiency and
generalization ability and stability of ELM!"). Therefore, some
researchers propose that the combination of intelligent
algorithm to optimize the ELM training process"®. Artificial
bee colony algorithm (ABC) is a global optimization
algorithm based on swarm intelligence innovation proposed
by Karaboga®. This paper uses the ANN to model the
mapping relationship between the virtual machine resource
status and service performance, the model considers the static
and dynamic attributes of the virtual machine resources of the

process. The ABC algorithm has "premature" convergence
limitation!"”. In order to improve the diversity of nectar, to
avoid premature which can lead to fall into local optimal
solution, this paper proposes a new method called I-ABC
based on artificial immune algorithm.

II. SERVICE PERFORMANCE MODEL AND CONSTRUCTION

A. Service Performance Model

This paper uses the response time as a measure of cloud
service performance. In order to shield the difference between
different users’ location and network performance, the service
response time is defined as the time from the service request
entering the service to leave the service. Response time is
influenced by virtual machine resources status. The resources
of the virtual machine are fixed, so this paper calls it the static
attribute. The resources usage is always changing, so this
paper calls it the dynamic attribute. The resource status of a
virtual machine is represented by the static and dynamic
attributes of the resources.

Definition 1. Virtual Machine Resource Status (VMRS).
VMRS is represented by a ten tuple:

VMRS=<CPU, RAM, BW, HDD, CPU _U, RAM U,
NT I, NT_O, I/O_R, I/O_W>,

where, CPU, in general situation, adopt unified
measurement (such as MIPS) to convert different architectures
and computing power of CPU to CPU with the same
computational capability; RAM represents memory size; BW
represents bandwidth; HDD represents hard disk storage size;
CPU U represents CPU utilization; RAM U represents
memory utilization, N7 [ represents net inflow rate; N7 O
represents net outflow rate; /0 R represents disk read; /O W
represents disk write. The resource status is determined by the
actual value of each attribute at a certain time.

Definition 2. Resource status and service performance
mapping relationship model (R 7 VMRS). R T VMRS is
represented by a four tuple:

R T VMRS =<S, VMRS, T, A>,

where, S represents service; VMRS represents resource

status of virtual machine of S; T represents service response

influence on service performance. And put forward by ;m;; VAA/[R ;ep resents mapping - relationship - VMRS—T  of
combining ABC with ELM, to optimize the ELM training ~ — — '
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The ANN model of service response time and resource
status mapping relationship is shown in figure 1.

Resources Status Service

Response

Input Layer Output Layer

Hidden Layer

Figure 1. The ANN model for mapping relationships between service
response time and resource status

In Figure 1, the input layer represents the resources status,
and each neuron represents a resource attribute. The output
layer neuron T represents the service response time. g(x) is a
hidden layer activation function. b;...b; is the hidden layer
bias. @);is the input weight matrix that the input layer and the
hidden layer are connected. S is the output weight matrix that
the hidden layer and output layer are connected, it is obtained
from the input weight matrix and the hidden layer bias.

Based on the R_T VMRS established for each service, the
service response time can be predicted according to the
current virtual machine resource status.

B. R T VMRS Construction

In this paper, an improved ABC algorithm is combined
with ELM in order to optimize the relevant parameters in
ELM, which is called I-ABC-ELM. The main idea of the
algorithm is using the improved ABC algorithm to optimize
the weight matrix w and hidden layer bias b to get the optimal
Wyest and By, and then calculated the Sy, in order to
establish the model of the relationship between resource and
service performance based on [-ABC-ELM, and to predict the
service response time based on R_T' VMRS.

The optimal W, and By, are generated by using artificial
bee colony, the advantage of the connection weight matrix wy
and the hidden layer bias b;...b, are evaluated by the root
mean square error of the test results. The smaller the root
mean square error of the W and B, the better are. The root
mean square error is calculated by using the formula 1.

n —_ _ ] 2
Accuracy = /zl(e—e) (1)
n

In formula 1, ¢ means evaluation result that according to
the i” data in the training set evaluated by the ELM algorithm.
¢; is the result of the actual evaluation of the i" data in the
training set, n is the number of training samples.

Therefore, this paper takes the selection problem of weight
matrix ¥ and hidden layer bias B as an optimization problem,
the target is to choose a configuration that makes the root
mean square error of the test results minimal from £ different
configurations of the weight matrix # and the hidden layer
bias B configuration. The objective function of the
optimization problem is shown in formula 2.
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=12k (2)

Min(F(x)) = Min( Accuracy,) =Min(. \/m )
n

In the formula 2, Accuracy;is the root mean square error
that evaluated by ELM training through the /" weight matrix

W and the hidden layer bias B configuration. ¢/ means the
evaluation result according to the /" configuration of weight
matrix W and hidden layer bias B for the i data in the training
set evaluated by the ELM algorithm. & means the number of

configuration of weight matrix /# and hidden layer bias B.

II.R T VMRS CONSTRUCTION ALGORITHM BASED ON I-
ABC-ELM

A. Algorithm Design

1) The I-ABC Algorithm

Due to the existing “premature” convergence defect, this
paper improves the ABC algorithm using the principle of
artificial immune algorithm. By the similarity degree between
the nectar sources, we can determine the diversity of group.
The density of nectar sources v means the proportion of
nectars same as v or similar to v in the whole population. In
the process of selecting the employed bee using roulette
method, reduce the selected probability of nectar source with
higher density to improve the diversity of employed bee.

The similarity between two nectar sources v and w is
calculated by ay,,=|H,.|, where, the H,, represents the
Euclidean Distance of v and w. ay,, ,, = 1 indicates that v and w
are completely the same. The density of v can be calculated by
formula 3.

N 1 when ay,  2>Tac
Cv = i z acv w acv w = yh“
N w=l1 ' ’ O

where, Tac is a pre-set threshold.

Count the top M nectar sources by density and mark as
nectar source /, 2... M. Set density of all the M nectar sources
as (1-M/N)/N and other (N-M) nectar sources as (1+M*/(N*-M
)N, among them, N is population size, /<M <N, the sum of
all nectar sources density probability is 1(That is Mx(1-
MIN)/N + (N-M) x (1+M*/(N*-M*))/N = 1).

The chosen probability of nectar source v is determined by
fitness probability p, and density probability p, ,which is
shown by formula 4.

p=Ap,+1-D)p, 4)

The fitnessof netcar source v

3)

else

where, p, = ,0< A<,

Thesumof allthenetcarsources' fitnessinthecolony

According to the nectar source information that shared by

employed bees, and based on the probability calculated by

formula 3.2, onlooker bees use roulette method to choose an
employed bee to follow.

2) Individual Encoding Design

ABC algorithm can’t directly solve the parameters of the
ANN. We need to convert the parameters into the data that
can be used in ABC algorithm. This paper uses the real
number encoding method. At first, the initial population is
generated. Each individual is a combination of the input layer
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weight matrix and the hidden layer bias value. The specific
encoding way is to convert the two-dimensional matrix of the
input layer weight matrix and the hidden layer bias value into
a one-dimensional matrix, that is @ ={w;, wp,... Wiz, Wi,
Wree o Wor, oo Wyiy Wyoeo o Wy, ...b], bz,...bL, } Among them,
the input weights and hidden layer bias values are both real
numbers between [0, 1], L is the number of input layer
neurons, which is set as 9 in this paper.

3) Iterative termination condition

In this paper takes the maximum iteration number as the
iterative termination condition.

B. I-ABC-ELM Algorithm

The I-ABC-ELM algorithm to learn the parameters of
R T VMRS is shown as below.

Input: Benchmark Training Set 7r, Testing Set Te,
population size N, maximum iteration number MaxGen,
critical times /limit.

Output: ANN input layer and hidden layer connection
weight matrix W, and hidden layer bias By,

S1: Set the counter of iterations iter=0.

S2: Initialize the population randomly.

S3: Decode the solution from step S2, get Wand B, use Tr
to train by ELM.

S4: Calculate each solution’s fitness using formula 2.

S5: Population evolution, set iter as iter+1.

S6: Get into employed bees search stage, generate
candidate nectar sources.

S7: Decode the solution for each candidate nectar source
from step S6, get W and B, use Tr to train by ELM, and
calculate the fitness of each solution using formula 2.

S8: Take the greedy selection method to update the solution,
if the new fitness is better than the current solution, then
updates the current solution.

S9: Calculate the selection probability for each solution
using formula 4.

S10: Get into Onlooker bees search stage, take the roulette
method to choose followed nectar source and then generate
the candidate nectar sources.

S11: The same as step S7.

S12: The same as step S8.

S13: Get into Scout bees search stage, if the [limit
consecutive generation of nectar sources have not been
updated, then generated new solutions randomly. Decode each
new solution, get W and B, use Tr to train by ELM, and
calculate the fitness of each solution using formula 4.

S14: Update global optimal solution.

S15: If iter is equal to MaxGen then gotp step 16, otherwise
go to step SS5.

S16: Decode the optimal solution, and output the best W
and B, i.e. W, and By,

IV.EXPERIMENT ANALYSIS

A. Experiment Data

In this paper, we get the data through the cloud platform,
and assume that each virtual machine is running only one
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service. This paper pre-set ten kinds of virtual machine
resource static attribute allocation assignment, and simulate
six kinds of distribution types of concurrent user access
frequency: Poisson distribution, uniform distribution, mutation
distribution, increasing distribution, decreasing distribution,
random distribution, so as to simulate the different virtual
machine resource load (i.e. different value of dynamic
attribute). We produced 100 data for each assignment and
each distribution, and totally obtained 6000 experimental data.

B. Determine the neuron number in the hidden layer

The neuron number in the hidden layer of ANN may
influence the ability of the model to predict. In this paper, try
to find the hidden layer neuron number corresponding to the
best prediction result. 75% data set is used as training data and
25% as test data. In order to prevent the random, we take the
average value of 20 times. Experiment results for different
numbers of neuron are shown in Figure 2.

0.07

WH

——ELM

—8—|-ABC-ELM

12 13 14 15 16 17 18 19 20 21 22 23

The number of neuron

Figure 2. The root mean square error of different numbers of neuron

As shown in Figure 2, the effect of -ABC-ELM is better
than that of ELM due to the improvement of -ABC-ELM. At
the same time, with the increase of the number of neurons, the
prediction response time error of the ABC-ELM training
model is gradually stable, and the root mean square error is
the lowest when the neurons number is 20, while the ELM is
not. The neurons number is set as 20 in the following
experiments.

C. Determine the iterative termination condition

The iteration number of the algorithm influences the
optimization efficiency. Experiments are done for different
ratios of data under different iterative termination conditions
and get the prediction result of services response time. The
seven curves in Figure 3 represent the different root mean
square error of different sizes of training sets while the
iteration number respectively is 25, 35, 45, 55, 65, 75, and 85.
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The root mean square error

50% 55% 60% 65% 70% 75% 80%

The size of training set

Figure 3. The root mean square error of different iterative termination
conditions
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From Figure 3 we can see that for each iteration condition,
the error decreases gradually and tends to be stable with the
increase of the training set. Through the experiment, it can be
seen that when the iteration number is limited to 55, it has
achieved good results, and when the training set size exceeds
70%, the training effect tends to be stable.

From Figure 4 it can be seen that the training time increases

with the increase of the training set.
1800
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0
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50% 55% 60% 65% 70% 75% 80%

The size of training set

Figure 4. The training time of different iterative termination conditions

From Figure 3 and 4, when the iteration number is limited
to 65, it not only has a good prediction effect, but also has a
short training time, and when the training set size is 70%, the
training effect tends to be stable.

D. Comparison of I-ABC-ELM, ABC-ELM and ELM

This paper makes the comparison experiments of I-ABC-
ELM, ABC-ELM and ELM. The iteration number is set as 65
based on the results of Figure 3 and Figure 4. The
experimental resluts in different training sets are shown in
Figure 5.

——ELM

~—ABC-ELM

I-ABC-ELM

The root mean square error
-
2
S

50% 55% 60% 65% 70% 75% 80%

The size of training set

Figure 5. The prediction results of I-ABC, ABC-ELM and ELM

From Figure 5 we can see that the prediction results of I-
ABC-ELM are better than that of ABC-ELM and ELM.

V. CONCLUSION

Aiming at the problem of the relationships between
resources and service performance in cloud environment, this
paper presents a model of resources and service performance
mapping relationships based on considering the static and
dynamic attributes of virtual machine resource, and proposes
to use I-ABC-ELM for optimizing the parameters of ANN.
Experiments show that the method has high prediction
accuracy and stability.
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