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Abstract

In this paper, a three level resource man-
agement system for virtualized data center is
presented. Three levels are defined as vitrual
machine level controller (VLC), host level con-
troller (HLC) and central level controller (CLC).
When ideal resources are available, VLC and
HLC can perform resource management. In the
case of overloading or underloading condition at
a host, CLC manages resources by giving migra-
tion decisions. This paper presents an evaluation
model for the decision support of VM migration
in VDC based on the analytical hierarchy
process (AHP) and the technique for order pre-
ference by similarity to ideal solution (TOPSS)
under fuzzy environment. VM and target server
selections are multi-criteria decision making
problems. AHP isused for criteria weight consis-
tency checking and Fuzzy TOPSS is used for
final ranking. The numerical evaluation is con-
ducted to illustrate the utilization of the model.

1. Introduction

available on the physical server. But when it has
not ideal resources, overloading condition of any
resource dimension can occur at the physical
host.

Such condition can be handled by one of the
biggest advantage of the ability of migrating vir-
tual machines. In this case, the migration control-
ler needs to choose the proper VM to be mi-
grated and destination server at a time. For a
proper selection, the decision maker may need a
large amount of data to be analyzed and many
factors to be considered.

Because of the requirements of multi-level
and multi-factor features, so such difficulties can
be regarded as multiple criteria decision-making
(MCDM). The more criteria are considered, the
more computational overhead it can take. But the
insufficient number of criteria can cause ineffi-
cient decisions. Therefore, the decision maker is
needed to balance the trade-off between number
of criteria and the computational overhead.

In this system, data center level management,
namely, CLC takes the responsibility for deci-
sion support of virtual machine migration. Four
criteria are used for VM selection and six criteria
are used for target server selection. Several me-

Because of the advantage of server consolidgyggs exist for MCDM problems. Among them
tion, a variety of virtual machines are co-locatehyp and fuzzy TOPSIS are chosen in this paper.
on the same physical server and they serve a VRHp is used to check the consistency of the
riety of services including web services, file seryeignts of the criteria and TOPSIS is used for
vices etc. Some of the services of virtualized datgiternative ranking. Instead of original TOPSIS,
center (VDC) are CPU — intensive while otherg,zzy.TOPSIS is chosen in this model as it can
are RAM - intensive and so on [3]. Because Ofjeal with decision maker ambiguities, uncertain-
the dynamic features of workload increases ifies and vagueness, which cannot be handled by
VDC, remapping virtual resources to physicakyisp values. From the numerical evaluation, we
resources is required. Such workload increasgn see that the combination of AHP and fuzzy-
can be handled by increasing the resources all@pps|s can help the data center administrator
cated to a virtual server, if idle resources argyr gecisions of virtual machine migrations when



they are selecting the proper virtual machine and In [3], M.Tarighi presents a method to mi-
target server. grate VMs between cluster nodes using TOPSIS
The rest of the paper is structured as followsalgorithm to find the most loaded server. In their
Section 2 presents the related work of this papesystem, they combine the TOPSIS algorithm and
Section 3 is about the three level resource mafiizzy theory. In their first level of implementa-
agement controllers in virtualized data centettion, they order the physical servers and decide
Section 4 will explain about the backgroundwhich the most overloaded ones are. Then the
theory of central level management in virtualizegsecond level of operation starts by ordering the
data center. It will be followed by numeric cal-virtual machines. After completing the ordering
culation in section 5. Section 6 concludes thef two steps, then migration decisions are made

paper. References are shown in Section 7. to move the most overloaded virtual machines
from the most overloaded physical machines to
2. Related Work the least overloaded machine. But they did not

consider the consistency checking of the weights

This section presents the related work that if the criteria.
considered for resource management of virtua-
lized data center and virtual machine migrations3. Proposed Three-L evel Resource
Sandpiper [10] automates the task of monitoring M anagement Controllersin VDC
and detecting hotspots, determining a new map-
ping of physical to virtual resources and initiat-  This section describes the resource manage-
ing the necessary migrations. But Sandpiper dighent system we envision and its corresponding
not take into account the Complicated and uncekervices. The proposed System relies on a combi-
tain relationship between the system’s parameration of sub-processes that implement for three
ters.P.Paddala [9] presents their system as autgypes of controllers in a virtualized data center.
mated control of multlple virtualized reSOUrceSFigure 1 shows the proposed three-level resource

Auto control is a resource control system thagnanagement controllers that we visualize for a
automatically adapts to dynamic workloadyirtualized data center.

changes to achieve application service level ob-
jectives (SLO). The model estimator captures the S““*‘% info for ‘\\l‘”
complex relationship between application per- — e iy

C
formance and resource allocations, while the |[[% [
MIMO controller allocates the right amount of e ..
. . . . . VM cee
multiple virtualized resources to achieve applica- Host Host

tion SLOs.In online model estimator, they used
adaptive modeling approach to capture the confrigure 1. Architecture of three-level con-
plex behavior of enterprise applications. trollersin VDC

Jing Xu [4] proposed a two level resource

management svstem to dvnamically allocate re- Three-level controllers are considered in this
9 1t SYS ) dy Y system such as VLC, HLC and CLC. But in this
sources to individual virtual containers. It use

local controllers at the virtual container levetan %aper, we emphasize on the operation of CLC for

lobal troll ¢ th Ll Ithe decision support of virtual machine migra-
a giobal controfler at th€ resource pool 1eVel;, s \ve assumed that HLC inform CLC to car-
They used fuzzy logic and migration decision i

not consideredIn [11], VMware’s Distributed %y out necessary migration.

Resource Scheduler solves the CPU and memor . .

pressure byperforming load balancing dynami- 3-1. Virtual Machine Level Controller

cally. But VMware’s DRS cannot utilize applica- . ) ]
tion logs to have better placement decisions, VLC sits on each of the virtual machines

Moreover, DRS is only efficient for homogene-(VMs) for their purpose of detecting VM re-
ous virtualized environment. source usage at every time interval and forecast-




ing the required resource for the next time interreports that it is overloaded, CLC tries to find th
val. If the VM has not enough resource for the/M to be migrated. In this phase, CLC ranks the
next time interval, it demands for the additionaMWMs of the overloaded machines according to

requirement from HLC. their scores in descending order. The VM which
has the highest score is the most preferable one
3.2. Host Level Controller to migrate away. The next phase is to find the

appropriate target server. In this phase, the phys-
Every physical machine in the data center hasal machines are ranked in descending order.

their HLC to detect overload condition of theThe one with the highest score is defined as the
host and to solve the demands of the VLCs. HL@0st overloaded server and the lowest ranked
perform its operation by managing its physicamachine is the proper destined server for the
resource if they have ideal resources when VLO¥igrated VM. In the first phase of under load
are demanding. But at the condition of VLCscondition, CLC ranks the hosts to know which
request more than the existing ideal resourcesne is the least loaded server. And CLC finds the
HLC try to migrate some of its virtual machinestarget server for all of the VMs on the least
At the same time, HLC continuously monitorsloaded machine in its second phase and then tries
the host’s resource utilization and identifies apto shut it down. All of these approaches dome
propriate actions to remedy the situation whenby using the combination of AHP and fuzzy-
ever resource utilization values are too high of OPSIS methods.
too low.

4. AHP and Fuzzy-TOPSISfor CLC
3.3. Central Level Controller

4.1 AHP

CLC performs as the central management
unit of the whole data center. Whenever a host AHP is a process for developing a numerical
sends request message to migrate one or moresgbre to rank each decision alternative based on
virtual machines because of overloading condihow well each alternative meets the decision
tion, CLC determines which VM on that servermaker’s criteria. With the AHP, the objectives,
should be migrated and it searches a new servgiiteria and alternatives are arranged in a hierar-
to receive the workload. chical structure similar to a family tree. A hie-

In an overload situation, CLC determinesrarchy has at least three levels: overall goal of
which VM should be migrated away and then ithe problem at the top, multiple criteria that
chooses an appropriate target server. The targgéfine alternatives in the middle, and decision
server is the least loaded server that has suffiiternatives at the bottom. [6].
cient resources to host the VM. If such a server
does not exist, CLC suggests that a new servgry Fuzzy-TOPSIS
should be started up.

The operation of CLC on an under load con- ] ]
dition is a quite different from the way that is 1he TOPSIS method is a technique for
defined for the overload condition. In this case@rder preference by similarity to ideal solu-
all of the VMs from the underloaded server ardion [1]. The best alternative is the one that is
tried to move away. Appropriate target server§|ose$t to the ideal _solut|on and farthest from the
are needed to be found for each of the VM ofegdative ideal solution. Suppose a MCDM prob-
underloaded host. If a target server cannot JM with m alternatives, Al... Am, and n deci-

found unfortunately then the shutdown process &0n criteria/attributes, C1... Cn. Each altenti
stopped. is evaluated with respect to m criteria/attributes.

To solve the above mentioned cases. cLAll the values/ratings assigned to the alternatives

makes its operation via two phases. When a ho4th respect to each criterion form a decision
matrix denoted by X = (Xijhm W = (Wl... wn)



be the relative weight vector for the criteria [5].der. The relative closeness of the alternative A
General TOPSIS process with six activities isvith respect to PIS Vcan be expressed as:

listed below [2].

Activity 1 b7
Establish a decision matrix for the ranking. The™ ~ D; + D7

structure of the matrix can be expressed as fafyhere the index value o, lies between 0 and 1.

lows: f - f The larger the index value, the better the perfor-
. [ o ”‘] (1) mance of the alternatives.

[ 7
i @)

w The use of fuzzy set theory allows the deci-
ml mn . . ops .
Activity 2 sion-makers to incorporate unquantifiable infor-
Y . o _ mation, incomplete information, non-obtainable
Calculate the normalized ~decision matrixinformation and partially ignorant facts into deci-
R(=[n;]). The normalized values; is calcu- sion model. As a result, fuzzy TOPSIS and its
lated as: extensions are developed to solve ranking and
fij @) justification problems [6].
g
-..;""I—i 7]

i =

where j=1..mi=1..m 5. Numerical Evaluation of CLC

Activity 3 T K ical luati d th
Calculate the weighted normalized decision ma- 0 make a numerical evaluation, we used the
trix by multiplying the normalized decision ma- state information of the resource pool of a virtua-

trix by its associated weights. The weightedized data center that is presented in [7]. This
normalized value V is calculated as: resource pool has five physical hosts and each of

them has some virtual machines. As Table 1 in-

Vi = Wiy 3) dicates it has total 12 virtual machines. Accord-
wherew; represents the weight of tHegttribute  ing to the state information as shown in Table 2,
or criterion. we can see that physical machine 3 is the most
Activity 4 overloaded server. In this case, CLC need to per-
Determine the PIS and NIS, respectively: form necessary migration when HLC reports

U= I ety = (Mer vy ) (Mines |2 (4) about overloading condition.

where J is associated with the positive criteria i , ,
and J' is associated with the Negative criteria. | @l 1. Physical machines and associated

Activity 5 virtual machines

Calculate the separation measures, using the | Physical Machine Virtual Machine

dimensional Euclidean distance. The separatic | pp1y VM1, VM2

. . X

rqeasureﬂi of each alternative from the PIS is |\~ VM3

given als.— PM3 VM4, VMs, VM6, VM7

D|_+ = '\.IEI': 1|:'[,-I:-i. —_ '[,-J.-P:l‘, |:1,....m (5) PM4 VMS,VMQ, VMlO

Similarly, the separation measut™ of each |FM5 VMu, VM2

alternative from the NIS is as follows: Figure 2 shows the steps of main steps of
- lem . 2 CLC. In the first stage, alternative VMs of the

D = P v — v i=1,..m 6 ! et .
LTS Ljalvy =) ©) overloaded server and the criteria are determined

Activity 6 and the decision hierarchy is formed. AHP model

Calculate the relative closeness to the idea solif structured such that the objective is in the firs

tion and rank the alternatives in descending of€Vvel. criteria are in the second level and alterna
tive virtual machines are on the third level. Four



criteria are determined according to the data ce®;1 VM Sealection
ter's administrator experience and they are
shown in Table 3. In this resource pool, most of the servers are

. . . running CPU intensive applications. Therefore,
Table 2. Physical machines and their state  CPU usage percentage is the most preferable

infor mation criteria for the data center's administrator.
Physical | CPU% | RAM% | NET% | CPU RAM Network
Machine Clock Capacity | BW
Speed 511 AHP
PM1 15 32 13 2 2 100
PM2 o 2 ° ! 1000 The pairwise comparison matrix of the crite-
i& S L - R 100 ria is shown in Table 4. Priority vector and their
4 70 49 5 3.2 1 1000 . J
™ p p consistency check are shown in Table 5, 6 and 7.
5 53 70 1 2.4 100

The weights of the criteria are needed to be con-

Table 3. Virtual machines and their state in- sistent. For example, if criteria A is 3 times more

formation preferable than criteria B and criteria B is 2 time
Virtwal [ CPU% [RAMS% | NET% [ RAM more preferable than criteria C, then it can be
ke - T — assumed that criteria A is 6 times preferable than
e o 5 s criteria C. If it is not, inconsistencies occur. If
™3 | 6o 67 % |ogq they are not consistent, it will be affected on the
VM4 |54 56 (L rankings of fuzzy-TOPSIS as the contents of

priority vectors are used in the calculation of

weighted fuzzy matrix.

Stats inf formisEtion

Table 4. Pairwise comparison matrix

/

i C1 C2 c3 Cq4
: C1 1 3 5 2

| C2 0.5 1 2 0.5
: C3 0.2 0.5 1 0.5
| Cg 0.5 2 2 1

|

|

|

|

|

Table 5. Weighted pairwise comparison ma-

! trix
C1 C2 c3 Cy
| lll (&1 0.455 0.462 0.5 0.5
|
| I C2 0.227 0.154 0.2 0.125
| | DH Defining Hierarchy C 0.000 0.0 o1 o012
| PC Pairwise Comparison 3 -0909 077 - 125
| | weC Weighted Pairwise Comparison C 8
| | NPE Normalized Principal Eigen Vector 4 0.227 0.30 0.2 0.25
woe \‘ | R Consistency Ratio
: B q ™ | DMF Defining Membership Functions
| FEM Fuzzy Evaluation Matrix
| -m o4 WEM  Weighted Fuzzy Matrix H H : H
| } @ Closmemeotiion Table 6. Normalized principal Eigen vector
| -m -DR ] DR DefiningRank
"\ \ y Criteria Eigen Values
e —— =
C1 0.479
l Cz 0.177
Making Dacizi
re e C3 0.098
Cq 0.246

Figure2. Main Stepsof CLC



Table7. Values of Ap,y. CI.RI.CR

A_ =4.168 (Eigen Value)
CI = o.0561 (Consistency Index)

RI = 0.9 (Random Index)

CR = 0.062 < 0.1 (Consistency Ratio)

5.1.2 Fuzzy-TOPSIS

In this case, criteria 1, 2 and 3 are defined as
benefit criteria and criteria 4 is regarded as cost
criteria. Criteria 4, RAM usage by each VM is

defines as cost criteria because virtual machine
which has the lowest RAM usage is the optimal
virtual machine that should be migrated. The
more memory pages are used by the VM, the
more migration time it will take.

Weights of the criteria chosen for VM selectgp|e 9. Fuzzy evaluation matrix by linguistic

tion are consistent as shown in Table 7. Afte
then, ranks of the virtual machines are detel
mined by using fuzzy TOPSIS method. The tri-
angular fuzzy numbers related with these va
riables are shown in Table 8.

rylow  Low Tilol Low Medimn il Hightligh ey High

NS XXX

0.1 0.2 0.3 04 03 0.6 0.7 0.8 0.3 o

r variables
C1 C2 C3 C4
VM1 Low MolLow | Low High
VM2 Very Low | VeryLow | VeryLow | VeryLow
VM3 High High Mol High | Medium
VM4 Mol High |MolHigh |High Very High

Table 10. Fuzzy evaluation matrix by triangu-
lar fuzzy numbers

Figure 3. Membership functions of linguistic a C2 G [
var | a_bl es VM1 (0.1,0.2,0.3) (0.3,0.4,0.5) (0.1,0.2,0.3) (0.6,0.7,0.9)
VM2 (0,0,0.2) (0,0,0.2) (0,0,0.2) (0,0,0.2)
. Lo VM3 (0.6,0.7,0.9) | (0.6,0.7,0.9) (0.5,0.6,0.7) (0.4,0.5,0.6)
Table 8. Linguistics values and fuzzy numbers VM4 | (050607) | (050607) | (©607009) | (0811
Fuzzy MembershipRegions
Very Low (0,0,0.2) . .
Tow (01.02.03) Table 11. Weighted fuzzy maitrix
Mol Low (0.3,0.4,0.5) C1 C2 3 C4
Medium (0.4.0506) VM1 | (0:048,0.006,0144) | (0.053,0071,0.089) | (0.009,0.010,0029) | (0148,0172,0.22)
Mol High (0.5,0.6,0.7) VM2 | (0,0,0.096) (0,0,0.035) (0,0,0.196) (0,0,0.049)
High (0.6:07,09) VM3 | (0.887,0335,0.431) | (0106,0124,0.159) | (0.049,0.059,0.069) | (0.098,0.123,0148)
v g TP, ; .8) ')’ - VMg | (0239,0287,0335) | (0:089,0106,0.124) | (0:059,0.069,0.088) | (0:197,0.246,0246)
‘ery Hig| 0.8,1,1

Established Fuzzy evaluation matrix of alter
natives VM by linguistic variables is shown in
Table 9. Table 10 consists of the triangular fuzz
numbers which are equivalent of Linguistic va
riables. After the fuzzy evaluation matrix was
determined, fuzzy weighted decision table i
obtained. Using the criteria weights calculated b
AHP, the weighted evaluation matrix is estab
lished with Eq. (3). The resulting fuzzy weighted
decision matrix is shown in Table 11. Accordin
to Table 11, it is seen that the elements are b

longed to the closed interval [0, 1]. Thus, we can

define the fuzzy positive solution (FIPS,)And
the fuzzy negative-ideal solution (FINS,)Aas
¥7= (1,1,1) anc7= (0,0,0) for benefit criterion,
andv;= (0,0,0) anciF;7=(1,1,1) for cost criterion.

\

The distance of each alternative from dhd
D" can be calculated using Eq. (5) and Egq.
6).Then similarities to the ideal solution are
alculated using Eq. (7). The C®alues are
summarized in Table 12. Based on the; @4l-
ues, the ranking of the alternatives are made in
he descending order VM3, VM4, VM1 and
M2. If the weight of the criteria has not consis-
ency, the appropriate VM that should be mi-

t

ggrated can change.

Table 12. Fuzzy-TOPSIS result for D, D7 and CC;
Alternatives | D D G
VM1 2.997 1.018 0.253
VM2 2.979 1071 0.264
VM3 2588 1424 0355
VM4 2767 1241 0.309




Table 13. Weighted ranking Table 16. Weighted normalized pairwise com-
parison criteria

Rank Weighted CC; Weighted Rank
N 0355 VM3 C1 C2 C3 Ca Cs C6
N 0309 VM4 G 0.0327 |0.333 0.313 0.327 0.333 0313
3 0.264 VMz Cz 0.108 o.111 0.125 0.108 o.111 0.125
C3 0.065 0.056 0.063 0.065 0.056 0.063
4 0.253 VM1
Cq 0.327 0333 0.313 0327 0.333 0313
Cs 0.108 o.111 0.125 0.108 o.111 0.125
. ce6 0.065 0.056 0.063 0.065 0.056 0.063
5.2 Target Server Selection

The same steps of calculation are taken imable 17. Values of Ay, CI. RI. CR
target server selection. Six criteria are used fc=

this case as shown in Table 14. In this case, thri| = 6.0049
criteria, CPU usage percentage, RAM usage pe| “! 0.002
centage and NET usage percentage are defin| Rl 1.24

as benefit criteria and CPU cycle, RAM capacity | cr 0.002<0.1
Net BW of the physical host are defined as cost

criteria.

Consistency ratio of the pairwise comparison
matrix is calculated as 0.002 < 0.1. So the

Table 14. Criteria for target server selection weights are shown to be consistent and they are

Criteria Definition Type used in the selection process.

C1 CPU% Benefit

C2 RAM% Benefit

G NET% Benefit 5.2.2 Fuzzy-TOPSIS

Cq CPU Clock Speed Cost

S RAM Capacity Cost When Fuzzy-TOPSIS is used for the target
C6 Net Bandwidth Cost

server selection according to the collected data,
In this phase, the lowest rank is regarded abe final result is shown that Physical host 3 is

the least loaded server. Therefore, it is chosen #e most overloaded server and Physical 2 is the

the destined server for migration. The last threteast loaded server. Therefore, in this case Physi-

criteria are used as cost criteria because the-phyl host 2 is chosen as the destined server. Step

ical machine with the higher value of them isby step calculations by using AHP are shown in

capable for higher load. Most loaded server is ifable 19, 20, and 21.

the top rank and the least loaded server is defined

as the optimal server for migrated VMs. Step t?yl‘ablelg. Fuz

i ) zy evaluation matrix by linguis-
step calculations by using AHP are shown in

ticvariables
Table 15, 16, 17, and 18 .
G C2 C3 Cq Cs ce
5'2' 1 A H P PM1 Low MolLow |Low Mol High | Medium |Medium
PM2 VeryLow |VeryLow |VeryLow |Medium |Medium |High
Table 15. The pa”'W|$ Compariwn matrix for PM3 Very High | High Mol High |Medium |Medium |Medium
. . PM4 High Mol High | Very High | Very High | Mol Low | High
criteria PMs Mol High | High Low Very High | Very High | Medium
R e = S <6 Table20. Fuzzy-TOPSISresult for p:, b7 and Cc;
C1 1 3 5 1 3 5
C Alternatives D¥ Dy CG
2 0.33 1 2 0.33 1 2
PMu 3163 2.848 0.474
C3 0.2 0.5 1 0.2 0.5 1
PM2 3-235 2.794 0.463
C4 1 3 5 1 3 5 PM3 2.845 3164 0.527
Cs5 033 |1 2 0.33 1 2 PM4 3.034 2.976 0.495
c6 0.2 0.5 1 0.2 0.5 1 PMs5 3.161 2.849 0475




tion shows that the chosen criteria are suitable to

Table 21. Weighted ranking accurate migration decision. In the future, we
Rank Weighted CC, Weighted Ranks wou_Id like to complete our proposed for the op-
. o527 PM; eration of VLC and HLC contr_ollers. By_cpmbm—

; 095 s ing th_ese controllers harmoniously, efficient au-
S o PMs tomatic resource management system for the
virtualized data center will be developed.
4 0.474 PM1
5 0.463 PM2
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