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ABSTRACT

The process of reaching the limit of supermatrin ba considered as the accumulation of index effect
which is impliedly infected to the evolution of teaterprise architecture model. And then, the guliglu
increasing sequence step of supermatrix's powerbgareated as an indicator of interaction of the
indexes in the evolution strategy. With an ANP soprix, the influence of complex factors in the
evolution of enterprise strategy is researched dasethe architecture model, and an ANP analytical
method to parse the effective factors in the eumiudf enterprise strategy is put forward. We aphly
ANP analytical method of the influential factorsénterprise evolution strategy to the cloud migrati
evolution strategy of a business park system. Bgifig the key influential factors acting to improve
system development plan, the method proves tofbetiefe that it improves the cloud migration stopte

of enterprise information system, as well as adjtis¢ cloud resource consolidation towards a battdr
more balanced performance.

Keywords: ANP, supermatrix sequence, cumulativduarfce change, next key factor, enterprise
evolution strategy

1. Introduction

Enterprise architecture is as strategy (Ross, W&iRobertson, 2006). Enterprise architecture dessr
and defines an enterprise’s vision, target, orgditin, ability and roles, acting as a best guidéuto
enterprise evolution strategy into practice. Whia ANP model, we can build the business model, data
model, application model and technology model prigpeand evaluate the static overall enterprise
system.

Since the theory and method of ANP (Saaty, 1996 fivat systematically put forward, ANP has been
widely applied and researched in the business :assmomy forecasts (Blair, Nachtmann & Saaty,
2002), energy strategy plan (Ulutas & B.H, 200Byustrial management (Wolfslehner, Vacik & Lexer,
2005), etc. The successful applications of thepeds fully illustrate the effectiveness of apptyiaNP

to complicated multi-criteria decision-making in temprise strategy management. However, these
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decisions can only be effective at a certain tiroap The research of a scientific way to suppbg t
enterprise evolution strategy in the long run igstiheating up. Enterprise Architecture Analysigsi
AHP and Fuzzy AHP (Davoudi & Sheykhyand, 2011) jates an approach with AHP towards enterprise
architecture analysis. Research on the evoluti@ntdrprise clusters based on theory of MAS (Xu,&i
Shao, 2011) simulates the evolution of enterprigsters by a multi-agent model using the theory of
MAS and the AE model. Other papers, such as Rdseardlechanism of Enterprise Evolution Based on
Biological Evolution (Ye & Zhang, 2012) and Resdrnan Evolution and Evaluation of Construction
Enterprise based on the Dissipative Structure Thédan, 2012), try to analyze the enterprise evotut

in different fields.

This paper combines the enterprise architectureemsith Analytic Network Process(ANP) to build
enterprise strategy evaluation model, where Supecidibns tool is employed to facilitate ANP
supermatrix calculation. To explore the interattad complex factors in the enterprise evolutiosdsh
on the architecture model, we innovatively putHah ANP analytical method to resolve the influeone
enterprise development plan—ANP differential masquence analysis method. It takes the interaction
of systems and the gradual changes of influenaedntount. And eventually we can find out the key
direct and indirect factors that impact on a certfzictor at different stages of enterprise evohytio
solving the challenges and bottlenecks in the agweént of enterprises.

2. Differential matrix sequence analysis method based on ANP

The ANP initial weighted supermatri¥/ reflects the direct influence between elements, thiedlimit
supermatrix shows the final consequences of intierac between elements. These two matrixes
demonstrate the importance of each element intig state, including the initial state and the fiatate
of elements’ interaction. Hence the method based\N® is proposed to capture the change in the
importance of each index in the process from ih#tigpermatrix to limit supermatrix. Using this meth
the vector sequence including important elemenssdges can be obtained, and we label it as K(Rey{

factor in current stage , key directly influence factog, , key indirectly influence factog , key factor

in next stagee }. This sequence can be used for revising the egratevolution plan of enterprise.
Specific steps are as follows.

2.1 Obtain key element in initial stage

When ANP is used to address decision problemsa# the network structure with both internal
dependence and external dependence differing flamhterarchical structure in AHP. The element
preference rank, affected by the entire network, lsa obtained based on the importance of the velati
influence of other elements when a certain eleraets as a criterion. According to the limit statehe
influence between the elements in the ANP netwerk, take the limit supermatrix to calculate the
absolute order of the elements’ importance domiearfiche system.

The influence structure of ANP network containsetements’ external and internal periodic intexatti
which exists in all the supermatrix of differentwmr. Accordingly, the influence structure betweka t
elements is divided into the following two basicrfs in Figure 1.
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Figure 1. Element’s external and internal periadferaction.

ANP differential matrix sequence analysis metholll géit the same results from these two types oichas
structures; this paper will analyze and illustréte first structure by this method. The ANP limit

Supermatrix W~ reflects the overall result of total influence walhicontains the absolute rank of element

importance, antv® has the same column vectors. For a column vectan W, by observing the
maximum weight value, the key factor of the evantstrategic is found, and it will be treated asrednt
e, to be improved at the initial stage.

11

2.2 Obtain the key direct and indirect factor
The limit supermatrix shows the final result oflirghce transmitted by all the elements’ interaction
the ANP model. The valugy; in the weighted supermatrix denotes the dire¢tiénfce between elements

i and j, however, the indirect influence cannoidred. When the influence is transmitted fromedat
i to element j through all the possible single néddlement k, the sum of the indirect influence is

calculated asv® with its valuew’ =) w,w, . Similarly, W*defines the sum of the indirect influence
values when the influence is transmitted from elem&o element j through all of the possible k-iddie
elements, saW* is the direct interaction matrix in the k stage.

Analyzing the weighted supermatri¥ and the kth power of supermath¥ of the first ANP network
structure, they have the following forms:

0O 0 O 0 0 0
W=lw, w, 0 W<'=| w,'w, W, 0
0 W. | n-2 , -1
Wszz 22 Wop Wszz W,,
i=0 i=0 (1)
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The direct influence caused by the first stagelerhents’ interactions is implied in the initial frpatrix
W, and the kth power of supermatrix implies eleraedirect influence in stage k. For the elemenstdu
three, namely C3, the effects in different stagesshown as Figure 2 as below:
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Figure 2. Changed influence in different stage 3o(€luster three).

The sequence of power matrixes shows the itergtiweess of interaction. For the elements in theesam

column of matrix w* , each value represents the influence from theesponding element in row to the
element in column in the k stage, and the sum efvilues in each column is one. For the column j,

w, =maxw, represents the element which has the heavidsieirde on the elemenrt , named key

directly influence factor, ; w, = maxw, represents the element which has the heaviesteimfe on
g ; meanwhile it has the heaviest indirect influeona e , so we call it key indirectly influence factor.

The important elements unearthed from the matrikeduding the key factoe in current stage, key

directly influence factoe, and key indirectly influence factay, indicate the direction of current state.

These elements can be used to revise the entepbaisekey factor in current stage points out thiecal
point of current construction, and all the strateggsources should focus on this point; key diyectl
influence factor affects the quality of key constion point in the largest extent, and key indirect
influence factor similarly has the heaviest infloenndirectly on the key point, so both effectscomnrent
construction of the entire enterprise cannot beriga.

2.3 Approach improving factor in next stage by ANP differential matrixes sequence

We use the sequengew’ w?*,..- w* ... w* to study the gradual interaction of elementsluahce at
different stages. In the process of supermatriowegr gradual growth, the structure and weightshef t
effects in the ANP model changes in different phagend the process to get the limit supermatri,
includes the information of the superiority degré@she elements’ interaction. By the minus of one

supermatrix in the sequence to the adjacent supexmahich can be expressed ag/ =w"-w"" , we

analyze the changes of eleméntinfluence in supermatrixes which are in the seqaesrder. And we
can get the influence changes of all the elemenmta $pecific element in a certain stage intervgl, b
making the other elements as the criteria. Theuifitial matrix sequence is as follows:
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AW, =W? -W
AW, =W° -W?
—\A/4 /3
AW, =W* -W @)

AW, =W -W**

Taking the first ANP network model for analysis, a@mpare the supermatri%“ andW*™* to get the
difference value between them:

0 0 0
WH-W = (Wl2<2 W;;l)wzl W(zz W(zzl 0 ©)

-1
W32\N;2 W3l W3 22 O

For the element cluster of C3y*-W*" compares the influence in the K stage implied e t

supermatrix with the influence in the K-1 stagwlied in the supermatriwv*™ to find the influence
changes in the network structure, which is showedgigure 3:

element

@er two

—_ -1
Awg, = Wsngzd
AW = W, We 2w
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cluster three \ cluster one

Figure 3. Changed influence from current stageetd stage.

In order to make the analysis easier, taking eléemeas a criterion, there are influengg(C1) and
P,(C1,)between element€], C1 and A. So the dominance betweep(Cl) and p,(Cl,) can be
expressed by, (C1)< p,(CL), p,(CL)>p,(CL) and p,(CL)=p,(CL) whenpO[0,1] . In the
gradual process from the matriw/“™ to the matrixw* , the change of influence from elemat to
element A can be written ag,(c1) - The kth stage of influence from elemegi to element A is

expressed asi(Clj) . ApZ’l(Clj )=p, (C1)- p* (C1 )means the influence changed from stage k to stage
k-1. WhenSA(Clj)Dl:SZ'l(Clj ).S, C1 )] , we put all the other elements’ influence to daia element
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together, which reflects the changes of influenmmidant in the k-1 phase. Take element clustertBas
certain element.

Whens,, O] S5, St (4)

c3?

] Ap:(C3) = pg,(C3)- p (C3)=w,w,,*w,,
7] apti(e3) = pL(C3)- pC3)= wow
Then e =Ap;'(C) = max{ Apg, C,)Bp;, C,)e Aps, € )} (5)

Therefore, whers_ D[s:;‘,s;] , hamely in the transition to the next stage k, kby influence to element

C3ise =2p.(C), which has an maximum weight. It is the jth vedtothe matrixaw  =w" -w"*, and

it is the element to improve in next stage. Thenelet found in this method has a crucial influencelee
current stage’s key element in the gradual changhmogess. Namely it will play a key role in the hex
step in the construction of the enterprise, s@&ds to be taken into account in evolution plaa ksy in
next step of construction, and it can revise thaution strategy in next step.

2.4 Rank vector sequence of evolution scheme
Back to step 2, more vector sequences K(i) canch&aed, until the changes of influence are leas th
the thresholds . The reason why exists is obvious:w = p (i) 0[0,1] in the initial supermatrix W, so

we can get the result ofp.(C1) -~ 0 and Ap:'(C2) ~ 0 whens o[s”s'] and k—co. Using
AP [4,1] as the obvious scope of influence change judgetkbision maker , the schemes for evolution
can be worked out till reaching stage k. WhHgnJ[J,1] ands o[s,s] [s.s].-[s".s] , there are vector

sequences in different phases: K(1), K(2),...,K(k-Ihis sequence acts as the basis to develop the
evolution strategy which promotes the system peréorce.

3. A cloud migration evolution strategy for an enterprise

In this paper, we apply our method to a cloud ntigraevolution strategy of a business park infoiorat
system. Using this example, steps will be descrilmedetail about how to combine the ANP with
enterprise evolution to get a strategic roadmagifverprise development.

Before obtaining the metrics of evaluating the adey of system migration, we analyzed the business
process for the park system and established thetecture model. Then an ANP evaluation model for
the construction of private park cloud was builSuperDecisions. In the model, we only focusedhen t
interaction between evaluation indexes, but igndinedalternatives’ influence on the indexes.

The evaluation model extracted a total of 17 indeftem four aspects, so that we can evaluate the
adequacy of system migration comprehensively. W& ficquired the subjective preference information
from decision makers, and then constructed theesponding judgment matrix. The weighted
supermatrix and limited supermatrix were generatgdmatically from SuperDecisions. Thus we can use
them to produce an ANP differential sequence toeraakenterprise development process plan. The ANP
model is shown in Figure 4 as below:



By analyzing the limit supermatrix and cloud migpatsteps of the enterprise system, the elemeffit wit
maximum weight, namely data migration workload asirfd. It means that enterprise strategy should
focus on that factor at the initial stage. Follogvithe method mentioned above, next step is totfied
key direct and indirect influence elements for datgration workload in the weighted supermatrixeTh
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Figure 4. ANP model of system migration adequacy.

weighted supermatri¥/ exported from SuperDecisions is shown in Table 1.

Table 1. The weighted supermatwiof cloud migration

SVR AD ™ SD DMW RC
ART | 0.06227. 0.00448: 0 0.01291! 0.0282- 0.04157.
AT | 0.05541¢ 0.01174 0.04374. 0.02347 0.0655¢ 0.03800:
NL | 0.09448. 0.00256! 0 0.04265 0.09245. 0.03208t
DEC | O 0.02225. 0.08590: 0 0.05726! 0.0199:
SDS | 0.02249: 0.07785 0 0.07579 0.02546: 0.02069!
SRE | 0.03402 0.23358 0 0.21725 0.01032 0.04824
DPF |0 0.01112° 0.05671! 0 0.02863! 0.02989:
SVR | 0.02812 0 0 0 0.04722! 0.02179!
AD | 0.1027¢ 0.10854. 0.41713! 0.07400: 0.29968:! 0.0607¢
TM | 0.04746 0.00502 0.16263! 0.03373! 0.04082! 0.01341!
SD | 0.06870! 0 0.00704. 0.02132! 0.00755: 0.03038:
DMW | 0.1964° 0.0401 0.11931. 0.04790: 0.11502! 0.2620t
RC | 0.21567 0.00350: 0.03448. 0 0.12913! 0.15951
WC | 0.04923: 0.15973: 0.03294 0.16592 0.03943. 0.06066
HC |0 0 0.01233 0 0 0
SC |0 0 0.00868: 0 0 0
UD | 0.02284! 0.31947 0.01905! 0.28499 0.01314! 0.16094i
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Notel. ART = application respond time; AT = applica throughput; NL = network latency; DEC =
development environment convenient; SDS = serv@iwaty stability; SRE = service request error; DP
= deployment performance; SVR = SLA violation ra#&) = application dependence; TM = technical
maturity; SD=; DMW = data migration workload; RCresource constraints; WC = workloads change;
HC = hardware cost; SC = software cost; UD = ursgkdegree;

Note2. The row just contains the factors involvedhie discussion in the following content.

We get the maximum value in the column where the daigration workload is the criterion. It is the
applications dependence. It indicates that apjpticatdependence has the maximum direct influence on
the data migration workload initially, so we cdllthe key direct influence factor at the preseagst
Then, in the column which takes the applicationpetelence as criterion, the factor which has the
maximum value is universal degree. So, universgrate has the heaviest influence on the factor of
applications dependence. The influence transfefrech applications dependence to data migration
workload represents the indirect influence of urseé degree to data migration workload. So the
universal degree is called the key indirect infecefactor.

Now the key factor in stage 2 needs to be found featt this purpose, we should analyze the diffezenc
betweenW and W?. The matrixAW, =W? =W is shown in the Table 2 below. The universal degree
increases most in the column where the data migratbrkload is chosen as criterion.

Table 2. The supermatridW, of cloud migration.

SVR AD ™ SD DMW RC
ART | 0.00415! 0.01976! 0.00910: -0.0183: 0.0100¢ 0.00141¢
AT | -0.005: 0.03291 -0.0185¢ 0.00225: 0.030¢ 0.01792.
NL | 0.00602: 0.02967: -0.0515: 0.01863 0.02196! -0.0237:
DEC | -0.0618! 0.04482. -0.0500¢ 0.00464. 0.01555: -0.0264¢
SDS | 0.01279: -0.0519: -0.0071: 0.01609 0.01928: 0.01317.
SRE | 0.03734! -0.1942¢ 0.03984: 0.0455¢ 0.04326! 0.04370.
DPF | -0.0036! 0.02905! -0.0109¢ -0.0128t -0.0084 -0.0754¢
SVR | O 0.0387: -0.0348¢ -0.0107¢ 0.00821 0.00548:
AD | -0.3667. 0.1460:! -0.2375: 0.10033 0.16375! 0.05751
T™ | -0.1034( -0.0020¢ 0.001% 0.03134 0.04039- 0.03443
SC | 0.0007: -0.0061¢ 0.0357. -0.00¢ 0.0053¢ -0.0098:.
DMW | 0.24194 0.11612 0.17197 -0.1186° -0.1926: 0.00361.
RC | 0.01833! 0.13926. 0.00551. -0.0581!¢ -0.1111¢ 0.06229:
WC | 0.03071. -0.1194. 0.02762 0.02701. -0.0017: 0.03477.
HC | -0.0091. 0 0.00134 0.00140¢ 0.00118- 0.00237:
SC | -0.0062: 0 0.00094 0.00098! 0.00083- 0.00394!
UD | 0.20428- -0.2225¢ 0.11741. -0.0234! -0.0466! -0.1451:

Notel. The note of this table is the same as Thble

We can take previous steps to gain the crucialcatdr vector K (1) = {data migration workload,
applications dependence, universal degree, univdegree }. This indicator vector will be an inltia
stage guidance to plan the system evolution: Trgatie data migration workload as the current key
element, the enterprise can make reasonable planmggrate the system data into the cloud platform.
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Then it needs to distinct between public and pevdata to avoid repeated work of data migration;
Applications dependence acts as the most impodiaett influence factor to influence the curreny ke
index—data migration workload, and it plays a caldiole in the whole cloud computing system
construction . It is necessary to consider theabolfative characteristics of the migration of hjghl
dependent application system, avoiding to migraeaipplications with strong connections to eaclkergth
in order that coupling performance of the wholeteysis maintained at a high level; the universgrde

is a key indirect factors, acting as an importantilary role in construction, which needs to bargd
reasonably; finally, the universal degree is aleaed as a key factor to be focused on in the s&ge.
Considering the development in the long-term, thirent plan also needs to be carried out aroursd thi
element to ensure a smooth transition to the riages

K (2) = {universal degree, service request error, data tiogravorkload, universal degree}
K (3) = {universal degree, resource constraints, data nogratorkload, universal degree}
K (4) = {universal degree, data migration workload, appbcat dependence, applications dependence}

The sequence of important element vector of thevebaffers some tips for enterprise to make
development plan in different stages. One of themthat some elements, such as applications
dependence, appear repeatedly, illustrating thaeskey factors are considered to be the key poiat i
certain evolution phrase of enterprise system rtimraThe other is that some elements appear as key
elements in successive phases, such as univergaledéndicating that this kind of elements isicait to

the performance of the cloud migration in a longgesss and needs to pay constant attention to them.

By gradually extracting the sequence of importdatnent vectors K(x) (x=1,2,,9) to conduct the
enterprise development at different stages follgwiine steps above, we can identify the key goals to
establish enterprises evolution strategy .It wisedmbine the important elements in following pesas
with park business project, which can supplement @erfect the plan of cloud migration of the entire
park, and finally formulate a phased enterprisdwgian. The cloud migration evolution of the entésp

is showed in Figure 5.

@ universal degree @ universal degree =@ universal degree

data migration universal universal universal
workload degree degree degree
d ha d ¥ d h d -
applications universal Servicerequest datamigration resource datamigration || datamigration applications
dependence degree error workload constraints workload workload dependence

Figure 5. Cloud migration evolution of the businpask.

As shown above, in each stage, a target elemaithisd at; and the element which has the heaviesttdi
or indirect influence on the goal becomes the famfuguxiliary construction; Showing a biggest chaing
of influence to the goal in current stage, the eenwith a strongest changing power acts as thigébri
between two adjacent stages. So the planning sch&émext stage can work out referring to this bedg
Step by step, this scheme between 2 stages combirsesve as a guide to plan the enterprise syrateg
Other factors, such as policy, economy and businaskground, all need to be fully considered iditea
Only the key development trend of enterprise ifytgrasped can a strategic plan agreed with erserpr
be worked out.
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4. Conclusion and per spective

This paper starts from the structure of ANP andysmathe influence process of element interactmhead the
enterprise evolution. The key elements vector secpi@xtracted from the process of initial statéht limit are
used to improve the enterprise evolution stratédgghough the process of elements’ influence on eatbler being
discussed based on the matrix structure, its quoreting degree with enterprise development needseiuproof.
We will study further to explore the relationshigtiveen them.
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