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ABSTRACT

Service-oriented architecture (SOA) is a computing paradigm uses the
services as basic building blocks to enable rapid and flexible development
of software. In order to reduce the administration cost, it is desirable to
integrated deploy tightly related service components based on certain
application-specific rules such as global resource utilization policy or
proximity. In this paper, we formulate an integrated deployment problem
of multiple service applications in terms of intra-application and
inter-application requirements. An efficient algorithm is developed to
solve the integrated deployment problem.

Keywords: Service deployment, SOA, Web service.



CONTENTS

BB s I
ABSTRACT ... 1
CONTENTS ..ottt et aereenas i
LIST OF FIGURES. .........o ot v
CHAPTER 1 INTRODUCTION.....c.ccccoiieieiieeese e 1
CHAPTER 2 SERVICE DEPLOYMENT PROBLEM.................... 3

2.1 DEPLOYMENT STRATEGY ..eoiitiiiiiiieiiieiiiesiesssieessinessssessssessnsessssens 3

2.2 SINGLE APPLICATION DEPLOYMENT ...cvviiiiiiiiieniieesiiee e siee e 4

CHAPTER 3 INTEGRATION OF DEPLOYMENTS OF

MULTIPLE APPLICATIONS. ... 6
3.1 DEPLOYMENT MATRIX tiiitiiiiiiasiiiesiiesiieesseessieessinesssneesnsesssessnseeas 6
3.2 INTEGRATED MULTIPLE APPLICATION DEPLOYMENT PROBLEM 8

CHAPTER 4 INTGRATED MULTIPLE APPLICATION

DEPLOYMENT ALGORITHM ....ccoii e 11
4.1 UNIFIED GRAPH ...oiiiiiiitiieiiiie sttt stee ettt 11
4.2 MULTIPLE APPLICATION DEPLOYMENT ALGORITHM .....ccuevnee. 13

CHAPTER 5 CONCLUSION REMARK ......cccoviiiiiiiieeeieieen, 19

REFERENCE ...t 20



LIST OF FIGURES

FIGURE 1. AN SDG WITH 8 SERVICES AND A COLLECTION OF
DEPLOYMENT ITEMS (Ng,Co) , (N1, C1) , (N2,C2) vvvevreeeiiieeiieeenens 3
FIGURE 2. DEPLOYMENT MATRIX OF SERVICES G = (G® | G®)
AND NETWORK S =(Sg, S1, Sp): (A) DEPLOYMENT MATRIX FOR
GY AND G@, AND (B) DEPLOYMENT FOR H « cvrovvreveeeeesessensenns 7

FIGURE 3. (A) R-GRAPHS H AND H®, AND (B) THE UNIFIED

BRAPH  H e oo 8



CHAPTER 1 INTRODUCTION

As the conversional application development suffering from flexible
software requirements, service-oriented architecture (SOA) adopts the
strategy to break monolithic applications into small and reusable
components, called services. Using services as basic building blocks,
SOA enables rapid and flexible development of applications in
heterogeneous environments. In the SOA system, a service provider is a
person or organization that maintains a pool of service instances reside
within computer hosts. A directory service (e.g. UDDI standard [12])
provides a publicly platform for service providers to register their service
descriptions (in the form of WSDL [14]) which describe the
functionalities of the services formally. By discovering the service
directory, an application can locate and bind to the service instances
dynamically regardless of their physical locations [15]. Consequently,
services can cooperate and interact in a loosely coupled manner and thus
enabling flexible composite applications that span organizations.

When building an application comprised of service components,
performance could be enhanced if the services are deployed to the
computer hosts based on certain rules. For example, two highly
interactive services are usually deployed to the hosts proximately. In [2,
17], the previous proposed algorithms solve the minimum cost
deployment problem for deploying the service components for a single
web application. This problem is referred to as the single application
deployment problem in this paper. Recently, the researchers [17] showed
that the service deployment problem can be solved by using the existing
network flow algorithms [1, 3-6, 8, 16, 17].

This paper investigates the problem of deploying N distinct applications
over a tree-structured network with (M + 1) hosts. With the previous
algorithms, these N applications are deployed individually since the
integration among deployment strategies of applications are not
considered. This paper proposes the notion of inter-application
integration which is regarding to deploying different service applications
in SOA system integrated. A collection of services (may be used by
different applications) but utilizes the same type of resources are
deployed in a bundle in order to reduce the administration cost. This
paper develops an efficient algorithm that finds the minimum cost
deployment strategy satisfying not only the single-application
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requirements but also the inter-application integration requirements.

The rest of this paper is organized as follows. In Section I, we review
the basic service deployment problem with single application. Section I
discusses the integration of multiple application deployments. Section 1V
discusses our service deployment algorithm based on the properties given
in Section I11. Finally, conclusions are discussed in Section V.



CHAPTER 2 SERVICE DEPLOYMENT PROBLEM

2.1 Deployment Strategy

51

30

Figure 1. An SDG with 8 services and a collection of deployment
items (ng,Co) , (N1, C1) , (N2,Cy).

A service application (or application) is composed of a set of service
components which interact based on certain application rules. An
application is modeled as directed graph G = (V, E) called SDG (service
dependency graph), where each node a < V refers to a service and each
link (a, b) E refers to the dependency relation from service a to b. Node
(i.e. service) a is called a predecessor of node b (and b is called a
successor of a) if edge (a, b) e E. The set of predecessors of node set X

(X < V)isgivenby pred(X,G)={a|a—>b,b € X,a ¢ V }. Nodes

without predecessors (or successor) are called initial nodes (or target
nodes) and are referred to by I (or T). We assume that the dependency
relation induced by E is acyclic.

The transcoding [11, 17] is an important technique to reduce the cost of
deploying service components. A transcoding operation is a client-side
computation process to construct a service component from the
information of its predecessors. The cost of deploying a set of service
components can be reduced by taking the trade-off between direct
transmitting and client-side computing.
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The SOA system consists of M + 1 hosts (Sp, S;, . . ., Sm) that provide
host environment for managing and executing the service components.
The hosts in SOA system are organized in a tree structure of which s, is
the root and s, (I > 0) are client hosts.

In SOA system, deploying a service component is to deliver the
execution result of the service to a designated computer host. A tuple (ny,
cy) is called deployment item if it is a pair of sets satisfyingn, ¢ V, ¢k <

Vand ng, ~n ¢ = ¢. A deployment item defines three possible ways for

deploying nodes:

® Nodes in ny are referred to as N-nodes and are deployed to s, via
direct network transmission from sy to s.. That is, an N-node is
executed in S, and the execution result is then sent to s,.

® Nodes in ¢ are referred to as C-nodes and are deployed to s, via
local computation in host s,. That is, a C-node is executed by
client host s, locally.

® Nodes in V \(ny, ~ c) are referred to as O-nodes. They are not

involved in the application deployment.

An example of SDG and deployment item is shown in Figure 1.

For each node in SDG there are two costs defined on it: the cost of
transmitting the execution result of service a from host sy to host sy,
denoted by net(a, So , Sx), and the cost of computing a in host sy, denoted
by comp(a, sy). The cost of deployment item (ny, ¢y) is defined and
denoted by

cost(ng, C) = 2 net(a, so, k) + 2 comp(a, Sk)
aenk aECk

2.2 Single Application Deployment

A deployment strategy consists of a collection of deployment items, one
for each host in the SOA system. For simplicity, deployment strategy is
also called deployment hereinafter. Not every collection of deployment
items is feasible. For example, client host s, can not compute node b
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unless all the predecessors of b are available in s,. There are two ways to
make a node x available in client host s,. First, x is computed by the
server s, and the execution result is then transmitted to sy. Alternatively, x
can be also computed by s, when the predecessors are available are sy.

Definition 2.1 defines the deployment strategy for a single application
formally.
Definition 2.1 (S-Deployment): For SDG G = (V , E) and
tree-structured network S =(Sy, S1, . . ., Sm), the vector of items ((ng ,
Co),(Ny,C), ..., (nm, cy) forms a deployment strategy if the
following properties hold:
® (Initialization) For root host sp, Ny = 1.
® (Integrity) For client hosts,n, < (np » ¢), 1>0.
® (Consistency) For each host s, item (n, , c¢) satisfies
condition pred(cy, G) < (nk v ),k > 0.
® (Fulfillment) All target nodes are required to be available in
clienthost,i.e. T < (n; U §),1>0.
The above deployment strategy is called a S-deployment for the
single SDG G.

In Figure 1 the deployment items form a valid deployment strategy
since all the properties in Definition 2.1 are satisfied. The minimum cost
S-deployment problem is to construct a deployment((n, , ¢o) , (n; ,
Ci),...,(Nw, cn)) in terms of SDG G and tree network S such that the

total cost Y cost(ny, ¢) is minimized.

Assume that an n-node-m-edge SDG G to be deployed over the
tree-structured network S with (M + 1) hosts. The minimum cost
S-deployment problem in terms of G and S can be solved in time O(nmM?
log((nM)*/mM)) by reducing the problem to the well-known maximum
flow problem [2, 4, 6-10, 17].



CHAPTER 3 INTEGRATION OF DEPLOYMENTS OF

MULTIPLE APPLICATIONS

The SOA system usually accommodates and operates a large number of
applications. Deploying applications individually could cause irregularity
of resource distribution and access to the SOA system. In order to reduce
the administration cost, it is desirable to deploy a collection of services
accessing same resource into the same host. This section defines the
problem of integration of multiple application deployments.

3.1 Deployment Matrix

We use the following notations to refer to the SOA system with
multiple service applications:
o {GY G? ... G™}isthe set of SDGs each represents an
application. Foreach1 < i < N, G” = (v © E®Y). We use

Vv to refer to the set of nodes U V@Vin all the SDGs.

® S={sy,S:,...,Su} Isthe tree-structured network.

For N applications, there are correspondingly N deployment strategies
each consists of M + 1 deployment items. The collection of these items
forms a matrix as denoted as follows:

® (n® , ") is adeployment item in terms of application G

and host s,.
® Disan N x (M + 1) 2-dimensional deployment matrix of

deployment items(nS) : Cii))’lg I <N and 0< k <M.

® The target T is the set of target nodes in application G®.
® | denotes the initial nodes of application G®.
Figure 2 (a) illustrates a 2 x 3 deployment matrix D for the SOA
system with applications (G, G®) and tree-structured network S = (s, ,
S1, Sp). In this figure, dashed-border areas stands for deployment items.

For example, (1 , ¢), (p® ™) (Y %)) forma

1 2

deployment for application G®. It can be seen that this deployment is
6



valid as both the consistency and integrity property hold. The integrity
property holds since the N-nodes required by client hosts s; and s; are all

available in root host s, (i.e., nf) c (nénucél))and no <

2

@

(ny’ vy )

Figure 2. Deployment matrix of services G = (G, G®) and network S
= (So , S1 , S2); (a) Deployment matrix for G and G®, and (b)

Deployment for H.



3.2 Integrated Multiple Application Deployment Problem

The SDG only represents intra-application dependency relation while
lack of correlations among different applications (e.g., views in data
warehouses [A27]). In the proposed new problem model, we assign each
service (i.e. node) in SDG a type attribute. A collection of service
instances (may be invoked by different applications) requiring a same
type attribute are deployed as a bundle in order to reduce the
administration cost. This paper assumes that each service is associated
with only one attribute. Practically, services accessing more than one type
of resources are common. This case can be solved by iteratively
decomposing the service until it becomes atomic, i.e. with only one type

attribute.

Among SDGs, a set of nodes with same type attribute are treated as one
complex node, called R-set, defined in Definition 3.1.

H('l)

6
(A —>b)—>d)
e

7 Y
H'\< R-node

(a)

Figure 3. (a) R-graphs H® and H?, and (b) the unified graph H .



Definition 3.1 (R-set): A set of nodes in SDG group (GY |,
G@ ..., ™) with same type attributes forms a R-set. The
collection of all R-sets is denoted by %. For a node set A (A <

v ), the set of R-sets covering all elements in A is defined as RS(A)
={r[Any = ¢, r € R}
Precedence relationship between R-sets » and » is defined based on
rule: Relation » — » holds if and only if for any pair of nodes a €
yand b € » ,(a,b) € E? forsome i. Furthermore, relation »
~— y s atransitive relation defined by rule: y ~— » ifandonly if

1) y » 7 ,0r(2 » > y”and y”— y forsome 5.

Figure 3 illustrates two SDGs and R-sets among nodes. In this figure,
different attributes of nodes are distinguished by different characters, and
R-sets are marked by using gray areas. As this figure illustrates, each
node with unique type attribute forms a singleton R-set. Therefore, the

collection ® forms a mutually exclusive partition on Vv since each

vertexin vV is mapped to one R-set and the mapping is onto.

Deployment of Multiple Applications: Now we are ready to give the
formal definition of deployments of multiple applications.

Definition 3.2 (M-deployment) :

Given application group G = (G% , G¥, ..., G™) | and
tree-structured network S = (so , S1, S2) , and N x (M + 1)
deployment matrix D is an M-deployment in terms of G and S, if
the following integration properties hold:

e (Intra-application integration) Each row D" is a valid

S-deployment in terms of application G and network S.
® (Inter-application integration) For each column Dy, the
9



following property holds for each pair of applications G
and G

RS(n) n RS(n?) = ¢

In above definition, the intra-application integration states that each
row DY in matrix D refers to a valid deployment for application G®,
while the inter-application integration states that the services among
different applications are deployed on an R-set basis. In other words, the
services with same type attribute must be deployed to the same host sk
with same deploying type (N-node or C-node).

An example of deployment matrix with 2 services and 3 hosts is
illustrated in Figure 2. It can seen that the strips DY) and D are valid
deployments for SDGs G™ and G®, respectively. The inter-application
integration property can be easily verified for each column strip Dy, Dy,
and D,.

The cost of an M-deployment D is defined as the sum of costs of
deploying all the applications:

cost(D) = >, 2, cost(p® . ) (1)
0<k<M 1<i<N

The minimum cost M-deployment is a deployment matrix satisfying the
inter-application and intra-application integration properties such that the
deploying cost is minimized.
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CHAPTER 4 INTGRATED MULTIPLE APPLICATION

DEPLOYMENT ALGORITHM

The multiple application deployment algorithm is comprised of two
main steps: unifying and projecting. The unifying step unifies the group of
SDGs based on their R-sets. The unified graph is then treated as normal
SDG where the optimal deployment strategy can be determined by
invoking the algorithm in Subsection [I-C. In second step, this
deployment of the unified graph is projected to the original SDGs to
obtain the multiple-application deployment strategies.

4.1 Unified Graph

Suppose that (G®,G®, . . .,.G™) is a SDG group and % is the set of
R-sets. R-graphs are directed acyclic graphs constructed based on R-sets,

described as flows. An R-set y € % if and only if node v, is in

R-graph. In order to distinguish nodes in SDGs and in R-graph, such v,
is called R-node. For each node b in (G®,G®, . . .,G™) the R-node

corresponding to b is referred to by rnode(b) = {v,|b ¢  , » € ®}

Clearly, rnode(b) = v, if and only if RS(b) = ». Definition 4.1 defines
R-graph formally.

Definition 4.1 (R-graph): For SDGs (G",G?, .. .,G™), and their
R-sets ®.Foreachi, 1< i <N, H? = U®Y, FY) is the R-graph
corresponding to G® with U” = {rnode(a) |a ¢ V®}and F® =
{(rnode(a) , rnode(b)) | (a, b) « EV}.

Furthermore, the unified graph is a combination of vertices and edges of
the collection of R-graphs, as defined as follows.

11



Definition 4.2 (Unified graph): For a set of R-graphs
(HOH®, .. HY), HO = (U® | F9), the unified graph H=(U,

F ) is defined as G:UKKN U and F= =

1<i<N

In unified graph H , the costs of nodes from different R-graphs are
summed up if they are combined in |:|.Formally, vxeU , het(X, So, Sk)
= leisN Zaeu(i),rnode(a):x net(a S0 Sk) and net(x v S0 Sk) =

ZKKN Zaeu(i),mode(a):x net(a, so, k). Figure 3 illustrates a group of

SDGs and their unified graph.

Combining graphs could be vague if the graphs come with inconsistent
structures. For simplicity, limitations to the unified graph are assumed in
this paper:

R1  No cycle is formed in an unified graph H when unifying

the R-graphs.
Lemma 4.1 shows that G®” and H® are isomorphic.

Lemma 4.1 (Isomorphism between G® and H®): An SDG GU is
isomorphic to its corresponding R-graph H®.

Proof: The R-graph is constructed based on R-nodes. From the
definition of R-node, node a is in G” if and only if rnode(a) is in H®,
and the mapping rnode is one-to-one. Moreover, edge (a, b) is in G
if and only if edge (rnode(a) , rnode(b)) is in G”. From above, SDG
G is isomorphic to R-graph H®.

Lemma 4.2 shows that unifying multiple SDGs leads to a valid SDG.

Lemma 4.2: The unified graph H isavalid SDG.

12



Proof: This property holds as the unified graph H s acyclic (se

Property R1) and induces a partial ordered relation on the set of nodes

in H.

4.2  Multiple Application Deployment Algorithm

This subsection discusses the new algorithm for deploying multiple
applications in the SOA environment that confirms inter-application and
intra-application integration simultaneously. Instead of solving the
problem over SDGs (G®,G?, . . .,G™), we solve the problem over the
corresponding R-graphs (HOH®, . . . H™). Due to the isomorphic,
solutions for the original SDGs can be obtained based on the one-to-one
mapping between each pair of G®” and H®,

For clarity, deployment strategy for difference groups of SDGs are
distinguished via different notations:

® (") denote the deployment item of SDG G“ and host
S, 1< i <Nand0O< k <M.

® ( p:),q:))denote the item for SDG H® (the R-graph of G)
and hosts,,1< 1 <NandO< k <M.

® (Py, Q) denote the item for the unified SDG H and host
S, 0< k <M.

For a set of nodes X of H= (lj : Ig) , define the operation >A<[i] =
X ~ U® where U is the set of nodes in R-graph H® . For a
deployment item (P, Qx) of SDG H , We can obtain the deployment item

(P{[il, Qu[i]) for R-graph H” based on the intersection operation.

Definition 4.3: For unified graph H and tree-structed network S,

the collection of deployment items (Pi[i] , Q«[i]) , for all O< k
<Mand1l< i <N,formsaN x (M + 1) deployment matrix.

13



Figure 2 (a) illustrates the deployment matrix that are projected from the

deployment of the unified graph H shown in Figure 2 (b).

Based on above discussion, the new M-deployment algorithm with
input equals to SDGs (HO,H®, ... H™) is described as follows.
Algorithm MINIMUM_M_DEPLOYMENT():

1)

2)

3)

4)

A

Construct the wunified graph H from the input SDGs

(HOHD, . HY),
Find the minimum cost deployment ((Po,Qo), (P1,Q1), . . . ,(Pm,Qw)

of H by using the algorithm discussed in Section 11-C.
Constructa N x (M + 1) matrix D with items ( p“), q“) ), where
k k

p“):Pk[i] and q“):Qk[i] forall0< k <Mand1< i <N.
k k

return D

Since R-graphs H® are isomorphic to SDG G@, the returned

deployment matrix D (in Step 4) in above algorithm can be mapped to

the SDGs based on the one-to-one mapping. The correctness of the above
M-deployment algorithm is discussed in next parts.

Correctness and Analysis of the M-Deployment Algorithm: Lemma 4.3
discusses some useful properties between unified graph and the R-graphs
comprising the unified graph.

Lemma 4.3: Suppose (HO,H®, . . . H™) are SDGs, and H is the

unified graph unifying them. For two sets of nodes X , Y in H , the

following conditions hold:

1)

2)

3)

X u Wil = Xi] v Y[,

pred(X[i] , H") < pred(X, H) ~ U[i], and

U, {pred(X[i] , H?)} = pred(X, H).

14



Proof:
@): XuY[i]= (XuY) ~ U[i] and X[iJuY[i] = (X~ U[]) (Y
~U[i]), obviously, these two formulas are equal based on the
distributive law of sets.

(2): Recall that H = (U ,E) and HIi] = (V[i]UE[i]). By definition (in
Subsection 11-A), the predecessors of set X in H s given by
pred(X, H)={y|y—x,X ¢ X,y e U}, We derive that

pred(X, H) ~ U® )
={yly—>x,x e X,y € U} ~ U

={yly =>x,x e X,y € (U ~ UM} 3)

The predecessors of set X[i] in i-th R-graph H" is given by pred(X[i] ,
HY) ={y|ly > x,x e X[il, y ¢ U Since X[i]=(X ~ UY)and

UD ~ U)=UY this formula pred(X[i] , H") can be rewritten as
pred(X[iL,H?) ={y | y= X, xe (XA U®) , ye (U AUD)} (4)
Clearly, the set in Equation 3 is a subset of the set in Equation 4. This

confirms that pred(X ~ U®, H?) < pred(X ~ H) ~ U? ie. the

second condition holds.
(3): Decompose the items in the third condition by

U [pred(X[il,H")] =
U v ly—=>x,xeX[i],ye U}
and
pred(X, H)={y|y—x,xeX,yeU}

Since |J U"= U and U, XI[il = X, the above two items are equal

and thus implies the third condition.
For convenient, let

15



P =((Pe,Qo) (P1,Qu), - . . ,(Pw,Qw))

and D be the matrix of items (P«[] , Q«[i]) projected from p forall 0<
k <M and 1< i <N. Also, IAD[i]={Pk[i] , Qli] | 0< k <M } refers to
row i of matrix D. Theorem 4.1 and Lemma 4.4 prove the correctness of

the above M-deployment algorithm.

Theorem 4.1: For a tree-structured network S, deployment P exists for

n

H if and only if the M-deployment D exists for SDGs
HOH®, . HY),

Proof: The matrix D represents an M-deployment of SDGs

HOHY . H™) which satisfies both the inter-application and
intra-application properties, as proved as follows.

Intra-Application Integration: Given that the deployment P satisfies
the properties consistency, integrity, initialization, and fulfillment for H :

we prove that each i-th row of matrix D satisfies these four properties

for application H®.

(Consistency) By assumption, p satisfies the consistency property, i.e.
pred(Qk,I:l) c (P« v Q. Taking intersection on both sides obtains

pred(Q . H) n U < (Peu Q) ~ UO (5)

By Lemma 4.3 (the second condition, letting X = Qx), we derive that

pred(Q(i], H®) < pred(@Q, , H) ~ U® (6)

16



Combining Equation 5 and 6 obtains pred(QJi], H®") ¢ (P« u QJ
~ U%=Ppi] U Qi]. Thus, P [i] satisfies the consistency property for
SDG HY.

(Integrity) The integrity property is satisfied for |AD, thus, Py < (Py U

Qo). Taking intersection on both sides we derive that

Pic (Po u Qo)
o PAUY < (Ppu Q) ~ UY (7)
< Pi] = (Po[il] v Qqolil) (8)

which implies that p [i] satisfies the integrity property.

The proof of initialization and fulfillment properties are ignored in this

paper. From above, |5[i] satisfies the consistency, integrity, initialization,

and fulfillment properties and thus is a valid deployment for SDG H®.

Inter-Application Integration: Since P isa deployment strategy, each

item (Px, Q) in P must satisfy the condition (Px n Q) = ¢ (see

Subsection I1-A). This can be extended to item (P [i] ~ Q[i]) = ¢ for

all i and k by
Pk n Q)= ¢

o U P UM A [U, Qcn U7)]= g

e Pen UY) A (Qun UD)= 4 9)

From Equation 9, for each host s, and each pair of SDG G® and G*?, we
have

Pdil ~ Qdi] = ¢

17



which implies that the matrix D satisfies the inter-application

integration property.

Lemma 4.4: In the SOA environment with tree-structured network, if |AD

Is @ minimum cost S-deployment for unified graph H and D isa
minimum cost M-deployment for the SDGs (H®,H®, ... H™), then,

cost( |5) = cost( D ).
Proof: According to Theorem (4.1), P isan S-deployment of Hoif
and only if D is an M-deployments of (HO,H®, ... H™). Consider the

costof P which is equal to cost(lAD): > Cost((Px, Qx)). Since the net

(or comp) cost of node x in H is the sum of the net (or comp) costs of
the node x in all R-graphs (H?,H®, . .. H™) that comprise the graph H
Thus, cost((Px, Q)) = 3. cost(Pli] , Qilil)). Finally, since D

={ Pi], Q]| 1< i <N, 0< k <M}, thus, cost(P) = cost(D) and the

lemma follows.

Based on Theorem (4.1) and Lemma (4.4), Algorithm
MINIMUM_M_DEPLOYMENT finds the minimum cost M-deployment
in terms of application group and tree-structured network.

Time Complexity: The unified graph H hasno morethan n =

> |U® nodes and m = > |F?| edges. Thus, finding the minimum

S-deployment for SDG H takes O(ﬁ m Iog(rA12/nAn) time as mentioned in

Subsection 11-C. This cost is also the total time for finding the minimum
M-deployment since this cost dominates the costs of other steps, such as
unifying and projecting the nodes of SDGs.
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CHAPTER 5 CONCLUSION REMARK

This paper investigates the problem of deploying N distinct applications
over a tree-structured network. In previous research results, every
application instance is deployed individually. The main contribution of
this paper is to enhance the deployments of service components invoked
by multiple applications. The collection of services in different
applications but utilizes the same type of resources are deployed in a
bundle in order to reduce the administration cost. This paper develops an
efficient algorithm for finding the optimal deployment strategy that
satisfies both the intra-application and inter-application integration
properties.
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