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Abstract. The focus of this paper is to find appropriate approaches
to facilitate end-to-end SLA (Service Level Agreements) in complex
projects environments using Peer-to-Peer Supply Chain Model, to estab-
lish and enforce service levels between each pair of component con-
sumer /provider, so that the overall project requirements can be achieved
at the best utility value (SLA). The Supply Chain Formation problem is
described in terms of a directed acyclic graph where the nodes are rep-
resented by the component suppliers/consumers. Intelligent agents send
messages in the name of component suppliers/consumers on three con-
straints (scope, time, cost) giving raise to SLAs. The SLAs are expressed
as utility functions and it is concluded that in complex projects sce-
nario where the graph is always a tree the proposed model will converge
to the optimal solution and the best utility value will be propagated
autonomously across all component providers within the project envi-
ronment.

Keywords: Peer-to-Peer Supply Chain Model - Project management
Service Level Agreements

1 Introduction

In complex projects scenarios the project outcome may be the result of sev-
eral deployed components/services, each of which autonomously manages diverse
constraints which determine the quality criteria of the project outcome. In such
a scenario where the component availability is dynamic, guaranteeing specific
quality criteria of the final outcome is a real challenge. The quality of the final
service/product delivered to the customer is strongly affected by those compo-
nents/services employed to compose it. If just one of the composing services vio-
lates the quality criteria, the global quality delivered to the customer might get
definitively compromised, to the detriment of the final customer. There is need
for an automated mechanism that enables the negotiation of the project manage-
ment Iron triangle [1] constraints for complex cooperative projects. Our present
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work tackles the Supply Chain Formation (SCF) problem in the context of auto-
mated negotiation for complex projects environments, where a component can
be both a service provider and a service consumer in different negotiation con-
texts at the same time. I am using the notion of Service Level Agreement (SLA)
in order to define and ensure the quality criteria between the customers and the
suppliers in the supply chain. A SLA represents a written agreement between
the customer and supplier with emphasis on a mutually beneficial agreement and
defines the key quality indicators of the service provided [2]. SLAs are funda-
mental for any kind of supply chain and assume a central position in popular IT
service management standards such as ITIL (www.itil.co.uk). The Supply Chain
Formation (SCF) problem has been widely studied by the multi-agent systems
community. Numerous contributions can be found in the literature where par-
ticipants are represented by computational agents [6-13]. These computational
agents act in behalf of the participants during the SCF process. However, all
the previous work regarding Supply Chain Formation (SCF) problem is dealing
only with cost during SCF process. Our work proposes a multi-issue approach
that introduces utility functions in order to model the interdependence between
these issues. At each moment during the supply chain formation process, the
agent wants maximizing its expected utility function. Each participating agent
is sending messages under three constraints: scope, cost and time and is inter-
ested in obtaining those contract values that maximize their utility functions.
Negotiation finishes with a contract (the SLA) that is composed of the actual
quality criteria of the component provided by the supplier. In order to optimize
the overall SLA in a complex project environment so that the overall project
requirements can be achieved at the best utility value, we propose an automated
supply chain formation model based on the RB-Loopy Belief Propagation mes-
sage passing mechanism [3]. The present paper is structured as follows: Sect. 2
provides the background for SCF problem, Sect. 3 describes our proposed model
for optimizing SLA in a P2P supply chain for a complex project scenario, Sect. 4
evaluates the proposed model and finally Sect. 5 provides conclusions and future
work.

2 Background

The Supply Chain Formation (SCF) problem has been widely studied by the
multi-agent systems community. Numerous contributions can be found in the
literature where participants are represented by computational agents [6-13].
These computational agents act in behalf of the participants during the SCF
process [14]. By employing computational agents it is possible to form SCs in a
fraction of the time required by the manual approach [15].

The majority of the literature on SCF involve modeling the supply chain as
a network of auctions, with first and second-price sealed bid auctions, double
auctions and combinatorial auctions among the most frequently-used methods.
SCF through auctions is a popular approach because auctions are frequently
used in real-world tendering and sales situations, they are often able to form
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good solutions to the SCF problem, and some auctions are able to guarantee
various desirable game-theoretic properties.

Walsh and Wellman [9] proposed a market protocol with bidding restrictions
referred to as simultaneous ascending (M+1)st price with simple bidding (SAMP-
SB), which uses a series of simultaneous ascending double auctions. SAMP-SB was
shown to be capable of producing highly-valued solutions which maximize the dif-
ference between the costs of participating producers and the values obtained by
participating consumers over several network structures, although it frequently
struggled on networks where competitive equilibrium did not exist. The authors
also proposed a similar protocol, SAMP-SB-D, with the provision for decommit-
ment in order to remedy the inefciencies caused by solutions in which one or more
producers acquire an incomplete set of complementary input goods and are unable
to produce their output good, leading to negative utility. This use of a post alloca-
tion decommitment stage was recognized as an imperfect approach, however, due
to the possible problems created by rendering the results of auctions as nonbinding.

Although auctions and negotiations are by far the most commonly-employed
techniques in agent-based approaches to the SCF problem, there are some
approaches in the past years that make use of graphical models and inference
algorithms to tackle SCF and related problems. Next we will briefly review them.

2.1 Max-Sum

Max-sum [16] is a message passing algorithm that can find approximate solu-
tions to optimization problems and it translates the problem into a factor graph.
Max-sum has shown good empirical performance in a wide range of multi-agent
systems coordination scenarios [17-21]. Max-sum provides an approximate solu-
tion for the problem of maximizing a function that decomposes additively in
three steps. First, it maps the problem into a structure called local term graph.
Then it iteratively changes messages between vertices of that graph. Finally, it
determines the states of the variables.

Having X = {z1,...,z,} be a sequence of variables, with each variable z;
taking states in a finite set D; known as its domain. The joint domain Dx is
the cartesian product of the domain of each variable. x; refers to a possible state
of x;, that is x;eD;. Moreover, X it is used to refer to a possible state for each
variable in X, that is XeDx. Given a sequence of variables X; C X, a local
term f is a function

f:DXf—>R (1)

Xy is the scope of f, and X is a possible state for each variable in Xj.
Finally, a term whose scope is a single variable is said to be a simple term, and
a term whose scope is two or more variables is said to be a composite term. A
function

g:Dx—>R (2)

is said to decompose additively if it can be broken as a sum of local terms. That is,
whenever there is a set of local terms F' (referred to as the additive decomposition
F) such that g(X) = >, f(Xy) the problem of maximizing a function that
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decomposes additively can be expressed as follows: g(X) = > p f(Xy) subject
to: x;eD;, Vie{l, ...,n}.

In order to maximize a function g that decomposes additively max-sum is map-
ping an additive decomposition F' of g into a graph which is called the local term
graph. The local term graph LTG is simply a specialization of the local domain
graph defined in [22]. Each vertex of the LTG is, as its name suggests, a local term
in an additive decomposition F' of the objective function g. An edge between two
terms in the LTG means that these two terms share one variable and that they
are willing to exchange information about the variable they share. For each vertex
ve LTG, f, represents its associated term. Vertices associated with simple terms
are refered as simple vertices vertices associated to composite terms are refered as
composite vertices. In general, the local term graph used by max-sum is built from
F as follows. First, for each variable z;, a simple vertex is created, associating with
it a term (f;,) that is the addition of every simple term in F' whose scope is ;.
Second, for each composite term f;, a composite vertex is created. The simple ver-
tex is labeled z; associated to variable x; and f; the composite vertex associated
to composite term f;. Finally, each composite vertex is connected to the simple
vertex of each of the variables in its scope. Notice that, since composite vertices
are only connected to simple ones and vice versa, any pair of connected vertices
in this graph share a single variable, the one corresponding to the simple vertex.
The factor graph is a bipartite graph with two disjoint sets corresponding to the
set of simple vertices and the set of composite vertices. After an additive decompo-
sition of the function to maximize has been mapped into a local term graph, max-
sum proceeds to the second step by iteratively exchanging messages over that local
term graph. Each vertex of the local term graph is in charge of receiving messages
from its neighbors, composing new messages and sending them to its neighbors.
Therefore, there will be messages exchanged from simple vertices x; to composite
vertices f; and vice versa. The message exchanged between a pair of vertices is a
vector of real numbers, one for each possible state of the variable shared by both
vertices. The exchange of messages continues until a convergence criterion is met.
Initially, each vertex v will initialize the message from each of its neighbors w to
zeros. After that, for each neighbor w, it will assess message i’ send the message to
the corresponding neighbor, and receive the message p, from vertex w. The pro-
cedure above, is repeated until convergence or a maximum number of iterations is
reached. Max-sum is said to have converged after none of the messages change from
one iteration to another [23]. A slightly less stringent criterion for convergence is
to stop max-sum after the preferred states for the variables do not change from
one iteration to another [17]. This second criterion is useful for instances in which
the preferred state of the variables converges but the messages marginally change
at each iteration. After the message exchange ends, the step three determines the
states of the variables.

2.2 Loopy Belief Propagation (LBP)

LBP is the first peer to peer approach that has been used to solve the SCF
problem in a decentralized manner [4,12,13,24]. In [4], an LBP-based approach
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was applied to the SCF problem, noting that the passing of messages in LBP
is comparable to the placing of bids in standard auction-based approaches. The
decentralized and distributed nature of LBP also allows for the avoidance of
the scalability issues present in centralized approaches such as combinatorial
auctions. LBP is a decentralized and distributed approximate inference scheme
involving the application of Pearls belief propagation algorithm [5] to graphical
models containing cycles. It uses iterative stages of message passing as a means
for estimating the marginal probabilities of nodes being in given states: at each
iteration, each node in the graph sends a message to each of its neighbors giving
an estimation of the senders beliefs about the likelihoods of the recipient being
in each of its possible states. Nodes then update their beliefs about their own
states based upon the content of these messages, and the cycle of message pass-
ing and belief update continues until the beliefs of each node become stable. The
work in [12] shows that the SCF problem can be cast as an optimization problem
that can be efficiently approximated using max-sum algorithm [16] presented in
the section above. Thus, the authors offer the means of converting a SCF prob-
lem into a local term graph, on which max-sum can operate. In LBP, the SCF
problem is represented by a model in which each of the participants decisions
is encoded in single variable. The states of each variable encode the individual
decisions that the participant needs to make regarding her exchange relation-
ships plus an inactive state. Moreover, the activation cost for a participant p is
encoded by means of a simple term f,,, also called activation term. Each of these
activation terms has the participants variable as its scope and takes value zero
for the inactive state and the activation cost for any of the active states. In order
to ensure that decisions are consistent among participants, in LBP, there is a
compatibility term for each pair of variables representing potential partners. A
compatibility term f,, ,, encodes the compatibility between the decisions of the
two participants pl and p2. Two participants are in incompatible states when-
ever one of them is willing to trade with the other, but the other one does not. If
two states are compatible, the value of the compatibility term is zero, otherwise
is negative infinity. Hence LBP maps the SCF problem into a set of participant
variables X = {z1,...,2n}, a set of activation terms Fx = {f1,..., fn}, one per
variable, and a set F' of compatibility terms. Then, solving the SCF problem
amounts to finding a state assignment for the participant variables in X that
maximizes the following reward function:

Ripp(X) = > filz:i)+ > fulee,z) 3)

Z; eX fkl eF

in the equation above can be decomposed additively. Therefore, it can be mapped
into a local term graph over which max-sum can operate in order to find a
solution to the SCF problem.



28 F. L. Covaci

2.3 Reduced Binarized Loopy Belief Propagation Algorithm
(RB-LBP)

As LBP suffers from scalability issues in [3] the authors introduce the Reduced
Binarized Loopy Belief Propagation algorithm (RB-LBP). RB-LBP is based
on the max-sum algorithm and simplifies the calculation of max-sum messages
through careful analysis of its local terms. The variables are binary which simpli-
fies the supply chain formation process and each buy and sell decision is decou-
pled, encoded in a different variable, from the rest of buy and sell decisions. By
decoupling these decisions the algorithm is able to reduce the number of combi-
nations to take into account. Thus, the authors show in [3] that RB-LBP reduces
the computation required by LBP, to assess SCs from exponential to quadratic,
and the memory and communication requirements from exponential to linear.

The participants decisions and their costs for each participant p taking part
in the SC is encoded in two kind of variables. On the one hand, an activation
variable x, that encodes whether participant p is active (z, = 1) or inactive
(zp = 0), namely part of the SC conguration or not and the activation cost.
Moreover, in order to introduce participants activation cost, the authors make
use of activation terms. An activation term takes as parameter an activation
variable and takes as a value the activation cost of the participant when the
activation variable takes value one and zero otherwise. Formally, the equation
for an activation term f, for participant p can be expressed as:

Cp, ifx=1
0, otherwise

f;o(Xp) - { (4)

Furthermore each possible buyer p’ of each of her input goods g, the authors in
[3] create an option variable spg, that encodes whether p is selling good g to
participant p’(spgp = 1) or not (spe, = 0). Similarly, for each possible seller p’/
of each ps input goods g, the authors create an option variable b,/ 4, that encodes
whether p is buying good g from participant p’(bprgp = 1) or not (byrgp = 0).
In order to guarantee that only one of the providers of a given good is selected,
the authors make use of selection terms. Given a participant p offering good g,
a selection term links the activation variable from the participant (namely x,)
with the different choices for that good (namely b.4,), and enforces that one and
only one option variable takes on value one if the activation variable is active
and that all option variables take on value zero otherwise. Formally, the equation
for a selection term fg joining the activation variable z, and option variables
o0l,...,on is expressed in [3] as:

. n
0, if >, 1 0i=ap
—o00, otherwise

fs(xp,01,....0n) = { (5)

Furthermore in order to guarantee coherent decisions between participants, the
equality terms are used. An equality term links buy and sell variables regarding
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the same transaction and enforces that both variables take the same value. For-
mally, the equation for an equality term fg joining variables b and s has been
expressed in [3] as:

0, ifb=s

—o00, otherwise

fe(b,s) = { (6)
Contrarily to LBP, there is no need to keep a table for the local terms. It is
possible to simply calculate the output of selection and equality terms using
equations given above. The additive decomposition that RB-LBP uses to tackle
the SCF problem following a P2P architecture can be expressed as:

Rep-rpp(X) = Y folap)+ Y fs(Xp)+ Y foXp)  (7)

TpeX, fseFs fE€FE

where X, is the set of participant variables, Fs is the set of selection terms, and
Fg is the set of equality terms. Having this additive decomposition, it is possible
to map the SCF into a binary local term graph by: (i) creating a simple vertex
for each variable (that summarizes all the simple terms with that variable as
their scope); (ii) creating a composite vertex for each composite term; and (iii)
connecting with an edge each simple and composite vertex that share a variable.

3 Optimizing SLA in Complex Projects Management

In complex projects environments, a component can be both a service provider
and a service consumer in different negotiation contexts at the same time (Fig. 1).
Recursive constructs of project components as both a component supplier and
a component consumer complicates the negotiation scenarios. In particular, a
project component has to confirm that its own suppliers can support the SLA
it negotiates with its consumer, before it commits to the SLA. Furthermore, it
is assumed that a consumer and its providers have conflicting interests on SLA
parameters; otherwise, both parties can simply reach an agreement by choosing
their common optimum in their negotiation space. In short, automated negoti-
ation within a complex project scenario using decentralized supply chain com-
munication model involves a top-down mechanism to link project requirements
to underlying components to conjointly guarantee end-to-end SLA of a project.

In the SCF process that this paper describes, the components of the system
may be provided either by internal teams or external suppliers. The project man-
agers for each component of the complex project environment are represented by
computational agents. These participant agents act on behalf of the project man-
agers during the project lifecycle and they have to drive the component devel-
opment process of the complex system with multiple system components within
dynamic constraints of scope, time and cost and meanwhile meeting the agreed
SLA requirements. Each agent (SC-Supplier of a Component) that acts on behalf
of the project manager of the component, negotiates only with a selected set of
potential components providers, which match some predefined requirements of
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Fig. 1. Complex project example

the consumer. Hence, a project component can join a negotiation process as a
potential component provider, if it fulfils the given requirements of a consumer.

All the previous research work that use computational agents to solve the
SCF problem, make use of only of cost for pairwise agents and the optimization
problem is treated as a profit maximization function. In comparison to all the
other SCF research papers, the present approach is to translate the SCF problem
as a negotiation game with non-transferable utilities. Our work is based on LBP
approach as the passing of messages in LBP is comparable to the placing of bids.
During the negotiation process between a service consumer and its provider,
agents send messages regarding three issues: scope, time, cost have an exact way
to estimate the utility they get, by making use of utility functions. By doing this,
they can assess the benefits they would gain from a given SLA, and compare
them with their own expectations in order to make decisions.

Below I provide a formal description of the supply chain formation problem
in terms of a directed, acyclic graph (SC, E) where SC = {scl,sc2, ..., scn}
denote set of component suppliers represented by agents and a set of edges E
connecting agents that might buy or sell from another. Let X = {z1,22,...,an}
denote the set of all system components. Each component has associated three
constraints: scope, cost and time which participating agents are interested in
negotiating. Negotiation finishes with a contract (the SLA) that is composed of
the actual quality criteria of the component provided by the supplier. Notation
v;:u represents the expectation of user u on constraint i of component x sup-
plied by component supplier sc, which in fact, are the quality values reflected
in SLA. We denote by U(v) = Uz®"%(v) the utility that the user u gets by
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obtaining the actual value v = (V%% ¢, Vs wosts Va sime) Of the component that
he gets. Similarity W (v) = W2%"(v) represents that utility that the user sc
gets by delivering the actual value v. When a provider (seller) negotiates with
a consumer (buyer), both parties are interested in obtaining those contract val-
ues v = (V3%topes Va costs Vadime) that maximize their utility functions U(v) and
W (v) respectively. This means that at each moment during the negotiation, the
agent sends a messages to its neighbours regarding the states of his variables,
that is maximizing its expected utility function. The utility functions U(v) will

be calculated by means of weighted sum as follows:
Uv) = Z wi’ * Ug(vk), withz wpt =1 (8)
k=1 k=1

where Uy (vg) represents the utility that the consumer obtains by receiving the
value vy, for the issue i, and 0 <= wj)® <= 1 represent the weights measuring
the importance of a given issue k for a certain agent in the chain.

In order to optimize the overall SLA in a complex project environment so that
the overall project requirements can be achieved at the best utility value, we pro-
pose an automated supply chain formation model based on the Loopy Belief Prop-
agation message passing mechanism [13]. I will express the activation function in
the activation term equation of the RB-LBP [3], as a SLA, which in our case is the
vector v = (V5%t,pes U eosts V. dime)> SO the equation for an activation term fsco;
for the project component SCi , ¢ =1, ...,n, can be expressed as:

Useu(v),ifrge = 1
0, otherwise

[sCi(xsCi) = { 9)

Hence the SLA optimization problem can be expressed as maximizing the
following reward function:

Rora-rp-rop(X)= Y fsci(wzso)+ Y fo(Xp)+ > fu(Xsp)
zscieXsci fseFs feeFE

(10)

4 Evaluation and Simulation

As the proposed approach for message passing mechanism in the supply chain
formation process is comparable to sending bids in auction-based approaches, in
this section, I will analyze the game-theoretic properties of the proposed SLA-
RB-LBP approach and further I will provide the results of the simulation for the
proposed implemented model in PeerSim [28].

Hence regarding the game-theoretic properties of the SLA-RB-LBP app-
roach, individual rationality is guaranteed in the proposed approach. Previous
work in [9,13] use a post allocation decommitment stage to eliminate unfea-
sible allocations. Using the selections terms in the proposed approach ensures
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coherent decisions between participants and guarantees individual rationality.
My approach is not incentive compatible because the dominant strategy for sup-
ply chain formation participants is not to truthfully reveal their private valua-
tions, hence they do not know each others utility functions, agents being situated
under an uncertain environment. This is an issue for real-life scenario. Our app-
roach involves no payments either to or from the mechanism, and is therefore
strongly budget balanced. In a complex project environment the binary local
term graph is always a tree. In [25] the authors demonstrate that when the local
term graph is a tree, max-sum is guaranteed to converge to the optimal congu-
ration [25] and, it is known to provide neighborhood maximum congurations
[26,27]. We can conclude that the proposed approach ensures the allocative effi-
ciency property and will always converge to optimal configuration so that the
overall SLA can be achieved at the best utility value.

In order to validate the model proposed in Sect. 3, I have selected PeerSim
for implementing the Supply Chain SLA protocol. The reasons for making this
choice are the PeerSim performance regarding scalability and because it is based
on components that allows prototype a new protocol, combining different plug-
gable building blocks that are in fact Java objects. PeerSim is a single-threaded
peer-to-peer simulator that is developed in a modular and scalable way [28]. The
steps of the simulation process in PeerSim are [28]: 1. set the number of nodes
in the configuration file 2. select one or more existing protocols (or implement a
new one) to experiment with and initialize them 3. select one or more Control
objects to monitor the desired properties (e.g. the values of the nodes) 4. run the
simulation invoking the Simulator class with the configuration file, that contains
the above information.

The simulation starts by reading the configuration file, given as an input
parameter that defines the protocols to experiment. Then, both nodes and pro-
tocols are created and initialized. After the initialization phase, by default, every
instance of the protocols running on each node is executed once per simulation
cycle. The event-based simulation in PeerSim maintains the concept of simula-
tion cycle, but in each cycle are executed only the protocols instances that have
some pending events. Events (or messages) are sent by controllers or protocols
and they are managed with a handler associated to the protocol that allows to
handle a message properly. Messages exchange is simulated by a transport pro-
tocol that provides the communication primitives and allows you to add more
realism to the simulation. The nodes are scheduled according to the list of pend-
ing messages. PeerSim models the set of nodes as a collection through the class
peersim.core.Network. The overlay network is represented by a adjacency list
where every peer n of the network is connected to a set of neighbors N(n).

I have implemented in the simulator the SupplyChainSLA-LBP protocol
based on the event driven model in PeerSim. The implemented processEvent
method in Listing 1, using the message passing mechanism with two types of
messages (RequestMessage and ResponseMessage) along with order of passing
mechanism starting from the leaf nodes ensures that the selection of the partners
is according to the selection term equation in (10).
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Listing 1. Nodes Sending Messages and Updating Values
public void processEvent(Node node,int pid,Object message)

{

double nutility ;

if ( message instanceof RequestMessage )

RequestMessage reqMessage=(RequestMessage) message ;
Transport t= (Transport)node.getProtocol(transportld);
ResponseMessage respMessage;

respMessage=new ResponseMessage(t_value ,c_value ,node);
t.send (node, reqMessage.src ,respMessage ,pid);

}

else if ( message instanceof ResponseMessage )

{

ResponseMessage respMessage=(ResponseMessage ) message ;
nutility=getUtlityValue (respMessage.t_value ,
respMessage.c_value);
if (nutility >maxutility)
{
t_value=respMessage.t_value;
c_value=respMessage.c_value;
maxutility=nutility;

——

The scenario that the present simulation addresses is that each node in the
supply chain has multiple options of partner agents to trade with. The number of
these options are configurable in the configuration file that is send as a parameter
when the simulation starts. All of this partner agents are preselected on the basis
that they have the capability to provide the components, more specifically they
are able to provide the system components as its own scope it is defined. Even
if the issue Scope it is part of the weighted utility function and has a certain
weight for each agent, the agents don’t negotiate on this issue because they
either provide the scope or the component or they are not being preselected a a
potential partner, this being accordingly with the equality term in Eq. (10).

Furthermore, each node v has two numeric values “t value” and “c value”
that are the preferred states of the two issues: Time and Cost. Also each node
has a utility function which is computed as a weighted sum from each of the
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issues that the agents in the supply chain are discussing on. At the beginning of
the simulation all the agents in the network are being initialized with random
preferred values for time and cost variables and also for the weights used at
computing every agent utility. Each node that is not a leaf is receiving messages
from its neighbors, composing new messages and sending them upward to its
neighbors. The message exchange between a pair of nodes is a vector of real
numbers, one for each possible state of the variable shared by both nodes. Each
node will assess messages received from the corresponding neighbor according
to his own utility function and will chose among all the possible partners the
one that maximizes his utility function. The procedure above, is repeated until
after none of the messages change from one iteration to another or a maximum
number of iterations is reached (Table1).

Invoking the simulator with the configuration file above, the maximum SLA
expresses as a utility function, that can be obtained at the root node, giving the
constraints of time and costs in the underlying network, is 33.81 and the states of
the variable shared by agents became stable at the following final utility values:

Table 1. Utility obtained by simulation

Node | Initial utility Intermediate utility values | Final utility

0 6.325188371300536 | 22.46334767085241 33.816967145516315

1 2.4806385045290917 | 3.7658475023426337 5.9102205089020075

2 13.139763118138983 | 19.05462493705339 19.05462493705339

3 28.712757912880438 | 31.89339121189109 34.07402451090173

4 2.665934636137622 | 6.274423250339464 6.274423250339464

5 12.56190696603451 7.737144179620706 7.737144179620706

6 5.725432091050816 | 5.725432091050816 5.725432091050816

7 1.3976917977590864 | 1.3976917977590864 1.3976917977590864

8 27.9575241095819 27.9575241095819 27.9575241095819

9 55.39176948841717 | 55.39176948841717 55.39176948841717
10 36.66119166541283 | 36.66119166541283 36.66119166541283
11 14.788420689297935 | 14.788420689297935 14.788420689297935
12 29.54023493801846 | 29.54023493801846 29.54023493801846
13 12.816045296967191 | 12.816045296967191 12.816045296967191
14 3.746115621145735 | 3.746115621145735 3.746115621145735
15 24.741574241434865 | 24.741574241434865 24.741574241434865
16 3.3828050629549234 | 3.3828050529549234 3.3828050529549234
17 5.8003154798198695 | 5.8003154798198695 5.8003154798198695
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My simulation was run having the following values in the configuration file:

Listing 2. Configuration file

# number of network nodes

SIZE 18

# number of simulation cycles

CYCLES 25

network . size SIZE

# Initializers to use

include.init initED netlInit

# Controls to use

include.control neighObs valueObsED
#Supply chain SLA negotiation protocol
protocol.supplychainED SupplyChainSLA—-LBP
# Network generation

init.netInit WireRegRootedTree

# The linkable protocol to operate on
init .netInit.protocol Ink

# Number of outgoing edges to generate from each node
init.netInit.k 3

5 Conclusions and Future Work

As todays market is in constant change, software components suppliers are faced
with ever-changing customer needs and resources costs and availability. Conse-
quently in complex projects environments it is no longer possible to maintain
SCs over extended periods of time. Thus, the ability to quickly form effective,
mutually benecial trading partnerships becomes increasingly important. The old
approach for SCF, where SCs were assessed manually after extended negotiations
is no longer viable. Furthermore, human irrationality coupled with the complex-
ity of the problem often lead to inefficient SCs. Therefore, there is a need for
agile and exible methods that support temporal collaboration between software
components providers and consumers.

In this paper we have proposed a decentralized and distributed approach for
optimizing SLA in complex project scenarios SupplyChainSLA-LBP protocol,
based on the RB-LBP P2P supply chain model approach for sending messages
between nodes and we have translated the activation cost into a SLA vector using
utility functions. The current approach that this paper presents uses message
passing between agents during the supply chain formation process and is closer
to real life scenarios than the previous approaches that were using only cost as
a mean for pairwise agents because uses utility functions for agents to make
decision. As a future work I will investigate the impact on the supply chain
formation when agents make coalitions. Since components in a complex project
environment can be provided either by internal teams represented by cooperative
agents that are willing to contribute to global business objectives and other
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components might be provided by external organizations represented by self-
interested agents which are less cooperative and hence more utility oriented we
propose to investigate how the Shapely value affects the supply chain formation
when there is an internal or external coalition formation.
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