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Abstract. In Grid systems, nontrivial qualities of service have to be provided to
users by the resource providers. However, resource management in a decentral-
ized infrastructure is a complex task as it has to cope with different policies and
objectives of the different parties: providers and consumers/users. Agreement-
based resource management is considered to solve many of these problems as the
conflicts between the users and resource providers can be reconciled in a negoti-
ation process. Such negotiation processes must be automated with no or minimal
human interaction, considering the potential scale of Grid systems and the amount
of necessary transactions. Therefore, strategic negotiation models and strategic
negotiation strategies play important roles. In this paper, negotiation strategies
considering time and opportunity functions for Grid scheduling are proposed and
examined. The simulation results demonstrate that the negotiation strategies are
suitable and effective for Grid environments.

1 Introduction

Grid computing [1,2] is a Service Oriented Architecture (SOA [3,2]) in which a resource
user typically requires a certain service quality to be provided by the resource owners.
Here, agreement based resource management [4] is typically considered as a suitable
approach for this scenario. Negotiation is the process towards creating suitable agree-
ments between different parties in a Grid. The negotiation process in a Grid computing
environment should be done automatically and transparently with the growing scale in
Grids [5]. In order to automate the negotiation process, suitable negotiation models are
required that take the different policies and objectives of the resource providers and re-
source users into account and produce suitable service level agreements in reasonable
time with minimized or even no user and provider interference.

In our previous work [6,7], a strategic negotiation model which supports the auto-
matic negotiation in Grid computing was proposed and evaluated. In that model, the
user, or more precisely some meta/grid-scheduling agent or job broker on his behalf,
will contact different resource providers, negotiate with several of them and make a
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decision to commit to a particular agreement with one resource provider. This is con-
sidered as the one to many negotiation type [8]. A Concurrent bilateral negotiation
model [9] is suitable for this problem. This paper is an extension of the previous work.
In this paper, the strategic negotiation model proposed in [6] is adopted, while we now
add negotiation strategies considering the opportunity functions. An opportunity func-
tion determines the bargaining position of a negotiation agent based on available out-
side options [10]. A Grid resource management system needs to continuously adapt to
changes in the availability of computing resources (i.e., outside options). These strate-
gies have been implemented and evaluated.

2 Related Work

There are many approaches proposed for the Grid resource management problem, for
example, economic methods. An overview of such methods can be found in [11] by
Buyya et al., or in in [12] by Ernemann et al. , or by Wolski et al. in [13], or by Lai et al.
in [14,15]. In these papers, economic based resource management in Grid computing
are investigated and several economic models are evaluated. To this end, a lot of effort
has been made on Grid resource management with support of service level agreements
(SLAs). In [4], the concepts of agreement-based resource management in the Grid com-
puting environment are introduced and a general agreement model is presented; in [16],
a Grid resource broker supporting SLAs called GRUBER is presented and evaluated in
a real grid. In [17], the very few existing research initiatives on applying bargaining as
a mechanism for managing Grid resources are reviewed and compared.

In this paper, we now adopt the negotiation strategies considering the time and op-
portunity functions [10] in the earlier proposed negotiation model for Grid scheduling
and present an evaluation with discrete event-based simulation.

3 Negotiation Model

As a bilateral negotiation model is the building block of concurrent negotiation model,
we will briefly introduce this first in this section.

3.1 Bilateral Negotiation Model

There are three parts in the bilateral negotiation model [18]: 1) the negotiation protocol,
2) the used utility functions or preference relationships for the negotiating parties, and
3) the negotiation strategy that is applied during the negotiation process. In this paper,
we adopted Rubinstein’s sequential alternating offer protocol in Grids, see [19]. In the
negotiation process, when one negotiation side times out or an agreement is created,
the negotiation process will end. Disagreement is considered as the worst outcome,
therefore, the negotiation party will always try to avoid opting out of the negotiation.
In this negotiation model, the negotiation parties do not know the opponents’ private
reservation information and their preferences/utility functions.

Typically, the objectives of a user for a computational job are to obtain a shorter re-
sponse time and/or to get cheaper resources, while the resource providers expect to gain
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higher profit and/or higher utilization. However, our model is not restricted to particular
objectives and can be flexibly defined for different scenarios. In real Grid systems, there
can be many different negotiation objectives, which are interdependent and should be
simultaneously dealt with which yields to a multi-criteria optimization problem [20].
In this presented research work, without limiting generality we restrict our analysis on
considering the expected waiting time of the job and the expected cost per cpu time.
However, the model can be applied and extended to other criteria as well. For the re-
source providers, we also assume two corresponding negotiation issues: the expected
waiting time until a job can be started T t

s(Job), and the expected price P t
s(Job). The

expected waiting time for the newly incoming job can be obtained from the current re-
source status and the future schedule plan considering other created agreements which
have to be fulfilled. The expected price will be obtained via the negotiation process. In
paper [6], more details about the utility functions are given.

3.2 Negotiation Strategies Considering the Time and Opportunity Functions

In the negotiation process, it is assumed that both of the negotiation agents behave ac-
cording to the good-faith bargaining principles which means that it is usually not easily
reversed [21]. Here, on the basis of the initial offer values, successive offers by sellers
are monotonically decreasing while successive offers by the buyers are monotonically
increasing. In order to create the agreement, both of the negotiation parties want to
narrow the difference between the offers and counter offers with respect to different
negotiation issues. In the strategic negotiation model, the negotiation agents can take
different kinds of negotiation strategies developed in the agent community [22] to cre-
ate the negotiation offer at different negotiation times. In [10], the negotiation strategies
are proposed and analyzed for market-driven agents to make prudent compromises tak-
ing into account factors such as time preference, opportunity functions, competition
factors.

In a multilateral negotiation, having outside options may give a negotiator more bar-
gaining “power”. However, negotiations may still break down if the proposals between
two negotiators are too far apart.

Suppose agent B (the job agent) engages Sj (the resource provider) in round t.
At any negotiation round t, B′s last proposal (bid) is represented by a utility vector
(V B→Sj

t , W
B→Sj

t ) and S′
js proposal (offer) is a utility vector (V Sj→B

t , W
Sj→B
t ).

The opportunity function

O(nB
t , v

B→Sj

t , 〈WSj→B
t 〉) = 1 −

nB
t∏

j=1

V
B→Sj

t − W
Sj→B
t

(V B→Sj

t − cB)
(1)

determines the amount of concession based on 1) trading alternatives (number of trading
parties nB

t ) and differences in utilities V
B→Sj

t generated by the proposal of the job
agent and the counter-proposal of its trading party W

Sj→B
t . cB is the worst possible

utility for agent B. Space limitation precludes detailed derivations from being included
here, but they can be found in [10].

As explained before, the negotiation party will also modify the negotiation offer with
the negotiation time going on. There are many ways of defining the function αa

j (t) to
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model the effects of the remaining negotiation time. We also use the following function
to calculate the αa

j (t), see [6]:

αa
j (t) = ka

j + (1 − ka
j )(

t

tamax

)1/β , (2)

where tamax is the deadline of the negotiation party a for the completion of the ne-
gotiation, t denotes the current time instant in the available negotiation time set, the
parameter β is the degree of convexity that determines the type of the negotiation party
in the time dependent strategy. Different β values yield different negotiation strate-
gies. For the initial bargaining value ka

j is used, for which the following relation holds
0 ≤ ka

j ≤ 1.
As pointed out in [10], there are several means of combining the time and the op-

portunity function effects to create the offers for the negotiation parties, for instance,
0.5 ∗ (T (t) + O(t)), or T (t) ∗ O(t). Here we use the former one.

It is assumed that P t
c is the offered price at time t by the user, P t

s is the offered price
at time t by the resource provider; T t

c (job) is the proposed waiting time at time t by the
user, T t

s(job) is the acceptable waiting time for the specific job at time t according to
the current resource status considering the future reserved resource as well.

We assume that Vj is the utility function of the negotiation party which associates
with the negotiation issue j and the xt

a→b[t] is the offer provided by one party (denoted
by a) to another negotiation party (denoted by b).

If Vj is decreasing:

xt
a→b[t] = at

j + 0.5((min(maxa
j , bt

j) − aa
j ) ∗ (O(t) + αa

j (t)), (3)

if Vj is increasing:

xt
a→b[t] = at

j + (1 − 0.5 ∗ (αa
j (t) + O(t))(min(maxa

j , bt
j) − at

j), (4)

Equations 3 and 4 represents the job user’s strategy and the resource provider’s strategy
respectively.

As there are two negotiation issues involved in this negotiation process, we assume
that if the offer in which one of the negotiation issues from the opponent is satisfied,
then it will accept this value and not further change it but only change the value of the
remaining other issue in the following negotiation process. This is just a first heuristic
to analyze the behavior of the negotiation strategies. In real life, negotiation issues will
not be independent and thus acceptable deal is not easily reached. This will require
more complex negotiation strategies that need to be considered in future work. For
now, we accept that the negotiation issues are modified according to the previously
made assumption on the monotonous increase/decreas by the parties.

3.3 Concurrent Bilateral Negotiation Model

As mentioned above, in the Grid environment a number of resources will typically be
available which are capable of fulfilling the job constraints after the resource discov-
ery phase. The user or a corresponding scheduling component will contact different
resource providers and initiate the negotiation process for the actual resource alloca-
tion. The negotiation relationship is of the “one to many” type, which can be treated
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as a concurrent bilateral model. In the concurrent negotiation threads in which a single
user is involved, the reservation value of the negotiation issues and preferences are the
same. However, the user may adopt different strategies with respect to different negoti-
ation opponents. Furthermore, they might change the negotiation strategies during the
negotiation process based on available information from different negotiation threads.

Because these negotiation threads are executed concurrently, it is very difficult to
predict whether the user might achieve a better offer from another negotiation thread if
there is already a suitable offer that could be committed to an agreement. In our model,
we assumed that once an agreement is available, it will be created and committed. Of
course, in a real life scenario the job agent might actually exploit the available time to
find several offers and decide at the end on the best offer. In paper [23], we analyze the
results of tradeoff between the “best” and the “first available” agreement. In this paper,
for simplicity, we restricted our examination to accepting the first available agreement.
If one negotiation thread is successfully negotiated, all of the other negotiation threads
will be terminated. The agreement can then be used by provisioning and execution
service to actually start a job on the local resource management system.

4 Evaluation

Discrete event simulation has been used to evaluate the proposed negotiation model.
Currently, there is no real data from Grid computing environments that include suitable
information for negotiation models. However, high performance computing is still the
typical application scenario for Grid technology. For this scenario, workload traces are
available which were recorded on actual machine installations [24]. Therefore, our first
evaluations are based on such traces. However, negotiation information are not included
in this data as none of the real systems supported negotiation models yet. To this end, the
missing information can only be modeled based on first assumptions. In the following
the simulation configuration is described and the simulation results are analyzed.

4.1 Simulation Configuration

At the beginning of the negotiation, the negotiation parties will always make the offers
which are most favorable to themselves. So we assume initial values of 0 for ka

j of
all the negotiation parties. For performance analysis we assume a negotiation interval
of 1s between each negotiation round. In the following we describe the models of the
users and the resource providers. In order to evaluate the learning-based negotiation
algorithms, we will compare simulation results in different simulation cases.

User Model. In our simulation we consider parallel batch jobs in an online scenario.
Typically, users will behave quite differently in the negotiation process. For our sim-
ulation, we assume two different kinds of user objectives: time-optimization and cost-
optimization. The actual behavior of real users will be investigated in future research
work. Below are the parameters of the user modeling which have been applied for the
simulation.
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– Negotiation span is uniformly distributed in [0, 30]s.
– Maximum price of the different job user is uniformly distributed in [4.0, 9.0].
– Acceptable waiting time for the job users are uniformly distributed in [0, 36000]s.
– For the tough negotiator, β value is uniformly distributed in [0.02, 0.2].
– For the conceder negotiator, β value is uniformly distributed in [20, 40].
– Weights of time and price for the time-optimization are 0.8 and 0.2, while the

weights of the time and price for the cost-optimization are 0.2 and 0.8.

Resource Provider. For the local resource management system an FCFS scheduling
strategy with backfilling [25] is adopted which is common for parallel computers. There
is no preemption allowed in our scenario. To this end, in this evaluation we do not
consider the co-allocation of resources from different providers. The resources are all
homogeneous and only differ in the number of available CPU nodes at each site. The
simulated hardware configurations of the resource providers are consistent with actual
configurations of the systems from which the real traces are originated. In this paper,
we present results for traces from the Cornell Theory Center [24] which had 512 CPU
nodes. In our simulation we assumed a Grid scenario with 6 different machines (parallel
computer or cluster with a given set of CPU nodes) and therefore 6 resource providers.
However, to stay consistent with the available workload from the CTC traces, the total
number of nodes for all simulated machines is again 512 nodes. The number of nodes
on each machine and the negotiation parameters for each resource provider are given
below.

– The numbers of CPU nodes for the machines are {384,64,16,16,16,16}.
– Their different maximum prices per CPU time are {8.2, 8.0, 7.5, 7.6,
7.4, 7.5}.

– Their different minimum prices per CPU time are {2.4, 2.3, 2.0, 1.95,
1.90, 1.80}.

– Negotiation deadlines of different resource providers are all 30s, which means that
usually the resource provider will not opt out of the negotiation once the negotiation
thread is created.

– For the conceding negotiator, β value is {32, 35, 34, 38, 40, 40}.
– For the tough negotiator, β value is {0.03,0.05,0.04,0.10,0.05,0.06}

4.2 Evaluation Criteria

In the following we provide some first evaluation remarks which give some qualitative
information about the performance of the model. The actual quality will have to be
verified with better workload models and real implementations.

– Comparison between the negotiation result and the reference point [21], which
is the middle of the zone of possible agreement of user and resource provider:
[Cmax

j , Smin
j ]. The reference point is computed by the following function:

U ref
j =

Cmax
j + Smin

j

2
(5)
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– The rate of successfully created agreement for all jobs.
– The negotiation overhead to create the agreement measured by the time taken to

create the agreement. In our case, we use the final negotiation rounds which rep-
resents the required number of messages exchanged. The actual network overhead
will depend on the actual network speed for this message exchange.

– In computational Grids, the users will concern about the response time and wait-
ing time of a job, while for the resource providers the utilization and the profit
will probably be the main objectives. We also compare these criteria to get some
feedback about the feasibility of the negotiation model.

Simulation Results. We used the first 10000 jobs from the CTC workload traces [24]
to conduct our simulation. We compare the on average required number of negotiation
rounds for the successful creation of an agreement, and the rate of successfully created
agreements in comparison to the total number of job requests. Other criteria are the
average weighted response time (AWRT), the average weighted waiting time (AWWT),
the average price difference between the agreement price (AP) and the reference price
(RP). For the weight in AWRT and AWWT, the job resource consumption is used,
see [26]. This weight prevents any favor of jobs with high or low resource consumption
over each other.

In order to evaluate the simulation results, we compared the simulation cases with
the associated simulation cases that we did in previous publications [6]. The following
simulation cases are considered. Case 1: Both of them use the conceding strategy [6];
Case 2: Both of them use the conceding strategy and opportunity functions; Case 3:
Both of them use the linear strategy [6]; Case 4: Both of them use linear strategy and
opportunity functions; Case 5: Both of them use the tough strategy [6]; Case 6: Both of
them use tough strategy and opportunity functions;

The success rate of negotiations in these 6 cases are as the following tables. The
successful rate of negotiations in these 10 cases are 94.65%, 94.03%, 62.87%, 53.49%,
1.95%, 43.40% respectively, so we can see that using the time and opportunity together
can yield higher creation rate in Case 6 than Case 5; in other simulation cases the
creation rate are comparable.

Figure 1 shows a selection of results. R1 to R6 stands for the resources from 1 to
resource 6 respectively. From these simulation results, we can see that the negotiation
agents using the time and opportunist functions to narrow the differences between the
offers and counter offers can achieve higher utilities than using negotiation strategies
in our former work in [6]. In the simulation cases which use the time and opportu-
nity functions, the AWWT is less than the cases in [6]. Except in the Case 5, there are
no agreements created in R1, so the AWWT is 0, in other resources (except R2 and
R4), the jobs can be started immediately due to the quite lower utilization rate. But the
users usually pay more for the needed resources than in the simulation cases we did
before as shown in the result figure. AWRT is comparable and in the same range as for
Grid models which do not use negotiation models but conventional queuing systems.
That means, the presented model can be considered feasible for real Grid infrastruc-
ture as it does not lead to any drawbacks in the performance results. To the contrary
the negotiated waiting time of the jobs will be guaranteed by the resource providers
which is the anticipated quality of service level and can be seen as a major asset of
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Fig. 1. Comparison between different negotiation cases including the results for the individual six
resources

such an approach. Also we can see that the simulation cases using the opportunity func-
tions can work with less negotiation rounds than using the pure negotiation tactic. An
agent using opportunity function is more likely to reach a quicker agreement because
it has higher chance of exploring more negotiation options. From these simulations,
we can see that negotiation strategies considering time and opportunity functions are
quite flexible and effective, and can actually be used in the dynamically changing Grid
infrastructure.
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5 Conclusions and Future Work

In this paper, we proposed and evaluated a strategic negotiation model in the Grid sce-
nario. This model has been evaluated using discrete event based simulation. The results
show that it can be applied in the practical use in automatic job scheduling. The pre-
sented results can be seen as first steps in analyzing the features and requirements for
automatic negotiation strategies. However, the actual evaluation of the obtained service
quality is difficult to obtain as there is no valid user job and preference workload model
for Grids available which takes economic functionality into account. The presented
results indicate that the negotiation overhead in terms of exchanged messages is man-
ageable for practical application. In the future work, we will try other combinations of
opportunity and time functions which can be used as the alternatives for the negotiation
strategies for Grid scheduling.
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