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Abstract: The goal of grid computing 13 to achieve all kinds of resources sharing between organizations.
Auctioning models are a source of solutions to the challenge of resource allocation m grid. Auction models can
guarantee the interest of participants in the grid with fairness and efficiency. In this study, we modify the
bidding stage using Signecryption model and a new definition of grid auction fairness is presented that is based
on communication network measurement. First-price sealed auction (FPA) is used for resource management
using new methods. SimGrid simulation framework 1s used wiuch support auction protocols and evaluate results
from users’ perspective as well as from resources’ perspective. The results showed that the new model has a

good behavior in grid environment and security and fairness increase in auction model with this method.
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INTRODUCTION

Computational grids are emerging as a new paradigm
for solving large-scale problems in engineerng and
commerce (Abramson et al., 2000; Buyya et al., 2001).
Resources in the grid context belong to different control
organizations with different interest. More importantly,
both resources and end-users are geographically
distributed. Tn managing such complex environments,
traditional approaches cannot be employed (Buyya et al.,
2002). Most of the related work m gnd computing is
resource meanagement and scheduling. Economic
approaches are suitable for grids because of their
decentralized structure and the use of meentives for
resource owners to contribute resources (Grosu and Das,
2004). So, one problem 1s how to allocate resources for
achieving the goal of high efficient utilization of
resources.

Auctioning models are one of the economic
approaches to the challenge of resource allocation in grid
because they provide a decentralized structwre and
respect the autonomy of resowrce owners. In the auction
model each service provider and user acts independently
and they agree privately on the selling price. The auction
models can guarantee the interest of participants in the
grid with fairness and efficiency. So, the concept of
faimess in auction models has to be enriched.
Gomoeluch and Schroeder (2003) and Abramson et al.
(2002) present Economic-based resource management
systems in Grid. Economic models help resowce

provider to manage and evaluate resource allocations to
user communmnities. Buyya et al. (2002) provides economic
meodels and system architecture for resource management
in Grid environments. It also presented a computational
economy-driven grid system. In Wolski et al. (2001)
problems of resource allocation in grids under auctions
models have been investigated. There are several works
investigate auction models for resource management in
grid computing environment.

Grosu and Das (2004) presented an analysis of first-
price auction, Vickrey auction and Double auction. It
analyses these protocols for using m resource allocation.
In a grid environment, the communication requirements of
some auction models may become a bottleneck. Thus, it
is mmportant to analyze communication complexity of
different auction protocols when applied to gnid
environments. Assungdo and Buyya (2006) presented an
investigation on the communication requirements of four
auction models for Many
investigations have been done about auction
requirements such as fairness, data security and different
implementations have been proposed. A centralized
internet auction protocol proposed that
problems about faimess and security in an auction
system (Liaw et al., 2006). Wu et al. (2008) have been
mentioned some problems of Liaw et al. (2006) and it have
proposed a new protocol for solving these problems.
Juang et al (2005) includes a first-price sealed-bid
auction protocol that performs secwrity and fairness.
Achieving fairness of auctions conducted over the

resource  allocation.

consider
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internet using a single auction server is a challenging
problem by Peng et al. (1998), since differing message
transmission delays experienced by bidders can clearly
compromise an auction’s faimess. Ezhilehelvan and
Morgan (2001) proposed distributed system architecture
for internet auction that provides faimess requirement.
In most of the mentioned protocols, it should be
considered that no solution has been proposed to choose
the winner when there is more than one maximum bid. If
more than one bidder have proposed the same maximum
bid, it uwses random numeric and weighted selection
method for determining winner (Ezhilchelvan and
Morgen, 2001).

For security reasons and in order to maintain
fairness, m the sealed-bid auction protocol, all bids are
encrypted in transmission. In this study, a new model for
encryption/decryption in bidding stage and a method for
determimng final winner in an auction model are presented
which increase fairness. At the reminder, latency time and
resource utilization of an auction protocol in grid
environments, namely first-price sealed-bid (FPA) is
investigated.

AUCTION ALLOCATION MODELS

The auction model supports negotiation between a
service provider and many consumers and reduces
negotiation to a single value. The main players in a grid
auction are (Grosu and Das, 2004; Gomoluch and
Schroeder, 2003):

e Grid service providers (GSPs): Providing the
traditional role of producers: They contribute their
resources to the grid and collect the bids from users.
They also determine the winning users which are the
users that send jobs for execution.

*  User broker (UB): Representing consumers in an
auction: Consumers interact with their own brokers
for managing thewr computations on the grid. The
User Broker 1s responsible for auction (resource)

analysis and  selection,

submitting, managing and momtoring the execution
of jobs on the user’s behalf and providing the user

discovery, auction

with a umform view of grid resources.

¢+  Grid trading services (GTS): The GSPs running
software systems along with grid trading services to
enable resource trading and execution of consumer
requests directed through GRBs. The GTS can act as
auctioneer if an auction-based model is used in
deciding the service access price or an external
auctioneer service can be used

Buyya et al. (2001) provides detailed information
role played by GSPs, UBs and GTSs and
them to actual Grid components and
implementations. The steps mvolved m the auction

on the
compares

Process are:

* A GSP announces their services

*  Brokers offer their bids

»  Step 2 goes on until no one 1s willing to bid a lugher
price or the auctioneer stops auction

»  The GSP offers the service to the winner

»  The consumer uses the resource
FIRST PRICE AUCTION PROTOCOL (FPA)

In our mplementation of the first-price sealed
auction, bidders are not aware of each other's offers. The
bidder who bids the highest wins the auction and pays
exactly the amount he bids. This type of auction is
implemented in single round or multi rounds. We use a
multi  round sealed-bid auction for allocating
resource in grid. In the first round, UBs submit their
bids dwring the time which is determined by GTS. When
the first deadline expires, auction 1s terminated and the
winner is determined or the bids become public and a
new deadline 15 determined. Figure 1 shows this
scenario.

At the end of the synchronization phase, all the UBs
know the current best bid. Summarizing, in the worst case
it takes startup time plus the whole dwration of the
collection and synchronization phase to identify and
diffuse the current best bid (Fig. 2). The dwation of a
synch phase depends on the communication network
latency. This auction protocol can be divided into three
stages:

Cycle:
1. UBj, j=1,2,...,m sends bid b; to GSP,
2. for j=1tom

GSP, receives bid b;

3. After G8P; collects all the bids {b;,b,,...,b,}, it dose the
following:
3.1 Determines the U, and makes it public for all UBs:
w={ib=max{b;,b;,....b.}}
Tt GSPi TERMINATE break cycle
End cycle

4.1 Notifies the winner,UB,,
4.2 Send reject messages to the user brokers UR;, 1w

5. UB,, sends the job to GSP; executes it
6. UB,, sends the payment b,, to GSP;

Fig. 1: FPA Protocol (multi round)
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Fig. 3: Parallel signing and encryption method

VerDec: The decryption and verifying algorithm which,
for a signed-ciphertext c¢,the private key SDKj of the
recelver and the public key VEK, of the sender,Recovers
the message m = =VerDec vz 5o s (C).

Thus, following stages (Fig. 3) should be done
m sending a message from a sender (5)) to a
receiver (3):

At the following, we investigate Subramanian’s
auction protocol for resource allocation m grid and
propose a new scheme using Signcryption model. This
scheme decrease the time of encryption/decryption
computations to enhance efficiency, thus it is suitable for
applying in grid auction protocols. We modify the

bidding stage using Signcryption model.

UB-GTS: [M1, VEK,, payment’, price]*", "™ The
information of the bid includes the message MI, UBR's
verify/encrypt key, the encrypted payment with key e and
the sigened price offered by B. GTS can use the
SDK,,VEK, keys and VerDec algorithm to Recovers the
message.

GTS~UB: [[payment’], price] *;"*: GTS acknowledges
the receipt of the bid using SigEnc algorithm and UB can
use the SDK,,VEK, keys and VerDec algorithm to
Recovers the message.

GTS-everybody: [resource description, maximum price
offered]"®: We investigate these methods by simulation
n grid environment.

USING RESPONSE TIME TO DETERMINE
WINNER

Determining winner is an important part in FPA
protacol. The information which GSP uses is the bids and
number of UBs who have proposed these bids and by this
information selects winner. If only one UB suggested the
highest bid, it is the specified winner. As mentioned, in
FPA protocols bidders don’t know the bid values of other

bidders so, equal maximum bids are possible. If more than
one UB have placed the highest bid which of them 1s final
winner?

Numeric random and weighted selection method 1s
used in (Ezhilchelvan and Margan, 2001) for determining
final wimner in equal conditions. This method preserves
fairness between bidders in an auction, but it deesn't
consider time of submitted bids. On the other hand, the
time of submitting a bid doesn't have any effect in
determining final winner. Tt would be possible to propose
a more fairness algorithm using the time. Our proposed
solution is registering response time in the GSP which can
be used as a measure for determming final winner. For
computing response time, it 1s necessary to consider the
effect of communication network parameters. One of these
parameters is link delay that it used m (Wang et al., 2007)
for analyzing network fairness.

For determimng response time, these signs are used:

¢ TO0: Ts the moment when GSP publishes the
commodity nformation

¢« Ti: (I=1,2,3,..) Represents the moment UBireceives
the information

»  Ti": Represents the moment UBi sends bid request

¢ Ti": represents the moment when GSP receives UB 1’

feedback

Thus the subjective respond time of each UB should
be Ti'-September 8, 2009Ti, which is denoted by
Response 1. We can see that T1”-T0 = Response 1+ RTT1,
where RTT1 denotes the round trip time of data package
transferring. So, response 1 1s:

Response T = Ti5"-TO-RTTi (1)

Congidering these parameters, we proposed a
suitable solution for increasing fairness in FPA grid
auction model. In this solution, each GSP estimates RTT
value for all UBRi, with this value and (1) computes
response time for each of them. Some methods for
estimating RTT are presented in (Karn and Patridge, 1991).
By this solution, probability of equal conditions (the same
highest bid and the same response time) will be decreased
in each GSP for FPA protocol.

SIMULATION ENVIRONMENT AND
EXPERIMENTAL RESULTS

FPA allocation mechanism is investigated with
proposed methods for bidding stage and determining final
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winner presented in this study. The SimGrid simulation
framework introduced by Casanova (2002) 1s used. Some
parameters are selected for evaluation of the methods.
The  parameters are the latency time for
encryption/decryption and determining final winner and
resource utilization For comparing two structures, S 1s
supposed as the number of resource each with 1000 MIPS
(million instructions per second) processing capacity. The
topology  of
considering a fully-connected topology (one network link
for each pair of computing resowrces). Although, the
fully-connected model fails to model realistic distributed
computing simple  for

resource interconnections has been

environments but it s
inplementation and makes it possible to use the results
for a wide range of environments.

The maximum acceptable latency of any single
message 1s set to 2 sec. The limit of auction rounds for
multi round Sealed-Bid auction is set to 20. To evaluate
new method in bidding and determimng winner we
compare Subramanian's scheme (shown as sub FPA) with
Signeryption model (shown as improved FPA).

At best, one would expect that parallel encryption
and sign will consume roughly the same time as the
most time-consuming operation (either signing or
encryption, for the joint encryption and signing and either
verifying or decrypting, for the jomnt decryption and
verifying).

* Time (parallel encrypt and sign) = max {time
(encrypt), time (sign)}

* Time (parallel decrypt and verify) = max {time
(decrypt), time (verify)}

13

Signcryption method can concurently encrypt and
sign (decrypt and verify), so, it has more performance
than sequential public key algorithm and the lower time
order.

For evaluation the new method for farr winner
determination, it 1s necessary to consider the time which
15 required by GSP to determine best bids. This time
mcludes selecting of the highest bid with the lowest
response time. Figure 4 shows the required time for winner
determination based on usual method and the proposed
method.

Winner determination based on user response time
requires more time than usual way. But this increasing in
latency time can be considerable in combination with
parallel Signeryption method.

As Fig. 5 shows, it presents the latency time in
using the bidding medels and the proposed method for
determimng final winner user in FPA protocol. It takes the

18 —A—TUsual winner determiniation
i —{—Using response time

G T L) L] L) T 1 L) T 1
200 300 400 500 600 700 800 900 1000
No. of hiddem

Fig. 4. Required time for winner determination based on
user response time

457 —A—Improved FPA
40- —3K—Sub FPA

35+

304

Latency (sec)

5 10 15 20 25 30 35 40 45 50

No. of resources
Fig. 5: Latency time

duration of a bidding cycle and synchronization cycle
plus the pace at which the GSPs compute the current best
bid. In the worst case, FPA with Signeryption model
needs lower latency time than Subramaman's scheme.

The percentage of resource utilization has been
measured to investigate proposed method from resowrce's
perspective. Resource utilization for a resource 1s defined
as the ratio of the total execution time at the resource to
the total simulation time (Grosu and Das, 2004). Figure &
shows the amount of resource utilization improved FPA
and sub FPA protocols. Both auctions present similar
performance in some cases and in the most cases
improved FPA is better than sub FPA. So, FPA protocol
based Signeryption method and using response time has
acceptable resource utilization in comparison with other
model.
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Fig. 6: Resource utilization
CONCLUSION

In this study, Subramanian bidding auction scheme
which used public key cryptosystem is used for bidding
stage 1n grid auction protocol. In the following we have
explained the details of the bidding stage in grid resource
allocation based on Signeryption model. Then one
method for increasing fairness in a FPA auction model is
proposed. Considering an average value for transmission
delay, a suitable solution 15 used for computing user
response time and then determining winner user based on
the lowest response time for allocating resource in grid
computing. The two auction allocation models are
presented and these protocols are simulated using the
SimGrid simulation framework. Some parameters are
considered for evaluation of the methods. The parameters
are latency time and resource utilization FPA using
Signeryption model presents an acceptable performance
from the user's perspective and from the resource's
perspective.
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