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ABSTRACT
Grid services provide an important abstract layer on top of 

heterogeneous components (hardware and software) that take 

part into a Grid environment. In this scenario, applications, like 

scientific visualization, require access to data of non-

conventional data types, like fluid path geometry, and the 

evaluation of special user programs on these data. In order to 

support such applications we are developing CoDIMS-G, which 

is a data and program integration service for the Grid. CoDIMS-

G provides users transparent access to data and programs 

distributed on the Grid, as well as dynamic resource allocation 

and management. We conceived a new node scheduling 

algorithm and designed an adaptive distributed query engine for 

the grid environment. 

Categories and Subject Descriptors
H.2.4 [Database Management]: System – distributed 

databases, parallel databases.  

General Terms
Algorithm, management, performance, and design. 

Keywords
Middleware, Grid Services, Database, Distributed Query 

Processing. 

1. INTRODUCTION 
The development of grid services as proposed by the OGSA 

(Open Grid Services Architecture) [1] provides for the isolation 

of user applications in respect to the heterogeneity inherent to 

the grid environment. While middleware systems like the 

Globus toolkit [2] provide for some basic functionalities on the 

top of a grid infra-structure, mainly regarding: authentication, 

remote task scheduling and file transfer, this is not enough for 

the deployment of complex applications that might involve 

processing of user programs and access to distributed data. For 

these more complex types of applications the OGSI (Open Grid 

Service Infrastructure) [3] has proposed the extension of the 

web service technology towards the grid service, where service 

state and life-cycle can be managed [3]. The idea is that by 

designing and composing grid services, one can provide for 

higher level functionalities specific tailored to the envisaged 

application and still support the fundamental characteristics 

offered by established distributed systems such as CORBA [4] 

and RMI/IIOP [5]. 

In this paper, we present the functionalities been developed in 

CoDIMS-G, which is a data and program integration service for 

the grid. In such systems, users can express queries that combine 

distributed data processing with programs invocation over these 

data [6]. 

A domain area that emphasizes the necessity of these CoDIMS-

G’s functionalities is a service based on grid environment to 

support a preprocessing stage of scientific visualization 

application that simulates a fluid flow through a path [7]. It is 

one research area at LNCC (National Laboratory for Scientific 

Computing). In this preprocessing stage, an instant shot of the 

flow is taken and comprises a set of fluid virtual particles (VP), 

and a geometry model of the domain, with velocity vectors 

associated to space objects. In addition, two user programs are 

involved. The first one computes a resulting velocity vector in a 

specific position of the flow path, using the geometry model, 

and the second one, called Trajectory Computing Program (TP), 

computes the VP next position, given its initial position and the 

corresponding resulting velocity vector. 

This application can be modeled as a database application 

comprised of the relations‡:

Geometry (id, time-instant, polyhedron<point>, 

velocity<point-velocity>) ; 

                                                                

‡ We consider an Object-Relational model where <ati>

represents a list of values of attribute ati
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Particle (part-id, time-instant, point) and the programs:  

Resulting-vector (position, polyhedron<point>, 

velocity<point-velocity>): velocity 

TP (particle-id, position, velocity): new-position. 

Each iteration of the TP problem can be expressed as a SQL 

query, such as in Query 1.

Select TP(p.part-id, p.point,  

resulting-vector(p.point,g.polyhedron,g.velocity)) 

From geometry g, particle p 

Where p.point in g.plyhedron

Query 1 - TP query 

Such queries can take a long time to process on conventional 

machines as a result of the number of particles, the number of 

interpolations and the fluid path model complexity. As a result 

of this, using the processing power available in a grid 

environment may substantially reduce the time needed for 

processing virtual particles. Nevertheless, in order to make it 

feasible for the scientific visualization community, one must 

provide services that will hide the complexity of the grid 

environment.  

In terms of a data and program integration service, this means 

that we must provide transparent access to stored data, as well as 

transparent allocation and management of programs invocation 

over these data. CoDIMS-G is being conceived to support these 

needs. We provide a greedy scheduling algorithm that selects 

among available nodes the subset that would benefit a parallel 

invocation of the TP program. On the contrary that one might 

expect, allocating all available nodes may take longer than 

choosing a smart subset of them. In addition, once the grid 

environment is supposed to be a collaborative environment, one 

may exercise optimal use of resources to the welfare of the 

community. Once grid nodes have been selected, CoDIMS-G 

query manager dynamically deploys query engines services on 

scheduled nodes and manages their execution in respect to 

estimated node throughput. The complete architecture comprises 

also a local query engine, responsible for accessing the data 

sources and distributing the data amongst distributed query 

engine instances using a demand driven approach.          

Therefore, CoDIMS-G offers transparent data access and 

manages programs execution within the grid providing for an 

efficient and high level integration service for scientific 

applications. 

1.1 Contributions 
This paper presents the following contributions. Firstly, we 

present a distributed query optimization strategy conceived for 

queries including expensive user programs. Next, we propose a 

new grid node scheduling algorithm and integrate it into the 

proposed optimization strategy, producing an initial distributed 

and parallel query execution plan. Thirdly, we present an 

adaptive distributed and parallel query engine architecture that 

is based on the Eddies strategy [8]. We describe its main 

functionalities and discuss its implementation as grid services. 

Finally, we discuss how to integrate the adaptive query engine 

with the scheduling algorithm so that we can dynamically 

respond to fluctuations on estimated values. 

The rest of this paper is organized as follows. In Section 2, we 

present some related work. In Section 3 we describe the 

CODIMS-G architecture. In Section 4 we describe the 

distributed query processing strategy adopted in CODIMS-G. 

We present the greedy node scheduling algorithm, define its 

integration into a distributed query optimizer and discuss the 

distributed query execution model. Finally in Section 5 we draw 

some conclusions and point to future work. 

2. BACKGROUND AND RELATED 

WORK
The problem of integrating distributed query processing 

technology with a grid service has been addressed in the OGSA-

DQP (Distributed Query Processing) project [9]. In this project, 

the query processor is served by a set of orchestrated services 

that manage distributed data access, resources metadata 

information and services instances creation and management. 

The DQP service is built on top of an OGSA-DAI (Data Access 

and Integration) [10] implementation that provides services 

interfaces for data source access; data transfer and data source 

services instances management. Query processing is done by 

services encapsulating the Polar*[11] distributed object oriented 

query processor. DQP offers query capabilities very similar to 

those proposed in this paper. Query execution service instances 

are deployed in grid nodes to implement user programs 

parallelization. Physical algebraic operators, like exchange and 

operation-call, implement inter-node communication and user 

programs invocation, respectively. 

Our proposal differs from the one in OGSA-DQP in the 

following aspects. Firstly, we propose a grid node selection 

algorithm based on historical of application execution and 

integrate it into a distributed query optimization strategy. 

Secondly, in contrast to DQP static generated query execution 

plan, our query execution engine extends Eddies adaptive query 

execution strategy to cope with execution time variations not 

captured during query optimization stage. Finally, we 

dynamically reanalyze node allocation by comparing actual 

nodes throughputs with estimated values and, eventually, calling 

the dynamic optimizer to reschedule grid nodes. 

Another data integration web service based proposal can be 

found in the SkyQuery project [12] that provides a mediation 

based architecture for the integration of astronomy (data) 

archives available on the internet, with the execution of spatial 

queries. Web services are adopted as the main communication 

and encapsulation interface both for the query processor and 

data sources wrappers. SkyQuery adopts a centralized query 

processing approach, which departs their work from the one 

proposed in this paper. 

In respect to middlewares that implement distributed query 

processing for data and program integration, such as LeSelect 

[13], Mocha [14] and Garlic [15], CoDIMS-G offers a standard 

based communication paradigm based on WebServices 

technology and extends dynamic distributed query processing 

techniques to explore the grid environment infrastructure.  

Examples of scientific visualization applications problems that 

consider particles tracing problems can be found in [16, 17, 18, 

19]. Such problem can be mathematically defined by an initial 

value problem [16]:  
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dx /dt = F(x,t), x(0)=P0,    (1) 

where F:R3x R+ -> R, is a time-dependent vector field (velocity, 

for example). The solution of problem (1) for a set of initial 

conditions gives a set of integral curves which can be 

interpreted as the trajectory of massless particles upon the flow 

defined by the field F(x,t). Other particle tracing methods can be 

used (streamlines, streaklines, among others.) with slight 

modifications of the above equation [20]. 

3. ARCHITECTURE 
In this Section, we present the CoDIMS-G architecture, depicted 

in Figure 1. CoDIMS-G is a configured data and program 

integration system generated by the CoDIMS [21] configuration.  

Figure 1 CoDIMS-G Architecture 

The Control Component is the essence of the CoDIMS 

environment which stores, manages, validates and verifies an 

instance configuration. The configuration process is presented in 

[21]. The Control orchestrates the communication among the 

components. Users access the service through a Web application 

running in a public accessible gatekeeper host. Users´ requests 

are forwarded to the Control component, which sends them to 

the Parser Component. The Parser transforms the users´ requests 

in a query graph representation. The Query Optimizer (QO) 

receives the graph and generates a physical distributed query 

execution plan (DQEP), using a cost model based on data and 

programs statistics stored in the Metadata Manager (MM). For 

DQEPs that include operations for the evaluation of 

parallelizable user programs (i.e. programs that evaluate on a 

tuple by tuple basis), the optimizer calls the Scheduler (SC) 

component. The latter accesses the MM for capturing: grid 

nodes execution performance history and user programs' 

evaluation costs; in addition to online statistics of intermediate 

results. Based on the collected statistics, the SC applies a grid 

node scheduling algorithm (see Section 4.1) to devise a subset 

of the grid nodes to be allocated by the query engine manager 

(QEM) for executing in the user programs. The QEM is 

responsible for deploying the query execution engine (QE) 

services at the nodes specified in the DQEP and managing their 

life-cycle during the query execution. 

The QEM manages the QEs real-time performance by querying 

the QEs throughput statistics and deciding on an online 

rescheduling of the QEs with a plan re-optimization. Each QE 

receives a fragment of the complete DQEP and is responsible 

for the instantiation of the operators and the execution control, 

including the communication with other fragments for retrieving 

the tuples. As part of the DQEP, the scan operator accesses the 

data sources with wrappers that prepare the data according to a 

common data format. 

We are interested in emphasizing the Query Processing 

functionality which is presented next. 

4. DISTRIBUTED QUERY PROCESSING  
The CoDIMS-G query processing model follows the adaptive 

execution strategy named Eddies [8]. The Eddies strategy 

provides for an adaptive scheduling of the query operators 

according to their on-line production. Since the statistics on the 

(query) machine performance and the data characteristics may 

vary during the execution or may even not be available, the idea 

is to produce a first DQEP without spending too much time 

looking for an optimal query plan, and to define the tuples 

routing trough the DQEP operators in real time. During 

execution, initial node allocation is reevaluated, according to 

real-time nodes throughput statistics, and a new allocation 

strategy may be devised by the dynamic optimizer. 

This is certainly a fair assumption regarding the grid 

environment, where nodes´ performance may be changing as a 

consequence of new tasks allocations. In addition, data statistics 

may be imprecise or inexistent, as is the case where data comes 

from data sources on the web. 

As a result of the above mentioned adaptive execution strategy 

selection, we use a simple but efficient query optimization 

strategy, which is explained as follows. 

We express a query as a query graph QG, defined as a partial 

ordered set of operators QG={ , }, where  is a set of 

algebraic operators and  is a set of dependencies relations, 

where if ( 1 1 2), with 1, 2  and 1 , then 2 succeeds 

1 in a bottom-up navigation of the DEQP and  not ( 2 1 1).

In addition, we define 1, 2 as subsets of , where the former 

comprises join predicates, and 2 comprises a set of user 

programs. A DEQP is generated by: (1) pushing down simple 

predicates (restrictions) close to the corresponding relations, (2) 

permuting join orders in 1
† and choosing the one providing for 

a minimal cost, obeying the precedence in ; (3) analyzing the 

parallelization of user programs in 2 using a node scheduling 

policy, which completes the DEQP with a list of nodes to be 

allocated for the user program instances evaluation. This 

strategy guarantees that costly programs only get invoked when 

all predicates have been evaluated, eventually reducing the 

number of tuples to be processed by them. 

In the next subsections, the scheduling a algorithm and adaptive 

query execution strategy are presented. 

4.1 The Grid Greedy Node Scheduling 

Algorithm 
In this section we present the grid greedy node (G2N) scheduling 

algorithm. The main idea behind G2N can be stated as: “an 

                                                                

† We consider that the number of joins to be small, not greater 

than 3 in supported applications 
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optimal allocation strategy for an independent user program of 

the tuple by tuple type is the one where the elapsed-time is as 

close as possible to the total cost on each node evaluating an 

instance of the user program”. 

The problem can be formalized as follows: given a set of nodes’ 

throughputs N, and a set of equally costly independent tasks P,

define a subset N1 of N, which minimizes the elapsed-time for 

evaluating all the tasks in P.

The algorithm is presented in Figure 2. It receives a set of 

available nodes with corresponding average throughputs (tp1,

tp2,…, tpn) measured in seconds per particle. This includes the 

average cost involved in transferring one particle to the 

evaluating node and processing it. The total estimated number of 

tasks (T) to be evaluated, corresponds to the number of virtual 

particles (NP) multiplied by the number of iterations (NI) for 

each particle. The output of the G2N comprises a set of selected 

grid nodes. 

G2N (throughput(tp
1
,tp

2
,…, tp

n
),number-tasks):result 

nodelist:= descending order(throughput); 

result:= result  {nodelist(1)}; 

cost(1):= number-tasks * nodelist(1); 

current-cost:=cost(1); 

While (nodes in the list and add-new-node)  

  total-cost:= current-cost; 

  new-node:= next-node in nodelist; 

  While (current-cost <= total-cost) 

   move tuples from lowest node in result to new-node; 

   Update costs of nodes and total-cost; 

   If current-cost > total-cost 

     If we could move at least 1 tuple to the new-node 

           result:= result  {new-node}        

     else 

           add-new-node:=false; 

     Endif        

     Stop loop; 

   Endif 

  endwhile       

enwhile

output result;

Figure 2 The G2N algorithm 

We now present a brief description of the G2N. Initially, the 

algorithm classifies the list of available grid nodes according to 

a decreasing order of their corresponding throughput values. It 

then allocates all T tasks to the fastest node. The main program 

loop tries to reallocate, at least one particle from the already 

allocated nodes to a new grid node (less performing next in 

line). If this succeeds, with a new query elapsed-time less than 

the previous one, it continues reallocating particles to the new 

allocated grid node, until the overall elapsed-time becomes 

higher than the last computed one. Conversely, if the 

reallocation of a single particle produces an execution with 

higher elapsed-time than the one without the new grid node, the 

algorithm stops and outputs the grid nodes accepted so far. 

In addition to the (pre-execution) static allocation of grid nodes, 

a dynamic strategy validates and corrects possible differences 

observed during the execution, when the QEM compares the 

estimates for the nodes throughput against the real-time values. 

Whenever the estimates fall bellow a certain threshold the QEM

calls the Optimizer to reevaluate the node assignment. A new 

grid node allocation is produced considering: the number of 

tasks yet to be evaluated and the up-to-date grid nodes 

throughput.

Summarizing this section, we presented the need for a 

mechanism in the CoDIMS-G to allocate the necessary 

resources for the execution of the application. This mechanism 

is implemented in the Optimizer component with the functions 

of: initial allocation of a set of more efficient nodes for the 

execution of the TP and the reevaluation of this allocation 

during the execution. This component allows a simple 

adaptation of the system to a dynamic and heterogeneous Grid 

environment. 

4.2 Query Execution  
Query execution in the CoDIMS-G is implemented by an 

instance of the QEEF framework [22], which is a software 

framework for the development of query execution engines that 

can be extended to support new query characteristics, including 

new operators, different algebras and different execution models 

among others. In the CoDIMS-G, the QEEF framework has 

been extended to support the following functionalities: user's 

functions execution, distribution and parallelism.  

The strategy for introducing user programs into a DQEP is to 

implement the Apply operator [23] as a new algebraic operator 

that encapsulates users’ program invocation and parameters 

passing by value extracted from the input tuples. The operator 

implements the standard iterator interface and, for each tuple, 

invokes the user program with the input parameters captured 

from the input tuple. The user’s program result is concatenated 

to the input tuple to build an output tuple. 

In order to support distribution and parallelism, by its turn, 

changes were necessary in the structure of the QEEF. First, in 

the original implementation, every instance of the query 

machine should have a definition of a local database and a 

projection operator, through which the machine would produce 

its result(s). These constraints were removed, since they were 

not always possible to satisfy. Second, it was necessary to add 

some communication mechanism among the different 

distributed fragments of a DQEP. In order to satisfy this 

constraint, control operations for managing the communication 

among the operators were added to the interface of the 

execution machine and a unique identifier was associated to 

each operator. By doing this, an operator of a fragment may 

communicate to another, as long as it knows the service instance 

where the other fragment is being evaluated and the identifier of 

the remote operator. 

The communication between nodes is implemented through the 

control operators: Sender, Receiver and Union. The Sender and 

Receiver [24] operators are responsible for providing 

transparency in distribution aspects such as communication 

technology and data (de)serialization. In the proposed 

implementation the Sender operator buffers the results produced 

by a fragment and sends them to the demanding Receiver. A 

Sender operator is coupled to one and only one Receiver 

operator. In order to reduce the communication overhead, the 

results are sent in blocks in an attachment of the reply message. 

In case of any difference among the fragments' execution 

characteristics such as: data unicity and used control flow, other 
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control operators have to be used. The Union operator is 

responsible for grouping the execution flow, which could be 

parallel or distributed. Threads are responsible for consuming 

the results of a producer and let them available in a buffer. 

Figure 3 CODIMS-G Distributed query execution model 

Figure 3 presents a CODIMS-G adaptive query execution plan 

generated for the query in Query 1. The DQEP is described 

according to the syntax defined in [22], in which special 

execution strategies are defined by the two modules: Eddies and 

Parallel, in Figure 3. Eddies module controls the routing of 

tuples among DEQP physical algebraic operators. It controls the 

number of iterations that each tuple has gone through by storing 

an iteration value in the tuple. The Parallel module defines the 

query execution structure necessary for supporting the 

parallelism of the encapsulated algebraic operator. For example, 

in the upper box parallel module, the Hash Join is parallelized in 

two independent instances.    

The results generated by the evaluation of a query may be 

consumed in two ways: first-tuple-first or last-tuple-first. In the 

former, the result is consumed as data is produced. In the later, 

the result is consumed only after terminating the query 

execution. In this mode the result is stored in a temporary area 

and the user will be noticed at the end of the processing. By 

submitting a query to the CoDIMS-G, the user will receive an 

identifier to the process and a handle to an instance of the 

service where to consume from. 

5. CONCLUSION 
The vision of providing transparent and automated access to and 

use of a large number of heterogeneous hardware and software 

resources available in the internet and intranets has motivated 

efforts towards the development of grid environments. To this 

end the Global Grid Forum [25] has proposed the OGSA 

architecture, based on a service-oriented technology, that 

addresses the need for standardization regarding grid 

components discovery, access, allocation, execution, 

monitoring, among others. 

Scientific applications are natural candidates for benefiting from 

a grid environment in result of: the large amount of data to be 

processed, the distribution of scientific resources, in terms of 

human, hardware and software and the requirements for high 

computing power. 

Middleware systems like the Globus Tollkit [2] are being 

developed in accordance to the OGSI standard and offer a set of 

basic grid services that support: authentication and authorization 

for accessing grid resources; efficient file transfer in-between 

grid nodes and remote service allocation and monitoring. 

In order to support complex application, as scientific 

applications, higher level services must be provided with 

specific functionalities adapted to the grid environment. 

In this paper we present the CoDIMS-G, which is a data and 

program integration services for the grid. The CODIMS-G 

offers users a transparent relational view over data and programs 

distributed in the internet through a set of orchestrated services. 

We propose a new dynamic grid node allocation algorithm 

based on nodes throughputs, and integrate it into a simple query 

optimization strategy that generates initial query execution plans 

with annoted node scheduling policy. The proposed query 

execution strategy extends the Eddies adaptive query execution 

model for the grid environment. The combination of both, 

simple query optimization with node scheduling and adaptive 

query execution model, offers a very convenient platform for 

query execution in a grid environment, considering the 

variations on grid nodes run-time conditions and the lack of 

statistics from the web data-sources and the user programs 

execution. To the best of our knowledge, this is the first attempt 

to combine a dynamic node scheduling and an adaptive query 

execution.

We have just completed the implementation of a first version of 

the CoDIMS-G grid service. As future work, we intend to 

experiment the CoDIMS-G in the grid being developed at the 

LNCC and evaluate both dynamic node scheduling algorithm 

and the Eddies adaptive execution model for the scientific 

visualization application described. We also plan to investigate 

the adaption of the hash-join algorithm, used to join particles 

and the geometry model, to variations of the nodes throughput 

and available memory. Additionally we should follow OGSA-

DAI structure to access data sources. 
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