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Abstract

Grid computing is a new paradigm for wide area distributed computing

that is based web services. A challenge in the distributed middleware that

implements a grid envisioned to span the world, is the management of in-

formation about the resources available to the Grid. Management of grid

resource information shares much in common with directory services, in that

both serve client requests for resource information. Directory servers, how-

ever, primarily serve to map host name to IP addresses. As such, they are

optimized for relatively static data, simple and small set of known queries,

and extremely short query execution times. Grid resource information man-

agement is distinctly different in a number of challenging ways.

Though aspects of grid resource information management have been in-

vestigated, the contribution that an underlying database platform makes to-

wards meeting system requirements and achieving overall performance is

less well understood. This paper describes an experimental study we under-

took to better understand these issues. We identify the key requirements of

a grid resource information server and from the requirements derive a set of

metrics for evaluating a platform. Using a database of realistic grid resource

information implemented on three platforms of different data models, (i.e.,

relational, native XML, and LDAP), we run a benchmark set of queries and

workload scenarios. The queries test a broad range of database functional-

ity through realistic questions asked on meaningful data. The scenarios are
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short synthetic workloads that test query response time of a repository under

a workload of concurrent query and update requests. Based on the results,

we illuminate the strengths and weaknesses of a platform in its contribution

to the requirements of a grid resource information manager.

Categories and Subject Descriptors: C.2.4 [Computer-Communication Net-

works]: Distributed Systems; C.4 [Computer Systems Organization]: Per-

formance of Systems – Performance attributes; H.3.4 [Information Storage

and Retrieval]:Systems and Software

General Terms: Experimentation, Performance

Additional Key Words and Phrases: grid resource information management

architecture

1 Introduction

Grid computing [17] is a new paradigm for wide area distributed computing. The

Grid itself is a distributed middleware layer organized as web services. Web ser-

vices form the basis for intercommunication amongst services within the middle-

ware layer and also define the interface to applications. The Grid’s strength is open

extensibility in that new services can be flexibly and dynamically added by third

parties.

Critical functionality in a grid is management of information about resources

existing on the grid. We define agrid resourceas an entity that contributes value

to the grid and must be managed. Grid resources are akin to the system resources

of a computer that must be managed by an operating system. Grid resources in-

clude web services, hosts, file systems, databases, large scale instruments, libraries,

and large-scale projects [13, 23]. The kinds of information describing a resource

could include its owner, access policy, and current state. Resource information is

used by schedulers [28, 19, 26], large data-set movers [10, 34], web portals, other

grid services, and users for purposes of discovery, description, and status updates.

A grid information resource manager (GRIM)is a software entity that manages

information about grid resources.

We posit that a grid resource information manager has the following set of

requirements:

� resources have aspects of their description that require continuous refreshing
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at high rates,

� the Grid is worldwide, thus resources are distributed worldwide,

� providers of resource information will be in close proximity to the resource

information manager that serves them,

� a client will often be a significant distance from the information manager it

needs to contact, and

� client requests are on-demand

� the organizing paradigm of the Grid is web services, thus a resource infor-

mation manager must be a web service.

A defining characteristic that distinguishes grid resource information management

from, for example, a directory service, is the freshness demands on the data. Re-

sources such as hosts (i.e., workstation, cluster node) and network connections have

aspects of their description that change at millisecond rates. For example, a host

record might include current CPU load. That the UNIX kstat command samples

current CPU load once per second implies that a provider might reasonably want

refresh its description continuously at a once per second rate. For 30,000 hosts,

the database could be subject to 30,000 updates/second. Because of the freshness

demands on the data, providers of resource information, which will likely be the

resources themselves, and will need to be in close spatial proximity to the infor-

mation management service that manages the description. Additionally, individ-

ual providers are separated from each other, distributed throughout an academic

department for instance. Thus updates to the resource descriptions at the grid re-

source information manager will likely come directly from the providers instead

of through an intermediary. A favorable candidate database platform is one that

can sustain high update rates and have minimal intrusion on processing of query

requests from clients. The number of providers is fixed, known and small relative

to the number of clients. Clients, on the other hand, make requests on demand, as

the data is needed. Clients hold expectations that the data is the latest or at least

the freshest data possible. client requests are therefore sporadic, irregular, large in

number and potentially travel a great distance. A suitable platform is one where

the query response time is minimized, number of requests are minimized, and the

duration of each interaction is minimized.

Existing solutions for managing grid resource information generally deal with
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one or a few aspects of the problem. UDDI [32] for instance is a tool and language

for creatingregistriesand enabling discovery of web services. The web services

it represents are described by a modeling language. The language, however, has a

strong business and web services focus which makes it less useful for the broader

kinds of representation needed on the grid. Directory services, such as DNS [20],

manage host descriptions (i.e., workstations, servers). Their primary goal is host-

name to IP address mapping and as such are optimized for relatively static data,

simple and small set of known queries, and extremely fast response times. The

first realization of a grid resource information management tool is MDS2 [13] of

the Globus Toolkit [16]. MDS2 is built on top of openLDAP [21] and augments

openLDAP with Globus compliant security and remote distributed index support

for capturing the contents of multiple LDAP servers. As demonstrated in this pa-

per, MDS2 only partially satisfies the needs of resource representation on the Grid.

But all these solutions are partial. The problem needs to be better understood.

This paper describes an experimental study we undertook to better understand

resource information management in grid middleware. We frame our study with

the question“How well does a particular database platform support the require-

ments of a grid resource information manager?”That is, does a database platform,

which embodies a data model, access interface, and query language, support the re-

quirements of a GRIM server or detract from it? To address the question, we have

developed a database of resource information that is realistic in size, and contains

meaningful resource descriptions and relationships between resources. Resource

descriptions are taken from the GLUE data model currently under development

in the Global Grid Forum [1]. This data model has wide acceptance in the Grid

community. We developed a set of realistic queries and workload scenarios. The

queries test a broad range of database functionality through realistic questions

asked on meaningful data. Thescenariosare short synthetic workloads that test

query response time of a repository under a workload of concurrent query and up-

date requests. The platforms under consideration are mySQL 4.0, Xindice 1.1, and

MDS2.

The contribution of this paper is the identification and assessment of the con-

tribution that a database platform makes to the requirements of a grid resource

information manager. We identify the key requirements of a grid resource infor-
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mation manager and from the requirements, derive a set of metrics used to evaluate

a platform. In order to compare the strengths and weaknesses of each platform,

we have created a database and set of use cases that are virtually mirrored across

the three platforms. Through a measure of response times under a set of queries

and scenarios common across the three platforms, we illuminate the performance

sensitivities exhibited by a platform in response to features in the benchmark and

workload. Based on the study results, we draw conclusions as to how well a

platform contributes to meeting the requirements of a grid resource information

manager. The benchmark/workload scripts and data population scripts used in the

study are available to the community under the name IU RGRbench benchmark,

http://www.cs.indiana.edu/ plale/RGRbench.

The study is focused on understanding grid resource information management,

and as such is not a performance comparison of database management systems.

Our metrics assess the performance of a database only in its role as the supporting

platform for a grid resource information manager. Also, this is a study of a single

instance of a grid resource information manager. Distributed resource information

management is the topic of ongoing research. Our selection of platforms is based

on several criteria. First, all are in current use for some aspect of resource informa-

tion management in the Grid community. MySQL is used in R-GMA [15]; Xindice

is used in MDS3 [36], and MDS2 is used in the Globus Toolkit 2.x [16]. Second,

all platforms are open source so are more amenable to wide spread adoption. Fi-

nally, the three platforms embody useful diversity: mySQL is a relational database,

Xindice is a native XML database, and MDS is built on top of an LDAP database.

The paper is organized as follows: immediately following is a discussion of

the data model underlying the study and the experiment controls applied through-

out the experiment. Section 3 introduces the benchmark queries and scenarios. In

Section 4 we discuss the experiment and make observations drawn from the re-

sults. Section 5 is a discussion of related work. Section 6 offers conclusions and a

glimpse at future work.
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2 Data Model

The data model defines the representation of resource descriptions in the database,

and the relationships between them. In this section we discuss the data model

and its representation on the different platforms, the experiment controls applied

during the first stage of GRIM setup on the platforms, and talk about motivations

underlying the choices of database size and resource counts.

The starting point of our study is a data model of the resource information

manager, an abstract representation of resource entities and their relationships. The

UML [30] model and Extended Entity Relationship model are the two most widely

used data modeling notations. Our data model starting point is an October 2002

snapshot of the GLUE data model [14] defined by the Global Grid Forum [1]. The

goal of the GLUE effort is to bring together predominately US and European grid

middleware researchers to reach agreement on a single data model that will ensure

interoperability between efforts.

Terminology referring to entities in a data model is very dependent on the im-

plementation. As shown in Table 1, what is known as a ’table’ in a relational

database is referred to as an ’entry’ in LDAP and a ’collection’ in Xindice. Whereas

an individual instance or member of a relational table is called a ’tuple’, in LDAP it

is called an ’object’, and in Xindice it is called a ’document’. For purposes of this

paper, we use the termcollection to refer to a collection of instances, andobject

to refer to a data element. These are shown italicized in the table. We refer to the

fields that describe a member asattributes.

Relational LDAP Xindice

collection level table entry collection
member level tuple object document

Table 1: Terminology used in different data models. Italicized terms are the ones
used in this study.

A Xindice database does not have a schema, per se. Xindice stores collections

of documents, and it is the documents that are described by schemas through a

language such as XMLSchema. However, we use the term “schema” uniformly

across platforms to mean the implementation of the data model on a platform.
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Each of the three database platforms hold the same kinds and numbers of en-

tities and relationships. The number of objects is also held constant across the

three platforms. A database platform contains 34 entities/relationships and 81684

instances. In following with the standard adopted by the GLUE schema, a relation

between two entities is represented as a separate collection. The distribution of

objects among collections for the major collections is shown in Table 2.

Collection Number of Objects

Cluster 20
User accounts 60
Computing element 106
Subcluster 345
Application 600
Active network connection 12200
Host 29743

Table 2: Object counts for a sampling of collection types.

2.1 Experiment Controls

The validity of the study is contingent upon experiment controls that are applied

consistently across the three platforms at every stage of the experiment. Exper-

iment controls are applied beginning with the derivation of the schemas for the

different platforms from a common data model, and are applied consistently there-

after including the following:

� Single UML data model – schemas for the three platforms derived from sin-

gle data model,

� Replicated data – data population of the three databases daisy chained from

single script,

� Reproducible database population process – reproducible number of tuples

created per object and across platforms, and

� Meaningful data - associations between objects and cardinalities of the asso-

ciations are meaningful in the context of a resource information manager.

Schemas are derived from the data model for the native XML and relational plat-

forms using well defined mapping rules [33]. The data schema of the LDAP plat-
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form, on the other hand, already existed [14]. We strove for consistent and faithful

representation of entities across all platforms. If a resource description were im-

plemented as multiple separate entities in the LDAP schema, we maintained that

separation across the other platforms despite query performance gains that might

be gained by other organizations. For instance, storing memory and CPU informa-

tion in the Host object directly, would likely yield improved performance across all

platforms because the number of joins required to access host, CPU, and memory

information would be reduced.

The databases are populated with data derived from dumps of small to medium-

scale MDS2 servers gathered between November 2000 and January 2002.

The three platforms contain identical data, made possible by a daisy chained

data population process. Specifically, the relational database is populated from a

script, then Xindice is populated by a program that reads a dump of the mySQL

database. Similarly, MDS2, which requires bulk loads through a file in LDIF for-

mat, is also populated directly from the mySQL dump.

Meaningful data. The data in the database is meaningful and the cardinalities

reflect meaningful relationships. For instance, a host belongs to a small number

of subclusters and a subcluster has one or more member hosts. Hosts also have

one or more endpoints (i.e., network interface cards (NICs)), and endpoints can

have one or more active network connections. We configured the associations so

that a smaller number of network connections exist within the subcluster while

a larger number of connections exist between subclusters and clusters. One of

the benchmark queries is a transitive query that looks for a path of distance four

(edges) between hosts. This query finds roughly 13000 paths at that distance in a

connection table of roughly 12000 entries.

2.2 Information Distribution Model

For purposes of this study, we assume a particular information distribution model,

and that assumption guides our selection of size of database and number of re-

sources for which the grid resource information manager maintains descriptions.

We argue that this assumption is realistic.
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The information distribution model used in the study assumes a distribution of

resources across distributed grid resource information managers, and the affiliation

of grid resource information managers to administrative domains. Specifically, a

resource description is managed by a grid resource information manager that re-

sides in the same administrative domain as the resource and has primary responsi-

bility for the description. The decomposition of resources into administrative do-

mains follows the decomposition lines used by Domain Name Service (DNS) [20].

An administrative domainis a management entity and a DNS server manages re-

source descriptions of the hosts within that domain. The services, servers, and

datasets within a Computer Science department, for instance, are under the control

of a single administrative domain. A university’s computing services controls ad-

ditional resource descriptions but since it also represents the university as a whole,

it maintains a description of the CS department administrative domain as one of its

resources. In our model of data distribution, a resource information server main-

tains information about all the resources in a single administrative domain.

We argue that under this assumption, a grid resource information manager rep-

resenting 350 subclusters, 30,000 hosts, and 12,000 active network connections is

realistic.

3 Benchmark/Workload

The kinds of queries and updates that might be issued against a grid resource infor-

mation manager can be broad, limited only by the user’s knowledge of the query

language and data, and the expressiveness of the query language. Our goal in con-

structing the benchmark is a set of queries that taken as a whole, exercise several or-

thogonal axes: simple queries versus complex, queries that test specific search sup-

port, realistic job submission requests, sequential versus concurrent access, small

return set versus large. This section introduces the benchmark/workload.

The synthetic database workload consists of 13 queries, one update, and four

scenarios. For descriptive purposes, we partition the benchmark into five major

categories: scoping, index, join, selectivity, and base operations; some queries

are paired. That is, a single variable is tested, say the presence of an index. All

other variables (e.g., size of return set, collection size, string matching operators,
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collection size) are controlled. This pairing attempts to quantify the benefit of a

variable. Full details of the queries including the different language representations

can be found in [24].

Scoping. We use the termscopingto define queries that limit their search to a

particular subtree by means of specifying a scope for the search. Intuitively scoped

queries should yield better response times than their non-scoped counterparts in

hierarchical databases (i.e., Xindice, MDS2).

Indexing. Query response times are often dramatically improved when the at-

tributes on which a search is done are indexed. Our benchmark contains one index

pair, that is a pair of queries wherein the independent variable is whether or not the

requested value is indexed.

Selectivity. The selectivity of a query is the number of objects returned. Based on

DeWitt [7], representative results of the impact of selectivity can be obtained by

queries that return 1 tuple, 1% of tuples, and 10% of tuples. These queries execute

over the Connection table which contains information about 12200 active network

connections.

Joins. Joins occur when a user requests information that resides in more than one

collection. Our query benchmark includes three non-paired join queries: the first

queries over six collections; the second query is a realistic job submission query,

specifically, a user is seeking a subcluster wherein the needed software environ-

ment exists, the job owner has an account, and the binary is resident. This latter

query might be posed by a scientist desiring to find a specific set of nodes on which

her binary can and is allowed to execute. The final query is a recursive and transi-

tive query. The user searches for all network connection endpoints reachable from

a starting network connection endpoint in exactly four hops.

Other. The two final queries test connection speed and row modification times.

The former connects to the database and immediately disconnects. The latter up-

dates a single attribute in a set of objects that match a particular condition.

Scenarios. A scenario is a synthetic workload of queries and updates issued over

a controlled time duration. The purpose of the scenarios is to expose platform be-

havior under multiuser workloads. The synthetic workload consists of six streams,

three of which perform repeated updates and three which perform queries. A

stream contains the same request issued repeatedly. The workload was designed
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to quantify the effects of concurrency at a platform, and as such does capture re-

alistic use scenarios [5, 3]. It is expected that the scenario response times reflect a

high level of cache hits at the database. The server used in the study has 2000MB

of RAM whereas the total footprint of the mySQL database is estimated at only

10MB.

Since continually changing resource descriptions are a key characteristic of re-

source information managers, the impact of update streams on user perceived per-

formance is a key metric. A scenario executes as three phases: in Phase I a number

of concurrent clients are started that repeatedly issue a blocking query request to

the database. In Phase II, update clients are added, these execute concurrently with

the query clients for the duration of phase II. The query clients then continue alone

in Phase III. This final phase captures any lingering effects the updates may have.

The total scenario execution time is configurable, but for our study a scenario

runs for a duration of 20 minutes. Average query response time is calculated every

10 seconds as

t0: query response time att0 is 0 (t0 = 0)

t1 � tn : query response time forti, i ! = 0, is the average of query responses

received in the interval(ti�1; ti].

If no query responses are received in an interval,i, then average QRT for the inter-

val is taken as the QRT of the previous interval.

4 Performance Evaluation

To quantify how well a particular platform supports the requirements of a grid

resource information manager, we developed a benchmark of fourteen queries and

four workload scenarios. We developed metrics for evaluating the outcome of the

benchmark and the workloads. We examine the metrics in light of the requirements

to determine how well a platform supports the requirements of a GRIM manager.

The model used in this study is a client-server model. That is, the database

exists as an independent task. Client interaction is through the APIs exported by

the platforms. The benchmark consists of a set of scripts for each database, one per

query. The mySQL scripts issue SQL queries, are written in Perl, and communi-

cate with the database using the mySQL C API. The Xindice queries are written in
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XPath, the scripts written in Java, and the interface to Xindice is through XML:DB.

The MDS2 queries are written in the LDAP query language, the scripts are written

in C, and the interface to MDS2 uses the LDAP protocol. The benchmark cost

metric isQuery Response Time (QRT). QRT is the elapsed time as measured at the

client from the issuance of the first request of a benchmark query to the receipt at

the client of the last data from the last request of the benchmark query. In the case

where a benchmark query corresponds to a single request, QRT is the elapsed time

between when the request is sent by the client and when the response is received.

When the benchmark query is implemented as multiple requests, elapsed time in-

cludes multiple interactions with the database and often client processing as well.

For instance, the following query“For a cluster x, give me a list of subclusters and

their operating system type”can be satisfied in SQL with a single request/response

sequence to the database. XPath on Xindice and LDAP, which do not permit tra-

verses across collections, require multiple requests plus client processing. The first

request retrieves a list of subclusters. The client must then loop through the list of

subclusters to retrieve OS type.

The scenarios are described in Section 3. The scenario cost metric for the sce-

nario employs average query response time as described above except that average

QRT is computed over a 40 second interval and repeated over a 20 minute duration.

During that time, the database is subject to concurrent activity from other clients

and from providers and the impact of that activity is measured.

The architecture of the study consists of three database platforms: mySQL 4.0,

Xindice 1.1, and MDS2 2 (GT 2.2) on a dual processor Dell Poweredge 6400 Xeon

server, 2GB RAM, 100 GB Raid 5, RedHat 8.0. Each database is implemented as a

stand-alone server; client access to the server is through the C API for mySQL and

LDAP, and XML:DB for Xindice. MySQL is configured with the InnoDB back

end which provides row-level locking. Xindice 1.1 is a native XML database that

is bootstrapped from an Apache Tomcat server. MDS2 is configured as a single

GRIS talking to a single GIIS with GRIS and GIIS co-located on the same dual

processor server. All queries issued against the GIIS are as anonymous queries to

eliminate authorization that would normally occur.

The client and server are co-located on a dual processor machine. This allows

us to focus our examination on query processing times since network latency is a
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very small constant that is uniform across all measurements and platforms. The

dual processor schedules the client on one processor and server on another, so

interference is minimized.

Many of the queries in the benchmark require the issuance of multiple requests

to the database in order to be satisfied. The performance evaluation described in

this paper is of a local resource information manager server. We are looking at dis-

tributed performance in ongoing work. Because we are comparing vastly different

platforms, we do not microbenchmark the platforms. That is, microbenchmarking

of a database platform is outside the scope of our study. Our focus is to provide an

apples-to-apples performance comparison of resource information manager servers

implemented on different platforms. The results we obtain across the platforms

differ by several minutes or greater. Thus though we carefully configured each

database to its best advantage to take advantage of the hardware resources and in-

dex support, we do not optimize the platforms further because with that large a

difference, a few microseconds performance improvement would have no effect on

the final outcome.

4.1 Benchmark Queries

The results of applying the benchmark on the three platforms is shown in Figures 1

and 2. On the X-axis are the individual queries and their results for each platform.

Query pairs appear next to each other. A pair is denoted by the presence of a query

having the same name but prefaced withnon. For instance, scoped and nonScoped

are a pair. The Y-axis shows average query response time in milliseconds. Note

that the Y-axis scale is logarithmic.

The leftmost four queries in Figure 1 test scoping, whereby a search is nar-

rowed by the specification of a starting scope. In comparing the results on the hier-

archical platforms (i.e., Xindice and MDS2) for “scopedHosts” and “nonScoped-

Hosts”, one can see a benefit to scoping. In this case the collection accessed by the

queries is large. Contrary results are exhibited for Xindice by “scoped” and “non-

Scoped” where the collection accessed is small. The apparent contradiction exists

because “scoped” is implemented as three XPath queries whereas “nonScoped”

is implemented as two. The gain realized by scoping over a small collection in
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Figure 1: Query response times for scoped and indexed queries.

Xindice is overshadowed by the additional processing time required for the ad-

ditional query. The impact on Xindice performance of multi-request queries is

explored more deeply in [35].

A comparison of the indexed and nonIndexed results in Figure 1 for relational

and XML platforms confirms the widely held belief that indexes greatly enhance

performance. Note however that indexed Xindice results are still an order of mag-

nitude slower than non-indexed mySQL results. MDS2 displays no sensitivity to

indexes because MDS2 has overridden the native openLDAP [21] index support

and replaced it with a caching scheme deployed in the GIIS.

The selectivity of a query is the number of returned objects that satisfy the

query. In Figure 2 we see that in mySQL and Xindice QRT shows no sensitivity

to the number of objects returned. MDS2, on the other hand, shows considerable

sensitivity to return set size. The high overall response times for all three platforms

are attributable to the fact that the three queries access a large collection (i.e.,,

connections) on a non-indexed attribute. The “manyRelations”, “networkHop”,

and “jobSubmit” queries measure a repository’s ability to assemble a result from

numerous collections. The “manyRelation” and “jobSubmit” queries both touch

six collections. “JobSubmit” asks the following realistic question that returns a

single object as a result set:

”Of the machines in cluster xx, give me a list of subclusters running

Linux and their total RAM, but only where I have an active account
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and the binary yy is resident.”

“NetworkHops” is a transitive query of length four on an indexed attribute over

the large Connections table. On Xindice, the network hop query was unable to

complete even a single iteration before the 100,000 ms cutoff.

In comparing the Xindice “manyRelation” join query with the Xindice selec-

tivity results one can see that the join query is significantly faster (1000 ms versus

roughly 38,000 ms). This belies the commonly held belief that joins are too expen-

sive and should be somehow disallowed in grid resource information management.

In fact, for Xindice, collection size is the biggest determinant in predicting QRT

than is number of joins.
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Figure 2: Query response time for selectivity, join, and other queries.

The “update” results are for a single one-attribute updates. As such, they give

an indication of the upper bound on the rate at which a database can accept updates.

For mySQL this rate is 200 updates per second whereas for Xindice the rate is 1.3

updates per second. The low update rate exhibited by Xindice is the single largest

factor making Xindice poorly suited as a platform for a grid resource information

manager by failing to meet the requirement of frequent updates to attributes. The

update rate for mySQL is disturbingly low as well, but as can be seen from the

connect results, much of the update time is attributed to the connection cost. Thus

significantly better rates could be achieved through use of persistent connections.

In MDS2, traditional LDAP updates have been disabled and replaced by the pe-

riodic triggering of scripts that pipe results to the MDS2 GRIS through standard
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output. Thus our query is unable to capture update rate for MDS2.

The MDS2 results in this paper are for fully cached data, and taken from a

database that is 5% of the full size used on the other platforms. Instabilities in

MDS2 caching in the GIIS foiled our assiduous efforts to capture non-cached re-

sults. We observed an exponential relationship between query response time and

database size in MDS2, based on running the benchmark against MDS2 databases

of size 5%, 10%, 25%, 50%,and 100% of the full size. Further, for all queries in the

benchmark, in order for a query to successfully complete one iteration on the full

MDS2 database, the minimum timeout (queries time out if successful completion

is not achieved within a certain amount of time) had to be set at 4 hours. Compare

this to mySQL where the maximum time needed for a single iteration of the most

time-consuming query in the benchmark is 100ms.

4.2 Workload Scenarios

Scenarios are synthetic workloads that simulate multiuser access. They are an im-

portant part of the benchmark because they capture effects of concurrent query

and update requests on user perceived performance. A requirement of the GRIM

manager is support for very rapid updates to a small number of select attributes.

The synthetic workloads address this requirement by means of a workload consist-

ing of simultaneous query and update threads that continuously issue requests to

a database platform. The goal of the scenarios is to expose the impact of various

update workloads on user perceived response time.

Updates to a database can take different forms ranging from an update to a

single attribute in an object to a transaction. The types of updates relevant to a

grid resource information manager depend exclusively on the nature and location

of the resource providers. A requirement of a GRIM is that resources are located in

geographic proximity to the resource information manager that serves them but are

distributed (i.e., scattered) from each other within that localized space. Addition-

ally, selected attributes of the resource description must be updated at millisecond

rates, driven for example by grid schedulers that depend on timely information for

the accuracy of the schedules they generate. Because of these timeliness demands

on certain attributes, it is likely that a provider of the state information about the re-
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source will be the resource itself, and not some intermediate agent. Given these re-

quirements, updates are most likely to be in the form of individual update requests

rather than complex transactions. Motivated by these assumptions, our scenarios

test the following:

� update to multiple attributes within a single record,

� insert a new record, and

� overlap in collections accessed, so that every update thread accesses a table

that is simultaneously being accessed by a query thread.

A scenario is a stand-alone client program consisting of six threads, three of which

execute a query request, and three an update request. A thread when activated,

repeatedly issues a request to the database and blocks awaiting a response. As ex-

plained in Section 3, a scenario executes in three phases over a 20 minute duration.

In Phases I and III, only the query threads are active, while in Phase II both query

and update threads are active.

The phases are easily discernable in the mySQL scenario results shown in Fig-

ure 5. Plotted are query response times for each of the three query threads that

repeatedly over a 20 minute duration issue their individual request. A data point

is the average QRT taken over all requests satisfied in the time interval since the

last data point. During Phase I, which begins at time 0, only query threads are

executing. After 360 seconds (6 minutes) into the execution, the update threads

are launched and execute simultaneously with the query threads for 300 seconds (5

minutes). During Phase III only the query threads remain active.

Within a scenario graph, the differences between the query plots are differences

in the queries. For instance, in Figure 5 Query1 searches for a particular software

service, such as a library, on a non-indexed field over a collection that is 640 objects

in size. Query2 searches the large Host table on an indexed attribute. Query3

searches a tiny GlueSE collection, 60 objects, on a non-indexed attribute. The

update threads, not shown, all add records to the Policy collection. This access

patterns are depicted graphically in Figure 8.

Across the scenario graphs shown in Figure 3, 4, and 5, the differences are

in type of update being performed. In Figures 4 and 5, updates are to the Policy

table. In Figure 4 a 340 byte object is added and in In Figure 5 multiple attributes
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in an object are changed. This access pattern is depicted in Figure 8. In Figure 3,

however, updates overlap with queries in collections accessed. This access pattern

is depicted in Figure 9.

Comparing the three scenarios of Figures 3, 4, and 5, one can conclude that

object insertion has a larger impact on QRT than does update to multiple attributes

within an object, but updates that compete for collection access with queries have

a much larger impact on QRT. These results were obtained with the InnoDB back

end which provides row level locking.

Xindice performance for the concurrent read/write overlap scenario, shown in

Figure 6, further substantiates our observation that Xindice’s performance sensitiv-

ity to collection size detracts from its viability as a GRIM platform. We argued ear-

lier that our database is of a realistic size. Since the query is over an indexed field,

latencies in the 13 minute range, such as are shown in Figure 6, can be expected

to be a regular occurrence in practice. Suppose a query arrives at the database the

same instant as an update request that updates a fast-changing variable. A query

that takes 200 ms to process under conditions of concurrency on mySQL, will

take over 13 minutes on Xindice. This latency is clearly unacceptable for a GRIM

server. The remaining scenarios are not shown for Xindice because they resemble

each other.

MDS2 performance in the overlap scenario is shown in Figure 7. The MDS2

numbers while accurate in capturing overheads attributed to the various concur-

rencies, as discussed next, cannot be directly compared to Xindice and mySQL.

As discussed earlier, the MDS workloads are run on a database that is only 5%

of the database size used in the rest of the study. This is because it was only at

the small database sizes that we were able to achieve cache and query stability. It

is our observation from working extensively with larger database sizes that QRT

scales exponentially with overall database size. The updates in MDS require clar-

ification. Updates for the scenarios had to be simulated because the LDAP add

mechanism is disabled in the MDS2 API. We simulated updates by issuing a client

query that queried an object that had a very short time to live. In that way, every

time the query is executed, it forces the value to be updated through the provider

mechanism (i.e., LDIF file piped to standard output) described in paragraph three

of Section 4. MDS2 may be a viable platform for a GRIM in the case where up-
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dates are rare and the size of the database is small. Otherwise it is not acceptable

as QRT is extremely sensitive to database size as we observe, and performs very

poorly under update loads [29].

A summarization of the scenario study is captured in Figures 10 and 11. Fig-

ure 10 captures results from a simple baseline scenario. As such, it can give an

intuitive feel for upper performance. Specifically, the query threads issue a single

predicate query on an indexed attribute against a small collection (i.e., 60 objects)

that returns a null set. The update threads select on an indexed attribute and update

a single attribute. There is no overlap in collections accessed. At the top of the

pyramid is the query response time (QRT) for thenonScopedquery in Figure 1.

This QRT reflects no other client activity. One level down, labeled “concurrent

queries”, is overhead attributed to concurrent query threads (2 others). The further

additional overhead due to concurrent update threads appears at the next level. The

bottom level is the summed, or total QRT. The figure shows the impact of concur-

rency on the platforms. Since a high degree of concurrency is expected because of

freshness demands on the GRIM manager, this behavior is important to understand.

Figure 11 conveys the same information but for a more complex case. The

query being depicted is theindexedquery (see Figure 1) which accesses the large

Host table on an indexed field. The update threads add new objects to the database,

but there is no overlap between query and update threads in the collections that

they access. In this more complex case, MDS2 performance remains the same as

for the simpler case. Xindice performance, on the other hand, incurs significant

additional overhead as a result of the more complex concurrent activities.

4.3 Additional Metrics

The characteristic that clients of a GRIM server are geographically dispersed over

a wide region, and are often physically distant from the server that they access,

implies that communication will be through a WAN. Hence an important metric

of a GRIM server is the network bandwidth consumed in communicating with the

GRIM server. Table 3 shows the total number of bytes requested by one client (one

query thread) over a 20 minute scenario. The bandwidth consumption is shown to

the right of the total bytes. Evident from the table is the impact that query language
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has on the connection scalability of a server.

Query mySQL 4.0 Xindice 1.1
(MB/Mbps) (MB/Mbps)

jobSubmit 580MB/3.87Mbps 7,450MB/49.7Mbps
indexed 1.8MB/.012Mbps 697MB/4.64Mbps

Table 3: Number of bytes returned to one client thread during the course of a 20
minute scenario. Reflects the difference between richer languages such as SQL
that enable a query to be satisfied with a single-request, versus a simpler language
where a query requires multiple requests, and partial results are returned to the
client for processing and refinement.

The maximum number of requests that must be issued per high-level bench-

mark query differs depending on query language. As is shown in Table 4, the less

expressive query languages, such as LDAP and the subset of XPath implemented

by Xindice require more interaction with a grid resource information manager, and

must process intermediate data to obtain the desired results. In essence, these sim-

pler languages cast the task of processing intermediate results onto the client. In

the jobSubmit query, for instance, the user must issue 5 requests and write 315

lines of code in five loops in order to obtain the essential data sought. Imposing

this kind of obligation on the client can and should be avoided.

Description mySQL 4.0 Xindice 1.1 MDS2

scoping 1 3 3
indexing 1 2 1
selectivity 1 1 1
joins 1 6 5

Table 4: Maximum number of queries issued to database per higher-level query.

5 Related Work

Grid resource information managers are one of many types of systems that man-

age and serve information. Databases, web servers, information retrieval systems,

directory services, and file systems all share the common characteristic that they
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store and serve information on behalf of multiple users. Benchmarks and work-

loads are well known methods for the experimental evaluation of systems. In this

section we examine related work in performance evaluation of information systems

The first implementation of the grid resource information manager, and one

that is still in widespread use, is MDS [13] of the Globus Toolkit [16]. MDS2,

the version of MDS that we used in this study, has a hierarchical organization of

Grid Resource Information Servers (GRIS) that connect to one or more higher-

level index servers (GIIS). The new version of MDS, MDS-3, is part of the Globus

Toolkit, GT3, and is a reference implementation for the Global Grid Forum Open

Grid Services Infrastructure (OGSI) [31] proposed standard. MDS-3, like MDS-

2 is hierarchically organized, and distributes grid resource information between

MDS3 and discovery services like UDDI [32]. UDDI [32] is a tool and language

for creating registries and enabling discovery of web services. The web services

it represents are described by a modeling language. The language, however, has a

strong business and web services focus which makes it less useful for the broader

kinds of representation needed on the grid.

Smith [29] examined MDS2 performance for different versions of LDAP. The

work predates MDS’ hierarchical GRIS/GIIS architecture so the main result of

the paper is exposing LDAP’s poor performance under even minor update loads.

Aloisio et. al [2] studied the MDS2 grid information server and conducted ex-

periments focused on simple tests of the Grid Index Information Service (GIIS).

Schopf [38] examined the scalability of three information servers, MDS2 [13],

RGMA [15], and Hawkeye of the Condor system [6], all three of which are tightly

coupled to monitoring systems from which they obtain input data. These systems

were subject to scalability testing under increasing user loads. The testing was

done under conditions of a small simple database and a trivial query. Schopf’s

connection scalability study complements ours, which is focused on a broad set of

queries and scenarios issued against a rich data set in a database of a real world

size.

Directory services, such as DNS [20], manage host descriptions (i.e., worksta-

tions, servers). Their primary goal is hostname to IP address mapping and as such

are optimized for relatively static data, simple and small set of known queries, and

extremely fast response times. The proactive directory service [8] discusses an ap-

21



proach to increasing scalability in a directory service that keeps clients up to date

by means of pushing changed information to clients. We do not believe that a push

model to clients is appropriate for grid resource information management. Client

requests in a GRIM are on-demand. The bottleneck to scalability is not in keep-

ing clients up to date, but in supporting good query response times while allowing

rapid refreshes to happen simultaneously and at good rates.

The University of Wisconsin benchmark [7] evaluates the performance of off-

the-shelf relational database management systems. The benchmark is applied against

a relatively small database of synthetic tables and data, and queries were designed

solely to test features of the database. The Transaction Processing Council’s de-

cision support benchmark (TPC-H) [25] is an application specific benchmark for

decision support. It is closest to ours in spirit, but does not capture the unique

dynamic needs of a grid information service. The XMark project [27] provides a

framework to assess the abilities of an XML database.

In [9], the authors evaluate the performance of a distributed information re-

trieval system. Grid resource information management systems differ from IR sys-

tems in the timeliness demands on the data that drive unique access and update

requirements. Additionally, the authors constructed and measured a distributed IR

system that holds large distributed collections of up to 128GB of data. The work-

load differs from ours in that it strives for realism through varying the rate at which

clients send commands, and a user workload which uses both query and document

retrieval operations.

Web server and proxy server performance evaluation by means of workloads

has been an active area over the past seven years. Crovella and Bestavros have

investigated self similarity in [12]. Realistic workloads have been used to evaluate

the Flash [22] web server and others [5, 3].

6 Conclusions

We draw a number of conclusions from the study, which in this section we summa-

rize and tie back to the requirements of a grid resource information manager that

are listed in Section 1.

Resources have aspects of their description that require continuous refreshing
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at high rates. This requirement implies that a platform support sufficient update

rates for multiple providers and that the response time for clients issuing queries

to the system not be significantly impacted by the presence of active updates.The

platforms we measured separate most distinctly from one another on the require-

ment of minimal impact to queries. Xindice has an unacceptably low update rate

of 1.3 updates per second. The mySQL update rate is better at 200 updates/second,

but could be higher. Our results show, however, that a significant percentage of up-

date time is consumed by connection time to the database. Hence update rate would

benefit significantly by use of persistent connections. MDS2 performs poorly un-

der update loads. Though for reasons explained in Section 4 we were unable to

determine a precise update rate, the problem of poor performance of LDAP servers

under nontrivial update loads is well known [29].

Xindice QRT displays the most sensitivity to concurrent queries and updates

on the two axes of increased level of concurrency and increased complexity of

workload. Specifically, QRT of a query doubles in the presence of simultaneous

simple queries and quadruples under updates. Under a more complex workload,

QRT increases by two orders of magnitude. That is, a 1 second query running

alone finishes in 7 minutes under the influence of two concurrent query threads

and three concurrent update threads. MDS2 is less affected by concurrency than

is Xindice, but still is several orders of magnitude worse than mySQL. But MDS2

is more stable than Xindice across workloads. MySQL QRT times are minimally

affected by the relatively light workloads we were required to use in order to get

repeatable performance from the other platforms.

The requirement that clients issue requests on demand is satisfied by a plat-

form that minimizes query response time. Additionally, a client is often located a

long distance away from the grid resource information manager it needs to con-

tact. Hence a platform that minimizes the number of requests and amount of data

that must be transferred in order to satisfy a request is preferred.Of the three plat-

forms, mySQL overall has substantially lower QRT for all queries in the bench-

mark. Xindice query response times are 2-3 orders of magnitude greater than that

of mySQL; concurrency adds another order or two of magnitude. Additionally,

Xindice query response time degrades quickly as collection size increases. MDS2

query response times grow exponentially relative to overall database size. At rel-
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atively small database sizes, MDS2 query response times are good. For instance

at a database size of 5% of the size used for mySQL and Xindice, MCS2 query

response times are better than Xindice. The exponential growth of QRT at larger

sizes makes MDS2 a poorly suited platform for realistically sized databases. Ad-

ditionally, it is our observation that MDS2 caching is highly unstable. In our study,

either the entire database had to be cache resident or none of it was. This instability

impacted our ability to evaluate the impacts of caching in the GIIS.

The less expressive query languages, LDAP and the subset of XPath supported

by Xindice, require multiple requests be issued to the grid resource information

manager to satisfy a single query. Each request requires code exist at the client that

can process the intermediate results. These simpler languages impose additional

bandwidth demands on the network, increase the workload at the database, and

cast upon the client the real work of processing intermediate results. For instance

for the jobSubmit query on Xindice, 13 times more data was transferred from the

Xindice database to satisfy the query than for mySQL. Additionally, what was ac-

complished with one SQL query to the database and a few lines of code to process

the results, on Xindice took 5 requests and 315 lines of code in five loop in order

to filter and transform the data. Imposing this kind of obligation on the client is not

necessary and should be avoided.

Finally, the organizing paradigm of web services means that grid resource in-

formation managers that communicate using XML are better suited platforms.The

absence of XML support is the largest argument against mySQL. This shortcom-

ing could be remedied by the OGSA-DAI [4] data access and integration frame-

work which provides XML enabled communication and the framework enabling

databases to become services on the grid. That is, to state it simply, OGSA-DAI

enables a mySQL database to communicate with other grid services by means of

XML documents, the SOAP protocol [37], and WSDL [11] descriptions of inter-

faces. But in work reported elsewhere [18], we ran the IU RGRbench benchmark

on an OGSA-DAI enabled mySQL database and observed that OGSA-DAI adds

an additional 100-700 ms overhead onto QRT for small return dataset sizes (under

10K). For larger return set sizes, third party transfer mechanisms are required that

drive QRT into the range of minutes. A useful constraint on the grid resource in-

formation manager might be to restrict the size of the return set to enable the use of
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the fast response mechanism for all requests. A viable solution would be an XML

enabled relational platform that supports XQuery. XQuery is a more expressive

query language, hence does not suffer the network bandwidth and server load con-

sumption problems of XPath or LDAP. It handles XML data efficiently and uses a

relational back end for the good performance expected from relational platforms.

Future Work. Future work is in exploring issues in distributed GRIM man-

agers and in managing scalability that minimize some of the overheads found. For

instance, we are looking at approaches to reduce the load on tables that are sub-

ject to simultaneous queries and updates. It is likely that most queries will be

issued to the tables that are updated most frequently. Not all queries need the most

up-to-date information, however, but are instead interested in historical trends.

Thus it is possible to offload some of the queries onto other collections, for in-

stance, that provide historical data instead. The benchmark code is available at

http://www.cs.indiana.edu/ plale/RGRbench.
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Figure 3: Scenario 2: SQL concurrent read/write overlap
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Figure 4: Scenario 3: SQL multiple attribute update
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Figure 5: Scenario 4: SQL record insert
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Figure 6: Scenario 2: XML concurrent read/write overlap

0 200 400 600 800 1000 1200 1400
1

1.5

2

2.5

3

3.5

4
x 10

4

Total time (sec)

Q
ue

ry
 R

es
po

ns
e 

T
im

e 
(m

s)

Query1
Query2
Query3

Figure 7: Scenario 2: LDAP concurrent read/write overlap
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Figure 8: Access pattern for “Object add” and “multiple attribute update” scenar-
ios.
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Figure 10: Impact of concurrency on QRT of the ’nonScoped’ query under mul-
tiuser conditions of simple query and update requests.
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Figure 11: Indexedquery response time under conditions of more complex con-
current queries and update requests.
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