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This demonstration focuses on the implementation of an
asynchronous transaction protocol [1,6, 8] which satisfies
the requirement of replicating DlF entries through the
internet across continents in the International Directory
Network (IDN). We have designed a Primary Site
Distribution protocol which is asynchronous but active i.e.
participating sites in the network announce the arrival of
new data to other sites in the network. This protocol also
addresses the issues involved in dual ownership of entries
which is a challenge that faces several emerging
distributed transaction management systems [3,4,8].

Abstract
The Global Change Master Directory (GCMD) is an earth
scie ce information repository that specifically tracks
rese rch data on global climatic change. Building a
dire tory of Earth science metadata that allows the
exc ange of metadata content among partner
org nizations is challenging due to the complex issues
inv ved in supporting heterogeneous metadata schema,
dat base schema, database implementation and platforms.
Thi dem{Jnstration presents the design of the MD8
(Ma ter Directory v8.0), which allows automated
exc ange of metadata content among earth science
coIl borators through a proposed asynchronous
dis ibuted transaction protocol. Specifically, the
dem nstration will focus on the Local Data Agent (LDA)
that captures local database updates and broadcasts them
to ther cooperating nodes asynchronously using an
Ann uncer.

The objective of the new system (MD8) is to promote
the current architecture of the GCMD from a client-server
architecture to a federated architecture that is totally
automated while providing sites participating in the IDN
network with the autonomy needed to maintain their local
systems. A detailed overview of the design of the MD8 is
included in [9].

2. MD8 ImplementationI. Iptroduction

The asynchronous transaction model [6] is the model of
choice for the MD8 implementation since the data in the
various IDN sites need not be synchronized immediately.
The temporarily out-of-sync condition of the data is well
tolerated. The proposed design also stipulates that only
one site (owner of DIF entry or the GCMD) can initiate
and complete an insert, update or delete of a given DIF
entry. This satisfies the unidirectional update propagation
property of asynchronous transactions. However, a
locking mechanism is needed for the case of not-in-sync
updates that happen simultaneously at the GCMD site as
well as the originating site. The asynchronous transaction
model was selected because it also improves response
time and prevents global deadlock. Furthermore, because
the underlying architecture is a federated architecture,
complex handshaking procedures associated with the two-
phase protocol implementations are avoided.

T e Global Change Master Directory (GCMD) is a
rep itow that contains information on the changing
envi onment collected by various agencies including the
Uni d -States government agency Global Change Data
Cen er !(GCDC) at NASA. Other agencies that actively
coIl ct similar type of information include the Canadian,
Aus lian, Japanese and Dutch government agencies. The
GC D has been in existence for the past II years. It is a
data ase that is growing in importance due to the
avai ability of recent research on global climate change
[2]. urthermore, the GCMD is one of the few organized
effo s to create a system that supports uniform storage,
acc s and retrieval of change research metadata. At the
core of the GCMD is a DIF (Directory Interchange
For at). DlF is a standard used to store and transfer data
with n the various sites in the IDN network. It consists of
a co lection of fields that describes the GCMD data.
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Wen a new entry is added to site At, the proposed
desi n propagates the entry to sites A2. ..AD' Site At uses
the ouncer module to invoke methods of the LDA
(Lo 1 Data Agent) in every other site. Thus, to propagate
an nsert or an update, a specific method called
Put ctionItem is invoked. When a propagated item has
bee received~ an acknowledgement is sent back to the site
that riginated the request. Locks are required for updates
beca se of the dual ownership of DIF entries between the
GC D site and the originator. In order to support this
feat re, the proposed design includes methods for
acq .ring and releasing locks. Deleting an entry can be
don both by the originating site of the entry as well as the
GC D site. Relevant information about the server and the
othe sites including their UP locations are stored in a
Java RDBMS known as InstantDB on each IDN site. The
num er of IDN sites to which a given site and server have
acce s is dynamic and can increase over time. The actual
list f sites and their I/P addresses can be entered by the
GC D server administrator at the time of system
insta lation or can be added later.

the MD8 is a truly federated system, and does not have a
master copy.

The implementation of transaction models based on
asynchronous communication using a two-phase commit
protocol discussed in [6] indicates that the two-phase
transaction model did not provide the required response
time for the Service Level Agreement for Hoeing. In the
MD8 environment, asynchronous transactions can greatly
enhance response times while allowing temporary
inconsistent states between source and target databases.

4. Conclusion and Future Work

The major advantage afforded by the implementation of
the MD8 for the IDN network is the presentation of
consistent and complete results for queries by accessing a
unique (read any) site in the network. This delivers the
speed of query execution of a centralized system with the
comprehensiveness of the results of a distributed query
execution system [7]. The MD8 also promotes the
autonomy of the participating sites in accordance to the
requirement of a truly federated system.E h LOA 'provides a uniform external interface and a

cust mized internal representation based on the target
data ase type (e.g. Oracle, Sybase, etc.) The
impl mentation of the LOA makes the heterogeneity of
the nderlying site at the level of the operating systems,
data ase systems, schemas and storage formats transparent
to th user. The Remote Announcer and the Receiver are
the o components within the LOA that perform the
asyn hronous distributed transaction. MO8 implements
asyn hronous transactions by storing a schedule of inserts,
upda es and deletes and by broadcasting them whenever a
rem te connection is available to the respective sites. This
MO requirement is similar to the Lazy Group Replication
[5]. owever, instead of having the entire group own all
the bjects being updated, there are only two owners for
each object: the originating site and the GCMO master
site. dditionally, read serializability of propagated entries
is n t considered in order to avoid network traffic. The
ION network is different from a banking or a finance
appli ation in various aspects including the fact that the
ION tolerates temporary inconsistency. The consistency
and correctness of updates in the proposed system is
prot cted through locks. The current implementation uses
persi tent locks.
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