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In this project, a construction experience
accumulation and lesson-learn system will be
developed to meet the requirement of
contractor’s short/long-term benefit and the
framework of governmental on-going IT
projects. In this project, severa information
technologies, such as, relational database and
the Internet, and an information exchange
standard (XML) are adopted. We established a
prototype of data sharing and decision support
for construction schedule control as the

distributed data environment: the variety of
data structures that project members may use,
and the lack of an automatic mechanism for
data acquisition. Based on the ontology
defined by the eXtensible markup language
Schema for Scheduling (XSS), the Data
Acquisition Language for Scheduling (DALYS),
the Hierarchy Searching Algorithm (HSA),
and an automatic mechanism called Message
Transfer Chain  (MTC), an Electronic
Acquisition Model for Project Scheduling
(e-AMPS) centralized in an information agent,
Message Agent (MA), was developed. Each
participant equips a Message Agent as his
unique information window to automatically
acquire external information and provide other
participants with scheduling information as
well.

[l. Introduction

In this project, a congtruction experience
accumulation and lesson-learn system will be
developed to meet the requirement of
contractor’s short/long-term benefit and the
framework of governmental on-going IT
projects. In this project, several information
technologies, such as, relational database and
the Internet, and an information exchange
standard (XML) are adopted. We established a
prototype of data sharing and decision support
for construction schedule control as the
touchstone for the final result of this research
project. While focusing on scheduling issues,
this paper presents a novel methodology for
automating communication among participants



during the construction phase of multi-contract
projects, which will solve these two
abovementioned problems. The ultimate goal
of this study is to develop an automatic
communication environment for multi-contract
projects and thus achieve effective
communication among project participants to
ensure project success. In this paper, an
agent-based communication  environment
called Electronic Acquisition Model for
Project Scheduling (eAMPS) is developed to
achieve this goa. e AMPS is centralized in an
information agent called Message Agent
endowed with the Hierarchy Searching
Algorithm (HSA) and an automatic
mechanism of Message Transfer Chain (MTC),
both of which are based on the ontology
defined by eXtensible markup language
Schema for Scheduling (XSS) and the Data
Acquisition Language for Scheduling (DALYS).
Each participant equips a Message Agent as a
unique information window to automatically
acquire external information and provide other
participants with scheduling information.

In the following paragraphs of this paper,
several issues on scheduling for multi-contract
projects are discussed first, and problems
encountered with automating scheduling in a
distributed information environment are also
addressed. Secondly, the framework of
e-AMPS centralized in the Message Agent is
introduced in order to give an overall picture
of the proposed concepts. The methodology
embedded in the Message Agent consisting of
the ontology defined by eXtensible markup
language Schema for Scheduling (XSS), the
Data Acquisition Language for Scheduling
(DALS), the Hierarchy Searching Algorithm
(HSA), and an automatic mechanism called
Message Transfer Chain (MTC) is explained
in detail. Finaly, a prototype is implemented
using Java, and an example is provided to
illustrate the effects of the automatic
communication for scheduling proposed in this
study.

1. 3.
Agent

eAMPS Model and Message

To solve the difficulties involved in sharing
scheduling information among  project
participants in a data-distributed environment,
an agent-based communication environment
called Electronic Acquisition Model for
Project Scheduling (e-AMPS) has been

developed. The model is centralized in an
information agent caled Message Agent,
which is embedded with two environmenta
prerequisites and endowed with two intelligent
capabilities as mentioned earlier. Basicaly,
Message Agent is a computer program that
deals with all messaging tasks involved in
automatic communication, and will be
introduced in the following sections. Each
participant in the same project, named a Host
or Contact Node in the following paragraphs,
equips a Message Agent as a unique
information window so that Message Agents
in the same project can automatically
communicate with each other. In this section,
we introduce the basic framework of e AMPS
and the functions of Message Agent in order to
give an overall picture of the proposed
concepts. Figure 1 illustrates the complete
architecture of eAMPS. Figure 2 illustrates
the architecture of the Message Agent, which

is composed of four major processors:
RequestProcessor, ResponseProcessor,

Interpreter, and Dispatcher.

Decision-Making

Ontology
Base

Request
Queue

Regular check iltgr & transfer

T Match

Decision
Support
Systems

Response
Queue

Que)

Generate Regular check

Open DataI
Repository

Fig.1. Complete architecture of e AMPS
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Fig.2. Architecture of the Message Agent
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In the framework of ee AMPS, Ontology Base,
physically alocal or global file folder, contains
the data schema encoded by XML syntax and
physically is an XML file
“Scheduling_Schemaxml”.  All  incoming
information to be shared will be examined or
parsed by Message Agent according to this
schema file. If any violation is detected, the
information will be returned to the origina
sender. The Ontology base ensures that all
exchanged information is generated under a
common data schema and therefore able to be
reused after it is exchanged.

aecXML

Participant

< Participant
Message

qummunication Header Request Sender
Content‘ Response Receiver‘
Name/Description ‘/ -l{—lliirlr:a%tone

TimeMilestone

Schedule

‘\

— TimeLogic Resource
< Plan

Resource LaborPlan

{ ResourcePlan EquipmentPlan ‘

MaterialPlan Progress
Resource ~
Supply = Progress HTaskCompIetePercent

DailyReport

Fig.3. Data Structure of XML Schema for
Scheduling (XSS)

V. 6. Implementation and an Example

A prototype of the Message Agent was
implemented using Java 2 and tested in IBM
PC. Operating systems included Windows
2000 Professional and Linux, with the FTP
servers 11S 5.0 and WUFTPR, respectively. A
simple architecture of 3 project members is
shown in Figure 4, which develops a typica
distributed data management environment.
Since Message Agent is an autonomous
system that automatically detects the incoming
requests and responses from other Message
Agents, there are no user interfaces available.
However, applications developed for project
management can retrieve the information
acquired by the Message Agent for further
uses, such as representing progress
information in  web browsers. Severd
hypothetical origina requests were made to
trigger and test the whole message transfer
process, which will be illustrated in the next
section.

Web Browser
—

Web Browser
—

Platform: IBM PC
OS: Linux
FTP server: WuFTP

Platform: IBM PC
OS: Window 2000 Professional
FTP server: 1IS 5.0

General
Contractor

Platform: IBM PC
OS: Window 2000 Professional
FTP server: 1IS 5.0

Fig. 4 A simple architecture of 3 project
membersin a DDM environment

Table 1 details the major module objects and
their methods implemented in a Message
Agent.

Module Object Method Function
Dispatcher boolean Filter out the tasks that doesn't
checkTimeConstraint() meet time constraint
boolean Filter out the tasks that doesn’t
checkScopeConstraint() meet scope constraint

Get the contact information of
upper or lower messengersin
Host's contract accordingly.

string getMessenger()

void updateHeader() Add headers for bypass request
and response
void sendMessage() Send message to the receiver of
the last message node in the
header
RequestProcessor | string unwrapStylesheet() — [Unwrap the wrapped query

pattern using time and scope
functions to a standard XSLT
document

void updateRequest() Update the incoming request

Interpret the time constraint
function During() into standard
XSLT syntaxes

Interpreter string interpretDuring()

Interpret the time constraint
function Through() into standard
XSLT syntaxes

string interpretThrough()

Interpret the time constraint
function Within() into standard
XSLT syntaxes

string interpretWithin()

Interpret the time constraint
function Meet() into standard
XSLT syntaxes

string interpretMeet()

string interpretStartBefore() |Interpret the time constraint
function SartBefore() into
standard XSLT syntaxes

string interpretFinishAfter() |Interpret the time constraint
function FinishAfter() into
standard XSLT syntaxes

Perform the transformation
between Schedule.xml and
unwrapped request.xsl

void performQuery()
ResponseProcessor

void updateResponse() Update the incoming response

Figure 5 is a hypothetical project to illustrate
more fully the concept of autonomous data
acquisition proposed by this paper. The
contractual relationships and corresponding
schedules of the general contractor and eleven
subcontractors are shown in the figure. The
entire project starts on Jan 1st, and finishes on
Apr 10th.
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Fig. 5 Example Project for Illustrating the
Automatic Data Acquisition

On Feb 1st, Subcontractor S5 originates a
request for the progress information of all
tasks whose duration overlaps a period
between Feb 1st and Feb 9th, which is about
one week before S5's task A12-1 starts. The
original request without the header created by
a pre-programmed process at S5's dte is
deposited in the Message Queue, as shown in
Table 6, and waits for S5's Message Agent to
dispatch it. S5's Message Agent detects this
request and automatically performs the HSA.
Since none of the tasks of S5's meet the Time
Constraint (between Feb 1st and Feb 9th), S5's
Message Agent decides to dispatch the request
to its upper messenger, S1, and generates a
compl ete request as shown in Table 2.

Table2. Request from Subcontractor S5

e-AMPS is centralized in an information agent
called Message Agent endowed with the
Hierarchy Searching Algorithm (HSA) and an
automatic mechanism of Message Transfer
Chain (MTC), both of which are based on a
common data schema for scheduling (XSS) by
eXtensible Markup Language (XML) and the
Data Acquisition Language for Scheduling
(DALS). Each participant equips a Message
Agent as a unique information window to
automatically acquire external information and
provide other participants with scheduling
information. Since there has long been a
consensus in the industry that a standard
ontology is required for efficient data
exchange, in this paper we follow aecXML'’s
framework for data schema, and define al
possible categories of scheduling information
using its terminology, and developed the data
structure of XML Schema for Scheduling
(XSS) by modifying the aecXML framework,
which included two XML-based files:
contract.xml and schedulexml. Meanwhile,
the Data Acquisition Language for Scheduling
(DALYS) is dso developed using the syntax of
eXtensible Stylesheet Language
Transformation (XSLT) as the media for
regquesting standardized scheduling
information as well as the associated
responses.

V1. Self-evaluation of Research Results

The project result have been published in 3.
Tserng, H. P. and LinW.Y., (2003). "

<?xmlversion="1.0" encoding="BIG5" standalone="yes"?>
<aecXML xmlIns="x-schema:D:\ASCE\schema\Schedule_Schema.xml|">
<Communication>
<Header>
<Requestrequestld="msg101010” date="2001-01-01">
<Senderrole="SC"” url="ftp://140.112.10.16/sc”>S5</Sender>
<Receiverrole="SC" url="ftp://140.112.10.78/sc”">S1</Receiver>
</Request>
</Header>
<Content>

Developing an Electronic Acquisition Model
for Project Scheduling (eAMPS) Using
XML-based Information Standard,"
International Journal of Automation in
Construction, Vol. 12, pp.67-95. (SCI, El)

<TimeConstraint>During(“*2001-02-01","2001-02-09")</TimeConstraint>

<ScopeConstraint>Ancestor(*"P0001")</ScopeConstraint>
<Pattern>

<xsl:template match="/">

<xsl:apply-templates>

<xsl:value-of select="aecXML/Schedule/Task/Progress/DailyRepo

VII. Reference

(1 aecXML web-site (2000),

[@ date=During(*2001-02-01","2001-02-09" http://www.aecxml.org/

</xsl:template>
</Pattern>
</Content>
</Communication>
</aecXML>

[2] Gijsbertus, T. Bart Luiten & Frits P,
Tolman, Automating communication in civil

In summary, by sending the original request to
the communication network, S5 received five
pieces of responses generated by S7, S3, S2,
4, and S5 through Message Transfer Chain.
19 messages including the origina request,
five bypassed requests, five original responses,
and eight bypassed responses were created in
total.

engineering, Journal of  Construction
Engineering and Management, ASCE,
123(2)(1997), 113-120
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