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ABSTRACT

One of the particular advantages of the Last Planner System is to bring downstream
players, for example construction firms, into upstream design and planning phases in
order to make optimal use of all available knowledge. This procedure is actually
hindered in many countries by the existing governmental contracting rules. To
overcome this problem and to be able to include downstream knowledge in earlier
phases of the project a solution based on software agents is proposed. The objective is
to devise the software architecture for a decision support system incorporating the
Last Planner System as communication platform.

As the software agents shall act for persons not available during a Last Planner
session they must be integrated in the collaborative process. The paper discusses a
concept for this problem based on a Multi-Agent System (MAS) modelling the
communication process, and a Service-Oriented Architecture (SOA) to provide
different functionalities needed.

The concept provides a corner stone for a computer-based simulation of the
knowledge of actors who are not available in phases of the Last Planner process.
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many countries by the existing
governmental contracting rules
applicable in all cases where public
companies or public money is
involved. If a Last Planner is not able
to attend a Last Planner meeting a
competent representation is needed. To
resolve these problems agent-based
software architecture is useful which
incorporates the Last Planner System
as communication platform. Such a
system must be integrated into the
communication and  cooperation
process of the involved persons. Two
different types of software agents are
proposed to achieve that. The interface
agents responsible for the interaction
with the human actors and agents
supporting Last Planners in their
decision or replacing missing human
planners. They provide proposals for
execution methods and scheduling of
activity lists in the different processes
of construction.

The interaction between agent and
human is a vital point, as the human
communication needs to be structured
in a way that the agents can understand
it and the agents™ suggestions have to
be presented in an understandable way.
The paper discusses a system
architecture based on a Multi-Agent
System (MAS) to model the
communication process supported by a
Service-Oriented Architecture (SOA)
providing vital functionalities for the
agents.

LAST PLANNER SYSTEM

The Last Planner System (LPS)
(Ballard 2000) is a production and
time control system designed to build,
steer and control a network of
commitments, which is required to
deliver quality projects in line with the
agreed quality, time and costs. The
system is based on cooperative

interaction, integrates the persons
involved in the projects (Last Planners)
and ensures that the processes required
for a project’s completion are
understood by the entire project team
before the work is started. The Last
Planner System triggers a work flow
reducing variances and increasing the
reliability and thus also the efficiency
within the project. Last Planner
designates those persons who are
responsible for the individual trades
(or tasks) as well as for the customers
and project managers.

AVAILIBILTY PROBLEM OF
THE LAST PLANNERS

The underlying principle of the Last
Planner System is to involve the
knowledge and experiences of the
executing parties in the project as early
as possible and to align the project
with this production know-how and to
consistently  optimise  it.  This
production and optimisation-oriented
approach to the overall project is
implemented by means of intensive
communication  and  agreements
between the individual Last Planners.
A targeted Look-Ahead-Planning for
all necessary works requires a common
understanding of the tasks, conditions
and existing obstacles and in particular
also of the common dependencies
involved. A joint knowledge level of
everybody involved is necessary to
achieve the best possible project
results, which can hardly be achieved
by the sum of the different suboptimal
resolutions of individual works.

In reality it is, however,
unfortunate and for several reasons not
always possible to use the required
Last Planners in the design phases. The
attribution of public funds in Germany
is subject to the German Construction
Contract Procedures (Vergabe- und
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Vertragsordnung  fiir
(VOB)), which  prevents the
involvement of the construction
companies in the design and awarding
processes. This means that the
experiences and know-how of the
executing Last Planners are thus not
directly available during the design
and execution planning. Taking this
and other deficiencies into account this
research approach attempts to simulate
the missing Last Planners through
software agents. In doing so, the
different steps of the Last Planner must
be reflected in the simulation. At the
different levels the user can select
various interaction scenarios (IS)
which take over the following tasks
(Figure 1):

e IS1: Interface agent informs
about the duration, costs and

Bauleistungen

intermediate  deadlines of a
previously defined process.
e 1S2: Comprises IS1 and the

possibility to provide required
prerequisites, active solutions
and improvement proposals.

e IS3: Depending on the
availability of the Last Planner,
the software agent in its place
enters into the commitments of

IS2  and/or several agents
simulate the missing Last
Planners. This is especially

essential in the design phase
since the required Last Planners
are not available as mentioned
above.

e [S4: provides a special interface
to monitor and track the
commitments.

| The Last Planner System |

| Last Planner Steps |

| Interaction Scenario |

| Master Scheduling |4 1S1 |
| Phase Scheduling |4 IS1+IS2+1S3 |
| Lookahead Planning 4| 1S4 |

|Week|y Work Planning|

| Learning |

(o] (&[] [o][]

Figure 1: System integration into the Last Planner Steps

Steps 1 to 3 are used in the Last
Planner Meetings to consequently look
ahead to identify the required
processes, existing obstacles and
dependencies between the processes.
Obstacles are identified and eliminated
collaboratively; existing  mutual
dependencies and/or dependencies

between time and place are revealed
and taken into account in the Look-
Ahead-Plan (step 3). The software
agents are used to replace the Last
Planners in these steps. In step 1 the
software agents can verify the existing
deadline forecasts and inform about
process lengths of individual tasks.
This is reflected by the IS1. In steps 2
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and 3 the software agents support the
breakdown of the process into
individual tasks and display the
prerequisites (critical issues).
Depending on the Agents’ objectives
they will present different options and
knowledge according to 1S1, 2 and 3.
To support step 3, the 1S4 comprises a
review of the commitments made in
steps 1 and 2. In step 4 and 5 personal
commitments are needed and
responses from agents would be
counterproductive for the compliance
of the Last Planner System. The
following sections describe the details
of a concept for the realisation of the
presented support steps.

AGENT-BASED SYSTEMS FOR
DECISION SUPPORT AND
SIMULATION

The system concept presented in the
following is based on software agents
for the interaction with users and
decision making components. The
agents access Web Services for the
simulation of construction processes
and additional information about
processes and the project.

An agent is a software programme
with domain knowledge, goals and
actions. Multiple agents interacting in
a common environment can build a
multi-agent system. A multi-agent
system (MAS) is a distributed
computing system with autonomous
interacting intelligent agents that
coordinate their actions to achieve
their goal(s) jointly or competitively
(Wooldridge  2001).  Multi-Agent
Systems are used to model a range of
problems from Decision Support
Systems  (DSS) with  Artificial
Intelligence (Al) to the simulation of
complex social and technical systems.
There are plenty of examples for the
application of agent-based systems

(e.g. Sawhney et al. 2003, Mukherjee
et. al. 2004) in the field of construction
engineering. The authors have
successfully implemented a multi-
agent system for the simulation and
management of earthquake disasters
(Engelmann 2006).

Web Services play a key role as
enablers of a seamless application-to-
application integration both within
company boundaries and on a global,
cross-organisational ~ scale  (W3C
2004). They build the technical
foundation for the realisation of
Service-Oriented Architectures (SOA)
and encapsulate complexity inherent to
individual applications and allow their
loose  coupling. They  provide
functional  building blocks over
standard internet protocols
independent  of  platforms  and
programming languages. In SOA
functions are separated in distinct units
(services), which can be distributed
over a network and can be combined
and reused to create business
applications. These services
communicate with each other by
passing data from one service to
another, or by coordinating an activity
between two or more services
(Newcomer et al. 2005). Web Services
combined with process XML-based
modelling languages like the Business
Process Modelling Language (BPML)
(Arkin 2002) serve as a background
for the exchange of information in the
proposed system.

DECISION SUPPORT FOR THE
LAST PLANNER SYSTEM

The support activity of the agents
relies on the ability to simulate
construction processes. In construction
engineering simulation is a common
method in the planning phase as well
as for testing new processes and
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construction methods. A number of
simulations for different domains in
construction engineering have already
been developed. The problem is that
no common architecture and no
common interface exist for these
simulators. In order to get expert
knowledge into the design phase of a
project,  construction  engineering
companies can provide simulators for
their processes, even when they are not
allowed to participate with human Last
Planners. But companies might not
like to share detailed information, so
their simulators must be encapsulated
as far as possible by only answering
specific questions. The access to the
internal  information has to be
restricted.

Web Services build an ideal base
for the linking of heterogeneous
system. Their major focus is to make
functional building blocks accessible

over standard internet protocols that
are independent from platforms and
programming languages. The services
can be new applications or just
wrapped around existing legacy
systems to make them accessible in a
network. Construction engineering
companies can provide the simulators
without the risk of revealing unwanted
information as a Web Service only
responds to specific requests.

SYSTEM ARCHITECTURE

The system architecture shown in
Figure 2 is based on a Multi-Agent
System that accesses Web Services.
The decision making and decision
support tasks are provided by the
Simulation Agent and the Last Planner
Agent. Their functions are provided by
an Interface Agent. The access to
information and simulation is provided
by Web Services.
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Figure 2: Components of the Last Planner Decision Support System

The Information Web Services are
wrappers for the database access that
provides general information about the
project as well as specific data only
needed by one Last Planner and his
associated decision support and
simulation components. The Project
Database is shared by all planners and
includes data about the environment
(type of soil, ground water level,
construction details, etc.), the current
frame schedule and the process plans
so far developed by the Last Planner.
The Planner Database stores the
available processes of a specific Last
Planner and performance data of
machines or personnel needed for

simulation. As this may include
internal information of a company it
should only be available to the
simulators and the associated Last
Planners. So the Information Web
Services of the Last Planner Database
have to be restricted.

The  Simulation Web Service
provides a common access method to
the simulation modules. A Simulation
Agent is responsible for the steering
and evaluation of the simulation of a
process. A Last Planner Interface
Agent or Last Planner Agent sends a
simulation request consisting of the
BPML description of the process. The
Simulation Agent analyses this process
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and breaks it down it into tasks. In the
simulation context of this paper a task
labels a specific process for which a
simulation module exists. To break
down a process to the task level the
Simulation Agent accesses the Planner
Database to obtain the sub-processes
needed. Based on this list the different
simulation modules are contacted by
the Simulation Web Service. The result
is a time and cost estimation and a list
of preconditions needed from other
Last Planners during the task
execution.

PROCESS SIMULATION

The following section provides a
mathematical description to define
how the processes are broken down in

pm = pmn (pm(nfl) (""pmS(me(pml(

Each sub-process p,, in the work
flow depends on the parameters of the

pmna(‘fm(n—l)’é)%(Jjna'tﬁnll)

detail. A generic model of a
process p, can be described by:

pn()_én’é)%(j;n’tﬁn)’ne N

Xrepresents a list of parameters
delivered by the user or the previous
process, e.g. the start time or the
available resources like personnel or
machines. ¢ includes parameters about
the environment of the simulation like
the ground water level. The result
consists of parameters for the
following process in the work flow y ,
and the preconditions that have to be
fulfilled by other processes outside this
work flow #p,, e.g. deadlines for other

planners.
The splitting of the process p,,

into a number of »n sub-processes and
can be describes as following:

%,6),é)é).é)é)ne Nme N

previous process. The evaluation starts
with the initial process p, , .

pmnﬂ(xm(lrl)’é.)_)()7nﬂ7t[_5nﬂ) :pmn(gm(n—l)’é)_)(}_;nltﬁn)

pmnz xm(n—l)’e - n;('tpn;(

If a process p,,.,, has two or more
preceding processes executed at the
same time (.9-P,us Punps Puny) @
new virtual sub-process p,, is
generated which aggregates the results

of the parallel processes (¥,,,,,
¥,,) into one list y, which serves as
the input parameter for the following
Process p,, . -
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Figure 3: Example for a process model based on the sub-process drilled pile in Business Process
Modelling Notation (OMG 2006)

The following example will explain
the simulation of the construction
process for a drilled pile. As there is
the choice of removing the casing
before or after the placing of concrete
and rebars, the option to remove the
casing first is selected for this
example. The Simulation Agent
receives the request to simulate the
drilled pile process with given
parameters such as the machines used
but no further details about the
process. The agent starts by breaking
up the drilled pile process into its four
tasks shown in Figure 3. For this it
accesses the Information Web Service
of the Planner Database to retrieve the
process description in  Business
Process Modelling Notation. The
descriptions of the tasks in the drilled
pile process include the address to the
Web Service of the simulation module
for the tasks. As a simulation for the
drilled pile sub-process 1 exists it is
handled as a task. The agent executes
the tasks in the given order by
accessing the corresponding Web
Services. The parameters of the call

include the ones assigned by the
simulation request supplemented by
results of previous simulated tasks.
Additionally each task simulator
accesses the Project Database by the
Information Web Service for general
information like the type of soil and
the Planner Database for internal
information needed like  the
performance data for the machine used
for the excavation. The results of each
task simulation consist of the
parameters for the next tasks and
additional information. This includes
information for the Last Planner like
cost and time estimations as well as
preconditions that have to be fulfilled
by other processes. These processes
can be in the responsibility of other
planners, like the levelling of the
drilled piles in this example. The
Simulation Agent collects all results
and prepares a process description in
BPML annotated with the results of
the simulation.
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DECISION SUPPORT AND DECISION
MAKING

One of the key elements for the Last
Planner System is the communication
and cooperation between the actors. A
computer assisting the system is not
allowed to change this but instead
needs to be adapted and integrated.
Even then the acceptance and trust
towards the computer support must

evolve. Additionally, to be able to act
in behalf of a missing human actor the
Last Planner Agent has to adapt to the
preferences of its Last Planner. Taking
this into account the computer support
in this concept includes four
interaction scenarios already
mentioned in Figure 1. The following
will describe the realisation of the
scenarios shown in  Figure 4.

External Web Services Planner 2

Simulation Modules Planner 2

Module
1

Module || Module
2 3

Planner 2 Database

Simulation
Agent

Last Planner

Decision Support Last Planner 2
Agent

@ Moderator Interface
Agent (IS3 & 1S4)
Moderator

[Decnsmn Maker Last Planner 3

Last Planner

Simulation
Agent

Agent

External Web Services Planner 3

Simulation Modules Planner 3
‘ Module |[ Module |[ Module

1 2 3

Planner 3 Database

Last Planner Interface

(5

Last Planner 2

Project Database

Last Planner 4

Last Planner Interface
Agent (IS1)

Last Planner 1
Simulation Last Planner 1

Simulation
Agent

External Web Services Planner 1

Simulation Modules Planner 1
Module || Module || Module
2 3

Planner 1 Database

Figure 4: Usage of decision support components in a Last Planner meeting

In IS1 the Interface Agent will only
present the GUI elements for the
configuration  of the  process
simulation. The interface will include
elements for the modelling of new
processes and sub-processes based on
the available tasks and already existing
processes. These are retrieved from the
Information Service of the
corresponding  Planner  Database
which acts as a repository for all

available process descriptions. To
simulate a process the Interface Agent
sends a simulation request to the
Simulation Agent, which send the
results as an annotated BPML
diagram. The results of the simulations
support the user in the evaluation of
the best matching process for the given
situation.

IS2 provides decision support for
the Last Planner. Based on the
processes available in the Planner
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Database the Last Planner Agent gives
advice for the selection of a process.
For this the agent simulates the
available solutions under the given
restrictions of the current situation, e.g.
starting time, end time, costs and
promises for deadlines of other Last
Planners. As a result the Interface
Agent  presents the  simulated
processes. As advice preferable
processes are marked and proposals
are given on how changes to the
deadlines of other planners can
improve the solution. The user
decisions are monitored by the Last
Planner Agent to learn the user
preferences. Users interacting in 1S2
will most likely be persons that are
allowed to access internal information
about the company processes. Because
of that they should have full access to
the Information Web Service of the
Planner Database, while in all other
interaction scenarios the user access is
limited.

To act in behalf of a missing Last
Planner in the IS3 the agent needs a
sufficient repository of available
processes. To make decisions based on
the style of a specific person a
sufficient knowledge about their
personal preferences is also needed. A
Last Planner Agent can act for one
missing planner and several Last
Planner Agents can negotiate in a
virtual Last Planner Meeting:

e In the case of a missing person
the moderator can access the
deadlines proposed by the agent
via the Interface Agent. This will

also include statements on
possible  improvements by
changes in the proposals of

human planners. Compared to
IS2 the agent only presents one
solution, which changes if the

moderator modifies the deadlines
for the agent processes.

e In the case of different Last
Planner Agents independently
negotiating a process schedule a
human-like communication
should be established. To
reproduce this communication
the FIPA agent specification
(2006) provides communicative
acts that can model a natural
conversation. As before each
agent reacts based on its
knowledge about processes and
the preferences of his owner.
This mode demands simulators
for all task needed in a
construction process and detailed
information about all sub-
processes.

The IS4 supports the look-ahead-
planning in the Last Planner System. If
the process deadlines of all Last
Planners are stored in the Project
Database, it is easy to compare the
target state and the actual state as well
as identifying variances and their
roots.

The idea to the approach described
here is based on research dealing with
the support for decision makers of
disaster response operations after
earthquakes. The result of this work is
the so-called Disaster Management
Tool (DMT) (Gehbauer et al. 2007), a
distributed system which has already
been tested by crisis management
organisations in  Rumania and
Germany. It shows the potential
benefit of the presented ideas. During
the response to a disaster decision
makers have to deal with insufficient
resources in relation to the damages.
The DMT provides different support
option to assist them in allocating the
optimal  resources. The  system
evaluates user decisions by simulating
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resulting damages. Agents give active
advice for the resource allocation and
warn decision makers of potential
problems, e.g. when allocated
resources  are insufficient  or
inappropriate for a task. To evaluate
the preparedness of an organisation the
decision support agents can act
independently to develop solutions for
disaster scenarios.

CONCLUSION AND
PERSPECTIVE

This paper presented a concept for the
support of the Last Planner by a
computer system. A realisation of all
features  presented here  seems
impossible at the moment because of
missing simulators for all construction
processes. But their already exist
ambitions for an easier integration of
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