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Abstract. This paper proposes the integration of an Advanced Planning and Scheduling
(i.e., APS) system in a multi-agent based simulation for the lumber industry. The goals are
to simulate different market situations and evaluate the impacts of different supply chain
planning tactics. In order to do this, we developed a simulator consisting of (1) a software
agent emulating various customer types, connected to (2) a distributed APS made up of
interdependent software agents that carry out operations planning of the different
business units of the lumber supply chain and (3) simulator components such as time
management and performance indicators used by the decision maker. A case study
(Virtual Lumber Case) was developed in order to illustrate the potential of the simulator
which represents an average Canadian enterprise in the softwood lumber industry. Two
experiments are proposed to demonstrate the possibilities of this simulator. These
experiments show that when planning using final customer demands, it is possible to
increase the volume of non-discounted sales by up to 40% while improving the service

level offered to the final customer.
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Agent-Based Simulation to Anticipate Impacts of Tactical Supply Chain Decision-Making in the Lumber Industry

1 Introduction

The Canadian lumber industry has been facing difficult challenges for the last few
years as demand and prices for lumber products are decreasing in the North American
market, mainly due to the financial crisis and the credit bubble which had caused the
number of housing starts to decline. Faced with these challenges, lumber producers
need to increase the operational efficiency of their supply chain in order to improve
their service levels and increase value creation. Improving the design of these value
creation networks and their planning and coordination strategies are possible means to
attain these goals.

Consequently, there is a need for tools aiming to anticipate the economical
impacts of these new designs. Adapted Advanced Planning and Scheduling (APS)
systems can be part of these tools if coupled with simulators. APS systems provide
companies with algorithms and models for planning their different activities from
procurement to distribution (Stadtler 2005). These tools are well developed for discrete
manufacturing and assembly types of production but less so for processes -based
manufacturing and divergent production. This is especially true in the forest industry as
reported by Ronnqvist (2003) and D'Amours et al. (2008), and the need for specific
solutions is well acknowledged (Gronalt & Rauch 2008).

In previous work, an adapted distributed APS (dAPS) system used to plan and
synchronize operations within a lumber supply chain was presented (Frayret et al.
2007). This FORAC Experimental Planning Platform (FEPP) allows the use of planning
algorithms specific to each type of activity in the network as well as the use of
coordination mechanisms to synchronize the different plans (Forget et al. 2006). In
order to improve the design of the value creation networks, Cid Yafez et al. (2009)
exploited the FEPP in order to assess the impact of introducing demand information at
various points in the planning process. These first contributions clearly demonstrated
the value of demand information in terms of inventory decrease and increase of
customer satisfaction.

Using simulation for such a decision-making context requires the ability to
develop an operating simulation framework around the FEPP and the capability to verify
the validity of the experiments carried out. Given the size of the problem to be
addressed, these steps were particularly important in this study. It is indeed necessary
to assess the validity of simulations (Balci 1986; Sargent 2005) and this validation should
be done throughout the development of the simulations as proposed by Robinson
(2002).

In this paper, a simulator which aims at evaluating the performance of a supply
chain under different planning strategies is introduced. Building on the framework for
distributed decision making proposed by Schneeweiss (2003), this work is a step
towards the development of a flexible simulator consisting of APS tools and simulated
customer agents to model a supply chain and its customers as introduced by Petrovic et
al. (1998) and Chang & Makatsoris (2001). Figure 1 demonstrates how the simulator is
composed of these modules (the FEPP, simulation components and a simulated
customer agent) to simulate the scenarios and how it interacts with the user.
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The FEPP serves to simulate the decision planning process of the business units
involved in the supply chain. The Simulated Customer Agent is used to simulate the
ordering behaviour of the customers. The simulation components provide the
simulating environment and permit an accelerated simulation of the supply chain.
Finally, the user controls the simulations and uses different KPI to evaluate the
performance of the different planning strategies.

Controls the Observes Key

simulation Performance
and models Indicators
the scenario (KPI)

Simulation components

& <

Simulated Customer
Agent

FEPP

Figure 1 Conceptual simulator composition

In order to illustrate the contribution of this paper, an enterprise test bench
representing a typical Canadian lumber production network called Virtual Lumber Case
(VLC) is used. It is explained in Section 2 and is derived from actual data from the
Canadian industry. The main advantage of using a virtual case is that it is possible to
discuss all information regarding it without having to worry about disclosing trade
secrets. The case information is available on request to the authors.

The proposed simulator is then discussed in Section 3. It consists of three main
modules: the FEPP mimicking the behaviour of the planning process, different
components such as time management and performance indicators used by the decision
maker to compare different scenarios, and finally, a simulated customer agent
simulating the behaviour of the final customers.

In Section 4, this simulator is used to assess the planning strategy of a lumber
supply chain and more specifically, the impact of non-discounted sales volume using
demand-driven approach compared to the more traditional supply-driven approach. The
results are presented in Section 5. The last part (Section 6) will conclude with the
different contributions of this paper and the future paths to explore.
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2 Virtual Lumber Case

The Virtual Lumber Case is an enterprise test bench, which is basically a detailed
supply chain model of a typical Canadian enterprise in the softwood lumber industry. It
is a work in progress that includes data describing manufacturing processes, products
and transportation resources that are based on different existing eastern Canadian
sawmills. These data were used to configure a particular instantiation of the FEPP
(D'Amours et al. 2006; Frayret et al. 2007). This platform is a dAPS system, in which each
agent contains a detailed model of the organizational unit of the supply chain it
represents. Furthermore, each agent is able to use specialized algorithms to plan
operations and uses coordination mechanisms to synchronize its plans with other
agents.

2.1 FORAC Experimental Planning Platform

The FEPP aims to create feasible and coordinated plans which are optimized to
fulfil the demand of the final customers of the value creation network. These plans
consist of detailed production schedules and take into account multiple constraints that
are specific to each organizational unit. The FEPP is based on a multi-agent approach to
coordinate the collective definition of each agent's production schedule, which uses
coordination protocols (called conversations) to specify how agents should interact in
various situations.

2.1.1 Architecture Overview

The FEPP is composed of agents that interact with each other in order to solve
the global lumber supply chain planning problem. Several conversation protocols and
agent behaviours have been implemented in order to produce optimized solutions in
various situations.

The configuration of the platform follows an organizational design approach that
consists in the division of the supply chain into business units. In turn, this division into
business units is based on the natural heterogeneity of the production process. In other
words, the overall problem is split into several smaller sub-problems, each of which
results in the managerial problem of a single organizational unit. Consequently, every
agent is modelled after a specific organizational problem. This gives each agent the
ability to solve a smaller scale problem using adapted tools. The collaboration, or the
cooperation, of all agents present in the supply chain solves the value creation network
global problem.

Many functionalities are shared by all agents. For example, they can interact
with each other or perform tasks when necessary and by definition, they are
autonomous. Moreover, by the way in which the FEPP is conceived, each agent can be
represented as a modular block that can be assembled with others to model a supply
chain.

CIRRELT-2009-51 3
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Four basic types of agents were developed as seen in Figure 2: Planning Unit,
Source, Make and Deliver. The Planning Unit agent leads agents in the global
environment; it helps internal agents communicate with external agents, those that are
in a different planning unit. A planning unit usually corresponds to a physical site in a
company.

Planning Unit 1 \ ( Planning Unit 2 \

Source Deliver

Make 2

Legend

Make 1 Make 3

Agent Planning uni
K j agent

Figure 2 Generic overview of the FEPP

A 4

The Source agent plans the procurement of the products or raw materials
needed by other agents in the planning unit and allocates them to the desired location.
The Deliver agent, on the opposite side of the planning unit in Figure 2, is responsible for
managing relationships with customers and selling manufactured goods. It optimizes the
flows of material between an external customer and the supplier inside the planning
unit. Finally, make agents are responsible for planning the operations of the production
or distribution of products inside the planning unit. They are specifically designed to fit
the production problem of each organizational unit. The most common types in lumber
supply chains are the Sawing, Drying, Finishing and Warehouse agent. Each one uses
operational research algorithms to plan their activities. The overall organization of the
information exchanges between agents and the planning process is described in Section
2.2.1.

2.1.2 Workflow

In order to achieve their goals, these agents need to execute certain tasks,
including planning local operations, computing local performance indicators or updating
planned inventory data. In the FEPP, these tasks are enclosed within workflows.
Basically, a workflow is a series of tasks and business rules.

From an implementation point of view, the agents tested in this study are
reactive. Indeed, they listen to events that occur in a simulation. An event represents a

CIRRELT-2009-51 4



Agent-Based Simulation to Anticipate Impacts of Tactical Supply Chain Decision-Making in the Lumber Industry

change in the environment of an agent (e.g., an agent receives a new demand for a
product, the current operational plan has changed, etc.). When an event is triggered,
the agent launches all the workflows registered to this event. In turn, events can be
triggered by workflows, database operations or conversations between agents. Events
can also be parametrized in order to enable the tasks of the workflows to be properly
carried out. The association of events to workflow is configurable by users in order to
change the behaviour of agents.

An example of a workflow is shown in Figure 3. First, the agent executing this
workflow loads a released plan containing the scheduled frozen jobs of the current
active plan. If jobs need to be rescheduled because there is not enough inventory to
start a job at the specified date, the agent executes the next task to reschedule the jobs
when inventory becomes sufficient. Otherwise, the agent will continue and validate the
current manufacturing plan template to ensure that each job can be executed with the
specified resources. Next, the agent starts its planning engine to create a new
operational plan. This plan is then inserted as a manufacturing plan template into the
database. The last step is setting this plan as active to let the agent know that the
current production schedule is now obsolete.

[ Load Released Plan ]
s)

[Reschedule released job

Validate Manufacturing
Plan Template

( Start Planning Engine ]

Insert Manufacturing
Plan Template
( Set Plan Active ]

Figure 3 Example of a workflow
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2.1.3 Conversation

In order to coordinate their plans, agents need to communicate with each other.
Agents use conversation protocols that specify how to behave during an exchange of
messages. These protocols model the role (i.e., sender or receiver) of each agent taking
part on the corresponding exchange of messages. Each conversation protocol is
composed of two symmetrical protocols (one for each agent). They can be described as
a series of states between which particular messages are exchanged. During a given
state, the active agent needs to do certain tasks which may in turn lead to a message to
be sent. Once a message is sent, the sender agent is generally in a passive state,
listening to new events or expecting an answer message from the other agent.

During a state, as proposed by FIPAY, a message can be sent and must contain
the following information:

e Sender agent name;

¢ Receiver agent name;

e Conversation protocol name;

e Conversation protocol version;

» Content of the message;

e Synchronous or Asynchronous sending.

The last information specifies to the sender if an answer from the receiver is
expected. In such a case, the message will be sent synchronously. During the waiting
period, the sender agent can execute a different task in parallel. Otherwise, the sender
sends the message and then waits for the next task.

Conversations are triggered inside specific tasks. They can trigger an event in the
receiver agent that can in turn start a workflow. An example of a simple conversation
can be found in Figure 4. This protocol is used by an agent to “ask” another agent if it
has a specific product in inventory. In the first state, the sender sends a message to
another agent that has the desired products. Depending on the availability of the
requested product, the two agents will fall into one of the two following states:
“InventoryAnalysisDataRetrieved” if the receiver has these products in inventory or
“InventoryAnalysisDataFailure” if not.

1http://www.fipa.org/
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anentoryAnaIysisRequested)

GnventoryAnaIysisDataRetrieved) GnventoryAnaIysisDataFaiIure)

@

Figure 4 Example of states during a conversation between two agents

2.1.4 Implementation

The FEPP was developed over a seven-year period using mostly Microsoft .NET
C# programming language with a service-oriented architecture (SOA) approach. In order
to maximize efficiency and interoperability, some components have been also
programmed using C++. Those components are related to the operations planning for
the Sawing, Drying, Finishing and Deliver agent and use operational research tools such
as ILOG CPLEX version 9.0.

The FEPP is composed of 99 conversation protocols to coordinate agents when
communicating with each other. Depending on the agent type, agents can use between
5 to 21 workflows to define every possible action they can perform.

For every agent used in a simulation, a unique database is used to store all
information created during a simulation. No information is deleted during a simulation.
Instead each piece of information is tagged with a property that states whether the
current information is active or not. So it is possible to “read” or compute the state (i.e.
products inventories, planned operations schedule, performance indicator, etc.) of
every agent at any moment during a simulation.

2.2 The Value Creation Network

Lumber supply chains differ from traditional supply chains due to the fact that
raw material is heterogeneous. Furthermore, the procurement of eastern Canadian mills
being mainly from natural forest through timber licences with the government results in
mills having little control over the timber quality they are supplied with. Consequently,
the output of a single log transformation process is rather difficult to predict. The mills
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can use process simulation tools such as Optitek developed by FPInnovations (Goulet
2006) but this cannot be applied in realtime operations. Eastern Canadian companies
deal with this problem by forecasting the production of a large quantities of logs in
order to know what quantities of each product can be sold, which is statistically more
stable than the production of a single log.

2.2.1 Production and Distribution Planning Unit

The production and distribution network that was modelled in the FEPP is
shown in Figure 5. Operations are planned from log reception to final delivery, using all
agents from Source agent to Deliver agent and eventually to Simulated Customers
agent.

/ Production & Distribution Planning Unit \ / Customers Planning Unit \
- =+ - .
Source Deliver Simulated
Customers
A I
| | -
] \ 4
sawing [~ =] obrjing [© — "] Finishing Legend:
Unit Unit Unit Production flow
ent
ke <2emandflow

- J

Figure 5 A configuration of the FEPP

As explained earlier, the role of the Source agent is to procure logs for the supply
chain. These logs are then virtually sent to the Sawing agent. By deciding on the
volumes and classes of logs to transform during each production shift and the sawing
processes to implement with them, logs are planned to be transformed into multiple
products: sawdust, chips and lumbers. Bundles of lumbers are then placed into a kiln
according to a specific loading pattern. The scheduling of the finishing processes to
apply to the dried products is then set by the Finishing agent, who determines the final
characteristics of the products. The final products are then ready to be sold or delivered
to different customers by the Deliver agent.

Table 1 summarizes the characteristic of the Virtual Lumber Case from the
perspective of each organizational unit: products, processors and processes. The sawing
unit can process eight different types of logs. It is composed of two sawing lines. For
each type of log entering a sawing line, several cutting patterns are possible. The choice
of the cutting pattern determines the mix of the output products.

For the drying unit, fifteen products can be dried in one of the seven kiln dryers
depending on which loading pattern is selected from the 180 available. This unit is the
bottleneck of the network.

CIRRELT-2009-51 8
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Finally, the finishing unit can transform fifteen input products into 45 final
products. For each input product a set of alternative processes is available. The
algorithm selects the best sequences of processes respecting demands, inventories and
resources constraints. The resulting products are transferred to the deliver unit, which is
responsible for planning the deliveries to the customer.

Sawing Drying Finishing Deliver
Number of
consumed 8 15 15 45
products
Number of
products 15 15 45 45
made

1 Sawing Line 8' > smal! Kiln dryers o Not
Processors . . . . 2bigkiln dryers 1 Finishing Line .

1 Sawing Line 8'-16 . applicable

Air dry area
Processes 37 180 15 Not .
applicable

Table 1 Definition of sawing, drying, finishing and deliver units

The agents manage information about the products, inventory levels, processors
and processes in each unit of the network. In addition, the Sawing, Drying and Finishing
agents are able to plan their operations by using respectively, mixed integer
programming, constraints programming and heuristics. These models are described in
Gaudreault et al. (2009) and were validated weekly using a real industrial case with a
sawmill during a one-year period. It is important to note that the drying and finishing
models cannot create an optimal solution in a reasonable time. To compensate for this
obvious lack, the agent generates a large quantity of feasible solutions, limited by
computation time and/or solutions quantity, and picks the best one. Table 2 summarizes
the planning problem of each agent.

CIRRELT-2009-51 9
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Sawing agent Drying agent Finishing agent
Min. tardiness Min. tardiness Min. tardiness
N Max. production value Max. Max. production value
Objectives ) .
Min. costs production Max. resource
value utilization rate
Divergent product flow Divergent Divergent product flow
Co-production product flow Co-production
Alternative processes Co-production Alternative processes
Processes . . .
. Only compatible Alternative Only compatible
characteristics
processes can be processes processes can be
executed within the executed within the
same production shift same production shift
Machines capacity Machines Machines capacity
calendar capacity calendar
Frozen jobs calendar Frozen jobs
Parameters Maximum sales per Frozen jobs Solution tree
product Operations exploration mode
Inventory cost Raw costs Min. production
product cost duration by family
Optimization MIP Constraint Heuristic
method programming

Table 2 Definition of sawing, drying and finishing algorithms
2.2.2 Processes

In general, a transformation process defines how an operation is performed and
what input is required for this particular operation. For a car assembly supply chain, the
inputs of the process could be different parts, or platforms of pre-assembled parts and
the output would be the ready-to-ship car. In contrast, the lumber industry is
characterized by divergent processes where the number of output products is greater
than the number of input products. When a log is cut, the output of this operation is
sawdust, chips and amounts of lumber of different sizes, which can be desirable in the
marketplace or not.

Another particularity is that each log or tree can be cut following a set of
different cutting patterns. Each association of logs and cutting patterns becomes a
distinct process. In our model, the sawing processes are defined by average of inputs
and expected quantities of outputs. Also, the production of these materials uses a
machine during a finite time; therefore, the process is also characterized by an average
time-based usage of a processor type. Table 3 presents a typical sawing process. The
consumption is the input product, in this case 8' spruce log. For each 3.476 m? (i.e., a
group of logs), a set of output products measured in fom is produced® when this
specific process (log class + cutting pattern) is performed.

2 1 fom (foot, board measure) is equal to a board 12" wide x 12" long x 1" thick

CIRRELT-2009-51 10
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Consumption:
Product Quantity  Unit
8' spruce log 3.476 m?

Production:

Product Quantity  Unit
Chip 1.03 t
Sawdust 0.06 m’
Plank 59.59 fom
2x3 8' 381.5 fom
2x4 8' 35.99 fom

Resource utilization:
Product Duration  Unit
8' Sawing Line  104.88 s
Table 3 Example of a sawing process

In fact, there are many possible cutting patterns to choose from to process a log.
This leads to the need to select which cutting pattern to use. Figure 6 illustrates how
each log can be cut using a different cutting pattern. But not every cutting pattern may
be used with every log; some may not be feasible or may not generate enough value to
compensate for the cost of the log. Cutting pattern selection changes over time as it is
governed by inventory level, demand profile and resource availability.

At the drying unit, each drying process corresponds to a loading pattern. A
loading pattern defines how green lumber is loaded into the dry kiln in order to
maximize the use of available space. A loading pattern is created by filling out the
volume of a dry kiln with bundles of lumber (see Figure 7). However, there are
constraints that apply to these processes. First, the duration of the drying operation is
defined by the thickness of the boards to dry and their moisture content. Moreover,
different species of wood require different drying times. Therefore, it is optimal to have
a homogeneous “mix” of lumber in the kiln. The drying process defines the control
parameters over time (e.g. temperature, pressure). Table 4 describes an example of the
drying process.

CIRRELT-2009-51 1"
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= Two 2x3
Log type #1 Cutting pattern #1

©

©

= One 2x6
Log type #1  cutting pattern #2

= Two 2x3
fern #1

Two 1x6
One 2x6

Log type #2 Cutting pattern #2
Figure 6 Example of a sawing decision

Loading pattern #1
y _ J 2 J 2 J 4
.... | Vg

Loading pattern #2

12 12 8 ,/
12’ 12’ 8
—#
16’ . 16’ ,/
16’ 16’

Figure 7 Example of possible loading patterns
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Consumption:

Product Quantity  Unit
2x3 8' Green 31,680 fom
2x3 10' Green 79,200 fom
2x3 12' Green 118,800 fom

Production:
Product Quantity  Unit
2x3 8' Dry 31,680 fom

2x3 10' Dry 79,200 fom
2x3 12' Dry 118,800 fom

Resource utilization:

Product Duration  Unit
Kiln Dryer #2 216,000 S
60 h

Table 4 Example of a drying process

In this unit, there is another kind of drying process which is not carried out in a
dry kiln. This process is called air drying and it is mainly used in summer. It occurs in the
lumber yard, the duration is counted in weeks, it generates a better quality product and
uses less energy to produce. However, air dried products must still go into a kiln dryer
for the final step of the process for a smaller duration.

The last step is the finishing unit. At this stage, dried lumber is ready to be
planed, sorted and packaged. This operation sets the final attributes to the lumbers (i.e.,
length, width, thickness and quality). As illustrated in Figure 8, this process is divergent
(i.e., several final products are produced). Each rough piece of lumber is optimized
based on its defects in order to decide whether that piece of lumber needs to be cut in
two and where or if trimming can remove a defect on one side or the other in order to
increase its market value.

2x3 16’ #1-2
2x3 16’ #3
2x3 16’ rough
H 2x3 12’ #1-2 Trim

2x3 8" #1-2 2x3 8 #3

Figure 8 Example of possible outputs for a rough lumber

CIRRELT-2009-51 13
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Because a large quantity of lumber is produced every day, it is possible using
production reports or simulation data from Optitek to model the output of a process as
a percentage that expresses the expected output distribution in terms of lumber final
characteristics.

An example is shown in Table 5. For a 2x3 12', more than half of the pieces of
lumber will conserve the same length (12') and will be of the indicated quality (#1-2, #3
or #4) after the planing process. It is also important to note that the finishing process
creates trim.

Consumption:

Product Quantity Unit
2x3 12" 1 fom
Production:

Product Quantity Unit

2x3 8' #1-2 0.007125 fbm
2x3 10' #1-2 0.12065 fbm

2x3 10' #3 0.0133 fom
2x3 10' #4 0.004465 fbm
2x3 12' #1-2 0.665 fom
2x312'#3 0.07505 fom
2x3 12' #4 0.06365 fom
Trim 0.05076 fom

Resource utilization:

Product Duration Unit
Finishing Line  0.22 s
Table 5 Example of a finishing process

2.2.3 Customer Planning Unit

Two types of customer have been considered for the Simulated Customers
agent: the spot market customer who expresses a one-time need for a specific volume
of a particular product, and a contract-based customer who is a regular customer and
whose needs are filled within a previously agreed upon contractual setting.

The sales of lumber products can be achieved through the spot market, which is
common in commodity industries. In this context, the customer expresses its needs to
several forest companies sporadically and at random intervals. The customer and
chosen supplier then negotiate the final price, the volume and a delivery date. The
customer and the producer both exhibit opportunistic behaviours. They have no
obligation to one another, other than to fulfil the terms of this unique sale.

CIRRELT-2009-51 14
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A contract involves a relationship and certain expectations on both sides. The
contract may specify several requirements such as guarantees of purchase or deliveries,
conditions of pricing and payments. It combines repeated deliveries over a set time
horizon. In addition, demands from the contract customer occur at relatively regular
intervals compared to the spot customer where it is more sporadic by nature.

There is little data available to model these two types of customer behaviours.
Generally, companies only keep the information on shipped quantities, not demand
information. In particular, if a substitute product is shipped, the original demand
information disappears from the database. Therefore, it is very difficult to replicate
exactly how customers behave in real life without making assumptions.

To get around this problem we made the assumption that deliveries were the
same as demands to statistically model the demand processes just described. For each
product, the total demand volume over the planning horizon bounds the summation of
the different demands occurring within the planning period. This parameter is based on
the historical deliveries of an enterprise in the industry.

The total amount requested was fixed as a percentage of total capacity of the
mill in supply-driven production. To compute this capacity, the FEPP was configured in
order to maximize the expected value, subject to production and supply constraints, and
no demand constraints. From the resulting production figures, the maximum production
capacity was derived from the total products volume. The total spot customer demand
corresponds to about twice the capacity of the plant.

3 Simulation Components

The simulator consists of three main modules: the FEPP intended to simulate
the detailed planning process of the production and distribution network, a customer
agent simulating the behaviour of the market, and the simulator components, used to
create, analyze and compare different scenarios. The representation of this simulator
can be found in Figure 1.

3.1 Time Management

Time management is an issue in a distributed simulation because each agent
handles local events that follow a global precedence network that, in turn, must be
coordinated. Furthermore, because agents use complex planning algorithms that usually
take time to produce a complete operations plan, there are two time scales to
coordinate: the simulated time that triggers external events such as the expression of a
demand, and the real runtime of each agent computing new plans.

In the proposed simulator, the simulated time is coordinated through a
centralized clock. All agents use the same clock in order to make sure they all have the
same perception of the sequence of simulated events. Thus, there is no risk that an
agent is left behind (or races ahead) of others. Another solution often used in the
literature is to allow each agent to use its own clock. In this case, messages must contain
the date and time of transmission to allow for coordination between agents. However,
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this latter solution was not practical as the architecture of the simulator did not permit
quick changes with a sufficient degree of confidence. Agents could react negatively to a
sudden change in time, and would not be able to adapt to a date received if it were “in
the past”.

The simulation uses discrete events to run (Ross 2002). The simulator module
contains a list of every action to be performed by the agents present in the simulation
that enables the simulator to control the simulation. Each action is parametrized by the
following characteristics:

e Agent name;
¢ Action name;
e Specific parameters;
e Trigger time.

The simulator has a list of all agents involved in a simulation and knows their
state (working or standby) at all times. Time advances in real time when at least one
agent is working. When all agents are in a standby mode, the simulator looks for the
next action to achieve, sets the clock ahead accordingly and then asks the agent to
follow-through with the targeted action.

When an action is triggered, the simulator delivers instructions to the target
agent concerning what to do with specific parameters. Those parameters can contain
information how to perform a specific task or an object. When an agent receives such
information, it replies to the simulator by indicating that it is in a working mode and
then performs the requested action. Once the task is completed, the agent reports to
the simulator and returns to a standby mode.

The action carried out by an agent can trigger an action by another agent using a
conversation. The first agent sends a message to the second. The latter receives the
message and adds a request for the new action in the simulator actions list. The action
may be triggered immediately or later depending on the needs of the requesting agent.

3.2 Key Performance Indicator

Key performance indicators are a necessity to determine which scenario is
better. The first one that comes to mind would be to use financial indicator. The
challenge with this approach is that there are a lot of imponderables (e.g., how to
qguantify a continuous refusal of sales or systematic late deliveries). These impacts are
very difficult to calculate for a supply chain, even in real-life, while it is very easy to
understand that a enterprise with a poor service level will incite its customers to look
elsewhere.

In order to cope with these flaws, an indicator based on the volume of
non-discounted sales will be used as shown in Equation (1). A non-discounted sale is a
single demand that is planned to be fulfilled on time without using a substitute product
as is done in this industry. The higher the total volume of non-discounted sales is, the
better the value creation network is able to fill the needs of its customers.
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Volume,,, ., 1)

DemandeDemandsFulfilledOnTime

To counteract the obvious case of accepting all demands and planning big delays
in the fulfiiment of these demands, two more indicators will be used to measure the
service level offered to the customer.

The first one is the fillrate. It evaluates the number of demands that will be
fulfilled on time (see Equation (2)) expressed in percentage. Even though the customer
will only accept a demand if it is on time, the value creation network has a flexibility to
change a scheduled delivery in case a more important (higher value) demand arrives.

Demand
DemandeDemandsFulfilledOnTime (2)

Demand

DemandeConfirmedDemands

The last one is the backorder. This indicator evaluates how long a demand will
remain in backorder when not fulfilled on-time (see Equation (3)).

BOLateness peang
DemandeLateConfirmedDemands (3)

Demand

DemandeLateConfirmedDemands

3.3 Random Number Generator

A single Simulated Customers agent emulates the behaviour of multiple
customers. It is responsible for generating the characteristics of all demands that will be
used in the simulation. This agent is parametrized using random variables that represent
different ordering aspects.

The rather large amount of random numbers necessary for this kind of
simulation implies the need for a rapid, robust and malleable generator capable of
serving the needs of different models. The uniform random number generator used was
the Mersenne Twister (Matsumoto & Nishimura 1998). This generator can produce
random numbers with a very large cycle (the quantity of generated number before it
loops to the first one) without slowing down the performance.

However, numbers that follow a uniform distribution are not useful to establish
customer demands. Therefore, it is necessary to transform the output of the generator
into numbers that can follow different types of distribution, such as triangular, normal
or exponential (Ross 1993).

The method used in this application is simple but effective. The first step is to
transform the density function of the desired distribution into a discrete form. For
example, to generate a number following a normal distribution, a graphic
representation of the distribution is divided by the number of intervals. Each interval is
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associated with a probability which is calculated by the area under the curve divided by
the total area. Thus, by choosing a uniform number in the interval [0, 1], it is possible to
find the corresponding value using the cumulative weight of the interval. An example is
provided in Figure 9; if the chosen number is 0.47, then it is the value associated with
the second interval that will be selected. Of course, it is always possible to approximate
the areas under the curve if the number of intervals tends to be high. From this point, a
random number will correspond to a random number following the desired distribution.

p=0.18877 py=0.31123 p,=0.31123 p3=0.18877

Figure 9 Example of a normal curve

3.4 Customer Generation Model

Instead of generating demands during the simulation, the Simulated Customers
agent creates them before the start of a simulation. This approach facilitates the
analysis, transformation and replication of demands without going through a whole
simulation run. Furthermore, the validation of a modelled customer is easier to do since
the simulation does not have an impact on the generation of demands. This generation
is based on the demand modelling defined by Chang & Makatsoris (2001).
Consequently, it is necessary to add to these pre-generated demands some information
that will be used by the agent to “hide” futures demands.
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3.4.1 Spot-based Demand

The general goal is to represent the behaviour of a typical sporadic customer. In
order to do this, a demand process (i.e., the process that a demand would go through)
was first developed. According to this demand process, the customer calls the sales
department in order to know if a quantity of product is available for a given date. Then,
if the supplier replies with a positive answer, the customer confirms its need, which
becomes a formal order. Otherwise, the assumption is made that the customer
withdraws its demand and chooses another suppliers to fulfil the demand.

In summary, for each customer-supplier-product relationship, the agent
generates a list of demands which have several characteristics:

e Date of delivery (when the customer will want the product);

e Quantity;

e Effective Date (when the customer will ask for a demand);

e Status (planned, confirmed or removed and initially set to planned).

The demand generation algorithm is illustrated in Figure 10. The first step of the
algorithm is to generate a random number that corresponds to the total amount that
will be demanded for this customer-supplier-product relationship under this behaviour
over the whole simulation horizon. As long as there is quantity left from this total
amount, the algorithm creates a new demand. Each demand created will be
characterized by a random quantity, a delivery date influenced by the seasonality of the
desired product and a lead time that will be drawn to create the effective date by
subtracting it from the delivery date. The effective date corresponds to the date when
the customer sends the demand (e.g., the date of the call in the demand process). This
information is crucial for the simulation process as the demand will be announced to the
supplier agent only when the clock reaches the effective date of the demand.
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(random)
Total Quantity

(random)
Delivery Date

(random)
Lead Time

(random)
Requirement
Quantity

Remaining Qty

no

v

Figure 10 Spot demands generation

3.4.2 Contract-based Demand

The contract-based customer, as opposed to the spot market customer, cannot
cancel a demand if it is not filled in time. Each demand must be filled in chronological
order and the supplier is entitled to penalties in the case of late fulfiiment. The
assumption is made that an agreement binds the supplier to the customer and the
supplier should be able to meet the demands of its customers or pay penalties.

The generation process of contract-based customer demands also differs from
the process used for spot market customers. The first part of the algorithm, as outlined
in Figure 11, is represented by the first three boxes which are used to draw up a list of
dates that will represent the dates when demand must be fulfilled. From the start date
of the simulation, the list is completed by drawing an interval with the next demand
until the expected date of a demand is no longer within the time horizon of the
simulation.

Once this list is complete, a global quantity will be drawn and distributed using
seasonality of the product on the randomly established delivery dates. For each demand
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date in the list, the algorithm will assign a percentage of the total volume representing
the “weight” of the date in the seasonal curve of total weightings.

The last step is to introduce in these demand figures a certain degree of “noise”
that represents the numerous uncontrolled variations of demand in the market. To do
this, we introduce a Gaussian noise, centred at an average of one and a standard
deviation representing the degree of variation, which will multiply the quantity.

Use StartDate

(random)
Interval between
next demand

yes

Demand < End

no

v

(random)
Total Quantity
and distibute to
each date using
seasonality

(random)
Apply
Requirement
Noise on
Quantities

Figure 11 Contract demands generation

3.5 Customer Behaviour Model

During a simulation, the Simulated Customer agent adopts certain behaviours to
better mimics a real customer. The model uses demand data, generated from the
actions described in the previous section (3.4).

CIRRELT-2009-51 21



Agent-Based Simulation to Anticipate Impacts of Tactical Supply Chain Decision-Making in the Lumber Industry

3.5.1 Spot Customer

At the beginning of a simulation, all demands that must be sent before the start
date of the simulation, those that the effective date is before the start date, are
assembled into a demand plan. A demand plan is a group of demands sent to a supplier
agent. This demand plan is the initial plan that is sent to the Deliver agent of the
supplier planning unit (Figure 12). According to its planning strategies, the Production
and Distribution Network (see Figure 5) will conceive a supply plan to the best of its
abilities and will try to satisfy all demands.

In turn, the customer reacts according to the “quality” of the proposed supply
plan. For each demand, the customer calculates the date when the current demand is
completely satisfied. If the date is later than the required date, the customer will
remove this demand from the list. The supply allocated to the cancelled demand will be
reallocated to forthcoming demands. On the contrary, if the date is acceptable, the
demand will change status from “proposed” to “confirmed”. This indicates that both the
supplier and the customer are aware of this demand and the supplier must do
everything possible to maintain this planned delivery date.

At this point, if the simulation run is not completed, the Simulated Customer
agent creates a new demand plan. This plan contains the confirmed demands from the
previous plan generated during the previous planning cycle. Furthermore, any new
demands for which the effective date falls before the current simulation date is added
to this demand plan.
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Figure 12 Behaviour of Spot Customer

3.5.2 Contract Customer

The planning horizon is divided into three subhorizons: frozen, evolving and
provisional. These subhorizons are used to introduce perturbations in the demand plan
using the principle that the farther the demand is in the time horizon, the greater its
uncertainty is. In the frozen horizon, which starts with the current simulation date,
demands are fixed and cannot be changed for any reason. At the other end of the
planning horizon, the provisional horizon of the demand plan can change completely
since there are no restrictions to changes. Between these two horizons, the quantity of
each demand may change, but the increase or the decrease is bounded.
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During the initialization procedure of the simulation, the Simulated Customer
agent creates an empty initial demand plan for the contract customer. To this plan, the
customer adds demands that fall into the planning horizon. This plan is then sent to the
Production and Distribution Network which will try to meet the needs (Figure 13).

Then, if the simulation is not finished, a copy of the last plan is made. This
operation makes it possible to keep information about previous plans. The horizons are
adjusted to the current simulation date in the copied plan and new demands that fall
into these horizons are added. Existing demands present in the evolving and provisional
horizons are modified with respect to their bounds.

Generate First
Start
Plan

Send to
Supplier

Calculate KPI

s Simulation
Finished

Add New Demand
to Old Plan

(random)
Apply Variability
on Quantities in

not fixed horizons

Figure 13 Behaviour of Contract Customer
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4 Experiment

The objectives of this paper are to evaluate the impacts of different planning
strategies in a supply chain and simulate them using a multi-agent simulator integrating
an APS. In order to do this, two experiments were developed to evaluate and compare
different scenarios using a total of 13 agents representing business units in a lumber
value creation network and essential agents needed by the FEPP. The goal of these
experiments is to observe the impact of a demand-driven approach in a lumber supply
chain. In other words, these experiments propose to study the effects on a supply chain
when a company plans its operations taking into account customer demands compared
to a supply chain which doesn't, as is often the case in a commodity based industry. In
such a case, the company aims to produce higher value products without considering
actual demand. It is only afterward that they balance demand with supply using
substitutions, discounting or inventory strategies.

In order to achieve a long horizon simulation, the simulator uses the rolling
horizon concept. This is the main difference with Cid Yafiez et al. (2009). From a given
date, the planning is done for four weeks. After every agent has completed all of their
active taskflows, the simulator sets the clock ahead one or two weeks depending on the
experiment (see Table 6). For each agent, the new on-hand inventory condition is
computed using the inventory at the former start date, plus the planned production of
the previous period (it is assumed that production happened exactly as planned), minus
the quantity shipped to the next agent in the supply chain.

For these experiments, a six-month horizon was chosen. Over the course of a
simulation, each agent will need to perform the local planning of its operations. The
total number of times it happens depends on the strategy used in the experiment and
can vary from 12 to 48 during the simulation horizon.

4.1 First experiment

In this experiment, the spot customer is used in order to anticipate the
performance variations of a lumber supply chain when demands are propagated
throughout the network (demand-driven) versus when the production is pushed
(supply-driven).

The supply-driven approach is traditionally the one used in the North American
lumber industry. In a supply-driven approach, the corporate production planner sets
goals for each production facility in the form of production mix and yield targets over a
given time period. In each facility, the local production planner uses these targets in
order to set operational plans. Even if a demand variation occurs in the market, the
production will stay the same and may only change the next time the corporate planner
revises these targets.

In contrast, demand-driven occurs when the planner takes customer demands
into account. This approach raises planning challenges especially in a context of
divergent production processes. It is indeed extremely difficult to create manually a
production plan in order to meet all customer demands. From the point of view of the
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Production and Distribution network, the solution to this problem is to find a
compromise between all the demands from the customer and the available log supplies
in order to create an operational plan that respects the production constraints.

In this experiment, the Virtual Lumber case was used and the two different
planning strategies were tested. In the first one, the production planning unit takes a
supply-driven approach. Only the Deliver agent knows the exact customer demands. The
sales department uses a strategy called Available-to-Promise (ATP) which is the most
common approach in the lumber industry. Its motive is to sell the lumber produced by
the mill. This strategy is best explained in Ervolina et al. (2006). It is used as the
reference case in this experiment.

The second strategy tested is the demand-driven approach. Here, the different
agents optimize their local production plans according to the customer demands and
anticipate future demands by using the remaining capacity to produce the expected
higher value products. In this approach, before giving a response to a customer demand,
the agents verify that the current demand can be fulfilled by making changes in the
production plan or changing the allocation of the production. All agents are called upon
to validate or plan their operations again in order to find the best synchronized plan to
meet final customer demands.

4.2 Second experiment

The idea in the first experiment was that a demand-driven approach was better
to serve the customer but the results were not conclusive. So, a second experiment was
necessary and it is derived from the first. It uses the same two planning strategies
(supply-driven and demand-driven) and integrates a new one. This new strategy
involves answering customer demand with on-hand inventory the same way as the
supply-driven approach. But, when the customer confirms a demand (see Section 3.5.1
for more information), this demand is used to influence the production planning like the
demand-driven approach.

This filtered demand-driven approach (only confirmed demands are propagated
through the supply chain) should better serve the customer than the demand-driven
approach by reducing backorder. Also, by using filtered demands propagated through
the value creation network, it should help stabilize the production while influencing this
planning process.

Planni
Experiment Strategies used . anning

interval
First Supply-driven, Demand-driven 2 weeks
Second Supply-driven, Demand-driven, Filtered Demand-driven 1 week

Table 6 Experiments summary
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5 Results

The results for the first experiment can be seen in Figure 14a. The results are
computed on the basis of non-discounted sales over 10 simulation replications. These
sales correspond to exact needs expressed by the customer as described in Section 3.2.
On Figure 14a, it is possible to see that using a demand-driven approach increases the
volume of non-discounted sales.

But this increase of sales puts more pressure on the supply chain and this leads
to a worse service level for the customer. In fact, the fillrate decreases, which leads to a
greater number of demands fulfilled late and a longer time in backorder as can be seen
with the backorder indicator.

In theory, a demand-driven approach should be better adapted to fulfil customer
demands. The problem in this experiment might come from the delay between two
planning cycles. For example, if a demand is planned to be fulfilled late, the next chance
it would get to be on time would be in two weeks. To cope with this, more frequent
planning would provide a better way to increase sales while maintaining a good service
level.

That was the premise of the second experiment. And as can be seen on Figure
14b, a better control of the planning process increases the volume of sales while
maintaining a relatively good service level over 12 simulation replications.

Moreover, by using a filtered demand-driven approach, it is possible to increase
the total volume of sales while increasing the service level. This can be explained by the
fact that the supply chain is not influenced by undesired demands compared to the
demand-driven approach. In the latter strategy, all demands influence the planning
process. Many of these demands will be removed by the customer and contribute to
create some sort of noise in the supply chain planning process when using the
demand-driven approach. When using the filtered demand-driven approach, the Deliver
agent acts as a demands filter for the whole supply chain and helps improve all the
indicators of the whole value creation network.
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Figure 14 Experiments Results

However, these results should not be interpreted as a recommendation for the
global lumber industry. Each sawmill is different and would probably achieve a different
result for this experiment. Moreover, it is possible to use a multi-agent simulation to
analyze such a tactical problem, and consequently, better analyze its impacts in a value
creation network and be in better position to make a decision.

6 Concluding Remarks

As demonstrated in the previous section, it is possible to use the FEPP as a
simulation framework to conduct robust experiments in a variety of fields. This is a solid
and very versatile platform that can accommodate studies of revenue management,
planning problems, strategic decision and forest planning.

To demonstrate the simulation capabilities of the FEPP, another experiment is
available in Lemieux et al. (2008) where the contract customer is present. The objective
of this experiment was to find the optimal proportion of contracts a value creation
network can accept without decreasing the total sale value of all its customers.

Furthermore, the sawmills used in these studies can in fact be modelled after
real sawmills. This creates an opportunity to study strategic questions without impacting
the day-to-day operations. This would enable decision makers to simulate different
scenarios before making a binding decision, resulting in a better informed decision.

Consequently, future work will include the validation of the results presented in
this paper. This objective will need an increased number of replications of the
simulations described to ensure a statistical quality of the result obtained. A system is
being developed to manage the simulations. This system will be able to launch a
predefined number of simulations in parallel and will incorporate a service to gather the
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resulting key performance indicators of a simulation. Once a simulation is complete, it
will start a new one without the need of interaction with the user.
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