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ABSTRACT

MANAGING UNFORESEEN EVENTS
IN FOREST TRANSPORTATION

When wood is transported from forest areas to plants, unforeseen events may occur and disrupt planned trips. In this paper, we present
heuristic methods for solving real-time transportation problems in which the initial plan must be re-optimized to deal with unforeseen events.
Here, the nature of the events that must be dealt with differs radically from what can be found in the routing literature because changes
involve not only demand (e.g., the arrival of a new request), but also the topology of the transportation network (e.g., road closures). Be-
cause the consequences of such events on transportation are trip cancellations and/or delays, the proposed approach deals first with single
cancellations and single delayed trips and builds on these simple events to deal with more complex ones. The heuristic methods proposed
here can provide dispatchers with alternative plans in a few seconds.

INTRODUCTION

According to Natural Resources Canada
[1], Canada is by any measure a forest na-
tion. With 348 million hectares of forests,
it is the second largest exporter of raw
forest products after the United States.
In 2013, the contribution of the forest
industry to Canada’s GDP stood at $19.8
billion. However, recent years have been
difficult for the forest industry. It was
heavily impacted by the global economic
downturn, the collapse of the American
housing market, and the detrimental effect
of growing electronic media on newspa-
pers. Meanwhile, Canadian companies
have managed to reduce their dependence
on the American market by opening up to
Asian markets.

To stay competitive, Canadian com-
panies must place innovation at the core
of their competitive strategies. In this
context, using optimization models and
methods arises naturally as a way to reduce
costs, respond efficiently to customer
needs, and reduce the negative environ-
mental impacts of forest operations. In
particular, Canadian firms are using opti-
mization models and methods to improve

the efficiency of various forest supply
chain components, including transporta-
tion of forest products [2,3]. This paper
focusses particularly on optimizing real-
time timber transportation from forest
sites to wood mills. During transportation,
unforeseen events may occur and disrupt
the original plan. Recent technological ad-
vances have made it possible to capture
such events in real time, providing oppor-

tunities to improve the performance of
existing dispatching systems that gener-
ally rely on the dispatcher’s experience. We
propose methods that can process infor-
mation in real time and react to various
unforeseen events that may occur during
transportation plan execution.

The rest of this paper is organized
as follows. The first section describes the
challenges related to forest transportation
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planning and control in real time. The
next section reviews the literature related
to real-time transportation in forestry.
Proposed methods to react to real-time
disruptions are then described. The re-
sults of this approach are presented in the
following section. Finally, the last section
concludes this paper.

PROBLEM DESCRIPTION

This paper focusses on real-time transpot-
tation operations that move timber from
forest sites to wood mills, i.e., the first half
of the forest supply chain. The other half
of this supply chain, linking wood mills to
consumers of finished wood products, is
beyond the scope of this work.

Every wood mill and every forest
site 1s equipped with a loader. The mills
are usually open only for a specific period
of the day. There are a number of for-
est products to transport. A product is
defined by its species, quality, length, and
diameter. The truck fleet is homogeneous,
and each truck is associated with a base,
usually at a wood mill, at which it must be-
gin and end its day. Mill demand for forest
products and their availability are gener-
ally given for a period of one week, but
may be divided by days. Volumes can be
expressed in terms of full truckloads be-
cause the truck fleet is homogeneous.

When transporting wood from for-
est sites to mills according to a predefined
plan, many unexpected events may disrupt
the plan. When an event becomes known
only during a trip, the truck that accom-
plishes this trip should be provided with
an alternative plan. In the absence of rel-
evant information on the state of the sup-
ply chain, the truck driver may choose an

alternative trip that is unnecessarily long,
or worse, that becomes infeasible fol-
lowing another unforeseen event. It is
therefore essential to provide drivers with
real-time information, especially alterna-
tive itinerary suggestions, when a planned
route is impracticable. Such events can
disrupt the entire supply chain. For exam-
ple, when a forest site becomes inaccessi-
ble, several trucks that are planned to visit
this site may be impacted. The dispatcher
must then proceed with major changes to
the initial transportation plan. In this case,
the dispatcher must provide a new plan in
real time to the drivers, taking into account
their current positions and whether or not
their trucks are already loaded. Little time
is available to solve such a heavily con-
strained problem, which leads to the need
for a real-time decision support system.

Table 1 presents a list of the unfore-
seen events that often disrupt transporta-
tion plans. We have classified these unfore-
seen events into three categories. The first
covers disturbances that are likely to ap-
peat at forest sites. The second concerns
those affecting trucks and road networks.
The third category includes problems that
occur at wood mills. Note that this separa-
tion is not exclusive in the sense that, for
example, a forest fire not only makes some
forest sites inaccessible, but also a set of
forest roads. Moreover, an unexpected
event in a supply chain component typi-
cally generates disturbances for the other
components. For example, if a loader at a
forest site is working at a slower pace, this
causes delay for the truck driver and then
disrupts the timber reception plan at the
wood mill.

This research has been cartied out in
partnership with FPInnovations, a non-
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profit forest research centre dedicated to
improving the Canadian forest industry
through innovation. FPInnovations pro-
vided us with the case study presented in
this paper. It is assumed that weekly trans-
portation plans are developed to operate
a fleet of homogeneous trucks in a sup-
ply chain with multiple products, multiple
sources, and multiple destinations. Driv-
ers are given a priority ranking based on
specific criteria established by transporta-
tion companies, such as seniority, perfor-
mance, or encouraging native workers in
some regions. A higher priority ensures
the driver a greater workload. Working
hours are limited by regulatory constraints
on the maximum number of consecutive
driving hours and the minimum number
of rest hours between successive shifts.

We assume a context in which ev-
ery effort must be made to respect agree-
ments with truckers on the working hours
granted for each week. The rationale be-
hind this goal is to keep truckers available
for the forest industry in the face of com-
petition for truckers with other industties
such as oil and mining, In this context, one
must observe as closely as possible the
original plan agreed upon with the driv-
ers, which limits possible changes to plans
when unforeseen events occur. This paper
presents methods that deal with this lack
of flexibility and produce consistent alter-
native plans in reaction to real-time dis-
ruptions. This context and the proposed
methods differ significantly from what can
be found in the literature on similar prob-
lems in forestry and other sectors. The
next section reviews this literature.

TABLE 1

List of common unforeseen events.

Forest sites

* Truck at the wrong site

* Loader not available

» Changeover of loader grapples

* Inventory inaccuracies

* Pile of a product not accessible

(behind a pile of another product)
* Forest fires

Transportation

* Road closure

» Too many trucks inside the same cycle

» Mandatory stop for weighing at checkpoints

» Deficient forest road configurations (like sharp turns)
» Road degradation, presence of a grader

» Truck breakdown, misdirected truck, unforeseen stop by driver
* Poor truck synchronization (some drive fast and some slow)

» Weather conditions: heavy rain, thawing soils, poor visibility

» Traffic jam or seasonal traffic increase (opening of the fishing or
hunting seasons)

Wood mills

* Loader not available

* Increase in demand

* Queue for weighing at the mills
» Changeover of loader grapples
» Decrease in storage capacity

* Decrease in demand
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LITERATURE REVIEW

Construction of a transportation plan that
satisfies demand at minimum cost while
respecting availability and other opera-
tional constraints (such as synchronizing
trucks with loaders and not exceeding
their capacities) is known in the litera-
ture as the log-truck scheduling problem
(LTSP). The LTSP can be seen as a vehicle
routing problem with pick-up and delivery
[4,5]. Most case studies in the literature
that are relevant to this problem require
that only a single vehicle serve each client
only once. In forestry, this is not realistic
because one vehicle cannot satisfy the en-
tire demand of a wood mill. Rather, sev-
eral visits are needed for each mill. This
kind of problem is known as the vehicle
routing problem with split deliveries [6,7].
In addition, certain constraints on delivery
time windows must be respected. Variants
of this problem have been addressed [8].
However, the approaches presented do
not take into account the constraints of
synchronization with loaders that are cru-
cial to the problem presented in this work.
These constraints appear in the LTSP,
which was introduced in the context of
optimizing forest industry transportation
plans [9-11].

Optimization models and operations
research methods are increasingly used to
solve planning problems in the forest in-
dustry [2,3]. Among the most ambitious
forest transportation optimization proj-
ects reported in the literature are the ASI-
CAM project in Chile [12] and the EPO
project in Finland [13]. The literature also
contains contributions on logging truck
routing and scheduling [14].

Recent technological advances have
enabled the development of intelligent
transportation systems. A review of these
systems and the contribution of opera-
tions research to their development can be
found in [15]. They are already in use for
dispatching vehicles in real time in applica-
tions such as milk collection [16] or mail
services [17]. There are also applications
to cases where dispatching is relatively
easier, such as emergency vehicle and taxi
dispatching in urban environments where

it is not necessary, and usually is not even
possible, to assign more than the next trip.
The most frequent disturbances in these
applications are the emergence of new
demands during operations. However,
the natute of the problems addressed in
the context of this work is fundamental-
ly different from the problems found in
the literature because one must deal with
changes not only in demand (e.g, arrival
of a new request), but also in transporta-
tion network topology (e.g., road closure).
The other major difference between real-
time transportation problems in forestry
and problems in urban environments is at
the level of the supporting road network.
Access to a forest site generally depends
on a single forest road. It is usually impos-
sible to find alternative ways to reach the
same forest site, in contrast to urban areas,
where the driver can access the same des-
tination by an alternative route. This en-
ables the dispatcher, in an urban context,
to divert a vehicle from its initial destina-
tion to respond to a new request [18-21].

The literature on forest transporta-
tion problems in real time is sparse. The
only work that we are aware of is a de-
cision support system called CADIS
(Computer-Aided Dispatch) developed
for a New Zealand forestry company that
no longer exists [22]. For privacy reasons,
few details were given about the system,
but the results were reported to be “of
high quality” [23]. Other decision sup-
port systems are on the market for forest
transportation and may include modules
for truck dispatching, but these modules
are typically managed manually or using
undocumented methods. It has been re-
ported [14] that, despite the lack of data in
this area, FLO (Forest and Logistics Op-
timization) is probably one of the most
advanced tools in the forestry industry.
The American company Trimble, which
markets installations of onboard comput-
ers and communication systems, is selling
FLO. No indication has been given of the
possible presence of models or optimiza-
tion methods in FLO to react to disrup-
tions. Note also that in these systems,
vehicle dispatching is done only after re-
ceiving a call from the driver at the end of
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a delivery. Future trips can be planned in
advance, but these plans are not commu-
nicated to drivers. In the event of unfore-
seen circumstances, they must be updated.
However, some forestry companies have
a different mode of operation because
truckers need to receive their working
schedule for the whole week. In the event
of unforeseen circumstances, flexibility
decreases in this case because those re-
sponsible for the plan must try their best
to follow the original plan that was agreed
upon with the drivers. In the next section,
we present methods that can be used in
this particular context.

METHODOLOGY

The starting point of the proposed ap-
proach is a pre-defined weekly transpor-
tation plan that can be derived manually
or through an optimization method. This
transportation plan is composed of a set
of routes for each truck driver. Note that
some routes in this set may be identical,
but different truck drivers may oper-
ate them. As mentioned above, there is
a priority ranking of truck drivers, and
therefore the routes must be further dis-
tinguished by driver. A route is then de-
fined as a sequence of empty and full trips
performed by a particular truck driver. A
route also includes loading and unloading
operations, as well as waiting and resting
between successive shifts. Time is dis-
cretized into a set of equal intervals, and
the duration of a transportation operation
is expressed as a multiple of these intet-
vals. The loading and unloading durations
are approximately equal, and hence their
duration can be used as a discretization
step. Demand and supply ate expressed
as full truckloads because the fleet is ho-
mogeneous. To model the problem of se-
lecting the best route for each truck while
respecting operational constraints, let us
first define the input parameters of the
model:

F = Set of forest sites,

M = Set of mills,

P = Set of wood products,
T = Set of trucks,



R = Set of feasible routes,

1 = Set of time intervals,

¢ = Cost of route 7,

¢ = Unmet demand penalty,

d p = Demand for product p at mill 7,

5, = Quantity of product p available at
forest site f,

M = Quantity of product p delivered
from forest site fto mill m on route 7,

n, = Number of loaders available over
time interval 7 at forest site f,

n = Number of loaders available over
time interval 7 at mill 7,

L v = 1 if route r includes a loading
operation at forest site fover time interval
7, 0 otherwise,

U .= 1if route rincludes an unloading

operation at mill » over time interval 7 0
otherwise.

The decision variables of the model
are defined as follows:

Ximp = Quantity of product p delivered
from forest site fto mill 7,

0,,, = Quantity of unsatisfied demand of
product p at mill 7,

Y, = 1if route r is selected, 0 otherwise.

The mathematical model is inspired
by the work reported in [11] that dealt with
tactical (annual) transportation planning
problems. The model was adapted for an
operational (weekly) problem as follows:

Min D e+ D, D con (1)
Subject to reR meMpeP
Xmp * Omp
feF
= dpp, VMeM, peP 2

Z Xtmp = Sp,VFEF, peP 3)

eM

3

Nimpr ¥,
rer
= Xmp, VIEF, meM peP (4
ZLmy,s . VfeF el (5

rer

ZUrml.VrS Npi, VMeM, i€l (6)
rer

dy=m

rer

)

v, €{0,1},VreR (8)
Ximp ER* VfeF, meM,peP (9)

Opp ERYVMeM, peP (10)

The objective function (1) minimizes
both the costs associated with the routes
and the penalty incurred if the demand
is not satisfied. The cost of a route is the
sum of the costs of all the activities that
constitute this route. This cost depends
also on the priority ranking of the truck
driver. The penalty cost is chosen to be
large enough to ensure that demand is
satisfied whenever possible. Constraints
(2) and (3) aim at satisfying the demand
while not exceeding the available supply.
Constraint (4) ensures that products ate
delivered only if the corresponding routes
are selected. Constraints (5) and (6) ensure
that the number of trucks using a loader
over any time interval is less than or
equal to the number of available loaders
at this interval. Constraint (7) limits the
number of selected routes to the number
of available trucks. Constraint (8) ensures
that the route selection variables are binary,
and constraints (9) and (10) ensure the
non-negativity of the flow variables and
the unmet demand variables respectively.

The number of routes that can be
produced is generally large. The work
reported in [11] uses column generation to
solve this model iteratively by considering
only the subset of routes that have

VALUE CHAIN OPTIMIZATION ISSUE

the potential to improve the objective
function. After the model has been solved,
the results are formatted to define weekly
transportation plans for each truck driver
and work schedules for each loader op-
erator at wood mills and at forest sites.
This approach makes it possible to define
agreements with truckers on the workload
that is granted to them for each week. In
this particular context, one must try to re-
spect the original plan agreed upon with
the truckers because the forest industry is
competing with oil and mining companies
to attract these drivers.

When an unforeseen event becomes
known, the model is not solved again
from scratch. Rather, heuristic methods
are used to define new routes that satisfy
the model constraints based on the actual
solution. The consequences of an unfore-
seen event are ultimately a combination of
cancelled and/or delayed trips. Hence, the
first step in this research was to develop
recourse strategies for these two elemen-
tary disruptions, with the aim to build on
these simple events to develop strategies
for more complex disruptions.

Cancelled Trips

As mentioned eatliet, it is desirable to lim-
it the number of changes to the original
transportation plan. To achieve this, the
system tries to reschedule the cancelled
trip within the same week in such a way
that a loader is free at the truck arrival time
both at the forest site and at the mill. If

e e W ———¢ r— " —¢
Pl - ——— >
e — o) ——+—
Trip Waiting Canceled Possible solution

—o e —e o
— . —o—o —— oo +— ————o
—— —o —o ——o

Fig. 2 - New solution.
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this is possible, no other trips will be im-
pacted or changed.

Figure 1 represents an excerpt from
a transportation plan obtained by solving
the mathematical model above. Each line
represents the schedule of one truck and
is composed of a set of shifts. Each shift
contains a set of trips that may be inter-
rupted by some waiting, Let us assume that
the first trip of the second truck is can-
celled. The cancelled trip can be resched-
uled at the beginning or end of any shift
of the same truck or of another truck,
as long as the regulations on maximum
driving hours and minimum rest time are
met. To avoid impacting the other trucks’
plans, the truck chosen to operate this trip
may have to wait for the loader to be free
before being loaded or unloaded. Efforts
are made to minimize this waiting time as
much as possible. Figure 2 shows one pos-
sible solution in which the cancelled trip
was assigned to the first truck at the end
of its second shift.

To describe the algorithm devel-
oped in this reseatch to find all possible
solutions, the following notation has been
used:

Start’ = Start time of shift s of truck
End’ = End time of shift s of truck 7

Max = Maximum consecutive driving
hours,
Min = Minimum rest hours between two
shifts,

L, = 0 if the loader is free at site (forest
site or mill) 7 over time interval 7,

Max otherwise (this prevents choosing
time intervals initially assigned to other
trucks),

Del " = Last delivery point of shift s of
truck Z,

b, = Home base of truck 7,

d., = Distance between two sites 7, and 7,,
f* = Impacted forest site,

»r* = Impacted wood mill,

o/ = Waiting time at impacted forest site,
B! = Waiting time at impacted mill.

The following algorithm identifies all
the solutions that assign the cancelled trip
to a truck at the end of one of its shifts
while respecting the constraints on driving

foreverytruckt do
for every shift s of truck t do
foralin{0,1,...} do
6,—Endi+ Aty 0
units)

for B! in{0,1,...} do

units)
03—62+L g, +d i,

store the solution
break
end if
end for
end if
end for
end for
end for

(the truck arrives at the impacted forest site and waits of, time
if (6,- Start! < Max and Start!,,- 6,2 Min) do
62(—9,+L,*91+ dgp* ,BSt (the truck is loaded, arrives at the mill, and waits B‘S time

(the truck is unloaded and goes back to its base)
if (6- Start! < Max and Start.,,- 65> Min) do

and rest time.

For solutions that assign the can-
celled trip to a truck before the start of
one of its shifts, the same algorithm is
used, but instead of beginning at the end
of a shift, it begins at the start of a shift
and moves backward to find a solution.

Because in the original transporta-
tion plan, the wood allocation was made
from the impacted site to the impacted
mill (optimally), it is desirable to keep the
same allocation. To do this, it is neces-
sary to ensure that this trip will take place.
Knowing the distance that separates the
two sites, all that remains is to find a truck
that could reach the forest site during a
time interval when the loader at this site is
free and that could reach the mill during a
time interval when the loader at the mill is
also free. The first step is to verify whether
one of the trucks used in the current week
could make the trip at the end of one of
its shifts or before the start of one of its
shifts. If the tool can find several solutions
using only initially planned trucks, the user
has the choice among three decision cri-
teria to determine the trucker who will
perform this trip. The user may choose to
allocate this trip to the trucker who lost
the cancelled trip if that truck forms part
of the found solutions. The second deci-
sion criterion proposed is the priority of
the drivers, and the third critetion is the
cost of the solution. The impact of these
criteria on the solution is studied in the re-
sults section.
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If no solution is found using exist-
ing trucks, other strategies are available to
the user. The first is to extend the open-
ing hours of the wood mill to receive the
delivery. Similarly, such an extension might
reveal several potential solutions, and the
user should select a decision criterion as
above. Another option is to check whether
the transportation company could provide
an additional truck to perform the trip. If
so, the tool provides a preferential ranking
of bases or starting points if several ad-
ditional trucks are available. It is also pos-
sible to combine adding a truck to extend-
ing working hours.

Some events may make it impossible
to keep the initial wood allocation, mean-
ing that the product being transported in
the impacted trip must be delivered from
another forest site. In this case, the other
sites where there is a surplus of this prod-
uct are ranked according to the distance
separating them from the destination
wood mill. The impacted site is then re-
placed by the top-ranked forest site, and
the process described above is repeated.
After the final solution has been selected,
the initial plans for loaders and trucks are
updated.

This user interaction and the multi-
tude of available options may seem cum-
bersome, but this was intentional. Indeed,
the experience accumulated by FPInnova-
tions staff showed them that their part-
ners prefer to have control over their de-
cision process. Certainly, the aim of this



work was to support the users in making
decisions, but they wanted to be able to
choose the solution that best suited their
needs among a small set of choices, rather
than having to deal with one imposed “op-
timal” solution.

Delayed Trips

The second elementary event considered
here is a delay in trip completion, which
can be caused by various events such as
degradation of forest roads, reduced vis-
ibility, or traffic jams. When such a delay is
observed, the truck arrives at a wood mill
or at a forest site in a different time slot
than the one to which it was allocated in
the initial transport plan. It may therefore
occupy a time interval that was initially
granted to another truck. The latter is then
obliged to wait for the loader to become
free and will in turn experience some delay
relative to its initial plan. Any truck that
joins the queue will also undergo delay.
Similarly, the future trips of each of these
trucks will also be automatically delayed.
Hence, the delay propagates throughout
the logistics system. In the case of a trip
planned for the end of a loader’s working
day, this propagation of delay could lead
to deliveries arriving after the closing time
of the corresponding mill. To forestall
this, we capture this propagation, antici-
pate late arrivals (after closing time), and
react in real time.

First, the transportation plan is up-
dated to reflect delay propagation using
the following algorithm, where TP is de-
fined as the set of impacted trips. In the
beginning, this set includes the current
(delayed) trip in addition to all the follow-
ing trips of this truck that are planned for
the current shift. The algorithm works as
follows:

1. If TP # @, sort the trips according
to their arrival times at a loader and go
to 2; else, stop.

2. If the first truck arrives when a load-
er is free, update the loader and this
truck plan and go to 1; else, go to 3.

3. If the truck arrives during a time
interval initially planned for another
truck, add one time slot to this truck

time arrival for all current shift trips,
add them to TP, and go to 1; else, go
to 4.
4. If the truck arrives after business
hours, store it as a late arrival and go
to 1.

If the proposed tool predicts a deliv-
ery after business hours, it offers the user
the option to extend the business hours
to receive this delivery. If such an exten-
sion is impossible, this trip is considered
as cancelled. The trip then ends up as a
case of the first elementary unexpected
event (cancelled trip), and the correspond-
ing strategies are used.

Loader Breakdown

When a loader breakdown occurs, it is as-
sumed that an estimate of failure duration
is available. With this information, the user
specifies the maximum acceptable waiting
time of a truck at this loader. If, for exam-
ple, a truck were planned to arrive at this
loader a few minutes before the estimated
time for completion of a repair, it would
be better to accept delay for this trip in-
stead of cancelling it. Note again that this
may not be the “optimal” solution, but
this particular context favours simple ad-
justments over complete re-optimization
of the transportation plan.

Once the waiting time threshold
has been defined, all trips heading to the
broken-down loader are separated into
delayed trips and cancelled trips (to be re-
scheduled). The first step is to deal with
delayed trips because they can lead by
propagation to the cancellation of other
trips, as explained above. These are added
to the list of cancelled trips and are pro-
cessed by the corresponding strategies.
The processing order of these trips is that
of the priorities of the truck drivers that
operate each trip. This is justified by the
fact that the eatlier a trip is processed, the
greater will be the probability of resched-
uling it in the same week. This ensures
the maximum volume of work as agreed
upon with the priority drivers. Again, the
solution may not be optimal in terms of
costs, but it is more acceptable to drivers
and dispatchers. This method can be sum-
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marized as follows:

1. Go to the impacted loadet plan and
extract the trips related to the break-
down duration. The loader plan con-
sists of a set of tuples “truck, product,
origin/destination of product” for
each time interval. These give informa-
tion about the trips.

2. Given the waiting time threshold,
separate these trips into trips to cancel
(TC) and trips to incur delay (ID).

3. Use the delay method to update the
plan. Add trips arriving after business
houts to TC.

4. Otder TC by truck driver priority.

5. For every trip in TC, use the can-
celled trips method.

6. Update the plan.

Other disturbances can also be rep-
resented as loader failures. A forest fire
or forest road closure undermines access
to one or more forest sites and hence to
the products there. Failure of a loader at
a forest site leads exactly to the same re-
sult. Similarly, several unexpected events
resemble each other in terms of their con-
sequences, and the strategies presented in
this section remain valid for dealing with
them. For this reason, the proposed ap-
proach has been illustrated with loader
breakdowns only.

RESULTS

FPInnovations provided a weekly plan-
ning problem based on real data. This
problem is solved using an optimization
method to obtain the transportation plan.
In the week under study, the number of
available trucks was 62, but the solution
obtained by the optimization method used
only 50 trucks to satisfy the demand. It
was assumed that the user had recoutse
to some of the unused trucks to opet-
ate some trips if the initial transportation
plan were disrupted due to an unforeseen
event. As mentioned above, the fleet of
trucks was homogeneous, but there was a
priority ranking of drivers. There were 4
wood mills, 59 forest sites, and 12 differ-
ent products. Total demand was 542 full




A.M. and/or end them after 7 PM. Initial-
ly, loader schedules at forest sites were not
restricted, but the optimization method,
by minimizing transportation costs, also
minimized loader operating hours. There
are models in the literature that consider
loader scheduling explicitly, as in [10].
Loading and unloading times were esti-
mated at 20 minutes for this case study.
Therefore, 20-minute steps were used to
discretize the planning horizon. The trip
duration between forest sites and wood
mills ranged from 1.5 to 4.5 hours and
depended on whether the trucks were
loaded. The approximate driving cost
was around $100 per hour, and the wait-
ing cost was about $75 per hour. The dif-
ference between loaded and empty driv-
ing costs was captured in the duration of
these trips. The maximal driving time per
shift was 14 hours, and the minimal rest
time between shifts was 10 hours.

The first step was to test how the tool
reacted to single-trip cancellations and de-
lays. When a trip must be rescheduled, the
uset is provided with different decision
criteria. In current practice, there is no
standard recourse used to react to unfore-
seen events. Therefore, it is impossible
to predict user behaviour when choosing
among the options offered by the tool.
Moreover, this behaviour and the avail-
able options may vary depending on us-
age context. For example, the efficiency of
adding a new truck depends on when the
truck becomes available, as well as on the
price charged by the truck owner. Hence,
several scenatios were developed to exam-
ine how the different options impacted
the resulting solutions and to achieve a
proof-of-concept of the ideas presented
in this paper. To reschedule a trip with re-
spect to the regulations on driving and rest
time, the following scenarios were defined:

* Scenario 1: Try to assign the trip to
one of the existing trucks. If two or
more solutions are found, the trip is as-
signed to the least costly truck. This is
a classical scenario in which the main
objective is to minimize costs. This
scenario will be used as a reference
for comparison with the results of the

other scenarios.

* Scenario 2: Try to assign the trip to
one of the existing trucks. If two or
more solutions are found, the trip is as-
signed to the truck that has the highest
priority.

* Scenario 3: Try to assign the trip to
the impacted truck (the one that lost
the trip).

* Scenario 4: Try to assign the trip to
one of the existing trucks. If no solu-
tion is found, the mill opening time is
extended to enable the truck with the
highest priority to operate the trip.

* Scenario 5: Try to assign the trip to
one of the existing trucks. If no so-
lution is found, the mill opening time
is extended to enable the least costly
truck to operate the trip.

* Scenario 6: Try to assign the trip to
the impacted truck. If no solution is
found, the mill opening time is extend-
ed to enable this truck to operate the
trip.

* Scenario 7: Use an additional truck to
operate the trip.

* Scenario 8: Extend the mill opening
time and use an additional truck to op-
erate the trip.

Then one of the planned trips was
cancelled, and the performance of the pro-
posed tool under each of the eight scenar-
ios was measured. This test was repeated
for every trip of the weekly transportation
plan under consideration. This approach
tested the tool under a wide scope of ex-
perimental conditions, ranging from eatly
cancellations that are generally easier to
reschedule to late cancellations happening
at the end of the week. Table 2 presents a
summary of the results and compares the
effectiveness of the proposed tool under

the various scenarios. The first step was
to compare the average transportation
costs generated by the solutions. Note
that extending the mill opening time and
using additional trucks generated extra
costs that are not included in the results
because they depend on how transporta-
tion is managed and who owns the trucks
(for instance, penalties may be incurred if
a trip is cancelled for some drivers). Only
the routing costs are used in Table 2. The
first scenario is used as a reference with
regard to cost. The third column of Table
2 gives the percentage of cancelled trips
that the tool was able to reschedule within
the same week under the vatious scenari-
os. The last column shows the changes in
usage rate for the truck fleet.

It can be seen that scenarios 2 and 3
yield solutions with the highest costs. This
could have been easily predicted because
the cost of solutions found for the high-
est-priority truck or for the impacted truck
is at best equal to the least costly solution.
However, the average cost in scenario 3 is
slightly lower than that in scenario 2. This
can be explained by the percentage of so-
lutions found under these scenarios: a so-
lution using the impacted truck (scenatio
3) was found in only 2.58% of instances,
whereas under scenario 2, a solution was
found in 51.58% of instances. The latter
included some high-cost solutions that
affected the overall average cost. Sce-
natios 4, 5, and 6 included extension of
the mill opening time. This improved tool
performance with regard to the ability to
reschedule trips. The percentage of solu-
tions using existing trucks increased from
51.58% to 91.14%. Although extending
the mill opening time generally made it
possible to find less costly solutions, it also
generated new solutions that could not

TABLE 2 Results for one cancelled trip.

Scenario % Cost Increase % Trips Rescheduled | % Increase in Truck Usage
1 0.00 51.85 55

2 35.54 51.85 74

3 34.86 2.58 73

4 -5.77 91.14 51

5 5.23 91.14 58

6 -1.18 10.52 54

7 -14.70 88.75 -47

8 -15.29 97.60 -47
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be found under the first three scenarios.
However, these solutions could have high
costs that negatively impacted the average
cost (as can be observed under scenario
5).

Adding a new truck in scenario 7
yielded a rescheduling capacity of 88.75%,
which is lower than in scenarios 4 and 5,
where the mill opening time was extended.
However, the model found better solu-
tions with regards to cost. This reduction
was even more substantial when adding a
truck was combined with extending the
mill opening time (scenario 8). However,
one must keep in mind that this additional
flexibility comes at a certain cost. Tak-
ing this extra cost into account, the user
can decide whether or not to use these
options. Note also that the rescheduling
capacity of the tool never reached 100%.
This was due to trips that were planned at
the end of the final day of the week, be-
cause there was not enough time left to re-
schedule these trips within the same week.

The last column shows that overall
truck usage was improved for all scenarios
except for those where a new truck was
added. These results could have been eas-
ily predicted,; note that these solutions can
be found only if reallocation is done in
real time. Otherwise, these opportunities
are lost. The proposed strategy of allocat-
ing trips at the end of or before the start
of a shift makes it possible to use under-
utilized trucks, increasing their productive
hours and their annual tonnage. This key
indicator could help convince forest com-
panies of the importance of using such
tools.

To measure the impact of the tool
on delayed trips, we developed a random
number generator that selects an impacted
trip and delay duration. In all the experi-
ments, our tool anticipated at least one
truck arrival after mill closing time. Under
current practice, these trucks would have
to wait until the morning to be unloaded,
which disrupts the plan for the following
day. The proposed approach therefore in-
cludes a way of avoiding unnecessary trips
to points that are inaccessible during the
time allowed. These trips are processed as
cancelled trips, and because the cancella-

tions of all the trips in the transportation
plan under study were considered in the
first set of tests, the results are not repro-
duced here.

In the methodology section, it was
explained that many events have the same
consequences on the transportation plan
as a loader breakdown. Therefore, the
loader breakdown example was used here
to measure tool performance for more
complex disruptions. One loader was cho-
sen randomly, and the impacted trips were
chosen depending on its breakdown oc-
currence time and duration. The duration
times were also randomly generated. The
first half of the trips were cancelled and
the second half delayed. Recall that delay
can generate extra cancelled trips. Hence,
three test settings were defined and re-
ferred to as:

* Light: the breakdown duration rang-
es from one to two houts.

* Moderate: The breakdown duration
ranges from three to five hours.

» Severe: The breakdown duration
ranges from six hours to thirteen
houts, which is the number of work-
ing hours in a day. In fact, it attains 13
hours only if the loader goes down ex-
actly as it starts the day. On average,
the duration of severe breakdowns
remains between six and seven hours.

Note that when the loader is down
for one hout, three trips are impacted on
average. In fact, the loading or unloading
time is approximately equal to twenty min-
utes. Therefore, three trucks will be unable
to load or unload their shipments during a
one-hour breakdown.

The occurrence time of breakdowns
was chosen to be at the beginning or in
the middle of the week. Breakdowns on
the last day of the week were not stud-
ied because it is known that the impacted
trips cannot be rescheduled within the
same week. For a real application, the tool
can easily handle a rolling horizon, which
means trying to reschedule trips within
the following seven days rather than in the
same week. Note also that the same ran-
dom numbers were used for all scenatios
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to achieve a fair comparison.
Because breakdowns
scheduling a set of trips rather than only

involve re-

one trip as in the first tests, scenarios 3 and
6 were modified. When a solution using
the impacted truck was not available, the
highest-priority truck was used instead. A
new scenario was also added:

* Scenario 9: Try to assign each trip to
its initial truck. If the trip cannot be
rescheduled, use an extra truck.

Table 3 presents the results for the
various instances. The average cost under
scenario 1 is used as a reference. The costs
used in Table 3 are the costs per trip. This
measure was used because the number of
trips rescheduled varied in each scenario.
The results using the impacted trucks
were approximately equal to those using
the higher-priority trucks (scenario 2 ver-
sus scenario 3, or scenario 5 versus sce-
nario 6). This outcome can be explained
by the fact that when no solution was
found using the impacted truck, the trip
was assigned to the highest-priority truck.
Scenarios 7 and 8 gave exactly the same
results. This means that extending the mill
opening time did not improve the solu-
tions obtained when using extra trucks.
The absence of impacted trips late in the
week may explain that phenomenon. Us-
ing extra trucks only for unassigned trips
(scenario 9) generated additional costs
that attained about 74% with the “Severe”
setting. This enabled rescheduling all the
trips, but at a higher cost. As shown by
the results of scenarios 7 and 8, one may
conclude that it is always better to assign
all the trips to extra trucks. However, these
costs do not include the extra fees for add-
ing a new truck or the penalties incurred
if the agreement made with the drivers re-
garding workload volume is not respected.

Extending the mill opening time pro-
duced interesting results. Comparing sce-
narios 1 and 4, it is clear that extending
the mill opening time increased cost. The
difference can be explained by the fact
that extending the mill opening time gen-
erates new solutions that can be costly, but
makes it possible to improve rescheduling




TABLE 3 Results for one loader breakdown.
Breakdown Category | Light Moderate Severe
Scenario % Cost Increase| % Trips Rescheduled | % Cost Increase | % Trips Rescheduled | % Cost Increase | % Trips Rescheduled
1 0.00 61.67 0.00 57.33 0.00 56.67
2 88.32 61.67 81.73 57.33 73.08 56.67
3 88.71 61.67 81.98 57.33 73.24 56.67
4 5.57 89.35 21.89 86.67 28.75 80.29
5 52.48 89.35 71.73 86.67 80.68 80.29
6 51.18 89.35 70.82 86.67 80.00 80.29
7 -2.78 100.00 12.15 100.00 18.37 100.00
8 -2.78 100.00 12.15 100.00 18.37 100.00
9 16.12 100.00 38.60 100.00 73.95 100.00

performance. This raises the question of
finding the right trade-off between satis-
fying demand and minimizing costs. Fur-
thermore, comparing scenarios 2 and 3 to
scenarios 5 and 6 respectively shows that
even if extending the mill opening time
increases the number of rescheduled trips,
it also reduces cost, except with the “Se-
vere” setting, Therefore, in scenario 4, we
can conclude that improving the solutions
found in scenatio 1 was not enough to off-
set the high costs of the new scheduled
trips.

As for rescheduling capacity, it was
better than in the single-trip cancellation
tests (Table 2). This can be explained by
the fact that trips very late in the week
were discarded from the tests involving
breakdowns. Note also that increasing the
breakdown duration decreased resched-
uling capacity for the first six scenarios.
In the last scenarios, there were enough
trucks to operate the impacted trips and
also enough time to reschedule the trips
within the same week.

Compared to current practice, the
proposed tool makes it possible to in-
crease overall fleet efficiency through
quicker response, resulting in less lost time
and reduced truck costs over the long
term. However, the results show that only

56% to 62% of the trips could be resched-
uled under the first three scenarios, which
do not include extending the mill open-
ing time and using additional trucks. The
density of the loader plans, which contain
only 15% free time intervals, can explain
this phenomenon. Two additional case
studies were used to confirm this expla-
nation. These case studies, which are de-
noted as Case 2 and Case 3, considered
the same supply chain, but demand was
decreased to reduce the density of the
loader plans. The demand was decreased
by 15% in Case 2 and by 25% in Case 3.
The free time intervals now constituted
28% and 37% of the new loader plans in
Cases 2 and 3 respectively. Case 1 refers to
the initial case study analyzed above. The
“Moderate” test setting was used to com-
pare these three case studies. For ease of
comparison, Table 4 also reproduces the
results of Case 1.

The rescheduling capacity in Cases
2 and 3 has increased as predicted. More-
ovet, scenario 2 is now quite different
from scenario 3 (the same can be observed
when comparing scenarios 5 and 6). This
can be explained by the fact that the tool
can find more solutions for the impacted
trucks in Cases 2 and 3. Furthermore, the
highest-priority trucks seem to generate

higher costs. The remaining results have
similar characteristics to those obtained in
Case 1.

One must keep in mind that the re-
sults presented in this section are averaged
over a set of instances. In a real applica-
tion, each case must be examined indi-
vidually. For example, one might conclude
from the results presented in this section
that adding an extra truck always yields the
best solution with regard to routing costs.
However, for a single trip, this would not
be the case if the home base of the avail-
able additional truck were far from the
impacted sites. This is another reason for
having many options available to users.

The tool aims to assist dispatch-
ers in creating the best combinations of
recourse strategies on the basis of cost,
rescheduling capacity, and the nature of
the unforeseen event. However, one key
element of real-time decision support sys-
tems is computing time. The advantage
of the heuristic methods presented here
is that they can obtain a solution in a few
seconds. Their drawback is that they do
not always produce the optimal solution
with regard to cost. However, the context
under study in this paper favours adjust-
ments to the transportation plan rather
than complete re-optimization. Current

TABLE 4 Comparison of case studies.

Case 1 2 3

Scenario % Cost Increase| % Trips Rescheduled | % Cost Increase | % Trips Rescheduled | % Cost Increase | % Trips Rescheduled
1 0.00 57.33 0.00 94.56 0.00 100.00
2 81.73 57.33 98.65 94.56 86.27 100.00
3 81.98 57.33 95.38 94.56 46.11 100.00
4 21.89 86.67 -4.38 100.00 0.00 100.00
5 71.73 86.67 32.45 100.00 44.26 100.00
6 70.82 86.67 18.04 100.00 25.62 100.00
7 12.15 100.00 -6.99 100.00 0.00 100.00
8 12.15 100.00 -6.99 100.00 0.00 100.00
9 38.60 100.00 3.27 100.00 0.00 100.00
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work includes developing mathematical
models and exact methods to deal with
contexts where the agreements defined
with the truckers allow re-optimization of
the disrupted transportation plan. This is
the case, for example, when only one trip
at a time is communicated to the drivers,
instead of a weekly plan.

CONCLUSIONS

The goal of the tool presented in this pa-
per is to re-optimize a disrupted transpot-
tation plan in response to certain unfore-
seen events that may happen during trips
between forest sites and wood mills. The
inputs to the tool are a weekly plan (ob-
tained manually or using an optimization
method) and a set of unforeseen events.
The testing prototype includes a genera-
tor of unforeseen events and implements
heuristic methods used to reschedule
trips depending on the type of unfore-
seen event. The results show that the tool
can reschedule, for most of the tested in-
stances, at least half the trips that could
have been lost if no response was made in
real time. This improves the overall usage
rate of under-utilized trucks over the long
term. The instances were detived from a
real application and tested under genet-
ated unforeseen events. The approach de-
veloped here enabled the production of
alternative solutions with little computing
time. The cost of the solutions depended
on the decision criteria considered. These
included minimizing costs, increasing the
workload of higher-priority trucks, or re-
assigning lost trips to the impacted trucks.
Recourse strategies tried to reschedule
trips by using existing trucks, adding ex-
tra trucks, or extending the mill opening
time. The last two options generated extra
costs that varied depending on the sup-
ply chain configuration. The case study
analysis, however, excluded these costs
and compared the various solutions only
on the basis of routing costs. The results
showed that these two options made it
possible to reschedule more trips, which
avoided incurring penalty costs for unsat-
isfied demand. The user should then find a
trade-off between satisfying demand and

minimizing average cost per truckload.

The utilization context considered
in this paper is rather rigid in that truck
drivers must be provided with weekly
plans that the dispatcher must adhere to
as much as possible. Better solutions can
be found if the dispatcher is allowed to
make more changes to the original plan.
We are currently developing approaches to
deal with different contexts, such as one in
which only one trip at a time is communi-
cated to drivers. In these contexts, the dis-
patcher waits until the driver finishes a trip
before revealing the next trip. This con-
text is more flexible and provides more
recourse possibilities. Other contexts of-
fer more flexibility by including trucks
equipped with onboard loaders. These
trucks are especially useful in the case of
a truck breakdown. They can also be used
in forest sites where only small volumes of
wood are available, thus avoiding the use
of aloader on these sites.

The unforeseen events have different
characteristics at each occurrence. Some
events are also interrelated. For example,
degradation of a forest road could lead to
its closure with a given probability. The
aim of this paper is to present an approach
for reacting to transportation disruptions.
Collecting and validating relevant data
and designing statistical processes that
describe these interrelations are topics for
future research that fit into the current de-
velopment of Big Data in the forest sec-
tor. Indeed, more and more log trucks are
equipped with onboard computers and
communication technologies that can be
used for this purpose.

REFERENCES

1. Natural Resources Canada, State of Can-
ada’s Forest Annual Report (2014).

2. Ronnqvist, M., “Optimization in Forest-
ry”’, Mathematical Programming, 97(1-
2):267-284 (2003).

3. D’Amours, S., Rénngvist, M., and Wein-
traub, A., “Using Operational Research
for Supply Chain Planning in the Forest
Products Industry”, INFOR, 46(4):265—
281 (2008).

4. Berbeglia, G., Cordeau, J.-F, Gribkovs-
kaia, 1., and Laporte, G., “Static Pickup

J-FOR | Journal of Science & Technology for Forest Products and Processes: VOL.5, NO.5

10.

11.

12.

13.

14.

15.

16.

VALUE CHAIN OPTIMIZATION ISSUE

and Delivery Problems: A Classification
Scheme and Survey”, TOP, 15(1):1-31
(2007).

Golden, B.L., Raghavan, S., and Wasil,
E.A., The Vehicle Routing Problem:
Latest Advances and New Challenges,
Springer, New York (2008).

Nowak, M., Ergun, O. and White
III, C.C, “Pickup and Delivery with
Split Loads”, Transportation Science,
42(1):32-43 (2008).

Dror, M., Laporte, G., and Trudeau,
P, “Vehicle Routing with Split Deliv-
eries”, Discrete Applied Mathematics
50(3):239-254 (1994).

Toth, P. and Vigo, D., The Vehicle Rout-
ing Problem, SIAM, Philadelphia, PA,
USA (2001).

El Hachemi, N., “Probléme de trans-
port avec contraintes d’horaires”, Ph.D.
Thesis, Ecole Polytechnique de Montréal
(2009).

El Hachemi, N., Gendreau, M., and
Rousseau, L.-M., “A Heuristic to Solve
the Synchronized Log-Truck Scheduling
Problem”, Computers & Operations Re-
search, 40(3):666—-673 (2013).

Rix, G., Rousseau, L.-M., and Pesant, G,
“A Column Generation Algorithm for
Tactical Timber Transportation Plan-
ning”, Journal of the Operational Re-
search Society, 66(2):278-287 (2014).
Weintraub, A., Epstein, R., Morales, R.,
Seron, ], and Traverso, P, “A Truck
Scheduling System Improves Efficiency
in the Forest Industries”, Interfaces,
26(4):1-12 (1996).

Linnainmaa, S., Savola, J., and Jokinen,
O,“EPO: A Knowledge-Based System
for Wood Procurement Management”,
TAAIT, 107-113 (1995).

Audy, J.-E, D’Amours, S., and Rénnqvist,
M., “Planning Methods and Decision
Support Systems in Vehicle Routing
Problems for Timber Transportation: A
Review”, CIRRELT Technical Report,
38 (2012).

Crainic, T.G., Gendreau, M., and Potvin,
J-Y., “Intelligent Freight-Transportation
Systems: Assessment and the Contribu-
tion of Operations Research”, Transpor-
tation Research Part C: Emerging Tech-
nologies, 17(6):541-557 (2009).

Du, T., Wang, F-K., and Lu, P-Y, “A
Real-Time  Vehicle-Dispatching ~ Sys-
tem for Consolidating Milk Runs”,




17.

18.

Transportation Research Part E: Lo-
gistics and ‘Transportation Review,
43(5):565-577 (2007).

Attanasio, A., Bregman, J., Ghiani, G,
and Manni, E., “Real-Time Fleet Man-
agement at Ecourier Ltd.”, In Dynamic
Fleet Management, 219-238, Springer,
USA (2007).

Regan, A.C., Mahmassani, H.S., and Jail-
let, P, “Improving Efficiency of Com-
mercial Vehicle Operations Using Real-
Time Information: Potential Uses and
Assignment Strategies”, Transportation

19.

20.

21.

Research Record, 1493:188-198 (1995).

Regan, A.C., Mahmassani, H.S., and Jail-
let, P, “Dynamic Decision-Making for
Commercial Fleet Operations Using
Real-Time Information”, Transportation
Research Record, 1537(1):91-97 (19906).

Moretti Branchini, R., Amaral Armen-
tano, V., and Lokketangen, A., “Adap-
tive Granular Local Search Heuristic for
a Dynamic Vehicle Routing Problem”,
Computers & Operations Research,
36(11):2955-2968 (2009).

Ichoua, S., Gendreau, M., and Potvin, J.-

22.

23.

Y., “Diversion Issues In Real-Time Ve-
hicle Dispatching”, Transportation Sci-
ence, 34(4):426—438 (2000).

Ronngvist, M. and Ryan, D., “Solving
Truck Despatch Problem in Real Time”,
Proceedings, 31st Annual Conference
of the Operational Research Society of
New Zealand, 31:165-172 (1995).
Ronngvist, M., “OR Challenges and Ex-
petiences from Solving Industrial Appli-
cations”, International Transactions In
Operational Research, 19(1-2):227-251
(2012).

JOURNAL OF SCIENCE & TECHNOLOGY FOR FOREST PRODUCTS AND PROCESSES

FOR THE ADVANCEMENT OF THE FOREST INDUSTRY

i

-t =

J-FOR publishes peer-reviewed articles of the highest quality, dealing with the science and
technology of traditional and emerging areas that are pertinent to the forest industry.
PAPTAC's preeminent and flagship publication, it incorporates a broad scope of target areas
and brings together a wide range of scientific, technological and technical papers. To submit
a paper, please visit www.paptac.ca or contact PAPTAC (514-392-0265 / tech@paptac.ca).

J-FOR

Traditional Areas:

bioproducts

and paper industry

feedstocks

Journal of Science & Technology for Forest Products and Processes: VOL.5, NO.5

Emerging Forestry Areas:

& Development of chemical, biochemical and thermochemical
processes for the forestry industry
&Integrating emerging and sustainable processes into the pulp

& Harvesting and procurement of forest and other biomass

www.paptac.ca

J-FOR CALL FOR PAPERS

& Pulping, bleaching and papermaking fundamentals, processes and technologies
& Energy and chemical recovery fundamentals, processes and technologies

& Recycled fibre and recycling technology

& Development of sensors, analytical methods and process control logics

& Mill water and energy usages and optimization

& Environmental concerns and their mitigation

§ & Emerging forest-based products and their chains of added value
&Nanotechnology and other high added-value processes
& Fundamentals of converting forest-based biomass into biofuels and other



https://www.researchgate.net/publication/318661974

